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1 DESCRIPTION MORPHOLINE TYPE CINNAMIDE COMPOUND
Technical Field [0001] The present invention relates to a morpholine type
cinnamide compound and a pharmaceutical agent 5 comprising the
compound as an active ingredient. More specifically, the present
invention relates to a nonpeptidic two cyclic cinnamide compound and an
amyloid-Q (hereinafter referred to as AR) production inhibitor which
comprises the compound as arfattveRDliAYredient and is particularly

effective for tr n e ' is ed by AR
such as AIzhgﬁégﬁg %%i%e%%ov%ﬁ@i@#é%%e&@a%ﬁgﬁ%nd Arts
[0002] 15 Alzheimer's disease is a disease characterized by degeneration
and loss of neurons as well as formation of senile plaques and
neurofibrillary degeneration. Currently, Alzheimer's disease is treated
only with symptomatic treatment using a symptom 20 improving agent
typitied by an aEéfytcholinesterase inhibitor, and a fundamental remedy to
inlp%’to Pﬁogression of the disease has not yet been developed. Itis
necessary to develop a method for controlling the 2 cause of the onset of

pathology in ordertoreatera fundamentsh reraedy &r Alzheimes'spholine

disease.
type cinnamide compound and a pharmaceutical agent
comprising the compound as an active ingredient. More
specifically, the present invention relates to a
nonpeptidic two cyclic cinnamide compound and an
amyloid-P (hereinafter referred to as AP) production
inhibitor which comprises the compound as an active
ingredient and is particularly effective for treatment

of a neurodegenerative disease caused by AP such as

Alzheimer's disease or Down's syndrome.

Background Arts
[0002]

Alzheimer's disease is a disease
characterized by degeneration and loss of neurons as
well as formation of senile plagques and neurofibrillary
degeneration. Currently, Alzheimer's disease is
treated only with symptomatic treatment using a symptom
improving agent typified by an acetylcholinesterase
inhibitor, and a fundamental remedy to inhibit
progression of the disease has not yet been developed.

It is necessary to develop a method for controlling the
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It is assumed that 4-proteins as metabolites of amyioid precursor proteins
(hereinafter referred to 5 as APP) are highly involved in degeneration and
loss of neurons and onset of symptoms of dementia (see Non- Patent
Documents 1 and 2). An AR-protein has, as main components, AR40
consisting of 40 amino acids and AR42 in which the number of amino
acids is increased by two 10 at the C-terminal. The 440 and AR42 are
kifoWIs fo Ravé gk g8 fedabiilty [SEeREH-PdteR6EURENCI P aridtor

be majn components of entjlhe laqu s%{see Non-Patent Documents 3, 4
RATS) F ARG it 1 B 12 the ARAD Zd AR

an er, it and AR47 §7¢ increased by
mutation in APR andslapresenitingenesAphich isabserved intamiliah i tes
Alzheimer's disease (see Non-Patent Documents 6, 7 and 8).

Accordingly, ‘adcampound that pedicesnprodbetion ob ARAD ard ARAZhds
been exgﬁicted as a progression inhibitor or prophylactic agent for

ARRefthér's 265dige: .%ﬁ%vﬁrjoﬂ%?}ed_%y g APPPBy R2SecretizeCt
and subsequently by y-secretase, For this 5%%%%&%%@% avepeen

made to create y-secretase and p- secretase inhibitors in order to reduce
4 preduction. 28 Manysofithese segretaseninkfbitors alkeady KBQWA &reéva i n
for example, peptides and peptide mimetics such as L- 685,458 (see
NoarRatearDecumBAP O and LYtATIE 75f(sé8 RohRatentDecamentd42
10, 11 and 12). 3 [Non-Patent Document 1] Klein, WL, and seven others,

Aleldrd disBEse- AfBEled Brafl Breséice sr 15 tnereased by two

at the C-terminal. The AP40 and AP42 are known to have
high aggregability (see Non-Patent Document 3) and to
be main components of senile plagques (see Non-Patent
Documents 3, 4 and 5). Further, it is known that the
AB40 and AP42 are increased by mutation in APP and
presenilin genes which is observed in familial
Alzheimer's disease (see Non-Patent Documents 6, 7 and
8). Accordingly, a compound that reduces production of
AB40 and AP42 has been expected as a progression
inhibitor or prophylactic agent for Alzheimer's
disease.

AB is produced by cleaving APP by P-secretase
and subsequently by Y-secretase. For this reason,
attempts have been made to create Yy-secretase and -
secretase inhibitors in order to reduce AP production.
Many of these secretase inhibitors already known are,
for example, peptides and peptide mimetics such as L-
685,458 (see Non—-Patent Document 9) and LY-411575 (see

Non-Patent Documents 10, 11 and 12).
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oligomeric AR ligands (ADDLSs) suggests a molecular 5 basis for
reversible memory loss, Proceding National Academy of Science USA
2003, Sep 2; 100(18), p.10417- 10422; [Non-Patent Document 2] Nitsch
RM, and sixteen others, Antibodies against (3-amyioid slow 10 cognitive
decline in Alzheimer's disease, Neurgn, 2003, May 22; 38, p.547-554;
[Non-Patent Document 3] Jarrett JT, and two others, The carboxy
terminus of the Q amyioid protein is critical for the seeding of amyioid

formation: 15 Implicatigns for the pathogenesis of Alzheimer's disease
Blochemisty, 1605, 35(16) 154085 HESyT [Non-Fatent DALmenEap cven
Gianner GGaand eneother, Alzheimer's diseasednitiah ieportefdhence of
purification and characterization of a novel 20 cerebrovascuiar amyioid
proteigpBmichenfifal lainge bibphyaicalesearcivesrmunicatibas 1884,

May 16, 120(3), p.885-890; [Non-Patent Document 5] Masters CL, and
iR DtFersC Anfyfoid praduecatetstbiein e AlzhBimé&es5 biselaé anaa !

DRWO Y f%@esﬁaoecr?géan'é'g“%ﬁcaé*swz of ??E?Pf%HSA’. 19897
Jun, 82(12), p.4245-4249; [Non-Patent Document 6] Gouras éOK, an
eleyen pihers, Intraneuronai AR42 accumulation in human 4 brain,
American Journal of Pathology, 2000, Jan, 156(1), p.15-20; [Non-Patent

Document 7] Séheuneérdy,eand Document 2]  Nitsch RM, and

sixteen others, Antibodies against P-amyloid slow
cognitive decline in Alzheimer's disease, Neuron, 2003,
May 22; 38, p.547-554;

[Non—-Patent Document 3] Jarrett JT, and two
others, The carboxy terminus of the P amyloid protein
is critical for the seeding of amyloid formation:
Implications for the pathogenesis of Alzheimer's
disease, Biochemistry, 1993, 32(18), p.4693-4697;

[Non—-Patent Document 4] Glenner GG, and one
other, Alzheimer's disease: initial report of the
purification and characterization of a novel
cerebrovascular amyloid protein, Biochemical and
biophysical research communications, 1984, May 16,
120(3), p.885-890;

[Non—-Patent Document 5] Masters CL, and five
others, Amyloid plague core protein in Alzheimer
disease and Down syndrome, Proceding National Academy
of Science USA, 1985, Jun, 82(12), p.4245-4249;

[Non—-Patent Document 6] Gouras GK, and

eleven others, Intraneuronal AP42 accumulation in human



10

15

20

25

twenty others, Secreted amyloid R-protein similar to 5 that in the senile
plaques of Alzheimer's disease is increased in vivo by the presenilin 1 and
2 and APP mutations linked to familial Alzheimer's disease, Nature
Medicine, 1996, Aug, 2(8), p.864-870; [Non-Patent Document 8] Forman
MS, and four 10 others, Differential @ffects of the swedish mutant
amyloid precursor protein on (3-amyloid accumulation and secretion in

néidhs anfiiohnetfora '¢ells. T J6@rhaP bf BiologiedPchemistry,

1%%76‘ ﬁgc 19, 2[_752_5%) p.32247-32253; 15 [Non-Patent Document 9]
Shearmard M5, and” nine others, L-685,458, an Aspartyi Protease

Transition StatenMimis sl Potent lihibitorof Amyleid.a£rotein ang
Precursor y-Secretase Activity, Biochemistry, 2000, Aug 1, 39(30),

p 1869887 04; R6:{NonRateat Bocamehd 10] ShearotaniMS; andlsix to
others, Catalytic Site-Directed y-Secretase Complex Inhibitors Do Not

Dlscfiminate PrarfiftoldyicalIbetvesen NGRA ST and FEAPPASE 15
Cleavages, Bioghemisiry. %{O%%qéugrzé‘séﬁﬁ%@npf 580758628 app

[Non-Patent Document 11| Lanz TA, and three others, Studies of AR
pharmacoslysamicsciadhe braiam cerehrospinabiuid rard plasgasin, young
(plaque-free) Tg2576 mice using the y-secretase inhibitor N2-[(2S)-2 5

(3 Btdifigoréphienyir2-hyidt8xyethagoyiENE)[(7$)-564-870;
methyl-6-oxo-6,7-dihydro-5H-diben%b,dl azepin-?-yl}l\-L- alaninamide
(LY-411575), ThEGSurnal6f phatiiadbiogy ©! Forman MS, and four

others, Differential effects of the swedish mutant
amyloid precursor protein on P-amyloid accumulation and
secretion in neurons and nonneuronal cells, The Journal
of Biological Chemistry, 1997, Dec 19, 272(51),
P.32247-32253;

[Non—-Patent Document 9] Shearman MS, and
nine others, L-685,458, an Aspartyl Protease Transition
State Mimic, Is a Potent Inhibitor of Amyloid P-Protein
Precursor 7Y-Secretase Activity, Biochemistry, 2000, Aug
1, 39(30), p.8698-8704;

[Non—-Patent Document 10] Shearman MS, and
six others, Catalytic Site-Directed Y-Secretase Complex
Inhibitors Do Not Discriminate Pharmacologically
betweeen Notch S3 and P-APP Cleavages, Biochemistry,
2003, Jun 24, 42(24), p.7580-7586;

[Non—-Patent Document 11] Lanz TA, and three
others, Studies of AP pharmacodynamics in the brain,
cerebrospinal fluid, and plasma in young (plaque-free)

Tg2576 mice using the Y-secretase inhibitor N2-[(2S)-2-
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and experimental therapeutics, 2004, Apr, 309(1), p.49- 5 55; [Non-Patent
Document 12] Wong GT, and twelve others, Chronic treatment with the
y-secretase inhibitor LY-411,575 inhibits (3-amyloid peptide production
and alters lymphopoiesis and intestinal cell 10 differentiation, The journal
of biological chemistry, 2004, Mar 26, 279(13), p.12876-12882.
Disclosures of the Invention Probimes to be Solved by the Invention

[0098P 15 Ws!escriprE MbbYe 2a Bfipotnd tharifkibitsNprobitétiom ef
AR4O a R42 fr as been expected a apeutic or
?1 rP% (%FE %ro gl? Jb% I(fhgi el‘?ea by -y1l]-

prophylactc agent se cause

AEZD@K&%&@@@&%YH@Y\@WB )3 n@mep}@&ﬁ@mp@@n@ﬁaymgduq%gy
efficacy 20 which inhibits production of AR40 and AR42 has not yet been

krowin eAgcordingly; sherehis aawedfor a,noveD JowAnolecilat-weightp . 49—
compound that inhibits production of 440 and AR42. Means for Solving
the"Prebiems 25 [0004] As a result of extensive studies, the present 6

inventors have f %‘ﬁh | 3 noppeptgic %OVRPO'{? P&, ﬁ'gné'ir”d%nd twelve
compound that | its production of A1340 and A1342 from APP for the

first Hiees andihus fovndra prephyactic-or therapeutic-agant der a giseaseor
caused 5 by Aa which is typified by Alzheimer's disease. This
LY-411,575 inhibits P-amyloid peptide production and
alters lymphopoiesis and intestinal cell

differentiation, The journal of biological chemistry,

2004, Mar 26, 279(13), p.12876-12882.

Disclosures of the Invention
Problmes to be Solved by the Invention
[0003]

As described above, a compound that inhibits
production of AP40 and AP42 from APP has been expected
as a therapeutic or prophylactic agent for a disease
caused by AP which is typified by Alzheimer's disease.
However, a nonpeptidic compound having high efficacy
which inhibits production of AB40 and AP42 has not yet
been known. Accordingly, there is a need for a novel
low—molecular-weight compound that inhibits production

of AP40 and AP42.

Means for Solving the Preblems
[0004]

As a result of extensive studies, the present



10

15

20

finding has led to the accomplishment of the present invention. [0005]
Specifically, the present invention relates 10 to 1) A compound
represented by the formula (I): [Fornuia 1] 0 Xa NXj Art NON )a' XR1
RR4 (I) 3 R Me or a pharmacologically acceptable salt thereof, wherein
(d) R1, R2, R3, and R4 are the samegor different and each represent a
hydrogen atom or a Cl-6 15 alkyl group; X1 represents a CI-6 aikyiene
gﬂfﬂjbe%%Fénl%ﬁéf@l %O%ﬂ@/le’jhél@r%%%é(}bé éﬁl‘b%fi’ﬁu@édLWﬁhtlyﬁ%

drox i ups or Cl-6 roups Whe the r a
oé SRk i S o OB B0 o £ LT e e
formes by -two &6 atleyl grosps iQQ,e:th%&l%%r)d%dq@ thesame garpon

atom of the 7 C1-6 aikylene group; Xa represents a methoxy group or a
flyorineh atem £ Xb represeatsar okygerngtont of amethglenea5groapsed

prowded that Xb is only an oxygen atom when Xa _
by AP which is typified by Alzheimer's disease. This

finding has led to the accomplishment of the present

invention.
[0005]
Specifically, the present invention relates
to
1) A compound represented by the formula (I):

[Fornula 1]

or a pharmacologically acceptable salt thereof, wherein
(a) Rl, RZ, R3, and R? are the same or
different and each represent a hydrogen atom or a Cl-6
alkyl group;
X1 represents a Cl-6 alkylene group, wherein the Cl1-6
alkylene group may be substituted with 1 to 3 hydroxyl
groups or Cl-6 alkyl groups, wherein the Cl-6 alkyl
groups may be substituted with 1 to 3 hydroxyl groups,
or a C3-13 cycloalkyl group formed by two Cl-6 alkyl

groups together bonded to the same carbon atom of the
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is a methoxy group; and Arl represents an aryl group, pyridinyi group,
aryloxy group, or pyridinyloxy group that may be substituted with 1 to 3
substituents selected from 10 Substituent Group Al; (b) Arl-X1-
represents a C3-8 cycioaikyi group condensed with a benzene ring,
wherein one methylene group on theyC3-8 cycioaikyi group may be
substituted with an oxygen atom, the C3-8 cycioaikyi group may be 15
stbstitutedXitt L %o 31R/dRexyl groups and/or C1-6 alkyl groups, and the
benzene ring may Qe Slrjgstitutced with 110 3 sub;t(i)tuentosrseallecftfd (grlprrr]l o
Substituent Grotip ﬁ?ané?ﬂ, ??23 FE%? f,%ga, nd Xb &re 8s defined in
(@r2@ fc) one of R1 and R2 and one of R3 and R4 are the same or
different and each represent a hydrogen atom or a C1-6 alkyl group; the
other of R1 andXR2raxpd ¢he otireraof R8:ane R4 together with¢hidgadoon
atoms to which they are respectively bonded, form a C3-8 25 cycioaikyi

grFUP R eP&in e €3-8 e tiodikyt grétip-thay " be suBsHtuted Wit 19D 3%
suhstituent ted from. Substituent Group Al; and X1, Xa, Xb, and Arl
alrig' as‘,li g‘%ﬁng%%; ( c()gru(%; ng?§) Arl-X1- and R4, together with the
nitrogen atom tawhiebArd 9%1rtis bonded anddhegarbeiyatom 6, whiehup,
R" is bonded, form a 4- to 8-membered nitrogen- containing heterocyclic
geuplthay may becsulsstitutsd Bty asErylagroup of pyridingirgrerp,

wherein one , .
substituted with 1 to 3 substituents selected from

Substituent Group Al;

(b) Ar;—X;— represents a C3-8 cycloalkyl group

condensed with a benzene ring, wherein one methylene
group on the C3-8 cycloalkyl group may be substituted
with an oxygen atom, the C3-8 cycloalkyl group may be
substituted with 1 to 3 hydroxyl groups and/or Cl-6
alkyl groups, and the benzene ring may be substituted
with 1 to 3 substituents selected from Substituent

3, R4, Xa, and Xp are as defined

Group Al; and Rl, RZ, R
in (a);

(c) one of R! and R? and one of R’ and R? are
the same or different and each represent a hydrogen
atom or a Cl-6 alkyl group; the other of R' and R? and
the other of R’ and RY, together with the carbon atoms
to which they are respectively bonded, form a C3-8
cycloalkyl group, wherein the C3-8 cycloalkyl group may
be substituted with 1 to 3 substituents selected from

Substituent Group Al; and X;, Xi, Xp, and Ar; are as

defined in (a) or (b);
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methylene group on the 4- to 8-membered nitrogen- containing

heterocyclic group may be substituted with a methylene group substituted
with 1 or 2 substituents selected from Substituent Group Al, a vinylene
group 10 that may be substituted with 1 or 2 substituents selected from
Substituent Group Al, an oxygen atom, or an imino group that may be
substituted with a substituent selected from Substituent Group Al, and the
aryl group or pyrftlinytgrotip may BesubstitetelVith ¥ 150 B substidetisn

selgcted from.Su stihuengg;roup Al; 8(nb rgpresg;].%han oxygen atg@d' and

R1-R3, R3, 4hd XA aie'ad defired n (ja? and (b); €y R1and R2. togIgthteor

with the, carbans atom dewhieh they.are bandegl, ferha £3:8,cycioaliyih -
group; 20 and R3, R4, X1, Xa, Xb, and Arl are as defined in (a) and (b);
orc(nR3iantrkR4 hogether withithegarben atom toayhick tlseyoartei tuted
bonded, form a C3-8 cycioaikyi group; and R1, R2, X1, Xa, Xb, and Arl
areas définétd %l(a%ﬂapzﬂb)p(is{nbéﬁm}éht ErEUP AINET At geH

alom., (@) &, aydroxyl argup.63) acyang gropp, (4) a.G53+8; eycioaikyl
5 glgoalﬁ ik W%

group, a C3-8 cy oxy group, (6) a9 C1-6 alkyl group, wherein the
Camakyhgreyprsay be csulistitutgd with kg Shalegersatomseone th a
three C1-6 aikoxy groups, (7) an amino group that may be substituted

with ‘omelertwodT Peralkyl gt apst veitereint® the C1-6& akkybgrotips enays

be substjtuted with 1to 5 | ,
selected from Substituent Group Al, a vinylene group

that may be substituted with 1 or 2 substituents
selected from Substituent Group Al, an oxygen atom, or
an imino group that may be substituted with a
substituent selected from Substituent Group Al, and the
aryl group or pyridinyl group may be substituted with 1
to 3 substituents selected from Substituent Group Al; Xp
represents an oxygen atom; and Rl, RZ, R3, and X, are as
defined in (a) and (b);

(e) R! and RZ, together with the carbon atom
to which they are bonded, form a C3-8 cycloalkyl group;
and R3, R4, X1, Xi, Xy, and Ar; are as defined in (a) and
(b); or

(f) R’ and R4, together with the carbon atom
to which they are bonded, form a C3-8 cycloalkyl group;
and Rl, RZ, X1, Xi, Xy, and Ar; are as defined in (a) and
(b)

(Substituent Group Al: (1) a halogen atom, (2) a
hydroxyl group, (3) a cyano group, (4) a C3-8

cycloalkyl group, (5) a C3-8 cycloalkoxy group, (6) a
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halogen atoms, (8) a C1-6 aikoxy group, wherein the CI- 6 aikoxy group
may be substituted with 1 to 5 halogen atoms, and (9) a carbamoyi group
that may be substituted with one or two C1-6 alkyl groups, wherein 10 the
C1-6 alkyl groups may be substituted with 1 to 3 halogen atoms); 2) The
compound or pharmacologically acceptable salt thereof according to 1)
above, wherein the compound is represented by the formula (I-a):
[#b%m@lééﬁ@h\/l@@%@«rt RROTRORA 192)CNIN (P BRY R gROWR T@Y be

whe ein R2 R3, R4, X| and rj are as defined in 1) above; 3
com%oun% orp armgélologlcallysgécep?gﬁe satl? ﬂ}}eré)of accort} 3 % i?e

abave; whereithg-eRppound is represented by dhe farmula (i) 1Qe

[Formula3]p R5R6 XaN 4 Art-a R NON XR1zR3 () R
substituted with one or two Cl-6 alkyl groups, wherein
the Cl1-6 alkyl groups may be substituted with 1 to 5
halogen atoms, (8) a Cl-6 alkoxy group, wherein the Cl-
6 alkoxy group may be substituted with 1 to 5 halogen
atoms, and (9) a carbamoyl group that may be
substituted with one or two Cl-6 alkyl groups, wherein
the Cl1-6 alkyl groups may be substituted with 1 to 3
halogen atoms);

2) The compound or pharmacologically acceptable
salt thereof according to 1) above, wherein the

compound 1is represented by the formula (I-a):

[Formula 2]

O

MeO AN Pd/)jrl\n

PR

L
Me
wherein Rl, RZ, R3, R4, X1, and Ar; are as defined in 1)
above;
3) The compound or pharmacologically acceptable

salt thereof according to 1) above, wherein the

compound 1is represented by the formula (II):
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Me wherein R1, R2, R3, R4, Xa, and Xi, are as defined in 1) above; R5
and R6 are the same or different and each represent a hydrogen atom or
a C1-6 alkyl group, wherein the C1-6 alkyl group may be substituted with
1 5 to 3 hydroxyl groups; and Aria represent a phenyl group or pyridinyl
group that may be substituted with 11to 3 substituents selected from
Substituent Group Al as defined in 1) above; 4) The compound or
pHarPratolegiédlly acceptable 10 salt thereof according to 3) above,
wherein the compound is[pggsgn@d by the formula (11- a)' [Formula 4] p
R5 R6,MeO N'Y~'Arl-a R4 Nr

and R =" Vi Rg R6, and Arl_a are as deflned

in 3) above, tharmacol ?lcally acceptable 15 salt

ther e Rerein the 11 Bompound is represented
r

wherein Rl, RZ, R3, R4, Xa, and Xp are as defined in 1)
above; R°> and R® are the same or different and each
represent a hydrogen atom or a Cl-6 alkyl group,
wherein the Cl-6 alkyl group may be substituted with 1
to 3 hydroxyl groups; and Ar;., represent a phenyl group
or pyridinyl group that may be substituted with 1 to 3
substituents selected from Substituent Group Al as
defined in 1) above;

4) The compound or pharmacologically acceptable
salt thereof according to 3) above, wherein the
compound 1is represented by the formula (II-a):

[Formula 4]
O ROSR®
MeO N NKAH .

R4

Me

wherein Rl, RZ, R3, and R! are as defined in 1) above;
and R5, R6, and Ar,_, are as defined in 3) above;
5) The compound or pharmacologically acceptable

salt thereof according to 3) above, wherein the
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NON R1 R3 (11-b) R Me wherein R1, R2, R3, and R" are as defined in
1) above; and R5, R6, and Arl_a are as defined in 3) above; 6) The
compound or pharmacologically acceptable 5 salt thereof according to 3)
above, wherein the compound is represented by the formula (lI-c):
[Formula 6] HOR7 OF N Arta 4 1lia NON R1 R3) R 2 Me wherein R1,
R2, R3, and R" are as defined in igaabove; R7 represents a hydrogen
atoPTBP AN -6l A RFSHS Hrer AP i§ a8 defiéd 1 3f abole; 10 7) The

Zﬁrpggunq or Bl?armacologically acceptable salt thereof according to 3)

ove,mvvlhereln the compound is represented by the formula (lI-d): 12
[Formula 7] p R5 R6 -a FONR? [®E.d)

F = N%AH -a

O R lI-b

Me

wherein Rl, R

, R3, and R? are as defined in 1) above;
and R5, R6, and Ar,_, are as defined in 3) above;

6) The compound or pharmacologically acceptable
salt thereof according to 3) above, wherein the
compound 1s represented by the formula (II-c):

[Formula 6]

F N N Ar{a
o AR g
o~ -C
N;J R R2 R?

2, R3, and R? are as defined in 1) above; R’

wherein Rl, R
represents a hydrogen atom or a Cl-6 alkyl group; and
Ar,. 5, is as defined in 3) above;

7) The compound or pharmacologically acceptable

salt thereof according to 3) above, wherein the

compound 1s represented by the formula (II-d):
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R NN R1 R 2R Me wherein R1, R2, R3, and R" are as defined in 1)
above; and R5, R6, and Arl_a are as defined in 3) above; 8) The
compound or pharmacologically acceptable salt thereof according to 3)
above, wherein the 5 compound is represented by the formula (ll-e):
[Formula 8], OHOR7 FN 4 ArlaNN R1 3 (l1-e) R 2R Me wherein R1,
R2, R3, and R" are as defined in 1) above; Aria is as defined in 3) above;
and R798-63 deffined in 6) above; 9) The compound or pharmacologically
acceptable 10 salt thereo@cgﬁdﬁ@ to 1) above, wherein the compound

is represented by the formijla (I-Y): 13 [Formula 9] R1"R14 O0Y MeO N
4 NON = : Arq_,
R4
~N AT RS (I1-d)
N);A R2
Me

3

wherein Rl, RZ, R°, and R* are as defined in 1) above;

and R5, R6, and Ar,_, are as defined in 3) above;
8) The compound or pharmacologically acceptable
salt thereof according to 3) above, wherein the

compound 1is represented by the formula (II-e):

[Formula 8]

- N N Ar{.q
R e
o~ e
N;J R" ke R
Me

3, and R? are as defined in 1) above;

wherein Rl, RZ, R
Ar, 5, is as defined in 3) above; and R’ is as defined in
6) above;

9) The compound or pharmacologically acceptable

salt thereof according to 1) above, wherein the

compound 1is represented by the formula (I-b):
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wherein R1, R2, R3, and R" are as defined in 1) above; R13 and R14 are
the same or different and each represent a hydrogen atom or a
substituent selected from Substituent Group Al as defined in 1) above;
and Y 5 represents a methylene group or an oxygen atom; 10) The
compound or pharmacologically acceptable salt thereof according to 9)
above, wherein R13 and R14 are the same or different and each
repfé€séht g2hytrogen atom, a halogen atom, or a C1-6 alkoxy group; 10
11) The compound or phar Iopidaﬂlly acceptable salt thereof
according to 1) above, whereintfig, compound is represented by the
formula (I-c): [Formula 10] O eON)m NONOZ1 (1-c) R Me
wherein R1 and R2 are a gefi ' J;}/above; Arl_, represents a phenyl
groyp. or pyridiny! gr At may 14 be substituted with 1 to 3
subsyl s yihieh & ffferent and selected from
Substituent EZMS a methylene group or vinylene group
that A N2 substituer(fs[§)selected from
Supgtituent Group Al aB diefinedin 1) above, an oxygen atom, or an imino
grouhﬁ'\%t may be substitutéd V\Fﬁa substituent selected from

Me

2, R3, and R? are as defined in 1) above;

wherein Rl, R
R and R' are the same or different and each represent
a hydrogen atom or a substituent selected from
Substituent Group Al as defined in 1) above; and Y
represents a methylene group or an oxygen atom;

10) The compound or pharmacologically acceptable
salt thereof according to 9) above, wherein RY® and R'“
are the same or different and each represent a hydrogen
atom, a halogen atom, or a Cl-6 alkoxy group;

11) The compound or pharmacologically acceptable
salt thereof according to 1) above, wherein the

compound 1is represented by the formula (I-c):

[Formula 10]

@) /\r1_c

MeO N NJ\ﬁ) -
N SR
I“7F§J R |q2

Me

wherein R’ and R? are as defined in 1) above; Ar;..

represents a phenyl group or pyridinyl group that may
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Substituent Group Al; and n and m are the same or different and each 10
represent an integer of 0 to 2; 12) The compound or pharmacologically
acceptable salt thereof according to 11) above, wherein Z1 represents a
methylene group, wherein the methylene group may be substituted with 1
or 2 substituents which 15 are the same or different and selected from the
group consisting of a C1-6 alkyl group and a hydroxyl group; and n and

mPEact fepredeitad 18} Fhe tohtpountdrhidritRiebRgitalyacesptable

saltthereof accouling fo 11) ghove, whereinz1, 204epresents,an oxyoey
atom, and n and m represent an integer of 1; fﬁs € compouna or

pharmacologisally ageeptables saly thereotacaording to 1) abeve, wherein
Arl represents an aryl group or pyridinyi group, or an aryl 25 group or
pyidityirgrgupsubstitatettwitied te 3t halogen a&tomsp45) Thercompound
or pharmacologically acceptable salt thereof accordirfljg to 1) above,

Wﬁ@ﬂeﬁﬁ%‘?fj_l _ rréf?re%%ﬁ ébﬂ%ﬁﬁ gﬁB@B%r%&ri&iﬁy GrotpS6r 4 pHenyl
gﬁ%gv%r,pyéﬁ'ryigng%% Sybsfituted with b%ﬁﬁ??oh logen afoms: ?g@yﬂﬂ;ee

compound or pharmacologically acceptable 5 salt thereof according to 1)
abewes wheareindthe i eompound iscselacted fram dhe fllowirgagroup: 1)

(2)-2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-I-
Substituent Group Al;
and n and m are the same or different and each
represent an integer of 0 to 2;
12) The compound or pharmacologically acceptable
salt thereof according to 11) above, wherein Z;
represents a methylene group, wherein the methylene
group may be substituted with 1 or 2 substituents which
are the same or different and selected from the group
consisting of a Cl-6 alkyl group and a hydroxyl group;
and n and m each represent 1;
13) The compound or pharmacologically acceptable
salt thereof according to 11) above, wherein Z;
represents an oxygen atom, and n and m represent an
integer of 1;
14) The compound or pharmacologically acceptable
salt thereof according to 1) above, wherein Ar;
represents an aryl group or pyridinyl group, or an aryl
group or pyridinyl group substituted with 1 to 3
halogen atoms;
15) The compound or pharmacologically acceptable

salt thereof according to 1) above, wherein Ar;
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yi)phenyilmethylidene]-4-(3,4,5- trifiuorobenzyi)morpholin-3-one, 10 2)
(2)-2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-I
yi)phenyilmethylidene]-4-(2,3,4- trifiuorobenzyi)morpholin-3-one, 3)
(2)-(S)-2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-I
yl)phenyl]methylidene]-6-methyl-4-(3,4,5- 15
trifluorobenzyi)morpholin-3-one, 4)

(DR ER3-nSthBRZAYA-metiyR I miiazofiny L group, or a

Nph hylid -6-methyl-4-(3,4,5- trifi b i holin-3- ,
ypbenyinegenel el e O uasterenanieln s

yiyphenymethylidene]-6-methyl-4-(2,3,4- trifiuorobenzyi)morpholin-3-one,
6) (2)-(R)-2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yijghenyl]methyllidenepdramethy|-4:(2 3 -rtrificorobenzyi)merphotinid-eheé e
257 (Z)-4-[(S)E?I]-§(4-fluorophenyi)ethyl]-Z-[I-[3-methoxy- ,
438-rhethYEIFEMidAZ6A)PREnTTméthyliberé) Bherein the

di&%@%{%r’@ ””5310583@1 (%)'@iﬁ-{q@)%-éﬁi'g&&?@e&y@sg‘w]-?['-[3
16 methoxy-4-(4-methyl-IH-imidazoi-I-
yilphepy|]methylidenef:6tmethylmorpholia-8-gne,18)- imidazol-1-
(2)-(S)-4-[(S)-I-(4-fluorophenyl)ethyl]-2-[I-[3-
methadyesy4-hmsthpiHLidsidaZoid 5(3, 4, 5-

yi)phenyilmethylidene]-6-methylmorpholin-3-one, 10)
R R AR L

yhphenylimethylidepel:4:((3):84.92 netny1-18-imidazol-1-
y1l)phenyl]methylidene]-4-(2,3,4-
trifluorobenzyl)morpholin-3-one,
3) (Z2)-(S)-2-[1-[3-methoxy—-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene]-6-methyl-4-(3,4,5-
trifluorobenzyl)morpholin-3-one,
4) (Z2)-(R)-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene]-6-methyl-4-(3,4,5-
trifluorobenzyl)morpholin-3-one,
5) (Z2)-(S)-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene]-6-methyl-4-(2,3,4-
trifluorobenzyl)morpholin-3-one,
6) (Z)-(R)-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene]-6-methyl-4-(2,3,4-
trifluorobenzyl)morpholin-3-one,
7) (2)-4-[(S)-1-(4-fluorophenyl)ethyl]-2-[1-[3-methoxy-
4—(4-methyl-1H-imidazol-1-y1l)phenyl]lmethylidene]-6, 6-
dimethylmorpholin-3-one,

8) (Z2)-(R)-4-[(S)-1-(4-fluorophenyl)ethyl]-2-[1-[3-
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trifluorophenyi)ethyilmorpholin-3-one, 11)
(2)-2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-I 10
yi)phenyilmethylidene]-4-[(R)-I-(3,4,5-
trifluorophenyi)ethyijmorpholin-3-one, 12)
(2)-4-[(S)-chroman-4-yl]-2-[I-[3-methogy-4-(4-
methyl-1H-imidazoi-1-yl)phenyimethylidene]-6,6-
difféthyiior ghdli- @%‘%@iﬂﬁjlmldazol 1-

n%hf;}?f kﬁ% ar200| ol ﬁ]nzjl]metﬂyh%?gelﬁ -%etf%ylrrlnorpﬁollrf 3-one,

14)) () AR)- és[is)trcmpmarl A-yhl-2-{l{3rmpethoxydréd-hy11-2-[1-[3-
methyl 1H-imidazoi-1-yl)phenyilmethylidene]-6- 20

nredihyimeyphotind3-oaehis) 1H-imidazol-1-
(2)-(6S, 9aR) -6-(4- quorophenﬁjﬁ)P, {I-[3-methoxy-4- (4-methyl-IH-imidazoi-|

yiBeryfidtde Rekaty oByIidol2, 1A (1A BRAZRR Ohe, 1657
(ZQO(?R 8—)2 @ fl?gr%pgﬁqggifs-ﬂl%pﬁ{[glc%%f gé imidazol-1-

(4- methy -IH-imidazol-I

yihenaylidenelhexahydrepyridof2,1 ]k 4loxazing-ene, 17)

(2)-(S)-4-[(S)-I-(6-chloropyridin-3-yl)ethyl]-2-[I-

[Stméﬂiowrmléwéthylelmmﬁdiammlqlin 3~ One,
methylidene]-6- methylmorpholln -3-0ne,

y phengﬂ - lH imidazol-1-
1(é) [(Rfl te-chior8yrdiidyiet #y]“?f[ﬁly

3; A (hoeihyliinidazoitp)
yi pheny|]methyI|dene] -6- methylmorpho in-3- one 5'19)

(D=(ShHal¢SpbiE=akiorepytidin-2emetiyil: 2-f3 -one,
[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yijghen{AmethylideheFBrRBymorphotin-3léne, 3 —methoxy—4-(4-
methyl-1H-imidazol-1-yl)phenyl]methylidene]-6,6-
dimethylmorpholin-3-one,
13) (Z)-(S)—-4-[(S)-chroman-4-yl]-2-[1-[3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)phenyl]methylidene]-6-
methylmorpholin-3-one,
14) (Z)-(R)—-4-[(S)-chroman-4-yl]-2-[1-[3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)phenyl]methylidene]-6-
methylmorpholin-3-one,
15) (z2)-(6S,9aR)-6-(4-fluorophenyl)-3-{1-[3-methoxy-4-
(4-methyl-1H-imidazol-1-
yl)benzylidene]hexahydropyrido[2,1-c][1l,4]oxazin-4-one,
16) (z2)-(6R,9aS)-6-(4-fluorophenyl)-3-{1-[3-methoxy-4-
(4-methyl-1H-imidazol-1-
yl)benzylidene]hexahydropyrido[2,1-c][1l,4]oxazin-4-one,
17) (Z2)-(S)-4-[(S)-1-(6-chloropyridin-3-yl)ethyl]-2-[1-

[3-methoxy-4—-(4-methyl-1H-imidazol-1-
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20) (2)-(S)-4-[(R)-I-(5-chioropyridin-2-yi)ethyi]-2-[l-
[3-methoxy-4-(4-methyl-IH-imidazoi-1 10
yi)phenyilmethylidene]-6-methylmorpholin-3-one, 21)
(2)-(S)-4-[(S)-I-(2,6-difiuoropyridin-3-yi)ethyi]-
2-[I-[3-methoxy-4-(4- methyl -IH-imidazoi-I-
yi)phenyilmethylidene]-6-meth Imorpholln -3-one, 22)
(DHEY2HRY- I bluifid 86% diR-FgiséyTsPholin-3-one,

44 hyIIH||d oi-I- I
yéaﬂiny%?n %{ylld%n - -methymo?ﬁ)zjhofn- -gﬁéjl gy vi)ethyll-2-11

(D) AAc S (%3- mf%ewmﬁ yiethyiko1-1-
2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yiypheryimethylieleng]-6 dnethyimorphohy-Bxome 120124)-3 -one,
(Z{ (S)-4- 5(R) -I-(2,3- dlfluoroayrldln élﬁd?ethyl]

13- theMioKy 14 (4- ety IR iz T oY T 1 n=2-y1) ethyl] -2-[1-
y')s%h‘?{‘é/@[[?eéh lugen l% r‘é%@‘i"%‘@ﬂh@%%ﬂe 25)
(2)-(S)-4 ydroxy-1-(3,4,5

trifiuprophenyi) peopyil 2 Heffemethoxyr4r{A-meatbyldiHi25-3-one,
imidazoi-1-yi)phenyilmethylidene]-6-methylmorpholin-3- one, 26)
(DY-[(I, PRY D hyfdroxy)-(3,4,62-chloropyridin-2-yl) ethyl] -2-[1-

trifiuoro henyl)prop methoxy meth I-IH 18
imida %ﬁﬁeﬁylf/ﬁ}lefﬁ%ﬁ%é(&e]lé%l fimorpholin-3-one, 27)
§) #ﬁgﬁ§i MQE {Hgﬁéwy%m%¥@m¥dﬁ%ﬂpholln 3-one,

ethoxy-4-(4-methyl-IH-imidazoi-I 5

ylyphenyz]metls;ylldene]e@ﬁ-dm@th%lmphmwafmeioz&—3 —yl)ethyl]-
(2)-(6R)-4-[(1R,2R)-2-hydroxy-I-(3,4,5-

triflabrophEnyFopyil-2A (L4 B- e tHoxy-4-{a-HitAgianL - 1 -

y1l)phenyl]methylidene] -6-methylmorpholin-3-one,

22) (Z2)-(S)-4-[(R)-1-(2,6-difluoropyridin-3-yl)ethyl]-
2-[1-[3-methoxy-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene]-6-methylmorpholin-3-one,

23) (Z2)-(S)-4-[(S)-1-(2,3-difluoropyridin-4-yl)ethyl]-
2-[1-[3-methoxy-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6-methylmorpholin-3-one,

24) (Z2)-(S)-4-[(R)-1-(2,3-difluoropyridin-4-yl)ethyl]-
2-[1-[3-methoxy-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6-methylmorpholin-3-one,

25) (2)-(S)-4-[(1R,2R)-2-hydroxy-1-(3,4,5-
trifluorophenyl)propyl]-2-[1-[3-methoxy—-4—-(4-methyl-1H-
imidazol-1-yl)phenyl]lmethylidene] -6-methylmorpholin-3-
one,

26) (2)-4-[(1R,2R)-2-hydroxy-1-(3,4,5-

trifluorophenyl)propyl]-2-[1-[3-methoxy—-4—-(4-methyl-1H-
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imidazoi-1-yi)phenyllmethylidene]-6-methylmorpholin-3- one, 10 29)
(2)-4-[(IR,2R)-2-hydroxy-I-(3,4,5-
trifluorophenyl)propyl]-2-[1-[3-methoxy-4-(4-methyl-IH-
imidazoi-1-yi)phenyi] methylidene]morpholin-3-one, 30)
(2)-4-[(IR,2R)-I-(3,4-difluorophenyi)-2-8

hydroxypro yi 5'(53 methoxy-4-(4-methyl-IH-imidazoi- 15
11ﬁ)bﬁéﬁ)ﬂ thyfidéie]motp AII3-bhec3e) —©/ 6

(Zc? (r%t - %{%‘% _ﬂuor phenyl) -2-

hy roxyp met oxy -5 ‘(4-methyl-IH-imidazoi-

12'17)ph¢@wmethyttdenel -ermethydmorpholinr3-open 32 oxyethyl]-2-[1-
(2)-4-[(IR,2R)-I-(4-fluorophenyi)-2-hydroxypropyi] 20

2-[BE+methoxy -4 (4-feteylHilimidazoirdazol -1-
yl)phenyl]methylldeneLG ,6-dimethylmorpholin-3-one, 33)

_é@__ngiﬁthy %ﬁmﬂﬁépﬁeﬁy92methylmorpholln 3-one,
st Rl e eyl TR A

I)phenyilmethylidene]- ylmor holi one, 25 34§

(@ﬂﬁh&@&ﬂﬂﬁ%ﬁy@ﬂw@pp@mwﬂfl [3-methoxy—4— (4—methyl—-1H-
hydroxypropyi]-2-[l-[3-methoxy-4-(methylimidazoi-l-
yiiphetyimethylidehel6 rerdihvesthylmorgholin-3%ores tdg) lmorpholin—-3-
(2)-(S)-4-[(S)-2-hydroxy-I-methyl-I-(3,4,5 19
trifllBrophenyi)ethyl]-2-[I-[3-methoxy-4-(4-methyl-IH-

[ zoj-lyi)ph lidene)-6-methylmptpholin-3- one, 36)
D55 215 et (2 a6 8

yhphenylimethwlidene)-61oethyl-44(S)1-(B4:bet hoxy—4- (4-methyl-1H-
trifluorophenyi)ethyilmorpholin-3-one, 37)

(DBS32-(4-fliidrophenyl-lséthyleiifgpe:jmorpholin-3-one,

30) (Z)-4-[(1R,2R)-1-(3,4-difluorophenyl)-2-
hydroxypropyl]-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-
l1-yl)phenyl]methylidene]morpholin-3-one,

31) (Z)-(S)-4-[(1R,2R)-1-(4-fluorophenyl)-2-
hydroxypropyl]-2-[1-[3-methoxy—-4—-(4-methyl-1H-imidazol-
l-yl)phenyl]lmethylidene]-6-methylmorpholin-3-one,

32) (2)-4-[(1R,2R)-1-(4-fluorophenyl)-2-hydroxypropyl] -
2-[1-[3-methoxy-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6, 6-dimethylmorpholin-3-one,

33) (Z)-(S)-4-[(1R,2R)-1-(3,4-difluorophenyl)-2-
hydroxypropyl]-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-
l-yl)phenyl]lmethylidene]-6-methylmorpholin-3-one,

34) (Z)-4-[(1R,2R)-1-(3,4-difluorophenyl)-2-
hydroxypropyl]-2-[1-[3-methoxy—-4— (methylimidazol-1-
y1l)phenyl]methylidene] -6, 6-dimethylmorpholin-3-one,

35) (Z2)-(S)-4-[(S)-2-hydroxy-1-methyl-1-(3,4,5-
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[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yi)phenyilmethylidene]-6-methylmorpholin-3-one, 10 38)
(2)-(6S)-4-[I-(4-fluorophenyl)cyclopropyl]-2-[I-[3-
methoxy-4-(4-methyl-IH-imidazoi-I-
yi)phenyilmethylidene]-6-methylmorpolin-3-one, 39)
(2)-(6S,9aR)-3-{I-[3-methoxy-4-(4-methyl-IH-
intidaZzdivRyiyperAideféoe{3 245 15 — [3-methoxy-4-(4-methyl-1H-
trifluorophenyi)hexahydropyrido[2,1-c][1.4]oxazin-4- one, 40 .
(ZS%é)%aCP{;T _zgéﬁ I 361 %fg%%%;\/ﬂh_?éne?—E—metnhylmgjrphol1r1—3—
methoxy-4-(4-methyl-IH-imidazoi-I-
yi)benzylidenelhexahydropyrido[2,1-c][1,4]oxazin-4-one, 20 41)
(DYBS(FaR)«6-32 62difldorbpynidink3yiy-34ft-(3-—methyl-1H-imidazol-1-
methoxy-4-(4-methyl-IH-imidazoi-I-

yiyberiZyfdenelekar drosyidor2, 176 [ 41bxazih 4dne, 42) 47 >~
(Z)-(S)-A-1(S):)-(E-Fluar. idin-2- 2-[1-
ety (A ey rdase 25 o,
yijphenyilmetlaydidene]-6-methylmerpheliesyane, Udhethylethyl] -2- [1-
(2)-(S)-4-[(S)-I-(2-chloropyridin-4-yl)ethyl]-2-[I-
[3tmetioxy4-(4-tnethykiBitimidaZdi-timidazol -1~
yi)phen&Qmethylidene%—G-methi/Imo holin-3-one, 20 44

(ijg(éS- Réﬁﬂ.?ﬁ}}ﬁ% 335t 68ﬁ2%§ﬁ_11§_/lmorpholin)—3—one,

yiyethyl}-25[l- ethoxy4-(4-methyl-IH-imi iZ% c100ro o [1-73-
yiﬁhengﬁgne%ﬁ?de%e?%-n%trr%?rtﬁgr%ﬁ%ﬁ%-g-c'Z)Lr?eé,y4%)p pytize=i=13

(B)(S) <[ S - (2 6-dkiftroropyitin A vijetbyi} 5
2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yphetyfmethyiRieng]-64ramyrmorphblin-Brerehad)in-3-one,

Q@) (Gelosopyndin-AyetylE gD, 4 (4-metny1-18-
imidazol-1-yl)benzylidene]-6-(3,4,5-
trifluorophenyl)hexahydropyrido[2,1-c][1l,4]oxazin-4-
one,

40) (Z2)-(6S,9aR)-6-(3,4-difluorophenyl)-3-{1-[3-
methoxy—-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]hexahydropyrido[2,1-c][1l,4]oxazin-4-one,
41) (Z2)-(6S,9aR)-6-(2,6-difluoropyridin-3-y1l)-3-{1-[3-
methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]hexahydropyrido[2,1-c][1l,4]oxazin-4-one,
42) (Z)-(S)-4-[(S)-1-(5-fluoropyridin-2-yl)ethyl]-2-[1-
[3-methoxy-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene]-6-methylmorpholin-3-one,

43) (Z)-(S)-4-[(S)-1-(2-chloropyridin-4-yl)ethyl]-2-[1-
[3-methoxy-4—-(4-methyl-1H-imidazol-1-

y1l)phenyl]methylidene] -6-methylmorpholin-3-one,
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methoxy-4-(4-methyl-IH-imidazoi-I-
yi)phenyilmethylidene]-6,6-dimethylmorpholin-3-one, 10 47)
(2)-4-[(S)-1-(2,6-difluoropyridin-3-yi)ethyi]-2-[I-
[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yi)phenyilmethylidene]-6,6- dimethylrzlorpholin -3-one, 48)

(2)-4-[(S)-I-(6-fluoropyridin-3-yi)ethyi]-2-[I-[3-
%@Hoxyza 4 mmf Heimidadginaistor o-3-f luoropyridin-4-

yZZﬁQ-FrgS]Y ?h% Idﬁ]%:{;f’jgte% ;HZI‘ Olln-§hyr'3? 11?)1m1dazol 1-

n§ih%@@%&@PM@BM&WH@@Q@%WQ methylmorpholin—3—one,
yi)phenyilmethylidene]-6,6-dimethylmorpholin-3-one, 50)
(B A-[(8))-(2, 3 diftudropyridin4yethyif-Rap 20pyridin-4-yl) ethyl] -

[3 -methoxy-4-(4-methyl-IH-imidazoi-I-
7 Soheny %m}mﬁ@rée drethiiorboriitastiies 51y~

_ ﬁ%%%ﬁfﬂ E&%ﬁ%ﬂk%hmggdbg%orpholln 3-one,

xy 4-(4-methyl-IH-imidazoi-I-

ynh@wenyﬂmezthwldsneh6@2@&@6%@@@@%3@:@ 26t62)11-2-[1-[3-
(2)-(R)-4-[(S)-I-(2,6-difluoropyridin-3-yi)ethyi]-
ZrﬁE[Bhﬂémo&yméfﬂﬁTétWﬁHHnﬁﬁdzbi—Z—ol 1-

yl)phe methylldeneﬁ -meth Imor holin-3-one,

(ij](és Wﬁdg}%fjgﬁf 9?1'“9 —Uc o%@ﬁﬁfylmg@pholln 3-one,

m imid |1 phe | 2 hvimor one.
53;?) Z) -2- I[rgﬂ%?o 41{4%%(9%1'9%?%%&0 I 1 ethyimarpheli;3ong. |

ylIphemytimethyliene}-4d(H)s11(41 B-imidazol-1-
trifluorophenyi)ethyl]-6,6-dimethylmorpholin-3-one, 55) '
(ZﬂdE&ﬁ@%&ﬁﬁgﬁhwﬁ}gqpﬁﬂmﬁnéqg@methylmorphol1n—3—one,

methyl-Lf-imidazai-1-yDphenyiimethylidenel:6.6: 1) oiny17-2-11-[3-
methoxy—-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6, 6-dimethylmorpholin-3-one,
49) (Z2)-4-[(S)-1-(6-chloropyridin-3-yl)ethyl]-2-[1-[3-
methoxy-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6, 6-dimethylmorpholin-3-one,
50) (Z2)-4-[(S)-1-(2,3-difluoropyridin-4-yl)ethyl]-2-[1-
[3-methoxy-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6, 6-dimethylmorpholin-3-one,
51) (Z2)-4-[(S)-1-(5-chloropyridin-2-yl)ethyl]-2-[1-[3-
methoxy-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6, 6-dimethylmorpholin-3-one,
52) (Z)-(R)-4-[(S)-1-(2,6-difluoropyridin-3-yl)ethyl]-
2-[1-[3-methoxy-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6-methylmorpholin-3-one,

53) (Z)-(S)-4-(4-fluorobenzyl)-2-[1-[3-fluoro-4-(4-
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dimethylmorpholin-3-one, 56)
(2)-(S)-4-[(S)-chroman-4-yi]-2-[I-[3-fluoro-4-(4- 10
methyl-1H-imidazoi-1-yl)phenyilmethylidene]-6- methylmorpholin-3-one,
57) (2)-(S)-2-[I-[3-fluoro-4-(4-methyl-IH-imidazol-I-
yi)phenyl]methylidene]-4-[(IR,2R)-2-kydroxy-I-(3,4,5- trifluorophenyi)
propyi]-6-methylmorpholin-3-one, 15 58)

(Zﬁe(él?ﬂlﬁiﬁzqu(@@éﬁlhoydm@wn;@ methylidene] -6~
droi%q [# 3-flyoro-4-(4-methyl-IH-imidazoi-
ny1im

ye)p éne §methylmorpholln 3-one, 59)

(DAL)-2l) L%ﬂlf@mfé(MU%tPMLUrleldﬁéQHyl 1H-imidazol-1-
yi)phenyl]methylidene]-4-[(IR,2R)-I-(4-fluorophenyi)-2 20

hy&bpy@r@pyi]qﬁemhvﬂyimgrmmm =3-6fe,60) (4-

(Z) -2-[I-[3-fluoro-4-(4-methyl-IH-imidazol-I- ,
FrthyIRIRAE) 4 (1R DR)2 %yaeag@qwgrpholm—%oner

trifluoro n) | thylmoypholin-3-phne o

(Z%:LSI -[(I@gR)){IT 4- dl?%clﬁo% engl) g\»g%l} f=pse Sk -

hytdrexypropyil-2+{l-{3-fuoror4-(4-methylkIHrimridazaii dene 1 -6, 6-
1-yi)phenyilmethylidene]-6,6-dimethylmorpholin-3-one, 62)

14iea-diffiiorapienydethyil-3-¢.[3-fluoro-4-
(4-methyl-IH- |m|da20| %fyﬁ phe g{%ﬁ (E) 22 meth Ildene iperidin-2-one

63)°(E)-(6)-3' 13- ludlo2A-(4h @Pwﬁnﬁlﬁé‘z ~tluoro-4-{4-
yhphenylimsthylidenel 5I(1R,28)2-hvdroxy %é%%f&i)dene] —6-

trifluorophenyi)propyi]-5- methy|p|per|d|n -2-0ne
(E)e3-fls] Brftuosordt (@amethytdH-imidazol-|

yl)phenyl]methylidene}-I-[(IR,2R)-2-hydroxy-I-(3,4,5-
Um&bmk%bnyﬁbnﬁwﬂéméﬁdﬁﬁggmgr4—(4—methyl—1H—imidazol—1—
y1l)phenyl]methylidene]-4-[ (1R, 2R)—-2-hydroxy-1-(3, 4, 5-
trifluorophenyl)propyl]-6-methylmorpholin-3-one,
58) (2)-(S)-4-[(1R,2R)-1-(3,4-difluorophenyl)-2-
hydroxypropyl]-2-[1-[3-fluoro-4-(4-methyl-1H-imidazol-
l-yl)phenyl]lmethylidene]-6-methylmorpholin-3-one,
59) (2)-(S)-2-[1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]lmethylidene]-4-[ (1R, 2R)-1-(4-fluorophenyl)-2-
hydroxypropyl]-6-methylmorpholin-3-one,
60) (Z2)-2-[1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene]-4-[ (1R, 2R)—-2-hydroxy-1-(3, 4, 5-
trifluorophenyl)propyl]-6, 6-dimethylmorpholin-3-one,
61) (2)-4-[(1R,2R)-1-(3,4-difluorophenyl)-2-
hydroxypropyl]-2-[1-[3-fluoro-4-(4-methyl-1H-imidazol-
l-y1l)phenyl]methylidene] -6, 6-dimethylmorpholin-3-one,
62) 1-[1-(2,4-difluorophenyl)ethyl]-3-{1-[3-fluoro-4-

(4-methyl-1H-imidazol-1-yl)phenyl]—-(E) -



65) (E)-3-{l-[3-fluoro-4-(4-methyl-IH-imidazol-I-
yl)phenyllmethylidene}-I-[(2R,3R)-3-hydroxy-1,1 10
dimethylindan-2-y3]piperidin-2-one, 66)
(E)-3-{I-[3-fluoro-4-(4-methyl-IH-imidazol-I-
yi)phenyl]methylidene}-I-[(S)-2-hydraxy-l-methyl-I-
(3,4,5-trifluorophenyi)ethyi]piperidin-2-one, 67)
Ef)e:fr}ﬂ;{élfﬁ@as hp@apm%ﬂ%&w%mmm | 15

yjphenyime tyidency (4 foropnenyiy- mathylstyiliperdin:Z ong.

ro- (4-me |dazoI

yi}gh%lygmeihxl@l@ﬁ@h LH!Bl8R)‘llhy@rﬁwﬂz(&érﬁa§aﬂw9ph1ert>a), 4,5-
propyi]-5-methyipiperidin-2-one, 20 69)

(B)(B) 4R 2R)el(84-difloprodphenyiet-hylpiperidin-2-one,
hydroxypropyi]-3-{l-[3-fluoro-4-(4-methyl-IH-imidazoi-

18/fphéfyimethyiidend} s iethyipiperidmt26he! Froymidazol-1-

I(r?é §Oh| 3]1{1' ?E é(;{?g@lmghﬂ ) o hydroxy-1-(3, 4, 5-

1-yi benzyh

tri&lﬂ@ﬂﬂﬁ@ﬁ&ﬁl@éﬁ@ﬂ(@lw@q[ga;lp@]{rhélnxazmoélreqne 71)
(6S,9aR)-6-(4-chlorophenyi)-3-{I-[3-methoxy-4-(4-
miebiyl-H-indidazoli Bydpheryil-@z) ¢8-methyl-1H-imidazol-1~

melsnoereh bl L S e, 10
yiphenyi]s %M%%tnylzd?f}él 4.pdtiflucrophenyi)-

tetrahydro[1,4]oxazino[3,4-C][1,4]oxazin-4-one, 5 73)

(68, 9aR)-6-(3:4- d#lg@W@&M&me&kﬂoﬂAM imidazol-1-
(4-methyl-IH-imidazoi-1-yl)phenyl]-(Z)-methylidene}-
tefrahyBRILY 4] Beizinio]3 A<Efl 4joxAzini4-6neydroxy—1-methyl-1-

(3,4,5-trifluorophenyl)ethyl]lpiperidin-2-one,

67) (E)-3-{1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]lmethylidene}-1-[1-(4-fluorophenyl)-1-
methylethyl]piperidin-2-one,

68) (E)-(R)-3-{1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene}-1-[ (1R, 2R)—-2-hydroxy-1-(3, 4, 5-
trifluorophenyl)propyl]-5-methylpiperidin-2-one,

69) (E)-(S)-1-[(1R,2R)-1-(3,4-difluorophenyl)-2-
hydroxypropyl]-3—-{1-[3-fluoro-4-(4-methyl-1H-imidazol-
l1-yl)phenyl]lmethylidene}-5-methylpiperidin-2-one,

70) (Z2)-(6S,8aR)-3-{1-[3-methoxy—-4-(4-methyl-1H-
imidazol-1-yl)benzylidene]-6-(3,4,5-
trifluorophenyl)tetrahydropyrrolo[2,1-c][1l,4]oxazin-4-
one,

71) (6S,9aR)-6-(4-chlorophenyl)-3-{1-[3-methoxy-4-(4-

methyl-1H-imidazol-1-yl)phenyl]—-(Z2) -
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74) (6R,9aR)-6-(4-fluorophenyi)-3-{I-[3-methoxy-4-(4-
methyl-1H-imidazoi-1-yi)phenyi]-(Z)-methylidene} 10
tetrahydro[1,4]oxazino[3,4-c][1,4]oxazin-4-one and 75)
(6R,9aR)-6-(4-chiorophenyi)-3-{I-[3-methoxy-4-(4-
methyl-1H-imidazoi-1-yl)phenyl]-(Z)-pwethylidene}-
tetrah%dro[l,4]oxazino[3,4-c]oxazin-4-one; 17) A pharmaceutical agent

c8IRp _g.hgqﬁ@%%ﬁ%ﬂm@o@rym&%%oﬂoquaﬁ&raﬂebeﬁmgélrﬂﬂﬁeof
a%‘z"ﬁ'?@&‘?%aé}é!f—fsl—) L‘i gf% 988%%?%5‘24®°\§'X9m@9ﬂe‘1'§%—1§ The 11—

pharmaceuti gent according to bove for pre\gentlng or treating a

disease eaysed hy ) 20hamylpid-&s and 19) hespharmaceuticalagent v 1) -
according to 18) above, wherein the disease caused by amyloid-Q is
Alzbeiménsidiséasd, Isenie demientia; Obivn'g $yndrome; 4orcarayloidosis.

25 [0006] The compound of the general formula (I) or pharmacologically
acceptdbiB satthereof écéﬁrfah"glfbmﬂ%ﬁr%%%m invention and fié Xy —4-

prpphylactic pr %ﬁ-&hﬂ%&%?—%@?g J%%%Q&ff?g“? f?ua%qgéﬁ%ene -

according to the present invention are novel inventions that'have not yet

been deseribesin anysdecuments., [0007]) 5, Mearings of symbels, terms,
and the like used in the present specification will be explained, and the
présent ke Atidn willde déseriberinedetail bélowl — [3-methoxy—4- (4~

methyl-1H-imidazol-1-yl)phenyl]—-(Z)-methylidene}-
tetrahydro[l,4]oxazino[3,4-c][1l,4]oxazin-4-one and
75) (6R,9aR)-6-(4-chlorophenyl)-3-{1-[3-methoxy-4—-(4-
methyl-1H-imidazol-1-yl)phenyl]—-(Z)-methylidene}-
tetrahydro[l,4]oxazino[3,4-cloxazin-4-one;
17) A pharmaceutical agent comprising the
compound or pharmacologically acceptable salt thereof
according to any of 1) to 16) above as an active
ingredient;
18) The pharmaceutical agent according to 17)
above for preventing or treating a disease caused by
amyloid-PB; and
19) The pharmaceutical agent according to 18)
above, wherein the disease caused by amyloid-PB is
Alzheimer's disease, senile dementia, Down's syndrome,
or amyloidosis.
[0006]

The compound of the general formula (I) or
pharmacologically acceptable salt thereof according to

the present invention and the prophylactic or
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[0008] In the present specification, a structural 10 formula of a compound
may represent a certain isomer for convenience. However, the present
invention includes all isomers and isomer mixtures such as geometric
isomers which can be generated from the structure of a compound,
optical isomers based on 15 asymmetric carbon, stereoisomers, and
tautomers. The present invention is not limited to the description of a
chérficaPritintifa fff Cohvéniende AP mMay iIRALEE AnyYohRe of fiePTding

isgmer% or mixturescthereof. Accordinrgel , the %omgoundcof the Rresen
. tO the resen 1 ention .a ove ihve 10n a ave
invention nPay%ave an 55 asymmetric carbon atom in trklle molecule, an

existagan opticallyastive sempoHnd of racemate, a8d the present
invention includes each of the optically active compound and the

racepiaté without limitations. Although crystal polymorphs of the
compound may be 25 present, the compound is not limited thereto as

well and may D& preseffash s’fﬁ&i@%})ﬁs’[altf%ﬁﬂ%r & Mixtul€ of dihglersed
crygtal forms, Jhe Gompound-maybe, an _'Wdﬂgeeo£§%’95%¥8d%5 a[%gg%]he

The %isegé)e caused by AR" re?ers to a wide variety of diseases suc

Alzheimaerts disease (sae ddein WL, ard sevenr athers,Alzheimass] ow .
disease 5 affected brain: Presence of oligomeric AR ligands (ADDLS)

suggests a molecular basis for reversible memory loss, Proceding

National Academy of Science USA, o ,
I the present specification, a structural

formula of a compound may represent a certain isomer
for convenience. However, the present invention
includes all isomers and isomer mixtures such as
geometric isomers which can be generated from the
structure of a compound, optical isomers based on
asymmetric carbon, stereoisomers, and tautomers. The
present invention is not limited to the description of
a chemical formula for convenience, and may include any
one of the isomers or mixtures thereof. Accordingly,
the compound of the present invention may have an
asymmetric carbon atom in the molecule, and exist as an
optically active compound or racemate, and the present
invention includes each of the optically active
compound and the racemate without limitations.

Although crystal polymorphs of the compound may be
present, the compound is not limited thereto as well
and may be present as a single crystal form or a
mixture of single crystal forms. The compound may be

an anhydride or hydrate.
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2003, Sep 2, 100(18), p.10417-10422; Nitsch RM, and sixteen others,
Antibodies against a-amyioid slow 10 cognitive decline in Alzheimer's
disease, Neuron, 2003, May 22, 38(4), p.547-554; Jarrett JT, and two
others, The carboxy terminus of the Q amyioid protein is critical for the
seeding of amyioid formation: Implicagions for the pathogenesis of
Alzheimer's 15 disease, Biochemistry, 1993, May 11, 32(18), p.4693-
4692 Gienner GG, and one other, Alzheimer's disease: initial report of

the purification ?QQ chgracterization of rl())ve!A e,re]pé grscuita(r) amyioige

protein, Biochemical ar%dc’%%sb(?\ygi%glsreeseaych ommunlca?ions, f9§v4l,
May16s 20 120(3) P=B885:89Q Mastess £1; endsbx-others, ARy0Id see
plaque core protein in Alzheimer disease and Down syndrome, Proceding
N&tienal AdadeamdofsScience USA;s1988,zunen82(12)dp 4245a4249;
Gouras GK, and eleven others, Intraneuronai AR42 accumulation in

hérmaf Bréf, 25 R MeriCaitma of batholdd 2000, Jan 115612 D.15-

2%\%%@5%”% %%ﬂgttgveg%%tg%% Secreted.amyiold R protein similar to

that in the senile plaques o eimer's disease Is increased in vivo by
the=2® resenily) 1aneo2 and ARR misatianslinkeshto famil@tience uUsa,
Alzheimer's disease, Nature Medicine, 1996, Aug, 2(8), p.864-870; and

Féfian M rand fouP Bthie?s , Diffetdiiibl efffeets of thetsvrddishmurant
amyloid precursor r‘qprotein 5 on a-amyloid accumylation and secretion in

n&drdh§ Hhd® hofinuronai- ¢S THE jathal st bibloyitat Rhmistr)”
1%%@A3%%%%’%@%§}%él§%?ﬁﬁ§%%§%49“EX%H@%%Se, Neuron, 2003,

May 22, 38(4), p.547-554; Jarrett JT, and two others,
The carboxy terminus of the P amyloid protein is
critical for the seeding of amyloid formation:
Implications for the pathogenesis of Alzheimer's
disease, Biochemistry, 1993, May 11, 32(18), p.4693-
4697; Glenner GG, and one other, Alzheimer's disease:
initial report of the purification and characterization
of a novel cerebrovascular amyloid protein, Biochemical
and biophysical research communications, 1984, May 16,
120(3), p.885-890; Masters CL, and six others, Amyloid
plaque core protein in Alzheimer disease and Down
syndrome, Proceding National Academy of Science USA,
1985, June, 82(12), p.4245-4249; Gouras GK, and eleven
others, Intraneuronal AB42 accumulation in human brain,
American journal of pathology, 2000, Jan, 156(1), p.15-
20; Scheuner D, and twenty others, Secreted amyloid B—
protein similar to that in the senile plaques of

Alzheimer's disease is increased in vivo by the
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senile dementia (see Blass JP, Brain metabolism and brain disease: Is
metabolic deficiency the proximate 10 cause of Alzheimer dementia?
Journal of Neuroscience Research, 2001, Dec 1, 66(5), p.851-856, for
example), frontotemporai dementia (see Evin G, and eleven others,
Alternative transcripts of presenilin-l2associated with frontotemporai
dementia, Neuroreport, 2002, Apr 16, 15 13(5), p.719-723, for example),
PRKSH8édde (skea ¥asthard D, id thrde bikers, Adduradafich 6pmilial

amylaid .precyrsor, protein in hrain lesions of patients with,. Pick dise
e L Ars o, Als DB B L b B, e 15 el 2
Dowgisusyngiome{gee 20nkellendK, and ten othess Rresenee pfseluhle: 41
amyloid R-peptide precedes amyloid plague formation in Down's
syfdrentes Naturehdedicing] 1998 u3am 2(2),1pl93-95p anduFeked ac, el n
six others, Plasma levels of amyloid R proteins A31-40 and A31-42(43)
afeldvafRyliA BoviiTs PBEyntrdie 2RANAIS Of Netirdlody), T6F°F Feb, 2

AL R AL 1313400 iéamﬁr’@’ CRIGhral anglonathy, (see Havashi ¥y and,

nine others, Evidence for presenifin-1 involvement in amyloid angiopathy
imthe Alzheimer's disease2/ aftecterblarairg Bram Researshax$98&, Apr
13, 789(2), p.307-314; Barelli H, and fifteen others, Characterization of
newpolyciciratantibediés speBifie sfor 40,aridk42 amisd abiellloay ammdoid
I?ﬁpeéa,tides:,their 5 use to examine the cell bjology of presenilins and the
intthanBhiStothdRtistry 5t Soratit Aizhéifer S dissaset Andeeréurar -

a%ﬂﬁ@$a89DR§§H%¥H§¥'HEM%H@%é? Journal of Neuroscience
Research, 2001, Dec 1, 66(5), p.851-856, for example),
frontotemporal dementia (see Evin G, and eleven others,
Alternative transcripts of presenilin-1 associated with
frontotemporal dementia, Neuroreport, 2002, Apr 16,
13(5), p.719-723, for example), Pick's disease (see
Yasuhara O, and three others, Accumulation of amyloid
precursor protein in brain lesions of patients with
Pick disease, Neuroscience Letters, 1994, Apr 25,
171(1-2), p.63-66, for example), Down's syndrome (see
Teller JK, and ten others, Presence of soluble amyloid
B-peptide precedes amyloid plaque formation in Down's
syndrome, Nature Medicine, 1996, Jan, 2(1), p.93-95;
and Tokuda T, and six others, Plasma levels of amyloid
B proteins AP1-40 and AP1-42(43) are elevated in Down's
syndrome, Annals of Neurology, 1997, Feb, 41(2), p.271-
273, for example), cerebral angiopathy (see Hayashi Y,
and nine others, Evidence for presenilin-1 involvement

in amyloid angiopathy in the Alzheimer's disease-
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Medicine, 1997, Oct, 3(10), p.695-707; Calhoun ME, and ten others,
Neuronal overexpression of mutant amyloid 10 precursor protein results in
prominent deposition of cerebrovascular amyloid, Proceding National
Academy of Science USA, 1999, Nov 23, 96(24), p.14088-14093; and
Dermaut B, and ten others, Cerebrabamyloid angiopathy is a pathogenic
lesion in Alzheimer's Disease due to a 15 novel presenilin-1 mutation,

Brein 200! DEcT 124 (1) 192238322392 Yor éxdiple)Phertditariicerébral
h%m%rpgg? .itk&s%rp%lﬂdlosgls (Dutch %/&eg [see Cras P, and nine others,
Presenile Alz [

esenile AlzHeimer dementia charac erlzegrbyoamye/lf)ld angiopathy and
large agwiald 20-001e typersenile plagyes khthe ARR 692Alas-2&lyific
mutation, Acta Neuropathologica (Berl), 1998, Sep, 96(3), p.253-260;
Heérzig MC zard fourtsenrothers] ARLisntargetetidodh vasculatige in aheir
mouse model of hereditary cerebral hemorrhage with amyloidosis, Nature

25 Neur6s Geiide 20087 Sef °#(0) .0545607 Vah BUiAEH SGSand fivé e
0%@%@{%9@%% ?-[lg@_l,?zegp” Je. Wil %ﬂﬂ%‘_?ﬁ'&'ﬂ“‘_@agﬁ[?@,@a"sfe

Dutch origin is related to Alzheimer disease, Proceding Nationa

Agadery of B8a Scignge MSA 21816 high B4CE e B,0994 120941 and Levy

E, and eight others, Mutation of the Alzheimer's disease amyloid gene in

h&editanncerebrd! hentorthage ( IDutchirype, Sciénce, A0000dun ME, and

248(4959E 1124 5 1126, for example), cognitive impairment (see Laws
Vet S8V e

: others, Askbcrfih BEthEaR e preseiiinad mafaioR -
GJp318G v, and complaints.of fpemory, impaitment deposition of

cerebrovascular amyloid, Proceding National Academy of
Science USA, 1999, Nov 23, 96(24), p.14088-14093; and
Dermaut B, and ten others, Cerebral amyloid angiopathy
is a pathogenic lesion in Alzheimer's Disease due to a
novel presenilin-1 mutation, Brain, 2001, Dec, 124(12),
p.2383-2392, for example), hereditary cerebral
hemorrhage with amyloidosis (Dutch type) (see Cras P,
and nine others, Presenile Alzheimer dementia
characterized by amyloid angiopathy and large amyloid
core type senile plaques in the APP 692Ala —--> Gly
mutation, Acta Neuropathologica (Berl), 1998, Sep,
96(3), p.253-260; Herzig MC, and fourteen others, AB is
targeted to the vasculature in a mouse model of
hereditary cerebral hemorrhage with amyloidosis, Nature
Neuroscience, 2004, Sep, 7(9), p.954-960; wvan Duinen
SG, and five others, Hereditary cerebral hemorrhage
with amyloidosis in patients of Dutch origin is related

to Alzheimer disease, Proceding National Academy of
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Neurobiology of Aging, 2002, Jan-Feb, 23(1), p.55-58, for example),
memory disorder and learning disability 10 (see Vaucher E, and five
others, Object recognition memory and cholinergic parameters in mice
expressing human presenilin 1 transgenes, Experimental Neurology,
2002 Jun, 175(2), p.398-406; MorgandD, and fourteen others, AR peptide
vaccination prevents memory loss in 15 an animal model of Alzheimer's

disease IMattire 20008 Dec’21928 S408(B815F p°982-985 . 4rid Mdfar PRY,
a%d tggleog %tl}t]geﬁisg Acgc%-gerl%ted %%r?rlljcnlgbglef(i#tstiﬁetr%rls enic mic,eS
' f

. e.JC.lmer
expressing 1-amino dcid Isoform” of human a-amyloid precursor

protein . Broceding,20 Natiopak Acadeny of Seignce ALSA 199 binef ge,
92(12), p.5341-5345, for example), amyloidosis, cerebral ischemia (see
Laws SM tarrbseveriethees, Alssdiationnbétweehdlié Préseniln-1124—
mutation Giu318Giy and complaints of memory impairment, Neurobiolgﬁ%/

of Ading, 25720827 F1-Fb, 230}, .55%58: Kutstirab M, &A4 terf bth
a?x@'%‘é’bx% CUISRL POt LANSIeNIC MIGR, Erx‘aaeg}?r%%d 'g%%% é‘%bl in-1
SC ra

deposits but do not form plaques show increased ischemic vulnerabillity:

Releceft2% inftaramagion yPeacedingnNatianal Academrefirsciengs UoAnt ,
2002, Feb 5, 99(3), p.1610-1615; and Zhang F, and four others,
Indeeasdelisuseaptilsifity’te ischemic btaind danfage in Zransgenie niee 58,
overexpressing the amyioid 5 precursor fprotein, The journal of

né(rosciEAtE, Tda7, "OEP TS, 17(36), b 7655 766£ or eRamipte) “Vaschiar
dementiy (3ee,SadewskiM. and sixatherss Links hetwee cognition

memory and cholinergic parameters in mice expressing
human presenilin 1 transgenes, Experimental Neurology,
2002 Jun, 175(2), p.398-406; Morgan D, and fourteen
others, AP peptide vaccination prevents memory loss in
an animal model of Alzheimer's disease, Nature, 2000
Dec 21-28, 408(6815), p.982-985; and Moran PM, and
three others, Age-related learning deficits in
transgenic mice expressing the 751-amino acid isoform
of human P-amyloid precursor protein, Proceding
National Academy of Science USA, 1995, June 6, 92(12),
p.5341-5345, for example), amyloidosis, cerebral
ischemia (see Laws SM, and seven others, Association
between the presenilin-1 mutation Glu318Gly and
complaints of memory impairment, Neurobiology of Aging,
2002, Jan-Feb, 23(1), p.55-58; Koistinaho M, and ten
others, P-amyloid precursor protein transgenic mice
that harbor diffuse AP deposits but do not form plaques

show increased ischemic vulnerability: Role of



the pathology of Alzheimer's disease and vascular dementia,
Neurochemicai Research, 2004, Jun, 29(6), 10 p.1257-1266, for
example), ophthaimopiegia (see O'Riordan S, and seven others,
Presenilin-1 mutation (E280G), spastic paraparesis, and cranial MRI
white- matter abnormalities, Neurology, 2002, Oct 8, 59(7), p.1108-1110,
for example), multiple sclerosis (see 15 Gehrmann J, and four others,

AMGW@&R%P protéiRcaPP) dkréssien it AMRINY seférééié fE56hs,
GﬂJ@A,l‘??BogCt’ElééZ% p-%‘é&?}i,a“d. E‘&%@%‘ﬁvév IJ;’%’ E, %%gj six, gthers,

Myeloperoxidase polymorphism’is associate gender spe%ﬁic rfskaf(r)IFJl

Alzbgimers disease:2Q-Experimentat Neurlogy.t1999; Jagchea(ld brain

p.31-41, for example), head injury, cranial trauma (see Smith DH, and

folmodwers 1 Rroteiarscgamutationcia traugnatieo beaininunghe amyloid

NeuroMoiecuiar Medicine, 2003, 4(1-2), p.59-72, for example), apraxia
0 (SeMATUBArRTSRUM25 MantCsBve othérs! fidieddaravidende df -

presenifin 1 mutation in familial earlyionsgl dementia, American. joyirnal

of Medical Genetics, 2002, Apr 8, 114(3), p.292-298, for example), prion
disease,tamilid SO sayinid neuropaihy teplet repest diseasesedetween
Kirkitadze MD, and two others, Paradigm shifts in Alzheimer's disease

and other Heakodagenerdtiveh distrders: thesemerying foleas viigemeric

assemblies, 5 Journal of Neuroscience Research, 2002, Sep 1g89(%5?,

p B8BTS el BOC SR Bight othsre SiFEHm &t%% 'genesar
10 U Br.egﬁg‘%t—egj@ @%p%‘}e% Qméje,xpé%ﬁ@l% Imoplegia (see

O'Riordan S, and seven others, Presenilin-1 mutation
(E280G), spastic paraparesis, and cranial MRI white-
matter abnormalities, Neurology, 2002, Oct 8, 59(7),
p.1108-1110, for example), multiple sclerosis (see

15 Gehrmann J, and four others, Amyloid precursor protein
(APP) expression in multiple sclerosis lesions, Glia,
1995, Oct, 15(2), p.141-51; and Reynolds WF, and six
others, Myeloperoxidase polymorphism is associated with
gender specific risk for Alzheimer's disease,

20 Experimental Neurology, 1999, Jan, 155(1), p.31-41, for
example), head injury, cranial trauma (see Smith DH,
and four others, Protein accumulation in traumatic
brain injury, NeuroMolecular Medicine, 2003, 4(1-2),
p.59-72, for example), apraxia (see Matsubara-Tsutsui

25 M, and seven others, Molecular evidence of presenilin 1
mutation in familial early onset dementia, American
journal of Medical Genetics, 2002, Apr 8, 114(3),

p.292-298, for example), prion disease, familial
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cell lines and spinocerebellar ataxia type 3 brains, The Journal of
Neuroscience, 2001, Aug 1, 21(15), 10 p.5389-5396; and Mann DM, and
one other, Deposition of amyioid(A4) protein within the brains of persons
with dementing disorders other than Alzheimer's disease and Down's
syndrome, Neuroscience Letters, 1990, Feb 5, 109(1-2), p.68-75, for
examie) Parkinson's disease 15 (see Primavera J, and four others,

é@mﬁ%’ﬂ%ﬁpé]tﬁmylo‘?&@ﬂﬁqqoﬁ%mé%F\Fé%l?@de‘gﬁf%ratlon
J%ulrngl % %Izhelmfers Dgeé?se 19C 9 Oct (;3} 183 1 f1‘gr example)

Lewy bo ydeme see Giasson BI, *5Ad WOO s IAteractions of

amyigidogenio proieins 1 2Q NewoMpiecuiar Mediging 2093,t4(1=2),

p.49-58; Masliah E, and six others, a-amyioid peptides enhance a-
syhiugieid @iceumultatiopranconewwonall deficitsdd agtrancgenie sssusel ies,
modes linking Alzheimer's disease and Parkinson's disease, Procedl Eg

NfiBRAHCcaenlFEF 2548t BSAC2001; 060820801, L+
P,32245-12250; Rarachipa M, andesf éﬂ@‘eé%’h%mx'o'%fdfﬁ%ﬁégﬁ

thecerebral cortex in Dementla with L wy bodies is  accompanie
rejativesingreasedn ARRR MRNAIZL dsgferns gontaining te Kupitessing
protease inhibitor, Neurochemistry International, 2005, Feb, 46(3), p.253-
26@land Primaverdl) sarid fote otiers 1Brair taccumulation of &amgibithQ
in Non-Alzheimer 5 Neurodegeneratlon Journal of Alzheimer's Disease,

1998 JQUL[E) p 1B 15 exaHTBle), ParkinsoMidm: defrentia) /
CWB@%%@‘;%%F'@?{HMILEQHCI]§M(,OtQ35§ 'one other, Deposition of

amyloid (A4) protein within the brains of persons with
dementing disorders other than Alzheimer's disease and
Down's syndrome, Neuroscience Letters, 1990, Feb 5,
109(1-2), p.68-75, for example), Parkinson's disease
(see Primavera J, and four others, Brain accumulation
of amyloid-P in Non-Alzheimer Neurodegeneration,
Journal of Alzheimer's Disease, 1999, Oct, 1(3), p.183-
193, for example), Lewy body dementia (see Giasson BI,
and two others, Interactions of amyloidogenic proteins.
NeuroMolecular Medicine, 2003, 4(1-2), p.49-58; Masliah
E, and six others, P-amyloid peptides enhance o~
synuclein accumulation and neuronal deficits in a
trancgenic mouse model linking Alzheimer's disease and
Parkinson's disease, Proceding National Academy of
Science USA, 2001, Oct 9, 98(21), p.12245-12250;
Barrachina M, and six others, Amyloid-P deposition in
the cerebral cortex in Dementia with Lewy bodies is

accompanied by a relative increase in ABPP mRNA
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Amyioid plaques in Guam amyotrophic lateral sclerosis/
parkinsonism-dementia complex contain species of AR 10 similar to those
found in the amyioid plaques of Alzheimer's disease and pathological
aging, Acta Neuropathoiogica (Berl), 1998, Feb, 95(2), p.117-122; and
Ito H, and three others, Demonstration of Q amyioid protein-containing
neurofibrillary tangles in 15 parkinsonism-dementia complex on Guam,

NeaRipatRGiogy e applredthsurbbididay, R99ECOEE 17(%)1 B1865-373,
far example), frontote rai dementia.an rkinsonism Ji to
il urO&Qmi7E§ge rggger%?\)[[f}é)nnc? %?e%%%i’rsﬁ%géxiétée]ﬁ??du p.253-

chromosome 0SSO
andamyigidipathologydn 20hergditary frantetemposai gergentia with tau
mutations, Annals of the New York academy of sciences, 2000, 920,

p Ad5untigl doriexamplejrdementicBwith adigyrephiioegrains (see Colnay
M, and four others, Low amyioid (AR) plaque load and relative
prEIONIASAEE 61 iffhise QS%ﬁﬂ%ldigtfinédigﬁl%WSﬁﬁﬂigbﬁﬁﬁﬂ%’ease

from, Alzhgimer's g%%%sg '}'ﬁ‘s"—oPé‘ﬁrJOi%%% a@%ia%%!ﬂ%g ”ep“a'[?ﬁ%i%’%m ism-

1999, Aug, 25(4), 5, for ‘example), Niemann-Pick disease (see
Jind-Wnand thieeSle ptheisclintaseluar accurawatien of amyigidggenic
fragments of amyioid-Q precursor protein in neurons with Niemann-Pick
tybeyG defeats koassociatewith endesomaiabhokmadities, Anesecasis/
Journal, of Pathology, 5 2004, Mar, 164(3), p.975-985, for example),
ai%%ﬁ’éBﬁi%nlja?éf}égggigrrb%?sa(s%‘é@&s%fki 5°8hid ohedtfgres oF 2P

Immypereactiyity gtaaniQid LrecursSREPIENIRG plaques of
Alzheimer's disease and pathological aging, Acta
Neuropathologica (Berl), 1998, Feb, 95(2), p.117-122;
and Ito H, and three others, Demonstration of B amyloid
protein-containing neurofibrillary tangles in
parkinsonism—-dementia complex on Guam, Neuropathology
and applied neurobioclogy, 1991, Oct, 17(5), p. 365-373,
for example), frontotemporal dementia and parkinsonism
linked to chromosome 17 (see Rosso SM, and three
others, Coexistent tau andamyloid pathology in
hereditary frontotemporal dementia with tau mutations,
Annals of the New York academy of sciences, 2000, 920,
p.115-119, for example), dementia with argyrophilic
grains (see Tolnay M, and four others, Low amyloid (AB)
plaque load and relative predominance of diffuse
plaques distinguish argyrophilic grain disease from
Alzheimer's disease, Neuropathology and applied
neurobiology, 1999, Aug, 25(4), p.295-305, for

example), Niemann-Pick disease (see Jin LW, and three
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amyotrophic lateral sclerosis, Acta Neuropathoiogica(Beri), 1999, May,
97(5), p.463-468; 10 Tamaoka A, and four others, Increased amyioid R
protein in the skin of patients with amyotrophic iaterai sclerosis, Journal
of neurology, 2000, Aug, 247(8), p.633-635; Hamilton RL, and one other,
Alzheimer disease pathology in amyatrophic iaterai sclerosis, 15 Acta
Neuropathoiogica, 2004, Jun, 107(6), p.515-522; and Turner BJ, and six
othebs Brainla-ahiyicid L deumaiafisA i fahsgeriié nfity eRpresiiy C

m tantm%Lé%eroxi e dismutasesl, Neurochemicai Research, 2004, Dec,
2 (1%? p. 812 8%, for exa pléﬁ, %y&rocephgﬁjs Fseer\Nréﬁer IQB,
Pathology; efearabrospinal uid and; dnterstifial fluid o5 the ENSI with
Significance for Alzheimer disease, prion disorders and multiple
sclerbss)dalrrmebod NeatopatheloghreadiExperinventabNear |Gt 19989y ,
Oct, 57(10), p.885-894; Silverb%rg GD, 25 and four others, Alzheimer's

e

diddde, Abtal-pféssite Rydtdceptatus, Sl SSFEBRERY chatTes iR CEF ©

circylatory physiojogy; a hypothesis, Liancet neyrology, 2008,.Aug, 2(8),
p.506-511; Weller RO, and three others, Cerebral 33 amyloid angiopathy:

Aceumulation ©f AR invintersiitialfuid draipage patdyvays-ipAlzheimer's
disease, Annals of the New York academy of sciences, 2000, Apr, 903,
p Anporre o Hya tmdaohessther, 9% icle fér% eerebrovascular disease
in determining the pattern of a-amyloid deposition in Alzheimer's disease,

NNGHSISEV drd apspiied Hetrabiolobs 300598, /149! andPWkidr 26© 7

Tamaoka A, and four others, Increased amyloid P protein
in the skin of patients with amyotrophic lateral
sclerosis, Journal of neurology, 2000, Aug, 247(8),
p.633-635; Hamilton RL, and one other, Alzheimer
disease pathology in amyotrophic lateral sclerosis,
Acta Neuropathologica, 2004, Jun, 107(6), p.515-522;
and Turner BJ, and six others, Brain B—amyloid
accumulation in transgenic mice expressing mutant
superoxide dismutase 1, Neurochemical Research, 2004,
Dec, 29(12), p.2281-2286, for example), hydrocephalus
(see Weller RO, Pathology of cerebrospinal fluid and
interstitial fluid of the CNS: Significance for
Alzheimer disease, prion disorders and multiple
sclerosis, Journal of Neuropathology and Experimental
Neurology, 1998, Oct, 57(10), p.885-894; Silverberg GD,
and four others, Alzheimer's disease, normal-pressure
hydrocephalus, and senescent changes in CSF circulatory
physiology: a hypothesis, Lancet neurology, 2003, Aug,

2(8), p.506-511; Weller RO, and three others, Cerebral
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RO, and four others, Cerebrovasculardisease is a major factor in the

failure of elimination of AR from the 10 aging human brain, Annals of the

New York academy of sciences, 2002, Nov, 977, p.162-168, for
example), paraparesis (see O'Riordan S, and seven others, Presenilin-1
mutation (E280G), spastic paraparesig, and cranial MRI white-matter
abnormalities, Neurology, 15 2002, Oct 8, 59(7), p.1108-1110;

MRIESUatSL TRUESUPIVG TR SBGEHBthets, IMBlechlahRvidentaictptédénifnt
1 fTHtagion in f%miligl ear%ons%t demtégti%Ameriqan (Jﬂ%rngls(oef Mﬁgir(l:ghs
Genetllcs,%%JZ, %\%r 8,pﬂ &?,yp.zbré- g:

rhllrtlﬁlf\ﬂf and eleveri others,

Varable20Rhenatype atAlzbgimerts disease with spastic paraparesis,
Annals of Neurology, 2001, 49(1), p.125- 129; and Crook R, and

sevent@en bthers,ov valanteofd Atzheimét'sdisease with Spastic pararesis
and unusual plaques due to deletion of exon 9 of presenilin 1, 25 Nature

MEHCIE, 1o0BC AbF-r4(3), §7852-458, fit “example) rbgfesiie ern of
Sgwﬁﬂyﬁ'g%pé'éﬁééé & %%rrﬁcfblﬂal %@I}ge%x gt@{é’eA@MOI%éurology
deposit erebral ab

on in the cerebral cortex in Dementia with Lewy bodies is 34
aceompaped by anealativieiincease in ARPP neRNA. isoforms,eomaming
the Kunitz protease inhibitor, Neurochemistry International, 2005, Feb,
48@), 283260, aridPrmavery ¢ am four oliverd IBrRs S desumulatiorn:
of amyloid-QQ in Non-Alzheimer Neurodegeneration, Jorngi of Alzheimer's

DISEa5871950, "B, 3). 185105 foF eXamptd), MiratRrethals Che

aging human brain, Annals of the New York academy of
sciences, 2002, Nov, 977, p.l1l62-168, for example),
paraparesis (see O'Riordan S, and seven others,
Presenilin-1 mutation (E280G), spastic paraparesis, and
cranial MRI white-matter abnormalities, Neurology,
2002, Oct 8, 59(7), p.1108-1110; Matsubara-Tsutsui M,
and seven others, Molecular evidence of presenilin 1
mutation in familial early onset dementia, American
journal of Medical Genetics, 2002, Apr 8, 114(3),
P.292-298; Smith MJ, and eleven others, Variable
phenotype of Alzheimer's disease with spastic
paraparesis, Annals of Neurology, 2001, 49(1), p.125-
129; and Crook R, and seventeen others, A variant of
Alzheimer's disease with spastic pararesis and unusual
plaques due to deletion of exon 9 of presenilin 1,
Nature Medicine, 1998, Apr; 4(4), p.452-455, for
example), progressive supranuclear palsy (see
Barrachina M, and six others, Amyloid-P deposition in

the cerebral cortex in Dementia with Lewy bodies is
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hemorrhage (see Atwood CS, and three others, Cerebrovascular
requirement for sealant, anti-coagulant 10 and remodeling molecules that
allow for the maintenance of vascular integrity and blood supply, Brain
Research Reviews, 2003, Sep, 43(1), p.164-78; and Lowenson JD, and
two others, Protein aging: Extracellutr amyloid formation and intracellular
repair, Trends in 15 cardiovascular medicine, 1994, 4(1), p.3-8, for
eX4rfpIBY 2corRAISIN fseeeSingleton ABSBRdtRirteen’ BtHersidathology
of.early-onset Alzheimer's diiggs%cas s bearing the Thr113-114ins
2000,

prlesé%nﬁiﬁgf’ m%?éltFoanl,nérna?n elc, _7[256:9[ )a,lsi)?zi -i&'} ,Ofgf
exrmpled 2t mild:cpgnitive dmpairment (see Gattag W, ard four othees;
Platelet phospholipase A2 activity in Alzheimer's disease and mild
cagriitiveximpatrmenaty dourdal afiNeuraliFramsimssion, 22004n May, 111(5),
p.591-601; and Assini A, and fourteen others, Plasma 25 levels of amyloid

RISTOWIH 42 ar8inGEag8Y #Pwomen Wit t8GhRitivE Tmpariment,
Nﬁ%(?ﬁ%%iy %é’;%‘ SEP. 14 63(2), P828-831, for fr%@?"pée)mfggase, 1999,

4
é )
arteriosclerosis (see De Meyer GR, and eight others, 35 Platelet

phagocytosts ang Precessiy, offa-ameiflpReLCHUrsor pretedras aa 1
mechanism of macrophage activation in atherosclerosis, Circulation
Resarachh 2092 (dar 141900d) 55.4 197 204 for exihiple). 5 [0010] The

"C1-6 alkylene rouap" refers to an alkylene group having 1 to 6 carbon
aﬁﬁﬁ§?ﬁ€%ﬁ§§%l r requirement” for “sealant, "anti-coagulant

and remodeling molecules that allow for the maintenance
of vascular integrity and blood supply, Brain Research
Reviews, 2003, Sep, 43(1), p.l1l64-78; and Lowenson JD,
and two others, Protein aging: Extracellular amyloid
formation and intracellular repair, Trends in
cardiovascular medicine, 1994, 4(1), p.3-8, for
example), convulsion (see Singleton AB, and thirteen
others, Pathology of early-onset Alzheimer's disease
cases bearing the Thrl1ll13-114ins presenilin-1 mutation,
Brain, 2000, Dec, 123(Ptl2), p.2467-2474, for example),
mild cognitive impairment (see Gattaz WF, and four
others, Platelet phospholipase A2 activity in
Alzheimer's disease and mild cognitive impairment,
Journal of Neural Transmission, 2004, May, 111(5),
p.591-601; and Assini A, and fourteen others, Plasma
levels of amyloid P-protein 42 are increased in women
with mild cognitive impariment, Neurology, 2004, Sep
14, 63(5), p.828-831, for example), and

arteriosclerosis (see De Meyer GR, and eight others,
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examples of the group include a methylene group, ethylene group,
propylene group, butylene group, and 10 pentylene group. [0011] The
"C1-6 alkyl group" refers to an alkyl group having 1 to 6 carbon atoms.
Preferable examples of the group include linear or branched alkyl groups
15 such as a methyl group, ethyl grazgp, n-propyl group, i- propyl group,
n-butyl group, i-butyl group, tert-butyl group, n-pentyl group, i- pentyl
%tﬁééﬁerﬁﬁlﬁ@r‘éﬁkﬁt%ﬁéxﬁ@%w Amethylsropyl & roipy Loid

1 2 -dimethylpr roup, 1- ethy I roup, methyl-2- eth Ipropyl 20
ru%c rStﬁyl §9 % Broap“i’/l group %gfqz leéfthmlf)rc}ilpﬁ gr(%p,

1 Aeethylbutyl graup, 2-maethylbuby geaup, lidimethylbutylrgrodp a2,R;
dimethylbutyl group, 2-ethylbutyl group, 1,3- dimethylbutyl group,
Zéﬁﬁé)thylpéntyl gfoup) @hd13-,25met¥ylpéritykgrotpr[08i2hphe )'C3-13
cycloalkyl group” refers to a cyclic alkyl group having 3 to 13 carbon
atbhis: 36 Preferable examples of the group include a cyclopropyl group,

cyclobutyl group, cyclepentyl r%ee@/ ﬁk.grgt& Lyclaheptyl group,

cyclooctyl group, cyclononany group, cyclodecanyl group,
cyclayndacanyks groums eyelgdodecany| gsoums angeyelofridecanyk gegsipe

[0013] The "aryl group" refers to a "6- to 14-
examples of the group include a methylene group,
ethylene group, propylene group, butylene group, and
pentylene group.
[0011]

The "Cl-6 alkyl group" refers to an alkyl
group having 1 to 6 carbon atoms. Preferable examples
of the group include linear or branched alkyl groups
such as a methyl group, ethyl group, n-propyl group, i-
propyl group, n-butyl group, i-butyl group, tert-butyl
group, n-pentyl group, i-pentyl group, neopentyl group,
n-hexyl group, l-methylpropyl group, 1,2-dimethylpropyl
group, l-ethylpropyl group, l-methyl-2-ethylpropyl
group, l-ethyl-2-methylpropyl group, 1,1,2-
trimethylpropyl group, l-methylbutyl group, 2-
methylbutyl group, 1,1l-dimethylbutyl group, 2,2-
dimethylbutyl group, 2-ethylbutyl group, 1,3-
dimethylbutyl group, 2-methylpentyl group, and 3-
methylpentyl group.

[0012]
The "C3-13 cycloalkyl group" refers to a

cyclic alkyl group having 3 to 13 carbon atoms.
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membered cyclic aromatic hydrocarbon group” or a "5- to 14-membered
aromatic heterocyclic group". The "6- to 10 14-membered cyclic aromatic
hydrocarbon group” used herein refers to a monocyclic, bicyclic, or
tricyclic aromatic hydrocarbon group having 6 to 14 carbon atoms.
Preferable examples of the group inglede 6- to 14- membered monocyclic,
bicyclic, or tricyclic aromatic 15 hydrocarbon groups such as a phenyl

gFoupL Ry P gredsimephtial groip, dzetenyt grouis eptatéinyt ogrotipy 1
e e e o B oD, S ARy

S
antnracenyl grou ered aromati ocyclic

group fefers, 20008 MPNogYeligs bicyglic, o drigyclig Atematic
heterocyclic group having 5 to 14 carbon atoms. Preferable examples of
theygrbap anclogs. (Dmitrpge-ycontaiairmparbniaticuiste ey tlicigrbepsny 1
such as a pyrrolyl group, pyridyl group, pyridazinyl group, 25 pyrimidinyl

QB Byraziiyt grotts pyrazolifycarup 2 i BiyP hrotts fridbiyl gfoGpEP -
is?%jf)!)yf group, indolizinyl group, purinyl group, indazolyl group, quinolyl
group, i1soquinolyl group, quinolizinyl group, 37 phthalazinyl group,
naphthyridinyl gresp "guinoxalinyh@roup.rqutgazaling group: einnakinyl
group, pteridinyl group, imidazotriazinyl group, pyrazinopyridazinyl group,
agrdiig rou e Yshenanthridiay groty, 5 eardbal2oly| grovpl pedmidinyl>— to
group, phenanthrolinyl group, and phenacyl group, (2) sulfur-containin
BBy EROBS SEh R Uay giogie . The T o

l4-membered cyclic aromatic hydrocarbon group" used
herein refers to a monocyclic, bicyclic, or tricyclic
aromatic hydrocarbon group having 6 to 14 carbon atoms.
Preferable examples of the group include 6- to 14-
membered monocyclic, bicyclic, or tricyclic aromatic
hydrocarbon groups such as a phenyl group, indenyl
group, naphthyl group, azulenyl group, heptalenyl
group, biphenyl group, fluorenyl group, phenalenyl
group, phenanthrenyl group, and anthracenyl group. The
"5- to l4-membered aromatic heterocyclic group" refers
to a monocyclic, bicyclic, or tricyclic aromatic
heterocyclic group having 5 to 14 carbon atoms.
Preferable examples of the group include (1) nitrogen-
containing aromatic heterocyclic groups such as a
pyrrolyl group, pyridyl group, pyridazinyl group,
pyrimidinyl group, pyrazinyl group, pyrazolinyl group,
imidazolyl group, indolyl group, isoindolyl group,
indolizinyl group, purinyl group, indazolyl group,

qgquinolyl group, isoquinolyl group, gquinolizinyl group,
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and benzothienyl group, (3) oxygen-containing aromatic heterocyclic
groups such as a furyl group, pyranyl 10 group, cyclopentapyranyl group,
benzofuranyl group, and isobenzofuranyl group, and (4) aromatic
heterocyclic groups containing two or more hetero atoms selected from
the group consisting of a nitrogen atem, sulfur atom, and oxygen atom
such as a thiazolyl group, 15 isothiazolyl group, benzothiazolinyl group,
b@ﬁ%dﬁha?alz%wf gFSLP phenditidzinyl %ﬁé@gl isHxazBly GrotpoRRazaryt

grou henoxazinyl gro razoloxazol rou |m|dazoth|azo
u%,gthle%o%uryl%roup%rg)é yrrcﬁyl g%ﬂp, and' gE) p?/rlaogxazp %@lrgl}ﬁl vl

[QQQ&LEDG Ay Areun? kefers 9 awupdp whichs bydrggen.afam on
the aromatic hydrocarbon ring of the "6- to 14-membered cyclic aromatic
hydrocarbonc25 group! opadhwelrogére atont onibe raydmatio heterocycle

of the "5- to 14-membered aromatic heterocyclic group” is substituted

wﬁﬁ%%%%h ﬁ&iﬁiufml%?%%mifﬁé "E3-gEgiIBalkiI (BEp cohaernssd
with '%enz JB%%G ofP5 §EAMPLE; agrppp,of dhe formuylay

[Formula 11] e e
aromatic heterocycllc groups such as a thienyl group

and benzothienyl group, (3) oxygen—-containing aromatic
heterocyclic groups such as a furyl group, pyranyl
group, cyclopentapyranyl group, benzofuranyl group, and
isobenzofuranyl group, and (4) aromatic heterocyclic
groups containing two or more hetero atoms selected
from the group consisting of a nitrogen atom, sulfur
atom, and oxygen atom such as a thiazolyl group,
isothiazolyl group, benzothiazolinyl group,
benzothiadiazolyl group, phenothiazinyl group,
isoxazolyl group, furazanyl group, phenoxazinyl group,
pyrazoloxazolyl group, imidazothiazolyl group,
thienofuryl group, furopyrrolyl group, and
pyridooxazinyl group.

[0014]

The "aryloxy group" refers to a group in
which a hydrogen atom on the aromatic hydrocarbon ring
of the "6- to l4-membered cyclic aromatic hydrocarbon
group"”" or a hydrogen atom on the aromatic heterocycle
of the "5- to l4-membered aromatic heterocyclic group"
is substituted with an oxygen atom.

[0015]
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The benzene ring may be substituted with 1 to 3 5 substituents selected
from Substituent Group Al; one methylene group on the C3-8 cycloalkyl
group may be substituted with an oxygen atom; and the C3-8 cycloalkyl
group may be substituted with 1 to 3 hydroxyl groups and/or C1-6 alkyl
groups. 10 [0016] The "4- to 8-membared nitrogen-containing
heterocyclic group formed by Arl-X1- and R" together with the nitrogen
atom to which Afﬁlexicl%%n%lﬁéalé?ﬁl]fﬁel caAfbORFatERPGIAISIRR RIS 2
bonded" ma for 15 example, a grou the formula 39 ormula 12]
A ATt RN o e B8 Mo oE oF (e
nitrg@gen-containing heterocyclic group may be substituted with an aryl
group or pyridinyi group, wherein the aryl group or pyridinyi group may
bé SabstittedlWith 1 to 3 substituents 5 selected from Substituent Group
Al. In addition, one methylene group on the 4- to 8-membered nitrogen-
containing heterocyclic group may be substituted with a methyle e group
substituted with 1 or 2 stituépts selecied frofts é

' viemergroup 10 thft may[be kubstituted W
ectedlirong SubstitientGredp Al, an )

or

The benzene ring may be substituted with 1 to 3
substituents selected from Substituent Group Al; one
methylene group on the C3-8 cycloalkyl group may be
substituted with an oxygen atom; and the C3-8
cycloalkyl group may be substituted with 1 to 3
hydroxyl groups and/or Cl-6 alkyl groups.

[0016]

The "4- to 8-membered nitrogen-containing
heterocyclic group formed by Ar;-X;— and R* together
with the nitrogen atom to which Ar;-X;— is bonded and
the carbon atom to which R* is bonded" may be, for

example, a group of the formula:
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an imino group that may be substituted with a substituent selected from
Substituent Group Al. The 4- to 8-membered nitrogen-containing 15
heterocyclic group having one methylene group that may be substituted
with a methylene group substituted with 1 or 2 substituents selected from
Substituent Group Al, a vinylene grauyp that may be substituted with 1 or 2
substituents selected from Substituent Group Al, an 20 oxygen atom, or
art ififiBYgrdup 4Rat may be substituted with a substituent selected from
Substituent Group Al may be, for example, a group specifically
represented 40 by the fopmula: [Formu}qr],’fs] Art Art AAA{t Art Art Art ArAr1
N HorON NL[0Q17] The "C1-6

cycloalkyl gsoup formed by R1 and 2 10 together Wlth the carbon atom
to which they are bonded" or the "C3-8 cycloalkyl group formed by R3
and R" together with the carbon atom to which they are bonded" may be,
forexample,@ growpnspecHicaly repygsenteéntaining heterocyclic

group may be substituted with an aryl group or
pyridinyl group, wherein the aryl group or pyridinyl
group may be substituted with 1 to 3 substituents
selected from Substituent Group Al. In addition, one
methylene group on the 4- to 8-membered nitrogen-
containing heterocyclic group may be substituted with a
methylene group substituted with 1 or 2 substituents
selected from Substituent Group Al, a vinylene group
that may be substituted with 1 or 2 substituents
selected from Substituent Group Al, an oxygen atom, or
an imino group that may be substituted with a
substituent selected from Substituent Group Al.

The 4- to 8-membered nitrogen-containing
heterocyclic group having one methylene group that may
be substituted with a methylene group substituted with
1 or 2 substituents selected from Substituent Group Al,
a vinylene group that may be substituted with 1 or 2
substituents selected from Substituent Group Al, an
oxygen atom, or an imino group that may be substituted
with a substituent selected from Substituent Group Al

may be, for example, a group specifically represented
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by the formula: 41 [Formula 14] or [0019] The "C1-6 alkylene group,
wherein the C1-6 alkylene group may be substituted with 1 to 3 hydroxy!l
groups or C1-6 alkyl groups, wherein the C1-6 alkyl 5 groups may be
substituted with 1 to 3 hydroxyl groups, or a C3-13 cycloalkyl group
formed by two C1-6 alkyl groups together bonded to the same carbon
atom of the C1-6 alkylene group" may be, for example, a group
specifidaly represéfted by the formula: [Formula 15] Me OH )1 Me Me Me
MgEl\éleml\{l1 g)l—i $ Me Me Me 42 0020] Substituent Groups Al refers to
th ﬁowmg groups. Substituent Group Al: (1) a halogen atom, (2) 5 a

hydroxy Proup (3) a P/ano groupA(@ aC3-8 cml?alkyl groupMEl) a C3-8

[0017]

The "Cl-6 acyl group" used herein refers to
an acyl group having 1 to 6 carbon atoms. Preferable
examples of the group include a formyl group, acetyl
group, propionyl group, butyryl group, isobutyryl
group, pentanoyl group, and hexanoyl group.

[0018]

The "C3-8 cycloalkyl group formed by R' and R?
together with the carbon atom to which they are bonded”
or the "C3-8 cycloalkyl group formed by R’ and R*
together with the carbon atom to which they are bonded”

may be, for example, a group specifically represented

by the formula:



C1-6 alkyl group, wherein the C1-6 alkyl group may be substituted with 1
to 5 halogen atoms or one to three C1-6 alkoxy groups, (7) an amino
group that may be 10 substituted with one or two C1-6 alkyl groups,
wherein the C1-6 alkyl groups may be substituted with 1 to 5 halogen
atoms, (8) a C1-6 alkoxy group, whetein the C1- 6 alkoxy group may be
substituted with 1 to 5 halogen atoms, and (9) a carbamoyl group that
meyBE S 3ubstituted with one or two C1-6 alkyl groups, wherein the
C1-6 ajkyl groups may jpe substituted |th 1 to 3 halogen atoms. [0021]
g 0 fluorine atom, chlorine
and is preferably a fluorine

to a eyclic alkyl group g 3 to 8 carboan-atoms. 25 Preferable

examples of the group include a cyclopropyl group, cyclobutyl group,
cyclopentyl group, cyclohexyl group, cycloheptyl group, and cyclooctyl

[0019]

The "Cl-6 alkylene group, wherein the Cl1-6
alkylene group may be substituted with 1 to 3 hydroxyl
groups or Cl-6 alkyl groups, wherein the Cl-6 alkyl
groups may be substituted with 1 to 3 hydroxyl groups,
or a C3-13 cycloalkyl group formed by two Cl-6 alkyl
groups together bonded to the same carbon atom of the
Cl-6 alkylene group" may be, for example, a group
specifically represented by the formula:

[Formula 15]

% . ELI/K‘, EX/K’ M><M/

Me

:::1\\\¢//}§ %k or%%
A ""*)\(a *

Me

Me



cyciooctyloxy group. 0023] The "CI-6 alkyl group" is as defined above, 10
and specific examples of the group are as described above. The "CI-6
aikoxy group" refers to an alkyl group having 1 to 6 carbon atoms in
which a hydrogen atom is substituted with an oxygen atom. Preferable 15
examples of the group include a methwxy group, ethoxy group, n-propoxy
group, i-propoxy group, n-butoxy group, i-butoxy group, sec-butoxy
grb%g? Peﬁ)rt-butoxy group, n-pentoxy group, i-pentoxy group, sec-pentoxy

group. te“'Pemé’&%%%%%e@%?}%’ur%@?”&i'rr‘%’%oexyszqc%m%‘rﬁ’é following
1,2-dimethyipropoxy group, 2-ethyipropoxy group,

14methyl2-ethyipropoxy group, 1-ethyl-2-methyipropoxy group,
1,1,2-trimethyipropoxy group, 1,1,2- trimethyipropoxy group,
1,1-dimethyibutoxip groamez;2- imethyibltoxy Qroap hz-éthydsutexygroup? )
1,3 25 dimethyibutoxy group, 2-methyipentoxy group, 3- methyipentoxy
groupy gﬁa%iyfé&?ﬁ?oup(%(boﬂ]eﬂ?en%rﬁiﬁalﬁ?ou|5 tHatméay bé

Subaliyled Wih 44 ape or o C-6 slkyi groupyefets fo apamino groun

in Which oneor two hydrogen atoms are substituted with one or'two aikyl

groups having 1 4e 6.gaybamatams, Preferable examplesefdhe greup be
include a methyiamino 5 group, dimethyiamino group, ethyiamino group,
dietiysamino-gdupitipropyiamindrgroupsandidins or one to three

Cl-6 alkoxy groups, (7) an amino group that may be
substituted with one or two Cl-6 alkyl groups, wherein
the Cl1-6 alkyl groups may be substituted with 1 to 5
halogen atoms, (8) a Cl-6 alkoxy group, wherein the Cl-
6 alkoxy group may be substituted with 1 to 5 halogen
atoms, and (9) a carbamoyl group that may be
substituted with one or two Cl-6 alkyl groups, wherein
the Cl1-6 alkyl groups may be substituted with 1 to 3
halogen atoms.

[0021]

The "halogen atom" used herein refers to a
fluorine atom, chlorine atom, bromine atom, iodine
atom, or the like, and is preferably a fluorine atom,
chlorine atom, or bromine atom.

The "C3-8 cycloalkyl group" refers to a
cyclic alkyl group having 3 to 8 carbon atoms.
Preferable examples of the group include a cyclopropyl
group, cyclobutyl group, cyclopentyl group, cyclohexyl
group, cycloheptyl group, and cyclooctyl group.

[0022]



10

15

20

25

propyiamino group. 0025] The "carbamoyi group that may be substituted
10 with one or two CI-6 alkyl group” refers to a carbamoyi group in which
one or two hydrogen atoms are substituted with one or two aikyi groups
having 1 to 6 carbon atoms. Preferable examples of the group include a
methyicarbamoyi group, dimethyicarbamoyi group, 15 ethyicarbamoyi
group, diethyicarbamoyi group, n- propyicarbamoyi group, and

di-n-propyicarbanfyi §roup. V0267 ¥ ke preseAtSpedificetivn, tHeré are

no specific limitations to the "pharmaco]ogically 20 acceptable salt" .
e R R S wnicn

compound phthergenesal farmula (k) thatds @ Rrophylastic, F therapewis.
agent for a disease caused by AR. Preferable specific examples of the

salt mchudedyalrehalidess(suct ast?2s lydroftucridesy Aydrchioritlesy opoxy
hydrobromides, and hydroiodides), inorganic acid salts (such as sulfates,

nitrafes; peratidrated; prosPh&tes; carbohaikes? hd Yhigaftidnates),

ic.car ja ch tes, 45 oxa mal s, tartrates,
%?Qi O%%Q%X}c%?ogg' g\%cafgﬁaﬁ%%ngeos?s(u %%;pfne%ﬁéﬁesulfonates,

or
fumarates, and" citrates), organic su

trifiyenarpethanesyifenates, . ethanesulfonates, benzenesulfonates,
toluenesulfonates, 5 and camphorsulfonates), amino acid salts (such as

adpdrtates and glutamates), quaternary amine salts,

The "Cl-6 alkyl group" is as defined above,
and specific examples of the group are as described
above.

