W3281 339/19 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-a (hereinafter refesred toras,pa) production inhibitor which
comprises the compound as an active 10 ingredient and is particularly
effective for treathieRie HOfLd e uFddreg erterative iis€ade cdtiSed by Aa such as
Alzheimer's disease or Down's syndrome. Background Arts [0002] 15
Alzheimer's disease is a disease characterized by degeneration and loss of
neurons as well as formation of senile plagues and neurofibrillary
degeneration. Currently, Alzheimer's disease is treated only with
symptemafie trdatment dsing a symptom 20 improving agent typified by an
acety inesterase inhibitor, and a fundamental remedy to inhibit
progression of the disease has not yet been developed. It is necessary to
develop a methodfoe contrebing thevZ2ntion relates to a morpholine
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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-P (hereinafter referred to as AP) production
inhibitor which comprises the compound as an active

10 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]

15 Alzheimer's disease i1s 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 dimproving 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



cause of the onset of pathology in order to create a fundamental remedy for
Alzheimer's disease. It is assumed that 4-proteins as metabolites of amyloid
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 Aa-protein has, as main components,

Aa40consisting of,40 amino agids andAgde inwhichithe pumber of amino
acids is increased by two 10 at the C-terminal. The 440 and Aa42 are known
to havenkigheaggregabilityl {see Noh-Patem<Document 3¥and to be main

components of senile plaques (see NoniPa nt Dgcuments 3, 4tand15 .
Further, it is known that'thie® RE40 ahld Kad? aré Hcréaged by utation in°

APP gnd ks, presenilingengs which is ohsernved-in; familial- Alzheimers «o
disease (see Non-Patent Documents 6, 7 and 8). Accordingly, a compound
that redués prédactivre b A4 ahdAad? hdsdseat ekpettednas 4oss of
progression inhibitor or prophylactic agent for Alzheimer's 20 disease. Aa is
Produced by c1sauing APP by a-Shtretase and Subsequenty by y sbcretase.
For thisteasono attespts havwenbeen made tofreatery-secretase adna-+ n
secretase inhibitors in order to reduce Aa production. 25 Many of these

secreta%® MHibitsrs APAdy RABWH AR fof eXAnipIe! Pepfides amdhéftide

mimefics,suchras |- 685,428 (sge NepsBatent Rogument.9) andd- 5414545

(see Non-Patent Documents 10, 11 and 12). 3

10 at the C-terminal. The AB40 and AB42 are known to have
high aggregability (see Non-Patent Document 3) and to
be main components of senile plaques (see Non-Patent
Documents 3, 4 and 5). Further, it is known that the
AP40 and AP42 are increased by mutation in APP and

15 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
AP40 and AP42 has been expected as a progression
inhibitor or prophylactic agent for Alzheimer's

20 disease.

AP 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 PB-
secretase inhibitors in order to reduce AP production.

25 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).



[Non-Patent Document 1] Klein WL, and seven others, Alzheimer's
disease-affected brain: Presence of oligomeric Aa ligands (ADDLS) 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, a@nd sixteen others, Antibodies against
a-amyloid slow 10 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 termibtisrofRheenanidoidiprotein 1 is &iticah ol thecseeding of
amyloid formation: 15 Implications for the pathogenesis of Alzheimer's

diseale Bicchemistiy: 1983° 32(T8Y p74693-2897 [Noh-Patéht 566G ment 4]

Glenngrig&nand-ong othgkAlzheiner's fisaases initiakreportefther
purification and characterization of a novel 20 cerebrovascular amyloid
pfotefte Bischemica erich bidphysitaliresearch cBnpranicatioNs 1984 IMay

16, Oé .885-890; [Non-Pate cument 5] rs,CL, an%i o
othe?é’z,C ?néyﬁ%idop a%gﬁééc%% pﬁ%e%@%z?&%eéﬂz dls?elzii'aﬁd @v/vfn
syndrome,2Proceding National Academy of Science USA, 1985, Jun, 82(12),
p.4245-4249; [Non-Patent Document 6] Gouras GK, and eleven others,

Intraneuronal A134YHtdimRatioRSA HURRAN 24! braiht Athefiéan 3B8rnal of
Paﬂ“§99¥e%g0gtﬁ¥}s, Antibodies against P-amyloid slow

10 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:

15 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

20 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 plaque core protein in Alzheimer
25 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



156(1), p.15-20; [Non-Patent Document 7] Scheuner D, and twenty others,
Secreted amyloid a-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, Differeptial effects £f the Swedish mutant amylid presursor protein

on a-amyloid accumulation and secretion in neurons and nonneuronal cells,
The Journal of Bidlogicad Chemistry, 1997, Dec 19, 272(51),

p.32247-32253; 15 Non-PP%tent Document 9]78hegrman MS, and nl?e
others, L-685,458, AR Adparyl Profeadefransitior Sfatd fintie, 7S Potent

Inhibitgr-ef-Amyieid.as Pretein LRacuison w-Se@etass Activity.Bipghemistry,
2000, Aug 1, 39(30), p.8698-8704; 20 [Non-Patent Document 10] Shearman
MS, drch tsix DIRES, CxtalficISiesiDirectdd §138eretase Eompexs mHibitors
Do Not Discriminate Pharmacologically betweeen Notch.S3 and,R-APP
Cleauabre Bromaniistey o083 Jon 24, 3234 b 7588 veae 8 A0°
[NonRatent Besumenickl |danzahA] aad thieethers, StudiessekAa
pharmacodynamics in the brain, cerebrospinal fluid, and plasma in young

(plagliéfres) H2576TRicetdsifg thed,-sédretase irtibiter' N2-[(2S)-2 5
(3’5'diﬂuorOphenypN%'rhylglng)é\fuetth@BQMu&j{[(g}s)'é"orman MS, and four

10 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;

15 [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 Y-Secretase Activity, Biochemistry, 2000, Aug
1, 39(30), p.8698-8704;

20 [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;

25 [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 Yy-secretase inhibitor N2-[(2S)-2-



methyl-6-0x0-6, 7-dihydro-5H-dibenzo[b,d] azepin-7-yl]-L- alaninamide
(LY-411575), The journal of pharmacology 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 a-amyloid peptide production anhd alters lymphopoiesis and intestinal

cell 10 differentiation, The journal of hiological,chemistryy, 2004 Mai; 26,

279(13), p.12876-12882. Disclosures of the Invention Problmes to be Solved
by thednvention- 48008} 15 A descriiet dbbwe za Condpeure that inkibitsL—
production of Aa40 and Aa42 from APP has been exgected as a therapeutic
or prépriadicagent for a disehzl’ callSed BYAS Winch i §HiREST bS°
Alzheimer's.disease.n Howevery alonpeptidic compaynd havingihighefficacy
20 which inhibits production of Aa40 and Aa42 has not yet been known.
Aecortdingly, there is a need for a novel low-molecular-weight compound that

inhibits production f449 %nd Aag2. Means EOI Solvin tt&Preblgmcs 2
_ € ,
[0004] As a result g?%ritenasn%l stuoﬁgg,m the pres]ent O??R/entorsa ave found a
nonpeptidic anorphalinectypee etnnamideiecompoang-that irhibis productiorn of
A1340 and A1342 from APP far the first time, and thus found a
LY-411,575 inhibits P-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
Problmes to be Solved by the Invention
[0003]

15 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

20 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 AB40 and AP42.

Means for Solving the Preblems
25 [0004]

As a result of extensive studies, the present



prophylactic or therapeutic agent for a disease caused 5 by Aa which is
typified by Alzheimer's disease. This 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): [Fornula 1] 0 Xa NX1 Art
Xb R4 NN R 11 3\?-~ R Me or a pharfnacologically acceptable salt thereof,
wherein, (2} B1:Rz, R3, and,R4.are thesame or differept and eagh.
represent a hydrogen atom or a Cl-6 15 alkyl group; X1 represents a Cl-6
alkyleriengroup]avierai tivel Cli6: talkylene greup may beisubstifuteiibwithriito
3 hydzggx%I grogﬂos or C|-6 alkyl groups, wherein the Cl-6 alkél gr%ups may
be substifuttdWith 1 t0™3 hydFSkyl GrSips, 30 or A'E3 93 8y dBAIKI Group
formed-bytwoCl6 @l graupstogether-bended to the same carbon,atam of
the 7 CI-6 alkylene group; X. represents a methoxy group or a fluorine atom;
Xb repredénterarbxygert etcrhicca methyldieimer 's disease. This

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):

[Fornula 1]

or a pharmacologically acceptable salt thereof, wherein
(a) R?, R2, R3, and R? are the same or

different and each represent a hydrogen atom or a Cl-6
15 alkyl group;

X, 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,
20 or a C3-13 cycloalkyl group formed by two Cl-6 alkyl

groups together bonded to the same carbon atom of the



5 group, provided that Xb is only an oxygen atom when X. is a methoxy
group; and Arl represents an aryl group, pyridinyl 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 cycloalkyl group
condensed with a benzene ring, wherein one methylene group on the C3-8

cycloalkyk graup, may.bg sybstituted with an oxygen atom, the C3-8
cycloalkyl group may be 15 substituted with 1 to 3 hydroxyl groups and/or

Cl-6 alkyl groups,Xand«¢he denzenexring nieyxbe substitutedawithub ta 8e
substitgen(s selected from Substituent Group Al; and R1, Rz, R3, R4, Xa,
and Xb af€ as defined in (a) ; 20 (c) one of R1 and R2 and one of R3 and R4

are the same or differenand gashJaprasent.a hydiegen aten:ora Glb
alkyl group; the other of R1 and R2 and the other of R3 and R4, together

with the s boRERTATES Fo WiiEth theyareregpestively FondeerTorm aNCB:8 25
cycloglskygg&%l{%ov%hereri% &he_ C3- cycloalkyl group may be substituted with
1'to 3 substituents Selécted from  Substituent Group Al; and X1, Xa, Xb, and

Arl are as definedain, (a)e@r@d) 8t (d)ArlaX}i anddR4, tagether with theoup,
nitrogen atom to which Arl-X1- is bonded and the carbon atom to which R4
is borded, FH¥YmE A¥%0 8emerBeret Hitrotend tohtaihityh8RYo&fclic group

ﬂ“ﬂrg@£p@f%g¥ggu%¥kh 1 to 3 substituents selected from
10 Substituent Group Alj;

(b) Ar,i—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

15 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, R?, Xs, and Xy are as defined

Group Al; and R?, R2, R
in (a);

20 (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

25 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);



5 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 10 that may be substituted with 1 or 2
substituents selected from Substituenf Group Al, an oxygen atom, or an

imino group that may, bg,substituted with a. sybstituent selected oM o gen
Substituent Group Al, and the aryl group or pyridinyl group may be

substittted wathwh 181073 stibstitdentscseledteghfromrmSubstitoent GrouptAl; Xb
represents an oxygen atom; and R1, Rz, R3, and X. are as_defined in (a)

and (B)-(&) R1 ahd R2“{6gethériththé carBon Atoh b Whidh they alfe
bondednforama fe3-8eycloalkyh group: 20 ang-R3nR4, XL, Xdb Kb rand Arl

are as defined in (a) and b); or (f) R3 and R4, together with the carbon atom
toowhith theyharer bonded orrra I03-8kyeYdalkyicgipupyhane R1, R2 X1, Xa,

Xb, and.Arl are as defined.in (a) and 25 () (Substituent Group Al: (1) a
naloghr Atas 3y PURrS! Grads (5 Sy aneatota. (8 2 A8 oycloali

group; db} aiG3r8ycyeleatkexy grodpgt@ha 9m&)-GoalkylgraLiy, wherein the a
CI-6 alkyl group may be substituted with 1 to 5 halogen atoms or one to

three™EHBYaIRBRY Yroups, {7 Antamiss gfdip tHatThay b tibsttRBE with
one OééWé)c%Q aé@gngrQHggt\ﬂ@%%lg 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 pyridinyl group may be substituted with 1
15 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 R?, together with the carbon atom
to which they are bonded, form a C3-8 cycloalkyl group;
20 and R?, R4, X1, Xi, Xp, and Ar; are as defined in (a) and
(b); or
(f) R® and RA, together with the carbon atom
to which they are bonded, form a C3-8 cycloalkyl group;
and R?, R2, X1, Xi, Xp, and Ar; are as defined in (a) and
25  (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



5 the CI-6 alkyl groups may be substituted with 1 to 5 halogen atoms, (8) a
CI-6 alkoxy group, wherein the CI- 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 CI-6 alkyl groups, wherein 10 the CI-6 alkyl groups may be
substituted with 1 to 3 halogen atoms) 2) The compound or

pharmacglogically agceptable, salt thergof accopding,to,1) aboye, yhergin the
compound is ?é%resented by the formula (I-a): [Formktélzj%%M\g?O NgelArt
NN Réufpe) 1t R R Metlb wheerein R:1IRZeR3RAsXbrandArtareasee

defined in 1) above; 3§) The com ound or harmacologlcalél acceptable salt

there6f accorting Yo 15 ABBve, Wheréih t?'lm CBnTBURY is feprl8ent&d by the
formulayl}: Q. {Eqrmuta,3bRRBR6 X Nzr-i) LA @iNN-LXRY (Whd?Me

5 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

10 the Cl-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):

[Formula 2]

O

MeO AN bJ/)jT/\”

N F% R? (--a)

L
Me

15 wherein Rl, R2, 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 is represented by the formula (II):



wherein Ri, Rz, R3, R4, Xa, and Xb are as defined in 1) above; 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 5 to 3 hydroxyl
groups; and Aria represent a phenyl group or pyridinyl group that may be
substituted with 1 to 3 substituents selécted from Substituent Group Al as
defing ‘%éﬁﬁ%f‘@o; 4) The compound or pharmacologically acceptable 10
salt thereof according to 3) aQove, wherein the compound is represented by

the formula (I1- a) [Formula o] pﬁ% MeO Ny~-Arl_a NON RI1R (11-a) R
eflned in 1) above; and R5, R6,

R Me whaix RS
and Arl_a are h% compound or pharmacologically

accepta g to 3) abtgwe) wherein the 11 compound
is reprN;en d by the fonﬁ]lan [Formul JOR5R6 FN~Arl_a ONIR
(I-b) R T?ﬁ%R

Me

wherein Rl, R2, R3, R4, Xs, and Xy 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
5 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
10 salt thereof according to 3) above, wherein the
compound is represented by the formula (II-a):

[Formula 4]

O Fq5|q6
MeO SN NKAH-a
O, AR g
o -a
N;J il R? R?
Me

wherein Rl, R2, R3, and R? are as defined in 1) above;
and R?, RG, and Ar,_, are as defined in 3) above;
5) The compound or pharmacologically acceptable

15 salt thereof according to 3) above, wherein the



Me wherein R1, Rz, R3, and R4 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 (II-c): [Formula6]O HOF N4 ArtaR ll-c ()
NON 2R R Me wherein R1, Rz, R3, ahtl R4 are as defined in 1) above; R7
represgpts,a ydragen atom.or.a £ alkylgroup; and Aria js)as defined in
3) above; 10 7) The compound or pharmacologically acceptable salt thereof
accorting tm By above, wherein the compound is represented by the formula
(lI-d): 12 [Formula 7] 0 R5 RS R4 ﬁ@Arl_a NN R1 2 RR (ll-d) R Me
wherein R1 Rz, R3, and R4 jre wined in 1) above; and R5, R6, and

Arl_a are as defifiethirt Shabbovey Ar1-a
%Rll (1-b)
~ -
N;J R R? R?
Me

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

wherein Rl, R2, R

and R?, RG, and Ar,_, 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 (II-c):

[Formula 6]

3 7

wherein Rl, R2, R”, and R* are as defined in 1) above; R
represents a hydrogen atom or a Cl-6 alkyl group; and
Ar, 5 1s as defined in 3) above;

10 7) The compound or pharmacologically acceptable

salt thereof according to 3) above, wherein the

compound is represented by the formula (II-d):



8) The compound or pharmacologically acceptable salt thereof according to
3) above, wherein the 5 compound is represented by the formula (l1-e):
[Formula8]O O~F/INArl_ a NNR12RR (I1-e) R Me wherein R1, Rz,
R3, and R4 are as defined in 1) above; Aria is as defined in 3) above; and
R7 is as defined in 6) above; 9) The dgmpound or pharmacologically
acceptable 11 sal thereof according to 1) above, wherein the compound is
represented by the formula (] ormula9]R 13 R14 0Y MeO Nz~ N
NrN 4 ROIR (I-b) \?--RR ' eRNHa ein R1, R2, R3, and R4 are as defined

in 1) aboveFR e%azr% r different and each represent a
eﬁate ﬂo’?‘n Substituent Group Al as
(I1-d)

wherein Rl, R2, R3, and R? are as defined in 1) above;
and R?, RG, and Ar,_, 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 (II-e):

[Formula 8]

3 S N Aria
i (Il-e)
- ]
N;J R R? R?

wherein Rl, R2, R3, and R? are as defined in 1) above;

Ar, 5 1s as defined in 3) above; and R’ is as defined in

6) above;

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

compound is represented by the formula (I-b):



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 represent a hydrogen
atom, a halogen atom, or a CI-6 alkoxy group; 10 11) The compound or
pharmacologically acceptable salt théréof according to 1) above, wherein the
comppsingd {srepegsented by the formula (I-c): [Formula 10] O Arl, MeO N)m
NON R1Z1 (I-c) R Me wherein R1 an(114R2 are as defined in 1) above; Arl_,
represents a phenyl group or EV \ group that may 14 be substituted with
1 to 3 substituents which are the| 'same or different and selected from
Substituent Group Al; Z1 represen methylene group or vinylene group
that may be substituted with W or 2[substituents 5 selected from Substituent

Group M figed inA oxygen atom, or an imino group that
may be substi @ [ uent selected from Substituent Group Al;
andn a =the ifferdnt and ea -0 represent an integer of O

accordin

to 2; 1R] The compound Rb pmecologically acceptable salt thereof
?%11) above, wherein ZR3
Me

wherein Rl, R2, R3, and R? are as defined in 1) above;
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
5 represents a methylene group or an oxygen atom;

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

10 11) The compound or pharmacologically acceptable
salt thereof according to 1) above, wherein the
compound is represented by the formula (I-c):

[Formula 10]

O /\r1_c

MeO N N)\@m
O A2 (o
N/;\/)[\l R7Re "

Me

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

represents a phenyl group or pyridinyl group that may



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 CI-6 alkyl group and a hydroxyl
group; and n and m each represent 1; 13) The compound or
pharmacologically acceptable salt théréof according to 11) above, wherein

Z1 2Q,[eresents.an oxygepatom, and o.and myrepresent,an HntegerQf.l;

14) The compound or pharmacologically acceptable salt thereof according to
1) abeveswbereinfAr rrepresentssn and gtolp or Buidktyltgreap, 6ranmaryl

25 group or pyridingl %YOU£ substituted with 1 to 3 halo\g,en atoms; 15) The

compothd’or pPRRFRACEIogiCal aEcestable? satthdte ot dtcording o 1

abovenwhergin Asd 15urepresentsiaphenyl geup of pysdinyh greup, or a
phenyl group or pyridinyl group substituted with 1 to 3 halogen atoms; 16)

The competingd of phiarfdedlogicaly aceeptabld 5 saf ¢héiwst attotding to
1) abo e,vvevherenin Othe ce:(r)]m&ognd igrsel%ctedifr%m tpg foll%\wlg?:g gou% 1)
(Z)-Z-T-f)a- ’etﬁoxy-}j}f&-methyIrPIH-lmidaélzoi‘-l(lrl ﬁ)phgenylll]?net ylidené]-4(3,4,5-
trifluosabenzy)memphalitr3:0ne;0302)uent selected from

(2)-2- I-g-methoxy-4-(4-methyl-lH-imidazol-l yl)phenyllmethylidene]-4-(2,3,4-
trifluordBERZYIRBIIBIfEB-dhe,

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 7;
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 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 2;
20 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
25 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;



3) (2)-(S)-2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-|
yl)phenyllmethylidene]-6-methyl-4-(3,4,5- 15 trifluorobenzyl)morpholin-3-one,
4) (2)-(R)-2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-I-
yl)phenyllmethylidene]-6-methyl-4-(3,4,5- trifluorobenzyl)morpholin-3-one, 5)
(2)-(S)-2-[I-[3-methoxy-4-(4-methyl-IHiifidazol-I 20

)phen ene e hyl-4-(2,3, h one, 6)
AT Sl ot ) e o e e e

yl)phehyhmétrytidened-6-methiylidh (2, 3p-otifl uerdiserizydmdrphidlin-3-one, 25

7) (2)-4-[(S)-1-(4- fluorophenyl)ethyl] -2-[I-[3-methoxy-
4-(4- ﬁ%%éﬂﬁﬁ ifi84281-1-yl)phenyl]methylidene]-6,6-

dimethyimorpholinr3z0ne;:§) {&)(RIA-KSA #r{4flergphenyhethyll2-{3:1 16
methoxy-4-(4-methyl-IH-imidazol-I-
y|§phéﬁw}méﬂﬁm@l@ﬁefn%c@mriﬂmdmhéﬁn:%oeﬁé gyherein the

2)-(S)-4- 41| 2:[J-[3-
( )(C) }L(D 4nd( uor Iml azo%hféln t[LL following group:

methoxy -4- metﬁyl I

yl)phenyljmetipdidene}-ermetiiymorphalin-ane - 1) imidazol-1-
(2)-2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-I-
y)ph&ryIfRethititBRe L83 2%5-( t?lflﬂo?ophenyl)ethyl]morpholln 3-one,

11) (D)2 [3smethaxy-fr(dmeaibylyt-imigazol- 10
yl)phenyl]methylidene]-4-[(R)-1-(3,4,5- trlfluorophenyl)ethyl]morpholln -3-one,

12) (2)-4-{(S)-chroman 4\@!@*2@[*5[34\%@1%&10}?@/%—}(4- 1H-imidazol-1-
yv1l)phenyl]lmethylidene]-4-(2,3,4-
trifluorobenzyl)morpholin-3-one,

3) (Z2)-(S)-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene] -6-methyl-4-(3,4, 5-

15 trifluorobenzyl)morpholin-3-one,

4) (Z)-(R)-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yvl)phenyl]lmethylidene] -6-methyl-4-(3,4, 5-
trifluorobenzyl)morpholin-3-one,

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

20 vyl)phenyl]lmethylidene]-6-methyl-4-(2,3,4-
trifluorobenzyl)morpholin-3-one,

6) (Z2)-(R)-2-[1-[3-methoxy—-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-6-methyl-4-(2,3, 4-
trifluorobenzyl)morpholin-3-one,

25 7)) (Z2)-4-[(S)-1-(4-fluorophenyl)ethyl]-2-[1-[3-methoxy—
4—(4-methyl-1H-imidazol-1-yl)phenyl]methylidene] -6, 6-
dimethylmorpholin-3-one,

8) (Z)-(R)-4-[(S)-1-(4-fluorophenyl)ethyl]-2-[1-[3~-



methyl-1H-imidazol-1-yl)phenyllmethylidene]-6,6- dimethylmorpholin-3-one,
15 13) (2)-(S)-4-[(S)-chroman-4-yl]-2-[I-[3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)phenyl]methylidene]-6- methylmorpholin-3-one, 14)
(2)-(R)-4-[(S)-chroman-4-yl]-2-[I-[3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)phenyllmethyliéiene]-6- 20 methylmorpholin-3-one,
15) (£):(6%,2aR)-6-(4-fluororhenyl)-3:{k-13-tethoxy-4- (4-methyl-IH-imidazol-|
yl)benzylidene]hexahydropyrido[2,1-c][1,4]oxazin-4-one, 16)

(2)-(6R, 9a8)+6+4-flaonopherylk B-{-{3xanéthoxy 4128 {(4-methybIH-imidazol-|
yI)benzylldenelhexahydro yrido[2,1-c][1,4 oxa2|nl4 one, 1 7%

@S- chiordpyridin Gy hRgIES{E ™ L) =2y L) 2= 1
[3-methexyndy(4rmethyltHrimidazol-hidazo1-1-
yl)phenyl]methylidene]-6-methylmorpholin-3-one, 18)

(D-(4 R (e-ERIorEpydincd-yhetigif 2 lrorpholin=3-one,
[3-met xy4 thyl-IH-imidazol- .
yI)ph?éLr?yl]me %Igge¥ mé?#ﬁr%réholmﬁé 6ne. 5 1%)lmlda201_l_

(2)-(S):4-1(&rlv(Eroklorgpyridine2-yhethyd] 24 (3, 4, 5-
[3-methoxy-4-(4-methyl-IH-imidazol-I-

yI) phémyIrmatiyiaRARY.bL A IATHBRBAT-Sone 0 20)

(2)-(Shr4- (Rl %E"Orgp}{ré@'ﬂo%y)@twyzil%e&hy1 1H-imidazol-1-
[3-methoxy-4-(4-methyl-IH-imidazol-l 1

yIQphedylﬂJheﬂyyllﬁeﬁeﬂ}ﬁlmrflepmm -3orié, 21p-
(2)-(S)-4-[(S)-I-(2,6-diflugropyridin-3-yl)ethyl
O P HAb e A (S e LA -3-one,

