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| NVENTI ON:  CYCLOHEXANE DERI VATI VE COVROUND Techni cal Field [0001]

The present invention relates to a novel cycl ohexane derivative conpound
havi ng pharmacol ogi cal activity, a nethod for manufacturing the same, a-

g
phar maceuti cal conposition containing the same, and use thmmmmmmmmmm“l
treating various disorders. [0002] Further, since t or a
phar macol ogi cal I y accept abl e sal g t@gcording to the invegison has
agonistic activity for G protei n-co{?gfejygLf receptor (GPR)--38; the conpound or
a pharmacol ogically acceptable salt thereof for use as a therapeutic or
prophyl actic agent for a condition or a disorder nediated by GPR38 is

provi ded. rti.c r inyentd, [ &ﬁ%ﬁ‘%l '
phar macol o{é?Eg?I ékagggpgggﬁngg}ﬁt‘ :thg’Jr}“eo Eq%é\&ea%éeﬁ@é a ther ap%?ﬁl\l?% and/ or
prophyl actic agent for gastrointestinal disorders associated with
hypormotility, for exanple, gastroesophageal reflux disease (GERD)
(particularly nonerosive reflux disease (NERD)), functional dyspepsia (FD),
functi ongﬁcﬁ‘é\?élaldiFsl&léders such as irritable bowel litl(A102' 2

[0001]

The present invention relates to a novel cyclohexane
derivative compound having pharmacological activity, a
method for manufacturing the same, a pharmaceutical
composition containing the same, and use thereof for
treating various disorders.

[0002]

Further, since the compound or a pharmacologically
acceptable salt thereof according tco the invention has
agonistic activity for G protein-coupled receptor (GPR) 38,
the compound or a pharmacologically acceptable salt
thereof for use as a therapeutic or prophylactic agent for
a condition or a disorder mediated by GPR38 is provided.
In particular, the invention provides the compound or a
pharmacologically acceptable salt thereof for use as a
therapeutic and/or prophylactic agent for gastrointestinal
disorders associated with  Thypomotility, for example,
gastroesophageal reflux disease (GERD) (particularly
nonerosive reflux disease (NERD)), functional dyspepsia

(FD), functional bowel disorders such as irritable bowel

*Govuuz™
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syndronme (particularly irritable bowel syndrone with
constipation(lBS-C)),diabeticgastropa;gsis,

consti pation(particul arl yfunctional corsti pati on),

opi oi d-i nducedbowel dysfunction, paral yticil eus, postoperative
gastrointestinal paralysis (particularly postoperative intestinal
obstruction), gastrointestinal synptons associated with scleroderma, etc.
(preferahly,.a therapeutic andlor prophylactic agent for functiaonal. bowel
o sor der ¢ Wiiaibrie *| BEERH G aBEL P BrdiRd e RO%ENy STherBRR | JRtn anc
further as at$haﬁpaceutical $%d {or use in pr treatnment for barium enema
X-ray ex&AHECIESH 1Y oral | hE@sti hal Iavgéé.eF6603] gastroRFIFErS: t he
invention relates to a prophylactic_or therapeutic agent for the

Ebove. doGEr b Keheen ISHNL e hEL¥he COREOAAIAGT L RO TR s an
active ingredient, a conposition for preventing or treating the

above- deSBHiBE didEes M@l ni n§YERENESAPBuUNd &5 ra@d Yadtd ve diRjtedi ent
use of the conpound for producing a pharnmaceutical product for preventing
or treat PRFRIRETHIOME deSeFFbedndicséasad, aparaleifod frigravientlhg or
treating the above-described di seases, conprising adm nistering a

phar macolRsgiteaidna taffect i vee abbuat opbsheuctipound to® st reeimied st{iprat er abl y
a human). Background Art [0004] GPR38 is a seven transnenbrane G
pr ot ei n- comyteths exepborabedi mgthi glvladfadetma f oetthe (peptfiedabint,i lda n, and
a GPR38 agonist is considered to mmc the activity of notilin. [0005]

A met hod therrapeasurd rapd/ GPR3Bopgphastic agenvi tfyr & unow inpladc Ware Wei ght
conmpound havi ng GPR38 agonistic activity, and the useful ness of the
conpound dirsdrite s eaduEnt ©f gaBEFO| Nt estbeal cdi sersdeicpaaressiggnerald y known
and described in Patent Docunments 1 to 3, etc.

constipation), and further as a pharmaceutical aid for use
in pretreatment for barium enema X-ray examination by oral
intestinal lavage.

[0003]

Further, the invention relates to a prophylactic or
therapeutic agent for the above-described diseases
containing the compound of the invention as an active
ingredient, a composition for preventing or treating the
above-described diseases containing the compound as an
active ingredient, wuse of the compound for producing a
pharmaceutical product for preventing or treating the
above~described diseases, and a method for preventing or
treating the above-described diseases, comprising
administering a pharmacologically effective amount of the

compound to a mammal (preferably a human).



[ 0006] Further, a nethod for evaluating gastrointestinal disorders
in rabbits by a test using a Magnus appar at us is also generally known and
descri bed in Non-patent Docunment 1, etc. Prior Art Docunents Patent

Docunents [ 0007] Pat ent Docunent 1: WD 2008/ 729 (corresponding U. S.
Publ i cati on Nos. 2008/27065 and 2009/ 192160) Pat ent Docunent 2: WD
2007/ 144400 (corresponding U.S. Publication No. 2009/131453) 4
Pat ent cunent 3: 2009/ 68552 (corresponding U.S. Publication No.
2010/ ozg%iélf)grﬁélﬁl-dpa &ht Docunent [ 0008]

[0004]

GPR38 1is a seven transmembrane G protein-coupled
receptor having high affinity for the peptide motilin, and
a GPR38 agonist 1is considered to mimic the activity of
motilin.

[0005]

A method for measuring a GPR38 agonistic activity, a
low molecular weight compound having GPR38 agonistic
activity, and the wusefulness of the compound in the
treatment of gastrointestinal disorders are generally
known and described in Patent Documents 1 to 3, etc.

[0006]

Further, a method for evaluating gastrointestinal
disorders in rabbits by a test using a Magnus apparatus is
‘also generally known and described in Non-patent Document

1, etc.

Prior Art Documents
Patent Documents
[0007]
| Patent Document 1: WO 2008/729 (corresponding U.S.
Publication Nos. 2008/27065 and 2009/192160)
Patent Document 2: WO 2007/144400 (corresponding U.S.

Publication No. 2009/131453)



Non- Pat ent Docunment 1: Pharmacol ogy, 79(3), pp. 137- 148, 2007 Summary of
the I nvention Problens to be solved by, the I nvention [0009] The
present inventors have made intensive %tudies, and as a result, have found
that a conpound represented by the bel owdescribed fornula (1) unexpectedly
has excel |l ent GPR38 agonistic activity based on its specific chem cal
structure, and further has excellent physical properties as a

phar maceuti cal pre ra%ion such, as_st ahi lity,. and therefore can be used in
B harmaceut s ARt knstn 76 udr 2505 Bhsarul SRR AT 13 or
t her apeuti ¢ .agent. for aig I % nditions or diseases associated with
gastrmlﬂaﬁﬁ%%ﬁﬁt%ﬁwaﬁer ?1@3@53 %@g% the invention has been conpl eted
based on these findings. [0010] That is, the invention is useful as
a prophy NEiRAANE HYEPeRRT ¢ agent for di seases such as gastrointestinal
di sorders associated with hyponmotility, for exanple, GERD, 5 FD,
functi onalOBBel di sorders such as irritable bowel syndrome, diabetic
gastroparesi s, constipation, opioidinduced bowel dysfunction, paralytic
il eus, postopemetri~Ratgast rdenrestt nhl  parahpsiod 0dyas t%iNt.e e nal 38y npt onms
associated wth scleroderma, etc., and further as a pharnmaceutical aid for
use in prietd.eatteht for barium enenma X-ray exami nation by oral intestina
| avage. Means for Sol ving the Problenms [0011]

Summary of the Invention

Problems to be solved by the Invention

[0009]

The present inventors have made intensive studies,

and as a result, have found that a compound represented by

the below—-described formula (I) unexpectedly has excellent

GPR38 agonistic activity based on its specific chemical

structure, and further has excellent physical properties

as a pharmaceutical preparation such as stability, and

therefore can be used in a pharmaceutical product which is

safe and useful as a prophylactic or therapeutic agent for

pathological conditions or diseases associated with

gastrointestinal disorders, etc. Thus, the invention has

been completed based on these findings.

[0010]

That is, the invention 1is useful as a prophylactic

or therapeutic agent for diseases such as gastrointestinal

disorders associated with hypomotility, for example, GERD,



The invention is directed to: (1) a conpound represented by the
follow ng general forrmula (1) or a phag macol ogi cal |y acceptabl e salt
thereof: [0012] [wherein A represents a phenylene group (the 6 groups
selected froma 01-03 al kyl . group, a 01-03 al koxy group, and a hal ogen
aton); B represents a 4- to 10- nenbered heterocyclic group containing 1 to
4 heteroatons which nmay be the sane or different and are selected from

T oaen pgg YR BBt o {1 I8 DS ELAEYSL SLun mRy: b OPanal 1y

substi tu gr oups r 6M SubSti tu group a), a 06-010

aryl grou the ary up ma b t onaIIy substltuted W th lt 5 groups
sel ected g’P ﬁom&bstfjtl%é l&r 0§8 g)ro 61 & 03- 010 cyc31 tIlkyri gr c?upjﬂ

cycl oal k nmay pe option substlt t ed th 1to rou selected
Y om eubsrrEbRe e Ay EERCE s phec i L i bUBNS at GRHOUE LIS ol Ky)
group; R2 represents a hydrogen atom or a 01-03 al kyl, gr.oup; R3 represents
a 01-06 élawlmd@&&ﬁtlél 3- 0PG ey ¢ISoa kyl GSdR i TR la) k SRPRILF3 al kyl
group, or a 01-03 hydroxyal kyl group; R4 represents a hydrogen atom a
01-06 al RPEOGHGHES orvidthal THetr AdDFHen rebFesent8dan fAtdgar 6 1a o0 4; X
represents nethylene, -0-, -N+, -N(C1-C3 alkyl)-, -C(=0)-, -S-, -§(0)-

- S(02) - BhaaTsiceyltd dSdnd21i8ndfPO01BFE in  PERIHEE3 FIRME gfi%p DR IdaHsi st s of
a hal ogen atom a 01-06 al kyl group {the al kyl group may be optionally
substi t ueegma HrrEyt exRrgraipesdiectedl fiobest Onabelavaphati c acyl group,
a carboxyl group, a 01-06 al koxycarbonyl group,an am nocarbonyl group(the

Means for Solving the Problems

[0011]
The invention is directed to:

(1) a compound represented by the following general

formula (1) or a pharmacologically acceptable salt
thereof:
R H
R3
@
[0012]
[wherein A represents a phenylene' group (the

phenylene group may be optionally substituted with 1 to 3



7 am nocar bonyl group may be optionally substituted wwth 1 or 2 groups
selected froma 01-C6 al kyl group, a Ql1- 06 hal oal kyl group, and a 01-06

al koxy 01-06 al kyl group), a carbam do group which nmay be optionally
substituted with one or three 01-06 al kyl groups, a 01-06 aliphatic
acyl am no group which nmay be optionally substituted with a Cl-06 al koxy
group, a 01-06 aliphatic acyl 01-06 al kyl am no group, an am doxy group

whi ch na pt.i S i tuted wt 01- 06 _akky ps, a
01-06 al éf/fl ?gfg’f oényr@égér%%p?PgﬁﬁEa t%%l%% rr%%gg?e %oteu;%é’r o%ygﬁi ?%r%ﬁ%ﬁg}l

cont ai ni to 4 _heterqat which may Qe e or_ di,f ferent, and are
selected% P&ﬁﬂni??ggéh,%%%g)éﬁf gﬁgm%dlfgrgg&ﬁﬁaggﬁgstg'16-né%§eﬁég

het erocyclic carbqgnyl group containing 1.taq 4 heteropat whi ch may be the
same of BEFPETEm ol T Set Sct baUPr SR O, | oxggdn Pt TR }, a
03- 010 cycl.oal kyl grou t he cycl oal kyl_ group nay be optionally substituted
win s ¢ eh s el ot CarboRTn torbth, S 5° 058 CHPR s bony|
group, and a 4- to 10-nenbered heterocyclic group containing 1 to 4

het er oat O BARISEh Y Bt héndandl bru i ﬁFE@e?ﬂetaerﬁP%Y%l%%l géres Maom

ni trogen, oxygen, and sulfur), a 01-06 hal oal kyl group (the hal oal kyl group
may be OPEi lopadulystsultteldc Wi eh 1ith B HPobpgresiscsed STtaA &£ x4t boxyl
group, a 01-06 al koxycarbonyl group, and a 4- to 10- nmenbered heterocyclic
group costdistiingeht grburte) patof®-C8 Wi hl nayobe t(hbesamy lorgmhidd er ent
and are selected fromnitrogen, oxygen, and sulfur), a 01-06 hydroxyal kyl
group (thevyhydr oxyal dydl by oapbatytbéedptiidhall ytgubsuirouped sdltdrtied o 3
groups selected froma carboxyl group, a 01-06 al koxycarbonyl group, and a
4- to 10-frembes@ds hetesneygliougraeup eentai @nRg1h t eydlbet eyoatpmmuphi ch
may be the sane or different and are selected from nitrogen, oxygen, and
sul fur), (@h@l-Qelalkkeyl Ord ahkyl bgr oppibhhelal kaxyalikyltegr ouphmay be
optionally substituted with 1 to 3 groups selected froma hydroxy group, a
01- 06 al kexy r Quuds 0106) dydegxyabkyl greur.i taR @M NACAboOny| ; greup which
may be optionally substituted with 01-06 al kyl, a carboxyl” group, a 01-06
al koxycarRomdsHaupa anghAodent &ddhh MyFbeped: het er oG/l C ggtbRR CRAt ai ni ng
1 to 4 heteroatons which may be the same or different and are sel ected from

ni trogen., g AN St §HEdend Arort 0 oL0- FETBEIEY hetgrocyslis ar gup

containing'l to 4 heterocatons which may be the same or dif%erent and are
sel ected fr . t.rogen « n fur, _ 0 i yl p, a
01- 06 alﬁ% 3%5%%§€,Q5Q559§%Qﬁg?%g|€%§§bgr%u8§ gagléﬁgﬁﬁgﬁﬁééyé?%%§§ group,
a 06010 aryl-o a-.01-Q6 _al kyl thi roup, _a~carho rSHH’ 01- 06
alkoxycafbé%§ﬁ¥%géﬁ%gx% ﬁnggxﬁﬁé ouﬁ?&gqgl-%g 3Ith§?i§xg%§1 grdc ,an
am no group,. a -06 _al kyl am no .gr ou a 03-010_cycl oal kyl.am no_group, a
01 06 o SRy EIniTo “gPOGD D E (B S RIS aRT A8 g o 08 & i phat b
acyl am no groug, a cyang group, a nitro grou ,.a Od-0C6 kyl sul f onyl group,
a O-06 @falkyPanPABEul Ry ﬁr SGBresRat LCaBtErGE & ou%]?o 407X ()

t he conmpound or pharnacologicallé accegtable salt thereqf according to the
above (1)CRAFSET AgHE gHenyTene gMBap wHilEH ey B&Yapti-ondt (5P~
substituted with one to three 01-03 al kyl groups; (3) the conpound
or phar maéol-ogié)ly actépt ablog FalStintHeE dsMAcctding to the above (1) or
(2), wherein Bis a 4- to 10-nenbered heterocyclic group containing 1 to 4
het er oat d®®aHi ch may be the same or different and are sel ectedfrom

ni t rogen, oxygen, andsul fur (t he
substituent group o consists of a halogen atom, a

Cl-C6 alkyl group {the alkyl group may be optionally
substituted with 1 to 3 groups selected from a Cl1-Cb6
aliphatic acyl group, a carboxyl group, a Cl-Cé6

alkoxycarbonyl group, an aminocarbonyl group (the



het erocyclic group may be optionally substituted with 1 to 5 groups
sel ected from substituent group a) or -a 06-010 aryl group (the aryl
may be optionally substituted with 1 to 5 groups sel ected from substituent

group a);

gr oup

(4) the conpound or pharmacol ogically acceptabl e salt

t hereof according to the above (1) or (2), wherein Bis a pyridyl group
whi ch may be optionally substituted with 1 to 5 groups selected from

subst ¢ USnl nEauB A, of 2 BOSTKL. SnOuPOUDL o, TRY bRt ANALd Ypphst Lut ed

with 1to groups

fro uen up a;

conpound _or- phatr | ogi a tabl e sal t of or diL ng.-t. 0. any one
of the aBovezp(%gﬁﬁg(zﬁqé,féal %%%i% &F‘ ac|?s%z:aL %16 O%D]g{/lﬁylg%ﬁl u’p;‘l’1 %C} T
onpound .or_phar macol ogi gcal accept ab |'t.thereof according to
SR IPRL b0 Gy 7 5. CaRePert R oo Todt bien GeSHET. S O (%)
conpound or. pharnmacol ogi.cal ly acceptabl.e salt thereof accqrdi,ng to an
of tRErRRBTE( 1‘%%@(8&}‘3&/{1&\%4 R AR %W?Fla}lgﬁg; with (é)
conmpound or pharnacol ogi cal ly acceptable salt thereof according to any
of tRBCab&¥e (thraso CA-Cahetefnt RAITSURShydRogen ~&omaliphatic
conpound or _pharmacol ogi cal |y acceptable salt _thereof according to any one
of the aBéveéapiynot §regP WikgieiMpiX #e cptippal iy substitutedi Bt Gnpound

represented by the follow ng general formula (1A) or a pharmacol ogically
accept abCé-§&l t dWhexei nBrapitesend saft¥I0- medbehegic acyl C1-C6

(6)
any
t he
one
t he
one

t he
one

alkylamino group, an amidoxy group which may be optionally
substituted with one or two Cl-C6 alkyl groups, a Cl-Cé6

alkylsulfonyl group, a 4- to 1l0-membered heterocyclic

(9) the

group containing 1 to 4 heterocatoms which may be the same .

or different and are selected from nitrogen, oxygen, and
sulfur, and a 4- to 10-membered heterocyclic carbonyl
group containing 1 to 4 heteroatoms which may be the same
or different and are selected from nitrogen, oxygen, and
sulfur}, a C3-Cl0 cycloalkyl group (the cycloalkyl group
may be optionally substituted with 1 to 3 groups selected
from a carboxyl group, a Cl-C6 alkoxycarbonyl group, and a
4- to 10-membered heterocyclic group containing 1 to 4
hetercatoms which may be the same or different and are
selected from nitrogen, oxygen, and sulfur), a Cl-C6
haloalkyl group (the halocalkyl group may be optionally
substituted with 1 to 3 groups selected from a carboxyl
group, a Cl-C6 alkoxycarbonyl group, and a 4- to 10-

membered heterocyclic group containing 1 to 4 heteroatoms



het erocyclic group containing 1 to 4 heteroatons which nay be the sane or

different and are selected fromnitrogen, 11 oxygen, and sulfur (the

het erocyclic group may be optionally substituted with 1 to 5 groups

sel ected from substituent group a), a 06-010 aryl group (the aryl group may

be optionally substituted with 1 to 5 groups selected from substituent

group a), or a 03-010 cycl oal kyl group (the cycloal kyl group nay be

optionalh%i%%bsggtugﬁd W%t@a%ltooé n%%%ses IecQ;da£é0g1§% %htqgﬂﬁngroup
Sents a y& 1 ﬁ%w ;

a); R -repre fogen a onf of -4 grous, represents a
hydrogen_atom or a 01-03 al kyl. qr . \R3 represents a 01- | kyl group, a
03- 010 CPar SR Gl a A0S aTREY G Os o kI Eraus . & it0s

hydr oxyal kyl group; R4 represents a hydrogen at a 01-06 al kyl group, or
2 hal oot G0y T e dEan(E P | TR EobF GPLIoTGIAY XUPSRTLR Hathyl ene.
-0-, -NH, -N(C1-03 alkyl)-, -0(=0)-, -S-, -S(02)-_or a single bond; and
[0015] 1 O SUbEFPHRENtSYPFITFER Comdt sbs THROHR 08 Rron? &£ 10106 al kyl
group {the al kyl group nay be optionally substituted with 1 to 3 groups
sel ect ed 3¥ORYE 3ROy lal IR AtyR Grotp, 18 8&rberRd GreddFow D6
al koxycar bonyl group, an am nocarbonyl group (the am nocarbonyl group nmay
be optiog&lOWp sstdinited W th 1 Set2rpadupss serbeh edafr Om &1 @1 -G8l kyl
group, a 01-06 hal oal kyl group, and a 01-06 al koxy 01-06 al kyl group), a
car bani dergréupfevdch any Becopte¢baateyd Sulest initedoswt hoxyZeone and t hr ee
01-06 al kyl groups, a 01-06 aliphatic acylam no group which nmay be
opt i onal Isylsfudast,i taut@d-Gf tadl ko - OB-@bkexkydr gupupa (Ehe06 ldddpreitkxl acyl
01-06 al kyl am no group, an am doxy group which nmay be optionally
substi t ugedup thapnéer opoNd106 ad kyst Jtotps, wathl- 06 tal kgl sytdupy |
group, a 4- to 10-nmenbered heterocyclic group containing 1 to 4 heteroatons
whi ch maygchedthel samn of Wy dfetendrang, apecsekbecteadokro@rbig,0gerc1-0xygen,
and sul fur, and a 4- to 10-nenbered heterocyclic carbonyl group containing
1 to 4 hefenrRatryys ahieh c{@éﬁ: e dheasanBcarbehl/fegentpant iae geted from
ni trogen, oxygen, andﬁghl urf? a 03-010 cycloaPkyP grgup (thengﬁtloalkyl
group may, g Rphignal s siulstdd uhedh Welibcd £9x319r QURS $RI.8AL ef UM a
car boxyl group, a“01-06 al koxycarbonyl group, and a 4- to 10-nenbered
het er ocycl i g4 grQuUpP 1.0j to,4. heter o] hi A me or
differen%’agé g?e %ggg%?%§£$§%%%ni ?% eh,éggiggﬁ,wgngggulxtr f&%§6%?06
hal oal kyl,_ _gr e Kk 0 pti | it yt ith 1
fo 3 gronseeituerad MRl LB gra S8 2 bt gEoatel dasthat ol oup.
amia4-tot0-nmmmed%ﬁfmm(ﬂhzmo%)uﬁu%%n%1t04tmnmomom
whi ch may *be" the”84fe Gr et aHd &€ serecreact FEMMItrdgeit  roxygen
and sul fur), a 01-06 hydraxyal kyl group (the hydroxyal kyl grou y be
opt i onal G Y&yt i F‘ijedgwigﬁlé?'toas T ou é geq_é%?“ék&e%/er%m%f%axr T3Qroup, a
1- 1
01-06 %roup containing 1 to 4 heterocatoms which may be the same

or different and are selected from nitrogen, oxygen, and
sulfur, a C1-C6 aminocalkyl group, a Cl-C6 alkoxy group, a
Cl-C6 haloalkoxy group, a Cl-C6 hydroxyalkoxy group, a C6-
Cl0 aryloxy group, a Cl-C6 alkylthio group, a carboxyl
group, a Cl-Cé6 alkoxycarbonyl group, a hydrogy group, a
Cl-C6 aliphatic acyl group, an amino group, a Cl-Cé6
alkylamino group, a C3-Cl0 cycloalkylamino group, a Cl-C6

dialkylamino group, a Cl-C6 alkoxyamino group, a Cl-Cé6



al koxycar bonyl group, and a 4- to 10-nenbered heterocyclic group containing
1 to 4 heteroatons which may be the sgpe or different and are selected from
nitrogen, oxygen, and sulfur), a 01-06 al koxy 01-06 al kyl group (the

al koxyal kyl* group being optionally substituted with 1 to 3 groups sel ected
froma hydroxy group, a 01-06 al koxy group, a 0106 hydroxyal kyl group, an
am nocar bonyl group which may be optionally substituted with 01-06 al kyl, a
car boxyl _gr. - - | kox onyl p a_4- . 10- ered
heterocyggﬂ%%%Fégb%%:n%gﬁﬁﬁ%é%%§%§’4gh%§égga Sﬁggﬁh?cﬁl%%§ gﬁﬂﬁﬁg Same or
different,_and are sel ected fromnitrogen,_ .0 en, _and _.sul.fur), 4- to

T0- ronbeFad et BE6LJERLEoG dunTEBHP Al i N 110 AiAROar ol S AR brmy be
the sane or different g: e selected fromnitrogen, oxygen, and sulfur, a
01- 06 anﬁﬁGﬁ%kyF”ﬁ*&Uﬁ%q iﬁ:%ﬁy |kKOX3® gt oup, a 01-06 hal oal koxy group, a
01- 06 hydroxyal koxy group, a 06010 aryl oxy group, .a Q1-06 al kyl thi.o group,
a carboxyl groug,) at®e- 06CHPRERYCaBonPhagress L o inpdrioky 3 EiF a4 ©01- 06

al i phatic acyl group, an am no group, a 01-06 alkylanino group, ~.a 03-010
cycl oal kyRam nehgFereb, 2agcerdcsadi 8 khamare it olip) » a “BELE8 Tal kokxfardi no
group, a 01-06 aliphatic acylam no group, a cyano group, a nitro group, a
01- 06 al kejlesilfemsy | 95pemp Wwha cbl -1y dbal oA tEmnsky f erpptgEstpd addha 06- 010
aryl group]; (11) a compound represented by the foll owi ng general 14
formul a EnB) tor taysearditedt] oylilcal |greaeeept abl e salt thereof: [0016]
[wherein R represents a hydrogen atomor a Cl1-C3 al kyl group; RS
represents a griGup selkectedpbruom swrst iphaemnt agprlogp gl land @GP able
substituent group a consists of a halogen atom a 01-C6 al kyl group {the

al kyl gr eap thmyhdreoptaonatdingubst ithet exbonid h( 1) tor3 (g) puphezeliectBed from
a Cl-C6 aliphatic acyl group, a carboxyl group, a 01-06 al koxycar bonyl
group, ansard npcaronylmemnBep el e tah oeEr Doyt o@p odpniBY nhagopt itenal |y
substituted with 1 or 2 groups selected froma 01-06 al kyl group, a 01-06
hal oal kyl; q{OouPsoa8ha Qh108 alkoXye O1n86 sakleylo9r QUPFer@n€akbam-de group
whi ch may be optionally substituted with one or three 01-06 al kyl groups, a

C1- 06 al igRhaldiGRcylammo griauR,gii ch may, &, optignal | s suhsti tutgt with a
heterocyclic group may be optionally substituted with 1 to
5 groups selected from substituent group a) or a C6-Cl0
aryl group (the aryl group may be optibnally substituted

with 1 to 5 groups selected from substituent group a);

(4) the compound or pharmacologically acceptable
salt thereof according to the above (1) or (2), wherein B
is a pyridyl group which may be optionally substituted
with 1 to 5 groups selected from substituent group a or a
phenyl group which may be optionally substituted with 1 to
5 groups selected from substituent group o;

(5) the compound or pharmacologically acceptable
salt thereof according to any one of the above (1) to (4),

wherein R! is a C1-C3 alkyl group;



15 01-06 al koxy group,a 01-06 aliphatic acyl C-06 al kyl am no group, an
am doxy group which may be optionallylgubstituted with one or two Cl1-06
al kyl groups, a 01-06 al kyl sul fonyl group, a 4- to 10-menbered heterocyclic
group containing 1 to 4 heteroatons which may be the sane or different and
are selected fromnitrogen, oxygen, and sulfur, and a 4- to 10-nenbered
het erocycl i c carbonyl group containing 1 to 4 heteroatons which may be the

same or di ffer&% apd ar %Pﬁw?o%%td]ed ”Og‘n%irh%%%%yigc@iq p gﬁc{ali‘%psc‘éjﬁ%r}’ a

03- 010 cycl oal group cycC ogfky group nmay be o y substituted
with 1 to 3. groups selected, froma carboxyl gr , 01- 06 ,al koxycar bonyl
Or oup. and L FS o0 SRR e ooty Ol Fcobr OB EBROR: ridg T 1o e

het er oat ongs _whi ch,may be tge same or different and are selected from

ni t r ogen"P&¥Fgen R aﬁé SuP¥ErPIe] 61988 hal oal kyl group (the hal oal kyl group
may bevoptionaIIX substituted with 1 to 3 groups selected from a carboxyl
group, a 01-06 (dlkokP€ar BERAYPYGoupr ardazm@coleaisa e cyclic
group containing 1 to 4 heteroatons which may be the same or different and
are sel eéedd oA s’ A Xy geh, 2andoBal Piir Fheaadeves (Hydrtexydkyl group
(the hydroxyal Kyl _group may be optionally substituted with 1 to 3 groups
sel ect ed viheaia &ar bexyl Cdrodp aldydl g@ua koxycar bonyl group, and a 4- to
~10- menbered heterocyclic group containing 1 to 4 heteroatons which nay be
the same 16 or(8di f teeentoapduade se&l ephedmiacohadiitaedden, amaagearabland

sul fur), a 01-06 al koxy 01-06 al kyl group (the al koxyal kyl group may be

opt i onal Isplsubdteartantfeceamdlilng ot @ gmpupsesefethed abloom g INydroxly’)gr oup, a
01-06 al koxy group, a 01C6 hydroxyal kyl group, an am nocarbonyl group which
may be optieardld Ristibsti hytedgeint Bt0i.06 al kyl , a carboxyl group, a Cl1-C6
al koxycar bonyl group, and a 4- to 10-nenbered heterocyclic group containing
1 to 4 heteroat(@ys whieChcipoed hersaphaehadidliceyientl Iand sy melscd ed from
ni trogen, oxygen, and sulfur), a 4- to 10-nenbered heterocyclic group
contai ni RG 1k QA het e/l B ShaRYoRe bhetrpamaperedififierent gand are
selected fromnitrogen, oxygen, and sulfur, a 01-06 am noal kyl group, a

01- 06 al k@et-4h0upP.: £ BL- Q6 halpal koxy group, a 01-06 hydroxyal koxy group,
a 06010 aryl oxy group, a 01-06 al kylthio group, a carboxyl group, a 01-06
al koxycar bonyl ,grQup, y. 1: 06 i tiC, I HUp, an

am no group, a (g‘fgo% a ngrﬁlor%é%%%?ngegﬁg16ﬁ%yglr&%alloﬁvﬁ%?r/ﬁgn%{ group, a
01- 06 di | am no oup,..a Q1- 0 1 up - al i iC
acylanin?%%ﬁﬁ%x aﬁ%@ﬁnooaro%pfﬁ%%ﬁ%ﬁ%&%ﬁ%&%%9%901?5§e§%€%ﬁ§mf%%%ﬁ group
a 01-06 q&%JQ%kgninosulfonyl group, and a 06-010 aryl group]. (12)
t he conpoun&~o ‘phar macol ogi cal |y acceptable salt thereof according to the

above (10) or (11), whereipamRl is a nethyl group; 17 (13) the
conpound qr par ngcol ogi o acceptabl e salt thereof according to the
above (18 5, wher-ehn_R

N of is a 01-06 al kyl group {the al kyl group may
be optional |y gﬁhstituted with 1 to 3 groups selected froma 01-06
aliphatic acC
am nocar bonyl

grep, @ \.rg xyl group, a 01-06 al koxycarbonyl group, an

p ( A ﬁocarbonyl group may be optionally substituted
with 1 or 2 grogp setfed froma 01-06 al kyl group, a 01-06 hal oal kyl
group, and a 01f al koxy 01-06 al kyl group), a carbam do group which may
be optionally substiltn Rbw th one or three 01-06 al kyl groups, a 01-06

al i phatic acyl am no group which may be optionally substituted with a 01-06
al koxy group, a 01-0&R%liphatic acyl 01-06 al kyl ami no group, an ami doxy
group whi ch may belggtionally substituted with one or two 01-06 al kyl
groups, a 01-06 alﬁylsulfonyl group, a 4- to 10-nenbered heterocyclic group
cont ai ni n@ot 410 4 heteroatons which may be the sanme or different and are
selected fromnitrogen, oxygen, and sulfur, and a 4- to 10-nenbered
heterocyclic carpePdirgr oy contBidydmtsl t e 4 het er aad onsl oMM &Gtbd®yd be the
sane or different and are selected fromnitrogen, oxygen, and sulfur), a

01- 06 hyq{meial 1 10r Qs (b heo Ay Sl 0xy @l kY oguouR 1Y B n@Pt/rona Inay
substituted with 1 to groups selected froma carboxyl group, a 0I-06

al koxycanonyl e 95QHB. ANy A s r L0: 107 HETRAS g NELELACYELLC B Oy erl 8




containing 1 to 4 heteroatons which may be the same or different and are
sel ected fromnitrogen, oxygen, and s #fur), O a 01-06 al koxy 01-06 al kyl
group (the al koxyal kyl group may be og ionally substituted with 1 to 3
groups selected froma hydroxy group, a 01-06 al koxy group, a 01-06

hydr oxyal kyl group, an am nocarbonyl group which may be optionally
substituted with 01-06 al kyl, a carboxyl group, a 01-06 al koxycar bonyl

. and a 4- to_10- d het Li taining 1 to 4
Pet of bat G i ch Wy b8 TAE Sant 61 ol FFEFEN ARG ar S6F ocPed f o

ni trogen, qgxygen,, and sulfur); . 14) a_conmpound represented by the
ol | ou NSt oF REFEERFear 14 Shatnditor Soi ERILF aceLpeathe it

t her eof : 0018] [wherein A represents a phenyl ene group (the 19 groups
sel ected F PRI EPRY | ¢ yr odpCoaCOL- oBrl kok9UBr 6GpS afd la HWyen
atom; B represents a 4-_to 10- nenbered heterocyclic group containing 1 to
4 het er odPIMEP PR PRFLbE EHESSARBTEE dilftherent afd 9&PEPSe| S EH FF om
nitrogen, oxygen, and sulfur (the heterocyclic group nay be optionally
subst i t utfebrwi shbdtibusngr qupsitsedeet et f 2oMsWast | cuehvagkylp gqu@m 06- 010
aryl group (the aryl group may be optionally substituted wwth 1 to 5 groups
sel ect ed (frhemaybstd tiehtggpaupnay , ber catd8ne 10 ye pebedlikylt egr olipg-H{ the

cycl oal kyl group may be optionally substituted with 1 to 5 groups sel ected
from subsatd t tentgsmpp a3el&btee@pr €semt s sadhydragen atqowy ax0l1- 08 al kyl
group; R2 represents a hydrogen atomor a 01-03 al kyl group; R3 represents
a 01-06 aldplesgmoup, aa PRdOdfecydtaat kylr gaoupl-@3 0E103/1al kawypQl-R3 al kyl
group, or a 01-03 hydroxyal kyl group; R4 represents a hydrogen atom a
01-06 al kypr@ssaiiys O ahpakogen aitwm B epr eSBAE3 @l lkiylt egebudl; 1Rto 4; X
represents nethylene, -0-, -NH, -N(CL1-03 alkyl)-, -C(=0)-, -S-, -50)-,

-S(02) - aeppedididle pandicansh £P019toup, a c3UbID IRNLANGUP F-HQNsi sts of
a hal ogen atom a 01-06 al kyl group (t%e al kyl group nay be optionally

substitutedmidd d1kox3 8106BS a3@acCiab g omAa gachaxyl HyBHy A 181 06
al koxycar bonyl group, and a 4- to 10-" nmernbered heterocyclic group
cont ai 'ni r%]Qo:'upt;o th t}%tpexre%%tn%@; a %gldrogen atom, a Cl-Cé6 alkyl group,
or a halogen atom} n represents an integer of 1 to 4; X
represents methylene, -0-, -NH-, -N(Cl1-C3 alkyl)-, -C(=0)-,
-35-, -S(0)-, -S(02)- or a single bond; and
10015]
substituent group o consists of a halogen atom, a
Cl-C6 alkyl group {the alkyl group may be opfionally
substituted with 1 to 3 groups selected from a C1-C6
aliphatic acyl group, a carboxyl group, a Cl-Ceé6
alkoxycarbonyl group, an aminocarbonyl group (the
aminocarbonyl group may be optionally substituted with 1
or 2 groups selected from a Cl1-C6 alkyl group, a C1l-Cé6

haloalkyl group, and a Cl-C6 alkoxy Cl-C6 alkyl group), a

carbamido group which may be optionally substituted with



whi ch may be the same or different and are selected from nitrogen, oxygen,
and sul fur), a 03-010 cycl oal kyl groupz(the cycl oal kyl group may be
optionally substituted with 1 to 3 groups selected froma carboxyl group, a
01- 06 al koxycar bonyl group, and 4- to 10-nenbered heterocyclic group
containing 1 to 4 heteroatons which may be the same or different and are
sel ected fromnitrogen, oxygen, and sulfur), a 01-06 hal oal kyl group (the

hal oal kyl,,gr oup. may, he. opti onal Iyu@ypstgwagg Wi ph &1L@63 Qm%ts@ ect ed
froma carboxyl group, a 01-06 al koxycarbonyl "group, and

o Terose Spepnilr o ol Kon oy St wilar o

t he sane ogen, oxygen, and sul fur),

01-06 hyd he hyd I b t
2 010 by ol 55 S ol ectoh 1% omea EUASaRy | BFbup. & G2 06
| k d - 10, 10-nenbered, h I t
1 to 4 nelaviarane %%n%pbaénf%%%a”ﬁaoﬁéemﬁ Lo AR S o

nitrogen, o0x fur) a 01-06 K 6 al k group.(t
alkoxyalﬁyg ég oﬁploﬁﬁfl§wgu "f% @gﬁﬁgtﬁﬂi‘ﬁ533 @r '*gielected
froma carboxyl , a 01-06 alkoxycarbo I up, - to

10- menbePedY] %ﬁiﬂﬂ%%l ST up Eont'ai nithy g%tggﬂgﬁﬁi og{ O S TH ey be
the sane or different and are selected from nitrogen, %gen and sul fur),

a 4- to SEFOURDCORdeHaty hbt BP oby BIStE TGGIRT ot B hi RgY 1 PFo thehetaat ons.

whi ch may be the sanme or different and are selected from nitrogen, oxygen,
and sul f @r, ¢iDleosantndalddd Yebepted roge il Kexgeyr oegsyggnala%i
hal oal koxy group, a 01-06 hydroxyal koxy group, a 06-010 aryl oxy group, a
01- 06 al leylltthiro grodp, aa ¢ar Boxy|l Qg e zed 1166 et dapgAcat boratbgrblup, a
hydr oxy group, a 01-06 aliphatic acyl group, an am no group, a 01-06

al kyl am na ogiroumntea 080401 cyol dalhleydeamiatoongy owipi cla Bdy0beditdlekydzamd no.
group, a 01-06 al koxyam no group, a 01-06 aliphatic acyl am no group, a
cyano group,daffetémot gradp,arde 0de D6cat iy If3uwhd anyt rggenp, oaydEn)6 and

di al kyl am nosul fonyl group, and a 06-010 aryl group]; (15)

" trans- 4- (sdnfduiar,ophenaxy) oN-die Tl T 1 4ofbhBS) ¢t neyhybaipgnazimoup

"yl ] net hyl | phenyl ) cycl ohexanecar boxam de, trans-4-(4-

f1 uor ophepgxye Nopet byd 1 N (SupBtA¥ditdo{ [WidP) -B-to 3 groups selected

met hyl pi perazi n-1- yI]nethyIIphenyl)cyclohexanecarboxanlde

tr ans- 4- [{oxf |1orpyd:L @i er?OLYEL% Oé(ydilhb@'eﬁﬁkbxy'c@%bg%tyhy%’rou and a
4-{[(3S) - 3- nethylplpera2|n | y1 ] et hyl | phenyl )cyclohexanecarboxanlde

t 4- 3- 4-1[+( 3

ety pi per D e P B T e bl et e T 98

t 4- 2- t -R-( 3- th

ber a1 - PEtes Ry Bh L) BREP VB ) éefasr*%‘é%af{%%xﬁaf%%[m) PP
3-(ft 3S)-3-neth | -yl t | ph |

§ca§ba$” af[ﬁ"e% ATy i acaraiae 2! RRIPALLY ) a ] Ll pheny
3-(ft yl (3- net hyl - 4- 39) - 3- net hyl

[1 yl(] mra?ns Oﬁ?&%ﬁ Qgpﬁgem)y T%yé}{%&ﬂﬁ%}ﬂ'%% ]%&2??*?0 Wi P35bhr opy!

[ 3- (ftrans 4- [nethyl(3 net hyl - 4 -% (3S)-3- nethyl |pera2|nl

yl ] met hy [ SYRFEriIVEESH be#bY I ]1cy"c<Po exdf T &xs) 6ﬁéﬁ§|t]e§ce’%%% agrCgrboxyl

phar macol ogi cal ly acceptable salt thereof. (16)

trans- 4- GQRhydr oky= 86 alkoxycarbonyl group, and a 4- to 10-

met hyl propoxy) net hyl | phenoxyl - N- et hyl - N- ( 3- net hyl -

1[ ( 3S) - 3meatdpgsl pke@a@mcwl}@egﬁyuppwa)wdlq)hbx‘aﬁeéarktﬁﬁ@?ﬁwms
trans-4-({3-[(2-

hydr oxy- 2#metthyhay opexyhretdnnd pbenglilfdmmeo)t Neme@t ye- Ne(@atstchyflza {[ ( 3S) -
3- et hyl pi perazin-1-yl ] net hyl | phenyl ) cycl ohexanecar boxam de, 3-({trans-4-

[ met hyl ( rimddueds A-$k(3S) 5 SaﬁﬂtmwuﬁqmwazanGEyCﬁHEWMﬁdmyaﬂnMDcgmiwmnyl]cyc
| ohexyl | oxy) benzyl net hyl carb anat e,

2-[ 3- (f transs 4hlyeridhyla(kyret bybug- {h4 3S)b8- nephydpi peyazsubdtituted

yl ] met hyl | phenyl ) car banoyl ] cycl ohexyl | oxy) phenyl ] et hyl carb amate,

2-[3- (ftrangr 4 [v@t hydfSupet S¥l 4t db( BBhm3a BRI IPe@Aig) 1o C1-C6



yl ] met hyl | phenyl ) car banoyl i cycl ohexyl | am no) phenyl ] et hyl net hyl car bamat e,
2-[3-(ftrans-4-[nethy|(3-nethy|-4-1[(?§)- 23 3- et hyl pi perazi n-1-

yl ] met hyl | phenyl ) car banoyl ] cycl ohexyl fam no) phenyl ] et hyl di net hyl car bamat e,
trans-4-{3-[2- (i sopropyl am no) - 2-

oxoet hyl ] phenoxyl - N- et hyl - N- ( 3- net hy1-4-{[ (3S) - 3-

met hyl pi perazi n-1-yl ] met hyl | phenyl ) cycl ohexanecar boxam de,

trans-4-[(,2-cyanapyridi n-4-yl)oxyl-N npethyl -N-(3-net hyl-4- .

1L (33)-3%&@&%510&1%% i r%rlqt}/%/’l ]?Fé% h¥ 1 fm%?%y|1§c§“€ﬁ<:%é>%dﬁ§ceatrebrooxc RS or a
phar maco o%jcall accept abl e_sal t Eﬁfreof' : (17§

trans- 4- & %&%&WW ) bhERoXy RNEHHAT N R h{1Y 428 (38 -3 Wet hyl pi
erazin-1- vyl nethylIghenyl)%yclohexane arboxanm de or a pharnacolgg&falryp P
accept abl°& s Fiehep Oppd are se%ﬁqgﬁ rom nitrogen, oxyden,

-4-3- - - -4- -3- i
e e L L o g e o
trans-4-[(2-cyanopyridin-4-yl)oxy]-N-nethyl -N(3-nethyl-4-{[(3S)-3-nethylpip
er azi n- 1.9ndUarePRyNOpheRyipeg el shexapethE bbraniwetor la pRar fractiVgiTal |y

acceptabl e salt thereof; (18-1)
t rans- 4- [sed-asytatbpimrandi -y gt yoxygriamet By CN-C3- metkiorly: 4rquBs)a £ het hyl pi p
erazin-1- yl]methyll phenyl)cycl ohexanecar boxani de; (19)

trans- 4- & [(ydicomopyl awag) » 2an aminocarbonyl group which may be

oxoet hyl ] phenoxyl - N-net hyl - N- (3-net hyl1l-4-{[(3S)-3- 24
optionally substituted with C1-Cé6 alkyl, a carboxyl group,
a Cl-C6 alkoxycarbonyl group, and a 4- to 10-membered
heterocyclic group containing 1 to 4 heteroatoms which may
be the same or different and are selected from nitrogen,
oxygen, and sulfur), a 4- to 1lO-membered heterocyclic
group containing 1 to 4 heteroatoms which may be the same
or different and are selected from nitrogen, oxygen, and
sulfur, a Cl-C6 aminocalkyl group, a Cl-C6 alkoxy group, a
Cl-C6 haloalkoxy group, a Cl-C6 hydroxyalkoxy group, a Cb6-
Cl0 aryloxy group, a Cl-C6 alkylthio group, a carboxyl
group, a Cl-C6 alkoxycarbonyl group, a hydroxy group, a
Cl-C6 aliphatic acyl group, an amino group, a Cl-Cé6
alkylamino group, a C3-Cl0 cyclocalkylamino group, a Cl1-C6
dialkylamino group, a Cl-C6 alkoxyamino group, a Cl-Cb6
aliphatic acylamino group, a cyano group, a nitro group, a
Cl-C6 alkylsulfonyl group, a Cl-C6 dialkylaminosulfonyl

group, and a C6-Cl0 aryl group]:;

(11) a compound represented by the following general



met hyl pi perazi n-1 -yl ] nmet hyl | phenyl ) cycl ohexanecar boxam de or a

phar macol ogi cal |y acceptabl e salt the{gof (19-1)
trans-4-{3-[2- (i sopropyl am no) - 2-

oxoet hyl ] phenoxyl - N- net hyl - N- (3- met hy1- 4- 1[ ( 3S) - 3-

met hyl pi perazi n-1-yl ] net hyl | phenyl ) cycl ohexanecar boxam de; (20)
trans-4-{3-[(2-hydroxy-2-

met hyl pr th phe xyI N-

{[(3S) - 3%8%%%%; p(gﬂréam ngg r%ﬁg}?/% %%%%[%y ohexangg P%gxan%adlet or a
phar macol %%I calfl y acceptabl e sal t ther eof ; (20-1)

trans-4- - hydr oxy- 2-

met hyl pr opoxy) met hyl ] pheng
{[(39)-3- rTEIt hyI pi per azi

yl - N- et hyI -N-(3-net hyl-4-
| met hyl | phenyl ) cycl ohexanecar boxam de;

(21) trans (R3-[(2-hyd

nmet hyl pr met hyl |@henytT arlRno) - N- net hyl - N- (3- net hy1- 4-

{[(3S)-3 rret yl pi perazi n-1yl ] met hyl | phenyl ) cycl ohexanecar boxam de or a
phar macol ogicaldy, ag€eptabl e salt thereof; (21-1)

trans-4-(13-[ (2 hyd 2-

nmet hyl pr opox ptfenyl | am no) - N-net hyl - N- (3- net hy1- 4-
{[(3S)-3-neth) rin-1- yl]nmethyll phenyl)cycl ohexanecar boxani de;

(22) 3-(ftra ; (3-met hyl -4-1[(3S)-3- nethyl pi perazin-1- 25
yl ] met hyl | phenyl )ca banoyl ] cycl ohexyl | oxy) benzyl net hyl carb amate or a
phar macol ogi cal |y aéﬁept abl e salt thereof;

3

B)
[0016]

[wherein R! represents a hydrogen atom or a C1-C3
alkyl group; R® represents a group selected from
substituent group o; and
[0017]

substituent group o consists of a halogen atom, a
Cl—C6 alkyl group {the alkyl group may be optionally
substituted with 1 to 3 groups selected from a Cl1-Cé6
aliphatic acyl group, a carboxyl group, a Cl-C6
alkoxycarbonyl group, an aminocarbonyl » group (the
aminocarbonyl group may be optionally substituted with 1
or 2 groups selected from a Cl-C6 alkyl group, a Cl-Co6
halcalkyl group, and a Cl-C6 alkoxy Cl-C6é alkyl group), a
carbamido group Which may- be optionally substituted with
one or three Cl-C6 alkyl groups, a Cl-C6 aliphatic

acylamino group which may be optionally substituted with a



(22-1) 3-({trans-4-[nethyl (3-nethyl-4-{[(3S)-3- nethyl pi perazi n-1-
yI]nEthyIIphenyl)carbannyl]cyclohexyligxy)benzylnethylcarb amat e;

(23) 2-[3-(ftrans-4-[nethyl (3-nethyl {[(3S)-3-

met hyl pi per azi n- IyI]nethyIIphenyl)carbannyl]cyclohexylony)phenyl]ethylcarb
amate or a pharmacol ogically acceptable salt thereof;

2-[3-(ftrans-4-[ net hyl ( 3- nethyl 4-{[ (39) - 3- nethylplpera2|n 1-

yl ] met hyl I r bano cycl ohexyl heny.l ].et.h Icarb mat e

(2 2 SR andigo mtﬁ et ol 457 %%Es&éhatlyc viTe1-co
met hyl pi per.azi n-| yl net hen arbanD hexyl | am no et hyl
metmyu gapraf}al%haénﬁo] &%}%awygae Pémcgl % Ahet %fongﬁﬁl ’
(24-1) 2-[3-(ftrans-4- [neth | (3- et hyl - {% 3S).- 3- net hyl pi perazi n-| -
yI]nethyﬁﬁﬁﬁﬁﬁyﬁyﬁﬁ%bHHBQIFHVhl%ﬁe%?K1dﬁ%n épﬁ%ﬁyﬂ]e%ﬁ??pﬁetﬁyl%%r%%nate
(25) 2-[3- (ftrans 4-[ et hyl (3-nmethyl -4-{[ (3 met hyl pi perazin-1- 26

y| ] met hylalgheH )i |ﬂﬂqu®mldhe%V1Ié@lﬂ%&ﬂﬂﬁﬂﬂ?%ﬂ yIhefi e By £LF bamat e

or a pharnmacol ogi cally acceptable salt thereof;
group containing 1 to 4 heterocatoms which may be the same

or different and are selected from nitrogen, oxygen, and
sulfur, and a 4- to 1l0-membered heterocyclic carbonyl
group containing 1 to 4 heterocatoms which may be the same
or different and are selected from nitrogen, oxygen, and
sulfur}, a C3-Cl0 cycloalkyl group (the cycloalkyl group
may be optionally substituted with 1 to 3 groups selected
from a carboxyl group, a Cl-Cé6 alkoxycarbonyl group, and a
4- to 10-membered heterocyclic group containing 1 to 4
heteroatoms which may be the same or different and are
selected from nitrogen, oxygen, and sulfur), a Cl-Cé
haloalkyl group (the haloalkyl group‘ may be optionally
substituted with 1 to 3 groups selected from a carboxyl
group, a Cl-C6 alkoxycarbonyl group, and a 4- to 10-
membered heterocyclic group containing 1 to 4 heterocatoms
which may be the same or different and are selected from
nitrogen, oxygen, and sulfur), a Cl-C6 hydroxyalkyl group
(the hydroxyalkyl group may be optionally substituted with
1 to 3 groups selected from a carboxyl group, a Cl-Cé6
alkoxycarbonyl group, and a 4- to 1l0-membered heterocyclic

group containing 1 to 4 hetercatoms which may be the same



(25-1) 2-[3-(ftrans-4-[nethyl (3-nethyl-4-{[(3S)-3- nethyl pi perazin-|-
yI]nEthyIIphenyl)carbannyl]cyclohexylggnino)phenyl]ethyl di net hyl car bamat e;
(26) a nedi canment conprising the conpound or pharnacol ogically acceptabl e
salt thereof according to any one of the above (1) to (25) as an active

i ngredient; (27) the nedi canment according to the above (26), for
use in preventing or treating a di sease associated with GPR38; (28)

a therapeutic. rophyl actic agent far astrojntestinal disorde
associ at €0 \Aﬁ%ﬁfﬁg%%gmt%in%i t‘_’lylfe cg%‘g?}?s?ﬁgaﬁ%@ c%ﬁ%{)a%%nbr Oﬁgrerrrlécoﬁ‘%%i cally
acceptabl e salt thereof accoprding_.to_an ne of the @ﬁfve (1) to (25) as an
active iﬁﬁpégPantfa(%gfggp?£%%¥§bFéfg%t%&%gge@FP@Phg S K yalﬁéﬁ
gastrointestinal disorder associated with hyporotiljty; (%%2 a
t her apeutdiOWt BrYpMA actPelafent i SURSHIYHRE Bohel syhar dmed it
consti pation, diabetic gastroparesis, or constipation, conprising the
conmpound S6rl §HeahaeeP B R cAY AYORE c8FPUBI e s &It GoherleeRYacEi R ng? tolany one
of the above (1) to (25{ as an active ingredient; 27 o (29-1)
pref er ablGf hy At bl + coBPupr ophy RREDPEagg§ORY 1f G Gulr ivthalstte Mol
syndrome with constipation, nore preferably, a therapeutic agent for
i rritabl edsoweialshindswnet Wkekedowsthpati-és; alkyl, a carboxyl group,
a Cl-C6 alkoxycarbonyl group, and a 4- to 1l0-membered
heterocyclic group containing 1 to 4 heterocatoms which may
be the same or different and are selected from nitrogen,
oxygen, and sulfur), a 4- to 1l0-membered heterocyclic
group containing 1 to 4 heteroatoms which may be the same
or different and are selected from nitrogen, oxygen, and
sulfur, a Cl1-C6 aminoalkyl group, a Cl-C6 alkoxy group, a
Cl-C6 haloalkoxy group, a Cl-C6 hydroxyalkoxy group, a Cé6-
Cl0 aryloxy group, a Cl-C6 alkylthio group, a carboxyl
group, a Cl-Cé alkoxycarbonyl group, a hydroxy group, a
Cl-Cé aliphatic acyl group, an amino group, a Cl-Cé6
alkylamino group, a C3-Cl0 cycloalkylamino group, a Cl-Cé6
dialkylamino group, a Cl-C6 alkoxyamino group, a Cl-Cé6
aliphatic acylamino group, a cyano group, a nitro group, a
Cl-C6 alkylsulfonyl group, a Cl-C6 dialkylaminosulfonyl
group, and a C6-Cl0 aryl group].
(12) the compound or pharmacologically acceptable

salt thereof according to the above (10) or (11), wherein

R' is a methyl group:;



(30) a therapeutic or prophylactic agent for gastroesophageal reflux

di sease, functional dyspepsi a,

irritablebomelsyndrone,diabeticgastrobaresis, consti pation, opioid-induced

bowel dysfunction, paralytic

i | eus, or post oper ati vegastroi ntestinal paral ysis, conprising the conpound or

phar macol ogi cal |y acceptable salt thereof according to any one of the above

(1) to (25) as ac%'ve i ngr edi ent ; ég us f the und or
phar macol ogi cal(ﬁ§)ac éﬁt a%‘?rgpgléf’ tPer é’&aré%accf)ofl iy %bf%nfcé:rlegj%dr?oqt%e above
(1) to (25), faor the nuf act ur ee of r qphyl a i'c or kg rapeutic .
agent f or Ga<t r'oiF e i HaFar SoRdef Cad: d%ﬁéﬁ%wﬁ %)h950 ?ﬂVit ereln
(31-1) preferably, useoft heconpoundor pharmacol ogical ly acceptabl e salt
t hereof &ccofding t61aky omekyt t K& CBovd 1P FHJ@@%)<F6¥%br83ﬁ6i§§3a
therapeutic or prophylactic agent for irritable bowel syndrone with
const i paordri,ordildbets e gakt wopdr B6EE, lortcohsgrpapfofelected from ) npre
preferably, use of the conpound or pharmacol ogically acceptable salt
t her eof &dcdiai AgirbasAy onevdf gheumbove CRFPOFYI25¥TPBP: pradici e a
therapeutic 28 agent for irritable bowel syndrome with constipation,
di abet i c agadstrvopartesiy, orgwoNst | part onaminocarbonyl  group (the
aminocarbonyl group may be optionally substituted with 1
or 2 groups selected from a Cl1-C6é alkyl group, a Cl-Cé6
haloalkyl group, and a Cl-C6 alkoxy Cl-C6 alkyl group), a
carbamido group which may be optionally substituted with
one or three Cl-C6 alkyl groups, a Cl-C6 aliphatic
acylamino group which may be optionally substituted with a
Cl-C6 alkoxy group, a Cl-C6 aliphatic acyl C1-Cé6
alkylamino group, an amidoxy group which may be optionally
substituted with one or two Cl-C6 alkyl groups, a Cl-Cé
alkylsulfonyl group, a 4- to 1l0-membered heterocyclic
group containing 1 to 4 heterocatoms which may be the same
or different and are selected from nitrogen, oxygen, and
sulfur, and a 4- to 1l0-membered heterocyclic carbonyl
group containing 1 to 4 heteroatoms which may be the same
or different and are selected from nitrogen, oxygen, and
sulfur}, a C1l-Cé6 hydroxyalkyl group (the hydroxyalkyl
group may be optionally substituted with 1 to IBIgroups

selected from a carboxyl group, a Cl-C6 alkoxycarbonyl

group, and a 4- to 1l0-membered heterocyclic group



(32)a nmethod for preventing or treating a gastrointestinal disorder

associ ated with hyponotility, conprisggg adm ni stering an effective anpunt
of the medi canent according to the above (26); (32-1) preferably, a
met hod for preventing or treating irritable bowel syndrome wth

consti pation, diabetic gastroparesis, or constipation, conprising

adm ni stering an effective anount of the nedi canent according to the above

(26); and .. (32- r referably, a.nethod for preventing irritable
bowel syr?d)rnécr?el%I}% ioﬁ%‘i {Tgatei]%rﬁrocﬁta i E’gég‘ét r&ar g?i $-1%r SEBFstSpat i on.
[ 0020] . In.the invention, the "01-03 al kyl group” refers to a

strai ght ot Biaithed a?ﬁealﬁﬁﬂeSESGp ﬁﬁQPngn§t¥%g%ncaf%%%g%?Onﬁ?uﬁnd can
be, for exanple, a nmethyl, ethyl, or n-prqf I %roug. In the case of Rl, RZ,
t he substS4 Vron Rhe Phefyéhe GrdwF Y ep é%% te@lbyla, HAER N Ghe3

al kyl')-, the 01-03 alkyl group is preferably a nethyl group. [0021]

In the | MAREEH K hedT@dp 0Badl gl ptcupra Y lef epabsblausedawghtr dr B anched
chain al kyl group having 1 to 6 carbon atons, and can be, for exanple, a
group destr@bedrs2gadiriieds fapmexanplvedroikvt hgrogr, 03 afkyFograougd=xvr an
n-butyl, isobutyl, s-butyl, tert-butyl, n-pentyl, isopentyl, 2-methyl butyl,
neopent ylgrolipet hy| topgl hyareswpll kyilsafrexyp, dnnmethylogemopnyl group

3- et hyl pentyl, 2-nethyl pentyl, 1- methyl pentyl, 3, 3-dinethyl butyl,

2, 2- di mretwhyildiut ydy Dbel- odtiren Ayl butsydh st t2:thdrewhyhb@dHC6 alkyl, a

1, 3-di met hyl butyl, 2,3- dinethylbutyl, or 2-ethyl butyl group. In the case
of R3 andaRboxie gMeo@b, abkyl -geow Kok yaraefterrahl ygeouef hyhdgmoup- 44 t he
case of substituent group a, the substituent on the am nocarbonyl group
substi t utiabirene Adie 0hel @doy1 i@y oup richpsubsbhtuentingr oup a, téhe 4
substituent on the am doxy group substitutable on the 01-06 al kyl group in

substi t uentt it Lhechulsd§ t venttd theCasbamidrHoup sHbstdtatable
on the 01-06 al kyl group in substituent group a, and the substituent on the

ani nocarwcﬁ@%&#wﬂf&%@w eo%éﬁ,e 21508, 8kkexy 0106 al kyl group in
substituent group a, the 01-06 al kyl " group 1s preferably an al kyl group

having 1 to 3 carfon ai Q.. A0t 0P5tLLeLE™ 3Y! ¥ra TRhNY, G PUR,d 0022]

formula (I) or a pharmacologically acceptable salt
H
7 1
N
4
. ?R )
T O

R3
@

thereof:

[0018]
[wherein A represents a phenylene group (the

phenylene group may be optionally substituted with 1 to 3



In the invention, the "03-010 cycl oal kyl group" refers to a 3- to

10- nenbered saturated cyclic hydrocar?gn group which may be fused with
anot her ring, and can be, for exanpley”a cyclopropyl, cyclobutyl,

cycl opentyl, cycl ohexyl, cycl oheptyl, norbornyl, adamantyl, 2,3- 30

di hydr oi ndenyl , 1, 2, 3, 4-t et r ahydr onapht hal enyl , or

6, 7, 8, 9-tetrahydro-5H benzo[ 7] annul enyl group. In the case of M the 03-010
cycl oal kyl group i referably a 3- 1o 7- ered saturated._cyclic

hydr ocar 5317 rsou?)e%?g ecladely @ycqg 'é(}igyﬁlg?ggﬁﬁ%%oed N ?ﬁl_g‘Q’p *39r oup,
and nore preferably a cycl.ohexyl, 2, 3-di hydroi ndenyl , 1, 2, 3, 4-

t et rahydrg(%r?éﬂy?nt halreny?, %Pé,oﬂeg{QgFanr) dhy ror-%e%%’ﬁ?%[ A afinul BRy11%Group. 1n
the case of R3, B, and substjtuent group a, the 03-010 cycl oal kyl group is
pr ef er abMErgezed 1Tt et B sararat @& hylr EQaﬁbéWt@rrdl?pt,o%d nor e
preferably a cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl group.
[0023] which |may hkeej fhentsagie ehedidfegenialassd k%eglséés'ctre@g Pt o a
group in which the above-described "01-06 al kyl group” is substituted with
a hal ogemidtroges),, aendgean bed forlfxanpkée aatdfdawrbhet bybup may
trichloronethyl, difluoromethyl, dichloronethyl, dibrononethyl,

f 1 uor ometoey lopt2, Ly i Suhmrioattyd ,wRtR2, 2- tri Shkboroetshye l eztadnipearhy| |
2-chl oroet hyl, 2-fluoroethyl, 2-iodoethyl, 3-chloropropyl,

2, 2- di br grmpeithyuerd fdrwimbat yl a 6-6-icadohexyl , gpsuR, 2tdiebraraetdndumgr oup
In the case of RI, the 01-06 hal oal kyl group is preferably a

trifluoremst hd opttbhibudyoetbyltiguesp, warth in tbeS5cazeupls SHisidta®ent
group a, the 01-06 hal oal kyl group is preferably a

from substituent group a), or a C3-Cl0 cycloalkyl group
(the cycloalkyl group may be optionally substituted with 1
to 5 groups selected from substituent group a); R!
represents a hydrogen atom or a Cl-C3 alkyl group; R?
represents a hydrogen atom or a Cl1-C3 alkyl group:; R®
represents a Cl-C6 alkyl group, a C3-Cl0 cycloalkyl group,
a Cl-C3 alkoxy C1-C3 alkyl group, or a Cl-C3 hydroxyalkyl
group; R? represents a hydrogen atom, a Cl1-C6 alkyl group,
or a halogen atom; n represents an integer of 1 to 4; X
represents methylene, -0-, -NH-, -N(Cl1-C3 alkyl)-, -C(=0)-,
-S-, -S(0)-, -S(03)=- or a single bond; and
[0019]

substituent group o consists of a halogen atom, a
Cl-C6 alkyl group (the alkyl group may be optionally
substituted with 1 to 3 groups selected from a carboxyl
group, a Cl-C6 alkoxycarbonyl group, and a 4- to 10-

membered heterocyclic group containing 1 to 4 heterocatoms



31 trifluoronethyl or difluoronethyl group. [0024] In the invention,
the "01-C6 anlnoalkyl group” refers tg a group in which the above- descrlbed
"Cl-C6 al kyl group" is substituted wi £R an am no group, and can be, for
exanpl e, an am nonet hyl, am noethyl, am nopropyl, or am nobutyl group. In
t he case of substituent group a, the 01-06 aninoalkyl group is preferably
am nonet hyl . [0025] In the invention, the "Cl-C3 hydroxyalkyl gr oup”
refers to a(ai g E which the above-described "(Q1-03 al

Ad R§droty

grou
subst i t utgd iﬁ%%p?raﬁ&ﬂ§9¥QQ§ Y @%Snﬁl d&&%@nethyl
hydr oxyet hyl , 1- hydroxyethyl, or ¥drox 49% froup In the case of R3,
the 01- 0 AR al R¥YIGRoupTs PrEFRFAD] ¥ o hyet Ox FHELRRAL Kgilo BF P a
1- hydroxyet hyl. group. [0026] In the invention, the "01-06
hydr oxyal (1€ gFedra kleferaréep angyolp o tweinel lvhe uiisdvie- e Mgy  01- 06
al kyl group” is substituted with a hydroxy group, and can be, for exanple,
a group descrd bedoabovesadeaneaxadpba of therboiyd3 Gydupxya$ky$1g$®up" or
a hydroxybutyl, hydroxypentyl, or hydroxyhexyl group. In the case of
subst i t ventkgrogrieorgnd ¢heusubshdt sedt dao e GGG el Kodye fdc Y6l Bt kyl
group in substituent group a, the 01-06 32 hydroxyal kyl group is
pr ef er ablgrcauhydooxyimtiy| 1gtoup dreteedodtyanoxyefi bl mgyolye H0293dme
or different and are selected from nitrogen, oxygen, and
sulfur), a Cl-C6 halocalkyl group (the halocalkyl group may
be optionally substituted with 1 to 3 groups selected from
a carboxyl group, a Cl-C6 alkoxycarbonyl group, and a 4-
to 10-membered heterocyclic group containing 1 to 4
heterocatoms which may be the same or different and are
selected from nitrogen, oxygen, and sulfur), a Cl-C6
hydroxyalkyl group (the hydroxyalkyl group may be
optionally substituted with 1 to 3 groups selected from a
carboxyl group, a Cl-C6 alkoxycarbonyl group, and a 4- to
10-membered heterocyclic group containing 1 to 4
hetercatoms which may be the same or different and are
selected from nitrogen, oxygen, and sulfur), a Cl-Cé6
alkoxy Cl-C6 alkyl group (the alkoxyalkyl group may be
optionally substituted with 1 to 3 groups selected from a
carboxyl group, a Cl-C6 alkoxycarbonyl group, and a 4- to
10-membered heterocyclic group containing 1 to 4

hetercatoms which may be the same or different and are

selected from nitrogen, oxygen, and sulfur), a 4- to 10-



In the invention, the "Cl-C3 al koxy group” refers to a group in which the
above-descri bed "C1-C3 al kyl group” i§ bonded to an oxygen atom and can
be, for exanple, a straight or brancheé chai n al koxy group having 1 to 3
carbon atons such as net hoxy, ethoxy, n-propoxy, or isopropoxy. In the case
of the substituent on the phenyl ene represented by A the C-C3 al koxy
group is preferably a nethoxy or ethoxy group. [0028] In the
i nvention "01- 06 koxy. group” refers .ta a gro i,n i ch the
above-de%dggﬁ@ég@é?éqle-to%@%%@%gr 86§”pi scqr%cr‘f’1 ed 1o %nggxﬁgehne a roor?i]toanhsd can
be, for exanpl e, _a group described abqve as.an exanple _of the "Cl-03 al koxy
gr oup” oﬁ%¥%§r%ﬁ%hgeoggﬁnﬁﬁW%doﬁhgﬁ%%gfﬁ%%/%ﬂ%u%Pﬁa§F%§c %ﬂ) Tar bon
atonms such as n-but oxy, isobutoxy, .s-butox rt - but oxy, .n-pent oxy
Sopent ox:C IRV hyT b Sky  SHEOSHEREy. - bExyT 0X 38kt y PRGTE
3- et hyl pent oxy, _2-net hyl pent oxy, 3, 3-di net hyl_but oxy, 2, 2-di net hyl but oxy,
1 1 di methyiBut BAFORY, 9B B hyd bloke Da3odirerwyl BupbRy, Br C1-Co
2, 3-di met hyl butoxy. In the case of substituent group a, the substituent on
t he 01- 08 YAGPHAITKOBEY IR grdouf & e SUBEYINt EFWR/ t e AL TE° al kyl
group in substituent 33 group a, the substituent on the 01-06 al koxy 01-06
al kyl gr edryilirhsigbsIfewient agrradpoxy it HEr@IR 062 afko%p Grldpxy@raierably a
met hoxy or ethoxy group. [0029] In the invention, the "01-06
hal oal koxgrogrroup? heflepsyt grup,oup Fa-Ghi el idie abovacdésgriched "Dt - C6
hal oal kyl group” is bonded to an oxygen atom and can be, for exanple, a
trifl uor emetrtroxygroupehl oz ondthaXy, alkylamino  group, a C3-C10
di f | uor onet hoxy, di chl or oret hoxy, di br onmonet hoxy,
f | uor ometdy@iyoa2, k; 12ntircc i oswet hox@l2¢8, dialkylamino group, a Cl-C6
trifluoroethoxy, 2- bronoet hoxy, 2- chl or oet hoxy, 2- fl uoroet hoxy, or
2, 2-di br eiethyeni rg ogpoupn tdhecease ofl spist it uenty gt agrbbe,01x 06
hal oal koxy group is

cyano group, a nitro group, a Cl-Cé alkylsulfonyl group, a

Cl-C6 dialkylaminosulfonyl group, and a C6-Cl0 aryl
group];

(15) trans-4-(4-fluorophenoxy)-N-methyl-N-(4-{[(3S)-
3-methylpiperazin-1-
yl]methyi}phenyl)cyclohexanecarboxamide, trans-4-(4-
fluorophenoxy)-N-methyl-N-(3-methyl-4-{[(3S)-3-
methylpiperazin—l—yl]methyl}phenyl)cyclohexanecarboxémide,
trans-4-[ (5-fluoropyridin-2-yl)oxy]-N-methyl-N- (3-methyl-
4-{[(3S)-3-methylpiperazin-1-
yl]methyl}phenyl)cyclohexanecarboxamide, trans-4-[3-
(hydroxymethyl)phenoxy]-N-methyl-N-(3-methyl-4-{[(3S)-3~-
methylpiperazin-1l-yl]lmethyl }phenyl)cyclohexanecarboxamide,
trans-4-{3-(2-hydroxyethyl)phenoxy] -N-methyl-N- (3-methyl-

4-{[(3S)-3-methylpiperazin-1-



preferably a trifluoronmethoxy or difluoronethoxy group. [0030] In

- the invention, the "01-03 alkoxy 01-0 2aIkyI group"” refers to a group in
whi ch t he above-described "0103 al koxy“group” is bonded to the

above-descri bed "01-03 al kyl group”, and can be, for exanple, a

met hoxymet hyl, net hoxyet hyl, ethoxynethyl, ethoxyethyl, n-propoxymethyl,

n- propoxyethyl or isopropoxynethyl group. In the case of R3, the 01-03

al koxy 0 | e et r ) 34
groupy §?g %%5%& groﬂa'é?éal £%$?g% o€%£ gé%flEghygoig%(ékggééLgrouw'
i s bonded to the A b 1- al k roup: . nd d can be, for
exanpl e, % 6&?&8 scrﬁ%@gfd£ GE:§§ an t%%#ggg?%gﬁ "Cl- 03 al koxy 01-03
al kyl grouyp" butox th sob t 0X h

but gxy?rety et Ry A e el oo e %{ﬁ S¥esplresty asersie

2- nethylb;%gx§§§52yl ﬂ;gpentoxynetm§4,% _3-methylpiperazin

n- hexyi oxXyivelt! tJent bX = razin-
nethylpentoxynethyl 2- met hyl pent oxynet hyl 3 3 di met hyl but oxynet hyl

2, 2- di netiyHa H{}ﬁnyﬁ}rcalrklamw%@%ﬂ%h?éwh@f‘MQ/Ph@iﬂ&&éacleﬁltche case

of substituent group a, the Ci C6 al koxy 01-06 alk¥ ?roup |s preferably a
met hoxy metHiyd - @ﬁﬁﬁfothggi ({trans—-4- [methyl (3-methy

methylpiperazin-1-
yl]lmethyl}phenyl)carbamoyl]cyclohexylloxy)phenyl]lacetate,
or a pharmacologically accéptable salt thereof.

(16) trans-4-{3-[(2-hydroxy-2-
methylpropoxy)methyl]phenoxy}-N-methyl-N- (3-methyl-4-
{[(38)-3-methylpiperazin-1-
yllmethyl}phenyl)cyclohexanecarboxamide, trans-4-({3-[(2-
hydroxy-2-methylpropoxy)methyl]phenyl}amino)-N-methyl-N-
(3-methyl-4-{[(3S)-3-methylpiperazin-1-
yllmethyl}phenyl)cyclohexanecarboxamide, 3-({trans-4-
[methyl (3-methyl-4-{[(3S)-3-methylpiperazin-1-
yllmethyl}phenyl)carbamoyl]cyclohexyll}loxy)benzylmethylcarb
amate, 2-[3-({trans-4-[methyl (3-methyl-4-{[(3S)-3-
methylpiperazin-1-
yl]methyl}phenyl)cafbamoyl]cyclohexyl}oxy)phenyl]ethylcarb
amate, 2-[3-({trans-4-[methyl (3-methyl-4-{[(3S)-3-
methylpiperazin-1-
yl]lmethyl}phenyl)carbamoyl]cyclohexyl}lamino)phenyl]ethyl

methylcarbamate, 2-[3-({trans-4-[methyl (3-methyl-4-{[(3S)-



In the invention, the "Cl-C6 hydroxyal koxy group” refers to a group in
whi ch a hydroxy group is bonded to thg3above-described "01- 06 al koxy
group”, and can be, for exanple, a hydroxymethoxy or hydroxyethoxy group.
In the case of substituent group a, the 01-06 hydroxyal koxy group is
preferably a hydroxymet hoxy group. [0033] In the invention, the
"01-06 al kylthio group"” refers to a group in which the above-descri bed

"01-06 alkyl..gr " 1ded to a sulfur atom and can be, for exanple, a
nethylthﬁo%egt y%?ﬁéf%%#m?kbutylthio group. In the 35 case of substituent

o - 06 _al kyl thi i f thyl thig, group. [0034
?LogﬁeaiH&zﬁfﬁ%ﬂgﬁgﬁﬁ”%ﬁﬁf%ﬁﬁgﬁgy ]giﬁg%ghg%geL%m?%ggggépgﬂgFFcyﬁygrogarboL
havj, 1 b t , be, f npl e, h |,

rdenyl - AR O oA =T0r int 51 [T e CREehf S8 Bnd-2abat | ¢ et

, th -Cl I [ f bl h | _group. [0035
Pt e AUBRETOH IR OHOR O G G GUpLP Y & 6 6135k gFoup i n wihi ch ¢ he
above- descri bed "C6-Cl0 aryl group" is bonded to an oxygen atom and can
be, for BR&RPILE1IPLLHTEAYIoR ITiaideny) XY bl CraphRayrBRy2§PBEANLIAR t he case

of substituent group a, the 06-010 aryloxy group is preferablﬁ a phenyl oxy
group. [6G@38p-4-[(2-cyanopyridin-4-yl)oxy]-N-methyl-N-(3-methyl-4-

{[(3S)~3-methylpiperazin-1-
yllmethyl}phenyl)cyclohexanecarboxamide, or a
pharmacologically aéceptable salt thereof;

(17) trans-4-[3-(hydroxymethyl)phenoxy]-N-methyl-N-
(3-methyl-4-{[(33)-3-methylpiperazin-1-
yllmethyl}phenyl)cyclohexanecarboxamide or a
pharmacologically acceptable salt thereof;

(17-1) trans-4-[3-(hydroxymethyl)phenoxy]-N-methyl-
N- (3-methyl-4-{[(35)~3-methylpiperazin-1-
yl]lmethyl}phenyl)cyclohexanecarboxamide;

(18) trans-4-[(2-cyanopyridin-4-yl)oxy]-N-methyl-N-
(3-methyl-4-{[(3S)-3-methylpiperazin-1-
yllmethyl}phenyl)cyclohexanecarboxamide or a
pharmacologically acceptable salt thereof;

(18-1) trans-4-[(2-cyanopyridin-4-yl)oxy]-N-methyl-
N- (3-methyl-4-{ [ (3S)-3-methylpiperazin-1-
yl]lmethyl}lphenyl)cyclohexanecarboxamide;

(19) trans-4~{3-[2-(isopropylamino) -2~

oxoethyl]phenoxy}-N-methyl-N- (3-methyl-4-{[(3S)-3-



I nt hei nvention, the"4-to0l10- nenbered heterocyclic group containing 1 to 4
het er oat ons whi ch nay be the sane or ?ifferent and are selected from
nitrogen, oxygen, and sulfur"” refers T6 a 4- to 10-nenbered heterocyclic
group containing 1 to 4 atons selected froma sul fur atom an oxygen atom
and a nitrogen atom and can be, for exanple, an aromatic heterocyclic
group such as furyl, thienyl, pyrrolyl, azepinyl, pyrazolyl, imdazolyl,

Lyl - ..t hi.azel ' i = j lyl,
1 azol yIe TR ATt S e T AR Y ey g o dne S0 BRI EED' Y
pyrinidigx]a &%ﬂ&@@rggﬁfégﬁg@%gééﬂﬁaéi ?%gﬁétkﬁékgo t conpletely reduced

group corresponding to hese ar ona térocyclic groups such as
nmor phol i nyl, thi r.phol i nyl , rroljdinyl, pyrrolinyl, imdazolidinyl,

i m dazol i nyl B;}%g‘g& it&i%%\ﬁy‘ ,“d?ﬁé% %lrﬁﬁgr?ﬁ%%?lpjd?%{)l_#_pi perazinyl, or
tetrahydropyranyl.. Incidentally, the above-describ "4- to 10-nenbered
heterocy@ﬁ%@tgﬁédEhQH%f%ﬁ§N1ﬂ§§P¥J%¥Fgﬂﬁ?ﬁﬁ?yiyéng(éﬁbﬁéT and can be, for
exanpl e, a benzofuranyl, chronenyl, indolidinyl, isoindolyl, indolyl,

i ndazol yRethyriRdye r agdinol 136k i thy S befie mvt VY C yah asppecapheramagdenyl |
napht hyl i di nyl, quinoxalinyl, quinazolinyl, isoindolinyl,
2,3-dihydro-l-H@%ﬁoﬁ&@@ﬁw4f{§Fﬂ&ﬁ1ﬂﬁﬁ¥9%¥ﬁ%bchronenyl,

1, 2,3, 4-tetrahydroqui nolinyl, or 1,2,3,4- tetrahydroisoquinolinyl group. In
t he casemeithylaneeaky s thoclnerirnr ey helf eretyrl r8-gPoupthglpheferably a 4-
to 10-nenbered heterocyclic group which contains at | east one nitrogen atom
and may ddnt3s)m Samedhyglani o ior-b sul fur atom and can be, for exanple,
an aromati c heterocyclic group such as pyrrolyl, azepinyl, pyrazolyl,

i m dazol yl1,] mextardl ydheriyloxazol gthe x4 @aobykami det braaol yl , 1, 2, 3-

oxadi azolyl, triazolyl, tetrazolyl, thiadiazolyl, pyridyl, pyridazinyl,

pyri m di pplarrercqlyy@izaiylly fceptpmblée asd Yt otheoapfetel y reduced group
corresponding to any of these 37 aromaticheterocyclic groupssuch as

mor phol i nyl , t hizoranphdadnyHs- @41 o 4dyaydxypy£rol i nyl, imdazolidinyl,

i m dazol i nyl, pyrazolidinyl, pyrazolinyl, piperidinyl, piperazinyl, or

t et r ahy dr@RHAMHop JTB) ) BndH 1B BT WY Yo 2y PVt LAYt hy PYRL B Ak hpyFazol yl
pyrrolidinyl, piperidinyl, piperazinyl, norpholinyl, or tetrahydropyranyl

group, and futhensmpe prefelaply;-an aromatic heterocyclic group. In the
case of substituent group a, the substituent on the Cl1-C6 al kyl group in

substit uent S t 357010 cycl oal kyl group in
substitug%Jﬁgéﬁﬁ}éﬁh%¢¥§%gﬁéﬁéﬁ%géﬁe%%r%ﬁgaﬁg§g6 hal oal kyl group in
substituent group.a, .the substyt 1t he 01-06 hydroxyal kyl group in
substi t uent gr&%g>aFr§ﬁ§ ﬁhéﬁétbt§$th % é%ﬁ ?he 01-06 al koxy O -C6 al kyl-
group in_suybstituent gro . the 4- to, 10-nenbered. het erocyclic group is
ot of o abF R M RRE R T T €L LPBLES) [Boge tvL 8- 15°REEhy S 4
| nt hei nvention, the"4-tal0- nenber ed heterocyclic carbonyl group containing 1
to 4 hetéﬁﬂéﬁngWMﬁﬁﬂV HePiHe Lane or different and are sel ected from
nitrogen, oxygen, and sulfur" refers to a group in which the
above- desdrli Yl PR - Tmsh &t het eF be§ et eegPéup containing 1 to 4
het er oat ons which may be the sane or different and are selected from
ni t r ogen Prexyeal et aslll f irccert dohelediat® BhedaeddAyl group, and in the
case of

(21-1) trans-4-({3-[(2-hydroxy-2-

methylpropoxy)methyl]phenyl}amino)-N-methyl-N- (3-methyl-4-
{[(38)-3~-methylpiperazin-1-
yl]lmethyl}phenyl)cyclohexanecarboxamide;

(22) 3-({trans-4-[methyl (3-methyl-4-{[(3S)-3-

methylpiperazin-1-



38 the substituent on the 01-06 al kyl group substitutable on the 01-06

al kyl group in substituent group a, tgg 4- to 10-nenbered heterocyclic
carbonyl group is preferably a 4- to -menbered heterocyclic group which
contains at | east one nitrogen atomand may contain an oxygen atomor a.
sul fur atom and can be, for exanple, an aromatic heterocyclic carbonyl
group such as pyrrol ecarbonyl, :

azepi necar,bon razaol ecarbonyl , i-m dazol.ecarbon

oxazolecgﬁggﬁ¥kyﬁé %5?8ﬁ§5§¥%@#ﬁ¥4ﬂﬁ%§%ﬁ%ﬁ§% %ﬁ%&%b?%%%%ﬁ%&%Y%%%FBonyl,

1,2,3-oxadigzolecarb nyl . triazol ecarbonyl , t trazoiec rbong%l -

t hi adi az8I"8¢&r Bony PV FIcHHESY ,aﬁﬁﬁﬁ hetAr bomy oot

pyrinidinecarbonél or. pyrazi necarbonyl; a partiaJIg or conpletely reduced

heterocyclic cafBonyl SGratpadsried Yt TSRy 1574 1 hles®® ar omat i ¢

het er ocycl i ¢ carbonyl groups such as

nor phol | REERYBBAYPEIERiILeTdrphol i necar bony! ,

pyrrolidi necarbonyl , pyrrolinecarbonyl,

i m dazol vdil me&arBdRyienyH) dazdlanescdrdishydhe pwd ey | preay beayhylcarb

pi peri di necar bonyl , piperazi necarbonyl, or tetrahydropyranecarbonyl; or a

group ha@#ma§ean oxo group on the ring such as a 2-oxopyrrolidinecarbonyl or

2- o0xo0-1, 3-oxazol i di necarbonyl group, and nore preferably a

pyrrolidi necar t8dyl 2gloud.{ tFed38}4 - [methyl (3-methyl-4-{ [ (3S)-3-
methylpiperazin-1-
yl]methyl}phenyl)carbamoyl]cyclohexyl}oxy)phenyl]ethylcarb
amate or a pharmacologically acceptable salt thereof;

(23-1) 2-[3-({trans-4-[methyl (3-methyl-4-{[(3S)-3-
methylpiperazin-1-
yllmethyl}phenyl)carbamoyl]cyclohexyl}oxy)phenyl]ethylcarb
amate;

(24) 2-[3-({trans-4-[methyl (3-methyl-4-{[(3S)-3-
methylpiperazin-1-
yllmethyl}phenyl)carbamoyl]cyclohexyl}amino)phenyl]lethyl
methylcarbamate or a pharmacologically acceptable salt
thereof;

(24-1) 2-[3-({trans-4-[methyl (3-methyl-4-{[(38)-3-
methylpiperazin-1-
yllmethyl}lphenyl)carbamoyl]cyclohexyl}amino)phenyllethyl
methylcarbamate;

(25) 2-[3-({trans-4-[methyl (3-methyl-4-{[(3S8)-3-

methylpiperazin-1-



39 refers to a group in which the above-described "C -C6 al koxy group" is
bonded to a carbonyl group, and can b for exanple, a straight or branched
chai n al koxycar bonyl group having 1 t6 6 carbon atons such as

met hoxycar bonyl , et hoxycarbonyl, n-propoxycarbonyl, isopropoxycarbonyl,
nbut oxycar bonyl , isobutoxycarbonyl, s-butoxycarbonyl, tertbutoxycarbonyl,
n- pent oxycar bonyl , isopentoxycarbonyl, 2-

nexy! ooty Car Koy LTt et e ROy S bl B BRhR B39l BERYT-

2- hyl l,. 3,3- di hyl b |
2 e e onlec 2.5 UL DM QRYER oL saie

1,2-dine%hy|bu%gxycarbonyl, 1, 3- di net hyl but oxycar bonyl , or

2, 3- di net VISt dxycar bonyl . In the case of substituent group a, the
substituent on the -C6 al kyl group in substituent group a, the

substi t uent on(@ﬁélggzcﬂ§7ﬁﬁﬂ?£%ﬁqﬂ“%ﬂ%ﬁﬁy%??EWREHY U%ﬁf[§$%hﬁ3é, t he
substituent on the 01-06 hal oal kyl group in substituent group a, the

subst i t ud§tt P AR 1RE36 Ty dr oxyal kyl group in substituent group a, and the
substituent on _the 01-06 al koxy 01-06 al kyl group in substituent group a,

t he 01- 06 LdMedxyearBeii L graotinnay pref ek dbt 3y hbahbRg takdory ] ethyl

et hoxycarbonyl, or isopropoxycarbonyl. [0039] In the invention, the "01-06
al i phat i diaephydcauppamag®having 1 to 6 carbon atoms is bonded to a
carbonyl group, and can be, for exanple, an al kyl carbonyl group such as a
fornyl, acetyl , (2@)opidnymedbgayieylt, icabptysyhg pdmecanogbmppindl oydr

val eryl, or isoval eryl group; a hal oal kyl carbonyl group such as

chl or oac ethyplrmagicdhigarazddet ygecdptiatleor satet yheroeoft actbudioaceatoyylagnya | ower
al koxyal kyl car bonyl group such as nethoxyacetyl; an unsaturated

al kyl car borylo fgroup suere asl )( Bo 2-amt hydl-2n et enoylngpedibetkike. In the
case of substituent group a and the substituent on the 01-C6 al kyl group in

substi tuent grqep)atHdhendli-Qbnaalt r&wdéledma]sfltgr@n@ bsoRkef@@abl s fornyl
group, an acetyl group, or a trifluoroacetyl group. [0040]
use 1in preventing or treating a disease associated with
GPR38;

(28) a therapeutic or prophylactic agent for a
gastrointestinal disorder associated with hypomotility,
comprising the compound or pharmacologically acceptable
salt thereof according to any one of the above (1) to (25)
as an active ingredient;

(28-1) preferably, a therapeutic agent for a
gastrointestinal disorder associated with hypomotility:

(29) a therapeutic or prophylactic agent for
irritable Dbowel syndrome with <constipation, diabetic
gastroparesis, or constipation, comprising the compound or

pharmacologically acceptable salt thereof according to any

one of the above (1) to (25) as an active ingredient;



In the invention,

can be,

| am no, n-propyl am no,

the "Cl-C6 al kyl am no group” refers to a group in which
t he above-descri bed "01-06 al kyl grou?" is bonded to an am no group, and
for exanple, a nethylam no, e-ﬁy

i sopropyl am no, n-butylam no, isobutylam no, s-butylam no, tert-butylam no,
n- pentyl am no, isopentylam no, 2- nethyl butylam no, neopentyl am no,
1- et hyl propyl am no, nhexyl am no, isohexylam no, 4-mnethyl pentyl am no,

met hyl pentyl am - met hyl pent yl am no, 1- . .
met hyl pent yl am(%&‘i)s-&%é‘{%rﬁﬂ&ﬁm'ylfmﬁé‘,ezf,aé?eutlc or prophylactic

di et hyl but
di met hyl B#

| ani no, 1, 1- di net hyl butyl am no, 1, 2- 41 .
tant o, T BLRNES HyPEet yPRIFAGNS. 2 th SonS ARSI 0 %

3-

2-ethyl butylam no group. In the case of substituent group a, the 01-06

al kyl ani i SfreARP

-an isopropylam no group. [0041] In the invention, the "03-010

cycl oal kKyEAYARHTRNYrHdd? GEFErPala group i n which the above-descri bed
"03-010 cycloal kyl"™ is bonded to an am no group, and can be, for exanple,

cycl opropyl ani n&,0)cycé obihglramiend, i ccychopemndrd keost oy cl ebexyl anfam,

cycl oheptyl am no, norbornyl am no, or adamantyl am no group. In the case of

1% pref eFBBF§PEURAChy |13 Ho gfotip, 1ak idemicani Ry Y oup, or

a

subst i t uertstgrargrrhaddsel 03O Ducyctivakkygkam dongrtogmals phefmembly, a 3- to
7- menbered saturated cyclic hydrocarbon am no group. [0042]

irritable bowel syndrome, diabetic gastroparesis,
constipation, opioid-induced bowel dysfunction, paralytic
ileus, or postoperative gastrointestinal paralysis,
comprising the compound or pharmacologically acceptable
salt thereof according to any one of the above (1) to (25)
as an active ingredient;

(31) use of the compound or pharmacologically
acceptable salt thereof according to any one of the above
(1) to (25) for the manufacturee of a prophylactic or
therapeutic agent for a gastrointestinal disorder
associated with hypomotility:

(31-1) preferably,  use of  the compound or
pharmacologically acceptable salt thereof according to any
one of the above (1) to (25) for producing a therapeutic
or prophylactic agent for irritable bowel syndrome with
constipation, diabetic gastroparesis, or constipation;

(31-2) more preferably, use of the compound or
pharmacologically acceptable salt thereof according to any

one of the above (1) to (25) for producing a therapeutic



In the invention, the "01-06 dial kyl am no group” refers to a group in which
an amno group is substituted with tvxg of the above-described "01-06 al kyl
groups” which nay be the sane or diff tBent, and can be, for exanple, an

N, N- di met hyl ami no, N, N-di et hyl am no, N, N-di - n-propyl am no,

N, N-di i sopropyl am no, N, N-di -n-butylam no, N, N :

di i sobutylam no, N, N-di -s-butylam no, N N-di -tert-

butylamnoNN-%iL?En-pent.l i no, N, N-di i sopent yl am . . .
N, N di - 2Ty ! Bty T SRt AT e o aperty o, N 1 qiconstigation,
et hyl propyl am no, N N-di-n-hexylanm no, N, N-djisohexylam no,
N, N di - 4 T Rer SR NF i C 5. HRPRG T BRRLSTam no,
N, N- di - 2- net hyl gentyl am no, N, N-di -1 - met hyl pent yl am no, _
N, N- et hyl met hyl&fi’no, 2or METISopiopyl metBYFRR A® grdup. EFR2EABIcas® of
substituent group a, the Cl1-C6 dial kylamno group is preferably a
di met hyl &fASte O @St iA aniHe Yrdrp. Jooaziated withy theeqnriehtion, the
"Cd -06 al koxyam no group” refers to a group in which the above-described
"Cl- C6 aldemprigrigp” enbohdedrinan aani ol fpoubve anamedntbe o orthexanypl e,
a straight or branched chain al koxyam no group having 1 to 6 carbon atons
such as metdicareantha cartbixyant xot e prlopovry &P he, i sopr opoxyani no, n-
(32-1) preferably, a method for preventing or
treating irritable Dbowel syndrome with constipation,
diabetic gastroparesis, or constipation, comprising
administering an effective amount of the medicament
according to the above (26); and
(32-2) more preferably, a method for preventing
irritable bowel syndrome with constipation, diabetic
gastroparesis, or constipation.
[0020]
In the invention, the "Cl1-C3 alkyl group" refers to
a straight or branched chain alkyl group having 1 to 3
carbon atoms, and can be, for example, a methyl, ethyl, or
n-propyl group. In the case of R}, R?, the substituent on
the phenylene group represented by A, and -N(C1-C3 alkyl)-,
the C1-C3 alkyl group is preferably a methyl group.
[0021]
In the invention, the "Cl-C6 alkyl group" refers to

a straight or branched chain alkyl group having 1 to 6

carbon atoms, and can be, for example, a group described



but oxyam no, i sobut oxyam no, s- but oxyam no, tert -

but oxyam no, n- pent oxyam no, i sopent oxyam no, 2- net hyl but oxyam no,
neopent oxyam no, n-hexyl oxyam no, 4- 2

met hyl pent oxyam no, 3- net hyl pent oxyam no, 2-

met hyl pent oxyam no, 3, 3-di net hyl but oxyam no, 2, 2-

di net hyl but oxyam no, 1, 1- di net hyl but oxyam no, 1, 2-

di met hyl but oxyam no, 1, 3-di net hyl but oxyam no, or 2, 3- di net hyl but oxyam no.
s%b%?if“ﬁerﬁxad?%]tﬁ) £ e CIErC Al ROXYAM AL B oupTi €0pr'et er abl y

am no group, an ethoxyam no group, Or an n-praqQpoxyan no group.
t@’ﬁouﬁ"squ‘f é%uptﬁﬁt\ﬁﬁ%ﬁlﬂhé"é’@é\?é’-ldeslcsrcmfébty 06

t he case
a net hox
[ 0044]

OV

¥y 1Y

In

al i phatic acyl group” is bonded to an am no group, and can be, for exanple,

an al kyl

ol grefpPreuehl aslact By Aprariyae, tadeslaniphexyl,

pr opi onyl am no,

4-methylpentyl, 3-methylpentyl, 2-methylpentyl, 1-
methylpentyl, 3,3-dimethylbutyl, 2,2-dimethylbutyl, 1,1-
dimethylbutyl, 1,2-dimethylbutyl, 1,3-dimethylbutyl, 2,3-
dimethylbutyl, or 2-ethylbutyl group. In the casé of R®
and R?, the C1-C6 alkyl group is preferably a methyl group.
In the case of substituent group a, the substituent on the
aminocarbonyl group substitutable on the C1-Cé alkyl group
in substituent group a, the substituent on the amidoxy
group substitutable on the Cl-Cé6 alkyl group in
substituent group o, the substituent on the carbamido
group substitutable on the Cl-Ceo alkyl group in
substituent group o, and the substituent on the
aminocarbonyl.group substitutable on the C1-C6 alkoxy Cl-
Co6 alkyl group in substituent group a, the Cl-C6 alkyl
group is preferably an alkyl group having 1 to 3 carbon
atoms, and most preferably a methyl group.

[0022]

In the invention, the "C3-Cl0 cycloalkyl group"
refers to a 3- to 1l0-membered saturated cyclic hydrocarbon
group which may be fused with another ring, and can be,
for example, a cyclopropyl, cyclobutyl, cyclopentyl,

cyclohexyl, cycloheptyl, norbornyl, adamantyl, 2,3-



isopropanoylanino,butanoylanino i sobut anoyl am no, pentanoyl am no,
pi val oyl am no, val eryl am no, |sova ﬁrylanino group; a
hal oal kyl car bonyl am no group such as chl oroacetyl am no,
di chl oroacetyl am no, trichloroacetylam no, or trifluoroacetylam no; a |ower
al koxyal kyl car bonyl am no group such as net hoxyacetyl am no; an unsaturated
alkylcarbonylanino group such as (E)-2- nethyl-2-butenoylam no; or the
like. Iny ubstltu r pu i t ont 01- 06
al kyl group |n sgbstltUent gr%ﬂ% % h ﬁeea%ﬂggEgﬁl%ﬁQﬁ%%gggqlanlnohg?oup IS
preferably-an i a ou 45 the ifnyve n, the
"01-06 aﬁyphgtFiqg%qﬁﬁgg%%%qgf%§ ﬁ% %@%ﬁ Jm}]efelgrolu ‘a group ﬂhhahlch
t he above-descr d 1- phatlc gro 1S bonded the m no
G oup of CPRE. SHovb: dBSEr L el LObEYsE At b ity bip DT St b e, 1T or
exanpl e, an alkylcarbon | ami no group_such as a faornylneth Ianlno
acet yl mefty | GRS 6%9Fﬁ’é?%yFé{ﬁlﬁ8 r}%rﬁ?‘%?p%ﬁ%%//l %?Hél 8 fo,C3~
but anoyl net hyl am no, or i sobutanoyl nmethyl am no group; a
hal oal kycdar&onyPa abkrd G stittf@dswisp a phenyl ‘group, and more
chl or oacet yl net hyl am no, di chl or oacet yl nmet hyl am no,
trlchlorééééfvﬁﬁéﬁhyIQNIﬁdCl@Peﬁﬂlﬁluo?o%t@%?YﬁéPhyﬂﬁﬁVﬁo a1 owerd-
al koxyal kyl car bonyl am no group such as nethoxyacetylnethylanino; or the
li ke. | ntetgadass ofaniidaskidistlt uent @F t he 0506 Bal%kydetgraduyrdsoroH-
substltuent group a, the 01-06 aliphatic acyl 01-06 aIkyIanlno group is
preferabk@nam[ﬂ§@gﬂodanuyﬂnﬁaﬁqupyﬂ nolgrotpe [0646] of "R’, IB,thend
i nvention, the "01-06 al koxycarbonyl am no group” refers to a group in which
t he abov%uwgﬁmudmﬁi"QﬁﬂﬁgalKﬂxy greupt3isibonded 1o 1 ydar prymm o gr oup,
and can be, for exanple, a straight or branched chain al koxycarbonyl am no
group hayrgelrddd o £a3-boto al andsmisecbdas amri-hexyc aeanyd anfdscarbon
et hoxycar bonyl am no, n- propoxycarbonyl an no, i sopropoxycar bonyl an no, n-
but oxycargey,amame | seHd oxyedhemilamano,sclopropyl, cyclobutyl,
but oxycar bonyl am no, t ert - but oxycar bonyl am no, n-

cyclopentyl, or cyclohexyl group.

[0023]
In the invention, the “C1-C6 haloalkyl group” refers

to a group in which the above-described “C1-C6 alkyl

group” is substituted with a halogen atom(s), and can be,
for example, a trifluoromethyl, trichloromethyl,
difluoromethyl, dichloromethyl, dibromomethyl,

fluoromethyl, 2,2,2-trifluoroethyl, 2,2,2-trichloroethyl,
2-bromoethyl, 2-chloroethyl, 2-fluoroethyl, 2-iodoethyl,
3-chloropropyl, 2,2-dibromoethyl, 4-fluorobutyl, o—-
iodohexyl, or 2,2—dibromoethylvgroup. In the case of R!,
- the C1-C6 haloalkyl group is preferably a trifluoromethyl
or difluoroethyl group, and in the case of substituent

group o, the Cl1-Cé6 haloalkyl group is preferably a



pent oxycar bonyl am no, i sopent oxycar bonyl am no, 2-
nethylbutoxycarbonylanino,neopentoxycgibonylanino,n-

hexyl oxycar bonyl am no, 4- net hyl pent oxycar bonyl am no, 3-

met hyl pent oxycar bonyl am no, 2-net hyl pent oxycar bonyl am no,

3, 3-di net hyl but oxycar bonyl am no, 2, 2- di net hyl but oxycar bonyl am no, 1, 1-
di met hyl but oxycar bonyl am no, 1, 2- di net hyl but oxycar bonyl am no, 1, 3- 45

di et hyl but. carbonyl am no, or 2. 3-_di net hyl but oxycar bonyl am no. In the
of "subst e S Rt TTen! SRR R e A ky aroup.

substitUﬁgt roup a, the 01-06 al koxycarbonyl am no group is preferably
nmet hoxya 09 roup, an ethoxyam no group, or an n-propoxyamn no group.

In the invention, the “C1-C6 aminoalkyl group”
refers to a group in which the above-described “C1-C6
alkyl group” is substituted with an aminoc group, and can
be, for example, an aminomethyl, aminocethyl, aminopropyl,
or aminobutyl group. In the case of substituent group «,
the C1-C6é aminoalkyl group is preferably aminomethyl.
[0025]

In the invention, the “C1-C3 hydfoxyalkyl group”
refers to a group in which the above-described “C1-C3
alkyl group” is substituted with a hydroxy group, and can
be, for example, a hydroxymethyl, hydroxyethyl, 14
hydroxyethyl, or hydroxypropyl group. In the case of R3,
the C1-C3 hydroxyalkyl group is preferably a hydroxymethyl
group or a l-hydroxyethyl group.

[0026]

In the invention, the ™“C1-C6 hydroxyalkyl group”
refers to a group in which the above-described “C1-C6
alkyl group” is substituted with a hydrogy group, and can
be, for examble, a group described above as an example of
the “C1l-C3 hydroxyalkyl group” or a  hydroxybutyl,
hydroxypenﬁyl, or hydroxyhexyl group. In the case of
substituent group o and the substituent on the C1-C6

alkoxy Cl-C6 alkyl group in substituent group o, the C1-Cé6

case

a



[ 0047] In the invention, the "01-06 al kyl sul fonyl group” refers to a
group in which the above-described " ZCB al kyl group” is bonded to a
sul fonyl group, and can be, for exanpre, a nethanesul fonyl, ethanesulfonyl,

n- propanesul fonyl, isopropanesul fonyl, n-butanesulfonyl,
i.sobut anesul fonyl , s-butanesul fonyl, tert-butanesul fonyl,
- n-pent anesul fonyl, isopentanesul fonyl, 2- nethyl butanesul fonyl,

neopent a I l,,. -n- esyul I

4ot hy | SR ERS B A ot Ry PGS ERABAN Forycsoxymetnyl group ox
met hyl pent anesul f onyl. ;. 3,-3-di net hyl but anesul f onyl , 2, 2-
dinethylSuﬁéﬁggﬁpﬁgﬁﬁpyllgffﬂﬂﬁbthyIbutanesulfonyl, 1, 2-
dinethyl?btagﬁsulfonyl,1,3-dinethylbutanesulfonyl,or

2, 3-di net QI tanesul fonyl group. In the case of substituent group a and
the substituent on the 01-06 al kyl group in substituent group a, the 01-06
al kyl sul f onyl 6POG6ei§Wﬁ%ﬁ§%%ﬂﬂ)F%?st?gTE%taékoﬁyaﬁéﬁéH ch&LgLs to

al kanesul fonyl group having 1 to 4 carbon atons, and nost preferably a

net hanes@l fOMMP gibuphiche fgpagpove-descrabere Thlvient i BAKYEhETR 06

di al kyl am nosul fonyl group" refers to a group in which the above-descri bed
"0106 di &skyRreed §Pody" PXYBORdedole @Al £aRyleyr oty aRd™eaR be& for
exanpl e, an N, N-di nmet hyl am nosul fonyl, N, Ndi et hyl am nosul f onyl ,

N, N- di - nsprepgghan aos i famted Ndidilirsoplépylyang nospl fraawing 1 to 3

N, N- di - n- but yl am nosul fonyl, N, N-di i sobutyl am nosul fonyl,

N, N- di - scaufophnamartesid f anydh N\ dnetleokybut gapkgesulf-pmyplpoxy, or

N, N- di - npentyl am nosul fonyl, N, N-dii sopentyl am nosul fonyl,

N, N- di 2- deolpyloputyl.am ndaul tapyl caNeN- difneapent whdvwtriasidnftonydn  the

N, N-di -1 - et hyl propyl am nosul fonyl, N, N-di - nhexyl am nosul f onyl ,

N, N- di i sphexyliamenosdpieBghitel, Nogi - the C1-C3 alkoxy group is

preferably a methoxy or ethoxy group.
[0028]

In the invention, the “C1l-Cé6 alkoxy group” refers to
a group in which the above-described ™“C1l-C6 alkyl group”
is bonded to an oxygen atom, and can be, for example, a
group described above as an example of the “C1-C3 alkoxy
group” or a straight or branched chain alkoxy group having
1l to 6 carbon atoms such as n-butoxy, isobutoxy, s-butoxy,
tert-butoxy, n-pentoxy, isopentoxy, 2-methylbutoxy,
neopentoxy, n-hexyloxy, 4-methylpentoxy, 3-methylpentoxy,
2-methylpentoxy, 3,3-dimethylbutoxy, 2,2—dimethylbﬁtoxy,
1,1-dimethylbutoxy, 1,2-dimethylbutoxy, 1,3-dimethylbutoxy,
or 2,3-dimethylbutoxy. 1In the case of substituent group a,
the substituent on the Cl-C6 aliphatic acylamino group to

be substituted for the Cl-C6 alkyl group in substituent



met hyl pent yl am nosul fonyl , N, N-di - 3- net hyl pentyl am nosul fonyl , N, N-di - 2-
nmet hyl pent yl am nosul fonyl , N, N-di - 1| -
nethylpentylaninosulfonyl,N,N—ethylne@ﬁylaninosulfonyl, or
N, N-i sopr opyl net hyl am nosul fonyl group. In the case of substituent group a,
t he 01-06 di al kyl am nosul fonyl group is preferably a di met hyl am nosul f onyl
or diethyl am nosul fonyl group. [0049] In the invention, the "hal ogen
atont is a fluorine atom a chlorine atom a brom ne atom or an iodine
atom | n%eecdde bReREURFE Wit i PefbCor ke phkh9xene lgléupl e
represented by A and substituent group a, the hal ogen atomis preferably a
chl ori ne S&°%1R ok a SHPFSHtEendt o¥fodnd Sortehdr EfleF&blal kp#Y uBEPHE atm
[ 0050] In the invention, the "pharmacol ogically acceptable salt™
refers t ®r&isqal lihixMatdirbe JoreiEteRy §eePing with an acid in the case
where the conpound of the invention has a basic group such as an am no
group, orlO®¢%leacting with a base in the case where the conpound of the
i nvention has an acidic group such as a carboxyl group.

