‘Description Title of Invention: CYCLOALKYL-SUBSTI TUTED | M DAZOLE DERI VATI VE

Technical Field [0001] The present invention relates to a novel
cycl oal kyl substituted i m dazol e derivative -having excel |l ent TAFl a
inhibitory activity. Background Art [-0002] When disorders i-n .bl ood

vessel s occur in vivo, platelets and/or coagul ation cascadﬁm ted
for preventing bl ood | eakage to formthr onbl which in tur Mmﬂlmﬁ””mz
henorrhage. Thronbin fornmed by t héSSSag Gt 9%n cascade activatyon c

fibrinogen to forminsoluble fibrin. Fibrinis presenL_Ln_thﬁigLﬁLQL_g
network in thronbl and works to strengthen the thronbi. ThIS reaction is

cal |l ed coagul.at f.or d t ﬁﬁﬂf i n-vivo
reacti on. i 21 reanfctl;l:l(t;{ﬁentl Y brC{Qno dﬁsli%ﬁ Lgbg%r hor mal “con ons
coagul ati on, A7 Rfd nol ysis are bal anced, and abnor mal annunts of thr onbi

do not accunulate in blood vessels. However, once the bal ance is di srupt ed
to accel erate coagulation, it may cone into a state that a thronbus is
likely to be formed in blood vessels, |eading to various di seases - 2 -
attri but ed ternrhireymbasies.d The thronbus formation is caused by three factors
(VMirchow s triad: change in the properties of vascular walls, change in

bl ood conpolfErtls, and change in blood flow). Di seases attributed to the

t hronbus formati on are one of the nost general causes of death anong
advanced nation§he[ @O@3Ent invBARLofit medwatties- dot iavatoaisile ciiclorddyisi s
inhibitor) is a carboxypeptidase that is produced in the liver and secreted
i nto bl ood.SUHits teHAe M idard i d%ed tHr ol a W ¢ | et TR mi nal 92
am no acid resjdues by thronbin or thronbin/thronbonodulin conpl exes. TAFI
is also call 'gtat f5Xy'pepty dase U, procarboxypeptidase R, or plasma
procar boxypepti dase B. [0004] The activated TAFI is called TAFIa.
TAFia inhibits fibrinolysis by removing the Ctermnal Lys or Arg residue
of fibrin dation products (FDPs), which are nain conponents
of thronblgg wégg%gvﬁggﬁgtPA (tissue-type plasm nogen activator) and

pl asm nogen;oydich induce and pronote fibrinolysis, bind to the Lys residue
of fibrin or FDPs via their Lys-binding sites. On the surface of the fibrin

nol ecul e, tPA sybsequenblyiact ijvatesrl assagenand Gonvants it into
plasmin to initiate fibrinolysis. Plasmn cleaves fibrin, and a Lys or Arg

residue appgartseladt 4 hendrderababguloft idre daydmte $DPse J&@mﬁd nitat i on of

fibrinolysis allows
preventing blood leakage to form thrombi, which in turn
suppress hemorrhage.l Thrombin formed by the cocagulation
cascade activation cleaves fibrinogen to form insoluble
fibrin. Fibrin is présent in the form of a network in
thrombi and works to strengthen the thrombi. This
reaétion is called cocagulation. The formed fibrin is
then degraded through in-vivo reaction. This reaction is
fibrinolysis. Under normal conditions, coagulation and
fibrinolysis are balanced, and abnormal amounts of
thrombi do not accumulate in blood vessels. However,
once the balance is disrupted to accelerate coagulation,

it may come into a state that a thrombus is likely to be

formed in blood vessels, leading to various diseases
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pl asm nogen and tPAto newwy bind to the Lys residues of 3 the FDPs to
further formplasmn. This efficiently pronotes fibrinolysis (positive

f eedback mechani sm of fibrinolysis). TAFla inhibits the plasm nogen
activation of tPA on the fibrin nolecul®e by renoving the C-term nal Lys
resi dues of FDPs. As a result, efficient fibrinolysis does not occur. TAFla
suppresses the positive feedback nmechani sm of fibrinolysis. These findings
are descri Bed5iPWahi 1o i EPRRAA e od PTAER r@R® St € OrRRICBICRoAS (Non Pat ent
Literature 1). 05] As descrj bed above, the fine bal ance between
coagul at i orFQé'}Fde[cEiqﬂ'r itr{bﬁ%/esi*saqtsorasché Ved' Th i Vo 2 Ve EbEgutatiith i s
accel erated by di.seases.aor_the like,, thronbi come to be likely tao be
formed, de\Peﬁ%jpﬁ rntgl evsarolfou\féa i ugleaars ewsaﬁllﬁfc h i '§Easds k?cﬁhoccf%cf:eo%%t%ﬁ%ﬁ ‘al

| nfarcti on,, ANGHAAPECLON o ACHIE, COT 91RLYE SUNAR AT, CBLERLAL vnf ar Cti on,
deep vein thronbosis, pul nonary enbolism peripheral arterial occlusion,

sepsi s, di sggmimalLedd HLauas iarofoagulald oy Sy nei e, 1 and, fud onary
fibrosis. [0006] The previous treatnent of thronbosis has often

targeted engums drbridecRagdation gascades. These enzynes incl ude
activated coagul ation factor X (Xa), thronbin, and the like. Inhibitors
agai nst the@®@&nzynmes have the risk of potential adverse reaction such as
henorrhage. Heparin or |ow nol ecul ar-wei ght heparin cannot be expected to
exert drug effi Ga¢y i(haoaling agdnivaitsdrlat ifdirame lvequsi e iddriom)st rati on
in hospitals. Warfarin is orally adm nistrable but requires periodic blood
tests by redson GIrRqm et &re s the otthrerpdrdized etle . tsp ¥Y9r idén oral ly
adm ni strable drug that inhibits _thronbus formation by suppressing the
activati on TICHEBIEL BiitOhas TadFeFEe YFEaitsi 617 tdéle4s LG&S9r r hagi a. A
goal for further. inprovin e current_therapies is to prevent bleeding
Cime £ rom BAITG YOI Byt i S el i TG G AP TRiT S ¥ 1 eot by dr ug
adm ni strat,i TAFI a_i.nhi bit: t hought. t o Ve small, ri of
henor r hage,gkgge]dcmabuléle Cfa&he%}m 0 bnlg{ﬁﬁh%?%ubegr%lgoecg'phlen pcr 0 elses&o ) heT FZ%DFg[t zLis% IS
i nvol vi ng | at+ Qe%g% | ] ' re it
may ari se f%g%Ja@ailhl%)Bntaﬁ}go cipgsﬁ%l e371-"&0@%2%7on'r rperchéd{l}e&%Ioﬂgéc%%[ Cgfsaét[wgg'
coagul ati on ¥ A 4N S r M 5Ly £ ey dempyved nore qui ckly by making
fibrinolysis efficient through the inhibition of TAFi a. This can be
expected tojEx®t excellent effects on the treatnent/prevention of diseases
attributed to thronbi. Sonme cases of ani mal experinents that showed an
antithronbotic &hkeetcthyatrhi HAFIING sTARILE dvavi@ Fieen Tapoat édhsbifar. [ 0008]
There is a report that the intravenous adm nistration of a TAFla-inhibiting
pol ypept i def idonisiastysis dfy 3%erean iny ddielsC (ot kanboxypeptd dase i nhi bitor
(PCl)) to mce showed an antithronbotic effect

residue of fibrin or fibrin degradation products (FDPs),

which are main components of thrombi. Two enzymes, tPA
(tissue-type plasminogen activatbr) and plasminogen,
which induce and promote fibrinolysis, bind to the Lys
residue of fibrin or FDPs via their Lys-binding sites.

On the surface of the fibrin molecule, tPA subsequently
activates plasminogen and converts it into plasmin to
initiate fibrinolysis. Plasmin cleaves fibrin, and a Lys
or Arg residue appears at the C-termini of_the formed
FDPs. The continuation of fibrinolysis allows

plasminogen and tPA to newly bind to the Lys residues of



5 iniron chloride-induced thronbus nodels (Non Patent Literature 2).

[ 0009] A | ow nol ecul ar-wei ght TAFl a i nhi bitor reduced the anount of
t hronbi by approximately 35%in intravenous adm nistration to rabbit nopdels
of venous thronmbosis (Non Patent Literature 3) [0010] A

| ow nol ecul ar -wei ght TAFI a-i nhi bi ti ng conpound showed, in rat nodels of
t hr onboenbol i sgkl a reduction in the anobunt of thronbus deposits in the

ki dney wit FRhERFT ee? G GhRY deithP 2§ HR i ndly§i ST KRERTBYdi mer as wel |

as conparable antithrgombotic effect at a reduced dose of tPA in_conbi ned
e i Th § PR TROrE o el Dt a5 St ae et {p e

Literatures jg%%fnél)féls%)l 05%A‘%‘i@p%@ﬁ%i%@a%f%é%g]@sbéﬁéaeﬁ:at LRILar

activity. d ron Li'st’ Patent Literature erature 1:

Panphl et of i |  Rub] i i . : 4 . liferature
2: Panphl eto%?éﬁfngﬁ n%g?ofn% éugﬁlc%icﬁ %@%%%%%/%%%6§2E%§{ueﬁi

Literature 35 Paophheds ofr e natisonal Jupld catdaniNg,r. WO 2003/ 061653 6
Patent Literature 4: Panphlet of International Publication No. WO

2005/ 105781fibrinolysis does not occur. TAFIa suppresses the
positive féedback mechanism of fibrinolysis. These
findings are described in detail in a review on TAFI and
its inhibitors (Non Patent Literature 1).

[0005] |

As described above, the fine balance between
coagulation and fibrinolysis is achieved in vivo. When
coagulation is accelerated by diseases or the like,
thrombi come to be likely to be formed, developing
various diseases. Such diseases include myocardial
infarction, angina pectoris, acute coronary syndrome,
ce£ebral infarction, deep wvein thrombosis, pulmonary
embolism, peripheral arterial occlusion, sepsis,
disseminated intravascular coagulation syndrome, and
pulmonary fibrosis.

[0006]

The previous treatment of thrombosis has often
targeted enzymes in the coagulation cascades. These
enzymes include activated coagulation factor X (Xa),

- thrombin, and the like. Inhibitors against these enzymes
have the risk of potential adverse reaction such as
hemorrhage. Heparin or low-molecular-weight heparin

cannot be expected to exert drug efficacy in oral



Patent Literature 5: Panphlet of International Publication No. WO
2003/ 013526 Non Patent Literature [0013] Non Patent Literature 1. WIIlense -
JL, Journal of Thronbosis and Haenostasis, 2009, 7, 1962-71 Non Patent
Literature 2: Wang X. et al., Journal-of -Thronbosis and Haenostasis, 2006,
3, 403-410 Non Patent Literature 3: Bunnage ME., et al., Journal of

Medi ci nal Chemi stry, 2007, 50, 6095-6103 Non Patent Literature 4: Mito, Y.,
et al., Crid9edl: Cardd Y. 2RDIoFIVIFES PRR-AT NotPPat 2o ikt et ure 5:

Suzuki, K., The Journal of. Pharnacol o nd Experinmental Therapeutics,
2004, 309, EUFETE SRR Of dHVENLT O THE Hl Cad © 1 bt i T 001 -
Currently i%rhoé’@d col osurligs haavsionrg (;I'fAFiInati hé'tbli&%)r iﬁ?tc%‘?\:ﬂé%’ &{(1? %ess t han
satisfactory in terns of’ € I'cacy or safety ~such as ETisk o

henorrhage,.and thereihs a great 4emRndyfion 2 EAla .k Rier excel lent in
safety and efficacy. 7 [0015] The present 1 nventors have conducted

various synthieses: anc sl st itdt tdie i) medp obd & i neh& 4 dverwpetdh ¢ drug
for nyocardial infarction, angina pectoris, acute coronary syndrone,
cerebral i ndanstdwofetdeepmeinnd HOMoOsd sre it dmagyciendol i sm  peri pheral
arterial occlusion, sepsis, dissemnated intravascul ar coagul ation
syndrone, oragputamrtergidd bRrogios lhdwirndg uesthelr emtp roARing ithls itmarsyntacti vity.
As a result, the present inventors have conpleted the present invention by
fi ndi ng thatheragyictval kylc substenuties ¢dintaziolee der ¢ abe ey havi ng a
particul ar structure or a pharnmacol ogi cally acceptable salt thereof

exhi bits ex@&ieHeTAfM Al ita b tokyiEethigh ythepoasptic effect by

drug administration. TAFIa inhibitors are thought to
have a small risk of hemorrhage, because they do not
influence the process of hemostasis involving coagulation
and platelets.
[0007] |

In pathologies where it may arise that a thrombus is
likely to be formed due to accelerated coagulation
reactions, fhrombi can be removed more quickly by making
fibrinolysis efficient through the inhibition of TAFIia.
This can bé expected to exert excellent effects on the
treatment/prevention of diseases attributed to thrombi.
Some cases of animal experiments that showed an
antithrombotic effect by inhibiting TAFIa have been
reported so- far.
[0008]

There is a report that the intravenous
administration of a TAFIz-inhibiting polypeptide
consisting of 39 amino acids (potato carboxypeptidase

inhibitor (PCI)) to mice showed an antithrombotic effect



- The present invention provides a cycloal kyl substituted i m dazol e derivative
.or a pharnmacol ogically acceptable salt thereof, which exhibits excellent
TAFla inhibitory activity, and a pharnmaceutical drug containing the sane.
[0017] Specifically, the present invention provides: (1) a conpound
represented by the general fornmula (I) or a pharmacol ogically acceptable
salt thereof: [0018 - 8 - [Fornmula 1] [ 0019]. wherein A represents a C3
to Cl2 cycl@alapr @F W AR rer b é Nt s By O tie tSirtee i denti cal
or different, groups selected froma fluor group, a hydroxy group, a d to
c6 al kyl g ,raiuéle ?8 ‘06 al koxy group, an aryloxy group, and a

het erocyclv[loce%)é group; RI, R2, and R3 each independently represent a

hydr ogen atom 61 fluor group, or a d to C6 al kyl group; R4 represents a

hydr ogen atom o rodr up.:and r-epr : gr o - CHR5-
CH2- NHR6 (wher e?nﬁﬁg &gérgglslg%?sgglagargégﬁgaggl%qtbgt% tr%‘d%geglc?éle group, or

a 0 to C6alheny & eion@td P AREseN e 18, iy ogen AL Qlo@ prodrug
group), -0-CHR7- CH2-NHR6 (wherein R7 represents a hydrogen atom a O to

C6 al kyl graeiinieftratGort @& D& AaX h@OUD, o ANt d efeseidsi a4 (N ogen
atomor a prodrug group), or [0020] [Formula 2] *\NHR9 - 9 -

Patent Literature 3)

[0010]

A low-molecular-weight TAFIa-inhibiting compound
showed, in rat models of thromboembolism, a reduction in
the amount of thrombus deposits in the kidney with the
effect of increasing a fibrinolysis marker D-dimer as
well as comparable antithrombotic effect at a reduced
dose of tPA in combined use with tPA (Non Patent
Literatures 4 and 5).

[0011]

Patent Literatures 1 to 5 disclose compounds that

exhibit TAFIa inhibitory activity.

Citation List

Patent Literature

[0012]

Patent Literature 1: Pamphlet of International
‘Publication No. WO 2002/014285

Patent Literafure 2: Pamphlet of International
Publication No. WO 2003/061652

Patent Literature 3: Pamphlet of International

Publication No. WO 2003/061653



(wherein RO represents a hydrogen atomor a prodrug group, and * represents
the position for substitution); (2) the conpound according to (1) or -
a pharmacol ogi cally acceptable salt thereof, wherein Ais a cyclobutyl
group, a cycl ohexyl group, a cycl oheptyd -group, a bicycl o[ 3. 1. 0] hexyl
group, a bicyclo[2.2.11heotyl group, or an adamantyl group, each of which
may be substltuted b one to three |q§nt|%§I ar dlffer%g: groups sel ected

froma fluol agrfr “odp, eatar%reofy PoER L&t BRI group, a O to 06
al koxy gro on gr.ou terocyclyloxy group; (3) the
conpound a Cﬁig 10 % %Ooﬁa@ ogl cally acceptable salt thereof,

wherein A %,%(ﬁ%hay 1%‘&13)@1;1%%“'0’? pqg[,icz‘é i])%yﬂntggﬁqi%ocloql gycl oheptyl group, a

bi cycl of 3. exyl” group, a blcyc heptyl group, or an adamantyl

group, each @f; {WiGh MRy heycsulsts touted py one to three identical or
di fferent groups selected froma hydroxy group, a methyl group, and an

ethyl groumon patent 4)itddtcampound according to (1) or a

phar macol ogi cal |y acceptable salt thereof, wherein Ais a cycl ohexyl group
whi ch may be@osuwistituted by one to three |dent| cal or different groups
selected froma fluoro group, a hydroxy group, a d to C6 alkyl group, a d
to 06 al koXprgrisdimntandradasiyr egriouii ldrinze h8terboysiadl o& group;

(5) the conpound according to (1) or a pharmacol ogically acceptable salt

t her eof , Wiereimposis and HapmostE@itso GA0 bycloadl K\~ gr oup substituted by
one or two jdentical or different O to C6 al kyl groups; (6) the

conpound adtBr diadtFtto (MYt U Sitar FedH oyi &f |€y1 accEPtER e ¥al t t her eof ,
wherein A i to 012 cl oal kyl y a nethyl group or
an et hyl r%[ﬁim%gosm andyy (ﬁ/ cté’)rfﬁioﬁg &l{gc@or Lgou{t 4dl( ) or a .

pharmacolo o c abI salt thereof rei hexy! group
substi t ut e%’qby ]‘Joynteengtreif tera enti cal %e Gagiref \g%}‘gr{t % a[ a}ol ggr(fyoups

(8) the com%rlq]%chﬁgéﬁgs% (]Q)OCPZr aSOOh u({*)%:oé gl cal | y accept abl e salt

t her eof , wherein is a cyc Hexyl droup s tituted by a nethyl group or

an et hyI InHP;patent Li®rdtdte compaund accordi ng to ddidt a® care
phar macol ogi cal ly acceptable salt ther eof , wherein A is a group: [0022]

[ Formul a 3]met.0- G, 37, 1744-1749

Non Patent Literature 5: Suzuki, K., The Journal cof
Pharmacology and Experimental Therapeutics, 2004, 309,

607-615

Summary of Invention
Technical Problem
[0014]

Currently known compounds having TAFIa inhibitory
activity are less than satisfactory in terms of efficacy
or safety such as the risk of hemorrhage, and there is a
great démand for a TAFIa inhibitor excellent in safety

and efficacy.

Solution to Problem



a2Hs L * L, -C\--OH [0023] (wherein * represents the position for

substitution); (10) the conmpound according to (1) or a
phar macol ogi cal |l y acceptable salt thereof, wherein Ais a group: [0024]
[ Formul a 4] [ 0025] (wherein * represkents the position for substitution);

(11) the conmpound according to (1) or a pharmacol ogically acceptable salt
t her eof , mq%&gkﬂ A is the group:

The present inventors have conducted various
syntheses and studies with the aim of obtaihing a
therapeutic drug for myocardial infarction, angina
pectoris, acute coronary syndrome, cerebral infarction,
deep vein thrombosis, pulmonary embolism, peripheral
arterial occlusion, sepsis, disseminated intravascular
coagulation syndrome, or pulmonary fibrosis having
excellent TAFIa inhibitory activity. As a result, the
present inventors have completed the present invention by
finding that a cycloalkyl-substituted imidazole
derivative having a particular structure or a
pharmacologicélly acceptable salt thereof exhibits

‘ excellent TAFIa inhibitory activity.
[0016]

The present invention provides a cycloalkyl-
substituted imidazole derivative or a pharmacologically
acceptable salt tﬁereof, which exhibits excellent TAFIa
inhibitory activity, and a pharmaceutical drug containing
the same.

[0017])

Specifically, the present invention provides:

(1) a compound represented by the general formulia
(I) or a pharmacologically acceptable salt thereof:

[0018]



[0026] [Fornula 5] [0027] (wherein * represents the position for

substitution); - 12 - (12) the conmpound according to (1) or a
phar macol ogi cal | y acceptable salt thereof, wherein Ais the group: [0028]
[ Formul a 6] [ 0029] (wherein * repregents the position for substitution);

(13) the conmpound according to any one of (1) to (12) or a

phar macol ogi cal ly acceptable salt thereof, wherein Y is the group:

- CH2- CHRS- OFR2-MNHR6 {Wherein RS represents a hydrogen atom a O to C6 al kyl
group, or a C to C6 al koxy group, and R6 represents a hydrogen atom or a
prodrug group); (14) the conpound according to (13) or a

ceptable salt thereof, wherein R5 is a hydrogen atom
cording to (1 or £34) or a pharmacol ogically

eof, erein is hydr ogen at om

N™ N\ OR"

(15) the co
accept abl e s¥§

(1)

[0019]

wherein A represents a C3 to C12 cycloalkyl group which
may be substituted by one to three identical or different
groups selected from a fluoro group, a hydroxy group, a
Cl to Co6 alkyl group, a Cl to C6 alkoxy group, an aryloxy
.group, and a heterocyclyloxy group; R', R°, and R’ each
independently represent a hydrogen atom, a fluoro group,
or a Cl to C6 alkyl group; R*® represents a hydrogen atom
or a prodrug group; and Y represents a group: —~CH,-CHR’-
CH,-NHR® (wherein R® represents a hydrogen atom, a Cl to
C6 alkyl group, or a Cl to C6 alkoxy group, and R®
represents a hydrogen atom or a prodrug group), -O-CHR'-
CH,-NHR® (wherein R’ represents a hydrogen atom, a Cl to
Cé6 alkyl group, or a Cl to C6 alkoxy group, and R®
represents a hydrogen atom or a prodrug group), or

[0020]

[Formula 2]

NHR®
* —N

[0021]



(16) the conmpound according to (13) or (14) or a pharmacol ogically

acceptable salt thereof, wherein R6 is a prodrug group; (17) the
conmpound according to (16) or a pharnacol ogically acceptable salt thereof,
- wherein the prodrug group represented py R6 is a-C to C6 al kanoyl - 13 -

group which may be substituted by one to three identical or different
groups selected froman am no group, a hal ogeno group, a hydroxy group, a
car boxy groupsraircabamplesgnaup.a &ydrdger06 ahkoxy gropupiran aryhp group,
and a heterocyclyl group; a (C to 06 al koxy)carbonyl group which may be
subst it ut ethdy arg texdritree hcd@atsiicalororf adi ffudrsemitt grioups sel ected from a
G to C6 al kyl group, a C2 to 06 alkanoyloxydséoup, "a (03 to 06

cycl oal kyl ) car H@nyltdwey cpreepcand candang tgr dup; o da
het erocycl yl al kyl oxycar bonyl group which may be substituted by one to three

i denti cal R HRFFRrEht CH DU SRS S T3 om DETXO grivtiprand 2 & fo o6

al kyl group; . . (18) the conpound cording to (1 or, a

phar macol o%’l’ccja?h?‘?t%cc%‘b%%’l & sal l#h“e%@gf?r%‘r ef n”’f%gg%?%%‘\(hggﬁ?%%b

repr esent ed b i s, a, phenyl al anyl - group,. an.{-porleucyl grou

[ (5- met hy1= 22 %%Ff&lo ol b@gﬂf@ﬁ 3‘% %/onué‘? "noéxly‘i’ %:%%%%w ' %‘rgﬁ%Tp%yf 1§r°gp’

( I sobutyr yclPXaYﬁ e%clj]é}ﬁ%ll@af dp,gré)é{"ﬁi &t [hnd{n 2n'1ay be substituted

di et hyl pr opanoyl oxy et%oxy carbonyl group, ({1-

[ (cycl ohexy) cardonyl)oxyd et hoxyd car honyd ) £ 88 0alps @Fo@pé Iselected

acet oxyet hoxy) car bonyl group; (19) the conmpound according to any one
of (1) to £A&) HrfBuPhargeeed 00 aaldyoagcepdab) ea sal ttod hes eosfkybherein Y is
the group: -0-CHR7-CH2-NHR8 (wherein R7 represents a hydrogen atom a O to
C6 al kyl gyowgy, o @ Ctot©6 06l ked koxyr Qupupan addy R8xy epresent ana aydr ogen

atomor a prodrug group); - 14 - (20) the compound according to
(19) or a pheenecotbygleal | yrageept able salt thereof, wherein R7 is a
hydr ogen at om (21) the conpound according to (19) or (20) or a

phar macol ogi cal {3 ddteptaEINgy|ACqHEHESE Ehelleity BB is a hydrogen at om

(22) the conpound according to (19) or (20) or a pharmacol ogically_
accept abl PRarfahePebfal e?%ﬁ?P$%P%% %?p%oﬁ?%ﬁengUB?ere*g & t23) the

conmpound accordi n 0 (22) or a rmacol ogical |y acceptable,s her eof ,
wherein t heYpro ?%ﬁig?%ﬁﬁgfeﬁré%gﬁ$%%x%§ %§OF§’accryf68%6pgy&a§%§PEgroup

which may be_s I tuted ne ree j hgab orqdifferen ups
seIectedyf?g%%ggégéiﬁb?QQE%%,yé %g %%én% %?gg%fgg“hgd%é&?gg?ougfgggégrboxy

group, a carb to ' Py 8o t and a
het er ocycly g?g%%?ﬁéggg% ?89%%’5?§§§§%§2§%%%§Fyg%oﬁp 3%?%hgﬁgsgﬁe

substi t ut egy, bynoOnect ontbeeeqbgenticabrogi dibferenyrgnpupseseteetied froma
d to 06 aIKyI group, a C2 to C6 al kanoyl oxy group, a (03 to C6

cycl oal kyl } e bony{ @xyxgr upup angd mdtayy! ggoodp; and an ethyl group;

het er ocycl yl al kyl oxycar bonyl group which may be substituted by one to three
i dentical or differan gmoupsdeeoietiig om anl oxeor group and a G to 06

al kyl group; (24) the conpound according to any one of (1) to (12)
or a phar npcatwgtchbyycatteptabtetaal ¢ sherebherahér evheyeiis fhésgPoup:
[0030] [Formula 7]

cyclohexyl group which may be substituted by one to three
identical or different groups selected from a fluoro
group, a hydroxy group, a Cl to C6 alkyl group, & Cl to
C6 alkoxy group, an aryloxy group, and a heterocyclyloxy
group;

(5) the compound according to (1) or a

pharmacologically acceptable salt thereof, wherein A is a



NHRO [ 0031]

(wherein RO represents.
and * represents the position for substitution);

a hydrogen atom or a prodrug group,
(25) the conpound

according to any one of (1) to (12) or a pharmacol ogically acceptable salt

t hereof, wherein Y is the group:

represents the position for substltutlon)

according to any one of (1) to

[0032]; { Formula 8] [0033] (wherein *
(26) the conpound
(12) or a pharmacol ogically acceptable salt

t hereof , - Whred nC¥2 i sy¢hea hrplpsr§QO34ib§ Fornuba 9y Gtk G2 GH2 NH2 [ 0035]

(mhereln * represents the

osition for substitution);

identical or different Cl to C6 alkyl groups;

(6) the compound according to (1)

pharmacologically acceptable salt thereof}

or a

wherein A

is a

C3 to Cl2 cycloalkyl group substituted by a methyl group

or an ethyl group:

(7) the compound according to (1) or

pharmacologically acceptable salt thereof,

a

wherein A

cyclohexyl group substituted by one or two identical

different Cl to C6 alkyl groups;

(8) the compound according to (1) or

pharmacologically acceptable salt thereof,

a

wherein A

cyclohexyl group substituted by a methyl group or an

ethyl group;

(9) the compound according to (1) or

pharmacologicaily acceptable salt thereof,

group:
[0022]

[Formula 3]

*—O-CH:j .

* O
CH3 ’

CH;

[0023]

a

wherein A

_CHs
\DH’

is

or

is

is



- 16 - (27) the compound according to any one of (1) to (26) or a

phar macol ogi cally acceptable salt thereof, wherein all of RI, R2, and R3
are a hydrogen atom (28) the conpound according to any one of (1) to (27)
or a pharmacol ogi cal | y accept abl e salt itthereof, wherein R4 is a hydrogen
atom (29) the conmpound according to any one of (1) to (27) or a

phar macol ogi cally acceptable salt thereof, wherein R4 is a prodrug group;
(30) the cofipeerelactarafimgpears g X9)e aros tphvar nfacol ogihal Hyt iawtlept abl e sal t
thereof, wherein the prodrug group represented by R4 is a G to C6 al kyl
group which may B¢ 'siét GCTPEYBY 3G 16 hrice ilde™s Gl or different
groups selected from a to 06 alk | ox rou ( to. C6, .

Oyol bal Kyl YCATHBHYT DX G o, “SHeP WP o8 y1 2 b o 2esp Fa R 6oy 1 of Kyl
group mhicn€g§y be substituted by one to three identical or different
groups sele ted froman oxo group and a C to C6 al kyl group; (31)
the conpoungh@egprding to (29) or a pharmacol ogically acceptable salt

t hereof, wherein the prodrug group represented by R4 is a benzyl group or a
[ (1 sopr opoxycarheony|dpxy] et hyl group; (32) a conpound represented by
the general fornmula (1-1) or a pharmacol ogically acceptable salt thereof:
[0036] [Fornmula 10] NH R6 [0037] wherein A represents_a 03 to 012

cycl oal kyl group mpi ch nay be subs uted by one to thfee Ndentical or
ecOpdl T r om—=a 6 @rb%p, a #Hryd OXy.gri-iCF% C to 06
o 06 a koxy grodg, an &ryl oxy groupy and a ;

different gf

al kyl graup, a

het erocycl yl oxy group;” R, R2, and R3 each independently represent a
hydrogen atom a fluoro group, or a C to 06 alkyl group; R4 represents a
hydrogen atom or a prodrug group; R5 represents a hydrogen atom a C to 06
al kyl group, or a O t@H)6 al koxy group; and R6 represents a hydrogen atom
or a prodrug group; 3 (33) the conmpound_according to (32) or a

phar macol ogi cal | ept abl e salt thereof, ein Ais a cyclobutyl group,
a cycl ohexy¥ cycl ohgptyl gr oup; oto[G,H, 0] hexyl group, a

bi cycl o[ 2. 2. 1] he]p group, or an adamanty gup, each of which may be
substituted : :

[0025]

(wherein * represents the position for substitution);
(11} the compound according to (1) or a

pharmacologically acceptable salt thereof, wherein A is

the group:

[0026]

[Formula 5]

[0027]

(wherein * represents the position for substitution);



by one to three identical or different groups selected froma hydroxy
group, a nethyl group, and an ethyl group; all of RI, R2, and R3 are a
hydrogen atom R4 is a hydrogen atom a O to 06 al kyl group which may be
substituted by one to three identical aor different groups selected froma
02 to 06 al kanoyl oxy group, a (03 to 06 - 18 - cycl oal kyl ) car bonyl oxy
group, and an aryl group; or a heterocyclylal kyl group which may be
substituted by dﬁé)téhﬁhFQ@pP@@ﬁt@@&Pr@ﬂn@iﬁFbHéﬁtq&r@ups sel ected from an
oxo group and a 01 to .06 al kyl group;. R5 is a hydrogen atomy and, R6 is a
hydr ogen at%tﬁmé?‘c(ﬂlotgow@ﬁﬂﬁ l?a‘ifgﬁﬂtag?]o%ps%"i o thye Wiyt dt € by one to
three iden%h&@ or different groups selected froman am no group, a

hal ogeno groupraLﬁydroxy group, a carboxy group, a carbanoyl group, a C
to 06 al koxyy Qup, an aryl group, and a heterocyclyi group; a (O to 06

al koxy) car bonyl ‘group which may be substituted by one to three identical or
di fferent gﬁgﬂﬁ§ﬂ§pugcted froma d to 06 al kyl group, a 02 to 06

al kanoyi oxy group, a (03 to C6 cycl oal kyl ) carbonyl oxy group, and an aryl
group; or a heterocyclyl al kyl oxycar bonyl group which may be substituted by

one to three ide or different groups selected froman oxo group and a

Cl to 06 alky 1 CH., (34) the conpound according to (32) or a

phar macol ogi cal |} reptabl% salt thereof, wherein Ais a cyclohexyl group
substituted by one or two identical or different O to 06 al kyl groups; al
of R, R2, and R3 are a hydrogen atom R4 is a hydrogen atom a benzyl
group, or aJ49lsopropoxycarbonyl)oxy]ethyl group; R5 is a hydrogen atom
and R6 is a hydrogen atom a phenyl al anyl group, an L-norl eucyl group, a
[ (5- net hyl - PIRSERIT 3 IGPGHRSEIY-Sy [Dhfe tHexy]icdr | S Wrsduigs, vt -/

(i sobutyryl oxy)e xy] car bonyl group, ,%%— 2, 2-

di met hyl pr opano ﬁgiy¥th8?VF8§P%oﬁfFod%Bu ,@g @y one pf (1) to

[ (cycl ohexy r bonyl ) et | .C rp€nyl r.0 or (-
acetoxyetho&%?céggé%ﬁﬁéé%gﬁggﬁ@léglI%éykgggﬁﬁpéﬂﬁﬁiﬁéﬁiﬁﬁﬁﬁ%m by the

?gggg?l [fF g;@uglgei(flliﬂ He And A % CRgiceRbLynaagept ahhe 8l pher eof:
represents a nhydrogen atom, a Cl to C6 alkyl group, or a
Cl to C6 alkoxy group, and R® represents a hydrogen atom
or a prodrug group);

(14) the compound according to (13) or a
pharmacologically acceptable salt thereof, wherein R® is
a hydrogen atom; |

(15) the compound according to (13) or (14) or a
pharmacologiéally acceptable salt thereof, wherein R® is
a hydrogen atom;

(16) the compound according to (13) or (i4) or =&
pharmacologically acceptable salt thereof, wherein R® is
a2 prodrug group;

(17) the compound according to (16) or a
pharmecologically acceptable salt thereof, wherein the

prodrug group represented by R® is a Cl to C6 alkanoyl



wherein A represents a cyclobutyl group, a cyclohexyl group, a cycl oheptyl
group, a bicyclo[3.1.0] hexyl group, a bicyclo[2.2.1] heptyl group, or an
adamantyl group, each of which may be substituted by one to three identical
or different groups selected froma hydroxy group, a methyl group, and an
ethyl group; R4 represents a hydrogen atom a 01 to 06 al kyl group which
may be substituted by one to three identical or different groups sel ected

froma 02dtgc¥q)63 w%bﬂ%k@%r%{ﬁtidﬁ%%ff tklby lGT(TBT c%l%ﬁl%i%ﬁ%%ﬁﬁ? oXy

group, and an ar roup; or a heterocyc a roup ich may be

substi t ut ec?rbf]oqvfeel?%ltt rﬁréﬁlﬁsde?ﬁlieéﬁ?e%rf%?‘?f%{e?ﬁgﬂg‘? dip¥isel®cted from an

0X0 group qpq_a 0l to 06 alkﬁld%!ou ; RS represents a hydrogen atom a C

to 06 al kyl™grolip® of* A & 366 Hik i Y oup;© 6 Teptseéht s a hydrogen

atom a d Kk gr.o | ¢he may S [ tuted by, on o three
(éé%égﬁﬁy%q§%¥kgr§h%ﬂ'WQ!%QSQ? hg%édﬁgighlan a§§ﬁ é%éﬁﬂ a

i denti cal t ‘'groups selec an am-no gro

hal ogeno. grQuR, s WXy G QR uR Caarp@%yt&r@@pajlg?mr@ﬂ&ydy roup, a 01

to C6 al koxy group, an aryl group, and a heterocyc group; a (d to 06

al koxy) car hpydp GroWh Wi bdTayue: isubsdd tish eshdy: Onent&: tihyaecidentical or
different groups selected froma C to C6 al kyl group, a C2 to C6

al kanoyl oxymgrdilfif,e e r(tCH a6 wyicd oad Kyt yaardbary | toxyc@raoupyl ancbw, aryl
group; or a heterocyclyl al kyl oxycar bonyl group which may be substituted by
one to three ddemt i®alaldrardififererdragroups &3 ent 66 f rom an oxo group and a
C to 06 al kyl group; (36) the conmpound according to (35) or a

phar macol odixsaldal kidldeqa sy Isst atereofanavier e 1y JA dsowp eyt ohexyl group
substituted by one or two identical or different O to 06 al kyl groups; R
R2, and R3 eIy hythrdgen ity + sy ditbigeh bR a benzyl group,

or an i sopr.opoxycar baonyl ) oxy] ethyl group; R5 is a hydrogen atom and R6

is a hy[/((tlro &P %%“eaé)g?%ﬁgfleaﬁfnﬁwrgeregdp#g%W@%o% e]gerrbihpﬁr%ups
5-net hyl - 2-.0xq- 1, 3- di oxQl-4- yl)net hoxy]c onyl . gr af1-

Ei(sobut y?/ylSoexlye)cgttehdox"yr]ocmarannonoy>TO é/lgr%odlﬁ), a<31W1Y]1al ?éfzt-é/ cd'aXiy gJ oup/

di met hyl pr opanoyhgxy)ethoxylcarhonyl. ARy & (4% or f1.

[ (cycl ohexyl car bonyl ) oxy] et hoxyl car bony roup, or

acet oxyet hg G ROMY i H1OUP:acceptabSPathe gormornd,according to (35) or
a pharmacol ogically acceptable salt thereof, wherein A 1s a cycl ohexyl

group substdidiedy yr SugTeldbile MY Wy aF is 21 phedlNvh 8RAuRiroaRd al | of
R4, R5, anc? R6 are a hygg?g%%gn atom Y (38) gcotr}r}goundy(rze%r es%ﬁt ed by

t he gener alarf ar-mdm dley?2) qrowp phar hecahogh et 4 yoaccem -abl exsal 4~ t her eof :
[ 0040] [Fornula 12] /NHRS
yl)methoxy]carbonyl group, a [1-
(isobutyryloxy)ethoxy]carbonyl group, a [1-(2,2-
dimethylpropanoyloxy)ethoxy]carbonyl group, ({1-
[(cyclohexylcarbonyl)oxy]ethoxy}carbonyl) group, or a (1-
acetoxyetho%y)carbonyl group;
(19) the compound according to any one of (1) to
(12) or a pharmacologically acceptéble.salt thereof,
wherein Y is the group: -O-CHR’'-CH,-NHR® (wherein R’
represents a hydrogen atom, a Cl o C6 alkyl group, or a
Cl to C6 alkoxy group, and R® represents a hydrogen atom

or a prodrug group);



[0.041] wherein A represents a C3 to 012 cycl oal kyl group which may be
substituted by one to three identical or different groups selected froma
fluoro group, a hydroxy group, a O to C6 alkyl group, a d to C6 al koxy
group, an aryloxy group, and a heterocygl yl oxy group; R, R2, and R3 each
i ndependently represent a hydrogen atom a fluoro group, or a d to 06

al kyl group; R4 represents a hydrogen atom or a prodrug group; R7
represents a hydriddgert gt GrnPpuOC a5 e Hlngy Itgrodp, ot aa CI to 06 al koxy
group; and R8 represents a hydrogen atom or a prodrug grou (39)
-t he corrpouﬁfba%fﬁg%? A3 ol { 3B R tab bhat drhe of oy e@d 1 7 %Jp‘ﬁa%l éSsal t

t her eof , wher ein A |s cl obutyl group, a cycl ohexyl group, a cycl oheptyl
group, a bi ﬂﬁ'% ath%xi group, a bicyclo[2.2.1] heptyl group, or an

adamantyl gr oup, 4 of Whl ch be sy bsti.tut by on o thr ee identical
or different group se?l ected o %fccofromga thyd % oxXy gro p, & mét hyI group,
and an et hyl, group:; ald.of % ogen 4ds a
hydr ogen at%)m a Ctﬁ%) T )dey? rto%pi)ﬂ@\hl:?% !Eé/ substl%t edey one to

three identyd q%bdpcg Qllfgtefgr@nt groups sel ected from a 02 to C6 al kanoyl oxy
group, a (03 to 06 cycloalkyl)carbonyloxy group, and an aryl group; or a
het erocycl yl al kyl22gr ate wWinghury deectdistd tid ed Dy ane(A2m tdy ee i denti cal
or different groups selected froman oxo group and a C to 06 al kyl group;
R7 is a hydrlogemat bog i el R6ad cse@t diyle ogeht at loereaf O wieor&6n akkamoyl group
whi ch may be substituted by one to three identical or different groups
sel ect ed frdmaedawd norgioup, , a hal ogeno. group, a hydroxy group, a carboxy
group, a carbanoyl group, a d to 06 al koxy group, an aryl group, and a
heterocyclyl grodp) &NeOCH ve daldesantarhdy| (ZFlo@F véhi ch may be
substituted by one to three identical_ or different groups selected froma
d to 06 al¥ATHRUPIL DY P HEeRT Kb yToky @?%Eﬁ’:? a (oo o6he

and an ar or a

| oal kyl |
ﬁgtce?gcygl iﬁcariﬁ x@é%ﬁ“go% fegﬁeorhtpeW%ﬁ ngfo e Qubist |ct€utaéd(a55?3&ne to three
I dentical or, giffer e%)ngf)ﬁ'"&?es &%seé:i*egtécﬁ%“ ac?n oxto? %@?}uge nd. g G 10 06

al kyl group; npound” accor

phar macol ogi.caki ¥e accept abl %ssaéélé@@é@ohomeérﬁt&@r&ﬁyclohexyl gr oup

‘substituted by one or two identical or different d to 06 af Kyl groups; all

of R2, R2, w&g@n@r@@ﬁy@m@z@@r%;saacm%gge@w&@maa benzyl
group, - 23 - or an [(isopropoxycarbonyl)oxy]ethyl group; and both of R7

and R8 are @ailtyshiogengsd e a Cl {4106 as Cesmppuithuepresent¢d Pyodhe gener al
formula (1-2a) or a pharmacol ogically acceptable salt ther eof: [ 0042]
[ Formul a 13ndN &HRB=terocyclyl group; a (Cl to C6 alkoxy)carbonyl
group which may be substituted by one to three identical
or different groups selected from a Cl to Cb6 alkyl group,
a C2 to C6 alkanoyloxy group, a (C3 to Cé6
cycloalkyl)carbonyloxy group, aﬁd an aryl group; or a
heterocyclylalkyloxycarbonyl group which may be
substituted by one to three identical or different groups
selected from an oxo group and a Cl to C6 alkyl group:
(24) the compound according to any one of (1) %o
(12) or a pharmacologically acceptable salt thereof,
wherein Y is the group:

[0030]



[ 0043] Wherein A represents a cyclobutyl group, a cyclohexyl group, a

cycl oheptyl group, a bicyclo[3.1.0]hexyl group, a bicyclo[2.2.1]heptyl

group, or an adanmantyl.group, each of which may be substituted by one to

three identical or different groups selected froma hydroxy group, a nethyl

group, and an ethyl group; R4 represents a hydrogen atom a C to 06 al kyl

group which may be substituted by one to three identical or different

groups sel ecfednironma C2 to C6 al kanoyl oxy group, a (03 to C6

cycl oal kyl ) car bonyl oxy group, and an aryl group; or a heterocyclyi al kyl

group which may be: bstitNﬂgﬁg%y one to three identical or different

gr oups selqgtgg_fr 0 up and a d to 06 al kyl group; R7 represents

a hydrogen atom Cl t/jo C6 al kyl group, or a d to 06 al koxy group; and R8

represents a hydr tomor a prodrug group; - 24 - (42) the

conmpound according to (41) or a pharmacol ogically acceptable salt thereof,

wherein A is, 3f%glohexyl group substituted by one or two identical or

di fferent al kyl groups; all of R, R2, and R3 are a hydrogen atom

R4 is a hyd r I SOpL opo nyJ ] et hyl
[Qgen At am & henzyle g aO%er{gﬁr{;dzl[F‘ééﬁ DL Qngycg@fd?gt%f%gw

group; R7 is a hydrogen atom and R8s & ogen atony _
al kanoyl group WG dBh e SHbiddiuted, by ongd o thieg,ddentical or

di fferent groups selected froman am no group, a hal ogeno group, a hydroxy
group, a carboxy 2gnoupe &g Hc@lipg & Cadyo & alkoxy gfoup, an aryl
group, and a heterocyclyl group; a (O to C6 al koxy)carbonyl group which
may be substlZuted dyplronendonldgesm i dedccabtarl«li $4 2t ertie geg@tips sel ect ed
froma G to C6 alkyl group, a C2 to C6 al kanoyl oxy group, a (C3 to C6

cycl oal kyl )@ iony| 0xs gifvupgrade: an aryl group; or a _

het er ocycl yl al kyl oxycar bonyl group which may be substituted by one to three
i denti cal 0P0%$¥kerent groups selected froman oxo group and a C to C6

al kyl group; %43) t he conpound according to (41) or a

phar macol ogt t&MY  hctlept abl e salt thereof, wherein A is a cyclohexyl group
substituted by a nmethyl group or an ethyl group; and all of R4, R7, and RS
are a hydrogen at ‘\h“ﬂ 4) a conpound represented by the genera
formul a (1-8B)—etNa pharhacol bgically acceptable salt thereof: [0044] - 25
- [Formul a 14] NHRO :

[0033]

(wherein #* represents the position for_substitution);
(26) the compound according to any one of (1) to

(12) or a pharmacologically acceptable salt thereof,’

wherein Y is the group:

(0034]

[Formula 9]
* —'-—CHZ—.CHE—CH;‘NH2

[0035]

(wherein * represents the position for substitution);



[ 0045] wherein A represents a 03 to 012 cycl oal kyl group which may be
substituted by one to three identical or different groups selected froma
fluoro group, a hydroxy group, a O to C6 al kyl group, a O to 06 al koxy
group, an aryloxy group, and a heterocyegl yl oxy group; R, R2, and R3 each
i ndependently represent a hydrogen atom a fluoro group, or a d to 06

al kyl group; R4 represents a hydrogen atomor a prodrug. group; -'d R9
represents a hydeddehgt eprmovadpesdougigooty, any ong( 48) (tlhe tconpound
according to (44) or a pharnmacol ogi cally acceptable salt thereof, wherein A
is a cycl obta%! UG cuPP A I HEGA LG GUs SRt &54ke ohelt yihejrenrip, a

bi cycl o[ 3. 1..0] hexyl group, .a bicycl o[ 2;2. 1] heptyl group, or an adamantyl
group, eachw}belrwycarﬁ*na%;ob%'s&st?‘f“gt%d ﬁ&%@fQQﬁ%@ﬁ%ntical or

di fferent groups | ected from a hydroxy _aroup, a nethyl. group, and an
ethyl group; al |(2§$ EI%,G ﬁffnpé)ﬁlélde%é:Pgd}é. drogg?@ﬁ’ a?tnt?mOfR% lic;s ‘& hydrogen

atom a O t0;06,al kyly groun wig ﬁ:‘b§§1 e edo three

i denti cal ogr d)iffereﬁ groupsl%s.ae‘l%clt% Jfoéreco a é;%)a%%b%f%;enooé/l oXy group, a
(03 to 06 cyedaal k9 gar homylxygr QU ,and an aryl group; or a - 26 -

het erocycl yl al kyl group whi ch may be substituted by one to three identical

or different graups seleciongdinamaaroexa ngl @up aarRd cdeCort q 166 tal kyl group;
and RO is a hydrogen atom a C to C6 al kanoyl group which may be

substi t ut ed(24) ane & eidwmesd denitdadaly arcalidfasents groupseselect ed from an
am no group, a hal ogen group, a hydr oxy group, a carboxy group, a carbanoyl
group, a Cwhereadd dl kawy agpswglrugngaeyp groul b, and a heterocyclyl group; a
(d to C6 al koxy)carbonyl group which nmay be substituted by one to three

i dentical or dif{Péreftiegreompousel ecceddingmte d2%ooe6aal kyl group, a C2 to

C6 al kanoyl gx roup, a (C3 to C6 cycl oal kyl ) carbonyl oxy group, and an aryl
group; or f%‘%@ﬂ%%%lmlsﬁr%ﬁ%ﬁ%ﬂ rHE e s Ut i t ut ed by
one to three identical or different groups.selected from ﬁn X0 group and a
d to 06 alAYGIDERCUP TePTEHE G5 ycgﬁp&ﬁn& &écbPdiPhg? 53/((143)r 9P a

phar macol ogj,cal,l eptabl e salt thereof, wherein A s .a cyclohexyl group
subst it ut e%’kbﬂa/ého}rgnea%g%{vsmub[fs elﬁctultc“aclt S i e :th}}re(ﬁ Jtdoerk%ca%llkﬁ" groups; all
of R, R, andR3area ydrogen.alom, B4 s hyds benzyi
group, or an [(I sopr(;egpoxJ%ar bonyljoxyﬂreﬂyai chr Oél}%; 'g%gfqﬁg%ogs%a}%hydr ogen

SLQT macol og%lgﬁaﬁ'y%ag(?e%%;teg gjé{ctqsfa{]lfa@gg?ya IE%%]A\%]% Et‘j12r7d(d-¥''[nl-:é!orf;lljm(f!ln;a?):;il)S] or e
[ 0047] aryl group; or a heterocyclylalkyl group which may be
substituted by one to three identical or different groups
selected from an oxo group and a Cl to C6 alkyl group;
(31) the compound according to (29) or a
pharmacologically acceptable sélt thereof, wherein the
prodrug group represented by R* is a benzyl group or a
[ (isopropoxycarbonyl)oxy]ethyl group;
(32) a compound represented by the general formula
(I-1) or a pharmacologically acceptable salt thereof:

[0036]



wherein A represents a cyclobutyl group, a cycl ohexyl group, a cycl oheptyl
group, a bicyclo[3.1.0]hexyl group, a bicyclo[2.2.1] heptyl group, or an
adamantyl group, each .of which maybe substituted by one to three identical
or different groups selected froma hydrnoxy group, a methyl group, and an
. ethyl group; and R4 represents a hydrogen . atom a C to 06 al kyl group
whi ch may be substituted by one to three identical or different groups

sel ect ed fridrfREW2 tiP b6 al kanoyl oxy group, a (C3 to 06

cycl oal kyl ) car bonyl oxy group, and an aryl group; or a heterocyclylal kyl
group which may be substituted Rne to three identical or different

groups selected froman oxo grfoup and a G to 06 al kyl group; (48)
t he conpound acsording to (47 a pharmacol ogically acceptable salt
thereof, wHer®ind Ais a cyckohe group substituted by one or two

i dentical orgrffeye kyl groups; and R4 is a hydrogen atom a
benzyl group, or aﬂ?%dl rbonyl ) exyl et hyl group; (49) the
conmpound accordi ng ( or ila pharnacol ogi cal |y acceptable salt thereof,
wherein Ais a - 28 - RycRohéxyl group substituted by a nethyl group or an
ethyl group; and R4 is a hydrogen atom (50) the conmpound according
to (1) or a(ghErimacol ogically acceptable salt thereof, wherein the conpound
is selected fromthe group consisting of

5- am no- 2- [Wemyigl ghevedrelddrita dazdl -t yA)dretshylldadat dr iqrcag dyhich

5-am no- 2- ([ 1- (4- et hyl cycl ohexyl ) - 1H-i m dazol -4- yl]methyl }val eric acid,
5- am no- 2- (far: (R et'H3A telyie] et oyl )oreHHt qri ez -ddend digeelt oyt |ddaf ferientaci d,
5-am no-2-{[1-(3-ethyl cycl obutyl)-1Hi m dazol -4- yl]methyl|valeric acid,
5- anmi no- 2- {JRYPE M RA G I ot 1) NG Hedt - /& RduRethydqaRerd ¢ aci d,

et LGN SE g s R ]
%l Lﬁtngylzl\{ fﬁ%—cha?lcciir gaxyh-e -er%}t%ﬁlcy}éﬁx&he%(ry‘ib}?'i@li' Rdazd9-§1 1535thy 1 1 val eric
8 3R e ehe e gt b e

or a Cl to Cé alkyl group; R represents a hydrogen atom

or a prodrug group; R° represents a hydrogen atom, a Cl

to C6 alkyl group, or a Cl to C6 alkoxy group; and R®

represents a hydrogen atom or a prodrug group:

(33) the compound according to (32) or a

pharmacologically acceptable salt thereof, wherein A is a

cyclobutyl group, a cyclohexyl group, a cycloheptyl group,

a bicyclo{3.1.0]hexyl group, a bicyclo[2.2.1]lheptyl group,

or an adamantyl group, each of which may be substituted

by one to three identical.or different groups selected

from a hydroxy group, a methyl group, and an ethyl group;

q

all of R-, Rz, and R® are a hydrogen atom; R® is a
hydrogen atom; a Cl to C6 alkyl group which may be
substituted by one to three identical or different groups

selected from a C2 to C6 alkanoyloxy group, a (C3 to C6



5-am no- 2- ({1-[ exo-bi cycl o[ 2. 2. 1] hept - 2-y1] 71H-i m dazol 4-yl | net hyl ) val eri c
acid, - 29 -

5-am no-2-(11-[ endc- bi cycl o 2. 2: 1] hept-2-y1] - 1H i m dazol 4-yl | net hyl )val eri c
acid, 2- [ (1- adamant an- 2-y1- 1Hi m dazel 18- yi ) met hyl ] -5- am noval eri c acid,
S5-am no- 2- {[ 1- (4- phenoxycycl ohexyl ) - 1Hi m dazol - 4- yl et hyl | vaieric acid,
Benzyl 5-am no-2-1[ 1- (4 nmet hyl cycl ohexyl ) - 1H i m dazol - 4-
yI]nethyH\ﬁMQ%Qﬁ%¥yl carbonyloxXy group, and an aryl group; or a

2| {I[‘Ilc(gz:l e er cyc eixay Qy 1%—1:|onl}pdaw ch n}/aj r‘gs hsyu 1s‘[:51t(u ecfrgl A anyl am noj v

[1CI(2|1 ngttg{’uy CIyAA %ﬁ"ﬁfy cyg:j1 ane qu) elﬁ-‘{-%tylc‘ldg‘zq} y]l] Legcgur]?oqqul Amnojvale

a
2-
25!{ ([g met hyl,; 2 C?l a?mdl o>§q] 45 dé)a{ﬁlq;atlogy]d:ggbqﬂyl I agl Iil&)j\f@g%lhl c acid,
y

(
[ 1- (i sobutyryl y) et hoxy] car bon m no)

hyl cycl ehesyl )arldtd®midazoh élr}é }sﬁe'fa@éH val eni %oa@'6dalkano
(1 sopropoxycar bonyl ) oxy] et hyl. 5-(f[i (i sobut yryl oxy) et hcxy]ycar bonyl | am no
-{[1- (4-grmiiphW}Cj}6H ohex \He SMdtmidazal - WrldreihwWH ved erddresical

e
{
c
[
(
nmet hyl
-[(is
-2-{]
ML- ( 2, 2- di met hyl pr opanoyl oxy) et hoxyj car bonyl | am no) -
1-

(4- methyd icfyiod e yd oukts- s ldezatd 4eropt |avetadwyir)ov aderue, aci d,
[ (cycl ohexyl car bonyl ) oxy] et hoxyl car bonyi ) am no] - 2-
4- et leccg@:&rofhe;@ﬂ@p 1K ihviddezol -gequ et mdthatergwowed ¢
- am noet hoxy) 3-[]-(4-nethyl cycl ohexyl)-1H-i m dazol 4- ylﬂ propi oni.c acid,
0 - 2-[(CERR aZ“%Xﬂ rﬁ)ﬁo}mrret% 1etthb>€ﬁ %U‘f%iﬁ( @roupr an arytl group,

met hyl cycl ohexy 1H i m dazal r0|on|c ac and
2. [(éS)yB el ) %Tﬁ%QﬁW;ayﬁﬁﬂ %é D p Cl to Cé alkoxy)carbonyl

ge;&ylngygl Eglhex r?ﬁé}fll_%}iénv&a 7 ﬂﬂt%/ éf& olozfl%/qjﬁrett%ﬁ v]a(%er%ti]ccaa]m d or a

h I t

4 Z%”ﬁﬁ?z"%lf’a% e e 1 i o A2 1k T e
aci d or a phatymcol@gi Laldns Acseptablg Sa&“iéﬁe{cﬁc&% (53)
(2S)-5-am no-2-{[ 1- (trans- 4- et hyl cycl ohexy

1Hi m daZO'chcJYAa]ln}@}lea)r\@r%flcﬁcﬁ%ﬂ)L% aarnhaermvecﬂ}pggle@u;! y &cceptabl e salt

t her eof ;

{
1
{
(

-f
[
1
(
3

heterocyclylaikyloxycarbonyl group which may be
substituted by one to three identical or different groups
selected from an oxo group and a Cl to C6 alkyl group;
(34) the compound according to (32) or a
pharmacologically acceptable salt thereof, wherein A is a
cyclohexyl group substifuted by one or two identical or
different Cl to C6 alkyl groups; all of ‘R*, R?, and R® are
a hydrogen atom; R! is a hydrogen atom, a benzyl group,
or an [ (isopropoxycarbonyl)oxylethyl group; R’ is a
hydrogen atom; and R® is a hydrogen atom, a phenylalanyl
group, an L-norleucyl group, a [(b5-methyl-2-oxo-1, 3-
dioxol—4-yl)methoxy]carbonyl group, a [1-
(isobutyry;oxy)ethoxy]carbonyl group, a [1-(2,2-

dimethylpropanoyloxy)ethoxy]carbonyl group, a ({1-



(54) a pharmacol ogically acceptable salt of the conpound according to any
one of (1) to (53), wherein the pharmacol ogically acceptable salt is

p-tol uenesul fonate or benzenesul f onat e; (55)
(2S)-5-am no-2-([1-(trans-4-net hyl cyel ghexyl ) -
1H i m dazol - 4-yl ] met hyl }val eri c aci d; (56)

(2S) - 5- anlno 2-1[1-(trans-4- nethylcyclohex ) -

1H i mi dazol QF}MC}?&W%F&MNJC %i @Uéémxé}rfe%mqr@nakaroup, or (&7§1-
(2S)-5-am no- 1-(tr q I%Dclohexyl)

1FL|n1dazoI9f % W\ﬁﬂ%ﬁqqy (ﬂ Toluenesulfonate (58)
2S) - 5- 2- t

gH—?ningLPO4 y|ﬁ#%§ﬁ;%§§8P8P|c agl Sﬁ“ﬁ%ﬁy5%é§5@f5ﬁﬁfﬁa&nﬁf§F§9€

59) the (2
get%ylcgcfoﬁ%x§1aq%ﬂgi%?%gzoﬁéiF%§H %%yl Vi %ﬁ?%}%uﬁﬁfﬁyth%r%ffi

t ol uenesul f gipdeg anhydrate according to (58) which is in crystalline form
exhi biting main peaks at interplanar spacings d of 23.9, 11.9, 4.5, 4.3,
and 3.6 angstd@imld npowder X-ray diffraction obtained by copper Ka

radi ati on; (60) (2S)-5-am no-2-{[1-(trans-4-methyl cycl ohexyl) -
1H—|n1dazol 4- yI]nEthyIIvaIerlc,@qR@ p-t ol uenesul f onat e nonohydr at e;

(61) the (28) 5-am no- 2- ([ 1- (trans- 4-

met hyl cycl ohexy| ) - 1H-i mi dazol 4-yl ] net hyl ) val eric acid ptol uenesul fonate
nonohydr at & ordlng to (6 ch is in crystalline formexhibiting main
peaks at in an t f 22.9, 5.0, 4.9, 4.7, and 4.0 angstrons

i n powder X—ray di

'm@d bn:ﬁo peg Ka radiation; (62) a
pharmaceutical dru a conpoun rding to any one of (1) to
(61) or a pharmacol o

cally aggreptable salt thereof as an active

i ngredient; (63) a TAFla inhibitor containing a conpound accordi ng
to any one¢§0§ ) to (61) or a pharnacol ogically acceptable salt thereof as
an active ingredient; - (64) a fibrinolysis pronoter containing a

comoun, aSane o e ol ol o Permerlamlgl
group, a cycloheptyl group, a bicyclo[3.1.0]hexyl group,
a bicycloi2.2.1]heptyl group, or an adamantyl group, each
of which may be substituted by one to three identical or
different groups selected from a hydroxy group, a methyl
group, and an ethyl group; R’ represents a hydrogen atom;
a Cl to C6 alkyl group which may be substituted by one to
three identical or different groups selected from a C2 to
Co alkanoyloxy group, a (C3 to C6 cycloalkyl)carbonyloxy
group, and an aryl group; or a heterocyclylalkyl group
which may be substitﬁted by one to three identical or
different groups selected from an oxo group and a Cl to
ce alkyl'group; R® represents a hydrogen atom, a Cl to Cé6
alkyl group, or a Cl to C6 alkoxy group; and R®
represents a hydrogen atom; a Cl to C6 alkanoyl group

which may be substituted by one to three identical or



(65) a preventive or therapeutic drug for a di sease caused by inhibition of
fibrinolysis containing a conpound according to any one of (1) to (61) or a
- 32 - pharmacol ogi cally acceptable salt thereof as an active ingredient;
(66) a preventive or therapeutic drug Por-thronmbosis or enbolismor a
sequel a thereof including: acute coronary syndrone such as nyocardi al
infarction and angi na pectoris (stable angina and unstabl e angi na); venous
t hr onboenmbdHifiALsich %L Whee P A G achridifib s &b DUl Ffotar 2 erwg]cﬂqesr}ﬁ-

t hrombosi s or enbolis occurring in the cardiovascul ar system after

surgi cal ofEr A of SWSHRY FeEEA e i RN, 2 difgisptasty, stent

pl acenent, and bypa ur y;. thronhosis or enbolismafter artificial
joint repl e?cre%r%)ﬁt aors)%r Zttol % sdulc%oxéis Knee '] ot'ht* e Igarcoe%ntarbdgear ation and
hip joint r o] j.ony inflammation: [ ntr | ar di sease
such as seﬁ%ﬁ%ﬁgﬁgﬁgﬁgsgﬁ%ﬁIfeg¥i%gTéVa§bufgg«£ 33%%%%%‘A‘g¥n rome (DI C); -
peripheral yaseuhaly Hesondesrdaded Olomne el alipdh Jiseans spch,as

peri pheral arterial occlusion (PAO, "arteriosclerosis, and di abetes

mel litus; tmAedeitatntlseease such asomsd id canass aam@_l/lblq{md:;s:,arbcer; and
organ disorder attributed to thronbus or enbol us such as pul nonary enbol us,
cerebral i nfaartet idgn,aldechaydnaly igrfangt ison,Cord aidi ng a conpound accordi ng
-to any one of (1) to (61) or a pharmacol ogically acceptable salt thereof
as an acti veydlngrlédilentgrbonyloxy @k)oum praaverdrn e or drhmerapewt i drug for

t hronbosi s or enbolismincluding: disease caused by contact with foreign
matter in tREBEHRY.C IR Forle gt araret!l iHWivig @ mEd ¢ device such as a
joint prosthesis used in joint - 33 - replacenent, a vascular catheter, a
bl ood prostTEE S F S5 dvd L%t B¢ pricaHetGal vl vE: f et ¥ aused

by . contact between bl ood and a nedical  device outsi the body, the
nedi cal de\ﬁec]eeqtﬁae&dﬁ% & Sttt DRFerftbre Jsed S r?@a?rdﬁ?ya‘c YpetHti on and a

nmedi cal device in_h ial ysi_s, cantainin caonpound according to any
one of (1) to (gégqofﬁg %ﬁ%%ﬁ&@o|8§F8§%ﬁ§ga58e39§3|81s3|t t hereof as an
active ingredi.ent; . ~~1(168) I\ r eyt 1 fay

di sease raéﬁ%ﬁ?ﬁﬁ?%%%%ﬁ%ﬁg?féﬁéﬁﬁaﬁﬁ%éﬁfﬁ?13%%%%%2&%9 %ﬁ#?%f?%éﬁ
deposi ti on Qe ifdHrgsi A udidid: s RIHSDNAF Yo il sease, S Ut As Juil nmnary
hypertensi on, adult respiratory distress syndrone, pulnonary fibrosis, and
chroni ¢ t hraorreardial icl pd romaryk iy pardgnsi ait;, rRénakndi stase sUch as

gl omerul onephritis (including acute gl onerul onephritis, chronic

gl omer ul onéphiriddes, ateptw;oti’c isephhiytirsgeandtoapi dl pepredr essupe or

gl omer ul onephritis), renal infarction, and diabetic nephritis; hepatic

di sease sucin dsl isepatdrofidarosingl hepatdttisl, amidvedt iic e hykosigen eye

di sease associated with fibrin deposition in the eye; organ dysfunction

af ter orgarrtamEngsIcant atsod Oivdregest R6AM, niec Pdenydalanydy gdiosier deén caused
by m crothronbus, including thronmbotic m.croangiopathy; and di sease or
synpt ons  adSOE A Wi t9F e e TSRt GO mstHxsi <4~ cont ai ning a
conpound accqrding tao any one of (1) to (61) or a pharmacol ogically

accept abl e ygglnleﬂ%é?ye'é:fa sor%%a SH9YFre iahg[gje_di ent. - 34 - . (69) a

t her apeuti c . f r.di i nfarcti-o ngi na pectprds, acute coronary
( Q&%Q138¥h 4 Eéégéy%ié§;%5h§l{aﬁ?mﬁ§ a ﬁﬁ {ﬁ%j

syndrone, cerebra ction, “deep vei'n 0sl1 s, pul‘rmonary enbol i sm

peripheraldygéggyypggé%ﬂﬁﬁﬁgggiﬁggiy]égfg%%ggtﬁéﬁhé;ngayﬁﬁpular

coagul ati on syndrone, fi'brosis, co I'ng a conpound
accor di ng t[o; A M Ofc Aot )(Bd)) Ak Phal sl vgifaldy, acceptahl e salt
t hereof as an active i ngredient;
acetoxyethoxy)carbonyl group;
(37) the compbund according to (35) or a

pharmacologically acceptable salt thereoi, wherein A is a

cyclohexyl group substituted by a methyl group or an



(70) a pharmaceutical composition containing a conpound according to any
one of (1) to (61) or a pharmacol ogically acceptable salt thereof and a
phar macol ogi cal | y acceptabl e carrier; (71)-a nethod for treating
nyocardi al infarction, angi na pectorispiacute coronary syndromne, cerebral
infarction, deep vein thronbosis, pulnonary enbolism peripheral arterial
occlusion, sepsis, dissemnated intravascul ar coagul ati on syndrone, or
pul monary f§Wibsi B oWdNRISiag i ster i A§daRphairet dufd €Sk onposi ti on
contai ning a conpound according to any one of (1) to (61) or a

phar macol ogi <81y acceptable salt thereof as an active ingredient;

(72) the conpou ccordi ng to any one of to (61) or .a

phar macol ogi cal In(%B céﬁ‘emog‘gl%émgalrte%trﬁesreéb%ﬁcg (j)E)ry J&E igr‘?)nteﬁ@lt rEAHET of

nyocar di al Hw_fza\r ¢yl Oa("?”ﬁ%‘\,#;%lpoggcit%ﬁ%nﬁ?gé%t ronary. syndrone, cerebral

infarction, deep vein % SI's, pu y olism™ peripheral arterial
occlusion, sgpsds, dissemnated intravascul ar coagul ati on syndrone, or

pul nonary fibrosis; - 35 - (73) a pharmaceutical drug for injection
cont ai ni ng preanPEUN according to any one of (1) to (61) or a

phar macol ogi cal |y acceptable salt thereof as an active ingredient;

(74) a TAFla inhibitor for injeq?NQﬁ contai ning a conpound accordi ng to any
one of (1) to (61) or a phar ol ogically acceptable salt thereof as an
active ingredieqt; (75)| a therapeutic drug for injection for

nyocar di al cti on, angi oris, acute coronary syndrone, cerebral

i nfarction, \deey } osi s, pul nonary enbolism peripheral arteria
occl usi on, sepsis, ed QRT rav fgb%r coagul ati on syndrone, or

pul nonary fibrosis i ngJfla conpound according to any one of (1) to
(61) or a pharmacolo | p2aggeptabl e salt thereof as an active

i ngredient; (76) a therapeutic drug for injection for a

t hr onmboenbol | f?ﬂerived di sease contai ning a conpound according to any one
of (1) to (61) or a pharmacol ogically acceptable salt thereof as an active

ingredient; i ,a: 77) : C ical I 1] for. in j

cont ai ni ng wah“croerrlpnoué]dgv clgeor |“n%8at ?%aniic/@o%gpgwc?%é%]( 6&156%% Q,gﬁ{&?

phar macol ogifaldy aaceptable s} todhereofhand aadharmpcal00hcatd Yent

acceptabl e carrier; (78)" a nethod for treating nyocardi al

i nfarction,gangdasPesdtrd S5rae W ef 1008 BN ag Yo gy N aiRir &ef eprabp) d arction,

deep vein thronbosis, pulnonary enbolism - 36 - peripheral arterial

occl usi on, Gepsi 56 i Elsemqatigd iantTlavas o afl lcoagul adiumn sy Ny or

pul nonary fibrosis, conprising adm nistering a pharnmaceutical conposition

for injectimrunntatiching et aonpound @cc oty tR,amy, oastdoR’ (djctto (61) or

a pharmacol ogi cally acceptable salt thereof as an active ingredient,;

(79) the cmﬂﬁﬁw%ﬁh@ﬁimmﬁm privydfoqer) atwn 619 bkuaro group,

phar macol ogi cal Icé acceéot able salt thereof for use in the treatment of

nyocar di al 9hfarch itoh, Camfing B £ ZCREE SEHSnar Y YSFRdrans.t Oer ebr al

infarction,. dee Y i n thronbo i7'SHFE)U| monary enbol i sm peripheral, arteri al
; [

occl usi on, Fepsis 'S5t it e ACESET%aP CYAFROALT G O8yndr Grte, or
pul monary ﬁk?%ﬂ?%ﬁ)?lﬂé%é%ﬁ)‘%% f”gh to C6 alkoxy group; and R®

represents a hydrogen atom or a prodrug group;

(39) ‘the compound according to (38) or a
pharmacologically acceptable salt thereof, wherein A is a
cyclobutyl group, a cyclohexyl group, a cyclbheptyl group,
a bicyclo[3.1.0]hexyl group, a bicyclo[2.2.1]lheptyl group,
or an adamantyl group, each of which may be substituted

by one to three identical or different groups selected



(80) a pharmaceutical composition containing a conpound according to any
one of (1) to (61) or a pharnmacol ogically acceptable salt thereof and one
or two or nore drugs selected froman anticoagul ant, an antiplatel et drug,
an enzynme related to fibrinolysis, an anticancer drug, an anti-inflammtory
drug, an antifibrotic drug, a hypotensive drug, an anti-pul nonary
hypertensi on drug, and an inmunosuppressive drug as active ingredients.

[ 0048] £rime prioshinx (BRI 0P IS0 G S 852 Prastl RO dRwrinedi at es
of a cycloal kyl -sustituted imn dazol e derivative havi r;,g t he general fofnula
(1) or a phHErmolfogi Bal I%/n%c%ep:t%?olae ygjrogaferadsim; RT37 & (81) a

conpound rﬁﬁiﬁesent ed thed{; g%ﬁé{%%y ergirlﬁjr%tsszc or a salt thereof
0049] [F
Lydr oLyLe?@db%I)ocL{pCerrb formyl .grou g ngl_%1 ,eprﬁesgen; e#aﬁ %6 aI kyl

group; ound represen I6Wi ng gen ornmul a

or a salt thereofsq [0Q51]; [FormlEs 3a71]kal°%3y1%§?y Riroup, a (C3 to C6

cycloalkyl)carbonyloxy group, and an aryl group; or a
heterocyclylalkyl group which may be substituted by one
to three identical or different groups selected from an
oxo group and a Cl to C6 alkyl group; R’ is & hydrogen
atom; and R® is a hydrogen atom; a Cl to C6 alkanoyl
group which may be substituted by one to three identical
or different groups selected from an amino group, a
halogeno‘group, a hydroxy group, a carboxy group, a
carbamoyl group, a Cl to C6 alkoxy group, ah aryl group,
and a heteroccyclyl group; a (Cl to C6 alkoxy)carbonyl
group which may be substituted by one to three identical
or different groups selected from a Cl to C6 alkyl group,
a C2 to C6 alkanoyloxy group, a (C3 to C6
cycloalkyl)carbonyloxy group, and an aryl group; oOr a
heterocyclylalkyloxycarbonyl group which may be
substituted by one to three identical or different groups
selected from an oxo group and a Cl to C6 alkyl group;
(40) the compound according to (38) or a
pharmacologically acceptable salt thereof, wherein A is a
cyclbhexyl éroup substituted by one or two identical or
different Cl to C6 alkyl groups; all of R*, R?, and R® are

a hydrogen atom; R is a hydfogen atom, a benzyl group,



0 PG OH (B) [0052] wherein R5 is as defined above; PG represents a
protective group for the am no group; P& represents a hydrogen atom or
protective group for the amno group; - 38 - and PG3 represents a
protective group for the carboxy groups3and (83) a conpound
represented by the follow ng general fornula or a salt thereof: [0053]

[Formula 18] PGl PGZ RS N L arbonyl) oxylethyl group; and both of

R’ and R? are a hydrogen atom;

(41) a compound represented by the general formula
(I-2a) or a pharmacologically acceptable salt thereof:
[0042]

[Formula 13}

[0043]

wherein A represents a cyclobutyl group, a cyclohexyl
group, a cycloheptyl group, a bicyclo[3.1.0}hexyl group,
a bicyclo[2.2.1]heptyl group, or an adamantyl. group, each
of which may be substituted by one to three identical or
different groups selected from a hydroxy group, a methyl
group, and an ethyl group; R* represents a hydrogen atom;
a Cl to C6 alkyl group which may be substituted by one to
three identical or different groups selected from a C2Z to
C6 alkanoyloxy group, a (C3 to C6 cycioalkyl)carbonyloxy
group, and an aryl group; or a heterocyclylilalkyl group
which may be substituted by one to three identical or
differeﬁt groups selected from an oxo group and a Cl to
Cé alkyl group:; R’ represents a hydrogen atom, a Cl to C6
alkyl group, or a Cl to C6 alkoxy group; and RS

represehts a hydrogen atom or a prodrug group:



[ 0054] wherein R5, PG, P&, and PG3 are as defined above. Advantageous
Effects of the Invention [0055] . A cycl oal kyl -substituted i m dazol e
derivative of the present invention represented by the general forrmula (I)
or a pharnmacol ogi cally acceptabl e satt24hereof has excellent TAFla
inhibitory activity and exhibits good oral absorbability, plasma

tration, tenti in blood,.and t ph | ogi cal
G ot s Nor cover 1t e ConBBRRH O STR® Gendr &P {SHma £1) of the pr esent

i nventi on qQf r lLogi I e I t th f .lsexcellent in
di sposi ti o%hghﬁﬁcgg%giﬁ%g‘&gg%%& sta;?).icl%uIt%itdgr‘lrjlE gtrg1 %Jregtrént%irh%%eilrrf )c'()%d,a free
from prol ongahien;Qh Bl.eedi ngisi-ne.,+and A %%eh'oqh't%osqfd%nt[i%%@]or

Therefore, the cycloalkyl -substituted I m'dazol e derivative of the present

invention represented by 4 he ganenalyfepayl a1l bror'f hg? phatdragolagi cal |y
acceptable salt thereof is useful as a pharmaceutical drug (particularly, a
prevent i ve somyicherapeuttosn ;dmRig;i spsehedabbynaatbar apebtheydr ygoupor a

di sease caused by inhibition of fibrinolysis) and particularly useful as a
" preventive cor arhdr(dpeytriop cdkyag ronef.e radyl e ta iiherapeut iRE deug) for

t hronbosi s or enbolismor a sequela thereof including: acute coronary
syndronme sdoMreseny e &nd it at &t fohvdnaJangphampeet 6fi §°(SPabl e angi na
and unst abl e angi na); venous thronmboenbol i sm such as deep vein thronbosis
and pul nona&rlye@a! iIRUR IdiBodiey S SBSIHiSHIGEC i iR ite ttheee

cardi ovascul ar system aft,efr a surgical operation such as vessel .

revascul ar iZ&0torr 2 larndi 6 Dl PEmtRpl afdmsitt? an® by Padd i\t gery:

t hronbosi s qr enbaql i ter rtifigj j.0i epl.ac t i on such
as a knee jgdior?tep’r%plhzacmeo AL 6'%&11 t'i 6n hgr??oélbﬁi%tﬁ &'nt® rcepq%a%cxépngﬁ{o o
operation; . nf]| j.0n- at ed 4.nt.ravascul i e C s and

di ssemi nat éadqar{%%é}slc[ﬁ%ﬁjpdogglﬂlatﬁoo\r@s%%dﬁra%{ﬁg gs'[?%sp(ﬁ) ?a%p%rrﬁghzgi ai p\s/ascul ar
di sorder - defjved Rt sl \Rt18d ?I%Q@Js,e SUEh as, ReS iAheral) anterdal occlusion
(PAO), arteriosclerosis, and diabetes nellitus; tunor-rel ated di sease such
as solid canerip anddl eRd GANGRILs ARG IPBY onAl o thdiesondrntalddli buted to
t hronmbus or enbol us such as pul nonary enbol us, cerebral infarction, and
renal i nfargt iddrtfdiereoveigudsheedempeund rafm thelpresed algantgranip,s usef ul
as a preventive or therapeutic drug (preferably a therapeutic drug) for

t hr onbosi s aoiC2erollds mlikraladioxy. adicsgase cd@irsdd B contact with foreign
matter in the body, for exanple, a nedical device such as a joint

pr ost hesi s A¥sd® &Ik Y loi Tl vadeeve (Lo U® v @sulady adatihatreip/a 431 ¢od
prosthesis, a blood stent, and prosthetic valve; and di sease caused by

cont act betRe&T WYSOY tard Yad HefccaIo ey i@ Wutdiidd 9 hédy, for exanple, a

punp oxygenator used jn cardiac operations and.a nedj.c device used in
henodi al ysis "‘rlfeﬁ‘Jrnﬁ)rye,or’tene'rOC(fr ﬁﬁn&%“ttﬁ?@]ppesérhﬁw iR usef ul
as a prevent il\,/ge-L()erd t reormap_jenu_toixco dru (%rn%‘ ear%bll V] Ct6h%rﬁ<p%gti c.drug) for a

] , f 1% n

. S r
di sease related 10 thronosis or emboli'smor acconpani ed

deposition or fi(la@c))sitﬁe_ fcgglpggﬁgpggcogﬁ%ﬁv%gt ié}ﬁ)ogrt herapeutic drug

(preferably a therapeutic for pu ary disease such as pul nonary
hypertensi Qha @il d1 JERINBL Ak Sl1@S S SN Ao PUlymNaNy, fd brosi s, and
chroni c thronboenbol i'c pul nonary hypertension; renal disease such as

gl omer ul onephylidrek flaciau gl ameytulienephid iss mecdhyanioe @lomer Wronephri tis,
nephrotic - nephritis, rapidly progressive glonerulonephritis, etc.), renal
infarction,etand djahet;i amephni tdfsR*hepdt i endi Bease suclvasdwepatic
fibrosis, hepatitis, and hepatic cirrhosis; eye disease associated with
fibrin depadidr;on in the eye; organ dysfunction

(44) a compound represerted by the general formula
(I-3) or a pharmacologically acceptable salt thereof:

[0044]



- 41 - after organ transplantation or resection; mcrocircul atory disorder
caused by m crothronbus, including thronpbotic m croangi opat hy; and di sease
or synptonms associated with cancer cell mgration or nmetastasis. Brief
Description of Drawi ngs [0057] [Figuresl} Figure 1 shows the results of
irradiating type | crystals of (2S)-5-am no-2-1[1-(trans-4-

nmet hyl cycl ohexyl ) - 1H i m dazol -4-yl ] nmethyllval eric acid p- tol uenesul fonate
anhydrat e Wit Ka - rays of 1.54 angstrons in a Bruker transnission-type
HT-conpati bl e powder X-ray diffraetonmeter equi pped with a two-di nensional
detector, D8 DI SCOVER wi th GA T, and neasuring powder. X-ray
diffraction data using a film In this powder X-ray diffraction

pattern, the di nate repfesents diffraction intensity indicated in
count/seco t he absci ssa represents diffraction angl es
i ndi cated i R 20V WgluRs. Fea posit‘{ on is within the range of 20 O0.2.

[ Figure 2] Figure YO 3 dsults ofjthernal ly anal yzing type |
crystals of (25)-55 (trans-4-

met hyl cycl ohexyl ) - 1H-1 i'darol eA4-yl ] met hyl | val eric acid ptoluenesul fonate
anhydrate. In this thermal. analysis (TG DTA), neasurenent was perforned at
a heating r@t&of 10C/ mn. under a streamof 200 mL/mn. dry nitrogen. -
42 - [Figure 3] Figure 3 shows the results of irradiating type Il crystals
of (23)-5-mm6npzn{4]pqgmaﬁg¢$-a C3 to Cl2 cycloalkyl group which '

met hyl cycl ohexyl ) -1H-i m dazol -4-yl ] nethyl I val eric acid ptol uenesul f onate
nmonohydr at é'di t3F G Deut@rs Rf o5 4 ardgstaonsiant 8B kerdifferent

transm ssi on-type HI-conpatible powder X-ray diffractonmeter equipped with a
t wo- di nensi%rr%i LA TEY BF P SCOEIR I tIF THDDS ESFr ARG FeA¥ur ig powder

X- di ff t.i t i | fil I n.thi wd X- di ff ti

pa’[ ?gr nl, t[}cglcotlr93ﬁ1a?aelq?ygjrs)lr nséﬁ%’g%diﬂ]f rL:aOcﬁ6onar}i}?10txléas %}Jﬁe’:mqrb;ata dlc}W racton
t/ it bsci JOIA: t i ff ti |

il cated TS TS TRt SRR It Re Tarte br Ao o) o

[Figure 4] fiﬁl%&l&}eﬂ%éﬂ}%g&ﬁmé fiRfrdsr mldy apatyzing dyng ! |

crystals o

(29) - 5-am ng- 2 {d11-{d rensd-uEt syl attexyb)-Lenicg dazglydoeh] pethy! | val eri

c acid p-toluenesul fonate nonohydrate. In this thermal analysis (TG DTA),

measur enentomas mesdardred aip ;a dirati’ng ebate caf s18Chdrogendar oan 8t eam of
200 nmL/mn. dry nitrogen. Description of Enbodi nents [0058] Hereinafter,

substi t uents grpdihey preseant
(45) the compound according to (44) or a

pharmacologically acceptable salt thereof, wherein A is a
cyclobutyl group, a cyclohexyl group, a cycloheptyl group,
a bicyclo[3.1.0lhexyl group, a bicyclo[2.2.1]lheptyl group,
or an adamantyl group, each of which may be substituted
by one to three identical or different groups selected
from a hydroxy group, a methyl group, and an ethyl groﬁp;
all of R', R®, and R’ are a hydrogen atom; R! is a
hydrogen atom; a CiI to C6 alkyl group which may be
substituted by one to three identical or different groups

selected from a C2 to C6 alkanoyloxy group, a (C3 to Cé

cycloalkyl)carbonyioxy group, and an aryl group; or a



specification will -be described. [0059]. A "hal ogeno group" neans a
fluoro, chloro, brono, or iodo group, i.e., a fluorine, chlorine, brom ne,
or iodine atom - 43 - [0060] A"C to 06 alkyl group"” nmeans a linear -
or branched saturated hydrocarbon greupchaving 1 to 6 carbon atons.