12) (Z2)-4-[(S)-chroman-4-yl]-2-[1-[3-methoxy-4-(4-

—[3-

methyl-1H-imidazol-1-y1l)phenyl]lmethylidene]-6,6—-
dimethylmorpholin-3-one,

15 13) (Z2)-(S)-4-[(S)-chroman-4-y1]-2-[1-[3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)phenyl]lmethylidene]-6-
methylmorpholin-3-one,

14) (Z2)-(R)—-4-[(S)-chroman-4-yl]-2-[1-[3-methoxy—-4- (4-
methyl-1H-imidazol-1-yl)phenyl]lmethylidene]-6-

20 methylmorpholin-3-one,

15) (Z2)-(6S,9aR)-6-(4-fluorophenyl)-3—-{1-[3-methoxy-4-
(4-methyl-1H-imidazol-1-

yvl)benzylidene]lhexahydropyrido[2,1-c][1l,4]oxazin-4-one,
16) (Z)-(6R,9aS)-6-(4-fluorophenyl)-3-{1-[3-methoxy-4-

25 (4-methyl-1H-imidazol-1-
yvl)benzylidene]lhexahydropyrido[2,1-c][1l,4]oxazin-4-one,
17) (Z)-(S)-4-[(S)-1-(6-chloropyridin-3-yl)ethyl]-2-[1-

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



yl)phenyl]methylidene]-6-methylmorpholin-3-one, 22)
(2)-(S)-4-[(R)-1-(2,6-difluoropyridin-3-yl)ethyl] 15
2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-I-
ylphenyl]methylidene]-6-methylmorpholin-3-one, 23)
(2)-(S)-4-[(S)-I-(2,3-difluoropyridin-4-ybéthyl]-

Z{LF%@1 HQﬁyfhﬁggﬁngnggpkggﬁéﬁhylmorpholin—3—one,
yl)phenyl|methylidene]-6-methylmorpholin-3-one, 20 24)

(2)-(S)84-[(R)+-=(53-diftidmpytidirt-4eyl)athy}yridin-3-yl) ethyl] -2-[1-
2-[I-[3-methoxy-4-(4-methyl-IH-imidazo|-I-,
yphdryfineitidenel &-Metyimorsholit225me; 1s)

(2)-()14-4URRR )Ry oxyed €814 8=met hy Imorpholin-3-one,
trifluorophenyl)propyl]-2-[I-[3-methoxy-4-(4-methyl-IH 25
indidaZ8)-14)phenytifneéth§lidend 26 the tyhPorpGln-3-phes By 11 -2 - [1-
(2)-4-[dR,2R)-2-hydroxy-I-(3.4.5; trifluorophenyl) .

propyf]g-zfil-i%-m hgx;/%f- 4-1r:né\ﬁ11ylilli&-]| ig% Xi !

imidazol-dnd)phenydlmsthylidere]-6 6rdimetmdmorpholin-8-one, 27)
(Z)-4§{ R)-I-(4-fluorophenyl)-2-hydroxyethyl]-2-[I-
[3-m 8)x9-74>-(4£ﬁ?eiﬁy|£|&%?mFcra&%T-T loropyridin-2-yl)ethyl]-2-{1-

yhphenylimethylidenel-6.6:dimethvimorphalin-3rone, 28)
(2)-(6R)-4-[(IR,2R)-2-hydroxy-I-(3,4,5-

frifluayopberylypropyt2-LiBemethoxysdt{@AvirethyHEL in-3-one,
imidazol-l-yl%phenyl]meth Iidene]é6-6mgth%/{morpholin,-g-, ong, 19 29)h 1
(2440, FR)-2 oy 113,452 001 FTuOmOpY R LA nTS VT TRy 1)

trifluogopheny)propyl s Il 3methaxy 4-(frmethvldbs 1 -1 -

imidazol-1-yl)phenyllmethylidene]morpholin-3-one,
yv1l)phenyl]lmethylidene]-6-methylmorpholin-3-one,

22) (Z2)-(S)-4-[(R)-1-(2,6-difluoropyridin-3-yl)ethyl]-

15 2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-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-
yv1l)phenyl]lmethylidene]-6-methylmorpholin-3-one,

20 24) (Z)-(S)-4-[(R)-1-(2,3-difluoropyridin-4-yl)ethyl]-
2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-6-methylmorpholin-3-one,

25) (Z2)-(S)-4-[(1R,2R)-2-hydroxy-1-(3,4,5-
trifluorophenyl)propyl]-2-[1-[3-methoxy-4—-(4-methyl-1H-

25 dimidazol-1-yl)phenyl]lmethylidene]-6-methylmorpholin-3-
one,

26) (Z2)-4-[(1R,2R)-2-hydroxy-1-(3, 4, 5-

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



30) (2)-4-[(IR,2R)-I-(3,4-difluorophenyl)-2-
hydroxypropyl]-2-[I-[3-methoxy-4-(4-methyl-IH-imidazol 15
1-yl)phenyllmethylidene]Jmorpholin-3-one, 31)
(2)-(9)-4-[(IR,2R)-I-(4-fluorophenyl)-2-
hydroxypropyl]-2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-

1-yhphenylimsthylidenels6:methylmoranolins3,one, ¢ 32)
(2)-4-[(IR,2R)-I-(4-fluorophenyl)-2-hydroxypropyl] 20
2-[I-[3tmethoxy+e (- methy-H-imiazol-1-

yl)phen I]methylidene]-G 6-dimetr3}/lmor holin-3-one, 33

(@IS AR (8 HdiMdropha o=y ) -2 Hydztyechyl) 2= (1~

hydroxyprepyl25[!-[3-methoxy - (4-methykH-imidazol-
1-yl)phenyl]methylidene]-6-methylmorpholin-3-one, 25 34)
(Zy4¥@Rghqpy@imqmﬂgéﬁﬁﬁﬂgﬁﬁﬁgﬁ—dimethylmorpholin—3—one,
hydr ropyl]-2:0l:[3-methoxy-4-(methylimidazol-I- B

yI)ph%Z(r%/ﬁ] r%%)éhy i%l[%Le -66‘,‘[6(-%%rhé>}$ylr%okr%ﬁgl?ﬁ{-%-gné,?) 35)°
(2)-(rd4(Q)e2-drydeoxy-|-metbyl (34,8193 -methoxy-4- (4-methyl-1H-
trifluorophenyl)ethyl]-2-[I-[3-methoxy-4-(4-methyl-IH- .
imidaZBi-33Aphenyléthylidensrs e tfyimdokomE 30 shBO 3B o L 1n—3-
(2)-(69)z2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-I- 5
yphenyljmethylidene]-6-methyl-4-[(S)-I-(3,4,5-
frifluozépheryhethylaforpRoti?-3agdeo87) 1 - (3, 4, 5-

(2)-(6S)-4-[I-(4-fluorophenyl)-l-methylethyl]-2-[I-
ety R L PRRGBRE | L (3 mechoxy—4—(4-nechyl-16-
y)phenylimethylidepe]-Srmethylmaraholin-3aneci@d8) in-3-one,
(2)-(6S)-4-[I-(4-fluorophenyl)cyclopropyl]-2-[I-[3-
methasy-4{@-methyilR4-fRidazol, 4-difluorophenyl) -2-
yhphenylmethylidsne]-esmethylmorehelin 3-90%y netny1-18-imidazol-
15 1-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-
1-yl)phenyl]lmethylidene] -6-methylmorpholin-3-one,
32) (2)-4-[(1R,2R)-1-(4-fluorophenyl)-2-hydroxypropyl]—
20 2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-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-
1-yl)phenyl]lmethylidene] -6-methylmorpholin-3-one,
25 34) (z2)-4-[(1R,2R)-1-(3,4-difluorophenyl)-2-
hydroxypropyl]-2-[1-[3-methoxy-4—- (methylimidazol-1-
yv1l)phenyl]lmethylidene]-6,6-dimethylmorpholin-3-one,

35) (Z)-(S)-4-[(S)-2-hydroxy-1l-methyl-1-(3,4,5-



39) (2)-(6S,9aR)-3-{I-[3-methoxy-4-(4-methyl-IH-
imidazol-1-yl)benzylidene]-6-(3,4,5 15
trifluorophenyl)hexahydropyrido[2,1-c][1,4]oxazin-4- one, 40)
(2)-(6S,9aR)-6-(3,4-difluorophenyl)-3-{I-[3-
methoxy-4-(4-methyl-IH-imidazol-I-

yl)benzylidenelh ropyridel2.3-c]l ilfﬂ@ﬂﬁé'{hé;g)"% 2080 ) thy1-1H-
(2)-(6S,9aR)-6-(2,6-ditluoropyridin-3-yl)-3-{I-[3-
nuﬁh@xydb@bmﬁﬁhyﬂﬂphﬁmEkbMéthyl1dene] —6-methylmorpholin-3-
yl)benzylidene]hexahydropyrido[2,1-c][1,4]oxazin-4-one, 42)
(2)-(S)-F(S)-I-(5-fluoropyridin-2-yl)ethyl]-2-[I-

[3-meshoxy-Ar(4emethyl-IH-imidazolhdRy - 41— (4-methyl-1H-imidazol-1-
yl)phenyllmethylidene]-6-methylmorpholin-3-one, 43)

(D- (9)14R€§)0W@21@ﬁrbfﬁdé>i@cﬁﬁe4l-y9em]bzl[h4— [(S)-1-(3,4,5-

[3-methoxy: ethyl-| C o
oG SReT B e Oy RaA HiaRa 86" 44)
(2)- (3)74 [(&)H-(QGShl@ﬂ@-B}ﬂu@FO@Mﬁldtméhenyl -l-methylethyl]-2-[1-

yI)et -2-[l-[3-methoxy-4-(4-methyl-IH-imidazol-I-
yI)ph 1%5 idehel-6-methyirorpholinR6Ré Us)

(Z) (?I[} é@ﬁ@@}ﬁ@dﬂ%@@é’ﬂg M- @r legegnwléorpholln 3-one,

2-[I-[3-methoxy-4-(4-methyl-IH- |m|dazo -l-
yphérylntethylidenef-6imetiylmorphotm<rene c¥b)opropyl] -2-[1-[3-

(2)-4-[(S)-I-(2- Chloropyrldm -4-yl)ethyl]-2-[I-[3-
methé&g}% O it - iz b A 3261 -1~

yhphenylimethylidenel:6:6-dimeihyimespholing-one.110 47) one,
(2)-4-[(S)-I-(2,6-difluoropyridin-3-yl)ethyl]-2-[I-
[3-metAdxy4) (4 frfetAgRIH- imitlazbltme thoxy—4— (4-methy1-1H-
yhphenlimethylidene]-6,6- dimethylmorphqlin-3-ane,
15 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-
yvl)benzylidene]lhexahydropyrido[2,1-c][1l,4]oxazin-4-one,
20 41) (Z2)-(6S,9aR)-6-(2,6-difluoropyridin-3-yl)-3-{1-[3-
methoxy-4-(4-methyl-1H-imidazol-1-
yvl)benzylidene]lhexahydropyrido[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-
25 vyl)phenyl]lmethylidene]-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-

yv1l)phenyl]lmethylidene]-6-methylmorpholin-3-one,



48) (2)-4-[(S)-I-(6-fluoropyridin-3-yl)ethyl]-2-[I-[3-
methoxy-4-(4-methyl-IH-imidazol-I 15
ylphenyllmethylidene]-6,6-dimethylmorpholin-3-one, 49)
(2)-4-[(S)-I-(6-chloropyridin-3-yl)ethyl]-2-[I-[3-
methoxy-4-(4-methyl-IH-imidazol-I-

yhphenylimethyligenel-6 6:dimethylmorpholin:3:9ne, 50) r 1 4in-4-
(2)-4-[(S)-1-(2,3- dlfluoropyrldln -4-yl)ethyl]-2-[1 20
[3-methoryy(A-niethy-IH-imidazoty—4- (4-methyl-1H-imidazol-1-
yI)ph?[regg)é> meth IJj|deneJ16 6-dimethy gmor holin-3-one, 51

)
(2)-4 IbmSEer&ﬁdf“?)éthylf‘ﬁeﬂélmorpho1l“ 3-one,

methaxy- 4r(z4rm@§|$¥|4lH imidazol-t, 6-difluoropyridin-4-y1l)ethyl]-
yl)phenyllmethylidene]-6,6-dimethylmorpholin-3-one, 25 52)

(Zz?l ([Ij)_4j[(g)3rof5kmw0lﬁﬁ9:idﬁfﬁghwﬂﬁtﬁyﬁimidazol—l—
ethox t i 70
yI)phé/r@/l rﬂeﬂ%lh ene Tr%ethﬁmg?pﬁom%lgﬁgpg%ljm 3-one,

(2)-(S)ed-(4fluorebenzyl)-2¢p-[3Hfluorod (4 din-4-y1) ethyl] -2 [1-[3-
methyl-1H-imidazol-1- yI)phenyEmethyllden -6- methylmorpholin-3-one, 54)
(2)-2rE Motz (A-rmethyidRlitnidaz6rE Shphenylimethylidene]-4-[(S)-I1-(4-

5t“ﬂ ﬂﬂﬂﬁgyp?ﬂaﬁk?f%QHH%?D@“QJQYHEEﬁg%M%Eﬁﬂo11n 3-one,

(2)-4-[(S)-chroman-4-yl]-2-[I-[3-fluoro-4-(4-
aethyl7AH-imiddzal{B-yhphehyHmetliyliderals6; 6< diméthylmerplydlin-3-drie,
)- chroman 4-yl]-2-[I-[3-fluoro-4-

56) (Z) (S %g gi] 10
methyE1] 2Y01° - HpRehyiimethylideris) 2 méthylmorpholin-3-one, 57)
(2)-(S)13{hE3fugresd+{d1methdHsimidazelklk hy 1morpholin-3-one,

48) (Z)-4-[(S)-1-(6-fluoropyridin-3-yl)ethyl]-2-[1-[3-
methoxy-4-(4-methyl-1H-imidazol-1-

15 vyl)phenyl]lmethylidene]—-6,6-dimethylmorpholin-3-one,
49) (Z)-4-[(S)-1-(6-chloropyridin-3-yl)ethyl]-2-[1-[3-
methoxy-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-6,6-dimethylmorpholin-3-one,
50) (Z)-4-[(S)-1-(2,3-difluoropyridin-4-yl)ethyl]-2-[1-

20 [3—-methoxy-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-6,6-dimethylmorpholin-3-one,
51) (Z)-4-[(S)-1-(5-chloropyridin-2-yl)ethyl]-2-[1-[3-
methoxy-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-6,6-dimethylmorpholin-3-one,

25 52) (Z)-(R)-4-[(S)-1-(2,6-difluoropyridin-3-yl)ethyl]-
2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-6-methylmorpholin-3-one,

53) (Z)-(S)-4-(4-fluorobenzyl)-2-[1-[3-fluoro-4-(4-



yl)phenyl]methylidene]-4-[(IR,2R)-2-hydroxy-I-(3,4,5- trifluorophenyl)
propyl]-6-methylmorpholin-3-one, 15 58)
(2)-(9)-4-[(IR,2R)-I-(3,4-difluorophenyl)-2-
hydroxypropyl]-2-[I-[3-fluoro-4-(4-methyl-IH-imidazol-
1-yl)phenyllmethylidene]-6-methylmorpholin-3-one, 59)

(2)-(SQ2244l513- filiilorﬂn%cgéz@?tql\)}li daz0lrkern Ligene]-6-
yl)phenyllmethylidene]-4-[(IR,2R)-I-(4-fluorophenyl)-

hydroxypropylp6einethiyimorphelin-3-one, 60)
(2)-2-[I- [)3 -fluoro-4-(4-methyl-IH-imidazol-I-

yhphenyliméathyfidehel-a-[(IR'3R}-2-hydrdXy-lga 4 51 tmidazol-1-

trlflu%@pbﬁ@ﬂ}ﬁfﬂ@&ﬂr@@ﬁi@}%h\ylmp@phmfx one, 61)
(2)-4-[(IR,2R)-I-(3,4-difluorophenyl)-2 25
h§drdxybfépgﬂ]:szp[hw-mﬂb%m@lnfetﬁyldlirmﬁﬁi@a%f@@rpho1in 3-one,

1-yl) thyl 6-dimethy -3- 62) _
L THZ A brobner et [ flioroa: 2 e

(4- mathyhh}iwﬂazoidaylaphanm}Qﬁhazymﬁﬁhylmnﬂ}pmrmné-one, 63)
(E)-(S)-3-{l-[3-fluoro-4-(4-methyl-IH-imidazol-|

yl)phERVIFhBthyigERBP4-HIR 2R)22hydroxy-I- (3 4,5- trifluorophenyl)

prop wylRiperidin; 210 [3-fluoro—4— (4—
(E)-S%]E?Bngl%zhrol%fp(fmggég/l rlll%lrr%%éa)%ol |- S e

yOpheryliméthylidenedd-f¢R ;2R )¢ 2 )lydroxy-14(8 4, 5- trifkordophenyl) propyl]
piperidin-2-one, 65) E) -3- F% -fluoro-4-(4-methyl-IH-imidazol-I-
yI)ph&?ﬁlﬂﬁ%ﬁ%ﬁ%}éﬂ (2R 3R)-3-hydroxy-1,1- 10
dimethylindan-2-ylpiperidin-2-0ne,68)- 4- (4-methyl-1H-imidazol-1-

(E)-3-{I-[3-fluoro-4-(4-methyl-IH-imidazol-I-

ypheryetilideneii-](S)ezhydioryt LrnetRylR ~hydroxy—1- (3, 4, 5-
trifluorophenyl)propyl]-6-methylmorpholin-3-one,

15 58) (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,

59) (2)-(S)-2-[1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-4-[ (1R, 2R)-1-(4-fluorophenyl)-2-

20 hydroxypropyl]-6-methylmorpholin-3-one,

60) (Z2)-2-[1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-4-[ (1R, 2R)-2-hydroxy-1-(3, 4, 5-
trifluorophenyl)propyl]-6,6-dimethylmorpholin-3-one,
61) (Z2)-4-[(1R,2R)-1-(3,4-difluorophenyl)-2-

25 hydroxypropyl]-2-[1-[3-fluoro-4-(4-methyl-1H-imidazol-
l1-yl)phenyl]lmethylidene] -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) -



(3,4,5-trifluorophenyl)ethyl] piperidin-2-one, 67)
(E)-3-{I-[3-fluoro-4-(4-methyl-IH-imidazol-I- 15
ylphenyllmethylidene}-I-[I-(4-fluorophenyl)-I- methylethyl]piperidin-2-one, 68)
(E)-(R)-3-{I-[3-fluoro-4-(4-methyl-IH-imidazol-I-
yl)phenyllmethylidene}-I-[(IR,2R)-2-hydfoxy-I-(3,4,5- trifluorophenyl)

propyll5yyethylpipepdins2-ong, 20 63).
(E)-(S)-I-[(IR,2R)-I-(3,4-difluorophenyl)- -2-

hydroxyprapyl}-8s{l-f3-flubrd-2-@-methy b iH-imidazof-1 - 1H-imidazol-1-

1-yhphenylimethylidene}.5-methy plperldln -9ne, 70)
(2)- (éélég%r?%l m%{)r% A4 r%e Ry R J-hydroxy-1-(3,4,5-

Imldazel_r%ﬂlmiﬂyé%meb@o@ﬁ p2Bmethylpiperidin-2-one,
trifluorophenyl)tetrahydropyrrolo[2,1-c][1,4]oxazin-4- one, 71)
(65,9aR)-6-(4 tﬁldrbphén%b@-{IO[%mé‘ﬁh@@ﬁm/(hr1H—imida2Ol—l—

methyl-1H- |m|d henyl]-( B
meth Iljé)nee}% %})( j?m% P[%i 3] ilfg{xazzfl{n 4- oﬁgdrﬁ?y 1,40
(6R, Mﬂﬂbﬁﬁamﬁhgxyﬁrgbmbyb%mmmbne ,

yl)phenyl]- QlE) methylldenzg 6-(3,4,5-trifluorophenyl)-
tetratifro[EAoXakino]3; E‘:]{?]Qf]oféaz(lﬁ By 573y imidazol-1-

(6R.92R) | -(-[3- et roxy-1,1-
(4- mgel?[‘%f)?ll-i&ﬁrg‘li a@%ﬁg%g%%ﬁ] %Z)?E r?eﬁthhﬁ eréilse}Elyd oo

ﬂeQradee[l;éﬂtmaimo{B@@]][@#@exazim% bnen<r4)
(6R, 9aR) 6 quoroph%nyl -3-{I-[3- metho -4-(4-

methyl21H-iidazdrF1-yHpheR§Z5-methy Sﬁ%} g-tmidazol=1-
tetraWQHeﬂMﬁﬁME}ﬂQH%éfﬂOXaZ[Irasﬁb-o@e@r@g0&5) l-methyl-1-

(6R,9aR)-6-(4-chlorophenyl)-3-{I-[3-methoxy-4-(4-

methy*1 H-irnidazéll s pheayll(Z§-methyidepsjdin-2-one,

67) (E)-3-{1-[3-fluoro-4-(4-methyl-1H-imidazol-1-

15 vyl)phenyl]methylidene}-1-[1-(4-fluorophenyl)-1-
methylethyl]piperidin-2-one,

68) (E)-(R)-3-{1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene}-1-[ (1R, 2R)-2-hydroxy-1-(3, 4, 5-
trifluorophenyl)propyl]-5-methylpiperidin-2-one,

20 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) (Z)-(6S,8aR)-3-{1-[3-methoxy—-4-(4-methyl-1H-
imidazol-1-yl)benzylidene]-6-(3,4,5-

25 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) -



tetrahydro[1,4]oxazino[3,4-c]oxazin-4-one; 17) A pharmaceutical agent
comprising the 15 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 20 amyloid-a; and?29) The pharmaceutical agent

accorging, {g 18) aboye, wherein the disease causedihy amylpidradse

Alzheimer's disease, senile dementia, Down's syndrome, or amyloidosis. 25
[0006] Dhe(6amparindofithe [generahformuda (B-ore phatmaéologicallho 1 -1 -
acceptableh salt thereof gccording O%o the_%r_esg)ené ir%v_entiofn and th?1 ~
prophIAGHEBY 24 ~tHerafieltid hgeht for & distasecadsed By 24 3e88rding
to the- presery dnvention akesnevel ipyentions thathave ot yet been
described in any documents. [0007] 5 Meanings of symbols, terms, and the
like ugéd irfthe present speéifiéafior willieeaxglained| ‘antPtHes pregent? -

cpecHaatan 3 SrCtiar 10 orma of & SOmpOUNA s reesAt certan
isomere fernegranenienae oHdawever the-present inention- maudes all isomers
and isomer mixtures such as
74) (6R,9aR)—-6-(4-fluorophenyl)-3-{1-[3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)phenyl]—-(Z)-methylidene}-
10 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
15 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
20 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.
25 [0006]
The compound of the general formula (I) or

pharmacologically acceptable salt thereof according to

the present invention and the prophylactic or



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
chemical formula for convenience, and may include any one of the isomers
or mixtures thereof. Accordingly, the é8mpound of the present invention may

have an.2Q asymypelic.carben, atom in the. molecule ;apd existas.80q: ng

optically active compound or racemate, and the present invention includes
each 'of théepticalhye active veornpoundrand thesfacematetwitheut himitatioms.
AIthough crystal gol rgor%hs,of the,comBound may be 25 present, the
compoUnd’is ot Timitsd Herets as Well Bhd Hay e present as a single
crystalfopmior a mixture of single crystal forms. The compound may be an
anhydride or hydrate. 25 [0009] The "disease caused by Aa" refers to a wide
variety of diseased!sath 23sAlzhefiviePs Hisedst (See MW, ardeseverd

others, Alzheimers digease 2 affected prain; Pregenge of gligomeric.Aa,
Ilgan&s ( DEs) suggestg a molecular basis f%)r reversible memory loss,
Proceding MatidnalAgademy Of Science: USA b2003n Sep-2,i 10E.8)w .
p.10417-10422; Nitsch RM, and sixteen others, Antibodies against a-amyloid
slow i@%%]nitive decline in Alzheimer's disease, Neuron, 2003, May 22,

38(4), p.547-554; JarrefJ T, and two ofhers ; The £arpoxy erminys of the R
amyloid protein is
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 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

20 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

25 ©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.



critical for the seeding of amyloid formation: Implications for the
pathogenesis of Alzheimer's 15 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 fésearch communications, 1984, May
16, 20 J2043), p.885-890; Masters CL, and six others, Amyloid plaque core
protein in Alzheimer disease and Down syndrome, Proceding National
Academy of ScientlecU SA] sE38%, Jume; B2 (12) APA246:4249;tGoaras GK,
and eleven others, Intraneuronal AR42 accumulation in human brain, 25