The "Cl-6 alkoxy group" refers to an alkyl
group having 1 to 6 carbon atoms in which a hydrogen
atom is substituted with an oxygen atom. Preferable
examples of the group include a methoxy group, ethoxy
group, nN-propoxy group, 1-propoxy group, n-butoxy
group, i-butoxy group, sec-butoxy group, tert-butoxy
group, n-pentoxy group, i-pentoxy group, sec-pentoxy
group, tert-pentoxy group, n-hexoxy group, i-hexoxy
group, 1,2-dimethylpropoxy group, 2-ethylpropoxy group,
l-methyl-2-ethylpropoxy group, l-ethyl-2-methylpropoxy
group, 1,1,2-trimethylpropoxy group, 1,1,2-
trimethylpropoxy group, 1,l-dimethylbutoxy group, 2,2-
dimethylbutoxy group, 2-ethylbutoxy group, 1,3-
dimethylbutoxy group, 2-methylpentoxy group, 3-
methylpentoxy group, and hexyloxy group.

[0024]

The "amino group that may be substituted with
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alkali metal salts (such as sodium salts and potassium salts), and alkali
earth metal salts (such as magnesium salts and calcium salts). 10 [0027]
Next, the compound of the formula (I) of the present invention will be
described. In the compound of the formula (1) or pharmacologically
acceptable salt thereof, preferably, 13 (a) R1, R2, R3, and R4 are the
same or different and each represent a hydrogen atom or a C1-6 alkyl
glotp; X4 refresehtd a TKBaildfenegroupt Wheréil e CI-BaikgleAEr

group may be substituted with 1.to 3 20 hydroxyl groups or C1-6 alkyl .
O B B B STl B8 e bt R i 1 it

hygroxyr griappsa ok 3 £3r13.qysioaikyt gepup formed by tworCl6oalkyl
groups together bonded to the same carbon atom of the C1-6 aikylene
groupf 25 ¢d represents asmethoxy group opa fluokingeatonmeXthy lamino
represents an oxygen atom or a methylene g;:oup, provided that Xb is

oA ArPoxyGEREMMMIRER X o946 48 a rR&thok§ BtoGh; Hrfd R represents
a%lf‘%ékgyrﬁ%%i éid&‘P’g'BS%O,“pn— YIQXY IQYR, Or&yéﬁrly'%’dgré’i‘%bat
may be substituted with'1'to 3 substituents selected from 5 Substituent
GraupAl {b) Asl-Xdotgpresents a C3-8 cycioaikyi group

[0025]

The "carbamoyl group that may be substituted
with one or two Cl-6 alkyl group" refers to a carbamoyl
group in which one or two hydrogen atoms are
substituted with one or two alkyl groups having 1 to 6
carbon atoms. Preferable examples of the group include
a methylcarbamoyl group, dimethylcarbamoyl group,
ethylcarbamoyl group, diethylcarbamoyl group, n-
propylcarbamoyl group, and di—-n-propylcarbamoyl group.
[0026]

In the present specification, there are no
specific limitations to the "pharmacologically
acceptable salt" insofar as it is a pharmacologically
acceptable salt formed with a compound of the general
formula (I) that is a prophylactic or therapeutic agent
for a disease caused by AP. Preferable specific
examples of the salt include hydrohalides (such as
hydrofluorides, hydrochlorides, hydrobromides, and
hydroiodides), inorganic acid salts (such as sulfates,
nitrates, perchlorates, phosphates, carbonates, and

bicarbonates), organic carboxylates (such as acetates,
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condensed with a benzene ring, wherein one methylene group on the
C3-8 cycioaikyi group may be substituted with an oxygen atom, the C3-8
cycioaikyi group may be 10 substituted with 1 to 3 hydroxyl groups and/or
C1-6 alkyl groups, and the benzene ring may be substituted with 1 to 3
substituents selected from Substituent Group Al; and R1, R2, R3, R4, Xa,
and Xb are as defined in (a); 15 (c) one of R1 and R2 and one of R3 and
RA%té 2fheSsarfie bf diffefenttaioeadfroprésett ahyotogéi Satom or a
C1-i %l—!ﬂ{l %2oup' the other of Fl%%oandtRZ angutl‘he %tger of R3 and R4,

O .
to%e e wi )t’he carbon atéms o which they are respectively bonded,

forea, £3:8 20 ykivalkyi graups whereindhe £3:8.cyeioaikyk group may

be substituted with 1 to 3 substituents selected from Substituent Group

Ak ainarXE N, K s, Atbare as edefinedniat{apor ()1 () retXi-amdes,
R4, together with the nitrogen 25 atom to which Ar1-X1- is bonded and
thiePCarBBATARGH 36 WAIRA T4 s bl Gt & 4233 BSméitiehed S

”'gggsgig‘%@émé g, heterecyelic grgup that may, %?“B%EH%?C’SM an

aryl group or pyridinyi group, wherein one 4/ methylene group on the 4-
to=81mambereednitreger-scortaipingReteracyehc geoupsmay dessithstititach
with a methylene group substituted with 1 or 2 substituents selected from
Sabdtitaent GrouprAk alvingend growi-8 thatahay bé Supstitutednaith stoum

3 substituents selected from_Substituent Group Al, an oxygen atom, or
salts and calcium salts).

[0027]

Next, the compound of the formula (I) of the
present invention will be described.

In the compound of the formula (I) or
pharmacologically acceptable salt thereof, preferably,

(a) Rl, RZ, R3, and R? are the same or
different and each represent a hydrogen atom or a Cl-6
alkyl group;

X1 represents a Cl-6 alkylene group, wherein
the Cl-6 alkylene group may be substituted with 1 to 3
hydroxyl groups or Cl-6 alkyl groups, wherein the Cl-6
alkyl groups may be substituted with 1 to 3 hydroxyl
groups, or a C3-13 cycloalkyl group formed by two Cl-6
alkyl groups together bonded to the same carbon atom of
the Cl-6 alkylene group;

X5 represents a methoxy group or a fluorine
atom;

Xp represents an oxygen atom or a methylene

group, provided that X, is only an oxygen atom when X,
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an imino group that may be substituted with a substituent selected from
Substituent Group Al, and the aryl group or pyridinyi group may be
substituted with 1 10 to 3 substituents selected from Substituent Group Al;
Xb represents an oxygen atom; and R1, R2, R3, and Xa are as defined
in (a) and (b); (e) R1 and R2, togetherwith the carbon atom to which they
are bonded, form a C3-8 cycioaikyi group; 15 and R3, R4, X1, Xa, Xb,
and AR &tedxodefirgadnia) and (b); or (f) R3 and R4, together with the
carbon atom ta which threé/sare bsgnéjrelrdafor@ a]g:é%-S cycioaikyi. roup; .
and R1, R2, XL, Xa, X, and Arl aré as defined in fgs’ah%y]ib%b%yandg P
particulady preterably o) Ris Rz R3, and R4 are the.samepy different
and each represent a hydrogen atom or a C1-6 alkyl group; 25 X1
represents atCt-6rdikylehe growp, sMiereint tleen €4 -6 aikylenedgroupmay
be substituted with 1 to 3 hydroxyl groups or C1-6 alkyl groups, wherein
the 856 GG  §rdiipsthag bé substituted with 1 to 3 hydroxyl 48 groups;

Xa represents g friet %ﬁYQ{QUQ%B?JQ‘é’HPS gtom; Xb E%Q!?%%’itﬁﬂ‘ roup

oxygen atom or a methylene 5 group, provided that Xb 15 only an oxygen

atophWheBXR WS armeathexy geeup; &gy, wherein one methylene
group on the C3-8 cycloalkyl group may be substituted
with an oxygen atom, the C3-8 cycloalkyl group may be
substituted with 1 to 3 hydroxyl groups and/or Cl-6
alkyl groups, and the benzene ring may be substituted
with 1 to 3 substituents selected from Substituent

3, R4, Xa, and Xp are as defined

Group Al; and Rl, RZ, R
in (a);

(c) one of R! and R? and one of R’ and R? are
the same or different and each represent a hydrogen
atom or a Cl-6 alkyl group; the other of R' and R? and
the other of R’ and R%, together with the carbon atoms
to which they are respectively bonded, form a C3-8
cycloalkyl group, wherein the C3-8 cycloalkyl group may
be substituted with 1 to 3 substituents selected from
Substituent Group Al; and X;, X,, X,, and Ar; are as
defined in (a) or (b);

(d) Ar;-X;—- and R4, together with the nitrogen
atom to which Ar;-X;- is bonded and the carbon atom to
which R* is bonded, form a 4- to 8-membered nitrogen-

containing heterocyclic group that may be substituted

with an aryl group or pyridinyl group, wherein one
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Arl represents an aryl group, pyridinyi group, aryloxy group, or
pyridinyloxy group that may be substituted with 1 to 3 substituents
selected from 10 Substituent Group Al; (b) Arl-X1- represents a C3-8
cycioaikyi group condensed with a benzene ring, wherein one methylene
group on the C3-8 cycioaikyi group may be substituted with an oxygen
atom, the C3-8 cycioaikyi group may be 15 substituted with 1 to 3 hydroxyl

grotipR ARG OT BRIy gidiips? and thé bBREET fiflg fridy e en~

substituted . with 1 to 3 substituents selected from Substituent Graup Al;
AHTRL K2 18, S0 et ach 55 defd 16 (bt 20 () A das” 2
and Réy tagethei Wil the, Biliogen - aton; ta whichAr1oXLuishonded-and
the carbon atom to which R4 is bonded, form a 4- to 8-membered
nitregenteontaining Hetesadyclie growyr that nddy, be substitutede withcarp
aryl group or pyridinyi group, wherein one 25 methylene group on the 4- to

8%%?@6 ﬁﬁo@éﬁ-smaﬁﬁﬁjg Wéﬂéf]?oéycﬁ@ g?’oﬁﬁ{ﬁ%@%ﬁﬁs‘iituted
with 8, g%eégylﬁPglgr%%g% stiuted wath, 1 or 2;subs 't%e@%es_r?%%%%frog}

Substituent Group Al, a vinylene group 49 "that may be substituted with T
to3 substituentsoselecteddram Substitient Greup Ad, an exygen atom, or
an imino group that may be substituted with a substituent selected from
SabstittevGroupsAl antdade Srayl Grobiptor pyridinyrgroup may bend the

substituted with 1 to 3 substituents selected from Substituent Group Al;
XBryl group or pyridinyl group may be substituted with 1

to 3 substituents selected from Substituent Group Al; Xp

2, R3, and X, are as

represents an oxygen atom; and Rl, R
defined in (a) and (b);

(e) R! and RZ, together with the carbon atom
to which they are bonded, form a C3-8 cycloalkyl group;
and R3, R4, X1, Xi, Xy, and Ar; are as defined in (a) and
(b); or

(f) R’ and R4, together with the carbon atom
to which they are bonded, form a C3-8 cycloalkyl group;
and Rl, RZ, X1, Xi, Xy, and Ar; are as defined in (a) and
(b),
and particularly preferably,

(a) Rl, RZ, R3, and R? are the same or
different and each represent a hydrogen atom or a Cl-6
alkyl group;

X1 represents a Cl-6 alkylene group, wherein
the Cl1-6 alkylene group may be substituted with 1 to 3
hydroxyl groups or Cl-6 alkyl groups, wherein the Cl-6

alkyl groups may be substituted with 1 to 3 hydroxyl



represents an oxygen atom; and R1, R2, R3, and Xa are as defined in (a)
and (b). [0028] 10 In the compound of the formula (I) or
pharmacologically acceptable salt thereof, Arl is preferably an aryl group
or pyridinyi group, or an aryl group or pyridinyi group substituted with 1 to
3 halogen atoms. 15 In the compounggof the formula (I) or
pharmacologically acceptable salt thereof, Arl is more preferably a phenyl
grOUPBE= pyridinyi group, or a phenyl group or pyridinyi group substituted
with 1 to 3 halo%en atoms. 2040029 In tl%e com ound of the fo uIa _(LI
pharmacologicalfy ac<]§>ep?alglre1 saltathereo k4 p eterab y represen S
methaxy group or a fluorine atom. 25 In the compound of the formula (1)
or pharmacologically acceptable salt thereof, Xb preferably represents an
oxygen atom oXa nwthylere group) pravided tlretoth srorly matoxygene
atom 50 when Xa is a methoxy group. 0030] In the compound of the

fo?ﬁt%t%?('l) 8r %‘ﬁh%ﬁc&%@?’ca acteptable sait tHerd6f! sYPreferdby 1)

RZ, ﬁgtgng ou@e same or different and each represent a
cfrogen afom of a’ ’

Ar, represents an aryl group, pyridinyl group,
aryloxy group, or pyridinyloxy group that may be
substituted with 1 to 3 substituents selected from
Substituent Group Al;

(b) Ar;—X;— represents a C3-8 cycloalkyl group
condensed with a benzene ring, wherein one methylene
group on the C3-8 cycloalkyl group may be substituted
with an oxygen atom, the C3-8 cycloalkyl group may be
substituted with 1 to 3 hydroxyl groups and/or Cl-6
alkyl groups, and the benzene ring may be substituted
with 1 to 3 substituents selected from Substituent
Group Al; and Rl, RZ, R3, R4, Xa, and Xp are as defined
in (a); or

(d) Ar;-¥X;—- and R4, together with the nitrogen
atom to which Ar;-X;- is bonded and the carbon atom to
which R* is bonded, form a 4- to 8-membered nitrogen-
containing heterocyclic group that may be substituted
with an aryl group or pyridinyl group, wherein one
methylene group on the 4- to 8-membered nitrogen-
containing heterocyclic group may be substituted with a
methylene group substituted with 1 or 2 substituents

selected from Substituent Group Al, a vinylene group
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C1-6 alkyl group; 2) one of R1 and R2 and one of R3 and R4 are the
same or different and each represent a hydrogen atom or a C1-6 alkyl
group; and the other of R1 10 and R2 and the other of R3 and R4,
together with the carbon atoms to which they are respectively bonded,
form a C3-8 cycloalkyl group, whereipthe C3-8 cycloalkyl group may be
substituted with 1 to 3 substituents selected from Substituent Group Al; 3)

R afd R2P fogethertwith fivdcarbbh atorhovisigk tey-aren bdnded,

fosrmlaégt?)é C (%Igalkgl %rogg;cgg%53G%%qu4 re the same or different

and each Tepresent a hydrogen: atons or aet alkyl grodp: or 4 R3 and”

R4ntogethes withdhe eathonatemsto whishithey: aegibonded, form a 20
C3-8 cycloalkyl group; and R1 and R2 are the same or different and each

represent ukydrogen atdrmar aroh-65 atkyt growgn {00314 b thel compdunde
of the formula (1) or 25 pharmacologically acceptable salt thereof, X1

prEfErhbR fpPesEnts §'C L6 AIkyI6RE Htolip YwREre iR €116 &fkylehe” *
grtoé‘psmé}}’%g& SUbsIiE t§dsl"¥‘ﬁl'é%é%§ *kyrdé%xyé@}5%%%%%&%%?%@'5%5%1; X

groups, wherein the CI-6 alkyl groups may be substituted with 1 to'3
hydrexygraups;axl B1oFgcpreferahly representsrRERBR6-whereinfRe: as

and R6 are the same or different and each represent a hydrogen atom or
5@eCLe atkyl grotm) whedeitithe CI-6 alkyl group may be substituted with
1 %% §2h8y]droxyl groups; and X1 most

In the compound of the formula (I) or
pharmacologically acceptable salt thereof,

Ar;, 1s preferably an aryl group or pyridinyl
group, or an aryl group or pyridinyl group substituted
with 1 to 3 halogen atoms.

In the compound of the formula (I) or
pharmacologically acceptable salt thereof,

Ar; is more preferably a phenyl group or
pyridinyl group, or a phenyl group or pyridinyl group
substituted with 1 to 3 halogen atoms.

[0029]

In the compound of the formula (I) or
pharmacologically acceptable salt thereof,

Xy preferably represents a methoxy group or a
fluorine atom.

In the compound of the formula (I) or
pharmacologically acceptable salt thereof,

Xp preferably represents an oxygen atom or a

methylene group, provided that X, is only an oxygen atom
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preferably represents -CH-C(OH)R7-, wherein R7 represents a CI-6 alkyl
group. [0032] 10 In the compound of the formula (1) or pharmacologically
acceptable salt thereof, Arl preferably represents an aryl group, pyridinyi
group, aryloxy group, or pyridinyloxy group that may be substituted with 1
to 3 substituents 15 selected from Saebstituent Group Al; and Arl more
preferably represents an aryl group or pyridinyi group that may be
subtitutdd with 3 BS-SBStEETRE Fselected from Substituent Group Al.

[0 ]? In the compound of the formula (Il) or pharmacologically
acceptable salt thereof, Arl_a preferably represents a phenyl group or

pyridinyi group thatimay bersybstitsitedewithd toc3- substituents.selected
from Substituent Group Al; and 25 Arl_a more preferably represents a
plréayt rgroap oy pysidiny grovecthabiray ol hetdubistitufed or may be
substituted with 1 to 3 halogen atoms. [0034] 52 In the cqmpound of the
formula (I1) or phafhaEaBgically hceptdble sAlt thefcbR prefétabyeRE2Me

DT e e ek S e e s
with 1stoa3 Rydrogylgresips.) one of R' and R® and one of R’ and
R? are the same or different and each represent a
hydrogen atom or a Cl-6 alkyl group; and the other of R*
and R? and the other of R’ and RY, together with the
carbon atoms to which they are respectively bonded,
form a C3-8 cycloalkyl group, wherein the C3-8
cycloalkyl group may be substituted with 1 to 3
substituents selected from Substituent Group Al; 3) R!
and R?, together with the carbon atom to which they are
bonded, form a C3-8 cycloalkyl group; and R’ and R® are
the same or different and each represent a hydrogen
atom or a Cl-6 alkyl group; or 4) R’ and RY, together
with the carbon atom to which they are bonded, form a
C3-8 cycloalkyl group; and R' and R® are the same or
different and each represent a hydrogen atom or a Cl-6
alkyl group.

[0031]

In the compound of the formula (I) or
pharmacologically acceptable salt thereof,
X, preferably represents a Cl-6 alkylene

group, wherein the Cl-6 alkylene group may be

substituted with 1 to 3 hydroxyl groups or Cl-6 alkyl
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0035] In the compound of the formula (II) or pharmacologically
acceptable salt thereof, 10 Xa preferably represents a methoxy group or a
fluorine atom. 0036] In the compound of the formula (II) or
pharmacologically acceptable salt thereof, 15 Xb preferably represents an
oxygen atom or a methylene group,jarovided that Xb is only an oxygen
atom when Xa is a methoxy group. 0037] In the compound of the formula
(1507 U2G phuRfiacolgiealy éceptapiksaltihersdt, praterably, 1) R1, R2,

SR (4R e o dieEnLan sechsepesenafydogen

atom or a ["group; 2) one n dne of R3and R4
arethesamg or differentand-eactrrepresepha 2o hydtogenatem gra the
C1-6 alkyl group; and the other of R1 and R2 and the other of R3 and R4,
togetheravitiithef earbon atormssteakhick thesaretrespbgtivebpbondedm or
form a C3-8 cycioaikyi group, wherein the C3-8 53 cycioaikyi group may
bé stibstitu ith 446 %P sUBSHREEATR ddiécted Tond StibstitdeRterdiny ©e

Qgr@e%%jf@&‘ge%%%%thfrt‘!"éthzthﬁfﬂ% gtom E)C?Jé@i;(:hatgsy)@lremost

orm a C3-8 cycioaikyi group; and'R3 and R4 are 5 the same or
differsndt aad1gachaiepeesent a hyciogemratern-or aksk-6 alkyk group; or 4)

R3 and R4, together
represents a Cl-6 alkyl group.
[0032]

In the compound of the formula (I) or
pharmacologically acceptable salt thereof,

Ar; preferably represents an aryl group,
pyridinyl group, aryloxy group, or pyridinyloxy group
that may be substituted with 1 to 3 substituents
selected from Substituent Group Al; and Ar; more
preferably represents an aryl group or pyridinyl group
that may be substituted with 1 to 3 substituents
selected from Substituent Group Al.

[0033]

In the compound of the formula (II) or
pharmacologically acceptable salt thereof,

Ar,_, preferably represents a phenyl group or
pyridinyl group that may be substituted with 1 to 3
substituents selected from Substituent Group Al; and

Ar;_, more preferably represents a phenyl
group or pyridinyl group that may not be substituted or
may be substituted with 1 to 3 halogen atoms.

[0034]
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with the carbon atom to which they are bonded, form a C3-8 cycioaikyi
group; and R1 and R2 are the same or different and each represent a
hydrogen atom or a C1-6 10 alkyl group. [0038] In the compound of the
formula (I-a) or pharmacologically acceptable salt thereof, X1 preferably
represents a C1-6 aikylene 15 grouppwherein the C1-6 aikylene group
may be substituted with 1 to 3 hydroxyl groups or C1-6 alkyl groups,
wherein the C116'afiyPgreRipB tHay be Lsititftedvith?1 {0 3 hy@lFoxyl

groups; X1 mare, preferably represents -CRSR6-, wherein R5 and R6 are
tl’]‘%qh%maco O Iﬁéael? agcé)%ha%rle Sﬁtﬁar?tge S %I

same or rent and each represe y ro]fge% dtomor a Cl1-6
alkyl group, whgreir the 616 alkyl groummay-be rsubsitifed with 1 to 3
hydroxyl groups; and X1 most preferably represents -CH-C(OH)R7-,
wheéreir R repredentsca Cle® alkybgroup. 250038 11n dheoompoand bf 6
the formula (I-a) or pharmacologically acceptable salt thereof, Arl

preférablyreprésetE ah e droip 54 yritingt gFdup Rriexy §foup, or
o SURLI L 0w AlCA Al mOre” icferably reprasens
an eny group or pyridinyl group 5 that may be substituted with 1 to 3
substituents selected from Substituent Group Al.

In the compound of the formula (II) or
pharmacologically acceptable salt thereof,

Xy preferably represents a methoxy group or a
fluorine atom.

[0036]

In the compound of the formula (II) or
pharmacologically acceptable salt thereof,

Xp preferably represents an oxygen atom or a
methylene group, provided that X, is only an oxygen atom
when X, is a methoxy group.

[0037]

In the compound of the formula (II) or
pharmacologically acceptable salt thereof,

preferably, 1) Rl, RZ, R3, and R? are the same
or different and each represent a hydrogen atom or a
Cl-6 alkyl group; 2) one of R' and R? and one of R’ and
R? are the same or different and each represent a
hydrogen atom or a Cl-6 alkyl group; and the other of R*
and R? and the other of R’ and R%, together with the

carbon atoms to which they are respectively bonded,

form a C3-8 cycloalkyl group, wherein the C3-8
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[0040] In the compound of the formula (I-a) or pharmacologically
acceptable salt thereof, 10 preferably, 1) R1, R2, R3, and R4 are the
same or different and each represent a hydrogen atom or a C1-6 alkyl
group; 2) one of R1 and R2 and one of R3 and R4 are the same or
different and each represent a hydregen atom or a C1-6 alkyl group; and
the other of R1 15 and R2 and the other of R3 and R4, together with the
cérbeh%éﬁﬁglto%ﬁé}@m@hﬂ@%%@&ﬁéwﬁ@ﬁdéﬂitﬁér €338

cycl a roup whergin the C Ikyl. grou .m be substit

%i Xﬁ; tstuen S se%le((:jte%]?rom % ?ﬁjgen?grog%w%?ﬁ u(%an%
Rgn@&@*b%‘ﬂ!}@E%Qawpﬂﬁteﬂbtodﬁ@ﬁhr‘ih%)t@ﬁ$ onded forma 3-8«
cycloalkyl group; and R3 and R4 are the same or different and each
répresent a Hydrogen CRtofh orva 0136 kaikyl groupy or 4@ 3Rand R4, R* are
together with the carbon atom to which they are bonded, form a 25 C3-8

IR{YT0Gp; &hd RI =R e B BamBTr dfferertt AN ERFE"
represent '% drpaen Q %gfgr %6 alkyl group: [00411R5 Inf Sther
compoun the formu )orp armacologlcally acceptable s

thereof, peferablyoR13 and R4 arg the same os rdifferentand re@&aﬁeat
a hydrogen atom or a 5 substituent selected from Substituent Group Al;
afd rRoreypreterhblyl RIGcamd RAAhrB thersanke orwifferbat same or

different and each represent a hydrogen atom or a Cl-6
alkyl group.
[0038]

In the compound of the formula (I-a) or
pharmacologically acceptable salt thereof,

X, preferably represents a Cl-6 alkylene
group, wherein the Cl-6 alkylene group may be
substituted with 1 to 3 hydroxyl groups or Cl-6 alkyl
groups, wherein the Cl-6 alkyl groups may be
substituted with 1 to 3 hydroxyl groups; X; more
preferably represents —CR°R°-~, wherein R’ and R® are the
same or different and each represent a hydrogen atom or
a Cl-6 alkyl group, wherein the Cl-6 alkyl group may be
substituted with 1 to 3 hydroxyl groups; and X; most
preferably represents —~CH-C (OH)R'-, wherein R’
represents a Cl-6 alkyl group.

[0039]

In the compound of the formula (I-a) or

pharmacologically acceptable salt thereof,

Ar; preferably represents an aryl group,
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and each represent a hydrogen atom, a halogen atom, or a C1-6 aikoxy
group. [0042] 10 In the compound of the formula (I-b) or
pharmacologically acceptable salt thereof, Y preferably represents a
methylene group or an oxygen atom. [0043] 15 In the compound of the
formula (I-b) or pharmacologically aggeptable salt thereof, preferably, 1)
R1, R2, R3, and R4 are the same or different and each represent a
hyﬁfrég@ﬁ%&’ém%%il@l 6aYkyP GroHF: CZ‘}%neQﬁ Y aRd R/ Bne8 0P K3

an 20 R4 ar the s m different. ach represent a h en atom
ora%gl gl%)(ky (arosuup, an {t £e (aﬁergf Fa%nd 2an% tﬁe %

and R4; tegethewith thes carben atams tewRich they age-r EMIVEW
bonded, form a C3-8 cycioaikyi group, wherein the C3-8 25 cycioaikyi

groupimay besubstituted with lato 3 rsubstituents seleptediffomyl group
Substituent Group Al; 3) R1 and R2, together with the carbon atom to

Wﬁrbﬁtth@ﬁiéréjeooﬂﬂféﬂ forifa €38 tc@mllﬁaﬁ&l grotipPahd R$aAG R4 are
% Jhe same 9&%‘3%@@%%%%‘3&% t a,hydrogen atom or a C1-6

lkyl group; or 4) R3 and R4, together wit the carbon atom to which they
areobared, form a C3-8 cycloalkyl group; and R1 and R2 are the same
or 5 different and each represent a hydrogen atom or a C1-6 alkyl group.
In the compound of the formula (I-a) or
pharmacologically acceptable salt thereof,
preferably, 1) Rl, RZ, R3, and R? are the same
or different and each represent a hydrogen atom or a
Cl-6 alkyl group; 2) one of R' and R® and one of R’ and
R? are the same or different and each represent a
hydrogen atom or a Cl-6 alkyl group; and the other of R*
and R? and the other of R’ and RY, together with the
carbon atoms to which they are respectively bonded,
form a C3-8 cycloalkyl group, wherein the C3-8
cycloalkyl group may be substituted with 1 to 3
substituents selected from Substituent Group Al; 3) R!
and R?, together with the carbon atom to which they are
bonded, form a C3-8 cycloalkyl group; and R’ and R® are
the same or different and each represent a hydrogen
atom or a Cl-6 alkyl group; or 4) R’ and RY, together
with the carbon atom to which they are bonded, form a
C3-8 cycloalkyl group; and R' and R® are the same or
different and each represent a hydrogen atom or a Cl-6
alkyl group.

[0041]
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[0044] In the compound of the formula (I-c) or pharmacologically
acceptable salt thereof, 10 Arl_, preferably represents a phenyl group or
pyridinyi group that may be substituted with 1 to 3 substituents selected
from Substituent Group Al; and Arl_, more preferably represents a phenyl
group or pyridinyi group that may nog be substituted or 15 may be
substituted with 1 to 3 halogen atoms. [0045] In the compound of the

formula (I-c) orlﬁhérﬁ?ac%%ﬁi’(%%dé ptabte §afthereof! Z1Prefdrably
represents al meth roup or 2 |ner grg that. may be
%‘sﬁfﬁea Wlﬁqgf sz gﬂbsﬁtu?gnts se?ec%e?iL Ohgugst OentGroup Al,
an oxygen atopy, OF apdming, gieup that may be substituted,with.a
subsitutent selected from Substituent Group Al; Z1 more preferably

représents atmethylengcgresiprthatmay @5dsee sulastivatedmwith 1 or 2
substituents selected from Substituent Group Al, or an oxygen atom; and

zf oSt lp‘iéﬁe?&bly'? ?éﬁ%%@ﬂtsfzf et lgtrldﬁBtwf‘:ién‘%elﬂﬁ?tH*elrne"c"ﬁ&ﬁene
%Pf?mg}l@? %‘ gz H‘ &1ar 2 sybsfifuents ‘@h'é?? %ﬁ pame
or differ I from alky

nt an se e group consisting o a Cl-6 group
anha @Q&xyﬁgmt&élﬁ@naow@ﬁo@@m& [RA6} Imtheepmpauwithof or

the formula (I-c) or

a Cl-6 alkoxy group.
[0042]

In the compound of the formula (I-b) or
pharmacologically acceptable salt thereof,

Y preferably represents a methylene group or
an oxygen atom.
[0043]

In the compound of the formula (I-b) or
pharmacologically acceptable salt thereof,

preferably, 1) Rl, RZ, R3, and R! are the same
or different and each represent a hydrogen atom or a
Cl-6 alkyl group; 2) one of R' and R? and one of R’ and
R? are the same or different and each represent a
hydrogen atom or a Cl-6 alkyl group; and the other of R*
and R? and the other of R’ and RY, together with the
carbon atoms to which they are respectively bonded,
form a C3-8 cycloalkyl group, wherein the C3-8
cycloalkyl group may be substituted with 1 to 3
substituents selected from Substituent Group Al; 3) R!
and R?, together with the carbon atom to which they are

bonded, form a C3-8 cycloalkyl group; and R’ and R® are
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pharmacologically acceptable salt thereof, preferably, n and m are the
same or different and each represent an integer of O to 2; and more 10
preferably, n and m each represent I. [0047] In the compound of the
formula (I-c) or pharmacologically acceptable salt thereof, preferably, 1)
R1 and R2 are the same or 15 differeat and each represent a hydrogen
atom or a CI-6 alkyl group; or 2) R1 and R2, together with the carbon
aﬂblﬁ‘iftos\%ﬁ:hocﬁegja & BBRAEd FBFM PCB-F EJRGIGARYI Egroupy o028 20

In_ the com ouqughoféhe for ulazéll-a (11- b) rl%,dgor %%arm cologically
X plea bl i ih <o) aate iy
acceptable salt eregf,l prefe ?u%) RT, R2, R3, Shd R hre thesamé
ordifferent andgachrepresent a hydregen atoymn gra %%&l&;@lkyloqrﬁua;
2) one of R1 and R2 and one of R3 and R4 are the same or different and
e&ch-fepresental hytiragemuatomeorda K1-8.atkyRgreuys, aritetheastkeoof
R1 and R2 and the other of R3 and R4, together with the 58 carbon
afohis" forwhichthey are fespelfivel§ bonded Y oy & €38 Wclomikgi €1 —°
gropp, \herein the C3-8 cycioaikyi group may be substituted with 1 to 3
substituents selected from Substituent Group Al; 3) R1 5 and R2, together
with ¢hae carbon atom to which they are bonded, form a C3-8 cycloalkyl
group; and R3 and R4 are
In the compound of the formula (I-c) or
pharmacologically acceptable salt thereof,
Ari_. preferably represents a phenyl group or
pyridinyl group that may be substituted with 1 to 3
substituents selected from Substituent Group Al; and
Ar;_. more preferably represents a phenyl
group or pyridinyl group that may not be substituted or
may be substituted with 1 to 3 halogen atoms.
[0045]
In the compound of the formula (I-c) or
pharmacologically acceptable salt thereof,
Z1 preferably represents a methylene group or
vinylene group that may be substituted with 1 or 2
subsitutents selected from Substituent Group Al, an
oxygen atom, or an imino group that may be substituted
with a subsitutent selected from Substituent Group Al;
Z1 more preferably represents a methylene group that may
be substituted with 1 or 2 substituents selected from
Substituent Group Al, or an oxygen atom; and

Z1 most preferably represents a methylene

group, wherein the methylene group may be substituted
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the same or different and each represent a hydrogen atom or a C1-6 alkyl
group; or 4) R3 and R4, together with the carbon atom to which they are
bonded, form a 10 C3-8 cycloalkyl group; and R1 and R2 are the same or
different and each represent a hydrogen atom or a C1-6 alkyl group.
[0049] In the compound of the formua (11-a), (11- 15 b), or (1I-d) or
pharmacologically acceptable salt thereof, preferably, R5 and R6 are the
sarhelor Ldifferent Bnaeachepresent ahydtdGert &fons 8Fa CL-6 alkyl
group. wherein the, C1:6 aliyl group may be 20 substitited with L0 3,
hydLroxy?l groups. 050] T the compounélof theformufa I-as), iﬁl-go), or
(Ikd)-er pharmacelogically-acceptahle saly 1therents25 Ar_aspreferably
represents a phenyl group or pyridinyi group that may be substituted with
1 a¢ @msubstituents selected from Substituent Group Al; and Arl_a more
preferably represents a phenyl 59 group or pyridinyl group that may not
bd SH6&tHuted or may be substituted with 1 to 3 halogen atoms. [0051] In

the compound ghthgggrrgg |-c) or é@ 2:€) OF pharmaco, 9gig§ll)6 .
acceptable salt thereof, preferably, 1) R1, R2, R3, and R4 are the same

pharmacologically acceptable salt thereof,

preferably, n and m are the same or different
and each represent an integer of 0 to 2; and more
preferably, n and m each represent 1.
[0047]

In the compound of the formula (I-c) or
pharmacologically acceptable salt thereof,

preferably, 1) R' and R® are the same or
different and each represent a hydrogen atom or a Cl-6
alkyl group; or 2) R' and R?, together with the carbon
atom to which they are bonded, form a C3-8 cycloalkyl
group.
[0048]

In the compound of the formula (II-a), (II-
b), or (II-d) or pharmacologically acceptable salt
thereof,

preferably, 1) Rl, RZ, R3, and R? are the same
or different and each represent a hydrogen atom or a
Cl-6 alkyl group; 2) one of R' and R? and one of R’ and
R? are the same or different and each represent a
hydrogen atom or a Cl-6 alkyl group; and the other of R*

and R? and the other of R’ and R%, together with the



or different and each represent a hydrogen atom or a C1-6 alkyl group; 2)
one of R1 and R2 and one of R3 and R4 are the same or different and
each represent a 10 hydrogen atom or a C1-6 alkyl group; and the other
of R1 and R2 and the other of R3 and R4, together with the carbon
atoms to which they are respectivelysigonded, form a C3-8 cycloalkyl
group, wherein the C3-8 cycloalkyl group may be substituted with 1 to 3
15 3hbsiuehtEselécted frofi StBSHtUBREGFSRPAE 3 Fell angRgled,

together withythe carbon alor o which they,ate bonded, farn g C3-8

cycloa k)‘?l group; a an same or different and each

represent aiydrggen Atam,oa Claf alkyl grup; gf 4) RB and R4,
together 20 with the carbon atom to which they are bonded, form a C3-8
cyaltalkylgreup;santeRE arnetR 2 aoe: tieisametorediffefentianddach3) R'
represent a hydrogen atom or a C1-6 alkyl group. [0052] 25 In the
c6mpolind JftHE FHRTUIA 1F-R) bFAI1-<) 0 PhafhaColbgicklly GBcéptaBle® ™ €

st thereot, R ﬁ%{ elerablyy eBE/eégQO%S:tL%é‘% C: rﬁ%g%”?ato%%r 2:Cloalkyl oy o

group. 60" 0053] In the compoun Il-c) or (II- e) or

pharmnacotegicallyiacceptabie salidhergeh Arkmrpreterably neprasemis.a
phenyl group or 5 pyridinyi group that may be su?stituted Xvith 1to3
substituents selekted fromySulastiuerit Group)AlRangnd R, together

with the carbon atom to which they are bonded, form a
C3-8 cycloalkyl group; and R' and R® are the same or
different and each represent a hydrogen atom or a Cl-6
alkyl group.
[0049]

In the compound of the formula (II-a), (II-
b), or (II-d) or pharmacologically acceptable salt
thereof,

preferably, R° and R® are the same or
different and each represent a hydrogen atom or a Cl-6
alkyl group, wherein the Cl-6 alkyl group may be
substituted with 1 to 3 hydroxyl groups.
[0050]

In the compound of the formula (II-a), (II-
b), or (II-d) or pharmacologically acceptable salt
thereof,

Ar,_, preferably represents a phenyl group or
pyridinyl group that may be substituted with 1 to 3
substituents selected from Substituent Group Al; and

Ar;_, more preferably represents a phenyl
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Arl_a more preferably represents a phenyl group or pyridinyi group that
may not be substituted or may be substituted with 1 to 3 halogen atoms.

10 [0054] In particular, a compound selected from the following group or

a pharmacologically acceptable salt thereof is particularly suitable, for
example, and is useful as a therapesitic or prophylactic agent for a 15
disease caused by amyoloid-Q such as Alzheimer's disease, senile
démenRta %o@ﬁ%@h@li@mér@rﬁ%nﬁﬁ@iﬁogﬁﬂ)ﬂ“ be substituted or

(%A -2-[I-[3-metho (f4 methyl -|[H-jmjdaz |
p enk)g/ mel’f%ﬁ%gene 3 4l§h tri |uorobenzy%mor hc()jlllrrlFiB-one, 2)

(Z)edyB43-methoxy-4-(4-methyl-IH-imidazoi-I-
yi)phenyilmethylidene]-4-(2,3,4- trifiuorobenzyi)morpholin-3-one, 3)
(2)-(S)-2-[I-[3-methoxye 4 qdrmethytiH-imidagoitl2wula (II-c) or (II-
yi)phenyllmethylidene]-6-methyl-4-(3,4,5- trifiuorobenzyi morpholln -3-one,
4)9()Z)C(?2)1‘2hﬁ”f§1‘?‘r?é)d]18>%}ﬁa(hiﬁeﬁ%‘ﬂ:ﬁ-?ﬁﬁ?ﬂ]aioﬁa hereof,

prheny”meﬂ1 598%?6? ﬂwké{ﬁﬁi%@l R’, and R® are the same
trifiuorobenzyl) orpholin-3

08ﬂsaéfﬁéiﬁﬁﬁh@ﬂﬁ4dédﬁe&@b&éH€WﬁzalEydrogen atom or a
yi)phenyllmethylidene]-6-methyl-4-(2,3,4- tr|f|uorobenzy|)morpholln 3 -one,
5 ) (B)-R)K3-JI-[3nethoxy-4-Chmettyl Ri-imidaZGi-Rnd one of R® and
ylgzqhenyl]methylldene] -6- methfyl -4-(2,3,4-

he’ same or different and each represent a
hydrogen atom or a Cl-6 alkyl group; and the other of R*
and R? and the other of R’ and R%, together with the
carbon atoms to which they are respectively bonded,
form a C3-8 cycloalkyl group, wherein the C3-8
cycloalkyl group may be substituted with 1 to 3
substituents selected from Substituent Group Al; 3) R!
and R?, together with the carbon atom to which they are
bonded, form a C3-8 cycloalkyl group; and R’ and R® are
the same or different and each represent a hydrogen
atom or a Cl-6 alkyl group; or 4) R’ and RY, together
with the carbon atom to which they are bonded, form a
C3-8 cycloalkyl group; and R' and R® are the same or
different and each represent a hydrogen atom or a Cl-6
alkyl group.

[0052]
In the compound of the formula (II-c) or (II-
e) or pharmacologically acceptable salt thereof,

R’ preferably represents a hydrogen atom or a

Cl-6 alkyl group.
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trifiuorobenzyi)morpholin-3-one, 7)
(2)-4-[(S)-I-(4-fluorophenyi)ethyl]-2-[I-[3-methoxy-
4-(4-methyl-IH-imidazoi-l-yi)phenyilmethylidene]-6,6- 10
dimethylmorpholin-3-one, 8) (2)-(R)-4-[(S)-I-(4-fluorophenyl)ethyl]-2-[I-[3-
methoxy-4-(4-methyl-IH-imidazoi-l- 60
yi)phenyilmethylidene]-6-methylmorpholin-3-one, 9)
(2)YSY-2L[(S)-I-(4-fluorophenyl)ethyl]-2-[I-[3 15
methoxy-4-(4-methyl-IH-imidazoi-I-

yi)phenyi]methy%eﬁ%f—&crﬁg ?/Prﬁlgrpﬁgliﬁ-%?or%r%)la (I1I-c) or (Il-

(242-H-43mmethexydr@qnethyldH-imidazekb1e salt thereof,
yi)phenyi]methylidene]-4-[(S)-1-(3,4,5-
trifluorophenyi)éthyijmorpifalina®-bner201dyents a phenyl group or

e ol Ao A B Substituted with 1 to 3

trifluor nypethyi olin-3-one, : .
e YO8 dBgpicene oroup 51 ans

meﬂwblH4nﬂdﬁ?@glﬁa@QG@QEW§PM@K¥@$§iEé§énts a phenyl
dimethylmorpholin-3-one, 13)
(DHSYA-[S)-EhiromamalyiB2JB-rabthoxyals (4ot be substituted or
methyl-1H-imidazQi-1-yi phen,yti methglidene -6- methyln%orgholin-S-one,
65°14)12) TR PA (S EAronthA-yi]- 3-fi-[3-methBsy -t oS -
m;@i@g-élg-imidazoi-l-yl)phenyl]methylidene]-6- methylmorpholin-3-one,
15) (2)-(6S,9aR)-6-(4-fluorophenyi)-3-{l-[3-methoxy-4- 5
(4-methyl-IH-imidazeitticular, a compound selected from the
yi)benzylidene]hexahydropyrido[2,1-c][1,4]oxazin-4-one,

following group or a pharmacologically acceptable salt

thereof is particularly suitable, for example, and is

useful as a therapeutic or prophylactic agent for a

disease caused by amyoloid-Pf such as Alzheimer's

disease, senile dementia, Down's syndrome, or

amyloidosis.

1) (Z2)-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-1-

y1l)phenyl]methylidene]-4-(3,4,5-

trifluorobenzyl)morpholin-3-one,

2) (2)-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-1-

y1l)phenyl]methylidene]-4-(2,3,4-

trifluorobenzyl)morpholin-3-one,

3) (Z2)-(S)-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-1-

y1l)phenyl]methylidene]-6-methyl-4-(3,4,5-

trifluorobenzyl)morpholin-3-one,

4) (Z2)-(R)-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-1-

y1l)phenyl]methylidene]-6-methyl-4-(3,4,5-



16) (2)-(6R,9aS)-6-(4-fluorophenyi)-3-{l-[3-methoxy-4-
(4-methyl-IH-imidazoi-|
yi)benzylidene]hexahydropyrido[2,1-c][1,4]oxazin-4-one, 10 17)
(2)-(S)-4-[(S)-I-(6-chloropyridin-3-yl)ethyl]-2-[I-
[3-methoxy-4-(4-methyl-IH-imidazoi-k 1

yi)phen i]methylidene&-6-methylmorpholin-3-one, 18)
(DHSI-4RRYREB ERbapYilir By hethyAR24I-

[3=methoxy-4-(4- yl-IH-imidazoi-l 1 .

vi) he%]mééylg:ﬁz]-églm%%ﬁﬁé%hgné- Si5e gy LH-imidazol-l
(RASIHKS) HE-chiprapwidin-2eetiviba-la— (2, 3, 4-
[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yiyphienyijmethydidené)-8anethylmorphotind,-one, 20)
(2)-(S)-4-[(R)-I-(5-chloropyridin-2-yl)ethyl]-2-[| 20 o
[Sggne{ggxydzm_;ﬁe%ﬂh%m%gﬂﬁ4— (4-methyl-1H-imidazol-1-

yi ' i -6-methylmorpholin-3-gne, ,21) ,_

e B )
2{I-[Brmethoxy44rmetyl JHamidazpidne,
yi)phenyilmethylidene]-6-methylmorpholin-3-one, 25 22)

(Z)(SY4rKR)-I-(Z b-diftucropyridingyiyethiyi] et hy 1 ] -2-[1-[3-methoxy-
2-[I-[3-methoxy-4-(4-methyl-IH-imidazoj-|-

yifphehyfmetilicehe8HethymorpholiR3ecre, | gy hy Lidene] -6, 6~
10 (ch%i([rﬁgﬁ%@a!s Fhflyorapyridin-4-yi)ethyi] 63

-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yijpherw||methylidenelk6-methylntorphobini3=one, ) 24hy1] -2~ [1-[3-

(2)-(S)-4-[(R)-1-(2,3-difluoropyridin-4-yi)ethyi]-
21[R[BomE thoky -4 (A aiethiyl- G middzo 4 81— 1 -
ATy Imeitidenel e metyimophel: ;909,39 -5 -one,
9) (Z)-(S)-4-[(S)-1-(4-fluorophenyl)ethyl]-2-[1-[3-

15 methoxy-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6-methylmorpholin-3-one,

10) (Z)-2-[1-[3-methoxy—-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene]-4-[(S)-1-(3,4,5-
trifluorophenyl)ethyl]morpholin-3-one,

20 11) (Z2)-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene]-4-[(R)-1-(3,4,5-
trifluorophenyl)ethyl]morpholin-3-one,

12) (Z2)-4-[(S)-chroman-4-yl]-2-[1-[3-methoxy—-4-(4-
methyl-1H-imidazol-1-yl)phenyl]methylidene]-6,6-

25 dimethylmorpholin-3-one,

13) (Z)-(S)—-4-[(S)-chroman-4-yl]-2-[1-[3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)phenyl]methylidene]-6-

methylmorpholin-3-one,
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trifluorophenyl)propyl]-2-[I-[3-methoxy-4-(4-methyl-IH-
imidazoi-1-yi)phenyilmethylidene]-6-methylmorpholin-3- one, 10 26)
(2)-4-[(IR,2R)-2-hydroxy-I-(3,4,5-
trifluorophenyl)propyl]-2-[I-[3-methoxy-4-(4-methyl-IH-
imidazoi-1-yi)phenyilmethylidene]-6,62 dimethylmorpholin-3-one, 27)
(Zf-4-[(R)-I-(4-fIuorophenyi)-2-hydroxyethyi£-2-[l- 15
[3tihethoxy=4X4-ndethyidH-imigagsin-4-v1] —2—-[1-[3-methoxy—4-(4-

yi nyiljmethylidene]-6,6-dimethylmorpholin-3-0 8

B AR S5 Fdroxy A B LB EL e -
trifluergphesyppropyl-2s [I43-methoxy-4-(4-methyl-IH-
imidazoi-1-yi)phenyilmethylidene]-6-methylmorpholin-3- 20 one, 29)
(2)A-[(IR, 2R)-2shydrBxy-6-(3,4:5 Luorophenyl) -3- { 1- [3-methoxy—4-
trifluorophenyl)propyl]-2-[I-[3-methoxy-4-(4-methyl-IH-

infidazG yiprehyifmetsfidete)morpholin-3-one, 30)
(Z2)41(R,2R-43,44] 1) Qo -C oxazin-4-one
TS 0 T e 1 et miakda 41 %274 -ones
1yi)phenyilmethybdenelmorphalinad-omenadl)1) -3-{1- [3-methoxy-4-
(2)-(9)-4-[(IR,2R)-I-(4-fluorophenyi)-2-
hydroxgiriopyil-RH[{3rhretaoxy=4-(4-methyl-IH-imidazoi 64
1-yi)phenyllmethylidene]-6-methylmorpholin-3-one, 32) ,

YRR SR RGORSEHERY N 2Ry ArASaropyc | (17 41oxezin=4-one,

2-I[3-rpethoxy4-(A-methylIH-imidazolil- idin-3-yl)ethyl]-2-[1-
yi)phir:gi]?ne?hgndeng]%,)6-dirr}ethyimorpﬁgﬁn{é-olnré,53¥3))e yrizemt

(2) (S DR ;2R)-14(84rd ifivpiophienyi)i2tazol1 -1 -
hydroxypropyi]-2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-
y1l)phenyl]methylidene] -6-methylmorpholin-3-one,
18) (Z2)-(S)-4-[(R)-1-(6-chloropyridin-3-yl)ethyl]-2-[1-
[3-methoxy-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6-methylmorpholin-3-one,
19) (Z2)-(S)-4-[(S)-1-(5-chloropyridin-2-yl)ethyl]-2-[1-
[3—-methoxy-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6-methylmorpholin-3-one,
20) (Z)-(S)-4-[(R)-1-(5-chloropyridin-2-yl)ethyl]-2-[1-
[3-methoxy-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6-methylmorpholin-3-one,
21) (Z)-(S)-4-[(S)-1-(2,6-difluoropyridin-3-yl)ethyl]-
2-[1-[3-methoxy-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6-methylmorpholin-3-one,
22) (Z)-(S)-4-[(R)-1-(2,6-difluoropyridin-3-yl)ethyl]-
2-[1-[3-methoxy-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene]-6-methylmorpholin-3-one,

23) (Z)-(S)-4-[(S)-1-(2,3-difluoropyridin-4-yl)ethyl]-
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1-yi)phenyilmethylidene]-6-methylmorpholin-3-one, 34)
(2)-4-[(IR,2R)-I-(3,4-difiuorophenyi)-2-
hydroxypropyi]-2-[I-[3-methoxy-4-(methylimidazoi-l 10
yi)phenyilmethylidene]-6,6-dimethyimorpholin-3-one, 35)
(2)-(S)-4-[(S)-2-hydroxy-I-methyl-I-(%4,5-

trlfluorophenyl)ethyl] -2-[1-[3-methoxy-4-(4-methyl-1H-

infidazoil -yi)‘ﬁﬁé?ﬂf%éﬁjlﬁféﬁ%}%%%eﬁ%@%ﬁﬁ%ﬁJone 15 36)

ﬁ)ﬂﬁé%yﬁ E[ﬁ |§é?11% 595 %@fﬁ“{%‘é@) rrg Z[“aé%lflolln 3-one,

trifiwprophenyhethyilmerphaling3-o8eq 37) yoropyridin-4-y1l)ethyl] -

(2)-(6S)-4-[I-(4-fiuorophenyi)-I-methylethyi]-2-[I-
[32meéthoky-héa-mrethiyldH {ifnidazdist POLH-imidazol-1-
yl)phenyl]methylld nel-6-meth Imorpholm -3-one, 38

(2 (5B A REGFOphey e, Py s g pho L in-3-one,

ox -( ethyll idazoi ox
yi p%hengz} %r%glldene]k%@gﬁzlrgo%%%isn 3yone 13%9)4 >

(Z)(6819aR)03HBynethoxy v (4-methyl{B 28t hoxy-4— (4—methyl-1H-

imidazoi-1-yi)benzylidene]-6-(3,4,5-

triffobeophehy hexanyeropyridof2, 1 scl1calorazif-4"dey 40prpholin-3-

(2)-(6S,9aR)-6-(3,4-difiuorophenyi)-3-{I-[3 65
metoxy-4-(4-methyl-IH-imidazoi-I-

yidhenzylidene] PWiC «ClL.4]loxazi one, 41)
(Zé)t%(%skgngq% ?géﬁﬁgro%yn m%% ?? {ITél @45

methiaxysd-(4-pnethyltHsimidg2di4 5- [ 1- [ 3-methoxy—4- (4-methyl-1H-

yi)benzylidene]hexahydropyrido[2,1-c][1,4]oxazin-4-one, 42)
(Dsjargs)-kGhlerepyHdihEyhethifeng] —6, 6-

dimethylmorpholin-3-one,

27) (Z)-4-[(R)-1-(4-fluorophenyl)-2-hydroxyethyl]-2-

[3-methoxy-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6, 6-dimethylmorpholin-3-one,

28) (2)-(6R)-4-[ (1R, 2R)-2-hydroxy-1-(3,4, 5~

[1-

trifluorophenyl)propyl]-2-[1-[3-methoxy—-4—-(4-methyl-1H-

imidazol-1-yl)phenyl]methylidene] -6-methylmorpholin-3-

one,

29) (2)-4-[(1R,2R)-2-hydroxy-1-(3,4, 5~

trifluorophenyl)propyl]-2-[1-[3-methoxy—-4—-(4-methyl-1H-

imidazol-1-yl)phenyl]lmethylidene]morpholin-3-one,

30) (2)-4-[(1R,2R)-1-(3,4-difluorophenyl)-2-

hydroxypropyl]-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-

l1-yl)phenyl]methylidene]morpholin-3-one,

31) (Z)-(S)-4-[(1R,2R)-1-(4-fluorophenyl)-2-

hydroxypropyl]-2-[1-[3-methoxy-4—-(4-methyl-1H-imidazol-
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[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yi)phenyl]methylidene]-6-methylmorpholin-3-one, 43)

(2)-(S)

-4-[(S)-I-(2-chloropyridin-4-yl)ethyl]-2-[I 10

[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yi)phenyilmethylidene]-6-methylmorglaolin-3-one, 44)

A

-4- (S)-I-E2-ch|oro-37fluoropyridin-4- ,
i] ROR[BL AYdencthyRIHURYgE2819r Pholin-3-one,

(ST ra Eatlopyan Eoe o dzoezorsil -

diffuoropyridin-

24l-[3:methaxyt4: (A pnethyl4Hnmidazoid+ - imidazo1-1-
yi)phenyilmethylidene]-6-methylmorpholin-3-one, 46)
(2)4-f(S32-thioropyridiedeyliyethyil-24rE:hy lmorpholin-3-one,
methoxy-4-(4-methyl-IH-imidazoi-I 20 ,
yiYphen{fjiettiylidéné] 6 &-dimethyimbrhclin: 3 e AH Y 1) —2-

E@%‘ﬂ@ﬁ'f A?E%‘_{}HLM?Q){@@%?’—%Q%?PX U2l (4-methyl-18-imidazol-

ethoxy-

methyl-IH-imidazoi

yi)phenyilmetiylideseh 6 Brdimethylmnorphelina«neh A8)n-3-one,
(2)-4-[(S)-I-(6-fluoropyridin-3-yi)ethyi]-2-[I-[3 25
meéthox{Z4-(4-methf-lBRimidaZgi-14—difluorophenyl) —-2-

yi)phe

i

iimethylidene]-6,6-dimethylmorpholin-3-one, 49) |
é—ﬁfé—%ﬂi@réﬁ TdH.TgLﬁ)‘é?ﬁﬁj}@fﬁ[[—B‘}—(methyllmldazol—l—

?ﬁ¥§k&%ﬂ%§@ﬂ§tk@gg@%@éF%Ldimethglmorpholin—3—one,

{
%ﬁ)genyl]methylidene]-G,6-dimethylmorpho|in-

-one, 50)

(DA-[(8)-(2,8ydifiuaropyridinkiyetyl-2-fhe t hyl-1- (3, 4, 5-
[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yifhenyilriethyiRiené]-6 B difetRylforpRofitR 3 ey 5514 -methy 1 -1H-

QIO HoErioopuridn 2IRVIZILR: )¢ ety tnorphorin-a-

methoxy-4-(4-m

one,
36)

yl)p
trif

37)

(2)-(6S)-2-[1-[3-methoxy—-4—(4-methyl-1H-imidazol-1-
henyl]methylidene]-6-methyl-4-[(S)-1-(3,4,5-
luorophenyl)ethyl]morpholin-3-one,

(Z)-(6S)-4-[1-(4-fluorophenyl)-l-methylethyl]-2-[1-

[3-methoxy-4—-(4-methyl-1H-imidazol-1-

yl)p
38)
meth
yl)p
39)
imid
trif
one,

40)

henyl]methylidene]-6-methylmorpholin-3-one,
(Z)-(6S)-4-[1-(4-fluorophenyl)cyclopropyl]-2-[1-[3-
oxy—4—(4-methyl-1H-imidazol-1-
henyl]methylidene]-6-methylmorpholin-3-one,
(Z)-(6S,9aR)-3-{1-[3-methoxy—-4-(4-methyl-1H-
azol-1l-yl)benzylidene]-6-(3,4,5-

luorophenyl)hexahydropyrido[2,1-c][1l,4]oxazin-4-

(Z2)-(6S,9aR)-6-(3,4-difluorophenyl)-3-{1-[3~-
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yi)phenyl]methylidene]-6,6-dimethylmorpholin-3-one, 52)
(2)-(R)-4-[(S)-I-(2,6-difiuoropyridin-3-yi)ethyi]-
2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-I 10
yi)phenyl]methylidene]-6-methyimorpholin-3-one, 53)
(2)-(S)-4-(4-fiuorobenzyi)-2-[I-[3-fiuoea-4-(4-
methyl-1H-imidazoi-1-yi)phenyilmethylidene]-6- methyimorpholin-3-one,
SRR H-13-filbrong (A shethy-AHRiARAZ6i-IL 15

yi nyilmethylidenel]-4-[(S)-1-(4- . .
T B S, R 2.4 By 41 oxazin=d-one,
(214-[(P2-chrompan-dryil-2-[l B fuero-(sr opyridin-3-y1) -3-{1-[3-
methyl-1H-imidazoi-1-yi)phenyijmethylidene]-6,6-
dimssthyimorphdlin-8<oriey 20186) imidazol-1-
(Z)-(S)-4-[(;)J;,chroman-4-yi -2-[I-[3-fiuoro-4-(4- ,
méthyrarEitdz ety HphR ;%]?ﬁéﬂﬁﬁdjéh -6t TiathyintorpREf-3-cheo e/
S5IL(ED)-(3)-2[k[3-fluorp=4-(4-methylsIH-imidazqi-l- = > 1. o1
yi%ﬁnéﬁ?ne%é}lidlén%]?iz-}[(lﬂé,%-%—%yd%x%%%%iﬁ- g5yt ethyll=2=tl
trifisorephesyi)propyij-Grnmethyimorphelind3-one -58)
(2)-(9)-4-[(IR,2R)-I-(3,4-difiuorophenyi)-2-

hydrorysropyil e fiidrons-{AmetyHFlingidazeil in-3-one,

1-vi)phenyilmethylidene]-6-methyimorpholin-3-one, 67 59)
8 P 13ty I EimAZBIE LTh -7 0) ethyL] -2 [1-

yhenenviimethylidepel-g:l0R,2R)rl(45tlorgphgnyi)-2-
hydroxypropyi]-6-methylmorpholin-3-one, 60)

(Z)12-pH 3o idHd@ymethyhiH-imidazohk3 morpholin-3-one,
yl)phenyl]methylidene]-4-[(IR,2R)-2-hydroxy-I-(3,4,5- o
trifiiorophenypropyil-6;6-diméthyfiefihetin-3térner opyridin-4-

yl)ethyl]-2-[1-[3-methoxy—-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6-methylmorpholin-3-one,

45) (Z)-(S)-4-[(S)-1-(2,6-difluoropyridin-4-yl)ethyl]-
2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene]-6-methylmorpholin-3-one,

46) (Z2)-4-[(S)-1-(2-chloropyridin-4-yl)ethyl]-2-[1-[3-
methoxy—-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6, 6-dimethylmorpholin-3-one,
47) (Z2)-4-[(S)-1-(2,6-difluoropyridin-3-yl)ethyl]-2-[1-
[3-methoxy-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6, 6-dimethylmorpholin-3-one,
48) (Z2)-4-[(S)-1-(6-fluoropyridin-3-yl)ethyl]-2-[1-[3-
methoxy—-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6, 6-dimethylmorpholin-3-one,
49) (Z2)-4-[(S)-1-(6-chloropyridin-3-yl)ethyl]-2-[1-[3-

methoxy-4-(4-methyl-1H-imidazol-1-
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61) (2)-4-[(IR,2R)-I-(3,4-difluorophenyi)-2-
hydroxypropyi]-2-[I-[3-fluoro-4-(4-methyl-IH-imidazoi-
1-yi)phenyilmethylidene]-6,6-dimethylmorpholin-3-one, 10 62)
1-[I-(2,4-difluorophenyi)ethyi]-3-{l-[3-fluoro-4-
(4-methyl-IH-imidazol-1-yi)phenyi]-(E)s methylidene}piperidin-2-one, 63)
(E)-(S)-3-{I-[3-fluoro-4-(4-methyl-IH-imidazol-I-
ylyﬁﬁé?%ﬂﬁéﬂfﬂ%[@ﬁéﬂﬂﬁ@? e fydtoRg3 4mpEpholin-3-one,
tr ro en |) |] -5- ipi |d|n 2-one, 64

{I [ flu%)r -(4- mer{%ﬂ%ly—lellr%? 470 Ppyri(? h-a- yl)ethyl]-2-{1-

y'}@%ﬂﬂ&%@ﬂ'ﬂ%@lﬂn&(ﬁ%&‘ﬁﬁhﬁ%%ﬁ&@,41&
trifluorophenyi)propyi]piperidin-2-one, 65)
(E/)B-@Ik{eﬁfkub}mt@aym'edwhﬂ stmidazdf-h20hylmorpholin-3-one,

yi%ﬁg ethylldene -I-[(2R,3R)-3-hydroxy-1,1-
' dah=2-3]i rﬁﬁnmo%’fl in-2-yl)ethyl]-2-[1-[3-

yi p%e%ci[/ﬁ}r{lg?r: éegﬁeqjﬁh oxy- -methyl -I-

C%45§H§u@pph§ﬂwyﬂba$ﬁ@@ﬂ@Déz@mﬁe%i§z%orpholin—3—one,
(E)-3-{I-[3-fluoro-4-(4-methyl-IH-imidazol-I-

yisphenyd] ?netﬁs)l'rdéné}( £ )1-(4-1(RdrSptebnfi) o nrhyléthid]piperidine2long) -
(E (R% -3-{l-[3-fluoro-4-(4- met -IH- |m|dazol | 68

12))I0|L' nylimBthyllaene) ITAR, ZR)-2hyaroky (3480 1~

IQI € Y in-— one
()( --[(1 2?R)|(3g45é%l§é%§ph%n§%%%%8 §i#1in-3-one,

hydrpxyarppy§-B-d-f3-fluanos:éd« 4waethykiH-tmidazgis- f luoro-4- (4-
1-yi)phenyilmethylidene}-5-methyipiperidin-2-one, 70)
(D)HBSYBaRr)F3-IMB3nethoxy-4- (4-Rigthyl Jfmethy lidene] —6-

methylmorpholin-3-one,

54) (Z2)-2-[1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene]-4-[(S)-1-(4-
trifluorophenyl)ethyl]—-6,6-dimethylmorpholin-3-one,
55) (2)-4-[(S)-chroman-4-yl]-2-[1-[3-fluoro-4-(4-
methyl-1H-imidazol-1-yl)phenyl]methylidene]-6,6-
dimethylmorpholin-3-one,

56) (Z2)-(S)-4-[(S)-chroman-4-yl]-2-[1-[3-fluoro-4-(4-
methyl-1H-imidazol-1-yl)phenyl]methylidene]-6-
methylmorpholin-3-one,

57) (2)-(S)-2-[1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene]-4-[ (1R, 2R)-2-hydroxy-1-(3, 4, 5-
trifluorophenyl)propyl]-6-methylmorpholin-3-one,

58) (2)-(S)-4-[(1R,2R)-1-(3,4-difluorophenyl)-2-
hydroxypropyl]-2-[1-[3-fluoro-4-(4-methyl-1H-imidazol-

l-yl)phenyl]lmethylidene]-6-methylmorpholin-3-one,
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imidazoi-1-yi)benzylidene]-6-(3,4,5-
trifluorophenyi)tetrahydropyrroio[2,1-c][1,4]oxazin-4- one, 10 71)
(6S,9aR)-6-(4-chiorophenyi)-3-{l-[3-methoxy-4-(4-
methyl-1H-imidazoi-1-yi)phenyi]-(Z)-
methylidene}hexahydropyrido[2,1-c]El74]oxazin-4-one, 72)
(6R,9aR)-3-{I-[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yiyphen{f|(z)-methylidenel-6t @@ 5qrifludrbpheRyiy 151 H-imidazol-1-

tetr. ro[1,4]oxazino[3,4-c][1,4]oxazin-4-one, 73)

(O SHR 60 Sra ey & (o bihaky 4 ELuoropheny) -2-
(hnethylidinydazol-d-yilphepyl{£)smethylidengire ,
tetrahydro[1,4]oxazino[3,4-c][1,4]oxazin-4-one, 74)
(6R),9aR¥-b=(4-fluordphenyip34-[B-rméthoxyd (4 20-imidazol-1-
methyl-1H-imidazoi-1-yi)phenyi]-(Z)-methylidene}-

tefrahafotY 4] beizinot3 AL aJoxazints-ofé and 78§ 0xY—1- (3, 4,57
(GR.§ S:4-chiar prif-[3-met -Thy1morpholin-3-one
(0o TP ) T ccxznon oo,

tetranydrof 1, 4axezinoi 3. A-cloxazin-4ieme.u % J@0R8]Preferable
embodiments of the compound of the general formula (I) are as described

abovl:; Phiee phrsmaceuticaiy activelimgeedientiofithe fpréserit-6onidazol -
invention is not limited to_.compounds specifically described in the present

speciication &nd &Ry "Sboditvdnt may Be Sy AHIy Seibeed Wit tie
oo et e e . L0050 Yot
(4-methyl-1H-imidazol-1-yl)phenyl]—-(E) -
methylidene}piperidin-2-one,
63) (E)-(S)-3-{1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]lmethylidene}-1-[ (1R, 2R)-2-hydroxy-1-(3, 4, 5-
trifluorophenyl)propyl]-5-methylpiperidin-2-one,
64) (E)-3-{1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]lmethylidene}-1-[ (1R, 2R)—-2-hydroxy-1-(3, 4, 5-
trifluorophenyl)propyl]piperidin-2-one,
65) (E)-3-{1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]lmethylidene}-1-[ (2R, 3R)-3-hydroxy-1, 1-
dimethylindan-2-yl]piperidin-2-one,
66) (E)-3-{1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]lmethylidene}-1-[(S)-2-hydroxy—-1-methyl-1-
(3,4,5-trifluorophenyl)ethyl]lpiperidin-2-one,
67) (E)-3-{1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene}-1-[1-(4-fluorophenyl)-1-
methylethyl]piperidin-2-one,

68) (E)-(R)-3-{1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
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general formula (1) of the present invention will be described below. The
compound represented by the general 10 formula (I): [Formula 16] 0 Xa
X1 Art NON I XR1 RR4 3 R Me wherein R', R2, R3, R4, X1, Xa, Xi" and
Ari are as defined above, is synthesized according to a method such as
the following General Preparation Mgghod 1 or General Preparation
Method 2, for example. It is obvious that, 15 in order to prepare the

cdrhb@hﬁ@biﬂﬁ@eﬁr%éﬁfimhﬁén E:éﬁ%ﬁu%hﬂﬁ theFRemBd tomprisesa

protection reaction ste and a deprotection reaction . appropriately,
usmé%; protecting group ﬂﬂg%ﬁﬁo% pers dlied in Sﬁi art which is

suitaply @eyleqt@pLanp( sachisien (seg, T-Greene-eidncRiptectve
Groups in Organic Synthesis", John Wiley & Sons, Inc., New York, 1981,
foneampie)r ity alseSobViousithat,un7Q- érdet-toprépdre ltHe compound-—
of the present invention convementlg all isomers and isomer mixtures

sUch a3 RjEamiethitsddhiersARRiRh can e genéraRsarftorhthé ~Siteture of
thegompouns oplealisqmets based on 5 AVIIPEUIESANGIN 1 5 -
stereolsomers, and tautomers canb
imidazol-1-yl)benzylidene]-6-(3,4,5-
trifluorophenyl)tetrahydropyrrolo[2,1-c][1l,4]oxazin-4-
one,
71) (6S,9aR)-6-(4-chlorophenyl)-3-{1-[3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)phenyl]—-(Z) -
methylidene}hexahydropyrido[2,1-c][1l,4]oxazin-4-one,
72) (6R,9aR)-3-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]—-(Z)-methylidene}-6-(3,4,5-trifluorophenyl) -
tetrahydro([l,4]oxazino[3,4-c][1l,4]oxazin-4-one,
73) (6R,9aR)—-6—-(3,4-difluorophenyl)-3-{1-[3-methoxy-4-
(4-methyl-1H-imidazol-1-yl)phenyl]—-(Z)-methylidene}-
tetrahydro[l,4]oxazino[3,4-c][1l,4]oxazin-4-one,
74) (6R,9aR)-6-(4-fluorophenyl)-3-{1-[3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)phenyl]—-(Z)-methylidene}-
tetrahydro[l,4]oxazino[3,4-c][1l,4]oxazin-4-one and
75) (6R,9aR)-6-(4-chlorophenyl)-3-{1-[3-methoxy-4—-(4-
methyl-1H-imidazol-1-yl)phenyl]—-(Z)-methylidene}-
tetrahydro[l,4]oxazino[3,4-c]loxazin-4-one.
[0055]
Preferable embodiments of the compound of the
general formula (I) are as described above. The

pharmaceutically active ingredient of the present



prepared as a single compound by a technique known to a person skilled
in the art which is suitable for each step such as fractional crystallization
or column chromatography. 10 [0057] General Preparation Method 1
vypically used General Preparation Method 1 for the compound of the
general formula (1) of the present ingention will be described below. 15
[0058] [Formula 17] 0 Xa CHO rxN"X'Ar OH O X + 1 Xa N1Ar NON Xba
StEpEARR T~ ASRER AldSH1E&EOPNSNRAVRIR KFRYE} M 3) e

Step 1-2. Dehydration reaction O Xa N"XIArl N\r'JN XR~a Me (1)’
R e O R Rt s aor hadE) L
graspovher X4 congains ahysrexyd -aropp) Xa icand Arkare as,defined
above. [0059] 71

definition of the compound of the general formula (I).
5 [0056]

Methods for preparing the compound of the
general formula (I) of the present invention will be
described below.

The compound represented by the general

10 formula (I):

[Formula 16]

Xa N

/\
N;J R R?2 R?
Me

wherein Rl, RZ, R®

, R4, X1, Xi, Xy, and Ar; are as defined
above, is synthesized according to a method such as the
following General Preparation Method 1 or General
Preparation Method 2, for example. It is obvious that,

15 in order to prepare the compound of the present
invention conveniently, the method comprises a
protection reaction step and a deprotection reaction
step appropriately, using a protecting group known to a
person skilled in the art which is suitably selected

20 for each step (see T. Greene et al., "Protective Groups
in Organic Synthesis", John Wiley & Sons, Inc., New

York, 1981, for example). It is also obvious that, in
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15

The above General Production Method 1 is an example of a method for
preparing the compound of the general formula (I) comprising converting
an aldehyde compound (1) and 0.3 to 3.0 equivalents of an amide 5
compound (2a) with respect to the aldehyde compound (1) into an aldol
adduct (3) by aldol reaction in Step -4 and then dehydrating the adduct.
[0060] Conversion of aidoi adduct (3) into compound (I) 10 The
cORPBnd f feEgerictal-foPmBRIEPEaT B prepardtr B eBhversiGhrstdt
aidol adduct (9) by defydration reaction in Step 12, Specfically, e, -
de ycﬁaffon reaction in Step 15 variés accoralng to the s%aﬁlng material
and isqretspecificaliy limitgd 11orHnsefar s the gapditions are similak to
those in this reaction. A known method described in many documents
mayhectsecefor the reaction{see dikken tKagaku iKozee {Cotnwsesdn on

Experimental Chemistry), voi.19, Yuki Gosei (Organic Synthesis) [1],

edited'By The Tremical sodiefF £6 of I MarZeh T Or S Pe
1 . -226, for le). Pr | [ m

in%%%axg#%gi m%tghoad 8 ?rl?;ﬂtignggjgﬁn gﬁéﬁgoﬁggﬁ%{(@? \%Vlétﬁlflair%gd% s(géqlderl to @
Jikkens Kagaku Koza (Ceutses infxperimental<Chemisiny).cvof.d B, ¥ukih
Gosei (Organic Synthesis) [I], 25 edited by The Chemical Society of

Japan, Marazen €O r 46d.1 dtnae 1992 5.4 94106 forrexamsie): and i) a
method of converting an alcohol group of an aidoi adduct (3) into a

lealng oG stRA%s a suifonate 72
[0057]

General Preparation Method 1

Typically used General Preparation Method 1
for the compound of the general formula (I) of the
present invention will be described below.

[0058]

[Formula 17]

(0]
Xa CHO Hk X, OH O
jI:::]/ N Ar, Xa N’X1Ar
+
N//\N Xb R|§4 Step 1-1 I~ Xb 4 !
_ R' R? . N7N R
Aldol reaction . R gaR
Me (1) (2a) oo
Step 1-2

Dehydration reaction

o)
Xawwxw‘
o~ Xb 4
NFN R?ﬁ;@
Mé 0

In the formula, Rl, RZ, R3, R4, X1 (which may
have a protecting group when X; contains a hydroxyl

group), Xi, Xp, and Ar; are as defined above.

[0059]
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group or halogen atom, and then treating the adduct with a base (see
Jikken Kagaku Koza (Courses in Experimental Chemistry), vol.19, Yuki
Gosei (Organic Synthesis) [l], edited by The Chemical Society of 5 Japan,
Maruzen Co., Ltd., June 1992, p.198-205, for example). [0061] In the
method i), the acid, solvent, and temperature conditions used vary
according to the 10 starting material and are not specifically limited. 0.1 to

10 equivalents 6f&n derISudtEas hydroehrfie cadianstiffrieoatid, 1s an
phosphoric acjd, potassium hydrogen sulfide, oxalic acid

RS Enid 2t A Porba T e Sof e HRBRSH GHorides
oL, aluminaoxider is uses! with espechto the-aldohaddsics 3), itheny de
method may be performed without a solvent, or with a solvent or a
mixtureothereof thatdoeOnst inhibit. thesrgactvon and allows dhe startileg
material to be dissolved therein to a certain extent. 20 Preferable

exaifiples bt tHe SoVEntliséfiififde Water acetbhe difethfisiifoxite! )
ang nexamethyipho apride; In,addition, a combipation 6f, 01 19,10,
qullgalents of? an aci% wit res%e():t t%‘;/::he al%lol aéguct%) wicet a% o%anic
basgistchras gyHeine A5 may imprevesthedeaction rate and reaction

yield. The reaction temperature must be a temperature that can complete
thelre@Btion without promoting formation of an undesirable by-product,

and is preferably room 73 ,
Conversion of aldol adduct (3) into compound (I)

The compound of the general formula (I) can
be prepared by conversion of an aldol adduct (3) by
dehydration reaction in Step 1-2. Specifically, the
dehydration reaction in Step 1-2 varies according to
the starting material and is not specifically limited
insofar as the conditions are similar to those in this
reaction. A known method described in many documents
may be used for the reaction (see Jikken Kagaku Koza
(Courses in Experimental Chemistry), vol.19, Yuki Gosei
(Organic Synthesis) [I], edited by The Chemical Society
of Japan, Maruzen Co., Ltd., June 1992, p.194-226, for
example). Preferable examples of the method include 1i)
a method of treating an aldol adduct (3) with an acid
(see Jikken Kagaku Koza (Courses in Experimental
Chemistry), vol.19, Yuki Gosei (Organic Synthesis) [I],
edited by The Chemical Society of Japan, Maruzen Co.,
Ltd., June 1992, p.194-196, for example); and ii) a
method of converting an alcohol group of an aldol

adduct (3) into a leaving group such as a sulfonate
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temperature to 200C, for example. Under preferable reaction conditions,
the reaction is preferably completed in 0.5 to 24 hours, for example, and
the progress of the reaction can be monitored by a known 5
chromatography technique. An undesirable by-product can be removed
by a technique known to a person skKilbed in the art such as a conventional
chromatography technique, extraction, or/and crystallization. [0062] 10
PFETERIDIE ExAmPREST tRE Maving Grouptih tHemethvd iDlifclade ant

acetyl grou methaneSL#f. ate grou ojiuenesulfonate group,
w1¥k a Bas%oﬁ%ﬁg fﬁken.ﬂ%#@f &%%%e% é% 1

-t
O S n .
chlorine atom, b atony and iodme atom meLfﬁo of conversion

intQ: seh Adeaving greup: varies) 15 ascording tothe starting maegahand
is not specifically limited. A method known to a person skilled in the art
mayrigwesedsas slidh assbnversidry methodhPreferablys 2 Oitotl0 of
equivalents of an acetyiating agent such as acetyichioride and acetic 20
= ljetite, 4P 5 SfBafng adert such e mdhaneSifbhyT eferids Shd
p-ég{iggsgg%gifonyi chloride or 1.0 to 10 equivalents of a halogenating

uc

agent as thionyi chloride with respect to the aidoi adduct (3), for

exaypple; may be used preferably in a 25 halogenated solvent such as
methylene chloride and chloroform; a nonpoiar solvent such as toluene
and benzene; an etier sohvemdueh asttbalmgirdiuran by ssthylepadlycol

dimethyi ether; or a mixed solvent 74 ,
temperature conditions used vary according to the

starting material and are not specifically limited.

0.1 to 10 equivalents of an acid such as hydrochloric
acid, sulfuric acid, phosphoric acid, potassium
hydrogen sulfide, oxalic acid, p-toluenesulfonic acid,
a boron trifluoride—-ether complex, thionyl chloride, or
alumina oxide is used with respect to the aldol adduct
(3). The method may be performed without a solvent, or
with a solvent or a mixture thereof that does not
inhibit the reaction and allows the starting material
to be dissolved therein to a certain extent.

Preferable examples of the solvent used include water,
acetone, dimethyl sulfoxide, and
hexamethylphosphoramide. In addition, a combination of
0.1 to 10 equivalents of an acid with respect to the
aldol adduct (3) with an organic base such as pyridine
may improve the reaction rate and reaction yield. The
reaction temperature must be a temperature that can
complete the reaction without promoting formation of an

undesirable by-product, and is preferably room
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thereof, for example. The reaction temperature must be a temperature
that can complete the reaction without promoting formation of an
undesirable by-product, and is preferably -78 to 100C, for example.
Under 5 preferable reaction conditions, the reaction is preferably
completed in 1 to 24 hours, for examjde, and the progress of the reaction
can be monitored by a known chromatography technique. An undesirable
by-Spreaitiet carthé PerhBed by @ techinfdiie tnowV s persci £0 2killed

in_the art such as g.conventiorjcafl1 chrom tqg)rraltpglt% tecrhen' ei(traction,
ep,

ue
or/an clry?sriaﬁi%tlc}rﬂﬁ?ﬁé leaving reaction as the second ) B,

preferab@d to10equivalents of an-erganic- bage sHel aSand the
diazabicycioundecene, pyridine, 4 15 dimethyiaminopyridine and

trietitygamire; afquaternasy @dmmonitan skt such asdetrdblityiaaoniom
hydroxide; an alkali metal salt of alcohol such as sodium methoxide or

p%ﬁ@fﬂﬁ?@ﬁﬁ%&id@? %H%I?é(hemeté}‘%yﬂm %‘%lleﬁeas%_cﬁ)&rﬂduCt
nydrage: g gf[?g@'én Bial cahonate égéuﬁﬁﬁﬂ't'{{'grg%‘:};gﬁﬁ%ﬁ? Urilled

potassium carbonate; or an organic metal reagent su lum
diisopropRyiamides with respectderthe aidai agddueh(Sdnfor exampis; is
preferably used as a base preferably in a halogenated solvent such as
mettilenaekloridata aohpoiar soléan2s suwls as tsluepsiapolar solvent
such as acetonitriie, dimethyiformamide, or dimethyi sulfoxide; an ether
solveftsuch as tetrahydrofuran or ethylene glycol dimethyi ether; or a

IthdeV@ﬂtﬁgg%%fQBzg examples of the leaving group in

the method ii) include an acetyl group,
methanesulfonate group, p-toluenesulfonate group,
chlorine atom, bromine atom and iodine atom. The
method of conversion into such a leaving group varies
according to the starting material and is not
specifically limited. A method known to a person
skilled in the art may be used as such a conversion
method. Preferably 1.0 to 10 equivalents of an
acetylating agent such as acetylchloride and acetic
anhydride, or a sulfonating agent such as
methanesulfonyl chloride and p-toluenesulfonyl chloride
or 1.0 to 10 equivalents of a halogenating agent such
as thionyl chloride with respect to the aldol adduct
(3), for example, may be used preferably in a
halogenated solvent such as methylene chloride and
chloroform; a nonpolar solvent such as toluene and
benzene; an ether solvent such as tetrahydrofuran or

ethylene glycol dimethyl ether; or a mixed solvent
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example. An organic base such as pyridine may also be used as a
solvent. The reaction temperature must be a temperature that can
complete the reaction without 5 promoting formation of an undesirable
by-product, and is preferably -78 to 100C, for example. Under preferable
reaction conditions, the reaction is preferably completed in 1 to 24 hours,
for example, and the progress of the reaction can be monitored by a 10

kiYo\oh @Rfom&teYraprftetRniqué Nan UPRIESiESBle By PREdRIct E8nHest Pe

remaver by 2 echnigys knawn to 2 person skiled inhe art such g8,
convenIﬂ%na cHromatograp yr]IGCﬁnI%UG, extrac?lon, orC}ané)

crystallizatian. k5 [0063] Rreparatian oh aidoi adduet (3) The aigeiaddugh
(3) can be prepared from an aldehyde compound (1) and an amide
camppurd €2a)bagcordigtto Step°t-1, forexanple 18pecificallyy the 20
aldol reaction in Step 1-1 varies according to the starting material and is

nBESpeCHiftaty liffited el ARthe ohditiohS aré Sffiitartd thése in this
rﬁgﬁ '9%1»%8}3}“88 PWN I a person skilled,in the, arkmay he s ?L%f,orand

the reaction (see Jikken Kagaku 25 Koza (Courses in Experiment

Chemigihy gvel 29, Ykt Kzosel 40tgaitic Synthesis) i edited by The
Chemical Society of Japan, Maruzen Co., Ltd., July 1992, p.94- 100, for
exarnple) Prefdrabioexarples ofltlie method #8 undesirable by-

product can be removed by a technigque known to a person
skilled in the art such as a conventional
chromatography technique, extraction, or/and
crystallization. In the leaving reaction as the second
step, preferably 0.1 to 10 equivalents of an organic
base such as diazabicycloundecene, pyridine, 4-
dimethylaminopyridine and triethylamine; a quaternary
ammonium salt such as tetrabutylammonium hydroxide; an
alkali metal salt of alcohol such as sodium methoxide
or potassium tert-butoxide; an alkali metal hydroxide
such as sodium hydroxide; an alkali metal carbonate
such as lithium carbonate or potassium carbonate; or an
organic metal reagent such as lithium diisopropylamide
with respect to the aldol adduct (3), for example, is
preferably used as a base preferably in a halogenated
solvent such as methylene chloride; a nonpolar solvent
such as toluene; a polar solvent such as acetonitrile,
dimethylformamide, or dimethyl sulfoxide; an ether
solvent such as tetrahydrofuran or ethylene glycol

dimethyl ether; or a mixed solvent thereof, for
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include i) a method of converting an amide compound (2a) into an alkali
metal enoiate by preferably 1.0 to 5.0 equivalents of a base such as
preferably lithium diisopropyiamide, sodium hydride, or sodium
methoxide, 5 for example, and then reacting the enoiate with an aidehyde
compound (1) (see Jikken Kagaku Kpza (Courses in Experimental
Chemistry), vol.20, Yuki Gosei (Organic Synthesis) [l1], edited by The
CREMIEAl Society of Japan, Maruzen Co., Ltd., July 1992, p.97-98, for 10
example); and '@na mretg%o:IL of Eig)rgsvertin%gnaas(nide (_{%@Roun%(Za ligto an
alkali metal enmate%f pre]pera aiy 1.6t05.0 eqtﬁ\yaﬁen S Of a base stich as

prederablyslithiugs dilsapropyiamide, sodium NydEEe.«a7: 8adiiMust be a
methoxide, for example, reacting the enoiate 15 with a silicon halide

reagept sachias préferabiy rtrimatipjiettiorasilaneeaction without
tert-butyidimethyichiorosilane to once prepare silyl enoi ether, and then

reRictifg e Bther Wit antaidéhytie EotFGUrd: Pt)Sn thie Bresnce of 24
L%‘@isj&%‘%é%'ﬁﬁg pl‘%f@%bo'y fitgpipm tﬁé@ce@éﬁg 70 o '%%@%J”ﬁuo”de

(see Jikken Kagaku Koza (Courses  in Experimental Chemistry), voi.20,

Ypki<Gesei{Osganis coythesish il redited, by hbe ChemicalhSagiety of
Japan, Maruzen Co., Ltd., July 1992, p.96-97, for example). 25 The

selvedtcarmreactionremperatdie Usddd vady aceordingftothe seartidg, and
material and are not specifically limjted. As a solvent that does not inhibit

the' YeakiGi¥aRd 2Iols thE starting hidtefary7oe monitored by a

known chromatography technique. An undesirable by-
product can be removed by a technigque known to a person
skilled in the art such as a conventional
chromatography technique, extraction, or/and
crystallization.

[0063]

Preparation of aldol adduct (3)

The aldol adduct (3) can be prepared from an
aldehyde compound (1) and an amide compound (2a)
according to Step 1-1, for example. Specifically, the
aldol reaction in Step 1-1 varies according to the
starting material and is not specifically limited
insofar as the conditions are similar to those in this
reaction. A method known to a person skilled in the
art may be used for the reaction (see Jikken Kagaku
Koza (Courses in Experimental Chemistry), vol.20, Yuki
Gosei (Organic Synthesis) [II], edited by The Chemical
Society of Japan, Maruzen Co., Ltd., July 1992, p.94-

100, for example). Preferable examples of the method
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to be dissolved therein to a certain extent, an ether solvent such as
tetrahydrofuran, 1,4-dioxane, or diethyl ether; a halogenated solvent such
as methylene chloride, 1,2-dichioroethane, or chloroform; a nonpoiar 5
solvent such as toluene or xylene; or a mixed solvent thereof may be
preferably used, for example. The reaction temperature must be a
temperature that can complete the reaction without promoting formation
of & ItftResirable BiRpRsitice fandds Yrétetalsly 2P8CTd fGorf AP ound

trzg%%%ragurg%b for example. iUnd(j:r ‘_Hefer%qlg Er%a%tion cgggt}igai,yth(f § fo

an e n r
1on1s preferab‘lay compIeIPe in 056 ouVs,?or example; and the
progiessefithe1 eeaction €ag hesmonitored Rysakpewa,clwematograpiv.
technique. An undesirable by-product can be removed by 15 a technique
kiows te apeysemskited Fothevart Buchr iadea comverntivhain methoxide,
chromatography technique, extraction, or/and crystallization. [0064]

PieParatioi'Br-&ldeRYde EBMPotRa ¢h [Formfia 18P Xa"EHO Xa B2 Xa i
Iz NON A [ E3eR it d NI \ [31ep 2-B] £ M (7). éﬁh'\"ﬁo(%?a) R1ER%4L

1N}§ ~
XalLzZXalLz XalLz T:IN\ I—%Z Step 2-2THCHO Step 2-3

in Experimental Chemistry), vol.20, Yuki Gosei (Organic
Synthesis) [II], edited by The Chemical Society of
Japan, Maruzen Co., Ltd., July 1992, p.97-98, for
example); and i1i) a method of converting an amide
compound (2a) into an alkali metal enolate by
preferably 1.0 to 5.0 equivalents of a base such as
preferably lithium diisopropylamide, sodium hydride, or
sodium methoxide, for example, reacting the enolate
with a silicon halide reagent such as preferably
trimethylchlorosilane or tert-butyldimethylchlorosilane
to once prepare silyl enol ether, and then reacting the
ether with an aldehyde compound (1) in the presence of
a Lewis acid such as preferably titanium tetrachloride
or boron trifluoride (see Jikken Kagaku Koza (Courses
in Experimental Chemistry), vol.20, Yuki Gosei (Organic
Synthesis) [II], edited by The Chemical Society of
Japan, Maruzen Co., Ltd., July 1992, p.96-97, for
example) .

The solvent and reaction temperature used
vary according to the starting material and are not
specifically limited. As a solvent that does not

inhibit the reaction and allows the starting material
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(4b) (4c) (4d) 78 In the formula, Xa is as defined above; L1 represents a
fluorine atom, a chlorine atom, a bromine atom, an iodine atom, a
sulfonate group such as a triflate group, a triaikyitin group, a boronic acid
group, or a boronate group; and L2 represents a C1-C3 aikoxycarbonyi
group such as a methyl ester group,an aldehyde group, or a cyano
group. [0065] Preparation of aldehyde compound (1) The aldehyde
cOrApBEnd D) AN prélsared Mrérm fcompoand (I8FasAfstatingether
mate-l_rial accorltlj(i:@g 510 S epa%5d§g%ci£i%ally, §t%p_ 5-5 varies according

. t 2o
to the ‘star mé material and is not Specl |caﬁy limfted insotar as the

cenditions ate-similar to theseglorthistgastion: methed kaawnde @y 1ene
person skilled in the art may be used for the reaction. For example, 10
wheh d2iidan dikexytadbonyr gedups meredactiom teactidnraescribedripo lar
m%inﬁ; known documents may be used (see Jikken Kagaku Koza

(

€88 In EXSEriMEntaP ERRRGSY), Vol 2BY URIGEsd (Bfgarie L vent
Synt ' ] it T hemical,Soci fJ M Co.,
L%ﬁl@?é@}%%ézg%’ée rQ¥eP§]Jo(i>ée'Hl§8 SOGIELY g ?%Pp?%‘e. aryzen .0

td., 15 Ap 2, p.159-266, for example). Preferab y, the desired
aldehyde sampeupd.canie-obtanedddy a regudstion method Hsingaun

metal hydride such as diisobutylaluminum hydride, for example. More

prefarabift ehe Hesiredhaldehyde compoundcandiel 20 efficientlyichtaipnédan

by a reduction method using , o
undesirable by-product, and is preferably -78°C to room
temperature, for example. Under preferable reaction
conditions, the reaction is preferably completed in 0.5
to 24 hours, for example, and the progress of the
reaction can be monitored by a known chromatography
technique. An undesirable by-product can be removed by
a technique known to a person skilled in the art such
as a conventional chromatography technique, extraction,
or/and crystallization.

[0064]

Preparation of aldehyde compound (1)

[Formula 18]

Xa CHO
Xa Lo Xaj@Lz : j@
4\
L [Step2-1] N° N
[ = Me

(4a) Me  (1a) \Step 2-4] (1)
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lithium aluminum hydride or an aluminum hydride complex 79 in the
presence of an amine, for example (see T. Abe et al., "Tetrahedron”,
2001, vol.57, p.2701-2710, for example). For example, when L2 is a
cyano group, a 5 reduction reaction described in many known documents
may be used (see Jikken Kagaku Koza (Courses in Experimental
Chemistry), vol.26, Yuki Gosei (Organic Synthesis) [VIII], edited by The
Chemical Society of Wfapafr Matazer €o: SLES AsHl 1992, pA%YE266:; for
10 example), Preferaly, the deshred aidehyde compound, can be, o, .
obtaine by a reduction mefhodausmg a meta qny ride Such‘as sodiim
bis{Zsmethoxyethaxaaisminyma hydride,andissobutyigiuminum ydsde,
for example (see Jikken Kagaku Koza (Courses in Experimental
Chemistat)c15voli26, Yuki Gasek (Qtganic Synthesis) Paltipreditedc by
The Chemical Society of Japan, Maruzen Co., Ltd., April 1992, p.231, for
exAmplR). Aterdalivély "tk YesiatRidéiYde CompBaRd <CHbe ©1-C3
S%%Q%%Jgg%?%éﬁ steps f fedueing Qscoa{“%%%‘i/lzoegé‘% 0 gn glgohol ,
compound using a technigue known to a person skilled in the art (see
Jikker Kpgaky Koz, (Caurses inbxperimeptal Chemistry), voi.26, Yuki
Gosei (Organic Synthesis) [VIII], edited by The Chemical Society of
Jdpath, Maruzen Co., Ltd., April 1992, p.159 25 266, for example), and
then oxidizing the alcohol compound to an aidehyde (see Jikken Kagaku
o2& (Cotrses iR ExpEHhTORts St} vei23, Yuki Gosei

The aldehyde compound (1) can be prepared

from a compound (la) as a starting material according
to Step 2-5. Specifically, Step 2-5 varies according
to the starting material and is not specifically
limited insofar as the conditions are similar to those
in this reaction. A method known to a person skilled
in the art may be used for the reaction. For example,
when L, is an alkoxycarbonyl group, a reduction reaction
described in many known documents may be used (see
Jikken Kagaku Koza (Courses in Experimental Chemistry),
vol.26, Yuki Gosei (Organic Synthesis) [VIII], edited
by The Chemical Society of Japan, Maruzen Co., Ltd.,
April 1992, p.159-266, for example). Preferably, the
desired aldehyde compound can be obtained by a
reduction method using a metal hydride such as
diisobutylaluminum hydride, for example. More
preferably, the desired aldehyde compound can be
efficiently obtained by a reduction method using

lithium aluminum hydride or an aluminum hydride complex
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(Organic Synthesis) [V], edited by The Chemical Society 80 of Japan,
Maruzen Co., Ltd., October 1991, p.1-550, for example). 0066] The base
used in the reduction reaction 5 varies according to the starting material
and is not specifically limited. A secondary amine may be used as a

base. Preferably, the desired aldehyde compound can be efficiently
obtained when using 0.1 to 1.0 equivalents of a linear or cyclic secondary
aikylafiife PEF S6ENT &s dfetRylafiié Br pyrelidife WithtesFE& té théPe et

C%TPOUQC} Ig}, fgrﬁ]%%rplple. g'glggsolveni {agq react&opo {e_rglggr turfg used

vary dccording to the starting ma drial and aré not specifically 1fmi ed. As a
selyentthat does not inhibit the reaction and allows 15 the starting
material to be dissolved therein to a certain extent, an ether solvent such
as tetrahydrofutan, ®4=dipxane,oraetethyl ether; & yronpotarasabvert such
as toluene or xylene; or a mixed solvent thereof may be preferably used,

fo @XAipte. 20- PRE FedttiontafpkPatine ult BE d eriferdfife vt can
C%@Q"g&%%es%%c?gg ithout prorpating fprmafion Péé[l‘rg%%e%d@b'e
by-product, an

is preferably -78C to toom temperature, for example.
Undeeprefenablel reaiction seangitjonse thexrsactian is preferabloeempleted

in 0.5 25 to 24 hours, for example, and the progress of the reaction can
bé& vmaritered by BKnoWwn cledhtatdgraphyhechhrjuecAh dindesirableof
b%ggg%xﬁﬁggéfggmgg?dlﬁ%d. April 1992, p.159-266, for
’ ’ ’ ’

example). Preferably, the desired aldehyde compound
can be obtained by a reduction method using a metal
hydride such as sodium bis(2-methoxyethoxy)aluminum
hydride or diisobutylaluminum hydride, for example (see
Jikken Kagaku Koza (Courses in Experimental Chemistry),
vol.26, Yuki Gosei (Organic Synthesis) [VIII], edited
by The Chemical Society of Japan, Maruzen Co., Ltd.,
April 1992, p.231, for example).

Alternatively, the desired aldehyde compound
can be synthesized by the steps of reducing a compound
(la) to an alcohol compound using a technigque known to
a person skilled in the art (see Jikken Kagaku Koza
(Courses in Experimental Chemistry), vol.26, Yuki Gosei
(Organic Synthesis) [VIII], edited by The Chemical
Society of Japan, Maruzen Co., Ltd., April 1992, p.159-
266, for example), and then oxidizing the alcohol
compound to an aldehyde (see Jikken Kagaku Koza

(Courses in Experimental Chemistry), vol.23, Yuki Gosei

(Organic Synthesis) [V], edited by The Chemical Society
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a technique known to a person skilled in the art such 81 as a
conventional chromatography technique, extraction, or/and crystallization.
0067] The amount of the oxidizing agent used in the 5 oxidation step
varies according to the starting material and is not specifically limited. The
amount is preferably 0.1 to 10 equivedents with respect to the compound
(la). The solvent and reaction temperature vary according to the starting
nfateristama-ar¥ ot 1875 pegifically imited CAS BSoeht thattoesrdt: £or
inggibailtnithf g action and allows the starting material to be dissolved therein
to & cenain extent, an ether solvent such as tetrahydrofuran, 1,4-dioxane,
or glirthy! ether; a halogenated solvent such as methylene 15 chloride,
1,2-dichioroethane, or chloroform; a nonpolar solvent such as toluene or
xylene; or a miXgdesdluent tirerdofimaytve preferablyarseds fortexample.
The reaction temperature must be a temperature that can complete the

re4fiof withotP prbmétiricformiatioh of ansd diidesirable By Productand
'Se?ﬁ{%fce{%?'é!a'ﬁg 19, 13QG for e a@gL%HU%déed& PIGIEIADIG IEAGION 5o g as

conditions, the reaction is preferably comp in 0.5 to 24 hours, tor
examplee andthe peagipsy pf tee reraiioncanne mopiterethbby aliowian
chromatography 25 technique. An undesirable by-product can be removed
bypea tlchhigueknowrrto-a peesbrivdidiiedrinithe abt- Sucke as &

conventional chromatography technique, extraction, ,
linear or cyclic secondary alkylamine

equilvalents of a
such as diethylamine or pyrrolidine with respect to the
compound (la), for example. The solvent and reaction
temperature used vary according to the starting
material and are not specifically limited. As a
solvent that does not inhibit the reaction and allows
the starting material to be dissolved therein to a
certain extent, an ether solvent such as
tetrahydrofuran, 1,4-dioxane, or diethyl ether; a
nonpolar solvent such as toluene or xylene; or a mixed
solvent thereof may be preferably used, for example.
The reaction temperature must be a temperature that can
complete the reaction without promoting formation of an
undesirable by-product, and is preferably -78°C to room
temperature, for example. Under preferable reaction
conditions, the reaction is preferably completed in 0.5
to 24 hours, for example, and the progress of the
reaction can be monitored by a known chromatography
technique. An undesirable by-product can be removed by

a technique known to a person skilled in the art such
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or/and crystallization. 82 0068] Preparation of compound (la) The
compound (la) can be prepared from a compound (4a) as a starting
material according to Step 5 2-1 or from a compound (4d) as a starting
material according to Step 2-4, for example. Step 2-1 Step 2-1 varies
according to the starting material argllis not specifically limited insofar as
the 10 conditions are similar to those in this reaction. A method known to

a prsorrSKiVEd n'theatt flay Berhsstr 36 the TRAEHOT For eSARTAE then/
mg}h/od in Stegsz_c-% lrlnla%/agce.substitution reaction from a compound (4a) as

a staratlr}% materia using 3% 10 equivalent of 15 methylimidazole with

respeettp the compound (4a). The solvent and reaction temperature

used in this step vary according to the starting material and are not
specifically limifte Asrepsolventthahdoesndti mhikit teereactior@ndn the
allows the starting material 20 to be dissolved therein to a certain extent,

aft éiitist 'sbkfent SGen Badahytiofian " 4 doxdte, oF diethyPether; a
hﬁf&%%@%tgi‘ solvent §U8'895588@}’!?&%'%9“Q%m%»@é%i‘:h'Oﬁ%e?th%%u t
C ichiorobenzene, di

oroform; a polar solvent such as methyiformamide,
01 25 preethipyrolidonet 8 nonpelak 5ekvesh sUChyas ntoluasnes xylepe, ehe

mesitylene; an organic base solvent such as diazabicycioundecene,

ppﬁﬂ@@gﬂd (la) . The solvent and reaction temperature
vary according to the starting material and are not
specifically limited. As a solvent that does not
inhibit the reaction and allows the starting material
to be dissolved therein to a certain extent, an ether
solvent such as tetrahydrofuran, 1,4-dioxane, or
diethyl ether; a halogenated solvent such as methylene
chloride, 1,2-dichloroethane, or chloroform; a nonpolar
solvent such as toluene or xylene; or a mixed solvent
thereof may be preferably used, for example. The
reaction temperature must be a temperature that can
complete the reaction without promoting formation of an
undesirable by-product, and is preferably -78°C to
100°C, for example. Under preferable reaction
conditions, the reaction is preferably completed in 0.5
to 24 hours, for example, and the progress of the
reaction can be monitored by a known chromatography
technique. An undesirable by-product can be removed by
a technique known to a person skilled in the art such
as a conventional chromatography technique, extraction,

or/and crystallization.
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triethylamine; or a mixed solvent thereof may be 83 preferably used, for
example. The reaction temperature must be a temperature that can
complete the reaction without promoting formation of an undesirable by-
product, and is preferably OC to 200C, for example. 5 In this step, 0.1 to
10 equivalents of an organic base sgigh as diazabicycioundecene,
pyridine, or triethyiamine; an alkali metal salt of alcohol such as sodium
mettitidde or potassium tert-butoxide; an alkali metal hydroxide such as

sqdium_h dcroxide; Qr an alkali 1(9 mftaSI carbonate base such as cesium
éparacion, bf. compqun (I'a )
ca%eﬁaéfrﬁp@fassmﬁ%%ﬁrﬁte—may be used with respect to the
compound (4a)rfor exampleddndarpreferabieseaction conditions, the
reaction is preferably completed in 0.5 to 24 hours, for example, and the
progressiofithé 4b) reastion sapbeimoniteredyed kaown chiomatoyr&plew
technique. An undesirable by-product can be removed by a technique

kifown 6 a%%?gbr?sﬁﬁwm%% a%%cf?sasaa Eaﬁ\?éﬁﬁfb%gwaterlal
Cgfggg%taqq?gfhggem%efiz{,tragggn,e leﬁlgg crystallization. 20 [0069]

Preparation of compou The compou ?4'a) is commercially
ayailablex or can be prepared by a method known to a person skilled in
the art. If not commercially available, the 25 compound (4a) can be
prepared by méthgiatidg & wemesporrding pHenal dcompdindsiby atmetiiod

known to a_person skilled in the art when Xa is a methoxy group,
1" and is not specifically limited 1nsofar as the

materia
conditions are similar to those in this reaction. A
method known to a person skilled in the art may be used
for the reaction. For example, the method in Step 2-1
may be substitution reaction from a compound (4a) as a
starting material using 0.3 to 10 equivalent of
methylimidazole with respect to the compound (4a). The
solvent and reaction temperature used in this step vary
according to the starting material and are not
specifically limited. As a solvent that does not
inhibit the reaction and allows the starting material
to be dissolved therein to a certain extent, an ether
solvent such as tetrahydrofuran, 1,4-dioxane, or
diethyl ether; a halogenated solvent such as methylene
chloride, 1,2-dichloroethane, or chloroform; a polar
solvent such as dichlorobenzene, dimethylformamide, or
N-methylpyrrolidone; a nonpolar solvent such as
toluene, xylene, or mesitylene; an organic base solvent
such as diazabicycloundecene, pyridine, or

triethylamine; or a mixed solvent thereof may be
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for example. 84 0070] Step 2-4 Step 2-4 varies according to the starting
material and is not specifically limited insofar as the 5 conditions are
similar to those in this reaction. A method known to a person skilled in the
art may be used for the reaction. The desired compound (la) can be
obtained by heating a compound (4d)3zand 1.0 to 20 equivalents of
ammonia or an ammonium salt with respect 10 to the compound (4d), for
exarfpRr ThéBoRrt andoreattidRteMperattie dstPidry acesmiitg éd-ure

theu gtcar%i)ng material and are ng:tg?r?gcifically Iimittid.tAs tahsolventt at

does riot inhibit ﬁgﬂprgggt,to%rgn ows the %?énrﬁng material tobe

digselved thereintora A9 cestaimextent, an ethenselyentsiehas,y -
tetrahydrofuran, 1,4-dioxane, or diethyl ether; a halogenated solvent such
agnrethylene zhibride, b2 thichibrbethte, tor chidrtfornt,can aelcshplle .
solvent such as ethanol or iso}i)ropanoj; a polar solvent such as 20

Rt GTER e o N-ridty PyfrORtIcHe 8o gblar SoREAPALch £85C
to.%%ecr}? %rs%%%ez'g%‘l%r 2pi6 Aeld sugh 2 g%%&%%'d’ Rrppionic acid, or

trifiuoroacetic acid; or a mixed solvent thereof may bé preferably used,

for example.drreferablyn thercempounrd da) ean 254 efficiently obtained s
by using 1.0 to 10 equivalents of ammonium acetate with respect to the
camgound edhpraniacetic acidzohient, foeekarple Theaeactiomlkall

metal hydroxide such as sodium hydroxide; or an alkali
metal carbonate base such as cesium carbonate or
potassium carbonate may be used with respect to the
compound (4a), for example. Under preferable reaction
conditions, the reaction is preferably completed in 0.5
to 24 hours, for example, and the progress of the
reaction can be monitored by a known chromatography
technique. An undesirable by-product can be removed by
a technique known to a person skilled in the art such
as a conventional chromatography technique, extraction,
or/and crystallization.

[0069]

Preparation of compound (4a)

The compound (4a) is commercially available
or can be prepared by a method known to a person
skilled in the art. If not commercially available, the
compound (4a) can be prepared by methylating a
corresponding phenol compound by a method known to a
person skilled in the art when X5 is a methoxy group,

for example.
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temperature must be a temperature that can complete the 85 reaction
without promoting formation of an undesirable by-product, and is
preferably room temperature to 200C, for example. Under preferable
reaction conditions, the reaction is preferably completed in 1 to 24 hours,
for 5 example, and the progress of tle reaction can be monitored by a
known chromatography technique. An undesirable by-product can be
reh9éVet by a technique known to a person skilled in the art such as a
c%ntveentiggﬂl chromatography technique, extraction, 10 or/and

ization. [0071] Preparation of compound (4d) The compound (4d)

can be preparediftgm 2 gompeund (4e)-25-a Stryting materiakagcoerdigg to
Step 15 2-3, for example. Specifically, Step 2-3 varies according to the

stagtirgrivateriat dndds not speeificaliyclimited insofdreas thesconditions the
are similar to those in this reaction. A method known to a person skilled

intRBH Y betSecfof te Fedctioh 26 Thétomipsuri (i ¢af be
O%‘%egdbﬁ%%gtao Cﬁ)’%"é’%‘gr{“&%ﬂq %d“aﬂ%gec%aée%&eﬁgfc@é Bsea

5.0 equivalents of 2-ch cetone, 2-bromoacetone, or 2- i0 etone
with respect te thereampound ) for rexamplep buthe presence . af ae
base, for example. 0.5 25 to 5.0 equivalents of the base is preferably used
withtiespedt tosthe @empoiing (denExambléd of thenldase- Used idclude

alkali metal hydrides such as sodium , ,
equivalerits of ammonia or an ammonium salt with respect

to the compound (4d), for example. The solvent and
reaction temperature used vary according to the
starting material and are not specifically limited. As
a solvent that does not inhibit the reaction and allows
the starting material to be dissolved therein to a
certain extent, an ether solvent such as
tetrahydrofuran, 1,4-dioxane, or diethyl ether; a
halogenated solvent such as methylene chloride, 1,2-
dichloroethane, or chloroform; an alcohol solvent such
as ethanol or isopropanol; a polar solvent such as
dimethylformamide or N-methylpyrrolidone; a nonpolar
solvent such as toluene or xylene; an organic acid such
as acetic acid, propionic acid, or trifluoroacetic
acid; or a mixed solvent thereof may be preferably
used, for example. Preferably, the compound (la) can
be efficiently obtained by using 1.0 to 10 equivalents
of ammonium acetate with respect to the compound (4d)
in an acetic acid solvent, for example. The reaction

temperature must be a temperature that can complete the
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hydride and lithium hydride; alkali metal salts such as 86 potassium
carbonate, sodium carbonate, and cesium carbonate; and metal
aikoxides such as sodium methoxide and tert-butyi potassium. The
solvent and reaction temperature used vary according to the starting 5
material and are not specifically limitgg. As a solvent that does not inhibit
the reaction and allows the starting material to be dissolved therein to a
céreaif lekedht Vart Bfer SoREIR® SUEN al Cletrahy@fof@rana, 418idR8hE 61
diethyl ether: a 10 halogenated solvent such as methylene chloride, 1,2-
O ASARE  oFehloorts: 5 SOIaP SaNENt Sucr Y Sty Trorasy
oreNrmethyipyriolidope @ hoppaiak ;solyent sugh asdaluepe Of Xylens; Ok he
a mixed solvent thereof may be preferably used, for example. The 15
reaction températuresrhastbe u tempelaturelthat cantcorpletethes, for
reaction without promoting formation of an undesirable by-product, and is

preférabiFroof Yemperath RETFE60E ol BRamphe Uriter préfelsble

r i nditions,_th tion. i erably 20 c ed.in 1 to
h%%%é??o%%i%mgp?e,aan%ﬁ%% p?:)hgfgqésg %%5 %%%é%&%%%ﬁ JE(}éhrﬁénito%r%ed by
aknawsi ehromatpgraphydechnigue. A undesitable by-proddeth sag be
removed by a technique known to a person skilled in the art such as a
comamtional chroatatography Rbadchmiqtiécextrdction cor/asd

crystallization. £0072 Preparation of compound (4c) ,
onventional chromatography technique, extraction,

e

or/and crystallization.
[0071]

Preparation of compound (4d)

The compound (4d) can be prepared from a
compound (4c) as a starting material according to Step
2-3, for example. Specifically, Step 2-3 varies
according to the starting material and is not
specifically limited insofar as the conditions are
similar to those in this reaction. A method known to a
person skilled in the art may be used for the reaction.
The compound (4d) can be obtained by stirring a
compound (4c) and 2-halogenated acetone (0.5 to 5.0
equivalents of 2-chloroacetone, 2-bromoacetone, or 2-
iodoacetone with respect to the compound (4c), for
example) in the presence of a base, for example. 0.5
to 5.0 equivalents of the base is preferably used with
respect to the compound (4c). Examples of the base
used include alkali metal hydrides such as sodium

hydride and lithium hydride; alkali metal salts such as
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The desired compound (4c) can be obtained by 87 a method of heating a
compound (4b) under refiux in formic acid or a method of using formic
acid and a dehydration condensation agent such as preferably an acid
anhydride or dicyciohexyicarbodiimide, for 5 example. The compound (4c)
can be efficiently obtained by using ggeferably 1 to 20 equivalents of
formic acid, for example, and preferably 1 to 3 equivalents of a
derydtafisrBorderatiohagert TorBxampleO TheSsolveRt Gt Vaties
accor ig atg é[he g}la({tinr%]@ teriﬁl 10 a'&de iss not srg)ecifical(%ljmited. As a

ar ; metal alko as, s m _methoxjide
solvent that ‘does rot Inhibit the reaction and alows thé S a%rﬁng materiaf

tobe;disselved.therein t-a geftain extent: anether solveat sueh-ason
tetrahydrofuran, 1,4-dioxane, or diethyl ether; a halogenated solvent such

as é¢Bpmeethylene chieritde; dr2-dictdaroétivamet or thlercform;t arpplar
solvent such as dimethyiformamide or N- methyipyrrolidone; a nonpoiar

sOIGERtSith &I B kyRRBC4ra ?_ﬁ‘i;(ééf soiBREféreofimag be
preferably, usgad, fog example. thﬂ%rleﬁfﬁo'% fem 9%@3&&%@”3%%9 32055

temperature that can complete the reaction without promoting formation
oftan updesirabie by-preduct; and isprefesaly veemiemperaiurestos
100C, for example. Under preferable reaction conditions, the reaction is
prederabicampletdd infh te 28 éroues foreexamplehand 25 the progress of
the reaction can be monitored by a known chromatograph%techniglue. An

uhdesirabIE by prodilict can'be TERBUE bfa tethfiqlie KNoW tb

pﬁ§98genated solvent such as methylene chloride, 1,2-
dichloroethane, or chloroform; a polar solvent such as
dimethylformamide or N-methylpyrrolidone; a nonpolar
solvent such as toluene or xylene; or a mixed solvent
thereof may be preferably used, for example. The
reaction temperature must be a temperature that can
complete the reaction without promoting formation of an
undesirable by-product, and is preferably room
temperature to 200°C, for example. Under preferable
reaction conditions, the reaction is preferably
completed in 1 to 24 hours, for example, and the
progress of the reaction can be monitored by a known
chromatography technique. An undesirable by-product
can be removed by a technique known to a person skilled
in the art such as a conventional chromatography
technique, extraction, or/and crystallization.