In the invention, the ™“Cl-C6 haloalkoxy group”

refers to a group in which the above-described “C1-C6

haloalkyl group” is bonded to an oxygen atom, and can be,

for example, a trifluoromethoxy, trichlorcomethoxy,
difluoromethoxy, dichloromethoxy, dibromomethoxy,
fluoromethoxy, 2,2,2-trichloroethoxy, 2,2,2—
trifluoroethoxy, 2-bromoethoxy, 2-chloroethoxy, 2-

fluoroethoxy, or 2,2-dibromoethoxy group. In the case of
vsubstituent group o, the Cl1-C6 haloalkoxy group 1is
preferably a trifluoromethoxy or difluoromethoxy group.
[0030]

In the invention, the “C1~C3 alkoxy C1-C3 alkyl
group” refers to a group in which the above-described “Cl-
C3 alkoxy group” is bonded to the above-described “C1-C3
alkyl group”, and can be, for example, a methoxymethyl,
methoxyethyl, ethoxymethyl, ethoxyethyl, n-propoxymethyl,
n-propoxyethyl, or isopropoxymethyl group. In the case of
R}, the C1-C3 alkoxy Cl1-C3 alkyl group is preferably a
methoxyethyl group.

[0031]

In the invention, the “C1-C6 alkoxy Cl-Cé alkyl



[ 0051] The salt derived froma basic group can be preferably a
hydr ohal i de salt such as a hydrofluoride, a hydrochloride, a hydrobrom de,
or a hydroi odide; an inorganic acid sal't such as a nitrate, a perchlorate,
a sulfate, or a phosphate; a | ower al kanesul fonate such as a
met hanesul fonate, a trifluoronethanesul fonate, or an ethanesul fonate; an
aryl sul fonate such as a benzenesul fonate or a p-tol uenesul fonate; an
organic acid salt such as an acetate, .mal at e, fumarate,. a suggi nate, a
citrate, gaﬂo%cojf%g?ﬁf ©tar Prare, thn w@%%a%t&e (ja?bqav%Cgeesacf%l;b%? aﬁiém no
acid salt éuch as ag%!yche,salt, a lysine salt, an arginine salt, an
or ni t hi né%aPtXOxYgI9REHR c bei 8CRdPE, &t BReaspareidescrdRed t Cimebsalt is
preferably a hydrohalide salt or an inorganic acid salt. 48 [0052]
On the othefYhaB8CUPhe &% Rt iDed ffioom PRI cagrdipiRe afe ber ppeder abl y
a metal salt such as an alkali nmetal salt (such as a sodiumsalt, a
pot assi urAlae , asy &Nl i eXpURLsaled, tdre al'kdliGfe eadkokynefarC3alazlkglich as a
calciumsalt or a magnesiumsalt), an alum numsalt, or an iron salt; an
am ne salareur’h asomn i aor gani-buapkpmegaivtl ,( suchs dsitax \metony Lm sast) or an
organic amne salt (such as a t-octylam ne salt, a dibenzylam ne salt, a
mor phol i reutsztyme bhygl ucosani e tsdiut oxypdignyl gl yci ner-addkytoegherhgdl t, an
et hyl enedi am ne salt, an N-nethyl glucam ne salt, a guanidine salt, a
di et hyl aniswpesatdxymetiy et hyl-ardtiey dabt ox analiloyT) ohesopant seysatiyl an
N, N - di benzyl et hyl enedi am ne salt, a chloroprocaine salt, a procaine salt,
a di et hanolresst yieos@héth @, N- benzyl phenet iyl geh texgabthya, pi perazi ng-salt, a
tetranmet hyl anmoni um salt, or a tris(hydroxymethyl)an nonet hane salt); or an
am no acintk el Ipsniedx @sen @l yci ne sabmetayhysniexsaldthan argi nigessalt, an
ornithine salt, a glutamc acid salt, or an aspartic acid salt. [0053]
I nci dent addnyetit &ﬁ/@if}h@% pe, depl yalh we t69TBaYRs JRvINg th ,1-
above-descri bed genera f&%%ula (f) may hage vg?igggﬁﬁximwgérAslf%r t he
above- desgr I I t hese j ngd er 1.C: an

Scfuﬁé% %5‘@5}@3/1{1@%?39?'1%512(01))[3. 4% LROMRIS And ¢ a&%‘%*&b@ué’nt

non-racem c m xtures _ el!soners are all represented by a single
i xt ur o5 BT ebe FEBnGs Con HTTSUE b opof t1:6hs S Ener TR T FUANEY on al so
i ncl udes a methoxymethyl group.

[0032]

In the invention, the “C1-C6 hydroxyalkoxy group”
refers to a group in which a hydroxy group is bonded to
the above-described %“C1l-Cé alkoxy group”, and can be, for
example, a hydroxymethoxy or hydroxyethoxy group. In the
case of substituent group «, the Cl-C6 hydroxyalkoxy group
is preferably a hydroxymethoxy group.

[0033]

In the invention, the Y“C1-C6 alkylthio group” refers

to a group in which the above-described “C1-C6 alkyl

group” is bonded to a sulfur atom, and can be, for example,

a methylthio, ethylthio, or t-butylthio group. In the



conpounds | abel ed with any of various radioisotopes [tritium (3H),

i odi ne-125 (1251), carbon-14 (140, %g the Iike] or non-radi oi sotopes
[deuterium (2H) and the like]. [0054] "Further,in the case where the

cycl ohexane derivative conpounds having the above-descri bed general fornula
(I') and salts thereof formsolvates (for exanple, hydrates), the invention
al so includes all of these solvates. [0055] Further, the invention
al so includes all of the conpounds that are metabolized in the body and

convert efd¥ c§ I BH}@iBhEu@BFl PZCPe %onpotings ~havadd Yiivd I reWRestT i bed

gener al for%%% or_ salts thereof. [0056] In the invention, the
gener al EF?%% 3 S ief b b yITRBPF ol | owi ng general formula (IA).
[ 0057] In this formula, B, RlL, R2, R3, R4, and n have the sane

defini ti o034} descri bed above. The general formula (1) is nore preferably

the foll ow ng gfneral formula (1B).
' n the invention, the “C6-C10 aryl group” refers to

an aromatic hydrocarbon group having 6 to 10 carbon atoms,
and can be, for example, a phenyl, indenyl, naphthyl, or
biphenyl group.i In the case of B and substituent group «,
the C6-Cl0 aryl group i1s preferably a phenyl group.

[0035]

In the invention, the “C6;C10 aryloxy group” refers
to a group in which the above-described “C6-Cl0 aryl
group” 1s bonded to an oxygen atom, and can be, for
example, a phenyloxy, indenyloxy, or naphthyloxy group.
In the case of substituent group o, the C6-Cl0 aryloxy
group is preferably a phenyloxy group.

[0036]

In the invention, the W4 - to 10-membered
heterocyclic group containing 1 to 4 heterocatoms which may
be the same or different and are selected from nitrogen,
oxygen, and sulfur” refers +to a 4- to 10-membered
heterocyclic group containing 1 to 4 atoms selected from a
sulfur atom, an oxygen atom, and a nitrogen atom, and can
be, for example, én aromatic heterocyclic group such as
furyl, thienyl, pyrrolyl, azepinyl, pyrazolyl, imidazolyl,

oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, 1,2,3-



[ 0058] In this formula, RI and R5 have the sanme definitions as
descri bed above. [0059] The general formula (1A is preferably the
foll owi ng general fornula (la). 51 ?gOGO] In the formula, B, RR2, R3, R4,
and n have the sanme definitions as described above. The general fornula
(I'A) is nore preferably the follow ng general fornula (1Db).

oxadiazolyl, tpiazolyl, tetrazolyl, thiadiazolyl, pyranyl,
pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, or
tetrazolyl; or a partially or completely reduced group
corresponding to any of these aromatic heterocyclic groups
such as morpholinyl, thiomorpholinyl, pyrrolidinyl,
pyrrolinyl, imidazolidinyl, imidazolinyl, pyrazolidinyl,
pyrazolinyl, piperidinyl, piperazinyl, or
tetrahydropyranyl. Incidentally, the above-described “4-
to 10-membered heterocyclic group” may be fused with
another cyclic group, and can be, for example, a
benzofuranyl, chromenyl, indolidinyl, isoindolyl, indolyl,
indazolyl, purinyl, quinolidinyl, isoquinolyl, gquinolyl,
phthalazinyl, naphthylidinyl, quinoxalinyl, gquinazolinyl,
isoindolinyl, 2,3-dihydro-l-benzofuranyl, 3,4-dihydro-1H-
isochromenyl, 1,2,3,4-tetrahydroquinolinyl, or 1,2,3,4-
tetrahydroisoquinolinyl group. In the case of B, the 4-
to l0-membered heterocyclic group is preferably a 4- to
10-membered heterocyclic group which contains at least one
nitrogen atom and may contain an oxygen atom or a sulfur
atom, and can be, for example, an aromatic heterocyclic
group such as pyrrolyl, azepinyl,‘pyrazolyl, imidazolyl,
oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, 1,2,3-
oxadiazolyl, triazolyl, tetrazolyl, thiadiazolyl, pyridyl,
pyridazinyl, pyrimidinyl, or pyrazinyl; or a partially or

completely reduced group corresponding to any of these



[ 0061] In this formula, RI and R5 have the sanme definitions as
descri bed above. [0062] Ais p?gferably a phenyl ene group or a
phenyl ene group which nmay be optionall'y substituted with one to three 01-03
al kyl groups, and nore preferably a phenylene 52 group optionally
substituted with one C1-C3 al kyl group. [0063] Bis preferably a 4-
to 10- menbered heterocyclic group containing 1 to 4 heteroatons which may

be t he S%@%ﬁyﬂfyff?&aghﬁﬁ @are s ngﬁgifr lpit@ggenqﬁ?gﬁqiy%gyp sul fur

(the heterocyclic grou e optional’ly substituted w groups

sel ected fr.om subst.i.t uen roup. a).or.a 06-010.aryl grou t-he,.aryl group

may be oﬁﬂ%ﬁ%ﬂﬁ%/%ﬁﬁﬁgiﬁtéQﬁf l%%ﬁﬂ?%b §y5F886EYééIgC1§P |%ﬁ%%ﬁ %ﬁituent

- group a),, _and r.e preferabl .phenyl group_ whjch y be opt.ionally
Substi ¢ UiEH WA 5ty 5 BFBARSL4BrB¥ted 17 G SUbSTTT Lent oS 4 61 a

pyridyl group which may be optionally substituted wth 1 to 5 groups

sel ect ed PEPEHRAFAIESt 1 uePt grShpalydropsdpnyl, ™MeHe | sPRRECERREYY & 01- 03

al kyl group and nore preferably a nethyl group. [0065] R2 is preferably a
hydrogengﬁﬂ%ﬂyl' pyrimidyl, pyrazolyl, pyrrolidinyl, piperidinyl,

piperazinyl, morpholinyl, or tetrahydropyranyl group, and
further more preferably, an aromatic heterocyclic group.
In the case of substituent group o, the substituent on the
Cl-C6 alkyl group in substituent group o, the substituent
on the C3-Cl1l0 cycloalkyl group in substituent group o, the
substituent on the Cl1-C6 halocalkyl group in substituent
group o, the substituent on the Cl1-C6 hydroxyalkyl group
in substituent group a, and the substituent on the C1-C6
alkoxy Cl-Cé6 alkyl group in substituent group a, the 4- to
10-membered heterocyclic group is preferably an aromatic
heterocyclic group.

[0037]

In the invention, the W - to 10-membered
heterocyclic carbonyl group containing 1 to 4 heteroatoms
which may be the same or different and are selected from
nitrogen, oxygen, and suifﬁr” refers to a group in which
the above-described “4- to 1l0-membered heterocyclic group
containing 1 to 4 heteroatoms which may be the same or
different and are selected from nitrogen, oxygen, and

sulfur” is bonded to a carbonyl group, and in the case of



[ 0066] R3 is preferably a 01-06 al kyl group, and nore preferably a
met hyl group. [0067] R4 is preferablysg@ hydrogen atom [0069] 53 n is
preferably 1 or 2. X is preferably N§ or -0-, and nore preferably -0-.
[ 0070] In the case where the C6-Cl0 aryl group represented by Bis
substituted, substituent group a is preferably a hal ogen atom a Cl1-C6
al kyl group [the al kyl group may be optionally substituted with 1 to 3
groups s ct ; c - i phat g l_,gro a
e e T P BB

Cl- C6 al koxyc onyl group, an ani nocar

may be optio | y_substituted with 1 or 2 grouyps selected froma Cl-C6
oyt gr ot 16 o TR oM iE o Bug B AL B QR ofy i enia
group), Cl- al kyl. carbam do grou the C-C6 al kyl carbam do group nay
e obt | of8I 5 DR (R T AP o oS e e bt o SFEBRARIE S0 al Ry
group and C_-C6 al koxy), a O C6 aliphatic acylanm no group which may be

Opt 1 bnal £ SUSRIHR R W ERC e o L Png Exsea iy | g bapas & CCL-aGRt

al koxycar bonyl am no group, an am doxy group which may be optionally
substitufdd wrthreselor4b erdognay kycidrdipsana CFYLH: aldepFs uPF orfy |

group, a 4- to 10-menbered heteroc¥FIic roup containing 1 to 4 heteroatons
whi ch mayWBé Uthe &0 or2Rfi f f €RBnt P&nd af¥r sePBRTRHS r oRNi P&t Oxygen

and sul fur, and a 4- to 10-nenbered heterocyclic carbonyl group containing
1 to 4 hbéeéesacyvs whi ctepgnpe group such as pyrrolecarbonyl,

group

azepinecarbonyl, pyrazolecarbonyl, imidazolecarbonyl,
oxazolecarbonyl, isoxazolecarbonyl, thiazolecarbonyl,
isothiazolecarbonyl, 1,2,3-oxadiazolecarbonyl,

triazolecarbonyl, tetrazolecarbonyl, thiadiazolecarbonyl,
pyridinecarbonyl, pyridazinecarbonyl, pyrimidinecarbonyl,
or pyrazinecarbonyl; a partially or completely reduced

heterocyclic carbonyl group corresponding to any of these

aromatic - heterocyclic carbonyl groups such as
morpholinecarbonyl, thiomorpholinecarbonyl,
pyrrolidinecarbonyl, pyrrolinecarbonyl,
imidazolidinecarbonyl, imidazolinecarbonyl,

pyrazolinecarbonyl, piperidinecarbonyl, piperazinecarbonyl,
or tetrahydropyranecarbonyi; or a group having an o0xo
group on the ring such as a 2-oxopyrrolidinecarbonyl or 2-
oxo—l,3—oxazolidinecarbonyl group, and more preferably a
pyrrolidinecarbonyl group.

[0038]

In the invention, the “Cl1-C6 alkoxycarbonyl group”



54 the same or different and are selected fromnitrogen, oxygen, and

sul fur}, a 01-06 hydroxyal kyl group, Br a O Co6 al koxy 01-06 al kyl group
(the al koxyal kyl group may be optiona py substituted with 1 to 3 groups
selected froma hydroxy group, a 01-06 al koxy group, a 01-06 hydroxyal kyl
group, a 01-06 al kyl am nocarbonyl group, a carboxyl group, a 01-06

al koxycar bonyl group, and a 4- to 10-nenbered heterocyclic group containing

1 to 4 heteroatons which may he the ,same _or different and are sel ected from
nitrogenf‘ﬁ%?ﬁbn?oanﬂ §UVFG¥)fIhnﬁ%ﬁ8%e B?%fe?%%Y?’%?%ﬁgg%eglkﬁﬁ"éﬁ%up {the
al kyl gro may be opfionally supstituted with 1 to 3 groups selected from
o A HOCHTEO S G, L& HiHbCa? b IBUR 5P Be 0Bt Roraf Pe
substituted with one or two 01-06 al kyl groups) and an am doxy group which
may be optdfondXdYPEBbsei t A I E hosn ANl 0¢hes naladHOBFHUPIN WY a
01-06 hydroxyal kyl group. [0071] In the case where the 03-010

cycl oal kyAr GouR Fept esefited BRI ILPBE | BUFBd 2SS URRNGIEFRTRATOUY a is
preferably a hal ogen atom a 01-06 al kyl group (the al kyl group being

opt i onal letsudystathared W thptopexy cgirbwpy lsel esbpdoppragrarbanhodxylngroup
and a 01-06 al koxycarbonyl group) or a 01-06 hydroxyal kyl group. [0072] 55
group corftwigrywprbany 4 hesepobtrysavhpolilmyg ety cearpryrl difderent and
are selected fromnitrogen, oxygen, and sulfur represented by B is

substi t uteed,oxsudesthiduent  groeptaxiveapbeisrlabl ysaphatoggnaabonyla Cl- C6
al kyl group (the alkyl group may be optionally substituted wth 1 to 3

groups seleagt @b fromen tasboXy|l group asdpantox@Gaaldcexycar bonyl gi-oup), a
Cl - C6 hydroxyal kyl group, or a cyano group, and nore preferably a cyano
group. hexyloxycarbonyl, 4-methylpentoxycarbonyl, 3-
methylpentoxycarbonyl, 2-methylpentoxycarbonyl, 3,3-
dimethylbutoxycarbonyl, 2,2-dimethylbutoxycarbonyl, 1,1~
dimethylbutoxycarbonyl, 1,2-dimethylbutoxycarbonyl, 1,3-
dimethylbutoxycarbonyl, or 2,3-dimethylbutoxycarbonyl. 1In
the case.of substituent group o, the substituent on the
Cl1-C6 alkyl group in substituent group @, the substituent
on the C3-Cl0 cycloalkyl group in substituent group «, the
substituent on the Cl1-C6 haloalkyl group in substituent
group o, the substituent on the Cl-Cé6 hydroxyalkyl group
in substituent group o, and the substituent on the C1-Cé6
alkoxy C1-C6 alkyl group in substituent group o, the C1-C6
alkoxycarbonyl group is preferably methoxycarbonyl,
ethoxycarbonyl, or isopropoxycarbonyl.
[0039]
In the invention, the “C1-C6 aliphatic acyl group”

refers to a group in which an aliphatic hydrocarbon group



[0073] [0074] [0075] LI is preferably a butoxycarbonyl group. L2 is
preferably a t-butyl group. L3 is pregﬁrably a hal ogen atom [0076]

A conpound havi ng the foll ow ng gener formula (1) of the invention can be
produced by, for exanple, using a known conpound as a starting materi al
according to the processes described below. 56

having 1 to 6 carbon atoms is bonded to a carbonyl group,
and can be, for example, an alkylcarbonyl group such as a
formyl, acetyl, propionyl, butylyl, isobutylyl, pentanoyl,
pivaloyl, valeryl, or isovaleryl group; a
halcalkylcarbonyl group such as chloroacetyl,
dichlorcacetyl, trichlorocacetyl, or trifluorcacetyl; a
lower alkoxyalkylcarbonyl group such as methoxyacetyl; an
unsaturated alkylcarbonyl group such as (E);Z—methyl—Z—
butenoyl; or the like. 1In the case of substituent group o
and the substituent on the Cl-C6é alkyl group in
substituent group o, the C1l-C6 aliphatic acyl group is
preferably a formyl (group, an acetyl group, or a
trifluoroacetyl group.

[0040]

In the invention, the “C1-C6 alkylamino group”
refers to a group in which the above-described ™“C1-C6
alkyl group” is bonded to an amino group, and can be, for
example, a methylamino, ethylamino, n-propylamino,
isopropylamino, n-butylamino, isobutylamino, s-butylamino,
tert-butylamino, n-pentylamino, isopentylamino, 2-

methylbutylamino, neopentylamino, 1l-ethylpropylamino, n-

hexylamino, - isohexylamino, 4-methylpentylamino, 3-
methylpentylamino, 2-methylpentylamino, 1-
methylpentylamino, 3,3~dimethylbutylamino, 2,2~

dimethylbutylamino, 1,1-dimethylbutylamino, 1,2-



[ 0077] In the above-described fornula and the foll ow ng description,
X, n, R, R2, R3, and R4 have the sarrg definitions as described above.
Process A. Process for Producing Inte I]fEdi ate Process B: Process for
Producing Internediate Process C

dimethylbutylamino, 1,3-dimethylbutylamino, 2,3-
dimethylbutylamino, or 2-ethylbutylamino group. In the
case of substituent group o, the Cl-Cé6 alkylamino group 1is
preferably a methylamino group, an ethylamino group, or an
isopropylamino group.
[0041]

In the invention, the “C3-Cl10 cycloalkylamino group”
refers to a group in which the above-described ™“C3-C1l0

cycloalkyl” is bonded to an amino group, and can be, for

example, a cyclopropylamino, | cyclobutylamino,
cyclopentylamino, cyclohexylamino, cycloheptylamino,
norbornylamino, or adamantylamino group. In the case of

substituent group o, the C3-Cl0 cycloalkylamino group is
preferably a 3- to 7-membered saturated cyclic hydrocarbon
amino group.

[0042]

In the invention, the “Cl1l-C6 dialkylamino group”
refers toba group in which an amino group is substituted
with two of the above-described “C1-C6 alkyl groups” which
may be the same or different, and can be, for example, an
N,N-dimethylamino, N,N-diethylamino, N,N-di-n-propylamino,
N, N-diisopropylamino, N,N-di-n~butylamino, N, N-
diisobutylamino, N,N-di-s-butylamino, N,N-di-tert-
butylamino, N,N-di-n-pentylamino, N,N-diisopentylamino,

N,N-di-2-methylbutylamino, N,N-dineopentylamino, N,N-di-1-



[ 0080]

Process D [ 0081] Process E [ 0082] Process F

42

ethylpropylamino, N,N-di-n-hexylamino, N,N-diisohexylamino,
N, N-di-4-methylpentylamino, N,N-di-3-methylpentylamino,

N,N-di-2-methylpentylamino, N,N-di-l-methylpentylamino,

N,N—ethylmethylamino, or N,N-isopropylmethylamino group.

In the case of substituent group «, the Cl-C6 dialkylamino
group is preferably a dimethylamino or diethylamino group.

[0043]

In the invention, the ™“C1l-C6 alkoxyamino group”
refers to a group in which the above-described “C1l-Cé6
alkoxy group” is bonded to an amino group, and can be, for
example, a straight or branched chain alkoxyamino group

having 1 to 6 carbon atoms such as methoxyamino,

ethoxyamino, n-propoxyamino, isopropoxyamino, n-
butoxyamino, isobutoxyamino, s-butoxyamino, tert-
butoxyamino, n-pentoxyamino, isopentoxyamino, 2-

methylbutoxyamino, neopentoxyamino, n-hexyloxyamino, 4-

methylpentoxyamino, 3-methylpentoxyamino, 2-
methylpentoxyamino, 3,3-dimethylbutoxyamino, 2,2~
dimethylbutoxyamino, 1,1-dimethylbutoxyamino, 1,2-

dimethylbutoxyamino, 1,3-dimethylbutoxyamino, or 2,3~
dimethylbutoxyamino. In the case of substituent group o,
the C1-C6 alkoxyamino group is preferably a methoxyamino
group, an ethoxyamino group, or an n-propoxyamino group.
[0044]

In the invention, the “C1-Cé6 aliphatic acylamino



58 (3) R4)"(4b)(4)(1) E-2C2 (4c) [0083] In the above-descri bed
processes and the foll ow ng descri ptig , LI represents a protecting group
of amine, L2 represents a C-C6 al kyl group, and L3 represents a hal ogen
atom or a hydroxy group. :

group” refers to a group in which the above-described “Cl-
C6 aliphatic acyl group” is bonded to an amino group, and

can be, for example, an alkylcarbonylamino group such as a

formylamino, acetylamino, propionylamino,
isopropanoylamino, butanoylamino, isobutanoylamino,
pentanoylamino, pivaloylamino, valerylamino, or

isovalerylamino group; a haloalkylcarbonylamino group such
as chloroacetylamino, dichloroacetylamino,
trichloroacetylamino, or trifluorocacetylamino; a lower
alkoxyalkylcarbonylamino group such as methoxyacetylamino;
an unsaturated alkylcarbonylamino group such as (E)-2-
methyl-2-butenoylamino; or the like. In the case of
substituent group o and the substituent on the C1-C6 alkyl
group in substituent group «, the Cl1-C6 aliphatic
acylamino group is preferably an isopropanoylamino group.
[0045]

In the invention, the “C1-C6 aliphatic acyl C1-C6
alkylamino group” refers to a group in which the above-
described “C1-C6 aliphatic acyl group” 1s bonded to the
amino group of the above-described “C1-C6 alkylamino
group”, and can be, for example, an alkylcarbonylamino
group such as a formylmethylamino, acetylmethylamino,
propionylmethylamino, iscpropanoylmethylamino,
butanoylmethylamino, or isobutanoylmethylamino group; a

haloalkylcarbonylamino group such as



[ 0084] In the above-described processes and the foll ow ng
description, the protecting group of gmne in the definition of LI is not
particularly limted as long as it is a group to be used in the field of
organi c synthetic chem stry, however, preferred is a butoxycarbonyl group.
[ 0085] A process for produci ng Conpound (1) of the invention can be
sel ected fromthe above-described Process C to Process F according to the
desi red EQTQQU?getggﬁéﬁhyl mino,Hereinaftgs .niheoLesRGEhb¥ayREAGRSSEs Wi ll
be descri bed. rocess A ﬁProcess A-1) 59 This proCess is a

: ' : by al ' ] .
Compound C 151 R PRE oY CLBReY ool bbt L aEohr g  an 2 AARARrCE ket one,

or a ketgne gﬂ%&%?lenglk %g%Zkylcarbonylamino group such as

methoxyacetylmethylamino; or the like. In the case of the
substituent on the Cl1-C6 alkyl group in substituent group
o, the C1-Cé6 aliphatic acyl Cl1-Cé6 alkylamino group 1is
preferably an isopropanoylmethylamino group.

[0046]

In the invention, the “Cl1-C6 alkoxycarbonylamino
group” refers to a group in which the above-described “Cl-
C6 alkoxy group” is bonded to a carbonylamino group, and
can be, for example, a straight or Dbranched chain

alkoxycarbonylamino group having 1 to 6 carbon atoms such

as methoxycarbonylamino, ethoxycarbonylamino, n-
propoxycarbonylamino, isopropoxycarbonylamino, n-
butoxycarbonylamino, isobutoxycarbonylamino, sS-
butoxycarbonylamino, tert-butoxycarbonylamino, n-
pentoxycarbonylamino, isopentoxycarbonylamino, 2-
methylbutoxycarbonylamino, neopentoxycarbonylamino, n-
hexyloxycarbonylamino, 4-methylpentoxycarbonylamino, 3-

methylpentoxycarbonylamino, 2-methylpentoxycarbonylamino,

3,3~-dimethylbutoxycarbonylamino, 2,2-
dimethylbutoxycarbonylamino, 1,1-
dimethylbutoxycarbonylamino, 1,2-

dimethylbutoxycarbonylamino, ‘ 1,3-



As the solvent, a m xed solvent of an organic solvent and an acid, which
does not inhibit the reaction and disaglves the starting material to sone
extent, is used. Exanples of the organic sol vent include ethers such as
di et hyl ether, diisopropyl ether, tetrahydrofuran, dioxane,

di mret hoxyet hane, and di et hyl ene gl ycol dinethyl ether; and hal ogenated
hydr ocar bons such as di chl oronet hane, chloroform carbon tetrachloride,

dichloroethanéf hIorobena;ne and_ di chl or obenzene, and preferrﬁg | S
Y ar i

t et r ahydFofirs Fil G SRS d i nel ude or g8Ai ¢ aci ds suck ’as acetic

acid, forgmc aci oxal i c.acid, mnethanesul fonic acid, p-toluenesulfonic
aci d, caﬁﬁmﬁﬁiﬁﬂhﬂﬁQ§¥ﬁﬂﬁfoqx'%Wiﬁﬁbacz¥ﬁct%%iﬁﬁﬁﬁmpg substituent
trifluoromethanesul fonic acid, and preferred is acetic acid. [0088]

As the alddémpde Reforfdle ofURet dhecBiuidral BRe, CA-Coethbsyhr G5OH® o t he
like is preferably used. [0089] 60 sodiumtriacetoxy borohydride is used.
[0090] substifwenteagtrpen vtenperat GleGos dibprocarbonpdanippefaraty from
10C to 50C, and nore preferably roomtenperature. [0091] The

reacti on itSi ¥ §5eT3hy 02 5MREHPXYEMINChARFBIP andR préheraBY-Nor DS hour to

3 hours. _
Oor an n-propoxyamino Jgroup.

[0047]

In the invention, the “C1-C6 alkylsulfonyl group”
refers to a group in which the above-described ™“C1-C6
alkyl group” is bonded to a sulfonyl group, and can be,
for example, a methanesulfonyl, ethanesulfonyl, n-
propanesulfonyl, isopropanesulfonyl, n-butanesulfonyl,
isobutanesulfonyl, s-butanesulfonyl, tert-butanesulfonyl,

- n-pentanesulfonyl, isopentanesulfonyl, 2-
methylbutanesulfonyl, neopentanesulfonyl, n-hexanesulfonyl,
4-methylpentanesulfonyl, 3-methylpentanesulfonyl, 2-
methylpentanesulfonyl, 3,3—dimethylbutanesulfonyl, 2,2-
dimethylbutanesulfonyl, 1,1-dimethylbutanesulfonyl, 1,2-
dimethylbutanesulfonyl, 1,3-dimethylbutanesulfonyl, or
2,3-dimethylbutanesulfonyl group. In the case of
substituent group a and the substituent on the Cl1-C6 alkyl
group 1in substituent group o, the C1-C6 ‘alkylsulfonyl
group is preferably a straight or ©branched chain
alkanesulfonyl group having 1 to 4 carbon atoms, and most

preferably a methanesulfonyl group.



(Process
Conpound

Exanpl esof t her eagent i ncl udeN, N- di net

N, N - di
N, Ndi met

B) (Process B-1) Thi s process s a pfocess for producing
(2a) by esterifying the carbgé group of Conpound (2). [0092]
| fo

| sopropyl-0-tert-butylisourea, and preferred is
hyl f ormam de di-tert-butyl acetal. [0093] The sol vent

rmam de di-tert-butyl acetal and

i S not

particul arly Iinited as long as it does not inhibit the reaction. However,

exanpl es

and xyl ene

from 50C tb 12%% gl The reaction t JGiféé"ndléak ur to 2 urs.

invention, amlnosu onyl
group” refers to a group in which the above-described “Cl-
C6 dialkylamino group” is bonded to a sulfonyl group, and
can be, for example, an N,N-dimethylaminosulfonyl, N,N-
diethylaminosulfonyl, N,N-di-n-propylaminosulfonyl, N,N-
diisopropylaminosulfonyl, N, N-di-n-butylaminosulfonyl,
N,N-diisobutylaminosulfonyl, N,N-di-s-butylaminosulfonyl,
N, N-di-tert-butylaminosulfonyl, N, N-di-n-
pentylaminosulfonyl, N,N-diisopentylaminosulfonyl, N,N-di-
2-methylbutylaminosulfonyl, N, N-dineopentylaminosulfonyl,
N,N-di-l-ethylpropylaminosulfonyl, N, N-di-n-

hexylaminosulfonyl, N,N-diisohexylaminosulfonyl, N,N-di-4-

methylpentylaminosulfonyl, : N,N-di-3-
methylpentylaminosulfonyl, N,N-di-2-
methylpentylaminosulfonyl, N,N-di-1-

methylpentylaminosulfonyl, N,N-ethylmethylaminosulfonyl,
or N,N-isopropylmethylaminosulfonyl group. In the case of
substituent group o, the Cl-C6 dialkylaminosulfonyl group
is preferably a dimethylaminosulfonyl or
diethylaminosulfonyl group.
[0049]

In the invention, the “halogen atom” 1is a fluorine
atom, a chlorine atom, a bromine atom, or an iodine atom.

In the case of R*?, the substituent on the phenylene group

%% ﬁ i nclude aromati c hydrocarbons such as benzene, tol uene,
A d preferred is tol uene. [0094] The reaction tenperature is



[ 0096] (Process 3-2) This process is a process for producing
Conmpound (2b) by addi ng Conpound (3) ?9 Compound (2a) in the presence of a
base. [0097] The solvent is not 'particularly limted as long as it
does not inhibit the reaction and dissolves the starting material to sone
extent. However, exanples thereofincludeam dessuchasfor mam de,

di met hyl f or mam de, di net hyl acet am de, N- net hy1- 2-

pyrrol i done, andhexamet hyl phosphorotri am de, and preferred js

di met hyl ff&Pﬁ&ﬁie&é?.e%[o’é%]PR and  gyhghiEEeBF (HePHAsE i nEPBdEHIET net al
hydri des such .as |ithiumhydride, spdium hydride, and potassi um hydri de,
and pref@?PgﬁH%SQﬁ?'%ﬁﬁ 'r?d%hl?ﬁbgg]atO% or a f%uoﬁgne atom, nJ

more preferably a fluorine atom.
[0050]

In the invention, the “pharmacologically acceptable
salt”‘réfers to a salt which can be formed by reacting
with an acid in the «case where the compound of the
invention has a basic group such as an amino group, or by
reacting with a base in the case where the compound of the
invention has an acidic group such as a carboxyl group.
[0051]

The salt derived from a basic group can be
preferably a hydrohalide salt such as a hydrofluoride, a
hydrochloride, a hydrobromide, or a hydroiodide; an
inorganic acid salt such as a nitrate, a perchlorate, a
sulfate, or a phosphate; a lower alkanesulfonate such as a
methanesulfonate, a trifluoromethanesulfonate, or an
ethanesulfonate; an arylsulfonate such as a
benzenesulfonate or a p-toluenesulfonate; an organic acid
salt such as an acetate, a malate, a fumarate, a succinate,
a citrate, an ascorbate, a tartrate, an oxalate, or a
maleate; or an amino acid salt such as a glycine salt, a
lysine salt, an arginine salt, an ornithine salt, a
glutamic acid salt, or an aspartic acid salt. The salt is

preferably a hydrohalide salt or an inorganic acid salt.



The reaction tenperature is fromOC to 150C. [0100] The reaction tinme is

from1l hour to 24 hours. [0101] (Process B-3) This process

S a process for

produci ng Conpound 62 (2c) by hydrolyzing the ester of Conpound (2b).

[ 0102] The hydrolysis of the ester can be carried out
wel | known in the field of organic synthetic chem stry, but
hydrol ysis reaction carried out in the presence of an acid.

[0052]

by a net hod
Is preferably a
[ 0103]

On the other hand, the salt derived from an acidic

group can be preferably a metal salt such as an alkali

metal salt (such as a sodium salt, a potassium salt, or a

lithium salt), an alkaline earth metal salt (such as a

calcium salt or a magnesium salt), an aluminum salt, or an

iron salt; an amine salt such as an inorganic amine salt

{such as an ammonium salt) or an organic amine salt (such

as a t-octylamine salt, a dibenzylamine salt, a morpholine

salt, a glucosamine salt, a phenylglycine alkyl ester salt,

an ethylenediamine salt, an N-methylglucamine

salt, a

guanidine salt, a diethylamine salt, a triethylamine salt,

a dicyclohexylamine salt, an N,N’-dibenzylethylenediamine

salt, a chloroprocaine salt, a procaine salt, a

diethanolamine salt, an N-benzylphenethylamine

piperazine salt, a tetramethylammonium salt,

salt, a

or a

tris (hydroxymethyl)aminomethane salt); or an amino acid

salt such as a glycine salt, a lysine salt, an arginine

salt, an ornithine salt, a glutamic acid salt,
‘aspartic acid salt.

[0053]

or an

Incidentally, the cyclohexane derivative compound

having the above-described general formula (I) may have

various isomers. As for the above-described

formula (I), these isomers and racemic and non-

general

racemic



The solvent is not particularly limted as long as it does not inhibit the
reacti on. However, exanpl es thereofincl ydehal ogenat edhydrocarbonssuchas

di chl oronet hane, chl oroform carbon tégrachloride,, di chl or oet hane,

chl orobenzene, and di chl orobenzene, and preferred is dichloronethane.

[ 0104] Exanpl es of the acid include organic acids such as

nmet hanesul f oni caci d, p-tol uenesul f oni caci d,

canphor sul fani cacid tﬁbfluonoaceticacid,

trifluor SHEt HEesuP f oh"EaEi d SERGEPefrs %ﬁf FEPFREGREEEe e Baci 9§D 105]

The oty O Sber AUre ol OMIC L0805 and Bnelerably oom. ..
isomers and mixtures of these isomers in various
proportions. Further, the invention also includes
compounds labeled with any of various radioisotopes
[tritium (°H), iodine-125 (**I), carbon-14 (*C), and the
like] or non-radioisotopes [deuterium (ZH) and the like].
[0054]

Further, in the case where the cyclohexane
derivative compounds having the above-described geheral
formula (I) and salts thereof form solvates (for example,
hydrates), the invention also includes all of these
solvates.

[0055]

Further, the invention also includes all of the
compounds that are metabolized in the body and converted
to cyclohexane derivative compounds having the above-
described general formula (I) or salts thereof.

[0056]
In the invention, the general formula (I) is

preferably the following general formula (IA).



63 (Process C1) This process is a process for produci ng Conpound
(4) by converting Conpound (2c) into g acid halide, and then, condensing
the resulting acid halide with Conpound (la) in the presence of a base.
[ 0107] The conversion into an acid halide can be carried out
according to a nethod well known in the field of organic synthetic
chem stry, but is preferably conversion into an acid chloride using thionyl
chl oride, oxalyl chloride, or_the |ike. The conversion into an acid halide
may be carrleg out in a sofveny, and preferably, a hal ogenated hydrocarbon
such as gZhl grongtthane, | Br ¢f or m car bont et r achl ori de, di chl or oet hane,
chl or obenzewe, Qf dichl gfobenZene is used as the solvent. [0108] The
solvent to lne uged in the condensation is not particularly limted as |ong
as it does noWN inmkgit ) feaction. However, exanples thereof include

‘ h/as di chl oronet hane, chlorof orm carbon
tetrachl ori de, chl orobenzene, and di chl orobenzene; and
aromati c hydroca s sugh as benzene, toluene, and xylene, and preferred

[0057]
In this formula, B, R!, R? R® R% and n have the
same definitions as described above. The general formula

(I) is more preferably the following general formula (IB).

ZT

CH3
(IB)

[0058]

In this formula, R! and R® have the same definition;
as described above.
[0059]

The general formula (IA) is preferably the following

general formula (Ia).



As the base, preferred is an organic base such as Nmrethyl norpholi ne,
triethylamne, tripropylam ne, tributy am ne, diisopropyl ethyl am ne,

di cycl ohexyl am ne, N nethyl pi peridine;” pyridine, 4-pyrrolidinopyridine,

pi col i ne, 4-(N, N-di met hyl am no) pyridine, 2,6-di(t-butyl)- 4-nethyl pyridine,
qui noline, N, N-dinethylaniline, N N

di ethyl aniline, 1, 5-di azabi cycl o[ 4. 3. 0] non- 5- ene( DBN) ,

1, 4- di azabi cycl o[ 2. 2. 2] oct ane~TRABCO), or 1, 8-

di azabi cyc| o[ B 4. 0] undec- 7- ¢ BU), and nore preferred is triethyl am ne.
[0110] R e Rgactio ’ ature is fromO000 to 80C, and preferably
fromOC to fqoom f enperat ufe. [0111] The reaction tinme is fromO0.5
hour to 3 hayrs,) and prefgrably from1 hour to 2 hours. [0112] (Process

G 2) TN's pcbiges .fg;ocess for produci ng Conpound (1) by
L1 of piperazine of Conpound (4). [0113]
afri ed out according to a nethod well known in the

chem stry, but is preferably a hydrol ysis

The deprotectio
field of organic
reaction carried

N O
8
(Ia)
[0060]
In the formula, B, R}, R?% R® R% and n have the
same definitions as described above. The general formula

(IA) is more preferably the following general formula (Ib).

s 1 /@L
N._R s
O

il O

(o

NK@T

CHs
(Ib)

[0061]

In this formula, R! and R® have the same definitions
as described above.
[0062]

A 1s preferably a phenylene group or a phenylene
group which may be optionally substituted with one to

three C1-C3 alkyl groups, and more preferably a phenylene



65 out in the presence of an acid. [0114] The sol vent is not
particularly limted as long as it dosg not inhibit the reaction. However,
preferred is, for exanple, a hal ogenatéd hydrocarbon such as

di chl or onet hane, chl or of orm car bont etrachl ori de, di chl oroet hane,

chl orobenzene, or dichl orobenzene. [0115] Exanpl es of the acid

I ncl ude organi c aci ds such as net hanesul f oni caci d, p-tol uenesul f oni caci d,

camphor suL Lol <a8l 1111 ver0aeet | eas 9y BSore o o6 oabiie 6
[0063]

B is preferably a 4- to 1l0-membered heterocyclic
group containing 1 to 4 heteroatoms which may be the same
or different and are selected from nitrogen, oxygen, and
sulfur (the heterocyclic group may be optionally
substituted with 1 to 5 groups selected from substituent
group a) or a C6-Cl0 aryl group (the aryl group may be
optionally substituted with 1 to 5 groups selected from
substituent group a), and more preferably a phenyl group
which may be optionally substituted with 1 to 5 groups
selected from substituent group a or a pyridyl group which
may be optionally substituted with 1 to 5 groups selected
from substituent group «.

[0064]

R! is preferably a Cl-C3 alkyl group and more

preferably a methyl group.
[0065]

R® is preferably a hydrogen atom.
[0066]

R® is preferably a Cl1-C6 alkyl group, and more
preferably a methyl group.

[0067]
R? is preferably a hydrogen atom.

[0068]



[ 0116] The reaction tenperature is fromOC to 50C, and preferably
roomtenperature. [0117] The rggction time is from0.5 hour to 6
hours, and preferably from1 hour to hours. (Process D) (Process D-1)
This process is a process for produci ng Conpound (4b) by condensing
Compound (1) and Conpound (2c). [0118] 66 nethod well known in the field
of organic synthetic chem stry, but is preferably a reaction carried out in

t he presence ofn aisd%%(%reartalb(l@- clorg)drenzs.l ng agent. [0119]

[0069]

X is preferably -N- or -0-, and more preferably -0O-.
[0070]

In the case where the C6-Cl0 aryl group represented
by B is substituted, substituent group a 1is preferably a
halogen atom, a Cl-C6 alkyl group {the alkyl group may be
optionally substituted with 1 to 3 groups selected from a
Cl-C6 aliphatic acyl group, a carboxyl group, a Cl-Cé6
alkoxycarbonyl group, an aminocarbonyl group (the
aminocarbonyl group may be optionally substituted with 1
or 2 groups selected from a Cl-Cé6 alkyl group, a Cl-Cé6
haloalkyl group, and a Cl-C6 alkoxy Cl-Cé6 alkyl group), a
Cl-C6 alkyl carbamido group (the C1-C6 alkyl carbamido
group may be optionally substituted with 1 or 2 groups
selected from a Cl-C6 alkyl group and Cl-Cé alkoxy), a Cl-
C6 aliphatic acylamino group which may be optionally
substituted with one or two Cl1-C6 alkyl groups, a Cl-Cé
alkoxycarbonylamino group, an amidoxy group which may be
optionally substituted with one or two Cl1-C6 alkyl groups,
a Cl-C6 alkylsulfonyl group, a 4- to 10-membered
heterocyclic group containing 1 to 4 heterocatoms which may
be the same or different and are selected from nitrogen,
oxygen, and sulfur, and a 4- to l0-membered heterocyclic

carbonyl group containing 1 to 4 heterocatoms which may be



The solvent is not particularly imted as long as it does not inhibit the
reaction and dissolves the starting mgherial to some extent. However,
exanpl es thereofincl udeam dessuchasf or mam de, di et hyl f or mam de,

di met hyl acet am de, N-nethyl-2- pyrrolidone, and

hexanet hyl phosphorotri am de; and al cohols such as net hanol, ethanol,

n- propanol , isopropanol, nbutanol, isobutanol, t-butanol, isoanyl alcohol,

di ethyl eng, ol yogl. ok yeeris.. et anoly ¥l cbexanply apdofretil- seld osol ve,

and preferred s dinmethylformam de or e t’he

dehydr at i ndensin incly _
N, N - dlcyc 5ﬁgyylcé%5%ﬁ??§¥gé T et %f:?%Qfoxyalkyl group, or a Cl

and 4 (48 m%%%x%f%Q S U 18 Do RyRmEY b Gr o0 Rer ae
et hy| oG ahi T et 4%?89*:{1&2133 B79 B EPRr SBRFF St at ur e,
hydroxy group, a Cl-C6 alkoxy group, a Cl-Cé hydroxyalkyl
group, a Cl-C6 alkyl aminocarbonyl group, a carboxyl group,
a Cl-C6 alkoxycarbonyl group, and a 4- to 10-membered
heterocyclic group containing 1 to 4 heterocatoms which may
be the same or different ana are selected from nitrogen,
oxygen, and sulfur), and more preferably a Cl1-C6 alkyl
group {the alkyl group may be opticnally substituted with
1 to 3 groups selected from an aminocarbonyl group (ﬁhe
aminocarbonyl group may be optionally substituted with one
or two Cl-C6 alkyl groups) and an amidoxy group which may
be optionally substituted with one or two Cl-C6 alkyl
groups} or a Cl-C6 hydroxyalkyl group.
[0071]

In the <case where the C3-Cl0 <cycloalkyl group
represented by B is substituted, substituent group a is
preferably a halogen atom, a Cl-Cé6 alkyl group (the alkyl
group being optionally substituted with 1 to 3 groups
selected from a carboxyl group and a Cl-Cé6 alkoxycarbonyl
group) or a Cl-C6 hydroxyalkyl group.

[0072]

In the case where the 4- to 1l0-membered heterocyclic



[0122] The reaction tine is fromO0.5 hour to 6 hours, and preferably
from1 hour to 2 hours. [0123] (Procegs D 2) This process is a
process for produci ng Conpound (4) by addi ng Conpound (3) to Conpound (4a),
and according to the conpound, a reaction such as a Mtsunobu reaction or a
nucl eophilic aromatic substitution reaction can be selected. [0124]

The reagent to be used in the Mtsunobu reaction is not particularly

|1 ted asohBngoftalihilg & [EA0LNLCMBLEDLERAR AIGHNGIA) Ie USRd bind
M t sunobt reaction, however, preferred is a conbination of an azo conpound

such as ggd;c/:{li(flf%\é%'htalﬁaji) a?“éo‘:geclaer%c@%:’ ﬁl‘gml( %l:{?)n:oér%nqi eé@’éen, and

azodi car boxylate or diisopropyl azo oxyl ate a heter oaryl

azodicarbop¥hr(%%%%e el }gﬁgéogEC%&Egﬁ%h%ﬁﬂﬁggeiﬁgé?fgugﬁ{hg??PEOSphine

such as 3" rrary osphine ( as triphenylp phine) or a't wer

al kyl ) phosphi ne (such as tri-n-butyl phosphine) or ggs hor an eagent
such as %Cﬁéﬂ&ﬁﬁﬁﬁﬂ%ﬁkﬁt?iH@@W@%&Hﬁﬁﬂ%ﬂ&ﬁGGﬁ_C§8%}#i ré%%%%rnggntsuchas
(cyanonetﬂglene tri met hyl phosphor ane

(cyanomet hfY EnedX B ulAYph §mﬁﬁ§ﬂﬁﬂaﬁkﬂ|ﬁﬁﬁsﬁﬁaﬁ%ﬁqe8iF§ 1L to 3

cyanonet hyl ene) tri butyl phosphor ane.
(cy grgups )selecééé) fégm a carboxyl group and a Cl-Cé

alkoxycarbonyl group), a Cl-Cé6 hydroxyalkyl group, or a
cyano group, and more preferably a cyano group.
[0073]

L' is preferably a butoxycarbonyl group.
[0074]

1L? is preferably a t-butyl group.
[0075]

L® is preferably a halogen atom.
100761

A compound having the following general formula (I)
of the invention can be produced by, for example, using a
known compound as a starting material according to the

processes described below.



[ 0125] The solvent to be used is not particularly limted as |ong as
it does not inhibit the reaction and ggssolves the starting material to
sonme extent, however, preferred exanples thereof include aronmatic

hydr ocar bons such as benzene, toluene, and xyl ene; hal ogenated hydrocarbons
such as nethyl ene chloride, chloroform carbon tetrachloride,

di chl or oet hane, chl orobenzene, and di chl orobenzene; esters such as ethyl
fOmate, ethyl acetate, prop acetate, butyl acetate, and dlethyl
carbonate; ethers such as I et her, diisopropyl ether,

tetrahyd urdn, dRbxane, N nethoxyethane, and di et hyl ene egcoI di et hyl
ether; nitrifl es Buch as ftrile and isobutyronitrile; am des such as

f or mam de,
pyrrolidone,
sul f oxi dessuch_as _di net

nﬁne,and hexanet hyl phosphor ot ri am de; and
xi de and sul fol ane, and preferred are

aromati ¢ hydrocCy andret hers. [0126] 69 preferably from50C to 100C.
T O
R3

[0077]
In the above-described formula and the following
description, X, n, R, R?, R}, and R! have the same
“ definitions as described above.

Process A: Process for Producing Intermediate

L L?
R2 & R? R2 N R?
1J 1
AONEER O}
NH, NH

(1) 1a) R

[0078]

Process B: Process for Producing Intermediate

: (=)
X/ L3. X

SR, HrY, O [ StR9 o [ SR
B 1 -3
LZO o LZO o HO”~O
(2b) (2¢)

[0079]



[0127] The reaction tine varies depending on the reaction
tenperature, starting materi al conpoug? reaction reagent, or the type of
solvent to be used, but is generally om 30 mnutes to 12 hours, and
preferably from1l hour to 2 hours. [0128] The_nucleophlllc aromatic
substitution reaction can be carried out according to a nethod well known
in the field of organi ¢ synthetic chem stry, but is preferably a reaction
carrled i n th presence of a base. [0129] The sol vent is not
parti cul rq%FQﬁﬁn ed as long as it does not inhibit the reaction and

di ssolves the starting material to some extent, however, exanples thereof

i ncl ude am des such as fdfnanlde _

di met hyl f or mani de, di net? Bkt agi N- et hyl -

pyrrolidone, andhexaneth osphagrotriam de, and preferred is

di et hyl f(p) ) 0130] ‘ (Al eg, t he base include al kali netal
hydri des stch“ds I¢ah|un1 sodlunnhgdrlde, and potassi um hydri de,

and preferred is sodi um hyt ~d 0131]

[0080]

Process D

T 3
18 + @ —= N RY, — @) —= ()
D-1 \® D-2 c-2

[0081]

Process E

L1
I
2 1
R-_N_R X

(1) + @2¢) —> \[N:r —> @4 —> O

E-1 | RY, E-2 C-2
N" O

[0082]

Process F



70 The reaction tenperature is fromOC to 150C, and preferably from
50C to 150C. [0132] The reactlgg time is from1l hour to 24 hours,
and preferably from1 hour to 2 hours” (Process E) (Process E-1)

This process is a process ‘for produci ng Conpound (4b) by condensing
Compound (1) and Conpound (2c). [0133] The condensati on can be
carried out according to a nethod well known in the field of organic
synthetic chem stry, but, is preferably a reaction carried out in the

presence of a dehydr atllpn condenS| ng agent. [0134] The solvent is
not particularly Iin? Hs it does not inhibit the reaction and
di ssol ves the startin er| aI to sorre g tent. However, exarrpl es
1) + ) ——> 4by —» (4)—» (1
(1) F- | ()Ez()c_z()
(46)
[0083]

In the above-described processes and the foilowing
description, Lt represents a protecting group of amine, L2
represents a Cl1-C6 alkyl group, and L° represents a
halogen atom or a hydroxy group.

[0084]

In the above-described processes and the following
description, the protecting group of amine in the
definition of L' is not particularly limited as long as it
is a group to be used in the field of organic synthetic
chemistry, however, preferfed is a butoxycarbonyl group.
[0085]

A process for producing Compound (I) of the
invention can be selected from the above-described Process
C to Process F according to the desired compound.

[0086]

Hereinafter, the respective ©processes will  be
described.
(Process A)

(Process A-1)



t her eof i ncl udeam dessuchasf or mam de, di net hyl f or mam de, di nmet hyl acet am de,
N- et hyl-2- pyrrolidone, and hexaneth bphosphorotrianide; and al cohol s such
as net hanol, ethanol, n-propanol, isoé opanol , nbutanol, i sobutanol,

t - butanol, isoanyl alcohol, diethylene glycol, glycerin, octanol,

cycl ohexanol , and nmethyl cellosolve, and preferred is dinethylformam de or
71 ethanol. [0135] Exanples of the dehydration-condensi ng agent incl ude

N, N - di cycl ohexyl,carbodiim de, 1-e 1-3-(3- .

di met hyl am noprops Fasise i %ﬁaaeh@ﬁ%%ﬁfo?%e?raﬁﬁﬁéﬁﬁ SIS %z de,
and 4- (4, 6-dige 1,3,5- triazin-2-yl)-4-meth nDrphollun1chIor|de
hydrat e, ’bé(ndaﬂa?‘é‘E@FFQH i §DR- (AB2Y rf yolf 309}39 1ash nidly13na-

met hyl mor phol i um chl oride hydrate. [0136 The reaction tenperature
i s from ®EESEC O et r%%*&d?oﬁﬁ%Pgnﬁéréﬁ&ﬁ@yde' a ketone, ‘or

a ketone equivalent.
[0087]

As the solvent, a mixed solvent of an organic
solvent and an acid, which does not inhibit the reaction
and dissolves the starting material to some extent, 1is
used. Examples of the organic solvent include ethers such
as diethyl ether, diisopropyl ether, tetrahydrofuran,
dioxane, dimethoxyethane, and diethylene glycol dimethyl
ether; and halogenated hydrocarbons such as
dichloromethane, chloroform, carbon tetrachlbride,
dichloroethane, chlorobenzene, and dichlorobenzene, and
preferred is tetrahydrofuran. Examples of the acid
include organic acids such as acetic acid, formic acid,
oxalic acid, methanesulfonic acid, p-toluenesulfonic acid,
camphorsulfonic acid, trifluoroacetic acid, and
trifluoromethanesulfonic acid, and preferred is acetic
acid.

[0088]

As the aldehyde, ketone, or ketone equivalent, 2-
methoxypropene or the like is preferably used.
[0089]

As the reagent, an alkali metal boride such as



[0137] The reaction tine is fromO0.5 hour to 24 hours, and

preferably from6 hours to 12 hours. 138] (Process E-2) Thi s
process is a process for producing Compound (4c) by al kylating Conpound
(4b) in the presence of a base using an al kylating agent. [0139] The

solvent to be used is not particularly limted as long as it does not
inhibit the reaction and dissolves the starting material to sonme extent,

h h f | d h f d 72
i ot hyl (A ot B et A B R nEngaog: -

pyrrolid dhexanethylphosphorotrlanlde and preferred is
dlnethylf@ﬁﬁam

The reaction temperature 1is from 0°C to 100°C,
preferably from 10°C to 50§C, and more preferably room
temperature.

[0091]

The reaction time is from 0.5 hour to 12 hours, and
preferably from 0.5 hour to 3 hours.
(Process B)

(Process B-1)

This process 1s a process for producing Compound
(2a) by esterifying the carboxyl group of Compound (2).
[0092]

Examples of the reagent include N, N-
dimethylformamide di-tert-butyl acetal and N,N'-
diisopropyl-O~tert~butylisourea, and preferred is N,N-
dimethylformamide di-tert-butyl acetal.

[0093]

The solvent is not particularly limited as long as
it does not 1inhibit the reaction. However, examples
thereof include aromatic hydrocarbons' such as benzene,
toluene, and xylene, and preferred is toluene.

[0094]
The reaction temperature is from 50°C to 120°C.

[0095]



[ 0140] Exanpl es of the base include alkali nmetal hydrides such as
lithium hydride, sodium hydride, and ﬁtassiun1hydride, and preferred is
sodi um hydride. [0141] As the kyl ating agent, preferred is an

al kyl halide, and nore preferred is an al kyl iodide. [0142] The
reaction tenperature is fromOC to 100C, and preferably fromroom
tenperature to 60C. [0143] The reaction tine is from0.5 hour to 24

hours, and preferahly fr.om 6 .hours to 12 hours. (Process.F) _ (Process F-1)
This process i§%§ 5%%%§§§”¥of”%?dﬁﬁcﬁﬁﬁndgh%oﬁ%%£(§8)E%yhgéﬁ%énsing
Conmpound ﬁf&g@ﬁd Compound (2). [0144]

(Process B-2)

This process 1is a process for producing Compound
(2b) by adding Compound (3) to Compound (2a) 1in the
presence of a base.
[0097]

The‘solvent is not particularly limited as long as

it does not inhibit the reaction and dissolves the

starting material to some extent. However, examples
thereof include amides such as formamide,
dimethylformamide, dimethylacetamide, N-methyl-2-
pyrrolidone, and hexamethylphosphorotriamide, and

preferred is dimethylformamide.
[0098]

Examples of the base include alkali metal hydrides
such as lithium hydride, sodium hydride, and potassium

hydride, and preferred is sodium hydride.

[0099]

The reaction temperature is from 0°C to 150°C.
[0100]

The reaction time is from 1 hour to 24 hours.
[0101]

(Process B-3)

This process 1is a process for producing Compound



The condensation can be carried out according to a nethod well known in the
field of organic synthetic chemstry, but is preferably a reaction carried
out in the presence of a dehydration-é%ndensing agent. 73 [0145]

The solvent is not particularly limted as long as it does not inhibit the
reaction and di ssolves the starting material to sone extent. However,
exanpl es t hereofincl udeam dessuchasf or mam de, di net hyl f or mam de,

di et hyl acet am de, t hyl -2- pyrrolidope, and
hexaneth?%ﬁﬂo§ﬁhgﬁﬁuki hde Eﬂé;%ﬁ%%ﬁo? SeRRoURIméeRanol , et hanol
n- propanol , i sopropanol, nbutanol, isobutanol, t-butanol, isoanyl alcohol,
diethyleﬁ@léﬁvcol, gl ycerin, octanol, cyclohexanol, and nethyl cell osolve,
and preferred is dinethylformam de or ethanol. [0146] Exanples of the
dehydr at i on- coR@€ndiviey Hgetits | pEl GHe ester can be carried out by a
N, N - di cycl ohexyl car bodi i m de, 1- et hy1-3-(3- :
di et hyl a¢ithest opie LY lc akiedin midehydyeocHisrlidle, ofdi phraayishospishat iazi de
and 4-(4, 6-di met hoxy-1, 3,5- triazin-2-yl)-4-methyl norpholium chloride
hydr at e, clredhiprtefyar etk iiss 4eXdf 6xalp het hokydt o3 yB-itsr irggiat-idny Darfried
met hyl nmor phol i um chl ori de hydrate. _

out in the presence of an acid.

[0103]

The solvent is not particularly limited as long as

it does not inhibit the reaction. However, examples
thereof  include halogenated hydrocarbons such as
dichloromethane, chloroform, carbon tetrachlorideh

dichlorcethane, . chlorobenzene, and dichlorobenzene, and
preferred is dichloromethane.
[0104]

Examples of the acid include organic acids such as

methanesulfonic acid, p-toluenesulfonic acid,
camphorsulfonic acid, trifluorocacetic acid, and
trifluoromethanesulfonic acid, and preferred is

trifluorocacetic acid.
[0105]
The reaction temperature 1s from 0°C to 50°C, and
preferably room temperature.
[0106]
The reaction time is from 0.5 hour to 6 hours.

(Process C)



[0147] The reaction tenperature is fromOC to 50C, and preferably
roomtenperature. [0148] 74 preferabég from6 hours to 12 hours. [0149]
(Process F-2) This process is process for produci ng Conpound (4h)
by addi ng Conmpound (3) to Compound (4c), and according to the conpound, a
reacti on such as a Mtsunobu reaction or a nucl eophilic aromatic
substitution reaction can be sel ected. [0150] The reagent to be used
in the Mtsunobu re %tlon is not particularly limted as long as it is a
r eagent WﬁF@ﬁeééncbg‘generally used in a Mtsunobu reaction, homever
preferred is a_conbi nation of an azo conpound such as a d| | o %Ikyl)
azodlcarhoxyla?@lés@ﬂ?9%§%ﬁ%ﬁrﬁﬂp%&%ﬁ?%a?%ﬁx?FﬁéBCngd O?B F I (4
azodi car boxyl ate) or a heteroaryl azodlcarbonyl (such as 1,
(azodi caPoRPRVEFHiFer i ARRIURG t R ph%%%h?ﬁea%éhhéélgev r |am/|t5’r‘?c5§ph| ne
(such as triphenyl phosphine) or a tri(lower alky I%phosphlne (such as
tri-n-butpndshedpisi fd)e dre L Phoxphe bpeh# bagenvislicRompound (la) in
(cyanonet hyl ene) tri met hyl phosphor ane or
(cyanonetthyl erestemidsutof] Ghdgﬁhnrane more preferred is a phosphorane
reagent such as

[0107]

The conversion into an acid halide can be carried
out according to a method well known in the field of
organic synthetic chemistry, but is preferably conversion
into an acid chloride wusing thionyl chloride, oxalyl
chloride, or the like. The conversion into an acid halide
may be carried out in a solvent, and preferably, a
halogenated‘ hydrocarbon such as dichloromethane,
chloroform, carbon tetrachloride, dichlorocethane,
chlorobenzene, or dichlorobenzene is used as the solvent.
[0108]

The solvent to be used in the condensation is not
particularly limited as long as it does not inhibit the
reaction. However, examples thereof include halogenated
hydrocarbons such as dichloromethane, chloroform, carbon
tetrachloride, dichloroethane, chlorobenzene, and
dichlorobenzene; and aromatic hydrocarbons such as benzene,
toluéne, and xylene, and preferred is an aromatic
hydrocarbon.

[0109]



(cyanonet hyl ene) tri net hyl phosphoraneO 75

(cyanonet hyl ene) tri but yl phosphor ane. 151] The solvent to be used
is not particularly limted as long as’it does not inhibit the reaction and
di ssolves the starting nmaterial to sonme extent, however, preferred exanples
t hereof include aromatic hydrocarbons such as benzene, toluene, and xyl ene;
hal ogenat ed hydr ocarbons such as nethyl ene chloride, chloroform carbon-

tetrachl ori de, .di ¢chl oroet hane hl or pbenzene .di chlLar zene.. esters
such as et hyl & ee,baesteh'yIpraecfgetra eec? b?o%%"”é%%gége?gﬁgt %Fl%glcgt atNe, and
et.hers such as_di

di et hyl carbonat e; thyl ether, diisopraopyl. e r

t et r ahydF6f" Ygﬁ“,o%ﬁho%}dﬁ]&' di met hokyer WA TaRg i et h)%lrg'ﬁelpoéyylcagﬂ%cﬁ’net hyl
ether; nitriles such as acetonitril nd. i sobutyronitrile; am des such as
f or mani dé X IRUNY 1@ He Gy +&ﬁﬁ%@?¥§%§ﬁ¥%@?ﬁ9?ace?&ﬁﬁﬁ&#&ﬂﬁiﬂﬂﬂﬁ%ﬁ’
pyrrolidone, N-net hyl pyrrolidi none, and  hexanet hyl phosphorotri am de; and

sul f oxi d&sEEE VAL RISl f oxP YL @Rl sul f o' aRe F&Rd Leteranied %

aromati ¢ hydrocarbons and et hers. . o ,
picoline, 4-(N,N-dimethylamino)pyridine, 2,6-di(t-butyl)-

4-methylpyridine, quinoline, N, N-dimethylaniline, N, N-
diethylaniline, 1,5-diazabicyclof{4.3.0]lnon-5-ene (DBN) ,
1,4~-diazabicyclo[2.2.2]octane (DABCO) , or 1,8~
diazabicyclo[5.4.0]lundec-7-ene (DBU), and more preferred
is triethylamine.

[0110]

The reaction temperature is from 0°C to 80°C, and
preferably from 0°C to room temperature.
[0111]

The reaction time is from 0.5 hour to 3 hours, and
preferably from 1 hour to 2 hours.
[0112]

(Process C-2)

This process is a process fbr producing Compound (I)
by deprotecting the protecting group L' of piperazine of
Compound (4).

[0113]

The deprotection can be carried out according to a

method well known in the field of organic synthetic

chemistry, but is preferably a hydrolysis reaction carried



[ 0152] The reaction tenperature is from20C to 120C, and preferably
from50C to 100C. [0153] 76 tenperat Wee, starting material conpound,
reaction reagent, or the type of solvent to be used, but is generally from
30 mnutes to 12 hours, and preferably from1 hour to 2 hours. [0154]

The nucl eophilic aromatic substitution reaction can be carried out
according to a nethod well known in the field of organic synthetic

chem stry, .but i ref erab reaction carried out in the presence of a
base. [Ofg%] o 'the’ pll{?eseglo%%eoﬁﬁ %Ig J:elﬁ'sed is not particularly limted as

| ong as ito cﬂg@s not inhibit the reaction and di ssolves the starting

materi al 10 ‘Sone extent, however, exanples thereof include am des such as

formam de, di hyl f or mam de, di net hyl acet am de, N-net.hy1l- 2-
pyrrolidone,aﬁ&‘@ia‘?ﬁé{‘ﬁ?ﬁ%hﬁp%}%t ?ﬁm‘a}érﬁﬁgy lnlemllyed as long as

it does not inhibit the reaction. However, preferred is,
for example, a halogenated hydrocarbon such as
dichloromethane, chloroform, carbon tetrachloride,

dichloroethane, chlorcbenzene, or dichlorobenzene.
[0115]

Examples of the acid include organic acids such as

methanesulfonic acid, p-toluenesulfonic acid,
camphorsulfonic acid, trifluorocacetic acid, and
trifluoromethanesulfonic acid, and preferred is

trifluorocacetic acid.
[0116]

The reaction temperature is from 0°C to 50°C, and
preferably room temperature.
[0117]

The reaction time is from 0.5 hour to 6 hours, and
preferably from 1 hour to 2 hours.
(Process D)
(Process D-1)

This process 1is a process for producing Compound
(4b) by condensing Compound (1) and Compound (2c¢).
[0118]

The condensation can be carried out according to a



preferred is dinmethylformam de. [0156] Exanpl es of the base include
al kali nmetal hydrides such as Iithiun% ydri de, sodium hydride, and

pot assi um hydride, and preferred is sodium hydride. [0157] The
reaction tenperature is fromOC to 150C, and preferably from 50C to 150C.
[0158] 77 The reaction tinme is from21 hour to 24 hours, and
preferably from1l hour to 2 hours. [0159] After conpletion of the

reactions qQf the abqgve- descrlbed esses the tar npound
IS CO||eg}§&'FTO¥l?ﬁ #@actlo& >é% ccordlgg r%f%%%ﬂb %thce ure. For

I h t t tel tral d, th
ohor e | hEOTVIE it COF | & dORE b Fan rﬁ R e e e b e

renoved by filtrati.on, wat er and, an organi c sol vent inm scible

wi th wat & SSFrea j%ﬁ%fﬁ%%éﬁ%ﬁ%9%H%P%Eﬁﬁ®l?% W ¥r1trate, and the organic
| ayer is washed with water or the like. Then, the organic |ayer containing
the targdtPidéipound is separated and dried over anhydrous nagnesium sul fate
or the like, and then, the solvent is distilled off, whereby the target
compound can bgnQﬁ%gLﬁth[@§6grm particularly limited as long as

it does not inhibit the reaction and dissolves the

starting material to some extent. However, examples
thereof include amides such as formamide,
dimethylformamide, dimethylacetamide, N-methyl-2-

pyrrolidone, and hexamethylphosphorotriamide; and alcohols
such as methanol, ethanol, n-propanol, isopropanol, n-
butanol, isobutanol, t-butanol, isocamyl alcohol,
diethylene glycol, glycerin, octanol, cyclohexanol, and
methyl cellosolve, and preferred is dimethylformamide or
ethanol.

[0120]

Examples of the dehydration-condensing agent include
N,N'-dicyclohexylcarbodiimide, l-ethyl-3~ (3~
dimethylaminopropyl)carbodiimide hydrochloride,
diphenylphosphoryi azide, and 4—(4,6—diméthoxy—1,3,5—
triazin-2-yl)-4-methylmorpholium chloride hydrate, and
preferred is 4-(4,6~dimethoxy-1,3,5~triazin-2-yl)-4-
methylmorpholium chloride hydrate.

[0121]

The reaction temperature is from 0°C to 50°C, and



| f necessary, the obtained target conmpound can be separated and purified by
a common procedure such as recrystallization or reprecipitation, or by
appropriately conbining a method connéﬁly and usual ly used for the
separation and purification of an organic conmpound, for exanple, a nethod
using a synthetic adsorbent such as adsorption col um chromatography or
partition colum 78 chronmat ography, a nethod using i on exchange

chromat ogr a r normal,_ and reverse phase col unm chromat ography using
silica g régggﬂégﬁeﬁ%ﬁ?sﬁ?WQﬁf%ﬁﬁr%nd performng elution with an

appropri %gﬁﬁguent. [0161] Further,ifnecessary,theseparationand

puri ficath f optically active conpounds can al so be perforned using a
chiral colum. [0162] , The cycl ohexane derivative conmpound having the
above- descri be Me?AF L3R nikBe( 1S of T pAaPn@®ditogi @ afl yoadEeptdbi e sal t
t hereof of the invention is admnistered in various fornms. The

adm ni st PRSfGT a0t £ nbthpar tied arPyrinmited and is determ ned
according to the dosage form of various preparations, the age and gender of
the pati d#tl23t her conditions, the severity of the disease, and the |ike.
For exanple, in the case of a tablet, a pill, a powder, a granule, a syrup,
a |iquid, (Exrosigssgsertsidn, an enul sion, a granule, or a capsule, the conpound
is orally adm nistered. Further, in the case of an injection, the conpound
is intravenousIThiadmmicises el sa ngtycossi Moadpirotuea i tdome caorarom f | ui d
repl acenent sol ution containing glucose, an amno acid, or the like, and
further iy neteissargompbhendonpound iCompduradusea) ar byd iaridcadempldy,
subcut aneously, or intraperitoneally 79 adm nistered singly.In the case of
a supposith®y Ysolg¥and, a reaction such as a Mitsunobu reaction or a

nucleophilic aromatic substitution reaction can be
selected.
[0124]

The reagent to be used in the Mitsunocbu reaction is
not particularly limited as long as it is a reagent which
can be generally used in a Mitsunobu reaction, however,
preferred is a combination of an azo compound such as a
di(lower alkyl) azodicarboxylate (such as diethyl
azodicarboxylate or diisopropyl azodicarboxylate) or a
heterocaryl azodicarbonyl (such as 1,1'-
(azédicarbonyl)dipiperidine) with a phosphine such as a
triarylphosphine  (such as triphenylphosphine) or a
tri(lower alkyl)phosphine (such as tri-n-butyl phosphine)
or a phosphorane reagent such as

(cyanomethylene) trimethylphosphorane or

(cyanomethylene) tributylphosphorane, more preferred is a



compoundi sintrarectal | yadm ni stered. The adm ni stration route is preferably
oral adm nistration. [0163] Thgée vari ous preparations can be

formul ated according to common procedures usi ng known pharnaceuti cal
auxiliaries which can be comonly used in the known field of pharmaceuti cal
preparations such as an excipient, a binder, a disintegrant, a lubricant, a
solubilizer, a corrigent, or a coating agent, as well as a base conponent.
[ 0164] When the conpound_is formed into a tablet, a wide variety of
subst anc®ESER &t %nal |y known 58968 ri ers in thi 89Fel d can be ud%d, and
exanpl es thereof .include excipie such as | actose, sucrose, _ sodium
chIoridef%ﬁqﬂﬂﬂﬁﬁhiﬂ%ﬁgsEﬁ%ﬂ%ﬁﬂy SR ER Bonat e, kaolin, crystaldine
cellulose, and silicic acid; binders such as water, ethanol, propanol,

si npl e sWARN GRS R il UL SRR RIPRST 3 E onaNfeMRSitn RIAAREIGE 1S

car boxymet hyl cel |l ul ose, shellac, nethyl cellul ose, potassium phosphate,
and pol yWiSHATRRG O o, & i i it eoh @FP RO 5@8H- as dried starch, sodi um

al gi nate, agar powder, |am naran powder, sodium' hydrogen carbonate,

cal ci um d&l¥orlat e, a pol yoxyet hyl ene sorbitan fatty acid ester, sodium

| auryl sul fate, nonoglyceride stearate, starch, and |l actose; 80

di si nt egrati on Th¢hi ppient stoh kes wsedoss, wieapbnficadaslyuttioritethd a
hydr ogenated oil; absorption enhancers such as a quaternary anmoni um base
and sodi wn |lenyl asuli fatiegshmmectianitiso suchhasrghytepinn sandd &tsgachyes
adsorbents such as starch, |actose, kaolin, bentonite, and coll oi dal
silicic atid; saadt lnyr madrtrd aducto asoper id:itecht al hpwavetrearnatef satdd bori c
acid powder, and pol yethyl ene glycol. Further, if necessary, the tablet can
be forne@dxarpl s t ablegtecgoat ad1wbkh aruvsdalccoaydngceoppasi t sashsuch as a
sugarcoated tablet, a gelatin-coated tablet, an enteric-coated tablet, a
filmcoatetdald et tda ol edyexliablest , enaydndddd | appirdadti®ins [ 0165]
When the conpound is fornmed into a pill, a wide variety of substances

conventiQuald y kpewn ag@afrd:fs ipnihirsdd el d canpgryspd, and;gxaml es
t hereof include excipients such as glucose, |actose, starch, cacao butter,

a hydrogenatedwegelqbl e oid;ckpolienand tal conbiideis, aueh as arabic gum
g n i sinteg

powder, tragacanth powder, gelatin, and efhanol”; "an rants such as

laninara%f%ﬂid?ﬁﬁﬁgiéyéﬁﬂ esters gghthgscogQB&ﬂdiﬁﬁ%ﬁ%ﬁgﬁiiéﬁﬁyf

suppository, a vari'ety of substances conventiona ndwn as <carriers

inthis field.can be used, and, exanpl es thereof jnclude _polyethyl.e

ol yool . GRES N t oF "R ghet CaFBbRer s DutyE Foet JELCS R YN
carbonate; ethers such as diethyl ether, diisopropyl ether,

tetrahydrofuran, dioxane, dimethoxyethane, and diethylene

glycol dimethyl ether; nitriles such as acetonitrile and

isobutyronitrile; amides such as formamide, N, N-
dimethylformamide, N, N-dimethylacetamide, N-methyl-2-
pyrrolidone, N—methylpyrrolidinone, and
hexamethylphosphorotriamide; and sulfoxides such as

dimethylsulfoxide and sulfolane, and preferred are
aromatic hydrocarbons and ethers.

[0126]

The reaction temperature is from 20°C to 120°C, and



81 hi gher al cohol esters,gelatin,and sem -synthetic glycerides. [0167]
When the conpound is fornmulated as an _injection, a liquid or a suspension
is sterilized and is preferably isotoﬁ?c to bl ood. When the conpound is
formul ated as a liquid, an enul sion, or a suspension, any substance
commonly used as a diluent in this field can be used, and exanpl es thereof
i ncl ude water, ethyl alcohol, propylene glycol, ethoxylated isostearyl
al cohol , pol yoxyl ated isastearyl 8l gohol, and pol yoxyet hyl ene sorbitan
fatty adé%%ﬁé Y| ‘?%ﬁ§§§é§%{]ggggun1chloride, glucose, or glycerin may
be added ﬁﬂﬁége phar maceuti cal preparation in an anmount sufficient to
prepare an isotonic solution. Further, a conmmon solubilizing agent, a
buffer, a soothing agent, or the like nay al so he added to the preparation.
[0168] Furt her Li¥ needSsry, &d8\orghgRnteRemESe Vol | #88 FHrFiffe, a
flavor, a sweetener, or the |ike, or another pharmaceutical product may be
added to Y PPt iV gopaterial TREPRNHGNt RAHOMATIE Y hgr edi ent
conmpound to be contained in the above-described pharnmaceutical preparation
is not pa&tiEheakvypel PHi tsed gt | 80 sbit asiad, Suselecioememadya @@ range
of anmount, however, it is preferred to set the anbunt in a range generally
from1 t 3070vdhyteri §ht ,1Pprieperabl poidr drefenal3byo By omeighhowt ttise 4 ot al
conposition.

hours.

[0128]

The.nucleophilic aromatic substitution reaction can
be carried oﬁt according to a method well known in the
field of organic synthetic chemistry, but is preferably a
reaction carried out in the presence of a base.

[0129]

The solvent is not particularly limited as long as

it does not inhibit the reaction and dissolves the

~starting material to some extent, however, examples

thereof include amides such as formamide,
dimethylformamide, dimethylacetamide, N-methyl-2-
pyrrolidone, and hexamethylphosphorotriamide, and

preferred is dimethylformamide.
[0130]

Examples of the base include alkali metal hydrides
such as lithium hydride, sodium hydride, and potassium
hydride, and preferred is sodium hydride.

[0131]



[0170] The dose of the active ingredient conmpound varies depending
on the synptons, age, body weight, adginistration nmet hod, dosage form and
the |i ke, however, the conmpound can b Oadministered to an adult at a daily
dose of generally 0.001 ng/ kg (preferably 0.01 ng/kg, nore preferably 0.1
ng/ kg) as the lower limt and 200 ng/kg (preferably 20 ng/ kg, nore
preferably 10 ng/kg) as the upper |imt once or several tines. [0171]

The conpound of the invention can be used, in conbination wth any of
various t her ap@ifi cC 87 Cht BPhHEHESE tageéht $5F drt Fhel dbote- decFr beétdi seases
in which the invention is considered to be effective. For exanple, the
conpound P8t fisa b v it amre €4n tse 1pHEE i n conbi nation with one or nore
conpounds having activity of decreasing gastric acid secretion, one or nore
conpoundd Haviing activity of relieving gastroesophageal reflux, and
particularly in the case where the conpound of the invention is used for
reduci ng erosi V&<orreppeiesi rémgsophagireois,1 oheusr teor2d cbapsgnds2ivhvi ng
activity of 83 reducing irritation to the esophagus and stomach or

i nf | ammatoirerf arfadrlel fram conpoundtha¥imguasal gesic activity, one or nore
conpounds having activity of pronoting the intestinal secretion of

i nt esti nalPdfdagises tthereby to alleviate the synptons of irritable bowel
syndrome with constipation and consti pation, one or nore conpounds havi ng
ant i depr g€iocesan@-dl)yti c activity, and/or one or nore conpounds havi ng

m xed activity for notility and pain. In the case where the conmpound is
used in conbi nahiien pirbheasot her Loppowrds t fese SOHPOENES Cuhdrind

adm ni stered sinmultaneously, or separately and continuously or at a desired
time inteuml bylhkeiRiapad i ofigpdonde( - adal obspenrd may)be fornul ated as
a conbi nation preparation or separate preparations. [0172] Furt her,
the conpayndgf the invention has excellent GPR38 agonistic activity, high
safety, and low toxicity, and therefore is useful as a pharnmaceuti cal
product. In parI‘th'eCLUf@I{dell?é/a’Engp'cggl the Pékhw %@f 1be. compound, 1 he
conpound acts locally on gastrointestinal tissues before being netabolized
in the |iyver d se ySt el C exposur o that .the (d. has
hi gher sa\égtthf%;né%lqﬁm%‘{o@?cis%y, etarHrled t ICeze(r)ie o(raoefsi soggiatr}leéprelswl%%dc as

pharnace%%éﬁ?sé%&*“ﬁﬁt i§”¥§8£§95b9§ gh%egg¥%g%|%grried out 1in the

presence of a dehydration-condensing agent.
[0134]
The solvent is not particularly limited as long as

it does not 1inhibit the reaction and dissolves the

starting material to some extent. However, examples
thereof include amides such as formamide,
dimethylformamide, dimethylacetamide, N-methyl-2-

pyrrolidone, and hexamethylphosphorotriamide; and alcohols
such as methanol, ethanol, n-propanol, isopropanol, n-
butanol, isobutandl, t-butanol, iscamyl alcohol,
diethylene glycol, glycerin, octanol, cyclohexanol, and

methyl cellosolve, and preferred is dimethylformamide or



[0173] Thecycl ohexanederi vati veconpoundanda pharnmacol ogi cal ly acceptabl e
salt thereof which are each the conpound of the invention have excell ent
GPR38 agonistic activity and an excel I’ént i mprovi ng effect on
gastrointestinal disorders, and so on, and therefore are useful as a
prophylactic or therapeutic agent for diseases such as gastrointestinal

di sorders associated with hyponotility, for exanple, GERD, FD, functional
bowel disq{der such as irritable bowel syndrone, diabetic gastroparesis,
const i patd OH"Bpi oi d- i nduced bowel dysfunction, paral yticil eus, post operati ve
gastrointes;&gﬁl paral ysis, gastrointestinal synptons associated with

scl er oder c., and further as a pharmaceutical aid for use in a
pretreatnment for barium enema X-ray exam nation by oral intestinal |avage.

Mbde for Carryﬁﬁfmﬁﬁe%r@iI%@%n@?@%dFéI?@P‘Condensgﬁﬁs@@ﬁﬂﬁIsﬂc¥¢ﬁﬁ
invention will be described in nore detail with reference to Exanples and
the |ike N/Abweieryckomreisnvemhoniinidet |inited theret d-e@y 01763~
<Exanpl e1>Tr ans- 4- (4-f | uor ophenoxy) - N- net hyl - N- (4-
dimethylaminopropyl)carbodiimide hydrochloride,
diphenylphosphoryl azide, and 4~ (4,6-dimethoxy-1,3,5-
triazin-2-yl)-4-methylmorpholium chloride hydrate, and
preferred is 4-(4,6-dimethoxy-1,3,5~triazin-2-y1l) -4~
methylmorpholium cﬁloride hydrate.
[0136]
The reaction temperature is from 0°C to 50°C, and
preferably room temperature.
[0137]
The reaction time is from 0.5 hour to 24 hours, and
preferably from 6 hours to 12 hours.
[0138]
(Process E-2)
This process 1is a process for producing Compound
(dc) by alkylating Compound (4b) in the presence of a base
using an alkylating agent. |
[0139]
The solvent to be used is not particularly limited
as long as it does not inhibit the reaction and dissolves

the starting material to some extent, however, examples

thereof include amides such as formamide,



1[ (3S) - 3- et hyl pi perazi n-1- yl ] nmethyl | phenyl ) cycl ohexanecar boxam de [0176]
(1A) Trans-4-(4-fluorophenoxy)cycl ohe Qnecarboxylic acid Met hyl
trans-4-(4- fluorophenoxy)cycl ohexanecarboxylate (501 ng, 1.98 nmol), which
is a known conmpound, was dissolved in tetrahydrofuran (10 nmL.) and et hanol
(10 nL), and a 1 N aqueous solution of sodium hydroxide (6.0 nL) was added
thereto at roomtenperature, and then, the resulting mxture was stirred at

oo o A e o TR BRL RS on, G OEN e
OrUaNTC LMAI MR L] e0 SHEE Syt o ot MLBHLAte St L1 o e Tnen,
86 preferred is dimethylformamide.

[0140]

Examples of the base include alkali metal hydrides
such as 1lithium hydride, sodium hydride, and potassium
hydride, and preferred is sodium hydﬁide.

[0141]

As the alkylating agent, preferred is an alkyl
halide, and more preferred is an alkyl iodide.
[0142]

The reaction temperature is from 0°C to 100°C, and
preferably from room temperature to 60°C.
[0143]

The reaction time is from 0.5 hour to 24 hours, and
preferably from 6 hours to 12 hours.
(Process F)

(Process F-1)

This process 1is a process for producing Compound
(4c) by condensing Compound (1) and Compound (2).

[0144]

The condensation can be carried out according to a
method well known 1in the field of organic synthetic

chemistry, but is preferably a reaction carried out in the

presence of a dehydration-condensing agent.



conmpound was obtained as a white solid (478 ng, 100% . [0178]

| HNVR( CDC13, 400MHz) : 81. 40- 1. 67(4H, m, 2,05- 2. 21(4H, m, 2.41(1H m,
4.10(1H, m, 6.80-6.87(2H, m, 6.92-6. 58( 2H, m.

(1B) Tert-butyl (2S)-4-[4-(f[trans-4-(4-

f I uor ophenoxy) cycl ohexyl ] car bonyl | am no) benzy1] - 2-

nmet hyl pi perazi ne-| -carboxyl ate Tert-butyl (2S)-4-[(4-am nophenyl ) net hyl]-2-
met hyl pi ']ne-l -carboxylate (709 ng, 2.32 nmol), which is a known
conpound,” was "di ssol ved in dinmethylformam de (10 nL), and trans-4-(4-

f1 uor ophenox cl ohexanecar. boxyl.ic_acjd 53 v 2..32 I roduced i n
(1A anaohoy) BHE DRTNOee SL RO Pl PLEehRRE I ad TR ) ABRSCHES e
hydrate (.1.09, g, about 3. 1) re added  thereto at room tenperature,
a%d then,(ltt héjogee%ulrtc?l% Jrﬁlski{%fE wWake st FRREH8Per APGht HSSIGIRS erlg¥t at ur e.

[0179] To the reaction solution, a saturated aqueous sol ution of
“sodi um hythedgen T am5diie as Adfsde arftKt et or gadiXSHttrer SHERMET act ed
with ethyl acetate. The_ organic |ayer was dried over anhydrous sodi um

sul fate dAeHGA% er edInTFhEAS t he Bidemt wasudibsti| | @8 of f fiptae@midaiuced
pressure, whereby a crude product was obtained. 87 This crude product was

puri fi ed dyresinyildegamics um chiddmsttdyrlastgt giied@ne: et hy-medetst= = 80: 20
to 60:40 (v/v))1l whereby the target compound was obtained as a col orl ess
oi | (1.1%wyrofiiglane,949d hexamethylphosphorotriamide; and alcohols
such as methanol, ethanol, n-propanol, isopropanol, n-
butanol, isobutanol, t-butanol, isoamyl alcohol,
diethylene glycol, glycerin, octanol, cyclohexanol, and
methyl cellosolve, and preferred is dimethylformamide or
ethanol.
[0146]

Examples of the dehydration-condensing agent include
N,N'-dicyclohexylcarbodiimide, l-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride,
diphenylphosphoryl azide, and 4-(4,6~dimethoxy-1,3,5-
triazin-2-yl)-4-methylmorpholium <chloride hydrate, and
preferred is 4-(4,6-dimethoxy-1,3,5-triazin~2-yl)~-4-
methylmorpholium chloride hydrate.

[0147]

The reaction temperature is from 0°C to 50°C, and

preferably room temperature.

[0148]

The reaction time is from 0.5 hour to 24 hours, and



1H NVMR(CDC13, 400MHz): 81.21(3H, d, J=6.7Hz), 1.39-1.51(2H, m, 1.46(9H
s), 1.66-1.80(2H, nm), 1.91-2.13(4H, n% 2.19- 2.34(3H, m, 2.56(1H, d,
J=11.0Hz), 2.73(1H, d, J=11.0Hz), 3.0 fl td, J=3.0, 12.7Hz), 3.34(1H, d,
J=8.6Hz), 3.48(1H, d, J=13.1Hz), 3.79(1H, n),:4.08-4.22(2H,|ﬁ,
6.80-6.88(2H, m, 6. 92 6.99(2H, m, 7.26(2H, d, J=8.6Hz), 7.49(2H, d,
J=8.6Hz), 7.68(1H, . (10 Tert-butyl (2S)-4-{4-[f[trans-4-(4- ,

fl h I Il b Il -2-
et byl i BOPLSE AL °*f§i%“o]x6° N AL SIS s - (4

f I uor oph §?§§ cyclohexyl]carbonylIanlno)benzyl] 2-

nethylplﬁ i'ne- 1- car boxyl ate( 1. 15g, 2. 18nmol ) produced in (1B) was

di ssol ved_i n di et hyl formam de (30 nL), and sodi um hydride (60% 279 ngy,

6. 98 mmol r®§§sédééé )thereto at roomtenperature. After the resulting

m xture mas stlrred under a nltrogen at nosphere at room tenperature for 10

m nutes, net hyFPL8di BEOET2T 'L, 211P7ORMABF) RS &IRBIHE efO™ROYEbm
tenperature and then, the resulting mxture was stirred under a nltrogen
at nospherdbat GoC fafding hegreoundg [(G180]te  Compaendhe (Agdet i gid
solution, a saturated aqueous sol ution of anmonium chl oride was added, and
t he orgaﬁp§oﬁfﬁ1tlf1§r tgast et Fampednds t B At igdet e arﬁeaoﬁﬁgé;m@qmyer was
dried over anhydrous sodiumsulfate and filtered. Then, the solvent was
di still edesfttionderr redocedepprbdddrce amhertehy aubstideupt oduateagds agbt ai ned.
This crude product was purified by silica gel colum chromatography
(hexane: ekhybeacetlator e .80: 20 to 60:40 (v/v)), whereby the target conpound
was obtained as a light yellowoil (1.06 g, yield: 90%.
[0150]
The reagent to be used in the Mitsunobu reaction is
not particularly limited as long as it is a reagent which
can be generally used in a Mitsunobu reaction, however,
preferred is a combination of an azo compound such as a
di (lower alkyl) azodicarboxylate = (such as diethyl
azodicarboxylate or diisopropyl azodicarboxylate) or a
heteroaryl azodicarbonyl (such as 1,1'-
(azodicarbonyl)dipiperidine) with a phosphine such as a
triarylphosphine (such as triphenylphosphine) or a
tri(lower alkyl)phosphine (such as tri-n-butyl phosphine)
or . a phosphorane reagent such as
(cyanomethylene) trimethylphosphorane or
(cyanomethylene) tributylphosphorane, more preferred is a
phosphorane reagent such as

(cyanomethylene) trimethylphosphorane or

(cyanomethylene) tributylphosphorane, and most preferred is



[ 0181] | H NVR(CDC13, 400MHz): 81.05-1.19(2H, m), 1.26(3H,
d, J=6.7Hz), 1.47(9H, s), 1.60-1.83(4Hy m, 1.99-2.14(3H, m, 2.14-2.28(2H,
m, 2.61(1H, d, J=11.3Hz), 2.77(1H, d, J=11.0Hz), 3.13(1H td, J=3.1,

12. 7Hz), 3.25(3H, s), 3.45(1H, d, J=13.7Hz), 3.56(1H, d, J=13.7Hz),
3.83(1H, d, J=12.9Hz), 4.06(1H, ), 4.22(1H, brs), 6.74-6.81(2H, m),
6.88-6.96(2H, n), 7.13(2H d, J=8.2Hz), 7.40(2H, d, J=8.2Hz).

(10) T ans b ldosgronhonoiod ) RO L 11(39) -0

met hyl pi perazin-1- exanecar boxani de Tert - but yl
(28)-4-1%Dh%[ﬁrans-4-(4-
fl uor ophenoxy)cycl ohexyl ] carbonyl | (net hyl ) am no] benzyl11- 2-

met hyl pi perazi pe-1- carboxyl ate. (237 , :0.439 mmol). 8 oduced. .i n, (10)
has i Ssol ved e CHl BreherRare (o0l %Pk rPRForbaeBeve et T ne)
was added thereto at,rogmtenperatuyre,, and then he resultin 1 Xt ure was
Stirred 4° NOOH (Bapbl ablPe fBF LHOWLE [DiBofcaction’ 359 ki Shbitin
obtained by distilling off the solvent in the reaction solution under
reduced pr&sstirer taRealgrated ladizo8S™EolStH of PSBAVERY hyHFIGE %ar bonat e

was added, and the organic matter was extracted three tinmes wth ethyl
acetate.?ﬁ@nﬁﬂﬁﬁhi6h?§§€ﬁ waBCdpfeq aromatic hydrocarbons such as

benzene, toluene, and =xylene; halogenated hydrocarbons
such as methylene chloride, chloroform, carbon
tetrachloride, dichloroethane, chlorobenzene, and
dichlorobenzene; esters such as ethyl formate, ethyl
acetate, propyl acetate, butyl acetate, and diethyl
carbonate; ethers such as diethyl ether, diisopropyl ether,
tetrahydrofuran, dioxane, dimethoxyethane, and diethylene

glycol dimethyl ether; nitriles such as acetonitrile and

isobutyronitrile; amides such as formamide, N, N=-
dimethylformamide, N, N-dimethylacetamide, N-methyl-2-
pyrrolidone, N-methylpyrrolidinone, and
hexamethylphosphorotriamide; and sulfoxides such as

dimethylsulfoxide and sulfolane, and preferred are
aromatic hydrocarbons and ethers.
[0152]

The reaction temperature is from 20°C to 120°C, and
preferably from 50°C to 100°C.
[0153]

The reaction time varies depending on the reaction



over anhydrous sodiumsulfate and filtered. Then, the solvent was distilled
of f under reduced pressure, whereby a7%rude product was obtai ned. The
obt ai ned crude product was purified by NH silica gel colum chromat ography
{a silica gel in which am nopropylsilane was chem cally bonded to a sil anol
group on the surface of silica (hexane:ethyl acetate - 50:50 to 20: 80
(v/iv))l, whereby the target conpound was obtained as a colorless oil (83.0

, yield, 439 NVR(OD013, 4 : , J=6.7
T4 1Sl D e Gt MR T e b Pty e ol Bt . 71
2.81(2H, m,. 2. 83-3,02(3H, 3.24(3H, s),. 3.52(2H . 4.06(1 ,
6. 72§6. st%ﬁfh%; ’?Y%‘?sﬁ%a.sé)f(@ﬁ%t nii?(g?lé‘%%' d?u‘%:éfsz,s ,er*?ggg’( ;‘%JFOH%
J=8.2Hz) ., MB(ESI) mlz: 440 (MrH +. 90
<Exanpl )e§>OTr %%9%?%4%P|ﬁgzrof§)‘ﬁ‘éﬁ%xyfpﬁ RAHGFEAR Y. from 1 hour to 2
met hy1-4-{[ (3S) - 3- net hyl pi perazi n-1yl ] nmethyl | phenyl ) cycl ohexanecar boxam de
CH3 [ 01831°PYESN) Tert - butyl (2S)-4-(4-{[(ci s-4- ]

[0154]

The nucleophilic aromatic substitution reaction can
be carried out according to a method well known in the
field of organic synthetic chemistry, but is preferably a
reaction carried out in the presence of a base.

[0155]

The solvent to be used 1s not particularly limited

as long as it does not inhibit the reaction and dissolves

the starting material to some extent, however, examples

thereof include amides such as formamide,
dimethylformamide, dimethylacetamide, N-methyl-2-
pyrrolidone, and hexamethylphosphorotriamide, and

preferred is dimethylformamide.
[0156]

Examples of the base include alkali metal hydrides
such as lithium hydride, sodium hydride, and potassium
hydride, and preferred is sodium hydride.

[0157]
The reaction temperature is from 0°C to 150°C, and

preferably from 50°C to 150°C.

[0158]



hydr oxycycl ohexyl ) carbonyl ] (nethyl)am nol-2-net hyl benzyl) -

2- met hyl pi per azi ne- 1- car boxyl at e Tert-putyl(28)-2-nethy1-4-[2-nethy1-4-
(nethylanino)benzyl]piperazine-l-carb%xylate (3.04 g, 9.13 mmol ), which is
a known conpound, was di ssol ved in dinethylformam de(30nL), andci s- 4-

hydr oxycycl ohexanecar boxylic acid (5.27 g, 36.6 mol) and

4- (4, 6-di nmet hoxy-1, 3,5-triazin-2-yl)-4-net hyl nor pholi um chl ori de hydrate

(11.5 g, about .37 nmmol ). wer e, added. thereto .at. roomte rature, and,then,
T, T TREThe aRVbomCt enberaifire. 16184] To

the resulting mixtUrs Wes'st Fried Sve
the reaction saluti a .saturated ueous 91 organic matter was extracted
with et hyl"“a&ét: ﬁgl%%gmbﬁggﬁwgfﬁé&éfqﬁﬁérﬁried over anhydrous sodi um
sul fate and filtered. Then, the solvent was distilled off under reduced
pressureﬁ ﬂeby a crude product was obtained. This crude product was
purified by silica gel colum chronmatography (ethyl acetate:nethanol =
100:0 to 80:20A€$F¥))?Omﬁé?§59nth@ftaFgﬁt EDRPHUALS Wkt oBthe nedPo¥Ea white
solid (4.05 g, yield: 97%. 1H NVMR(CDC13, 400MHz): 81.22(3H, d, J=6.7Hz),
1.23-1. 35T ippd 1r86PeCh0(2H, PHPCe$S86( 9HERS) | targat 1. g2upungy) is1. 86-
2.07(3H, m, 2.16-2.31(2H, m, 2.38(3H, s), 2.59(1H, d, J=11.3Hz), 2.73(1H,
d, J=11. mad)ecieog(fmem tghe Jr8agtion. BHALUIR 28¢3PrdE)g Bo42( Zidmms)n
3.81(1H, d, J=13.3Hz), 3.89(1H, brs), 4.21(1H, brs), 6.92-6.98(2H, m,
7. 29( 1H, paocdnrgHz) . For example, the reaction mixture is
appropriately neutralized, or in the case where insocluble
matter is contained therein, the insoluble matter is
removed by filtration, and then, water and an organic
solvent immiscible with water such as ethyl acetate are
added to the filtrate, and the organic layer is washed
with water or the 1like. Then, the organic layer
containing the target compound is separated and dried over
anhydrous magnesium sulfate or the 1like, and then, the
solvent is distilled off, whereby the target compound can
be obtained.
- [0160]

If necessary, the obtained target compound.can be
separated and purified by a common procedure such as
recrystallization or reprecipitation, or by appropriately
combining a method commonly and uéually used for the
separation and purification of an organic compound, for

example, a method using a synthetic adsorbent such as

adsorption column chromatography or partition column



(28) Tert-butyl 2S)-4-{4-[{[trans-4-(4-
fIuorophenoxy)cyclohexyl]carbonylI(ne?gyl)anino]-z-

met hyl benzy11- 2- met hyl pi per azi ne- 1- carboxyl at e

Tert-butyl (2S)-4-(4-{[(cis-4-

hydr oxycycl ohexyl ) car bonyl ] (et hyl ) am nol - 2- net hyl benzy1l) -

2- et hyl pi per azi ne-| -carboxylate (221 ng, 0.482 mmol) produced in (2A) was

di ssol ved,| 0 -.flugrapheneol. (97. 0.867 .mmol) and
cyanonet%ﬁ%%ﬁé%ﬁ§¥ﬁ%ﬁ%ﬁuéiﬁﬁ§§ﬁg ?iégglgfg %?%génﬁﬁoﬁééﬁﬁa§%ﬁﬁﬁRPX%ereto
at roomt e, d_then,. the 92 resulting mxture was stirred for 2
hour s mhfﬁgpﬁég%?%gé?%pré%yg§saﬂéb?%%i53 %ﬂﬁa&%ﬁﬂm% O%F%PEVHqﬁfQﬁf t he
solvent in.t.he reaction | yti on under reduced pressyre was dissolved in

t et r ahydriofidrgn B nd¥ 3?133’3:&?8 G2 @b RE PFr;FlLflﬁEF“ﬁFfal ST N-VXi de
(169 ny, 1.44 nnnlg and an aqueous solution of osm umtetroxide (10% 147
0.0241 m¥dioP &y & et 391€hd then, the resulting mxture was

stirred overnight at roomtenperature. [0185] To the reaction

sol uti on,[04&dt urat ed aqueous sol uti on of sodiumsulfite was added, and the
organic matter was extracted with ethyl acetate. The organic |ayer was

dri ed over anhy#r&d€ sodi ukf sul REEESERG i | t efle’l. THRERaILgkao®ol vertd was
distilled off under reduced pressure, whereby a crude product was obtained.
Thi s cru®epdédadtiomas opur ¢Ptedabyysid¢ctveelcamslanndschrenat agsapte
(hexane: ethyl acetate = 100:0 to 50:50 (v/v)), whereby the target conpound
was obt aipeed caseal lugghtg \eeldrow ol [cdBOmD. ng, yield: 30%. 11-1

NVR( CDC13, 400MHz) : 81. 04- 1. 20(2H, m, 1. 23(3H,d, J=6.7Hz), 1.47(9H, s),
1.61-1.8404K82]1m), 1.98-2.14(3H m,
2.17-2.30(2H,mM, 2. 39(3H,s), 2. 60(1H, d, J=11. OHz) ,

The <cyclohexane derivative compound having the
above-described general formula (I) or a pharmacologically
acceptable salt thereof of the invention is administered
in various forms. The administration route is not
particularly limited and is determined according to the
dosage form of various preparations, the age and gender of
the patient, other conditions, the severity of the disease,
and the like. For example, in the case of a tablet, a
pill, a powder, a granule, a syrup, a liquid, a suspension,
an emulsion, a granule, or a capsule, the compound is
orally administered. Further, in the case of an injection,
the compound 1s intravenously administered singly or in
admixture with a common fluid replacement solution
containing glucose, an amino acid, or the 1like, and

further if necessary, the compound is intramuscularly,

intradermally, subcutaneously, or intraperitoneally



2. 73(1H,d, J=11. OHz), 3. 08(1H, td, J=3. 0, 12. 7THz), 3.23(3H, s), 3.43(2H, s),
3.82(1H, d, J=12.9Hz), 4.07(1H, n),4.§§(1H,brs),6.74-6.81(2H,
m,6.89-6.99(4H, m, 93 7.31(1H, d, J=7.8Hz).

(20) Trans-4- (4-fl uorophenoxy) - N-net hyl - N- ( 3- net hyl - 4-

[[(3S)-3-net hyl pi perazi n-1yl ] met hyl | phenyl ) cycl ohexanecar boxam de
Tert-butyl 2S)-4-{4-[[[trans-4-(4- |

f I uor oph .cycl ohexyl ] carbonyl | (pethyl)am no] - 2- :

et byl besay L G RGBT k21 net. BBFDGAA At BL27 HGPPHS 4585 Hirol S br oduced
in (2B) was _dissplved in di.chl oronethane (4 q} ,_and tréfluoroac%{ic acid
(1 ) M/ggmgé)dlélc?ot her'ét o at"'TdéhT%rfberiat ur & $Here9t he resul'tithg

' s stirred at roomtenperature for 1.5 hours. [0186
m xture administration route is preferably oral admfniétratlon.

[0163]

These various preparations can Dbe formulated
according to common procedures using known pharmaceutical
auxiliaries which can be commonly used in the known field
of pharmaceutical preparations such as an excipient, a
binder, a disintegrant, a lubricant, a solubilizer, a
corrigent, or a coating agent, as well as a base component.
[0164]

When the compound is formed into a tablet, a wide
variety of substances conventionally known as carriers in
this field can be wused, and examples thereof include
excipients such as lactose, sucrose,. sodium chloride,
glucose, urea, starch, calcium carbonate, kaolin,
crystalline cellulose, and silicic acid; binders such as
water, ethanol, propanol, simple syrup, glucose syrup, a
starch - solution, a gelatin solution, carboxymethyl
cellulose, shellac, methyl cellulose, potassium phosphate,
and polyvinylpyrrolidone; disintegrants such as dried
starch, sodium alginate, agar powder, lamiharan powder,
sodium hydrogen carbonate, calcium carbonate, a
polyoxyethylene sorbitan fatty acid ester, sodium lauryl

sulfate, monoglyceride stearate, starch, and lactose;



To the residue obtained by di stilling off the solvent in the reaction

sol ution under reduced pressure, aégrat ed aqueous solution of sodium

hydr ogen car bonate was added, and th rganic matter was extracted with

et hyl acetate.The organic |ayer was dried over anhydrous sodi um sul fate and

fi | tered, whereby the target conpound was obtained as a colorless oil (133
ng, Vi el d: 60% . 1H NI\/R(CDC13 400MHz): 81.10(3H, d, J=6.3Hz)

2. 82( 2H. ST W23 07 S g Lol Bat AR & 3%&32{? %egiﬁéufﬁw 7
2524(3Ha%&2H n) %%%§>Ky8rggehated ofi(]J%sggptlon en%ancersN% & I) M z:

Trans- N (3-chl oro 4-{[(38) 3- et hyl erazin- I Illmaihx Ehermji)-4-(4-fluor
ophenoxy)asw%%w%ywsﬁeﬁa\%%x feanfo m ate;

(3A) Tert - butyI(ZS) -[2-chloro-4-(f[trans- 4(

f | uor ophBHERPFEPEIS RN 1arbbrye T Hhi %%§b§ﬁ§§?&]l ipadsorbents such as

met hyl pi perazi ne-| - car boxyl at e

Ter t - but Pit@ZS- 4-Jq A8 mokaocthner Hehddteet g - colloidal silicic

acid; and lubricants such as purified talc, a stearate
salt, boric acid powder, and polyethylene glycol. Further,
if necessary, the tablet can  be formed into a tablet
coated with a usual coating composition such as a sugar-
coated tablet, a gelatin-coated tablet, an enteric-coated
tablet, a film-coated tablet, a double-layer tablet, or a
multi-layer tablet.