Amerléa foun&l of pathidfsgy, 2600, Jar, 15671) 5 15- 20°88ReunérD, and

twentyiathersiisecrgted appioigac=proteinsimilande thatindhg senile
plaques of Alzheimer's disease is increased in vivo by the 26 presenilin 1
aRd 2and #PP ratatiohsHirkes esfandiliall Mzsimer Stlistase Nature

Medi igs 996, Au 2&85) p.864-87 ;an%FormaP MS, and fo% thers,

. iD 5 T
lefer(ientla Se%zfecltlg %ﬁhe swedish mutant ar%%ffosid por]écures%errpsrételpﬁ 50n
a-amyletd agcuswdation andsecsetion invneurons:asaynemnedronat €elisa,
The journal of biological chemistry, 1997, Dec 19, 272(51), p.32247-32253,

for exatiple) Seenfle detiéntid (sée BI4ds IPY Brain Metavdtisth and™Brain

disease; [s metabqlic defigiency ihe proximate 10 Oﬁﬁgﬁgﬂﬁ Alzheimer

dementia? Journal of Neuroscience Research, 2001, Dec 1, 66(5),

p 851856 i forexample} hdromotemperahele entiss (seecEVieGy and elévén

others,
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

15 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,

20 120(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,

25 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



Alternative transcripts of presenilin-1 associated with frontotemporal
dementia, Neuroreport, 2002, Apr 16, 15 13(5), p.719-723, for example),
Pick's disease (see Yasuhara 0, 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.6368, for example), Down's syndrome

(see 20 Jeller YK, anditen others, Regsence.of;spluble;amyloid .aspeptide.

precedes amyloid plaque formation in Down's syndrome, Nature Medicine,
1996 AJanc2(l9rp 93395 @l TOkuda T, Madisixothells) Flasatadevelssof,

amyloid apr t7eins AR1-40 and AR1-42(43) are elevated in Down's

25
syndfome “Annals 6t KelifiBay. 1697 F6b, 412) Oh 5715 273 16rExample),
cerehrakangiopathy (seesHayashi ¥uiand ningyathess JEwidensefoprotein

presenilin-1 involvement in amyloid angiopathy in the Alzheimer's disease 27
affected BraifyBraif Researehat998, Ape 18789120 BO708 14 Bareli ¢,
and fifteen others,, Characterization of new polyclonal antibodies specific_for
30 aE T S A O Ao S B eg, (e b e e e e o
biology ef preseniling andzhe 1immunehistocBemistyy obspesadie Adzheimer's
disease and cerebral amyloid angiopathy cases, Molecular Medicine, 1997,

Oct, $Q0)'5.695°707; Caltitsiin M hd tenBtRers, Néwrbat 5™ and
overgxpregsigh of Tutant amyloid, 19 preguesor pratein (gsults in prominent

deposition of cerebrovascular amyloid, Proceding National Academy of

SeienceuldS A 1999 INOW28, 96(24) pal4088>14083; andNeuroscience
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,

15 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

20 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

25 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-



Dermaut B, and ten others, Cerebral amyloid angiopathy is a pathogenic
lesion in Alzheimer's Disease due to a 15 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 charactérized by amyloid angiopathy and

large amyloid. 20,001 type senjleplaques.in the,4pPP @?%Ahas','>7%b/ (2), .
mutation, Acta Neuropathologica (Berl), 1998, Sep, 96(3), p.253-260; Herzig
MC, anad fourtedn otizers] Aa i, targeted to-thevasdidature in a mouse model

of hereditary cerebral hemorrhage with amyloidosis, Nature 25 .
Neurggcaiéﬁgé:,efdéitégﬁ, 709)" 5 0542986: VAR DAIREN "8G, Hhd Ve dihes,

Hereditarycerehial hemgprrhage - with) amylaidosis in patients of Dutch psigin
is related to Alzheimer disease, Proceding National Academy of 28 Science
USA UEF8 T, AGF,84(18) tH 599118994 cand Y e9y Er apdeighnothers, the

Mutation of the Alzheimer's_ disease amyloid e in_hereditary. cerebral
Pemon A DO g, Saenat, 000 U LS ABCASED). o 1ok 81226,
for exampledreegnitivatimpairmentifsepdiaws ShMe andeaven.others,
Association between the presenilin-1 mutation Glu3I8Gly and complaints of

membRFigaIFmeht ® NreU?6biolagy 81 Aging, 2002 Jarf-EéBo23(1fE p.55188,
for example)memory.disgrder and learping.disahility 19, (seg:Vaygcher;k, and

five others, Object recognition memory and cholinergic parameters in mice
éxpressigirhumanpresenilinelstransgénegrexpermendaiddeurtology o £

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
15 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
20 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, AP is
targeted to the vasculature in a mouse model of
hereditary cerebral hemorrhage with amyloidosis, Nature
25 Neuroscience, 2004, Sep, 7(9), pP.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



2002 Jun, 175(2), p.398-406; Morgan D, and fourteen others, Aa peptide
vaccination prevents memory loss in 15 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 humarf&-amyloid precursor protein, Proceding

20 Nafiona| Acagemy 0f SEience, USh, 1990, Jung,§; 93612); Rp341=3345,
for example), amyloidosis, cerebral ischemia (see Laws SM, and seven
others, Assdciatightbetveers thelpresenmin-dfmutatidn Gle3i8&ly and

complaints of memory. impairment, Neurobjology of Agein , 25 2002, Jan-Feb,
23(1) pHEEE; ms]tlnlacﬂ*uogl?/lr,l%n]dnte}he%?ﬁelr%?g-ar%ﬁfoi rectf Sl profts
transganicimicg, dhathaor diffuse Aa deposits bukda 7:9$ form plagues
show increased ischemic vulnerability: Role of 29 inflammation, Proceding
Natiohal AcademyesbSeiente USSR 12002, Fel 51 99¢3); p(E6E0-1H1S; And
Shang £, and four effiers, Increased suiscentibility.to isghemic brair damage
in transgenic mice overexpressing the amyloid 5 precursor roteln,l‘ﬂ'he
journakefreuroscierces d997; nAct dbplE(i20) s pob 55661, forexampte),,
vascular dementia (see Sadowski M, and six others, Links between the

pathdiGyy 8P 2PArdihet’s dideaSe antPasclidr dementid, ;Neurdchemical
Research, 2004, Jun, 29(6), 10 n.125731266,.for example), ophthalmoeplegia

(see O'Riordan S, and seven others, Presenilin-1 mutation (E280G), spastic

péraparesisy andreranial MRiiwhitee others, Object recognition
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

15 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 751l-amino acid isoform
of human P-amyloid precursor protein, Proceding

20 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,

25 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



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 gendér specific risk for Alzheimer's disease,

20 Experimental N;‘%Hmi%y@é@%?%%@t 1506h), R3Ldly, oy example), head

injury, cranial trauma (see Smith DH, and four others, Protein accumulation
in tratsvatic2 bfain ifipiy SNeBfoMolequldroMedicing,; 2008, 4(1a2) B.5%72,
for exam[igleg, apraxia gsee Matsubara-Tsutsui 25 M, and seven others,

MoledIRF eVidErce’ of PreseniiircL Shtitation in faniiial 8arly Sheat deffehtla,
Amerigan: jeumnal of Medicak Geneties 52002, APE8s144(Dn 2921298, for

example), prion disease, familial 30 amyloid neuropathy, triplet repeat
dizseaBeqseesKirkiadze MD, ahd tie ethets Parshigmsshifts 48 Alzhéimer's

disease and.ot ey rodegg ati isqrders: the emerging role, of
oligoarigicq%s'sgmb@g, 5 Edurgn%%ao?/ﬁ%ﬂ'ro%rgiren(e:é é)esleea?rbhf/%%fl rep 1,
69(5)dgmbh7 157 7( devert 3o andeight athers,itoflanmatgryr. genesiaseween

upreglulated in expanded ataxin-3-expressing cell lines and spinocerebellar

ataxi& Bfpe3BHaAMEI YTRE JobFhaISFNeGrSSeRénas 2001, Wi 11 21(15), 10
p.5389:7396; and,Mann DM, and one.ather, Repssition of, amylgid(A4)

protein within the brains of persons with dementing disorders other than

Alrheimer's diséase ahdr example), ophthalmoplegia (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



Down's syndrome, Neuroscience Letters, 1990, Feb 5, 109(1-2), p.68-75, for
example), Parkinson's disease 15 (see Primavera J, and four others, Brain
accumulation of amyloid-a 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 offers, Interactions of amyloidogenic

proteing, 20;NeyroMglecular Medicing . 2003,.4(1-2) H.49:58; Masliah E, and
six others, a-amyloid peptides enhance a- synuclein accumulation and
neurdhiat ldefigits ¢n 14D tramegenicomousermodek linkingrAlzhéimer's disease

and F:Aarkins,on's disease, Proceding National Academ% of 25 Science USA,
20010¢t's, 88f21), pL2245-12%507 ‘Barralfina WS Ahddix otfiers,

Amyleidsa depositionin dhe cgrelyal corex in HDeargentia with, bewyhadies is
accompanied by a relative increase in AIPP mRNA 31 isoforms containing
the Kdnitz préteasephibitor, Neswrothearsey intefRatiorralP 20050 Béb) 46(3),

p.253; 260; PriEZ]Y?evlgetraBJ%angnfgur ottp1 rs, %girn acgrq?lu?l%ilgﬁ]: é%}/ e

). J T r’ V4 1 4
amylgld-a in Non-Alzheimer Neurocfegqeneratlon, ournal o

Diseage; 3999065 K3), 110483193, foxexample s patkinspnistprdentardia
complex (see Schmidt ML, and six others, Amyloid plaques in Guam
amyotfophid Idteral EeferoBis} Oparkirsonism-aérrehtiacotRpexEsHitaiy

specigsof A, 10 similar o these-faynd.in the)amylaid plaques, of Alzheimer's

disease and pathological aging, Acta Neuropathologlca (Berl), 1998, Feb,

95@3ppﬂ&&912296; and Mann DM, and 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

15 (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.

20 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

25 Science USA, 2001, Oct 9, 98(21), p.12245-12250;
Barrachina M, and six others, Amyloid-f deposition in
the cerebral cortex in Dementia with Lewy bodies is

accompanied by a relative increase in APPP mRNA



and Ito H, and three others, Demonstration of R amyloid protein-containing
neurofibrillary tangles in 15 parkinsonism-dementia complex on Guam,
Neuropathology and applied neurobiology, 1991, Oct, 17(5), p. 365-373, for
example), frontotemporal dementia and parkinsonism linked to chromosome
17 (see Rosso SM, and three others, €bexistent tau andamyloid pathology in

20 hereditanyfrontgtemporal.dementia with tay putations , Annals, pf the New

York academy of sciences, 2000, 920, p.115-119, for example), dementia
with argyrophikoigrams (seeeTolayola andfoob others, Léw(@mylaid{AR)

plaque load and relativegred%minargice of diﬁ‘usg 25 plaques distinguish
argyrophilicgiain disbale from’ Al einers dis8a58; Netfopathology and

applied neurobicledy -X999,,Aud a28(4)n Pr2b-302n formexample),
Niemann-Pick disease (see Jin LW, and three 32 others, Intracellular

aécuﬁ%@mgﬁﬁﬁﬁamwﬁéggekni@%@@ﬁ?mé &f%§@%’§re§aﬁ§@2@otein Iin
neur It lemann-Pick t ects Is associat with _endosoma
o At LI ok g o Sty 3B Mar TRRa) o

abnormalities, Arherican’Jour
p.9751986 nfor £xarnpley xamyesophion iaterat sclerasis (see Sasaki, S, and
one other, Immunoreactivity of a-amyloid precursor protein in amyotrophic

laterd} 88 letosis® At NedFoatABlogieABet " 1699 ety 57¢5) p-463-2468;
10 Tamaoka &, and.furothets, lagreased amyloid A protein. In the gigin of

patients with amyotrophic lateral sclerosis, Journal of neurology, 2000, Aug,

2@7@§imilar to those found in the amyloid 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 P amyloid
protein-containing neurofibrillary tangles in

15 parkinsonism-dementia complex on Guam, Neuropathology
and applied neurobiology, 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

20 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

25 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



p.633-635; Hamilton RL, and one other, Alzheimer disease pathology in
amyotrophic lateral sclerosis, 15 Acta Neuropathologica, 2004, Jun, 107(6),
p.515-522; and Turner BJ, and six others, Brain a-amyloid accumulation in
transgenic mice expressing mutant superoxide dismutase 1, Neurochemical
Research, 2004, Dec, 29(12), p.228132286, for example), hydrocephalus 20

(see Weller RO; Rathology.of serebrospinal fiuid apd interstitial fuig af the

CNS: Significance for Alzheimer disease, prion disorders and multiple
sclerdsisgdeurnal of Newdpathdiogy andrExpermentdlNeurolegy, k898, Oct,
57(10&, h885,—894; Silverberg GD, 25 and four others, AIz,heimer's,di}slease,
normAlpredSUrE R drocephally and sémédcent thanges iR CEF Eifdlatory
physiglegys &Rypatbesisnd-ancet Beuralegy 2003 8uda 2(8F a6 Lly,
Weller RO, and three others, Cerebral 33 amyloid angiopathy: Accumulation

oPAadfGriter¥itial flgid drainage pattivays fiPAlZeiriels disease, T ARREISC of
the New York academy.of sciences, 2000, Apr, 903, R I10:LT: Yow HY,
and one otlher, role for 5 cerebrovascular disease in (fetermlnlhg the
pattemnaf recasydeidvdepositiof HaAyzheimesisedisease, Nevtelogyiand
applied neurobiology, 2002, 28, p.149; and Weller RO, and four others,
CereBro¥/astaRitdiseba3tSs A mafdre FactoF in fHd failure of elimination of Aa

from H&lggﬂ% hyman brain; Annals, of the, News Y oek acadepy of 5,

sciences, 2002, Nov, 977, p.162-168, for example), paraparesis (see

O'Rictdan & arid seven Dtherspthers, 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,

15 Acta Neuropathologica, 2004, Jun, 107(6), p.515-522;
and Turner BJ, and six others, Brain P-amyloid
accumulation in transgenic mice expressing mutant
superoxide dismutase 1, Neurochemical Research, 2004,
Dec, 29(12), p.2281-2286, for example), hydrocephalus

20 (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,

25 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



Presenilin-1 mutation (E280G), spastic paraparesis, and cranial MRI
white-matter abnormalities, Neurology, 15 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 20 phenotype of ANzheimers disease wiih 8pastic spAraparesisy
Annals of Neurology, 2001, 49(1), p.125- 129; and Crook R, and seventeen

others lAnariar of 2Akz heirnler s Wiseas e withespastitsparasesisandiunassal
plagues due to_deletion of exon 9 ofopresenilin 1, 25 Nature Medicin§ 1998,
p S

Apr; (%) BAs5 455 %of EXANDIE), Drodressie Suprantdledralsy (Sde

Barrgghina M, and six.others, Amyloid-a.depesitian.in 1thereerebral cortex in
Dementia with Lewy bodies is 34 accompanied by a relative increase in
AFPFMRRAC YSoforh3 cohtaini i the Kémitz protedase inhitrttern of
Neurgchemistry International, 2005 Fe?"a%??}”%zgg- 260. anlgelarrlglps/era J,

am eposrtion I1n.’Alzpeimer) ITsed
and four ol\f]hers, Brain 5 accumulation 6 yloid-a in ﬁlon-i[zhelmer %Y

Neuradegeneration, dernaliof Alzheimens Djsease, 1999 ; Oehdl(B,1 ler
p.183-193, for example), intracerebral hemorrhage (see Atwood CS, and
threefthefS ICErEBrovasenfnr regaifeniert forsealant Sarticodgaldht 10 and

remodeling malgcules that aljow for the maipignance, of yaseulay integrity

and blood supply, Brain Research Reviews, 2003, Sep, 43(1), p.164-78; and

LowemsdnglDyuman brain, Annals of the New York academy of
sciences, 2002, Nov, 977, p.l62-168, for example),
paraparesis (see O'Riordan S, and seven others,
Presenilin-1 mutation (E280G), spastic paraparesis, and
cranial MRI white-matter abnormalities, Neurology,

15 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

20 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,

25 Nature Medicine, 1998, Apr; 4(4), p.452-455, for
example), progressive supranuclear palsy (see
Barrachina M, and six others, Amyloid-f deposition in

the cerebral cortex in Dementia with Lewy bodies is



and two others, Protein aging: Extracellular amyloid formation and
intracellular repair, Trends in 15 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 Thrll3-114ins
presenilin-1 mutation, Brain, 2000, D¢, 123(Pt12), p.2467-2474, for

example), 20.mild cagnitive impairment (see Gattaz,Wipand fopy others,

Platelet phospholipase A2 activity in Alzheimer's disease and mild cognitive
impaitment,r Jeuntaltef Newal Trangmission p2004 aday i b 1{5); q.591- 601
and Assml A, and fourteen others, Plasma 5 Ievels of am 0| a-prot; e|

are iNSTEASSHE TR WoThdn \RiR ?&%85%&.%. DATIMERY, u(roidg)P

Sep 14063(3)q pp%%%;’aér&orﬁxeamaleﬁoaedoaﬂeﬂggc@ma (see De Meyer
GR, and eight others, 35 Platelet phagocytosis and processing of a-amyloid
pfeclrs6rprotaintas aorheehahizia of rﬁ@cr%‘bha@éz h@ﬁm&ﬁon in

atherﬁscler%m;Té%ri(f:ulcatlon Rgggr:f? ,2002, Z%e QO(JDJ.)$ D 113<197 }g%

for example The “C1 ylene group' “ret ers toan al yfene group
havingck 1o 6 @arbop atems. Preferable:examples afrtbegreupunelude a
methylene group, ethylene group, propylene group, butylene group, and 10
pent BroGyq0611t The" e kyl%uf?’?@ﬁer@‘i&%salkyl

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(l), p.164-78; and Lowenson JD,
and two others, Protein aging: Extracellular amyloid
formation and intracellular repair, Trends in

15 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 Thrl1l3-114ins presenilin-1 mutation,
Brain, 2000, Dec, 123 (Ptl2), p.2467-2474, for example),

20 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

25 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,



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 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,
1-methylpropyl group, 1,2-dimethylpropy!l group, 1-ethylpropyl group,

1-methyl-2sethylpiopyl 20.groun, 1:ethyl-2-methylpropyl groug,,1,1.2-
trimethylpropyl group, 1-methylbutyl group, 2- methylbutyl group,

1,1-dimethytisuty| grovgs 202 adimethytbutyligroupt 2=ethwdipitybgroup, 1,3-
dimeth%ut%group, 2-meth¥I§entyI§roup, and 3- 25 m,ethylgent Igroup.

[001 THe "C3XB &ycIBAIkTT RS refers toa “Cyelie iyl grotip Having 3 to

13 cagbon atoms. 36, Pseferable examptes obthe groupsinghyde-a cyclopropyl
group, cyclobutyl group, cyclopentyl group, cyclohexyl group, cycloheptyl
gfoupl, &Ykfdoctyl group, cyclononanyl group, cyclodecanyl group,

cycloundecanyl 5 group, cyclododecanyl group, and cyclotridecanyl group.
[0013] The "aryl grgoﬁuep" rce%résot%q%y?et%elgrr%%% béfr%%egfcl%:oar%%atic
hydrocarbor grodp'capan'dv ia gl4-membeted asomatienieteraayetie group”.
The "6- to 10 14-membered cyclic aromatic hydrocarbon group” used herein
referStGRmMGRoYclic! BiGchEPor ticycie ardhratie’ h§afocarBYR group

haW“85%?1éﬁé*EPQGﬁﬂogF%pylene group, butylene group, and
10 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

15 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

20 group, l-ethyl-2-methylpropyl group, 1,1,2-
trimethylpropyl group, l-methylbutyl group, 2-
methylbutyl group, 1,l1-dimethylbutyl group, 2,2-
dimethylbutyl group, 2-ethylbutyl group, 1,3-
dimethylbutyl group, 2-methylpentyl group, and 3-

25 methylpentyl group.

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

cyclic alkyl group having 3 to 13 carbon atoms.



Preferable examples of the group include 6- to 14- membered monocyclic,
bicyclic, or tricyclic aromatic 15 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 14-memifered aromatic heterocyclic group”

refers 20:10 a,manacyglic; bicyehc QLiricyglic aramatice heteroeyelic g

having 5 to 14 carbon atoms. Preferable examples of the group include (1)
nitrogenswontaining ardmatig heterocyelic greupy sugh asca  pyredlyhgraub,

pyridyl group, pyridazinyl group, 25 pyrimidinyl group, pyrazinyl group,
PyradbRyFarouts: iniabaah| SFSUR, inGe GHGuS, Isa e group.

indolizipyl grepR.RUrIRY QEeUP A2l GRoUD o ARy LgroLp; Asequinotyl
group, quinolizinyl group, 37 phthalazinyl group, naphthyridinyl group,
qainoXafinyl gredg. cqEinagzehnil greappeintofinglgrorip; pleddinyl greapp -
imidafgw%zlinyl group, pyrazinopyridazinyl group, acridinyl group,
phenanthridinyl group, 5 carbazolyl group, perimidinyl group, phenanthrolinyl
group, and phenacylgroupy (2)sulfigrcantaininrg taromartic-heteroeyclic
groups such as a thienyl group and benzothienyl group, (3)

oxyg &I eBRt&iRirtY arorhafic Heterocyelic gtoaps Such as'a fulfl gtoup,” t°

pyrany} 10.9roup. gyclopgntanyranyLaroup, penzofuranyl grayp, and

isobenzofuranyl group, and (4) aromatic heterocyclic groups containing two

o maré-hetele atoins welectedromatic 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

15 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

20 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,

25 pyrimidinyl group, pyrazinyl group, pyrazolinyl group,
imidazolyl group, indolyl group, isoindolyl group,
indolizinyl group, purinyl group, indazolyl group,

quinolyl group, isoquinolyl group, quinolizinyl group,



from the group consisting of a nitrogen atom, sulfur atom, and oxygen atom
such as a thiazolyl group, 15 isothiazolyl group, benzothiazolinyl group,
benzothiadiazolyl group, phenothiazinyl group, isoxazolyl group, furazanyl
group, phenoxazinyl group, pyrazoloxazolyl group, imidazothiazolyl group,
thienofuryl group, furopyrrolyl group, ahtd 20 pyridooxazinyl group. [0014]
The "aryloxy group’ refets,io a,graupiin  whish a hydrogen atamon the, 1
aromatic hydrocarbon ring of the "6- to 14-membered cyclic aromatic
hydrorarbon 25ugroups orray hydrogen atomon! thevaropmatic heterecyclénpt
the "5- to 14-membered aromatic heterocyclic group” is substituted with an
oxygdH A, (001K 58 THE 38 CIbaIyTGFoD BoRaBASEd Wit a
benzene ring” ay hex far example, sharoup-af-the: fgrmylas figormula 11] N
C or The benzene ring may be substituted with 1 to 3 5 substituents selected
from Substitteht GroUp Al orer Méthylene grouiPonthe s ghayciéalkyl

group, may be s%)stguted with an oxyge tom; gnd ‘the %3-8 cl)(cloalkyl
arour ey e SubstiuTed ith 118 3 "hy iyl Groups andiar EL8 alky
groupscomatic heterocyclic groups such as a thienyl group

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 atom, sulfur
atom, and oxygen atom such as a thiazolyl group,

15 isothiazolyl group, benzothiazolinyl group,
benzothiadiazolyl group, phenothiazinyl group,
isoxazolyl group, furazanyl group, phenoxazinyl group,
pyrazoloxazolyl group, imidazothiazolyl group,
thienofuryl group, furopyrrolyl group, and

20 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

25 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]



10 [0016] The "4- to 8-membered nitrogen-containing heterocyclic group
formed by Arl-X1- and R4 together with the nitrogen atom to which Ar1-X1-
is bonded and the carbon atom to which R4 is bonded" may be, for 15
example, a group of the formula: 39 [Formula 12] Art Art Art Art Art NNNN
or AN The 4- to 8-membered nitrogen3¢ontaining heterocyclic group may be
substituted with an-gryl.greup qQr, pyridinyl groyn, whersin the agyl groyp.or
pyridinyl group may be substituted with 1 to 3 substituents 5 selected from
Substitrent :GrouprAll Inadditon, fone erethylene groaupop thé 4:-te
8-membered nitrogen- containing heterocyclic group may be substituted with
a metRyiBRetiroup substituted with 1 or 2 substituents selected from
Substituent.GroumAl, 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. The4- to emb nitrggen-containing“12
heter grogp havifig ong méthyleng ]
a met 2 p substitutee-with 1 or ,

Substitugnt Group Al, a vinylene group thatmay

coliol

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 Cl-6 alkyl groups.
10 [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

15 example, a group of the formula:



substituents selected from Substituent Group Al, an 20 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
40 by the formula: [Formula 13] Art Art Art Art Art 5r Art Art Art NNN~ or .NH
0 N, [0017] The "C1-6 acyl group" uséd herein refers to an acyl group

having:l 10.6.carben atoms. Preferable 5 examples of the group include a
formyl group, acetyl group, propionyl group, butyryl group, isobutyryl group,
pentanoyl group, and hexanoyl group. [0018] The "CB;&{cycloalkyl groumr,
formed by N:1and R2 107Mvdether with the tarbon ato d which they.ar
bond@s'N the "C3- alkyl gI’O}{ ed by 4 togeth ith

I-rl or V 0819

The 4- to 8-membered nitrogen-containing 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

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
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.