[0072]

Preparation of compound (4c)

The desired compound (4c) can be obtained by
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skilled in the art such as a conventional 88 chromatography technique,
extraction, or/and crystallization. [0073] Preparation of compound (4b) 5
The compound (4b) is commercially available or can be prepared by a
method known to a person skilled in the art. If not commercially available,
the compound (4b) can be prepared by methyiating a corresponding
nitrophenoi compound by a method known to 10 a person skilled in the

art, 8-t redlubirg e Aitro® gFSUR: WHeh X4R a MEtRBXY BFdup: fér
e>£am Ie(.:[007.4 Prrepgratiot of dami e compo dr 2ag |%Zormullaa 9]0 R
SERRE RO H (50) O LN ap LT L0 (655 6 FO I R rF (50
Lidd XAk NEHZ O AR & RIStaR 3-2 ot Radk dHOB4 (5e)rded (2a) Rz
R3 R [Step 3-3] [Step 3-6] \ Ar'"" (5b) HNm V10- (~. Zi
acid anhydride or dicyclohexylcarbodiimide, for
example. The compound (4c) can be efficiently obtained
by using preferably 1 to 20 equivalents of formic acid,
for example, and preferably 1 to 3 equivalents of a
dehydration condensation agent, for example. The
solvent used varies according to the starting material
and is not specifically limited. As a solvent that
does not inhibit the reaction and allows the starting
material to be dissolved therein to a certain extent,
an ether solvent such as tetrahydrofuran, 1,4-dioxane,
or diethyl ether; a halogenated solvent such as
methylene chloride, 1,2-dichloroethane, or chloroform;
a polar solvent such as dimethylformamide or N-
methylpyrrolidone; a nonpolar solvent such as toluene
or xylene; or a mixed solvent thereof may be preferably
used, for example. The reaction temperature must be a
temperature that can complete the reaction without
promoting formation of an undesirable by-product, and
is preferably room temperature to 100°C, for example.
Under preferable reaction conditions, the reaction is
preferably completed in 1 to 24 hours, for example, and
the progress of the reaction can be monitored by a
known chromatography technique. An undesirable by-
product can be removed by a technigque known to a person

skilled in the art such as a conventional
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15

Rn Are"C-MgBrR 210 or Are ¢ (59) V2'N )m Ari"C-Li V O V10', .Z z NH
)m [Step 3-5] Riz m 1 (5n) VIp" nZi R [Step 3-4] R R2 (5m) (5p) In the
formula, L1, R', R2, R3, R4, R5 (which 15 may have a protecting group
when R5 contains a hydroxyl group); X1 (which may have a protecting
group when X1 89 contains a hydroggl group) ; An, Arl_C, Z1, m, and n
are as defined above; Xb represents an oxygen atom; V1 represents a
PIRERTTRIGOUPROY ark BRYGertEom SHER 2std Aieth§itgratp, ethyl group,
benzyi graup, allyl.5 group, triphenyimethyi group, tert-butyi group, or
te?ﬁg(]s’tgﬁ |Lr%éﬁ1%/¥slll(§/ﬁgroup; and V2 represents a protecting group for a
nitregen atom such as a tert- butyioxycarbonyi group or
benzyioxycarbonyi group. [0075] 10 The above reaction formula shows
aR expapid iofa méthogror prepatiig)the amide compound (2a).
Specifically, the reaction formula shows (i) a method comprising

converting an afifie COMPOURG (63 as B° st hfatérdithatigt table
caommercially ayai 15 prep ' thod known tQ a person
s%rﬁecﬁ%\% tr%\aéa t%ln%gia% §§m%g)u%d%[§ghﬁ{§?§é%%o %%eé] 3%-9%]%%0 then
fogming a@ oxamerphaiine ringrin atep FdifligAcially available, the

compound (4b) can be prepared by methylating a
corresponding nitrophenol compound by a method known to
a person skilled in the art, and then reducing a nitro
group, when X5 is a methoxy group, for example.

[0074]

Preparation of amide compound (2a)

[Formula 19]

0 R*
3
H,N" A —~  (50) o)
[Step 3-1] X L, 0
(5a) HN" " TAr, 1 HLN’X%H
R® HO 4 By 4
17\, 0oR
NH, O;\AH R R? [Step3-2] R RN
H%R“ ﬂ (5¢) (2a)
R > R® \
R [Step 3-3] [Step3-6] \  4Mc
(5b) HN)\ﬁ)m
V@WL
Ar{_c—MgBr R' R2 "
@ or Aric /
Va-y )m Arq_c—Li V2‘NHO ) (59)
— [Step 3-5]
V1F(g)1>82\é%121 (5n) V1O1 nZ1
R [Step 3-4] R"Re
(5m) (5p)

In the formula, L, R', R?, R’, R?, R’ (which
may have a protecting group when R° contains a hydroxyl

group); X; (which may have a protecting group when X;
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method comprising converting a compound (5b) as a starting material that
is commercially available or 20 prepared using a method known to a
person skilled in the art into a compound (Sc) according to Step 3-3, and
then forming an oxomorphoiine ring in Step 3-2, when the X1 substituent
contains at least one hydrogen atong gor (iii) a method comprising
converting a compound (5m) 25 as a starting material that is commercially
av&iRbfe F prepatedusilg &htetRod khbwn fora-person skile@d it the ake

into a compound (5 %byr action with an_ organometallic reagent (5n)
ac‘:flcsora?i%g1 8%&8 8 “do @on@%?t?ﬁgsﬁ}%gor%goﬁﬁ{&] &p) i %gén éoszbound

(598 by Birogen AtomAepretacton reagtionand intramelecular seductive
amination reaction in Step 3-5, converting the compound (5q) into a
cempeund (3g)lbyoxygen aohy3 deprotectidrereaction i Sep 3-6) ahd
then forming an _oxomorpholine ring in Step 3-2. [0076] Conversion of

comBBEnd (SRR Ate- Compand'2a)  Step 812 VarieB4tdordifig to
thecstarting. A0 me eertar!;?]{:gﬁ et hed cally Jimited P§§£%rs%%@§ea

conditions are similar to those’in this reaction. The" reaction may
perfermedt by g methed knowntoa peesosn skiled ins thenark SPreferably-
the reaction conveniently proceeds when vigorously stirring a 15
cormpodrg (Seyramhv.0 oridiequivaleatszofle sompobnd v(bf)awith espect
to the compound (Sc) in a two-phase reaction solvent composed of an
orb%wcSéolvent and a

The above reaction formula shows an example
of a method for preparing the amide compound (2a).
Specifically, the reaction formula shows (i) a method
comprising converting an amine compound (5a) as a
starting material that is commercially available or
prepared using a method known to a person skilled in
the art into a compound (5c) according to Step 3-1, and
then forming an oxomorpholine ring in Step 3-2; (ii) a
method comprising converting a compound (5b) as a
starting material that is commercially available or
prepared using a method known to a person skilled in
the art into a compound (5c) according to Step 3-3, and
then forming an oxomorpholine ring in Step 3-2, when
the X; substituent contains at least one hydrogen atom;
or (iii) a method comprising converting a compound (5m)
as a starting material that is commercially available
or prepared using a method known to a person skilled in
the art into a compound (5p) by reaction with an

organometallic reagent (5n) according to Step 3-4,
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basic solution, for example. The solvent and reaction temperature used
vary according to the starting 20 material and are not specifically limited.
The solvent is preferably a solvent that does not inhibit the reaction and
allows the starting material to be dissolved therein to a certain extent.
Preferable examples of the solvent titat can be used include ether 25
solvents such as diethyl ether; halogenated solvents such as methylene
cHIBAHE L 2RficHiBRO¢BRAHRS did é%n%}oféﬂﬁpaﬁd feRperar Soliefits $uth
25 1qluene and xylene. Breferaple examples of the basic solutionfhat gL,
can be use mglu e Solutions of afkali'metal salts SUch as sodium
hydrexide; patassitm hydroxide; spdisin jcarberatezpetassivierting
carbonate, cesium carbonate, and sodium bicarbonate. The reaction
temeerature omurst bebar b téemperatursdthab ead cOmpletethe xggetionat om
without promoting formation of an undesirable by-product, and is

prETEraB-7BECTD rodfttehiperature “or exafmplé "OIntBFpreferdbie'd an
re&gg% FBHQT?I?%’ the r{ﬁa tion,is egre;grzaply completed in 0.5 to 24
hours, forexample, 10 and the progress of the reaction can be monitored
by aokmgwn chromatography technique. An undesirable by- product can
be removed by a technique known to a person skilled in the art such as a
céinentivAakl ehrdmategraphycte chriyue nextrastiohs ofangasnd  (2a)

crystallization. 0077] Preferabrly,, the reaction may also ,
Step” 3-2 varies according” to the starting

material and is not specifically limited insofar as the
conditions are similar to those in this reaction. The
reaction may be performed by a method known to a person
skilled in the art. Preferably, the reaction
conveniently proceeds when vigorously stirring a
compound (5c) and 1.0 to 10 equivalents of a compound
(5f) with respect to the compound (5c) in a two-phase
reaction solvent composed of an organic solvent and a
basic solution, for example. The solvent and reaction
temperature used vary according to the starting
material and are not specifically limited. The solvent
is preferably a solvent that does not inhibit the
reaction and allows the starting material to be
dissolved therein to a certain extent. Preferable
examples of the solvent that can be used include ether
solvents such as diethyl ether; halogenated solvents
such as methylene chloride, 1,2-dichloroethane, and
chloroform; and nonpolar solvents such as toluene and

xylene. Preferable examples of the basic solution that
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conveniently proceed when mixing a compound (Sc) with 1.0 to 10
equivalents of a compound (5f) with respect 20 to the compound (Sc)
under basic conditions, for example. The solvent and reaction
temperature used vary according to the starting material and are not
specifically limited. The solvent is preferably a solvent that does not
inhibit the reaction and allows 25 the starting material to be dissolved

thePSints a e8ftaihn&tente Prerbrable examplesibfthé stifeht thatéan

be us%d énclude ether so(ljvhents. uch as %!%@yl eth%r% gnd tetéahydrof ran;

hg’lléﬁenatsédss%?vle%% Et\fc 188 92" fnécfﬁy ené chioridd: 1 X dichiorSet aHg,

and shloreferm; andnonpolarsolveits such as doluene apdogyiane, They
base used varies according to the starting material and is not specifically
lirmited.uthéanmmunb obthe .basehis Srpreferably T.6npd 0equivalentstwitle a
respect to the compound (5c). Examples of the base that can _be used

inEbRSIRAIF fietalfats Stith &8t hydFoxide. “hofasiti hydioxide,
sodi FH‘&%%”@&(?QF?‘E%‘”&§%R°&§8e8§%‘%@%%arggﬂ%@oSﬂ%é?d!a'ﬂ%

bicarbonate; 10 and organic bases s as diazabicycioundecene,
pyridine Adiraethyianvipepytdinecand tietpyiaming.c The seactiofnple .
temperature must be a temperature that can complete the reaction
withdatrprontotingdormaticrrofar ruresitabledsys produet, erids ion is
preferablry -78C to room 15 temperature, for example. Under preferable

rdcTiON “ oMt SHEHE Fesittion is pref&fabfy coifipieted 0 55t 5R 1<
h@ﬂé*@ﬁ@XﬁP&&%éggjg@FyﬂQ“%@égg@%n can be monitored by a

known chromatography technique. An undesirable by-
product can be removed by a technigque known to a person
skilled in the art such as a conventional
chromatography technique, extraction, or/and
crystallization.

[0077]

Preferably, the reaction may also
conveniently proceed when mixing a compound (5c) with
1.0 to 10 equivalents of a compound (5f) with respect
to the compound (5c) under basic conditions, for
example. The solvent and reaction temperature used
vary according to the starting material and are not
specifically limited. The solvent is preferably a
solvent that does not inhibit the reaction and allows
the starting material to be dissolved therein to a
certain extent. Preferable examples of the solvent
that can be used include ether solvents such as diethyl

ether and tetrahydrofuran; halogenated solvents such as
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reaction can be monitored by a known chromatography technique. An
undesirable by-product can be removed by 20 a technique known to a
person skilled in the art such as a conventional chromatography
technique, extraction, or/and crystallization. [0078] Preparation of
compound (5f) 25 The compound (5f)2s commercially available or can be
prepared by a method known to a person skilled in the art. The

cERPBUAG 5T preferably EhioroacEiyi ChitdeedrnronitshcellA BrsHhRIen/
for 93 example. [0079] Preparation of co und (Sc) The campound
(§l(51§|8881’1 Q!La SO V?ng#)g gucrf'l a% mg?ueng <’:?l’1 th% 5 The

e .
ercially availa or can be prepared by a method knhown

o persofe skilled in thesart J2referably, the,eompaurd (SCheantbea1 and
prepared by (i) converting an amine compound (5a) as a starting material

thas isscammezcialfy avdilable omigreparedlisingawmethod knolvm tocese is
person skilled in 10 the art into the compound (Sc) according to Step 3-1;

(i cBhiertiRga doMpbthd (515 @s'a Starig natérial “thaP - Corhmerdiglly

ayailable,arprepared “?@29 ethod kpgwnto & persop skilledin the, agt

into the compound (Sc) according to Step 3-3; or (iii) 15 converting a

campoude (3mkas a stariy aterial thatHs gonyverciallyraxaiakleqs,

prepared using a method known to a person skilled in the art into a

coppegsd um hydroxide, sodium carbonate, potassium
carbonate, cesium carbonate, and sodium bicarbonate;
and organic bases such as diazabicycloundecene,
pyridine, 4-dimethylaminopyridine, and triethylamine.
The reaction temperature must be a temperature that can
complete the reaction without promoting formation of an
undesirable by-product, and is preferably -78°C to room
temperature, for example. Under preferable reaction
conditions, the reaction is preferably completed in 0.5
to 24 hours, for example, and the progress of the
reaction can be monitored by a known chromatography
technique. An undesirable by-product can be removed by
a technique known to a person skilled in the art such
as a conventional chromatography technique, extraction,
or/and crystallization.

[0078]

Preparation of compound (5f)

The compound (5f) is commercially available
or can be prepared by a method known to a person
skilled in the art. The compound (5f) is preferably

chloroacetyl chloride or bromoacetyl bromide, for
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(5p) by reaction with an organometallic reagent (5n) according to Step
3-4, converting the compound (5p) 20 into a compound (5q) by nitrogen
atom deprotection reaction and intramoiecuiar reductive amination
reaction in Step 3-5, and converting the compound (5q) into the
compound (Sc) by oxygen atom depgatection reaction in Step 3-6, for
example. 25 [0080] Conversion of compound (5a) into compound (Sc)
Step8R \aries according to the starting material and is not specifically
Iim'ﬁs d7 sofar as the 94 conditions are similar to those in this reaction. A

E h nown to a person skilled in the art may be used for the reaction.
Preferable examples ofshe method sipglude a ring opening reaction using
a compound (5a) 5 and 1.0 to 10 equivalents of an oxirane compound (5d)
with respect to teecampoomd Ga)-> The solvermand creattion terapértire
used vary according to the starting material and are not specifically

liffte 2 FBS ORIt 75 Frefétanfy 'SoReft thattbes Rof 18 FiHbit the
regction and gllows the s alft'“%l}%%tSPgﬁofi%é’e digsolvs tQSﬁ%I” fo 8?1 can
certain extent, or a mixed solvent thereof."Examples of the solvent that
caebprused-inglusde ether solventsisueh asrdigthyhethesmbalogenated) as
solvents such as methylene chloride, 1,2 15 dichioroethane, and
chlorsfermyia nempoiapdolvénts sucirasusiyene and xylenelAble or

preferable result may be obtained without a solvent. The reaction ,
téﬁﬂ%ﬁaﬁﬁg using a method known to a person skilled in

the art into the compound (5c) according to Step 3-1;
(1i) converting a compound (5b) as a starting material
that is commercially available or prepared using a
method known to a person skilled in the art into the
compound (5c) according to Step 3-3; or (iii)
converting a compound (5m) as a starting material that
is commercially available or prepared using a method
known to a person skilled in the art into a compound
(5p) by reaction with an organometallic reagent (5n)
according to Step 3-4, converting the compound (5p)
into a compound (5q) by nitrogen atom deprotection
reaction and intramolecular reductive amination
reaction in Step 3-5, and converting the compound (5q)
into the compound (5c) by oxygen atom deprotection
reaction in Step 3-6, for example.

[0080]

Conversion of compound (5a) into compound (5c)

Step 3-1 varies according to the starting

material and is not specifically limited insofar as the
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must be a temperature that can complete the reaction without promoting
formation of an undesirable by 20 product, and is preferably room
temperature to 300C, for example. Under preferable reaction conditions,
the reaction is preferably completed in 0.5 to 24 hours, for example, and
the progress of the reaction can be eonitored by a known
chromatography technigue. An 25 undesirable by-product can be removed
by AtECHRiGHE KcwrPtd'a peFsdrPsKilleeFin the arfdichrasgtion. A

conventional chromatography technique, extraction, or/an%cr stallization.
i oioe oy Boc oo smi Rt Nt b i R CE

suchas rhorea drifiuaside, titanitn tetraisopropaxites ob AithiHM method
Perchlorate (see Synthesis, 2004, vol.10, p.1563-1565, for example). 5
[0D84] Preparatiomof ceraponnd (ss)cEheocompound ¢5a)dseonmercially
available or can be prepared by a method known to a person skilled in

thig"ait 4f Rot-ComiheFéiatly avaifible, the 10 cotipatit Gayearbe (5
g&m ed by amethod %%”ES%#%%QO%Q?W and, kngwn {0 8.pergon

in the art (see Shin Jikken Kagaku Koza (New Courses In
Experipential Chepusta vel. 1dk ki KagobutsuNa Hgose) Tihdannou

(Synthesis and Reaction of Organic 15 Compounds) [lll], edited by The
Cheaiical 'Society of 1JapadlMartzemCo., 1r¢ s Febasmny19¥8nited.
PR32 397, J" $Xampie) Prefarable examples ofihe meod ot
inhibit the reaction and allows the starting material
to be dissolved therein to a certain extent, or a mixed
solvent thereof. Examples of the solvent that can be
used include ether solvents such as diethyl ether;
halogenated solvents such as methylene chloride, 1,2-
dichloroethane, and chloroform; and nonpolar solvents
such as toluene and xylene. A preferable result may be
obtained without a solvent. The reaction temperature
must be a temperature that can complete the reaction
without promoting formation of an undesirable by-
product, and is preferably room temperature to 300°C,
for example. Under preferable reaction conditions, the
reaction is preferably completed in 0.5 to 24 hours,
for example, and the progress of the reaction can be
monitored by a known chromatography technique. An
undesirable by-product can be removed by a technique
known to a person skilled in the art such as a

conventional chromatography technique, extraction,

or/and crystallization. The reaction may also
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include i) a method of converting a corresponding carbonyl derivative into
the compound (5a) by reductive 20 amination reaction; ii) a method of
reducing a corresponding carbonyl derivative to an alcohol derivative,
preparing an amine equivalent (preferably an azide group or imide group,
for example) from the alcohol derivattre by a substitution reaction known
to 25 a person skilled in the art, and then converting the amine equivalent
infd tHeceapSud (SIS 2 LoRdérsiohofedtiion Krdthstois persoch as
skilled in t@?iaﬂli;@r% Orl’gethgci'i 0;51 ggg\l{ler%:?g a corres on(gl;{nqi%arbggyl 96

boraon ralsopro I
derlva?lve INtO an oxime derlva ve, and then red%cﬁlg ]?he OXIrT‘fe

derivativeriothe campesnd (3akky g redustion reaction kngwin tooa
person skilled in the art; iv) a method of converting a corresponding oiefin
5wroiripotndinto, arf alcohskderiative by oxidation reaction, preparing an
amine e(?uivalent (preferably an azide group or imide group, for example)
frémthé ] alcohol derivative by a substitution reaction known to a person

skilled in the art, and thep 8{}}{@“?95{513 10 amine equivalent ir_lto the
c n known to a person skilled in the

art; and v) a method-ehgonyeringsa gorrespendiag eiefinigomnpeund inte
an aminoaicohoi derivative by addition reaction, and converting the
aminczicoe: dergativeciatdtheal 31 e6mpOuRd ¢52) hypa ToRESioh
reaction known to a person skilled in the art. The compound (5a) may be

COet Gl BvaIibIé Bb an Opicaly aCHUE EBmbBANY =vat Ab1S,  the

compound (5a) can be prepared by a method described in
a document and known to a person skilled in the art
(see Shin Jikken Kagaku Koza (New Courses in
Experimental Chemistry), vol.1l4, Yuki Kagobutsu No
Gosei To Hannou (Synthesis and Reaction of Organic
Compounds) [III], edited by The Chemical Society of
Japan, Maruzen Co., Ltd., February 1978, p.1332-1399,
for example). Preferable examples of the method
include i) a method of converting a corresponding
carbonyl derivative into the compound (5a) by reductive
amination reaction; 1i) a method of reducing a
corresponding carbonyl derivative to an alcohol
derivative, preparing an amine equivalent (preferably
an azide group or imide group, for example) from the
alcohol derivative by a substitution reaction known to
a person skilled in the art, and then converting the
amine equivalent into the compound (5a) by a conversion
reaction known to a person skilled in the art; iii) a

method of converting a corresponding carbonyl
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or prepared by a method known to a person skilled in the art as an
optically active compound (see Chem. 20 Rev., 1994, vol.94,
p.2483-2547; Tetrahedron Letters, 1996, vol.37, p.3219-3222; and
Organic Letters, 2000, vol.2, p.2821-2824, for example). The compound
of the present invention can be prepgaged as an optically active
compound from this material as a starting 25 material. qi[SOOSZ] Preparation

of GXifartcoripdurid (5t} The ®aratecormpduiry (Stds ESRmereialy 979

a\é%llable or car(ljg%Pre%ared a Elrhethod knownct{o ﬁ?gfl:sgn skilled in

the art.9f rllgltecomme‘r]&aljrf Qvailab efeth%o(I)n rane co nd’ (5%) can be

prepared by ra methed desqribahing dacynentand knawado apersen 5
skilled in the art (see Shin Jikken Kagaku Koza (New Courses in

Experiméntal €heatistry), vél. b ¥k tlago butsiy NosGpseidiondanaed 1n
(Synthesis and Reaction of Organic Compounds) [l], edited by The
CREMREA Sbcidty CoffapahS Mtz EbY A td Y Niovénibet 437 7or

Pa?éé%%lor}f) fBES_ié%mPgeét-i Lhe &8@9&“(?%&?%’1‘8}{ e(%%“é?‘eeégg'i% an

aval as an optlcaﬁy ve compound or prepared by a met

knewaito gpersobskilled inthgrart gs anoepticallyaciye eppipouind (see
K.B. Sharpiess et al., "Comprehensive Organic Synthesis", B.M. Trost, 15
Pergaphon, 19911 veltZ, vsh.32, forsaxasiplé) tThen compotihdof fiiewn to

present invention can be prepared as an optically active comEound from
tﬁ%%ﬁﬁ&ﬂ%ﬂa@%%lled in the art, and then converting the

amine equivalent into the compound (5a) by a conversion
reaction known to a person skilled in the art; and v) a
method of converting a corresponding olefin compound
into an aminoalcohol derivative by addition reaction,
and converting the aminoalcohol derivative into the
compound (5a) by a conversion reaction known to a
person skilled in the art. The compound (5a) may be
commercially available as an optically active compound
or prepared by a method known to a person skilled in
the art as an optically active compound (see Chem.
Rev., 1994, vo0l.94, p.2483-2547; Tetrahedron Letters,
1996, vol.37, p.3219-3222; and Organic Letters, 2000,
vol.2, p.2821-2824, for example). The compound of the
present invention can be prepared as an optically
active compound from this material as a starting
material.

[0082]

Preparation of oxirane compound (5d)

The oxirane compound (5d) is commercially
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starting material. [0083] 20 Conversion of compound (5b) into compound
(Sc) Step 3-3 varies according to the starting material and is not
specifically limited insofar as the conditions are similar to those in this
reaction. A method known to a person skilled in the art may be used 25
for the reaction. Preferably, the metliod may be reductive amination
reaction of a compound g)(?) with a carbonyl reaction (5e) (see Shin
JiRKeért kahaRu Koza2IN&w CLRrEes RrEXperiméftaleheristty), ¥6l.1,
Yuki 98 Kagobutsu,No Gosei To Hannau (Synthesis and Reaction of
O Eori gty T, Sited by The Ehemical Soety or Japar

MapuzenEoe Ltd., Eebruary 1978 0 Rk3B0:1384 ) forgxample) EQared by
example, the method is 5 preferably a method of heating under refiux a
carboayhcdmpesnd {beand 045 todks: Oreguivalents lof avconypoundo 5o n
in the presence of an acid catalyst such as more preferably a typical

in%?d&rﬂi@ﬁciﬂ%&%easaﬁﬁd_rééﬁ!%rié1%&:_{6 8&%%"11?}?{&%%%% Siganic QG
1938%@8‘? r@%?hé%f%'ﬁ‘?{'é%%%'g’ B'ﬁ%%‘f%ﬁ%(’,”'%é?ql A yuki

camphorsuifonic acid, or an organic acid salt such ‘as pyridinium
peiyenasuifonate (reterably 0:04 #02.0.5 eguiviadent sfos example)t@on of
cause dehydration reaction, and reducing the resulting imine derivative
191w theldesiratPamirgsderivative ©yipreferably The t6homneqaivalentsiefta

metal hydride such as lithium aluminum hydride or sodium borohgdride
mﬁﬁr ééﬁﬁto%ﬁfﬁﬁﬁg Co., Ltd., November 1977, p.5b/-611,

for example). The compound (5d) may be commercially
available as an optically active compound or prepared
by a method known to a person skilled in the art as an
optically active compound (see K.B. Sharpless et al.,
"Comprehensive Organic Synthesis", B.M. Trost,
Pergamon, 1991, vol.7, ch.3-2, for example). The
compound of the present invention can be prepared as an
optically active compound from this material as a
starting material.

[0083]

Conversion of compound (5b) into compound (5c)

Step 3-3 wvaries according to the starting
material and is not specifically limited insofar as the
conditions are similar to those in this reaction. A
method known to a person skilled in the art may be used
for the reaction. Preferably, the method may be
reductive amination reaction of a compound (5b) with a
carbonyl reaction (5e) (see Shin Jikken Kagaku Koza

(New Courses in Experimental Chemistry), vol.l4, Yuki
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derivative, for example. It is also possible to treat a carbonyi compound
(5e) and 0.5 to 5.0 equivalents of 20 a compound (5b) in an inert solvent
such as tetrahydrofuran in the presence of a Lewis acid catalyst such as
preferably titanium tetraisopropoxide (preferably 0.01 to 0.5 equivalent,
for example), and then reduce the resultant by 1.0 to 10 equivalents of a
25 metal hydride such as sodium borohydride. It is also preferable to

eMpRIPA Aigthd@ of RstiukingPa Garsotyi dervatiee (Se)did prefetaby of
0.5 t0 5.0 equivalents of a und (5b), for.ex le, referably 1.0
to%&afblé:q Eo%ﬂ%nd%a{ m(fecl{ra?l [ &lbc)éifl)absysac;?le Ct?ye%lcaf

ulival (0] dride’suc um

triggetaxyborohydrde 0F sadium, eyareborohydride, fer, example, oy an
inert solvent such as preferably dichioromethane, 1,2-dichioroethane,
tetrahydfofdia®4 b methasskop ethanol fe obtarathel desitgteamiighod is
derivative. Preferably 1.0 to 10 equivalents of an acidic substance such

a8 BB A0 dor hyBFGCHIGHC Bcltf Tor' XaniBie cmay/ el ddfdéd fireraer o
make Ihe feacton conyeniently prosegd. %eaai%'é?m@sloot?”é“eé%%%%und

varies according to the starting material and is not specifically limit
Howeyern. ihe reagiioas temsperaturermustike aiemperatiurebat 68N more
complete the reaction without promoting formation of an undesirable
byprdductand & preferably roomrempetature o $008, 5 for example.
Under preferable reaction conditions, the reactjon is preferably completed

i/ 8716 SAUTRNS, R Skaniplé "and the progréss 6 theTdaktion ' Be

such as methanesulfonic acid, p-toluenesulfonic acid,
or camphorsulfonic acid, or an organic acid salt such
as pyridinium p-toluenesulfonate (preferably 0.01 to
0.5 equivalent, for example) to cause dehydration
reaction, and reducing the resulting imine derivative
to the desired amine derivative by preferably 1.0 to 10
equivalents of a metal hydride such as lithium aluminum
hydride or sodium borohydride with respect to the imine
derivative, for example. It is also possible to treat
a carbonyl compound (5e) and 0.5 to 5.0 equivalents of
a compound (5b) in an inert solvent such as
tetrahydrofuran in the presence of a Lewis acid
catalyst such as preferably titanium tetraisopropoxide
(preferably 0.01 to 0.5 equivalent, for example), and
then reduce the resultant by 1.0 to 10 equivalents of a
metal hydride such as sodium borohydride. It is also
preferable to employ a method of reducing a carbonyl
derivative (5e) and preferably 0.5 to 5.0 equivalents

of a compound (5b), for example, by preferably 1.0 to



10

15

20

25

monitored by a known chromatography technique. An undesirable
by-product can be removed by a technique 20 known to a person skilled in
the art such as a conventional chromatography technique, extraction,
or/and crystallization. [0084] Preparation of compound (5b) 25 The
compound (5b) is commercially avaitable or can be prepared by a method
known to a person skilled in the art. If not commercially available, the
cdRpBaNd Y5H)Carshe prepdfed By drethHotPdésttibedin 10014M

document.and known (0,2 person sidled n the art fsee Shin Jikien <o,
Kagaku %oza% ew Courses in Experimental é‘ﬁemls?ry?, \yoqﬁh, Yuki

Kagahisd No Gesei Todiannou (Rynthesis and Reactien of Arganic 5
Compounds) [lll], edited by The Chemical Society of Japan, Maruzen
Coi,ditd .o Febridry 1978 1 p 43821899 der brample) cThe compotmd {5h)
may be commercially available as an optically active compound or

prEpared Bl a HetAdd RAGWN &8 aYEradn skiled #F e a1t afmE0
oglisally activ CO”EDPQ%)I(Q%% Jetragedron letiers.; 1996, vQl.37¢ .,

p.3219-3222, for example). The' compound of the present invention can

be piepared @ssam opiicaly-active compaundirem this matariadAS&ric
starting material. 15 [0085] Preparation of carbonyl compound (5e) The
cabodyl dompewrdn(de) is temnigrciaglled in order to make the

reaction conveniently proceed. The reaction
temperature varies according to the starting material
and is not specifically limited. However, the reaction
temperature must be a temperature that can complete the
reaction without promoting formation of an undesirable
by-product, and is preferably room temperature to 100°C,
for example. Under preferable reaction conditions, the
reaction is preferably completed in 0.5 to 24 hours,
for example, and the progress of the reaction can be
monitored by a known chromatography technique. An
undesirable by-product can be removed by a technique
known to a person skilled in the art such as a
conventional chromatography technique, extraction,
or/and crystallization.

[0084]

Preparation of compound (5b)

The compound (5b) is commercially available
or can be prepared by a method known to a person
skilled in the art. If not commercially available, the

compound (5b) can be prepared by a method described in
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available or can be prepared by a method known to a person skilled in
the art. If not commercially 20 available, the carbonyl compound (5e) can
be prepared by a method described in a document and known to a
person skilled in the art (see Shin Jikken Kagaku Koza (New Courses in
Experimental Chemistry), vol.14, Yuki cKagobutsu No Gosei To Hannou

(Synthesis and Reaction of 25 Organic Compounds) [l1], edited by The
ChefRCAITSTelety N6F JEpRRD MePuZePEHS Uid SDebbftberngyize art
p.633-875, .for ex le)..[0086] 101 Conyersion of compaound (5q) into
co%i%gun @c) ét%e%]%]@%% i%gléléc%grz m&@fﬁe@%ﬁﬁ@gmla?erial and is
netsnecifically limiteddasofar-as the, conditions.are siailaria theseavin this
reaction. A 5 deprotection method known to a person skilled in the art
maydelused (seerb Greenetdtead.| SProteCtRea Growps mfOfgagHie i c
Sﬁnthesis", John Wiley & Sons, Inc., New York, 1981, for example).

A

SHREYEN SSteh3-6! ma irefctably He feffGifRed By prépariigya ©F
poynd 40 (39).3s an .e,s?rt%grivapg%r\ﬁggg_iq §3and R2 %@71_?3 99,

c
carbonyl’group, and then reducing’the ester derivative "by a reduction
reestion XKaRWnde a pensen skiledunthe ssh, whep Rd anshiRd are gack a

hydrogen atom, for example. 15 [0087] Preparation of compound (5q)

The eoipolmddBapis cortihercially awdilabfe compound or prepared
by a method known to a person skilled in the art as an
optically active compound (see Tetrahedron Letters,
1996, vol.37, p.3219-3222, for example). The compound
of the present invention can be prepared as an
optically active compound from this material as a
starting material.

[0085]

Preparation of carbonyl compound (5e)

The carbonyl compound (5e) is commercially
available or can be prepared by a method known to a
person skilled in the art. If not commercially
available, the carbonyl compound (5e) can be prepared
by a method described in a document and known to a
person skilled in the art (see Shin Jikken Kagaku Koza
(New Courses in Experimental Chemistry), vol.l4, Yuki
Kagobutsu No Gosei To Hannou (Synthesis and Reaction of
Organic Compounds) [II], edited by The Chemical Society
of Japan, Maruzen Co., Ltd., December 1977, p.633-875,
for example).

[0086]
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or can be prepared by a method known to a person skilled in the art. If
not commercially available, the 20 compound (5q) can be preferably
prepared from a compound (5p) as a starting material according to Step
3-5, for example. Specifically, the compound (5q) can be preferably
prepared by the two steps of deprotegting the protecting group for the
nitrogen atom of a 25 compound (5p) by a deprotection method known to
a S9ereen SkBd 9 tHORR 9366 T (Bfdedd bPalc MR divé Xsrbups in
Organic Synthesijs", John Wiley .& Sons, Inc., New York, 1981, for, .
exomple), and (heFt 103 BUBIELAR (G SoR3bLad 16 tamasealis ™9
regctive amination seactiongsee Shin dikken KagakdKozasNew as the
Courses in Experimental Chemistry), vol.14, Yuki Kagobutsu No Gosei

To Hahrou(Synthesissand Reaction ohb rganictGampoands)iftii, edited
by The Chemical Society of Japan, Maruzen Co., Ltd., February 1978,

p A3BBHOIFBAL o exXATdIey AtferHativeRy, 1hese Steps Sp‘nh%]p%fejr&b& be
performed using a.compound (5p) whereinR1 and R2 form a cadoenyl
group, as a Starting 10 material, for example. [0088] Preparation of
carppaprd (3p)ckhe:eamppoynd KoR)is cpmiergiatly svailablecasganhe .,
prepared by a method known to a person 15 skilled in the art. If not
colame¥eially avdifable, fihe eorapodisd (5p) cbincse piefeiably prepared -6

from a comfpound (5mk2 as a startin% material according to Step
may preferably be performed by preparing a compound

(5g) as an ester derivative, wherein R! and R? form a
carbonyl group, and then reducing the ester derivative
by a reduction reaction known to a person skilled in
the art, when R' and R® are each a hydrogen atom, for
example.

[0087]

Preparation of compound (5q)

The compound (5g) is commercially available
or can be prepared by a method known to a person
skilled in the art. If not commercially available, the
compound (5g) can be preferably prepared from a
compound (5p) as a starting material according to Step
3-5, for example. Specifically, the compound (5g) can
be preferably prepared by the two steps of deprotecting
the protecting group for the nitrogen atom of a
compound (5p) by a deprotection method known to a
person skilled in the art (see T. Greene et al.,
"Protective Groups in Organic Synthesis", John Wiley &

Sons, Inc., New York, 1981, for example), and then
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3-4, for example. For example, the compound (5p) can be conveniently
prepared by reacting a compound (5m) 20 with 0.5 to 5.0 equivalents of
an organometallic reagent (5n) commercially available or prepared by a
method known to a person skilled in the art by a nucieophilic reaction
known to a person skilled in the art1 ®he solvent used varies according to
the starting 25 material and is not specifically limited. The solvent is
preférapRia BeIveRethaPaBes mdt fnhibifthea Feaktion shd dRMACtheve
starting material to b@E.ldiss lved t %rein to. %ertaifg extent, or a miﬁﬁ% .
n lude

10350 \Feln%hé:r%%. x%%p@% ‘f the Solvent that car be "used inc

ethen solventssuchias-digthyl etherand; tetrahydrofyian; halaggnated
solvents such as methylene chloride, 1,2-dichioroethane, and chloroform;
ahc Saionpeiarnsolvents sudlr ad doluene dfdylene] Thenredttiontion of
temperature varies according to the starting material and is not

SPEGICAty IinTtEL Hehevet, the | reattioh tEmpératiife MustBEal

t rature that o] reaction without promaoting forgation
oF B 16 Undosr by product Bha i preforably AC 1o 806, Tor "
exampleo Undlen preferable: regction conditionsnthei veactipnds peeferahly s
completed in 0.5 to 24 hours, for example, and the progress of the
resetioR candieaipdonitered by acknowh clronsategraphiyassishidae.)An 15
undesiraple by-product,can be removed %{ a technique known to a

p&fsohSkilied inthe art s Gsa SBRUEtional ERtEMatdgraphy= 2 t1 19
tgﬁQ@QHfa?%“@ggnbxample.

[0088]

Preparation of compound (5p)

The compound (5p) is commercially available
or can be prepared by a method known to a person
skilled in the art. If not commercially available, the
compound (5p) can be preferably prepared from a
compound (b5m) as a starting material according to Step
3-4, for example. For example, the compound (5p) can
be conveniently prepared by reacting a compound (5m)
with 0.5 to 5.0 equivalents of an organometallic
reagent (5n) commercially available or prepared by a
method known to a person skilled in the art by a
nucleophilic reaction known to a person skilled in the
art. The solvent used varies according to the starting
material and is not specifically limited. The solvent
is preferably a solvent that does not inhibit the
reaction and allows the starting material to be

dissolved therein to a certain extent, or a mixed



or/and crystallization. Alternatively, it is preferable to use a compound
(5m), wherein R1 and R2 20 form a carbonyl group, as a starting material,
for example. [0089] Preparation of compound (5m) The compound (5m)
is commercially available 25 or can be prepared by a method known to a
person skilled in the art. If not commegcially available, the compound
(5m) can be preferably obtained by subjecting a corresponding startin%{

matend #6 a'prefeefibn 104= rasctioh knbwn e &pérsen skilledtin tRe aRe

for example (%8%%%‘%2%853&?0?%# Sroupsn, $0

I
Si/lﬁt%ess, ey ons, Inc., New York, 1981; orT. S amoto e

ke dr ORGhemy 2 199620 ¥akbh 18496, forexampledrAlternatively,itne
is preferable to use a compound, wherein R1 and R2 form a carbonyl
groupe as @estattingmatsriah foeckample. J0090hGemerab Praparation
Method 2 10 Typically used General Preparation Method 2 for the
cOMPBANG bf ffelgéndral formbild) 6theepreseRtlingBhferT will B& <

g%l\%cé@gli’%ggm&f&%@%%%roiéé N XE A iy NZARL XD AR R
material and is not specifically limited. However, the
reaction temperature must be a temperature that can
complete the reaction without promoting formation of an
undesirable by-product, and is preferably -78°C to 50°C,
for example. Under preferable reaction conditions, the
reaction is preferably completed in 0.5 to 24 hours,
for example, and the progress of the reaction can be
monitored by a known chromatography technique. An
undesirable by-product can be removed by a techniqgue
known to a person skilled in the art such as a
conventional chromatography technique, extraction,
or/and crystallization. Alternatively, it is
preferable to use a compound (5m), wherein R! and R?
form a carbonyl group, as a starting material, for
example.

[0089]

Preparation of compound (5m)

The compound (5m) is commercially available
or can be prepared by a method known to a person
skilled in the art. If not commercially available, the
compound (5m) can be preferably obtained by subjecting

a corresponding starting material to a protection



5

10

() R Me (2b) [Step 4-1] Condensation reaction Xa CHO HzN'X'-Ar |

/I-N L3 10 ov (5a) (1) Xb a' [Step 4-2] Me e R>>CRzR (6a) O OV [Step
4-1] Xa Condensation *N Xb <9a reaction N -t RI'CR2R Me (6b) In the
formula, Ari, R1, R2, R3, R4, L1, Xi, Xa, and Xb are as defined above; L3
represents a 105 triphenyiphosphonasm group, phosphite group, or silyl
group; and V represents a protecting group for a carboxyl group such as
affetRyigroupremyl group, Bne9irgrotipl alRA gtoup: tRpR&yimetiyi
grou 1) oup,_or tert-butyidimethyjisilyi group.. [0091] The .
aboémgelener%l%rgéaraﬁ; onﬁ\ﬁethoa 2 énan egéymtq e% a I?ne(?ﬁé k5 10
prepaEing the sampoynd of the rgengraldormuladhcomprising gepdensing

an aldehyde
1981; or T. Sakamoto et al., "J. Org. Chem.", 1996,
vol.61l, p.8496, for example). Alternatively, it is
preferable to use a compound, wherein R' and R®* form a
carbonyl group, as a starting material, for example.

[0090]

General Preparation Method 2

Typically used General Preparation Method 2
for the compound of the general formula (I) of the
present invention will be described below.

[Formula 20]

O
O
L ’X‘] Xa AN N, X1’Ar1
3 N Ar1 N//\N Xb 4
Xb 4 _ 1 2R
R1 ZRB R R
R Me (h
(2b)
[Step 4-1]
Condensation
reaction X
H2N/ 1\Ar1
(5a)
[Step 4-2]
o oV
Xa A L
Condensation S Xb\x(§{%4
reaction hg;zw R R2R3
Me (6b)

In the formula, Ar;, R', R?, R®, R% 1., X, X,

and X, are as defined above; L3 represents a
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10 compound (1) with an amide compound (2b) in Step 4-1, or an
example of a method for preparing the compound of the general formula
() comprising condensing an aldehyde compound (1) with an ester
compound (6a) in Step 4-1, and then reacting the resulting compound
(6b) 15 with an amine compound (5a) . Step 4-2. [0092] Step 4-1 The
condensation reaction of Step 4-1 varies according to the starting
mia¥erdl and s e E RO PéEiicam ifite & iHEBRAN dsSthe corlitiohs drélyl
S|m|Iar to thos thls react|on A known JEnethod described j many
dgcumeérits may% a56r trhe réaction. Preferablé exal%p#ns of the

methadhinglude- Wiligreagtion, Hormerdmmgns reaction, and Retgrson

25 reaction (see Jikken Kagaku Koza (Courses in Experimental
Chemistiy)gvoli®, Yaki Gbseir(@nganicr Syhthesis)¢it heditegrioyuPhe tert -
Chemical Society of Japan, Maruzen Co., Ltd., June 1992, p.57-85, for

166 ‘&anBI8 B0 ST HEWitti He Lo R PaHomkd byusiHg a
carypey d (2b) or (6a), wherein L3 is a 5 triphenyiphosphonium halide

salt; preferably 0.8 to 1.5 equivalents of an aidehyde compound (1), for

example; and preferablyb0de 50 equivalents et a basecfonexample. an
This reaction may be i) a method of first treating a compound (2b) or (6a)
argkaase toffoammethod for preparing the compound of the

general formula (I) comprising condensing an aldehyde
compound (1) with an amide compound (2b) in Step 4-1,
or an example of a method for preparing the compound of
the general formula (I) comprising condensing an
aldehyde compound (1) with an ester compound (6a) in
Step 4-1, and then reacting the resulting compound (6b)
with an amine compound (5a) in Step 4-2.
[0092]
Step 4-1

The condensation reaction of Step 4-1 varies
according to the starting material and is not
specifically limited insofar as the conditions are
similar to those in this reaction. A known method
described in many documents may be used for the
reaction. Preferable examples of the method include
Wittig reaction, Horner-Emmons reaction, and Peterson
reaction (see Jikken Kagaku Koza (Courses in
Experimental Chemistry), vol.19, Yuki Gosei (Organic
Synthesis) [I], edited by The Chemical Society of

Japan, Maruzen Co., Ltd., June 1992, p.57-85, for



10 phosphorus ylide and then adding an aidehyde compound (1) to the
ylide; or (ii) a method of adding a base in the presence of a compound
(2b) or (6a) and an aidehyde compound (1). This reaction is preferably
performed in the presence of a solvent from the viewpoint of 15
operativity and stirring efficiency. Thevsolvent used varies according to
the starting material and the base used, and is not specifically limited
indéfafakthe solvent does not inhibit the reaction and allows the starting
mf&%@?i éo be dissolved therein to a certain 20 extent. Preferable
examples of the solvent include polar solvents such as nitromethane,

acetonitriie, 1- methyir2-pyreolidone : NJ)-dimefyifernamide, @nds i ng a
dimethyi sulfoxide; ether solvents such as tetrahydrofuran, 1,4-dioxane,
andidimdethidxyethand;e20 nompaiaesolvéntsisuch as benzene,
toluene, and xylene; alcohol solvents such as ethanol and methanol;

5 halbyBAARY SNEHRS STCHES thiorbfortratid deHioOMEthEnd: water: 1>
and, mixed selventsingreol, 107, Thie base.vssrhvapies agsgrding fp he

starting material and the solvent. Preferable examples of the base
inghuglecalkalemetal hydraxides such agsedivm tydrodde, potassiumor
hydroxide, and lithium hydroxide; 5 alkali metal carbonates such as
sediameéarbondtel potassitimasarbenatecand sadingt biedrisohaté ralkali
metal salts of alcohols such as sodium methoxide and potassium

terEBdtbxide; Ordatie B4SEs SadH a8 triethyiantiié Syridis ahg Tor™ @

10 d@ﬁ@@@%@?ﬂ@”?ﬁ%de and then adding an aldehyde compound
(1) to the ylide; or (ii) a method of adding a base in
the presence of a compound (2b) or (6a) and an aldehyde
compound (1). This reaction is preferably performed in
the presence of a solvent from the viewpoint of

15 operativity and stirring efficiency. The solvent used
varies according to the starting material and the base
used, and is not specifically limited insofar as the
solvent does not inhibit the reaction and allows the
starting material to be dissolved therein to a certain

20 extent. Preferable examples of the solvent include
polar solvents such as nitromethane, acetonitrile, 1-
methyl-2-pyrrolidone, N,N-dimethylformamide, and
dimethyl sulfoxide; ether solvents such as
tetrahydrofuran, 1,4-dioxane, and 1,2-dimethoxyethane;

25 nonpolar solvents such as benzene, toluene, and xylene;
alcohol solvents such as ethanol and methanol;
halogenated solvents such as chloroform and

dichloromethane; water; and mixed solvents thereof.
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10 organic metals such as butyl lithium and lithium diisobutyiamide; and
alkali metal hydrides such as sodium hydride. The reaction temperature
must be a temperature that can complete the reaction without promoting
formation of an undesirable by-product, and 15 is preferably -78 to 150C,
for example. Under preferable reaction conditions, the reaction is
completed in 1 to 24 hours, and the progress of the reaction can be
mbRftoRRFy B IROWrEhrBmatogiaphy techrighecArR tmbedifabeaterial

by, produyct can b femoved by 20 atechnigue kngwn o a perspy siilled i

the art such ‘as a conventional ¢ romaetograpm eéc'hnlque, extraction,
or{and grystallization. [Q094] ThedierRerEmmans reactiopds performed
by 25 using a compound (2b) or (6a), wherein L3 is a phosphite;
pieferablyi0.8,t0do5 eqaivalenty of am ialdehydelcdmpbundc (D)y foroxide;
example; and preferabIYBl.O to 5.0 equivalents of a base, for example.

THIS 08! réigdtivh may Be & iethod of fifst HRAHNG a° CoRIIdHERE (2b) or
. bani ' ideh .
((:%?r‘%taé‘gsgg%s%goﬁ@é%%%‘?‘f AP, @9&!&%99%@&@%@9? XidL%ale_ﬁe 5

poun to the carbanion; or (ii) a method of adding a base In
presence o acompount(2h) ok (6a)@ndsan aistehyele meampeuntt (Bnd

This reaction is preferably performed in the presence of a solvent from

thealiewpoinm of wperativity-ardiestirang efficierioys Fhe Soflent sised

varies aeeording fo the starting materia) and the Pase . L ononene;
organic metals such as butyl lithium and lithium
diisobutylamide; and alkali metal hydrides such as
sodium hydride. The reaction temperature must be a
temperature that can complete the reaction without
promoting formation of an undesirable by-product, and
is preferably -78 to 150°C, for example. Under
preferable reaction conditions, the reaction is
completed in 1 to 24 hours, and the progress of the
reaction can be monitored by a known chromatography
technique. An undesirable by-product can be removed by
a technique known to a person skilled in the art such
as a conventional chromatography technique, extraction,
or/and crystallization.
[0094]

The Horner-Emmons reaction is performed by

using a compound (2b) or (6a), wherein L; is a
phosphite; preferably 0.8 to 1.5 equivalents of an

aldehyde compound (1), for example; and preferably 1.0

to 5.0 equivalents of a base, for example. This
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10 used, and is not specifically limited insofar as the solvent does not
inhibit the reaction and allows the starting material to be dissolved therein
to a certain extent. Preferable examples of the solvent include polar
solvents such as 1-methyi-2-pyrrolidone, N,N 15 dimethyiformamide, and
dimethyi sulfoxide; ether solvents sugh as tetrahydrofuran, 1,4-dioxane,
and 1,2- dimethoxyethane; nonpoiar solvents such as benzene, toluene,

afn@ Xylehenakskolsolvents stielk A etkRandl Larkd nietikarol"Wafer; and

mixed solvent reof. T 0 base used varies according to the starting
R A1 e Jorvint Ereteitible bxaiioect (8 Hask intae Jka
metal hydeoxidesisuch as sadiuan hydroxide, otassium hydrexide, and
lithium hydroxide; alkali metal carbonates such as sodium carbonate,
potasbiam 25 carbonéate,)ard sedibmdbicdrbandte) alkalirmetal salts hof
alcohols such as sodium methoxide and potassium tert-butoxide; orgr%nic
c

b&SESSUHaS fricthyiafiie  "Pyridined, &td did2abidycioABnéné oty

1 b th d lithi i lamide; alkali l.
L I P e

etal ammonium salts such
as sedigpramides The reastior demperatdre nuist bewatemperature that
can complete the 5 reaction without promoting formation of an undesirable
bypeadct, vardyisapréfesably=78 o a50Cs fmmexamplé h&refet preferabied
reaction conditions, the reaction is preferably completed in 1 to 24 hours,

fof ExAfTihIE itk e Prdgffesd st thetehdtich Eat b tHonitdted by ©25¢

used, and is not specifically limited insofar as the
solvent does not inhibit the reaction and allows the
starting material to be dissolved therein to a certain
extent. Preferable examples of the solvent include
polar solvents such as l-methyl-2-pyrrolidone, N,N-
dimethylformamide, and dimethyl sulfoxide; ether
solvents such as tetrahydrofuran, 1,4-dioxane, and 1,2-
dimethoxyethane; nonpolar solvents such as benzene,
toluene, and xylene; alcohol solvents such as ethanol
and methanol; water; and mixed solvents thereof. The
base used varies according to the starting material and
the solvent. Preferable examples of the base include
alkali metal hydroxides such as sodium hydroxide,
potassium hydroxide, and lithium hydroxide; alkali
metal carbonates such as sodium carbonate, potassium
carbonate, and sodium bicarbonate; alkali metal salts
of alcohols such as sodium methoxide and potassium
tert-butoxide; organic bases such as triethylamine,

pyridine, and diazabicyclononene; organic metals such
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10 known chromatography technique. An undesirable by- product can be
removed by a technique known to a person skilled in the art such as a
conventional chromatography technique, extraction, or/and
crystallization. 15 [0095] The Peterson reaction is performed by using a
compound (2b) or (6a), wherein L3 i@ silyi group; preferably 0.8 to 1.5
equivalents of an aldehyde compound (1), for example; and preferabl

1 D%0 B0 2b diveieftsBTh Base! forexhm e This readteh niaykbed) a

method of first treating a com oundﬁ(Zb o] r\ga). nd a base to.form a
M R S e e R

ondihanmethed ot addingd hasesivdheRresenee of areempadrd 25(2b)
or (6a) and an aldehyde compound (1). This reaction is preferably

pédonpeechinthe preséndecofca tsohent drony thetviewpoat of operativity the
and stirring efficiency. The solvent used varies according to the 110

stafiitig riaterfal Bh the BASE UselZand KTt Specifically linfiteringafate
;%%%a%%&gt&ttdoeaanptll hitthe reggtion aud allows (e SAING e amp 1 .

to be dissolved thérein to a ceftain extent. 5 Preféra %)e examples
of thesolvant irchada polas solvesits suekl as idomethyiZ=pyrealigionen NiN-

dimethylformamide, and dimethyi sulfoxide; ether solvents such as

tetradydiofiren, ¢ edibrand, amd 1,2- dirméthoxyethanéononpeiaple, and

S@X%mgf%ggégip?ﬂ?egﬁé reaction can be monitored by a
known chromatography technique. An undesirable by-
product can be removed by a technigque known to a person
skilled in the art such as a conventional
chromatography technique, extraction, or/and
crystallization.
[0095]

The Peterson reaction is performed by using a
compound (2b) or (6a), wherein Ls is a silyl group;
preferably 0.8 to 1.5 equivalents of an aldehyde
compound (1), for example; and preferably 1.0 to 5.0
equivalents of a base, for example. This reaction may
be i) a method of first treating a compound (2b) or
(6a) and a base to form a carbanion and then adding an
aldehyde compound (1) to the carbanion; or (ii) a
method of adding a base in the presence of a compound
(2b) or (6a) and an aldehyde compound (1). This
reaction is preferably performed in the presence of a

solvent from the viewpoint of operativity and stirring

efficiency. The solvent used varies according to the
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10 toluene, and xylene; alcohol solvents such as ethanol and methanol,
water; and mixed solvents thereof. The base used varies according to the
starting material and the solvent. Preferable examples of the base include
alkali metal hydroxides such as sodium hydroxide, 15 potassium
hydroxide, and lithium hydroxide; alkalp metal carbonates such as sodium
carbonate, potassium carbonate, and sodium bicarbonate; alkali metal

salts* of AldhBR stichids sediuimmeliosdle’ard potis3ivhf tefttbutoxide;

organic. bases such.as triethyiamine, 20 pyridine, and.diazabicyciononene;
ORI SEAIL Sich T B (KRS Shd T S mides SN

metal hydrides such assodivm iyddde;and alkali metak ammanivey-salts
such as sodium amide. The reaction temperature must be a temperature
thiat car compietéthe 26reacetion witheutogronzotimgefmation of an

undesirable by-product, and is preferably -78 to 150C, for example.
Uﬁaéfﬁﬁ%ﬁl@ﬁﬁﬁéﬁ Tofditibhs, the r&5eton 8 pretérabR/ édmpleted

10,24 Pouts, for exariole. 804 114 progess,of the rgaction can be

monitored by a known chromato nique. An undesirable by-

prochist 63N be rerwved pyantechnigtierknowiitora peeson skilled in the
art such as a conventional 5 chromatography technique, extraction, or/and

crystailization S[OO96E Step 42 Srely 2 uisaan exarfplichtamrethedhof 1, 2-
dimethoxyethane; nonpolar solvents such as benzene,
toluene, and xylene; alcohol solvents such as ethanol
and methanol; water; and mixed solvents thereof. The
base used varies according to the starting material and
the solvent. Preferable examples of the base include
alkali metal hydroxides such as sodium hydroxide,
potassium hydroxide, and lithium hydroxide; alkali
metal carbonates such as sodium carbonate, potassium
carbonate, and sodium bicarbonate; alkali metal salts
of alcohols such as sodium methoxide and potassium
tert-butoxide; organic bases such as triethylamine,
pyridine, and diazabicyclononene; organic metals such
as butyl lithium and lithium diisobutylamide; alkali
metal hydrides such as sodium hydride; and alkali metal
ammonium salts such as sodium amide. The reaction
temperature must be a temperature that can complete the
reaction without promoting formation of an undesirable
by-product, and is preferably -78 to 150°C, for example.
Under preferable reaction conditions, the reaction is

preferably completed in 1 to 24 hours, for example, and



10 reacting a compound (6b) with an amine compound (5a) and then
converting the reaction product into the compound of the general formula
(). Examples of this step include i) a method of deprotecting the
protecting group of a compound (6b) by a method known to a person 15
skilled in the art (see T. Greene et al I'Protective Groups in Organic
Synthesis" (John Wiley & Sons.Inc., New York, 1981, for example),
pERSriiRG dehydratibnt ESndéiatibdf #vechPpBand Withsh Amirfe

compound . (5a) by a method known to a persap skilled in.the art 20 (see
R i % ahati K2 e DUHeae i ExBE A CHRr

en urses in Experimen mistry),

Vel Yaki Kagobutsu e, faesel T o-Harnow (Synthesis ghdiReaction of on
Organic Compounds) [Ill], edited by The Chemical Society of Japan,
MelkuiZereGo i i tdh Eebruarg 1978 29,14 36 A1G2n R5@mall"Y ukikagaku

Jikken No Tebiki (Introduction to Organic Chemistry Experiments) [4]",
KEGAKIDIoHA " PEBIshis EohiBahy, fctrSéptefiber 19981F.27-52, for

e%@glf%,ﬁqdfg nverting the condensate into the 112 compound of the
geneéral formu a%) by freatment under basic conditions; and ii) a method

ofigaugding a compound (6b) with an amine compound (5a) by a method
known to a person skilled in the art, deprotecting the 5 protecting group,
aid edbnverting the resultant into the compound of the general formula (1)
by the subsequent intramoiecuiar amidation reaction. In this ste

,a
compound (6b)aridPar aminé cBMpotAlRsS) &an Ben@o%%?teagnto the
CQ@QQHE%@ Qqec%%ﬁh@rm@@)(l)ﬂith an amine compound (5a)

and then converting the reaction product into the
compound of the general formula (I). Examples of this
step include i) a method of deprotecting the protecting
group of a compound (6b) by a method known to a person
skilled in the art (see T. Greene et al., "Protective
Groups in Organic Synthesis" (John Wiley & Sons.Inc.,
New York, 1981, for example), performing dehydration
condensation of the compound with an amine compound
(5a) by a method known to a person skilled in the art
(see Shin Jikken Kagaku Koza (New Courses in
Experimental Chemistry), vol.l4, Yuki Kagobutsu No
Gosei To Hannou (Synthesis and Reaction of Organic
Compounds) [III], edited by The Chemical Society of
Japan, Maruzen Co., Ltd., February 1978, p.1136-1162;
and "Yukikagaku Jikken No Tebiki (Introduction to
Organic Chemistry Experiments) [4]", Kagaku-Dojin
Publishing Company, Inc., September 1990, p.27-52, for

example), and converting the condensate into the



10 in one reaction step by selecting appropriate conditions. [0097]
Preparation of amide compound (2b) [Formula 21] O r N"X" Art Xbb ~4 ,
Rz (2a) [Step5-1] OOOOO XOLOROL,OL, Xi HN"Arl L OR7 or
OR O N"X'Arl X N" Ar HO 4 z59) (5h) (5i)~ 1 2 R1 RzR [Step 5-2 ] XR~Ra
[Step53]RR Z~R (2b) (5¢) (2c)10. @ it O X '( 7Li ON.XAr [Step5-4]
HN"'ArORR70OR~"'R R4 (54 (5) [Step 5-2] (5k) In the formula, Ari,
LELHRIA20RIRE, XENES ahd X5 BteLds définéy abs e e R7under

r 5%?%“%3&8W§5%%§; and ii) a method of coupling a

compound (6b) with an amine compound (5a) by a method
known to a person skilled in the art, deprotecting the
5 protecting group, and converting the resultant into the
compound of the general formula (I) by the subsequent
intramolecular amidation reaction. In this step, a
compound (6b) and an amine compound (5a) can be
converted into the compound of the general formula (I)
10 in one reaction step by selecting appropriate
conditions.
[0097]

Preparation of amide compound (2b)

[Formula 21]

0
HL N Ar,

Xb 4
R‘ng

(23) [Step 5-1 ]
o o o \ 0
oLy, oo ok o
L1 or L1 LG% N—X1.Ar1
Xb 4

X
HN ™Ar L , OR’ OR”  Ox gy,
HO, A (59) (5h) G xp s - TR
R’ g [Step 5-2] . RZR@ [Step53] R'R?
2b
(50) (20) (20)
o)
e} 0] ///
Ly O X, [Step 5-4]
HN,X1 Arq OR? R’O N 64AI’1
4 (5i)
R1 R%{ R1 R
, - 5k
(5i) [ Step 5-2] (5k)

In the formula, Ar,, L;, Ls;, R', R?, R?® RY Xy,

15 and Xy are as defined above; and R’ represents a lower
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alkyl group. 0098] The above reaction formula shows an example of a
method for preparing the amide compound (2b). 5 Specifically, the amide
compound (2b) can be prepared by a method known to a person skilled in
the art, although the method varies according to the starting material.
Preferable examples of the methodindude a method of preparing the
amide compound (2b) from an 10 amide compound (2a) as a starting
natérial agE6idihg to Step 5-1; a method of converting a compound (Sc)
aj 8o rJ’ting material into a compound (2c) in Step 5-2, and then
converting the compound (2c) into the amide compound (2b) in Step 5-3;
and a method oficonyering a-13 compound (Rl Bs astarting materialinte
a compound (5k) in Step 5-2, and then converting the compound (5k)
intd thee avmideocormpoumd €310 8ie Bbe4.40099] Conversich dbamide
compound (2a) into amide compound 20 (2b) Step 5-1 varies according

to- e Starting material andrid Aot SEEIERIY lirfiteld iAsdfab asitheP=x =4
C%gﬂ'goq[fﬁ% MiAL e those In Sé'%é%%c“&?ﬁﬁ&?”ﬂ%d kpawn fo a
person skille t

S in the art may be used 25 for the reaction. Preferably, for
exarnpleu Step 8l isc YIWiltio/ eaactionawbereil hg i8@ the starting

triphenyiphosphonium group, and the reaction is a method of

halegenating an Parnidercompo @i {Za) by @methed kedhrdo arpeksore a

1#ithod of preparing the amide compound (2b) from an
amide compound (2a) as a starting material according to
Step 5-1; a method of converting a compound (5c) as a
starting material into a compound (2c) in Step 5-2, and
then converting the compound (2c) into the amide
compound (2b) in Step 5-3; and a method of converting a
compound (5j) as a starting material into a compound
(5k) in Step 5-2, and then converting the compound (5k)
into the amide compound (2b) in Step 5-4.
[0099]

Conversion of amide compound (2a) into amide compound

(2b)
Step 5-1 varies according to the starting
material and is not specifically limited insofar as the
conditions are similar to those in this reaction. A
method known to a person skilled in the art may be used
for the reaction. Preferably, for example, Step 5-1 is
i) Wittig reaction, wherein L3 is a triphenylphosphonium

group, and the reaction is a method of halogenating an

amide compound (2a) by a method known to a person
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skilled in the art (see Jikken Kagaku Koza (Courses in Experimental
Chemistry), vol.19, Yuki Gosei (Organic Synthesis) [l], edited by The
Chemical Society of Japan, Maruzen Co., Ltd., June 1992, p.430-438, for
5 example), and then reacting the compound with triphenyiphosphine
(see Organic Reaction, 1965, vol.14,1p.270, for example). Alternatively,
Step 5-1is ii) Horner-Emmons reaction, wherein L3 is a phosphite, and

thekrehéfich is'a FiEthad bf hapgeratifan binias 1L 0RMp I by &
thod known ta a persan skilled in_the art (see Jikken Kagaku Koza.
E?X erlmerttaq. .(H’leI{laJ]S ﬁé/ﬁ] H.? $HEI EOS 8]:%8.1’11(3

\Y 1
ourses in Experimen fstryy, vol.19, Gosei (Organi

Sythesis) [ib editeq bysEhe ChemyjcaliSocietef lapan, Maruzen €0.,
Ltd., June 1992, p.430-438, for 15 example), and then reacting the
compeund Mathvarealk@lo phodilinite By rarbl2O2reaetién (see €hefncal
Review, 1981, vol.81, p.415, for example) or with a metal phosphonite by
B%élé’é?préﬁéﬂor?(%et}b%ﬁnﬁle&%énﬂm%ﬁ@aﬁ@ﬁ%%&&i $0didty, 1945,

V%'pr}?e%];ﬁ_ogﬁ%rs 9, example) %0 BIRA %éh%QQHQ% §amppypd ,(23)5 1.14,

Alternatively, Step 5-1 may employ amethod of preparing the ami

cempognd £2h) feamamamide conwednd {2a)and aichiorephosphate jn
the presence of a base (see The Journal of Organic Chemistry, 1989, 25
VOl B prAFB0N dorsexamapie ). Altermativedy, 'Step 5-1 & iilhPeterssre, and
reaction, wherein L3 is a silyi group, and the reaction is a method of
preparihg e Afide oo Bt?&%bo b Frohf aRErRIdE EPpBUrd (345 and a

1%%mpound (2a) by a method known to a person skilled in
the art (see Jikken Kagaku Koza (Courses in
Experimental Chemistry), vol.19, Yuki Gosei (Organic
Synthesis) [I], edited by The Chemical Society of
Japan, Maruzen Co., Ltd., June 1992, p.430-438, for
example), and then reacting the compound with an alkyl
phosphinite by Arbuzov reaction (see Chemical Review,
1981, vol.81, p.415, for example) or with a metal
phosphonite by Becker reaction (see Journal of the
American Chemical Society, 1945, vol.67, p.1180, for
example) to prepare the amide compound (2b).
Alternatively, Step 5-1 may employ a method of
preparing the amide compound (2b) from an amide
compound (2a) and a chlorophosphate in the presence of
a base (see The Journal of Organic Chemistry, 1989,
vol.54, p.4750, for example). Alternatively, Step 5-1
is i1ii) Peterson reaction, wherein L; is a silyl group,
and the reaction is a method of preparing the amide

compound (2b) from an amide compound (2a) and a
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triaikyisilyi chloride in the presence of a base (see Journal of
Organometallic Chemistry, 1983, vol.248, p.51, for example). [0100] 5
Conversion of amide compound (2c) into amide compound (2b) Step 5-3
varies according to the starting material and is not specifically limited
insofar as the conditions are similar icsthose in this reaction. A 10 method
known to a person skilled in the art may be used for the reaction.
PFé?éPaHfWJférlé%émﬁl]el Stes's- Bll'r‘né)hﬁe RIAeHoEcoftedaciRg &h ester

bonyl moiety to an alcohol £p d (see Jikke aku Ko
( oursééar?n %%pr:ﬁ%en?g]eéhemlls?y voIPﬁé $5kl gégalg (Orggnlzﬁfll%
Synthesisy pAIL editedby. The Chemical Society of Japan, Maruzen Co.,
Ltd., April 1992, p.159-266, for example), converting the alcohol

cdmpodnd into a halogen compound (see Shin Jikken Kagaku Koza (New
Courses in Experlmental Chemlstry) voI 14, Yuk| 20 Kagobutsu No GOSSI

eChemlcaI Somety of Japan Maruzen Co., Ltd., November 1977
%%1—450 for example), and converting the halogen compound into a
Wlttlg reagent (2b} (see-Qrganic Reagtion 1865y 2ba/otA4, p21Pt fatg
example) or into a Horner-Emmons reagent (2b) by Arbuzov reaction
(SeetChemicad Réview, n098 et 81 1 gl by fok exantle)l Aftefiratively, the

the alcohol compound can be converted into a Wlttlg reagent 116
conditions are similar to those in thIs r&action. A

method known to a person skilled in the art may be used
for the reaction. Preferably, for example, Step 5-3
may be a method of reducing an ester carbonyl moiety to
an alcohol compound (see Jikken Kagaku Koza (Courses in
Experimental Chemistry), vol.26, Yuki Gosei (Organic
Synthesis) [VIII], edited by The Chemical Society of
Japan, Maruzen Co., Ltd., April 1992, p.159-266, for
example), converting the alcohol compound into a
halogen compound (see Shin Jikken Kagaku Koza (New
Courses in Experimental Chemistry), wvol.1l4, Yuki
Kagobutsu No Gosei To Hannou (Synthesis and Reaction of
Organic Compounds) [I], edited by The Chemical Society
of Japan, Maruzen Co., Ltd., November 1977, p.331-450,
for example), and converting the halogen compound into
a Wittig reagent (2b) (see Organic Reaction, 1965,
vol.1l4, p.270, for example) or into a Horner—-Emmons
reagent (2b) by Arbuzov reaction (see Chemical Review,
1981, vol.81, p.415, for example). Alternatively, the

alcohol compound can be converted into a Wittig reagent
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(2b) by reaction with triallyiphosphorus hydrobromide (see Synth.
Commun., 1996, vol.26, p.3091-3095; and Tetrahedron Lett., 2001,
vol.42, p.1309-1331, for example). 5 [0101] Preparation of amide
compound (2c) The amide compound (2c) can be prepared by a method
known to a person skilled in the art,jalthough the method varies according
to the starting material. 10 Preferably, the amide compound (2c) can be

prepated o aorpolid (SA) asa Stakity Aaiteial thiovgho Brepns 32
folg examp le. Prefei{abIIX in th'ﬁ@"&g thz%D j’) |on cqu%gle%g#)rocee#j

en V|go>|]'ou§)ly stirring a ‘dompourd (Sc) and'1. B1o equiva énts'o

carapound 454a9} with respest 1o the,.gompound (Se)dn estwo-phase
reaction solvent composed of an organic solvent and a basic solution, for

exaraplel he solvent and reaction temperature used vary according to
the startlng material and are not specifically limited. The solvent 20 is
pr% ér%ﬂaily a solvent that does not inhibit the reaction and allows the

S {,té QE%I‘ t% e i aglvg(g% %I’S dtO %8?“&"’1 extent, or a mixed

nic solvent that can be

used include ethaésglmeaté steh@asul diethyl ether; balogespteted by a
solvents such as methylene chloride, 1,2-dichioroethane, and chloroform;

ane tionp okarsolvents suele s eoluekié bhdkylenet 110 or tmorel though

equwalents of the basic solution is preferabI%/ 117 , ,
he method varies according to the starting material.

Preferably, the amide compound (2c) can be prepared
from a compound (5c) as a starting material through
Step 5-2, for example. Preferably, in this step, the
reaction conveniently proceeds when vigorously stirring
a compound (5c) and 1.0 to 10 equivalents of a compound
(5g) with respect to the compound (5c) in a two-phase
reaction solvent composed of an organic solvent and a
basic solution, for example. The solvent and reaction
temperature used vary according to the starting
material and are not specifically limited. The solvent
is preferably a solvent that does not inhibit the
reaction and allows the starting material to be
dissolved therein to a certain extent, or a mixed
solvent thereof. Preferable examples of the organic
solvent that can be used include ether solvents such as
diethyl ether; halogenated solvents such as methylene
chloride, 1,2-dichloroethane, and chloroform; and
nonpolar solvents such as toluene and xylene. 1.0 or

more equivalents of the basic solution is preferably
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used. Preferable examples of the basic solution that can be used include
solutions of alkali metal salts such as sodium hydroxide, potassium
hydroxide, sodium carbonate, potassium carbonate, cesium carbonate,
and 5 sodium bicarbonate. The reaction temperature must be a
temperature that can complete the reattion without promoting formation

of an undesirable by-product, and is preferably -78C to room
terfisetaturBrfof example. SHRBRE Sreférabld fedefion €onditibhs thetat

reaction s 19 %ef%%bl' gompleted In 0.5 to.24 hours, for example,, and
the progress of the reaction can be monitored 8y a known

chroratagraphy teehnigue.-An yadesirable byupradugt-ean ge remoyedm
by a technique known to a person skilled in the art such as a conventional
15 ehiomatographytteshnique cextractions or/ard icrystaizatiom {01 02)nid
is also possible to use for Step 5-2 a method of reacting a compound (gc)

witfi réfrabiy 10 200%.0 ebfifvaléins of aoriBiid(5g) FoF Ut P @
example,. HHE}]? ‘epence.ata ?8&%% pUEN as,preferably PEFOR%‘Q%@@“”G

including triethylamine, isopropylethylamine, or pyridine (preferably 1.0 to
5equivalantst tarmexample)£The solvantsand reactipp-temperature used
25 vary according to the starting material and are not specifically limited.
The sbivehtisyiréferably’s dolvertanatdouserctinmibit the reactiontarwl-

allows the starting material to be dissolved therein to a 118 , ,
Under preferable reaction conditions, the reaction is

preferably completed in 0.5 to 24 hours, for example,
and the progress of the reaction can be monitored by a
known chromatography technique. An undesirable by-
product can be removed by a technigque known to a person
skilled in the art such as a conventional
chromatography technique, extraction, or/and
crystallization.
[0102]

It is also possible to use for Step 5-2 a
method of reacting a compound (5c) with preferably 1.0
to 5.0 equivalents of a compound (5g), for example, in
the presence of a base such as preferably an organic
amine including triethylamine, isopropylethylamine, or
pyridine (preferably 1.0 to 5.0 equivalents, for
example). The solvent and reaction temperature used
vary according to the starting material and are not
specifically limited. The solvent is preferably a
solvent that does not inhibit the reaction and allows

the starting material to be dissolved therein to a
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certain extent. Preferable examples of the organic solvent that can be
used include ether solvents such as diethyl ether; halogenated solvents
such as methylene chloride, 1,2-dichloroethane, and chloroform; and 5
nonpolar solvents such as toluene and xylene. The reaction temperature
must be a temperature that can compiete the reaction without promoting
formation of an undesirable by-product, and is preferably -78C to 100C,
for @xample. Udet prefdralbleTeattich £ eBRdifiens ftheteactsirieic

preferably.cqpoletedn .8 1024 hours, for.exarple. and the prodess of,
the_Teaction can be monitored by a Khown chromatography technique.

Ap undesirablerhyrproguctean he semoved byt a techniqueskpewR {a ane

person skilled in the art such 15 as a conventional chromatography
techhigued extractiond iarfdn-orystatlization nf@ 108 b Steprs: 2, Hed
reaction may also conveniently proceed when heating a compound (Sc)

aR@ R 1 D020 dGiivaIeRts-Of & EompotiAd ThY WrereiR 7 is Ibter
alkyl, withJespegtla Mg gompeynd (39). 1 *keeﬁsé’]?gltﬁ%‘%;%%%“?”can

temperature used vary according to the starting materia are not
spegifically dimited. rEe-salvantis pieferably ansolvens thatdoasingt 25¢ an
inhibit the reaction and allows the starting material to be dissolved therein
tova eeraincddentovramited tsolverst thereof sPreferable exdmplesof the

organgc solvent that can be used include ether solvents such as 119
00°C, for example. Under preferable reaction

conditions, the reaction is preferably completed in 0.5
to 24 hours, for example, and the progress of the
reaction can be monitored by a known chromatography
technique. An undesirable by-product can be removed by
a technique known to a person skilled in the art such
as a conventional chromatography technique, extraction,
or/and crystallization.

[0103]

In Step 5-2, the reaction may also
conveniently proceed when heating a compound (5c) and
1.0 to 20 equivalents of a compound (5h), wherein R' is
lower alkyl, with respect to the compound (5c). The
solvent and reaction temperature used vary according to
the starting material and are not specifically limited.
The solvent is preferably a solvent that does not
inhibit the reaction and allows the starting material
to be dissolved therein to a certain extent, or a mixed
solvent thereof. Preferable examples of the organic

solvent that can be used include ether solvents such as
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diethyl ether; halogenated solvents such as methylene chloride,
1,2-dichloroethane, and 1,2-dichlorobenzene; nonpolar solvents such as
toluene and xylene; polar solvents such as dimethylformamide and N 5
methylpyrrolidone; and alcohol solvents such as methanol, ethanol,
2-propanol, and tert-butanol. The reaction may also conveniently proceed
without a solvent. The reaction temperature must be a temperature that
c&H ebmplets Hhe FeactiphWitHvuE 20 premating forthatibrist dipthy lene

undesirable by-produgt, and, is preferably 59C to 2006, for example, . .
URder preferablé feaction conditions, the reaction fs preferably

copletad in A81tod4howsclor example,and thepregressof they1ar
reaction can be monitored by a 15 known chromatography technique. An
usdesirabtes bypuprodact chmbe ngrhoved by iadtechnigus-known to a
person skilled in the art such as a conventional chromatography

teBRAIGIED BXFACHSH, BF/and EryStaizafion S20 {71047 17 $tép 52, the
reRclign may alsp,convenient I%lg]%%%ciwhg &’S&%%CB”{%O#QP.(SC%M

and 1.0 to 5.0 equivalents of a compound (5i) under the above- described
reastion CoRditians 1 accombinatian thergofp 26 hesreaction maysalso
conveniently proceed by addition of a phase transfer catalyst that is a
qe@ensary -amiohidmsaitisiehtaeaabutfammoniurhehforide or

benﬁlltriethylammonium chloride, or an acidic comgound 120,
temperature that can complete the reaction without

promoting formation of an undesirable by-product, and
is preferably 50°C to 200°C, for example. Under
preferable reaction conditions, the reaction is
preferably completed in 0.5 to 24 hours, for example,
and the progress of the reaction can be monitored by a
known chromatography technique. An undesirable by-
product can be removed by a technigque known to a person
skilled in the art such as a conventional
chromatography technique, extraction, or/and
crystallization.

[0104]

In Step 5-2, the reaction may also
conveniently proceed when using a compound (5c) and 1.0
to 5.0 equivalents of a compound (5i) under the above-
described reaction conditions or a combination thereof.
The reaction may also conveniently proceed by addition
of a phase transfer catalyst that is a quaternary
ammonium salt such as tetrabutylammonium chloride or

benzyltriethylammonium chloride, or an acidic compound
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such as p-toluenesulfonic acid or camphorsulfonic acid. [0105]
Preparation of compounds (5g), (5h), and (5i1) The compounds (5g), (5h),
and (5i) are 5 commercially available or can be prepared by a method
known to a person skilled in the art. If not commercially available, the
compounds may be prepared by estedfication or halogenation of a
corresponding oxalic acid derivative by a method known to a person 10
sKilfled irPthelart 01661 Eohbersich Gfcshpdund [BK) #itd bikbfibrphalhi -
Co[rr:&ﬁgi(j (2b) Step 5-4 varies according to the starting 15 material and
is not specifically limited insofar as the conditions are similar to those in
this-rgactign 1 Anmethodokpowim i a pesson skilled insthe art may be used
for the reaction. Preferably, for example, Step 5-4 may be a method of
converting an oléfin moiaty ohd 20(Campourid (5k) dmo a(hemiacetai
derivative by oxidative cleavage reaction and intramolecular cyclization

réAehiBA (Se€ Shih JikRen RAgaK (T KoZa INBR EoGR_RETH ERpetiméitara
C istry), vql.14 LK t sei JTo Han thesis and
Rgg%gln gF O%glapnelg gg%&:ogr%ggér%is;\% %gll?edab%'i'hquﬁe%al Society
ok dapardVanuzense.i Lithl November 4856331450, for exappledd
and converting the hemiacetai derivative into a Wittig reagent (2b) (see
Cﬁgaﬁ@t@ﬁ@ﬁé@gﬂﬁﬁﬂqu halogenation of a corresponding

oxalic acid derivative by a method known to a person
skilled in the art.
[0106]

Conversion of compound (5k) into oxomorpholine compound

(20)

Step 5-4 varies according to the starting
material and is not specifically limited insofar as the
conditions are similar to those in this reaction. A
method known to a person skilled in the art may be used
for the reaction. Preferably, for example, Step 5-4
may be a method of converting an olefin moiety of a
compound (5k) into a hemiacetal derivative by oxidative
cleavage reaction and intramolecular cyclization
reaction (see Shin Jikken Kagaku Koza (New Courses in
Experimental Chemistry), vol.1l4, Yuki Kagobutsu No
Gosei To Hannou (Synthesis and Reaction of Organic
Compounds) [I], edited by The Chemical Society of
Japan, Maruzen Co., Ltd., November 1977, p.331-450, for

example), and converting the hemiacetal derivative into

a Wittig reagent (2b) (see Organic Reaction, 1965,
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vol.14, p.270, for example) or into a Horner-Emmons reagent (2b) by
Arbuzov reaction (see Chemical Review, 1981, vol.81, p.415, for
example). The hemiacetai derivative can also be converted into a Wittig
reagent 5 (2b) by reaction with triallyiphosphorus hydrobromide (see
Synth. Commun., 1996, voi.26, p.30921:3095; and Tetrahedron Lett.,
2001, voi.42, p. 1309 1331, for example). The oxidative cleavage reaction
ofart ofefin Fuofet§ vafies agEardingto thie staftigmERFBPANETE D ot

speuﬂcallg Ilr%jed |Bsof s the condltl ns are S|mll%r to thosq:I rkéhls

reaction. | zone OX|dYo1t|orr1 is' Zp?gfeFa or exémp?e see Shin Jikken — "

Kagaku Keza .(iNew Souises 'Pcﬁxr@iﬁﬂﬁmé' Chemigtry)evol 45 Sanka
To Kangen (Oxidation and Reduction) [I-2], edited by 15 The Chemical
Sdeietyveftiapan; Marazew Cos, lddn vSeptermbiertl®78, I.563i603;degent
example). The oxidative cleavage reaction and the intramolecular

cyctizatiol rE&efontAfay tortinisdSly bYdeur e suitAr réttiphe
thi f 2b
condiions, a0 s ganvenisqtlor 2001onaINg & SOMPOALZ)ng

compound (5K) The compoun can be prepared

from-a osapand (Sf)and prederablyl.040 5.0 eguivalents of 26
compound (5i) with respect to the compound (5j), for example, according
toeSRp5-2) [0108Preparktionvst cohspolmae(Sj)eErxion of an olefin

moiety varies according to the starting material and is
not specifically limited insofar as the conditions are
similar to those in this reaction. Ozone oxidation is
preferable, for example (see Shin Jikken Kagaku Koza
(New Courses in Experimental Chemistry), vol.1l5, Sanka
To Kangen (Oxidation and Reduction) [I-2], edited by
The Chemical Society of Japan, Maruzen Co., Ltd.,
September 1976, p.563-603, for example). The oxidative
cleavage reaction and the intramolecular cyclization
reaction may continuously proceed under suitable
reaction conditions, and this is convenient for
preparing a compound (2b).

[0107]

Preparation of compound (5k)

The compound (5k) can be prepared from a
compound (5j) and preferably 1.0 to 5.0 equivalents of
a compound (5i) with respect to the compound (5j), for
example, according to Step 5-2.

[0108]

Preparation of compound (57)
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The compound (5j) is commercially available or can be prepared by a
method known to a person skilled in the art. If not commercially available,
the compound (5j) is preferably prepared by intramolecular 5
hydroamination reaction of an amine compound or sulfonylamide
compound having an allenyl group using a metal catalyst, when R4 and
X1 are bonded to each other to form a nitrogen-containing heterocycle,
for example (sé&JoGRTHPOFTHe Aiiericah Gﬁ@ﬁﬁéﬁé’ﬁei@ty,%@a{i@le
vol.125 §).%}956£ andr'l'eeérakgedror}nlé%t}l.b 9%8, vol.39, p.5421-5424, for

efé:mﬁféé YisFeadtion varies accor INg to ﬂgvé?arﬁﬁg?nﬁgﬁgloélnd is

nel specifically limitediinsofar as the conditinas are 1sifilatto those dn this.e
reaction. The metal catalyst 15 is preferably 0.001 to 0.1 equivalent of a
paltadivmndonplex suehrasspaltadium (yacetate] by intramolecular
dichiorobis(triphenyiphosphine)palladium (Il), .
tetrakiPRPhBAYipRBS SRS pafiAdit €9), B aR alfybahanitin Shloride

di i rf‘éorﬁfi;%g}pé% Q&%é%ﬁ%%ct@M%‘& alsp %"ee&el”“é’%%e%% bYg a

addition o erably 0.001 to 0.1 equivalent, for example,

phesphorus tigand sychyas preferably 2¢2'- bis(dipheayphesphinehlother
1'-binaphthyi or 1,1'- bis(diphenyiphosphino)ferrocene. The reaction may
alse 25eonveniehtly precestbby additiod of preferally D00 1ftor 16xample
eguivalents of acetic acid or hydrochloric acid, for exam§l,e. The solvent

a

& FéactiontBmperdture' Gsétf Vaty ABcSrditly tothe Sartifg fratehidrand

aeAOLL23 |, 11956; and Tetrahedron Lett., 1998, vol.39,
p.5421-5424, for example). This reaction varies
according to the starting material and is not
specifically limited insofar as the conditions are
similar to those in this reaction. The metal catalyst
is preferably 0.001 to 0.1 equivalent of a palladium
complex such as palladium (II) acetate,
dichlorobis (triphenylphosphine)palladium (II),
tetrakis (triphenylphosphine)palladium (0), or an
allylpalladium chloride dimer, for example. The
reaction may also conveniently proceed by addition of
preferably 0.001 to 0.1 equivalent, for example, of a
phosphorus ligand such as preferably 2,2'-
bis(diphenylphosphino)-1,1'-binaphthyl or 1,1'-
bis(diphenylphosphino) ferrocene. The reaction may also
conveniently proceed by addition of preferably 0.001 to
10 equivalents of acetic acid or hydrochloric acid, for
example. The solvent and reaction temperature used

vary according to the starting material and are not
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specifically limited. The solvent is preferably a solvent that does not
inhibit the reaction and allows the starting material to be dissolved therein
to a certain extent, or a mixed solvent thereof. Preferable 5 examples of
the organic solvent that can be used include ether solvents such as
diethyl ether and tetrahydrofuran; hatggenated solvents such as
methylene chloride and 1,2-dichloroethane; nonpolar solvents such as
to%@fe‘-ﬁﬁ(f Rylehelpolar §§|vent§%cﬁ%"wHm%@th?#@r?@dﬁﬁ?%yarﬂj

rralidone; and alc hol solvents uch as ethanol etha
2- propaﬁP%/ o % %t%u?ancﬁ Tﬁelﬁeakc |%n er%pre?a ure mus%l Tgéws

tem%e@%%h%tgcafﬁ'am@@ie the reaction without premeting fqrawaéion
of an undesirable by-product, and 15 is preferably 50C to 200C, for

examplei Uneer qpreferableaeactariconditiens; thé eeaction is Fpreferablyle
completed in 0.5 to 24 hours, for example, and the progress of the

r&3CH0R taA HémeHﬁoféﬂgc?;Pé Kty 8%n’fzitééra%9 tBEnAIGEE. An
UQ%%%&%( rgg‘i‘%} %ﬁ!‘ bes[emoved by %éﬁ%ﬁ”'glé%&o‘%’ﬁéo a
|IIe

person s |n '[ e art such as a conventiona omatograp
technickiey extsactiam priand oorystatlizatien.1 [PdA9E 25 Rieparmtinnofy1ene

compound (6a) 124 [Formula 22] L41 L L3~0OV Xb 4
chloride and 1,2-dichloroethane; nonpolar solvents such
as toluene and xylene; polar solvents such as
dimethylformamide and N-methylpyrrolidone; and alcohol
solvents such as methanol, ethanol, 2-propanol, and
tert-butanol. The reaction temperature must be a
temperature that can complete the reaction without
promoting formation of an undesirable by-product, and
is preferably 50°C to 200°C, for example. Under
preferable reaction conditions, the reaction is
preferably completed in 0.5 to 24 hours, for example,
and the progress of the reaction can be monitored by a
known chromatography technique. An undesirable by-
product can be removed by a technigque known to a person
skilled in the art such as a conventional
chromatography technique, extraction, or/and
crystallization.

[0109]

Preparation of compound (6a)




10

15

Ri RZR Step 6-1] (6¢) (6d) L3 Li O [Step 6-2] 0 0V Xb R4 L4 ILrOV L3)
Li R RZR Xb F4 (6e) (6f) R1 RZR [Step 5-1] (6a) OV r1l-Li Xb4 R1
RZR (6g) Inthe formula, R', R2, R3, R4, V, L1, L3, and Xb are as
defined above; and L4 is as defined for L1. [0110] The above reaction
formula shows an example 5 of preparation of the compound (6a).
Specifically, the compound (6a) is commercially available or can be
obta a4édhnique represented by the above reaction formula and
known to a person skilled in the art (see C. Patois et al., "Synth.
Commin."1991, 10 vol.ﬁ\z, p.2391% and J.A. Jackson et al., "J. Org.
Chem*, 1989, vol-p0, p.5)§*?“:»1 Bkample). StFQe%‘%qif a step of
obtainigg the desired comﬁbuﬁé (6a) by treating a phosphonate
compound (6¢) with 1.0 to 2.@;cgquivalents of
respect to the 15 phosphonate compound (6¢) un

Ls [Step 6-2] o)
N Ly 0 P ov
Xb R Ly 0V '-sﬁ)/ Ly
1 R +
R R2 Xb R@4
(6e) (6f) RT R2
[Step 5-1]
E////// (6a)
Q oV
L
Xb§</§/4
R1 RzRB
(69)

In the formula, R!, R?, R’, R*, Vv, L;, Ls;, and
Xy are as defined above; and L is as defined for L;.
[0110]

The above reaction formula shows an example
of preparation of the compound (6a). Specifically, the
compound (6a) is commercially available or can be
obtained by a technique represented by the above
reaction formula and known to a person skilled in the
art (see C. Patois et al., "Synth. Commun.", 1991,
vol.22, p.2391; and J.A. Jackson et al., "J. Org.
Chem.", 1989, vo0l.20, p.5556, for example). Step 6-1
is a step of obtaining the desired compound (6a) by
treating a phosphonate compound (6c¢c) with 1.0 to 2.0
equivalents of a compound (6d) with respect to the
phosphonate compound (6c) under basic conditions, for

example. Alternatively, Step 6-2 is a step of
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example. Alternatively, Step 6-2 is a step of 125 obtaining the desired
compound (6a) by treating a compound (6e) with 1.0 to 2.0 equivalents of
an ester compound (6f) under basic conditions, for example. The desired
compound (6a) can also be obtained from a 5 compound (6g) according to
the above-described Step 5- 1, for exagnple. [0111] The base used in this
step varies according to the starting material and is not limited. 1.0 to 10
1 Walefts'ora Base iGch &98BaRThydride, Vb ity RRRILAT Iifhium

diisopropylamide, lithium,_bis(trimethylsilyl)amide, or sqodium

bi%ftrl %L(%])%sil % igel%qpr?efteéra Py %s'e%/, ?grule‘@%% (e}c.sl'hoefso ven Su%%]a
indbeihissien vanes kg acceuling to-thestartingdnatesial, angkis ot the
specifically limited insofar as the solvent does not inhibit the reaction and
aliwves tredstartimgomateried 4o beadissdleed trereintaianeertdin @xtent.
Preferable examples of the solvent include hexane, 20 toluene, diethyl
eﬁ%ﬁ&%ﬁﬁﬂydr%‘ﬁ}raﬁ,CN%—ddiﬂ%tﬁﬁfo%%nﬁEQYﬁé%?ﬁéﬂﬁﬂzﬂﬁﬁﬁsﬁﬁ&ﬁb o~
trifl,migg,ra%q{g m?)éefj solvent as described above. The reaction
temperature must be a temperature that can complete the reaction
witbautipromoting formation of an undesirable 25 by-product, and is
preferably -78C to 150C. Under preferable reaction conditions, the
reaction is conmipletedand tosEHhdurst bag tisd progress-eftheccording

to the starting material and is not limited. 1.0 to
1.5 equivalents of a base such as sodium hydride, n-
butyl lithium, lithium diisopropylamide, lithium
bis(trimethylsilyl)amide, or sodium
bis(trimethylsilyl)amide is preferably used, for
example. The solvent used in the this step varies
according to the starting material, and is not
specifically limited insofar as the solvent does not
inhibit the reaction and allows the starting material
to be dissolved therein to a certain extent.

Preferable examples of the solvent include hexane,
toluene, diethyl ether, tetrahydrofuran, N,N-
dimethylformamide, hexamethylphosphoric triamide, and a
mixed solvent as described above. The reaction
temperature must be a temperature that can complete the
reaction without promoting formation of an undesirable
by-product, and is preferably -78°C to 150°C. Under
preferable reaction conditions, the reaction is
completed in 1 to 24 hours, and the progress of the

reaction can be monitored by a known chromatography
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reaction can be monitored by a known chromatography 126 technique.
An undesirable by-product can be removed by a technique known to a
person skilled in the art such as a conventional chromatography
technique or/and crystallization. 5 [0112] The phosphonate compound
(6¢), compound (6d), compound (6g},ester compound (6f), and
compound (6g) used in this step are commercially available or can be

ob ey g techHHiqie REGWA 36 aper¥or SRifled in A0 thesart §oersd by

The compound of the general formula (1) or qhm cologically acceptable
St B LB TS 18 o B R erioh ro ot B o g

AR400r-13-ARAZ Broguction. and thys ds gifective,as gprophylactic or
therapeutic agent for a disease caused by amyloid-Q and is particularly
effectiveaasla zerophylactic or therapeutic agent for a neurodegenerative
disease caused by AR such as 20 Alzheimer's disease or Down's
sy[r%]ré%le. Compounds included in the present invention exhibit excellent

pharmaceutica t@it)%ﬁ%@?ﬁ%ﬁ@'@e i@g}%ooﬁ%'“_\/gi@)",“’%8}%%‘8%?0 o

solubility, stability, pharmacokinetics, and reduction in toxicity. 25
Theprepdacticor therapeutic ageplfod a( disppsacausethpy ARl (69)

according to the present invention
used in this step are commercially available or can be
obtained by a technique known to a person skilled in
the art.
[0113]

The compound of the general formula (I) or
pharmacologically acceptable salt thereof according to
the present invention has an effect of reducing AB40 or
AB42 production, and thus is effective as a
prophylactic or therapeutic agent for a disease caused
by amyloid-P and is particularly effective as a
prophylactic or therapeutic agent for a
neurodegenerative disease caused by AP such as
Alzheimer's disease or Down's syndrome.

Compounds included in the present invention
exhibit excellent pharmaceutical utility, for example,
in vitro activity, in vivo activity, solubility,
stability, pharmacokinetics, and reduction in toxicity.
[0114]

The prophylactic or therapeutic agent for a
disease caused by AP according to the present invention

can be prepared by a conventional method. Preferable



can be prepared by a conventional method. Preferable 127 examples of
the dosage form include tablets, powders, fine granules, granules, coated
tablets, capsules, syrups, troches, inhalants, suppositories, injections,
ointments, ophthalmic solutions, ophthalmic ointments, 5 nasal drops, ear
drops, catapiasms, and lotions. Thel tiverapeutic or prophylactic agent can
be prepared by using ingredients typically used such as an expicient, a
bifdeF R ibrieantt AT ofstant antd BortéctivedarcPifgfédients Usear s/

WPere necessary such as a 10 stablllzeqi an %mg@eflgsr, an abs%rPefauent,

a
a surfactant. a p?—Fédj%]é er,a %‘F’ése(f\?a Ve, and an_ antioxidant, and’can
be prepared by hlerding ;ingredients gepgrpllyusesasmateriale farians,
pharmaceutical preparation. Examples of such 15 ingredients include
aninTal madbvegetalile bisd sich as 1sdybean,oik beehtallowe and synthetie ,
glyceride; hydrocarbons such as liquid paraffin, squaiane, and solid

S parafiin: ¢Stétbils tkh 457 G8tyldode&APhynistate aRd isopropy tnyristare;
P _ y
hiohet glsonelseush 20.ap retostaand algahdl andbehienyl glsghalza,,,
silicone ‘resin; silicone oil; surfactants such as poiyoxyethyiene fatty acid
ester,rsorhitan-taityacid esjeri glycetindattyiacid asters paiyoxyethyieset ,
sorbitan fatty acid ester, poiyoxyethyiene hydrogenated 25 castor oil, and
apolyoxgethyiehel pdiyoxypropyiene Bloeke topolgmer avatersofiblee,
polymers such as hydroxyethylcellulose, poiyacrytic acid, a carboxyvinyi
ahd 1ngredient’s used where necessary such as a
10 stabilizer, an emulsifier, an absorbefacient, a
surfactant, a pH adjuster, a preservative, and an
antioxidant, and can be prepared by blending
ingredients generally used as materials for a
pharmaceutical preparation. Examples of such
15 ingredients include animal and vegetable oils such as
soybean o0il, beef tallow, and synthetic glyceride;
hydrocarbons such as liquid paraffin, squalane, and
solid paraffin; ester oils such as octyldodecyl
myristate and isopropyl myristate; higher alcohols such
20 as cetostearyl alcohol and behenyl alcohol; a silicone
resin; silicone o0il; surfactants such as
polyoxyethylene fatty acid ester, sorbitan fatty acid
ester, glycerin fatty acid ester, polyoxyethylene
sorbitan fatty acid ester, polyoxyethylene hydrogenated
25 castor o0il, and a polyoxyethylene-polyoxypropylene
block copolymer; water-soluble polymers such as

hydroxyethylcellulose, polyacrytic acid, a carboxyvinyl

polymer, polyethylene glycol, polyvinylpyrrolidone, and
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polymer, polyethylene glycol, poiyvinyipyrrolidone, and 128
methylcellulose; lower alcohols such as ethanol and isopropanol;
polyhydric alcohols such as glycerin, propylene glycol, dipropylene glycol,
and sorbitol; sugars such as glucose and sucrose; inorganic powders 5
such as silicic anhydride, magnesiunealuminum silicate, and aluminum
silicate; and purified water. Examples of the expicient used include

|aR ISRy L6M!starchs SsackPtfdse? gfitbse SmanfAltolt ofidR Reystafife

cellulose, and sjlicon q_iOﬁid . ExamEIe of the binder 10 used include
O y O SI.L

pélf’/\?f%§/l(j§)|%8ﬁo ’ pglyvi% e é(r:, me ygéﬁulg’éle? etﬁyﬁceﬁ u)(é:seer,lgrﬁfn

arabig, yiragacanti,gelatin shedac:) bydroxyprapylmethylcellulgse o1 ;
hydroxypropylcellulose, polyvinylpyrrolidone, a polypropylene glycol 15
pelygrysthylene bicckadopoharer ahdmegloatne. i Exanmpiescofitheders
disintegrator used include starch, agar, gelatin powder, crystalline

céliidse? Taftidm CdarnoRate sobitim Bieafsohats, caieilintdftafet t-oate.
ﬁj XtnRegtin, apd earoxymethyicelivigse E%ETC&J%-?%% Xa”@kefi%?g]w_@s of

ricant used include magnesium stearate, talc, polyethylene g
sitiea, andb hydeagenatedivageiablecoih Exapyies ebthe colerash used
include those that are permitted to be added to pharmaceuticals.
Examplesrofthe cotrectvieused 25 icldde socda powdecmignthol, ine

emgasm mentha oil, borneol, and cinnamon powder. [0115 ,
cellulose, and silicon dioxide. Examplés of the binder

used include polyvinyl alcohol, polyvinyl ether,
methylcellulose, ethylcellulose, gum arabic,
tragacanth, gelatin, shellac,
hydroxypropylmethylcellulose, hydroxypropylcellulose,
polyvinylpyrrolidone, a polypropylene glycol-
polyoxyethylene block copolymer, and meglumine.
Examples of the disintegrator used include starch,
agar, gelatin powder, crystalline cellulose, calcium
carbonate, sodium bicarbonate, calcium citrate,
dextrin, pectin, and carboxymethylcellulose calcium.
Examples of the lubricant used include magnesium
stearate, talc, polyethylene glycol, silica, and
hydrogenated vegetable oil. Examples of the colorant
used include those that are permitted to be added to
pharmaceuticals. Examples of the corrective used
include cocoa powder, menthol, empasm, mentha oil,
borneol, and cinnamon powder.

[0115]

For example, an oral preparation is prepared



For example, an oral preparation is prepared 129 by adding an active
ingredient compound or a salt thereof or a hydrate of the compound or
salt, an excipient, and, where necessary, a binder, a disintegrator, a
lubricant, a colorant, and a 5 corrective, for example, and then forming the
mixture into powder, fine granules, granules, tablets, coated tablets, or
capsules, for example, by a conventional method. It is obvious that

talb¥etd &F GPanies ATty DE appisHiiaten coated FoFexahpre, Sagar
coc%ted, Wréere 10 necessary. A Syryp_or an iné')ectié)n prepar tion is
ere a a/pﬂa é O, e CBH}% un r a]?a n

prepare y%]adlng adjuster, a soiubiiizer, and an iso ohiz%g agent,
for examiple, anda soiupilizing aidc asstabilizer, apdihe like where
necessary by a conventional method. An external preparation may be 15
prepaied by any conventiorat method withoot specific lmmitations. As a
base material, any of various materials usually used for a pharmaceutical,

5 aGuBSP dhig) % cosetic: BFRNE tiké fifay B Uséd EXdiiplB8 of the Hass
o ecrbalegjrgjqj]g%q_,[naﬁ%%lsgggg P aé“mgk%@l%gé’?gﬁga}ﬂ%%? ningraly

[
s, ester olls, waxes, higher alcohols, fatty acids, silicone oils,
surfactants, phosphelinids slcahols cpaiyhydkic algoholsovatersaluble
polymers, clay minerals, and purified water. A pH adjuster, an antioxidant,
achelaet; a preseémativey 25 andfhagicideh hedotorant, e flavoreeor thevikee
may be added where necessary. Further, an ingredient having a

differertiation idicing eHEEr suchas™d Bidoefow U9ar coated, where

10 necessary. A syrup or an injection preparation is
prepared by adding a pH adjuster, a solubilizer, and an
isotonizing agent, for example, and a solubilizing aid,
a stabilizer, and the like where necessary by a
conventional method. An external preparation may be

15 prepared by any conventional method without specific
limitations. As a base material, any of wvarious
materials usually used for a pharmaceutical, a quasi
drug, a cosmetic, or the like may be used. Examples of
the base material include materials such as animal and

20 vegetable oils, mineral oils, ester oils, waxes, higher
alcohols, fatty acids, silicone oils, surfactants,
phospholipids, alcohols, polyhydric alcohols, water-
soluble polymers, clay minerals, and purified water. A
pH adjuster, an antioxidant, a chelator, a preservative

25 and fungicide, a colorant, a flavor, or the like may be
added where necessary. Further, an ingredient having a
differentiation inducing effect such as a blood flow

enhancer, a bactericide, an antiphlogistic, a cell



10

15

20

25

enhancer, a bactericide, an antiphiogistic, a cell 130 activator, vitamin,
amino acid, a humectant, or a keratolytic agent may be blended where
necessary. The dose of the therapeutic or prophylactic agent of the
present invention varies according to the degree of 5 symptoms, age, sex,
body weight, mode of administration3 type of salt, and specific type of
disease, for example. Typically, the compound of the formula (1) or

pR&rriacicdicalf dcteptabléBak thefest actoftif§ i tHe preSént:

invention is orally 10 administered tp an adult at about 30 g to 10 g,
ERRaE 100 5 6 S A ORS prorAbE 10 615 100 hicPper day, TF°
iscaskrainistereddo an-adilthy injestion abahouts30.g &0 gk preferahiyc
100 g to 500 mg, and more preferably 100 g to 30 mg per day, in 15 a
singlesdose ommattipleodoses; respectivelyd Bast Embddiméng fore of
Carrying out the Invention [0116] The present invention will now be

dESG D20 iR dBtailSFith réterbhcEto Q%Bmﬂ]@éjﬁp&fest examples.
However, étﬁ?gf@%’!estg%deteﬁ% eéﬁTP'eS%%@ %re8¥_'9§9i8”' Bt of

illustration purposes. The prophylactic or therapeutic agent%l ra disease
causaskky: ARragcasgingptothe presanrtdnventionHs nebligieddo dre 25e

following specific examples in any case. A person skilled in the art can

fuflg implement the predent riaventiahl by makimr varvusorhedifizations to

not only the following examcples and test examples but also the
thereof according to the present invention 1s orally
administered to an adult at about 30 wg to 10 g,
preferably 100 uwg to 5 g, and more preferably 100 png to
100 mg per day, or 1is administered to an adult by
injection at about 30 Mg to 1 g, preferably 100 Hg to
500 mg, and more preferably 100 pg to 30 mg per day, in

a single dose or multiple doses, respectively.

Best Embodiment for Carrying out the Invention
[0116]

The present invention will now be described
in detail with reference to examples and test examples.
However, the examples and test examples are provided
only for illustration purposes. The prophylactic or
therapeutic agent for a disease caused by AP according
to the present invention is not limited to the
following specific examples in any case. A person
skilled in the art can fully implement the present
invention by making various modifications to not only

the following examples and test examples but also the
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the scope of the claims of the present specification. [0117] 5 The

following abbreviations are used in the following examples. DMF:
Dimethylformamide THF: Tetrahydrofuran LAH: Lithium aluminum

hydride 10 WSC: 1-Ethyl-3-(3-dimethylaminopropyi)carbodiimide
hydrochloride HOBT: 1-Hydroxybenzotriazole DIEA:
DfidGprBpylethytdrfiner TE2L Trieghffdrhirerts yBaRnd such
Tetrabutylammonium fluoride DBU: 1,8-Diazabicyc 4.0Jundec-7-ene t:
TR LA LR SodrSEy At (DEia o Exirie Syias o'
(12 B [3-methoxyrd-£4-meshyl-IH-

imidazoi-1-yi)phenyilmethylidene]-4-(3,4,5-
trifiddiobenzyi)morpholin-3-one [Formula 2310 MeONF NONI/OJI/F
F The following abbreviations are used in the

following examples.

DMF: Dimethylformamide

THF: Tetrahydrofuran

LAH: Lithium aluminum hydride

WSC: 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide

hydrochloride

HOBT: 1-Hydroxybenzotriazole

DIEA: Diisopropylethylamine

TEA: Triethylamine

TBAF: Tetrabutylammonium fluoride

DBU: 1,8-Diazabicyclo[5.4.0]undec-7-ene

t: Tertiary

LDA: Lithium diisopropylamine

[0118]

Example 1

Synthesis of (Z2)-2-[1-[3-methoxy—-4-(4-methyl-1H-

imidazol-1-yl)phenyl]lmethylidene]-4-(3,4,5-

trifluorobenzyl)morpholin—-3-one

[Formula 23]

O
MeO:I:::r/§j/ﬂ\N//\Ti;:lf
Z>N OQ F
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132 Synthesis of 3-methoxy-4-(4-methyl-IH-imidazoi-I- yi)benzaidehyde
Synthesis of methyl 3-methoxy-4-nitrobenzoate Methyl iodide (463 g) was
added dropwise to a 5 mixture of 3-hydroxy-4-nitrobenzoic acid (199 g)
with potassium carbonate (450 g) in DMF (1 L) at room temperature. The
reaction solution was stirred at room 3temperature overnight, and then
methyl |od|de (230 g) was added to the reactlon solutlon The reactlon 10

re gl n so!31 ion,was added to ice water, and the pre(:|p|tated solid was
cgaffgt%ef%yﬁﬁfﬁaﬂ%rr The resulting solid was dried at 50C overnight to
obtain ££8 gof dhe title compound: g 15prapenty yalues LoLresponded
to the reported values (CAS #5081-37-8). [0119] Synthesis of methyl
4-amino-3-meth@yivehzoate k% paflddimim-sarbonddentaiing®0% to a
water, 20 15 g) was added to a solution of methyl 3-methox

n%ﬁ%ﬁf@at% 180'9Y H Arethand 66¢ Rt ZmtcTiRE (Sod 1r¥‘.ﬁ) Bnd'the?
8@ Solytion was %tér{f.%d 43 ghydrogen Bﬂﬁss'ﬂ[e pf0.9.MPa at 50C to
or 6.5 hours. T e reaction soldtion was left to cool to room 25

tei@la@f@wew@.themﬁlge&e@at@tqugh celitecfhe resulting filtiate was room
concentrated under reduced pressure to obtain 134 g of the title

compband.tThee propernyi valtes eoffespemdetkbtonthe repdide vakizs g)

was added to the reaction solution. The reaction

solution was further stirred at room temperature for
six hours. The reaction solution was added to ice
water, and the precipitated solid was collected by
filtration. The resulting solid was dried at 50°C
overnight to obtain 178 g of the title compound. The
property values corresponded to the reported values
(CAS #5081-37-8).