[0165]

When the compound is formed into a pill, a wide
variety of substances conventionally known as carriers in
this field can be used, and examples thereof include
excipients such as glucose, lactose, starch, cacao butter,
a hydrogenated vegetable oil, kaolin, and talc; binders
such as arabic gum powder, tragacanth powder, gelatin, and
ethandl; and disintegrants such as laminaran and agar.
[(0166]

When the compound 1s formed into a suppository, a
wide variety of substances conventionally known as
carriers in this field can be used, and examples thereof

include polyethylene glycol, cacao butter, higher alcohols,



2- met hyl pi per azi ne-1-carboxylate (309 ng, 0.912 mol),

whi chi saknownconpound, wasdi ssol vedi n di net hyl formam de (5 ni), and
trans-4-(4- fluorophenoxy)cycl ohexanecarboxylic acid (217 ng, 0.912 nmol)
produced in (1A) and 4-(4, 6-dinmethoxy-1, 3,5-triazin2-yl)-4-nmethyl norphol i um
chl oride hydrate (515 ng, about 1.6 nmol) were added thereto at room
‘tenperature, and then, the resulting m xture was stirred overni ght at room

t enper at rggﬁgglga(f%gglscﬂégiéggfﬂ %ﬁﬁ%ﬁﬁh?ydr%%%n CQ&QQQ%gﬁtW@%iﬁdded’

and the or was extracted et’'hyl "acetate. The organic | ayer
was dried,over ,anhydrous sodium sulfate and filtered. Then, the solvent was
distillealX?Frﬁaaér reduced pressure, whereby a crude product was obt ai ned.
This crude product was purified by silica gel columm chromatography
(hexane: éPh§/ Jacetate = 80:20 to 60:40 (v/v)), whereby the target conpound
was obtained as a Ii%pt yel l ow Qi l (336 qgg gield: 66% ., 1H NVR(CDC13,

miiha a

400MHz) : 51. 23(Bep dhey=eomppynd 1 ise @Ry ed as an’injectlon,

1.43-1.55(2H m, 1.66-1.80(2H m, 2. 01-2. 12(3H m, .

2.18-2. 32{4Him) @ 5@ 181EP9RIIODHA)S 25Perifiged and is preferably

J=11.3Hz), 3. 08(1H,td, J=3. 4, 12. 7THz), 3. 52(2H,s), 3.80(1H d, J=12.1Hz),

4,07-4,24§2H9n¢p,u&g&ﬂ@pgg(zwpeﬁ);he compound 1s formulated as &

6.92-7.01(2H, m, 7. 28(1H, brs), 7. 34(1H, dd, J=2. 2, :
liquid, an emulsion, or a suspension, any substance
commonly used as a diluent in this field can be used, and
examples thereof include water, ethyl alcohol, propylene
glycol, ethoxylated isostearyl alcohol, polyoxylated
isostearyl alcohol, and polyoxyethylene sorbitan fatty
acid esters. In this case, sodium chloride, glucose, or
glycerin may be added to the pharmaceutical preparation in
an amount sufficient to prepare an 1isotonic solution.
Further, a common solubilizing agent, a buffer, a soothing
agent, or the like may also be added to the preparation.
[0168]

Further, if necessary, a coloring agent, a
preservative, a perfume, a flavor, a sweetener, Or the
like, or another pharmaceutical product may be added to
the preparation.

[0169]
The amount of the active ingredient Compoundvto be

contained in the above-described pharmaceutical

preparation is not particularly limited and is suitably



8.4Hz), 7.42(1H, d, J=8.2Hz), 7.67(1H, d, J=2.0Hz).
(3B)Tert-buty|(28)-4-{2-ch|oro-4-P[tr$25-4-(4-

f I uor ophenoxy) cycl ohexyl ] car bonyl | (nethyl ) am no] benzyl | - 2-
met hyl pi per azi ne- 1- carboxyl ate Tert-butyl (2S)-4-[2-chl oro-4-
f I uor ophenoxy) cycl ohexyl ] car bonyl | am no) benzy1] - 2-

nmet hyl pi per azi ne- 1- car boxyl at e( 336ng, 0. 602nmol ) produced in
di ssol ved iin dinethylformam.de (10_nL), .and Lum hydrj (
1.81 molfi%&s *Sdd %ophe?eﬁglgf roo; eﬁ%er%%ggég’AfggVéggg’

(f[trans-4-(4-

(3A) was
60% 72,3 ng,
rég%If%%g 96

m xture was stirred under ni trogen atnosphere at r e rat.ur.e for 10
m nut es, PrECAYES% 'Odese(etllr%lepﬁmﬂ‘%étl Tof) Paﬁgeaggél&?%?%&e{}}o}%a % ¢6m

tenperatyre, and then, the resulting m xtuyr Stirred,u
e moepher 85atB0E T Ght 1 ROGESEBBL UG et neP 0 de (19394

was added thereto, and the resulting m xture was stirred at

er .a nitrogen
1ff,t¥¥él nmol )
50C for 30

m nut es, t@kd 1t KOFP iR hydride (60% 72.3 ng, 1.81 nmol) was added

thereto, and the resulting m xture was stirred at 50C for 1
To reactil® 783l uti on, a saturated aqueous sol ution of ammoni

hour. [0189]
um chl ori de was

added, and the organic matter was extracted wth ethyl acetate. The organic

| ayer was dri ed@hevedoamhydr obie saditusuiharedisats i Fepednd
solvent was distilled off under reduced pressure, whereby a
was obt aidegeéndimics crode prtbduct swsppomsfi ed agesilibadgel

chromat ogr aphy (hexane: ethyl acetate = 80:20 to 60:40 (v/v))

TH& 1 S9%e
crude product
outiaht

, Whereby the

target cerjpdurictwes: iaht aatdtbds dosaght fyehn| oandi Ithe296 keg, havedtkr,86%) .

11-1 NMR(CDC13, 400MHz): 81.08-1.24(2H, m, 1. 29( 3H, d,
the compound can be administered to an adult at

a daily

dose of generally 0.001 mg/kg (preferably 0.01 mg/kg, more

preferably 0.1 mg/kg) as the lower limit and 20
(preferably 20 mg/kg, more preferably 10 mg/kg)
upper limit once or several times.

[0171]

0 mg/kg

as the

The compound of the invention can be wused in

combination with any of various therapeutic or

prophylactic agents for the above-described dise

ases 1in

which the invention is considered to be effective. For

example, the compound of the invention can be used in

combination with one or more compounds having activity of

decreasing gastric acid secretion, one or more compounds

having activity of relieving gastroesophageal reflux, and

particularly in the <case where the compound

of the

invention 1is wused for reducing erosive or nonerosive

esophagitis, one or more compounds having activity of



J=6.7Hz), 1.47(9H, s), 1.61-1.84(4H m), 2.06-2.28(4H m,
2.32(1H,dd, J=3.7,11. 1Hz), 2. 64(1H, d, J=1]. 3Hz), .
2.79(1H,d, J=11. OHz), 3. 14(1H,td, J=3. 2,12. 7THz), 3.24(3H, s), 3.59(2H, s),
3.85(1H, d, J=12.5Hz), 4.08(1H, 97 m,4.25(1H brs), 6.74-6.83(2H,
m,6.89-6.97(2H, m, 7.09(1H, dd, J=2.0, 8.2Hz), 7.21(1H, d, J=2.0Hz),
7.60(1H, d, J=7.8Hz). (30)Trans-N-(3-chloro- 4 {[(3S) - 3-net hyl pi perazin-1| -
yl]nethyllieghen)é&){zlr 4- quorop enogﬁi N—neth X%'OQ% an%%%%g am de

Tert - but yPEES) G4 [ {59 r anisS 4- ?iOp

f | uor ophenaoxy) cycl ohexyl arbon nmet hyl o] benzyl | - 2- L

met hyl pi p&razier fOEhF%ﬁ%ﬁﬂ i%ZQ%mB%uX )gi?lﬂénngéESE&Ee&Gtﬁvﬁ§§y was
di ssol ved in dichl oronet hane ( and trifluoroacetic acj L mas
added t heP&t o°at B F@%@P&?ér eha‘éhlagt &L r 8 uliflf%o‘fﬁ&‘% urd

stirred at roomtenperature for 1 hour.
intestinal secretion of intestinal fluid thereby to

alleviate the symptoms of irritable bowel syndrome with
constipation and constipation, one or more compounds
having antidepressive-anxiolytic activity, and/or one or
more compounds having mixed activity for motility and‘pain.
In the case where the compound is used in combination with
another compound, these compounds can be administered
simultaneously, or separately and continuously or at a
desired time interval. The ©preparations to be co-
administered may be formulated as a combination
preparation or separate preparations.
[0172]

Further, the compound of the invention has excellent
GPR38 agonistic activity, high safety, and low toxicity,
and therefore is useful as a pharmaceutical product. In
particular, by reducing the half-life of the compound, the
compound acts locally on gastrointestinal tissues before
being metabolized in the liver and causes less systemic
éxposure so that the compound has higher safety and lower
toxicity, and therefore is extremely useful as a

pharmaceutical product.



[ 0190]

To the residue obtained:by distilling off the sol vent

in the

reaction solution under reduced pressyr a saturated aqueous sol ution of
a

sodi um hydr ogen car bonate was added,
wi th ethyl

sul fate

Egggsure, mhfgebg4ghe t ar get conpound was obtained as a |ight yell ow oi
ng,_vyie 13 400MHz) : 81. 15-1. 25(2H, m), 1. 19( 3H, d,
J=6.7FE)Agia%§aqe8% 4FPen$ OQ 17(3H, m), 2.23(1H, n), 98 2.39(1H n),
2.79-2.90&5 2. 98- 3. 18(3H m, 3.23(3H,
Z)QS(GG(Q §§ 4 08(1H m,6.74-6.82(2H, m, 6. 88-

2H 7.09(1H, dd, J=2. 4, 8. 2Hz
J=8. 2kt)n) Tée cyclohexane ) derf g%tge J= %ompo hd 5%§%§ d

: nd the organic matter was extracted
acet ate. The organic Iayer was dried over anhydrous sodi um

and filtered. Then, the solvent was distilled off under reduced

pharmacologically acceptable salt thereof which are each
the compound of the invention have excellent GPR38
agonistic activity and an excellent improving effect on
gastrointestinal disorders, and so on, and therefore are
useful as a prophylactic or therapeutic agent for diseases
such as gastrointestinal disorders | associated with
hypomotility, for example, GERb, FD, functional bowel

disorders such as irritable bowel syndrome, diabetic

gastroparesis, constipation, opioid-induced bowel
dysfunction, paralytic ileus, postoperative
gastrointestinal paralysis, gastrointestinal symptoms

associated with scleroderma, etc., and further as a
pharmaceutical aid for use in a pretreatment for barium

enema X-ray examination by oral intestinal lavage.

Mode for Carrying Out the Invention
[0174]

Subsequently, the invention will be described in
more detail with reference to Examples and the 1like,

however, the invention is not limited thereto.

Examples



NB(ESI) mz: 474 (MrH) +. <Exanple 4>
Trans-4-[(5-fluoropyridin-2-yl)oxy]-N#rethyl-N-(3-nmethyl-4-{[(3S)-3-nethylp
i perazin-1-yl]nmethyll phenyl)cycl ohexanecar boxam de and hydrochl ori de

t hereof [0191] (4A)Tert-butyl (2S)-4-(4-1[(trans-4-

hydr oxycycl ohexyl ) car bonyl ] (et hyl ) am nol- 2- net hyl benzy1) -
2-nethy|piperazine-l-carboxylate

Tert - but -4-[ (4-am no- 2- et hyl phenyl ) met hy1] -

2- et hyl |per zi ne-|-carboxylate (2.99 g, 8.98 mml), which is a known

conmpound, . %@ﬁ§y5550|w%ﬁ in £l xy% (§Qfﬂh$roﬁﬂgnoxyé —N =~ methyl 4—

trans-4- hy cycl ohexanecar bo ic acid (5.18

4- (4, 6-di X 1 r.i 1) -4- nethylnorphollun1chlor|de hydr at e
(11.3 g,{ggégﬁ éG %hﬁf% %ﬂkg?ékﬁdded thereto at roomtenperature, and

t hen, the irred qvernight at room
tenperatM} mﬁgkyﬁéghﬁpéﬁgqyc e S B A

F

ET%

[0176]
(1A) Trans-4- (4-fluorophenoxy)cyclohexanecarboxylic acid
Methyl trans-4-(4-
fluorophenoxy)cyclohexanecarboxylate (501 mg, 1.98 mmol),
which is a known compound, was dissolved in
tetrahydrofuran (10 mL) and ethanol (10 mL), and a 1 N
aqueous solution of sodium hydroxide (6.0 mL) was added
thereto at room temperature, and then, the resulting
mixture was stirred at 60°C for 2 hours.

[0177]

To.the reaction solution, 2 N hydrochloric acid was
added and the organic matter was extracted with ethyl
acetate. The organic layer was dried over anhydrous
sodium sulfate and filtered. Then, the solvent was

distilled off under reduced pressure, whereby the target



hydr oxycycl ohexanecar boxylic acid (2.59 g, 18.0 mmol ) and

4- (4, 6-di methoxy-1, 3, 5-triazin-2-y1l)-4.met hyl norphol i um chl ori de hydrate
(5.65 g, about 18 mml) were added théreto at roomtenperature, and then,
the resulting m xture was stirred overni ght at roomtenperature. [0192]
To the reaction solution, a saturated aqueous solution of sodi um hydrogen
carbonate was added, and the organic nmatter was extracted with et hyl

acet at e. el - [ r sgdi u whfate and
fiIteredFzﬁﬁéﬁﬁg?ﬁ%ﬁééﬁ¥§%¥%%£§g%fgg7? g% %??yﬁngg?8rg ﬁcgggﬁgéssure,

wher eby %oﬁﬁ%qe product was obtained. This crude product was purified by
silica gel col’'um chronat ography (ethyl acetate:nethanol = 100:0 to 80: 20

Vel & 050 138 HECOLEE>400 MU0 00- 0 O okt o1 (AHpa( rd, A8 i), o
o2 102 GHOM, B: 5B T 2Reothia -1t e 03 PR e

J=11.0Hz), 3.08(1H, td, J=3.0, 12.7Hz), 3.21(3H, s), 3.43(2H, s), 3.57(1H,
m), 3.81CrH2 R F-2 o) 4. 21(1H brs), 6.91-6.97(2H, n), 100 7.31(1H,
d, J=8.2Hz). (4B) Tert-butyl (2S)-4-{4-[((trans-4-[(5-fluoropyridin-2-
yl ) oxy] cydBshexyl | car boR§¥F§ TReE WY1 ) ani no] - 2-(et i ezl 123t T i per azi ne
-1-carboxyl ate Tert-butyl (25)-4-(4-{[(trans-4- h droxycgclohexyl)carbonyl]
(met hyl ) FHUSERISR A PEhE319x Y Dl ¢retipgn i pairdzp heenz¥al béxyl ate (796 ny,
1.73 mmol ) produced in (4A) was dissolved in dinethylformamde (10 nL), and
sodi um hyurtinde (160%a U6 miy; c 8B yt$ was added thereto at room
tenperature. After the resulting mxture was stirred under a nitrogen
at nosphere at Teorh-therper at ure for (28)midnUt(ds and NS odiefd ylomogyhry Idi - (283
i.tL, 3.11 mmol) was added thereto at roomtenperature, and then, the
resul ti nghatihgtlyrieavasz Sid+T-ech tivwtey 1 at @i t((70§emapt nDsphemacdt) 60 fcdr 2
hours, and then stirred under a nitrogen atnosphere at 100C for 1.5 hours.
[0193] is a known compound, was dissolved in dimethylformamide

(10 mL) , and trans—-4-(4-

fluorophenoxy)cyclohexanecarboxylic acid (553 mg, 2.32

mmol) produced in (1A) and 4-(4,6-dimethoxy-1,3,5-triazin-

2-yl)-4-methylmorpholium chloride hydrate (1.09 g, about

3.5 mmol) were added thereto at room temperature, and then,

the resulting mixture was stirred overnight at room

temperature.

[0179]

To the reaction solution, a saturated aquéous
solution of sodium hydrogen carbonate was added, and the
organic matter was extracted with ethyl acetate. The
organic layer was dried over anhydrous sodium sulfate and

filtered. Then, the solvent was distilled off under

reduced pressure, whereby a crude product was obtained.



To the reaction solution, a saturated aqueous sol ution of anmmoni um chl ori de
was added, and the organic matter wasgextracted with ethyl acetate. The
organi c | ayer was dried over anhydrous sodiumsulfate and filtered. Then,
the solvent was distilled off under reduced pressure, whereby a crude
product was obtai ned. This crude product was purified by silica gel colum
chromat ogr aphy (hexane: ethyl acetate 80: 20 to 50:50 (v/v))1l whereby the

101 tar %g%%ongguag soQbLAl %glsasp@rfﬂgal eo%s oid1{592 gan,  Yrhstin 62% .

5H6N$/E§) 0|sz) 1.04-1.19(2H'm, 1.2
J=3.2, 11 %’ﬁé’z‘%'dﬁ?a?%ﬁ(éh&%gﬁh 30?"’1(20}3'3d tqa 2 30(55%%) 5%, 60(1H, d,

j éloszg) 2 74(1§%§Eﬁb§ éﬁ%%?%ﬁiqftp8%%ﬁp %md was obtained as a

 SORGSRR LR AR, SR, g 9o o

(4G) Trang; 4N£4 SCElcl:f?,ro Yo n: 25y 10Xyl Nyl = 637 ) 391 51 (2m,
m), 1.46(9H, s), 1.66-1.80(2H, m), 1.91-2.13(4H, m), 2.19-
2.34(3H, m), 2.56(1H, d, J=11.0Hz), 2.73;1H, d, J=11.0Hz),
3.08(1H, td, J=3.0, 12.7Hz), 3.34(1H, d, J=8.6Hz),.3.48(lH,
d, J=13.1Hz), 3.79(1H, m), 4.08-4.22(2H, m), 6.80-6.88(2H,
m), 6.92-6.99(2H, m), 7.26(2H, d, J=8.6Hz), 7.49(2H, d,
J=8.6Hz), 7.68(1H, m).
(1¢C) Tert-butyl (28)—4—{4—[{[trans—4—(4—
fluorophenoxy)cyclohexyl]carbonyl} (methyl)amino]benzyl}-2-
methylpiperazine-l-carboxylate

Tert-butyl (28)-4-[4-({[trans-4-(4-

fluorophenoxy)cyclohexyl]carbonyl}amino)benzyl] -2~
methylpiperazine-l-carboxylate (1.15 g, 2.18 mmol)
produced in (1B) was dissolved in dimethylformamide (30
mL), and sodium hydride (60%, 279 mg, 6.98 mmol) was added
thereto at room temperature. After the resulting mixture
was stirred under a nitrogen atmosphere at room
temperature for 10 minutes, methyl iodide (727 pL, 11.7
mmol) was added thereto at room temperature, and then, the

resulting mixture was stirred under a nitrogen atmosphere

at 60°C for 1.5 hours.



met hyl - 4-{[ (3S) - 3- net hyl pi perazi n- 1yl ] met hyl | phenyl ) cycl ohexanecar boxam de
Tert-butyl (2S)-4-{4-[((trans-4-[(5-f Qoropyridin-z-

yl ) oxy] cycl ohexyl | carbonyl ) (net hyl ) am no] - 2- met hyl benzyl | 2- net hyl pi per azi ne
-| -carboxylate (592 ng, 1.07 mol) produced in (4B) was dissolved in

di chl oronet hane (8 nL), and trifluoroacetic acid (2 nL) was added thereto
at roomtenperature, and then, the resulting mxture was stirred at room

t enper at b%8b$r 2 hours. [0194] To the residue obtained by

distilli the solvent in the reacti.on sol ution under reduced pressure,
a saturated aqﬁgou%h%oldg ogt sodrzg&?édrog cggp€9g£g wa%g? and
the organic matter was ex fact acetate ganlc | ayer
was dried anhydr ous sodrunr Ifa e and filtered, The t l. ent was
di still e&ogﬁglﬁﬁde‘ilfdr%%%au‘ﬁr LGP ev\/n‘%?%by L aarngéet 9%%%%&% i
obtained as a white solid (462 i el g: 959% . 1H

NL' 4R( CDORS LAGOMB S - sqxesa%t?%(g?ﬁﬁ/ ftédf(lsHa&eth@ 7Hz)Thel EFIPIES 4H,
2.08-2.17(2H, m, 2.19-2.32(2H, n) 2.38(3H, s), % 2. SZfﬁ 91(2H
n), 3.08(8MeINyias3 dfeee THSH, AR Y d%@l?%(%rlfilg 531§8€ Hané) fl&tﬁ

6. 55(1H, dd, J=3.5, 9.0Hz), 6.96-7. 03(2H n., 7.23- 1. 33(2H, m, 94(1H
d, J=3. 1mbﬁnrNS@ES§PLﬁQ?t¢Mﬁ§(¢m4§¥l ed off under reduced pressure,

whereby a crude product was obtained. This crude product
was purified by silica gel column chromatography
(hexane:ethyl acetate = 80:20 to 60:40 (v/v)), whereby the
target compeund was obtained as a light yellow oil (1.06 g,

yield: 90

oe

) .
[0181]

'H NMR(CDCl;, 400MHz): 81.05-1.19(2H, m), 1.26(3H, d,
J=6.7Hz), 1.47(9H, s), 1.60-1.83(4H, m), 1.99-2.14(3H, m),
2.14-2.28(2H, m), 2.61(1H, d, J=11.3Hz), 2.77(1H, d,
J=11.0Hz), 3.13(1H, td, J=3.1, 12.7Hz), 3.25(3H, s),
3.45(1H, d, J=13.7Hz), 3.56(1H, d, J=13.7Hz), 3.83(1H, d,
J=12.9Hz), 4.06(1H, m), 4.22(1H, brs), 6.74-6.81(2H, m),
6.88-6.96(2H, m), 7.13(2H, d, J=8.2Hz), 7.40(2H, d,
J=8.2Hz) .

(1D) Trans-4- (4-fluorophenoxy) -N-methyl-N~(4-{[(3S)-3-
methylpiperazin-1-yl]lmethyl}phenyl)cyclohexanecarboxamide

Tert-butyl (28)-4-{4-[{[trans-4-(4-
fluorophenoxy) cyclohexyl]carbonyl} (methyl)amino]lbenzyl}-2-

methylpiperazine-l-carboxylate (237 mg, 0.439 mmol)



(4D) Trans-4-[ (5-fluoropyridin-2-yl)oxy] - N net hyl - N-(3-
nmet hy1-4- 1[ ( 3S) - 3- net hyl pi per azi n- 1-

yl ] met hyl } phenyl ) cycl ohexanecar boxam gé hydr ochl ori de
Trans-4-[ (5-fluoropyridin-2-yl)oxy]-Nnethyl-N(3-

met hyl1-4-{[ (3S) - 3- net hyl pi per azi n- 1yl ] met hyl | phenyl ) cycl ohexanecar boxam de(
520ng, 1. 14 mmol ) produced in (4C) was dissolved in dioxane (2 rrL) and wat er

(2 ),

d N hyd d 701, 14 dth
t enper at %@ t’l"fré(r)l?rf{:ﬁrelwrcaégfﬁlﬁs(oévrﬁ%ﬁ?e \:hgélg?% ag?%tnet7 ]'?')ne f:ggrenn

m xture was, |

i zed hi | i h
was obt aihel %rslpﬁ%#&c% B1PSeBa O ot MRREDY IS LR, SR

(MrH) +.

<Exanpl e 5>

und
455

Tr ans- 4- [tﬁr(ﬁﬁfcﬂtdﬁﬁvet ADF) phéioxy R RE AESMATIG ket hye - Xag (3518 %et hyl pi

perazi n-1-yl ] met hyl | phenyl ) cycl ohexanecar boxam de

at room temperature for 1 hour.
[0182]

To the residue obtained by distilling off the
solvent in the reaction solution under reduced pressure, a
saturated aqueous solution of sodium hydrogen carbonate
was added, and the organic matter was extracted three
times with ethyl acetate. The organic layer was dried
over anhydrous sodium sulfate and filtered. Then, the
solvent was distilled off under reduced pressure, whereby
a crude product was obtained. The obtained crude product
was purified by NH silica gel column chromatography {a
silica gel in which aminopropylsilane was chemically
bonded to a silanol group on the surface of silica
(hexane:ethyl acetate = 50:50 to 20:80 (v/v))}, whereby
the target compound was obtained as a colorless oil (83.0

mg, yleld: 43%).

1H NMR(CDC13, 400MHz): 81.04(3H, d, J=6.7Hz), 1.04-1.12(2H,

m), 1.48-1.84(6H, m), 1.99-2.14(3H, m), 2.24(1H, m), 2.71-
2.81(2H, m), 2.83-3.02(3H, m), 3.24(3H, s), 3.52(2H, s),
4.06(1H; m), 6.72-6.81(2H, m), 6.88-6.97(2H, m), 7.13(2H
d, J=8.2Hz), 7.39(2H, d, J=8.2Hz).

MS(ESI) m/z: 440 (M+H)+



[0195] (5A) Tert-butyl (2S)-4-14-[(ftrans-4-[3-

(met hoxycar bonyl ) phenoxy] cycl ohexyl | ¢ Bbonyl)(nethyl)anino
] - 2- met hyl benzy11- 2- nethylplpera2|ne %-carboxylate Tert - butyl
(2S)-4-(4-{[(cis-4-

hydr oxycycl ohexyl ) car bonyl ] (et hyl ) ani nol- 2- net hyl benzy1) -

2- met hyl pi perazi ne- 1- car boxyl ate (525 ng, 1.14 mmol) produced in (2A) was

di ssol ved_in t Iuene 20 niL and hyh n 13

HHD|) anéE thylenetr|% ?y?ph %h%rgﬁég%gggé%gs %pggﬁﬁﬁél) Wer e added
thereto at g t.hen esulting mxture was stirred
for 2.5 W@&P qwh {gﬂﬁégtﬁégﬁf%yeﬁﬁpera%b§9% 104 in the reaction sol ution
under reduced pr ss rified g%@3|llca col utm chr omat ogr aphy

(hexane: &tHE o eﬂ hy (F BN SR FRP T ﬁhereby the target conpound
was obtained as a light yellowoil (172 ng, yield: 25%. 1H

NVR( CDC13, 400MHz) : 81. Q9L F5( 2H, m) , 1. 23( 3H, d,

J=6. THz) , 1H47(9H s), 11 84(4H, M), 2. 04(1H, ), 2.08-2.16(2H, 1),

2.17-2. 3 s), 2. 60(1H,

d, J=11. 3 :fm(m 13.09(1H m, 3.24(3H s), 3.43(2H s), 3.82(1H d,
J=13. 3Hz) TN 4, 18-

CH3

[0183]
(2R) Tert-butyl (28)-4-(4-{ [ (cis-4-
hydroxycyclohexyl)carbonyl] (methyl)amino}-2-methylbenzyl) -
2-methylpiperazine-l-carboxylate

Tert-butyl (28)-2-methyl-4-[2-methyl-4-
(methylamino)benzyl]piperazine-l-carboxylate (3.04 g, 9.13
mmol), which is a known compound, was dissolved in
dimethylformamide (30 mL) , and cis-4-
hydroxycyclohexanecarboxylic acid (5.27 g, 36.6 mmol) and
4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholium
chloride hydrate (11.5 g, about 37 mmol) were added
thereto at room temperature, and then, the resulting
mixture was stirred overnight at room temperature.
[0184]

To the reaction‘ solution, a saturated aqueous

solution of sodium hydrogen carbonate was added, and the



4.28(2H, m, 6.92-6.99(2H, m, 7.02(1H, dd, J=2.2, 8.4Hz), 7.27-7.35(2H,
m, 7.49(1H, m, 7.59(1H, d,'J:7.8Hz)91

(5B) Tert-butyl (2S)-4-{4-[(ftrans-4-[ 3

(hydr oxynet hyl ) phenoxy] cycl ohexyl | car bonyl ) ( net hyl ) am no] -

2- met hyl benzy11- 2- net hyl pi per azi ne- 1- car boxyl ate

Tert-butyl (2S)-4-{4-[(ftrans-4-[3-

th bonyl ) ph I baon: ]
(T DO JABEDEIY HE, LSRN (B e,

erazi ne-

0.727 I d di n(5A i | vedin tet , lithi

o ur mf?ﬁ?géﬁ%é 3 e e TR S A R e ERe Shagee Y e U
t he resul ti 1 xt ti d at OCf 30 minutes. .[01 T h

Foact | on FOTGErE, o BAEEr ot ok aqUOURE 106 it B el bk (T ot AT et hyl

i1t or odF PG (RE=SO TNt AR Tt Pl | GELOR F RIRIGISY clbBed Hrodiii e,
wher eby a crude product was obtained. This crude product was purified by
si lica g@hisol ggisdehr BracBgEaphss( hexahtiethyPyacet hied = D 20021918 100
(v/v)), whereby the target conpound was obtained as a colorless oil (165
ngy, Vi el ¢hmpo@togrnanvr( COEh3 1400ME3t81meshano3d( 21, A20f.023E3H &P : 20
(v/v)), whereby the target compound was obtained as a
white solid (4.05 g, yield: 97%) .
4 NMR(CDCls;, 400MHz): 81.22(3H, d, J=6.7Hz), 1.23-1.35(2H,
m), 1.40-1.50(2H, m), 1.46(9H, s), 1.72-1.82(2H, m), 1l.86-
2.07(3H, m), 2.16-2.31(2H, m), 2.38(3H, s), 2.59(1H, d,
J=11.3Hz), 2.73(1H, d, J=11.7Hz), 3.08(1H, td, J=3.2,
12.6Hz), 3.23(3H, s), 3.42(2H, s), 3.81(1H, d, J=13.3Hz),
3.89(1H, brs), 4.21(1lH, brs), 6.92-6.98(2H, m), 7.29(1lH, d,
J=7.8Hz).
(2B) Tert-butyl 28)-4-{4-[{[trans-4-(4-
fluorophenoxy)cyclohexyl]carbonyl}(methyl)amino]—2—
methylbenzyl}-2-methylpiperazine-l-carboxylate
Tert-butyl (28)-4-(4-{[(cis-4-
hydroxycyclohexyl) carbonyl] (methyl)amino}-2-methylbenzyl) -
2-methylpiperazine-l-carboxylate (221 mg, 0.482 mmol)
produced in (2A) was dissolved in toluene (10 mL), and 4-
fluorophenol (97.2 mg, 0.867 mmol) and

cyanomethylenetributylphosphorane (232 uL, 0.866 mmol)

were added thereto at room temperature, and then, the



J=6. 7Hz), 1.46(9H, s), 1.60-1.84(4H m, 1.96-2.16(3H, m, 2.16-2.30(2H,
m, 2.39(3H, s), 2.60(1H, d, J=11. Okzgz 2. 73(1H, d, J=9.8Hz), 3.08(1H, m,
3.23(3H, s), 3.43(2H, s), 3.81(1H d,” J=14.1Hz), 4.10-4.26(2H, m, 4.64(2H
s), 6.75(1H, dd, J=1.8, 8.0Hz), 6.83- 7 01(4H, m, 7.22(1H, t, J=7.8Hz),
7.31(1H, d, J:7.8Ft). (5C) Trans-4-[ 3- (hydr oxynet hyl ) phenoxy] - N- net hyl - N- ( 3-
nmet hyl - 4- {[ (3S) - 3- net hyl pi per azi n- 1-

e e s PREEYLL NGl ONEKARRGEIANATLorchord UL (f1 14 hdatthbraps-4-[3:

(hydroxyﬁ% enoxy] cycl ohexyl' T car am noj -

2- nethylbeﬁf%ll-z qﬁ§hylpl$ d@%'ngb@a égox%%atgl g%§nggg 1o %% mrgL)

prp?roed B) was di ssof ved dIC orone hane

trifluoroacetic acid (2 nL added thereto r oo d

Lhen, ES%Z&%EHFtPﬂb Fﬁﬁ&Lﬁ%@%ﬁé@%tl ﬁéﬁ'éFIrBB Feﬁbera ure ?EEE%reiBG
our 1 he residue obtained by _distilli th I t

t he reactR&nddEEat §ﬁ dﬁbé?e?%ﬁ%% V€§§u¥ <¥?V%%e%y %FF%IF?Q& bgl

col um chr omat ogr aphy (ethyl, acetate:meth = 1Q00: 00 t 0:10 (v/
wher eby BRE NaRGENYASRFSIH Wss b1t Hed gggam@m 3Tl4e45§m§? (%%é(\fér{j‘v)gu el d:

109@ 11-1 NMR(CDC13, 400MHz): 81.04(3H, d, J=6.3Hz), 1.08-1. 22%
63- 1. 98(15EbuR) SC2UBG.CR. 16{ 3pEMbyM 2e2EERAden) (10% 37141, Kby, 02 6612 79( 2H,
m, 2.81-3. 00(3H m, 3.23(3H, s), 3.45(2H, s), 4.18(1H, m, 4.64(2H, s),
6. 76( 1H, mad]) Jw2r2 Bidi¢)therenos. 80cathay, wheosresuliing=giafpye
7.33(1H, d, J=8.2Hz). MS(ESI) nmlz: 466 (M+H)+.

was stirred overnight at room temperature.

[0185]

To the reaction solution, a saturated aqueous
solution of sodium sulfite was added, and the organic
matter was extracted with ethyl acetate. The organic
layer was dried over anhydrous sodium sulfate and filtered.
Then, the solvent was distilled off under reduced pressure,
whereby a crude product was obtained. This crude product

- was purified by silica gel column chromatography
(hexane:ethyl acetate = 100:0 to 50:50 (v/v)), whereby the
target compound was obtained as a light yellow oil (80.0
mg, yield: 30%).

4 NMR(CDCls, 400MHz): 81.04-1.20(2H, m), 1.23(3H, d,
J=6.7Hz), 1;47(9H, s), 1.61-1.84(4H, m), 1.98-2.14(3H, m),
2.17-2.30(2H, m), 2.39(3H, s), 2.60(1H, d, J=11.0Hz),
2.73(14, d, J=11.0Hz), 3.08(1H, td, J=3.0, 12.7Hz),
3.23(3H, s), 3.43(2H, s), 3.82(1H, d, J=12.9Hz), 4.07(lH,

m), 4.23(1H, brs), 6.74-6.81(2H, m), 6.89-6.99(4H, m),



(5D) Trans-4-[ 3- (hydr oxynet hyl ) phenoxy] - N- et hyl - N- ( 3-

met hy1-4-{[ (3S)- 3- net hyl pi perazin-1- g5

yl ] met hyl | phenyl ) cycl ohexanecar boxam de hydrochl ori de

Tr ans- 4- [ 3- (hydr oxymet hyl ) phenoxy] - N- met hyl - N- ( 3-

met hy1- 4-{[ (3S) - 3- net hyl pi perazi n-1- '

yl ] met hyl | phenyl) cycl ohexanecar boxam de(532ng, 1. 14 mmol ) produced in (5C)
was di ssel yed in & myxedggplyvent of dioxane (4 nL) and water (2 ni), and 2
N hydrochloric acid (570 jL, 1.14 nmol) was added thereto at room
tenperat ype, and t Qnsw-e.(ﬁ-e%yb&w}ghghlzs%gg euas thtRZR0 (@lnetBln he 107

frozen mxture was Tyophilized usin I11zer; whereby thé target

conpoundimgégg_#%}m% %a whit.e solid (477 ng, yield: 84% . MS(ESI) m z:

466( MH) +. _ WIeq3- (Tt r ans- 4- [ met hyl (3- net hyl - 4- {[ (39) -
3-rrethy|§| erazin-|- :
yl ] net hy ﬂgﬁ@ﬁéﬂ#&é’ﬁ?&?@ﬂy&;ﬂwqﬁ&ﬁﬁﬂﬁﬁ] acet at e

Tert-butyl 28)y-4-{4-[{[trans—-4-(4-
fluorophenoxy)cyclohexyl]carbonyl} (methyl)amino]-2-
methylbenzyl}-2-methylpiperazine-l-carboxylate (271 mg,
0.490 mmol) produced in (2B) was dissolved in
dichloromethane (4 mL), and trifluoroacetic acid (1 mL)
was added thereto at room temperature, and then, the
resulting mixture was stirred at room temperature for 1.5
hours.

[0186]

To the residue obtained by distilling off the
solvent in thé reaction solution under reduced pressure, a
saturated aqueous solution of sodium hydrogen carbonate
was added, and the organic matter was extracted with ethyl
acetate. The organic layer was dried over anhydrous
sodium sulfate and filtered, whereby the target compound
was obtained as a colorless oil (133 mg, yield: 60%).

'Y NMR(CDClji, 400MHz): 61.10(3H, d, J=6.3Hz), 1.13-1.21(2H,
m), 1.62-1.90(6H, m), 2.03-2.30(4H, m), 2.37(3H, s), 2.73-
2.82(24H, m), 2.89-3.07(3H, m), 3.23(3H, s), 3.47(2H, s),
4.07(1H, m), 6.74-6.82(2H, m), 6.88-7.00(4H, m), 7.32(1H,

d, J=7.4Hz).



[0199] (6A) Tert-butyl (2S)-4-{4-[(ftrans-4-[3-(2-nmet hoxy- 2-
oxyethyl)phenoxy]cyclohexylIcarbonyl)égethyl)anino]-2-

met hyl benzyl | - 2- met hyl pi per azi ne- 1- carboxyl at e

Tert-butyl (2S)-4-(4-1[(cis-4-

hydr oxycycl ohexyl ) car bonyl ] (et hyl ) am nol - 2- net hyl benzy1l) -

2- et hyl pi per azi ne- 1-carboxyl ate (430 ng, 0.937 mmol) produced in (2A) was

di ssol veq, | | uene. ( d et hyl 3-hydroxyphenyl acetate (311 ng,
1.87 nnnﬂ?igﬁ%P%ﬁ%a%he @Ph%%%f?butylphosphorane (502 pi, 1.87 mml) were

added thereto room fenperature, .and then, t resul ti m xture was

i rred PR Sl EaRReRrigrg Stertind | (Tosvoyietry thiRat e
obtained by distilling off_the solvent in the reaction solution under
reduced pressUre-tas! eyt kead pi4stirercpeenesyuni—chr onat ogr aphy

(hexane: ethyl acetate = 80:20 to 40:60 (v/v)), whereby the target conpound
was obt ailtfid asC¥C1PRfranREF BRPBRI1Ee55 g, yield: 45%. 11-1

NMR( CDCL3, 400MHz) : 81. 07-1£23(2H, m), 1. 23(3H,d, J=6.7Hz), 1.47(9H,s),
1.66-1.82(AH, m, 2., m, 2.07-2.15(2H, m, 2.18-2.29(2H, n), 2.39(3H,

s), 2.60 ﬁmﬁ,CHa o

N™ CI

CH,

[0187]
(3A) Tert-butyl (28)y-4-[2-chlorc~4~({[trans-4~ (4~
fluorophenoxy)cyciohexyl]carbonyl}amino)benzyl]—2—
methylpiperazine-l-carboxylate

Tert-butyl (2S)-4—[(4—amino—2—chlorophenyi)methyl]—
2-methylpiperazine-l-carboxylate (309 mg, 0.912 mmol),
which is a known compound, was dissolved in
dimethylformamide (5 mL),  and trans-4- (4-
fluoréphenoxy)cyclohexanecarboxylic acid (217 mg, 0.912
mmol) produced in (1lA) and 4-(4,6-dimethoxy-1,3,5-triazin-
2-yl)-4-methylmorpholium chloride hydrate (515 mg, about
1.6 mmol) were added thereto at room temperature, .and then,
the resulting mixture was stirred overnight at room
temperature.
[0188]

To the reaction solution, a saturated aqueous



d, J=11. 0Hz), 2. 74(1H, d, J=10. 6Hz), 3. 08(1H, m, 3.23(3H, s), 3.43(2H, s),
3.56(2H, s), 3.68(3H s), 3.82(1H d,gd=11.7Hz), 4.11-4.27(2H m,
6.71-6.78(2H, m, 6.82(1H d, J=7.4Hz), 6.91-7.00(2H, m, 7.19(1H t,
J=7.8Hz), 7.32(1H, d, J=7.8Hz).

(63)Methyl [3-(Itrans-4-[nmethyl (3-met hyl -4-{[(3S)-3- nethyl pi perazin-1-
yl ] met hyl | phenyl ) car banoyl ] cycl ohexyl | oxy) phenyl ] acet ate

Tert‘bUt%Bﬁ%§kb‘{é%[g%&E ?gﬁ?%%%%%g?@é?ﬁé%?gé_w s added, and the

oxyet hyl yphenoxy] cycl ohexy _ nme am noj - 2-

ety DRt % TRADULR PeL e e desarhop A e A2 Maerpce

then, 1 né PRI | T T e HRE ety Ered B TEBM t ERRePAt RS RS E7Pour.

Foact| on ST UndbioTedutet U e Vi pUTITT Eh By N el M el

her aby  EE IR cbL ERRpBnd WS Y afndd H0°  EOTBAteSNaB AR E I

yreld: 8%%%k; crude product was purified by silica gel column
chromatography (hexane:ethyl acetate = 80:20 to 60:40
(v/v)), whereby the target compound was obtained as a
light yellow oil (336 mg, yield: 66%).
'H NMR(CDClz, 400MHz): 81.23(3H, d, J=6.7Hz), 1.46(9H, s),
1.43-1.55(2H, m), 1.66-1.80(2H, m), 2.01-2.12(3H, m),
2.18-2.32(4H, m), 2.59(1H, d, J=11.0Hz), 2.73(1H, d,
J=11.3Hz), 3.08(1H, td, J=3.4, 12.7Hz), 3.52(2H, s),
3.80(1H, d, J=12.1Hz), 4.07-4.24(2H, m), 6.81-6.88(2H, m),
6.92-7.01(2H, m), 7.28(lH, Dbrs), 7.34(1H, dd, J=2.2,
8.4Hz), 7.42(1H, d, J=8.2Hz), 7.67(1H, d, J=2.0Hz).
(3B) Tert-butyl V (28) -4-{2-chloro-4-[{ [trans-4-(4-
fluorophenoxy)cyclohexyl]carbonyl} (methyl)amino]lbenzyl}-2-
methylpiperazine-l-carboxylate

Tert-butyl ‘ (28)-4-[2-chloro-4-({[trans-4- (4-

fluorophenoxy)cyclohexyl]carbonyl}amino)benzyl]-2-
methylpiperazine-l-carboxylate (336 mg, 0.602 mmol)
produced in (3A) was dissolved in dimethylformamide (10

mL), and sodium hydride (60%, 72.3 mg, 1.81 mmol) was

added thereto at room temperature. After the resulting



1H NMR(CDC13, 400MHz): 81.05(3H, d, J=6.3Hz), 1.08-1.22(2H, ,
1.63-1.91(6H, m, 2.03-2.16(3H m, BL6(1H m, 2.37(3H s), 2.70-2.80(2H,
m, 2.83-3.02(3H, m, 3.23(3H, s), 3.45(2H, s), 3.56(2H, s), 3.68(3H, s),
4.17(1H, m, 6.71-6. 78( 2H, m, 6.82(1H, d, J=7.8Hz), 6.92-6.99(2H, nm,
7.19(1H, t, J=7.6Hz), 7.33(1H, d, J=7.8Hz). IVB(ESI) mz: 508 (M+H)f.
<Exanple 7>

Trans-4- &§x£§rQYQEQ¥YEE@¥ké8hQﬁQ%%] H‘q?HhMieﬁh(gtﬁB% Yidréd- {44 38bonm- met hyl p

I(?,i; _?_2| tn 1-yl] et hy4| phenyl ) cycl ohexgnecar boxam de 110 [0202]

er t

hy;:lwr;ge?ﬁy%%pééﬁ%?y]%&cI[ghe&‘ﬂ{}] car onyl%)t?%t hycf?la%? no 13 bL, 1.81
nme

Tertybu?%&g) 3rsmti‘gféfgtrans Lf%[ f]t %%&?ﬁ%%(@é%rature, and then, the
OXyEthyl%g ngxheﬁﬂﬁﬁhex lCarb9?¥lg&”%%@%k)éylggiﬁg%gn atmosphere

net hyl be per 475 ne- 1T carnox

0. 117nmol producedl n( 6A) wasdi ssol vedi n tetrahydro a L l'ithi
al unmi numa%ﬁyéi’lol defer3.la HRPT 0. 3BT HABT) Wﬁél 4 C{lh%i'n %f)%\t “%C %& IthelntJm

the resultin mxture [
mmol) was dw%s %Itlegégg,at 0 ft?le degnu tlga n[1x2c03)1e was

stirred at 50°C for 30 minutes, and then, sodium hydride
(60%, 72.3 mg, 1.81 mmol) was added thereto, and the
resulting mixture was stirred at 50°C for 1 hour.
[0189]
To reaction solution, a saturated aqueous solution
- of ammonium chloride was added, and the organic matter was
extracted with ethyl acetate. The organic layer was dried
over anhydrous sodium sulfate and filtered. Then, the
solvent was distilled off under reduced pressure, whereby
a crude product was obtained. This c¢rude product was
purified by silica gel column chromatography (hexane:ethyl
acetate = 80:20 to 60:40 (v/v)), whereby the target
compound was obtained as a light yellow oil (296 mg,
yield: 86%).
'H NMR(CDCl;, 400MHz): 81.08-1.24(2H, m), 1.29(3H, d,
J=6.7Hz), 1.47(9H, s), 1.61-1.84(4H, m), 2.06-2.28(4H, m),
2.32(1H, dd, J=3.7, 11.1Hz), 2.64(1H, d, J=11.3Hz),
2.79(1H, d, J=11.0Hz), 3.14(1H, td, J=3.2, 12.7Hz),

3.24(3H, s), 3.59(2H, s), 3.85(1H, d, J=12.5Hz), 4.08(1lH,



To the reaction solution, a saturated aqueous sol ution of anmmoni um chl ori de
was added, and the organic matter wasgextracted with ethyl acetate. The
organi c |l ayer was dried over anhydrous sodiumsulfate and filtered. Then,
the solvent was distilled off under reduced pressure, whereby a crude
product was obtai ned. This crude product was purified by silica gel colum
chronatography (hexane: et hyl acetate 80:20 to 0:100 (v/v)), whereby the

gL com M?’ﬁ%‘)bé@#‘%ma@fﬁ,c@'%% 897 (TG WA S 900 T
5 500 3@ (3 19%3 B B S S TRy TG o

J=6.5Hz), OQW%% 3 24( 3H, s) 3.43(2H, s), 3.78- 3.89( 3H m,

4.11- 4. 2§(2ﬁ 78.-68-6. 74(2H, m), 6.78(1H, d, J=7.4Hz), 6. 92 6.99(2H, n),
7.19(1H m, 7.32(1H Hz . .
(7B) Tr an$3%)[ 3- ( 2- hy%?%&%é@h&?j%%%HBQVf‘N-&é?hy?‘m?5§ylplper321“ 1

nmet hyl- 4- %(SS%y thylplpera2|n 1yl ] neth Phenyl)cyclohexanecarboxanlde
Tert - but ¥ @ﬁi-%Mﬁ%Wﬁa&s%T§%%mmwn

hydr oxyet hyl ) phenoxy] cycl ohexyl | car bonyl ) (methyl)am no] - 2-

met hy| beAey RY1ZYeetMAXFNRS A AL Xar boxyl ate (61.0 ng, 0. 105 nol )
produced in (7A) was dissolved in dichloronethane (4 ni)
trifluoroaceti@easi-®utyinl) was addéd) rHeﬂ@r@héPrﬁﬁéﬁ1Héﬁ&ﬁ%ﬁLﬁe and

then, the resulting mxture was stirred at roomtenperature for 1 hour.
fluorophenoxy)cyclohexyllcarbonyl} (methyl)amino]lbenzyl}-2-

methylpiperazine-l-carboxylate (296 mg, 0.517 mmol)
produced in (3B) was dissolved in dichloromethane (4 mL),
and trifluorocacetic acid (1 mlL) was added thereto at room
temperature, and then, the resulting mixture was stirred
at room temperature for 1 hour.

[0190]

To the residue obtained by distilling off the
solvent in the reaction solution under reduced pressure, a
saturated aqueous solution of sodium hydrogen carbonate
was added, and the organic matter was extracted with ethyl
acetate. The organic layer was dried over anhydrous
sodium sulfate and filtered. Then, the solvent was
distilled off under reduced pressure, whereby the target
compound was obtained as ar light vyellow oil (230 mg,
yield: 94%).

'Y NMR(CDCls, 400MHz): 81.15-1.25(2H, m), 1.19(3H, d,

J=6.7Hz), 1.62-1.85(4H, m), 2.05-2.17(3H, m), 2.23(1H, m),



[ 0204] The residue obtained by distilling off the solvent in the
reaction solution under reduced pressyre was purified by NH silica gel
col um chr omat ogr aphy (et hyl acet ate:%t hanol = 100:0 to 90:10 (v/v)),
whereby the target conmpound was obtained as a colorless oil (45.3 ny,
yield: 90%. IH NIVR( CDC13, 400MHz): 81.04(3H, d, J=6.3Hz), 1.09-1.22(2H,

M, 1.63-1.83(7H ), 2. 01- 2. 15(3H rr) 2.26(1H,rr), 112 2.37(3H, s),
2.70-2. 78( , 2812 2. 83,

3 00( 3H %?’gg} % ZE(%H ZH%% $5-3.18(3H, m), 3.23(3H,

J=6. 5Hy) , 1 667674( 6. 78(1 _ )
J=7. 4Hz) S '92(3 Igégzzﬁ‘rq V7. 1%(%5 ﬁ%‘ 7.3 (1:%587,%6:83%#&5‘{ vB(ESI§ Hz: 480
(MB)+  sgin, m), 7.09(1 d, J=2.4, 8.2Hz), 7.22(1H, d,

J=2.4Hz), 7.53(1H, d, J=8.2Hz).

MS (ESI) m/z: 474 (M+H)*

<Example 4> Trans-4-[(5-fluoropyridin-2-yl)oxy]-N-methyl-
- (3-methyl-4-{[(3S)~3-methylpiperazin-1-

yl]lmethyl}phenyl)cyclohexanecarboxamide and hydrochloride

thereof
= F
N _CH .
Yy o
N CHs
N (0]
CHs,
[0181]
(4A) Tert-butyl (28)-4-(4-{ [ (trans-4-

hydroxycyclohexyl)carbonyl](methyl)amino}—Z—mefhylbenzyl)—
2-methylpiperazine-l-carboxylate

Tert-butyl (28)-4-[(4-amino-2-methylphenyl)methyl]-
2-methylpiperazine-l-carboxylate (2.99 g, 8.98 mmol),
which is a known compound, was dissolved in ethanol (50
mL), and trans-4-hydroxycyclohexanecarboxylic acid (5.18 g,
35.9 mmol) and 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-

methylmorpholium chloride hydrate (11.3 g, about 36 mmol)



<Exanpl e8>Tr ans- 4- (4-f | uor ophenoxy) - N- net hyl - N- (4-

{[(3S)-3-ethyl pi perazin-1yl]nmethyll ph§z§1yl ) cycl ohexanecar boxam de [ 0205]
(8A) Trans-N-(4-brono-3-net hyl phenyl)=%-(4-fl uorophenoxy) -

N- net hyl cycl ohexanecar boxam de Tert-butyl (2S)-4-[(4-am nophenyl ) net hyl] - 2-
met hyl pi perazi ne-1-carboxylate (744 ng, 3.99 mmvl ), which is a known
conpound, -was di ssolved in dinethylformam de (20 nL), and trans-4-(4-

fl uorophenoxy) cycl oh baoxyl i Ci 4.4 ro ed in
(1A andwf-rﬁ, %%{(g?(rgret )&ge%eﬁ%{;&% t rrlgéj% ngeyéﬁe?%-trq%teﬁyl %%?gﬁ&o e|rtEj'm gﬁllcéori de
hydrate (1.3 about. . 113 4.4 | ) r dded, .t her at_.r oo

t enper at %Fg}l%g%&gt hefl;" Xtt hé res l‘ﬁqlamg Sn%\&%tr%rcg Wgag]esr'{hﬁrgﬁatg ovaé{ ni grPﬁtomat room
tenperature. [0206 To the reacti Oﬂ s}%uti on, water was asd_qle_d, and
the or gahtBPFEPLErSwas extracted with di chtbr8fEt hane. The organi ¢ | ayer
was dried over anhx_/Ldrous sodium sul fate agd filtered. él'h@n th soldvent was
di sti | | e@YSEPXYRYEL FPEFFOEFTTRBHE 2Rt HE G5t & mett® s3I FB%ds Wshed

wi t h hexane. The resulti rlgosol id was dissolved in dinget hél Loimam' de (20
nL), and 4sddir @miByeth@& Y(B0%  Srex Yo 1o S5 hhof 7MRaRY 48888 PheFBt o at OC.
After the resulting mxture was stirred under a nitrogen atnosphere at 0C
for 10 mcrbdtoecé,dene?\ry@rait@di dé -(6355 9/AL 2BRU ol aded t REI8D at oC,
and the resulting m xture was stirred under a nitrogen atnosphere at room
t enper at wherfedro 3 altoursonTo teperadeticon oldit itdrena $dtaur atea dgusbus

sol ution of ammoni um chl ori de was added, and the organic matter was
ext r act echiwitturedively eriametdthnere Mhieg ot gahi todmyeempasadpired over anhydrous
sodiumsulfate and filtered. Then, the solvent was distilled off under
reduced progssure, whereby a crude product was obtained. The obtai ned crude
product was purified by silica gel colum chromatography (hexane: et hyl
acetate = 100: @t 0 #6(5 40réNt¥)idn WMierlelnidhe tar gektoeepednd avasso@ld ai ned
as a light yellow solid (1.31 :

solution of sodium hydrogen carbonate was added, and the

organic matter was extracted with ethyl acetate. The
organic layer was dried over anhydrous sodium sulfate and
filtered. Then, the solvent was distilled off under
reduced pressure, whereby a crude product was obtained.
This crude product was purified by silica gel column
chromatography (ethyl acetate:methanol = 100:0 to 80:20
(v/v)), whereby the target compound was obtained as a
white solid (3.92 g, yield: 95%).

'H NMR(CDCls, 400MHz): 80.90-1.05(2H, m), 1.23(3H, d,
J=6.7Hz), 1.21-1.35(2H, m), 1.46(9H, s), 1.54-1.75(2H, m),
1.86-1.96(2H, m), 2.01(1H, m), 2.10-2.28(2H, m), 2.39(3H,
s), 2.60(1H, d, J=11.3Hz), 2.73(1H, d, J=11.0Hz), 3.08(1lH,
td, J=3.0, 12.7Hz), 3.21(3H, s), 3.43(2H, s), 3.57(1H, m),

3.81(1H, d, J=12.9Hz), 4.21(1H, brs), 6.91-6.97(2H, m),



114 g, yield: 78%. 1H NVR (CDC13, 400Mz): 6 1.23-1.10 (2H, ), 1.81-1.62

(4H, ), 2.09 (2H, d, J = 10.6 Hz), éé&%Z.lG (1H, m, 2.43 (3H s), 3.21
(3H, s), 4.11-4.02 (1H, n), 6.81-6.75 (2H, n), 6.95-6.86 (3H, n), 7.06 (1H,
d, J =27 Hz), 7.58 (1H, d, J = 8.6 Hz).

(8B) Trans-4-(4-fl uorophenoxy)-Nnethyl- N (3-netlyl-4-
vi nyl phenyl ) cycl ohexanecar boxam de

Trans-N—943q;$?§i%fnqﬁgyl nyl) - 4- (4-

f I uor ophenox meét hyl cycl’dhexanecar boxam de(709ny, 1.82 mmol) produced in

e e o e e e

di met hox heny , potassi um ca

5.39 mmol ) were dissglved in dioxane, (4 L), and ter an i naco
vigylﬁor@ﬁépéygiﬁ§ & fﬁﬂfﬁﬁhﬂﬁfﬁkéﬁéﬁﬁﬁﬁﬂ?%é?%?aEaTég%gtﬁ?Eﬁ%gﬁgture,
and then, the resulting m xture was stirred under a nitrogen atnosphere at
100C f or 23Tty P IRE 1t Mt TP XV 1R FBn, water was added, and the

organic matter was extracted with dichl oronmethane. The organic | ayer was
dried over anhy&Féu®Wedi um sul fate and filter ddS)THer ¢ TH ARG was

distilled off under reduced pressure, whereby a crude
hydroxycyclohexyl)carbonyl] (methyl)amino}-2-methylbenzyl) -

2-methylpiperazine-l-carboxylate (796v mg, 1.73 mmol)

produced in k4A) was dissolved in dimethylfofmamide (10

mL), and sodium hydride.(60%, 346 mg, 8.65 mmol) was added
thereto at rbom temperature. After the resulting mixture

was stirred under a nitrogen atmosphere at room
temperature for 10 minutes, 2,5-difluoropyridine (283 pnL,

3.11 mmol) was added thereto at room temperature, and then,
the resulting mixture was stirred wunder a nitrogen
atmosphere at 60°C for 2 hours, and then stirred under a

nitrogen atmosphere at 100°C for 1.5 hours.

[0193]

To the reaction solution, a saturated aqueous
solution of ammonium chloride was added, and the organic
matter was extracted with ethyl acetate. The organic
layer was dried over anhydrous sodium sulfate and filtered.
Then, the solvent was distilled off under reduced pressure,
whereby a crude product was obtained. This crude product
was purified by silica gel column chromatography

(hexane:ethyl acetate = 80:20 to 50:50 (v/v)), whereby the



product was obtai ned. The obtai ned crude product was purified by silica gel
col um chromat ogr aphy (hexane: ethyl gggtate = 100:0 to 0:100 (v/v)),
whereby the target 115 conpound was obtained as a light yellow oil (548
ng, yield: 82%. 1H- NVMR (CDC13, 400MHz): 81.23-1.10 (2H, m, 1.84-1.62 (4H,
m, 2.09 (2H d, J 9.4 Hz), 2.32-2.22 (1H, m, 2.38 (3H, s), 3.23 (3H,
s)412 .02 1Hrr)538 1H, d, J = 11.3 Hz), 5.69 (1H, d, J = 17.2

B Oy PR ) i)

met hyl phen T]’[ thyI cycl ohexanecar boxam de
Tr ans- 4- it uorop enoxy) N- et hyl - N- (3- et hy1- 4-

| ph | oh d 54 8B d
XL ot by s RORI RBEAS owr ARORAE: neot S08sTona o fner B a) : SRR, (80 an
tet hydr of 1.5 t 1. t
sgl L?l gnrgﬁu&g\ﬁ l(jm tlet47)o(>?Hggeis r:'?e&t 7&% & (84348 \i\% (raﬂr 20 0(5)31%) m"n%n vvas
added thereto at OC. After t he resu!tl m xture % mg
t enper at dre -For 31 hofif'8) - sodiHipert obfdte (840 ngyva /9 5 Waén added
th t t OC dth th It 1 Xt t d oC f 3
hour o, 2-35 (3 e rded | G SO uiTbR: A% bat dr 404 MaqHeods Mol on of

sodi um suI f| te was added, and the organic matter was extract ed with '
di chl or oRet0BdAE, The, or&ahi ¢ | dyfer’ Ry dii-@d (GFer &hnyds ofid (38di thhrsul fat e
and filtered. Then, the solvent was distilled off under reduced pressure,
wher eby &. @r&idéi,proiiuctJWa% OBt ai nedl: 2The (Bt ai h&g)erude 87 (1H, m),

6.56(1H, dd, J=3.5, 9.4Hz), 6.92-7.00(2H, m), 7.22-7.35(2H,
m), 7.94(1H, d, J=3.1Hz).
(4C) Trans-4-[ (5-fluoropyridin-2-yl)oxy] -N-methyl-N-(3-
methyl-4-{[ (3S)-3-methylpiperazin-1-
yl]methyl}phenyl)cyclohexanecarboxamidé

Tert-butyl (2S)-4-{4-[({trans-4-[(5-fluoropyridin-2-
yl)oxy]cyclohexyl}carbonyl)(methyl)amino]—2—methylbenzyl}—
2—methylpiperazine¥1—carboxylate (592 mg, 1.07 mmol)
produced in (4B) was dissolved in dichloromethane (8 mL),
and trifluorocacetic acid (2 mL) was added thereto at room
temperature,_and then, the resulting mixtgre was stirred
at room temperature for 2 hours.
[0194]

To the residue obtained by distilling off the
solvent in the reaction solution under reduced pressure, a
saturated aqueous solution of sodium hydrogen carbonate

was added, and the organic matter was extracted with ethyl



116 product was purified by silica gel columm chromatography (hexane: et hyl
acetate = 100:0 to 0:100 (v/v))1 \/\/ner1 the target conpound was obt ai ned
as a light yellow oil (394 ny, yield: %9 . 11-1-NWR (CDC13, 400MHz):
81.25-1.11 (2H, m, 1.85-1.64 (4H m, 2.16-2.07 (2H, m, 2.34-2.22 (1H,
m, 2.71 (3H, s), 3.28 (3H, s), 4.12-4.03 (1H, n), 6.81-6.75 (2H, m, 7.10
(1H, s), 6.96-6.89 (2H, m, 7.19 (1H, dd, J =8.2, 1.6 Hz), 7.88 (1H, d, J

= 8.2 Hz), 10.29 (1 s). (8D)Tert-butyl (2S)-4-{A-[f[trans-4-(4;

{1 or ophERSYT Scl oniRE! | S5TBBNGI | [PEthyl o by ian | Svars ditfirous

met hyl benzyl11- 2- et hyl pi perazi ne-1-car boxyl a

Tr ans- 4- (Sft’}/ ll%rosp‘ﬂe%fg&%/)) ":}\IP-C% 4-#%&??@@%’- When, the solvent was

met hyl phenyl) - N- met hyl_cycl ohexanecar hoxam de(55. Ong, 0. 149, nmol roduced
in (80 &nditekte uP#ﬁ (PSR T_ERTF iﬁéreézgi“r(ﬁ?-'l -‘g@?ﬁ%‘%}l Z%‘& (%%F%et}rg,
0.182 nmol ) were dissolved in dichloromethane (3 ni), and acetic acid (45.0
my, 0. 74FMRAYNhay2addel 3 HPRt §5at 2 r dbrtenper afiur & 6anBS hefi ©5ddi um
triacetoxy borohydride (48 ng, 0.226 mol) was added thereto at 0C. Then,
the resul%3®g nmi xture was stirred under a nitrogen atnosphere at room

tenperature for 2 hours. [0207] To the reaction solution, a saturated
aqueous *H17 NORYA@MAL sprat #60MWas :exBladted Ri2t(2Hdi chd)or onlet HandH Thed,

J=6.7Hz), 1.69-1.83(4H, m), 2.08-2.17(2H, m), 2.19-2.32(2H,
m), 2.38(3H, s), 2.48(1H, m), 2.82—2.91(2H, m), 3.08(1H,
m), 3.20-3.32(2H, m), 3.23(3H, s), 3.55(2H, s), 4.87(lH,
m), 6.55(1H, dd, J=3.5, 9.0Hz), 6.96-7.03(2H, m), 7.23-
7.33(2H, m), 7.94(1H, 4, J=3.1Hz).
MS (ESI) m/z: 455 (M+H)".
(4D) Trans—-4-[ (5-fluoropyridin-2-yl)oxy]-N-methyl-N-(3-
methyl-4-{[(3S)-3-methylpiperazin-1-
yllmethyl}phenyl)cyclohexanecarboxamide hydrochloride
Trans—-4-[ (5-fluoropyridin-2-yl)oxy]-N-methyl-N-(3-
methyl-4-{[(3S)-3-methylpiperazin-1-
yl]lmethyl}phenyl)cyclohexanecarboxamide (520 mg, 1.14
mmol) produced in (4C) was dissolved in dioxane (2 mL) and
water (2 mlL), and 2 N hydrochloric acid (570 pL, 1.14
mmol) was added thereto at room temperature, and then, the
resulting mixture was frozen at -78°C. The frozen mixture
was lyophilized using a 1lyophilizer, whereby the target
compound was obtained as a white solid (556 mg, yield:

100%) .



organic | ayer was dried over anhydrous sodiumsulfate and filtered. Then,
the solvent was distilled off under §uced pressure, whereby a crude
product was obtai ned. The obtained crude product was purified by silica gel
col utm chr omat ogr aphy (hexane: ethyl acetate = 100:0 to 0:100 (v/v)),
whereby the target conmpound was obtained as a colorless oil (70.0 ny,

yield: 83%. 1H NWR (CDC13, 400MHz): 80.78 (3H, t, J = 7.6 Hz), 1.19- s),
1.82-1.5 2. 162, , 2.38 (3H, s), 2.77-2.64 (2H, m, 3.08-2.96
(1A, n),§§gggiegb/zs)%%§.iggéﬁgs (2H, m), 4.13-3.82 (3H, m, 6.80-6.74 (2H
m, 6.98-6.88 (4H_.m., 7.29 (1H, d, J = 7. 4 : ' L N
(8E)Tran§959P2§FI&B?d%ﬂ%%%x@)fﬁlﬁ%¥%§?¥xpfgb§%%ﬁ$fpﬁgy] N-methyl-N
{[(3S)-3-ethyl pi perazi n-1- yl|]nethyll phenyl)cycl ohexanecar boxam de
Tert-butyﬁ(@§$gxﬂfﬁrﬁﬂﬁéﬁ§:éf -£5§ﬁplper3% ndf- _

f | uor ophenoxy) cycl ohexyl.i car bonyl | (et hyl ) am no] - 2-

net hyl be¥2y TeLhydt RREHYge A 1R XOGITFPRAARIFD. 0 ny, 0.123 nmml ) produced
in (8D) was dissolved in dichloronethane (1 nL), and trifluoroacetic acid

(0.5 nL) was added thereig~at roomtenperature, and then, the resulting

m xture wap| stirred at 1 enperature for 1 hour. [0208] To the

resi due o Niapénﬁpy i ag oOH the solvent in the reaction solution
Wetd

d

under refluced pressur a 1 N aqueous solution of sodium hydroxi de was
added, amd tHe organis _nmatter was extracted w th dichl oronethane. The
organi ¢ | aler 3 d over anhydrous sodiumsulfate and filtered. Then,

t he sol vent_ wasgl_di s gd of f under reduced pressure, whereby a crude

he obt ai ned crude product was purified by NH silica
gel colum c phy (hexane: et hyl acetate: nmethanol = 100:0:0 to
0:100:0 to O: ©v)), whereby the target conpound was obtained as a

col orl ess oil (SO.OIE%, yield: 88%. 1H NVWVR (CDC13, 400MHz): 80.92 (3H, t,
J =7.4 Hz), 1. 20- GHa7 (2H, m, 1.45-1.35 (2H, m, 1.84-1.61 (5H m

2.152.0.5 (3H, m), 2.29-2.19 (1H, 1), 2.37 (3H s), 2.71-2.63 (1H n).
2.83-2.71 (2H, m, 2.90 (1H, td, J = 11.5, 2.9 Hz), 3.04-2.97 (1H m, 3.23
(3H, s), 31467(2H s), 4.09- 4.02 (1H ), 6.80-6.74 (2H, ), 6.97-6.89

(4H, m, 7.33°(1H, d, J = 7.82 Hz).
<Exanp|e%%isans-4-(4~fIfggéggﬁ%§%y)-N-nethyuzng%;{4_[({trans_4_[3_

(methoxycarbonyl)phenoxy]cyclohexyl}carbonyl) (methyl)amino
]-2-methylbenzyl}-2-methylpiperazine-l-carboxylate

Tert-butyl (28)=4-(4-{[(cis—-4~
hydroxycyclohexyl)carbonyl] (methyl)amino}-2-methylbenzyl) -
2-methylpiperazine-l-carboxylate (525 mg, 1.14 mmol)
produced in (2A) was dissolved in toluene (20 mL), and
methyl 3-hydroxybenzoate (313 mg, 2.05 mmol) and
cyanomethylenetributylphosphorane (550 uL, 2.05 mmol) were
added thereto at room temperature, and then, the resulting
mixture was stirred for 2.5 hours while heating to reflux.
[0196]

The residue obtained by distilling off the solvent



met hy1- 4- ( pi perazi n- IyInethyl)phenyl]cyclohexanecarboxanide 119
Tert-butyl 4-{4-[f[trans-4-(4- 10
fIuorophenoxy)cyclohexyl]carbonylI(nethyl)anlno] 2-

met hyl benzyl | pi per azi ne- 1- car boxyl at e

Trans- 4- (4-fl uorophenoxy) - N (4-fornyl- 3-

nethylphenyl) N- et hyl cycl ohexanecar boxamni de(55. Ong, 0. 149 mmol ) produced

in (80 It - Bty mrpersaczlmc%rpar@%&at 9e&§§e9 ngregsué Mply) were

di ssol ve |n i"chl or omet hane and acetic acid ng, 0.749 mmol)

dd
3@?0ﬁyd?gaggﬁﬁghohgi6L%%g£%ﬁ%¥§r€%§£a ggoﬁgﬁg gé ggb% a%ggkﬁgx}esultlng
m xture gasgs%lrred %d%r a nltrgggg at qere er%%8n1%%@peQ%&%kg'for 2

hour s. To®tR&® gactlo solutlon satura

compound was obtained as a light yellow oil (172 mg,
yield: 25%).
'H NMR(CDCls, 400MHz): &1.09-1.25(2H, m), 1.23(3H, d,
J=6.7Hz), 1.47(9H, s), 1.66-1.84(4H, m), 2.04(1H, m),
2.08-2.16(2H, m), 2.17-2.31(2H, m), 2.39(3H, s), 2.60(1H,
d, J=11.3Hz), 2.74(1H, m), 3.09(1H, m), 3.24(3H, s),
3.43(2H, s), 3.82(1H, d, J=13.3Hz), 3.90(3H, s), 4.18-
4.28(2H, m), 6.92-6.99(2H, m), 7.02(1lH, dd, J=2.2, 8.4Hz),
7.27-7.35(2H, m), 7.49(1H, m), 7.59(1H, d, J=7.8Hz).
(5B) Tert-butyl (28)y-4-{4-[({trans-4-[3-
(hydroxymethyl)phenoxy]cyclohexyl}cargonyl)(methyl)amino]—
2—methylbenzyli—2—methylpiperazine—l—carboxylate
Tert-butyl (28)-4-{4-[ ({trans-4-[3-
(methoxycarbonyl)phenoxy]cyclohexyl}carbonyl) (methyl)amino
]-2-methylbenzyl}-2-methylpiperazine-l-carboxylate (431 mg,
0.727 mmol) produced in (54) was dissolved in
tetrahydrofuran (20 mL), and lithium aluminum hydride
(82.8 mg, 2.18 mmol) was added thereto at 0°C, and then,

the resulting mixture was stirred at 0°C for 30 minutes.

[0197]
To the reaction solution, a saturated aqueous

solution of ammonium chloride was added, and the organic



aqueous sol ution of sodi um hydrogen carbonate was added, and the organic
matter was extracted with dichloronEtQﬂQe. The organic | ayer was dried over
anhydr ous sodi um sul fate and filtered hen, the solvent was distilled off
under reduced pressure, whereby a crude product was obtained. 120 The
obt ai ned crude product was purified by silica gel colum chromatography
(hexane: ethyl acetate = 100:0 to 0:100 (v/v)), whereby the target conpound

was obt ai n as a_color|ess oil (47.0 ield: 589%. ,
400Mz) : TST.PF 1V88 (3 J,Crﬁf,tef. 4“(?1%5H,er%¥y1.a§3e-? '(4%%%%%%.00
(2H, m, .2.30-2.19 (1H 2.46-2.35 (7H, n 3. 3H,_.s),..3..51-3,40 (6H
M, 4. 121350 'R, s gg%% 6"?‘%3’?5%?2 ?d%Blo-Séligﬁ‘(t(em%n EISEP 1, d,
J =7.4 Hz). (9B) Trans-4-(4-fl uorophenoxy) - N net hyl - N- 3-@;tﬁy1-4-
(pi per azitieroy|ha MR Frehy13e Y2t BhekaREcAfboXafiFde Teduced pressure,
Tert-butyl 4-{4-[f[trans-4-(4- , ' .
f I uor opheHGEERY cF 0RERGE] BALPBERY (Watet Pyt aReHo] - Bhis crude product
met hyl benzyl | pi per azi ne-| - car boxyl ate(47.0 ng, 0. 0870 mmol ) produced in (9A)
was di sselased prrdifdisidor okt hameliganl)gehnd 293 ¥Myor &t @ 3PH0. 5 nl)
was added thereto at roomtenperature, and then, the resulting m xture was
stirred athexso terper aceeater=18RodP. tpo218P0 (v/v)), whereby the
target compound was obtained as a colorless oil (165 mg,
yield: 40%).
'H NMR(CDCls, 400MHz): &1.05-1.23(2H, m), 1.23(3H, d,
J=6.7Hz), 1.46(9H, s), 1.60-1.84(4H, m), 1.96-2.16(3H, m),
2.16-2.30(2H, m), 2.39(3H, s), 2.60(l1H, d, J=11.0Hz),
2.73(1H, d, J=9.8Hz), 3.08(1H, m), 3.23(3H, s), 3.43(2H,
s), 3.81(1H, d, J=14.1Hz), 4.10-4.26(2H, m), 4.64(2H, s),
6.75(1H, dd, J=1.8, 8.0Hz), 6.83-7.01(4H, m), 7.22(lH, t,
J=7.8Hz), 7.31(1H, d, J=7.8Hz).
(5C) Trans-4-[3- (hydroxymethyl)phenoxy] -N-methyl-N-(3-
methyl-4-{[ (3S)-3-methylpiperazin-1-
yl]lmethyl}phenyl)cyclohexanecarboxamide
Tert-butyl (28)y-4-{4-[ ({trans-4-[3-
(hydroxymethyl)phenoxy]cyclohexyl}carbonyl) (methyl)amino] -
2-methylbenzyl}-2-methylpiperazine-l-carboxylate (718 mg,
1.27 mmol) produced in (5B) was dissolved in
dichloromethane (8 mL), and trifluoroacetic acid (2 mL)

was added thereto at room temperature, and then, the

resulting mixture was stirred at room temperature for 1



To the residue obtained by distilling off the solvent in the reaction

sol ution under reduced pressure, f@équeous sol ution of sodi um hydroxi de
was added, and the organic matter mas tracted with dichl oronethane. The
organi c | ayer was dried over anhydrous sodiumsulfate and filtered. Then,
the solvent was distilled off under 121 reduced pressure, whereby a crude
product was obtai ned. The obtai ned crude product was purified by NH silica

gel colqu chromat ogr aphy (hexane: ethyl acetate: nmethanol = 100:0:0 to
0:100: 0 tOIBCBO 20 (v/v/v)), whereby the target conpound was obtained as a
colorless (35 O ng, yield: 91%. 1H NWVR (CDC13, 400MHz): 81.20-1.08
(2H, m, g2 h 61 (4H, m, 2. 13 2. 05 (2H m, 2.30-2.20 (1H, m, 2. 38 (3H
s), 2.45 (4H, s), 2.91 (4H, Hz 3..22 (3H, _s), . 3.46 :
4.09-4.01 (1H, ﬁhe, Begbdge 74 tzaﬂnerﬂ b% @‘)?Sé O, OFrf tjil%??lgl n%l J =

7.8 Hz). <Exanple 10> 4-[(4-Chl orophenyl)sul fonyl]-Nnethyl-N(3-

met hy 1- 4-7F ( 38)e 3- FeA By OF pePazPhiPyl | REERYI | BREMASE Yy A sHEEIR cafBOXani de
(10A) Met hyl trans-4- [(4-c chlorophenyl)sulfanylFcyclohexanecarboxylate 122
hydr oxy ¢y ohedemhe®ar bRy | it el ¢E50@ ey, c8lugn yopptegraeh# (8BtRT)

4- chl or obenzenet hiol (457 ng, 3.16 mmol) and

cyanomnet B4 et inkithd phbsghot8Ae 009180 P 0:3L 06 (1)) .wervbeagled, thad t he
resulting m xture was stirred at 10000 for 2 hours. Then, the residue

obt ai ned trgitst compogndf watsheolstohimeed &am tthecokaci¢ss sdllut (518 unger
reduced pressure was purified by silica gel columm chromat ography

(hexane: etiwldacsiate = 95:5 to 85:15 (v/v)), whereby the title conpound
was obtained as an oil (206 ng, yield: 26%. 1H NVR (CDC13, 400MHz)

8ppm 7. 33H( AR (@bC1I764D0MBZOHZ B . 6426 H( 21, dﬁ:6 J36:)3, B. @) . 23(%H, (3H,
s), 2.97 (1H, s), 2. 29 (1H, s), 2.05 (4H, n), 1.52 (2H, m, 1.35 (2H n.
(10B) Metdly) t1ags-%:§¢ 451 chl @y pphenyb)-sulbany,] cyel oh%agv@pmpoxmi ate
2.37(3 ;, S), 2.69- 2 79(2H, m), 2.81-3. 00(3 m), 3.23(3 '
s), 3.45(2H, s), 4.18(1H, m), 4.64(2H, s), 6;76(1H, dd,
J=2.2, B8.0Hz), 6.84-6.99(4H, m), 7.23(1H, t, J=8.0Hz),
7.33(1H, d, J=8.2Hz).
S(ESI) m/z: 466 (M+H)".
(5D) Trans-4-[3- (hydroxymethyl)phenoxy] -N-methyl-N- (3-
methyl-4-{[(3S)-3-methylpiperazin-1-
yl]lmethyl}phenyl)cyclohexanecarboxamide hydrochloride
Trans—-4-[3- (hydroxymethyl)phenoxy] -N-methyl-N-(3-
methyl-4-{[(3S)-3-methylpiperazin-1-
yl]lmethyl}phenyl)cyclohexanecarboxamide (532 mg, 1.14
mmol) produced in (5C) was dissolved in a mixed solvent of
dioxane (4 mL) and water (2 mL), and 2 N hydrochloric acid

(570 pL, 1.14 mmol) was added thereto at room temperature,

and then, the resulting mixture was frozen at -78°C. The



Toasol uti onof net hyl trans-4-[(4-c ,
chIorophenyl)sulfanyl]cyclohexanecargﬁ§%late (206 ng, 0.82 mml) produced
in (10A) in dichloronethane (8 ni), 0, mchl orobenzoic acid (390 ng,

- 1.80 mmol ) was added at roomtenperature, and the resulting m xture was
stirred at the sane tenperature for 1 hour. Then, to the reaction solution,
a saturated aqueous solution of sodium hydrogen carbonate was added, and

extraction was perforned once with ethyl acetate. The obtained, organic
Cayer e KRAted T EhIER: o Bnd B RO Sotebus CSaPGt | oh_of ) SOH LAFent or | de
and then dried over aphydrous sodium sul fate. The solvent = 123 . .
distilled rfec!u’nol e bAGgeH FPERSHRE Vi PRE2OBEY] ﬁédaré@i%ﬁa %V\\gil?)uri fied
by silica gel colunn chromatography (hexane:ethyl acetate = 90:10 to 80: 20

(viv)), remAt hetg141 e® tohpound was obtai ned as an oil (229 g, yield:
999% . 1H- NVR (CDC13, 400MHz) 8ppm 7.80 (2H, d, J=1.2Hz), 7.55 (2H d,

J=7.3Hz) MB(EBE )(IH Z25)46@(8H1H, n), 2.25 (1H, nm), 2.14 (4H ), 1.46 (4H
n. (10C3Trans-4-[é4- chIorophenyl)sulfonyl]cyclohexanecarboxylic acid
Toasol ut i Ghofmtehy$ rdashyl[ (8- ({trans-4-[methyl (3-methyl-4-{[(35)-

chl or ophenyl ) sul fonyl ] cycl ohexanecar boxyl ate (209 ng, 0.81 nol) synthesized
in (103) 3-matsthlanabefddimt}s 2 N sodi um hydroxide (0.5 m, 1 mmol) was
added at roomtenperature, and the resulting m xture was stirred at the
sane t enpelrlatatrtey f grhdropt ) cdhieamoty b] thelpkagyildwxyobbengnd,] aZzeNalyedr ochl ori ¢
acid (0.5 mM, 1 nmol) was_ added, and extraction was perforned.once with
ethyl acetate. The obt ajpfreth organi ¢ | ayer was washed with water and a

sat ur at ed ﬁhue sol ut pf - spdi ugychl ori de and then dried over anhydrous
sodi um s . : wrS apsSt| Pl ed of f under reduced pressure, and

t he obt ai(ned |resi due 3vas purified by silica gel colum chromatography
(hexane: e 10:90 to 0:100 (v/v)), whereby the title conmpound
was obt ain 180 ng, yield: 73%. 1H NWVR (CDC13,, 400MHz)

8ppm 7. 75 ( AAHz), 7.52 (2H, 124 d, J=9.2Hz), 7.33 (1H, d,
J=7.1Hz), 6. H n), 4.24 (1H brs), 3.83 (1H, d, J = 13.5Hz), 3.44 (3H,
m, 3.20 (3H ¥, NI®G1H m, 2.87 (1H n), 2.76 (1H, n), 2.63 (1H ),

2.38 (3H, s), 2.24 (2H m, 2.05 (1H, m), 1.97 (2H, m), 1.81 (2H n), 1.55
(9H, s), 1.28 (9H, ‘3

[0199]
(6A) Tert-butyl (28)-4-{4-[({trans-4-[3-(2-methoxy-2-
oxyethyl)phenoxy]cyclohexyl}carbonyl) (methyl)amino]-2-
methylbenzyl}-2-methylpiperazine-l-carboxylate

Tert-butyl (28)-4-(4-{[(cis-4~-
hydroxycyclohexyl)carbonyl] (methyl)amino}-2-methylbenzyl) -
2-methylpiperazine-l-carboxylate (430 mg, 0.937 mmol)
produced in (2A) was dissolved‘in toluenev(ZO mL), and
methyl 3-hydroxyphenylacetate (311 mg, 1.87 mmol) and
cyanomethylenetributylphosphorane (502 pL, 1.87 mmol) were
added thereto at room temperature, and then, the resulting

mixture was stirred for 2 hours while heating to reflux.



(10D) Tert-butyl (2S)-4-{4-[({4-[ (4-

chl orophenyl ) sul fonyl ] cycl ohexyl I car hopy! ) (et hyl ) am no] -

2-met hyl benzyl | - 2- net hyl pi per azi ne- 1- car boxyl at e To a sol ution of
tert-butyl (2S)-4-1(4-am no-2-

met hyl phenyl ) met hy1] - 2- net hyl pi per azi ne-| -carboxylate (90.6 ng, 0.30
nmol ), which is a known conpound, and

trans-4-[.6 % nlorophenyl)sulfonyl]cyclohexanecarboxyl|c acid (100 ng, 0.30
mmol ) syrnthesiized in (10C) in N, Ndinethyl fornmanide (8 ni),

& (4. 6 di met hoxyel B ord (L azho2 E_x%h yrebibyl i phyl igyp cfhor g yudr ate

(106 ng, 0.36 room rrpera ure, the resulting
m Xt ure was |rred at the sa erat re f ou t he
. on r%citelrorbvass 9 dageg E%esp&%% Ru%

reacti on*Sol an]dnexfr actron was performed once with
et hyl acetate. obt aj ned or anr{c] | ayer was_ washe Wléllﬁ wat er

sat ur at e@uadlfé(?ﬁjs ol St 7P 0¥ S0P ‘r‘ﬁ“BhFE}F PHETRHGPREN (BETERS \?etr anhydrous
sodi um sul fate. The sol vent was distill ed of f und?@l uce pressure and
t he obt aPREFatEsi due 8\fGa@Opurtlofr 8415 si(v/ed lgel % Ii.?ﬁ%
(hexane: et hyl acetate 80: 20 to 50:50 v/v)) wher eby the 2 trtle
conpound CRESOFBCaI He§ agbhAiper (89. 2 ng L Sitel 4S1459) | Ozfti-i-l\ﬁ\é3
400MHz) 8ppm 7.75 (2H, d, J=9.1Hz), 7.52 (2H, d, J=9.0Hz), 7.33 (1H d
J=7.1Hz) yi®l30 (4218) .m), 4.24 (1H, brs), 3.83 (lH, d, J = 13.0Hz), 3.44 (3H,
m, 3.20 (3H s), 3.10
'y NMR(CDCls, 400MHz): 81.07-1.23(2H, m), 1.23(3H, d,
J=6.7Hz), 1.47(9H, s), 1.66-1.82(4H, m), 2.04 (1H, m),
2.07-2.15(2H, m), 2.18-2.29(2H, m), 2.39(3H, s), 2.60 (1H,
d, J=11.0Hz), 2.74 (1H, d, J=10.6Hz), 3.08 (1lH, m),
3.23(3H, s), 3.43(2H, s), 3.56(2H, s), 3.68(3H, s),
3.82(1H, d, J=11.7Hz), 4.11-4.27(2H, m), 6.71-6.78(2H, m),
6.82(1H, d, J=7.4Hz), 6.91-7.00(2H, m), 7.19(1H, ¢t,
J=7.8Hz), 7.32(1H, d, J=7.8Hz).
(6B) Methyl [3-({trans-4-[methyl (3-methyl-4-{[(35)-3-
methylpiperazin-1-
yllmethyl}phenyl)carbamoyl]cyclohexyl}oxy)phenyl]acetate
Tert-butyl (2S)-4-{4-[ ({trans-4-[3-(2-methoxy-2-
oxyethyl)phenoxylcyclohexyl}carbonyl) (methyl)amino]-2-
methylbenzyl}-2-methylpiperazine-l-carboxylate (45.2 mg,
0.0745 mmol) produced in (6A) was dissolved in
dichloromethane (4 mL), and trifluoroacetic acid (1 mL)

was added thereto at room temperature, and then, the

.~ resulting mixture was stirred at room temperature for 1



(1H, m, 2.87 (1H, mM,2.76(1H M, 2.63 (1H M, 2.‘38 (3H, s), 2.24
109

hour.
[0201]

The residue obtained by distilling off the solvent
in the reaction solution under redﬁced pressure was
purified by NH silica gel column chromatography
(hexane;ethyl acetate = 50:50 to 0:100 (v/v)), whereby the
target compound was obtained as a colorless oil (30.8 mg,

yield: 82

o\

).

4y NMR(CDCl;, 400MHz): &1.05(3H, d, J=6.3Hz), 1.08-1.22(2H,
m), 1.63-1.91(6H, m), 2.03—2.16(3H, m), 2.26(1H, m)[
2.37(3H, s), 2.70-2.80(2H, m), 2.83-3.02(3H, m), 3.23(3H,
s), 3.45(2H, s), 3.56(2H, s), 3.68(3H, s), 4.17(1H, m),
6.71-6.78(2H, m), 6.82(1H, d, J=7.8Hz), 6.92-6.99(2H, m),
7.19(1H, t, J=7.6Hz), 7.33(1H, d, J=7.8Hz).

MS(ESI) m/z: 508 (M+H)".

<Example 7> Trans-4-[3-(2-hydroxyethyl)phenoxy]-N-methyl-

N-(3-methyl-4-{[(3S)-3-methylpiperazin-1-

yllmethyl}phenyl)cyclohexanecarboxamide

[ j’ 3 OH
N~ CH, 9
i N™ ~O

[}
CH;,

nllo



(2H ), 2.05(1H m, 1.97 (2H m, 1.81 (2H m, 1.55 (9H, s),1.28(9H n).
110

[0202]

(7A) Tert-butyl (28)-4-{4-[{({trans-4-[3-(2-
hydroxyethyl)phenoxy]cyclbhexyl}carbonyl)(méthyl)amiﬁo]—Z—
methylbenzyl}-2-methylpiperazine-l-carboxylate

Tert—Eutyl‘ (28)-4-{4-[ ({trans-4-[3-(2-methoxy-2-
oxyethyl)phenoxy]cyclohexyl}carbonyl) (methyl)amino]-2-
methylbenzyl}-2-methylpiperazine-l-carboxylate (71.1 mg,
0.117 mmol) produced in (BA) waé dissolved in
tetrahydrofuran (3 mL), and lithium aluminum hydride (13.4
mg, 0.351 mmol) was added thereto at 0°C, and then, the
resulting mixture was stirred at 0°C for 20 minutes.

[0203]

To the reaction solution, a saturated aqueous
solution of ammonium chloride was added,>and the organic
matter was extracted with ethyl acetate. The organic
layer was dried over anhydrous sodium sulfate and filtered.
Then, the solvent was distilled off under reduced pressure,
whereby a crude product was obtained. This crqde product
was purified Dby silica gel column chromatography
(hexane:ethyl acetate = 80:20't9 0:100 (v/v)), whereby the
target compound was obtained as a colorless oil (61.0 mg,
yield: 90%).

'H NMR(CDCl;, 400MHz): 81.08-1.22(2H, m), 1.23(3H, d,
J=7.0Hz), 1.47(%9H, s), 1.64-1.83(4H, m), 2.03 (1H, m),

2.07-2.15(2H, m), 2.16-2.28(2H, m), 2.39(3H, s), 2.60 (1lH,



(10E) 4-[(4-Cnhlorophenyl)sul fonyl]-Nnethyl-N(3-nethyl-4-
{[(3S)-3-nethyl pi perazi n-1- yl] et hylLghenyl ) cycl ohexanecar boxam de To a
sol ution of tert-butyl (2S)-4-{4-[ ({4[(4-

chl or ophenyl ) sul f onyl ] cycl ohexyl | car bonyl ) (net hyl ) am no] -

2- met hyl benzyl | - 2- net hyl pi per azi ne- 1- carboxyl ate (80.2 ng, 0.13 mol)
synthesized in (10D) in dichloronethane (1 nL), trifluoroacetic acid (10

m) was added_ai pgom,teppanalyig, agd theifesubiing madureups stirred at
. |

roonltenpérasﬁre or 30 m'nutes. The Sol vent was'distilled off 'under
educed BLGSSHLS, S0hd IS0 e su e P, PR Dyt 9 e, oo
et oBY SIRLHegiorRunt yese it nse 2. gr el (20 Ly, o 100
734 (1H’d,d’J$]7:.94f?y)z?’ 66.'9921—6(.29%(2?,’ %)?6 7(?’{'5'(1&,26111), 7.32(1H, d,
J=7.8Hz) .
(7B) Trans—-4-[3-(2-hydroxyethyl)phenoxy]-N-methyl-N-(3-
methyl-4-{[ (3S)-3-methylpiperazin-1-
yl]methyl}phenyl)cyclohexanecarboxamidé

Tert-butyl (28)-4-{4-[({trans-4-[3-(2-
hydroxyethyl)phenoxy]cyclohexyl}carbonyl)(methyl)amino]—Z—
methylbenzyl}-2-methylpiperazine-l-carboxylate (61.0 mg,
0.105 mmol) produced in (7A) was dissolved in
dichloromethane (4 mL), and trifluoroacetic acid (1 mL)
was added thereto at room temperature, and then, the
resulting mixture was stirred at room temperature for 1
hour.

[0204]

The residue obtained by distilling off the solvent
in the reaction solution wunder reduced pressure was
purified by NH silica gel column chromatography (ethyl
acetate:methanol = 100:0 to 90:10 (v/v)), whereby the
target compound was obtained as a colorless oil (45.3 mg,
yield: 90%).

!y NMR(CDCl;, 400MHz): 61.04(3H, d, J=6.3Hz), 1.09-1.22(2H,

m), 1.63-1.83(7H, m), 2.01-2.15(3H, m), 2.26(1H, m),



s), 3.19 (3H, s), 2.98 (4H, m, 2.76 (2H, m, 2.37 (3H, s), 2.20 (3H m,
2.07 (1H, m, 1.96 (2H, m, 1.78 (3H, f?’ 1.54 (2H, m, 1.26 (2H, m, 1.05
(3H, d, J=6.3Hz). <Exanple 11> 1

4-[ (4- Fl uor ophenyl ) am no] - N-net hyl - N- (4-{[ (3S) - 3-

met hyl pi perazin-1 -yl ] methyl | phenyl ) cycl ohexanecar boxam de ENCH3 HN [0212]
(11A) Tert-butyl (2S)-2-nethyl-4-(4-{nethyl[(4-

oxocycl ohe rbonyl 1 nol benzyl ) pi per,azi.ne-| car boxy,

& Oxocycliekaiiieat bxyt T8 4l 250’ Bbt 6633 ity War "Gt vief 77

di chl oronet hane (5 nL), and_oxalyl chlorjde_ (265 lalL, 3.16 |) and a
catal yti S -dibutits of mYr ne?h??f(éﬁmn‘isde ver e4%1§d%lé‘d t Rdret o -at> L/ and t hen,
the resulting m xture was_stirred under a nitrogen atnosphere at room

t enper at We #2130 nd nbif €58/ Th) r esPdGd ~6bt/4i(Héd by di st§4 14 hifiof F9¢ he
solvent in the reaction solution under reduced pressure was dissolved in
di chl or ordsthafitz) 1276 (18- o986 &AM, t emd + but’y LBASHL, 2- met-hy 1L 433 Dlimet h§d - 4-
(et hyl am no) benzyl ] pi per azi ne-| -car boxyl ate (100 ng, 0.313 mol), which is
a known cbrpoifal, - and triethylamne (130 fiL, 0.939 nmmol) were added :
thereto at 0C, and then, the resulting m xture was stirred under a nitrogen
at nosphes E&STloomd 1 enp@d atditid) f.or 1 hour. To the reaction solution, water
was added at roomtenperature, and the organic matter was extracted with

di chl or omsteamel e The B8rgani @ rlaaerd -wals- fMashretbhdridk ) -atnue tEt et g uéous
solution of sodiumchloride and then dried aover anhydrous nagnesi um sul fate
and filterpdss)Herethpepspeveninwas distilled off under reduced pressure,
whereby a crude

yllmethyl}phenyl)cyclohexanecarboxamide

o
X

N“0
CH;, |

[0205]
(8A).Trans—N—(4—bromo—3—methylphenyl)—4—(4—fluorophenoxy)—
N-methylcyclohexanecarboxamide

Tert-butyl (28)-4-[ (4-aminophenyl)methyl]-2-
methylpiperazine—l—carboXylate (744 mg, 3.99 mmol), which
is a known compound, was dissolved in dimethylformamide
(20 mL), and trans-4-(4-
fluorophenoxy)cyclohexanecarboxylic acid (1.05 g, 4.41
mmol) produced in (lA) and 4-(4,6~dimethoxy-1,3,5-triazin-

2-yl)-4-methylmorpholium chloride hydrate (1.38 g, about



pr oduct wasobt ai ned. Theobt ai nedcr udepr oductwas purified by silica gel colum
chr omat ogr aphy(hexane: et hyl acet at e= ., 0t 00: 100( v/ v)), wher ebyt het ar get
conpound was obtained as a white solid substance(44.5 ny, yield:32%.

11- INVR( CDC13, 400MHz): 81.26(3H,d,J=7.3Hz), 1.46(9H,s), 1.94-2.08(m

5H), 2. 18(2H, d, J=11. 2Hz), 2.44(2H, d,

4.4 mmol) were added thereto at room temperature, and then,
the resulting mixture was stirred overnight at room
temperature.

[0206]

To the reaction solution, water was added, and the
organic matter was extracted with dichloromethane. The
organic layer was dried over anhydrous sodium sﬁlfate and
filtered. = Then, the solvent was distilled off under
reduced pressure, and the obtained solid was washed with
hexane. The resulting solid was | dissoived in
dimethylformamide (20 mL), and sodium hydride (60%, 182 mg,
4.55 mmol) was added thereto at 0°C. .After the resulting
mixture was stirred under_a nitrogen atmosphere at 0°C for
10 minutes, methyl iodide (355 pL, 5.72 mmol) was added
thereto at 0°C, and the resulting mixture was stirred
under a nitrogen atmosphere at room temperature for 3
hours. To the reaction éolution, a saturated aqueous
solution bf ammonium chloride was added, and the organic
matter was extracted with dichloromethane. The organic
layer was dried over anhydrous sodium sulfate and filtered.
Then, the solvent was distilled off under reduced pressure,
whereby a crude product was obtained. The obtained crude
product was purified by silica gel column chromatography
(hexane:ethyl acetate = 100:0 to 60:40 (v/v)), whereby the

target compound was obtained as a light yellow solid (1.31



J=12. 7Hz), 2.60-2.66(3H,m,2. 77(1H,d, J=10.7Hz), 3.14(11-1, d, J=12.7Hz),
3.27(3H,s), 3. 47(1H, d,J=13.6Hz), 3.57¢iH d, J=13.6Hz),
3. 83(1H, d, J=13. 2Hz) |

g, yield: 78%).
1H-NMR (CDCls;, 400MHz): & 1.23-1.10 (2H, m), 1.81-1.62 (4H,
m), 2.09 (24, 4, J = 10.6 Hz), 2.29-2.16 (1H, m), 2.43 (3H,
s), 3.21- (3H, s), 4.11-4.02 (1H, m), 6.81-6.75 (2H, m),
6.95-6.86 (3H, m), 7.06 (1H, d, J = 2.7 Hz), 7.58 (1H, d,
J = 8.6 Hz).
(8B) Trans-4- (4-fluorophenoxy)-N-methyl-N- (3-methyl-4-
vinylphenyl)cyclohexanecarboxamide
Trans—N—(4—bromo—3—methylphenyl)—4—(4—v
flubrophenoxy)—N—methylcyclohexanecarboxamide (709 mg,
1.82 mmol) produced in (8RA), palladium acetate (20.0 mg,
0.0891 mmol) , 2-cyclohexylphosphino-2’,6" ~
dimethoxybiphenyl (74.0 mg, 0.180 mmol), and potassium
carbonate (745 mg, 5.39 mmol) were dissolved in dioxane (4
ml) and water (2 mL), and pinacol vinylboronate (416 mg,
2.70 mmol) was added thereto at room temperature, and then,
the resulting mixture was stirred under a nitrogen
atmosphere at 100°C for 3 hours. To the reaction solution,
water was added, and the organic matter was extracted with
dichloromethane. The organic layer was dried over
anhydrous sodium sulfate and filtered. Then, the solvent
was distilled off under reduced pressure, whereby a crude
product was obtained. The obtained crude product was
purified by silica gel column chromatography (hexane:ethyl

acetate = 100:0 to 0:100 (v/v)), whereby the target



4.22(1H,s), 7.18(2H, d, J=8.0Hz), 7.43(2H d, J=8.0Hz).
Tert-butyl (2S)-4-{4-[({4-[(4- 128 1 -1%)- nmet hyl pi perazi ne- 1- car boxyl ate
Tert - butyl (2S)-2-net hyl-4-(4-{nethyl [{4-

\

compound was obtained as a light yellow oil (548 mg,
yield: 82%). |
'H-NMR (CDCls;, 400MHz): 81.23-1.10 (2H, m), 1.84-1.62 (4H,
m), 2.09 (2H, d, J = 9.4 Hz), 2.32-2.22 (lH, m), 2.38 (3H,
s), 3.23 (3H, s), 4.12-4.02 (lH, m), 5.38 (1H, d, J = 11.3
Hz), 5.69 (1H, d4, J = 17.2 Hz), 6.81-6.74 (2H, m), 7.01-
6.88 (5H, m), 7.51 (1H, 4, J = 7.8 ﬁz).
(8C) Trans—4—(4—fluorophenoxy)—N—(4—formyl—3—
methylphenyl)—N—methylcyclohexanecarboxamide |
Trané¥4—(4—fluorophenoxy)—N—methyl—N—(B—methyl—4—
vinylphenyl)cyclohexanecarboxamide (548 mg, 1.49 mmol)
produced in (8B) aﬁd N-methylmorpholine-N-oxide (228 mg,
1.95 mmol) were dissolved in tetrahydrofuran (1.5 mL),
acetone (1.5 mL), and water (1.5 mL), and a solution of
osmium tetroxide in tert-butanol (0.15 ml, 0.0120 mmol)
was added thereto at 0°C. After‘the resulting mixture was
stirred at room temperature for 3 hours, sodium periodate
(640 mg, 2.99 mmol) was added thereto at 0°C, and then,
the resulting mixture was stirred at 0°C for 3 hours.
To the reaction solution, a saturated aqueous
~solution of sodium sulfite was added, and the organic
matter was extracted with dichloromethane. The organic
layer was dried over anhydrous sodiﬁm sulfate and filtered.
Then, the solvent was distilled off under reduced pressure,

whereby a crude product was obtained. The obtained crude



oxocycl ohexyl ) car bonyl ] am nol benzyl ) pi per azi ne-1- carboxylate (44 ng, 0.10
nmol ) produced in (11A), 4- fluoroanhh%ne (0.010 M, 0.10 nmmol ), and acetic
acid (0.029 m, 0.50 nmol) were dissol'ved in tetrahydrofuran (5.0 nL), and
sodiumtriacet oxy borohydride (42 ng, 0.20 mml) was added thereto, and
then, the resulting m xture was stirred at 80C for 2 hours. [0213]

After the tenperature of the reaction solution was returned to room

t enper at t t e .and e i C K ract ed
with eth Fggg\eg?a%égﬁéleﬁgrgggﬁi Eﬁ{ a%/gé)%l\%gs gtv(\egshgé V\nthcg%%gnt%ﬁp\gtq% %ueous :
sol ution of sodiu | oride .and t .dried,0 ) K ou i sul fate
and fi|tégggénfhggbg?h§“§bEﬁ%%{'ﬁggyd?st?lPé%sgfﬁgzﬁgéf ?8%%%% Sggisure,
whereby a crude product, was ohtai ned. The_ obt aj ned ude pro t

purified By 9&H icgoglpé’éindcdﬁﬁmo Y ohat ot a%hgl?hgx%{ﬁg?é’%’hﬁﬁlagét%élt \Q%si 100: 0
to 50:50 (v/v)), whereby the target conpound was obtained as a yellow oil
(28.8 ngYifid ‘d725@@a. | H NMR(CDC13, 400MHz): 81.25(3H, d, J=7:3Hz),
1.31-1.37(2H, m, 1.46(9H, s), 1.78-1.85(5H,gﬂ%,'2.04-2.09 1H, z), 2. 18( 1H,
d, J=11. 2Bz)lMR2.(SOCLE, APOMHZB9( BN 2813341, B4y ,mp, 73¢ 8P 1d 040<1d 8Hz)
3.10-3.1582H, , 3.24(3H, s), 129 3.45%2H, d J213.7FZ), 3.55(1H, d,
J=13. 7THz)) 3. 33{ 4L - &7 J2H3. Thb) , 24332¢102 sY1He. Bi¢ 2K - dd, (3E4. £)19. 3Hz),
6.86(2H, dd, J=8.8, 8.8Hz), 7.13(2H, d, J=8.0Hz), 7.39$2H, d, J=8.0Hz).
(11C) 4- [ G428 ubtidphehy! Yami2md]-O netihy | mNe (A FL-F8)LR- (2H, m), 7.10

met hyl pi perazi n-1-yl ] net hyl | phenyl ) cycl ohexanecar boxam de Tert-butyl
(2S) - 4- { 41, 14)[( 4. 96-6.89 (2H, m), 7.19 (1H, dd, J = 8.2, 1.6 Hz),

f I uor ophenyl ) am no] cycl ohexyl | car bonyl ) (et hyl ) am no] benzy

11- 2- net hylgsi parfgzidye-dl-=c & boxiyd Jat €l { 282 8(hig, 9) 053 mmol ) produced in (113)
was di ssolved in dichloronmethane (2 nL), and trifluoroacetic acid (2 nL)
was addedgtthereto at ropsartespeyature, and t(aen-4tHd [ Aamey- 41 (-ur e was
stirred under a nitrogen atnosphere at roomtenperature for 1 hour. After

tol uene (1@ gAdphEs Addee: Tehdhgl T eaebbePl 5 ohatheDd) akbgogebvent was
distilled off under reduced pressure. To the obtained residue, a 1 N

aqUeOUS e 105 10f, S LU iy s O £l62 vas- addedorptatbe organic matter was
extracted wi t'h di chl oronet hane. The organic | ayer was washed with water and

a saturated aquygauss Sl ufionHfoSadiduy chioride,apgdithen dried over

anhydrous magnesium sulfate and filtered. Then, the solvent was distilled

O ndet etk REARSUT R MDEL Do B CEHOS, PrOdURL quas dbicaloned.ndhe

obt ai ned crude ct was p by NH silica gel  colum chromat ography

(nexane: o fy), acet ot e: et anol = 1007 Qo) 10 At 0R B 0: 204 ),

ethylpiperazine-l-carboxylate (39.0 mg, 0.182 mmol) were
dissclved in dichloromethane (3 mLﬁ, and acetic acid (45.0
mg, 0.749 mmol) was added thereto at room temperature, and
then, sodium triacetoxy borohydride (48 mg, 0.226 mmol)
was added thereto at 0°C.  Then, the resulting mixture was
stirred under a nitrogen atmosphere at room temperature
for 2 hours.