Exanpl es thereof include nethyl, ethyl, propyl, isopropyl n- butyl ,
sec-butyl, tert-butyl, isohutyl, n-pentyl nhexyl thyI ropyl and

2, 2- di net hﬂe&re(ﬁﬂﬂycd'ryd@r}é‘ﬂ[ GGeHP which gaygbg &‘W%ﬂ foR*e neans a

| i near or Qhranched al gr oup 1 to 6 car bon at Exanpl es
t her eof i n(t:)ﬁ e et Héij%? dﬁr%o%?s] 0%?3 dpr?errqm Bt oxy

groups. [0Q/ y 0 .06 B) p ans a group
consi sting o %rouc‘i ét d(glG CI<5:1LI kg)x C'aégir%lgLu A car%on?/# grggp Exanpl.es

thereof in )% hexycarbenyly,, ethoxycalrlony d,H scpprnpaquecarbonyl
groups. [0063] “d to 06 al kar(ljoyl group' &%eéjnrso@ |nlear or branched

al kanoyl graupdiavite@ byt o G hofr <t afentBXxamplas divereaadhd neldiges fornyl
acetyl, propionyl, butyryl, isobutyryl, valeryl, isovaleryl, pivaloyl, and
hexanqyl graipEstea from an aminc group, a halogeno group, a hydroxy

group, a carboxy group, a carbaméyl group, a Cl to C6

alkoxy group, an aryl group, and a hezerocyclyl group; a

(Cl to C6 alkoxy)carbonyl group which may be substituted

by one to three identical or different groups'selected

from a Cl1 to Co6 alkyl group, a C2 to Co6 alkanoyloxy group,

a (C3 to C6 cycloalkyl)carbonyloxy group, and an aryil

group; or a heterocyclylalkyloxycarbonyl group which may

be substituted by one to three identical or different

groups selected from an oxo group and a Cl to C6 alkyl

group;

(46) the compound according to (44) or a
pharmacologically acceptable salt thereof, wherein A is a
cyclohexyl group substituted by one or two identical or
different Ci to C6 alkyl groups; all of Rl, R2, and R’ are
a hydrogen atom; R’ is a hydrogen atom, a benzyl group,
or an [ (isopropoxycarbonyl)oxylethyl group; and R® is a
hydrogen atom;

(47) a compound represented by the general formula
(I-3a) or a pharmacclogically acceptable salt thereof:

[0046]



[ 0064] A "02 to 06 al kanoyl oxy group” nmeans a group consisting of a

| i near or branched al kanoyl group having 2 to 6 carbon atoms, and an oxy
group. Exanpl es thereof include acetyl oxy, propionyloxy, and hexanoyl oxy
groups. [0065] - 44 - A "03 to-022 eycl oal kyl group" neans a -
sat urated hydrocarbon ring having 3 to 12 carbon atons and enconpasses:
nnnocycloal%yl groups exenplified by cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexylﬂ 88 Reptyl , and cycl ooctyl groups as well as pol ycycl oal kyl
groups, for exanple, bicycloalﬁﬁl and tricycloal kyl groups. Exanples of the
bi cycl oal kyl group include norboenyl groups, for exanple, exo-2-norbornyl,
endo- 2- nor bor nyl , 3-pi nany icyclo[ 3. 1.0] hexyl, bicyclo[2.2.1] heptyl, and
Exanpl es of the tricycloal kyl group include

bi cycl o[ 2. 272] o¢ct-2-y1 gr )
adamantyl drodpsg, for exa
A "(03 to O65cyC ) carbonyl oxy group” means a group consisting of a

, l-adamantyl and 2-adamantyl groups. [0066]

I
sat ur ated hydrocaribon ViR 3 to (§ carbpn atons, and a carbonyl oxy
group. Exanpl es thergof inclugle cycl opropyl carbonyl oxy and -

cycl ohexyl car bonyl oxy groups. Q[ 0067] An "aryl group" neans an aryl
group having 6 to 14 carbon atons. Exanples thereof include phenyl,
napht hyl , dmtOdrall , and phenant hryl groups. [0068] A "heterocyclyl

group” nmeans a nonocyclic or bicyclic 3- to 10-nmenbered saturated or
unsat ur at edvhisatedino @y aleipe egreadp comtyailmbng VI tar Bipat ens ysdlodeted from t he
group consisting of nitrogen, oxygen, and sulfur atons. Exanples thereof
i ncl ude azighcditnyle, cagdoh@iopl, grouwps a gyiavsiliadi3ml - 0 IisepHoldueHn,,
pyrrolyl, furyl, thienél, pyrazaol yl, imdazolyl, oxazolyl, isothiazolyl,
pyranyl, pyr Y Lo\rEi-daZil MART Ydy SERV@ nyiE, 3y CEATRACY b ErAUR d &2y | |
benzoxazol yl ui nolyl, . pyrrolinyl, imdazolinyl, pyrazo]inyl,
di hydr opyr i I%%l ﬁdmﬁgtpghiﬂﬁﬁﬁﬁﬁﬁ&fp' YopE. G00dge 19eNAd Sadr Atoxy
group” neans & . group consi st f 1 aryl .group and an ox rou
Leampl o RS e TR ey B eainh sy orsoRe oo ot

group, and an ethyl group; and R* represents a hydrogen

atom; a Cl to C6 alkyl group which may be substituted by

one to three identical or different groups selected from

a C2 to C6 alkanoyloxy group, a (C3 to C6

cycloalkyl)carbonyloxy group, and an aryl group; or a

heterocyclylalkyl group which may be substituted by one

to three identical or different groups selected from an

oxo group and a Cl to C6 alkyl group;

(48) the compound according to (47) or a
pharmacologically acceptable salt thereof, wherein A is a
cyclohexyl group substituted by one or two identical or
different Cl to C6 alkyl groups; and R’ is a hydrogen
atom, a benzyl groﬁp, or an
[ (isopropoxycarbonyl)oxyjethyl group:;

(49) the compound according to (48) or a

pharmacologically acceptable salt thereof, wherein A is a



A "heterocycl yl oxy group” neans a group consisting of the heterocyclyl
group and an oxy group. Exanples thereof include pyrrolidin-3-'-yloxy and

pyri di n-4-yl oxy groups. [0071] A "heterocyclyl al kyl group” neans a
group consisting of the heterocyclyl-gepup and the  to C6 al kyl group.
Exanpl es thereof include a 1, 3-di oxol-4-yl nethyl group. [0072] A

"het erocycl yl al kyl oxycar bonyl group" nmeans a group consisting of the

het er ocycl FIYCGPHGFY 1t RECEP 5PCE 1aMEELY Py Gupietand FreaPbeiy R gr oup.
Exanpl es thereof include 1.3-di oxol-4-yl met hoxycarbonyl group. [0073]

A "prodrugeg%ggp@rﬁggnsa %gﬁoubstﬂaPy?Eoéﬁﬂv@F?@d through reaction with an
enzyne, gastric(gsgdkhgrctﬂe Ikée ggd%&.ghyﬁgolg?icgl conditions in vivo to
produce a - 46~ ohpouna EP? e?V|ﬂg 489ah°ad 'v8*iﬁgredient of a

har naceut i ¢al it of e i.n o i.e.. . roup that is
el e R e e e AR S

reduction, ydoohysis, s@nched iken @hed (WP Jdohal JcS ngorverted to produce
t he conpound (1) through hydrolysis or the Iike caused by gastric acid or
the like. Bxamphesztheneef dinelewde -phenylidlaamyl-4-Lanakteyayvaleric

[ (5- et hyl - 2- ox0- 1, 3-di ox0l-4- yl)met hoxy] car bonyl, - :

[ 1- (i sobut yryldexy).et hoxy] car bonyl ,

[ 1- (2, 2-di met hyl pr opanoyl oxy) et hoxy] car bonyl , {1-

[ (cycl ohexyl-earibonyl-)dXy](dt-estylydaryiodmylex vl1 - l&cemoxigetoie¥y) car bonyl ,
benzyl, and [ (isopropoxycarbonyl)oxy]ethyl groups. The prodrug group
represent ed VeRﬁyﬂévélﬁﬁé§r@§l§%oup for a carboxy group and is preferably
a G to 06 _al kyl group_which may be substituted by one _to three identical

or differeﬁfa69885§‘§éﬁédﬁé&L@WéﬁﬁéléﬁeﬁleG1§F&§H@ﬂ4&%74group, a (03 to C6

cycl oal kyl )carb l.QX rqup, and an aryl group; or a heterocyclylal kyl
group mhicﬁ8§§§%g§133%§%Fﬁﬁt€&lﬁy one to three identical or different

groups sel ect froman _oxo _Qro a.d..to.C6 alkyl .group; nore
preferably%aaggﬁfy? éﬁgugﬁoFQQHHF€%§%6P5BSQy§éﬁBSHQP%S%yfethy| group. The
prodrug gr@qgm%%mgqg_ ted by JRG.4 R8, or RO is a prodrug group for an am no
group and i's preféerably a d to 06 al kanoyl group which may be substituted
by one to tshige niodentiifaal (zomdinffierentorgrqups 13eliested firam an ami no group,
a hal ogeno group, a hydroxy group, "a carboxy group, a carbanoyl group, a C
to C6 al koxy (gcaty,. }alerid/ acial,yl group, and a heterocyclyl group; a (C
to 06 al koxy)carbonyl group which may be substituted by one to three

i denti cal oradiifbezent{ lgrldups 3sel560t-&d cfyrcdm (8 .dl. Ol he@Gnal3kyll Igiieiip, a C2 to
C6 al kanoyl oxy group, a (C3 to 06 cycl oal kyl)carbonyl oxy group, and an aryl
group; or amiekecdcycinllalekylyéxyedrednylacgidoup whi ch may be substituted by
one to three identical or different groups selected froman oxo group and a
d to 06 alkymigeodp:! [For(d prefrenalsvE lehsienry [—dibaiylidgezedpd-an L- nor | eucyl
group, a [(5-nethyl-2-0xo0-1,3.:djioxol-4- yl)methoxy]carbonyl group, a [1-

(i sobut yr yNVaXPFetHdXyPeamBonACigroup, a [1-(2, 2-

H [ (cyel oheRi GiPD o oA CORa s Bmyhs. grdae s ) Jipinidazol-
acetoxyethgﬁﬁhﬁﬁ{%&@{hvgﬁ%%g. g%g7 ] Herei nafter, the conmpound of the
" 1) Wi [T be “de

general for scribed in detail.
5-amino-2-{[1l-(3-methylcyclohexyl)-1H-imidazol-4-

yllmethyl}valeric acid,
5—amino—2—[(l—cycloheptyl—lH—imidazol—4—yl)methyl]valéric
acid,
S5-amino-2-({1l-[exo-bicyclo[2.2.1lhept-2-yl]-1H-imidazol-

4-ylimethyl)valeric acid,



[0075] [Formula 19]. [0076] - 48 - wherein A represents a 03 to 012
cycl oal kyl group which may be substituted by one to three identical or

di fferent groups selected froma fluoro group, a hydroxy group, a C to 06
al kyl group, a O to C6.al koxy group;- as aryl oxy group, and a

het erocycl yl oxy group; Rl, R2, and RB each i ndependently represent a
hydrogen atom a fluO o group, a to 06 aIkyI group; R4 represents a
hydr ogen at B 97 ot ube ‘bLH)1 %CP ¥ rept Bxant & & rotpr 1z iR

CH2- NHR6 (WPEH?IH .R5 rQPresents _é%ydrogen atom a O to 06 al kyl group, or
ad to 06 aﬁko&y @ﬂ%ﬁj resents a hydrogen atom or a prodrug

group), -0- 1 S nts rogen atom -a C to
groub %#%%% 6 1mlda f f g%g# Q?

06 al kyl oxy grou resents a hydrogen
atomor a ngyggbﬁgfgg»apfg [0077] [Fornula 20] NHRO [0078] (wherein R9
represents a hydrogen atom or a prodrug croup, and * represents the

pOSItIQn f of- swilsd 44Ut | 00)4 - dNSB]ycyclohexyl) -1H-imidazol-4-
yllmethyl}lvaleric acid,
Benzyl 5-amino-2-{[1l-(4-methylcyclohexyl)-1H-imidazol-4-
yllmethyl}lvalerate,
2-{[1-(4-methylcyclohexyl)-1H-imidazol-4-yl]lmethyl}-5-(L-
phenylalanylamino)valeric acid,
2—{[1—(4—methylcyclohexyl)—1H—imidazol—4—yl]methyl}—5—(L—
norleucylamino)valeric acid,
2-{[1-(4-methylcyclohexyl)~1H-imidazol-4-yl]methyl}-5-
({[(5-methyl-2-oxo-1, 3~dioxol-4-
yl)methoxy]carbonyl}lamino)valeric acid,
5—({[1—(isobutyryloxy)ethoxy]carbonyl}amino)—2—{[1—(4—
methylcyclohexyl)—1H¥imidazol—4—yl]methyl}valeric.acid,
1-[ (isopropoxycarbonyl)oxy]ethyl. 5-({[1-
(isobutyryloxy)ethoxylcarbonyl}lamino)-2-{[1-{4-
methylcyclohexyl)41H—imidazol—4—yl]methyl}valerate,
5—({[1—(2,2—dimethylpropanoyloxy)ethoxy]cafbonyl}amino)—
2-{[1-(4-methyicyclohexyl)-1lH-imidazol-4-
yl]lmethyllvaleric acid,
—[(il—[(cyclohexylcarbonyl)oxy]ethoxy}carbonyl)amino]—Z—
{[1-(4-methylcyclohexyl)-1H-imidazocl-4-yl]lmethyl}valeric
acid,
2—(2—aminoethoxy)—3—[1—(4—methyl¢yclohexyl)—lH—imidazol—

4-yl])propionic acid,



A represents a 03 to 012 cycl oal kyl group which may be substituted by one
to three identical or different groups selected froma fluoro group, a
“hydroxy group, a C to 06 alkyl group, a C to 06 al koxy group, an aryl oxy
group, and a heterocyclyloxy group. A B8 preferably a - 49 - cycl obutyl
group, a cycl ohexyl group, a cycl oheptyl group, a bicycl o[ 3. 1. 0] hexyl
group, a bicyc .1_hepHyI ~or an adamantyl group, each of which

| o[.2..2 roup,
may be substi [t(dt%dzb' 1 6“‘[?%:“@&%%31]651" or diFrerent groups sel ected
froma fluor r.ou hydr,o0 raup, a G to 06 al kyl group, a to 06
medc 1c rdyllo%e%g_) —)&3‘1—%31&&%612@ (;II ryol&pcﬁ%ﬂlo e U ' %I}'dg

al koxy group, “an- oXy “group, ete oXy group,

preferably a cycl,obutyl. gr a gyclohexyl- group,_ a cycl oheptyl group, a
bi cycl of 3. .d]%%&y?yé%gﬂ%¥ggggﬁb§§¥bf2Egﬁl] éﬁtfﬁ group, or an adamantyl

group, eac%&fhm\@ld%&aﬁg—%@%Hitdétz%imﬁq%ﬁdbitcmﬁ? ddentical or

di fferent groups selected froma hydroxy group, a nethyl group, and an

ethyl group. [008Q@) S5-aminbbreq@ver, s4Amksnpnefenabkyya)cye-ahexylzcgroup
whi ch nmay be substituted by one to three identical or different groups

sel ect ed f rdomla nfd trorlo wgrled,c adiydroxy giina o ldgitax 106, al kyl group, a d
to 06 al koxy group, an aryloxy group, and a heterocyclyl oxy group. [0081]
Mor eover, Adcepradfler alsllyt ah@3aad ;012 cycl oal kyl group which nay be
substituted by one or two identical or different C to 06 al kyl groups,
nmore preferably (8203 5temdre-2ydlidal kybngrdupestscivcdodexby)oré-C to 06

al kyl group, even nore preferably a 03 to 012 cycl oal kyl group substituted
by a net hy[* AP lord an l@amY driddsr L [agoghlor @ Phaygk gigRlly
preferably a cycl ohexyl gr which may be substituted by one or two

i denti cal &Cccﬁlg“faeor tsal% %%%-reﬁﬁto C6 al kyl groups, nore preferably a

cyol ohexyl or oup Wb ULedsty oo O L ShealiL sLamc even e
group. 1H-imidazol-4-yl]methyl}valeric acid or a '
phérmacologically acceptable salt thereof;
(54) a pharmacologically acceptabie salt of the
compound according tce any one of (1) to (53), wherein the
pharmacologically acceptable salt is p-toluenesulfonate
or benzenesulfonate;
(55) (28)-5-amino-2-{[{1l-(trans-4-methylcyclohexyl) -
1H-imidazol-4-yllmethyl}valeric acid; .
(56) (2S)-5-amino-2-{[l-(trans-4-methylcyclohexyl) -
l1H-imidazol-4-yl]lmethyl}valeric acid benzenesulfonate;
(57) (28)—5—amino—2—{[1—(trans—4—methylcyclohexyl)—
1H—imidazol—4—yl]methyl}valeric acid p-toluenesulfonate;
(58) (28}—5—amino—2—{[1-(trans—4—méthylcyclohexyl)—
l1H-imidazol-4-yl]lmethyl}valeric acid p-toluenesulfonate
anhydrate;
(59) the (28)-5-amino-2-{[l-(trans-4-

methylcyclohexyl)-1H-imidazol-4-yl]methyl}valeric acid p-



[ 0083] Specificall y,' A is preferably a group: [0084] [Formula 21] O2H5 *
[ 0085] nore preferably a group: [ 0086] [Formula 221 [ 0087]

- 31 -

toluenesulfonate anhydrate according to (58), which is in
crystalline form exhibiting main peaks at interplanar

spacings d of 23.9, 11.9, 4.5, 4.3, and 3.6 angstroms in
powder X-ray diffraction obtained by copper Ka radiation;

(60) (28)-5-amino-2-{[1l-(trans-4-methylcyclohexyl)-
l1H-imidazol-4-yllmethyl}valeric acid p—toluenesulfonate
monohydrate; |

(61) the (2S)-5-amino-2-{[1l-(trans-4-
methylcyclohexyl)—1H—imidazol—4—yl]methyl}valeric acid p-
toluenesulfonate monohydrate according to (60), which is
in crystalline form exhibiting main peaks at interplanar
spacings d of 22.9, 5.0, 4.9, 4.7, and 4.0 angstroms in
powder ¥X-ray diffraction obtained by copper Ko radiation:;

(62) a pharmaceutical drug containing a compound

" according to any one of (1) to (6l1l) or a |
pharmacologically acceptable salt thereof as an active
ingredient;

(63) a TAFIa inhibitor containing a compound
according to any one of (1) to (6l) or a
pharmacologically acceptable salt thereof as an active
ingredient;

(64) a ﬁibrinolysis promoter containing a compound
according to any one of (1) to (6l) or a
pharmacologically acceptable salt thereof .as an active
ingredient;

(65).a preventive or therapeutic drug for a'disease
caused by inhibition of fibrinolysis containing a

compound according to any one of (1) to (61) or a



even nore preferably the group: - 51 - [0088] [Fornula 23] - [0089]
particularly preferably the group: [0090] [Formula 24] ----C *.." CH3
[ 0091] [0092] Y represents a group: -O0H2-O0HR5-CH2- NHR6 (wherein R5
represents a hydrogen atom a O to 063alkyl group, or a O to C6 al koxy
group, and R6 represents a hydrogen atom or a prodrug group),
- 0- CHR7- CH2- NHR8 (wherein R7
: pharmacologicaily acceptable salt thereof as an active
ingredient;
(66) a preventive or therapeutic drug for thrombosis
or embolism or a sequela thereof including: acute
coronary syndrome such as myocardial infarction and
angina pectoris (stable angina énd unstable angina);
venous thromboemboiism such as deep vein thrombosis and
pulmonary embolism; thrombosis or embolism occurring in
the cardiovascular system after surgical operation such
as vessel revascularization, angioplasty, stent placement,
and bypass surgery; thrombosis or embolism after
artificial joint replacement.operatioh such as knee joint
replacement operation and hip joint replacement
operation; inflammation-related intravascular disease
such as sepsis and disseminated intravascular coagulation
syndrome (DIC); peripheral vascular disorder-derived or -
related disease such as peripheral arterial occlusion
(PAO), arteriosclerosis, and diabetes mellitus; tumor-
related disease such as solid cancer and blood cancer;
and organ disorder attributed to thrombus or embolus such
as pulmonary embolus, cerebral infarction, and renal
infarction, containing a compound according to any one of
(1) to (61l) or a pharmacologically acceptable salt
thereof as an active ingredient;
(67) a preventive or therapeutic drug for thrombosis
or embolism including: disease caused by contact with

foreign matter in the body, the foreign matter including

a medical device such as a joint prosthesis used in joint



represents a hydrogen atom a G to 06 al kyl group, or a C. to 06 al koxy
group, and R8 represents a hydrogen atom or a prodrug group), or [0093]
[ Formula 25] ,NHR9 *-N/ [0094] (wherein RO represents a hydrogen atomor a
prodrug group, and * represents the posSition' for substitution). - 52 -
[ 0095] Hereinafter, the case where Y is the group: -CH2-

CHR5- CH2- NHR6 (wherein R5 represents a hydrogen ato a C to 06 al kyl
group, or &BLATHE Tl KoxiAGrods, %ﬁﬁléfi%el?'e&rg%lé?ﬂg]%r%%ﬁeﬁv &omor a

d il d i b in detail. [0096],. R5 t
Rydr ogen atoRoD oty 06 AT GHOUB: B G T Koy ot And. | s
oref er abl y 2, huglrogen Alom ot TNV Grousy) e BY eleranly a,dr ogen

atom [009 represents ogen omor a prodrug group. In this

context, t 0 U, i - i ! IS
pr ef er abl yﬁfaoog' f‘%ﬁ%ﬁﬁ%ﬁoﬁ@’gﬁeﬁg%%\ yaf ggeu@b%{gﬁ%%&%&%ér}g to

three identicadasridh fdenenti g aips saehected fdoman @ddoigroup, a
hal ogeno group, a hydroxy group, a carboxy group, a carbanoyl group, a d

to 06 al koXxyergrdild, y sins  aradntgiiolihg antcemdrired aoyed ydigy aup;amy (e to 06

al koxy) car bonyl group which may be substituted by one to three identical or
di fferent grioups sel eciled dr emraraGimado DEyatdddy grotgptab 02 121106

al kanoyl oxy group, a (03 to 06 cycloal kyl)carbonyl oxy group, and an aryl
group; or &lrsserfodg|dn &Kl e yiduwisomanigy oup whi ch may be substituted by
one to three identical or different groups selected froman oxo group and a
Cd to 06 al kyl dPSup2 REEISplrdrsr &5 3%@%\%% S8R9 drRgu, HrFSESfor | eucyl

related to thrombosis or embolism or accompanied by
fibrin deposition or fibrosis including: pulmonary
disease such as pulmonary hypertension, adult respiratory
distress syndrome, pulmonary fibrosis, and chronic
thromboembolic pulmonary hypertension; renal disease such
as glomerulonephritis (including acute glomerulonephritis,
chronic glomerulonephritis, nephrotic nephritis, and
rapidly progressive glomerulonephritis), renal infarction,
and diabetic nephritis; hepatic disease such as hepatic
fibrosis, hepatitis, and hepatic cirrhosis; eye disease
associated with fibrin deposition in the eye; organ
dysfunction after organ transplantation or resection;
microcirculatory disorder caused by microthrombus,
inciuding thrombotic microangiopathy; and disease or
symptoms associated with cancer cell migration or =
metastasis, containing a compound according to any one of
(1) to (61) or a pharmacologically acceptable salt

thereof as an active ingredient.



- 53 - group, a [(5-nmethyl-2-o0xo0-1, 3-di oxol-4- yl)nethoxy]carbonyl group, a
[ 1- (isobutyryl oxy)ethoxy]carbonyl group, a [1l-(2,2- '

di met hyl pr opanoyl oxy) et hoxy] car bonyl group, a {1-

[ (cycl ohexyl car bonyl ) oxy] et hoxyl car bengk group, or a (1-

acet oxyet hoxy) car bonyl group. [0098] Y is preferably the group: [0099]
[Formula 26] CH2 CH2 CH2 NH2 [0100] (wherein * represents the position for
substitution). [6201f therappgiéfndfidr forhBYegdéSnher eMYarstLRB/ group:
-0-CHR7- CH2-NHR8 (wherein R7 represents a hydrogen atom a.C to C6 alkyl
group, or én@PnPoF@@“éFE&Xya§P6ﬁpF9£ﬂTQQ¥r%ﬁﬁdé? 's £ dPdgen atom or a
prodrug graqu mhyl be echib§p hp %ﬁ%@hk{ %ﬁ%%%; H&%ﬁiggpresents a
hydr ogen atom® & d°vo gpélfﬁl &r&ﬁb, ord orﬁﬁth?oxy grdup and is
preferably g r n Q- . gr 0T €y rahl .y, a hydrogen
atom [010 ”Iq%gmg%§6a?%%?é%ghﬁgﬂgﬁﬁ%é¥%ggﬁgg?gﬁ1§¥R%§%§b ré%igroup. I n

‘this context,: the RHAdUG GRUR diDrA AFRIHE f fr 33BNy -f 3% osid,0up and
is preferably a d to 06 al Kanoyl group which may be substituted by one to

three identdgdlaiorind ff egiploudiouRscxeliest ed famgmaaie aM Na )greUP;613
hal ogeno group, a hydroxy group, a carboxy group, a carbanoyl group, a C

to C6 al koxr gr quyerraccdrogi cgrldyp,a car taa et evaddyddhdregriowys aa (G to 06

al koxy) car bonyl group which may be substituted by one to three identical or
di fferent graups seletdgrfrsoma G to C6 al kyl group, a 02 to 06

al kanoyl oxy groug, a (03 to C6 cycl oal kyl ) carbonyl oxy group, and an aryl
group; or a hetdr8cyél pharkprexyeaprborPnrgealp omhicORtRay1be Substituted by
one to three identical or different groups selected froM an oxo group and a

A to 06 alWJIPYFBUPCIBE B éferabl Y& pHenlylalghy(®'gr 6ifp,2 an L-nor | eucy!
0o, S ST Ao, YRy oo e
o oLyl s eA S IR St kg AL
acetOXyEthOXy)CQﬁQ9n$|ngQHB'f8§ k%e@%ﬁ%%rﬁ95$a§dial infarction,

angina pectoris, acute coronary syndrome, cerebral

infarction, deep vein thrombosis, pulmonary embolism,

peripheral arterial occlusion, sepsis, disseminated

intravascular coagulation syndrome, or pulmonary fibrosis,

comprising administering a pharmaceutical composition

containing a compound according to any one of (1) to (61)

or a pharmacologically acceptable salt thereof as an

active ingredient; |

(72) the compound according to any one of (1) to

(61) or a pharmacologically acceptable salt thereof for

use in the treatment of myocardial infarction, angina

pectoris, acute coronary syndrome, cerebral infafction,

deep vein thrombosis, pulmonary empbolism, peripheral

arterial occlusion, sepsis, disseminated intravascular

coagulation syndrome, or pulmonary fibrosis;



hydrogen atom [0104] Hereinafter, the case will be described in

detail where Y is the group: [0105] [Formula 27] - 55 - NHRO * [0106:
(wherein RO represents a hydrogen atomor a prodrug group, and * represents
the position for substitution). [0104135 - R9 represents a hydrogen atom

or a prodrug group. In this context, the prodrug group is a prodrug group
for an anino.groug and is preferably a d to 06 al kanoyl group which may be
substituted by déhé)td PRREBargeRireal IsRIdiiPFelBALCHLOUPSO8EPEBLEBH from an

am no group, a hal ogeno group, a hydroxy group,. .a carhboxy group, a
car bamoyl gr SUPPCATE OB A% aﬁ]‘rymi%‘,e aryl tg?ro@ﬁfs d % heterocyclyi

group; a (d, _to 06.al koxy).carbonyl group i ch na e substituted by one to
t hree identﬁh(?d:lmaocrOl&gfl ea)rielﬁ/t agcr“o 5§%sle escatvigcdCcfhreormoafbélS ‘Yo a(fbtle\{l‘kyl group,
a 02 to 06 3 wexy group, a (03 to 06 cycloal kyl)carbonyl oxy group, and

an aryl group; or a heterocyclyl al kyl oxycarbonyl group which may be

substituted by one tg threg idenbieal oprdihferentbnoreupsisehecked from an
oxo group and a C to 06 al kyl group; nore preferably a phenylal anyl group,

an L-nor | eugytp d@imeup.c cd ddisrg et yln2 «a%0-ol, 3-1di a0 l-¢h-) Wr) et hoxy] car bonyl
group, a [1- (isobutyryl oxy)ethoxy]carbonyi group, a [1-(2, 2-

di et hyl pr gpanmpcaxdy)etdadiy] cardegropblgr el t aHel€of as an active
[ (cycl ohexyl car bonyl ) oxy] et hoxyl carbonyl group, or a (1- - 56 -

acet oxyet hoxyrearigortyl group. RO is preferably a hydrogen atom

(75) a therapeutic drug for injection for myocardial
infarction, angina pectoris, acute coronary syndrome,
cerebral infarction, deep vein thrombosis, pulmonary
embolism, peripheral arterial occlusion, sepsis,
disseminated intravascular coagulation syndrome, or
pulmonary fibresis containing a compound according to any
one of (1) to (61l) or a pharmacologically acceptable salt
thereof as an active ingredient;

(76) a therapeutic drug for injection for é
thromboembolism~derived disease containing a compound
according to any one of (1) to (61l) or a
pharmacologically acceptable salt thereof as an active
ingredient;

(77) a pharmaceutical composition for injection
containing a compound according to any one of (1) to (61)
or - a pharmacologically acceptable salt thereof and a
pharmacologically acceptable carrier;

(78) a method for treating myocardial infarction,
angina pectoris, acute coronary syndrome,.cerebrél

infarction, deep vein thrombosis, pulmonary embolism,



[0108] Y is preferably the group [0109] [Fornula 28] [0110] (wherein RO
represents a hydrogen atomor a prodrug group, and * represents the
position for substitution), nore preferably the group: [0111] [Fornula 29]
[0112] (wherein * represents the pos+tBén-for substitution). [0113] Y is
preferably the group: -Cl-12-CHR5-CH2-NHR6 (wherein R5 represents a
hydrogen atom, a d to C6 al kyl group, or a d to 06 al koxy group, and R6
represents%ﬂ?&‘rﬁé’éﬂ aarttc‘?mlt?rl é’cﬁrlé@r%?dl GG LS /[ (?Illfzi’]enﬂilatﬁﬂ and R3 each
|ndependent%re res ﬁ of Rl, R2, and R3 are referably a
hydr ogen at" i t% &rﬁa&% a‘tll‘?é] ély”tdoro&@e'al%lp hiYs erfoesrlasdl y a
met hyl gro%%mprising administering a pharmaceutical composition for
injection containing a compound according to any one of
(1) to (61) or a pharmacologically acceptable salt
thereof as an active ingredient;
(79) the compound according to any one of (1) to
(61) or a pharmacologically acceptable salt thereof for
use in the treatment of myocardial infarction, angina
pectoris, acute coronary syndrome, cerebral infarction,
deep vein thrombosis, pulmonary embolism, peripheral
arterial occlusion, sepsié, disseminated intravascular
coagulation syndrome, or pulmonary fibrosis by injection;
and
' (80) a pharmaceutical composition containing a
compound according to any one of (1) to (6l) or a
pharmacologically acceptable salt thereof and one or two
or more drugs selected from an anticoagulant, an
antiplatelet drug, an enzyme related to fibrinolysis, an
anticancer drug, an anti-inflammatory drug, an
antifibrotic drug, a hypotensive drug, an anti-pulmonary
hypertension drug, and an immunosuppressive drug as
active ingredients.
[0048]
The present invention also provides as production
intermediates of a cycloalkyl-substituted imidazole

derivative having the general formula (I) or a

pharmacologically acceptable salt thereof:



[ 0115] R4 represents a hydrogen atomor a prodrug group. In this
context, the prodrug group is a prodrug for a carboxy group and is
preferably a G to C6 al kyl group which may be substituted by one to three
identical or different groups selected3frema C2 to 06 al kanoyl oxy group, a
(C3 to C6 cycl oal kyl) carbonyl oxy group, and an aryl group; or a

het erocycl yl al kyl group which may be substituted by one to three identical
or different grd@ég SeFerpednfr 5APARSERESGr Biiptardtalervisgoeearkyl group;
nmore preferably a benzyl group or [ (i sopropoxycar bonyl ) oxy] et hyl group.
R4 is pref édBlY3a Hydr Sgert ec%6116] Preferabl e specific exanples
of the conq %ﬂgrrepresented by the general formula (1) include the

fol | ow ng: -anﬂno-Z-[(l-cycIohexyl-lH—inidazol-4-y1)nethy|]va|eric aci d,
5-anino-2-{ﬂ§g§@ngnl | cycl ohexyl)-1Him dazol -4- Yl]nethyllvaleric acid,
5-am no- 2-{[1- (4- et hyl'cycl ohexyl )-1Hi m dazol -4- yl]nmethyllvaleric acid,
5-am no-2-1111-(3-ethyl cycl obutyl)-1H-i m dazol -4- ylInmethyllvaleric acid,
1- (3-nethyl cycl obutyl)-1Hi m dazol -4- yl]methyllvaleric

<bi €cl o[ 3. 1. 0] hexan- 3-yl ] - 1Hi mi dazol - 4-yl | met hyl )
val eric acid, 5- ninobb-{ - (4- hydr oxycycl ohexyl ) -1Hi m dazol - 4-
yl1nethyl }val eric aci d\—
5-anino-2-{[1-(4-hydroxy-thethyIcycIohexyI)-lH—inidazol4-y|]nethy|Ivaleric
acid, 5-anino-2-{[@q23-nethylcyclohexyl)-lH—inidazol-4- yl ] met hyl |l val eric
acid, 5-am no-2-[(1-cCycloheptyl-1Him dazol-4-yl)methyl]valeric acid,
'5-anino-2-(&%&kﬁxo-bicyclo[2.2.11hept-2-y1]-1H—inidazol4-y|}nethy|)valeric
. acid,

wherein Q represents a group COOR, a hydroxymethyl group,
or a formyl group, and R represents a Cl to C6 alkyl
group;

(82) a compound represented by the following general
formula or a salt thereof:
[0051]

[Formula 17]

ho’
2 SC) 0
PG° R
PG~
OH
(B)
[0052]

wherein R® is as defined above; PG represents a
protective group for the amino group; PG? represents a

hydrogen atom or a protective group for the amino group;



5-am no- 2- (11-[ endo- bi cycl o[ 2. 2. 1] hept - 2-y1] - 1H-i m dazol 4- Y1} met hyl) val eric
acid, 2-[(1l-adamantan-2-yl-1H i m dazol-4-yl)nethyl]-5- am noval eric acid,
5-am no- 2-{[ 1- (4- phenoxycycl ohexyl ) - 1H i m dazol -4- yl]nethyl}val eric acid,
Benzyl 5-am no-2-{[1-(4-nethyl cycl ohexgk) ~1H i m dazol -

yl ] met hyl | val er at e,

2-1[ 1- (4- et glegclohexyl)-lkkinidazol14-y|]nethy11-5-(LphenyIalanylanino)v
aleric aci n represents a protective group for the carboxy

2-1[1- (4-net %ggyclohexyl) 1H i mi dazol - 4-yl ] met hy1l1l-5- (Lnor | eucyl am no) val e
ric acid, Y [ 1- (4- et hyl cycl ohexyl ) - 1Hi mi dazoi - 4-yl ] met hy1} - 5-

5- net hyl 1,3-d | met hox | d,
g{Eg[ln?lsgbutyrégexﬁ)gphgéa 9afbéﬁ%ﬁl O #Par?FQ%%ﬁﬂv]no V%ﬂ§{|C1§CI

net hyl cycl ohe, thyl}valerlc aci d,
1- [(|soproe%c])xycarébonylc)ox;]tﬁ%ﬁg%§€13 _

(|sobutyrylﬁyy hoxy] car bonyl } am no) - 2 {[1-(4-
met hyl cycl ohex -1H i m dazol -4-yl ] nethyl | val erate ,
fl1- (2:qufmﬁfadxgopanoyloxy)ethoxy]carbonyl}anlno)
[ 1- (4- met hyl cycl ohexyl ) - 1Hi m dazol -4- yl]nethyl)valeric acid,
({1-[ (cycLohexyl car bonyl ) oxy] et hoxyl car bonyl ) am no] - 2-
(4- et hyl=cycl ohexyl ) - 1Hi mi dazol - 4-yl | met hyl | val eri c aci d,
2-
(

am noet |E| -3-[1-(4- neqﬁ cycl ohexyl ) -1H i m dazol 4- yI]proplonlc acid,

5-
2-
5
{
2

(
[
[
1-
(
[ (1R) - 2-

2- - met hyl et hoxyJ™- 3-[ 1- (4-
nmet hyl cycl o

- 1Hi m dazolN4 propi oni ¢ acid, and
2-[(3S) - 3- am~gpyrrolidin- Ieyl]FéS%l (4- '

met hyl cycl ohexy8 ) - 1H-i m dazol - 4-yl J-propi onic acid. [0117]

Herei nafter, typN<cal i-of processes of the conmpound of the present

i nvention mnll be wever, the present invention is not limted
to these proce %2 [0118] [ Production Process 1] - 60 -

The conpound re es t epq$ﬁeral formula (1) or a salt thereof, or a
sol vate thereof can be produced or exanple, by the foll ow ng process:

(C)

[0054]

wherein R5, PG, PGZ, and PG’ are as defined above.

Advantageous Effects of the Invention
[0055] .

A cycloalkyl-substituted imidazole derivative of the
present invention represented by the geeeral formula (I)
or a pharmacologically acceptable salt thereof has
excellent TAFIa inhibitory activity and exhibits good
oral absorbability, plasma concentration, and.retention
in'blood, and excellent pharmacological effect. Moreover,
the compound of the general formula (I) of the present
invention or the pharmacologically acceptable salt

thereof is excellent in disposition such as



[0119] [ Fornul a 30] 1 Deprotection /NH2 3R5 N\ ROH RlL R20 (la) [0120
wherein A, R, R2, R3, and R3 are as defined above; PG represents a
protective group for the am no group; P& represents a hydrogen atomor a
protective group for the am no group, B&3-represents a protective group for
the - 61 - :

biodistribution and retention in blood, free from

prolongation of bleéding time, and also highly safe.

[0056]

Therefore, the cycloalkyl—substituted imidazole
derivative of the present invention represented by the
general formula (I) or the pharmacologically acceptable
salt thereof is useful as a pharmaceutical drug
(particularly, a preventive or therapeutic drug,
preferably a therapeutic drug, for a disease caused by
inhibition of fibrinolysis) and particularly useful as a
preventive or therapeutid drug (preferably a therapeutic
drug) for thrombosis or embolism or a sequela thereof
including: acute coronary syndrome such as myoccardial
infarction and angina pectoris (stable angina and
unstable angina); venous thromboembolism such as deep
vein thrombosis and pulmonary embolism; thrombosis or
embolism occurring in the cardiovascular system after a
surgical operation_such as vessel revascularization,
angioplasty, stent placement, and bypass surgery;
thrombosis or embolism after an artificial joint
replacement operation such as a knee joint replacement
operation and a hip joint replacement operation;
inflammation-related intravascular disease_éuch as sepsis
and disseminated intravascular coagulation syndrome
(DIC)} peripheral vascular disorder-derived or -related
disease such as peripheral arterial occlusion (PAO),
artericosclerosis, and diabetes mellitus; tumor-related

disease such as solid cancer and blood cancer; and organ



carboxy group; and A-LG represents an al kyl ati ng agent or al cohol descri bed
| at er. According to the present production process, a nitrogen atomin
the im dazole noiety of a conpound (I1) is cycloal kylated to produce a
conmpound (I11), and protective groups ip the conpound (I111) can further be
removed to produce a conpound (la). [0121] The cycl oal kyl ati on
reaction is, for exanple, a reaction through which the conpound (II1l) is

f or med frorﬁ%%%ﬂﬁﬁﬂqqq%éﬁd Hr aig 2F rejrkeyert SMUG {1.G represents a
| eaving group) in the presence of a base. Acyclic, cyclic, or aromatic

hydr ocar borR1OT8 J30 | P At ot 1 R Rt N Forc et ad ttkahydr of ur an,

N, Ndi et hyl f or mam .de, or, di et hoxyet hane, or m _xed sol vent thereof can be
used as a rléfcaﬁcorpr%oﬂ)'l v@ﬁtr.eoffgf’egéﬁplcé’f“p(?é]ﬁ%uﬁfé&%ﬁoﬁgfeée&t sodi um hydri de
can be use base._ An yl_halide (e..g.. A1 .or A-Br). or sul fonic
acid est erdior?]sea{l%lﬁ co Solus(egé.u;l. ,aSA%‘OéD %lrveﬁx-%cﬁﬁfﬁpecgatnl e&uus%d as an

al kyl ating (acgﬁeéﬁgera[rg’]}zg th%ra %@%r@t hogd. gg}ﬁ{l.%cgsynlgg oal kyl ati on

reaction is a nmethod "t hroug t he conpoun an al cohol ALG (LG
represent s @udWdrexy i 1QlPIng S Lijidensed byed M teunahu reagiion to form

t he conmpound (I11). A nethod using ethyl azodi carboxyl ate (DEAD) and

tri phenyl phesphigre sy hesi shel ¥y p.fdy) dsagener & Inedkineyn &sviace

Mt sunobu reaction. In this case, a method - 62 - using

(cyanonet hydwrie)ds idbuiod mhasplerterse  GMBR) iof joint replacement, a
(cyanonet hyl ene) tri nmet hyl phosphorane (CMWP) is preferable. The production
can be achivestiilviin Iratdferance ttd adwe fodd tow higs dot Unerntd : stigntTetarahedr on
Lett., 1995, Vol. 36, p. 2529; and 2) Tetrahedron Lett., 1996, Vol. 37, p.
2463. [012Frosthetafy Hlgtectdnie Hriais usirl 384 dped s achrivtietesve group
for am no groups in organic conpound synthesis, particularly, peptide

synt hesi s, doé”}%ead%%féhé:adf g;feé’c‘tqevé”{ﬁ%kﬁ?fﬁ“re R ami HF o6 L Speci fi ¢

exanpl es thereof can include: al koxycarbonyl groups, such a

t er t but oxy Carbony 1% Ft Hox3c atHshyi™ Caarﬁi]oje%/%o%/ecra%)to]o%ﬁ ad?qs)fps;

aryl met hox jQ%iybéyfwmﬁmﬁﬁgQJP%Q%%E%gfygﬁfrb%%%kperLore, the

par a- met hoxybéenzyl oxycar bonyl  and ‘para (or° ortho)-nitrobenzyl oxycar bonyl

groups; ar Y midiHq ¥ouls At bz e i ks "f%]h%v eandV% a
uc as

andt ri phenyl net hyl groups; "al kanoyl groups s ornyl and acetyl

groups; ar e vHraURSEe SHUEN RS AR NANZOW r8f OUpie Ay |5 W Honybe @ Qups such
as 2,4- dinitrobenzenesul fonyl and ortho-nitrobenzenesul fonyl groups. These

protecti ve grups dora tdieseaBda graig ey therselect eb et Dgn tey  for
exanpl e, the properties of the conmpound whose amino group is to be

prot ect ed. dgrompemoveal of e ipr ategeis Mel g owpst iveagent sfor ecadbie ons may
be selected according to each protective group. [0124] Exanpl es of

t he prot ectd B yreoip- feoron Heagarsmal roy | fretafderat kyla aryl, and

aryl alkyl ester groups. - 63 - These protective groups for the carboxy
group may BéSFERStte HHdifRy oLl ek it S Hl Gt Gl BEOTstr Y he
conpound ose carboxy gro is to be protected. For renoval of the

prot ect i V\éﬂ@',p@,}ﬁse,nsr er® g TERRIIHA TEHY fiyS e Sl Bt P ecor di ng to each

prOteCtjVe;ﬂiﬁ%§%a4}”§¥ﬂrosis, and chronic thromboembolic pulmonary
hypertension; renal disease such as glomerulonephritis
(acute glomerulonephritis, chronic glomerulonephritis,
nephrotic nephritis, rapidly progressive
glomerulonephritis, etc.), renal infarction, and diabetic
nephritis; hepatic disease such as hepatic fibrosis,
hepatitis, and hepatic cirrhosis; eye disease associated

with fibrin deposition in the eye; organ dysfunction



Exanpl es of references on the protection/deprotection of the am no and
carboxy groups can include Geen, TW, Witz, P.GM, Protective Goups in
Organic Synthesis (1999), 3rd Ed., WIley-Interscience. [0126] The
conmpound (I1) can be produced by wel } kmown reactions using a commercially
avai |l abl e or knomn substance. The production can be achieved with reference
to, for. exanple, J. Med. Chem, 2007, Vol. 50, p. 6095. [0127] [Production
Process 2] 3%6%%&ﬁﬂu¥ﬁqgsﬁﬁaqﬂﬂ§lﬁFééﬁﬁtrq%ﬁﬁﬁﬁqqmﬁ can al so be produced

l(o?/\/; P_e_ f ol | OWI I’g%: erg(Qﬁr 9 eSCS r%%%lzsér&e_r 6c4ausJf%ynunlua}:r?’o]ghrombus_,_ z--- NI pGlPGl'

1nclud1ng thrombotic microangiopathy; and disease or
symptoms associated with cancer cell migration or

metastasis.

Brief Description of Drawings

[0057]

[Figure 1] Figure 1 shows the results of irradiating type
I crystals of (2S)-5-aminoc-2-{[1-(trans-4-
methylcyclohexyl)—1H—imidazol—4—yl]methyl}valerié acid p-
toluenesulfonate.anhydrate with Cu Ko X-rays of 1.54
angstroms in a Bruker transmission-type HT-compatible
powder X-ray diffractometer equipped with a two-
dimensional detector, D8 DISCOVER with GADDS CST, and
measuring powder X-ray diffraction data using a Mylar
film. In this powder X-ray diffraction pattern, the
ordinate represents diffraction intensity indicated in
count/second (cps) units, and the abscissa represents
diffraction angles indicated in 20 values. Peak position
is within the range of 26 * 0.2°.

[Figure 2] Figure 2 shows the results of thermally
analyzing type I crystals of (2S)-5-amino-2-{[1l-(trans-4-
methylcyclohexyl)—1H—imidazol—4—yl]methyl}valeric acid p-
toluenesulfonate anhydrate. In this thermal analysis

(TG/DTA), measurement was performed at a heating rate of

10°C/min. under a stream of 200 mL/min. dry nitrogen.



HO030% pG3 ' PGEt O PH 000 (V) (VI) [0129] ,, RI RS PG, wherein A u and
Pa3 are as defined above. Conmpounds (Vila) and/or (VIIb) can be

synt hesi zed by a Knoevenagel condensation or a Wttig reaction with a
conmpound (IV) as a starting material- Jhe-ol efin of the obtained conpounds
(Vila) and/or (Vilb) is reduced to synthesize a conmpound (VII1), and
protective %r,ou s i.n the conpound (VII11) can be renoved to produce a

psS | '
conpound (1} )l.gu[r@1§8] Flgurerpe Skpyey éisgdle Sondeiati™ i€t iM% (HiRS case, a

reaction t ugh whi.ch a conpound (.V) having active nethylene and the
conpound (:}{fc%g\ﬁtr?&saogfar(%o%ﬁyl% g‘i’lrmolh% gré [cqon err‘?s?esd[*l n the presence of an

am ne cat a'n%é%hg{lggfc‘irorﬁ‘e&hﬁ )Qcirﬁo—qb‘x’rﬂ z(o\if_l—lél@)qu%tclllrylg/}\aail@ri i ghy g{)-e ads-

- 65 - unsatur esters. Decarboxyl ati on-occurs “by heating to room

t enper at ur etoqgle%%%Gltf%nfa]c&rew ﬁﬁn%%%ﬁiﬁgln%n Xg_i ioqf 1Pi eridine is

general ly used as a catal yst. e achieved with reference
to the fol l.aWsg #RCURER Bruke OtdanRRadsi h2GKpVUT- cbnpak11A@4; 2)

Conpr ehensive Organic Synthesis, 1991, Vol. 2, p. 341; and 3) W200878330.
[0131] powder X-ray diffractometer equipped with a two-
| dimensional detector, D8 DISCOVER with GADDS CST, and

measuring powder X-ray diffraction data using a Mylar
film. In this powder X-ray diffraction pattern, the
ordinate represents diffraction intensity indicated in
count/second (c@s) units, and the abscissa represents
diffraction angles indicated in 20 values. Peak position
is within the range of 26 + 0.2°.
[Figure 4] Figure 4 shows the results of thermally
analyzing type II crystals of (2S)-5-amino-2-{[1l-(trans-
4-methylcyclohexyl)-1H-imidazol-4-yl]methyl}valeric acid
p-toluenesulfonate monohydrate. 1In this thermal analysis

(TG/DTA), measurement was performed at a heating rate of

10°C/min. under a stream of 200 mL/min. dry nitrogen.

Description of Embodiments
[0058]

Hereinafter, substituents in the present
specification will be deséribed.
[0059] |

A "halogeno group" means a fluoro, chloro,_bromo, or
iodo group, i.e., a fluorine, chlorine, bromine, or

iodine atom.



The Wttig reaction is, in this case, a reaction through which a conpound.
(VI') having a phosphoryl group and the conpound (I1V) having a carbonyl
group ‘are reacted in the presence of a base to formthe conpounds (Vil a)
and/or (VIIb), which are a, 13-unsaturaBed esters. Sodi um hydride, sodium
met hoxi de, potassium carbonate, or the like can be used as a base.
Alternatively, a base such as 1, 8-di azabicycl o[ 5. 4. 0] undec-7-ene (DBU) or
triethylanimﬁﬁﬁﬁy be used in conmbination with lithiumchloride. Al cohols,

t et r ahydr of 1..2-di h h i net hyl l.f oxi d tonitril

tﬁer?iiergaﬁrggAusgé géng%sgﬁ%ghtSggﬁgd:g%@?%oﬁsﬁéﬁgékagﬁrgggﬁggégr;efec?;d
t o : i f : , 1 ti b

Dot for g di gD RIS ol RGN O e B8 BRI PO on

reacti on i Sy dnfp N $1eASSF & J8aGk oy 0uGh Wi Chs i he, 1compounds, (Vi | a)

and/ or (VIIb) are hydrogenated to the conmpound (VI I'l) "using a heterogenous

catal yst. momwexanplsec-walgrl, meihaneity et iandlut &t h-pentf - mcetate, or
acetic acid can be used as a solvent. Pall adi um carbon (Pd/C), Paarl man's

cat al yst ( Pd(GH),2)1-eRangyp rmipskel andd @y - Gated hsitp (dptyQ2)gr@ipst.he 1ike can

be used as a catal yst. [0133] The protective groups and their
deprotecti d¥Crld as described in Production Process 1. [0134] .[Production
Process 3] The conpound (1) of the present invention can al so be

produced by the’f 6FLoWPn§bprékess: gJrorss] merasmal 2 182R 1| @13bfanched

alkyloxy group having 1 to 6 carbon atoms. Examples
thereof include methoxy, ethoxy, propoxy, isopropoxy, and
tert-butoxy groups.

[0062]

A "(Cl to C6 alkoxy)carbonyl group”" means a group
consisting of the Cl to C6 alkoxy group and a carbonyl
group. Examples thereof include methoxycarbonyl,
ethoxycarbonyl, and isopropoxycarbonyl groups.

[0063]

A "Cl to C6 alkanoyl group" means a linear or
branched alkanoyl group having 1 to 6 carbon atoms.
Examples thereof include formyi, acetyl, propionyl,
butyryl, isobutyryl, valeryl, isovaleryl, pivaloyl, and
hexanoyl groups. |
[0064]

A "C2 to C6 alkanoyloxy group" means a group
consisting of a linear or branched alkanoyl éroup having
2 to 6 carbon atoms, .and an oxy group. Examples therecf
include acetyiéxy, propionyloxy, and hexanoyloxy groups.

[0065]



wherein A, R, and R7 are as defined above; PG4 represents a hydrogen atom
or a protective group for the am de group; and Z represents an oxygen atom
or a nethylene group. - 67 - The conpound (1V) and a conpound (1 X)
can be subjected to an aldol reaction aad-a dehydration reaction to produce
conpounds (Xa) and/or (Xb). The olefin of the obtained conmpounds (Xa)
and/or (Xb) is reduced to_synthesize a conpound (Xl), which can then be
hydr ol yzed to pfodice T8 EdpGyRdOeLEyY.l GFPRP means gy SF3UESTEC t he
protective group for the am.de gro inthe c ound (I'X) jnclude allyl,
Pertbut yi S AR e o Sy 1Ny O CHE e sy rchy © and

tertbut oxycar | groups. I f refere . f.he

protecti on/eg]e%?ﬁaesc%sdnqﬁ n%l%ﬁgcrs%agﬁ( tecg{ﬁlovu Sg%%egngqcﬁa%l%dncqyude Geen, T.W,
Witz, P.G Rro i v QRS 1N ' t hesj h]egggﬂ), 3rd Ed.,

W ey- | nt erMsyccile%\Fgeﬁp}{ldlgcQ]gl yl‘l‘hgygvlaicrjgoﬁ;err%e%c't %})ncslf(s I'n this case, a
reaction thnouahadieh the cmasd (1l Yrapa LdHadti wes conpound and t he
conmpound (IV) having a carbonyl group are bonded to each other in the
presence ofpdl &iyding base drowg,aifdra Hddroxcarhomndl ieanpaind.  For
exanpl e, a carbonate of an alkali netal or alkaline-earth netal (e.g.,

sodi um car bonatye loya lgotlaggiaunscar Benaipe s ad ahlkabii cyetlak lalykoxirdep( e. g. ,
sodi um et hoxi de or potassi um but oxide), an al kali netal hydroxide (e.qg.,
sodi um hydrioxildsleompadreaysiluradeypdrsoxiides) exanal saldxaret-alotyamde (e. g.,
sodi um hydri de or potassium hydride), or an organic netal base such as

al kyl |i t hi fR9as4nosRBUNA/1 iImMingy i S1i6H AR ol thimivle. g., 1ithium

di i sopropyl.am d

\ - 68 - bissi|ylam .9.,. lithj
exanet ol (SIS )2 o R e d b o S G 1 ST e ST o, or
tic h b | cqhaol I ot i I t, f | e,
et ahydr ORI L Ko TR Py Tl Ta e L G At M A B & i wed
sol vent thegrreoqu%sf,grky@f%%%laes, a reacti lsognvoe[%_.lasT% F@f I{te}pic%rg&dgefnper ature

can be approxi to roomtenperature. ydration
reaction is;gdgacti on through which a hydroxy group in the
P- hydr oxycar bonyl conpound obtai ned by the aldol reaction is treated with

met hanesul fonyl achleni de o kerzenesyhferwheR1ekKdg euptrhédainke ;at - 78C to
50C in the presence of triethylamne in an inért solvent and then further
treated w tdrcauhasemdicsfiorgnet conaolinch (o) . h kkeog wsorofrirte Haeirrig sol vent

i ncl ude: al kyl halide solvents such as dichl oronet hane, chloroform and
carbon t et rach ord degn ettivers sanert satninalsostetgahyr oFueamp, ek, 2-

di mret hoxyet hane, . and di oxane; aromatic sol vents such as benzene and

t ol uene; arndenficdle igot ettt ©EUEP RPN, Noilrasthyd foranshi de,

N, N- di net hyl acet am de, and Nnmet hyl pyrrolidin-2-one. In addition to these,
sul f oxi de sOISAht e s R i Tet WACURA f oxi de and sul fol ane, ket one

sol vents such as acetone and nmethyl ethyl ketone, or acetonitrile, or the
i ke may bel{%ed in sone cases. The base is preferably an organi c base such

o PYTLO e, 2 G L) ne gl dine. 4ol amncars) df e,
carbon atoms. Examples thereof include.phenyl, naphthyl,
anthryl, and phenanthryl groups.

[0068]

A "heterocyclyl group" means a monocyclic or
bicyclic 3- to 10-membered saturated or unsaturated
heterocyclic group containing 1 to 3 atoms selected from
the group consisting of nitrogen, oxygen, and sulfur

atoms. Examples thereof include aziridinyl, azetidinyl,



or 1, 8-di azabi cycl o[ 5. 4. 0] undec-7-ene (DBU). The dehydration reaction may

proceed under the aldol reaction conditions in sone cases. [0140] @ - The
reduction reaction can be performed according to the nethod described in
Production Process 2. [0141] The Aydrolysis is a reaction through

whi.ch the lactamring of the conpound (Xl) is acid-hydrolyzed to obtain the

conpound (1c). anpl es of the specific reaction conditions include heating
Lo Por T ux GO ot GPa@ Nyarnl o ot E8ag e g ng
reference: J, Og. .Chem. . 1996,, Vol. 61, .p. .4990.. [ 0142] en P4 is a
protective R rroauzp yolr’ t mé’“daarﬁO lgr c()DﬁipaZﬂ]wlaYtl’rralysq%gua%zp?:lﬁltléctpé/cfaun €r acidic
condi ti ons, - epr. i eact Ca | sq,.he achieved under the
conditionszgﬁéya db&&éﬁE%Wégiﬁ%ﬂ;ﬁyé?q8%§?3?Vi gréﬁﬂylfhat cannot be

depr ot ect ed,dindef; ACAIG  CORNASQNS,1 JIEAGRNIR, 161 CoNdiddions,may be sel'ected
according to the protective group. EXanples of references t'hereon can

i ncl ude G eetdalzdNin MYt 2y RZ61INIny 1Pr ofieGtd e JFiQUAS, ighdr gani ¢ Synt'hesi s
(1999), 3rd Ed., WIley-Interscience. [0143] The conpound (1 X) can be
produced byt eatetdh khrawyriesdt icarsipssi ng a comrerci al ly avai l abl e or known
substance. The production can be achieved with reference to, for exanple,
Org. Lett, ZOOP] Vol . 11, p. 5410. - 70 - [0144] [Production Process 4]

The conpound (1) of the present invention can also be produced by the
fol | owi ng proceds: "BOYASKY[ B&PHRI'amg3s a group consisting of the

aryl group and an oxy group. Examples thereof include
pﬁenoxy and naphthoxy groups.
[0070] |

A "heterocyclyloxy group" means a group consisting
of the heterocyclyl group and an oxy group. Examples
thereof include pyrrolidin-3-yloxy and pyridin-4-yloxy
groups.

[0071]

A "heterocyclylalkyl group" means a group consisting
of the.heterocyclyl group and the Cl to Cé6 alkyl.group.
Examples thereof include a 1,3-dioxol-4-ylmethyl group.
[0072]

A "heterocyclylalkyloxycarbonyl group" means a group
consisting of the heterocyclyl group, the Cl to C6 alkoxy
group, and a carbonyl group. Examples thereof include a
1,3~dioxol-4-ylmethoxycarbonyl group.

[0073]

A "prodrug group" means a group that is converted

through reaction with an enzyme, gastric acid, or the

like under physiological conditions in vive to produce a



4i.NH2 RBNN N\OHRL RO RI R2 0O (XIIl) PGL\ NP& Akylgon (w) PGL\
N P& (I1d)(XV) [0146] wherein AAR2, R3, PG, -2 and PG3 are as defined

- 46 -

compound (I) serving as an active ingredient of a
pharmaceutical composition of the present invention, i.e.,
a group that is converted to produce the compound (I)
through enzymatic oxidation, reduction, hydrolysis, or
the like, or a group that is converted to produce the
compound (I) through hydrolysis or the like caused by
gastric acid or the like. Examples thereof include
phenylalanyl, L-norleucyl, [(5-methyl-2-oxo-1,3-dioxol-4-
yl)methoxy]carbonyl, [l—(isobutyryloxy)éthoxy]carbonyl,
[1-(2,2-dimethylpropanoyloxy)ethoxylcarbonyl, {1-
[(cyclohexylcarbonyl)oxy]ethoxy}carbonyl, (1-
acetoxyethoxy)carbonyl, benéyl, and

[ (isorropoxycarbonyl)oxylethyl groups. The prodrug group
represented.by R? is a prodrug group for a carboxy group
and is preferably a Cl to C6 alkyl group which may be
substituted by one to three identical or different groups
selected from a C2 to Cé alkanoyloxy group, a (C3 to Co
cycloalkyl)carbonyloxy group, and an aryl group; or a
heterocyclylalkyl group which may be substituted by one
to three identical or different groups selected from an
oxo group and a Cl to C6 alkyl group; more preferably a
benzyl group or an [ (isopropoxycarbonyl)oxylethyl group.
The prodrug group represented by R®, R®, or R’ is a
prodrug group for an amino group and 1is preferably a Cl
to C6 alkanoyl group which may be substituted by one to
three identical or different groups selected from an
amino group, a halogeno group, a hydroxy group, a carboxy

group, a carbamoyl group, a Cl to C6 alkoxy group, an



above. A conpound (XIl) is bromnated to synthesize a conpound (Xl I1),
and a conpound (XI'V) can be al kylated with the conpound (XII1) as an

al kyl ati ng agent to synthesize a conpound (XV). Protective groups in the -
71 - obtained conpound (XV) 'can be rendved to produce a conpound (1d).
[0147] The brom nation reaction is a reaction through which the
a-position of a carbonyl group in the conmpound (XII) is selectlvely

br omi nat ed 3¢ 1o A&t t?éwg Ghptsed X4yt qfd’ruﬁ hi%s {‘fJT ®the conpound

WL br om 6 RN 48 (RES Y P OBy it Zﬁoﬁﬂet:eated
document . TRUFanad On Ak ?Oéﬁ%?fﬁivte%%}% rseeleerzf%"f f‘[f%fhgﬁ R

al kyl ation deagty ”)?Ir_%u:b rgnacctj Qn, Ty apgh, Yk %k Speund{ XY de for med

fromthe conpoun t he conpound (X'l as an aI kyl ati ng agent, for

exanpl e, lwdl%agr}@aqmwnﬁot;@s%mﬁyclarm HY 8, Hodd Ot iL

hydr ocarbons or a pol ar, aprotic solvent, for exanple, tetrahydrofuran,

N, N- di met hyie‘t@rmpdi@learkﬂﬂcﬁiylwﬂﬁidﬁnegrwp aviitednesplpeent t hereof can be
used as a reaction solvent. For exanple, an organic base such as pyridine,
2, 6- 1 uti di reybsgaltutdichédny 4rdi et ylrard napyrti idiale, ot rdictfrpreant rsoups

N- net hyl nmor phol i ne, di i sopropyl et hyl am ne, or

1, 8- di azahisADB[B! £ TurRde x> i@ UDBYA carf bet ustd alskyd assip{ 0149]

The protective groups and their deprotection are as described in Production
Process 1. MRI7PredFpsply 2 Pherhe LHpourtf (9 V)2 edn IR itttticed by wel |

known reactl ons u3| n[g meqtrg’relrcjacjxl S5 v3a_| laob}lo o known subst ance.

yl)methoxy]carbonyl group, a [1-
(isobutyryloxy)ethbxy]carbonyl group, a [1-(2,2-
dimethylpropanoyloxy)ethoxy]carbonyl group, a ({1-
'[(cyclohexylcarbonyl)oxy]ethoxy}carbonyl) group, or a (1-
acetoxyethoxy)carbonyl group.

[0074]

Hereinafter, the compound of the general formula (I)

will be described in detail.

[0075] |

[Formula 19]

Y R
N™ N AR* P
\§N/ N (1)
R" R 0O

[0076]



[0151]

[ Producti on Process 5]

The conmpound (1V), an internedi ate of

t he conpound of the present invention, can be produced, for exanple, by the
foll owi ng process: [0152] [Fornula 34] Reduction, i A1 7"----N/ Nk. ( A
)CyclizationA-Oxidation) LN r,H"...-.48(*-COOEt _NO .(XVI)CN "' GOOD( XVI'I1)
(XVIl) R a-M

wherein A represents a C3 to Cl2 cycloalkyl grdup which
may be substituted by one to three identical or different
groups selected from a fluoro group, a hydroxy group, a
Cl to C6 alkyl group; a Cl to C6.alkoxy group, an aryloxy
group, and a heterocyclyloxy group; R', R?, and R® each
independently represent a hydrogen atom, a fluoro group,
or a Cl to C6 alkyl group; R! represents a hydrogen atom
or a prodrug group; and Y represents a group: —CH;—CHR5—
CH,-NHR® (wherein R’ represents a hydrogen atom, a Cl to
Co alkyl group, or a Cl to C6 alkoxy group, and R®
represents a hydrogen atom or a prodrug group), -0-CHR’-

CH,-NHR? (wherein R’ represents a hydrogen atom, a Cl to

Cé alkyl group, or a Cl to C6 alkoxy group, and R®

represents a hydrogen atom or a prodrug group), or
[0077]

[Formula 20]

[0078]
(wherein R® represents a hydrogen atom or a prodrug group,

and * represents the position for substitution).

[0079]

A represents a C3 to Cl2 éycloalkyl group which may

be substituted by one to three identical or different

groups selected from a fluoro group, a hydroxy group, a
Cl to C6 alkyl group, a Cl to C6 alkoxy group, an aryloxy

group, and a heterocyclyloxy group. A is preferably a



( A NOXxidation ( A) "N, R, 0 OH((IVb)(XIX) [0153] wherein Ais as
defined above; R a represents a C to C6 al kyl group; and Mrepresents Li
or MgBr or the liKke. A conpound (XVI) that is comercially available
or is synthesized using a well known-méPhed can be reacted with a conpound
(XVI1) (Liebigs Annalen der Chenmie, 1979, p. 1444) for construction of an
i mdazole ring to nt hesi ze a co und (XVI 11| roductl on can be -
73 - achi evex btl‘H: ]efgé:roeJrPceatc?XC;%q?%Wjo 1:%io Y4 45912002,
Vol . 4, p. 4133, e obt ai ned .co ( reduced into
a primary 4l (%Dolh(?i&bo reduO thex sqroupn‘et alblhi}}(;crl dlgz |3n(vla theySJt %ro(?u\f)ént, and

th h
compound. ( 1X7a ‘*P%xanﬁﬁ@‘l P ol $f?ﬁ°§’fd'r. L et G ot L P
hydri de, | Iawldﬂe hoy ahydrd deyersodiumddl s{i2- £ JmREROXY RS AX Y&l i UM hyc&: i de,

and sodi um borohydri de. An oxidation nethod known 1n the art, i.e.,

oxi dat i on, G oxifatdeN.grIes,N OX datdan,grkRAR exickati Orge Resspar tin
oxi dation, TEMPO oxi dation, Mikai yama oxi dgatl on, or the like can be used as

an oxi dati @ramt had.ClAteng & karoxkEM WX dat Ia)j’y]Jcqur@fcﬁr;abla&ld Ehe
production can be achieved with reference.to the foll ow ng docunent: Org.
Lett. 2003hersrodclylags gfagbssjmore preferably a cyclobutyl group,

a cyclohexyl group, a cycloheptyl group, a

biéyclo[B.l.O]hexyl group, a bicyclo[2.2.1]lheptyl group,

or an adamantyl group, each of which may be substituted

by one to three identical or different groups selected

from a hydroxy group, a methyl group, and an ethyl group.

[0080]

Moreover, A is preferably a cyclohexyl group which
may be substituted by one to three identical or different
groups selected from a fluoro group, a hydroxy group, a
Cl to C6 alkyl group, a Cl to C6 alkoxy group, an afyloxy
group, and a heterocyclyloxy group.

[0081]

Moreover, A is preferably a C3 to Cl2 cycloalkyl
group which may be substituted by one or two identical or
different Cl to C6 alkyl groups, more preferably a C3 to
Cl2 cycloalkyl group substituted by one Cl to C6 alkyl
group, even more preferably.a C3 to Cl2 cycloalkyl group
substituted by a methyl group or an ethyl group.

. [0082]
Moreover, A is preferably a cyclohexyl group which

may be substituted by one or two identical or different



Al ternatively, the conpound (XVII1) can al so be converted directly to the
conpound (1Va) by performng the reaction at a | ow tenperature using an
appropriate netal hydride. In this case, exanples of the nmetal hydride

i ncl ude diisobutylal um num hydride. F0166} The obt ai ned conpound (1Va)
can be treated with an organic lithium or organi c magnesi um conpound R a-M

to obtain C d_ (XI.X). Exanples of the organic |ithium conpound or the
organi c m&%%@%@@ﬁﬁdﬂ@r@éﬁ?%'n&%:prgfeﬂa -gl%trf:1 FIGAMMTH U as

met hyl |'i t hi ethyl ljthium. r mal opyllithiu normal_ butyl lithium

i sobutyl [ i t%@fﬁlt%ce-dmtﬂyyﬂ%et hl-ug% tcgt- Y195 T4 unf Y HOrHEIS pent yl 1 t hi um
i sopentyl lithi n tyl ) -t hy : magnesi.um-such as

met hyl nagr#e%%%at?ﬁgﬁlad%%%}%g}}r%a nrlegsqpu%%%@e%g%rb&by mrreatt]h elsi um

brom de, isopiRPYr NRORESIMMQIQY de, normal butyl magnesium brom de,

i sobutyl megnesi um brom de, sec-butyl nmagnesium brom de, tert-butyl

magnesi um brog@xe, and net hyl nmagnesi um i odi de. Aromatic hydrocarbons
(e.g., toluene or benzene), linear or cyclic aliphatic hydrocarbons (e.g.,
propane, butanesppettanelliexanes peptfanebler aCygloakRexane), or an et her
solvent (e.g., diethyl ether or tetrahydrofuran), or the |like can be used
as a reactildV8ddl vent. The reaction tenperature is preferably -78C to room
tenperature. Fromthe obtained conmpound (Xl X), a conpound (IVb) can be
produced bylEsa¥rmeMdiadatlilon met hod known in the art. PCC oxidation, -PDC

oxi dation, Swerq oxidation, ~TPAP oxi dat4eq, or the-like nmay be used as an
oxi dati on 5 ,eoca@,—w&r,b«}w@n,bsm,ed from al cohol

t hrough an oxi dati on reacti don based on P oxi dat+'on with reference to
Synthesis, 1994, p. 639. [0157] [Production Process 6] O the
conpounds (1) of the present in tion, a conpound containing a prodrug

‘group introducgd thherein ca pr oduce the follo Qcess: - 75 -
[0158] [For&%, * , Colls | i
¥ / .
* , *——<j>, Or
CH; ! _
' CH; " \

[0085]

more preferably a group:
[0086]

[Formula 22]

CH
3

[0087]

even more preferably the group:



.NRa (\ Al .R5 OH"11" RR  R2 0 Rea-CH | Conversion of oramno group to
R6kLGLprodrug N Deprotection (r- R Ar-iss'R5 PG* \R, 6

- 51 -

[0088]

[Formula 23]

[0089]
particularly preferably the group:
[0090]

[Formula 24]

*  CH,

Y represents a group: -CH,-CHR®°-CH,-NHR® (wherein R’
represents a hydrogen atom, a Cl to Cé6 alkyl group, or a
Cl to C6 alkoxy group, and R® represents a hydrogen atom
or a prodrug group), -0-CHR’-CH,-NHR® (wherein R’
represents a hydrogen atom, a Cl to C6 alkyl group, or a
Cl to C6 alkoxy group, and R® represents a hydrogen atom
or a prodrug group), Or
[0093]

[Formula 25]

N

[0094]

(wherein R’ represents a hydrogen atom or a prodrug group,

and * represents the position for substitution).



(if) [0159] wherein A, R, R2, R3, R5, PG, P&, and PG3 are as defined
above; R48 and R6a represent prodrug groups; and LG and L& represent

| eavi ng groups. The protective group for the amno group in the
.conpound (111) obtained by ProductiensPrecess 1 can be renoved to obtain a
conmpound (XX) . The am no group of the conpound (XX) is converted to a
prodrug to s Q}hesize a conpound (XXI) , and the protective group for the

- 76 - carb EUroup in the conpound (XXlI) can be renpved to produce a

conmpound (le) in a prodrug form [0160 Mor eover, the conmpound (Ie)
nagpbg prgduledﬁﬁﬁﬁggﬁg§egy gbﬁv@%ﬁ?n & goﬁﬁoﬁﬁ& Gr8}Pt o ~&pT odr ug.

0161]  FLeSTLpo iRl e ghlacted comaunde(l o gan [y he b

converted to a prodrug to produce a ¢

protective (g QUPS, thejdp, der of gt itcgw,cdoraolt%g}}j V& I pupg, aszedescribed in
Production Process

represents a hydrogen atom or a prodrug group) will be

described in detail.

[0096]

R® represents a hydrogen atom, a Cl to C6 alkyl
group, or a Cl to Cé alkoxy group and is preferably a
hydrogen atom or a methyl group, more preferably a
hydrogen atom.

[0097]

R® represents a hydrogen atom or a prodrug group. In
this cqntext, the prodrug group is a prodrug group for an
amino group and is preferably a Cl to C6 alkanoyl group
which may be substituted by one to three identical or
different groups selected from an amino group, a halogeno
group, a hydroxy group, a carboxy group, a carbamoyl
group, a Cl to C6 alkoxy group, an aryl group, and a
heterocyclyl group; a (Cl to C6 alkoxy)carbonyl group
which may be substituted by one to three identical or
different groups selected from a Cl to C6é alkyl group, a
C2 to C6 alkanoyloxy group, a (C3 to C6
cycloalkyl)carbonyloxy group, and an aryl group; or a
heterocyclylalkyloxycarbonyl group which may be
substituted by one to three identical or different groups
selected from an oxo group and a Cl to C6 alkyl grbup;'

more preferably a phenylalanyl group, an L-norleucyl



may be sel ected, and reagents or conditions appropriate for each protective
group may be selected for the cleavage (deprotection) of the protective
groups. [0163] The conversion. of the amno group to a prodrug is a
reaction through which the conpound (XXB) -i s obtai ned by a condensati on
reaction of the conpound (XX) and a conpound R6a-OH. Any condensati on
reaction used in usual peptide synthesis can be used. Exanples of a
condensi ng et ihcl Ve N Lo et ohekydexrdbodi 1 i de (DCO), 1-
ethy1-3-(3-dLnet .Iaﬁinﬂgéggzl)carbodiinide hydr ochl ori de (EDC- HC1),
4- (4, 6- di mefHd%GEACY 524 h"9EQMy- £ et hyl mor phol i ni um chl ori de hydrate
(DMT-MM), (1Hbenzotriazol.-1-yloxy)tris(dinethylam no)phosphoni um
hexaf | uor op %%&)%ﬁ%f%%ﬁﬁ%{égﬁéfgigarb04§a Grodp, 'S PIPLERH!
[ bi s(di net ﬁgﬁ éggﬁg¥t$/e - trigazaol.i - oxi d - 77 -
hexaf | uor op %splggQ ( Fhdﬁ%?%ﬁﬁ%ﬁ%ﬁ%%ﬁ?@%%ygigggﬁié%ehlmﬁth reference
to, for exa 1 et ahedn o 2 447 64 in

Egid}% N y )pr%/]e\‘ﬂrkox@pcaxpoor?yfl r&%&,p dr a (1

anot her net of the conversion of the amno group to rodrug, the

conpound (et AhAe)) st er gaimeound R6a- LG may be condensed to
obtain the conpound (XXI). Exanplég of LGl include p-nitrophenyl oxy,

pent af | uor oph®¥8/1 oxy, and chloro groups. A nethod for the condensation
reaction of a carboxylic acid and an active ester used in usual . peptide
synthesi s can b¢ usegreffet®blly the Breugponpound (la) can al so be condensed
with Réa-OH or R6a-LGL in the same way as in the nethod above to directly
produce t hel@Hpound (l1e). [0166] The conversion of the carboxy group to a
prodrug is a reactiaon through which the conpound (le) and an al cohol
conmpound RALIEF 2 cdldensed to obtain the compound (If).

N, N - di cyci ohexyl carbodiim de (DCC), N, N - diisopropylcarbodiinmde (D Q),

or the.Iikeycan—beQfd-=CH;—CH;—NH,

[0100]
(wherein * represents the position for substitution).
[0101] |

Hereinafter, the case where Y is the group: -O-CHR’-
CH,-NHR® (wherein R’ represents a hydrogen atom, a Cl to
Cé alkyl group, or a Cl to C6 alkoxy group, and R®
represents a hydrogen atom or a prodrug group) will be
described in detail.

[0102]

R’ represents a hydrogen atom, a Cl to Ce alkyl
group, or a Cl to C6 alkoxy group and is preferably a
hydrogen atom or a methyl group, more preferably a
hydrogen atom.

[0103]
R® represents a hydrogen atom or a prodrug group. In

this context, the prodrug group is a prodrug for an amino



_a condensing agent. The reactivity is inproved by adding in advance a
catal ytic amount of 4-di nethyl am nopyridine (DVAP) to the system [0167]

I n anot her nethod of the conversion of the carboxy group to a prodrug, the
conpound (le) and a conpound R4'- --784--LG&2, which is an al kyl ating
agent, can be reacted under basic conditions to obtain the conpound (If).

I t hi f | ud d {i iy
2" sl oni ¢ SHEME B0Rer S0P 78T SHRbIHoOP (d 00 °%Z£J%§mr°”°@8r°‘épuﬁ4 *@g%z&‘is')vﬁai
be used as R4ab%c%upﬁﬁgﬁrte%ekya%%%r% %%r@e e tlca for

e

dlethoxyethaﬁe T xed solven ereof can e use& as a

reaction sqlyent. QL XM ey C%m%agg%o%f a% gJakl%Jdgn%e Wy,
| car onate

“al kal i ne-earth net al such as sodiumcarb ate

pot assi um ¢aiReRat &roip,Pat Q;%Sdb‘émybbci%rulﬂpn%t Ge;acx% wspdgs & kase. [0168]
[ Production Process 7] O the conpounds (1) t he present invention,

a conpound teoteaianikag ya gifoQa, UG ng heyn @ﬁkﬁ@ﬁucﬂﬂithekﬂkﬁxﬁgmﬂgﬂ_produced by
the followi ng method: [0169] - 79 - [Fornula 36] ( A)R YosPG R R2 0 04
[0170] group; a (Cl to C6 alkoxy)carbonyl group which may be

substituted by one to three identical or different groups
selected from a Cl1 to C6 alkyl group, a C2 to Co
alkanoyloxy group, a (C3 to C6 cycloalkyl)carbonyloxy
group, and an aryl group; or a
heterocyclylalkyloxycarbonyl group which may be
subétituted by one to three identical or different groups
selected from an oxo group and a Cl to C6 alkyl group:;
more preferably a phenylalanyl group, an L-norleucyl
group, 2 [(5-methyl-2-oxo~1,3-dioxol-4-
yl)methoxy]carbonyl group, a [1-
(isobutyryloxy)ethoxylcarbonyl group, a [1-(2,2-
dimethylpropanoyloxy)ethoxy]lcarbonyl group, a.{l—
[(cyclohexylcarbonyl)oxy]ethoxy}carbonyl group, or a (1-
acetoxyethoxy)carbonyl group. R?® is préferably a
hydrogen atom.
[0104]

Hereinafter, the case will be described in detail
where Y is the group:
[0105]

[Formula 27]



wherein A, R, R, R3, R4, R5, PG, (.7P& and L& are as defined above.
The protective group of the carboxy group in the conmpound (I11) obtained in
Production Process 1 can be renoved to produce a conpound (XXI1I).
Subsequently, a prodrug group is introdtced to the carboxy group of the
conmpound (XXI'l), and the protective group of its am no group can be renoved
to produce a compound (lg) in agrodrug form [0171] For the
protective groups t hei /NH#JR ot ecti on, protective groups as described in
Production jorecedg 1 nay~be sel ected, and reagents or conditions
appropriate - 80\- for/each protective group may be sel ected for the

cl eavage (deprotect of the protective groups. [0172] The
conversion of the carboxy group to a prodrug can be perfornmed with
reference t@itdwe nmethod described in Production Process 6. [0173]

[ Producti on Process 8] O the conpounds (1) of the present invention,
a conpound @orraiin IRf aepredendsgrouy dritigeeduaeth thereipraarudeyphggduced by
the foll owi ng nmethod: [0174]

and * represents the position for substitution).

[0107?

R? represents a hydrogen.atom or a prodrug group. In
this context, the prodrug group is a prodrug group for an
amino groub and is preferably a Cl to C6 alkanoyl group
which may be substituted-by one to three identical or
different groups selected from an amino group, a halogeno
group, a hydroxy group, a carboxy group, a carbamoyl
group, a Cl to C6 alkoxy group, an aryl grouﬁ, and a
heterocyclyi group; a (Cl to C6 alkoxy)carbonyl group
which may be substituted by one to three identical or
different groups selecfed from a Cl to C6 alkyl group, a
C2 to C6 alkanoyloxy group, a (C3 to Co

. cycloalkyl)carbonyloxy group, and an aryl group; or a
heterocyclylalkyloxycarbonyl group which may be
substituted by one to three identical or different groups
selected from an oxo group and a Cl to C6 alkyl group;
more preferably a phenylalanyl group, an L-norleucyl
group, a [(5-methyl-2-oxo-1,3-dioxol-4-
yl)methoxylcarbonyl group, a [1-
(isobutyryloxy)ethoxy]carbonyl group, a [i-(2,2-
dimethylpropanoyloxy)ethoxylcarbonyl group, a {1--

[ (cyclohexylcarbonyl)oxy]ethoxylcarbonyl group, or a (1-



- 81 - [Fornmula 371 (XXIV) - 82 - [0175] wherein A, Rl, R2, R3, R4, RY,
R8, RO, PG . P& and PG3 are as defined above, provided that R4 and R8 are
not a hydrogen atom si nul taneously. A conpound (lh) or (li) in a prodrug
form can be produced from conpounds €16p, -(XXIV), (1d), and (XXV) in the
same way as in Production Process 6 or 7. [0176] The conpound (XXl V) and

(e FomRouRd L2000, GAD B BEOGHEST, By L1t LoUbel 19, P.pig] 5oL ve aroup Lo the
. hydrogen atom.
[0108]
Y is preferably the group
[0109]

[Formula 28]

NHR®
* —N b

[0110]

(wherein R’ represents a hydrogen atom or a prodrug group,
and * represents the position for substitution), more
preferably the group:

[0111]

[Formula 29]

' NH
* —N | 2

.[0112]
(wherein * represents the position for substitution).
[0113]

Y is preferably the group: —CH;_.—CHR5—CH2—NHR6
(wherein R’ represents a hydrogen atom, a Cl to C6 alkyl
group, or a Cl to C6 alkoxy group, and R® represents a
hydrogen atom or .a prodrug group).

[0114]
R', R?, and R® each independently represent a

hydrogen atom, a fluoro group, or a Cl to C6 alkyl group.



exenplified in Production Processes 3 and 4. [01.77] [ Producti on Process
[0178] [Fornmula 38] 3, PGO -rio-pG3 00 (XXVI) PG N'PG rR5 LG3
(XXVI1) Al kylation
- 57 -

All of R', R?, and R® are preferably a hydrogen atom. In

this context, the Cl to C6 alkyl group is preferably a

methyl group.

[0115]

R represents a hydrogen atom or a prodrug group. In
this context, the prodrug group is alprodrug for a
carboxy group and is preferably a Cl to C6 alkyl group
which may be substituted by one to three identicél or
different groups selected from a C2 to C6 alkanoyloxy
group, a (C3 to C6 cycloalkyl)carbonyloxy group, and an
aryl group; or a heterocyclylalkyl group which may be
substitutéd by bne to three identical or different groups
selected from an oxo group and a Cl to Cé6 alkyl group;
more preferably a benzyl group or a
[(isopropoxyéarbonyl)oxy]ethyl group. R is preferably a
hydrogen atom.

[0116]

Preferable specific examples of the compouhd
represented by the general formula (I) include the
following:
5-amino-2-[ (l-cyclohexyl-1lH-imidazol-4-yl)methyl]valeric
acid,
5-amino-2-{[1-(4-methylcyclohexyl)-1H-imidazol-4-
yljmethyl}valeric acid,
5-amino-2-{[1-(4-ethylcyclohexyl)-1H-imidazol-4-
yllmethyll}lvaleric acid,
5-amino-2-{[1-(3-ethylcyclobutyl)-1H-imidazol-4-

yli]lmethyllvaleric acid,



0, PGPG 00 (XXVIll) HANr0 3 "PG OO (V) [0179] wherein R5, PG, P&, and
PG3 are as defined above; and LG3 represents a | eaving group. The

al kylation reaction is a reaction through which malonic acid diester (XXVI)
-is al'kylated in the presence - 83 --ofgsa-base using a conpound (XXVI1)
that is commercially avail able or can be produced by well known reactions.
For exanple, an alkali netal hydroxide, an alkali netal hydride, a
carbonat e of 2&R &I Kallil Imetcamesh vaiowallionetedn tH Hrédida 2o -4m al kal i et al

al koxi de (e.qg., .sodium carbonate, potassium carbonate, sodium ethoxi de,
potassiun18385ﬁﬁgé,}§@&FEﬁFhfﬁP6&ide, pot assi um hydroxi de, sodi um hydri de,

or potassi um_hydride),, .or r ganj c. net al S h as al kyl.li.thium (e.g.,
n-butyl | | LR l,nOJ%a—l(Ié}l_e{rﬁi%oﬁst’%{%&ﬁ]b(l&y&.l,ob[?j‘l‘ﬁhi%tjrcrﬁed‘iains%ﬁr gyl'&m de), or
an al kal i .al S§_ I.SSl ).yl am (e.g., lithium hexanethyl disil azide)
can be usegﬁggag %agegﬁﬁﬁ%%%gbﬁgggkqgféﬁb é% of LG3 can include: hal ogen
atoms such sagghlaning,; Jj(rélo—rﬂfc‘ier’ox%%?racilgq{e@@;l >%%-%ﬁ>ﬁ§%'ﬂ—%fly' oXy or

aryl sul fonyl oxy groups such as nesy tosylate, and triflate.
yllmethyl}valeric acid,
S-—amino-2-{[1-(4-hydroxy-4-methylcyclohexyl)-1H-imidazol-
4-yllmethyl}valeric acid,
5-amino-2-{ [1- (3-methylcyclohexyl) -1H-imidazol-4-
yl]methyl}valeric acid,
5-amino-2-[ (l-cycloheptyl-1H-imidazol-4-yl)methyl]valeric
acid, |
5-amino-2-({1l-[exo-bicyclo[2.2.1]hept-2-yl]-1H-imidazol-
4-ylimethyl)valeric acid,
~5-amino-2-({1l-[endo-bicyclo[2.2.1]hept-2-yl]-1H-imidazol-
4-ylimethyl)valeric acid,
2—[(1—adamantan—2—yl—lH—imidazol—4—yl)methyl]jS—
aminovaleric acid,
_5—amino—2—{[l—(4—phenoxycyclohexyl)—1H—imidazol—4—
yllmethyl}valeric acid,
Benzyl 5-amino-2-{[l-(4-methylcyclohexyl)-1H-imidazol-4-
yllmethyl}valerate,
2-{[1-(4-methylcyclohexyl)-1H-imidazol-4-yl]lmethyl}-5-(L-
phenylalanylamino)valeric acid,
2-{[1-(4-methylcyclohexyl)-1H-imidazol-4-ylimethyl}~-5~ (L-

norleucylamino)valeric acid,



[ 0180]

(XXVI'l11) is hydrolyzed in the presence of a base to produce the conpound
(V). Exanples of the base can include an al kali metal hydroxide such as
| 'i t hi um hydr oxi de, sodi um hydr oxi de, -ah#l potassi um hydroxi de. A protic
g., nethanol, ethanol, or mater) an aprotic ether sol vent

(e.g., tet ra qr of ur a i Oxgp%é? éﬁ}o?%% (hyaiﬁgf?t&vldgé? ggda

he conpound (VI) can be produced by

sol vent (e.

sol vent of

reaction so %g;b Ox

wel I known
producti on
2007, Vol .

PG N 'PG

The hydrolysis is a reaction through which the conpound

The

reactlons usi ng cdnner0|ép1y avai |l abl e or known subst ance.
ﬁg'ﬁn lfea\e%%n\gut}%nﬁ%fo%rxﬁa%er t0,diqf exanple, J. Med. Chem,
[01 [ Producti on Process 10] [0183] [Fornula 39] P. 6095.

Xl F@ lsoouLyryloxy)ethoxy]carbonyl}amlno) -{[1-(4-
methylcyclohexyl)~1H~imidazol-4-yl]lmethyl}valeric acid,
1-[ (isopropoxycarbonyl)oxylethyl 5-({[1-
(isobutyryloxy)ethoxylcarbenyllamino)-2-{[1-(4-
methylcyclohexyl)—lH—imidazol;4—yl]methyl}valerate ,
5—({[1—(2,2—dimethylpropanoyloxy)ethoxy]carbonyl}amiﬁo)—
2-{[1-(4-methylcyclohexyl)-1H-imidazol-4-

ylimethyll}valeric acid,

5-{({1-[(cyclohexylcarbonyl)oxy]ethoxy}carbonyl)amino]-2-

{[1—(4—methylcyclohéxyl)—1H—imidazol—4—yl]methyl}valeric
acid,
2—(2—aminoethoxy)—3—[1—(4—methylcyclohexyl)—lH—imidazol—
4—y1]propionic acid,
2-[(1lR)~-2-amino-1-methylethoxy]-3-[1- (4~
methylcyclohexyl)-1H-imidazol-4-yl]propionic acid, and
2-1(3S)-3-aminopyrrolidin-1-yl]-3-[1-(4-
methylcyclohexyl)-1H-imidazol-4-yl]lpropionic acid.

[0117]

Hereinafter, typical production processes of the
compound of the present invention will be described.
However, the present invention is not limited té these
processes by any means.

[0118]

[Production Process 1]



1 Dehydration reaction N H2 OHNRL RO 1) Reduction 2) Deprotection PG
,1-14R5 NIn v3 L---N R1L R2' PG _ _

- 60 -

The compound represented by the general formula (I)

or a salt thereof, or a solvate thereof can be produced,

for example, by the following process:

[0119]

[Formula 30]

PG’
Ne_ oo
Cycloalkylation
H 3 R’ -
S PG
R" R*O
LG
(IH (1)
Deprotection
NH,
RY R
"\’\\ OH
\N 1 )
R'" RO
(la)
[0120:

wherein A, R, RZ,-R3, and R° are as defined above; PG!
represents a protective group for the amino group; PG?
represents a hydrogen atom or a protective group for the

amino group; PG* represents a protective group for the



(XXX1') [0184] wherein A, R, R2, R5, PG, p-?2 u and PG3 are as defined
above. - 85 - A conpound (Xlla) and a conpound (XXl X) are subjected to an
al dol reaction to produce a conpound (XXX), and the obtai ned conpound (XXX)
can be subjected to dehydration reacti 6h +o produce a conpound (XXXI).
Subsequently, the olefin noiety is reduced, and the protective group can be
renoved to produce a conpound (le)C' [ 0185] ~The aldol reaction is, in
this case, @TPOASt 96K YPHr Giigh AriCe f SPHE SEdRSo iid 3XIN AT 189 296 Fad ve
conmpound an a? cont ai ning a carbonyl group are bonded to

t he .conmpoun X
each ot her 317 ¥d &ﬁé§§ﬁg}§%§ﬁ “dt'rong base to forma conmpound (XXX). For

exanpl e, a carbgnate . of an alkali netal or alkaline-earth netal (e.g.,
sod! bm car bonat - aPEAOPEeSP i BaPBONELE) Soal UTRar PROFAr oAl Roxi de (e, g.

sodi um et hoxi.de, . poLassmhugXide),) an Alkal io et alohydrex der(e. 9.,

sodi um hydr oxi or potassi um hydr oxi , an al'kali netal hydride (e.qg.,

sodi um hydrisden RAkassited M delicOr abmyda ¢ 1metal hase such as

al kyllithium (é.g., n-butyllithium, dialkyiamnolithium (e.g., lithium

di i sopr opyladtde).i ver JRicspis Miramne detpdund i thiymdexanetdnddissd’ | azi de)
can be used as a strong base. Acyclic, cyclic, or aromatic hydrocarbons,

al cohol s, aremvea ar aprabice solovemourfdor(IeXanpl e, tetrahydrof uran,

N, N- di et hyl f or mam de, or di et hoxyet hane, or a m xed sol vent thereof can be
used as a rl@détlilon solvent. The reaction tenperature is approximtely -78C

to room tenperature. . . .
The cycloalkylation reaction is, for example, a

reaction through which the compound (III) is formed from
the compound (II}) and an alkylating agent A-LG (LG
represents a leaving group) 1in the presence of a base.
Acyclic, cyclic, or aromatic hydrocarbons or a polar
aprotic solvent, for example, tetrahydrofuran, N,N-
dimethylformamide, or diethoxyethane, or a mixed solvent
thereof can be used as a reaction solvent. For éxample,
cesium carbonate or sodium hydride can be used as a base.
An alkyl halide (e.g., A-I or A-Br) or a sulfonic acid
ester of an alcohol (e.g., A-0S0,CH; or A-0S0,CF3) can be
used as an alkylating agent.
[0122]

Another method of the cyéloalkylation reaction is a
"method through which the compound (II) and an alcohocl A-
LG (LG represents a hydroxy group) 1is condensed By a
Mitsunobu reaction to form the compound (III). A method
using ethyl azodicarboxylate (DEAD) and
triphenylphosphine (Synthesis, 1981, p. 1; is generally

known as a Mitsunobu reaction. In this case, a method



- 86 - [0186] The dehydration reaction is a reaction through which a
hydroxy group in the conpound (XXX) is converted to sulfonic acid ester by
treatment with nethanesul fonyl chloride or benzenesul fonyl chloride or the
like at -78C to 50C in the presence of%Eriethylamine in an inert solvent

and then further treated with a base to forma conpound (XXXl). Exanpl es of

the inert solvent include: alkyl halide._solvents such t hyl ene
chioride. ST SRor AT e debtn EorrRoREsA R tatior TBFleits such as

t et r ahydr of ur an, - di_net ; i_gxane; onaf i ts such
as benzene(gﬁg%tg%ﬁeRgs%%&Egg%§§gﬁgg¥§%ﬁ?§g§ﬁ§% @2& ,%Jgﬁrégﬁﬁﬁﬁgﬁkgznide,
N, Ndi et hy et amidy: sand MmRlhilpyidhald distr?-ner drtAdd tign to these,
sul foxi de solvents such as dinethyl sulfoxide and sulfol ane, ketone

sol vents sych 13w iaceiRRennd sTetihy rcethie k@IrONRL Or, acstnivtyli | ge,0r the
| i ke may be used in sonme cases. Pyridine, 2,6-lutidine, collidine,

4- di met hyl am e dinde,2)t Mmeetdapleaifione LIVEL hyl 9, ph@dli N7, p. 2463.

di i sopropyl et hyl am ne, or 1, 8- diazabicycl o[5.4.0]undec-7-ene (DBU) can be
used as a H&de3]lln sone cases, the dehydration reaction may proceed during
the al dol reaction. [0187] The reduction reaction can be perforned
accordi ng to th&ngepketedéstei bedubnuPraddot L6RIPRSCEsPTrR2LeThéVer ot ecti ve

groups and their deprotection can be perforned according to the nethod
descri bed 9 9PPod@dt iBGH NPr GEEsPS1 1N OrPANL CTHERRSISLFY (WSS idan be

produced from the conpound (XXXI) using .these reactions. [0188] When

t he conpouﬁ@§téfuﬂﬁfggbsfe§&§é§tEﬁﬁé Satey Fﬁ”iﬁﬁ%é“ﬁ?g ctd on processes 1
to 10 are isoqpr%%vge§%,, st regﬁsonenic nk¥ture§ eeagh i%%n%rl%an be
separat ed &Ad PUriFiced SpPr §5% &f'S yIBY priEpatit i vESHea Gntprass e

chr omat ogr , -~ ar. t-he | . EQQ tiﬁqJ Y Am or the
like. [0183?%%eo b%%hqfﬁglg%Hpgﬁﬁgggf fﬁg”ﬁgé enfh%hgg%¥}gﬁggépresented by
the conpoung by Q- Rhar meAlQgiealdon ACCepialle saldaddhsrgof . or a
production internedi ate thereof has asymmetric carbon, their optical

- i soners ar & riigseNtar AnRPHREER roRinaalg i SErsicreach i soner can be
separated and purified by a conventional nethod such as fractional

crystal | i zateney l(s@lda Mesel1yt icans -aRithe yeeinystlald azatdary Wdrnd gara
appropriate solvent or colum chronmat ography. Exanples of references on a
met hod of r(esolonthg )r-acdamad emzytlvxes & mitan yoptd walp 9 /s amerlsnegdry i ncl ude J.
Jacques et al., "Enantioners, Racemates and Resol ution, John Wley And
Sons, | nc.'ggepg0lsuch asThengyd!, od-kgthadtdnaied and dazol e derivati ve of
the present invention has excellent TAFla inhibitory activity and has good
oral absor BBy 1msidell SHCUESSpddikarsty s BEIPURS rdt&htd ot §WbY ood and

et abol i ¢ and acetyl groups; aroyl groups such as a benzoyl group;

and arylsulfonyl groups such as 2,4-
dinitrobenzenesulfonyl and ortho-nitrobenzenesulfonyl
groups. These protective groups for the amino group may
be selected according to, for example, the properties of
the compound whose amino group is to be protected. For
removal of the protective groups, reagents or conditions
may be selected according to each proﬁective groﬁp.
[0124]

Examples of the protective group for the carboxy

group include alkyl, aryl, and arylalkyl ester groups.