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 group that may be substituted with 1 or 2
substituents selected from Substituent Group Al, an

20 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



The "C1-6 alkylene group, wherein the C1-6 alkylene group may be
substituted with 1 to 3 hydroxyl 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 alkflene group" may be, for example, a
group, specifically represented by the formula: [Formula 15] Me OH Me Me
Me Me Me Me OH ior $$ Me Me Me 42 0020] Substituent Groups Al
refers fothexfalloWing groups. Substituent Group Al: (1) a halogen atom, (2)
5 a hydroxyl group, (3) a cyano group, (4) a C3-8, cycloalkyl grRYp; (5) a

C3-8 kopxy groug\(6) a C1-6/fkyl group, @herein the C -épalkyl group
n ato eto tli‘%q 6 alkoxy
10 sulbpstituted with pne af two C1-6

cycl
may bg’, supstitutegithd to 54;
groups,'(7) a amin(&gro that
alkyl Y whergi g
Ar; Ar, Ar; Ar,

?‘rN ?{N ?gN)\ or fN)\

[0017]
The "Cl-6 acyl group" used herein refers to
an acyl group having 1 to 6 carbon atoms. Preferable
5 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?
10 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:



the C1-6 alkyl groups may be substituted with 1 to 5 halogen atoms, (8) a
C1-6 alkoxy group, wherein the C1- 6 alkoxy group may be substituted with 1
to 5 halogen atoms, and (9) a carbamoyl group that may be 15 substituted
with one or two C1-6 alkyl groups, wherein the C1-6 alkyl groups may be
substituted with 1 to 3 halogen atoms?§0021] The "halogen atom" used
hereinggfers 19 & 20 fluorine atom, chlorine atom, bromine atom, iodine
atom, or the like, and is preferably a fluorine atom, chlorine atom, or bromine
roup” refergte a cyclic alkyl group having 3 to 8
ble examp 3 i
yclogentyLggo\ phexyl group, cycloheptyl
‘ Up. [0022] 43 -8 cycloalkoxy group" refers
to a cyclic alkyl group having 3 to 8 carbon atoms in which one hydrogen
atom is supstituted with an oxygen atom. Preferable examples of the group

[0019]

The "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

5 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]
Me OH

N %L‘a e

>

Me

Me Me %%
:::l\\\¢//ﬁk %Q orzh
X , a)\( %I( |



above. The "CI-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 15 examples of the group include a methoxy group, ethoxy group,
N-propoxy group, i-propoxy group, n-butoxy group, i-butoxy group,
sec-butoxy group, tert-butoxy group, Apentoxy group, i-pentoxy group,
sec-pepiaxy; group, tert-pentoxy group, n-hexoxy group, i-hexoxy 20 group,
1,2-dimethylpropoxy group, 2-ethylpropoxy group, 1-methyl-2-ethylpropoxy
group, 1-ethyl-2-nfethylipropexye dgiooppi,2-triafethylpropoxye gfoup,dly 1125
trimeth Iprogoxy group, 1,1-dimethylbutoxy group, 2,2- dimethylbutoxy group,
2-ethyibutsXy group, 1,3 25 dimethylbutoxy group, 2-methylpentoxy group, 3-

methylpentoxy group, and-hexydoxy greup.1[0024] The aminegroupthat may
be substituted with 44 one or two CI-6 alkyl group” refers to an amino group
inPwhithaAe o fwodiydibgeh Rtomscar sulsstituied With aneéordwo alkyl

groups having, 1 to 6 carbon atoms. Rreferable examples of the gr
e Lo IR A sk eiad cag Voo S

diethylanine geoup ghpropylamineigrotips and-di-rr1prepytanine grooe
[0025] The "carbamoyl group that may be substituted 10 with one or two CI-6
akyl@Hﬁﬁ?%%ﬁ&%ﬁo%%EBﬂkuﬁ8yP halogen atoms or one to three

Cl-6 alkoxy groups, (7) an amino group that may be
10 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
15 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
20 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.
25 Preferable examples of the group include a cyclopropyl
group, cyclobutyl group, cyclopentyl group, cyclohexyl
group, cycloheptyl group, and cyclooctyl group.

[0022]



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, 15
ethylcarbamoyl group, diethylcarbamoyl group, n- propylcarbamoyl! group,
and di-n-propylcarbamoyl group. [0026] In the present specification, there

are no specific limifationsstogthe, "phar gically,20 aceeptahlg salt”
insofar as it is a pharmacologically acceptable salt formed with a compound
of thecgenéral aformula £k thatisa prophylactic ok therapetticagent wior @
disease caused by Aa. Preferable specific_examples of the salt include

hydron&Tideg (602R As”05 Rydrofiitites: hydfolhibNdas, Rydidbromidds, and
hydroiedigdes),inerganigacids salts {such;as sulfates, unitrates, perchiratss;

phosphates, carbonates, and bicarbonates), organic carboxylates (such as
ateta¥ES 45 GRAtareR. htalBatEs) tantrates [RIPRaIES, e UEitrates), organic

sulfo%atg O(gg}c{g as rr%%tganesuIggrg%teest trif(l)uxoron}eotganesyll(gonates,
ethanesulfonates, behzenesuffdnates, tollenesuffonates, 5 and
campbprsulfonates) aminouacid salts (such as aspartates and glutamates),
quaternary amine salts, alkali metal salts (such as sodium salts and
potas%ﬂ%v%alts), and alkali earth metal salts (such as magnesium salts and

Cakﬂun]sahs)'10{9@27&31—6 alkyl group" is as defined above,
10 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

15 examples of the group include a methoxy group, ethoxy
group, N-propoxy group, i1-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

20 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-

25 dimethylbutoxy group, 2-methylpentoxy group, 3-
methylpentoxy group, and hexyloxy group.

[0024]

The "amino group that may be substituted with



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, 15 (a) R1, R2, R3, and R4 are the same
or different and each represent a hydrogen atom or a Cl-6 alkyl group; X1
represents a Cl-6 alkylene group, whetéin the CI-6 alkylene group may be

substifyted with, 1 tQ- 3_ 20 hydroxyl groyps,or<Cl-6 alkyl groypswhereip he
CI-6 alkyl groups may be substituted with 1 to 3 hydroxyl groups, or a C3-13
cycloatkytgicup formed byiwwoh@EE cglkyl groups togetisebbonded ¢al the th

same carbon r%tom of th§ CI-6 alk I%ne group; 25 X6 represents a methoxy
group’8F atfucrifie a6t X Fapresents’ad oxy§en atsi 6F A mefiyene
groups frexidesh that Xhiisi1enly & exygen sigm whende 46 ds arpethons

group; and Arl represents an aryl group, pyridinyl group, aryloxy group, or
pyridityioxyr grdtpethay hedy be  substituted WitheT 33 stlsstituents selected

from a3l stituent Group Al; (brq Arl-X1- represents a C3-8 %ycéoglkyl group
condense %lt%mal%%n é?llépring, wherein %nénr%eﬂ{ﬁgﬁé gar%up on the C3-8

cycloalkybgroua maybestibstituted with an oxygen atom, the C3-8
cycloa[llok Izggoup may be 10 substituted with 1 to 3 hydroxyl groups and/or
Cl-6

The "carbamoyl group that may be substituted

10 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,

15 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

20 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

25 hydrofluorides, hydrochlorides, hydrobromides, and
hydroiodides), inorganic acid salts (such as sulfates,
nitrates, perchlorates, phosphates, carbonates, and

bicarbonates), organic carboxylates (such as acetates,



alkyl groups, and the benzene ring may be substituted with 1 to 3
substituents selected from Substituent Group Al; and R1, Rz, R3, R4, Xa,
and Xb are as defined in (a) ; 15 (c) one of R1 and R2 and one of R3 and R4
are the same or different and each represent a hydrogen atom or a CI-6
alkyl group; the other of R1 and R2 arftP the other of R3 and R4, together

with the carboa atpms. 1o which they are respegtively bonded,form a C3-8 20
cycloalkyl group, wherein the C3-8 cycloalkyl group may be substituted with

1 to Isubstitaents selested-freml BulsstitgerisGroup Al; and X1, Xa, Xb, and
Arl are as defined. in %aé)lor (b); (d%Arl-Xl- and R4, together with the nitrogen
25 atbm WA APE:X3 3¢ boht %jué%d”t‘}-?etEﬁ?beosnué?o"rﬁ%e\?vhich R4 is
bondednforasa A 40 8-membered nitkgens containing heteresyalicograups ,
that may be substituted with an aryl group or pyridinyl group, wherein one 47

methylehe GroRpoaTs tHe 4n &6 8srhenitidred [iffbgena EbAtaifing héterocyclic
group,may, be substiuted with a. methylene.group substituted with 1 or 2
substituents selected from Substituent G?oup Aﬁ, avYnﬁene group% that may
be subskitltednwith 1 toad substituents selectednfremiSubstiitepb Greup i,
an oxygen atom, or an imino gr(f)gghthat may be substituted with a

substittehf Selettéd frbft SubstitienttSictp AR ‘dritl the dtyPgrdlplar Stum
pyridinyh group, may.he substituted with 1 10 to 3 substituents selected from

Substituent Group Al; Xb
10 [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,
15 (a) R?, R2, R3, and R? are the same or
different and each represent a hydrogen atom or a Cl-6
alkyl group;
X, represents a Cl-6 alkylene group, wherein
the Cl-6 alkylene group may be substituted with 1 to 3
20 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 Cl1-6 alkylene group;
25 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;



represents an oxygen atom; and R1, Rz, R3, and X. are as defined in (a)
and (b); (e) R1 and Rz, together with the carbon atom to which they are
bonded, form a C3-8 cycloalkyl group; 15 and R3, R4, X1, Xa, Xb, and Arl
are as defined in (a) and b); or (f) R3 and R4, together with the carbon atom
to which they are bonded, form a C3-8 ®ycloalkyl group; and R1, Rz, X1, Xa,

Xb, and Arl are as.defined,in. (&), and 20 (b), and particularly preferably, (a)
R1, Rz, R3, and R4 are the same or different and each represent a hydrogen

atom or a Cl-6 alkyf groeipr 25eXt sepresents adClktrlkyeme ¢grovp, wherein

the CI-6 alkylene group may be substitlljted with 1 tog ht\{droxgllj%roups or
Cl-6 Ak GrotpE: WHerelt tHe E1-6* BlkyP Yo i3S Hiay B8 Substitdted with 1 to

3 hydsoxy48 gredps: X» representssagnethoxy-groupara flugrine.atom; Xb
represents an oxygen atom or a methylene 5 group, provided that Xb is only
af ox§gentatbre WherrXUiis Almethoxy group; and Arl represents an aryl

o B T, A U SR S B U
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

10 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, R?, Xs, and Xy are as defined

Group Al; and R?, R2, R
in (a);

15 (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

20 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

25 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



(b) Arl-X1- 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 15
substituted with 1 to 3 hydroxyl groups and/or CI-6 alkyl groups, and the
benzene ring may be substituted with*? to 3 substituents selected from

Substituent , Graup Al R@”@B%H%M% R4s Xa.A0d %R areas,defined in (a);

or 20 (d) Arl-X1- and 4, together with the nitrogen atom to which Arl-X1- is
bonded arwi thencartoncatony td iwhichdR#4 issbpndeds fdrat atdrtted with a
8-membered nitrogen- contalnlng heteroc C|IC %{ou%that mag be substituted

with 815 a1 gF8Gp Br Pyridimyl Grotp W eréln orie 95 Mettiigne gr6ls on the

4- to 8=memhered:nitfogenscontainingdieleroqyclic groupymay bessubstituted
with a methylene group substituted with 1 or 2 substituents selected from

StibstittREht GroUpeAE woviRy letiecgrotb 49 Lthia® nvay Be Substituted with 1 to 3

substltu§nts,C g%cted fgorg u stltu Group an oxggen atom, or an
imino group that m: may be su stituted Eh a %u&t’ltuent sefetted from’

Substituent GrouprAlanthtive mapylgrosprerqyridieyl group may be
substituted with 1 to 3 substituents selected from Substituent Group Al; Xb

repreSBRRan 5 geAAtB At Shd RIT RAVRES IitEXT aré Q8P defined it (éﬁe
and (b).,[0028}, 10 .the campound ofdhg farmpula (L Qs t i tuted with 1

10 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 R?, together with the carbon atom
to which they are bonded, form a C3-8 cycloalkyl group;

15 and R?, R4, X1, Xi, Xp, and Ar,; are as defined in (a) and
(b); or

(f) R® and RA, together with the carbon atom
to which they are bonded, form a C3-8 cycloalkyl group;
and R?, R2, X1, Xi, Xp, and Ar; are as defined in (a) and

20 (b),
and particularly preferably,

(a) R?, R2, R3, and R? are the same or
different and each represent a hydrogen atom or a Cl-6
alkyl group;

25 X, 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



pharmacologically acceptable salt thereof, Arl is preferably an aryl group or
pyridinyl group, or an aryl group or pyridinyl group substituted with 1 to 3
halogen atoms. 15 In the compound of the formula (I) or pharmacologically
acceptable salt thereof, Arl is more preferably a phenyl group or pyridinyl
group, or a phenyl group or pyridinyl gtéup substituted with 1 to 3 halogen
atomg20 [0029] In the compound of the formula (1) or pharmacologically
acceptable salt thereof, X. preferably represents a methoxy group or a
fluorine atom. 25 N-theccomponing of thetformulastiyop plrarmddclogicadly
acceptable salt thereof, Xb preferably represents an oxygen atom or a
meth§ieR8 group, provided that Xb is only an oxygen atom 50 when X. is a

methoxy group. 0630} kptheseamporindgfitheformula 0) 08 methylene
pharmacologically acceptable salt thereof, 5 preferably, 1) R1, Rz, R3, and

R2 argrthigPsamecsi differehe Andredch pépresent aiiidgehdton6raxc1-6
alkyl group; ZQt%ne;(of R}ggd_RZr%d one of R3 and R4 are the same or
different and each r%p?eser?t’a ahydrogen atom or a C1-6 alkyl group; and the
other of R1 10 and R2 aaghtheother of R3-and &4, dpgetheriwith $he group,

aryloxy group, or pyridinyloxy group that may be
substituted with 1 to 3 substituents selected from
10 Substituent Group Alj;

(b) Ar,i—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

15 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, R?, Xs, and Xy are as defined

Group Al; and R?, R2, R
in (a); or

20 (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

25 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



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) R1 15 and R2, together
with the carbon atom to which they are bonded, form a C3-8 cycloalkyl
group; and R3 and R4 are the same 4Pdifferent and each represent a

hydragen: afom el.a ClsGralkylaroup; of 4) R3 and Rd.together, with the

carbon atom to which they are bonded, form a 20 C3-8 cycloalkyl group; and
R1 aned RZarslthier sameudrs different addosactiiepresenkadwdregen atom or

a Cl1l-6 alkyl roup. OOSléIn the comepound of the formula (I) or 25
pharrﬁﬁcéfg]gicoal® Scleptifie S5 therest et préferably représents a C1-6

alkyleng, groupewheseindbeLg16-alkylenasgraup mayshe vpubstitutachwithl
to 3 hydroxyl groups or C1-6 alkyl 51 groups, wherein the CI-6 alkyl groups
may Bé& Y3ulsstitute dewith vIr i3 b r %yl Wrotips; Xe rhvks tpreféredlyith 1

represents -CR5R6-, wherein R5 and R6 are the, same or different and each
ropreCont a ToRS el i O S BCETA A oo e e R i

group miyehe nsubstituted with Ltod hygraxy'graups;rand Xbmastare as
preferably represents -CH-C(OH)R7-, wherein R7 represents a CI-6 alkyl
group!96632F 10'In'the éampbbind of the formula (1) or

[0028]
10 In the compound of the formula (I) or
pharmacologically acceptable salt thereof,

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

15 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.

20 [0029]

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

X, preferably represents a methoxy group or a
fluorine atom.

25 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



pharmacologically acceptable salt thereof, Arl preferably represents an aryl
group, pyridinyl group, aryloxy group, or pyridinyloxy group that may be
substituted with 1 to 3 substituents 15 selected from Substituent Group Al;
and Arl more preferably represents an aryl group or pyridinyl group that may
be substituted with 1 to 3 substituents8elected from Substituent Group Al.

[0033],2Q In the campaund of the formula (I1) or pharmacologically
acceptable salt thereof, Arl_a preferably represents a phenyl group or

pyridin§Pgfadup that may be substituted with 1 to 3 substituents selected from

Substituent Group Al; and 25 Arl a more preferably represents a phenyl
pI t fp £ ry rP T pheny
group or pyridinyl JFodp that Ry HEE be"sibstitatdd 8 tnady be’Substituted

with Lo 3-halegen atamsy [Q034] 52 dndhe compaund of the formula (11) or
pharmacologically acceptable salt thereof, preferably, R5 and R6 are the

séme or different BrefeaciiepresenRa hydrogen atdm 8r aeCR6 BhalkyRme
o I AR A S et
acceptabte salt thergafutQ X preferably represents aamethoxy group ofrad
R? are the same or different and each represent a
hydrogen atom or a Cl-6 alkyl group; and the other of R
10 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!
15 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
20 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
25 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



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, provided that Xb is only an oxygen atom
when X. is a methoxy group. [0037] In the compound of the formula (ll) or 20
pharmacologically acceptable salt theréof, preferably, 1) R1, R2, R3, and R4

are the same oy clifferent and each represent.a hydrogen atom or a Cl-6

alkyl group; 2) one of Ri and R2 and one of R3 and R4 are the same or
differentand eachdeprésent & 25hydrogensatonrora<Cl-&alkygroup; and

the other of R1 and R2 and the other, of R3 and R4, together with the carbon
atom8 16 WHieH they aré F&&Pectively bonded " form & E3-8 8 cfdalRylgrolp,
whereigibedz3:8 53 ccyslpalkyhgeoum may-he substituted withyd 02 om or

substituents selected from Substituent Group Al; 3) R1 and R2, together with
the carboh atom o wisiel ttey dhe tsordéd Sofrh2 CBLB8 XY cloatikif gietipPe
and %%%‘Qgi%ﬁ% 5418 same Oéd'ﬂﬁg%%%%’ld %%‘89;!%@%5%‘%& hydrogen
atom or a CI-6 alkyl group; or 43 3a , together with the carbon atom to
whichtheyearhondeg fosama sC3e8icyclonlkyl-groupzasdrRt and R2 are the
same or different and each represent a hydrogen atom or a Cl-6 10 alkyl
epresents a Cl-6 alkyl group.
groug.
[0032]
10 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

15 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]

20 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

25 Ari;_, 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]



[0038] In the compound of the formula (I-a) or pharmacologically acceptable
salt thereof, X1 preferably represents a CI-6 alkylene 15 group, wherein the
CI-6 alkylene group may be substituted with 1 to 3 hydroxyl groups or CI-6
alkyl groups, wherein the CI-6 alkyl groups may be substituted with 1 to 3
hydroxyl groups; X1 more preferably fépresents -CRSR6-, wherein R5 and

R6 are the 20 samg, o different,and fach represenif hydiagen giom or a
CI-6 alkyl group, wherein the CI-6 alkyl group may be substituted with 1 to 3

hydraoxyh groups; @rid-X11most preferably represensQH-C(OH)R7-, wherein

R7 represents a Cl-6 aI?Igéroup.RgS 0039] In thetcompound of the formula
(-a) or pharmacoldgicafly Acdeptable Saltthetaos, Alf préfarally represents

an aryligrous 54 pyadinytgreup.ayioxy draup: a5 pyridinyexy graup ithat
may be substituted with 1 to 3 substituents selected from Substituent Group
Ap arrd Avliimere Ypreferadhe igpresentslan arykgrouprerpyrdinylgroup 5 that

may be substituted with 1 to 3 substituents selected from Substituent Group

Al [OSEB]SIn the compound of the formula ayf)} Gr p%%rmacologically

acceptabbs salt thereof, 10 preferably, 1) R1, Rz, R3, and R4 are the same

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

10 X, preferably represents a methoxy group or a
fluorine atom.

[0036]
In the compound of the formula (II) or
pharmacologically acceptable salt thereof,

15 Xp preferably represents an oxygen atom or a
methylene group, provided that X, is only an oxygen atom
when X5, is a methoxy group.

[0037]
In the compound of the formula (II) or
20 pharmacologically acceptable salt thereof,
preferably, 1) R?, R2, 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

25 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



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 hydrogen 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 carbon atoms to which they
are respectively bonded, form a C3-8%ycloalkyl group, wherein the C3-8

cycloalkyl graup, may, be substityied with 1,10,3 subsiityents.selected from
Substituent Group Al; 3) R1 20 and Rz, together with the carbon atom to

whichstheytate: dborelete Ierm adC8:=8 vy cloatkyl greup; and R3S and R4 ake
the same or, different and each reé)resent a hydrogen atom or a C1-6 alkyl

group 8t 4) R3"TE RA together “With the €dtboh Ao td Whidh theYard” ©

bondedfarm a25-&3-8 eycloalkyt graup;,and Rl.and 2 are thesameore
different and each represent a hydrogen atom or a C1-6 alkyl group. [0041]
55 It eemporndiiithefenhuid-Bretphsrnacsiogicallystceptable salt

thereof, preferably, R13 and R14 are the same ofs different and represent a
hydrogen atom or a5 su%s%ﬁlen(%rs%ﬁ]&tea]?rorg g{Jbgtrlltuent’GFoo e%‘il;earnd
morewareferably, RidandR b4 are the same ne differenbantkeach sepresent

a hydrogen atom, a halogen atom, or a Cl-6 alkoxy group. [0042] 10 In the
comp%ﬁ% Wﬁlé%}ﬂﬁma @'J_rﬁr)u&; and R' and R* are the same or

different and each represent a hydrogen atom or a Cl-6
10 alkyl group.
[0038]
In the compound of the formula (I-a) or
pharmacologically acceptable salt thereof,
X, preferably represents a Cl-6 alkylene
15 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
20 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.
25 [0039]
In the compound of the formula (I-a) or
pharmacologically acceptable salt thereof,

Ar; preferably represents an aryl group,



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 acceptable salt thereof, preferably, 1) R1,
Rz, R3, and R4 are the same or different and each represent a hydrogen
atom or a CI-6 alkyl group; 2) one of R4 and R2 and one of R3 and 20 R4

are ths,samiegn diffesent and each epresait a.Mulipgen ajomr a.JJf ally

group; and the other of R1 and R2 and the other of R3 and R4, together with
the darbonmgmsstoswhichitheyarewespedtively bondest; iforena €3-8

cycloalk%/I grou ,fwheresin the C3-8 25 ¢ cloalkgllgrou%m?/ be substituted
with £10 3°5abstittiefits’ s8etted fom Substitdent Gfoup'Al; 37RT and R2,

togeteewithihe carbpnatentto which-theyareponded, farm &/C38 cup
cycloalkyl group; and R3 and R4 are 56 the same or different and each
répreSeat atiidrogen U b eeCl-8idikyl'grotps of Wy R3-AHETR4, together
with th carg%g atom to Whicchitchueé/n%reGbonde%,lform a C3-8 cycloalkyl

1 b .
group;eanedp an&% g}le ﬁWE same or g%?#erent and each represent a

hydrogematom or a Cl-6 alkyl group. [0044] In the compound of the formula
(I-c) or pharmacologically acceptable salt thereof, 10 Arl_, preferably
remesenu;aphen§pgﬁﬁﬁ)69mpound of the formula (I-a) or

pharmacologically acceptable salt thereof,

10 preferably, 1) R?, R2, 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

15 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!

20 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

25 €3-8 cycloalkyl group; and R' and R’ are the same or
different and each represent a hydrogen atom or a Cl-6
alkyl group.