[0207]

To the reaction solution, a saturated aqueous

sélution of sodium hydrogen carbonate was added, and the



compound was obtained as a white solid (18.0 ng, yield: 77% . | HNVR(CDC13,
400MHz) : 81. 06( 3H, d, J=6. 3Hz), 1. 32- 1. 39(42H, m, 1. 48(2H,
d,J=11.3Hz),1.74-1.88(6H m,2.31(1H, ), 2.77(2H, d, J=10.9Hz), 2. 95-2. 99( 3H,
m,3.24(3H,s), 3.47(11-1, m, 3.53(2H,s),6.51(21-1, -
organic matter was extracted with dichloromethane. The
organic layer was dried over anhydrous sodium sulfate and
filtered. Then, the solvent was distilled off under
reduced pressure, whereby a crude product was obtained.
The obtained crude product was purified by silica gel
column chromatography (hexane:ethyl acetate = 100:0 to
0:100 (v/v)), whereby the target compound was obtained as
a colorless oil (70.0 mg, yield: 83%).
lH-NMR (CDCl;, 400MHz): 80.78 (3H, t, J = 7.6 Hz), 1.19-
1.05 (2H, m), 1.46 (9H, s), 1.82-1.58 (6H, m), 2.16-2.02
(4H, m), 2.28-2.18 (1H, m), 2.38 (3H, s), 2.77-2.64 (2H,
m), 3.08-2.96 (1H, m), 3.23 (3H, s), 3.48-3.35 (2H, m),
4.13-3.82 (3H, m), 6.80-6.74 (2H, m), 6.98-6.88 (4H, m),
7.29 (1H, d, J = 7.4 Hz).
(8E) Trans-4- (4-fluorophenoxy) -N-methyl-N- (3-methyl-4-
{[(3S)-3-ethylpiperazin-1-
yl]methyl}phenyl)cyclohexanecarboxamide
Tert-butyl (28)-4-{4-{{[trans-4-(4-
fluorophenoxy)cyclohexyl]carbonyl} (methyl)amino]-2-
methylbenzyl}-2~ethylpiperazine-l-carboxylate (70.0 mg,
0.123 mmol) produced in (8D) was dissolved in
dichloromethane (1 mL), and trifluorocacetic adid (0.5 mL)
was added thereto at room temperature, and then, the
resulting mixture was stirred at room temperature for 1

hour.



dd,J:4.3,9.0FE),‘6.86(2H, dd, J=8.6,8.6Hz),7.12(2H,d, J=8.3Hz),7.37(2H, d,
J=8.3Hz). <Exanple 12> Trans-N-et hyl-l - (5-fluoropyridin-2-yl)oxy]-
N-[ 3- et hyl - 4- (pi perazi n-1- yl met hyl )’ phienyl ] cycl ohexanecar boxam de [ 0214]
(12A) Tert-butyl 4-(4-{[(trans-4-
[0208]
To the residue obtained by distilling off the
solvent in the reaction solution under reduced pressure, a
1 N agueous solution of sodium hydroxide was added, and
the organic matter was extracted with dichloromethane.
The organic layer was dried over anhydrous sodium sulfate
and filtered. Then, the solvent was distilled off under
reduced pressure, whereby a crude product was obtained.
The obtained crude product was purified by NH silica gel
column chromatography (hexane:ethyl acetate:methanol =

100:0:0 to 0:100:0 to 0:80:20 (v/v/v)), whereby the target

compound was obtained as a colorless oil (50.0 mg, yield:

I4-NMR (CDCl;, 400MHz): 80.92 (3H, t, J = 7.4 Hz), 1.20-

1.07 (2H, m), 1.45-1.35 (2H, m), 1.84-1.61 (5H, m), 2.15-
2.05 (3H, m), 2.29-2.19 (1H, m), 2.37 (3H, s), 2.71-2.63
(1H, m), 2.83-2.71 (2H, m), 2.90 (1H, td, J = 11.5, 2.9
Hz), 3.04-2.97 (1lH, m), 3.23 (3H, s), 3.46 (2H, s), 4.09-
4.02 (1H, m), 6.80-6.74 (2H, m), 6.97-6.89 (4H, m), 7.33
(1H, d, J = 7.82 Hz).

<Example 9> Trans-4- (4-fluorophenoxy)-N-methyl-N-[3-
methyl-4- (piperazin-1-

ylmethyl)phenyl]cyclohexanecarboxamide



hydr oxycycl ohexyl ) car bonyl ] am nol - 2- net hyl benzyl ) pi perazi ne-| -car boxyl ate
Tert - butyl 4- (4-am no- 2- net hyl benzyl ) pi_per azi ne- 1-

car boxyl at e( 1. 00g. 3. 27mmol ), 4- hydro cl ohexanecarboxylic acid (1.42 g,
9.85 nmmol ), and 131

4- (4, 6-di net hoxy-1, 3, 5- triazin-2- yl) - 4- nethylnDrphollun1chIor|de hydr at e
(2.74 g, about 9.9 mmol) were dissolved in dinethylformamde (35 i), and
the resulting m xture was stirred at roomtenperature for 12 hours. [0215]
To the reaction sol uti op/~atfer was added at room tenperature, and the
organi ¢ matt er was extr with ethyl acetate. The organic | ayer was
washed w ﬁ%g sat ur atgd~agdeous sol uti on of sodi umchloride and then dried

over anhydr ous nagnesaun1su|fate and filtered. Then, the solvent was
distille under
The obt ai ned crude
(hexane: et hy
was obt ai ned

duced pressure, whereby a crude product was obt ai ned.

uct was purified by silica gel columm chromatography
100: 0 to 0:100 (v/v)), whereby the target conpound

e solid (1.04 g, yield: 749 . 1H NVR(CDC13, 400MHz):

61. 34( 2H, Cg), 1.67(2H,
m, 2. Ol(ih 11(2H,d, J=12. 2Hz), 2. 14- 2. 19(1H,~
3
[0209]
(9A) Tert-butyl 4-{4-[{[trans-4-(4-

fluorophenoxy)cyclohexyl]carbonyl} (methyl)amino]-2-
methylbenzyllpiperazine-l-carboxylate
Trans-4- (4-fluorophenoxy)-N- (4-formyl-3-

methylphenyl)-N-methylcyclohexanecarboxamide (55.0 mg,
0.149 mmol) produced in (8C) and tert-butyl piperazine-1-
carboxylate (33.0 mg, 0.177 mmol) were dissolved in
dichloromethane (3 mL), and acetic acid (45.0 mg, 0.749
mmol) was added thereto at room temperature, and then,
sodium triacetoxy borohydride (48 mg, 0.226 mmol) was
added thereto at 0°C. Then, the resulting mixture was
stirred under a nitrogen atmosphere at room temperature
for 2 hours. To the reaction solution, a saturated
aqueous solution of sodium hydrogen carbonate was added,
and the organic matter was extracted with dichloromethane.
The organic layer was dried over anhydrous sodium sulfate
and filtered. Theﬁ, the solvent was distilled off under

reduced pressure, whereby a crude product was obtained.



m, 2. 34(3H,s), 2. 35(4H, M,
s), 3.64-3.69(1H ), 7. 08(1
7.26(1H, d, J=8. 3Hz), 7. 35( 1

3.38(4H, m), 3.40(2H,
E’ sg, 7.17(1H, d, J=8.3Hz),
,'S) .

The obtained crude product was purified by silica gel
column chromatography (hexane:ethyl acetate = 100:0 to
0:100 (v/v)), whereby the target compound was obtained as

a colorless oil (47.0 mg, yield: 58%).

o\

ly-NMR (CDC1l3, 400MHz): 81.21-1.08 (2H, m), 1.47 (9H, s),

1.83-1.63 (4H, m), 2.15-2.00 (2H, m), 2.30-2.1% (1H, m),
2.46-2.35 (7H, m), 3.23 (3H, s), 3.51-3.40 (6H, m), 4.12-
4.02 (l1H, m), 6.81-6.74 (2H, m), 7.00-6.87 (4H, m), 7.31
(1, d, J = 7.4 Hz).

(9B) Trans-4- (4-fluorophenoxy)-N-methyl-N-[3-methyl-4-
(piperazin-1l-ylmethyl)phenyl]cyclohexanecarboxamide

Tert-butyl 4—{4—[{[trans—4—(4—
fluorophenoxy)cyclohexyl]carbonyl} (methyl)amino]-2-
methylbenzyl}piperazine-l-carboxylate (47.0 mg, 0.0870
mmol) produced in (9A) was dissolved in dichloromethane (1
mL), and trifluorocacetic acid (0.5 mL) was added thereto
at room temperature, and then, the resulting mixture was
stirred at room temperature for 1 hour.

[0210]

To the residue obtained by distilling off the
solvent in the reaction solution under reduced pressure, a
1 N agueous solution of sodium hydroxide was added, and
the organic matter was extracted with dichloromethane.
The organic layer was dried over anhydrous sodium sulfate

and filtered. Then, the solvent was distilled off under



(123) Tert-butyl 4-{4-[(ftrans-4-[(5-fluoropyridin-2-

yl ) oxy] cycl ohexyl | car bonyl ) am no] - 2- t hyl benzyl | pi perazi ne- 1- car boxyl ate
Tert-butyl 4-(4-{[(trans-4- 132 hydroxycycl ohexyl ) car bonyl ] am nol -

met hyl benzyl ) pi perazi ne-|-carboxylate (950 ng, 2.20 mmol) produced in (12A)
was di ssolved in dinmethylformam de (30 nL), and sodi um hydride (63% 100
"ng, 2.64 mvol) was added thereto. After the resulting nixture was stirred

tel 0 %78 I
es added CRETa ”z?%%ﬁf%é U R AR G R G R
atnnsphekﬁf ?gé%gﬁégr Our%Fng thﬁf%ﬁaé%hyl Zgég R, uater added,

and t he te. The organic |ayer
hed th te t |_ut d hl d
And thon CHTER ovar A G hagheaTare ?Hsti"s‘é&'%”meﬁﬂ%?nc tﬁé' ’

solvent e o311 o of{_under 1 giuggo prescure, whercty a crade gy oduc
ChronatO%Lﬁﬁﬂ%n&?%éggeogég¥ked as a colorless oil (35.0 mg, yield:
91%) .
'H-NMR (CDCl;, 400MHz): 81.20-1.08 (2H, m), 1.82-1.61 (4H,
m), 2.13-2.05 (2H, m), 2.30-2.20 (1H, m), 2.38 (3H, s),
2.45 (4H, s), 2.91 (4H, t, J = 4.9 Hz), 3.22 (3H, s), 3.46
(2H, s), 4.09-4.01 (1H, m), 6.80-6.74 (2H, m), 6.397-6.89
(4H, m), 7.33 (1H; d, J = 7.8 Hz).
<Example 10> 4-[(4-Chlorophenyl)sulfonyl]-N-methyl-N-(3-
methyl-4-{[(3S)~-3-methylpiperazin-1-

yllmethyl}phenyl)cyclohexanecarboxamide

CI
CH S
Sy
[0211]
(10A) Methyl trans-4-[(4-c

chlorophenyl)sulfanyl]cyclohexanecarboxylate

To a solution of methyl cis-4-



acet at e=100: 0t 00: 100 conpound was obtai ned as a 449%. :

(v/v)), wherebyt het ar get coIorIessQiI§§%4ng;yield: | HNVR( CDC13,

400MHz) : 81.42-1.51(2H, m), 1.46(9H,s), 1.80(2H m, s),2.35(4H, m,6.65(1H,
2.04-2.08(2H, m, 3.38(4H, dd, J=3.6,

hydroxycyclohexanecarboxylate (500 mg, 3.16 mmol) in
toluene (30 mlL), 4-chlorcbenzenethiol (457 mg, 3.16 mmol)
and cyanomethylenetributylphosphorane (915 mg, 3.16 mmol)
were added, and the resulting mixture was stirred at 100°C
for 2 hours. Then, the residue obtained by distilling off
the solvent 1in the reaction solution wunder reduced
pressure was purified by silica gel column chromatography
khexane;ethyl acetéte = 095:5 to 85:15:(v/v));.Whe£éby the
title compound was ébtaihed aslan oil (206 mg;‘yield: 26%) .
H-NMR (CDCl, 400MHZ) Sppm: 7.33 (2H, dd, J=6.1, 2.0Hz),
7.26 (ZH, dd,.J=6.3, 3.2Hz), 3.66 (3H,'é), 2.97 (1H, s),
2.29 (18, s), 2.05 (48, m), 1.52 (24, m), 1.35 (28, m).
(10B) ' Methyl trans-4-[ (4-
chlorophenyl)sulfonyl]cyclohexanecarboxylate

To a solution of methyl - trans-4-[(4-c
chlorophenyl)sulfanyl]cyclohexanecarboxylate (206 mg, 0.82
mmol) produced in (10A) in dichloromethane (8 mL), at 0°C,
m-chlorobenzoic acid (390 mg, 1.80 mmol) was added at room
temperature, and the resulting mixture was stirred at the
same temperature for 1 hour. Then, to the reaction
solution, a saturated aqueous solution of sodium hydrogen
carbonate was added, and extraction was performed once
with ethyl acetate. The obtained organic layer was washed
with water and a 10% aqueous solution of sodium chloride

and then dried over anhydrous sodium sulfate. The solvent



m,2.24-2.31(3H, m,3.40(2H s), 9.0Hz),7.17(1H m),2.33(3H 4.92-4.97(1H
d, J=8.3Hz), 7.29-7.34(2H m),7.39(1H .s),7.46(1H ), 7.97(1H d, J=3.6Hz).

was distilled off under reduced preséure, and the obtained
residue was purified by silica gel column chromatography
(hexane:ethyl acetate = 90:10 to 80:20 (v/v)), whereby the

title compound was obtained as an oil (229 mg, yield: 99%).

o

l14-NMR (CDCls;, 400MHz) &ppm:7.80 (2H, d, J=1.2Hz), 7.55 (2H,
d, J=7.3Hz), 3.66 (3H, s), 2.89 (1H, m), 2.25 (1H, m),

2.14 (4H, m), 1.46 (4H, m).

(10C) Trans~4-[ (4-
chlorophenyl)suifonyl]cyclohexanecarboxYlié acid

To a solution of methyl trans—-4-[ (4-
chlorophenyl)sulfonyl]cyclohexanecarboxylate (209 mg, 0.81
mol) synthesizéd in (10B) in methanol (10 mi),‘2 N sodium
hydroxide (0.5 ml, 1 mmol) was added at room temperature,
and the resulting mixture was stirred at the same
temperature for hour. Then, to the reaction solution, 2 N
hydrochloric acid (0.5 ml, 1 mmol) was added, and
extraction was performed once with ethyl acetate. The
obtained organic layer was washed with water and a
saturated aqueous solution of sodium chloride and then
dried ovef anhydrous sodium sﬁlfate. The solvent was
distilled off under reduced pressure, and the obtained
residue was purified by silica gel column chromatography
(hexane:ethyl acetate = 10:90 to 0:100 (v/v)), whereby the

title compound was obtained as an oil (180 mg, yield: 73%).

!H-NMR (CDCls, 400MHz) Sppm:7.75 (2H, d, J=9.2Hz), 7.52 (2H,



133 (12C) Tert-butyl 4-{4-[ethyl(ftrans-4-[(5-fluoropyridin-2-

yl ) oxy] cycl ohexyl | car bonyl ) am no] - 2- 4thyI benzyl | pi perazi ne-I -car boxyl ate
Tert-butyl 4-{4-[(ftrans-4-[(5-fl uoropyridin-2-

yl ) oxy] cycl ohexyl I car bonyl ) am no] - 2- net hyl benzyl | pi per azi ne- 1- car boxyl at e
(48 nmg, 0.0911 mmol ) produced in (12B) was dissolved in dinethylformm de
(10 nm.), and sodium hydride (63% 10 ng, 0.182 mml) was added thereto.

After the resul ti mxtur e s stirred.uypnder .a nitr,ogen at he at room
t enper at Lﬂ’e%Tﬁ"(L)Hr’%Bgrﬁ nﬂﬁ’[éegs, (%I?'hyﬁ’ [ Eé’d?d%Hf‘ 5 6AE,B 6.2%82%%f0{1§52\%ashg{dded
thereto at_ roo t8e§rp rature, ~and, the. resukting mixture tiyyed.,under a
nitrogen%gtsrffdsprgn'ere gllﬁ’lo%'cﬁlo_r g%ﬁ‘lﬂﬁﬁt el‘sz’."?’?) { e’rglﬁét;%g%():o(l%{’i G, wat er
was added, .gnd e organj ¢ r s extract with eth tate. The

or gani c I%ay@r @Q'mﬁ‘%hegvﬁﬁﬁ\gt e%‘an ’a’@at@ﬁaté{ﬁ’aq%e%%sazigl'uﬁe)dn of

sodi um chl ori de_and then dried_over anhydrous_magnesium sul fate and
filtered? Rfen(3Ehesdol vert? whetidi &irl 1ed®df £ 1End&Y rrehu%'Zd @F‘es re,
whereby a crude product was obtai ned. This crude product was purified by

silica gél-&ol dhronatoyr 8Py $hexane® et Byt Btetate = 100:0 to 75: 25

(v/v)), whereby the target conpound was obtained as a colorless oil (50 ng,
yiel d: 10092) | H NVR(0D013TenboRmey181. 09(3H, t, (FS7. Hd)d- (B4 -m,
1.28(1H, m, 1.47(9H, s), 1.73-1.77(4H, m, 2.08-2.16(3H, 134
chlorophenyl)sulfonyl]cyclohexyl}carbonyl) (methyl)amino] -
2-methylbenzyl}-2-methylpiperazine-~-l-carboxylate
To a solution of tert-butyl (28)-4-{ (4-amino-2-
methylphenyl)methyl]-2-methylpiperazine-l-carboxylate
(90.6 mg, 0.30 mmol), which is a known compound, and
trans—4—[(4—chlorophenyl)sulfonyl]cyclohexanecarboxylic
acid (100 mg, 0.30 mmol) synthesized in (10C) in N,N-
dimethylformamide (8 mL), 4-(4,6-dimethoxy-1,3,5-triazin-
2-yl)-4-methylmorpholium chloride hydrate (106 mg, 0.36
mmol) was added at room temperature, and then, the
resulting mixture was stirred at the same temperature fof
20 hours. Then, to the reaction solution, water was added,
and extraction was performed once with ethyl acetate. The
obtained oréanic layer was washed with water and a
saturated aqueous solution of sodium chloride and then
dried over anhydrous sodium sulfate. The solvent was
distilled off under reduced pressure, and the obtained

residue was purified by silica gel column chromatography

(hexane:ethyl acetate = 80:20 to 50:50 (v/v)), whereby the



m, 2.38(3H, s), 2.42(4H, nm), 3.44(4H, m, 3.48(2H, s), 3.71(2H q,
J=7.1Hz), 4.83-4.90(1H, m, 6.56(1H 1dd, J=3.5, 9.0Hz), 6.93(1H, d,
J=8.2Hz), 6.94(1H, s), 7.24-7.28(1H, m, 7.32(1H, d, J=7.5Hz), 7.94(1H, d,
J=3.5Hz). (12D)Trans-N-ethyl-4-[(5-fluoropyridin-2-yl)oxy]-N][3-

met hyl - 4- (pi perazin-1- yl nmethyl)phenyl ] cycl ohexanecar boxam de

Tert-butyl 4-{4-[ethyl Ntrans-4-[(5-fluoropyridin-2-

y1) oxy] cygl.ghex n ) z 2= yLhe | pigperazpne7lrcarpoxyl at e
/e Nl é(i&g%l %@5&8 WQ&%BE&ﬁ%f@& Lbenzyill pigpenazhhe? i1

produced I n ) was dissolved in di chl or onet hane (2
m), and4%

rifluoroacetic acid (1 nL) was added thereto at roomtenperature,
and t hen, fﬁé resulting mxture was stirred under a nitrogen atnosphere at

o the eAckiEn (SBTbti oh i) Sorvbit - his | aflet Fir | S8 0RR o nder Pociiad
Py oxi a8 s “aQlE. e 1 nesTor gt &= hed Yol wde JBx Pt B it (Th
Sol ut  on PG sod-Gi cHitor e Aria’ L heliiaH ed- Sber *Hnngdr ous “RagrEei drsul f at
and filtered. Then, the solvent was distil]ed off unde d d pressure,
wher eby & -dudetipr oBlict ands’ obtBi nBds Fre/ bféﬁne&gcr eégrz§§Ct s
purified by NH silica gel 135 colum chronat ography (hexane; et hyl
acet at e: @et3fantIi~ $00: &-®4 o(BHA0W 0 too W 961E0 @Winv/¥)J! WRErely 1t he
tergeF conpound was obtained as a celorless anDrPhous substance (40 nyg,
yi el d: 98%81 ARHLNNWR(,COGES, “TOME). 1. D9( 8HL, tm) -
(10E) 4~[(4—Chlerophenyl)sulfonyl]—N—methyl—N—(3—methyl—4—
{[(3S)-3-methylpiperazin-1-
‘yl]methyl}phenyl)cyclohexanecarboxamide
To a solution of tert-butyl (28)—4-{4-[ ({4-[ (4-
chlorophenyl)sulfonyl]cyclohexyl}carbonyl)(methyl)amino]—
2—methylbenzyl}—2—methylpiperazine—l—carboxylate (80.2 mg,
0.13 mmol) synthesized in (10D) in dichloromethane (1 mL),
trifluorocacetic acid (10 mlL) was added at room temperature,
and the resulting mixture was stirred at room temperature
for 30 minutes. The solvent was distilled off wunder
reduced pressure, and the obtained residue was purified by
NH silica gel column chromatography (ethyl
acetate:methanol = 100:0 to ©90:10 (v/v)), whereby the
title compound was obtained as an oil (50.1 mg, yield:
100%) .
lH-NMR (CDCl;, 400MHz) &ppm:7.75 (2H, d, J=9.0Hz), 7.52 (2H,

d, J=9.0Hz), 7.34 (1H, d, J=9.0Hz), 6.91 (2H, m), 3.46 (3H,



J=7.0Hz), 1.13(1H, ), 1.72-1.76(5H m),2.09-2.12(3H, n), 2.37(3H
s),2.68(4H, ), 3.12(4H, m, 3.54(2H,.s), 3.71(2H, q, J=7.0Hz), 4.82-
4.89(1H m, 6.56(1H dd, J=3.5. 9.0F2) 6.91-6.95(2H ), 7.22-7.34(2H,
m, 7.94(1H d, J=3.1Hz).

<Exanpl e13>Trans-4- [ (5-fl uoropyridin-2-yl)oxy] - N[ 3-
nmet hy1- 4- ( pi perazi n-1 -yl net hyl ) phenyl ] - Nor opyl cycl ohexanecar boxam de
s), 3.19 (3H, s), 2.98 (4H, m), 2.76 (2H, m), 2.37 (3H, s),

2.20 (3H, m), 2.07 (1, m), 1.96 (2H, m), 1.78 (3H, m),
I.54 (26, m), 1.26 (28, m), 1.05 (3H, d, J=6.3Hz).
<Example 11>

4-[ (4-Fluorophenyl)amino] -N-methyl-N-(4-{ [ (3S)-3-

methylpiperazin-1l-yl]lmethyl}phenyl)cyclohexanecarboxamide
=
UEN
N
:IO
H

N

CHj
[0212]
(11A) Tert-butyl (28)-2-methyl-4-(4-{methyl[ (4~
oxocyclohexyl)carbonyl]amino}benzyl)piperazine-1-
carboxylate

4-Oxocyclohexanecarboxylic acid (90 mg, 0.633 mmol)

was dissolved in dichloromethane (5 mL), and oxalyl
chloride (265 uL, 3.16 mmol) and a catalytic amount of

dimethylformamide were added thereto at 0°C, and then, the
resulting mixture was stirred under a nitrogen atmosphere
at room temperature for 30 minutes. The residue obtained
by distilling off the solvent in the reaction solufion

under reduced pressure was dissolved in dichloromethane



CH3 [0217] (13A)Tert-butyl4-{4-[(ftrans-4-[(5-fluoropyridin-2-

yl) oxy] cycl ohexyl I car bonyl ) (propyl ) arino] - 2-

met hyl benzyl | pi per azi ne- 1- car boxyl at e

Tert-butyl 4-{4-[(Itrans-4-[(5-fluoropyridin-2- 136

yl ) oxy] cycl ohexyl I car bonyl ) am no] - 2- net hyl benzyl | pi perazi ne-1| - car boxyl ate
(100 ng, 0.190 mmol ) produced in (12B) was dissolved in dinethylfornmam de

(0 m). @ad sedium iyl de (83, 1A M0.o8) 339,emlh -was aqded, Jinefet o.

After the resu hg mxture was stirred under a nitrogen atnosphere at room

{ eTper 2t . 90 30 MLES ) o ddonropene (AT, Lob. 0 ST ) v, addec

thereto rature, resul ting xture was stirred 'under a
ni trogen atnmaspher.e at 100C for 2 hours. To the.reactiqn.s ion, water
was adde8,'%g§d r[fnhcele)orr g"‘ékhjr(gh mart 8r MEL BT PERY & wi £H et ryﬁeoéglg)e]taa e The
organic | ayer was washed with water and a saturated ag}geous sol yti on of

sodi um cHIFGE derarf- P2n8Pi edveFer 3R BRI Ragnési UntsulPfst &

filtered. Then, the solvent was distilled off under reduced pressure,

wher eby &€ udee Prodtd WAs*bBF&i n¥@s Trﬁ‘%“iﬁ?f&c;e Progact Awad Puridied by

silica gel colum chromat ography (hexane:ethyl acetate = 100:0 to 70: 30

(v/v)), WersHamfe B getoTbnpiiRe VRS obt af Ped s 2°¢Ht or | 3 dilte (100

ng, yield: 93%. MS(ESI) mz: 569 (MH)+.

( 13B) Tr ansa4i(B f BabrbpyRi divpt2y| yosy]ad@ded- mét hypom- temperature,
and the organic matter was extracted with dichloromethane.
The organic layer was washed with a saturated aqueous
solution of sodium chloride and then dried over anhydrous
magnesium sulfate and filtered. Then, the solvent was
distilled off wunder reduced pressuré, whereby a crude
product was obtained. The obtained c¢rude product was
purified by silica gel column chromatography (hexane:ethyl
acetate = 100:0 to 0:100 (v/v)), whereby the target
compound was obtained as a white solid substance (44.5 mg,
yield: 32%).
'"H NMR(CDCls, 400MHz): 81.26(3H, d, J=7.3Hz), 1.46(9H, s),
1.94-2.08(m, 5H), 2.18(2H, d, J=11.2Hz), 2.44(2H, d,
J=12.7Hz), 2.60-2.66(3H, m), 2.77(1H, d, J=10.7Hz),
3.14(1H, d, J=12.7Hz), 3.27(3H, s), 3.47(1H, d, J=13.6Hz),
3.57(1H, d, J=13.6Hz), 3.83(1H, d, J=13.2Hz), 4.22(1H, s),
7.18(2H, d, J=8.0Hz), 7.43(2H, d, J=8.0Hz).
(11B) Tert-butyl (2S) —4—{4-[ ({4-[ (4-

fluorophenyl)amino]cyclohexyl}carbonyl) (methyl)amino]lbenzy



(pi perazin-1-yl met hyl ) phenyl ] - Npropyl cycl ohexanecar boxam de
Tert-butyl 4-14-[(ftrans-4-[(5-fluorogyg din-2- .. - v

yl ) oxy] cycl ohexyl I car bonyl ) (propyl )am no] -2- 137

met hyl benzyl | pi per azi ne- 1- car boxyl ate (100 ng, 0.176 mmol) produced in
(13A) was dissolved in dichloronethane (5 nmL), and trifluoroacetic acid (2
m.) was added thereto at roomtenperature, and then, the.resulting m xture

was stirred,ul I LLr. 'Im§£%§ oom tenperature for 2 hours.
After tollﬁer%e%%%&%qgﬁé%%ggl edlto_ t e&%%ltc%i on solution, the solvent was
distilled off under . r ced pressure. t he i-ned resi N

s bu%gﬂ égg)agdgggh LA e S{IT{Z!EUC(%IYla[néfltter was

aqueous sol ution~of “sodi'um hydr oxi de nd t he organic
extracted w th .dichl gr.onet hane.. The or.gani c, | ayer was_washed with a
saturate&%&ﬁ%&ﬁ%?%ﬁﬁiﬁqﬁﬁpQH§1ﬂﬁﬁiﬂﬁ} ?QﬁY%LP%%%r?ﬁ%ﬂea?Ted over anhydrous
magnesi um sul fate and filtered. Then, the solvent wgs distj]]ed of f under
reduced PRESSHYE 2 NherléBy Qgcruaeygrdﬁﬂgf)ma%r%%?%f ed?nThtLQ%%aiﬁLd crude
product was purified by NH silica gel caolumm chromato rapr (hexane; et hyl
acet at e: FRIRFAAR L 11650: 0:00 %P 0moo: @ +1F 0P Wo (VIR vIACS tikfer €654 he
target conpound was obtained as a col orl| ess_anor phous substance (58 ny,
yi el d: 709 02PH ®RyR( EDCL3, mrodMHASrB0ddPESHV e IR 7 tAPRh YARFRUE o ( 21,
m, 1.46-1.55(2H, m, 1.73-1.77(4H m, 2.09-2.17(3H m, 2.37(3H,_5s),
2. 45(4H, (9.0 20BD( 48ndm)sod3wWB(PH ag§tory 6 bezrhndriser 448) ma4. g9-4 90( 1H,
m, 6.55(1H dd, J=3.5, 9.0), 6.92(1H d, J=7.0Hz), 6.93(1H, s),
7.24-7.280tH,) mjas 7a88edHthdrekg. 682y, thedd( 1tHhe dresndting) nixiagre
<Exanpl e14>Trans-4-[ (5-fl uoropyridi n-2-yl) oxy] - N( 2- '
met hoxyetwad st r2detth\d 6°¢- (Epirper aziurslyl net hyl ) phenyl ] cycl ohexanecar boxam
i de OCH3 ‘ - - » '
[0213]
After thé tempefature of the reaction éolution was
returned to room température,vwater Was édded thereto, ahd
the organic matter was extracted with ethyl acetate. The
organic layer was washed with a saturated aqueous solution
of sodium chloride and then dried over anhydrous magnesium
sulfate and filtered. Then, the solvent was distilled off
under reduced pressure, whereby a crude product was
obtained. The obtained crude product was purified by
silica gel column chromatography (hexane:ethyl acetate =
100:0 to 50:50 (v/v)), whereby the target compound was
obtained as a yellow oil (28.8 mg, yield: 53%).
'H NMR(CDCl3, 400MHz): 81.25(3H, d, J=7.3Hz), 1.31-1.37(2H,
m), 1.46(9H, s), 1.78-1.85(5H, m), 2.04-2.09(1H, m),
2.18(1H, d, J=11.2Hz), 2.30(1H, m), 2.59(1H, d, J=11.2Hz)},

2.77(1H, d, J=10.8Hz), 3.10-3.15(2H, m), 3.24(3H, s),



[0218] (14A) Tert-butyl 4-{4-[(ftrans-4-[(5-fluoropyridin-2-

yl ) oxy] cycl ohexyl | car bonyl) ( 2- met hoxyethyl ) am noj:-2-

met hyl benzyl | pi per azi ne- 1- car boxyl at e

Tert-butyl 4-{4-[(Itrans-4-[(5-fluoropyridin-2-

yl ) oxy] cycl ohexyl ) car bonyl ) am no] - 2- net hyl benzyl | pi per azi ne- 1- car boxyl ate
(78 mg, 0.148 nmol) produced in (12B). was dissolved in dinethylfornmam de
(10 ), sapg (sadi ym hydrd de463% . 48 (mm, @, 296-100}H2 was3 addedny hey,et o.

After thé'resulting mxture was stirred under a nitrogen atnosphere at room

tenperatg;gﬁfgﬁz§9 mnutes,y 2- by onogt BylBRt hylagt heg=£ 28, p1o.84296 ol )
was added thereto at roomtenperature, and the resulting m xture was

stirred %pgﬁggg nigtyr ogen %th§§%§Qq Z%apg forq2 hoyrau,)139 %0 (bhe

reaction-solution, Water "wds a e organic matter was extracted
W th ethél gggtﬁhe The organic |ayer was washed with water and a saturated
aqueous sol utio 5P'sod|un1chloride and then dried over anhydrous magnesi um-

o1 esour o Thidr eby & L0 BT ORRE WhCoBbh ) ABa RS 81 dde roRle wag.

purified by sili | caql h t . et hy| = :
o 5?;630w%pv}p}x%%a%%a&%%%t&&%&%ﬁ&%%“ﬁﬁ%%%%%r%%?%%%%? orl o35
o] ng, yield: 69% . |IH NVR(CDC13, 400M+z): 81.06-1. \

M, 1. 47(9H, s) , TerPsbutyF(4H, rr),( 2.10-2.21(3?4, rr)?%g.‘éﬁ{gl(q,wé)“f[2(.411(4H,
m, 3.31(3H s), 3.44(4H ), 3.47(2H,_s), 3.51(2H t, J=5 9Hz), 3.61(2H,
t, J=5.9HEiporepsnylgemin o ligycle ey, caidom:h) @?e@bﬁolr&wl%%%%mf d,

J=7.5Hz),. 6.99(1H, s), 7.18-7.25(1H m,7.30(1H,d, J=7.5Hz), 7:94( 1H,d,
3:3_1ku)l}—2—methylp1perazine—1—carboxylate (28.8 mg, .053 mmol)

produced iﬁ (iiB) was diésolved in dichlordmethaﬁe (2 mi),

and trifluoroacétié acid (2:mif.wéswéddéd therefo-at'room
tempefatﬁre; and.fhén, the reéﬁltinglmig£ﬁie‘was stirred
under a nitrogen atmosphere at room temperature for 1 hour.
After toluene (10 mL) was added to the reaction solution,

the solvenf was distilled off under reduced pressure. To
the obtained residue, a 1 N aqueous solution of sodium
hydroxide was added, and the organic matter was extracted
with dichloromethane. The organic layer was washed with
water and a saturated aquéous solution of sodium chloride
and then dried over anhydrous magnesium sulfate and
‘filtered. Then, the solvent was distilled off wunder
reduced pressure, whereby a crude product was obtained.

The obtained crude product was purified by NH silica gel
column chromatography (heXéhé?ethyl acetate:methanol =

100:0:0 to 0:100:0 to 0:80:20 (v/v/v)), whereby the target



(14B) Trans-4-[ (5-fluoropyridin-2-yl)oxy]-N(2-
nmet hoxyet hyl ) - N-[ 3- net hyl - 4- (p|pera2|dyjylnethyl)phenyl]cyclohexanecarboxan1
ide Tert-butyl4-{4-[({trans-4-[(5- quoropyrldln 2-
yl ) oxy] cycl ohexyl I car bonyl ) ( 2- met hoxyet hyl ) am no] - 2-
met hyl benzyl | pi per azi ne- 1- car boxyl ate (60 ng, .0.103 mol ) produced in (14A)
was di ssol ved in dichloronethane (5 nL), and trifluoroacetic acid (2 nlL)
was added. gmo ﬁésr%%@aﬁ”é%tt&gp raly e, @ndithemgl em@?st}lit%ﬂ% m xture
was stirre er a nitrogen atnosp ere atr 6om tenperat ure’f or ours.
[0219] %) After toluene (10 nm) was added to the reaction solution, the
sol vent was ‘distilled off under reduced pressure. To the obtained residue,
a 1 N agyeous sol ution of SOdI% drOX|de was added, and the or gani c

|Gt

matter waf SXE&QEd widdPMRon ne d, THEborgani c 1 -ayfer! wis( 4lixshed
with a satur ueoys sol tion of sodj u r|de an drled over
anhydrouglnagh é% suff ate?! ndHﬁllté%e Q%é& (Of heM§ ol ﬁH dilstil |l ed
of f under_ reduced pressure, mhereby a crude product was obtained. The

obt ai ned 2crideépr oduct Y -PRA i ed P NH 33 F?%a g1+ col wh(Fhr orftrogr aphy
(hexane: ethyl acetate: nethanol = 100:0:0 to 0:100:0 to 0:90: 10 (v/v/v)),
wher eby thd tdfget "onpsuRd (&Hs oBi ai nbdSa$2E: cofdr | e5s? ador phdli¥ subst ance
(41 ng, yield: 82%. |IH NVR(CDC13, 400MHz): 81.07-1.17(2H, n),

1.71-1. 7H(-8%-(2H,mdd 2. &88 26128 2841z h) , 7212628, 28, 1H=8m)3HZ2.,37(-3H (&),
2.45(4H, m, 2.90(4H, nm), 3.31(3H, s), 3.45(2H, s), 3.50(2H, t, J=5.9Hz),
3. 84(2H, &,, I35.39H2)., 4.82-4.90(1H, m, 6.56(1H, dd, J=3.5, 9.0Hz),
6.97(1H, d, J=7.4Hz), 6.98(1H, s),

7.24-7. 29ERAMLe7. 3261 HT dads7N4kl hyT ~34([ 18- 1 ubrdphhtz)din-2-y1) oxy] -

-[3-methyl-4-(piperazin-1-

ylmethyl)phenyl]cyclohexanecarboxamide

yZ F
ﬁ |
\.
0
CH3
[0214]
(12A) Tert-butyl 4-(4-{[(trans—-4-

hydroxycyclohexyl)carbonyl]amino}—z—
methylbenzyl)piperazine-l-carboxylate

Tert-butyl 4—(4—amino—2—methylben2yl)piperazine—l—
carboxylate (1.00 g, 3.27 mmol), 4-

hydroxycyclohexanecarboxylic acid (1.42 g, 9.85 mmol), and



141 <Exanpl el5>Trans-4-[(5-fluoropyridin-2-yl)oxy]-N

i sopropyl - N-[ 3-met hy1-4- (pi perazi n-1 et hyl ) phenyl ] cycl ohexanecar boxam de
(15A) Tert - butyl 4-[ 4- (i sopropyl ani no) - 2-

net hyl benzyl ] pi per azi ne-1-car boxyl ate

Tert - butyl 4- (4-am no- 2- met hylbenzyl ) pi perazi ne-1- carboxyl ate (150 g, 0.491
nmmol ), 2-net hoxypropene (0.070 nm., 0.735 mmol ), acetic acid (0.042 m,

0.735 CngL)A %ﬂ@f%gﬁdanyﬂfﬁﬂﬁiEgﬁé%Eﬁﬂbﬁyl e LrdSen fimo B 391 timDl ) were

di ssol in'1, 2-di chl oroet’hane (35 nL) and the resultl ng m xture was

stirred é}llo‘}_‘l@ eperatdrexfog 12 hé’}':ﬁéﬁt 9.9 mmol) were dissolved

in dimethylformamide (35 mL), and the resulting mixture
was stirred at room temperature for 12 hours.
[0215]

‘To the reaction soiution, wéter Qas added at room
temperature, ahd ”the ‘organic maftér. was éxtfacted with
ethyl acetate. The organic layer waé washed with a
saturated aqueous solution of sodium ’chloride. and then
dried over anhydrous magnesium sulfate and filtered. Then,
the solvent was distilled off wunder reduced pressure,
whereby a crude product was obtained. The obtainéd crude
product was purified by silica gel column chromatography
(hexane:ethyl acetate = 100:0 to 0:100 (v/v)), whereby the
target compound was obtained as a white solid (1.04 g,
yield: 74%).

'y NMR (CDCls;, 400MHz): &1.34(2H, m), 1.45(9H, s), 1.67 (2H,
m), 2.01(2H, d, J=12.2Hz), 2.11(2H, d, J=12.2Hz),_'2.14-
2.19(1H, m), 2.34(3H, s), 2.35(4H, m), 3.38(4H, m),
3.40(2H, s), 3.64-3.69(1H, m), 7.08(1lH, s), 7.17(1H, d,
J=8.3Hz), 7.26(1H, d, J=8.3Hz), 7.35(1lH, s).

(12B) Tert-butyl 4-{4-[ ({trans-4-[ (5-fluoropyridin-2-
yl)oxylcyclohexyl}carbonyl)amino]-2-
methylbenzyl}piperazine-l-carboxylate

Tert-butyl ' 4-(4-{[(trans-4-



[ 0221] To the reaction solution,

hydr ogen
et hyl ac

etate. The organic | ayer was washed with a saturated agueous

a saturated aqueous solution of sodium
carbonate was added, and the3grganic matter was extracted with

solution of sodiumchloride and then dried over anhydrous magnesium 142

sul fate

pressure,

100:0 to

81.20(6
3. 38( 4H,
J=2. 4Hz)®

and filtered. Then, the solvent was distilled off under reduced
wher eby a crude product was obtai ned. The obtained crude product

was prilﬁ%&Qch%‘léhék% gekpealumanchtguatogr aphy (hexane: ethyl acetate
e target conpound was obtained as a

col orl es 187 1 H ) 400MHz
7 SWSB%%?H?%%%%&@ I Tes) 3ﬁ%s)@@%@ e R S

5:15 wher eby t

s),

%dﬁgf F}#%ﬁzm% Q?ll%é Hha O, %ﬁegbn%ﬁ%m?%%rl fﬁ%yr. G- 2-

y|)0XY]C%f Ohexg”%%g %x%&%&%de 3%, 100 mg, 2.64 mmol) was added

thereto. After the resulting mixfure was stirred at room
temperature for 30 minutes, 2,5-difluoropyridine (320mg,
2.78 mmol) was.added thereto, and the resulting mixture
was stirred under a nitrogen atmosphere at 100°C for 3
hours; To the reaction solution, water was added, and the
organic matter .was extracted iwith ethyl acetate. The
organic layer. was washed with water‘ and a saturated
agueous solution of sodium chloride and then dried over
anhydrous magnesium sulfate and filtered. Then, the
solvent was distilled off under reduced pressure, whereby
a crude product was obtained. This crude product was
purified by silica gel column chromatography (hexane:ethyl
acetate = 100:0 to 0:100 (v/v)), whereby the target
compound was obtained as a colorless oil (514 mg, yield:

44

o

).

'H NMR(CDCls, 400MHz): 81.42-1.51(2H, m), 1.46(9H, s),
1.80(2H, m), 2.04-2.08(2H, m), 2.24-2.31(3H, m), 2.33(3H,
s), 2.35(4H, m), 3.38(4H, m), 3.40(2H, s), 4.92-4.97(1H,
m), 6.65(1H, dd, J=3.6, 9.0Hz), 7.17(1H, d, J=8.3Hz),
7.29-7.34(2H, m), 7.39(1H, sy, 7.46(1H, s), 7.97(1H, d,

J=3.6Hz) .



Tr ans- 4- hydr oxycycl ohexanecar boxylic acid (1.51 g, 0.0104 nol) and

N, N- di net hyl f or mam de di-tert-butyl G tal (4.99 nL, 0.0208 mmol) were

di ssolved in toluene (50 nL), and thé resulting m xture was stirred under a
ni trogen at nosphere at 80C for 6 hours. To the reaction solution, water was
added, and the organic matter was extracted wth ethyl acetate. The organic
| ayer was washed with a saturated aqueous sol ution of sodiumchloride and
then dri er, anhydr.o agnes] I and ficl_ : My 4N sol vent
wee. di 5t {1PCY Gt AR T eHooba Brakbo! 6o PiRorely ot Gt ey

trans-4-cycl ohexanecar boxyl at e was ,obt.ai ned,as a colorless oil (0.960 g,
yield: 4 QXYiEQ(C([iG%fﬁy)&‘I}ﬁea‘o%oﬁyilé "Br i bg% yl trans- 4-

cycl ohexanecar boxyl ate (760 ny, §ﬁ79 I s dissolved in

di met hyl F6ERY '&@Zéfgdﬂﬂrée,raazﬁgles‘ ﬁﬁﬁ%%% ©(63% 290 ny, 7.58 mml) was
added thereto, and then, the resulting nixturg SQ% erred atdﬁﬁl _
tenperature fofe36 Ri¥tes. To tRéETEAEEFBRASSSM Ut iPorT - TR g%yridine
(440 ng, 3.79 mol) was added, and the resulting m xture was stirred at
100C f or Y2 )& Sy CHedeX o a3 aredldta®i bt 2ti on, water was added, and the
organic matter was extracted with ethyl acetate. The or%anic | ayer. was

washed winet hy lbstnzvat led Regirdduse slot Gy R vEakedi ik BEK oPi-d8 ldnd™Hen dri ed
over anhydrous magnesi um sul fate and filtered. Then, the sol vent was

di stil | edproffucendeinr dd@ded ywressuseplwhdr dby dimettzlpponaridfasi dbt ai ned.
The obtai ned crude product was purified by silica gel colum chronmat ography
(hexane: etlhy| aacketsatdd um 100d0ide 063%, (VOviy, WhéBbymole twarsgetddshpound
was obtained as a colorless oil (511 ng, yield: 45%. |IH NVR(CDC13,

400MHz) : B r4AH, r9ted. 604 2He stk ihg64ri X WA Ths nptitr8d- L@l m,
2.03(2H, dd, J=2.5, 12.7Hz), 2.16-2.26(3H, m, 4.87-4.93(1H, m, 6.64(1H,
dd, J=3. %it%c¥d) , amd9pRedd( I wpom7. O&(d¢katurd=FAHB0 minutes,

(15C) Tert-butyl 4-{4-[(ftrans-4-[(5-fluoropyridi n-2-

yl') oxy] cyghQhexydd et bonyl )] SOPL @PYhuh8 ™M NRhs2addk# thereto at room

met hyl benzyl’l pi perazi ne-1-'carboxyl ate

temperature, and the resulting mixture was stirred under a
nitrogen atmosphere at 100°C for 30 minutes. To the
reaction solution, water was added, and the organic matter
was extracted with ethyl acetate. The organic layer was
washed with water and a saturated aqueous éolution of
sodium chloride and then dried over anhydrous magnesium
éulfate and filtered. Then, the solvent was distilled off
under reduced pressure, whereby a crude product was
obtained. This crude product was purified by silica gel
column chromatography (hexane:ethyl acetate = 100:0 to
75:25 (v/v)), whereby the target compound was obtainédAas
a colorless oil (50 mg, yield: 100%).

'Y NMR(CDCls, 400MHz):81.09(3H, t, J=7.1Hz), 1.13(1H, m),

1.28(1H, m), 1.47(9H, s), 1.73—1.77(4H, m), 2.08-2.16(3H,



Tert-butyltrans-4-[(5-fluoropyridin-2- yI)oxy]cyclohékanécarboxylate (511
ng, 1.73 mmol) produced in (15B) waslﬁissolved i.n dichl oromethane (5 nL),
and trifluoroacetic acid (2 nmL) was a éed thereto at 0C, and then, the
resulting mxture was stirred.under. a nitrogen atnosphere for. 2 hours.
After toluene (10 nm) was added to the reaction solution, the solvent was
distilled off under reduced pressure, followed by drying, whereby
trans4-[(5-fl pi dign- 2-y 1) oxyj cyglohexangcag boxyl 3c3 agg domas bt ai ned
as a coI%EVeggp%?Fy?Blg)ﬁg,yyggﬁﬁ%'7%@6. The gbtéiﬁgd ¢ i
trans-4- L(5+fluoropyridi n-2- vyl 1£Y X cagb hizc ag d 316G ng,

4 BT HOT ORYT4-0) Ny V14 M.%gbﬁ,a@g,nﬁ%gng, : :

0. 892 I") "was 'dissol ve ‘di chlor onet hane oxal'yl chloride

235 111,, .2.68 d ' t, of. di gpet hyl f '

dded G- 073 at O bt Ren - hee FEbal B (Pt Y & v a1 e ider o
it t h t t 0 m Th id

0bt ai ned Ty a0t (g orr L Bal vent (14 i r &bt TR Sol uti on under

reduced pressure was dissolved_in dichl oronethane, (éﬁ gb), ng. tert-butyl
4-[ 4- (i sdpR&PyI ani Fe3eo-Nnethyl bénkyPTAiperapyie e ¥ ﬂ%%ef&ﬁﬁ%‘ng,
0.325 mml ) produced in (5A) and triethylamne (125 'I'L, 0.892 mmol) were
added t h&estyla 0@IRGFF2HEN. " the resulting mixture was stirred under a
nitrogen atnosphere at room 145 tenperature for 1 hour. [0223] To
t he reactyilowe tdallutbemy Ietvet] alees: et ke 22BdAT t enper at ure, and the organic
matter was extracted with dichloronethane. The organic |ayer was washed
with a saturat §¢racgiedus. sétéioatdyldddiramscti-dridae layed arhen Bt e over
anhydrous magnesium sulfate and filtered. Then, the solvent was distilled
of f underylr)eduyded; prassuy le), cantisrrebly) @ncnodeZpr oduct was obt ai ned. The
obt ai ned crude product was purified by silica gel colum chromatography
(hexane: etdnHy laeetAtle) 5= ddii £ neo- B HOb ¢y Yate Whér eby tohéd X0dr getolonpound
was obtained as a colorless oil (130 ng, yield: 69%. 1H NWVR(CDCL3,

400MHZ) © FoR(H, idl, (25, Wiy, d1s88(¥EE th, dicRQokoddfthidnar) (2 47 (9H, s),
1.73(3H, m, 1.92-2.01(3H, m, 2.07-2.10(1H, nm), 2.37(3H, s), 2.43(4H m,

3.45(4H, g Br PO 2bkoleedrd0a6HR) ,(14.182- B9 (d&ed) £hédr4-05. 4t (ddbm n) ,
6.55(1H, dd, J=3.5, 9.0Hz), 6.88(2H, n), 7.23-7.28(1H m, 7.32(1H d,

J=8“6Ht)té%ﬁggéﬁﬁréb_Qﬁé-%ﬁﬁ%h (48D) resulting mixture was stirred )
Trans-4-[ (5-fl uoropyridin-2-yl)oxy]-N(isopropyl)-N 3-nethyl-4-(piperazin-1

el e Y VL QO BB RRO KA oo, empazacure for 1 rous,
[0216] :

After toluene (10 mL) was added to the reaction
solution, the solvent was distilled off under reduced
pressure. To the obtained residue, a 1 N aqgueous solution
of sodium hydroxide was added, and the organic matter was
extracted with dichloromethane. The organic layer was
washed with a saturated agqueous solution of sodium
chloride and then dried over anhydrous magnesium sulfate
and filtered. Then, the solvent was distilled off under

reduced pressure, whereby a crude product was obtained.

The obtained crude product was purified by NH silica gel



yl ) oxy] cycl ohexyl | car bonyl ) (i sopropyl ) am no] - 2-

met hyl benzyl | pi per azi ne- I-carboxylate (130 ng, 0.229 mmol) 146 produced in
(150) was di ssol ved in dichloronethadeX5 nL), and trifluoroacetic acid (2
m.) was added thereto at 000, and then, the resulting m xture was stirred
under a nitrogen atnosphere for 2 hours. After tol uene (10 nL) was added to
the reaction solution, the solvent was distilled off under reduced
pressure. To the obt ai ned residue, a 1 N aqueous sol ution of sodi um

hydr oxi dEOWaEad G OTEHcP TP IBY gahr e ARt BENWAS egetaseedafingmol =

di chl oronet hane. The organic | ayer was washed with a saturated aqueous

sol uti on 180 §o&|ﬁﬂ(ﬂﬂkﬁ9d%'@hdot%%hlﬂrlédV6Vé9rawhﬁéﬁ@usﬂﬁﬁyﬁ%ﬁQﬁﬁsulfate
and filtered. Then, the solvent was distilled off under reduced pressure,
wher eby @ampmﬁm@nw@ﬂcpbWasmmdeﬁmed.dﬁﬁ@ﬁﬁﬁ&ﬂnemocphdes substance

product waspuri fi edby NHsilicagel col uitm chronat ogr aphy (hexane: et hyl

acet at e: nétthang! =0k @8%)to 0: 100: 0 to 0:90:10 (v/v/v)), whereby the
target conmpound was obtained as a colorless oil (101 ng, yield: 93%. IH
NVR( CDC13y #49RNdD1,81.40306H,) :d,51104. (Bdz) . £ 1. 89 1bkizm , 1.13(1H, m),
1.20-1.22(1H,m, 1. 45(1H,d, J 10 2Hz),1.73(3H, M, 1.93-2. 02(2H m,
2.07-2.1Q(.54-1m7.6 @}8,8(@)& 8) 09224504HH,Mn) 2. 91§ AKBHM s)3. 4B(62H 4Hl,
J=8.6Hz), 4.82-4.89(1H, nm, 4.94-5. 01(1H m, 6.55(1H dd, J=3.9, 9.4Hz),

6.88(2H ), F.23c4u3%iH n).54.(38(1H)d, I=876Hz, 7q94(JJ=|7|,.@,Hz , 4.82-
4.89(1H, m), 6.56(1H, dd, J=3.5, 9.0Hz), 6.91-6.95(2H, m),
7.22-7.34(2H, m), 7.94(1H, d, J=3.1Hz).
<Example 13> Trahé—4—[(5—fluoropyridin—2—yl)oxy]—N—[B—
methyl—4—(piperaéin—l—ylmethyl)pheﬁyl]—N—

propylcyclohexanecarboxamide

pZ F
H |
~
0" "N
CH3
[0217]
(13A) Tert-butyl 4-{4-[ ({trans-4-[(5-fluoropyridin-2-

yl)oxylcyclohexyl}carbonyl) (propyl)amino]-2-
methylbenzyl}piperazine—l—carbbxylate

Tert-butyl 4-{4-[ ({trans-4-[(5-fluoropyridin-2-



J=3.2Hz). <Exanmple 16> Ethyl [3-({trans-4-[nethyl (3-nethyl-4-{[(3S)- 147
3-met hyl pi perazi n-1yl]methyl | phenyl) gafbanoyl ] cycl ohexyl | oxy) phenyl ] acet at e
and hydrochl ori de t hereof [ 0224]

(16A) Tert-butyl (2S)-4-{4-[({trans-4-[ 3-(2-et hoxy- 2-

oxyet hyl ) phenoxy] cycl ohexyl | car bonyl ) (et hyl ) am no] - 2-

nmet hyl benzyl | - 2- met hyl pi per azi ne- 1- car boxyl at e

Tert_bUt¥h§%§&ﬂ%y%ﬁb k&ﬁhﬁe%kbonyl)amino]—Z—
methylbenzyl}piperazine-l-carboxylate (100 mg, 0.190 mmol)
produced in (12B) was dissolved in dimethylformamide (10
mL), and sodium hydride (63%, 15 mg, 0.379 mmol) was added
thereto. After the resulting mixture was stirred under a
nitrogen atmosphere at room temperature for 30 minutes, 1-
iodopropane (37 pL, 0.379 mmol) was added thereto at room
temperature, and the resulting mixture was sﬁirred under a

.nitrogen atmosphere at 100°C for 2 hours. To the reaction
soiution, water was added, and the organic matter was
extracfed with ethyl acetate. bThe organic ‘layer was
washed with water and a saturated aqueous solution of
sodium chloride and then dried over anhydrous magnesium
sulfate and filtered. Then, the solvent was distilled off
under reduced pressure, whereby a crude product was
obtained. This crude product was purified by silica gel
column chromatography (hexane:ethyl acetate = 100:0 to
70:30 (v/v)), whereby the target compound was obtained as
a colorless oil (100 mg, yield: 93%).

MS(ESI) m/z: 569 (M+H)™.
(13B) Trans-4-[ (5-fluoropyridin-2-yl)oxy]-N-[3-methyl-4-
(piperazin-1l-ylmethyl)phenyl] -N-
propylcyclohexanecarboxamide

Tert-butyl 4-{4-[ ({trans-4-[ (5-fluoropyridin-2-

yl)oxy]cyclohexyl}carbonyl) (propyl)amino] -2~



hydr oxycycl ohexyl ) car bonyl ] (et hyl ) am no} - 2- net hyl benzyl) -

2- et hyl pi per azi ne- 1- car boxyl ate (4. , 9.76 mmvol ) produced in (2A) was
di ssolved in toluene (50 nL), and ethyl 3-hydroxyphenyl acetate (1.76 g,
9.76 mmol ) and cyanonet hyl enetri butyl phosphorane (3.92 nL, 14.6 mmol) were
added thereto at roomtenperature, and then, the resulting mxture was
stirred for 1.5 hours while heating to reflux. [0225] The residue obtained

EKrSHZEBéigp y fheihﬁéﬁg%ﬁﬁﬂgace#§f§¥%¢%%§g%p¥o§ggb %g?epv??ky&ﬁ%reby t he
N
\:J))=(7)90HZ) ’an]a' 4t7r(i9 S OaC::LetGJ:_BC acfc(l4H2 2 v?zf's 2a§gégchere%o7HZc) 'ro m s).
temperature, and then, the resulting mixture was stirred
under a nitrogen atmosphere at room tempefature for 2
hours. After toluene (10 mL) was added to the reaction
solution, the solvent was distilled off under reduced
pressure. To the obtained residue, a 1 N équeous;solution
of sbdium hydroxide was added, and the ofganic matter was
extracted with dichloromethane; Thé 5rgani¢ iayer was
washed with a saturéted aqueous solution of sodium
chloride and then dried over anhydrous magnesium sulfate
and filtered. Then, the solvent was distilled off under
reduced pressure, whereby a crude product was obtained.
The obtained crude product was purified by NH silica gel
column chromatography (hexane:ethyl acetate:methanol =
100:0:0 to 0:100:0 to 0:90:10 (v/v/v)), whereby the target
compound was obtained as a colorless amorphous substance
(58 mg, yield: 70%).
'H NMR(CDCls, 400MHz): 80.87(3H, t, J=7.4Hz), 1.09-1.16(2H,
m), 1.46-1.55(2H, m), 1.73-1.77(4H, m), 2.09-2.17(3H, m),
2.37(3H, s), 2.45(4H, m), 2.90(4H, m), 3.46(2H, s),
3.61(2H, t, J=7.4Hz), 4.82-4.90(1H, m), 6.55(1lH, dd, J=3.5,
9.0), 6.92(1H, d, J=7.0Hz), 6.93(1lH, s), 7.24-7.28(1H, m),

7.33(1H, d, J=8.6Hz), 7.94(1H, d, J=3.1Hz).



m, 2.60 (1H, 2.07-2.15(2H, m,2.17-2.29(2H, m, (1H d,J=11.0Hz), 2. 74(1H, d,
m, 3.24(3H,s), 3.43(2H,s),3.54(2H, s)3g3.82(1H d, J=13.3Hz),4.14(2H q,
J=7.0Hz), 4.11- 4.27(2H, m, 6.70-6. 79€2H m, 6.82(1H d, J=7.8Hz), 6.92-
6.99(2H, m, 7.18(1H, t, J=7.8Hz), 7.32(1H, d, J=8.2Hz).

(16B) Et hyl [ 3- (I trans-4-[ net hyl (3- et hyl - 4- {[(38) 3- nethylplpera2|n 1-

yl ] met hyl | phenyl ) car banoyl ] cycl ohexyl | oxy) phenYl ] acet ate

Tert-buty E% é 14-14- &;tr ansL§-€?53Em95¥o yridin-2-yl)oxy]-N-(2

oxyet hyl ) phe xy]cyc ohexyl [ car bonyl') (et hyl ) am no] - 2-

methoxyethyl)-N-[3-methyl-4- (piperazin-1-

ylmethyl)phenyl]cyclohexanecarboxamide

i r

O~ "N
H3C: : N io
OCH;
[0218]
(14R) Tert-butyl 4-{4-[ ({trans-4-[ (5-fluoropyridin-2-

yl)oxy]cyclohexyl}carbonyl)(2—methoxyethyl)amino]—2—
methylbenzyl}piperazine-l-carboxylate

Tert-butyl 4—{4—[({trans—4—[(5—fluoropyridin—2—
yl)oxylcyclohexyl}carbonyl)amino]-2-
methylbenzyl}piperazine-l-carboxylate (78 mg, 0.148 mmol)
produced in (12B) was dissolved in dimethylformamide (10
mL), and sodium hydride (63%, 12 mg, 0.296 mmol) was added
thereto. After the resulting mixture was stirred under a
nitrogen atmosphere at room temperature for 30.minutes, 2-
bromoethylmethyl ether (28 pL, 0.296 mmol) was added
thereto at room temperature, and the resulting mixture was

stirred under a nitrogen atmosphere at 60°C for 2 hours.



met hyl benzy11- 2- net hyl pi perazi ne-| -carboxyl ate(1.06 g, 1.71 mmol), produced
in (16A) was dissolved in dichloroneyhane (8 nm), and trifluoroacetic acid
(2 nm.) was added thereto at roomtenperature, and then, the resulting

m xture was stirred at roomtenperature for 1 hour. [0226] The residue
obtained by distilling off the solvent 149 in the reaction solution under
reduced pressure was purified by NH silica gel columm chromatography

(hexane: gbhyhAGeLAkE of 80130 {8 01100 £ Viyd) acuber byl el @igah compound
was obtained as a colorless oil (696 ny, yield: /@. 1H NWR( 13,

400M4z).%?éﬁg4,( Wag AP S, 0B LRPHacDhack 25(3e torkahide)

1.54-1.8

3 a5 2, 18y it ATeEeR 78@%81%%??? s 036 FOPINE vy oD 11 o,
J=7. 8Hz), ﬁf’i‘l%%f? ﬁ\ﬁl_ﬁq_dllggl chl%%gg}e an’d then Fg}ieg g?’ng’an%yd‘%ro%sZHz)

VS( ESI )

gé?ﬁiF;Pé@%&?iﬁi&grﬁﬂeﬁ%gg gﬁ@%iﬁg@%ﬁ%ﬁ#b&ﬁ%ggﬁ%%he§9ﬁld??%%ﬁﬁ&waﬁ%etate

hydrOChl%&Ed?lled off under reduced pressure, whereby a crude
product was obtained. This crude product was purified by
silica gel column chromatography (hexane:ethyl acetate =
100:0 to 50:50 (v/v)), whereby the target cempound was
obtained as a colorless oil (60 mg, yield: 69%).
'H NMR(CDC13; 400MHz): 01.06-1.16(2H, Im), 1.47(9H, s),
1.75-1.77(4H, m), 2.10-2.21(3H, m), 2.37(3H, s), 2.41(4H,
m), 3.31(3H, s), 3.44(4H, m), 3.47(2H, s), 3.51(2H, ¢t,
J=5.9Hz), 3.61(2H, t, J=5.9Hz), 4.84-4.89(1H, m), 6.56(1H,
dd, J=3.5, 9.0Hz), 6.97(1H, d, J=7.5Hz), 6.99(1H, s),

7.18-7.25(14, m), 7.30(1H, d, J=7.5Hz), 7.94(1lH, d,

J=3.1Hz).
(14B)_ Trans-4-[ (5-fluoropyridin-2-yl)oxy]-N-(2-
methoxyethyl) - [3-methyl-4- (piperazin-1-

ylmethyl)phenyl]cyclohexanecarboxamide

Tert-butyl 4-{4-[ ({trans-4-[(5-fluoropyridin-2-
yl)oxylcyclohexyl}carbonyl) (2-methoxyethyl)amino]-2-
methylbenzyl}piperazine-l-carboxylate (60 mg, 0.103 mmol)
produced in (14A) was dissolved in dichloromethane (5 mL),

and trifluorocacetic acid (2 ml) was added thereto at room



Ethyl [3-(ftrans-4-[methyl (3-nethyl-4-{[(3S)-3-

met hyl pi perazi n-1yl]methyl | phenyl ) caghgnoyl | cycl ohexyl | oxy) phenyl ] acetate
(631 ng, 1.21 nmol) produced in (168; was di ssolved in dioxane (4 nL) and
water (1 nmL), and 2 N hydrochloric acid (605 j.xL, 1.21 nmol) was added
thereto at roomtenperature, and then, the resulting m xture was frozen at
-78C. The frozen m xture was |yophilized using a |yophilizer, whereby the

}vgz %gf)cg;%}z%_%%ggﬁ\&?%#%bér?& NefedS anthi F&ss0tify %ﬁ%éu@%? WHs ¥irglidiedd2% .

<BExanpl e17>[3- ({ Trans: 4- thyl {3+ yl.14- S)¢3:
nephylpiﬁgggfin-IﬁFﬁﬁ%##%FFﬁﬂéﬁ%%f%%ﬁ_aﬁ%yl%%é%lJﬁgwa?f%§§§%hé%§ﬁ]é%etic
acid andh%%%gochloride t her eof ‘

[0219]

After toluene (10 mL) was added to the reaction
solution, .the solvent was distilled off under reduced
pressure. To the obtained residue, a 1 N aqueous solution
of sodium hydroxide wés added, and the organic matter was
extracted with dichloromethane. The organic layer was
washed with .a saturated aqueoué bsolution of sodium
chloride and then dried over anhydrous magnesium sulfate
and filtered. Then, the solvent was distilled off under
reduced pressure, whereby a crude product was obtained.
The obtained crude product was purified by NH silica gel
column chromatography (hexane:ethyl acetate:methanol =
100:0:0 to 0:100:0 to 0:90:10 (v/v/v)), whereby the target
compound was obtained as a colorless amorphous substance

(41 mg, yield: 82%).

o

Iy NMR(CDCls, 400MHz): 81.07-1.17(2H, m), 1.71-1.77(4H, m),
2.08-2.12 (24, m), 2.16-2.23(1H, m), 2.37(3H, s), 2.45(4H,
m), 2.90(4H, m), 3.31(3H, s), 3.45(2H, s), 3.50(2H, t,
J=5.9Hz), 3.84(2H, t, J=5.9Hz), 4.82-4.90(1H, m), 6.56(1H,
dd, J=3.5, 9.0Hz), 6.97(1H, d, J=7.4Hz), 6.98(1H, s),
7.24-7.29(1H, m), 7.32(1H, d, J=7.4Hz), 7.94(1H, d,

J=3.1Hz).



[0227] (17A)[3-({Trans-4-[nethyl (3-nethyl-4-{[(3S)-3-

nmet hyl pi perazin-1yl ] nmethyl | phenyl)ca ggnnyl]cyclohexylony)phenyl]acetic
acid Tert-butyl(28)-4-14-[({trans-4-F -(2-et hoxy- 2-

oxyet hyl ) phenoxy] cycl ohexyl | car bonyl ) ( net hyl.) am no] - 2- :

met hyl benzy11- 2- net hyl pi per azi ne- 1- car boxyl ate(1.06 g, 1.71 mmol) produced
in (16A) was dissolved in ethanol (20 nlL), and a 2 N aqueous sol ution of

SOdIun}hXQ%%éig% (4.3,8L, 8. GTPQPé)4“@?Sa@gﬁgrBQSEgﬁgnaﬁ Q9mt,amper at ur e,

and then esultlng m xture was stirr Cfor hours Then, to

t he sol ution obt ed ;b bl 451, 4/5 of the reaction sol ution
under redd&BE® BV sguﬁgl%é%h 1Uratgg$§%%g%us sol ution of ammoni um chl ori de

was added he _or ter _was xtract d with ethyl acetate. The
organic W&vsﬁgxéépﬁﬁﬁgﬁq ég% Uy s&ﬁiuﬁfsulfate and filtered. Then,
the solvent was distilled off QEQer reduced pressure, whereby a crude

e

product was obtai ned. The d crude product was dissolved in a
solution (49 nmL) of 4 N hydroghloric acid in dioxane, and the resulting

m xture tirred ov at roomtenperature. [0228] The
resi due bta| ed by d| stilI'"ng of f the solvent in the reaction solution
under re pressu as purified by ODS silica gel colum chromat ogr aphy
(wat er: noI = 10 0:100 (v/v)), whereby the target conpound was
obt ai ned asla white hous substance (790 ng, yield: 94%.
@)
HiC CH3
[0220]
(15A) Tert—butyl 4-[4- (isopropylamino) -2-

methylbenzyl]piperazine—l—cérboxylate

Tert-butyl 4—(4—amino—2—methylbenzyl)piperazine—l—
carboxylate (150 g, 0.491 mmol), Z2Z-methoxypropene (0.070
mL, 0.735 mmol), acetic acid (0.042 mL, 0.735 mmol), and
sodium triacetoxy borohydride (155 mg, 0.735 mmol) were
dissolved in 1,2-dichloroethane (35 mL), and the resulting
mixture was stirred at room temperature for 12 hours.
[0221]

To the reaction solution, a saturated agueous
solution of sodium hydrogen carbonate was added, and the
organic matter was extracted with ethyl acetate. The
organic layer was washed with a saturated aqueous solution

of sodium chloride and then dried over anhydrous magnesium



1H NVR( CD30D, 400MHz) : 80. 99- 1. 12(2H, n), 1. 31(3H, d, J=6.7Hz), 1.59-1.73(2H

m, 1.73-1.83(2H, m, 2.04-2.15(2H, ?4 2.22-2.35(2H, m, 2.44(3H, s),
2.49(1H, m, 3.02(2H, d, J=12.3Hz), 3. %7( 1H m, 3.21(3H, s), 3.32-3.44(2H,
m, 3.53(2H, s), 3.69(2H, s), 4.19(1H, m, 6.71-6.86(3H, m, 7.08-7.22(3H,
m, 7.42(1H, d, J=8.2Hz). MS(ESI) m z: 494 (MtH)+.

( ]7B)£ﬁ I(llTrans|;1 [ met hyI (3 me]t hy1- 4- {[(38)'-_3-_ nmet hyl pi perazin-1- 152

yl ] met hy c cc Y) i dr@chl ori de
(5} ({1ranetasthe R e

yl 1net hyl | ghenyl ) car ba I oh hepyl .
m"rgl)2 ﬁr EH%@édz:Qﬁd%%fﬁoﬁ?aI] C%Scsgo’%gd‘l‘%r(\%dfoigﬁe%ggy Cp?% q\%/g:fggla 3 m%) >
an rqochl oric_aci 689 I dded

t enper at Gééagélﬁﬂl t hee ¢ AR ?égﬁfjt ﬁ?dlc}gﬁ x?ﬂ?%&%s%?%onghr% eé%%%y'?h]e}{ ??I)nzen

m xture was | yophilized usi a hilizer, whereb £ SO ound
was obt alsﬁé&céls % hhicPd ugB| |Cgm( t%@ral\}ﬁl@ hey5e9) ytth £SOTP

100:0 to 85:15 (v/v)), whereby the target compound was
obtained as a colorless amorphous substance (187 mg,
yield: 100%).
'H NMR(CDCls, 400MHz): 81.20(6H, d, J=6.7Hz), 1.45(9H, s),
2.28(3H, s), 2.35(4H, m), 3.34(2H,'s), 3.38(4H, m), 3.57-
3.64(1H, m), 6.37(1H, dd, J=2.4, 8;2Hz), 6.41(1H, d,
J=2.4Hz), 6.98(1H d J=8.2Hz).
(15B) Tert—butyl trans- 4—[(5 fluoropyrldln 2~
yl)oxy]lcyclohexanecarboxylate
Trans—4-hydroxycyclohexanecarboxylic acid (1.51 g,
0.0104 mol) and N,N-dimethylformamide di-tert-butyl acetal
(4.99 mL, 0.0208 mmol) were dissolved in toluene (50 mL),
and the resulting mixture was stirred under a nitrogen
atmosphere at 80°C for 6 hours. To the‘reaction‘solution,
water was added, and the organic matter was extracted with
ethyl acetate. The organic layer was washed with a
saturated aqueous solution of sodium chloride and then
dried over anhydrous magnesium sulfate and filtered. Then,
the solvent was distilled off under redﬁced pressure,

whereby tert-butyl trans—4—cyclohexanecarboxylate‘ was

o°

obtained as a colorless oil (0.960 g, yield: 46%).



MS(ESI) mz: 494 (MtH) +. <Exanpl e 18> |sopropyl

[3-(ftrans-4-[nmethyl (3-nmethyl-4- {][( - 3- met hyl pi perazin-1 -

yl ] met hyl | phenyl ) car banoyl ] cycl ohexyl10xy) phenyl | acet at e CH3 [ 0229]
(18A) Isopropyl [3-({trans-4-[nethyl (3-nethyl-4-{[(3S)-3-

met hyl pi perazin-1- 153 ' '

yl ] met hyl | phenyl ) car banoyl ] cycl ohexyl | oxy) phenyl ] acet ate

[0222]

The obtained tert-butyl tréns—4-
cyclohexanecarboxylate (760 mg, 3.79 mmol) was dissolved
in dimethylformamide (50 mL), and sodium hydride (63%, 290
mg, 7.58 mmol) was added thereto, and then, the resulting
mixture was stirred at room temperature for 30 minutes.
To the reaction solution, 2,5-difluoropyridine (440 mg,
3.79 mmol) was added, and the resulting mixture was
stirred at 100°C for 2 hours. Then, to the reaction
solution, water was added, and fhe ‘organic matter was
extrécted with ethyl acetate. The organic. léyer was
washed with a saturated aqueoué solution of sodium
chloride and then dried over anhydrous magnesium sulfate
and filtered. Then, the solvent was distilled off under
reduced pressure, whereby a crude product was obtained.
The obtained crude product was purified by silica gel
column chromatography (hexane:ethyl acetate = 100:0 to
95:5 (v/v)), whereby the target compound was obtained as a .
colorless oil (511 mg, yield: 45%).

'H NMR(CDCls, 400MHz): &1.44(9H, s), 1.60(2H, m), 1.64—.
1.75(1H, m), 1.87-1.99(1H, m), 2.03(2H, dd, J=2.5, 12.7Hz),
2.16-2.26(3H, m), 4.87-4.93(1H, m), 6.64(1H, dd, J=3.9,

9.3Hz), 7.29-7.33(1H, m), 7.96(1lH, d, J=3.9Hz).

(15C) Tert-butyl 4-{4-[ ({trans-4-[ (5-fluoropyridin-2-

yl)oxylcyclohexyl}carbonyl) (isopropyl)amino]-2-



~Tert-butyl (2S)-4-{4-[(ftrans-4-[3-(2-ethoxy-2-

oxyet hyl ) phenoxy] cycl ohexyl I car bonyl ) gget hyl ) am no] - 2- ‘

met hyl benzyl | - 2- net hyl pi per azi ne- 1- car boxyl at e(150 ng, 0.242 nmol) produced
in (16A) was dissolved in ethanol (5 ni), and a 2 N aqueous sol ution of

sodi um hydroxide (1.2 nm., 2.4 mmol) was added thereto at room t enperature,
and then, the resulting mxture was stirred at 60C for 1.5 hours. [0230]

To the react | 988944 H9Re rd -3RkUAALEG RGYARUS sol ution of amoni um chloride
was addeﬁ, akg ?ﬁeboﬁgagfg ﬁatter was extracted with ethyl acetate. The

organi c |ayer yas, dy] over anhydrous i sul ta ik yered.- Then
thedsolvent mgs.ng%Pﬁgéd of f under red%ggggggegégrg?uagggggghahc?ude
product obt ai n [ rud r ct i I [

sopr ?paﬁ’i‘?oaﬁ %y?giﬁ%@%@%@ Adare SR T R bR o a
room t enpera and then, the resultin 1 Xt ur Stdrr for hour s
whil e he Plngf§§?ré?¥hx.lfﬁf§ffd 1n d%%%fégéﬁ gégﬁgta¥%eéﬁ§y dﬁgﬁirling
off the solvent in the reaction solution under reduced pr

t . . ssyr.e was

puri fi edthyINHOEPREEE 1§el2Fdt ulth Bht oW&Co Gy %%fﬁ‘éﬂoﬁgdi%gﬁrora&?et hane =
0:100 to 5:95 (v/v)), whereby 154 the target conpound was obhtained as a
col or | es&hgpy (W oragyul§ierdIFAe pﬁﬁ%zgtlrred under & nittogen

atmosphere for 2 hours. After toluene (10 mL) was added
t+o the reaction solution, the solvent was distilled off

under reduced pressdre, foilowed by drying, Whereby trans-

4—[(5—fluo£opYridin—2—yl)oxy]cyclohexanecarboxylic acid
was obtained as a colorless oil (310 mg, yield:'74%). The
obtained “ trans—4—[(5—fiuoropyridin—2—

yl)oxylcyclohexanecarboxylic acid (310 mg, 0.892 mmol) was
dissolved in dichloromethane (5 mL), and oxalyl chloride
(235 pL, 2.68 mmol) and a catalytic amount of
dimethylformamide were added thereto at 0°C, and then, the
resulting mixture was stirred under a nitrogen atmosphere
at room temperature for 30 minutes. The residue obtained
by distilling off the solvent in the reaction solution
under reduced pressure was dissolved in dichloromethane
(15 mL), | and tert—butyl‘ 4-[4- (isopropylamino) -2-
methylbenzyl]piperazine-l-carboxylate (113 mg, 0.325 mmol)
produced in (5A) and triethylamine (125 pL, 0.892 mmol)

were added thereto at 0°C, and then, the resulting mixture

was stirred under a nitrogen atmosphere at room



H NVR(CDC13, 400MHz): 81.04(3H, d, J=6. 7Hz) 1.08- 1.21(2H, m, 1.22(6H, d,
J=6.3Hz), 1.56-1.83(6H m, 2. 02 2. §L54(253 2.26(1H, m, 2.37(3H, s),
2.71-2.79(2H, m, 2.82-3.01(3H, (3H s) 3.45(2H, s), 3.51(2H, s),
4.17(1H, m, 5.00 (1H, nm, 6.69- 6 79(2H m, 6.82(1H d, J=7.8Hz),
6.92-6.98(2H, m, 7.18(1H, t, J=7.8Hz), 7.33(1H, d, J=8.6Hz). MS(ESI) nl z:
536 (MrH) +. <Exanpl e19>Trans-4- (4-chl or ophenoxy) - N- net hyl - N- [ 3-

nmet hy1- 4‘t(eEH A leg 1t ) phenyl ] cycl ohexanecar boxani de 11-1
NVR( CDC13, 4 8§J81 10- 1 205%%4 m,1.64-1.77(3H, m,2.08(2H, d, J=9.4Hz),

2.23-2.29 2253m) 2.38(3H, s), 2.45(4H, 1), 2.91(4H ), 3.23(3H- s),
3. 46( 2H, Q]S 4.10- 4. 14(1H, n), 6.76(2H d, J=9.0Hz). 6.94(1H, d, J=7.9Hz),
6.95(1H, s), 7..18( 21?%1 d, J=9

4

Contin o) TP, oS8 (RN Sie? et Bhne o a1
éllmishgl S %Jcelyor]gé nggl?éaoox%gfglgc igta%%r?%‘gloéﬂﬁﬁcgﬁdzé”%%(m
s). 2. 38%?@hf§&ome€%éégﬁ rﬁT 2. %g%géléﬁ ;;é?(%gs S&asgeée(z S)a 4.22-
saturated aqueous solution of sodium chloride and then
dried over anhydrous magnesium sulfate and‘filﬁered. Then,
the solvent waé distilled off wunder reduced pressure,
whereby‘a crude product was obtained. The obtained crude
product was purified by silica gel column chrdmatography
(hexane:ethyl acetate = 100:0 to 50:50 (v/v)), whereby the
target compound was obtained as a colorless oil (130 mg,
yield: 69%).
'H NMR(CDCls;, 400MHz): 81.03(6H, d, J=5.9Hz), 1.08(1lH, m),
1.20-1.24(1H, m), 1.47(%H, s), 1.73(3H, m), 1.92-2.01(3H,
m), 2.07-2.10(1H, m), 2.37(3H, s), 2.43(4H, m), 3.45(4H,
m), 3.50(2H, d, J=10.6Hz), 4.82—4.89(1H, m), 4.94-5.01(1H,
m), 6.55(1H, dd, J=3.5, 9.0Hz), 6.88(2H, m), 7.23-7.28(1H,
m), 7.32(1H, d, J=8.6Hz), 7.94(1H, d, J=3.2Hz).
(15D) Trans-4-[(5-fluocropyridin-2-yl)oxy]-N~(isopropyl)-N-
[3-methyl-4- (piperazin-1-
ylmethyl)phenyl]cyclohexanecarboxamide
Tert-butyl 4-{4~[ ({trans-4~[ (5-fluoropyridin-2-

yl)oxy]cyclohexyl}carbonyl) (isopropyl)amino]-2-

methylbenzyl}piperazine-l-carboxylate (130 mg, 0.229 mmol)



155 4.27(1H, m, 6.86(2H, d, J=8.7Hz), 6.94(1H d, J=8.3Hz), 6.95(1H, s),
7.34(1H, d, J=7.3Hz), 7. 53(1H d, J=§,¢Hz). <Exanple 21>

2- Methyl-2-[3-(ftrans-4- [nethyI(S rrethyl 4- 1[ (3S) - 3- net hyl pi perazi n- 1-
yl ] met hyl } phenyl ) car banoyl ] cycl ohexyl | oxy) phenyl | proprioni ¢ acid

| HNMR( CDC13, 400MHz):57.28-7.25 (2H, m, 7.21 (1H,s), 7.07-7.04 (1H,

produced in (15C) was dissolved in dichloromethane (5 mL),
and trifluorocacetic acid (2 mlL) was added thereto at 0°C,
and then, the resulting mixture was stirred under a
nitrogen atmosphere for 2 hours. After toluene (10 mL)
was added to the reaction solﬁtion, the solveﬁt was
distilled off under reduced pressuré. To the obtained
residue, a 1 N agueous solution of sodium.hydroxide was
added, and the organic matter was extracted with
dichloromethane. The organic layer was washéd with a
saturated aqueous solution of sodium chloride and then
dried over anhydrous magnesium sulfate and filtered. Then,
the solvent was ‘distilled off under .reduced pressure,
whereby a crude product was obtained. The obtained crude
product was purified by NH silica gel column
chromatography (hexane:ethyl acetate:methanol = 100:0:0 to
0:100:0 to 0:90:10 (v/v/v)), whereby the target compound
was obtained as a colorless oil (101 mg, yield: 93%).

'H NMR(CDCls, 400MHz): 81.03(6H, d, J=4.7Hz), 1.09(1H, m),
1.20-1.22(1H, m), 1745(1H, d, J=10.2Hz), 1.73(3H, m),
1.93-2.02(2H, m), 2.07-2.10(1H, m), 2.38(3H, s), 2.45(4H
m), 2.91(4H, m), 3.48(2H, d, J=8.6Hz), 4.82-4.89(1lH, m),
4.94-5.01(1H, m), 6.55(1H, dd, J=3.9, 9.4Hz), 6.88(2H, m),
7.23-7.31(1H, m), 7.33(1H, d, J=8.6Hz), 7.94(lH, d,
J=3.2Hz) .

<Example 16> Ethyl [3-({trans-4-[methyl(3-methyl-4-{[(35)~-



m, 6.94(1H, d,J = 8 Hz), 6.77 (1H's), 6.74-6.72 (1H, m), 4.20-4.13 (1H
‘ ' 147 -

3-methylpiperazin-1-
vllmethyl}phenyl)carbamoyl]lcyclohexyl}oxy)phenyl]acetate

and hydrochloride thereof

O

H CH
[ j/ 3 9 O/\CH3

N CHj

_ w O
CH,

[0224]
(16A) Tert-butyil (28)-4-{4-[({trans-4-[3-(2-ethoxy-2-

oxyethyl)phenoxy]cyclohexyl}carbonyl)(methyl)aminé]—Z—
methylbenzyl}-2-methylpiperazine-l-carboxylate

Tert-butyl (28)-4-(4-{[{cis-4-
hydroxycyclohexyl)carbonyl](methyl)amino}—2—methylbenzyl)—
2-methylpiperazine-l-carboxylate (4;48 g, 9.76 hmol)
produbed in (2A) was dissolved in toluene (50 mL), and
ethyl 3-hydroxyphenylacetate (1.76 g, 9.76 mmol) and
cyanomethylenetributylphosphorane (3.92 mL, 14.6 mmol)
were added thereto at rooﬁ temperature,‘ and then, the
resulting mixture was stirred for 1.5 hours while heating
to reflux.
[0225]

The residue obtained by distilling off the solvent

in the reaction solution under reduced pressure Wwas



m, 3.79-3.75 (2H,m, 3.67-3.61 (2H, m), 3.49(2H s), 3.25 (3H s),
2. 45-2. 42 148

purified by silica gel column chromatography (hexane:ethyl
acetate = 80:20 to 50:50 (v/v)), whereby the target

compound was obtained as a colorless oil (2.13 g, yield:

'H NMR(CDCls, 400MHz): 81.06-1.23(2H, m), 1.23(3H, d,
J=7.0Hz), 1.25(3H, 7, J=7.0Hz), 1.47(9H, s), 1.63-1.84(4H,
m), .2.04 (l1H, m), 2.07-2.15(2H, m),. 2.17—2.29(2H, m),
2.39(3H, s), =2.60 (1H, d, J=11.0Hz), 2.74 (1lH, d,
J=11.7Hz), 3.09 (1H, m), 3.24(3H, s); 3.43(2H; s), 3.54(2H,
s), 3.82(1H, d, J=13.3Hz), 4.14(2H, q,» J=7;OHz), 4.11-
4.27(2H, m), 6.70-6.79(2H, m), 6.82(1H, d, J=7.8Hz), 6.92-
6.99(2H, m), 7.18(1H, t, J=7;8Hz), 7.32(1H, d, J=8.2Hz).
(16B) Ethyl [3-({trans—-4- [methyl (3-methyl-4-{[(3S)-3-
methylpiperazin-1-
yllmethyl}phenyl)carbamoyl]cyclohexyl}oxy)phenyl]acetate
Tert-butyl (28)-4-{4-[ ({trans-4-[3-(2-ethoxy-2-
ogyethyl)phenoxy1cyclohexyl}carbonyl)(méthyl)amino]—Z—
methylbenzyl}—2—methylpiperazine—l—carbégylate (1.06 g,
1.71 | mmol); produced in (16A) wés dissolved in
dichloromethane (8 mL), and trifluoroacétic acid (2 mL)
was added thereto at room temperature, and then, the
resulting mixture was stirred at room temperature for 1
hour.
[0226]

The residue obtained by distilling off the solvent



(4H m, 2.16-2.04 (4H M, 1.61-1.58 (7H, m, 1.54(6H, s), 1.25 (3H, s).
<Exanpl e 22> '

Transj4-[(2-cyanopyridiné4-yl)oxy]-Njﬁg%hyl-N—(3-nethy1-4-{[(38)-3-nethy|p
perazi n-1-yl ] met hyl | phenyl ) cycl ohexanecar boxam de [ 0233]

in the reaction solution under reduced pressure was
purified by NH silica gel column éhromatography
(hexane:ethyl acetate = 80:20 to 0:100 (v/v)), whereby the
target compound was obtained as a colorless oil (696 mg,

yield: 78

o

).
'Y NMR(CDCl;, 400MHz): 81.04(3H, d, J=6.3Hz), 1.08-1.21(2H,
m), 1.25(3H, t, J=7.2Hz), 1.54-1.84(6H, m), 2.01-2.17(3H,
m), 2.26(1H, m), 2.38(3H, s), 2.70-2.81(2H, m), 2.82-
3.02(3H, m), 3.23(3H, s), 3.45(2H, s), 3.54(2H, s), 4.09-
4.22(3H, m), 6.70-6.79(2H, m), 6.82(1H, d, J=7.8Hz), 6.92-
6.99(2H, m), 7.18(1H, t, J=8.0Hz), 7.33(1H, d, J=8.2Hz).
MS(ESI) m/z: 522 (M+H)".
(16C) Ethyl [3-({trans-4-[methyl (3-methyl-4-{[(3S)-3-
methylpiperazin-1-
yllmethyl}phenyl)carbamoyl]cyclohexyl}oxy)phenyl]acetate
hydrochloride

Ethyl [3-({trans-4-[methyl (3-methyl-4~-{[(38)-3-
methylpiperazin-1- |
yllmethyl}phenyl)carbamoyl]cyclohexyl}oxy)phenyl]acetate
(631 mg, 1.21 mmol) produced in (16B) was dissolved in
dioxane (4 mL) and water (1 mL), and 2 N hydrochloric acid
(605 pL, 1.21 mmol) was added thereto at room temperature,
and then, the resulting mixture was frozen at -78°C. The
frozen mixture was lyophilized wusing a lyophilizer,

whereby the target compound was obtained as a white solid



(22A) Tert-butyl (2S)-4-{4-[(Itrans-4-[(2-cyanopyridin-4-
yI)oxy]cycIohexyIIcarbonyl)(nethyl)a 0] - 2- net hyl benzyl | 2- net hyl pi per azi ne
-1-carboxylate 156 Tert-butyl (2S)-4- 5@ {[(trans-4-

hydr oxycycl ohexyl ) car bonyl ] (et hyl ) am nol - 2- net hyl benzyl) -

2- met hyl pi perazi ne-1-carboxylate (100 ng, 0.21 nmmol ). produced in (4A) was
di ssolved in N, N-dinethylformamde (1.5 nmL), and sodium hydride (63% 16

ng, 0.42 1) wa d reto at 0OC, and then, the resulting m xture was
stirred fggg %@ﬁnﬁhgggﬁ fkhﬁ 2-cyano-4-nitropyridine (97 ng, 0.65 mol)

was adde%s E% % the uLting m xture was stirred for 1.5 hours.
[ 0234] t on'solution was cooled to 0C, a saturated

aqueous so] ut n of hl ori de ded .t her et a ‘gani c
matter was ct ed E$%3 538?aémqm?ﬁgy§q&am%§ gye qaégﬂﬁaq%ed Wi th
a 10% aqueous sol ution of sodi um chl oride and then dried over anhydrous

sodi um sHeAYd PARE TG4 6r ed. Then, the sol vent was distilled off under
reduced pressure, whereby a crude product was. obt aj ned. ThIS crude product
was purlWﬂé@ﬁ&bﬁéHHH%?X%%C%ﬁQQWﬁyﬁ hr ke R BbhoX Y heRaR¥L &eASF15cet at e =
80:20 to 50:50 (v/v) whereby the target conpound was obtained as a |ight
yel | ow oidcid @@dmgy %ﬁqghioqﬁ t@#F%W%(CDC13 400MHz) : 81.28-1.20(5H

m, 1. 47(9H,s), 1.86-1. 72(4H,n) 2.14-2.00(3H,m, 2. 30-2.20(2H, M,

2.40(3H, s), 2. 63- 2. 58( 1H ANZ. 7652. 71(1H, m),3.13- 3.04(1H m, 3.25(3H s),
3. 44( 2H, sH 3. 86'3 79( ,
OH

ﬁ?

[0227]
(17R) [3- ({Trans-4-[methyl (3-methyl-4-{[(3S)-3-
methylpiperazin-1-
yllmethyl}phenyl)carbamoyl]cyclohexyl}oxy)phenyl]acetic
acid

Tert-butyl (28)-4-{4-[ ({trans-4-[3-(2-ethoxy-2-
oxyethyl)phenoxy]cyclohexyl}carbonyl) (methyl)amino]-2-
methylbenzyl}-2-methylpiperazine-l-carboxylate (1.06 g,
1.71 mmol) produced in (l6A) was dissolved in ethanol (20
mL), and a 2 N aqueous solution of sodium hydroxide (4.3
mL, 8.6 mmol) was added thereto at room temperature, and
then, the resulting mixture was stirred at 60°C for 1.5

hours. Then, to the solution obtained by distilling off



157 4.34-4.19(2H,m, 6. 91(1H, dd, J=5. 8Hz, 2. 5Hz), 6. 99- 6.95(2H, m), 7.12(1H,

d, J=2.5Hz), 7.33(1H, d, J=7.9Hz), 8.A46(1H, d, J=5.8Hz).

(22B) Trans-4-[ (2-cyanopyri di n-4-yl) oxy]™- N net hyl - N- ( 3-

met hy1- 4-{[ (3S) - 3- et hyl pi perazi n-1yl ] met hyl | phenyl ) cycl ohexanecar boxam de
Tert-butyl (2S)-4-{4-[({trans-4-[(2-cyanopyridin-4-

yl ) oxy] cycl ohexyl | car bonyl ) (et hyl ) am no] - 2- net hyl benzyl | 2- net hyl pi perazi ne

- 1- car box te (100 .. .0..178 nmp roduced in (22A s_dissolved_ in
i chi or onhant (T FoRtd | PPAGF BRBer Te0%h! 4 (OB S U L a8 ded t her et 0
at room tenperature, and then he resulting.mxtuyre was stirred,at room
Fenper at ARG SF SOt poaatution’ SR gl il G e i B3PSt i 111 ng
off the solvent in the reaction solution under reduced pressure, ethyl
acet at e V¥ addRd OTPREFEaMET e hBaBr GHT IR er " el wiSdd IFE T2 N
aqueous sol ution of sodi um hydroxi de and a saturated aqueous sol ution of
sodi um chiftt i YeI2MEC t hRHSdr VeF WerehnPVRIF 088Y¥EIPYS SRdiate FMEFT¢t ered.
Then, the solvent was distilled off under reduced pressure, whereby a crude
product ey obt &F agad- Th&heHt-ai el epddensr ot dhasipherf icdd bynde¥rsilica
gel colum chromat ography (ethyl acetate:nmethanol = 100:0 to 90:10 (v/v)),
wher eby t1RIUGEYePTEEAPEERd WRST DDY aidnedradea PEUIYGE ( F8SnRliaEned. 919 .

The obtained crude product was dissolved in a solution (40

mL) of 4 N hydrochloric acid in dioxane, and the resulting

mixture was stirred overﬁight at room.femperature.

[0228]

The residue obtéined by distilling off the solvent

in the reaction solution under reduced pressure was

purified. by oDS silica gel column chromatography

(water:methanol = 100:0 to O:lOO (v/v)), whereby the

target compound was obtained as a white amorphous

oe

substance (790 mg, yield: 94%).

'H NMR(CD;OD, 400MHz): 80.99-1.12(2H, m), 1.31(3H, d,

J=6.7Hz), 1.59-1.73(2H, m), 1.73-1.83(2H, m), 2.04-2.15(2H,
m), 2.22-2.35(2H, m), 2.44(3H, s), 2.49(1H, m), 3.02(2H, d,
J=12.3Hz), 3.17(1H, m), 3.21(3H, s), 3.32-3.44(2H, m),

3.53(2H, s), 3.69(2H, s), 4.19(1H, m), 6m71—6.86(3H, m),

7.08-7.22(3H, m), 7.42(1H, d, J=8.2Hz).

MS(ESI) m/z: 494 (M+H)".

(17B) [3—({Trans44—[methyl(3—methyl—4—{[(3S)F3—

methylpiperazin-1-



| H NVR( CD30D, 400MHz): 81.03(3H, d, J=6.3Hz), 1.09-1.19(2H, m,
1.65-1.86(5H, nm), 2.05-2.15(3H m, §.5 6-2.34(1H, m, 2.42(3H, s),
2.73-2.85(4H, m, 2.90-2.94(1H, m, 3722(3H, s), 3.52(2H, s), 4.44-4.52(1H,
m, 7.08(1H, d, J=8.0Hz), 7.13(1H, s), 7.17(1H, dd, J=6.1Hz, 2.8Hz), -
7.39(1H, d, J=8.0Hz), 7.43(1H, d, J=2.8Hz), 8.42(1H, d, J=6.1Hz). MS(FAB)
mz: 462(MrH). (22C) Trans-4-[ (2-cyanopyri di n-4-yl)oxy] - N net hyl - N- ( 3-

met hyl - 4-{[(39)- 3-neth i PE ;
i B L O e She e o Tyt s hsy  paeny 1 acetie
rans- 4- [ (2-cyanopyri.din-4-yl)oxy] - N-net hYl - N- ( 3- |
gg'(t)hyl 64%§[1€3)é|)yg§%yﬁéﬁﬁﬁl§eper azi n-1yl] et hyl | phenyl ) cycl ohexanecar boxam de(
ny, 0. nmo produced | 22B s di.ssol ved. jn. dioxane (5 m.) and
water (20 m), [éﬁd{?rﬁnﬁcﬂlr‘gg\gﬂt@r}’%lc( 5&%%@5’04/_]3{1“,?%).'8% mmol ) was added
thereto at roomtenperature, and then, the resulting m xture was frozen at

-78C. ThE8SthyA&d RELAAHTE Was | yophi li zed using a | yophilizer, whereby the

target conpound was obtained as a white solid, (414 , yield: 99%.
yqqmethyl}phenyl)carbamoyl]cyclohexylgoxy)SEen%l?acetgc@

acid (680 mg, 1.38 mmol) produced in (17A) was dissolved
in dioxane (3 mL) and water (3 mL), and 2 N hydrochloric
acid (689' pL, 1.38 mmol) was added thereto at room
temperature, and then, the resulting mixture was frozen at
-78°C. The frozen mixture was lyophilized using a
lyophilizer, whereby the target compound was obtained as a
white solid (728 mg, yield: 100%).

MS(ESI) m/z: 494 (M+H)".

<Example 18> 1Isopropyl [3-({trans-4-[methyl (3-methyl-4-
{[(38)-3-methylpiperazin-1-

yl]lmethyl}phenyl)carbamoyl]lcyclohexyl}oxy)phenyl]acetate

O  CHs
N /J:::l\v/ﬂ\
N
o/L\CH3
o]

|I|O

().

N

CH,

N
CHs
[0229]

(182A) Isopropyl [3-({trans-4-[methyl (3-methyl-4-{[(3S)-3-

methylpiperazin-1-



MS(ESI) mz: 462( M+tH) +. <Exanple 23>

Trans- 4-[ 4-fl uor o- 3- (hydr oxynet hyl ) phgnoxy] -

N-net hyl - N- (3- et hyl-4-{[ (3S) - 3- et hyl pi per azi n- 1-

yl ] met hyl | phenyl ) cycl ohexanecar boxam de 159 [ 0236]
(23A) Tert-butyl (2S)-4-{4-[(ftrans-4-[4-fl uoro-3-

(met hoxycar bonyl ) phenoxy] cycl ohexyl | car bonyl ) (net hyl ) am no

?2 é) mZt ?ih?ﬁ%@%ﬂ%}ﬁ%ﬁx | RIRERRAZ 1NG e 1IGHBAXY] Bt @) phenyl T@EdcHEé Y

hydroxycyclohe*gk{c%hggﬂyl](netby%)a@LnnggqgggggLQquykb ethoxy-2-

2- et hyl pi per azi ne- rboxyl ate (1.60 nmmol ) produced in (2A) was

di ssol ved_in }9h§§%%n%§§ﬁ§§% S JyygggqéﬁgﬂLl Qe Ty dr oxybepzoat e (592

ngy, 3. 33 gﬁnl cyan ene i but'y osp orane (1.68 nL, 6.28 mml)
were adde eto at oo erature, and esul{ ture was
stirred Wﬁthﬁhgﬁfg |Ig%%§%ﬂﬁﬁf% 54 nP §be§f$%% reé Egue obt'ai ned by

wes pur i DL 4 G e Him @ﬁ?\éﬁréfaﬂsg? B (R ang: s%ﬁgﬁgéﬂe?;??fr ’
80:20 to 50 50 (v/v)% m@frgglléheo g% %P ou gmxaﬁ 89g§aggd qua br own
oi | (829 9 qu s y

mL, 2.4 mmol) was added thereto at room temperature, and

then, the resulting mixture was stirred at 60°C for 1.5

hours. | .

t0230]

To the reaction solution, a saturated aqueous
solution of ammoniuﬁ chloride was added; and the organic
matter was extracted with ethyl acetate. The organic
layer was dried over anhydrous sodium sulfate and filtered.

Then, the solvent was distilled off under reduced pressure,
whereby a crude product was obtained. The obtained crude
product was dissolved in isopropanol (4 mL), and 2 N
hydrochloric acid (1 mL) was added thereto at room
temperature, and then, the resulting mixture was stirred
for 3 hours while heating to reflux.

[0231]

The residue obtained by distilling off the solvent
in the reaction solution wunder reduced pressure Wwas

purified by NH silica gel column chromatography

(methanol:dichloromethane = 0:100 to 5:95 (v/v)), whereby



160 m,1.23(3H,d, 1.98-2.31(5H m, m, 3.08(1H m, m, 3.90(3H, s), m,
7.29-7.38(2H, (23B)Tert butyl (2S)-4- {4, (ftrans-4-[4-fl uoro-3-

(hydr oxymet hyl ) phenoxy] cycl ohexyl | car onyl)(nethyl)anlno]

2- met hyl benzyl | - 2- net hyl pi per azi ne- 1- car boxyl ate

Tert-butyl (2S)-4-14-[(ftrans-4-[4-fl uoro- 3-
(nethoxycarbonyl)phenoxy]cyclohexylIcarbonyl)(nethyl)anino

] - 2- met hykhe ggﬁﬁa Rip Zi r yla 1)
pr oduced |% ?%% @ glﬁgﬁgépgﬁyggﬁf%r%ﬁl%g%éﬁE?Olgng%ﬁz?HFum

al um nu de C{7Q42 g, 2 03 mmol ) was added thereto at 0C, and then,
the resu J ure was stirred at OC for 15 m nutes. To the
reaction t.ion, a saturated aqueous solution of anmonium chloride was
added, aﬁﬁaﬁ%é orga

| ayer was dried over anhydrous sodium gulfate and filt d Then, 1t he
sol vent was di sEi NM&S l%uuﬁﬂow%ﬁhcegy Péégﬁre‘ijgrgby 3) Crﬁdénkroduct

was obt ai_ned.. This crude duc was _p ili.ca. gel cqu
chronatoér@&hf 'héwanéLé%ﬁy %tag g@é 20(E g% il@é %@W gﬂ%by t he
t ar get conpound was obt ai ned as a Ilght yellom10|l % ng 161

15(3H, m), 2.26(1lH, 37(3H, s) -2.79¢

2.82-3.01(34H, m), 3.23(3H, s), 3.45(2 ’ s), 3.51(2H, s),
4,17(1H, m), 5.00 (1H, m), 6.69-6.79(2H, m), 6.82(1lH, d,
" J=7.8Hz), 6.92-6.98(2H, m), 7.18(1H, t, J=7.8Hz), 7.33(1H
4, J=8.6Hz). - - |

MS (ESI) m/z: 536 (M+H)".

<Example “ 19> | Trans—4—(4—chlorophénoxy)—N—methyl—N—[3—
methyl—4—(pi§erazin—1—
ylmethyl)phenyl]cyclohexanecarboxamide

'H NMR(CDCls;, 400MHz): 81.10-1.20(2H, m), 1.64-1.77(3H,
m),2.08(2H, d, J=9.4Hz), 2.23-2.29(2H, m), 2.38(3H, s),
2.45(4H, m), 2.91(4H, m), 3.23(3H, s), 3.46(2H, s), 4.10-
4.14(1H, m), 6.76(2H, d, J=9.0Hz), 6.94(1lH, d, J=7.9Hz),
6.95(1H, s), 7.18(2H, d, J=9.0Hz), 7.33(1H, d, J=7.9Hz).
<Example | 20> Trans-4- (4-cyanophenoxy)-N-methyl-N-[3-
methyl-4~ (piperazin-1-
ylmethyl)phenyl]cyclohexanecarboxamide

1y NMR(CDClz, 400MHz): 81.16-1.24(2H, m), 1.68-1.90(4H, m),
2.10(2H, d, J=10.2Hz), 2.25-2.33(1H, s), 2.38(3H, s),

2.45(4H, m), 2.90(4H, m), 3.23(3H, s), 3.46(2H, s), 4.22-

nic matter was extracted with ethyl acetate. The organic



yield: 78% . |H NVR(CDCL3, 400MHz): 81.05-1.20(2H, m, 1. 23(3H,d, J=6.7Hz),
1.47(9H, s), 1.60-1.82(4H m, 1.97- 5357(3H m, 2.17-2.27(2H, m, 2.39(3H,
s), 2.59(1H, d, J=11.0Hz), 2.73(1H, J=11.0Hz), 3.08(1H, m, 3.23(3H s),
3.43(2H, s), 3.82(1H, d, J=13.7Hz), 4. 08(1H, m, 4.22(1H, m,

4.70(2H,d, J=5.9Hz), 6. 71(1H, m, 6. 86-6.99(4H, m, 7.22(1H t, J=7.8Hz),
7.31(1H, d, J=8.2Hz). (23C)Trans-4-[4-fluoro-3-(hydroxynethyl)phenoxy]-N

met hyl N-( hy14{ ( met hylLpkp i n-l- -
yI ] net hyII%HentHI’)c o1 oheg(gr%gér K Rabehat) el (18, o, g-8.3mz),

Zﬁ;érggsﬁe%ﬁﬁaﬁph%ﬁd cyc exéyﬁl“jf:!i—}rjgjrkpzy)l')(ne?%yjﬂjlam hof_8 7THz) .
2 et by v p gt ng: o ot ate (210, 0,59 o)

trifluoroacetic acid (1 nL) was added thereto at room tenperature, and
then, thé [lESUIGiAE M%EURE TR StiTred at room tenperature for 1 hour.
[0237] The resi due obtai ned by distilling off the_ solvent in the
react i on Y3R@EhoR JRGEYY I R P S o sy ble XY | RSBy L NRFSPFieR1gel
col um chr omat ogr aphy (ethyl acetate:nmethanol = 100:0 to 0:90 (v/v)),
wher eby tth@cigr get conpound was obtained as a colorless oil (252 ng,

Yy NMR(CDCl;, 400MHz): &7.28-7.25 (2H, m), 7.21 (1H, s),
7.07-7.04 (1H, m), 6.94 (l1H, d4, J = 8 Hz), 6.77 (1lH, s),
6.74-6.72 (1H, m), 4.20-4.13 (1H, m), 3.79-3.75 (2H, m),
3.67-3.61 (2H, m), 3.49 (2H, s), 3.25 (3H, s), 2.45-2.42
(4H, m), 2.16-2.04 (4H, m), 1.61—1.55 (7H, m), 1.54 (6H,
s), 1.25 (3H, s).