- 88 - stability, and high safety. Therefore, the 'cycloal kyl substituted

i m dazol e derivative of the present invention is useful as a pharmaceuti cal
drug and particularly useful as a therapeutic drug for myocardi al
infarction, angina pectoris, acute cerédary syndrone, cerebral infarction,
deep vein thronbosis, pulnonary enbolism peripheral arterial occlusion,
sepsi s, dissem nated intravascul ar coaqul ati on syndrone, pul nonary
fibrosis, oraSfe HHKEC WS SFUPS tfqléqirﬁf%rbé%}‘ya gtljrfé%paé‘g@fikte drug for a

t hr orrboerrboslei sm dee({i vcecdorcg sea eo. E rthexr m)rleé |tt isDruoseJrLgieass & e
phar maceut i°¢al° drig For improvicig e Fidtions 6t P Srgart after

t ranspl ant actdgg%u The cpqung of ¢ Lﬁg sent iy Jto&ﬂ'esd al s useful as a
t her apeutic ugq‘or coronary art erial di seases er surgery {percut aneous
transl um nalepcoronaly @RgiRIRtve dANFA antald Q1 Ofc f €Rlag8NRIHs of a
vascul ar substitute (autologous or artificial blood vessel), or

rest enosi Sif80Gd Usd It tGaUSRE M iSiE Mo IdBlra Adut i Mrgavgr, it is useful
for the prevention of thronbus formati on caused by a vascul ar catheter

(i ndwel | i ng caatdiet er for dialysis), an extracorporeal blood circulator, and
the coating of an artificial blood vessel or the filling thereof wth a
TAFI a i nhi bi t or Egehptliesnofamd ftoencke pnormbiei on of thronmbol ysis. It is also
useful as a therapeutic drug for atherothronbosis or fibrosis (lung
fibrosis sudtetEstcmmoiar sistatuct v puleronsime dirskasebdibrosiupaft er
ophthal m c surgery, etc.). [0191 - 89 - The conpound of the ptesent
i nvention EPr eSENtEE KFaSie dederal" Yo mh & () HaRte Talsic Grt® such as
an am no gr.oup. and .can, theref.ore de, i nto an i d- ition salt with a
phar macol odincgﬁ%fna?ccc%ﬁ'tr%eés%ci @%%Eg)}‘aim%reé; qu ’sJ@ﬁLeé’" qie%sa%e?%q ude:
-hydr ohal i de[%ls%ﬁh as hydrofluoride, hydrochl oride, hydrobrom de, and

hydr oi odi de; “inorgani ¢ acid salts such as nitrate, perchlOrate, sulfate,
and phosphate; hguer alkangsyionabes augh an Lhanesihhonaler
trifluoronethanesul fonate, and et hanesul fonate; aryl sul fonat es such as

benzenesul fanatie and (il Henesitfonater Proan i d saldisasuch as acetate,
mal ate, fumarate, succinate, citrate, tartrate, oxal ate, and nal eate: and

am no aci d sidtsarfdich aseopRbtateiodl whampke acandvagparnttat ec ridy@nhelal i des
or arylsulfonates are preferable; hydrochl oride, benzenesul fonate or

pt ol uenesultfgnate iexamrle ,prief eraahl eshdrenz extesyl furiat &®r p. 6095.

p-tol uenesul fonate is even nore preferable; and ptol uenesul fonate is
particul arl Py ef erabl e. [0192] Mor eover, the conpound represented by
the general formula (I) has an acidic group such as a carboxy group and can
t heref ore fldAB Pasa: dudiadsen Falt, in general. Exanples of the

phar macol ogi cal |y acceptable salt can include: alkali netal salts such as
sodi um sal t's, p8¥‘§s§ioﬂ‘ﬁ1°§é}ﬁt d1)afd [FRENPERSSATt 41 VENkaC N &28art s et al

salts such.as cal ciu alts a nesiumsalts; inorganic salts such as
ammoni um s&l% sm,rodf"&ae:ﬁ iayarﬁﬁ‘r‘?e%-ﬂg%'m%ﬁﬁ%ceﬂ?czh as di benzyl anine salts,
nor phol i ne |4, phenyl glycine al kyl ester salts, ethylenediamne salts,
N- net hyl gl ucanine salts, diethylam ne salts, triethylamne salts,

cycl ohexyl am ne salts, dicyclohexylam ne salts,

N, N - di benzyl et hyl enedi am ne salts, diethanolam ne salts, N benzyl-N-(2-
phenyl et hoxy) am ne salts, piperazine salts, tetranethylamoniumsalts, and
tris(hydroxynet hyl ) am nonet hane salts; and am no acid salts such as
arginine salts. [0193] The conpound of the present invention
represented by the general formula (1) or the pharnacol ogically acceptable
salt thereof nmay be present in a free or solvate form These solvates are
al so enconpassed in the scope of the present invention. The solvate is not
particularly limted as long as it is pharnacol ogi cally acceptabl e.
Specifically, hydrates, ethanolates, or the Iike are preferable; and
hydrates are nore preferable. Mreover, the conpound of the present

i nvention represented by the general fornula (1) contains a nitrogen atom
This nitrogen atommay be in an N-oxide form These solvate or N-oxide
forms are al so enconpassed in the scope of the present invention. [0194]
The conpound of the present invention represented by the general fornula
(I') or the pharmacol ogically acceptable salt thereof, and the production

i ntermedi ate



- 91 - of the conpound of the present invention can include various isoners
such as geonetric isoners (e.g., cis and trans forns) and optical isoners
(R and S forns), depending on the kinds or conbinations of substituents.
The conpound of the present invention gacenpasses all of these isoners,
stereoi soners, and even m xtures of these isoners and stereoisoners in any
rati o, unless othermnse specified. [01951 Mor eover, the conpound of
t he present[EQﬁﬂﬂﬁQ(ﬁi or the pharmacol ogi cal ly acceptable salt thereof can
al so contain non-natural ratios of _atom c isotopes of one or nore of the
atoms constituting such a conpound. Exanples of the atomic isotopes inclfGde
deuterium (2H), tritium (3H), carbon 13 (130), carbon-14 (14c.,
) ni t rogen- 15 (15N), chlorip ﬁmgaﬁg , and i odi ne-125 c5ﬁpound may be
oA

| abel ed oact|vely Wik byeRsdii tope, For exanple tmftlun1(3kb :
i odi ne- or car boneddiof 140) . Thioacti Ly | abel edc hets®
i s useful—as agent re eaBCh reaﬁent,/ 0P

exanpl e, an as y reagent ﬂﬂd a dlagnosblc agehi or egipl e, _an Lﬂ Vi vo
di agnostic IHFQ agent All th%rlsotoplc varlantsRoﬁ)the conp ~d of the
present invention are enc npa sed in the scope of tMi® present gnt fvam,

regardl ess of being radi

Z

adtlve Qo N CRT 0196] Furt hernoreé;, the
present invention al §0 ?é pAgaceutical |y accept abl e prodrug
compound” that is - 93 -oconvertedlthsough reaction with an Redustierreaction
gastric acid, or the likeypnder phy5|ovgg|cal conditions injvivo to the
compound (1) serving as an active ingredient of a pharmaceutical
conposition of the present invention, i.e., a conpound that is Pdnverted to
the conpound (1) through enzyumatic OX|dat|on reduction, hydrotNses, or the
li ke, or a conpdund that ig conver t eBeprotettive corrp(l) t hr

hydrol ysis or t i K g’ by gastric—aci-dor t\he Nyks. |
conmpound of the geneté a (1) of the present inves{
phar macol ogi cal |y acc@pt blge salt thereof may forma pluralf't of crystals
(crystal pol ynorphs) dlfferlng ininternal structure and DHX§IOCheﬁlca|
properties depending di¥ reaction conditions and crystalllzatlon condi tions.
Each of these crystals or a mxture thereof at any ratio is enconpassed in
t he present(@g¥ ntion. Al so, the conmpound of the general fornmula (1) or the
pharnacolog' %y acceptabl e salt thereof may be present as a mxture of

talli i.d 1 h 2 t th f tio i
envonpassed T i ‘it uent | nidrt ron, “BHeSCT| 857155 TRETCSRCERETOf &
parti cul ar CWSE% banaLol uhe PLagent hyeny! an.! gpreferably ogor more

nore preferably A)or nDre even nor e nore, particularly

pref erabl y 3%y iR 1 mdeq{seécﬁr&rbldé: W%t Pr&adi@lPBlvith a

] The

compound (IV) as a starting material. The olefin of the
obtained compounds (VIIa) and/or (VIib) is reduced to
synthesize a compound.(VIII), and protective groups in
the compound (VIII) can be removed to produce a compound

(I

o

).
[0

2N
AV

[

The Knoevenagel condensation is, in this case, a
reaction through which a compound (V) having active
methylene and the compound (IV) having a carbonyl group
are condensed in the presence of an amine catalyst to

form the compounds (VIIa) and/or (VIIb), which are a,f-



- 93 - . In the present invention, the crystals refer to a solid having
t hree-di nensi onal regul ar repeats of atons (or popul ations thereof)
constituting the internal structure and are discrimnated from anorphous
solids, which do not have such a regul & +nternal structure. \Whether a
certain solid is crystalline or not can be exam ned by a well known

crystall ographic nethod (e.g., powder X-ray.crystallography or differential
scanni ng cdrSATEANE S8 IﬁkanﬁFE?r?ﬁéy&§¥98PnO§SPFa P¥ BEBFéRPelCto

powder X-ray crystall ography using X-rays obtained by co r Ka radiation.
The solid Féoﬂbﬁgﬂﬁeﬁg UF%.ﬁg" stafPi SrWhEﬁeau8F§¥Pﬁ€Eg5e peak is
observed in.j ray .di.-ff ragtign. et n, e ' e .anor phous
when a dis?ﬁﬁ%ﬁﬁ gigééﬁhf% néﬁbggégﬁéédaghggéfg?i$kgkggﬁeggegk can be read,
but is not ditghiAetiventepdoqubheopeakni 8ePLOAUL LG8l LdrLsdeter m ned
to be crystals having a | ow degree of crystallinity. Such crystals having a
| ow degr ee tof t@ryFalllowlinyy RIRrereenPassedd.n R tCr ystaal,s vefl .t he present

i nvention. [01991 I n powder 'crystallography using copper Ka rays, a
sanpl e i s wsualoldy i2nr adiratrethansiveC oppan iKa yayhodis , whioch ,Kwloland ,Ka2 rays
are not separated). The X-ray diffraction pattern can be obtained by

anal yzi ng di-f B3ddct iaow der ied 08 78M30he Ka rays, and can al so be obtai ned by
analyzing only diffraction derived fromKul rays collected fromthe
diffracti odlderdilved fromthe Ka rays. In the present invention, the powder
X-ray - 94 - diffraction pattern obtained by Ka radi ati on enconpasses an
X-ray diffracti OR€pYtterd 66E5FHBE by’ anBl $2iAgCarerr actPBATHERI ved from Ka
rays, and an X-ray di.ffraction patte obt ai,ned by analyzing diffraction
derived frdmMKEY §&§C%h&i%9ﬂ%%ﬁ¥ﬁé@ﬁ9 WG DR ﬁﬁn%ﬂﬂ%%rn

obt ol ned, DAL g ALY a5 R st Lred LKA S LP0ceea VPO
met hyl cycl ghexrle) phdmdazal Aodlmeiildyaler ¢ agdl-piol waaesul fonat e
anhydrate of the present invention can be crystals thbltlng mai n peaks at
i nt er pl anar, gpaci ngs 1¢)0f 23.% a%%'%nﬁéu s ot udar@ld 348 ANgsELguE, in a
powder X-ray diffraction pattern obtained by copper Ka radiafion, for
exanpl e, asyshawe,i Bokig eckhdxQ2@)] potassilpearbotiast ales athe
(2S)-5-am no-2-1[ 1-(trans-4-

met hyl cycl dhidoeylcpnlHel miseaz @ls 4- Ylalseet hilteaheticeag| dapbakaenastl f onat e
nonohydrate of the present invention can be crystals exhibiting main peaks
at i nter pl asarl , $paliangy i vofl 22..9,. 03 udde4-9,-ehe7, (DD 410 angstrons in a
powder X-ray diffraction pattern obtained by copper Ka radiation, for
exanpl e, a$T3iEdRylieAimegiey e [WE2O2En comblimatienpeidér Xthdyrdi ffracti on
pattern of Figure 1 or 3 below, the ordinate represents diffraction

intensity [FEGGRtASecoRdCEEPLST, tard e rasddicdsa Inepredisitexyethane,

dimethyl sulfoxide, acetonitrile, or the like can be used

as a solvent. The reaction temperature may be selected
as a temperature appropriate for the substrates, and the
reaction can be performed at -78°C to under reflux
conditions. |
[0132]

The reduction reaction is, in this case, a reaction
through which the compounds (VIIa) and/or (VIIb) are
hydrogenated to the compound (VIII) using.a heterogenous

catalyst. For example, water, methanol, ethanol, ethyl



diffraction angles 20 (degrees). Mreover, the - 95 - interplanar spacings
d (angstrons) can be cal cul ated according to the fornula 2dsin0 = nX
wherein n = 1. In this fornula, the wavelength X, of the Ka rays is 1.54
angstrons, and the wavel ength k of thetKalF rays is 1.541 angstrons. The
positions and relative intensities of peaks at the interplanar spacings d
can somewhat var de endlerq%I on ne sure nt conditions, etc. Thus, the

|dfent|ty of® acar St a & oGt ea(fa?ppiroolpqnattelylvmth
reference t %J]"l‘,’{?r?dce?:%nt lﬂj/oj ap%ﬂ%ﬁ{a%ms a%]%’}{%%?)(iﬁgﬁﬁﬂ nar

spacings d s |g romth’e expect ed ones Ther mal
anal ysis ( ) il g 5)’@? ?EQ:@ ct r np.at a
heat i ng ra;%grg‘vlnolékn%in I%chagne% ?%tar am o dg %? Phe ?3%n:étrarﬁogen [ 0204]
A phar maceufditla £masidiy@t cont ai ning the conpound of t he present
i nvention represented by the general formula (1) or the pharmacol ogically
accept abl e gal33t hereof can be prepared according to various formnulation
met hods usual |y used by sel ecting an appropriate preparation according to
an admi ni strati Ghenptroadctf@208foups an@hehehar nepeuvtiecali ooorpesiatsi on
conprising the conpound of the present invention represented by the general
formul a (I)dQﬁCIt%CbHd‘r sl Wstiical 1R essesptlabl e salt thereof as a princi pal
i ngredient, vvhen adm nistered to a mammal (particularly, a human), can be
adm ni stere[cp 4196 - system cally or locally through an oral or parenteral
route. [OZOGQ Ies of oral fornms of pharmaceutical drugs include
1l

tabl et s, rsOd%kPé}sp Yisrulds, capsul es, soI utions, suspensions,

enul si ons syru irs The farns phar ceutl cal _drugs are

usual l'y prepar egﬁss%g%ﬁﬁgﬁémceutl gal%%e l% §|e |oﬁné78nt Xl ﬁﬁmt ﬁ@ 8orrpound of-

the present, Agi Ay nepresent elqolaymt g%vq)ecréesrsa,l for rrul a (I) or the

phar macol ogi c accept atﬁ € sal't ther as a principal ingredient m xed

wi th phar rrllaﬁgtgg caI | y acceptabl e additives such as diluents, excipients, or
carriers. The preparation of the pharmaceutical conposition can be

per fornmed goeoamnding 320 a conventional nethod using pharmaceutically

acceptabl e diluents, excipients, or carriers, or other additives

appropriately selected according to need from ar bi t rary approprgate

phar maceutl cal Iy accept abl eq\bjgflgrson di sintegrangs, |ubricant S, L swel l'ing

agents, L1ing aids, oatz NDehABAGH S 7~ \astl ci ;Lers stabiljz

anti septy, ogu da , cofle@r'?nng age AS0oFubl | i zi ng age g\g’ s’Espendi ng
agents, erl st.sa?Vr U%A Sweerener s, pr‘eg’e‘(e/\arlvés uff hunect ant s,

and so on.

(Xa)

ﬂm “W

’ Reduction reaction

Hydrolysis

A o ZTF ——
N’ \NMOH (deprotection)
N 1

1 [0136]
wherein A, Rl, and R’ are as defined above; PG* represents
a hydrogen atom or a protective group for the amide
. group; and Z represents an oxygen atom or a methylene

group.



[ 0207] Exanpl es of parenteral forns of pharmaceutical drugs include
i njections, ointnents, gels, creans, poultice, patches, aerosols,
i nhal ants, sprays, eye drops, nasal drops, suppositories, and inhal ants.
These fornms of - 97 - pharmaceutical difugs are usually prepared as .a
pharmaceutical conposition containing the conmpound of the present invention
represented by the general formula (1) or the pharmacol ogically acceptable
salt thereof as ESrAAECHAC ildgredehtt GORERUN H lgHacREc &Gt i cal |y
accept abl e additives ,such a iluents,. excipient or_ carriers. The '
prepar ati o 9t THe phar naar(’:e%tcfoclalrecao%%q ﬁrg‘% aca(iékbye({ﬁfbtrlf% med A8t ding to
a conventi I i r eut. i y cep I id.uents
exci pi ent s%rp%@éﬁgr@%%eﬁgdﬁéfﬁé ggbg)r'op?iﬁgt gjll%fslél g%t gge
accor di ng 19, (eacd raMmAnhldd s APRIPRI ate, Phat macetdgald y accept abl e
stabilizers, antiseptics, solubilizing agents, hunectants, preservatives,
anti oxi dantsynfl@y0i$,a GRlriddch@gent)s, et aldZidiragentisyq.sol piid i zi ng
agents, buffers, tonicity agents,' surfactants, coloring agents, buffering
agents, thitckensssuceved tasigpaagentsicfillers, absorption pronoters, |
suspendi ng agents, binders, and so on. [0208]. Exanpl es of references
on the pharifec®utically acceptable excipients can include "Handbook of
Phar maceuti cal Excipients, 2nd Edition, (1994), Edited by A Wade and P.J.
Wl ler". [0209] Examplegbrodokére, peaxdesitey cofyrogoerfencédeopntilge group
pharmaceutically acceptable carriers or diluents can include "Rem ngton's
Phar maceut i dal t8i e N dack Pt s Bor L ( AR ®3Hnaro Rafid~ 1985)". -
98 - [0210] The canmpqund of the present inventiaqn represented by the
general T orfTILHYTC Y Lhe PHAF OO BgTeat 1P HECRpSENE s 11 (ol can be
used in coqpin%gion wi th an additi%ga rug. The drugs. t hat can be used in
er

I
conbi nati on %IP .%ﬁ?9$q¥ﬂﬂqﬁﬁfgﬁﬂj cogaﬁﬁgntgf(ﬁEFFgﬁiﬁ?shgﬁarln,

| ow- ol ecul ars wel gity heRard i cant] ty Al 4Iugs, & é‘%ifo 4gs,, ete. ),

antiplatel et drugs (aspirin, ticlopidine, clopidogrel, asugrel,

phosphodi es{,ef Agg. idFidH T OF Sy, Elifud, BNZYNES, relaled @ falninol ysis (tPA,
genetically nodified tPA, plasm nogen activators such as uroKi nase,

st rept oki naseyarpl @SEYGheddiGs ) (1 90Y)i Can&eredr ugs. 1 antind sfd @mamtory drugs,
antifibrotic drugs, hypotensive drugs, anti-pul nonary hypertension drugs,
and i mmunoSulpjs essi ve drugs. [0211] The dose of the conpound of the
present invention represented by the general formula (1) or the

phar macol ogi cal Iihecacdeptlalrleecsalon tilser eof tdiifsf ersedependiang iom synpt ons,
age, body weight, the kind or dose of the drug to be adm nistered in

conbi nat i orFRHEFEW KL Clettdie WP corpowril fCHHRCTpFes eprmpivietht i on
represented by the general formula (lI) or the pharmacol ogically acceptable
salt ther ed1q st EPRROH DhdrradEitital 2 dFriPIor tHe WUt BytAed ts dose

ranges from 0.01 ng to 5000 , preferably 0.1 to 1000 ny, nore
pref erabl y 1 fif o 26 g, ? i%gea Ao iN=a| apesrtr%ﬂﬂ tPFSF %7 PG he

amount  of tguﬁfﬁ§g¥g¥¥£§ggo§y¥jcompound. For exémple, a.carbonate
of an alkali metal or alkaline-earth metal (e.g., sodium.
carbonate or potassiuﬁ carbonate}, an alkali metal
alkoxide (e.g., sodium ethoxide or potassium butoxide),
an alkali metal hydroxide (e.g., sodium hydroxide or
potassium hydroxide), an alkali metal hydride (e.qg.,
sodium hydride or potassium hydride), or an organic metal

base such as alkyllithium (e.g., n-butyllithium),

dialkylaminolithium (e.g., lithium diisopropylamide), or



- 99 - ranges fromO0.001 ng/kg to 100 ng/ kg, preferably 0.005.ng/kg to 20
ng/ kg, nore preferably 0.01 ng/kg to 5 ng/ kg of the conpound (1) in terns
of the body weight. This daily dose is adm nistered systemcally or locally
t hrough an oral or parenteral route ong& every few days or at one or
several dosages per day or continuously adm' nistered to veins for a

duraton L aGLNG FEATE o, L0 128,104 5l Sat JEG0USL 19,99 Y dose
He f b |1 ith
o Ale P L b s bedepslton 1y win

Exanpl es. Ilzgy(\pr , pry isnvent io tQthe t hods by
any means. [Oz\fgiarb%% Thg%gjg%blo s%'r} %dl%rncé%ldtmct %%l élr;cd %E)FJQJI\EE in the

Exanpl es neaini1'd)Ucle@ata hRaetirG o, ewmm&g%e%p@gtfrd&m&m@e,ms spectrometry
spectrunt, "high-resolution mass. spectronetry spectruni, and a

"1 ow r esol uliicahoyes hsPpeGt aet Mt xspeciolumnt respeets winy belhggdtdso of

el uting solvents described in chromatographi c separation/purification

repr esent s a neglaimenr atoloenin| eSseotrherwise spepeteédreThent eens inside the
par ent heses of 1H NMR" represent assay solvents, all of which used TM5
(t et ramet hpgidcarigitas van 7isi€etnakosnandapdraturg00 - Multiplicity in

1H NMR neans s=singlet, d=doublet, t=triplet, g=quartet, menultiplet, and
br=broad. N$¥edMer, in the present specification, the follow ng

abbrevi ati ons were ysed 0214] CDCl1 deut erat ed_chl or of or QD:

deut er at ed nethgh8|Heﬁ@dr%ﬁ%ﬁy}raﬁsagon ?s reactgon through SE?ch

a hydroxy group in the PB-hydroxycarbonyl compound
obtained by the aldol reaction is treated with
methanesulfonyl chloride or bénzenesulfonyl chloride or
the like at -78°C to 50°C in the presence of
triethylamine in an inert solvent and then further
treated with a base to form a compound (X). Examples of
the. inert solvent include: alkyl halide solvents such as
dichloromethane, chloroform; and carbon tetrachloride;
ether solvents such as tetrahydrofuran, 1,2-
dimethoxyethane,  and dioxane; aromatic solvents such as
benzene and toluene; and amide solvents such as N,N-
dimethylformamide, N,N-dimethylacetamide, and N-
methylpyrrolidin-2-one. In addition to these, sulfoxide
solvents such as dimethyl sulquide and sulfolane, ketone
solvents such as acetone and methyl ethyl ketone, or
acetonitrile, or the like may be used in some cases. The
base is preferably an organic base such as pyridine, 2,6-
lutidine, collidine, 4-dimethylaminopyridine,

~triethylamine, N-methylmorpholine, diisopropylethylamine,



Et: ethyl group; tBu: tert-butyl group; Boc: tert-butoxycarbonyl group;
Cbz: (benzyl oxy)carbonyl group; TBDMS: tert-butyl (dinmethyl)silyl group;
TBDPS: tert-butyl (di phenyl)silyl group. [0215] [Reference Exanple 1]
tert-Butyl 5-[(tertbutoxycarbonyl)amnéd-2-(diethoxyphosphoryl)val erate
[0216] [Formula 40] Boc \-0 \COCIBu | 1 [0217] tert-Butyl

di et hyl phosphonoacet ate (20.0 el di ssolved in tetrah¥drofuran (500 n).
To .the soltitef-d1az C-YClO 4 Jundec-7-ene (DBU

dehydration reaction may proceed under the aldol reaction
conditions in some cases.
[0140]

The reduction reaction can be performed according to
the method described in Production Process 2.

[0141]

The hydrolysis.is a reaction through which the
lactam ring of the compound (XI) is acid—hydrol?zed to
obtain the compound (Ic). Examples of the specific
reaction conditions include heating to reflux using
concentrated hydrochloric acid. See the following
reference: J. Org. Chem., 1996, Vol. 61, p. 4990.

[0142]

When PG* is a protective grouﬁ for the amide group
that may be deprotected under acidic conditions, the
deprotection reaction can also be achieved under the
coﬁditions shown above. When it is a proteétive group
that cannot be deprotected under acidic conditions,
reagents or conditions may be selected according to the
protective group. Examples of references thereon can
include Green, T.W., Wutz, P.G.M.[ Protective Groups in
Organic Synthesis (1999), Brd Ed., Wiley-Interscience.
[0143] |

The compouﬁd (IX) can be produced by well known
reactions using a commercially available or known
substance. The production can be achieved with reference

to, for example, Org. Lett, 20098, Vol. 11, p. 5410.



sodi um hydride (63% 3.32 g) was added at 0C, and the m xture was stirred
at 0OC for 15 mnutes and at roomtenperature for .1 hour. A solution of
tert-butyl (3- bronopropyl)carbanmate (20.0 g) in tetrahydrofuran (20 nL)
was slowly added thereto at roomtenpenature, and the mxture was stirred
at roomtenperature for 18 hours.. To the reaction solution, saturated
aqueous ammoni um chl ori de was added, and organic matter was extracted with
ethyl acetdt®44the organic | ayer was washed with saturated sodi um chl ori de
solution, then dried over anhydrous sodiumsulfate, and filtered, and The
sol vent wast fdi499I&P dFgomTer? f educed pressure to obtain a crude product.
Thi s crude prodyct was purifi%? b% silica %gl cql utm c¢hr omat ogr.aphy

(el uting sol venteh&ERAREPEChYI) afdt &06=PrE Ty HYES AR FF & n the
title conpqun 26.6 g). 1H NVR (,CDC13) 6: 1.31-1.36 (6H, m, 1.44 (9H, m,
g on i Loy S R U et 1 % 88 (T a9
22.9, 10.7, A qHz), 3.06-3.18 (2H, m, 4.10- 4.18 (4H m), 4.58 (1H br).
[ 0218] [ Reference Exanple 2] tert-Butyl
5-[(tertbut?%ygﬁﬁgpnyﬂ)anino]-2-(1H—inidazol~4-y|nethyl)valerate [ 0219]

[ Formul a 41 COOx Bu [0220] To a solution of the conpound
(8.35 9) ile (100 n.), 1, 8-

di azabi N oride (1.30 g) were

oht ai ned in Reference Exanple 1 in aceton
.4.0]undec-7-ene (4.58 nL) and lithi

added att rdonjtenpergiye. To this Buspeatdinon, 5 Br
1-trityINIH/m I -catpaldehyde (6.90 g) was wdded, M Xpur e
oom3’enperature—TMe sol vent wak-gf StX oPG*

was stirred ove@g‘
under reduced pre the residue, ethyl acetate and a })%Riggeous
citric acid were added. is solution was separated i nto aqueous and
organi c | ayers. Thegx“fhe organi c | ayer was washed with saturatﬁglzodium
chl oride sol ution, sat’'urated aqueous sodi um bi carbonate, and sa P ted

sodi um chloride solution in this order. The organic |ayeprcyas dried over
anhydrous sodiumsulfate to obtain a mixture of tert-butyl N-PG’

(2E)-5-[ (tertbut oxycar bonyl ) ami no] -2-[(1-trityl-1Hi mi dayfoj -4- | Alkylation

yl ) met hyl ene] val erate and tert-butyl SN

(22)-5-[ (tertbut oxycarbonyl )anmi no]-2-[(1-trizyl-1H i mi dazbl - 4-

yl )nmet hyl ene] val erate (11.3 g). This m xture was suspenq§ﬁ9in met hanol (500
m). To this suspension, 10% palladi umcarbon catalyst (hydrated, 4 g) was
added, and the m xture was skﬁgred at roomtenperature for 3 dayEG\

—D2
@\ { S Deprotection gN PG
3 N -
OSSN @N VAN
\N . O\ 3
~ R'RO ' PG

R' R°0O
(id) (XV)

[0146]
wherein A, R', R®, R’, PG!, PG® and PG’ are as defined
above.

A compound (XII) is brominated to synthésize a
compound (XIII), and a compound (XIV) can be alkylated
with the compound (XIII) as an alkylating agent to

synthesize a compound (XV). Protective groups in the



- 103 - under a hydrogen atnosphere. The catalyst was filtered off, and the
filtrate was concentrated under reduced pressure. The residue was purified
by silica gel chromatography (eluting solvent: nethylene

chl ori de/ met hano1=9/1) to obtain the-tvile conpound (5.60 g) - 1H NWR
(CDC13) 6: 1.41 (9H s), 1.44 (9H, s), 1.48-1.57 (3H m, 1.57-1.66 (1H,
m, 2.58-2. 8(i %273 1Hde-147 5.3 Hz), 2.89 (1H, dd, J =
14.7, 8.4 Ca §Wﬁ2 H%@@@ﬁ Ea@7be removed to Pproduce a

compound (Id).
[0147]

The bromination reaction is a reaction through which
the a-position of a carbonyl group in the compound (XII)
is selectively brominated to obtain the compéund (XITII).
For this purpcse, the compound (XII) can be temporarily
converted to silyl enol ether and then treated with
bromine or N-bromosuccinimide (NBS) to obtaiﬁ the
compound of interest. The pfoduction can be achieved
with reference to the following document: Tetrahedron
Asymmetry, 1995, Vol. 6, p. 2291.

[0148]

The alkylation reaction is a reaction through which
the compound (XV) is formed from the compound (XIV) and
the compound (XIII) as an alkylating agent, for example,
in the presence of a base. Acyclic, cyclic, or aromatic
hydrocarbons or a polar,aprétic solvent, for example,
tetrahydrofuran, N,N-dimethylformamide, or d}ethoxyethane,
or a mixed solvent thereof can be used as a reaction
solvent. For example, an organic base such as pyridine,
2,6-lutidine, collidine, 4-dimethylaminopyridine,
triethylamine, N-methylmorpholine, diisopropylethyiamine,
or 1,8-diazabicyclo[5.4.0]Jundec-7-ene (DBU) can be used
as a base.

[0149]
The protective groups and their deprotection are as

described in Production Process 1.



(1H, br s), 6.79 (1H, s), 7.54
5-[(tert-Butoxycarbonyl)am noj - 2-

(1H, s).

[ 0221] [ Reference Exanple 3]
(met hoxycar bonyl )val eric acid [0222]

[ Formul a 42]

HOOC COOME [ 0223]

To di et hyl

mal onate (102 m.), a.

solution of sodi um net hoxide in nethanGRk ¢28%

room

90.4 nlL) was added at

, t enperature,

and the m xture was stirred at 60C for

30 m nutes.

The white

suspensi on

(3-bronopro ar bamat e

The compound

(XIV)

¥€&¥®ooled to roomtenperature. Then, tert-butyl

car. be produced by well known

reactions using a commercially available or known

substance.
[01351]
[Production Process 5]

The compound

(IV),

an intermediate of the compound

of the present invention, can be produced, for example,

by the following process:

[0152]

[Formula 34]

- Reduction, N
o Cyclization [ Oxidati { A
A xidation A
( A > 1 (\\)“N N — "C‘m‘,ﬂ
~TNHy <y ~cooE N T
(xvhy on o0 (Xviin {iva)
Xy
Rie-Mm
/A> Oxidation { a ) :
A a )
e p{,:\%\r‘w K../"N’“y_ R'2
N ey g,
(IVb) (XiX)
[0153]

wherein A is as defined above; R'®

alkyl group;

A compound (XVI)

represents a Cl to C6

and M represents Li or MgBr or the like.

that 1is commercially available or

is synthesized using a well known method can be reacted

with a compound (XVII) (Liebigs Annalen der Chemie, 1979,

p. 1444) for construction of an imidazole ring to

synthesize a compound

(XVIITI).

The production can be



- 104 - (106 g) was added thereto at once, and the m xture was stirred at
roomtenperature for 12 hours. To the reaction solution, water was added,
and organic matter was extracted with diethyl ether. The organic |ayer was
washed with a 1 N aqueous sodi um hydroxgde and saturated sodi um chl ori de
solution in this order, then dried over anhydrous sCdium sul fate, and
filtered, and the solvent was distilled off under reduced pressure to
obtain a C@&ﬂ?ﬁﬁﬁﬁhﬂﬂtQﬁrQﬁQﬁﬁqﬂﬁ to the following document: Org.
{3-[(tertbutoxycarbonyl)am no] propyl | mal onate. The obtained ester (94 @)
was dissolJéﬁan%ﬁgyhaﬁ%ﬁ“(fOOHﬂg.l%%rthe solution, a solution of lithium
hydr oxi de gﬁﬂﬁﬂydrate (13.6 g) in water (300 nm.) and nethanol (300 nL) was
added at 0C, & d the m xture was stirred at roomtenperature for 15 hours.
Met hanol was di stil Led off qu u FeSSur or, ic matter was
extracted with etﬁyP a@et%ﬁegggﬁﬁhﬁgdﬁggﬁﬁéﬁi§ga§F8%?%801%@? %ﬂs added to
the aqueous,dquery J1idiIedPy-Lxidaddd Qs Wd lstdy Ihapstal 8., The organic

| ayer was washed wi th saturated sodi um chl oride sol ution, then dried over

anhydrous sofimmsdildais, and dhid taretrand dhesdaenrhamsdi still ed of f
under reduced pressure to obtain a crude product. This crude product was

purified by:ssidizal dgeltaduml adinamtegapdoudelautdangp aoldrefitva )net hyl ene
chl ori de-net hyl ene chl ori de/ net hano1=10/1) to obtain the title conpound
(69.1 g). Exah@bles I NVR (CERELU3)hBiridedd (dHdan]ithiao: B16MiRH, n), 1. 86-
2.01 (2H, m, 3.07-3.20 (2H, m, 3.43 (1H m, 3.77 (3H, s), 4.64 (1H, br).
[0224] | Ref & Ersten E;@d}@@ forohydride, sodium bis(2-

1- (trans-4- Met hyl cycl ohexyl ) - 1H m dazol e- 4- car bal dehyde [Step 1] Et hyl

1- (t r ans- 4TRRIRAVEFAGhEEAYRITET RYfaZeiSed-akt R34 4t 9 ri%eor mul a 43]

N COOEt 226] . . Ethyl 3-(di nethylam no)-2-isocyanoacryl ate (Liebigs
Annal en dEa ‘bﬁlé{rﬁdéa,t%’?@gtﬁ‘pdl&ﬁ%wn( 1%52{%3 %ﬁs’ Id]i'ses%/r! ved i léa}tl(or!" 9
trans-4- nEtElydrg&I{j{.'cPahceixcynl ar’gd'g;_,n( Soa([c%,?dagc)i’ona‘nCﬁ“EI Sxo:Lléjattlioor}l ,Wabsessst—I rred at 70C

for 4 hours. € reacdtion solution,” sdturated agueous ‘amoni um chl ori de

was added, spén_qn i Bl erppas, I ed W t tat.e.  The organic
layer was drie q{)\%{ld;anﬁﬁ’ourrs sodﬁ?gnﬁogau JTeog]t’e Ma%gf%f}%ae?ogggaaat‘r?@q{'he sol vent
was distillgdofd jundercdreduceddy essue 4,0 Lhtalid raidde Rredyct. This
crude product was purified by silica gel - 106 -

them, TEMPO oxidation is preferable.. The production can

be achieved with reference to the following document: Org.
. Lett. 2003, Vol. 5, p. 285.

[0155]

Alternatively, the compound (XVIII) can also be
converted directly to the compound (IVa) by performing
the reaction at a low temperature using an appropriate
metal hydride. 1In this case, examples of the metal

-hydride include diisobutylaluminum hydride.
[0156]

The obtained compound (IVa) can be treated with an
organic lithium or organic magnesium compound R'@-M to
obtain a compound (XIX). Examples of the organic lithium

compound or the'prganic magnesium compound can include:



col um chromat ography (eluting solvent: hexane/ethyl acetate=2/1-1/2)to
obtain the title conpound(1.90 Q).

1H NVR(CDC13) 8: 0. 96(3H, d, J=6. 6Hz) , 1. 13(2H, ), 1.39 (3H, d,J
=7.0Hz),1.47(1H M, 1.68 (2H m, 1.88 (2H- m), 2.12(2H, m,3.91(1H tt,J=
12.1,3.9 Hz), 4.36

an alkyllithium such as methyllithium, ethyllithium,
normal propyllithium, normal butyllithium,
isobutyllithium, sec—butyllithium, tert-butyllithium,
normal pentyllithium, isopentyllithium, and
neopentyllithium; and an alkyl magnesium such as methyl
magnesium bromide, ethyl magnesium bromide, propyl
magnesium bromide, isopropyl magnesium bromide, normal
butyl magnesium bromide, isobutyl magnesium bromide, sec-
butyl magnesium bromide, tert-butyl magnesium bromide,
and methyl magnesium iodide. Aromatic hydrocarbons (e.g.,
toluene or benzene), linear or cyclic aliphatic
hydrocarbons (e.g., propane, butane, pentane, hexane,
heptane, or cyclohexane), or an ether solvent (e.qg.,
diethyl ether or tetrahydrofuran), or the like can be
used as a reaction solvent. The reaction temperature is
preferably -78°C to room temperature. From the obtained
compound (XIX), a cbmpound (IVb) can be produced by an
oxidation method known in the art. PCC oxidation, PDC
oxidation, Swern oxidation, TPAP oxidation, or the like
may be used as an oxidation method. For example,
carbonyl can be syn&hesized from ailcochol through an
oxidation reaction based on TPAP ox:dation with reference
to Synthesis, 1994, p. 639.
[Q157]
[Production Process 6]

Of the compounds (I) of the present invention, a
compound containing a prodrug group introduced therein

can be produced by the following process:



(2H, q,J=7.0Hz),7.54(1H,s), 7.66(1H, s). [0227] [Step 2]

[ 1- (trans-4- Met hyl cycl ohexyl ) - 1H i m dazol - 4- yl ] nmethanol [0228] [Formula
44] [ 0229] Li t hi um al um num hydri de (92% 0.31 g) was suspended in
tetrahydrofuran (6 nL). The conpound-( %550 g) obtained in Step 1 of this
Ref erence Exanple was dissolved in tetrahydrofuran (6 ni), and this

sol ution was slomﬁy added dropwi se to the suspension at 0C. After stirring
at 0C for -Bol¥ih utes the reaction solution was diluted with diethyl

et her, and atura_]t gueous sodium sul fate was added thereto. After
stirring at rature for 1 hour, the formed inorganic salt - 107 -
was renoved by filtration t §ough celite. The filtrate was concentrated
under reduced pressure to og ain a crude product. This crude product was
washed with a nL§ed solveqt wb2he§%mﬁnand ethyL\acetate (Eﬁ ¥ to obtain the

( \ ection
A ~ RS e
\\_,.//l\ N '\\>\ R?'\\[ 0 . - N ,/g' R3J/
L\. _7<,, \n,‘ \PGS . / \ > ’ \PG"
N AN ey K ?
R'R"O R'R
(i (XX}
Rfa.oH | Conversion of
or amino group to
2 ! prodrug
H H
"""" N-poa : - N-gpa
N L Deprotection / \
(,A l . <R SOV A I NS RS
\-\__'_-ﬁ N ‘A'\\\;N\R.;’\[\ 'OH . \\_// be "‘\/ R l O‘_ R
KT N K Y PG
R R? O R'R2 O :
Conversion of (i€} xxy
carbo rou ™
to p)r(gdgrug P \ Conversion of Rf-QOH
S aminogroupto  or "
R4 OH N_  prodrug ROLLGY . 2
o N (s \
-LG* H o
= N.ca §>\7/ OH
o { R1 R'?
( A \ 3 R5 ’
\\ N }‘\ \ﬂz Rda
R'R20
{If)
[0159]

wherein A, RY, Rz, R3, R°, PG, PGZ, and PG’ are as defined
above; R* and R®® represeht prodrug groups; and LG' and
LG* repfesent leaving groups.

The protective group for the amino group in the
compound (III) obtained by Production Process 1 can be
removed to obtain a compound (XX). The amino group of
the compound (XX) is converted to a prodrug to synthesize

a compound (XXI), and the protective group for the



title conpound (1.09 g). 1H NMR(CDC13) 8: 0.95(3H, d,J=6.6Hz),1.04-1.17(2H,
m,1.44 (1H, m, 1.59-1.73 (2H,mM,1.81-1.89(2H, nm), 2.04-2.13 (2H, m,
2.78(1H, br),3.84(1Htt,J= 12.1,

- 76 -

carboxy group in the compound (XXI) can be removed to
pfoduce a compound (Ie) in a prodrug form.
[0160]

Moreover, the compound (Ie) may be produced directly
by converting the compound (Ia) to a prodrug.
[0lol]

The carboxy group §f the obtained compound (Ie) can
further be cohverted to a prodrug to produce a compound
(If). ’

[0162]

For the protective groups and their deprotection,
protective groups as described in Production Process 1
may be selected, and reagents or conditions appropriate
for each protective group may be selected for the
cleavage (deprotection) of the protective groups.

[0163]

The conversion of the amino group to a prodrug is a
reaction through which the compound (XXI) is obtained by
a condensation reaction of the compound (XX) and a
compound R®*-OH. Any condensation reaction used in usual
peptide synthesis can be used. Examples of a condensing
agent include N,N'-dicyclohexylcarbodiimide (DCC), 1-
ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochlo:ide
(EDC-HC1), 4-(4,0-dimethoxy-1,3,5-triazin-2-yl)-4-
methylmorpholinium chloride hydrate (DMT-MM), (1H-
benzotriazol-l-yloxy)tris(dimethylamino)phosphonium
hexafluorophosphate (BOP), and 1-

[bis (dimethylamino)methylené]-1H-benzotriazolium-3-oxide



3.9Hz), 4.59 (2H, s),6.91 (1H,s),7.49(1H, s). [0230] [Step 3]

1- (trans-4- Met hyl cycl ohexyl )-1H i m dazol e- 4- car bal dehyde [0231] [Fornul a
45] CHO [0232] The conpound (1.04 g) obtained in Step 2 of this
Ref erence Exanpl e was dissolved in tel Géne (10 nL). To the solution, a
solution of sodium bicarbonate (1.35 g) in water (5 nL), iodine (2.72 @),

and 2, 2,0, G Lol UYLl byl oxy (54, ) e adgd T this”ordr.
achieved with reference to, for example, Tetrahedron,
2004, vVol. 60, p. 2447.
[0164]
In another method of the conversion of the amino
group to a prodrug, the compound (XX) and an active ester
compound Ré2-1,G* may be condensed to obtain the compound
(XXI). Examples of LG' include p-nitrophenyloxy,
pentafluorophenyloxy, and chloro groups. A method for
the condensation reaction of a carboxylic acid and an
active ester used in usual peptide synthesis can be
used.
[0165]
The compound (Ia) can also be condensed with R%-0OH
or R®*-1LG! in the same way as in the method above to
directly produce the compound (Ie).
[01l66]
The conversion of the carboxy group to a prodrug is
a reaction through.which the compound (Ie) and an alcohol
compound R®-OH are condensed to obtain the compound (If).
N,N'-dicyclohexylcarbodiimide (DCC), N,N'-
diisopropylcarbodiimide (DIC), or the like can be used as
-a condensing agent. The reactivity is improved by adding
in advance a catalytic amount of 4-dimethylaminopyridine
(DMAP) to the system.
[0167]
In another method of the conversion of the carboxy

group to a prodrug, the compound (Ie) and a compound R*®-



- 108 - for 2 hours. To the reaction solution, saturated aqueous sodi um

t hi osul fate was added, and organic matter was extracted with ethyl acetate.
The organic | ayer was dried over anhydrous sodiumsulfate and filtered, and
the solvent was distilled off under redéiced pressure to obtain a crude
produc:”. This crude product was purified by silica gel colum

h t Lutin I ; - / I te=1/1-1/ bt ai

chr o ograghy (gluti g S0/ Xe9L; besangial acetal LIl ko obtaln
1.09-1.19 (i dMaonkA8 drkHt dobtlk 189 -th/ = drgddu - (2687 3,931G2H M,
2.11-2.18 (2H ), 3.95 (1iH tt, J = 12.2, 3.9 Hz), 7.62 (IH s), 7.68 (1H,

s), 9.87 (Hdses) -edd3Hs diRefEr eneevbxanplie ahd bromo roups.
1- (trans-4- Et hyl cycl ohexyl)-1H m dazol e- 4- car bal dehyde FSt ep 1]

[ 1- (4- Et hylrxytad rotexiwtg v H-d nudazn] i-4-ad {dred drenolo f 2341 ddtasImul . A6]
[ 0235] Et hyl 3-(di net hyl am no) - 2-i socyanoacrylate (2.00 g). was
di ssol ved iR1*408045H;cyt| Biergbadine r(:l; 3% g)sedrns tR8-LG”. Water,
tetrahydrofuran, N,N-dimethylformamide, or diethoxyethane,
or the like, or a mixed solvent thereof can be used as a
reaction solvent. For example, a carbonate of an alkali
metal or alkaline-earth metal such as sodium carbonate,
sodium bicarbonate, potassium carbonate, or potassium
bicarbonate can be used as a base.
[0168]
[Production Process 7]
Of the compounds (I) of the present invention, a
compound containing a prodrug group introduced therein

can be produced by the folldwing method:

[0169]



- 109 - solution was stirred at 70C for 4.5 hours. To the reaction

sol ution, saturated aqueous anmmoni um chl ori de was added, and organic matter
was extracted with ethyl acetate. The organic |ayer was dried over
anhydrous sodium sulfate and filtered, 78nd the solvent was distilled off
under reduced pressure to obtain a crude product. Lithium alum num hydride
(92% 0.490[%% ﬁ@s ;(L]%s]pended in tetrahydrofuran (12 nmlL). The produced crude
product was &Y in tetrahydrofuran (12 nlL), and this solution was
slowy added dropwi se to the suspension at OC. After stirring at OC for 30
m nutes, the reaction sol Lﬁ‘%‘on was diluted with diethyl egher, and
saturated aqueous sodi um gukfate was added thereto. Af t ek sgirring at room
t enperat ure, fory 1 hour, ﬂ\he or mwegrotdtfio an alt was riendved by filtration
t hr ough cel{ é.){l’h/g f&g)[rrd%"se was—eencent r at éd junder r ged pressure to
obtain a crute” pr"{gd}ag;\. P@%m ude product™was 'ﬁg?)i\i;i’;ed oy silica gel

col umm chr omat ograrb'hw qehuting solvent: nethyle 'CH‘{ ni de- net hyl ene

chl ori de/ nethano1=9/1) to0 obtain the title compound® (1935 g, diastereoneric
m xture, trans:cis=4al). 'HNWR (CDC13) 8. 0.91 (Op6#hy t, J = 7.0 Hz), 0.92
(2.4H t, J =7.0 Hz), 1.01-1.13 (1.6H m, 1. 16zl A0ComeRbn o), 1.50-1.97
(5H, m, 2.07-2.15 (1.6H m, 3.85 (0.8H tt, J ="12 darbcdyQyrdip) , 3.99
(0.2H, tt, J =8.6, 4.3 Hz), 4.59 (1.6H, s), 4. QQL(S 4t prédrug6. 91 (0. 8H,

s), 6.94 (0.2H, s), 7.49 (0.8H, s), 7.53 (0.2H, 's)~” [023@);' - 110 - [Step
2] 1-(trans-4-Ethyl cycl ohexph) - 1H-i m dazol e-4- "car bal dehyde [0237] [ Formul a
47] CHO [ 0238} Thesjgorrpomaﬂro(ehtiﬁm g}ﬂ tained in(StBp 1 of this

Ref erence Exénpl @ was di kved ul_LQLuenek(AO m). To solution, a
solution of s ,j.ﬂhmbkc»&jiongte (1.21 g) in \\L/atx)éw’&gkikﬁ_ﬁ,- odine (2.19 q),
and 2,2,6,6- tetratgyhy(-NF pifPeridinyl oxy (75 ngkeKe ‘}a’i?d@ﬁ in this order,
and the nixture was st é&d at roomt enperature f orR1% Gours. To the '
reaction solution, sapgrated aqueous sodi um thiosulfaje was added, and
organic matter was extracted with ethyl acetate. The organic |ayer was
dried over anhydrous sodiumsulfate and filtered, and the sol vent was
distilled off under reduced pressure to obtain a crude product. This crude
product was{quwdlfied by silica gel columm chronmatography (eluting solvent:
hexane/ ethyl acetate=2/1-1/1) to obtain the title m, 3.95 (1H tt, J
=12.1, 3.5wiRrein 62 ®H, RS),RY. 69°( 1R, $G', 987, (BE, ®)d LG° are as

defined above.

The protective group of the carboxy group in the
compound (IiI) obtained in Production Process 1 can be
removed to produce a compound (XXIT). Subsequently, a
prodrug group is introduced to the carboxy group of the
compound (XXII), and the protective group of its amino
group can be removed to produce a compound (Ig) in a
prodrug form.

[0171]

For the protective groups and their deprotection,

protective groups as described in Production Process 1

may be selected, and reagents or conditions appropriate



[ 0239] [ Reference Exanple 6]

1- (3-Et hyl cycl obutyl)-1H i m dazol e4- car bal dehyde [ Step 1] Benzyl
(3-ethylcycl obutyl)carbamate [0240] [Fornula 48] N-Cbz [0241]

3- Et hyl cycl obut anecar boxylic acid (1:6%0g) was di ssolved in tol uene (20
mL), and diisopropyl ethylam ne (5.32 nL) was added thereto. The solution
was heated t tQ %%%9 g%e%tgplut&%me%égé@pe@prhzégp%%%lt@glde (3.09 nm) in

t ol uene (15 L) Was P to over mnutes.” After stirring
at 100C for. ut l\cohol, (1. S and the m xture
was furtherl%?y%?%d gﬁpf%% lO%fS%EI%S%E tﬁ%%?ﬁg%fﬁgﬁﬁghlutlon was :
cool ed. A Q47N aqueous sodlunlhydrOX|de was added thereto, and organic
matter was extracted with ethyl acetate. The organic |ayer was dried over
anhydrous sodi umhsutbatverandnf bkt enedcaapdxi/hgrsapvest awasodiayi thad of f
under reduced pressure to obtain a crude product. This crude product was
purified byesiderdargeld withlZeferenden techrdrmtreghaphyie(selrifuenyg isol vent :
hexane/ et hyl acetate=20/1-10/1)-to obtain the title conpound (1.81g,

di ast er eongrricclugtiitom &roaeass:tci s=1:1). 1H NVR (CDC13) 8: 0.78 (1.5H, t, J
= 7.4 Hz), 0.81 (1.5H, t, J =7.4 Hz), 1.38 (1H, dg, J = 7.4, 7.4 Hz), 1.46
(1H, dq, J 21734, 7.4 rz) 1.31-1.42 (2H, n), 1.89-2.03 (2H, n), 2.41-2.54
(1H, n) 4.00 (0.5H, , 4.23 0 5H m, 4.75-4.90 (1H, br), 5.06 (2H, s),
7.22-7.40 (%ﬁodﬁftlfﬁszPﬂ?§Fe

[1-(3- Ethylcycl89ugxé) 1H—|n1gaz?E 46¥|ngthan0| 0243 LFgE?uga 49] OH

compoun resent Inventi
compound containing a prodrug group introduced therein
can be produced by the following method:

[0174]



. [ 0244] The conpound (1.81 g) obtained in Step 1 of this Reference
Exanpl e was di ssolved in nethyl acetate (7 mL). To the solution, 10%

pal | adi um carbon catal yst (hydrated, 100 ng) was added, and the m xture was
stirred at roomtenperature for 8 hourglunder a hydrogen atnosphere at
normal pressure. After filtration through celite, the filtrate was
concentrated under reduced pressure to obtain a crude product of

3- et hyl cycl OBUi™Hahi hel. This crude product and ethyl 3-(dinethyl anino)- 2-

- 113 - isocyanoacrylate (650 ng) were mxed and stirred at 75C for 10 hour
in a sealed tube. To the reaction solution, saturated agqueous amoni um
chloride was added, and organi g natter was extracted with ethyl acetate,N_

The organic Layer was dried gver?anhydr §%9{%n1sulfz’- and flltere?I:anB
t he sol vent | stilled off upder re a&E pressure. SI due was
sifti

purified by a gel col@m thonatogr elutlng -wt exan /etﬁyl
acet at e=1/ 1-\ t &l oy ai nlet hyly 1- CET§FWW7iRﬂTﬁRny1)- .
1H i m dazol e- 4-car | at’e. 245] L|th|un1alun1nun1hydr¥qq (92% 80 R
my) was suspended in tetghhygrofuran (4 mL). To this suspension, arR5olQtion
of ethyl 1-(3-ethylcyclobutyl)-1Him dazol e-4- carboxylate in
tetrahydrofuran (5 nL) @s sl owly added dropwi se at OC. Af er-stirr@ﬂb at
0C for 30 mnutes, the reaction solution was diluted witW diethyl ether,
and saturated aqueous sodiu | fate was added thereto,/ After stirring at
roomtenperature for 1 hour, Ithe forné®VABIYHRi ¢ salt” was renoved by
filtration through celite. Neﬁ@ﬂtrate'ﬂ&@“@oncent ated under reduced
Pressure to obtain a crude |product. _This crude pregduct was purified by
silica ge chroma hy (el uting sol vent : met hyl ene

chl ori de-n ¢ ~h|or|de/nethanol 5/1) to obtain the title conpound (119

ny, diaster--nerng :cis=1:1). 1HNWR (CDC13) 5: 0.86 (1.5H,
t, J = 7.4 H) N(15Ht :74Hz)148(1H dq, J = 7.4, 7.4 Hz),
1.56 (1H, - 114 - Ry =07 4 7.4 Hz), 1.84-1.93 (1H, n), 1.96-2.08
(0.5H, m, 2 20- 2. 32 (Qoay . 2.39-2.49 (1H, m), 2.59-2.67 (1H, 1), 4. 38
(0.5H, tt, 9.4, 7 4.59 (1H, s), 4.60 (1H, s), 4.63 (0.5H, tt, J

=7.8, 7.4 Ft) 6.93 (0. 5H s), 6.98 (0.5H, s), 7.46 (0.5H s), 7.49 (9.5H
s). [0246] [Step 3] 1-(3-E%m¥Icyclobutyl)-lH—inidazole-4- car bal dehyae-R®
[ 0247] [ Fornul a 50] 2 .

Conversion to
prodrug
Rs N NN R3 N
s Loy O

Y

\< N
NRTR 0 R' RO
(id) . | (1)
PG\
- N-PG*  Conversion to
Zj—jg prodrug
N
3
@N WR
\ O.pg?
== A\ | PG
N A,
R' RO



CHO [0248] The conpound (119 ng) obtained in Step 2 of this Reference
Exanpl e was dissolved in toluene (5 nL). To this solution, a solution of
sodi um bi carbonate (166 ng) in water (4 nL), iodine (305 ng), and 2,2, 6, 6-
tetramet hyl -1 - pi peridinyloxy (11 ng)-weEe-added in this order, and the
m xture was stirred at roomtenperature for 12 hours. To the, reaction
sol ution, S@ﬁﬁﬁﬁted aqueous sodi um thiosul fate was added, and organic
matter was racted with ethyl acetate. The organic |ayer was dried over
anhydr ous §91E%g}§ggf%@e gnd jl%@reg; apd the §8hvep%z@$§i$k§tgkged of f

! ta 1 ct.” Thi

under reduced pressure to - 115°-"obtain’‘a cfude produ s crude
product vas, PWddiiedy by sid 1 ¢a GalqLolat Gr gpmt g9r apbynfel yting sol vent:

hexane/ et hyl acetate-1/1-1/2) to obtain the title conmpound (115 ny,

di ast er eomg{j&-d¥est Wiem idS teingokish)y. 1H NVR (CDC13) 8: 0.86 (1.5H, t, J
= 7.3 Hz), 0.90 (1.5H, t, J = 7.3 Hz),” 1.44 (9H, s), 1.51 (1H, dq, J =7.4,
7.4 Hz), 1.59 (2Hcoflgoudd=(Th4, of. 41H3) inla8prdd2dg( Edrmmtan20@4- 2. 13
"(0.5H, m, 2.28-2.38 (1.5H, m, 2.42-2.52 (1H, m, 2.66-2.75 (1H, m, 4.48
(0.5H, tt, pkcadEdl fhdh Hompon ((CAH, ™IXIW ,= (LB, &t HXKXV)7.i58 (0. 5H,
s), 7.61 (0.5H, s), 7.69 (0.5H, s), 7.74 (0.5H, s), 9.87 (0.5H, s), 9.88
(0.5H, s). He249ng Referende Bramplat ikn Process 6 or 7.
1-(3-thhy|%yclobutyl)-lHinidazole-4-carbaldehyde [0250] [Fornula 51] N
CHO [0251] [0176] The title compound (9.1 ny, diastereoneric mixture,
.trans:cis=1:1) s obtained from 3- nethylcycl Gouta rboxylic acid (1.70
5 Tnihe sane Wip GOTPRURET 4KE0s ERAMEIE Gonponna’ 1R be actd {

produced by introducing.a protective group to the
synthetic intermediate compounds or final products
exemplified in Production Processes 3 and 4.
[0177]_

[Production Process 9]

[0178]

[Formula 38]

PG’
PG
) : PG PG
L6% wvip \ &
’ “PG? _ ~pGe
. Alkylation . Hydrolysis
pgi-° Ospgo = . R R
TfAjf . 0 0. 4 HO 0. 4
o 0 PG PG PG
0 0 0 0

(XXVI) (XXVILT) W

[0179]
wherein R5, PGl, PG2, and PG’ are as defined ébo?é;.and
LG® represents a leaving group.

The alkylation reaction is a reaction through which

malonic acid diester (XXVI) is alkylated in the presence



- 116 - 1H NMR(CDC13)5: 1.18 (1.5H, d,J-6.6Hz),1.27(1.5H, d,J =6.6 Hz),
1.93 (1H, m), 2.22-2.32(1.5H, n),2.46- 2.60 (1.5H m),

- 83 -

of a base using a compound (XXVII) that is commerciaily
available or can be produced by well known reactions.

For example, an alkali metal hydroxide, an alkali metal
hydride, a carbonate of an alkalil metal or alkaline-earth
metal, or an alkali metal alkoxide (e.g., sodium
carbonate, potassium carbonate, sodium ethoxide,
potassium butoxide, sodium hydroxide, potassium hydroxide,
sodium hydride, or potassium hydride), or an organic
metal base such as alkyllithium (e.g., n-butyllithium),
dialkylaminolithium (e.g., lithium diisopropylamide), or
an alkali metal base of bissilylamine (e.g., lithium
hexamethyldisilazide) can be used as a base. Furthermore,
examples of LG® can include: halogeh atoms such as
chlorine, bromine, and iodine; and alkylsulfonyloxy or
arylsulfonyloxy groups such as mesylate, tosylate, and
triflate.

[0180]

The hydrolysis is a reaction through which the

compound (XXVIII) is hydrolyzed in the presence of a base
.to produce the compound (V). Examples of the base can
include an alkali metal hydroxide such as lithium
hydroxide, sodium hydroxide, and potassium hydroxide. A
protic solvent (e.g., methanol, ethanél, or water), an
aprotic ether solvent (e.g., tetrahydrofuran, dioxane, or
1,2-dimethoxyethane), or a mixed solvent of two or more
thereof combined at any ratio can be used as a reaction
sélvent.

[0181]



2.74 (1H, n), 4.46(0.5H tt,J =9.4, 7.4Hz),4.79(0.5H tt,J = 7.8,7.4Hz),7.58
(0.5H, s), 7.61 (0.5H, s), 7.70 (0.5H,s),7.73(0.5H,s), 9.87

- 84 -

The compound (VI) can be produced by well known
reactions using a commercially available or known
substance. The production can be achieved with reference
to, for example, J. Med. Chem., 2007, Vol. 50, p. 6095.
[0182]

[Production Process 10]
[0183]

[Formula 39]

Pe!
Noe 1
H RS “pGe
Aldol reaction
M O\PG3
' R R0
(Xlla) (XXX)
Dehydration
reaction
A
N\ 2
PG
1) Reduction
2) Deprotection | R®
: NN
e \QN O\PG3
' R" R0 .
. (IJ) . (XXX|)

[0184]
wherein A, RY, R?, R®, PG!, PG®, and PG® are as defined

above.



(0.5H, s), 9.88 (0.5H, s). [0252] [Reference Exanple 8]

1- (trans-4- Hydroxycycl ohexyl ) - 1H m dazol e- 4- car bal dehyde [ Step 1] -
[1-(trans-4-{[tertButyl (di met hyl)silyl]oxy}cycl ohexyl)-1Him dazol - 4-

yl ] met hanol [0253] [Fornula 52] TBDMs 85 f£0254] Et hyl

3- (di met hyl am no) - 2-i socyanoacryl ate (300 ng) and trans-4-{[tert-

butyl (di net hyl ) silyl]oxyl cycl ohexyl am ne (Synthetic_Comuni cati ons, 1990,
Vol . 20, p. 107%3) cprPeshg) (éfe) nPred2ar@BPiPred &t %858 for 12 hours. To

t he reactio% s%%§;k93¥)satur%&ﬁg agqueoqus %ﬁnnqi%plchuijde %ﬁiiadded, and
organi ¢ mattE SES T &t & i Cﬁﬁ%c&ﬁ@ Ufite @ COpPPY

(XXX), and the obtained compound (XXX) can be subjected

to dehydration reaction to produce a compound (XXXI).

Subsequently, the olefin moiety is reduced, and the

protective group can be removed to produce a compound

(I3).

[0185]

The aldol reaction 1is, in this case, a reaction
through which the compound (XIIa) as a CH-active compound
and the compound (XXIX) containing a carbpnyl group are
bonded to each other in the presence of a strong base to
form a compound (XXX). For example, a carbonate of an
alkali metal or alkaline-earth metal (e.g., sodium
carbonate or potassium carbonate), an alkali metal -
alkoxide (e.g., sodium ethoxide or potassium butoxiae),
an alkali metal hydroxide (e.g., sodium hydroxide or
potassium hydroxide), an alkéli metal hydride (e.g.,
sodium hydride or potassium hydride), or an organic metal
base such as alkyllithium (e.g., n-butyllithium),
dialkylaminolithium (e.g., lithium diisdprépylamide), or
bissilylamine (e.g., lithium hexamethyldisilazide) cah be
used as a strong base. Acyclic, cyclic, or aromatic
hydrocarbons, alcohols, or a polar aprotic solvent, for
example, tetrahydrofuran, N,N-dimethylformamide, or
diethoxyethane, or a mixed solvent thereof can be ﬁsed as
a reactidn solvent. The reaction temperature is

approximately -78°C to room temperature.



organic |l ayer was dried over anhydrous sodiumsulfate and filtered, and the
sol vent was distilled off under reduced pressure. The residue was purified
by silica gel columm chromatography (el uting solvent: hexane/ et hyl
acetate=4/1-1/1). Lithium alum num hydgkde (92% 105 ng) was suspended in
tetrahydrofuran (8 nlL). The produced crude product was dissolved in
tetrahydrofuran (6 mb), and this solution was sl oWy added dropwi se to the
suspensi on [&183G. After stirring at OC for 1 hour, the reaction solution
was diluted with diet ether and saturated agueous S dlUﬂ]SU fate was

added theretF EFFePe§§?Fd ganfFfPSGﬁPPeﬁpﬁ?aFShEtﬂﬁp F HSEthWIé or med
T
Lgﬁégﬁ?iétéﬁwﬁé’i&i%ﬁf@dﬁ&' RSB AN R DI OThi & or ude
2.1
Foobt ai nwf‘??e S s dareoe mh I chdbs B 0 Us o o) 0. b0
9H, , 1. 4. 05
(i . 298t & D%%%%E‘ﬂf’%% et ek &% -""281@ '

1-(trans-4- &[QRPEBHEYkQQ'H?EQ¥hL%'B¥|k9{¥kﬁ EQH%éYHh 1H iipedazol e- 4-
car bal dehyde [0256] [Formul a The conpound

(260 ng) obicdivead iandSteenl f@j‘rﬁm;xs ﬂ%@‘a&f@hmtﬁxempjase/\a& dicasolaved in
toluene (10 nL) and nethylene chloride (1 nL). To the solution, a solution
of sodi um hiaardormat X210 ngxaRpiesmedl thien inetrér sE8 vieh), incdiude:(370 ng),
and 2, 2,6, 6-tetranet hyl -1-pi peridinyloxy (15 ng) were added in this order,
and the m adne wes ists racddredtt  gotaht erfperedthitleforchiomigigas. To the

chloroform, and carbon tetrachloride; ether solvents such
as tetrahydrofuran, 1,2—dimethoxyetﬁane, and.dioxane;
aromatic solvents such as benzene and toluene; and amidé
solvents such as N,N-dimethylformamide, N,N-
dimethylacetamide, and N-methylpyrrolidin-2-one. 1In
addition to these, sulfoxide solvents such as dimethyl
sulfoxide and sulfolane, ketone solvents such as acetone
and methyl ethyl ketone, or acetonitrile, or the like may
be used in some cases. Pyridine, 2,6—lutidihe, collidine,
4-dimethylaminopyridine, triethylamine, N-
methylmorpholine, diisopropylethylamine, or 1;8—
diazabicyclo[5.4.0]Jundec-7-ene (DBU) can be used as a
base. In some cases, the dehydration reaction may
proceed during the aldol reaction.
[0187]

The reduction reaction can be performed according to.
the method described in Production Process 2. The-
protective groups and theif deprotection can be performed

according to the method described in Production Process 1.



" reaction solution, saturated aqueous sodiumthiosul fate was added, and
organic matter was extracted with ethyl acetate. The organic |ayer was

dri ed over anhydrous sodium sul fate and filtered, and the sol vent was
distilled off under reduced pressure-té70btain a crude product. This crude
product was purified by silica gel columm chromatography (eluting solvent:
hexane/ et hyl acetate=2/1-1/1) to obtain the title conpound (258 ng). - 119
- [Step 3]TPE @FHREIME HyldroxSAY AoRBRAYCaH § 1T a2 AP X Dal dehyde

[0259] [Formm%ri&m(eg%;geﬁ%o%a%o The conpound (540 ng) obtained in

Step 2 of thi ef i 'ssol ved in tetrahydrofuran (8 nL) To
this sol utigﬁ, sol ution of tetrabutylammonium fluoride in tetrahydrofuran
(L.OM 2.6 rﬁ_@ was added, and the m xture was stirred at room tenperature

for 8 hours. Towhhe EEACLLARCSALYL Ib@N.i ntalat %ﬁ: %%%%fi‘rh%d%%‘%‘%@i ym chl ori de

was added, and organic matter was extracted with ethyl acetate. The organic

layer was diHeast A Qusssdidimsuld ate and fdddered, (ang. the sol vent

was distilled off under reduced pressure to obtain a crude product, This
crude producte m@si quimd fiigd nhiyktdird s banaad sdden gl 160l 3R edvedrat ogr aphy
(eluting solvent: 'hexane/ ethyl acetate=1/1-ethyl acetate) to obtain the
title conpourd (5 iy .approk20 at <l MR {:CREL3t Bre InGRi yrthregsude 78 ( 2H,
m, 2.11-2.25 (4H, m, 3.76 (1H m, 4.03 (1H m, 7.63 (1H, s), 7.68 (1H,
s), 9.87 (Whramatduzei]y,[ Réflérerce Heaanplke 9}sing an-optically

1- (4- Hydr oxy- 4- met hyl cycl ohexyl )- 1H i m dazol e-4-carbal dehyde [ Step 1]
Benzyl = ( 4- R 0% -ABthyATydioheksa ) car bamat e [ 0262]

[0189]

_Wheﬁ the compound of the present invention
represented by the compound (I) or a pharmacologically
acceptable salt thereof, or a production intermediate
thereof has asymmetric carbon, their optical isomers are
present. From these optical isomers, each isomer can be
separated and purified by a conventional method such as
fractional crystallization (salt resolution) usiﬁg
recrystallization with-an appropriate solvent or column
chromatography. Examples of references on a method of

" resolving racemic mixtures into optical isomers can
include J. Jacques et al., "Enantiomers, Racemates and
Resolution, John Wiley And Sbns, Inc."

[0190]

The cycloalkyl-substituted imidazole derivative of
the present invention has excellent TAFIa inhibitory
activity and has good oral absorbability, excellent

disposition such as retention in blood and metabolic



[ Formul a 55] OH N-Cbz [0263] Benzyl (4-oxocycl ohexyl)carbamate (2.00
g) was dissolved in tetrahydrofuran (15 nL), and ceriumchloride (5.98 @)
was added thereto. The reaction solution was cooled to -78C. Then, a
solution of nethyllithiumin diethyl -egber (1.6 M 15.2 nlL) was added
thereto, and the m xture was stirred at -78C for 1 hour and at 0C for 3
hours. To the reaction sol ution, saturated a(%ueous ammpni um chl ori de was
added, and Tragini - Yrataed i eSafeiot ed Thierls Terisy | theetcaca oatte lor gani ¢

| ayer was dried over nh drous sodiumsulfate and filtered, and the sol vent

was di stil IStPoF¥E lé%ﬂfé&c? pdree@s‘iﬁ’tel‘fﬂ obtlaih RESTe lﬁ’r‘éﬁfuclton Thi s
crude product was. Ul’lfled b %9 ol um qchronato raphy. (el uting
solvent: -T2TS Yedhd &t ahceé‘ltaﬁ [ BT P ObtH ast er eomeric

ML UL O el e SUMAI GRS O R s MR, 61123

(3H s), 1. 44-
angina pectoris, acute coronary syndrome, cerebral

infarction, deep vein thrombosis, pulmonary embolism,
péripheral arterial occlusion, sepsis, disseminated
intravascular coagulation syndrome, pulmonary fibrosis,
or the like. Moreover, it is usefgl as a therapeutic
drug for a thromboembolism-derived disease. Furthermore,
it is useful as a pharmaceutical drug for improving the
functions of an organ after transplantation. The
compound of the present invention is also useful as a
therapeutic drug for coronary arterial diseases after
surgery (percutaneous transluminal coronary angioplasty),
transplantation or replacement of a vascular substitute
{autologous or artifiéial blood vessel), or
restenosis/reocclusion caused by stent implantation.
Moreover, it 1is useful for the prevention of thrombus
formation caused.by a vascular catheter (indwelling
catheter for dialysis), an extracorporeal blood |
circulator, and the coating of an artificial blood vessel
or the filling thereof with a TAFIa inhibitor solution,
and for the promotion of thrombolysis. It is also useful
as a therapeutic drug for atherothrombosis or fibrosis
(lung fibrosis such as chroniclobstructive pulmonary
disease, fibrosis after ophthalmic surgery, etc.).

[0191]



M, 1.81 (2H m,3.48 (1H,n), 4.65 (1H m,5.08 (2H, s), 7.29- 7.41(5H m).
_89_

The compound of the present invention represented by
the general formula (I) has a basic group such as an
amino group and can therefore be made into an acid-
addition salt with a pharmacologically acceptable acid.
Examples of such a salt can include: hydrohalides such as
hydrofluoride, hydrochloride, hydrobromide, and
hydroiodide; inorganic acid salts such as nitrate,
perchlorate, sulfate, and phosphate; lower
alkanesulfonates such as methanesulfonate,
trifluoromethanesulfonate, and ethanesulfonate;
arylsulfonates such as benzenesulfonate and p-
toluenesulfonate; organic acid salts such as acetate,
malate, fumarate, succinate, citrate, tartrate, oxalate,
and maleate; and amino acid salts such as.ornitate,
glutamate, and aspartate. Hydrohalides or arylsulfonates
are preferabie; hydrochloride, benzenesulfonate or p-
toluenesulfonate is more preferable; benzenesulfonate or
p-toluenesulfonate is even more preferable; and p-
toluenesulfonate 1is particularly preferable.

[0192]

Moreover, the compound représented by the general
formula (I) has an acidic group such as a carboxy group
and can therefore form a base-addition salt, in general.
Examples of the pharmacologically acceptable salt can
include: alkali metal salts such as sodium salts,
potassium salts, and lithium salts; alkaline-earth metal
salts such as calcium salts and magnesium salts;

inorganic salts such as ammonium salts; organic amine



[0264] [Step 2] Ethyl

1- (4- hydr oxy-4- net hyl cycl ohexyl ) - 1H m dazol e- 4- car boxyl ate [ 0265] [Forrrul a
56] N COCEt [0266] The conpound obtained in Step | of this Reference
Exanpl e was di ssolved in ethanol (12-nB).-To the solution, 10%

pal | adi um carbon catal yst (hydrated, 400 ng) was added, and the m xture was
stirred at roomtenperature for 15 hours under a h drogen at nosphere at

normal pres&ure SAT“therasf |qjtbreé7ﬁyc}r?“’tlﬁ)reo@1lt(§el |“f%miche”¥6i 155 dt%e vvas

concentrated un er.r educ%ﬂﬁr ess%r e to cht ain.a cr ugje]gr oduct

4- ani no- 1- et & Diex & Sor SaubH S St |

3-(di hyl d d t
(di met hy hﬁ%é@yf%%%c%%ﬁ%ann%%ﬁ y; at ﬁﬁgrﬂ%rat e& m xed and stirred a

75C for 8 hours e reaction <Solu dqueous - 122 -

anmoni um cmﬂrétdmm@ed%%qtsan%mgﬁmm%ﬁ@ Mas extracted with ethyl
acetate. The organic |aver was dried over anhydrous sodium sul fate and

filtered, andydiensalvent nasdisd,i N af ofifhdmdere igducedRigssure. The

residue was purified by silica gel col um chromat ography (el uting sol vent:
hexane/ et hydalacst atiesttabodtdnineaceilatss) N-oatdai-N-a(xH ast ereoneric m xture
of the title conpound (462ng, trans: cis=1:3).
1H NVR( CDCE8)51 VL3 h(aX 25 ig)e, k5a34 F,0.0A5d rs)zink 3G 1YBH, t, J
tetramethylammonium salts, and
tris (hydroxymethyl)aminomethane salts; and amino acid
salts such as arginine salts.
[0193]

The compound of the present invention represented by
the general formula (I) or the pharmacologically
acceptable salf thereof may be present in a free or
solvate form. These solvates are also encompassed in the
scope of the present invention. The solvate is not
particulaily limited as long as it is pharmacologically
acceptable. Specifically, hydrates, ethanolates, or the
like are preferable; and hydrates are more preferable.
Moreover, the compound of the present invention
represented by the general formﬁla (1) containé a
nitrogen atom. This nitrogen atom may be in an N-oxide
form. These solvate or N-oxide forms are also
encompassed in the scope of the present invention.

[0194]

The compound of the present invention represented by

the general formula (I) or the pharmacologically

acceptable salt thereof, anc the production intermediate



=7.0 Hz),

(2H, M, 3.93(0. 75H,tt, J = 12.2,3.9 Hz), 4.06(0.25H m, 4.12 (0.5Hq,J

1.52-1.70(2H, m), 1.77-1.96 (4H, n), 2.08-2.19

_91_

of the compound of the present invention can ipclude
various isomers such as geometric isomers (e.g., cis and
trans forms) and optical isomers (R and S forms),
depending on the kinds or combinations of substituents.
The compound of the present invention encompasses all of
these isomers, stereoisomers, and even mixtures of these
isomers and stereoisomers in any ratio, unless otherwise
specified.

[0195]

Moreover, the compound of the present invention or
the pharmacologically acceptable salt thereof can also
contaln non-natural ratics of atomic isotopes of one or
more of the atoms constituting such a compound. Examples
of the atomic isotopes include deuterium (2H), tritium
PH), carbon-13 (BC), carbon-14 (“C), nitrogen-15 (HN),

chlorine-37 (ﬁCl), and iodine-125 (l%I). Moreover, the

compound may be labeled radioactively with a radioisotope,

for example, tritium (°H), iodine-125 (*?°T), or carbon-14
(**c). The radioactively iabeled compound is useful as a
therapeutic or preventive agent, a research reagent, for
example, an assay reagent, and a diagnostic agent, for
example, an in-vivo diagnostic imaging agent. All the
isotoﬁic variants of the compound of the present
invention are encompassed in.the scope of the present
invention, regardless of being radiocactive or not.
[0196]

Fﬁrthermore, the present invention also encompasses

a "pharmaceutically acceptable prodrug compound" that is

70



Hz),4.36 (1.5H, q,J =7.0 Hz), 7.57 (1H,s),7.68 (0.25H,s),7.70 (0.75H, s).

[0267] [Step 3] 1-(4-Hydroxy-4-nethylcycl ohexyl)-1Hi m dazol e- 4-
car bal dehyde [0268] [Forrmula 57] OH N CHO [ 0269] Li t hi um al um num
hydride (92% 60 ng) was suspended in ®Bezrahydrofuran (5 nL). To this
suspensi on, a
 converted through reaction with an enzyme, gastric acid,
or the like under physiological conditions in vivo to the
compound {I) serving as an active ingredient of a
pharmaceutical composition of the present invention, i.e.,
a compound that is converted to the compound (I) through
enzymatic oxidation, reduction, hydrolysis, or the like,
or a compound that is converted to the compound (I)
through hydrolysis or the like caused by gastric acid or
the like.
[0197]

The compound of the general formula (I) of the
present invention or the pharmacologically acceptable
salt thereof may form a plurality of crystals (crystal
polymorphs) differing in internal structure and
physiochemical properties depending on reaction
conditions and crystallization conditions. Each of these
crystals or a mixture thereof at any ratio is encompassed
in the present invention. Also, the compound of the
éeneral formula (I) or the pharmacologically acceptable
salt thereof may be present as a mixture of crystalline.
solids and amorphous solids. A mixture thereof at any
ratio is_encompassed in the present invention.
Specifically, the content of a particular crystal form of
the present invention is preferably 50% or more, more
preferably 80% or more, even more preferably 90% or more,
particularly preferably 95% or more, most preferably 97%
or more.

[0198]



- 123 - solution of the conpound (455 ng) obtained in Step 2 of this

Ref erence Exanple in tetrahydrofuran (5 nm) was slowy added dropw se at
OC. After stirring at OC for 4 hours and at roomtenperature for 30

m nutes, the reaction solution was dil%3ed with diethyl ether, and
saturated aqueous sodium sul fate was added thereto. After stirring at room

t enperat ure forll hour, the {orned I horganpjc salt s reppved by filtration

Lhrough cel it 6, DTRE TiPTTATA: whk! CONEORT r AP EdCRUBF T eliteel pPefsure. The
bt ai ned , i I [ I |_ar.i_d d

obt alned cuidsapraducl s dlssalyedob mahybene At Lde (A and

stirring atorogaLlLeaReEaLULERE 15 BoWRS « kN8 g RRIARE $@ht was renoved
by filtration through celite. The filtrate was "concentrated under reduced

pressure t@trehtauRcaagludecPHodRet ni Rt ClirHde RreFptbusasuidsf,i ed by
silica gel colum chromatography (eluting solvent: hexane/ethyl

acet at e=1/ ¥hethyboaeetaheyct eueht ai regudiaastiereomani ¢tructwre .of the title
conmpound (300 ng, trans:cis=1:3). 1HNWR (CDC13) 8: 1.32 (2.25H, s), 1.36
(0. 75H, s)Whethér 3. ZBrt2Hn mplid. 18- 2r@8tE4ARing or2nbt- 2a23be2H, ), 3.97
(0.75H, tt, J = 12.2, 3.9 Hz), 4.10 (0.25H, n), 7.66 (1H, s), 7.72 (0.25H,
s), 7.75 (&xaBineg) bygag@ge(ld. KoHWnsFrygLei logr2mHicsnether7dk - 9-Ref er ence

Exanpl e 10] 1-[exo-Bicyclo[2.2.1] hept-2-y1]- 1H i m dazol e-4-carbal dehyde -
124 - [SteBOYFeEtﬁyFay crystallography or differential scanning

L] exg bl cvchol2. 2 Lhept ;2; v1) - f dazol e 4; car boxyl gt g [0271] [ Forml a
subjected to powder X-ray crystallography using X-rays
obtained by copper Ko radiation. The solid is determined
to be crystalline when a distinctive peak is observed in
its X-ray diffraction pattern, or determined to be.
amorphous when a distinctivelpeak is not observed therein.
When the peak can be read, but is not distinctive (e.g.;
tﬁe peak i1s broad), the solid is determined to be
crystals having a low degree of crystallinity. Such
crystals having a low degree of crystallinity are
encompassed in the crystals of the present invention.
[0199]

In powder.Crystallography using copper Ka rays, a
sample 1is usually irradiated with copper Ko rays (in
which Kal and Ka2 rays are not separated). The X-ray
diffraction pattern can be obtained by analyzing
diffraction derived from the Ka rays, and can also be
obtained by analyzing only'diffraction'derived from Kol
rays collected from the diffraction derived from the Ka

rays. 1In the present invention, the powder X—ray'



[0272] " Ethyl 3-(dinethyl ami no)-2-i socyanoacrylate (0.58 g) was

di ssol ved i n exo-2-am nonorbornane (0.46 g), and the solution was stirred
at 150C for 1.5 hours. The reaction solution was purified by silica gel

col uim chromat ogr aphy(el uti ng sol vent: 9dethyl ene chl ori de- nethyl ene

chl ori de/ net hano1=95/5 and ethyl acetate)to obtain the title conpound(0.50
g). 1HNWR(CDC13) 8:1.22-1.37 (3H, m,1.38(3H,t,J=7.1 Hz),1.56-1.65

m, 1. 97-2. ij}ff(rf‘l%tl(qm,PatrF)e,r%thflé?di.%(%,?ﬂqll%tﬁsqﬁ.%'ﬂ?ﬁwasses

2'48(11_1’@%f%&g%ﬁgIﬁﬁgégéépfoﬁlé%%fgé%xgg%afgéd by analyzing

diffraction derived from Ka rays, and an X-ray
diffraction pattern obtained by analyzing diffraction
derived from Kal rays and is preferably an X-ray
diffraction pattern obtained bylanalyzing diffraction
derived from Kal rays.

[0200]

Type I crystals of (2S)-5-amino-2-{[l-(trans-4-
methylcyclohexyl)-1H-imidazol-4-yl]methyl}valeric acid p-
toluenesulfonate anhydrate of the present invention can
be crystals exhibiting main peaks at interplanar spacings
d of 23.9, 11.9, 4.5, 4.3, and 3.6 angstroms in a powder

X-ray diffraction pattern cobtained by'copper Ko radiation,

for example, as shown in Figure 1.
[0201]
Type II crystals of (ZS)—S—amino-Z—{[l—(trans—4—
methylcyclohexyl)-1H-imidazol-4-yl]lmethyl}valeric acid p-
toluenesulfonate monohydrate of the present invention can
be crystals exhibiting main peaks at interplanar spacings
d of 22.9, 5.0, 4.9, 4.7, and 4.0 angstromé in a powder
X-ray diffraction pattern obtained by copper Ka radiation,
for example, as shown in Figure 3.
[0202]
In the powder X-ray diffraction pattern of Figure 1
or 3 below, the ordinate represents diffraction intensity
[count/second (cps)], and the abscissa represents

diffraction angles 20 (degrees). Moreover, the



4.37 (2H, q, J=7.1Hz),7.57(1H,s), 7.67(1H,s). [0273] [Step 2]
1-[exo-Bicyclo[2.2.1] hept-2-y1]-1H i m dazol e- 4- carbai dehyde [0274]
[ Formula 59] - 125 -
- 95 -
interplanar spacings d (angstroms) can be calculated
according to the formula 2dsin® = nA wherein n = 1. 1In
this formula, the wavelength A of the Ko rays is 1.54
angstroms, and the wavelength A of the Kal rays is 1.541

angstroms. The positions and relative intensities of
peaks at the interplanar spacings d can somewhat vary
depending dh measurement conditioné, etc. Thus, the
identity of a crystal form should be recognized
approﬁriately with reference to the whole pattern of a
spectrum, even when interplanar spacings:d slightly
differ from the expected ones.

[0203]

Thermal analysis (TG/DTA) in Figures 2 and 4 was
conducted by measurement at & heating rate of 10°C/min.
under a stream of 200 mL/min. dry nitrogen.

[0204]

A pharmaceutical composition containing the compound
of the present invention represented by the general
formula (I) or the pharmacologically acceptable salt
thereof can be prepared according to various formulation
‘methods usually used by selecting an appropriate
preparation according to an administration method.