[0119]

Synthesis of methyl 4-amino-3-methoxybenzoate

10% palladium-carbon (containing 50% water,
15 g) was added to a solution of methyl 3-methoxy-4-
nitrobenzoate (150 g) in methanol (600 mL) and THF (300
mL), and the reaction solution was stirred at a
hydrogen pressure of 0.9 MPa at 50°C to 64°C for 6.5
hours. The reaction solution was left to cool to room
temperature and then filtered through celite. The
resulting filtrate was concentrated under reduced
pressure to obtain 134 g of the title compound. The

property values corresponded to the reported values



10

15

20

25

133 (CAS #41608-64-4). [0120] Synthesis of methyi
4-formyiamino-3-methoxybenzoate Acetic anhydride (268 mL) was added
dropwise 5 to formic acid (401 mL) at room temperature, and the reaction
solution was stirred at room temperature for 40 minutes. A solution of
methyi 4-amino-3- methoxybenzoate3134 g) in THE (600 mL) was added
dropwise to the reaction solution at room temperature, 10 and the reaction
sdltifien tvhstitreti%of dne hour. 3.8 L of ice water was added to the
re E_IQ(? olution, and the precipitated solid was filtered and further

héd with water (2L). The resulting solid was dried at 50C overnight to
obtain 111 gof dhe title gompound- 43 The:pr @P@ﬂ%e\!€l§'§§ﬁ@éﬁ$§99@@ed
to the reported values (CAS #700834-18-0). [0121] Synthesis of methyi
4-[formyi-(2-oxéprepyiyamino]<8: haethdxyienzbatev2@ Chioredcetopewise
(84.5 mL) was added dropwise to a mixture of methyi

456rmiyiafhirio-3nethbkBerZoaé (1129, CESamcabGitate 1346 b
and potassiing iadide (8.78,9) %'\r" e(égl%{“ LA 0P famAgrature and

the reaction solution was stirre r three hours. Cesium 25 carbonate

(1478 gyiand-ehjoroacetane (424 My werenhadded tonthegeaction solution,
which was then stirred at room temperature for two hours. Ice water and
ethyt estdre were aeldéd 16 the reactibhisolition, ahd thes added

dropwise to the reaction solution at room temperature,

and the reaction solution was stirred for one hour.

3.8 L of ice water was added to the reaction solution,
and the precipitated solid was filtered and further
washed with water (2L). The resulting solid was dried
at 50°C overnight to obtain 111 g of the title compound.
The property values corresponded to the reported values
(CAS #700834-18-0).

[0121]

Synthesis of methyl 4-[formyl-(2-oxopropyl)amino]—-3-

methoxybenzoate

Chloroacetone (84.5 mL) was added dropwise to
a mixture of methyl 4-formylamino-3-methoxybenzoate
(111 g), cesium carbonate (346 g), and potassium iodide
(8.78 g) in DMF (497 mL) at room temperature, and the
reaction solution was stirred for three hours. Cesium
carbonate (173 g) and chlorocacetone (42.0 mL) were
added to the reaction solution, which was then stirred
at room temperature for two hours. Ice water and ethyl

acetate were added to the reaction solution, and the
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134 organic layer was separated. Ethyl acetate was added to the
aqueous layer, and the organic layer was separated. The organic layers
were combined and washed with water and brine in this order. The
resulting 5 organic layers were dried over anhydrous magnesium sulfate
and then concentrated under reduced pressure. The residue was diluted
with toluene, and the solution was concentrated under reduced pressure.
tePEB Ry MéthyPéthér and Heptaiciere added ttrt@5aItirg SLordded
re‘{fiduceH ang tgg fg)re(:ie[i;gateg SOQ% was %ollggtea(lj ch fiitgation %%dswashed
with a solution of 50% eP/t-ebdtyI methy ether%n%eptane?%e resulting
salidhwas gl dried Qvemightfe obtain 18 g6t thetile-5omAoUI washed
'H-NMR(CDC13)5(ppm): 15

2119433, BeA1 (8,3MH) [3:94(3, 3H),4.49(s, 214)]281(d,Jh8. resulting
OHz,1H),7.63(d,J=2.0Hz,1H),7.69(dd,J=8.0,2.0Hz,1H),8.33 (s,1H). [0122]
S%t%gijscof]rﬁéft%fs?s-‘ﬁ?étﬁo%—h-e@-rﬂ?éﬁﬁl-ﬂ—fll-%iéﬁ%ﬁ 2P Eyhbenzoate
A Sputenot ety donmyt G axgpranianinol amcighareonte.
(118 g) and ammonium acetate 3172 g) In acetic acid &55 mL) was

heatedansl sticed at 140Cfeeane hour.Afterdhe reagtionamas 251 ut ion
completed, the reaction solution was neutralized with aqueous ammonia

umder icecooling.Ethgl acelgte was! e dav ke veactiontsoliitidh and

the organic layer was separated. The resulting organic layer was dried
methyl ether and heptane were added o thé resulting

residue, and the precipitated solid was collected by
filtration and washed with a solution of 50% tert-butyl
methyl ether in heptane. The resulting solid was air-
dried overnight to obtain 118 g of the title compound.
'H-NMR (CDC13) & (ppm) :
2.19(s,3H),3.91(s,3H),3.94(s,3H),4.49(s,2H),7.31(d,J=8.
OHz, 1H),7.63(d,J=2.0Hz,1H),7.69(dd,J=8.0,2.0Hz,1H),8.33
(s,1H).

[0122]

Synthesis of methyl 3-methoxy-4-(4-methyl-1H-imidazol-

l-yl)benzoate

A solution of methyl 4-[formyl-(2-
oxopropyl)amino] -3-methoxybenzoate (118 g) and ammonium
acetate (172 g) in acetic acid (255 mL) was heated and
stirred at 140°C for one hour. After the reaction was
completed, the reaction solution was neutralized with
aqueous ammonia under ice-cooling. Ethyl acetate was
added to the reaction solution, and the organic layer

was separated. The resulting organic layer was dried
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135 over anhydrous magnesium sulfate and then filtered on a silica gel
pad, and the filtrate was concentrated under reduced pressure. tert-Butyl
methyl ether and heptane were added to the residue, and the precipitated
solid 5 was collected by filtration and washed with a solution of 50%
tert-butyl methyl ether in heptane. Thes resulting solid was air-dried
overnight to obtain 68.4 g of the title compound. Further, the

cIySeHliZBH e ligub P et oPeéhr&R dUHHer Pedudet! pressaredn 2
10 f‘?g ghe residue was pu iﬁﬁqebyﬁiﬂ%% g | column _chrom to%@ hyu

(e?utlon Solvent: ﬁ%pt’ane-e hyl acetate "sys Smﬁg obstain 22. g of the trljt(ljeer

compouRd. -NMRICDCIZS(PPM)ty1 methyl ether and heptane
2.30(s,3H),3.94(s,3H),3.96(s,3H),6.98(brs,1H),7.32(d,J= 15

8zl M)A Fd-T.33(rh 2 H) /5 19(bes, 101 28] Syathesisefted solid
3-methoxy-4-(4-methyl-IH-imidazoi-I- yi)benzaidehyde A solution of

pyfiGiicifie: LEE ALY ifdTHE (45" 20 iE) WAS atidet eopiiis 18 a“SthtiioP™
ofsodiyn) bd%(%ﬁ%‘%}@%’iy%g% giuppdm QWWQSF(@%%_S.O'“%% n

toluene, 56 mL) in THE (60 mL) at -5C or less over 15 minutes. The

reagtian sohtiopsnvasistirsed at room tempsvatdrg faronehaist Thanes . 4
suspension of tert 25 butoxide (2.10 g) in THE (15 mL) was added
dopwisd e the Fdactionsehwtioh-at roontleprperatire candthel Feactiohon

solution was stirred for 15 minutes. The above reaction solution was
a&&&?aﬁnﬁﬁggafawas concentrated under reduced pressure,

and the residue was purified by silica gel column
chromatography (elution solvent: heptane-ethyl acetate
system) to obtain 22.3 g of the title compound.

'H-NMR (CDC13) & (ppm) :
2.30(s,3H),3.94(s,3H),3.96(s,3H),6.98(brs,1H),7.32(d,Jd=
8.4Hz,1H),7.71-7.73(m, 2H),7.79 (brs, 1H) .

[0123]

Synthesis of 3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzaldehyde

A solution of pyrrolidine (18 mL) in THF (45
mL) was added dropwise to a solution of sodium bis(2-
methoxyethoxy)aluminum hydride (65% solution in
toluene, 56 mL) in THF (60 mL) at -5°C or less over 15
minutes. The reaction solution was stirred at room
temperature for one hour. Then, a suspension of tert-
butoxide (2.10 g) in THF (15 mL) was added dropwise to
the reaction solution at room temperature, and the
reaction solution was stirred for 15 minutes. The

above reaction solution was added dropwise to a
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136 solution of methyl 3-methoxy-4-(4-methyl-IH-imidazoi-I- yi)benzoate
(20 g) in THE (50 mL) under ice-cooling over 30 minutes. The reaction
solution was stirred at room temperature for two hours, and thena 5 N
sodium 5 hydroxide solution (150 mL) was added dropwise to the
reaction solution. Ethyl acetate wasiakled to the reaction solution, and
the organic layer was separated. The organic layer was washed with a

s&tirated anmbnitift Tehlorite SOl 6T and bfine% thid ofderl Theazol-1-

organic 10 layer was dried over yﬁ S magnesjum sulfate and
e LA S D2 g, At Tt T e W o r o s

reduced pregsura« Ehe resigdue was dillad with ethyhaceiates and 1 at
precipitated solid was collected by filtration. The resulting solid was 15
air-<clried oyvepsighttorgbtaine7. 10 g dfthe sitleacompobend.aF-urther sthéi um
crystallization mother liquor was concentrated under reduced pressure,

ahd tHe fésiaué Wastputitiethy sificd gBPSoIGMTHEChrbnratBgrphy° the

(e}‘é%o&?o?']}ée '},%'ﬂSQ@Qﬁteth%[t%ﬁiat&%%'@éo nol g&%tgg‘)t% qbtain
2.65 g of the title compound. 'H-NMR(CDC13)5(ppm

2.:3d£%:BH) 3. 3 :3H) Q2 (Brsi L Hh& . A IrBOHElEY), fvas separated.
.55(dd,J=1.6,8.0Hz,1H),7.58(d,J=1.6Hz,1H),7.84(brs,1H), 25 10.00(s,1H).
[0124] Syrahesis b 243, 4 Bstrifiasiobeénzyiyaminojethaneit Sddiupmon ium
U?C%g¥¥ggmgyggg?é%4éég\%%%ne in this order. The organic
layer was dried over anhydrous magnesium sulfate and
filtered on a silica gel pad, and then the filtrate was
concentrated under reduced pressure. The residue was
diluted with ethyl acetate, and the precipitated solid
was collected by filtration. The resulting solid was
air-dried overnight to obtain 7.10 g of the title
compound. Further, the crystallization mother liquor
was concentrated under reduced pressure, and the
residue was purified by silica gel column
chromatography (elution solvent: heptane-ethyl acetate-
2-propanol system) to obtain 2.65 g of the title
compound.
'H-NMR (CDC13) & (ppm) :
2.31(s,3H),3.97(s,3H),7.02(brs,1H),7.44(d,J=8.0Hz,1H),7
.55(dd,J=1.6,8.0Hz,1H), 7.58(d,J=1.6Hz,1H),7.84 (brs, 1H),
10.00(s,1H) .
[0124]

Synthesis of 2-[(3,4,5-trifluorobenzyl)amino]ethanol

Sodium triacetoxyborohydride (14.1 g) was
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137 added to a solution of 3,4,5-trifluorobenzaidehyde (5.0 mL),
ethanolamine (3.52 g), and acetic acid (10.1 mL) in THE (100 mL) under
ice-cooling, and the reaction solution was stirred at room temperature for
four hours 5 and 30 minutes. Ice water was added to the reaction
solution. The reaction solution was adjusted to pH 7 to 8 by a 5 N sodium
hydroxide solution and saturated sodium bicarbonate, followed by

eRFARON LRI CRIBIOTEARNTRE ofgahic reyet ias Uridersviet kiydrsus(© - 0
10 magnesjum sulfate and thep filtered, and the mother liguor was

O Se e etodd bréesire. THe: raadug was pue by ™
calumpghromagography siging a sllicagel {ehiorofarm:methanais 1300

to 1:5) to obtain 6.91 g of the title compound. 15 'H-NMR(CDC13)5(ppm):

2 B0ty =48Hw2#) BL69(t, 944 BHZ; 24413 785 21H3, 6196 7(0A(nf,2HY. hours
[0125] Synthesis of 4-(3,4,5-trifiuorobenzyi)morpholine-2,3- 20 dione A
rrﬁ’)&ﬁréé% (@Y 53 rifiubrober2yfamifolethansr(6te Bﬁ‘ﬁnﬂ Bifetinyion

oxalate (20 mL) g’ﬁ‘é SP&@Q&&E H{OC T ﬁ@@%#%&J%“-‘d i Ségéoca Quiien 4
was concentrated under reduced 25 pressure, and then a diethyl ether
was aglded ta the Nesiddeuhhe precipitated seysialsyverercollegtedyt ed

filtration and then air-dried to obtain 7.38 g of the title compound.
sodium bicarbonate, followed by extraction with
chloroform. The organic layer was dried over anhydrous
magnesium sulfate and then filtered, and the mother
liquor was concentrated under reduced pressure. The
residue was purified by column chromatography using a
silica gel (chloroform:methanol = 1:100 to 1:5) to
obtain 6.91 g of the title compound.
'H-NMR (CDC13) & (ppm) :
2.80(t,J=4.8Hz,2H),3.69(t,J=4.8Hz,2H),3.78(s,2H),6.96-
7.00(m, 2H) .
[0125]

Synthesis of 4-(3,4,5-trifluorobenzyl)morpholine-2, 3—

dione

A mixture of 2-[(3,4,5-
trifluorobenzyl)amino]lethanol (6.91 g) and diethyl
oxalate (20 mL) was stirred at 170°C for one hour. The
reaction solution was concentrated under reduced
pressure, and then a diethyl ether was added to the
residue. The precipitated crystals were collected by
filtration and then air-dried to obtain 7.38 g of the

title compound.
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138 ~H-NMR(CDC13)5(ppm):
3.61(t,J=4.8Hz,2H),4.49(t,J=4.8Hz,2H),4.63(s,2H),6.95- 6.99(m,2H).
[0126] 5 Synthesis of 2-hydroxy-4-(3,4,5- trifiuorobenzyi)morpholin-3-one
A 1 M solution of lithium tri-sec- butyiborohydride in THE (31.4 mL) was
added dropwise to a solution of 4-(3k5-trifiuorobenzyi)morpholine-2,3-
10 dione (7 38 g) in THE at -15C, and the reaction solution was stirred for
twdﬁ%‘ﬂ?s FO5 N s ERRAY Hydroxide solution (2.85 mL) and 30% aqueous
dr oroxide (9 ) we dd d S the reaction , soluti
at 26?3%? 12?8?\'N %% ’tk%gnigtlrré t%g ;#Eo%e %a&r é]Hds o 0o-
bisubite {8881mg) was added to the reaction solution, which was then
stirred for 30 minutes. Brine and chloroform were added to the reaction
sdlafi@m, Jand the organic layer was separated. The organic layer was
drled over anhydrous mag neS|um 20 sulfate and then concentrated under
! . d 3 B by column chromatography
using fﬁ silica,gel t%%q, {,{1 i%etgte e1 110 0:100) to obtain 3.94 g
m): 25 3.11-3.16(m,1H),
3.47-3.54(m,1Hy, 318®J'3ﬁ(ﬁt116'ﬁ 42841ithium tri-sec-—
4.35(m,1H),4.40(d,J=14.8Hz,1H),4.67(d,J=14.8Hz,1H),5.37
(SPHHYy 600 Bt ). [0127HF (31.4 mL) was added dropwise to

a solution of 4-(3,4,5-trifluorobenzyl)morpholine-2,3-

dione (7.38 g) in THF at -15°C, and the reaction
solution was stirred for two hours. A 5 N sodium
hydroxide solution (2.85 mL) and 30% agueous hydrogen
peroxide (968 UL) were added dropwise to the reaction
solution at 20°C or less, which was then stirred at 10°C
for one hour. Sodium bisulfite (888 mg) was added to
the reaction solution, which was then stirred for 30
minutes. Brine and chloroform were added to the
reaction solution, and the organic layer was separated.
The organic layer was dried over anhydrous magnesium
sulfate and then concentrated under reduced pressure.
The residue was purified by column chromatography using
a silica gel (heptane:ethyl acetate = 1:1 to 0:100) to
obtain 3.94 g of the title compound.

'H-NMR (CDC13) & (ppm) :
3.11-3.16(m,1H),3.47-3.54(m,1H),3.80-3.86(m,1H),4.28-
4.35(m,1H),4.40(d,J=14.8Hz,1H),4.67(d,J=14.8Hz,1H),5.37
(s,1H),6.90-6.94 (m, 2H) .

[0127]



10

15

20

25

139 Synthesis of (Z)-2-[I-[3-methoxy-4-(4-methyl-IH-
imidazoi-1-yl)phenyllmethylidene]-4-(3,4,5-
trifiuorobenzyi)morpholin-3-one Thionyi chloride (16.1 mL) was added to a
5 solution of 2-hydroxy-4-(3,4,5- trifluorobenzyi)morpholin-3-one (3.94 g)
in methylene chloride, and the react®n solution was stirred at 50C for
one hour The reactron solutron was concentrated under reduced

selutmu@ﬁ&a@ﬁegtratadﬁmdﬁrradececqq@ressure Ethanol (64.6 mL),
TEA (4.2 mL), and 3 15

methoxy-4-(4-méthyleliAtintdazaiidyi)derizaldetiydew2s7 2 @l evere @daed
to the residue, and the reaction solution was heated under refiux for two

h&&%u"f’ﬁ@re&&ro% RYKiIBH XS dohcentrated under reduced pressure,
P%‘S%'QB%H%P] 'JH&‘%%W&W N?%Lt‘?é’u?i‘ygﬁo Or 1,20, 8¢l %qqe
et yl acetate. T e aqueous layer was separate e organi ayer

was washed,withd N ragueeus thydrocidaric-acid. Waen,ghe tetalaguequs’c
layers were combined and made alkaline with a concentrated sodium

hydroxielessohgtion. ThehsrgaaieX5llayeswas 'separated bye@xtaction froth
the alkaline solution with chloroform, and then dried over anhydrous

mAIAESIURTEUFLTE aPHCHHeBRtrafdd uridls reaadSt pragsurs i =2
r%ﬂ%ﬁfWéﬁﬁyﬂgﬁ%b¥ﬁ¥%¥9@e. Then, triphenylphosphine (5.2

g) was added under ice-cooling, and the reaction

solution was stirred at room temperature for 4.5 hours.
The reaction solution was concentrated under reduced
pressure. Ethanol (64.6 mL), TEA (4.2 mL), and 3-
methoxy-4—-(4-methyl-1H-imidazol-1-y1l)benzaldehyde (2.72
g) were added to the residue, and the reaction solution
was heated under reflux for two hours. The reaction
solution was concentrated under reduced pressure, and
the residue was diluted with 2 N aqueous hydrochloric
acid and ethyl acetate. Then, the aqueous layer was
separated. The organic layer was washed with 2 N
aqueous hydrochloric acid. Then, the total agueous
layers were combined and made alkaline with a
concentrated sodium hydroxide solution. The organic
layer was separated by extraction from the alkaline
solution with chloroform, and then dried over anhydrous
magnesium sulfate and concentrated under reduced

pressure. The residue was purified by column
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140 chromatography using NH silica gel (heptane:ethyi acetate = 1:1 to
0:100) to obtain 1.92 g of the title compound. [0128] 5
1H-NMR(CDC13)5(ppm)
2.34(s,3H),3.56(t,J=4.8Hz,2H),3.87(s,3H),4.28(t,J=4.8Hz
,2H),4.66(s,2H),6.93(s,1H),6.95-6.994m,3H),
7.23(d,J=8.0Hz,1H),7.40(dd,J=8.0,1.2Hz,1H),7.42(d,J=1.2

HE YIRS SGE B 1 0 ES RIS/ A4hfias 9 Jo1 2PERARpRERY L
Synthesis of (Z)-2-[1-[3-me -4-(4-methyl-1H- .
irr%l8Szt(%-tle-yijp%énlyi]%noetrlgyrlpd%@{e]-5-(2%3,5?/ 1§ 1-92 g of the title
triflygephenzyi)morpholin-3-one [Formula 24] 0 F MeO NF NON I/ OJ I F
Synthesis of 2-[(2,3,4-trifluorobenzyi)amino]ethanoi 891 mg of the title
cdmpadnd was obtained from 2,3,4-trifiuorobenzaidehyde (1.0 g),
ethanolamine (573 mg), acetic acid (1.79 mL), and sodium 20
tri&ﬁ%b@&iﬁdr@d@@% g) in the same manner as in Example 1.

"%M%C%lgﬁ(ﬁ?@ J=4 ,8Hz

2 S0IE 2] 2H) 5 Qo 36 AT Gl B 6 1dy 22 (572 o1
2H),4.66(s,2H),6.93(s,1H),6.95-6.99 (m, 3H),
7.23(d,J=8.0Hz,1H),7.40(dd,J=8.0,1.2Hz,1H),7.42(d,J=1.2
Hz,1H),7.85(s,1H).
ESI-MS;m/z444 [M" +H] .
[0129]
Example 2

Synthesis of (Z2)-2-[1-[3-methoxy—-4-(4-methyl-1H-

imidazol-1-yl)phenyl]lmethylidene]-4-(2,3,4-

trifluorobenzyl)morpholin—-3-one

[Formula 24]

o F
MeO:[::I/Qﬁ/J\N//\Tii:If
N%\N O\/J F
)a

Synthesis of 2-[(2,3,4-trifluorobenzyl)amino]ethanol

891 mg of the title compound was obtained
from 2,3,4-trifluorobenzaldehyde (1.0 g), ethanolamine
(573 mg), acetic acid (1.79 mL), and sodium
triacetoxyborohydride (2.65 g) in the same manner as in
Example 1.

'H-NMR (CDC13) & (ppm) :

2.80(t,J=5.2Hz,2H),3.69(t,J=5.2Hz,2H),3.88(s,2H),6.94-
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6.96(m,1H),7.07-7.09(m,1H). [0130] Synthesis of
4-(2,3,4-trifiuorobenzyi)morpholine-2,3- dione 5 903 mg of the title
compound was obtained from 2-[(2,3,4-trifiluorobenzyi)amino]ethanoi (891
mg) and diethyl oxalate (8.0 mL) in the same manner as in Example 1.
'H-NMR(CDC13)5(ppm) 10 141
3.70(t,J=5.2Hz,2H),4.50(t,J=5.2Hz,2H),4.73(s,2H),6.97-
7.@4%@1,(Ifl‘-d)}ﬂ18-77-.§§(n7,ipﬁ.(T[Oﬂfﬂ)] Synthesis of 2-hydroxy-4-(2,3,4-
triéibl?%enzyi)morpholin-3-one 15 126 mg of the title compound was
obtained from 4-(2,3,4-trifluorobenzyi)morpholine-2,3-dione (350 mg) and
adMsalufion ofdithiumptrissec-hetyiborohydede in THEAJAA Mg in the-
same manner as in Example 1. 20 'H-NMR(CDC13)5(ppm)
320e325(m,1H), 3.53-3.59(m,1H),3.81-3.86(m, 1H),4.26-
4.33(m,1H),4.60(d,J=15.2Hz,1H),4.67(d,J=15.2Hz,1H),5.31 ,
(s,1H),6.96-7.o%2)rﬁ,1%%,7%33'7@%(%& § [IE2PBBL eSS bR 1 ned
(D)-2-[1-[3-methoxy;4-(4- l-1H- .
iasor Ly ooy ene 4 4) 2ol eEhanol (891 ma)
trfivarabeszymospholin:3-one 95.&mg ehtherilecompeunchwasas in
obtained 142

Example 1.

'H-NMR (CDC13) & (ppm) :
3.70(t,J=5.2Hz,2H),4.50(t,J=5.2Hz,2H),4.73(s,2H),6.97-
7.04(m,1H),7.18-7.25(m, 1H) .

[0131]

Synthesis of 2-hydroxy-4-(2,3,4-

trifluorobenzyl)morpholin—-3-one

126 mg of the title compound was obtained
from 4-(2,3,4-trifluorobenzyl)morpholine-2,3-dione (350
mg) and a 1 M solution of lithium tri-sec-
butylborohydride in THF (1.49 mL) in the same manner as
in Example 1.
'H-NMR (CDC13) & (ppm) :
3.20-3.25(m, 1H),3.53-3.59(m,1H),3.81-3.86(m,1H),4.26-
4.33(m,1H),4.60(d,J=15.2Hz,1H),4.67(d,J=15.2Hz,1H),5.31
(s,1H),6.96-7.01(m,1H),7.13-7.15(m, 1H) .
[0132]

Synthesis of (Z2)-2-[1-[3-methoxy—-4—-(4-methyl-1H-

imidazol-1-yl)phenyl]lmethylidene]-4-(2,3,4-

trifluorobenzyl)morpholin—-3-one

95.8 mg of the title compound was obtained
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from 2-hydroxy-4-(2,3,4-trifluorobenzyi)morpholin-3-one (126 mg), thionyi
chloride (516 RL), triphenyiphosphine (166 mg), and
3-methoxy-4-(4-methyl-1H-imidazoi-I- yi)benzaidehyde (93.9 mg) in the
same manner as in 5 Example 1. 'H-NMR(CDC13)5(ppm)
2.35(s,3H),3.64(t,J=4.8Hz,2H),3.86(s43H),4.28(t,J=4.8Hz
,2H),4.75(s,2H),6.89(s,1H),6.95(s,1H),6.97-7.02(m,1H), 7.17-7.24(m,2H),
7 38¢dd, 3=8 4 2K¥ 1H) ( 20 T 41(BI=A12197 APg P 7 8BS PHPRESIMS, —one

m/z444[M +H]. [0133] Example 3 Syn ' . .
(Z@?é?—iﬁg[3-%%%11%%5-%%0&%;%%? ﬁfL) , triphenylphosphine
imidazoirdyyi)phenyllmetbylidene]-6-methyk 4131491 inidazol-1-
trifiuorobenzyi)morpholin-3-one [Formula 2510 MeONF NONI/QOJIF
FySymthesis lof¢8y-d<(3 4 3-tfflugrobénzyiamingpropaan <0l 430 g of
the title compound was obtained 20 from 3,4,5-trifluorobenzaidehyde (370
mig¥ 38Y 2amino- 2-propanoi (260 mg), acetic acid (0.662 mL), and

saggw%gq@g§9§ygqggwque(981rng)mthesamernannera5|n
Example 1. 143
2.35(s,3H),3.64(t,J=4.8Hz,2H),3.86(s,3H),4.28(t,J=4.8Hz
,2H),4.75(s,2H),6.89(s,1H),6.95(s,1H),6.97-7.02 (m, 1H),
7.17-7.24(m,2H), 7.38(dd,J=8.4,1.2Hz,1H),
7.41(d,J=1.2Hz,1H), 7.88(s,1H).

ESI-MS;m/z444 [M" +H] .

[0133]

Example 3

Synthesis of (Z)-(S)-2-[1-[3-methoxy-4—(4-methyl-1H-

imidazol-1-yl)phenyl]methylidene] -6-methyl-4-(3,4,5-

trifluorobenzyl)morpholin—-3—-one

[Formula 25]
O
MeO:[::I/Qﬁ/J\N F
N O:J /\QF
- -

Synthesis of (S)-1-(3,4,5-trifluorobenzylamino)propan—

2—-01

410 mg of the title compound was obtained
from 3,4,5-trifluorobenzaldehyde (370 mg), (S)-l-amino-
2-propanol (260 mg), acetic acid (0.662 mL), and sodium
triacetoxyborohydride (981 mg) in the same manner as in

Example 1.
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'H-NMR(CDC13)5(ppm):
1.17(d,J=6.4Hz,3H),2.45(dd,J=12.0,9.2Hz,1H),2.72(dd,J=1
2.0,2.8Hz,1H),3.75(d,J=13.2Hz,1H),3.80(d,J=13.2Hz,1H),3
.82-3.85(m,1H),6.96-7.00(m,2H). 5 [0134] Synthesis of
(S)-6-methyl-4-(3,4,5- trifiuorobenzyiygorpholine-2,3-dione 439 mg of the
title compound was obtained from
(SﬁIH@W@-@ﬁﬁt}ér@b@ﬁWiamino)propan 2-0i (410 10 mg) and diethyl

DR E T B lesane AR RN RIPRE, 1), 2.72 (aa, 92

1A44(d,9=6:4H713H),3.356dch)513.8.32H7 i) 335@(@'%], =1=13.2Hz,1H), 3
3.6,9.6Hz,1H),4.55(d,J=15.2Hz,1H),4.67(d,J=15.2Hz,1H),4 15

. 7384.78(rf AL H),6. 94 -6298(n; 2HY.0 [01,.35] Bynthesis of

(S[) -2-hydroxy-6-methyl-4-(3,4,5- trifiuorobenzyi)morpholin-3-one 308 mg
ofltheitie compound was obtained 20 from

( ethyl-4-(3,4,5strifidoro ) or om - 2,3-dione (400 mg) and
a%)y%% e Y in THE (1.70 mL) in the

sape rmannepas 1y Exampindl HHINMRB(CREE3)5(ppm): 25
1.26(d,J=6.0Hz,3H),3.06(dd,J=12.0,3.2Hz,1H),3.22(dd,J=1
2.0,12.0Hz,1H}:4 B6(d Jefd 8z, TH).4 460BR@mA¢)vas obtained
4.??&%\]:(14 8Hz, 1H 5 37(s,1H),6.90-6.94(m 2H). [0136 144

rifluorobenzylanino)propan-2-ol (410

4

mg) and diethyl oxalate (2.0 mL) in the same manner as
in Example 1.

'H-NMR (CDC13) & (ppm) :
1.44(d,J=6.4Hz,3H),3.35(dd,J=13.6,3.2Hz,1H),3.55(dd,J=1
3.6,9.6Hz,1H),4.55(d,J=15.2Hz,1H),4.67(d,J=15.2Hz,1H), 4
.73-4.78(m,1H),6.94-6.98 (m, 2H) .

[0135]

Synthesis of (S)-2-hydroxy—-6-methyl-4-(3,4,5-

trifluorobenzyl)morpholin—-3-one

308 mg of the title compound was obtained
from (S)-6-methyl-4-(3,4,5-trifluorobenzyl)morpholine-
2,3-dione (400 mg) and a 1 M solution of lithium tri-
sec-butylborohydride in THF (1.70 mL) in the same
manner as in Example 1.

'H-NMR (CDC13) & (ppm) :
1.26(d,J=6.0Hz,3H),3.06(dd,J=12.0,3.2Hz,1H),3.22(dd,Jd=1
2.0,12.0Hz,1H),4.36(d,J=14.8Hz,1H),4.46-4.52(m, 1H),
4.66(d,J=14.8Hz,1H),5.37(s,1H),6.90-6.94 (m, 2H) .

[0136]



Synthesis of (Z)-(S)-2-[1-[3-methoxy-4-(4-methyl-IH-
imidazoi-1-yl)phenyllmethylidene]-6-methyl-4-(3,4,5-
trifiuorobenzyi)morpholin-3-one 339 mg of the title compound was
obtained 5 from (S)-2-hydroxy-6-methyl-4-(3,4,5-
trifluorobenzyi)morpholin-3-one (308 g), thionyi chloride (817 RL),

triphenyiphosphine (353 mg), and 3-
eAIA- nEthIZ) H-imidazol-1 d aH—
same manner.as i 3

1.46(d.3=6.4Hz.3HY.2 . 34(s.314),3; J=1287280z
3:50(dd,J5128£16K7 1D 38 H(E:i3H)34-36:4.40(m, 1H),
458(d,J=14.8Hz,1H),4.69(d,J=14.8Hz,1H),6.90(s,1H),
6.94-6.98(m,3H) P23, >8.4Hez, 1H) {7187 (ddjl=8 3l 5vas obtained
2.0Hz,1H),7.54(d,J=2.0Hz,1H),7.85(s,1H). ESI-MS;m/z458[M"+H].
[0939TEXamipte A SVhtResi oFEANR) -2 [1{ Behethoxy-4-(4-methyl-IH- 20
imidazqi-1-yl [Imethylidene]-6-methyl-4-(3,4,5- .
e B b e B PPk AR
Symthesisf (R3-17(34. p;trifiuarebenzyigring)piopant 256l 145 , and 3-

methoxy-4—-(4-methyl-1H-imidazol-1-yl)benzaldehyde (218

mg) in the same manner as in Example 1.

'H-NMR (CDC13) & (ppm) :
1.46(d,J=6.4Hz,3H),2.34(s,3H),3.28(dd,J=12.8,2.8Hz,1H),
3.50(dd,J=12.8,9.6Hz,1H),3.87(s,3H),4.36-4.40(m, 1H),
4.58(d,J=14.8Hz,1H),4.69(d,J=14.8Hz,1H),6.90(s,1H),
6.94-6.98(m,3H),7.23(d,J=8.4Hz,1H),7.37(dd, J=8.4,
2.0Hz,1H),7.54(d,J=2.0Hz,1H),7.85(s, 1H) .
ESI-MS;m/z458 [M" +H] .

[0137]

Example 4

Synthesis of (Z2)-(R)-2-[1-[3-methoxy-4—(4-methyl-1H-

imidazol-1-yl)phenyl]methylidene] -6-methyl-4-(3,4,5-

trifluorobenzyl)morpholin—-3—-one

[Formula 26]
O
MGOWN/\@F
O
I~
N}J T Fr

Synthesis of (R)-1-(3,4,5-trifluorobenzylamino)propan—

2—-01
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1.1 g of the title compound was obtained from 3,4,5-trifluorobenzaidehyde
(2.0 g), (R)-1-amino-2- propanoi (704 mg), acetic acid (1.79 mL), and
sodium triacetoxyborohydride (2.65 g) in the same manner as in 5

Example 1. The NMR values of the compound corresponded to those of
the S-isomer. [0138] Synthesis of (R}%-methyl-4-(3,4,5-
trifiuorobenzyi)morpholine-2,3-dione 10 1.15 g of the title compound was
obtained from (R)}143255-triffucrétierizy Ramin@ )P paA-2-6iI L2t ) Antr o™
diethyl pxalate (4.0 mL) in the same manner.as .in E le 1. The NMR
e ST ComBbuT Eohaia f0 0Yoe ot e BB 05 (0139
Synthesisof (R)-Gahydroxy-Saethyl-48#.%31.79 mL), and sodium
trifiuorobenzyi)morpholin-3-one 323 mg of the title compound was
obtairretefromy(R)Gohmettryl de(3(£,56thfigorobenzyiimempielinen2@r as in
2,3-dione (400 m%%]d a 1 M solution of lithium tri- sec-butyiborohydride
in“TRERLT0'mL) i the’8dned ThafferCds i ExampPrReErhe M VRrRE S
otctgetqggy%o%? corresponded to those of the S-isomer. [0140] 25
Synthesis of (Z)-(R)-2-[1-[3-methoxy-4-(4-methyl-IH-
imidazalil-yi)phenyllmethylidene]-6-methyl-4-(3,4,5-
trifiuorobenzyi)morpholin-3-one 346 mg of the title compound was
obtaiideep4es of (R)-6-methyl-4-(3,4,5-

trifluorobenzyl)morpholine-2, 3-dione

1.15 g of the title compound was obtained
from (R)-1-(3,4,5-trifluorobenzylamino)propan-2-o0l (1.1
g) and diethyl oxalate (4.0 mL) in the same manner as
in Example 1. The NMR values of the compound
corresponded to those of the S-isomer.
[0139]

Synthesis of (R)-2-hydroxy—-6-methyl-4-(3,4,5-

trifluorobenzyl)morpholin—-3-one

323 mg of the title compound was obtained
from (R)-6-methyl-4-(3,4,5-trifluorobenzyl)morpholine-
2,3-dione (400 mg) and a 1 M solution of lithium tri-
sec-butylborohydride in THF (1.70 mL) in the same
manner as in Example 1. The NMR values of the compound
corresponded to those of the S-isomer.

[0140]

Synthesis of (Z2)-(R)-2-[1-[3-methoxy-4—(4-methyl-1H-

imidazol-1-yl)phenyl]methylidene]-6-methyl-4-(3,4,5-

trifluorobenzyl)morpholin—-3-one

346 mg of the title compound was obtained



10

15

20

from (R)-2-hydroxy-6-methyl-4-(3,4,5- trifluorobenzyi)morpholin-3-one
(323 mg), thionyi chloride (853 RL), triphenyiphosphine (368 mg), and 3-
methoxy-4-(4-methyl-1H-imidazoi-1-yl)benzaidehyde (228 5 mg) in the
same manner as in Example 1. The NMR values of the compound
corresponded to those of the S-isomer [0141] Example 5 Synthesis of
(nzg-(S)-2-[1-[3-methoxy-4-(4-methyI-IH- 10

inidaZoi- Ry I yphengfasthyhdenélia-metnyl=4-(2,3,4-

trifiuorabenzyimorphalin-3-one . [Formula 27] MeO NE_NON 1./ OJ 1/
R S AL Sbanss i yarohan 2 4R 6% g o
thedfitle -Gomapqungs was obtained 15 tamp 2.3 Aritifluorpbepzaigehyde, 1.9 -
9), (S)-1-amino- 2-propanoi (704 mg), acetic acid (1.79 mL), and sodium
trizeetoxyborohydride (2.65-g)Hn the damemannen dsinz Exdaipield. (228
'H-NMR(CDC13)5(ppm) 20 ,
171%(d, 326 BV5z, 372 ARO8I=11 B, 2HZ A2 7 2(dd, gL e NMR values
1%%2§E@Jggﬁ%§§§%8%g%%g% gﬁ%&@ﬂ%@%%bse of the S-isomer.
6.99(m,1H),7.06-7.10(m,1H). [0142] 147

[0141]

Example 5

Synthesis of (Z)-(S)-2-[1-[3-methoxy-4—(4-methyl-1H-

imidazol-1-yl)phenyl]methylidene]-6-methyl-4-(2,3,4-

trifluorobenzyl)morpholin—-3-one

[Formula 27]

o) F
MeO:[::I/Q§rJ\N//\T:i:£F
N//\ N O:Q F
)% :

Synthesis of (S)-1-(2,3,4-trifluorobenzylamino)propan—

2—-01

968 mg of the title compound was obtained
from 2,3,4-trifluorobenzaldehyde (1.0 g), (S)-l-amino-
2-propanol (704 mg), acetic acid (1.79 mL), and sodium
triacetoxyborohydride (2.65 g) in the same manner as in
Example 1.

'H-NMR (CDC13) & (ppm) :
1.16(d,J=6.0Hz,3H),2.47(dd,J=11.6,9.2Hz,1H),2.72(dd, J=1
1.6,2.8Hz,1H),3.83-3.88(m,1H),3.89(s,2H),6.92-
6.99(m,1H),7.06-7.10(m, 1H) .

[0142]
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Synthesis of (S)-6-methyl-4-(2,3,4- trifiuorobenzyi)morpholine-2,3-dione
917 mg of the title compound was obtained from
(S)-1-(2,3,4-trifiuorobenzyiamino)propan-2-oi (968 5 mg) and diethyl
oxalate (8.0 mL) in the same manner as in Example 1.
'H-NMR(CDC13)5(ppm) 147
1.45(d,J=6.4Hz,3H),3.48(dd,J=13.6,3.2Hz,1H),3.62(dd,
JSV$hh¢ﬁ9ﬂ70ﬁ4W£kﬁ mepbYM7%¢h21$4étsoan1+n 10

4.75 12:2b2 20:% 1H) 7%1 - . 27 m,1H). [0143] Synthesis
morpholin-3-one 196
mg Of the title C@W%dd’fastﬁgta&rﬁglé5 #9bound was obtained
(S)-6-methyl-4-(2,3,4-trifiluorobenzyi)morpholine- 2,3-dione (350 mg) and

a ArMrsolitionloef (Rhidinitric se€-butyibbrohydride im T HE (149 Ay dd thed 6 8
same manner as in Example 1. 'H-NMR(CDC13)5(ppm): 20

1%8(d, 327 A3 3. 1300d, 35 £2.60%. OHE 1 H) [926(a, Same manner as
J= 1,125) gll-l 7,1H),4.47-4.51(m,1H),4.58(d,J=15.6Hz,1H),
464(d,J=15.6Hz,1H),5.33(s,1H),6.95-7.00(m,1H),7.12- 7.15(m,1H).
[0144)v25 Syothesis pbfd)-(S)-2-[1-[3-methoxy-4-(4-methyl-IH-
imidazol-1-yi)phenyllmethylidene]-6-methyl-4-(2,3,4-
trifiuérotsenZyméghclin} 3-6né 8.67dmgd=of 3hé title cBmpblihd tvas? (dd

obtained 148
J=13.6,10.0Hz,1H),4.66(d,J=15.2Hz,1H),4.74-4.80(m, 1H),

4.75(d,JdJ=15.2Hz,1H),7.00-7.03(m,1H),7.21-7.27 (m, 1H) .
[0143]

Synthesis of (S)-2-hydroxy—-6-methyl-4-(2,3,4-

trifluorobenzyl)morpholin—-3-one

196 mg of the title compound was obtained
from (S)-6-methyl-4-(2,3,4-trifluorobenzyl)morpholine-
2,3-dione (350 mg) and a 1 M solution of lithium tri-
sec-butylborohydride in THF (1.49 mL) in the same
manner as in Example 1.

'H-NMR (CDC13) & (ppm) :
1.25(d,Jd=7.2Hz,3H),3.13(dd,J=12.0,3.2Hz, 1H),3.26(dd,
J=12.0,12.0Hz,1H),4.47-4.51(m, 1H),4.58(d,J=15.6Hz,1H),
4.64(d,J=15.6Hz,1H),5.33(s,1H),6.95-7.00(m,1H),7.12-
7.15(m, 1H) .

[0144)]

Synthesis of (Z)-(S)-2-[1-[3-methoxy—-4—(4-methyl-1H-

imidazol-1-yl)phenyl]methylidene]-6-methyl-4-(2,3,4-

trifluorobenzyl)morpholin—-3-one

197 mg of the title compound was obtained
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from (S)-2-hydroxy-6-methyl-4-(2,3,4- trifluorobenzyi)morpholin-3-one
(196 mgq), thionyi chloride (500 RL), triphenyiphosphine (243 mg), and 3-
methoxy-4-(4-methyl-1H-imidazoi-1-yi)benzaidehyde (139 5 mg) in the
same manner as in Example 1. 'H-NMR(CDC13)5(ppm):
1.46(d,J=6.4Hz,3H),2.31(s,3H),3.39(dd,J=12.8,2.8Hz,1H),
3.55(dd,J=12.8,9.6Hz,1H),3.85(s,3H),4.37-4.40(m,1H),

45808 3£ 83 2HZ My £ 277 (P IR E5. Dy 14) 8 86¢s?TH),6.93 10

(s,1H).6.94-7.03(m 7.16-7.24(m,1H),7.21(d,J=8.4Hz, ,

S T SRy DR S L, S e vy v
mMéizAR8IMaEH] s[04 4p1 15 Example 8,5yibesis ohe (243 mg), and 3-
(2)-(R)-2-[1-[3-methoxy-4-(4-methyl-IH-
imidazaixlrydphenyfiatathylidenel6imethyl-41(2y3,4benzaldehyde (139
trifiuorobenzyiymorpholin-3-one [Formula 28] O F MeO NF NON F 17
SPAthesis JftR)-13(E3 BaRfGSrobenzyiafiid)prdpah: 20 2-01 1.09 g of

BRI g o 25 eraeye 10)
l1.46(d,J=6.4Hz,3H),2.31(s,3H),3.39(dd,J=12.8,2.8Hz,1H),
3.55(dd,J=12.8,9.6Hz,1H),3.85(s,3H),4.37-4.40(m, 1H),
4.68(d,J=15.2Hz,1H),4.77(d,J=15.2Hz,1H),6.86(s,1H),6.93
(s,1H),6.94-7.03(m,1H),7.16-7.24(m, 1H),7.21(d,J=8.4Hz,
1H),7.33(dd,J=8.4,2.0Hz,1H),7.52(d,J=2.0Hz,1H),
7.75(s,1H) .

ESI-MS;m/z458 [M" +H] .
[0145]

Example 6

Synthesis of (Z2)-(R)-2-[1-[3-methoxy-4—(4-methyl-1H-

imidazol-1-yl)phenyl]lmethylidene]-6-methyl-4-(2,3,4-

trifluorobenzyl)morpholin—-3-one

[Formula 28]

e) F
MeO:I:::r/Qj/ﬂ\N//\Tii:lf
N//\N Oj) F

Synthesis of (R)-1-(2,3,4-trifluorobenzylamino)propan—

2—-01

1.09 g of the title compound was obtained
from 2,3,4-trifluorobenzaldehyde (1.0 g), (R)-1l-amino-

2-propanol (704 mg), acetic acid (1.79 mL), and sodium
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triacetoxyborohydride (2.65 g) in the same manner as in Example 1. The
NMR values of the compound corresponded to those of the S-isomer.
[0146] 5 Synthesis of (R)-6-methyl-4-(2,3,4-
trifiuorobenzyi)morpholine-2,3-dione 874 mg of the title compound was
obtained from (R)-1-(2,3,4-trifluorohenzyiamino)propan-2-oi (1.09 g) and
diethyl oxalate (8.0 mL) in the same 10 manner as in Example 1. The

NMR Y8RieS B0 ebmpbufa dorréspontiedto theseSafife S isspierds 1n

[Q147] Synthesis of (R)-2-hydroxy-6-methyl-4-(2,3,4-
tﬁ%ﬁ%&gge%z@i)mo%‘r%olﬁ@o‘ﬁ%ql%eflf erftng)éck))fethg ?mgoc%rrlr(ljpocu%r Was onded
obtaineg, from, R)}-Gunethyl4:(2.3,4-trifluorobenzyi)morpholine- 2,3-dione
(350 mg) and a 1 M solution of lithium tri- sec-butyiborohydride in THE

(1149 A¢L)) in the same manner as in Example 1. The NMR values of the
compound 20 corresponded to those of the 3S-i20mer. [0148] Synthesis of

(B4 -

obtained from gR}i2hydeaxy-Granethyli4-(2.8mbound was obtained
trifiuorobenzyi)morpholin-3-one (213 mg), thionyi chloride (500 L),
triphenyipRosphineé (264 nig)i g SriB@enzylamino) propan—-2-ol

(1.09 g) and diethyl oxalate (8.0 mL) in the same

manner as in Example 1. The NMR values of the compound
corresponded to those of the S-isomer.
[0147]

Synthesis of (R)-2-hydroxy—-6-methyl-4-(2,3,4-

trifluorobenzyl)morpholin—-3-one

213 mg of the title compound was obtained
from (R)-6-methyl-4-(2,3,4-trifluorobenzyl)morpholine-
2,3-dione (350 mg) and a 1 M solution of lithium tri-
sec-butylborohydride in THF (1.49 mL) in the same
manner as in Example 1. The NMR values of the compound
corresponded to those of the S-isomer.

[0148]

Synthesis of (Z2)-(R)-2-[1-[3-methoxy-4—(4-methyl-1H-

imidazol-1-yl)phenyl]methylidene]-6-methyl-4-(2,3,4-

trifluorobenzyl)morpholin—-3-one

187 mg of the title compound was obtained
from (R)-2-hydroxy-6-methyl-4-(2,3,4-
trifluorobenzyl)morpholin-3-one (213 mg), thionyl

chloride (500 pL), triphenylphosphine (264 mg), and 3-
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methoxy-4-(4-methyl-1H-imidazoi-1-yi)benzaidehyde (151 mg) in the
same manner as in Example 1. The NMR values of the compound
corresponded to those of the S-isomer. [0149] 5 Example 7 Synthesis of
(2)-4-[(S)-1-(4-fiuorophenyi)ethyi]-2-[1-
[3-methoxy-4-(4-methyl-1H-imidazoi-k0
yi)phenyl]methylidene]-6,6-dimethyimorpholin-3-one [Formula 29] O

Méﬁmowoﬁ: N —TSyiritbsid of AT]{S)RE: %4 filiotopheryd ethyritiing]-21 > 1
eth¥1|p£ an-2-ol IsobuEerne OXIde nd gS)

fluc()qroplgieny ?hyﬁamlne 5 mI3 were aéidae to a solutllf)n ofl\i%u‘ﬁ]alues

perehiarate d4B ahin anvethes (24 L ML) &t roepdemperature; anddher .
reaction 15 solution was stirred at room temperature for 1.5 hours.

IsbbuBAane oxide (0.5 mL) was added to the reaction solution, which was
then stirred overnight. Ice water and chloroform were added to the
ré=680R S8lufion, and the organic layer was separated. Thereafter, the 20

. #@:&'@ﬁ%wé‘; 'E?’—Oi’—ei %‘EK‘YQV—OPE—: %%%%%%‘ﬂeﬁ%'ﬁtéé@fﬁ‘@@— -

cqlsmnechrematagraphysising) asilicagel {ehioroform:2-propanoi = 100:1
to 1:1) to 151
y1l)phenyl]lmethylidene] -6, 6-dimethylmorpholin-3-one

[Formula 29]

W*@

Synthesis of 1-[(S)-1-(4-fluorophenyl)ethylamino]—-2-

methylpropan—-2-ol

Isobutylene oxide (1.0 g) and (S)-1-(4-
fluorophenyl)ethylamine (2.25 mL) were added to a
solution of lithium perchlorate (14.8 g) in an ether
(27.8 mL) at room temperature, and the reaction
solution was stirred at room temperature for 1.5 hours.
Isobutylene oxide (0.5 mL) was added to the reaction
solution, which was then stirred overnight. Ice water
and chloroform were added to the reaction solution, and
the organic layer was separated. Thereafter, the
organic layer was dried over anhydrous magnesium
sulfate and then concentrated under reduced pressure.
The residue was purified by column chromatography using

a silica gel (chloroform:2-propanol = 100:1 to 1:1) to
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obtain 2.13 g of the title compound. 'H-NMR(CDC13)5(ppm):
1.13(s,3H),1.16(s,3H),1.35(d,J=6.8Hz,3H),2.32(d,J=11.6H
z,1H),2.44(d,J=11.6Hz,1H),3.75(q,J=6.8Hz,1H),6.99- 5
7.10(m,2H),7.23-7.30(m,2H). [0150] Synthesis of
4-[(S)-1-(4-fiuorophenyi)ethyi]-6,6- diptethyimorpholine-2,3-dione 1.44 g of
the title compound was obtained 10 from

1?@35111(!4 fiudrophefyi)éthglabiihdR2 CRBRFBI®pan-2-01 (2.13 g) and

%&%ﬁ%&p@pﬂ%ﬂp the same manner as in Example 1.

119(3,3H).3:184(3. 309, 1:56(d) =682, 3H) 3:00(d:-)=13)61 .15 (4, 5=11. 61
z,1H),3.31(d,J=13.6Hz,1H),6. 02(q J=6.8Hz,1H),7.06-
740(m)2H), 2.3047,.36(, 266) z [01D51] Byhthesiseb . 8Hz, 1H) , 6. 99—
4-[(S)-1-(4-fiuorophenyi)ethyi]-2-hydroxy- 6,6-dimethyimorpholin-3-one 20
2@6%%%?“@%0%%& rﬁlg\}\ﬂs%%{amed from
gﬁ ks (4- -fiuorophenyi)ethyi]-6,6- dimethyimorpholine-2,3-dione (1.20 g)
solution of lithium tri-sec-butyiborohydride in THE (4.97 mL) in
h@y&fﬁﬁ% mannef ag-in Examplg 4- 25ud NMREGRO13)biPpPMm)6, 6 -
0.97(s,1.5H),1.08(s,1.5H),1.24(s,1.5H),1.31(s,1.5H),
1 &2, 926 Bz LBR) 1053(d J=678192.¢ .5H),2.05(s,3H),
2.79(d,J=12. 8Hz O 5H%2 .87(d,J=12. 8Hz 0.5H),3.08(d,J= 152

the titl ¢ compound was obtained

from 1-[(S)-1-(4-fluorophenyl)ethylamino]-2-
methylpropan-2-o0l (2.13 g) and diethyl oxalate (7.0 mL)
in the same manner as in Example 1.

'H-NMR (CDC13) & (ppm) :
1.19(s,3H),1.44(s,3H),1.56(d,J=6.8Hz,3H),3.00(d,J=13.6H
z,1H),3.31(d,J=13.6Hz,1H),6.02(gq,J=6.8Hz,1H),7.06-
7.10(m,2H),7.30-7.36(m, 2H) .

[0151]

Synthesis of 4-[(S)-1-(4-fluorophenyl)ethyl]-2-hydroxy—

6,6—-dimethylmorpholin—-3-one

1.22 g of the title compound was obtained
from 4-[(S)-1-(4-fluorophenyl)ethyl]-6,6-
dimethylmorpholine—-2,3-dione (1.20 g) and a 1 M
solution of lithium tri-sec-butylborohydride in THF
(4.97 mL) in the same manner as in Example 1.

'H-NMR (CDC13) & (ppm) :
0.97(s,1.5H),1.08(s,1.5H),1.24(s,1.5H),1.31(s,1.5H),
1.52(d,J=6.8Hz,1.5H),1.53(d,J=6.8Hz,1.5H),2.05(s,3H),

2.79(d,J=12.8Hz,0.5H),2.87(d,J=12.8Hz,0.5H),3.08(d,J=



10

15

20

25

12.8Hz,0.5H),3.13(d,J=12.8Hz,0.5H),3.77(brs,1H),5.26(d,
J=4.0Hz,0.5H),5.29(d,J=4.0Hz,0.5H),5.93(q,J=6.8Hz,
0.5H),5.99(q,J=6.8Hz,0.5H),7.03-7.07(m,2H),7.26- 7.35(m,2H). 5 [0152]
Synthesis of (Z)-4-[(S)-I-(4-fluorophenyi)ethyi]-2-[I-
[3-methoxy-4-(4-methyl-1H-imidazoi-b2
yi)phenyl]methylidene]-6,6-dimethyimorpholin-3-one 500 mg of the title
carhp8tifd Wastobtdined (€0 froht - 8Hz, 0. 5H), 3.77(brs, 1H),5.26(d,
4- }@- -g}ﬁleo egy% th I]-}-%yq{g%yg% %tr%mor %ln- one

(1.21 g), thionyi chlbride 3 triphényip |ne

3methpxy-4¢(dt yethyl- B-imidazei-1-yipenzaidehyde (880;mgy in the

same manner as in Example 1. 15 'H-NMR(CDC13)5(ppm):

1.358¢,J=6 8Hz,3H),1.57(d,J=7.2Hz,3H),2.30(s,3H),2.89

(dd,J=12.8,9.2Hz,1H),3.18(dd,J=12.8,2.8Hz,1H),3.85(s, 3H),4.31
%%r?i?iH) 6. 11(q J=7.2Hz 1H) 6. 88(5 1H) 6. 93(s 1H) 20

8 agldn%za&y@ﬂues'tsqotr@if(ﬁi-zhEéS)tﬂqj(&awaaphenyi)ethyi]-Z-
[1-[3-methoxy-4-(4-methyl-1H-imidazoi-I-
yiyghenyiimettiyiieienhe]-6dnathyimoerpholing-dre apd g2plin-3-one
(S)-4-[(S)-1-(4-f5l%%r01[(3\gegyl)ethyl] -2-[1-[3-methoxy-4 153

the” title compound was obtained

from 4-[(S)-1-(4-fluorophenyl)ethyl]-2-hydroxy-6, 6-
dimethylmorpholin-3-one (1.21 g), thionyl chloride (3.3
mL), triphenylphosphine (1.42 g), and 3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)benzaldehyde (880 mg) in the
same manner as in Example 1.

'H-NMR (CDC13) & (ppm) :
1.35(d,Jd=6.8Hz,3H),1.57(d,Jd=7.2Hz,3H),2.30(s,3H),2.89
(dd,J=12.8,9.2Hz,1H),3.18(dd,J=12.8,2.8Hz,1H),3.85 (s,
3H),4.31-
4.36(m,1H),6.11(gq,JdJ=7.2Hz,1H),6.88(s,1H),6.93(s,1H),
7.03-7.08(m,2H),7.20(d,J=8.0Hz,1H),7.29-7.35(m, 3H),
7.52(d,JdJ=2.0Hz,1H),7.75(s,1H) .

ESI-MS;m/z450[M" +H] .

[0153]

Examples 8 and 9

Synthesis of (Z2)-(R)—-4-[(S)-1-(4-fluorophenyl)ethyl]-2-

[1-[3—-methoxy—-4—(4—-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6-methylmorpholin-3-one and (Z)-

(S)—-4-[(S)-1-(4-fluorophenyl)ethyl]-2-[1-[3-methoxy—-4-
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(4-methyl-IH-imidazoi-l-yi)phenyllmethylidene]-6- methyimorpholin-3-one
[Formula30]O O MeONMeON /OJI/FN NO\FN N~ Synthesis of
1-[(S)-I-(4- fiuorophenyi)ethylamino]propan-2-one 5 A mixture of
(S)-1-(4-fluorophenyi)ethylamine (5.0 g), chloroacetone (4.78 mL),
cesium carbonate (13.9 g), and DMF §50 mL) was stirred at room
temperature overnrght The reactron solutron was drluted wrth water and

Ia%er was drreqloYer arghydrous magnesium sulfate and then

ressure. The residue was purified by
cqlpgmrm_rgrr@@qgraphy using a silica gel (hexane:ethyl acetate = 5:1 to
0:100) to obtain 5.1 g 15 of the title compound. 'H- NMR(CDClB)S(ppm)
1.37(d,J=6. 8Hz 3H) 2M7(s,3

6.8MN0H),6 Q3(M 2
[0154] Sy 3iS 0 1
N/\N

Synthesis of 1-[(S)-1-(4-

fluorophenyl)ethylamino]propan—-2-one

A mixture of (S)-1-(4-fluorophenyl)ethylamine
(5.0 g), chlorocacetone (4.78 mL), cesium carbonate
(13.9 g), and DMF (50 mL) was stirred at room
temperature overnight. The reaction solution was
diluted with water and ethyl acetate, and then the
organic layer was separated. The organic layer was
dried over anhydrous magnesium sulfate and then
concentrated under reduced pressure. The residue was
purified by column chromatography using a silica gel
(hexane:ethyl acetate = 5:1 to 0:100) to obtain 5.1 g
of the title compound.
'H-NMR (CDC13) & (ppm) :
1.37(d,J=6.8Hz,3H),2.07(s,3H),3.37(s,2H),3.74(q,d=
6.8Hz,1H),6.97-7.03(m,2H),7.24-7.29 (m, 2H) .
ESI-MS;m/z196 [M" +H] .
[0154]

Synthesis of 1-[(S)-1-(4-

fluorophenyl)ethylamino]propan—-2-ol

Sodium borohydride (2.39 g) was added to a
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Sodium borohydride (2.39 g) was added to a 154 solution of
1-[(S)-1-(4-fiuorophenyi)ethylamino]propan- 2-one (2.5 g) in ethanol (25
mL) under ice-cooling, and then the reaction solution was stirred at room
temperature for one hour. The reaction solution was 5 diluted with ice
water and ethyl acetate, and then thes prganic layer was separated. The
organic layer was dried over anhydrous magnesium sulfate and then

cérentratéd ahdérretiiced plesstirel CTRPREIaUE ®A8 YaaHigrdypr opan-

column ch tography using a sili el 10 (chigroform:2-propanoi =
[G0.T15 01200) © ontdin S 18 00t th B doriid e & St
mixtdre. t FeNMR(CGDCI3)SARM) on was stirred at room
1.09(d,J=6.4Hz,0.9H),1.10(d,J=6.0Hz,2.1H),1.35(d,J=

7 26420 9B), 1r36 (6I=6041dz ReiH), 2. 22 fud, =12:0,906Hz,015 t ion was
0.3!:%,2.33(dd,,J:12,0,9.2Hz,0.7H),2.52(dd,J:12.4,3.6Hz,
0TH) Z58(dL=11162 8144, 6 3H) Ble £8BB(nf6 3k LS, and then the

3.74-3. ; 6.99-7. 7,24-7.29 ._[015 thesis of
AT A s e o
thertitledcampeunth wag obtained @sca diastereomaranixire fram
1-[(S)-1-(4- fluorophenyi)ethylamino]propan-2-o0l1 (1.18 g) and diethyl
oxalatec@ 06 it intiftesame dnamseasin 25 Exampleel residue was
'H-NMR(CDC13)5(ppm

) | .
1B1Fd J26 BrL 87,1757 (AR T A 55 5% 8o 11 Tea gel

(chloroform:2-propanol = 100:1 to 0:100) to obtain 1.18
g of the title compound as a diastereomer mixture.
'H-NMR (CDC13) & (ppm) :
1.09(d,J=6.4Hz,0.9H),1.10(d,J=6.0Hz,2.1H),1.35(d,Jd=
7.2Hz,0.9H),1.36(d,J=6.4Hz,2.1H),2.22(dd,J=12.0,9.6Hz,
0.3H),2.33(dd,J=12.0,9.2Hz,0.7H),2.52(dd,J=12.4,3.6Hz,
0.7H),2.59(dd,J=11.6,2.8Hz,0.3H),3.61-3.66 (m,0.3H),
3.74-3.80(m,0.7H),6.99-7.03(m, 2H),7.24-7.29 (m, 2H) .
[0155]

Synthesis of 4-[(S)-1-(4-fluorophenyl)ethyl]-6-

methylmorpholine-2, 3-dione

1.20 g of the title compound was obtained as
a diastereomer mixture from 1-[(S)-1-(4-
fluorophenyl)ethylamino]propan-2-o0l (1.18 g) and
diethyl oxalate (4.06 mL) in the same manner as in
Example 1.
'H-NMR (CDC13) & (ppm) :
1.31(d,J=6.8Hz,1.8H),1.37(d,J=6.8Hz,1.2H),1.55(d,J=6.8H

z,1.2H),1.56(d,J=6.8Hz,1.8H),2.96(dd,J=12.0,9.6Hz,0.6H)
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z,1.2H),1.56(d,J=6.8Hz,1.8H),2.96(dd,J=12.0,9.6Hz,0.6H) 155
,3.04(dd,J=12.0,3.6Hz,0.4H),3.26(dd,J=12.0,3.6Hz,0.6H),
3.38(dd,J=12.0,9.6Hz,0.4H),4.42-4.52(m,0.4H),4.64-
4.74(m,0.6H),5.93-6.02(m,1H),7.09-7.12(m,2H),7.29- 7.39(m,2H). 5
[0156] Synthesis of 4-[(S)-1-(4-fluoropbenyi)ethyi]-2-hydroxy-
6-methyimorpholin-3-one 382 mg of the title compound was obtained as a

dieStehedRRr Ritard fromPAH(S)-14 16 - 26 (dd, J=12.0, 3. 68z, 0. 6H) ,

fluor yi)ethyl]-6-methyimarpholine-2,3-dipne (500 .mg) an M
s%lugogr? %%ﬁtfi_uqré tr?—%rgégg&ty%b?ﬂyc%idén %—% ffl 18 'm%ﬁh 2ihagléame
manner as dndrxample 4. H-NMR(GREC13)3PPm) 123 m, 21) , 7. 29-
1.19(d,J=6.8Hz,1.5H),1.20(d,J=6.8Hz,1.5H),1.53(d,
J56.8B£18H)ER.61(dd,J=12.4,10.8Hz,0.5H),2.74(dd,
J=12.0,2.8Hz,0.5H),2.94(dd,J=12.4,2.8Hz,0.5H),3.12(dd,

J3P36%4 .2Hz,0.5H),4.11-4.26(m,0.5H),4.37-

sﬁnmés'isﬁné&@bﬁ@sﬁ@r@uo'rophe’nyi)étﬁyi]-Z-'
[1-[3-methoxy-4-(4-methyl-1H-imidazoi-l 25
yi)phenylmethylitlene 6 miethyimarphblinScomeand (Xps obtained as

(S)-4-[(S)-1-(4-fluorophenyi)ethyl]-2-[1-[3-methoxy-4-
(45-?m ﬁ%%ﬁ?—f—ﬁﬁfﬁ%ﬁo m}ﬁs)[fp%%y%ﬂﬁ%%yﬁaéﬁé]l -

fluorophenyl)ethyl]-6-methylmorpholine-2, 3-dione (500

mg) and a 1 M solution of lithium tri-sec-
butylborohydride in THF (2.19 mL) in the same manner as
in Example 1.

'H-NMR (CDC13) & (ppm) :
1.19(d,J=6.8Hz,1.5H),1.20(d,J=6.8Hz,1.5H),1.53(d,
J=6.8Hz,3H),2.61(dd,J=12.4,10.8Hz,0.5H),2.74(dd,
J=12.0,2.8Hz,0.5H),2.94(dd,J=12.4,2.8Hz,0.5H),3.12(dd,
J=12.0,11.2Hz,0.5H),4.11-4.26(m, 0.5H) ,4.37-
4.42(m,0.5H),5.35(s,0.5H),5.37(s,0.5H),5.95(g,J=6.8Hz,
0.5H),5.99(g,J=6.8Hz,0.5H),7.02-7.07(m, 2H) , 7.25-
7.32(m, 2H) .

[0157]

Synthesis of (Z2)-(R)—-4-[(S)-1-(4-fluorophenyl)ethyl]-2-

[1-[3-methoxy—-4—(4—-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6-methylmorpholin-3-one and (Z)-

(S)-4-[(S)-1-(4-fluorophenyl)ethyl]-2-[1-[3-methoxy—-4-

(4-methyl-1H-imidazol-1-yl)phenyl]methylidene]-6-

methylmorpholin-3-one
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methyimorpholin-3-one 156 628 mg of the title compound was obtained
as a diastereomer mixture from 4-[(S)-I-(4-
fiuorophenyi)ethyl]-2-hydroxy-6-methyimorpholin-3-one (382 mg), thionyi
chloride (330 L), triphenyiphosphine 5 (504 mg), and
3-methoxy-4-(4-methyl-IH-imidazoi-f-34)benzaidehyde (294 mg) in the
same manner as in Example 1. A part of the diastereomer mixture was
separated by CHIRARCELTNHER-Aihafufaeiired by DEiceloEheniical as
Indu trles Ltd. 52 cm X 25 cm; mpblle pgaznlzo lfezqine :ethanol = 80:20)

to obtain t Tﬁe “title op]ilcaﬁy ac]flve c%(r)nnboun h a retention time of 25

minutes 98%, dek-and the title, gptically active eapurdith &3 —one
retention time of 29 minutes (>95% de). The property values of the title
opticallyme3 active compouhnd withdee retéitionttinne thJQEDﬂmmLMéQhO sphine
(Example 8? are as follows. 1H-NMR(CDC13 o

1.880d J26 AR, £ 5BEE IoF o7 3H), 596 )@'gﬂ —imidazol-1-

Z %%gl £%§Q%4H & 433&\ q‘]l%z @hg 6H§I!\H) rganner as ln
b i

5(s,3H),4.09-4 q,J=7.2Hz,H

6E@$ﬁﬁﬂé394@|N)§d¥%7éﬁxﬂh%HHZ£é@éﬂe%£éﬁ,mlxture was
1H),7.32-7.36(m,3H),7.53(d,J=2.8Hz,IH),7.74(s,IH). ESI-MS;

mMZAZ6[RIt-eM). hYleCﬁﬂrbbéhgiE'hfueéP of thentitieidptidally <25 agtie icel
compound with a retentjon tlme of 29 mlnut(;:‘ns >gExamgle 9) are.as follows.

1HNIR(EDCTSfB (7S Led- (= © mobile phase:

hexane:ethanol = 80:20) to obtain the title optically
active compound with a retention time of 25 minutes
(>95% de) and the title optically active compound with
a retention time of 29 minutes (>95% de).

The property values of the title optically
active compound with a retention time of 25 minutes
(Example 8) are as follows.

'H-NMR (CDC13) & (ppm) :
1.38(d,J=6.4Hz,3H),1.55(d,J=7.2Hz,3H),2.30(s,3H),
2.97(dd,J=12.8,2.4Hz,1H),3.33(dd,J=12.8,9.6Hz,1H),
3.85(s,3H),4.09-4.12(m,1H),6.13(g,JdJ=7.2Hz,1H),
6.89(s,1H),6.94(s,1H),7.03-7.09(m,2H),7.21(d,J=8.4Hz,
1H),7.32-7.36(m,3H),7.53(d,J=2.8Hz,1H),7.74(s,1H).
ESI-MS;m/z436 [M" +H] .

The property values of the title optically
active compound with a retention time of 29 minutes
(Example 9) are as follows.

'H-NMR (CDC13) & (ppm) :

1.35(d,J=6.8Hz,3H),1.57(d,J=7.2Hz,3H),2.30(s,3H),
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1.35(d,J=6.8Hz,3H),1.57(d,J=7.2Hz,3H),2.30(s,3H), 157
2.89(dd,J=12.8,9.2Hz,1H),3.18(dd,J=12.8,2.8Hz,1H),
3.85(s,3H),4.31-4.36(m,1H),6.11(q,J=7.2Hz,1H),
6.88(s,1H),6.93(s,1H),7.03-7.08(m,2H),7.20(d,J=8.0Hz,
1H),7.29-7.35(m,3H),7.52(d,J=2.0Hz 1H),7.75(s,1H). 5 ESI-MS;
m/z436 M"+H]. [0158] Examples 10 and 11 Synthe3|s of

(ZZ) AP Féjméﬂic%(}ﬁ4%4%&]éth}ﬂ\'_y3 18(dd,J=12.8,2.8Hz,1H),

[ 0|1 heny. ehI -4-[(S)
tri Iuorob%e%%% %riﬁolr}pé %ﬁe a%nd![(g%’%l ]Z? 2Hz, 1H)
methaxyed-(meshylsli-imidazel- byl)@h@@xl}}m@thyl,lderﬁh%[(&gl.-@qé,ﬁ-
trifluorophenyi)ethyilmorpholin-3-one [Formula 31] p O = MeO IN | F MeO
| INIFF, NOZBENORO(R, B F Bynthesis/ek2)843,4ib 15 . 75 (s, 1H) .
trifluoro henyl)et Iamlr:ﬂlﬁthanoi A mixture of
354%1&%’? 6%n (2.0 g), ethanolamine (2.0 g), and toluene (20
ml) Was, heated under refiux in a Dean-Stark apparatus for 2.5 hours.
The reaction solution was concentrated under 20 reduced pressure, and
therdhe residue wasgdiluted with ethanol (30 mL) and sodium

borohydride (1.0 g) was added under ice-cooling. The mixture was stirred
abynthesis of (Z)-2-[1-[3-methoxy—-4-(4-methyl-1H-

imidazol-1-yl)phenyl]methylidene]-4-[(S)-1-(3,4,5-

trifluorophenyl)ethyl]lmorpholin-3-one and (Z)-2-[1-[3-

methoxy—-4-(4-methyl-1H-imidazol-1-

y1l)phenyl]methylidene]-4-[(R)-1-(3,4,5-

trifluorophenyl)ethyl]lmorpholin—-3-one

Synthesis of 2-[1-(3,4,5-

trifluorophenyl)ethylamino]ethanol

A mixture of 3,4,5-trifluoroacetophenone (2.0
g), ethanolamine (2.0 g), and toluene (20 mL) was
heated under reflux in a Dean-Stark apparatus for 2.5
hours. The reaction solution was concentrated under
reduced pressure, and then the residue was diluted with
ethanol (30 mL) and sodium borohydride (1.0 g) was
added under ice-cooling. The mixture was stirred at

room temperature for three hours and then diluted with
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room temperature for three hours and then diluted with 158 a 2 N sodium
hydroxide solution and chloroform. Thereafter, the organic layer was
separated. The organic layer was dried over anhydrous magnesium
sulfate and then concentrated under reduced pressure. 5 The residue was
purified by column chromatographyising a silica gel
(chioroform:methanoi = 50:1 to 5:1) to obtain 860 mg of the title

c@ﬂﬁoﬁn@O@+Pﬂwﬁ@ﬂ9€igﬁﬂpﬁﬁéUtlon and chloroform.

3555 B0 3006 65 7 66(11 oF). D180] Syruhesi ar s 43"

tf@k‘@ﬁ%ﬂi@nw?@y'm@éphﬁ“ﬂ@# 3wdiene 340ma ok thetifle-campound
was obtained 15 from 2-[1-(3,4,5-trifiuorophenyi)ethylamino]ethanoi (860

mg) ahd hethyboxdiate (5c0hnr) i heesame dmannedas #atErampleite .
'H-NMR(CDC13)5(ppm):

1.55¢d,556 ﬂ‘ri}keslﬂf)a’& 1893 1 ARAHYB. 628988 (nf PHpmago9raphy using
4.31:4.37(m.1 f ‘f}%yh %@8&%@)@?%&&&4“2 L)1 6.97-6.04(m 2H).
[0160 Synthesis o ydroxy-4

trkﬁlb@mnhe@wet{!{gl]amr@m@mta—@n@ 25263 gHef the title compound was
obtained as a diastereomer mixture from 4-[1-(3,4,5-

trifiiofBHEREethyimompholine-2,3-dione (340 mg) and

1.36(d,J=6.8Hz,3H),2.56-2.68(m,1H),2.68-2.73(m,1H),
3.62-3.80(m,3H),6.92-7.00(m, 2H) .
[0159]

Synthesis of 4-[1-(3,4,5-

trifluorophenyl)ethyl]lmorpholine-2, 3-dione

340 mg of the title compound was obtained
from 2-[1-(3,4,5-trifluorophenyl)ethylamino]ethanol
(860 mg) and diethyl oxalate (5.0 mL) in the same
manner as in Example 1.

'H-NMR (CDC13) & (ppm) :

1.55(d,J=6.4Hz,3H),3.15-3.21(m, 1H),3.52-3.59(m, 1H),
4.31-4.37(m,1H),4.41-4.46(m,1H),5.90(g,J=6.4Hz,1H),
6.97-7.01(m, 2H) .

[0160]

Synthesis of 2-hydroxy-4-[1-(3,4,5-

trifluorophenyl)ethyl]lmorpholin—-3—-one

273 mg of the title compound was obtained as
a diastereomer mixture from 4-[1-(3,4,5-
trifluorophenyl)ethyl]lmorpholine-2,3-dione (340 mg) and

a 1 M solution of lithium tri-sec-butylborohydride in
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a 1 M solution of lithium tri-sec-butyiborohydride in 159 THE (1.45 mL) in
the same manner as in Example 1. 1H-NMR(CDC13)5(ppm):
1.52(d,J=7.2Hz,3H),2.78-2.83(m,0.5H),2.95-3.03(m,0.5H),
3.10-3.15(m,0.5H),3.43-3.50(m,0.5H),3.78-3.84(m,0.5H), 5
4.12-4.18(m,0.SH),4.22-4.28(m,0.SH) &.24(brs,1H),
5.34(s,0.SH),5.36(s,0.SH),5.88-5.98(m,1H),6.92- 6.99(m,1H). [0161]
S?Hﬁ]eéﬂs (ﬁff(zy@[ll[g rheMoRGRe(Amelf-Ias16n Example 1.

imi aﬁﬁ ](é@ ]lﬁet ylidene]-4-[(S)-1-(3,4,5

tri uoro eny grp olin-3-one and (2)-2-[1-[3-

methoxye &4fm@thyl,%lﬂﬂﬂmzd.aigmb yiphenyllwethylidenelA-i(Rird- 3,45 ,
trifluorophenyi)ethyilmorpholin-3-one 15 145 mg of the title compound was
obtairedad alracentdie fromt 2-hydrdxyr4J1-g8.4,5-. 78-3.84 (m, 0.5H),

trlfluorophené/geth |]morphoI|n -3-one (273 m%) thlonyl chloride Igl 12 mL),
triph&AyiphdSpHing (360 nig)2and 8¢° H),4.24(brs, 1

ety maiy i icazel - henraidef e, @04.20/50) i he

same manner as in Example 1. 1H- NMR(CDC13)5
1.55¢ch, 976 .8z, 3H),2.29(s,3H),3.08-3.13(m,1H),3. 48-
3.55(m,1H),3.85(s,3H),4.08-4.14(m,1H),4.23-4.27(m,1H),
6.06{¢,J+6.8Hz,1H), 6 90(5 1H),6.92(s, 1H) 6.96 25

37(d

imidazol-1-yl)phenyl]methylidene]-4-[(S)-1-(3,4,5-

trifluorophenyl)ethyl]lmorpholin-3-one and (Z)-2-[1-[3-

methoxy—-4—-(4-methyl-1H-imidazol-1-

y1l)phenyl]methylidene]-4-[(R)-1-(3,4,5-

trifluorophenyl)ethyl]lmorpholin—-3-one

145 mg of the title compound was obtained as
a racemate from 2-hydroxy-4-[1-(3,4,5-
trifluorophenyl)ethyl]lmorpholin-3-one (273 mg), thionyl
chloride (1.12 mL), triphenylphosphine (360 mg), and 3-
methoxy-4—-(4-methyl-1H-imidazol-1-y1l)benzaldehyde (204
mg) in the same manner as in Example 1.
'H-NMR (CDC13) & (ppm) :
1.55(d,J=6.8Hz,3H),2.29(s,3H),3.08-3.13(m,1H),3.48-
3.55(m,1H),3.85(s,3H),4.08-4.14(m,1H),4.23-4.27(m, 1H),
6.06(gq,J=6.8Hz,1H),6.90(s,1H),6.92(s,1H),6.96-
7.02(m,2H),7.20(d,J=8.0Hz,1H),7.37(dd,J=8.0,1.6Hz,1H),
7.38(d,J=1.6Hz,1H),7.71(s,1H).
ESI-MS;m/z458 [M" +H] .

A part of the racemate was separated by
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A part of the racemate was separated by 160 CHIRALPAKTM IA
manufactured by Daicei Chemical Industries, Ltd. (2 cm X 25 cm; mobile
phase: hexane:ethanol = 80:20) to obtain the title optically active
compound with a retention time of 21 minutes 5 (>99% ee: Example 11)
and the title optically active compoumad with a retention time of 24 minutes

(95% ee: Example 10). The NMR values of the optically active
c6RpBaRESEorreshoraad f6 fiosesst the ricemate. J0EB2FEG Example

S nt esis of ( 4 [(S) roman 4 1-2-[1 ethox
4%28( yllﬁfc’f Zﬁazm 1- ;E/%phen)ﬁm)eéf[Lhyimdene?r%lt‘fL Hhase:
d'l@é%&@%'@%%@h@'ﬂb@ onegfropmyla:32] P Q iMe@ N NON 14 Qlpk/i ca11y
Synthesis of 1-[[(S)-chroman-4-yllJamino]-2- 15 methyipropan-2-ol 5.62 g
oftheditite cormpoundiwas obtained tfeorh lithiumiperchidbraté (29:6ug) an

etheré) 5.6 mL) (S)-4-aminochroman (4.13 g) obtained by a method
ddsHbRCR 2 documRert (sbe Ta%l%é]ﬂ%rﬁ& Lal Oﬁb\tzlﬁﬁh]rdpé’a%lve

Jourh {S‘ elGhemisiryz, 2993, ypl3,.p-A48a- %?0921%%%@8";) %‘%d

isobu ene oxide (3.46 mL) in the same manner as in Exampl e 1
Hﬂ&&ﬁﬁiéxlﬁ$50xxﬂk NMR values of the optically active

compounds corresponded to those of the racemate.
[0162]
Example 12

Synthesis of (Z)-4-[(S)-chroman-4-yl]-2-[1-[3-methoxy-

4—(4-methyl-1H-imidazol-1-y1l)phenyl]lmethylidene]-6, 6—

dimethylmorpholin-3-one

[Formula 32]

Synthesis of 1-[[(S)-chroman—-4-yl]amino]—-2-

methylpropan—-2-ol

5.62 g of the title compound was obtained
from lithium perchlorate (29.6 g), an ether (55.6 mL),
(S)—-4-aminochroman (4.13 g) obtained by a method
described in a document (see T. Mukaiyama et al., "A
European Journal of Chemistry", 2003, vol.9, p.4485-
4509, for example), and isobutylene oxide (3.46 mL) in
the same manner as in Example 7.

'H-NMR (CDC13) & (ppm) :



161 1.20(s,6H),1.93-1.98(m,1H),2.04-2.09(m,1H),2.69(s,2H),
3.80-3.85(m,1H),4.19-4.32(m,2H),6.83(d,J=8.4Hz,1H),
6.91(t,J=8.4Hz,1H),7.17(t,J=8.4Hz,1H),7.33(d,J=8.4Hz, 1H). 5 [0163]
Synthesis of 4-[(S)-chroman-4-y1]-6,6- dimethyimorpholine-2,3-dione

1.53 g of the title compound was obtained from
1-[[(S)-chroman-4-yilamino]-2-methyipropan-2-0i 10 (5.62 g) and diethyl
oxalate (0L ) th-thé shnie Manh@t ras N Exarfglémr. 1H) 2. 69 (s, ZH),

"H:NMR( 3)5(ppm 3
LASLS 3B Y2 103 LAy B8 3 - 42 180
323¢3,2H).4-18-430(m;3H)75.96(dd, =8 4 /:2H24H) 7183 (4, g=8. 41z,
6.90(d,J=8.4Hz,1H),6.95(t,J=8.4Hz,1H),7.05(d,J=8.4Hz,
1HN7Y.23(t,J=8.4Hz,1H). [0164] Synthesis of
4- %?)-chroman-4-yi]-2-hydroxy-6,6- dimethyimorpholin-3-one 20 1.11 g of
th ﬂt@éompound was obtained from

ione (1.50g)andalM

4-1(2): n-4-yil-6,6-dim imarphpline-2,3-
Hsliarensy o GemelyimaRnaie Bk dore (150 9 ande

mannet ay lindo@mple Yo 25, B-NMR(EDC13)5(ppm)
1.26(s,3H),1.31(s,1.5H),1.32(s,1.5H),2.10-2.25(m,2H),
2.99(d,J=13.2Hz;BHY, 305 (8 13=18 2HA1HpBaX @ d=was obtained
13%.2Hz,01.5H)[,4(1sl7-4.25ém,1H)4{.26-4.35(m,]1_H2,5.36(s

rom 1-] ) —chroman-4-yl]aminho “methylpropan-2-ol

(5.62 g) and diethyl oxalate (20 mL) in the same manner
as in Example 7.

'H-NMR (CDC13) & (ppm) :
1.45(s,3H),1.48(s,3H),2.10-2.17(m,1H),2.23-2.27(m, 1H),
3.23(s,2H),4.18-4.30(m,2H),5.96(dd,J=8.4,7.2Hz, 1H),
6.90(d,J=8.4Hz,1H),6.95(t,J=8.4Hz,1H), 7.05(d,J=8.4Hz,
1H),7.23(t,J=8.4Hz, 1H) .

[0164]

Synthesis of 4-[(S)-chroman-4-yl]-2-hydroxy-6,6—

dimethylmorpholin-3-one

1.11 g of the title compound was obtained
from 4-[(S)-chroman-4-yl]-6,6-dimethylmorpholine-2, 3-
dione (1.50 g) and a 1 M solution of lithium tri-sec-
butylborohydride in THF (6.0 mL) in the same manner as
in Example 7.
'H-NMR (CDC13) & (ppm) :
1.26(s,3H),1.31(s,1.5H),1.32(s,1.5H),2.10-2.25(m, 2H),
2.99(d,J=13.2Hz,0.5H),3.05(d,J=13.2Hz,1H),3.12(d,J=

13.2Hz,0.5H),4.17-4.25(m, 1H),4.26-4.35(m,1H),5.36 (s,
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162 0O.5H),5.37(s,0.5H),5.89-5.99(m,1H),6.84-6.87(m,1H),
6.90-6.94(m,1H),7.01-7.04(m,0.SH), 7.08-7.11(m,0.SH),
7.16-7.21(m,1H). [0165] 5 Synthesis of
(2)-4-[(S)-chroman-4-y1]-2-[1-[3-methoxy-
4-(4-methyl-1H-imidazoi-1-yi)phenyi]gethylidene]-6,6-
dimethyimorpholin-3-one Triphenyiphosphonium bromide (292 mg) was
a@dé&iﬁoés%mﬁénfbf%H[{sﬁcﬁr%n%r?% 1Py droRyt—fo 87 (m, 1H),

B“eéh%'%‘grpq?i ne (398 ma) ip a?“ﬁr jonitrile, (1p ?‘1— Jo20d e

reac ion solution’'wa heateg under refiu tivo’hours. The réac’uon

solutien was egneenfrated under reduced pressure. Ethanol (15 mL),
TEA (221 L), and 3-methoxy-4-(4-methyl-1H-imidazoi-l 15
yiJliertzaidehyde (138 mg) were added to the residue, and the reaction
solution Was heated( under re?ux for 2. 5 hours The reactlon solutl(%%was

fqld'%'l‘ r?éc?ﬂ qnate soliion and. th H%“fo%% _f‘ Hé@%” R'ledé%’fg%”'%—

W@gﬂéﬁwm&@l@ﬁ@nﬂrﬁ%@@ﬁgmed under reduced pressure. The
residue was purified by column chromatography using NH silica gel

(heptane:ethyi deatatee2 11 o I00) and flptleariZBpudfied By tolua
chromatography using a silica gel (he tane ethyi acetate = 1:1 to 0:100)

(R 167 e of e b mpouia KRB Lo oo

6,6—-dimethylmorpholin-3-one (196 mg) in acetonitrile

(10 mL), and the reaction solution was heated under
reflux for two hours. The reaction solution was
concentrated under reduced pressure. Ethanol (15 mL),
TEA (221 pL), and 3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzaldehyde (138 mg) were added to the residue, and
the reaction solution was heated under reflux for 2.5
hours. The reaction solution was concentrated under
reduced pressure and diluted with a saturated sodium
bicarbonate solution and ethyl acetate, and then the
organic layer was separated. The organic layer was
dried over anhydrous magnesium sulfate and concentrated
under reduced pressure. The residue was purified by
column chromatography using NH silica gel
(heptane:ethyl acetate = 1:1 to 0:100) and further
purified by column chromatography using a silica gel
(heptane:ethyl acetate = 1:1 to 0:100) to obtain 167 mg
of the title compound.

'H-NMR (CDC13) & (ppm) :
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163 1.42(s,3H),1.44(s,3H),2.14-2.22(m,2H),2.33(s,3H),
3.12(d,J=12.8Hz,1H),3.19(d,J=12.8Hz,1H),3.87(s,3H), 4.
22-4.34(m,2H),6.13(dd,J=8.8,6.8Hz,1H),6.86-
6.95(m,4H),7.10(d,J=7.2Hz,1H),7.19(d,J=7.2Hz,1H), 5
7.22(d,J=8.4Hz,1H),7.37(dd,J=8.4,1.6klz,1H),7.57(d,
J=1.6Hz,1H),7.80(s,1H). ESI-MS;m/z460[M +H]. [0166] Examples 13 and
14 16Kynthésis of (A!(S)4L)(85-chfomanr-4{i-2H1{3- 33 (s, 3H),

t 4 4-methyl-1H- z |
yi pkill(e)zn( fn“(jeth |dge¥1e] éﬁmé ylfr)r%orp'nolm-%%-grﬁlezarltuI(Z)3 87(s, 30),

(R):4-H(S)-chuqman:d-yl}-21[1+(3methoxy-4s(emethyiy , 6 . 56—
1H-imidazoi-1-yi)phenyl]methylidene]-6-methyimorpholin- 15 3-one
[Formulan33HD O O ke, N=N=z2447T170.3 g of theJtitle. céimpotnd was
obtained as a diastereomer mixture from lithium perchiorate (3.56

et 6 3 ) (G4 arhnodhrb AR (20 ) it ThGpuEne Sxiibi €00
RL) as g@tl glgna;eré Iaén 20 same manner as Example 7. The
mixture was separate HIRALPAKTM AD-H manufactured by Daicei
Chemicad ; m;d;;m'r@l@awttm (2 cm X 25 cm; mobile phase: ethanol 164
100%) to obtain the title optically active compound with a retention time of
18 pdifates (>99% de) and the

Examples 13 and 14

Synthesis of (Z)-(S)-4-[(S)—-chroman-4-yl1]-2-[1-[3-

methoxy—-4-(4-methyl-1H-imidazol-1-

yl)phenyl]lmethylidene] -6-methylmorpholin-3-one and (Z)-

(R)-4-[(S)—-chroman-4-yl]-2-[1-[3-methoxy—-4—-(4-methyl-

1H-imidazol-1-yl)phenyl]lmethylidene]-6-methylmorpholin-

3—-one

[Formula 33]

N

70.3 mg of the title compound was obtained as
a diastereomer mixture from lithium perchlorate (3.56
g), an ether (6.7 mL), (S)-4-aminochroman (1.0 g), and
propylene oxide (609 UL) as starting materials in the
same manner as Example 7. The mixture was separated by
CHIRALPAK™ AD-H manufactured by Daicel Chemical

Industries, Ltd. (2 cm X 25 cm; mobile phase: ethanol
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title optically active compound with a retention time of 20 minutes (95%
de). 5 The property values of the title optically active compound with a
retention time of 18 minutes (Example 13) are as follows.
'H-NMR(CDC13)5(ppm):
1.41(d,J=6.0Hz,3H),2.28-2.10(m,2H} 2.33(s,3H), 10
3.09(dd,J=13.2,3.2Hz,1H),3.17(dd,J=13.2,8.8Hz,1H),
3.%@'%5%3%,@.2@@&%%?3}%,G.é)?édﬁ,@ﬂ?.??ally active compound

6.8Hz,1H),6.86-6.95(m,4H),7.06(d,J=7.6Hz,1H o
e T ea o Atey-d 2 do) and the
1H), ¥ B5(s,3H) J-81(5, 14D 19 ESIMB30Z446IM i+ H]. The brenerty valbes
of the title optically active compound with a retention time of 20 minutes
(Exanplerid) are as fGlicivsiel-NMR(CDC13)5(ppm): 20

1.41(d,J=6.4Hz,3H),2.10-2.21(m,2H),2.36(s,3H), |
3.09(dd,J=12.813"8HP AP oF $3(d42T24258 0. 6AZ, 1) 1e optically

3%%%%§Qxéé%§é§§|nﬁ% %6&4 ckéﬁ%gbn ime of 18 minutes

7.2Hz,1H),6.86-6.96(m,4H),7.06(d,J=7.6Hz,1H),7.18-
7.264m2H)e7 . 38(d, 358 4Kz, 1)1 7.5%¢s,1H),7.89(s,1H). 25 ESI-MS;
m/z446[M +H]. [0167] Example 15 Synthesis of

(2 (SR (6 Rlorbpyiain)2-yimethyl)-2 165
[1-[3-methoxy-4-(4-methyl-IH-imidazol-I-

Vior e ey e Rme i phoee 2-33 (5: 380,

3.09(dd,J=13.2,3.2Hz,1H),3.17(dd,J=13.2,8.8Hz,1H),
3.87(s,3H),4.20-4.40(m,3H),6.07(dd,J=9.2,
6.8Hz,1H),6.86-6.95(m, 4H),7.06(d,J=7.6Hz,1H),
7.18(d,J=8.4Hz,1H),7.23(d,J=8.0Hz,1H), 7.38(d,J=8.4Hz,
1H),7.55(s,1H),7.81 (s, 1H).

ESI-MS;m/z446 [M" +H] .

The property values of the title optically
active compound with a retention time of 20 minutes
(Example 14) are as follows.

'H-NMR (CDC13) & (ppm) :
1.41(d,J=6.4Hz,3H),2.10-2.21(m,2H),2.36(s,3H),
3.09(dd,J=12.8,2.8Hz,1H),3.33(dd,J=12.8,10.0Hz, 1H),
3.87(s,3H),4.21-4.38(m,3H),6.14(dd,J=9.2,
7.2Hz,1H),6.86-6.96 (m, 4H),7.06(d,J=7.6Hz,1H),7.18-
7.26(m,2H),7.38(d,J=8.4Hz,1H),7.57(s,1H),7.89(s,1H).
ESI-MS;m/z446 [M" +H] .

[0167]

Example 15

Synthesis of (Z)-(S)—-4-(6-chloropyridin-2-ylmethyl)-2-
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[Formula 34] 0 MeO N N\ CI NON I/ 0J I/ Synthesis of
(S)-1-[(6-chioropyridin-2- yimethyi) amino]propan-2-ol 5 394 mg of the title
compound was obtained from 2-chioro-6-formyipyridine (500 mg),
(S)-1-amino-2- propanoi (318 mg), acetic acid (0.808 mL), and sodium
triacetoxyborohydride (1.12 g) in the same manner as in Example 1. 10

7. yJ—0O. y PR yJ— 0O, ) y b ]
Synrthesisi1of (§)-#-(6-chioropyridin-2-yimethyi)-6-
methyimorpholine-2,3-dione 411 mg of the title compound was obtained
from (S)-1-[(6-chioropyridin-2-yimethyi) amino]propan-2- 20 of (394 mg)

andute alate (8 me manner as in Example 1.
'H-NMR( ppmy): (|
1.@6(?1, . ;3771(dd,J=13.6,3.2Hz,1H),3.79(dd, 166

Ji‘;;e.d,%Hz,1H),4.6‘9(d,J=15.2Hz,1H),4.77(d,J=15.2Hz,
1H},4.84-4.90(m,1H),7.30(d,J=8.0Hz,1H),7.32(d,

J=8.0Hz,1H),7.68(t,J=8.0Hz,1H).
Synthesis of (S)-1-[(6-chloropyridin-2-

ylmethyl)amino]propan—-2-ol

394 mg of the title compound was obtained
from 2-chloro-6-formylpyridine (500 mg), (S)-l-amino-2-
propanol (318 mg), acetic acid (0.808 mL), and sodium
triacetoxyborohydride (1.12 g) in the same manner as in
Example 1.

'H-NMR (CDC13) & (ppm) :
1.16(d,J=6.0Hz,3H),2.49(dd,J=12.0,9.2Hz, 1H),2.78(dd,
J=12.0,2.8Hz,1H),3.83-3.87(m, 1H),3.93 (s, 2H),
7.23(d,J=8.0Hz,1H),7.24(d,J=8.0Hz,1H),7.64(t,J=8.0Hz,
1H) .

[0168]

Synthesis of (S)-4-(6-chloropyridin-2-ylmethyl)-6—

methylmorpholine-2, 3-dione

411 mg of the title compound was obtained
from (S)-1-[(6-chloropyridin-2-ylmethyl)amino]propan—-2-
ol (394 mg) and diethyl oxalate (3.0 mL) in the same
manner as in Example 1.

'H-NMR (CDC13) & (ppm) :

1.46(d,J=6.8Hz,3H),3.71(dd,J=13.6,3.2Hz,1H),3.79(dd,
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[0169] 5 Synthesis of (S)-4-(6-chioropyridin-2-yimethyi)-2-
hydroxy-6-methyimorpholin-3-one 273 mg of the title compound was
obtained from (S)-4-(6-chioropyridin-2-yimethyi)-6-
methyimorpholine-2,3-dione (411 mg) and a 1 M solution 10 of lithium
tri-sec-butyiborohydride in THE (1.64amL) in the same manner as in
Example 1. 'H-NMR(CDC13)5(ppm):

127td 356 0117 3H} B)30(d %ﬁc{)ﬁfé.@l—%ﬁlﬂ-d)l,@ﬂg@ddw (d,J=15.2Hz,

J=12.0,10.8Hz,1H),4.48-4.5 4.49(d,]1=15. :

A B0 1200 e L6 Sel A S DA ST Gt

7.28(d,d=¢.6H7)1H), 6 66(t,177s6Hz1 H)11 J0170] Synthesis of

(2)-(S)-4-(6-chioropyridin-2-yimethyi)-2-

[LE[Bimmethoxy-4-(4-methyl-1H-imidazol-1- 20

yi)phenyl]methylidene -Ghmethyimorpholin-S-one 27.9 mg of the title
i —C

hloropyridin-2-ylmethyl)-2-

-6- methyimorpholin-3-one

; : , yiphosphine (315 mg), and
3-methoxy-4-(4225 meshyl£l H-itsidazel t-yhbepzaidehydes (246 aig)da the
same manner as in Example 1. 'H-NMR(CDC13)5(ppm):

1 27¢eh 46 Uy, 314),2134¢3, 3HY, B BT (dd, =1 2182 81k ) 1H), 167
3.68(dd,J=12.0,10.0Hz,1H),3.86(s,3H),4.43-4.46(m,1H),

AR LB RS L H) S 988 17 524 38 BFiY, Ay @ 1 M solution
7.33(d 957,667 1) 7.33(d.358 OHZ, L. 1 35WAITE6esr (164 niy in

the same manner as in Example 1.

'H-NMR (CDC13) & (ppm) :
1.27(d,Jd=6.0Hz,3H),3.30(dd,J=12.0,3.2Hz,1H),3.39(dd,
J=12.0,10.8Hz,1H),4.48-4.52(m,1H),4.49(d,J=15.2Hz,1H),
4.81(d,JdJ=15.2Hz,1H),5.35(s,1H),7.27(d,JdJ=7.6Hz,1H),
7.28(d,JdJ=7.6Hz,1H),7.66(t,J=7.6Hz,1H).

[0170]

Synthesis of (Z)-(S)—-4-(6-chloropyridin-2-ylmethyl)-2-

[1-[3-methoxy—-4—(4—-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6-methylmorpholin-3-one

27.9 mg of the title compound was obtained
from (S)-4-(6-chloropyridin-2-ylmethyl)-2-hydroxy—-6-
methylmorpholin-3-one (237 mg), thionyl chloride (1.01
mL), triphenylphosphine (315 mg), and 3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)benzaldehyde (21.6 mg) in the
same manner as in Example 1.

'H-NMR (CDC13) & (ppm) :

1.47(d,J=6.4Hz,3H),2.34(s,3H),3.57(dd,J=12.8,2.8Hz,1H),
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1.6Hz,1H),7.55(d,J=1.6Hz,1H),7.66(t,J=8.0Hz,1H), 5 7.84(s,1H). [0171]
Examples 16 and 17 Synthesis of (Z)-(6S,9aR)-6-(4-fluorophenyl)-3-{1-[3-
methoxy-4-(4-methyl-1H-imidazol-I- 10
yi)benzylidene]hexahydropyrido[2,1-c][1,4]oxazin-4-one and
(2)-(6R,9aS)-6-(4-fluorophenyl)-3-{1-§3+methoxy-4-
(4-methyl-1H-imidazol-I

yi%éﬁ%ﬁﬂﬁ@x%ﬂo@oﬁﬁ%@l cl[154)6%aziR14-6né S[ForhbIE3STR F

1 %4 fluyd%en{/%kl?lggtgi’) is%lényl%?nll_f'}ghi ygtgésg; of %he title fiz, 1H)

compeynd was ahiained from (4-fluprebenayl) ,(ﬁl}lpmbﬁywaqgw)a@vne
(3 g) and 6-iodohexa-1,2-diene (2.97 g) according to the method
désdcribedlii Uourrid 6f the-AnteticahOhemical( Sogiety, (2003, Wbl.125,
p.11956. The property values 20 of the compound are as follows.
HMMR‘&: f 3)5(ppm): 168

Eg, 1,37(m,1H),1.39-1.50(m,1H),1.63-1.75(m,2H),1.95-
2. H),3.88(d,J=6.8Hz,1H),4.63(dt,J=6.8,2.8Hz,2H),5
Qﬂz(zqﬂdi@teés]=6£8HaZnZiHL&99(t,J:8.8Hz,2H),7.26(dd,J:8. 8,5.6Hz,2H).

Synthesis of (Z)-(6S,9aR)-6—-(4-fluorophenyl)-3-{1-[3-

methoxy—-4—-(4-methyl-1H-imidazol-1-

yl)benzylidene]hexahydropyrido[2,1-c][1l,4]oxazin-4-one

and (Z)-(6R,9aS)-6-(4-fluorophenyl)-3-{1-[3-methoxy-4-

(4-methyl-1H-imidazol-1-

yl)benzylidene]hexahydropyrido[2,1-c][1l,4]oxazin-4-one

[Formula 35]

Synthesis of 1-(4-fluorophenyl)hepta-5,6-dienyl-1-amine

2.65 g of the title compound was obtained
from (4-fluorobenzyl)-(4-fluorobenzylidene)amine (3 q)
and 6-iodohexa-1,2-diene (2.97 g) according to the
method described in Journal of the American Chemical
Society, 2003, vol.125, p.11956. The property values
of the compound are as follows.

'H-NMR (CDC13) & (ppm) :
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5 [0172] Synthesis of (2R*,6S*)-2-(4-fluorophenyi)-6- vinyipiperidine Acetic
acid (0.74 mL) was added to a solution of an allyipalladium chloride dimer
(472 mg) and 1,1'- 10 bis(diphenyiphosphino)ferrocene (1.43 g) in THE
(200 mL), and the reaction solution was stirred at room temperature for
10 minutes. A solution of 1-(4- fluoropleenyi)hepta-5,6-dienyi-l-amine (2.65
g) in THE (50 mL) was added to the reaction solution, which was 15 then

stirrécPat 76C f8r L.8)hours °THe réhCtionSolditiGr was Téft fo 6011t réom
temperature. Then, diethyl ether an quepus,_hydrochloric acid were
Ak mﬂﬁ%HrLé%tigr? féluéaégr%fgle@ﬁeﬁ qu%é rJdVv%'s%ls’e%agaﬁtéﬂ\g%)]é >
resplting aqueousjayeramas washed 20 withydiethyl ether) and thema 2N s
sodium hydroxide solution was added to the aqueous layer until the pH
was adfusted@to 11 or less. Chloroform was added to the aqueous layer,
and the organic layer was separated. The resulting organic layer was

dnidd &vér magnesium 25 sulfate and concentrated under reduced

pressure.o; obtain 2.4.9 of the title compound. The property values of the

| 24-4:604ms3H), 4.67=1.77(m, 2H),1.88-1.95(m, LH),3.24-
3:30(m,1H),3.67(dd,J=11.2,2.8Hz,1H),5.01(brd,J=10.4Hz,1
H),5.17(brd,J=18:8H2 4 H)5.88(Hdld 1= 1818, 10256 4fgstH): 0 a solution

6.98(t,J=8.8Hz,2H) 7.35(dd,J=8.8,5.6Hz,2H).
of an allylpalladlium chloride dimer (472 mg) and 1,1'-

bis(diphenylphosphino) ferrocene (1.43 g) in THF (200
mL), and the reaction solution was stirred at room
temperature for 10 minutes. A solution of 1-(4-
fluorophenyl)hepta-5,6-dienyl-1l-amine (2.65 g) in THF
(50 mL) was added to the reaction solution, which was
then stirred at 70°C for 1.5 hours. The reaction
solution was left to cool to room temperature. Then,
diethyl ether and 1 N agueous hydrochloric acid were
added to the reaction solution, and the agqueous layer
was separated. The resulting aqueous layer was washed
with diethyl ether, and then a 5 N sodium hydroxide
solution was added to the aqueous layer until the pH
was adjusted to 11 or less. Chloroform was added to
the aqueous layer, and the organic layer was separated.
The resulting organic layer was dried over magnesium
sulfate and concentrated under reduced pressure to
obtain 2.4 g of the title compound. The property
values of the compound are as follows.

'H-NMR (CDC13) & (ppm) :
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5 ESI-MS;m/z 206[M"+H] [0173] Synthesis of ethyl
[(2R*,6S*)-2-(4-fiuorophenyi)-6- vinylpiperidin-1-y3]oxoacetate Ethyl
oxalate chloride (0.5 mL) was added to 10 a solution of
(2R*,6S*)-2-(4-fluorophenyi)-6- vinyipiperidine (520 mg) and DIEA (0.66
mL) in methylene chloride (10 mL),1a%d the reaction solution was stirred
at room temperature for one hour. Chloroform and 1 N aqueous

hydrééniorié At were addeld 15'th Me18actiorPSoldtio, %Ehdltfﬁé rotgariic
er,was separate er tnoalarwsa

saaé/tuéa‘ﬁtlgg1 sggﬁjrz# b(lgc?a %oﬁz;%tse%véa%r’ %ngg dv¥e?rI r’hggrq\eﬁs rﬁ[eg) a4n%lZ !

then concentsatedunder saduaed) pressureqihe rasidue W@S@,L@lfl@ﬁpym

silica gel 20 column chromatography (elution solvent: heptane ->

he@taﬁé ethylatetdte ~2111) to Gbtaivi426 tngobtheltitie Bompound. The

gerté value of the compound is as follows. ESI-MS;m/z 306[M +H] 25
§nﬂ’1e§|52(9f6(éﬁ* 5*)-6-(4-fiuorophenyi)-3-

g exahydropyrldo[z 1-c][1,4]oxazin-4-one A solution of ethyl
[(2R*,6 ) -2-(4 170 fiuorophenyi)-6-vinyipiperidin-1-y3]oxoacetate (220
mgy rinHaethanel(Sehk) was coriedto+18L, and Orene gase was)bubbled
through the reaction solution for 20 minutes. Sodium borohydride (164
mig) wakcddueditdithel -v1] oxoacetate

Ethyl oxalate chloride (0.5 mL) was added to

a solution of (2R*,6S*)-2-(4-fluorophenyl)—-6-
vinylpiperidine (520 mg) and DIEA (0.66 mL) in
methylene chloride (10 mL), and the reaction solution
was stirred at room temperature for one hour.
Chloroform and 1 N aqueous hydrochloric acid were added
to the reaction solution, and the organic layer was
separated. The resulting organic layer was washed with
saturated sodium bicarbonate water, dried over
magnesium sulfate, and then concentrated under reduced
pressure. The residue was purified by silica gel
column chromatography (elution solvent: heptane —->
heptane:ethyl acetate = 1:1) to obtain 426 mg of the
title compound. The property value of the compound is
as follows.

ESI-MS;m/z 306 [M'+H].

[0174]

Synthesis of (6R*,9aS*)-6-(4-fluorophenyl)-3-

hydroxyhexahydropyrido[2,1-c] [1l,4]oxazin-4-one

A solution of ethyl [(2R*,6S*)-2-(4-
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5 reaction solution while stirring at -78C, and the reaction solution was
stirred at that temperature for 30 minutes. Ethyl acetate and a saturated
ammonium chloride solution were added to the reaction solution, and the
organic layer was separated. The resulting 10 organic layer was dried

over magnesium sulfate and then congcentrated under reduced pressure.
The residue was purified by silica gel column chromatography (elution
sOIVERt: ABPRIME leth§atetaters Parddthyllacetaey W@ hitaih2 6 (mgbfmd)
SR T IS ropely A3 VRlues O IS FRIPRUAT BIRAR g

1.35:1.50010.260, 1.5 ¢-d6H{m: 2H) 205-2 26Me)at ion for 20
3.57(brs,1H),3.80(dd,J=11.6,3.6Hz,1H),3.88-3.98(m, 1H),

A (S . 6H B AH) B2 2(0 doh BHZ Ak, 5128{s/ld), el 20ided to the
t,J=8.8Hz,2H),7.19(dd,J=8.8,5.6Hz,2H). ESI-MSim/z 220[M +H] [0175]
SYfthesis Bt [(%F%‘”é:ié)‘, J-6" - fiSorophEnyijd- at ~78°C, and the

0>§%°a9é%*136q{0%i%04"E!éacllﬂaélo gapaaoyl H%Pi?)@”é@@&é@@%@%@ for

bromide A solution of (6R*,9aS*)-6-(4-fluorophenyi)-
3hydraxyhexahydrapyrdo[2 deelit 4]oxagina4-oae (26 t ) aflon ium
triphenyiphosphonium bromide (40 mg) in 171 acetonitrile (3 mL) was
hedtedundler sefluxforonegchsursaliti80 huintites. The ¢dactivnssoluticrrn,
was left to cool to room temperature, and then the solvent was

edaforatedl (HdEt édudet presdiife o 8BtAM S mg df ¢ resulting

organic layer was dried over magnesium sulfate and then
concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (elution
solvent: heptane:ethyl acetate = 1:1 -> ethyl acetate)
to obtain 26 mg of the title compound. The property
values of the compound are as follows.

'H-NMR (CDC13) & (ppm) :
1.35-1.50(m,2H),1.57-1.67(m,2H),2.05-2.26 (m, 2H),
3.57(brs,1H),3.80(dd,J=11.6,3.6Hz,1H),3.88-3.98(m, 1H),
4.11(t,JdJ=11.6Hz,1H),5.22(t,J=4.0Hz,1H),5.28(s,1H), 7.01(
t,J=8.8Hz,2H),7.19(dd,J=8.8,5.6Hz,2H) .

ESI-MS;m/z 220[M'+H].

[0175]

Synthesis of [(6R*,9%9aS*)-6-(4-fluorophenyl)—-4-

oxooctahydropyrido[2,1-c] [1,4]oxazin-3-

yl]triphenylphosphonium bromide

A solution of (6R*,9aS*)-6-(4-fluorophenyl) -
3-hydroxyhexahydropyrido[2,1-c] [1l,4]oxazin-4-one (26

mg) and triphenylphosphonium bromide (40 mg) in
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5 the title compound. The property value of the compound is as follows.
ESI-MS;m/z 510[M"]. [0176] Synthesis of
(2)-(6S*,9aR*)-6-(4-fiuorophenyi)-3-{1-[3- 10
methoxy-4-(4-methyl-1H-imidazoi-I-
yi)benzylidene]hexahydropyrido[2,11C][1,4]oxazin-4-one Triethylamine
(0.03 mL) was added to a solution of [(6R*,9aS*)-6-(4-fluorophenyi)-4-

o%&ﬁ&lﬁyd?éwﬁﬁo{é T0¢))1, ¥okazined €8 yittighenyphbsphémtnPre

omlde 57 and 3- me

‘et yfjlr%g?ml&azm 9 yI)be%nzaldre%yae J(ff mg llHtetﬁgngIa(% mE)ft ko
a@% the reactigpsolutiopavas stirced Atdoemdgmpesatiira e twoours.
The reaction solution was concentrated under reduced pressure. 20
Therthe aesidue wispurifibddndsitica gelbeaumn chitomatography of
(carrier: Chromatorex NH; elution solvent: heptane:ethyl acetate = 1:1 ->
ethyPadetatey &ﬂﬂﬁawpﬁrnmﬂ&QhB?ﬂ@%ﬁ%ﬂxﬁﬁ&P?ﬁ%ﬁnBE&ﬂﬁQEmﬁ%Pd
of.the co qLLinC%{N%re as follows. 25 'H-NMR(CDC13)5(ppm):
1.40- 158 m,2H),1.65-1.76(m,2H),2.18-
2 25(m2H)2.316513H)43185(s,3H),4.07(q,J=10.8Hz,1H), 4.07-4.15(m,1H),
4.34(dd,J=10.8,2.4Hz,1H), 172
5. B@(t?ﬁzh OHz 1H) 6. 82(s 1H) 6. 92(brs 1H) 7. 02(t

methoxy—-4—-(4-methyl-1H-imidazol-1-

yl)benzylidene]hexahydropyrido[2,1-c][1l,4]oxazin-4-one

Triethylamine (0.03 mL) was added to a
solution of [(6R*,9aS*)-6-(4-fluorophenyl)-4-
oxooctahydropyrido[2,1-c] [1l,4]oxazin-3-
yl]triphenylphosphonium bromide (57 mg) and 3-methoxy-—
4—(4-methyl-1H-imidazol-1-y1l)benzaldehyde (21 mg) in
ethanol (5 mL), and the reaction solution was stirred
at room temperature for two hours. The reaction
solution was concentrated under reduced pressure.
Then, the residue was purified by silica gel column
chromatography (carrier: Chromatorex NH; elution
solvent: heptane:ethyl acetate = 1:1 -> ethyl acetate)
to obtain 27 mg of the title compound. The property
values of the compound are as follows.