<Example 22> Trans-4-[(2-cyanopyridin-4-yl)oxy]-N-methyl-
- (3-methyl-4-{[(3S)-3-methylpiperazin-1-
yl]methyl}phenyl)cyclohexanecarboxamide

/N
N CH3 \'

| O

[0233]
(22R) Tert-butyl (28)-4-{4-[({trans-4-[(2-cyanopyridin-4-
yl)oxy]cyclohexyl}carbonyl) (methyl)amino]-2-methylbenzyl}-

2-methylpiperazine-l-carboxylate



162 yiel d: 98%. |H NVR(CDCI3, 400Mi):81.04(3H, d, J=6. 7Hz), 1.07-1.20(2H,
m, 1.51-1. 82(5H, m), 2. 01-2. 13(3H, M), 2.25(1H ), 2.37(3H s), s),3.45(2H,
2.69-2.79(2H, ), 2. 80- 3. 01( 3H,

Tert-butyl (28)-4-(4-{ [ (trans-4-

hydroxycyclohexyl)carboﬁyl](methyl)aﬁind}—2—methylbenzyl)—
2—methylpiperazine—l—Carboxylate (100 mg, 0.21 mmoi)
produced 1in (4A) was dissolved in N,N-dimethylformamide
(1.5 mL); and sodium hydride (63%, 16 mg, 0.42 mmol) was
added thereto at 0°C, and then, the resulting mixture was
stirred for 20 minutes. Then, 2-cyano-4-nitropyridine (97
mg, 0.65 mmol) was added thereto, and the resulting
mixture was stirred for 1.5 hours.

[0234]

After the reaction solution was cooled to 0°C, a
saturated aqueous solution of ammonium chloride was added
thereto, and the organic matter was extracted with ethyl
acetate. The organic layer was washed with a 10% aqueous
solution of sodium chloridé and then dried over anhydrous
sodium sulfate and filtered. Then, the solvent was
distilled off under reduced pressure, whereby a crude
product was obtained. This crude product wés purified by
silica gel column chromatography (hexane:ethyl acetate =
80:20 to 50:50 (v/v)), whereby the target compound was
obtained as a light yellow oil (100 mg, yield: 82%).
1y NMR(CDCls, 400MHz): 81.28-1.20(5H, m), 1.47(9H, s),
1.86-1.72(4H, m), 2.14-2.00(3H, m), 2.30-2.20(2H, m),
2.40(3H, s), 2.63-2.58(1H, m), 2.76-2.71(1H, m), 3.13-

3.04(1H, m), 3.25(3H, s), 3.44(2H, s), 3.86-3.79(lH, m),



s),4.00(1H m, 4. 69(2H s), m,3.23(3H 6.71(1H ), 6.87-6.98(4H

m,7.33(1H, d, J=8. 2Hz) . MS(ESI) m z35484 (MHH) +. <Exanpl e 24>

Tr ans- 4- [ 5- (hydr oxynet hyl ) - 2- et hyl phenoxy] -

N- et hyl - N- ( 3- net hy1-4-{[ (3S) - 3- net hyl pi perazi n-1-

yl ] met hyl | phenyl ) cycl ohexanecar boxam de [ 0238]

(24A) 5- ({[ Tert-butyl (di met hyl )silyl]oxyl nethyl)-2- nethyl phenol
4.34-4.19(2, m), 6.91(1H, dd, J=5.8Hz, 2.5Hz), 6.99-
6.95(2H, m), 7.12(1H, d, J=2.5Hz), 7.33(1H, d, J=7.9Hz),
8.46(1H, d, J=5.8Hz).

(22B) Trans-4-[ (2-cyanopyridin-4-yl)oxy]-N-methyl-N-(3-
methyl—4—{[(3S)—3—methylpipérazin—1— |
yllmethyl}phenyl)cyclohexanecarboxamide

Tert-butyl (28)-4-{4-[ ({trans-4-[ (2-cyanopyridin-4-
yi)oxy]cyclohexyl}carbonyl)(methyl)aﬁino]—2—methylbenzyl}—
2;methylpiperazine—1—carboxylate (100 mg, 0.178 mmol)
produced in (22A) was dissolved in dichloromethaﬁe (1 mL),
and trifluorocacetic acid (0.5 mL) was added thereto at
room temperature, ‘and then, the fesul£ing mixture was
stirred at room temperature for 1 hour.

[0235]

To the residue obtained by distilling off the
solvent in the reaction solution under reduced pressure,
ethyl acetate was added. Thereafter, the organic layer
was washed with a 2 N aqueous solution of sodium hydroxide
and a saturated aqueous solution of sodium chloride and
then dried over anhydrous sodium sulfate and filtered.
Then, the solvent was distilled off under reduced pressure,
whereby a crude product was obtained. The obtained crude
product was purified by NH silica gel column

chromatography (ethyl acetate:methanol = 100:0 to 90:10

(v/v)), whereby the target compound was obtained as a



5- (Hydr oxynet hyl ) - 2- met hyl phenol (300 ng, 2.17 nmmol), which is a known
conpound, im dazole (295 ng, 4.34 mmky,” and tert-butyl dinethyl 7
silylchloride (490 ngy, 3.25 mml) were dissolved in N, Ndi net hyl f or mam de
(5 nm), and the resulting m xture was stirred at OC for 1 hour. [0239]

To the reaction solution, water was added, and the organic matter was
extracted wwth ethyl acetate. The organic |ayer was washed with a saturated
aqueous sggh ygi ensofgSodk WMyGhlbariyde and then dried over anhydrous nmagnesi um
sul fate and filtereg. hen, the solvent was distilled off under reduced

br essur s, Wgt gby. &b Tl 00ugt s obtal neds Ihe) obiabged  coyds, pr oduct
y sili

was purifie ca gel col unm chronat ogr aphy (hexane:ethyl acetate =

100:0 t 5: / , t d t ai whi t
sobid (3007 m - Ciratue B B R eSS I ay . YRR 08t Y M g okt

&5 e Bhaetar oo 158 A T R gy T Bk ek 0o
b el B i <
(R g et o o 0
e A et o e e
di ssol ve¥Si(AABY| Gédé (%52f) H)and the resulting mixture was stirred at 100C

for 15 minutes. To o
(22C) Trans-4-[ (2-cyanopyridin-4-yl)oxy]-N-methyl-N-(3-

methyl—4-{[(3S)—3—methylpiperazin—l—
yl]methyl}phenyl)éyclbhexaneéafboxamide hydréchloride
Trans—4—f(2—cyahopyridin—4;yl)oxy}—N—methyl—N—(B—
methyl-4-{[(3S)-3-methylpiperazin-1-
yl]lmethyl}phenyl)cyclohexanecarboxamide (390 ng, 0.85

mmol) produced in (22B) was dissolved in dioxane (5 mL)

and water (20 mL), and 1 N hydrochloric acid (850 uL, 0.85

mmol) was added thereto at room temperature, and then, the
resulting mixture was frozen at -78°C. The frozen mixture
was lyophilized using a lyophilizer, whereby the target

compound was obtained as a white solid (414 mg, yield:

- MS(ESI) m/z: 462 (M+H)".
<Example 23> Trans-4-[4-fluoro-3-(hydroxymethyl)phenoxy]-
N-methyl-N- (3-methyl-4-{[(3S)-3-methylpiperazin-1-

yllmethyl}phenyl)cyclohexanecarboxamide



164 the reaction solution, cyanonethyl enetri butyl phosphorane (1810.69 mmol)
was added dropw se, and the resultingggi xture was heated to reflux for 4
hours. After the tenperature of the reaction solution was returned to room
tenmperature, the solvent was distilled off under reduced pressure. The
obt ai ned residue was purified by silica gel colum chromatography
(hexane: ethyl acetate = 100:0 to 80:20 (v/v)), whereby the target conpound
was obtained as a colorless oil £72 ng, yield: 22%. MS(ESI) mz: 695
(MtH) +. (240) Trans-4-[ 5- (kydryg t hyl ) - 2- net hyl phenoxY] - N-

met hyl - N- (Bt net hy1- 4- {[ (36 et hyl pi per azi n- 1-
yl ] met hyl C}ty ; Nooxdadide Tert-butyl (2S)-4-{4-[(ftrans-
-[5-(f[tert- putyl (di m hyI)S|IyI]oxyInethyI) 2-
met hyl phenoxy] cycl ohexyl | car bonyl ) (et hY1) am no] - 2-
grazi ne- 1- car boxYl ate(72ng, 0.104 nmol) produced
di chl oronethane (2 nL), and trifluoroacetic acid

o~at roomtenperature, and then, the resulting

under a nitrogen atnosphere at roomtenperature for 1

[0236]

(23A) Tert-butyl (28)—4—{4—[({traﬁs—4;[4—fluoro—3—
(methoxycarbonyl)phenoxy]cyclohexyl}éarbonyl)(methyl)amino
]—2—methylbenzyl}—2—methylpiperaziné—l—carboxylate

Tert-butyl (28)—4- (4-{[ (cis-4-
hydroxycyclohexyl)carbonyl] (methyl)amino}-2-methylbenzyl) -
2-methylpiperazine-l-carboxylate (1.60 g, 3.49 mmol)
produced in (2A) was dissolved in toluene (50 mnL), and
methyl 2-fluoro-5-hydroxybenzoate (592 mg, 3.49 mmol) and
cyanomethylenetributylphosphorane (1.68 mL, 6.28 mmol)
were added thereto at room temperature, and then, the
resulting mixture was stirred for 5 hours while heating to
reflux.

The residue obtained by distilling off the solvent
in the reaction solution under reduced pressure was
purified by silica gel column chromatography (hexane:ethyl
acetate = 80:20 to 50:50 (v/v)), whereby the target

o

compound was obtained as a brown oil (829 mg, yield: 39%).



After toluene (10 nL) was added to the reaction 165 pressure. To the

obtai ned residue, a 1 N aqueous sol uyiQn of sodi um hydroxi de was added, and
the organic matter was extracted vmtf1q§ chl oronet hane. The organic Iayer
was washed with water and a saturated aqueous solution of sodium chloride
and then dried over anhydrous magnesium sulfate and filtered. Then, the
solvent was distilled off under reduced pressure, whereby a crude product

S0l urm ot orbBor BBy ( nEXATALEE nyP PadET b 20 Bt hanty = 00 0-6 1 026" 100:
col or | es3 S 1T HEAg) 1 4“"%??5 “?of‘/‘gﬁ%%?ﬂﬁ@(%%c“’%‘s9%%?2‘3%"“*1*31@5(3.4 d,
2. 33 3k 2y 0 3 %6?3(2Hd Pty . 9 e 2 b33 %a“ﬁ?v?) 3303676 | a5 on
2)94461$§?§I§!9(3 Sr;?ml?llf?g&é‘*'rgﬁ'4H§)%15'3§(d°i%|% J'—739§¢9§§£‘1H \Scs?) M z:
480 ( M+H) + Exanple 25> Trans-4-[ 4-chl oro- 3- f%gdroxynet I)p en@ﬁgyclohexa

N- et hy| AnL@3 et MY 4% (3¢ 85). 3mr>ret BA 7 per@&i hti yI net’hyidph
necarboxgglde 166 [ 0241]

(23B) Tert-butyl (25) =4 (4] ({trans-d-[4-fluoro-3-
.(hydroxymethyl)phenoxy]cyclohexyl}carbbﬁyl)(methyl)amlno]
2—methylben2yi}—2—meﬁhylpiperazine—l—carboxylate

Tert-butyl | | (28)—4—{4—t({trans—4—[4?fluoro—3—
(methoxycarbonyl)phenoxy]cyclohexyl}cérbonyl)(methyl)amino
]—2—methylbenzyl}—2—methylpiperazine;i—cérboxylate.(414 mg,
0.678 mmol) produced in (23A) . was dissolved in
tetrahydrofuran (20 mL), and lithium aluminum hydride
(77.2 mg, 2.03 mmol) was added thereto at 0°C, and then,
the resulting mixture was stirred at 0°C for 15 minutes.

To the reaction solution, a saturated aqueous
solution of ammonium chloride was added, and the organic
matter was extracted with ethyl acetate. The organic
layer was dried over anhydrous sodium sulfate and filtered.
Then, the solvent was distilled off under reduced pressure,
whereby a crude product was obtained. This crude product
was purified Dby silica gel column chromatography
(hexane:ethyl acetate = 80:20 to 0:100 (v/v)), whereby the

target compound was obtained as a light yellow oil (310 mg,



| H NVR(400MHz, CDC13): 81.05(3H, d, J=6.3Hz), 1.26(2H, ),

1.54(2H,m, 1. 78(3H, m), 1. 96( 2H, rr) 2. Os%(ézt"H m,
2.20(3H,m, 2.37(3H, s), 2. 76( 2H, M)

3.19(3H,s), 3. 46(3H.s). 6. 91(2H, n) | 7 34(1Hd 'J=9.0Hz), 7.52(2H, d, J=9.0Hz),

7.75(2H, d, J=9.0Hz). MS(ESI) mliz: 500( MtH) +.

<Exanpl e26>Tr ans- 4- [ 3- ( 2- hydr oxy- 2-

met hyl propyl)phengxy] - N-net hyl - N- ( 3- et hyl - 4- [[(38) 3-

met hyl pi ra2| n- 1 Y171 et hyl | phenyl ) cycl ohexanecar boxani de 167 [0242]

o L B BB e B RS oA =e B 12 P
J=6.7Hz), 1.47(9H, s), 1.60-1.82(4H, m), 1.97-2.17(3H, m),
2.17-2.27(2H, m), 2.39(3H, s), 2.59(1H, d, J=11.0Hz),
2.73(1H, d, J=11.0Hz), 3.08(iH, m), 3.23£3H, s),'3.43(2H,
s), 3.82(1H, d, J=13.7Hz), 4.08(1lH, m), 4.22(1H, m),
4.70(2H, d, J=5.9Hz), 6.7'1‘(1H, m), 6.86-6.99(4H, m),
7.22(1H, t, J=7.8Hz), 7;31(1H, d, J=8.2H2).‘

(23C) Trans-4-[4-fluoro~-3-(hydroxymethyl)phenoxy]~-N-
methYl—N—(B—methyl—4—{[(3S)—3—methylpiperazin—1—
yl]methyl}phenyl)cyclohexanecarbogamidé

Tert-butyl (28)—4—{4—[({trané—4—[4—fluoro—3—
(hydroxymethyl)phenoxy]cyclohexyl}carbonyl) (methyl)amino]-
2-methylbenzyl}-2-methylpiperazine-l-carboxylate (310 mg,
0.532 mmol) produced in (23B) was dissolved in
dichloromethane (4 mlL), and trifluorcacetic acid (1 mL)
was added thereto at room temperature, and then, the
resulting mixture was stirred at room temperature for 1
hour.

[0237]

The residue obtained by distilling off the solvent
in the reaction solution under reduced pressure was
purified by NH silica gel column chromatography (ethyl
acetate:methanol = 100:0 to 0:90 (v/v)), whereby the

target compound was obtained as a colorless oil (252 mg,



which is a known conmpound, and ethyl cis-4- hydroxycycl ohexanecarboxyl ate
(2.24 g, 13.0 mmol ), which is a knowgggonpound, were dissolved in
tetrahydrofuran (50 nL), and di-tert-butyl azodi carboxylate (3.39 g, 14.7
mol ) and triphenyl phosphine (3.86 g, 14.7 mvl) were added thereto at 0C,
and then, the resulting m xture was stirred overnight at roomtenperature.
After the solvent in the reaction solution was distilled off under reduced
pressure, ;Wayer g added thereto, and the organic matter was extracted

W th ethyﬁ acetate The organi c | ayer was dried over anhydrous sodi um

SU|fate-aﬁg%Mhé%Séf3 ‘ﬂ@ﬁ“ﬁiﬁe § IyggﬁHmaé dipski hgg off pyngenoreguced

pressure, produc obt af ned. "Thi s crude product was

ified L, h h h t 95 5 t
75: 25 (IY) 1 i Sy 4 B uad it ot~ (2 B3’ %@pﬁb?%. R S

aaucons 2oPditoEn o schi %ltn‘s%yﬁ%iﬁéed'(%s?-ﬁ-%bsfé%? Lheretd & PSO%Z "
To The r@hel i o et | Bh7 2 NRY ocRor | & Gt1 8 wad ddost' t b ake the

solution acidic (pH=2), and extracti rforned with ethyl acetate.
The orgaﬁié Iéy@% (s HtveJ 6V%@j%nﬁgdrﬁﬁ§:§§ﬁ fum sulfate and filtered.

Then, the solvent was dlstllleq_off under reduced pressure, whereby a crude
product WSsFSBY aided. 4P s(MrHide product was purlfled by silica gel colum
chr omat ogr aphy (hexane: ethyl acetate = 75:25 to_0:100 v/v , mhereby t he
target comzemrdewasd4abt BFaed-4sla- thyeé0§5meah@é 38-§e FN&P SNPEGA]
NVR(CDC13, 400MHz): 81.46-1.67(4H m, 2.11-2.21(4H m, 2.16(3H, s)

2. 42( 1H, Nrjme t3y85M2H3 -sle thyy 2144, (3§) 637y 1p1ipgEaz DRp T 6 77-6. 82(2H
m, 7.23(1H, t, J=7.8Hz). (26B)Tert-butyl (2S)-2-nethyl-4-{2-nmethyl -

[ met hyl  fit] mensdrya-}pde@+l ) cyclohexanecarboxamide

H4C
N CH3 j@VOH

Hs

nllo

[0238]
(24R) 5-({[Tert-butyl (dimethyl)silyl]oxylmethyl)-2-
methylphenol

5—(Hydroxymethyl)—2—methylphenol (300 mg, 2.17 mmol),
which is a known compound, imidaéole (295 mg, 4.34 mmol),
and tert-butyl dimethyl silylchloride (490 mg, 3.25 mmol)
were dissolved in N,N-dimethylformamide (5 mL), and the

resulting mixture was stirred at 0°C for 1 hour.



oxopr opyl ) phenoxy] cycl ohexyl } car bonyl ) am no] benzyl | pi peraz

i ne-1-carboxylate Trans-4-[3-(2- oxopgapyl)phenoxy]cycl ohexanecarboxylic
acid (380 ng, 1.38 mml) produced in (26A) was dissolved in dichloronethane
(8 nm.), and dinethylformam de (2 0.03 mol) and oxalyl chloride (240 1.tL,
2.75 mol ) were added thereto at roomtenperature, and then, the resulting
m xture was stirred at roomtenperature for 2 hours. The solvent in the
reaction gokytion was distilled off under reduced pressure, 169 whereby an
acid chlorlde was obtai ned as a crude product. . Tert-butyl

(2S)-2-met hyl- f‘o[%)h'ge \ME loén%ﬁwﬁ%m)mw Lagpear&?éale hngarhexyl ate

(459 ng, 1.38 is a known conpound, was dissol'ved in
di chl or onet hane ( trj ne, .(,383 2. ) and.
dlchloroﬁegﬁang s% g%lonaY% gggﬁ&h%%EpSgJﬁbuggb 6re%§?ggQEC|d cﬁﬁoride
wer e added thereto at 0C, and t res It| nlxt i.rred at 0C
for 1.5 ROEPELC 13y T6'% Hig Cgt"fJOWsol ot di 8(rluvv8§ls\zg% Zl *and t he
organic natter mas tracted et h a etate T e .or anlc | ayer_was
dried ovef &RAY %n%ﬁféh %ﬁl?él?g%dan P{gﬁo th&3851 was
distilled off under reduced pres ereby a crude t ai ned.
This crud® 5@5&u@PQM£$ %% ed | SV”§|Y$%% e V%%FuWﬁs gﬁﬁg gaﬁﬁﬁp
(hexane: et hyl acetate 80:20 to 50:50 (v/v)), whereby the t ar get conpound
was obt aPRE8Tas TEEEIST | SRS TUT Y56 W IHECRY el @: ?oygie” Qproduct” was
NMR( CDC13,; 400N§§9 81.08-1.22(2H m, 1. 23(3H,d, J=7.0Hz), 1.47 9H sS),
1.65- 1. 8OPARingH. 2. GFhq 1Rbtayineg 0grpdes(RFPCRFE Mag(priyied by
2.20-2.26(2H, m, 2.39(3H, 's), 2.60 (1H, d, J=11.4Hz), 2.74 (1H, d,
J=11. OHz 11309 ¢dH, cojlum3. mmmatsggr@hu}z(z(ﬂq,e@)n,e =$.t6121(12k@0§y§t3. 83(1H, d,
J=12.9Hz), 4.17(1H, m, 4.22(1H, m, 6.67(1H, m, 6.73- 6.76(2H, m,
6. 93- 6. 9602H0 nko 7920% 1H v AV) )JJ=7wBEZ)eby 1¥Be target compound was
obtained as a white solid (110 mg, yield: 20%).
'H NMR(CDCl;, 400MHz): 80.09(6H, s), 0.94(9H, s), 2.23(3H,
s), 4.66(2H, s), 6.77(lH, s), 6.78(1H, d, J=7.8Hz),
7.06(1H, d, J=7.8Hz).
(24B) Tert-butyl (28)-4-{4-] ({trans—-4-[5-({[tert~-
butyl (dimethyl)silyl]oxylmethyl)-2-
methylphenoxy]cyclohexyll}carbonyl) (methyl)amino]-2-
methylbenzyl}-2-methylpiperazine-1l-carboxylate
5- ({ [Tert-butyl (dimethyl)silyl]oxy}methyl)-2-
methylphenol (110 mg, 0.44 mmol) produced in (24A) and
tert-butyl (28)-4-(4-{[(cis-4-
hydroxycyclohexyl)carbonyl] (methyl)amino}-2-methylbenzyl) -
2-methylpiperazine-l-carboxylate (211 mg, 0.46 mmol)

produced in (2A) were dissolved in toluene (5 mL), and the

resulting mixture was stirred at 100°C for 15 minutes. To



7.31(1H, d, J=7.8Hz). (260)Tert-butyl (2S)-4-{4-[(ftrans-4-[3-(2-hydroxy-2-
met hyl propyl ) phenoxy] cycl ohexyl } car bagyl ) (net hyl ) am no] - 2-
met hyl benzy11- 2- met hyl pi per azi ne- 1- car boxyl at e
Tert-butyl (2S)-2-nethyl-4-{2--nethyl-4- [nmethyl ftrans-4-[3-(2-
oxopropyl ) phenoxy] cycl ohexyl } car bonyl ) am no] benzyl | pi per az
i ne-|-carboxylate (110 ng, 0.19 mmol ) produced in (263) was dissolved in
tetrahydﬂcﬁfeuréeae%l%),sémtﬁoﬁol UéyQHoﬁEt lbﬁbtmgil@%dlﬁ) BErde e N

ere

tetrahydrofuran ( mmol ) was added t to at 0C, and
then, XAAIH Sfa'drdr \POUB 1 egper @hUr & o A pur s.
To the r actlg% 'so %% 5§arg§smas aggégkxénd the. organic ﬁ%tterrggs

ext ract egl.ll 1,3 et Qé{% af?@é@é&‘ € rQrgay CFB’E‘Y% Was,,df | ed omer - antpydr ous

sodium s te an iltered. en the solvent was distilled off under

reduced pressyre., whereby, a %rggglehocé%%t% qbtai pedy, » ThiiS £6f ydgHpr oduct
was puri ~EH D

<195 ca gel “col'um™ chr omat ogr aphy ( hexane: ethyl acetate =

col or | 225" SRR oy, t@?i%%%%ﬁ‘;@e &%ﬁﬁgﬁ]wﬁ%‘éﬁ%énd%%%i}ﬁé?@ P D) on
171 2 coptaty:en 1) v 5o ndd A engl statrlen . ©
3.23(3H, s), 3.43(2H, s), 3. 82( 1H d J=12.9Hz) 1 2 H ,
6. 69( 1H, GRLUTE: 751 rem??egﬁap&)y §hezageasEhNl rrilce?a%( 17, "100 7Z“éi4z
7-31(1H 5%:2%-n5v39), whereby the target compound was obtained as

a colorless oil (72 mg, yield: 22%).

Mé(Esi) m/z: 695 (M+H)". |

(24C) Trans-d-[5- (hydroxymethyl) —2—methy1phenoxy] —N-

methyl—N—(3—methyl—4;{[(38)—B—methylpiperazin—l—

yllmethyl}phenyl)cyclohexanecarboxamide

Tert-butyl (28)-4-{4-[ ({trans-4-[5-({ [tert-

butyl (dimethyl)silyl]oxy}methyl) -2~

methylphenoxy]cyclohexyl}carbonyl)(methyl)amino]—2—

methylbenzyl}-2-methylpiperazine-l-carboxylate (72 mg,

0.104 mmol) produced in (24B) was dissolved in

dichloromethane (2 mlL), and trifluorcacetic acid (2 mL)

was added thereto at room temperature, and then, the

resulting mixture was stirred under a nitrogen atmosphere

at room temperature for 1 hour.

[0240]

After toluene (10 mL) was added to the reaction

solution, the solvent was distilled off under reduced



(26D) Tr ans- 4-[ 3- (2- hydr oxy- 2- et hyl pr opyl ) phenoxy] - N-

met hyl - N- (3-nmet hy1-4-{[ (3S) - 3- net hyl pigger azi n- 1-yl ] net hyl | phenyl ) cycl ohexan
ecar boxam de Tert-butyl (2S)-4-14-[(ltrans-4-[3-(2-hydroxy-2-

met hyl propyl ) phenoxy] cycl ohexyl | car bonyl ) ( et hyl ) am no] - 2-

met hyl benzyl | - 2- net hyl pi per azi ne- 1- car boxyl ate(100 ng, 0.16 mmol) produced
in (260) was di ssolved in dichloromethane (2 nL), and trifluoroacetic acid

(190 ' AL}y wasyaddedrbhenet grat irReM iaimerat use1 Andqgubens kheutaesul ting
m xture was stirred overni ght at roonrtenperature 8243] To the

reaction golduf; i By S L A e, 8048AWS, SAlHY 1191k 0&@9&@%32%99%5

carbonate was added,” and the organic matter was extracted with

d'Ch|°r°g§E3%%$edTh$1 Q%#ghi@ygﬁewgéngrled auer, aphydrous, wodi ymssul fate

and filtere hen vent was |st|IIe of f under reduced pressure,

whereby g crude g qucvsa obt pi ned, . pgaegaa'&gg yde, praduct e

purlfredwﬁﬁ trca ge colunn chromatograph or oret hane: net hanol =
100:0 t 72 90: / wh d bt d

1000, o, 412,030, (oL ) pnereby 41t g, <oy a%rr:;nra%ng%'lsl 5
J=7.0), 1.10- 4 1.67- 3-2 3H,

2, 26()1H Hjli aﬁ%?%“éj: 13 ?‘1?0((“21%‘5‘%)5 1267%012"%?(@‘5#551%@9'? é%ﬁé m)
3. 23(3H, s) 3 45(2H, s), 4.17(1H, m, ng . 72-6. 77(2H,
6. 94- 6. 9BPIAT nredR P@(lr?r@csseﬁer 8H&1}er b333(§H udg-7PERAC VB

I) m z:
508 (M+H) + ‘
obtained. The obtained crude product was purified by NH

silica gel column chromatography (hexane:ethyl
acetate:methanol = 100:0:0 to 0:100:0 to 0:90:10 (v/v/v))
whereby the target compound was obtained as a colorless
0il (30.1 mg, yield: 60%).

'Y NMR(CDCls;, 400MHz): 81.05(3H, d, J=6.3Hz), 1.14-1.23(2H,
m), 1.65-1.80(6H, m), 2.11(3H, s), 2.19-2.31(4H, m),
2.38(3H, s), 2.76(2H, d, J=11Hz), 2.88-2.99(3H, m),
3.23(3H, s), 3.45(2H, s), 4.11-4.19(1H, m), 4.62(2H,>s),
6.82(1H, d, J=7.5Hz), 6;85(1H, s), 6.94-6.96(2H, m),
7.07(1H, d, J=7.4Hz), 7.33(1H, d, J=7.9Hz).

MS (ESI) m/z: 480 (M+H) ",

<Exaﬁple 25> Trans-4-[4-chloro-3- (hydroxymethyl)phenoxy]-
N—methyl—N—(3—methyl—4—{[(3S)—3~methylpiperazin—1—

yljmethyl}phenyl)cyclohexanecarboxamide



<Exanpl e 27>

Trans-4- 1] 3- (et hoxynet hyl ) phenyl ] am dk;N—nethyl-N—(3-nethy1e4-{[(38)-3-net
hyl pi perazi n- 1-yl ] net hyl | phenyl ) cycl ohexanecar boxam de [ 0244] (27A)

1- (Et hoxymet hyl ) - 3-ni trobenzene 3-Nitrobenzyl alcohol (1.40 g,9.14 mmol) was
di ssol ved in dichloronethane (30 nL), and triethylamne (1.9 nL, 13.7
mml ), and net hanesul fonyl chloride (806 11L, 10.1 nmol) was added thereto
at 0C, and then, the resulting mixture was stirred under a nitrogen

at nosphere at 0C for 50 m nute Cl To the reaction solution, a

sat ur at ed eous solution o ium chl ori de was added, and t he organi c
matter was wth et etate he organic | ayer was washed wth
a saturat 3ol utj oride and then dried over

and filtered. Then, the solvent was distilled
of f under| redug¢ed pressuré& whereby a crude prodUCt was obt ai ned.

The obtain 4 was di ssolved in ethanol (30 nmL), and a solution
of 20% sodi anol (3.8 nL, 9.60 mml) was added thereto,
and then, t re was heated to reflux under a nitrogen

[0241]

'H NMR(400MHz, CDCls): 81.05(3H, d, J=6.3Hz), 1.26(2H, m),
1.54(2H, m), 1.78(3H, m), 1.96(2H, m), 2.07(1H, m),
2.20(3H, m), 2.37(3H, s), 2.76(2H, m), 2.98(4H, m),
3.19(3H, s), 3.46(3H, s), 6.91(2H, m), 7.34(1H, d,
J=9.0Hz), 7.52(2H, d, J=9.0Hz), 7.75(2H, d, J=9.0Hz).
MS(ESI) m/z: 500 (M+H)".

<Example 26> Trans—4—[3—(2—hyd;oxy—2—
methylpropyl)phenoxy] -N-methyl-N- (3-methyl-4-{[(3S)-3-

methylpiperazin-1-yl]lmethyl}phenyl)cyclohexanecarboxamide

[ j,c:Hs

H@%E

HaC o,
OH

||IIO



After the tenperature of the reaction solution was returned to room
tenperature, a saturated aqueous sol ytg-on of ammoni um chloride was added
thereto, and the organic matter was extracted with ethyl acetate. The
organi c | ayer was washed with water and a saturated aqueous sol ution of
sodi um chl oride and then dried over anhydrous magnesi um sul fate and
filtered. Then, the solvent was distilled off under reduced pressure,

wher eby 3 %r%qe product was obtai ned. The obtai ned crude product was
purified by Si'lica gel columm chromatography (hexane:ethyl acetate = 100:0

to 75:25 ( )), whereby the target 174 conpound was i_ned br own
oi | (1.86ggéxyield: 10099 . 11-1 NWMR(CDC13, 400MHz): sf&%%%%?f gésgg?.OFh),

3.60(2H, g, J=7.QHz), 4.60(2H 7.52(1H. t,.J=7,8Hz), 7.68(1H d,

J=7. 8Hz) ,O%P@(Pf&,)gcﬂen 2 O]ﬁz %Osrzaé.’%(eﬁég‘%??y%é?3icé‘?( Et hoxynet hyl ) ani | i ne
1- (Et hoxynet hyl ) - 3-ni tr obenzene (1.80 g, 9. | ) produced in 7A) was
di ssol ved in néfﬁgmﬁyq?ﬂ¥ﬁﬂ5?n¥%h?QﬁFéhﬁeoﬁi'QQ1Han gzg%MJmQéf%hnDnium
chloride (1.53 g, 45.7 mmol) and iron powder (1.53 g, 2 .ﬁ? nnDJg yere
added th ankS t hefl, t K8OM8sul tGHPINIQAure FRS st i under®a*ni trogen

at nosphere at 90C for 3.5 hours. After the tenperature of #Qg
react | on he/sineYsTY Sleeh A FrReP 26y Faleen t@npdr afur &3 tthe™@8fdr i off

filtered through a Celite filter, and the solvent was distilled off under
reduced preessutrwiandompenndwaverewds saedagdt Her éed ratetefien

organic matter was extracted with ethyl acetate. The organic |ayer was
washed wintlh ,a satdur atied eaudniy lsolarddircafbeorh aime chl drde @and theh dried
over anhydrous magnesium sulfate and filtered. Then, the solvent was

di still edmeflf) uader tedpbedyipeesphenerhdBeBy ager udé . pr odmet ) wage odt ai ned.
The obtai ned crude product was purified by silica gel colum chronmat ography

(hexane: efdydq acet At €0=a95:05Ct 0aA%: 2hdy/ Vihe whenebynyhenitanget waspound
was obtained as a yellowoil (1.40 g, yield: 929% . 175 I H NVR(CDC13,

400MHz) @ Bl 2B vd xn IGTe 04E) rodm 58éRdplergrude?(. OHz) , 3. 60-3. 70(2H, brs),
4.43(2H, s), 6.51(1H, dd, J=2.4, 7.8Hz), 6.69-6.74(2H, m, 7.12(1H, t,

J=7.6Hz) . (270wl trans- 4dilvdnt in the reaction solution was
(et hoxynet hyl ) phenyl ] am nol cycl ohexanecar boxyl at e

distilled off under reduced pressure, water was added
thereto, and the organic matter was extracted with ethyl
acetate. The organic layer was dried over anhydrous
sodium sulfate and filtered. Then, the solvent was
distilled off under reduced pressure, whereby a crude
product was obtained. This crude product was purified by
silica gel column chromatography (hexane:ethyl acetate =
95:5 to 75:25 (v/v)), whereby a crude product (2.63 g) was
obtained.

The obtained crude product (2.63 g) was dissolved in
ethanol (50 mL), and a 2 N aqueous solution of sodium
hydroxide (8.7 mL) was added fhereto at room temperature,

and the resulting mixture was stirred at 60°C for 1 hour.



3- (Et hoxynmet hyl )aniline (1.39 g, 8.31 mvl) produced in (273), ethyl

4- cycl ohexanonecar boxyl ate (1.41 g, 36%1 nml ), and acetic acid (4.8 mi,
83.1 mml) were dissolved in tetrahydrofuran (40 nlL), and sodiumtriacet oxy
borohydride (3.52 g, 16.62 nmol) was added thereto, and then, the resulting
m xture was stirred at roomtenperature for 5 hours. To the reaction
solution, water was added, and the organic natter was extracted with ethyl

acetate. The organie |ayet: vas washedow,th aj seidratrdoagueaus asalast i on of
sodi um chl ori de and then dried over anhydrous magnesi um sul fate and

filtered, , | vent i StiLled;of f unc 2SIWe,
(Lot edqahen.cdNpal voBt ol it Lked.al ey, eficsd mnense

ified b il h : I = 95:5
purL 11 .1, S pepgel pelym syormisgienty Choapeeiiul gsebaiss

to 80: 20 ound was obtained as"a vy ow oi

(2073 MU0 o2 MR PO, B i ELEEI L B

2.16-2. 24( 2H, , 2.29(1H, tt, J=3.6, 12 1Hz 176 3.27(1H, tt, J=3.8,
11. 2Hz), © .65365}14}76&? JEFSQ }?taﬁggzkﬁgﬁ, %&%%Hﬁ?‘is%%%(mess%‘{r%. 50( 1H,
o L e rebin)rr aeda. praduct’ vas obtafndd! hnfy Lzl Hrodick? (1M
(et hoxynet hyl ) phenyl ] am nol cycl ohexanecar boxylic acid =~  Ethyl
trans-4- {3t ( BUEexyREL hyPYphetil i @i nd¥edcl diEMecarddhaiHte Y ng,
2.62 mmol ) produced in (270) was dissolved in ethanol (15 nL), and a 5 N
aqueous Sdlexaret Shlodiagtdtairoxi de2P5taLP :wA8 ddded Jrheteielat Tom
tenperature, and then, the resulting mxture was stirred at room

t enper at treededr  d46mppnotesvag 02B5hined asAft evh Pt Badricthl(Br B8 &bi d was
added to the reaction solution to neutralize the pH of the solution, water
was added/itdiet:etig%)and the organic matter was extracted wth ethyl acetate.
The organic | ayer was washed with a saturated aqueous sol ution of sodium

chl ori de lgngvihemncdsi edooMer ) anBydneus . wagaasi wmn, sy .fat-e aid 44, ter,ed.
Then, the solvent was distilled off under reduced pressure, whereby a crude

product was @pimi ned, Thee obt aimpd 8L gde2pr odugt Awees (Aw,i fi)eds by4 liH,i ca gel
col um chr omat ogr aphy (hexane: ethyl acetate = 2:1 to 1:2 (v/v)), whereby

tlggo/; arget, GRIpPQNg ,\Na@iphl@.ismeézza;s @A) | i ghp3yell ow, oipk7(82¢)ny, vyield:

| (26B) Tert-butyl (28)-2-methyl-4-{2-methyl-4-
[methyl ({trans-4-[3-(2-
oxopropyl)phenoxy]cyclohexyl}carbonyl)aminolbenzyl}piperaz
ine-l-carboxylate

Trans-4-[3-(2-

oxopropyl)phenoxy]lcyclohexanecarboxylic acid (380 mg, 1.38
mmol) produced in (26A) was dissolved in dichlcromethane
(8 mL), and dimethylformamide (2 pL, 0.03 mmol) and oxalyl
chloride (240 pL, 2.75 mmol) were added thereto at room
temperature, and then, the resulting mixture was stirred

at room temperature for 2 hours. The solvent 1in the

reaction solution was distilled off under reduced pressure,



177 11- 1 NNR(CDSOD 400N+E) 51. 14 1 26(2H ,1.20(3H,t, J=7.0Hz),
1.48-1.61(2H, nm), 1.99-2.08(2H, %jgﬁ 2. 17(2H ny, 2.27(1H, tt, J=3.6,
12. 1Hz), 3.23(1H, tt, J=3.8, 11. ZFE) 53(2H, q, J=7.0Hz), 4.40(2H, s),
6.55-6.61(2H, m, 6.63-6.66(1H, m, 7.07(1H, t, J=7.6Hz).

(27E) Tert-butyl (2S)-4-(4-{[(trans-4-{[ 3-
(ethoxynethyl)phenyl]aninoIcyclohexyl)carbonyl](nethyl)ani

no} - 2- me I | hex xylat e 4- 1] 3-
(e%hoxyne IQ?Bﬁenyﬁ]anl cydﬁﬁagégﬂe%%}%oxyﬁl%La%l r?de prgE@EE%M HLD|)

produced in (2 a grt-butyl (29)-2- -m _
nethyl-4-[2-ne§%kf %%5&ethylantno)benzyﬁprpgraZ|#’l - %ﬁboxitate (481 ny,

1.44 mmol), ich.s kno ound 0 thanol (B, M),
and 4- (4, %‘d&ggfﬂﬁf§f 5% |Qﬁﬁ 32 {15~ g% ﬁg?gﬁol |u§¥%hlof§%e

hydr at e , abo t 2.9 nmol) was added th reto and, .t hen, e resultlng
m xture \(Wg?%t'l r e GhderS a i t Fogeh aFﬁJBBBHé‘ge at”arsoorﬂjtsesrﬁr)ﬂera uré' for 26
hours. To the reaction solution,'mater was added, and_the organic
mat t er was cOraseddanie h (8t Myl) acerst etr Thh vt gakNe | @&t Was washed with
wat er and a saturated aqueous sol ution of SOdIUﬁ]Ch|OrIde and then dried
over anhy@dus rdghes urlsehiarenakiyare| t PédtiPRen, (4 hdgol

distilled off under reduced pressure, whereby a crude product mas obt ai ned.
The obt aipmsy iousdey ppoensted] 7 iths chdoirfided B9rsi Iaddedekhesktmm at

chr omat ogr aphy (‘hexane: ethyl. .acetate = 90:10 to 50:50 (v/v))1l whereby the
target cartpounddwaseabt ahred casila icnl ori:gssresorasl $4B82reag, ayu efd: £ 569 .

11-1 NMR(CDC13, 400MHz): 80.78-0.91(2H, m,1.22(3H, d,
1.5 hours.

To the reacfion solutidn,.water was added, and the
organic .matter .was extracted with ethyl :acetate The
organic layer was drled over anhydrous sodlum sulfate and
filtered. Then, the solvent was distilled off under
reduced pressure, whereby a crude product was obtained.
This crﬁde product was purified by silica gel column
chromatography (hexane:ethyl acetate = 80:20 to 50:50
(v/v)), whereby the target compound was obtained as a
colorless o0il (567 mg, yield: 70%).

'H NMR(CDCl;, 400MHz): &1.08-1.22(2H, m), 1.23(3H, d,
J=7.0Hz), 1.47(9H, s), 1.65-1.80(4H, m), 2.03 (1H, m),
2.08-2.15(2H, m), 2.13(3H, s), 2.20-2.26(2H, m), 2.39(3H,
s), 2.60 (1H, d, J=11.4Hz), 2.74 (1H, d, J=11.0Hz), 3.09
(1H, m), 3.23(3H, s), 3.43(2H, s), 3.62(2H, s), 3.83(1H, d,
J=12.9Hz), 4.17(1H, m), 4.22(1H, m), 6.67(1H, m), 6.73-

6.76(2H, m), 6.93-6.96(2H, m), 7.20(1H, t, J=7.8Hz),



J=6.7Hz), 1.23(3H, t, J=7.0Hz), 1.46(9H, s), 1.69-1.79(4H, m,
1.98-2.13(3H, m, 2.21(1H, dd, J=3.3,;44.2Hz), 2.38(3H s), 2.60(1lH, d,
3=10. 6Hz), 2. 73(1H, d, J=11.7Hz), 3.03.03.12(1H, n), 3.19-3.29(1H, n),
3.23(3H, s), 3.43(2H, s), 3.51(2H, g, J=7.0Hz), 3.70-3.75(1H, m,
3.78-3.88(2H, ), 4.17-4.26(1H, brs), 4.40(2H, s), 6.45(1H, dd, J=1.8,
8.6Hz), 6.52(1H, s), 6.62(1H, d, J=7.4Hz), 6.92-6.98(2H, n), 7.10(1H t,

J=7. 8Hz) 17 B30GAH 4 d, ;I Ta 8Hz) .
(27F) Tr an7$'-34-{ 3- (de’t h%xy'rr%t{gz/l ) phenyl ] ami nol - N- et hyl - N-

3-net hyl- 39 -3: [ i_n-1-

3(/I T ot hifﬁzf%ééﬁ(w )S%:?/%B MEARN U P PR T 142 - E VY ahs- 4- {[ 3-
th t hyl ).ph I i nol | oh I b I >t hyl ' . '

oS A L AL ST RO B0 o158 v
duced i E ' | ved jn dichl th 1 nm), d

ﬂiof Ijﬁgré%ﬁitél 4 I&%%ﬁmﬁs}(%ﬁ%w\/e Ja%%Jél A %gf"ﬁ%; ."["ngaé g?éﬁ ﬁltFlepe?Qture, and

then, the resulting mxture was stirred under_ a nitrogen atnosphere at room

tenperature forrS¥0Htutes. [0246] 179 (25) —2-mafdlesi vl bty hiet by
distilling off the solvent in the reaction solution under reduced pressure
was puri fimsdEist N5 4 Bt (20l utm chr omat ogr aphy (et hyl acet at e: et hanol
= 100: 0 to 90:10 (v/v)), whereby the target conmpound was obtained as a

col or | esxRrqEp )ehryoxy keviclepegyl t gprbonyl) amino]benzyl}piperaz

NVR( CDC13, 400MHz) : 80. 78-0.91(2H, m, 1. 04(3H,d, J=6.3Hz), 1.22(3H, t,

J=7. 0Hz) irke-68-ceEo(:tH atg , (210120d4( 314, njno) 1predPsed 4inm) (28887 ( 3H,
s), 2.70-2.79(2H, m, 2.82-3.03(3H, m, 3.23(3H, s), 3.19-3.29(1H m,

3. 45(2H, w&)s BLE(RHC gin JE6t B8alaydrdfd4062H,(3smL)6. 45(dlH, s, utd=h 0of 7. 8Hz) ,
6.52(1H, s), 6.61(1H, d, J=7.8Hz),.

6. 92- 6. OBy , Hadbdldnt nlohiGhy)id. 32hkidrofuran (1.10 M, 340
uL, 0.37 mmol) Was added thereto'ét 0°C, and then, tﬁe
resulting mixture wés stirred at robm.temperature for 2
hours.

To the reaction solution, wate;.wasvadded, and the
organic matter was extracted with ethyl acetate. The
brganic layer was dried over anhydrous sodium sulfate and
filtered. Then, the solvent was distilled off under
reduced pressure, whereby a crude product was obtained.
This crude product was purified by silica gel column
chromatography (hexane:ethyl acetate = 67:33 to 0:100

(v/v)), whereby the target compound was obtained as a

oe

colorless oil (100 mg, yield: 86%).
'Y NMR(CDCls;, 400MHz): &1.08-1.22(2H, m), 1.21 (6H, s),
1.23(3H, d, J=7.0Hz), 1.47(9H, s), 1.67-1.80(4H, m), 2.03

(1H, m), 2.08-2.13(2H, m), 2.20-2.25(2H, m), 2.39(3H, s),



J=7.8Hz). <Exanple 28>

Trans-4-{[ 3- (2- hydroxyet hyl ) phenyl ] agi-qol - N- et hyl - N- (3- et hyl - 4-{[ (3S)-3-m
et hyl pi perazi n-1-yl ] met hyl | phenyl ) cycl ohexanecar boxam de [0247] 180

3-Ni trophenet hyl al cohol (5.80 g, 34.7 mmol) was di ssolved in ethanol (80
m.), and 10% pal | adi um on carbon (0.90 g) was added thereto, and then, the
resulting mxture was stirred under a hydrogen atnosphere at room

tenper at yr g qf or, ]1-%5 h&ursJ_%nglﬁL o 7018 r eagt j onosehutijen wag,filtered
t hrough a Ilte ilter f he sol vent was dlstllled of f under reduced

pressure. e ai e ug, was d I
chr onmat ogr_gghy%%ﬁéxgﬁg)%t@ykﬁ ZT(‘:et a3t géj‘il g%? 85)%/0%' LIGgéH?v/ v)?3u\rgn}ereby t he

Bk BT R St e AR § 98 ST
b, =650z, 803 6)28( o Mg, 966%1“ nfl; 1%“{11 706- 513k, M
7.31(1H, d, J=7.8Hz).
(26D) Trans-4-[3-(2-hydroxy-2-methylpropyl) phenoxy] -N-
methyl-N-(3-methyl-4-{[(3S)-3-methylpiperazin-1-
yl]methyl}phenyl)cyclohexanecarboxamide

Tert-butyl (28)-4-{4-[({trans-4-[3-(2-hydroxy-2-
methylpropyl)phenoxylcyclohexyl}carbonyl) (methyl)amino]-2-
methylbenzyl}-2-methylpiperazine-l-carboxylate (100 mg,
0.16 mmol) produced in (26C) was dissolved in
dichloromethane (2 mL), and trifluorocacetic acid (190 puL)
was added thereto at room temperature,__and' then, the
resulting mixture was stirred overnight at room
temperature.

[0243]

To the reaction solution, a saturated agueous
solution of sodium hydrogen carbonate was added, and the
organic matter was extracted with dichioromethane. The
organic layer was dried over anhydrous sodium sulfate and
filtered. Then, the solvent was distilled off under
reduced pressure, whereby a crude product was obtained.
The obtained crude product was purified by NH silica gel

column chromatography (dichloromethane:methanol = 100:0 to



(28B) Met hyl trans-4-{[ 3-(2- hydroxyethyl)phenyl]aninoIcycIohexanecarboxylate
2- (3- Am nophenyl ) et hanol (4.45 g, 32.44 mvl).produced in (28A), ethyl

4- cycl ohexanonecar boxyl ate (5.52 g, §2 4 mmol ), and acetic acid (18.5 i,
324 mmol) were dissolved in tetrahydrofuran (100 nlL), and sodiumtriacet oxy
borohydride (13.8 g, 64.9 mmvol ) was added thereto, and then, the resulting
m xture mas stirred at roomtenperature for 4 hours. To the reaction

S0l uti ongualer (As Addeflerang the AL aankodmy | BEc WS ibicactad i th

et hyl acetate The organlc r was washed wth a saturated aqueous

sol ution of od ri n. gdg pyer anhydrous magnesium sul fate
AT gy s b, g

and filtére ed of f under reduced pressure,

bur | ?f’éd%?@?fs@%"%ﬁft% @%béﬁbﬁwﬁéég oty (RERae! oty O Ara’ata = 70: 30

g?|4?158§§é/v§3gﬂ3he%gsy tg arget. CQHPQH”dI%?S QPHﬁyﬂfd1§§3ﬁ colorless

PR PSR, S D A
t.J=6. 5:|-2|.2E1>>5—2.99(3I-1, m), 3.23(3H, s), 3. 45(2 s), 4.17(1H, m),
6.69(1H, m), 6.72—6;77(2H, m), 6.94-6.96(2H, m), 7.18(lH,
t, J=7.8Hz), 7.33(1H, d, J=7.8Hz). |
MS (ESI) m/z: 5oé (M+H) *. |
<Example 27> Trans—4—{t3—(ethokymefhyl)éheﬁyl]amino}—N—
methyl—N—(BFmethyl—4—{[(3S)—3—methylpiperazin—1—

yllmethyl}phenyl)cyclohexanecarboxamide

( r‘”“
ﬁ?

[0244]

O\/CH3

(27A) 1—(Etho$ymethyl)—3—nitrobenzene

3-Nitrobenzyl alcohol (1.40 g, 9.14 mmol) was
dissolved in dichloromethane (30 mL), and triethylamine
(1.9 mL, 13.7 mmol), and methanesulfonyl chloride (806 pL,

10.1 mmol) was added thereto at 0°C, and then, the

resulting mixture was stirred under a nitrogen atmosphere



3.25(1H, tt, J=3.6, 11.2Hz), 3.40-3.59(1H, brs), 3.84(2H,

q,J=6.0Hz), 4. 14(2H, g, J=7. 2Hz) , 6. 41-6..49(2H, M, 6.55(1H, d, J=7.4Hz),
7.11(1H, t, J=7.6Hz). (28C)Trans-4-1[3-(2-

hydr oxyet hyl ) phenyl ] am nol cycl ohexanecar boxyl i ¢ aci d , Met hyl
trans-4-{[3-(2- hydroxyethyl)phenyl]am nol cycl ohexanecar boxyl ate (1.91 g,
6.25 mml) produced in (28B) was dissolved in ethanol (10 nL) and

t et rahydr of yr,an (10 ._and a 5 N aqueous sol ution of sodi um hydroxi de (10
nL) was zi‘%dg)dét ﬁéFe?gt%‘Pn%Sﬁrterrperature,, and then, the resulting mxture

was stirred at _80C for 1 hour. [0249 182 N #U oric
aci d was added fo ttt‘nae reﬁ%??éﬁoéol Sto}lélr?ltot%l’neu?raF%E?%ﬁéde% eththeH
solution, water was_added thereta, and the or ic matter. was extr.acted
with et hyl°ld&dot 0 TREMEPGE &hﬁ%g%gaaa%% t%n% SBPurR%d aqueous
solution of sodiumchloride and then dri ed]'r over anhydr ouf magnesi um sul fate
and filt&3&EEeIThEAS t AELEBFTEAL WAk digthY} e GFeUnder TRUUEFPHSssure,
whereby a crude product was obtai ned. The obtained crude product wa
purified tayedi | Weg gerskefurmlEhr Smafagraph¢ S hedaReust gl ack?at €= 50: 50
to 0:100 (v/v)), whereby the target conpound was obtained as a light yellow
oi | (1.48qfivu eFH10gH%E. a4 NVRECDGIZ ed0OMaY) : 2B YA 10YS 2 e U
1.55-1.67(2H, m, 2.06-2.15(2H, m, 2.17-2.27(2H, m, 2.35(1H tt, J=3.5,
12. 1Hz) , Imx(t2H and DEBLSERY, 3RS 1Hhet sodzsng, wap, GHAtid ss(@H t,
J=6.5Hz), 6.43-6.49(2H, m, 6.55(1H d, J=7.8Hz), 7.11(1H, t, J=7.6Hz).
(28D) Ter turhidy| (2uced 4-gféssans, 4-fh8r¢Ry a crude product was

obtained.

The obtained crude product was dissolved in ethanol

(30'mL), and a solution of 20% sodiﬁm eﬁhokide in ethanol

(3.8 mlL, 9.60 mmol) was added thereto, and then, the

resulting mixture was heated to reflux under a nitrogen

atmosphere for 17 hours.

After the temperature of the reaction solution was

returned to room temperature, a saturated agqueous solution

of ammonium‘chloride.was added thereto, and the.organic

matter was extracted with ethyl acetate. The organic

layer was washed with water and a saturated aqueous

solution of sodium chloride and then dried over anhydrous

magnesium sulfate and filtered. Then, the solvent was

distilled off under reduced pressure, whereby a crude

product was obtained. The obtained crude product was

purified by silica gel column chromatography (hexane:ethyl

acetate = 100:0 to 75:25 (v/v)), whereby the target



hydr oxyet hyl ) phenyl ] ami nol cycl ohexyl ) car bonyl ] (et hyl ) ani n
oI-2-nEthyIbenzyl)-2-nethy|piperazin%?ﬂfcarboxylate Trans-4-{[ 3-( 2-
hydr oxyet hyl ) phenyl ] am nol cycl ohexanécar boxylic acid (1 47 g, 5.58 mmol)
produced in (280) and tert-butyl (2S)-2-

met hyl-4-[ 2- et hyl- 4- (net hyl am no) benzyl ] pi per azi ne-1- carboxylate (1.86 g,
5 58 nol ), which is a known conpound, 183 were dissolved in ethanol (20

P0d i IR 0N P AL 820 Pada Vbl 1 ToY OLNA Magnglt oT 0

hydrate Was adde erefo, ‘tHe resul ting
nours. 2 it cﬂ@‘fPS h'”$ é‘%ﬂﬁﬁ‘@ﬁ&”\ﬁa‘ét%ﬁfm a0 efe drganic
tt t t T d h
wat er a aeﬁéizﬁﬁate%d%%%&s ol (1 oh 3 Sodln oH B do-Qha Ehervar i ed
over anhydrous magnesi um sul fate and fjlt gg Then, the sol vent was
e

di stil | edoFHMder® retuded br eEire!Z whe (LHergdle product was obt ai ned.

The obt ai ned crude product was purified by silica gel columm chronat ography
(hexane: €tZhR) atetfdthoxyme:pal ka1 D5 1o 0: 100 (v/v)), whereby the target
conmpound was obtained as a colorless solid (2.09 g, yield: 65%. 1H
NVR( CDC13, 400Mlz)(E6d 070w 1D Inn it ooy greene J46 - ?Hz)g, 1948£9Hmas))
1.61-1.80(4H, m), 1.98-2.12(31-i, m, 2.16-2.26(2H, m, 2.38(3H,
s),2.60(E{QﬂuhﬂmnimtX27A) was dissolved in methanol (70 mL), and

an aqueous solution (25 mL) of ammonium chloride (1.53 g,

45,7 mmol) and iron powder (1.53 g, 27.42.mmol) Were added

thereto, and then, the resﬁlting mixture was stirred under

é nitrogen atmosphéré at 90°C for 3.5 hoﬁfs.

After.the temperature of the reaction solution was
returned to room temperature, the solution was filtered
through a Celite filter, and the solvent was distilled off
under reduced pressure, and then, water was added thereto.
Thereafter, the organic matter was extracted With ethyl
acetate. The organic layer was washed with a saturated
aqueous solution of sodium chloride and then dried over
anhydrous magnesium sulfate and filtered. Then, the
solvent was distilled off under reduced pressure, whereby
a crude product was obtained. The obtained crude product
was purified by silica gel column chromatography
(hexane:ethyl acetate = 95:5 to 75:25 (v/v)), whereby the

target compound was obtained as a yellow oil (1.40 g,

yield: 92%).

o\



2.69-2.77(1H, m), 2.76(2H t, J=6.5Hz), 3.02-3.13(1H m, 3.17-3.28(1H m,
3.23(3H s), 3.43(2H m,3.76-3.88(1H .,

'H NMR(CDCls, 400MHz): 1.24 (3H, t, 3=7.0Hz), 3.53(2H, q
J=7.0Hz), 3.60-3.70(2H, brs), 4.43(2H, s), 6.51(1H, dd,
J=2.4, 7.8Hz), 6.69-6.74(2H, m), 7.12(1H, t, J=7.6Hz).
(27C) Ethyl trans-4-{[3-
{ethoxymethyl)phenyllamino}cyclohexanecarboxylate

3-(Ethoxymethyl)aniline (1.39 g, 8.31 mmol) produced
in (27B), ethyl 4—cyclohexanonecarboxylate (1.41 g, 8.31
mmol), and acetié acid (4.8 mL, 83.1 mmoi) were dissolved
in tetrahydfofuran' (40 mL), and sodium triacetoxy
borohydride (3.52 g, 16.62 mmol) was added thereto, and
then, the resulting mixture was stirred at room
temperature for 5 hours.

To the reaction solution, water was added, and the
organic matter was extracted with ethyl acetate. The
organic layer was washed with a saturated agqueocus solution
of sodium chloride and then dried over anhydrous magnesium
sulfate and filtered. Then, the solvent was distilled off
under reduced pressure, whereby a crude product was
obtained. The obtained crude product was purified by
silica gel column chromafography (hexane:ethyl acetate =
95:5 to 80:20 (v/v)), whereby the target compound was
obtained as a yellow oil (807 mg, yield: 32%).

'H NMR(CDCls, 400MHz): 81.09-1.20(2H, m), 1.24(3H, t,
J=7.0Hz), 1.26(3H, t, J=7.0Hz), 1.51-1.65(2H, m), 2.01-

2.09(2H, m), 2.16-2.24(2H, m), 2.29(1H, tt, J=3.6, 12.1Hz),



- m, 3.82(2H, t, J=6.3Hz), 4.16-4.28(1H, brs), 6.36-6.44(2H, m, 6.52(1H d,
J=7.8Hz), 6.92-6.98(2H, m), 7.08(1H, foe I=T7. 6Hz), 7.30(1H, d, J=7.8Hz).
(28E) Trans-4-{[ 3- (2- hydr oxyet hyl ) phenyl ] am nol - N-net hyl - 184

N (3-nmet hyl-4-{[(3S)- 3-net hyl pi perazin- 1- :

yl ] met hyl | phenyl ) cycl ohexanecar boxam de

Tert-butyl (2S)-4-(4-1[(trans-4-1[ 3-(2-

Q{déﬂghyﬁn A %“%-'%F%g?%%%k)°?r R%éﬁx% POy, 5o
{Z)Elt)f Fﬁgaoqldge‘fzftga}lczy\{as(g 4?1{&%: gddgdggﬁgﬁgtﬂét ar:nje g#d’??ﬁpoe]fgtuae and
temper at drt oft 10 endtéd s [ B26ay e TRE’ ré@aﬂzzgzbtz airivER

distilli n_ of f the solvent in the reaction solution under reduced ressure
was puri el BY¥INHSIR)i ca gel col urm chromat ogr aphy (et @‘Tara%'e%'a{t >Tret hanol
= 100: 0 to 85:15 (v/ v)) vvhereby the target conpound was obtai ned as a
col or | ess{&dinoxyrog- ) gnegyﬂ qmm@o}qxchohexanecarboxyllc acid
NVR( CDC13, 400MHz) : 80. 79-0. 91(2H, 1 T); 1. 06(3H,d, J=6.3Hz), 1.62-1.84(5H, m,
2.03-2.15(3H, mMtAYZ 17-2.28(1H, ), 2.37(3H s), 2.71- 2Ww4m[32 76( 2H,
t, J=6.5Hz), 2.86-3.04(3H, m, 3.17-3.28(1H, m, 3.23(3H s), 3.46(2H, s),
3. 82(2H (tethhﬁﬁmﬁl—ﬂzl’)yl @1%1361143(121&{?}@yqlﬁhﬁgémwadbozyiamaz) 806. 923 6. 97( 2H,
m, 7.08(1H t, J=7.6Hz), 7. 31(1H d, J=7.8Hz).
2.62 mmol) produced in (27C) was dlssolved in ethanol (15
mL), and a 5 N aqueous solutlon of sodlum hydrox1de (5 mL)
was added thereto at room temperature, and then, the
resuiting mixture was.stirred at reem temperature for 45
minutes.
[0245]
After 2 N hydrochloric acid was added to the
reaction solution to neutralize the pH of the solution,
water was added thereto, and the organic matter was
extracted with ethyl acetate. The organic layer was
washed with a saturated aqueous solution of sodium
chloride and then dried over anhydrous magnesium sulfate
and filtered. Then, the solvent was distilled off under
reduced pressure, whereby a crude product was obtained.
The obtained crude product was purified by silica gel
column chromatography (hexane:ethyl acetate = 2:1 to 1:2

(v/v)), whereby the target: compound was obtained as a

light yellow oil (727 mg, yield: 100%).



<Exanpl e 29> Trans-4-[4-fl uoro-3-(2-hydroxyethyl)phenoxy]- 185

N- et hyl - N- (3- et hy1-4-{[ (3S) - 3- net hyl-pi perazi n-1yl ] met hyl | phenyl ) cycl ohexa
necar boxam de [0251] 1H NMR(CDC13, 400M—Iz) 81.04(3H, d, J=6.7Hz),
1.06-1.20(2H, m, 1.46-1.82(7H, m, 2.01-2.13(3H, m, 2.25(1H m, 2.37(3H,
s), 2.70-2.79(2H, m, 2.80-3.00(3H, m, 3. 23(3H, s), 3.45(2H, s), 3.84(2H,
t, J:6.5Hz) 406(1H m, 6.62- 6.72(2H m, 6.87-6.98(3H m, 7.33(11-1,

[;;OHN%F] ) g Wﬁ@n‘gyﬁg@%@mﬂ% 301" 33t {3 4 2- (irsopy @) ani o) - 2°
met hyl pi %e—r727o[ﬁ%21{ %{ﬂ( 3§ 1hYé1 gﬂf”yﬂl% cy¢l g geﬁa%q?g?o%@r,n de ogl86 14308

[3-(1Trans but oxycar bony1)
m), 2.27(1H, tt, J=3.6, 12.1Hz), 3.23(1H, tt, J=3.8,
11.2Hz), 3.53(2H, q, J=7.0Hz), 4.40(2H, s), 6.55-6.61(2H,
m), 6.63-6.66(18, m), 7.07(1H, t, J=7.6Hz).
(27E) Tert—bﬁtyl (ZS) -(4- {[(trans—4—{[3—
(ethoxymethyl)phenyl]amlno}cyclohexyl)carbonyl](methyl)ami
no}—2—methylbenzyl)—2—methylp1pera21ne—l—carboxylate

Trans-4-{[3~
(ethoxymethyl)phenyl}amino}cyclohexaneéarboxylic acid (400
mg, 1.44 mmol) produced in (27D) énd tert-butyl (28)-2-
methyl—4—[2—methyl~4—(methylamino)benzyl]piperazine—l—
carboxylate (481 mg, 1.44 mmol), which is a known compound,
were dissolved in ethanol (5 mL), and 4-(4,6-dimethoxy-
1,3,5-triazin-2-yl)-4-methylmorpholinium chloride hydrate
(796 mg, about 2.9 mmol) was added thereto, and theﬁ, the
resulting mixture was stirred under a nitrogen atmosphere
at room temperature for 26 hours.

To the reaction solution, water was added, and the
organic matter was extracted with ethyi acetate. The
organic layer was washed with water and a saturated
baqueous solution of sodium chloride and then dried over
anhydrous magnesium sulfate and filtered. Then, the
solvent was distilled off under reduced pressure, whereby

a crude product was obtained. The obtained crude product



met hyl pi perazin-|-yl]nmethyl1-3-

met hyl phenyl ) (et hyl) car banmoyl ] cycl ohlexyl | oxy) phenyl Jaceti ¢ acid
Tert-butyl (2S)-4-{4-[(ftrans-4-[3-(2-net hoxy- 2-

oxoet hyl ) phenoxy] cycl ohexyl | car bonyl ) ( net hyl ) am no] - 2-

met hyl benzyl | - 2- net hyl pi per azi ne- 1- car boxyl ate(211 ng, 0.348 mmol) produced
in (6A) was dissolved in nethanol (5 nL), and a 2 N aqueous sol ution of

SOdiU”‘h%QEOXiﬁgréﬁé%d;'Lby1-7§%fPP$) was: added fher et @ %hy

a
tenperature, a theresulting mXxture was stirred at 6000 for 1

hour . [ 023l ane: atnyi0 i di8act] 06, 501 ubi 88: 5B 53493t edRguagussol ut i on

of ammoni'um chlori was added, and t organic matter was extracted with

ethyl acetate. The organic |ayer was . drie r dr, ogj | fate
and filt ?é@?tTEQTPQ¢h§Z¥ﬁ§MB?t%%gﬁ%ig?iglgé%SF?gE%dggﬁﬁégdgg%ﬂgﬁgssure,
wher eby the tqrg%#_conpound was obtained as a colorless oil (201 ng, yield:
979% . MBS :mPP3)504 (MeH)+.  (30B) v
Trans-4-{3-[2- (i sopropyl anm no) - 2- gxoet hyl ] phenoxyl -
N- et hyl - N (wéwé@lﬁgim- HOO¥2)3- ey BpilperdZin- 1), 1.22 (3H, d,
yl ] met hyl | phenyl ) cycl ohexanecar boxam de .
[3-({Trar¥§-64-7[f%lzd-r{ (35 (3 tler t YDt D8 g éar BodPiyPHa. s)» 1.69-1.73(4H,
met hyl pi per azi n- 1- Ignethyll-S- 187
nethylphéﬁylﬂ@ﬁﬁ%ﬁgJ:%éﬁbaﬂﬁyd]%y%léh@xyﬁﬂ@xﬂfﬁhényﬂﬁaéﬁﬁq)r 2.38(3H,
oaci d(118ng, 0. 199mol ) pr oducedi n( 30A),

s), 2.60(1H, d, J=10.6Hz), 2.73(l1H, d, J=11.7Hz), 3.03-

3.12(1H, m), 3.19-3.29(1H, m), 3.23(3H, s), 3.43(2H, s),
3.51(2H, q, J=7.0Hz), 3.70-3.75(1H, m), 3.78-3.88(2H, m),
4,17-4.26(1H, brs), 4.40(2H, s), 6.45(1H, dd, J=l.6,
8.6Hz), 6.52(1H, s), 6.62(1H, d, J=7.4Hz), 6.92-6.98(2H,
m), 7.10(1H, t, J=7.8Hz), 7.30(1lH, d, J=7.8Hz).
(27F) Trans-4-{ [3- (ethoxymethyl)phenyl]amino}-N-methyl-N-
(3-methyl-4-{[(3S)-3-methylpiperazin-1-
yllmethyl}phenyl)cyclohexanecarboxamide

Tert-butyl | (28)-4-(4-{[(trans-4-{[3-
(ethoxymethyl)phenyl]amino}cyclohexyl)carbonyl](methyl)ami
no}—2—methylbenzyl)—2fmethylpiperazine—l—carboxylate (170
mé, 0.287 mmol) produced 1in (27E) Qas dissolved in
dichloromethane (1 mL), and trifluorocacetic acid (1 mL)
was added thereto at room temperature, and then, the
resulting mixture was stirred under a nitrogen atmosphere
at room temperature for 30 minutes.

[0246]



i sopropyl ani ne( 85. 5111, , 0. 995mml ), and4- (4, 6-

di met hoxy-1, 3, 5-triazin-2-yl)-4-nethy. rpholiniumchloride hydrate (113

nmg, about 0.36 mml) were dissolved in ethanol (3 nL), and the resulting

m xture was stirred overnight at roomtenperature. [0254] . . To the

reaction solution, a saturated aqueous sol ution of sodi um hydr ogen

car bonat e was added and the organic nmatter was extracted with ethyl

acetate. The or ri er Iy di ym_sul faf &, @and

filtered. Thenﬁﬁ e?eé?%@%t%%gg |§§2?¥ gl%Q?ﬁq r ?gdugeg pressure

wher eby . a roduct . was obt aj ned. The obt i ned cru oduct was
L%h%hrar%%%r%%neSfi BREPY amacer ¢ rogroach: e T

d|ssoIvedj}n trlfluoroacetlc acr was

dded t heret t t | t
e ed SO cigor SEUPEL R Dol Rl PehER bR FUT g

off the solvent in the reactian solutron 1 guced pressure
80¢ 3y 1t

purifi ed ARFNFSIMe Rt ol di? :hr &ifat Y Eht or BART RRe: ?hanol =

100: 0 to 90:10 (v/v)), whereby the target conpound was obtained as a white
solid (10RTELt yFeREeuDgoyas| AONRRICOCES a06MeTie88s. 05d6H, 74,0 %, 3Hz)
1.06(3H, d, 188 J=6.3Hz), 1.07-1.23(2H, m), 1.63-1.85(5H, m,
2.03-2. 16(Jéﬁ-ldrr)522>26(1H m, 2.37(3H s),2.71-2.81(2H ), 2. 85- 3.04(3H, n,
3.23(3H s), 3.46(2H s), 3.47(2H s), 4.05(1H m, 4.18(1H m, 5. 17(1H
M), 6. 71CHH NMR (GBCI4, 6480UBH) :n) 50679306 Q2. m),, 7.2AAHHL, J=7.8Hz),
7.33(1H, d, J=8.2Hz). MS(ESI) mz: 535 (M+H) +.

J=6.3Hz), 1.22(3H, t, J=7.0Hz), 1.68-1.80(5H, m), 2.01-

2.14(34H, m), 2.17-2.28(1H, m), 2.37(3H, s), 2.70—2;79(2H,
m), 2.82—3.03(3H, m), 3.23(3H, s), 3.19-3.29(1H, m),
3.45(2H, s), 3.51(2H, g, J=6.8Hz), 4.40(2H, s), 6.45(1H,
dd, J=2.0, 7.8Hz), >6.52(1H, s), 6.61(1H, d, J=7.8Hz),
6.92-6.98(2H, m), 7.10(1H, t, J=7.6Hz), T7.32(1lH, d,
J=7.8Hz) .

<Example 28> Trans—-4-{ [3-(2-hydroxyethyl)phenyl]amino}-N-
methyl-N-(3-methyl-4-{[(3S)-3-methylpiperazin-1-

yllmethyl}phenyl)cyclohexanecarboxamide

CH3

Tj

[0247]

OH

(28A) 2-(3-Aminophenyl)ethanol



(30C) Trans-4-{3-[ 2- (isopropylanino)'2'oxoethyl]phenoxyl
N-net hyl - N- (13- et hy1- 4- {[ (35) - 3- met hylpj perazin-1-yl [ met hyl | phenyl) cycl ohex
anecar boxam de hydrochl ori de

Trans- 4-{3-[2- (i sopropyl ani no) - 2- oxoet hyl ] phenoxyl N-met hyl - N- ( 3- met hy1-4- {[
(3S) - 3- net hyl pi perazin-1- yl]nethyl)phenyl)cycl ohexanecar boxam de(375
ng, 0. 702 nmmol ) produced in (30B) was dissolved in dioxane (4 nL) and water

(1), and 1N fdroghlaris Aot d CBL T e 8710 Mol ), v added der et o

at roon1tenperature t he resultlng m xtire” was frozen at -78C.
compound e TS dbn 36 8T (£5saia LB 0P brerghigly W%éﬁé%% e
ﬁg?gyrg?g égfa |[§ﬁ%§g{%&pﬁginﬁ§f%e N—(3 n%fh¥h%§ {[Qgég Tesulting
(prOPY'aﬂ;g@g?JWLLEh%T?‘re Clo exanecarggégghd%tmégéhere at room
temperature for 1.5 hours. |
[0248]

The reaction solution was filtered through a Celite
filter, and the solvent was distilled off under reduced
pressure.. Thé obtained residue was purified by silica gel
column chromafography (hekane:ethyl acetate = 80:20 to
40:60 (v/v)), whereby the target compound was obtained as
a light yellow solid (4;65 g, yield: 98%).

'H NMR(CDCls, 400MHz): 82.77(2H, t, J=6.5Hz), 3.45-3.78(2H,
brs), 3.82(2H, t, J=6.5Hz), 6.53-6.58(2H, m), 6.62(1H, d,
J=7.4Hz), 7.06-7.13(1H, m).

(28B) Methyl trans-4-{[3-(2-
hydroxyethyl)phenyl]amino}cyclohexanecarboxylate

2- (3-Aminophenyl)ethanol (4.45 g, 32.4  mmol)
produced inb(28A), ethyl 4-cyclohexanonecarboxylate (5.52
g, 32.4 mmol), and acetic acid (18.5 mL, 324 mmol) were
dissolved in tetrahydrofuran (100 mL), and sodium
triacetoxy borohydride (13.8 g, 64.9 mmol) was added
thereto, and then, the resulting mixture was stirred at

room temperature for 4 hours.

To the reaction solution, water was added, and the



[ 0255] [3-({Trans-4-[(4-{[(3S)-4-(tert-butoxycarbonyl)- 3-

nmet hyl pi perazin-1-yl] nmethyll- 3- 181 : v

net hyl phenyl ) (et hyl ) car banoyl ] cycl ohexyl | oxy) phenyl ] aceti ¢ acid (118 ny,
0.199 mml ) produced in (30A), propylamne (81.8 ;al, 0.995 nmol), and

4- (4, 6-di met hoxy-1, 3,5-triazin- 2-y1)-4-nethyl norpholiniumchloride hydrate
(113 ng, about 0.36 mml) were dissolved in ethanol (3 nL), and the

resul ting, e wassti ried oyverpightatroom t Bt U+ JtQ256] Tne To

X1
t he react |I?n solution, a saturated aqueous sol ution o% sodi um hydr ogen

b t .added [ t t t i ;
acctat o, OFatrgame vt iaehar wer e SaniTar et R v g

filtered. Then,, the ;sol vent wa istil.led . off under reduced pressur.e,
wher eby & crinte-Ht o‘HlSJ]c?r\?\%% %%‘ﬁa\g?%la.drled Ve a%yg‘ﬁ:r?élcf cn}at)%leesp:?%nguct was

di ssol ved in di chl or opet hane (4 , and trifluoroacetigc acid ( 190
was addefUHé & Fht #%ﬁﬁﬁ{%ﬂpeﬁgh%?e,t%ﬁdsP EROTL HE Sy %ﬁ#¥f#;é%%re was
stirred at roomtenperature for 1 hour. The residue obtained q% distilling
of f the $BIGRnt F97UIRA r SRAERF VR R0l Ut BRBKder r EFUHCE] WSS
purified by NH silica gel colum chromatography (dichloronethane: net hanol =
100: 0 t o FFAEEA v) ) THOhRIRANGE CaMgEt BERPYGTd Was obtatheBdasP® white
solid (95.6 ng, yield: 909 . 1H NMR(CDC13, 400MHz): 80.83(3H, t, J=7.4Hz),
1. 06( 3H, =i 1ir=6. @elk) colwg: 1¢PBeREtoayaphy37thexmioigthyl 206321877 6H, m),
2.03-2.16(3H, m, 2.26(1H,42¢ 2.37(3H, s), 2.71- 2.80(2H, ,
2.85-3.03(BRO nfFe HIABFIH,( ) )3. 28(18HebY) | tise 46@x1dets) coBPBOPAH, W& ,
4.17(1H, m, 5.36(11-1, m, 6.72(1H s), 6.74-6.82(2H, m, 6.92-6.99(2H,
m, 7.23(dHained =8 OHgqldrB3{dHhil, (I=7384z) yield: 19%).

'H NMR(CDCls, 400MHz): 81.09-1.21(2H, m), 1.26(3H, t,

J=7.2Hz), 1.51-1.65(2H, m), 2.01-2.10(2H, m), 2.16-2.24(2H,

m), 2.29(1H, tt, J=3.6, 12.1Hz), 2.78(2H, t, J=6.5Hz),

3.25(1H, tt, J=3.6, 11.2Hz), 3.40-3.59(1H, brs), 3.84(2H,

g, J=6.0Hz), 4.14(2H, g, J=7.2Hz), 6.41-6.49(2H, m),

6.55(1H, d, J=7.4Hz), 7.11(1H, t, J=7.6Hz).

(28C) Trans-4-{[3-(2~-

hydroxyethyl)phenyl]amino}cyclohexanecarboxylic acid

Methyl trans-4-{[3-(2~-

hydroxyethyl)phenyl]amino}cyclohexanecarboxylate (1.91 g,

6.25 mmol) produced in (28B) was dissolved in ethanol (10

mL) and tetrahydrofuran (10 mL), and a 5 N agqueous

solution of sodium hydroxide (10 mL) was added thereto at

room temperature, and then, the resulting mixture was

stirred at 80°C for 1 hour.

[0249]



MS(ESI) mz: 535 (MtH) +. <Exanpl e32>Trans-4-{3-[2-(di et hyl am no) - 2-

oxoet hyl ] phenoxyl - N-met hyl-- N- (13- met hyL-4- {[ (3S) - 3-

met hyl pi perazi n-1-yl ] met hyl | phenyl) cycl ohexanecar boxam de 191 [ 0257]

[3-({Trans-4-[(4-1[(3S)-4-(tert-butoxycarbonyl)- 3-

met hyl pi perazi n-1-yl ] net hyl1l- 3- “

met hyl phenyl ) (nmet hyl ) car banoyl ] cycl ohexyl | oxy) phenyl. ] aceti ¢ acid (300 ng,

0.51 nmol ) pro in (30A),., di Wi 1 ne roghlori 111 g, 01
5%%91 gy_ %?31%@%0%&149{%_ ﬁ{eg/g \99% Ladgefl1d M rk

mmol ), 4-(4, 6-dinmetho ‘triazin- - met hyl nor phol i ni um chl ori de

155 ol F ARr2 T, SO BT oM N HRERGF T of Fark B o3 M), and rar

resulting mxture was stirr at .roomite rature for. 6 hours. To the
react i on%&?le&ti B’r?,s,mﬁtdéred\/\/ag%ﬁ&ﬁg&' ar‘?&lc{TﬁgChéer ganioé et t énral{\;\c/aesr e%tarsgct ed

with ethyl acetate. The organic |ayer was hed with a saturated agueous
sol ut i on S r8GdiEFm (‘f’PrItg]ri Sggéﬁ]rd Bh ﬁaai‘lei‘edm%@é‘? a‘?ﬁﬂfd"rjo%séﬂr%‘berfesi"iﬁﬁ sul fate
and filtered. Then, the solvent was distilled off under redyced pr.essure,
and the &BSdisted et due wastHEGERFY AFYFIHY bSOSFFHER g8 coﬁ%m
chr omat ogr aphy, whereby a crude product was obt ai ned. ) The_ obt ai ned
crude pr 6RO iREs ¥sEhedd 95 cAVBEofEYHEHEYD RN aAE™ ¥ iftracet i ¢
acid (2 nL) was added thereto at roomtenperature, :and then, the resulting
m xture wasl stiktededndefhanni thhegepo Avanspiarce Gtstbbhed efpér atnfds for 1
hour. After toluene (10 nL) was added to the reaction solution, the solvent
was di st idddedtenf f puaderreedudedt giressurerude phe doisttai vied [dicdieda 1
The obﬁained  crude ﬁﬁoduct was purified by silica gel
column chromatoéraphy .(hé%ané:éﬁhyly acetéte = 50:50 to
0:100 (v/v}); whefeby'the‘taiget compéuna was obtained as
a light yellow oil (1.48 g, yield: 90%).
'H NMR(CDCl;, 400MHz): &1.11-1.23(2H, m), 1.55-1.67(2H, m),
2.06-2.15(2H, m), 2.17-2.27(2H, m), 2.35(1H, tt, J=3.5,
12.1Hz), 2.78(2H, t, J=6.5Hz), 3.26(1H, tt, J=3.9, 11.0Hz),
3.84 (2H, t, J=6.5Hz), 6.43-6.49(2H, m), 6.55(1H, d,
J=7.8Hz), 7.11(1H, t, J=7.6Hz).
(28D) Tert-butyl (28)-4-(4-{[(trans-4-{[3-(2-
hydroxyethyl)phenyl]amino}cyclohexyl)carbonyl] (methyl)amin
o}-2-methylbenzyl)-2-methylpiperazine-l-carboxylate
Trans-4-{[3-(2-
hydroxyethyl)phenyl]amino}cyclohexanecarboxylic acid (1.47
g, 5.58 mmol) produced in (28C) and tert-butyl (2S)-2-
methyl-4-[2-methyl-4-{(methylamino)benzyl]piperazine-1-

carboxylate (1.86 g, 5.58 mmol), which is a known compound,



192 N aqueous sol ution of sodi um hydroxi de was added, and the organic
matter was extracted with dichl oronet hane. The organic | ayer was washed
with water and a saturated aqueous séPBgtion of sodium chloride and then
dried over anhydrous magnesium sulfate and filtered. Then, the solvent was
distilled off under reduced pressure, whereby a crude product was obt ai ned.
The obtai ned crude product was purified by NH silica gel col um
chromat ogr aphy (hexane: ethyl acetate: nethanol = 100:0:0 to 0:100:0 to

0: 90: 10 ¥Fere/ \Bissaieadbint K& eaget (€0nPéund 3RS ébt 4ir fed iR TROor | ess
solid (210 ng, yield: 75%. 1H NMR(CDCL3, 400MHz): 81.05(3H, d, J=6.3Hz),

1. 08(3H, 1t 3,3=tr2pzyin-2-vi(34- methmﬁmqnﬁbolnnmanlqn%qm4d%jhyﬁn@h%
1.85(7H, m, 2.07-2.10(2H, m, 2.21-2.28(1H, m, 2.37(3H, s), 2.75(2H, t,
J=9. 2Hz) ,(32084-8. O Ak; hi,n@mﬂ3(3+@ss?ddeZI@EHﬁtqy JaﬂdZEhﬁp,3I®8(2H, d,
J=7.2Hz), 3.45(2H, s), 3.63(2H, s), 4.12-4.19(1H, nm), 6.70-6.73(2H, m,

6. 79( 1H, rdsultIngHr)ixB1r3A-Ba D56 Hr regd, uhdEH 1H, nitrdg@&n9krmosphd3ElH, d,
J=8.2Hz). MS(ESI) nfz: 549 (M+H) +.

<Exanpl e33>Foams t4mpdra?ulrteerfiocduty Irasu 1o) - 2-

oxoet hyl ] phenoxyl - N- et hyl - N- ( 3- net hy1-4-{[ (3S) - 3-

met hyl pi per azi mol -tHd neé byt i pheryl)eyemhexanet awhex aatdked, 193d [t0258]
[3-({Trans-4-[(4-1[(3S)-4-(tert-butoxycarbonyl)-3- - - .

met hyl pi pegagiin- ImykEeEnt hydd- Ixtracted with ethyl acetate. ~ The
nethylphenyl)(nethyl)carbanDyI]cycIohexylony)phenyl]acetl c acid (300 ng,

0.51 mm'o):gB'}ﬁ@ucqu'e'}_ (314, whemdut Wl‘%’ﬂ n‘?ﬂa(t@‘]r falpg O a61 JEmIated
2-chl oro-4 di met hoxy-

agueous solution of sodium chlorlde and then drled over
anhydrous maghe51um sulfate and flltered. Then, the
solvent was distilled off under reduced pressure, whereby
a crude prbduct wés:obtainéd. The ébtaiﬁed crude product
was purified by silica gel column chromatography
(hexane:ethyl acetate = 75:25 to 25:75 to 0:100 (v/v)),

whereby the target compound was obtained as a colorless

o°

solid (2.09 g, yield: 65%).

1y NMR(CDCls;, 400MHz): &0.78-0.91(2H, m), 1.22(3H, d,

J=6.7Hz), 1.46(9H, s), 1.61-1.80(4H, m), 1.98-2.12(3H, m),

2.16-2.26(2H, m), 2.38(3H, s), 2.60(lH, d, J=11.0Hz),

2.69-2.77(1H, m), 2.76(2H, t, J=6.5Hz), 3.02-3.13(1H, m),

3.17-3.28 (18, m), 3.23(3H, s), 3.43(2H, m), 3.76-3.88(1H,

m), 3.82(2H, t, J=6.3Hz), 4.16-4.28(1H, brs), 6.36-6.44(2H,
m), 6.52(1H, d, J=7.8Hz), 6.92-6.98(2H, m), 7.08(1H, t,

J=7.6Hz), 7.30(1H, 4, J=7.8Hz).

(28E) Trans-4-{[3- (2-hydroxyethyl)phenyl]amino}-N-methyl-



1,3,5-triazine (107 ng, 0.61 mmol), and N nethyl norpholine (84 'AL, 0.77
nmol ) were dissolved in acetonitrile (3 nmL), and the resulting m xture was
stirred at roomtenperature for 6 hodd [0259] To the reaction
solution, water was added, and the organic matter was extracted w th ethyl
acetate. The organic | ayer was washed with a saturated aqueous sol ution of
sodi um chl oride and then dried over anhydrous magnesi um sul fate and
filtered. Then, the solvent was distilled off under reduced pressure, and

t he obt aNmdd-mesihdde Avdsl (SFughlyngsury ¥peeebyzsittita gel col um

chr omat ogr aphy, whereby a crude product was obtained. 194 The

obt ai ned yérl meé hyrldgbetn ylas yai Iss e xeetk dar b cdhbdenet hane (2 nl), and
trifluoroacetic acid (2 nm.) was added thereto at room tenperature, and

t hen, the resullerngbmitxtlure was stirred (@8ded —g 4ri{t[r(agem satdrdsghelde- at room
tenperature for 1 hour. After toluene (10 nL) was added to the reaction

sol uti onhydhexyeltwent) phas vdi 1siniild et d Tolwngel ) ¢ eelticedl prasshye) amant he

obtai ned residue, a 1 N aqueous sol ution of sodi um hydroxi de was added, and
the or garijcomaleter 1wWas AXt)r-actned i g €44 Onenet bBansox Fheter ganicid ayer
was washed with water and a saturated aqueous solution of sodium chloride
and thenpdri ed over apdydr ousrsmgnesi uphsulbabe apdsfi ltiered.vethenin t he
solvent was distilled off under reduced pressure, whereby a crude product

was obt a'd@%@lo?%%e‘%@uta%ié“e%crrﬁtqe péHQ”%ri"Pﬁu@H&ééé@Pchéd\i'é S'éh' Cr&(;g

col um chromat ogr aphy (hexane:et’hyl acetate: met hanol = 100: 0: 100: 0
to 0:90: (v/g@gh) £phe y fet SREDP S g@éauﬂﬁglas SHhite
solid (152 ny, yield: HE E%Q é? N%?%Dcfé 400 ¥681 05(3H, d, J 6. SFE)

3 et N ol LG ity
3: : ?zzt(a%Hﬁ?(%Hte P %lfe)e %ﬁ) | nj)nuzé%sl(lH ’tSJzé((l)EZ) bgsés(?H%(lHl%
V5( ESI ) T%é ﬁ49 (N%FD+
The residue obtained by distilling off the solvent
in the reaction solution under reduced pressure was
purified by NH silica gel column chromatography (ethyl
acetate:methanol = 100:0 to 85:15 (v/v)), whereby the
target compound Was obtained as a colorless o0il (109 mg,
yield: 94%). -
'H NMR(CDCls, 4OOMH2): 80.79-0.91(2H, _m),_,l.Q6(3H, d,
J=6.3Hz), 1.62—1.84(5H, m), 2.03—2.15(3H,‘m), 2.17-2.28(1H,
m), 2.37(3H, s), 2.71-2.80(2H, m), 2576f2H, t, J=6.5Hz),
2.86-3.04(3H, m), 3.17-3.28(1H, m), 3.23(3H, s), 3.46(2H,
s), 3.82(2H, t, J=6.5Hz), 6.36-6.43(2H, m), 6.52(1H, d,
J=7.0Hz), 6.92-6.97(2H, m), 7.08(1H, t, J=7.6Hz), 7.31(1H,
d, J=7.8Hz). |

<Example 29> Trans-4-[4-fluoro-3-(2-hydroxyethyl)phenoxy]-



<Exanpl e34>Tr ans-4-(3-{2-[i sopropyl (net hyl )am no] - 2-

oxoet hyl | phenoxy) - N-nmet hyl - N- (3-net hy1- 4-1[ (3S) - 3-

met hyl pi perazi n-1-yl ] net hyl | phenyl ) cyldd ohexanecar boxamni de
[3-({Trans-4-[(4-1[ (3S)-4-(tert-butoxycarbonyl)- 3-

met hyl pi perazi n-1-yl ] net hyl11- 3-

nmet hyl phenyl ) (et hyl ) car banoyl ] cycl ohexyl | oxy) phenyl ] acet i -acid (200
ng, 0.34 mmol) produced in (30A), N sopropylnethylamne (75 ng, 1.02 mmol),
and 4- (4 Nemedihmt-Hox(B3-Mmek szt r4akl h32) yiymathet pypavephor-ini um chl ori de
hydrate (282 ng, about 1.0 mmol) were dissolved in N, N-di nmethyl formam de (3
m.), and wlHenatésul iphennd xtyerkohwasasecaredxanideom t enperature for 6 hours
[ 0261] To the reaction solution, water was added, and the organic
matter was extracted wth £ Facetate. The organi c | ayer was washed with
a saturatedq aqueous solu of sodium chloride and then .dried over

anhydr ous at e filtered. Then, the solvent was
distilleqLSff under regluced pressur and the obtained resi due was roughly
purified lica gel~col um chronatography, whereby a crude product was

obt ai ned.
di chl or onetlhane
at roomtenpe

e hi ned crude product was dissolved in
| and trifluoroacetic acid (2 nL) was added thereto
ayid then, the resulting m xture was stirred under a
nitrogen at nog roomtenperature for 1 hour. After toluene (10 ni)
was added to tt aefidp solution, the solvent was distilled off under
reduced pressure. %nghe obt ai ned residue, a 1 N aqueous solution of sodium
hydr oxi de was added,”'ahd the organic nmatter was extracted with
dlchloronﬁﬁjga The organic | ayer was washed with water and a saturated
aqueous solution of sodiumchloride and then dried over anhydrous magnesi um
sul fate qnd filtered. Then. the_solve t was disti Ied off dti%gﬁguced

pressuref wﬁgﬁéﬁycé3cr688MﬁF%duéﬁ -RAd 5bté%n€&6 h obf%] h | pr oduct
Acet at e: bnanet 4 & 106 6787 obr 108+ 815620800 (I oY ier 25Y t he

target conpound was obtai ned as a colorless solid (50.0 |eId 270
g er7(3H s), 2.70-2.79(2H, m), 2.80-3. OOQBH, HFU 1¥ A

s), 3.45(2H, s), 3.84(2H, t, J=6.5Hz), 4.06(1lH, m), 6.62-
6.72(2H, m), 6.87-6.98(3H, m), 7.33(1H, m).

MS(ESI) m/z: 498 (M+H)".

<Example 30> Trans-4-{3-[2-(isopropylamino) -2-
oxoethyl]phenoxy}-N-methyl-N- (3-methyl-4-{[(3S)~-3-

methylpiperazin-l-yllmethyl}phenyl)cyclohexanecarboxamide

ET%

ﬁ?

[0252]

o CH,

)\

N CH
H 3

ulo



| H NVR(CDC13, 400MHz): 81.03(3H, d, J=6.5Hz), 1.05(3H, d, J=6.5Hz),
1.07(3H, d, J=7.0Hz), 1.10-1.19(2H, n), 1.64- 1.78(5H, m, 2.04-2.10(3H,
m, 2.21-2.29(1H, m, 2.37(3H 197 38,62.73-2.78(514,r’r),2.84-3. 00( 3H,
m,3.23(3H, s), 3.45(2Hs), 3.64(1H s),3.69(1Hs), 4.03-4.10(0.5H, m,
4.13-4.93(1H, ), 4.87-4.93(0.5H,m,

(30A) [3—({Trans;4—[(4—{[(3S)—4—(tert—butbgycarbonyl)—3~
methylpiperazin-l-yl]lmethyl}-3- |
methylphénYl)(methyl)carbamoyl]cyclohexyl}oxy)?ﬁenyl]aceti
c acid-

Tert-butyl (28)-4—-{4-[({trans-4-[3-(2-methoxy-2-
oxoethyl)phenoxy]cyclohexyl}carbonyl)(methyl)amino]—Z—
methylbenzyl}-2-methylpiperazine-l-carboxylate . (211 ng,
0.348 mmol) produced in (6A) was dissolved in methanol (5
mL), and a 2 N agueous solution of éodium hydroxide (870
pL, 1.74 mmol) was added thereto at foom temperature, and
then, the resulting mixture was stirred at 60°C for 1 hour.
[0253]

To the reaction solution, a saturated aqueous
solution of ammonium chloride was added, and the organic
matter wés extracted with ethyl acetaté. The organic
layer was dried over anhydrous sodium sulfate and filtered.
Then, the sélvent was distilled off under reduced pressure,
whereby the target compound was obtained as a colorless

oil (201 mg, yield: 97

oe

) .

MS (ESI) m/z: 594 (M+H)".

(30B) Trans-4-{3-[2-(isopropylamino)-2-oxoethyl]phenoxy}-

N-methyl-N- (3-methyl-4-{[(3S)-3-methylpiperazin-1-

y1l]lmethyl}lphenyl)cyclohexanecarboxamide
[3—({Trans—4—[(4—{[(385—4—(tert—butoxycarbonyl)—3—

methylpiperazin-l-yl]lmethyl}-3-



6.70-6.72(2H, m, 6.78(2H,d, J=7.4Hz),6.94-6.96(21-i, m,7.17(1H, t,
J=7.7Hz), 7.33(1H, d, J=8.2Hz). MS(ESI) niz: 549 (M+H) +.

<Exanpl e35>Tr ans- 4- ( 3-{2- [ ( 2- et hoxyetd¥l ) ami no] - 2-

oxoet hyl | phenoxy) - N- et hyl - N- ( 3- net hy1-4-{[ (3S) - 3-

met hyl pi perazi n-1 -yl ] nmet hyl | phenyl ) cycl ohexanecar boxam de

methylphenyl) (methyl)carbamoyl]cyclohexyl}oxy)phenyl]aceti
c acid (118 mg, 0.199 mmol) produced in (30A4),
isopropylamine (85.5 uL, 0.995 mmol), and 4-(4,6-
dimethoxy-1,3,5-triazin-2~-yl)-4-methylmorpholinium
chloride hydrate (113 mg, about 0.36 mmol) were dissolved
in ethanol (3 mL), and the resulting mixture was stirred
overnight at room temperature.

[0254]

To the reaction solution, a saturated aqueous
solution of sodium hydrogen carbonate was added, and the
organic matter was extracted with ethyl acetate. The
organic layer was dried over anhydrous sodium sulfate and
filtered. Then, the solvent was distilled off under
reduced pressure, whereby a crude product was obtained.

The obtained <c¢rude product was dissolved in
dichloromethane (4 mlL), and trifluoroacetic‘ acid (1 mL)
was added thereto at room temperature, and then, the
resulting mixture was stirred at room temperature for 1
hour. The residue obtained by distilling off the solvent
in the reaction solution under reduced pressure was
purified by NH silica gel column chromatography
(dichloromethane:methanol = 100:0 to 90:10 (v/v)), whereby
the target compound was obtained as a white solid (102 mg,
yield: 96%).

'H NMR(CDCls, 400MHz): 81.05(6H, d, J=6.3Hz), 1.06(3H, d,



[0262] [3-({Trans-4-[(4-{[(3S)-4-(tert-butoxycarbonyl) - 3-
met hyl pi perazi n-1-yl] nmet hy1ll- 3- o
nethylphenyl)(nethyl)carbanoyf]cycroﬁéﬁylony)phenyl]aceti acid (100
ng, 0.17 mmol) produced in (30A), 2- ethoxyethylamne (35 jiL, 0.34 mmol),
and 4- (4, 6-di nethoxyl, 3,5-triazin-2-yl)-4-nethyl nor phol i ni um chl ori de
hydrate (95 ng, about 0.34 nmol) were dissolved in N, Ndi nethyl formam de (3
m.), and_the.resulting m xture was stjrred. at_roomtenperature_for 6 hours.
198 [ 026375 385+ Lrdcile Srdali i Gn oot 17 oh: DaAter Ths Bdded? g ‘e
organic matter was_extracted with ethyl acetate. The organic |ayer was
washed Wit h a2 saf (Fat edVaqueoud’ sHiut i of? -sddiam cHtori de rand '(t%ﬁén dried
over anhydrous magnesi um sulfate and filtered. Then, the solvent was
distilled-8ff3tndem) reddeed ([Fressurle, ahd?® helobt & ned3rAdildile w&3 /r oughl y
purified by silica gel colum chromatography, whereby a crude product was
obt ai ned4.05(1H, The dbtldl el crudeSphldddét wls d@s%glb%d Bh, 6.74-
~dichloromethane (2 nL), and trifluoroacetic acid (2 nL) was added thereto
at room GefAperHt, ur @) ,and .t3%erf,. AhE@H,esuht i ng7 nER(UHe was stF/r.@dlzunder a
nitrogen atnosphere at roomtenperature for 1 hour. [0264] After
tol uene (1063rill}l, wds dekBe@Hzo .t he reacti on solution, the solvent was
distilled off under reduced pressure. To the obtained residue, a 1 N
aqueous sgl(BEIONmMEE :s6dicunMrHdroxi de was added, and the organic matter was
extracted with dichl oronethane. The organic | ayer was washed with water and
a sat ur atiedcaquenttn $ol Ut 3-o of 1 st sy Thhonbie 2anstothery 1d phet comer-
anhydrous magnesium sul fate and filtered. Then, the solvent was distilled

of f undeg-redueedNpPresSaLeyIWaer g3 s F-utier D Dsiues ra@sn obt ai ned. The
obt ai ned crude product was purified by NH

yl]methyl}phenyl)cyclohexanecarbdxamide hydrochloride .

| Trans;4—{3—[2;(isoproéyiamino)—2—oxoéfhyl]§henoxy}—
N-methyl-N-(3-methyl-4-{[ (3S)-3-methylpiperazin-1-
yl]methyl}phenyl)cyclohexanecarboxamide (375 mg, 0.702
mmol) produced in (30B) was dissolved_in_dioxane (4 mL)
and water (1 mL), and 1 N hydrochloric acid (351 upL, 0.710
mmol) was added thereto at room temperature, and then, the
-resulting mixture was frozen at -78°C.- The frozen mixture

was lyophilized using a lyophilizer, whereby the target

compound was obtained as a white solid (383 mg, yield:

MS(ESI) m/z: 535 (M+H)".
<Example 31> Trans-N-methyl-N-(3-methyl-4-{[ (33)-3-
methylpiperazin-l-yl]methyl}phenyl)-4-{3-[2-0ox0-2-

(propylamino)ethyl]phenoxy}cyclohexanecarboxamide



199 silicagel col umchr omat ogr aphy( hexane: et hyl acet at e: net hanol = 100:0:0
to 0:100:0 to 0:80:20 (v/v/v)), wherehy,the target conpound was obtained as
a colorless oil (25.0 ng, yield: 269 . 1H NVR(CDC1l3, 400MHz): 81.05(3H, d,
J=6.2Hz), 1.10(3H, t, J=7.1Hz),1.14-1.21(2H, m,1.65-1.79(4H m,
2.02-2.11(4H, m,2.23-2.29(1H, m,2.38(3H, s),2.76(2H, t, J=9.0Hz),

2. 84- 3. 00( 3H,
’ 0
N LCH; /l:::l\v/ﬂ\N/A\v/CHs

() :
N~ CH, 9
f @)

N
CHj

llllo

[0255]

[3-({Trans-4-[(4-{[(38) -4~ (tert-butoxycarbonyl)-3-
methylpiperazin—i—yl]ﬁethyl}—3; o “ |
methylpheﬁyl)(methyifcafbamoyl]éyclohééYl}oxy)phehyi]aceti
¢ acid (118'm§?.0.i99 mﬁoi) produced in:(éOA)? propylémine
(él.8xpl, 0.995 mmol), and 4—(4,6—diﬁeth;;y;i,3;5;triazin—

- 2-yl)-4-methylmorpholinium chloride hydrate (113 mg, about
0.36 mmol) were dissolved in ethanol (3 mL), and the
resulting mixture was stirred overnight at room
temperature.

[0256]

To the reaction solution, a saturated agqueous
solution of sodium hydrogen carbonate was added, and the
organic matter was extracted with ethyl acetate. The
organic layer was dried over anhydrous sodium sulfate and
filtered. - Then, the solvent was distilled off under
reduced pressure, whereby a crude product was obtained.

The obtained crude product was dissolved in

dichloromethane (4 mlL), and trifluorocacetic acid (1 mL)



m, 3.23(3Hs), 3.36-3.43(6H n), 3.45(2H, s),3.51(2H, s), 4.13-4.21(1H
m,5.86(2H, brs),6.73- 6.81(3H, n),ép 4(1H, d, J=7.0HZ), 6.96(1H, s),
7.21(1H t. J=7.9Hz), 7.33(1H, d, J=8 lu).

was added thereto at room temperature, and then, the
resulting mixture was stirred at room temperature for 1
hour. The residue obtained by distilling off the solvent
in the reaction solution under reduced pressure was
purified by NH silica gel column chromatography
(dichloromethane:methanol = 100:0 to 90:10 (v/v)), whereby
the target compound was obtained as a white solid (95.6 mg,
yield: 90%).

'"H NMR(CDCl;, 400MHz): 80.83(3H, t, J=7.4Hz), 1.06(3H, d,
J=6.3Hz), 1.09-1.23(2H, m), 1.37-1.48(2H, m), 1.63-1.87(6H,
m), 2.03-2.16(3H, m), 2.26(1H, m), 2.37(3H, s), 2.71-
2.80(2H, m), 2.85-3.03(3H, m), 3.15(1H, m), 3.23(3H, s),
3.46(2H, s), 3.50(2H, s), 4.17(1H, m), 5.36(1H, m),
6.72(1H, s), 6.74-6.82(2H, m), 6.92-6.99(2H, m), 7.23(1H,
t, J=8.0Hz), 7.33(1H, d, J=7.8Hz).

S(ESI) m/z: 535 (M+H)"
<Exam§le 32> Trans-4-{3-[2-(diethylamino)-2-
oxoethyl]phenoxy}—N—methyl—Nf(3—methylf4—{[(3S)—3—

methylpiperazin—l—yl]methyl}phenyl)cyclohexanecarboxamide

m -
Cy
ﬁ?

3

l|"O



MS(ESI) mlz: 565 (M+H) +. <Exanpl e36>Trans- N-net hyl - N- (3-net hyl -4-{[ (3S) - 3-
nmet hyl pi perazin-1-yl ] net hyl | phenyl) - 414§ (2- oxo-2- .
pyrrolidin-1-yl ethyl)phenoxy] cycl ohexanecar boxam de [ 0265]
[3-(1Trans-4-[(4-1[(3S)-4-(tert-butoxycarbonyl)-3- .
met hyl pi perazi n-1-yl ] net hy1l1l- 3- net hyl phenyl )
(met hyl') carbamoyl ] cycl ohexyl | oxy) phenyl Jaceti 200 ¢ acid (100 ng, O.17
nmol ) prqﬁgﬁﬁ@ in (30A), pyrrolidine (28 laL, 0.34 mml), and

[

4- (4, 6-d xy 1, 3, 5- tr|a2|n 2- yl)-4- nethylnnrphollnlun1chlor|de hydrate
(95 ng, about I r ed | N-di d (3 m),

and t he resultlng dﬁg?d%%wP ff@% h%t%ﬁge 0?3 6§hours

[ 0266] To the reactio solut mater was added and the organic
matter wﬂ??&%%&%ﬁ%ﬁf%ﬁQTre%igm 5te The organic |ayer was washed with

a saturated aqueous sol ution of sodlun1chlor|de and then dried over

anhydrougﬁﬁﬁﬁi§§QHﬁ%ﬁjW%ﬁQY%NﬁP???W%¥%BCY?h%heXYhéo§BPQQﬁPY%é§c8F§t|IIed
of f under reduced pressure, and the obtained residue was roughly purified
by silic& g&itof ohr ofred DgFAPRY, PRAEHEBS alcrlidd)pr SHRE XN Bbt ai ned.

hydrochloride (111 mg, 1.01 mmol), 4-(4,6- dlmethoxy 1,3,5~-
triazin—2—yl>;4—methyimerphoiinium chlorlde hydrate (282

mg, about l.d mﬁol), and N,N—diieepropylethylamine (266 uL,
1;53 mmol) were disselved in N,N—dimeth?lformamide-(BImL),

and the resuiting mixture was.stirred at room temperature
for 6 hours. To the reaction solutioh, water was added,

and the organic matter was extracted with ethyl acetate.

The organic layer was washed with a saturated aqueous
soluticn of sodium chloride and then dried over anhydrous
ﬁagnesium sulfate and filtered. Then, the solvent was
distilled off under reduced pressure, and the obtained
residue was roughly purified by silica gel column
chromatography, whereby a crude product was obtained.