[0041]



pyridinyl group that may be substituted with 1 to 3 substituents selected from
Substituent Group Al; and Arl_, more preferably represents a phenyl group
or pyridinyl group that may not be substituted or 15 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 ar, 20, vinylene group that may-be substityted with 1 or 2

subsitutents selected from Substituent Group Al, an oxygen atom, or an
iminoegroupathat paay:beé substiiedawith & subsitbtert sélected from

Substituent Group Al; Z1 more prq@erabg/ rq@resentg a methylene group that
may 25 be substithted With 1 8r 2 sub&fifliehts S&I8cle oM SuBstituent

Group Alrer-anoxygen-aiopynd Z1 mest-pepferablyfepresents a
methylene group, wherein the methylene group may be substituted 57 with

1 %or Z3bbBstithents- whiche affe the” sameSoP difiéremt anerselectell fronfithe
group consisting of I-6 alkyl gr and a hydroxyl group, L an oxygen
atommg]isogg]e?e E:%O% E % uf@ are hé/?e s\én% OP 8 %‘?er Igﬁ,y

n the compound of the formula (I-c) or pharmacologica
acceptable:salt thereof spreferally,ar agdim=arerthe=sarae s «diffarent, and
each represent an integer of 0 to 2; and more 10 preferably, n and m each
repredeht 10 alkoxy 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 acceptable salt thereof,
preferably, 1) R?, R2, 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
20 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
25 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



[0047] In the compound of the formula (I-c) or pharmacologically acceptable
salt thereof, preferably, 1) R1 and R2 are the same or 15 different and each
represent a hydrogen atom or a CI-6 alkyl group; or 2) R1 and R2, together
with the carbon atom to which they are bonded, form a C3-8 cycloalkyl
group. [0048] 20 In the compound of #tfe formula (11-a), (lI- b), or (lI-d) or

pharmgcologically, acceptable salt, fherenfy preferally, 1) R1, Rz, B3, and R4

are the same or different and each represent a hydrogen atom or a 25 CI-6
alkyl group;®) en€df R1sahgd RYandonecof RB and R4l aké thesameor

different an(g each re§resent ah drogen atom or a CI-6 allgllgro%p; and the
other'of R1 "&i%d K &l tA Bthéof'R3Ahd K2 15§ &thar With'the 55 c&rbon

atoms to which they rya respegtively, hordeg, Sformn a.G3+8,eycaalkybgroup,
wherein the C3-8 cycloalkyl group may be substituted with 1 to 3
stbstitiéhts selected fronT SubSEIRIR Group AR 3) RI 5249 R tégéthe?
with tQ%{c rbo?oa&om to which they are bonded, form a C3-8 cycloalkyl
group; and R3'and R4 are the same or different and each represent a
hydrogeru @atom or a Cl-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 theIgaﬁ]kéeopompound of the formula (I-c) or

pharmacologically acceptable salt thereof,

10 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

15 may be substituted with 1 to 3 halogen atoms.

[0045]

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

Z, preferably represents a methylene group or

20 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;
Z, more preferably represents a methylene group that may

25 Dbe substituted with 1 or 2 substituents selected from
Substituent Group Al, or an oxygen atom; and

Z, most preferably represents a methylene

group, wherein the methylene group may be substituted



different and each represent a hydrogen atom or a CI-6 alkyl group. [0049] In
the compound of the formula (l1-a), (1I- 15 b), or (lI-d) or pharmacologically
acceptable salt thereof, preferably, 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 20 substituted with 1 to®’ hydroxyl groups. [0050] In the

compound af the formua (I1-a).(k D)y, ax Hi-d) or pharmagelogjcally
acceptable salt thereof, 25 Arl_a preferably represents a phenyl group or
pyridiyFE grotgnthat ray essulsstitdtednwithel tor8usubstitaéntsiselectedifrom

Substcitue tGI‘OUf Al; and Arl_a more referabl¥ represents a phenyl 59
group %r_élyﬁ(lji gfBp that Mad not becdibstittfetfor thad beSdliisstituted

with 11,3 halogen atoms. [0051] In the compound of the formula (II-c) or (lI-
5 e) or pharmacologically acceptable salt thereof, preferably, 1) R1, R2, R3,
afd R4 afé the same or different and each represent a hydrogen atom or a
C1-6 alkyl group; %}]on% of Ri and R ar%d one c%f R3 aipd 4 are the same or
different and each rep?eger?toén %Uﬁlydrggen atom or a C1- alﬁ;;/I é)foup; and
the otherifRblogically acceptable salt thereof,

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

10 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

15 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]

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

preferably, 1) R?, R2, R3, and R? are the same
or different and each represent a hydrogen atom or a

25 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



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, wherein the
C3-8 cycloalkyl group may be substituted with 1 to 3 15 substituents
selected from Substituent Group Al; 3) R1 and Rz, together with the carbon
atom to which they are bonded, form #°C3-8 cycloalkyl group; and R3 and

R4 are, the same g differgnt andgach representa bydregen afom.gr a C1-6
alkyl group; or 4) R3 and R4, together 20 with the carbon atom to which they

are bondedaforiré C3<8 eycloalkyd group; ahd Rl andR2 &fe ¢he same or

different and eac? regresent a h%dro%en atom or a C1-6 %Ikgl group. [0052]
25 InTHE c3MPdund of e i dia (855 (Y '&§ br'pHatmacoiogically

accepiabla salidhereol R< jueferabhyrenrgsents.a hydeegen atom ofa k21-6
alkyl group. 60 0053] In the compound of the formula (lI-c) or (ll- e) or

pharmadoRgicaiipacbeptabie balt iereof AR _atsrafdrabirepressats are
phenyl group or. 5 pyridipyl group that may be substituted with 1 tp 3.
%091(968 fOIRy e¥ % q‘oa%l%i pg;]&ﬁ £’]Id &ﬂg V[‘{ ancP ﬁfer%,%?y

substituents $elected from Substituent u _a more pre

represaestssafhesyl Qroaprermpyridiaylgrenpribat eaynnotbe sibsttiied or

may be substituted with 1 to 3 halogen atoms. 10 [0054] |
atom or a Cl-6 alkyl group; or 4) R° and R, together

with the carbon atom to which they are bonded, form a
10 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-
15 Db), 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
20 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,
25 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



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 therapeutic or prophylactic agent for a 15
disease caused by amyoloid-a such as Alzheimer's disease, senile
dementia, Down's syndrome, or amyl®idosis. 1)

(2)-2- %@3%‘%@0 -éi@fg\%hglflgtgni@@g@lﬂaax})wyﬂmt@a;@@%@%]ﬁé&%-

20 trifluorobenzyl)morpholin-3-one, 2)

(2)-2+a[3- hrrethoxy-4i @+ hrathylilehimidaz ob |-hd Ypleny | jatethy lidene]-4- (2, 3,4-
trifluor%geqzyl)morpholin-s-one, 3)

(2)-(S) 2L [3-methoxy-4-(4-methyl-IH-imidazol-| 25
yl)phenyllmethylidenel-BamethyArk3, 402 trifldorehenzyl) marpholine3-ong; -4)
(2)-(R)-2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-I- yl)
pRengllmethytiteriei-Brrredhyled-{3,45 &1r thfiisrobehzy DT BRGNN-3-one,
5) (2)-(S)-2-[I-[3-methoxy-4-(4-methyl-IH-imidazel-I- 4
yl)phenyl]methynd%ﬁ%?- hethyl- -5(]2, ,21-%ﬁﬂuérébé"ﬁ?yﬁmo?ﬁﬁontnh-i-c?‘r?érfes
6) (ZeR)124kEE-aathaxy-4-metbpl-bténtdazohk{-drogen atom or a
yI)phenyl%methylidene]—6-methyl-4-(2,3,4- rlrifluorobgnazryl/gmorpholin-%—ogrtla& 7)

(2)-45(S)21- G- ftidroBHem) ety IR2]1-3-nfetoxy- B one of R
4'(4'@etg¥lélH:'HQid%gé'l_gppggﬁ¥@m&glﬁylwe€l_a§cﬁ_ }gpresent a

dimethylmorpholin-3-one,

10 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

15 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

20 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]

25 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.



8) (2)-(R)-4-[(S)-I-(4-fluorophenyl)ethyl]-2-[I-[3-
methoxy-4-(4-methyl-IH-imidazol-I-
yl)phenyllmethylidene]-6-methylmorpholin-3-one, 9)
(2)-(S)-4-[(S)-I-(4-fluorophenyl)ethyl]-2-[I-[3 15
methoxy-4-(4-methyl-IH-imidazol-I-
ylphenyllmethylidene]-6-methylmorpholin-3-one, 10)
(2)-2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-I-
yl)phenyllmethylidenel-4<[(Sp4x8 45 trifluohephienyl)ethyl]mbreholin-343d1e,
20 11) (2)-2-[I-[3- methoxg/ 4-methyl-IH-imidazol-I-

Sty el THBRET A0 1 (300 & TS ety o Bholin-3-one,

12) (2)-4-[(S)-chrompan-4syl-2sf-{31pethaxy=444+s a phenyl group or
methyl-1H-imidazol-1-yl)phenyl]methylidene]-6,6- 25
dﬁne@@mﬁgﬁﬁyﬂ"ggqyﬁgtmgt may be substituted with 1 to 3

(2)-(9)-4-[(S)-chroman- 4 [
s)fik tgent yﬁ %rh)rﬂlﬁ);ﬁge tue t Grou

1; d
methyl H |m|3azoI81§/% enyllmet - met yImorpﬁoﬁn-S-gﬁe, 62

14) (2)-(R)-4-[(S)-akroman+yl-2=f43anethaepedd4ents a phenyl
methyl-1H-imidazol-1-yl)phenyllmethylidene]-6- methylmorpholin-3-one, 15)
(2)-(65 9HR) - (2 b7 PEnyY- SUP [ S PAGHERY- 415 (PSnStAYR ISz Y

y)benzylidenelhexahydropyridel,1-Clid,A10%azins40ne, 18
(2)-(6R,9aS)-6-(4-fluorophenyl)-3-{I-[3-methoxy-4- (4-methyl-IH-imidazol-|

yl@bem@;ﬂmhe]hexahydropyrldo[z 1-c][1,4]oxazin-4-one, 10 17)

(Z) (S) 4 [(S) - (6 chloropyrlldlg %J)rll,)ethyclz]o% I(Sund selected from the
following group or a pharmacologically acceptable salt
thereof is particularly suitable, for example, and is
useful as a therapeutic or prophylactic agent for a

15 disease caused by amyoloid-B such as Alzheimer's
disease, senile dementia, Down's syndrome, or
amyloidosis.

1) (Z)-2-[1-[3-methoxy-4—-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-4-(3,4,5-

20 trifluorobenzyl)morpholin-3-one,

2) (Z2)-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-4-(2,3,4-
trifluorobenzyl)morpholin-3-one,

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

25 vyl)phenyl]lmethylidene]-6-methyl-4-(3,4,5-
trifluorobenzyl)morpholin-3-one,

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

yv1l)phenyl]lmethylidene]-6-methyl-4-(3,4, 5-



[3-methoxy-4-(4-methyl-IH-imidazol-|
yl)phenyllmethylidene]-6-methylmorpholin-3-one, 18)
(2)-(S)-4-[(R)-I-(6-chloropyridin-3-yl)ethyl]-2-[l-
[3-methoxy-4-(4-methyl-IH-imidazol-l 15
yl)phenyl]methylidene]-6-methylmorptdiin-3-one, 19)
(2)-(R):44S)esehlorapyridipras yDathylls2-l-
[3-methoxy-4-(4-methyl-IH-imidazol-I-
yl)phényljhethigidehe]-6-metindniorpholin-Glene f120) -1H-imidazol-1-
(2)-(S)-4-[(R)-I-(5-chloropyridin-2-yl)ethyl]-2-[| 20

5 e Ry SR P TR ey (2,3, 4-
yhphenyltnetiwdidenel-6ymethyimorpholin:gsone, 21)
(2)-(S)-4-[(S)-I-(2,6-difluoropyridin-3-yl)ethyl]-

2I-[3ethoxy&- (AmdthyRipahlgazor4-— (4-methyl-1H-imidazol-1-
yphenyllmethylidene]-6:methylmorpholin-3-one, 25 22)
(Z)-(%qigﬁ-‘?)-Ryéz?g-cﬁ?]fﬁéro%y%?;%-ﬂ)étt[ﬁgvxaﬂ- 1233
2-[I-[Fmiethoxy-<b&-meathybibinidazot-tone,

yl)phenyl]methylidene]-6-methylmorpholin-3-one, 23?
(2)-(S)L4-{8)1*(2l3 ifidorbpyfidiRasjethylt 63-hy L] -2~ [1-[3-methoxy-

2-[l-[Irmethaxy;ed-methyl ik ipidazol- i -6, 6-
yI)phe:ﬁmethy}ﬁﬁene]-&methylmorpr?%lir)l%kzgﬁg,l]Znﬁsthyl denelzere

(D) - (iR (& Brdifiudropyridire4-yl)ethyl]-
2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-1 5

yl)phényiffithyitienel-6omethylarphalinigRe L yhy 1] -2 - 1113~

(2)-(RAH4ER2R)-2hydroxy1-(3i#.9midazol-1-
trifluorophenyl)propyl]-2-[I-[3-methoxy-4-(4-methyl-IH-

imidazbl-2hyphelilmethylidene-6-methyirmoaprdliin-3n oAeP16.26)
(2)-44(R2R)-2:Nydroxydy3:4.93_£110ropheny1)ethyl]-2- [1-[3-

15 methoxy-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-6-methylmorpholin-3-one,
10) (Z2)-2-[1-[3-methoxy—-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-4-[(S)-1-(3,4,5-
trifluorophenyl)ethyl]morpholin-3-one,

20 11) (Z2)-2-[1-[3-methoxy—-4-(4-methyl-1H-imidazol-1-
yv1l)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]lmethylidene]-6,6—-

25 dimethylmorpholin-3-one,

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

methylmorpholin-3-one,



trifluorophenyl)propyl]-2-[I-[3-methoxy-4-(4-methyl-IH-
imidazol-1-yl)phenyllmethylidene]-6,6- dimethylmorpholin-3-one, 27)
(2)-4-[(R)-I-(4-fluorophenyl)-2-hydroxyethyl]-2-[I- 15
[3-methoxy-4-(4-methyl-IH-imidazol-I-
yl)phenyl]methylidene]-6,6-dimethylméfpholin-3-one, 28)
(2)-(6R)r4-[dR.2R)-25hydrexyd 3 :4h3n -4 y17]-2- [1- [3-methoxy—4— (4-
trifluorophenyl)propyl]-2-[I-[3-methoxy-4-(4-methyl-IH-
imidazet-Lwiyplienyilndethylidéne]t6 whetiylmoesholin-8e 20 lotfe; 29)

(Z)-4$%R,2R27]2-h droxy-1-(3,4,5-

trifludPopREny ?6%%%-%@ 38thoxy-4-(4-methyl-IH-
imidazel-1-y)pheny/lmethyidenelmerpholine3-pne, 330)1 - [3-methoxy-4-
(2)-4-[(IR,2R)-I-(3,4-difluorophenyl)-2 25
hydros§presyll2-{-B3-mathoxy-4-(4-methyl-IH-imidazol-

1-yhp [Imethylidenelmorpholin-3-one e oxazin—4—one
(Z)-(égﬁ?éﬁ,z Q#ﬁfzﬂ?ﬁ]}lex r(\]!)}:l)o_%yrldos[]ﬁ, 1 1[1,4] 4 ,

uorop

hydroxy pragpyl}-26k[3-amethexy-4-4-methyhiymjdazol 64[3-methoxy-4-
1-yl)phenyl]methylidene]-6-methylmorpholin-3-one, 32)

(2)-4-{ARTRY-(4-Hiot8gremn)-2 nydroxypropyl]-

2-[I-3;methoxy-A-(A-methykIimidazol-l o 12, 1 ¢ (1, 4] oxazin-4-one,
yI)ph%r?;}l]metr)i(/ylidene]%,6-dimg?r%pﬁgh[nz-3%or%,[51 %)

(D)-(9)74-[(IR)2R B -3 4{difluefopltenyi)t2r opyridin-3-yl) ethyl] -2-[1-
hydrox%/prop []-2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-

LypheryREthyiderial 6 ey mBrofalie 3 one. a4)

(2)-4-{lRA2R )7 (3 A=diflyorophenylls2me t hy Imorpholin-3-one,
hydroxypropyl]-2-[I-[3-methoxy-4-(methylimidazol-I 10
yl)phérylnméthylielenét-6 & -timetliytribiphohy-Bidie,3-v1)ethyl]-2-[1-

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

15 vyl)phenyl]methylidene]-6-methylmorpholin-3-one,
19) (Z)-(S)-4-[(S)-1-(5-chloropyridin-2-yl)ethyl]-2-[1-
[3-methoxy-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-6-methylmorpholin-3-one,
20) (Z2)-(S)-4-[(R)-1-(5-chloropyridin-2-yl)ethyl]-2-[1-

20 [3-methoxy-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-6-methylmorpholin-3-one,
21) (Z2)-(S)-4-[(S)-1-(2,6-difluoropyridin-3-yl)ethyl]-
2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]methylidene]-6-methylmorpholin-3-one,

25 22) (Z)-(S)-4-[(R)-1-(2,6-difluoropyridin-3-yl)ethyl]-
2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-6-methylmorpholin-3-one,

23) (Z)-(S)-4-[(S)-1-(2,3-difluoropyridin-4-yl)ethyl]-



35) (2)-(S)-4-[(S)-2-hydroxy-l-methyl-I-(3,4,5-
trifluorophenyl)ethyl]-2-[I-[3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)phenyllmethylidene]-6-methylmorpholin-3- one, 15 36)
(2)-(6S)-2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-I-
yl)phenyl]methylidene]-6-methyl-4-[(S$-F(3,4,5-
trifluogophenyetbylimarpholin-3:00,, 37— imidazo1-1-
(2)-(6S)-4-[I-(4-fluorophenyl)-lI-methylethyl]-2-[I-
[3-methory-an(4-methikH-dnidazob+ 20t hy Imorpholin-3-one,
yhph n)gl]methylidene]-6-methylmor halin-3-one, 38

(2)~(

) ..
A-{E(a-nddrophehyl)cyclopropyf-2frf3- Py tain-4-yl) ethyl] -

methoxy-f-(dsmethyllk imidazokbt hy1-18-imidazol-1-
yl)phenyl]methylidene]-6-methylmorpholin-3-one, 39)
(D-(6S;DaRy3:{l{[BerretHadras d-metipilinzerrholin-3-one,

imid -1-yl)benzylidenel]-6-(3,4,55
triﬂui%géhé)r%l)h&hgyd?g]égﬁggﬁz,f-clfﬁ? Oxhzin-4-6né.20)
(2)-(6S;9aR) 6~ 4ediflupraphenyl)-3-{[3 65-methoxy-4- (4-methyl-1H-
methoxy-4-(4-methyl-IH-imidazol-I- . .
yberByifelnexaty dibphrde et pi4foxazialtid v anprphol in-3-
(Z)-(6<§]g§1R)-6-(2,6-dif|uoropyridin-3-y|)-3-{|-[3-
methoxy-4-(4-methyl-IH-imidazol-I 5
yberzylideneldexaliyiropyridof2;t:cifly4foxézint4<one, 42)

(2)-(S)-4-[(S)-I-(5-fluoropyridin-2-yl)ethyl]-2-[I-
ooy T RS Prfa b 11—

-methoxy-4-(4-methyl-1H-

yl)phenylimethylidepe]-srmethylmarpholig3-enes 43)
(2)-(S)-4-[(S)-I-(2-chloropyridin-4-yl)ethyl]-2-[l 10
[3-methpgy-ay (4 arath g LiH imidazol-I-

15

20

25

27) (Z2)-4-[(R)-1-(4-fluorophenyl)-2-hydroxyethyl]-2-[1-
[3—-methoxy-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-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]methylidene]-6-methylmorpholin-3-
one,

29) (Z2)-4-[(1R,2R)-2-hydroxy-1-(3, 4, 5-
trifluorophenyl)propyl]-2-[1-[3-methoxy-4—(4-methyl-1H-
imidazol-1-yl)phenyl]methylidene]lmorpholin-3-one,

30) (Z2)-4-[(1R,2R)-1-(3,4-difluorophenyl)-2-
hydroxypropyl]-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-
1-yl)phenyl]lmethylidene]morpholin-3-one,

31) (Z2)-(S)-4-[(1R,2R)-1-(4-fluorophenyl)-2-

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



yl)phenyl]methylidene]-6-methylmorpholin-3-one, 44)
(2)-(S)-4-[(S)-I-(2-chloro-3-fluoropyridin-4-
ylhethyl]-2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-I-
yl)phenyllmethylidene]-6-methylmorpholin-3-one, 15 45)
(2)-(S)-4-[(S)-I-(2,6-difluoropyridin-4-yPéthyl]-

2-[I-[3rmet ToRANE imidaz 17b morpholin-3-one
yI)ph%:%mbgﬁ%yﬁ%%‘]ng]é%ﬂ%&e%ﬁ%gfgﬁoﬁn-%}}g%e, 4%% s '
(2)-44@S)-1+«@-chlotdpyidiRi4-yhethyi[-24k[@henyl) ~2-hydroxypropyl] -
methagxy-4-(4-methyl-IH-imidazol-I 20 .
hphenyiimetyideneis, & dimelhy bt e 3:6RE 47}
(2)-4+(S)oh§diflucropyriding31yietbyli2nBt hy 1morpholin-3-one,
[3-methoxy-4-(4-methyl-IH-imidazol-I-

yPlpherylméthylieienéi-6 6-dirmethyimbtpHolii-Blone cagyny 1) —2-

(2)-4-[(S)-I-(6-fluoropyridin-3-ylethyl]-2-[I[3 25 , , . B
methgggﬁ?%%%re?ﬁ%ﬁﬁnni@azﬁ _|_1¥Jt%[>;ly % (4-methyl-1H-imidazol
yl)phenyljmethsdide ned-6r6-dimethylmorpbolin-8xoreh 49)n-3-one,

(2)-4-[(S)-I-(6-chloropyridin-3-yl)ethyl]-2-[I-[3-
methé@-ﬂ@-r‘n%TWIlllf*t-ﬁﬁi)d'ai‘ (peé-difluorophenyl) -2~

0o

yl)ph%%ﬂlmg Jigggﬂ-ﬁz@-ﬁim?m@%g@

L Zglml'slgl%%h§9)midazol—l—
(2)-4-[(S)-I-(2,3-difluoropyridin-4-yl)ethyl]-2-[I-

[B3methory-da(4-imethiz/H-imidazof-l 6 —-dimethy lmorpholin-3-one,
[I[methylidene]-6,6-dimethylmorpholin-3-one, 5

AR Gt e MR UL

methexy-Ar (dsmgtAlA-inidazol-l-o - 11— [3-methoxy-4- (4-methyl-1H-
yl)phenyl]methylidene]-6,6-dimethylmorpholin-3-one, 52)

(Z}(quqegpﬂcggxﬁﬂ@@ﬁﬁ@ﬁam@gbwyﬁﬁ§ne]—6—methylmorpholin—3—
2-[I-[36rr1nethoxy-4-(4-methyI-IH-imidazol-l 10
yI)phenﬁ]methylidene]-6-methylmorpholin-3-one,

15 36) (Z2)—-(6S)-2-[1-[3-methoxy—-4-(4-methyl-1H-imidazol-1-

yv1l)phenyl]lmethylidene]-6-methyl-4-[(S)-1-(3,4,5-
trifluorophenyl)ethyl]morpholin-3-one,
37) (Z2)-(6S)-4-[1-(4-fluorophenyl)-1l-methylethyl]-2-[1-
[3—-methoxy-4-(4-methyl-1H-imidazol-1-

20 vyl)phenyl]lmethylidene]-6-methylmorpholin-3-one,
38) (Z2)-(6S)-4-[1-(4-fluorophenyl)cyclopropyl]-2-[1-[3-
methoxy-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]methylidene]-6-methylmorpholin-3-one,
39) (Z2)-(6S,9aR)-3-{1-[3-methoxy-4-(4-methyl-1H-

25 dimidazol-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-



53) (2)-(S)-4-(4-fluorobenzyl)-2-[I-[3-fluoro-4-(4-
methyl-1H-imidazol-1-yl)phenyl]methylidene]-6- methylmorpholin-3-one, 54)
(2)-2-[I-[3-fluoro-4-(4-methyl-IH-imidazol-I- 15
yl)phenyllmethylidene]-4-[(S)-I-(4-
trifluorophenyl)ethyl]-6,6-dimethylmorfRolin-3-one, 55)

(2)-4:R)achroman-g-yl2sl-{3-fkore-dstd o, 1 -
methyl-1H-imidazol-1-yl)phenyl]methylidene]-6,6- dimethylmorpholin-3-one,

20 56) (Z)¢S)-AL[(S)rhtomannd e fiBificrot4{4{ 1, 4] oxazin-4-one,

methyl-1H- |m|da ol-1-y)phen methylldene -6- methylmor holin-3- one 57)
2-(S) 213 fldéro’ﬁoy(gpmgt%%'lﬁ I pgropy T td P 3y 1) =5

ypherylimethylideneld: (iR, 2R)-2-hydeoxyl=(3,4,5- 25
trifluorophenyl)propyl]-6-methylmorpholin-3-one, 58)
(D-(ABER2R)-A B aldifltieropher2do [2, 1- c] [1,4]oxazin-4-one,
hydr pyl]- fl -4 @ ethyl IH imidazo