'H-NMR (CDC13) & (ppm) :
1.40-1.58(m,2H),1.65-1.76(m,2H),2.18-
2.25(m,2H),2.31(s,3H),3.85(s,3H),4.07(gq,J=10.8Hz, 1H),

4.07-4.15(m,1H) ,4.34(dd,J=10.8,2.4Hz, 1H),



10

15

20

25

5 ESI-MS;m/z 448[MH] [0177] Synthesis of
(2)-(6S,9aR)-6-(4-fluorophenyi)-3-{1-[3-
methoxy-4-(4-methyl-1H-imidazoi-I-
yi)benzylidene]hexahydropyrido[2,1-c][1,4]oxazin-4-one 10 and
(2)-(6R,9aS)-6-(4-fluorophenyi)-3-{1-jf3methoxy-4-
(4-methyl-1H-imidazoi-I

yifoetizylideiie]h8Xahydfopyridot2 1 -cft) aloxazint4-eneé Mhe récehtate

(2)-(6S;,92 *é— -(4- _ _

bSR3 1 (3 3Py - R et 52 O 2582, 28

1-ybenaylidenelhexahydropyrigol2, 6][1, Alexazin:4; ong obtainadabove

(27 mg) was separated by CHIRALCELTm OJ-H manufactured by Daicei

CHemidal Industries, Ltd. (2 cm X 25 cm; mobile phase: hexane:ethanol =

1:1) to obtain the title optically active compound with a 20 retention time

of 24 MifutBs 16 747§ >9b9 ee) and the title optically active compound

wigla la7rgiention time of 31 minutes (4.9 mg; >99% ee). The property

values of the title optically active compound with a retention time of 24

minutes <25 Example)16) ase asHolans, AH-NMREGREAZ)5(PRM):1 - [3-

1.40-1.58(m,2H),1.65-1.76(m,2H),2.18-

22stin2H); 2 3165,8). 8 85(<,BH}4i0Hg I=10:8Hz,1H),4. 173

07-4.15(m,1H), 4.34(dd,J=10.8,2.4Hz,1H), ,

5. : Y7 : ? _ ! , 22¥5é3ﬁ4f162&bL1,4]oxa21n—4—one

8.4517,9) 7.294d,438.PHZ.1H). £-22(0d, J78.0,3.6H2.2H).7 3 et hoxy-4a-

37(dd,J=8.0,1.2HzZ,1H),7.39(d,J=1.2HZ,IH),7.74(d,J=
(4-methyl-1H-imidazol-1-

yl)benzylidene]hexahydropyrido[2,1-c][1l,4]oxazin-4-one

The racemate (Z2)-(6S*,9aR*)-6-(4-
fluorophenyl)-3-{1-[3-methoxy-4—(4-methyl-1H-imidazol-
l-yl)benzylidene]hexahydropyrido([2,1-c][1l,4]oxazin-4-
one obtained above (27 mg) was separated by CHIRALCEL™
OJ-H manufactured by Daicel Chemical Industries, Ltd.
(2 cm X 25 cm; mobile phase: hexane:ethanol = 1:1) to
obtain the title optically active compound with a
retention time of 24 minutes (6.7 mg; >99% ee) and the
title optically active compound with a retention time
of 31 minutes (4.9 mg; >99% ee).

The property values of the title optically
active compound with a retention time of 24 minutes
(Example 16) are as follows.

'H-NMR (CDC13) & (ppm) :
1.40-1.58(m,2H),1.65-1.76(m,2H),2.18-

2.25(m,2H),2.31(s,3H),3.85(s,3H),4.07(g,J=10.8Hz,1H), 4.
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5 1.2Hz,1H). ESI-MS;m/z 448[M"+H] The property values of the title
optically active compound with a retention time of 31 minutes (Example
17) are as follows. 10 'H-NMR(CDC13)5(ppm):
1.40-1.58(m,2H),1.65-1.76(m,2H),2.18-2.25(m,2H),2.31(s,
3H),3.85(s,3H),4.07(q,J=10.8Hz,1H),4307-4.15(m,1H),
4.34(dd,J=10.8,2.4Hz,1H),5.38(t,J=4.0Hz,1H),6.82(s,1H),
6.92(rs uH). 0Dk I8 UHA MY, 7150(d,028 OLF2,1R),7.22 15

(dd,J=8.0,3.6Hz,2H),7.37(dd,J=8.0,1.2Hz,1H),7.39(d,J=1. 3
S5 AV 7 T80 T 2B L1 CMG A AsIN ] U] Eabids
18 and 19,29 Synthesis, 028y 4(S); 1-(6-chipropyisio-3s 61z, 21 , 7.
yl)ethyl]-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-I-
ylyohehyl]arethylidenel8.méthymdrphalin-8londland {Z2)-7. 74 (d, J=
(S)-4-[(R)-1-(6-chloropyridin-3-yl)ethyl]-2-[1-[3-

t L&-I(I -methyl-1H-imidazol-l 25
ylg@@_qygmg}gyliggg? 76:methylmorpholin-3-one 174 [Formula 36] C

:ctocl NtJ' Synthesis of (5)-1-[1-(6-chioropyridin-3-
yi)ethylamino]propan-26b44.9 ma ohithe title corapeund waswbiainedy
from lithium perchiorate (340 mg), an ether (0.64 mL),
active compound with a retention time of 31 minutes
(Example 17) are as follows.
'H-NMR (CDC13) & (ppm) :
1.40-1.58(m,2H),1.65-1.76(m,2H),2.18-2.25(m,2H),2.31 (s,
3H),3.85(s,3H),4.07(gq,J=10.8Hz,1H),4.07-4.15(m, 1H),
4.34(dd,J=10.8,2.4Hz,1H),5.38(t,J=4.0Hz,1H),6.82 (s, 1H),
6.92(brs,1H),7.02(t,J=8.4Hz,2H),7.20(d,J=8.0Hz,1H),7.22
(dd,J=8.0,3.6Hz,2H),7.37(dd,J=8.0,1.2Hz,1H),7.39(d,J=1.
2Hz,1H),7.74(d,J=1.2Hz, 1H) .
ESI-MS;m/z 448 [M'+H].
[0178]
Examples 18 and 19

Synthesis of (Z2)-(S)-4-[(S)-1-(6-—chloropyridin-3-

yl)ethyl]-2-[1-[3-methoxy—-4—-(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6-methylmorpholin-3-one and (Z)-

(S)-4—-[ (R)-1-(6-chloropyridin-3-yl)ethyl]-2—-[1-[3-

methoxy—-4-(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6-methylmorpholin-3-one
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5 1-(6-chioropyridin-3-yi)ethylamine (100 mg: CAS #132219-51-3), and
(S)-propylene oxide (61 L) in the same manner as in Example 7.
1H-NMR(CDC13)5(ppm):
1.11(d,J=6.4Hz,1.5H),1.12(d,J=6.4Hz,1.5H),1.39(d,J=6.8H 10
z,1.5H),1.40(d,J=6.8Hz,1.5H),2.21(dd4=12.0,9.2Hz,0.5H)
,2.38(dd,J=12.0,8.8Hz,0.5H),2.49(dd,J=12.0,2.4Hz,0.5H),

2.680dd 92 2.2 8Hz,0.5H),3.68-3.87(m,2H),
7.31(d,J=8.0Hz,0.5H),7.32(d,J=8.0Hz,0.5H),7.67(dd,J=8.0

,2.0Hz,0.5H),7.68]dd,J=8.0,2.0Hz,0.5H),8.30(d,J=20HZ,0 15
5H)'E =OHR0. 179] S¥kfthes N N
(SyAN- hior‘bpy?idin- thyil-6,m orgholine-2,3;gtope 37.4

mg\afthe crude title compound Was’:%zg obtained frém
(S)-1-[1-(6-chioropyridin-3- yi)ethylarhino]propan-2-01 (44.8 mg) and
diethyl oxalate (1.0 mL) in the same manner as in Example 7.

1736(d-J=6-0Hz, 1.SHY 1. 41(d,3=6.0HZ - SH T
1:5H)ek 65 (chid fr 2HZ: dSH), 3.03:3.11(m, 1H),
3.34(dd,J=14.0,3.2Hz,0.SH),3.47(dd,J=13.6,10.4Hz,0.SH),
4.52-4.55(m,0.5344), 2. 7194.76(rh 105 H4) 5.04-5:00gn i), Bas obtained
7.37§d,J=8.4H,z,1H),7.641§1dd,J=8.4,2.4Hz,0.5H),7.68(dd,J=

8 AP AHY 058 .3RA FR2 U6 5649 8)38(@) 1=24HE BB )  folsh L) -

Syntpgsisiof (B8 1(&:¢hiaropyfidingSyREtWI-2r1 00 mg: cas

#132219-51-3), and (S)-propylene oxide (61 UML) in the

same manner as in Example 7.

'H-NMR (CDC13) & (ppm) :
1.11(d,J=6.4Hz,1.5H),1.12(d,J=6.4Hz,1.5H),1.39(d,J=6.8H
z,1.5H),1.40(d,J=6.8Hz,1.5H),2.21(dd,Jd=12.0,9.2Hz,0.5H)
,2.38(dd,J=12.0,8.8Hz,0.5H),2.49(dd,J=12.0,2.4Hz,0.5H),
2.63(dd,J=12.0,2.8Hz,0.5H),3.68-3.87(m, 2H),
7.31(d,J=8.0Hz,0.5H),7.32(d,J=8.0Hz,0.5H),7.67(dd,J=8.0
,2.0Hz,0.5H),7.68(dd,J=8.0,2.0Hz,0.5H),8.30(d,J=2.0Hz,0
.5H),8.31(d,J=2.0Hz,0.5H) .

[0179]

Synthesis of (S)-4-[1-(6-chloropyridin-3-yl)ethyl]-6-

methylmorpholine-2, 3-dione

37.4 mg of the crude title compound was
obtained from (S)-1-[1-(6-chloropyridin-3-
yl)ethylamino]propan-2-ol (44.8 mg) and diethyl oxalate
(1.0 mL) in the same manner as in Example 7.

'H-NMR (CDC13) & (ppm) :
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10 hydroxy-6-methyimorpholin-3-one 3.9 mg of the title compound was
obtained from (S)-4-[1-(6-chioropyridin-3-yi)ethyi]-6-
methyimorpholine-2,3-dione (37.4 mg) and a 1 M solution of lithium
tri-sec-butyiborohydride in THE (153 RL) in 15 the same manner as in
Example 7. '"H-NMR(CDC13)5(ppn)75
d,J=7.2Hz,1.5H),1.23(d,J=7.2Hz,1.5H),1.57(d,J=8.4H
ré 2(68(d9=1570, 16 BiHz; 0. 5/4), 67508, 9242002 Bz, 1 - 62 (d, J=7. 2H

05 GLER02 e A N0 120 100 2

5.36¢s,0 i) p-9a(dpd=7 . 2H2,005HL5.99(q, I7 42 HZ-0. 5'."@ , 10.4Hz,0.5H),
7.33(d,J=8.4Hz,0.5H),7.34(d,J=8.4Hz,0.5H),7.59(dd,J=8.4
24452 OBHSTB3UbGIES.4 274H2,07$-{)18 B4F]I=2.484-( . 99 (m, 1H) ,

),8.35(d,J=2.4Hz,0.5H). ﬁ[0181] %ynthe&s of
(23 (%3 ij[’(éﬂ (é%&r%byﬂdl 43(_dd 4Hz,0.5H),7.68(dd, J=
yiiethyll-2,[1-[3ymethpxy-dsid; H‘eﬁhéd ”Zl'rl'%“%a@m (5, 9=2. 4112, 0.5
yl)phenyf]methylldene] 6-met ylmorpho in-3-0n6 ahd )
($9¥4-[(R)-I-(6-chloropyridin-3-yl)ethyl]-2-[I-[3-
methoxy-4-(4-methyl-IH-imidazol-I-
yijpheryllmethylidene]-6-methyimorpholin-3-one The title compound was

obtalned as a 5 dlastereomer mixture from (S)- 4 1-(6- chlorop r|d|n :]%

RGfe .1'ﬂl.._0 ——y) hyl]-2-

&PX‘Q{)OépMHWﬂQ "Pﬂ%ﬁﬁlin%é‘nd 3 methoxy'

-methy-iH-imidazol-1-y1)benzaidenhyde (3.43 mg) in the same manner

as in Examplessl®and 1df Thae tltle compound was obtained
from (S)-4-[1-(6-chloropyridin-3-yl)ethyl]-6-
methylmorpholine-2,3-dione (37.4 mg) and a 1 M solution
of lithium tri-sec-butylborohydride in THF (153 UuL) in
the same manner as in Example 7.
'H-NMR (CDC13) & (ppm) :
1.22(d,JdJ=7.2Hz,1.5H),1.23(d,J=7.2Hz,1.5H),1.57(d,J=8.4H
z,3H),2.68(dd,J=12.0,10.8Hz,0.5H),2.75(dd,J=12.0,2.8Hz,
0.5H),3.02(dd,J=12.0,2.8Hz,0.5H),3.18(dd,J=12.0,10.8Hz,
0.5H),4.26-4.30(m,0.5H),4.43-4.47(m,0.5H),5.34(s,0.5H),
5.36(s,0.5H),5.96(g,JdJ=7.2Hz,0.5H),5.99(q,JdJ=7.2Hz,0.5H),
7.33(d,J=8.4Hz,0.5H),7.34(d,J=8.4Hz,0.5H),7.59(dd, J=8.4
,2.4Hz,0.5H),7.63(dd,J=8.4,2.4Hz,0.5H),8.34(d,J=2.4Hz,0
.5H),8.35(d,J=2.4Hz,0.5H) .
[0181]

Synthesis of (Z2)-(S)-4-[(S)-1-(6—chloropyridin-3-

yl)ethyl]-2-[1-[3-methoxy—-4—-(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6-methylmorpholin-3-one and (Z)-
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10 diastereomer mixture was separated by CHIRALPAKTM AD-H
manufactured by Daicei Chemical Industries, Ltd. (2 cm X 25 cm; mobile
phase: ethanol 100%) to obtain the title optically active compound with a
retention time of 19 minutes (1.25 mg; >80% de) and the title 15 optically
active compound with a retention time®f 25 minutes (0.85 mg; >84% de).

The property values of the title optically active compound with a retention
(hB ot A LALILS. (ExBIHpIE LY Arechiolons) 26y 112~ [1- (5

\J=6.8Hz,3H),1.62(d,J=6.8Hz,3H),2.36(s,3H),2.96(d
0 JF] 312 BHEEN.3,26(dd J5132.24R2,3:86(8.8H)- 3 one
4:31-4.40(m,IH),6.13(q,J=6.8Hz,1H),6.88(s,IH),
6.96(s,IH),7.22(0h3=8.4Hz d¢HY; ?184¢d, 0810z tH); a25ed as a
7.36(d,J=8.0Hz,IH),7.52(s,IH),7.64(dd,J=8.4,2.8Hz,IH) .

7 9B(S TR 808, JLoEH BHS T BB I-MS iz b3 (R £Rd crP ol 3 -
\Y; tit tically 17 i ith-a retenti ime of
T O A A SR D Taier o MR,
142( 056 §HZ)ph 61 (= B2bizi3H),2.8965,3H) 2,9%A B 3-methoxy-—
d,J=12.8,2.4Hz,1H),3.41(dd,J=12.8,10.4Hz,1H),

387 (< 3M% A0L4 DO(HIEMEG. A 5(L 32 Dhrid)L dehyde  (3.43 mg) in
6.89(s,1H),6.97(s,1H),7.23(d,J=8.4Hz,1H),7.35(d,

37 H%?f?%,ﬂ%?(b‘?fzf%Hﬁl%ﬁ“ﬁ%@(]s? 12 67y, L7 The

J38.42-4Hz2 4R - 99E A8 39 32402 4. vy cHTRALPAK™ AD-H

manufactured by Daicel Chemical Industries, Ltd. (2 cm

X 25 cm; mobile phase: ethanol 100%) to obtain the
title optically active compound with a retention time
of 19 minutes (1.25 mg; >80% de) and the title
optically active compound with a retention time of 25
minutes (0.85 mg; >84% de).

The property values of the title optically
active compound with a retention time of 19 minutes
(Example 19) are as follows.

'H-NMR (CDC13) & (ppm) :
1.39(d,J=6.8Hz,3H),1.62(d,J=6.8Hz,3H),2.36(s,3H),2.96(d
d,J=13.2,4.8Hz,1H),3.26(dd,J=13.2,2.4Hz,1H),3.86(s,3H),
4.31-4.40(m,1H),6.13(g,J=6.8Hz,1H),6.88(s,1H),
6.96(s,1H),7.22(d,J=8.4Hz,1H),7.34(d,J=8.0Hz, 1H),
7.36(d,J=8.0Hz,1H),7.52(s,1H),7.64(dd,J=8.4,2.8Hz,1H),
7.93(s,1H),8.38(d,J=2.8Hz,1H).

ESI-MS;m/z 453 [M'+H].

The property values of the title optically
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10 ESI-MS;m/z 453[M"+H] [0182] Examples 20 and 21 Synthesis of
(2)-(S)-4-[(S)-1-(5-chioropyridin-2-
yi)ethyl]-2-[1-[3-methoxy-4-(4-methyl-1H-imidazoi-I- 15
yi)phenyl]methylidene]-6-methyimorpholin-3-one and (2)
(S)-4-[(R)-1-(5-chioropyridin-2-y1)ethyl}-2-[1-[3-
methoxy-4-(4-methyl-1H-imidazoi-I-
yifsHenyAnfetAriene]-8rhethyini6ripholin-3ore TRofbula B A BHer Rfe0
MeO\\ Nl NON 0" CI N O' Cl r Synthesis of
{Ec%uﬁopyrl Zayﬁet an0| Eopper iodide (148 mg),
1lethouyviayitrirny Sutyifin (2.97 mL), and
bis(triphenyiphosphine)palladium (1) chloride (183 mg) were added to a
sdluti@n df 2-reid=5-cHiordpyridine (178 Hg),iA Ecetonitviles (3DAmLY, -&rfd(d
the reaction solution was stirred in a nltro%en atmos%)here at 100C for

tHied Hours. Fhé Feactioh sonitibhWas rétarred'td robar 1célr%perature 10
mj- of B hydfochigric acigyygs addeds 5 and the reastion sgjution was

heated under réfiux for 30 minutes. 'I‘he reaction solution’'was returned to
roong demperatuse and seutralizecwith 235 N, sodiymydroxide gsolution.

Diethyl ether was added to the reaction solution, and the organic layer
was Seplratdd) THe 37 (d, J=7.6Hz, 1H) , 7.55(s, 1H), 7.67 (dd,
J=8.4,2.4Hz,1H),7.99(s,1H),8.39(d,J=2.4Hz, 1H) .
ESI-MS;m/z 453 [M'+H].
[0182]
Examples 20 and 21

Synthesis of (Z2)-(S)-4-[(S)-1-(5-chloropyridin-2-

yl)ethyl]-2-[1-[3-methoxy—-4—(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6-methylmorpholin-3-one and (Z)-

(S)-4-[ (R)-1-(5-chloropyridin-2-yl)ethyl]-2-[1-[3-

methoxy—-4—-(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6-methylmorpholin-3-one

[Formula 37]

@@%*@ @@ﬁén

Synthesis of 1-(5-chloropyridin-2-yl)ethanol

Copper iodide (148 mg), l-ethoxyvinyltri-n-—
butyltin (2.97 mL), and
bis(triphenylphosphine)palladium (II) chloride (183 mg)

were added to a solution of 2-bromo-5-chloropyridine (1
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10 organic layer was dried over anhydrous magnesium sulfate, and then
the solvent was evaporated under reduced pressure. The residue was
dissolved in tetrahydrofuran (30 mL) and methanol (10 mL). Sodium
borohydride (492 mg) was added, and the reaction 15 solution was stirred
at room temperature for one hour. Weder and diethyl ether were added to
the reaction solution, and the organic layer was separated. The organic
lager was drashed it bend aRdtried GVt &MY dr6aS sgfhesi t 1on
sulgate. '];q% §gl(\3{§nit was 20 evagogatgg Hllmdefjl (reeduceg plr8§5 re; gpdttg%ee

residue was purlflercll t‘)ay éllfigé.: 8 Iecolumnocﬁ"ﬁom]é?ogaraphy elution

selvents hexangsdiethylether) 1o ohtain 303 Mg pEthe: title compayind.
'H-NMR(CDC13)5(ppm) 25
150(wh3=6.8kHzs3H),4.90(3; J=6. SHZAL M) 7.28(dd, 3=0.8,::8 id was added,
Hz,1H),7.67(dd,J=8.4,2.8Hz,1H),8.50(dd,J=2.8,0.8Hz,1H). [0183]
S§RthesRROMEA=A2i8Bethyh H-CRBISRTidi P8 BipfeRyipRéSpRonyPT

azide {1, kL wasgdded tg & Soltion, of 1-(3:chiorgpynidig:zyethanql, o

(503 mg) in toluene (8 mL) In a nitrogen atmosphere. The reaction
selutignr wasiee-cealed,and As8 5 Hiazabieyciof5 2, 0lusdacurens (3:6% i de
mL) was added dropwise to the solution. The reaction solution was
stirrddiforthree RoEShTHers the soltionavats detupnéd o ioorstion

temperature and stirred overnight. Water and diethyl ether were added to
tH@%%%Eﬁﬁ?’ and the organic layer was separated. The

organic layer was dried over anhydrous magnesium
sulfate, and then the solvent was evaporated under
reduced pressure. The residue was dissolved in
tetrahydrofuran (30 mL) and methanol (10 mL). Sodium
borohydride (492 mg) was added, and the reaction
solution was stirred at room temperature for one hour.
Water and diethyl ether were added to the reaction
solution, and the organic layer was separated. The
organic layer was washed with brine and dried over
anhydrous magnesium sulfate. The solvent was
evaporated under reduced pressure, and the residue was
purified by silica gel column chromatography (elution
solvent: hexane-diethyl ether) to obtain 503 mg of the
title compound.

'H-NMR (CDC13) & (ppm) :
1.50(d,J=6.8Hz,3H),4.90(g,J=6.8Hz,1H),7.28(dd,J=0.8,0.8
Hz,1H),7.67(dd,J=8.4,2.8Hz,1H),8.50(dd,J=2.8,0.8Hz,1H) .
[0183]

Synthesis of 2-(l-azidoethyl)-5-chloropyridine
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10 solution, and the organic layer was separated. The organic layer was
dried over magnesium sulfate, and then the solvent was evaporated
under reduced pressure. The residue was purified by silica gel column
chromatography (elution solvent: hexane-diethyl ether) 15 to obtain 337
mg of the title compound. 'H-NMR(CDC13)5(ppm):
1.60(d,J:6.8Hz,3H),4.6§_I(Lq,J:6.8Hz,1H),7.32(d,J:8.4Hz,1H
),7.69(dd,J=8.4D2 BROTIH) 84k 1Py 8H2 A1Pe [0184)] 20-SyMhesrIsted

1-(5-chioropyridin-2-yi)ethylamine Water (3 mL) and triphenyiphosphj
( Y] r%g)c'ov%ri—élé)cfae%}forfa s?og]utcfglr%/\éfgp(%a% o6t yi}l-ﬁ‘;-) gﬁéggpo}ridﬁ? ¥

(333 mg)intetrabydrofurani(10 L), and: theseaction salutian vas stifeed
at 60C for two hours. 25 The reaction solution was returned to room
temsperature. Bichivromethane and-5Nyettechlorc acid-were added to
the reaction solution, and the aqueous layer was separated. The agqueous

yeF a8 Hade Basic {ph 1) X80~ with 25 K sbdiuitfydrogide sofition.
Then, dichioremethane. wes added o fa reaction splution, god e, -
over annydrous

organic layer was separated. The organic layer was drie

magnesisn sulfate hare thessalvent STwas evaperaied undenregused
pressure to obtain 260 mg of the title compound. 1

HENMR(CBT 13)5¢pprn): temperature and stirred overnight.
1.42(d,J=6.4Hz,3H),4.18(%§=6.4Hz,1H),7.28 d,J=8.4Hz,1H ,

), 7%30dd, 328 42 AH2H) 8- B6(0, S=F dH2 QS to the reaction

solution, and the organic layer was separated. The
organic layer was dried over magnesium sulfate, and
then the solvent was evaporated under reduced pressure.
The residue was purified by silica gel column
chromatography (elution solvent: hexane-diethyl ether)
to obtain 337 mg of the title compound.

'H-NMR (CDC13) & (ppm) :
1.60(d,J=6.8Hz,3H),4.66(g,J=6.8Hz,1H),7.32(d,J=8.4Hz, 1H
),7.69(dd,J=8.4,2.8Hz,1H),8.54(d,J=2.8Hz,1H).

[0184]

Synthesis of 1-(5-chloropyridin-2-yl)ethylamine

Water (3 mL) and triphenylphosphine (702 mg)
were added to a solution of 2-(l-azidoethyl)-5-
chloropyridine (333 mg) in tetrahydrofuran (10 mL), and
the reaction solution was stirred at 60°C for two hours.
The reaction solution was returned to room temperature.
Dichloromethane and 5 N hydrochloric acid were added to
the reaction solution, and the aqueous layer was

separated. The aqueous layer was made basic (pH 14)
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10 [0185] Synthesis of (Z)-(S)-4-[(S)-1-(5-chioropyridin-2-
yi)ethyl]-2-[1-[3-methoxy-4-(4-methyl-1H-imidazoi-I-
yi)phenyllmethylidene]-6-methyimorpholin-3-one and (2)-
(S)-4-[(R)-1-(5-chioropyridin-2-y1)ethyl]-2-[1-[3 15
methoxy-4-(4-methyl-1H-imidazoi-I-180
yi)phenyilmethylidene]-6-methyimorpholin-3-one 115 mg of the title
cOhpBuRd Wds cttainelt devaldRstctRoffet wiiktere fromen
L{&-chioropyridin 2: yilethvlamine (200 mg) as 8 starting majerialinhe .
20 same manner as in I‘élxamp es andi . Apart of the diastereomér
mixtdre,was separaied by (HIRALPAKTMJA manufactyradiby Paicel was
Chemical Industries, Ltd. (2 cm X 25 cm; mobile phase: ethanol 100%) to
obtairetheotitde opticaltyractivercommpoundwitln dfretentioartinée 26 ofd¥vent
minutes (12.3 mg; >99% de) and the title optically active compound with

a'fétenficAtinte ‘Hihttes” @1 W RiY; 19496 88Y. THe propery Valid t9

thgftit@r‘%otjcc y 181 %%tjjvgn%pmpound with a retention time of 17 minutes
(Example 20) are as Toltows, '"H-NMR(CDC13)5(ppm):

1.38(shdr 6z, 3H) (op(d:J=7.2Hz,3H),2.31(s,3H),3.19(d 5
d,J=13.2,9.6Hz,1H),3.52(dd,J=13.2,2.4Hz,1H),3.85(s,3H),

4 B3R A AH) BI04 REIS7A2M8 () B-83($HEH)L H) , 7. 28 (d, J=8. 4Hz, 1H
6.93(s,1H),7.20(d,J=8.0Hz,1H),7.32(dd,J=8.0,1.6Hz,1H),
7.és%d,9§é§f¢rz,fﬁ);f‘.s%(cﬁﬁél%ﬁll)zc Y7 68T =442 41) -

Hz 47, 77(s,1H),8.52(d,J=2.4Hz,1H).

Synthesis of (Z2)-(S)-4-[(S)-1-(5-chloropyridin-2-

yl)ethyl]-2-[1-[3-methoxy—-4—(4-methyl-1H-imidazol-1-

yl)phenyl]lmethylidene] -6-methylmorpholin-3-one and (Z)-

(S)-4—[ (R)-1-(5-chloropyridin-2-yl)ethyl]-2-[1-[3-

methoxy—-4—-(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6-methylmorpholin-3-one

115 mg of the title compound was obtained as
a diastereomer mixture from 1-(5-chloropyridin-2-
yl)ethylamine (200 mg) as a starting material in the
same manner as in Examples 18 and 19. A part of the
diastereomer mixture was separated by CHIRALPAK™ IA
manufactured by Daicel Chemical Industries, Ltd. (2 cm
X 25 cm; mobile phase: ethanol 100%) to obtain the
title optically active compound with a retention time
of 17 minutes (12.3 mg; >99% de) and the title
optically active compound with a retention time of 20
minutes (21.4 mg; 94% de).

The property values of the title optically
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10 ESI-MS;m/z 453 [M"+H]. The property values of the title optically
active compound with a retention time of 20 minutes (Example 21) are as
follows. 'H-NMR(CDC13)5(ppm): 15
1.45(d,J=6.4Hz,3H),1.60(d,J=7.2Hz,3H),2.55(s,3H),
3.48(dd,J=12.8,10.0Hz,1H),3.60(dd}X%12.8,2.4Hz,1H),
3.89(s,3H),4.20-4.27(m,1H),5.97(q,J=7.2Hz,1H),

6 BI TR) 7ORE UMY, 77221, =76z 3 Kgme of 17 minutes

3=8.4Hz.1H),7,38(dd,J=7.6,1.2Hz,1H),7.60(d,J=1.2Hz,1H), 20
7. f&‘&}?ﬁ 4@2&?1%)?85.45%5} “,”f%.51(d,Jz2.4Hz,1H). ESI-MS:m/z

453N+ d8286) Exasples 22 and 23 Synthesis of
(2)-(S)-4-[(S)-1-(2,6-difluoropyridin-3- 25
y 1) ety (2 3-Aicth 6% 414 Ghdthy FER-iffidazol)- 2. 31 (s, 3H),3.19 (d

yl1l)phenyllmethylidene]-6-methylmorpholin-3-one and (Z%-
TR 6ot Iyt A8y Detiyli2-fr-f3-452/ 1H) , 3.85 (s, 3H),

methoxyA-g4-methyly 1R-imidazolL182 1y 6 83(s, 18
yl)pheny r'neth@?fden()a]-6-'metﬁ§|'morpho h5rond [I':orrrgSIéB OFOF

MeoQthé, NE)NON2 0 A solution of pibutyHithipinyin, THE (2,62 M291H) ,
mL) was added dropwise to a solution of diisopropylamine (11.7 mL) in
tetrabydrbfdrah-(810mE) , 7.51 (d, J=1.6Hz, 1H),7.65(dd,J=8.4,2.4

Hz,1H),7.77(s,1H),8.52(d,J=2.4Hz, 1H) .
ESI-MS;m/z 453 [M'+H].

The property values of the title optically
active compound with a retention time of 20 minutes
(Example 21) are as follows.

'H-NMR (CDC13) & (ppm) :
1.45(d,J=6.4Hz,3H),1.60(d,J=7.2Hz,3H),2.55(s,3H),
3.48(dd,J=12.8,10.0Hz,1H),3.60(dd,J=12.8,2.4Hz,1H),
3.89(s,3H),4.20-4.27(m,1H),5.97(gq,JdJ=7.2Hz,1H),
6.81(s,1H),7.02(s,1H),7.22(d,J=7.6Hz,1H),7.37(d,
J=8.4Hz,1H),7.38(dd,J=7.6,1.2Hz,1H),7.60(d,J=1.2Hz,1H),
7.66(dd,J=8.4,2.4Hz,1H),8.48(s,1H),8.51(d,J=2.4Hz,1H) .
ESI-MS;m/z 453 [M'+H].

[0186]

Examples 22 and 23

Synthesis of (Z2)-(S)-4-[(S)-1-(2,6-difluoropyridin-3—

yl)ethyl]-2-[1-[3-methoxy—-4—-(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6-methylmorpholin-3-one and (Z)-

(S)-4-[(R)-1-(2,6-difluoropyridin-3-yl)ethyl]-2-[1-[3-

methoxy—-4—-(4-methyl-1H-imidazol-1-




5 under ice-cooling in a nitrogen atmosphere. The reaction solution was
stirred under ice-cooling for one hour and then cooled to -78C. A solution
of 2,6- difluoropyridine (8 g) in tetrahydrofuran (10 mL) was added
dropwise to the reaction solution. The reaction 10 solution was stirred at
-78C for three hours. Then, an excesamount of crushed dry ice was
added |n a nrtrogen stream and the reactron solution was stirred at -78C

| ether added to the 15 reactlon solution, and the aqueous
Iaggrgwas%erzée?raied The aqueous layer was adjusted to pH 1 by
concentrated hyd@ochl ricracid. Ethyl acetate was a(dded to the aqueous

Qrganic S sepajated. The organic Jayefiwas dried
d’r;ﬁnesi 0 sulfate, a & solvelt wak e porated
pressure to obtain 1Q4 g ot etltfe mpou d F

ungdenyeddced

1I—(t)}W<AR(CD30D)5(ppm) gj
7.08(dd,J=8.4,2.8Hz IH),8.58(dd,J=17.2,8.4Hz,IH). 183 0187] Synthesis

of 2, 6-difluoro-N-methoxy-N- methyinicotinamide
N,O-dimethyihydrexylaminenhydroghlptide {14.7+ B 0)mWSC €28:9 g)..and 1,
HOBLt (20.4 g) were added to a solution of 2,6-difluoronicotinic acid (6 g)
ard -diisopropydethyldatine (e rit) s DIMF ¢160MLY iamd the reaction
solytion was stirred at room temperature for two days. Water and ethyI

a&ﬁé&?@gﬁ?§&$§f&ﬁhé in tetrahydrofuran (3107 mL)

under ice-cooling in a nitrogen atmosphere. The

reaction solution was stirred under ice-cooling for one
hour and then cooled to -78°C. A solution of 2,6-
difluoropyridine (8 g) in tetrahydrofuran (10 mL) was
added dropwise to the reaction solution. The reaction
solution was stirred at -78°C for three hours. Then, an
excess amount of crushed dry ice was added in a
nitrogen stream, and the reaction solution was stirred
at —-78°C for 20 minutes and at room temperature for
three hours. Water and diethyl ether were added to the
reaction solution, and the aqueous layer was separated.
The aqueous layer was adjusted to pH 1 by concentrated
hydrochloric acid. Ethyl acetate was added to the
aqueous layer, and the organic layer was separated.

The organic layer was dried over anhydrous magnesium
sulfate, and the solvent was evaporated under reduced
pressure to obtain 10.4 g of the title compound.

'H-NMR (CDs0D) & (ppm) :

7.08(dd,J=8.4,2.8Hz,1H),8.58(dd,J=17.2,8.4Hz,1H).
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10 reaction solution, and the organic layer was separated. The organic
layer was dried over anhydrous magnesium sulfate, and the solvent was
evaporated under reduced pressure. The resulting residue was purified
by silica gel column chromatography (carrier: Chromatorex NH; 15 elution
solvent: ethyl acetate) to obtain 7.01 g3of the title compound.
'H-NMR(CDC13)5(ppm)
3.B7t$31H),3.58(brs, 3H) 6.90(dd,J=8.0,2.8Hz,1H),8.02(dd ,J=16.0,
SQHZ Jhe)s12s(,) [0%8 |f|uoro \ r|d| -3-yiethanone A solution of
------- 3 88.-1mt) was added to a
s%gg@@gﬁg@ogﬂg@ﬁq(ﬁ%methoxy N methylnlcotlnamlde (7.019g)in 25
tetrahydrofuran (180 mL) under ice-cooling, and the reaction solution was
stirred under ic8-cootinguaritwbh hidursx Alsaturate th adhmohiliordlderidé 4 . 7
solution and ethyl acetate were added to the reaction solution under 184

icelcodfing, dridf the Grhanfidy&Fiias séParatéd. TiF Organiedayer vias
WQ% hed yvith bcgkneza%dg ied Quer, PQXW"H?&T‘%%Q%S'L{%‘ fatg, fhe

solvent was evaporated under re ced pressure, and the residue was 5
purifiesbiby siica gehgalummehromategraphy (elution 1splvent) , and the
hexane-ethyl acetate) to obtain 4.74 g of the title compound.

'H-RIMR(CDC $3)5(ppraR 2/65(ss3H);6.93-6197 (e dH) B46-815X{H, EHY. or

two days. Water and ethyl acetate were added to the
reaction solution, and the organic layer was separated.
The organic layer was dried over anhydrous magnesium
sulfate, and the solvent was evaporated under reduced
pressure. The resulting residue was purified by silica
gel column chromatography (carrier: Chromatorex NH;
elution solvent: ethyl acetate) to obtain 7.01 g of the
title compound.

'H-NMR (CDC13) & (ppm) :
3.37(s,3H),3.58(brs,3H),6.90(dd,J=8.0,2.8Hz,1H),8.02(dd
,J=16.0,8.0Hz,1H) .

[0188]

1-(2,6-difluoropyridin-3-yl)ethanone

A solution of methylmagnesium bromide in THF
(0.96 M, 88.1 mL) was added to a solution of 2,6-
difluoro-N-methoxy—-N-methylnicotinamide (7.01 g) in
tetrahydrofuran (180 mL) under ice-cooling, and the
reaction solution was stirred under ice-cooling for two
hours. A saturated ammonium chloride solution and

ethyl acetate were added to the reaction solution under
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10 [0189] 1-(2,6-difluoropyridin-3-yl)ethanone oxime Hydroxylamine
sulfate (13.1 g) and sodium acetate (10.9 g) were added to a solution of
1-(2,6- difluoropyridin-3-yi)ethanone (4.18 g) in aqueous THE 15 (50%,
200 mL), and the reaction solution was stirred at room temperature
overnight. Water and ethyl acetate ngere added to the reaction solution,
and the organic layer was separated. The organic layer was dried over
artRRITeas widihesititfl stilffteCaAa MHE sORERTWES 205 PpoFatee undERe
reduced pressure. The resulti esid as.purified by silica, gel column
Chrorhatography (Gartiar: CRroRSiore NH: Siion” SSVeRt sthyl scetate)
to-ehtain-244 gneftheditlencampernd.. 25 HNMR(GREL3)(BPM)
2.05(s,3H),6.93-6.97(m,1H),8.46-8.52(m,1H). [0190]

142 Bediflacropyridine3-yb ethytaaminerk85s Zirre, (%9291 g) asagsedur was
three portions to a solution of 1-(2,6-difluoropyridin-3-yi)ethanone oxime

(BHX 4 iPHifB8roacblic AckFL08 LI and i izt HoARBItiOR Wds O™
St 00 rature 5 fo s.. The ion solutio
m%%qé%bga%%c' ?%él%%%%w%éﬁ ﬁlsc% :%?%%%J roxide %Eﬁtdagflﬁlﬁergd #\%oggvéafs the
celite 1and-thecerlitel was washed with chloroform. The organic layer was
separated and dried over anhydrous magnesium sulfate, and the solvent

wasePapOFaed-URdarom) :
2.05(s,3H),6.93-6.97(m, 1H),8.46-8.52(m, 1H) .
[0189]

1-(2,6-difluoropyridin-3-yl)ethanone oxime

Hydroxylamine sulfate (13.1 g) and sodium
acetate (10.9 g) were added to a solution of 1-(2,6-
difluoropyridin-3-yl)ethanone (4.18 g) in agqueous THF
(50%, 200 mL), and the reaction solution was stirred at
room temperature overnight. Water and ethyl acetate
were added to the reaction solution, and the organic
layer was separated. The organic layer was dried over
anhydrous magnesium sulfate, and the solvent was
evaporated under reduced pressure. The resulting
residue was purified by silica gel column
chromatography (carrier: Chromatorex NH; elution
solvent: ethyl acetate) to obtain 2.44 g of the title
compound.
'H-NMR (CDC13) & (ppm) :
2.05(s,3H),6.93-6.97(m,1H),8.46-8.52(m, 1H) .
[0190]

1-(2,6-difluoropyridin-3-yl)ethylamine
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10 reduced pressure to obtain 1.61 g of the title compound.
1H-NMR(CDC13)5(ppm)
1.42(d,J=6.8Hz,1H),4.39(q,J=6.8Hz,1H),6.82(dd,J=8.0,2.8
Hz,1H),8.02(dd,J=17.2,8.0Hz,1H). 15 [0191] Synthesis of
(2)-(S)-4-[(S)-1-(2,6-difluoropyridin-385
yi)ethyl]-2-[1-[3-methoxy-4-(4-methyl-1H-imidazoi-I-
yi)phenylJmethylitlefe]-8-methyimdphofifdsehe Bndizre portions to
(9)-4-[(R)-1-(2,6-difluoropyridin-3-y1)ethyl]-2-[1-[3 2

m%tﬁogxi;@&}( -rrineotﬁyl-f gm%‘;g—a%%ﬁt_gorgdyrgdin—g—yl)ethanone
yipheryilmethylidgnel-6-rethyimerpholin-rene Jie titkeyeompeyund, (170
mg) was obtained as a diastereomer mixture from 1-(2,6-difluoropyridin-3-
yiyéthyhaasine {330 my) @siostartay siaterizdn the 25@anien@@mner asdn
Examples 18 and 19. The resulting diastereomer mixture (10 mg) was

sépdratetPby EHIRALPRKTM 1A Tamitactatet by Daicet Ctistfiicarsic
inestries) L (7.0 X Zamamable Pese 35 fexeneaiian e [ddn

btain the title optically active compound with a retention time of 3
miputes (4. Amg) and the title optisally.activeccampounchwih & setentionhe
time of 39 minutes (3.8 mg). 5 The property value of the title compound
diasteradmet pliture’ ssaskillons LES|-MSEntlz 458 [WH)].arHeypropesy

values of the title optically active compound with a retention time of 33
R ARS S tum sulfate; and the solvent was evaporated under

reduced pressure to obtain 1.61 g of the title
compound.

'H-NMR (CDC13) & (ppm) :
1.42(d,J=6.8Hz,1H),4.39(gq,J=6.8Hz,1H),6.82(dd,J=8.0,2.8
Hz,1H),8.02(dd,J=17.2,8.0Hz, 1H) .

[0191]

Synthesis of (Z2)-(S)-4-[(S)-1-(2,6-difluoropyridin-3—

yl)ethyl]-2-[1-[3-methoxy—-4—-(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6-methylmorpholin-3-one and (Z)-

(S)-4-[(R)-1-(2,6-difluoropyridin-3-yl)ethyl]-2-[1-[3-

methoxy—-4-(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6-methylmorpholin-3-one

The title compound (170 mg) was obtained as a
diastereomer mixture from 1-(2,6-difluoropyridin-3-
yl)ethylamine (330 mg) as a starting material in the
same manner as in Examples 18 and 19. The resulting
diastereomer mixture (10 mg) was separated by
CHIRALPAK™ IA manufactured by Daicel Chemical

Industries, Ltd. (2 cm X 25 cm; mobile phase:
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10 (Example 22) are as follows. 'H-NMR(CDC13)5(ppm):
1.44(d,J=6.4Hz,3H),1.67(d,J=7.2Hz,3H),2.31(s,3H),3.23(d
d,J=12.8,10.0Hz,1H),3.42(dd,J=12.8,2.8Hz,1H),3.84(s,3H)
,4.37(m,1H),5.74(q,J=7.2Hz,1H),6.81(s,1H),6.87(dd,J=8.0 15
,2.8Hz,1H),6.93(dd,J=1.2,1.2Hz,IH)1820(d,J=8.0Hz,IH),7
.31(dd,J=8.4,1.6Hz,1H),7.50(d,J=1.6Hz,1H), 7.77(s,1gi',8. 00(m,1H). The
properly s afidsstthe Titlé 'o?)&icéﬂy Hefive Cofpouhd with aFéteRfidn ime

of 39 minutes 20 (Example, 23) are as follows. 'H-NMR(CDC13)5(ppm):
LT 150 SRR 6o 97 AV B 2 A 3 S TERES
d,9712.8:& BHZxH)%:3.80(dd; 421289162, 1) 2:-83(Se3Hompound with a
4.29(m,1H),5.80(q,J=7.2Hz,1H),6.82(s,1H),6.87(dd,J=8.0, 25

2 8bizeTH),6:93tddhd=1.2, B2HR M) %20(631=8.0H2,1H), 7.
31(dd,J=8.0,1.6Hz,1H),7.51(d,J=1.6Hz,1H),7.79(s,1H),7.9 9(m,1H).

[0192] 187 Andther Byithesisin Exahplé 22 Smtiedis Bf compound

(4 1(5'2:4&(%25 3%%92‘2‘9820 YN £9110ws,

yi)et yIT—Z-[l- 3-methoxy-4-(4-methyl-IH-imidazoi-I-
yiyphenyfmethylidesej+s6-methyimorpholin-3-one [Formula 39] O F MeO |
\ANIN ~N/OJF N

The property values of the title optically
active compound with a retention time of 33 minutes
(Example 22) are as follows.

'H-NMR (CDC13) & (ppm) :
1.44(d,J=6.4Hz,3H),1.67(d,J=7.2Hz,3H),2.31(s,3H),3.23(d
d,J=12.8,10.0Hz,1H),3.42(dd,J=12.8,2.8Hz,1H),3.84 (s, 3H)
,4.37(m, 1H),5.74(gq,J=7.2Hz,1H),6.81(s,1H),6.87(dd,J=8.0
,2.8Hz,1H),6.93(dd,J=1.2,1.2Hz,1H),7.20(d,J=8.0Hz,1H), 7
.31(dd,J=8.4,1.6Hz,1H),7.50(d,J=1.6Hz,1H),7.77(s,1H), 8.
00 (m, 1H) .

The property values of the title optically
active compound with a retention time of 39 minutes
(Example 23) are as follows.

'H-NMR (CDC13) & (ppm) :
1.46(d,Jd=6.4Hz,3H),1.65(d,Jd=7.2Hz,3H),2.32(s,3H),3.32(d
d,J=12.8,2.8Hz,1H),3.50(dd,J=12.8,9.6Hz,1H),3.85(s,3H),
4.29(m,1H),5.80(g,J=7.2Hz,1H),6.82(s,1H),6.87(dd,J=8.0,
2.8Hz,1H),6.93(dd,J=1.2,1.2Hz,1H),7.20(d,J=8.0Hz,1H), 7.
31(dd,J=8.0,1.6Hz,1H),7.51(d,J=1.6Hz,1H),7.79(s,1H), 7.9
9(m, 1H) .

[0192]
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5 Synthesis of 1-(2,6-difluoropyridin-3-yi)ethanoi Diisopropylamine (134
mL) was added dropwise to a mixed solution composed of a solution of
n-butyl lithium in hexane (2.62 M, 368 mL) and tetrahydrofuran (800 mL)
in a nitrogen atmosphere at -60C or less. The 10 reaction solution was
stirred for 30 minutes, and then a spfution of 2,6-difiuoropyridine (100 g)
in_tetrahydrofuran (100 mL) was added dropwise to the reaction solution
af BOE 61 e8¥ MTHE Felsttioh %éﬂ@%ﬁ/a%?stlrred for one hour, and then

ﬂ“ﬁ%ﬂ?@@%% ?0@“ on-— _ﬂ_ﬁleﬁP@J 1es x%m&'l—ﬁ%alﬁh@t@yqaol L) Iﬁﬂg dolyene

(1,000 mL) were added to the reaction solution, and the 20 organic layer
was separatéd nEid prigaticiaye b was t borcentiated dndSrredeaced
pressure to obtain 129 g of the title compound. 'H-NMR(CDC13)5(ppm):
188 L B¥(PI=5 6Hz,3H),2.00(s,1H),5.13-5.16(m,1H),6.84(dd,
J=8.0,2.IHz,1H),8. O%dd J3 16 8. OHz ,1H). [0193] Synthe3|s of

C dto a solutlon of th|ony| bromlde
(337.g) in toluene (1500 mL) under ice-cooling, and the reaction solution

Synthesis of 1-(2,6-difluoropyridin-3-yl)ethanol

Diisopropylamine (134 mL) was added dropwise
to a mixed solution composed of a solution of n-butyl
lithium in hexane (2.62 M, 368 mL) and tetrahydrofuran
(800 mL) in a nitrogen atmosphere at -60°C or less. The
reaction solution was stirred for 30 minutes, and then
a solution of 2,6-difluoropyridine (100 g) in
tetrahydrofuran (100 mL) was added dropwise to the
reaction solution at -60°C or less. The reaction
solution was stirred for one hour, and then
acetaldehyde (97.6 mL) was added dropwise to the
reaction solution. Then, 2 N aqueous hydrochloric acid
(1,000 ml) was added dropwise to the reaction solution.
Thereafter, ethyl acetate (1,000 mL) and toluene (1,000
mL) were added to the reaction solution, and the
organic layer was separated. The organic layer was
concentrated under reduced pressure to obtain 129 g of
the title compound.

'H-NMR (CDC13) & (ppm) :
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10 stirred at room temperature for three hours. Ice water and toluene
were added to the reaction solution, and the organic layer was separated.
The organic layer was washed with water (1,000 mL) three times. The
organic layer was dried over anhydrous magnesium sulfate and 15 then
filtered through a silica gel pad. (S) -lsamino-2- propanoi (157 g), cesium
carbonate (1.28 kg), and DMF (2,500 mL) were added to the filtrate, and
the-rehétlon SolGioh wHS sfirr8d &¢ rddhh temparaturedvierhight STHed (dd.
reactjo ion filter d 0 |quor was
cfﬁcgen r’a? #ﬁnd\g ed%csg ﬁ%e%s’ssgr h8é rQres uézlv%las diluted with
ethanok(l,000 mL). Then, a solution of (+)-di-p-toluoyi-D-tartaric acid
(152 g) in ethanol (500 mL) was added, and the reaction solution was
stiived: Ao température foBoné hodr. SFhei 23 precipitated trystals
were collected by flltratlon and Washed Wlth ethanol The cr stals were

heptane ( OOO d%nggced %olg t Tl?gn th rﬁ\ct ngjg% s&gltlojn was
0

heated and stirred at 80C. One hour later, the reactio lution was

refunmnedtaneom tergpenature, and the erystals were colecteddyd to a
filtration. The crystals were washed with ethanol and 5 dried at 80C
overhight ¢ obtairt 1551yaf the eiledeonipdungl) in toluene (1,500
1H-NMR(DMSQ-d6)

1 Bola SR TH 3 R 3 e SGH)S FREEHPaFoLlution was
2éé‘.(rprzg_cli)'%@7r%ggn(m&’%lﬁ@e“’rjallc&g@(w)cﬁpéés’gﬁﬁrs . Ice water

and toluene were added to the reaction solution, and
the organic layer was separated. The organic layer was
washed with water (1,000 mL) three times. The organic
layer was dried over anhydrous magnesium sulfate and
then filtered through a silica gel pad. (S)-l-amino—-2-
propanol (157 g), cesium carbonate (1.28 kg), and DMF
(2,500 mL) were added to the filtrate, and the reaction
solution was stirred at room temperature overnight.
The reaction solution was filtered, and then the mother
liquor was concentrated under reduced pressure. The
residue was diluted with ethanol (1,000 mL). Then, a
solution of (+)-di-p-toluoyl-D-tartaric acid (152 g) in
ethanol (500 mL) was added, and the reaction solution
was stirred at room temperature for one hour. The
precipitated crystals were collected by filtration and
washed with ethanol. The crystals were dried at 80°C
for two hours and suspended in an ethanol (2,000 mL)-

heptane (1,000 mL) mixed solvent. Then, the reaction
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10 7.21(dd,J=8.0,2.0Hz,2H),7.31(d,J=8.4,Hz,4H),7.82(d,J=8.
4,Hz,4H),8.27(dd,J=17.6,8.0Hz,2H). [0194] Synthesis of
(S)-4-[(S)-1-(2,6-difiuoropyridin-3- yi)ethyl]-6-methyimorpholine-2,3-dione
15 (S)-1-[(S)-1-(2,6-difluoropyridin-3 yi)ethylamino]propan-2-ol
(+)-di-p-toluoyi-D-tartrate (199 g) wasdissolved in 5 N aqueous sodium
hydroxide (450 mL), water (1,000 mL), and 50% toluene-THF (2,000
mt 9 lard tHe slganikaayerivas Separate®ar r?étaé@egus 2018y et Wds
W?shed wit 50% tolugne -THF 8QCO mL) three tlmes Tge organlc layers

i10n so returne
were corhblned and concentrated under réduced pressure. ?hen gethyl

oxalate(200unk) was added te the residue,; and the reactien splytion was
heated and stirred at 140 to 25 150C. Three hours later, the reaction
sdlufior sasodiluted vithctolrene(500amk) amrd treh ieéwootethwhite and
stirring. The precipitated crystals were collected by filtration, washed with
tditferietand ditthy! EHEF At foo- th&Phi dtietito ohtéin 103 b the?
title g)rggg ynd. 'H-NMR(CDC13)5(ppm):
1.43(d,J=6.8Hz,3H),1.70(d,J=6.8Hz,3H),3.36(dd,J=13.2,8.
8Hz Mk3 S, 471 8. %5242, 1H),4.72-4.78(m,1H), 5
5.59(q,J=6.8Hz,1H),6.88(dd,J=8.0,2.8Hz,1H),8.01(dd, J=16.8,8.0Hz,1H).
[01198F SYnthésid BE (9)H4-((5) L (@e-HiffuctOpyridin-32 - 36 (s, 6H) , 2.37~
y'%?tEIXI]('I%;h?/fg)r?)y'6 meth)/'momrpgglm T84 16 (m, 2H) ,5.65 (s, 2H),

7.21(dd,J=8.0,2.0Hz,2H),7.31(d,J=8.4,Hz,4H),7.82(d,J=8.

4,Hz,4H),8.27(dd,J=17.6,8.0Hz, 2H) .

[0194]

Synthesis of (S)-4-[(S)-1-(2,6-difluoropyridin-3-

yl)ethyl]-6-methylmorpholine-2,3-dione

(S)-1-[(S)-1-(2,6-difluoropyridin-3-
yl)ethylamino]propan-2-ol (+)-di-p-toluoyl-D-tartrate
(199 g) was dissolved in 5 N aqueous sodium hydroxide
(450 mL), water (1,000 mL), and 50% toluene-THF (2,000
mL), and the organic layer was separated. The aqgueous
layer was washed with 50% toluene-THF (800 mL) three
times. The organic layers were combined and
concentrated under reduced pressure. Then, diethyl
oxalate (200 mL) was added to the residue, and the
reaction solution was heated and stirred at 140 to
150°C. Three hours later, the reaction solution was
diluted with toluene (500 mL) and then ice-cooled while
stirring. The precipitated crystals were collected by

filtration, washed with toluene and diethyl ether, and
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10 A 1 M solution of lithium tri-sec- butyiborohydride in THF (20 mL) was
added dropwise to a solution of (S)-4-[(S)-1-(2,6-difluoropyridin-3-
yi)ethyl]-6-methyimorpholine-2,3-dione (4.5 g) in THF at -50C or less, and
the reaction solution was stirred 15 for two hours. A 5 N sodium hydroxide
solution (1.66 mL) and 30% aqueous tiydrogen peroxide (6.78 mL) were
added dropwise to the reaction solution at -10C or less, and the reaction

sélbfion Was stifredfof Bneficur SbainY bistilffte $520- i) v addatfito
the 20 r jon. solution, which was then stirred for 30 minutes. Brine and
ohe I R

uene- tgléc'led to the reaction solution, and the organic
layeuwas separaied., Jhe, aqueous jayer was washedwith R0%7-13.2, 3.
toluene-THF. The organic layers were combined and concentrated under
28 feduded, pressured The résidue waszpurifieddby/eeldmns (m, 1H) ,
chromatography using a silica gel éheptane:eth i acetate = 1:1 to 0:100)
(oPOA4.52 6F he i EompbtiRd IOt L+ NMR(CEELSSpRAY:
1.25(d,J56.8t .5%2,;.SO(d,J=6.8Hz,0.42H),1.60(d,J:6.
8Hz,2.58H),1.62(d,J=6.8Hz,0.42H),2.90(dd,J=12.8,8.8Hz,0
.86t) B:09(dd,J=12.8,8.8Hz,0.14H),3.11(dd,J=12.8,2.IHz, 5
0.86H),3.31(dd,J=12.8,2.IHz,0.14H),4.39-4.49(m,1H),
5 3v(<. 094D, 5230(650.86H), 5 50(d, 348 SHA0 1 4p)ropyridin—3—-
%&1:6.8Hz 0.86H),6.87(dd,J=8.0,2.8Hz,1H),7.96(dd,J
1 Al hTA— R

571&
:¥é~ Gepxy—-b-methylmorpholin-3-one

O.UT 14, L1 I/. I.\JJ.\JUJ

A 1 M solution of lithium tri-sec-
butylborohydride in THF (20 mL) was added dropwise to a
solution of (S)-4-[(S)-1-(2,6-difluoropyridin-3-
yl)ethyl]-6-methylmorpholine-2,3-dione (4.5 g) in THF
at -50°C or less, and the reaction solution was stirred
for two hours. A 5 N sodium hydroxide solution (1.66
mL) and 30% agqueous hydrogen peroxide (6.78 mL) were
added dropwise to the reaction solution at -10°C or
less, and the reaction solution was stirred for one
hour. Sodium bisulfite (520 mg) was added to the
reaction solution, which was then stirred for 30
minutes. Brine and 50% toluene-THF were added to the
reaction solution, and the organic layer was separated.
The aqueous layer was washed with 50% toluene-THF. The
organic layers were combined and concentrated under
reduced pressure. The residue was purified by column
chromatography using a silica gel (heptane:ethyl
acetate = 1:1 to 0:100) to obtain 4.52 g of the title

compound.
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10 Synthesis of (2)-(S)-4-[(S)-1-(2,6-difluoropyridin-3-
yi)ethyl]-2-[1-[3-methoxy-4-(4-methyl-1H-imidazoi-I-
yi)phenyllmethylidene]-6-methyimorpholin-3-one Triphenyiphosphonium
bromide (6.52 g) was added to a solution of (S)-4-[(S)-1-(2,6 15
difluoropyridin-3-yi)ethyi]-2-hydroxyi6> 1methyimorpholin-3-one (4.3 g) in
acetonitrile, and the reaction solution was heated under refiux for one

holir-N¥Rd thiyfakaire (8228 fL) and 3-methoxy-4-(4-methyl-IH-
idazoi L ] o d .
;rg]{ugéo(lofl yilbenzal eﬂy%%%? éé‘ug’gggge%g% .%q{tf, e 2 teaction Sl -

on, Which was then efiux ‘for hours. Thé rea
selution Wwasiconceptiatedyupdenredyced pressuse, @pd theiresidue was, | o
diluted with 2 N aqueous hydrochloric acid and ethyl acetate. Then, the
aqedls, lay8Pwds séparatéd.SThdlaerganici25 Jayet Wasdwdsted. with 21Nz,
agueous hydrochloric acid. Then, the total a%%uieous layers were
c

mbitiétrahd’made - dkafné with ‘d'¢orttehtlated soditm: HydtBxite ) -
sqlutign._The nig | rated tractiop from t 2
A S50t it Sg] A B e wdehed wih beiuraieh
sadiumBjcarbonate:  Theserngani layac was-drieg, ovegranhydious. 96 (dd, J
magnesium sulfate and concentrated under reduced pressure. The
residuedwas GHsurifiéd by column chromatography using NH silica gel
(heptane:ethyl acetate = 1:1 to 0:100) to obtain 4.06 g of the title
cd E)gﬁr%d The property values corresponded to those in Example 22.

(090 hesis of (2)-(S)-4-[(S)-1-(2,6-difluoropyridin-3—

yl)ethyl]-2-[1-[3-methoxy-4—-(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6-methylmorpholin-3-one

Triphenylphosphonium bromide (6.52 g) was
added to a solution of (S)-4-[(S)-1-(2,6-
difluoropyridin-3-yl)ethyl]-2-hydroxy-6-
methylmorpholin-3-one (4.3 g) in acetonitrile, and the
reaction solution was heated under reflux for one hour.
Triethylamine (5.28 mL) and 3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzaldehyde (3.42 g) were added to the
reaction solution, which was then heated under reflux
for 1.5 hours. The reaction solution was concentrated
under reduced pressure, and the residue was diluted
with 2 N aqueous hydrochloric acid and ethyl acetate.
Then, the aqueous layer was separated. The organic
layer was washed with 2 N aqueous hydrochloric acid.
Then, the total aqueous layers were combined and made
alkaline with a concentrated sodium hydroxide solution.

The organic layer was separated by extraction from the
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10 Examples 24 and 25 Synthesis of
(2)-(S)-4-[(S)-1-(2,3-difluoropyridin-4-
yl)ethyl]-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-I-
y1l)phenyllmethylidene]-6-methylmorpholin-3-one and (Z)-
(S)-4-[(R)-1-(2,3-difluoropyridin-4-y h)ethyl]-2-[1-[3 15
methoxy-4-(4-methyl-1H-imidazol-I-
yBphenyfifetyiidénd)re-mdthylfmotgHoli-3lohes [Fathtuld 2epor R ehed
MeQ INFMeON\NF NON/QJNN/OJLiN _jN~j ,

2 B M Ry Z3atyiaina. LY of e thle SRR dake”
obtaineg fram 2,3-difluoraisanicotinigacid (4.49 g3 thatis a 20known
compound (see Journal of Organic Chemistry, 2005, vol.70, p.3039-3045)
indbe sante maetienad ér Examples] 22rawb23 . H-NVHR{CBC13)6ppm)
193 1.44(d,J=6.8Hz,3H),4.50(q,J=6.8Hz,1H),7.33(dd,J=4.8,4.8

HE ) 7 64 PI= £ 815 M) [010B] (SYHIREHE of s1ng NH silica gel
(2)+(S)-4-[(S)-1:(2,3-diflugronyridin-4-, . :
yi)?élt(%)%ﬁ-az-%L-'[%-trﬁgtjhoé)g-%&fzéfrénefhy-’1§H-Frﬁid%2(%iglo) to obtain 4.06 g
yiyghenymethylidesselfdnethyimanphofin-soene and 44)ze s
(S)-4-[(R)-1-(2,3-difluoropyridin-4-yl)ethyl]-2-[1-[3-
methoygsappdesthyiol Hiwmitazoi|-Example 22.
yi)[%hlegn%]methylidene]-6-methyimorpholin-3-one

Examples 24 and 25

Synthesis of (Z2)-(S)-4-[(S)-1-(2,3-difluoropyridin-4-

yl)ethyl]-2-[1-[3-methoxy—-4—(4-methyl-1H-imidazol-1-

yl)phenyl]lmethylidene] -6-methylmorpholin-3-one and (Z)-

(S)-4-[(R)-1-(2,3-difluoropyridin-4-yl)ethyl]-2-[1-[3-

methoxy—-4—-(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6-methylmorpholin-3-one

[Formula 40]

@) F 0 - F
MeowNJ\@F MeowNA@F
e

1-(2,6-difluoropyridin-3-yl)ethylamine

1.13 g of the title compound was obtained
from 2,3-difluoroisonicotinic acid (2.49 g) that is a
known compound (see Journal of Organic Chemistry, 2005,
vol.70, p.3039-3045) in the same manner as in Examples
22 and 23.

'H-NMR (CDC13) & (ppm) :
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10 The title compound (500 mg) was obtained as a diastereomer mixture
from 1-(2,6-difluoropyridin-3- yi)ethylamine (500 mg) as a starting material
in the same manner as in Examples 18 and 19. The resulting
diastereomer mixture (10 mg) was separated by 15 CHIRALPAKTM IA
manufactured by Daicei Chemical melsistries, Ltd. (2 cm X 25 cm; mobile
phase: hexane:ethanol = 7:3) to obtain the title optically active compound

wilth ‘é%@en?tro% tifé of B9 miinateed (2 8m§fiand the titte’ Sptichily dttive 4 -
nd i O.rete of 43 minutes (3.0 mg). The property
valu é He%t?ﬁc%rh%roé rgt irtﬂieomer mixture is as follows. ESI-MS;
m{z 45% [M +H]. The property values of the title optically 25 active
compound with a retention time of 39 minutes (Example 24) are as

fopwshaHiINMEK{CDO13)5(pph)! ( —(2,3-difluoropyridin—4—
1. 46(d J 6.8Hz 3H),1 67(d J=7.2Hz 3H) 2 31(8 3H),3.24(d 194
d, 3Ny ATREFLPE B - t& Lﬂﬂlmldazol 1-

7:5@(&,4:1’.éﬂzbz;ﬂlid)cz.z’gédﬁél.@%ﬁy)}z@m;ﬁmaya HzzLH). The-

property values of the title optically active compound with a retention time
ofn¢3 hiritted —(Exangdle 25 Are ag folfows. ‘H-NMR(CDC13)5(ppm):

y1l)phenyl]lmethylidene] -6-methylmorpholin-3-one

The title compound (500 mg) was obtained as a
diastereomer mixture from 1-(2,6-difluoropyridin-3-
yl)ethylamine (500 mg) as a starting material in the
same manner as in Examples 18 and 19. The resulting
diastereomer mixture (10 mg) was separated by
CHIRALPAK™ IA manufactured by Daicel Chemical
Industries, Ltd. (2 cm X 25 cm; mobile phase:
hexane:ethanol = 7:3) to obtain the title optically
active compound with a retention time of 39 minutes
(2.6 mg) and the title optically active compound with a
retention time of 43 minutes (3.0 mg).

The property value of the title compound
diastereomer mixture is as follows.

ESI-MS;m/z 455[M'+H].

The property values of the title optically
active compound with a retention time of 39 minutes
(Example 24) are as follows.

'H-NMR (CDC13) & (ppm) :

1.46(d,J=6.8Hz,3H),1.67(d,J=7.2Hz,3H),2.31(s,3H),3.24(d
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10 1.49(d,J=6.4Hz,3H),1.66(d,J=7.2Hz,3H),2.32(s,3H),3.29(d
d,J=12.8,2.8Hz,1H),3.54(dd,J=12.8,9.6Hz,1H),3.85(s,3H),
4.34(m,1H),5.97(q,J=7.2Hz,1H),6.84(s,1H),6.94(s,1H),
7.18-7.23(m,2H),7.33(dd,J=8.4,1.6Hz,1H),7.51(d,J=1.6Hz,
1H),7.80(d,J=1.2Hz,1H),7.99(dd,J=5940.8Hz,1H). 15 [0199] Example 26
Synthesis of (2)- S)-4-{ 1R,2R)-2-hydroxy-I-(3,4,5-

trifludropheny B pfopy21)1-B- etk 414 methylGHE , 1H) , 3.85 (s, 3H),

imidazol-1- henyllmethylidene]-6-methyl holin-3- 20 Formula
A OO NONIOT | Esynineds o o L1 6. R0,
123 trifluprg-pol(Eppropenylibenzene. Tetrakistriphenylphosphing) ,
palladium (0) 195 (4.66 g) and cesium fluoride (21.4 g) were added to a
solutidn df T-bromid=3,45-trifludékolitbnzehe 485, ¢g)Hand’ . 99 (dd, J=5.2,0.8
trans-1-propen-1-ylboronic acid (4.1 g) in dioxane (95 ml) and water (5
mEI})Zin r)iitrogen atmosphere, and the 5 reaction solution was stirred at

80C for five hoq}:@% T%ﬁ%gg{n églﬁigg was lérngg Q Log fically

temperature. T d water were added to the reaction
selutior;cangbthedaselublednatier-was remeved byefilyatian. The arganic

layer was separated and then
(Example 25) are as follows.
'H-NMR (CDC13) & (ppm) :
1.49(d,J=6.4Hz,3H),1.66(d,J=7.2Hz,3H),2.32(s,3H),3.29(d
d,J=12.8,2.8Hz,1H),3.54(dd,J=12.8,9.6Hz,1H),3.85(s,3H),
4.34(m,1H),5.97(gq,J=7.2Hz,1H),6.84(s,1H),6.94 (s, 1H),
7.18-7.23(m,2H),7.33(dd,J=8.4,1.6Hz,1H),7.51(d,J=1.6Hz,
1H),7.80(d,J=1.2Hz,1H),7.99(dd,J=5.2,0.8Hz,1H) .
[0199]

Example 26

Synthesis of (Z)-(S)-4-[(1R,2R)-2-hydroxy-1-(3,4,5-

trifluorophenyl)propyl]-2-[1-[3-methoxy—-4—-(4-methyl-1H-

imidazol-1-yl)phenyl]lmethylidene] -6-methylmorpholin-3-

one

[Formula 41]

HO,

o :
MeO:I:::r/Qﬁ/J\N F
Nf\N O\{J F

Synthesis of 1,2,3-trifluoro-5-[(E)-propenyl]benzene

Tetrakistriphenylphosphine palladium (OQ)
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10 washed with water, and the insoluble matter was removed by filtration
again. The organic layer was separated and then sequentially washed
with water and brine. The organic layer was dried over anhydrous
magnesium sulfate, and then the solvent was evaporated under 15
reduced pressure. The resulting crugdesproduct was purified by silica gel
column chromatography (hexane) to obtain 5.83 g of the title compound.
H(ﬁhﬁﬁagjcfgﬁxﬁ@ﬁ}um fluoride (21 4 were added to a

BRI S U ISHOR 5.5 0 an

Ué%aﬁkL61@%%%@H0%H§E@MQB%E@H§Cl@($@L1 g) in dioxane (95
1,2,3-Trifiuoro-5-[(E)-propenyi]-benzene 25 (5.83 g) was added to an

icedcootedminegtkgolifiom b mmxm@ﬂc@graadmpaﬁewifmmidéle
(3. ZZG%m tert-butanoi (170 ml) and water (170 ml), and the reaction
sOIGfoT Wak stirredtatBe B@é‘rnfgttﬁr'?ﬁgn 396’ S3didiAsuitits NIRORIER

added fo.the, reagtion, f 31% tion. which was then, stiged. I)ocgrr?ngeﬁ?p ur, IpG e .

reaction solution was subjected to extraction with methylene chloride
three timese thacombined organie bdayeris sere washedrwith-a 20N
sodium hydroxide solution, and then the sodium hydroxide layer was
suisjéctetad exaradtichwithimethylehe chidrideragain. Thecorganievayers

were combined and dried over anhxdrous magnesium sulfate and then
th%%&%&ﬁﬁﬂ%& The organic layer was separated and then

washed with water, and the insoluble matter was removed
by filtration again. The organic layer was separated
and then sequentially washed with water and brine. The
organic layer was dried over anhydrous magnesium
sulfate, and then the solvent was evaporated under
reduced pressure. The resulting crude product was
purified by silica gel column chromatography (hexane)
to obtain 5.83 g of the title compound.

'H-NMR (CDC13) & (ppm) :
1.88(d,J=6.0Hz,3H),6.18(gd,J=6.0,16.0Hz,1H),6.24(d,
J=16.0Hz,1H),6.85-6.96 (m, 2H) .

[0200]

Synthesis of (1S5,2S5)-1-(3,4,5-trifluorophenyl)propane—

1,2-diol

1,2,3-Trifluoro-5-[ (E)-propenyl]-benzene
(5.83 g) was added to an ice-cooled mixed solution of
AD-Mix-o (47.5 g) and methanesulfonamide (3.22 g) in
tert-butanol (170 ml) and water (170 ml), and the

reaction solution was stirred at 5°C overnight. Then,
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10 evaporated under reduced pressure. The resulting crude product was
purified by silica gel column chromatography (hexane:ethyl acetate = 9:1
to 1:1) to obtain 5.54 g of the title compound. 'H-NMR(CDC13)5(ppm):
15 1.12(d,J=6.4Hz,3H),2.20(brs,1H),2.79(brs,1H),3.78(gd,J=
6.4,6.4Hz,1H),4.34(d,J=6.4Hz,1H),8.96-7.05(m,2H). [0201] Synthesis of
(1R,2S)-1-azido-1-(3,4,5- trifluorophenyl)propan-2-o1 20 A sodium
hydiekide patiet (a0 rhe} wak dtted8eSoltifory BE (£52S)-19(3,4,5-

trifluorophenyl)propane-1,2-diol (5.54 q).in dimethyl carbonate (15.ml) in
B b T, St B o R S Wt Gt 1o B 700 1 45

minutes.i25 Thentheaxternal temperatue was r@ised:toc00C, .and,
dimethyl carbonate was removed by spraying nitrogen. Further, dimethyl
carbohatec{rembvias added tothe  tesidue, arithdimethyl casldorate avasc
removed by spraying 197 nitrogen. THE was added to the residue, and

the? iSofuie hrattét e dabffima%ﬁl%ﬁ%uﬁﬁd&_&?fé.d’ﬂﬁen, the
S%'%‘?E’&tt‘ﬂ%% ?V%E’l‘?{afrge%{”@‘?{eregg‘&?]%nprﬁ 519 é’é’tei'”fep i a

carbonate compound. 5 Water (0.5 ml) and Sodium azide (1.92 g) were
added; to-a salutionot the carhonate eompeuRy i BMicH20:mlii again.
nitrogen atmosphere, and the reaction solution was stirred at 110C
ovérnight Rietity| e was added 10 thie pehction slutioh reni@hned to

room
anhydrous magnesium sulfate, and then the solvent was

evaporated under reduced pressure. The resulting crude
product was purified by silica gel column
chromatography (hexane:ethyl acetate = 9:1 to 1:1) to
obtain 5.54 g of the title compound.

'H-NMR (CDC13) & (ppm) :
1.12(d,J=6.4Hz,3H),2.20(brs,1H),2.79(brs,1H),3.78(gd, Jd=
6.4,6.4Hz,1H),4.34(d,J=6.4Hz,1H),6.96-7.05(m, 2H) .

[0201]

Synthesis of (1R,2S)-1-azido-1-(3,4,5-

trifluorophenyl)propan—-2-ol

A sodium hydroxide pellet (110 mg) was added
to a solution of (1S5,28)-1-(3,4,5-
trifluorophenyl)propane-1,2-diol (5.54 g) in dimethyl
carbonate (15 ml) in a nitrogen atmosphere, and the
reaction solution was stirred at 70°C for 45 minutes.
Then, the external temperature was raised to 100°C, and
dimethyl carbonate was removed by spraying nitrogen.
Further, dimethyl carbonate (5 ml) was added to the

residue, and dimethyl carbonate was removed by spraying
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10 temperature, and the reaction solution was sequentially washed with
water (three times) and brine. The organic layer was dried over
anhydrous magnesium sulfate, and then the solvent was evaporated
under reduced pressure. The resulting residue was purified by silica gel
column 15 chromatography (hexane:ethyl acetate = 19:1 to 9:1) to obtain
5.16 g of the title compound. 'H-NMR(CDC13)5(ppm):

104td 996 2HZ, 3HY 1 7ot dAs 3. 97fgd De6 zea BRfze, and the
1H),4.42(d,J=4.8 1H),6.96-7.05§m 2H). 20.[0202] Synthesis of
SR e
Trphemdphosphing (5:82 gy wesaddedde aselgtionotd under reduced
(1R,2S)-1-azido-1-(3,4,5 25 trifiuorophenyi)propan-2-ol (5.16 g) in THE
(TrmBdnra nitrogentatmosphére, @andithe reactimmsdletiorrwasustitred at
room temperature for 10 minutes. Thereafter, water (5 ml) was added to

the reaction 198 238ititidr? whilfH WattHer Strret at 66€fof 3.5 Rodrs. Were
) Ui  tertbutvl
TQ%éb%%F“PQ SO %tb%%\ﬁ’i‘% ﬁecti%fg?%qqt%’ room, tnperatyre,, %ﬁ“fﬁ”ﬁﬁﬁy

dicarbonate (5.35 g) was ad e reaction solution, w was then

stirped at oo Sdemperatyea fof dbavprites  Thensplvenrt wasevaparated
under reduced pressure, and then the resulting residue was purified by
sified gelicolumascheoratsgtaplty Y(Idlleneethyl aeltate =D3:¢F hydbtaiher
5.88 g of the title compound. ,
was added to the reaction solution returned to room
temperature, and the reaction solution was sequentially
washed with water (three times) and brine. The organic
layer was dried over anhydrous magnesium sulfate, and
then the solvent was evaporated under reduced pressure.
The resulting residue was purified by silica gel column
chromatography (hexane:ethyl acetate = 19:1 to 9:1) to
obtain 5.16 g of the title compound.
'H-NMR (CDC13) & (ppm) :
1.14(d,J=6.4Hz,3H),1.79(brs,1H),3.97(gd,J=6.4,4.8Hz,
1H),4.42(d,J=4.8Hz,1H),6.96-7.05(m, 2H) .
[0202]

Synthesis of tert-butyl [(1R,2S)-2-hydroxy-1-(3,4,5-

trifluorophenyl)propyl]carbamate

Triphenylphosphine (5.85 g) was added to a
solution of (1R,2S)-1-azido-1-(3,4,5-
trifluorophenyl)propan-2-o0l (5.16 g) in THF (75 ml) in
a nitrogen atmosphere, and the reaction solution was
stirred at room temperature for 10 minutes.

Thereafter, water (5 ml) was added to the reaction
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10 'H-NMR(CDC13)5(ppm)
1.07(d,J=6.4Hz,3H),1.41(s,9H),4.10(brs,IH),4.47(brs,
1H),5.44(brs,1H),6.92-7.01(m,2H). [0203] Synthesis of
(1R,2R)-2-tert-butoxycarbonylamino-I- 15
methyl-2-(3,4,5-trifluorophenyi)ethyii4-mitrobenzoate Diisopropyi
azodicarboxylate (6 ml) was added dropwise to a solution of tert-butyl
[(BRI2D) IR My didwER(374 S-tFRE8ropheRYBTopyi| Cdaniae (3.88 gRurs -
4-nitrobenzoiciagid (4.84,9). and 20 iphenyiphosphine, (7:59 ) n THE,
(x mﬁ under ice- cooﬁng IN a nitrogen éltmosphere, and the Teaction
selytion wagsestirregh atyoor tempssatre fargweoshoprs.,, Ihesplvent wast he
evaporated under reduced pressure, and the resulting residue was
purdfiedby silica Yet column25 chromatographystolueretethyl acetate =
97:3). Then, the resulting powder was triturated with toluene-hexane to

obt3itP6 63 g 6f theitle ‘coMpotd S'H-NMIR(CISC Y5 ppiaf rgrporated
11:12’ &%%H}, %ﬁégtﬁl?r‘l&%%@gﬂ“8a5r(grstlk|%’§'lt%g"]rzgs%lting residue
gd,J=6.4.6.0Hz,IH),6.92-

Hz,IH),5.41
7:0dm2H)i8.16(d,358.8Hz i2H),8;29(:418:8HZ AH)ord0204]% Shpthesis
of tert-butyl [(1R,2R)-2-hydroxy-1-(3,4,5- trifiuorophenyi)propyijcarbamate
Potassiupn eaidnate powter (6.43 9) Wastadddeltte anmixetbsalutidn bhe
(1R,2R)-2-tert- butoxycarbonylamino-l-methyl-2-(3,4,5-
ti1tlé compound?
'H-NMR (CDC13) & (ppm) :
1.07(d,J=6.4Hz,3H),1.41(s,9H),4.10(brs,1H),4.47 (brs,
1H),5.44(brs,1H),6.92-7.01(m, 2H) .
[0203]

Synthesis of (1R,2R)-2-tert-butoxycarbonylamino-1-

methyl-2-(3,4,5-trifluorophenyl)ethyl 4-nitrobenzoate

Diisopropyl azodicarboxylate (6 ml) was added
dropwise to a solution of tert-butyl [(1R,2S)-2-
hydroxy-1-(3,4,5-trifluorophenyl)propyl]carbamate (5.88
g), 4-nitrobenzoic acid (4.84 g), and
triphenylphosphine (7.59 g) in THF (100 ml) under ice-
cooling in a nitrogen atmosphere, and the reaction
solution was stirred at room temperature for two hours.
The solvent was evaporated under reduced pressure, and
the resulting residue was purified by silica gel column
chromatography (toluene:ethyl acetate = 97:3). Then,
the resulting powder was triturated with toluene-hexane
to obtain 6.69 g of the title compound.

'H-NMR (CDC13) & (ppm) :
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10 trifluorophenyi)ethyi 4-nitrobenzoate (7.03 g) in methanol (90 ml)-THF
(10 ml), and the reaction solution was stirred at room temperature for one
hour. Ethyl acetate was added to the reaction solution, which was then
sequentially washed with water and brine (twice). 15 The organic layer
was dried over anhydrous magnesiumo sulfate, and the solvent was
evaporated under reduced pressure. Diethyl ether was added to the

resuftings résidué, atit thedndolGbie matterwas fémdved by filtratich Jre 2
fil atelw § %téatgd ar]Id gw% 0 r%ﬂéltl%g Befmdue was purified by
olumn " chr

siliéd geld omatogfaphy fdluene: ethyl'acetate = 6:1) to obtain

4490 ofthertitiescompeund: sHNMREGP L 3)D(ppM=s . 81z, 2H) .
1.28(d,J:6.4Hz,3H),1.44(5,9H),4.01(brs,IH),4.48(brs,IH) 25
@B(@n@ 1H) 6.90-7. OO(m 2H) [0205] Synthesis of tert-butyl

W@% l_gRﬂ%e%%fH%%”gPéégf %‘H%Q%f tS” b”ty'

propyilcarbamate (610 mg)
and imidazole {@kamg) i DM 63 m)xia Bi@gen esmosphereyapdatheed
reaction solution was stirred at room temperature for three hours. Ethyl
atetate wasadded 1o thereadtionl Soldfom, Avttiel was then sequentially

washed .
butoxycarbonylamino-1l-methyl-2-(3,4, 5-

trifluorophenyl)ethyl 4-nitrobenzoate (7.03 g) in
methanol (90 ml)-THF (10 ml), and the reaction solution
was stirred at room temperature for one hour. Ethyl
acetate was added to the reaction solution, which was
then sequentially washed with water and brine (twice).
The organic layer was dried over anhydrous magnesium
sulfate, and the solvent was evaporated under reduced
pressure. Diethyl ether was added to the resulting
residue, and the insoluble matter was removed by
filtration. The filtrate was concentrated, and the
resulting residue was purified by silica gel column
chromatography (toluene:ethyl acetate = 6:1) to obtain
4.49 g of the title compound.

'H-NMR (CDC13) & (ppm) :
1.28(d,J=6.4Hz,3H),1.44(s,9H),4.01(brs,1H),4.48 (brs, 1H)
;5.35(brs,1H),6.90-7.00 (m, 2H) .

[0205]

Synthesis of tert-butyl [(1R,2R)-2-tert-

butyldiphenylsilanyloxy-1-(3,4,5—-
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10 with water, 1 N hydrochloric acid, water, a saturated sodium
bicarbonate solution, and brine. The organic layer was dried over
anhydrous magnesium sulfate, and then the solvent was evaporated
under reduced pressure. The resulting residue was purified by silica gel
column 15 chromatography (hexane:diethyl ether = 49:1 to 19:1) to obtain
684 mg of the title compound. 'H-NMR(CDC13)5(ppm):

0051 OHPE 2BREIVE. ARG )11 42EHIRE D2 (brs, IH), 4.

46(brs,1H),5.34(brs,1 .69-6.80(m,2H),7.28- 2Q
7.46(m,8H),7.5@?&%55%?%:Pz‘i%ffo(‘z%%iaéﬁiﬁé&élo ne (2.0 ml) was
(IRidRa-2ttertebityidiphenyisilanyloxy-l-{3i4it ion of tert-butyl
5-trifiuorophenyi)propylamine Trifluoroacetic acid (0.5 ml) was added to a
259 sORitidR Jof Zert-bpdtyd AR 2RB-24eft=-butyidiphenyisilanyloxy-I-(3,4,5-
trifluorophenyi)propyilcarbamate (370 mg) in methylene chloride (2 ml),

and e HAcHBA SO tIbRAWAY Stirréd D81 AtTobfterfserattite forifazole
h urage i icarbonate soluti a q.the reaction
sgﬁlﬂ?gﬁﬁov%d%y ex?r%qc{?oiz w?t ;éthy laJCcL%-gta SVM T %gogr% 1E]li(?:glz?q'/er%vgétils
washed witbta: satupied sodivumy Sicarbonate salutigyband briperandire

then the solvent was evaporated under reduced pressure to obtain 275

mgeof tHertitfe eompound EH-NMR(GDEL8)3(ppnydded to the
0.93(d,J=6.4Hz,3H),1.02(s 9H),3,81(d,J=4,8Hz,IH) 3.91(d

ction solution, which was ghen sequentially washed
with water, 1 N hydrochloric acid, water, a saturated
sodium bicarbonate solution, and brine. The organic
layer was dried over anhydrous magnesium sulfate, and
then the solvent was evaporated under reduced pressure.
The resulting residue was purified by silica gel column
chromatography (hexane:diethyl ether = 49:1 to 19:1) to
obtain 684 mg of the title compound.

'H-NMR (CDC13) & (ppm) :
0.95(s,9H)1.13(d,J=6.4Hz,3H),1.47(s,9H),4.02(brs,1H), 4.
46 (brs,1H),5.34(brs,1H),6.69-6.80(m,2H), 7.28-

7.46 (m,8H),7.55(d,J=8.4Hz, 2H) .

[0206]

Synthesis of (1R,2R)-2-tert-butyldiphenylsilanyloxy—-1-

(3,4,5-trifluorophenyl)propylamine

Trifluoroacetic acid (0.5 ml) was added to a
solution of tert-butyl [(1R,2R)-2-tert-
butyldiphenylsilanyloxy-1-(3,4,5-
trifluorophenyl)propyl]carbamate (370 mg) in methylene

chloride (2 ml), and the reaction solution was stirred
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10 q,J=4.8,6.0Hz,1H),6.88-6.97(m,2H),7.32
7.46(m,6H),7.57(d,J=8.0Hz,2H),7.55(d,J=8.0Hz,2H). [0207] Synthesis of
(S)-1-[(1R,2R)-2-tert- butyidiphenylsilanyloxy-1-(3,4,5- 15
trifiuorophenyi)propylamino]propan-2-01 A solution of (S)-(-)-propylene
oxide (0.1 ml) and (IR,2R)-2-tert-butyidiphenylsilanyloxy-I-
(3,4,5-trifluorophenyi)propylamine (212 mg) in diethyl ether (1 ml) was
added RPE shSPERsion of Rthfirl 20 pdiEMibrate (756 Aig)tiR dRsthyicstherm
(4. mb, and the reagtion solution was sfirred.in & pirogen aimosphere at
room %empera ure overnlgﬁf} I\W&ﬁy%ne chloride and 'ice water were
addad,toi the, reagtian selution. After- stirringithg reactionsolution, thee .
organic layer was 25 separated. The aqueous layer was subjected to
extractiongagith. metlyleme ebloride dyain. Wihgorganict layers wesed ium
combined and dried over anhydrous magnesium_ sulfate, and then the

sOVErtWaS Bbficetitratéd thder o2 rediced rbssife THresutifig™®
r%édé’ee‘(@gi&?é'fé%% by, Slica 985&04%@%?&@ fography {Gtyl, 595 g

acetate:heptane = 9:1 to 4:1) to obtain 172 mg of the title compound. 5

'HNMRECDRC13)5 (pRim) 0:83(d,J=6.0Hz,3H),1.06(s,9H),1.08(M,3H),2.20-
2.50(m,3H),3.47(brs,IH),3.59(brs,IH),3.86(brs,IH),6.78-
6.95(MRHY,P B6- TSRS H), 7.67(d,J=6.8Hz,4H). [0208]

0.93(d,J=6.4Hz,3H),1.02(s,9H),3.81(d,J=4.8Hz,1H),3.91(d
qg,J=4.8,6.0Hz,1H),6.88-6.97(m, 2H),7.32-

7.46 (m,6H),7.57(d,J=8.0Hz,2H),7.55(d,J=8.0Hz, 2H) .

[0207]

Synthesis of (S)-1-[(1R,2R)-2-tert-—

butyldiphenylsilanyloxy-1-(3,4,5—-

trifluorophenyl)propylamino] propan—-2-ol

A solution of (S)-(-)-propylene oxide (0.1
ml) and (1R, 2R)-2-tert-butyldiphenylsilanyloxy—-1-
(3,4,5-trifluorophenyl)propylamine (212 mg) in diethyl
ether (1 ml) was added to a suspension of lithium
perchlorate (750 mg) in diethyl ether (1 ml), and the
reaction solution was stirred in a nitrogen atmosphere
at room temperature overnight. Methylene chloride and
ice water were added to the reaction solution. After
stirring the reaction solution, the organic layer was
separated. The aqueous layer was subjected to
extraction with methylene chloride again. The organic
layers were combined and dried over anhydrous magnesium

sulfate, and then the solvent was concentrated under
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10 Synthesis of (S)-4-[(1R,2R)-2-tert- butyidiphenylsilanyloxy-I-(3,4,5-
trifiuorophenyi)propyi]-6-methyimorpholine-2,3-dione Oxalyl chloride (45
1) was added dropwise to a solution of (S)-1-[(1R,2R)-2-tert 15
butyidiphenylsilanyloxy-I-(3,4,5- trifluorophenyi)propylamino]propan-2-ol
(171 mg), TEA (0.17 ml), and 4-(N,Nsdimethylamino)pyridine (8 mg) in
methylene chloride (2 ml) under ice-cooling in a nitrogen atmosphere, and
tHeYeBERGh BolRfi6H Was 281 tirredat the Bamerenpetatineé fottivbt 1ed
hours. Ice, water was added to the reaction solution, fallowed by
e%t?]acstfg]r'?lv(\fiﬁ'\ gt%yl ggegtléiner} Pérn? aaetgl%%%]?c I?Iay ? t\(/)lvqfi/s\ﬂlsequentialIy
washed withnuater, HleN-hysirachleria acjd,waten @ safutiated QAN t he
bicarbonate solution, 25 and brine. The organic layer was dried over
anhydreus amagoesium sulfate, and the solvent was evaporated under
reduced pressure. The resulting residue was purified by silica gel column

ch%‘rﬁ%é% (@eﬁﬁﬁﬁ:éthyi 203 acetate = 9:1 to 3:1) to obtain 96 mg
of-thg fifle compeund.'H:N C (pp _
oot T o6 0 B a Ba T s Gy ) 220
3.206dd953.6)132H 2, ) 3.6840d,3=2.9 (13- 2Hzdh),3 . 86 (brs, 1H) , 6. 78~
4.42(dq,J=5.6,6.0Hz,IH),4.62(ddq,J=2.4,5.6,6.4Hz,IH),

5510 Jmh Bz, |H) 50826 B (mh, 2H), 7.4067.54 (A 6H)3Hz , 4H) .
7.[Ggg%,gTS.OHz,ZH)J.G?(d,J:8.0Hz,2H). [0209]

Synthesis of (S)-4-[(1R,2R)-2-tert-—

butyldiphenylsilanyloxy-1-(3,4,5—-

trifluorophenyl)propyl]-6-methylmorpholine-2,3-dione

Oxalyl chloride (45 Mnl) was added dropwise to
a solution of (S)-1-[(1R,2R)-2-tert-
butyldiphenylsilanyloxy-1-(3,4,5-
trifluorophenyl)propylamino]propan-2-ol (171 mg), TEA
(0.17 ml), and 4-(N,N-dimethylamino)pyridine (8 mg) in
methylene chloride (2 ml) under ice-cooling in a
nitrogen atmosphere, and the reaction solution was
stirred at the same temperature for two hours. Ice
water was added to the reaction solution, followed by
extraction with ethyl acetate. Then, the organic layer
was sequentially washed with water, 1 N hydrochloric
acid, water, a saturated sodium bicarbonate solution,
and brine. The organic layer was dried over anhydrous
magnesium sulfate, and the solvent was evaporated under
reduced pressure. The resulting residue was purified

by silica gel column chromatography (heptane:ethyl
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10 Synthesis of (S)-4-[(1R,2R)-2-tert- butyidiphenylsilanyloxy-I-(3,4,5-
trifiuorophenyi)propyil]-2-hydroxy-6-methyimorpholin-3- one A solution of
lithium tri-sec 15 butyiborohydride (1.06 mot) in THE (0.25 ml) was added
dropwise to a solution of (S)-4-[(1R,2R)-2-tert-
butyidiphenylsilanyloxy-I-(3,4,5- 203
trifiuorophenyi)propyi]-6-methyimorpholine-2,3-dione (95 mg) in THE (3
n)ifiEhitroger atmbSphkere)at=20€PP6 ahdthe Feaction Sttuticriwas
stirred at the same temperature for 30 minutes. A 5 N sodium hydroxide
s&ﬁﬁlgr?w 3 ml) and 30% aqueous hydrogen peroxide (0.07 ml) were
addeghi thereagtiopssalytion, which was then stirred under ice-cooling
for one hour. 25 Thereafter, Sodium bisuifite powder (20 mg) was added,
and the(edetion solion was stifed atinoom 2erpefatbirel for 30minutes.
Brine was added to the reaction solution, followed b% extraction with ethyl

204 “4tEtste’ The rganic Tyet Was wasHE with brine ‘ahd’ dfied dver
anfydy ?%%W%‘?é‘%‘? sylfate,and then the, sglvent was evapgrated ) |
under reduced pressure. The resulting residue was purified by silica gel
calusm B chromategraphy, (heptane;ethyhgcetate = 1) 1Q obtain 633 mg
of the title compound. 'H-NMR(CDC13)5(ppm):

1.01¢<,9H) 1-18(A D=6 0H 2z, 3H$, 1.00(d 386 UHz,3H), - 2.88 and
2.?g£%dg\11=12.0,12.0Hz,1H),3.12 and

Synthesis of (S)-4-[(1R,2R)-2-tert-—

butyldiphenylsilanyloxy-1-(3,4,5—-

trifluorophenyl)propyl]-2-hydroxy—-6-methylmorpholin—-3—

one

A solution of lithium tri-sec-—
butylborohydride (1.06 mol) in THF (0.25 ml) was added
dropwise to a solution of (S)-4-[(1R,2R)-2-tert-
butyldiphenylsilanyloxy-1-(3,4,5-
trifluorophenyl)propyl]-6-methylmorpholine-2,3-dione
(95 mg) in THF (3 ml) in a nitrogen atmosphere at -20°C,
and the reaction solution was stirred at the same
temperature for 30 minutes. A 5 N sodium hydroxide
solution (0.03 ml) and 30% aqueous hydrogen peroxide
(0.07 ml) were added to the reaction solution, which
was then stirred under ice-cooling for one hour.
Thereafter, Sodium bisulfite powder (20 mg) was added,
and the reaction solution was stirred at room

temperature for 30 minutes. Brine was added to the

reaction solution, followed by extraction with ethyl
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10 3.48(dd,J=2.4,12.0Hz,1H),3.16 and
3.91(d,J=2.8Hz,1H),4.35-4.55(m,2H),5.11 and 5.30(d,J=3.6Hz,1H),5.40
and 5.49(d,J=6.8Hz,1H),
6.79-6.94(m,2H),7.38-7.54(m,6H),7.65(d,J=8.0Hz,2H),
7.69(d,J=8.0Hz,2H). 15 [0210] Synthesis of
(2)-(S)-4-[(1R,2R)-2-hydroxy-I-(3,4,5-
trﬂﬁ@@&%nyl)ﬁ#@%yﬂ@ﬁn[ecmbww AR MERpEf-with brine and

im dazo hen eth I|dene -6- methylm r h lin-3- 0 A
sOlutio ono 4?@&5]}553 Rert? tyf’dl bjﬁlenylfy any%kyaln%:% f%en the

tr@'@@wh@waerocpyﬂp%w@r@ay Bnrnethylmgrpholing3-ong,(92 mgyraad
triphenylphosphine hydrobromide (68 mg) in acetonitrile (4 ml) was

heated Lindey refipdid ey airagenidimospheresfor one hprr. The solvent
was evaporated under reduced pressure, and the resultlngL residue was

disEsI0Ba fi? Sty (4 Hﬁ)p%r‘tﬁlse]:éé’c]tloﬁ%m to obtain
Sé‘gemgx -A-(4-methyl-1H- wéég 05 yl)benzaldehyde obtained in
1 12 m

Example 1 (40 mg) and TEA 'were added, and the reaction

solutionmvap stignesl (ipganitrogen atmosphere at room temperature
overnight. The solvent was evaporated under reduced 5 pressure. The
resuftingsre8itluelwad digsdtved (i ariflioroheceétid deid<(d Mk zardithe

reaction solution _was stirred at room temperature for two hours. The

reaction 30fution s pAtreliinto 4 shiuratee sétium- bicafBShate solution,
followed iy extraction widyethyl) 3 16 ang

3.91(d,J=2.8Hz,1H),4.35-4.55(m, 2H),5.11 and
5.30(d,J=3.6Hz,1H),5.40 and 5.49(d,J=6.8Hz,1H),
6.79-6.94(m, 2H) ,7.38-7.54(m, 6H),7.65(d,J=8.0Hz, 2H),
7.69(d,J=8.0Hz,2H) .

[0210]

Synthesis of (Z)-(S)-4-[(1R,2R)-2-hydroxy-1-(3,4,5-

trifluorophenyl)propyl]-2-[1-[3-methoxy—-4—-(4-methyl-1H-

imidazol-1-yl)phenyl]lmethylidene] -6-methylmorpholin-3-

one
A solution of (S)-4-[(1R,2R)-2-tert-
butyldiphenylsilanyloxy-1-(3,4,5-
trifluorophenyl)propyl]-2-hydroxy—-6-methylmorpholin-3-
one (92 mg) and triphenylphosphine hydrobromide (68 mg)
in acetonitrile (4 ml) was heated under reflux in a
nitrogen atmosphere for one hour. The solvent was
evaporated under reduced pressure, and the resulting

residue was dissolved in ethanol (4 ml). To this

reaction solution, 3-methoxy-4-(4-methyl-1H-imidazol-1-
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10 acetate. The organic layer was washed with a saturated sodium
bicarbonate solution and brine, and then the solvent was evaporated
under reduced pressure. The resulting residue was purified by column
chromatography using NH silica gel (heptane:ethyl acetate = 1:1 to 15
0:1) to obtain 61.9 mg of the title copygound. 1H-NMR(CDC13)5(ppm):
1.33(d,J:6.OHz,3H),1.42(d,J:6.OHz,3H),2.H;_(f,3H),

3 0b(RED26 I 8HS, 1) B 6 1@, =2 4 12T8HA 1), (40 mg) and TEA

3.85(s,3H),4.42-4.52(m 5.35(d,J=6.8Hz,1H), 20 .

o B2 DR ) T B Sy 5 A 0L Ggo ution was
1), 7:33(dd J51.6,8.0Hz )7 53fhdph6Hz, 1H), 586(sc L)L ESIMS:
m/z 502[M"+H] [0211] 25 Example 27 Synthesis of
QQVBKQRqﬁ%}Z#@Uﬁ»@dqﬁanﬁ-was evaporated under reduced
trifluorophenyl)propyl]-2-[1-[3-methoxy-4-(4-methyl-IH- ,
iMBSZSIVE§i) phemfniethvi 676 206 “Hint&ttyifbPproinestohB

[Rorm l"’hé‘s%%'éﬁ?@t OMeO N F 1'\'%&' OJF %rlt‘?rl_‘%g P%Q‘cectité%c%@%%@%n
was oﬁtame from (1R,2Rl)-2-tert- u%yldlpﬂenylg anyloxy-I-(3,4,5-
trifluerophenylpropylamisg ohtaiped in Example-26(28@ours. The
reaction solution is poured into a saturated sodium
bicarbonate solution, followed by extraction with ethyl
acetate. The organic layer was washed with a saturated
sodium bicarbonate solution and brine, and then the
solvent was evaporated under reduced pressure. The
resulting residue was purified by column chromatography
using NH silica gel (heptane:ethyl acetate = 1:1 to
0:1) to obtain 61.9 mg of the title compound.
'H-NMR (CDC13) & (ppm) :
1.33(d,J=6.0Hz,3H),1.42(d,J=6.0Hz,3H),2.34(s,3H),
3.20(dd,J=9.6,12.8Hz,1H),3.61(dd,J=2.4,12.8Hz,1H),
3.85(s,3H),4.42-4.52(m,2H),5.35(d,J=6.8Hz,1H),
6.85(s,1H),6.95(s,1H),7.06-7.15(m,2H),7.22(d,J=8.0HzZ,
1H),7.33(dd,Jd=1.6,8.0Hz,1H),7.53(d,J=1.6Hz, 1H),
7.86(s,1H).
ESI-MS;m/z 502 [M'+H].
[0211]
Example 27

Synthesis of (2)-4-[(lR,2R)-2-hydroxy-1-(3,4,5-

trifluorophenyl)propyl]-2-[1-[3-methoxy—-4—-(4-methyl-1H-

imidazol-1-y1l)phenyl]lmethylidene] -6, 6—




10

15

5 mg) and isobutylene oxide (63 xl) as starting materials in the same
manner as in Example 26. 'H-NMR(CDC13)5(ppm):
1.28(s,3H),1.34(d,J=6.0Hz,3H),1.47(s,3H),2.31(s,3H)3.19
(d,J=12.8Hz,1H),3.61(d,J=12.8Hz,1H),3.85(s,3H),4,46(dq, 10
J=6.8,6.0Hz,1H),5.40(d,J=6.8Hz,1K4)6.91(s,1H),6.93(s,1H
),7.09-7. 17§m ,2H),7.21(d,J=8.4Hz,1H),7.32(dd,
JEEBEAMZ NP PASIHI=-6R2,1H),7.77(s,1H). ESI-MS;m/z 516[M +H]
[O 2} 1 Ex r51 le 28 Synthesis of (Z)-4-[(R)-1-(4-fluorophenyl)-2-
roxyéjt yI] -[1-[3-methoxy-4-(4-methyl-IH-imidazol-
1 -y1l)phenyllmethylidene]-6,6-dimethylmorpholin-3-one 207 [Formula 43]
OH O MeO\\N\ NON"@B 8 mg of the title compound was obtained
from éz -tert- butyld hen |S|Ianylo>§_y I-(4- fluorophenyi)ethylamine (300
mg) sobButyte as starting materials in the same
R(CDC13)5(ppm)

era mpl 26."
2:5% H),1743(s,35)52.34(s, 3H),3.06(d,J=12.8Hz, 1H),3.
39(0F212.8Hz,1H),3.84(s,3H),

112-4.23(m,2H), 5 .87(dd,J=6. 0,
2.4Hz,1H),6.88(s,1H),6.94(s,1H),7.04

3.15 mg of the title compound was obtained
from (1R, 2R)-2-tert-butyldiphenylsilanyloxy-1-(3,4,5-
trifluorophenyl)propylamine obtained in Example 26 (280
mg) and isobutylene oxide (63 Ml) as starting materials
in the same manner as in Example 26.

'H-NMR (CDC13) & (ppm) :
1.28(s,3H),1.34(d,J=6.0Hz,3H),1.47(s,3H),2.31(s,3H)3.19
(d,J=12.8Hz,1H),3.61(d,J=12.8Hz,1H),3.85(s,3H), 4, 46 (dqg,
J=6.8,6.0Hz,1H),5.40(d,J=6.8Hz,1H),6.91(s,1H),6.93 (s, 1H
),7.09-7.17(m, 2H),7.21(d,J=8.4Hz,1H),7.32(dd,
J=1.6,8.4Hz,1H),7.53(d,J=1.6Hz,1H),7.77 (s, 1H).
ESI-MS;m/z 516 [M'+H].

[0212]

Example 28

Synthesis of (Z2)-4-[(R)-1-(4-fluorophenyl)-2-

hydroxyethyl]-2-[1-[3-methoxy—-4—-(4-methyl-1H-imidazol-

l-y1l)phenyl]lmethylidene] -6, 6-dimethylmorpholin-3-one
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15

10 7.09(m,2H),7.19(dd,J=8.4,4.8Hz,1H),7.29-7.34(m,3H), 7.52(d,J=4.
8Hz,1H),7.92(s,1H). ESI-MS;m/z 466[M +H] [0213] Example 29 15
Synthesis of (2)-(6R)-4-[(1R,2R)-2-hydroxy-I-(3,4,5-
trifluorophenyi)propyl]-2-[1-[3-methoxy-4-(4-methyl-IH-
imidazoi-1-y1)phenyllmethylidene]-&-orrethyimorpholin-3- one [Formula 44]
o I\\F NNN/F \F 208 0214] 144 mg of the title compound was
obfafied frdnt PR, 2R)-2-tert-butyldiphenylsilanyloxy-I-(3,4,5-
trifluorophenyl)propylamine ghtained in Example 26 (500 5 mg) and
(R)-(+)- propylene oxitle (0/12 ml) as starting materials in the same

maivesr.a 3 e 26 ~"H-NMR(CDC13)5(ppm):
1.33(d,J 4 @ z,3H),2.30(s,3H),
3.28(ud J= ARz 1H),3.62{dd, J7=12.8,10.0Hz,1H), 10

3. ?45/3H) 14.19(ddd,J=10.0,6.4,2.4Hz,1H),4.50(td,
J=6.4,6.0Hz,1H),5.41(d,J=6.0Hz,1H),6.86(s,1H),

6. 93(5 1H) 7. 05374"?(%' l_é)f ngd %E%Pyzg%ﬁéélemd was obtained

7.32(dd,J=8.0,1.6Hz,1H),7.51 1.6Hz,1H
from (R)-2-tert-butyldiphenylsilanyloxy—-1-(4-

fluorophenyl)ethylamine (300 mg) and isobutylene oxide
(101 pL) as starting materials in the same manner as in
Example 26.

'H-NMR (CDC13) & (ppm) :
1.25(s,3H),1.43(s,3H),2.34(s,3H),3.06(d,J=12.8Hz,1H),3.
39(d,J=12.8Hz,1H),3.84(s,3H),4.12-4.23(m, 2H),
5.87(dd,J=6.0,2.4Hz,1H),6.88(s,1H),6.94(s,1H),7.04-
7.09(m,2H),7.19(dd,J=8.4,4.8Hz,1H),7.29-7.34(m, 3H),
7.52(d,J=4.8Hz,1H),7.92 (s, 1H).

ESI-MS;m/z 466 [M'+H].

[0213]

Example 29

Synthesis of (Z)-(6R)-4-[(1R,2R)-2-hydroxy-1-(3,4,5-

trifluorophenyl)propyl]-2-[1-[3-methoxy—-4—-(4-methyl-1H-

imidazol-1-yl)phenyl]lmethylidene] -6-methylmorpholin-3-

one

[Formula 44]
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[0215] 15 Example 30 Synthesis of (Z)-4-[(1R,2R)-2-hydroxy-I-(3,4,5-
trifluorophenyl)propyl]-2-[1-[3-methoxy-4-(4-methyl-IH-
imidazol-1-yi)phenyllmethylidene]morpholin-3-one [Formula 45] HO O\\
NIF NrN/O~/F F [0216] 20 Synthesis of ethyl [(1R,2R)-2-tert-
butyldiphenylsilanyloxy-I-(3,4,5 209 2tridiuorophenyi)propylaminolacetate
Cesium carbonate (242 mg) and ethyl bromoacetate (103 1) are added to
a solution of (1R,2R)-2-tert-butyidiphenylsilanyloxy-I-(3,4,5- 5

triFIngio enyi)propylamine obtained in Example 26 (274 mg) in DMF (5
ml), and the reaction solution was stirred at room temperature for 11

hours. Ice watet sand,gthykacetate-weteaddeg ta.the reastion salutien,
and the organic layer was separated. The organic layer 10 was

séquentiallR washed withr tralbsatutated rime lanidl doniné @nd-dried overS -
anhydrous magnesium sulfate, and then the solvent was evaporated

utderTEiGESE PRSEhIE ™ TRE T68UITy Pediduie Was Hurifisa By ficzgel 50
cqlyinn, ghrorratography, (heyang:diethyi gthery= 19-1) 19 obtain. oyt 5 ng
materials in the same manner as in Example 26.
'H-NMR (CDC13) & (ppm) :
1.33(d,J=6.4Hz,3H),1.42(d,J=6.4Hz,3H),2.30(s,3H),
3.25(dd,J=12.8,2.4Hz,1H),3.62(dd,J=12.8,10.0Hz, 1H),
3.84(s,3H),4.19(ddd,J=10.0,6.4,2.4Hz,1H),4.50(td,
J=6.4,6.0Hz,1H),5.41(d,J=6.0Hz,1H),6.86(s,1H),
6.93(s,1H),7.05-7.16(m,2H),7.20(d,J=8.0Hz,1H),
7.32(dd,J=8.0,1.6Hz,1H),7.51(d,J=1.6Hz,1H),7.74(s,1H).
[0215]
Example 30

Synthesis of (2)-4-[(lR,2R)-2-hydroxy-1-(3,4,5-

trifluorophenyl)propyl]-2-[1-[3-methoxy—-4—-(4-methyl-1H-

imidazol-1-yl)phenyl]lmethylidene]morpholin-3-one

[Formula 45]

[0216]

Synthesis of ethyl [(1R,2R)-2-tert-—

butyldiphenylsilanyloxy-1-(3,4,5—-
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15 190 mg of the title compound. 'H-NMR(CDC13)5(ppm):

0.75(d,J=6.4Hz,3H),1.09(s,9H),1.26(t,J=7.2Hz,3H),3.03(d

,J=16.8Hz,1H),3.24(d,J=16.8Hz,1H),3.57(d,J=6.8Hz,1H),3.