The obtained <crude ©product was dissolved - in
dichloromethane (2 mlL), and trifluorcacetic acid (2 mnlL)
was added thereto at room temperature, and then, the
resulting mixture was stirred under a nitrogen atmosphere
at room temperature for 1 hour. After toluene (10 mL) was
added to the reaction solution, the solvent was distilled

off under reduced pressure. To the obtained residue, a 1



The obt ai ned crude product was dissolved in dichloronethane (2 nL), and
trifluoroacetic acid (2 nm) was added gbhereto at - room tenperature, and

then, the resulting m xture was stlrreg under a nitrogen atnosphere at room
tenperature for 1 hour. [0267] After toluene (10 nL) was added to
the reaction solution, the solvent was distilled off under reduced

pressure. To the obtained residue, a 1 N aqueous solution of sodium

hydroxi dg vas RAged . Aldi & Itf'eo?rgéahﬁm”%tytoﬁ:rom w01 eXLEACT Wi

di chl or onet hane. The organi c ayer was washed with water and a saturated

agueous g%g‘é%u%” 01+ sodi WQsChleQEkQStéBd §en Q{l&ﬂ]&"éﬁ%f@{ﬁ‘r}’éﬂou% gnesi um

sul fate ered. Then, the solvent was di st f under reduced

pressure]pl ggﬂr %by %r ud%a%r oq,lé%}he\gas woLl% ai r‘},% erTh)e? %l;te%ggg,g&%htéldceedoroduct

was puri it cd gel urm chromato graph
acet at e: net hano reb the

v/ v
Carget cOMIGANE m%%f%%%%? i godlan shled it |afe§1%ﬁ o) apt B St 1
GrLCEciS, a0us) ob oeln *S o6 By e LIl g o2 Bocii
2. 37(3H, 2. 76(2H, t, 9. 5Hz 00 3H
3 23E3H 3% ge&6§2@§ %l%t#;&%d3 %% g uced pressure, whereby

3.59(2H,s),4.13-4.19(1H, m , 6. 71( 1H, d, J=8. ZFE)
a 'crude pro uct was ob alned The ‘obtained crude product

was purified by NH silica gel column chromatography
(hexane:efhyi aoetafe:methanol = lOO:O:O to ‘O:lOO:O to
0:90:10 (v/v/v)), whereby the targot.compoﬁﬁd was.ootained
as a colorless solid (210 mg, yield: 75%).

'H NMR(CDC}3, 400MHz): 81.05(3H, d, J=6.3Hz), 1.08(3H, ¢t,
J=7.2Hz), 1.11(3H, t, J=7.2Hz), 1.13-1.16(1H, m), 1.64-
1.85(7H, m), 2.07-2.10(2H, m), 2.2142.28(1H, m), 2.37(3H,
s), 2.75(2H, t, J=9.2Hz), 2.84-3.00(3H, m), 3.23(3H, s),
3.27(2H, q, J=7.2Hz), 3.38(2H, g, J=7.2Hz), 3.45(2H, s),
3.63(2H, é), 4.12-4.19(1H, m), 6.70-6.73(2H, m), 6.79(1lH

d, J=7.4Hz), 6.94-6.95(2H, m), 7.17(1H, t, J=7.9Hz),
7.33(1H, d, J=8.2Hz).

MS(ESI) m/z: 549 (M+H)".

<Example " 33> Trans-4-{3-[2-{(tert-butylamino) -2-
oxoethyl]phenoxy}-N-methyl-N- (3-methyl-4-{[(33)-3-

methylpiperazin-1l-yl]lmethyl}phenyl)cyclohexanecarboxamide



6. 76(1H, s), 6. 82(1H,d, J=7.8Hz), 6.94-6.95(2H, M, 7.17(1H, t, J=7.8Hz),
7.33(1H, -d, J=8.2Hz). MS(ESI) mz: 547,{ M-H) +. <Exanple 37>
Trans-4-(3-{2-[(2, 2-di fl uoroet hyl)amno] - 2-

oxoet hyl | phenoxy) - N- net hyl - N- (3- met hy1- 4- 1[ (3S) - 3-

met hyl pi perazi n-1-yl ] nmethyl | phenyl ) cycl ohexanecar boxam de 202 [ 0268]
[3-({Trans-4-[(4-1[(39S)-4- (tert butoxycarbonyl)-3-

met hyl pi perazi n-1-yl ] met - 3-

met hyl pheny ) (net hyl ) carp l ] c xyL] 0xy) phenyl ] acet i acid (265

ng, 0.45 1) @H@duced 3QA) 2<tvt'Buor oet hyl ami ne (73 ng, 0.90
mmol ), 1 bengotri azol 1- yI oxytri pMrrolGldgne phosphoni um

hexaf | uongphgsphate (468 ng, 0. 90 ), 1-hydroxybenzotriazole (122 ng,

0.90 mml)NanoCN,;;N—
di ssol ved iln N, d|
stirred at r

ppr opyl et hyl am ne (157 1AL, 0.90 mmol) were

formam' de (3 nl), and the resulting m xture was
ature for 6 hours. [0269]

Hs

[0258]

[3-({Trans-4- [(4 {[(38)-4-(tert~- butoxycarbonyl) -3~
methylpiperazin—l—yl]methyl}—3— |
methylphenyl)(methyl)carbamoyl]cyclohexyl}bxy)phenyl]aceti
¢ acid (300 mg, 0;51 mmol) produced in (31A), tert-
butylémine (64 uL, 0.61 mmol), 2-chloro-4,6-dimethoxy-
1,3,5-triazine (107 mg, 0.61 mmol), and N-methylmorpholine
(84 uL, 0.77 mmol) were dissolved in acetonitrile (3 mL),
and the resulting mixture was stirred at room temperature
for 6 hours. |
[0259]

To the reaction solution, water was added; and the
organic matter was extracted with ethyl acetate. The
organic layer waé washed with a saturated aqueous solution
of sodium chloride and then dried over anhydrous magnesium
sulfate and filtered. Then, the solvent was distilled off
under reduced pressure, and the obtained residue was
roughly purified by silica gel column chromatography,

whereby a crude product was obtained.



To the reaction solution, water was added, and the organic matter was
extracted with ethyl acetate. The or ic | ayer was washed with a saturated
aqueous sol ution of sodiumchloride and then dried over anhydrous magnesi um
sulfate and filtered. Then, the solvent was distilled off under reduced
pressure, whereby a crude product was 203 obtained. The obtained crude
product was roughly purified by silica gel colum chromatography, whereby a

d duct bt Al pe; he ghtained crude dj ssol ved
n'di chl or onet hawe (2RE *And Tr197 noPaaaie. adrd (2 n) - we addey

thereto al FAUMAIMERAL UTS, ANd LheR Lhe resplling, m Xare yas i rred
under a nitrogen atnosphere at r'oom tenperature for hour~.” After 1ol uene
(10 m.) was added to,the reactjion_solutjon, the solvent distilled off
nder 1 eddBed Spreds FBEESES hat obt AP Redt PRSP HREEEE: | Ridaueuiib: soit on of
sodi um hydr oxi de was, added, and the organi¢c matter was extracted with

di chloro NITHE P Yehi ¥aPapér i Wes i PATREOER ATFOSRERNT at ed
aqueous sol ution of sodiumchloride and then dried_over anhydrous magnesi um
sul fate &fd F99% rFWeTHEN S t Fier sbl DeHt -waBTBREt CPLEgnsf fl 1inddr MEfuced
pressure, whereby a crude product was obtained. The obtained cpude(Product
was puri Ride@ Dyt NHBE | Feaceéric SIUMT it ondt®gFapi§ntheranstisttiylle

acet ate: net hanol = 100:0:0 to 0:100:0 to 0:90:10 (v/v/v)), whereby the
target ceOffouHisasrottasfedrassaresl oMlceshs b {ngd ngsigirelda 44% . I H
NVR( CDC13, 400MHz): 81.05(3H, d, J=6.7Hz), 1.10-1.19(2H,

m, 1. 65- N. 88(EHUY , 2008t 20290 5HsY12nB8(BH,&yide was added, and the

2. 76(2H,t,J=9.4Hz), 2. 86-2.99(3H, M, 3. 23(3H,s), 3.45(2H, s), 3.51-3.60(4H,
m, 4.09-04gB9(ikH majfeb. 8 dlektraz@4éad t wItb6.Bichloromethane. The

organic layer was washed with water and a saturated
aqueous solution of sodium chloride and then dried over
anhydrous magnesium sulfate and filtered. Then, the
solvent was distilled off under reduced pressure, whereby
a crude product was obtained. The obtained crude pﬁoduct
was purified by NH silica gel column chromatography
(hexane:ethyl acetate:methanol = 100:0:0 to 0:100:0 to

0:90:10 (v/v/v)), whereby the target compound was obtained

o°

as a white solid (152 mg, yield: 54%).

'H NMR (CDC13, 4OOMHz):.61.05(3H, d, J=6.3Hz), 1.11-1.22(2H,
m), 1.27(%9%4, s), 1.69-1.80(7H, m), 2.07-2.11(3H, m), 2.23-
2.27(1H, m), 2.38(3H, s), 2.76(2H, t, J=9.0Hz), 2.85-
2.99(3H, m), 3.23(3H, s), 3.42(2H, s), 3.45(2H, s), 4.15-
4,21(1H, m), 5.22(1H, brs), 6.71(1H, s), 6.74~6.79(2H, m),
6.94-6.96(2H, m), 7.21(1H, t, J=8.0Hz), 7.33(1H, d,

J=8.6Hz) .



4.3Hz), 6.70(1H, brs), 6.5-6.76(2H, nm), 6.81(1H,d, J=7.4Hz), 6.94-6.96(2H
m,7.32(1H, t, J=6.9Hz), 7.34(1lH d,joL=7.9Hz). MS(ESI) nfz: 557 (M+H)+

MS(ESI) m/z: 549 (M+H)"
<Example 34> Trans—-4-(3-{2-[isopropyl (methyl)amino]-2-
oxoethyl}phenoxy)-N-methyl-N- (3-methyl-4-{[ (3S)-3-

methylpiperazin-1l-yl]lmethyl}phenyl)cyclohexanecarboxamide

( TC“
H@?

[0260]

] O
Z
Q
xI

w

(3= ({Trans—4-[ (41 [ (38) -4- (tert-butoxycarbonyl)-3-
methylpiperazin-l1-yl]lmethyl}-3-
methylphenyl) (methyl)carbamoyl]cyclohexyl}oxy)phenyl]laceti
¢ acid (200 mg, 0.34 mmol) produced in (30A), N-
isoproﬁylmethylamine (75 mg, 1;02 mmoi), and 4-(4,6-
dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium
éhloride hydrate (282 mg, about 1.0 mmol) were dissolved
in N,N-dimethylformamide (3 mlL), and the resulting mixture
was stirred at room temperature for 6 hours.
[0261]

To the reaction solution, water was added, and the
organic matter was extracted with ethyl acetate. The
organic layer was washed with a saturated agqueous solution

of sodium chloride and then dried over anhydrous magnesium



<Exanpl e 38> :
Trans-4-{3-[(butyry|anino)nethyl]phegﬁﬁﬁlanethyI-N<(3-nethy1-4-1[(3S)-3-ne
t hyl pi perazin-1- yl]nmethyll phenyl)cyclohexanecar boxam de [ 0270]

(38A) Tert-butyl (2S)-4-{4-[(ftrans-4-[3- . _

(bromonet hyl ) phenoxy] cycl ohexyl | car bonyl ) ( net hyl ) am no] - 2-

nmet hyl benzy11- 2- net hyl pi per azi ne-| - carboxyl at e

Tert-buty -4-14: ~4-[3- ' L

(e oxyrtit it AL Lapea L Miheny L5hs | SPAZERYI Fam Adptilled off
2-met hyl benzyl | - 2- met hyl pi_per azi ne- 1- car hoxyl a (1.1 2. 0 muol

pr oduced Ulnﬁjze{rSB)r Ce_d%/ssporlp%esdlﬁ% diathao?cg}%t it eceaj(rﬁﬁigrr%e,sja[ﬁbe wds

tri phenyl phosphi ne (578 , 2.2 1) and carbqn tetrabrom de (728 ng, 2.2
mol ) vverrg’ d tﬂﬁ’%‘e%o&gt oo r &Ur e,cog'r‘l’émc hé&RE AR YEAR Y ng

m xture was stirred at roomtenperature for 3 hours. 205 The

resi due OBSHSTEU Dy HER iRTTHF offas HePEdEW@At in the reaction sol ution
under reduced pressure was purified by silica gel columm chromatography

(hexane: et hyl d&¢ét at ebtaipedo terwda 00 qBAdN9tl wesebydi peotueget dbnpound

was obtained as a light yellow solid (767 ng, yield: 61%.
dichloromethane (2 mL), and trifluorocacetic acid (2 mL)

was added thereto at room temperature, and then, the
resulting mixture was stirred under a hitrogen atmosphere
at room temperature for 1 hour. After.toluene (10 mL) was
added to the reaction solution, the éol&eﬁt was distilled
off under reduced pressure. To the bbtainéd.residue, a1l
N aqueous.solution of sodiuh hydroxidé Qés added, and the
organic matter was extracted with dichloromethane. The
organic layer was washed with water and a saturated
aqueous solution of sodium chloride and then dried over
anhydrous magnesium sulfate and filtered. Then, the
solvent was distilled off under reduced éressure, whereby
a crude product was obtained. The obtained crude product
was purified by NH silica gel column chromatography
.(hexané:ethyl acetate:methanol = 100:0:0 to 0:100:0 to
0:20:10 (v/v/v)), whereby the target compound was obtained
as a colorless solid (50.0 mg, yield: 27%).

'H NMR(CDCls, 400MHz): 81.03(3H, d, J=6.5Hz), 1.05(3H, d,
J=6.5Hz), 1.07(3H, d, J=7.0Hz), 1.10-1.19(2H, m), 1.64-

1.78(5H, m), 2.04-2.10(3H, m), 2.21-2.29(1H, m), 2.37(3H,



1H NVR(CDC13, 400MHz): 81.20-1.10 (2H, m), 1.23 (3H, d, J=4.1Hz), 1.47 (9H,
s), 1.83-1.68 (4H, m, 2.15-2.00 (3H,49, 2.28-2.19 (2H m, 2.39 (3H, s),
2760 (1H, d, J=11.3Hz), 2.73 (1H d, JZ11.7Hz), 3.14-3.02 (1H ), 3.23
(3H, s), 3.43 (2H, s), 3.82 (1H d, J =13.7Hz), 4.27-4.13 (2H, m), 4.43
(2H, s), 6.78-6.74 (1H n), 6.87-6.84 (1H n), 6.98-6.91 (3H n), 7.20 (1H,
t, J=8.0Hz), 7.31 (1H, d, J=7.8 Hz).

(38B) Tr ang- 4-{ t m met phe N- thyI
N ( 3- et @1 4- Zgi -Eiégl)d gg ?r%si?hyr}g% perg)z/léqul e 3@)%%3% hyﬂ%phenyl% cyc}} ohexanecar box

?tTrEre}Fan{ h;/t%l([%iegg%i ??/%14 %e%lr cargbnyl )lfl:’mtsﬁyl a2 (0 > lm duced
14

o (388 ébutyrémrdﬁ B0 b7 -4 88 sty VBt e df s B Gattfpt b P Oce

N, N-d d | ed oCc,

and S;rﬁé;ﬁég ’30 gri ?=?%¥5??het¢§éf;e§g§n& LZE}?'UUIB ;s \é\ﬁﬁrﬁ%ﬁ{sd?l%go(%%

13 nmg, O. ed, andthe resultlng mxture was 206 stirred at
roomte erat Ze)'for Afﬁﬂ{! [@‘2871 To the reaction solution, water
was added, and the, organic matter was extracted wth ethyl acetate. The
organi c I%@rs%én/\ﬁasgh%ﬂog V\ﬁl\’l‘ﬂ”wat er and a saturated aqueous solution of
sodi um chl or| de and then dried over anhydrous ma nesium sul fate and
filtered ERf@P1% he sdPvent Wadnaréri(Prdd-dfig X vieddude hipireslside, and
t he obtai ned resi due was roughly purified by S|I|ca gel colum

chr omat ogr&stifY iy v ohuet iprlodic { 3 vestiopi af néd(3S) -3~ The obt ai ned
crude product was dissolved in dichloronmethane (2 mL), and trifluoroacetic
acid (2 methyads igdek treretld Imtmobmht@rmjpbrajz@l@heaadethehpxamédeesuI ting
m xture was stirred under a nitrogen atnosphere at roomtenperature for 1

hour . [0272] o
[ ]/CH3 /O\/[LN/\/O\/CHs
_ H

~llI|O

CHjs

[0262]
[3—({Trans—4—[(4—{[(BS)—4—(tert—butoxycarbonyl)—3—

methylpiperazin-1-yl]lmethyl}-3~

methylphenyl) (methyl)carbamoyl]cyclohexyl}oxy)phenyl]aceti
c acid (100 mg; 0.17 nmmol) produced in (30A), 2-
ethoxyethylamine (35 pL, 0.34 mmol), and 4-(4,6-dimethoxy-
1,3,5-triazin-2-yl)-4-methylmorpholinium chloride hydrate
(95 mg, about 0.34 mmol) were dissolved in N,N-
dimethylformamide (3 mL), énd the resulting mixture was

stirred at room temperature for 6 hours.



After toluene (10 nmL) was added to the reaction solution, the solvent was
distilled off under reduced pressure.lgg the obtained residue, a 1 N
aqueous sol ution of sodi um hydroxi de was added, and the organic natter was
extracted with dichloronethane. The organic | ayer was washed with water and
a saturated aqueous sol ution of sodiumchloride and then dried over
anhydrous magnesium sul fate and filtered. Then, the solvent was distilled
of f under gggured pressure, whereby a crude product was 207 obtained. The
obt ai ned crude product was purified by NH silica gel columm chronatography

(hexane: et hyl agetaf g %%%% qghl s%f th% t%a%e%OQMQ tggggg?lép /V))

wher eby the target conpoun arned’ as “a col'or1 )
ield: 53 11-1 NVR(CDC13, 400 0.96(3H, t =7.4Hz 04(3

g =6. 7THz) %gi’bli fﬁ(% 251, %ﬁ%ﬁ?% #ﬁ f%%l’g 1%5{64’142*3% 1(fi%(zH t,

% 5545E) :é¥%%H% %§ %%% g?sg783wlt%)a satu ate& a&téous golutlon

3.45(2H,s),4.11-4. 18(1H m., 4.38(2H,d, J=5.9Hz), 5.75(1H brs), 6.73(2H m,
6. 8221H ot g §hleryge gngptopn’ ﬁ‘)rle?i @of(ema&hmr%%%gnefswm d,
J=8.2Hz). IVB ESI) mz; 535 (MrH) +. <Exanple 39>

Tr ans- 4- 13114350 r §1 AP RoY et RYEP phehexyrlNemst mAs NiJ(SJlJrﬂe]tQ“ﬁ/loflf {[(39)-
3-net hyl pi perazi n- 1-yl ] met hyl | phenyl ) cycl ohexanecarboxam de - [0273] (39A)
Benzyl cidRhydf | ghes@mielear boxyd attéhe obtained  residue was

Ci s-4- hydr oxy fclohexanecarboxyllc aci d(20.0 g,
rough purified by silica gel column chromatography,

whereby a crude product was'obtained.

The " obfained crude prodﬁct was dissolvedv in
dichloromethane (2 mL) and trifluorocacetic acid (2 mnlL)
was added thereto at roomi tempefafufé,. énd fhen, the
resulting mixture was stirred under a nitrogen atmosphere
at room temperature for 1 hour.

[0264]

After toluene (10 mL) was added to the reaction
solution, the solvent was distilled off under reduced
pressure. To the obtained residue, a 1 N aqueous solution
of sodium hydroxide was added, and the organic matter was
extracted with dichloromethane. The organic 1layer was
washed with water and a saturated aqueous solution of
sodium chloride and then dried over anhydrous magnesium
sulfate and filtered. Then, the solvent was distilled off
under reduced pressure, whefeby a crude product was

obtained. The obtained crude product was purified by NH



208 0.14 nol), potassium carbonate (21.1 g, 0.15 nol), and benzyl brom de
(16.1 nm., 0.13 nol) were dissolved inlé\b Ndi net hyl f or mram de (100 ni), and
the resulting mxture was stirred at Toomtenperature for 12 hours. [0274]
To the reaction solution, water was added, and the organic matter was"
extracted with ethyl acetate. The organic | ayer was washed wth a saturated
aqueous solution of sodiumchloride and then dried over anhydrous magnesi um

sul fate ang \(,i\th c_:{tereéjelThencogL gmsol vent. \as J ? tdmj ed o ﬁe crudlggyced

pressure, ereby a” crude product was obtain obt pr oduct

100: 0 10 D150 -%*?aaﬂ%ﬁe?eg IR 5Pget q%@ﬁ.%ﬁé%@?&f Tyl e
196-2 04 f%ﬁéh}# B U LTS, 901, GLTERa) 8. 3B OB STy 31.

7.39(5H, BBenzyII 3- (f[tert-

but yl (di rﬂg]t)lhy{%?%(? Y19 03t ?hy??l henoxy] cycl ohexanecar boxy | ate

Benzyl ci.s-4-hydroxycycl ohexanecar boxyl ate (1.46 6.23 mmol ) produced in
(39A) andH3-N'H (&G but vi QRiHzt hyﬁispﬁyﬁﬁ@xﬂm@ﬁ?t;Bﬁénml @D @dl.g, t 6. 25
mmol ), which is a known conpound, were dissolved in toluene (50 209 ),
and the r&stitidly nt xt4re: aR$28t i P ed LatOTG0C K(GH 150mi mut &2 Thl { Hés
reaction solution, cyanonethyl enetributyl phosphorane (1.97 nL, 7.48 nmol)
was addedt)dr O%V\Fr’ée2 éﬂdlﬁheﬂresujﬁtﬁ%ﬁﬁw xtsire wadéheht ed t oJTF0EK) for 3
hours. The tenperature of the reaction solution was returned to room

t enper at -S4 ahd @ hid sohvent3 -Wad 3di,sts ) 1 ed. 3bF3uAdébHr edlced pteésliire. The
obt ai ned residue was purified by silica gel colum chromatography

(hexane: et)hyl 3abét(dtle =s)100:40 130-49Q:1UAH,v/ ™) ), SWtEs Y, t best ar gét 78enpound
was obtained as a colorless oil (2.17 g, yield: 76% . 1H NVR(CDC13,
400MHz) : B8BILAEBH m)s,) ,60994(8H, ds) J=1.48z)1. BACIH1HY) ,s)L. 5B-21 6B3{1H., m),
2.07-2.13(3H, m, 2.17- 2.22(1H, m, 2.38-2.45(1H m), 4.16-4.23(1H m,
4.71(2H, 3)7.8HA3(2H33)1u6.d7(3+6. gdz) J=2. OHz, 7.8Hz), 6.86(1H, d,
J=7.4Hz), 6.90(1H, s), 7.21(1H t, J=7.8Hz), 7.32-7.38(5H, m.

' MS (ESI) m/z: 565 (M+H)'.

<Example 36> Trans-N-methyl-N- (3-methyl-4-{[(3S) -3~
methylpiperazin-1l-yl]lmethyl}phenyl)-4-[3-(2-0ox0-2-

pyrrolidin-1l-ylethyl)phenoxy] cyclohexanecarboxamide

( ]’%

ﬁ?

[0265]

O

“D

all O

[3—({Trans-4-[(4-{[(3S)-4-(tert-butoxycarbonyl)-3-
methylpiperazin-1-yl]lmethyl}—-3-

methylphenyl) (methyl)carbamoyl]cyclohexyl}oxy)phenyl]aceti



(39C) Benzyl trans-4-[3- (hydroxynet hyl ) phenoxy] cycl ohexanecar boxyl at e
Benzyltrans-4-[3-({[tert-

butyl (di met hyl ) silyl]oxyl nethyl )phenoxyci cycl ohexanecarboxy late (2.17 g,
4.78 mmol ) produced in (39B) was dissolved in tetrahydrofuran (10 nL), and
a solution of tetrabutylanmmoniumfluoride in tetrahydrofuran (1.0 M 14.3
m., 14.3 nmmol) was added dropw se thereto, and then, 210 the resulting

mXture Was,sid ! (£ ahgl 0O e dv’:}t;g;] Soapled hQUNS0 0278 ro11gind0 the

reacti on sol uti on, r was a e organic matt was extract ed

with et hy acet at h anic la er S washed w ur at.ed ,aqueous

sol ution of8 odi u§1 c%l gnrn} g anan(i1 hX é\rﬁvl%eﬁ1 8\%: §<r¥h d L?S%rﬁalgar?ejsri sul fate

and filt olvent was.di st.i und reduced ,pressure,
S’rjr udyég:?j! dluccfrpsh(ﬂ:L & Chq e eob dl ﬁ@& Egé pIP%quc‘;“}kp ec

wher eby was obtal néd.

purlfledb Sili col um rrato p ne: et hy tateleOO
to 80: 20 (é %amq%%lb?/ ?Jrﬁes?g tl%oﬁp@ Hém%ég P&F“ﬁ‘ ( dYtlor | ess
oil (1.0 yi eI d: 619 1H NVR( CDClS 400MHz 81.43-1. 53(2H nm,

1.58-1. eﬁ%ﬁHt TOSBEEINS 1 AN URE, ES3g3bl Y %@tmroom SRR ny

4. 66( 2H, ' 9Hz 5.13(2H, s), 6.80-6.83(1H m, 6.91- 6.93(2H m,
7.24-7. 2§(OfH %Our 33-7.40(5H, m . (39D)Benzyltrans-4-[3-

(br ononet[%yzl6)6p]henoxy] cycl ohexanecar boxyl at e

To the reaction solution, water was added, and the
organic ‘matter wés extracted with ethyl aéetate. The
organic layer was washed with a séturéted aqueous solution
of sodium chloride and then dried over anhydrous magnesium
sulféte and filtered. Then, the solvent was distilled off
under reduced pressure, and the obtained residue was
roughly purified by silica gel column chromatography,
whereby a crude product was obtained.

The obtained crude product Was dissolved 1in
dichloromethane (2 mL), and trifluorcacetic acid (2 mL)
was added thereto at room temperature, énd >then, the
resultiné mixture was stirred under a nitrogen atmosphere
at room temperafure for 1 hour.

[0267]

After toluené (10 mL) was added to the reaction
solution, the solvent was distilled off under reduced
pressure. To the obtained residue, a 1 N aqueous solution

of sodium hydroxide was added, and the organic matter was



Benzyl trans-4-[3- (hydroxynet hyl ) phenoxy] cycl ohexanecar boxylate (1.0 g,
2.94 mml ) produced in (390) was dissglyed in dichloronmethane (20 nL), and
carbon tetrabromde (1.46 g, 4.41 nmo and triphenyl phosphine (1.54 g,
5.88 mmol) were added thereto, and then, the resulting mxture was stirred
at room 211 tenperature for 5 hours. The reaction solvent was distilled off
under reduced pressure, and the resulting residue was purified by silica

gel col unyGhy sy owi%hydgéﬁxaesg@ttmn acet ate =,100:,0 t 9‘;3?;;7(%@ ),

whereby the target compound was obtained as a col orl'ess oi yi el d:

o 2 Ty R O cn S kbt e T8GR 22008 n o
), 83( 1L 2366 8 07) 69050 201 e 8- 900 0Hr ol il

L(1 sobutyy ¥l A o) et bY] 1 BRER O v S) OREXAN8ILAP V" RUh 11ea ofs
Benzyl tr “4-173-7 _
under reduced pressure, whereby a c¢rude product was
obtained. The obtéined crude product was purified by NH
silica gel column chromatography (hexane:ethyl
acetate:methanol = 100:0:0 to 0:100:0 to 0:80:20 (v/v/v)),

whereby the target compound was obtained as a colorless

oil (31.0 mg, yield: 33%).

o\

'H NMR(CDCls, 400MHz): 81.05(3H, d, J=6.6Hz), 1.09-1.19(2H,
m), 1.64-2.00(11H, m), 2.04-2.11(3H, m), 2.11-2.28(1H, m),
2.37(3H, s), 2.76(2H, t, J=9.5Hz), 2.86-3.00(3H, m),
3.23(3H, s), 3.40(2H, t, J=6.7Hz), 3.45-3.49(4H, m),
3.59(2H, s), 4.13-4.19(1H, m), 6.71(1H, d, J=8.2Hz),
6.76(1H; s), 6.82(1H, d, J=7.8Hz), 6.94—6.95(2H, m),
7.17(1H, t, J=7.8Hz), 7.33(1H, d, J=8.2Hz).

MS(ESI) m/z: 547 (M+H)".

<Example 37> Trans-4-(3-{2-{(2,2-difluorocethyl)amino]-2-
oxoethyl}phenoxy)—N—methyl—N—(B—ﬁethyl—4—{[(38)—3—

methylpiperazin-1l-yllmethyl}phenyl)cyclohexanecarboxamide



(bromonet hyl ) phenoxy] cycl ohexanecar boxyl ate (200 ng, 0.50 nmol) produced in
(39D) and 2-net hyl propanam de (52 oP. 60 nmmol) were dissolved in
N, N- di met hyl f ormam de (3 L), and sodi um hydride (63% 24 ng, 1.00 mmol)
was added thereto, and then, the resulting mxture was stirred at room
tenperature for 2 hours. [0276] To the reaction solution, water and
ethyl acetate were added, and a liquid-liquid separation procedure was
performed. To the obtai ned~aqueouys |l ayer, 1 N hydrochloric acid was added,
t hereby adjsting the pkF 2124 he solution to 3. Then, ethyl acetate was
added to t agOEQqus | aye 1 N ganic n%tter was extracted. The sol vent
was di stifl | edf of f und@ . preéssure; whereby the target conpound was
obt ai ned (as colorless oil (146 yigld: 919%9. MS(ESI) niz: 320 ( MtH) +.
(39F) Tr ansNf- { LHGI yryl am no) net hyl ] phenoxy}- N
met hyl - N- (3 3S) - 3- et hyl pi perazin-1-

f exanecar boxam de 4-13-
[ (I sobutyryl a | ] phenoxyl cycl ohexanecar boxylic acid (146 ng, 0.46
mrol ) produced R otert-butyl (2S)-2-nethyl-4-[2-nmethyl-4-
(et hyl am no) benzyl Ll? | perazi ne-1-carboxylate (152 ng, 0.46 mmol), which is
a known conpound, akd'3 ‘
4- (4, 6-di met hoxyl, 3, 5-triazi n-2-y1)-4-met hyl norphol i ni um chl ori de hydrate
(191 ny, dB@R810. 69 Mol ) were dissolved in N, N

[3-({Trans-4-[ (4-{ [ (38)-4-(tert-butoxycarbonyl)-3-
methylpiperazin—ifyl]methyl}—3—
methylphenyl) (methyl)carbamoyl]cyclohexyl}oxy)phenyl]laceti
¢ acid (265 mg, 0.45 mmol) produced in (30A), 2,2-
difluorocethylamine (73 mg, 0.90 mﬁol),‘lﬂ—benzotriazol—l—
yloxytripyrrolidone phosphonium hexafluorophosphate (468
mg, 0.90 mmol), l-hydroxybenzotriazole. (122 mg, 0.90 mmol),
and N,N—diisopropylethylamine (157 pL, 0.90 mmol) were
dissolved in N,N-dimethylformamide (3 mL), and the
resulting mixture was stirred at room temperature for 6
hours.

[0269]

To the reaction solution, water was added, and the
organic matter was extracted with ethyl acetate. The
organic layer was washed with a saturated agqueous solution
of sodium chloride and then dried over anhydrous magnesium
sulfate and filtered. Then, the solvent was distilled off

under reduced pressure, whereby a crude product was



di ret hyl formam de (5 nlL), and the resulting m xture was stirred at room
tenperature for 16 hours. [0277] > To the reaction solution, water was
added, and the organic natter was extracted with ethyl acetate. The organic
| ayer was washed with a saturated aqueous sol ution . of sodiumchloride and
then dried over anhydrous magnesium sul fate and filtered. Then, the sol vent
was distilled off 213 under reduced pressure, and the resulting residue
was purifj : il h oduct
was obi aithgied |15 Ol S S S BL LR Vas UL R
di chloro hane . m).,, and-trifluoroacetic acid (2.n) .was added thereto
at room tb rrp%rlgtl&r%e, g)zfnld tct?elﬁl,mnt hg%rréjénu%tol%rgap%]yﬂ urwehemlfziasb%t i%réd uuC%eder a
ni trogen _at npsphere a roonuﬁenperature for 1 hour. [0278] After
t ol uene (IO %%\mﬁfefcﬁﬁFQ% the reaction solution, the solvent was
distilled off under reduced pressure. To the obtained residue, a 1 N
aqueous sol uti dhof SBHPURAPHYdroxie wadoshttdd, HA4G t ML oFghnte netter was
extracted wi th dichl oronet hane. The organic | ayer was washed with water and
a sat ur atBFHGEERFE hadiut i(8n ) sodhdm ekl b raEcardt $ e did ed? ovddr)
anhydrous magnesium sulfate and filtered. Then, the solvent was distilled
of f unde™aSed@cie@dpr E8SUFEL WhEr eb9O@ cheiReprbdtier veizd ot hed.tiFhe
obt ai ned crude product was purified by NH silica gel colum chromat ography
(hexane: el tdeet arepihansb StigFeg de0: 40010rpgen: SEEGHhang v) ),
whereby the target conmpound was obtained as a colorless solid (18.0 ny,
yield: 7%t HIOMNNRIERSIB,udOfblz) 1l BouO6( 3Mftdr JobuzHe) (10, L)1 .wEH 1H ),
1.18(6H, d, J=6.7Hz), 1.65-1.84(5H m, 2.08-2.15(3H,

added to the reaction solution, the solvent was distilled

off under reduced pressure. To the obtained residue, a 1
N aqueous solution of sodium hydrogide waé added, énd fhe
organic matter was extracted with dichioromethane. ’The
organic layer was washed with water and a saturated
aqueous solution of sodium chloride and then dried over
anhydrous magnesium sulfate and filtered. Then, the
solvent was distilled off under reduced pressure, whereby
a crude product was obtained. The obtained crude product
was purified by NH silica gel column chromatography
(hexane:ethyl acetate;methanol = 100:0:0 to 0:100:0 to
0:90:10 (v/v/v)), whereby the target compound was obtained

as a colorless solid (110 mg, yield: 44%).

o\

!4 NMR(CDCl;, 400MHz): 81.05(3H, d, J=6.7Hz), 1.10-1.19(2H,
m), 1.65-1.86(5H, m), 2.08-2.29(5H, m), 2.38(3H, s),
2.76(2H, t, J=9.4Hz), 2.86-2.99(3H, m), 3.23(3H, s),

3.45(2H, s), 3.51-3.60(4H, m), 4.09-4.19(1H, m), 5.82(1H,



214 m),2.22-2.30(1H ), 2.32-2. 43(5H m, 2.76(2H t,
J=8.6Hz), 2. 89-2.95(2H, n),3.00-3.03(Lp, M, 3.23(3H, s),

tt, J=56.3, 4.3Hz), 6.70(1H, brs), 6.5-6.76(2H, m),
6.81(1H, d, J=7.4Hz); 6.94—6.96(2H,v m),: 7.32(1H, t,
J=6.9Hz), 7.34(1H, d, J=7.9Hz).

MS (ESI) m/z: .557 (M+H) "

<Example 38>. Trans—4—{3—[(butyrylamiﬁo)méthyl]phenoxy}—N—
methyl—N;(3—methyi—4—{[(BS)—3—methylpiperazin—l—

yllmethyl}phenyl)cyclohexanecarboxamide
C. ]’CHS N

[0270]

H
N

|ll o

(38A) Tert-butyl (25)-4-{4-[({trans-4-[3-
(bromomethyl) phenoxy]cyclohexyl}carbonyl) (methyl)amino]-2-
methylbenzyl}-2-methylpiperazine-l-carboxylate

Tert-butyl (28)-4-{4~-[ ({trans-4~[3-
(hydroxymethyl)phenoxy]cyclohexyll}carbonyl) (methyl)amino] -
2-methylbenzyl}-2-methylpiperazine-l-carboxylate (1.13 g,
2.0 mmol) produced in (5B) was dissolved in
dichloromethane (10 mL), and triphenylphosphine (578 mg,
2.2 mmol) and carbon tetrabromide (728 mg, 2.2 mmol) were
added thereto at room temperature, and then, the resulting

mixture was stirred at room temperature for 3 hours.



3.46(2H,s),4.11-4.19(1H, m, 4. 38(2H,d, J=5.5Hz), 5.76(1H, brs), 6.74(2H, m,
6.81(1H, d, J=7.4Hz), 6.94- 6.96(2H Jgg 7.20(1H t, J=7.7Hz), 7.33(1lH d,
J=8.2Hz). MS(ESI) niz: 535 (M+H) +.

<Exanpl e40>Tr ans- N- et hyl - N- ( 3- et hyl - 4-{[ ( 3S) - 3-

met hyl pi perazi n-1-yl ] net hyl | phenyl)-4-{3-[(2-

oxopyrrolidin-1-yl)net hyl ] phenoxyl cycl ohexanecar boxam de [0279] (40A

1-[ 3- (Benzyl Oxw%%e@yélw%;gyt@i%%r 01?288irsr§1i1%_i§§; ST g

1- (Benzyl oxy) - 3- (br ononet benzlene ), V\hicl‘!z%nta known
comoundond & s glidane (210:1 b, Ziitormolhere dasaluad e
was addedutrherrietdo al Ol,igand t hen {tnple r%sulmti_rcl) rm' ture was s:titrreld at
room tenperature for our.g‘f‘{'.]&%a]l D1515PGAN r?é’?’tyer WS T4t ed with
ethyl acefate,te_ 160:0 to 0:100 (v/v)), whereby the target

compound was obtained as a light yellow solid (767 mg,

yield: 61%).

'H NMR(CDCls, 4OOMHz):. 61.20-1.10 (ZH, m), 1.23 (3H, d,

J=4.1Hz), 1.47 (9H, s), 1.83-1.68 (4H, m), 2.15-2.00 (3H,

M), 2.28-2.18 (28, m), 2.39 (3H, s), 2.60 (1H, 4,

J=11.3Hz), 2.73’(1H; d;vJ=ll.7Hz),v3:i4—3;62 (1H, ﬁ), 3.23

(3%, s), 3.43 (2H, s), 3.82 (1H, d, J =13.7Hz), 4.27-4.13

(2H, m), 4.43 (2H, s), 6.78-6.74 (1H, m),v6.87—6.84 (1H,

m), 6.98-6.91 (3H, m), 7.20 (1H, t, J=8.0Hz), 7.31 (1H, d,

J=7.8 Hz).

(38B) Trans-4-{3-[ (butyrylamino)methyl]phenoxy}-N-methyl-

N- (3-methyl-4-{[(3S)-3-methylpiperazin-1-

yl]lmethyl}phenyl)cyclohexanecarboxamide

Tert-butyl (28)~4-{4-[({trans-4-[3~

(bromomethyl)phenoxy]cyclohexyl}carbonyl) (methyl)amino]-2-

methylbenzyl}-2-methylpiperazine-l-carboxylate (140 mg,

0.22 mmol) produced in (38A) and butyramide (60 pL, 0.66

mmol) were dissolved in N,N-dimethylformamide (3 mLlL), and

the resulting mixture was cooled to 0°C and stirred for 30

minutes. To the reaction solution, sodium hydride (63%,

13 mg, 0.33 mmol) was added, and the resulting mixture was



organi c | ayer was washed with a saturated aqueous sol ution of sodi um
chloride and then dried over anhydrousydgragnesi um sulfate and filtered.

Then, the solvent was distilled off under reduced pressure, whereby a crude
product was obtai ned. The obtai ned crude product was purified by silica gel
col utm chr omat ogr aphy (hexane: ethyl acetate = 100:0 to 50:50 (v/v)),

wher eby the target conpound was obtained as a colorless oil (318 ng, yield:

8299 . 11k iNVR(LCRGL3, AQOMIZL 8da 93r 2. OOF 21 Mu2s43(2H, t, J=8. 2Hz), 3.23(2H,
t, J=7.1Hz), 4.42(2H, s), b5.06(2H s), 6.83-6.84(2H, n), 6.86-6.91(1H m),

7.23(1H,[%Q7ﬁ18 2Hz), 7.31-7. 44(5H m. MS(ESI) mz: 282 (M+H). (40B)
1- (3- Hydroxybenzyl ) pyrrolidi n-2-one Toasol uti on(10nlL) of 1-[ 3-

(benzyloxy)bengglhg&;rggg kgo%ld% %%%%?WQWa%?%SW%gpd%@%égduggg Hﬂu 40A) in

et hanol , pal | adium on car 00 ng) was a uhder "a nitrogen
atnDspher and the.resulting mxture was stirr nder drog
atnnspher&gfplr oWthﬁﬁerg?ﬁree¥€¥a§tﬁ%ur% tﬁhe%§@7 tFSﬁ €ol-ut i on
filtered throu h Celite filter, and t sol vent was, distilled off under
reduced é?éb Fhe " dﬁﬂgb dﬁFﬁlﬁbd%ﬁ§9f§ﬁﬁQHless
oi | (230 |eId

NVR( CDCL 3 )S%&HEBO (5’4‘12 2PPH}“I§ FRATYde Jagdoﬁi)e“ 3d§i€§H oyer
J=7.4Hz), 4.40(2H s), 6. 75(1H d, J=7.4Hz), 6.80(1H, dd, J=2.4Hz, 7.8Hz),
6. 83( 1H, aphyzors ma@tnesalm srﬁrzalfa?tesz(qw b’é%}tered Then, the

solvent was distilled off under reduced pressure; and the
obtained fésiduedwas roughly‘purified by silica gel column
chromatography, whereby a crude producf was obtained.

The \obtained crude product was dissolved in
dichloromethaﬁe (2 mL), and ﬁrifluoroacetic acid (2 ml)
was added thereto at room temperature, and then, the
resulting mixture was stirred under a nitrogen atmosphere
at room temperature for 1 hour.

[0272]

After toluene (10 .mL) was added to the reaction
solution, the solvent was distilled off wunder reduced
pressure. To the obtained residue, a 1 N aqueous solution
of sodium hydroxide was added, and the organic matter was
extracted with dichloromethane. The organic layeﬁ was
washed with water and a saturated aqueous solution of
sodium chloride and then dried over anhydrous magnesium
sulfate and filtered. Then, the solvent was distilled off

under reduced pressure, whereby a crude product was



(40C) Tert-butyl (2S)-2-met hyl-4-(2-nethyl-4-

frmethyl [ (trans-4-{3-[(2-oxopyrrolidi, . , _

yl ) met hyl ] phenoxyl cycl ohexyl ) car bonyl | am no} benzyl ) pi peraz

i ne-|-carboxyl ate 1- (3- Hydr oxybenzyl ) pyrrolidi n-2-one (230 ng, 1.20
mol ) produced in (40B) and tert-butyl (2S)-4-(4-[[(cis-4- -

hydr oxycycl ohexyl ) carbonyl ] (methyl)am nol-2-methyl benzyl)-

2- et hyl phperazqne- 1T1‘Eé‘r Bexyk %%l (&ﬁ?défgprédggt”ws) prpgeced by (40 were
di ssolved in toluene (5 nL), and the resulting m xture was stirred at 100C

for 15 myg riiligg.%rmgo gtgie rea&gi&)@nsol UL} PBma gg?% é,hyl en(%tergamg yé%phor ane

(472 ny | )™ was added dr opw se, ulting mxture

heat ed tqeflux for 6 r]{’”-r 108 92831 ¢ 4 gelooABt er et ‘irﬁoe{lef ”/rﬁ)ego‘c the

react i on “SS1Gtion was returned 10 room rrperature ‘t'he “sol

distilled off under_redu The, ob d d fied b
silica gbf “é6tim i oty pR)CL e a ot RO SEBEarE 160 0 a0 100

(viv)), repy the tar nd vvas obtained as a colorless oil (179
my, yiel &° pt 154 7 e 3%11&112‘f g%%

(40D) Trans- N-met h I-N-(3 nmet hy1- 4- {%138 - 3-
net hyl pi p%ré%Rr{CPC}b}rré]torﬂ}‘ﬁ@hen%) (3. [ £2- J=7.4Hz), 1.04(3H, d,
oxopyrrolidin-1-yl)nethyl] phenoxyl cycl ohexanecar boxam de
Tert - buty;rl—(62§)H22-rrrétM]4-£ 3t HYL- 43-64-1.81(7H, m), 2.06-2.10 (4H
{rrethyl[(trans 4-13-[(2-oxopyrrolidin-1-
y1) met hy ) phe%o&%(%’?cl @hexﬁ{cﬁi@my?}aﬁfﬁo%éﬁﬁyl )i pefaz’ (3H, s),
i ne-1-carboxylate (170 ng, 0.27 mml) produced in (400
2.75(2H, t, J=9.4Hz), 2.85-3.00(3H, m), 3.23(3H, s),
3.45(2H, s), 4.11-4.18(1H, m), 4.38(2H, d, J=5.9Hz),
5.75(1H, brs), 6.73(2H, m), 6.82(1H, d, J=7.5Hz), 6.93-
6.96(2H, m), 7.20(1H, t, J=8.2Hz), 7.33(1lH, d, J=8.2Hz).
MS(ESI) m/z: 535 (M+H)".
<Example 39> Trans-4-{3-[(isobutyrylamino)methyl]phenoxy}-
N-methyl-N- (3-methyl-4-{[(3S)-3-methylpiperazin-1-

yl]lmethyl}lphenyl)cyclohexanecarboxamide

CHj

- IO
3 Y om,

o)

il O

[0273]
(3%A) Benzyl cis—4—hydroxycyclbhexanecarboxylate

Cis-4-hydroxycyclohexanecarboxylic acid (20.0 g,



wasdi ssol vedi ndi chl oronet hane(2nm.), and trifluoroacetic acid (2 nL) was
added thereto at room [ 0282] ZOgvter tol uene (10 nL.) was added to
the reaction solution, the solvent was distilled off under reduced
pressure. To the obtained residue, a 1 N aqueous sol ution of. sodium

hydr oxi de was added, and the organic matter was extracted with

di chl or onet hane. The organlc | ayer was washed with water and a saturated

aqueous gol QII@Q pf qﬂ#orl O%gdeghegédﬁl legeﬁéanﬂg rous, ghesi um

sul fate an tered e solvent wa i Sti f ef reduced
pressure q¥ a.£ t 0 ne Th ned _product
was puriﬁ%ﬁ% s %grugﬁigh?gﬁt(ﬁ%re Slggé;gng e%h%ﬁ%

acet ate: neth noI = 100 0; 0 1 0 to 0 90 10 v/ V) 218 mhereby t he
target cOmpk 03 1o %ﬂ%miﬁbg 3980 ¥e%§¥% %ﬁﬁé . 1H

NVR( CDC13,, .40 81, 04( 3H, d J 20(2H M. 1. 65 1. 78( 6H,
m, 1.955%1F F%‘Q LOOS (P ngrzlzzjz"“%u%@(m M, 2. 38(3H s),
2.43(2H, t, J=8.0Hz). 2. 76(2H t, 9. 4Hz), 2.85-2.99(3H nj, 3.23-3.27(5H,

m, 3.45(08874), 4.11-4.20(1H 1), 4 38(2H s), 6. 69(1H s), 6.74-6.79(2H,
m, 6.94-6.96(2H m, 7.20(11-i, t, J=7.8Hz), 7.33(1H d J=8 6Hz). MS(ESI)
mz: 533 (NHH) yo the reaction solution, water was added and the

organic matter was extracted with ethyl acetate. The
organic layer was washed with a saturated agueous solution
of sodium chldride and then dried over anhydrous magnesium
sulfate and filtered. Then, the sol&ent was distilled off
under reduced pressure, whereby a crude product was
obtained. The obtalned crude product‘ was purified by
silica gel column chromatography (hexane:ethyl acetate =
100:0 to 0:100 (v/v)), whereby the target compound was

obtained as a white solid (26.1 g, yield: 80

o

).
'H NMR(CDCl3, 400MHz): 81.62-1.74(6H, m), 1.96-2.04(2H, m);
2.42-2.47(1H, m), 3.90-3.92(1H, m), 5.13(2H, s), 7.31-
7.39(5H, m).
(39B) Benzyl trans-4-[3-({[tert-
butyl (dimethyl)silyl]loxylmethyl)phenoxy]cyclohexanecarboxy
late

Benzyl cis~4~hydroxycyclohexanecarboxylate (1.46 g,
6.23 mmol) produced in (39A) and 3-({[tert-
butyl(dimethyl)silyl]oxy}methyi)phenol (1.49 g, 6.25 mmol),

which is a known compound, were dissolved in toluene (50



<Exanpl e41>Tr ans- N- et hyl - N- ( 3- et hyl - 4- {[ ( 39S) - 3-

nmet hyl pi perazi n-1-yl ] net hyl | phenyl) 42& -(2-

oxopr opyl ) phenoxy] - cycl ohexanecar boxam de [ 0283]

Tert-butyl (2S)-2-nethyl-4-{2-nmethyl-4- [nethyl (ftrans-4-[3-(2-
oxopropyl ) phenoxy] cycl ohexyl | car bonyl ) am no] benzyl | pi peraz

I ne-1-carboxylate (100 ng, 0.17 mmol) produced in (268)

vas. adde@ i Herel e ootk euper B 6FAT>aa o 1 T T oot L T Wire wab
stirred %vi%rur]clegsh.t at roomte,frzg)eraturtet.le[0284]reactlon solution,
cyanomethylenetributylphosphorane (1.97 mL, 7.48 mmol) was
added dropwise, and the resulting mixture was heated to
reflux for 3 hours. The temperature of +the reaction
solution was returned to room temperature, and the solvent
was distilled off under reduced pressﬁre. The obtained
residue was purified by silica gel column chromatography
(hexane:efhyl acetate = 100:0 to 90:10 (v/v)), whereby the
target compound was obtained as a colorless oil (2.17 g,
yield: 76%).

'H NMR(CDClz, 400MHz): 80.16(6H, s), 0.94(%9H, s), 1.43~-
1.54(3H, m), 1.59-1.63(1H, m), 2.07-2.13(3H, m), 2.17-
2.22(1H, m), 2.38-2.45(1H, m), 4.16-4.23(1H, m), 4.71(2H,
s), 5.13(2H, s), 6.77(1H, dd, J=2.0Hz, 7.8Hz), 6.86(1H, d,
J=7.4Hz), 6.90(1H, s}, 7.21(1H, t, J=7.8Hz), 7.32—7.38(5H,
m) .

(39C) | Benzyl _ trans-4-[3-
(hydroxymethyl)phenoxy]cyclohexanecarboxylate
| Benzyl trans-4-[3-({[tert-

butyl (dimethyl)silyl]oxylmethyl)phenoxy]cyclohexanecarboxy
late (2.17 g, 4.78 mmol) produced in (39B) was dissolved
in tetrahydrofuran (10 mL) , and a solution of
tetrabutylammonium fluoride in tetrahydrofuran (1.0 VM,

14.3 mL, 14.3 mmol) was added dropwise thereto, and then,



To the reaction solution, a saturated aqueous sol uti on of sodi um hydrogen
carbonate was added, and the organic gmfter was extracted with.

di chl or omet hane. The organi ¢ | ayer was dried over anhydrous sodium sul fate
and filtered. Then, the solvent was distilled off under reduced pressure,
whereby a crude product was obtai ned. This crude product was purified by NH
silica gel colum chronmat ography (dichloronethane: nethanol = 100:0 to

90: 10 (v/t\ﬂe),ramﬂ@pygtﬁﬁx£agge%a%0mqmdva§t opgafnn%@.mg%rat%q' ordgss oil
(32.2 ng, yield: 39%° IH NVR(CDCI3,” 400MHz): 81.05(3H,d;J Hz) ,

1.10-1.20(2H,,,m , 1. 65- 1. 80(5H, n) , 2. 06- 2. 13(3H, ), 2. 13(3H s) 2.26(1H M,
m), 3. 23(3H, 2.37(3H,s),2.73-2. 78(2H, m), s), 3. 45(2H, s), 3. 62( 2H, s),
2.87-2. 34(@Hs 4 17(1H M, 6.67(1H M,

To the reaction solution, water waé-added, and the
organic matter was extracted with ethyl acetate. The
organic layer was-washed with a saturated aqueous solution
of sodium chloride and then dried over anhydrous magnesium
sulfate and filtered. Then, the solvent was distilled off
under reduced pressure, whereby a crude product was
obtained. The obtained crude product was purified by
silica gel column chromatography (hexane:ethyl acetate =
100:0 to 80:20 (v/v)), whefeby the-target compound was
obtained as a colorless oil (1.0 g, yield: 61%).

'H NMR(CDCls;, 400MHz): 81.43-1.53(2H, m), 1.58-1.67(2H, m),
2.09-2.21(4H, m), 2.39-2.45(1H, m), 4.20-4.25(1H, m),
4.66(2H, d, J=5.9Hz), 5.13(2H, s), 6.80—6.83(1H, m), 6.91-
6.93(2H, m), 7.24-7.28(1H, m), 7.33-7.40(5H, m).

(39D) Benzyl | trans-4-[3~
(bromomethyl) phenoxy]cyclohexanecarboxylate

Benzyl trans-4-[3-
(hydroxymethyl)phenoxy]cyclohexanecarboxylate (1.0 g, 2.94
mmol) produced in (39C) was dissolved in dichloromethane
(20 mL), and carbon tetrabromide (1.46 g, 4.41 mmol) and
triphenylphosphine (1.54 g, 5.88 mmol) were added thereto,

and then, the resulting mixture was stirred at room



6.73-6.76(2H ), 6.94-6.96(2H, ), 7. 20(1H t, J=7. 8FE) 7.34(1H d,

J=7. 8Hz)

MS(ESI) mz: 492 (MH) +.

<Exanpl e42>Tr ans- N- et hyl - N- ( 3- net hy1 4 {[(38) 3-

met hyl pi perazin-1 -yl ] nmethyl | phenyl)-4-[ 3-

(et hyl sul f onyl ) phenoxy] - cycl ohexanecar boxam de 220 [0285]
(42A) Trans-N-net hyl - N- (3-net hyl-4-{[ (3S) - 3-

temperature for 5  hours. The reaction solvent was
distilled bff under reduced pressure, and the resulting
residue Was purified by silica gel Column chromatography
(hexane:ethyl acetate = 100:0 to.95:5 (v/&)), whereby the
target compound was obtained as a colorless oil (727 mg,
yield: 61%). | |

iI—I NMR (CDC13, 4OOMHz): 81.43~1.68(4H, m), 2.09-2.20(4H, m),
2.38-2.46(1H, m), 4.19-4.25(1H m), 4. 54(2 s), 5. 13(2

s), 6.83(1lH, td, J=2.3Hz, 9.0Hz), 6. 90 6 92(1 m),

'6.95(1H; d, J=8.6Hz),‘7.21—7.27(1H, m), 7 33 7 40(5H m).

(39E) | - |  Trans-4-{3-
[(isobutyryiamino)meﬁﬁyl]phenoxy}éyclohexahééarboxylic
acid

Benzyl S trans~4-[3-
(bromometﬁyl)phenoxy}cyclohexanecarboxylate .(200 mg, 0.50
mmol) produced in (39D) and 2-methyl propanamide (52 mg,
0.60 mmol) were dissolved in N,N-dimethylformamide (3 mL),
and sodium hydride (63%, 24 mg, 1.00 mmol) was added
thereto, and then, the resulting mixture was stirred at
room temperature for 2 hours.
[027¢6]

To the reaction solution, water and ethyl acetate
were added, and a liquid-liquid separation procedure was
performed. To the obtained agueous layer, 1 N

hydrochloric acid was added, thereby adjusting the pH of



met hyl pi perazin-1-yl ] nmethyl | phenyl)-4-[ 3-

(et hyl sul f onyl ) phenoxy] - cycl ohexanecgypoxamni de

Tert-butyl (2S)-4-{4-[(ftrans-4-][3-

(br omonet hyl-) phenoxy] cycl ohexyl | car bonyl ) ( et hyl ) am no] - 2-

met hyl benzyl | - 2- net hyl pi per azi ne- 1- car boxyl ate(126 ng, 0.2 mmol) produced
in (38A) was dissolved i.n dinethylformamde (2 nlL), and sodium .

net hanesulfd nat e,€ 24n Mo & 24 7l ) @@ﬁyﬂ?d% aher %595 at gpagmidenperat ure,

and then, the resulting mxture was stiftre roomtenperature for 2

hour s. the Jeac n n, a the an'c
u aqueod? 1n& e 5}18 y??ééﬂﬁie mg\%&{: WSS %qi%%acacrégj :

mat t er mas extracte mnth h cetate e organlc ayer was drled over

anhydr ous. salum suL -390 i L efhdhepesbheqsglyent, ues digtdl ed off

under reduced pressure, crude pro uc
obt ai ned §£ude ro uct mas i ssol veg i n_di.chl or onet

trifluordatet r2-4c d “CIPREY tained Fﬁef%t8°g$g$8gﬁ1f@ﬂheﬁgﬂ%re, and

t hen, the resu t] Xture was stlrred at roomtenperature for 2 hours.
[0286] mgr dgbent in the reaction solution was distilled off under
reduced pressure nd to the obtalned residue, a 1 N aqueous sol ution of
sodlun1h d ‘the organic matter was extracted with
dichloronethane The organlc Iayer was dried over anhydrous sodi um sul fate
and filter¥d) Then, TRENSOFVEAT [Wascqsmmvleaiar matder! IRrrety brikssure,
wher eby a crude@yroduct was obt ai ned. The obtai ned crude product was

puri fi ed TREINH N1 | Tangfety kod unh(2Hr odereghephyPeEaRYR-Acet at e: met hanol =
100: 0 to 80:20 (v/v))1l whereby the target conpound was obtai-ned as a
col or | essy ldine ROl ey el ey c oW xane-ANROERC1I3e 400MHz): 81.04 (3H, d,
J=6.3Hz), 1.23-1.09 (2H, m, 1.84-1.65 (5H, m, 2.16-2.06 (3H m,
2.33-2.20 (1H, 49{32.37 (3H, s), 2.79-2.71 (5H m, 3.03-2.81 (3H nm, 3.23
(3H, s), 3.45 (2H, s), 4.24-4.14 (3H, nm, 6.89- 6.84 (2H m, 6.97-6.91
(3H, m, [(Bebh2d(dhin)nethyl]phenoxyl}cyclohexanecarboxylic
acid (146 mg, 0.46 mmol) produced in (39E), tert-butyl
(ZS)—2—methyl—4—[2—methyl—4—
(methylamino)benzyl]piperazine-l-carboxylate (152 mg, 0.46
mmol), which is a known compound, and 4-(4,6-dimethoxy-
1,3,5-triazin-2-yl)-4-methylmorpholinium chloride hydrate
(191 mg, about 0.69 mmol) were dissolved in N,N-
dimethylformamide (5 mL), and the resulting mixture was
stirred at room temperature for 16 hours.
[0277]
To the reaction solution, water was added, and the
organic matter was extracted with ethyl acetate. . The
organic layer was washed with a saturated aqueous solution

of sodium chloride and then dried over anhydrous magnesium

sulfate and filtered. Then, the soclvent was distilled off



MS(ESI) miz: 528 (M+H) +. (42B)Trans-N-net hyl - N-(3-net hyl -4-{[(3S)-3-
met hyl pi perazi n-1-yl]net hyl | phenyl) - 451 3-

(et hyl sul f onyl ) phenoxy] - cyclohexanecar oxani de hydrochlorlde 222
Trans- N-net hyl - N- (3- et hy1-4-{[(3S) - 3-

met hyl pi perazin-1 -yl ] methyl | phenyl)-4-[ 3-

(met hyl sul f onyl ) phenoxy] - cyclohexanecarboxanide (390 ng, 0.62 mmol)

prOducedlhﬂkﬁﬁzé%dW%%dd'E%@E%%Qe'“ Qhaxaﬁﬁe( Q&&l@ﬁﬂg“ﬁfééiéﬁerndasa“d 1N

hydrochloric acid (620 1. 1L, 62 mol) was added ft eto at room

t t t , t t f h f

i xture BT P?ze&l§§%35§h| 'y%gjhﬁﬂ“? S A et omound.
bt ai ned t | 340 ny, |d: 97%. MS(ESI) mz: 528 (MH)+

\ivaBS(a(r)rpl ? neuéje?{spﬁ anslt4e“tafr°‘gﬁlﬁc}’r% F2t hy| y|4e{ [(39) /03 (BSt) iz (M)

met hyl pi per azi hyl | phenyl arba cycl ohexyl | ox enzyl net hyl carb
amate (nethyl {[ ansn§£ %neg grgg éﬁdcé’ was 1s¥ngeé in

dichloromethane (2 mlL), and trifluorocacetic acid (2 mL)
was added thereto at room temperature, and then, the
resulting mixture was stirred uﬁder a nitrogen atmosphere
at room temperature for 1 hour.

[0278]

Aftef toluene (10 mL) was added to the reaction
solution, the solvent was distilled off under reduced
pressure; To the obtained residue, a 1 N agqueous solution
of sodium hydroxide was added, and the organic matter was
extracted with dichloromethane. The organic layer was
washed with water and a saturated aqueous solution of
sodium chloride and then dried over anhydrous magnesium
sulfate and filtered. Then, the solvent was distilled off
under reduced pressure, whereby a crude product was
obtained. The obtained crude product was pufified by NH
silica gel column chromatography (hexane:ethyl
acetate:methanol = 100:0:0 to 0:100:0 to -0:90:10 (v/v/v)),
whereby the target compound was obtained as a colorless
solid (18.0 mg, yield: 7%).

'H NMR(CDCls;, 400MHz): 81.06(3H, d, J=6.7Hz), 1.11-1.17(1H

m), 1.18(6H, d, J=6.7Hz), 1.65-1.84(5H, m), 2.08-2.15(3H,



223 ami no) benzyl | pi per azi ne- 1| - car boxyl at e Tri phosgene (41 ng, 0.138
mml ) was di ssolved in dichloronmethang,(3 m), and a solution of tert-butyl
(2S)- 4-{4-[(ftrans-4-[3- (hydroxynethyl)phenoxy]cycl ohexyl | carbonyl)

(et hyl ) am no] - 2- net hyl benzy11- 2- et hyl pi per azi ne- 1- car boxyl ate (130 ny,
0.230 mml ) produced in (5B) and pyridine (28 gL, 0.345 mol) in

di chl oronet hane (2 nL) was added thereto at 0C, and then, the resulting

m xture was stdr reonit en atksp t for,1 bRut es. The
resul ti ngﬁs'ol u’zlt'izcr)%dzv\}a%s}gglcﬁd’ed ‘é?gpwzs’g@gt% 'g%r(f%ﬂa sol uti %h5gg]tzgi’ne by

i ssol vi naga syl ut Lon f, 1 il ampe Snobest aBydol dian (2 Myd 730l 0345

mrol ) and triethyl ami ne 690 nmol met hane ’( and

t he resul3t i4%9251ii xtune was ffizf.rleéjﬁfoﬁ]der ni Mgg?QHat r’rgsph%r_% .%tHZr'oom

t enper at ure for '1GSﬁdurs. the"teactidn ‘§6f ut Fon, “a satur>e{t ed

aqueous sol.ution of a [ )] oride was, ¢ d, and_extractio S

per f or rre%'\XA%t(r]r%ét ﬁ?ﬁsggg{ga'ﬂ (Cthfe IB?ga\r,ﬁ'ciafggg'r s %ﬁhé@zéw t %'gaqs_atur at ed
aqueous sol ytion of saodium.chloride t hen dried over anhydrous nagnesium
sul fate éng%f(izlﬂt'e@éd. 07'I’r?lebn(,“{'het'scﬂzvﬁ'n H%\)a'snﬁi é% ff‘l{eagof ~F=€ng%@ r educed
pressure, whereby a crude <pr oduct was obtai ned. The. obt ai ned crude product
was puri MSéESB)} é/lzi‘cé%’el MGtum chr omat ography (hexane:ethyl acetate =
90:10 to 224 30:70 (viv)), whereby the target conpound was obtained as a
col or | es§Eg@IMPde( 39. 64Ry, yi elTganggdymetpyl-N-(3-methyl-4-{[(3S)-3-

NVR( CDC13, 400MHz) : 81. 07-1. 21(2H, m), 1. 23(3H,d, J=6.7Hz), 1.47(9H s),

1. 64- 1. 82e4HY Lpjiperagd o lrs(dme iyl Iphen vl pef 248 - hf2-2. 39(3H, s),
2.60(11-i, d, J=11.3Hz), 2.73(1H, d, J=12.1Hz), 2.81(3H d, J=4.7Hz),
3. 03- 3. 13&bEyrmpl i8lid4(134y,1)g)s t 18, U3y 038y | CBC VOh Sx B¢ A4 bokamidle 3-
4.26(2H, m, 4.65-4.74(1H, -brs), 5.04(2H, - s), 6.78(1H, d, J=7.8Hz),
6.82(1H, s), 6.89(1H, d, P 4Hz) 6.93-6.98(2H, m, 7.22(1H, t, J=8.0Hz),
7.32( 1H, d“ J=7.8Hz). |
% N | _
N~ CH,
AS!
- Z N0
CH;

[0279]

(407A) 1~-[3-(Benzyloxy)benzyl]lpyrrolidin-2-one
1-(Benzyloxy)-3- (bromomethyl)benzene (380 mg, 1.37

mmol), which is a known compound, and 2-pyrrolidone (210

pL, 2.74 mmol) were dissolved in N,N-dimethylformamide (5

mL), and sodium hydride (63%, 105 mg, 2.74 mmol) was added

thereto at 0°C, and then, the resulting mixture was

stirred at room temperature for 1 hour.

[0280]

To the reaction soluticn, water was added, and the



(43B) 3- ({Trans-4-[ net hyl (3-net hyl -4-{[ (3S) - 3-

met hyl pi perazin-1yl ] methyl | phenyl ) carpapoyl ] cycl ohexyl | oxy) benzyl met hyl carb
amate Tert-butyl (2S)-2-nethyl-4-[2-methyl-4- (nethyl{ trans-4-(3-

1[ (et hyl car banoyl ) oxy] et hyl | phenoxy) cycl ohexyl ] car bonyl |

am no) benzyl | pi per azi ne-1-car boxyl ate(37.0 ng, 0. 0594 mmol ) produced in
(43A) was dissolved in dichloronethane (1 nL), and trifluoroacetic acid (1

m) vas agdethithenghedat Lam LeperaLyr &, and é’{@{}b Lhe Jequl ting,m xture

was stir nder a nitrogen atnosphere at room erature for 10 m nutes.
0295), g SRS Lon, OLLL O HTdet edicet BLASRI e R 1 20,y
(0 0: 11018 i SY31A) o RSLERY LOSCLarIEt SOmand ae L ed 35 @
%_:g'ljo’;zé’lséﬁ%gc;ﬁl_;azr% ggj(%{%fe&: 67’fh1e'r§,3(1?k|;lé M1v21237 8 83 Wag ore
under reduced pressure, .whereby a crude product was
obtained. The obtained c¢rude product was purified by
silica gel column chromatography (hekane:ethyl aéetate =
100:0 to 50:50 (v/v)), whereby the.target compound was
obtained as a colorless‘oil (318 mg, yield: 82%).
'H  NMR(CDCls, 400MHz): 61.93—2.00(2H, m), 2.43(2H, t,
J=8.2Hz), 3.23(2H, t, J=7.1Hz), 4.42(2H, s), 5.06(2H, s),
6.83-6.84(2H, m), 6.86-6.91(1H, m), 7.23(1H, d, J=8.2Hz),
7.31-7.44 (5H, m).
MS(ESI) m/z: 282 (M+H)".
(40B) 1-(3-Hydroxybenzyl)pyrrolidin-2-one
To a solution (10 mL) of 1-13-
(benzyloxy)benzyl]pyrrolidin—Z—one (318 mg, 1.13 mmol)
p:oduced in (40A) in ethanol, palladium on carbon (10% wet,
300 mg) was added under a nitrogen atmosphere, and the
resulting mixture was stirred under a hydrogen atmosphere
at room temperature for 3 hours. The reaction solution
was filtered through a Celite filter, and the solvent was
distilled off under reduced pressure, whereby the target

compound was obtained as a colorless oil (230 mg, yield:

100%) .



s), 2.71-2.80(2H, m),2.81(3H, d,J=4.7Hz),2.85- 3.02(3H, ), 3.23(3H,s),
3.45(2H,s), 4.12-4.24(1H m), 4.63-4.%£é1H, brs), 5. 04(2H, s), 6. 78( 1H,
d, J=7.8Hz), 6.82(1H,s),6.89(1H, d, J=7.0Hz), 6. 92-6. 98(2H, m)

'H NMR(CDCls, 400MHz): 81.96-2.04(2H, m), 2.47(2H, t,
J=8.0Hz), 3.31(2H, t, J=7.4Hz), 4.40(2H, é), 6.75(1H, d,
J=7.4Hz),. 6.80(1H, dd, J=2.4Hz, 7.8Hz), 6.83(1H,‘ s),
7.18(1H, t, J=7.8Hz), 7.52(1lH, brs).

(40C) Tert-butyl (25)-2-methyl-4- (2-methyl-4-
{methyl[ (trans-4-{3-[(2-oxopyrrolidin-1-
yl)methyl]phenoxyl}cyclohexyl)carbonyl]amino}benzyl)piperaz
ine-l-carboxylate |

1—(3—Hydroxybenzyl)pyrfolidin—Z—oﬁe‘ (230 mg, 1.20
mmol) produced in (40B) and tert-butyl (2S)-4-(4-{[(cis-4-
hydroxycyclohexyl)carbonyl](methyl)amino}—Z—methylbenzyl)—
2—methylpiperazine—1;carboxylate (552 mg, 1.20 mmol)
produced in (2A) were dissolved in toluene (5 mL), and the
resulting mixture was stirfed at 100°C for 15 minutes. To
the reaction solution, cyanomethylenetributylphosphorane
(472 mg, 1.80 mmol) was added dropwise, and the resulting
mixture was heated to reflux for 6 hours.

[0281]

After the temperature of the reaction solution was
returned to room temperature, the solvent was distilled
off under reduced pressure. The obtained residue was
purified by silica gel column chromatography (hexane:ethyl
acetate = 100:0 to 0:100 (v/v)), whereby the target
compound was obtained as a colorless oil (179 mg, yield:

24%) .



7.22(1H, t, J=7.8FE), 7;33(1H, d, J=7.4Fﬁ). NB(ESI) mz: 523 (MtH) +.
<Exanpl e 44> 2-[3-(1Trans-4-[ nethyl (3-ywet hyl -4-{[ (3S)-3- nethyl pi perazin-1I-
yl ] met hyl | phenyl ) car banoyl ] cycl ohexyl | oxy) phenyl ] et hyl carb amate [ 0289]
(44A) Tert-butyl (2S)-4-(4-1[(trans-4-{3-[2- 226
(car banoyl oxy) et hyl | phenoxyl cycl ohexyl ) car bonyl ] (net hyl ) am
i nol- 2- et hyl benzy1l) - 2- net hyl pi per azi ne- 1- car boxyl at e
MS(ESI) m/z: 633 (M+H)"
(40D) Trans—N—methyl-N—(3—methyl—4—{[(38)—3—
methylplpera21n 1-yl]lmethyl}phenyl)-4-{3=-[ (2~
oxopyrrolidin-1- yl)methyl]phenoxy}cyclohexaneéarboxamlde

Tert-butyl | (ZS)—2—methyl—4—(2—methyl—4—
{methyl[(trans-4—{3—[(2—oxopyrrolidin—i— | |
yl)methyl]phenoxy}éyclohexyl)carbonyl}aminb}bénzyl)?iperaz
ine—l;carboxylate (170 mg, 0.27 ﬁﬁol). broduced in (40C)
Qéé disséivedv in. dichloroﬁethéne : (2 mL), and
trifluoroacétic acid (2 mL) was added thereto at room
teﬁperature, and then, the resulting.mixture was stirred
under.a ﬁitfégen atmésphéfe at room temperatufe‘for 1 hour.
[0282]

After toluene (10 mL) was added to the reaction
solution, the solvent was distilled off under reducéd
pressure. To the obtained residue, a 1 N aqueous solution
of sodium hydroxide was added, and the organic matter was

_extracted with dichloromethane. The organic layer was
washed with water and a saturated aqueous solution of
sodium chloride and then dried over anhydrous magnesium
sulfate and filtered. Then, the solvent was distilled off
under reduced pressure, whereby a crude product was
obtained. The obtained crude product was purified by NH

silica gel column chromatography (hexane:ethyl

acetate:methanol = 100:0:0 to 0:100:0 to 0:90:10 (v/v/v)),



Tri phosgene (80 ng, O.269 nnDI)'mas'dissdIved in dichl oronethane (4 ni),
and a solution of tert-butyl (2S5)- 4-{4-[((trans-4-{3-(2-
hydroxyethyl)phenoxy]cyclohexylIcarbonyl) (et hyl ) am no] - 2-

met hyl benzy11- 2- net hyl pi perazi ne-| - car boxyl ate(260 ng, 0.448 nmol ) produced
in (7A) and pyridine (54 gL, 0.672 mmol) in dichloronmethane (3 nL) was
added thereto at 0C, and then, the resulting m xture was stirred under a
nitrogen_at e a for ting solyhign Mas added
dr opwi se %tq%%gboéﬁes%ﬁﬁiﬁﬁlCgﬁkg% h?%?of%?tgfﬁgénf% contalnlnéea 28%
aqueous solutl of anmmnj ( gL) and triethylamne (186 gL, 1.34 mmol),
and then?® l&helﬁgéﬁptlﬁﬁ'nﬁgtd%g%mas stirred under a nltrogen at nosphere at

OC f 2.h t | ut t

ool Ut on “Bf NHRHEREDm cAPEYIAS: waL- BAGSH: Snd Tehe 3By adr o D G or med
th et hyl . I hed t ted

Sl Ut 1 on 0t ok 4 T8 GPF domand 1t R 20 k) anfybfade hdaReeMim ol T at e

and filtered. Then, the sol vent was dlstllled off under reduced pressure,

wher eby 2 -&rde 4% Gduct Was obt3 heid, ThEr obfalRédfer ude produdtZas

purified by silica gel columm chromatogr aP (hexane:ethyl _acetate = 227
80: 20 t 0 40:868@H v/ W) ) I=qh8HEDY t2h§5r§r§e% %Ev)rrﬁbhnd%\ﬁé ~8btdi(R€d & ra

colorless oil (250 ng, yield: 90@6. I H

NVR( CDC1.3,-4601%Hz) - S1L 06-1126(-20, (7, 1.722( 3K 88 (356, THz) , 6169618, %),
1.63-1.82(4H, m), ‘1.97-2.15(3H, m,

2.17- 2. 2.2 9., 7D 38(,3H5) , 8.59¢ 6HE,(2H11 18Hz)7-20 (1H, t, J=7.8Hz),
7.33(1H, d, J=8.6Hz).
MS(ESI) m/z: 533 (M+H)

<Example 41>  Trans-N- methyl -N- (3—methyi—4—{[(38)—3—
methylpiperazin-l-yl]methyl}phenyl)-4-[3- (2-

oxopropyl)phenoxy] -cyclohexanecarboxamide

[ ],cHa

H@?

[0283]

C)

allo

CH3

Tert-butyl (28) -2-methyl-4-{2-methyl-4-
[methyl ({trans-4-[3-(2-
oxopropyl)phenoxy]cyclohexyl}carbonyl)amino]lbenzyllpiperaz
ine-l-carboxylate (100 mg, 0.17 mmol) produced in (26B)

was dissolved in dichloromethane (2 mL), and



2.73(1H, d, J=11.0Hz), 2.87(2H, t, J=6.7Hz), 3.08(1H, t, J=12.5Hz),

3.23(3H, s), 3.42(2H, s), 3.82(1H,.dt%9—11.0FE), 4.07-4.28(4H, m, .
4.60-4.77(2H, brs),6.66-6.73(2H, m, .%6(1FL d, J=7.0Hz), 6.91-6.99(2H,

m, 7.12-7.21(1H, m, 7.31(1H d, J=7.8Hz).
(443)2-[3-({Trans-4-[nethyl (3-nmethyl -4-[[(3S) - 3-

met hyl pi perazi n-1yl ] nmet hyl | phenyl ) car banoyl ] cycl ohexyl | oxy) phenyl ] et hyl carb

te Tert-butyl (2S)-4-(4-{[(t -4-{3-[2- '
Car bamoy S H A ShenoZoE ey of D) c st iongffeRer A5 aRe 2t Toom
i nol-2-net hyl b 1) - 2- et hyl pi ine-1- boxyl at 250 0. 40 I
produced 1A 7% i Al SscTrat | T ai CRor oAl (1= 2o 2 eed )
trifluoroacetic}%%id (1 nl), was added thereto at roomtenperature, and

then, thE€TeHITnd m XQUP et WBRSEETHT8d under a nitrogen atnosphere at room

tenperature for 5 mnutes. [0290] The solvent in the reaction solution was
di stilled92%4 obtained. The obtained crude product was purified by NH
silica gel colum chromatography (ethyl acetate:nmethanol = 100:0 to 90: 10
(v/v)), wherebyfQ heth@r gEEaEEARBUNE Uk bt ai ned &3 LATEHISS | 3FIRRES (101
o yla(ﬁofﬁ??én of sodium hydrogen carbonate was added, and the
organic matter was extracted with dichloromethane. The
organic layer was dried over anhydrous sodium sulfate and
filtered. Then, tﬁe solvent was distilled off under
reduced pressure,. whereby ‘a crude product was obtained.
This crude producﬁ was purified by NH.silica gel column
chromatography (dichloromethane: methanol = 100:0 to 90:10
(v/v)), whereby the target compound was obtained as a
colorless oil (32.2 mg, yield: 39%).
'H NMR(CDCls, 400MHz): 81.05(3H, d, J=6.7Hz), 1.10-1.20(2H,
m), 1.65-1.80(5H, m), 2.06-2.13 (3H, m), 2.13(3H, s),
2.26(1H, m), 2.37(3H, s), 2.73-2.78(2H, m), 2.87-2.31(3H,
m), 3.23 (3H, s), 3.45(2H, s), 3.62(2H? s), 4.17(1H, m),
6.67(1H, m), 6.73-6.76(2H, m), 6.94-6.96(2H, m), 7.20(1H,
t, J=7.8Hz), 7.34(1H, d, J=7.8Hz).
MS(ESI) m/z: 492 (M+H)™.
<Example 42> Trans-N-methyl-N-(3-methyl-4-{[(38)-3-
methylpiperazin-l-yl]methyl}phenyl)~4~[3~

(methylsulfonyl)phenoxy]—cyciohexanecarboxamide



11-1 NVR(CDC13, 400MHz): 81.05(3H, d, J=6.3Hz), 1.08-1.21(2H, m,
1.64-1.81(5H m, 2.06-2. 15(3H rr) 2%%, 2.30(1H, m, 2.37(3H, s),
2.71-2.80(2H, m, 2.87(2H, t , . 9HZ 2.84- 3.01(3H, ), 3.23(3H, s),
3.45(2H, s), 4.11-4.21(1H, m, 4 25(2H. t, J=6.9Hz), 4.55-4.75(2H, brs),
6.67-6.74(2H, m, 6.77(1H,d, J— 4Hz) 6.92-6.97(2H,m, 7. 17(1H,t, J=8.2Hz),
7.33(1H, d, J=7.8Hz). M5( ESI) mz: 523 (M+H) +. <Exanpl e 45>
2-[3-({Trans-4- [mathyl(s-th -4-{[(3S)-3- methyl pi perazin-1- '
yl ] met hyl | phenyl ) car banyg hegyl | oxy) phenyl ] et hyl meth yl car bamat e

[0291] (45 Ter@ngtyl( g’\z -4 [2 met hyl -4- 229
Ha I I
i l}l @)
CH,
[0285]
(42R) Trans—N—methyl—N—(B—methyl—4;{[(3S)—3—

methylplpera21n 1- yl]methyl}phenyl) -4- [3;
(methylsulfonyl)phenoxy]—cyclohexanécarbéxahlde

Tert-butyl (2S)—4—{4—[({trans—4—[3—
(bromdmeﬁhyl)phenoxy]cyclohexyl}carbonyi;kméthyl)amiho}—2—
methylbenzyl}-2-methylpiperazine-l-carboxylate (126 mg,
0.2 mmol) produced in (38A) . was dissolved in
dimethylfbrmamide (2 mL), and sodium methanesulfinate (24
mg, 0.24 mmol) was added thereto at room temperature, and
then, the resulting mixture was stirred at room
temperature for 2 hours.

To the reaction solution, water was added, and the
organic matter was extracted with ethyl acetate. The
organic layer was dried over anhydrous sodium sulfate and
filtered. Then, the solvent was distilled off under
reduced pressure, whereby a crude product was obtained.

The obtained crude producﬁ was dissolved in

dichloromethane (1 mL), and trifluoroacetic acid (1 mlL)



[ (et hyl car banoyl ) oxy] et hyl } phenoxy) cycl ohexyl ] car bonyl | am

i no) benzyl ] pi perazi ne-I -carboxyl ate 1 Tri phosgene (75 ng, 0.251 nmol)
was di ssol ved in dichloronethane (4 r%_2) and a solution of tert-butyl (2S)-
4-{4-[(ftrans-4-[3-(2- hydroxyet hyl)phenoxy] cycl ohexyl | carbonyl)

(et hyl ) am no] - 2- net hyl benzy11- 2- net hyl pi per azi ne- 1- car boxyl at e( 243 nmg,
0.419 mmol) produced in (7A) and pyridine (51 laL, 0.629 mml) in

di chi or ogethang (3 ). yas added Loereto glo 0G and Uhed. Lie, resulding

m xture was stirrred under ‘a nitrogen atno ere a nM nutes. The
resultin?( sol La,ltt.i on was, added dro t QCto a solutio

n t @ﬁsg r Uibd A of Qr. 2
t et r ahydr6ruran "2 T3 ebnt 41 ng LR 5duBust 88T uti TR G Mty F8Fi ife (about
40% 200 IAII) and triethylamne (174 laL, 1.26 muol), and then, the
resul ti n@oﬂﬁ Xt'ure was Sti rred under a nitrogen atnosphere at 0C for 1.5
hours. [02928] To the reaction solution, a saturated aqueous sol ution
of ammoni W8I ori de was added, and the extraction was performed with ethyl
acetate. The or%ani c layer was washed with a saturated aqueous sol ution of
sodi um chl ori d8hgndsehesntr ilad Bver rafhydpPouss e uitR§uldidte HRf
filtered. Then, the solvent was distilled off under reduced pressure,
wher eby ®Idr waeles grfiicamsPobs i hed. afRetebtBenedterings prasdutte mes
purified by 230 silica gel colum chromatography (hexane:ethyl acetate =
90: 10 t o 14N 68g(ebuf) sanerehy blie seiget bydpouidenwas: dbediadd &
colorless oil (256 .ng, yield: 96%.

the organic matter was extracted with dichloromethane.

The organic layer was dried over anhydrous sodium sulfate

and filtered. Then, the solvent was'distilled off under

reduced preésuré, Whereby a crude product was obtained.

The obtained crude product was purified by NH silica gel

column chromatography (ethyl acetate:methanol = 100:0 to

80:20 (v/v)), whereby the target compound was obtained as

a colorless o0il (70 mg, yield: 66%).

'H NMR(CDCls, 400MHz): 8&1.04 (3H, d, J=6.3Hz), 1.23-1.09

(2H, m), 1.84-1.65 (5H, m), 2.16-2.06 (3H, m), 2.33-2.20

(14, m), 2.37 (3H, s), 2.79-2.71 (5H, m), 3.03-2.81 (3H,

m), 3.23 (3H, s), 3.45 (2H, s), 4.24-4.14 (3H, m), 6.89-

6.84 (2H, m), 6.97-6.91 (3H, m), 7.35-7.24 (2H, m).

MS(ESI) m/z: 528 (M+H)".

(42B) Trans-N-methyl-N-(3-methyl-4~{[(3S)-3~-

methylpiperazin-1l-yl]methyliphenyl)-4-[3-

(methylsulfonyl)phenoxy]-cyclohexanecarboxamide

hydrochloride



11-1 NVR(CDCL3, 400MHz) : 81. 08-1. 20(2H, m), 1. 23(3H,d, J=7.0Hz), 1.47(9H s),
1.63-1.82(4H, m), 1.98-2.15(3H m,

2.19-2.26(2H M, 2. 39(3H,s), 2. 60( 1H, d,5%11. OHz), 2. 73(1H, d, J=11.0Hz),
2.78(3H, d, J=4. THz) , 2. 85(2H, t, J=7.0Hz), 3.04-3.13(1H,

m, 3.23(3H,s), 3.43(2H,s), 3.82(1H d,J=13.3Hz), 4.11-4.30(2H m, 4. 25(2H,t,

Trans-N-methyl-N~(3-methyl-4-{[ (3S)-3-
methylpiperazin-1l-yl]lmethyl}phenyl)-4~{3-
(methylsulfonyl)phenoxy]—cyclohéxanecarboxamide (390 mg,
0.62 mmol) produced in (42A) was dissolved in dioxane (1
mL) and water (1 mL), and 1 N hydrochloric acid (620 uL,
0.62 mmol) was added thereto at room temperature, and then,
the resulting lmixture was frozen at -78°C. The frozen
mixture was lyophilized using a lyophilizer, whereby the
target compound was obtained as a white solid (340 mg,

yield: 97

oe

) .

MS (ESI) m/z: 528 (M+H)*

<Example 43> 3-({Trans—4—[methyl(3—methyl—4—{[(3S)—3—
methylpiperazin-1-
yllmethyl}phenyl)carbamoyl]cyclohexyl}loxy)benzylmethylcarb

amate

H
N
™ s | Foeghe
- o
[0287]
(43A) Tert-butyl (23)-2-methyl-4-[2-methyl-4-

(methyl{[trans-4- (3~

{ [ (methylcarbamoyl)oxy]methyl }phenoxy) cyclohexyl]carbonyl}



J=6.9Hz), 4.53-4.61(1H brs), 6. 66-6. 72(2H, ), 6. 77(1H d, J=7.4Hz),

6.92-6.93(2H m, 7. 16(1H t,3=8. Ok). T, 34(1H  d, J=7. 8Hz) .
(45B) 2-[ 3- ({ Trans- 4- [ met hyl ( 3- nethyl %

[ (3S)-3- nethylpi pera2| n- 1-

yl ] met hyl | phenyl ) car banoyl ] cycl ohexyl | oxy) phenyl ] et hyl neth yl car bamat e
Tert-butyl (2S)-2-nethyl-4-[2-nmethyl-4- (nethylf[trans-4-(3-{2-

[ (et hyl car banoyl ) oxy] et hyl | phenoxy) cycl ohexyl ] car bonyl | .am

wae o oo VRO A IR b G Rt oA 8T, DT T onbel | ¢ aerd (1 by

was added ther? \ room 't enperature g t hen, the re ul ti
stirred under %Rar}%sg%%eat phePe a(? fg eréi’talfre f8Ff°

o3 nites. "

dichloromethane (3 mL), and a solution of tert-butyl (2S)-

4-{4-[ ({trans-4-[3-

(hydroxymethyl)phenoxy]cyclohexyl}carbonyl) (methyl)amino]-

2-methylbenzyl}-2-methylpiperazine-l-carboxylate

(130 mg,

0.230 mmol) produced in (5B) and pyridine (28 uL, 0.345

mmol) in dichloromethane (2 mlL) was added thereto at 0°C,

and then,vthe resdlting mixture was stirred under nitrogen

atmosphere at 0°C for 15 minutes. The resulting solution

was added dropwise at 0°C to a solution obtained by

dissolving a solution of methylamine in tetrahydrdfuran (2

M, 173 pL, 0.345 mmol) and triethylamine (96 uL,

0.690

mmol) in dichloromethane (2 ml), and the resulting mixture

was stirred under a nitrogen atmosphere at room

temperature for 16 hours.

To the reaction solution, a saturated

aqueous

solution of ammonium chloride was added, and extraction

was performed with ethyl acetate. The organic layer was
washed with a saturated agueous solution of sodium
chloride and then dried over anhydrous magnesium sulfate
and filtered. Then, the solvent was distilled off under

reduced pressure, whereby a crude product was obtained.

The obtained crude product was purified by silica gel

column chromatography (hexane:ethyl acetate = 90:10 to



[ 0293] The solvent in the reaction solution was distilled off under
reduced pressure, whereby a crude pr ﬁlg t was obtai ned. The obtained crude
product was puri f| ed by NH silica gel | uim chr omat ogr aphy (hexane: et hyl
acetate: net hanol = 50:50:0 to 0:100:0 to 0:90:10 (v/v/v)), whereby the
target compound was obtained as a col orless oil (158 nmy, yield: 75% 1H
NMR( CDC13, 400MHz): 81. 04(3H d, J=6. 3Hz) 1 08-1.21(2H, m, 1.64-1.82(5H,

, 3 H 2. 70-2.82(5H, 1M,
> 822 a7 g v/ B) b §g6%f> UM Do SRRl 2T 0o RIS o1
4.11-4. 20 H J=7_QHz) . 4.52.4 62(1H brs), 6.66-6.72(2H,
M. 6. 76( #élaonh_%% ’;Zld (938, ’@9(2%41 ?ér ((1H t,rj)S OHz) , 7.3%(1H,

d, J=8.2Hz IVBS( ESI mz: 537 ()Mk H) +. <Exa l e 46>
2-13-({Tr sNMFT b ( 34REMRA 24~ B¢ 99132 Infdthy | pilper aZi #3 (3H,  d,
gl?,]zrret hyl | phen}yﬂ) car barmgl ] cycI,ohe@/ll Ilaré12no)thenyI ] et hE}/I2 d1|5rre3t£1ylrg)a,r bamat e

2.18-2.29(2H, m), 2.39(3H, é),. 2.60(IH, d, J=11.3Hz),
2.73(1H, d, J=12.1Hz), 2.81(3H, d, J=4.7Hz), 3.03-3.13(1H,
m), 3.24(3H, s), 3.43(2H, s),> 3.79—3.86(1H, ﬁﬁ, :4.13—
4;26(2H, m), 4.65-4.74(1H, brs), 5.04(éH, s), 6.78(1H, d,
J¥7.8Hz), 6. 82(1 s), 6.89(1H, d, J=7.4H25, 6.93-6.98(2H,
ﬁ), %!22(1H, t, J=8.0Hz), 7.32(1lH, d, J=7.8Hz).
(43R) 3-({Trans-4-[methyl (3-methyl-4-{[(3S)-3-
methylpiperazin-1- | -
yllmethyl}phenyl)carbamoyl]cyclohexyl}loxy)benzylmethylcarb
amate

Tért—butyl (28)-2-methyl-4-[2-methyl-4-
(methyl{[trans-4-(3-
{ [ (methylcarbamoyl)oxy]methyl}phenoxy)cyclohexyl]carbonyl}
amino)benzyl]piperazine—l-carboxylate (37.0. mg, 0.0594
mmol) produced in (43A) was dissolved in dichloromethane
(1 mL), énd trifluorcacetic acid (1 mL) was added thereto
at room temperature, and then, the resulting mixture was
stirred under a nitrogen atmosphere at room temperature
for 10 minutes.
[0288]

The residue obtained by distilling off the solvent



[ 0294] (46A) Tert-butyl (2S)-4-14-[(ftrans-4-[(3-12-

[ (di met hyl car banpyl ) oxy] et hyl | phenyl )zéaégsno] cycl ohexyl | carb

onyl ) (et hyl ) am no] - 2- met hyl benzy11- Z=‘net hyl pi per azi ne-1 car boxyl at e
Tert-butyl (2S)-4-(4-{[(trans-4-1[ 3-(2-

hydr oxyet hyl ) phenyl ] am nol cycl ohexyl ) car bonyl ] (net hyl ) am n

0} - 2- net hyl benzyl) - 2- et hyl pi per azi ne-1- car boxyl at e(260 ng, 0.449 mol)
pr oduced iinn (t%8eD), di succi ni m ggji carbonate (115 E 0.449 mmol ), and

di met hyl af ndpdti dif e (1" ng® 0™ 138" Bl Sfer & SEUSES vEF 5T H&et IHitril e

(5.0 nL), an .trgﬁ r%sulti m'xtlure was stirred under nitrogen{gﬁrmsphere
at room tpé’r’r'ﬁ%'th re For oursi**fifen, 9% t héS i orF SRS B 2R %0l ut i on
of dinmethylamne in tetrahydrofuran (2 M 270 L, 0.539 nmol) was added, and
the resul TISKFHREWE LRt e SBeBRansbnTt érpePatter @ o 3 f nut ek,
[ 0295] 233 organi c matter was extracted wth ethyl acetate. The organic
| ayer was!¥@giied wi VRenabyr vl hagdelr AUW AR oS Ss ARNRI D 2Sodt um
chloride and then dried over anhydrous magnesi um sulfate and filtered.
Then, theEdsiniaas st didti8 Ire@ of felddeP4teduced pressure, whereby a crude
product was obtai ned. The obtained crude product was purified by silica gel
col utm cHHoNHMRAGDERBY @BEXHRe:ebhyD44d8t atle T=6G0:34{x)t,0 RMIAL (A2 (I1,,
whereby the target compound was obtained as a colorless solid (126 ng,
yield: 43)% .11V NVRXETOH 3, 4a0OMEZ)0BR 76 (B (2H, nR,. 2122( 3H,(dH, m),
2.37(3H, s), 2.71-2.80(2H, m), 2.81(3H, d, J=4.7Hz), 2.85-
3.02(3H, m), 3.23(3H, s), 3.45(2H, s), 4.12-4.24(1H, m),
4.63-4.76(1H, brs), 5.04(2H, s), 6.78(1H, d, J=7.8Hz),
6.82(1H, s), 6.89(1H, d, J=7.0Hz), 6.92-6.98(2H, m),
7.22(1H, t, J=7.8Hz), 7.33(1H, d, J=7.4Hz).
MS(ESI) m/z: 523 (M+H)".
<Example 44> 2-[3-({Trans-4-[methyl(3-methyl-4-{[(3S)-3-

methylpiperazin-1-

yl]lmethyl}phenyl)carbamoyl]cyclohexyl}oxy)phenyl]ethylcarb
L
O/M\NHZ
CH; '
S5
/l}l o
CH

3

amate

il O

__/

[0289]

(44R) Tert-butyl (28)~4-(4-{ [ (trans-4-{3-[2-



J=6.7Hz), 1.46(9H, s), 1.68-1.80(4H, n), 1.97-2.12(3H, m), 2.22(2H, dd,
J=11.0, 3.9Hz), .2.38(3H, s), 2.60(1H,4, J=11.4Hz), 2.73(1H, d, J=10.6Hz),
2.83(2H, t, J=7.0Hz), 2.87(3H, s), 2.90(3H, s), 3.01-3.03(1H m,
3.17-3.27(1H, n), 3.23(3H,.s), 3.43(2H, s), 3.82(1H d, J=13.3Hz), 4.17-
4.27(1H, m), 4.22(2H, t, J=7.0Hz), 6.36-6.43(2H, ), 6.53(1H, d, J=7.4Hz),
6.92-6.98(2H, n), 7.02-7.09(1H, m), 7.31(1H d, J=7.8Hz).

463) 2-[ 3- -4- (3- -4- 4 -3
(gpﬁrgg/lh p:[ gf%aﬁﬁ}ﬁﬁe{r{éf%ﬁ@%%?féﬁ%%???%@%%ze%@y%M%%ﬁéAﬁm et hyl
i - bu -4-{4- rans- 4- -12-
TP HRER CiE e SE AT CPAR oot Sk SRS S et A TTE L SRRV E
I t hyl ] - 2- met hyl 11-2- | pi i ne-1- b | at 323
o 057 ot IR 5 (PAOA wad AL | AP CH BT SETPRAE T L 1)
and trifluoroacetic acid &1 nL) was added_thereto _at roomtenperature, and

then, thEYELATTHFIABG ure Tk s3P9r8dSEARELCR At F6FEn Pattosplfet’s at room

tenperature for 7 mnutes. [0296] The resi due obtained by distilling

of f the oltenit({itranie ¥ebtti%on sol ution under reduced pressure was

purified by NH silica gel colum chromat ography iethyl acet at e: net hanol =
)/

100: 0 t o Me&trExyarhyd) P BhlCYheoh e gl CephpbyAl (Mashpbi anhegdlas-a

colorless solid (204 ny, yield: 75%. 1H

NVR( CDC1 314 00NN 0L 1782 - tnedd{ PHy ie 1a DB{ SHL dparboxylate (260 mg,
0.448 mmol) produced in (7A) and pyridine (54 pL, 0.672
mmol) in dichloroméfhane (3 mL) waé added thereto at 0°C,
and then,‘ the resulting mixture was stirred sﬁhder a
nitrogen atmos?here af O°C for 20 minutes. Tﬁe resulting
solution was added dropwise at 0°C fov a solution of
tetrahydrofuran (2 mlL) containing a 28% aqueous solution
of ammonia (200 pL) and triethylamine (186 pL, 1.34 mmol),
and then, the resulting mixture was stirred wunder a
nitrogen atmosphere at O°C.for 2 hours.

To .the reaction_ solution, a saturated aqueous
solution of }ammonium» chloride was added, and the
extraction was performed with ethyl acetate. The organic
layer was washed with a saturated aqueous solution of
sodium chloride and then dried over anhydrous magnesium
sulfate and filtered. Then, the solvent was distilled off
under reduced pressure, whereby a crude product was

obtained. The obtained crude product was purified by

silica gel column chromatography (hexane:ethyl acetate =



J=6.7Hz), 1.67-1.80(5H, nm), 2.02-2.12(3H, m), 2.17-2.28(1H

M, 2.37(3H,s),2.72-2. 92(12H, m), 2. 92-3, 00(1H ), 3.17-3.26(1H ), 3.23(3H,
s), 3.44(2H s), 4.23(2H, t, J=7.0Hz)$“6.37-6.43(2H, ), 6.52(1H d,
J=7.0Hz), 6.92- 6.97(2H, m), 7.03-7.09(1H, m), 7.32(1H, d, J=7.4H). MB(ESI)

mz: 550 (M+H) +. <Exanple 47> 2-[3-({Trans-4-[nethyl (3-nethyl-4-{[(3S)-3-
nmet hyl pi perazin-1- yl]nmethyllphenyl)carbanoyl ] cycl ohexyl | am no) phenyl ] et hyl

met hyl Cariﬁﬁ% eto23?o : 60 [ 0(%%22]) )(,47\%g%re£)3/bu’é eI ( %g)r-gze-tneég%%bﬁﬁéz_wnaeg hyl-4-

obtained as a colorless oil (250‘mg, yield: 90%).

'H NMR(CDCls, 400MHz): &1.06-1.20(2H, m), 1.22(3H, d,
J=6.7Hz), 1.46(9H, s), 1.63-1.82(4H, m), 1.97-2.15(3H, m),
2.17-2.29(2H, m), 2.38(3H, s), 2.59(1H, d, J=11.3Hz),
2.73(1H, d, J=11.0Hz), 2.87(2H, t, J=6.7Hz), 3.08(1lH, t,
J=12.5Hz), 3.23(3H, s), 3.42(2H, s), 3.82(1H, d, J=11.0Hz),
4.07-4.28 (4H, m), 4.60-4.77(2H, brs), 6.66-6.73(2H, m),
6.76(1H, d, J=7.0Hzf,‘6.91—6.99(2H, m), 7.12-7.21(1H, m),

7.31(1H, d, J=7.8Hz).

(44B) 2—[3¥<{Trans—4—[me£hyi(§éﬁéthyilé—{tk3s>¥3—
methyipiperazin—l— | | o
yllmethyl}phenyl)carbamoyl]cyclohexyl}loxy)phenyllethylcarb
amate

Tert-butyl (28)-4-(4-{[(trans-4-{3-[2-
(carbamoyloxy)ethyl]phenoxy}cyclohexyl)carbonyl] (methyl)am
ino}-2-methylbenzyl)-2-methylpiperazine-l-carboxylate (250
mg, 0.402 mmol) produced in (44A) was dissol?ed in
dichloromethane (1 mL), and trifluorocacetic acid (1 mL)
was added thereto at room temperature, and then, the
resulting mixture was stirred under a nitrogen atmosphere
at room temperature for 5 minutes.
[0290]

The solvent in the reaction solution was distilled

off under reduced pressure, whereby a crude product was



[met hyl (ftrans-4-[(3-12-

[ (met hyl car banpyl ) oxy] et hyl | phenyl )ang%léa] cycl ohexyl | car bon

yl ) am no] benzyl | pi perazi ne- 1- car boxyla

Tert-butyl (2S)-4-(4-{[(trans-4-{[3-(2-

hydr oxyet hyl ) phenyl ] am nol cycl ohexyl ) car bonyl ] (rret hyl ) am n

o} - 2- met hyl benzy1) - 2- met hyl pi per azi ne- 1- car boxyl at (200 nyg, 0. 346

mol ) prodyged; &428%% gw&g'lwﬁ@ d%}u&@r geeah%d%%meu&%‘léd and

di met hyl am nopyrl di were dissolved in ace OI’III_% rile
(3.0 n), S stirre nder mtro_gen

at m)sphersel arht 5 g%m tée%%rﬁrgtﬁllrle Ir# o%? Fg] gﬂ%Fé’%9§l]ce 6}le r}'eS| due

obt ai ned il ff_th soIv e reacti nsolutlo under

r educed pl%Os;Bur% éd]'?]o(ﬁ g’y gdr’l fY” 8r8 ysﬁ%%a%ﬁélg ol ﬁﬂﬂp%?arra"faosgr aphy
(hexane: e acetate = 70:30 to 30; 7 v/v obt ai ned crude product
was di ssdﬁ%qeriiea?csetaorﬁ?]ﬁqjee?% oL 286 ‘)3' aﬁdeidsoﬂéfl on of methyl ani ne
in tetraqifldrofuran (2 M iL, O. 415 mml was added thereto, and then,

t he resul ti NYRCRCdr e %@Mgﬁrréd ap ( ﬁddnﬁtreﬁp@ra?ﬁ}’re flor08r Thalir (240299]

To the reactl on_sol ut| on, water was added and the o\rgg(anl C matter was

ext ract edwi th- e hi S heetat B) - THe Mrdani thye?) nagd -washed Milth ater and a
sat urat ed aqueous sol ution of sodium chloride and then dried over anhydrous
magnesi urd-sul §3t-e Hnd 4iTke% e¥0 (Ihenn) ¢ he - §31(¥8nt twasl=<fi -AHA),e® FF4- under
reduced pressure, whereby a crude product was obtained. The obtained crude
pr oduct \ﬁasﬁ)lp@rﬂff i'd, by .gBl(i3¢a gel, cdl-édam 2¢hr omat odr aphy . Rhdténe et hy|

acetate = 70:30 to 30:70 .(v/v)), whereby the target conpound was obtai ned
as a col drlds@iolt,d (7®.9Hnmp, ¥iebd4.33%QH, brs), 6.67-6.74(2H, m),

6.77(1H, d, J=7.4Hz), 6.92-6.97(2H, m), 7.17(1H, ¢t,
7=8.2Hz), 7.33(1H, d, J=7.8Hz). |

MS(ESI) m/z: 523 (M+Hj+.

<Example 45> 2-[3-({Trans-4-[methyl (3-methyl-4-{[(3S)-3-
methylpiperazin-1-

yl]lmethyl}phenyl)carbamoyl]cyclohexyl}oxy)phenyl]ethylmeth

ylcarbamate
0O
H /@\/\
H H
N CH,
N @]
CH3
[0291]
(45A) Tert-butyl (2S)-2-methyl-4~[{2-methyl-4-

(methyl{[{trans-4-(3-{2-



1H NVR( CDCL3, 400MHz) : 80. 75- 0. 90( 2H, m), 1. 22(3H,d, J=7.0Hz), 1.46(9H s),
1.68-1.80(4H, m), 1.98-2.12(3H m, 7-2.26(2H, n), 2.38(3H, s), 2.60(1H,
d, J=11.0Hz), 2.70-2.85(3H, n), 2. 78%§ d, J=4.7Hz), 3.01-3.13(1H m,
3.17-3.25(1H, ), 3.23(3H, s), 3.43(2H, s). 3.81(1H, d, J=13.3Hz),
4.16-4.28 (1H, ), 4.24(2H, t, J=7.0Hz), 4.55- 4.64(1H, brs), 6.36-6.43(2H,
m, 6.51(1H, d, J=7.4Hz), 6.92-6.98(2H, m, 7.06(1H,t,J=7.8Hz), 7. 30(1H, d,

et hyl p 5er§§.ﬁx@ﬁ§?%%“{oﬁryﬁ(@{@ SIS et LA o oy

met hyl car. t but yl (.29) -.2- met,h 12- nethyl 4-

[nethyl(ﬁ? n%e%gy? 1f§ry 1nQ = carb&%yf%

[(nethylcarba ethyII cyclo xyIIca

yI)anlno]benzy %b%g8¥%§?ﬁe (7 g gJ 6§quﬁg (é%?ﬁﬂﬁ3e%rdﬂhced in
(47A) was b solved.in dlchloroneth é % trlfl oro cet acid (1
m) was Sdd OFH@F@FSQ% Fodthtre lubpant Rén FerhePMed tia”) i xt ure
was stirred under a nitrogen atnDsphere at roomtenperature for 10 m nutes.
[0300] 4-{4-[fhérresidud bt ned by distilling off the solvent in the

reaction solution under reduced pressure was purified by NH silica gel
col unm chYeraEI§aphy PRETIRAY laviet late sk Wowyhbm@tw 88M1B0{ y2v)),

whereby the target conmpound was obtained as a colorless solid (50.9 ny,
yield: 98%fthylbenzyl}-2-methylpiperazine-l-carboxylate (243 mg,

0.419 mmol) produced in (7A) and pyridine (51 uL, 0.629
mmol) in dichloromethane (3 mlL) was added thereto at 0°C,
and then, the résulting mixture was stirred under a
nitrogen atmosphere at 0°C for 25 minutes. The resulting
solution was added dropwise at 0°C to a solution of
tetrahydrofuran (2 mL) containing an aqueous solution of
methylamine (about 40%, 200 uL) and triethylamine (174 pL,
1.26 mmol), and then, the resulting mixture was stirred
under a nitrogen atmosphere at 0°C for 1.5 hours.