[0205]

The pharmaceutical composition comprising the
compound of the present invention represented by the
general formula (I) or the pharmacologically acceptable
salt thereof as a principal ingredient, when administefed

to a mammal (particularly, a human), can be administered



N, | NCHO

[ 0275] | The title conmpound (0.21 g) was obtained fromthe
conmpound (0.50 g) obtained in Step 1 of this Reference Exanple in the same

way as in Steps 2 and 3 of Reference Exanple 4. 1H NVR (CDC13) 6: 1.23-1.41

(3H, m, 1.
2.01-2.07
(1H, s), 7
1- [ endo- Bi
Et hyl 1-[e
[ Formula 6

56- 1. 66 (2H, M. 1.67-1.75 P®1-1, m), 1.75-1.82 (1H m),
(1H m, 2.49 (1H, n), 2 53-2.57 (1H, m), 4.08-4. 12 (lH m,

69 .(1 87 0276] Ref rence Exa
c%slt(e[’rfcfﬁ“f]yheo <c 4 Ha AT &% elcar*bé?acfe era[]St ep 1]
8__‘%(31 Bi cycl of 2. 1] hept 2 yl] 1Hi m dazol e- 4-car boxyl ate [0277]

NNCOOEt - 126 - [0278]
0206 '

Examples of oral forms of pharmaceutical drugs
include tablets, pills, powders, granules, capsules,
solutions, suspensions, emulsions, syrups, and elixirs.
These forms of pharmaceutical drugs are usually prepared

as a pharmaceutical composition containing the compound

of the present invention represented by the general

formula (I) or the pharmacologically acceptable salt
thereof as a principal ingredient mixed with

pharmaceutically acceptable additives such as diluents,

- excipients, or carriers. The preparation of the

pharmaceutical composition can be performed according to
a conventional method using pharmaceutically acceptable
diluents, excipients, or carriers, or other additives
appropriately seleéted according to need from arbitrary
appropriate pharmaceutically acceptable binders,
disintegrants, lubricants, swelling agents, swelling aids,
coating agents, plasticizers, stabilizers, antiseptics,
antioxidants, coloring agents, solubilizing agents,
suspending agenté, emulsifying agents, sweeteners,
preservatives, buffers, humectants, and so on.
[0207]

Examples of parenteral forms of pharmaceutical drugs
include injections, ointments, gels, creams, poultice,
.patches, aerosols, inhalants, sprays, eye drops, nasal

drops, suppositories, and inhalants. These forms of

63



Et hyl 3-(di net hyl am no) - 2-i socyanoacryi ate (0.58 g) and

endo- 2- am nonor bor nane hydrochl oride (0.61 g) were dissolved in n-butanol
(5.8 nL). Then, to the solution, triethylanm ne (0.58 nL) was added at room
tenperature, and the m xture was stirr@d at 150C for 6.5 hours. The

- reaction solution was concentrated and then purified by silica gel colum

chr omat ogr aph (eItun sol vent :_ _hexane/et hyl acetate=50/50-ethyl acetate)
Lo obtain ERETTGE clo(%&mﬂ?dlg(so.afse S U H AV SHA%)28:2 1. 19-1. 71 (7H, m),

1.40 (3H, = 7.1 Hz), _2.27 2.4 60, (LH, M,
4. 38 EZH, ,haﬁlmf Cf%tl%l, %@%%@é’“ﬁ iﬁ“%%“%?%i“ﬁ%o‘@?u’% 65 Et]ﬂr 3
0279] [St - 6o B - 2eyd] s b i 1 dazal er 4-

Sl d[ehygjge[@(?zne]s%][l [ For%ﬁ%%r%,sb%nll\%&?a%l\x ARy LSaIa:rh(eI title
conpound (A% praseiaifedfingmddhe compound (0. 4 9o phigained in Step

1 of this Reference - 127 - Exanple in the sane way as in Steps 2 and 3 of
Ref erence branplipad iHdNR(EERCE)Edl. WiH . 2 A ceutically

acceptable additives such as diluents, excipients, or

carriers. The preparation of the pharmaceutical

composition can be performed according to a conventional

method using pharmaceutically.acceptable diluents,

_ exclpients, or carriers, or other additives appropriately
selected according tc need from arbitrary appropriate
pharmaceutically.acceptable stabilizers, antiseptics,
solubilizing agents, humectants, preservatives,
antioxidants, flavors, gelling agenﬁs, neutralizing
agents, solubilizing agents, buffers, tonicity agents,
surfactants, coloring agents, buffering agents,
thickeners, wetting agents, fillers, absorption promoters,
suspending agents, binders, and so on.

[0208] |

Examples of references on the pharmaceutically'
acceptable excipients can include "Handbook of
Pharmaceutical Excipients, 2nd Edition, (1994), Edited by
A. Wade and P;J. Weller". |
[0209]

Moreover, examples of references on the
pharmaceutically acceptable carriers or diluents can
include "Remington‘s Pharmaceutical Sciences, Mack

Pﬁblishing Co. {A:R. Gennaro edit. 1985)".



m,1.30-1.37 (1H, m), 1.44-1.73 (5H,m, 2.22-2.30 (1H m, 2.45 (1H ),
2.62 (1H m), 4.47-4.53 (1H,n), 7.61 (1H,

- 08 -

[0210]

The compound of the present invention represented by
the general formula (I) or the pharmacologically
acceptable salt thereof can be used in combination with
an additional drug. The drugs that can be used in
combination therewith include anticoagulants (warfarin,
heparin, low-molecular-weight heparin, antithrombin drugs,
anti-Xa drugs, etc.), antiplatelet drugs (aspirin,
ticlopidine, clopidogrel, prasugrel, phosphodiesterase
inhibitors, etc.), enzymes related to fibrinolysis (tPA,
genetically modified tPA, plasminogen activators such as
urokinase, streptokinase, plasmin, etc.), anticancer
drugs, anti-inflammatory drugs, antifibrotic drugs,
hypotensive drugs, anti-pulmonary hypertension drugs, and
immunosuppreésive drugs.

[0211]

The dose of the compound of the present invention
represented by the general formula (I) or the
pharmacologically acceptable salt thereof differs
depending.on symptoms, age, body weight, the kind or docse
of.the drug to be administered in combination therewith,
etc. When the compound of the present invention
represented by the general formula (I) or the
pharmacologically acceptable salt thereof is used as a
pharmaceutical drug for the human body, its dose ranges
from 0.01 mg to 5000 mg, preferably 0.1 mg to 1000 mg,
moré.pfeferably 1 mg to 200 mg, in a single dose per

adult in terms of the amount of the compound (I) and



s), 7.68 (1H, s), 9.89(1H, s). [ 0282] [ Reference Exanple 12]

1- Adamant an- 2-y1- 1H i m dazol e- 4- car bal dehyde [Step 1] Ethyl

1- adamant an- 2-y1- 1H-i m dazol e-4- car t_)o>9<39/I et e
ranges from 0.001 mg/kg to 100 mg/kg, preferably 0.005
mg/kg to 20 mg/kg, more preferably 0.01 mg/kg to 5 mg/kg
of the compound (I) in terms of the body weight. This
daily dose is administered systemically or locally
through an oral or parenteral route once every few days
or at one or several dosages per day or continuously
administered to veins for a duration ranging from 1 hour

to 24 hours per day. Moreover, the daily dose may exceed

the amount above, 1f necessary.

Examples
[0212]

Hereinafter, the present invention will be described
specifically with reference to Reference Examples,
Examples, Test Examples and Preparation Examples.
However, the present invention is not limited to these
methods by any meahs.

[0213]

The symbols "lH—NMR", "MS", "HRMS" and "LRMS" in the
Examples mean a "nuclear magnetic resonance spectrum”, a
‘"mass spectrometry spectrum”, "high-resolution mass -
spectrometry spectrum", and a "low-resolution mass
spectrometry spectrum", respectively. The ratio of
eluting solvents described in chromatographic
separation/purification represents a volume ratio, unless
otherwise specified. The terms inside the parentheses of
"'H-NMR" represent assay solvents, all of which used TMS

(tetramethylsilane) as an internal standard.



[0283] [Formula 62] COOEt [0284] Et hyl

3- (di net hyl am no) - 2-i socyanoacryl ate (0.50 g), 2-am noadamantane (0.54 g),
and n-butanol (2.5 nL) were added and stirred at 150C for 13 hours.. To the
reaction solution, water was added, -andoorgani c matter was extracted with
ethyl acetate. The organic |ayer was concentrated and then purified by

silica gel colunn_chronatograghg (eluting solvent: nethglene chloride- -
128 - net hylverid PdhicditivdeérmenMB 129815 andieghel - acstate)eto obtain the

L1 Somaung (0,20 91 LN (GO 5, 10 (R LD S T2
707 e 8 B L L Scion v fonionies v
[ 0287] abbreviations were used:
[0214]
CDCl3: deuterated chloroform;
CD30D: deuterated methanol;
Me: methyl group;
Et: ethyl group:;
tBu: tert-butyl group;
Boc: tert-butoxycarbonyl group;
Cbz: (benzyloxy)carbonyl group:;
TBDMS: tert-butyl (dimethyl)silyl group;
TBDPS: tert-butyl (diphenyl)silyl group.
[0215]
[Reference Example 1] tert-Butyl 5-[(tert-
butoxycarbonyl)amino]-2-(diethoxyphosphoryl)valerate

[0216]

[Formula 40]

ZL
/

Boc

N—o
N\—o-P" “coors
O
[0217] _
tért—Butyl diethylphosphonoacetate (20.0 g) was

dissolved in tetrahydrofuran (500 mL). To .the solution,



The title conpound (0.15 g) was obtained fromthe conpound (0.37 Q)
obtained in Step 1 of this Reference Exanple in the sanme way as in Steps 2
and 3 of Reference Exanple 4. 1H NVR (CDC13) 8: 1.49-2.10 (12H, m, 2.53
(2H, m, 4.24 (1H, m, 7.74 (1H, s),- @0 {1H, s), 9.90 (1H, s). [0288]

[ Ref erence Exanpl e 13]

1-(trans-4- Phe.noxycycllohexe/l - 1H m dazol e- 4- car bal dehyde [Step 1]

tert-Butyl Sadiaws M PHeroxycyrol cheddy|9)c avdsardded P8 9] °Cl Fongulthes4] N
Boc [0290] . tert-Butyl (cis-4-hydr ox%Cyc,i ohexyl ) carbamate (2.00 g),
phenol (1. I4*Preands ritp pohhi ReT(3>1PigPtRer éndi §$ol¢ed i n

t et rahydr of ur 0.0 . .Then, to,the.sol.utiaon, diisopropyl ,_

azodi car boxty m%t%er(azkélr@-r?ﬁg{r) *vvglsoua‘ddeé 3?(%5%188 é# F5m gglt gr t3ure, and the
m xture wa ' ty 10910 er for 1{]% T acid sol ution
was concen?rrgdgé;%gjﬁtt)h%n ptﬁaﬁgl)e(ﬁy gﬁ)l iolcnaG%e co}lﬁdurrronﬂ&%rgrr_gétdogﬁta)phy

(el uting sqlaent:s ?WW@MI&&%&{ S ULN 2 obid e title
compound (1.80 g). IH NWR (CDC13) 6: 1.20-1.30 (2H, m, 1.45 (9H, s), 1.51-
1.61 (2H, MixthR5-Asledidtedat b Tobdddtum  fdk LB (Hdhrd), 6. 81-6. 95
(3H, m, 7.21-7.29 (2H, m. [0291] [Step 2] trans-4-Phenoxycycl ohexanam ne
hydr ochl or itde [G282]1idrFaraiulta 6H] saturated aqueous ammonium

chloride was added, and organic matter was extracted with
ethyl acetate. The organic léyer was washed with
saturated sodium chloride solution, then dried over
anhydrous sodium sulfate, and filtered, and Zhe solvent
was distilled off under reduced pressure to obtain a
crude product. This crude product was purified by silica
gel column chromatography (eluting solvent: hexane/ethyl
acetate=l/i—ethyl acetate) to obtain the title compound
(26.6 g).

'H-NMR (CDC13) &: 1.31-1.36 (6H, m), 1.44 (9H, m), 1.48
(9H, m), 1.51-1.59 (2H, m), 1.78-2.00 (2H, m), 2.83 (1H,
ddd, § = 22.9, 10.7, 4.4 Hz), 3.06-3.18 (2H, m), 4.10-
4.18 (4H, m), 4.58 (1lH, br).

[0218]

[Reference Example 2] tert-Butyl 5-[(tert-
butoxycarbonyl)amino]-2-(lH-imidazol-4-ylmethyl)valerate
[0219]

[Formula 41]



NH2 HClI - 130 - The conpound (1.80 g) obtained in Step 1 of this

Ref erence Exanpl e was dissolved in ethyl acetate (18.0 nmL). To the
solution, 4 Mhydrochloric acid/ethyl acetate (18.0 nmL). was added at room
tenperature, and the m xture was stifredzfer 1 hour. To the reaction

sol ution, hexane (18.0 nlL) was added, and the precipitated solid was then
collected by filtration and shed with a m xed sol vent of hexane and et hyl
acetate (50:50) to obtain tﬁ?atitle conmpound (1.01 g). 1H NWR (CD30D) 5:
1.48-1.61 (4H, m, 2.07-2. e nm, 2.18-2.25 (2H, n), 3.13-3.21 (1H, m, .
4.28 (1H, m, 6.87- 6.94 (3H, E$5C7.21-7.28 (2H, m. [0294] [Step 3] Ethyl
1-(trans-4-phkroxycyclohe yl ) - 1H m dazol e- 4- car boxyl ate [0295] [ Fornul a 66]

[ 0296]

.
N

[0220]

COOtBu

To a solution of the compound (8.35 g) obtained in
Reference Example 1 in acetonitrile (100 mL), 1,8-
diazabicyclo[5.4.0]Jundec-7-ene (4.58 mL) and lithium
chioride (1.30 g) were added at room temperature. To
this suspension, l-trityl-1lH-imidazole-4-carbaldehyde
(6.90 g) was added, and the mixture was stirred overnight
at room temperature. The solvent was distilled off under
reduced pressure. To the residue, ethyl acetate and a
10% aqueous citric acid were added. This solution was
separated into aqueous and organic layers. Then, the
organic layer was washed with saturated sodium chloride
solution, saturated aqueous sodium bicarbonate, and
saturated sodium chloride solution in this order. The
organic layer was dried over anhydrous sodium sulfate to
obtain a mixture of tert-butyl (2E)—5-[(terﬁ—
butoxycarbonyl)amino]-2-[(1-trityl-1H-imidazol-4-

yl)methylenelvalerate and tert-butyl (2Z)-5-[(tert-

~butoxycarbonyl)amino]-2-[ (l-trityl-1H-imidazol-4-
vl)methylenelvalerate (11.3 g). This mixture was
suspended in methanol (500 mL). To this suspension, 10%

palladium-carbon catalyst (hydrated, 4 g) was added, and

the mixture was stirred at room temperature for 3 days



"Et hyl 3-(di met hyl am no) - 2-i socyanoacrylate (0.70 g) and the conpound (1.14
g) obtained in Step 2 of this Reference Exanpl e were dissolved in n-butanol
(7.0 nL). Then, to the solution, triethylamne (0.70 nL) was added at room
tenperature, and the m xture was sti¥regg3at 150C - 131 - for 3.25 hours.
The reaction solution was concentrated and then purified by silica gel

col um chromat ography (el uting solvent: hexane/ethyl acetate=50/50-et hyl

acetate) tdHbtaih PHEFIRT & IEHIE ( 0.128 GrtatmstivReepéid)tered
2 222, 37 AL OOy E T SO I (2 IR, 85 7. 00(3H.
| pressure. The residue was purified by silica gel

chromatography (eluting solvent: methylene
chloride/methanol=9/1) to obtain the title compound (5.60
g).
'H-NMR (CDCl3) &: 1.41 (9H, s), 1.44 (9H, s), 1.48-1.57
(3, m), 1.57-1.66 (1H, m), 2.58-2.68 (1H, m), 2.73 (1H,
dd, J = 14.7, 5.3 Hz), 2.89 (1H, dd, J = 14.7, 8.4 Hz),
3.02-3.19 (2H, m), 4.67 (1H, br s), 6.79 (1lH, s), 7.54
(1H, s).
[0221]
[Reference Example 3] 5-[(tert-Butoxycarbonyl)amino]-2-
(methoxycarbonyl)valeric acid
[0222]

[Formula 42}

ZT

“Boc

HOOC™ "COOMe

[0223]
To dimethyl malonate (102 mL), a solution of sodium
methoxide in methanol (28%, 90.4 mL) was added at room

temperature, and the mixture was stirred at 60°C for 30

minutes. The white suspension was cooled to room

temperature. Then, tert-butyl (3-bromopropyl)carbamate



m, 7.26-7.32(2H, m, 7.59 (1H,s),7.69(1H,s). [0297] [Step 4]

1- (trans-4- Phenoxycycl ohexyl )-1H i m dazol e-4- carbal dehyde [0298] [ Fornmul a
67] [ 0299] The title conpound (0.07 g) was obtained fromthe
conmpound (0.28 g) obtained in Step 3 iJ04 he sane way as in Steps 2 and 3 of
Ref erence Exanple 4. 1H NWVR(CDC13)8:1.62-1.73(2H, m,1.80-1.91

(106 g) was added thereto at once, and the mixture was
stirred at room temperature for 12 hours. To the
reaction solution, water was added, and organic matter
was extracted with diethyl ether. The organic layér was
washed with a 1 N aqueous sodium hydroxide and saturated
sodium chloride solution in this order, then dried over
anhydrous sodium sulfate, and filtered, and the solvént
was distilled off under reduced pressure to obtain a
crude product of dimethyl {3-[(tert-
butoxycarbonyl)amino]propylimalonate. The obtained ester
(94 g) was dissolved in methancl (100 mL). To the

~ solution, a solution of lithium hyerXide monochydrate
(13.6 g) in watér (300 mL) and methanol (300 mL) was
added at O°Q, and the mixture was stirred at room
temperature for 15 hours. Methanol was distilled off
under reduced pressure, and organic matter was gxtracted
with ethyl acetate. 2 N hydrochlorié acid (160 mL) was
added to the aqueous layer, followed by extraction with
ethyl acetate. -The organic layer was washed with
saturated sodium chloride solution, then dried over
anhydrous sodium sulfate, and filtered, and the solvent
was distilled off under reduced pressure to obtain a
crude product. This crude product was purified by silica
gel column chromatography (eluting solvent: methylene
chloride-methylene chloride/methancl=10/1) to obtain the

title compound (69.1 qg).



(2H M), 2.24-2.38 (4H. M, 4.11 (1H m, 4.30 (IH n), 6.88-7.01 (3H M,
7.26-7.33 (2H, M), 7.66 (1H s),

- 105 -

'H-NMR (CDCl3) &: 1.44 (9H, m), 1.50-1.60 (25} m), 1.86-
2.01 (2H, m), 3.07-3.20 (2H, m), 3.43 (1H, m), 3.77 (3H,
s), 4.64 (1lH, br).

(02247

[Reference Example 4] 1-(trans-4-Methylcyclohexyl)-1H-
imidazole~4-carbaldehyde

[Step 1] Ethyl 1-(trans-4-methylcyclohexyl)-1H-imidazole-
4-carboxylate | |

[0225]

[Formula 43]

-
-
-
-
-

N

-t

N COOEt
. [0226]

Ethyl 3—(diﬁethylamino)—2—isocyanoacrylate (Liebigs
Annalen der Chemie, 1979, p. 1444) (1.52 g) was dissolved
in trans-4-methylcyclohexylamine (3.07 g), and the
solution was stirred at 70°C for 4 hours. To the
reaction solution, saturated aqueous ammonium chloride
was added, and organic matter was extracted with ethyl
acetate. The organic layer was dried over anhydrous_
sodium sulfate and filtered, and the solvent was
distillied off under réduced pressure to obtain a crude

product. This crude product was purified by silica gel



7.71 (1H,s), 9.88(1H, s). [0300] - 132 - [Reference Exanple 14]
Et hyl 5-[(tertbutoxycarbonyl)am no]-2-(di et hoxyphosphoryl)val erate [0301]
[ Formul a 68] _ :

- 106 -
column chromatography (eluting solvent: hexane/ethyl
acetate=2/1-1/2) to obtain the title compound (1.90 g).
'H-NMR (CDCls) &: 0.96 (3H, d, J = 6.6 Hz), 1.13 (2H, m),
1.39 (3H, d, J = 7.0 Hz), 1.47 (1H, m), 1.68 (2H, m),
1.88 (2H, m), 2.12 (2H, m), 3.91 (1H, tt, J = 12.1, 3.9
Hz), 4.36 (2H, q, J = 7.0 Hz), 7.54 (lH, s), 7.66 (1lH, s).
[0227]
[Step 2] [l-(trans-4-Methylcyclohexyl)-1H-imidazol-4-
yl]methanol
[0228]

[Formula 44]

-
-
-
-
-

[0229]

Lithium aluminum hydride (92%, 0.31 g) was suspended
in tetrahydrofuran (6 mL). The compound (1.50 g)
obtained in Step 1 of this Reference Example was
dissolved in tetrahydrofuran (6 mL), and this solution
was slowly added dropwise to the suspension at O°C;
After stirring at 0°C for 30 minutes, the reaction
solution was diluted with diethyl ether, and saturated
agueous sodium sulfate was added thereto. After stirring

at room temperature for 1 hour, the formed inorganic salt



Boc \\--0 COCEt Il 0 [0302] The title conpound. (14.1 g) was

synt hesi zed fromtriethyl phosphonoacetate (10 g) in the sane way as in
Ref erence Exanple 1. [0303] [Reference Exanple 15]

1- (3, 3-Di net hyl cycl ohexyl ) - 1H m dazel - car bal dehyde [ Step 1] Et hyl

1- (3, 3-di net hyl cycl ohexyl )-1H i m dazol e-4- carboxylate [0304] [Fornula 69]
L NCOOa [ 0305] te%droxyl am ne hydrochl oride (8.76 g) was di ssolved in
wat er (100 S FefViate oIttt tiers SNRUER oo lsiddhi -untBeefat&r@t?. 8 g) and
3, 3-di net hyl cycl ohexanone (4.5 ) in nmethanol (20 nmmi) was added at room
t enper at ur &2 PG AT é“\i%s‘gr'f@éj[]uectfc{ FTETIE 16t LB Hour £ ani ¢

‘product. This crude product was washed with a mixed
solvent of hexane and ethyl acetate (5:1) to obtain the
. title compound (1.09 g).
'H-NMR (CDCls) &: 0.95 (3H, d, J = 6.6 Hz), 1.04-1.17 (2H,
m), 1.44 (1H, m), 1.59-1.73 (2H, m), 1.81-1.89 (2H, m),
2.04-2.13 (2H, m), 2.78 (1H, br), 3.84 (1H, tt, J = 12.1,
3.9 Hz), 4.59 (2H, s), 6.91 (1lH, s), 7.49 (1lH, s).
[0230] |
[Step 3] 1—(trans—4—Methylcyclohexylf—lH—imidazole—4—
carbaldehyde
[0231]

[Formula 45]

-
-
-
-
-

[6232]

The compound (1.04 g) obtained in Step 2 of this
Reference Example was dissolved-in toluene (10 mL). To
the solution, a solution of sodium bicarbonate (1.35 g)
in water (5 mL), iodine (2.72 g), and 2,2,6,6-
tetramethyl~-l-piperidinyloxy (84 mg) were added in this

order, and the mixture was stirred at room temperature



- 133 - matter was extracted with ethyl acetate and dried over anhydrous
sodi um sul fate, and the solvent was then distilled off under reduced
pressure to obtain a crude product of 3, 3-dinethylcycl ohexanone oxi ne.

[ 0306] Li t hi um al um num hydri de (481t g) was suspended in
tetrahydrofuran (100 nL). To the suspension, a solution of the crude
product of 3u3-d5nethylc clohexanone.oxinejtgus obtatned ia tetrahgdrofuran
(50 L) wad added°drSpwi 58 bRGef ST cel @BoPPhYCT8Rd tREVRTXEHr 8INGEY
Subsequent LY NeR! i tangtbix LOf 18R NN o Ta e LRagl R Sol ut ! on.

sodi um sul fat'é "decahydrate was added urider "i ce “cool ng. §&bsequently, et hyl

acetate was.. ed .tsheret.o R h Lxt ur tirpe m nut es.
Aft er ceIi?é%?%r?th?6§% Fﬁ@ygo%vgﬁ?k§h [ Pn¥RSraRhit gggggiggflled of f

under reduged cpr 8984 &nhYdeRhal Bod 1 rude 1F:0dUGh Offi1tered, and the
3, 3-di net hyl cycl ohexyl amine. [0307] Thi s crude product and et hyl

3- (di et hylsanivee)- Zasl saeyanoaer yiat enda 04 «glucerr @ rdssedcanrd stirred at
70C for 16 hours. This m xture was purified by silica gel columm

chr omat ogr aphy ifekutirnges plreelni: . heXane/ ethyk aeetlate=khd- ph3) fiedobtain
the title conmpound (3.51 g). [0308] [Step 2]

1- (3, 3- D mévhyldyckholledy [Cplimn ghdamelteosapdar Helldehiyde O3Bt [ For mul a 70]
- 134 - N CH 0 [0310] The title conpound (1.23 g) was obtained from
t he conpouR@*eBes ety loBCaitiéq=iln 1Step )1 tef Atied NREMEr dridd SExanpl e in the
same way as in Steps 2 %%d % of Reference Exanple 4. 1H NVR(CDC13)

8: 0. 92- 0. 9gompound (0. 900 gJ .

'"H-NMR (CDCls) &: 0.97 (3H, d, J = 6.8 Hz), 1.09-1.19 (2H,
m), 1.48 (1H, m), 1.65-1.75 (2H, m), 1.87-1.93 (2H, m),
2.11-2.18 (2H, m), 3.95 (1H, tt, § = 12.2, 3.9 Hz), 7.62
(1H, s), 7.68 (1H, s), 9.87 (1H, s). |

[0233]
-[Reference Example 5] l-(trans-4-Ethylcyclohexyl)-1H-
imidazole-4-carbaldehyde |

[Step 1] [1-(4-Ethylcyclohexyl)-1H-imidazol-4-yl]lmethanol
[0234]

[Formula 46]

,N‘T
N
\ OH

[0235]
Ethyl 3-(dimethylamino)-2-isocyancacrylate (2.00 g)

was dissolved in 4-ethylcyclohexylamine (3.37 g), and the



(1H, m,1.03(6H s),1.18- 1.26(1H n), 1.46-1.68 (3H, m, 1.76-1.85 (2H,
2.11- 2.17(1H, s),9.86 n), (1H 4.11-4.19 s). (1H m,

- 109 -

solution was stirred at 70°C for 4.5 hours. To the
reaction solution, saturated agueous ammonium chloride
was added, and organic matter was extracted with ethyl
acetate. The organic layer was dried over anhydrous
sodium sulfate and filtered, and the solvent was
distilled off under reduced pressure to obtain a crude
product. Lithium aluminum hydride (92%, 0.490 g) was
suspended in tetrahydrofuran (12 mL). The produced crude
product was dissolved in tetrahydrofuran (12 mlL), and
this solution was slowly added dropwise to the suspension
a£ 0°C. After stirring at 0°C for 30 minutes, the
reaction solution was dilﬁted with diethyl ether, and
saturated aqueous sodium sulfate was added thereto. -
After stirring at room temperature for 1 hour, the formed
inorganic salt was removed by filtration throﬁgh celite.
The filtrate was concentrated under reduced pressure to
obtain a crude product. This crude product was purified
by silica gel column chfomatography (elutiné solvent:
methylene chloride-methylene chloride/methanol=9/1) to
obtain the title compound (1.35 g, diastereomeric mixture,
'trans:cis=4:1).

'H-NMR (CDCl;) &: 0.91 (0.6H, t, J = 7.0 Hz), 0.92 (2.4H,
t, J = 7.0 Hz), 1.0l—i.13 (1.6H, m), 1.16-1.40 (2.8H, m),
1.50-1.97 (5H, m), 2.07-2.15 (1.6H, m), 3.85 (0.8H, tt, J
= 12.1, 3.9 Hz), 3.§9 (0.2H, tt, J = 8.6, 4.3 Hz), 4.59
(1.6H, s), 4.60 (0.4H, s), 6.91 (0.8H, s}, 6.94 (0.2H, s),
7.49 (0.8H, s), 7.53 (0.2H, s).

[0236]



7.62(1H, s), 7.68 (1H, [0311] [Reference Exanple 16] tert-Butyl (2-

fornyl butyl)carbamate [Step 1] Ethyl 2-nethylenebutyrate [0312] [Fornula
71] COCEt [0313] Pot assi um carbonate (5.5 g) was dissolved in water
(15 nmL). To the solution, ethyl 2- (digetdhoxyphosphoryl)butyrate (5.0 g) and
a 37% aqueous formal dehyde (6.2 g) were added at roomtenperature, and the
m xture was stirred at 85C for 45 mnutes. Organic matter was extracted

wi th di et hylSt&@tet], ldr (terevdEthyizsy el dwady louldi siodi dma sig T4t e, and
filtered, and the solvent in the filtrate was distilled off under reduced
pressure t COMHAIFEW Y ude product .

[0237]

[Formula 47)]

\“‘j

[0238]

The compound (1.00 g) obtained in Step 1 of this
Reference Example was dissolved in toluene (10 mL). To
the solution, a solution of sodium bicarbonate (1.21 g)
in water (6 mL), iodine (2.19 g), and 2,2,6,6-
tetrémethyl—1—piperidinyloxy (75 mg) were added in this
order, and the mixture was stirred at room temperature
for 12 hours. To the reaction solution, saturated
aqueous sodium thiosulfate was added, apd organic matter
was extracted with ethyl acetate. The organic layer was
dried over anhydrous sodium sulfate and filtered, and the
solvent was distilled off under reduced pressure to
obtain a crude product. This crude product was purified
by silica gel column chromatography (eluting solvent:
hexane/ethyl acetate=2/1-1/1) to obtain the title
compound (468 mg) .

H-NMR (CDClz) 8: 0.92 (3H, t, J = 7.0 Hz), 1.10 (2H, m),

1.19-1.34 (3H, m), 1.68 (2H, m), 1.97 (2H, m), 2.17 (2H,



1H-NWR (CDC13) 8: 1.08 (3H, t, J =7.4 Hz), 1.31 (3H, t, J =7.0 Hz),
2.30-2.36 (2H, m, 4.21 (-2H, q, J = 7.0 Hz), 5.51-5.52 (1H, m, 6.12-6.14
(1H, m. [0314] [Step 2] Ethyl 2-[(benzyl am no)nmethyl]butyrate [0315]

[ Formul a 72] COOEt [0316] The corpaund obtained in Step 1 was

di ssolved in ethanol (7 nL). To the solution, benzylamne (2.7 nlL) was
added at roomte[?)erature and the m xture vvas stirred at 70C for_ 17 hours.

The sol ventVirn X-He rlddt itdn sbiTuti‘ont was it I'ed of Flunder reditced

pressure, %t hg o%t i negﬁ'/ea due was purified by silica gel colum

chr omat ogr a Iut| hexanehexane/ et hyl acetate=7/3) to obtain
the title c[wnd (2. 34g) 1H NVR(CDC13) 5: 0. 91(3H,t, J=7. 4Hz), 1. 26(3H, t,
J=7.2Hz),1 70(2H, M, 2.47-2.55(1H, M, 2.69 (1H, dd, J

=11.9, 4. 9HZ)Re2fe%&¢(njclé' %amble ]611 %—8(38—Ethylcyclobutyl) l1H-imidazole-
- 4d-carbaldehyde
[Step 1] Benzyl (3-ethylcyclobutyl)carbamate
[0240]

[Formula 48]

N-Cbz

[0241]

3-Ethylcyclobutanecarboxylic acid (1.67 g) was
dissolved in toluene (20 mL), and diisopropylethylamine
(5.32 mL) was added thereto. The solution was heated to
100°C, and a soclution of diphenylphosphoryl azide (3.09
mL) in toluene (10 mL) was added dropwise thereto over 40
minutes.. After stirring at 100°C for 15 minutes, benzyl
alcohol (1.48 mlL) was added, and the mixture was further
stirred at 100°C for 15 minutes. The reaction solution
.was cobled. A 0.2 N aqueous sodium hydroxide was added
thereto, and organic matter was extracted with ethyl
acetate. The organic layer was dried over anhydrous
sodium sulfate and filtered, and the solvent was
distilled off under reduced pressure to ébtain a crude

product. This crude product was purified by silica gel



Hz), 3.79 (2H,d,J=4.3Hz),4.13-4.19 (2H, m,7.22- 7.26 (2H,

m,7.29-7.32(3H m. - 136 - [Step 3] Ethyl

2-1[ (tertbut oxycarbonyl)am no] nmet hyl | butyrate [0318] [Formula 73] [0319]
The conmpound (2.34 g) obtained in Step12 was dissolved in ethanol (50 niL).
To the solution, 10% pal | adi um carbon catal yst (hydrated, 1.17 g) was
added, and the m xture was stirred for 4 hours under a hydrogen at nosphere.
Subsequent 9P L ugin. tedrmaniaA T adhyar (sovetianq ?C@‘g?)n%@@@d@’ettﬁeﬂet o, and the
m xture was stirred over ni ht Di-tert-butyl dicarbonate ( 8gl) was
further add&®ieratld iz Ihé moRtEria i §"{J1tr1reed3qn5rouf%o@r Tie cat al yst
was filtered off and the solvent in the filtr e was distilled off under

reduced pr ESAFTE L SFE ot S ree5|tdi?é‘§/v§slspdr Ji*ed by silica gel colum _
I
ﬁ) ,273( o 3tt’28JJ( I_H77 % %)ﬁ '32- %?‘1H§9% e 43{127(()'24@@’}7)1,2’426?8%”(5%( g
s) . dg, J = 7.4, 7.4 HZ) 1.31-1.42 (2H, m), 1.89-2.03 (2H,
| m), 2.41-2.54 (1H, m), 4.00 (0.5H, m), 4.23 (0.5H, m),
4.75-4.90 (1H, br), 5.06 (2H, s), 7.22-7.40 (5H, m).
[0242]
[Step 2] [1-(3-Ethylcyclobutyl)-1H-imidazol-4-yllmethanol
[0243]

[Formula 49]

[0244]

The compound (1.81 g) obtained in Step 1 of this
Reference Example was dissolved in methyl acetate (7 mL).
To the solution, 10% palladium-carbon catalyst (hydrated,
100 mg) was added, and the mixture was stirred at room
temperatune for 8 hours under a hydrogen atmosphere at
normal pressure. After filtration through celite, the
filtrate was concentrated under reduced pressure to
obtain & crude product of 3—ethylcyclobutanamine. 'This

crude product and ethyl 3-(dimethylamino)-2-



[0320] [Step 4] Ethyl 2-{[bis(tertbutoxycarbonyl)am no]nethyllbutyrate
[0321] - 137 - [Formula 74] Boc BO Et [0322] To a solution of the
conmpound (578 ngy) obtained in Step 3 in tetrahydrofuran (15 nlL), a solution
of n-BuLi in hexane (1.65 M 1.57 nl-) Mes -added at -78C, and the m xture
was stirred for 1 hour. Subsequently, di-tertL butyl dicarbonate (668 ny)
was added thereto at -78C, and the m xture was gradual |y heated and then
stirred oversfigmnoary tird e it 61 )solang oH, X resu s teasd wh chieri de was

added, [on0 B9 G or ves gy ached Wi, iyl acetale  drigg over |
educed b Soaul S AL SRS 008 O LS diepl LR oot colum
Eg-e(thlyfjlrgx;c?% .gfjat%%fgg)raga[r?atve C&ge%ﬁg[@oretrrﬁ%- 75 e){!aBtoec' [8:5155]
organic layer was dried over anhydrous sodium sulfate and
filtered, and the solvent was distilled off under reduced
pressure. The residue was purified by silica gel column
chromatography (eluting solvent: hexane/ethyl
acetate=1/1-1/2) to obtain ethyl 1-(3-ethylcyclobutyl)-
lH-imidazole-4-carboxylate. |
[0245]
Lithium aluminum hydride (92%, 80 mg) was suspended
in tetrahydrofuran (4 mL). To this suspension, a
solution of ethyl 1—(3—e£hylcyclbbutyl)—lH—imidazole—4—
carboxylate in tetrahydrofuran (5 mL) was slowly added
dropwise at 0°C. After stirring at 0°C for 30 minutes,
the reaction solution was diluted with diethyl ether, and-
saturated aqueods sodium sulfate was added thereto.
After stirring at room temperature for 1 hour, the formed
inorganic salt was removed by filtration through celite.
The filtrate was concentrated under reduced pressure to
dbtain a crude product. This crude product was purified
by silica gel column chrbmatography (eluting solvent:
methylene chloride-methylene chloride/methanol=5/l) to
obtain the title compound .(119 mg, diastereomeric mixture,
trans:cis=1:1).
'"H-NMR (CDCl3) &: 0.86 (1.5H, t, J = 7.4 Hz), 0.90 (1.5H,

t, J = 7.4 Hz), 1.48 (l1H, dq, J = 7.4, 7.4 Hz), 1.56 (1lH,



Li t hi um al um num hydri de (153 ng) was suspended in tetrahydrofuran (20 ni).
To the suspension, a solution of the conpound obtained in Step 4 in
tetrahydrofuran (2 nL) was added dropw se under ice cooling, and the

m xture - 138 - was then stirred overmight. To the reaction solution,

sodi um sul f ate decahydrate was added under ice cooling. Subsequently, ethyl
acetate was added thereto, and the m xture was stirred. After celite
filtration,d9hel solheht Tt thee £il tSrZHte Was! ]dirstni‘l | eld- BF2 UHdetO rgbuced
pressure. The o] e%aaned residue was purified by silica gel_ colum

chr omat ogr &b so v%ht Mhexanel et tld ~ &det dtle=97 12%79)° t ol Bbt ai n
the titl 0. 3 J =7.4 Hz
1.10- 1. 37 ? npo%%( P{Tg “’s) NP% %3(%4 nﬁqgﬁé gé*'s % A )
3.37-3.44 1 {
tert-Butyl (%]ZHfor nyl4butyl ()Ogg?r Iitt “{0327] [Fortha ’76 Pf’oe 8]

Oxal yl chl ofigte (Olzg]ﬁ aly) was, i foﬁqiwedﬁfox—{mﬁwel gﬂ?'l %orlde (1 m). To

the solution,” a solution of dine de (17 in methyl ene

chl ori de (l.ggagwﬁs added dropwi se at -78C, and the m xture was stirred for
15 mnutes. A sorution of the compound (168 ng) obtained in Step 5 in

met hyl ene cigtog d (12 rd)Etmasl ¢addedh wflopvirsei g2 -af- - 78C, and t he

m xture was stirred for 2 hours. Triethylamne (695 | aL) was added thereto,
and the m  xantmwkshyeated to OC and then stirred overnight. To the
reaction sol ution, methylene chloride was added, and the - 139 - organic

| ayer was westted with water and sat ur at ed sodi um chl ori de sol ution, then
dried over anhydrous sodium sul fate, and filtered. The sol vent was
distilled offouiter Y¥duced pressure. The obtained residue was purified by
silica gel colum chromatography (eluting solvent: hexane: et hyl

acet at e=9/ 1- to obtain the title conmpound (113 ng). 1H-NMR (CDCl3) 6: 1
02 (3H, t, J X.8 Hz), 1.42 (9H, s), 1.48-1.54 (1H, m, 1.70-1.81 (1H m,
2.43-2.51 (1H, 3.27-3.40 (2H, m, 4.82 (1H, br s), 9.68-9.69 (1H m.
[0329] [Refere Fxanpl e 17] '
1-(cis-4-{[tert | (di phenyl)silyl]oxylcycl ohexyl)-1H i m dazol e- 4-

car bal dehyde N

[0248]

The compound (119 mg) obtained in Step 2 of this
Reference Example was dissolved in toluene (5 mL). To
this solution, a solution of sodium bicarbonate (166 mg)
in water (4 mL), iodine (305 mg), and 2,2,6,6-
tetramethyl-l-piperidinyloxy (11 mg) were added in this
order, and the mixture was stirred at room temperature
for 12 hours. To the reaction solution, saturated.
agqueous sodium thiosulfate was added, and organic matter
was extracted with ethyl acetate. The organic layer was
dried over anhydrous sodium sulfate and filtered, and the

solvent was distilled off under reduced pressure to



[Step 1] tert-Butyl '

(cis-4- {[tertbutyl(dlphenyI)S|IyI]oxyIcyclohexyl)carbanate [ 0330] [Formula
77] [ 0331] ~To a solution of tert-butyl (cis-4-

hydr oxycycl ohexyl )ca' rbamate (2.0 g) iln=di-net hyl f ormam de (40 ni),

i m dazole (756 ng) and tbutyldi phenyl chlorosilane (2.86 ni) mere added
under ice c ollng and the m ture was stlrred for. 24 hours. EEFﬁZO|e (226

ng) and t- GRS ﬁ‘h&‘fﬂd@hlp&ro neTk‘888cru T46r°dUCB\LYaﬁePBrF added
t hereto, and the .m xture rred for g%y %ﬁ- he r actlon sol uti on,

ethyl acet ate Swds “Fddé&d, %ﬁlﬁnphg Fﬁ?ﬁP@I%E ghéﬁ) YiPee times with
10% sodi um %tya%rl ql Létcl g;%’tedrl'/":id }égr t%n%ct S S dlttirplseul fate, and -

filtered. e solven stilled ™o under uced pressure. This

resi due was pydifH£ed 1@35 ?dgl ' Qﬂa%%'er%%'n’ré@lcc*ﬁ{ﬁ{@}&gf ann «: %Jl%ulng_ sol vent:
hexane/ et hyl acetat e=98/2-9/1) to obtain the title conpound(5.09 )

i)H 'I'NEggnglg)lﬁwﬂe 355@% (@*286%8632(?1“_?3&”;19%15'1'}0[9 ¥ (31|'I]izn§) 3 7 AAHBH M.,
: t, = 7.3 Hz) 1.44 (9H, s), 1.51 (lH, dq, J =7.4, 7.4
Hz), 1.59 (l1H, dq, J =.7.4, 7.4 Hz), 1.87-1.97 (1H, m),
2.04-2.13 (0.5H, m), 2.28—2.38 (1.5H, m), 2.42-2.52 (1H,
m), 2.66-2.75 (1H, m), 4.48 (0.5H, tt, J = 9.0, 7.8 Hz),
4.72 (0.5H, tt, J = 7.8, 7.4 Hz), 7 58 (0.5H, s), 7.61
(O.5H, s), 7.69 (0.5H, s), 7.74 (0.5H, s), 9.87 (0.5H, s),
8.88 (0.5H, s).
[0249]
[Reference Example 7] 1-(3-Methylcyclobutyl)-1H-
'imidazole—4—carbaldehyde |
[0250]

[Formula 51]

N |
<.
N CHO
[0251]
The title compound (9.1 mg, diastereomeric mixture,
‘trans:cis=1:1) was obtained from 3-

methylcyclobutanecarboxylic acid (1.70 g) in the same way

as 1in Reference Ekample 0.



7.64-7.66(4H, ) [0332] [Step 2]

cis-4-f[tertButyl (di phenyl)silyl]oxy}cycl ohexanam ne [0333] [Fornula 78]

[ 0334] The conpound obtained in Step 2 was di ssol ved in nethyl ene
chloride (25 nL). To the solution, trif{goroacetic acid (5 nL) was added
under ice cooling, and the m xture was stirred for 45 m nutes.
Trifluoroacetic acid (5 nm.) was further added thereto under ice cooling,
and the m XH+NRIRWaS DSt Fréd fors 1(hots, dheJorganécHtpyer. vas(washed with
aqueous pot assi um carbonate, dried over anhydrous sodi um sulfate and -
141 - filteted =arfkh 4 HE)sol veht s dilstid1ad 32 thde’ierré@IhceQi bpessure to
obtain a crude product of the title corrpound é4 17 [0335% Step 3]
Et hyl 1-(ci%s-% f (% ettbdtiy (?dﬁp%eW)éwwﬁo&@u %%he&w )4 IH+9 M dazol e- 4-

car boxy! at e, [ 0336] [fp{éru!@.gk?,] tt, J = 7.8, 7.4 Hz), 7.58 (0.5H, s),

7.61 (0.5H, s), 7.70 (0.5H, s), 7.73 (0.5H, s), 9.87
(O.5H, s}y, 9.88 (Q.SH, s) .

[0252]

[Reference Example 8] 1-(trans-4-Hydroxycyclohexyl)-1H-
imidazole-4-carbaldehyde |
[Step 1] [1-(trans-4-{[tert-

Butyl (dimethyl)silyl]oxyl}cyclohexyl)-1H-imidazol-4-
yl]lmethanol '

[0253]

[Formula 52]

TBDMS—Q

[0254]

Ethyl 3-(dimethylamino)-2-isocyanoacrylate (300 mg)
and trans-4-{[tert-
butyl (dimethyl)silyl]oxy}cyclohexylamine (Synthetic
Communications, 1990, Vol. 20, p. 1073) (1.02 g) were
mixed and stirred at 85°C for 12 hours. To the reaction
solution, saturafed agueous ammonium chloride was added,

and organic matter was extracted with ethyl acetate. The



TBDPS- COCEt [0337] The conpound obtained in Step 2 and ethyl 3-

(di met hyl am no) - 2-i socyanoacrylate (1.56 g) were m xed and stirred at 70C
for 33 hours. This mxture was purified by silica gel colum chronat ography
(eluting solvent: hexane/ethyl acetaterBf2-ethyl acetate) to obtain the
title conpound (870 ng). [0338] [Step 4]

1-'(ci s-4-{[tert.But£/I (di phenyl)silyl]oxy}cycl ohexyl)-1Hi m dazol e-4-

car bal dehyder §3rB339] 1§ ¥ A a Bojed -ovep anflyd4ols sodiufheuifate @ohpound

(307 ng) was, 1ob't ai ned fromthe conpound obtained in Step 3 of this

Ref erence BXanpteedn e 'Sfires Wellpldls W3 Stepll DlefdoBE oingef eFetieeeExanpl e

4. 1HNVR(CDCL3), 8: 1. 33(OH8) (L A2 L 49(2H.m, 1811893 1 column

chromatography (eluting solvent: hexane/ethyl
acetate=4/1-1/1). Lithium aluminum hydride (92%, 105 mg)
was susbended in tetrahydrofuran (8 mL). The produced
crude product waé dissolved in tetrahydrofuran (6 mL),
and this solution was slowly added dropwise to the
suspension at 0°C. After stirring at O°C for 1 hour, the
reaction solution was diluted with diethyl ether, énd
saturated aqueous sodium sulfate was added thereto.
After stirring at room temperature for 1 hour, the formed
inorganic salt was removed by filtration through celite.
The filtrate was concentrated under reduced pressure to
obtain a crude product. This crude product was washed
with a mixed solvent of hexane and ethyl acetate (2:1) to
obtain the title compound (260 mg).

'H-NMR (CD;OD) &: 0.09 (6H, s), 0.90 (9H, s), 1.50' (2H,
m), 1.81 (2H, m), 1.96-2.10 (4H, m), 3.76 (1H, m), 4.05
(1H, m), 4.48 (2H, s), 7.12 (1H, s), 7.64 (1lH, s).

[0255]

[Step 2] 1—(trans—4—{{tert—

Butyl (dimethyl)silyl]loxy}cyclohexyl)-1H-imidazole—4-
carbaldehyde

[0256]

" [Formula 53]



(4H m), 2.24-2.32 (2H, n), 3.95-4.01 (1H m), 4.07- 4.10 (1H m,
7.37-7.41 (4H, n), 7.43-7.47 (2H,

- 118 -

TBDMS—q

[0257]

The compound (260 mg) obtained in Step 1 of this
Reference Example was dissolved in toluene (10 mlL) and
methylene chloride (1 mL). To the solution, a solution
of sodium bicarbonate (210 mg, 2.50 mmol) in water (8 mlL),
iodine (370 mg), and 2,2,6,6-tetramethyl-1-piperidinyloxy
(15 mg) were added in this order, and the mixture was
stirred at room temperature for 12 hours. To the
reaction solution, saturated agueous sodium thiosulfate
was added, and organic matter was extracted with ethyl
acetate. The organic layer was dried over anhydrous
sodium sulfate and filtered, and the solvent was
distilled off under reduced pressure to obtain a crude
product. This crude product was purified by silica gel
column chromatography (eluting solvent: hexane/ethyl
acetate=2/1-1/1) to obtain the title compound (258 mg).
'"H-NMR (CDCl3) &: 0.08 (6H, s), 0.90 (9H, s), 1.52 (2H,
m), 1.75 (2H, m), 2.02 (2H, m), 2.16 (2H, m), 3.68 (1H,
m), 4.00 (1H, m), 7.62 (1H, s), 7.67 (1H, s), 9.87 (1H,
s).

[0258]



m, 7.65- 7.67 (5H m, 7.75(1H, s), 9.90 (1H,s). [0341] [ Reference
Exanpl e 18] 1-(cis-4-Methyl cycl ohexyl)-1H m dazol e-4-carbal dehyde [Step 1]
Et hyl 1-(cis-4-nethylcycl ohexyl)-1Him dazol e-4- carboxylate [0342]
[ Formul a 81] - 119 -
[Step 3] 1—(trans—4—Hydrokycyclohexyl)—1H—imidazole—4—
carbaldehyde
[0259]

[Formula. 54]

HQ

-
-

[0260]

The compound (540 mg) obtained in Step 2 of this
Reference Example was dissolved in tetrahydrofuran (8 mL).
To this solution, a solution of tetrabutylammonium
fluoride in tetrahydrofuran (1.0 M, 2.62 mL) was added,
and the mixture was stirred at room temperature for 8
hours. To the reaction solution, saturated aqueous
ammonium chloride was added, and organic matter was
extracted with ethyl acetate. The organic layer was
dried over anhydrous sodium sulfate and filtered, and the
solvent was distilled off under reduced pressure to
obtain a crude product. This crude product was purified
by diol-bonded silica gel column chromatography (eluting
solvent: hexane/ethyl acetate=1/l-ethyl acetate) to

obtain the title compound (250 mg).



<\N N COCEt [0343] To ci s-4-net hyl cycl ohexyl am ne hydrochl oride (5.0
g), water and sodi um bi carbonate were added, and the organic |ayer was
separated. The organic | ayer was dried over anhydrous sodium sul fate, and
the solvent was distilled off to prepar®oa free form of

ci s-4-met hyl cycl ohexyl amine (770 ng). 5 N hydrochloric acid was further
added to the aqueous |ayer obtained above. PoraPak Rxn CX (ion-exchange
resin, 30 gH-WY& dd@&d st hér el 052 afrfit he) mi kt U8 e(2H, 1mB, -2was-2e2b at room

tenmperature, The res washed wi th deioni zed ter fol |l owed by elution
PHERL T oD g1 kG, The et o el bortent Fatbd o

obtain a fr Srm og é‘,} S; flh met hyI cycl ohexylam ne (1.01 g). The obtai ned

free forns c>drrb| ned % ’78S g) and reacted in the same way as in Step 1
of Ref erenc&l\iéﬁﬁ]rrpl e 4 to obtain the title compound (1.67 g). [0344] [Step
2] 1-(cis-4 yl cycl ohexyl)-1Hi m dazol e- 4- carbal dehyde [0345] [Fornul a

82] CHO [Q846lrence é—}kénﬁﬁl%nﬂl und nyiom feycl gley (0 35, 0y ey Suppended in

tetrahydrofuran (10 mL suspensi on, a solution of t he "conpound

(1.67 9) obgfalln@djagbg.ep@amamg@d@f erence Exanple in tetrahydrofuran
(10 nL) was added dropw se under ice cooling. The mxture was stirred at 0C

for 30 m nutEss@nd) themnzel (Damdmenper atmdteh § 0fy &l dtoa el adur Bdhai aut es, and
water (2 mL), 5 N aqueous sodi um hydroxide (2 nlL), and water (6 nmL) were
added theret@44l this order under cooling. The mixture was stirred at room
tenperature for 2 hours. Then, anhydrous sodium sulfate was added thereto,
and the m xtHg@Wes 53] 144 -

OH

N._
N Cbz

[0263]

Benzyl (4-oxocyclohexyl)carbamate (2.00 g) was
dissolved in tetrahydrofuran (15 mL), and cerium cﬂloride
(5.98 g) was added thereto. The reaction solution was
cooled to -78°C. Then, a solution of methyllithium in
diethyl ether (1.6 M, 15.2 mL) was added theretéd, and the
mixture was stirred at -78°C for 1 hour and at 0°C for 3
hours. To the reaction solution, saturated aqueous
ammonium chloride was added, and organic matter was
extracted with ethyl acetate. The organic layer was
dried over anhydrous sodium sulfate and filtered, and the
solvent was distilled off under reduced pressure to
obtain a crude product. This crude product was purified

by silica gel column chromatography (eluting solvent:



filtered. The filtrate was concentrated under reduced pressure, and the

obt ai ned resi due was dissolved in nethylene chloride (20 nL). To the

sol ution, manganese di oxide (21.6 g) was added, and the m xture was stirred
at roomtenperature for 17 hours and t#enfiltered through celite. The
filtrate was concentrated under reduced pressure. The obtai ned residue was

purified by silic coI t phy el. ut| ng,.sol.vent . hexane/ et hyl
acet at e=50 /éa?ﬁ)%%lo aoe tr? ”@rr%/? corﬁﬁ)(()t Sd))ereflml-eﬁﬁﬁ (CDC13)

'y 5. (2)00(73 i‘lﬁuwJe of &%e@)gl%lé%“?%wzg (3%9' t%n]s (:B)H rr) 74 (1 H,

d J =121 9. 1H,5.S) 341 m
5- Ami no- 2- 1)&%45(:' gﬁg;i( >|i|81l-l-l| n21[38a§30 C[ afl) 4Lfahylﬁva er| c aC| d TSt ep 1]
tert-Butyl &H,(tert ﬁw@oxmmfmnylzl)@@ r‘(Q]H'2‘n{(1'5 08 (2H, s), 7.

cycl ohex-2-en-1-yl1-1H i m dazol -4-yl)nmethyl]val erate [0348 [For rrul a 83] -
145 - [0349].41 (5HFhen)conpound (200 ng) obtained in Reference Exanple 2 was
di ssolved in N, N-dinethylformam de (3 m), and sodium hydride (63% 43 ng)
was added tlHeréetlo at 000. After stirring at OC for 15 minutes and at room
terrperature for 45 m nutes, 3-Dbronocycl ohexene (90% 0.150 nL) was added
thereto at (GCerard tHé Y %rdﬂehmosmﬂré@tétylﬂd@hqf@m’éﬂaﬂ@re for 30

m nutes. Tao the reaction solution, saturated aqueous amoni um chl ori de was
added, and ‘FHgRAU G Cer DRIy Ié%tr acted with ethyl acetate. The organic

| ayer was ﬁz%%ﬂ with water, then dried over anhydrous sodium sul fate, and
filtered, e solvent was distilled off under reduced pressure to
obtain a cr d ]. This crude product was purified by silica gel

col um chro[rrat ogr aphy (eluting solvent: nethylene chloride-nethyl ene

chl ori de/ met hang1=10/1) to obtain the title conpound (220 ng). 1H NMR
(CDC13) 6: 1.3%'(9H, s), 1.44 (9H, s), 1.47-2.15 (10H m, 2.60-2.70(2H M,

- m,4.61(1H m 6(1H, m,6.68(1H,s),7.42(1H, 2.85 br), s).

[0266]

The compound obtained in Step 1 of this Reference
Example was dissolved in ethanol (12 mL). To the
solution, 10% palladium-carbon catalyst (hydrated, 400
mg) was added, and the mixture was stirred at room
temperature for 15 hours under a hydrogen atmosphere at
normal pressure. After filtration through celite, the
filt;ate was concentrated under reduced pressure'to
obtain a crude product of 4-amino-l-methylcyclohexanol.
This crude product and ethyl 3-(dimethylamino)-2-
isocyanoacrylate (450 mg) were mixed and stirred at 75°C

for 8 hours. To the reaction solution, saturated aqueous



(1H, 5.70 m, (1H, 3.02-3.18 n),6.05 (2H, (1H, [0350] [Step 2]
tert-Butyl 5-[(tert-butoxycarbonyl)am no]-2-[(1-

cycl ohexyl-1H i m dazol - 4-yl) et hyl Jval erate [0351] - 146 - [Fornul a 84]

[ 0352] 10% pal | adi um car bon cat-alyst (hydrated, 200 ng) was suspended
in a solution of the conpound (250 ngy) obtained in Step 1 of this Exanple
in ethanol (6 nL). The suspension was stirred at roomtenperature for 3
hour s under2ME Mo G CatiHSs pifer @dgie chorasl Prassitr énatiise redict i on sol ution
was filtered throu cel.ite, and the filtrate was concentrated. The

obt ai ned creliﬂeraffrt@ &lt\ﬁa§°ﬁé’ i St By si [PEaCGEPT 6] LAY SEhFERat ogr aphy
{111 e compotid ™ 240 g SHHAoNR CCOETa) B o1 6V 30 (e %"9&%‘ ,
1.44 (9H, solvent was distilled off under reduced pressure.

residue was purified by silica gel column chromatography
(eluting solvent: hexane/ethyl acetate=1/l-ethyl acetate)
to obtain a diastereomeric mixture-of the title compound
(462 mg, trans:cis=1:3).

'H-NMR (CDCls) &: 1.31 (2.25H, s), 1.34 (0.75H, s), 1.38
(34, t, J = 7.0 Hz), 1.52-1.70 (2H, m), 1.77-1.96 (4H, m),
2.08-2.19 (2H, m), 3.93 (0.75H, tt, J = 12.2, 3.9 Hz),
4.06 (0.25H, m), 4.12 (06.5H, g, J = 7.0 Hz), 4.36 (1.5H,
q, J =17.0 Hz), 7.57 (1H, s), 7.68 (0.25H, s), 7.70
(0.75H, s). |

[0267]

[Step 3] 1-(4-Hydroxy-4-methylcyclohexyl)-1H-imidazole-4-
carbaldehyde |
[6268]

[Formula 57]

OH

[0269]
Lithium aluminum hydride (92%, 60 mg) was suspended

in tetrahydrofuran (5 mi). To this suspension, a



s), 1.48-1.64(5H, m, 1.73 (1H n), 1.88 (2H nm, 2.06 (2H, nm), 2.59-2.70
(2H, m, 2.84 (1H m,

- 123 -

solution of the compound (455 mg) obtained in Step 2 of
this Reference Example in tetrahydrofuran (5 mL) was
slowly added dropwise at 0°C. After stirring at 0°C for 4
hours and at room temperature for 30 minutes, the
reaction solution was diluted with diethyl ether, and
saturated aqueous:sodium sulfate was added thereto.

After stirring at room temperature for 1 hour, the formed
inorganic salt was removed by filtration through celite.
The filtrate was concentrated under reduced pressure.

The obtained crude product was dissolved in methylene
chloride (8 mL) and chloroform (4 mlL), and manganese
dioxide (2.00 g) was added thereto. After stirring at
room temperature for 15 hours, the inorganic salt was
removed by filtration through celite. The filtrate was
concentrated under reduced pressure to obtain a crude
product. This crude product was purified by silica gel
column chromatography (eluting solvent: hexane/ethyl
acetate=1/1l-ethyl acetate) to obtain a diastereomeric
mixture of the title compound (300 mg, trans:cis=1:3).
'"H-NMR (CDC13) &: 1.32 (2.25H, s), 1.36 (0.75H, s), 1.54-
1.73 (2H, m), 1.78-2.00 (4H, m), 2.11-2.23 (2H, m), 3.97
(0.75H, tt, J0 = 12.2, 3.9 Hz), 4.10 (0.25H, m), 7.66 (1H,
sy, 7.72 (0.25H, s), 7.75 (0.75H, s), 9.86 (0.75H, s),
9.87 (0.25H, s).

[0270]

[Reference Example 10] 1l-{exo-Bicycglo[2.2.1lhept-2-yl]-

lH-imidazole-4~-carbaldehyde



3.05-3.16 (2H, n), 3.81 (1H,n), 4.76 (1H br), 6.68 (1H, s),7.42 (1H s).

- 124 -

[Step 1] Ethyl 1-[exo-bicyclo[2.2.1]lhept-2-yl]-1H-
imidazole-4-carboxylate
[0271]

[Formula 58]

N

.l
N™ >CcooEt
[0272]

Ethyl 3-(dimethylamino)-2-isocyanoacrylate (0.58 qg)
was dissolved in exo—2—aminonorbérnane (0.46 g), and the
solution was stirred at 150°C for 1.5 hours. The
reaction solution was purified by silica gel column

- chromatography (eluting solvent: methylene chloride—
methylene chloride/methanol=95/5 and ethyl acetate) to
obtain the title compound (0.50 g).

H-NMR (CDCl3) &: 1.22-1.37 (3H, m), 1.38 (3H, t, J = 7.1
Hz), 1.56-1.65 (2H, m), 1.65-1.73 (1H, m), 1.75-1.82 (1H,
m), 1.97-2.04 (1H, m), 2.48 (1H, m), 2.52-2.55 (1lH, m),
4.04-4.09 (1H, m), 4.37 (2H, q, J = 7.1 Hz), 7.57 (1H, s),
7.67 (1H, s).

[6273]

[Step 21 1—[exo—Bicyclo[2.2.1]hept—2—yl]41H—imidazole—4—
carbaldehyde

[0274]

[Formula 59]



[0353] [Step 31 5- Amino-2-[(1-cyclohexyl-1Hi m dazol-4- yl)nmethyl]valeric
acid [0354] [ Formul a 85] NH2 COOH [ 0355]

- 125 -

N
<A

[0275]

CHO

The title compound (0.21 g) was obtained from the
compound (0.50 g) obtained ir Step 1 of this Reference
Example in the same way as ir Steps 2 and 3 of Reference
Example 4.

'H-NMR (CDCls) &: 1.23-1.41 (3H, m), 1.56-1.66 (2H, m),
1.67—1.75 (l1H, m), 1.75-1.82 (1H, m), 2.01-2.07 (1H, 'm),
2.49 (1H, m), 2.53-2.57 (1H, m), 4.08-4.12 (l1H, m), 7.63
(1H,.s), 7.69 (1K, s), 9.87 (1H, s).

[0276]

[Reference Example 11] 1-[endo-Bicycio[2.2.1l}hept-2-yl]-
lH-imidazole-4-carbaldehyde | '

[Step 1] Ethyl 1¥[eﬁdo—Bicyclo[2.2.1]hept—2—yl]—lH—
imidazole-4-carboxylate

[0277]

[Formula 60}

W'

&

N™>cooEt



The conpound (100 ng) obtained in Step.2 of this Exanple was dissolved in

tetrahydrofuran (1 nL), and 2 N hydrochloric acid (5 nL) was added thereto.
After heating to reflux for 2.5 hours, the solvent was distilled off under
reduced pressure. The obtai ned crude -hyidreochl ori de was di ssolved in

wat er, and DONEX 50WK8- 200 was added thereto: The resin was washed with

wat er, fol L[g)vﬁﬁ by elution with 4% ammoni a water. The el uate was
concentr at lobtain the title conmpound (7.0 ny).

L4+ VR CDAOD) 6: 1, 2311578 o406 D and 37 by o Q443500 348 5920 .

and endo-2-aminonorbornane hydrochloride (0.61 g) were
dissolved in n-butanol (5.8 mL). Then, to the solution,
triethylamine (0.58 mL) was added at room temperature,
and the mixture was stirred at 150°C for 6.5 hours. The
reaction solution was concentrated and then purified by.
silica gel column chromatography (eluting solvent:
hexane/ethyl acetate=50/50-ethyl acetate) to obtain the
title compound (0.13 g).

'H-NMR (CDCl3) &: 1.19-1.71 (7H, m), 1.40 (3H, t, J = 7.1
Hz), 2.19-2.27 (1H, m), 2.42 (1H, m), 2.60 (lH,'m), 4.38
(2H, q, 3 = 7.1 Hz), 4.44-4.49 (1H, m), 7.54 (1lH, s},
7.65 (1H, s).

[0279]

.[Step 2] 1l-[endo-Bicyclo[2.2.1]hept-2~yl]~1H-imidazole-4~
carbaldehyde

[0280]

[Formula 61)]

[0281]

The title compound (0.17 g) was obtained from the

compound (0.42 g) obtained in Step 1 of this Reference



2.84-2.95 s). (3Hnm), 3.95 (1H,  HRVB(ESI):nfz cal cd for CL5H25N3Na02:

302. 1845

5- Ami no- 2-{[ 1- (trans- 4- net hyl cycl ohexyl ) - 1H m dazol -4-yl ] methyl | val eric

[M+ found: 302.1835. [0356] [Exanple 2]

acid [Step 1] tert-Butyl 5-[(tert-butaarbonyl)am no]-2-{[1-
(trans-4-net hyl cycl ohexyl)-1Hi m dazol -4- yl]nmethyl}val erate [0357]

- [FornuIaE86

meple in the same way as in Steps 2 and 3 of Reference
Example 4. |

'H-NMR (CDClj) &: 1.18-1.25 (1H, m), 1.30-1.37 (1H, m),
1.44-1.73 (5H, m), 2.22-2.30 (1H, m), 2.45 (1H, m), 2.62
(14, m), 4.47-4.53 (1H, m), 7.61 (1H, s), 7.68 (1H, s),
9.89 (1H, s).

[0282]

[Reference Example 12} l-Adamantan-2-yl-1H-imidazole-4-
carbaldehyde

[Step 1] Ethyl l—adamantan—Z—yl—lH—imidazole—4—'
carboxyiate

[0283]

[Formula 62]

COOEt

[0284]
Ethyl 3—(dimethylamino)—2—isocyanoacrylate (0.50 g),

2-aminoadamantane (0.54 g), and n-butanol (2.5 mL) were

-added and stirred at 150°C for 13 hours. To the reaction

solution, water was added, and organic matter was
extracted with ethyl acetate. The organic layer was
concentrated and then purified by silica gel column

chromatography (eluting solvent: methylene chloride-

148



[ 0358] The conpound (970 ng) obtained in Reference Exanple 1 was

di ssolved in acetonitrile (7 nL), and lithiumchloride (100 ng) was added
thereto. After stirring at roomtenperature for 1 hour, 1, 8- '

di azabi cycl o[ 5. 4. O] undec- 7-ene (0. 38 mJ)s was added thereto. After further
stirring at roomtenperature for 30 mnutes, a solution of the conpound
(350 ng) obtained in Reference Exanple 4 in acetonitrile (4 n) was added
thereto, amf el §iStUHS tee /Sratieaty ki T oomnieigend weEeFaie )14 hours. The

solvent was distilled off under reduced pressure. Then, water was added to

the resi du€PHEhd drifariid 1fatdBP NS Xt rdct®d with ethyl acetate. The
organi c | ayer s dried oyer. aphy us_sodi um sul fate and filtered, and the
sol vent was df\@@i I(f%&ﬁéffélur?d‘e r ced pqe‘s_s T .Hz%h'e ﬁb&aﬁ%e crude
product was, -dj,ssqlved, id, € n (20 ) 100 fhe tion, 10% _

pal I adi um c(égjb%nq%’dtgzl'y% %dﬂa{t’eé' 0_0( 1&{) ITIi\/\)/a(s 4e'z‘igidé;d{ﬂa]fnéql’t he m xture was

stirred at +oomienperat urg; fqy 9 -hows siundeyy a hydrogen at nosphere at
normal pressure. After fi<ltrati on through celite, the filtrate was

concentrat echapgwher - 149 - reduced pressure to obtain a crude product.
This crude product was purified by silica gel colum chromatography

(el uting sol3tent :2 Inet+rateodanretring-grie- Iat iowi died aiet -Wanal320/ dgH yadeobt ai n t he
title ng). 1H NMR(CDC13)8:0.94(3H,d, J=6.3Hz), conmpound(435 1.05-1.14(2H,
'm, 1.38 (IB&9],1.41-1.68 (7H, nm), 1. 44(9H, s),

[Formula 63]

s}

[0287]

CHO

The title compound (0.15 g) was obtained from the
compound (0.37 g) obtained in Step 1 of this Reference
Example in the same way as in Steps 2 and 3 of Reference
Exampie 4. |
'H-NMR (CDCl3) &: 1.49-2.10 (12H, m), 2.53 (2H, m), 4.24
(1H, m), 7.74 (1H, s), 7.80 (lH, s), 9.90 (1H, s).

[0288]

[Reference Example 13] 1-(trans-4-Phenoxycyclohexyl)-1H-
imidazole-4~-carbaldehyde

[Step 1] tert-Butyl (trans-4-phenoxycyclohexyl)carbamate
[0289]

[Formula 64]



1.81- 1.87 (1H, (2H m, n),2.03-2.08 3.05-3.15(2H, (2H, m, m), 3.78
2.60-2.69 (1H tt,J (2H M, =11.7, 2.84 3.9 Hz), 4.73 (1H br),6.67

- 129 -

[0290]

tert—Butyl (cis—4—hydroxycyclohexyl)carbamate (2.00
g), phenol (1.14 g), and triphenylphosphine (3.17 g} were
dissolved in tetrahydrofuran (40.0 mL). Then, to the
solution, diisopropyl azodicarboxylate (6.49 mL) was
added dropwise at room temperature, and the mixture was
stirred at room temperature for 63 hours. The-reaction
solution was concentrated and then purified by silica gel
column chromatography (eluting solvent: hexane-
hexane/ethyl acetate=90/10) to obtain the title compound
(1.80 g). |
'"H-NMR (CDCl3) &: 1.20-1.30 (2H, m), 1.45 (9H, s), 1.51-
1.1 (2H, m), 2.05-2.16 (4H, m), 3.47-3.58 (1H, m), 4.17
(1H, m), 6.81-6.95 (3H, m), 7.21-7.29 (2H, m).
[0291]

[Step 2] trans-4-Phenoxycyclohexanamine hydrochloride

[0292]

[Formula 65]

§N
— Oh{:::l\

[0293]



(1H,s), 7.40(1H, s). [0359] [Step 2]

5- Am no- 2-{[ 1- (trans-4-net hyl cycl ohexyl )-1H i m dazol -4-yl]nethyllvaleric
acid [0360] [Formula 87] [0361] To the conmpound (430 ngy) obtained in
Step 1 of this Exanple, 2 N hydrochlorijgyacid (5 nL) was added, and the

m xture was heated to reflux for 3 hours. After cooling, the solvent was
distilled off under reduced pressure. The obtained crude hydrochl ori de was
di ssol ved i n watlére, camgpoDOAEX 1560KE- 20 twascadded Sther ét @of Thessresin was -
150 - washed with water, followed by elution with 4% amoni a water. The

el uat e was RORi@t¢aatiethil e Srimfel productevpst westieat s t38 dtet one to
obtain the title conpound (90 ng). H-NWR (CD30D) 8: 0.95 (3H, d, J = 6.6
Hz), 1.07- 2o (2R, GE*F spl3gipn77 4 YHhverochlepair gridigthyyl, 1.97-2.06

(Hg_l: g) ’932'(§%t2a'5t)5e,7 élzag‘;p Exr?iliq, 2\,%5)85_1_a2d e5d (a?)tH’rorgn’l t?_’én?pze§altl_1liré,t ’aﬁ]d :thlel' 7 3j S

mixture was stirred for 1 hour. To the reaction solution,

hexane (18.0 mL} was added, and the precipitated solid
was then collected by filtration and washed with a mixed
solvent of hexane and ethyl .acetate (50:50) to obtain the

title compound (1.01 g).

'H-NMR (CD;OD) &: 1.48-1.61 (4H, ﬁ), 2.07-2.14 (2H, m),
2.18-2.25 (2H, m), 3.13-3.21 (1H, m), 4.28 (lH, m), 6.87-
6.94 k3H, m), 7.21-7.28 (2H, m).

[0294]

[Step 3] Ethyl 1-(trans-4-phenoxycyclohexyl)-1H-
imidazole-4~-carboxylate

[0295]

[Formula 66]

\;}»COOE’[

[0296]

Ethyl 3-(dimethylamino)-2-isocyanocacrylate (0.70 g)
and the compound (1.14 g) obtained in Step 2 of this
Reference Example were dissolved in n-butanol (7.0 mL).

Then, to the solution, triethylamine (0.70 mL) was added

at room temperature, and the mixture was stirred at 150°C



HRVS (ESI): mz calcd for CI6H28N302: 294.2182 [M + H +; found: 294.2183.
[0362] [Exanple 3]

5- Ami no- 2-{[ 1- (trans-4-et hyl cycl ohexyl)-1H m dazol - 4-yl ] net hyl }val eri c acid
[Step 1] Methyl 5-[(tert-butoxycarbonyl3am no]-2-{[1-

(trans-4-ethyl cycl ohexyl)-1H i m dazol -4- yl]methyllvalerate [0363] [ Fornula
88] [0364] Tgr’:é_) conpound (100 ngy) obtained in Reference Exanple 5 and
the conpourfd®q 267 hy)°btai ned FRAREFENeFOd UEXRRDIFE 53 CRECENSESERded i n
cycl ohexane . To this .- 151 - suspension, a.solution of piperidine
(0. 048 nl) agl(ncg t;r)p‘rLQC)npipounrilcthjaeccl1 Y o I nC%W%h%?{%at(%ﬁShﬁas added,
and the m xture . heat 1 flu 0 S. r_.cooling, to the
reaction so(Ite$ngcol\rll}l?gsaqueoéar{sjC 'pg}e;%sﬂeu%{:hg&{lbgan%%gﬂm%éOydéd[gcﬁ&aﬁd organi c

matter was £xtracted widh ethwlacetate. s grgan od ayer was washed with

saturated sodi um chl oride solution, then dried over ‘anhydrous sodium
sul fate, and ikt qicesh,ang: t hessolygnt cwag di stijl lied off dmder; 7 egduged

pressure. The obtained crude product was dissolved in nmethanol (8 mi). To
the sol utiam,, 10%@al | edi wr,canbore .ct-al yst (4w dmat,eds . ZO0(1wy) s added,
and the m xture was stirred at room-tenperature for 8 hours under a

hydr ogen atéwsSpherte at) nor.ndl @Ettessur el After Hi)lt ratd on/ tO0 oUdfh, celite,
the filtrate was concentrated under reduced pressure to obtain a crude
product. Thi-<&rlde prdbudt) wals Juri¥H eds by 5i49 calBels)col um

chr omat ogr aph 7(eI uting solvent: hexane/ethyl acetate=2/1-1/2)to obtain the
title corrpoﬁh%‘?( 1185 mg). 1H NVR(CDC13)6:0.91(3H,t,J =7.0Hz), 1. 06(2H, m),

[Step 4] 1-(trans-4-Phenoxycyclohexyl)-1H-imidazole-4-
carbaldehyde
[0298]

[Formula 67]

O\N/X»CHO
- N

-

[0299]

The title compound (0.07 g) was obtained from the
compound (0.28 g) obtained in Step 3 in the same way as
in Steps 2 and 3 of Reference Example 4.

'H-NMR (CDCls) &: 1.62-1.73 (2H, m), 1.80-1.91 (2H, m),
2.24-2.38 (4H, m), 4.1i1 (1H, m), 4.30 (iH, m), 6.88-7.01
(3H, m), 7.26-7.33 (2H, m), 7.66 (1H, s), 7.71 (1H, s),
9.88 (1H, s). |

[0300]



1.15-1. 68
2.80 m,

m,2.71 (94 m, (1H dd, 1.44(9H, J =13.7, s),1.93 5.9Hz),
(IH, 2.09 m, (2H, 2.89 (1Hdd, s),3.81 J =13.7, (1Htt,
- 132 -
[Reference Example 14] Ethyl 5-[(tert-
butoxycarbonyl)amino] -2~ (diethoxyphosphoryl)valerate
[0301]
[Formula 68]
f
“Boc
N—o
N—o-P7 " CO0E
0
[0302]

The title compound (14.1 g) was synthesized from
triethyl phosphonocacetate (10 g) in the same way as in
Reference Example 1.

[0303]
[Reference Example 15] 1-(3,3-Dimethylcyclohexyl)-1H-
- imidazole-4-carbaldehyde
[Step 1] Ethyl 1-(3,3-dimethylcyclohexyl)-1H-imidazole-4-
carboxylate '
[0304]
[Formula 69]

E\N\ COOEt
[0305]

Hydroxylamine hydrochloride (8.76 g) was dissolved
in water (100 mL). To the solution, a solution of sodium

acetate (l7.8lg) and 3, 3-dimethylcyclohexanone (4.55 g)
in methanol (20 mmL) was added at room temperature, and

the mixture was heated to reflux for 1.5 hours. Organic

(2H,



7.8Hz), J=12.1, 3.03-3.17 3.9Hz), (21-1, 4.76 n), (IH 3.63 br), (3H 6.68
(IHs), 7.47(1H s).,
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matter was extracted with ethyl acetate and dried over
anhydrous sodium sulfate, and the solvent was then
distilled off under reduced pressure to obtain a crude
product of 3,3-dimethylcyclohexanone oxime.

[0306]

Lithium aluminum hydride (4.11 g) was suspended in
tetrahydrofuran (100 mL). To the suspension, a .solution
of the crude product of 3,3-dimethylcyclohexanone oxime
thus obtained in tetréhydrofﬁran {50 mL) was added
dropwise under ice cooling, and the mixture was
subsequently heated to reflux for 10.5 hours. To the
reaction solution, sodium sulfate decahydrate was added
under ice cooling. Subsequently, ethyl acetate was added
thereto, and the mixture was stirred for 30 minutes.
After celite filtration, the solvent in the filtrate was
distilled off under reduced pressure to obtain a crude
product of 3,3-dimethylcyclohexylamine.

[0307]

This crude product and ethyl 3-(dimethylamino}-2-
isocyanoacrylate (3.04 qg) weré mixed and stirred at 70°C
for 16 hours. This mixture was purified by silica gel
column chromatography (eluting solvent: hexane/ethyl
acetate=1/1-1/3) to obtain the title compound (3.Si g .
[0308] |
[Step 2] 1-(3,3-Dimethylcyclohexyl)-1H-imidazole-4-
carbaldehydé
[0309]

[Formula 70]



[0365] .[Step 2]

5- Am no-2-{[ 1-(trans-4-et hyl cycl ohexyl)-1H m dazol -4-yl ] nmethyl )val eric acid
- 152 - [0366] [Fornula 89] [0367] t he conpound (180 ng) obtained
in Step 1 of this Exanple, 5 N hydrachlqyic acid (4 nL) was added, and the
m xture was heated to reflux for 3 hours. After cooling, the solvent was
distilled off under reduced pressure. The obtained crude hydrochl oride was
di ssol ved in pethanol, and DOAEX 50WK8- 200 was added thereto. The resin was
washed with water, followed by elution with 4% amoni a water. The eluate
‘was concent ed, and the crude product was washed with acetone to obtain
the title compound (53 ng). 1H NVR(CD30D)6:0.92(3H,t,J =7.0 Hz), 1.10 (2H,

m, 1.17-1.33(3&f§LtH%.42-1.75
N

(03101

The title cémpound (1.23 g) was obtained from the
compound (3.51 g) obtained in Step 1 of this Reference
Example in the same way as in Steps 2 and 3 of Reference
Examplé 4.
'H-NMR (CDCl3) &: 0.92-0.96 (1K, m), 1.03 (6H, s), 1.18-
1.26 (1H, m), 1.46-1.68 (3H, m), 1.76-1.85 (2H, m), 2.11-
2.17 (1H, m), 4.11-4.19 (1H, m), 7.62 (1H, s), 7.68 (1H,
s), 9.86 (1H, s).
[0311]
[Reference Example 16) tert-Butyl (2-
formylbutyl)carbamate
[Step 1] Ethyl 2-methylenebutyrate
[0312]

[Formula 7117

4J:;00Et

[0313]

Potassium carbonate (5.5 g} was dissolved in water
(15 mL). To the solution, ethyl 2-
(diethoxyphosphoryl)butyrate (5.0 g) and a 37% aqueous
formaldehyde (6.2 g) were added at room temperature, and

the mixture was stirred at 85°C for 45 minutes. Organic

matter was extracted with diethyl ether, dried over



(6H M, 1.91 (2H, n), 2.05 (2H, n),2.43-2.58 tt,J =12.1,3.5 (2H, M), Hz),6.94
2.79-2.95 (1H,s), (3H, 7.56 m), (1H 3.93 s). (1H HRVB (ESl): mz cal cd
for Cl7H30N302: 308.2338 [M +' : |
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anhydrous sodium sulfate, and filtered, and the solvent
in the filtrate was distilled off under reduced pressure
to obtain a crude product.

'H-NMR (CDC1;) &: 1.08 (3H, t, J = 7.4 Hz), 1.31 (3H, t,
J = 7.0 Hz), 2.30-2.36 (2H, m), 4.21 (2H, g, J = 7.0 Hz),
5.51-5.52 (1H, m), 6.12-6.14 (1H, m).

[0314]

[Step 2] Ethyl 2-[(benzylamino)methyl]butyrate

[0315]

[Formula 72]

[0316]

rgimn)

The compound obtained in Step 1 was dissolved in
ethanol (7 mL). To the solution, benzylamine (2.7 -mL)
was added at room temperature, and the mixture was
stirred at 70°C for 17 hours. Thé solvent in the
reaction solution was distilled off under reduced
pressure, and the obtaiﬁed residue was purified by silica
gel column chromatography'(eluting solvent: hexane-
hexane/ethyl acetate=7/3) to obtain the title compound
(2.34 q).

'H~NMR (CDCls) &: 0.91 (3H, t, J = 7.4 Hz), 1.26 (3H, t,
J = 7.2 Hz), 1.53-1.70 (2H, m), 2.47-2.55 (1H, m), 2.69
(1H, dd, J = 11.9, 4.9 Hz), 2.88 (1H, dd, J = 11.9, 8.8
Hz), 3.79 (2H, d, J = 4.3 Hz), 4.13-4.19 (2H, m), 7.22-
7.26 (2H, m), 7.29-7.32 (3H, md.

[0317]



found: 308.2338. [0368] [Exanple 4] : :
‘5- Am no- 2-{[ 1- (3-et hyl cycl obutyl)-1H m dazol -4-yl]nmethyllvaleric acid -
153 - [Step 1] Methyl 5-[(tert-butoxycarbonyl)am no]-2-{[1-(3-
et hyl cycl obutyl)-1H i m dazol - 4-yl ] net hyté val erate [0369] [ Fornula 90]
[ 0370] The conpound (115 ng) obtained in Reference Exanple 6 and the
conpound (355 ny) obtained in Reference Exanple 3 were suspended in
cycl ohexanel§&miil Horyhe susperision, a sol ution of piperidine (0064 m)
and propionic acid (0.048 L) in cyclohexane (3 nL) was added, and the
mi xt ure wasPhedt EeR HP el A TS Wol RE Y23 & Rr cool i ng, aqueous potassi um
car bonat e mi(? 1a%ded to the reaction solution, and organic natter was
extracted H ]thyl acetate. The organic |ayer was washed wi th saturated
sodi um chl orid | ution, then dried over anhydrous sodium sul fate, and
filtered, aL%oﬁ%%Pasgfév]gnt was distilled off under reduced pressure. The
obt ai ned crude product was dissolved in ethanol (5 nmL). To the solution,
10% pal | adi um gar bon catal yst (hydrated, 200 ng) was added, and the m xture
was sti rrengg/-"r &gg&erature for 8 hours under a hydrogen atnosphere at
normal pressure. After filtration through celite, the - 154 - filtrate was
concentrat efoznger reduced pressure to obtain a crude product. This crude
product was purified by silica gel colum chromat ography (eluting solvent:
hexane/ et hyl acdthat echpbubid?)(2.@oht)aidbttahedd tire StEnpPAURG(s190
ng, di astereoneric mxture,trans:cis=1:1).

dissolved in ethanol (50 mL). To the solution, 10%

palladium—carboh catalysf (hydrated, 1.17 g) was added,
and the mixture was stirred for 4 hours under a hydrogen
atmosphere. Subsequently, di-tert-butyl dicarbonate (2.6
g) was added thereto, and the mixture was stirred
overnight. Di-tert-butyl dicarbonate (1.3 g) was further
added thereto, and the mixture was stirred for 1 hour.
The catalyst was filtered off, and the solvent in the
filtrate was distilled off under reduced pressure. The
obtained residue was purified by silica gel column
chromatography (eluting solvent: hexane-hexane/ethyl
acetate=8/2) to obtain the title compound (1.97 g).
'"H-NMR (CDCl;) &: 0.94 (3H, t, J = 7.4 Hz), 1.27 (3H, t,
J = 7.4 Hz), 1.43 (9H, s), 1.4%9-1.71 (2H, m), 2.48-2.56
(1H, m), 3.21-3.28 (1H, m), 3.32-3.39 (1H, m), 4.11-4.20
(3H, m), 4.86 (1lH, br s).

[0320]

[Step 4] Ethyl 2-{[bis(tert-
butoxycarbonyl)amino]lmethyl }butyrate

[0321]



IHNMR t,J = (CDC13)8: 7.3Hz), 0.86 1.44 (1.5H, (9H,s), t,J=7.3Hz),
1.44-1.70(6H, 0.90 n), (1.5H 1.81- 1.90(1H, m),1.94-2.04(0.5H ),
2.18-2.30(1.5H, n), 2.37-2.47
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[Formula 74]

l|30c
N
Boc” COOEt

[0322]

To a solution of the compound (578 mg) obtained in
Step 3 in tetrahydrofuran (15 mL), a solution of n-BuLi
in hexane (1.65 M, 1.57 mL) was added at -78°C, and the
mixture was stirred for 1 hour. Subsequently, di-tert-
butyl dicarbonate (668 mg) was added thereto at -78°C,
and the mixture was gradually heated and then stirred
overnight. To the reaction solution, agueous ammonium
chloride was added, and organic matter was extracted with
ethyl acetate, dried over anhydrous sodium sulfate, and
filtered. The solvent was distilled off under reduced
pressure. The obtained residue was purified by silica
gel column chromatogfaphy (eluting solvent: hexane/ethyl
acetate=98/2-90/10) to obtain the title compound (684 mg).
[0323].

[Step 5] tert-Butyl [2-(hydroxymethyl)butyl]lcarbamate
[0324]

[Formula 75]

Boc
[0325]

Lithium aluminum hydride (153 mg) was suspended in
tetrahydrofuran (20 mL). To the suspension, a solution

of the compound obtained in Step 4 in tetrahydrofuran (2

mL) was added dropwise under ice cooling, and the mixture -



2.57-2.64 (1H, m), 2.66-2.73 (1H n), 2.76-2.83 (1H n), 2.86-2.93
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was then stirred overnight. To the reaction solution,
sodium sulfate decahydrate was added under ice cooling.
Subsequently, ethyl acetate was added thereto, and the
mixture was stirred. After celite filtration, the
solvent in the filtrate was distilled off under reduced
pressure. The obtained residue was purified by silica
gel column chromatography (eluting solvent: hexane/ethyl
acetate=9/1-3/7) to obtain the title compound (168 mg).
'H-NMR (CDClj) &: 0.93 (3H,.t, J = 7.4 Hz), 1.19-1.37 (2H,
m), 1.45 (9H, s), 3.06-3.13 (lH, m), 3.28-3.36 (2H, m),
3.37-3.44 (1H, m), 3.56—3.62 (1H, m), 4.78 (1H, br s).
[0326]

[Step 6] tert-Butyl (2-formylbutyl)carbamate

[0327]

[Formula 76]

0 L
Boc” CHO

[0328]

Oxalyl chloride (141 pl) was dissolved in methylene
chloride (1 mL). To the solution, a solution of dimethyl
sulfoxide (176 pl) in methylene chloride (1 mL) was added

~

dropwise at -78°C, and the mixture was stirred for 15

minutes. A solution of the conmpound (168 mg) obtained in
Step 5 in methylene chloride (2 mL) was added dropwise
thereto at -78°C, and the mixﬁure was stirred for 2 hours.
Triethylamine (695 pL) was added thereto, and the mixture
was heated to 0°C and then stirred overnight. To the

reaction solution, methylene chloride was added, and the



3.64(3H, s),4.34 (0.5H,tt, J = 9.3, 7.8Hz), 4.58 (0.5H,tt, J = 7.8,
7.3Hz), 4.79 (1H br),6.68 (0.5H, s),6.73(0.5H,
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organic layer was washed with water and saturated sodiuﬁ
chloride solution, then dried over anhydrous sodium
sulfate, and filtered. The solvent was distilled off
under reduced pressure. The_obtained residue waé
purified by silica gel cqlumn chromatography (eluting
solvent: hexane:ethyl acetate=9/1-7/3) to obtain the
title compound (113 mgqg).

'"H-NMR (CDCls) &: 1.02 (3H, t, J = 7.8 Hz), 1.42 (94, s),
1.48-1.54 (1H, m), 1.70-1.81 (l1H, m), 2.43-2.51 (1H, m),
3.27-3.40 (2H, m), 4.82 (1H, br s), 9.68-9.69 (1H, m).
[0329]

[Reference Example 17] 1f(cis—4—{[tert—

Butyl (diphenyl)silyl]oxy}cyclohexyl)-1H-imidazole-4-
carbaldehyde

[Step 1] tert-Butyl (cis-4-{[tert-

butyl (diphenyl)silyl]oxy}lcyclohexyl)carbamate

[0330]

[Formula 77]

0
TBDPS” '
..Boc

N
H

[0331]

To a solufion of tert-butyl (cis-4-
hydroxycyclohexyl)carbamate (2.0 g) in dimethylformamide
(4OImL), imidazole (756 mg) and t-
butyldiphenylchlorosilane (2.86 mL) were added under ice
cooling, and the mixture was stirred for 24 hours.