80-3.92(m,1H),4.19(q,J=7.2Hz,2H),6.88-6.98(m,2H),7.36- 20

7.48(m,6H),7.67-7.77(m,4H). [0217p Bynthesis of

2-[(1Rf,2R)-2-tert-butyidiphenyisilanyloxy-
Fane d A o

i ] N Atha tHium borohydride (20 mg)
was added to a_ 25 solution of ethyl [(1R,2R)-2-tert-
butyidiphenylsiall%%f’ll%&?-l-cﬁ?,r%ﬁqﬁ%éor p%gniﬂ rof))r}l%melrtlg]%%etate (158
Mgy S EEBmD in agtragen atraosphere, and theseeaction solution 210
was stirred at room temperature for one day. A saturated sodium sulfate
sdlutiorz Waszaddedttolthe yredchor sglution canyd. thren-the (rediphated
insoluble matter was removed by filtration through celite. 5 Methanol was

added toPeHHFAtRY Ahd TREH " SBReRPivab evapoPattd WheFreduced "¢
pﬁ??gg?“'&en T fei%i“i‘&% ﬁ?sé%e Vas pydfied )Pééé""g‘é‘l%eé coluinn,
chromatog heptane:ethy

raphy acetate = 4:1) to obtain 103 mg of the title
coppeurd. 1 ESHEMS MIZASSIMEL | [G2E8] Synthesisof Ice water

4-[(1R,2R)-2-tert-butyldiphenylsilanyloxy-

1434, B-wiflbrepieryiprosylfmarphsling 2, 3 dionscAcoltionssfl ut ion,
Zggghgﬁgzgﬁganic layer was separated. The organic layer
was sequentially washed with half-saturated brine and
brine and dried over anhydrous magnesium sulfate, and
then the solvent was evaporated under reduced pressure.
The resulting residue was purified by silica gel column
chromatography (hexane:diethyl ether = 19:1) to obtain

190 mg of the title compound.

'H-NMR (CDC13) & (ppm) :
0.75(d,J=6.4Hz,3H),1.09(s,9H),1.26(t,J=7.2Hz,3H),3.03(d
,J=16.8Hz,1H),3.24(d,J=16.8Hz,1H),3.57(d,J=6.8Hz,1H), 3.
80-3.92(m,1H),4.19(g,J=7.2Hz,2H),6.88-6.98(m,2H), 7.36-
7.48(m,6H),7.67-7.77(m, 4H) .

[0217]

Synthesis of 2-[(1lR,2R)-2-tert-butyldiphenylsilanyloxy—

1-(3,4,5-trifluorophenyl)propylamino]ethanol

Lithium borohydride (20 mg) was added to a
solution of ethyl [(1R,2R)-2-tert-
butyldiphenylsilanyloxy-1-(3,4,5-
trifluorophenyl)propylamino]acetate (158 mg) in THF (3

ml) in a nitrogen atmosphere, and the reaction solution
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15 butyldiphenylsilanyloxy-1-(3,4,5- trifluorophenyl)propylamino]ethanol
(102 mg) in diethyl oxalate (2 ml) was stirred at 170C for one hour and 30
minutes. Diethyl oxalate was evaporated under reduced pressure, and
the resulting residue was purified by 20 silica gel column chromatography
(heptane:ethyl acetate = 9:1 to 6:1ptoocobtain 48 mg of the title compound.
1H-NMR(CDC13)5(ppm):

0'99¢s, SR} 1 7F8td I=6 O3 HE BREHAdH D214 95 8122H2Y - A

,1H),3.83(ddd,J=14.0,8.0,3.6Hz,1H),4.27- 25

R A SH T 8 s L DMy sgaced to the

7 24w:6Hn -62(d:438 AHZAH), £.84(d, 478 0Pz 2H)0 1031 2L:Synthesisof
(2)-4-[(1R,2R)-2-hydroxy-I-(3,4,5 211

trifleoropheny ) propyl}- 2 fi-[Bynethoxy-dt(demethyt-tligh celite.
imidazoi-1- i)phenyi]methylidenell‘mor£p,holin-3-one 18 mg of the title
CM%BB@H? d@%ﬁnéﬂ%ﬁ#nﬁﬁ the filtrate, and then the

4$gf%%$?2# g*%&% 5%%?%§nﬁgg%§y%g ﬂégéspr ssure. The
trifluorophenyr)propyilmorpholine-2,3-dione (47 mg) in the same manner
ag bsbxample 26.s HINMREEDEA3)Xppa) by silica gel column
1.33(d,J=6.0Hz,3H),2.40(s,3H),3.41(ddd,J=13.2,6.4,3.2Hz
N8 BIdI2PB 2, 7(RS2HAHE3.BY (s, 3R 4 A7¢ddd, 401 ) to obtain
J=11.2.7.2,3 2Hz IH) 4.30(ddd,J=11.2 6.4,3.2Hz IH)4.51
(dt 9266 DRI, 542 (U642 1 6.88(s, IH),6.98(
s,ﬁ@)lz.lqg-;m§(n4,gg|?gﬂz§(d,J:8.0Hz,1H),
7.40(dd,J=8.0,1.6Hz,IH),7.43(d,J=1.6Hz,IH),8.04(s,IH). [0220]

[0218]

Synthesis of 4-[(lR,2R)-2-tert-butyldiphenylsilanyloxy—

1-(3,4,5-trifluorophenyl)propyl]lmorpholine-2, 3-dione

A solution of 2-[(1R,2R)-2-tert-
butyldiphenylsilanyloxy-1-(3,4,5-
trifluorophenyl)propylamino]ethanol (102 mg) in diethyl
oxalate (2 ml) was stirred at 170°C for one hour and 30
minutes. Diethyl oxalate was evaporated under reduced
pressure, and the resulting residue was purified by
silica gel column chromatography (heptane:ethyl acetate
= 9:1 to 6:1) to obtain 48 mg of the title compound.
'H-NMR (CDC13) & (ppm) :
0.99(s,9H),1.18(d,J=6.0Hz,3H),3.47(ddd,J=14.0,5.6,3.2Hz
,1H),3.83(ddd,J=14.0,8.0,3.6Hz,1H),4.27-
4.43(m,3H),5.54(d,J=5.2Hz,1H),6.80-6.90(m,2H), 7.36-
7.54(m,6H),7.62(d,J=8.0Hz,2H),7.67(d,J=8.0Hz,2H) .

[0219]

Synthesis of (2)-4-[(lR,2R)-2-hydroxy-1-(3,4,5-
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15 Example 31 Synthesis of (2)-4-[(IR,2R)-I-(3,4-difiuorophenyi)-2-
hydroxypropyi]-2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-
1-yi)phenyilmethylidene]Jmorpholin-3-one [Formula 46] OHO". MeO F
NON I1/0J 1/ F N Synthesis of (IR,2R)-2-tert-butyidiphenylsilanyloxy-I- 20
(3,4-difiuorophenyi)propylamine 5.371g of the title compound was obtained
from 1-bromo-3,4-difiuorobenzene (19 g) [in the same manner as in

@

4 La ) a O > c J
'HNMR(CDC13)5(ppm): 0 AHz,3H),1.03(s,9H),3.82(d J=6.0Hz,

7.44(m,6H),7.59¢ddwl= 62, 2:8HZ 2H) 1762(de (1 2847, o2Hh 10221 ] £ rom
Synthesis of (2)-4-[(1R,2R)-1-(3,4-difluorophenyl)-2-
hyidroxypropRl]-22[1t[8=rnethoxy143 (4 hrestivyll B dipmidazot 101 - (3, 4, 5-
1-yi)phenyl]methylidene]lmorpholin-3-one 7.3 m% of the title co%gound

wh5 obtalRE TGN Y REZREZ A rEDURAGiphERyISiHtatyioxgAs3 4/ m9) in

di{Ingongyp‘Brr%pe\#an%ige (825 mg) Cérll the,same manner as in Example

26. The property values of the compound ’
'H-NMR (CDC13) & (ppm) :
1.33(d,J=6.0Hz,3H),2.40(s,3H),3.41(ddd,J=13.2,6.4,3.2Hz
,1H),3.81(ddd,J=13.2,7.2,3.2Hz,1H),3.87(s,3H),4.17(ddd,
J=11.2,7.2,3.2Hz,1H),4.30(ddd,J=11.2,6.4,3.2Hz,1H),4.51
(dt,J=6.4,6.0Hz,1H),5.42(d,J=6.4Hz,1H),6.88(s,1H),6.98(
s,1H),7.08-7.17(m,2H),7.23(d,J=8.0Hz, 1H),
7.40(dd,J=8.0,1.6Hz,1H),7.43(d,J=1.6Hz,1H),8.04 (s, 1H).
[0220]

Example 31

Synthesis of (Z)-4-[(1R,2R)-1-(3,4-difluorophenyl)-2-

hydroxypropyl]-2-[1-[3-methoxy-4—(4-methyl-1H-imidazol-

l-y1l)phenyl]lmethylidene]lmorpholin—-3—-one

[Formula 46]
HO,,
O .
MeO:[::TA\T)LN F
& R

Synthesis of (1R,2R)-2-tert-butyldiphenylsilanyloxy—-1-

(3,4-difluorophenyl)propylamine

5.37 g of the title compound was obtained
from l-bromo-3,4-difluorobenzene (19 g) in the same

manner as in Example 26. The property values of the
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15 are as follows. 'H-NMR(CDC13)5(ppm)
1.33(d,J=6.4Hz,3H),2.29(s,3H),3.38(m,1H),3.76(m,1H),3.8
4(s,3H),4.13(m,1H),4.27(m,1H),4.51(dq,J=7.6,6.4Hz,1H),5
.44(d,J=7.6Hz,1H),6.87(s,1H),6.92(s,1H),7.14- 20 7.20(m,3H),
7.27-7.39(m,3H),7.70(s,1H). [0222pEx%ample 32 Synthesis of
(2)-(9)-4-[(1R,2R)-1-(4-fluorophenyl)-2- 25

hyrBREPrOPY 2193 -rhethbXy - (4-methyl-IH-imidazol-

1y1) thylidene]:6-methylmorpholin-3-one 213 [Formula 47]
0 Oﬁnﬁl\q)eégﬁéwg/ T E NN Synthesis of

(IR 2R)2;tershutyidiphenyisilanylexyr) (4sfluprqehenyd) psepylamine 113
mg of the title compound was obtained from 1-bromo-4-fiuorobenzene in
thelleame $aimherdsoin4 b Ex@imlé 26, The prapérdy( valags of this? -
compound are as follows. 'H-NMR(CDC13)5(ppm)

0.83(d 326 Az, 3H).7.030s,9F),385(d I26 0z, - 0> (dd, J=7.2,2.8Hz,
15@173..92(dq,J:6.4,6.0Hz,1H),6.92-6.97(m,2H),7.21- 10 7.25(m,2H),7.31

[0221]

Synthesis of (Z)-4-[(1R,2R)-1-(3,4-difluorophenyl)-2-

hydroxypropyl]-2-[1-[3-methoxy-4—(4-methyl-1H-imidazol-

l-y1l)phenyl]lmethylidene]lmorpholin—-3-one

7.3 mg of the title compound was obtained
from (1R, 2R)-2-tert-butyldiphenylsilanyloxy-1-(3,4-
difluorophenyl)propylamine (825 mg) in the same manner
as in Example 26. The property values of the compound
are as follows.

'H-NMR (CDC13) & (ppm) :
1.33(d,J=6.4Hz,3H),2.29(s,3H),3.38(m,1H),3.76(m,1H),3.8
4(s,3H),4.13(m,1H),4.27(m,1H),4.51(dg,J=7.6,6.4Hz,1H),5
.44(d,J=7.6Hz,1H),6.87(s,1H),6.92(s,1H),7.14-

7.20(m, 3H),

7.27-7.39(m,3H),7.70(s, 1H) .

[0222]

Example 32

Synthesis of (Z)-(S)-4-[(1R,2R)-1-(4-fluorophenyl)-2-

hydroxypropyl]-2-[1-[3-methoxy-4—(4-methyl-1H-imidazol-

l-y1l)phenyl]methylidene]-6-methylmorpholin—-3—-one
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7.43(m,6H),7.59(dd,J=7.2,2.8Hz,2H),7.66(dd,J=7.2,2.8Hz, 2H). [0223]
Synthesis of (2)-(S)-4-[(IR,2R)-I-(4-fiuorophenyi)-2- 15
hydroxypropyl]-2-[I-[3-methoxy-4-(4-methyl-IH-imidazol
1-yi)phenyllmethylidene]-6-methyimorpholin-3-one The title compound
was obtained from (IR,2R)- 2-tert-buty@&liphenyisilanyloxy-I-(4-
fiuorophenyi)propylamine in the same manner as in 20 Example 26. The
propeR) Wafues’af the compound are as follows. 'H-NMR(CDC13)5(ppm)
1 30(d,J=6.0Hz 3H)C;:138 .J=6.4Hz,3H),2.29(s,3H), 214

gd%J 128100 z,1H),3.51(dd,J=12.8,2.8Hz,1H),

6 84(5 HY,6.2
J z,IH),7.30-7.38(m,3H),7. 50(5 IH),7.70(s,IH). 5[0224] Example 33
Sy fhesis of (2)-4-[(IR,2R)-I-(4-fluorophenyi)-2-

hydroxypropyl] -2- [I [3- methoxy -4-(4- methyl -IH- |m|da20|-

ﬁ%xy 1-

Ohwmﬁﬂhorophenyl)propylamine

113 mg of the title compound was obtained
from l-bromo-4-fluorobenzene in the same manner as in
Example 26. The property values of the compound are as
follows.

'H-NMR (CDC13) & (ppm) :
0.83(d,J=6.4Hz,3H),1.03(s,9H),3.85(d,JdJ=6.0Hz,
1H),3.92(dg.J=6.4,6.0Hz,1H),6.92-6.97(m,2H),7.21-
7.25(m,2H),7.31-
7.43(m,6H),7.59(dd,J=7.2,2.8Hz,2H),7.66(dd,J=7.2,2.8Hz,
2H) .

[0223]

Synthesis of (Z)-(S)-4-[(1R,2R)-1-(4-fluorophenyl)-2-

hydroxypropyl]-2-[1-[3-methoxy-4—(4-methyl-1H-imidazol-

l-y1l)phenyl]methylidene]-6-methylmorpholin—-3—-one

The title compound was obtained from (1R, 2R)-
2-tert-butyldiphenylsilanyloxy—-1-(4-
fluorophenyl)propylamine in the same manner as in
Example 26. The property values of the compound are as
follows.

'H-NMR (CDC13) & (ppm) :

1.30(d,J=6.0Hz,3H),1.38(d,J=6.4Hz,3H),2.29(s,3H),
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from (1R,2R)-2-tert-butyidiphenyisilanyloxy-I-(4- fiuorophenyi)propylamine
in the same manner as in Example 27. The property values of the
compound are as 15 follows. 'H-NMR(CDC13)5(ppm)
1.20(s,3H),1.31(d,J=6.0Hz,3H),1.43(s,3H),2.29(s,3H),3.1
5(d,J=12.8Hz,IH),3.52(d,J=12.8Hz,I#1) B.83(s,3H),4.45(dq
,J=8.8,6.0Hz,1H),5.47(d,J=8.8Hz,1H), 6.89(s,1H),6.91(s,1 20

HY, 7103(2D8fm12H)°7 18(d)5=8. bz, 1H)77. 86(d/328:0 8 126142 H) 7186

7.40(m,2H),7.52(d,J=1.6Hz IH),7.70(s,H), .[0226] 215 EXx le 34
SIRPRLL oY D1 (S- (R IS afstopkeny: D LD
2-4ydroxypiepylls2-gd3=methpxy-b@-metyirition) , 7.19 (4,
imidazol-1-yl)phenyl]methylidene]-6-methylmorpholin-3- 5 one [Formula
49FOHOTz MEQ,F NON1./3BIh36227).108(mgldf the titlé comigdund
was obtained from (1R,2R)-2-tert-butyldiphenylsilanyloxy-I-(3,4-
difl%l%‘b]nenyl)propylamine in the same manner as in 10 Example 26. The
p@}pgﬁglvgl%s of the compound are as follows. 'H-NMR(CDC13)5(ppm)

Synthesis of (Z)-4-[(1R,2R)-1-(4-fluorophenyl)-2-

hydroxypropyl]-2-[1-[3-methoxy-4—(4-methyl-1H-imidazol-

l-y1l)phenyl]lmethylidene] -6, 6-dimethylmorpholin-3-one

[Formula 48]
MGOWN
7 N O)% F

[0225]

259 mg of the title compound was obtained
from (1R, 2R)-2-tert-butyldiphenylsilanyloxy-1-(4-
fluorophenyl)propylamine in the same manner as in
Example 27. The property values of the compound are as
follows.

'H-NMR (CDC13) & (ppm) :
1.20(s,3H),1.31(d,J=6.0Hz,3H),1.43(s,3H),2.29(s,3H),3.1
5(d,J=12.8Hz,1H),3.52(d,J=12.8Hz,1H),3.83(s,3H),4.45(dg
,J=8.8,6.0Hz,1H),5.47(d,J=8.8Hz,1H),6.89(s,1H),6.91(s,1
H),7.03-7.08(m,2H),7.18(d,J=8.0Hz,1H),7.30(dd,J=8.0,
1.6Hz,1H),7.36-

7.40(m, 2H),7.52(d,J=1.6Hz,1H),7.70(s, 1H) .

[0226]



10

15

20

1.32(d,J=6.4Hz,3H),1.40(d,J=6.0Hz,3H),2.29(s,3H),
3.16(dd,J=12.8,10.0Hz,1H),3.56(dd,J=12.8,2.8Hz,1H), 15
3.83(s,3H),4.41-4.48(m,2H),5.38(d,J=7.6Hz,IH),
6.84(s,IH),6.92(s,IH),7.11-7.20(m,3H),7.26-
7.32(m,2H),7.50(s,1H),7.70(s,1H). $228] Example 35 20 Synthesis of
(2)-4-[(IR, ZRé I-(3,4-difluorophenyl)-2-

hydid%§prop

}-2- [I [3- methoxy -4- (methyllmldazol -l-

otztamﬁ&ir&r%éle%;m 2zte[t1bqtytd+@ﬁrw@a@yl@4yﬁé%ﬂyl 1H-
difiuorophenyi)propylamine in the same manner as in 5 Example 27. The
propéedty aaluels-ofithe tempoumettdre lasd folloivss HNMRIGDCIBIS(PpAT -
1.24(s,3H),1.33(d,J=6.4Hz,3H),1.45(s,3H),2.29(s,3H),
33%%d,J=12.8Hz,IH),3.56(d,J=12.8Hz,IH),3.84(s,3H), 10

4. J51.6,6,4Hz H),5.42(d,J=7.6Hz,IH),6.89(s, IH),
g;%q_,% 7 14637ﬁl 20(m $H),7.27-7.32(m,2H),7.52(s IH), 7.70(s,1H). [0230]

Example 36
MeO. F

Ti:/ O\/J F

[0227]

198 mg of the title compound was obtained
from (1R, 2R)-2-tert-butyldiphenylsilanyloxy-1-(3,4-
difluorophenyl)propylamine in the same manner as in
Example 26. The property values of the compound are as
follows.

'H-NMR (CDC13) & (ppm) :
1.32(d,J=6.4Hz,3H),1.40(d,J=6.0Hz,3H),2.29(s,3H),
3.16(dd,J=12.8,10.0Hz,1H),3.56(dd,J=12.8,2.8Hz,1H),
3.83(s,3H),4.41-4.48(m,2H),5.38(d,J=7.6Hz,1H),
6.84(s,1H),6.92(s,1H),7.11-7.20(m,3H),7.26-
7.32(m,2H),7.50(s,1H),7.70(s,1H).

[0228]

Example 35

Synthesis of (Z)-4-[(1R,2R)-1-(3,4-difluorophenyl)-2-

hydroxypropyl]-2—-[1-[3-methoxy—-4— (methylimidazol-1-

yl)phenyl]lmethylidene] -6, 6-dimethylmorpholin-3-one

[Formula 50]
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15 Synthesis of (2)-(S)-4-[(S)-2-hydroxy-I-methyl-I-
(3,4,5-trifluorophenyi)ethyl]-2-[I-[3-methoxy-4-(4-
methyl-1H-imidazoi-1-yi)phenyilmethylidene]-6- methyimorpholin-3-one
[Formula 51]OH O MeO INL:ll-lzN,F NON/OJI/F =F 217 2.2 mg
of the title compound was obtained from
(S)-4-[(S)-2-tert—butydi@})e ylsilanyloxy-I-

prepaitd accordin a documenf (J. Org. Chem. 2001, 66, p.8778, for
exarmple) as a starting material. The property values of the compound
aré as follows. 10 'H-NMR(CDC13)5(ppm):
1.43(d,J=6.4Hz,3H),1.70(s,3H),2.32(s,3H),3.14(m,1H),
B.E%ér%,gl]H),B.YZ(d,J:12.8Hz,1H),3.86(3,3H),4.14(d,J:12.8

Hz’lH)’4'33(m’% ’6m79(§é|_1c)1’56e'9§(_§31®’%'§r§_ ound was obtained

7.01(m,2H),7.22(d.J=8.0Hz,1H),7.34(d,J=8.0Hz . 1H), 15
7 5063 1K), % ,85(s 101) (0281} Expmaplp 3dnSyrhesis 9f oxy-1- (3, 4-

(2)-(6S)-2-[1-[3-methoxy-4-(4-methyl-IH-
difluorophenyl)propylamine in the same manner as in
Example 27. The property values of the compound are as
follows.

'H-NMR (CDC13) & (ppm) :
1.24(s,3H),1.33(d,J=6.4Hz,3H),1.45(s,3H),2.29(s,3H),
3.17(d,J=12.8Hz,1H),3.56(d,J=12.8Hz,1H),3.84(s,3H),
4.45(dg,JdJ=7.6,6.4Hz,1H),5.42(d,J=7.6Hz,1H),6.89 (s, 1H),
6.91(s,1H),7.14-7.20(m,3H),7.27-7.32(m, 2H),7.52 (s, 1H),
7.70(s,1H) .

[0230]

Example 36

Synthesis of (Z)-(S)-4-[(S)-2-hydroxy—-1l-methyl-1-

(3,4,5-trifluorophenyl)ethyl]—-2-[1-[3-methoxy-4—-(4-

methyl-1H-imidazol-1-yl)phenyl]methylidene]-6-

methylmorpholin-3-one

[Formula 51]

OH
0
MGOWN\\\ F
N OZJ F
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imidazol-1-yl)phenyllmethylidene]-6-methyl-4-[(S)-1- 20
(3,4,5-trifluorophenyl)ethyllmorpholin-3-one [Formula 52] O JIN F 14%
Nk N~N 1O v I F =F 0232] Synthesis of (R)-1-(3,4,5-trifluorophenyl)
ethanol To a solution of (+)-DIP-chloride (11.8 g) in 218 THE (200 ml)
cooled to -30C, 3,4,5- trifluoroacetophenone (5.0 g) [CAS 220141-73-1]
was added dropwise in a nitrogen atmosphere. The reaction solution was
stirred at the samé t&tApéeratireSoF fived 5 HeRIF® aHA At Yo teinperatre

SLens o 3 1) T yas piamracd e edussd essye o

S an — .
ne was a opwis a Solution of the >|]'esult|ng

residug, in-diethyl ether {150-mh), apditbe yepction soldtiop masistisres at
room temperature 10 overnight. The insoluble matter was removed by
filkatior, and then thersolvemt nais evaporatBdaiekangayvasiadded tRthe2 -
resulting residue, and the insoluble matter was removed by filtration

ag&ih - TRE itk deNaS purifidd BY SHicE gerB6iufit 15 chromatography

e e

1 46€ahd=6.8Hzs3Hp4 85(q:d=0.8, 13d)06.986605(m 21H)8, for example)
as a starting material. The property values of the
compound are as follows.
'H-NMR (CDC13) & (ppm) :
1.43(d,J=6.4Hz,3H),1.70(s,3H),2.32(s,3H),3.14(m, 1H),
3.20(m,1H),3.72(d,J=12.8Hz,1H),3.86(s,3H),4.14(d,J=12.8
Hz,1H),4.33(m,1H),6.79(s,1H),6.95(s, 1H),6.95-
7.01(m,2H),7.22(d,J=8.0Hz,1H),7.34(d,J=8.0Hz, 1H),
7.50(s,1H),7.85(s, 1H).
[0231]

Example 37

Synthesis of (Z)-(6S)-2-[1-[3-methoxy—-4—-(4-methyl-1H-

imidazol-1-yl)phenyl]methylidene] -6-methyl-4-[(S)-1-

(3,4,5-trifluorophenyl)ethyl]lmorpholin—-3-one

[Formula 52]

[0232]

Synthesis of (R)-1-(3,4,5-trifluorophenyl)ethanol

To a solution of (+)-DIP-chloride (11.8 g) in
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[0233] 20 Synthesis of 5-((S)-1-azidoethyl)-1,2,3- trifluorobenzene To a
solution of (R)-1-(3,4,5- trifluorophenyl)ethanol (3.6 g) and
diphenylphosphoric azide (6.0 ml) in toluene (70 ml), 1,8 25
diazabicyclo[5,4,0Jundec-7-ene (4.1 ml) was added dropwise under
ice-cooling. The reaction solution wag sstirred at the same temperature for
one hour and at room temperature overnight. Water was added to the

21 redéfich B8IUtI6R) tHeCorgdRiclayér a3 separated. Then, the
aqueaqus layer was subjected to extraction with t gain. The
org%hlc I%§g%aﬁ§reo€£r%8ﬁ%% e(\er?)((i [sjae uerﬁ\%}?l% v%la?siqe%f\‘/vi?f?ﬁ\r vas

hydraehlosic a6ich Swater -2 saturated sodium digarbanatesolution, apdon
brine. The organic layers were dried over anhydrous magnesium sulfate,
arc thenithe sohvers wasrevhporatelde undereredenee pressure foire five

resulting residue was purified by silica gel column chromatography 10
(HEptarie: 8ty aletafP™ 49°THG Ghtaih B58MG LT the ttle &ﬂﬁi&&i‘?&l THE

ﬁ%%g%&%%%}%)gé@prg% er reduced resszlrﬁ’ezi_l). ?0253111115of

6.8Hz,3H),4.56(q,J=6.8,1H),6.92-7.01
Synteesisrof (Sirl-(3 Aastifisemphenydethytamine  driphenyiphesphing he

(1.23 g) was added to a solution of

51((S)uldzidaethyiy-1028-tiflustbbehzdne (858 mig)iA THE (2G:n) inte

n@g ggfggoggqgfiggdwas stirred at room temperature
overnight. The insoluble matter was removed by
filtration, and then the solvent was evaporated.
Hexane was added to the resulting residue, and the
insoluble matter was removed by filtration again. The
filtrate was purified by silica gel column
chromatography (heptane:ethyl acetate = 19:1 to 4:1) to
obtain 3.69 g of the title compound.
'H-NMR (CDC13) & (ppm) :
1.46(d,J=6.8Hz,3H),4.85(g,J=6.8,1H),6.98-7.05(m, 2H) .
[0233]

Synthesis of 5-((S)-1l-azidoethyl)-1,2,3-

trifluorobenzene

To a solution of (R)-1-(3,4,5-
trifluorophenyl)ethanol (3.6 g) and diphenylphosphoric
azide (6.0 ml) in toluene (70 ml), 1,8-
diazabicyclo[5,4,0]undec-7-ene (4.1 ml) was added
dropwise under ice—-cooling. The reaction solution was
stirred at the same temperature for one hour and at

room temperature overnight. Water was added to the
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the reaction solution was stirred at room temperature 20 for five minutes.
Thereafter, water (2.5 ml) was added to the reaction solution, which was
then stirred at 60C for 2.5 hours. The reaction solution was returned to
room temperature, followed by extraction with 2 N hydrochloric acid
(twice). The hydrochloric acid 25 extragtion layer was washed with ethyl
acetate and then made basic with a 5 N sodium hydroxide solution,
foneret rextraibnh With Methyléife ERIBARE Ftwice)SITHEMeRRReRe ted -
chilggde Ia%er was dried over anhydrous 2%0. m%%%es%i)um sugate and the

solvent' was evaporated under- re u%sédsﬁe SUre 16 obtain 3 Jéarﬁélcﬁrt]he

tite: cempoungn Eugher, the fallowing gparationwas- performeddpiorders
to collect the title compound 5 remaining in the ethyl acetate dilution of the
reaction esplation. diéthyvethies vasidadded @ thedilatibnd,o followaedils,

extraction with water. The water extraction layer was washed with diethyl

effiéF &hd ter? thade baSicTaith &S N soafuifhyafoxide 8bitifion, 70
fOJJ?W§Q by %éacég!i}eﬁﬁhcm%%é%e chlpade (yige), Lhe Eﬂ%%%’é%s

chloride layer was over anhydrous magnesium suﬁ‘ate, an
selvgnia¥asavaparatackynderd redusedqessiyeste obtain 413vag of thed

titte compound. 15 'H-NMR(CDC13)5(ppm)

1.133¢¢ =6 4H¥53H), #0866 U:6.4, 1H))6.95B04 (M,2¢1) £ $6235]Symtisesis

of (Z)-,(6$)-2-[I-[3-methoxg/-4-(4-methyl-lH-
purified by silica gel coltmn chromatography
(heptane:ethyl acetate = 49:1) to obtain 858 mg of the
title compound.
'H-NMR (CDC13) & (ppm) :
1.50(d,J=6.8Hz,3H),4.56(9g,J=6.8,1H),6.92-7.01(m, 2H) .
[0234]

Synthesis of (S)-1-(3,4,5-trifluorophenyl)ethylamine

Triphenylphosphine (1.23 g) was added to a
solution of 5-((S)-l-azidoethyl)-1,2,3-trifluorobenzene
(858 mg) in THF (20 ml) in a nitrogen atmosphere, and
the reaction solution was stirred at room temperature
for five minutes. Thereafter, water (2.5 ml) was added
to the reaction solution, which was then stirred at 60°C
for 2.5 hours. The reaction solution was returned to
room temperature, followed by extraction with 2 N
hydrochloric acid (twice). The hydrochloric acid
extraction layer was washed with ethyl acetate and then
made basic with a 5 N sodium hydroxide solution,
followed by extraction with methylene chloride (twice).

The methylene chloride layer was dried over anhydrous
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imidazoi-1-yi)phenyllmethylidene]-6-methyl-4-[(S)-I- 20
(3,4,5-trifluorophenyi)ethyilmorpholin-3-one 882 mg of the title compound
was obtained from (S)-I-(3,4,5-trifiuorophenyi)ethylamine (1.15 g) and
(S)-(-)-propylene oxide (0.46 ml) as starting materials in the same manner
as in Examples 18 and 19. 25 'H-NMR(CDC13)5(ppm):
1.40(d,J=6.4Hz,3H),1.54(d,J=7.2Hz,3H),2.29(s,3H),2.96(d
maqzessamzaﬂ}é%{dd FpdotEs, 2FRlMgBtesesHyvaporated under

SIS BEL o co0

7@&(@%%&0,1-%&%& 5@@&—:5%@@5»1113@7 8e(enttli g nHZA4). [0236]
5 Example 38 Synthesis of (Z)-(6S)-4-[1-(4-fluorophenyl)-1-

methyiethyi}<2- [1~] 3emeéthoxy <4 - (b metlyl - [Hhimidazol4- compound
y1)phenyllmethylidene]-6-methylmorpholin-3-one [Formula 53] 0 U JIN
NFRADN E'6237] £6'97 B-hglofIRE tifté Sofhpbihd Wasdbtaliied” frant Lo

(S‘iﬁ-(])IL[II|ﬁ£>)r'rLcc)%Elc)¥/1lggeBm](@ignh ?Ol yZI% )@_I;WSk[,‘ ééilgn%%ggte%%QE ﬁ%ﬁ‘ﬁg‘fﬁg ?n]n;: r(ljer

asg h Exa@pler@bextraction with water. The water
extraction layer was washed with diethyl ether and then
made basic with a 5 N sodium hydroxide solution,
followed by extraction with methylene chloride (twice).
The methylene chloride layer was dried over anhydrous
magnesium sulfate, and the solvent was evaporated under
reduced pressure to obtain 413 mg of the title
compound.

'H-NMR (CDC13) & (ppm) :
1.33(d,J=6.4Hz,3H),4.08(g,J=6.4,1H),6.95-7.04 (m, 2H) .
[0235]

Synthesis of (Z)-(6S)-2-[1-[3-methoxy—-4—-(4-methyl-1H-

imidazol-1-yl)phenyl]methylidene] -6-methyl-4-[(S)-1-

(3,4,5-trifluorophenyl)ethyl]lmorpholin—-3-one

882 mg of the title compound was obtained
from (S)-1-(3,4,5-trifluorophenyl)ethylamine (1.15 g)
and (S)-(-)-propylene oxide (0.46 ml) as starting
materials in the same manner as in Examples 18 and 19.
'H-NMR (CDC13) & (ppm) :
1.40(d,J=6.4Hz,3H),1.54(d,J=7.2Hz,3H),2.29(s,3H),2.96(d
d,J=12.8,5.6Hz,1H),3.20(dd,J=12.8,3.2Hz,1H),3.85(s,3H),

4.30-4.40(m,1H),6.04(gq,J=7.2Hz,1H),6.88(s,1H),
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15 'H-NMR(CDC13)5(ppm)
1.50(d,J=6.0Hz,3H),1.76(s,3H),1.77(s,3H),2.28(s,3H),3.4
9(dd,J=13.2,9.6Hz,1H),3.56(dd,J=13.2,2.8Hz,1H),3.82(s,3
H),4.38(dtd,J=9.6,6.0,2.8Hz,1H),6.66(s,1H),6.91(s,1H),7
.00(dd,J=8.8,8.8Hz,2H),7.16(d,J=8.9kiz,1H),7.24 20
7.33(m,3H),7.45(d,J=1.2Hz,1H),7. 68%d ,J=1.6Hz,1H). [0238] Example 39
S§nt%§%(ﬁ12) L4T1(@2%§ (m,2H),7.20(d,J=8.0Hz, 1H),
fiupr ylylorpyZ[I mt e
LPrORhEY @‘i k2 gl}-oé%nét% -t é%bﬁn )y

1H-imidazoi-1-yi)p eny meth dén yimorp one?l’—(or’mula

5410 1h%\N1AN OJ/ N F 0239] 5 213 mg of the title compound was

obtained from 1-(4-fiuorophenyi)cyciopropylamine (726 mg) [CAS

#4TLAXOL83-6] and (S)-(-)-propylene oxide (0.4 ml) as starting materials

in the same manner as in Example 26. 'H-NMR(CDC13)5(ppm): 10
%ﬁaflﬁé&n ##),1.44(d,J=6.0Hz 3H),2.29(s,3H)

1@&%%}@@9}%@@,11228{&8.&'!%%%)1&1;8(@,#8%1@%21 H-imidazol-1-
30(dd,J=8.0,2.0Hz,IH),7.35(dd,J=8.8,5.2Hz,2H),7.49(d,J=
y1l)phenyl]lmethylidene] -6-methylmorpholin-3-one

[Formula 53]

MXQ

[0237]

97.8 mg of the title compound was obtained
from 1-(4-fluorophenyl)-1l-methylethylamine (500 mg)
[CAS #17797-10-3] and (S)-(-)-propylene oxide (0.23 ml)
as starting materials in the same manner as in Example
26 .

'H-NMR (CDC13) & (ppm) :
1.50(d,J=6.0Hz,3H),1.76(s,3H),1.77(s,3H),2.28(s,3H),3.4
9(dd,J=13.2,9.6Hz,1H),3.56(dd,J=13.2,2.8Hz,1H),3.82(s,3
H),4.38(dtd,J=9.6,6.0,2.8Hz,1H),6.66(s,1H),6.91(s,1H),7
.00(dd,J=8.8,8.8Hz,2H),7.16(d,J=8.0Hz,1H),7.24-
7.33(m,3H),7.45(d,J=1.2Hz,1H),7.68(d,J=1.6Hz,1H).

[0238]

Example 39

Synthesis of (Z)-(6S)-4-[1-(4-
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15 2.0Hz,IH),7.68(d,J=1.2Hz,IH). [0240] Example 40 Synthesis of
(2)-(6S,9aR)-3-{l-[3-methoxy-4-(4-methyi-
1H-imidazoi-1-yi)benzylidene]-6-(3,4,5- 20
trifluorophenyi)hexahydropyrido[2,1-c][1,4]oxazin-4-one 223 [Formula 55]
FF O/~OH /INN\O Synthesis gbmethyi

(R 2 tert butoxycarbon lamino- 6 0X0-6- (3 4,5- tr|f|uorophenyl)hexanoate

mj_)a;\@.:s added dropW|se at -40C, and the reactlon solutlon was stlrred at
room temperature for six hours. A saturated ammonium chloride solution
10 andrethiy decétate were added to the reaction solution, and the organic
layer Was separated, . The resultlng organic layer was dried over

magne ium sulfate d thén concentrated under reduced pressure. The

residue w SI|I I column chromatography (elution 15
solvén*tN ne 9 ¥ ane etfiytacetate = 1:1) to
[0239]

213 mg of the title compound was obtained
from 1-(4-fluorophenyl)cyclopropylamine (726 mg) [CAS
#474709-83-6] and (S)-(-)-propylene oxide (0.4 ml) as
starting materials in the same manner as in Example 26.
'H-NMR (CDC13) & (ppm) :
1.30-1.42(m, 4H),1.44(d,J=6.0Hz,3H),2.29(s,3H),
3.47(dd,J=12.8,3.2Hz,1H),3.53(dd,J=12.8,9.6Hz,1H),3.84(
s,3H),4.33(dtd,J=9.6,6.0,3.2Hz,1H),6.82(s,1H),6.92(d,Jd=
1.2Hz,1H),6.99(dd,J=8.8,8.8Hz,2H),7.18(d,J=8.0Hz,1H),7
30(dd,J=8.0,2.0Hz,1H),7.35(dd,JdJ=8.8,5.2Hz,2H),7.49(d,Jd=
2.0Hz,1H),7.68(d,J=1.2Hz,1H) .

[0240]
Example 40

Synthesis of (Z)-(6S,9aR)-3-{1-[3-methoxy—-4—-(4-methyl-

l1H-imidazol-1-yl)benzylidene]-6-(3,4,5—-

trifluorophenyl)hexahydropyrido[2,1-c][1,4]oxazin-4-one
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obtain 4.0 g of the title compound. The property value of the compound is
as follows. ESI-MS;m/z 412 [M"+Na] [0241] 20 Synthesis of methyi
(2R,6S)-6-(3,4,5- trifiuorophenyi) piperidine-2-carboxyiate 224 A solution
of 4 N hydrochloric acid in ethyl acetate (20 mL) was added to a solution
of methyi (R)- 2-tert-butoxycarbonyiapsno-6-oxo-6-(3,4,5-
trifluorophenyi)hexanoate (4.0 g) in ethyl acetate (20 5 mL), and the
rediCHBA'$6futidA was stirred at room temperature for 14 hours. The
reaction solution was cofcentrated under reduced pressure. Then, ethyl
umficarbonate water were added to the

r was 10 separated. The resulting organic
sium sulfate and then concentrated under

ydrogen stream at room temperature for six
holes/ The reaction sdlution was filtered through ceiite, and the filtrate
was concentrated under reduced pressure to obtain 2.7 g of the title
compound. The property value of the compound is as follows. 20 ESI-MS;
m/z 274[M +H]. [0242] Synthesis of [(2R,6S)-6-(3,4,5-

Synthesis of methyl (R)-2-tert-butoxycarbonylamino—-6-

oxo—-6—(3,4,5-trifluorophenyl)hexanoate

To a solution of (R)-6-oxopiperidine-1,2-
dicarboxylic acid l-tert-butyl ester 2-methyl ester
(CAS No. 183890-36-0, 7.5 g) in THF (200 mL), 3,4,5-
trifluorophenylmagnesium bromide (0.35 M solution in
diethyl ether, 100 mL) was added dropwise at -40°C, and
the reaction solution was stirred at room temperature
for six hours. A saturated ammonium chloride solution
and ethyl acetate were added to the reaction solution,
and the organic layer was separated. The resulting
organic layer was dried over magnesium sulfate and then
concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (elution
solvent: heptane —-> heptane:ethyl acetate = 1:1) to
obtain 4.0 g of the title compound. The property value
of the compound is as follows.
ESI-MS;m/z 412[M'+Na].

[0241]

Synthesis of methyl (2R,6S)-6-(3,4,5-

trifluorophenyl)piperidine-2-carboxylate
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trifiuorophenyi)piperidin-2-y3]Jmethanoi LAH (75 mg) was added in three
portions to a 25 solution of methyi (2R,6S)-6-(3,4,5- trifiuorophenyi)
piperidine-2-carboxyiate (270 mg) in THE (5 mL) at -20C over 15

minutes. The reaction solution was stirred at -20C for one hour, and water
225 (0.1 mL), a 5 N sodium hydroxiessolution (0.1 mL), and water (0.3
mL) were sequentially added to the reaction solution. The mixture was
heated to roomPtefifHerattfd £l fidied Ir6aGH telites TAE Fiitrate wad'g 1
concentrated ynder reduced pressure to obtain 242 mg of. the fitle
OB T prperty VAIGs GF e compoutt 1 Se Taorie ESMSR)
miz 246M il o0243] 10 Synthesis, 0l(ARB Sk 6+(3, 415+ -
trifluorophenyi)hexahydropyrido[2,1-c][1,4]oxazine-3,4- dione A mixture of
[(2R 63 @] nfludrephemy)pipelidin- 2oyl methanby(R42ang pwih (25
diethyl oxalate (1.3 mL) was heated and stirred at 120C for one hour. The
rédletion SbflitibhwaS Rt to Voof 10 toomteltiperature, difd the T oo™

pr@%%l?é%%ﬁ%‘éd ‘%8‘% ‘i‘g'eﬁ% by f””?ﬂg‘ryé%{%%%“%%z?ﬁé’i‘é!%swas

was an ether and air-dried to obtain 228 mg of 20 the title
coppeund.rEhepropestyvalues.eidhepeempauid areras figllowsay 1

'H-NMR(CDC13)5(ppm):
acetate and saturated sodium bicarbonate water were
added to the residue, and the organic layer was
separated. The resulting organic layer was dried over
magnesium sulfate and then concentrated under reduced
pressure. 10% palladium-carbon (100 mg) was added to a
solution of the resulting residue in ethyl acetate (50
mL), and the reaction solution was stirred in a
hydrogen stream at room temperature for six hours. The
reaction solution was filtered through celite, and the
filtrate was concentrated under reduced pressure to
obtain 2.7 g of the title compound. The property value
of the compound is as follows.
ESI-MS;m/z 274[M'+H].
[0242]

Synthesis of [(2R,6S)-6-(3,4,5-

trifluorophenyl)piperidin-2-yl]lmethanol

LAH (75 mg) was added in three portions to a
solution of methyl (2R,6S)-6-(3,4,5-
trifluorophenyl)piperidine-2-carboxylate (270 mg) in
THF (5 mL) at -20°C over 15 minutes. The reaction

solution was stirred at -20°C for one hour, and water
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1.36-1.48(m,IH),1.58-1.67(m,IH),1.70-1.87(m,2H),2.10-
2.24(m,2H),4.09-4.18(m,IH),4.37(t,J=11.6Hz,IH), 25
4.43(dd,J=11.6,3.6Hz,IH),5.19(t,J=4.0Hz,IH),6.82- 6.90(m,2H). [0244]
Synthesis of (4R,6S)-3-hydroxy-6-(3,4,5 226
trifiuorophenyi)hydroxyhexahydropyrig®[2,1- c][1,4]oxazin-4-one A 1 M
solution of lithium tri-sec- butyiborohydride in THE (0.79 mL) was added
dropwis@o 5 & slution oF {4R,65)b-(x4%= solution (0.1 mL), and

trifluprophenyilhexahydropyrido[2,1-c][1.4]oxazine-3.4- dione (228 mq) in
THECLD iy ot o Areiing Foaan o d i e foct &€ 16CRy 2m
thsee houes, A 5 N sodivm hydroxide seldtien; (Q85mlaandg@%rature
aqueous 10 hydrogen peroxide (0.05 mL) were sequentially added to the
reaction sohutioncat th5CuFhe redction .soldtion Wwalstleftte ceekto room
temperature and stirred for one hour. Ethyl acetate and a sodium sulfite

solafigT Weérttadtied O the T8t salafior Hnd the dthafic154ayer Was ™
separated. The Ii rganic layer was S ith_brine, dri ve
m%%a%egi%nlgul agtglgérgc% (%henqlc%%c?rﬁ%aga %\ér?dgfg?e uc%% p?r%gsu%g{n ﬁg nd
residues wasipwified by silica gel column chromatography (elution

solvent: heptane:ethyl acetate = 1:1 -> ethyl 20 acetate) to obtain 240 mg
ofithée-tifle;compdfifdl T he! broperty value of the compound is as follows.
E%—I2\/I483;?1/z 302[M"+H]

Synthesis of (4R,6S)-6-(3,4,5-

trifluorophenyl)hexahydropyrido[2,1-c][1,4]oxazine-3,4-

dione

A mixture of [(2R,6S)-6-(3,4,5-
trifluorophenyl)piperidin-2-yl]lmethanol (242 mg) with
diethyl oxalate (1.3 mL) was heated and stirred at 120°C
for one hour. The reaction solution was left to cool
to room temperature, and the precipitated solid was
collected by filtration. The resulting solid was
washed with an ether and air-dried to obtain 228 mg of
the title compound. The property values of the
compound are as follows.

'H-NMR (CDC13) & (ppm) :
1.36-1.48(m,1H),1.58-1.67(m,1H),1.70-1.87(m,2H),2.10-
2.24(m,2H),4.09-4.18(m,1H),4.37(t,J=11.6Hz,1H),
4.43(dd,J=11.6,3.6Hz,1H),5.19(t,J=4.0Hz,1H),6.82-
6.90(m, 2H) .

[0244]

Synthesis of (4R,6S)-3-hydroxy-6—-(3,4,5-
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[0245] Synthesis of (2)-(6S,9aR)-3-{I-[3-methoxy-4-(4-methyi- 25
1H-imidazoi-1-yi)benzylidene]-6-(3,4,5
trifluorophenyi)hexahydropyrido[2,1-c][1,4]oxazin-4-one A solution of
(4R,6S)-3-hydroxy-6-(3,4,5- trifiuorophenyi)hydroxyhexahydropyrido[2,1
227 c][1,4]oxazin-4-one (240 mg) agktriphenyiphosphonium bromide
(328 mg) in acetonltrrle (a0 mL) was heated under ref[rux for one hour and

gﬁtﬂo&%A 54 5 meghyl -|H- |m|da20| 1- yl)benzaldehyde 172 mg) and

tr Sre added, and the reaction solution was stirred

at room temperatureMois 13 heues, Bthyh acetate.and satuated sodium

bicarbonate water were added to the reaction solution, and the organic 10

lalyei wab sephrated dEhe resuftihg(Organiciayerwas awdshie diwith wripe, to

dried over magnesium sulfate, and then concentrated under reduced

pr%SEEillélﬁ'h%rtegrauééltﬁ/a@%rﬁled%y%ﬂ?ca gel column chromatography
eplen chiomalaier Nl ellan sgiventy 4t eplanci oty agaie, = 1o

-> et aceta acetate ano 91) to obtaln ,300 mg of the

tltta&@erpmm Iﬂgte pmpermwvalyesmtttheeompemﬂ are@st fRllowsa ct ion

'H-NMR(CDC13)5(ppm) 20

1381158, 2H)51.66-1184(¢h,2H), 21062 4{m, tHy,2g 7hours. A 5 N

2285? ,1H),2.30(s H)BS%(ES H),4.04(t,J= 1OOH21H)4

0B T4 DHi A 36 (6, S8 43 AH) 81261, L oL i ® adqueous

hydrogen peroxide (0.05 mL) were sequentially added to

the reaction solution at -15°C. The reaction solution
was left to cool to room temperature and stirred for
one hour. Ethyl acetate and a sodium sulfite solution
were added to the reaction solution, and the organic
layer was separated. The resulting organic layer was
washed with brine, dried over magnesium sulfate, and
then concentrated under reduced pressure. The residue
was purified by silica gel column chromatography
(elution solvent: heptane:ethyl acetate = 1:1 —-> ethyl
acetate) to obtain 240 mg of the title compound. The
property value of the compound is as follows.
ESI-MS;m/z 302 [M'+H].

[0245]

Synthesis of (Z)-(6S,9aR)-3-{1-[3-methoxy—-4-(4-methyl-

1H-imidazol-1-yl)benzylidene]-6-(3,4,5—-

trifluorophenyl)hexahydropyrido[2,1-c][1,4]oxazin-4-one

A solution of (4R,6S)-3-hydroxy-6-(3,4,5-

trifluorophenyl)hydroxyhexahydropyrido[2, 1—-
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6.83(s,1H),6.86-6.93(m,2H),6.94(brs,1H),
7.21(d,J=8.0Hz,1H),7.38(dd,J=8.0,1.6Hz,1H),7.39(d,J=1.6 25
Hz,1H),7.73(brs,1H). [0246] Example 41 Synthesis of
(2)-(6S,9aR)-6-(3,4-difiuorophenyi)-3-{1 228
[3-methoxy-4-(4-methyl-IH-imidazoid2 7

yi)benzylidene]hexahi/dropyrido 2,1-c][1,4]oxazin-4-one [formula 56] FF
| ©H IMEORAEN R T2~ Ry Sﬁr&tﬂe%‘ig of #éthyr- 1Pheny lphosphonium

(R)-2-tert-but arbonylamino-6- (3. 4-difiuorophenyi)-6-oxohexanoate 5
T om0 B D CE et b AL T or AT hotor

2ethyl esten (CASNO183890:36:0,5.8 g)in THE(208 Ml 3,40 room

difluorophenyimagnesium bromide (0.5 M solution in THF, 50 mL) was
addeddropwise at -40C, tArel theaeadtion $0 solution was-statéo aty-40C( 4 -
for seven hours, A saturated ammonium chloride solution and ethyl

aB&tatey etl atfedds te feattibhSohitiohe Bdthe mixtufe was'Reated
toroom tempgraure. hhereafier, the, araanic ayer.was spparated. and,

the resulting organic
solution was stirred at room temperature for 13 hours.
Ethyl acetate and saturated sodium bicarbonate water
were added to the reaction solution, and the organic
layer was separated. The resulting organic layer was
washed with brine, dried over magnesium sulfate, and
then concentrated under reduced pressure. The residue
was purified by silica gel column chromatography
(carrier: Chromatorex NH; elution solvent:
heptane:ethyl acetate = 1:1 -> ethyl acetate -> ethyl
acetate:methanol = 9:1) to obtain 1,300 mg of the title
compound. The property values of the compound are as
follows.
'H-NMR (CDC13) & (ppm) :
1.38-1.58(m,2H),1.66-1.84(m,2H),2.06-2.14(m,1H),2.17-
2.28(m,1H),2.30(s,3H),3.86(s,3H),4.04(t,J=10.0Hz,1H), 4.
06-4.14(m,1H),4.36 (brd,J=8.4Hz,1H),5.26(t,J=4.0Hz, 1H),
6.83(s,1H),6.86-6.93(m,2H),6.94 (brs, 1H),
7.21(d,J=8.0Hz,1H),7.38(dd,J=8.0,1.6Hz,1H),7.39(d,J=1.6
Hz,1H),7.73 (brs, 1H) .
[0246]
Example 41

Synthesis of (Z)-(6S,9aR)-6—-(3,4-difluorophenyl)-3-{1-
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15 layer was dried over magnesium sulfate and then concentrated under
reduced pressure. The residue was purified by silica gel column
chromatography (elution solvent: heptane -> heptane:ethyl acetate = 1:1)
to obtain 3.8 g of the title compound. The property value 20 of the
compound is as follows. ESI-MS;mfz2894[M +Na]. 229 0247] Synthesis
of methyl (2R 68) -6- (3 4 d|f|uoroheny|) piperidine-2-carboxyiate A

in egtgymglatg@(go mL) and the reaction solution was stlrred at room
temperature for 5.5 hours. The reaction solution was concentrated 10

under reduced pressure.
bicarbonate water werg
separated. The res%tl g .o

hegz ethyl acetate and saturated sodium

to the residue, and the organic layer was
ganic layer was dried over magnesium sulfate
andl\}ih n concentratd ungef reduced pressure. 15 10% palladium-carbon
(50 mQ) we&s ad tion of the resulting residue in methanol (20
mL)andih 10N $Qlution was stirred in a hydrogen stream at room
teMperature for two hodrs. The reaction solution was filtered through
celjite, and the filtrate was 20 concentrated under reduced pressure to
obtain 2.1 g of the title compound. The property value of the compound

Synthesis of methyl (R)-2-tert-butoxycarbonylamino-6-

(3,4-difluorophenyl)—-6-oxohexanoate

To a solution of (R)-6-oxopiperidine-1,2-
dicarboxylic acid l-tert-butyl ester 2-methyl ester
(CAS No. 183890-36-0, 5.8 g) in THF (200 mL), 3,4-
difluorophenylmagnesium bromide (0.5 M solution in THF,
50 mL) was added dropwise at -40°C, and the reaction
solution was stirred at -40°C for seven hours. A
saturated ammonium chloride solution and ethyl acetate
were added to the reaction solution, and the mixture
was heated to room temperature. Thereafter, the
organic layer was separated, and the resulting organic
layer was dried over magnesium sulfate and then
concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (elution
solvent: heptane —-> heptane:ethyl acetate = 1:1) to
obtain 3.8 g of the title compound. The property value
of the compound is as follows.

ESI-MS;m/z 394[M'+Na].
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is as follows. ESI-MS;m/z 256[M +H] [0248] 25 Synthesis of
[(2R,6S)-6-(3,4-difiuorophenyi)piperidin- 2-y3]methanol LAH (90 mg) was
added in three portions to a solution of methyi (2R,6S)-6-(3,4 230
difluorophenyi)piperidine-2-carboxylate (300 mg) in THE (5 mL) at -15C
over 15 minutes. The reaction solutiro was stirred at -15C for one hour,
and water (0.1 mL) , a 5 N sodium hydroxide solution (0.1 mL), and water
(0l8 5 L) were sequentially added to the reaction solution. The mixture

was heated to room temperatuse and fﬂtbe_r% through celite. The filtrate
-------- atedunder-reduced presstre td-obtain 267 mg of the title

cempourd-cHie RrOPERyp@lue; ohihe compoungd isAs:10 follows. ESI-MS;
miz 228[M +H] [0249] Synthesis of (4R,65)-6-(3,4-

difluorophenyi)Bexahydropyridof2, 1-0j[ 114]dxaziné-<3y4-cl :dipre 1A mixture.
of [(2R,6S)-6-(3,4- difiuorophenyl)piperidin-2-yljmethanoi (267 mg) with
didthi kSlafe 1B ML)NRas AEded &t stirféd 4196 C Ofor BRER6r. THe
reacti oluti sleftt 0 Foom tem ture t e
perch}Epglt%\?edggc%? w%g %o?@%;t%%rég %Slltrér[ién;]2 ! '%héﬁ) Jr‘%‘e%’salu t?nrg%gg%ﬁv%é% °
oxohexanoate (3.8 g) in ethyl acetate (20 mL), and the

reaction solution was stirred at room temperature for
5.5 hours. The reaction solution was concentrated
under reduced pressure. Then, ethyl acetate and
saturated sodium bicarbonate water were added to the
residue, and the organic layer was separated. The
resulting organic layer was dried over magnesium
sulfate and then concentrated under reduced pressure.
10% palladium-carbon (50 mg) was added to a solution of
the resulting residue in methanol (20 mL), and the
reaction solution was stirred in a hydrogen stream at
room temperature for two hours. The reaction solution
was filtered through celite, and the filtrate was
concentrated under reduced pressure to obtain 2.1 g of
the title compound. The property value of the compound
is as follows.

ESI-MS;m/z 256 [M'+H].

[0248]

Synthesis of [(2R,6S)-6-(3,4-difluorophenyl)piperidin-

2-yl]lmethanol

LAH (90 mg) was added in three portions to a

solution of methyl (2R,6S)-6-(3,4-
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washed with an ether and air-dried to obtain 192 mg of the title

compound. The property values of the compound are as follows. 25
'H-NMR(CDC13)5(ppm):
1.38-1.48(m,1H),1.55-1.66(m,1H),1.68-1.83(m,2H),2.12-
2.25(m,2H),3.99-4.18(m,IH),4.35(t,J2=14.6Hz,IH),

4.42 dd,J:11.6,3.2Hz,IH),5.2;ét,J:4.0Hz,IH ,6.94 231
6@9%%%)??@?%@7@1{@%,' MO 1 (REDRR X080 SYrthesiiDf 1in THE

(4R,65)-6-(3,4-difiuprophenyi)-3- . . .
oo exhydiomycoTa O FSRa5A% ond™ AT RF SRR BF e m
lithiuun fi-see bytyihorohydride dn THE(GL AL ML) wvRs added-dropwisetd , a
a solution of (4R,6S)-6-(3,4-

difiutrophe@nyijhéxahydropigidef?, bicl[dm]dKRaZined3)4- dione (332mg) in 3
THE (10 mL) at -15C, and the reaction 10 solution was stirred at -15C for
tHPee hBERS ASS N S0ttt hydrsxide sdittidn £0.26 #hid) &t 692t 1o -

aqyeoys; hydrogen perpxide (.05 mp) were 8%%%%%@'}(@0'959 193y eq

reaction solution at -15C. The reaction solution ‘was left to cool to room
termperate aadistisred fond S onechour e Ethyd aeetate and arsadiwnder
sulfite solution were added to the reaction solution, and the organic layer
was Separhted SHralissultingodrganit 1ager was afashe with beine, dried
over magnesium sulfate, and then concentrated under reduced pressure.

THRETESHGE 20 WS pEFifiEt By ilida HefcAbmn chroRBRSaTaphy S(eftition
sqlyent: heptane:ethyl acetate = 1:1 -> ethyl

ESI-MS;m/z 228 [M'+H].
[0249]

Synthesis of (4R,6S)-6-(3,4-

difluorophenyl)hexahydropyrido[2,1-c][1l,4]oxazine-3,4-

dione

A mixture of [(2R,6S)-6—-(3,4-
difluorophenyl)piperidin-2-yl]lmethanol (267 mg) with
diethyl oxalate (1.6 mL) was heated and stirred at 120°C
for one hour. The reaction solution was left to cool
to room temperature, and the precipitated solid was
collected by filtration. The resulting solid was
washed with an ether and air-dried to obtain 192 mg of
the title compound. The property values of the
compound are as follows.

'H-NMR (CDC13) & (ppm) :
1.38-1.48(m,1H),1.55-1.66(m,1H),1.68-1.83(m,2H),2.12-
2.25(m,2H),3.99-4.18(m,1H),4.35(t,J=11.6Hz,1H),

4.42(dd,J=11.6,3.2Hz,1H),5.27(t,J=4.0Hz,1H),6.94-
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acetate) to obtain 151 mg of the title compound. The property value of the
compound is as follows. ESI-MS;m/z 284[M +H] 25 [0251] Synthesis of
(2)-(6S,9aR)-6-(3,4-difiuorophenyi)-3-{1-
[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yi)benzylidene]hexahydropyrido[2,12¢][1,4]oxazin-4-one 232 A solution of
(4R,6S)-6-(3,4-difiuorophenyi)

3-§1y%li9d>€9hé§éh)7dr%yr7dd{% Selttldjokazit-4-ohé (151 hg) and
triepggg}ﬁliﬁlhosphonium bromide (220 mg) in acetonitrile (7 mL) was

hea der refiux for one 5 hour and then left to cool to room
temparatse sTo the 4eaetipn 80lytion,—§i £ 1uorophenyl) —3-
3-methoxy-4-(4-methyl-IH-imidazoi-I- yi)benzaidehyde (115 mg) and
trietiovtamirtes(2% ditd pwereladded, -and(the 4 €astion soldtiomwvas stirred
at room temperature for 12 hours. Ethyl acetate and 10 saturated sodium

bicarbonate wafer'weteSsdded torthe Frekttion '8Iutibh; &R the organic

I .. The resulting organic layer was ith brine,
e o ot A e Toesa e e
pressunes dheesiduearas pyrified By 45 silica gel column

chromatography (carrier: Chromatorex NH; elution solvent: heptane:ethyi
acetatereop e ety eretdte Prooshtairi S @ mig-eflthé title cormpamds » 4-
'I4'he Eroperty values of the compaound are %s f0_||?\EI)VOSC. ESI-MS;m/z

iHjﬁaszR/IR](&D%%)é(]p%rﬁ)L) t , and the reaction
1.38:1:080R,2f0L- 6618 26) 291 for three hours. A 5 N

sodium hydroxide solution (0.25 mL) and 20% agueous

hydrogen peroxide (0.05 mL) were sequentially added to
the reaction solution at -15°C. The reaction solution
was left to cool to room temperature and stirred for
one hour. Ethyl acetate and a sodium sulfite solution
were added to the reaction solution, and the organic
layer was separated. The resulting organic layer was
washed with brine, dried over magnesium sulfate, and
then concentrated under reduced pressure. The residue
was purified by silica gel column chromatography
(elution solvent: heptane:ethyl acetate = 1:1 —-> ethyl
acetate) to obtain 151 mg of the title compound. The
property value of the compound is as follows.
ESI-MS;m/z 284 [M'+H].

[0251]

Synthesis of (Z)-(6S,9aR)-6-(3,4-difluorophenyl)-3-{1-

[3—-methoxy—-4—(4—-methyl-1H-imidazol-1-

yl)benzylidene]hexahydropyrido[2,1-c][1l,4]oxazin-4-one
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2.28(m,2H),2.30(s,3H),3.85(s,3H),4.03(t,J=10.4Hz,IH),4. 05-4.16(m,1H),
4.35(dd,J=10.4,2.0Hz,1H),

5.33(t,J=4.0Hz,IH),6.82(s,IH),6.92(brs,IH),6.98 25
7.02(m,IH),7.04-7.16(m,2H),7.20(d,J=8.0Hz,1H),
7.35(d,J=2.0Hz,|H),7.36(dd,J=8.0,200447,1H),7.71(d,J=1.2 Hz,IH). [0252]
233 Example 42 Synthesis of (Z)-(68,9aR?-6-(2,6-dif|uoyopyridin-3-yi)-
3-{1-[3-methoxy45@l e IPEmidaZ ok ) —6- (3, 4-difluorophenyl) -

yilbenzylidene]hexahydropyrido[2,1-c][1,4]oxazin-4-one .[Formula 57].F
TR RS N YL 8 Byntrane of otz o eife o

(Ri3-tertrbutaxyeatbopylaingfsnium bromide (220 mg) in
(2,6-difluoropyridin-3-yi)-6-oxohexanoate LDA (1.5 M solution in THF, 3.2
miJ etasraddedlte al Solution of 2,6:difiterbpynidie (492 Img) iNcEHPBNE5
mL) at -78C, and the reaction solution was stirred 10 at -78C for 2.5

hSGHSE ASSHTutiditer (R56-oxshiperidiné<, 2ehCarboRyiic a&it dstert-BityF e
AT A e e LB T e
at- 7 BEcior onedwpiand1i1s mg) and triethylamine (0.22 mL)
were added, and the reaction solution was stirred at
room temperature for 12 hours. Ethyl acetate and
saturated sodium bicarbonate water were added to the
reaction solution, and the organic layer was separated.
The resulting organic layer was washed with brine,
dried over magnesium sulfate, and then concentrated
under reduced pressure. The residue was purified by
silica gel column chromatography (carrier: Chromatorex
NH; elution solvent: heptane:ethyl acetate = 1:1 ->
ethyl acetate) to obtain 150 mg of the title compound.
The property values of the compound are as follows.
ESI-MS;m/z 466 [M'+H].
'H-NMR (CDC13) & (ppm) :
1.38-1.58(m,2H),1.66-1.80(m,2H),2.10-
2.28(m,2H),2.30(s,3H),3.85(s,3H),4.03(t,J=10.4Hz,1H), 4.
05-4.16(m,1H),4.35(dd,J=10.4,2.0Hz, 1H),
5.33(t,J=4.0Hz,1H),6.82(s,1H),6.92(brs,1H),6.98-
7.02(m,1H),7.04-7.16(m,2H),7.20(d,J=8.0Hz, 1H),
7.35(d,J=2.0Hz,1H),7.36(dd,J=8.0,2.0Hz,1H),7.71(d,J=1.2
Hz,1H) .

[0252]
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15 at OC for 2.5 hours. A saturated ammonium chloride solution and ethyl
acetate were added to the reaction solution, and the mixture was heated
to room temperature. Thereafter, the organic layer was separated, and
the resulting organic layer was dried 20 over magnesium sulfate and then
concentrated under reduced pressares The residue was purified by silica
234 gel column chromatography (elution solvent: heptane:ethyl acetate =
15X38h§| dcetate) to obtain 148 mg of the title compound. The property

vabdue f the compound i fgll .65_%§I -MS; ”}’Eég?o[%"y}”}'&lr{o%‘r’%h

3‘:{L[§3Im{3§1%t41&4zmh3(|4|t|rﬁ8ﬂﬂ§’4m‘lﬂ imidazol-1-
yi)benzylidene]hexahydropyrido[2,1-c][[1,4]Joxazin-4-one 10 18 mg of the
titel cbrmpeudd dascdlitemedfromoyetid (2, 1-c] [1, 4] oxazin-4-one
(R)-2-tert-butoxycarbonylamino-6-(2,6-
diflfi6rdpyHiain?3-Yi)-6-oxohexanoate (148 mg) in the same manner as in
Example 41. The property values of the compound are as follows. 15
'H-NMR(CDC13)5(ppm)x
1.44-1.63(m,2H),1.68- 18
2.27(m,2H),2. 29(3 3R), 3.

3 O )

,1H),1.85-1.94(m,IH),2.09-
BH),4.05(t,J=10.0Hz,IH),4.

07-Mas(m 2 Hz,IH),5.25(t,J=5.2Hz,IH),
6.76(s IH —8.Hz JIH),6.92(brs,IH),7.19(d, 20
I~ I1671.6Hz,1H),7.36(d,J=1.6Hz,1H),

7.79¢bks,1H),7.73(dd,J217.2,8.0Hz,1H).

Synthesis of methyl (R)-2-tert-butoxycarbonylamino—-6-

(2,6-difluoropyridin-3-yl)—-6-oxohexanoate

LDA (1.5 M solution in THF, 3.2 mL) was added
to a solution of 2,6-difluoropyridine (492 mg) in THF
(25 mL) at -78°C, and the reaction solution was stirred
at -78°C for 2.5 hours. A solution of (R)-6-
oxopiperidine-1,2-dicarboxylic acid l-tert-butyl ester
2-methyl ester (CAS No. 183890-36-0, 1.0 g) in THF (5
mL) was added to the reaction solution at -78°C. The
reaction solution was stirred at -78°C for one hour and
at 0°C for 2.5 hours. A saturated ammonium chloride
solution and ethyl acetate were added to the reaction
solution, and the mixture was heated to room
temperature. Thereafter, the organic layer was
separated, and the resulting organic layer was dried
over magnesium sulfate and then concentrated under

reduced pressure. The residue was purified by silica



[0254] Examples 43 and 44 Synthesis of (Z)-4-[(R)-I-(2,6-difluoropyridin-3-
25 yi)ethyl]-2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yl1l)phenyllmethylidene]-morpholin-3-one and (2)-4-[(S)-
1-(2,6-difluoropyridin-3-yi)ethyi]-2-[I-[3-methoxy-4-
(4-methyl-IH-imidazoi-l-yi)phenyijmetBylidene] 235 morpholin-3-on
[Formula 58] MeO N" MeO O N O N~N~J O~ FAN'~F N/~N~/ FAN~F The
titkeeormpound raternarR was ebtaine iyt 2r6-amuBropytidine,
aminethanal, and S-methoxy-4-(4 methyblbt-imidazoi.1-ypoenzaidenyde,
as star ing mal%eﬁ/as i the same manner as i the other synthesis in
Exampig,22 The, eesultingrasemate mas sepasated bye SHIRM-PAKTM
IA manufactured by Daicei Chemical Industries, Ltd. (2 cm X 25 cm;
mohite phraseuhéxamse ethanol ®B14)-to obtain the title optically active
compound with a retentjon time of 18 minutes (38.7 mg) and the title
0 ﬂkj’[%b‘fwé cé%%n%ﬁh a retention time of 22 minutes (37.9 mg).
-HE% %%qgrty values of the title optically active compound with a retention
time of 18 minutes (Example 43) are as follows. 5
1NMIRLEDEC 13)5(ppm) (65, 9aR) —-6- (2, 6—difluoropyridin-3-y1l) -
1.68(d,J=6.8Hz,3H),2.29(s,3H),3.41-3.47(m,IH),3.63-
3-{1-[3-methoxy-4—-(4-methyl-1H-imidazol-1-

yl)benzylidene]hexahydropyrido[2,1-c][1l,4]oxazin-4-one

18 mg of the title compound was obtained from
methyl (R)-2-tert-butoxycarbonylamino-6-(2,6-
difluoropyridin-3-yl)—-6-oxohexancate (148 mg) in the
same manner as in Example 41. The property values of
the compound are as follows.

'H-NMR (CDC13) & (ppm) :
1.44-1.63(m,2H),1.68-1.81(m,1H),1.85-1.94(m,1H),2.09-
2.27(m,2H),2.29(s,3H),3.84(s,3H),4.05(t,J=10.0Hz,1H), 4.
07-4.15(m, 1H),4.39 (brd,J=8.4Hz,1H),5.25(t,J=5.2Hz, 1H),
6.76(s,1H),6.79(dd,J=8.0,3.2Hz,1H),6.92(brs,1H),7.19(d,
J=7.6Hz,1H),7.35(dd,J=7.6,1.6Hz,1H),7.36(d,J=1.6Hz,1H),
7.70(brs,1H),7.73(dd,J=17.2,8.0Hz,1H) .

[0254]

Examples 43 and 44

Synthesis of (Z2)-4-[(R)-1-(2,6-difluoropyridin-3-

yl)ethyl]-2-[1-[3-methoxy—-4—-(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] - morpholin-3-one and (Z)-4-[(S)-

1-(2,6-difluoropyridin-3-yl)ethyl]-2-[1-[3-methoxy—-4-

(4-methyl-1H-imidazol-1-yl)phenyl]methylidene]—
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Sy @,

yi)pheny

3.68(m,IH),3.85(s,3H),4.22-4.28(m,2H),
5.77(q,J=6.8Hz,IH),6.83(s,IH),6.87(dd,J=8.4,2.8Hz,IH),6
.92(s,IH),7.20(d,J=8.4Hz,IH),7.35(d,J=8.4Hz,IH),7.38(s, 10
1H),7.71(s,IH),8.00(dd,J=16.8,8.4Hz,IH). The property values of the title
optically 236 active compound withpas etention time of 22 minutes
(Example 44) are as follows. 'H-NMR(CDC13)5(ppm):
.29(s,3H),3.41-3.47(m,IH),3.63- 5

3 mIH).3 3H),4.22-4.28(m,2H),
g@% é%?ﬁ—l) 6.83(s,IH),6.87(dd,J=8.4,2.8Hz,IH),6

.92(s,IH),7.20(d,J=8.4Hz,IH),7.35(d,J=8.4Hz,IH),7.38(s,
1H),7.71(s,1H),8.00(dd, 6-16 8 8 4Hz 1H) [0255] 10 Examples@5 and 46

(S)#(

yip eny|]methyI|dene] 6 methylmorpholin-B-one [Formula 59] O O '171

1I)NONFNNF N~N 0256] Synthesis of
1-(6-fiuoropyridi:8-yijethyamimegcound racemate was obtained from

2,6-difluoropyridine, aminoethanol, and 3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)benzaldehyde as starting
materials in the same manner as in the other synthesis
in Example 22. The resulting racemate was separated by
CHIRALPAK™ IA manufactured by Daicel Chemical
Industries, Ltd. (2 cm X 25 cm; mobile phase:
hexane:ethanol = 6:4) to obtain the title optically
active compound with a retention time of 18 minutes
(38.7 mg) and the title optically active compound with
a retention time of 22 minutes (37.9 mg).

The property values of the title optically
active compound with a retention time of 18 minutes
(Example 43) are as follows.

'H-NMR (CDC13) & (ppm) :
1.68(d,J=6.8Hz,3H),2.29(s,3H),3.41-3.47(m,1H),3.63-
3.68(m,1H),3.85(s,3H),4.22-4.28(m, 2H),
5.77(q,J=6.8Hz,1H),6.83(s,1H),6.87(dd,J=8.4,2.8Hz,1H), 6
.92(s,1H),7.20(d,J=8.4Hz,1H),7.35(d,J=8.4Hz, 1H), 7.38 (s,
1H),7.71(s,1H),8.00(dd,J=16.8,8.4Hz, 1H) .

The property values of the title optically
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1-(6-Fiuoropyridin-3-yi)ethanone (7.8 g) was 20 synthesized from
6-fluoronicotinic acid (10 g) in the same manner as in Example 22. The
titte compound (457 mg) was obtained from
1-(6-fluoropyridin-3-yi)ethanone (1.09 g). The property values of the
compound are as 237 follows. 1H-NBR(CDC13)5(ppm):
1.40(d,J=6.4Hz,3H),4.21(q,J=6.4Hz,IH),6.90(dd,J=3.2,8.4 ,

H2 $0). Y B4 1984 71t 320 8HzSIH) 15 {0257} Sy nfHesistoftinutes
(2)=(S)-4-[(S)-I-(6-fluoropyridip-3-
yi)?eEgﬁyﬁ‘-}if[?-[Sél-%getﬁgfy- -?4£rﬁfelt%§|vfli|:imidazoi-|-
yphemdleibyligenel-rmethyimorpholin-3-one and (2)-
(S)-4-[(R)-I-(6-fluoropyridin-3-y1)ethyl]-2-[I-[3 10
methokyed-{4methyl,[BHimidazoids, 3H) ,3.41-3.47 (m, 1H) ,3.63—
yi pheng/i]methylidene]-6-methyimor holin-3-one The title compound

diastst B_Yn%ﬁ Pni?%tuﬁé(ﬁ% r:#gl) was Téi_n%é @& £&fude product from 1-(6-
f'%o.r‘?ﬁl(éﬁg'ﬂ':%Y%ﬁy} lami i.%‘?YSWQhW,@?SS?F%%,lJ‘S:@?@PE( agil g H),6

Example22. The resulting diastereomer mixture mg) was separate

by CHIRALRPAKTM dAdmangfacturedhy, Daei €@hemical industies; L3d. (s,
(2 cm X 25 cm; mobile phase: hexane:ethanol = 8:2) to obtain the title
optidally attive cdmpotind Witiia JetehtiGn 204iae 657 minutes (20 mg)
and the ftitle optically active compound with a retention time of 63 minutes
(6 mg)! The property value of the title compound

Examples 45 and 46

Synthesis of (Z2)-(S)-4-[(S)-1-(2-fluoropyridin-5-

yl)ethyl]-2-[1-[3-methoxy—-4—(4-methyl-1H-imidazol-1-

yl)phenyl]lmethylidene] -6-methylmorpholin-3-one and (Z)-

(S)-4—-[ (R)-1- (2—fluoropyridin-5-yl)ethyl]-2-[1-[3-

methoxy—-4—-(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6-methylmorpholin-3-one

[Formula 59]
0] O :

[0256]

Synthesis of 1-(6-fluoropyridin-3-yl)ethylamine

1-(6-Fluoropyridin-3-yl)ethanone (7.8 g) was
synthesized from 6-fluoronicotinic acid (10 g) in the
same manner as in Example 22. The title compound (457
mg) was obtained from 1-(6-fluoropyridin-3-yl)ethanone

(1.09 g). The property values of the compound are as



10

15

20

25

diastereomer mixture is as follows. 25 ESI-MS;m/z 437[M +H]. The
property values of the title optically active compound with a retention time
of 57 minutes are as follows. 238 'H-NMR(CDC13)5(ppm):
1.39(d,J=6.4Hz,3H),1.62(d,J=7.6Hz,3H),2.30(d,J=0.8Hz,3H
),2.95(dd,J=9.6,12.8Hz,IH),3.26(dd,d32.8,13.2Hz,IH),3.8
5(s,3H),4.37(m,IH),6.15(q,J=7.2Hz,IH),6.89(s, 5

1HP.6193($ H),6.96(dd,J=2.8,8.4Hz,IH),7.21(d,J=8.0Hz,1

H), 5 Hz 1H),7.72(d,J=1.2Hz,1H),7.7

7(n% Iﬁ;&g}g%é%lﬁj}%%f%Hz IH). The property values of the title optically
agtiveocempeund with arretention time -of 63rminuies, ares 40as, fellows., g . 4
'H-NMR(CDC13)5(ppm):

1/42(d,036.4HZ43H), 161 (B I17.28Hz/3H1), 239¢s, BH),2.99(d

d,J=2. 8712 .4Hz,IH),3.40(dd,J=10.0,12.4Hz,IH),3.86(s,3H)
AP AR),6.17(g,J=6. 8Hz,1H),6.89(s, 15

1. 2HzIb). 718100, 11,8 22(d I3, 621 L), [0268) Exarmples 4% and-48.20
Synthesis of (2)-(S)-4-[(S)-I-(2-fluoropyridin-4-
yiyethpl-oni-|3-mesthoxyi dgambethylb-imidagoiholin-3-one and (Z) -

i hen [Imethylidene 6 methyimorpholin-3-one and (Z
{)p [Imethyligeng}- pholn-3-ons a8 X - (13-

methoxy—-4—-(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6-methylmorpholin-3-one

The title compound diastereomer mixture (48
mg) was obtained as a crude product from 1-(6-
fluoropyridin-3-yl)—-ethylamine (457 mg) in the same
manner as in Example 22. The resulting diastereomer
mixture (45 mg) was separated by CHIRALPAK™ IA
manufactured by Daicel Chemical Industries, Ltd. (2 cm
X 25 cm; mobile phase: hexane:ethanol = 8:2) to obtain
the title optically active compound with a retention
time of 57 minutes (20 mg) and the title optically
active compound with a retention time of 63 minutes
(6.8 mg).

The property value of the title compound
diastereomer mixture is as follows.
ESI-MS;m/z 437[M" +H].

The property values of the title optically
active compound with a retention time of 57 minutes are

as follows.
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methoxy-4-(4-methyl-IH-imidazoi-I 25
yi)phenyllmethylidene}-6-methyimorpholin-3-one 239 [Formula 60] O "o\
\N\F O NNF NAN 0259] The title compound was obtained as a
diastereomer mixture in the same manner as in Example 22 from
1-(2-fluoropyridin-4-yi)-ethylamine prepared in 5 the same manner as in
Example 22. The compound was separated by CHIRALCEL OD-H
manutagiuiedby DaiePChemical Industries, Ltd. (2 cm X 25 cm; mobile

phasg: ethanol-hexa yste ohtai title compaund, with.a
re é%i?oﬁ'\%ﬁgégof%%m%iés (g%atgudm%l )Egﬁ%l’ ﬁn’e@tl’t eléc(o(jrl‘l\léltfrt.an'ci3 Witn >
a yetentien dimesofo2e minutes -(Example 48).dHherproperty vajuss afithes | g
titte compound of Example 47 are as follows. 'H-NMR(CDC13)5(ppm):
1.42¢d,356.0H 3, 3K4),1160(d I=72H6z,3HY, 230(s, BH) ,303(el ( 5
d,J=12.4,9.2Hz,IH),3.24(dd,J=13.2,2.8Hz IH),3.86(s,3H_),

45314 820 19y, 6 DLECIR3AS 185 %: 8o Bré iy L)+ 7+ 21 (4, J=8. 01z, 1

619%57'."94%%?5@5?'H/):%-%g@99§56@z{"9)7-3?%‘](: > J=1.2Hz,1H), 7.7

.OHz,H),7. =8.0,1.6Hz,1H),7.52(d,J=1"6Hz,1H),7.7
335 h.2Hz 4H»8.234d . I=5.2HzIH) 520 {0260] Examples 49 and 50

Synthesis of (2)-(S)-4-[(S)-I-(5-fluoropyridin-2-

The property values of the title optically
active compound with a retention time of 63 minutes are
as follows.

' H-NMR (CDC15) & (ppm) :
1.42(d,J=6.4Hz,3H),1.61(d,J=7.2Hz,3H),2.30(s,3H),2.99(d
d,J=2.8,12.4Hz,1H),3.40(dd,J=10.0,12.4Hz,1H),3.86 (s, 3H)
,4.13(m, 1H),6.17(g,J=6.8Hz,1H),6.89 (s.
1H),6.94(s,1H),6.96(dd,J=2.8,8.8Hz,1H),7.21(d,J=8.4Hz, 1
H),7.34(dd,J=1.6,8.4Hz,1H),7.53(d,J=1.6Hz,1H),7.73(d,Jd=
1.2Hz,1H),7.81(m,1H),8.22(d,J=1.6Hz, 1H) .

[0258]

Examples 47 and 48

Synthesis of (Z2)-(S)-4-[(S)-1-(2-fluoropyridin-4-

yl)ethyl]-2-{1-[3-methoxy-4—-(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene}-6-methylmorpholin-3-one and (Z)-

(S)-4—[ (R)-1-(2—fluoropyridin-4-yl)ethyl]-2—{1-[3-

methoxy—-4-(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene}-6-methylmorpholin-3-one
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yi)ethyl]-2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-l 240
yi)phenyllmethylidene]-6-methyimorpholin-3-one and (2)-
(S)-4-[(R)-1-(5-fluoropyridin-2-yi)ethyi]-2-[1-[3-
methoxy-4-(4-methyl-IH-imidazoi-I-
yi)phenyl]methylidene]-6-methyimogswlin-3-one [Formula 61]O O O\N
UNO\NNNOFNOF N~N 5[0261] Synthesis of
1-(BBrdpyritiih-2-yi)ethanone Copper iodide (811 mg),
1- ethoxyvmyltn n- butyltln (19 2mL), and

at

100 f r two hours. The reaction sdlytion was returnéd to room
tempg&rature, and the “solvent was ev porated under 15 reduced pressure.
The residue was diluted with ethyl acetate and washed with brine. The
iclayer was dried over magnesium sulfate, and the solvent was
evaporated under reduced pressure. The residue was diluted with

acetone (120 miy)card {19)- ()20 gamphorssifenic-acid €9.9 g) was
added to the reaction solution. After confirming production of the target
prbtyet by teindayerichtormatograping theselveannwas as in Example

22 from 1-(2-fluoropyridin-4-yl)—-ethylamine prepared in
the same manner as in Example 22. The compound was
separated by CHIRALCEL OD-H manufactured by Daicel
Chemical Industries, Ltd. (2 cm X 25 cm; mobile phase:
ethanol-hexane system) to obtain the title compound
with a retention time of 23 minutes (Example 47) and
the title compound with a retention time of 26 minutes
(Example 48). The property values of the title
compound of Example 47 are as follows.

' H-NMR (CDC15) & (ppm) :
1.42(d,Jd=6.0Hz,3H),1.60(d,J=7.2Hz,3H),2.30(s,3H),3.03(d
d,J=12.4,9.2Hz,1H),3.24(dd,J=13.2,2.8Hz,1H),3.86 (s, 3H),
4.34-4.42(m,1H),6.11(t,J=7.2Hz,1H),6.89 (brs,1H),
6.90(s,1H),6.94 (brs,1H),7.14(brd,J=5.2Hz,1H),7.22(d,J=8
.0Hz,1H),7.35(dd,J=8.0,1.6Hz,1H),7.52(d,J=1.6Hz,1H), 7.7
3(d,J=1.2Hz,1H),8.23(d,J=5.2Hz,1H) .

[0260]

Examples 49 and 50

Synthesis of (Z)-(S)-4-[(S)-1-(5-fluoropyridin-2-

yl)ethyl]-2-[1-[3-methoxy-4—-(4-methyl-1H-imidazol-1-
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evaporated under reduced pressure. The residue was 241 diluted with an
ether and neutralized with sodium carbonate. Water was added to the
reaction solution, and the organic solution was separated. The organic
layer was dried over magnesium sulfate, and the residue 5 was purified by
silica gel column chromatography (zagier: Chromatorex; elution solvent:
hexane- ethyl acetate) to obtaln 3. 55 g of the title compound The

Tttetltteepmovmdn(égaylg)l\ﬁa%@@tﬁémﬂ@m 15

1-(5-fluoropyridin-2-yi)ethanone (525 mg) in the same manner as in

Examples22. 1 Thes piopeityaratiessofithehgdmpowhd aieras follows.

'H-NMR(CDC13)5(ppm): 1.42(d,J=6.4Hz,3H),4.18(q,J=6.4Hz,IH),7.30- 20
7. 87 HEs.24(d,J=2.4Hz,1H). [0263] Synthesis of

(Z) (S)-4-[(S)-I-(5-fiugropyridin-2-

(4-ethyl-IH- |m|da2@ I-
“mathyimorpholin-3-one ¥ z)\z /\RJ\
i byll-2- W*N Q

hoxy-4- (4 methylkIH-imidazoi- I-
y|) enyilmethylidene]-6- methylmorpholln- -one

[0261]

Synthesis of 1-(5-fluoropyridin-2-yl)ethanone

Copper iodide (811 mg), l-ethoxyvinyltri-n-—
butyltin (19.2 mL), and
bis(triphenylphosphine)palladium (II) chloride (1 g)
were added to a solution of 2-bromo-5-fluoropyridine (5
g) in acetonitrile (250 mL), and the reaction solution
was heated and stirred in a nitrogen atmosphere at 100°C
for two hours. The reaction solution was returned to
room temperature, and the solvent was evaporated under
reduced pressure. The residue was diluted with ethyl
acetate and washed with brine. The organic layer was
dried over magnesium sulfate, and the solvent was
evaporated under reduced pressure. The residue was
diluted with acetone (120 mL), and (1S)-(+)-10-
camphorsulfonic acid (9.9 g) was added to the reaction
solution. After confirming production of the target
product by thin-layer chromatography, the solvent was

evaporated under reduced pressure. The residue was
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The title compound diastereomer mixture (248 242 mg) was obtained as
a crude product from 1-(5- fluoropyridin-2-yi)-ethylamine (483 mg) in the
same manner as in Example 22. The resulting diastereomer mixture (30
mg) was separated by CHIRALPAKTN OD-H 5 manufactured by Daicei
Chemical Industries, Ltd. (2 cm X 254am; mobile phase: hexane:ethanol =
8:2) and CHIRALPAKTM AD-H manufactured by Daicei Chemical
InftfustHeRT LI 12 cAT X5 6h; mobile Phase:lethafiol) 16 bbeie! ettt
optically active compound with a retention time of 23. minutes (1.7 mq)
o T e oA, St Corgoiin St & et s e of 3y LTS
minutes ¥3.94pgh dhe property yalug-ef the title compountt, diasteygamer
mixture is as follows. 15 ESI-MS;m/z 437[M +H]. The property values of
thiatitleroptically ractive compounghwith arretentidattieme ah23 mhiautessaréue
as follows. 1H-NMR(CDC13)5(ppm): 20

1%87%d 526 1HAosHPY 61td, 357 28213192 2815, SBY, 8@ 9T aphy
P2 AP R S22 B A BHE e cane-—ctny)
4.37(m,1H),6.06(q,J=6.4Hz,1H),6.84(s,TH),6.92(s,1H),
7@Q@ié%%fnﬁhlﬂb%§26n3U®51§76¥4Q%@253tle compound. The
7.51(d,J=1.2Hz,1H),7.71(d,J=1.2Hz,1H),8.42(dd, J=1.2,1.2 25 Hz,1H).
The prepdry vades of the titleeostivally vactiverconagouidlwitly & -retention

time of 27 minutes are
H-NMR (CDC1ls) o (ppm) :

2.71(s,3H),7.51(m,1H),8.11(ddd,J=0.4,4.8,8.8Hz,1H),8.51
(d,J=2.8Hz, 1H) .
[0262]

Synthesis of 1-(5-fluoropyridin-2-yl)ethylamine

The title compound (483 mg) was obtained from
1-(5-fluoropyridin-2-yl)ethanone (525 mg) in the same
manner as in Example 22. The property values of the
compound are as follows.

' H-NMR (CDC15) & (ppm) :
1.42(d,J=6.4Hz,3H),4.18(g,J=6.4Hz,1H),7.30-
7.37(m,2H),8.41(d,J=2.4Hz,1H) .

[0263]

Synthesis of (Z2)-(S)-4-[(S)-1-(5-fluoropyridin-2-

yl)ethyl]-2-[1-[3-methoxy—-4—-(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6-methylmorpholin-3-one and (Z)-

(S)-4-[ (R)—1- (5-fluoropyridin-2-yl)ethyl]-2—-[1-[3-

methoxy—-4-(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6-methylmorpholin-3-one

The title compound diastereomer mixture (248
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as follows. 243 'H-NMR(CDC13)5(ppm):
1.43(d,J=6.8Hz,3H),1.60(d,J=7.2Hz,3H),2.29(s,3H),3.43-
3.56(m,2H),3.85(s,3H),4.17(m,IH),6.02(q,J=6.8Hz,IH),6.8
3(s,IH),6.93(s,IH),7.20(d,J=8.0Hz,IH),7.32(d,IH),7.36 5
7.43(m,2H),7.53(d,J=1.6Hz,1H),7.72(J=1.2Hz,1H),8.41(d ,J=1.6Hz,IH).
[0264] Example 51 Synthesis of (Z2)-(S)-4-[(S)-I-(2- chloropyrldln -4- 10
yifethy 25 fabﬁﬁlﬁ]@)@/ 4%4 Ei‘fné’tﬁyfjﬁ’-l pRigazeIt- from 1-

henyllmethylideng]- et r hol|n3 [Formula
pi ydp %ﬁf m 3&%*&(2 e sam

Syn SiS o |orop |d|n 4 -yl Ethanone

TH%HH% lcogmoyﬁda(% a]fﬁpg)eWQQ obtajined frem, 16i2:6higreisericatinie -
acid (8.5 g) in the same manner as in Example 22. The property values of

theicompeunBarenas fokows.cHNMR{C DG 3)5(FphiPAK ™ OD-H
2.63(s, 3H) 7.66(m,IH),7.77(m,IH),8.59(m,IH). 20 [0266] Synthesis of
(ﬁﬁ#%%(ﬁﬁ&&ﬁ@ﬂdﬁﬁ496éﬁ%$o?@?@&ﬁﬁ&nBF?%ERﬁh%prﬁ&ﬁ14 cm

yl)gtggnggle; (%%gﬁén ﬁ%a@gdr%g%g‘ e%é}ﬁ"é‘f = 8:2) and
CHIRALPAK™ AD-H manufactured by Daicel Chemical
Industries, Ltd. (2 cm X 25 cm; mobile phase: ethanol)
to obtain the title optically active compound with a
retention time of 23 minutes (1.7 mg) and the title
optically active compound with a retention time of 27
minutes (3.9 mg).

The property value of the title compound
diastereomer mixture is as follows.

ESI-MS;m/z 437[M" +H].

The property values of the title optically
active compound with a retention time of 23 minutes are
as follows.

' H-NMR (CDC15) & (ppm) :
1.37(d,J=6.4Hz,3H),1.61(d,J=7.2Hz,3H),2.29(s,3H),3.17(d
d,J=1.2,13.2Hz,1H),3.52(dd,J=2.8,13.2Hz,1H),3.84(s,3H),
4.37(m,1H),6.06(g,J=6.4Hz,1H),6.84(s.1H),6.92(s,1H),
7.20(d,J=8.4Hz,1H),7.32(m,1H),7.37-7.40(m, 2H),
7.51(d,JdJ=1.2Hz,1H),7.71(d,JdJ=1.2Hz,1H),8.42(dd,J=1.2,1.2
Hz,1H) .

The property values of the title optically
active compound with a retention time of 27 minutes are

as follows.
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244 added dropwise to a solution of (+)-DIP-chloride (19.2 g) in
tetrahydrofuran (340 mL) at -20C, and the reaction solution was stirred at
the same temperature overnight. The reaction solution was returned to
room 5 temperature, and the solvent was evaporated under reduced
pressure. The residue was diluted witBan ether, diethanolamine (12.1 g)
was added to the diluent, and the reaction solution was stirred at room
teripéature ¥6rfolP RBERS. The insoluble matter was 10 separated by

filtratj rough celite, and th her liquar was, concentrate der
re%u%%r& %)ré9§sgu'rg.ﬁfﬁezj’ grgé%ij%%s’ [S)rﬁr?fl'eafl 637 g%éé%é?%o%fngnﬁp’ 543
chromategraphy {carsiet:, Ghrpmatorex, elutipnesolvent:, heptaneethyl) , ¢ . s
acetate) to obtain the title compound 15 (3.84 g). The property values of

the (compound are(as follows ZBNMR{EDCE3)5{ppm). 32 (d, 1H) , 7.36-
1.50(d,J=6.8Hz,3H) 4.90(m,1H),7.21%fr?é,§H ,7.36(m,1H},8.3
4(bd}3=0'4 51217, 1R, (50 (02677 Snthikis/of/+ (d,J=1. 2z, 1H), 8. 41 (d
4-,(§S:)il-. [ o,eltmi).-z-chioropyridine Diphenyiphosphoryi azide (6.57 mL)
was added to a solution of (R)-I-(2-chioropyridin-4-yi)ethanoi in toluene
(50omé-x in a nitrogen atmosphere, and the 25 reaction solution was cooled
to OC. DBU (4.52 mL) was added to the reaction solution, which was then
héatedrteerodin temperature and stirred overnight. Water and an ether

were added to the reaction solution, and the o
Synthesis of (Z2)-(S)-4-[(S)-1-(2-chloropyridin-4-

yl)ethyl]-2-[1-[3-methoxy-4—(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6-methylmorpholin-3-one

[Formula 62]
)
/O:[::TA§TJKN O
N o) LA
)A

[0265]

Synthesis of 1-(2-chloropyridin-4-yl)ethanone

The title compound (7.18 g) was obtained from
2-chloroisonicotinic acid (8.5 g) in the same manner as
in Example 22. The property values of the compound are
as follows.

' H-NMR (CDC15) & (ppm) :
2.63(s,3H),7.66(m,1H),7.77(m,1H),8.59(m, 1H) .
[0266]

Synthesis of (R)-1-(2-chloropyridin—-4-yl)ethanol

A solution of 1-(2-chloropyridin-4-

yl)ethanone (7.18 g) in tetrahydrofuran (10 mL) was
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245 organic layer was separated. The organic layer was dried over
magnesium sulfate, and the residue was purified by silica gel
chromatography (carrier: Chromatorex; elution solvent: hexane-ethyl
acetate) to 5 obtain the title compound (4.44 g). The property values of
the compound are as follows. 'H-NWME(CDC13)5(ppm):
1.55(d,J=6.8Hz,3H),4.62(d,J=6.8Hz,1H),7.18(m,1H),7.30(m

13830 HER0L4 5. 2192, 2HF.O 10 [0268] Sy nthesi§ 6f ~chloride (19.2

(S):I-(2-chioropyridin-4-yi)ethylamine Triphenyip ine (9.5 was

aé? ed o%esto%t%lc}]ndgf) f—%@g{-a@éosetﬁ%g-fg%iE[r%qgiar!iq’dinaerq&.ffgg g) in
tetrahydrofuran-water £4: 1,89 mk); apddhe d5ugactionsolutigpWast ure
heated and stirred at 60C for two hours. The reaction solution was
retyeditglroom Emperature] and slod solvent was evaporated uhder oom
reduced pressure. Chloroform and 5 N hydrochloric acid were added to

thté%%ﬁ%,t‘di‘iﬁ 'th_élﬁaué&?s El?/é?’ﬁ/%% Z@ SepyrRed AfRadiess layer
was ade;basic with 2 N S?Q'é‘@gﬁ@&%dew%"%fﬂ?f%}g:% Added,fo the

reaction solution, and the organic layer was separated. The organic layer
wasglsier aves fragnesiim sulfatez and dhe wsolvertavas evaparsated

under reduced pressure to obtain 25 the title compound (2.24 g). The
prdbpevtyvalues of tHeecarnpotnd ares ad follows. H-NMR{CDED 335 (ppAnm

1.38&d,J:6.8HZ,3H),4.12gd,J:6.8HZ,1H),7.36(m,1HC? 7.30%m
te for four hours. The insdluble matter was

perature
separated by filtration through celite, and the mother
liquor was concentrated under reduced pressure. The
residue was purified by silica gel column
chromatography (carrier: Chromatorex, elution solvent:
heptane—-ethyl acetate) to obtain the title compound
(3.84 g). The property values of the compound are as
follows.
' H-NMR (CDC15) & (ppm) :
1.50(d,J=6.8Hz,3H),4.90(m,1H),7.21(m,1H),7.36(m,1H),8.3
4(dd,J=0.4,5.2Hz,1H) .
[0267]

Synthesis of 4-((S)-1l-azidoethyl)-2-chloropyridine

Diphenylphosphoryl azide (6.57 mL) was added
to a solution of (R)-1-(2-chloropyridin-4-yl)ethanol in
toluene (50 mL) in a nitrogen atmosphere, and the
reaction solution was cooled to 0°C. DBU (4.52 mL) was
added to the reaction solution, which was then heated
to room temperature and stirred overnight. Water and

an ether were added to the reaction solution, and the



246 ,1H),8.31(d,J=5.2Hz,1H). [0269] Synthesis of
(2)-(S)-4-[(S)-I-(2-chioropyridin-4-
yi)ethyl]-2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-l 5
yi)phenyllmethylidene]-6-methyimorpholin-3-one The title compound
containing a geometric isomer (518 #r¥y) was obtained from (S)-1-(2-
chioropyridin-4-yi)ethylamine (1.25 g) in the same manner as in
ER&amplesC18-aig 19" The TERARAG Alxturd 16 (54 #ig)iWas S&Faratetby
CdHIRA Pél](e'l'rM IA nglansuf%%ug%dll%% tDai(:(gli C(‘ih mica%lndy&triesw Lgd. (2
cmi X 25 cmi: mobite p%ase: héxane-ethanol = 7%}%0 obtain the {itte
compound with,a retention tie of 38Jminutes- (68 )= akhe: property
values of the compound are as follows. 15 The property values of the title
opticadly aactivexconspounicbwith @lreteritionttime of 38 tthinlitescareas) to
follows. ESI-MS;m/z 453[M "+H]. 1H-NMR(CDC13)5(ppm): 20
199F4 326 Bz, 3HY. 1 S9fPTE? 912, 3H): 2. 308, 3=0. Eﬁzﬁ operty
)3 944928 628z 3 £3(d00-22 3 20 )38
5(s,3H),4.36(m,IH),6.07(q,J=7.2Hz,IH),6.90(s,
1H}6:M¢ddI= 1.2, 5. 2bzbH), 7.17(m, 1H),7.22(d,J=8.0Hz,1
H),7.28(m,IH),7.36(m,IH),7.52(d,J=1.2Hz,1H),7.73(d,J=I. 25
2Hz $H)(8.39¢tdd,350.8B121H2 14Y. ([0270p EXEmplél52 Syhthesid 8f , 7. 30 (m
LS HSHTE YR &

’ r O rY TV e T Y. Zy 1H) .

[0268]

Synthesis of (S)-1-(2-chloropyridin—-4-yl)ethylamine

Triphenylphosphine (9.56 g) was added to a
solution of 4-((S)-l1l-azidoethyl)-2-chloropyridine (4.44
g) in tetrahydrofuran-water (4:1, 50 mL), and the
reaction solution was heated and stirred at 60°C for two
hours. The reaction solution was returned to room
temperature, and the solvent was evaporated under
reduced pressure. Chloroform and 5 N hydrochloric acid
were added to the residue, and the aqueous layer was
separated. The aqueous layer was made basic with 5 N
sodium hydroxide. Chloroform was added to the reaction
solution, and the organic layer was separated. The
organic layer was dried over magnesium sulfate, and the
solvent was evaporated under reduced pressure to obtain
the title compound (2.24 g). The property values of
the compound are as follows.
' H-NMR (CDC15) & (ppm) :

1.38(d,J=6.8Hz,3H),4.12(d,J=6.8Hz,1H),7.36(m,1H),7.30(m
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247 fluoropyridin-4-y1)ethyl]-2-[1-[3-methoxy-4-(4-methyl-
1H-imidazol-1-y1)phenyllmethylidene]-6-methylmorpholin- 3-one [Formula
63]OF ONCI NO,)iN N~N [0271] 5 Synthesis of
2-chloro-3-fluoroisonicotinic acid The title compound (6.34 g) was
obtained from 2-chloro-3-fluoropyridipe (5 g) in the same manner as in
Example 22. The property values of the compound are as follows. 10
'H-NVIROMS G 6)5eppiniy - #178(dd,J=4.8,4.8Hz,1H),8.27(d,J=4.8Hz,1H).
[0 3313 §%p/nthesis of (S)-1-(2-chloro-3-fluoropyridin-4- yl)ethylamine 15 The
titte compound (3.13 g) was obtained from 2-chloro-3-fluoroisonicotinic
agid{(6:340)Jdndhe same manner as)n Example bd- TRe prepertysvalues
of the compound are as follows. 'H-NMR({CDC13)5(ppm): 20

1 AR{c 006 .BHZ23H) 4. 45(0 8+ 6.8z, HH) (2 A406ddd J=0.4 4ir8 dhzol-1—

8Hz,1H),8.18(d,J=4.8Hz,1H). H0273] ,
yl)phenyl]lmethylidene] -6-methylmorpholin-3-one

The title compound containing a geometric
isomer (518 mg) was obtained from (S)-1-(2-
chloropyridin-4-yl)ethylamine (1.25 g) in the same
manner as in Examples 18 and 19. The resulting mixture
(54 mg) was separated by CHIRALPAK™ IA manufactured by
Daicel Chemical Industries, Ltd. (2 cm X 25 cm; mobile
phase: hexane:ethanol = 7:3) to obtain the title
compound with a retention time of 38 minutes (6.5 mg).
The property values of the compound are as follows.

The property values of the title optically
active compound with a retention time of 38 minutes are
as follows.

ESI-MS;m/z 453 [M"+H].

' H-NMR (CDC15) & (ppm) :
1.42(d,J=6.8Hz,3H),1.59(d,J=7.2Hz,3H),2.30(d,J=0.8Hz, 3H
),3.02(dd,J=9.6,12.8Hz,1H),3.23(dd,J=2.4,13.2Hz,1H),3.8
5(s,3H),4.36(m,1H),6.07(gq,JdJ=7.2Hz,1H),6.90 (s.
1H),6.94(dd,Jd=1.2,1.2Hz,1H),7.17(m, 1H),7.22(d,J=8.0Hz,1
H),7.28(m,1H),7.36(m,1H),7.52(d,J=1.2Hz,1H),7.73(d,J=1.
2Hz,1H),8.39(dd,J=0.8,5.2Hz,1H) .

[0270]

Example 52

Synthesis of (Z2)-(S)-4-[(S)-1-(2-chloro-3-
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Synthesis of (2)-(S)-4-[(S)-1-(2-chloro-3 248
fiuoropyridin-4-yi)ethyl]-2-[I-[3-methoxy-4-(4-methyi-
1H-imidazoi-1-yi)phenylmethylidene]-6-methyimorpholin- 3-one The title
compound containing a geometric 5 isomer (623 mg) was obtained from
(S)-I-(2-chioro-3- fiuoropyridin-4-yi)ethylamine (1.2 g) in the same manner
asin Examples 18 and 19. The resultlng[ mlxture (14 mg) was separated

’ Aﬂ%ﬂﬁﬁnm@ﬁhﬂl_
gzlﬁ*—‘fx%gé" n o :hexﬁﬁ‘e

vajugs of the compound are as follows. ESI-MS;m/z 471[M +H]
1H-NMR(CDC13)5(ppm): 15

1.46¢d0u6 AHZ33H),1.67(d,J=7.2Hz,3H),2.29(s,3H),3.23(d
d,J=9.6,12.4Hz,IH),3.41(dd,J r_2 4,12.8Hz,IH),3.85(s,3H),

letgaol

4.38( IH)587qJ .2HF,IH),6.83(s,IH),6.93(s,IH),7.2
0(d,J=8. xB0-7h 0(d,J=1.2Hz,1H),
7. 7;(5 L NZO [0274] Example 53 Synthesis of

(ZI)L( 4- [(S) -I-(2,6-difiuoropyridin-4-
yi)ethyl]-2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yi)phenyllmethylidene]-6-methyimorpholin-3-one 249 [Formula 64] O

[0271]

Synthesis of 2-chloro-3-fluoroisonicotinic acid

The title compound (6.34 g) was obtained from
2-chloro-3-fluoropyridine (5 g) in the same manner as
in Example 22. The property values of the compound are
as follows.

! H-NMR (DMSO-d; ) & (ppm) :
7.78(dd,J=4.8,4.8Hz,1H),8.27(d,J=4.8Hz,1H) .
[0272]

Synthesis of (S)-1-(2-chloro-3-fluoropyridin-4-

yl)ethylamine

The title compound (3.13 g) was obtained from
2-chloro-3-fluoroisonicotinic acid (6.34 g) in the same
manner as in Example 51. The property values of the
compound are as follows.

' H-NMR (CDC15) & (ppm) :
1.42(d,J=6.8Hz,3H),4.45(g,J=6.8Hz,1H),7.40(ddd,J=0.4,4.
8,4.8Hz,1H),8.18(d,J=4.8Hz,1H) .

[0273]

Synthesis of (Z2)-(S)-4-[(S)-1-(2-chloro-3-
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MeO N\F NON\IOJI/N =F The title compound was obtained in the
same manner as in Examples 18 and 19 from (S)-I-(2,6-
difluoropyridin-4-yi)ethylamine obtained in the same manner as in
Example 51. 5 ESI-MS;m/z 455[M"+H]. 'H-NMR(CDC13)5(ppm):
1.44(d,J=6.4Hz,3H),1.61(d,J=7.2HZ3H),2.30(s,3H),
3.09(dd,J=9.2,12.8Hz,IH),3.27(dd,J=2.4,12.8Hz,IH),
3%5@38&,!53@&1&3&&5@9@(& 37&—17 IHP; mghoxy—4- (4-methyl-

0f(Z)+4s[(S)-I-(2-chioropyridin-4-yi)ethyi] - 15
2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-I-

yi)phenyl]methylidene}-6 G=dintethyimuotpholir:3-onen fFernmudasst ©1 ;O N
Cl ~NI1/OIiN_N 250 0276] Synthesis of

A4 EHKB -cHigropPAdin i) Ethy 7626 diffetiyirhot pHalie-=BidsRe 3

L@YH%H%%§?@@¥§4&Q§EQEW%§?g%?gg)?1.2 g) in the same

manner as in Examples 18 and 19. The resulting mixture
(14 mg) was separated by CHIRALPAK™ IA manufactured by
Daicel Chemical Industries, Ltd. (2 cm X 25 cm; mobile
phase: hexane:ethanol = 1:1) to obtain the title
compound with a retention time of 24 minutes (9.5 mg).
The property values of the compound are as follows.
ESI-MS;m/z 471[M" +H].

' H-NMR (CDC15) & (ppm) :
l1.46(d,J=6.4Hz,3H),1.67(d,Jd=7.2Hz,3H),2.29(s,3H),3.23(d
d,J=9.6,12.4Hz,1H),3.41(dd,J=2.4,12.8Hz,1H),3.85(s,3H),
4.38(m,1H),5.87(gq,JdJ=7.2Hz,1H),6.83(s,1H),6.93(s,1H), 7.2
0(d,J=8.4Hz,1H),7.30-7.33(m,2H),7.50(d,J=1.2Hz,1H),
7.72(s,1H),8.23(d,J=5.2Hz,1H) .

[0274]

Example 53

Synthesis of (Z)-(S)-4-[(S)-1-(2,6-difluoropyridin—-4-

yl)ethyl]-2-[1-[3-methoxy—-4—-(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6-methylmorpholin-3-one




10

15

5 solution of (S)-I-(2-chioropyridin-4-yi)ethylamine obtained in Example 51
(1 g) in an ether (18.5 mL), and the reaction solution was stirred for five
minutes. Isobutylene oxide (1.7 mL) was added to the reaction solution,
which was then stirred overnight. A5 N 10 sodium hydroxide solution was
added to the reaction solution at 0QC4fellowed by extraction with
chloroform. The organic layer was dried over magnesium sulfate, and the
sdlfertwas eGdporated under reduced pressure. Dichioromethane (20
mL) and pyridine (20 mL) were gdded 15 to the residue, and the reaction
solution was cooled to 0C. Ox

W(ﬁ “vappratetan
added tofthe residue, and the organic layer was separated. The organic
layer was dried over magnesium sulfate, and'the residue was purified by

257silica gel column chromatography (Chromatorex; elution solvent:
heptane-ethyl agetate) to1ebtaisnibeditle vempevnd {107 g)n Thapreperty
values of the compound are as follows. 251 H-NMR(CDC13)5(ppm):
1184($18H) A4 9(5, 3 ANBI(AI=52H23H) B.05(d0=013)6,1 - (2, 6 -
1H),3.35(d,J=14.0Hz,IH),5.97(q,J=7.2Hz,1H),7.21(ddd,J=0

&1 251 0HIMT 7 S0(dd 320 B0 BIL T 420 JHg 1 5R, 1n the same

manner as in Example 51.

ESI-MS;m/z 455[M"+H].

'H-NMR (CDC13) & (ppm) :
1.44(d,J=6.4Hz,3H),1.61(d,J=7.2Hz,3H),2.30(s,3H),
3.09(dd,J=9.2,12.8Hz,1H),3.27(dd,J=2.4,12.8Hz,1H),
3.86(s,3H),4.34-4.44(m,1H),6.09(g,Jd=7.2Hz,1H),
6.78(s,2H),6.90(s,1H),6.94(s,1H),7.22(d,J=8.0Hz, 1H),
7.35(d,JdJ=8.0Hz,1H),7.52(s,1H),7.72(s,1H) .