[0292]

To the reaction solution, a saturated aqueous
solution of ammonium chloride was added, and the
extraction was performed with ethyl acetate. The organic
layer was washed with a saturated aqueous solution of
sodium chloride and then dried over anhydrous magnesium
sulfate and filtered. Then, the solvent was distilled off
under reduced pressure, whéreby a crude product was

obtained. The obtained crude product was purified by



11- INVR( CDC13, 400MHz) : 0. 79- 0. 91(2H, m), 1. 05(3H, d, J=6.3Hz), 1.69-1.81(5H
M, 2.03-2.13(3H, n), 2.18-2.29(1H, o,
m, 2. 38(3H, s), 2. 71- 3. 01(10H, m), 3. 17- 3. 27(1H, m ,
3.23(3H, s), 3..45(2H, s), 4. 24(2H, t, J=7. OHz) , 4. 55- 4. 65(1H,- brs), 6. 36- 6. 43( 2H,
m,6.52(1H, d, J=7.4Hz), 238 6. 93 6.97(2H, m), 7. 06( 1H, t, J=7. 6Hz) , 7. 33( 1H, d,
J=8.6Hz). MS(ESI) nfz: 536 (MH)

Ex I h ft t
{<[ ( gg? gé%&%tﬁ %(‘l%%)gr gzz&:@&; éhn%ﬁé%%%%ﬁg?) gyrel%{;é%yﬁth%]l oﬁgiﬁal oxy) benzyl ]

Cafba”at@o.lo to 40:60 (v/v)), whereby the target compound was
obtained és a colorless oil (256 mg, yield: 96%).
'H NMR(éDClg, 400MHzZ): §1.08-1.20(2H, m), 1.23(3H, d,
J=7. OHz) 1.47(§H, sj, 1.63-1.82(4H, m) 1.98- 2 15(3H m),
2.19-2.26(2H, m), 2. 39(3 s), 2. 60(1 4, - 11. onz),
2.73(1H, d, J=11. OHz); 2. 78(3 '-d, J=4.7Hz), 2 85(2 t,
7=7.0Hz), 3.04-3. 13(1 | 'm),' 3. 23(3._._55;, 3. 43(2' s),
3.82(1H;v d) J 13 3Hz) 4.11-4. 30(2   1m);h 4. 25(2 | t,
J=6;9Hz) 4 53- 4 61 (1H, brs) 6 66 6 72(2H ﬁ) 6. 77(1H, d,
i=7:4Hz) 6 92 6. 98(2H,_m)? 7.16(1 H, t, J—8 OHz) 7;31(1H,
4, J=7.8Hz).
(45B) 2-[3~-({Trans-4-[methyl (3-methyl-4-{[(3S)-3-
methylpiperazin-1-
yllmethyl}phenyl)carbamoyl]lcyclohexyl}oxy)phenyl]lethylmeth
ylcarbamate

Tert-butyl (25)~-2-methyl-4-[2-methyl-4-

(methyl{[trans-4-(3-{2-
[ (methylcarbamoyl)oxy]ethyl}phenoxy)cyclohexyl]carbonyl}am
ino}benzyl]piperazine—l—carboxylate (250 mg, 0.393 mmol)
produced in (45A). was dissolved in dichloromethane (1 mL),
and trifluorcacetic acid (1 mlL) was added thereto at room
temperature, and then, the resulting mixture was stirred

under a nitrogen atmospheré at room temperature for 15

minutes.



[ 0301] (48A) Met hyl trans-4-(3- cyanophenoxy)cycl ohexanecar boxyl at e

3- Cyanophenol (3.00 g, 25.2 mml ) angethyl cis-4-

hydr oxycycl ohexanecar boxyl ate (2.66 g, 16.8 nmol) were dissolved in toluene
(80 mL), and cyanonet hyl enetri butyl phosphorane (6.6 nL, 25.2 mol) was
added thereto, and then, the resulting m xture was heated to reflux under a
nitrogen atnosphere for 2.5 hours. After the tenperature of the
reaction golouti on was returned to roomtenperature, the solvent in the
reaction solutlon was distilled off under reduced pressure. The obtai ned

resi due was pU&hE'%QﬂR%HNH §h'%ﬁﬁagﬁéaEQLHH“sc%%%n&ﬂ%owgéogﬁ%Rﬁmled
(hexane: ethyl acetate = : (v/v))1l whereby the target conpound

18 9012100, %48 PLund 1‘%3?%5911 c BT ik NS AP0

g:gggin:%#F%3%%¥%tL)fﬁé obgalh Qddg prod&g£2ua§npur§§£¥y bg d - 4H2)

silica gel column chromatography (hexane:ethyl
acetate:methanol = 50:50:0 to 0:100:0 to 0190:10 (v/v/v)),
whereby the target compound was obtained as a colorless
oil (158 mg, yield: 75%).

'H NMR(CDCl;, 400MHz): 81.04(3H, d, J=6.3Hz), 1.08-1.21(2H,
m), 1.64-1.82(5H, m), 2.02-2.14(3H, m), 2.20-2.30(1H, m),
2.37(3H, s), 2.70-2.82(5H, m), 2.82-2.92(4H, m), 2.92-
3.01(1H, m), 3.23(3H, s), 3.45(2H, s), 4.11-4.20(1H, m),
4,24 (2H, t, J=7.0Hz), 4.52-4.62(1H, brs), 6.66-6.72(2H, m),
6.76(14H, d, J=7.4Hz), 6.92-6.97(2H, m), 7.16(1lH, <,
J=8.0Hz), 7.33(1H, d, J=8.2Hz).

MS (ESI) m/z: 537 (M+H)"

<Example 46> 2—[3—({Trans—4—[methyl(3—metﬁyl—4—{[(3S)—3-
methylpiperazin-1-
yllmethyl}phenyl)carbamoyl]cyclohexyllamino)phenyl]ethyl

dimethylcarbamate



(48B) Trans-4-(3-cyanophenoxy)cycl ohexanecarboxylic acid Met hyl
trans-4-(3- cyanophenoxy)cycl ohexane oxylate .(1.10 g, 4.24 mol)
produced in (48A) was dissolved in nmethanol (5 nlL) and tetrahydrofuran (5
m.), and a 5 N aqueous sol ution of sodi um hydroxide (5 nL) was added
thereto, and then, the resulting mxture was stirred at roomtenperature
for 1 hour. [0302] , To the reaction solution, water was added, and
the organic matter was extracted with ethyl acetate. To the aqueous | ayer,
5N hydrochlorlc acid added toOneutralize the pH of the aqueous |ayer,
and the or anlﬁHnatter extract d MF {Hh ethyl acetate. The organic |ayer
was mash SdUr ated ~aqueols N uti on of sodium chloride and then
dried ov r amhydr ous® nagne3|un1sulfaé and filtered. Then, the solvent was
distilled Nff QHder reéguced pressure, ﬁhereby a crude product was 240
obt ai ned. Tlhe olyt ali ¢crude product was purified by silica gel colum

chr omat ogr apt e:ethyl acetate = 10:1 to 1:1 (v/v)), whereby the

t ar get conpob pbt ai ned as a light red solid (770 ngy, yield: 74%. 1H
NMR( CD30D, 400%Hz)N™61042-1.54(2H, n), 1,57-1.69(2H, m, 2.03-2.10(2H, m,
2.12-2.20(2H, m, éH 5(1H, tt, J=3.8, 11.4Hz), 4.32-4.40(1H, m,
7.21-7.27(3H, m, 2(1H, t, J=8.2Hz).

(480) Tert - butyI(ZS) 4-14-[{[trans-4-(3-
cyanopherl®PAdycl ohexyl ] car bonyl | ( met hyl ) ani no] - 2-

met hyl benzy11- 2- net hyl pi per azi ne- 1- car boxyl at e

Tr ans- 4- ((36@yYanophenoXgxtydlslyéxanecar bdxyl i-éd -ddi-d ({(z&2nsy,4 -3 (Bt Aol )
produced in (48B) and tert-butyl (2S)-

2- met hy 1-[A-dizwertylybrbaimet hyd zani etd) pehzlyéh pl pemazo heydiobarpbxykabe (1. 04
g, 3.11 mmol), which is a known conpound, were dissolved in ethanol (20
m.), andody(14, (Eredihyat) oyl 13; S-riatitlazli e 2z y1 ) - 4-met hy Lpbpphakinedin-chl ori de
hydrate (1.72 g, about 6.2 mml) was added thereto, and then, the resulting
m Xt ure \wasobebdylzeé under a nltrogen at nosphere at roomtenperature for 21
hours.

Tert-butyl (28)~4-(4~{[(trans-4-{[3-(2-
hydroxyethyl)phenyl]amino}cyclohexyl)carbonyl] (methyl)amin
o}-2-methylbenzyl)-2-methylpiperazine-l-carboxylate (260
mg, 0.449 mmol) produced in (28D), disuccinimidyl
carbonate (115 mg, 0.449 mmol), and dimethylaminopyridine
(16 mg, 0.135 mmol) were dissolved‘in acetonitrile (5.0
mL), and the resulting mixture wés 'stirred under a
nitrogen atmosphere at room temperature for»3 hours. Then,
to the reaction solution, a solution of dimethylamine in
tetrahydrofuran (2 M, 270 pL, 0.539 mmol) was added, and
the resulting mixture was stirred at room temperature for
30 minutes.

[0295]

To the reaction solution, water was added, and the



To the reaction solution, water was added, and the organic matter was
extracted with ethyl acetate. The orqﬁﬂ%c |-ayer was washed with water and a
sat urat ed aqueous sol ution of sodiu oride and then dried over anhydrous
magnesi um sul fate and filtered. Then, the 241 solvent was distilled off
under reduced pressure, whereby a crude product was obtained. The obtai ned
crude product was purified by silica gel columm chromatography

(hexane: V\lg;yl et = 95.9 t o] 026( ) \g& r.eby th]]ei,i_%arget
conpound%D S 8%%&I%§§ as aa§0|§¥¥§§§9§§|.§92q WSXQ %a%fw
NIVR( CDC13 ) : 5( 23(3H,d 7FE 1 46( S
1 68-1. 8 r%%%’\{% Jygeéilz 5421"7 l?:‘ll :Réd]‘ V\?t%‘l Water tur’at d
2. 19-2. 30 : 2; 32& Y S) gé%%mdc lorfﬁt)ané :%en drled %%é¥t)
3.02-3.1
anhydrous magnesium sulfate and filtered. Then, the
solvent was distilled off under reduced pressure, Whereby
a.crude product was obtained. The obtained crude product
was purified by silica gel column | chromatography
(hexane:ethyl acetate = 60:40 to 30:70 (v/v)), whereby the

target compound was obtainéd as a coloriéss Solid (126 mg,

yield: 43

o

). .
' NMR(CDCLs, 400MHz): 80.77-0.91(2H, m), 123(3 d,
7=6.7Hz), 1.46(9H, s), 1.68-1.80 (4H, m), 1.97-2.12(3H, m),
2.22(2H, dd, J=11.0, 3.9Hz), 2.38(3H, s), 2.60(1lH, d,
J=11.4Hz), 2.73(1H, d, J=10.6Hz), 2.83(2H, t, J=7.0Hz),
2.87(3H, s), 2.90(3H, s), 3.01-3.03(1H, m), 3.17-3.27(1H
m), 3.23(3H, s), 3.43(2H, s), 3.82(1H, d, J=13.3Hz), 4.17-
4.27(1H, m), 4.22(2H, t, J=7.0Hz), 6.36-6.43(2H, m),
6.53(1H, d, J=7.4Hz), 6.92-6.98(2H, m), 7.02-7.09(1H, m),
7.31(1H, d, J=7.8Hz).
(46B) 2-[3-({Trans~4-[methyl (3-methyl-4-{ [ (3S5)-3-
methylpiperazin-1-
yl]methyl}phenyl)carbamoyl]cyclohexyl}amino)phenyl] ethyl
dimethylcarbamate

Tert-butyl (28)-4-{4-[ ({trans-4-[ (3-{2-

[ (dimethylcarbamoyl)oxylethyl }phenyl)amino]cyclohexyl}carb



s), 3.43(2H, s), 3.82(1H, d,J=12.5Hz), 4.15-4.26(2H, n, 6 §3-6.98(2H,|ﬁ,

7.03-7.09(2H, m, 7.19(1H, d, J=7.4Hz)34 7.30-7.35(2H m.

(48D) Tert-butyl (2S)-4-{4-[(ftrans-4-[ 3-

(am nonet hyl ) phenoxy] cycl ohexyl I car bonyl ) ( net hyl ) am no] - 2-
onyl) (methyl)amino]-2-methylbenzyl}-2-methylpiperazine-1-
carboxylate (323 mg, 0.497 mmol) produced. in (46A) was
dissolved in dichloromethane (1 mL), and trifluofoacetic
acid (1 mL) was added thereto at room temperature, and
then, the resulting mixture was stirred under a nitrogen
atmosphere at room temperature for 7 minutes.
[0296]

The residue obtained by distiliing off the solvent
in the réaction solution under reduced pressure was
purified by NH éilica gél column chrbmatodréphy (ethyl
acetate:méthanol = 100:0 to 85:15 (v/v)), whereby the

target compound was obtained as a colorless solid (204 mg,

yield: 75

o

) .

lH' NMR (CDCls, 400MHz): ©&0.78-0.91(2H, m), 1.03(3H, d,
J=6.7Hz), 1.67-1.80(5H, m), 2.02-2.12(3H, m), 2.17-2.28(1H,
m), 2.37(3H, s), 2.72-2.92(12H, m), 2.92-3.00(1H, m),
3.17-3.26(1H, m), 3.23(3H, s), 3.44(2H, s), 4.23(2H, t,
J=7.0Hz), 6.37-6.43(2H, m), 6.52(1H, d, J=7.0Hz), 6.92-
6.97(2H, m), 7.03-7.09(1H, m), 7.32(1H, d, J=7.4H).

MS(ESI) m/z: 550 (M+H)".

<Example 47> 2-[3-({Trans-4-[methyl(3-methyl-4-{[(3S)-3-
methylpiperazin—l—
yl]methyl}phenyl)carbamoyl]cyclohexyl}amino)phenyl]ethyl

methylcarbamate



met hyl benzy11- 2- net hyl pi per azi ne- 1- car boxyl at e

Tert-butyl (2S)-4-{4-[{[trans-4-(3- 235
cyanophenoxy) cycl ohexyl ] car bonyl | ( et hyl ) am no] - 2-

met hyl benzy11- 2- net hyl pi per azi ne- 1- car boxyl ate(4. 00g, 7.13 mmol) produced
in (480) and cobalt chloride dihydrate (3.39 g, 14.3 mmol) were dissol ved
in nmethanol (100 nL), and sodi um borohydride (1.89 g, 49.9mmvol) was added
thereto little by little at -10C, and then, the resulting m xture was

stirred at -10C for 45 utes. ToOt he reaction solution, water was added,
and the 2%2 resyl ting Jure maFﬂiiLbﬁred through a Celite filter.
Ther eaft gf, e §o|H§nt Was i stOf 1 e "of f under reduced pressure, and then,

wat er was_added ther&to, and extractilon was performed with ethyl acetate.

as Ywashed with a saturated aqueous sol ution of sodi um

gl over anhydrous magnesi um sulfate and filtered.

Then, the so wa¥ distilled off under reduced pressure, whereby a crude
product was abt gglpedhk The obtai ned crude product was purified by NH silica
gel colum chronatﬁgra@hy (hexane: et hyl acetate = 70:30 to 100:0 (v/v)),
wher eby the targetcegnpound was obtained as a colorless solid (1.67 g,
yield: 43%.

[0297]

(47A) | Tert-butyl (ZS)—2—methyl;4—f2—methyl—4—
[methyl ({trans-4-[ (3-{2-

[ (methylcarbamoyl)oxylethyl}phenyl)amino]cyclohexyl}carbon
yl)amino]benzyl}piperazine-l-carboxylate

Tert-butyl (28)-4-(4~{ [ (trans-4-{[3-(2-
hydroxyethyl)phenyl]amino}cyclohexyl)carbonyl] (methyl)amin
o}—2—methylbenzyl)—2—methylpiperazine—l—carboxyiate (200
mg, 0.346 mmol) produced in (28D), disuccinimidyl
carbonate'(89 mg, 0.346 mmol), and dimethylaminopyridine
(13 mg, 0.104 mmol) were dissolved in acetonifrile (3.0
mL), and then, the resulting mixture was stirred under a
nitrogen atmosphere at room temperature for 17 hours.
[0298]

The residue obtained by distilling off the solvent
in the reaction solution wunder reduced pressure was
roughly purified by silica gel column chromatography
(hexane:ethyl acetate = 70:30 to 30:70 (v/v)). The

obtained crude product was dissolved in acetonitrile (3.0



1H NVR( CDCL3, 400N+z) 81. 09- 1. 20( 2H, n) 1. 23(3H d, J=6. 7rz) 1.47(9H, s),
.64-1.82(4H, m), 1.98-2.07(1H, n), 25Q7-2.15(2H,-m, 2.19-2. 28(2H m,
.39(3H, s), 2.60(1H, d, J=11.3Hz), 2.73(1H, d, J=11.3Hz),3.02-3.13(1H ),
.23(3H, s), 3.43(2H, s), 3.77-3.85(1H, m), 3.81(2H, s), 4. 14-4.27(2H, ),
.72(1H, dd, J=2.0, 7.8Hz), 6.80(11l1, s),

.85(1H, d, J=7. 8Hz), 6. 93-6. 99(2H, ), 7. 20( 1H,t, J=7.8Hz), 7.31(1H d,

J=7. 8FE)mL648g%Ee% QHMﬂﬁé%QOflﬁékﬂ§i$ﬁfﬂé fn(getrahydrofuran (2 M,
{[(nethoxycarbonyl)anlno met hyl | phenoxy) cycl ohexyl ] caf bony -

11( et hy'zb?Z é)Lng,4 {ﬁﬁylnpn%qzy%% TELRYLP! PREPZLBS 1EAI PV © the

Tert - but yl trans-'4

S Lt N e

OO wWN -

met hyl benzy plpera2|ne - car boxy
hour. o |
[0299]
N Te the reectien solution; wetef.wae edded; aha.fﬁe
organic ‘matter‘/wae extracfed with ethyi  ecetete. The

erganie ‘ieyer' Was waehed with AWafer” and a saﬁurated
equeeue solutioﬁ of sodium chloride ane then dried over
anhydreus magneeiuﬁ. eeifaee aﬁd 'filﬁefed Then, the
‘olvent was distilled off under reduced pressﬁre, whereby
e crudeiproduct was obtained. The obtained crude product
was purified by silica gel column chromatography
(hexane:ethyl acetate = 70:30 to 30:70_(V/V)), whereby the
targef eeﬁpound was obtained as a colorless solid (70.1 mg,
yield: 32%).

'H NMR(CDCls, 400MHz): &80.75-0.90(2H, m), 1.22(3H, d,

J=7.0Hz), 1.46(9H, s), 1.68-1.80(4H, m), 1.98-2.12(3H, m),

2.17-2.26(2H, m), 2.38(3H, s), 2.60(1H, d, J=11.0Hz),

2.70-2.85(3H, m), 2.78(3H, d, J=4.7Hz), 3.01-3.13(1H, m),

3.17-3.25(1H, m), 3.23(3H, s), 3.43(2H, s), 3.81(1lH, d,

J=13.3Hz), 4.16-4.28 (1H, m), 4.24(2H, t, J=7.0Hz), 4.55-
4.64(1H, brs), 6.36-6.43(2H, m), 6.51(1H, d, J=7.4Hz),

6.92-6.98(2H, m), 7.06(1H, t, J=7.8Hz), 7.30(1H, d,

J=7.8Hz) .



0. 195 mol ) producedi n(48D) wasdi ssol vedi n di chl oronet hane (2 nL), and
triethylamne (54 0.390 mmol) and nmethyl chloroformate (18 tilL, 0.234 mmol)
were added thereto at 0C, and then, the resulting m xture was stirred at
roomtenperature -for 15 m nutes. To the reaction solution, a
saturated aqueous solution of amoni um chl ori de was added, and the
extraction was perfornmed with ethyl acetate. The organic |ayer was washed

w th a sayypat ed agueousysebutiep,Qt-_godium,chlacidenand 4 IHiegl over
anhydr oug magnesi um sul fatg atr(lgl -f?l ter eg. Thgn,( t he sglrlvetﬂtﬂ[e[\r/]\(/as )di stilled

of f undef tedyce SUre, whereby a crude product was obtai ned. The
obt ai ned grugg%bggﬁﬁkt was purified by silica gel colum chromatography

h : I = X :
ilangg%iaift%ﬁﬁséz‘?f?}?’fﬁ%&%lﬁg%ajrg%ﬁtff%yﬂ“%g ety MeEREbLERg  geagt compound
13, 4 -61. Q8- 1. 21(2H, m), 1. . d, J=6.7Hz), 1. . s),
1, 6&-1.82‘6&%,%?%?”?. -%.14(%14 fn)ml, 23(SR.d, J=6.7h), L. 46(9R, )

2.19-2.20(2R 1,2, 39(3H.5) 2 60(1H 0. I35 010, 9,716 T3 a4 B3CIH
[methyl({trans—4—[(3—{2— |
[(methyléarbamoyl)oxy]ethyl}phenyl)amino]cyclohexyl}carbon
yl)amino]benzyl}piperazine-l-carboxylate (65.1 mg, 0.102
mmol) produced in (47A) Was dissolved in dichloromethane
(1 mL), and trifluorocacetic acid (1 mL) wés added ﬁhereto
at room temperature, and then, the resulting mixture was
stirred under a nitrogen atmosphere at foom temperature
for 10 minutes.
[0300]

The residue obtained by distilling off the solvent
in the reaction solution under reduced pressure was
purified by NH silica gel column chromatography (ethyl
acetate:methanol = 100:0 to 85:15 (v/v)), whereby the
target compound was obtained as a colorless solid (50.9 mg,
yield: 93%).

Yy NMR(CDCls;, 400MHz): 0.79-0.91(2H, m), 1.05(3H, d,
J=6.3Hz), 1.69-1.81(5H, m), 2.03-2.13(3H, m), 2.18-2.29(1H,
m), 2.38(3H, s), 2.71-3.01(10H, m), 3.17-3.27(1H, m),
3.23(3H, s), 3.45(2H, s), 4.24(2H, t, J=7.0Hz), 4.55-

4.65(1H, brs), 6.36-6.43(2H, m), 6.52(1H, d, J=7.4Hz),



244 7.20(1H, t, J=7.8Hz), 7.32(1H, d, J=7.8Hz).
(48F) Met hyl [ 3- (ftrans-4-[nmet hyl (3-methyd - 4-{[(3S)-3-
met hyl pi perazi n-1yl ] net hyl | phenyl ) carbanoyl ] cycl ohexyl | oxy) benzyl ] car bamat e
Tert-butyl (2S)-4-{4-[{[trans-4-(3-
{[ (met hoxycar bonyl ) am no] met hyl | phenoxy) cycl ohexyl ] car bony
11(nethy|)anino] 2- nethylbenzyll 2- met hyl pi per azi ne- 1car boxylate (93.0 ng,

0.149 nmmm) )q Pro 8E)7w%% &§sotyed 5n7dbgggoroqet ng; (1 @L) and
trifluoroace |c ac j was a ed thereto af fm t enperat ure, ‘and

then, th JE£S %lng ntxture was stirred under a nitrogen atnosphere at room
tenperature for 15 m nutes. [0303] The residue obtained by

distilli t he, sol t the reaction solution under reduced pressure
was purlgg%@&%§ NP(%II¥§§ 8% tol um chromat ography (hexane: ethyl acetate =
50:50 to Q: 100 v/v)%l8 mhereb the target co ound was ob ai ned fs, @
coIorIessEﬁﬂWQﬂ?GO Ty, V?E 78%°~ ({fgrans—4-[methyl (3-methyl-=4-

NNR(CDClS 400 3 61. 03(3H,d, J= 6 7Ft) 1.08-1.21(2H,
-methylpiperazin-1-

yl]methyl}phenyl)carbamoyl]cyclohexyl}oxy)benzyl}carbamate

‘H
NO

Y

h?

[0301]
(48A) Methyl S trans-4-(3-
cyanophenoxy) cyclohexanecarboxylate

3-Cyanophenol (3.00 g, 25.2 mmoi) and methyl cis-4-
hydroxycyclohexanecarboxylate (2.66 g, 16.8 mmol) were
dissolved in toluene (80_ mL) , and
cyanomethylenetributylphosphorane (6.6 mL, 25.2 mmol) was
added thereto, and then, the resulting mixture was heated
to reflux under a nitrogen atmosphere for 2.5 hours.

After the temperature of the reaction solution was
returned to room temperature, the solvent in the reaction
solution was distilled off under reduced pressure. The

obtained residue was purified by NH silica gel column



4-1.82(5H, M), 2.02-2.13(3H, ), 2.20-2.30(1H, m), 2.37(3H,
5(2H, t,J=9. 2Hz), 2. 82-3.00(3H, g}, 3.23(3H, s),3.45(2H,s),3.70(3H,s),
.21(1H, m, 4.31(2H

AN

chromatography (hexane:ethyl acetate = A95:5 to '90:10
(v/v)), whereby the target compound was obtained as a

brown o0il (2.19 g, vyield: 50

o\

).
'H NMR(CDCls, 400MHz): 81.44-1.68(4H, m), 2.06-2.21(4H, m),
2.38(1H, tt, J=3.7,“ 11.2Hz), 3.70(3H, s), 4;22(1H, tt,
J=3.9, 9.8Hz), 7.08-7.15(2H, m), 7.22(1H, d, J=7.4Hz),
7.36(1H, t, J=7.8Hz).
(48B) Trans-4-(3-cyanophenoxy)cyclohexanecarboxylic acid

| Methyl | | | frans-4;(3—
cyanophenoxy)cyclohexaneéarboxylate fl.lO"g, ‘4.24 mmol)
produced in (48A) was dissolved in methanol (5 mL) and
tetrahydrofuran (5 mL), and a 5 N} agueous solution of
sodium hydroxide (5‘mL) was added thereto, and then, the

resulting mixture was stirred at room temperature for 1

hour.

[0302]
To the reaction solution, water was added, and the
organic matter was extracted with ethyl acetate. To the

aqueous layer, 5 N  hydrochloric acid was added to
neutralize the pH of the aqueous layer, and the organic
matter was extracted with ethyl acetate. The organic
layer was washed with a saturated  aqueous solution of
sodium chloride and then dried over anhydrous magnesium
sulfate and filtered. Then, the soivent was distilled off

under reduced pressure, whereby a crude product was



3S) -

).

Hz), 4.90-5. 00( 1H, brs), 6.71-6.77(2H, n), 6.82(1H
Hz) | 6. 92- 6. 98( 2H, n),?.zo(lH,g; 245 J=8.0Hz), 7.33(1H, d,
<Exanpl e49>Met hyl [ 3- (ft rans= 4 [ met hy! ( 3- met hyl -

3- et hyl pi perazin- 1-
met hyl | phenyl ) car banmoyl ] cycl ohexyl | am no) benzyl ] carbarma te

obtained. The obtained crude product was purified by
silica gel column chromatography (hexane:ethyl acetate =

10:1 to 1:1 (v/v)), whereby the target compound was

o

obtained as a light red solid (770 mg, yield: 74%).
'H NMR(CDsOD, 400MHz): 81.42-1.54(2H, m), 1,57-1.69(2H, m),
2.03-2.10(2H, m), 2.12-2.20(2H, m), 2.35(1H, tt, J=3.8,
11.4Hz), 4.32-4.40(1H, m), 7.21-7.27(3H, m), 7.42(1lH, t,
J=8.2Hz) .
(48C) | Tert—bﬁtyl (25)—4—{4—[f[trans—4—(3—
cyanophenoxy)cyclohexyl]carbonyl}(metﬁyi)aﬁinoi—2e
methylbenzyl}42—methylpiperazine;l—carboxylate

Trans—4—(3?cyano§henoxy)cyciohexahecarboxyiic. acid
(762 mg, 3.11 mmol) produced in (48B) and tert-butyl (2S)-
2-methyl-4-[2-methyl-4- (methylamino)benzyl]piperazine-1-
carboxylate (1.04 g, 3.11 mmol), which is a known compound,
were dissolved in ethanol (20 mL), and 4—(4,6—dimethoxy—
1,3,5-triazin-2-yl)-4-methylmorpholinium chloride hydrate
(1.72 g, about 6.2 mmol) was added thereto, and then, the
resulting mixture was stirred under a nitrogen atmosphere
at room temperature for 21 hours.

To the reaction soclution, water was added, and the
organic matter was extracted with ethyl acetate. The

organic layer was washed with water and a saturated

"aqueous solution of sodium chloride and then dried over

anhydrous magnesium sulfate and filtered. Then, the



[0304] (49A)Ethyltrans-4-[(3-{[(tert-
butoxycarbonyl)anino]nethyllphenyl)aq% ] cycl ohexanecar box yl ate
Tert-butyl (3-am nobenzyl)carbamate (170 g, 7.65 nmol), which is a known
conpound, and et hyl 4- oxocycl ohexanecar boxyl at e(1. 69g, 9. 94 mmol ) were

di ssolved in tetrahydrofuran (100 nlL), and sodiumtriacetoxy borohydride
(2.55 g, 11.5 mml) was added thereto little by little. After acetic acid

(3,10 o R Lol g teketor R SSULALORTUALULS 482 HLLRP
a crude product was obtained. The obtained crude product
was purified by silica gel column chromatography
(hexane:ethyl acetate = 95:5 to 70:30 to 30:70 (v/v)),
whereby the target compound was obtained as a colorless
solid (1.24 g, yield: 71%).

'H NMR(CDClz, 400MHz): &1.11-1.25(2H, m), 1.23(3H, d,
J=6.7Hz), 1.46(9H, s), 1.68-1.84(4H, m), 1.99-2.14(3H, m),
2.19-2.30(2H, m), 2.39(3H, s), 2.60(1lH, d,‘ J=11.4Hz),
2.73(1H, d, J=11,0Hz), 3.02-3.13(1H, m), 3.24(3H, s),
3.43(2H, s), 3.82(1H, d, J=12.5Hz), 4.15-4.26(2H, m),
6.93-6.98 (2H, m), 7.03—7.09(2H, m), 7.19(1H, d, J=7.4Hz),
7.30-7.35(2H, m).
(48D) Tert-butyl . (28)-4-{4-[({trans-4—-[3-
(aminomethyl)phenoxy]cyclohexyl}carbonyl) (methyl)amino]-2-
methylbenzyl}-2-methylpiperazine-l-carboxylate

Tert-butyl (28)-4-{4~[{[trans-4-(3-
cyanophenoxy)cyclohexyl]carbonyl}(methyl)amino]—Z—
methylbenzyl}—2—methylpiperazine—1—carboxylate (4.00 g,
7.13 mmol) produced in (48C) and cobalt chloride dihydrate
(3.39 g, 14.3 mmol) were dissolved in methanol (100 mL),
and sodium borohydride (1.89 g, 49.9 mmol) was added

thereto little by little at -10°C, and then, the resulting

mixture was stirred at -10°C for 45 minutes.

To the reaction solution, water was added, and the



organic matter was extracted with ethyl acetate.The organic |ayer was
washed with a saturated aqueous. SO|LH%4%1 of sodium.chloride and then dried
over anhydrous nagnesi um sul fate and tered. Then, the solvent was
distilled off under reduced pressure, . whereby a crude product was
obt ai ned. The obtai ned crude product was purified by silica gel colum
chromat ogr aphy (hexane: ethyl acetate = 100:0 to 60:40 (v/v)), whereby the

hﬁ/&?%&%&ﬁgg%%@w(% njl‘i%' %r&jes§h95ugl(n86cp BOyiyLbel #3099 . 1H
55 3 SR I A Tt SR T Pdcs 18(2H,

dd, J=3.

tt,J=3.5Hz,12. 1Hz), 3. 2 8 13 2H

J=7. 2Hz) pfezsf(uzﬁ%i Jég Sznét"%( ﬁtﬁrrs§ %ea 6- UG 2H P RF 8 57K d,
J=7.4Hz 7 10 J=7. 8Hz 49B | t

(et ho)xfegr%nmrama] Feliokns eMs%n%{%:?ﬁye%ﬁ%isnecg%om%hc

Ethyltrans 4- Lg ert- .
er was washed with a saturated aqueous solution of

sodium chioride and then dried over anhydrous magnesium
sulfate and filferea. Then, the solvent was distilled off
ﬁﬁder reduced preséure, whereby .a crude‘ product. wés
obtained. The obtalned crude prodﬁct was purlfled by NH
silica gelecolumn chromatography (hexane.ethyl acetate =
70:30 fo 100:0 (v/v)), whereby the target compound was
obtained as a colorless solid (1.67ig, yield:.43%).

'H NMR(CDCl;, 400MHz): 61.09—1}20(2H, m), 1.23(3H, d,
J=6.7Hz), 1.47(9H, s), 1.64-1.82(4H, m), 1.98-2.07(1H, m),
2.07-2.15(2H, m), 2.19-2.28(2H, m), 2.39(3H, s), 2.60(1H,
d4, J=11.3Hz), 2.73(1H, d, J=11.3Hz), 3.02-3.13(1H, m),
3.23(3H, s), 3.43(2H, s), 3.77-3.85(1H, m), 3.81(2H, s),
4.14-4.27(2H, m), 6.72(1H, dd, J=2.0, 7.8Hz), 6.80(1lH, s),
6.85(1H, d, J=7.8Hz), 6.93-6.99(2H, m), 7.20(1H, ¢t,
J=7.8Hz), 7.31(1H, d, J=7.8Hz). |

(48E) Tert-butyl (28)-4-{4-[{[trans-4- (3~
{[ (methoxycarbonyl)amino]methyl }phenoxy)cyclohexyl]carbony
1} (methyl)amino]-2-methylbenzyl}-2-methylpiperazine-1-
carboxylate

Tert-butyl (2S)—4-{4—[({trans-4—[3—



but oxycar bonyl ) am no] nethyl } phenyl) am no] cycl ohexanecarbox ylate (860
mg, 2.28 mmol) obtained in (49A) was ogisssol ved in-dichl oronmethane (30 ni),
and trifluoroacetic acid (8 nm.) was added thereto at roomtenperature, and
then, the resulting m xture was stirred under a nitrogen atnosphere at room
tenperature for 1 hour. 247 [0306] After toluene (10 nL) was added
to the reaction solution, the solvent was distilled off under reduced

pressur e. .10 nAe ehhaiRed :881 duel orfe dy N AaHSONs1 5 ohut hon) QEniﬁ@@'LBm

hydr oxi de was added, and the organic matter was extracted wt

dichIoroqgkgﬁpgﬁngﬂqggg?ﬁﬁic Il e MBS: yesned whil yater anth @ safgirated

aqueous solu rirde and then dried over anhydrous Tagnesi um

sul fate %qug It§R§g%rzgégodEggdsolygnt ?gngist&é§ed<£#%§9% tdgli:]g_gluced

pressure, "Whéer eb product was obt ai ned. crude
pr oduct s . dissolved in g'chloronet ane (5 nmL and t hyl _chl orqf or mat e
(112 1AL\,gaif.hi@r|WP§It 245 ?ri“&r)nre E‘ég 1%5%%31%‘5‘%%(1”&%@%0 a?t'@(?. The
tenperature of the reaction solution was returned to roon1tengerature, and
the sol ufTed wed@t fetdy 1f ofP1oReEPT™MED307]18 ML/ Crihe™PRAct iWGTFe
solution, water was added, and the organic matter was extracted with
di chl or oftdeghe:nemrE ©ryanPeCt agef wdetwasHrd HRERLELE4t TEAEd Cadifcous
solution of sodiumchloride and then dried over anhydrous magnesi um sul fate
and filté&tddrethat, TaRd SomRGa Mdse df 3f i 1P eBiBrECEinder reduced pressure,
whereby a crude product was obtai ned.. The obtai ned crude product was
~purified by silTicca tge chtamhieRr ofelogriaphy (RexS8AEVERRPR aciuaIIS 248
100: 0 to 80:20 (v/v)), whereby the target conpound was obtained as a
col orl essadiutia0 @f, ymahiwey) chigride was added, and the
NMR(0D013, 400MHz) : 81. 09-1. 19(2H, m, 1. 26(3H,t, J=7.0Hz),; 1.53-1.64(2H, n),
2. 05(2H, eddtralt3.ddHzwad 1p&kiEprmed with ethyl acetate. The organic
layer was washed with a saturated agueous ‘solution of
sodium chloride and then dried over anhydrous magnesium
sulfate and filtered. Then, the solvent waé distilled off
under reduced pressure, whereby a crude product was
obtained. The obtained crude product was purified by
silica gel column chromatography (hexane:ethyl acetate =

90:10 to 40:60 (v/v)), whereby the target compound was
obtained as a colorless solid (99.5 mg, yield: 82%).

'H NMR(CDCls, 400MHz): &1.08-1.21(2H, m), 1.23(3H, d,
J=6.7Hz), 1.46(9H, s), 1.61-1.82(4H, m), 1.99-2.14(3H, m),
2.19-2.29(2H, m), 2.39(3H, s), 2.60(1H, d, J=11.0Hz),
2.73(1H, d, J=11.3Hz), 3.02-3.13(1H, m), 3.23(3H, s),
3.43(2H, s), 3.70(3H, s), 3.82(1lH, d, J=13.3Hz), 4.12-
4.26(2H, m), 4.31(2H, d, J=S.5Hz), 4.92-5.01(1H, brs),

6.71-6.78(2H, m), 6.83(1lH, d, J=7.4Hz), 6.93-6.98(2H, m),



2.19(2H, dd, J=3. 1Hz, 13. 7Hz), 2. 28(1H, t t, J =3.5Hz, 12.1Hz), 3.21-3.28(1H m,
3.52(1H, s), 3.70(3H, s), 4. 13(2H U,» 7. OHz) 4.27(2H, d, J=5.9Hz),
4.95(1H, brs), 6.48-6.50(2H, m, &( 141:| =7.4Hz), 7.10(1H, t,

J=8.0Hz). (490)Trans-4-[(3-

{[ (et hoxycar bonyl ) am no] net hyl | phenyl ) am no] cycl ohexaneca rboxylic acid To
a solution(3 nL)of ethyl trans-4-[(3-

{[ (et ho>§yc2%r tq_(;lnyl )argﬂp] hyl—% pf@nylji) agn ngle¥/§h951exaneca rboxyl ate (240

ng, 0.7 mml) obt ained in (49B etrahydrofuran, a 1 N aqueous sol ution

f di I I ded, d
?heS?elsﬂln(]t nﬁgmx'l\?eet}é}?wasni?l I’%Ii%g %DZQ_ %%ge%e?:t&%rtg( JHL—){ 0208] o

To the rea qn .sol uti.on, 12 1 N aqueous sol ution of hydrochl orlc aci d (5
nL, 5.00 RigS “Sefdaty, and the organl c rratter was extracted with ethyl

acet at e. e or er th a ed aqueous sol ution of
Soai am AT O SR Ovel | Sy Sos LR HORE Y 1288 AT ebbe. and
filtered. Then, the sol vent was d| stilled off: under reduced pressure,

wher eby the tarf§et &odund was obt ai ned as 5580"140rl4es[s{ AR THB0° Ty,

yi el d: 820/P 11-1 NNR(CDC13 400MHz) : 61, 11-1. 21§ , 1.55-1,66(2H, n),
2.08-2. 13( ZWG%OXY?&LWOZH’ oféi“lf}]@-hmqullt@h@ll@ﬁ‘i’ QY?M’ ﬂxyl]carbony

tt,J=3. SFE 12. 1Hz), 3. 22- 3. 30( 1H, 3. 70(3H s),
l}(methyl)amlno] -2-methy benzyl} methylplperaZLHe 1-

carboxylate (93.0 mg, 0.149 mmol) produced in (48E) was
dissolved in dichleromethane (1 nﬂd, and trifluorocacetic
acid (1 nﬂﬂ was added thereto at. room temperature, and
then, the.resulting mixture was stirred‘under a nitrogen
atmosphere at room temperature for 15 minutes.

[0303]

The residue obtained by distilling off the solvent
in the reaction solution under reduced pressure was
purified_ by NH silica gel column chromatography
(hexane:ethyl acetate = 50:50 to 0:100 (v/v)), whereby the

target compound was obtained as a colorless solid (60.4 mg,

oo

yield: 78%) .

'H NMR(CDCls, 400MHz): 81.03(3H, d, J=6.7Hz), 1.08-1.21(2H,
m), 1.64-1.82(5H, m), 2.02-2.13(3H, m), 2.20-2.30(1H, m),
2.37(3H, 's), 2.75(2H, t, J=9.2Hz), 2.82-3.00(3H, m),
3.23(3H, s), 3.45(2H, s), 3.70(3H, s), 4.11-4.21(1H, m),
4.31(2H, d, J=6.3Hz), 4.90-5.00(1H, brs), 6.71-6.77(2H, m),

6.82(1H, d, J=7.4Hz), 6.92-6.98(2H, m), 7.20(1H, t,



4.28(2H,d, J=5.9Hz),4.93(1H, brs),6.49-6.51(2H, m, 6.59(1H d, J=7.4Hz),
7.12(1H, t, J=8.2Hz). (49D Tert- butylé?@» 4-14-[(ftrans-4-[( 3-

{[ (met hoxycar bonyl ) am no] net hyl | phen am no] cycl ohexyl | ca

rbonyl ) (et hyl ) am no] - 2- met hyl benzy11- 2- net hyl pi per azi nel-car boxyl ate
Trans-4-[ (3- {[(methoxycarbonyl )am no] met hyl | phenyl ) am no] cycl ohexaneca
rboxylic acid (150 ng 0.49 mmol ) obtained in (490),

tertbutyl (295) 2- et hy
(et hyl ar“rll(_ﬁgo)qb}?ZHZ’y ot p r%zu‘gg “T 3.8 Bkylate (163 ng, 0.49 mmol), which is
a known c

ound, an
3 (a4 6d w@ﬁ 62k 1 UPRESLy 1) LB HAT I ST Hydr at e
(271 ny, out were dissolved in N, Ndi methyl formamde (5 ni),
and t he ﬁgg éH%h&?QﬁE@%% ed at roomtenperature for 16 hours.
To the reactlon solutlon wat er was_added, and the organic matter was
ext r act ed Wit ih Sﬂhﬁﬂﬁﬁzﬁ%ﬁquﬁy%}ﬁéﬁiﬁhﬁéyéﬁamé§0%§§ﬁéﬂLMQPﬁ bEMGat ur at ed
aqueous solution 250 of sodiumchloride and then dried over anhydrous
magnesi urhiSul fate and filtered. Then, the solvent was distilled off under
reduced pressure, whereby a crude product was obt ai ned. The obt ai ned crude
product was purified by 2 ca gel colum chromat ography (hexane: et hyl

acetate = 0: 0 to 0:100Q v))liwhereby the target conpound was obt ai ned
as a col I Gl Q4ﬁ \ %%H MS(ESI) mlz: 622 (MtH) +.
;i; O
[0304]
(49A4) Ethyl trans~-4-[ (3-{[ (tert-

butoxycarbonyl)amino]methyl }phenyl)amino]cyclohexanecarbox
ylate

Tert—bﬁtyl (3—aminobenzyl)carbamate (1.70 Vg; .7;65
mmol), which is a known compound, and ethyl 4-
oxocyclohexanecarboxylate (1.69 g, 9.94 mmol) were
diséolvéd in tetrahydrofuran (100 mL),. and sodium
triacetoxy borohydride (2.55 g, 11.5 mmol) was added
thereto little by little. After acetic‘acid (3 mL) was
added dropwise thereto, the resulting mixture was stirred
at room temperature for 16 hours.
[0305]

To the reaction solution, water was added, and the



(49E) Met hyl [ 3-(ftrans-4-[ net hyl (3-net hyl -4-{[ (3S)-3- net hyl pi perazi n-1-

yl' ] met hyl | phenyl ) car bamoyl ] cycl ohexyl] gim no) benzyl ]:car bama te

Tert-butyl (2S)-4-{4-[(ftrans-4-[(3-

{[ (met hoxycar bonyl ) am no] net hyl | phenyl )arri no] cycl ohexyl I ca

rbonyl) (met hyl ) am no] - 2- met hyl benzy11- 2- net hyl pi per azi nel- carboxyl ate (162
ng, 0.26 mmol) obtained in (49D) was dissolved in dichloronethane (2 nL),

and triflaraReet ke achd (2o pescadded, Lher Syat A eIper abyce, and

t hen, t he r6s Xture was stirre rogen at nosphere at room

tenperature for 3 fm'f) g’%‘ﬁ;@?&?d to
the reactioh §o u]tJ\g V{#; ‘g%%k\l/%%tw\%vgg él stltul g%%?fa(%[pe er reduced
pressure. To t 0 ned.residu queous S i on of_sodiu

hydr oxi dé’fwzat%oga]Pd'HVéad1 ?ﬁjlc{ief'nea% ghFB éﬁtltegr %? acr?ae%f“?méjt

di chl or onet hane The o] ni c yer was shed W|th wat er , .and. turated
aqueous <BHutd'dh {)Jd E‘?ﬁ%‘ﬂr orT}a%nan\é\lthéﬁlarlepéd wc?\?erdjasnntrfy]g]reo%so‘ﬁrggnesi um
sulfate and filtered. Then, the solvent was distilled off under reduced
pressur e, UngHeF eb%/e%l%@%dep%‘?%ﬁﬁé?f wa¥h§5ERYned® BT Bbt & < ud®pr oduct
was purified by NH silica gel colum chromatography (hexane:ethyl

acet at e: mRtEHRd = 100709 PR 01aD0: T4 0PFEIHTF Y v}”\?ﬁv)?ur\%éﬁgbybf( he

target conpound was obtained as a colorless oil (72 ny yileld 53%
| HNIVR( CDGL3L 4o VBig ) : 861800, gb(cmat@%a@hzf) ﬁh@rfeariewzls rr)aC?t@?ez =_LO(3H

100:0 to 60:40 (v/v)), whereby the target compound was
obtained as a colorless oil (860 mg, yield; 30%) .
'H NMR(CDC13, 400MHz): 061.08-1.18(2H, ﬁ), 1.26(3H, ¢t,
J=7.1Hz), 1.46(%H, s), 1,53—1.63(2H, m), 2.05(2H, dd,
J=3.1Hz, 14.9Hz), 2.18(2H, dd, J=3.5Hz, 13.3Hz), 2.28(1lH,
tt, J=3.5Hz, 12.1Hz), 3.20-3.28(1H, m), 4.13(2H, g,
J=7.2Hz), 4.21(24, d, J=5.4Hz), 4.85(1H, brs), 6.46-
6.49(24, m), 6.57(1H, d, J=7.4Hz), 7.10(1H, t, J=7.8Hz).
(49B) Ethyl trans-4-[(3-
{ [ (methoxycarbonyl)amino]lmethyl}phenyl)amino]cyclochexaneca
rboxylate

Ethyl trans-4-[(3-{ [ (tert-
butoxycarbonyl)amino]methyl}phenyl)amino]cyclohexanecarbox
ylate (860 mg, 2.28 mmol) obtained in (49A) was dissolved
in dichloromethane (30 mL), and trifluorocacetic acid (8
mL) was added thereto at room temperature, and then, the
resulting mixture was stirred under a nitrogen atmosphere

at room temperature for 1 hour.



m,1.05(3H,d, m,2.19-2.23(2H, m),2.37(3H, s),2.75(2H,t, J=9. 2Hz),
2.65-2.99(3H, m, 3.19-3.23(1H m,h3.23(3H s),3.45(2H s),3.68(3H s),
4.24(2H,d, J=5.5Hz),5.07(1H, brs),

[0306]

After toluene (10 mnlL) was added to the rééction
sblution, the solvent was distilled off under reduced
pressure. To the obtained residue, a 1 N aqueous solution
of sodium ﬁydroxide was added, and the organic matter was
extracted with dichloromethane. The érganic layer was
washed with water and -a saturated. aqueous solution of
sodium chloride and then dried over anhydrous magnesium
sulfate and filtered. Then, the solvent was distilled off
under reduced pressure, whereby a crude product was
obtained.

The obtained <crude ©product was dissolved in
dichloromethane (5 mL), and methyl chloroformate (112 uL/

1.44 mmol) and pyridine (50 pL) were added thereto at 0°C.

The temperature of the reaction solution was returned to
room temperature, and the solution was stirred for 1 hour.
[0307]

To the reaction solution, water was added, and the
organic matter was extracted with dichloromethane. The
organic layer was washed with a saturated aqueous solution
of sodium chloride and then dried over anhydrous magnesium
sulfate and filtered. Then, the solvent was distilled off
under réduced pressure, whereby a crude product was
obtained. The obtained crude product was purified by

silica gel column chromatography (hexane:ethyl acetate =



6.43-6.44(2H ), 6.54(1H d, J=7.4Hz),6.94-6.96(2H ny,7.09(1H, t,

J=8. 0Hz) ,

7.32(1H, d, J=7.8Hz). MB(ES|), mz: 522 (MHH)+.

<Exanpl e50>Tr ans- N- et hyl - N- ( 3- et hy I- %18 {[(39)-3-
net hyl pi perazin-1-yl ] met hyl | pheny1) - 4-{3-[ (2- oxo- 1, 3-
oxazol i di n- 3-y1) net hyl ] phenoxyl cycl ohexanecar boxani de

100:0 to 80:20 (v/v)), whereby the target compound was

oe

obtained as a colorless o0il (240 mg, yield: 99%).

'H NMR(CD¢13, 400MHz) : 61.09—1.19(2}1, m), 1.26(3H, t,
J=7.0Hz), 1.53-1.64(2H, m), 2.05(2H; dd, J=3.2H2, 11.7Hz),
2.19(2H, dd, J=3.1Hz, 13.7Hz), 2.28(1H, tt, J=3.5Hz,
12.1Hz), 3.21-3.28(1H, m), 3.52(1H, s), 3.70(3H, s),
4;13(2H, q, J=7.0Hz), 4.27(2H, d, J=5.9Hz), 4.95(1H, brs),
6.48-6.50(2H, m), 6.59(1H, d, J=7.4Hz), 7.10(1lH, ¢t,
J=8.0Hz) .

(49C) Trans-4-[ (3-
{[(methoxycarbonyl)amiﬁé]methyl}phenyl)aﬁino]cyclohekaneca
rboxylic acid | o

To a solution (3 mL) of ethyl trans-4-[ (3-
{ [ (methoxycarbonyl)amino]lmethyl}phenyl)amino]cyclohexaneca
rboxylate (240 mg, 0.72 mmol) obtained in (49B) in
tetrahydrofuran, a 1 N aqueous solution of sodium
hydroxide (2.2 mL, 2.20 mmol) and methanol (3 mL) were
added, and the resulting mixture was stirred at room
temperature for 1 hour.

[0308]

To the reaction solution, a 1 N aqueous solution of
hydrochloric acid (5 mL, 5.00 mmol) was added, and the
organic matter was extracted with ethyl acetate. The
organic layer was washed with a saturated agqueous solution

of sodium chloride and then dried over anhydrous magnesium



[ 0310] (50A) Tert-butyl (2S)-4-{4-[(ftrans-4-[3-(1[(2-

chl or oet hoxy) car bonyl ] am nol met hyl ) phepoxy] cycl ohexyl | carb

onyl ) (et hyl ) am no] - 2- met hyl benzy11- 2- net hyl pi perazi ne- 1- carboxyl ate

Tert-butyl (25)-4-{4-[({trans-4-[3-

(am nonet hyl ) phenoxy] cycl ohexyl | car bonyl ) ( et hyl ) am no] - 2-

nmet hyl benzyl | - 2- met hyl pi per azi ne- 1- car boxyl ate(180 ng, 0.319

mml)prodbl{plefﬂa{wé@wewté?%jve HOGA) CBhoT OBRLAARE 628 Mi)or ANdg ore
and 2-ch yl

triethylamne (88 0.638 mmo or oet chloroformate (40 1AL,

0. 382 ol et ¢ added therelo. &t 06, ARy theD. (Lhg desuLlbag i Xy e was

stirred at room tenperature for 50 eaction

sol uti on, sat ur at ed agueous sol utj on mroni um chl ogide was added, and
extractié’qﬁ%gui r¥or %E%%%ﬁ%%ﬁrﬁ@ib%e?2§@.m?heyb?ggni%bﬁzyer was washed
wth a sqturatedtﬁﬁyeous sol utiQn of sodiumchloride and then dried over

anhydr ous Brli§RdSiim3sufPAMEZand ot i Ftarted! (FRen™ v hée -so1ierh® Wl diisti | | ed
of f unde5.5§¥5.13(2ﬂ, m), 2.20(2H, dd, J=3.1Hz, 13.7Hz), 2.28(1H,

tt, J=3.5Hz, 12.1Hz), 3.22-3.30(1%, m), 3.70(3H, s),
4.28(2H, d, J=5.9Hz), 4.93(1H, brs), 6.49-6.51(2H, m),
6.59(1H, d, J=7.4Hz), 7.12(1H, t, J=8.2Hz).
(49D) Teit—bﬁ£y1 (2S) ~4-{4-] ({trans-4-[ (3-
{[(methéxydarbonyl)aminb]methyl}phéﬁ?i)amihd]éyclohexyl}ca
rbonyl)(methyi)amihb]—2—methylbehzyl}—Z;méfhyipipé£azine—
1—§arbox§léte - | o - |

Trans—-4-[ (3-
{ [ {(methoxycarbonyl)amino]lmethyl}phenyl)amino]cyclohexaneca
rbox&lic écid (150 mg, 0.49 mmol) obtained in (49C), tert-
butyl (2S)—2—methyl—4—[2—methyi—4—
(methylamino)benzyl]piperazine-l-carboxylate (163 mg, 0.49
mmoi), which is a known compound, and 4-(4,6-dimethoxy-
1,3,5-triazin-2-yl)-4-methylmorpholinium chloride hydrate
(271 mg, about 0.98 mmol) were dissolved in N,N-
dimethylformamide (5 mL), and the resulting mixture was
stirred at room temperature for 16 hours.

To the reaction solution, water was added, and the

organic matter was extracted with ethyl acetate. The

organic layer was washed with a saturated aqueous solution



reduced pressure, whereby a crude product was obtai ned. The obtai ned crude
product was purified by silica gel c chromat ogr aphy (hexane: et hyl
acetate = 90:10 to 50:50 (v/v)), whereby the target conpound was obt ai ned
as a colorless solid (206 ng, yield: 96%. 11-1

NMR( CDC13, 400MHz) : 51. 07- 1. 19( 2H, n) 1.23(3H,d,

J=6.7Hz),1.47(9H,s), 1. 67- 1. 82(4H ,1.99-2.14(3H m,

B S R T S

3'65_3 zg&%%£Qé éggaf%éred n)Thenlzthe so& hHﬁWas distilled off

under reduced pressure, whereby a c¢rude product was
obtained. The obtained c¢rude product was purified by
silica gel column chromatography (hexane:ethyl acetate =
100:0 to 0:100 (v/v)), whereby the target compound was
obtained as a colorless oil (162 mg, yiéld: 53%) .
MS (ESI) m/z: 622 (M+H)"
(49E)  Methyl [3- ({trans-4- [methyl (3-methyl-4{ [ (38)-3-
mefhylpiperazin—l— | o o
yl]methyl}phenyl)carbamoyl]cyclohexyl}amiho)bénzyl]carbama
. o

Tert-butyl (28)-4-{4-[ ({trans-4-] (3-
{ [ (methoxycarbonyl)amino]methyl}phenyl)amino]cyclohexyl}ca
rbonyl) (methyl)amino]-2-methylbenzyl}-2-methylpiperazine-
l-carboxylate (162 mg, 0.26 mmol) obtained in (49D) was
dissolved in dichloromethane (2 mL), and trifluorcacetic
acid (2 mL) was aaded thereto at room temperature, and
then, the resulting mixture was stirred undep a nitrogen
atmosphere at room temperature for 1 hour.
[0309]

After toluene (10 mL) was added to the reaction
solution, the solvent was distilled off under reduced
pressure. To the obtained residue, a 2 N agueous solution

of sodium hydroxide was added, and the organic matter was



4.28-4.38(4H, ), 5.04-5. 12(1H, brs), 6.72- 6.77(2H, m,
6. 83(1H, d, J=7.4Hz), 6.92-6. 98(2H m), 7,18- 7.24(1H m), 7.32(1H d,J=7.8Hz).

extracted with dichloromethane. The organic layer was

washed with water and a saturated aqueous solution of

sodium chloride and then dried over anhydrous magnesium
sulfate and filtered. Then, the solvent was distilled off

under reduced pressure, whereby a crude product was

.obtained. The obtaiﬁed crude.product was pufified by NH
silica | gel colﬁmn chfomatograpﬁy | (hexané:ethyl

acetate:methanol = 100:0:0 to 0:100:0 to 0:90:10 (v/v/v)),

whereby the target compound was obtained as a colorless

oil (72 mg, yield: 53%).

'H NMR(CDCl;, 400MHz): &80.80-0.90(2H, m), 1.05(3H, d,

J=6.3Hz), 1.70-1.78(5H, m), 2.07-2.10(3H, m), 2.19-2.23(2H,
m), 2.37(3H, s), 2.75(2H, t, J=9.2Hz), 2.65-2.99(3H, m),

3.19-3.23(1H, m), 3.23(3H, s), 3.45(2H, s), 3.68(3H, s),

4.24(2H, d, J=5.5Hz), 5.07(1H, Dbrs), 6.43-6.44(2H, m),

6.54(1H, d, J=7.4Hz), 6.94-6.96(2H, m), 7.09(1H, ¢t,

J=8.0Hz), 7.32(1H, d, J=7.8Hz).

MS(ESI) m/z: 522 (M+H)".

<Example 50> Trans-N-methyl-N- (3-methyl-4-{[(3S)-3-
methylpiperazin-1l-yllmethyl}phenyl)-4-{3-[(2-oxo~-1,3-

oxazolidin-3-yl)methyl]phenoxy}cyclohexanecarboxamide



(503) Tert-butyl (2S)-2-nmethyl-4-(2-nmethyl-4-

frethyl [ (trans-4-13-[(2-o0x0-1, 3-0xaz g?in-3-

yl ) met hyl ] phenoxyl cycl ohexyl ) car bonyl’]am nol benzyl ) pi peraz

i ne-1-carboxylate Tert-butyl (2S)-4-14-[(ftrans-4-[3-({[(2-

chl or oet hoxy) car bonyl ] am nol net hyl ) phenoxy] cycl ohexyl | carb

onyl ) (et hyl ) am no] - 2- met hyl benzy11- 2- net hyl pi perazi ne-| car boxyl ate (202
ng, 0.301 mmol) produced in (50A) was dissolved in tetrahydrofuran (5 nL),
and sodi um hydri de (639 ny,—\316 mvl) was added thereto, and then,
the result ng E}ﬁture eat d 1@ reflux under a nitrogen atnosphere for
3 hours OAf t t&nperature of the reaction solution was
returnedE;4al oomte serature a s@turated agueous sol ution of anmmoni um
chloride agderd

acetate. The ohgani
sol ution of

eto, and the organic matter was extracted with ethyl
ayer was washed wi-th water and a saturated agueous
m cifori de and then dried over anhydrous nmagnesi um sul fate
and filtered. e solvent was distilled off under ‘reduced pressure,
whereby a cru pridu O was obtai ned. The obtained crude product was
purified by 5|I|cacge col umtm chr omat ogr aphy (hexane ethyl acetate = 70: 30
to 30: 70 (v/iv))1 mhePeby t he target conpound was obtalned as a colorless
solid (168 ng, Yyield: 889@ I H
NVR( CDC13,400NHz) : 81. 07-1. 31(2H, m), 1. 23(3H,d, J=6. 7Ft) 1. 47(9H s),
1.61-1.83(4H, nm), 1.99-2. 14(3H n,
2.19-2. 29(A)m) , 2. 39(@3H tsb 2. v80( 1H, d, J=BD. -Gle{)4 2( {7t3(aILrl-$ 4 [3=10[ 64z) ,
3.02-3.12(1H, m, 3.23(3H, s), 3.38-3.45(4H, m,  3.82(1H, d, J=13.3Hz),
4.13-4.25ﬂﬂkuﬁthdeﬁeakﬁﬁm§&ﬂam@monméﬁhQH)ph%noﬁy]%y&l&h@ﬁﬁlh@gﬂﬁ 83( 1H,
d, J=7.8Hz), 6.93-6.98(2H, m), 7.23(1H, t, J=7.8Hz), 7.32(1H, d, J=7. 8FE)
onyl)(methyl)amlno] -2- methylbenzyl} -2- methylplpera21ne 1-

carboxylate

Tert-butyl | | (28)-4-{4~[ ({trans-4-[3-
(aminomethyl) phenoxy]cyclohexyl}carbonyl) (methyl)amino] -2-
methylbenzyl}-2-methylpiperazine-l-carboxylate (180 mg,
0.319 mmol) produced in (48D) was dissolved in
dichloromethane (2 mL), and triethylamine (88 uL, 0.638
mmol) and 2—chloroethyl chloroformate (40 uL, 0.382 mmol)

were added thereto at 0°C, and then, the resulting mixture

was stirred at room temperature for 50 minutes.

To the reaction solution, a saturated aqueous
solution of ammonium chloride was added, and extraction
was performed with ethyl acetate. The organic layer was
washed with a saturated aqueous solution of sodium
chloride and then dried over anhydrous magnesium sulfate

and filtered. Then, the solvent was distilled off under



(50C) Trans- N- et hyl - N- ( 3- net hy1-4-1[ ( 3S) - 3-

nmet hyl pi perazin-1-yl] nethyl | phenyl) -4-§< -[(2-o0x0-1, 3-

oxazol i di n-3-yl) net hyl ] phenoxyl cycl oheXanecar boxani de

Tert-butyl (2S)-2-nethyl-4-(2-methyl-4- 255

{met hyl [ (trans-4-{3-[(2-0x0-1, 3- oxazol i di n- 3-

yl ) met hyl ] phenoxyl cycl ohexyl ) car bonyl ] am nol benzyl ) pi peraz

i ne-|-carboxylate (162 , 0.255 nmol roduced i 50B .

wnel seol VAT R BEaNaBhariiTRERY ot CFREF udrobat s o hsi P72 S nas
added thereto g)t r.oo ten‘gerature, and then, the resulting mxture was
stirred r © tr"?i’t"ﬂ‘e(r}]ge T3fRosPherBCcht YHdmRAWENErS uly f 6F1152nm Pt es.
[ 0311] The resi due obtained by distilling off the solvent in the
reacti on SOHURR orF RISt & pres@nss sigy burdidated oy NH28i LPcat gel
col uim chromat ogr aphy (ethyl acetate:nethanol = 100:0 to 90:10 (v/v)),
wher eby tHE G g%(vbgnpﬁbﬁée@/&s téist i vege tascampenpdl ees sEiaileks. &S ny,
yield: 569 . 1H NVR(CDC13, 400MHz): 81.04(3H, d, J=6.3Hz), 1.09-1.22(2H,
m, 1.67-a.83(GH. ey ,s@L03-204(8B¢, wield:2062)32(1H, m), 2.38(3H, s),
2.71-2.79(2H, nm, 2.83-3.01(3H, - m, 3.23(3H, s), 3.38-3.44(2H, m, 3.45(2H,
s), 4.11-'&@ 2MMBHCD®Ls, 4. 2DOMAZ33( 21 .10)7-14.136(22H, w)),, 6. T4{3AHHS),dp. 78( 1H,
dd, J=2.2, 8.4Hz), 6.83(1H :d, J=7.4Hz), 6.93-6.97(2H m, 7.23(1H t,
J=7.8Hz) ,J56 3B3{4AH, U,4TBH2H), WSEESL) 8@l(2H,538 ,( M-H)9-2.14 (3H, m),
<Exanpl e51>Tr ans- 4- ( 3- - : :

{[ (di met iyl carbandy2y ( met)hyl )28 neimet )l ) phenexy)HN- 4, J=11.0Hz),

2.73(1H, d, J=11.0Hz), 3.02-3.13(1H, s), 3.24(3H, s),
3.43(2H, s), ‘3.65—3.71(2H; m),. 3.78—3.86(1H, m)y, 4.12-
4.26(2H; m), 4.28-4.38(4H, m), 5.04-5.12(1H, brs), 6.72-
6.77(2H, m); 6.83(1H, d, J=7.4Hz), 6.92-6.98(2H, m), 7.18-
7.24(1H, m), 7.32(1H, d, J=7.8Hz).
(50B) Tert-butyl (25) -2-methyl-4- (2-methyl-4-
{methyl[ (trans-4-{3-[(2-ox0-1,3-oxazolidin-3-
yl)methyl]phenoxy}cyclohexyl)carbonyl]amino}lbenzyl)piperaz
ine-l-carboxylate

Tert-butyl (28)-4-{4-[({trans—-4-[3-({[(2-
chloroethoxy)carbonyl]amino}methyl)phenoxy]cyclohexyl}carb
onyl) (methyl)amino]-2-methylbenzyl}-2-methylpiperazine-~1-
carboxylate (202 mg, 0.301 mmol) produced in (50A) was
dissolved in tetrahydrofuran (5 mL), and sodium hydride
(63%, 12 mg, 0.316 mmol) was added thereto, and then, the

resulting mixture was heated to reflux under a nitrogen

atmosphere for 3 hours.



256 met hyl - N-(3-net hyl-4-{[(3S)-3- et hyl pi perazi n-1-

yl ] met hyl | phenyl ) cycl ohexanecar boxam
(51A) Tert-butyl (2S)-4-{4-[f[trans-4-(

e, [0312]

{[ (di met hyl car banmoyl ) am no] et hyl | phenoxy) cycl ohexyl ] car bo
nyl I (met hyl ) am no] - 2- net hyl benzy11- 2- net hyl pi per azi ne-| car boxyl ate

Tri phosgene (110 ny,
and a sol ution

f tert-bu
(ani nonet hyl ) pﬁgﬁ&m%@%
met hyl benzy11- 2- et hyl pi per
produced 59T 4% tafhdrcg?f?iﬁ?
m.) was added thereto at 0C, _and th

) en
under a Mt r OFRAN At FoSHHEE g gest g

%%I 29) - 4-14.
BRVIERC A SonS/t
azi ne-| -carboxyl ate

PREFFBUFPL, 205936~

0.372 mmol ) was di ssolved in dichloronmethane (4 n),

3 gg%%;%%%iﬁéﬁﬁﬂofpéptibn was
350 ng, 0. 620 mol |
) 4%#%ﬂ%ﬂﬂ%ﬂiggg%hne (4

the resulting mxture was stirred

IRF nFRBEESO: THNG eSBPt iHPAOIUL i on

was added dropwi se at OC to a solution of dichloronethane (2 nlL) containing
a sol uti &Pt WebhyPARTAELRA tetFRAhyFY Lir AFgER g - 620ThaL, onga ¢mol )

layer was washed with wat
solution of sodium chloride

magnesium sulfate and filte
distilled off wunder
The

product was obtained.

reduced pressure,

er and a saturated aqueous

and then dried over anhydrous
Then,

red. the solvent was

whereby a crude

obtained crude product was

purified by silica gel column chromatography (hexané:ethyl

acetate 70:30 to 30:70

(v/v)), whereby the target

compound was obtained as a colorless solid (168 mg, yield:

'H NMR(CDCl;, 400MHz):

61.07-1.31(2H,

'm), 1.23(3H, d,

. J=6.7Hz), 1.47(9H, s), 1.61-1.83(4H, m), 1.99-2.14(3H, n),

2.19-2.29(2H, m), 2.39(3H,

2.73(1H, d, J=10.6Hz), 3.0

3.38-3.45(4H, m),

4.26-4.33(2H, m), 4.36(2H, s

d, J=7.8Hz), 6.93-6.98(2H,
7.32(1H, d, J=7.8Hz).

(50C)

3.82(1H, d,

s), 2.60(1H, d, J=11.0Hz),

2-3.12{(1H, m), 3.23(3H, s),

J=13.3Hz), 4.13-4.25(2H, m),

), 6.73-6.81(2H,

m), 6.83(1H,

m), 7.23(1H, t, J=7.8Hz),

Trans-N-methyl-N-(3-methyl-4-{[(3S) -3~

methylpiperazin-l-yl]lmethyl}phenyl)-4-{3~[(2-oxo0o-1,3-

oxazolidin-3-yl)methyl]phenoxy}cyclohexanecarboxamide

Tert-butyl

(25)-2-methyl-4-(2-methyl-4-



257 and triethylamne (258 gL, 1.86 mmol), and then, the resulting mxture
was stirred under a nitrogen,atnnsphdée at 0OC for 45 mnutes. To the
reaction solution, a saturated aqueo °3olution of anmoni um chloride was
added, and extraction was performed with ethyl acetate. The organic |ayer
was mashed with a saturated aqueous sol ution of sodium chloride and then
dried over anhydrous magnesiumsulfate and filtered. Then, the solvent was

O o Sl ErJ OUp e DF 354 Wher e 57y product was obtatned,

\(Aﬂgi.(ggg' ? ynlieatr cel atk?ergrc?}tig?ggcl:lahggy?ocar%gngl gglgot}gegzg plp(er/avz/ V),
ine-l-carboxylate (162 mg, 0.255 mmol) produced in (50B)
was dissolved in | dichlorométhéne (1 mL) , and
trifluorocacetic acid 7(1 mL) was; added theréto at room
témpérature, and ﬁhen, the.resulting mixture was stirred
under a nitrogen atmosphere at room -temberature for 15
miﬁﬁtés.
[0311]

..The residue obtained by distilling off the solvent
in the reaction solution under reduced préééure Qas
purified. by ﬁﬁ .silicé gel column chfométogfaﬁhy: (ethyl
acetate:methanol = 100:0 to 90:10 (v/v)), whereby the
target compound was obtained as a colorlessjéolidv(76,4 mg,
yield: 56%).

'H NMR(CDCl;, 400MHz): 81.04(3H, d, J=6.3Hz), 1.09-1.22(2H
m), 1.67-1.83(5H, m), 2.03-2.14(3H, m), 2.20-2.32(1H, m),
2.38(3H, s), 2.71-2.79(2H, m), 2.83-3.01(3H, m), 3.23(3H,
s), 3.38-3.44(2H, m), 3.45(2H, s), 4.11-4.21(1H, m), 4.27-
4.33(2H, m), 4.36(2H, s), 6.74(1H, s), 6.78(1H, dd, J=2.2,
8.4Hz), 6.83(1H, d, J=7.4Hz), 6.93—6.97(2H, m), 7.23(1lH, t,
J=7.8Hz), 7.33(1H, d, J=8.2Hz).

MS(ESI) m/z: 535 (M+H)"

<Example 51> Trans—-4-(3-

{[(dimethylcarbamoyl) (methyl)amino]lmethyl}phenoxy)-N-



conmpound was obtained as a light yellow solid (283 ng, yield: 72%. IH
NMR( CDC13, 400MHz) : 61. 07- 1. 20( 2H, m) , 1.23%33H, d, J=7.0Hz), 1.47(9H, s),

1.64-1.82(4H, m, 1.98-2.15(3H, , 2.18-2.30(2H, 2.73(1H,d, 3.23(3H5s),
m,2.39(3H,s),2.60(1H,d, J=11. 4Hz), J=10.2Hz), 2.92(6H,s), 3.03-3.14(1H m,
3.43(2H,s),3.82(1H,d, J=12. 1Hz) , 4. 12- 4.27(2H, m),

methyl-N- (3-methyl-4-{[(38)~3-methylpiperazin-1-

yl]methyl}phenyl)cyclohexanecarboxamide

[ ],cHs

ﬁ?

[0312]

CH3 CH3

\H/N\CH3
0]

il O

(51A) Tert-butyl (235—4-{4-[{[trans—4—(3—
{[(dimethylcarbamoyi)amino]methyl}phenoxy)cyclohéxyl]carbo
nyl}(methyl)amino]—2—methylbeﬁzyl}—2—methyipi§erazine—l—
carboxylate

Triphosgene (110 mg, 0.372 mmol) was dissolved in
dichloromethane (4 mL), and a solution of tert-butyl (28)-
4—{4—[({trans-4—[3—
(aminomethyl)phenoxy]cyclohexyl}carbonyl) (methyl)amino]-2-
methylbenzyl}—2—methylpiperazine—l—carboxylate (350 mng,
0.620 mmol) produced in (48D) and pyridine (75 uL,.O.93O
mmol) in dichloromethane (4 mL) was added thereto at 0°C,
and then, the resulting mixture was stirred under a
nitrogen atmosphere at 0°C for 30 minutes. The resulting
solution was added dropwise at 0°C to a solution of
dichloromethane (2 mL) containing a solution of

dimethylamine in tetrahydrofuran (2 M, 620 pL, 1.24 mmol)



(2H, d, J=5.5Hz), 4.56-4. 63(1H, n), 6.73(1H, dd, J=1.8,
Hz), 6. 78(1H, s), 6. 86( 1H, d, J=7.4Hz), 6. 92- 6. 98( 2H
"20(1H,t.J=7. 8Hz), 7. 32(1H, 258

i met hyl car banoyl ) (et hyl ) am no] net hyl | phenoxy) cycl ohex
arbonyl | (et hyl ) am no] - 2- net hyl benzy11- 2-
yl pi perazi ne-| -car boxyl ate

and triethylamine (258 pL, 1.86 mmol), and then, the
resulting mixture was stirred under a nitrogen atmosphere
at 0°C for 45 minutes.

To the reaction solution, a saturated aqueous
solution of ammonium chloride was added, and extraction
was performed wiﬁh ethyl acetate. The organic layer was
washed with a saturated aqueous solution of sodium
chloride and then dried over anhydrdus magnesium sulfate
and filteréd. Then, the solvent was distilled dff ﬁnder
reduced pressure, whereby a crude pfoducﬁ was obtained.
The obtained crude product was purified by silica gel
column chromatography (hexane:ethyl‘ acetate:methanol =
40:60:0 to 0:100:0 to 0:80:20 (v/v/v)), whereby the target
compound was obtained as a light yellow solid (283 mg,

yield: 72

ov

) -

'y NMR(CDCls, 400MHz): 81.07-1.20(2H, m), 1.23(3H, d,
J=7.0Hz), 1.47(9H, é), 1.64-1.82(4H, m), 1;98—2.15(3H, m),
2.18—2.30(2H, m), 2.39(3H, s), 2.60(1H, d, J=11.4Hz),
2.73(1H, d, J=10.2Hz), 2.92(6H, s), 3.03-3.14(1lH, m),
3.23(3H, s), 3.43(2H, s), 3.82(1H, d, J=12.1Hz), 4.12-
4.27(2H, m), -4.37(2H, d, J=5.5Hz), 4.56-4.63(1H, m),
6.73(1H, dd, J=1.8, 8.0Hz), 6.78(1H, =s), 6.86(1lH,d,
J=7.4Hz), 6.92-6.98(2H, m), 7.20(1H, t, J=7.8Hz), 7.32(1lH
d, J=7,8Hz).

(51B) Tert-butyl (28)-4-{4-[{[trans-4-(3-



Tert-butyl (2S5)-4-{4-[{[trans-4-(3-
{[(dinethylcarbannyl)anino]nethylIpheﬂg?y)cyclohexyl]carbo

nyl I (met hyl') am no] - 2- met hyl benzy11- 2 hyl pi perazi ne-1 carboxyl ate (177 nyg,
0.278 mml ) produced in (51A) was dissolved in tetrahydrofuran (3 nL), and
sodi um hydride (63% 12 ng, 0.306 mmol) was added thereto and then, the
rethingnimurevmsstﬂwedalroomtemmrMUrefor

t T ft d 1AL t
and-t he. riaadid] SW&%&%%%%@L Frivdy Shane iRy é%na BRI Toom
t ture f 45 t dth ted f d t
at mosphend P AL e ey FT b e T TG ‘%{ngéb’é 281 the roact | on

solution was returned to roomtenperature, a saturated aqueous sol ution of
anmoni umEHNSHIRI SHe? Wfaed THER TG 25Rd the organic matter was extract ed
with ethyl acetate. The organic |ayer was washed with mater and a saturated

aqueous sol uti FRISFP8EHlum chl ori de and t herl%dida e Britgrf olis( fragnesi um
sul fate and filtered. Then, the solvent was distilled off under reduced

pressure, Mhbmmﬁﬁh%%Qﬁﬁhﬁﬁ?ﬁkkﬁmﬁnQ@meb%YhﬁH€6n0¥ﬁl§Yéﬂﬁééxﬁﬁdééépowas
purified by silica gel colum chronatography (hexane:ethyl 259

acet at e: metlhasithy BERBO1Ql 1210 optenay O} 88-18thylpippyaziherdby t he
target conpound was obtained as a colorless solid (125 ng, yield: 69%.

11- 1NVR( GBCES 400N ) :(81708+¢, 20(.2H8) no23( Jpkaduced in  (51A) was
J=6. 7THz), 1. 46(9H, s), 1. 67- 1..82(4H, m), 1. 99-2. 06( 1H, m), -

2.07-2. 1&(ﬁ-$d’ﬂ)ve2:1 18n2 {224 24h ydlr 2L 3848H, () , BLGO( hd sodium hydride

d, J=11.0Hz), 2.69-2. 76(1H, m, 2. 71(3H,
(63 12 mg, 0.306 mmol) was added thereto, and then, the
resulting mikture was stirred at room'temperature for 15
minutes. Thereafrer, methylviodide (i9 puL, 0.306 mmol)
wes added thereto, and the resulting mixture was stirred
under a nitrogen atmosphere at room temperature for 45
minutes and then heated to reflux wunder a nitrogen
atmosphere for 7 hours.

After the temperature of the reaction solution was
returned to room temperature, a saturated aqueous sclution
of ammonium chloride was added thereto, and the organic
matter was extracted with ethyl acetate. The organic
layer was washed with water and a saturated aqueous
solution of sodium chloride and then dried over anhydrous
magnesium sulfate and filtered. Then, the solvent was
distilled off under reduced pressure, whereby a crude

product was obtained. This crude product was purified by

silica gel column chromatography (hexane:ethyl



s),

2.83(6H, s), 3.04-3.13(1H m),3.23(3H, s),3.43(2H, s), 3.82(1H, d,

J=12.5Hz) , 4. 12-4.26(2H M), 4.30(2H, ), 6. 71-6. 76(2H, ),

écetate:methanol = 50:50:0 to 0:100:0 to 0;85:15 (v/v/v)),
whereby the target compound was obtained as a colorless
solid (125 mg, yield: 69%).
'H NMR(CDCls, 400MHz): 81.08-1.20(2H, m), 1.23(3H, d,
5=6.7Hz), 1.46(9H, s), 1.67-1.82(4H, m), 1.99-2.06(1H, m),
2.07-2.15(2H, mf, 2;18—2.27(2H, m), 2.39(3H, s), 2.60(1H,
d, J=11.0Hz), 2.69-2.76(1H, m), 2.71(3H, s), 2.83(6H, s),
3.04—3.13(1H, m), 3.23(3H, s), 3.43(2H, 55} 3.82(1H, d,
J=12.5Hz), 4.12-4.26(2H, m),'4.30(2H, s), 6.71—6;76(2H, m),
6.81(1H, d, =7.4Hz), 6.92-6.98(2H, m), 7.20(1H, t,
J=8.2Hz), 7.31(1H, d, J=7.4Hz).
(51C} Trans-4-(3-
{[(dimethylcarbamoyl) (methyl)amino]methyl}phenoxy)-N-
methyl-N-(3-methyl-4-{[(3S)-3-methylpiperazin-1-
yl]methyl}phenyl)cyclohexanecarboxamide

Tert-butyl (28)Y-4-{4~[{[trans-4-(3-
{[(dimethylcarbamoyl) (methyl)amino]methyl}phenoxy)cyclohex
yllcarbonyl} (methyl)amino]-2-methylbenzyl}-2-
methylpiperazine-l-carboxylate (120 ng, 0.185 mmol)
produced in (51B) was dissolved in dichloromethane (1 mL),
and trifluoroacetic acid (1 mL) was added thereto at room
temperature, and then, the resulting mixture was stirred
under a nitrogen atmosphere at room temperature for 15

minutes.

[0313]



81(1H, d, =7. 4Hz), 6. 92-6.98(2H, ), 7.20(1H, t, J=8.2Hz), 7.31(1H, d,
7.4Hz). (51C) Trans-4-(3-
(

6.
J=
[l . ( (
[ (3S)-3-net hyl pi perazi n-1-yl]nmethyll phenyl)cycl ohexanecar boxam de
Tert-butyl (2S)-4-{4-[{[trans-4-(3-

{[ (di met hyl car banoy1l) ( net hyI ) am no] et hyl | phenoxy) cycl ohex

I bonyl I l.b
?lre% ﬁslr pfggrégrﬁté@{ ])car oxyl épg‘(ﬁ}%d é%sgl rgocf)fcfedthe (S§f3 ent

di ssol ved | n % i chl or onet hane é r| fl %g{lggget 1p(_;r__e%csludr (1 vfg's) was

redCctlon
added thereto at room errpera ure and resul trng mxture was

[Sgg;g]ed WNgsre 2 M BLOYED a4y ahe{;%latcof&ﬂ‘ntec e L0h, 15 Bt es-

acetate:methanol = 100:0 to 75:25 (v/v)), whereby the

target compound was obtained as a colorless solid (57.1 mg,

o\

yield: 56%).
'H NMR(CDCl;, 400MHz): 81.04(3H, d, J=6.3Hz), 1.09-1.21(2H,
m), 1.69-1.81(5H, m), 2.02-2.14(3H, m), 2.20-2.30(1H, m),
2.37(3H, s), 2.68-2.79(2H, m), 2.71(3H, s), 2.80-3.03(3H,
m), 2.83(6H, s), 3.23(3H, s), 3.45(2H, s), 4.10-4.21(1H,
m), 4.30(2H, s), 6.70-6.75(2H, m), 6.81(1H, d, J=7.8Hz),
6.92-6.97(2H, m), 7.19(1H, t, J=8.2Hz), 7.33(1H, d,
J=7.8Hz) .

S(ESI) m/z: 550 (M+H)".
<Example 52> Trans-4-(3-
{ [ (dimethylcarbamoyl)amino]methyl}phenoxy)-N-methyl-N-(3-
methyl-4-{[(3S)-3-methylpiperazin-1-

yl]methyl}phenyl)cyclohexanecarboxamide

H GHa
N N
H o)
[0314]

The same reaction as in (51C) was performed using

di net hyl car banoy1) (net hyl ) am no] rre2t6noyl | phenoxy) - N- net hyl - N- ( 3- net hy1- 4-{



260 The residue obtained by distilling off the solvent in the
reaction sol ution under reduced pressyre was purified by NH silica gel

col um chr omat ogr aphy (et hyl acetate:methanol = 100:0 to 75:25 (v/v)),
whereby the target conmpound was obtained as a colorless solid (57.1 ny,
yield: 56% . |IH NVR(CDC13, 400MHz): 81. 04(3H,d, J=6.3Hz), 1. 09-1. 21(2H,

m,1. 69-1.81(5H m, 2. 02-2. 14(3H, m, 2.20-2.30(1H, M, 2.37(3H,s), M, 2. 83(6H,

?haggé%ﬁgﬁ%ﬁ7wzuny 9,&2%3HspK@mng@gﬁggm;;qgiﬁ,

{[(dimethyicafbamoyl)amino]methyl}phenoxy&c&clohékyi}carbo
nyl}(methyl)amino]—2—methylbenzyl}—2—methylpipéraéine—l—
carboxylate (100 mg, 0.157 mmol) produced in (51A),
whereby the target compound was obtained as a colorless
solid (75.8 mg, yield: 90%).

'H Nmé(cnc13, 400MHz): 81.04(3H, d, J=6.3Hz), 1.08-1.22(2H,
m), 1.63—1.82(5H, m), 2.02-2.15(3H, m), 2.20-2.31(1H, m),
2.37(3H, s), 2;70—2.80(2H, m), 2.82-3.00(3H, m), 2.92(6H,
s), 3.23(3H, s), 3.45(2H, s), 4.12-4.22(1H, m), 4.37(2H, d,
J=5.5Hz), 4.55-4.63(1H, m), 6.70—6.80(2H,.m), 6.86(1H, d,
J=7.4Hz), 6.92—6.97(2H, m), 7.19(1H, t, J=8.0Hz), 7.33(1lH,
d, J=7.8Hz).

MS (ESI) m/z: 536 (M+H)".

<Example 53> Trans-4-{3-[(2-methoxyethoxy)methyl]lphenoxy}-
N—methyl—N—(3~methyl—4—{[(3S)—3—methylpiperazin—1—

yllmethyl}phenyl)cyclohexanecarboxamide
H
N® CHs

N o)

CHs

Q)
O
o
\
(@)
xI
w

[0315]
(53A) Trans-4~{3-[ (2-methoxyethoxy)methyl]phenoxy}-N-

methyl-N-(3-methyl-4-{[(3S)-3-methylpiperazin-1-



m,6.81(1H, 2.80-3.03(3H, 4.10-4.21(1H, d, J=7.8Hz), 6.92-6.97(2H, ),
7.19(1H t,J=8.2Hz), 7.33(1Hd, J=7.842). . =

yl]methyl}phényl)cyclohexanecarboxamide
'H NMR(CDC13, 4OOMH2): 51.04 (3H, d,.J=6.3Hz);.l.l4—1.16(1H,
m), 1.68-1.76(5H, m), 2.07-2.10 (4H, ﬁ), 2.24-2.27(1H, m),
2.37(3H, s), 2.75(2H, t, J=9.5Hz), 2.89-2.96(3H, m),
3.23(3H, s), 3;39(3H, s), 3.45(2H, s), 3.56-3.60(4H, m),
4.17-4.19(1H, m), 4.51(2H, s), 6.73-6.75(1H, m), 6.84(1lH,
s), 6.87-6.88(1H, m), 6.94-6.95(2H, m), 7;20(1H, t,
J=7.8Hz), 7.33(1H; d, J=7.8Hz).
MS(ESI) m/z: 524 (M+H)'.
(53B) Trans—é—{3—[(2—methoxyethoxy)methyl]phenoxy}—N—
methyl-N—(3—methyl—4—f[k35)—3—methylpipeféiin—l-‘ |
yl]methyl}phenyl)cyclohexaﬁecarbdxamidé hYdfochlofide
Trans-4-{3-[ (2-methoxyethoxy)methyl]phenoxy}-N-
methyl-N-(3-methyl-4~{[(3S)~3-methylpiperazin~1-
yllmethyl}phenyl)cyclohexanecarboxamide (329 mg, 0.63
mmol) produced in (53A) was dissolved in dioxane (2 mlL),
and 2 N hydrochloric acid (315 pL, 0.63 mmol) was added
thereto at room temperature, and then, the resulting
mixture was frozen at -78°C. The frozen mikture was
lyophilized using a 1lyophilizer, whereby the target
compound was obtained as a white solid (352 mg, yield:
100%) .
MS(ESI) m/z: 524 (M+H)".
<Example 54> Trans-4-{3-[(2-hydroxyethoxy)methyl]phenoxy}-

N-methyl-N- (3-methyl-4-{[(3S) -3-methylpiperazin-1-



MS(ESI) miz: 550 (M+H)+. <Exanpl e52>Trans- 4- ( 3-

{[ (di et hyl car banoyl ) am no] net hyl | ph y) - N-net hyl - N- ( 3-

met hy1-4-{[ (3S) - 3- net hyl pi perazi n-1yl] et hyl ) phenyl ) cycl ohexanecar boxam de
H9113 NN, v CH3 0 261 tert-butyl (2S)-4-{4-[{[trans-4-(3-

1[ (di et hyl car banoyl ) am no] net hyl | phenoxy) cycl ohexyl ] car bo

nyl | (met hyl ) am no] - 2- net hyl benzy11- 2- net hyl pi perazi ne-1- carboxylate (100

gg’aoé;é%/ r'j'ré’r[lls?%lg:)h Or}?)pﬂqu?cr%&)gél%fol@%?r\é\e@gégggggﬂfdéarget corrp.ound was obt ai ned
'H NMR (CDCls, 400MH2): 81.03(3H, d, J=6.3Hz). 1.15(2H, dd,
J=11.9, 5.9Hz), 1.70-1.75(6H, m), 2.09-2.12(2H, m), 2.24-
2.26(1H, m), 2.37(3H, s), 2.75(2H, t, J=11.0Hz), 2.8%89-
2.96(3H, m), 3.23(3H, s), 3.45(2H, s), 3.58(2H, dd, J=6.3,
2.9Hz), 3.75(2H, t, J=3.9Hz), 4.17-4.19(1H, m), 4.50(2H,
s), 6.76(1H, d,. J=8.3Hz), 6.82(1H, s), 6.87(1H, d,
J=7.3Hz),.6.94—6.95(2H, m), 7.22(1H, t, J=7.6Hz), 7.33(1lH,
d, J=7.3Hz).
<Example 55> Trans-4-(3-{[ (1R)-2-hydroxy-1-
methylethoxy]methyl}phenoxy)—N—methyl—N;(B—méthyl—4— |
{[(3S)—3-methylpiperazin—i— |
yl]lmethyl}phenyl)cyclohexanecarboxamide
'H NMR(CDCl3, 400MHz): 81.04(3H, d, J=5.9Hz), 1.15-1.16(4H,
m), 1.64—i.83(6H, m), 2.09-2.12(2H, m), 2.24-2.27(1H, m),
2.36(3H, d, J=7.3Hz), 2.74-2.76(2H, m), 2.89-2.96(4H, m),
3.23(3H, s), 3.44(3H, s), 3.49(1H, dd, J=11.7, 6.8Hz),
3.60(1H, dd, J=11.2, 3.4Hz), 3.65-3.66(1H, m), 4.17-
4.19(1H, m), 4.42(1H, d, J=11.7Hz), 4.59(1H, d, J=11.7Hz),
6.76(1H, d, J=8.8Hz), 6.83(1H, s), 6.88(1H, d, J=7.8Hz),
6.94-6.95(2H, m), 7.21(1H, t, J=7.8Hz), 7.33(1H, d,
J=7.8Hz) .
MS(ESI) m/z: 524 (M+H)'.
<Example _ 56> Trans—-4-[3-({[(2R)-2-

hydroxypropylloxylmethyl)phenoxy] -N-methyl-N-(3-methyl-4-



| H NMR(CDC13, 400MHz): 81.04(3H, d, 6.3Hz), 1.08-1.22(2H, m,
1.63-1.82(5H, m), 2.02-2.15(3H, % ‘g .31(1H, m, 2.37(3H, s), .
2.70-2.80(2H, m, 2.82-3.00(3H, (6H, s), 3.23(3H, s), 3.45(2H, s),
4.12-4.22(1H, m,. 4.37(2H, d, J 5 Hz) 4. 55 4.63(1H, m, 6.70-6.80(2H, m,
6.86(1H, d, J=7.4Hz), 6.92-6.97(2H, m), 7.19(1H, t, J=8.0Hz), 7.33(1H d,
J=7.8Hz). MS(ESI) nlz: 536 (M+H)+. <Exanple 53>

Trans- 4- { thox math phenoxyl - N- et hyl - N-(3 met hy1 4-{[(3S) -
3- et hyl p persiz_lrgﬁ_r?ech% rPeJt% n%/'ll)cycl ohexanecar boxam de [ 0315]

(53A) Tr an 0 nmet h henoxyl - N-

oty - RO T IR %L%%%wr%%%%*‘?%%@ﬁl 262

yl ] met hyI I phenyl ) cycl ohexanecar boxanm de 1H NMR(CDC13, 400MHz): 81.04(3H, d,
1.68-1. 76H6H, m), 2.07-2.10(4H, m,

J=6. 3Hz), 14-1. 16( 1H,
2.24-2.27( ﬁh 2 37( 75(3H," t, J=9.5Hz), 2.89-2.96(3H m,
3. 23(3H, SCH56-3.60(4H, m, 4.17-4.19(1H m,
4.51(2H, s 73 6 75(1H M, 6.84(1H, s), 6.87-6.88(1H, m), 6.94-6.95(2H,
m, 7.20( t .CH3 7f?z?] 7.33(1H, d, J=7.8Hz). MS(ESI) mz: 524 (MH)+.
[0316]
(56A) Trans-4-[3-({[(2R)-2-

hydroxypropyl]oxylmethyl)phenoxy]-N-methyl-N-(3-methyl-4-
{[(38)-3-methylpiperazin-1-
yl]lmethyl}phenyl)cyclohexanecarboxamide

'Y NMR(CDCls, 400MHz) 8:1.04(3H, d, J=6.3Hz), 1.13-1.15(3H,
m), 1.73(6H, m), 2.08-2.11(3H, m), 2.24-2.27(1H, m),
2.37(3H, s), 2.74-2.77(2H, m), 2.89-2.95(3H, m), 3.24-
3.28(4H, m), 3.44-3.46(3H, m), 3.98(1H, t, J=4.7Hz),
4.18(1H, t, J=13.9Hz), 4.49(2H, s), 6.77(1H, d, J=8.2Hz),
6.81(1H, s), 6.87(1lH, d, J=7.8Hz), 6.95(2H, d, J=6.6 Hz),
7.22(1H, t, J=7.8Hz,, 7.33(1H, d, J=8.2Hz).

MS(ESI) m/z: 524 (M+H)".

(56B) Trans=-4-[3-({[(2R) -2~
hydroxypropyl]oxylmethyl)phenoxy]-N-methyl-N- (3-methyl-4-
{[(38)-3-methylpiperazin-1-

yl]lmethyl}phenyl)cyclohexanecarboxamide hydrochloride



(53B) Trans-4- 13-[ ( 2- net hoxyet hoxy) net hyl ] phenoxyl -

nmet hyl - N- (3-net hy1-4-{[ (3S) - 3- rrethyl 06q§erazi n-1- .

~ yl]met hyl | phenyl ) cycl ohexanecar boxami hydr ochl ori de

Trans- 4- {3-[ ( 2- net hoxyet hoxy) net hyl ] phenoxyl - N- et hyl - N- ( 3- net hy1-4-{[ (3S) -
3- et hyl pi perazin-1-yl ] net hyl | phenyl ) cycl ohexanecar boxam de(329nyg, 0. 63

mmol ) produced in (53A) was dissolved in dioxane (2 nm), and 2 N

hydr ochl ori c aﬁ’&atn%g’jll 3A_L( {r e(szq%tl ngI) was added thereto at room

terrperature m xture was frozen at -78C. The frozen
m xture hi | i in hilizer g arget conpound
s obt s ey SO S e o Css oy BT 0608 L v eap Az %4
( MHH) +. | e 54>
Tr ans- 4- {{333@ WW&W%%yﬁ phenoxyl N-met hyl - N- (3- net hy1-4-1[ (3S)-3
- met hyl pi per azin-1- 263 yl]net hyI | phenyl ) cycl ohexanecar boxam de 1H
NVR( CDC1 %L m%ékl)m@ﬁ&d:?(%l%h PIEERREHOxaMAGeoH, (gd° I 9
1.70-1.75(6H, m, 2.09-2. 12(2H m, 2.24- 2.26(1H m, 2. 37(3H ;
2.75(2H, mmol)=1areRpged 2189-(56296(Q6 M) SSYLysEaH N sfiogang( d@ 1)
3.58(2H, dd, J=6.3, 2.9Hz), 3.75(2H, t, J=3.9Hz), 4.17-4.19(1H, ,
4. 50( 2H, agyd, B. WG(YMrQEhlbﬂSL@I-E)?,idG.(SZZZ(ﬂI-HLS) ,0-61587YQ11<HL dwad= 7ac3wq,
6.94-6.95(2H, m, 7.22(1H, t, J=7.6Hz), 7.33(1H, d, J=7.3Hz).
thereto at room temperature, and then, the resulting
mixture Was frozen at -78°C. The frozen mixture was
lyophilized wusing a lyophilizer, whereby the target
compound was obtained as a white solid (251 mg, yield:
100%) .
MS (ESI) m/z: 524 (M+H)'.
<Example 57> Trans-4-{3~[ (2-hydroxy=-2-
methylpropoxy)methyl]phenoxy}-N-methyl-N-(3-methyl-4-
{[(3S)-3-methylpiperazin-1-

yllmethyl}phenyl)cyclohexanecarboxamide

[ j’ OH
Rove

[0317]

o] O

(57A) Tert-butyl ' trans-4-{3-[ (2-ethoxy-2-

oxoethoxy)methyl]phenoxy}cyclohexanecarboxylate



<Exanpl e55>Tr ans-4- (3-{[ (1R) - 2- hydr oxy- 1-

met hyl et hoxy] net hyl | phenoxy) - N- met hyl; N- ( 3- net hy1- 4-

{[(3S)-3-net hyl pi perazin-1yl]methyll p% yl ) cycl ohexanecar boxanm de 11-1
NVR( CDC13, 400MHz) : 81.04(3H,d,J=5.9Hz), 1. 15-1.16(4H, m,1.64-1.83(6H m,
2.09-2.12(2H, m,2.24-2.27(1H, m, 2.36(3H, d, J=7.3Hz), 2.74-2.76(2H,
m,2.89-2.96(4H m,

To a solution of [3-(benzyloxy)phenyl]lmethanol (2.27
g, 10.6 mmol) in dichloromethane (100 mL); triethylamine
(2.2 mL, 15.9 mmol) and methanesulfonyl chloride (0.93 mlL,
11.7 mmoi) werév added, and the resulting mixture was
stirred at 0°C for 1 hour. | |
[0318] |

To the feaétion solutioﬂ,.i N.hydfocﬁiogic aclid was
added, énd.ekffaction Qas.performed witﬂ ethyl acetate.
The obtained organic layer was washed with water and a
saturated aqueous solution of‘ sodium chioride and then
dried over aﬁhydrous sodium sulféte; Then, the solvent
was distilled off under fedﬁce& pressure, whereby a crude
product was obtained.

[0319]

The obtained crude product was dissolved in N,N-
dimethylformamide (70 mL), and sodium hydride (63%, 812 mg,
21.2 mmol) was added thereto at room temperature, and then,
the resulting mixture was stirred at room temperature for
30 minutes. Thereafter, ethyl glycolate (1.7 g, 15.9
mmol) was added to the reaction solution, and the
resulting mixturé was stirred at 50°C for 2 hours.

[0320]

To the reaction solution, a saturated aqueous

solution of ammonium chloride was added, and extraction

was performed with ethyl acetate. The obtained organic



3.23(3H, s), 3.44(3H s),3.49(1H dd,J=11.7,6.8Hz), 3.60(1H, dd, J=11.2,
3.4Hz), 3.65-3.66(1H, m), 4.17- 4.19(1H g}, 4.42(1H

layer was washed with water and a saturated aqueous
solution of sodium chloride and then dried over anhydrous
sodium sulfate. Then, the solvent was distilled off under
reduced pressure, and the obtained residue was roughly
purified by silica gel column chromatography, whereby a
crude product wés obtained.

[0321]

To a solution of the obtained érude product in
methanol (30 mL), palladium on carbon (10%, 100 mg) was
added, and the resulting mixture was stirred under a
hydrogen atmosphere at room temperature for 1 hour.

[0322] |

The reaction solution was filtered through a Celite
filter, and the obtained mother liquor was concentrated
under reduced pressure, whereby a crude product was
obtained.

[0323]

To a solution (40 mL) of the obtained crude product
iﬁ toluene, teft—butyl cis-4-hydroxycyclohexanecarboxylate
(722 mg, 3.6 mmol) and cyanomethylenetrigutylphosphofane
(1.0 g, 4.3 mmeol) were added, and the resulting mixture
was stirred at 100°C for 90 minutes.

[0324]
The solvent was distilled off under reduced pressure,

and the obtained residue was purified by silica gel column



d, J=11. 7Hz), 4.59(1H, d, J=11.7Hz), 6.76(1H, d, J=8.8Hz), 6.
6.88(1H,d, J=7.8Hz), 6.94-6.95(2H m, 5
J=7.8Hz). MS(ESI) mz: 524 (MH) +. anpl e56>Tr ans- 4-[ 3-(

83(1H, s),
21(1H, t,J=7.8Hz), 7. 33(1H, d,
{[(2R) -2-

chromatography (hexané:ethyl acetate = >95:5 to 85:15
(v/v)), whereby the target compound was obtained as a
colorless oil (856 mg, yield: 60%).
"H NMR(CDCls, 400MEz): 61.29(3H, t, J=7.2H2}, i.45—1.60(13H,
m), 2.03-2.06(2H, m), 2.16-2.20(2H, m); 2.21—2.27(1H,'m),
4.09(24, s), 4.18-4.27(3H, m), 4.60(2H, s),‘6.83¥6.84(lH,
m), 6.91-6.93(2H, m), 7.24(1H, d, J=8.2Hz).
(57B) | Trans-4-{3-[ (2-ethoxy-2-
oxoetho#y’ﬁethyl]phénékyfcyclbhexanecarboxylic acid

To a solution of‘terthutyl traﬁs—4;{3—[(2—éthoxy—2—
oxoethoxy)methyl]phenoxY}cyclohexanecarboxyiate (856 mg,
2!18 mmol) producéd in (57A) in.dichloromethane (20 mL),
trifluoroacetic acid (10 mL) was added at room temperature,
and the resulting mixture was stirred at room temperature
for 1 hour.
[0325]

The solvent was distilled off under reduced pressure,
and the obtained residue was purified by silica gel column
chromatography (hexane:ethyl acetate = 50:50 to 0:100
(v/v)), whereby the target compound waé obtained as a

colorless o0il (601 mg, yield: 82%).

o

'H NMR(CDCl;, 400MHz): &1.29(3H, t, J = 7.0Hz), 1.46-
1.68(4H, m), 2.11-2.22(4H, m), 2.45(1H, tt, J=10.9, 3.6Hz),
4.10(2H, s), 4.20-4.28(4H, m), 4.61(2H, s), 6.84(1lH, dd,

J=8.2, 2.3Hz), 6.93(2H, m), 7.24-7.27(1H, m).



264 {[ (3S)-3-nethyl pi perazi n-1- yl]nmethyll phenyl)cycl ohexanecar boxam de
[0316] (56A) Trans-4-[3-({[(2R)-2-

hydr oxypr opyl ] oxyl net hyl ) phenoxy] - N- r?e?%yl -N-(3-net hyl-4-

{[(3S)-3-net hyl pi perazin-1- yl]nmethyll phenyl)cycl ohexanecar boxanm de 11-1
NVR( CDC13, 400MHz) 8:1.04(3H, d, J=6.3Hz), 1.13-1.15(3H,

m, 1l 73(6H m,2.08-2.11(3H M, 224227(1H

5 B SE S T G A e B
; 22?Z$R<1 %y}H 52tg§%ééﬁéki d}%y%z%¥ﬁ§;l car nyl qme%hy1§am1%o
}-2-methylbenzyl)-2-methylpiperazine-l-carboxylate

To a éolution of trans-4-{3-[(2-ethoxy~2-
oxoethoxy)methyl]phenéxy}cyclohexanecarbdxylic acid (601
mg, 1.79 mmol) produced in (57B) and tert—butyl (28)-2-
methyl-4-[{2-methyl-4-(methylamino)benzyl]piperazine-1-
carboxylate (595 mg, 1.79 mmol), which is a kﬁown compound,
in N,N—dimethylformémide (20 mL)?‘4—(4,6—dimethoxy—1,3,5—
triazin—Z—yi)—4—methylmorpholinium chloride hydrate (1.1 g,
about 3.6 mmol) was added at room temperature, and the
resulting mixture was stirred at roomltemperature'for 17
hours.

[032¢6]

To the reaction solution, water was added, and
extragtion was performed with ethyl acetate. The obtained
organic layer was washed with water and a saturated
aqueous solution of sodium chloride and then dried over
anhydrous‘sodium sulfate. Then, the solvent was distilled
off under reduced pressure, and the obtained residue was
purified by silica gel column chromatography (hexane:ethyl
acetate = 80:20 to 50:50 (v/v)), whereby the target
compound was obtained as a colorless oil (529 mg, yield:
45%) .

'H NMR(CDCls, 400MHz): &1.15-1.17(2H, m), 1.23(3H, d,



MS(ESI) mz: 524 (MtH)+. (563) Trans-4-[3-({[(2R) - 2-
hydroxypropyl]oxylnethyl)phenoxy]-N-?%bhyl-N-(3-nethy|-4-
{[(3S)-3-net hyl pi perazin-1- yl]nmethyl'l phenyl)cycl ohexanecar boxam de
hydrochl ori de 265 Trans-4-[3- ({[(2R) - 2-

hydr oxypr opyl ] oxy} net hyl ) phenoxy] - N- et hyl - N- ( 3- net hy1- 4-

{[(3S) - 3-net hyl pi perazin-1-

e YRS L)) HE N NRCAL PR §eA 7RO, Oy o1 TTRL) Ruagueed L (508

was di ssolvé di'6Xane [ofic acid (2250.45 mol)

vas 20de] biebelg kT oql (eTpefalu gy BT P bNgaLoRubioRg Masture vas

2.39(3H, s), 2.60(1H, d, J=10.9Hz), 2.74(1H, d, J=11.3Hz),
3.07-3.10(1H, m), 3.23(3H, s), 3.43(2H, s), 3.96(2H, s),
4.22-4.24(3H, m), 4.58(2H, s), 6.78(1H, d, J=8.2 Hz),
6.86(1H, s), 6.90-6.95(3H, m), 7.22(1H, t, J=7.8Hz),
7.32(1H, d, J=7.8Hz).