Imidazole (226 mg) and t-butyldiphenylchlorosilane (858



s), 7.39(0.5H,s),7.42(0.5H,s). [0371] [Step 2]
5- Am no- 2- ([ 1- (3-et hyl cycl obutyl)-1H i m dazol -4- yl]nmethyllvaleric acid

[0372] [Fornula 91] [0373] To the conpound (185 ngy) obtained in Step
1 of this Exanple, 5 N hydrochloric acigh (4 nL) was added, and the m xture
was heated to reflux for 3 hours. After cooling, - 155 - the solvent was

distilled off under reduced pressure. The obtained crude hydrochl ori de was
di ssol ved indbinetdrandlurtded BOAERX BUWMKS 1200 aves @dﬁe@ixw@t@s The resin was
washed wi th net hanol fol |l owed by elution wiith 4% amoni a . The eluate
was concentatdd aitf t%éjacyrﬁjdeTBr S8Gct SRES TRas e Wi OR  a & é’ e to obtain

the title co 1 |ast oneric mxture trans: ci.s=1:1). 1H-NI\/R
CrB0D) 8- r%a PoY atrg%ﬂd COEE (LS 115

(1 45- 1)73 ( ut( ¢ 81%2 hr? C(2t9<§7n SCHZ ”3 41%%2 64 (4H,

n, 2. 82-2.o8" lﬁ‘a zf‘fd(Jdm%ﬁ O{rldf 5&grs AC 40‘?2r(0 5H, tt, J

= 8.2, 7.8 7 7 03 v ods 5310 By eSk, 56 (0. 5H,
s). HRVE (ES yd%fgs ng%?icgﬂ} a5t|—?(2)'6|\‘]‘(3rgd25ﬂzls%é 260%5 :[%I\}}I% Sél]lﬂ+ e%)kougis (

280.2015. gistilled off under reduced pressure. This residue was

purified by silica gel column chromatography (eluting
~ solvent: hexane/ethyl acetate=98/2-9/1) to obtain the

title compound (5.09 g).
"H-NMR (CDCl3) &: 1.07 (9H, s}, 1.45 (9H, s), 1.57-1.71
(8H, m), 3.40-3.49 (1H, m), 3.88-3.92 (1H, m), 4.50-4.57
(1H, m), 7.34-7.44 (6H, m), 7.64-7.66 (4H, m).
[0332]
[Step 2] cis-4-{[tert-
Butyl (diphenyl)silyl]oxy}cyclohexanamine
[0333]

[Formula 78]

0
TBDPS” \Q
NH,

[0334]

The compound obtained in Step 2 was dissolved in
methylene chloride (25 mL). To the solution,
trifluorcacetic acid (5 mL) was added under ice cooling,
and the mixture was stirred for 45 minutes.
Trifluoroacetic acid (5 mL) was further added thereto
uﬁder ice cooling, and the mixture was stirred for 1 hour.
The organic layer was washed with aqueous potassium

carbonate, dried over anhydrous sodium sulfate, and



[0374] [ Exanple 5]

5- Am no- 2- {[ 1- (3- net hyl cycl obutyl) - 1H m dazol -4-yl ] nmethyl |l valeric acid

[ 0375] [ Fornula 92] - 156 - [0376] The title conmpound (2.0 ny,

di astereoneric m xture, trans:cis=1:-1)14%s obtained fromthe conpound (10

ng) obtained in Reference Exanple 7 in the sane way as in Exanple 4. 1H NMR

(Cb30D) El: 1.15 (1.5H, d, J = 6.6 Hz), 1.24 (1.5H, d, J = 6.6 Hz), '

1.44-1. 72 EaHtemrd 1395t £hes sofeny wep fg-stiblea o upden reduress (4. 5H,

m, 2.81-2.95 (3H, , 4.45 (0.5H, tt, J = 9.4, 7.4 Hz), 4.79 (0.5H, tt, J

= 7.8, 7.8%%)° u6”-.‘39?0( GRS )R CFUPE (FOSYC )T £y t(l&%,cog)P,(ouﬂcgg (0. 5H,

s). HRMVB (E(gl). m)z cal cd for Cl4H24N302: 266.1869 [M + Hl+; found:

266.1874. | SH] g[ Exampl e 6] (2RS)-5-Am no-2-({1-[ (1R, 3s,5S)-

bi cycl of 3. ]{.0@3@qxan-3-y1] -1Him dazol -4-yllmethyl)valeric acid [Step 1]

(1R, 3r, 55)-bicycl o[ 3.1. 0] hexan-3-y1 net hanesul fonate [0378] [Fornula 93]
[Step 3] Ethyl 1-{(cis-4-{[tert-

butyl(diphenyl)silyl]oxy}cyc;ohexyl)QlH—imidazole—4—
carboxylate
[0336]

[Formula 79]

TBDPS—O

l}COOEt
(0337]

The compound obtained in Step 2 and ethyl 3-
(dimethylamino)-2-isocyanoacrylate (1.56 g) were mixed
and stirred at 70°C for 33 hours. This mixture was
purified by silica gel column chromatography (eluting
solvent: hexane/ethyl acetate=8/2-ethyl acetate) to
obtain the title compound (870 mg).

[0338]
l[Step 4] 1< (cis-4-{[tert-

Butyl (diphenyl)silylloxylcyclohexyl)~-1H-imidazole-4~
carbaldehyde

[0339]

[Formula 80]

T8DPS—O,

Edono



- 157 - [0379] To a solution of (1R, 3r,5S)-bicyclo[3.1.0]hexan-3-ol
(1.00 g) in methylene chloride (10 nmL), triethylamne (1.70 nL) and-

met hanesul fonyl chloride (0.94 nL) were added at OC, and the m xture was
stirred at roomtenperature for 12 hourg: Jo the reaction solution, water
was added, and organic matter was extracted with nethyl ene chloride. The
organi c Iayer was dried over anhydrous sodiumsulfate and filtered, and the
sol vent wasl @fi4tli || ed of f under reduced pressure to obtain a crude product.
Thi s crude product was purified by silica gel colum chromat o%raphy

(el uting sol ventiehé&tides éﬂwpu%et (80d=Hp1- PPF) Ob§33hesi it foRe thict | e
conpound (1. 1H NMVR (CDC13S)t 8: 0 44 (1H, Rr%elo 54 (1H, , 1.35 (2H,

n, 2.10 (ﬂ@m%qgndz BB PEL, T C(fslﬁhls‘i l’?r(qei—lE}?ﬁmp 0380] [Step
2] tert- Butx}ﬁ (2RS) - 2-

bi cycl of 3. L. 0] HéXan @};{1_ ft(lt-ll%ﬁeéjfzc? azf“%/l% et iihsgence Bxrample 4.

Ergtéeggnggbﬁgyﬁgggqe)ba %lO]n\e/ ?{%E’fere’n L%janpnzi-IEL % d’ts%lS%Ved[PﬁSZ]

N, N-di met hyl fooy nady deyy(4 Jrio)s- rg:b cest um carﬁoq;@_t@ d1690, 1) and; the
conmpound (250 ny obt a| 'ned i n St ep (%%of th| s Exanpl e wglre aofded t hereto.

After stirrdng at1H,10G for. H-hours, (410, the, reaciionys0{uti G, WAled- was
added, and organic matter was extract ed with diet hyl ether. The organic

| ayer was wWasdved 5M,t mwat®er’s ten dvi,ed over(anhydr.ous sodi um sul fate, and
filtered, and the solvent was distilled off under reduced pressure to
obtain a criffed Igr oduct. This crude product was purified by silica gel

col um chromat ography (el uting solvent: nethylene chloride-nethylene

chl ori de/ metRei PO BRI Bxamp lebtldin I 914 letdiplowrd Q85 i)~ LHH NVR
(CDC13) 8: 026(1H dt, J = 5.7, 3.9 Hz), 0.47 (1H td, J = 7.8, 5.7 Hz),
1.38 (9H, Syiicpzefqoigcagpaldedyioe 07 (8H nj, 2.26-2.33 (2H, n). 2.58-2.68

% T 8 Y 5l o224

(2RS) - 5- Am no LfL(1R 3s, 59) -
bi cycl o[ 3. lcaot] an- -yl]-lH-in1dazo|-4-y|}rrethy|)val eric acid

[0342]

[Formula 81]

COOEt
[0343]

To cis-4-methylcyclohexylamine hydrochloride (5.0 g),
water and sodium bicarbonate were added, and the organic
layer was separated. The organic layer was dried over
anhydrous sodium sulfate, and the solvent was distilled
off to prepare a free form of cis-4-methylcyclohexylamine
(770 mg). 5 N hydrochloric acid was further added to the
‘aqueous layer bbtained above. PoraPak Rxn CX (ion-

exchange resin, 30 g) was added thereto, and the mixture



[0384] - 159 - [Fornula 95] [0385] The conpound (55 ng) obtained in
Step 2 of this Exanple was dissolved in nethylene chloride (2 nmL.). To the
solution, trifluoroacetic acid (1 nL) was added, and the m xture was
stirred at roomtenperature for 5 hourss3Then, the solvent was distilled,
of f under reduced pressure. Toluene was added to the residue, and the

sol vent was again distilled off under reduced pressure. The obtai ned crude
trifl uor oacétat €S Was? di 530N VERINRST it s, dN¢ DOAEX 3GWK8:aZ0G dvars tddded
thereto. The resjn was washed with nethanol, followed by elution with 4%
anmmoni a wat& L OrheE ALY wal Heshtat et t Her "Eh"ehc%u%e‘l p¥ oduct was

washed with _acetone ta obtain the title conpound (30 ). 1H-NMR (CD30D) 6:
0.34 (1H, o%f?m?lm_ﬁé?%&%ﬂ%l' HYLluet s (Hhe fduares .%%.%W)afeﬂ 38- 1. 45

2H, , 1..46- . (4H, . -2:.11. (2H, .23-2.30 (2 , 2.44-2.57
G s le P d i infny eGPt fatl D), B A2
7.50 (1H, s @—I_RI\@ ESh.).: .cal«cd f r&%—g%@%}ga : 1688 -[xM + found:
300. 12379. %-1'160 d 'Eo%l)ee] Oﬁgé%lde%ﬂe% Wom A 49 Mgy
5- ANt no- 2- (ddd (& ansed-hy driaxysued ahexylJ - i o dazol s 4-yd faeihyd dval eric
acid [Step 1] Methyl 5-[(tert-butoxycarbonyl)amno]-2-{[1-
(trans- 4- hyakeamyry cd ohexyidailiH-ting dazol e 4-obduret hyl | salgr ate [ 0387]
[ Formul a 96] HO
[0344]
[Step 2] l—(cis—4—Methylcyclohexyl)—lH—imidazole—4—
carbaldehyde
{0345]

[Formula 82]

N
¢

[0346]

CHO

Lithium aluminum hydride (0.35 g) was suspended in
tetrahydrofuran (10 mL). To the suspension, a solution
of the compound (1.67 g) obtained in Step 1 of this
Reference Example in tetrahydrofuran (10 mL) was added
dropwise under ice cooling. The mixture was stirred at
0°C for 30 minutes and then at rooﬁ temperature for 2
hours and 40 minutes, and water (2 mL), 5 N aqueous
sodium hydroxide (2 mL), and water (6 mL) were added
thereto in this order under cooling. The mixture was
stirred at room temperature for 2 hours. Then, anhydrous

sodium sulfate.was added thereto, and the mixture was



[ 0388] The conpound (185 ng) obtained in Reference Exanple 8 and the
conpound (524 ny) obtained in Reference Exanple 3 were suspended in

cycl ohexane (6 nL). To the suspension, a solution of piperidine (0.094 niL)
and propionic acid (0.071 nmL) in cycl ahexane (2 nlL) was added, and the

m xture was heated to reflux for 12 hours. After cooling, to the reaction
sol ution, aqueous potassium carbonate was added, and organic natter was

extracted vt St g@etéﬂéhr?ﬁ§ Hﬁéaﬁpﬁcﬁéﬁéﬁtﬁésu%€§heaeﬂPFﬁdsaturated

sodlun1chlor|de solut the dr.i ed over($nhydrou g% sul fate, and
filtered, dnd YHe %ol %ﬂqqqeﬁf%ﬁ Yuntfet &Q%Héésure The

obt ai ned cr uct s dis Vi anaql € o 161 -
sol ution, f%%ﬁﬁﬂfﬁghfﬁﬁ$%hf%%néggtgﬂystTFh;ﬁFaFS&QQQ mfnﬂg gded and
the m xturevas & iired g, R%PJ“%ter s A & O ﬁ]@% %é&“@t&@r&)’droge“

at mosphere at nornal pressure tratlon through celite, the

filtrate was congeMdnfead unders Jeduc et LS & Hdah obtaidyay crude product .
This crude product was purified by silica gel colum chromatography - '

(el uting sanenigh reiliHeane ekl grnildearet hulserenchherdedmehharol=9/1) to
obtain the title conpound(326 ng). 1H NVR(CDC13)8:1.40-1.88(8H m, 1.43 (9H,
S) 2.08- 2.160ycd presurA) ( THeddptdined residue was purified by
silica gel column chromatography (eluting solvent:
hexane/ethyl acetate=50/50-20/80) to obtain the title
compound (0.79 g).
'"H-NMR (CDCl3) &: 1.00 (3H, d, J = 7.0 Hz), 1.45-1.52 (2H,
m), 1.64-1.73 (3H, m), 1.85-2.07 (4H, m), 4.06-4.13 (1H,
m), 7.67 (1H, 4, J = 1.2 Hz), 7.74 (1H, d, J = 1.2 Hz),
9.89 (1H, s).
[0347] |
[Example 1] 5-Amino-2-{ (l-cyclohexyl-1H-imidazol-4-
yl)methyl]valeric acid’
[Step 1] terthutyl 5-[ (tert-butoxycarbonyl)amino]-2-[ (1-
cyclohex—2—en—l—yl—lH—imidazol—4—yl)methyl]valerate'
[0348:

[Formula 83]

ZT

“Boc

& |

N COOtBu



14.6, 6.3Hz), 2.80 (1H, m, 2.89 (1H, dd, J =14.6, 8.3 Hz), 3.03-3.15 (2H,
m, 3.63 (3H s), - -

- 145 -

[0349]

The compound (200 mg) obtained in Reference Example
2 was dissolved in N,N-dimethylformamide (3 mL), and
sodium hydride (63%, 43 mg) was added thereto at 0°C.
After stirring at 0°C for 15 minutgs and at room
temperature for 45 minutes, 3-bromocyclohexene (90%,
0.150 mL) was added thereto at 0°C, and the mixture was
stirred at room temperature for 30 minutes. To the
reaction solution, saturated agqueous ammonium chloride
was added, and organic matter was extracted with ethyl
acetate. The organic layer was washed with wafer, then
dried over anhydrous sodium sulfate, and filtered, and
the solvent was distilled off under reduced pressure to
obtain a crude product. This crude product was purified
by silica gel colﬁmh chromatography (eluting solvent:
methylene chloride-methylene chloride/methanol=10/1) to
obtain the title compound (220 mg).
'H-NMR (CDCl3) &: 1.39 (9H, s}, 1.44 (9H, s), 1.47-2.15
(10H, m), 2.60-2.70 (2H, m), 2.85 (lH, m), 3.02-3.18 (2H,
m), 4.1 (1H, m), 4.76 (1H, br), 5.70 (1H, m), 6.05 (1lH,
m), 6.68 (lH, s), 7.42 (lH, s).
[0350]
[Step 2] tert-Butyl 5-[ (tert-butoxycarbonyl)amino]-2-[(1-
cyclohexyl-1H-imidazol-4-yl)methyl]valerate

[G351]



3.72 (1H,m), 3.88 (1H, m,4.73 (1H br), 6.67 (1H, s), 7.47 (1Hs).

- 146 -
[Formula 84]

H .
“Boc
N

& |

N COOtBu

[0352]
10% palladium-carbon catalyst (hydrated, 200 mg) was

-suspended in a solution of the compound (250 mg) obtained"
in Step 1 of this Example in ethanol (6 mL). The
suspension was stirred at room temperature for 3 hours
under a hydrogen atmosphere at normal pressure. The
reaction solution was filtered through celite; and the
filtrate was concehtrated.. The obtained crude prbduct
was purified by silica gel column chromatography. (eluting
solvent: methylene chloride/methancl=20/1-10/1) to obtain
the title compound (240 mg) .

'H-NMR (CDCl3) &: 1.19-1.36 (4H, m), 1.38 (9H, s), 1.44
(9H, s), 1.48—1.64'(5H, m), 1.73 (1H, m), 1.88 (2H, m),
2.06 (2H, m), 2.59-2.70 (2H, m), 2.84 (1lH, m), 3.05—3.16
(2H, m), 3.81 (1H, m), 4.76 (1lH, br), 6.68 (1lH, s), 7.42
(1H, s).

[0353]

[Step 3] 5-Amino-2-[(l-cyclohexyl-1H-imidazol-4-
yl)methyl]valeric acid -

[0354]



[0389] [Step 2] -

5- Ami no- 2-{[ 1- (trans- 4- hydr oxycycl ohexyl ) - 1Hi ni dazol - 4-yl ] et hyl }val eri c
acid [0390] [Formula 97] HO [0391] To the conpound (246 ny) obtai ned
in Step 1 of this Exanple, 5 N hydrochigjic acid (5 nL) was added, and the
- 162 - mxture was heated to reflux for 3 hours. After cooling, the
solvent was distilled off under reduced pressure. The obtai ned crude

hydr ochl or i deowwmisl @i &sbol ved i n net hanol, and DOAEX 50WK8- 200 was added
thereto. The resin was washed with water, followed by elution with 4%
ammoni a wat e el uate was concentrated, and the crude product was

washed with ye to obtain title conpound (74 ng). 1H NMR (CD30D) 8:
1.39-1.87 (8 2.01-2.13A(4H2n), 2.53-2.69 (2H, m, 2.84-2.97 (3H, m,
3.64 (1H, m, & .10 (1H, s), 8.01 (1H, s). HRVS (ESI): mz
cal cd for Cl5H26 4 [M+ H+; found: 296.1975. [0392] [Exanple
8] 5-Am no-2-1[1/(4- y-4- et hyl cycl ohexyl) -
1H i m dazol - 4-yl tihyl I val eric acid [Step 1] tert-Butyl
5-[(tert-but oxycalNyon [ 1-
(4- hydr oxy- 4- et hyl cycl ohexyl') - i mdazol -4- yl]nethyllval erate

' [0355]

The compound (100 mg) obtained in Step 2 of this
Example was dissolved in tetrahydrofuran (1 mL), and 2 N
hydrochloric acid (5 mlL) was added thereto. After
heating to reflux for 2.5 hours, the solvent was
distilled off under reduced pressure. The obtained crude
hydrochloride was dissolved in water, and DOWEX 50WX8-200
was added thereto. The resin was washed with water,
followed by elution with 4% ammonia water. The eluate
was concentrated to obtain the title compound (7.0 mg).
'"H-NMR (CD;OD) &: 1.23-1.75 (10H, m), 1.87 (2H, m), 2.04
(2H, m), 2.46-2.59 (2H, m), 2.84-2.95 (3H, m), 3.95 (1H,
m), 6.95 (1H, s); 7.57 (1H, s).

HRMS (ESI): m/z calcd for CjsHpsN3NaO,: 302.1845 [M + Nal';
found: 302.1835. | |

[0356]

[Example 2] 5-Amino-2-{[1-(trans-4-methylcyclohexyl)-1H-
imidazol-4-yllmethyl}valeric acid

[Step 1] tert-Butyl 5—[(tert—butox?carbonyl)amino]—Z—{[1—
(trans—4—methylcyclohexyl)—1H—imidazol—4—
yl]methyl}valerate

[0357]-



[0393] [Fornula 98 - 163 - The conpound (796 ng) obtained in
Ref erence Exanple 1 was dissolved in acetonitrile (6 nL), and lithium
chloride (111 ng) was added thereto. After stirring at roomtenperature for
1 hour, 1,8- diazabicyclo[5.4.0]undec-1zgene (0.34 nL) was added thereto.
After further stirring at roomtenperature for 1 hour, a solution of the
conpound (300 ngy) obtained in Reference Exanple 9 in acetonitrile (4 nlL)
was added tlHeretda &td the mixture was stirred at roomtenperature for 12
hours. The solvent was distilled off under reduced pressure. Then, water
was added to-the residue, and organic matter was extracted with ethyl
acetate. The=prganic |layer was dried over anhydrous sodi um sul fate and
filtered, an sol vent waspdi stilled off under reduced pressure. The

\ dJd

obt ai ned cr oduct was dipkol ved in ethanol (10 nL). To the solution,
10% pal | adi u bon catal y§t (Hy@€ated, 150 ng) was added, and the mi xture
was stirred at ngomtenperature for 9 hours under a hydrogen atnosphere at .
nor mal pressure. er fikfration through celite, the filtrate was
concentrat ed under feduced pressure to obtain a crude product. This crude
product was puri'g '(é ??@fl col um chr omat ogr aphy (el uting sol vent:
hexane/ et hyl acet'ate=2/1-1/ §) Wbtain a diastereomeric mxture of the
title conpound (431 ng, trans:cis=1:3). 1HNWR (CDC13) 5: 1.29 (2.25H, -s),
1.33 (0.75H03)3] 1.38 (9H, s), 1.43 (9H, s), 1.47-1.69 (6H m, 1.75-1.90
(4H, m, 2.05-2.12 (2H m, 2.61-2.70 (2H, m, 2.80-2.88 (1H, - 164 - m,
3.04-3.17 (2H, NMrhe3c8hprpOn@5HO 70t M) =ob2a2nedl 9n Reference Example

1 was dissolved in acétonitrile (7 mL), and lithium
chloride (100 mg) was added thereto. After stirring at
room temperature for 1 héur, 1,8—
diazabicyclo[5.4.0]undec-7-ene (0.38 mL) was addea
thereto. After fufther stirring at room temperature for
30 minutes, a solution of the compound (350 mg) obtained
in Reference Example 4 in acetonitrile (4 mL) was added
thereto, and the mixture was stirred at room temperature
for 14 hours. The solvent was distilled off under
reduced pressure. Then, water was added to the residue,
and organic matter was extracted with ethyl acetate. The
organic layer was dried over anhydrous sodium sulfate and
filtered, and the solvent was distilled off under reduced
pressure. The obtained crude product was dissolved in
ethanol (10 mL). To the solution, 10% palladium-carbon
catalyst (hydrated, 200 mg) was added, and the mixture
was stirred at room temperature for 9 hours under a
hydrogen atmoéphere at normal pressure. fter filtration

through celite, the filtrate was concentrated under



Hz), 3.93 (0.25H, m,4.74 (1H, br),6.70 (0.25H, s), 6.72 (0.75H, s), 7.44
(0.25H, s), 7.45 (0.75H, s). [0395] [Step 2]
5- Am no- 2- 1[ 1- (4- hydr oxy- 4- net hyl cycl ohexyl ) - 1Hi m dazol - 4-yl ] et hyl | val eri c
acid [0396] [Formula 99] OH - 149 -

reduced pressure to obtain a crude product. This crude

product was purified by silica gel column chromatography

(eluting solvent: methanol-methylene

chloride/methanol=20/1) to obtain the title compound (435

mg) .

'H-NMR (CDCl;) &: 0.94 (3H, d, J = 6.3 Hz), 1.05-1.14 (2H,

'm), 1.38 (9H, s}, 1.41-1.68 (7H, m), 1.44 (9H, s), 1.81-

1.87 (2H, m), 2.03-2.08 (2H, m), 2.60-2.69 (2H, m), 2.84

(l1H, m), 3.05-3.15 (2H, m), 3.78 (1H, tt, J = 11.7, 3.9

Hz), 4.73 (1H, br), 6.67 (1H, s), 7.40 (1H, s).

[0359]

[Step 2] 5-Amino-2-{[l-(trans-4-methylcyclchexyl)-1H-

imidazol—4—yl]methylfvaleric acid

[0360f

[Formula 87]

-
-
-
-
.

COOH

[0361]

To the compound (430 mg) obtained in Step 1 of this
Example, 2 N hydrochloric acid (5 mL) was added, and the
mixture was heated to reflux for 3 hours. After cooling,
the solvent was distilled off under reduced pressure.
The obtained crude hydrochloride was dissolved in wazter,

.and DOWEX 50WX8-200 was added thereto. The resin was



[ 0397] . To the conmpound (306 ng) obtained in Step 1 of this Exanple, 2
N hydrochloric acid (5 nL) was added, and the m xture was stirred at 40C
for 3 hours and at 55C for 5 hours. After cooling, the solvent was
distilled off under reduced pressure. The obtai ned crude hydrochl ori de was
di ssolved in water, and DONEX 50WK8- 200 was added thereto. The resin was
washed with water, followed by elution with 4% amoni a water. The el uate
was concentWatRer whish t et F udee b i@ tb vasl wiastre dv itk hd Acatepielid o obtain a

di astereomeric mxture qof the title conpound (50 QP trans:cis=1:3). 1H NWR

(CDCL3) 8: "oor (2. 0sHelypte; wap corpstratedy £#nd £hgp slg ), 1.97-2.11

2H, n), 2.46-2.59 (2H, _ 165 - 2.83-2.95 (3H m, 3,97 (0.75H, tt, J
(:12.? 3. Py ‘fc‘h.‘éﬁts (“ba%iaﬁ? %Jt é%%t?rb?z%%,g%‘%?l%;%e(%%%ﬂ( s), 7.63
0.25H, s), 7 _75H, s). HRVB (ESI): m lcd for CI6H28N303: 310.2131
EM + H]+?)f%%mnggoﬁlrg€0?%q{ﬂ§9[0398] EExaarpI e S] e ot

P onge 1 2ol bkt TRLINDGY 8L OBEXKI bt W dazal -yl pt L byal esge 2
m), 1.38-1.77 (7H, m), 1.79-1.87 (2H, m), 1.97-2.06 (2H,
m), 2.43-2.57 (2H, m), 2.81-2.95 (3H, m), 3.92 (1lH, tt, J
= 11.7, 3.5 Hz), 6.93 (1H, s), 7.54 (1lH, s).

HRMS (ESI): m/z calcd for CigHgN30p: 294.2182 [M + H]™;
found: 294.2183.

[0362]

[Example 3] 5-Amino-2-{[l-(trans-4-ethylcyclohexyl)-1H-
imidazol-4~-yllmethyl}valeric acid

[Step 1] Méthyl 5-7 (tert-butoxycarbonyl)amino] -2-{[1-
(trans—-4-ethylcyclohexyl)-1H-imidazol-4-
ylimethyl}valerate

[0363]

[Formula 88]

\;

ZT

“Boc

N
« N L
N COOMe
[0364]

The compound (100 mg) obtained in Reference Example
5 and the compound (267.mg) obtained in Reference Example

3 were suspended in cyclohexane (5 mL). To this



[ 0400]

The title conmpound (10 ng) was obtained in the same way as in

Exanpl e 6 using 3-nethyl cycl ohexanol (1.84 g) instead of

(1R 3R, 5S)-bicycl o] 3. 1. 0] hexan-3-ol . 'H NWR (CD30D) 6: 1.05 (3H, d, J = 6.8
Hz), 1.32-1.40 (1H, m, 1.47-1.55 (1H,199,-1.55-1.76 (7H, m, 1.78-1.87
(1H, m, 1.90-2.05 (3H, M, 2.46-2.58 (2H, m, 2.84-2.95 (3H, nm, 4.24 (1H,
m, 6.96 (1H, s), 7.57 (1H, s). HRVS (ESI): mz calcd for CLEH281\I| Q2:

294. 21815 [dspefisionf cungl oo 180G ipeadine [ Bxahpd enllD]and

5- Am no- 2-[ (1-cycl oheptyl-1H i m dazol - 4- vyl thyI]vaIerlc acid [0402] -
166 - [ For M eP191}<, ?@%ZiNﬁiigﬁTGE@B]ln cyc °¥?@¢e (& dRbb U ( %%b was

usi n

obtained in the sane mqﬁﬁgs in Ste S 1 and

br omocycl ohEY

HEM afee (BYe-

W%%t%%% o Rbr

Wc %lhrerﬁ(grﬂéouﬁﬂ N%ét@émOD) 5:

T R

(1H, s)

1.85-1.94 1. 99 2.08 (2H,

H, s), 7.57

u$06g%§

(30 25 AR 12 SIS (B, CRIEMECE 286 1010, ’{%4% Hhept 22"y -

1H i m dazolzAey| gy hyddyvad & i ¢ 18 brganic layer was washed with

saturated sodium chloride solution,

anhydrous sodium sulfate,

was distilled off under reduced pressure.

and

then dried over
filtered, and the solvent

The obtained

crude product was dissolved in methanol (8 mL). To the
solution, 10% palladium-carbon catalyst (hydrated, 200
mg) was added, and the mixture was stirred at room

temperature for 8 hours under a hydrogen atmosphere at

normal pressure.

After filtration through celite,

the

filtrate was concentrated under reduced pressure to

obtain a crude product.

by silica gel column chromatography

hexane/ethyl acetate=2/1-1/2)

This crude product was purified

(eluting solvent:

to obtain the title

compound (185 mg).

'H-NMR (CDCl;) &: 0.91 (3H, t, J = 7.0 Hz), 1.06 (2H, m),
1.15-1.68 (9H, m), 1.44 (9H, s), 1.93 (2H, m), 2.09 (2H,
m), 2.71 (1H, dd, J = 13.7, 5.9 Hz), 2.80 (1H, m),.2.89
(1H, dd, J = 13.7, 7.8 Hz), 3.03-3.17 (2H, m), 3.63 (3H,
s), 3.81 (1H, tt, J = 12.1, 3.9 Hz), 4.76 (1H, br), 6.68
(1H, s), 7.47 (1lH, s).

[0365]

[Step 2] 5-Amino-2-{[l-(trans-4-ethylcyclohexyl)-1H-

imidazol-4-yllmethyl}valeric acid



[ 0405] [Fornula 102] COOH - 167 - The title conmpound (0.19 g) was
obt ai ned fromthe conpound (0.21 g) obtained in Reference Exanple 10 in the
same way as in Exanple 3. 1HNWR (CD30D) 8: 1.21-1.37 (3H, m, 1.46-1.71
(7H, m, 1.77-1.84 (1H, m, 1.90-1.9716H- m, 2.38-2.45

[0366]

[Formula 89]

-
-
-

NH

N
& |
N COOH

[0367]

To the compound (180 mgj obtained in Step 1 of this
Example, 5 N hydrochloric acid (4 mL) was added, and the
mixture was heated to reflux for 3 hours. After cooling,
the solvent was distilled off under reduced pressure.
The obtained crude hydrochloride was dissolved in
methanol, and DOWEX 50WX8-200 was added thereto. The
resin was washed with water, followed by elution with 4%
ammonia water. The eluate was concentrated, and the
crude product was washed with acetone to obtain the title
compound (53 mg) .

'H-NMR (CD;OD) &: 0.92 (3H, t, J = 7.0 Hz), 1.10 (2H, m),
1.17-1.33 (3H, m), 1.42-1.75 (6H, m), 1.91 (2H, m), 2.05
(2H, m), 2.43-2.58 (2H, m), 2.79-2.95 (3H, m), 3.93 (1H,
tt, J = 12.1, 3.5 Hz), 6.94 (1lH, s), 7.56 (1lH, s).

HRMS (ESI): m/z calcd for Ci7H3N30z: 308.2338 [M + H]™;
vfound:.308.2338.

[0368]

[Example 4] 5-Amino-2-{[1-(3-ethylcyclobutyl)-1H-

imidazol-4-yl]lmethyl}valeric acid



(2H, m, 2.45-2.57 (2H, m, 2.83-2.95 (3H, m, 4.04-4.10 (1H m, 6.93
(1H, s), 7.56 (1H, s) . HRVs (ESI): mz calcd for CL6H26N302: 292.20250 [M
+ H +; found: 292.20319. [0407] [Exanple 12]
5- Am no- 2- ({ 1-[ endo-bicyclo[ 2. 2. 1] hept 123 _
y1] - 1Hi m dazol - 4-yl I nethyl)val eric acid [0408] [Fornula 103]
[Step 1] Methyl 5-[(tert-butoxycarbonyl)amino]-2-{[1-(3-
ethylcyclobutyl)-1H-imidazol-4-yl]lmethyl}valerate
[0369]

[Formula 90]

N
“Boc
N-
&
N “>CooMe

[0370]

The compound (115 mg) obtained in Reference Example
6 and the compound (355 mg) obtained in Reference Example
3 were suspended in cyclohexane (6 mL). To the
suspension, a solution of piperidine (0.064 mL) and
propionic acid (0.048 mL) in cyclohexane (3 mlL) was added,
and the mixture was heated to reflux for 14 hours. After
cooling, aqueous potaésium carbonate was added to the
reaction.solution, and organic matter was extracted with
ethyl acetate. The organic layer was washed with
saturated sodium chloride solution, then dried over
anhydrous sodium sulfate, and filtered, and the solvent
was distilled off under reduced pressure. The obtained
crude product was dissolved in ethanol (5 mL). To the
solution, lQ% pailadium-carbon catalyst (hydrated, 200
mg) was added, and the mixture was stirred at room
temperature for 8 hquré under a hydrogen atmosphere at

normal pressure. After filtration through celite, the



[ 0409] | The title conmpound (0.07 g) was obtained fromthe conpound
(0.17 g) obtained in Reference Exanple 11 in the sanme way as in Exanple 3.
1H NVR(CD30D) 8:1.15-1.23(1H,m,1.33-1.43(2H, M, 1.44-1.55 (2H, m,
1.55-1.71 (6H, m, 2.10-2.18 (1H m, % 83-2.37 (1H m,
filtrate was concentrated under reduced pressure to
obtain a crude product. This crude product was purified
by silica gel column chromatography (eluting solvent:
hexane/ethyl acetate=1/1-1/2) to obtain the title
compound (190 mg, diasteréomeric mixture, trans:cis=1l:1).
'H-NMR (CDCl3) &: 0.86 (1.5H, t, J = 7.3 Hz), 0.90 (1.5H,
t, J =7.3 Hz), 1.44 (9H, s), 1.44-1.70 (6H, m), 1.81-
1.90 (1H, mf, 1.94-2.04 (0.5H, m), 2.18-2.30 (1.5H, m),
2.37-2.47 (1H, m), 2.57-2.64 (1H, m), 2.66—2.73 (iH, m),
2.76-2.83 (1H, m), 2.86-2.93 (1lH, m), 3.04-3.17 (2H, m),
3.64 (3H, s), 4.34 (0.5H, tt, J = 9.3, 7.8 Hz), 4.58
(O.5H, tt, 0 =17.8, 7.3 Hz), 4.79 (1H,.br), 6.68 (0.5H,
s), .73 (0.5H, s), 7.39 (0.5H, s), 7.42 (0.5H, s).
[0371]
[Step 2] 5-Amino-2-{[l1-(3-ethylcyclobutyl)-1H-imidazol-4-
yllmethyl}valeric acid
[0372]

[Formula 91]

\b | NHZ
N
\ ]\/6/
N COOH

[0373]
To the compound (185 mg) obtained in Step 1 of this
Example, 5 N hydrochloric acid (4 mL) was added, and the

mixture was heated to reflux for 3 hours. After cooling,



2.46-2.59 (3H, n), 2.83-2.95 (3H, ), 4.43-4.50 (1H, m), 6.93(1H s),

(1H,s).

- 168 -

- 155 -

the solvent was distilled off under reduced pressure.

The obtained crude hydrochloride was dissolved in

methanol, and DOWEX 50WX8-200 was added thereto. The

resin was washed with methanol, followed by elution with
% ammonia water. The eluate was concentrated, and the
crude product was washed with acetone to obtain the title
compound (51 mg, diastereomeric mixture, trans:cis=1:1).
'"H-NMR (CD;OD) &: 0.87 (1.SH, t, J = 7.4 Hz), 0.91 (1.5H,

t, J =7.4 Hz}, 1.45-1.73 (6H, m), 1.85-2.06 (1H, m),

2.17-2.29 (1.5H, m), 2.41-2.64 (4H, m), 2.82-2.95 (3H, m),

4.47 (0.5H, tt, J = 9.4, 7.8 Hz), 4.72 (0.5H, tt, J = 8.2,

7.8 Hz), 6.97 (0.5H, s), 7.03 (0.5H, s), 7.53 (0.5H, s),

7.56 (0.5H, s).

HRMS (ESI): m/z calcd for CisHpeN3Oz: 280.2025 [M + H]';

found: 280.2015.

[0374]

[Example 5} 5-Amino-2-{[1-(3-methylcyclobutyl)-1H-

imidazol-4—yl]methyl}valeric acid

[0375]

[Formula 92]

NH

A

N COOH

7.

57



HRVS (ESI): mz calcd for CL6H26N302: 292.20250 [M + H +; found: 292.20252.
[0410] |[Exanple 13] 2-[(1-Adamantan-2-yl-1H i m dazol -4-

yl ) met hyl] - 5-am noval eric acid [0411] [Formula 104] | NCOCH [ 0412]

The title conpound (0.04 g) was obtai ded fromthe conpound (0.15 @)
obtained in Reference Exanple 12 in the same way as in Exanple 3.

1H NVR( CD3(%I8)37%:]1. 48-1.57(1H,m,1.58-1.72(5H, ), 1.77-1.86 (51-1, m,

The title compound (2.0 mg, diastereomeric mixture,
trans:cis=l:1) was obtained from the compound (10 mg)
obtained in Reference Example 7 in the same way as in
Example 4.

'H-NMR (CDsOD) &: 1.15 (1.5H, d, J = 6.6 Hz), 1.24 (1.5H,
d, J =6.6 Hz), 1.44-1.72 (4H, m), 1.85-1.96 (1H, m),
2.10-2.22 (1.5H, m), 2.41-2.63 (4.5H, m), 2.81-2.95 (3H,
m), 4.45 (0.5H, tt, J = 9.4, 7.4 Hz), 4.79 (0.5H, tt, J =
7.8, 7.8 Hz), 6.98 (0.5H, s), 7.02 (0.5H, s), 7.54 (0.5H,
s), 7.57 (0.5H, s).

HRMS (ESI): m/z calcd for CuHzN:Op: 266.1869 [M + HI;
found: 266.1874.

[0377]

[Example 6] (2RS)-5-Amino-2-({1~-[(1R,3s,5S)- _
bicyclo[3.1.0]hexan-3-yl}-1H-imidazol-4-yl}methyl)valeric
acid -

[Step 1] (1R, 3r,5S)-bicyclo[3.1.0]hexan-3-yi
methanesulfonate

[0378]

[Formula 93]



1.92-1.99 (3H, m), 2.01-2.07 (2H, ), 2.48-2.61 (4H m), 2.85-2.95 (31-1,
m, 4.17(1H, s), 7.03 (1H,s), 7.65 - -

- 157 -

[0379]

To a solution of (1R,3r,5S)-bicyclof[3.1.0]lhexan-3-0l
(1.00 g) in methylene chloride (10 mL), triethylamine'
(1.70 mL) and methanesulfonyl chloride (0.94 mL) were
added at 0°C, and the mixture was stirred at room
temperature for 12 hours. To the reaction sclution,
water was added, and organic matter was extracted with
methylene chloride. The organic layer was dried over
anhydrous sodium sulfate and filtered, and the solvent
was distilled.off under reduced pressure to obtain a
crude product. This crude product was purified by silica
-.gel column chromatography (eluting solvent: hexane/ethyl
acetate=4/1-2/1) to obtain the title compound (1.34 g).
'H-NMR (CDCl;) &: 0.44 (1H, m), 0.54 (1H, m), 1.35 (2H,
m), 2.10 (2H, m), 2.26 (2H, m), 2.96 (3H, s), 5.19 (1H,
m) .

[0380]

[Step 2] tert-Butyl (2RS)-2-({1-[(1lR,3s,5S)-
bicyclo[3.l.O]hexan—nyl]—1H—imidézol—4—yl}methyl)—5—
[ (tert-butoxycarbonyl)amino]valerate

[0381]

[Formula 94)]

~+
’/

COOtBu



(1H, s). HRVS (ESI): niz calcd for CI9H30N302: 332.23380 [M+ H +;
found: 332.23325. [0413] [Exanple 14]

5- Ami no- 2- 1[ 1- (trans- 4- phenoxycycl ohexyl )- 1H i m dazol -4-yl]nethyllvaleric
acid [0414] [Formula 105] - 169 - - 0485} The title conpound (7 np)
was obtained fromthe conpound (0.07 g) obtained in Reference Exanple 13 in

t he sane \A/%%B%i]i n Exanpl e 3.

The compound (250 mg) obtained in Reference Example
2 was dissolved in N,N-dimethylformamide (4 mL), and
cesium carbonate (690 mg) and the cOmpound (250 mg)
obtained in Step 1 of this Example were added thereto.
After stirring at 110°C for 9 hours, to the reaction
solution, water was added, and organic matter was
extracted with diethyl ether. The organic layer was
washed with water, then dried over anhydrous sodium
sulfate, and filtered, and the sblvent was distilled off
under reduced pressure to obtain a crude product. This
crude product was purified by silica gel column
chromatography (eluting solvent: methylene chloride-
methylene chloride/mefhanol=10/l) to obtain the title
compound (55 mg) .
'H-NMR (CDCl3) &: 0.26 (1H, dt, J = 5.7, 3.9 Hz), 0.47
(1H, td, J = 7.8, 5.7 Hz), 1.38 (S9H, s), 1.44 (9H, s),
1.35-2.07 (8H, m), 2.26-2.33 (2H, m), 2.58-2.68 (2H, m),
2.83 (1H, m), 3.05-3.15 (2H, m), 4.03 (1H, tt, J = 10.2,
7.4 Hz), 4.75 (1H, br), 6.65 (1H, s), 7.37 (1H, s).
[0383]
[Step 3] (2R8)-5-Amino-2-({1-[(1R,3s,5S)~-
bicyclo[3.1.0]hexan-3-yl]-1H-imidazol-4-yl}methyl)valeric
acid |

[0384]



1H NVR(CD30D) 8:1.47-1.73(6H ny, 1.84-1.95(2H, n), 2.08-2.16 (2H, m),

2.21-2.28 (2H, n), 2.46-2.59 (2H, ), 2.84-2.95 (3H, n), 4.09(1H m,
(1H,

- 158 -

[Formula 95]

COOH

[0385]

The compound (55 mg’ obtained in Step 2 of this
Example was dissolved in methylene chloride (2 mL).. To
the solution, trifluoroacetic acid (1 mlL) was added, and
the mixture was stirred at room temperature for 5 hours.
Then, the solvent was distilled. off under_reduced
pressure. Toluene was added to the residue, and the
solvent was again distilled off under reduced pressure.
The obtained crude trifluorocacetate was dissolved in

water, and DOWEX 50WX8-200 was added thereto. The resin

-was washed with methanol, followed by elution with 4%

ammonia water. The eluate was concentrated, and the

crude product was washed with acetone to obtain the title

compound (30 mg) .

'"H-NMR (CD3OD) &: 0.34 (1H, dt, J = 5.4, 3.9 Hz), 0.45
(1H, td, § = 7.4, 5.4 Hz), 1.38-1.45 (2H, m), 1.46-1.71
(dH, m), 2.03-2.11 (2H, m), 2.23-2.30 (2H, m)}, 2.44-2.57
(2H, m), 2.82-2.95 (3H, m), 4.21 (1H, tt, J = 10.2, 7.4
Hz), 6.92 (1H, s), 7.50 (1lH, s).

HRMS (ESI): m/z calcd for CisHp3N3NaO: 300.1688 [M + Nal”’

found: 300.1679.

4. 36



n, 6.88-6.95 (3H M, 6.97 (1H s),7.23-7.28 (2H, M, 7.59 (1H,s). HRMS
(ESI'): mz calcd for C21H30N303: 372.22872 [M+ H'; found: 372.22850.
[0416] [Exanple 15] (2R)-5-Am no-2-{[1-(trans-4-
met hyl cycl ohexyl )-1H i m dazol - 4-yl ] retiléyl I-val eri c acid and
(2S)-5-am no-2-{[1-(trans-4-net hyl cycl ohexyl)-1H m dazol - 4-yl ] net hyl } val eri
c acid [St gﬁ Jéh Met hyl 5-[(tert-butoxycarbonyl)am no]-2-{[1-
(trans-4- me §I ycl ohexyl)-1H i m dazol -4- yl]methyllval erate [0417]
[Formula 108 . 1c 7] 5-Amino-2-{[1- (trans-4-hydroxycyclohexyl)-1H-
imidazol-4-yllmethyl}valeric acid
[Step 1] Methyl 5-[(tert-butoxycarbonyl)amino]-2-{[1-
(trans-4-hydroxycyclohexyl)~-1H-imidazol-4-
yllmethyllvalerate

[0387]

[Formula 96]

HQ

ZT

“Boc

N
&)
N COOMe
[0388]

The compound {185 mg) obtained in Reference Example
8 and the compound (524 mg) obtained in Reference Example
3 were suspended in cyclohexane (6 mL). To the
suspension, a solution of piperidine (0.0%4 mL) and
propionic acid (0.071 mL) in cyclohexane (2 mL) was added,
and the mixture was heated fo reflux for lé hours. After
cooling, to the reaction solution, aqueous potassium
carbconate was added, and ofganic matter was extracted
with ethyl acetate. The organic layer was washed with
saturated sodium chloride solution, then dried over
anhydrous sodium sulfate, and filtered, and the solvent
was distilled off under reduced pressure. The obtained

crude product was dissolved in methanol (6 mL). To the



- 170 - [0418] The conpound (300 ng) obtained in Reference Exanple 4
and the conpound (860 ng) obtained in Reference Exanple 3 were suspended in
cycl ohexane (10 nL). To the suspension, a solution of piperidine (0.154 i)
and propionic acid (0.116 nL) in cyctahexanhe (10 nL) was added, and the

m xture was heated to reflux for 48 hours. After cooling, to the reaction
sol ution, agueous potassi um.carbonate was added, and organi -er was
extracted WitH ety Heetitd2 ST q%%y%sﬂbﬁ%‘c? '{%iaturat ed
sodi um chl q{i d assol uﬂ;deodﬂ, 4 hoer]C dri ed ,over anhydr.ous sodi um sul fate, and

filtered, and the solvent Was J}estnﬁﬁteudreofv%asuns elrrrreeduacearopornéssur e. The

obt ai ned cr Qque IS v in et N Ye) e .sol ution,
10% pal | adi%anfpc%%on eE:a a yﬂtho?%ysdﬁla Cﬁeédlf 823%39(%5@§ds§§?e%§noattshe m xt ure
was stirred,dmder &-dydrgenatapsphere ;atl JROLMRLRHESSUR g At HROM
tenperature for 4 hours and at 60C for 2.5 hours. After filtration through

celite, thefididad evaascoronapitaiediniger-saduced iaasd ecd o obtain a
crude product. This crude product was purified by silica gel colum - 171

- chromat ographiyn (elatidyg raldient.. Texaneretky bracdeicat ea2/ bul/i3)icldo obt ai n
the title compound (562 ng). (3H, d, J = 6.6 Hz), 1.02-1.15 (2H, 1.43 (9H,
s), 1.80-1.87 2ZHcangel qamrddhrpmatirapley 3(eH)t i 7o lventl3. 7, 7.4
Hz), 3.03-3.13 (2H, (1H, tt, J =12.1, 3.9 Hz), 4.76 (1H, br), 6.67 (1H
s), 7.47 (Methylenopgjor jogaie Ay sichyghloride/methanol=9/1) to
(2R)-5-[(tert-butoxycarbonyl)am no] - 2- '

f[ 1- (t r ans-RuAethyis d idhe [P i B&0INH-- yI ] met hyl )val erate and met hyl
(29)-5-[(tertbut og&:}ar bonyl ) am noﬂ -2-f [ 1-(trans-4- et hﬁ/l cycl ohexg/l_ ) -

1H i mi dazol BaNAR) iEOhypl V& efat®1-88 (8H, mj, 1.43 (9H, s), 2.08-

2.16 (4H, m), 2.70 (iH, dd, J = 14.6, 6.3 Hz), 2.80 (1H,
m), 2.89 (1H, dd, J = 14.6, 8.3 Hz), 3.03-3.15 (2H, m),
3.63 (3H, s), 3.72 (1H, m), 3.88 (1H, m), 4.73 (lH,lbr),
€.67 (1H, s), 7.47 (1H, s).

[0389]

[Step 2] 5-Amino-2-{[l-(trans-4-hydroxycyclohexyl)-1H-
imidazol-4-yllmethyl}valeric acid

[0390]

[Formula 97]

o
NH,
N
& |
N COOH
[0391]

To the compound (246 mg) obtained in Step 1 of this

Example, 5 N hydrochloric acid (5 mL) was added, and the



[0420: [Fornula 107] [0421] The conpound (40 ng) obtained in Step 1
of this Exanple was dissolved in hexane (1.5 niL) and ethanol (0.5 ni) and
optically resol ved by high-performance |iquid chromatography using

CH RALPAK | A semi-prep colum (2.0 = 1%72—~ cmx 25.0 cn). Flow rate: 15
mL/ m n, eluting solvent: hexane/ethanol=75/25, detection wavel ength: 220

nm [0422] 1 TNG-gOLYERL (oL o Be Slyate containing gptieally) aghive
conpound was isti I'Ped o under “reduced pressure to respepglve y~bbt ai n
each enanti-guerso(lentllasBatRLof 16ke enaniiRrens Rld ¢IddmRd by

anal ytical high-performance |iquid-chromatography to be optically pure

conmpounds. TGl Wi aCHEBALRAK:! Ay 46 16Mi e aGMhi sfslawdatigy 1 b/ min,
el uting sol vent: hexane/ et hanol=80/20<v/v>, detection wavel ength: 220 nm

retention wie@an®t hyhd DOWEX 50WX8-200 was added thereto.  The

(2R)-5-[ (tertbutoxycarbonyl)am no]-2-{[1-(trans-4-nethyl cycl ohexyl) -

1H- i m dazolre4iyl et plsheal eriahe wate2 , mindtles)ed mat plution with 4%
(2S)-5-[(tert-butoxycarbonyl)am no]-2-1[1-(trans-4-

met hyl cycl emewylip- Vetier. daZot - 4lybteevayl Foartenaretedl. 2ndi hbees). [0423]
[Step 3] (2R)-5-Am no-2-{[1-(trans-4-nethyl cycl ohexyl)- .

1H i mi dazolcrady Prechyt) VaserRehaei ditduzeetorsr gl #Pteen the 123 1le [ 0425]

To the nmethyl (2R)-5-[(tert-butoxycarbonyl)am no]-2-
{[1-(transﬁ%mﬁ%WWﬁidié|8ﬁéxy|)-1rpinidazo|-4- yl ] met hyl }val erate (15.0 nm)

oot ned | %SGR FBLls SABLE R OO e 36 0 42 ), vas audea
sol vent was dissti Ideed ,9f f pynder greduced mEES§Yres ¢4 (1m, m), 4.09
(1H, m), 7.10 (1H, s), 8.01 (1K, s). |
HRMS (ESI): m/z calcd for CisHpeN3O3: 296.1974 [M R H1Y;
found; 296.1975.
[0392]
[Exémple 8] 5-Amino-2-{[1l-(4-hydroxy-4-methylcyclohexyl)-
l1H-imidazol-4-yllmethyl}valeric acid
[Step 1] tert-Butyl 5—[(tert—butoxycarbonyl)aminp]—Z—{[1—
(4-hydroxy-4-methylcyclohexyl)-1H-imidazol-4-
yllmethyl}valerate
[0393]

[Formula 98]

OH
N
“Boc
N
& |
N COOtBu

[0394]



The obt ai ned crude hydrochl ori de was di ssolved in nethanol, and DONEX
50WK8- 200 was added thereto. The resin was washed with water, followed by
elution with 4% amoni a water. The el uate was concentrated, and the crude
product was washed with acetone to ebtl&n the title conmpound (2.2 ng).
[0426] [Step 4] (2S)-5-Am no-2-1[1-(trans-4-nethyl cycl ohexyl) -

1H i m dazol - 4- yI neth val eri¢c aci 427 Formul a 109 0428 To
the met hyl (25) EPéP%JuBGt éiZ@éaF‘Bg gigfaﬂr;“ﬁt%’ MHeterdike ERARELC

([1- (trans neth Ic xyl ).- 1H—|n1da al - ]neth erate (15.0 ny)
obt ai ned i n §tep % thf§ P 8F 7k OP A € g%ﬂ’hyd?o g}lc acid (2 nL)

was added., and Lie Nijshute was hepled: LOJefIdx FOL 4 oL, pAfter cooling,

the sol vent” Was stllle ff un uced pressure. The o ned crude

hydrochlonﬁg%ﬁm%%ﬂ@e§%qb%%gfkﬁ:qpqﬁgﬂplq_qnd DOVEX 50WK8-20C (200 ng) was
added thereto. The resin was washed wi'th 'water, followed by elution wth

ammoni a watlla zA%cyRA J1ls). .4 . TherRldeate s (Qprgz;em&ﬂ ateds apdd he crude
product was washed with acetone to obtain the title .conpound (1.8 ng).

[0429] [ Examplretb6] Beénayl fhrahbnos2iffingt BANSodm temperature for
met hyl cycl ohexyl )-1H i m dazol -4-yl ] net hyl | val erate hydrochloride [Step 1]
5-[ (tert - Bt twycar bompllydriianojo2-tHel qampansd4- (300 mg) obtained in
methyleyel %qu)grle)nc]éHElxg‘m%alzeog 41nyla]cr§:tor;1ylltlrvle_!ﬂeer(l40 maLC)I (ilﬂa[soisdc} d[ Formila 110]
thereto, and the mixture was stirred at room temperature
for 12 hours. The solvent was distilled off under
reduced pressure. Then, water was added to the residue,
and organic matter was extracted with ethyl acetate. The
organic layer was dried over anhydrous sodium sulfate and
filtered, and the solvent was distilled off under reduced
pressure. The obtained crude product was dissolved in
ethanol (10 mL). To the solution, 10% palladium-carbon
catalyst (hydrated, 150 mg) was added, and the mixture
was stirred at room temperature for 9 hours under a
hydrogen atmosphere at normal pressure. After filtration
through celite, the filtrate was concentrated under
reduced pressure to obtain a crude proauct. This crude
product was purified by silica gel column chromatography
(eluting solvent: hexane/ethyl acetate=2/1-1/3) to obtain
a diastereomeric mixture of the title compound (431 mg,
trans:cis=1:3).
'H-NMR (CDClz) &: 1.29 (2.25H, s), 1.33 (0.75H, s), 1.38
(9H, s), 1.43 (9H, s), 1.47-1.69 (6H, m), 1.75-1.90 (4H,

m), 2.05-2.12 (2H, m), 2.61-2.70 (2H, m), 2.80-2.88 (1lH,



[ 0431] The conpound (7.00 g) obtained in Step 1 of Exanple 15 was

di ssolved in a m xed sol vent of tetrahydrofuran (70 nL) and water (14 nlL).
To the solution, |ithium hydroxi de nonohydrate (1.26 g) was added at room
- 175 - tenperature, and the mixture w&sl stirred overni ght. The reaction
solution was neutralized by the addition of 2 N hydrochloric acid (8.6 niL),
and the sol ven s distilled off _under r ced pressure. .To _t he ohtained
resi due, nﬁ¥hyleﬁ2‘éﬁﬁ rildd 'a&dgg;(éhggﬁhetﬁfoifb §'dﬁ?2ﬁf§Ver
anhydr ous sodji.um-sulfate. The _sol vent s distjylledof f und educed
pressure t%'%@tapﬁggﬁgrﬁaé grg udﬁﬁBfkﬁﬁé g*f*%(ébgﬁgﬁn§S’Tﬁ$§k%rude
product was di-reectly u iyt nexty r td O (ESI) mz 394 (M + H)+.
[ 0432] [Stzg'gf%%eﬁ§YI%ggﬁ(ggf?sgﬁtgQYCg?gE%¢?§gE§%OF§Z-1[1-

(trans-4- ngtohylsqycl ohexyl- 1Hi mi dazol -4- yl ] nmethyl }val erate [0433] [Fornul a
111] 0O [0434] The 5-[ (tert-butoxycarbonyl)am no]-2-1[1-(trans-4-

met hyl cycl aisexyd -11H-ipmdichazol—(4-1 (aretyyd d el emiee i calinaixiad -1mi-Step 1
of this Exanple was dissolved in nethylene chloride (150 nmL). To the

sol uti on, henzylzcdl-clehdl] (e 88 vetllyli-3-H3d - 176 - '

di met hyl am nopr opyl ) car bodi i m de hydrochl oride (4.95 g), and

4- di met hyl d#i3%¢gyri dine (3.15 g) were added at room tenperature, and the

m xture was stirred for 18 hours. Organic matter was extracted with

met hyl ene dHlcgiiudé@ &% dried over anhydrous sodium sul fate, and the sol vent
was then distilled off under reduced pressure. The obtained crude product
was purified b@PHilica gel colum chromatography (el uting sol vent:

hexane/ et hyl etate=7/3-ethyl acetate) to obtain the title conpound (8. 45

g) -
NH,
N
&
N COOH

[0397]

To the compound (306 mg) obtained in Step 1 of this
Example; 2 N hydrochloric acid (5 mlL) was added, and the
mixture was stirred at 40°C for 3 hours and at 55°C for 5
hours. After cooling, the solvent was distilled off
under reduced pressure. The obtained crude hydrochloride
was dissolved in water, and DOWEX 50WX8-200 was added
thereto. The resin was washed with water, followed by
elution with 4% ammonia water. The eluate was
concentrated, and the crude product was washed with
acetone to obtain a diasterecmeric mixture of the title
compound (50 mg, trans:cis=1:3).

'H-NMR (CDCl;) &: 1.23 (2.25H, s}, 1.31 (0.75H, s), 1.47-
1.90 (10H, m), 1.97—2.11 (2H, m), 2.46-2.59 (2H, m),



1H NMR (CDC13) 5: 0.94 (3H, d, J = 6.3 Hz), 1.01-1.13 (2H, n), 1.38-1.72
(16H, nm), 1.79-1.86 (2H, n), 1.97-2.04 (2H, ), 2.71 (1H dd, J = 14.1, 5.9
Hz), 2.80-2.87 (1H, nm), 2.91 (1H dd, J - 14.1, 7.8 Hz), 3.07 (2H, br s),
3.68- 3.76 (1H, m), 4.68 (1H br s),-51dD {2H, s), 6.57 (1H, s), 7.29-7.40
(6H, ). MS (ESI) nfz 484 (M+ H+ [0435] [Step 3] Benzyl

5- 2- t hyl | oh [)- 1Himd | - 4-vy]| t hyl | val t
ydr ooh or (<t 1THA (bt il 25] (0 i T L0abT] 12 2, Fhed Byl o e
5-[(tert b 1)

(Jén?zl me c@‘?’ @:%ﬂi’xﬁ Eé)]%ﬁzd(aiéS% 311 ety | Val Bat® obt &hed in
Step 2 of t s%s%arg)jle-y\%s doss%}}/edsln 1, 4-di oxane (40 nm.). To the

solution, a so i on ‘of 4 ydrochl orlc aC|d |n 1, 4 di oxane (40 nlL) was

added dr opwiges atpd00mf enperat yurs, . d\§1en $id.rred for 24

hours. The solvent 1n the reaction ngutl on was |st| of f under reduced
pressure tqabiai me cryde product of the title conmpound (8.04 g). 1H NWR
(CDb30D) 8: 0.97 (3H, d, J =6.7 Hz), 1.11-1.22 (2H, m, 1.43-1.54 (1H m,
1.62-1.89 [0398] :
[Example 9] 5—Amino—2—{[1—(3—methylc§clohexyl)—lH—
imidazol-4-yllmethyl}valeric acid

[0399]

[Formula 100]

N
'S
N COOH

[0400]

The title compound (10.mg) was obtained in the same
way as in Example 6 using 3-methylcyclohexanol (1.84 g)
instead of (1R, 3R,5S)-bicyclo[3.1.0}hexan-3-0l.
“H-NMR (CDsOD) &: 1.05 (3H, d, J = 6.8 Hz), 1.32-1.40 (1H,
m), 1.47-1.55 (1H, m), 1.55-1.76 (7H, m), 1.78-1.87 (1H,
m), 1.90-2.05 (3H, m), 2.46-2.58 (2H,vm), 2.84-2.95 (3H,
m), 4.24 (1H, m), 6.96 (1lH, s), 7.57 (1lH, s)..
HRMS (ESI): m/z calcd for Ci;eHpgNa0: 294.21815 [M + H]Y;
found: 294.21898.
[0401]
[Example 10] 5-Amino-2-[ (l1-cycloheptyl-1H-imidazol-4-
yl)methyl]valeriﬁ acid

[0402]



(8H, 1, 1.99-2.06(2H, n), 2.88-3.04 (5H, m), 4.10(1H, tt,J -12.1,3.9Hz),
5.07 (1H, d, J = 12.1 Hz), 5.15 (11-1, d, J = 12.1 Hz), 7.28-7.37 (6H, m),
8.82 (1H, d, J - 1.6 Hz). Ms (ESI) mz 384 (M + [0438] [Exanple 17]

2-1[ 1- (trans- 4- Met hyl cycl ohexyl ) - 1Himildez ol - 4-yl | et hy11- 5- (L- phenyl al anyl a
m no)val eric acid [Step 1] Benzyl

5- ({N—[(beqﬁ%%gﬁﬁ)cqéﬂanyl]-L-pheny:alanylIanino)-2-f[1-(trans-4-nethy|cycl
8761

ohexyl)-1H | ] met hyl }val erate [0439] [Fornula 113] - 178 - O
O -
N .
& |
N COOH
[0403]

The title compoﬁnd (30 mg) was obtained in the same
way as in Steps 1 and 3 of Example 1 using
bromocycloheptane (890 mg) instead of 3-bromocyclohexene.
'H-NMR (CDsOD) &: 1.46-1.74 (10H, m), 1.74-1.88 (2H, m),
1.85-1.94 (2H, m), 1.99-2.08 (2H, m), 2.45-2.58 (2H, m),
2.82-2.95 (3H, m), 4.16 (1H, m), 6.93 (1H, s), 7.57 (1lH,
s).

HRMS (ESI): m/z calcd for CigHpeN30: 294.21815 [M + H]Y;
found: 294.21863.

[0404]

[Example 11] S—Amino—Z—({1—[exo—bicyclot2.2.1]hept—2—yl]—
1H-imidazol-4-yl}imethyl)valeric acid

[0405]

[Formula 102

COOH
[0406)



[ 0440] The conpound (200 ng) obtained in Exanple 16 was di ssolved in
N, N-di net hyl formam de (6 nlL). To the sol ution,

N-[ (benzyl oxy) car bonyl] - L- phenyl al ani ne (197 rrg)

4- (4, 6-di net hoxy-1, 3, 5-triazin-2-yly=4L6et hyl m)rphol i ni um chl ori de hydrate
(DMr-wvmM 909% 182 ng) and triethyl am ne (135 "Al) were added at room

tenperature, an xture was ,sti d for 3 d e reaction
sol ution, ethyl Elh ?ég@emﬁigm&a%a 99t (7 Pﬁ‘%& @%W 780 4 ee times
with 10% s | or, n ubsegquent | t.urat ed
aqueous sog%nﬁgb%?aggo%gty %he“%olglt%am?n%db%?&a%%c a earmf?/va%vﬂdél]erd ver

anhydrous sgdium-sulfat;e, dfihe ssol vent was di sti I | ed of f under reduced
pressure. Theeobtagzluned cruE%nd r?toduct was purified by silica gel colum

o L e O ST P
to (2H q, 179-12.89 HaKH, %)43-11.951( M4 My, WBO-4. BH2HS n)zﬁ,l ®)/;
2.45-2.57 (ZH, m), 2.83-2.95 (3H, m), 4.04-4.10 (1H, m),
6.93 (1H, s), 7.56 (1lH, s).
HRMS (ESI): m/z calcd for CigHzeN30,: 292.20250 [M + H1Y;
found: 292.20319.
(04071
[Example 12] 5-Amino-2-({l-[endo-bicyclo[2.2.1]hept-2~
yl]—1H—imidazol—4—yl}methyl)ﬁaleric acid
[0408]

[Formula 103]

NHZ.
N
&
N COOH

[0409]

The title compound (0.07 g) was obtained from the
compound (0.17 g) obtained in Reference Example 11 in the
same way as in Example 3.

IH-NMR (CDsOD) &: 1.15-1.23 (1H, lm), 1.33-1.43 (2H, m),
1.44-1.55 (2H, m), 1.55-1.71 (6H, m), 2.10—2.18'(1H, mf,
2.33-2.37 (1H, m), 2.46-2.59 (3H, m), 2.83-2.95 (3H, m),

4.43-4.50 (1H, m), 6.93 (1H, s), 7.57 (1H, s).



1.99 (2H M, 2.67-2.88(3H, M, (0.5H nm,4.40-4.41(0.5H, 3.70 3.08-3.15(3H,
m,5 05-5.10 m, (4H, 3.68- n), - 179 - 5.60-5.63 (1H, m, 6.54-6.56 (2H,
m, 7.16-7.21 (4H m, 7.29-7.52 (7H, m.. M5 (ESI) mz 665 (M + H)+. [0441]
[Step 2] 2-{[1l-(trans-4-Mthylcycl okexydd --1H i m dazol - 4-
yl ] met hy11-5- (L- phenyl al anyl am no)val eric acid [0442] [Fornula 114].

HRMS (ESI): m/z calcd for CigHzeN302: 292.20250 [M + HIY;

found: 292.20252.

[0410]

(Example 13] 2-[(l-Adamantan-2-yl-1H-imidazol-4-
yl)methyl]-5-aminovaleric acid

[0411]

[Formula 104)]

NH,
N-
Q|

N COOH

[0412]

The title compound (0.04 g) was obtained from the
compound (0.15 g) obtained in Reference Example 12 in the
same way as in Example 3.

'"H-NMR (CD;OD) &: 1.48-1.57 (1H, m), 1.58-1.72 (5H, m),
1.77-1.86 (5H, m), 1.92-1.99 (3H, m), 2.01-2.07 (2H, m),
2.48-2.61 (4H, m), 2.85-2.95 (3H, m), 4.17 (1H, s), 7.03
(1H, s), 7.65 (1lH, s).

HRMS (ESI): m/z calcd for CyoHsoN;Op: 332.23380 [M + H]*;
found: 332.23325.

[0413]

[Example 14] 5-Amino-2-{[l- (trans-4-phenoxycyclohexyl)-
lH—imidazol—4—yl]methyl}vale;ic acid

[0414)

[Formula 105]



[ 0443]
i n et hanol

(hydr at ed,
tenperature for 5 hours under a hydrodgesp at nosphere at norna

The conpound obtained in Step 1 of this Exanple was dissol ved

(8 nmL). To the solution, 10% pal | adi um carbon cat al yst
85 ngy) was added, and the m xture was stirred at room

pressure.

The

solvent in the reaction solution was distilled off under reduced pressure,

and the residue was purified by preparative reverse-phase HPLC to obtain

the title cg:fjg?d (128 ng). 1H NMR (CDC13) 6: 0.95 (3H, d, J = 6.7 Hz),

1.07-1.14

m, 2.07-2.1

( , 1.41-1.44 (2H, n), 1.59-1.72 (5H, n), 1.84-1.88 (21-i,
H n), 2. 71-2.80
Q
NH,
N
&\
N COOH

[0415]

The title compound (7 mg) was obtained from the
compound (0.07 g) obfained in Reference Example 13 in the
same way as in Example 3.

'H-NMR (CDsOD) &: 1.47-1.73 (6H, m), 1.84-1.95 (ZH, m),
2.08-2.16 (2H, m), 2.21-2.28 (2H, m), 2.46-2.59 (2H, m),
2.84-2.95 (3H, m), 4.08 (1H, m), 4.36 (l1H, m), 6.88-6.95
(3H, m), 6.97 (1H, s), 7.23-7.28 (2H, m), 7.59 (1H, s).
HRMS (ESI): m/z calcd for C;HspN3O3: 372.22872 [M + H];
found: 372.22850.

[0416]

[Example 15] (2R)-5-Amino-2-{[1-(trans-4-
methylcyclohexyl)-1H-imidazol-4-yl]lmethyl}lvaleric acid
and (2S5)-5-amino-2-{[1l-(trans-4-methylcyclohexyl)-1H-
imidazol~-4-yl]lmethyl}valeric acid

[Step 1] Methyl 5-[(tert-butoxycarbonyl)amino]-2-{[1-
(trans-4-methylcyclohexyl)-1H-imidazol-4-
yl]lmethyllvalerate

[0417]

[Formula 106]



(4H, m, 3.23-3.25 (3H, - 180 - m, 3.62-3.65 (1H m , 3.82-3.83 (1H m,
6.75 (1H, s), 7.23-7.30 (5H, mM. HRVS (ESI): mz calcd for C25H37N403:

441. 28656 [M + Hl +; found: 441.28690. [0444] [Exanple 18]

2-1[ 1- (trans- 4- Met hyl cycl ohexyl ) - 1H-mld&zol - 4-yl ] net hy11-5- (L- nor | eucyl am n
o)valeric acid [Step 1] Benzyl '
5-({N-[ (benzyl oxy) carbonyl] - L-norl eucyl | am no) - 2-{[ 1- (trans- 4- net hyl cycl ohe
xyl)-1Hi m dazol -4-yl ] nethyl | val erate [0445] [Fornula 115] [0446] The
title conpound (24.4 nmg) was obtained fromthe conpound (200 ng) obtained

N (benzyl opdy) car bonyl] -L-norl eucine (174 ng) in the sane

NZBoch—I- NMR (CDC13) 6: 0.83-0.88 (3H, m, 0.94

COOMe

[0418]

The compound (300 mg) obtained in Reference Example
4 and the compound (860 mg) obtained in Reference Example
3 were suspended in cyclohexane (10 mL). To the
suspenéion, a solution of piperidine (0.154 mL) and
prqpionic acid (0.116 mL) in cyclohexane (10 mL) was
added, and the mixture was heated to reflux for 48 hours.
After cooling, to the reaction solution, agqueous
potassium carbbnate was added, and organic matter was
extracted with ethyl acetate. The organic layer was
washed with saturated sodium chloride solution, then
dried over anhydrous sodium sulfate, and filtered, and
the solvent was distilled off under reduced pressure.
The obtained crude product was dissolved in ethanol (12
mL). To the solution, 10% palladium-carbon catalyst
(hydrated, 250 mg) was added, and the mixture was stirred
under a hydrogen atmosphere at normal pressure at room
temperature for 4 hours and at 60°C for 2.5 hours. After
filtration through celite, the filtrate was concentrated
ﬁnder reduced pressure to obtain a crude product. This

crude product was purified by silica gel column



1.02-1.12 1.96-2.02 3.67-3.76 (2H, (2H, (1H m, m, m, 1.23-1.74
2.73-2.95 4.10-4.18 (12H, m,1.78-1.85(2H, (3H m, 3.17-3.32(2H,
(14 m,5.09-5.11(44 - 181 - m, 5.55-5.58 (1H m, 6.55- (0.5H s), 6.57
(0.5H, s), 6.84-6..93 (11-1, m, 7.36-17.136¢- (9H, n), 7.51 (1H, s). [0447]
[Step 2] 2-{[1l-(trans-4-Mthylcycl ohexyl)-1H i m dazol - 4-
yHimethy 112, Oha2ey amnival &g 8¢ d K8, Jfgmil a 116l
acetate=2/1-1/3) to obtain the title compound (562 mg)..
'H-NMR (CDC13) &: 0.94 (3H; d, J = 6.6 Hz), 1.02-1.15 (2H,
m), 1.34-1.69 (7H, m), 1.43 (9H, s), 1.80-1.87 (2H, m),
1.99-2.09 (2H, m), 2.69 (1H, dd, J = 13.7, 6.3 Hz), 2.79
(14, m), 2.88 (1H, dd, J = 13.7, 7.4 Hz), 3.03-3.13 (2H,
m), 3.63 (3H, s), 3.7%9 (1H, tt, J = 12.1, 3.9 Hz), 4.76
- (1H, br), 6.67 (1H, s), 7.47 (1lH, s).
[0419]
[Step 2] Methyl (2R)—5—[(tert-butoxycarboﬁyl)amino]—Z—
{{1-(trans-4-methylcyclohexyl)-1H-imidazol-4-
yllmethyl}valerate and.methyl (25)-5-[(tert-
butoxycarbonyl)aminol]-2-{[1-(trans-4-methylcyclohexyl) -
l1H-imidazol-4-yl]methyl}valerate
(0420

[Formula 107]

-“\\
.
\““

H H
N

. _ N
“Boc A)/ Boc
N

T (1
N

COOMe N S COOMe

[0421]

The compound (40 mg) obtained in Step 1 of this
Example was dissolved in hexane (1.5 mL) and ethanol (0.5
mL) and optically resolved by high-performance liquid

chromatography using CHIRALPAK IA semi-prep column (2.0



NCOCH [ 0449] The title conmpound (124 ng) was obtained fromthe
conpound (244 ny) obtained in Step 1 of this Exanple in the sane way as in

Step 2 of Exanple 17. 1H NMR (CDC13) 6: 0.84-0.89 (3H, m,

6.3 Hz), 1.04-1.14 (2H, n), 1.26-1.6817R3H n), 1.79-1.87 (2H, m,
2.03-2.10 (2H, m), 2.58-2.69 (2H, m) 285(1H dd, J = 14.5, 7.4 Hz),

0.94 (3H, d, J =

3.11-3.27 (2H, %) 3.45-3.52 (1H, 3.77- % , 6,72 (1H, s), 7.52

(IH s), 8%83%(fA %brmdy. %{%@‘F) 185045160 it EDBHONABEL 407 30251
[M+ H +; Q 5 [-Q45 9]

(25) 2-1[ 1 %g(%glﬁs/% faitt ﬁé@%dh%%ﬁe)[ﬁxfﬁrﬁp %‘a;eme“z?-tﬁ 78y - 5- (1] (5- met hy

| - 2- oxo-1, % ol - 4- yl)nethoxy]carbonylIanlno)valerlc acid [0451] -

182. - [Fornula 17] [0452- The conpound (200 ng) obtained in Step 4 of

Exanpl e 15 was dhssgbvedntnoa phxedigak¥enbneh il Ergtcwamwam de (2 ni)

and water (1 nlL). To the solution, (5-nethyl-2-oxo0-1

di oxol- 4-y1) et hyl

4- ni tr opherytli veardeanated 336 rm)st(lllelhb@ffChLﬁme,r 1WceWlpre3ure 480)
was added at roomtenperature, and the m xture was stirred for 4 days.
sol vent i n ticheasgacttiionr 1golcittiadm was hdiestardiecheaf f( Wnder) .r edocedopr essur e,
and the residue was then subjected to thin-layer chromatography to obtain
the title @@ﬁp@@@@i@@@@r@gyere confirmed by analytical nlgh—

performance liquid chromatography to be optically pure

compounds. Colum: CHIRALPAK IA (0.46 cmx25.0 cm), flow

rate: 1 mL/min, eluting solvent:

hexane/ethanol=80/20<v/v>, detection wavelength: 220 nm,'

retention time: methyl (2R)-5-[(tert-

butoxycarbonyl)amino]-2-{[1-(trans-4-methylcyclohexyl)~

l1H-imidazol-4-yl]lmethyl}valerate (7.2 minutes), methyl

(25)-5-[(tert-butoxycarbonyl)amino]-2-{[1-(trans-4-

methyicyclohexyl)-1H-imidazol-4-yl]lmethyl}valerate (11.2

minutes) .

[0423]

[Step 3] (2R)-5-Amino-2-{[l-(trans-4-methylcyclohexyl)-

l1H-imidazol-4-yl]lmethyl}valeric acid
[04247

[Formula 108]

.\‘\\

_NH

N
Ny

N COOH

The



1H-NVR (CDC13) 8: 0.96 (3H, d, J = 6.5 Hz), 1.08-1.18 (2H, nj, 1.40-1.51
(2H, m, 1.55-1.78 (5H, n), 1.82-1.90 (2H, m), 2.07-2.15 (2H, n), 2.18 (3H,
s), 2.70-2.84 (3H, n), 3.13-3.20 (2H, ), 3.86-3.95 (1H, n), 4.79 (2H, s),
5.18 (1H, br s), 6.78 (1H, s), 7.74(1MH3s). HRMS (ESI): mz calcd for
C22H32N307: 450.22402 [M + H] +; found: 450.22369. [0453] [Exanple 20]

(2S)-5-(f[ 1[;]0 ({sobut yryl oxy) et hoxy] car bonyl } am no) 72- ([ 1- (trans- 4-
met hyl cycl o e%%ﬁﬁ) -1Him dazol -47yl]nmethyllvaleric acid - 183 - [Step 1]

1- [ (Chi or ocar bony }pxykethyh 2-RBLAYIRLOR0RALE,L,0454L [ Forula,118] O
?%Etﬂy % % }ethyl g- t hyl

[ 0455] 1-[ | t hi o) carbonyl ] oxy}eth propi-onat e
(WD2005/ 66122) (4L 1m)-reas,808) @b Hek v13- OG- 18Ul Jdlfnl - £hl oride (157 W) was

added theretp, and th_e m xture “was then stirred for 45 m nutes.. The sol vent
in the reagtiemtg0)1utiar was dist.id | A aundel iredicad PressiHies to obtain

a crude product of the title conpound. [0456] [Step 2] (2S)-5-(f[1-
(I sobut yr ylImxampetdoxy N arvanydH lari ino)a-d [ & (Iransxt-added, and the
met hyl cycl ohexyl )-1H i m dazol -4-yl ] nethyllvaleric acid [0457] [Fornula 119]
- 184 - ‘mixture was heated to reflux for 4 hours. After cooling,
the solvent was distilled off under reduced pressure.
The obtained crude hydrochloride was dissolved in
methanol, and DOWEX 50WX8-200 was added thereto. The
resin was washed with water, followed by elution with 4%
ammonia water. The eluate was concentrated, and.the
crude product was washed with acetone to obtain the title
compound (2.2 mg).
[0426]
[Step 4] (2S)-5-Amino-2-{[1l-(trans-4-methylcyclohexyl)-
- 1H-imidazol-4-yllmethyl}valeric acid

[0427]

[Formula 109]

-
-
-
-

N - |
<\N]\/:\ COOH

[0428]
To the methyl (28)-5-[(tert-butoxycarbonyl)amino]-2-
{[1-(trans-4-methylcyclohexyl)-1H-imidazol-4-

yl]lmethyl}valerate (15.0 mg) obtained in Step. 2 of this



The conpound (500 ng) obtained in Step 4 of Exanple 15 was dissolved in a
m xed sol vent of N, Ndi nethylformam de (6 nL) and water (2 nmlL). To the
solution, a solution of the conpound obtained in Step 1 of this Exanple in
met hyl ene chloride (1 m) was added-atl’@C~- and the m xture was stirred for
3 days. The solvent in the reaction solution was distilled off under

reduced pr%ﬁéﬂ%&%’ %n% %&%%ié%?%Eﬁkgg%égfé?%%#ﬁck%% %%b%%ytggﬁ§t¥&}h an

et hyl acet at e- met hanol m’xed solvent e organic l'ayer was dried

over anhydroys sedium sulbfale.And g selvent,was then. disthlh efdsof f under
reduced pressure to obtain a crude product. This crude product mag purified

by silica gele GoliwemtChiematiegriany 8lrutidd@ SAeied efrisure.
acet at e- net hyl ene chl ori de/ net hano1=95/5), and the obtai ned solid was

further waghed obitizh naat eride  elidaiothtllke itdet ke scpend ef innt erest (97 ny) .

1H NMR(CDC13) 8: 0. 96(3H,d, J=6. 3Hz), 1. 07-1.13(2H, m, 1.16

(6H, d, J=7. tidrhabodl- BndlOCOMEXMOS,0WXBF2-0CL. (2O 7ld,) was added thereto.

n),1.84-1.90(2H,n),2.08-2.14(2H,n),2.53 (1H, tt,

J=7.0, 7. OHAhe2 rE3-12. 85E3HamphedB wizh3d w2G er2Hfaflowed by elution with
ammonia water (4%, 80 mL). The eluate was concentrated,
and the crude product was washed with acetone to obtain
the title -compound (1.8 mg).

[0429]

[Example i6] Benzyl S-amino-2-{[l-(trans-4-
methylcyclohexyl)-1H-imidazol-4-yl]lmethyl}valerate
hydrochloride

[Step 1] 5-[(tert-Butoxycarbonyl)amino]-2-{{1-(trans-4-
methylcyclohexyl)-1H-imidazol-4-yl]lmethyll}lvaleric acid

[0430]

[Formula 110]

\\“\

ZT

“Boc

N
& |
N COOH
[0431]
The compound (7.00 g) obtained in Step 1 of Example
15 was dissolved in a mixed solvent of tetrakydrofuran
(70 mL) and water (14 mL). To the solution, lithium

hydroxide monohydrate (1.26 g) was added at room



3.84-3.92(1H, M, 4.96(1H, brs), 6.76-6.80 (2H, m, 7.71(1H,s). HRVS (ESI):
m z cal cd for C23H3eN306: 452.27606 [M + Nar; found: 452.27610. [04591

[ Exanpl e 21] 1-[ (1 sopropoxycarbonyl)oxy]ethyl (2S)-5-

(1[ 1- (1 sobutyl oxy) et hoxy] car bonyl ) am -2-{[1-(trans-4-

met hyl cycl ohexyl ) -1H i m dazol - 4- yI]nethyIIvaIerate - 185 - [Step 1]

1- lOdoethyEe% Q%QB¥| C% %pQ%% 9%%9% b% r@%'?f%§ohve%%1 %%61]The To a

sol ution of chl or oethyl |sopropyl car bonat tol'uene (30 L),

SOd'Un"Odk@%cQ%o%os%hu%Q%nlaa%r9@@%@aﬁ%§%d. W%rea@QQqu%t JFOoMy
tenperature, and the m xture was stirred at 100C for hours. To the

hydrochloric acid (8.6 mL), and the solvent was distilled
off under reduced pressure. To the obtained residue,
methylene chloride was added, and the mixture was dried
over anhydrous sodium sulfate. The solvent was distilled
off under reduced pressure to obtain a crude product of
the title compound. This crude product was directly used
‘in the next reaction.

MS (ESI) m/z 394 (M + H)'

(04327

[Step 2] Benzyl 5-[{(tert-butoxycarbonyl)amino]-2-{[1-
(trans-4-methylcyclohexyl-1H-imidazol-4-
yl]methyl}valerate

[0433]

[Formula 111]

-
-
-

N
“Boc
<§ \ | \V/I:::j
N\
N O
O
[0434]
The 5-{(tert-butoxycarbonyl)amino]-2-{[1l-(trans-4-

methylcyclohexyl)-1H-imidazol-4-yllmethyl}valeric acid
obtained in Step 1 of this Example was dissolved in
methylene chloride (150 mi). To the solution, benzyl

alcohol (8.85 mL), l1-ethyl-3-(3-



reactibn solution, ethyl acetate was added, and the m xture was washed with
wat er and 5% aqueous sodiumthiosulfate in this order and then dried over
- anhydrous sodium sul fate. The solvent was distilled off under reduced
pressure to obtain a crude product of lt’lke-title conpound (1.51 g). 1HNMR
(CbC13) 5: 1.32 (3H, d, J = 6.3 Hz), 1.34 (3H, d, J 6. 3 Ft) 2.24 (3H, d,
J =59 Hz), 4.95 (1H, tt, J.= 6.3, 6.3. 6, 76 1H .9 Hz
[0462] [St &}mf]t%f %{‘ilél&ﬁFSSé’%yE&Fg)SﬁVllw% &Yﬁvlocﬁ’é@r [41 35747,
(i sobutyryloxy)e I V- 2{ [ r -

a4 f Eﬂ%ﬁ%h&? %9%%% %ql Qs %3 l% %@% [6gg§F ﬁﬁoroom

. met hyl cycl ohexyl dazol F4- neth IIvaI rate rmula 121] -

186 - [04@%hperatdE@e %Q@D%%%dmﬁ%lqu)w%Qt%%Q%Q N fxanpl ¢

di ssolved in m xed sol vent of tetrahydrofuran 1 nm.) and mater (1 m). To
the sol uti @&ga&@dﬂ wAthicGakRenake raL8 Ja) iWas n@@%@den@n%htl@%lrwtawoe was
stirred at roomtenperature for 3.5 hours. The solvent in the reaction

sol uti on was idics tovidrednofd rende s oeduc e 1FessuEed the ehhlaidted wesi due was
di ssolved in N, N-dinethyl formam de (3 nL), and the conpound (74 ng)
obt ai ned i nhSnepliktofl lichi © fEx amplee weasivadde ¢ releueteo aTh6CobThieeddays

| ater, the conpound (25 ng) obtained in Step 1 of this Exanple and sodi.um
bi car bonat Er@slenyrofeics sddeduridietobyarnd Lilva wiedt pod wwas further stirred
for 20 hours. The solvent in the reaction solution was distilled off under
r educed pr§§§@m@t°§ﬁ@PPWe (edsitdiie Wed Viemén periehied@thy1silica gel col um
chr omat ogr aph et hyl t at.e-

chlorlde/nﬁﬁﬁiﬁ gdbf%$%3#xgggﬁﬁéﬁﬁe& Eﬁ@lﬁrggﬁcﬁhﬁg§ EHRCUBG i fied by

silica gel %oI%nn chromat ography (eluting solvent: ethyl acetate) to obtain

the title ddipoudd (43 ng). - 187-'1H—NI\/R(CD013) 8: 095(3H d, J =6.3
Hz), 1.05-1,17 (8H 30+ 1.42-1.69 (13 , 1.87
(2?4, rr) 2 55@& iCP% 33 &g@a ‘81H7 = 2 %‘5? (éela(]s:? ln3') ‘8%'10 3. 23
(2H, M, 3u76-3.85-(1H; rm,aH4 gs- 4193 o @H,ggn) ,2H5 43 ,(8, - Diog)pye 31

(0. 5H br s), 6.68-6.73 (2H, 'm. (1K, 745 (6751 s) .

7.46 (0.5Hm)s) 2. HRNﬁl(HESBh o z qa_,l qd f50r9 Q%QMQN%@% 53872 @300 [ M +H| +;
found: 582. 33901 [ 0465] [Exanple 22] (2S)-5-(1[1-(2, 2-
Di met hyl pr apanoyiliexy det, haxy] aar.bhonyl.Bamzng) 3200 124, r ans 4 metnydseycl ohexyl )
-1Him dazol -4-yl]Jmethyllvaleric acid [Step 1] S-Ethyl O0-(1-iodoethyl)
t hi ocarbonat.¢6 (1H, m), 4.68 (lH, br s), 5.10 (2H, s), 6.57 (1H, s),
7.29-7.40 (6H, m). |
MS (ESI) m/z 484 (M + H)"
[0435]
[Step 3] Benzyl S5-amino-2-{[l-(trans-4-methylcyclohexyl)-
lH-imidazol-4-yl]methyl}valerate hydrochloride
[0436]

[Formula 112]

-
-
-

<\:\ O\Q. - HCI



[0466' [Fornula 122] sol [0467] : -0-(1-Chl oroethyl) S-ethyl

t hi ocarbonate (Synthesis, 1986, Vol. 8, p. 627) (5.0 g) was dissolved in
toluene (100 nm.). To the solution, sodiumiodide (11.6 g) and 18-crown-6
(2.35 g) were added at room tenperaturle,” and the mixture was stirred at
100C for 4 hours. The reaction solution was cooled to roomtenperature.