[0275]

Example 54

Synthesis of (Z2)-4-[(S)-1-(2-chloropyridin-4-yl)ethyl]-

2-[1-[3-methoxy-4—(4-methyl-1H-imidazol-1-

yl)phenyl]lmethylidene] -6, 6-dimethylmorpholin-3-one

[Formula 65]
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5,1H). [0277] Synthesis of (Z2)-4-[(S)-I-(2-chioropyridin-4-yi)ethyi]-
2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yi)phenyllmethylidene]-6,6-dimethyimorpholin-3-one 10 The title
compound containing a geometric isomer (1.33 g) was obtained from
4-[(S)-I-(2- chioropyridin-4-yi)ethyl]-6 Bsdimethyimorpholine-2,3- dione
(1.07 g) in the same manner as in Examples 18 and 19. The resulting

mbétdre(56 mg) was separated by 15 CHIRALPAKTM IA manufactured by
Daicej Chemical _Ingustrie &td 52 C X25 cm;, nobilg [

h—';‘='= Rahotr=7= oobts -t
36 m@u@gﬁ@gf@@@ﬁg@rgp@uﬁ l\@lllées of the compound are as follows

20 ESI-MS;m/z 467[M +H]. 1H-NMR{CDC13)5(ppm):
1.31(s,3H),1.46(s, 8ki) 1115 T(@rI=712i2,861),2130(8,3H), 2085 added to a

5(,0=12.8Hz |H) 3,20(d J=12.8Hz IH) 3.86(s,3H).6. 155()
I SHZ AT 603(dd D=1 2 2 2HE R BR4(S Hy7 ovas ethylamine

73 (27 ?.’%(d&%_'xg%?é) 8Hz, (ﬁf')g f%@dajn 1.8,.8.0Hz i §1|5_| )% 5,78]and

B30 =1 6HZ )T 72(d 1H),8.40(d,J=4.8

2521eE&ai’BQ|€i5ﬁlské@tD@’é|§cﬁf (%)r4-[63): (26 diflslorapyrigline8nut es .
yi)ethyl]-2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yijprenymetndideneiis, 6tdinethyimorpholdfidashet o the reaction

solution, which was then stirred overnight. A 5 N
sodium hydroxide solution was added to the reaction
solution at 0°C, followed by extraction with chloroform.
The organic layer was dried over magnesium sulfate, and
the solvent was evaporated under reduced pressure.
Dichloromethane (20 mL) and pyridine (20 mL) were added
to the residue, and the reaction solution was cooled to
0°C. Oxalyl chloride (669 UL) was added to the reaction
solution, which was then stirred at 0°C for one hour and
at room temperature for one hour. Oxalyl chloride (0.4
mL) was added to the reaction solution, which was
further stirred for one hour. The solvent was
evaporated under reduced pressure. Water and ethyl
acetate were added to the residue, and the organic
layer was separated. The organic layer was dried over
magnesium sulfate, and the residue was purified by
silica gel column chromatography (Chromatorex; elution
solvent: heptane-ethyl acetate) to obtain the title
compound (1.07 g). The property values of the compound

are as follows.
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[Formula 66] O llz~0 N NrN F N F 5 [0279] Synthesis of
(S)-I-(2,6-difluoropyridin-3-yl)ethylamine The title compound (9.36 g) was
obtained from 2,6-difluoropyridine (15 g) in the same manner as in
Example 52. The property values of the compound are as 10 follows.
1H-NMR(CDC13)5(ppm): 251
1.40(d,J=6.8Hz,3H),4.37(q,J=6.8Hz,|H),6.81(dd,J=2.8,8.0
Hz%ﬂ?@d?@f&lﬁ@dmz 1H). [0280] 15 Synthesis of

iflyar yr B
y et ?—%-[%Fffﬂet%%x e mgélthg)llglf-ijfmlda20| 2, 38),3.05(d,J=13.6,
yilphenyllmethyligene]- @P@z‘?'ﬂ?ﬁW‘ﬂW@@'U’kE} -one,Thestitle compaynad g-o
containing a geometric isomer (422 mg) was obtained from (S)-1-(2,6 20
difl6efopyridin28yi)éthylamine (800 Md).iB the $amel narthet a6dnJ=5 . 2Hz
Examples 18 and 19. The resulting mixture (10 mg) was separated by
CHIBALPAKT" 1A manufactured by Daicei Chemical Industries, Ltd. (2
Cr?o?% 35 cm; mobile 253 phase: hexane:ethanol = 7:3) to obtain the title
compound with a retention time of 28 minutes (6.8 mg). The property
vajyes et hescompqund are s jollows: -8k MSz 469IM 4H 15 ethyl] -
'H-NMR(CDC13)5(ppm):
1.35(8,3HP,1146(5 Sk 1465(HI=7 22 3H) 2130(dJ=0!8H 7

y1l)phenyl]lmethylidene] -6, 6-dimethylmorpholin-3-one

The title compound containing a geometric
isomer (1.33 g) was obtained from 4-[(S)-1-(2-
chloropyridin-4-yl)ethyl]-6,6-dimethylmorpholine-2, 3-
dione (1.07 g) in the same manner as in Examples 18 and
19. The resulting mixture (56 mg) was separated by
CHIRALPAK™ IA manufactured by Daicel Chemical
Industries, Ltd. (2 cm X 25 cm; mobile phase:
hexane:ethanol = 7:3) to obtain the title compound with
a retention time of 36 minutes (13 mg). The property
values of the compound are as follows.

ESI-MS;m/z 467[M" +H].

' H-NMR (CDC15) & (ppm) :
1.31(s,3H),1.46(s,3H),1.57(d,J=7.2Hz,3H),2.30(s,3H),2.9
5(d,J=12.8Hz,1H),3.29(d,J=12.8Hz,1H),3.86(s,3H),6.13(q,
J=7.2Hz,1H),6.93(dd,J=1.2,1.2Hz,1H),6.94(s,1H),7.20-
7.23(m,2H),7.31(dd,J=0.8,0.8Hz,1H),7.35(dd,J=1.6,8.0Hz,
1H),7.53(d,J=1.6Hz,1H),7.72(d,J=1.2Hz,1H),8.40(d,J=4.8H
z,1H) .

[0278]
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13H),3.20(d,J=12.8Hz,1H),3.43(d,J=12.4Hz,1H),3.84(s,3H)
5.86(q,J=7.2Hz,1H),6.86(s,1H),6.88(dd,J=2.8,8.4Hz, 1H),
6.92(m,1H),7.19(d,J=8.4Hz,1H),7.31(dd,J=2.0,8.4Hz,1H),7 10
51(d,J=1.6Hz,1H),7.71(d,J=1.6Hz,1H),8.01(dd,J=8.0,9.2H z,1H). [0281]
Example 56 Synthesis of (Z2)-4-[(S)-45(-fluoropyridin-3-yi)ethyl]- 15
2-[1-[3-methoxy-4-(4-methyl-IH-imidazol-I-

yﬁbﬁ@ﬁ}lﬁnéﬁyhdene] 6,6-dimethylmorpholin-3-one [Formula 6710 O N

N E3a82l,

Inytme‘%@mmamﬂ@naﬁ 3%@@[6@9547— men@@la?rlty yawﬁﬁlqiaﬁ%l 1-
compound are as follows. 'H-NMR(CDCI3)5(ppm): 254

1 AD{ehi=6 AHZBH 4.2 (e 0=6 4H1z0H), 5180(dd =818l in-3-one
Hz IH) 7.84(m,1H),8.17(d,J=0.8Hz,1H). [0283] Synthesis of

(ZB @R@)ﬂr% @I%ropyrldln 3-yi)ethyi]- 5
2-[I-[3-methoxy-4-(4wethyl-IH-imidazoi-I-

ethylmorpholin-3-one The title compound

yl)phe@ [Imethylideng]-6,5-di i
contammeoﬁ tric
N;J\l O)% F”ON"°F

[0279]

Synthesis of (S)-1-(2,6-difluoropyridin-3-yl)ethylamine

The title compound (9.36 g) was obtained from
2,6-difluoropyridine (15 g) in the same manner as in
Example 52. The property values of the compound are as
follows.

' H-NMR (CDC15) & (ppm) :
1.40(d,J=6.8Hz,3H),4.37(g,J=6.8Hz,1H),6.81(dd,J=2.8,8.0
Hz,1H),8.02(dd,J=8.0,8.0Hz,1H) .

[0280]

Synthesis of (Z2)-4-[(S)-1-(2,6-difluoropyridin-3-

yl)ethyl]-2-[1-[3-methoxy—-4—-(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6, 6-dimethylmorpholin-3-one

The title compound containing a geometric
isomer (422 mg) was obtained from (S)-1-(2,6-
difluoropyridin-3-yl)ethylamine (500 mg) in the same
manner as in Examples 18 and 19. The resulting mixture
(10 mg) was separated by CHIRALPAK™ IA manufactured by

Daicel Chemical Industries, Ltd. (2 cm X 25 cm; mobile



10

15

20

isomer (1.02 g) was obtained from (S)-I-(6- fluoropyridin-3-yi)ethylamine
(500 mg) in the same 10 manner as in Examples 18 and 19. The resulting
mixture (1.01 g) was recrystallized from ethyl acetate/ether to obtain the
title optically active compound (120 mg). The property values of the
compound are as follows. 'H-NMR(@@2C13)5(ppm): 15
1.23(s,3H),1.45(s,3H),1.61(d,J=7.2Hz,IH),2.30(s,3H),2.9

2RN3SE 8H2 HAYIS. 321 32 02 4FIZIHY, B.85(s BPY B 21 (2 title
J=7.2Hz,IH),6.92-6.97(m,3H),7.21(d,J=8.0Hz ,

A 0 U Dtz 1. B 9 S T AL BB eS (6+8 ma)
HZ ) - 8Lan L) B:22s L H)r 20:102841Examples52 Systhesis ofs .
(2)-4-[(S)-I-(6-chioropyridin-3-yi)ethyi]-

2 HIs[B-Méthoky-4- 0L methyldlH-imidazoi-I-
yi)phenylmethylidene]-6,6-dimethyimorpholin-3-one 255 [Formula 68] O

0 l\]{ﬁ@/ (¢ o285PRYnthesis of (S)-I-(6-chioropyridin-3-yi)ethylamine
The 37 SompOUNALE (X! ahyes oBtalned o brphinianisou e R 3o
g) in the same manner as in ‘5 Example 52. The property values of the
corepeynd ave as Sfellows HH; NMR(EPCLI)piepm): 415z, 1H) , 3.84 (s, 3H)

,5.86(q,JdJ=7.2Hz,1H),6.86(s,1H),6.88(dd,J=2.8,8.4Hz,1H),
6.92(m,1H),7.19(d,J=8.4Hz,1H),7.31(dd,J=2.0,8.4Hz,1H),7
.51(d,J=1.6Hz,1H),7.71(d,J=1.6Hz,1H),8.01(dd,J=8.0,9.2H
z,1H) .

[0281]

Example 56

Synthesis of (Z2)-4-[(S)-1-(6-fluoropyridin-3-yl)ethyl]-

2-[1-[3-methoxy—-4—(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6, 6-dimethylmorpholin-3-one

[Formula 67]

[0282]

Synthesis of (S)-1-(6-fluoropyridin-3-yl)ethylamine

The title compound (3.95 g) was obtained from
6-fluoronicotinic acid (10 g) in the same manner as in
Example 52. The property values of the compound are as
follows.

Y H-NMR (CDC15) & (ppm) :
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1.39(d,J=6.4Hz,3H),4.19(q,J=6.4Hz,1H),7.29(d,J=8.0Hz,1H
),7.70(dd,J=2.4,8.0Hz,1H),8.36(d,J=2.4Hz,1H). 10 [0286] Synthesis of
(2)-4-[(S)-I-(6-chioropyridin-3-yi)ethyi]-
2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yi)phenyl]methylidene]-6,6-dimethyiptarpholin-3-one The title compound
containing a geometric 15 isomer was obtained from

(S)- I%%i&ﬂdm%yﬁdiﬁ FHhyethylarhthe’ 800°18) Hthetsatie fithnfier adirs - 4
E xam ticredinas f rifluoroacetic
acré/ Eﬁrbﬁr%@g ﬁdrbghl%ﬁg%c% (?S?él% |(r11 e&hyl acetate for four

hoursdag jsomerize 20 the E-isomer to the Z-isomer. The reaction solution
was neutralized with a 5 N NaOH solution, followed by extraction with
ethyhatetates The ofgani¢idyer)was driedlover spagnesium Stifates @imdl | -
the solvent was 256 evaporated under reduced pressure. The residue

il omatorex NH;

E’eﬁh' S’c‘% l&%% a%et%te & MBP&%‘%‘T fhe §te e

Cc

1-24(5'3H)11-451(ﬁ§|‘9ﬂt@.@(%}bﬂp@dﬁdﬁ)@%ﬁ@éﬁal‘ﬂ}}%-% geometric
2(d,J=12.4Hz,IH),3.30(d,J=12.4Hz,IH),3.85(s,3H),6.19(q,
JEBoMRIHY,6.9%s dH), @@3(@%32@@?@0 (S)-1-(6-
7.20(d,J=8.4Hz,IH),7.32-7.36(m, 2H)752(

%%r&&srpfwa ZiAy 7 A 5L 6%%4}@14)5 Udig =22 HaHjame

manner as in Examples 18 and 19. The resulting mixture

7
a

(1.01 g) was recrystallized from ethyl acetate/ether to
obtain the title optically active compound (120 mg).
The property values of the compound are as follows.

' H-NMR (CDC15) & (ppm) :
1.23(s,3H),1.45(s,3H),1.61(d,J=7.2Hz,1H),2.30(s,3H),2.9
2(d,J=12.8Hz,1H),3.32(d,J=12.4Hz,1H),3.85(s,3H),6.21(q,
J=7.2Hz,1H),6.92-6.97(m,3H),7.21(d,J=8.0Hz, 1H),
7.33(dd,J=0.8,8.0Hz,1H),7.52(d,J=1.2Hz,1H),7.71(d,J=0.8
Hz,1H),7.81(m,1H),8.22(s,1H).

[0284]

Example 57

Synthesis of (Z2)-4-[(S)-1-(6-chloropyridin-3-yl)ethyl]-

2-[1-[3-methoxy-4—(4—-methyl-1H-imidazol-1-

yl)phenyl]lmethylidene] -6, 6-dimethylmorpholin-3-one
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[0287] Example 58 15 Synthesis of (2)-4-[(S)-I-(2,3-difluoropyridin-4-
yi)ethyl]-2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yi)phenyllmethylidene]-6,6-dimethyimorpholin-3-one [Formula 69O F \ F
IO\ N NON I/ O iN [0288] Synthesis of
(S)-I-(2,3-difluoropyridin-4-yi)ethylamgt®e 20 The title compound (7.09 g)
was obtained from 2,3-difluoroisonicotinic acid (16.6 g) that is a known
cdmpétind Es€e®The Journal of Organic Chemistry, 2005, vol.70,
p.3039-3045) in the game manner as in Example 257 52. The property

valuegpf the compolnd dre as follows. 'H-NMR(CDC13)5(ppm):
1.42(d,J Z,3M7,4.29(9,J=63Hz,1H),7.32(dd,J=4.8,4.8 5
Hz, 1K), 7. J=4 ,1H). . hSynthesis of

(Z\4-[(S)-I-(2,3-diffGoropyridin-4-
yi)ethyl]-2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yi)phenyllmethylidene]-6,6-dimethyimorpholin-3-one 10 The title
cg)rggg% d containing a geometric isomer was obtained from
(S)-I-(2,3-difluoropyridin-4- yi)ethylamine (1 g) in the same manner as in
Examplessis of (S)-1-(6-chloropyridin-3-yl)ethylamine

The title compound (7.04 g) was obtained from
6-chloronicotinic acid (13 g) in the same manner as in
Example 52. The property values of the compound are as
follows.

' H-NMR (CDC15) & (ppm) :
1.39(d,J=6.4Hz,3H),4.19(g,J=6.4Hz,1H),7.29(d,J=8.0Hz, 1H
),7.70(dd,J=2.4,8.0Hz,1H),8.36(d,J=2.4Hz,1H) .

[0286]

Synthesis of (Z2)-4-[(S)-1-(6-chloropyridin-3-yl)ethyl]-

2-[1-[3-methoxy-4—(4—-methyl-1H-imidazol-1-

yl)phenyl]lmethylidene] -6, 6-dimethylmorpholin-3-one

The title compound containing a geometric
isomer was obtained from (S)-1-(6-chloropyridin-3-
yl)ethylamine (600 mg) in the same manner as in
Examples 18 and 19, and stirred in a solution of
trifluoroacetic acid/chloroform/4 N hydrochloric acid
(5/5/2) in ethyl acetate for four hours to isomerize
the E-isomer to the Z-isomer. The reaction solution
was neutralized with a 5 N NaOH solution, followed by
extraction with ethyl acetate. The organic layer was

dried over magnesium sulfate, and the solvent was
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18 and 19, and isomerized in the same manner as in Example 57 to
obtain the title compound (830 mg). The 15 property values of the
compound are as follows. ESI-MS;m/z 469[M +H].
'H-NMR(CDC13)5(ppm):

1.37(s,3H),1.47(s,3H),1.65(d,J=7.2H2 4H),2.30(s,3H),
3.18(d,J=12.4Hz,IH),3.42(d,J=12.4Hz,IH),3.85(s,3H), 20

6 DURIL2 207 M) B8B(E AV 6 TB(EHPSP 20/ = AR zresidue was
1H),7.23-7.33(m,2H),7.51(s,1H),7.71(s 1H%, 8.00(d,J=3.2Hz,1H). [0290]
sitagalob e R A e G
2-(-i3rmgthoxyA (dhemethydHamidazolll acetate —> ethyl
yi)phenyi]methylidene]-6,6-dimethyimorpholin-3-one [Formula 70] 258 O
Og/dd e/ NN QRD 1} Synthesisrofthe title compound (251
(S)-1-(5-fluoropyridin-2-y1)ethylamine The title compound (1.23 g) was
oBtained from 1-(5-fluoropyridin-2-yi)ethanone described in Example 5 49
(3.05 @) a er as in Example 52. The property values of
the%ccl)gr%qfﬁa{gtg{:\ﬁc&%ﬁ? gs@??ﬁw‘s. 'H-NMR(CDC13)5(ppm):

14260, 356 iz, 3H 4. 14 (g a56 AtHzolH), 6-30- 2Hz, 1H) , 2.30 (s, 3H) , 2.9

7.39(m,1H),8.40(d,J=2.4Hz,1H).
2(d,J=12.4Hz,1H),3.30(d,J=12.4Hz,1H),3.85(s,3H),6.19(q,
J=7.2Hz,1H),6.92(s.1H),6.93(d,J=3.2Hz, 1H),
7.20(d,J=8.4Hz,1H),7.32-7.36(m,2H),7.52(s,1H),
7.68(dd,J=2.4,8.4Hz,1H),7.71(d,J=0.8Hz,1H),8.40(d,J=2.4
Hz,1H).
[0287]
Example 58

Synthesis of (Z2)-4-[(S)-1-(2,3-difluoropyridin-4-

yl)ethyl]-2-[1-[3-methoxy—-4—-(4-methyl-1H-imidazol-1-

yl)phenyl]lmethylidene] -6, 6-dimethylmorpholin-3-one

[Formula 69]

[0288]

Synthesis of (S)-1-(2,3-difluoropyridin-4-yl)ethylamine

The title compound (7.09 g) was obtained from
2,3-difluoroisonicotinic acid (16.6 g) that is a known
compound (see The Journal of Organic Chemistry, 2005,

vol.70, p.3039-3045) in the same manner as in Example
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25

10 [0292] Synthesis of (2)-4-[(S)-1-(5-fluoropyridin-2-yi)ethyl]-
2-[1-[3-methoxy-4-(4-methyl-IH-imidazol-I-
y1l)phenyllmethylidene]-6,6-dimethylmorpholin-3-one The title compound
containing a geometric 15 isomer was obtained from
(S)-1-(5-fluoropyridin-2- yl)ethylamine (700 mg) in the same manner as in
Examples 18 and 19, and isomerized in the same manner as in Example
57 to obtdi® tHe e ESHpBand (64 ing) N ThesrBpery vakes bt the
c#mmnd are as follows. 20 ESI-MS;m/z 451[M +H].

'H-R (EDClS)S(ppm):

116(si8R ) Ae6(S, 351 Jer9(d,J=6.8Hz,1H),2.29(s,3H),3.3
4(d,J=12.8Hz,1H),3.47(d,J=12.8Hz,1H),3.84(s,3H),6.10(q,

JA7.2PIELH)-6.88 71 AYI6.92(dd J=l 26 2HE AH)HD57 . 32 (dd, J=4.8, 4.8

7.19(d,J=8.4Hz,IH),7.31(dd,J=2.0,8.4Hz,IH),7.36-

76 (rhiDH) 17 B3 (327 8RS )17 Yo (m, 1H) 8.41(d,J=2.8Hz ,1H). [0293]

5 le 60 Synthesis of (Z2)-4-[(S)-I-(5-chioropyridin-2-yi)ethyi]-

2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-I-

yijghenydmeihylideneg]-6 £-dipssthyimarpholin:31oner fparAia /140 O /)

\NN~ ONONCI
yl)ethyl]-2-[1-[3-methoxy-4—(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6, 6-dimethylmorpholin-3-one

The title compound containing a geometric
isomer was obtained from (S)-1-(2,3-difluoropyridin-4-
yl)ethylamine (1 g) in the same manner as in Examples
18 and 19, and isomerized in the same manner as in
Example 57 to obtain the title compound (830 mg). The
property values of the compound are as follows.
ESI-MS;m/z 469 [M"+H].

' H-NMR (CDC15) & (ppm) :
1.37(s,3H),1.47(s,3H),1.65(d,J=7.2Hz,1H),2.30(s,3H),

3.18(d,J=12.4Hz,1H),3.42(d,J=12.4Hz,1H),3.85(s,3H),

6.04(gq,J=7.2Hz,1H),6.88(s.1H),6.93(s,1H),7.20(d,J=8.4Hz,

1H),7.23-7.33(m,2H),7.51(s,1H),7.71(s,1H),
8.00(d,J=3.2Hz,1H).
[0290]

Example 59

Synthesis of (Z2)-4-[(S)-1-(5-fluoropyridin-2-yl)ethyl]-

2-[1-[3-methoxy-4—(4-methyl-1H-imidazol-1-

yl)phenyl]lmethylidene] -6, 6-dimethylmorpholin-3-one

[Formula 70]
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[0294] 10 Synthesis of (S)-I-(5-chioropyridin-2-yi)ethylamine The title
compound (2.72 g) was obtained from 1-(5-chioropyridin-2-yi)ethanone
described in Example 20 (4.29 g) in the same manner as in Example 52.
The property values of the compound are as follows. 15
'H-NMR(CDC13)5(ppm): 1.42(d,J=6#Hz,3H),4.17(q,J=6.4Hz,IH),7.30-
7.39(m,1H),8.40(d,J=2. 4Hz ,1H). [0295] Synthesis of

(2)-4-[(S)-I- (5 chloropyr din-2 yl)ethyl] 20

2-[I-[3Metk if

yl)pr rpholin-3-one The title compound
ca}t{aiﬂ) ga geometr mer was obt ined from (S)-1-(5-chioropyridin-2

260yyiethylamine (1 g) in the same manner as in Examples 18 and 19,

isomerized in the same manner as in Example 57 to obtain the title
compound (310 mg). The property values of the compound are as
foh8§v% é ESI-MS:m/z 467[M’ +H] 'H- NMR(CDC13)5(ppm)

6((% BI_Q ﬁ_zi%l%.( ?(LJ‘)Q’ethylamlne

J= 6 8HZ |H) 6. w&ﬂ‘l’l)l@_g@(%wﬂoﬂﬁ@.\](ﬁ Qlﬂzéﬂ'ﬂ) W&s obtained from
7.31(d,J=8.4Hz,IH),7.38(d,J=8.0Hz,IH),7.53(s,IH),7.66(d
d,0=136;8 YW L PIO{SIH) &51H) = erzie) A 92961 Pre! compouads iie

Tables 1 1 and 1-2 were
(3 g) 1n the same manner as in Example 52. The

property values of the compound are as follows.
' H-NMR (CDC15) & (ppm) :
1.42(d,J=6.4Hz,3H),4.17(g,J=6.4Hz,1H),7.30-
7.39(m,1H),8.40(d,J=2.4Hz,1H) .

[0292]

Synthesis of (Z2)-4-[(S)-1-(5-fluoropyridin-2-yl)ethyl]-

2-[1-[3-methoxy-4—(4—-methyl-1H-imidazol-1-

yl)phenyl]lmethylidene] -6, 6-dimethylmorpholin-3-one

The title compound containing a geometric
isomer was obtained from (S)-1-(5-fluoropyridin-2-
yl)ethylamine (700 mg) in the same manner as in
Examples 18 and 19, and isomerized in the same manner
as in Example 57 to obtain the title compound (640 mg).
The property values of the compound are as follows.
ESI-MS;m/z 451[M"+H].

' H-NMR (CDC15) & (ppm) :
1.16(s,3H),1.46(s,3H),1.59(d,J=6.8Hz,1H),2.29(s,3H),3.3
4(d,J=12.8Hz,1H),3.47(d,J=12.8Hz,1H),3.84(s,3H),6.10(qg,

J=7.2Hz,1H),6.86(s.1H),6.92(dd,J=1.2,1.2Hz,1H),
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obtained in the same manner. [Table 1-1] 0 MeO \' E, Example E, DATA:
MS m/z Note F Optically 6 1 * I, M++H : 4 37 active N (E S I) compound
Optically M++H : 4 1 9 active 62 Inc (ESI) compound 261 0297] [Table 1
-2] O MeO | ~.. N.E, xample El DATA: MS m/z Note Optically * ~ ~
M++H : 455 active 6 3F (E SI) copyppund Optically 64 M++H: 455
active compound F F (E S 1) [0298] Example 65 Synthesis of

(23 ((55-tealtiorbBénzyl)-2-{l- {lé \tod=2-0,8.4Hz, 1H),7.36-

h id [-1- h | |
thf%&tofyp imjdazolL-yDphenlimeyifenshe: 5y 6. 41 (a, o-2. ez

[0293]
Example 60

Synthesis of (Z2)-4-[(S)-1-(5-chloropyridin-2-yl)ethyl]-

2-[1-[3-methoxy-4—(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6, 6-dimethylmorpholin-3-one

[Formula 71]

[0294]

Synthesis of (S)-1-(5-chloropyridin-2-yl)ethylamine

The title compound (2.72 g) was obtained from
1-(5-chloropyridin-2-yl)ethanone described in Example
20 (4.29 g) in the same manner as in Example 52. The
property values of the compound are as follows.

' H-NMR (CDC15) & (ppm) :
1.42(d,J=6.4Hz,3H),4.17(g,J=6.4Hz,1H),7.30-
7.39(m,1H),8.40(d,J=2.4Hz,1H) .

[0295]

Synthesis of (Z2)-4-[(S)-1-(5-chloropyridin-2-yl)ethyl]-

2-[1-[3-methoxy—-4—(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6, 6-dimethylmorpholin-3-one

The title compound containing a geometric

isomer was obtained from (S)-1-(5-chloropyridin-2-
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[Formula 72] O F XY N NON OJ F 0299] 9.06 mg of the title compound
was obtained from (S)-4-(4-fluorobenzyl)-2-hydroxy-6-
methylmorpholin-3-one, thionyl chloride, 10 triphenylphosphine, and
3-fluoro-4-(4-methyl-1H 262 imidazol-1-yi)benzaldehyde in the same
manner as in Example S. 'H-NMR(€&13)5(ppm)
1.44(d,J=6.8Hz,3H),2. 38(5 3H),3.26(dd,J=12.8,3.2Hz,1H), 5

348 &Fhﬂ?%@@Hi]ﬂ-ﬁ 4 3P-AAF(nFEAF manner as in Examples

4. (dJ 1 4HZl 473 J=14.4Hz,1H),6.87(s,1H),7.01

oA 727 h{in A7 S04 oL AR e heiter as in
752&%;3{332 §HZtH4)DZ>9§§L%1|’d%e[O§PQl 40 Examanle £6 Syrshesis of The
(2)-2-[1-[3-fluoro-4-(4-methyl-IH-
inFidazeil-y1)phengbmethytidenelef(@):ld(ere as follows.

trifluoro henyl)eth%/_} -6,6- dlmethylmorpholln -3-one [Formula73]0 FN
5 (001

ty- NMR (CDC1ls3 ) O (ppm) :
1.19(s,3H),1.46(s,3H),1.59(d,J=6.8Hz,1H),2.29(s,3H),3.3
5(d,J=12.8Hz,1H),3.48(d,J=12.8Hz,1H),3.84(s,3H),6.08(q,
J=6.8Hz,1H),6.86(s.1H),6.92(s,1H),7.19(d,J=8.0Hz,1H),
7.31(d,J=8.4Hz,1H),7.38(d,J=8.0Hz,1H),7.53(s,1H),7.66(d
d,J=1.6,8.4,1H),7.70(s,1H),8.51(d,J=2.0Hz,1H) .

[0296]

The compounds in Tables 1-1 and 1-2 were

obtained in the same manner.

[Table 1-1]
o)
MeODr\’)LN,Ex
7 N O\.)
Example E, DATA: MS m/z Note
F Optically
61 S M*+H: 437 active
2N (ES 1) compound
Optically
s M*+H:419 | 2ctive
6 2 L (ES 1) compound




15 31.55 mg of the title compound was obtained from
4-[(S)-1-(4-fluorophenyl)ethyl]-2-hydroxy-6,6- dimethylmorpholin-3-one,
thionyl chloride, triphenylphosphine, and 3-fluoro-4-(4-methyl-1H-
imidazol-1-yi)benzaldehyde in the same manner as in 20 Example 7.
'H-NMR(CDC13)5(ppm) 261
1.20}}3H),1.43(s,3H),1.55(d,J=6.8Hz,3H),2.34(3,3H),2.9 263
0(e03=21218Hz,IH),3.24(d,J=12.8Hz,IH),6.16(q,J=6.8Hz,IH)

,6 %7% IH),;.O_Ci%,lH),?.M-?.OS(m,2H),7.28-7.36(m,3H),

7. c}ﬁ: 4,1.6Hz,IH),7.74(dd,J=12.8,1.6Hz,IH),7.85(s ,1H). 5[0302]
-[I-[3-fluoro-4-
H-dimethyi

O F 10[0303]44.7

Example 67 Synthesis of (Z)-4-(4-fluorobenzyi)
(4-methyl-IH-imidazoi-1-yl)pheny¥kf i
morpholin-3-one [Formula 74] O/EI\I.
mg of the title compound was ogg/y'med from
4-(4-fluorobenzyi)-2-hydroxy-6,6/ dimethyimorpholin-3-one, thionyi

chloride, triphenyiphosphine, and 3-fluoro-4-(4-methyl-1H 15
imidazabief)benzaidBhyde in the fanBAMaNMST @47n Note
Optically
“ X2 M*+H: 455 | active
63 F (ES 1) compound
Optically
6 4 *‘I\/L Mt4+H:455 active
EONF (ES1) compound
[0298]
Example 65

Synthesis of (Z)-(S)—-4-(4-fluorobenzyl)-2-[1-[3-fluoro—

4—(4-methyl-1H-imidazol-1-y1l)phenyl]lmethylidene]-6-

methylmorpholin-3-one

[Formula 72]

[0299]

9.06 mg of the title compound was obtained
from (S)-4-(4-fluorobenzyl)-2-hydroxy—-6-—
methylmorpholin-3-one, thionyl chloride,

triphenylphosphine, and 3-fluoro-4-(4-methyl-1H-
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Example 7. 'H-NMR(CDC13)5(ppm)
1.39(s,6H),2.57(s,3H),3.35(s,2H),4.67(s,2H),6.89(s,IH),
7.03-7.08(m,2H),7.13(s,IH),7.29-7.33(m,2H), 20
7.41(dd,J=8.0,8.0Hz,IH),7.57(d,J=8.0Hz,1H),7.82(d,J=I2.
8Hz,1H),8.70(s,1H). [0304] 264 Exaswle 68 Synthesis of
(2)-4-[(S)-chroman-4-yl]-2-[I-[3-fluoro-4- ,
(4-Fetiyi i -ihidazora yirpHeRY I RR thylideRs]-6 sne manner as in

di Xegg ig}eorgholin-?a-one [Formula 75] O )0~~ N NON 5 25.4 mg of the
titte compound was obtained from 4-[(S)-chroman-4-yi]-2-hydroxy-6,6-
dimethyimeripholins3-epg, triphenyiphosphonium bromide, and
3-fluoro-4-(4-methyl-IH-imidazoi-1-yi)benzaidehyde in the same manner

as Exampteo12H0 FHNMREDE13)5(ppmY.6 (dd, J=12.8, 3.2Hz, 1H),
1.43 s,3H),1.45(s,3H),2.14-2.21ém,2H ,2.34(s,3H),

33 2td, I9¢3 IRLAHY 3L RE =k ?Zl-fz,%%,_éﬁﬁ-oéf.@s%rﬁ?ZH), 6.
1]4@’?](15?@"52&'21’).’%1?26'9 (m.3M), £. 9L6%,1M), 15 5y 6 87 (s, 10), 7.01
7.09(d,J=8.0Hz,IH),7.20(t,J=8.0Hz,1H),7.32(t,J=8.0Hz,1H

), 2490, dm8 H7,1H)27. 76 (dehI=l, 238,11, 2HzZ,iH):7.826s.lkH1 H30B) ,

7.77(d,JdJ=12.8Hz,1H),7.96(s,1H) .
[0300]
Example 66

Synthesis of (Z2)-2-[1-[3-fluoro-4-(4-methyl-1H-

imidazol-1-yl)phenyl]lmethylidene]-4-[(S)-1-(4-

trifluorophenyl)ethyl]-6,6-dimethylmorpholin-3-one

[Formula 73]

[0301]

31.55 mg of the title compound was obtained
from 4-[(S)-1-(4-fluorophenyl)ethyl]-2-hydroxy-6, 6-
dimethylmorpholin-3-one, thionyl chloride,
triphenylphosphine, and 3-fluoro-4-(4-methyl-1H-
imidazol-1-yl)benzaldehyde in the same manner as in
Example 7.
'H-NMR (CDC13) & (ppm) :

1.20(s,3H),1.43(s,3H),1.55(d,J=6.8Hz,3H),2.34(s,3H),2.9
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Examples 69 and 70 20 Synthesis of (2)-(S)-4-[(S)-chroman-4-yl]-2-[I-[3-
fluoro-4-(4-methyl-IH-imidazoi-I-
yi)phenyllmethylidene]-6-methyimorpholin-3-one and (2)-
(R)-4-[(S)-chroman-4-yl]-2-[I-[3-fluoro-4-(4-methyl-IH 265
imidazoi-1-yi)phenylmethylidene]-62megthyimorpholin-3- one [Formula 76]
OOO NV\WN\VF\A\N\ NONIOJN/OI/ \1J=N 66.4 mg of the title
conPodid walitbtained s? 4 Hastereontérmidlretrdrh (4, J=6 . 8Hz, 1H)
4-[%?)- oman:4-yl]-2.5 hy y=6-methyimor h?' -3-ong,
trip 'e%cj?éﬁbsp dn}{uéo BFdr%%gf fﬁg] g-f u'o[arlg-(ﬁ( -ﬁ)e’tk@lgﬁ-ir?ﬂ&gz((ﬁ-‘l}m ’
yijbenzaidehyde as, staging, materialsyin the same mannesas,ing) , 7.85 (s
Examples 12, 13, and 14. The mixture was separated by CHIRALPAKTM
ADbiH)manufactured by Daicei 10 Chemical Industries, Ltd. (2 cm X 25
cm; mobile phase: ethanol 100%) to obtain the title optically active
c&rgBBl%ﬁd with a retention time of 20 minutes (>99% de) and the title
optic I%gf\gtige] compound with a retention time of 24 minutes (>99% de).
15 The property values of the title optically active compound with a
retentionetime of 20 minutes {Example-62harg1as-olows.[3-fluoro-4-
1H-NMR(CDC13)5(ppm):
(4-methyl-1H-imidazol-1-yl)phenyl]methylidene]-6,6-

dimethyl morpholin-3-one

[Formula 74]

[0303]

44.7 mg of the title compound was obtained
from 4-(4-fluorobenzyl)-2-hydroxy-6, 6—
dimethylmorpholin-3-one, thionyl chloride,
triphenylphosphine, and 3-fluoro-4-(4-methyl-1H-
imidazol-1-yl)benzaldehyde in the same manner as in
Example 7.
'H-NMR (CDC13) & (ppm) :
1.39(s,6H),2.57(s,3H),3.35(s,2H),4.67(s,2H),6.89(s,1H),
7.03-7.08(m,2H),7.13(s,1H),7.29-7.33(m, 2H),
7.41(dd,J=8.0,8.0Hz,1H),7.57(d,J=8.0Hz,1H),7.82(d,J=12.
8Hz, 1H),8.70(s,1H) .

[0304]
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1.43(d,J=6.0Hz,3H),2.14-2.24(m,2H),2.35(s,3H),3.12- 20
3.15(m,2H),4.24-4.38(m,3H),6.05(dd,J=8.8,6.4Hz,IH),
6.86-6.89(m,2H),6.93(t,J=7.2Hz,1H),7.01-7.07(m,2H),
7.20(t,J=8.0Hz,IH),7.33(t,J=8.0Hz,1H),7.51(d,J=8.0Hz, 266
1H),7.78(d,J=12.8Hz,1H),7.87(s,1H) s Ehe property values of the title
optically active compound with a retention time of 24 minutes (Example
76y&erdLioléws. 5 'H-NMR(CDC13)5(ppm):

—[3-fluoro-4-
-4, 3HY, 6-13(t, I78 4h1ZohH) 6.86+6, 840, B 0271 i dene ] -6, 6
7.07(m,2H),7.20(t,J=8.4Hz,1H),7.33(t,J=8.4Hz,1H),7.51(d 10
,JE8HH A YHNFr8{dd, J=12-80h2Hz,IH),7.89(s,IH). [0306] Example 71
SyntheS|s of( -(S)-4-(6-chioropyridin-2-yimethyi)-2-
BRI OH- (Bethyl-IH-imidazoi-1- 15

yl)phenyl]methylldee] -6- }gmorpholln -3-one [Formula 77]O N\ CI N
NON QJ124.3 mg 0 the tifle cgmpound was obtained from

0 -hydroxy-6- methyimorpholin-3-one,
e, and 3-fluoro-4-(4-methyl-1H

25.4 mg of the title compound was obtained
from 4-[(S)-chroman-4-yl]-2-hydroxy-6, 6—
dimethylmorpholin-3-one, triphenylphosphonium bromide,
and 3-fluoro-4-(4-methyl-1H-imidazol-1-y1l)benzaldehyde
in the same manner as in Example 12.
'H-NMR (CDC13) & (ppm) :
1.43(s,3H),1.45(s,3H),2.14-2.21(m,2H),2.34(s,3H),
3.12(d,J=13.2Hz,1H),3.19(d,J=13.2Hz,1H),4.23-
4.33(m, 2H),
6.11(t,J=7.2Hz,1H),6.86-6.95(m,3H),7.01 (s, 1H),
7.09(d,J=8.0Hz,1H),7.20(t,J=8.0Hz,1H),7.32(t,J=8.0Hz, 1H
),7.49(d,J=8.0Hz,1H),7.76(dd,J=12.8,1.2Hz,1H),7.82 (s, 1H
) -
[0305]
Examples 69 and 70

Synthesis of (Z)-(S)-4-[(S)-chroman-4-yl1]-2-[1-[3-

fluoro-4—(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6-methylmorpholin-3-one and (Z)-

(R)-4-[(S)—-chroman-4-yl1]-2-[1-[3-fluoro-4-(4-methyl-1H-
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20 imidazoi-1-yi)benzaidehyde in the same manner as in Example 15.
'H-NMR(CDC13)5(ppm)
1.48(d,J=6.0Hz,3H),2.33(s,3H),3.59(dd,J=12.8,2.8Hz,IH), 267
3.68(dd,J=12.8,9.6Hz,IH),4.43-4.47(m,IH),
4.73(d,J=14.8Hz,|H),4.78(d,J=14.8H%,4H),6.82(s,IH),7.00
(s,IH),7.26-7.33(m,3H£:;7.47(dd,J=8.4,1.6Hz,IH),

7 BBLd#- 328 018 UM B 2 Y75 HE R Y2 BOEBAY 1A) M RO S R 0TS -
Example 72 Synthesis of (2)-(S)-4-[(S)-I-(6-chloropyridin-3-
yijethyl]-2-[I-[3-fluoro-4-(4-methyl-H-imidazoi-I- 10
yijghenylimethyidene]-6-methyimorpholin-3-one [Formula 78] O F Nzz \
JN~N10OvINCI Ny The title compound (11.6 mg) was obtained from
3-fluoro-4-(4-methyl-lid-imidgzoi-O-yi)benzaidehyde as astargng mater

in the game manper as in Examples 18 and 19. 15
'H-NMR(3)5 Fom)N F N N
1.404d J=6.4447,3HDL62(d,J=7: ,3H),2.31(s,35(do
d,512/8,9.2Hz,IH),3.28(dd,J=12.8,2.8Hz)\H), AN35-
4.4M,IH),6.12(q,J:7.2Hz,IH),6.85(s,IH),6/§@9(/s,IH),7.3

66.4 mg of the title compound was obtained as
a diastereomer mixture from 4-[(S)-chroman-4-yl]-2-
hydroxy—-6-methylmorpholin-3-one, triphenylphosphonium
bromide, and 3-fluoro-4-(4-methyl-1H-imidazol-1-
yl)benzaldehyde as starting materials in the same
manner as in Examples 12, 13, and 14. The mixture was
separated by CHIRALPAK™ AD-H manufactured by Daicel
Chemical Industries, Ltd. (2 cm X 25 cm; mobile phase:
ethanol 100%) to obtain the title optically active
compound with a retention time of 20 minutes (>99% de)
and the title optically active compound with a
retention time of 24 minutes (>99% de).

The property values of the title optically
active compound with a retention time of 20 minutes
(Example 69) are as follows.

'H-NMR (CDC13) & (ppm) :

1.43(d,J=6.0Hz,3H),2.14-2.24(m,2H),2.35(s,3H),3.12-
3.15(m,2H),4.24-4.38(m,3H),6.05(dd,J=8.8,6.4Hz,1H),
6.86-6.89(m,2H),6.93(t,J=7.2Hz,1H),7.01-7.07 (m, 2H),

7.20(t,J=8.0Hz,1H),7.33(t,J=8.0Hz,1H),7.51(d,J=8.0Hz,
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|(t,J=8.4Hz,IH),7.34(d,J=8.4Hz,1H),7.46(dd,J=8.4,2.0Hz, 20
1H),7.63(dd,J=8.4,2.4Hz,1H),7.72(dd,J=13.2,2.0Hz,1H), 7.
74(s,1H),8.38(d,J=2.4Hz,1H). [0308] Example 73 268 Synthesis of
(2)-(S)-4-[(S)-1-(2,6-difluoropyridin-3-
yl)ethyl]-2-[1-[3-fluoro-4-(4-methyl-2Hamidazol-I-
yl)pheny'l_limethylidene]-6-methylmorpho|in-3-one [Formula 7910 FN Ji
NEN O(-F N(E, 0309 5°Tite fitld codmpolfid ¥E1.2 mg) was obtained from
BJMOKy4{44n$HgLH+HnMa%oL%g@benza@eh¥%§tgﬁﬁg%g?gg%ggﬁﬁgg

. roper ues oL L
in the same manner gs nl??he >(])ther synthesis In Examp

'HIANMRACRGA)DEPRMY 148 a2 retention time of 24 minutes
1.45(d,J=6.4Hz,3H),1.67(d,J=6.8Hz,3H),2.30(s,3H),3.22(d

d,0E4 2185 2HZMH )53 d4fdd, F=12.8852Hz, 1H),4.34-
4.42(m,1H),5.73(q,J=6.8Hz,1H),6.76(s,1H),6.87(dd,J=8. 0,
3 32N 62573 THPPBYEd, J=8.0Hz, 1H), 7.42(d,J=8.0Hz,

g L s oA .
3.10(dd,J=12.8,2.4Hz,1H),3.32(dd,J=12.8,10.0Hz,1H),4.24
-4.37(m,3H),6.13(t,J=8.4Hz,1H),6.86-6.94(m,3H), 7.02-
7.07(m,2H),7.20(t,J=8.4Hz,1H),7.33(t,J=8.4Hz,1H),7.51(d
,J=8.4Hz,1H),7.78(dd,J=12.8,1.2Hz,1H),7.89(s,1H) .

[0306]
Example 71

Synthesis of (Z)-(S)—-4-(6-chloropyridin-2-ylmethyl)-2-

[1-[3-fluoro—4—-(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6-methylmorpholin-3-one

[Formula 77]

24.3 mg of the title compound was obtained
from (S)-4-(6-chloropyridin-2-ylmethyl)-2-hydroxy—-6-
methylmorpholin-3-one, thionyl chloride,
triphenylphosphine, and 3-fluoro-4-(4-methyl-1H-
imidazol-1-yl)benzaldehyde in the same manner as in
Example 15.

'H-NMR (CDC13) & (ppm) :

1.48(d,J=6.0Hz,3H),2.33(s,3H),3.59(dd,J=12.8,2.8Hz,1H),
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imidazol-1-y1)phenyljmethylidene]-4-[(1R,2R)-2-hydroxy- 20
1-(3,4,5-trifluorophenyl)propyl]-6-methylmorpholin-3- one 269 [Formula
80]HO,, ONF NON1/0OJ/F F [0311] Synthesis of
3-fiuoro-4-(4-methyl-IH-imidazoi-I- yi)benzaidehyde To a solution of
3,4-difluorobenzaidehyde 5 (40.0 g #@7DMF (533 mL), 4-methylimidazole
(46 4 g) and potassium carbonate (78.0 g) were added at room

afifte Jarid the r%a%ﬁém 5Blutidn Waststitrediatl HOC for six hours.
The ut eft t [tor ture, t ta
W%.S Z\% edgt]oﬁlé Jo’n%szﬁgt?ogd %vhj?gr%vﬁizs t%?{g suéqﬁgnt dlly P F.00
waghegyijth vyaten QB@ Qﬁﬂ@HTD@ resulting oroanic 16})&{2’\/@5#09(1 over
magnesium sulfate and then concentrated under reduced pressure. The
residue(wds Jptirifiedsbydsilica gel, columndshramatodiaphy felutiéh 15 . 80 (s
solvent: heptane-ethyl acetate system) and solidified with tert-butyl
m'eijWI ether to obtain 10.1 g of the title compound. The property values
of[tggdzpfnpound are as follows. 'H-NMR(CDC13)5(ppm)

Example 72

Synthesis of (Z2)-(S)-4-[(S)-1-(6-—chloropyridin-3-

yl)ethyl]-2-[1-[3-fluoro—-4-(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6-methylmorpholin-3-one

[Formula 78]

@)

N OEJ N cl
); :

The title compound (11.6 mg) was obtained
from 3-fluoro-4-(4-methyl-1H-imidazol-1-yl)benzaldehyde
as a starting material in the same manner as in
Examples 18 and 19.
'H-NMR (CDC13) & (ppm) :
1.40(d,J=6.4Hz,3H),1.62(d,J=7.2Hz,3H),2.31(s,3H),2.95(d
d,J=12.8,9.2Hz,1H),3.28(dd,J=12.8,2.8Hz, 1H),4.35-
4.41(m,1H),6.12(g,J=7.2Hz,1H),6.85(s,1H),6.99(s,1H), 7.3
1(t,J=8.4Hz,1H),7.34(d,J=8.4Hz,1H),7.46(dd,J=8.4,2.0Hz,
1H),7.63(dd,J=8.4,2.4Hz,1H),7.72(dd,J=13.2,2.0Hz,1H), 7
74(s,1H),8.38(d,J=2.4Hz,1H).
[0308]

Example 73
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20 2.33(d,J=0.8Hz,3H),7.07(brs,1H),7.57(dd,J=7.2,7.2Hz,1H)
,7.76-7.82(m,2H),7.87(brs,1H),10.01(d,J=1.6Hz,1H). [0312] 270
Synthesis of (2)-(S)-2-[1-[3-fluoro-4-(4-methyl-IH-
imidazol-1-yl)phenyllmethylidene]-4-[(1R,2R)-2-hydroxy-
1-(3,4,5-trifluorophenyl)propyl]-6-methglmorpholin-3- one 5 [0313] A
solution of (S)-4- (1R2R)-2-t

B hehv ) aropnvi-2-hvd

educed-pressuiey and:the sesulting sgsidue was
dissolved in ethanol (80 mI). To this reaction solution,
3-fltorodi(d-meéthyl-1H-imidazol-l 15 yl)benzaldehyde (869 mg) and TEA

W33 ) granorataddnder 1

(2.68 ml) were added, and the reaction solution was stirred in a nitrogen
atmosphere at room[temparature for 10 hours. The solvent was

evapora erredunéd p fssyre. The resulting residue was dissolved
in a//mix ent@i;d tri I._ic acid (30 ml) and methylene chloride
(38, mj), and the reagtion solution was stirred at room temperature for 13
hours. The reaction solution is poured into a saturated sodium
bicarbonate solution, followed by extraction with ethyl acetate. The
or&z)a%cgz]S layer was washed with a saturated sodium bicarbonate

The title compound (11.2 mg) was obtained
from 3-fluoro-4-(4-methyl-1H-imidazol-1-yl)benzaldehyde
as a starting material in the same manner as in the
other synthesis in Example 22.

'H-NMR (CDC13) & (ppm) :
1.45(d,J=6.4Hz,3H),1.67(d,J=6.8Hz,3H),2.30(s,3H),3.22(d
d,J=12.8,5.2Hz,1H),3.44(dd,J=12.8,3.2Hz, 1H),4.34-
4.42(m,1H),5.73(g,J=6.8Hz,1H),6.76(s,1H),6.87(dd,J=8.0,
3.2Hz,1H),6.97(s,1H),7.29(d,J=8.0Hz,1H),7.42(d,J=8.0Hz,
1H),7.70(d,J=11.2Hz,1H),7.75(s,1H),7.99(dd,J=16.0,8.0Hz
,1H) .

[0310]

Example 74

Synthesis of (Z2)-(S)-2-[1-[3-fluoro—4—-(4-methyl-1H-

imidazol-1-yl)phenyl]lmethylidene]-4-[ (1R, 2R)-2-hydroxy—

1-(3,4,5-trifluorophenyl)propyl]—-6-methylmorpholin—-3—

one
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solution and brine, and then the solvent was evaporated under reduced
pressure. The resulting residue was purified by column chromatography
using NH silica gel 271 (heptane:ethyl acetate = 1:1 to 0:1) and solidified
with heptane-ethyl acetate to obtain 1.32 g of the title compound.
'H-NMR(CDC13)5(ppm) 5 269
1.33(d,J=6.4Hz,3H),1.42(d,J=6.0Hz,3H),2.30(s,3H),3.19(d

d,0E22m9 2HZYIH), 3.63(dd,J=12.4,2.0Hz,1H),4.44-
4.49(m,2H),5.36(d,J=6.8Hz,1H),6.80(s,1H),6.97(s,1H),7.0
9(dd,J=8.4,6.4Hz,2H),7. ZQIQ;J— 4Hz,1H),7.44(dd,J=8.4,2

.OHz, 1? 7. 71(dd J= 1 $8,1.2Hz,1H),7.74(s,1H). 10 [0314] Example 75

Synthesis\Q tRZR)~ glfluorophenyl)
2-hydroxyg &-[3-fluoro-4 ethyl-1H-
imiﬂﬁz\oNl-y pheny thylidene]F6-methylmorpholin-3- 15 one [Formula

81] ., )0,,\N F N OJ F 1.1 g of the title compound was obtained in
the Same manner as in Example 26 from (S)-4-[(1R,2R)-2-
tert-butyldiphenylsilanyloxy-1-(3,4-
diflagnophenyl)propyl]-2-hydroxy-6-methylmorpholin-3 20 one prepared
from 1-bromo-4,5-difluorobenzene as a starting material and
33wvordag4smethyptH-imielagok - (4-methyl-1H-imidazol-1-

y1l)benzaldehyde

To a solution of 3,4-difluorobenzaldehyde
(40.0 g) in DMF (533 mL), 4-methylimidazole (46.4 q)
and potassium carbonate (78.0 g) were added at room
temperature, and the reaction solution was stirred at
90°C for six hours. The reaction solution was left to
cool to room temperature. Ethyl acetate was added to
the reaction solution, which was then sequentially
washed with water and brine. The resulting organic
layer was dried over magnesium sulfate and then
concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (elution
solvent: heptane—-ethyl acetate system) and solidified
with tert-butyl methyl ether to obtain 10.1 g of the
title compound. The property values of the compound
are as follows.
'H-NMR (CDC13) & (ppm) :
2.33(d,3J=0.8Hz,3H),7.07(brs,1H),7.57(dd,Jd=7.2,7.2Hz,1H)
,7.76-7.82(m,2H),7.87(brs,1H),10.01(d,JdJ=1.6Hz,1H).

[0312]
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25

1-y1l)benzaldehyde. 'H-NMR(CDC13)5(ppm): 272
1.31(d,J=6.4Hz,3H),1.41(d,J=6.8Hz,3H),2.20(d,J=6.4Hz,1H
),2.30(s,3H),3.15(dd,J=12.8,9.6Hz,1H),3.57(dd,J=12.8,2.
4Hz,1H),4.42-4.48(m,2H),5.38(d,J=7.6Hz,1H),6.80(s,1H),
6.97(s,1H),7.12-7.18(m,2H),7.26-7.3%(m,2H), 5
7.44(dd,J=8.4,2.0Hz,1H),7.71 dd,J:12.8,1.6Hz,1H2,7.73(s ,1H). [0315]
Examplee?a SyRthess) of () (8)- 21 [3-fhbfeacasméthyiaiihyg — 1H-

HQ., (30 ) N-NON-©JJ,F, 510 f £ e comporng was ohtained in-
the same manner as in Example 26 from (S)-4-[(1IR,2R)-2-
testabutyldiphenylsilanyloxy-1-(4-fluorophenyl)propyl] 15
2-hydroxy-6-methyimorpholin-3-one prepared from 1-
brotrid-#fluorobenzene as a starting material and 3-
fluoro-4-(4-methyl-1Himidazol1-ypbenzaldehyde ) 5 o
'H-NMR(CDC13)5(ppm):

131{d, 156 0H23H,1138(d J56,02,8H)2,.80(s,3H),3.12(d 20
d,J=12.8,9.6Hz,1H),3.57(dd,J=12.8,2.4Hz,1H),4.46-

4 50{h 212 RB N I28 OHRYH), 6 79y dH) By H(sMedhy Imorpholin—3—
7.05-7.09(m,2H),7.27-7.31(m,1H),7.36-7.39(m,2H),

798%dd 3289, £6H31H)F 76 RIS TR EHy v dr obromide (1.61

g) in acetonitrile (70 ml) was heated under reflux in a

nitrogen atmosphere for one hour. The solvent was
evaporated under reduced pressure, and the resulting
residue was dissolved in ethanol (80 ml). To this
reaction solution, 3-fluoro-4-(4-methyl-1H-imidazol-1-
yl)benzaldehyde (869 mg) and TEA (2.68 ml) were added,
and the reaction solution was stirred in a nitrogen
atmosphere at room temperature for 10 hours. The
solvent was evaporated under reduced pressure. The
resulting residue was dissolved in a mixed solvent of
trifluoroacetic acid (30 ml) and methylene chloride (30
ml), and the reaction solution was stirred at room
temperature for 13 hours. The reaction solution is
poured into a saturated sodium bicarbonate solution,
followed by extraction with ethyl acetate. The organic
layer was washed with a saturated sodium bicarbonate
solution and brine, and then the solvent was evaporated
under reduced pressure. The resulting residue was

purified by column chromatography using NH silica gel
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273 7.76(s,1H). [0316] Example 77 Synthesis of
(2)-2-[1-[3-fluoro-4-(4-methyl-IH 5
imidazol-1-y1)phenyllmethylidene]-4-[(1R,2R)-2-hydroxy-
1-(3,4,5-trifluorophenyl)propyl]-6, 6-dimethylmorpholin- 3-one [Formula 83]
O HO,,, )0~~NF NON O-~ F F 12.61mg of the title compound was
obtained in the same manner as in Example 27 from 4-[(1R,2R)-2 10

telRBRVRASHSHISTANFIORY AL, £,51 friflubPohenyl)probyiiez-hydioks<h, 6-
dimethylmorpholin-3-gne.prepared and 3-fluoro-4-(4-

it A R S o R K M I
1.28(s,3H) 43440 JF6.0Hz,3H),1.47(s,3H),2.30(s,3H),2.3
5gd,J=4.8Hz,1H),3.19(d,J=12.8Hz,1H),3.60(d,J=12.8Hz,1H)

4 BINVBO@ERIH))$40(@I=7.2Hz,1H),6.84(s,1H),

6.9753,1H),7.12(dd,J:8.4,6.4Hz 2H),7.28(t,J=8.4Hz,1H),7
4B(dd $98. 55 obiz1RiY 74 (dd §919 80t Sz )7 730 Po $H).[6317 (2

Example, 78 Synthesis, ofy (4-4:K1R.2R)-1-43.4; difluorophenyl)r2, 4
4.49(m, 2H),5.36(d,J=6.8Hz,1H),6.80(s,1H),6.97(s,1H), 7.0
9(dd,J=8.4,6.4Hz,2H),7.29 (t,J=8.4Hz, 1H),7.44(dd, J=8.4, 2
.0Hz,1H),7.71(dd,J=12.8,1.2Hz,1H),7.74 (s, 1H) .

[0314]
Example 75

Synthesis of (Z2)-(S)-4-[(1R,2R)-1-(3,4-difluorophenyl)—

2-hydroxypropyl]-2-[1-[3-fluoro-4—-(4-methyl-1H-

imidazol-1-yl)phenyl]lmethylidene] -6-methylmorpholin-3-

one

[Formula 81]
HO,,
N

O
F:[::I/Q§rit F
Nf\N O\{) F

1.15 g of the title compound was obtained in
the same manner as in Example 26 from (S)-4-[(1R,2R)-2-
tert-butyldiphenylsilanyloxy-1-(3, 4-
difluorophenyl)propyl]-2-hydroxy—-6-methylmorpholin-3-
one prepared from l-bromo-4,5-difluorobenzene as a
starting material and 3-fluoro-4-(4-methyl-1H-imidazol-
l-yl)benzaldehyde.

'H-NMR (CDC13) & (ppm) :
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274 hydroxypropyl]-2-[1-[3-fluoro-4-(4-methyl-IH-imidazol-
1-y1)phenyllmethylidene]-6,6-dimethylmorpholin-3-one [Formula 84] O
HO,,. )0~~NF NN O,~, | F 13.9 mg of the title compound was obtained

in the same manner as in Example 27 from 4-[(1R,2R)-2 5
tert-butyldiphenylsilanyloxy-1-(3,4- 272
difluorophenyl)propyl]-2-hydroxy-6,6-dimethylmorpholin- 3- one prepared
aﬁd 3llord- ﬂ6(44ﬁ1eﬂ%ﬂ)ml infidAZo =GR Bt zatdehytie? 0 (d -4Hz, 1H

5%2%%—%%(’: (%pr%ﬁ%mj 11436(5 32')62Hf5( ,3.57(dd, J=12.8,2.

J26:4Hz:0H)42.30(s43H 53 7 £6h Y= 12 Bklgsl H):3. 55@5, 1H),6.80 (s, 1H),
J=12.8Hz,1H),4.43-4.48(m,1H),5.42(d,J=7.6Hz,1H),
6.85%s)1H),6197(3,1H);7/14-7 @8(&H2HK),727=7.31 (m, 2H) ,
7.30(m,2H),7.43(dd,J=8.4,1.6Hz,1H),7.71(dd,J=13.2, 15

1.6HZA 1517 3¢s, 147, 85 8] Ekarhple 78 Byfitesis of - 612/ 1H) . 7. 73 (s
(2)- % 1-[3-fluoro-4-(4-methyl-IH-

|m|éazol 1-y1)phenyllmethylidene]-4-[(1R,2R)-1-(4- 20
flyarepbenyl)-2-hydroxypropyl]-6,6-dimethylmorpholin-3- one 275

[Formula 85] O HO,,,
Example 76

Synthesis of (Z2)-(S)-2-[1-[3-fluoro—4—-(4-methyl-1H-

imidazol-1-yl)phenyl]methylidene]-4-[(1R,2R)—-1-(4-

fluorophenyl)-2-hydroxypropyl]-6-methylmorpholin-3-one

[Formula 82]

F N
Nf\N O\{J F

the same manner as in Example 26 from (S)-4-[(1R,2R)-2-

11.0 mg of the title compound was obtained in

tert-butyldiphenylsilanyloxy-1-(4-fluorophenyl)propyl]-
2-hydroxy—-6-methylmorpholin-3-one prepared from 1-
bromo-4-fluorobenzene as a starting material and 3-
fluoro-4—-(4-methyl-1H-imidazol-1-y1l)benzaldehyde.

'H-NMR (CDC13) & (ppm) :
1.31(d,Jd=6.0Hz,3H),1.38(d,J=6.0Hz,3H),2.30(s,3H),3.12(d
d,J=12.8,9.6Hz,1H),3.57(dd,J=12.8,2.4Hz,1H),4.46-
4.50(m,2H),5.46(d,J=8.0Hz,1H),6.79(s,1H),6.97(s,1H),
7.05-7.09(m,2H),7.27-7.31(m,1H),7.36-7.39(m, 2H),

7.43(dd,J=8.4,1.6Hz,1H),7.70(dd,J=13.2,1.6Hz,1H),
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)0,,~ N O~ F 35.1 mg of the title compound was obtained in the same
manner as in Example 27 from 4-[(1R,2R)-2-
tert-butyldiphenylsilanyloxy-1-(4-fluorophenyl)propyl]-
2-hydroxy-6,6-dimethylmorpholin-3-one prepared and 3 5
fluoro-4-(4-methyl-1H-imidazol-1-yi)berzaldehyde.
'H-NMR(CDC13)5(ppm):
1.18($3F),181(d,J=6.0Hz,3H),1.44(s,3H),2.31(s,3H),3.1
6(&5}3 162] 8Hz,1H),3.56(d,J=12.8Hz,1H),4.45-
m,1H),5.51(d,J=8.4Hz,1H),6.84(s,1H),6.97(s,1H),7.0 10
37:Q9(m,2H),7.25-7.30(m, 1H),7.35-7.44(m,3H),
7.70(d,J=12.8Hz,1H),7.76(s,1H). [0319] Example 80 Synthesis of
(Z)ﬁ;f:qugsﬁl@or@ﬂ (Z-méethyHHf 35f1uoro-4-(4-methyl-1H-

® (A

bPBRS a.- A ARV B BEGidet AR ih(3
Of' & FNIsNON 276 18,8 C%“%O‘éil%%’@ﬁ?%%%%'hn—
b@tylgh@henylsnanyloxy [-(4-fluorophenyl)ethyl]-2-

hydroxy-6,6-dimethylmorpholin-3-one prepared and 3
[Formula 83]

11.6 mg of the title compound was obtained in
the same manner as in Example 27 from 4-[ (1R, 2R)-2-
tert-butyldiphenylsilanyloxy-1-(3,4,5-
trifluorophenyl)propyl]-2-hydroxy—-6, 6-—
dimethylmorpholin-3-one prepared and 3-fluoro-4-(4-
methyl-1H-imidazol-1-yl)benzaldehyde.

'H-NMR (CDC13) & (ppm) :
1.28(s,3H),1.34(d,J=6.0Hz,3H),1.47(s,3H),2.30(s,3H),2.3
5(d,J=4.8Hz,1H),3.19(d,J=12.8Hz,1H),3.60(d,J=12.8Hz, 1H)
,4.41-4.50(m,1H),5.40(d,J=7.2Hz,1H),6.84 (s, 1H),
6.97(s,1H),7.12(dd,J=8.4,6.4Hz,2H),7.28(t,J=8.4Hz,1H),7
.43(dd,J=8.4,2.0Hz,1H),7.71(dd,J=12.8,1.2Hz,1H),7.73 (s
1H) .

[0317]

Example 78

Synthesis of (Z)-4-[(1R,2R)-1-(3,4-difluorophenyl)-2-
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15

20

5 fluoro-4-(4-methyl-IH-imidazol-1-yi)benzaldehyde.
'H-NMR(CDC13)5(ppm):
1.26(s,3H),1.44(s,3H),2.32(s,3H),3.06(d,J=12.8Hz,1H),3.
40(d,J=12.8Hz,1H),4.09-4.26(m,2H),5.87(dd,J=8.0,
5.6Hz,1H),6.85(s,1H),6.98(s,1H),7.04-7.10(m,2H),7.22 10
7. 26 m lH) 7.33-7. 39(m 3H) 7. 69(d J= 12 8Hz 1H) 7.75(s, 1H) 0320] The
2 | , Pidnnher YabkldpG el 1
0 1 [ " ' 8 1§\/|4 -+H :
DY ) AA10- 4 1

one

Sy@t@gﬁ@pj 1z[d1(2,4- dlfluorophenyl)ethyl] -3- {1 [3 277
fluoro-4-(4-methyl-1H- |m51a20| 1-yi)phenyi]-(E)-

methylidene}piperidio-2- [Formula 87]
F. F

@)
Va

the same manner as in Example 27 from 4-[ (1R, 2R)-2-

13.9 mg of the title compound was obtained in

tert-butyldiphenylsilanyloxy-1-(3, 4-
difluorophenyl)propyl]-2-hydroxy—-6,6-dimethylmorpholin-
3-one prepared and 3-fluoro-4-(4-methyl-1H-imidazol-1-
yl)benzaldehyde.

'H-NMR (CDC13) & (ppm) :
1.25(s,3H),1.32(d,J=6.0Hz,3H),1.46(s,3H),2.15(d,
J=6.4Hz,1H),2.30(s,3H),3.17(d,J=12.8Hz,1H),3.55(d,
J=12.8Hz,1H),4.43-4.48(m, 1H),5.42(d,J=7.6Hz, 1H),
6.85(s,1H),6.97(s,1H),7.14-7.18(m, 2H),7.27-
7.30(m,2H),7.43(dd,J=8.4,1.6Hz,1H),7.71(dd,J=13.2,
1.6Hz,1H),7.73(s,1H).

[0318]

Example 79

Synthesis of (Z2)-2-[1-[3-fluoro-4-(4-methyl-1H-

imidazol-1-yl)phenyl]methylidene]-4-[ (1R, 2R)—-1-(4-

fluorophenyl)—-2-hydroxypropyl] -6, 6—-dimethylmorpholin—-3—

one



10

15

O OFJE:FF\\N~\NN NN~N F 0322] Synthesis of
3-fluoro-4-(4-methyl-IH-imidazoi-I- 5 yi)benzaidehyde
3,4-Difluorobenzaidehyde (30.0 g) was dissolved in DMF (400 mL), and
4-methyl-1H-imidazole (34.8 g) and potassium carbonate (58.5 g) were
added to the solution at room tempgrature. The reaction 10 solution was
stirred at 90C for six hours. The reaction solution was left to cool to room
tehierattre. Then, ethyl acetate and water were added to the reaction
solution, and the organHoJ,a r was separated. The resulting organic layer
was washed with brle 15|dried over magnesium sulfate, and then
concehtratech uider Tegete sure. The residue was purified by silica
tography n solvent: heptane-ethyl acetate
systen), sofidified tert- butyl mé:thyl ether, and separated by filtration
to btain 6.28 g of the titte compound. The property values of the
compound are as follows. 278 'H-NMR(CDC13)5(ppm):

232«1J()8H2%ﬁh;ﬁ%( %H?7§Z@@ g%% 8%16 was obtained in

1H),7.76-7.82(m,2H rs,1H),10.01(d,J=1.6Hz,1H).

the same manner as in Example 27 from 4-[ (1R, 2R)-2-

tert-butyldiphenylsilanyloxy-1-(4-fluorophenyl)propyl]-
2-hydroxy—-6, 6-dimethylmorpholin-3-one prepared and 3-
fluoro-4—-(4-methyl-1H-imidazol-1-y1l)benzaldehyde.

'H-NMR (CDC13) & (ppm) :
1.18(s,3H),1.31(d,J=6.0Hz,3H),1.44(s,3H),2.31(s,3H),3.1
6(d,J=12.8Hz,1H),3.56(d,J=12.8Hz, 1H),4.45-
4.49(m,1H),5.51(d,J=8.4Hz,1H),6.84(s,1H),6.97(s,1H), 7.0
3-7.09(m,2H),7.25-7.30(m, 1H),7.35-7.44 (m, 3H),
7.70(d,J=12.8Hz,1H),7.76(s,1H).

[0319]

Example 80

Synthesis of (Z2)-2-[1-[3-fluoro-4-(4-methyl-1H-

imidazol-1-yl)phenyl]methylidene]-4-[(R)-1-(4-

fluorophenyl)-2-hydroxyethyl] -6, 6-dimethylmorpholin-3-

one

[Formula 86]

OH



[0323] 5 Synthesis of tert-butyl (E)-5-chioro-2-{1-[3-fluoro-4-
(4-methyl-IH-imidazoi-1-yi)phenyilmethylidene}valerate
3-Fluoro-4-(4-methyl-IH-imidazoi-l yi)benzaidehyde (2.29 g) and tert-butyl
5-chioro-2- (diethoxyphosphoryi)valerate (3.68 g) were dissolved in 10 a
mixed solvent of THE (30 mL) and ethanol (10 mL). Lithium hydroxide
monohydrate (1.41 g) was added to the reaction solution at room
temperature, and the reaction solution was stirred at room temperature
for 18 hours. Sf%ur?ted SO 'ugabic%rbgyate water was addedo%) the 15

. . . T d i
reaction solution, fo Iovmv%dcby raction vﬁthcgf%P%%etaqg.sThe reaslurlileng H

extract wasedrigd auer magnesium sylfatecandethen congentratediunder
reduced pressure. The residue was purified by silica gel column
chromaltdgraiphy ékition splent. Heptdne-ethyt 20tacetdie systehl); 2 -
solidified with tert-butyl methyl ether and heptane, and separated by

filrAHER ¥ THtARL 86 GroftRe T eorpotnd™ $he proeéry valtibs ot
5 the,compoynd G a fallows,; H- dfé%(z%'%g%%{?@%%?fzﬁdehyde.

1.56(s,9H),1.98-2.07(m,2H),2.31(d,J=0.8Hz,3
2 70(Mu2H):BE0(5,3764hiz:2H),7.01(brd,J=1.2Hz,1H),7.22

-7.31(m,2H),7.39(dd,J=8.0Hz,8.0Hz,IH),7.55(s,IH),7.77- 7.80(m,1H). 279
0324 QymthéRis of (B)(5-chlbro2-f439ludro-4(4dhéthyil=12.8Hz, 1H) , 3.
1H-imidazoj-1-yi hengi)]meth&/lidene}valeric acid
40(d,J=12.8"z,1H),4.09-4.26 (m, 2H),5.87(dd,J=8.0,
5.6Hz,1H),6.85(s,1H),6.98(s,1H),7.04-7.10(m,2H),7.22-
10 7.26(m,1H),7.33-7.39(m,3H),7.69(d,J=12.8Hz,1H),
7.75(s,1H) .
[0320]

The compounds in Table 2 were obtained in the

same manner.

[Table 2]
(0]
F N L Eq
0 v
Example E, DATA: MS m/z Note
HO..
F Optically
* M*+H: 490 | actlve
81 E (ES 1) compound
F
15 [0321]

Examples 82 and 83

Synthesis of 1-[1-(2,4-difluorophenyl)ethyl]-3-{1-[3-




trifiuoroacetate 5 chloroform (5 mL) and TFA (10 mL) were added to
tert-butyl (E)-5-chloro-2-{I-[3-fluoro-4-(4-methyi-
1H-imidazoi-1-yi)phenyilmethylidene}valerate (1.96 g), and the reaction
solution was stirred at room temperature for one hour. The reaction
solution was 10 concentrated under reduced pressure. The residue was
SO|IdIerd W|th methylene chlorlde ethyl acetate and heptane and
- 3 lefl £ g he property

valu ofihe compound _is sfogows 15 ESI MS m/z 323[M +H]. [0325]
Syﬁmg—ﬁﬁ%ﬁmpheﬁyl)ethyl] 3-{l-

[3rituaracd-(4-methyl-IH-imidazoi-I- yi)phenyimethylidene}piperidin-2-one
20 DIEA (0.12 mL), WSC (88 mg), and HOBT (62 mg) were added to a

solution of (E)-5-chloro-2-{1-[3- fluoro-4-(4-methyl-IH-imidazoi-I-,
yi)phenyilmethylidene}yalerj aC|p trlfluoroacetatp (100 mg) an
1-(2,4- glfluorophenyl) thylafnine |54 mg) 25 in D )
temperattife, ayd the reagfion ion wai?r\ed
for gne hour. _Ethyl acetate was agded to the reaction solution, which was
thef s uentially washed with saturatéd sodiy280 bicarbonate water,
watgt, a saturated ammonium chloride solution, and brine. The resulting
organic layer was dried over magnesium sulfate and then concentrated

[}
n

[0322]

Synthesis of 3-fluoro-4-(4-methyl-1H-imidazol-1-

yl)benzaldehyde

3,4-Difluorobenzaldehyde (30.0 g) was
dissolved in DMF (400 mL), and 4-methyl-1H-imidazole
(34.8 g) and potassium carbonate (58.5 g) were added to
the solution at room temperature. The reaction
solution was stirred at 90°C for six hours. The
reaction solution was left to cool to room temperature.
Then, ethyl acetate and water were added to the
reaction solution, and the organic layer was separated.

The resulting organic layer was washed with brine,

15

20

dried over magnesium sulfate, and then concentrated
under reduced pressure. The residue was purified by
silica gel column chromatography (elution solvent:
heptane—-ethyl acetate system), solidified with tert-
butyl methyl ether, and separated by filtration to
obtain 6.28 g of the title compound. The property

values of the compound are as follows.
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under reduced pressure. The residue was purified by 5 silica gel column
chromatography (carrier: Chromatorex NH; elution solvent: heptane-ethyl
acetate system) to obtain 98 mg of (E)-5-chioro-2-{I-[3-fluoro-4-(4-
methyl-1H-imidazoi-1-yl)phenyllmethylidene}valeric acid
[1-(2,4-difiuorophenyi)ethyilamide. (E)&-chioro-2-{1 10
[3-fluoro-4-(4-methyl-IH-imidazoi-I- yi)phenyi]methylidene}valeric acid
[1- &E%ﬂ@%bheﬁ)ﬁ%’tﬁ%]amrde (98 mg) Was dissolved in DMF (3 mL).
6 (V u (20 m dde n_salution at.r
te%mper drré] rz?rr ﬁ1e r%e%cfr?))n 'Tutfon és 35 r%rzé& “rjzcjm é?np%rﬁ)%ure
for 30, minutes. Saturated S,Oﬂluim bicasbongtevsater wasaddeghto the) |
reaction solution, followed by extraction with ethyl acetate. The resulting
eXtbaction layer was dried over magnesium sulfate and then concentrated
20 under reduced pressure. The resrdue was purlfled b sr}rca gel column
@l

manufactured by-Baigei-chemicaltrdusfries, t.td {23 X -26-cm; mobile
phase: ethanol-hexane system) to obtain the title optically active
carhpbend adthed setentich 1ithey of 38 hietes(Example 82 {7omg) and
the title 281 o trcg%)actrve compound with a retention time of 24

mifttiteS HEXAMBRE3) W ng) SrhergrbPerty vaftued of et gt 1

are 35 1llgWSo 1 vent of THF (30 mL) and ethanol (10 mL).
Lithium hydroxide monohydrate (1.41 g) was added to the
reaction solution at room temperature, and the reaction
solution was stirred at room temperature for 18 hours.
Saturated sodium bicarbonate water was added to the
reaction solution, followed by extraction with ethyl
acetate. The resulting extract was dried over
magnesium sulfate and then concentrated under reduced
pressure. The residue was purified by silica gel
column chromatography (elution solvent: heptane-ethyl
acetate system), solidified with tert-butyl methyl
ether and heptane, and separated by filtration to
obtain 1.96 g of the title compound. The property
values of the compound are as follows.

' H-NMR (CDC15) & (ppm) :
1.56(s,9H),1.98-2.07(m,2H),2.31(d,J=0.8Hz,3H),2.64-
2.70(m,2H),3.59(t,J=6.4Hz,2H),7.01 (brd,J=1.2Hz,1H),7.22
-7.31(m,2H),7.39(dd,J=8.0Hz,8.0Hz,1H),7.55(s,1H),7.77-

7.80(m, 1H) .
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'H-NMR(CDC13)5(ppm): 5
1.59(d,J=6.8Hz,3H),1.77-1.87(m,2H),2.31(d,J=0.8Hz,3H),
2.69-2.82(m,1H),2.98-3.06(m,1H),3.26-3.33(m,1H),3.69-
3.76(m,IH),6.13(g,J=6.8Hz,IH),6.81(ddd,J=10.4,8.8,2.8Hz
JIH),6.85-6.91(m,1H),6.98(brs,1H), 721/9-7.28(m,2H),7.31-
7.38(m,2H),7.74(brs,1H),7.80(brs,1H). 10 [0326] Example 84 Synthesis
of (B4 $)-3-{I-[3-fiuoro-4-(4-methyl-IH-

imidazoi-1-yi)phenyimethylidene}-I-[(IR :

H1Q1,. 4 R NE ZN1F 1= P8RS SYpthesis-0f 1 idene}valeric acid
((R)-3-bromo-2-methyipropoxy)-tert- butyidiphenyisilane
tert=Batyidipleernactdomsilane (83 mL) and 20 imidazole (30 g) were
added to a solution of (R)-3- bromo-2-methyl-I-propanoi (45 g) in THE

(150 mL) unde%?qeéf-_%@linb? difd)thé?eactioh rﬁ%&uf@\&ﬂ’%ﬁﬁe&%@‘m
M [eMperare overmight. %’My?'é?rr é!"—a?—%qd—epsmftfﬁo[rfeoa%g? ﬂ'?&%‘ﬁa 1-

r
followed by extraction with et acetate. The organic layer was was
with brineqda fsied 0ver pphyerpusimagrasi yarsylfate, anskthen1 . 96 g) ,

and the reaction solution was stirred at room
temperature for one hour. The reaction solution was
concentrated under reduced pressure. The residue was
solidified with methylene chloride, ethyl acetate, and
heptane and separated by filtration to obtain 2.19 g of
the title compound. The property value of the compound
is as follows.

ESI-MS;m/z 323[M" +H].

[0325]

Synthesis of (E)-1-[1-(2,4-difluorophenyl)ethyl]-3-{1-

[3-fluoro—-4—-(4-methyl-1H-imidazol-1-

y1l)phenyl]methylidene}piperidin—-2-one

DIEA (0.12 mL), WSC (88 mg), and HOBT (62 mg)
were added to a solution of (E)-5-chloro-2-{1-[3-
fluoro-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]lmethylidene}valeric acid trifluoroacetate
(100 mg) and 1-(2,4-difluorophenyl)ethylamine (54 mg)
in DMF (5 mL) at room temperature, and the reaction
solution was stirred at room temperature for one hour.
Ethyl acetate was added to the reaction solution, which

was then sequentially washed with saturated sodium
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concentrated under reduced pressure. The residue was purified by silica
gel column chromatography (carrier: Chromatorex NH; elution solvent:
heptane-ethyi acetate system) to obtain 117 g of the title compound. The
10 property values of the compound are as follows.
'H-NMR(CDC13)5(ppm): 1.00(dd,J=®8Hz,6.8Hz,3H),1.06(s,9H),2.00-
2.09(m,2H),3.50-3.65(m,4H),7.36-7.46(m,6H),7.65- 7.68(m,4H). 15 [0328]
S?ﬁﬁ@§EQﬁq§ﬁ¢Wﬁﬁ?S}SW%ﬁﬁr' a saturated ammonium chloride

butyidiphenyisilanyioxy)-2-(diethoxyphospharyi)-4- methyivaier ate A
St B o e DR Gsp Gat St 20 (o4 G THE (Eo Ly
was added.dropwiserto £ sWspensian of sodiughydride,(containing 40%
mineral oil, 13.2 g) in THE (400 mL) under ice-cooling, and the reaction
mixtdexrwasstired abrecsrmuemperdtbee for ybdnsnutes. Awsoiutiondofby
((R)-3-bromo-2-methyipropoxy) 25 tert-butyidiphenyisilane (99.4 g) in THE
(1%E?m&§la&@édlﬂfbp%ﬁ§€lf@ﬁ%g@%@ﬁé'n MigttFe, ShHich WA tRERT €

hegtedd _'LS%ﬁ“é‘of?(zg?fé‘?“ﬂ%;!%%%{"ea—t%%‘f){?ﬁ added tpthe reaclion

mixtlre, followed by extraction with 283 ethyf acetate. The organic layer
was wvaishedavitly bsine dried ovan arkydroys magnesiumn sulfateg and

then concentrated under reduced pressure. The residue was purified by

siliea Ellcdliimirchitematography tdlation breehent: isnane-etnt acetate d

S%%gq]f%98%¥lzg§%%henyl)ethyl]amide. (E)-5-chloro—-2-{1-
[3-fluoro—-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]lmethylidene}valeric acid [1-(2,4-
difluorophenyl)ethyl]lamide (98 mg) was dissolved in DMF
(3 mL). 60% sodium hydride (10 mg) was added to the
reaction solution at room temperature, and the reaction
solution was stirred at room temperature for 30
minutes. Saturated sodium bicarbonate water was added
to the reaction solution, followed by extraction with
ethyl acetate. The resulting extraction layer was
dried over magnesium sulfate and then concentrated
under reduced pressure. The residue was purified by
silica gel column chromatography (carrier: Chromatorex
NH; elution solvent: heptane—-ethyl acetate system) to
obtain 69 mg of the title compound as a racemate. The
compound (20 mg) was separated by CHIRALCEL OJ-H
manufactured by Daicel Chemical Industries, Ltd. (2 cm
X 25 cm; mobile phase: ethanol-hexane system) to obtain

the title optically active compound with a retention

time of 18 minutes (Example 82) (7 mg) and the title
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of the title compound. The property values of the compound are as
follows. 'H-NMR(CDC13)5(ppm):
0.91-0.95(m,3H),1.05(s,9H),1.29-1.35(m,6H),1.45(s,9H), 10
1.68-1.79(m,1H),1.83-2.04(m,1H),2.16-2.26(m,1H),2.95
3.14(m,1H),3.46-3.51(m,2H),4.09-4217(m,4H),7.35-
7.42(m,6H),7.63-7.67(m,4H). [0329] tert-Butyl
(%@&éﬁ_%émﬁeﬁ9gwmwiz_q5a retention time of 24
[3-fluorp-4-(4-methyl-IH-imidazoj-I-

VS BREny e RS BRET-4-rmathyvalisFhte A BaRutBR B &R cbakA s °F
(49)5-{terts butyidiphenydsitanyloxy)-2-(diethexyphosphoryi)-4-
methyivalerate in THE (50 mL) was added to a solution 20 of tert-butoxy
pOtasEIuR (328 1) Id TEIEN(50 mL) in a nitrogen atmosphere at -70C, and
the reaction mixture was stirred for 40 minutes. A solution of 3-fluoro-4-

(4-metytHThiddZoi-15iybenzaideh§dé (6 ¢F in THE' (50 M) Wi added
tothegeaction mixtyre at -/0C, and ap g reaction mixiyre was (ff' ?9%@
100 minutes and’'at room temperature overnight. Water was added to the
reactienmixtuye sfoliowed byextiagtion yith ethyldaeetate. aoThe, @rganic. sHz
layer was washed with brine, 284 dried over anhydrous magnesium
sulfdte , éndBthen- oricentfhted uhdébredutBd predsurd.- ThRd residue Wwasl -
purified by silica gel column chromato%%ra hy (elution solvent:

hedptaRd eyt ‘acttate Sy5tem) th obtdin 932 4'slo¢ the title compound.

The pseperty values of the

Example 84

Synthesis of (E)-(S)-3-{1-[3-fluoro—4—-(4-methyl-1H-

imidazol-1-yl)phenyl]lmethylidene}-1-[ (1R, 2R)-2-hydroxy—

1-(3,4,5-trifluorophenyl)propyl]-5-methylpiperidin-2-

one

[Formula 88]

[0327]

Synthesis of ((R)-3-bromo-2-methylpropoxy)-tert-

butyldiphenylsilane

tert-Butyldiphenylchlorosilane (83 mL) and
imidazole (30 g) were added to a solution of (R)-3-

bromo-2-methyl-l-propanol (45 g) in THF (150 mL) under
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compound are as follows. 'H-NMR(CDC13)5(ppm):
1.55(s,9H),1.99-2.08(m,2H),2.30(s,3H),2.63-
2.71(m,2H),3.59(t,J=6.4Hz,2H),3.87(s,3H),6.93(m,IH),7.0 10
0(d,J=1.2Hz,IH),7.09(dd,J=8.4,1.2Hz,IH),7.27(d,J=8.4Hz,
1H),7.58(s,1H),7.72(m,1H). [0330] Synthesis of tert-butyl
(E)-(S)-5-chioro-2-[3-fiuoro-4-

(A Arettitdidazoi- RPN iAfetRyiidenef 4= 15 fethyvafrate FBAR L
M sooluti n }Q 'I(;HI;,CIZJZB rgl.} was a}ggled %ggluvtqiog ogée(:{t-guhv_%
(ES@S\ -&eﬁ- 6uty|dr|§heny sH%m% oxy)-z%- Iuoro-a-(4-meﬁ1yl- -
imidazaivlsyi)phenyilmethylidensl-damgthyivalerata 20 9-34ta) indikiR
(100 mL) under ice-cooling, and the reaction mixture was stirred at room
tenoperatuge forl feurdioras.ilce waterwas addedtie therigdction imixture,
followed by extraction with ethyl acetate. The o%;gnic layer was washed

with BriteCdfied dV8 95 GhRy IR Tidgiesium <tifate, 3d thBR™
C%%%??é@&%d%t“é@eﬁﬁ%%‘%ceg GIRYE IQSé@h Idue was pyrified hy. sjjica
gel column chromatography (elution solvent: eptane-et%y acetate
sysiemy,iand the target deactiens 285 uwere-eellecied and gpncanirmted 4o .
obtain a colorless oil (4.2 g). Triphenyiphosphine (3.15 g) was dissolved
i seltor of théldoloress oibin methigerie dnfariden@oahhyl acetate

N-chiorosuccinimide (1.47 gB was 5 added to the reaction solution under
méXﬁﬁﬁﬁé 5ﬁaobtaln IT7 g of the title compound. The

property values of the compound are as follows.

the

' H-NMR (CDC15) & (ppm) :
1.00(dd,J=0.8Hz,6.8Hz,3H),1.06(s,9H),2.00-
2.09(m,2H),3.50-3.65(m, 4H), 7.36-7.46 (m, 6H),7.65-
7.68 (m, 4H) .

[0328]

Synthesis of tert-butyl (S)-5-(tert-

butyldiphenylsilanyloxy)—-2—-(diethoxyphosphoryl)-4-

methylvalerate

A solution tert-butyl diethylphosphonoacetate
(64 g) in THF (100 mL) was added dropwise to a
suspension of sodium hydride (containing 40% mineral
oil, 13.2 g) in THF (400 mL) under ice-cooling, and the
reaction mixture was stirred at room temperature for 75
minutes. A solution of ((R)-3-bromo-2-methylpropoxy)-
tert-butyldiphenylsilane (99.4 g) in THF (100 mL) was
added dropwise to the reaction mixture, which was then
heated under reflux for 23 hours. Ice water was added

to the reaction mixture, followed by extraction with
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the reaction mixture was stirred at OC for one hour. Ice water was added
to the reaction mixture, followed by extraction with chloroform. The
organic layer was washed with brine, dried over anhydrous magnesium
10 sulfate, and then concentrated under reduced pressure. The residue
was purified by silica gel column ctwematography (carrier: Chromatorex
NH; elution solvent: heptane-ethyl acetate system) to obtain 2.84 of the

m@etédﬁapaaﬁ&a‘tﬁ*e propeptyVeligesi6f the VIsr cothpolivd BRcad fdlfow

NMR(CDC13)5(p
0 55t 355 BH I L Eb(SBIy 3103 FRAGI o ovLate, and then
2 49(dd 4T 14K 2. 8Hzn )2 4 A(ddsdal 426 AHZ1H), 3137 - residue was
3.46(m,2H),7.00-7.02(m,1H),7.22-7.29(m,1H),7.38(t, 20
JE8HZ 1T .38(s AH) 27 @+ 1 BHz ). c[0331h Sypthasisyof (e Lut ion
(E)-(S)-5-chioro-2-{1-[3-fiuoro-4-(4- methyl-IH- |m|da20| 1-yi)phenyi]
mietryligRheé -2 hiethyivathe AciiTR/dRoEnISHEE 25 )A S6lutiGh ‘?)Hert7 Bufyl 9

Et@rﬁ(eS% -Cchigror2- g’oﬁ%%@nﬁa@ methylj '9?%9'2%3/{) %rg)g]r‘r&%th%tl‘deene]

thyivalerate (2.84 g) in tnfluoroace was stirre

roepmienperaiuie fesomne howtshe 286 reaction mixture was
concentrated under reduced pressure, ethyl acetate (10 mL) and a
sOlttoNBA 41 Ihydedetteric acid in ethyl acetate (10 mL) were added to
the residue, and the reactlon solutlon was 5 concentrated under reduced

oresddre’ This Bperation - 0° (5, 98), 1.29-1.35(m, 6H), 1.45(s, 9H) ,

1.68-1.79(m,1H),1.83-2.04(m,1H),2.16-2.26(m,1H),2.95-
3.14(m,1H),3.46-3.51(m,2H),4.09-4.17(m, 4H),7.35-
7.42(m,6H),7.63-7.67(m, 4H) .

[0329]

tert-Butyl (E)-(S)-5-(tert-butyldiphenylsilanyloxy)—-2-—

[3-fluoro—-4—-(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene]-4-methylvalerate

A solution of tert-butyl (4S)-5-(tert-
butyldiphenylsilanyloxy)—-2-(diethoxyphosphoryl)-4-
methylvalerate in THF (50 mL) was added to a solution
of tert-butoxy potassium (3.3 g) in THF (50 mL) in a
nitrogen atmosphere at -70°C, and the reaction mixture
was stirred for 40 minutes. A solution of 3-fluoro-4-
(4-methyl-1H-imidazol-1-yl)benzaldehyde (6 g) in THF
(50 mL) was added to the reaction mixture at -70°C, and
the reaction mixture was stirred for 100 minutes and at
room temperature overnight. Water was added to the
reaction mixture, followed by extraction with ethyl

acetate. The organic layer was washed with brine,
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was repeated twice. Diethyl ether was added to the residue, and the
reaction mixture was rubbed with a spatula. The solidified and
precipitated insoluble matter was collected by filtration to obtain 2.05 g of
10 the title compound. The property value of the compound is as follows.
ESI-MS;m/z 337[M +H]. [0332] Syrtbesis of
(nEég-(,S)-S-{I-[B-fiuoro-4-(4-methy|-|H 15

inMidaz6l- RyipheryMtetRRierIRIR 2R) X hjdreky- and then
1-(3,4,5-trifluorophenyi)propyil-5-methyipiperidin-2- one DIEA (0.47 mL),
W g R o T TBR o) WEre i 10 & Sosparaniiar he
(Bc(S) Orehiors, 2+ 20 {l[3-fiporodsmethlHarimidazoibny (elution
yi)phenyl]methylidene}-4-methyivaleric acid hydrochloride (250 mg) and
(19, 2RP1taminee1 43 4, B thifidoraphenyigpropan<vol ydrottierde 2431 g
mg% in DMF (5 mL) at room temperature, and the reaction 25 solution was

stitted- BEroohtr témpEFRITRTEr oné RouPT BRFY h¥etate Was dudedhts the
re%grtri%g gg&ltigpewg'gchf wes then sequentially washed with saturated
sodiu

Icarbonate water, water, a saturated ammonium chloride 287
solutionmyraqicbloring. STigokestlting organic layer was dried over
magnesium sulfate and then concentrated under reduced pressure. The
residue(was dissbhedBMPS (81mil)) 66%3$odiurdhydfide 32 mg) was

added at OC, 5 and the reaction solution was stirred at OC for one
2.71(m,2H),3.59(t,J=6.4Hz,2H),3.87(s,3H),6.93(m,1H), 7.0

0(d,J=1.2Hz,1H),7.09(dd,J=8.4,1.2Hz,1H),7.27(d,J=8.4Hz,
1H),7.58(s,1H),7.72(m, 1H) .
[0330]

Synthesis of tert-butyl (E)-(S)-5-chloro-2-[3-fluoro-4-

(4-methylimidazol-1-yl)phenyl]lmethylidene]-4-

methylvalerate

TBAF (1 M solution in THF, 22.8 mL) was added
to a solution of tert-butyl (E)-(S)-5-(tert-
butyldiphenylsilanyloxy)—-2-[3-fluoro-4—-(4-methyl-1H-
imidazol-1-yl)phenyl]methylidene]-4-methylvalerate
(9.34 g) in THF (100 mL) under ice-cooling, and the
reaction mixture was stirred at room temperature for
four hours. Ice water was added to the reaction
mixture, followed by extraction with ethyl acetate.
The organic layer was washed with brine, dried over
anhydrous magnesium sulfate, and then concentrated
under reduced pressure. The residue was purified by
silica gel column chromatography (elution solvent:

heptane—-ethyl acetate system), and the target fractions
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hour. Ethyl acetate was added to the reaction solution, which was then
sequentially washed with saturated sodium bicarbonate water, water, a
saturated ammonium chloride solution, and brine. The resulting 10
organic layer was dried over magnesium sulfate and then concentrated
under reduced pressure. The residuswas purified by silica gel column
chromatography (carrier: Chromatorex NH; elution solvent: heptane-ethyl

atdtafe SysteRr ety dcstalsRitinatal Sysenn)ibobtain 1761 LS hRPS

the. title compound. The. property values af the compound are as follows.
SIS T2 B +Hy RN DT TS phy 31 Fe 08B
1.03(d,J56.8kizi3H), L.82(¢,d=6.4Hz,3H):L5.86420 in methylene
2.00(m,IH),2.31(s,3H),2.39(ddd,J=15.6,11.6,2.8Hz,IH),2.

65(hisH) 2 93MIdIELS.6,8.6¢8z]IB @s20>cinimide (1.47 g) was
3.29(m,2H),4.44-4.53(m,IH),5.32(d,J=7.2Hz,IH), , ,

6 397 020, I14)) 2. 055 AT L {m 2H) 7957050 (M 2Ry, tce-cooling, and

7RO 4-8 DB T QI BTS2 25 033

Example 85 Synthesis of (E)-3- uoro-4-(4-me
imidazeizk-yiphenyllmeribyidenel (IR 2R) 2rbydiaxy 288, followed

1-(3,4,5-trifluorophenyi)propyi]piperidin-2-one [Formula 89] HO FA\\N\F

NPy extraction with chloroform. The organic layer was
washed with brine, dried over anhydrous magnesium
sulfate, and then concentrated under reduced pressure.
The residue was purified by silica gel column
chromatography (carrier: Chromatorex NH; elution
solvent: heptane-ethyl acetate system) to obtain 2.84 g
of the title compound. The property values of the
compound are as follows.
' H-NMR (CDC15) & (ppm) :
0.96(d.J=6.8Hz,3H),1.55(s,9H),2.12-2.22(m, 1H),
2.49(dd,J=14Hz,8Hz,1H),2.74(dd,J=14Hz,6.4Hz,1H),3.37-
3.46(m,2H),7.00-7.02(m,1H),7.22-7.29(m, 1H), 7.38(t.
J=8Hz,1H),7.56(s,1H),7.77(t.J=1.6Hz,1H).
[0331]

Synthesis of (E)-(S)-5-chloro-2-{1-[3-fluoro—-4—-(4-

methyl-1H-imidazol-1-yl)phenyl]methylidene}—-4-

methylvaleric acid hydrochloride

A solution of tert-butyl (E)-(S)-5-chloro-2-
[3-fluoro—-4-(4-methylimidazol-1-yl)phenyl]lmethylidene]-
4-methylvalerate (2.84 g) in trifluorocacetic acid (20

mL) was stirred at room temperature for one hour. The
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F A solution of 4 N hydrogen chloride in dioxane (10 mL) was added to a
solution of tert-butyl [(1R,2R)-2-hydroxy-1-(3,4,55
trifiuorophenyi)propyilcarbamate (2.85 g) in dioxane (10 mL) at room
temperature, and the reaction solution was stirred at room temperature
for five hours. Hexane (80 mL) wasadded to the reaction solution at room
temperature, and the reaction solution was stirred at 10 room temperature
fof 2oThirRRes) THEERUIIRG SONACRAS Separatdd B TiltFaiBr®bbtain

(1R,2R)-1-amino-.1-(3,4,5-trifiuorophenyi) propane-2-ol rochloride
BIE5) BiEn CEB8 mCSE 550 oS And HOBT (a0 e e * ™
a@%ﬁ*E&@§@E@Q”éﬁ{@}§ﬂ*@¥@§%{%£%%5te (10 mL) were added
fluoro-4-(4-methyl-IH-imidazol-I- yi)phenyilmethylidene}valeric acid
triflaoidecetate 1(AuG0 gradd {hR,2R)ab-amino-doBM,5on was

trifiuorophenyi)propan-2-ol hydrochloride (664 mg) in DMF (25 mL) at
rdom EEMpErAtEe, YRt e FELlioR DPLAGEN fas stifred atGom:1on
teperpluie forone flour, Ethyl agciaie wos added lo theyeaction. .o
solution, which was then sequentially washe with saturated sodium 289
bicathonats water, water: asaturatednammonium:chlerideselutiopnand
brine. The resulting organic layer was dried over magnesium sulfate and
thelradonbentraféee updén rbdticed prassure STHe dsultiey solipwab le
washed 5 with heptane to obtain (E)-5-chiorp-2-{1-[3-fluoro-4-

(Ao reti-IHamidazor1SifpheRyimetiyiidbneRalericootain 205 g of

the title compound. The property value of the compound
is as follows.

ESI-MS;m/z 337[M" +H].

[0332]

Synthesis of (E)—-(S)-3-{1-[3-fluoro—-4—-(4-methyl-1H-

imidazol-1-yl)phenyl]lmethylidene}-1-[ (1R, 2R)-2-hydroxy—

1-(3,4,5-trifluorophenyl)propyl]-5-methylpiperidin-2-

one

DIEA (0.47 mL), WSC (257 mg), and HOBT (181
mg) were added to a suspension of (E)-(S)-5-chloro-2-
{1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene}-4-methylvaleric acid
hydrochloride (250 mg) and (1R,2R)-1-amino-1-(3,4,5-
trifluorophenyl)propan—-2-o0l hydrochloride (243 mg) in
DMF (5 mL) at room temperature, and the reaction
solution was stirred at room temperature for one hour.
Ethyl acetate was added to the reaction solution, which
was then sequentially washed with saturated sodium

bicarbonate water, water, a saturated ammonium chloride
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acid [(1R,2R)-2-hydroxy-1-(3,4,5- trifluorophenyi)propyilamide (1.10 g).
(E)-5-chioro-2- {1-[3-fluoro-4-(4-methyl-IH-imidazoi-I 10
yi)phenyilmethylidene}valeric acid [(1R,2R)-2-hydroxy-
1-(3,4,5-trifluorophenyi)propyilamide (1.10 g) was dissolved in DMF (25
mL). 60% sodium hydride (104 mg)2was added to the reaction solution at
room temperature, and the reaction solution was stirred at room 15
tePrperaife forde REdM Ethyl Heatdte Was-adde i e feakliBh™ Was

S%{ution which was then seﬂuenq Q/ Washgd Mth saturated sodium
.rﬁ$d ?ver maap?31u SUu ae and then coacenfﬁated
bicarbonate water, water, a saturated ammonium chloride solution, and

bringickhe- sesuiting grganic layer wagdried-avardnagnesiun 20 sulfatevr
and then concentrated under reduced pressure. The residue was purified
by 8iliva gel colOfnrs chfomatographie(cabfern€hrormatorex BiH; atutivit,
solvent: heptane-ethyl acetate system -> ethyl acetate- methanol system),

sGIfifidd itk BaYi HeBtate At 25 h&ftanes Hrid §eparated by fiftFatftto

obtain 780 E]a%ﬂ t %gt&%ggm@ggpg}j&% p{EOoDe{%e"%l‘é%%‘Bfi@ﬁ
compound are as follows. ESI-MS;m/z 474[M +H]. 290

'HAMREGRC13)5{(pPMYias then sequentially washed with
1.31(d,J=6.0Hz,3H),1.77-1.98(m,2H),2.31(d,J=0.8Hz,3H),
2g@ﬁyﬂgﬁﬂﬁ4ﬁ@gkgmybiQ§§%@ngHﬁ water, water, a saturated
3.27(ddd,J=12.4,7.2,4.0Hz,1H),3,54(ddd,J=12.4,8.0,4.0Hz 5 ,
AR A S S ) 5 S8 @117 6RD 1 H) o 1ne - The resulting

793&@&%@f&Q§éQl%G%2593éé}Z&Qénh%B%esium sulfate and then

concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (carrier:
Chromatorex NH; elution solvent: heptane-ethyl acetate
system —-> ethyl acetate-methanol system) to obtain 176
mg of the title compound. The property values of the
compound are as follows.

ESI-MS;m/z 488 [M"+H].

' H-NMR (CDC15) & (ppm) :
1.03(d,J=6.8Hz,3H),1.32(d,J=6.4Hz,3H),1.86—
2.00(m,1H),2.31(s,3H),2.39(ddd,J=15.6,11.6,2.8Hz,1H), 2.
65(brs,1H),2.93 (brd,J=15.6,3.6Hz,1H),3.20-
3.29(m,2H),4.44-4.53(m,1H),5.32(d,J=7.2Hz,1H),
6.99-7.02(m,1H),7.05-7.11(m,2H),7.22-7.30(m, 2H),
7.39(dd,J=8.0,8.0Hz,1H),7.75-7.78(m,1H),7.81 (brs,1H).
[0333]

Example 85

Synthesis of (E)-3-{1-[3-fluoro-4-(4-methyl-1H-

imidazol-1-yl)phenyl]lmethylidene}-1-[ (1R, 2R)-2-hydroxy—




7.38(dd,J=8.0,8.0Hz,1H),7.75-7.77(m,IH),7.80- 7.83(m,1H). [0334] 10
Example 86 Synthesis of (E)-I-[(IR,2R)-I-(3,4-difluorophenyi)-2-
hydroxypropyi]-3-{l-[3-fluoro-4-(4-methyl-IH-imidazoi-
1-yi)phenyilmethylidene}piperidin-2-one [Formula 90] HO.,,.. F F\ N aF
N~j~ / A solution of 4 N hydrogen chlgdade in ethyl 15 acetate (10 mL)
was added to a solutlon of tert butyl [(lR 2R)-I- (3 4- dlfluorophenyl) -2-

eratLHe %@ﬁh the reaction solutlon was stirred at room temperature
O'mitiutes e reaction 20 solution was concentrated under reduced
pressure to obtain (1R,2R)-lI-amino-I-(3,4-difiuorophenyi)propan-2- of
hydrochloride (747 mg),StEA (1 59 mL) WSC (880 291 mg), and HOBT

yi)ph
(1R>?,L)1 amino-1- (3 45 dlfluorphenyl)propan -2-ol hydrochloride (612

mg) )i DMF (20 mL) at room terhperature, and the reaction solution was
stirred at room temperature for one hour. Ethyl acetate was added to the

reaction solution, which
A solution of 4 N hydrogen chloride in

dioxane (10 mL) was added to a solution of tert-butyl

[ (1R, 2R) -2-hydroxy-1-(3, 4, 5-
trifluorophenyl)propyl]carbamate (2.85 g) in dioxane
(10 mL) at room temperature, and the reaction solution
was stirred at room temperature for five hours. Hexane
(80 mL) was added to the reaction solution at room
temperature, and the reaction solution was stirred at
room temperature for 20 minutes. The resulting solid
was separated by filtration to obtain (1R,2R)-l1-amino-
1-(3,4,5-trifluorophenyl)propane—2-0l hydrochloride
(2.16 g). DIEA (1.59 mL), WSC (880 mg), and HOBT (620
mg) were added to a solution of (E)-5-chloro-2-{1-[3-
fluoro-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]lmethylidene}valeric acid trifluoroacetate
(1.00 g) and (1R,2R)-1l-amino-1-(3,4,5-
trifluorophenyl)propan-2-o0l hydrochloride (664 mg) in
DMEF (25 mL) at room temperature, and the reaction
solution was stirred at room temperature for one hour.
Ethyl acetate was added to the reaction solution, which

was then sequentially washed with saturated sodium
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was then sequentially washed with saturated sodium 10 bicarbonate
water, water, a saturated ammonium chloride solution, and brine. The
resulting organic layer was dried over magnesium sulfate and then
concentrated under reduced pressure. The resulting solid was washed
with heptane to obtain (E)-5-chioro-284-[3-fluoro-4 15
(4-methyl-IH-imidazoi-1-yl)phenyilmethylidene}valeric acid

[(IRSRY-PE3 2L UGB BRenyIR RS hydroxypropyRamitiedfgramgy chloride
(Eg-ﬁ-ggioé%-z-%fa[g- gu9r0é4-(4]{§eth%e-lH-. i(ljaZOi-l- anic layer was
yi &eny]l]me’thyl enefvarllerl'c aci T(l ,iﬂ 1EL(I\J.%Q[4 309 Y
difluerophenyi-ZrRygrexyprapyilamide(97{mghwas disselwed in BMF
(25 mL). 60% sodium hydride (95 mg) was added to the reaction solution

atrodar tereperatutep amssthe seactidresolatiorn. was stisretliat reem washed
temperature for 30 minutes. Water was added to the 25 reaction solution,

fofioWRd PSRFECtbA VAEthyl Seefate ChHE FesTftinglextract WA died

oV, ium, sulfat then t r e ssure.
T B g by dica Ser 355 Colme Shromaiog ey 212
(cagrier: Chramatorex NiY;eldtign- solvent: ethyl acetate-methanol

system), solidified with ethyl acetate and heptane, and separated by
filration to obiaie 740 hiny obtheltittelcsmpadund. The-5 pidperfy-valdes of 2-
th{e compound are gs foIIQI\{lv(;s.thESilll\l/lgi , I/nz é%G[(l;/ll‘J_rﬂ.

'HNMR(CDE L33 (ppr Y imidaz

1.30(dHz8-OH73E} 1 4L 96(m.AR).2- 31430 AizedtR ) —2-hydroxy-
1-(3,4,5-trifluorophenyl)propyllamide (1.10 g) was
dissolved in DMF (25 mL). 60% sodium hydride (104 mg)
was added to the reaction solution at room temperature,
and the reaction solution was stirred at room
temperature for one hour. Ethyl acetate was added to
the reaction solution, which was then sequentially
washed with saturated sodium bicarbonate water, water,
a saturated ammonium chloride solution, and brine. The
resulting organic layer was dried over magnesium
sulfate and then concentrated under reduced pressure.
The residue was purified by silica gel column
chromatography (carrier: Chromatorex NH; elution
solvent: heptane-ethyl acetate system -> ethyl acetate-
methanol system), solidified with ethyl acetate and
heptane, and separated by filtration to obtain 780 mg
of the title compound. The property values of the
compound are as follows.

ESI-MS;m/z 474[M" +H].
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2.68-2.85(m,3H),3.19-3.28(m,1H),3.47-3.56(m,IH),4.43 10
4.52(m,IH),5.36(d,J=8.0Hz,IH),6.99(s,IH),7.10-
7.18(m,2H),7.21-7.29(m,3H),7.36(dd,J=8.4,7.6Hz,1H),
7.75(brs,1H),7.80(brs,1H). 0335] The compounds in Tabies 3-1, 3-2, and
3-3 15 were obtained in the same rnagner. 293 [Table 3-1] 0 F '~N,E,
Nu- N }, 5 Example DATA: MS m/z Notes Optically 8 7 *~ M+ +H : 4 08
active 45 5 dempodaRE Optically M++H 4 0 8 active 88* : (E S )

ST EOEals 10 A S OB oy . o,
2.73 (brd,J=6.4Hz,1H),2.77-2.85(m, 2H),
3.27(ddd,J=12.4,7.2,4.0Hz,1H),3.54(ddd,J=12.4,8.0,4.0Hz
,1H),4.43-4.53(m,1H),5.28(d,J=7.6Hz,1H),6.99-
7.02(m,1H),7.04-7.12(m,2H),7.23-7.31(m, 2H),
7.38(dd,J=8.0,8.0Hz,1H),7.75-7.77(m,1H),7.80-
7.83(m,1H).