(57D) Tert-butyl (2S)—4—(4—{[(trans—4—{3—[(2—hydroxy—2—
methylpropoxy)methyl]phenoxy}cyclohexyl)carbonyl] (methyl)a
mino}-2-methylbenzyl)-2-methylpiperazine-l-carboxylate"-

To a solution of tert-butyl (28)—4—(4—{[(trans—4—{3—

- [ (2-ethoxy-2-
oxoethoxy)methyl]phenoxy}cyclohexyl)carbonyl] (methyl)amino
}-2-methylbenzyl)-2-methylpiperazine-l-carboxylate (1.19 g,
1.83 mmol) produced in (57C) in tetrahydrofuran (20 mL), a
solution of methyl magnesium bromide in tetrahydrofuran
(1.0 M, 7.3 mi, 7.3 mmol) was added at 0°C, and the
resulting mixture was stirred at 0°C for 2 hours.

[0327]

To the reaction solution, a saturated agueous
solution‘ of ammonium chloride was added, and extraction
was performed with ethyl acetate. The obtained organic
layer was washed with water and a saturated aqueous

solution of sodium chloride and then dried over anhydrous

sodium sulfate. Then, the solvent was distilled off under



| yophilized using a |yophilizer, whereby the target conpound was obtai ned
as a white solid (251 ng, yield: :MXN971NB(ESI) nmz: 524 (MH)+

<Exanpl e57>Tr ans- 4- { 3-[ ( 2- hydr oxy- 2- ' '

met hyl propoxy) net hyl | phenoxyl - N- net hyl - N- ( 3- net hy1- 4- ‘

{[(3S) - 3-net hyl pi perazin-1- yI]nethyIIphenyl)cyclohexanecarboxanide

[0317] (57A) Tert-butyltrans-4-{3- [(2 et hoxy-2- 266 To a sol ution of

R R S R |)Obiﬁﬁ&%ﬁma%sguPﬁoﬁ%giﬁﬁm ¥ (6.93
T_hOl]J-l:’L 7pr{1r1rr[)1lgle\,§rgyadd 1c£ngetlhe ! nl{r|1tlcr1;1 oma tol'c_lgrr%pvlrvlays, Sxtm reg:(ea yata 0C for
crude product was obtalned.
[0328]

To a solution of the obtained drude product. in
dichloromethane.(l mL), trifluoroacetic acid (10 mL) was
added at room tempéréturé, and the resulting mixture was
stirred at room temperature for 30 minutes.

[0329]

The solvent was distilled off‘under reduéed pressuré,
éﬁd the bbtained'régiaue was.?urified‘byuﬁﬂréilica gel
coluhn Chf&ma£dgféphy kethyl acetate:methanol = 100:0 to
90:10 (v/v)), whereby the target compound was obtained as
a colorless oil (329 mg, yield: 89%). ...

'H NMR(CDC13, 400MHz): 81.04(3H, d, J=6.3Hz), 1.09-1.23(2H
m), 1.21(6H, s), 1.63-1.84(5H, m), 2.01-2.17(3H, m), 2.23-
2.26(1H, m), 2.37(3H, s), 2;70—2.79(2H, m), 2.81-3.00(3H,
m), 3.23(3H, s), 3.29(2H, s), 3.45(2H, s), 4.19(1H, m),
4.51(2H, s), 6.76(1H, m), 6.81(lH, s), 6.87(1H, d,
J=7.8Hz), 6.91-6.97(2H, m), 7.22(1H, t, J=7.8Hz), 7.33(1lH,
d, J=8.2Hz).

MS(ESI) m/z: 538 (M+H)"

(57E) Trans-4-{3-[ (2-hydroxy-2-
methylpropoxy)methyl]phenoxy}-N-methyl-N- (3-methyl-4-

{[(3S)~-3-methylpiperazin-1-



[ 0318] To the reaction solution, 1 N hydrochloric acid was added,
and extraction was perfornmed with etgy} acetate. The obtai ned organic |ayer
was washed with water and a saturate éﬁueous sol ution of sodium chloride
and then dried over anhydrous sodium sul fate. Then, the sol vent was
distilled off under reduced pressure, whereby a crude product was obtai ned.
[ 0319] The obtai ned crude product was dissolved in

N, Ndi et h Ifor nd_sodi um h 21.2 mmol)
has acded PG 8% S ToH %%%a%m%ca%a%?mﬁ bRt aB iy P ur e v
stirred at roomte t r m nutes. Thereafter, ethyl glycolate (1.7
g, 15.9 mmol) \r}vaarsargp 3#0&2{1}5? Y on solution, and the resulting mxture
was stirred at. 50C for 2 hours o_the reaction solution, a
sat ur at edHJUERICRGI TS 0¥ EﬁéﬁﬁﬁﬁL1@ﬁm%FFH% ~Nad>amgé@ylada extraction
was perforned Wi th ethyl acetate. The obtained organic 267 |ayer was
washed wit (3wt et Rifd Bl R eF a% B hqueous sol ution of sodi um chl oride and
then dried over anhydrous sodium sul fate. Then, the solvent was distilled
of f undery¥lderidudl sk kCy akehe kenobe ahasaniasi dué3als roaghl O pki i ed
by silica gel colum chromatography, whereby a crude product was obtained.
[0321] mmol) Tpradgeddt ion df/Rhevabt dilssd lyegdelpr ddasanen (Rettanol (30
m.), palladiumon carbon (10% 100 ng) was added, and the resulting m xture
was stirredi uader leydwysklopen at aespher3 @t pLpom.teanpenal Ur @akoradddwur .

theretb at room temperature, and then, the resulting

mixture was frozen at -78°C. The frozen mixture was

lyophilized ‘using a lyophilizer, whereby +the target

cbmpound. was obtained as a white solid (350 mg, yield:

100%) .

MS(ESI) m/z: 538 (M+H)".

<Example 58> Trans—-4= ({3-[(2-hydroxy-2-

methylpfopoxy)methyl]phenyl}amino)—N—methyl—N—(B-methyl—4—

{[(BS)—3—methylpiperazin—l—

yllmethyllphenyl)cyclohexanecarboxamide

H c
N CH3 03\><g:3

|IIZ

[0330]

(58A) Ethyl [(3-aminobenzyl)oxylacetate



[ 0322] The reaction solution was filtered through a Celite filter,
and the obtai ned nother |iquor was c ntrated under reduced pressure,
whereby a crude product was obtai ned.” [0323] To a solution (40 n)
of the obtained crude product in toluene, tert-butyl

ci s-4- hydr oxycycl ohexanecar boxylate (722 ng, 3.6 mol) and

cyanonet hyl enetri butyl phosphorane (1.0 g, 4.3 mmpl) were added, and the

resul ting mixtype was, st roedoat SLA0C Lol 90, it g, [ 0324] gThe

sol vent was distil under uced pressure b?élned resi due
Y h s G LS R B R Zcet e
327 21 21 LS&T“’%( Saptt %é’tagﬁ%@%%%%w%? 3148. 2| 20( 28Ty 230
221227o g}r adgogecl; @@18452ién 4602H{s§)rr 84(£I.H
M, 6.91"§0Cd3( Fgreny 4(3 € JEBSBLL NG BFSFEanYaE. £ fdet%xy 2
oxoethoxy)nethyl1phenoxy|cyclohexanecarboxyl|c acid
[0331]
To the reaction solution, 1 N hydrochléric acid was
added, and exfréction was performed with ethyl aceéetate.
The obtained organic layer was washed with water and a
saturated agueous solﬁtion of sodium chléride and then
dried over anhydrous sodium sulfate. Then, the solvent
was distilléd off unvd.er reduced pressure, whereby a crude
product was obtained.
[0332]
To a solution of the obtained crude product in N,N-
aimethylformamide (100 mL), sodium hydride (1.5 g, 21.2
mmol) was added at room temperature, and the resulting
mixture was stirred at room temperature for 10 minutes.
Thereafter, ethyl glycolate (3.1 g, 29.4 mmol) was added
thereto at roérﬁ temperature, and the resulting mixture was
stirred for 3 hours.
[0333]
To the reaction solution, a saturated agueous
solution of ammonium chloridé was added, and extraction

was performed with ethyl acetate. The obtained organic



To a solution of tert-butyl trans-4-{3-[(2-ethoxy-2-

oxoet hoxy) net hyl ] phenoxyl cycl ohexane égoxylate (856 ng, 2.18 mmol)
produced in (57A) in dichroronethaneE%{ trifluoroacetic acid (10 ni)
was added at room tenperature, and the resultlng m xture was stirred at
roomtenperature for 1 hour. [0325] The solvent was distilled off
under reduced pressure, and the obtained residue was purified by silica gel

col utm chr.onmat ogr.aph hexane; hyI acetate r 50: 50 .t 0 Vv
wher eby gﬁg'tar% ¥ xﬁ%%hnd mésﬁbbﬁhlﬁﬁﬁ 5¥K% &ol 61 Eﬁﬁéﬁn (%ﬁ%_ggs yi el d:

82% . I H NYR(CDC13, 400 29(3H,_t, J = 7.0Hz H m,
2.11- 2. 2?(OXR(t %4%?‘%2% Fﬂ\?ri g angl gkhsn 4rip 2ﬁve§) ’}]I‘%gt(%%(m
m, 4.61(2H, s), 84(1H, dd, J=8. 2. SFE 6. 93§2H m, ]ng n.
269 (570FﬁQ%PWmﬁ%AQ%E§ <1?QFW!(§W%n§OhV?§ U?Se 6%9léed O f un e
oxoethoxy)nethyl]phenoxylcyclohexyl)carbonyl|Inethyl)anlno
1- 2- et hylseyeAR PRSI JIRFRY rfe- AL éae bekgfafk was obtained.

Toasol utionoftrans-4-{3-[(2-ethoxy-2-
oxoet hoxyld¥et¥iy| ] phenoxyl cycl ohexanecar boxylic acid (601 ng, 1.79 nmol)
produced in (578) and tert-butyl (2S)-2-
met hy1- 4- [ 2- nefliey 124- grBtiljbam ad) behey| Phtperadi n@rlideca@mw:‘ét el 595 nyg,
1.79 nmmol ), which is a known .conpound, in N,N-dinethylforman de (20 nl),
4-(4,G-mmaﬂHmmybl(Bog-mei@nd%ﬁbgdy-4lﬁemﬁybnnhphmlpQWdﬁrcHEbﬁidB hydr at e
(1.1 g, about 3.6 nmmol) was added at roomtenperature, and the resulting
m xt ure s Sstmeed ahdr comdreinperah loeifler (B7 Zhayr s98[ 03&6lol) were
added at room temperature, and the resulting mixture was
stirred at 80°C for 5 hours.
[0335]

The reaction solution was filtered thrbugh a Celite
filter, and the solvent in the obtained mother liquor was
distilled off under reduced pressure, .and the cbtained
résidue was purified by silica gel column chromatography
(hexane:ethyl acetate = 80:20 to 50:50 (v/v)), whereby the
target compound was obtained as a colorless oil (1.8 g,
yield: 44%).

'H NMR(CDCls, 400MHz): 81.31(4H, dd, J=7.8, 6.6Hz), 4.18(2H,
s), 4.23-4.28(3H, m), 4.73(2H, s), 7.55(1H, t, J=7.8Hz),

7.74(1H, 4, J=7.8Hz), 8.17(1H, dt, J=8.2, 1.2Hz), 8.26 (1H,
's) .

(58B) Tert-butyl (28)-4-{4-[{[trans-4-({3-[(2-ethoxy=-2-
oxoethoxy)methyl]lphenyl}amino)cyclohexyl]carbonyl} (methyl)

amino]-2-methylbenzyl}-2-methylpiperazine-l-carboxylate



To the reaction solution, water was added, and extraction was perforned
with ethyl acetate. The obtained org Iayer was washed wth water and a
sat urated aqueous sol ution of sodium oride and then dried over anhydrous
sodi um sul fate. Then, the solvent was distilled off under reduced pressure,
and the obtained resi due was purified by silica gel columm chromatography
(hexane: et hyl acetate 80: 20 to 50 50 (v/v)) wher eby the target conpound

was obtai ned as, a coIorI 6ss oi | yi

NI\/R(0D013 400% %1 51%1 J107“(2P|f ‘%‘ﬁgg(ém Lé‘fg?@j‘%’]]?l%’jy ACSRY® 29( 4H,
, 1.47(9H, - 1. 74( 3-2.04 2.10-2.12

2 22-2.2 922 (é‘ili‘og) gz%ﬁ%iaw &%}g’ 9@2‘) oL EAny i?éédfa“

J=11. 3Hz), 3 07 3 10(1H n% 3.23(3H, s 3 43(2H, s), _3. 96(2H s)

4.22- 4. 2403, ™y, 4tSBEDPUTEY, ‘6‘9’8‘(’@_11? ahejagegapppxylate =

6. 86(1H,s),6.90-6.95(3H m, 7. 22(1H t,J=7.8Hz), 7.32 lH d J=7. FE)

(57D) Ter tLbuft yFRS) - 4- $RAL PRt riafisa 28 3Ry ( RARRITsISA- .0 g, 18.

met hyl propoxy) met hyl | phenoxyl cycl ohexyl ) car bonyl-] (et hyI )a

m nol- 2- metchlyll bedrg 1pcatist byt pil pékai - 13apbaxydladt evere addpsl a@%ol ution

of tert-butyl (2S)-4-(4- {[(trans 4-{3- [(2-ethoxy-2--

oxoet hoxyaret hydipdenoxyt cyehdhelyl yeanbonpl] (rrxtthnle) aFimostirred at

1- 2- met hyl benzyl) - 2- net hyl pi perazi ne- 1-carboxylate (1.19 g, 1.83 mnol)

pr oduced rnaor{ 57)peratete afydrdflusans (20 nlL), a sol ution of nethyl

‘magnesi um brom de in tetrahydrofuran (1.0 M 7.3 nL, 7.3 nmmol) was added at

0C, and tfms3@&sulting mxture was stirred at OC for 2 hours. [0327]

To the reaction solution, water was added, and
extraction was performed twice with ethyl acetate. The
obtained organic layer was washed w1th water and a
saturated aqueous‘ solution of tsodium chloride and then
dried over anhydrous sodium sulfate. Then, the solvent
was distilled off under reduced pressure, and the obtained
residue was roughly purified by silica gel column
chromatography, whereby a crude product was obtained.

[0337]

To a solution of the obtained c¢rude product in
methanol (20 mlL), palladium on carbon (10%, 82 mg) was
added at room temperature, and the resulting mixture was
stirred under a hydrogen atmosphere at room temperature
for 1 hour.

[0338]

The reaction solution was filtered through a Celite

filter, and the solvent in the obtained mother ligquor was



To the reaction solution, a saturated aqueous sol ution of anmmoni um chl ori de
was added, and extraction was perfor with ethyl acetate. The obtained
organi c | ayer was washed with water &and a saturated aqueous sol ution of

sodi um chl oride and then dried over anhydrous sodi um sul fate. Then, the
solvent was distilled off under 271 reduced pressure, and the obtained
resi due mas roughly purified by silica gel colum chromat ography, whereby a

crude pro 11%% 08%?0%‘% J(ulcenrdL) erEI%fularuso' utison: f td{]&(é)ﬂ%@d ned

crude pro i'n dic ronet hane droacetlc aci 10 nmL) was
added at roo t enper ature

d the resulting m xture Soabirr room
t enper at e 30" nutr(c-,?%l Iallr?L(:Xf329gfurl§leéTh% sol%/leI cg\a |st|clecidl"g’(g of f
under redyced pressure, e obtained residu ified by NH silica
gel col urﬁlﬂ“ LS phwa aac%"f%%% %?ﬂ&ﬁ§| Wisl%rc lPSggo 10 (v/v)),
wher eby the target conpound was obtained as a colorless oil (329 ng, yield:

8999 . | HIGVR(EDC13, 400MHz): -81. 04(3H d, J=6.3Hz), 1.09-1.23(2H, n),
1.21(6H, s), 1.63-1.84(5H, m, 2.01-2.17 , 2.23-°2.26(1H
2.37(3H s), 2Tr0-2. 7SR 1oy, @fsﬁ@ o@%@ﬂlr&ﬁd §r2§(33HPr%§iuC§ QJ(%H s),
3.45(2H, s), 4.19(1H, m, 4.51(2H s), 676(1H m, 681[(1H s) 18, 87(1H,
d, J=7.8HATt®WNls. 97(2H, n), 7.22(1H @S)r2rmgihyl A3 meteyl 4. oHy).
NB(ESI) mz: 538 (N%FD+ (57E) Trans- 4- 13- [ ( 2- hydr oxy- 2-
met hyl pr opeahyiestrtiyid ) gresrepdy] P Nperea hime Nl t Gankphylage (634 mg, 1.90
{[(3S) - 3-net hyl pi perazin- 1-

mmol), which is a known compound, in N,N-dimethylformamide

(20 mlL), 4-(4,6-dimethoxy-1,3,5-triazin-2-yl) -4-
methylmorpholinium chloride hydrate (1.1 g, 3.80 mmol) was
added atvroom temperature, and the resulting mixture was
stirred at room temperature for 15 hours.

[0340]

To the reaction solution, water was added, and
extraction was performed with ethyl acetate. The obtained
organic- layer was washed with water and a éaturated
agueous solution of sodium chloride and then dried. over
anhydrous sodium sulfate. Then, the solvent was distilled
off under reduced pressure, and the obtaiﬁed reéidué was
purified byréilica gel:column chromatography (hexane:ethyl
acetate = 80:20 to 50:50 (v/v)), whereby the target
compound was obtained as a colorless oil (523 mg, yield:

42

o

) .
!y NMR(CDCli, 400MHz): 80.84-0.86(2H, m), 1.24-1.28(7H, m),

1.46(9H, s), 1.72-1.74(3H, m), 2.02-2.07(3H, m), 2.20-



272 yI]nethyIIphenyl)cyclohexanecarboxanide hydr ochl ori de
Trans-4-{3-[(2-hydroxy- 2-

met hyl propoxy) et hyl ] phenoxyl - N—nethyl N—(3 nethyl 4-

{[ (3S) - 3-net hyl pi perazi n-1-

yI]nethyIIphenyl)cyclohexanecarboxan1de(329ng 0.61 nnDI) produced in (57D
was di ssol ved i n di oxane . (2 m.),. and 2 N hydrochloric acid (306 'AL, 0.61

mol ) wag %@Q% thgrets g §enpergf une, @ndsthensythe nesyl timg

0
m xt ure mas frozen at 78C %ﬁ rrFrozen m Xt ure was-. |y0ph|PIZ€d u3|ng a

AL fogg;;rﬁ%é( ng)é@r%%g,@w@m ¥as 0Bt akned ag)a whigegpl i d (350

e oy Erat A ST MY A F 0% R (o Al R ™

tL(39) -3, MRLYLPT RST a7] gl wftﬁyi'9?&%3%‘.%%96s%r,b%%aa?&%,
4, J=7.4Hz), 6.94-6.96(2H, m), 7.11(1H, t, J=7.8 Hz),
7.31(1H, d, J=7.8Hz).
(58C) Trans-4- ({3-[ (2-hydroxy-2-
methylpropoxy)methyl]phenyl }amino) -N-methyl-N-(3-methyl-4-
{t(385—B—methylpiperazin—l—
yl]methyl}phenyl)cyclohéxanecarboxamidé

To a éolution of terﬁ—butyl (28)-4-{4-[{[trans-4-
({3-[ (2-ethoxy-2- |
oxoethoxy)methyl]phenyl}amino)cyclohexyl]carbonyl} (methyl)
amino]-2-methylbenzyl}-2-methylpiperazine-l-carboxylate
(523 mg, 0.81 mmol) produced in (58B) in tetrahydrofuran
(10 mL), a solution of methyl magnésium brémide in
tetrahydrofuran (0.98 M, 2.5 mL, 2.42 mmol) was added at
0°c, and the resulting mixture was stirred at room
temperature for 2 hours. |
[0341]

To the reaction solution, a saturated aqueous
solution of ammonium chloride was added, and extraction
was performed with ethyl acetate. The obtained organic
layer was washed with water and a saturated aqueous

solution of sodium chloride and then dried over anhydrous



273 To a solution of 3-nitrobenzyl alcohol (3.0 g, 19.6 mmol) in

di chl or onet-hane (100 nL), triethylam. (3.4 m, 23.5.mml) and 4

met hanesul fonyl chloride (1.9 nL, 23.5 nmmol ). were added, and the resulting
m xture was stirred at OC for 1 hour. [0331] .. To the reaction
solution, 1 N hydrochloric acid was added, and extracti on was perforned
with ethyl acetate. The obtained organic |ayer was washed wth water and a
sat ur at ed, - ut i o ‘sagdi gride_and.then.drj e Y hydr ous
o um ST ae o e B ent s Ul SEFI T80 SFF ander ot ey casur o
wher eby a_cyude, pt ' s ai.ned. T | ut i t he
obt ai ned rcerdl’}%gedpr 8%%%%%3:}%5’\ %g%jme eyl (??Cﬁ%%‘lle e Eféédﬁ% %ggdﬁéﬁ%ﬁ{l de
(1.5 g, 21.2 mmol), was ded at .room tenperature, and.the resulting mxture
s st ¢ PR A SRORY: SHet S uPE LT oro X BT SRS AR or EEERDI G ol at 6

(3.1 g, 29.4 nnnk%ayas added thereto at roomtenperature, and the resulting

mi xtur e AR IRTEPFor S IUr3iR§9333] To the reaction solution, a
sat ur at ed aqueous sol uti on of amoni um chl ori de was' added, and extraction
was per f o Mith ethyl acetate. The obtained organic 274 |ayer was

washed with water and a saturated aqueous sol ution of- sodi um chlorjde and
then dried overCanRydeedstdedi uRfsufFhgt ecPtaeRedt her'$de vemtoRasSt distil | ed

of f under - reduced pressure, whereby a crude product was obtai ned. [0334]
dichloromethane (1 mlL), trifluorocacetic acid (10 mL) was

added at féom temperature, and the resultiﬁg mixture was
stirred at room temperature for 30 minutes.
[0343]

| The solvent was distilled off ﬁ;dér.rédﬁéed,preésure,
ahd.the obﬁaiﬁéd‘rééidﬁé‘wa; pﬁrified>by Nﬁ.silica‘gel
column chromatography (ethyl acetate:methanol = 100:0 to
90:10 (v/v)), whereby the target compound was obtained as
a éoiorleés oil (259 mg, yield: 100%).
'H NMR(CDCls, 400MHz): 80.83-0.90(2H, m), 1.03(3H, d, J =
6.3 Hz),}1.22(6H, s), 1.66—1.80(5H, m), 2.04-2.13(3H, m),
2.17-2.30(1H, m), 2.37(3H, s), 2.71-2.78(2H, m), 2.81-
3.00(3H, m), 3.22-3.24(4H, m), 3.28(2H, s), 3.44(2H, s),
4.47(2H, s), 6.43-6.53(2H, m), 6.61(1H, d, J = 7.4 Hz),
6.91-6.98(2H, m), 7.11(1H, t, J = 7.8 Hz), 7.32(1H, d, J =
8.2 Hz).
MS(ESI) m/z: 537 (M+H)".
(58D) Trans—4- ({3~ (2-hydroxy-2-

methylpropoxy)methyl]phenyl}amino)-N-methyl-N- (3-methyl-4-



To a solution of the obtained crude product in nethanol (100 nL) and water
(10 m.), iron powder (3.3 g, 58.8 and ammoni um chloride (5.2 g, 98.0
nmol ) were added at room tenperature, Ghd the resulting m xture was stirred
at 8000 for 5 hours. [0335] The reaction solution was filtered
through a Celite filter, and the solvent in the obtained nother |iquor was
distilled off under reduced pressure and the obtained residue was purified

b ili t h t hyl t at = 80:20 t 50: 50
Iv)). Cmﬂ&)ﬁ RGBSRy (hexans a.eneé as a colorless oil (1.8,
| d: 449 81.31(4 J=7.8, _.6. 6Hz 4. 18( 2H,

0 sy My Do ik “@z%a%e%%méﬁa@l Svafoinirsgery Yyt

J=7.8Hz), 8.17 1H dt, J=8.2, 1.2Hz), 8.26 (11-1, s).

(58B) Tert - but yl{EEYs A 71U 3763 éﬁédrzwfﬁ{z%(z et hoxy- 2-
oxoethoxy)nethyl]phenylIanln cycl ohexyl ] carbonyl | (et hyl)

ani noj - 2 TRt A I RRAL hipheret hanheo) = Eam%key#awe 3opsthyl-4- 19 g
sol ution of ethy [(3 anlnobenzyl)oxy]acetate (2.61 g, 12.6 nmol) produced
in (58A)hﬁ13$ﬂ7%ﬂmﬁﬁhﬁ exsoimt}s tert-butyl 4-oxocycl ohexanecarboxyl ate
(3.2 g, 13.9 mmol ), sodiumtriacetoxy borohydride (4.0 g, 18.9 mol ), and
aceti c acild qetly giraah @l gt Joheranedaedonemideom t €4per atige, dhdi& he
resulting mxture was stirred at roomtenperature for 2 hours. [0336]

To the reactl)onpsofiucedn inwatdCwasaaddedsocdnadexitn adi oraneas 2penl or ned
twice with ethyl acetate. The obtai ned organic | ayer was washed with water
and a satandat 2d Naguedtiscisd it d oaceotl s@iunuchl or.idde mansl | heasdrdeibover
anhydrous sodium sul fate. Then, the solvent was distilled off under reduced
pressur e,thyxkidie bt aged resigiietWase F oughd y yiun f i ethdy sddicaigel -

col uim chromat ogr aphy, whereby a crude product was obtained. [0337]

mixture was frozen at -78°C. The frozen mixture was
lyophilized usihg é. iyophilizer, whereby the target
compoundrwas obtaihed as a white solid (275 mg, yield:
100%) .

S(ESI) m/z: 537 (M+H)".
<Example - 59> Trans-4-(3-{[2- (isopropylamino)-2-
oxoethoxy]methyl}phenoxy)—N—methyl—N—(3—methyl—4—{[(35)—3—
methylpiperazin-1-yl]lmethyl}phenyl)cyclohexanecarboxamide
'H NMR (CDC1s, 400MHZ) 6:1.04(3H, d, J=6.3Hz), 1.15-1.17(8H,
m), 1.65-1.77(5H, m), 2.06-2.10(3H, m), 2.25-2.28(1H, m),
2.37(3H, s), 2.75(2H, t, J=9.0Hz), 2.87-2.99(3H, m),
3.23(3H, s), 3.45(2H, s), 3.92(2H, s), 4.09-4.12(1H, m),
4.17-4.20(1H, m), 4.49(2H, s), 6.36(1H, brs), 6.79-6.80(2H,
m), 6.86(lH, d, J=7.4Hz), 6.94-6.95(2H, m), 7.22-7.26(1H,
m), 7.33(1H, d, J=7.8Hz).

MS(ESI) m/z: 565 .(M+H)+.



To a solution of the obtained crude product in nethanol (20 ni), palladi um
on carbon (10% 92 ng) was added at r tenperature, and the resulting

m xture was stirred under a hydrogen nosphere at roomtenperature for 1
hour. [0338] The reaction solution was filtered through a Celite 276
distilled off under reduced pressure, and the obtained residue was roughly
purified by silica gel colum.chronatography, mhereby a crude product was

obt ai ned._J 0339] ol.uti-on of he alned rude. .pro _and
tert- butji ﬁﬁﬁﬁi égfh Erinfzi g fiugro % roxymeéﬁ§%%pﬁgné§§?
(et hyl a ﬁ%% zyl ] pj peraz oxy! at 34 .90 nmmol ), which is
a known g% t%w@ﬂ P%\I ﬁ?%t?‘uyi Fg:g%an‘? ?Eg?ﬁﬁ?@azm 1
4- (4, 6- d| 5-triazi 4- meth rphol i ni um chl ori de hydrate
(1.1 g, %Héﬁﬁ?%ﬁﬂﬁ%Fihh?%égﬁ?%ﬁ$%¥3%bgg and the resulting mxture
was stlrred at roon1ten8erature for 15 hours. [0340] To the reaction
sol uti on, Hndi@Br(CREd saddeBMHENG &%t pééﬁﬁ@nd\m§—p§er3ﬁir med W&l eth{dHacet at e.
The obt ai ned organi c | ayer was washed with water and a saturated agueous
sol uti on ™f, sodi4fnktidiile and t hénldreed4dvdr afydr cus &0dium®ul f at e.
Then, the solvent was distilled off under reduced pressure and the
obt ai ned % ex1 b m&trp@rﬂﬂr8d7ﬁy2§ulﬂwa g2} 8 2oBufth (8Hs omat-ogt abh(3H,
(hexane: et hyl acetate 80:20 to 50:50 (v/v)), whereby the target conpound
was obt aised 3545(26L0ﬁﬁess4015(Q523nmg, 9Lé2d2H429©),1£~ﬂ6NMRQCDCm3
400MHz): 60.84-0.86(2H, m), 1.24-1.28(7H, m,
1. 46(9H, 5. d0-7/2-4l7. (M{,Sh-hrr,) Q. 9P~ Q. @E?(B}H-l, m) , 272063 ( 1H77d © J=8.2Hz) .
<Example 61> Trans 4- {[4 chloro 3-
(hydroxymethyl)phenyl]amino}QN—methyl(3—methyl—4—{[(38)—3—
methylpiperazin—l—yl]methyl}phenyl)cyclohexanecarboxamide
lH NMR(CDCl;, 400MHz): &0.83-0.86(2H, m), 1.05(3H, d,
J=6.3Hz), 1.73-1.76(5H, m), 2.05-2.08(3H, m), 2.21-2.23(1H,
m), 2.34(3H, s), 2.75(2H, t, J=9.6Hz), 2.88-3.00(3H, m),
3.22-3.24(4H, m), 3.45(2H, s), 4.66(2H, s), 6.39(1H, dd,
J=8.6, 3.1Hz), 6.63(1H, d, J=2.7Hz), 6.93-6.95(2H, m),
7.08(1H, 4, J=8.6Hz), 7.32(1H, d, J=7.8 Hz).
MS(ESI) m/z: 499 (M+H)+
<Example 62> Tert-butyl [3-({trans-4-[methyl(3-methyl-4-
{[(38)-3-methylpiperazin-1-
yl]lmethyl}phenyl)carbamoyl]cyclohexyl}oxy)phenyl]acetate
!4 NMR(CDCls;, 400MHz): 81.04(3H, d, J=6.3Hz), 1.08-1.22(2H,
m), 1.43(%9H, s), 1.63-1.85(5H, m), 2.02-2.16(3H, m),
2.26(1H, m), 2.37(3H, s), 2.71-2.80(2H, m), 2.82-3.03(3H,

m), 3.23(3H, s), 3.45(2H, s), 3.46(2H, s), 4.17(1lH, m),



2.23(2H, m), 2.38(3H, s) 2.60(1H, d, J=11.3Hz), 2.73(1H, d, J=11.3Hz),
3.06-3.09(1H, m, 3.22-3.25(4H, m, 3.43(2H, s), 3.80-3.83(1H m, 4.05(2H,
S), 4.21-4.23(3H, 'n), 4.53(2H, s), 6.4BY1H d, J = 7.8 Hz), 6.54(1H s),
6.63(1H, d, J=7.4Hz), 6.94-6.96(2H, m), 7.11(1H, t, J=7.8 Hz), 7.31(1H, d,
J=7.8Hz). (58C)Trans-4-({3-[(2-hydroxy-2- :

nmet hyl propoxy) net hyl ] phenyl | am no) - N- net hyl - N- ( 3- net hy1- 4-

39) - 3- |-yl t hy h | oh b id
To' a bol 1 TOTof 4 EFE Ll yi S 3% o) 41 { 1T ahebs: CLaaT (o2t ey 21
oxoethoxy h | ] phen Ilanlno)c clohexyl]carbon | I (et hyl)
ani no] - 2 thenzy 19=5- W8t hy| pi pef b2 nd- | J&r 8%§Iate (523 my, 0.81

nmol ) produced in (588) in tetrahydrofuran (10 nmL), a solution of nethyl
magnesi urf IR dEXpRPLEt r ahydr 6BuPaRtLU1sy MTes rrLMe@smzem@@It) wes added
at 0C, and the resulting m xture was stirred at roomtenperature for 2
hours. [OB3#Igstinal cowmtyéetibaca¢ohvsdyulion, a saturated aqueous sol ution
of amoni um chl ori de was added, and extraction was performed with ethyl
acet ate. (Mhe Zobired hedsed gani c Iayer was washed with water and a saturated
aqueous sol ution of sodiumchloride and then dried over.anhydrous 278"
A male NZW rabbit (body weight: 2.5 to 3.0 kg,
KITAYAMA LABES CO., LTD., NAGANO) wasﬁ usre“d. |
(2) Reagent.‘
Carbachol (carbamylcholine chloride, .Sigma-Aldrich
Japan K.K.) was purchased and ﬁsed.. Each tést bompound
was dissolved in dimethyl sul foxide (DMSO, Sigma—Aldrich
Japan K.K.), and then suspehded in phyéiological saline.
Carbachol was dissolved in physiological saline.
(3) Experimental Method and Results
Pentobarbital sodium (Kyoritsu Seiyaku Corporation,
Osaka) was administered to the rabbit through the
auricular vein, and the rabbit was euthanized by
exsanguination under anesthesia. Thereafter, the duodenum
was excised from the rabbit and rapidly rinsed with Krebs
solution (NaCl 120.0 mM, KCl1 4.7 mM, CaCl, 2.4 mM, KH,PO,
1.0 mM, MgSO; 1.2 mM, NaHCO; 24.5 mM, and glucose 5.6 mM,
pH 7.4). Then, a longitudinal muscle strip (length: 10 mm,
width: 3 mm) was prepared from the duodenal smoocth muscle

layer obtained by stripping off the mucosal layer from the

duodenum. The prepared strip was mounted in an organ bath



sodi um sul fate. Then, the solvent was distilled off under reduced pressure,
and the obtai ned resi due was roughly ified by silica gel colum
chromat ogr aphy, whereby a crude product™ was obtai ned. [0342] To a
solution of the obtained crude product in dichloronmethane (1 ni),
trifluoroacetic acid (10 nL) was added at roomtenperature, and the
resulting mxture was stirred at roomtenperature for 30 m nutes. [0343]

Th I t i st Ll fof d d
o due VRS pory T 20" By TRH S TEas ol ol s Bh At 860 anhy Cathyl®

acet at e: net hanagl 100; 0 t0,90:.1Q / 1 whereby the tar et conpound was
obtalnedqgs a olérleg§h0|ﬁt(2§é Y é?él& %Gb%g PRSP RN gFi%f%ﬁ u%OOM—IZ)
80.83-0. 90 03 J = 6. 66 1 5H,
2.04-2.1 morﬁmdré' ﬁ“é %ofﬁil?lﬂ? 05 §7 |3Y"’lss)"1‘p(pezL g)t 8% 81?)
3. 00( 3H, 3.22-3, 24( 4H, 2H, s 44( 2H, 4. 47(2H,

6. 43(6 535(@2%%10 M2 s 61%%\% 1+ %%alag f?g 1H£1)°)ur6°§1 l%repilaﬁj(fi‘%-l

= 7.8 Hz), 7. 32(1H d, J 8.2 Hz). MS(ESI) m z: 537 (MtH) +
(58E»Traﬁ¥Q1%{% F(gqﬁkﬁ¥my every 15 ‘minutes until ‘the’ strip was

met hyl propoxy) met hyl ] phenyl | am no) - N- net hyl - N- (3-net hy1-4- 279

([(3S)- 3%ﬁﬁ%ﬁﬂﬁﬁ%ﬁﬁ 2|r5QEQH%e§%§¥Fbﬂ%n§%ﬁc§%¥6ﬁé¥§ﬁ§baﬁﬁb¥@ﬁ%% on

hydr ochl ori de
with carbachol at 10 puM was repeatedly applied until a

reproducible contraction was obtained. The contractile
activity was measured with an FD pickup (TB-611T, Nihon
Kohden Corporation, Tokyo) and recorded on a pen recorder
(RECTI HORIZ-8K, Sanei, Tokyo). Each test compound was
added to the Krebs solution at 0.01 nM to 10 pM, and the
strip was contracted Dby cumulative dosing. The
contractile activity at each concentration was determined
when the contractile activity at the time of stimulation
with carbachol at 10 uM was taken as 100%, and the ECS50
value of each test compound was determined. The ECSO
values are éhown below. | o

[0344]



Trans-4-({3-[(2-hydroxy- 2- -
nmet hyl propoxy) net hyl ] phenyl | am no) - N- hyl - N- ( 3- net hy1- 4-
([ (3S) - 3-net hyl pi perazin-1- yl]nethyl enyl ) cycl ohexanecar boxam de( 259
ng, 0. 48 mmol ) produced in (580) was dissolved in dioxane (2 nL.), and 2 N
hydrochloric acid (241 tL, 0.48 mol) was added thereto at room
tenperature, and then, the resulting m xture was frozen at -78C The frozen
m xture ﬁgppflized using a lyophilizer, whereby the target conpound
was obt ai ne white solid (275 ng, yield: 100% . MS(ESI) mz: 537

+. [< -
(MtH) +. Exanpl%ggLIhﬂp§{4 (3- {[2 |sop58gglgghag %M&\ .

oxoet hoy y1iet hyI 1 pllc.llux‘y'}-l\rHI:Lnyl N (3 ety 1|_\ o] _
met hyl pi|per azi n- I-ylﬂnethyllphenyl cyclohexaﬁétd}boxanlde | lH NVR( CDC13,

400W2) 16/ 1. QA(@Hdodsh 3 1051 17(SH o 1651 71(5H, m.

252 —2z2otIH; ||; ZzoT1( o, ), 2= oz, J=9.0HZ),

»9(3H5:ﬁhYQ£q§hkﬂ%l¢9. 3.45(2H s), 3793(2H. s), 4.109-4.12(1H m,

2.87-2. 9

4.17-4.20(1H ¢ &régﬁgbkléé 6(1H brs) 26479 6. 80(2H m, 6.86(1H, d,
J=7. 4Hz); 7 22F 7 26(1H, ny, 733(IH—d,] J=7. 8Hz).
MS(ESI) i z: 2%a£hyﬁﬁp§h10¢mdekpxaw le 60> -8

Trans- 4-[ 3- f boonBy&rbbyUsexyeet hyl ) phenoxy] - 3.0
N- net hyl[-NF(3-met hy 1z % {1(3S)-3-mer hyl pi per azi n- Iy[jnetnyllphenyl)cyclohexa

necar boxam de 1.

34 2.1
42 (hydrochloride) 4.8
53 (hydrochloride) 6.8
56 (hydrochloride) 1.2
57 (hydrochloride) 11.3
58 (hydrochloride) 0.9

[0345]

<Formulation Example 1> Powder

A powder can be obtained by mixing the compound of
the invention (5 g), lactose (895 g), and cornstarch (100
g) using a blender.
< Formulation Example 2> Granule

Afﬁer the compound of the invention (5 g); lactose
(865 g), and low-substituted hydroxypropyl cellulose (100
g) are mixed, an aqueous solution of 10% hydroxypropyl
cellulose (300 g) 41is added thereto and the resulting
mixture 1is kneaded. The resulting kneaded material is
granulated wusing an extrusion granulator, followed by

drying, whereby a granule is obtained.



| H NVR( CDC13, 400MHz): 81.04(3H, d, J=6.3Hz), 1.08-1.22(2H, ,
1.49-1.83(5H, m, 2.02-2.14(3H, m, 224@(6( 1H m, 2.37(3H, s), 2.70-2.79(2H,
m, 2.83-3.01(3H m, 3.23(3H, s), s), 4.15(1H, m, 4.62(2H, s),
6.46(1H, nm), 6.60-6.67(2H, nm, 6.91-6.98( 2H m, 7.33(1H, d, J=8.2Hz).
<Exanpl e 61> Trans-4-1[ 4-chl oro- 3-

(hydroxymet hyl ) phenyl ] am nol - N- net hyl (3- met hy1- 4-{[ (3S) - 3-

Ty st ey sl e oo g e
2.05-2. 08(3H, 152 23
2. 8&53 3. 00E3H e§ 2 % 5% Eﬁ‘mﬁ% é g%%zﬁnve;ntlf%a%%Hg ey, I]%c%%ﬁH dd,

J=8.6, 3. 6. 63( 1H, 7Hz 93-6..95( 2H, 7.08(1H,

J=8. 6Hz) |, ]9?392(%00 nSEaﬂ}“%‘ I—é W%S( ESFY Shed: lg{tfg(m"}-&@l%%xéﬁ& o>
Tert-buty Irﬁ{] -(ftrans-4-[ met hyl (3- rrethyl-4 1 (3S) - 3- net hyl pi perazin-| -

yl ] met hyld éﬂ%?l}%%%%rrﬁﬁﬂ%eohé%w% ox‘%%héﬁ% CetHt® PHNWRET0L3,
400MHz): 81.04(3H, d, J=6.3Hz), 1.08-1.22(2H,

n, 1. 43(mhes)relSlestﬂan%resxftﬁfezl@2-tzab1169(taemi Wy 2. zeplistimg madrsH, s),
2.71-2.80(2H, m, 2.82-3.03(3H, m, 3.23(3H s), 3.45(2H, s) 3.46(2H, s),
4. 17(1H, ereb&’BP ¢.ad0leg 78y 2ptagned. 81(1H, d, J=7.8Hz), 6.92-6.98(2H m,
7.17(1H, t, J=7.8Hz), 7.33(1H, d, J=8.2Hz). <Test Exanple 1> [Bioactivity
Test (Measurenent of intestinal contractile activity)] (1) Aninmal Used



A mal e NZWrabbit (body weight: 2.5 to 3.0 kg, KITAYAMA LABES CO., LTD.,
NAGANO) was used. (2) Reagent bachol (carbanyl choline chloride,
Si gma- Al drich Japan K K. ) was purchas and used. Each test conpound was
di ssol ved in dinmethyl sulfoxide (DVMSO, Sigma-Aldrich Japan K K ), and then
suspended in physiol ogi cal saline. Carbachol was dissolved in physiol ogical
saline. (3) Experinental Method and Results Pent obar bi tal sodi um
(Kyoritsu Seiyaku Corporation, Csakeg was adm ni stered to the rabbit
t hrough the auricular vein, and the 868"t was eut hani zed by exsangui nation
under anﬁiﬁgggga% Thereafter, the duodenum was exci sed fromthe rabbit and
rapidly ri '%h Krebs solution (NaCl 120.0 mM KC1 4.7 mM CaCl2 2.4
m KH2PO4 1.0 _mM S 1.2 MM NaHCO3 24.5 mM and gl ucose 5.6 nM pH
7.4). Then, a Pondi U RIS TSP @endtE P MRVIRUL TR was
prepared from_the duodenal snmooth nuscle | ayer obtained by stripping off
t he nucosd™MEyfer fEom tHe dBod&NFRMaRLYFEpated sRECEPRa®lfouni®dtin an
organ bath 282 and contained in 20 nL of Krebs solution gassed with 95% 02
and 5% CdleteF:C so as to suppress excessive |oconotion, and a tension of
1 g was applied thereto. The~strip was left to stand for 1 hour or nore
whi | e repl.aciHg thf Krebstion every 15 mnutes until the strip was

e

equi | i br f%ed-NBet B st gkt\(ng/t he experiment, stinulation with carbachol at
10 11M was fepeatedly applied until a reproducible contraction was
obtained. T ntracti activity was neasured with an FD pi ckup (TB-611T,

Ni hon Kohden Qor por at ifon,

Eﬁyo) and recorded on a pen recorder (RECT
HORI Z- 8K, Sanet

ach test conmpound was added to the Krebs sol ution
at 0.01 nMto 1 amd the strip was contracted by cunul ati ve dosi ng.
The contractil e N t each concentration was determ ned when the
contractile activity at the tinme of stinulation wth carbachol at 10 | aM
was taken as 100% anﬁsthe EC50 val ue of each test conpound was determ ned.
- The EC50 val ues ar%ns own bel ow. [0344] 283 [Table 1]

[wherein A represenﬁé a phenylene grbup (the phenylene
group may be optionally substituted with 1 to 3 groups
selected from a Cl1-C3 alkyl group, a Cl—C3 alkoxy group,
and a halogen atom); B represents a 4- to 10-membered
heteroCyclic group céntaining 1 to 4 heterocatoms Which may
be the same or different and are selected from nitrogen,
oxygen, and sulfur (the heterocyclic group may be
optionally substituted with 1 to 5 groups selected from
substituent group a), a C6-Cl0 aryl group (the aryl group
may be optionally substituted with 1 to 5 groups selected
from substituent group a), or a C3-Cl0 cycloalkyl group
(the cycloalkyl group may be optionally substituted with 1
to 5 groups selected from substituent group a); R

represents a hydrogen atom or a Cl-C3 alkyl group; R? .



Exanpl e No. EC50 value(nM  28.0 4 (hydrochloride) 2.5 5 (hydrochl ori de)
7.3
| 286

represents a hydrogen atom of a Cl-C3 alkyl group; R3
represents a Cl-C6 alkyl group, a C3-Cl0 cycloalkyl group,
a Cl-C3 alkoxy Cl-C3 alkyl group, or a Cl-C3 hydroxyalkyl
group; R* represents a hydrogen atom, a Cl—C6 alkyl group,
or a halogen atom; n represents an integer of 1 to 4; X
represents methylene, -0-, -NH-, -N(Cl-C3 alkyl)-, -C(=0)-,
-5-, =-S(0)-, -S(0z)- or a single bond;

and substituent group a consists of a halogen atom, a Cl-
Cé alkyl group {the alkyl group may be optionally
substituted with 1 to 3 groups selected from a Cl-Cé6
aliphatic acyl group, a carboxyl group, a‘ Cl-Ceé
alkoxycarbonyl group, an aminocarbonyl groﬁp (the
aminocarbonyl group may be optionally substituted with 1
or 2 groups selected from a Cl-C6 alkyl group, a Cl-Cé6
haloalkyl group, and a Cl-Cé6 alkoxy Cl-C6 alkyl group), a
carbamido group optionally substituted with one or three
Cl-C6 alkyl groups, a Cl-C6 aliphatic acylamino group
which may be optionally substituted with a Cl-C6 alkoxy
group, a Cl-C6 aliphatic acyl C1-C6 alkylamino group, an
amidoxy group which may be optionally substituted with one
or two Cl1l-C6 alkyl groups, a Cl-C6 alkylsulfonyl group, é
4~ to 10-membered heterocyclic group containing 1 to 4
hetercatoms which may be the same or different and are
selected from nitrogen, oxygen, and sulfur, and a 4- to

10-membered heterocyclic carbonyl group containing 1 to 4



16 (hydrochloride) 2.4 22 (hydrochloride) 4.8 30 (hydrochloride) 3.0 33
1.5 | |
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heteroatoms which may be the same or different and are
selected from nitrogen, oxygen, and sulfur}, a C3-Cl0
cycloalkyl group (the cycloalkyl gfoup may be optionally
substituted with 1 to 3 groups selected from a carboxyl
group, a Cl-C6 alkoxycarbonyl gfoup, and a 4- to 10-
membered heterocyclic.group containing 1 to 4 heterocatoms
which may be the same or different.and.aré selected from
nitrogen} oxygen, énd sulfur), .é Cl—Cé .haloélle group
(the haloalkyl.group.may be opfionally.éubstitutéd with 1
tb 3 groupé selected from a céfbéxyi group, a Cl1-Cé6
alkoxycafbonYl group,.and a 4- tb 10—mémbéred‘hetero¢yélic
group contéining 1 to 4 heteroatoms whiéh may be the same
or different and are selected from nitrogen, oxygen, and
sulfur), a C1-C6 hydroxyalkyl group = (the hydroxyalkyl
group may be optionally substituted with 1 to 3 groups
selected from a carboxyl group, a Cl-Cé alkoxycarbonyl
group, and a 4- to 10-membered heterocyclic group
containing 1 to 4 hetercatoms which may be the same or
different and are selected from nitrogen, oxygen, and
sulfur), a Cl-C6 alkoxy Cl-C6 alkyl group (the alkoxyalkyl
group may be optionally substituted with 1 to 3 groups
selected'from a hydroxy group, a Cl-C6 alkoxy group, a Cl-
C6 hydroxyalkyl group, an aminocarbonyl group which may be
optionally substituted with C1-Cé6 alkyl, a carboxyl group,

a Cl-Cé6 alkoxycarbonyl group, and a 4- to 1l0-membered



34 2.1 42 (hydroéhloride) 4;8 53 (hydrochloride) 6.8 56 (hydrochloride) 1.2
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heterocyclic group containing 1 to 4 heteroatoms which may
be the same or different ahd are selected from nitrogen,
oxygen, and sulfur), a 4- to 10-membered heterocyclic
group containing 1 to 4 heterocatoms which may be the same
or different and are selected from nitrogen, oxygen, and
sulfur, a Cl1l-Cé6 aminoalkyl group, a Cl-Cé6 alkoxy group, a
Cl-C6 haloalkoxy gfoup, a Cl-C6 hydroxyalkoxy group, a C6-
Cl0 afyloxy group, a Cl-Cé alkylthio group, a carboxyl
group,ra Ci—C6'alkoxycarboﬁyl group, a hydroxy grou?, a
Cl-C6 aliphatic acyl group, an amino group, a C1-Cé6
alkylaminobgroup, a-C3—C10 cycloalkylamino.group; a Cl-Cé6
dialkylamino group, .a Cl-C6 alkoxyamino group; a Cl-Cé6
aliphatic acylamino group, a cyano group, & nitro group, a
Cl-C6 alkylsulfonyl group, a Cl-C6 .dialkylaminosulfonyl
group, and a C6-Cl0 aryl group].
[Ciaim 2j |

The compound or pharmacologically acceptable salt
thereof according to claim 1, wherein A is a phenylene
group which. may be optionally substitufed with one to
three C1-C3 alkyl groups. .
[Claim 3]

The compound or pharmacologically acceptable salf
thereof according to claim 1 or 2, wherein B is a 4- to
10~-membered heterocyclic group containing 1 to 4

hetercatoms which may be the same or different and are



57 (hydrochl ori de)' 11.3 58 (hydrochloride) 0.9 [0345] <Fornul ati on Exanple

1> Powder A powder can be obt?'srged by m xi ng the conpound of the
invention (5 g), lactose (895 g), and cornstarch (100 g) using a blender. <
Formul ati on Exanpl e 2> G anul e After the conmpound of the invention

(5 g), lactose (865 g), and | ow substituted hydroxypropyl cellulose (100 g)
are m xed, an aqueous sol ution of 10% hydroxypropyl cellulose (300 g) is

added t heret t resul t.i ixture j ead The tin eaded
mat eri al esiegie%rtgeﬁl a[}g:émﬁsi ﬁlﬁtgg)degx r usieoo%fggér?g{nul aqioc}, fsolpl oved bgaﬁéér]yi ng,

wher eby %é¥g¥yg§%ff%(¥¥gﬂﬂm%%y be optionally substituted with 1 to

5 groups selected from substituent group a) or a C6-Cl0
aryl group (the aryl group may be optionally substituted

with 1 to 5 groups selected from substituent group a).

[Claim 4]

The compound or pharmacologically acceptable salt
thereof according to claim 1 or 2, wherein B is a pyridyl
group which may be optionally substituted with 1 to 5
groups selected from subétituent gréup a or a phenyl group
which may be optionally substituted with 1 to 5 groups
selected from substituent group a.

[Claim 5]

The compound or pharmacologically acceptable salt
thereof aécording to any one of claims 1 to 4, wherein R!
is a Cl-C3 alkyl group.

[Claim 6] |

The compound or pharmacologically acceptable salt
thereof according to any one of claims 1 to 5, wherein R?
is a hydrogen atom.

[Claim 7]

The compound or pharmacologically acceptable sait
thereof according to any one of claims 1 to 6, wherein R’
is a Cl1-C3 alkyl group.

[Claim 8]



284 < Fornul ati on Exanpl e 3> Tabl et After the conpound of the
invention (5 g), lactose (90 g), corrbsg;oarch (34 g), crystalline cellulose
(20 g), and magnesium stearate (1 g) are mxed using a blender, the
resulting mixture is tableted by a tableting nmachine, whereby a tablet is
obtained. 285 Cains [Caiml] A conmpound represented by the
follow ng general formula (1) or a pharmacol ogically acceptable salt

thereof: R3 (I i p ene
gr oup may be o)th |e£)\r,1\,§ﬁfn§b{sl @st??u?@ﬁgﬁﬁ?ﬁ g@?{'é’éﬁﬂ?oggp@&% %%l?ed@fer oém a
I p - k LQUP, £ @ al ogen -ato eptesents

%‘er%rr%q%r%%é%%l%cgél gg&gr%o%p %%n ga%fl% & %% 72 hg%rr%%%oﬁs whi ch
nay be the sa Of di ffetrent and are sel ected from nltrogen oxygen, and
sul fur (tlﬁeahgfe 'ocdet i%T Qtoup may be optionally substituted with 1 to 5
groups s Cgléated rom substituent group a), a C6-Cl0 aryl group (the aryl
group ma onaIIy substituted with 1 to 5 gr oups sel ected from
substituent group a), or a C3-Cl0 cycloal kyl .group (the c%/cl oal kyl @ group
may be optionalllf sGBEPPEHEedOH tmh%rrf‘%c%l@‘ﬂbﬁ‘ﬁ%lgel%%?%ﬂ #P6fn stbstit uent

gr oup a) Rl represents a h¥drogen atomor a Cl1-C3 aI kyI group; R2
hereo accordlng o} any one of claims 1 8, wherein X

is —O— or —NH—
[Claim 10]

A compound represented by the following general

fbrmula (IA) ‘or a pharmacologicaiiy' abéeptable salt
thereof:
R2
R3
(IA)

[wherein B represents a 4- to 10-membered heterocyclic
group containing 1 to 4 hetercatoms which may be the séme
or different and are selected from nitrogen, oxygen, and
sulfur (the heterocyclic group being optionally
substituted with 1 to 5 groups selected from substituent
group o), a C6-Cl0 aryl group (the aryl group being
optionally substituted withv]! to 5 groups selected from

substituent group a), or a C3-Cl0 cycloalkyl group (the



286 represents a hydrogen atom or a Cl1-C3 al kyl group; R3 fepr esents a
Cl1-06 al kyl group, a 03-010 cycl oal kyJggroup, a 01-C3 al koxy C1-03 al kyl
group, or a 01-03 hydroxyal kyl group; R4 represents a hydrogen atom a
01-06 al kyl group, or a halogen atom n represents an integer of 1 to 4; X
represents nethylene, -0-, -NH, -N(Cl-03 alkyl)-, -C(=0)-, -S-, -50)-,
-S(02)- or a single bond; and substituent group a consists of a hal ogen
atom a QLEH &l kwh %P&@;{){ngnél o 1RUR BV LIS PPLEORAl L ¥ S ybstd tait ed
with 1 to 3 groups selected froma 01-06 aliphatic acyl group, a carboxyl
group, a B_Jz' b . m_nocar honyl _gr ou h

am nocar bo y‘%%gfgoé(u%é(%%% bgp%%t ?%ﬁgpwﬁgﬁgstgirto&%egﬂvﬁ t_% T eﬁrééegn‘ratosupas

sel ect edf{%%gﬁngﬁé%mal {ﬁ(l Oreyp,-2 g}kSQ hé’{é) ky|%@r9ggﬁgs:§ﬁ5?eo -06

al koxy 0 group), a carbam do group”optionally”s W th
one or three Ol-06_al kyl groups, -06 aliphatig acyl am no group. which
may be op chgrnoaqﬁny_ %%%%t??ufaeﬁmq% %ﬁbﬁfoﬁraﬁ%x& gF(‘?}éﬁ,esg“%f- (?BUCQJH phati c
acyl 01-06. al kyl am no group,. .a m do oup which may he gptionally
subst i tutc(ee% %\iﬁ%’%fo?ﬁéoiﬂ ' t fio L aqﬁo%i]%gsgrauﬁl-%%ﬁsﬂ%%&l

group, a 4- to 1Q-nmenbered heterocycli roup containing 1 to 4 hetgroatons
whi ch maflb"é% hé& nﬁe G A f efPént aanﬁﬁégé SEVQEPééI’afL%’ﬁﬂ nPtPYgen, Rgxygen,

and sul fur, and a 4- to 10-nenbered heterocyclic carbonyl group containing

1to 4 XFPIRSEYGat GnsRVfTeBehay? it he sﬁi@cér M k¥ br &CUnd 8Fe %el ect ed

fromnitrogen, oxygen, and sulfur}, a 03-010 cycl oal kyl (?:L)roup (the

cycl oal k)ﬂag]gﬁﬁ]’b r@gﬁPnb‘e &pt reREISENSFhs Nt utagewietrth ©ft 0ol3 HrPoups skl ected

froma carboxyl group, a 01-06 al koxycarbonyl group, and a 4- to 10-

menber ed HRAREIRIVE ikegrobgneont @ ni nijH1, t oN4A HetCer adtlonts) -whi ch(TRy- be t he

sane or different and are selected fromnitrogen, oxygen, and sulfur), a

Cl - C6 hal-¢at kyiS @roup 3 &) halcoalkydimgrleugarey; be optional |y substituted

with 1 to 3 groups selected froma carboxyl group, a 01-06 al koxycar bonyl

group, anghd #ubd®©ithbemenhests bBetRmRGd Cofr QURatorkal Ritken,l 4 ach-

het er oat ons whi ch may be the sane or different and are selected from

ni trogen,coxygeRylandysalg ur ftha OlaOeyhydigmeidd kybe@hgup,odttfenally

hydr oxyal kyl group may be optionally substituted with 1 to 3 groups

sel ect ed JuryB i BAHDOXMIHIr QUPLoa D1-LQG R Koxpaarheny! rgeaups and-@ 4- to

10- menber ed heterocyclic group containing 1 to 4 heteroatons which may be

the same 0 ghfd&r enk3nd ageosgl ected (MU 00eRouRXy0eR, and syl fur),

a 01-06 al koxy 01-06 alkyl group (the al koxyal’kyl group nay be optionally

substi t ut ) grﬂ.{g?ﬁ sel -ed y a 0L-06

al koxy graglﬂqu,%yaéboliooéfirpyhlidroxya 'yl %f%up,giﬁ{ea%%%% ony P%?%up |%h may

be optiongl. | fut it -0 . ; |_.ar i 01-06
r]ag[llr}/cicsal‘ﬁa%ﬂ I i%o1¥>4k?e?%glggﬁ%§égllg %%@%C%%C[ut%cp th P OP

al koxycarbonyl group, a ere erocyclic group
cont ai ni 1 to 4 heteroatons which_may.be the same or differe are
selectedqgr5ﬁ$ﬁFFroﬁgﬁfcgffgegfogndasu%%ﬁ??, algygfogiﬁgﬂEnb%rggbgp
het erocyclic group containing 1 tQ 4 heteroato iC y be the sane or
differ enﬁ"%ﬁjﬂﬁy S‘H%@PedaFgoﬁ r‘ﬁ%t_rcté;&l,k%&%ggiT\é\gn&qwnﬁf EECWP '@l -6
am noal kyl group, a C-C6 al koxy group, a 01-06 hal oal koxy group, a 01-06
hydr oxyal%‘%ﬁf@r%pgrau%@féw]ga&y YrBpitHCeE- 06 Et kK9PENCE drlkRFE a
carboxylégéou , a 01-06 al koxycarbonyl group, a hydroxy group, a 01-06
al i phat i -&ﬁo Grldlg, GHCHRIEmo §rotp;Ca caloBhalk§l adf hbaBEBap, IEPW3- 010
cycl oal kyl amino group, a 01-06 dial kyl ami no group, a 01-06 al koxyam no
group, a Wtiggallphaebetiheyradi nothr eugslLeyahbogroggou® nia rolg¥oup, a
01- 06 al kyl sul fonyl group, a 01-06 .dial kyl am nosul fonyl group, and a
06- 010 aradlimgraguip] . af@lai®i 26 alkylamino group, an amidoxy group
optionally substituted with one or two Cl-C6 alkyl groups,
a Cl-Cé alkylsulfonyl gr.oi{ip, a 4- to 10-membered

heterocyclic group containing 1 to 4 hetercatoms which may



The conpound or pharmacol ogi cally acceptable salt thereof according to
claim1, wherein Ais a phenylene gr whi ch may be optionally substituted
with one to three 01-03 al kyl groups. |)CI ai m 3] The conpound or

phar macol ogi cal |y acceptable salt thereof according to claim1l or 2,
wherein Bis a 4- to 10-nenbered heterocyclic group containing 1 to 4

het eroat ons which nay be the sane or different and are 289 sel ectedfrom

ni tr ogen,axygen, aadsulfurdLie. heter gpucld.C. Loup-pBy bBecgptianaldan

substituted wth o] groups selected from su ent group a) or a

06- C10 ary) Cq%rnouDar(é h%ug%'r P H’ﬁ%—bgsé"pﬁgggli%l%%]r%‘db%éée‘%%/éfﬁé‘ Lto5s

groups sel dcted from Substitue group conpound or
har macol ogi.cal l.y accept abl Lt t f di t im1l 2

Pher o n Bl FESE BRNE0RLER daybet i Fonar oS ety Wit h 1 co
5 groups selected from supstituent o] a h . whi ch b
op'?i oggl 1Y*Ssub§TFt uted !J}t) e"LieI%J% 3 o§%§ sgfgégFgagP?/%ﬁ’%Oﬁﬁﬁé?ﬂ’WS?IOUS

a. [Claimb5] The conppound or pharnmacol ogical |y acceptabl e salt
t her eof &F&Fing a8 amHoher bf cRaij Eré‘?lpo E,qué’rlé%’rjr RILZWR RS al kyl

group. [d ai.m 6] _ _ , _
cycloalkyl group being optionally substituted with 1 to 3

groups selected from a carboxyl group, a Cl-Cé6
alkoxycarbonyl group,‘and a 4- to 10—memberéd heterocyclic
group éontaining 1 to 4 heteroatoms which may be the same
or différent and are selected from nitrogen, oxygen, and
sulfur), a Cl-Cé haloalkyl group (thé haloalkyl group
being optionally subétituted with 1 to 3 gfoups selected
from a carboxyl group, a Cl—C6 alkoxycarbonyl group, and a
4- to 10-membered heterocyclic group containing 1 to 4
heteroatoms which may be the same or different and are
selected from nitrogen, oxygen, and sulfur), a Cl-Cé6
hydroxyalkyl group (the hydroxyalkyl group being
optionally substituted with 1 to 3 groups selected from a
carboxyl group, a Cl-Cé6 alkoxycarbényl group,»and a 4- to
10-membered heterocyclic group COﬁtaining> 1 to 4
heteroatomé which may be the same or different and are
selected from nitrogen, oxygen, and sulfur), a Cl-Cé6
alkoxy Cl-C6 alkyl group (the alkoxyalkyl group being
‘optionally substituted with 1 to 3 groups selected from a

hydroxy group, a C1l-C6 alkoxy group, a Cl-C6 hydroxyalkyl



. , ) S .
The conpound or pharnacol ogi cally acceptable salt thereof according to any
one of claims 1 to 5, wherein R2 is %% drogen.atom [Claim?7] = . The

conpound or pharmacol ogi cal | y acceptable salt thereof according to any one
~of claims 1 to 6, wherein R3 is a 01-03 alkyl group.: [Claim8] 290

The conpound or pharnacol ogi cally acceptable salt thereof according to any
one of clainms 1 to 7, wherein R4 is a hydrogen atom [ C ai m 9] The

compoun ng%rfu har i mghegbeggkxngica%%m coselont hegeatoacanuding i pny one

of cl ai erern npound

;gg;gf:gl e t%?%é/ ol 8""‘ 09-08081 al g Lorpul a, (1A% %1%%{9&%09%1103' ly
group, and 4- to 10-membered heterocyclic group
contalning 1 to 4 heteroatoms which may.be.the same Or
different and are selected from nitrogen, oxygen, and
sulfur), a 4- to 10-membered heterocyclic group containing
1 to 4 heteroatoms which may be the same or different and
are selected from nitrogen, éxygen, and‘sulfur; a Cl-Cé
éminoalkyl groﬁp, a Cl-C6 alkoxy group, a Cl-C6 haloalkoxy
group, a Cl-C6 hydroxyalkoxy group, a C6-Cl0 aryloxy group,
a Cl-C6 alkylthio group, a carboxyl group, a Cl-Cé6
alkoxycarbonyl group, a hydroxy group, a Cl-C6 aliphatic
acyl group, an amino group, a Cl-Cé alkylamino group,-a
C3-Cl10 cycloalkylamino group, a Cl-Cé6 dialkylamino group,
a Cl-C6 alkoxyamino group, a Cl-C6 aliphatic acylamino
group, a cyano group, a nitro group, a Cl-Cé alkylsulfonyl
group, a Cl-C6 dialkylaminosulfonyl group, and a C6-C1l0
aryl group}f
[Claim 11]

A compound represented by the following general
formula (IB) or a pharmacologically acceptable salt

thereof:



[wherein B represents a 4- to 10-nenbered heterocyclic group containing 1
to 4 heteroatons which nay be the sa r different and are selected from
ni trogen, oxygen, and sulfur (the heterocyclic group being optionally
substituted with 1 to 5 groups selected from substituent group a), a C6-Cl0
aryl group (the aryl group being optionally substituted with 1 to 5 groups
sel ected from substituent group a), or a C3-Cl10 cycl oal kyl group (the 291
cycl oal kyl group being optionally substituted with 1 to 5 groups sel ected
from substituent group & Rl represents a hydrogen atomor a Cl-C3 al kyl
group; R2 nNepreslents a Iy gen_atom or a 01-03 al kyl group; R3 represents
a d C6 alfkyl Ygroup, a0d3-010 d?%loalkyl group, a 01-03 al koxy 01-03 al kyl
group, or_a Q1-03 hydgoxyal kyl group; R4 represents a hydrogen atom a

01- 06 al kYN gr atifs hal ogen atom n represents an integer of 1 to 4; X
represents [nmet hyl eng , -NH, -N(C1-C3 alkyl)-, -C(=0)-, -S, -50)-,
-5(02)- or a e bgnid; and substituent group a consists of a hal ogen
atom a 0106 gup {the al kyl group being optionally substituted with
1 to 3 groups ecfy iy om a 01-06 aliphatic acyl group, a carboxyl ,
group, a 01-06 aIko*ycarbonyI group, an am nocarbonyl group (the

am nocar bonyl grouganging optionally substituted with 1 or 2 groups
selected froma Q1-067al kyl group, a 01-06 hal oal kyl group, and a 01-06

al koxy 01-06 aIk&H”group), a carbam do group optionally substituted with
one or three 01-06 al kyl groups, a 01-06 aliphatic acyl am no group

opt i onal | lwhsutssitri t Bt edepiceleatsl-06hatkeggngraupt arole 06 lalBphakkyl acyl

01- 06 al kyl am no group, an am doxy group optionally substituted with one or
two 01- OGyradugyi @gouqrspr@séH’EQG aal kyloswl f sayecgedupf ram4-sulws li-wemtber ed
het erocyclic group containing 1 to 4 heteroatons which may 292 be the
same or @djffgyent and are selected fromnitrogen, oxygen, and sulfur, and a
4- to 10-nmenbered heterocyclic carbonyl group containing 1 to 4 heteroatons
whi ch nay Jbey the same it difd8s et candiate o€l ached Jge@matidn,0genc1-0xygen,
and sul fur}, a 03-010 cycloal Kyl group (the cycl oal kyl group being

opti onal lgg subskitut egegig h Tthe 3 JrRYPS edptram a gsghoxyl1group, a
Cl -06 alkoxycarbgnyl%%?odi, gnd a 4- tg 10§ﬁtﬁ%tred he?gragﬁilic gr%up

cont ai ni NGyl 0 f Diet §1i0af o Whi ch Ay s t he1sarR or ki epent1angd are

selected fromnitrogen, oxygen, and sulfur), a 01-06 hal oal kyl group (the

hal | kyl_ o hei ti bstit i+t h 3 ted
f?oﬁ?a Zéﬁ%&%&ﬁxﬁfbﬂgfgg biggéhérigxic;fﬁgﬁgF&QVOUéfkgﬁﬁ gr§9p?§§ﬁigc ©
e AL P Ce T Sy e e g i

t he sane or eren re Selected fromnitroge gen, sul fur),
a 01-06 hydroxyal kyl grou the. hydroxyal kyl. . gro hei pt.i I
SubStitLﬂ%@f%ﬁ%%Fqgé%ngﬁ$ pRELRPOPE OP?él aSEart&%&ﬁgﬁfaﬂﬁgpgio%?oe
al koxycarbonyl group, .and a 4-  to 10- menbered heterocyclic group. contai ning
1 to 4 héte ‘gﬁ% ST HRE) 5§0Fheasg§%"§§ d?$§¥ien9 gHH’ ar@ §§}E§€ed from:
ni trogen, oxygen, and sulfur), a 01-06 al koxy 01-02 aI§¥I gro%gu(the
al koxyal YAl beF AP+ opPoRaldy Cupdt K%Y ed ik fh 2t KYd I GUps el ect ed
froma hydroxy group, a 01-06 al koxy group, a 01-06 hydroxyal kyl 293
group, arcaRIBEIRR b@ﬁyppgW@kﬁlbﬁaﬁll?sgab%?fiutwm PRECPICE &SI, a
car boxyl group, a 01-06 al koxycarbonyl group, and a 4- to 10-nenbered
het er ocy@i<Cqr augkwongaionipsg 1at 0C4-Rét erbapbatiahi ey hapine tHECERME or
different and are selected fromnitrogen, oxygen, and sulfur), a 4- to
10- nenberaet het®t beyshibst gtotpdcentta rd ngl4Cé oadikhayegsatgns ahEthComy be
the sanme or different and are selected fromnitrogen, oxygen, and sulfur, a
01- 06 amgoabkytigr ady,l ac01c06 adldgdanigroupgroapl-46 halidaxkoxyrgupup, a
Cl - C6 hydroxyal koxy group, a 06-010 aryl oxy group,

optionally substituted with one or two Cl-Cé alkyl groups,

a Cl-Ce6 alkylsulfonyl group, a 4- to 10-membered

heterocyclic group containing 1 to 4 heteroatoms which may



01-06 al kylthio group, a carboxyl group, a Cl-06 al koxycarbonyl group, a
hydr oxy group, a 01-06 aliphatic acyhzﬁgoup, an am no group, a 01-06

al kyl am no group, a 03-010 cycl oal kyl'am no group, a O -C6 dial kyl am no
group, a 01-06 al koxyam no group, a 01-06 aliphatic acyl am no group, a
cyano group, a nitro group, a 01-06 al kyl sul fonyl group, a 01-06

di al kyl am nosul fonyl group, and a 06-010 aryl group]. [Caim 11] A

conpound SEPLESCALAL . thecFoLLowt nqdeneralol Eauka sLLB) O Bhgen. o

phar macol ogi cal'l y "accept abl € Sa ereof: am [wherein
a hydroge o] - al k grouyp; pr n a .group selected from
substitué%@gggghpggg %é%%%gﬁb§¥%%uén% gﬁggpﬁg ?%%%F%%g 0 Ef%éﬁ%ﬁ;%Fatonl a
0106 al kyl_group, {the al kyl . group bei optiopally, substituted with 1 to 3
gr oups seﬁ%éh%ﬁ§%r%ﬁﬁ%Poigﬁégépﬁgﬁaﬁig%éc Ih§£8ﬁﬁ¥t8m§aWb6§§iHﬁﬁbdﬁ? a
01- 06 al koxycar bonyl grou an am nocar bonyl group (the am nocarbonyl group
bei ng opt¥ aFP?esuB§ti§%£%ﬁF?WThEﬁ“%rafegrﬁﬁg§c§§9ecféﬁpfrQﬂﬁ%P%ﬁQOG al kyl
group, a 01-06 hal oal kyl group, and a_01-06 al koxy .01-06 al kyl group), a
car bani d®HBip op%ri‘%nawgf‘éﬁgsti gut ed—®lPh GWelorllee TRWE al kiR
groups, a 01-06 aliphatic acylam no group optionally substituted with a
01- 06 al KSGApotipt B @4P 0BeaREpleRtieradyY oqupst AF kyeaniashgloti® Zn
am doxy group optionally substituted with one or two 01-06 al kyl groups, a
01-06 al kgA&EiRS onyelpakgs af4om o 20- neabepsd lhet gerovpel i cagr dib-C6
containing 1 to 4 heteroatons which may 295 :

alkoxycarbonyl group, and a 4- to 1l0-membered heterocyclic

group contéining 1 tb 4 heterocatoms Whichvmay be the same
of different and are selectedvfrom nitrééen, oxygen, and
sulfur), a C1-Cé6 Ihaloalkyl group (the haloalkyl group
being optionally sﬁbstitﬁted with 1 ﬁo 3 groups selected
from a carboxyl group, a Cl-C6 alkoxycarbonyl group, and a
4- to 10-membered heterocyclic group containing 1 to 4
heterocatoms which may be the same or different and are
selected from nitrogen, oxygen, and. sulfur), a Cl-Ceo
hydroxyalkyl group (the hydroxyalkyl group being
optionélly substituted with 1 to 3 grou?s selected from a
carboxyl group, a Cl-Cé6 alkoxycarbonyl group, and a 4- to
10-membered heterocyclic group containing 1 .to 4
hetercatoms which may be the same or vdifferent and are
‘selected from nitrogen, oxygen, and sulfur), a Cl-Cé6
alkqu Cl-C6 alkyl group (the alkoxyalkyl group being
optionally substituted with 1 to 3 groups selected from a

hydroxy group, a Cl-C6 alkoxy group, a Cl-C6 hydroxyalkyl



be the sane or different and are selected fromnitrogen, oxygen, and

sul fur, and a 4- to 10-nenbered heteragyclic carbonyl group containing 1 to
4 heteroatonms which may be the sanme or different and are sel ected from

ni trogen, oxygen, and.sulfur}, a C3-Cl0 cycl oal kyl group (the cycl oal kyl
group being optionally substituted with 1 to 3 groups selected froma

car boxyl group, a O -C6 al koxycarbonyl group,-and a.4- to 10-nenbered

het er ocygl.d r Hall t t i t me or
e R A R i i e G

hal oal kyl~--grQup hal, o up ing optionaldy j ith 1 to
3 groupsbéefg%tggkpgén1g 2%%%%§§$ng%€€%gé.8§- g#iofégg} 6%¥%§8P§Lp, and
a4 to - menber ed. heterocycl L ¢ grQu tainin er whi ch
may be tééog'ﬁe 5anif eréﬁt a% a9§4&5ﬁ§§§§§¥r%%§%%§?§82§? o%ﬁ%@ , and
sul fur), a Cl1-C6 hydroxyal ky roup,(the hydroxyal kyl grqup being
optionalangﬁﬁgﬁpﬁﬁt£d4ﬁﬁt% %eggrgaé&gﬁbswgéFgcﬁgﬁzf#%nf:€%a?83§yf”broup, a
Cl- C6 al kgxycarbonyl group, and.a 4- .to_10-nmenbered heterocyclic group

Cont ai ni A CECEGRF haPBr oAt Brssh Chestmy L Bent Ho: SarRer  if¥afent S ar e
sel ected fraom nitrogen, oxygen, and ulfur%, a Cl1-C6 al koxy C1-C6 al kyl
group (tRF&LdRIxy & KT tg‘?oﬁ(g‘%%lﬁlﬁﬁr% t PBhEFPFYSLBST BEQEed SRR 3
groups selected from a hydroxy group, a Cl-C6 al koxy group, a 01-06

- hydr oxyallkyi® L IBetrbept OB H?}iﬁbc&lﬁﬁorﬂﬂ HrouprBpt PEndLEFesEBst iafft ed with
01-06 al kyl, a carboxyl group, a 01-06 al koxycarbonyl group, and a 4- to
10- nenber&d hetbeoege| ifeofr oubt E@wERI NniIA¥y e 0 Anfetserldatlomsawtilcitéray be
the sane or different and are selected fromnitrogen, oxygen, and sul fur),
a 4- to dOovimeeddvdd dmstur.oyTiCgralkospnyabnpngal ClloCd hetleraddtd®s whi ch
may be the sanme or different and are selected fromnitrogen, oxygen, and
sul fur, &@rélpCo aafilnagsd Kyydigrowpl kex ¥1g066upl kex ¥ egrdlp ary 10ky06y tralmal koxy
group, a 01-06 hydroxyal koxy group, a 06-010 aryl oxy grooup, a 01-06

al kyl t hi @ grdwe6 a adlahotyilo gramgpyp 2 04- O6aabkayycaghonyl, graouml-adiydr oxy
group, a C-C6 aliphatic acyl group, an am.no group,- a 01-06 al kyl am no
group, aaQ¥otlRaeydmal kytenbnoagnopproy 04r06pdi a kylaobna gmoiyrica 01-06
al koxyam no group, a 01-06 aliphatic acylam no group, a cyano group, a
nNitro greuRl agfdu®Pb ahkydsind oayblégr,ptgp,c@-@@-%@ ki anypesyl, f enyl
group, and a 06-010 aryl group]. [Caim 12] he conpound or
pharnaCOb@ydyﬂIa&&%&a&%&@&&aﬁétérbﬁsreQJ @ccos dyng1k91amahe Hfp, 11,
wherein R is a nethyl group. [Craim i3] ' The conpound or

phar macologi¢akky S er eof ~acegr di ai r.-12,
wherein I%S élzg gbof%%&p%%ghg? kygog%up%{t%g gi@k%}ln%?%%%lc eianrE éaé‘ﬁno‘%m ly
substit ut it 3 s sele d. fr a_Cl-Cg alj tJ group,
a carboxfﬁgﬁ&%u%;%jéhﬁ(égﬁﬁﬁb%§€%¥g%§y?£8§ghp? g%cgﬁfﬁgc r%ﬁ%@ﬁyﬁbup (the
am nocar bonyl group,.being . optjonally substituted with 1 or 2 ]
el oct od SRR S 51208 T Rgr 2ok SRAnLYoBHEE i oEr el oPsth, Zar DL 06
al koxy 01-Og.alﬁ%%)group), a carbam do group optionally substituted with
one or thrde GFO®)al kyl groups, a 01-06 aliphatic acyl am no group
optionally substituted with a 01-06 al koxy group, a 01-06 aliphatic acyl
01- 06 al K§A&H™d <dr oup, an ami doxy group optionally substituted with one or
two 01-06 al kyl groups, a 01-06 al kyl sul fonyl group, a 4- to 10-nenbered
het erocyclic gfé&p €BRPAFRARNGCY RN M@t 9at o7l WhixFCRE2DES t H Sane or
different and are selected fromnitrogen, oxygen, and sullfur,1 and a 4- to
10- menberté¢ testfer segelridé ngar bonytlajroug kortrai Al ng Whake4n hdt'er bat s whi ch
may be the sane or different and are selected fromnitrogen, oxygen, and
sul fur}, methl-10&dopdr.oxyal kyl group (the hydroxyal kyl group bei ng
optionally substituted with 1 to 3 groups selected froma carboxyl group, a
01- 06 al Haxydar Aaiyl group, and a 4- to 10-nenbered heterocyclic group
containing 1 to 4 heteroatons which may be the sane or different and are
sel ected from mhier ogenpoaxygedyr aitthshddrdgiosl dyO0ladbept KoXy a6 al kyl
group (the al koxyal kyl group being

thereof according to claim 11 or 12, wherein R® is a C1-Cé6



298 optionally substituted with 1 to 3 groups selected froma hydroxy
group, a 01-06 al koxy group, a 01-06 dwydr oxyal kyl group, an am nocar bonyl
group optionally substituted with C1-C6 al kyl, a carboxyl group, a 01-06

al koxycar bonyl group, and a 4- to 10-nenbered heterocyclic group containing
1 to 4 heteroatons which may be the sanme or different and are selected from
nitrogen, oxygen, and sulfur). [d aim 14] ~ A conpound represented by
the fol | ewiig genaiml (£Remdhay(l g @un whangreptegheally Aascantaliel salt
thereof: R3 (1) [wherein A represents a phenyl ene group (the phenyl ene
group bekngroptiepald ygsuhssi tehedtdd hf Aok 043 cgfwsaﬁEﬁﬁft@é@ faom a 01-03
al kyl group, a 01-03 al koxy group, and a hal ogen atom; represents a 4-

to 10- ”Egiing%f, L‘ﬁ?&%&{;ica%g P contaids ng1 ok 9c4rBEHET 0/LRNE, W ch may

be the s erent” and are selected fromnitrogen; oxygen, and sul fur

(the heterqcygl -rt%rog{ up g&)ﬂg’enzgghgpti%%égﬁgggightut oﬂ‘f)thb]ei}]ng;S

groups selecte substit t group ~aryf group (t aryl
group being.optianally substituted with 1 to 5 group el ected from
substi tuéjﬁjt%lgrnoaul%ya)s,l}/%srt%_tlb%e- 1B;E§ncltloéﬁ<y? %?ou%g(?ﬁze(%%g oa rl?)ﬂ agr oup
being' optionally substituted with 1 to oups sel ected fromsubstituent
group a) I;%Rl%%?e%%/}é% ntggoéilphycﬁ‘\gggncét or?ﬁf)?g%k -%Oglpl{ylarb oﬁp;&th}“sé
~ represents a hydrog atam.or a Cl-C3 al kyl graqup; R2 represents Cl- C6
ARyl gr GOy 037058 ALl REPUR oupt &e6LA0EE KBXGBL T HHTIGA L oup,
or a 01-03 hydroxyal kyl group; R4 represents a hydrogen atom a 01-06 alkyl
group, orfUR A& atony ﬂngeBFe%]ﬁtese ant Tk e@%%/y%f 8{0P834; ax Gepréesent s
nmet hyl ene,. -0-, -NH, -N(01-C3 alkyl)-, -C(-0)-, -S, -S(0)-, -S(02)- or a
si ngl e béddPhatd SuBSYLaleRP oF BRIPP a AT S bf SHPRA £t ¥itla D1- 06
al kyl group (the alkyl group being optionally substituted with 1 to 3
groups sélledited £ibAKH cartsoyy geouslaCO1- @6 i@heddrcar Boryl dilodfe and a
4- to 10-nenbered heterocyclic group containing 1 to 4 heteroatons which
may be td kydrmenigro djféep entnamdhigioxys ey eetedobkopnaililyogerhs oyt and
sul fur), a 03-010 cycl oal kyl group (the cycl oal kyl group being optionally
substi t utwddhwidre lot otBograups sdlkect egirdups aacanbowylalgraup;l BorBaE 06
al koxycarbonyl group, and a 4- to 10-nenbered heterocyclic group containing
1 to 4 hefresgat arsd-whi € hl Orayetise t8@ Ramerocydifitegentupardrateining 1
to 4 heterocatoms which may be the same or different and
éré~sele¢ted from nitrogen, oxygen, and sulfur, and a 4-
to 10-membered heterocyclic carbonyl group containing 1 to
4 heteroatoms which may be the same or different and are
selected from nitrogen, oxygen, and sulfur}, a Cl-Cé6
hydroxyalkyl group (the hydroxyalkyl group being
optionally substituted with 1 to 3 groups selected from a
carboxyl group, a Cl-C6 alkoxycarbonyl group, and a 4- to
10-membered heterocyclic group containing 1 to 4
heteroatoms which may be the same or different and are

selected from nitrogen, oxygen, and sulfur), or a Cl1-Cé

alkoxy C1l-Cé6 alle group (the alkoxyalkyl group being



300 selected fromnitrogen, oxygen, and sulfur), a 01-06 hal oal kyl group
(the hal oal kyl. group being optfonallxz bstituted with 1 to 3 groups

sel ected froma carboxyl group, a 01-06 al koxycarbonyl group, and a 4- to
10- nmenbered heterocyclic group containing 1 to 4 heteroatons which nay be
the sanme or different and are selected fromnitrogen, oxygen, and sul fur),
a Cl-C6 hydroxyal kyl group (the hydroxyal kyl group being optionally
substit %gﬁ!; iVMntagrl(])y L QiPsq sgheqt d g omn gr S@ELOXK cGRQUP.£ @01y 06

al koxycar bonyl up, - an - to 10-nenbered heterocyclic group containing

1to4nh i ch _ t i fferen lected from
ni trogen%ﬁ%?@ﬁ?%%’su Pgrx) :b”%a ag%‘%%}g?%‘i}s' 0 gg r&l%{}ﬂ’%ﬁ%ﬂp (l!f%ﬁe

al koxyal kyl group bei ng agptionally subhstitut it h tQ. r . .sel ected
froma corssy S orb e SR EbORTY i by gl bl sk i e G if

10- nenber ed terocyclic group containing 1 to eroat ons ich may be
the sameS —Cgffﬁégéﬁv afid %?EBQEV ct%ﬁo?80n1%iﬁﬁ5§g ,%ﬁ%ﬁ rﬁgghﬁp%infur),
a 4- to 10-nenbered heterocyclic group containing 1 to 4 heteroatons which
may be t B&%Hre ofndi f Perehit ahf ard <8 f r ofFAFOFEGenS od/gett and
sul fur, a 01-06 am noal kyl group, a 01-06 al koxy group, a 01-06 hal oal koxy
group, aCORNeE Y oxydikoky PGriGiHD2 &S RO CHr Yo%y PGr dupt  §38'€- 0&°

al kyl thio group, a carboxyl group, a 01-06 al koxycarbonyl group, a hydroxy

group, aGLzFadt pRad cargo1saegrtghouprorn ahi HedgroupPxBIdn- 0aand
al kyl am no group, a 03-010 cycl oal kyl am no group, a 01-06 dial kyl am no

~group, asoUl®)al koxyani no group, a Cl-C6 aliphatic acyl anmino group, a

cyano group, a nitro group, a O -06 al kyl sul fonyl group, a 01-06

di al kyl anidiesiwd flgnlyl group, and a 06-010 aryl group]. [CO aim 15]

Trans- 4- (4-fl uorophenoxy) - N-net hyl - N- (4-1[ (3S) - 3-

met hyl pi per azi i | cpimpreeinfey | Ineemd Sroyeed olexarndgear boodaimwlieng  general

trans- 4- (4-fl uorophenoxy) - N-net hyl - N-( 3- met hy1- 4- 1[ ( 3S) - 3-

met hyl pi geyaaile 1- yIj metdy| | phepylarensc] dhexianeciay boxankegeable salt
trans-4-[ (5-fluoropyridin-2-yl)oxy]-Nnethyl-N(3-nethyl-

4- 1] (3S) t3rgmidwyl pi perazin-1yl ] et hyl | phenyl ) cycl ohexanecar boxam de, trans-4
-[3- (hydroxynet hyl ) phenoxy] - N- et hyl - N- ( 3- net hy1-4-{[ (3S) - 3-
nethylpiperazhn-l-yl]neth | pyenyl ) cycl ohexanecar boxam de,

t rans- 4- [ (2nhydroxyet hyl) Bhdnoxy] - N met hyl - N- ( 3- net hy1-

4-[[(3S) - 3-fet hyl pi per a#i n=%=" yl ] net hyl | phenyl ) cycl ohexanecar boxam de,

et hyl ' '

[3-(ftrans-4-Nnet hyl ( -n§_€¥2-4-{[(38)-3-nethyIpiperazin-I-yI]nethyIIphenyl
) car banoyl ] cye] opexyl ILox hehyl | acet at e,

[3-(ftrans-4-[ ng (3-Methyl -4-{[ (3S)-3-net hyl pi perazi nl -yl ] met hyl | phenyl)
car banoyl ] cycl oN 0 8heny|]acetic acid, isopropyl

[3-(1trans-4-[ methyl (8- mePhyl -4-{[ (3S)-3- nethyl pi perazin-1- 302

yl I met hyl | phenyl ) carb gDyIIcyCIohexyIony)phenyl]acetate, or a

phar macol ogi cal | y accBptabl e salt thereof.

[wherein A represents a phenylene group (the phenylene

group being optionally substituted with 1 to 3 groups
selected from a C1-C3 alkyl group, a Cl-C3 alkoxy group,
and a halogen atom); B represents a 4- to 1l0-membered
heterocyclic group containing 1 to 4 heterocatoms which may
be the same or different and are selected from nitrogen,

oxygen, and sulfur (the heterocyclic group being



[ A ai m 16] Trans-4-13-[ ( 2- hydr oxy- 2-

nmet hyl propoxy) net hyl ] phenoxy} - N-neth&l- (3-met hyl-4-

{[(3S) - 3-net hyl pi perazi n- 1y|]nethy|Iphenyl)cyclohexanecarboxanlde trans-4-(
{3-[(2-

hydr oxy- 2- nethylpropoxy)nethyl]phenylIanlno) N—nethyl N (3-nethyl-4-{[(39)-

3- net hyl pi perazin-1 - y|]nethyllphenyl)cyclohexanecarboxanlde 3-({trans- 4-
[ met hyl th per
y|]ﬁEthy%%6g§hg¥ 8ér%&6§%? mé%y ngy enz rot s sel%cted. from

amate, 2-[ 3- ({trans-4- neth I 3-ne S | pi_pér,azi n-1-

yl ] met hyl |uﬁ>%r+§|u)eé‘£r y (cl Shg%y%:ll@ A%ﬁeﬁ%‘]"é? hy 3?88‘3’1 group
amat e, 2-[ 3-.(ftrans- 4- t hyl - 4- 3 3- | er :
yI]nethykﬁd&@hiﬂ%ﬁﬁFH%ﬁ§§ ¥8§5Fgﬁ %é ﬂﬁg) ) ?E p q?%%nate,
2-[3-(ftrans-4-[net hyl (3-nmethyl -4-{[(3S)- 3- nethylplpera2|n 1-

yl ] met hy|f|r;9ﬁens/m%1awbta%9| ]géwpoh%m o Aofphéryl | evRypalkyl group
dlnethylcarbanate trans-4-{3-[2- (i sopropyl am no) - 2-

oxoet hyl [(pHenHALN et hyP T REP 3bRe PRy RRE{ITEIS) Y gsubstituted with 1

nethylplpera2|n | -yl ] et hyl | phenyl ) cycl ohexanecar boxani de, .
t rans- 4- [tE2- éyammgnpanrﬁeﬂ§¢§©dy]fnpmetHVbSNiG@amﬁtnngup a); R

represents a hydrogen atom or a Cl1-C3 alkyl group; R®
represents a hydrogen atom or a Cl1-C3 alkyl group:; R®
represents a Cl-Cé6 aikyl group, a C3-Cl0 cycloalkyl group,

a Cl-C3 alkoxy C1l-C3 alkyl group, or a Cl-C3 hydroxyalkyl
group; R* represents a hydrogen atoﬁ, a Cl-C6 alkyl group,

or a halogen atom; n represents an integer of 1 to 4; X
represents methylene, -0-, -NH-, -N(Cl1-C3 alkyl)-, -C(=0)-,
-5-, =S(0)-, —S(Oz)¥ or a single bond; and substituent
group o consists of a halogen atom, a C1-C6 alkyl group
(the alkyl group being optionally substituted with 1 to 3
groups selected from a carboxyl group, a Cl-Ceo
alkoxycarbOnyl group, and a 4- to 10—membered heterocyclic
group containing 1 to 4 heteroatoms which may be the same
or different and are selected from ﬁitrogen, oxygen, and
sulfur), a C3-Cl0 cycloalkyl group (the cycloalkyl group
being optionally substituted with 1 to 3 groups selected
from a carboxyl group, a Cl-C6 alkoxycarbonyl group, and a
4- to 10-membered heterocyclic group containing 1 to 4

heteroatoms which may be the same or different and are



303 {[(39)-3-nethyl pi perazi n-1yl ] net hyl | phenyl ) cycl ohexanecar boxam de, or
phar macol ogi cal |y acceptable salt theygpf. [Caim1l7].

Trans- 4-[ 3- (hydr oxynet hyl ) phenoxy] - N-net hyl - N- ( 3-

met hyl - 4-{[ (3S) - 3- net hyl pi per azi n- 1yl | met hyl | phenyl ) cycl ohexanecar boxam deo
r pharnmacol ogically acceptable salt thereof. [C aim 18]

Trans- 4-[ (2- cyanopyri di n-4-yl)oxy] - N-nmet hyl - N- (3-

met hyl-4-{f gé@eldfcycl i | pisREYS | M-

- .
d 1 Cl

yl ] met hyI I'pheny exanec oxam (:Yeor phdalrnnacosluogflucrea)l |y <—iaccept abl e salt

t her eof .

Tr ans- 4- {h% f)%l FsSo rgopﬁ am n(ljj)e 2h§xl(§)éatlhk)y]] pl?e C)ufyl l&eln%ylc}pﬁl?alltyhyl 4-{
(39)-3-met vl R t% 1 Ditn A 108t BYIRNGTY! beyerehexanasar Roxtisan

group, a Cl-Cé6 alkoxycarbonyl group, and a 4- to 10-
meMbered heterocyclic group containing iﬁto'4 heteroatoms
which may.be the same or different énd.are.selected from
hitrogen, oxygen, and.sulfur), a Cl-Ceo hydroxyélkyl group
(the hydroxyalkyl group being optionally substituted with
1 'to 3 groups vseieﬁted from a cérboxyl- grbup, a Cl—C6
alkoxycérbonyl group, and'a 4- toiio—membeféd heterocyclic
group containing llto 4 heteroatoms which may be the same
or diffefentuanduére selected.frém nitrégeﬁ,voxygen, and
sulfur), a Cl-C6 alkoxy Cl-C6 alkyl group (the alkoxyalkyl
group being optionally substituted with .1 to 3 groups
éelected from a carboxyl group, a Cl-Cé6 alkoxycarbonyl
group, and a 4- to 10-membered heterocyclic groﬁp
containing 1 to 4 hetercatoms which may be the same or
different and are selected from nitrogen, oxygen, and
sulfur), a 4- to 10-membered heterocyclic group containing
1 to 4 heterocatoms which may be the same or different and
are selected from nitrogen, oxygen, and sulfur, a Cl-Ceo
aminoalkyl group, a Cl-C6 alkoxy group, a Cl-C6 haloalkoxy
group, a Cl-C6 hydroxyalkoxy group, a C6-Cl0 aryloxy group,
a Cl-C6 alkylthio group, .a carboxyl group, a Cl-Cé6

alkoxycarbonyl group, a hydroxy group, a Cl1l-C6 aliphatic



phar macol ogi cal | y acceptable salt thereof. [C ai m 20]
Trans-4-{3-[(2-hydroxy- 2- : 0 ~

met hyl propoxy) et hyl ] phenoxyl - N- et hy% ]N- (3-net hyl-4-

{[(3S)-3-net hyl pi perazin-1- yl]nethyll phenyl)cycl ohexanecar boxam deor
phar macol ogi cal |y acceptable salt thereof. [Caim2l1] 304
Trans-4-({3-[ (2- hydroxy- 2-

?I[EE gél) pgg%%mﬁ%%%lf nglgﬁ%i% gg%)ﬁg%l p Qﬁgl-_)hl-g)(/c_l(r@el)%l—erg%r 5)?51%’ deaor a

oo cokalant 3, 66t bl 58 b ol M EHlytanine LI
a Cl-Co6 alkoxyamino group, a Cl-C6 aliphatic acylamino
group, a cyano group, a nitro group, é Cl-C6 alkylsulfonyl
group, a C1-C6 dialkylaminosulfonyl group, and a C6-C1l0
aryl group].
[Claim 15]
| Trans-4- (4-fluorophenoxy)-N-methyl-N- (4-{[(3S)-3-
methylpiperazin—l-yljmethyl}phenyl)cycldhexanecarboxamide,
trans—4—(4—fluorophenoxy)—N—methyl—N—(3—methyl—4—{[(3S)—3—
methylpiperazin—l—yl]methyl}phenyl)cyclohexahecarbéxamide,
trans—4;t(5—fluoropyridin—2—yl)oxy]—N—methyl—N—(3—methyl—
4—{[(3S)—3—methylpiperazin—1—
yllmethyl}phenyl)cyclohexanecarboxamide, _ trans-4-[3-
(hydroxyméthyl)phenoxy]—N-methyl—N—(3—methyl—4—{[(3S)—3—
methylpiperézin—l-yl]methyl}phenyl)cyclohexanecarboxamide,
trans-4-[3-(2-hydroxyethyl)phenoxy]-N-methyl-N- (3-methyl-
4-{[(3S)-3-methylpiperazin-1-
yljmethyl}phenyl)cyclohexanecarboxamide, ethyl [3-({trans-
4-[methyl (3-methyl-4-{[(3S)-3-methylpiperazin-1-
yl]lmethyl}phenyl)carbamoyl]cyclohexyll}loxy)phenyllacetate,
[3-({trans-4-[methyl (3-methyl-4-{[(3S)-3-methylpiperazin-
1-yl]lmethyl}phenyl)carbamoyl]cyclohexyl}oxy)phenyl]lacetic
acid, isopropyl [3-({trans-4-[methyl(3-methyl-4-{[(3S)-3-

methylpiperazin-1-



yl ] met hyl | phenyl ) car banoyl ] cycl ohexyl | oxy) benzyl net hyl carb amate or a
phar macol ogi cal |y acceptable salt th f. [daim23] L
2-[3-({Trans-4-[net hyl (3-net hyl -4-{[( -3- et hyl pi perazin-| -

yl ] met hyl | phenyl ) car banoyl ] cycl ohexyl | oxy) phenyl J et hyl carb amate or a
phar macol ogi cal |y acceptable salt thereof. [C ai m 24]

2-[3-(1Trans-4-[ met hyl (3-net hyl -4-{[ (3S)-3- nethyl pi perazin-| -

2 Lhar macon d g AR e A v ST P Py Fh YY1 PRbRrLeRl bamte o

J1 1 et iyl Ep ey A Ty GH eSS o B PhenbPFEERGT 505
[Claim 16]

| Trans-4-{3-[ (2-hydroxy-2-

methylpropoxy)methyl]phenoxy}-N-methyl-N- (3-methyl-4-
{[(33)—3—methylpiperazin—1—
yl]lmethyl}phenyl)cyclohexanecarboxamide, trans-4-({3-[(2-
hydroxy—2—methylpropoxy)methyl]phenyl}amino)—N—methyl—N—
(3-methyl-4-{[(3S)-3-methylpiperazin-1- | |
yl]methyl}phenyl)cyclbhexanecarboxamide,’l 3;({trans—4—
[methyl(é—methyl—4;{[(BS)—3—methylpiperazin—i—
yl]methyl}phenyl)Carbamoyl]cyélohexyl}oxy;benéylmethylcarb
amate, 2-[3-({trans-4~[methyl (3-methyl-4-{[(3S)-3-
methylpiperazin-1-
yl]lmethyl}phenyl)carbamoyl]cyclohexyl}oxy)phenyl]ethylcarb
amate, 2—[3—({trans—4—[methyl(3—methyl;4—{[(3S)—3—
methylpiperazin—l—
yl]lmethyl}phenyl)carbamoyl]cyclohexyl}lamino)phenyl]ethyl
methylcarbamate, 2-[3-({trans-4-[methyl (3-methyl-4-{[(3S)-
3-methylpiperazin-1-
yllmethyl}phenyl)carbamoyl]cyclohexyl}amino)phenyl]ethyl
dimethylcarbamate, trans-4-{3-[2~(isopropylamino) -2~
oxoethyl]lphenoxy}-N-methyl-N-(3-methyl-4-{[(3S)-3-
methylpiperazin-1l-yl]lmethyl}phenyl)cyclohexanecarboxamide,

trans-4-[ (2-cyanopyridin-4-yl)oxy] -N-methyl-N-(3-methyl-4-



di met hyl carbamate or a pharmacol ogically acceptable salt thereof. [Claim
26] Anedi canment conpri si ngt,hecorrpound_cgoiihar macol ogi cal | y .acceptabl e salt

t hereof according to any one of clains to 25 as an active ingredient.
[Caim27] The nedi canent according to claim26, for use in
preventing or treating a di sease associated with GPR38. [Claim 28] A

t herapeuti cor prophyl acticagentfor a gastrointestinal disorder associated

W th hypo{r’rp(}:,jé)ijy_'mdé:&?{ﬂ)%gg&m_fgnpound or pharmacol ogi cal ly acceptabl e
in

salt thereof accor 0 any one of clainms 1 to 25 as an active

. di _ i h ' . hyl act | t f
11 abl & VT e e VYR S R B e act FEparesi 5, L or
consti pati.on

her col GO RGS Sy bt STE LT A frocd! For BBT48 an active i naredient
[Caim SOEICl,AgiQT?rla.P]euti cor prophyl acti cagent f or
Trans-4-[3- (hydroxymethyl)phenoxy] -N-methyl-N- (3-
methyl-4-{[ (3S)-3-methylpiperazin-1-
yl]methyl}phenyl)c?clohexanecarboxamide or a
pharmaéologically écceptablé éalfnthéréof.:.‘. o

[Claim 18]

iuATféns—4—[(2—cyéno§yridin—4—yl)5#&]—N-methfl—N—(3— s

methyl-d-{ [ (38) ~3-methylpiperazin-1-
yl]ﬁéthyl}phenyl)cyclohexanecarboxamide or a
pharmacologically acceptable salt thereof.

[Claim 19]

Trans—-4-{3-[2-(isopropylamino)-2-oxoethyl]phenoxy}-
N-methyl-N- (3-methyl-4-{[(38) -3-methylpiperazin-1-
yl]lmethyl}phenyl)cyclohexanecarboxamide or a
pharmacologically acceptable salt thereof.

[Claim 20]

Trans—-4-{3-[ (2-hydroxy-2-
methylpropoxy)methyl]phenoxy}-N-methyl-N-(3-methyl-4-
{[(38)-3-methylpiperazin-1-
yllmethyl}phenyl)cyclohexanecarboxamide or a

pharmacologically acceptablemsalt thereof.

[Claim 21]



gast roesophageal reflux disease, functional dyspepsia,
irritablebomelsyndrone,diabeticgastrqﬁ? esis,- 306 constipation,

opi oi d-i nduced bowel dysfunction, par @tic il eus, or postoperative
gastrointestinal paralysis, conprising the conpound or pharnmacol ogically
acceptabl e salt thereof according to any one of clains 1 to 25 as an active
ingredient. [Caim 31] Use of the conpound or pharnacol ogically
accept abl e sal&igggig_quﬁffgggp o any_one of claims 1 to 25 for the

manuf act ure of “a prophy :ﬂ%r%beutic agent for a gastrointestinal

di d iated with tility. [Claim32 ‘
Aot hodl 81T SUB THECE (VST POa ALt | SThTBor i -8y doFadP AEEhasd with
h tilit i Si adm ni steyi ffecti t of th

rech canrert! ORI o RART B -

yl]methyl}phenYl)cyclohexanecarboxamide or a
pharmabolégicaily acceptable salt thereof.
[Claim 22} | | |
| 3= ({Trans-4- [methyl (3-methyl-d—{ [ (3S)-3-
methylpiperazin—l—'
?l]me£hyi}phenyl)carbamoyl]cyclohexyl}oxy)benzylmethylcarb
amate or a pharmacologically acceptable salt‘thereof.
[Claim 23] |

2—[3—({Trans—4—[methyl(3—methyi—4—{[(35)?3—
methylpiperazin-1-
yllmethyl}phenyl)carbamoyl]cyclohexyl}oxy)phenyl]ethylcarb
amate or a pharmacologically acceptable salt thereof.
[Claim 24]

2-[3-({Trans-4-[methyl (3-methyl-4-{[(3S)-3-
methylpiperazin—l— | |
yl]methyl}phenyl);arbamoyl]cyclohexyl}amino)phenyl]ethyl
methylcarbamate or a pharmacologically acceptéble salt
thereof.
[Cléim 25]

2-[3-({Trans-4-[methyl (3-methyl~4-{[ (3S5)-3-
methylpiperazin-1-

yl]lmethyl}phenyl)carbamoyl]cyclohexyl}lamino)phenyl]lethyl
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dimethylcarbamate or a pharmacologically acceptable salt
thereof.
[Claim 26]

A medicament comprising the compound or
pharmacologically‘acceptéble salt thereof according to any
one of claims 1 to 25 as an active ingredient. |
[Claim 27]

The medicament according to claim 26, for use in
preventing or treating a disease associated with GPR38.
[Claim 28]

A therapeutic or prophylactic -agent for a
gastrointestinai disorder associated with hypomotility,
comprising the compound or pharmacologically acceptable
salt thereof according to any one of claims 1 to 25 as an
active ingredient.

[Claim 29]

A therapeutic or prophylactic' agent fof irritable
bowel syndrome with constipation, diabetic gastroparesis,
or constipation, ‘ cpmprising _the:_}_gqmpoqu or
pharmacoiogically acceptable salt theieof according io any
one of claims 1 to 25 as an active ingredient.

[Claim 30]

A therapeutic or prophylactic agent for

gastroesophageal reflux disease, functional dyspepsia,

irritable bowel syndromne, diabetic gastroparesis,



306

constipation, opioid—induced bowel dysfunctioﬂ, péralytic
ileus, vor postoperative gastrointestinal paralysis,
comprising the compound or pharmacologically acceptable
salt thereof according to any one of claims 1 to 25 as an
active ingredient.

[Claim 31]

Use of the compound or pharmacologically acceptable
salt thereof according to any one of claims 1 to 25 for
the manufacture of a prophylactic or therapeutic agent for
a gastrointestinal disorder associated with hypomotility.
[Claim 32]

A method for preventing or treating a
gastrointestinal disorder associated with hypomotility,
comprising administering an effective amount of the

medicament according to claim 26.