Et hyl acet %ﬁfﬁﬁs added thereto, and the m xture was washed twice with a 5%
aqueous sodiumthiosulfate. The organic - 188 - |ayer was dried over

anhydr ous SOdi“@héubéﬁ%gi §D?(£Q t§8h¥§8§€§%§059§@ag5ﬁ55ngq[Qtf under

reduced pressure to o in a crude pro e title conpound. This

orude produetr s dhreesthy gused iy e Nestagaction. 1HNWR (CDC13) 8
.31 (3H, t, J = 7.4 Hz), 2.18 (3H, d, J = 6.3 Hz), 2.84-2.91 (2H, 1), 6.89

(1H" J = 653 )h@)ch 10468k rlaSeptla iteld GE Ryddohizo)cardany Igxexp1et Rds

pival ate [0469] [Fornula 123] [0470] Pivalic acid (3.02 g) was

di ssol ved idissaiiveed 130llvdridiokamet hyltemé )chl Ooi dee( #6Qurtpnand wat er (50
m.). To the solution, tetrabutylanmonium bisulfate (10.0 g) and sodi um

bi car bonat e(It9Ddng ) fndr & addied dhd arhiics agrideri ruider-digecageol (4fg,mland t he

m xture was then stirred for 30 m nutes. Subsequently, a solution of the

conpound obBted redeich dsoPy 1E Sofe tt HCPTEXSMpISE sty et Mylcertdclistide (5 nl)

waS added thereto, and the nixture was stirred at roomtenperature for ‘6
days. The &FFailen &fe nfds I8&parated™@nd dRFedcoVertanRydr6us sodi um

sulfat e, ang s golvan e st led oy der, fsouced arpssure.  The
pressure to obtain a crude product of the title compound |
(8.04 g).
'H-NMR (CDsOD) &: 0.97 (3H, d, J = 6.7 Hz), 1.11-1.22 (2H,
m), 1.43-1.54 (1H, m), 1.62-1.89 (8H, m), 1.99-2.06 (2H,
m), 2.88-3.04 (5H, m), 4.10 (1H, tt, J = 12.1, 3.9 Hz),
5.07 (1#, 4, = 12.1 Hz), 5.15 (1lH, d, J = 12.1 Hz),
7.28-7.37 (6H, m), 8.82 (1H, d, J = 1.6 Hz).
MS (ESI) m/z 384 (M + H)"
(0438]
[Example 17] 2-{[l-(trans-4-Methylcyclohexyl)-1H~
imidazol-4-ylimethyl}-5-(L-phenylalanylamino)valeric acid
[Step 1] Benzyl 5—({N—{(benéyloxy)carbonyl]—L—
pheny:alanyl}amino)-2-{[1l-(trans-4-methylcyclohexyl)-1H-
imidazol—4—yl]methyl}valerate
[0439]

[Formula 113]



- 189 - chromat ography (eluting sol vent: hexane-hexane/ ethyl acetate=95/5)
to obtain the title conmpound (2.62-g). 1HNWR (CDC1l3) 6: 1.20 (9H, s), 1.31
(3H, t, J =7.4 H), 1.50 (3H, d, J = 5.5 Hz), 2.84-2.90 (2H, m, 6.92 (1H
g, J= 5.5 Hz). [0471] [Step 3] (2S)-5-Y'H (2, 2- :

D net hyl propanoyl oxy) et hoxy] car bonyl } am no) - 2- {[ 1- (t rans4- net hyl cycl ohexyl )
-1Him dazol -4-yl]nethyllvaleric acid [0472] [Fornula 124] [0473] The
title conpound (267 ng) was obtained~firomthe conpound obtained in Step 2
of this Examile and the conpound{g9 gy oht'ained in Step 4 of Exanple 15
in the sane fay @s in Steps IHand g of pl e 20. 1H NMR (CDC13) 8: 0.95
(3H, d, J = , 43-1.76 (10H, m, 1.85-1.92 (2H

m, 2.13- 2.19 (PH m),

, 2.99-3.08 (1H, n), 3.11- 3.21
(2H, ), 4.09-4\17 (1H

] rr) ]
br's), 6.75 (1H, q, J = 5.4 Hz), 7.07
: : al cd for C24HAON306: 466.29171 [M +
H; found: 466.4908B. Exanpl e 23] (2S)-5-[({1-
¥yl )am no] - 2-{[ 1-

[0440]

The compound (200 mg) obtained in Example 16 was
dissolved in N,N-dimethylformamide (6 mL). To the
solution, N-[ (benzyloxy)carbonyl]-L-phenylalanine (197
ng) , 4—(4,6—dimethoxy—l,3,5—triazin—2—yl)—4—
methylmorpholinium chloride hydrate (DMT-MM, 90%, 182 mg),
and triethylamine (135 Hl) were added at room temperature,
and the mixture was stirred for 3 days. To the reaction
solution, ethyl acetate was added, and the mixture was
washed three times with 10% sodium chloride solution and
subsequently washed with saturated agueous sodium
bicarbonate. The obtained organic layer was dried over
anhydrous sodiuﬁ sulfate, and the solvent was distilled
off under reduced pressure. The obtained crude prbduct
was purified by silica gel column chromatography (eluting
solvent: hexane/ethyi acetate=1/1¥ethyl acetate) to
obtain the title compound (254 mg).

IH-NMR (CDCls) &: 0.94 (3H, d, J = 6.7 Hz), 1.07 (2H, g,
J=12.9 Hz), 1.43-1.55 (7H, m), 1.80-1.84 (2H, m), 1.97-
1.99 (2H, m), 2.67-2.88 (3H, m), 3.08-3.15 (3H, m), 3.68-

3.70 (0.5H, m), 4.40-4.41 (0.5H, m), 5.05-5.20 (4H, m),



yl]nmethyllvaleric acid [Step 1] 1-{[(Ethylthio)carbonyl]oxyl ethyl

cycl ohexanecar boxyl ate [0475] [Fornula 125] [0476] The title conpound
(1.62 g) was obtained fromO-(1- chloroethyl) S-ethyl ‘thiocarbonate (4.0 Q)
and cycl ohexanecarboxylic acid (3.04 ¢’9mthe sane way as in Steps 1 and 2
of Exarrple 22. 1H-NMR (CDC13) 8: 1.20-1.28 (3H, m), 1.31 (3H, t, J = 7.4

1. 39- 2 1 4, =55 Hz),, 1.60- .6 1 :
e T3 %2@ & |€’!31We)3%‘ 178 %2|34 %516 7O g5 7('%L|§6'07'21l %(‘2-5198?(%,
m, 6.94 (J;H,zgqn bo= BB ). [0477] [Step 2] (29)-5-[({1-
[(Cyclohexylcarbonyl)oxy]ethoxylcarbonyl)an1no] 2-{[ 1-

(trans- 4- nefshyleexs! ehexyes- kit iimydazol -4- yl ] nethyllvaleric acid [0478]

[ Formula 126] - 191 - [0479] The title conmpound (318 ngy) was
obt ai ned from4tthe conpound obtained in Step 1 of this Exanple and the
conpound (400 ngy) obtained in Step 4 of Exanple 15 in the sane way as in
Steps 1 andS2epf 2Bxa&mdl[@-2@rans-4-Methylcyclohexyl)-1H-imidazol-4-

yl]lmethyl}-5-(L-phénylalanylamino)valeric acid
[0442]
[Formula 114]

-
-
-

NH

ZT

N
&\
N COCH
[0443]

The compound obtained in Step 1 of this Example was
dissolved in ethanol (8 mL). To the solution, 10%
palladium-carbon catalyst "(hydrated, 85 mg) was added,
and the mixture was stirred at room temperature for 5
hours under a hydrogen atmosphere at normal pressure.

The solvent in the reaction solution was distilled off
under reduced pressure, and the residue was purified by
preparative reverse-phase HPLC to obtain the title
compound (128 mg) .

'H-NMR (CDCl;3) &: 0.95 (3H, d, J = 6.7 Hz), 1.07-1.14 (2H,
m), 1.41-1.44 (2H, m), 1.59-1.72 (5H, m), 1.84-1.88 (2H,

m), 2.07-2.11 (2H, m), 2.71-2.80 (4H, m), 3.23-3.25 (3H, .



1H NWVR (CDC13) 8: 0.96 (3H, d, J =6.7 Hz), 1.07-1.31 (5H, m, 1.39-1.47
(7H, m, 1.57-1.78 (8H, m, 1.84-1.92 (4H m, 2.07-2.14 (2H, m, 2.28 (1H,
tt, J =11.2, 3.6 Hz), 2.68-2.84 (3H, m, 3.12-3.21 (2H, m, 3.86 (1H, tt,
J =12.1, 3.7 Hz), 4.95 (1H, br s), 6189 (1H, s), 6.78 (1H, q, J = 5.7 Hz),
7.63 (1H, s) HRMS (ESI): mz calcd for C26H421\ 1306: 492. 30736 [M + H| +;
found: 492, 306%47..[ 04 [Exanpl e 124, _2- (:2- Ami,noet,ho =3- [11r (tnhans- 4-
et hyl cycl 8 éx>7/3|')6-21%;i%%] dam 2yl '%rzoﬁi'f?r?i el )['si%)ﬂf_’l](ljﬂ’ )
(22) - 2-{[ 14( brsans =4 Nethylgycl ohexyl) - 1H m dazol - 4-yl ] met hyl ene} nor phol i n- 3
-one [0481] ﬁFor mila 127] - 192 - [0482: . - To a solution of tert-butyl
3- oxonor phalive- (s 19ar koxyl-ahed §33 @%Hgmq@ﬁ_t rpahy dreefsy am (8 ik}, a
solution of lithiumbis(trinmethylsilyl)am de in hexane (1.02 M 3.00 i)
was added atboum&BC44ancstehe .m xture was stirred at -78C for 30 m nutes. To
this reaction solution, a solution of the conpound (400 ng) obtained in
Ref erence EXdrddlle 4 in tetrahydrofuran (5 nL) was added at -78C. The
m xture was stirred at -78C for 1 hour, then slowy heated to room
t enper at ur d Examg 1st il8rle@ -f{drl ~14 rleowsr<. - MEG e ywedadteizont )solHit i-on, sat ur at ed
aqueous ammoni um chl ori de was added, and organic matter. was extracted with
et hyl acet df'é dappd drganine thayer IwdS dYqdd UGWerrTams) s ISo iU sul f at e
and filtered, and the solvent was distilled off under reduced pressure to
obtain a crliefERr d@tﬁn.zyf"hi%s‘ (dNadd HAERES i led by silica gel
col um chr omat.ogr aphy (.el utin ol vent: nethylene chloride-nethyl ene
chl ori de/ w&%&ﬁg’fé%/ai‘)(“‘tog Gtidiin (tthréarﬁ‘t‘]l‘é“%&?{%dﬁgo?ﬁ@’ n‘;?‘l.mym NVR
(CDC13) 8: .0.. 3H4 41 e ) 08 (2H, m, 1.43 (1H, m, 1.67 (2H,
M, 1.84 (21&1%%2,(0 2_03/71%]3@%1?&3?1@@%@_ 3.58 (2H, m), 3.85 (1H, tt, J =
12.1, 3.9 Ha)gpgA- 24 (2H m, 6.10 (1H br), 6.93 (1H s), 7.35 (1H s), ‘
7.58 (1H, s). [0483]

[Formula 115]

_Cbz

H.HN

QN N\[O('\/\/

RsSee
o)

[0446]

The title compound (244 mg) was obtained from the
compound (200 mg) obtained in Example 16 and N-
[(benzyloxy)carbonyl]—L—norleuéine (174 mg) in the same
way as in Step 1 of Example 17.

"H-NMR (CDCl3;) &: 0.83-0.88 (3H, m), 0.94 (3H, d, J = 6.7
Hz), 1.02-1.12 (2H, m), 1.23-1.74 (12H, m), 1.78-1.85 (2H,
m), 1.96-2.02 (2H, m), 2.73-2.95 (3H, m), 3.17-3.32 (2H;

m), 3.67-3.76 (1H, m), 4.10-4.18 (1lH, m), 5.09-5.11 (4H,



[Step 2] 2-{[1l-(trans-4-Mthylcycl ohexyl)-1H i m dazol - 4-

yl ] met hyl | nor phol i n-3-one [0484] [Formul a 128] [0485] 10% pal | adi um car bon
catal yst (hydrated, 300 ng) was suspended in a solution of the conpound
(330 ny) obtained in Step 1 of this EXd&iple in ethanol (8 nL). The

suspensi on was stirred under a hydrogen atnosphere at .normal pressure at

room t enper at uree f.or, hoyr, a at C for. .1 ur. re i sol ution
was filtereéed 't I’?I"(I)E)l?gl’?'(:lls& iq'tieH,’ gnﬂd t%é%fi(lot'rsélt’e@ s6d-§27ge(r9t'§§’e sl’The

obt ai ned crude _pr duct; ywas,\puri fe sid4 ca,,gel; gl chryomat ogr aphy
(el uting sol'vent:" rretc(h;&ll'ené ‘chl’ori gé/@r?et(hariolz) 0/ 1- lolu(l ‘{5 Gbtain t he
title compowad 7,325 ng). - 194 - 1H NMR(CDC13) 8:0.94(3H, d,J =6.6
Hz), 1. 09(2H, m, 1.44

[Step 2] 2-{[l-(trans-4-Methylcyclchexyl)-1H-imidazol-4-

yllmethylj-5-(L-norleucylamino)valeric acid

[0448]

[Formula 116]

[0449)]
The title compound (124 mg) was obtained ffom the
compound (244 mg) obtained in Step 1 of this Example in
the same way as in Step 2 of Example 17.
'H-NMR (CDCl,;) &: 0.84-0.89 (3H, m), 0.94 (3H, d, J = 6.3
Hz), 1.04-1.14 (2H, m), 1.26-1.68 (13H, m), 1.79-1.87 (2H,
.m), 2.03-2.10 (2H, m), 2.58—2.69 (2H, m), 2.85 (1H, dd, J
= 14.5, 7.4 Hz), 3.11-3.27 (2H, m), 3.45-3.52 (1H, m),
3.77-3.83 (1H, m), 6.72 (1H, s), 7.52 (iH, s), 8.03 (iH,
br s). |

HRMS (ESI): m/z calcd for CppH3sN4O3: 407.30221 [M + H]';
found: 407.30257.

[0450]

[Example 19] (28)—2—{[1—(trans-4—Methylcycl§hexyl)—1H-
imidazol-4-yl]lmethyl}-5-({[ (5-methyl-2~0oxo0-1,3-dioxocl-4-
yl)methoxy]carbonyl}amino)valeric acid

- [0451]



(1H, m), 1.65 (2H ), 1.84 (2H, n),2.09(2H, n), 3.02 (1H dd, J = 15.2,9.0
Hz), 3.25-3.32(2H 1), 3.54 (1H,

- 182 -

[Formula 117]

(04527

The compound (200 mg) obtained in Step 4 of Example
15 was dissolved in a mixed solvent of N,N-
dimethylformamide (2 mL) and water (1 mL). To the
solution, (5-methyl-2-oxo-1,3-dioxol-4-yl)methyl 4-
nitrophenyl carbonate (336 mg) (J. Med. Chem., 1996, Vol.
39, p. 480) was added at room temperature, and the
mixture was stirred for 4 days. The solvent in the
reaction solution was disfilled.off under reduced
pressure, and the residue waé then subjected to thin-
layer chromatography to obtain the title compound (100
mg) .
'"H-NMR (CDCl;) &: 0.96 (3H, d, J = 6.5 Hz), 1.08-1.18 (2H,
m), 1.40-1.51 (2H, m), 1.55-1.78 (5H, m), 1.82—1;90 (2H,
m), 2.07-2.15 (2H, m), 2.18 (3H, s), 2.70-2.84 (3H, m),
3.13—3;20 (2H, m), 3.86-3.95 (1H, m), 4.79 (2H, s), 5.18
(lH, br s), 6.78 (1H, s), 7.74 (1H, s).
HRMS (ESI): m/z calcd for CyH3N3O;: 450.22402 [M + HIY;
found: 450.22369.
[0453]
[Example 20] (2S)-5-({[1-
(Isobutyryloxy)ethoxyl]carbonyl}amino)-2-{[1-(trans-4-

methy-:cyclohexyl)-1H-imidazol-4-yl]lmethyl}valeric acid



5 (1H, n),3.80 (1H tt, J=12.1,3.9 Hz), 4.03 (1H, n), 4.47 (1H,
. 3.1Hz), 6.31 (1H,

- 183 -

[Step 1] 1-[(Chlorocarbonyl)oxylethyl 2-methylpropionate
[0454]

[Formula 118]

CIiOLOj)\’/

[0455]

1-{[ (Ethylthio)carbonyl]loxylethyl 2-methylpropionate
(WO2005/66122) (412 mg) was cooled to -30°C. Sulfuryl
chloride (157 ul) was added thereto, and the mixture was
then stirred for 45 minutes. The solvent in the reaction
solution was distilled off under reduced pressure to
obtain a crude prbdubt of the title compound.

(0456] |

[Step 2] (28)-5-({[1-
(Isobutyryloxy)ethoxy]carbonyl}amino)—2—{[1—(trans—4—
methylcyclohexyl)—1H—imidazol—4—yl]methyl}valeric acid
[0457]

[Formula 119]

\‘\\‘

. dd,



br), 6.80 (1H, s), 7.45(1H, s). [0486] [Step 3]

2- (2- Am noet hoxy)-3-[ 1-(trans-4-

met hyl cycl ohexyl ) -1H i m dazol -4-yl ] propionic acid [0487] [Formula 129]

[ 0488] To the conmpound (300 ny) Iobtained in Step 2 of this Exanple,
concentrated hydrochloric acid (7 nL) was added, and the m xture was heated
to reflux for 8 hours. Then, the solvent was distilled off under reduced

pressure. The oBt& FEFPCHGde (RYHr BEAI GFit@e NRe's 18i SS$6PvEd Ofn B RaRol , ‘and

DOVNEX 50WK8-200 was added fhereto.. The resin was 1ed with water,
f ol | owed b?/ls’glwua{‘c’l odfilsvﬁat‘hve o AMTOAT™ Wﬁgtseofl.vefhte A \lﬁtﬁ\g was concentrated to

. obtain the(gﬂﬂgg%§§yg§ﬁg%1dgla% %Hb'zand water (2 mL). To the

solution, a solution of the coﬁpound obtained in Step 1
of this Example in methylene chloride (1 mL) was added at
0°C, and the mixture was sfirred for 3 days. The solvent
in the reaction solution was distilled off under reduced
pressure, and organic matter was extracted three times
with an ethyl acetate-methanol mixed solvent (95:5). The
organic layer was dried over anhydrous sodium sulfate,
and the solvent was then distilled off under reduced
pressure to obtain a crude product. This crude produét
was purified by silica gel column chromatography (eluting
solvent: ethyl acetate-methylene chloride/methanol=95/5),
and the obtained solid was further washed with water to
obtain the title compound of interest (97 mg).

'H-NMR (CDCls) &: 0.96 (3H, d, J = 6.3 Hz), 1.07-1.13 (2H,
m), 1.16 (6H, d, J = 7.0 Hz), 1.41-1.49 (5H, m), 1.57-
1.78 (5H, m), 1.84-1.90 (2H, m), 2.08-2.14 (2H, m), 2.53
(1, tt, J = 7.0, 7.0 Hz), 2.70-2.85 (3H, m), 3.12-3.20
(2H, m), 3.84-3.92 (1H, m), 4.96 (1lH, br s), 6.76-6.80
(2H, m), 7.71 (1H, s).

HRMS (ESI}: m/z calcd for Cp3H3eN3O¢: 452.27606 [M + Nal™;
found: 452.27610.

[0459:

[Example 21] 1-[(Isopropoxycarbonyl)oxylethyl (23)-5-
({[1—(isobutyloxy)éthoxy}carbonyl}amino)—2—{[lf(trans—4—

methylcyclohexyl)-1H-imidazol-4-yl]methyl}valerate



- 195 - 1HNWR (CD300) 5: 0.95 (3H, d, J = 6.6 Hz), 1.15 (2H, m, 1.47 (1H,
m, 1.72 (2H m, 1.84 (2H, m, 2.04 (2H, m, 2.83-3.07 (4H, m, 3.58-3.68
(2H, m, 3.90-4.01 (2H, nm), 6.98 (1H s), 7.58 (1H, s). HRVS (ESI): niz
cal cd for C15H261\1103: 296. 1974 [ M—+ 1H]54;- found: 296. 1962_ [ 0489]

[ Exanpl e 25]

2-[(1R) - 2- Ami no et hox 1- (trans4-net hyl cycl ohexyl )-1Hi m dazol -
4-y1 ] pr opi oMt (?pagL mi['étoéiﬁef ﬁGR)S 5? ﬁ%é’ th &aFHE Wye) 6- et hyl nor phol i n- 3- one
[ 0490] [For[%I&]BO] [ 0491] To sodi um hydride (63% 4.4 g, 116 mmol)
suspended in tetrahydrofuran (100 nlL), a solution of (6R)-6-

nmet hyl nor pl*tcgl 'r%u?iaoﬂ§ (]EP350002) (12.1 g) in tetrahydrofuran (50 nm.) was
added dropwi se over 8 m nut es under ice cooling.. The m xture was stirred
at the same tenperatu for 30 mnutes and then further stirred at room

tenperature for|30 mifites. solution of chloronethyl nethyl ether (10 nl)
in tetrahydrofufan (5Q]m) s added dropw se thereto over 30 m nutes under
- 196 - ice @ Q/ was stirred for 30 m nutes under ice
cooling and Y hen s rred ernight at roomtenperature. An appropriate

amount of water for partition was added thereto, followed by several
extracti onsO4ictll et hyl acetate. The organic |ayer was dried over anhydrous
sodi um sul fate. The solvent was distilled off under reduced pressure, and
the obtained redpdaesaastpanri Pifed-bylsirPeéhydel sepiramiy lchrahanegeraphy

(eluting sol vent hexane- hexane/ et h{l acet at e=40/ 6J) to obt ai n the title
conmpound (7(186) g)g 1R NvRvEeasc130 &t 1 §(§’ Y3y ipdife ), aD2.3 34
5H, 6- 1 = 16.8 (1H, ., d, J =
lors 1y “astonn- ety gl Wark Fndin B e Jten?p@rgawzr)ef 5] Lstep

2 6R) - 4- th th t
b oye S T TR e SIS et EB 0 hougs o oTe oty

reaction solutlon, ethyl acetate was added, and the
mixture was washed wifh water and 5% aqueous sodium
thiosulfate in this order and then dried over anhydrous
sodium sulfate. The solvent was distilled off under
reduced pressure to obtain a crude product of the title
compound (1.51 g).

'H-NMR (CDCl;) &: 1.32 (3H, d, J = 6.3 Hz), 1.34 (3H, d,
J = 6.3 Hz), 2.24 (3H, d, J = 5.9 Hz), 4.95 (1H, tt, J =
6.3, 6.3 Hz), ©6.76 (1H, g, J = 5.9 Hz).

[O462j

[Step 2] 1-[ (Isopropoxycarbonyl)oxylethyl (28)-5-({[1-
(isobutyryloxy)ethoxy]carbonyllamino)-2-{[1l-(trans—-4-
methylcyclohexyl)-1H-imidazol-4-yl]lmethyl}valerate
[0463]

[Formuia 121]



[ Formul a 131] - 197 - Di i sopropylam ne (1.05 nL) was dissolved in
tetrahydrofuran (10 nL). To the solution, a solution of n-butyllithiumin
hexane (1.57 M 4.50 nL) was added at OC, and the m xture was stirred at 0C
for 15 minutes and at roomtenperaturé8for- 5 mnutes. The reaction solution
was cooled to -78C. Then, a solution of the conpound (1.16 g) obtained in
Step 1 of this Exanple in tetrahydrofuran (5 nL) was added thereto, and the
m xture was stirred at -78C for 1.5 hours. Then, a solution of the conpound
(1.00 g) obtained in Reference Exanple 4 in tetrahydrofuran (5 nL) was
added theretg -78C. After gtirring at -78C for 30 mnutes, the m xture

was heat ed om t enper at wN._an@st i Ded 14 hours. To the reaction
solution, sa at ed aqueoud a niuﬁlghlo I de Was added, and organic matter
was extracted wi\ h et hyl adetat Thé or ic layer was dried over

anhydrous sodi unNs4| fate«dnd filtered, and the solvent was distilled off
under reduced p\gsi re. The residue was purified by silica gel colum

chr omat ogr aphy T% ' S [ S hylQue hl ori de/ met hano1=10/1). The
obt ai ned crude product was [di ssal ved|li n ﬁﬁfﬁylene chloride (10 nlL). To the
solution, triethylamne (15 nml) an@ net hanesul fonyl chloride (0.40 nli)
were added, and the mixture was stirred at roomtenperature for 1 hour. To
the reaction solution, saturated aqueous amoni um chl ori de was added, and

organi ¢ matlPéPdlas extracted with ethyl acetate. The organic |ayer was

dried over anhydrous sodiu fate and filtered, and the solvent - 198 -
was distilled off€ung@POTR uZéé %9@589F@?n?ﬂe18bﬁéﬁﬁ8&erggiHﬁé was -

di ssol ved ijn_tet ydrofuran (10 ). .To the. saolution, -
L B ai bl ey eror B 6] indeeet REEE 00 i s SRR 2 End | A i xture v
stirred ataEQOW%kégp%ﬁahﬁhﬁ ff& §%Q°H6§utg§nth@odgﬁﬁ05389r88h3£50”’
saturated aqueous anmoni umchlorrde was a ed, "an organic natter was
extracted wiighyghhyh sacel@ale. ahle tBLIaNE JrAY & Mas 1dried LQver,anhydrous
sodium sulfate and filtered, and the solvent was distilled off under
reduced presspeeatiite esl dUS Wasir@l.ssoh¥edoilieft hanotnél@eht)iocand 10%
pal | adi um carbon catal yst (hydrated, 300 ng) was suspended in the solution.
The suspensicdntwas stisr Ked tdtl 120Coffdr uhdrauns dwrder paysdiregenTatnospher e
at normal pressure. The reaction solution was filtered through celite, and
the filtrabdtwasedomesntnat eds ThesobBtvaicned &, idelipredgdydtt omasinputs fi ed by
silica gel columm chromatography(eluting solvent: methylene chloride-

met hyl ene dRI 8% deAREL KaSo TLTGPUNCo (dt &ign e adinggde in Step 1 of

this Example was added thereto at 0°C. Three days later,
the compound (25 mg) obtained in Step 1 of this Example
and sodium bicarbonate (6 mg) were added thereto, and the
mixture was further stirred for 20 hours. The solvent in
the reaction solution was distilled off under reduced
pressure, and the residue was then purified by silica gel
column chromatography (eluting solvent: ethyl acetate-
methylene chloride/methanol=90/10). The obtained crude
product was again purified by silica gel column

chromatography (eluting solvent: ethyl acetate) to obtain

the title compound (43 mg) .



conmpound(945 ng). 1H NVR(CD30D) 6:0.95(3H, d,J =6.6Hz) 1. 15(2H, m, 1.23
(3H, d,J =6.3Hz),1.48 (1H,M,1.71 (2H n), 1.84 (2H, m, 2.03 (2H, m,

- 187 -

'H-NMR (CDClj;) &: 0.95 (3H, d, J = 6.3 Hz), 1.05-1.17 (8H,
m), 1.30-1.32 (6H, m), 1.42-1.69 (13H, m), 1.82-1.87 (2H,
m), 2.05-2.11 (2H, m), 2.49-2.56 (1lH, m), 2.68-2.96 (3H,
m), 3.10-3.23 (2H, m), 3.76-3.85 (1lH, m), 4.85-4.92 (1H,
m), 5.23 (0.5H, br s), 5.31 (0.5H, br s), 6.68-6.73 (2H,

m), 6.79 (1H, g, J = 5.5 Hz), 7.45 (0.5H, s), 7.46 (0.5H,

HRMS (ESI): m/z calcd for C,9HggN309: 582.33905 [M +H]+:;
found: 582.33901.

[0465]

[Example 22] (2S)-5-({[1-(2,2-
Dimethylpropanoyloxy)ethoxy]carbonyl}amino);Z—{[1—(trans—
4—methylcyclohexyl)—1H—imidazol—4¥yl]methyl}valeric acid
[Step 1] S-Ethyl O-(l-iodoethyl) thiocarbonate

[0466]

[Formula 122]

[0467]

-O—(l—Chloroethyl) S-ethyl thiocarbonate (Synthesis,
1986, Vol. 8, p. 627) (5.0 g) was dissolved in toluene
(100 mL). To the solution, sodium iodide (11.6 g} and
18-crown-6 (2.35 g) were added at room temperature, and
the mixture was stirred at 100°C for 4 hours. The
reaction soluﬁion was cooled to room temperature. Ethyl

acetate was added thereto, and the mixture was washed

twice with a 5% aqueous sodium thiosulfate. The organic



2.97(1H,dd,J = 15.2, 7.0 Hz), 3.14 (1H n), 3.18 (3Hs) ,3.23-3.38(2H ),
3.91- 3.99 (2H, m), 4.43 (1H dd, |

- 188 -

layer was dried over anhydrous sodium sulfate, and the
solvent was then distilled off under reduced pressure to
obtain a crude product of the title compound.‘ This crude
product was directly used in the next reaction.

'H-NMR (CDCl;) 8&: 131 (3H, t, J = 7.4 Hz), 2.18 (3H, d,
J = 6.3 Hz), 2.84-2.91 (2H, m), 6.89 (iH,_q, J = 6.3 Hz).
[0468]

[Step 2] l—{[(Ethylthio)carbonyl]oxy}ethyl pivalate
[0469]

[Formula 123]

/\sioj\oj}kﬁ

[0470]

Pivalic acid (3.02 gi was dissolved in a mixed
solvent of methylene chloride (100 mL) and water (50 mL).
To the solution, tetrabutylammonium bisulfate (10.0 g)
and. sodium bicarbonate (4.97 g) were added in this order
under ice cooling, and the mixture was then stirred for
30 minutes. Subsequentiy, a solution of the compound
obtained in Step 1 of this Example in methylene chloride
(5 mL) was added thereto, and the mixture was stirred at
room temperature for §_days. The organic layer.was
separated and dried over anhydrous sodium sulfate, and

the solvent was distilled off under reduced pressure.

The obtained residue was purified by silica gel column



J = 7.4,3.5H), 4.69 (1H d,-J = 10.2 Hz), 4.79 (1H, d, J = 10.2Hz),6.96
(1H, s), 7.58 (1H s).

- 189 -

chromatography (eiuting solvent: hexane-hexane/ethyl
acetate=95/5) to obtzin the title compound (2.62 g).
'H-NMR (CDCl3) &: 1.20 (9H, s), 1.31 (3H, t, J = 7.4 Hz),
1.50 (3H, 4, J= 5.5 Hz), 2.84-2.90 (2H, m), 6.92 (1H, q,
J = 5.5 Hz). |

[0471]

[Step 3] (2S)-5-({[1-(2,2-
Dimethylpropanoyloxy)ethoxy]carbonyl}amino)—2—{[1;(trans-
4-methylcyclohexyl)-1H~-imidazol-4-yl]methyl}valeric acid
[0472]

[Formula 124]

- - y |
<i;i (J/Nigo\ro?gLi
<\Nj}‘\\/;\COOH

[0473]

The title compound (267 mg) was obtained from the
compound obtained in Step 2 of this Example and the
compound (500 mg) obtained in Step 4 of Example 15 in the
same way as in Steps 1 and 2 of Example 20.

'H-NMR (CDCls) 8: 0.95 (3H, d, J = 6.3 Hz),‘l.ll—l.lg
(11, m), 1.43-1.76 (10H, m), 1.85-1.92 (2H, m), 2.13-
2.19 (2H, m), 2.83-2.94 (2H, m),-2.99—3.08 (1H, m), 3.11-
3.21 (2H, m), 4.09-4.17 (1H, m), 5.38 (1H, br s), 6.75
(l1H, q, J = 5.4 Hz), 7.07 (1H, s), 8.79 (1lH, s).

HRMS (ESI): m/z calcd for Cp4HsoN3Og: 466.29171 [M + H]';
found: 466.29083.

[0474]



[0495] - 199 - [Step 3] 2-[(1R)-2-Anino-I-net.hyIethoxy]-3-[1-(trans-4-‘
nmet hyl cycl ohexyl ) - 1H i m dazol - 4-yl ] propionic acid [0496] [Formula 132]
[ 0497] To the conmpound (100 ng) obtained in Step 2 of this Exanple,
concentrated hydrochloric acid (4 nl) was added, and the m xture was heated
to reflux for 20 hours. Then, the solvent was distilled off under reduced
pressure.

[Example 23] (2S8)-5-[({1-

[ (Cyclohexylcarbonyl)oxylethoxy}lcarbonyl)amino]-2-{[1-

(trans—4—methylcyclohexyl)—1H—imidazol—4—

yllmethyl}valeric acid .

[Step 1] 1-{[(Ethylithio)carbonyl]oxy}lethyl

cyclohexanecarboxylate

[0475]

[Formula 125]

/\sj)\o*oj)\o

[0476]

The title compound (1.62 g) was obtained from .O-(1-
chloroethyl) S-ethyl thiocarbonate (4.0 g) and
cyclohexanecarboxylic acid (3.04 g) in the same way as in
Steps 1 and 2 of Example 22.

'H-NMR (CDCls) 8: 1.20-1.28 (3H, m), 1.31 (3H, t, J = 7.4
Hz), 1.39-1.48 (2H, m), 1.49 (3H, d, J = 5.5 Hz), 1.60-
1.66 (1H, m), 1.73-1.77 (2H, m), 1.86-1.93 (2H, m), 2.37-
2.27 (1H, m), 2.92-2.82 (2H, m), 6.94 (1H, g, J = 5.5 Hz).
[0477]

[Step 2] (28)-5-[({1~
[(Cyclohexylcarbonyl)oxy]ethoxy}carbonyl)amino]—2—{[l—
{(trans-4-methylcyclohexyl)-1H-imidazol-4-
yllmethyl}valeric acid

[0478]

[Formula 126]



The obt ai ned crude hydrochl ori de was di ssolved in water, and DONEX
50WK8- 200 was added thereto. The resin was washed with water, foll owed by
elution with 4% amoni a water. The el uate was concentrated to obtain the
title conpound (35 ng). 1H NWR (CD30P)181 ©.93 (3H, d, J = 6.3 Hz), 0.95
(3H, d, J =6.8 Hz), 1.16 (2H, m, 1.48 (1H m, 1.73 (2H m, 1.84 (2H,
m, 2.03 (2H, m, 2.75 (1H, m, 2.77 (1H, dd, J = 14.6, 9.8 Hz), 2.95 (1H,
m, 3.08 (1K, dd, J = 14.6, 3.4 Hz), 3.55 (1H, m, 3.96 (1H tt, J = 12.2,
9 Hz), 4. 1H, dd,nJ = 9.8, Hz), 6.98 (IH, s), 7.59 (1H, s). - 200
HRVB ( ESI ) z cal & 03: 310.2131 [M+ H +; found: 310.2131.
498] [ Exanply 26] o} o]
[ (3S)-3-Aningpyrrélidin-1-yl]-3-[1-(trans4-nethylcycl ohexyl)-1Hi ni dazol -
yl ] pr opi oni ¢ Naci cgdoep 1] Et hyl
[ 1- (trans-4- et hyl cycl ohexyl ) - 1H m dazol - 4-yl ] propi onate [0499] [ Fornul a
133] - COCEt [0§9500] Et hyl di et hyl phosphonoacetate (1.89 g) was
di ssolved in tetrahydrofuran (15 nL), and sodi um hydride (63% 321 ng) was
added thereto atTHiC.tiAfiteercstddurddg Ft8 Gy )f aFasl Nl in&d st i of the

compound (1.20 g) obtained in Reference Exanple 4 in tetrahydrofuran (6 nL)
was added tdtenptondtolGimed ihmeStext Urefwasistixramedlatadf€ fbe 1

3
[O
2
4
3

compound (400 mg) obtained in Step 4 of Example 15 in the
same way as in Steps 1 and 2 of Example 20.

'H-NMR (CDClj3) &: 0.96 (3H, d, J = 6.7 Hz), 1.07-1.31 (5H,
m), 1.39-1.47 (7H, m), 1.57-1.78 (8H, m), 1.84-1.92 (4H,
m), 2.07-2.14 (2H, m), 2.28 (1H, tt, J= 11.2, 3.6 Hz),
2.68-2.84 (3H, m), 3.12-3.21 (2H, m), 3.86 (1H, tt, J =
12.1, 3.7 Hz), 4.95 (1H, br s), 6.76 (1H, s), 6.78 (1lH, g,
J = 5.7 Hz), 7.63 (1H, s) |

HRMS (ESI): m/z calcd for CpeHsN3Oe: 492.30736 [M + H]™;
found: 492.30677. |

[0480]

[Example 24] 2-(2-Aminoethoxy)-3-[1-(trans-4-
methylcyclohexyl)~1H-imidazol-4-yl]lpropionic acid

-[Step 1] (2Z)-2-{[1l-(trans—-4-Methylcyclohexyl)-1H~-
imidazol-4-yllmethylene}morpholin-3-one

[0481]

[Formula 127]



hour. To the reaction solution, saturated agueous amoni um chl ori de was
added, and organic matter was extracted with ethyl acetate. The organic
| ayer was washed with water, then dried over anhydrous sodium sul fate, and
filtered, and the solvent was distilded®PDff under reduced pressure. The
obt ai ned crude product was - 201 - dissolved in ethanol (20 nL). To the
sol ution, 10% pal | adi um carbon catal yst (hydrated, 500 ng) was added, and
the mxture was stirred at 55C for 5 hours under a hydrogen atnosphere at’

normal pressute.__After filtration through celite, the filtrate was
concentrat ed reduced pressure to obtain a crude product. This crude
product was Y ed by NH silica gel colum chromatography (el uting

sol vent: hexane/ gt hyl acetate= 2/1 1/ 2) to obtain the title conpound (1.06

ng). 1H NVR (CDCA3) 6: 0.94 3H = 6.6 Hz), 1.03-1.13 (2H, m, 1.23
(3H, t, J =7.0 N 157169(2H nm, 1.80-1.88 (2H, nm,
203210(2H : , t, :74Hz)288(2Ht,J:7.4Hz),3.79
(IH, tt, = 12. ISH2H, g, J = 7.0 Hz), 6.70 (1H, s), 7.42
(1H, s). [0501] [ Blep
2-{(3S)-3-[(tertbutoxycarbony)am no] pyrrolidin-1-y11-3-[1-(trans-4-

met hyl cycl ohexyl ) - 1H-i m dazoM 4-yl ] propi onate [0502] [Fornula 134] [0503]
- 202 - To a solution of the conpound (400 ng) obtained in Step 1 of
this Exanpl@4%tetrahydrofuran (5 ni), a solution of Iithium

bi s(trimet hyI5|IyI)am de in hexane (1.02 M 2.00 n) was added at -78C, and
the nixture was TSt Pr FOAUALON7SE fEETT MG SCRXFBEANELAMA<iT ane (0. 27 ni)

dded th t t th t 78C f 30
I nutes.  TIRAEES o b T wﬁr%m%&%? St (B
te.”ahydmfs%ﬁgkc(%%%f) Was, 1PV s Addl 1%( ti]{‘r‘{c?é Jtﬁ‘theiaﬁ% After
mpti-on o c

stirring at our t he consu he react ant was confirned,

and a sol ut j.on, ofy ter (obyx (39) eyt ol di iyl AL 6,(503 ). d &

t et r ahydr of hen” a ereto dt m xture was

heated to rgom tenmer at-Lyo i 4.Qr 2qho

di i sopr opylsg%h IItam ne (—;(;g ?9%%% %\t/(\]/agn ﬁ%er?%addgg Fthse?ggCE\%?gr stirring at

50C for 12 dwurtsiort,0 & hseblrmn P St it d @i o1$rad Ul 40 @ dn @] UEOLES] reddrDit um

chloride was added, and organic matter was extracted with ethyl acetate.

The or gani d%émncmﬂxtrmp@cb oV ein amdtychlopdr sodramm ol fat evandaddéd er ed, and

the solvent was distilled off under reduced pressure to obtain a crude

product. Thits €tdfde producixwasepuasf sedrbgdseki eéBQélf@x)llurﬂmur,

chromat ography (el uting solvent: hexane/ethyl acetate=2/1-eth

acet at e- met HyE el QR b7 afet Hantae: 07 P b7 BRF i nart‘qimes’ﬂlﬂ%gc%‘hf)ound (269

ny) . 1H-N|\/R CDC13) 5: 0.95 (3H, d, J =6.3 Hz), 1.05-1.14 (2H, m), 1.18

(1 5H, t, hourdy) Top thg (ffaS’IfilOP splutaop pPpturafed) aFyeCrsH, ny,
1.81-1.88 (a2H

og?um chf%gaé) 6as 'added, and organic matter was
extracted with ethyl acetate. The organic layer was
dried over anhydrous sodium sulfate and filtered} and the
solvent was distilled off under reduced pressure to
obtain a crude product. This crude product was purified
by silica gel column chromatography (eluting solvent:
methylene chloride-methylene chloride/methanol=10/1) to
obtain the title compound (330 mg).

'H-NMR (CDCls) 8: 0.92 (3H, d, J = 6.6 Hz), 1.08 (2H, m),
1.43 (1H, m), 1.67 (2H, m), 1.84 (2H, m), 2.09 (2H, m),



- 203 - n,2.11-2.21 n), 3.59-3.65 4.06-4.22(3H, (1H,s),7.43 (1H (1H,
(1H M, m, 5.01 s). 2.57-2.76(2H,m, 3.79(1Htt,J = (0.5H br),5.18
2.85-3.05(4H, 12.2,3.9Hz), (0.5H br),6.71 [0504]
- 193 -

3.58 (2H, m), 3.85 (1H, tt, J = 12.1, 3.9 Hz), 4.24 (2H,

m), 6.10 (1H, br), 6.93 (1H, s), 7.35 (1H, s), 7.58 (1H,

s).

[0483]

[Step 2] 2-{[1l-(trans-4-Methylcyclohexyl)-1H-imidazol-4-

yllmethyl}morpholin-3-one

[0484]

[Formula 128]

N
I‘\

{19

N NH

[0485]

10% palladium-carbon catalyst (hydrated, 300 mg) was
suspended in a solution of the compound (330 mg) obtained
in Step 1 of this Example in ethanol (8 mL). The
suspension was stirred under a hydrogen atmosphere at

.normal pressure at room temperature for 1 hour énd at
45°C for 1 hour. The reaction solution was filtered
through celite, and the filtrate was concentrated. The
obtained crude product was purified by silica gel column
chromatography (eluting solvent: methylene

chloride/méthanol=20/1-10/1) to obtain the title compound
(325 mg) . |



[Step 3] 2-[(3S)-3-Am nopyrrolidin-1-y1]-3-[1-(trans-4-

nmet hyl cycl ohexyl ) - 1H i m dazol - 4-yl ] propi oni ¢ acid [0505] [Fornmula 135]

[ 0506] To the conmpound (160 ng) obtained in Step 2 of this Exanple,
concentrated hydrochloric acid (5 nl) Mas -added, and the m xture was heat ed
to reflux for 10 hours. The solvent was distilled off under reduced
pressure. Then, the obtained crude hydrochl ori de was di ssolved in nethanol,

and DOWEX 5BVKBR206Dfas) atfdedt Therto.dThé 7 esih %)sf washed( 4l t Hihet hanol ,
e DAL i T e e L
> 55 (1h V. Gavo Ty (1 T 0 350 (131%’5{35522% 2,05 (20, ™
Efﬂ m)m)4 00(%{H0t@HJ®12%1271(}P M3, 63 3¢ 38 (=2 8 9 1z,

4.03 (1H, m), 4.47 (l1H, dd, J = 9.0, 3.1 Hz), 6.31 (1H;

br), 6.80 (1H, s), 7.45 (1H, s).

[0486] .

[Step 3] 2-(2-Aminoethoxy)-3-[1-(trans-4-

methylcyclohexyl)-1H-imidazol-4-yl]propionic acid

[0487]

[Formula 129}

| NH
A,

[0488]

To the compound (300 mg) obtained in Step 2 of this
Example, concentrated hydrochloric acid (7 mL) was added,
and the mixture was heated to reflux for 8 hours. Then,
the solvent was distilled off under reduced pressure.

The obtained crude hydrochloride was dissolved in
methanol, and DOWEX 50WX8-200 was added thereto. The
resin was washed with water, followed by elution with 4%
ammonia water. The eltate was concentrated to obtain the

title compound (154 mg).

-



3.9Hz), 7.08 (1H, s), 7.70(0.5H,s),7.72(0.5H,5s). HRVMS (ESI): mz cal cd
for CL7H29N402: 321.2291 [M+ H+; found: 321.2283. [0507] [Exanple 27]
(2S)-5-{[ (1- Acet oxyet hoxy) car bonyl ] am nol - 2-

([ 1-(trans-4-met hyl cycl ohexyl)-1Him degpl-4- yl]nethyllvaleric acid [Step
1] 1-1[(Ethyl t hi o) carbonyl]oxy}ethyl acetate [0508] [Fornula 136] oo soo

[ 0509] _Acetic acid (1.69 nL) was dissolved in a mxed sol vent of

met hyl ene cHiFoRdd CP10D) nd) Grtb walker €507 mt)6. §cHzhe bolut{dm, mktrabutyl

ammoni um bi su] fafe (10.0 g)_.and sodi um bi carpbonate (4,97 g).were added i'n
this order Juan_Ierhi%e ool i . &H’H tHe ni)&‘ﬁr%z%én)t'h%' i e%}é'd ®or 1 hour .

Subsequent |y, nd_.obt.ai in S 1 of iExgaE?p e 22 s _added

t her et o, an% q%_gfrﬁzm WHs sf‘iib?%degg {%gmr?)e'npe'ra u‘i'eofo?é/@’ drg)y’s. The
organi c | ayer epar at n ried over anhydrous sodium sul fate, and

t he sol vent()e'v\?aééva@llIi’tiﬁasl’ed7e'§)£f81?1 glnl_gerse)r'educed pressure. The obtai ned residue

hoxane- hexancl ot k1" Ger ot 62a515)" o GBia A e 1111 bomsound (L 67 g).
found: 296.1962.. .
[0489]
[Example 25] 2—[(1R)—2—Amino—l—methylethoxy]—3—[1—(trans-
4-methylcyclohexyl)-1lH-imidazol-4-yl]lpropionic acid
[Step 1] (6R)-4-(Methoxymethyl)-6-methylmorpholin-3-one
[0490]

[Formula 130]

N

@)
O >-|||ll
Z

[0491] .

To sodium hydride (63%, 4.4 g, 116 mmol) suspended
in tetrahydrofuran (100 mL), a solution of (6R)-6-
methylmorpholin-3-one (EP350002) (12.1 g) in
tetrahydrofuran (50 mL) was added dropwise over 30

- minutes under ice cooling. The mixture was stirred at
the same temperature for 30 minutes and then further
stirred at room temperature for 30 minutes. A solution
of chloromethyl methyl ether (10 mL) in tetrahydrofuran

(50 m>) was added dropwise thereto over 30 minutes under



- 205 - 1H-NWR (CDC13) 8: 1.32 (3H, t, J =7.4 Hz), 1.51 (3H, d, J = 5.9
Hz), 2.09 (3H, s), 2.81-2.95 (2H, m, 6.94 (1H, q, J = 5.9 Hz). [0510]
[Step 2] 1-[(Chlorocarbonyl)oxy]ethyl acetate [0511] [Fornula 137] P [0512]
The conpound (394 ng) obtained in Step1dcof this Exanple was cooled to
-30C. Sul furyl chloride (175 "IL) was added thereto, and the m xture was

then stirred for 30 mnutes. The solvent in the reaction solution was .
di stilled offe YL TEdudEE Priessigee Was ot i Ted o udd priooieds of the title

(oo e i it ST S hP R SR oRP ey Do L
[ Formul a x%ﬂmﬁ%ééé%%g. An appropriate amount of water for
partition was added thereto, followed by several
extractions with ethyl acetate. The organic layer was
dried over anhydrous sodium sulfate. The solvent was
distilled off under reduced pressure, and the obtained
residue was purified by silica gel column chromatography
(eluting solvent: hexane-hexane/ethyl aéetate=40/60) to
obtain the title compound (7.86 g).
1H-NMR (CDC13) &: 1.30 (3H, d, J.-= 5.9 Hz), 3.22-3.34 (SH,
m), 3.86-3.95 (1H, m), 4.19 (1H, 4, J = 16.8 Hz), 4.31
(IH, 4, J = 16.8 Hz), 4.75 (1H, d, 3 = 9.8 Hz), 4.88 (1H,
d, J = 9.8 Hz).
[0492]
[Step 2] (6R)-4-(Methoxymethyl)-6-methyl-2-{[1-(trans-4-
methylcyclohexyl) -1H-imidazol-4-yl]methyl}morpholin-3-one
[0493]

[Formula 131]

-
-
-




00 COOH - 206 - The conpound (400 ng) obtained in Step 4 of Exanple
15 was dissolved in a mxed sol vent of acetonitrile (12 nL) and water (3
m.). To the solution, a solution of the conpound obtained in Step 2 of this
Exanmple in nmethylene chloride (1 nlL)- vies’ added at 000, and the m xture was
stirred for 2.5 hours. The solvent in the reaction solution was distilled
of f under reduced.pressurﬁ tQ obtain_a crude product. This crude product

was purified by StFPEACHEH 2B Em LcAPoM&t ogPEphy SELTEChd sol vent : et hyl
acet at e- net.hyl ene chl ori de/ met hanol1=90/ 10). The _obt ai ned soli.d wa
dissolvedi3$g5$2%4%ﬂé%ﬁ%ﬂa¢§1 ?gronzoniggdsggp§éﬁpf Fn§8l55ﬁ8nn§&fer was
filtered Ofnf—’bﬁggﬁ]i'l% SQl vent eiﬁr{[ehe(lf.@“f hat € Was i stvjalsl eaddcogé aupder

re. ed Oy

reduced pressu e 3btaine residue was gurifi reverse-phase HPLC to

1 ﬁh?« E:ggl(g%l %?38?@%?@?%%?5@%:5’1.55§-rf?§11(35H,00%) oy 48 TS,

=5. 5Hz) , 1. Sdrdl.af5 (@it elp?b-a thir®3 f2H5 Minutes. The reaction
solution was cocled to -78°C. Then, a solution of the
compound (1.16 g) obtained in Step 1 of this Example in
tetrahydrofuran (5 mL) was added thereto, and the mixture
was stirred at -78°C for 1.5 hours. Then, a solution of
the compound (1.00 g) obtained in Reference Example 4 in
tetrahydrofuran (5 mL) was added thereto at -78°C. After
stirring at =-78°C for 30 minutes, the mixture was heated
to room temperature énd stirred for 14 hours. To the
reaction solution, saturated aqueous ammonium chloride
was added, and organic matter was extracted with ethyl
acetate. The organic layer was dried over anhydrous
sodium sulfate and filtered, and the solvent was
distilled off under reduced pressure. The residue was
purified by silica gel column chromatography (eluting
solvent: methylene chloride/methanol=10/1). The obtained
crude product was dissolved in methylene chloride (10 mL).
To the solution, triethylamine {1.45 mL) and
methanesulfonyl chloride (0.40 mL) were added, and the
mixture was stirred at room temperature for i1 hour. To
the reaction solution, saturated agueous ammonium
chloride was added, and organic matter was extracted with
ethyl acetate. The organic layer was dried over

anhydrous sodium sulfate and filterea, and the sclvent



2.06 (3H s),2.13-2.19(2H, M), 2.82-2.91 (2H, nm), 2.97-3.05
(1H, M, 3.15-3.21(2H ), 4. 03-4. 11 (1H, m, 5.31 (1H,
brs),6.77-6.81(1H m, 6. 99(1H s), 8.97 (1H s).

- 198 -

was distilled off under reduced pressure. The obtained
residue was dissolved in tetrahydrofuran (10 mL). To the
solution, 1,8-diazabicyclo[5.4.0]undec-7-ene (0.90 mL)
was added, and the mixture was stirred at room
temperature for 3 hours. To the reaction solution,
saturated aqueous ammonium chloride was added, and
organic matter was extracted with ethyl acetate. The
organic layer was dried over anhydrous sodium sulfate and
filtered, and thelsolvent was distilled off under reduced
pressure. The residue was dissolved in ethanol (10 mL),
and 10% palladium-carbon catalyst (hydrated, 300 mg) was
suspended in the solution. The suspension was stirred at
50°C for 6 hours under a hydrogen atmosphere at normal
.pressufe. The reaction solution was filtered through
celite, and the filtrate was concentrated. The obtained
crude product was purified by silica gel column
chromatogra?hy (eluting solvent: methylene chloride-
methylene chloride/methanol=10/1) to obtain the title
compound (945 mg) .

'H-NMR (CDsOD) &: 0.95 (3H, d, J = 6.6 Hz), 1.15 (2H, m),
1.23 (3H, d, J = 6.3 Hz), 1.48 (1H, m), 1.71 (2H, m),
1.84 (2H, m), 2.03 (2H, m), 2.97 (1H, dd, J = 15.2, 7.0
Hz), 3.14 (1H, m), 3.18 (3H, s), 3.23-3.38 (2H, m), 3.91-
0 3.99 (2H, m), 4.43 (1H, dd, J = 7.4, 3.5 Hz), 4.69 (1H, d,
J=10.2 Hz), 4.79 (1H, 4, J = 10.2 Hz), 6.96 (1lH, s),
7.58 (1H, s).

[0495]



[0516] [ Exanpl e 28]

(29)-2-{[1-(trans-4- N@thylcyclohexyl) 1H m dazol -4-yl ] met hy11-5-[ ({[ ( 2-

met hyl propanoyl ) oxy] net hoxyl car bonyl )am no]val eric acid [Step 1] S-Ethyl

O- (i odonet hyl ) thiocarbonate [0517] { FH#9uta 139] - 207 - [0518] To
a solution of 0-(chloronethyl) S-ethyl thioCarbonate (10 g) in toluene (100
nm), sodiu od| ( 18- cr own ded d the .

m xture nE stﬁpr d 22at (J]zﬁ%mzt rehrﬁfé}oatlurnéet?wl ?f%%:] @r ng%ral% tartl ng
naterlals e odi.um_i.o (29.1 and 18- cro 6 (5.1 9)
were furt hﬁégaﬂdydle orh gttyl% gln% e azo u4r2 1\,\%%990 171 ed A %om tenperature
for 48 hourg) then at 100C for 5_hours. Et hyl acetate (100 nmL) was added
thereto the organic | ayer was separated by washing with a 20% aqueous
sodi um t hi osad frat1e: 1Byl acetate (50 nl) was added to the aqueous |ayer
for re-extraction. The conbi ned organic |ayer was dried over anhydrous
magnesi um sul fate, and the solvent was then distilled off under reduced

pressure. The residue was dried to obtain the title conpound (12.1 g).
1H-NI\/R(CD013')_8 1.34 (3H, t, J = 7.4 H), 2.93 (2H, q, J = 7.4 Hz), 5.99

(2H, s). Step 2] Mt hyl sul fanyl ) carbonyl ] oxyl nmet hyl 2-
nethylpropa O 0520] [Fornulp“q40] - 208 -

R

To the compound (100 mg) obtained in Step 2 of this

[0497]

Example, concentrated hydrochloric acid (4 mlL) was added,.
and the mixture waé heated to reflux for 20 hours. Then,
the solvent was distilled off under reduced pressure.

The obtained crude hydrochloride was diséolved in water,
and DOWEX 50WX8-200 was added thereto. The resin was
washed with water, followed by elution with 4% ammonia
water. The eluate Qas concentrated to obtain the title
compound (35 mg) .

‘H-NMR (CD3OD) &: 0.93 (3H, d, J = 6.3 Hz), 0.95 (3H, d,

J = 6.8 Hz), 1.16 (2H, m), 1.48 (1H, m), 1.73 (2H, m),

1.84 (2H, m), 2.03 (2H, m), 2.75 (1H, m), 2.77 (1H, dd, J

14.6, 9.8 Hz), 2.95 (1H, m), 3.08 (1H, dd, J = 14.¢6,

W

.4 Hz), 3.55 (1H, m), 3.96 (1H, tt, J = 12.2, 3.9 Hz),
4.02 (1H, dd, J = 9.8, 3.4 Hz), 6.98 (1H, s), 7.59 (1H,

s) .



[ 0521] To isobutyric acid (2.9 nL) dissolved in a m xed sol vent of
nmet hyl ene chl oride and water (1:2, 120 nlL), tetrabutyl ammoni um bisulfate
(11.0 g) and sodi um bi carbonate (5.5 g) were added under ice cooling, and
the m xture was stirred at the sane 4 eéfigerature for 10 mnutes. To this
reaction solution, a solution of the conpound (4.0 g) obtained in Step 1 of

this Exanple jn thyl ene chlorjde (10 nmiL S de t om t enperat ure,
and the nifﬁﬁk% &ggnéti Fé&%&ﬁﬁf%%ﬁn@w%wﬁ3@?géﬁﬁ%¢ﬁ%§%rﬁﬁa@ lepar at ed, and
t he aqueous | ayer .was t.hen further subjected to extraction several timnes

W th nethyﬁ%ﬁ%%ghfﬁgﬁ&g‘%The conbi ned organic |ayer was dried over

anhydr ous q&g@@ﬁiun1sulfate, and the solvent was then distilled off under
reduced pressure. The obtained residue was purified by silica gel colum
chr omat ogr ldutidig ~sol to3 hexanss efethyl,, aceiat1e=05/3)s 1t 0

obt ai n theag?%?gﬁé%nﬁguéﬁgR%. 53. 13?%? (CE%%S) 5?7?.1§a§6kﬁgé, J=17.0
Hz), 1.33 (Bhhethylkye1bik4a)),- 1A-5hididh (Uhy Mpréb @hi@bcii J = 7.4 H),
5.81 (2H, s). [0522] [Step 3] [(Chlorocarbonyl)oxy] net hyl

2- met hyl pr dEanrgatle [F3323] J-Har-mdrank4Hq-md 0524 yckot29,-) -1H- The conpound
(400 ng) obtained in Step 2 of this Exanple was cooled to -30C. Sul furyl

chl ori de . (116%azAll)- dvasl ladded artedreet 0o, and the m xture was stirred at the
sanme tenperature for 20 m nutes. The mixture was in turn stirred for 20
mnutes in @#9%e bath and further at roomtenperature for 1 hour. The
solvent was distilled off under reduced pressure, and the residue was dried
to obtain aF&4 ¥ Fpriothict of the title conpound. 1H NMR (CDC13) 8: 1.22
(6H, d, J =7.0 Hz), 2.60-2.70 (1H, m, 5.83 (2H, s). [0525] [Step 4]
(2S)-2-f[1-(4rans-4-Methyl cycl ohexyl)-1Him dazol -4- yl]methyl1l-5-[({[
met hyl pr opanoyl ) oxy] met hoxyl car bonyl ) am no] val eric acid [0526] [ For nul
142]

(2-
a

N
o
<&jl\f/\COOEt

[0500]

Ethyl diethylphosphonoacetate (1.89 g) was dissolved
in tetrahydrofuran (15 mL), and sodium hydride (63%, 321
mg) was added thereto at 0°C. After stirring at 0°C for 1
hour, a solution of.the compound (1.20 g) obtained in
Reference Example 4.in tetrahydrofuran (& mL) wés added
thereto at 0°C, and the mixture was stirred at 0°C for 1
hour. To the reaction solution, saturated aqueous
ammonium chloride was added, and organic matter was
extracted with ethyl acetate. The organic layer was
washed with water, then dried over anhydrous sodium

sulfate, and filtered, and the solvent was distilled off

under reduced pressure. The obtained crude product was



00 y?rf- O 1 N'--\./COCH [0527] . ~ The conpound (400 ng) obtained in Step
4 of Exanple 15 was dissolved in a m xed solvent of acetonitrile and water

(1/1, 12 nm). To the solution, triethylam ne (367 was added under ice
cooling. A solution of the conpound-ol2tdired in Step 3 of this Exanple in
acetonitrile (3 0 nL) was added thereto, and the mxture - 210 - was

stirred for 1.5 hours under ice cooling and then at roomtenperature for

one day andilﬁlsé’ﬂtvedTHél Sohvded vigd &Is?tl | F8dt8ff SGhHELCPedtlEd pressure,

d h dd h | | b I
£l mes. w t h AV BEEC eriootn‘%ﬁteatﬁa&%%. né ﬁ?qrga%n.dﬁ“ﬁ%ye%%t e

anhydr ous nmagn ium.sul | fate the oIv to e dlstllled of f under
reduced presgiu?%e lx utirteal"q’r‘i’lesd (r% vvagsrgpg\rl\??l e Ey SPI 83 gef51 col um

chromat ogr aphy Joel Ut' R SNt Gﬁ%trlabé'lefbere%@uclfé deAﬁ%E?ylF%%ratlon
chl ori de/ methanol= 85/ 15) "to obtain the title compound (178 ng).

1H NVR( CDCL3) dilghl cH8(i6H, &1 36(13Hate) 3hes’ ncb @2k b (e r
d, J=7.0Hz), 1. 40-1.51(2H, M, 1. 57- 1.81 (5H,

reduced pressure to obtain a crude product. This crude
product Was purified by NH silica gel column
chromatography (eluting solvent: hexane/ethyl
acetate=2/1-1/2) to obtain the title compound (1.06 mg).
'"H-NMR (CDCl;) &: 0.94 (3H, d, J = 6.6 Hz), 1.03-1.15 (2H,
m), 1.23 (3H, t, J = 7.0 Hz), 1.45 (1H, m), 1.57-1.69 (2H,
| m), 1.80-1.88 (2H, m), 2.03-2.10 (2H, m), 2.66 (2H, t, J
= 7.4 Hz), 2.88 (2H, t, J = 7.4 Hz), 3.79 (1H, tt, J =
12.1, 3.9 Hz), 4.13 (2H, q, J = 7.0 Hz), 6.70 (1H, s),
7.42 (1H, s).
[0501]
[Step 2] Ethyl 2-{(3S)-3-[(tert-
butoxycarbonyl)amino]pyrrolidin-1-y1}-3-[1-(trans-4-
methylcyclohexyl)~-1H-imidazol-4-yl]propionate
[0502]

. [Formula 134]

\\‘\\

—Boc

[0503]



m, 1.84-1.91 (2H, n), 2.07-2.14 (2H, 1), 2.54- 2.64 (1H m, 2.67-2.75
(1H m), 2.78-2.89 (2H m,

- 202 -

To a solution of the compound (400 mg) obtained in
Step 1 of this Example in tetrahydrofuran (5 mL), a
solution of lithium bis(triméthylsilyl)amide in hexane
(1.02 M, 2.00 mL) was added at -78°C, and the mixture was
stirred af -78°C for 1 hour. Chlorotrimethylsilane (0.27
mL) was added thereto at -78°C, and the mixture was
stirred at -78°C for 30 minutes. Then, a suspension of
N-bromosuccinimide (380 mg) in tetrahydrofuran (6 mL) was
slowly added dropwise thereto at -78°C. After stirring
at -78°C for 1 hour, the consumption of the reactant was
confirmed, and a solution of tert-butyl (3S)-pyrrolidin-
3-ylcarbamate (563 mg) in tetrahydrofuran (3 mL) was then
added thereto at -78°C. The mixture was heated to room
temperature and stirred for 2 hours, and
diiscopropylethylamine (0.79 mL).was then added thereto.
After stirring at 50°C for 12 hours, to the reaction
solution; saturated aqueous ammonium chloride was added,
and organic matter was extracted with ethyl acetate. The
organic layer was dried over anhydrous sodium sulfate and
filtered, and the solveht was distilled off under reduced
pressure to obtain a crgde product. This crude product
was purified by silica gel column chromatography (eluting
solvent: hexane/ethyl acetate=2/l-ethyl acetate-methylene
chloride/methanol=10/1) to obtain the title compound (269
mg) .

'"H-NMR (CDCl;) &: 0.95 (3H, d, J = 6.3 Hz), 1.05-1.14 (2H,
m), 1.18 (i1.5H, t, J = 7.3 Hz), 1.18 (1.5H, t, J = 7.3

Hz), 1.39-1.70 (13H, m), 1.81-1.88 (2H, m), 2.03-2.08 (2H,



3.17- 3.22 (2H, m, 3.87(1H, tt, J = 12.1,3.9 Hz), 5.14 (1H, br s), 5.71
(21-1, s), 6.75 (1H, s), 7.66 (1H, s). LRVS (ESI) mz 438 [M+ H +. HRVS
(ESI) mz calcd for C22H36N306: 438.26041 [M + H +; found: 438.26052.
[0528] [Example 29] (2S)-5-[({[(2,2= 203 -

D net hyl propanoyl ) oxy] met hyl oxyl car bonyl ) am no] - 2- {[ 1-

(trans-4-nmethyl cycl ohexyl ) lb-imdazal -4-. o o0 0y 2. 85-3.05 (4H,

m), 3.59—3.65.(1H, m), 3.79 (1H, tt, J = 12.2, 3.9 Hz),
4.06-4.22 (3H, m), 5.01 (0.5H, br), 5.18 (0.5H, br), 6.71
(1H, s), 7.43 (1H, s).

[0504]

[Step 3] 2-[(3S)-3-Aminopyrrolidin-1-yl]-3-[1-(trans-4-
methyltyclohexyl)—1H—imidazol—4—yl]propionic acid

[0505]

[Formula 135]

-
-
-
-

- 4
\Nh COOH

[0506]

To the compound (160 mg) obtained in Step 2 of this
Example, concentrated hydrochloric acid (5 mlL) was added,
and the mixture was heated to reflux for 10 hours. The
solvent was distilled off under reduced pressure. Then,
the obtained crude hydrochloride was dissolved in
methanol, and DOWEX 50WX8-200 was added thereto. The
resin was washed with methanol, followed by elution with
4% ammonia water. The eluate was concentrated to obtain
the titie compound (111 mg) .

H-NMR (CD;OD) &: 0.99 (3H, d, J = 6.7 Hz), 1.12-1.25 (2H,
m), 1.51 (1H, m), 1.69-1.92 (5H, m), 2.03-2.13 (2H, m),

2.25 (14, m), 2.65-2.74 (l1H, m), 2.83-2.90 (1H, m), 2.91-



yl]methyl }valeric acid [Step 1] {[(Ethyl sul fanyl)carbonyl]oxy}nethyl 2,2-
di net hyl propanoate [0529] - 211 - [Fornula 143] 00 O ol rj< [0530] To
pivalic acid (4.2 g) -dissolved in a m xed sol vent of nethylene chloride and
water (1/2, 120 nlL), tetrabutyl anmeniaim bi sulfate (11.0 g) and sodi um

bi carbonate (6.8 g) were added under ice cooling, and the m xture was

stirred at the sane tenperature for 10 m nhuytes. To this reaction solution,
a sol ution of-% He'feo ousﬁd%(%.@'gt’)H'oH’t)ai med i ntGstdp ™ot 3E%£ﬁﬂ'e3828 in

nmet hyl ene chl oride (;1Q ) s .added at,.room. t enper at.ur.e, e mxture
was sti rred( ar mgrie ?’dg];f1 a(nl&y)ﬁimdht.ql' r(Pe (&r}gagtc’ {Ha)ty‘e?lj\;h}g sgg;r;ggrl'faztne’d, and the

aqueous | ay7er08wa(§Htlh$ﬂéf u;tﬁr(os%tgile%hgd 7t.072ex(td.%g$i qn sever al tines with
e. [

met hyl ene chlori conbi ned organi‘c l'ayer was ‘dri‘ed over anhydrous
magnesi um syt @sgnd of he solaeni; was fhRnodi sidil 1.ed) 10f fiy under .reduced
pressure. Since a solid was deposited, the solid was suspended in diethyl
et her and fdadurer-egoaf foogkhe filtrate was concentrated under reduced
pressure, and the obtained residue was purified by silica gel colum

chr omat ogr apipo7(Jel uti ng sol vent: hexane-hexane/ ethyl acetate=98/2) to
obtain the title conpound (3.6 g). 1HNWR (CDC13) 8: 1.22 (9H, s), 1.33
(3H, t, J HExampHe) 273, 82 )28- {d, ( L Acet.okd)hosg )8 Ry lg))amir639- - 212
- [Step 2] (2S)-5-[(1[(2, 2-

Di met hyl pr dpamoydneaey]ameteiyi v cdahiseidl))am rig} i 414 - _
(trans-4-net hyl C¥1C| bhexyl)-1H i m dazol -4- yl]methyllvaleric acid [0532]
yl]methyl}valeric acid

'[Step 1] 1-{[(Ethylthio)carbonyl]oxylethyl acetate
[0508]

[Formula 136]

0 0
/\SJ\O/LOJ\
‘[0509]

Acetic acid (1.69 mL) was dissolved in a mixed
solvent of methylene chloride (100 mL) and water (50 mL).
To the solution, tetrabutyl ammonium bisulfate (10.0 gf
and sodium bicarbonate (4.97 g) were added in this order
under ice cooling, and the mixture was then stirred for 1
hour. Subsequently, the compound obtained in Step 1 of
Exampie 22 was added thereto, and the mixture was stirred
at room temperature for 3 days. The organic layer was
separated and dried over anhydrous sodium sulfate, and
the scolvent was distilled off under reduced pressure.

The obtained residue was purified by silica gel column
chromatography (eluting solvent: hexane—hexane/ethyl'

acetate=95/5) to obtain the title compound (1.67 g).



[ Formul a 144] )\iy00y< 00 N--COOH [ 0533] The title conpound (297 ny)
was obtained fromthe conpound (437 ng) obtained in Step 1 of this Exanple
and the conpound (400 ng) obtained in Step 4 of Exanple 15 in the same way
as i.n Steps 3 and 4 of Exanple 28. IHNWR {CDC13) 5. 0.96 (3H, d, J = 6.3
Hz), 1.07-1.17 (2H, n), 1.58-1.78 (5H m, m, 2.67-2.74 (1H, m, mM,

'H-NMR (CDCl;) &: 1.32 (3H, t, J =7.4 Hz), 1.51 (3H, d,

J = 5;§.HZ), 2.09 (3H, s), 2.81-2.95 (2H, m), 6.94 (1H, q,
J = 5.9 Hz). |
[0510]

[Step 2] 1-[(Chlorocarbonyl)oxy]ethyl acetate

[0511]
" [Formula 137]

_Cl/ﬁ\ /l*o/ﬁ\\

0
[0512]

The compound (394 mg) obtained in Step 1 of this
Example was cooled to -30°C. Sulfuryl chloride (175 uL)
was added thereto, and the mixture was then stirred for
30 minutes. The solvent in ﬁhe reaction solution was
diétilled.off under reduced préssure to obtain a crude
product of the title compound.

[0513]

[Step 3] (2S)-5-{[(1-Acetoxyethoxy)carbonyl]amino}-2-{[1-
(trans—-4-methylcyclohexyl)—-1H-imidazol-4-
yllmethyl}valeric acid

[0514]

[Formula 138]



3.87(1H, tt, J = 12.1, 3.9 Hz), 5.13 (1H, br s), 5.71 (2H s), 6.75 (1H,
s), 7.67 (1H, s). LRV (ESI) mlz 452 [M+ HRVMS (ESI) mlz calcd for
023H38N306: 452.27606 [M + H +; found: 452.27619. [0534] [Exanple 30]
(2S)-5- [({[(Cycl ohexyl carbonyl ) oxy]setdwxyl car bonyl )am no]-2- - 213 -
1[ 1- (tranS- 4- et hyl cycl ohexyl ) - 1H-i m dazol -4- yl]nethyllvaleric acid [Step
1] {[ (Et hyl sul fanyl)carbonyl ] oxyl met hyl cycl ohexanecar boxyl ate [ 0535]
[ Fornmul a 145] The compound (400 mg) obtained in Step 4 of Example
15 was dissolved in a mixed solvent of acetonitrile (12
mL) and water (3 mL). To the solution, a solution of the
compound obtained in Step 2 of this Example in methylene
chloride (1 mL) was added at 0°C, and the mixturé was
stirred for 2.5 hours. The solvent in the reaction
solution was distilled off undér reduced pressure to
obtain a crude product. This cfude product was purified
by silica gel column chromatography (eluting solvent;
ethyl acetate-methylene chloride/methanol=90/10). The
obtained solid was dissolved in an ethyl acetate-acetone
mixed solvent: Insoluble matter was filtered off, and
the solvent in the filtrate was distilled off under
reduced pressure. The obtained residue was purified by
reverse-phase HPLC to obtain the title compound (185 mg).
'H-NMR (CDCl;3) &: 0.96 (3H, d, J = 6.3 Hz), 1.09-1.21 (2H,
m), 1.45 (3H, d, § = 5.5 Hz), 1.52-1.75 (6H, m), 1.86-
1.93 (2H, m), 2.06 (3H, s), 2.13-2.19 (2H, m), 2.82-2.91
(2H, m), 2.97-3.05 (lH, m), 3.15-3.21 (2H, m), 4.03-4.11
(1H, m), 5.31 (1H, br s), 6.77-6.81 (1H, m), 6.99 (1H, s),
8.97 (1H, s).
[0516]
[Example 28] (2S)-2-{[1l-(trans-4-Methylcyclohexyl)-1H-
imidazol-4-yl]lmethyl}=-5-[({[(2-
methylpropanoyl)oxy]lmethoxyl}carbonyl)aminolvaleric acid
[Step 1] S-Ethyl O-(iodomethyl) thiocarbonate
[0517]

[Formula 139}



[ 0536] The
cycl ohexanecar box

title conpound (4.1 g) was obtained from
ylic acid (5.2 g) and the conmpound (5.0 g) obtained in

Step 1 of Exanple 28 in the sane way as in Step 1 of Exanple 29. 1H NWR
(CDC13) 8: 1.20-1.31 (3H, m), 1.33 (BHO0T,-J = 7.4 Hz), 1:40-1.50 (2H, m

1.60-1.67 (1H m

L 1.72-1.79 (2H, m), 1.87-1.95 (2H, m), 2.36 (1H tt, J =

11.3, 3.5 Hz), 2.89 (2H, q, J = 7.4 Hz), 5.80 (2H, s). [0537] [Step 2]
(2S) - 5- [({[(Cyﬁlohexylcarbonyl)oxy]nethoxy}carbonyl)anino]-2-

{[1-(trans-
[ Formul a 146] To

ng) was obt g
Step 1 of tﬁ#@gﬁx

ycl ohexyl)-1H i m dazol -4- yl]nmethyllvaleric acid [ 0538]
Oyi:2) 001 - 214 - [0539] The title conmpound (281
as a white solid fromthe conpound (489 ng) obtained in
anpl e and the conpound (400 ng) obtained in Step 4 of

Exanple 15 in the §a8B1WRY oS ol oSteRS o3 oald 1d 10f sExamplie 28.

thiocarbonate (10 g) in toluene (100 mL), sodium iodide

(29.1 g) and 18-crown-6 (5.1 g) were added, and the

mixture was stirred at room temperature for 19 hours.

Since the starting materials still remained, sodium

iodide

(29.1 g) and 18-crown-6 (5.1 g) were further added

thereto, and the mixture was stirred at room temperature

for 48

hours and then at 100°C for 5 hours. Ethyl

acetazte (100 mL) was added thereto, and the organic layer

was separated by washing with a 20% aqueous sodium

thiosulfate. Ethyl acetate (50 mL) was added to the

aqueous layer for re-extraction. The combined organic

layer was dried over anhydrous magnesium sulfate, and the

solvent was then distilled off under reduced preséure.

The residue was dried to obtain the title compound (12.1

g).

'H-NMR

(CDCls) &: 1.34 (3H, t, J = 7.4 Hz), 2.93 (2H, q,

J = 7.4 Hz), 5.99 (2H, s).

[0519]
[Step 2] {[(Ethylsulfanyl)carbonyl]oxylmethyl 2-
methylpropanoate

[0520]

[Formula 140]

\\/Swro\/ojrl\

0

0



1H NMR(CDC13) 6: 0.96 (3H,d,J =6.3 Hz),1.07-1.18 (2H, m, m,

- 208 -

[0521]

To isobutyric acid (2.9 mL) dissolved in a mixed
solvent of methylene chloride and water (1:2, 120 mL),
tetrabutyl ammonium bisulfate (11.0 g) and sodium
bicarbonate (5.5 g) were added under ice cooling, and the
mixture was stirred at the same temperature for 10
minutes. To this reaction solution, a solution of the
compound (4.0 g) obtained in Step 1 of this Example in.
methylene chloride (10 mlL) was added at room temperature,
and the mixture was stirred overnight. The organic layer
was separated, and the aqueous layer was then further
subjected to extraction several times with methylene
chloride. The combined organic layer was dried over
anhydrous magnesium sﬁlfate, and the solvént was then
distilled off under reduced pressure. The obtained
residue was pﬁrified by silica gel column chromatography
(eluting solvent: hexane-hexane/ethyl acetate=95/5) to
obtain the title compound (2.8 g).

'"H-NMR (CDCls) &: 1.19 (6H, d, J = 7.0 Hz), 1.33 (3H, t,
J = 7.4 Hz), 2.57-2.64 (1H, m), 2.90 (2H, g, J = 7.4 Hz),
5.81 (2H, s).
[0522]
[Step 3] [(Chlorocarbonyl)oxylmethyl 2-methylpropanoate
[0523]
[Formula 141;
Chm/o\/oj(i\
0 0

[0524]



1.19-1.33 1.85-1.94 (3H, (4H, m), n), 1.39-1.50 2.08-2.14 (4H, (2H, m, m,
1.58-1.78 2.35(1H, (8H, tt, J =11.3,3.9Hz),2.67-2.74(1H ),

- 209 -

The compound (400 mg) obtained in Step 2 of this
Example was cooled to -30°C. Sulfuryl chloride (159 uL)
was added theretc, and the mixture was stirred at the
same temperature for 20 minutes. The mixture was in turn
stirred for 20 minutes in an ice bath and further at room
temperature for 1 hour. The solvent was distilled off
under reduced pressure, and the residue was dried to
obtain a crude product of the title compound.

'"H-NMR (CDCl3) &: 1.22 (6H, d, J = 7.0 Hz), 2.60-2.70 (1H,
m), 5.83 (2H, s).

[0525]

[Step 4]
(28)-2-{[1l-(trans~4-Methylcyclohexyl)-1H-imidazol-4-
yllmethyl}=-5-[({[(2-
methylpropanoyl)oxy]lmethoxy}carbonyl)amino]valeric acid
[0526]

[Formula 142]

QN )/E'\Q/OVOIH\
<\Nj]\.\/j\coor{

[0527]

The compound (400 mg) obtained in Step 4 of Example
15 was dissolved in a mixed solvent of acetonitrile and
water (1/1, 12 mL). To the solution, triethylamine (367
uL) was added under ice cooling. A solutioﬁ of the
compound obtained in Step 3 of this Example in

acetonitrile (3.0 mL) was added thereto, and the mixture



2.76-2.90 (2H, nm), 3.17-3.22(2H, M, 3.87(1H tt,J =12.1,3.9 Hz), 5.17

LRMS br.s),

(ESI) 5.71(2H, nz478[Ms),6.76(1H, +H +. s),7..68(1H s).

- 210 -

“a

was stirred for 1.5 hours under ice cooling and ther at
room temperature for one day and night. The solvent was
distilled off under reduced pressure, and water was then
added to the residue, followed by extraction several
times with ethyl acetate. The combined organic layer was
dried over anhydrous magnesium sulfate, and the solvent
was then distilled off under reduced pressure. The
obtained residue was purified by silica gel column
chromatography (eluting solvent: methylene chloride-
methylene chloride/methanol=85/15) to obtain the title
compound (178 mg).

'H-NMR (CDCls) &: 0.96 (3H, d, J = 6.7 Hz), 1.07-1.17 (2H,
m), 1.18 (6H, 4, J = 7.0 Hz), 1.40-1.51 (2H, m), 1.57—
1.81 (5H, m), 1.84-1.91 (2H, m), 2.07-2.14 (2H, m), 2.54-
2.64 (1H, m), 2.67-2.75 (1H, m), 2.78-2.89 (2H, m), 3.17-
3.22 (2H, m), 3.87 (1H, tt, J = 12.1, 3.9 Hz), 5.14 (1H,
br s), 5.71 (2H, s), 6.75 (1H, s), 7.66 (1lH, s).

LRMS (ESI) m/z 438 [M + H]".

HRMS (ESI) m/z calcd for C;,H3e¢NiOg: 438.26041 [M + H]*;
found: 438.26052.

[0528]

[Example 29] (28)-5-[({[(2,2-
Dimethylpropanoyl)oxylmethyloxylcarbonyl)amino]-2-{[1-
(trans—4—me£hylcyclohexyl)—1H—imidazol—4—
yllmethyl}valeric acid

[Step 1] {[(Ethylsulfanyl)carbonyl]loxylmethyl 2,2-
dimethylpropanoate

[0529]

(1H,



HRVMS (ESI) mfz calcd for C25HA0N306: 478.29171[ MtH]'; found: 478.29145.
[ 0540] [ Exanple 31] (2S)-5-
([[ (Acet yl oxy) net hoxy] car bonyl | am no) - 2-{[ 1- (trans- 4-
met hyl cycl ohexyl)-1H i m dazol - 4-yl | metZiyll I-val eric acid [ Step 1]
{[ (Et hyl sul fanyl ) carbonyl ] oxyl met hyl acetate [0541] [Fornula 147] 00 [0542]
The title conmpound (1% 86 g) was obtained fromacetic acid (0.78 g) and the
conpound ( 1LEP*G0tidiHed in Step 1 of Exanple 28 in the same way as in
Step 1 of Exanple 29. - 215 - 1H NWR (CDC13) 6: 1.34 (3H, t, J =7.4 Hz),
2.14 (3H, s)\ys\%o\;@\é/%, q, J = 7.4 Hz), 5.81 (2H, s). [0543] [Step 2]

0 0

[0530]

To pivalic acid (4.2 g) dissolved in a mixed solvent
of methylene chloride and water (1/2, 120 mL), tetrabutyl
ammdnium bisulfate (11.0 g) and sodium bicarbonate (6.8
g) were added undef ice cooling, and the mixture was
stirred at the samé temperature for 10 minutes. To this
reaction solution, a solution of the compound (5.0 qg)
obtained in Step 1 of Example 28Iin methylene chloride
(10 mL) was added at room temperature, and the mixture
was stirred for one day and night. The organic layer was
separated, and the agueous layer was then  further
subjected to extraction several times with methylene
chloride. The combined organic layer was dried over
anhydrods magnesium sulfate, and the solvent was then
distilled off under reduced pressure. Since a solid was
deposited, the solid was suspended in diethyl ether and
filtered off. The filtrate was concentrated under
reduced pressure; and the obtained residue was purified
by silica gel column chromatography (eluting solvent:
hexane—héxane/ethyl acetate=98/2) to obtain the title
compound (3.6 g).

'H-NMR (CDC13) &: 1.22 (9H, s), 1.33 (3H, t, J = 7.4 Hz),

2.89 (2H, g, J.= 7.4 Hz), 5.81 (2H, s).

[0531]



(2S)-5-(1[ (Acetyl oxy) net hoxy] car bonyl | am no) - 2- 1] 1-
(trans-4-nmet hyl cycl ohexyl)-1H i m dazol -4- yl]nmethyl}valeric acid [0544]

[ Formula 148] ,;',1 N-COOH [ 0545] The title conmpound (201 ngy) was _
obtained fromthe conmpound (177 ny) -obtld@ ned in Step 1 of this Exanple and
t he conpound (200 ng) obtained in Step 4 of Exanple 15 in the sanme way as
in Steps 3 and 4 of anpl e 28. 1H—NNR (CDC13) 5. 0.96 (3H, d, J = 6.6 Hz),
1.07-1. 18 (2] 102025l (8 49 | 159180(5H m, 185191(2H m,

2 5525 Ef%sv Fﬁﬁz G Hyedisdn Saghadiy %“;1%’%%0{ T
Cian) (o Serdhe il ey e bl %ﬁﬁ%ﬁ T e 52”02?5“9’?
[0546] - %ﬁﬁmetﬁﬁ@%ﬁglé%fgﬂa&ﬁgg 5-({[(1R)-1-

(1 sobut yl oxXy) et hoxXy] car bonyl  am no) - 2-{[ 1- (trans- 4-

met hyl cycl ofvexapl) - 1H-i m dazol -4-yl ] nethyllvaleric acid [0547] [Formula 149]
NO y
[Formula 144}

AN

[0533]

The title compound (297 mg) Was obtained from the
compound (437 mg) obtained in Step 1 of this Example and
the compound (400 mg) obtained in Step 4 of Example 15 in
the same way as in Steps 3 and 4 of Example 28.

'H-NMR (CDCl3) &: 0.96 (3H, d, J = 6.3 Hz), 1.07-1.17 (2H,
m), 1.21 (9H, s), 1.41-1.50 (2H, m), 1.58-1.78 (5H,.m),
1.84-1.90 (2H, m), 2.07-2.14 (2H, m), 2.67-2.74 (1H, m),
2.77-2.89 (2H, m), 3.17-3.22 (2H, m), 3.87 (1H,.tt, J =
12.1, 3.9 HZ), 5.13 (1H, br s), 5.71 (2H, s), 6.75 (1H,
s), 7.67 (1H, s).

LRMS (ESI) m/z 452 [M + H]~

HRMS (ESI) m/z calcd for C,sHsgN3O¢: 452.27606 [M + HI';
found: 452.27619.

[0534]

[Example 30] (2S8)-5-

[({[(Cyclohexylcarbonyl)oxy}methoxy}cafbonyl)amino]—2-



0 N-COCH [ 0548] To a solution of the conpound (0.75 g) obtained in
Step 4 of Exanple 15 in water (3.13 nL), a solution of

(1R)-1-([[(2,5-di oxopyrrolidin-1- yl)oxy]carbonyl | oxy) et hyl

2-met hyl propi onate (0.70 g) in acetonizrile (12.55 nL) was added, and the
m xture was stirred at roomtenperature for 20 hours. To the mi xture, water
and ethyl acetate were added, and the organic I_a¥er was separated and dried

over anhydrilus™ HagesT Anf sl et s 1 Hiseane) wes- eheteto, and the

precipitated solid was col |l ected by filtration and dried under reduced
pressure t o/ OBt hed§1i%e &oifhound (0.15 g). Analysis conditions: Daicel

Chiral pak ( i stere demark) AD-H . 6 250 mMm (5. im, eluting

sol vent: he a%eé?i@op?%{)%ﬂ@fels(“b]oﬁﬁnﬁ%i%%éb‘?%y%}gxy}tr?ﬁé roacetic acid and
0.5 v% di et ' =85/ 15 mn). Retention tinme: 9.4 mn. (isoner A
not observe%{é,féﬁl&?nrﬁ%g%}é@rég# B; not observed), 13.6 mn. (title
conpound), Absgyin. (isoner C not observed). - 217 - M5 (FAB) mz 452 [M
+ H +. HRMB (ESI]) m z calcd for C23H38N306: 452.27606 [M+ H +; found:

452.27582. [£548]14 Exaspl e 33] ,
5- Am no- 2-{[ 1- ( 3, 3-di net hyl cycl ohexyl ) - 1H m dazol - 4-yl ] net hyl }val eric acid

[Step 1] Ethyl (2E)-5- ert - but oxycar bonyl )am no] - 2- 1] 1-

(3, 3-di met hybc Pmmﬁt@ 1H i m dazol -4- yl]nethyl enel val erate [ 0550]

[ Formul a 150] 0551 To a solution of the conpound (553 ng) obtained
in Reference Exanple 14 in tetrahydrofuran (15 nlL), lithiumchloride (61
mg) was addetb 3] roomtenperature, and the mixture was stirred for 5
mnutes. To this reaction solution, 1,8-diazabicyclo[5.4.0]undec-7-ene (217
"ml) was added uddér GiddecseMpegndand -the nmivasurcdtadiest ifi @ for 20

m nutes. The conpound (250 . obtai ned in Reference Exanple 15 further
Rdded ¢ her i LTS R KO TG, 26kt Fe: 71 U videe (TP QRne  bal- 0

ight. TO th ti | ution, [ hlorid . added,
ol | oved by? exth SETTOh W U Bt iyl adWi -~ THe ‘Of gl - TBy ef ™ o' ed over

anhydr ous %émi Sé’%fﬁﬁnﬁ”ed 59,
| 'H-NMR (CDCls) &: 1.20-1.31 (3H, m), 1.33 (3H, t, J = 7.4
Hz), 1.40-1.50 (2H, m), 1.60-1.67 (l1H, m), 1.72-1.79 (2H,
m), 1.87-1.95 (2H, m), 2.36 (1H, tt, J = 11.3, 3.5 Hz),
2.89 (2H, g, J = 7.4 Hz), 5.80 (2H, s).
[0537]
[Step 2] (28)-5-

- [ ({[(Cyclohexylcarbonyl)oxy]lmethoxy}carbonyl)amino]-2-
{[1-(trans-4-methylcyclohexyl)-1H~-imidazol-4-
yllmethyl}valeric acid
[0538]

[Formula 146]

Q vaozp

N

<‘ILV/\
N COOH



- 218 - filtered, and the solvent was distilled off under reduced pressure.
The obtai ned residue was purified by silica gel colum chronmat ography
(eluting solvent: hexane/ethyl acetate=3/7-1/1) to obtain the title
compound (347 mg). 1H NWMR (CDCl13) 8:- 202 {6H, s), 1.18-1.24 (1H m, 1.32
(3H, t, J =7.0 Hz), 1.45-1.63 (16H, n), 1.72-1.82 (4H, m, 2.10-2.15 (1H,
m, 2.95 (Zﬁ%at J =7.2 H), 3.11- 3.16 (2H, m, 4.05-4.12 (1H, m, 7.04 °
(1H, br s), L (1H, s), 7.47 (1H, s), 7.58 (1H, s). [0552] [Step 2]

5 ot 5 B SH  (0 icsonen 4 i 150
Exanpl e vvasE[ogL?lsCfslo Ved t|hr§e &%@n({)q}ﬁ(‘llgél én%h.?g )'rlrgekftﬁ%rzéo ujﬁ? o%t,%o A)éf
pal | adi um cgfhon, cataly sin Ryl atgdo dd® Mo Wag) aﬂ&&%@@dﬁ he & X ure was

stirred at roomtenperature for 7 hours under a hydrogen atnpbsphere. The
catal yst wasr fildgried 10f fin an thasalients i mtheofd 13 rate yasedistilled

of f under reduced pressure. The obtained residue was purified by silica
gel col um mhinyad ogy.aphy (el uting sol vent: hexane/ethyl - 219 -
acetate=1/1-ethyl acetate) to obtain the title conmpound (337 ng).
'H-NMR (CDCl3) &: 0.96 (3H, d, J ='6.3 Hz), 1.07-1.18 (2H,
m), 1.19-1.33 (3H, m); 1.39-1.50 (4H, m), 1.58-1.78 (8H,.
m), 1.85-1.94 (4H, m), 2.08-2.14 (2H, m), 2.35 (1H, tt, J
= 11.3, 3.9 Hz), 2.67-2.74 (lH, m), 2.76-2.90 (2H, m),
3.17-3.22 (2H, m), 3.87 (1H, tt, J = 12.1, 3.9 Hz), 5.17
(1H, br s), 5.71 (2H, s), 6.76 (1H, s), 7.68 (1H, s).
LRMS (ESI) m/z 478 [M + H]".
HRMS (ESI) m/z calcd for CpsHaoN3Og: 478.29171 [M + HI';
found: 478.29145.
[0540]
[Example 31] (2S)-5-
({[(Acetyloxy)methoxy]carbonyl}amino)—2—{[l—(trans—4—
methylcyclohexyl)—1H—imidazol—4—yl]methyl}valeric_acid
[Step 1] {[(Ethylsulfanyl)carbonyl]oxylmethyl acetate
[0541]

[Formula 147]

\VAwrm“OW/
0 0
[0542]

The title compound (0.86 g) was obtained from acetic
acid (0.78 g) and the compound (1.6 g) obtained in Step 1

of Example 28 in the same wéy as in Step 1 of Example 29.