[0334]
Example 86

Synthesis of (E)-1-[(1R,2R)-1-(3,4-difluorophenyl)-2-

hydroxypropyl]-3—-{1-[3-fluoro-4—-(4-methyl-1H-imidazol-

l-y1l)phenyl]lmethylidene}piperidin—-2-one

[Formula 90]

A solution of 4 N hydrogen chloride in ethyl
acetate (10 mL) was added to a solution of tert-butyl
[ (1R, 2R)-1-(3,4-difluorophenyl)-2-
hydroxypropyl]carbamate (960 mg) in methanol (10 mL) at
room temperature, and the reaction solution was stirred
at room temperature for 30 minutes. The reaction
solution was concentrated under reduced pressure to
obtain (1R, 2R)-1l-amino-1-(3,4-difluorophenyl)propan—2-

ol hydrochloride (747 mg). DIEA (1.59 mL), WSC (880
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7 optically active F compound 91 M +H 45 6 (separation column /(E S
[) AD-H: retention time 24 minuts) 1 5 Optically active FM +H 4
compound 9 2 5 6 (separation column (E S I) AD-H: retention time 29
minute) HO, Optically active compound : 9 3 ~~ M +H 44 6 (aepara trap
column * (E S 1) AD-H: retention time18.0 minuts) HO Optically active M+

+H 446 compound 94éseparation column (E S 1) AD-a: retention 20
tifig)34 mititdPOH Optcalljcactiver F coissting® 9% SRi-H guieia (E) -

SRS s SEemuty. O CRICH el AL
y1l)phenyl]lmethylidene}valeric acid trifluoroacetate
(1.00 g) and (1R,2R)-1l-amino-1-(3,4-
difluorophenyl)propan—-2-o0l hydrochloride (612 mg) in
DMEF (20 mL) at room temperature, and the reaction
solution was stirred at room temperature for one hour.
Ethyl acetate was added to the reaction solution, which
was then sequentially washed with saturated sodium
bicarbonate water, water, a saturated ammonium chloride
solution, and brine. The resulting organic layer was
dried over magnesium sulfate and then concentrated
under reduced pressure. The resulting solid was washed
with heptane to obtain (E)-5-chloro-2-{1-[3-fluoro-4-
(4-methyl-1H-imidazol-1-yl)phenyl]methylidene}valeric
acid [(1R,2R)-1-(3,4-difluorophenyl)-2-
hydroxypropyl]amide (977 mg) . (E)-5-chloro—-2-{1-[3-
fluoro-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]lmethylidene}valeric acid [(1R,2R)-1-(3,4-
difluorophenyl)—-2-hydroxypropyl]lamide (977 mg) was
dissolved in DMF (25 mL). 60% sodium hydride (95 mqg)
was added to the reaction solution at room temperature,
and the reaction solution was stirred at room
temperature for 30 minutes. Water was added to the
reaction solution, followed by extraction with ethyl
acetate. The resulting extract was dried over
magnesium sulfate and then concentrated under reduced

pressure. The residue was purified by silica gel
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time 61 minuts) F HO"r Optically 9 7 7 11 alv1 11 '3 J 5 aCLive 25 N Cli
(E51) compound 98 M++H:422 (ES 1) F 294 0336]0 F ,E NY ON{
Example E, DATA: MS in/z Notes F Optically +'Y"N M+ +H : 4 4 1 active
99/F (ESI) compound 100 M++H: 452 active (E S 1) compound F
HoOptically 1 0 1 M++H 48 8 active #(ES 1) compound Ho" F Optically
F M++H 4 7 0 active 102 (ES 1) compound F 0337] [Table 3-3] 0
column chromatography (carrier: Chromatorex NH; elution
solvent: ethyl acetate-methanol system), solidified
with ethyl acetate and heptane, and separated by
filtration to obtain 740 mg of the title compound. The
property values of the compound are as follows.
ESI-MS;m/z 456 [M"+H].
Y H-NMR (CDC15) & (ppm) :
1.30(d,J=6.0Hz,3H),1.74-1.96 (m,2H),2.31(d,J=0.4Hz,3H),
2.68-2.85(m,3H),3.19-3.28(m,1H),3.47-3.56(m,1H),4.43-
4.52(m,1H),5.36(d,J=8.0Hz,1H),6.99(s,1H),7.10-
7.18(m,2H),7.21-7.29(m,3H),7.36(dd,J=8.4,7.6Hz,1H),
7.75(brs,1H),7.80 (brs, 1H) .
[0335]
The compounds in Tables 3-1, 3-2, and 3-3

were obtained in the same manner.
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active 1 0 3 F (E S I) compound Ho" Optically active104'FM+ (E545
2 compound Ho,, Optically 105"'F M++H 4 7 0 active (E S I) compound
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F 295 0338] Example 106 Synthesis of
(2)-(6S,8aR)-3-{1-[3-methoxy-4-(4-methyi-
1H-imidazoi-1-yi)benzylidene]-6-(3,4,5-

tr

FF OMeOH O NH

yhtetrahydropyrroio[2,1-c][1,4]oxazin-4- 5 one [Formula 91] F

Example E, DATA: MS m/z Notes
+ ‘ Optically
g 7 . M'+H:408| active
F (EST) compound
Optically
F + .
88 */'\@/ M'+H: 408 active
(EST)
compound
F .
Optically
+ .
89 *J\© M*+H:408| _irive
(EST) compound
(0] Opticall
90 MY'+H:436| ooy
% active
(EST1)
F compound
OH Optically active
+ . compound
91 * F M +H:456 (separation column
(E SI ) AD~H: retention
il time 24 minuts)
.OH Optically active
. + . compound
92 * F M'+H:456 (separation column
(ESI ) AD-H: retention
time 28 minuts)
E
HO, Opticaléy active
. + . compoun
93 M"+H:446 (separation column
* (EST) AD-H: retention
time 8.0 minuts)
HO, Optically active
+ N compound
94 - M +H:446 (separation column
* (ESI) AD-H: retention
time 34 minuts)
., OH Optically active
"\, F + . compound
95 * M +H:474 (separation column
F (E ST ) AD-H: retention
£ time 53 minuts)
‘\/OH Optically active
2 F + . compound
96 * M'+H:474 (separation column
E (E S1I ) AD-H: retention
E time 61 minuts)
HO, ;
g Optically
97 PN M*4+H:455| Lorive
N I cl (EST) compound
+ .
98 . M"'+H:422
(ESTI)
E




0339] Synthesis of ethyl (2R,5S)-5-(3,4,5- trifluorophenyi)
pyrrolidine-2-carboxylate To a solution of (R)-5-oxopyrrolidine-1,2 10
dicarboxylic acid 1-tert-butyl ester 2-ethyl ester (CAS No. 128811-48-3;
4.1 g) in tetrahydrofuran (100 mL), 3,4,5-trifluorophenyimagnesium
bromide (0.35 M solution in diethyl 2¢heer; 55 mL) was added dropwise at
-40C over 20 minutes, and the reaction solution was stirred 15 at -40C for
fildA8Grs. Saturated aqueous ammonium chloride and ethyl acetate
were added to the solution. The reaction solution was heated to room
temperature, and the organic layer was se ara,ged. The resulting organic

layer was washed with brine, dried
and then concentrated 296

purified by

silica gel column ¢

acetate = 1:1) to obtain 4.8 g of ethyl

Nhydrous magnesium sulfate,

matography (heptane -> heptane:ethyl

(R-2gyt utoxycar@?nyiamino-B-3xgﬁ43,ﬂ§@{z Notes
trifitorophanynpentancate. A solufion of 4 N iydroghioric acid in efnyl
adetate (30 mL) fvas added to a splution of the resutif@ EHyPRYY2-tert-
butoxyearbonyidminos-oxo-5-(3,4, 81 triflilibrophényi p@@%ﬁ@&te Jnethyl
adetate (30 mL), 10~8ndt the solutign wadsfrred for L5 10UrS, The
re@ction sojution wgs concentrated under reduced pressure. EThyl acetate
and saturated sodiuifi bicarbonate water were added {Fthe f8didde, and
the 1 ¢ o : M*+H:452| active
i (ES 1) compound
HO.. Optically
F tive
' M*+H: 4 88| 2€
101 . (ES 1) compound
Ho, F Optically
F . tive
M*f+H:470]| &c
102 ¥ /(QF (EST) compound
[0337]
[Table 3-3]
(0]
F. x N Eq
N;J
Example E, DATA: MS w/z Notes
F Optically
XN MT+H:441 active
1031 * 1 i (EST) compound
HOI@\ Optically
; M*+H: 452 | active
104 . (EST) compound
HO.. Optically
. ,
1@ M*+H:470| active
105 i . (ES 1) compound
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organic layer was separated. The resulting organic 15 layer was dried
over anhydrous magnesium sulfate and then concentrated under reduced
pressure. 10% palladium-carbon (100 mg) was added to a solution of the
residue in ethyl acetate (50 mL), and the reaction solution was stirred in a
hydrogen stream at 1 atm for 20 six2saurs. The reaction solution was
filtered through celite, and the filtrate was concentrated under reduced
pre$atfel to obtain 2.91 g of the title compound. The property value of the
c%m qu%iiﬁ follows. ESI-MS;m/z 274[M +H]. 25 [0340] Synthesis of
[( ﬁ,%%cﬁ- -(3,4,5- trifiuorophenyi)pyrrolidine-2-y3]methanoi LAH (483 mg)
was agdded fa assolution-qlethylb287 3— (1- [3-methoxy—4- (4-methyl-
(2R,55)-5-(3,4,5-trifiuorophenyi)pyrrolidine-2- carboxylate (2.91 g) in THE
(50 minatd5¢ everydné drouy L Tve reaction €dlutiom-was stirred at -15C

thgnrgixture was stirred at room temperature for 30 minutes. The reaction
sotution was filtered through celite, and the filtrate was concentrated
undeyredueed pressure to obtain 2.4 g of 10 the title compound. The
property values of the compound are as follows. ESI-MS;m/z 232[M"+H].
'H-NMR(CDC13)5(ppm): F

[0339]

Synthesis of ethyl (2R,5S)-5-(3,4,5-

trifluorophenyl)pyrrolidine-2-carboxylate

To a solution of (R)-5-oxopyrrolidine-1,2-
dicarboxylic acid l-tert-butyl ester 2-ethyl ester (CAS
No. 128811-48-3; 4.1 g) in tetrahydrofuran (100 mL),
3,4,5-trifluorophenylmagnesium bromide (0.35 M solution
in diethyl ether; 55 mL) was added dropwise at -40°C
over 20 minutes, and the reaction solution was stirred
at —-40°C for five hours. Saturated agqueous ammonium
chloride and ethyl acetate were added to the solution.
The reaction solution was heated to room temperature,
and the organic layer was separated. The resulting
organic layer was washed with brine, dried over

anhydrous magnesium sulfate, and then concentrated
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1.51-1.63(m,1H),1.66-1.77(m, 1H),1.89-2.00(m,1H),2.10 15
2.20(m,1H),3.43(dd,J=10.0,5.6Hz,1H),3.47-
3.55(m,1H),3.64(dd,J=10.0,3.6Hz,1H),4.23(t,J=8.0Hz,1H),
7.02(t,J=8.0Hz,2H). [0341] Synthesis of
(2)-(6S,8aR)-3-{1-[3-methoxy-4-(4-methyi- 20
1H-imidazoi-1-yi)benzylidene]-6-(3,4,5

trifilB FopheRYHtetAnyE fobsoTo2, 1L EIEL Aoxagitca-oife BRE Hig 6FtheY
tltle om oun(iwag %%%inegrgognto r h erta —>,

[(iﬁ%éﬁ- ?1? ,§-trljﬁuorop%enyllslpyrrgllcﬁﬁe}é- &E )}Ei}]merfﬁanoi as a starting
maderial i the same fpanngrasinExample 43 Thepraperty; valses of he
compound are as follows. ESI-MS;m/z 470[M"+H] 298

'HERMRECBC L3)3{ppmy.carbonylamino-5-oxo-5- (3,4, 5-
1.71-1.82(m,IH ,1.92-1.98(m,1H),2.10-2.20(m,2H%,, 2.30(s,3H),
2%@g§hg&ﬁﬁg'g%%%igg&ﬁﬁﬁgate. A solution of 4°N

ﬁl-’ &éP %?1%9?@’%:c%'a'z’H%')ét%‘g;?é‘]afgfn%'}é’)%Hl’?@@r(ﬁ’)l Yas added to

A(dd.J28.2H7.6.4Hz,2H).6.93-6.94
7 216 I58Kg ) £.37he 41 68:2H) ih 2 @I 2H R, 1H) - {@342] Example

107 Synthesis of (6S,9aR)-6-(4-chiorophenyi)-3-{I-[3- 10
methoxyv4-44-prathyleiriinidazelxey Hphengl]-$2)-
methvigeneinexanydropyriaolz,Lelit floxazn d-one, [Femua§2lel
and the solution was stirred for 15 hours. The
reaction solution was concentrated under reduced
pressure. Ethyl acetate and saturated sodium
bicarbonate water were added to the residue, and the
organic layer was separated. The resulting organic
layer was dried over anhydrous magnesium sulfate and
then concentrated under reduced pressure. 10%
palladium—-carbon (100 mg) was added to a solution of
the residue in ethyl acetate (50 mL), and the reaction
solution was stirred in a hydrogen stream at 1 atm for
six hours. The reaction solution was filtered through
celite, and the filtrate was concentrated under reduced
pressure to obtain 2.91 g of the title compound. The
property value of the compound is as follows.
ESI-MS;m/z 274[M" +H].
[0340]

Synthesis of [(2R,5S)-5-(3,4,5-

trifluorophenyl)pyrrolidine—-2-yl]lmethanol

LAH (483 mg) was added to a solution of ethyl
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00 H ~~\\N H H Synthesis of methyl (2R,6S)-6-(4- chiorophenyi)
piperidine-2-carboxylate To a solution of 1-tert-butyl (R)-6 15
oxopiperidine-1,2-dicarboxylate (CAS N0.183890-36-0, 9.00 g) in THE
(220 ml), 4-chiorophenyimagnesium bromide (1.0 M solution in diethyl
ether, 42 ml) was added in a nitrogenatmosphere at -78C over 20
minutes. The reaction solution was stirred at -78C to -40C for 20 1.5

hd@rg; and tiven( auéncﬁm—éHrWﬁHa%la@m%éd/éwémeﬁaim%hi%—ride

solution at 4OC adde the_re n solut oIIowed b
extragflon w@h ethy? acet Sé edgé%ult?ngf)ex twas gor%, over - She

magnesiunrsulfate andithegn concentrated under reducedn pressere.cthe 19
residue was purified by silica gel column chromatography (elution solvent:

héptane-ethyia&eeatatedsystern) to ebtailmetlyi (R)2vtértoxide solution
butoxgcarbonylamlno -6-(4-chioro ghen?gl) -6-oxohexanoate (9.53 g). A

sdifition BFAN ﬁ?@ro‘@%ﬁ‘?ﬂﬁloﬁde in"BthyIIRF ScetaE (@0 A Was addisio”

lutiop ¢ OJ{E%IHV' ﬁ butgxy 1?2[\% ?né’%%m?é sGa-chigropheny:; §

0
ohexanoate (9.53 g) in et yl'acetate 90 at room temperature, an
thﬁd@acwm@wa@nw%siwexba&nmﬁmé@mpenat@re:t@aéelr&ur%ometlon

reaction solution 15 was concentrated under reduced pressure, and the
was filtered through celite, and the filtrate was
concentrated under reduced pressure to obtain 2.4 g of
the title compound. The property values of the
compound are as follows.
ESI-MS;m/z 232[M" +H].
'H-NMR (CDC13) & (ppm) :
1.51-1.63(m,1H),1.66-1.77(m,1H),1.89-2.00(m,1H),2.10-
2.20(m,1H),3.43(dd,J=10.0,5.6Hz,1H),3.47-
3.55(m,1H),3.64(dd,J=10.0,3.6Hz,1H),4.23(t,J=8.0Hz,1H),
7.02(t,J=8.0Hz,2H).
[0341]

Synthesis of (Z)-(6S,8aR)-3-{1-[3-methoxy—-4—-(4-methyl-

1H-imidazol-1-yl)benzylidene]-6-(3,4,5—-

trifluorophenyl)tetrahydropyrrolo[2,1-c][1l,4]oxazin—-4-

one

521 mg of the title compound was obtained
from [(2R,5S)-5-(3,4,5-trifluorophenyl)pyrrolidine-2-
yl]methanol as a starting material in the same manner
as in Example 41. The property values of the compound

are as follows.

ESI-MS;m/z 470[M'+H].
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residue was made basic with a saturated sodium bicarbonate solution.
Then, chloroform was added to the residue, and the mixture was stirred
at room temperature for two hours. The organic layer was 20 separated,
dried over magnesium sulfate, and then concentrated under reduced
pressure. Sodium cyanoborohydridex(8.29 g) and then acetic acid (4.27
ml) were added to a solution of the residue in methanol (150 ml) at 0C,
and th¥?d&dtfohr $81URBR Was stirred 25 at OC for one hour and at room

te rature for one, hour. A satyrated ium hicarbopate solution was
adde t_orlthgegr%%(:%?){r% égfu %ﬁ,ﬁb (?V\%d%by e’%&%&? 'v?/i?h?%hcl%% form. The
resuling-exieact wasries aver300s magnesium sulfate angd then
concentrated under reduced pressure. The residue was purified by silica
gél. talumnlehrometbdraphy {ElutidH splveht: veplarve-etiwl latetdte 75 (s, 1
system) and solidified with a heptane 5 diisc\y)ropyi ether system to obtain

2.175)7'96 oﬁtﬁédtﬁl'eJﬁém%%Ené."? p?&de’rﬁr A06s 8étﬂﬁ'édqrﬁpound are as
follows. ESI-MS:m/z 254[M #H]., 'H- (ppm): 10,
AL B0 3L L 30 T8 1051108 3 031 2,08 72 1
2.18¢mdh),2.17(brs,IH),3.49(dd,J=10.8,2.8Hz,IH),3.63(d
d,J=11.2,2.8Hz,IH),3.73(s,3H),7.25-7.34(m,4H). [0343] Synthesis of
[(BR#8B®)16>(4-¢Miorophenyi)piperidin-2- 15 yljmethanoi

Synthesis of (6S,9aR)-6-(4-chlorophenyl)-3-{1-[3-

methoxy—-4—(4-methyl-1H-imidazol-1-y1l)phenyl]—-(2) -

methylidene}hexahydropyrido[2,1-c][1,4]oxazin-4-one

[Formula 92]

Cl

o H
s AN N
o
N/\N
7

Synthesis of methyl (2R,6S)-6—-(4-

chlorophenyl)piperidine—-2—-carboxylate

To a solution of l-tert-butyl (R)-6-
oxopiperidine-1,2-dicarboxylate (CAS No.183890-36-0,
9.00 g) in THF (120 ml), 4-chlorophenylmagnesium
bromide (1.0 M solution in diethyl ether, 42 ml) was
added in a nitrogen atmosphere at -78°C over 20 minutes.
The reaction solution was stirred at -78°C to -40°C for

1.5 hours, and then gquenched with a saturated ammonium



10

15

20

25

Lithium aluminum hydride (508 mg) was suspended in THE (50 mL) in a
nitrogen atmosphere. Methyl (2R,6S)-6-(4-chiorophenyi)piperidine-2-
carboxylate (2.47 g) was added to the suspension at 20 20C, and the
reaction solution was stirred at -20C for one hour. Water (0.51 ml),a5 N
sodium hydroxide solution (0.51 mb},9and water (1.53 ml) were
sequentially added to the reaction solution at -20C, and the reaction

sGING6F AR stirredtdtTBoit25 tEmperatliR-foF 1&3%@%%66&% dcetate
was added to th actlon olﬁton 'I('j{w% the Eeactlon solutlonhwa%h

fll‘tcereatihrougﬁ tel%rrlldt rate wa conceﬁatrattearllm"&éﬁec?uceﬁl

pressure: dhe f@ﬁ@uﬁé%%sl§Q%gp@ﬁlt?§a@‘c5|%%9@%@am8ver
chromatography (carrier: Chromatorex NH; elution solvent: heptane-ethyl

acetates systenyuo obtaindnd0 ghafithe titte eompouad. Theepgropertyced
value of the comgou nd is as follows. 5 ESI-MS;m/z 226[M +H] [0344]

SYRMBEISTST (65.94R)E6-f4-ChRdrdpertafiRd Py silica gel
-4- I- I
ggl é %%E¥8ropg%§§[2 T C}%QE %nyzla] @*}ent Stane ?t hyl

methyli en exany 1,4]oxazin-4-one 10 199 mg o

titte-e@mpeunrg wasmobtainedptrain methyl (R)-2-tert-
[(2R,6S)-6-(4-chiorophenyi)piperidin-2-yllmethanoi (270 mg) in the same
manher s ar BkRampiend0 OTthe (fopérty valvles of tHe eompobad arease

foIIows ESI-MS;m/z 464[M +H]. 15 'H-NMR(CDC13) 1& ppm);
(9.53 g). A solution N hydrogen ‘chloride in ethyl

acetate (90 ml) was added to a solution of methyl (R)-
2-tert-butoxycarbonylamino—-6-(4-chlorophenyl)-6-
oxohexanoate (9.53 g) in ethyl acetate (90 ml) at room
temperature, and the reaction solution was stirred at
room temperature for 12 hours. The reaction solution
was concentrated under reduced pressure, and the
residue was made basic with a saturated sodium
bicarbonate solution. Then, chloroform was added to
the residue, and the mixture was stirred at room
temperature for two hours. The organic layer was
separated, dried over magnesium sulfate, and then
concentrated under reduced pressure. Sodium
cyanoborohydride (3.29 g) and then acetic acid (4.27
ml) were added to a solution of the residue in methanol
(150 ml) at 0°C, and the reaction solution was stirred
at 0°C for one hour and at room temperature for one
hour. A saturated sodium bicarbonate solution was
added to the reaction solution, followed by extraction

with chloroform. The resulting extract was dried over
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1.39-1.54(m,2H),1.66-1.77(m,2H),2.14-2.25(m,2H),
2.30(s,3H),3.86(s,3H),4.03-4.13(m,2H),
4.35(dd,J=10.4,2.4Hz,1H),5.37(t,J=4.0Hz,1H),
6.83(s,IH),6.93(s,IH),7.20-7.23(m,3H),7.30 20
7.33(m,2H),7.36-7.40(m,2H),7.73(s3k). [0345] Example 108 Synthesis of
(6R,9aR)-3-{I-[3-methoxy-4-(4-methyl-IH-
inmagﬂﬁggympﬁyﬁﬂq§§¢ﬁgﬁym§9ﬂﬂqpagggﬁQ@ted under reduced
trifiuorophenyi)tetrahydro[1,4]oxazino[3,4- cll1,4]Joxazin-4-ane 302
FORGRORF FE G OB O N S e 2o
(SeBrhenzyiexymetyimamholin3one Bromoacend chioside/506-mk) 1
was added to a mixed solution of (R)-(+)-2-amino-3-benzyloxy-1-
propanai (& 0sy)sh¢oluene {160 mild iandeal 2vN sbdiminh & hyarexide
solution (100 mL) under ice-cooling. The reaction solution was stirred at

0€ P30 TiRMtes At Thety &160C Tt 6 Rodr. Thé redcfidn S8ifition =1
WasHSIRgd tofpamiemperatyre, el atelueng- ik pound are as

follows.

ESI-MS;m/z 254[M" +H].

Y H-NMR (CDC15) & (ppm) :
1.38-1.60(m,3H),1.72-1.78(m,1H),1.96-2.03(m,1H),2.05-
2.12(m,1H),2.17(brs,1H),3.49(dd,J=10.8,2.8Hz,1H),3.63(d
d,J=11.2,2.8Hz,1H),3.73(s,3H),7.25-7.34 (m, 4H) .

[0343]

Synthesis of [(2R,6S)-6-(4-chlorophenyl)piperidin—-2-

yl]lmethanol

Lithium aluminum hydride (508 mg) was
suspended in THF (50 mL) in a nitrogen atmosphere.
Methyl (2R,6S)-6-(4-chlorophenyl)piperidine-2-
carboxylate (2.47 g) was added to the suspension at -
20°C, and the reaction solution was stirred at -20°C for
one hour. Water (0.51 ml), a 5 N sodium hydroxide
solution (0.51 ml), and water (1.53 ml) were
sequentially added to the reaction solution at -20°C,
and the reaction solution was stirred at room
temperature for 15 minutes. Ethyl acetate was added to
the reaction solution. Then, the reaction solution was
filtered through celite, and the filtrate was

concentrated under reduced pressure. The residue was
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(1:1) mixed solution was added to the reaction 10 solution, and the
organic layer was separated. The resulting organic layer was dried over
anhydrous magnesium sulfate and then concentrated under reduced
pressure. The residue was purified by silica gel column chromatography
(elution solvent: heptane-ethyl 15 agetate system) to obtain 1.36 g of the
titte compound. The property values of the compound are as follows.

FPNRHf&ﬁﬁC?SﬁRB&ﬁ?a gel column chromatography (carrier:
3.42(t,J=9.2Hz,IH 54 9252HzIH3 J=12

06, ‘ﬁ“z T 36%5#?? H); %&fﬁ =P18% Hﬁk\é&diai‘ﬁd%lyl acetate
J516:8Hz, %%&qgnl@ 87, ) 4e53(82H)i6.29(Sdpound.  The
H),7.28-7.40(m,SH). 303 0346] Synthesis of tert-butyl
(P=3benzyioxymethyp5- bxemorpholined}-carbaxylatel T (1.72 mL),
4-dimeth Iamlno d|n %89 5 mg), and di-tert-butyl dicarbonate (2.02 g)
were" atided! t6 }(S) 5-benzyioxymethyimorpholin-3-one (1.36
g) |613a4:4a€on|tnle (25 mL) The reaction solution was stirred at room
temperature for two hours. Then, brine and ethyl acetate were added to
they 3 rrRaction splution, and the organic leyepwiassepprgedl The-
resulting organic layer was dried over anhydrous magnesium sulfate and
tHeatdoneenttatethusderréduded pressine ~They tasidhee whs plifified by

silica gel. column chromatography (elutlon solvent: heptane- ethyl 15
aBSEY ASERT 1S GBI LRy b fi Ll < “=='_toxa21n— -one

199 mg of the title compound was obtained

from [(2R,6S)-6-(4-chlorophenyl)piperidin-2-yl]methanol
(270 mg) in the same manner as in Example 40. The
property values of the compound are as follows.
ESI-MS;m/z 464 [M" +H].

' H-NMR (CDC15) & (ppm) :
1.39-1.54(m,2H),1.66-1.77(m,2H),2.14-2.25(m, 2H),
2.30(s,3H),3.86(s,3H),4.03-4.13(m, 2H),
4.35(dd,J=10.4,2.4Hz,1H),5.37(t,J=4.0Hz, 1H),
6.83(s,1H),6.93(s,1H),7.20-7.23(m,3H),7.30-
7.33(m,2H),7.36-7.40(m,2H),7.73(s,1H) .

[0345]

Example 108

Synthesis of (6R,9%9aR)-3-{1-[3-methoxy—-4-(4-methyl-1H-

imidazol-1-y1l)phenyl]—-(Z2)-methylidene}-6-(3,4,5-

trifluorophenyl)tetrahydro[l,4]oxazino[3, 4—

c][1l,4]oxazin—-4-one
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The property values of the compound are as follows.
'H-NMR(CDC13)5(ppm): 1.50(s,9H),3.57(dd,J=8. 8, 4.8Hz,IH),3.68-
3.75(m,2H),4.08-4.28(m,4H),4.53(d,J=12.0Hz,IH), 20
4.58(d,J=12.0Hz,1H),7.25-7.36(m,5H). [0347] Synthesis of tert-butyl
{(S)-1-benzyioxymethyi-2-[2- ox0-2€84,5-trifiuorophenyi)ethoxy]
ethyi}carbamate To a suspension of magnesium (249 mg) in 25 diethyl
etheP {5319, £-btomo-3,4,5-trifiuorobenzene (446 L) was added dropwise
at 40C over 10 minutes, and the reaction solution was stirred at 40C for
one hour. This solutlon was added dropwise to a solution of tert 304 butyl
(S)-3- benzyloxymethyl- >OXOMP phollne -4- carboxylate (1.1 g) in
tetrahydrofuran (30 mlg [ over 10 minutes, and the reaction
solution was stlrred at-40C|for one hour. A saturated ammonium chloride
5 sokatfon w3 : s{ution in small portions at -40C, and the
reaction sqlution was returneddo room temperature. Ethyl acetate was
added fo the reaction solution, and the organic layer was separated. The
respiting organic layer was washed with brine, and then 10 dried over
anhydrous magnesium sulfate and concentrated under reduced pressure.
The residue was purified by silica gel column chromatography
(Heptadeethy| adetafe systeenyzto lobtainegSpyrgafihe tifla contpetind.

The property values of the comggimd aorle as follo6ws L15 dded t
'H- NMR(CDCl%)rS?BBI%fe vyl oride . mL) was adde o a

mixed solution of (R)-(+)-2-amino-3-benzyloxy-1-

)

propanol (10 g) in toluene (100 mL) and a 2 N sodium
hydroxide solution (100 mL) under ice-cooling. The
reaction solution was stirred at 0°C for 30 minutes and
then at 60°C for one hour. The reaction solution was
returned to room temperature. Then, a toluene-THF
(1:1) mixed solution was added to the reaction
solution, and the organic layer was separated. The
resulting organic layer was dried over anhydrous
magnesium sulfate and then concentrated under reduced
pressure. The residue was purified by silica gel
column chromatography (elution solvent: heptane-ethyl
acetate system) to obtain 1.36 g of the title compound.
The property values of the compound are as follows.

' H-NMR (CDC15) & (ppm) :
3.42(t,J=9.2Hz,1H),3.54(dd,J=9.2,5.2Hz,1H),3.62(dd,J=12
.0,6.0Hz,1H),3.75(m,1H),3.86(dd,J=12.0,4.0Hz,1H),4.12(d
,J=16.8Hz,1H),4.18(d,J=16.8Hz,1H),4.53(s,2H),6.29 (brs, 1

H),7.28-7.40(m, 5H) .
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1.43(s,9H),3.54(dd,J=9.2,6.0Hz,IH),3.61-3.71(m,3H),
3.96(m,IH),4.51(s,2H),4.61(s,2H),5.02(m,IH),7.21-
7.35(m,SH),7.50-7.62(m,2H). [0348] 20 Synthesis of [(3S,5R)-5-(3,4,5-
trifiuorophenyi)morpholine-3-y3]Jmethanoi A solution of 4 N hydrochloric
acid in ethyl acetate (30 mL) was aglded to a solution of tert-butyl
{(S)-I-benzyioxymethyi-2-[2-0x0-2-(3,4,5 25
trifitérdphenyi)ethoxylethyi}carbamate (3.55 g) in ethyI acetate (30 mL) at
][ogm Icelmgeratur The regcgori souti mperature
O Ore 110U a i
pallagiurygeshan containing S0P water, 167 mo) was added to a
solution of the resulting residue in methanol (50 mL), and the reaction
solution was stifietl inla hydrdgen atrtbsphereydtroonefemperatge (6828
5 hours. Palladium-carbon in the reaction solution was removed by

flllﬁ%ﬁlon 22Kl thenttRs fitkate Was! toREENTAEE uhdel ?edﬂce‘ﬂed?%sé‘t%ed
Asaturated sodim chad(*%ﬁ”%eﬁé’h%g[‘o%l}ﬂn%%{ﬁ G h‘é!?ﬁre addgd fo
the resulting residue, and the organic fayer 10 was separat e organic
layer, wias yyashedawith drinex The resulting, prganie ayes a\ta_sldﬂed over
anhydrous magnesium sulfate and then concentrated under reduced
pressutel Thevresideiewas gudfied bysilicangelcotvma chfomatograshye s
(elution solvent: heptane 15 ethgl acetate system) to obtaltn 1. 52 g of the

U$§en, brine and eth cetate were added

reaction solution, and the organic layer was separated.

The resulting organic layer was dried over anhydrous
magnesium sulfate and then concentrated under reduced
pressure. The residue was purified by silica gel
column chromatography (elution solvent: heptane-ethyl
acetate system) to obtain 1.65 g of the title compound.
The property values of the compound are as follows.

' H-NMR (CDC15) & (ppm) :
1.50(s,9H),3.57(dd,J=8.8,4.8Hz,1H),3.68-
3.75(m,2H),4.08-4.28(m,4H),4.53(d,J=12.0Hz,1H),
4.58(d,JdJ=12.0Hz,1H),7.25-7.36(m, 5H) .

[0347]

Synthesis of tert-butyl {(S)-l-benzyloxymethyl-2-[2-

oxo—-2—(3,4,5-trifluorophenyl)ethoxylethyl}carbamate

To a suspension of magnesium (249 mg) in
diethyl ether (5 mL), l-bromo-3,4,5-trifluorobenzene
(446 UL) was added dropwise at 40°C over 10 minutes, and
the reaction solution was stirred at 40°C for one hour.

This solution was added dropwise to a solution of tert-
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compound. The property values of the compound are as follows.
'H-NMR(CDC13)5(ppm): 3.13-3.22(m,2H),3.34(dd,J=10.8,10.4Hz,1H),

20 3.53(dd,J=10.8,6.4Hz,IH),3.67(dd,J=10.8,4.0Hz,IH),3.77(
dd,J=10.8,3.2Hz,IH),3.85(dd,J=10.8,3.2Hz,IH),3.96(dd,J=
10.4,3.2Hz,1H),7.02-7.25(m,2H). [340] Synthesis of
(6R,9aR)-3-{I-[3-methoxy-4-(4-methyl-IH- 25

infB&2di- 1) pReRAREY Metyrddnel-a (s rorpholine—4-
trifiuorophenyitetrahydro[l,4Joxazingo[3,4- c][1.4]oxazin-4-qne The title , ,
c&%ﬁ%ﬁ%ﬁ?f‘(l m i/\/?asc‘[[czbt(%urﬁe%ef%r%1?5.‘\6%{:(5 KRS s0mc
(B SR) 1% (3 mitrilsorophenyhmorehelings3- Wimethanai (259 m@)iPreqd
the same manner as in Example 40. The property values of the
cernpodnd@réas follewso5ESI-MSymaiz486]kI+Hhmonium chloride
'H-NMR(CDC13)5(ppm): , , ,

2 231$181H73.4628 55(MAH), 3%64(88 957612 Al Zlipy) small portions at
3'—8g’§]$§,H)ﬁ'ﬁg&éhéa(%%lé%’%éo(@o%ﬂ)cion was returned to room
4.36(dd,J=2.4,10.4Hz,H ,4.74(ad,J:4.4,7.2Hz,IH ,6.77(s 10
Jﬁ@ﬁ%@i@%&ﬁ@ii9@ﬁh930&8bﬁate was added to the reaction
7.19(d,J=8.8Hz,IH),7.31-7.34(m,2H),7.70(d,J=0.8Hz,1H). [0350] Example
169 Syhithesis e (GR;9aR 6434 difllorophengd-3sff3resed. The
methox -4-(4-methy|-|H-imidazol-l-yl)phenXIi-(gZ)-

resulfting organic layer was was with brine, and then
dried over anhydrous magnesium sulfate and concentrated
under reduced pressure. The residue was purified by
silica gel column chromatography (heptane—-ethyl acetate
system) to obtain 952 mg of the title compound. The
property values of the compound are as follows.

'H-NMR (CDC13) & (ppm) :
1.43(s,9H),3.54(dd,J=9.2,6.0Hz,1H),3.61-3.71(m,3H),
3.96(m,1H),4.51(s,2H),4.61(s,2H),5.02(m,1H),7.21-
7.35(m,5H),7.50-7.62(m, 2H) .

[0348]

Synthesis of [(3S,5R)-5-(3,4,5-

trifluorophenyl)morpholine-3-yl]lmethanol

A solution of 4 N hydrochloric acid in ethyl
acetate (30 mL) was added to a solution of tert-butyl
{(S)-1-benzyloxymethyl-2-[2-0ox0-2-(3,4,5-
trifluorophenyl)ethoxyl]ethyl}carbamate (3.55 g) in
ethyl acetate (30 mL) at room temperature. The
reaction solution was stirred at room temperature for

one hour and then concentrated under reduced pressure.
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methylidene}tetrahydro[1,4]oxazino[3,4-c][1,4]oxazin-4- one [Formula 94]
FF OH O\NINAN/O" O H 185 mg of the title compound was obtained
from [(3S,5R)-5-(3,4-difiuorophenyi)morpholine-3 20 yllmethanoi (338 mg)
in the same manner as in Example 108. The property values of the
compound are as 307 follows. ESI-MS;m/z 468[M +H].
'H-NMR(CDC13)5(ppm):

2 Dots BRI}, 33B(HA IS 1 20T LRI IR 68@RI=1276 /x5 167 mg) was

MO T T O e 1

7 RMAD 7. 380/ .34, 20T - 19(8, L) (035}, Banpled0Q stirred

Synthesis of (6R,9aR)-6-(4-fluorophenyl)-3-{1-[3-

methexyr4-4-ogethylelHriosidazol el -yipheryl]-(Zymperature for 18

metyigeneliayeroll dloxazinol3 el Aoxazin4; one fFomula 5]

F
removed by filtration, and then the filtrate was
concentrated under reduced pressure. A saturated
sodium bicarbonate solution and ethyl acetate were
added to the resulting residue, and the organic layer
was separated. The organic layer was washed with
brine. The resulting organic layer was dried over
anhydrous magnesium sulfate and then concentrated under
reduced pressure. The residue was purified by silica
gel column chromatography (elution solvent: heptane-
ethyl acetate system) to obtain 1.52 g of the title
compound. The property values of the compound are as
follows.
' H-NMR (CDC15) & (ppm) :
3.13-3.22(m,2H),3.34(dd,J=10.8,10.4Hz, 1H),
3.53(dd,J=10.8,6.4Hz,1H),3.67(dd,J=10.8,4.0Hz,1H),3.77(
dad, J=10.8,3.2Hz,1H),3.85(dd,J=10.8,3.2Hz,1H),3.96 (dd, Jd=
10.4,3.2Hz,1H),7.02-7.25(m, 2H) .
[0349]

Synthesis of (6R,9aR)-3-{1-[3-methoxy-4-(4-methyl-1H-

imidazol-1-y1l)phenyl]—-(Z2)-methylidene}-6-(3,4,5-

trifluorophenyl)tetrahydro[l,4]loxazino[3, 4—

c][1l,4]oxazin—-4-one

The title compound (110 mg) was obtained from
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4 85¢d,

OH OI\NH 0352] 15 242 mg of the title compound was obtained from
[(3S,5R)-5-(4-fluorophenyl)morpholine-3- ylimethanol (311 mg) in the

same manner as in Example 108. The property values of the compound

are as follows. 20 ESI-MS;m/z 450[M +H]. 'H-NMR(CDC13)5(ppm): 308
2.29(s,3H),3.55(dd,J=11.6,11.6Hz,IKl),8.72(dd,J=12.0,
7.6Hz, IH§ ,3.83(s,3H),4.02-4.21(m,3H),4.30-4.36(m,2H),

R7 65¢(§|3Iz AHD 6. 79(s 1 6RA eI ) morpholine-3-

g QI:Z Ji%g 8H21 7.30- 5734m4H 770%%2[. le
xamf):ie 1 yrﬁﬁ sis of Qaﬁy% ?\fcﬁlorop enyl)- ﬁ 3P
n@@lox)’"f‘ﬂlé"' wreipylrlEbimidazaizl-yispheildfdpt@nd are as
methylidene]tetrahydro[1,4]oxadino[3,4-c]oxadine-4-one [Formula 96] CI
OFHLIOGWN NANNIC"'C
ESI-MS;m/z 486 [M" +H].
'H-NMR (CDC13) & (ppm) :
2.28(s,3H),3.46-3.55(m,1H),3.64(dd,J=7.6,12.4Hz,1H),
3.83(s,3H),4.06-4.26(m,3H),4.30(m,1H),
4.36(dd,J=2.4,10.4Hz,1H),4.74(dd,J=4.4,7.2Hz,1H),6.77 (s
,1H),6.91(brs,1H),6.95-6.99 (m, 2H),
7.19(d,J=8.8Hz,1H),7.31-7.34(m,2H),7.70(d,J=0.8Hz, 1H) .
[0350]
Example 109

Synthesis of (6R,9aR)-6-(3,4-difluorophenyl)-3-{1-[3-

methoxy—-4—(4-methyl-1H-imidazol-1-y1l)phenyl]—-(2) -

methylidene}tetrahydro[l,4]oxazino[3,4-c][1l,4]oxazin-4-

one

[Formula 94]

H
0 AN N
0 0

185 mg of the title compound was obtained
from [(3S,5R)-5-(3,4-difluorophenyl)morpholine-3-
yl]methanol (338 mg) in the same manner as in Example

108. The property values of the compound are as
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“-~H [[0354] The title compound (357mg) was obtained from [(3S,5R)-
5-(4-chiorophenyi)morpholine-3-yljmethanoi(470mg) in the same manner
as in Example 108. The property values 15 of the compound are as
follows. ESI-MS;m/z 466[M"+H]. 'H-NMR(CDC13)5(ppm):
2.29(s,3H),2.52(t,J=11.2Hz,IH),3.68{dd,J=12.4,8.0Hz,IH)
,3.83(s,3H),4.04(dd,J=11.2,4.4Hz,IH),4.09-4.20(m,2H), 20

4 9614.36m,2H),4.81(dd,J=7.6,4.4Hz,IH),6.78(s,IH),

6 AH).7.19(d,J=8.4Hz,1H),7.23-7.34(m,6H), 309 7.70(s,1H). 0355]
Tﬁge& %J%eh';p’e’nﬁnzve%%g?ﬁ)e? ormed the following tests in order to exhibit
utility efithe-eempound gf,5 the general formula (1) of the present
invention. [0356] Test Example 1 Quantification of AR peptide in culture
oBnelrons diom Fabfetusibrail 1041) Ral Prmaly néuronhadidulturé2 .0, 7.2
Prim%}euronal cultures were prepared from the cerebral cortex of

effbrydhic day 185wistdr rats’ {Chares Rivét Japan, YokdHdfaZJdpan).
et vt e A el e
immesed, in@n, icexoldrL b medium 7. 70 (s, 1H) .

[0351]

Example 110

Synthesis of (6R,9aR)-6-(4-fluorophenyl)-3-{1-[3-

methoxy—-4—(4-methyl-1H-imidazol-1-y1l)phenyl]—-(2) -

methylidene}tetrahydro[l,4]oxazino[3,4-c][1l,4]oxazin-4-

one

[Formula 95]

H
DORe
N O\/A\/O
%
[0352]

242 mg of the title compound was obtained
from [(3S,5R)-5-(4-fluorophenyl)morpholine-3-
yl]methanol (311 mg) in the same manner as in Example
108. The property values of the compound are as
follows.

ESI-MS;m/z 450[M"+H].

Y H-NMR (CDC15) & (ppm) :
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(Invitrogen Corp. Cat #11415-064, Carlsbad, CA, USA, or SIGMA L1518,
for example). The cerebral cortex was collected from the isolated brain
under a stereoscopic 20 microscope. The cerebral cortex fragments
collected were enzymatically treated in an enzyme solution containing
0.25% trypsin (Invitrogen Corp. Cat#15050- 065, Carlsbad, CA, USA) and
0.01% DNase (Sigma D5025, St. Louis, MO, USA) at 37C for 30 minutes
to?dispeize 2D the -cels IFere, the en2ymatié rédttion was Stopped by°
adding inactiva orse serum tq the sglution.,The £ mati I treated
sglutglgn Oaa% degr?t(:?f%éed 35?5,’;%08 %pr% fglrfjf%vé ?n-ll% dte r?gre‘frj‘nggeﬁh Sﬁt)
superpatant. 5t0,31Q | ofig naediumawvas added 1q the psulting cell
mass. Neurobasai medium (Invitrogen Corp. Cat #21103-049, Carlsbad,
CA, USA) Supplerdénted wWith(2%7B27 Stipplement - Givitrogen Corp. Cat
#17504-044, Carlsbad CA, USA), 5 25 AIM 2-mercaptoethanoi (2-ME,
WAKGE @at%bd%@als é)gaka Japan), 0.5 mM L-giutamine (Invitrogen
Copp, Cat #25030-081, Carlsbad, CA, USA), and Antibiotics- Antimycotics
(Invitrogen Corp. Cat #15240-062, Carlsbad, CA, USA) was used as the
medinp 18 (Neurobasai/B27/2-ME). However, the above Neurobasai
medium not supplemented with 2-ME (Neurobasai/B27) was used for the
assayt Theicells eré RedigBersed W wild opipetingyof the céll mass to
WhICh the medldm was added The cell dlspersmn as flltered through a

Lﬂ@@ﬂ?ﬁfﬁ@ﬁgméé%%§hy&r9§f94?5@98Y%o 3,4-cloxadine—4-one

[Formula 96]

C

[0354]

The title compound (357mg) was obtained from [ (3S,5R)-
5-(4-chlorophenyl)morpholine-3-yl]lmethanol (470mg) in
the same manner as in Example 108. The property values
of the compound are as follows.

ESI-MS;m/z 466 [M" +H].
' H-NMR (CDC15) & (ppm) :
2.29(s,3H),2.52(t,J=11.2Hz,1H),3.68(dd,J=12.4,8.0Hz, 1H)

,3.83(s,3H),4.04(dd,J=11.2,4.4Hz,1H),4.09-4.20(m, 2H),
4.26-4.36(m,2H),4.81(dd,J=7.6,4.4Hz,1H),6.78(s,1H),

6.91(s,1H),7.19(d,J=8.4Hz,1H),7.23-7.34(m, 6H),
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the remaining cell mass, and thus a neuronai cell suspension was
obtained. The neuronai cell suspension was diluted with the medium and
then plated in a volume 20 of 100 I/well at an initial cell density of 5 x 105
cells/cm2 in a 96-well polystyrene culture plate pre- coated with posy-L or
D-lysine (Falcon Cat #35-3075, Begton Dickinson Labware, Franklin

Lakes, NJ, USA coated with posy-L-lysine using the method shown

belowl £50rlBIOCOATTM cell environments Poly-D-lysine cell ware

9%3\[‘% late, Cat #35-6461, Becton Dickinson Labware, Franklin Lakes,
NJ, . Poly-L-lysine coating was carried out as follows. 100 g/ml of a
posy-L-lysine 34ie(S/GMA F2686y Shilouis, MOF ISASOMHONAWAS owing
aseptically prepared with a 0.15 M borate buffer (pH 8.5). 100 l/well of the
stletiors was addeertotthe 96k welltpolystyreng cuftukeplateapd mcubated
at room 5 temperature for one or more hours or at 4C overnight or longer.
Thé 2odferd6 el Palystyrené kuftlire pratd> Wi WasHed Fith 'stérile

w Berrg% r or more times, and then dried or rinsed with, for example,

sterile PBS or medium, and used for cell plating. The plated cells 10 were
culred ik the-auwture plate at 37C in 5% 002-950 air for one day. Then,
the total amount of the medium was replaced with a fresh
NeursbabalTM/BTIR-ME Mediemt iairl thendhé celis wefe ealredsof rom

further three days. 15 [0357] (2) Addition of compound
rat fetus brain

(1) Rat primary neuronal culture

Primary neuronal cultures were prepared from
the cerebral cortex of embryonic day 18 Wistar rats
(Charles River Japan, Yokohama, Japan). Specifically,
the embryos were aseptically removed from pregnant rats
under ether anesthesia. The brain was isolated from
the embryo and immersed in an ice-cold L-15 medium
(Invitrogen Corp. Cat #11415-064, Carlsbad, CA, USA, or
SIGMA L1518, for example). The cerebral cortex was
collected from the isolated brain under a stereoscopic
microscope. The cerebral cortex fragments collected
were enzymatically treated in an enzyme solution
containing 0.25% trypsin (Invitrogen Corp. Cat #15050-
065, Carlsbad, CA, USA) and 0.01% DNase (Sigma D5025,
St. Louis, MO, USA) at 37°C for 30 minutes to disperse
the cells. Here, the enzymatic reaction was stopped by
adding inactivated horse serum to the solution. The
enzymatically treated solution was centrifuged at 1,500

rpm for five minutes to remove the supernatant. 5 to
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The drug was added to the culture plate on Day 4 of culture as follows.
The total amount of the medium was removed from the wells, and 180
I/well of 20 Neurobasai medium not containing 2-ME and containing 2%
B-27 (Neurobasai/B27) was added thereto. A solution of the test
compound in dimethyi suifoxide (hepaipafter abbreviated as DMSO) was
diluted with Neurobasai/B27 so that the initial concentration was at |0-fold

oflthe™5 fifal € oReeRtrati o 20ARFEIPofthie tdlitiss fiast aBded fd-angass -

sufficiently mixed with the medium. The_final DMSO co ratio S
1yieélrrl(é£§és(3ély égnwzrg%né{& ed %eﬁ}}e%gjoﬁrbl é)‘fjlc%up. %5@%\5?3)
Sampling dhe cells weye cultupsd fordhreedaysaftes sagditiors ghtheement
compound, and the total amount of the 5 medium was collected. The
resuitingtmedieim Grasrusedads ah BlASACsemplea The lsampl€ vastiat) ,
diluted for ELISA measurement of AV-42 and diluted to 5-fold with a

difurer'Suppiidt GRR ePELRCKit for BESARiEastrémEnTsr AV Hol 10
[0359] (4) Exaluation %f.%e"@?’JP{“—’%‘&%‘L%‘M’Q’&{ Wﬁiecvﬁ%%%%d byan  c.¢

MTT assay according to th owing procedure. After collecting t

medis 010G Hwelt of a prewvarored medium was Inhaddadtoi the wells.
Further, 8 I/well of a solution of 8 mg/ml of MTT (SIGMA M2128, St.
LA IMO; USApin(Invitrogen Corp. Cat #15240-062,

Carlsbad, CA, USA) was used as the medium
(Neurobasal/B27/2-ME). However, the above Neurobasal
medium not supplemented with 2-ME (Neurobasal/B27) was
used for the assay. The cells were redispersed by mild
pipetting of the cell mass to which the medium was
added. The cell dispersion was filtered through a 40-
Um nylon mesh (Cell Strainer, Cat #35-2340, Becton
Dickinson Labware, Franklin Lakes, NJ, USA) to remove
the remaining cell mass, and thus a neuronal cell
suspension was obtained. The neuronal cell suspension
was diluted with the medium and then plated in a volume
of 100 pul/well at an initial cell density of 5 x 10°
cells/cm® in a 96-well polystyrene culture plate pre-
coated with poly-L or D-lysine (Falcon Cat #35-3075,
Becton Dickinson Labware, Franklin Lakes, NJ, USA
coated with poly-L-lysine using the method shown below,
or BIOCOAT™ cell environments Poly-D-lysine cell ware
96-well plate, Cat #35-6461, Becton Dickinson Labware,
Franklin Lakes, NJ, USA). Poly-L-lysine coating was

carried out as follows. 100 Mg/ml of a poly-L-lysine
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D-PBS(-) (Duibecco's phosphate buffered Saline, SIGMA D8537, St.
Louis, MO, USA) was added to the wells. The 96-well polystyrene culture
plate was incubated in an 20 incubator at 37C in 5% 002-950 air for 20
minutes. 100 l/well of an MTT iysis buffer was added thereto, and MTT
formazan crystals were sufficiently dissolved in the buffer in the incubator
at 37C in 5% 002-950 air. Then, the absorbance at 550 nm in each well
was P& heB<éret: TRE MTPRisTs biffer Was prepsaked B8t folidws. 100 g

of SDS (sodium dodecyi sulfate.(sodium, iayryj sulfate), WAK

G AL s AR Wl GsBved i s et T
okN#N' 3131 dimethylfermamide-(WAKES 045-92936.<Osalke Japan) witho s —
250 mL of distilled water. 350 | each of concentrated hydrochloric acid

ame tdnecentreded aeetic acitdtwere furtier addedio ¢t gdletion to atiow

the solution to 5 have a final pH of about 4.7. Upon measurement, wells

h&ARg Foeis Spiafdd 8¢ cORtaffnG oRfthe réditim and MY TSBiiibh ©F
wer asb r The me I ere.r ctive
oo JoTowiag Tornc inciicing Lo SLBNactng R0 s o
thess Thushthe propertian: againsy theeontsel group (@euphohdreatethd
with the drug, CTRL) (% of CTRL) was calculated to compare and
evdlgatedsalleslirvivalractivitiésy of CTRECx (AB50Uskmpieterile PBS or
A550_bkg)/(A550_CTRL -ol?:kggeﬁ x 100 (A550 samgie: absorbance at

586 HinteF sahpletver I17plating.— The plated cells

were cultured in the culture plate at 37°C in 5% C0,-95%
air for one day. Then, the total amount of the medium
was replaced with a fresh Neurobasal™/B27/2-ME medium,
and then the cells were cultured for further three
days.

[0357]

(2) Addition of compound

The drug was added to the culture plate on
Day 4 of culture as follows. The total amount of the
medium was removed from the wells, and 180 pul/well of
Neurobasal medium not containing 2-ME and containing 2%
B-27 (Neurobasal/B27) was added thereto. A solution of
the test compound in dimethyl sulfoxide (hereinafter
abbreviated as DMSO) was diluted with Neurobasal/B27 so
that the initial concentration was at 10-fold of the
final concentration. 20 Ml/well of the dilution was
added to and sufficiently mixed with the medium. The
final DMSO concentration was 1% or less. Only DMSO was

added to the control group.
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A550_bkg: absorbance at 550 nm of background well, A550 CTRL:
absorbance at 550 nm of control group well) [0360] 20 (5) A ELISA For
AR ELISA, Human/Rat R Amyioid (42) ELISA Kit Wako (#290-62601) and
Human/Rat R Amyioid (40) ELISA Kit Wako (#294-62501) from Wako
Pure Chemical Industries, Ltd., or Humman Amyioid beta (1-42) Assay 25
Kit (#27711) and Human Amyioid beta (1-40) Assay Kit (#27713) from
ImiéR8IBiological Laboratories, Co., Ltd. (IBL Co., Ltd.) were used. AR
EITZLlﬁA was %rrriled out according to the protocols recommended by the
314 'm s (methods described in the attached documents).
However, the Aff,ealibration gurve was realgd using: heta-amyiid after
peptide 1-42, rat and beta- amyioid peptide 1-40, rat (Caibiochem,
#EAIBI6L ARAY], Bl ZABASJARM013 10861]e(6) Resultsiiheresalts ates
shown in Tabies 4-1, 4-2 and 4-3 as percentage to the AR concentration

e THEGILAT 10FtRE CBfitrol drotip (965 CTRY) 815" fraple 3-TPTést>®
Com %99@%%‘% for reduging ARA2 production. 1GE0 (M Exappler s
77 Example 2 18
measurement of APx—-42 and diluted to 5-fold with a
diluent supplied with an ELISA kit for ELISA

measurement of ABx-40.

[0359]
(4) Evaluation of cell survival

Cell survival was evaluated by an MTT assay
according to the following procedure. After collecting

the medium, 100 pl/well of a pre-warmed medium was
added to the wells. Further, 8 ul/well of a solution
of 8 mg/ml of MIT (SIGMA M2128, St. Louis, MO, USA) in
D-PBS (-) (Dulbecco's phosphate buffered Saline, SIGMA
D8537, St. Louis, MO, USA) was added to the wells. The
96-well polystyrene culture plate was incubated in an
incubator at 37°C in 5% C0,-95% air for 20 minutes. 100
nul/well of an MTT lysis buffer was added thereto, and
MTT formazan crystals were sufficiently dissolved in
the buffer in the incubator at 37°C in 5% C0,-95% air.
Then, the absorbance at 550 nm in each well was
measured. The MTIT lysis buffer was prepared as
follows. 100 g of SDS (sodium dodecyl sulfate (sodium
lauryl sulfate), WAKO 191-07145, Osaka, Japan) was

dissolved in a mixed solution of 250 mL of N,N'-
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Example 3 41 Example 4 69 Example 5125 Example 6 156 Example 7
76 Example 8 113 Example 9 60 Example 10 84 Example 12 101
Example 13 129 Example 14 146 Example 16 201 Example 18 183
Example 19 54 Example 20 82 Example 21 195 Example 22 30
Example 23 130 Example 24 36 Exanple 25 141 Example 26 6
Example 27 5 Example 28 16 316 0362%gable 4-2] Test Compound
ABHE oY rdRICTIrARE 2 PFBdctioh® 1856 HiM) Bxakiple 29237) with

250 mL of distilled water. 350 Wl each of concentrated
hydrochloric acid and concentrated acetic acid were
further added to the solution to allow the solution to
have a final pH of about 4.7.

Upon measurement, wells having no cells
plated and containing only the medium and MTT solution
were set as background (bkg). The measured values were
respectively applied to the following formula including
subtracting bkg values from them. Thus, the proportion
against the control group (group not treated with the
drug, CTRL) (% of CTRL) was calculated to compare and
evaluate cell survival activities.

% of CTRL = (A550_sample - A550_bkg)/ (A550_CTRL - bkg)
X 100

(A550_sample: absorbance at 550 nm of sample well,
A550_bkg: absorbance at 550 nm of background well,
A550_CTRL: absorbance at 550 nm of control group well)
[0360]

(5) AE ELTSA

For AP ELISA, Human/Rat P Amyloid (42) ELISA
Kit Wako (#290-62601) and Human/Rat B Amyloid (40)
ELISA Kit Wako (#294-62501) from Wako Pure Chemical
Industries, Ltd., or Human Amyloid beta (1-42) Assay
Kit (#27711) and Human Amyloid beta (1-40) Assay Kit
(#27713) from Immuno-Biological Laboratories, Co., Ltd.
(IBL Co., Ltd.) were used. AB ELISA was carried out

according to the protocols recommended by the
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Example 30 54 Example 31 31 Example 32 41 Example 33 63 Example
34 23 Example 35 23 Example 36 109 Example 37 20 Example 38 52
Example 39 130 Example 40 100 Example 41 141 Example 51 67
Example 52 86 Example 53 40 Example 54 74 Example 55 111
Example 58 67 Example 60 96 Example 63 103 Example 74 140
Example 75 146 Example 77 141 Example 84 37 Example 85 64
EXampleg6 8YCERarhpRi- Lor 88dERampRe05 8191y attached

documents). However, the AB calibration curve was
created using beta-amyloid peptide 1-42, rat and beta-
amyloid peptide 1-40, rat (Calbiochem, #171596 [AB42],
#171593 [ABso]) .
[0361]
(6) Results

The results are shown in Tables 4-1, 4-2 and
4-3 as percentage to the AP concentration in the medium

of the control group (% of CTRL).



0363] [Table 4-3] Test Compound Activity for reducing Aa42 production
IC50 (nM) Example 107 78 Example 108 60 Example 109 100 Example
111 129 [0364] The results in Tables 4-1, 4-2 and 4-3 confirmed that the
compound of the present invention has an effect of reducing Aa42
production. 5 [0365] Test Example 2 Eifect on amyioid a production in
cerebrospinal fluid, brain, and plasma of rats Animals were moved to a
labbfatéfy dmthle 10 previous day of the start of experiment (Day 0).
Provisional individual numbers were assigned to the tail of animals with

n-oilnen_Their bodv- weiahts were measured—and-allacation-of
Femmortoras pacdorel TS eaher AL ML et A o7
assigned to the ammalts again. A vehicte or sample was forcibty oratly
©rhfdistefedito the rats once a day over three :?\JIQ since the start of
expenmeénrt (Day 1) (b mL/kg). Six hours after thefinal oral administration,
_\Iﬁgg}%alle(D@nippon_ I?h.armallc.:elljltica’l‘ Eo., 20 Ltd., Osaka) was
|Example 2 nstered to the 318 o

Example 5 125

Example 6 156

Example 7 76

Example 8 113

Example 9 60

Example 10 84

Example 12 101

Example 13 129

Example 14 146

Example 16 201

Example 18 183

Example 19 54

Example 20 82

Example 21 195

Example 22 30

Example 23 130

Example 24 36

Example 25 141

Example 26 6

Example 27 5

Example 28 16




rats (50 mg/kg). Under anesthesia, the posterior region of neck was
incised, and a 25G needle was inserted into the cerebellomedullary
cistern to collect about 100 L of cerebrospinai fluid. The collected 5
cerebrospinai fluid was put in a tube containing 1 L of 200 mmoi/L
p-ABSF and preserved in ice in orden® prevent decomposition of AR.
Thereatter, the abdominal cavity was opened, and about 2.5 mL of blood
Wé@ 3é&dliected from the abdominal aorta using a heparin 10 syringe and
e{jved in |% Finally, the rats were decapitated, the brain was
ovecFand Shtly washed with brine, the wet weight of each half of the
braln was then measured and each haIf of the brain was put inal1l5mL

[ube 246 % Adt
‘r%EFes%‘P\Vé?PHﬁfﬂ measurement. The cequarggpmmﬂwd was centrlfuged
LE‘%%% jeooggrpm for five minutes, and then th 3supernatant was
LONIETLIEU WU ITICEasulcc l-\l'( I IIU UIUUU wdsS LUIII.IIIU UU dl. '-I-\./ cll. 0 UUU P
dr fioBdiRufds, and 20 then the plasma was collécted to measure AR
:d&éxﬁ:ﬁbaad AR42 measurement, the cerebrospinai fluid or plasma was
gg\&tg %Zdlluent supplied with an AR measMement kit. 70% formic

ACITU WdaAaS d.UUUU U urg Uldlll LIDDUU Ulglll Uld.lll) L:) dl J. IIIL PEl J.UU ny
\WetaiEdRt) ©f the tissue, and the brain tissue Wds sonicated
rawediately after the | sonication, the mixture was 20-fold diluted with a
)Tgxg}n%/felr@@uffer (pH 12) and neutralized. Th%319

Example 36 109

Example 37 20

Example 38 52

Example 39 130

Example 40 100

Example 41 141

Example 51 67

Example 52 86

Example 53 40

Example 54 74

Example 55 111

Example 58 67

Example 60 96

Example 63 103

Example 74 140

Example 75 146

Example 77 141

Example 84 37

Example 85 64

Example 96 89

Example 101 88

Example 105 61
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20

neutralized liquid was directly used for Aa measurement. Aa was
measured according to the instruction attached to the measurement kit.
Specifically, 100 L 5 each of the diluted cerebrospinal fluid, the diluted
plasma sample, or the original brain liquid before neutralization were
added to a micropiate having Aa40 3and 442 antibodies solid-phased. 100
L each of various concentrations of Aa standard solutions were 10 added
tolthéiitropiate, and reaction was carried out at 4C overnight. The
m clroglflte wa washed with a wash solution supplied with the
asurement kit five times. Then, an HRP-labeled secondary antibody
was added to the mlcroplate and reactlon was carried out at 4C for 15

NE%ﬁ%OERFBHCﬁ\Vé%meS and colored with a EMB 3@1|M'§I0n and the
@ggpl% feaction was stopped by a stop solutloq Then, the absorbance

at ’-K)U T was IIIUd.bUIUU Uy DI"Eb I I'(I'\ IVII'\/\ J.UU \IVIUIULUId.I LU LJCVIbe,

ShsaARlE GAlifornia) USA). The 440 and Aa42° @oncentrations in each
sanplepyerelcalculat >d from the standard curven (0366] Effects of the
ryggﬁgq%S T@ com pound of the general forn‘idég () or
IIdlIIIdbUIUgILd.IIy [= 1% UpLdUIU bdll LIIUIUUI atlondniy LU LIIU pIUbUIIL
invention has an effect of reducing production of Aa42 or the like.

Accordlngly, the 320
[0364]

The results in Tables 4-1, 4-2 and 4-3
confirmed that the compound of the present invention
has an effect of reducing AB42 production.

[0365]
Test Example 2

Effect on amyloid B production in cerebrospinal fluid,

brain, and plasma of rats

Animals were moved to a laboratory on the
previous day of the start of experiment (Day 0).
Provisional individual numbers were assigned to the
tail of animals with an oil pen. Their body weights
were measured, and allocation of treatment was
performed. Thereafter, individual numbers were
assigned to the animals again. A vehicle or sample was
forcibly orally administered to the rats once a day
over three days since the start of experiment (Day 1)
(5 mL/kg). Six hours after the final oral
administration, Nembutal (Dainippon Pharmaceutical Co.,

Ltd., Osaka) was intraperitoneally administered to the
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present invention can particularly provide a therapeutic or prophylactic
agent for a neurodegenerative disease caused by AR such as
Alzheimer's disease or Down's syndrome. 5 Industrial Applicability 0367]
The compound of the general formula (1) of the present invention has an
effect of reducing AR40 and 442 prodgiction, and thus is particularly
useful as 10 a prophylactic or therapeutic agent for a neurodegenerative
disease ¢alsStPBY AR such 4§ TAIZREIfTETSdisease 6r BERR Sydrome.

321 CL%II\/(I)% 1. Ag(om oun(rj1 repre engergdb%thfsfgr@ugd(p: [Isq%r@ula 1]
OS(eagl%lg)(j ARt NON 2 (f) IRRMeora pharmaco?oglcaﬁly acceptable

salhthereafgwhereint(ad Rk R, R3,achiR4 ale he-same, . differenticct

and each represent a hydrogen atom or a C1-6 alkyl group; X1
represents @0C 116 aikyiene groumshereint the €1-6 dlkyienelgreapanay
be substituted with 1 to 3 hydroxyi groups or C1-6 alkyl groups, wherein
tHeSE £26 Ayt BrolupsMag bEstbetituted with 140°3 hfdroxy 109 1 KL

of 100 mmol/L p-ABSF and preserved in ice in order to
prevent decomposition of AP. Thereafter, the abdominal
cavity was opened, and about 2.5 mL of blood was
collected from the abdominal aorta using a heparin
syringe and preserved in ice. Finally, the rats were
decapitated, the brain was removed and lightly washed
with brine, the wet weight of each half of the brain
was then measured, and each half of the brain was put
in a 15 mL tube and frozen with liquid nitrogen. The
removed brain sample was cryopreserved until
measurement. The cerebrospinal fluid was centrifuged
at 4°C at 7,000 rpm for five minutes, and then the
supernatant was collected to measure AP. The blood was
centrifuged at 4°C at 3,000 rpm for five minutes, and
then the plasma was collected to measure AP.

For AB40 and AP42 measurement, the
cerebrospinal fluid or plasma was diluted with a
diluent supplied with an AP measurement kit. 70%
formic acid was added to the brain tissue (right brain)
at 1 mL per 100 mg (wet weight) of the tissue, and the
brain tissue was sonicated. Immediately after the
sonication, the mixture was 20-fold diluted with a 0.9

mol/L Tris buffer (pH 12) and neutralized. The
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groups, or a C3-13 cycioaikyi group formed by two C1-6 alkyl groups
together bonded to the same carbon atom of the C1-6 aikyiene group; Xa
represents a methoxy group or a fluorine atom; Xb represents an oxygen
atom or a methylene group, provided that Xb is only an oxygen atom
when Xa is a methoxy group; and Arl gepresents an aryl group, pyridinyi
group, aryioxy group, or pyridinyioxy group that may be substituted with
1763 ﬁﬁﬁgtslééléé dPoim Bb2e ShibktitieREGFSTp AP (b) Ar1-X1-

csﬁé%ss%n]}%ge%%ﬁ cycioaikyi group condensed with a benzene ring,

erein one methylene group on the C3-8 cycioaikyi group may be

substituted with@n,@xyge8210Me the, €3:3-ay¢igaikyl gradp Maybection
substituted with 1 to 3 hydroxyl groups and/or C1-6 alkyl groups, and the

berizensghiiny maytieesulsstisutedmith 1ktot3 sulsstituerits selected from WL
Substituent Group Al; and R1, R2, R3, R4, Xa, and Xb are as defined in
(2 oRe dF'FeL Hrnd RESNFBRE Bf Rt Ra T the ddifie Of Hiffetent

;%qa% d%g r%%ﬁgﬁt at a pydrogen,,atom o, %ﬁgiﬁlk}ﬁ;ﬁ%%% tg% pifer of

R2 an € other of R3 and R4, together with the carbon atoms

tonwhiehdhey ate raspestively bepded Formna €3ch Kyeiwaikei graumB 40
wherein the C3-8 cycioaikyi group may be substituted with 1 to 3
sabstitddte seldcidftdogs solid-phased. 100 UL each of

various concentrations of AP standard solutions were
added to the microplate, and reaction was carried out
at 4°C overnight. The microplate was washed with a wash
solution supplied with the measurement kit five times.
Then, an HRP-labeled secondary antibody was added to
the microplate, and reaction was carried out at 4°C for
one hour. After this reaction, the microplate was
washed with the same wash solution five times and
colored with a TMB solution, and the coloring reaction
was stopped by a stop solution. Then, the absorbance
at 450 nm was measured by SPECTRA MAX 190 (Molecular
Devices, Sunnyvale, California, USA). The AB40 and APR42
concentrations in each sample were calculated from the
standard curve.

[0366]

Effects of the Invention

The compound of the general formula (I) or
pharmacologically acceptable salt thereof according to
the present invention has an effect of reducing

production of AP42 or the like. Accordingly, the
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Substituent Group Al; and X1, Xa, Xb, and Arl are as defined in (a) or (b);
(d) Arl-X1- and R4, together with the nitrogen atom to which Arl-X1- is
bonded and the carbon atom to which R4 is bonded, form a 4- to
8-membered nitrogen- containing heterocyclic group that may be
substituted with an aryl group or pysielinyi group, wherein one methylene
group on the 4- to 8-membered nitrogen- containing heterocyclic group
ni%lf/%‘iee&*fbs%ﬁm%%ﬂfla GRBtHyferel grotpstibshiuted #ithaL or 2
l])i‘ség_;%enet% sleéected from Su stn;éjent Grou%A% a vinylene group 323
tha be subst(%ute% fﬁw i or 2 substitlents ‘selected from Substituent
Graup-Ah aNRegenatams ok e%[b%nlegl%‘é@p that ipay; besulstituted with
a substituent selected from Substituent Group Al, and the aryl group or
pyidihy greup salilse sabstitutedowith ¢ toy3 dubstiuents selected from
Substituent Group Al; Xb represents an oxygen atom; and R1, R2, R3,
and Xa are as defined in (a) and (b); (e) R1 and R2, together with the
Cc ow nded, form a C3-8 cycioaikyi group;
a%g?%%%%'?aﬂ ><}!;| 9% i,grip re as defined in (a) and (b); or (f) R3
anad g4y together Wlth the carbon atom to which they are bonded, form a
C3-8 cycioaikyi group; and R1, R2, X1, Xa, Xb, and Arl are as defined in
(a) and (b). (SdbstitgemiGroup Alf(1Mehalegen atomho@yala (I) of

the present invention has an effect of reducing AP40
and AP42 production, and thus is particularly useful as
a prophylactic or therapeutic agent for a
neurodegenerative disease caused by AP such as

Alzheimer's disease or Down's syndrome.



hydroxyl group, (3) a cyano group, (4) a C3-8 cycioaikyi group, (5) a C3-8
cycloalkoxy group, (6) a C1-6 alkyl group, wherein the C1-6 alkyl group
may be substituted with 1 to 5 halogen atoms or one to three C1-6
aikoxy groups, (7) an amino group that may be substituted with one or
two C1-6 alkyl groups, wherein the321-6 alkyl groups may be substituted
with 1 to 5 halogen atoms, (8) a C1-6 aikoxy group, wherein the CI- 6
aikoxy group may be substituted With1*4® 5 halogen atoms, and (9) a
carbamoyi group that may be substituted with.one or two C1-6.alkyl_, .
s, whereit 354 S B T G0 e e SUbsHRAl Wit o'
halpgen.atems.) 2. The compound or pharmacologically acceptable salt
thereof according to claim 1, wherein the compound is represented by the
formula (I-a): [Formula 2] PHyMe0 .X1 Art RO R4 (I-ka) NIN:]:3 1R 2R
Me whgrein R', R2, R3, R4j Xi, a (rare as defined in claimI. 3. The

comp y 4tteptable salt thereof according to
claim 1, whe pound R4 (I)
7N 3
N 7% >R
Me

or a pharmacologically acceptable salt thereof, wherein

(a) Rl, RZ, R3, and R? are the same or
different and each represent a hydrogen atom or a Cl-6
alkyl group;

X1 represents a Cl-6 alkylene group, wherein
the Cl1-6 alkylene group may be substituted with 1 to 3
hydroxyl groups or Cl-6 alkyl groups, wherein the Cl-6
alkyl groups may be substituted with 1 to 3 hydroxyl
groups, or a C3-13 cycloalkyl group formed by two Cl-6
alkyl groups together bonded to the same carbon atom of
the Cl-6 alkylene group;

X5 represents a methoxy group or a fluorine
atom;

Xp represents an oxygen atom or a methylene
group, provided that X, is only an oxygen atom when X,
is a methoxy group; and

Ar, represents an aryl group, pyridinyl group,
aryloxy group, or pyridinyloxy group that may be

substituted with 1 to 3 substituents selected from



is represented by the formula (1): [Formula 3] 0 R5 R6 Xa N-"--Arl a aR
(I NN XR1 2R3 R Me wherein R1, R2, R3, R4, Xa, and Xi, are as
defined in claim 1; R5 and R6 are the same or different and each
represent a hydrogen atom or a CI-6 alkyl group, wherein the CI-6 alkyl
group may be substituted with 1 325 2te 3 hydroxyl groups; and Arl-a
represent a phenyl group or pyridinyi group that may be substituted with 1
too3 xtibshitients Séletedflom Substituent Group Al as defined in claim

1. 4. The compound or pharmacologically, acceptabl salttger f
according to cla'%)&‘8 V\r/ﬁe@r?éin tﬁg%rc%nspeo%tnsd ?erea%))rgsechfg %?ej%é/ 1 group

formsidadl-a) [Remmula 4pR2R6 Me@ N drivl-a R llanNRIRIR3 EhdMe
wherein R1, R2, R3, and R" are as defined in claim 1; and R5, R6, and

Adrare asdetimedibr-dainy8loalkyl group may be substituted
with an oxygen atom, the C3-8 cycloalkyl group may be
substituted with 1 to 3 hydroxyl groups and/or Cl-6
alkyl groups, and the benzene ring may be substituted
with 1 to 3 substituents selected from Substituent
Group Al; and Rl, RZ, R3, R4, Xa, and Xp are as defined
in (a);

(c) one of R! and R? and one of R’ and R? are
the same or different and each represent a hydrogen
atom or a Cl-6 alkyl group; the other of R' and R? and
the other of R’ and R%, together with the carbon atoms
to which they are respectively bonded, form a C3-8
cycloalkyl group, wherein the C3-8 cycloalkyl group may
be substituted with 1 to 3 substituents selected from
Substituent Group Al; and X;, X,, X, and Ar; are as
defined in (a) or (b);

(d) Ar;-¥X;—- and R4, together with the nitrogen
atom to which Ar;—-X;- is bonded and the carbon atom to
which R* is bonded, form a 4- to 8-membered nitrogen-
containing heterocyclic group that may be substituted
with an aryl group or pyridinyl group, wherein one
methylene group on the 4- to 8-membered nitrogen-
containing heterocyclic group may be substituted with a
methylene group substituted with 1 or 2 substituents

selected from Substituent Group Al, a vinylene group



5. The compound or pharmacologically acceptable salt thereof according
to claim 3, wherein the compound is represented by the formula (lI-b):
[Formula5]p R5R6 OR F\IN4 Arl-a NN R1 R3 (lI-b) R Me wherein
R1, R2, R3, and R" are as defined in claim 1; and R5, R6, and Arl-a are
as defined in claim 3. 326 6. The campound or pharmacologically
acceptable salt thereof according to claim 3, wherein the compound is

répiéderited bYIhé forpula WS [Eofhuta 6170 HO PR NEREAE A NN O,

R (11 -C). R, Me wherei 1, R2, R3, and R" are as defined in claim 1; R7
s Wt ettty bl s byt g M

inGlaimn3n4. Fhe GempeyRd Q5 phaemacelogically ageceptable, salt thereof

according to claim 3, wherein the compound is represented by the

fosmiotet (IEdE fEomalla A RS RBn Substituent Group Al, and the
aryl group or pyridinyl group may be substituted with 1
to 3 substituents selected from Substituent Group Al; Xp

2, R3, and X, are as

represents an oxygen atom; and Rl, R
defined in (a) and (b);

(e) R! and RZ, together with the carbon atom
to which they are bonded, form a C3-8 cycloalkyl group;
and R3, R4, X1, Xi, Xy, and Ar; are as defined in (a) and
(b); or

(f) R’ and R4, together with the carbon atom
to which they are bonded, form a C3-8 cycloalkyl group;
and Rl, RZ, X1, Xi, Xy, and Ar; are as defined in (a) and
(b) .

(Substituent Group Al: (1) a halogen atom, (2) a
hydroxyl group, (3) a cyano group, (4) a C3-8
cycloalkyl group, (5) a C3-8 cycloalkoxy group, (6) a
Cl-6 alkyl group, wherein the Cl-6 alkyl group may be
substituted with 1 to 5 halogen atoms or one to three
Cl-6 alkoxy groups, (7) an amino group that may be
substituted with one or two Cl-6 alkyl groups, wherein
the Cl1-6 alkyl groups may be substituted with 1 to 5
halogen atoms, (8) a Cl-6 alkoxy group, wherein the Cl-
6 alkoxy group may be substituted with 1 to 5 halogen
atoms, and (9) a carbamoyl group that may be

substituted with one or two Cl-6 alkyl groups, wherein



-a FINY RNONRL1 3 (11-d) R 2R Me wherein R1, R2, R3, and R" are
as defined in claim 1; and R5, R6, and Arl_a are as defined in claim 3. 8.
The compound or pharmacologically acceptable salt thereof according to
claim 3, wherein the compound is represented by the formula (ll-e): 327
[Formula8] O OF\1~N)~R4 ArlzN NR12R3(ll-e) R Me wherein
R1, R2, R3, and R" are as defined in claim 1; Aria is as defined in claim
3t&fd RY18 a3 defihedliR Uat&int'6 Y9 PEhe BomMpotiHG oF phafacolbgically
acce p(gablg s%lt thst?rgof according to claim 1, wherein the compound is
represe(ﬁed %y%lef rmula (I-b): [Formula 9] R1 *"R14 OY MeO N (I-b)

2. The compound or pharmacologically acceptable
salt thereof according to claim 1, wherein the compound
is represented by the formula (I-a):

[Formula 2]

wherein Rl, RZ, R3, R4, X1, and Ar; are as defined in

claim 1.

3. The compound or pharmacologically acceptable
salt thereof according to claim 1, wherein the compound
is represented by the formula (II):

[Formula 3]

wherein Rl, RZ, R3, R4, Xa, and Xy are as defined in
claim 1; R°> and R® are the same or different and each
represent a hydrogen atom or a Cl-6 alkyl group,

wherein the Cl-6 alkyl group may be substituted with 1



, R R4 NN R1\R3 Me wherein R1, R2, R3, and R" are as defined in claim
1; R13 and R14 are the same or different and each represent a hydrogen
atom or a substituent selected from Substituent Group Al as defined in
claim 1; and Y represents a methylene group or an oxygen atom. 10. The
compound or pharmacologically acgepgable 328 salt thereof according to
claim 9, wherein R13 and R14 are the same or different and each

répfesert hyiige A TABRT a [FAl8gén ator SHE&E €396 akoRY) Yrdp. 0 UP

The compound or pharmacologically acceptable salt thereof according to
claim ]al,/\l/?/he%éllﬁo{hg ESﬁi%o%hglcisn}éﬁre%seen éﬂo Sy ﬁkeufo?r%uwal %I%c)9 £o°3

[Formsta; 010, Ast-s MeQ MM eNBR Zildd-6): Mawherein R 1aand R2

are as defined in claim 1; Arl_, represents a phenyl group or pyridinyi
grbepithatimay beé substituted with 1 to 3 subsitutents which are the
same or different and selected from Substituent Group Al; Z1 represents

a fnethylene grotis of SRy f3Heyrotip iRt AL HE Sebstitdtedamitt R o2

S%gﬂ%n%ﬁgreof according to claim 3, wherein the compound
is represented by the formula (II-a):

[Formula 4]
O RORS
N%AH -a

R
7N F?p(% (II-a)

2, R3, and R? are as defined in claim 1; and

wherein Rl, R
R5, R6, and Ar,_, are as defined in claim 3.

5. The compound or pharmacologically acceptable
salt thereof according to claim 3, wherein the compound

is represented by the formula (II-b):

[Formula 5]

O R°>R®
3 N N%AH -a

R
~N F?P(i%‘* (I1-b)

2

wherein Rl, R4, R3, and R? are as defined in claim 1; and

R5, R6, and Ar,_, are as defined in claim 3.



selected from Substituent Group Al as defined in claim 1, an oxygen
atom, or an imino group that may be substituted with a subsitutent
selected from Substituent Group Al; and n and m are the same or
different and each represent an integer of 0 to 2. 12. The compound or
pharmacologically acceptable salt thegeof according to claim 11, wherein
Z1 represents a methylene group, wherein the methylene group may be
stibstituted with! £®r 2ERRHfENEE WRIEhEIZF afe e dame cr<fifférenble
and selected from the group consisting of a C1-6 alkyl group.and a
hﬁﬁrggyltghgﬁs;orgn Cncgf(i)ﬁ('?%l f’Lnné—:}Tacghorecpgrgslénntg 1. 1%%%§c%£&§unc or ound
pharmagolegieally-acasptable saltthereof aceording to claim 11, wherein
Z1 represents an oxygen atom, and n and m represent an integer of 1.
14 Fivenodmpouind or pharmacologically acceptable salt thereof
according to claim 1, wherein Arl represents an aryl group or pyridinyi
group, or an aryl group or ™ rdinypgfoup substituted with 1 to 3 halogen
atoms. 15. The compound@r pﬂicologicany acceptable salt thereof
according to claim 1, wherdin Arl| represents a phenyl group or pyridinyi
group, o . ; idin Arqgg substituted with 1 to 3

halogen ato : p}fror pharmacologically acceptable salt
therepf-agcording to claimnt; ein the confPeGhd
N>§§] R |q2
Me

2 7

wherein Rl, R4, R3, and R? are as defined in claim 1; R
represents a hydrogen atom or a Cl-6 alkyl group; and
Ar, ., is as defined in claim 3.

7. The compound or pharmacologically acceptable

salt thereof according to claim 3, wherein the compound

is represented by the formula (II-d):

[Formula 7]

O RORS

F N NKAH .
R (1-d)
/7N -
N;% R"Re R
Me

2, R3, and R? are as defined in claim 1; and

wherein Rl, R
R5, R6, and Ar,_, are as defined in claim 3.
8. The compound or pharmacologically acceptable

salt thereof according to claim 3, wherein the compound

is represented by the formula (II-e):



is selected from the following group: 1)
(2)-2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yi)phenyilmethylidene]-4-(3,4,5- trifiuorobenzyl)morpholin-3-one, 2)
(2)-2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yi)phenyilmethylidene]-4-(2,3,4- trifisgrobenzyl)morpholin-3-one, 3)
(2)-(S)-2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-I-

yneﬁhféﬁvﬂ tiylidene]-6-methyl-4-(3,4,5 330
trifiuorobenzyi)morpholin-3-one, 4)
(Z)-(R)-2-[I-[3-methoxy-4-(4H@hlezI-imidazoi-l-
yi)phenyllmethylidene]-6-rG@thyl¥-(3,4,5- trifiuorobenzyi)morpholin-3-one,
4t(4-methyl-IH-imidazoi-I-

yi)phenyi]met X I-4-% A.l‘41-_gifiuorobenzyi)morpholin-3-one,
6) (2)-(R)-2 = yI-IH-imid@joi-l-
4-(2,3,4- trifi ?@aenzyi)morpholin-s-one,

7) (X)-4-[{S)-I-(4-fluorophermigethyl]-2-[I-[3-methoxy-
4-(4-methyl-IH-imidazoi-l-yl)phenyijmethylidene]-6,6-
di ylmorpholin-3-one, 8) (2)-(R)-4-[(S)-I-(4-fluorophenyl)ethyl]-2-[I-[3-
methoxy-4-(4-meth2yI-IH-imidazoi-l-
yiyptersilmethylidéneF6-methyIrRorphatineg-ofef 9ped in claim 1;
I(_ﬁ%—(S)A.—[(S)-I-(4-f|uo,ro henyl)ethyl]-2-[I-[3- - , ,
‘fHo&yﬁ-(&‘-?né%ﬁﬁﬂ _%iagz(ﬁﬁglm 3; and R’ is as defined in
yijphenyilmethylidene]-6-methylmorpholin-3-one,

9. The compound or pharmacologically acceptable
salt thereof according to claim 1, wherein the compound
is represented by the formula (I-b):

[Formula 9]

13 R4
0O Y Y
MeO XN N
4
N O X
N>§§} R2 R3
Me

3, and R? are as defined in claim 1; R®

wherein Rl, RZ, R
and R' are the same or different and each represent a
hydrogen atom or a substituent selected from
Substituent Group Al as defined in claim 1; and Y

represents a methylene group or an oxygen atom.

10. The compound or pharmacologically acceptable



10) (2)-2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yi)phenyilmethylidene]-4-[(S)-I-(3,4,5-
trifluorophenyi)ethyijmorpholin-3-one, 11)
(2)-2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yi)phenyilmethylidene]-4-[(R)-I-(3,4,52 8
trifluorophenyi)ethyijmorpholin-3-one, 12) »
(DH-[(SenFsifian @ICWPQC{F[Bgm*é%WJM 9, wherein R and R

methyl-1H-imidazoi-1-y thylidenel-6,6-
dlme%hylmorpﬁg\mgon%Q%%n%]fg)% WL &L represent a hydrogen

(AS-A-USkehramean-4odk?-[l3-methoxy-4stdcoxy group.
methyl-1H-imidazoi-I-yi)phenyilmethylidene]-6- methyimorpholin-3-one,
14)1(2)-(R)-4-[(Shehromarvdnd]-2-fl- [Bhaetmoxye@l-cally acceptable
methyl-1H-imidazoi-1-yi)phenyilmethylidene]-6- methyimorpholin-3-one,

1§)a(% (éém 6 f@ﬁﬁ&%ﬂ}ﬁ%n§ﬁ 3€€f—?§%étho%§lﬁreln the compound
H
yﬁbe%%ir%h%%%y%yopyndof[ormﬁf’l 4]oxa2|%1 4-one, 16)

(2)7(6RRaS)-6-¢4-fiuorophenyi)-3-{I-[3-methoxy-4- (4-methyl-IH-imidazoi-|
yi)benzylidene]hexahydropyrido[2,1-c][1,4]oxazin-4-one, 17)
(2)-(S)-4-[(S)-I-(6- chloropygiln *ethyl] -2-[I-

[3- nl\zt y -4-(4- methyl -IH mlda 0i-r¢
yip ‘ elet

g)-(s)-4-[( c
-mgthayy-4Xa<methy~
yi)Menyijmethylidene]F8-
(2)-(9-3-[(S)-I-(5-chioropy

Me

in-3-one, 18)
thyi]-2-[l-
imidazpis1 “'C)
Qyimcg}pholin-S-one, 19)
din-2-yi)ethyi]-2-[I-

wherein R' and R? are as defined in claim 1; Ari .
represents a phenyl group or pyridinyl group that may
be substituted with 1 to 3 subsitutents which are the
same or different and selected from Substituent Group
Al; 7, represents a methylene group or vinylene group
that may be substituted with 1 or 2 subsitutents
selected from Substituent Group Al as defined in claim
1, an oxygen atom, or an imino group that may be
substituted with a subsitutent selected from
Substituent Group Al; and n and m are the same or
different and each represent an integer of 0 to 2.

12. The compound or pharmacologically acceptable
salt thereof according to claim 11, wherein 7;
represents a methylene group, wherein the methylene

group may be substituted with 1 or 2 substituents which



[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yi)phenyilmethylidene]-6-methyimorpholin-3-one, 20)
(2)-(S)-4-[(R)-I-(5-chioropyridin-2-yi)ethyi]-2-[l-
[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yi)phenyilmethylidene]-6-methyimoguholin-3-one, 21)
(2)-(S)-4-[(S)-I-(2,6-difiuoropyridin-3-yi)ethyil-
Z%ngﬁgﬁuﬁ@mg@gﬁ“gﬁﬁﬁﬂqﬁﬂ&aﬁﬂg_selected from the group

yi)phenyilmethylidene]-6-methyimorpholin-3-one, .22 .
SR R 6 citaoropyii AR 337 = Frereny szose;
24h[3-methaxyrt-rmethyddH-imidazoi-1-
yi)phenyl]methylidene]-6-methylmorpholin-3-one, 23)
(Zg8(8)-4-[(8)-I-@;S-dj:fh]mopyrdﬁimﬂ-yj)ahyi;}cologically acceptable
2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-I- ,

yi yiREtRyidene 8 AethyInGrphdfini3-drie, PAFTren 21

( é 45 L(23 ﬂ:o yridinz4-yilethyil- and m represent an
ST T ac n copresen
yiphenydmethylidene]-6-methylmorpholin-3-one, 25)
(2)-(9)-4-[(1R,2R)-2-hydroxy-I-(3,4,5-

trifllorophenyl) propyt}2epg3-miethoxpaa@maethybidcally acceptable
imidazoi-l-yi)phenyi]methyli,denel—G-methylmorphoIin-3- ,oneA26)
(23-‘5141-f(lﬁ,@ﬁﬁ%ﬁy@rf&?—lﬁ%ﬁ%- o clafm 1, wherein Ar;

”@@Bgéggﬁwgpgwwgékﬂféf %ﬁ%@giﬁ%ﬂpgqg$ﬁ+grou , or an aryl

imidazoi-1-yi)phenyilmethyliden imethylmorpholin-3-one, 27)

(D={(R) o4 fhuotaphenyi)2-bydroxyethyi2:fed with 1 to 3
[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yphetAmetiyiitiene]-6,6-dimethylmorpholin-3-one,

15. The compound or pharmacologically acceptable
salt thereof according to claim 1, wherein Ar;
represents a phenyl group or pyridinyl group, or a
phenyl group or pyridinyl group substituted with 1 to 3
halogen atoms.

16. The compound or pharmacologically acceptable
salt thereof according to claim 1, wherein the compound
is selected from the following group:

1) (Z2)-2-[1-[3-methoxy—-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene]-4-(3,4,5-
trifluorobenzyl)morpholin-3-one,

2) (Z2)-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]lmethylidene]-4-(2,3,4-
trifluorobenzyl)morpholin-3-one,

3) (Z2)-(S)-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-1-

y1l)phenyl]methylidene]-6-methyl-4-(3,4,5-



28) (2)-(6R)-4-[(1R,2R)-2-hydroxy-I-(3,4,5-
trifluorophenyl)propyl]-2-[I-[3-methoxy-4-(4-methyl-IH-
imidazoi-1-yi)phenyilmethylidene]-6-methylmorpholin-3- one, 29)
(2)-4-[(IR,2R)-2-hydroxy-I-(3,4,5-
trifluorophenyl)propyl]-2-[I-[3-methogg-@-(4-methyl-IH-
imidazoi-1-yi)phenyi] methylidene]morpholin-3-one, 30)

(DH4-(IR 2RYPE3 2vdiflSropReAyi 23 —one,
hydroxypropyi]-2[I-[3-methoxy-4-(4-methyl-IH-imidazoi.333. .
1-%/)pi¢é%§i]%itﬁ§/ﬁ pdeLice é?éa%ﬁ%ﬁetkﬁ‘ﬁg‘lmldazol‘l‘
(Z)1(SpreliN 2R HA fivarophenyi)@athy1-4- (3, 4, 5-
hydroxypropyi]-2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-
1ypphéngimethylidenel<c-pletiyimobplwolin-3-one, 32)
(2)-4-[(IR,2R)-I-(4-fiuorophenyi)-2-hydroxypropyil- o
2-%l[3%éfh i/-—zi?-(4lh—efﬁmﬁtiﬂﬁa%(z—o‘h-(4—methyl—1H—lmldazol—1—

yi ' i -6,6-dimethyi lin;3-one, 33)
(gﬁ@g{%@gﬁ)&fﬁ%? lf?&o%pﬁer%{gp TERs, ¥
hydroxyprepyit2n-3-meshexs4-(4-methyklH-imidazoi-
1-yi)phenyilmethylidene]-6-methyimorpholin-3-one, 34)
(D)4-[(R,2R¥1-(3 aldifucrophehyi¥2=4- (4-methyl-1H-imidazol-1-

hydroxypropyi]-2-[I-[3-methoxy-4-(methylimidazoi-|-
R AREREL b S Sthy T O3 e 45

@Qz@ﬂal@kﬁé}ygﬁf%ts 143435me,
trifiuorophenyi)ethyi]-2-[1-[3-methoxy-4-(4-methyl-IH-

imiglazai) -yiyphenyimethylitienet-6emethyimerphplin-32-ones 88} methoxy -
(2)-(6S)-2-[I-[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yiyphehyilfriethylidehe]-Bifetyla- ()@Y L Imethylidene] -6, 6~

dimethylmorpholin-3-one,

8) (Z)-(R)—-4-[(S)-1-(4-fluorophenyl)ethyl]-2-[1-[3-
methoxy—-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6-methylmorpholin-3-one,

9) (Z2)-(S)-4-[(S)-1-(4-fluorophenyl)ethyl]-2-[1-[3-
methoxy-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6-methylmorpholin-3-one,

10) (Z)-2-[1-[3-methoxy—-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene]-4-[(S)-1-(3,4,5-
trifluorophenyl)ethyl]morpholin-3-one,

11) (Z)-2-[1-[3-methoxy—-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene]-4-[(R)-1-(3,4,5-
trifluorophenyl)ethyl]morpholin-3-one,

12) (Z2)-4-[(S)-chroman-4-yl]-2-[1-[3-methoxy—-4-(4-
methyl-1H-imidazol-1-yl)phenyl]methylidene]-6,6-

dimethylmorpholin-3-one,



trifiuorophenyi)ethyilmorpholin-3-one, 37)
(2)-(6S)-4-[I-(4-fiuorophenyi)-l-methylethyi]-2-[I-
[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yi)phenyilmethylidene]-6-methyimorpholin-3-one, 38)
(2)-(6S)-4-[I-(4-fiuorophenyi)cycioprapyil-2-[I-[3-
methoxy-4-(4-methyl-IH-imidazoi-I-
yifphen{fimetiylidené] 8 methyrRerphoiiv-Blore, [39)l 3S-methoxy—4-(4-
(2)-(6S,9aR)-3-{I-[3-methoxy-4-(4-methyl-IH- .

A 2 e MGenaT o o S g methyl idene] -

trifiseraphesyphexahydsopyido[2,1-c][1,4]oxazin-4- one, 40)
(2)-(6S,9aR)-6-(3,4-difluorophenyi)-3-{I-[3-
methoxyz4-(4ethylilSimidazoidan-4-y1] -2-[1-[3-methoxy-4- (4-

yi)benzylidenelhexahydropyrido[2,1-c][1,4]oxazin-4-one, 41)
(2)46819aR 642 6%ifiGdropyrdihe i BLig t hy Lidene ] =6~

:4-(4-methyl-IHsimidazoi-I-
yi é&rﬁ%ﬁﬁéﬁéﬁégghny;%g&ﬁ%do[z,1-c][1,4]oxazin-4-one, 42)
(Q)A8)-tzl(S)bE-Huarppyridin-Z-yethyf2=py1) -3- {1- [3-methoxy-4-
[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yiJphemstirethylidlenej-6arethylmorpholin-3-one, 43)
(Z)-(S)-4-[(SiL-I,- 2-chloropyridin-4-yl)ethyl]-2-[I- ,
[3%%éﬁﬁﬁ@¥_t_ﬁ%ﬁ&%gﬁem¥85(§¥;1do[ ,1-c][1,4]oxazin-4-one,

yi)phenyilmethylidenel-6zmethylmorphglin-3-0n6,_44); 1 _ 13 _met hoxv—4—
o) F chiato Suoropsmi 491 (3-mechoxy -4

yiYethyid-2H{- [3-methaxydd-(4meathyl-IH-imidazoi-I-
yi)phenyilmethylidene]-6-methylmorpholin-3-one, 45) '
Q@kgpgpﬁg}peggqﬂmﬁﬁéﬁWQﬁﬁpwﬁyﬁﬁ%?,1—c][1,4]oxa21n—4—one,

2ls[3-methoxysa-(-methyliHmidazoll- i 4in-3-y1)ethyl]-2-[1-
[3-methoxy-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene]-6-methylmorpholin-3-one,
18) (Z2)-(S)-4-[(R)-1-(6-chloropyridin-3-yl)ethyl]-2-[1-
[3-methoxy-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6-methylmorpholin-3-one,
19) (Z2)-(S)-4-[(S)-1-(5-chloropyridin-2-yl)ethyl]-2-[1-
[3—-methoxy-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6-methylmorpholin-3-one,
20) (Z)-(S)-4-[(R)-1-(5-chloropyridin-2-yl)ethyl]-2-[1-
[3—-methoxy-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6-methylmorpholin-3-one,
21) (Z)-(S)—-4-[(S)-1-(2,6-difluoropyridin-3-yl)ethyl]-
2-[1-[3-methoxy-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6-methylmorpholin-3-one,

22) (Z)-(S)-4-[(R)-1-(2,6-difluoropyridin-3-yl)ethyl]-



yi)phenyilmethylidene]-6-methylmorpholin-3-one, 46)
(2)-4-[(S)-I-(2-chloropyridin-4-yi)ethyi]-2-[I-[3-
methoxy-4-(4-methyl-IH-imidazoi-I-
yi)phenyilmethylidene]-6,6-dimethylmorpholin-3-one, 47)
(2)-4-[(S)-I-(2,6-difluoropyridin-3-yi)ethyi]-2-[l-
[3-methoxy-4-(4-methyl-IH-imidazoi-I-
yifphenyi]retmiieni]-6 6L dinfsthjiior pRolint 3 bied 148) -

(2)-4-[(S)-I-(6-fluor idin-3-ypethyi]-2-]I-[3- .
RS A Wy P RE Ao Jc 3 Torpholin-3-one,
yiyphenylimethylidene]-8 6-dimethylmorpholiy-3rone; AN-4-y1)ethyl] -
(2)-4-[(S)-I-(6-chioropyridin-3-yi)ethyi]-2-[I-[3-
methoxy{B(hatéthylviHiimidazaidhy 1 -1H-imidazol-1-
yi)phenyilmethylidene]-6,6-dimethylmorpholin-3-one, 50)

(2)4-R352 Bt b?ﬁ&iﬁhr-%émﬁ‘&élmorphoiln—3—0ner
[3>methoxy-4-(4-methyldi-imidazoi-ly s ¢4, ooy ridin-4- e -
yaiﬁrﬂaenyl %eﬁ%lig}leenz](-g%-grggth%llmdorgl"lnol?n-Spolf’\e,d51r3 i-yl)ethyll
(D-4r[(S)3-(orshiosepyridin-2-yiyethyi]-24l[3tmidazol-1-
methoxy-4-(4-methyl-IH-imidazoi-I-

yiyghenyijmethylilehe]-6 Bdigethyimtorphidlire 8omel 132)3-one,

DI 1,5

yi [ | -a-methyimaerpholin-3- _4— (4-me 1
ey e P B2 900y s-mecn o

methyldtbimidazaiy bypphenyilmethylidened-6- tretbyinyarmbelin:3iane; 3 -
54) (2)-2-[I-[3-fiuoro-4-(4-methyl-IH-imidazoi-I-

yiyprfenyilmethylidene]-4-[(S)-I-(4-
trifigprophenylethyll-6,6-dimethylmorpholin-gsone.s
trifluorophenyl)propyl]-2-[1-[3-methoxy—-4—-(4-methyl-1H-
imidazol-1-yl)phenyl]lmethylidene]-6,6-
dimethylmorpholin-3-one,
27) (Z2)-4-[(R)-1-(4-fluorophenyl)-2-hydroxyethyl]-2-[1-
[3-methoxy-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6, 6-dimethylmorpholin-3-one,
28) (Z2)-(6R)-4-[(1R,2R)-2-hydroxy-1-(3,4,5-
trifluorophenyl)propyl]-2-[1-[3-methoxy—-4—-(4-methyl-1H-
imidazol-1-yl)phenyl]lmethylidene] -6-methylmorpholin-3-
one,
29) (2)-4-[(1R,2R)-2-hydroxy-1-(3,4,5-
trifluorophenyl)propyl]-2-[1-[3-methoxy—-4—-(4-methyl-1H-
imidazol-1-yl)phenyl]lmethylidene]morpholin-3-one,
30) (Z)-4-[(1R,2R)-1-(3,4-difluorophenyl)-2-

hydroxypropyl]-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-



55) (2)-4-[(S)-chroman-4-yi]-2-[I-[3-fiuoro-4-(4-
methyl-1H-imidazoi-1-yi)phenyilmethylidene]-6,6-
dimethylmorpholin-3-one, 56)
(2)-(S)-4-[(S)-chroman-4-yi]-2-[I-[3-fiuoro-4-(4-
methyl-1H-imidazoi-1-yi)phenyilmethytidene]-6- methyimorpholin-3-one,

57) (2)-(S)-2-[I-[3-fiuoro-4-(4-methyl-IH-imidazoi-I-
W%ﬂﬁiﬁﬂ%ﬁﬂWi&@ﬁEFZ%éQ%H%ﬂ@Q@HRﬁ&qu%;gpe,

o e TP 8RB RER, 1) —2-

2(8)-4-[(IR;ZR)-I=( uorophen
hydraxyarepyly2sfl-12-Huoro-4-f4-ethylH-imidazeic t hy1-15-imidazol-
1-yi)phenyl]methylidene]-6-methylmorpholin-3-one, 59)
(D-(8)- 243l dros4 H{g-methyklH-fmidazblylimorpholin-3-one,

yl)phenyljmethylidene]-4-[(IR,2R)-I-(4-fluorophenyi)-2-
o)A BB hoRom S BRE OBy L) 22-hydroxypropyl)-

(2)-2+-[3-flugre-A-(4-methylH-midazolly . <o . 1
yl pﬁ[eﬁny]gn:%%%e%gﬁg-[ I%g%pZ ?/dlrlol%(yﬁ- 3(,14,5- ot

triflupraphenyi) peopyi}6. -cimethy|rmomphalins;0rer 6b1in-3-one,
(2)-4-[(IR,2R)-I-(3,4-difluorophenyi)-2-
hydroxygropyif-2=[#{3-l b Bro2 R 4-methy KiFHinidazaioprhenyl) —2-

1-yi henyi]methylidene]-6,6-dimethylmorpholin-3-oneh62) .

LV AT Ey ey P e A |+ e hy L L imidazol-

- HMRhenyH-(); i iperidin;2-gne, 63
(CrmethyiBipidaralionahenyi- (€L meltyidenghiperidin2:one, 63

yijphenyiimethylliderg BR[(IR, 2R)-24hydroxyrb-{3dibeny 1) -2~
trifluorophenyi)propyi]-5-methyipiperidin-2-one, 64)
(EWSIBYRICPEAL (U-rethyt-IH-imfdareki—4 - (methylimidazol-1-

y1l)phenyl]methylidene]-6,6-dimethylmorpholin-3-one,

35) (Z)-(S)-4-[(S)-2-hydroxy-1l-methyl-1-(3,4,5-
trifluorophenyl)ethyl]-2-[1-[3-methoxy—-4-(4-methyl-1H-
imidazol-1-yl)phenyl]lmethylidene] -6-methylmorpholin-3-
one,

36) (Z)—-(6S)-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]lmethylidene]-6-methyl-4-[(S)-1-(3,4,5-
trifluorophenyl)ethyl]morpholin-3-one,

37) (Z)-(6S)-4-[1-(4-fluorophenyl)-1-methylethyl]-2-[1-
[3—-methoxy-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6-methylmorpholin-3-one,

38) (2)-(6S)-4-[1-(4-fluorophenyl)cyclopropyl]-2-[1-[3-
methoxy-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene]-6-methylmorpholin-3-one,

39) (Z)-(6S,9aR)-3-{1-[3-methoxy—-4-(4-methyl-1H-

imidazol-1-yl)benzylidene]-6-(3,4,5-



yi)phenyilmethylidene}-I-[(IR,2R)-2-hydroxy-I-(3,4,5-
trifluorophenyi)propyi]piperidin-2-one, 65)
(E)-3-{I-[3-fluoro-4-(4-methyl-IH-imidazol-I-
yi)phenyilmethylidene}-I-[(2R,3R)-3-hydroxy-1,1-
dimethylindan-2-y3]piperidin-2-one,3 66)
(E)-3-{I-[3-fluoro-4-(4-methyl-IH-imidazol-I-

yitpHenyHrfetiRRAE -RESHRVRy R BYY--ftethyld—c] [1, 4] oxazin-4-
(3,4,5-trifluorophenyi)ethyi]piperidin-2-one, 67)
(I%El?-{l-[s-ﬂuoro-4-(4-methyl-|H-imidazol-l 337

yhphenyljmetwliders)-ldl-(4fluorepheny)-bdnethylethyilpiperidin-2-one,
68) (E)-(R)-3-{I-[3-fluoro-4-(4-methyl-IH-imidazol-I-

yIyphenyiméthylidemals{|R12ZR): 2-hyd roxdy-11(3,4,5-

trifluorophen i)propyi]]-5-methyipiperidin-z-one, 69? ,
(gkﬁggﬁﬁg,%g%,@amﬁgymﬁ;go [2,1-c][1,4]oxazin-4-one,
hydroxypropyil-3-{-[3-flugroz4-(4-r -|H-imi = 3 A (12
Gy doe) Bty benin Snps ) > 3113
(Z)(65B8R)43-{l4[3rmethoxy14: (4-miethydH- 1 -
imidazol-1-yi)benzylidene]-6-(3,4,5-

trifludkopheny i tdrahy dropyhioib[2Ave]{Da]oxazinc4-Gne} Ayazin-4-one,
(6S 9aR%:e6-(4-chloro henyi)-3- I-[3-metho>8/-4-,(4-,

el bz LU L RS 141021 ethyl] -2~ (1-

mgﬂr%Q@HS xghydropyrido[2.1-6l[1 ,4lexazinr4-one, 72)
(6R,9aR)-3-{I-[3-methoxy-4-(4-methyl-IH-imidazol-I-

yiyahestyi=(Z)-methylidensd6=(3-4,Seitiflugropbenyip-l in-3-one,
tetrahydro[1,4]oxazino[3,4-c][1,4]oxazin-4-one, 73)
(6R Dar¥-B-(8M4-diftubkcphehyi)<3-gl3anetoxygin-4-yl) ethyl] -2-[1-

[3-methoxy-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6-methylmorpholin-3-one,

44) (Z)-(S)—-4-[(S)-1-(2-chloro-3-fluoropyridin-4-
yl)ethyl]-2-[1-[3-methoxy-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6-methylmorpholin-3-one,

45) (Z)-(S)-4-[(S)-1-(2,6-difluoropyridin-4-yl)ethyl]-
2-[1-[3-methoxy-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6-methylmorpholin-3-one,

46) (Z2)-4-[(S)-1-(2-chloropyridin-4-yl)ethyl]-2-[1-[3-
methoxy-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6, 6-dimethylmorpholin-3-one,
47) (Z2)-4-[(S)-1-(2,6-difluoropyridin-3-yl)ethyl]-2-[1-
[3—-methoxy-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6, 6-dimethylmorpholin-3-one,
48) (Z2)-4-[(S)-1-(6-fluoropyridin-3-yl)ethyl]-2-[1-[3-

methoxy-4—-(4-methyl-1H-imidazol-1-



(4-methyl-IH-imidazol-1-yi)phenyl]-(Z)-methylidene}-
tetrahydro[1,4]oxazino[3,4-c][1,4]oxazin-4-one, 74)
(6R,9aR)-6-(4-fluorophenyi)-3-{I-[3-methoxy-4-(4-
methyl-1H-imidazol-1-yi)phenyl]-(Z)-methylidene}-
tetrahydro[1,4]oxazino[3,4-c][1, 4]0)@3'[151 -4-one and 75)
(6R,9aR)-6-(4-chiorophenyi)-3-{I-[3-methoxy-4-(4-

nﬁé%ﬁwaw A&y pREfIT- )ﬁn@ﬂwﬁaéwé}morpholm 3-one,
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18. The pharmaceutical agent according to claim 17 for preventing or
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[3-methoxy-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6, 6-dimethylmorpholin-3-one,
51) (2)-4-[(S)-1-(5-chloropyridin-2-yl)ethyl]-2-[1-[3-
methoxy—-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene] -6, 6-dimethylmorpholin-3-one,
52) (Z2)-(R)-4-[(S)-1-(2,6-difluoropyridin-3-yl)ethyl]-
2-[1-[3-methoxy-4—-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene]-6-methylmorpholin-3-one,

53) (Z2)-(S)-4-(4-fluorobenzyl)-2-[1-[3-fluoro—4—-(4-
methyl-1H-imidazol-1-yl)phenyl]methylidene]-6-
methylmorpholin-3-one,

54) (Z2)-2-[1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene]-4-[(S)-1-(4-
trifluorophenyl)ethyl]—-6,6-dimethylmorpholin-3-one,
55) (2)-4-[(S)-chroman-4-yl]-2-[1-[3-fluoro—-4-(4-
methyl-1H-imidazol-1-yl)phenyl]methylidene]-6,6-
dimethylmorpholin-3-one,

56) (Z2)-(S)-4-[(S)-chroman-4-yl]-2-[1-[3-fluoro-4-(4-
methyl-1H-imidazol-1-yl)phenyl]methylidene]-6-
methylmorpholin-3-one,

57) (2)-(S)-2-[1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]lmethylidene]-4-[ (1R, 2R)-2-hydroxy-1-(3, 4, 5-

trifluorophenyl)propyl]-6-methylmorpholin-3-one,
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58) (2)-(S)-4-[(1R,2R)-1-(3,4-difluorophenyl)-2-
hydroxypropyl]-2-[1-[3-fluoro-4-(4-methyl-1H-imidazol-
l-yl)phenyl]lmethylidene]-6-methylmorpholin-3-one,
59) (Z2)-(S)-2-[1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]lmethylidene]-4-[ (1R, 2R)-1-(4-fluorophenyl)-2-
hydroxypropyl]-6-methylmorpholin-3-one,
60) (Z2)-2-[1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene]-4-[ (1R, 2R)-2-hydroxy-1-(3, 4, 5-
trifluorophenyl)propyl]-6,6-dimethylmorpholin-3-one,
61) (2)-4-[(1R,2R)-1-(3,4-difluorophenyl)-2-
hydroxypropyl]-2-[1-[3-fluoro-4-(4-methyl-1H-imidazol-
l1-y1l)phenyl]methylidene]—-6,6-dimethylmorpholin-3-one,
62) 1-[1-(2,4-difluorophenyl)ethyl]-3-{1-[3-fluoro-4-
(4-methyl-1H-imidazol-1-yl)phenyl]—-(E) -
methylidene}piperidin-2-one,
63) (E)-(S)-3-{1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene}-1-[ (1R, 2R)—-2-hydroxy-1-(3, 4, 5-
trifluorophenyl)propyl]-5-methylpiperidin-2-one,
64) (E)-3-{1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]methylidene}-1-[ (1R, 2R)—-2-hydroxy-1-(3, 4, 5-
trifluorophenyl)propyl]piperidin-2-one,
65) (E)-3-{1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]lmethylidene}-1-[ (2R, 3R)-3-hydroxy-1,1-
dimethylindan-2-yl]piperidin-2-one,
66) (E)-3-{1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]lmethylidene}-1-[(S)-2-hydroxy—-1-methyl-1-
(3,4,5-trifluorophenyl)ethyl]piperidin-2-one,

67) (E)-3-{1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
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y1l)phenyl]lmethylidene}-1-[1-(4-fluorophenyl)-1-
methylethyl]piperidin-2-one,

68) (E)-(R)-3-{1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]lmethylidene}-1-[ (1R, 2R)—-2-hydroxy-1-(3, 4, 5-
trifluorophenyl)propyl]-5-methylpiperidin-2-one,

69) (E)-(S)-1-[(1R,2R)-1-(3,4-difluorophenyl)-2-
hydroxypropyl]-3—-{1-[3-fluoro-4-(4-methyl-1H-imidazol-
l-yl)phenyl]lmethylidene}-5-methylpiperidin-2-one,

70) (Z2)-(6S,8aR)-3-{1-[3-methoxy—-4-(4-methyl-1H-
imidazol-1-yl)benzylidene]-6-(3,4,5-
trifluorophenyl)tetrahydropyrrolo[2,1-c][1l,4]oxazin-4-
one,

71) (6S,9aR)-6-(4-chlorophenyl)-3-{1-[3-methoxy—-4—-(4-
methyl-1H-imidazol-1-yl)phenyl]—-(Z) -
methylidene}lhexahydropyrido[2,1-c][1l,4]oxazin-4-one,
72) (6R,9aR)-3-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
y1l)phenyl]—-(Z)-methylidene}-6-(3,4,5-trifluorophenyl) -
tetrahydro[l,4]oxazino[3,4-c][1l,4]oxazin-4-one,

73) (6R,9aR)—-6-(3,4-difluorophenyl)-3-{1-[3-methoxy-4-
(4-methyl-1H-imidazol-1-yl)phenyl]—-(Z)-methylidene}—-
tetrahydro([l,4]oxazino[3,4-c][1l,4]oxazin-4-one,

74) (6R,9aR)-6-(4-fluorophenyl)-3-{1-[3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)phenyl]—-(Z)-methylidene}-
tetrahydro[l,4]oxazino[3,4-c][1l,4]oxazin-4-one and

75) (6R,9aR)-6-(4-chlorophenyl)-3-{1-[3-methoxy—-4—-(4-
methyl-1H-imidazol-1-yl)phenyl]—-(Z)-methylidene}-
tetrahydro[l,4]oxazino[3,4-cloxazin-4-one.

17. A pharmaceutical agent comprising the
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compound or pharmacologically acceptable salt thereof
according to any one of claims 1 to 16 as an active
ingredient.
18. The pharmaceutical agent according to claim
17 for preventing or treating a disease caused by
amyloid-.
19. The pharmaceutical agent according to claim
18, wherein the disease caused by amyloid-fB is
Alzheimer's disease, senile dementia, Down's syndrome,

or amyloidosis.