1-yl)phe ?ﬁrﬁetﬁ;s/[hd%ng]? -methy mg?p olint- one %72 53§J) ethyll-2-[1-
(2)- (S:)Bz-rﬂe[taﬁﬂb@r{)&4-((4-ﬁﬁ€fhw AHiimidazaklzo1 -1 -
yl)phenyl]methylidene]-4-[(IR, 2R -I-(4-fluorophenyl)-2-
hydrokyprosyiL6.me MEHSIn@ BRéhegyorpholin-3-one,

(2)-2-{5[3-flygrordy(4 methyl-Ik-imidaz i . )
yI)phé[r%]yflg]an%?hyﬁenae] ERF()PR QR?}IZ hyd%%?_@gS 4-yl)ethyl]l-2-[1

ﬂrHIuof@phlemyﬂmp%{&@dzmethylhﬁeﬁphoﬂa@bﬂe— 61)
(2)-4-[(IR,2R)-I- 3 4-difluoro ,

AR K g ) D A Y SERIC R
1-yl)phenyllmethylidene]6,5-dimethylmerpholing3-ane,; 30-62) n-a-

1-[I-(2,4-difluorophenyl)ethyl]-3-{I-[3-fluoro-4-
yvl)ethyl]-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-6-methylmorpholin-3-one,

15 45) (Z2)-(S)-4-[(S)-1-(2,6-difluoropyridin-4-yl)ethyl]-
2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-6-methylmorpholin-3-one,

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

20 vyl)phenyl]lmethylidene]-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-
yv1l)phenyl]lmethylidene]-6,6-dimethylmorpholin-3-one,
48) (Z)-4-[(S)-1-(6-fluoropyridin-3-yl)ethyl]-2-[1-[3-

25 methoxy-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-6,6-dimethylmorpholin-3-one,
49) (Z)-4-[(S)-1-(6-chloropyridin-3-yl)ethyl]-2-[1-[3-

methoxy-4-(4-methyl-1H-imidazol-1-



(4-methyl-IH-imidazol-1-yl)phenyl]-(E)- methylidene}piperidin-2-one, 63)
(E)-(S)-3-{I-[3-fluoro-4-(4-methyl-IH-imidazol-I-
ylphenyllmethylidene}-I-[(IR,2R)-2-hydroxy-I-(3,4,5 15
trifluorophenyl)propyl]-5-methylpiperidin-2-one, 64)
(E)-3-{I-[3-fluoro-4-(4-methyl-IH-imida24l-I-

yhphenylimetiplideneld 1R R 2nydraxyd 3 Mo riliorophenylipropyl]
piperidin-2-one, 65) (E) -3-{I-[3-fluoro-4-(4-methyl-IH-imidazol-I- 20

yl)phénylnethylidens)-+IE2R, 3R)€&-f|ﬂ/dm>qpizmdln 4-yl)ethyl]-2-[1-

dimethylindan-2-yl]piperidin-2-one, % .
(E)-3-{1 (30535 - TRy Az 701 1~

yhphenylnethylideaeld-[(S)-2hydsoxy-kmethyb i (3:4:dmiluorophenyl)ethyl]
piperidin-2-one, 25 67) (E)-3-{I-[3-fluoro-4-(4-methyl-IH-imidazol-I-
yl§phéﬁyl]méﬁhy4idéhé} A= (ﬂ5ﬁ|9@rbb¢m¥)ildMetﬁykeltmr}ﬁibéﬂidﬁrr-élon@—68)

(E)- (%)- = 3 fI oro; -4- 4T§F %I)IH imi azoﬂ[

yI)pheny mef/hy |dene 21hy roxy- -(24 5- trifluorophenyl)

propyl:5ymethylpiperidirt 2-one; 169),(E)d S (IRI2R)-b 3 3:diflaorophenyl)-2-
hydroxypropyl]-3-{I-[3-fluoro-4-(4-methyl-IH-imidazol- 5
1- yl)p?%gyf]ﬁ?aﬁﬁl \déne) 5 meihlfpipeRdin & vo)din-3-v1) ethyl] -

(2)-(65.8aR <Yrd-(@Gamethiyl- i i gazo1-1-
|m|d§22§olﬁll yﬁ;ﬁ&%ﬁﬁggﬁg@%ﬁﬁ %ﬁ h : o

friflucydpberyltetradyropyieole]2, 4 -clEk 4loxezinde bihe; 1057E),

(65,9aR)-6-(4-chiorophenyl)-3-{I3:methoxy-4-(4: | . .\, (4

methyl-1H-imidazol-1-yl)phenyl]lmethylidene]-6-
methylmorpholin-3-one,
54) (2)-2-[1-[3-fluoro-4-(4-methyl-1H-imidazol-1-

15 vyl)phenyl]lmethylidene]—-4-[(S)-1-(4-
trifluorophenyl)ethyl]-6,6-dimethylmorpholin-3-one,
55) (2)-4-[(S)-chroman-4-yl1]-2-[1-[3-fluoro—-4-(4-
methyl-1H-imidazol-1-yl)phenyl]lmethylidene]-6,6—
dimethylmorpholin-3-one,

20 56) (Z2)-(S)-4-[(S)-chroman-4-yl1l]-2-[1-[3-fluoro-4-(4-
methyl-1H-imidazol-1-yl)phenyl]lmethylidene]-6-
methylmorpholin-3-one,

57) (2)-(S)-2-[1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-4-[ (1R, 2R)-2-hydroxy-1-(3, 4, 5-

25 trifluorophenyl)propyl]-6-methylmorpholin-3-one,

58) (Z2)-(S)-4-[(1R,2R)-1-(3,4-difluorophenyl)-2-
hydroxypropyl]-2-[1-[3-fluoro—-4-(4-methyl-1H-imidazol-

l1-yl)phenyl]lmethylidene] -6-methylmorpholin-3-one,



methyl-IH-imidazol-1-yl)phenyl]-(2)-
methylidene}hexahydropyrido[2,1-c][1,4]oxazin-4-one, 72)
(6R,9aR)-3-{I-[3-methoxy-4-(4-methyl-IH-imidazol-I-
ylphenyl]-(Z)-methylidene}-6-(3,4,5-trifluorophenyl) 15
tetrahydro[l,4]oxazino[3,4-c][1,4]oxazif/4-one, 73)

(6R,9aR)-6+3.4:difluorqphenyl)- 3l 3-methoxydny1 - 15-inidazo1-1-
(4-methyl-IH-imidazol-1-yl)phenyl]-(Z)-methylidene}-

tetrahydrofi #joxdzinof8;4-clldn4]oxazint4Ford) 74) (4-fluorophenyl) -2-
(6R,9aR)-6- 4-f|uorthglg¥Ié-3- IjB-methoxi}/74-_(4_20

meth{ THIREAZSIY LY pRERVIZ) PER fid8naf-ore

tetrahysyo[l Aoxazino[Z4clilsHoxazinn4rngand1 A5} midazol-1-
(6R,9aR)-6-(4-chlorophenyl)-3-{I-[3-methoxy-4-(4-

methyll Rbafidazeletly) bhéayi(Zf-mdthylidBhef—hydroxy-1-(3, 4, 5-
tetrahydrofl,4]loxazing[3,4-c]loxazin-4-ope., .25 [0055] Preferable embodiments
o e OB S DA b L e B QS A e
pharmageutigally-active, irgrediens pfi the present 9 ripuention is not limited
to compounds specifically described in the present specification, and any

embdUiRiETt WAy Be arbitraily Setdctea wittin themaétinition b the Lodound
of the ggnetal farmyla (i), 3 100361 Methods forpreparing,the gompgynd of

the general formula (1) of the present invention will be described below. The

eompotndirepredentedy theogeneral y10 dohmlla-(): { 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-
yv1l)phenyl]lmethylidene}-1-[ (1R, 2R)-2-hydroxy-1-(3, 4, 5-

15 trifluorophenyl)propyl]-5-methylpiperidin-2-one,
64) (E)-3-{1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene}-1-[ (1R, 2R)-2-hydroxy-1-(3, 4, 5-
trifluorophenyl)propyl]lpiperidin-2-one,
65) (E)-3-{1-[3-fluoro-4-(4-methyl-1H-imidazol-1-

20 vyl)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-
yv1l)phenyl]lmethylidene}-1-[(S)-2-hydroxy-1l-methyl-1-
(3,4,5-trifluorophenyl)ethyl]piperidin-2-one,

25 67) (E)-3-{1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene}-1-[1-(4-fluorophenyl)-1-
methylethyl]piperidin-2-one,

68) (E)-(R)-3-{1-[3-fluoro-4-(4-methyl-1H-imidazol-1-



[Formula 16] 0 Xa NX1 Art NO Ra (I) N XR 1 R R Me wherein R1, Rz, R3,
R4, XI, Xa, Xb, and Arl 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 inventioh®conveniently, the method comprises

a profection reaction steps and & deprpfectiongreaction, step apprapriately,

using a protecting group known to a person skilled in the art which is suitably

selected 20for enbhistep ksee Tl Greenetétvdlp I Protettve Groups in

Orgar%ic Synthesis”, John Wiley & Son;, Inc., New York, 1981, for example).
g

SibuSthat, in 70 order {o prepars the E8MBOGRY of the present

Itis a 590? otgvi

inventionr- senyenrieptly -all isomers-and ispmern mixtires such-as, georaetric
isomers which can be generated from the structure of the compound, optical
isomérsyBaseton 5 asynmetrie tarbonrstereoRbhfersJand4aatsimers can

i e 5 writh (2 SURBEI for Sach St SLah ot Hastonal Saydtzation or

colummichromatograpenzylidene] —-6- (3, 4, 5-
trifluorophenyl)tetrahydropyrrolo[2,1-c][1l,4]oxazin-4-
one,

10 71) (6S,9aR)-6-(4-chlorophenyl)-3-{1-[3-methoxy—-4—-(4-
methyl-1H-imidazol-1-yl)phenyl]—-(Z) -
methylidene}hexahydropyrido[2,1-c] [1,4]oxazin-4-one,
72) (6R,9aR)-3-{1-[3-methoxy—-4-(4-methyl-1H-imidazol-1-
yv1)phenyl]-(Z2)-methylidene}-6-(3,4,5-trifluorophenyl) -

15 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-

20 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]oxazin-4-one.

25 [0055]

Preferable embodiments of the compound of the
general formula (I) are as described above. The

pharmaceutically active ingredient of the present



10 [0057] General Preparation Method 1 Typically used General Preparation
Method 1 for the compound of the general formula (1) of the present

invention will be described below. 15 [0058] [Formula 17] 0 Xa CHO x X OH
O rN"'X~r~iXaN"X 1Ar N Xb 'C 'RRa Step 1-1 Xb Ra R R Aldol reaction
N'N RR3 Me (1) (2a) M (3) e Step 1-2° Dehydration reaction 0 Xa NN X'Ari

"NAXRNAG Ra RuRMe '@iﬂﬂ?ﬁ‘@ﬁ“y@,&%ﬁééngé Ré XX (whichmay

have a protecting group when X1 contains a hydroxyl group), Xa, Xb, and Arl
are as«efinedeabove. {0659} 2t eThe abovetGenetalrProguttiensMethod 1 is

an example of a method for pre aring the compound of the |
be arbitrdrily selected within the

embodiment may
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

4
Xb%R (1)
Me

wherein Rl, R2, R®

, RA, X1, Xa, Xp, 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 1in 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



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 1-1 and then
dehydrating the adduct. [0060] Conversion of aldol adduct (3) into compound
(1) 10 The compound of the general foffhula (1) can be prepared by
conveysion.of gn,aldol.addyct (3). by, dehydration reactiondnStep L2 : on
Specifically, the dehydration reaction in Step 1-2 varies according to the
starting mvateriah ahd,is :bt specifically dinditeds bhemsofar asithe conditiers are
similar to those in this reaction, A known method described in many
docufiets Tha§ be*GEEd Tor the e action(BedJikiket Ragakik 625 (Courses
in Exgerimental-Chemistey): ¥abdAn¥Ukbeoseh (Organic-Synthesis) i,
edited by The Chemical Society 20 of Japan, Maruzen Co., Ltd., June 1992,
P94 2281 T eégampidL PrefdrabRoeramples ofilte frathogdmcluden) ke
e ed gl diealing.an sl et BLilh ancad (esen agky oz
(Cou%es%nrlfxperlmentzflrbdhemlstr , vol.1 ,yYuki osei (%)rganlc ynthesis)
[1], 2bedited by ThechemicalSecietywofidapan, Maluzesl Eofottdadune
1992, p.194-196, for example); and ii) a method of converting an alcohol
group’6FENHGS addbEe C)liRts A I6aViRgYrotpXucirasa siflfotidte 72
group.Qrha atgm, and then treating the adduct with a base (see Jikken
Kagaku Koza (Courses in

10 [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.

15 [0058]

[Formula 17]

(0]
Xa CHO X, OH 0
i[:j/ N Ay R Xa NS
/7N + Xb5<4>R4 r

N _ R3 Step 1-1 PN Xb 4
7) R R Aldol reaction NT N R?ﬁ;&@
Me (1) (2a) =@
Me
Step 1-2

Dehydration reaction

o)
Xa N NKar,

N7 N Xb5<AE@4

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

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

[0059]



Experimental Chemistry), vol.19, Yuki Gosei (Organic Synthesis) [I], 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 edtivalents of an acid such as
hydrochloric acid,rswfuric acide phosphosc agid, patassium, ydrogen,, ,
sulfide, oxalic acid, p-toluenesulfonic acid, a boron trifluoride-ether complex,
thiony:chipride odr &5 reduninih Oxidepisarsediwgh respectioctivedalddl adduct
(3). The method may be performed without a solvent, or with a solvent or a

mixtu?s ot 1Al dods ot iRRIDR the RACHSR AHd dfisne the staring®
matetah e bedissglveddhereinde ascertaimextent 20 Prefesablegxamples
of the solvent used include water, acetone, dimethyl sulfoxide, and
héxarritiRyiphespReramidiel |1 aseitivn, tocombiratibofl®. ceeaend (1)
equivlnts of anaai wilh espect o fhe. algol addet (3) with ag arga
base such as pyridine 25 may improve the reaction rate and reaction yield.
The eeatctionetenperadure: must beea termpetature that can complete the
reaction without promoting formation of an undesirable by-product, and is

prefer[é)(%%om 73 temperature to 200C, for example. Under preferable
reactiogcenditigns.fhereaction s preferablyi nto compound (1)

10 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
15 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
20 of Japan, Maruzen Co., Ltd., June 1992, p.194-226, for
example). Preferable examples of the method include 1)
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],
25 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



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 skilled in the
art such as a conventional chromatography technique, extraction, or/and
crystallization. [0062] 10 Preferable eXamples of the leaving group in the

methgd 1) include an.acetyLargup, methanesulfanate grovRe 2aquct

p-toluenesulfonate group, chlorine atom, bromine atom and iodine atom. The
methad ©f conversior seto stidkarledvingkgrotipazarieso1s aeeokding to the
starting{ material and is not %pecifically Iimitgd. A method known to a person

skilled ik the BFE Ay 1585848 Fe’duch 8 ‘conver<ioh™ mathcd. Pr&f&FaBIS 1.0
to 10 egulivalents) ofjan  acetylatingagemsuctras asetyehloside and acetic
20 anhydride, or a sulfonating agent such as methanesulfonyl chloride and
poluEtiesulfoliyrerieridecor 110 to 10-BHivaldhts oPa hatogératirfgagent
such e@{%}nhi%gyl chloride with respect to the aldol adduct (3), for example,
may be Use preferably in a 25 halogenated solvent such as methylene
chloridecand chloroform; a nonpolar solvent such as toluene and benzene;
an ether solvent such as tetrahydrofuran or ethylene glycol dimethyl ether; or

a mixed solvent 74 theP&of§ rhpte. Tt féaction*tehigératurd hust be
a temperature that.can compleig thesreaciion without 4: g to the

10 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

15 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.

20 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

25 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



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 example, and the progress of the
reaction can be monitored by a known chromatography technique. An
undesirable by- product can be removédl by a technique known to a person

10 skilleghin, the, gt sugh asaconvgntional, chromajogeaphy, teebpigue,
extraction, or/and crystallization. In the leaving reaction as the second step,
preferatsly 0. bo dOneduivalents ohanmerganicbhase sucifasably

diazabic;lycloundec,ene p%/ridinez, 4 %5 dimetr%ylamino%[ridine and
triethyAARNE" 8 Guaternaty “Smitionitnt Salt'stich &S tetrsbut mmBhium
hydroxide;an alkali metal-salt-of alcohol suehrasmsedivey methaxide, oF
potassium tert-butoxide; an alkali metal hydroxide such as sodium
hydroxiderat afkadinhetdl caibéAgre- 20 Suchreshithiiah carbonatecdinct

potassium.carbonate; or.an organic metal reagent such as lithium . .
disopropylamide Wit réspect fo th ldl adduct (3) or example, 16
prefetably msedras athasespreferably énaihalegenatesh sobwpnisueh as
methylene chloride; a nonpolar solvent 25 such as toluene; a polar solvent
such a8 dcetaHitrileS FirfethyfSrmamnide ordindtRy < Afdxia: -an ether
solvent gyeh as tetrahydrofuran or ethylene glycol dimethyl ether; or a mixed
solvent thereof, for 75 example. An organic base such as pyridine may also
bé Preferable 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

15 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

20 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

25 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



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 reactibn can be monitored by a 10 known

chromatography fechnigue Ao undesirable by; product can,be remoyed by a

technique known to a person skilled in the art such as a conventional
chromatography tectiigbe fextractiomOrédrd tdrystaization 161[0063}

Preparation of aldol adduct @) The aldol adduct (3) can be prepared from an
AIQOH e EOTABBUAG (L BhG ar? Bnfide WBATGU (5a) BekbRiING 16 S8R 1-1,

for example. &pegifically; the: 20 aldet reactionsin-sien-1-1 vaties according to
the starting material and is not specifically limited insofar as the conditions
afe sipiitdrtothbsein al5is1 peactior K- ifstRod Ko wit e Aisetséa skilled in

the art be used for the reaction (see Jikken Kagaku 25 Koza (Course
i D e B S, Vuks s (B ghnit Gy Sabay e
edited by The &herpical Soeiebratdapan diaruze mEoi tttedJuy 1992,
p.94- 100, for example). Preferable examples of the method 76 include i) a
meth6d I conVeritig 2AEHINe CoMPOtRdS (2a)ittd*aRika etaP&nolate

bYF”§¥%QBb%1£H9 be removed by a technique known to a person

10 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-

15 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

20 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

25 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



5.0 equivalents of a base such as preferably lithium diisopropylamide,
sodium hydride, or sodium methoxide, 5 for example, and then reacting the
enolate with an aldehyde compound (1) (see Jikken Kagaku Koza (Courses
in Experimental Chemistry), vol.20, Yuki Gosei (Organic Synthesis) [ll],
edited by The Chemical Society of Japan, Maruzen Co., Ltd., July 1992,
p.97-28,.far,10 example); and ii) 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 preferabbyiithiumm ldhisepropylamideysodidmrehydiyde, loro be
sodium methoxide, for example reacting the enolate 15 with a siliconbféalgje

reageht such®as preterably - trirﬁgﬁwy]fcerﬁ fosiAnegPerature must

tert-butyidimethylchlenosiane nto-onge prepate-sihd epel sther; andthen
reacting the ether with an aldehyde compound (1) in the presence of a
Léwiaeirsucas preferably titaniuim yettachloride2orboreh iflucride
(see Jikken aku Koz E§Cour oIn Experimental.Chemistry), vol.20, Yuki
Gosel fo%aeln%:e%g%% es?s [ﬁf, e?@e? ’byégﬁe %ﬁaemrﬁ&:eaf S?(B:?le%)%f Japan,
Marugen £20.abic:, JulyctA9?, 29697, ifon £xample)e25thhensalyent and

reaction temperature used vary according to the starting material and are not
specifieahy imited. A" $6iveht that'ddés Aot AR thEYeattiBRy afd\ws

the starting material 77 -tq be dissolved thergin {0 a certaig.exien, an ether

solvent such as tetrahydrofuran, 1,4-dioxane, or

10 known chromatography technigque. 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 [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

20 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

25 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.9%4-

100, for example). Preferable examples of the method



diethyl ether; a halogenated solvent such as methylene chloride,
1,2-dichloroethane, or chloroform; a nonpolar 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 an undésirable by-product, and is preferably

-78C 10 190mL1Q femperatyre, foF example. Under preferable reaction,

conditions, the reaction is preferably completed in 0.5 to 24 hours, for
example,)ardtive progréelss of the trelactionleare beymonitdractkby a Kndwmh o
(:hromatograekl]i/é technique. An undesirable by-product can be removed by

15 a technigue KRoWAto & befson SKillBHSH thE a7t SUEH 45 8 convehtiBnal

chromatography fechnigue, extaction.yor/and, crystallization. {064 i de,
Preparation of aldehyde compound (1) [Formula 18] Xa CHO Xa LZ Xa L2
No= \ Tt ~pstap 221 | NN ViStep 28] {48y Mé €1 ay Step -4 XA (22 Xa LZ

Xa L2 HENISiep 2.2l HOHO I5icR 2,910 SHO(49) (4o)46) TR JnJte.
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

10 example); and ii) 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

15 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

20 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) .

25 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



represents a fluorine atom, a chlorine atom, a bromine atom, an iodine atom,
a sulfonate group such as a triflate group, a trialkyltin group, a boronic acid
group, or a boronate group; and L2 represents a C1-C3 alkoxycarbonyl
group such as a methyl ester group, an aldehyde group, or a cyano group.
[0065] Preparation of aldehyde compddnd (1) The aldehyde compound (1)

can be prepated Sfrom.a compaynd (I13) asa starting material acgording 5 to

Step 2-5. Specifically, Step 2-5 varies according to the starting material and
is notsspecificallyudimitetl insofahasithe conditiohs 4areisimilae to those in this
reaction. A method known to aé)erson skilled_ in the art ma(%/ be used for the

reaction: FoF examipie’ 10 WAGH T2 18 i alkoxycarbohyT 4rén S Feddcibn

reactiom gdesgebed in raany kpewwrdocliments mayhe Hsed (seendikkenar
Kagaku Koza (Courses in Experimental Chemistry), vol.26, Yuki Goseli

(érg&?ﬁé@hﬁhéﬁ@?[\ﬁlﬁ],t@iit@ﬁ%}PThéﬁI%cha@Bo%iétV@f@]aﬁahvent
Maruzen Co. Ltd 1 April 159-266, f rexam le), Pref ny, the
desiréz'g aﬁehyé‘é gor%lpo ind can %)(li' obtalnogd y a re glon m((:ltr od using a
metal-hydride suchmse diisobutytalumingmahydiide; fot example:Mese
preferably, the desired aldehyde compound can be 20 efficiently obtained by
a redEE’%H?ﬁ@th%@%ﬁﬁ@%tﬁﬁih%ﬁ%&mﬂ%%%aﬁ%%ﬁ% Iydride

complex £9; inihe.presencef an amine. for.example(see T.aABe et +oom

10 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

15 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_~ L, jI:::]/Lz gl
7
;O N Isep2s) NN

N )‘J Méy:j

(4a) Me  (1a) \Step 2417 1)
X ]
O D
) -

Step 2-2] Swp23] CHO

(4b) (4c) (4d)



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) [VII],
edited by The Chemical Society of Jaffan, Maruzen Co., Ltd., April 1992,
p.159-266, for 10 example): Preferably, the desired aldehyde, compound can
be obtained by a reduction method using a metal hydride such as sodium
bis(2methoxyethoxy)alumeinine dride er diisohutylalamimumaydride] fier
example ﬂQiee Jikken Kagaku Koza (Courses in Experimental Chemistry), 15
vol.26 Y liki GBsé(Oryanic SYntifesiy Pl Saitdd” By THE Eikinital
Society of JapangMaryzen Ge.i Lig.y 1ApR 1092, 0-231farexample)d
Alternatively, the desired aldehyde compound can be synthesized by the
stepsdfrerluciiy a ceripoans 20 (la to ancaltohotBEATIOUNR Gsing & 3

technéqq(eo §QO‘£VPbt<9na person skiélgg in E%Qe artwéscefyéiklé%@ Ka z}kouugozg
(Courses in I:Sxperlméntaﬁ Cohé)mlstry%, vol.26, Yuki'Gosel ?6r anic Syntﬁesis)

[VIIN],adited,/by TheoGhemieala Sogiety afxlapan, Maruzen Co., Ltd., April

1992, p.159 25 266, for example), and then oxidizing the alcohol compound

to an Eﬂ(@éﬁ?de (see Jikken Kagaku Koza (Courses in Experimental

Chenistry), vol.23, Yuki sl (Qraanic Syathesis) [V], edited by The

Chemical Society 80 of Japan, Maruzen Co., Lid., October 1991, p.1-550, for
The aldehyde compound (1) can be prepared

from a compound (la) as a starting material according
5 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,

10 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.,

15 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

20 efficiently obtained by a reduction method using

lithium aluminum hydride or an aluminum hydride complex



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 alkylamine 10 such as diettiylamine or pyrrolidine with respect to

the compeund (la).for example. Thesolventand reastion lemperayre used

vary according to the starting material and are not specifically limited. As a
solveat that"does roemhibit' the2 fgdctioncand allows2 18tha ‘startingematerial
to be dissolved therein to a certain extent, an ether solvent such as
tetralyieoRIFEA, 1,4-dioxane, or diethyl ether: a nonpolar solvent such as

toluene or xylene;m¥.a mixeg 150lventthereof may besfeyabhpused, for
example. 20 The reaction temperature must be a temperature that can
cédmpletdheireaction SHtoutsreficthRf formatmyofar vindesiratse t s

by-productb and iscpr ferab&y. 748C tg room temper t&lrekfor example. Under
preferrneiaﬁjle reaction c?osnedeltioﬁs, the reaction is %rgfeagagllf/ csoerﬁpllertled in 0.5 25
to 24 oty s,ites examplee andthe progeasseef, theu keactier candeymonitored

by a known chromatography technique. An undesirable by-product can be

removEd Y tethhiguetknowA 6% pBrs o skifféa T Bie artesiGF81°4s a
conventional ghromatography techniqug, exiraclion, , 159266, for

10 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),

15 wvol.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

20 (la) to an alcohol compound using a technique known to
a person skilled in the art (see Jikken Kagaku Koza
(Courses in Experimental Chemistry), vol.26, Yuki Goseil
(Organic Synthesis) [VIII], edited by The Chemical
Society of Japan, Maruzen Co., Ltd., April 1992, p.159-

25 266, for example), and then oxidizing the alcohol
compound to an aldehyde (see Jikken Kagaku Koza
(Courses in Experimental Chemistry), vol.23, Yuki Goseil

(Organic Synthesis) [V], edited by The Chemical Society



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 equivalents with respect to the
compound (la). The solvent and reaction temperature vary according to the
starting material and are not 10 specifi¢ally limited. As a solvent that does not

inhibig therreactionand allgws the staging matgrial. tq be;dissolveddhereip, to
a certain extent, an ether solvent such as tetrahydrofuran, 1,4-dioxane, or
diethy-ethet;ea halogenated solvent such as methylene 15 chloride,

1,2-di(:51 aoroethane, or chloroform; a nonpolar solvent such as toluene or
xylené; Jmixed solvent thereof may be preferably used, for example. The

reaction temperatatie-muist bea tempgratyee that can somplete the reaction
without promoting formation of an 20 undesirable by-product, and is

pleferatly e 78E€16C 100TY f6Pekampid.ayhderpreferablé Yeaetort scarditions,
the reaction.s preferably completed in 0.5 10,24 hours, for example. and the
progregs of the reaction can bé monltorednby a’known chror%atograp y
technique.sAn urelesirable-by-preductiean bedemoned by adechnigueddaiown
to a person skilled in the art such as a conventional chromatography

technitfué féxtracivnt Yonaha trystalizations8290668] o 1-0

equivalents of a linear or cyclic secondary alkylamine

10 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

15 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.