1H NWR (CDC13) .5: 0.99 (6H, s), 1.14-1.22 (4H, m, 1.41- 1.77 (19H, m,
2.04-2.09 (1H m, 2.68 (1H dd, J = 13.9, 6.5 Hz), 2.73-2.80 (1H, m, 2.88
(1H, dd, J =13.7, 7.4 Hz), 3.04-3.15 (2H m, 4.00 (1H tt, J = 12.1, 3.8
Hz), 4.10 (2H, q, J = 7.0 Hz), 4. 73 {XHsbr s), 6.67 (OH s), 7.41 (1H, s).
[ 0555] [Step 3]

5- Am no- 2-{1[ 1- (3, 3-di net hyl cycl ohexyl ) - 1H m dazol -4-yl ] nmethyl | val eric acid
[ 0556] [ For FuNHR152PCCOOH { 06574 T4t hie, cdmpolnd bt ai netd i M35t ep) 2 of this
Exanpl e, N hydrochloric acid (10 nm) was added, and the m xture was
heated to refliux4dbr % hour s’ - At st-dhidi idit lcool, the sol vent was
distilled of f5 Uﬂder reduced pressure. The obtai ned residue was dissolved in
dei oni zed watér) To the sol ut i on, PoraPak Rxn CX (ion-exchange resin, 2.5
g) was adde[%te'[)h resin was washed with deioni zed water, followed by
elution with a 2.8% amoni a/ met hanol solution (a solution of 28% amoni a

wat er di | ut 1651 ol A%r%ﬁl@ and o e glaal £ wes,soncentrated to obtain
the title c?risp)ound(o{(q(SS . L 520 CF NNR%}OD ) {?gH
s), 1. 02(3H ®rah2Ur-tddylcyclohexyl) -1H-imidazol-4-

yllmethyl}valeric acid

[0544]

[Formula 148]"

[
<i;? (J/foO\/O?y/
<\T\‘j]\/;\comi

[0545]

The title compound (201 mg) was obtained from the
compound (177 mg) obtained in Step 1 of this Example and
the compound (200 mg) obtained in Step 4 of Example 15 in
the same way as in Steps 3 and 4 of Example 28.

'H-NMR (CDCl;) &: 0.96 (3H, d, J = 6.6 Hz), 1.07-1.18 (2H,
m), 1.42-1.52 (2H, m), 1.59-1.80 (5H, m), 1.85-1.91 (2H,
m), 2.09-2.14 (2H, m), 2.11 (3HL.S)/ 2.68-2.75 (1H, m),
2.77-2.92 (2H, m), 3.18-3.23 (2H, m), 3.88 (1H, tt; J =
12.1, 3.9 Hz), 5.26-5.30 (1H, br m), 5.70 (2H, s), 6.78
(1H, s), 7.78 (1H, s).

LRMS (ESI) m/z 410 [M + H]'.

HRMS (ESI) m/z calcd for CpoH3oN3Oe: 410.22911 [M + H]';
found: 410.22892.

[0546]



(1H, ), 1.40-1.44 (1H, m, 1.50-1.78 (9H,n), 2.00-2.05 (1H, n), 2.47-2.58
(2H, m), 2.84-2.94 (2.33H, m,3.55

- 216 -

[Example 32] (2S)-5-({[(1R)-1-
(Isobutyloxy)ethoxylcarbonyllamino)-2-{[1l-(trans-4-
methylcyclohekyl)—1H—imidazol—4—yl]methyl}valeric acid
[0547]

[Formula 149]

[0548]

To a solution of the compound (0.75 g) obtained in
Step 4 of Example 15 in water (3.13 mL), a solution of
(IR)-1-({[(2,5-dioxopyrrolidin-1-
yl)oxy]carbonyl}oxy)ethyl 2-methylpropionate (0.70 g) in
acetonitrile (12.55 mL) was added, and the mixtﬁre was
stirred at room temperature for 20 hours. To the mixture,
water and ethyl acetate were added, and the organic layer
was separated and dried over anhydrous magnesium sulfate.
Hexane was added thereto, and the precipitated solid was
collected by filtration and dried under reduced pressure
to obtain the title compound (0.15 g). Analysis
conditions: Daicel Chiralpak (registered trademark) AD-H,
4.6 mmx250 mm (5 pm), eluting solvent: hexane/isopropanol

(containing 0.5 v&% trifluorocacetic acid and 0.5 v%

diethylamine)=85/15 (1 mL/min). Retention time: 9.4 min.
(isomer A; not observed), 11.4 min. {(isomer B; not
observed), 13.6 min. (title compound), 15.8 min. (isomer

C; not observed).



(0.66H, t, J =7.1 Hz), 4.13-4.20 (1H, m, 6.94 (0.66H, s), 6.96 (0.33H,
s), 7.58 (0.66H, s), 7.62 (0.33H, s). [0558] [Exanple 34]

(2R, 4S) - 5- Am no- 4-net hyl -2-[[ 1- (trans- 4-

met hyl cycl ohexyl) - 1H-i m dazol - 4-yl ] nethy¥ |l val eric acid and

(2S, 4S) - 5- am no- 4- nethyl-2-{[1 (trans-4-

met hyl cycl ohexy g 1H i m dazol - I]nethyllvalerlc aC|d [ Step 1]

(3E, 59) - 5- I\Pé‘%hyhi Bl {rp/lz(t4r5a?ns[M4+ H]

met hyl cycl oh xg %%%FS n ga%%H%§ 49?5 ¥25£%Ip|5§5 9%605 one £0559]

[ Formul a 15

(5S)-5-neth oX p. ne- 1- carboxylate (Org. Lett, 2009,~Vb|. 11, p.
5410) (1.0 % %%s g?% %f%g% in tetrahydrofuran (20 nmL.). To the solution

l'ithium hexaget byl di silazide (LHVDS, 1 N tetrahydrofuran solution, 4.04 niL)
was added dropwi se at -78C, and the m xture was stirred for 20 m nutes.

Subsequent | 5ok U oo Oin e ompound, ¢ Sdenomly b al et 1) Step 3 of

Ref erence Exanple 4 in tetrahydrofuran ( added dropw se thereto at

- 221 - -78§hlgggoih¢dp1yﬁé&@yyw§é§étiéegcpyern|ght To the reaction
solution, water was added, and organic matter was extracted with ethyl

acet ate. Thesesgani cEtlayer (as- 5 | etk pyepuankyds opsn gddammmsutfat e1and t hen
filtered, and the solvent was distilled off under reduced pressure to
obtai n a cr (8e3pdooechyldh koleexide) priddicidaaslpdri fied by S|I|ca gel

col um chr omat ogr aphy (el uting solvent: ethyl acetate-ethyl.

acet at e/ net hahnd=opl Syetva bbtatie the title conpound (612 ny).

1H NVR(CDC13) 8: 0. 96(3H,d, J =6. 7Hz), J=6.7Hz),1.10-1.17(2H,m,1.42-1.52
1.09(3H,d, [49¥P¥), 1.64- 1.73(2H, n), 1.84-1.91(2H,

[Formula 150]

Elioc
. NH
N
N COOEt

[0551]

To a solution of the compound (553 mg) obtained in
Reference Example 14 in tetrahydrofuran (15 mL), lithium
chloride (61 mg) was added at room temperature, and the
mixture was stirred for 5 minutes. To this reaction
solution, 1,8-diazabicyclo[5.4.0}undec-7-ene (217 ulL) was
added under ice cooling, and the mixture was stirred for
20 minutes. The compound (250 mg) obtained in Reference
Example 15 was further added thereto under ice cooling,
and the mixture was then stirred overnight. To the
reaction solution, agqueous ammonium chloride was added,
followed by extraction with ethyl acetate. The organic

layer was dried over anhydrous sodium sulfate and



m,2.07-2.14 (3H M, 2.47 (1Hddd, J = 16.5; 11.1,2.5Hz), 3.06-3.12(1H m,
3.31-3.36 (1H, m, 3.55-3.61 (1H mM,3.88 (1Htt, J =12.1,3.9 s),7.59 Hz),
(1H,
- 218 -

filtered, and the solvent was distilled off under reduced

pressuré. The obtained residue was purified by silica

gel column chromatography (eluting solvent: hexane/ethyl

acetate=3/7-1/1) to obtain the title compound (347 mg).

'"H-NMR (CDCl;) &: 1.02 (6H, s), 1.18-1.24 (1H, m), 1.32

(3H, t, J = 7.0 Hz), 1.45-1.63 (16H, m), 1.72-1.82 (4H,

m), 2.10-2.15 (1H, m), 2.95 (2H, t, J = 7.2 Hz), 3.11-

3.16 (2H, m), 4.05-4.12 (1H, m), 7.04 (1H, br s), 7.15

(14, s), 7.47 (1H, s), 7.58 (1lH, s).

[0552]

[Step 2] Ethyl 5-7 (tert-butoxycarbonyl)amino]-2-{[1-(3,3-

dimethylcyclohexyl)-1H-imidazol-4-yl]lmethyl}lvalerate

[0553]

[Formula 151]

li’:oc
NH

T
N COOEL
[0554]

The compound (347 mg) obtained in Step 1 of this
Example was dissolved in ethanol (10 mL). To the
solution, 10% palladium-carbon catalyst (hydrated, 170
mg) was added, and the mixture was stirred at room
temperature for 7 hours under a hydrogen atmosphere. The
catalyst was filtered off, and the solvent in the
filtrate was distilled off under reduced pressure. The

. obtained residue was pufified by silica gel column

chromatography (eluting solvent: hexane/ethyl



5.78 s). (1H,br s),7.12(1H, s),7.57 (1H, [0561] [Step 2]
(35,55 -5-nethyl-3-{[1-(trans-4-

nmet hyl cycl ohexyl ) -1H i m dazol - 4-yl ] net hyl enel- 2-

oxopi peri di ne- 1- car boxyl ate [0562] [Faltul-a 154] [ 0563]

tert-Butyl

- 222 To a

solution of the conmpound (612 ng) obtained in Step 1 of this Exanple in

t et rahydr of uran

57 M solutlon of  n-BuLi in hexane (1 49 )

was added aﬁcetaf@cl/m &tthﬁel RSEEHE e SATadd Wy H48-4a mamreund

Subsequent | y.

tert-butyl dicarbonate (605 ng) was added thereto at -78C,

and the nix%%&enﬁﬁs gradually heated and then stirred overnight. To the

ncetater e SHEaNFECTE) e it Wk St el Soor cni br db

sol ution, thep d<r1'9¢id 9nvser 2nar ous §odi

[
sol vent was distilled off “under reduced pressure.

%m§@hﬁe %gujaq% and the

t'ai ned resi'due was

purified by 3 lH0a gel7xol wm chyorat ogr aghy (el Lﬁd ngj solvent © -hexane/ et hyl

acetate=7/3-3/7) to obtain the ti'tle conpound (833 ng)
Hz), 3.04-3.15 (2H, m), 4.00 (1H, tt, J = 12.1,

4.10 (2H, g, J = 7.0 Hz), 4.73 (1lH, br s), 6.67
7.41 (1H, s).

[0555]

[Step 3] 5—Amino—2—{[1—(3,3—diméthylcyclohexyl)
imidazol—4—yl]methyl}valerié acid

[0556]

[Formula 152]

3.8 Hz),

(OH, s),

_lH_

To the compound obtained in Step 2 of this Example,

5 N hydrochloric acid (10 mL) was added, and the mixture

was heated to reflux for 6 hours. After standing to cool,

the solvent was distilled off under reduced pressure.

The obtained residue was dissolved in deionized water.

To the solution, PoraPak Rxn CX (ion-exchange resin, 2.5

g) was added. The resin was washed with deionized water,

followed by elution with a 2.8% ammonia/methanol solution

(a solution of 28% ammonia water diluted 10-fold with

methanol). The eluate was concentrated to obtain the

title compound (158 mg).



1H NWR (CDC13) 6: 0.96 (3H, d, J =6.7 Hz), 1.11 (3H, d, J = 6.7 Hz),
1.11-1.18 (2H, m, 1.42-1.52 (1H, m, 1.55 (9H, s), 1.63-1.73 (2H, m,
TRE A T St SR P

) . ] ) = . ) . 12 - ] ) . - . ]
m, 7.15 (1H, s), 7.60 (1H, s), 7.68 (1H, s). [0564] [Step 3] tert-Butyl
(5S5)-5-nethyl-3-1[1-(trans-4- nethyl cycl ohexyl)-1Him dazol -4-yl]methyll-2-
oxoplperldlHENMRcdﬁEbQQIaﬁe q OB565{3H~ 223 1.0Fof #hll as 1165} - 21-1 0566]
The conpoun alned |n Step 2 i anpl e was dISS ved in
et hanol (25 i) m'l’gg]% h[‘eé3 0% Halﬁoédjimnei cgﬁboﬁ“ loatat Y12 (W dr at ed,
207 ng) mas de t e T ours
hydr ogen atnggphﬁre T e c§¥% vg{ ﬂﬂg f? 4£:§%%£f ;éﬂg tWer ;gﬁgént in the
f||trate i 1] ed; of f; un d, S The gesidue was
purified by sq%?aa del co{Lﬁh ro%ggggrag% ?H{utlng sgfveh? éj%exane/ethy
acetate=1/ ket hylgacet aig), tsg ob;t aggn %(heg)éﬂtlse) corrpé}éungo 1H NWR
(CIKlS) 5: 0 94 (3H, d,”J'="6.7 96 (2H 7 Ft§ 99 (1H, d,
J = 6.7 Hz)oskbd)3-1.23 (3H, m, 1 40 1.48 (1H, m, 1.52 (6H, s), 1.53 (3H,
s), 1.55-1.68 (3H m, 1 81-1.87 (2H, m, 1.96-2.10 (3H, m, 2.60-2.91 (2H
m, 3.04-3.xgiiHe 4] 3(B5-48)3b-(RAH N4 - Ay (R 7H1s)trdng64{0. 3H, s),
7.41 (1.0H, s). .[0567] [Step 4] tert-Butyl
(3R, 5S9) - 5- mgﬂﬂylquqqhquan§H¢lmldazol 4- yl]methyl}valerlc acid

met hyl cycl ohexyl ) -1H-i m dazol -4-yl ] net hyl1-2- oxopi peri di ne-1-carboxyl ate
and tert-b@nd ( ,@ﬁﬁt&;amlno methyl 2—{[ -(trans-4-

methylcyclohexyl)-1H-imidazoi~4-yl]lmethyl}valeric acid
[Step 1] (3E,5S8)-5-Methyl-3-{[1-(trans-4-
methylcyclohexyl)—lH—imidazol—4—yl]methylene}piperidin—2-
one

[0559]

[Formula 153]

«NLQH

[0560]

Benzyl (5S)-5-methyl-2-oxopiperidine-l-carboxylate
(Org. Lett, 2009, Vol. 11, p. 5410) (1.0 g) was dissolved
in tetrahydrofuran (20 mL). To the solutioh, lithium
hexamethyldisilazide (LHMDS, 1 N tetrahydrofuran solution,
4.04 mL) was added dropwise at -78°C, and the mixture was
stirred for 20 minutes. Subsequently, a sblution of the
compound (519 mg) obtained in Step 3 of Reference Example

4 in tetrahydrofurah (5 mL) was added dropwise thereto at



- 224 - methyl-3-{[1-(trans-4-nethyl cycl ohexyl)-1H i m dazol -

yl ] met hyl1- 2- oxopi peri di ne-1-car boxyl ate [0568] [Fornmula 1561 1st 2nd

[ 0569] The conpound (788 ng) obtained in Step 3 of. this Exanple was

di astereonerically resol ved by hi gh-pétdlortrance |i qui d chronmat ography using
CHI RALPAK AD-H sem -prep colum (2.0 cmx 25.0 cm. Flowrate: 10 nL/ m n,

el uting sol vth he ane/ i sogro anol=88/12, detection wavelength: 210 nm

Col umm terrpera?urém 25BC PHETHFS Was PhéTLGAVENE TP A N e r5SoFVed sol utions
distill . t th,

\Q?Zst:afegrrerf%c?{ SISU%%)Q‘r C#%uc ngy an(qu eagP%C{S) gfn(%y%{l&%aa&%o (r)\ t he

d al eh

| ast er eoMgrS; WeL:6 LR TR q1 é@é 'QHeE&Léﬁﬁqﬁ Q%geiq%bg

chromat ography to be opti cal re Co rm CHI 6 cnx15.0
cm, flow ratiesd lw%rma/rmy@rcﬁislltsldlﬁhﬁmé@rﬁaté1wafﬂe%9pﬂ'ﬂpf?ék®d€80/ 20-

20/ 80, detection wavelength: 210 nm retention time: (3R 5S)-form (4.6
mn.), (3S&9 -ty mdlvehtmwag) did5Alled -of22nder reduced pressure
to obtain a crude product. This crude product was
purified by silica gel column chromatography (eluting
solvent: ethyl acetate—ethyl'acetate/methanol=92/8) to
obtain the title compound (612 mg) .
"H-NMR (CDCl3) &: 0.96 (3H, d, J = 6.7 Hz), 1.09 (3H, d,
J = 6.7 Hz), 1.10-1.17 (2H, m), 1.42-1.52 (1H, m), 1.64-
1.73 (2H, m), 1.84-1.91 (2H, m), 2.07-2.14 (3H, m), 2.47
(1H, ddd, J = 16.5, 11.1, 2.5 Hz), 3.06-3.12 (1H, m),
3.31-3.36 (1H, m), 3.55-3.61 (1H, m), 3.88 (lH, tt,.J =
12.1, 3.9 Hz), 5.78 (1H, br s), 7.12 (1H, s), 7.57 (1H,
s), 7.59 (1H, s).
[0561]
[Step 2] tert-Butyl (3E,5S)-5-methyl-3-{{1l-(trans-4-
methylcyclohexyl)—1H—imidazol—4—yl]methylene}—2—
oxopiperidine-l-carboxylate
[0562]

[Formula 154]



[Step 5] (2R 4S)-5-Am no-4-nethyl-2-{[1- (trans 4-

nmet hyl cycl ohexyl ) - 1Hi m dazol -4-yl Jnmethyllvaleric acid [0572] [Fornula 157]
COOH [ 0573] The title conmpound (25 ng) was obtained fromtertbutyl
(3R, 5S) - 5- et hyl - 3-{[ 1- (t r ans- 4- et hyl2&¢clohexyl ) -

1H i m daz61-4-yl ] met hyl4- 2- oxopi peri di ne-1-carboxylate (72 ng) obtained in

thoyh 1 PR S SR gl e
2.00- 2. 05 2 , , 60 (IH 2.71
(1H, dd, J%%ng 7°%. §% afggf 30 §%%féhﬁ%£%%§%?? (fa4“§t # f%“% 3.9
e). 0,59 (dkoiskiof, 50 Lk 750 1 RS S0 gl boi i pRaNGNaio2

330. 21575 [M + M+ found: - 330, 21629, [0574] [Step

(2S, 4S) - 5- Argeno- 4 et RY 1525 4[ 12 (HhaN8t4rred for 45 minute
net hyl cycl ohexyl )-1H i m dazol - 4-yl [nethyl [vai eric acid [0575] - 226 -

[ Formul a 158ps<@'dGlly, di-Tthed-dute Ic@ipeinbna2i? (q)s> was elkisai ned from

tertbutyl (3S,5S)-5-nmethyl-3-[[1-(trans-4-nethyl cycl ohexyl)-

1H i m dazoladdiey ftietrkylo) a2- eX@ICperhdi nrelmearhexyakegradually
heated and then stirred overnight. To the reaction
solution, water was added, followed by extraction with
ethyl acetate. The organic layer was washed with
saturated sodium chloride solution, then dried over
anhydrous sodium sulfate, and filtered, and the solvent
was disfilled off under reduced pressure. The obtained
residue was purified by silica gel column chromatography
(eluting solvent: hexane/ethyl acetate=7/3-3/7) to obtain
the title compound (833 mg) .
'"H-NMR (CDCl;) &: 0.96 (3H, d, J = 6.7 Hz), 1.11 (3H, d,
J = 6.7 Hz), 1.11-1.18 (2H, m), 1.42-1.52 (1H, m), 1.55
(9H, s), 1.63-1.73 (2H, m), 1.84-1.91 (2H, m),.2.05—2.14
(3H, m), 2.44 (1H, ddd, J = 16.8, 11.0, 2.3 Hz), 3.21 (1H,
dd, J = 12.5, 10.2 Hz), 3.41-3.47 (1H, m), 3.85-3.93 (2H,
m), 7.15 (1H, s), 7.60 (1H, s), 7.68 (1lH, s).
[0564]
[Step 3] tert-Butyl (5S)-5-methyl-3-{[1-(ftrans-4-
methylcyclohexyl)—1H—imidazol—4—yl}meth§l}—2—
oxopiperidine-l-carboxylate

[0565]



(371 ng)obtained in Step 4 way as in Step 3 of Exanple of this Exanple in
the same 33. 1H NMR(CD30D) 5:0.95(3H, d,J=6.8Hz), 0.98 (3H,d, J = 6.8Hz),
1.10-1.19(2H, m,1.22-1.29 (1H, m, 1.43- 1.51 (1H m,

. - 223 -

[Formula 155]

[0566]

The compound (830 mg) obtained in Step 2 of this
Example was dissolved in ethanol (25 mL). To the
solution, 10% palladium-carbon catalyst (hydrated, 207
mg) was added, and the mixture was stirred for 13 hours
under a hydrogen atmosphere. The catalyst was filtered
off, and the solvent in the filtrate was distilled off
under reduced pressure. The obtained residue was
purified by silica gel column chromatography (eluting
solvent: hexane/ethyl acetate=1/l-ethyl acetate) to
obtain the title compound (788 mg).

'H-NMR (CDCl3) &: 0.94 (3H, d, J = 6.7 Hz), 0.96 (2H, d,

J = 6.7 Hz), 0.99 (1H, d, J = 6.7 Hz), 1.03-1.23 (3H, m),
1.40-1.48 (1H, m), 1.52 (6H, s), 1.53 (3H, s), 1.55-1.68
(3H, m), 1.81-1.87 (2H, m), 1.96-2.10 (3H, m), 2.60-2.91
(2H, m), 3.04-3.20 (2H, m), 3.65-3.97 (2H, m), 6.73 (0.7H,
s), 6.76 (O;3H, s), 7.41 (1.0H, s).

[0567]

[Step 4] tert-Butyl (3R,5S5)-5-methyl-3-{[l-(trans-4-
methylcyclohexyl)-1H-imidazol-4~yl]lmethyl}-2~

oxopiperidine-l-carboxylate and tert-butyl (3S,5S)-5-



1.64-1.85(6H, m,2.01-2.05 (2H m, 2.53 (1H dd,J = 13.9, 6. 6Hz),
2.55-2.61(IH m, 2.77 (2H, d, J =6.8 Hz), 2.88 (1H, dd, J = 13.9, 7.1
Hz), 3.93 (1H, tt, J =12.0, 3.9 Hz), 6.94 (1H, s), 7.54 (1H s). HRMVB
(ESI'): mz calcd for C171-.130N302: 308423380 [M+ H +; found: 308.23370.
[0577] [Exanple 35] (2R 4R)-5-Am no-4-nethyl-2-{[1-(trans-4-

nmet hyl cycl onexyl ) - 1H i m dazol -4-yl ] meth I)vaI erlc aci d and

(2S, 4R) - 5- &f Fo7 }mﬁiﬁmﬁgrqqq_QTW%ﬁﬁngyc ohexyl)-1H-imidazol-4-

ErgtEh%/IR)cygl %&e]xﬁaj/ﬁg%zjjﬁ ((%glzol eflyégnrgsty yl Iglk?éer ic aC| d [Step 1]
nmet hyl cycl o[t't%%/g]) 1H i m dazol - 4-yl ] met hyl ene} - pi peri di n2- one

[Formula 156]

0 0
1st . 2nd

[0569]

The compound (788 mg) obtained in Step 3 of this
Example was diastereomerically resolved by high-
performance liquid chromatography using CHIRALPAK AD-H
semi-prep column (2.0 cm x 25.0 cm). Flow rate: 10
mL/min, eluting solvent: hexane/isopropanol=88/12,
detection wavelength: 210 nm. Column temperature: 25°C.
[0570] |

The solvent in the resolved solutions was distilled
off under reduced pressure to respectively obtain both |
diastereomers ((3R,53)-form: 72 mg and (3S,5S)-form: 371
mg) . Both the diastefeomers were confirmed by analytical
high-performance liquid chromatography to be optically
pure. Column: CHIRALPAK AD (0.46 cmx15.0 cm), flow rate:
1.3 mL/min, eluting solvent: hexane/isopropanol=80/20-
20/80, detection wavelength: 210 nm, retention time:

(3R, 5S8)-form (4.6 min.), (3S,5S)-form (5.2 min.).

[0571]



[0578] - 227 - [Fornula 159] [0579] Benzyl

(5R) - 5- net hyl - 2- oxopi peri di ne-1-carboxylate (Org. Lett, 2009, Vol. 11, p.
5410) (772 nmg) was dissolved in tetrahydrofuran (15 nm.). To the sol ution,

l'i t hi um hexanet hyl di si |l azi de (LHVDS,- 22% tetrahydrofuran solution, 3.12 nl)
was added dropwi se at -78C, and the m xture was stirred for 1 hour.
Subsequently, a lution of 1-(trans-4-mnethylcyclohexyl)-1Him dazole-4-
“car bal dehyd[egt(eéogr’ mg)< Hif St’e't%"&ﬁ%%%‘f‘h‘r‘%*{@'rﬁ_‘){ Was JRIET i opwi se thereto
at -78C, and .th jxtyre was .sti.rred at, OC for hours.. To the reaction

sol uti on, }geuteh uscrpac)rér?glrﬁxﬁl\r,%a)c hllﬁ%rllm s a4dci”eng,]megcnhdyol:;)l}rVg‘—’lalnelrcl crnai:';}cileér3 was
extracted wddy-gthyl acetate. The organic |ayer was dried over anhydrous
sodium sul fate and then filtered, and the solvent was distilled off under
reduced pressiig 0 18ptjain a crude product. This crude product was purified
by silica gel columm chromatography (eluting solvent: ethyl acetate-ethyl
acet at e/ net hano1=92/8) to obtain the title conmpound (500 ng). [0580] - 228
- [Step 2] tert-Butyl (3E 5R)-5-nethyl-3-1[1-(trans-4-

met hyl cycl OQ| ) - 1Hiwd,dazol - 4-yl ] met hyl enel- 2-

oxopi peri di nesl- car boxyl ate [0581] [Formula 160] [05821 The title

' s™bt ai ned fromthe conpound (500 ng) obtained in Step
cEQE same way as in Step 2 of Exanple 34. [0583]

~conmpound (492
1 of this Exa

[0573]

The title compound (25 mg) was obtained from tert-
butyl (3R,5S)-5-methyl-3-{[l-(trans-4-methylcyclohexyl) -
lH-imidazol-4-yl]lmethyl}-2-oxopiperidine-l-carboxylate
(72 mg) obtained in Step 4 of this Example in the same
way as in Step 3 of Example 33.

'"H-NMR (CD;OD) &: 0.95 (3H, d, J = 6.8 Hz), 0.97 (3H, d,
J = 6.8 Hz), 1.10-1.19 (2H, m), 1.37-1.50 (2H, m), 1.64-
1.75 (3H, m), 1.81-1.92 (3H, m), 2.00-2.05 (2H, m), 2.Si
(1H, dd, J = 14.2, 6.3 Hz), 2.54-2.60 (1H, m), 2.71 (1H,
dd, J = 12.7, 6.3 Hz), 2.92-2.85 (2H, m), 3.93 (1H, tt, J
= 12.2, 3.9 Hz), 6.93 (1H, s), 7.56 (1H, s).

HRMS (ESI): m/z calcd for C;7Hy9N3Na;0,: 330.21575 [M +
H]"; found: 330.21629.

[0574] |

[Step 6] (2S,4S)—5—Amino—4—methyl-2—{[1—(trans—4;
mefhylcyclohexyl)—lH—imidazol—4—yl]methyl}valeric acid

[0575]



[Step 3] tert-Butyl (5R)-5-nethyl-3-1[1-(trans-4-

met hyl cycl ohexyl ) -1H I m dazol - 4-yl ] net hy11-2- oxopi peri di ne-|-carboxyl ate
[0584] [Fornula 161] - 229 - The title conmpound (460 ngy) was

obt ai ned fromthe conpound (490 ny) -oltZzd ned in Step 2 of this Exanple in
the sane way as in Step 3 of Exanple 34. [0586] [Step 4] tert-Butyl

(3R, 5R) - 5- hy1l-3-{[1-(trans-4-
nmet hyl cycl gﬁt&é‘l‘})l-alljlﬁi]gﬂi dazol -4-yl ] met hyl11- 2- oxopi peri di ne- 1-car boxyl at e
and tert-butyl (3S, 5R)-5- - _
met hy1- 3-{[ &- (trans- 4- net hyl cycl ohexyl ) -1H-i m dazol - 4-
yl ] met hyll- XOpi peri € j ne-1-carboxylate [0587] [Formula 162] [ 0588]
The conpound_(460 ng) obtained in Step 3 of this Exanpl e was
di astereonerically regol ved by high-performance |iquid. chromat ography using
CHI RALPAK AD-{ denmi=prep colum (2.0 cmx 25.0 ¢n). Flow rate: 10 ni/mn,
el uting sol vent': thexé&nel i sopropanol=90/ 10, detection wavel ength: 210 nm
Col um tenperature: 25C. [0589: The solvent in the resolved sol utions
was distill@bdf under reduced pressure to respectively obtain both
di astereonmers ((3R, 5R)-form 298 ng and (3S,5R)-form 109

The title compound (212 mg) was obtained from tert-

butyl (3S,58)—5—methyl—3—{[1—(trans—4—methylcyclohexyl)—
l1H-imidazol-4-yl]lmethyl}-2-oxopiperidine-l-carboxylate

(371 mg) obtained in Step 4 of this Example in the same

(A

way as in Step 3 of Example 33.

'"H-NMR (CD;OD) 8: 0.95 (3H, d, J = 6.8 Hz), 0.98 (3H, d,
J=6.8 Hz), 1.10-1.19 (2E, m), 1.22-1.29 (1H, m), 1.43-
1.51 (1H, m), 1.64-1.85 (6H, m), 2.01-2.05 (2H, m), 2.53
(1€, dd, J = 13.9, 6.6 Hz), 2.55-2.61 (1H, m), 2.77 (2H,
¢, J =6.8 Hz), 2.88 (1lH, dd, J = 13.9, 7.1 Hz), 3.93 (1H,
tt, J = 12.0, 3.9 Hz), 6.94 (1H, sj, 7.54 (1H, s).

HRMS (ESI): m/z calcd for Ci7H3oN30,: 308.23380 [M + H]';
found: 308.23370.

[0577]

[Example 35] (2R, 4R)-5-Amino-4-methyl-2-{[1-(trans-4-
methylcyclohexyl)—1H—imidazol—4—yl]methyl}valeric acid
and (23,4R)-5-amino-4-methyl-2-{[1-(trans-4-
methylcyclohexyl)—1H—imidazol—4—yl]methyl}ﬁaleric acid
[Step 1] (3E,5R)-5-Methyl-3-{[1-(trans-4-
methylcyclohexyl)-1H-imidazol-4-yl]lmethylenej-piperidin-
2-one

[0578]



- 230 - ng). Both the diastereoners were confirnmed by anal ytical

hi gh- performance |iquid chromatography to be optically pure. Col um:
CHI RALPAK AD (0.46 cmx 15.0 cm, flowrate: 1 ni/mn, eluting solvent:
hexane/ i sopr opano1=80/ 20, detection-wa@&l ength: 210 nm retention tine:
(3R,5R)- form (5.8 mn.), (3S5R-form (7.6 mn.). [0590] [Step 5]

(2R, 4R)-5-ﬁﬁj no-zi-rrﬁ'f 1-2-;[1-(trans-4-
met hyl cycl oHé3qty =21 i dazol - 4-yl ] nethyl }valeric acid [0591] [Formula 163]

COOH [ 0592] The title conmpound (134 ng) was obtained fromtertbutyl
(3R 5R) - 5-net hyi - 3-{[ 1- (trans-4-net hyl cycl ohexyl) -
1H i m dazol - | ] met hy11- 2- oxopi peri di ne- 1- car boxyl ate (298 ngy) obtained in

Step 4 this nple ip the same way as in Step 3 of Exanple 33. 1H'NWR

(CD30D) 6: 0.96 (3H, H, J J =6.7 Hz), 1.09-1.27 (3H, m), 1.86 (6H, m),
2.00-2.06 (2H,\ BYHz), 2.56-2.62 (1H, n), 2.77 2.88 (1H, dd, J = 13.9,
6.8 Hz), 3.9 NilH, s), 7.55 (1H, s). [0593]

[0579]

Benzyl (5R)—5—methyl—2—oxopiperidine—1—carboxylate
(Org. Lett, 2009, Vol. 11, p. 5410) (772 mg) was
dissolved in tetrahydrofuran (15 mL). To the solution,
lithium hexamethyldisilazide (LHMDS, 1 N.tetrahydrofuran
solution, 3.12 ml) was added dropwise at -78°C, and the
mixture was stirred for 1 hour. Subsequently, a solution
of 1-(trans-4-methylcyclohexyl)-1H-imidazole-4-
carbaldehyde (600 mg) in tetrahydrofuran (5 mL) was added
dropwise thereto at -78°C, and the mixture was stirred at
0°C for 3 hoursT To the reaction solution, aqueous |
ammonium chloride was added, and organic matter was
extracted with ethyl acetate. The organic layer was
dried over anhydrous sodium sulfate and then filtered,
and the solvent was distilled off under reduced pressure
to obtain a crude product. This crude product was
purified by silica gel column chromatography (eluting
solvent: éthyl acetate-ethyl acetate/methanol=92/8) to
obﬁain the title compound (500 mg).

[0580]



- 231 - [Step 6] (2S,4R) -5-Am no-4-nmethyl-2-{[1-(trans-4-

nmet hyl cycl ohexyl ) - 1H i m dazol -4-yl Jnmethyl)val eric acid [0594] [Fornula 164]
COO F!I'  [0595] The title conmpound (12 ng) was obtained fromtertbutyl
(3S,5R)-5-net hyl1l-3-1[ 1- (trans- 4- et hyl Z3&1-ohexyl ) -

1H i m dazol - 4-yl ] met hy11- 2- oxopi peri di ne-1-car boxyl ate (109 ng) obtained in

Step 4 of t | th |1 Step 8 of Exanplp 33 1H-NWR
(C(I?)QOD) ’6: ng@%mt%tl Purlg 71 ) Bc/rgg“?l@w Le-01E g ‘}e‘ 1.09-1.19
2H, .3 24 3 3H, ,

(2 00- r2]005 ( hy 'i(zl e"(@lﬂ jld*g l“hldazl%l( b%l%i%&ezn%h 61 (rlr)H, M, 2.71

(1H gdgs‘](1 é%rﬁﬁ é%%%&%%é§B§ZFEngplg gg](lH tt J =12.5, 3.5

4 (Am nomet 9t12-1[ 1- (trans 4-

met hyl cycl o xyI]) 1H i m dazol - 4-yl ] met hyl) hexanoi ¢ aci d [St ep 1] Ethyl
4-{[ (tert-butexyced bosy) ) ani no] met hy1} - 2-

{[1-(rans-4-net hyl cycl ohexyl)-1Him dazol -4- yl]nethyl)hex-2-enoate [0597]
- 232 - [For:smul a 165]

[0582]

The title compound (492 mg) was obtained from the
compound (500 mg) obtained in Step 1 of this Example in
the same way as in Step 2 of Example 34.

[0583]

[Step 3] tert-Butyl (5R)—5—methyl—3—{[l—(tréns—4—
methylcyclohexyl)-1H-imidazol-4-yl]methyl}-2-
oxopiperidine-l-carboxylate

[0584]

[Formula 161]



[ 0598] The conpound. (148 ng) obtained in Step 1 of Exanple 26 was

di ssolved in tetrahydrofuran (2 nL). To the solution, lithium

hexanet hyl di si | azide (LHVDS, 1 N tetrahydrofuran solution, 561 ptL) was
added dropwi se at - 78C, and the m xt W2 was stirred for 1 hour.
Subsequently, a solution of the conpound (113 ng) obtained in Reference
Exanple 16 in tetrabh ofuran (1 ) s added dropw se there at -78C,
and the m xtu_re%é\lﬁstég?rer88m§f)(lp9gg416\§?m§§hgﬁrs_s.o 8 Fgg'cnt ittglr? sol uti on,
aqueous ammRiR-ehl Oy Added.y and rgan ¢ mbier dag,md rapted with

et hyl acetate.” The organi c | ayer was ver anhy iumsul fate

and then fidderfghe zmig, the isplymey Iase dislidledof f under reduced pressure
to obtain a crude product. This crude product was dissolved in nethyl ene

chloride (508H86] To the solution, nethanesul fonyl chloride (87 !lIL) and _
triethylamne (235 1AL) were added at roomtenperature, and the m xture was
stirred for{S3dpour]s.telt8Budivaz alBr;\uH )of Bk ] windeet [M-eer (125141, 11, ) was
added thereto at roomtenperature, and the m xture was stirred overnight.
To t he reaadtdtdry lsolaitdhexy Inetliid ienalachl lord del Mestradided, - and t he organi ¢

| ayer was washed with water - 233 - and saturated sodi um chl oride

sol ution, tHEPIRGEG G -GRiroUR tSodi I FRE Y andB3iiR)erd, and the
solvent. was distilled off under reduced pressure. The obtai ned residue was

purified by"RHIHTayer SitHD JemCOlUfY et ograbmym (el dhi ng
ol erL TR A S R O g AT e 1L Compound, (1
1.05-1.16 ( , 1.26 (3H, t, J = 7.0 Hz), 1.33-1.40 (2H, m, 1.44 (9H,

s), 1.55-1.63%3H m), 1.80- 1.87 (2H, -n), 2.04-2.09 (2H, n), 2.85-2.94

(1H m, 3.4, 31l 1H M, 3.32-3.37 (1H n), 3.49 (1H d, J = 14.1 H),
3.61 (1H, d, J =14.5 Hz), 3.73-3.81 (1H, m, 4.05- 4.19 (2H, m, 6.57
(0.5H, s), 6.59 (0.5H, s), 6.76 (1H, s), 7.39 (1H, s), 8.13 (1H br s).
[0599: [Step 2] Ethyl 4-{[(tert-butoxycarbonyl)am no]nethyll-2-

([1-(trans- t hyl cycl ohexyl ) - 1Hi m dazg yl ] met hyl | hexanoat e [ 0600]
[ Formul a 16 _
N

] | ¢ N

N\ T \ A -

N I\\Boc i‘\'tl\\'//\“/r\\Boc
0 0

1st peak ) 2nd peak

[0588]

The compound (460 mg) obtained in Step 3 of this
Example was diastereomerically resolved by high—
performance liquid chromatography using CHIRALPAK AD-H
semi-prep column (2.0 cm x‘25.0 cm). Flow rate; 10
mL/min, eluting solvent: hexane/isopropanol=90/10,

detection wavelength: 210 nm. Column temperature: 25°C.

[0589:
The solvent in the resolved solutions was distilled
off under reduced pressure to respectively obtain both

diastereomers ((3R,5R)-form: 298 mg .and (33,5R)-form: 109



[0601] - 234 - The title conmpound (47 ng) was obtained fromthe
~conpound (80 ng) obtained in Step 1 of this Exanple in the same way as in
Step 3 of Exanple 34. 1H NWR (CDC13) 8: 0.83 (1H, t, J =7.4 Hz), 0.88 (2H,
t, J =7.4.H), 0.95 (3H d J =6.3R30 1.04-1.15 (2H, nm), 1.19 (1H t, J
7.0 Hz), 1. 20 (1H, t, = 7.0 Hz), 1.25- 1.34 (3H, m, 1.42-1.48 (11H,

0 .
2522768 Estmthg ShadeBBetatkonhed BB g0L0ty MhunfnBBad 2 (1
L,OS;E)[gég%? %%@brq?Pﬁf &Aﬁgug%%gﬁéxéﬁgé%%%ng éa’be JE%JEQ*Qyﬁ) 7.42
nethylcycl Qgéyl)%%¥bhgldgé8§?ﬂka]ﬂﬁtQMIh@eéﬁnglga 4gm2édk9 Iorlde

[0603] [Fornula 1 o the conpoun ained in

Step 2 of thits :Examl /i err@c@oqweqqtacwcbxa%énﬁsd@s;@ddﬂd;s@m,t he

m xture was heated to reflux for 5 hours. After standing to cool, the

sol vent wasiediesttiilone e aafefl ctader: raeduced pkﬁﬁﬁuﬁﬁnlfhamﬁbt&nneﬁzFesidue was

di ssol ved in deionized water. Insoluble matter was filtered off - 235 -
form (5.8 min.), (3S,5R)-form (7.6 min.).

)
m
(1

[0590]

[Step 5] (2R,4R)-5-Amino-4-methyl-2-{[1-(trans-4-
methylcyclohexyl)~-IH-imidazol-4-yllmethyl}valeric acid
[0591]

[Formula 163]

(05927

The title compound (134 mg) was obtained from tert-
butyl (3R,5R);5—methyl—3—{[1—(trans—4—methylcyclqhexyl)—
l1H-imidazol-4-yl]methyl}-2-oxopiperidine-l-carboxylate
(298 mg) obtained in Step 4 this Example in the same way
as in Step 3 of Example 33.
"H-NMR (CD3OD) &: 0.95 (3H, d, J = 6.7 Hz), 0.98 (3H, d,
J = 6.7 Hz), 1.09-1.27 (3H, m), 1.43-1.52 (1H, m), 1.63-
1.86 (6H, m), 2.00-2.06 (2H, m), 2.53 (1lH, dd, J = 13.5,
6.5 Hz), 2.56-2.62 (1H, m), 2.77 (2H, d, J = 7.0 Hz),
2.88 (lH, dd, J = 13.9, 6.8 Hz), 3.93 (1H, tt, J = 12.1,

3.9 Hz), 6.85 (1H, s), 7.

w

5 (1H, s).

[0593]



t hrough a menbrane filter, and the solvent was distilled off again to
obtain-the title conpound (37 ng) of interest. .
1H NVR( CD30D) 6: 0. 90-0. 98(6H, m), 1. 16-1. 24(2H, m, 1.36-1.57(4H, m, 1. 74-1. 92
(6H M, 2.12-2.16(2H, nm, 2.85-3.03(5H3mM~4.21-4.27 (1H m, 7.55(0.5H, s),
7.56(0.5H,s), 8.90(0.5H, s),8.92 (0.5H,5s).

[Step 6] (2S,4R)-5-Amino-4-methyl-2-{[1-(trans-4-

methylcyclohexyl)—1H—imidazol—4—yl]methyl}valeric acid

[0594]

[Formula 164]

-
-

A
N COOH

[0595]

‘The title compound (12 mg) was obtained from tert-
butyl (3S,5R)~5-methyl-3-{[1l-(trans-4-methylcyclohexyl) -
lH—imidazol—4—yl]methyl}—2foxopiperidine—i—carboxylate
(109 mg) obtained in Step 4 of this Example in the same
way as in Step 3 of Example 33.

'"H-NMR (CD3OD) &: 0.95 (3H, d, J = 6.7 Hz), 0.97 (3H, d,
J =7.0 Hz), 1.09-1.19 (2H, m), 1.36-1.51 (2H, m), 1.63-
1.77 (3H, m), 1.80-1.91 (3H, m), 2.00-2.05 (3H, m), 2.51
(l1H, dd, J = 13.9, 5.7 Hz), 2.54-2.61 (1H, m), 2.71 (1H,
dd, J = 12.9, 6.3 Hz), 2.84-2.93 (2H, m), 3.93 (1H, tt, J
= 12.5, 3.5 Hz), 6.93 (1H, s), 7.57 (1H, s).

[0596] |

[Example 36] 4- (Aminomethyl)-2-{[1l-(trans-4-
methylcyclohexyl)-1H-imidazol-4-yl]lmethyl}hexanoic acid
[Step 1] Ethyl 4—{[(tert—butoxycarbonyl)amino]methyl}—Z—
{[1-(trans-4-methylcyclohexyl)-1H-imidazol-4-

yl]lmethyl }hex-2-enocate

[0597]



HRVS(ESI): mz cal cd for C18H32N302: 322. 24945[ M +H +; found: 322.24948.

[ 0605] [ Exanple 37]

5- Ami no- 2-{[ 1- (ci s- 4- hydr-oxycycl ohexyl ) - 1H m dazol - 4-yl ] net hyl }val eri ¢ acid
[Step 1] Ethyl (2E)-5-[(tert-butoxycarbanyt)am no]-2-{[1- _
(cis-4-f[tert-butyl (di phenyl)silyl]oxylcycl ohexyl)-1H m dazol - 4-yl ] net hyl en
e}val erate L0606] [ Formul a 168] TBDPS-0 [0607] The title conpound
(375 nmg) wastoBt&thetPuki ng the conmpound (307 ny) obtained in Reference
Exanpl e 17 and the conpound obtained in Reference Exanple 14 in the sane
way as in Step 1 of Exanple 33. 1H NVR (CDC13) 5: 1.10 (9H, s), 1.33 (3H,
t, J =7.1 - 236 -}

“NH
N
&
N COOEt
[0598]

The compound. (148 mg) obtained in Step 1 of Example
26 was dissolved in tetrahydrofuran (2 mL). To the
solution, lithium hexamethyldisilazide (LHMDS, 1 N
tetrahydrofuran solution, 561 uL) was added dropwise at -

78°C, and the mixture was stirred for 1 hour.

Subsequently, a solution of the compound (113 mg)
obtained in Reference Example 1€ in tetrahydrofuran (1
mL) was added dropwise thereto at -78°C, and the mixture
was stirred at -78°C for 3 hours. To the reaction

" solution, aqueous ammonium chloride was added, and
organic matter was extracted with ethyl acetate. The
organic layer was dried over anhydrous sodium sulfate and
then filtered, and the soivent was distilled off under
reduced pressure to obtain a crude product. This crude
product was dissolved in methylene chloride (5 mL). To
the solution, methanesulfonyl chloride (87 uL) and
triethylamine (235 plL) were added at room temperature,
and the mixture was stirred for 3 hours. 1,8-
diazabicyclo[5.4.0)Jundec-7-ene (251 pL) was added thereto
at room temberature, and the mixture was stirred
overnight. To the reaction solution, methylene chloride

was added, and the organic .layer was washed with water



2.31 (2H, m, 2.98 (2H, t, J =7.3 Hz), 3.14-3.17 (2H, m, 3.89-3.95 (1H,
m, 4.06-4.09 (1H, m, 4.24 (2H, q, J =7.0 Hz), 7.19 (1H, s), 7.37-7.41
(4H, m, 7.43-7.46 (2H, m, 7.49 (1H, s), 7.64-7.67 (5H, n). [0608] [Step
2] Ethyl (25)-5-[(tert-butoxycarbonyl )% no]-2-{[1-

(ci s-4-hydroxycycl ohexyl )-1Hi m dazol - 4-" yl ] met hyl enel val erate [ 0609]

[ Formul a 169], HO_[0610] - _ The canpound obtaineq in Step. 1 of this
Ecanp e vad i SEGIAF Toh At Hh ST (0 e AL a

sol ution of_t tyl oni fluoride i.n.tetrahydrofuran (1.0.M 682
'AL) was af&ggidg%%%o)éﬁd?%%rugl@@rt&’ é—’lr%]etﬂnlthrﬁrx O{Lﬂir e‘_’m\ﬁgst%s isrorlgfnc;cver ni ght.
A sol uti on ofe Letiiaiulod ATTRRAUR Rlaprddle dndalianydpal Upadi6ld0 M 204
ptL) was further added thereto at roomtenperature, and the m xture was
stirred forrdkidays waEh@usalivert dyn drhe reasd gy 1slitdaan wasindi stilled of f
under reduced pressure, and the obtained residue was purified by silica gel
col um chr ematcegrraphaphel utdeng 159l iventso IRexane/ et acet at e=1/ 1- et hyl
acetate) to . obtain the title conmpound (220 ng). - 237 - 1H NVR (CDC13)
8: 1.32 (3MhitoridlematIad)l=96/46) (tHoainl. e 1148 o ddmpgundl. @3- 1. 98
(4H, m, 2.12-2.20 (2H, m, 2.93 (2H, t, J = 7.3 Hz), 3.12-3.16 (2H, m,
3.93-4.00 (MeH,- m, 4.12-4.15 (1H, m, 4.23 (2H, q, J = 7.2 Hz), 6.94 (1H,
br s), 7.21 (1H s), 7.49 (1H 's), 7.61 (1H s). [0611] [Step 3] Ethyl

5-[ (tert-butioXN}BarBBAYE) av rb]8R- (JH.- (tci sB-hybroxizly.clbheky(3H 1K i mi dazol - 4

-yl]nEthylkyéj%{%t%zgg6%%%5—l.l6 (2H, m), 1.26 (3H, t, J = 7.0 Hz),

1
0
7

1.33-1.40 (2H, m), 1.44 (9H, s), 1.55-1.63 (3H, m), 1.80-
1.87 (2H, m), 2.04-2.09 (2H, m), 2.85-2.94 (1H, m), 3.04-
3.11 (1H, m), 3.32-3.37 (1H, m), 3.49 (1H, d, J = 14.1
Hz), 3.61 (1H, d, J = 14.5 Hz), 3.73-3.81 (1H, m), 4.05-
4.19 (2H, m), 6.57 (0.5H, s), 6.59 (0.5H, s), 6.76 (1H,
s), 7.39 (1H, s), 8.13 (1H, br s).

(0590

[Step 2] Ethyl 4-{[ (tert-butoxycarbonyl)amino]lmethyl}-2-
{[1F(trans—4—methylcyclohexyl)—1H—imidazol—4—
yl}methyl}hexahoate

(06007

[Formula 166]

N COOEt

(0601]



[ Formula 170] HO [0613] The title conpound (51 ng) was obtained from
the conmpound (50 ng) obtained in Step 2 of this Exanple in the sane way as
in Step 2 of Exanple 33. 1HNWR (CDC13) 6: 1.20 (3H, t, J = 7.4 Hz), 1.43
(9H, s), 1.48-1.71 (6H, m, 1.83-1.%423H-m, 2.05-2.15 (2H, m, 2.69 (1H,
dd, J = 13.9, 6.5 Hz), 2.74-2.81 (1H, m, 289(1H dd, J:137 7.4 Hz),
3.05-3.14 (2H ng, br s),

6.72 (1H, s), 7 ?iﬁﬁ‘egfggﬁéé?ﬁ] ﬂfsﬁ'@g i ENELN PR

_ 2- I nm,dazol. I | Lval eri id
(0615] - SSBForthll 407 HT TO8Te] © o e 1 (T6 ‘CORPOMT (26 ) ves
- obtai ned from tsgglecq,rggplé@d 1(r15]5 rgg)) @Qt@lgg&%ﬁl% Step 3 of this Exanple in

the same way as in Step 3 of
l4-NMR (CDCls) &: 0.83 (1H, t, J = 7.4 Hz), 0.88 (2H, t,

J = 7.4 Hz), 0.95 (3H, d, J = 6.3 Hz), 1.04-1.15 (2H, m),
.1.19 (1H, t, J = 7.0 Hz), 1.20 (1H, t, J = 7.0 Hz), 1.25-
1.34 (3H, m), 1.42-1.48 (11H, m), 1.58-1.68 (3H, m),
1.81-1.86 (2H, m), 2.03-2.09 (2H, m), 2.63-2.72 (1H, m),
2.82-2.99 (2H, m), 3.05-3.18 (2H, m), 3.75-3.83 (1lH, m),
4.09 (1H, g, J = 7.0 Hz), 4.10 (1H, g, J = 7.0 Hz), 5.46
(1H, br s), 6.68 (1H;, s), 7.42 (1H, s).

[0602]

[Step 3] 4-(Aminomethyl)-2-{[l-(trans-4-
methylcyclohexyl)—1H—imidazol—4—yl]methyl}hexanoic acid
hydrochloride

[0603]

[Formula 167]

-

O

N . Hel
&

N COOH

[0604]

To the compound (47 mg) obtained in Step 2 of this
Example, 5 N hydrochloric acid (2 mlL) was added, and the
mixture was heated to reflux for 5 hours. Aftér standing
to cool, the solvent was distilled off under reduced
pressure. The obtained fesidue was dissolved in

deionized water. Insoluble matter was filtered off



1H NWR (CD30D) 6: 1.61-1.89 (IOH; m, 2.04-2.12 (2H, m, 2.48-2.59 (2H, m,
2.85-2.92 (3H m, 3.96-4.02 (2H, m, 6.96 (1H, s), 7.59 (1H, s). [0617]

[ Exanpl e 38] 5- Am no-2-(11-[trans-4-(pyridin-4-
yl oxy) cycl ohexyl ] -1H i m dazol - 4-yi |l net Ryb) val eric acid [Step 1] Et hyl
(2E)-5-[(tert-butoxycarbonyl)am no]-2-({1-

trans-4- i mdazo | } met.h al erate
[0618] [ For it 1927 MOREbRHE, STt A L ETRE V896 HET brat hoBti n St ep
2 of Exanpl 7aMasnd n e d To-the sol ution,
tr|nhenyrghﬁgghl%§§(1t§8ﬁ%¥§g4lE?Er%§$g¥r%§?ﬁgagd(gggL%g §f Sa_ng ; 40%

sol ution of idtéseptopyl azodi carboxylate in toluene (276 p, L) mere added,
and the m xture was stirred at 55C for 5.5 hours. The solvent in the

reaction solHiNMR (Es00i)sBi: | bedoobf sunder, fﬁﬂucﬁdlltﬁs§@rQ2H3”Q the -
obt ai ned resi due was purlfled by silica gel colum chronatograp%y.(eluting
sol vent: hekapefethyl (4detmi e=¥/ 34¢ethgp &6Etank) polpbrtais the,twf|e
conmpound (51 ng) F+hMEﬁCIK13) 6:1.33(3H,t,
3.03 4. 21 4.27 (lH m), 7.55 (0.5H, s),
7.56 (0.5H, s), 8.90 (0.5H, s), 8.92 (0.5H, g).
HRMS (ESI): m/z calcd for C;gHsoN3O;: 322.24945 [M + H]™;
found: 322.24948.
[0605]
[Example 37] 5—Amino-2—{[l—(cis—4—hydroxycyclohexyl)—1H—
imidazol-4-yllmethyl}valeric acid
[Step 1] Ethyl (2E) -5- [ (tert-butoxycarbonyl)amino] -2-{ [1-
(cis-4-{[tert-butyl (diphenyl)silyl]oxy}cyclohexyl) -1H- -
imidazol-4-yllmethylene}valerate

[0606]

[Formula 168]

TBDPS—O
?oc
NH
N
¢
N COOEt
[0607]

The title compound (375 mg) was obtained using the
compound (307 mg) obtained in Reference Example 17 and
the compound obtained in Reference Example 14 in the same
way as in Step 1 of Example 33.

'H-NMR (CDCly) &: 1.10 (9H, s), 1.33 (3H, t, J = 7.1 Hz),

1.41-1.46 (2H, m), 1.48 (9H, s), 1.74-1.91 (6H, m), 2.22-



J =7.0 Hz),1.48 (9H, s), 1.68-1.79 (4H, n), 1.84-1.93 (2H, m), 2.25-2.36
(4H, n), 2.90-2.95 (2H, M,

- 236 -

2.31 (2H, m), 2.98 (2H, t, J = 7:3 Hz), 3.14-3.17 (2H, m),
3.89-3.95 (1H, m), 4.06-4.09 (1H, m), 4.24 (2H, gq, J =
7.0 Hz), 7.19 (1H, s), 7.37-7.41 (4H, m), 7.43-7.46 (2ZH,
m), 7.49 (1lH, s), 7.64-7.67 (5H, m). |

[0608]

[Step 2] Ethyl (2E)-5—[(tert—butoxycarbonyl)amino]—2—{[l—
(cis-4-hydroxycyclohexyl)-1H-imidazol-4-
yl]lmethylenel}valerate

[0609]

[Formula 169]

HO '
l|3oc
NH
N
¢
N COOEt
[0610]
The compound obtained in'Step 1 of this Example was
dissolved in tetrahydrofuran (10 mL). To the solution, a

solution of tetrabutyl ammonium fluoride in
tetrahydrofuran (1.0 M, 682 ulL) was added at room
temperature, and the mixture was stirred overnight. A
solution of tetrabutyl ammonium fluoride in
tetrahydrofuran (1.0 M, 204 plL) was further added thereto
at room temperature, and the mixture was stirred for 4
days. The solvent in the reaction solution was distilled
off under reduced pressure, and the obtained residue was
purified by silica gel column chromatography (eluting
solvent: hexaﬁe/ethyl acetate=1/1l-ethyl acetate) to

obtain the title compound (220 mg).



3.12-3.17 (2H, n), 4.04-4.09 (1H, m), 4.24 (2H, q, J=7.2Hz),4.39-4.45 (1H

m,6.78-6.82 (3H, m, 7.19 (1H s),7.49(1H, s),

- 237 -

'"H-NMR (CDCl3) &: 1.32 (3H, t, J = 7.3 Hz), 1.47 (9H, s),
l1.66-1.78 (4H, m), 1.88-1.98 (4H, m), 2.12-2.20 (2H, m),
2.93 (2H, t, J = 7.3 Hz), 3.12-3.16 (2H, m), 3.93-4.00
(1H, m), 4.12-4.15 (1H, m), 4.23 (2H, g, J = 7.2 Hz),

6.94 (1H, br s), 7.21 (1H, s), 7.49 (1H, s), 7.61 (1H, s).
[0611]

[Step 3] Ethyl 5-[(tert-butoxycarbonyl)amino]-2-{[1l-(cis-
4-hydroxycyclohexyl)-1lH-imidazol-4-yl]lmethyl}valerate
[0612]

[Formula 170]

HO

[0613]

The title compound (51 mg) was obtained from the
compound (50 mg) obtained in Step 2 of this Example in
the same way-as in Step 2 of Example 33.

'H-NMR (CDC1l3) &: 1.20 (3H, t, J = 7.4 Hz), 1.43 (9H, s),
1.48-1.71 (6H, m), 1.83—1.94 (4H, m), 2.05-2.15 (2H, m),
2.69 (1H, dd, J = 13.9, 6.5 Hz), 2.74-2.81 (lH, m), 2.89
(1H, dd, J-= 13.7, 7.4 Hz), 3.05-3.14 (2H, m), 3.83-3.90
(1H, m), 4.07-4.13 (3H, m), 4.74 (1H, br s), 6.72 (1H, s),
7.45 (1H, s). |
[0614]

[Step 4] 5-Amino-2-{[l-(cis-4-hydroxycyclohexyl)-1H-
imidazol-4-ylimethyl}valeric acid

[0615]



7.62 (1H,s),8.44 (21-1, dd, J = 5.1,1.6Hz). [0620] [Step 2] Ethyl
5-[(tert-butoxycarbonyl)am no]-2-({1- '
[trans-4-(pyridin-4-yl oxy)cycl ohexyl]-1H i m dazol -4- yl}methyl)val erate
[0621] [Formula 173] [0622] - 240 - 238 -

[Formula 171]

HO

N
&
N COOH
[0616]

The title compound (26 mg) was obtained from the
compound (51 mg) obtained in Step 3 of this Example in
the same way as in Step 3 of Example 33.

'H-NMR (CD30D) &: 1.61-1.89 (10H, m), 2.04-2.12 (2H, m),
2.48-2.59 (2H, m), 2.85-2.92 (3H, m), 3.96-4.02 (2H, m),
6.96 (1H, s), 7.59 (1lH, s).

[0617]

[Example 38] 5-Amino-2-({l-{trans-4-(pyridin-4-
yloxy)cyclohexyl]-1H-imidazol-4-yl}methyl)valeric acid
[Step i] Ethyl (2E)—5—[(tert—butoxycarbonyl)amino]—2—({1—
[trans—-4- (pyridin-4-yloxy)cyclohexyl]-1H-imidazol-4-
yl}lmethylene)valerate

[0618]

[Formula 172]

Z
T

l?oc
o A
N H/
Qtﬂ\fd\
N COOEt

[0619]
The compound (170 mg) obtained in Step 2 of Example
37 was dissolved in tetrahydrofuran (6 mL). To the

‘solution, triphenylphosphine (137 mg), 4-~hydroxypyridine



The title conmpound (45 ng) was obtained fromthe conmpound (50 ng) obtained
in Step 1 of this Exanple in the sanme way as in Step 2 of Exanple 33.

1H NWR (CDC13) 5: 1.20 (3H, t, J =7.0 Hz), 1.44 (9H, s), 1.51-1.70 (6H,

m, 1.77-1.87 (2H, m, 2.20-2.32 (4H 239 2.69 (1H, dd, J = 13.7, 6.7 Hz),
2.74-2.81 (1H, m), 2 90 (lH dd J =13.7, 7.4 Hz), 3.06-3.14 (2H m, 3.97
(1H, tt, J = 11.7, 10 (3H, q, J=17.0 Hz), 4.38 (1H, tt, J =
11.0, 3.9 HA0 ™70 ﬂqH b‘?%)solelt?ﬂcprel@ﬁ %J)lSQP%EPXJZH dd, J = 4.7, 1.6
Hz), 7.45 (1H, 's), 8.43 (2H, dd, J =4.7,_1.6 Ft) [ 0623] [Step 3] .

5- Ami no- 2- (q%p?%Q%ﬁEp&ykiﬁﬁl%ﬂr;q@uene (276 pL) were addéd, and the

7L o60) o1 g s Saecl Ly waleri o dyhydioshlgride 0624
(e compounh, (45, Wabiol el I SSRu2 8- {1 PPl yin, hsyoaps ey o

2H, e "W 1 Pre ica 241 -
( 2H, ?)ZH ddp’-ﬁés?sdh?e(%d Mhe o095 2n 89 fd&h a1 wds 90521 P9 é% M

gel column chromatography (elutlng solvent: hexane/ethyl

acetate=7/3-ethyl acetate) to obtain the title compound
(51 mg) .

'"H-NMR (CDCls) &: 1.33 (3H, t, J = 7.0 Hz), 1.48 (9H, s),
1.68-1.79 (4H, m), 1.84-1.93 (2H, m), 2.25-2.36 (4H, m),
2.90-2.95 (2H, m), 3.12-3.17 (2H, m), 4.04-4.09 (1H, m),
4.24 (2H, g, J = 7.2 Hz), 4.39-4.45 (1H, m), 6.78-6.82
(3H, m), 7.19 (1H, s), 7.49 (1H, s), 7.62.(1H, s), 8.44
(2H, dd, J = 5.1, 1.6 Hz).

[0620]

[Step 2] Ethyl 5-{(tert-butoxycarbonyl)amino]-2-({1-
[trans-4- (pyridin-4-yloxy)cyclohexylj-1H-imidazol-4-
yl}methyl)valerate

[0621]

[Formula 173]

N COOEt

[0622]



J =15.3, 9.0Hz), 4.47 (1H tf,J = 12.1, 3.9 Hz),4.96 (1H tt, J =11.3, 4.3
Hz), 7.60-7.64 (3H, m, .

_ 240 -

The title compound (45 mg) was obtained from the
compound (50 mg) obtained in Step 1 of this Example in
the same way as in Step 2 of Example 33.
'"H-NMR (CDCls) &: 1.20 (3H, t, J = 7.0 Hz), 1.44 (9H, s),
1.51-1.70 (6H, m), 1.77-1.87 (2H, m), 2.20-2.32 (4H, m),
2.69 (1H, dd, J§ = 13.7, 6.7 Hz), 2.74-2.81 (1H, m), 2.90
(1H, dd, J = 13.7, 7.4 Hz), 3.06-3.14 (2H, m), 3.97 (1H,
tt, J = 11.7, 3.9 Hz), 4.10 (3H, g, J = 7.0 Hz), 4.38 (1H,
tt, J = 11.0, 3.9 Hz), 4.70 (1H, br s), 6.70 (1lH, s),
6.80 (2H, dd, 0 = 4.7, 1.6 Hz), 7.45 (1lH, s), 8.43 (2H,
dd, J = 4.7, 1.6 Hz). |
[0623]
[Step 3] S—Amino—Z—({1—[trans—4—(pyridin—4—
yloxy)cyclohexyl]-1H-imidazol-4-yl}methyl)valeric acid
hydrochloride
[0624]

[Formula 174]

0
Q o~

N
& . HCl
N COOH

Y

[0625]

The title compound (32 mg) was obtained from the
compound (45 mg) obtained in Step 2 of this Example in
the same way as in Step 3 of Example 36.

'"H-NMR (CD;OD) 8: 1.69-1.89 (6H, m), 2.06-2.17 (2H, m),
2.28-2.42 (4H, m), 2.79-2.85 (1H, m), 2.90-2.99 (3H, m),



m . [0626] [Exanpl e 39]

1s 4- met hyl cycl ohexyl ) - 1H m dazol -4-yl ] nmethyl |l valeric acid
(2E)-5-[(tert-butoxycarbonyl)am no] - 2-
I

-(cis-4-net hyl cycl ohexyl ) -1Hi m dazoll- 4 yl ] nmethyl enel val erate [0627]

63-8.65 (2H, m, 8.96-8.97 (1H,
-Am no-2-{[ 1-(ci

Step 1] - Met hyl

[1 t

Formul a 175] N, Boc I NCOOwe

3.04 (2H, dd, J = 15.3,

9.0 Hz), 4.47 (1H, tt, J = 12.1,

3.9 Hz), 4.96 (1H, tt, J = 11.3, 4.3 Hz), 7.60-7.64 (3H,

m), 8.63-8.65 (2H, m), 8.96-8.97 (1H, m).

[0626]

[Example 39] 5-Amino-2-

{[1-(cis-4-methylcyclohexyl)-1H-

imidazol-4-yllmethyll}valeric acid

[Step 1] Methyl (2E)-

-[(tert-butoxycarbonyl)amino] -2-

{[1-(cis-4-methylcyclohexyl)-1H-imidazol-4-

yllmethylene}valerate
[0627]

[Formula 175]

“Boc

[0628]

The title compound

(1.42 g) was obtained from the

compound (0.79 g) obtained in Reference Example 18 in the

same way as in Step 1 of Example 3.

H-NMR (CDClj3) &: 1.00 [

3H, 4, J = 7.0 Hz), 1.44-1.53 (3H,

m), 1.48 (9H, s), 1.63-1.80 (4H, m), 1.85-2.04 (5H, m),

2.98 (2H, t, J = 7.2 Hz),

4.00-4.06 (iH, m), 7.19
s) .

[0629]

3.13-3.17 {(2H, m), 3.78 (3H, s),

(1H, s), 7.48 (1H, s), 7.65 (1lH,

[Step 2] Methyl 5—[(terthutoxycarbonyl)amino]—2—{[1—

(cis—-4-methylcyclohexyl)

-lH-imidazol-4-yl]lmethyl}valerate



[ 0628] The title conpound (1.42 g) was obtained fromthe conpound
(0.79 g) obtained in Reference Exanple 18 in the sane way as in Step 1 of
Example 3. 1H-NWMR (CDC13) 8: 1.00 (3H, d, J = 7.0 Hz), 1.44-1.53 (3H, m,
1.48 (9H, s), 1.63-1.80 (4H, m, 1.85-2404(5H m, 2.98 (2H, 't, J = 7.2
Hz), 3.13-3.17 (2H, m, 3.78 (3H, s), 4.00-4.06 (IH m, 7.19 (1H, s), 7.48
(1H, s), 7.65 (1H, s). [0629] [Step 2] Methyl
5-[(tert-buVB%VUarbonyl)anino]-2-{[1- :
(cis-4-neth%%c'clohefyg?-lkkinidazol-4-y|]nethy|}va|erate - 242 - [0630]

[ Formul a 17 o%ﬁﬁ%fi The title conpound (1.11 g) was obtained fromthe
conpound (1.42 g) obtained in Step 1 of this Exanple in the sane way as in
Step 2 of Ex@nple 33. 1H NWR (CDC13) 8: 0.98 (3H, d, J = 6.7 Hz), 1.44 (9H
s), 1.44-1.6 7H, m, 1.81-1.88 (4H, n), 1.92-2.01 (2H, n), 2.72 (1H, dd,
J = 13.7, 5! ), 2.78%2.85 (1H, m, 2.90 (1H, dd, J = 13.7, 7.8 Hz),
3.05-3.15 (2H¢mM, 3. (B, s), 3.90-3.96 (1H, nm), 4.76 (1H, brs), 6.72
(1H, s), 7.50 j [0632] [Step 3] " .
5-Anino-2-{[1<gcps-4 met hyl cycl ohexyl ) - 1H m dazol -4-yl ] et hyl }val eric acid
[0633] [Fornula co0d3 -

[0631]
The title compound (1;11 g) was obtained from the

compound (1.42 g) obtained in Step 1 of this Example in
" the same way as in Step 2 of Example 33. |

'"H-NMR (CDCl;) &: 0.96 (3H, d, J = 6.7 Hz), 1.44 (9H, s),

1.44-1.69 (7H, m), 1.81-1.88 (4H, m), 1.92-2.01 (2H, m),

2.7z (1H, dd, J = 13.7, 5.9 Hz), 2.78-2.85 (1lH, m), 2.90

(14, dd, J =13.7, 7.8 Hz), 3.05-3.15 (2H, m), 3.064 (3H,

s), 3.90-3.96 (1H, m), 4.76 (1lH, brs), 6.72 (1H, s), 7.50

(1H, s). |

[0632]

[Step 3] 5-Amino-2-{[l-(cis-4-methylcyclohexyl)-1H-

imidazol-4-yl]lmethyl}valeric acid

[0633]

[Formula 177]

NH,

N COOH

[0634]



The title conmpound(0.39 g)was obtained fromthe conpound(1.11 g)obtained I n
Step 2 of this Exanple in the sanme way as in Step 3 of Exanple 33.
1H NVR( CD30D) 45: 1. 02(3H,d, J=7.3Hz),1.46-1.55(3H m, m, m, 1.58-1.72
2.47-2.58 6.98(1H, (5H, (2H, s), mM,-mM437~59 1.80-1.87 2.85-2.94 (1H, s).
(3H, (3H, m,
The title compound (0.39 g) was obtained from the
" compound (1.11 g) obtained in Step 2 of this Example in
the same wéy as in Step 3 of Example 33.
'H-NMR (CDsOD) &: 1.02 (3H, d, J = 7.3 Hz), 1.46-1.55 (3H,
m), 1.58-1.72 (5H, m), 1.80-1.87 (3H, m), 1.98-2.06 (2H,
m), 2.47-2.58 (2H, m), 2.85-2.94 (3H, m), 3.99-4.04 (1H,
m), 6.98 (1H, s), 7.59 (lH, s).
HRMS (ESI) m/z calcd CigHpgN302: 294.21815 [M + H]": found:
294.21739.
[0635]
[Exémple 40]-(2S)—5—Amino—2—{[1—(trans—4—
methylcyclohexyl)-1H~imidazol-4-yl])methyl}valeric acid p-
toluenesulfonate anhydrate

[0636]

[Formula 178)

N ) | X
<N:H\v/i7r0H =
0 SO,H
[0637]

The compound (2.04 g) obtained in Step 4 of Example
15 was suépended in tetrahydrofuran (15 mL), and this
suspension was stirred. .p—Toluenesulfonate monohydrate
(1.32 g) was added thereto, and the mixture was stirred
at room temperature for 1 day. The precipitated crystals

were collected by filtration under reduced pressure and



m, 1.98-2.06 3.99-4.04 (2H, (1H, HRMS (ESI)m z calcd
Cl6H28N302: 294. 21815[ M +H] +: found:  294.21739. [0635] [Exanple 40]
(2S)-5-Am no-2-{[1-(trans-4-
met hyl cycl ohexyl ) -1Hi m dazol - 4-yl ] methw4 | val eri ¢ aci d ptol uenesul fonat e
anhydrate [0636] [Fornula 178] [ 0637]
dried in air for 1 day to obtain the title compound (3.01
gl .
'H-NMR (CD;0D) &: 0.95 (BH; d, J = 6.5 Hz), 1.11-1.21 (2H,
m), 1.43—1.79 (7H, m), 1.83-1.89 (2H, m), 2.05-2.10 (2H,
m), 2.37 (3H, s), 2.57-2.64 (1H, m), 2.70 (1lH, dd, J =
14.5, 5.5 Hz), 2.85-2.95 (3H, m), 4.07 (1H, tt, J = 11.7,
3.9 Hz), 7.18 (1H, s), 7.23 (2H, d, J = 7.8 Hz), 7.70 (2H,
d, J =8.2 Hz), 8.22 (1H, s).
Anal.: CiHp7N30,-C7HgO3S,
Theoretical: C;59.33,H;7.58,N;9.02,0;17.18,5;6.89,
Found: C;59.09,H;7.53,N;8.92,0;17.22,8;6.78.
[0638]

Results of powder X-ray diffraction oflthe obtained
title compound are shown ianigure 1 and Table 1, and its
resﬁlts of thermal analysis (TG/DTA) are shown in Figure
2. In this thermal analysis (TG/DTA), measurement was
performed at a heating rate of 10°C/min. under a stream

of 200 mL/min. dry nitrogen.

[0639]



The conpound (2.04 g) obtained in Step 4 of Exanple 15 was suspended in

t etrahydrofuran (15 nlL), and this suspension was stirred.

p- Tol uenesul f onat e nonohydrate (1.32 g) was added thereto, and the m'xture
was stirred at roomtenperature for -1 ZHy.- The precipitated crystals were
collected by filtration under reduced pressure and - 244 - dried in air

for 1 day t tain the title conpou (3.01 ¢ 1H NVR 0D) 5:.0.95
G ey St e SRR G i B bty of BB (oH
M, 2.05-2.30 (2H, m, 2.37 (3H, s), 2.57-2.64 (1H, n), 2.70 (1H dd, J =
14.5, 5.5 , 2.85-2.95 (3H m, 4.07 (AH, tt, J =11.7, 3.9 Hz), 7.18
(1H, s), 7.28 A@Rctlon) peak 8 H2) 1ohdibi(BRr 0, J e @ &) in@ed (iH s).
Anal .1 C16H27N302(yH8Q3Sr Theor etd ‘nde P9 B3, H 7.58, N, 9.Q%2,0; 17. 18, S; f
6. 89, Fountt—C-59109 1+ 892017225678 S0
~powder X-ray diffrattion of the obtaifed-title conpound ¢% shown in Fi gure
1 and Table 1, and 1¢% results of theddsl® analysis (TG DI®)-@re shown in
Figure 2. In this thermal analysis (TG/DEA), neasurenent wasyz perforned at a

heating rate of.10G ign. under a stream @f 200 nl/min. dry,nitrogen. [0639]
- 245 - [Table 1]Pq¥er X-ray diffract%og of 40 conpound ﬂ§ annple
‘Diffraction peak I% er pl anar ) :
- 19.9 4.5 63.6

20.7 4.3 22.1

22.9 3.9 14.0

24.9 3.6 17.6

27.8 3.2 11.0

[0640]

[Example 41] (2S)-5-Amino-2-{[1-(trans-4-
methylcyclohexyl)-1H-imidazol-4-yl]lmethyl}valeric acid p-
toluenesulfonate monohydrate- |

[0641;

[Formula 179]

-

N
<NI L on - M0
SO, H
[0642]
To the compound (101.6 mg) obtained in Example 40,
6% ﬁydrated tetrahydrofuran (600 pL) was added, and the
compound was dissolved by heéting at 60°C. The solution

was left at room temperature for 1 day, and the

precipitated crystals were collected by filtration and



Rel ative intensity 20() spacing d (A (% 3.7 23.9 100 7.4 11.9 39.0 11.4
7.8 12.2 :

- 246 -

dried in air for.1l day to obtain the title compound (79.3
mg) .

Anal.: C3gH,7N30,-C7Hg035:1H,0,

Theoretical: C;57.12,H;7.71,N;8.69,0;19.85,S;6.63,

Found: C;56.90,H;7.6%,N;8.67,0;19.81,5;6.42.

Results of powder X-ray diffraction of the obtained
title compound are shown in Figure 3 aﬁd Table 2, and its
results of thermal analysis (TG/DTA) are shown in Figure
4. In this thermal analysis (TG/DTA), measurement was
performed at a heating rate of 10°C/min. under a stream

"of 200 mL/min. dry nitrogen.
[0643]

[Table 2] Powder X-ray diffraction of compound of Example

41
Diffraction peak Interplanar Relative intensity
26 (°) spacing d (A) (%)
3.9 22.9 73.9
6.7 13.1 ' 21.8 .
7.7 11.5 35.3
10.4 8.5 20.7
11.5 7.7 21.4
13.8 6.4 23.7
14.2 6.3 26.9
14.6 6.1 31.2
15.5 5.7 35.7
16.4 5.4 40.4
7.6 5.0 ©1.9
18.1 4.9 48.0
18.8 4.7 100
19.06 4.5 38.1
20.8 4.3 41.1
21.1 4.2 45.3
22.2 4.0 51.5
24.3 3.7 29.1
[0644]

[Test Example 1] Determination of TAFIa enzyme inhibitory

activity



17.6 5.0 14.3 19.0 4.7 12.4 19.9 4.5 63.6 20.7 4.3 22.1 22.9
- 247 -

(1) Activation of TAFI
HEPES buffered saline (20 mM HEPES, iSO mM NaCl, pH
7.4; hereinafter, referred to as HBS) was used in'the
preparation of a reaction solution. To 12 ulL of a 250
png/mlL TAFI solution, 30 pL of an HBS solution containing
4 U/mL human thrombin, 12 U/mL rabbit lung thrombomodulin,
and 12 mM CaCl, was added, and the mixture wés gently
stirred. Then, TAFI was activated at room temperature.
Ten minutes later, thrombin was neutralized by the
addition of 10 uL of 100 uyM PPACK (thrombin inhibitor) to
terminate the activation of TAFI. The formed TAFIa was
stored in ice and diluted immediately before use in
determination with 2050 uL bf an HBS solution containing
BSA (bovine serum albumin) adjusted_to'O.l% in terms of
the final concentration.
[0645]
(2) Determination of TAFIa inhibitory activity
A test substance was dissolved in HBS to prepare a
10-fold dilution series of evaluation concentrations. 80
pL of the TAFIa solution and 10 upL of the test substance
were added to each well of é 96~well plate and mixed by
shaking for 10 minutes. .10 pL of furylacryloyl-alanyl-
lysine (FAAL) adjusted to 5 mg/ml was added to each well,
and the change in the absorbance of this mixed solution
~at 330 nm was read for 30 minutes to determine the
degradation rate of the substrate.
[0646]

(3) Calculation of inhibitory activity ICsg



3.9 14.0 24.9 3.6 17.6 27.8 3.2 11.0 [0640] [Exanple 41]

(2S)-5-Am no-2-{[1-(trans-4-

met hyl cycl ohexyl ) -1H i m dazol -4-yl ] net hyl | val eric acid Ptol uenesul f onat e
nonohydrate [0641 [Fornula 179] [0642]248 -

The degradation rate of the substrate in each well
wés-applied To a-standard curve prepared using the
dilution series of the TAFIa soluticon to calculate TAFia
activity. The 50% inhibitory concentration (ICsg) was
calculated based on the correlation between the
concentration of the test compound and the TAFIa activity.
Compound A (compound of Example 7 in the pamphlet of
International Publication No. WO 2002/014285) was used as

a control. The results are shown in Table 3.



To the conpound (101.6 ng) obtained in Exanple 40, 6% hydrated
tetrahydrofuran (600 pL) was added, and the conpound was dissol ved by
heating at 60C." The solution was left at roomtenperature for 1 day, and
the precipitated crystals were collectetbby filtration and - 246 - dried
inair for 1 day to obtain the title conpound (79.3 ng). Anal. :
C16H27N30207H803S1H20. Theoretical: C;57.12, H;7. 71, N; 8.69, 0; 19. 85, S; 6. 63,
Found: C; 5680 H 7.69,N;8.67,0;19.81,S; 6. 42. Resul ts of powder X-ray
diffraction of the obtal ned tltle C ound are shown in Figure 3 and Table
2, and its rEEUIR S o AN il 2l rggn(t'le@b% WFeEY%hown in Figure 4. In
this thernatxaa@llygSlN% (Td DTA), grmed at a heating rate
of 10C/ m n.

measur engRET Yasc her

2] Powder X- r2ay di ffraction of conpound of Exg 41 Diffraction peak
I nt er pl anar 3Rel ative intensity 20() spaci ng gn@) g
4 0.014
5 0.036
) 0.021
7 0.026
8 0.019
9 0.018
10 0.021
11 0.014
12 0.025
13 0.012
14 0.013
15{(2R form) >0.10
15(2S form) 0.0078
24 0.0081
25 0.0070
26 0.021
33 0.0075
4 (2R, 4S5 form) 0.034
4(2S5,45 form) 0.0054
5(2R, 4R form) >0.10
5(23,4R form) 0.0051
36 0.010
37 0.019
38 0.0098
39 0.0093
40 0.0026
Compound A 0.034
[0648]

The compound of the present invention exhibits
excellent TAFIa inhibitory activity and is useful as a
pharmaceutical drug for the treatment of myocardial
infarction, angina pectoris, acute coronary syndrome,
cerebral infarction, deep vein thrombosis, pulmonary
embolism, peripheral arterial occlusion, sepsis,
disseminated intravascular coagulation syndrome, or

pulmonary fibrosis.



(%9 3.9 22.9 73.96.7 13.1 21.8 7.7 11.5 35.3 10.4 8.5 20.7

- 250 -

[0649]
[Test Example 2] Evaluation of fibrinolysis enhancing
activity by measurement of time of plasma clot lysis

To a 96-well plate, 20 pL/well HBS, 50 uL/well
normal human plasma, 10 pL/well compound solution (the
compound solution was prepared'by dissolving the compound
in HBS, followed by serial dilution with this buffer),
and iO nL/well tPA (Activacin (Kyowa Hakko Kirin Co.,
Ltd.) was adjusted to 600,000 U/mL with a lysis solution
included therein, followed by dilution with HBS) were
added, and the mixture was stirred. Then, 10 pL/well
reaction solution A (13.8 U/mL human thrombin, 170 mM
CaCl,, and 0.9 U/mL thrombomodulin) was added thereto,
and the mixture was stirred again. The absorbance at 405
nm was measured using a plate reader at 30-second
intervals, with the temperature kept at 37°C to measure
the extent of coagulation. In change in absorbance, a
point in time when each well exhibited absorbance closest
to an average (ABS-ave: [ (ABS-max) - (ABS-min)] / 2) of
the méximum absorbance (ABS-max) and the minimum
absorbance (ABS-min) in the fibrinolysis process was
defined as 1/2 lysié time (1/2 LT) and used as the
fibrinolytic activity of each well. A concentration that
achieves 50% of 1/2 LT was calculated as ECs;, from the
relationship-between the concentration of the test
substance and 1/2 LT. Compound A (compound of Example 7

in the pamphlet of International Publication No. WO



11.5 7.7 21.4 13.8 6.4 23.7 14.2 6.3 26.9 14.6 6.1 31.2 15.5

- 251 -

2002/014285) was used as a control. The results are
shown in Table 4.
[0650]

[Table 4] Fibrinolysis enhancing activity

Example Plasma clot lysis -ECsg(nM)
15 (2S form) : 12

Compound A 65

[0651]

The compound of the present invention exhibits
excellent fibrinolysis enhancing activity and is useful
as a pharmaceutical drug for the treatment of myocardial
infarction, angina pectoris, acute coronary syndrome,
cerebral infarction, deep vein thrombosis, pulmonary
embolism, peripheral arterial occlusion, sepsis,
disseminated intravascular coagulation syndrome, or
pulmonary fibrosis.

[0652] |
[Test Example 3] Evaluation of fibrinolysis enhancing
activity in rat models of thromboembolism

Wistar rats (purchaséd from Japan SLC, Inc.) were
used. At any point in time, a test substance prepared
with a 0.5% methylcellulose solution was orally
administered thereto or a test substance prepared with
saline was intravenously administered thereto. Forty
ﬁinutes.or four hcours later, a PT reagent (Thromboplastin
C plus, Sysmex Corp.) adjusted to 2.25 U/mL with saline
was continuously injected (16.8 mL/kg/hr x 20 min) from

the jugular veins under thiopental anesthesia. An



5.7 35.7 16.4 5.4 40.4 17.6 5.0 61.9 18.1 4.9 48.0 18.8 4.7

- 252 -

excessive-dose TAFIa inhibitor-administered group was
selected as a positi&e control group. Forty five minutes
after the beginning of the PT reagent treatment, blood
was collected from the jugular veins using citric acid to
obtain plasma. The amount of D-dimer contained in the
plasmé was measured using a coagulation analyzer ACL-9000
or ACL-TOP500CTS. 1Its ratio to the average value of the
poéitive control group was calculated, and ED;y was
calculated as a dose increasing D-dimer by 50%.

[0653]

The compound of the present invention exhibits
excellent fibrinolysis promoting activity in vivo and is
useful as a pharmaceutical drug fof the treatment of
myocardial infarction, angina pectoris, acute coronary
syndrome, cerebral infarction, déep vein thrombosis,.
pulmonary embolism, peripheral arterial occlusion, sepsis,
disseminated intravascular coagulation syndrome, or
pulmonary fibrosis.

(Preparation Example 1) Hard capsule

Each of standard hard gelatin capsule shells
separable to two parts is filled with 100 mg of the
compound of Example 1 in a powder form, 150 mg of lactose,
50 mg of céllulose, and 6 mg of magnesium'étearate to
prepare unit capsules, which are then washed.and then
dried.

[0654]

(Preparation Example 2) Soft capsule



100 19.6 4.5 38.1 20.8 4.3 41.1 21.1 4.2 45.3 22.2 4.0

- 253 -

A mixture of the compound of Example 2 contained in -
a digestible oil substance, for example, soybean oil,.
cottonseed 0il, or olive oil, is prepared.and injected
into gelatin using a positive displacement pump to obtain
- soft capsules containing 100 mg of the active ingredient.
These soft capsules are washed and then dried.
[0655] |
(Preparation Example 3) Tablet
| Each tablet is prepared aceording to a conventional
method using 100 mg of the compound of Example 3, 0.2 mg
of colloidal silicon dioxide, 5 mg of magnesium stearate,
275 mg of microcrystalline cellulose, 11 mg of starch,
and 98.8 mg of lactose.
[0656]
If desired, a coating is applied to the tablet.
[0657]
(Preparation Example 4) Suspension
5 mL of a suspension is produced to contain 100 mg
0of the compound of Example 4 in a fine powder form, 100
mg of sodium carboxy methylcellulose, 5 mg of sodium
benzoate, 1.0 g of a sorbitol solution (Japanese.
.Pharmacopoeia), and 0.025 mL of vanillin.
[0658]
(Preparation Example 5) Cream
100 mg of the compound of Example 5 in a fine powder
form is mixed into 5 g of a cteam containing 40% white

petrolatum, 3% microcrystalline wax, 10% lanoline, 5%



51.5 24.3 3.7 29.1 [0644] [Test Exanple 1] Determ nation of TAFla enzyne
inhibitory activity - 247 - (1) Activation of TAFI HEPES buf f er ed
saline (20 mM HEPES, 150 nM NaCl, pH 7.4; hereinafter, referred to as HBS)
was used in the preparation of a reaet2®sn solution. To 12 iaL of a 250

| ag/ mL TAFI solution, 30 'AL of an HBS solution containing 4 UnL human
thrombin, 12 U nlL rabbit |ung thronmbonodulin, and 12 nM CaCl2 was added,

and the nmixIRA% wos Geht ITRT74@d. aThehl - TAPIAWRE BRtPYAteeea? room
tenperature. Ten mnutes later, thronbin was neutralized by the addition of
10 pl of 100"PI™PPACK (thrombin inhibitor) to terminate the activation of
TAFI . The fg%rgaéj} TAFla was stored in ice and diluted i medi ately before use
in determn on with 2050 [IL of an HES sol ution containing BSA (bovi ne

serum al bun]' @eﬁg}ﬁfﬁgﬁ%%\%ﬁ%&?%@é@t%nt he final concentration. [0645]

(2) Determ nation actrvity A test substance was

di ssol ved in HBS {5 pLRANGHE oflQ ol briliduid O %%{ain%slé)% eval uation
concentrations. 80 'AL of the TAFla solution and 10 'AL of the test

subst ance weterasideth tooeash weldhofon Fbopel éndl @t gcand m xed by shaking
for 10 mnutes. 10 tiL of furylacryloyl-alanyllysine (FL) adjusted to 5
ng/ nL was addesk qwereach ad]lstandcd he ghamgevs huhdew abis of bawcealoiet hi s

m xed solution at 330 nmwas read for 30 mnutes to determ ne the
degradati orwatate, oind hehsubstemteized to prepare an injection.