20 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

25 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



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 and is not
specifically limited insofar as the 10 c®hditions are similar to those in this

reaction. A msthad known ta.a,ngrsen skilled indbeart may be used. far the

reaction. For example, the method in Step 2-1 may be substitution reaction
from axompgound ¢4a)las zastarting material using 0.3 to 10 equivalent of 15
methylimidazole with respect to the compound (4a). The solvent and
reacti[)%ot%mperature used in this step vary according to the starting material

and are not specifically Jinaited. As arsolventithat degsnptninhibit the reagtion
and allows the starting material 20 to be dissolved therein to a certain extent,
afn ethé&r delvent sackasvetrahydesforaning-dioxahe, 6F diethyy ether; a
halogenated solvent such as methylepe chloride, 1,2-dichlorgethane, or
o e O B A et or ignte, o
25 N-methylrarclisione) ainenrpalar selvent suchass ioluenes xylene; rthe
mesitylene; an organic base solvent such as diazabicycloundecene,

pyridin@TBr YridtHyldmine T6a PRikEE EolFért thefedfmay 1E"8S - preferably
usedv@%§“§§8@?d?@8'@gcgg@t%@ﬁ%%%“gematerial and are not

10 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

15 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

20 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

25 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.



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 such as
diazabicycloundecene, pyridine, or triethylamine; an alkali metal salt of
alcohol such as sodium methoxide orfpotassium tert-butoxide; an alkali
metal Rygrexide such as sodium hydroxide; or an alkali 10 metal carbonate
base such as cesium carbonate or potassium carbonate may be used with
respect ¢o the tcampodand{dry uod example. Under preferable reaction
conditions, the reaction is preferably completed in 0.5 to 24 hours, for
example, and the prograSestihe 1‘\5/1|§e)ac ioh &&h BETRBATSred By aknown
chrorpatggsaphy (teshnigue, An updesisableday-praductcambedemovedby a
technique known to a person skilled in the art such as a conventional
cBromatbgraply ®&ctmigaeprexirdction) orfand &ystaiizzdion: 2e0069]
Prep%raéiggoﬁfncorg og@cel 4%ll'hefcoormg9<g%d féa) is commercially available
or can be prepa(%e y a method known to a Eersbn skilled in the art. If not
commgergialby-available, the 25 compound (4a) can be prepared by
methylating a corresponding phenol compound by a method known to a
person skilled in the &Rt Whén %58 Semethexy §roup; Cforéxamhple: 829 0070]

material and is not specifically limited insofar as the

10 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

15 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

20 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

25 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



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) and 1.0 to 20 equivaléfts of ammonia or an ammonium salt
with respect- 10 19 the compaynd (4d), for example. The sglvept apd, rgagtion
temperature used vary according to the starting material and are not
specificalty bmitedt Asparsclvent that doesmatanbibitthetreaction @ndoallows
the starting material to be dissolved therein to a 15 certain extent, an ether
solvefit Eﬁ%ﬁl B PSR 1 4-Loxine brilefhyt btery a°Y -
halogenated solvent suchasmethylepewhloride; d2c dichigrosthana,or
chloroform; an alcohol solvent such as ethanol or isopropanol; a polar
sSlveRt stith ass2@ dimethylformbinige Rty yrrelidsriel Ao npoles
soIveQ{[Ms:HcQ1 aso{tgguer})eigr )&Iggg&gne%rganic %ci&iisuech as acetic acid,
propionic acui, or triffuoroacetic am&; or 4 miked solvént thereof may be
prefetatily tusedqfor examplel Reeferakly atheseompotingl(t@hean 26de as
efficiently obtained by using 1.0 to 10 equivalents of ammonium acetate with

respet®d e RBMIGOUIRE (4) RPAASTENR dcd oSt fot exatfiprel Thet
reacti{?&é%ﬂh@;&%&%@uma&@%@%%ﬁg@%@@&@me@%m§§a1i

reaction without promoting formation of an undesirable
10 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

15 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.

20 [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

25 compound (4a) can be prepared by methylating a
corresponding phenol compound by a method known to a
person skilled in the art when X, is a methoxy group,

for example.



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 the reaction can be monitored by a
known chromatography technique. An undesirable by-product can be
removed by a technique known to a p&tson skilled in the art such as a
conventipngl chromatography technique, extraction, 10 or/and crystallization.
[0071] Preparation of compound (4d) The compound (4d) can be prepared
from &teempotind (4c) as a starting material according to Step 15 2-3, for

example. Specificalg, Step 2-3 varies accordinqﬁto 1t:he startin%[mat,erial and
is not specifically Tiited insofaras the' GoRAIDAS ard 5itvilar 10 thosd in this

reaction: &-methad known to-a spersoni skitled in the addnay herused forthe
reaction. 20 The compound (4d) can be obtained by stirring a compound (4c)
afd Zhalbgeheied acetend 0.810B 0t Bgavalentsof 2-chkrbacetone’

2-bromoacetone, or 2- iodoacetone with.r. ct to the compound (4c), for
e s e R S g
the base is prefeeahly Luised witherespect éai the gpmpaund éc) cExapwples of

the base used include alkali metal hydrides such as sodium hydride and

lithiurA it dikallArtarsalts SaER 886 pitassitm cafbdrfaté  sodium

Caﬂx%ﬁﬂ%v%ﬁ@ﬁ@§“g@ ammonia or an ammonium salt with respect

10 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

15 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

20 dimethylformamide or N-methylpyrrolidone; a nonpolar
solvent such as toluene or xylene; an organic acid such
as acetic acid, propionic acid, or trifluorocacetic
acid; or a mixed solvent thereof may be preferably
used, for example. Preferably, the compound (la) can

25 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



carbonate; and metal alkoxides such as sodium methoxide and tert-butyl
potassium. The solvent and reaction temperature used vary according to the
starting 5 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 suchas tetrahydrofuran, 1,4-dioxane, or
diethyl efhet; 2 10;halggenatedsalyent such,as methylene, chiovide, 1,27
dichloroethane, or chloroform; a polar solvent such as dimethylformamide or
N-metlyylpyrrdlidone zasmonpatare Sehent suchas totnese ar xykenes; ot @°C,
mixed solvent thereof may be preferably used, for example. The 15 reaction
tempéfatufé itist be a[t]é‘r%eprer furé ?ﬁ&rg &n “COMmpietd the PEacHTH Mitholt
prometing fernatien of ape Hadesirableby-praduct, andds preferably, roam
temperature to 200C, for example. Under preferable reaction conditions, the
reactirrisipreferably 20 copapleted in o Prechoerss forexampleand the
progress of the reaction can be monitored by a known chromatography
o A iR By o e P v Ba Ly S Yechmae known
to a petsen skilletk imthe adsuch asa cenventionad chromategraphy2b
technique, extraction, or/and crystallization. [00721 Preparation of compound
(4c) THEUBsired ToMTPeRd £4¢) cait be bbtamet by 87°3 Métibd of heating

a(XHQB%@%Qéégkg@d%%ggﬁggggraphy technique, extraction,

10 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

15 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.

20 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

25 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



formic acid or a method of using formic acid and a dehydration condensation
agent such as preferably an acid anhydride or dicyclohexylcarbodiimide, for
5 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 condef8ation agent, for example. The

solvept psed yariesagrording tosthesstarting materal 10 and s nat,
specifically limited. As a solvent that does not inhibit the reaction and allows
the staativgpnaaderialto beedissSohEdothetein toua tertairs extent, raetétherde

solvent such as tetrakzdrofuran,,1,4-dioxane, or diethyl ether; a halogenated

solvet Suth as 15 Wethyerachidtide, 1752 diPidioRthaRs, &afibrotorm: a

polarsghyantsuch-as dimethylformanaide ioigN+ methylpyrrolidong; a nonpolar
solvent such as toluene or xylene; or a mixed solvent thereof may be
prefefally rasdd Fof examplet Thegeaéion tempetatiiré fnustise a 20

temperalye, ihatcan qmplels g (pagtion withaut Jpromating formation of
an undesirable y-product, and is preferably room temperature to 8&, for
exampte. thnder preferable-tedction eenditiens,thedeactionis prefarably

completed in 1 to 24 hours, for example, and 25 the progress of the reaction

can betmonitdréd by kWit ERFmafbgFaphy $8€RnidBie. An undesirable
by- product can,be femeved by a technigue known 10,apersen, skilled in the

art such as a conventional 88 chromatography technique, extraction, or/and

10 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

15 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

20 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

25 technique, extraction, or/and crystallization.
[0072]

Preparation of compound (4c)

The desired compound (4c) can be obtained by



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 methylating a corresponding nitrophenol compound by a
method known to 10 a person skilled if’the art, and then reducing a nitro

group, when X; i, 2 methoxyy QE—JPUcPorﬁgoE’é@mPh% (00741 Preparation of
amide compound (2a) [Formula 19] / R3 Rrz H2N_X'-AriR (5d) O

[Step@BafXcLpc0q5a)y HN'Alrdd -oN"XsAm R5EHOna(SHNBNRAEr R NHz

O-AIRRIR [S1ep 2RI R HOXI (59) 50)(29) RIRZ RaRStep 23

acid anhydride or dicyclohexylcarbodiimide, for

5 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

10 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

15 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

20 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

25 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



(5b) HN) m V110 Zr O AriaMgBr Rr Rz n or Arc (59) V2 'N )m Arr. Li _ V2’
NHV O ZNHZ M [Step 3-5] rn (5n) VrO Z, R Rz [Step 3-4] R"R2 n (5m)
(Sp) In the formula, L1, R1, 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 hydroxyifgroup) ; Arl, Arl_c, Z1, m, and n are
as defined.ahove; Xh represents,an oxygen.atop, V1 fepresents a
protecting group for an oxygen atom such as a methyl group, ethyl group,
benzylgreup] allyled geoup, triphenylmethyl group, tert-butyl group, or
tert-bu%l(%i ethylsilyl group; and V2 represents a protecting group for a
nitrogbn dtom such as a tert- butyloxycarbonyl group or benzyloxycarbonyl
groupe[Q0451- 18 T herabewe seaction formula shows an example of a
method for preparing the amide compound (2a). Specifically, the reaction
formula shows (i) ettt corsprisiRg cohvertiiy aflamine éompbapds(5a)
as a gtaréigg rggterirael tggteg Qiommer{ciélllgdav]grillgvtg}le or 15 pre arend using a
method known to & pep?son skilted'in" the art into a compouﬁg %8) according
to Stepx3il,eaNd n the art. If not commercially available, the

compound (4b) can be prepared by methylating a

corresponding nitrophenol compound by a method known to
10 a person skilled in the art, and then reducing a nitro

group, when X, is a methoxy group, for example.

[0074]

Preparation of amide compound (2a)

[Formula 19]

R3
R! R2
HzN/ 1\Ar . (5d) \)(J)\ o
[Step 3-1] L
(5a) P HN XA, L HLN Xia,
R® HO, ~-pt G, Xb 4
R
NH, //J\Ar R" R? [Step3-2] R RN

HO O ey

%Rnt (5e) (5¢) (2a)
R? > R3

R [Step 3-3] [Step3-6] \ i;o

(5b) HN" ) m
v1o>(kgz1
Ary.c—MgBr A RUge 1
(6] or 1-C //////, (50)
Vo Aryc—Li o)
V1|:?1>é\é/>n ! (5n) V1O1>(‘\é/}nz1
R [Step 3-4] R R2
(5m) (5p)

In the formula, L;, R', R*>, R’, R% R’ (which
15 may have a protecting group when R° contains a hydroxyl

group); X; (which may have a protecting group when X;



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 20 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 X1 substituent contains at least

one hydregen atam or (i) 4 methed\comprising.converting.a compound
(5m) 25 as a starting material that is commercially available or prepared
usingea neethodskhovie e a persorrskiled s the arkirgera edmpound (5p) by
reaction with an organometallic reagent SnQ according to Steg 3-4, 90

convértingthe Compolind (BpY iHtE acsipotiRt (BY) By Aftfoger Bt °"

deprafgction seactionyanddntramolecyar edustive amigatiop reaction in Step
3-5, converting the compound (5q) into a compound (5¢) by oxygen atom 5
déproicetion réactive iy St Bye, aidtiion forating dny bxehssiphotifie ring in

Step 3-2..[00761 ., Conversion .of compound (5¢).into amide compound (2a)
Step 55 Vares B oM o Ty Lot 6 kit Speccaly
limitedrnsefat asither canditionsaaneisimiles to dhoase duthis seactiarrthe
reaction may be performed by a method known to a person skilled in the art.
Prefefably | the! reactioncormetiiently pPoceedSwhennigorousty Stifting a 15
comppyisis(pc) and 1.0 to 10 equivalents of a compound (5f) with respect to
the compound (5c¢) in a two-phase

10 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

15 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

20 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)

25 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,



reaction solvent composed of an organic solvent and a 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 extefi Preferable examples of the solvent
that can,be used nelide ether 25 50l %@ts isuch as diethyl.ethershalagenated
solvents such as methylene chloride, 1,2-dichloroethane, and chloroform;
and nonpodaresoleents sechr as¢oluere ard otylene aRreférdablerexanpléesof
the baS|c solutlon that 91 can be used include solutgns of alkali metal salts

such 28Sbdidrchydroxide: Potassitm Ridrdkide &o carBdfRatet 9
potassiumcarbenate, cesium.casbanatgyaineh sodium hicathonate. Then
reaction temperature must be a 5 temperature that can complete the reaction
witho@eprehssting foritationi ehan undesirable® by Pred et ante 18 prefepably
-78C to room temperature, for, ex (ple Uil1der preferable reaction
condltlons ’the reaction is Srejfera y comp eted in 0.5 to 24 hours, for
exampbe,750 and the progress of the reaction can be monitored by a known
chromatography technrque An undeS|rabIe by product can be removed by a
1 - -

chromatography t%%@ngege%stg@%%n,a%ré%@féi}égcwgta@rr@t@@a&qw

10 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

15 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

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 that can be used include ether

25 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



Preferably, the reaction may also conveniently proceed when mixing a
compound (5¢) with 1.0 to 10 equivalents of a compound (5f) with respect 20
to the compound (5¢) 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 prefétably a solvent that does not inhibit

the reagtion.and allows 25 the starting matesial 1 pedisgelved thergin to a

certain extent. Preferable examples of the solvent that can be used include
ethersoivenrts sushias diethylo etlver, amd teteahydrofiyréng hadegerratedum
solvents such as 92 methylene chlaride, 1,2-dichloroethane, and chloroform;
and ohpotArSSiveRts-8ich BE tolieRd aNd yfene” The” badd ey vafids
accorghing tethe starting fpateriat and. is;pet specificalbylimited. Fheameunt
of the base is 5 preferably 1.0 to 10 equivalents with respect to the
cEmporifee(GE) VERaifpids 6R thecbase that care beassed dncludehatkali metal

salts such as;sodium hydroxide, -potassiu. hydrpxide, sodium carbonate,
potas%lum carrioonate, cesium carbonate, anéi sodium |c§rlf30nate; 18 and

organie hases«stighigs diszabieyclovodecenee pytiding, for example.
4-dimethylaminopyridine, and triethylamine. The reaction temperature must
be a [EHIFEratGRS fHtekn EORPIARI O RSHCbANRIth&lEproth6tmg forhfation

of an updesitahle bysprodyct,and ig preferably (8GO raom 18, . p1e,

temperature, for example. Under preferable reaction conditions, the reaction

&quﬂuab@heopqﬂgmﬁbm(mﬁ 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

15 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

20 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

25 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



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 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) is commercially

availghle,,0n can beprepaied by a method known 10 2 persen. skilledqp.the

art. The compound (5f) is preferably chloroacetyl chloride or bromoacetyl
bromide] for88céxampte.{6079] Rreparatice bfieompouhdi(b)he The
compound 50% is commercially available 5 or can be Prepared by a method

knowht3%a Parson” skilled inthe"art."Breféranly, the’Compdulia (Bey tanbe

preparedrhyt (i gervertingiar, amine campound (3akas a starting ratatial s
that is commercially available or prepared using a method known to a person
skillegig d0rthelart intd the cdmpeuad (BEy accatdiny 6 Skes B-L0 (iHhe

converting a cgm nd (Sbe as a starti gtr}rgat%rial thﬁa}g i% comm rciallg q
availﬁggo?upr}epﬁf.;c using a method JEnowen toagepersgn sﬁﬁlrédglﬁ the art
into the ccampodndAbe) accanding 16 Step&3aer @iHlaconyertig ae,
compound (5m) as a starting material that is commercially available or
pl‘epéﬂ'gaaﬁﬁﬁ@% Ilh%?ﬁ@d;i e, sodium carbonate, potassium

carbonate, cesium carbonate, and sodium bicarbonate;

10 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

15 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

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) 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



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) 20 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 (5¢¥ by oxygen atom deprotection
react@%ﬁtgp 3-6, for example. 25 [0080] Conversion of compound (5a)
into compound (5c) Step 3-1 varies according to the starting material and is
not spédifiéally limited insofar as the 94 conditions are similar to those in this

reactllg)n A m%thod kr%own to a person skilled in the art may be used for the
reactm%%é%%&w%%%gﬂae(—%&hod include a ring opening reaction
using a compoundr(Ra)%apdukQ t@ sl equivalgnts of amaxirane compaund
(5d) with respect to the compound (5a). The solvent and reaction

temperatdre used vagy acedrditig 20 thé hstartimy niatefiaPaké a¥ehot
speC|f|%?IMI|gnted t‘lr%e so]cventkgs p fefer%%? a %%Ivent that dode]:s nof 10

inhibit the reaction and allows the starting Hterial to be disso vedt eréin to
a certadn exéentiy o agnixed) sebrentitherepfabkxamiples ebthe saltvent thatzean
be used include ether solvents such as diethyl ether; halogenated solvents
such asThattylere Bhldtde 1, 2 15 dithlsioBttfe, %Pn]d’ cRIBPSOPT AndF

nonpglac SONeNts .such asfaluene andxylens. A preferableresylt may, be

10 the art into the compound (5c) according to Step 3-1;
(ii) 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)

15 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)

20 into a compound (5g) 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.

25 [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



obtained without a solvent. The reaction temperature 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¥togress of the reaction can be

monitored py;a known.clrgmatography fechnique .An 25 undesigable »

by-product can be removed by a technique known to a person skilled in the
art suchtasa konventional chrortatographietechmigue; extrtaction, ber/ase d
crystallization. The reaction may also 95 £referably proceed by addition of a
Lewid 8Rid-STcH 58 “hordh trifflioTide” Btarium @iFaisspropoxite, B fithium
Perchlgrate{seg Synthesise 2004, ¥ak10. P.15631565, forexample)ss)
[0081] Preparation of compound (5a) The compound (5a) is commercially
availalé ér Eah belPreparet byea rrethbdRnwin 16 2ep PO sRiledsif the

art. If nat commerc(ifll)égv Hgbleé the 10 co(rglgg)gndl(gg) can be prepa ed by

a metvﬁlocjﬂ described in a ocur%e%?%lrllrddknown to a person skilled m the art

(see ShurdikkentagakisKoza (Nevd Caurses it doxdqiergmeatalieghemistry),
vol.14, Yuki Kagobutsu No Gosei To Hannou (Synthesis and Reaction of
Orgafiic?ts E¥mpPeGRdLFHIE ediaDy Phe ThEmicHSddiet/ 8 58Pan,

Maru%ﬁ@ Cs%ilr@xthprlﬁﬁré(fje%%%lR/lgggbji%t that does not

10 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-

15 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-

20 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

25 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



for example). Preferable examples of the method 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 gfoup, for example) from the alcohol

deriV%‘%}\éefQ}‘@D%b%@%%@&?%9“%_599%’5%%%5 2 person skilled in.the art,
and then converting the amine equivalent into the compound (5a) by a
conveérsiom reaction dknown ta-a tperson skitedainstherarpdi)demethiod of
convertiné};,a corresponding carbonyl 96 derivative intg an oxime gerivative,

and thén redliciRg” the Bkihe defivativé 16 the compsound (53 by &’ reduction

reactionm krown 4@ @ persenskiled in the art; iv) a method of converting a
corresponding olefin 5 compound into an alcohol derivative by oxidation
reéactib?l ptéparing an amine equivalent (preferably an azide group or imide

group, rf(e)g) g)égrg]ﬂl)%) fr mcthngp alll%%o(l §ja rivative by a substitution reaction
knommprms%%mngrnT%m?r%, then converting the 10 amine
equivalent into thereempopa(ba) by=a converstar feastion knowr ipae
person skilled in the art; and v) a method of converting a corresponding

olefin°ormpBuRE MtGRM amintaléoRGIdEvative By additicredttion, and
converfingthg gmingalcaha! derivatiyg,into.lhe. 12 compound () By a e
conversion reaction known to a person skilled in the art. The compound (5a)
ffay bempound (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
15 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
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 derivative by a substitution reaction known to
25 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



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. 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 preséft invention can be prepared as an

optically. active.compeund from this material @s.a startind 3 materal. ;10982

Preparation of oxirane compound (5d) The oxirane compound (5d) is
commeércialkyi9? availablé¢ dveandhe peepareddoyd niethodknewn to a
person skilled in the art. |f not commercially available, the oxirane compound

(5d) Cait BE preParsd By -8 mEMhod deseribddf g dotlimeri-and kibin to a
persan-® skilled in thewart ésee Shin Jikkenkagaki KozadNew nGoyises in
Experimental Chemistry), vol.14, Yuki Kagobutsu No Gosei To Hannou
(Synthesicand Redctiontof2 Organic Sonriptunias) [y editeddyiPie Chemical

Societ¥ of Japan, Maruzen Co., Ltd.,.November ]ﬁ?? p1567-§1r1a%9 for

examrp g)?tljhenéor%f)%]a?\rdl(%%) ?ﬁlaf & commercia ?ngvaiFarbﬁe as an 3{)p%f:lally

active: eampopnsler preparede by eomethad knewaiola pefsom skilked in the
art as an optically active compound (see K.B. Sharpless et al.,

"ConfhtERBAYIVETFFHIC &y nthlesis™ BM. ot ors PiGarih, 1091 vbP7,
ch.3-2, for example)- The gempund,of the presaatinvention canbe .

prepared as an
10 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 aminocalcohol derivative into the

15 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.