Industrial Applicability
[0660]

A cycloalkyl-substituted imidazole derivative of the
present invention represented by the general fgrmula (1)
or a pharmacologically acceptable salt thereof has
excellent TAFIa enzyme inhibitory acti&ity and 1is useful
as a therapeutic drug for myocardial infarction, angina
pectoris, acute coronary syndrome, cerebral infarction,
deep vein thrombosis, pulmonéry embolism, peripheral
arterial occlusion, sepsis, disseminated intravascular
coagulation syndrome, pulmonary fibrosis, or the liké, or
as a therapeutic drug for a thromboembolism-derived

disease.



[0646] (3) Calculation of inhibitory activity I1C50 - 248 - The
degradation rate of the substrate in each well was applied to a standard
curve prepared using the dilution series of the TAFla solution to calculate
TAFla activity. The 50% i nhi bitory conzent+ation (I C50) was cal cul at ed _
based on the correl ati on between the concentration of the test conpound and
the TAFla activity. Conpound A (conpound of Exanple 7 in the panphl et of

I nternational Publication No. WO 2002A@18$85) was used as a control. The

results are shown in Table 3. - 249 - [0647] [Table 3] TAFla enzyne
inhibitory activity Exanple No. TAFlal050(1M 1 0.021 2 0.0083
"[Claim 1]

A compound represented by the general formula (I) or
a pharmacologically acceptable salt thereof:

[Formula 1]

N™ N\ OR* |
\§ (1)

"RTR 0 |
"wherein A represents a C3 to Cl2 cycloalkyl group which
may be substituted by one to three identical or different
groups selected from a fluoro group, a hydroxy group,'a
Cl to C6 alkyl group, a Cl to C6 alkoxy group, an aryloxy
group, and a heterocydlyloxy group; R?, Rz/ and R’ each
independently represent a hydrogen atom,'a fluoro group,
or a Cl to C6 alkyl group; R* represents a hydrogen atom
or a prodrug group; and Y represents a group: -CH,-CHR’-
CH,-NHR® (wherein R® represents a hydrogen atom, a Cl to
C6 alkyl group, or a Cl to C6 alkoxy group, and R®
represents a hydrogen atom or a prodrug group), -O-CHR'-
CH,-NHR? (wherein R’ represents a hydrogen atom, a Cl to
C6 alkyl group, or a Cl to Cé alkoxy group, and R®

represents a hydrogen atom or a prodrug group), Or



3 0.0088 4 0.014 5 0.036 6 0.021 7 0.026 8 0.019 9 0.018 10 0.021 11
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[Formula 2]

NHR

(wherein R® represents a hydrogen atom or a prodrug group,
and * represents the position for substitution).
[Claim 2]

The compound according to claim 1 or a
pharmacologically acceptable salt.thereof, wherein A is a
cyclobutyl group, a cyclohexyl group, a cycloheptyl group,
a bicyclo[3.1.0lhexyl group, a bicyclo[2.2.1lheptyl group,
or an adamantyl group, each of Which may be substituted
by one to three identical or different groups selected
from a fluoro group, a hydroxy group, a Cl té Cé alkyl
group, a Cl to C6 alkoxy group, an aryloxy group, and:a
heterocyclyloxy group.

[Claim 3]

The compound according to claim 1 or a
pharmacologically acceptable salt thereof, wherein A is a
cyclobutyl group, a cyclohexyl group, a cycloheptyl group,
a bicyclo[3.1.0]hexyl group, a bicyclo[2.2.1]lheptyl group,
or an adamantyl group, each of which may be substituted
by one to three identical or different groups selected
from a hydroxy group, a methyl group, and an ethyl group.
[Claim 4]

The compound according to claim 1 or a
pharmacologically acceptable salt.thereof, wherein A is a

-Cyclohexyl group which may be substituted by one to three



0.014 12 0.025 13 0.012 14 0.013 15(2R forn) >0.10 15(2Sforn) 0.0078 24
0.0081 25 0.0070 26 0.021
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identical or different groups selected from a fluoro
group, & hydroxy group, a Cl to Cé6 alkyl group, a.Cl to
Cé alkoxy group, an aryloxy group, and a heterocyclyloxy
group.

[Claim 5]

The compound according to claim 1 or a
pharmacologically acceptable salt thereof, wherein A is a
C3 to C1l2 cycloalkyl group substituted by one or two
identical or different Cl to C6 alkyl groups.

[Claim 6]

The compound according to claim 1 or a
pharmacologically acceptable salt thereof, wherein A is a
C3 to Cl2 cycloalkyl group substituted by a methyl group
or an ethyl group.

[Cléim 7]

The cémpound according to claim 1 or a
‘pharmacologically acceptable salt thereof, wherein A is a
cyclohexyl group substituted by one or two identical or
different Cl to C6 alkyl groups.

[Claim 8]

The compound according to claim 1 or a
pharmacologically acceptable salt thereof, wherein A is a
cyclohexyl group substituted by a methyl group or an
ethyl group.

[Claim 9]

The compound according to claim 1 or a

pharmacologically acceptable salt thereof, wherein A is a

group:



33 0.0075 34(2R 4Sfornm) 0.034 34(2S,4Sform 0.0054 35(2R 4R form >0.10
35(2S, 4Rforn) 0.0051 36 0.010 37 0.019 38 0.0098 39

[Formula 3]

- 258 -
e e =

*

(wherein * represents the position for substitution).

[Claim 10]
The compound according to claim 1 or a

pharmacologically acceptable salt thereof, wherein A is a
group:

[Formula 4]

(wherein * represents the position for substitution).

[Claim 11]
The compound according to claim 1 or a

pharmacologically acceptable salt thereof, wherein A is

the group:



0. 0093 40 0.0026 Conpound A 0.034 [0648] The conpound of the present

i nvention exhibits excellent TAFla inhibitory activity and is useful as a
pharmaceutical drug for the treatnment of nyocardial infarction, angina
pectoris, acute coronary syndrone, cer&iffat infarction, deep vein

t hronbosi s, pul nonary enbolism peripheral arterial occlusion, sepsis,
disseninate%1intrav cul ar coagul ati on syndrone, or pul nonary fibrosis. -
250 - [0649]"95F85® Bdanpl e 2] Eval uation of fibrinolysis enhancing activity
by neasurenent of tinme of plasma clot |lysis To a 96-well plate, 20

pL/ wel | HBS, 50I normal human plasma, 10 pL/well conpound sol ution

(the conmpoynd_sg m@gﬂfrepared by di ssolving the conpound i n HBS,
foll onwed by seri\g ut | with this buffer), and 10 pL/well tPA

(Activacin (Kyow ko Kirin Co., Ltd.) was adjusted to 600,000 WnlL with
a lysis solution included therein, followed by dilution with HBS) were
added, and the 8 W e R sehitls e gﬂ%ﬁtikglHkﬁﬂ*ﬁdbéﬁ%%&ﬂﬂ%%&&0|UF'On A
(13.8 UnL human thronmbin, 170 mM CaCl2, and 0.9 U nL thronbonodul in) was
added t her gt@,aiand Zlhe m xture was stirred again. The absorbance at 405 nm
was neasured using a plate reader at 30-second intervals, with the

t enper at ur e kept'hgt c®mgotindmeasordinge textcdnrtimofl ©gagul ati on. In change in
absorbance, a point in time when each well exhibited absorbance cl osest to
an aver age HEBSaGA0JiGRBS Yrdocer taiBS: ia)l Yheewf, tWHeermii fumabsor bance
(ABS- max) and the m ni nrum absorbance (ABS-mn) in the fibrinolysis process
was definedfs 99 Rysis time (1/2 LT) and used as the fibrinolytic
activity of each well. A concentration that achieves 50% of 1/2 LT was

cal cul at ed GLEEEG %lom the rel ationshi p between the concentration of the
test substance and 1/2 LT. Conpound A (conpound of Exanple 7 in the

panphl et of Inte \onal Publication No. WO
* —®”” CH3

(wherein * represents the position for substitution).

[Claim 13]

The compound aqcording to any one of claims 1 to 12
or a pharmacologiéally acceptable salt thereof, wherein Y
is the gréup: -CH,-CHR®~CH,~NHR® (wherein R® represents a
hydrogen atom, a C1l to.C6 alkyl group, or a Cl to Cé¢
alkoxy group, and R® represents a hydrogen atdm or a .
prodrug group) . |
[Claim 14]

The compound acéording to claim 13 or a
pharmacologically acceptable salt thereof, wherein R’ is
a hydrogen atom.

[Claim 15]



- 251 - 2002/014285) was used as a control. The results are shown in Table

4. [0650] [Table 4] Fibrinolysis enhancing activity Exanpl ePl asma cl ot

l ysis EC50(nM 15 (2S form 12 Conmpound A65 [ 0651] The conpound of the

present invention exhibits excell ent- fAddri-nol ysis enhancing activity. and is

useful as a pharnmaceutical drug for the treatnent of nyocardial infarction,

angi na pectoris,, acute _coragnary syndrone, cerebral infagrction, deep vein
Fosk Flgiferral odd

thrombosi s, pul MBfiaFy BHBBF &M-Cperigh&PalrlarferPal ol G8i 8n, sepsis,

di ssem nat i.ntr r | atj,on pylmnary s brosis.

[ 0652] [Te??lﬁﬁn%ﬁg’ﬁg]@a@a{%%ﬁﬁa&q?i a:lfjc;lo ysﬁeg)rfénwanm (rjl}LgryaF{:t I—bL\%I ty in
rat nodel s of, ¥, oeng] i sm Wstar rats (purchased from Japan SLC,
Inc.) were uséd. At any point in tine, a test substance prepared with a

0. 5% et hylceldid asg sol ution was orally adm nistered thereto or a test
substance prepared with saline was intravenously adm ni stered thereto.
Forty m nutes orhtoubmpouns katerdiagPtor eagent 16Thromaoplrasti n C plus,
Sysnex Corp.) adjusted to 2.25 UnL with saline was continuously injected
(16. 8 nl/ kgherrme 20 agiimk fliyoraddep jalgid ara Meitre nender wHe mpentRl is
anesthesia. An - 252 - excessive-dose TAFla inhibitor-admnistered group
was sel ect éd PEPdFYsosindWe control group. Forty five minutes after the

begi nni ng of the PT reagent treatnent, blood was collected fromthe jugular
veins usingd&iai d7dcid to obtain plasma. The amount of D-di mer contai ned
in the plasm VV&E measur ed usi ng a,coa ul ation ﬁr%al zer ACL-9000 or

ACL- TOP500CTS. § FREPBUPE PRECAFEFHgECVEL-GeTof ot RE Fositive control group

was cal cul ated anot_ﬁ_hEDSO s cal cul at.ed as .a.dose increasin di mer by
50% [0653]phafmac Oglggr%\péﬂgfur?c? coefpuct‘;“zt%)e:L eprsea:letntt I Hvent'i ownneerxet#bi hse excel | ent

fibrinol ysiﬁ%oﬁﬁt 'I%pg?ei%gé%rd&%avib\ép pnd i s usetul ~as aﬁkggg&?,ﬁceuti cal |

drug for t ( | “I"nfar Cti on, "angi na pector acute
coronary S Q&h iG8l &RiALd M GLiQbe AGRP MR 4 ROMOSI &P onary

enbol i sm peripheral arteéerial occlusion, sepsis, dissem nated intravascul ar

coagul ati o ssIdfRAIMNtOlgroups selected from an amino group, a
halogeno group, .a hydroxy group, a carboxy group, a
carbamoyl ‘group, a Cl.to Co alkoxy group, an aryl group,
and a heterocyclyl group; a (Cl to C6 alkoxy)carbonyl
group which may be substituted by one.to three identical
or different groups selected from a Cl tb Cé alkyl group,
a C2 to C6 alkanoyloxy group, a (C3 to C6 |
cycloalkyl)carbonyloxy gfoup, and an aryl group; or a
heterocyclylalkyloxycarbonyl group which may be.
substituted by one to three identical or different groups
selected from an oxo group and a Cl to C6 alkyl group.
[Claim 18]

The compound according to claim 16 or a

pharmacologically acceptable salt thereof, wherein the
prodrug group represented by R® is a phenylalanyl group,

an L-norleucyl group, a [(5-methyl-2-oxo-1,3-dioxol~4-



pul monary fibrosis. (Preparation Exanple 1) Hard capsul e Each of standard
hard gelatin capsul e shells separable to two parts is filled with 100 ng of
t he conpound of Exanple 1 in a powder form 150 ng of |actose, 50 ng of

cel lul ose, and 6 ng of nmagnesi um stearadle to prepare unit capsul es, which
are then washed and then dried. [0654] (Preparation Exanple 2) Soft capsule
- 253 - A mxture of the conpound of Exanple 2 contained in a digestible

0i | subst antle MFECUEARIROT loy AP 0id , [ cot t onseed oil, or olive oil, is

prepared and injected into gelatin using a positive displacenent punp to
obt ai n softgt:saf’gjéfhy@ B i W]W%%‘M qg%u%(cﬁ v T ﬁ%rze‘di ent. These soft
capsul es are hed..and t hen dried. [0655 Prepar ati on Exanpl e 3) Tabl et
Each tabl etqe]im\ga% gL ared ac gloorx&f )n%%oo;y ccaognbv%nrpfli 1l et {?d usi ng 100 ng of

1 com o T A A T ol ool ol sonshosies By o

magnesi um s ate, 275 ng m crocryst C starch,
and 98.8 g Qftd.8d10988:y)[Q638%nJf fexiged, a coating is applied to the

t abl et.
[Claim 19]

The compound according to any one of claims_l to 12
or a pharmacologically acceptable salt thereof, wherein Y
is the group: -O-CHR’-CH,-NHR® (wherein R’ represents a
hydrogen atém, a Cl to C6 alkyl grbup, or a Cl to Cé6
alkoxy group, and RE represents a hydrogen atom or a
prodrug group) .

[Claim 20]

The compound according to claim 19 or a
pharmacologically acceptable salt thereof, wherein R’ is
a hydrogen atom.

[Claim 21]

The compound according to claim 19 or 20 or a
pharmacologically acceptable salt théreof, wherein R® is
a.hydrogen atom.

[Claim 22]

The compound accérding to claim 19 or 20 or a

pharmacologically acceptable salt thereof, wherein Rs.is
T a pfodrug group.
[Claim 23]

The compound according to claim 22 or a

pharmacologically acceptable salt thereof, wherein the

prodrug group represented by R® is a Cl1 to C6 alkanoyl



[ 0657] (Preparation Exanple 4) Suspension 5 nL of a suspension is produced
to contain 100 ng of the conpound of Exanple 4 in a fine powder form 100
ng of sodi um carboxy nethyl cellul ose, 5 ng of sodium benzoate, 1.0 g of a
sorbitol solution (Japanese Pharnmacopasda)s and 0.025 ni of vanillin.

[0658] (Preparation Exanple 5) Cream 100 ng of the conpound of Exanple
5in afine powder formis mxed into 5 of a cream contaj ning 40% white

pet rol at umg%ﬂn"ﬁ”ﬂcﬁﬂ ystyalig efdhd b UutoRd 1ahclehe: 0 spree 2glentiggph. 20,
0. 3% Tween- 20 41. 7% wat er t produc a cream, [ 0659 (Preparatl on
Exanpl o 6) mEdtigRnt gr%ﬁ%@ﬁﬁ%%t T R e%%% Wi+ Bxanple 6 is

stirred in,10% wel ht of Rr.Opy | ene col, su uentl adjusted to a
gi ven vol Ui gt%‘ ecLi dbl e I\R/'a‘f agrfg)‘%/qierﬁ st 9 ze%rcf%o pare an

injection. Jngusty aI abiql it ycC ﬁgﬁi tuted
i m dazol e d.'lerl vat |}’ve @ Ca ?elserﬁ/ 462\%2%% n grredgmrpgseénr?gald]}%l e gener al

formila (1) A WW % @%dwb a%pemlabl@ s@l 41 therrofrihas, excel | ent

TAFl a enzyne inhibitory "activity and is useful as a therapeutlc drug for

nmyocar di al Jahay GiHih mgigtd REEArd $ie AW e rforaNaNr &Y N OE.; cLEr ebr al
infarction, deep vein thronmbosis, pulnonary enbolism peripheral arterial

occl usi on, mpﬂﬁenﬁr&se;nmqisecbeh@tdt&masﬁmﬂmra coagud atd ol sy dyomey ,
pul nonary fibrosis, or the like, or as a therapeutic drug for a
thronboenbd|Qﬁﬂﬂhﬂﬁ6ﬂﬂikﬁm&¥&nxy group, a (C3 to C6

cycloalkyl)carbonyloxy group, and an aryl group; or a
heterocyclylalkyioxycarbonyl group which may be
substituted by one to three identical or different groups
selected from an oxo group and a Cl to C6 alkyl group.
[Claim 24]
The compound according to any one of claims 1 t0712

"or a pharmacologically acceptable salt thereof, wherein Y
_is the group:

[Formula 7]

- NHR
* —N '

(wherein R® represents a hydrogen atom or a prodrug group,
and * represents the position for substitution).
[Claim 25]

The compound according to any one of claims.l to 12
or a pharmacologicélly acceptable salt thereof, wherein Y

is the group:



- 255 - Cdains [Claim1] A conpound represented by the general fornula
(') or a pharmacol ogically acceptable salt thereof: [Formula 1] "wherein
A represents a C3 to Cl12 cycl oal kyl group which may be substituted by one
to three identical or different group2&elected froma fluoro group, a
hydroxy group, a C to C6 alkyl group, a d to C6 al koxy group, an aryl oxy
group, and a het o;:?yclyl oxy group; Rl, R2, and R3 each independently

repr esent a i Uglgae atom a fluoro group, or a d to C6 alkyl group; R4
represents a hydrogen atom or a prodrug group; and Y represents a group:

- CH2- CHR5- CH2- NH wherlbllhh R5 represents a hydrogen atom a O to C6

al kyl groupg oM d ft ?koxy group, and R6 represents a hydrogen atom
or a prodrug grodp), 70- CHR? CH2- NHR8 (wherein R7 represents a hydrogen
atom a d to C6 group, or a O to C6 al koxy group, and R8 represents

a hydrogen atomor a prodrug group), or [Fornmula 2] NHR9 (wherein R9

represents ghydrQgen L0 ta th%d]ﬁé%l&rl%%p,fcﬁzn%u’bsfteﬁf&%%ﬂ ). the
position for substitution). [Claim2

[Claim 26]

The compound according to any one of claims 1 to 12
or a pharmacologically acceptable salt thereof, wherein Y
is the group:

[Formula 9]
* ——CH;~CH;—CH;—NH,

(wherein * represents the position for substitution).

[Claim 27]

The compound according to any one of claims 1 to 26
or a phérmacologically acceptable salt thereof, wherein
all of R, R?, and R® are a hydrogen atom.

[Claim 28]

The compound according to'any one of claims 1 to 27
or a pharmacologically acéeptable salt thereof, wherein
R* is a hydrogen atom.

[Claim 29]

The compound according to any one of claims 1 to 27
or a pharmacologically acceptable salt thereof, wherein
R4 is a prodrug group.

[Claim 30]
The compound according to claim 29 or a

pharmacologically acceptable salt thereof, wherein the



The conpound according to cl ai m1lor a phar macol ogi cal | y acceptabl e salt

t hereof, wherein Ais a cyclobutyl group, a cycl ohexyl group, a cycl oheptyl
group, a bicyclo[3.1.0]hexyl group, a bicyclo[2.2.1] heptyl group, or an
adamantyl group, each of which may be Zbstituted by one to three identical
or different groups selected froma fluoro group, a hydroxy group, ad to
C6 al kyl gra “to C6 al kox up,..an _aryl.gx

het er ocycl ﬁm)%{fdgqr &fpjuﬁ Cﬁeé)ﬁﬁsﬂr}/te% %)i?' &Errﬁo&ﬁt X gf)ér (Tllrlféﬁt %Ki m 1 or
a phar nmacol al cept t. her eof e ycl obut yl
group, a cyc % HJV%S, %?eoﬁs&b%g%y Gpr}f 17 rtoou\pé,}llr %I cycljfts C%]l hexyl
group, a bl&yfcﬂeq[e%@ AR We 1 QUR Oforfl RGRAMBNYE O 0y BAGH Of whi ch

may be substituted by oné to three identical or different groups sel ected

from a hydrgpngr eup,ca JE@W'cygﬂQibqykﬁﬂd:aafb&{}deﬁrc{)&%p [ Ared ]

The conpound according to claim 1l or a pharnmacol ogically accept abl e salt
t hereof , wharg yrdurs @ rcCycdmadcgriodm Mhi Ichyrmyp bén isaibsiid f ubed by one to

three - 257 - identical or different groups selected froma fluoro group,
a hydroxy grungsitait@d ty GbhealtoylthgresupidentGcdlo @6 il kiteayergr aupyu@n
aryl oxy group, and a heterocyclyloxy group. [C aim 5] The conpound

accordi ng ts¢laciad from amprareschbyiad |3 Gecept@bl @l leal t91her eof |
wherein Ais a 03 to Cl2 cycl oal kyl group substituted by one or two

i dentical diCldiiffelldnt A to 06 al kyl  groups. [O ai m 6] The conpound
according to cl ggm 1 or phar macol ogi cal | acc tabl e salt thereof,
wherein Ais a 03% SOE‘EQUEQCF(?&IOI{)?{P“& &Gp ut’éd ®y a met hyl group or

an et hyl gr ol ou ordl g Lo claim 1 or a.
. phar macol ngl céTH[COlO cep a I eacsC E% a‘t%r?lené[r)eorﬂdC %eerréelop’A 'S %eln ctt 0 exyl group

subs_tl t ut E%Mﬂ%ﬁe&éé‘ﬁ% ccor cHgyt di4f fer %nt‘bagzrytlog(}hg% Igg 2gr oups.

[ aim 8] o claimTI o macologlcally
accept abl e saldo M&Q@ar‘ﬁ?ﬁfﬁ A 'étr%/lCYgCE&i}?XW group substituted by a
met hyl group or an ethyl gro
[Claim 32]
A compound represented by the general formula (I-1)

or a pharmacologically acceptable salt thereof:

. [Formula 10]

O\ 5
3 .

N\R 4
\<

OR (1-1)
R" R° O

wherein A represents a C3 to Cl2 cycloalkyl group which
may be substituted by one to three identical or different
groups selected from a fluoro group, a hydroxy group, a
Cl to C6 alkyl group, a Cl to C6 alkoxy group, an aryloxy
group, and a heterocyclyloxy group; R', R?, and R’ each
independently represent a hydrogen atom, a fluoro group,

or a Cl to C6 alkyl group; R® represents a hydrogen atom



[ C ai m9] The conpound according to claim1l or a pharnmacol ogically

acceptabl e salt thereof, wherein Ais a group: - 258 - [Formula 3]
*-0--C2H5 *( CI-13 (*-0--C2H5\<CH3 OH ' or cH3 (wherein * represents the
position for substitution). [Claim X0]265 - The conpound according to

claim1 or a pharmacol ogically acceptable salt thereof, wherein Ais.a

group: [Fornula 4] : .
or a prodrug group; R’ represents a hydrogen atom, a Cl

to C6 alkyl group, or a Cl to C6 alkoxy group; and R®
represents a hydrogen atom or a prodrug group. |
[{Claim 33]

The compound according to claim 32 or a
pharmacologically acceptable salt thereof, wherein A is a
cyclobutyl group, a cyclohexyl group, a cycloheptyl group,
a bicyclo[3.1.0]hexyl group, a bicyclo[2.2.1]heptyl group,
or an adamantyl group, each of which may be substituted
by one to three identical_or different groups selected
from a hydroxy group, a methyl group, and an ethyl group:
all of R', R?’, and R’ are a hydrogen atom; R! is a
hydrogen atom; a Cl to C6 alkyl group which may be
substituted by one to three identical or different groups
selected from a C2 to C6 alkanoyloxy group, a (C3 to C6
cycloalkyl)carbonyloxy group, and an aryl group; or a
heterocyclylalkyl group which may be substituted by one
to three identical or different grbups selected from an
0OXO gréup and a Cl to C6 alkyl group: R®> is a hydrogen
atom; and R® is a hydrogen atom; a Cl to C6 alkanoyl
group which may be substituted by one fo three identical
or different groups selected from an amino group, a
haiogeno group, a hydroxy group, a carboxy group, a
carbamoyl group, a Cl to C6 alkoxy group, an aryl group,
and a heterocyclyl group; a (Cl to C6 alkoxy)carbonyl
group which may be substituted by one to three identical
or different groups selected from a Cl to C6 alkyl group,

a C2 to Co alkanoyloxy group, a (C3 to C6



(wherein * represents the position for substitution). [Caim11] The
‘conpound according to claim1l or a pharmacol ogically acceptable salt

t hereof, wherein Ais the group: - 259 - [Formula 5] * -0-CH3 (wherein *
represents the position for substituwi»dgg.-[C aim12] The conpound
according to claim21 or a pharmacol ogically acceptable salt thereof,
wherein Ais the lg{oup [ For mul a 6] (wherein * represents the p03|t| on
for substi taHFEH B[Jd%ﬁlfﬁq@]l%é TIPOUNP AcTRIr YNy I8Py dhet of cl ai s

to 12 or a harmacolo cc tabl salt t ereof erein Yis the
group: - ﬂ-ﬁgk %/\?féY Iﬂo e%’?%‘é%n‘t’ @n atom a d to

G al kyl gro%)s tutecgb 0once6 tacl kt%].yegrloéjgfltf‘gal orr§9£§e5§g}1§ groe{drogen
atomor a . pro rug gro LPE))

selected from an oxo group and a Cl to C6 alkyl group.
[Claim 34]

The compound according to claim 32 or a
pharmacologically acceptable salt thereof, wherein A is a
cyclohexyl group substituted by one or two identical or
different Cl to C6 alkyl groups; all of Rl, Rz, and R® are
a hydrogen atom; R! is a hydrogen atom, a benzyl group,
or an [ (isopropoxycarbonyl)oxylethyl group; R’ is a
hydrogen atom; and R® is.a hydrogen atom, a phenylalanyl
group, an L-norleucyl group, a [(S—methyl—Z—oxo—l,B—
dioxol-4-yl)methoxylcarbonyl group, a [1-
(isobutyryloxy)ethoxy]carbonyl group, é [1-(2,2-

. dimethylpropanoyloxy)ethoxy]carbonyl group, a ({1-
[(cyclohexylcarbonyl)oxy]ethoxy}carbonyl) group, or a -(1-
acetoxyethoxy)carbonyl group.

[Claim 35]

A compound represented by the general formula (I-la)

or a pharmacologically acceptable salt thereof:

[Formula 11}



[ C ai m 14] The conpound according to claim 13 or a pharmacol ogically
acceptabl e salt thereof, wherein R5 is a hydrogen atom [Claim15] - 260 -
The conpound according to claim 13 or 14 or a pharnacol ogically acceptable
salt thereof, wherein R6 is a hydrogeng@tom [C ai m 16] The conpound
according to claim13 or 14 or a pharmacol ogically acceptable salt thereof,
wherein R6 is a prodrug group. [Caim 17] The conpound according to
claim 16 or"RephE: MactDf LAY Aceept abley sa¥¥oimer2ofyCiPRe®EYh t he
prodrug group represented by R6 is a O to, C6 al kanoyl group which may be
Subst | T ut e ERARME 15T IS HorATRA: oF Qi F16Feht- T DS kbl SERRY {1 om an
am no group, .a hal o} u hydr oxy group, carpboxy group, a

car bamoyl ¢t d ?y%f%e?t%%%tk@y @?%%’p,g]éna r?‘?a@?%g%i,‘( %ﬁﬁu%’ het &P ocycl vl
group; a ( t C u i S i d_by one to
t hree iden%%a‘?h%n ﬁ%yg%nﬁaﬁkgggﬁ%%%%%%%gﬁgﬁnygp% f@gr&ig‘%gyﬁjpgr oup, a

> Lo 0 slkepayian grain, o (S50 Sl aeblol) carbupy pchp. and

an aryl group; or a yl oxycar bo

substit ut edybyuoned® dhreejdenties) & Adffeysnts of Splecdeg from an
oxo group and a d to C6 alkyl group. [Caim 18] he conpound
according ta ¢l atend® ark@l pwedupcoh Dgh cad y yoacseps abt et sal by t des eod ,
wherein the prodrug group represented by R6 is a phenyl al anyl group, an

L- nor | eucyl tigrespidenf i et hydi 2foxent, radipxode Yected 26fom a C2 to

yl ) met hoxy] carbonyl group, a [1- (isobutyryl oxy)et hoxy}lcarbonyl group, a
[1- (2, 2- di%ethikrapbeey | oxget hx{Jeatbor§| cyebeplkyilcarbonyloxy

[ (cycl ohexyl car bonyl ) oxy] et hoxyl car bonyl %oup, or a (1- _
acet oxyet hok§9¢r tﬁﬁ%/laf@rﬂhpl. JeP@EPm a2 heterpeyebrbdlkidl agE0W i ng to any

one of clains. 1 to 12 or har nacol ogi cal |y acceptabl e salt_thereof,
wherein Y i%"tHeé Troups S—&%—Rﬂ@é-%&l@“?vﬁ%r@?ﬁ R7LAPrES2ht T a hydr ogen

atom a d to al kyl _group r.a to C6 al kox rou and represents
2 hydr ogen SUBRTETs BrOUTLG B buRyT £Hon n X8 Yr8l8 Bha 8L

C6 alkyl group; R’ represents a hydrogen atom, a Cl to C6
alkyl group, or a Cl to C6 alkoxy group; and R®
represents a hydrogen atom; a Cl to C6 alkanoyl group
which may be substituted by one to three identical or
different groups selected from an amino group, a halogeno
group, a hydroxy group, a carboxy gr§up, a carbamoyl
group, a Cl to C6 alkoxy group, an aryl group, and a
heterocyclyl group; a (Cl to C6 alkoxy)carbényl group
which may be substituted'by one to three identical of
different groups selected from a Cl to C6 alkyl group, a
C2 to C6 alkanoyloxy group, a (C3 to C6 |
cycloalkyl)carbonyloxy group, and an aryl group; or a
heterocyclylalkyloxycarbonyl group which may be
substituted by one to three identical or different groups
selectea from an oxo'group and a Cl to C6 alkyl group.

[Claim 36]



[ O ai m 20] The conpound according to claim 19 or a pharmacol ogically
acceptabl e salt thereof, wherein R7 is a hydrogen atom [Cd aim 21] The
conmpound according to claim19 or 20 or a pharnmacol oqi cally acceptable salt
t hereof, wherein R8 is a hydrogen atomég G ai m 22] The conpound accordi ng
to claim19 or 20 or a pharnmacologically acceptable salt thereof, wherein
R8 is -a prodrug group. [Caim 23] The compound according to claim22
or a phar macol 0gi'€alCPyPREEEp PAISIE ddait toherledim 3théreian the prodrug group

represented by R8 is a C.to C6 al kanoyl - 262 - oup which may be
suBst?tut et Hba}?eolltsooqjt%]e]eyi%‘é‘?ﬁm@g{i%rsﬁtff ee%etog%'ru els?er?epcét From an
car bamoy! g6 R T M Ol T Risf GRoul S el er ocycl
; 10 I b [ bst | d t
Phr o6 | dentl calor ATt arent® gronps Sal Biled 11 om 401 bt alkyt or oup,
C2 to 06 alxaneylsyeh Woup. @ (43t /68 oxel ealdy! cayhomyl oxygy,oup, and

an ar roup;, or a eterocyc a oxycar non rou | C ma e
yl group h ycl yl al kyl'oxycar bonyl "group whi ch mayb

substi t ut echbyarpne tsbgivee: cerddsal ) oy 1 i ef eptogs oups 1gelzect ed from an
oxo group and a d to C6 al kyl group. [C%ai m 24] The conpound
accordi ng thydamgene tafmclaaidrR®l its0 al 2 yair og ephartmag olaogiheallly lacsapt abl e
'salt thereof, wherein Y is the group: [Fornmula 7]
group, an L-norleucyl group, a [ (5-methyl-2-oxo-1,3-
dioxol-4-yl)methoxy]carbonyl group, a [1-
(1sobutyryloxy)ethoxy]carbonyl group, a [1-(2,2-
dimethylpropanoyloxy)ethoxyl]carbonyl group, a ({1-
[ (cyclohexylcarbonyl)oxylethoxy}carbonyl) group, or a (1-
acetoxyethoxy) carbonyl group.
[Claim 37]
The compound according to claim 35 or a
pharmacologically acceptable salt thereof, wherein.A is a
cyclohexyl group substituted by a methyl group or an

>, and R® are a hydrogen atom.

ethyl'group; and all of R*, R
[Claim 38]
A compound represented by the general formula (I-2)

-or a pharmacologically acceptable salt thereof:

[Formula 12]



Nl -1 RO (wherein RO represents a hydrogen atomor a prodrug group, and
* represents the position for substitution). [Cd aim25] The conpound
according to any one of claims 1 to 12 or a pharmacol ogi cally acceptable
salt thereof, wherein Y is the group: 269263 - [Formula 8 NH *2 (wherein *
represents the position for substitution). [C aim 26] The conpound

according to any one of clains 1 to 12 or. a phar macol.ogi cal | accept abl e
salt t he?ed‘f 1€ & FPLES e @Y é‘l}p:to Cl2 gycalonﬁkyl ggroup ywhlch P

may be substituted by one to three identical or different
groups selected from a fluoro group, a hydroxy group, a
Cl to C6 alkyl group, a Cil to C6 alkoxy group, an aryloxy
group, and a heterocyclyloxy group; R', R? and R? each
independently represent a hydrogen atom, a fluoro group,
or a Cl to C6 alkyl group; R® represents a hydrogen atom
or a prodrug group; R’ represents.a hydrogen atom, a Cl
to C6 alkyl group, or a Cl to C6 alkoxy group; and R®
rebresents a hydrogen atom or a prodrug group.

[Claim 39]

The compound accordinj to claim 38 or a
pharmacologically acceptable salt thereof, wherein A is a
cyclcocbutyl group, a cyclohexyl group, a cycloheptyl group,
a bicyclo[3.1.0]hexyl group, a bicyclio[2.2.1]heptyl group,
or an adamantyl group, each cf which may be substituted
by one to three identical or different groups selected
from a hydroxy group, a methyl group, and an ethyl group;
all of R', R? and R? are a hydrogen atom; R* is a
hydrogen atom; a Cl to C6 alkyl group which may be
substituted by one to three identical or different grbups
selected from a C2 to C6 alkanoyloxy group, a (C3 to C6
cycloalkyl)carbonyloxy group, and an aryl group; or a
heterocyclylalkyl group which may be substituted by one
to three identical or different groups selected from an
oxo group and a Cl to C6 alkyl group; R’ is a hydrogen
atom; and R® is a hydrogen atom; a Cl to C6 alkanoyl |

group which may be substituted by one to three identical



[Formula 9] CH2 CH2 CH2 NH2 (wherein * represents the position for

substitution). [Caim27] The conpound according to any one of clains-
1 to 26 or a pharmacol ogically acceptable salt thereof, wherein all of R,
R2, and R3 are a hydrogen atom [C ai B728]- The conpound according to

any one of clainms 1 to 27 or a pharnacol ogically acceptable salt thereof,
wherein R4 isaﬁ? Eydror%en atom aim Q%qu The, conpound according to
any one of i Y 2F P s[;ﬂ?frcri:aec%l Tt yYiadteptdbir salt thereof,
wherein R4 i rodru roup.. [ Cl.aim30 The conpound according to
cl aim 29 orha:tlo é;nrona%rocﬁ“ongi caaﬁ]yyérﬁé(é/epqracb R saal(faﬁ%oe%yeg‘?r,o%er%i nthe - 264
- prodrug o]¥Te} recﬁecm:ed R4 | yl_ gr J may be
substi t ut eg{aby onglcgﬁto three aF%?elnﬁdca%@oag]ﬁ& g@eoﬁ%&graorgpés)f@e}lﬁ%’ froma
02 to 06 al Qy | ke . v 1a 0 D6/ ¢cycd Y oy, 9r oup, and
QL g0 Doyl IERE y

an aryl group; or a heterocyclylalkyl group which may be substituted by one

to three idgnhialhioth didyf eyeeduryouns: &elieetstd frommanoxtiaiousand a d
to 06 al kyl group. [C aim 31] The conpound according to claim?29 or a

phar macol ogixcalil §f casoeptahl ssald] ddsreafromher@l ned hee prody U gy gswwp
represented by R4 is a benzyl group or a [(isopropoxycarbonyl)oxy]ethyl
group. [d & mBAc Co6 alkarsunpoundirepr.esent@d tsy Ghe general fornmula (1-1)
or a pharmacol ogically acceptable salt thereof: .[Formula 10] NHR6
cycloalkyl)carbonyloxy group, and an aryl group; oOr a
heterocyclylalkyloxycarbonyl group which may be
substituted by one to three identical or different groups
selected from an oxo group and a Cl to C6 élkyl group.
[Claim 40]

The compound aqcording to claim 38 or a
pharmacologically acceptable salt thereof, wherein A is a
cyclohexyl group substituted by one or two identical or
different Cl to C6 alkyl groups; all of R!', R?, and R’ are
a hydrogen atom; R* is a hydrogen atom, a benzyl group,
or an [ (isopropoxycarbonyl)oxylethyl group; and both of
R’ and R® are a hydrogen atom.

[Claim 41]

A compound represented by the general formula (I-2a)

or a pharmacologically acceptable salt thereof:

[Formula 13]



wherein A represents a 03 to 012 cycl oal kyl group which may be substituted
by one to three identical or different groups selected froma fluoro group,
a hydroxy group, a O to 06 alkyl group, a C to 06 al koxy group, an

aryl oxy group, and a heterocyclyloxy-gtoup: R, R2, and R3 each

i ndependently represent a hydrogen atom a fluoro group, or a d to 06

al kyl group; R4 represents a hydrogen atom - 265 - or a prodrug group; R5
represent s " IRRADIET HRBHCH T 2 Y G Ky GF DD, %)rc.‘écgﬂ’h?éygb al koxy

, d c 33]
The. Compourdt HECorti T 13 BT m BB o gres ﬁ%fggf Pi5vBLcepedl o sal
th f, wh h | ohept yl
oroup, a bi 5;5#%[@%%ﬁ°§§repbt up@,ﬂg&%ﬁf’coyru% P ey T BrRapster “an
adarntyl. a0 AGHL O M 01, (R, Be, ADSLAL UL by, oneatoct bt pe ) dent cal

or dlfferent groups s ecte roma Xy grou group, and an
et hyl ngUQLfiféréHt%f olfs %&%@rﬁr@mhé/dﬁﬁﬁ_@@xftg%u54 ésm,gtﬁ%grogen
atom a d to C6 al kyl group which may be substituted by one to three
identical ofrsligfeirentargraups) set@es edrf nepra Chip £ @l kaay lapgm;group, a
(C3 to C6 cycl oal kyl) carbonyl oxy group, and an aryl group; or a

het erocycl yd at kyto gr@upl i cdraomgy el slubsdy thk esulbyt ohet¢@ bihreeei denti cal
or different groups selected froman oxo group and a C to C6 al kyl group;
R5 is a hydrlogen iatomicaid R6 disf zetnmlr ogerups beg lacGhdt Hr@6 al ®anoyl group
whi ch may be substituted by one to three identical or different groups

sel ect ed f rom &N HF clifpula Hal dgene g(ﬁ@u%ychoﬁlyf]@Yb)(G]ang@@blOéYCM boxy
group, a carbanoyl group, a O to C6 al koxy croup, an_ar group, and a

het er ocycl yITYJRuFEh a(I“CIa“tX)L (%r%HFP('oM caarfb%?l?JFO@Y%hbl%%lﬁéh Y De

3o O Al TED 2% K G o BT oy Sﬁ%ﬂ%egr&? gl et
nateracyol YT T ks &)ﬁé;f)segﬁ%%&p 2L 2 R Tl (TRLP 5 o to three
I dentical ofg déf%ﬂmed}tﬁt% oyps x%ﬁlr%%tn%q frorﬂzi@;c}or G e apd-a g dgo 06

al kyl group. ound ing to claim or a

phar macol ogi call yyaageptable salto t&@rm@ Febp; Ah§ 88 cycl ohexyl group
substituted %}%’Lone or two identical or di f?ﬁ%nt % to 06 al kyl groups; all

of R, R2, mawkrRErre @ hydlragen atemoR4e i sradhyglr ggemp at om  a benzyl
group, or an [ (isopropoxycarbonyl)oxy]ethyl group; R5 is a hydrogen atom
and R6 is althyaimogen atom a phenyl al anyl group, an L-norleucyl group, a
[ (5- et hyl-2- oxo-1, 3- di oxol-4-yl)nethoxy] carbonyl group, a [1-

(i sobut yryl oxy) éhifoxgeaubonlc aproipg &9 pl(aztmz 41 or a

di met hyl pr opanoyl oxy) et hoxy] car bonyl group, a ({1-

[ (cycl ohex;ﬂ%?%?ﬂﬂ%%@ﬁ@%cﬁ%%?%@l%abﬁ oUp)er%@fa wiigrein A is a
acet oxyet ho 9)%% car bony| group. [C aim 35] A conpound represented by the
general for JaP}(qXM—a)g%Drupa %%W%I%| PRE avEepf @bt @l €21 hef eof

different Cl to C6 alkyl groups; all of R}, R? and R® are
a hydrogen atom; R® is a hydrogen atom, a benzyl group,

or an .[(isopropoxycarbonyl)oxyjethyl group; R’ is a
hydrogen atom; and R® is a hydrogen atom, a Cl to Cé6
alkanoyl group which may be substituted by one to three
identical or different groups selected from an amino
group, a halogeno group, a hydroxy group, a carboxy group,
a carbamoyl group, a Cl to C6 alkoxy group, an aryl group,

and a hetercocyclyl group, a (Cl to C6 alkoxy)carbonyl



[Formula 11] NHR6 - 267 - wherein A represents a cyclobutyl group, a
cycl ohexyl group, a cycl oheptyl group, a bicyclo[3.1.0]hexyl group, a

bi cycl o[ 2. 2. 1] heptyl group, or an adamantyl group, each of which may be
substituted by one to three identical zor2 different groups selected froma
hydr oxy group, a methyl group, and an ethyl group; R4 represents a hydrogen

atom a d to C6 aEE%{ group which may be substituted by one to three
i dentical GFORFY et Mo iss SREditet 5 di P2 & 1 e Koy idr gr oup, a

é\g?eﬁ SCSSI ; rg:dg%g%tlre) arql}aa%n l O)r%}gez?gég{]ﬁ‘g{]%f ?ﬁneﬁﬁ{f’ g:;éuaﬁa‘ﬁ;r%eoq%ent i cal

or different gr l.ect ed .from an oxo gr an C to 06 al kyl group;
S S SR Y P e

R5 represe rogen a cbroup, or a d to C6 al koxy

group; and C@@lro%qr@qrgasf&%q;h egq,logépﬁtrr}arpq d, tagzl}gs Kanoyl . group whi ch

may be substituted by one t cal or et ent” ‘groups sel ect ed
froman amm&r&%lyqanaaaﬁagﬁ@ﬁta&rwﬁu IS QYs O QUR, 1 carboxy group, a
car banoyl group, a O to 06 al'koxy.group, an aryl grotip, and a

het er ocycl Wurgaupit @ [ drie A6 alrk@ey)icarond1 goup M Cdh teyr deos
substituted by one to three identical or different groups selected froma

C to 06 aldeflecgreoudrcam G2 tax D@ ralvparoyd ax\CQriouE 6 a (08 taxr .

cycl oal kyl ) car bonyl oxy group, and an aryl group; or a

het er ocycl yiCdlakyl dxjcar bonyl group which may be substituted by one to three
identical or different groups selected froman oxo.group and a C to 06

al kyl group. [CF&Pnf3Bpoundzggcording Tre cd@ipodnd °&c@ording to claim 35 or
a pharmacol ggi cal |y acceptabl e salt thereof, wherein Ais a cyclohexyl
group subsBPHEEF Py I oY s SEfeRlicaa ldr disisstfent @4 & & 1§l
groups; all_of R, R2 and R3 are a hydrogen at R4 is a hydrogen atom a
benzyl gr P ST SRN T GrEs W&&r%cﬁ@l%%@]néet%l gtotil? 53’5 a hydrogen
atom and i r.o t.om henyl al anyls group, .an. L-norl euc

‘group, a | -hr¥|SéLt ﬁ&f%o%gﬁlaaﬁ' &%)?gl- %-yl ?rﬁgt%o%y eca‘—’ir bhoynC%ﬁO er%u?ot,O%' [ 1-

(i sobutyryl@xwyset hoxy] carbonyl group, a [1-(2,2-

di net hyl pr opanoyl oxy) et hoxy] car bonyl group, a ({1-

[ (cycl ohexyl car honyhpexyhetBprrkearbanyl) teo¥Rrne®:1a ftoknula (1-3)

acet oxyet hoxy) car bonyl group. [C aim 37 The conpound according to

cl ai m 35 orra sphiaracaagiccald iy aceepmlie saldl1d heraafor wherein Ais a
cycl ohexyl group substituted by a nethyl group or an ethyl group; and al

of R4, Rs, [@almdmRBaarld]la hydrogen atom [C ai m 38] A conpound
represented by the general formulg (1-2) or a pharmacol ogically acceptable
salt thereof: [Fornula 12] NHRSHR

&
®\ R
W\WOR“ (1-3)

"RTR 0
wherein A represents a C3 to Cl2 cycloalkyl group which
may be substituted by one to three identical or different
groups selected from a fluoro group, a hydroxy group, a
Cl to C6b alkyl group, a Cl to C6 alkoxy group, an afyloxy
group, and a heterocyclyloxy group; R}, R?, and R® each
independently represent a hydrogen atom, a fluoro group,.

or a Cl to C6 alkyl group; R* represents a hydrogen atom



- 269 - wherein Arepresents a 03 to 012 cycl oal kyl group which may be
substituted by one to three identical or different groups selected froma
fluoro group, a hydroxy group, a d to 06 alkyl group, a C to 06 al koxy
group, an aryloxy group, and a heterocyrd v oxy' group; R, R2, and R3 each
i ndependently represent a hydrogen atom a fluoro group, or a d to 06

al kyl group; R4 represents a hydrogen atom or a prodrug group; R7
represents oF By dSFEHABRURE @G %”OGGQIKWIenﬁrSo@pPY&fO@e@I 3OO ral koxy
group; and R8 represents a hydrogen atom-or a prodrug group. [C ai m 39]
The conpourid PX&EdrH iy @9 ¢l ai m 38 or a pharmacol ogi cal |y acceptabl e salt
t her eof , V\/f’t leiin A“l]s a cycl obutyl group, a cycl ohexyl group, a cycl oheptyl
group, a bi cycal 5[3 . 0] hexyl group, a bicyclo[2.2. 1] heptyl group, or an

adamantyl gr oupTh%a%Ign@%u%i g?cg@ﬁip} %%b%tliati%t ed hy. gne to three identical
or different groups selfected froma hydroxy group, a methyl group, and an

ethyl grougnaaldacf1 Ricday anddpbaid e & Ny drogels At Qe R4 || sy & hydrogen
atom a d to 06 al kyl group which may be substituted by one to three

i dentical @ydiddanantg@n@ips s8ledivsk§T amauP?2 4 acdbl shkaney| exyugy oup, a
(03 to 06 cycl oal kyl)carbonyl oxy group, and an aryl group; or a

het er ocycl W adikogtcigr [l vihirsdxk yiayg s ubstih 1 e elb [y, Dne] hept it egrowkent i cal
or different groups selected froman oxo group and a C to 06 al kyl group;
R7 is a hydrmogen saataomntgnd REurs @dnidragerhatlomaya & 4006l @btkedhoyl group
whi ch may be substituted by one to three identical - 270 - or different
groups sel éot et rtomtdrrsam e ngricip, @ il bgerntgraoupira 35839584 gr oup, a
carboxy group, a carbanoyl group, a C to 06 al koxy group, an aryl group,
and a het er'd&R 1y INGHA H B to 56 k&) S FOHY 1 2y roupy Wi ePray be
substituted .hy oneto three identical or different groups selected froma
C to 06 al Og{ceﬁjp Rar Y oR 06 an A H3FYrdupt’ & (€8 fo 06

cycl oal kyl ). carbonyl oxy. grou nd ryl. group; ar. a.
het er ocycl yhlya rkoﬂ%nxya)écaor onayﬁjlg?toouﬁha?lcgylrrg@r%&e)p sw(t}bls‘?l? thlﬁyedbeby one to three

i denti cal osrub[c%ffatﬁ;m y ]kgr%pss%elt%cgee@ 15000 A0 OX0- GLOMP. ANk 8,2, 00 06

al kyl group. e compound according to claim 3

phar macol ogialduefceept abl® sal tod hereafo, her eifbud IS asyeh ahexyl group

substituted by one or two identical or different-C to C6 al kyl groups; all

of R, R2, and B afeadwibrogerkatruiid 4150 aalydF poeir imoa benzyl
group, or an [(isopropoxycarbonyl)oxy]ethyl group; and both of R7 and R6

are a hydr ogeremioml 1@ aiyh 4doup whikicanppune $epstesented dy dée gener al
formula (1-2a) or a pharmacol ogically acceptable salt thereof: [Fornmula 13]
NHR - 271 to three identical or different groups selected from an

oxo group and a Cl to C6 alkyl group; and R® is a

hydrogen atom; a Cl to C6 alkanoyl group which may be

substituted by one to three identica: or different groups

selected from an amino group, a halogeno group, a hydroxy

group, a carboxy group, a carbamoyl group, a Cl to Cé6

alkoxy group, an aryl group, and a heterocyclyl group; a

(Cl to C6 alkoxy)carbonyl group which may be substituted

by one to three identical or different groups selected.

from a C1 to C6 alkyl group, a C2 to Cé6 alkanoyloxy group,

a (C3 to C6 cycloalkyl)carbonyloxy group,_and an aryl

group; or a heterocyclylalkyloxycarbonyl group which may



wherein A represents a cyclobutyl group, a cyclohexyl group, a cycl oheptyl
group, a bicyclo[3.1.0]hexyl group, a bicyclo[2.2.1] heptyl group, or an
adamantyl group, each of which may be substituted by one to three identical
or different groups selected from a -hyxiroxy group, a nethyl group, and an
ethyl group; R4 represents a hydrogen atom a O to 06 al kyl group which
may be substituted by one to three identical or different groups selected

froma C2 t3% (BRAKABADRY FHuP-C & HEF tiF s S/t =T K i eardony | oxy
group, and an aryl group;,or a heterocyclylalk r oup. whi ch be

subst it ut ec?rb%}lpo%esetgjoe. Llcﬁerdee{]?Odperﬁl? cqiio,oqr%ff? faé%gerﬁg (g]r oup sae#% ed from an
0X0 group qgng C to 06 al kyl group; R7 represents a hydrogen atom a C
to 06 al kyl gréﬂp, or a C-to 06 al koxy group; and R8 represents a hydrogen
atomor a pﬁgﬁ{ﬂg @qpup. [Claim42] The conpound according to claim4l
or a pharmacol ogi cally acceptable salt thereof, wherein Ais a cycl ohexyl
group substitut edcbycane el bwed-denly ¢l A idi fidergnty A to 06 al kyl
groups; all of RlL, R2, and R3 are a hydrogen atom R4 is a hydrogen atom a
benzyl gr oyha8fa@dl ddi S0P REASRT Doy | 9 Oty | el dyd o BF Qi r K I8 B hydr ogen
atom and R8 is a hydrogen atom a O to C6 al kanoyl group which may be
substi t ut edcyoyl @nrexytlo dirge dudentitcaledrbdidderenttws oupsnisetected from an
am no group, a hal ogeno group, a hydroxy group, a carboxy group, a

car banoyl griodUferentCiCl o 06 @lkioxyl growmsakear Wt giouR”, aaddaRheter ocycl yl
group, a (O to 06 al koxy)carbonyi - 272 - group which may be substituted
by one to threedafgh iddn/orR dilff ér ydrgPetps todl eét &ENAYdmIEoar .to 06

al kyl group, a C2 to 06 al kanoyl oxy %roup, a (03 to 06 5 .
cycloalkyLﬁEéﬁanyﬁ%ﬁ%PEﬂRﬁﬁ%c%ﬁﬁPQ%ﬂeﬁ%ﬁ]%ﬁQXﬁLQQRUEi and R” 1s a
heterocyclﬁk%&%¥k9xycarbonyl group which may be substituted by one to three

i denti cal 46t EHt"Yr oups sel ected froman oxo group and a C to C6
al kyl groupmq_thLph43] The conpound according to claim41l or a
phar macol og[i“caa} y acceptable salt thereof, wherein A is a cyclohexyl group

substituted by a mRihyl,gr Qlé%ﬁ‘%rse"ﬁ'%e%t %XJ YOUR, 409 %&rn@lc?R“(’I—@%’) and R8

are a hydrogen atom [Claim conpound represented by the general

formula (1-3) Hrprs MirdBeplQdicalddcascaptabl e saltetdier eof : [ Formul a 14]
NHRO NN

[Formula 15]

~
OWE
NT N : OR*
O

wherein A represents a cyclobutyl group, a cyclohéxyl
group, a cycloheptyl group, a bicyclo[B.l.O]hexyl group,
a bicyclo[2.2.1]heptyl group, or an adamantyl group, each
of which may be substituted by one to three identical or
different groups selected from a hydroxy group, a methyl
group, and an ethyl group; and R® represents a hydrogen
atom; a Ci to C6 alkyl group which may be substituted by

one to three identical or different groups selected from



R& (- 3) RL RO wherein A represents a 03 to 012 cycl oal kyl group

whi ch may be substituted by one to three identical or .different groups
selected froma fluoro group, a hydroxy group, a C to 06 alkyl group, a C
to 06 al koxy group, an aryl oxy group, Z2afd -a heterocyclyl oxy group; R, R2,
and R3 each independently represent a hydrogen atom a fluoro group,. or a
G to 06 alkyl, group; R4 represents a hydrogen .at - 273 - or a prodrug
group; and? 2rgﬁrg@eﬁ9§a§0W§§Wﬁb§ﬁoé§bnfbr( Brodiug group. [d ai m 45]

The conpou r.dj | aim 44 or a cql Qgi | ¥ .accent abl e salt

t her eof w% FQ%%3X§PQQEE§€§1oﬁﬁ§y§I§P%Up?9§{g@h?%ﬁ%x%ﬁkb du%%.%'cycloheptyl
group, a bircyel o3l ALNRM! QWP wrd B GG Ye? LRty §0Wke OF an
adamant yl group,EégkR@bP§§hiéﬁ%h§§mBe subsﬁ]tutéﬁlby one to ehreg i denti cal

or different ghoWRs isRNeGled forom:id faydrax y BpuP,sa drthyf o and an
ethyl group; all of R, R2, and R3 are a hydrogen atom R4 is a hydrogen

atom a O dx Gooripkyndgreoun wi Ct rEYke grwhgt.ituted by one to three
identical or different groups selected froma C2 to C6 al kanoyl oxy group, a
(C3 -Co 6 [©yclioaldeyl ) car bonyl oxy group, and an aryl group; or a

het er ocycl yl al kyl group which may be substituted by one to three identical
or different grébpscempbesnddatrondangoke greuap 4ndod € to C6 al kyl group;
and RO is a hydrogen atom a C to C6 al kanoyl group which may be '
substi t ut e®By TR g LiRlde iFgERRteRIL corsadit fté}eefrﬁo’gr olissssiél detied ¥ rom an
am no group, a hal ogeno group, a hydroxy group, a carboxy group, a
car banoyl §YGupleRYE %6 S%Q?ONU&F&U%{Y aitardf Ld“roodﬁi,e%t%c?aa} et er ocycl yl

group; a (d. .C6 .al koxy b |, aroup which y.be_substituted by one to
Phren | dentl' A or AT Srent groiis Lol Baved Tt om docr Lot6B Myl 5t oup,
C2 to C6 alkapoyl.o r.Qu ( C6 cycl oal kyl ) carbonyl oxy group, and
an aryl grghgghoﬁ g%ﬁ% gr%g§§FyF§Fi%Pbxycarbonyl group which may - 274 -

gﬁ gggs;:gﬁgq%n Sﬂg%ﬂﬁ%§§§“|Q§ﬁgg%%ﬁ§h @&dyﬁferent groups sel ected from
[Claim 49]
The compound accordiné to claim 48 or a
pharmacologically acceptable salt thereof, wherein A is a
cyclohexyl group substituted by a-methyl group ér an
ethyl group; and R® is a hydrogen atom.
[Claim 50]
The compound according to claim 1 or a

pharmacologically acceptable salt thereof, wherein the

compound 1s selected from the group. consisting of

5Famino—2—[(l—cyclohexyl—lH—imidazol—4—yl)methyl]valeric
acid,
S-aminc-2-{[1-(4-methylcyclohexyl)-1H-imidazol-4-

yllmethyll}valeric acid,
5-amino-2-{[1l-(4-ethylcyclohexyl)-1E-imidazoi-4-

yllmethyl}valeric acid,



[ C ai m 46] The conpound according to claim44 or a pharmacol ogically
acceptabl e salt thereof, wherein Ais a cyclohexyl group substituted by one
or two identical or .different C to C6 alkyl groups; all of RlL, R2, and R3
are a hydrogen atom R4 is a hydrogen Zitom a benzyl group, or an
[(|sopropoxycarbonyl)oxy]ethyl group, and R9 is a hydrogen atom [C ai m47]

A conpound rese ar 1-3a phar macol ogi cal |y
accept abl e ﬂpnllntch e{oLfl 14: ny Ob“%vﬂ%{ Ckzr e]pr4esent s a

cycl obut yl a S qhexyl oup, a cycl oheptyl group, a

bi cycl of 3. f%d I d%%ﬁbf‘é CP%§C|O[2 2. 1] heptyl group, or an adanmantyl

group, each mmgﬁ ). b bt dutied by ﬂmelﬁ%m%'ﬁ@m'cal or

di fferent groups S roxy group, a met group, and an

et hyl grougu_%aqjgﬁlvgyé¥ggng%ﬁghydrogen atom a d to C6 al kyl group
whi ch may Dbe substltuted by one to three identical or different groups

sel ected frommin2is {1 C2H B D6 Al -kanoyd 10xy3 gr ahesaar(-G3-10] -O6H -

cycl oal kyl ) carbonyl oxy group, and an aryl group; or a heterocyclyl al kyl
group whi chimiedea 43el -sihslt intarded oye lonei d aditee i dentical or different
groups selected froman oxo group and a O to 06 al kyl group. [C aim 48]
The conpouﬁiamﬁnﬂﬂﬂTk)11)Qﬂhﬂdﬁaxyqyckp&ﬂxukmnkﬂTKwkﬁﬂ4qdzﬁmeptabIe sal t

t hereof, wherein Ais cycl ohexyl group substituted by one or two

i denti cal dﬂwﬂqﬁﬁﬁkﬁﬁakﬁr%QJQKi | kyl groups; and R4 is a hydrogen atom a

benzyl gro%P, or an o
—amino-2-{[1-(4-hydroxy-4-methylcyclohexyl)-1H-imidazol-

4-yllmethyl}valeric acid,
5-amino-2-{[1l-(3-methylcyclohexyl)-1H-imidazol-4~
yllmethyll}valeric écid,

5-amino-2-[ (1-cycloheptyl-1H-imidazol~-4-yl)methyl]valeric
acid,
5-amino=-2-({1l-[exo-bicyclo[2.2.1]hept-2-yl]-1H-imidazoli-
4-yl}imethyl)valeric acid,
5—amino¥2—({1—[endo—bicyclo[2.2.1]hept—2—yl]—1H—imidazol—
4-ylimethyl)valeric acid,
2—[(1—adamantan—2—yl-1H—imidazol—4—yl)methyl]—5—
aminovaleric acid,
5—amino—2—{[l—(4¥phenoxycyclohexyl)—1H—imidazol—4—
yllmethyl}valeric acid,

Benzyl 5-amino-2-{[1l-(4-methylcyclohexyl)-1H-imidazol-4-
yllmethyll}valerate,
2-{[1-(4-methylcyclohexyl)-1H-imidazol-4~-yl]lmethyl}-5-(L-
phenylalanylaminé)valeric acid,
2—{[1—(4—methyl¢yclohexyl)—1H—imidazol—4—yl]methyl}-5—(L—

norleucylamino)valeric acid,



[ (i sopropoxycar bonyl )oxy]ethyl group. [C ai m 49] The conpound
according to claim48 or a pharnmacol ogically acceptable salt thereof,
wherein Ais a cyclohexyl group substituted by a nethyl group or an ethyl
group; and R4 is a hydrogen atom [ G &' 50] - The conpound according to
claim1 or a pharmacol ogically acceptable salt ther eof, wherein the

conpound i s Iected fro th consistin

5- am no- 2 (1 eyl ﬂﬁﬁﬁ%&ﬁ& AR it d -5 -
5amn02{[ thI(;)LI | )~ 1K i-m dazol -4- yl]nethyllvaleric acid,
5- am no- 2- f[ (54 gethﬁcycl%o ex )é)dfﬁ-lr}ﬁd[“azol 4 yI]rrethyI}vaIeric acid, -

276 - 5- am m% T[L%(y( ae;t}:)lg)\f1 )4% ql?l%t X’]a)f)e]rl_'f]i -4- yl]lmethyllvaleric
t

acid, 5-amn cyc obu aizol 4- yI ] met hyI | val eri c

acid, 5-({ (1sobutyryloxy ethox%;carbonyl}aml J
5-am no- 2- ({1- [(lR 3s,5S)-bicyclo[3.1 hexan-3-y1] 1H|m azol 4 yl } met hyl)

val eric acm@u@d@dem%ﬂﬁi-QQJﬂMﬁ@@&wmuﬂ@&w)mﬁmh@Méﬁﬁpbcad
yl]methyl I'val eric acid,

5- am no- 2- {i[-1- (1¢dwd1p@xw-ﬁmmwn©ym]@1m§w )>-1LH-[ilm dazol 4-yl ] met hyl }val eric
acid, 5-am no-2-1[ 1-(3-netnyl cycI ohexyl)-1Him dazol -4- yl]nethyl}valeric .
acid, 5-am ri@D@-U[t(}’:LfYCl)Pequ@érlﬂtOyil/ Teromrddzeininoy-Pmdt Byl (4ral eri ¢ aci d,

5-am no- 2- ({1-[ exo-bicycl o[ 2. 2. 1] hept - 2-y1] - 1H-i mi dazol 4-yl | net hyl )vaI eric

aci d, methylcchOhexyl) ~1H-imidazol-4- -yllmethyl}valerate ,

5- am no- 2- (5{ 1- [endo b| c (I:nlec%[n l2 rl] h% pt l2 xyl] tth-l rp dazbol 4- ly}l | met hyI )valeric

aci d, ylpropanoyloxy)ethoxylcarbonyl'}amino)
2-{[1-(4-methylcyclohexyl)-1H-imidazol-4-
yllmethyl}valeric acid,
5-[({1-[(cyclohexylcarbonyl)oxy]ethoxy}carbonyl)amino] -2~
{{i-(4-methylcyclohexyl)~-1H-imidazol-4-yl]methyl}valeric
acid, |
2—(2—aminoethoxy)43—[1—(4—methylcyclohexyl)—lH—imidazol—
4-yllpropionic acid,
2—[(lR)—2—amino—1—methylethoxy]—3—I1—(4—
methylcyclohexyl)-1H-imidazol-4-yl]propionic acid, and
2-[(3S)-3~-aminopyrrolidin-1-yl]-3-[1-(4-

- methylcyclohexyl)-1H-imidazol-4-yl]propionic acid.
[Claim 51]
_5—amino—2—{[l—(4—methylcyclohexyl)—lH—imidazol—4—
yl]lmethyl}valeric acid or a pharmacologically acceptable
salt thereof.
[Claim 521
5-amino-2-{[l~(trans~-4-methylcyciohexyl}-1H-

imidazol—4—y1]methyl}Valeric acid or a pharmacologically

acceptable salt thereof.



2-[ (1- adamant an- 2-y1- 1H-i m dazol -4-yi ) et hyl ]-5- am noval eric aci d,

5-am no- 2-{[ 1- (4- phenoxycycl ohexyl ) - 1H i m dazol -4- yl]nethyl}valeric acid,
Benzyl 5-am no-2-1[ 1-(4-nethyl cycl ohexyl)-1H i m dazol - 4-

yl ] met hyl }val er at e, - 278 -

2-{[1- (4-net hyl cycl ohexyl)-1Hi m dazol - 4-yl ] net hy11- 5- (Lphenyl al anyl am no) v
aleric acid

2-{[1-(4- neﬁq'ﬂﬁlcﬂ/cq%hexyl )-1H i m dazol - 4-yl ] net hyl1l-5- (Lnorl eucyl anm no) yal e

ic acid, - 277--.2<{[1-(4-nethyl cycl ohexyl)-1H-i ni | -4-yl.] et hyl | - 5-
(! F(g?lrret hyl - 2-é%c?-)I,5%E‘Hil%%6g?iﬁ)iyﬁ¥%€t%ﬁg% 8&%5&??%@?‘8%6‘63%\)31]&*?? ¢ acid

({

5-(f[1-(is it oxy). et r | am no) - 2- - (4- :

met hyl cycl gh%ﬁx&ﬁ%{llﬁ/i}ﬁ‘l]gnge)z%ﬁy-clz}f%q]ryn%tcﬁﬁﬁvaalogrr i]agszargzaflrd?acomglcally
1-[ (i sopr oppxyaarhony|Joxyletdpdo S- (1[ 1-

(1 sobutyryl oxy)ethoxy] carbonyl | am no) - 2-{[ 1- (4-

met hyl cycl oftexyilyg -sld§- i m dazol -4-yl ] nethyl | val erate |,

5- (1] 1- (2, 2- di net hyl propanoyl oxy) et hoxy] car bonyl | am no) - '

2-1[ 1- (4- net hyl ayel phexyk)olBbgidadazolacéepitlapret kylilvalferdhe aci d,
5-[(11-[ (cycl ohexyl car bonyl ) oxy] et hoxyl car bonyl ) am no] - 2-

{[ 1- (4- et hydnpirchexodJrdlikg midazot -aheyldfretydniyal ere cSaciwherein
2-(2-am noet hoxy) - 3-[ 1- (4- met hyl cycl ohexyl ) - 1H-i mi dazol - 4-yl ] propionic
aci d, 2-[(1Re rhanmrs-cl-qetdad et lrmggr3aqle (elt is p-

met hyl cycl ohexyl )-1H-i m dazol - 4-yl ] propionic acid, and

[ (39) - 3- dRMRATOI SRS qneengengail fonate.

t hyl cycl o[J[ﬂC?lx ]L{R ;F(J;J}Ti m dazol -4-yl ] propionic acid. [C ai mb51]

5-am no- 2- ( %’ - hyl cycl ohexyl ) - 1Hi m dazol -4- yl]nethyllvaleric acid or
a pharmacol ogi cal,l.y _acceptable salt thereqgf. | im 52 il

5-am no-2-i[1-( ta<r2§’¥s5’4?%{}%?@3?0}%%%%5- %anﬁtggi&y-%-o]%e]xﬁét)hﬁ{l val eric
acid or a [ |_ogi cal t e t thereof. - 278 - [C aim 53]
(2S)-5-am %%-%2- (1)l %%r}élasn{ej:-hﬁétc}ﬁ%lcycﬁcoﬁ%xﬁ/ ) - 1H m dazol - 4-yl ] net hyl 1l val eri
c acid or g@hamespl ogically acceptable salt thereof.

2

@

(28)=-5-amino-2-{[1l-(trans-4-methylcyclohexyl)-1H-
imidazol-4-ylimethyl}valeric acid benzenesulfonate.
[Claim 57]

(28)-5-amino-2~-{[1l-(trans-4-methylcyclohexyl)-1H-
imidazol—é—yi]methyl}valeric acid p-toluenesulfonate.
[Claim 58]

(2S)-5-amino-2-{[l-(trans-4-methylcyclohexyl)-1H-
imidazol-4-yl]lmethyl}valeric acid p-toluenesulfonate
anhydrate.

[Claim 59]

The (2S)-5-aminc-2-{[1-(trans-4-methylcyclohexyl)-
1H-imidazol~4-yilmethyl}valeric acid p-toluenesulfonate
anhydrate according to claim 58, which is in crystalline

form exhibiting main peaks at interplanar'spacings d of



[ C ai m 54] The pharnmacol ogi cally acceptable salt of the conmpound
according to any one of clains 1 to 53, wherein the pharnacologically
acceptabl e salt is ptoluenesul fonate or benzenesul fonate. [C ai m 55]
(2S)-5-am no-2-{[1-(trans-4-net hyl cyclmhexyl)-1H m dazol - 4-yl ] net hyl | val eri
c acid. [d ai m 56] :
(2S)-5-am no-2-1[ 1- (trans-4- net hyl cc%/cl ohexyl) 71H m dazol -4-y|)! net hyl | val eri
c aci d benzehebulflortat é- TC%in 37)d 3.6 angstroms in powdef X-ray
(2S)-5-am no-2-{[ 1-(trans-4-net hyl cycl ohexyl)-1H m dazol - 4-yi] net hyl | val eri
¢ acid p-t st vohadaingsity sgpper Ko radiation.

(2S) -5-am n[l%- 2-%&]? (]t rans- 4- net hyl cycl ohexyl ) - 1H m dazol - 4-yl ] met hyl }val eri
c acid p-to ulah‘ uofonate anhydrate. [C aim59] The

(23)'5'a”ino'2'&%%}Cgtgﬁéh%lﬁgﬁnﬁLQ§%g @Qﬁl%gfﬁﬁ%ﬁyclohex

p ) 1) -1H- .
1H i m dazol -4-yiTmet hyllval'eric "acid p-toluenesul'fonate ath;)draHt e according
to claim 581,mi\MHz_QﬂJ4$aJ1r! n%&%ﬁlaﬂddlr@rf@rdﬁﬂgﬁbdéiﬁ%é%&&% at
i nterplanar spacings d of - 279 - 23.9, 11.9, 4.5, 4.3, and 3.6 angstroms
in powder Xdrdhdffeacti on obtai ned by copper Ka radiation. [Caim60]
(2S)-5-am no-2-([1-(trans-4-net hyl cycl ohexyl)-1H m dazol - 4-yl ] net hyl ) val eri
c acid p-toldienesudiflonat e nonohydrate. [C ai m 61] The
(2S)-5-am no-2-{[ 1- (trans-4-net hyl cycl ohexyl) -
1H i mi dazol - 4- yTheet(By)) Hhakerino-aci{d 1p-(talamsndsuisftdndtay atmheydnat e
according to claim60, which is in crystalline form exhibiting nmain peaks
at i nterpl aftrimsisad Hgs o lofmehyd } wieris gocid o-anhengs ahigstatons in
powder X-ray diffraction obtained by copper Ka radiation.

monohydrate according to claim 60, which is in
crystalline form exhibiting main peaks at interplanar
spacings d of 22.9, 5.0, 4.9, 4.7, and 4.0 angstroms in
powder X-ray diffraction obtained by copper Ko radiation:
[Claim 62]

A pharmaceutical drug containing a compound
according to any one of claims 1 to 61 or a
pharmacologically acceptable salt thereof as an active
ingredient.

[Claim 63]

A TAFIa inhibitor containing a compound according to
any one of claims 1 to 61 or a pharmacologically
acceptable salt thereof as an active ingredient.

[Claim 64]

A fibrinolysis promoter containing a compound
according to any one of claims 1 to 61 or a
pharmacologically acceptable salt thereof as an active
ingredient. -

[Claim 65].



[Cl aim62] A pharmaceutical drug containing a conpound according to
any one of clains 1 to 61 or a pharnmacol ogically acceptable salt thereof as

an active ingredient. [Claim63] A TAFla inhibitor containing a
conpound according to any one of claimsd 4o 61 or a pharmacol ogically
acceptabl e salt thereof as an active ingredient. [C ai m64] A

fibrinolysis pronoter containing a conpound according to any one of clains
1 to 61 or a phlrRAEIFHGIYEl Py AEEEFPENItE Cs 4T USt Korest HASSFFCact i ve

i ngredient. [Qajim65] . -..280 - A t] th tic drug f
(i Sease Caif el By ARTHI o BT ¥ o el € Cortl g Compound

according to one of cl.ai 1tq 61 or har macol.ogi cal |y accept abl e
salt ther eocfom}g%{le{lﬁpfc C|OvreAJ‘| r?gmrsceodiaenrﬁ .Or[edoalén%%b%]]ms e tc% é;;?e?/%n ive or

t her apeut | G iz oo d MIAMROS & . MO SR Oy & SOAUR] 33t Nt | Nl udi ng:
acute coronary syndrome such as ocardi al infarction and angi na pectoris
(stabl e angimgandnst abl e angi na); venous thronboenbol i smsuch as deep
vein thronbosis and pul nonary enbolism thronbosis or enbolismoccurring in
t he cardi oviasiculmares)ystem after surgi cal operation such as vessel

revascul ari zati on, angiopl asty, stent placenent, and bypass surgery;

t hronbosi s or edbplkesenafitver car therepalutjial miruge floac emeimbadarsatdron such as
knee joint replacenent operation and hip joint replacenment operation;

i nf | anmat i el ismed it reamecld dhadisssasecuohias: sepsis cwbrisseni nat ed
intravascul ar coagul ati on syndrone (DI C); peripheral vascul ar

di sor der - dEMNEPT St W Sedst asluchn Tt ek dperdlaF et i al  occl usi on
(PAO), arteriosclerosis, and diabetes nellitus; tunor-rel ated di sease such
as solid caf&ErEmd Bt caitEme &Rf S S YB3 1 rYHREY to t hrombus
or enbol us t%UCh s ul.monar nbol us, cer e.brg%hi nfarcti on, and renal

i nfarcti on, TEORPR Y 2T R Ao diTg ' HEMP O %l aims 1 to 61 or
,2,Phar mRCologleal)y SRRSRAR ©itliod Y %9 A APURIAHE YN -

the cardiovascular system after surgical operation such
as vessel ;evascularizatibn, angioplasty, stent placement,
and bypass surgery; thrombosis or embolism after
artificial joint replacement operation such as knee joint
replacement operation and hip joint replacement

. operation; inflammation-related intravascular disease
such as sepsis and disseminated intravascular coagulation
syndrome (DIC); peripheral vascular disorder-derived or -
related disease such as peripheral arterial occlusion
(PAO), arteriosclerosis, and diabetes mellitus; tumor-
related disease such as solid cancer and blood cancer;
and organ disorder attributed to thrombus or embolus such
as pulmonary'embolus, cerébral infarction, and renal
infarction, containing a compound according to any one of
claims 1 to 61 or .a pharmacologically acceptable salt

thereof as an active ingredient.



A preventive or therapeutic drug for thronbosis or enbolismincluding:
di sease caused by contact with foreign matter in the body, the foreign
matter including a medical device such as a joint prosthesis used in joint
repl acenent, a vascul ar catheter, a -bla®od prosthesis, a blood stent, and
prosthetic val ve; and di sease caused by contact between bl ood and a nedi cal
devi ce outside the ﬂody, t he medi cal device including a punp oxygenator
used in carldi pr6erati on and a nedi cal device used in henodial ysis,
containing a coppound according.to any one of ol aie 1 106 or &
phar macol ogi cal ypaccept abie “Sal 'St R&reor “asalY acthi ve'li r%)redli ent”. [Caim
68] A I Vi r.thera i r ( Lsease. r ed to
t hronbosi s egr{b%\gﬁbr%n} il?n%oﬁ&lgﬁ:'o%algrﬁagsdéjb%%%#i%’géepomﬁ o‘ﬁi%? fibrosis
i ncludi ng: uldRpany: disease e, PU IDNAS Yo ftyiPakd NSt 0y c Bge A g
respiratory distress syndrone, pulnonary fibrosis, and chronic
t hronboenmbal infeild SO NBIW. cNYRRIH eNSiDNjo IreNabr sl Seases skedd asn joint
gl onerul onephritis (including acute gl onmerul onephritis, chronic
gl onmer ul one@wliddesyemephy otdscculephrdadilsetand « apl aby progriessiyve a
gl omer ul onephritis), renal infarction, and diabetic nephritis; hepatic
di sease sudh cpsd it ¢ dridrosishdfapatvalve/ antd hdpsedee ctandedilty eye
di sease associated with fibrin deposition in the eye;, organ dysfunction
af ter or garfant@splraiwasor od esettad gred el ode ¥ eed at vk gide sreler caused
by m crothronbus, - 282 - .including thronbotic.m croangi opathy; and
di sease or Rhpt dite RIBGa AP Th CANCRFIRBIF PR SR FWFCeR t et 38 4si s,
cont ai ni ng .a conpound accor.di ng to, any o$1e o % ainms 1 t(?o] 61 or a

a

phar macol ogi't &1y e Pttt & FR1d"d Herbot & aff GetF Ve TAgtadient. [Caim
69] Ahterrlneorcﬁipae_l.é;SiiCs drug for smyocardial | nfarction,  angina, pectoris,
acute coronary syndrong, cerebral 1nfarction, deep veln® tnronbosis, _
pul monary e/l SMs Perd Pher &l ar tard g, Ll st om , SepsL Sy i $S&Mm pat ed

i ntravascul ar coagul ati on syndrone, or pulnonhary f1brosi's containing a

conpound acgkHAY 49 BNYaane Ofi A dBedc 10 61 or a pharnmacol ogically
acceptabl e salt thereof as an active ingredient. [C aim 70] A

phar maceut i [calaigongesi ti on contai ning a conpound accordi ng to any one of
claims 1 to 61 or a pharnmacol ogically acceptable salt thereof and a

phar macol ogi cal By paecepttdliee cxarthieampdudliai mMril] for a Alinetdwd for treating
myocardi al infarction, angina pectoris, acute coronary syndrone, cerebral
infarcti on raegeddin tihranhosi s, opumenarsm enbol ¢sompperépheyal arteri al
occl usi on, sepsis, dissen nated intravascular coagul ati on syndrone, or

pul monary fiidrodt SIeRIIPTIF iy ok 10 St erimgl edbiar neekteRaaY conposition
contai ning a conpound according to any one of clains 1 to 61 or a - 283 -

phar macol ogifi35F attdptab R EH P R BRP &P act 3Vl | iR Bt BRECTY O ai m

2] distress syndrome, pulmonary fibrosis, and chronic

thromboembolic pulmonary hypertension; renal disease such
as glomerulonephritis (including acute glomerulonephritis,
chronic glomerulonephritis, nephrotic nephritis, and
rapidly progressive glomerulonephritis), renal infarction,
and diabetic nephritis; hepatic diéease such as hepatic
fibrosis, hepatitis, and hepatic cirrhosis; eye disease
associated with fibrin deposition in the eYe;'organ
dysfunction after organ transplantation or resection;

microcirculatory disorder caused by microthrombus,



The conpound according to any one of clains 1 to 61 or a pharnacol ogically
acceptabl e salt thereof for use in the treatnent of myocardial infarction,
angi na pectoris, .acute coronary syndronme, cerebral infarction, deep vein
t hronbosi s, pul nonary enbol i sm periph&al-arterial occlusion, sepsis,
di ssemi nated intravascul ar coagul ation syndrome, or.pulnonary fibrosis.

Claim?73 r.mac utlcal dru for ection,contai ning a conpound
<[accord| ng]t %ﬂﬁd‘%e S qtrﬁsc Y %erParydWa’r 01 Gt T § y&accep{rgbl e
salt 'ther eof aacst Ovcelatr%g{ 1terptcad'{c%.@'cr@l7l4]ml rat:fb TA@ a inhibitor for

i nj ection con a|n|n a cornpound "accor an TI%ims 1to 61 or a

phar nacol O%ﬁgaalrgtyasal%censggﬁé 2,53l 4&%@5@%;&@&&1%5& ignt o4 aim

75] _ apeutic i njection nmyocar di arction, angina
pectoris, acudignLar arargl syrndar P it S @l cd N ArLdd s aeeps yei n

t hr onb05| s, pulnmonary enbolism peripheral arterial occlusion, sepsis,

di ssem nat eﬂldﬁgdfa\a@(aﬂ acteioagul rad i syndrome, or pul nonary fibrosis

cont ai ning a conmpound according to any - 284 - one of clainms 1 to 61 or a
phar macol ogi@adiny @xXlcept abl e salt thereof as an active ingredient. [Caim
76] A therapeutic drug for injection for a thronboenbolismderived

di sease cont ai nPn§hareprpéund dac@ordirn @ ys aanshi agne néfarcltdions Brgd @l or a
. pharmacol ogi cal | y acceptable salt thereof as an active ingredient. [Caim
77] A phar REE R el aéb%ﬁﬁ)sﬁ%%ﬁbrsﬂﬂm@or?%}%ﬁﬁ@hlHgfaar%%#ﬁibund
according to any one of clains 1 to 61 or eé{@@har macol ogi calelj_ya accept abl e

sal t therecfﬂfe%Ehd’ea‘-erHPﬁ?é‘l?tﬂ%‘g?'canHl Attt SRy iRFLiph

arterial occlusion, sepsis, disseminated intravascular

coagulation syndrome, or pulmonary fibrosis containing a
- compound according to any one of claims 1 to 61 or a

pharmacologically acceptable salt thereof as an active

ingredient.

[Claim 70]

A pharmaceutical composition containing a compound
according to any one of claims 1 to 61 or a
pharmacologically acceptable salt thereof and a
pharmacologically acceptable carrier.

[Claim 71]

A method for treating myocardial infarction, angina
pectoris, acute coronary syndromg, cerebral infafction,
deep vein fhrombosis, pulmonary embolism, peripheral
arterial occlusion, sepsis, disseminated intravascular
coagulation syndrome, or pulmonary fibrosis, comprising
administering a pharmaceuti;al composition containing a

compound according tc any one of claims 1 to 61 or a



[Cl aim78] A nethod for treating nyocardial infarction, angina
pectoris, acute coronary syndrone, cerebral infarction, deep vein

t hronbosi s, pul nonary enbolism peripheral arterial occlusion, sepsis,

di ssem nat ed i ntravascul ar coagul ati-ore&yndrone, or pul nonary fibrosis,
conprising adm nistering a pharmaceutical conmposition for injection

contai ning a conpound according to any one of clains 1 to 61 or a

phar macol odiCANaF e edive AP tAre s lds HIFHRRT W idfyrdsdisift . [daim
79] The conpound according to any one of clains 1. to 61 or a
pharnacolodP@£%§;%£§Ceptable salt thereof for use in the treatnent of
nyocardial[kgfarctﬁﬁn, angi na pectoris, acute coronary syndrone, cerebral

i nfarction, §@ﬁ1ve|n - 285 - thronbosis, pul nonary enbolism peripheral

arterial occlusi.Qn, ' i.ssenplnated intr scul ar gyl at.
syndrone, or puFﬁ§n§§§B§P§FOgF§%g§Eﬂ§jegtﬁg .%F%lgingég?%% E %k N

phar maceut igzala GOMRGRId 107y iGNNI G A LOAP UG AQEHH NG S0 Y ane of
claims 1 to 61 or a pharmacol ogically acceptable salt thereof and one or
two or norerd ugeSelect eff iy iant iicorpdEindn, ahaitd Paiwedets drug, an
enzyne related to fibrinolysis, an anticancer drug, an anti-inflammatory
drug, an artdutiebraatricnadnugsyral oot eresiaker edr uigy £ aarct@intr - pldapnerin

hypert ensi on drug, and an i mrunosuppressive drug as active ingredients.

[ O ai m 81] thromb®sgenpauwidnarepie sertoddi 95y ey frdid i ey teniey]lal fornmul a or
a salt thereof: [Fornula 16] (2:1,44, wherein Qrepresents a group COOR, a
hydr oxynet IACIGG@S, GelE for s SR tethd T FepEsefs @Paguiadr X8 al kyl

group. [C aim82] A conpound represented by the foll owi ng general
fornul a or YA Y h&rredtulmonary fibrosis.
[Claim 73]

A pharmaceutical drug for injection containing a
compound according to any one of claims 1 to 61 or a
pharmacologically acceptable salt thereof as an active
ingredient..

~[Claim 74]

A TAFIa inhibitor for injection containing a
compound according to any one of claims 1 to 61 or a
pharmacologically acceptable salt thereof as an active

- ingredient.
[Claim 75]

A therapeutic drug for injection for myocardial
infarction, angina pectoris, acute coronary syndrome,
cerebral infarction, deep vein thrombosis, pulmonary
embolism, peripheral arterial occlusion, sepsis,
disseminated intravascular coagulation syndrome, or

pulmonary fibrosis containing a compound according to any
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above;

represents a hydrogen atomor a protective group for the am no group; and

[Formula 17] PG3 RSC)r PG 1, NO OH (B) wherein R5 is as defined

PG

represents a protective group for the am no group; P&

PG3 represents a protective group for 2t carboxy group. [C ai m 83]

conpound represented by the foll ow ng general formula or a salt thereof:

[Formula 18] wherein R5, PG . PG 2, and PG3 are as defined abaqve.

one of claims 1 to 61 or a pharmacologically acceptable
salt thereof as an active ingredient.
[Claim 76]

A therapeutic drug for injection for a
thromboembolism~derived disease containing a compound

according to any one of claims 1 to 61 or a

.pharmacologically acceptable salt thereof as an active

ingredient.
[Claim 77]

A pharmaceutical composition for injection
containing a compound according to any one of claims 1 to
61 or a pharmacologically acceptable salt thereof and a
pharmacologically acceptable carrier.

[Claim 78]

A method for treating myocardial infarction, angina
pectoris, acute coronary syndrome, cerebral infarction,
deep vein thrombosis, pulmbnary embolism, peripheral
arterial occlusion, sepsis, disseminated intravascular
coagulation syndrome, or pulmonary fibrosis, comprising
administering a pharmaceutical composition for injection
containing a compound according to any one of claims 1 to
61 or a pharmacologically acceptable salt thereof as an
active ingredient.

[Claim 79j

The compound according to any one of claims 1 to 61
or a pharmacologically acceptable salt thereof for use in
the treatment of myocardial infarction, angina pectoris,

acute coronary syndrome, cerebral infarction, deep vein

A
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thrombosis, pulmonary embolism, peripheral arterial
occlusion, sepsis, disseminated intravascular coagulation
syndrome, or pulmonary fibrosis by injection.

[Claim 80]

A pharmaceutical composition containing a compound
according to any one of claims 1 to 6i or a
pharmacologically acceptable salt thereof and one or two
or more drugs selected from an anticoagulant, an
antiplatelet drug, an enzyme related to fibrinolysis, an
anticancer drug, an anfiFinflammatory drug, an
antifibrotic drug, a hypotensive drug, an anti-pulmonary
hypertension drug, and an immunosuppressive drﬁg as
active ingredients. |
[Claim 81]

A compound represented by the following general
formula or a salt thereof:

[Formula 16]

/,’/
.

wherein Q represents a group COOR, a hydroxymethyl group,
or a formyl group, and R represents a Cl to C6 alkyl
group.
[Claim 82]

A compound represented by the following general

formula or a salt thereof:
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[Formula 17]

wherein R’ is as defined above; PG represernts a
protective group for the amino group; PG’ represents a
hydrogen atom or a protective group for the amino group;
and PG® represents a protective group for the carboxy
group.
[Claim 83]

A compound represented by the following general
formula or a salt thereof:

[Formula'l8]

PG?
< 5
.y
O pg?
) ©

wherein R>, PG!, PG?, and PG’ are as defined above.

-\\‘\