20 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

25 material.

[0082]

Preparation of oxirane compound (5d)

The oxirane compound (5d) is commercially



optically active compound from this material as a starting material. [0083] 20
Conversion of compound (5b) into compound (5c) 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 th€/reaction. Preferably, the method may

be reductivegmination reaction.of a campaund (RD)wth A, carbanyl reaction

(5e) (see Shin Jikken Kagaku Koza (New Courses in Experimental
Chenmistryprvoi i) Yaki 98 Kagobutsu NotGosei Forttemaeda {Synthesis and

Reaction of Organic Compounds) [lll], edited by The Chemical Society of
SopaR AT GO B RBR T TR 1 o 1584, 17 RS

example,dhednethad is; p preferably g metbad ofheatingunder reflxaon
carbonyl compound (5e) and 0.5 to 5.0 equivalents of a compound (5b) in
the presehbecofian bRl eatalystsuchas:mbrék preféralstia Kpical iNGrganic
acid s as hvetoehiarie acld.of sulfilic, acld. An organi geid, 40 such as
methanesulfonic acui(, p-t&uenesulfonlc acid, or camphorsulfonic acid, or an
orgarie @cidisali smehcas pyridinivahpdoluengstifonate preferably O tor
0.5 equivalent, for exampleé to cause dehydration reaction, and reducing the

resul{iig iirfe GERVAINVEES té the deSiretarine Berivafre 6§ prefsrabhyy1.0
to 10 eqyiyglents,pf 4 metaldydride guch gs Jithium aluminum 557 611,

10 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,

15 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]

20 Conversion of compound (5b) into compound (5c)

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 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.1l4, Yuki



hydride or sodium borohydride with respect to the imine derivative, for
example. It is also possible to treat a carbonyl compound (5e) and 0.5t0 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’8.01 to 0.5 equivalent, for example),

and then ieduce the resultantby 1.0.10.10 equivalents of a2% metal ydride

such as sodium borohydride. It is also preferable to employ a method of
reducimg arcarbonyb derivativé (5&) anddorederably OlstaCbOnequaivalents of a
compound (5b), for example, by preferably 1.0 to 99 10 equivalents of a
metalPRydiide stéh %%psaé‘diubr%a% i468toxSboratydride 6r&5dim *° '8
cyangharohydride 1 fore exampleingn inert solvent sueh aspreferably is
dichloromethane, 1,2-dichloroethane, tetrahydrofuran, 5 methanol, or ethanol
toPobtair fise desired amine Yerivative LPreferalblyrl.036 10eguivaldita vf an

acidic substange as gcgtig a,gid or Blydrochlori'c %cid t£or example, may
: . o @

be adcdoencllpl%uélrdefytgc)trllgﬁe the reaction co%%léﬁYeantﬁ/npr%ceedéT %m%%%%on

10 tenperatuentasiesraceardingto the starting saieriat angkis not more

specifically limited. However, the reaction temperature must be a

tempBratlfe fidtcah Eompte the réketioh WitRGuEPdmEting formation of
an undesirable hy-praduct, and is preferably roem temperatyre tq 109C, 15

for example. Under preferable reaction conditions, the reaction is preferably
¢Ompteted inD.Bao2hhoursfonic 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
15 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
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 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



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 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®¢ompound (5b) is commercially

availabje.gr,¢30 ke prepared hy.a method knwn to.a person, skilled in the

art. If not commercially available, the compound (5b) can be prepared by a
method deseribedlin 100y drddeumens adduinowr to aqpersparsidlied icthe
art (see Shin Jikken Kagaku Koza (}lleew Courses in Experimental

Chen &}, Vo 14! ﬁ%%%éeg%tbu%é)& 3" G S8 TS Pidhnou(Syntiesis and
Reaction:of Qrganic, sHeompopngsy i} edited, by The-Chemigabsaciety of
Japan, Maruzen Co., Ltd., February 1978, p.1332-1399, for example). The
cSmpbRintRGb) may betdommertiallyPavaiablesasian optidafy tetive

compound or._prepared_by a method kpown tp.a person skilled in the art as
o 10 A Rive SAOEEt (oot otane oo A "aoe a7,
p.3219-3222, tarexample) sthe compaeund ofibepresent imveationcan be

prepared as an optically active compound from this material as a starting
matefi&l-45 [00B5F Pteparatiotfdf EarbonyFeotpotid(se)e make the

reaction conveniently proceed. The reaction

10 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,

15 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

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 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



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 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 ih0€xperimental Chemistry), vol.14, Yuki
Kagobutsy. No-Gosei, o Hannoy (Synthesis.and Reagtion; of 25 Orgapic
Compounds) [l1], edited by The Chemical Society of Japan, Maruzen Co.,
Ltd., Deeenilierml 4K k6388t ufdtapanipley. [00863491iConversion of
compound 5 into_com ound (ﬁﬁc Step 3-6 varies accordlng to the startlng
matef&Ph ﬁgﬁ%pe& LAy firhlted iRsofaras'the’ CORARBRS i Similar to

thosezipthis ﬁQﬁQﬂQﬁ\mé\ﬁ depretection methad knewstoa perspmskilled in
the art may be used (see T. Greene et al., "Protective Groups in Organic

s?ntmog@ﬁﬁ ey ®l sordi e, wewmeorfkbq%qaﬁorse%@mphe)of
Alterrbatlv ep.3-6 , may pr fteranyEb%gerfgrm§ pre Ngasq9
% ﬁerey in'R1 ahd

compo iO q) as an estér derivative, w orm a
carbomyt geaupyangd therrreducing dhe @stemderativies hyoauf%dtdﬁlmlrILy
reaction known to a person skilled in the art, when R1 and R2 are each a

hydrGg&h: At Sfof SexampRS: 15 [008 7 Brépar & 8F Benflouncrig) ed

by a method known to a person skilled in the art as an
10 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.
15 [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

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.1l4, Yuki
Kagobutsu No Gosei To Hannou (Synthesis and Reaction of

25 Organic Compounds) [II], edited by The Chemical Society
of Japan, Maruzen Co., Ltd., December 1977, p.633-875,
for example).

[0086]



The compound (5q) is commercially available 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 préfared by the two steps of deprotecting
the prajgeting group for the nitrogensatom pf 8 25, ¢omPOYNEs(SP) by a
deprotection method known t0 a person skilled in the art (see T. Greene et
al., "Protective Groups in-Organic Syntlvesist iJohntWiley& Sons; ing., New
York, 1981, for example), and then 102 subf'ectin the compound to
intrafiGiectiat redlidtive Amnation rdactidvh @e%el%ﬁi%e\ﬂkl% f Katakitk 628
(New:Gourses i Experimentab Chemistiy); &ol 14; YUk Kagebutsu Na
Gosei To Hannou (Synthesis and Reaction of 5 Organic Compounds) [Il],
efited By i€ Chishicas tSecietynof'Japan AVaRTZST GO Ltk dFébrudty 1978,

p.1380:}304, for example). Altetnatively, fes sigps may.preferaply be
performed using a compouna (5p), erein and R2 form a carbonyl
grou; asag statingr dOrnaterial + tox examplec f0088]1 Pyeparadion, ofinc . ,
compound (5p) The compound (5p) is commercially available or can be

preparet byPa methttkndwh 65 P8roh- 15 2kiREIATHESY./If RGEP 3—°
Zomr%%@i@kye%\éﬁi%% the commaund;(3R) can.pe preferably prepargd from

10 (59g) 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.

15 [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

20 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

25 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



compound (5m) 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) 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 nucleophilic redctfon known to a person skilled in the
art. The;splvent used, vaties acearding to the sfarting, 25 materjgl.and is not
specifically limited. The solvent is preferably a solvent that does not inhibit
the reaction and altoves then stertirg $haterial kdebe  HissohedthereifiNtora
certain extent, or a mixed 103 solvent thereof. Examples of the solvent that

can be® Usedindfude Sthiet Lolishts sUich a2 dibtnyl Gther and “ U<t

tetrahydrefuranihalogensted solvents such as-methylengnehletigdes s on orf
1,2-dichloroethane, and chloroform; and 5 nonpolar solvents such as toluene

afd Xyfere ithé Jeaetisn tempekature S&tiesdactorditg totheistatting

material and |5 not spegifically, limited. Howeyer, the regetion tempeyature
must be a ter%peraturg that can complete the reaction wﬂ%ou%’promoflng
formationsean 104yndesirablerfyrpnoduct,1ard is: pteferahly +R8E€t0shRE s for
example. Under preferable reaction conditions, the reaction is preferably

comﬁl@ﬂédﬂﬁ?ﬁ@%@@l‘/ h&6rs; Sfor TXEFpIRS ARd tﬁeﬁﬁ@@%@of(fﬁ%) reaction
can be, manifored by, & &mos@f&ﬁhrg%@gm@y technigue A 15 undesirable
by-product can be removed by a technique known to a person skilled in the
aft suchtas aal, for example.

[0088]

Preparation of compound (5p)

The compound (5p) is commercially available
or can be prepared by a method known to a person

15 skilled in the art. If not commercially available, the
compound (5p) can be preferably prepared from a
compound (5m) 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)

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
nucleophilic reaction known to a person skilled in the
art. The solvent used varies according to the starting

25 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



conventional chromatography technique, extraction, 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 khBwn to a person skilled in the art. If

not cammercialiy.avallable, the, gomnound (Bm) can he,preferably gbtgned

by subjecting a corresponding starting material to a protection 104 reaction
knownged persoriskitted ¢ the avk fors exaniple{seect.iGreernegetraknd

"Protective Groups in Organic Synthesis", John Wiley & Sons, Inc., New
York,“ 1681787 7° %%Jk%ﬂiot%aétoﬁlfmﬁF%‘?g?&h‘é%ﬁ‘.“,slﬁé’é,% v01.BT-PBaYE:

for example) cAlternativelysiitiis- peafesable todise-a compalnd, wherein R1
and R2 form a carbonyl group, as a starting material, for example. [0090]

GenerarPreparation Wetho 2 a0 Fypicaly esedaGen&ial Prepardtivh

_I\/Ieth%g 2_for the compound of the general formula (1), of tlg%?_precserr\j{.

Invention Wﬂ]%eeaesgr(?be befow. ormu?a%?ﬂ | Xa N-Xi.Ar T3IN-X1Ar

N Xb@4terial and is not specifically limited. However, the
reaction temperature must be a temperature that can
complete the reaction without promoting formation of an

10 wundesirable by-product, and is preferably -78°C to 50°,
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

15 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. Alternatively, it is
preferable to use a compound (5m), wherein R! and R?

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 commercially available, the
compound (5m) can be preferably obtained by subjecting

a corresponding starting material to a protection



XRR IR _N Ri RZR RZ Me (2b) () [Step 4-1] Condensation reaction
XaOHO H N~X'IArz| OV (5a) N_ _~ (1) 4 [Step 4-2] Me Xb Y R' RZR' (6a)
OOV [Step4-1] XaLi Condensation NN Xb< 4 reaction -/ Ri R 2R Me
(6b) In the formula, Arl, Rif Rz, R3, R4, L1, X1, Xa, and Xb are as defined
above; L3 represents a 105 triphenyfphdsphonium group, phosphite group,

or silyl.graup;,And, ¥, [ePFesents a4 prgecting group for.g carpoxykgroup such
as a methyl group, ethyl group, benzyl group, allyl group, triphenylmethyl

group;tent8 butys geodp, GrtezkbutdiaiethySHybgroup: vi9091¢ Tihe above
General Preparation Method 2 is an .
Organic Synthesis", John Wiley & Sons, Inc., New York,
1981; or T. Sakamoto et al., "J. Org. Chem.", 199¢,
5 wvol.6l, 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

10 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
Xa AN N, X1Ar1
o~ Xb 4
NN - RZR@
Me ()
Condensation
reaction X
Xajg/CHO H2N/ 1\Ar1
a LN)CJ)/OV (5a)
L
7) (1) b 41 [Step 4-2]
Me R@
R' R?
(6a)
o oV
[Step 4-1] Xa N L
Condensation N XbﬁK/éf 4
reaction h$::J R! R2R
Me (6b)

In the formula, Ar;, R', R?, R®, R*, 1i, Xy, X,

and X, are as defined above; L; represents a



example of a method for preparing the compound of the general formula (I)
comprising condensing an aldehyde 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 (I) comprising condensing an aldehyde
compound (1) with an ester compount’®a) in Step 4-1, and then reacting

the resujting ¢ @Gh) ke with 21 apne,gempoynd (5a) in, Step 4-2.
[0092] Sttg?ﬁ% 4-1 The condensati(?;l ré%{]:t?ﬂof g@p 4-%%/&%5 accordir%/g to
the starting matedial’ andrs et 20sspecifical ydinited gmsofar &stthe conditions

are similar to those in this reaction. A known method described in many

docufmntS fiay BE U8 d 1o thé Sreadlivh PrefirabR examples?of i method
includg. \Atlig Feaction sHotnersEmIBoNs reaction; and Retersen £ reagtion

(see Jikken Kagaku Koza (Courses in Experimental Chemistry), vol.19, Yuki
Gosep fOrdatie 0 Syntresi$)TIE ellited by Thé 'CHemical Sockety of Japan,
Maruzen £0., Ltd., June 1992, p.57-85, for 106 example) 0093] The Wittig
reaction is performed by using a compound (2b) or (6a), wherein L3 is a 5
triphenylphosphoritim halide:sakirpreferably P8 ta 1dn eqguivialents ekaan
aldehyde compound (1), for example; and preferably 1.0 to 5.0 equivalents
ofalﬁﬁ%ﬁﬁ%ﬁ of a method for preparing the compound of the
general formula (I) comprising condensing an aldehyde
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 (I) comprising condensing an
aldehyde compound (1) with an ester compound (6a) in
Step 4-1, and then reacting the resulting compound (6Db)
15 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
20 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
25 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



example. This reaction may be i) a method of first treating a compound (2b)
or (6a) and a base to form a 10 phosphorus ylide 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€’fresence of a solvent from the
viewpajnt,of L3 operativity and stirring efficiency. The solvent used varies
according to the starting material and the base used, and is not specifically
limiteddnsafar as the solvent does not inhibit the reaction and allows the
starting material to be dissolyed therein to a certain 20 extent. Preferable

examples of the sOVent indidde “5615F $8ivehts RGEA A Mitrontethane? 2

acetopitrile,idnethy-2spyrrelidone N N-dimethylformamide, and dimethyl
sulfoxide; ether solvents such as tetrahydrofuran, 1,4-dioxane, and
12-dimeétioxyelirdme 2B Ronpolar solverts suchrasbenzéne, tlderne, and

xyleng,, glcehel solvents such as eihanal and methanol: halogenaled .
solven% such as c%loroform ande d¥c ﬁoromgﬁhane; water; and mlxeg !
solveatsithereot 1071 T hie. base used \ariesracearding to therstasting saaterial

and the solvent. Preferable examples of the base include alkali metal
hydrdxidé® &6ich as'sodiGRf Rytiroxitidy pbtassium MidrBxide® antHitiium

hydraxjde; 5 alkali metal carhonates sych as sodiim carhapate, poigssiuim

carbonate, and sodium bicarbonate; alkali metal salts of alcohols such as

$odiuph pxethoxide gidde 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.



potassium tert-butoxide; organic bases such as triethylamine, pyridine, and
diazabicyclononene; 10 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 untf&Sirable by-product, and 15 is

preferaly 52840190, for example Undgy preferable reaction condilipns,

the reaction is completed in 1 to 24 hours, and the progress of the reaction
can benmhonitered byeanknowhrchrensdtograptaneetsnigtiet Am lmadesirable
by-product can be removed by 20 a technique known to a person skilled in
the af]tns%]clﬁd%saé%%\}eﬁ’t%r% chfShTEtOGabHY {EehAR RS, Extfaction, or/and
crystallization. 00941 T he HomerEmmans reactiomistparfermed by 28using
a compound (2b) or (6a), wherein L3 is a phosphite; preferably 0.8 to 1.5
equivalérnts ‘ofreat aldehyde earfpounertL) 2forxdples andqmeterably 1.0

to 5.0, equivalents of 3 base. for example. This, 108, teaction may pey) a
method of first treating a compound (Sg%% orﬁk6ajL andb a basetoform a
carbamien 1ard then adding-an @dehkyde campoindi(l e the xcadbanian; or
(i) a method of adding a base in the 5 presence of a compound (2b) or (6a)
and &PARehYE8 ESMpotndPeD) AT hiCrektion iSpireferabi pérformed in the

F”eSQQgﬁéyﬁ}§Qh@%gf“ngqukgypgm&O&iazabicyclononene;

10 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

15 1is 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

20 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

25 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



operativity and stirring efficiency. The solvent used varies according to the
starting material and the base 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’$-methyl-2-pyrrolidone, N,N 15

dimethylformamide, and dimethyl sulfoxide; ether salvens sych.as
tetrahydrofuran, 1,4-dioxane, and 1,2- dimethoxyethane; nonpolar solvents
such asnirenzene( 2toluene, (@rd xylemes alcotwl| solvients saichadethamol and

methanol; water; and mixed solvents thereof. The 20 base used varies

accordifig 16t SEAHIAG mAtetial ahdC the SBRBAL Pretéraisie eXamples of
the base inglude ; alkali metal hydrexides sHchas sediyn, hydroxide ne
potassium hydroxide, and lithium hydroxide; alkali metal carbonates such as
s&diupr eassitatel patasIAn s cationate, afd sorlivmabicardstitatecalkali
metal salts or1; glc&flqls sﬂ%sas sodium methoxide and I%l‘ptassiucqfnorme 4 in

com u reactlon 1S reféra er
tert-butoﬁge; organic bases such’as trlethylan?lne, pyridi e,pan

diazabicycloncnene; arganicmetalstsuchot0% nas butytithium amad lithium
diisobutylamide; alkali metal hydrides such as sodium hydride; and alkali
metaPRMmbhitimhsaifesuth-as sodivih @it The rédttion° teimperatare

must pe g lemperaluge fhat.can complete the 5 reaction withoyt pramptiog

formation of an undesirable by-product, and is preferably -78 to 150C, for

éxamptedUredet preferablespeactioncednditions)ithedreactionds 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-

15 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

20 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

25 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



preferably completed in 1 to 24 hours, for example, and the progress of the
reaction can be monitored by a 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 [o095] The Peterson reaction is

perfored, by, 4singa, :compaund {2R) of, (6a); whsreln L3 18,2 silyl grayp;

preferably 0.8 to 1.5 equivalents of an aldehyde compound (1), for example;
and preferablyyd.0itde5.0s20 eqavatentswof &bdsedfor examplék Ihis redction
may be i) a method of first treating a compound (2b) or (6a) and a base to

2
form 2"EArBARBNaNd thé addivy 2R°4 h%édcéo'mpgﬁﬁd SRGRUCS
carbaniapen (i) e Mmetbodf addinga:base in the, presence-ef@ compaund
25 (2b) or (6a) and an aldehyde compound (1). This reaction is preferably
pérforimedtin the prédence B arnsoivent froridie Vievdoint of bPeFathatyland
stirring _ efficiency. The solvent used varies accordin the 110 startin
et A e bash koot At oy Shesifcalty Ienfad insoti ae tH e
solvenhdeesmos rimhibit the-eeactionnand allowsdhe staring materiah ta be
dissolved therein to a certain extent. 5 Preferable examples of the solvent

includé pofi*8oNeREIBLER 38 T-ethiyR2yiGitiotre, N N-example, and
dimethylfopmanidesand dimethyl sulfpxjde; &thet 1onitored by a

10 known chromatography technigque. 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 L;s 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

20 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

25 (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



solvents such as tetrahydrofuran, 1,4-dioxane, and 1,2- dimethoxyethane;
nonpolar solvents such as benzene, 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 thétal hydroxides such as sodium

hydraxide, 19 pofassiymhydroxide, andlitbiyra hydrgxide; alkali, metal
carbonates such as sodium carbonate, potassium carbonate, and sodium
bicarlbpratef atkalilmetalsaltsd of alcohots sachlas sedivanmethexidecand

potassium_ tert-butoxide; organic bases such as triethylamine, 20§ ridine,

and didZaBieycloRoneRaTbrgahie Metals Slich "aS bitytTitnitih AR Tithim
diisobuylamigde; alkalic metat hydrides suchas-sadiunkhydrde; and alkali
metal ammonium salts such as sodium amide. The reaction temperature
mustecs tamperattre tivatecare Eoffptetecthec?s réactio®ithols promoting
formation of an uglggﬁlrgblel_brxe-%odlu_cﬁ,_anc% Is Qr%{ggaetzlyﬁm to 150C, for
example. nder pre erable reacio conézn\.‘fons, the reactioh Is preferably
completeddn il tn24o1ds, fosexampler and kbl ibe pregressef-the
reaction can be monitored by a known chromato&rnaphy technique. An

undesSitabIgty? prodiictEan berramoved by techniqie RioWir t?d Petssn
skilled jn the art suGh as a conyention aé]&%ﬁ@%atggéﬁp@)é technigue,

extraction, or/and crystallization. [0096

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; 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,

20 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

25 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



Step 4-2 Step 4-2 is an example of a method of 10 reacting a compound (6b)
with 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 15 skilled t#t the art (see T. Greene et al.,

"PfOt%téV%r%r <InJ@rganic Synthesis” (lohn, Wiley &SonsIng,, New
York, 1981, for example), performing dehydration condensation of the
compourdnwith armamige epmpourch(5a) by a Arethod knonabicecalperson
skilled in the art 20 (see Shin Jikken Kagaku Koza (New Courses in

Expehhientai-chidhiSiry ), V8t 14 voki RagobltsiiNo S5ddt To Hankot "
(Synthgsisiad Reagtion-of:Organic .compaunds)diiingdited by The
Chemical Society of Japan, Maruzen Co., Ltd., February 1978, p.1136-1162;
25 arehmyukikagaker Dikkenas Tebsiki @rtredgctior o Orgaiic Chemistry
Experiments) [4]", Kagaku-Dojin Publishing Company, Inc., September 1990,
p.27-§5§/ gcra)&irzr%%eqf%hd converting the condensate into the 112
comppungsqf the general formula (1) by treatment under basic conditions;
and ii) a method of coupling a compound (6b) with an amine compound (5a)
by a metRod Known to a person skilled in the art, deprotecting the 5

protecting group, and gopverting the resyltant infe the, compound of the
general formula (I) by the subsequent intramolecular amidation reaction. In
ﬂﬂssuqaqxing a compound (6b) with 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
15 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
20 (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.1136-1162;
25 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



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] O N"X'Arl XbR4 R (2a) ~ [Step5-1] OO O 1\0O 0O xOLORO
ORL, O L3 x,. HN'1 Arl L7 OR or O A'%'Arl Xb k- Ar HORRa 159) (5h) 5i) Xb

‘azR R [3ten 521 RRZRIRien 5-3L RLR4 (Zh) (3¢) Q0 Q0x L 7ki7 O
N,xl. [Step5-4] HN" ArlOR R O 1i RRga (5i) a R1 (5)) [Step 5-2] (5k) In the

formutasAr, Ldnd3:RyR2, RBJRYL X1 h6tEmtiXbfarecasdéfiged above;

and R7 represents a Iower
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 1in one reaction step by selecting appropriate
conditions.
[0097]

Preparation of amide compound (2b)

[Formula 21]
(0]
#N'X*AH
4
R1Rf§
[ Step 5-1]

(2a) \\\\

O
O
O
%L1 OQ()'k L1 O LS\')LN’ X1Ar1

X4 7 or

HN"""Ar, , OR OR’ O N X1Ar

HO R4 (59) (5h) G, xp -
R
RBgSR [Step 5-2] YFR@ [Step5-3] R'R?
(2b)
(5¢) (2c)
0
') (0] ////
Ly (@) X4 [ Step 5-4]
HN Xi Ary OR’ RO N Ary
B (5i) B
g R R’

In the formula, Ar;, L;, Ls;, R', R?, R’ R%, Xy,

15 and X, are as defined above; and R’ represents a lower



113 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 method iricldde a method of preparing the amide
comp%pgl(@g[%n an 10 amide compound (2a) as a starting material
according to Step 5-1; a method of converting a compound (5c) as a starting
materi&llinéd a compound (2c¢) in Step 5-2, and then converting the
compound (2c) intohthe amide compound ézr%) inlSteg 5-3; and a method of
converting a 15 compothd (5j) 884 statting Hhitetfal 13" cdfpotiid (Bk) in

Step §12..and then cepvertingdheicompaund (ok): intarihe amide spmpound
(2b) in Step 5-4. [0099] Conversion of amide compound (2a) into amide
cSmpormel 20@b) Step!B: 1amriEs acctrdintitolthe) stagtindgsmateria e is

not s e(:ificallé(t imgeg insofatr as_the conditi ns: redsimila{ﬁo tho%e in this
react%lﬁ. A "method known to a Se%eornsgﬁlle%lln?ﬁe a%tnmayebeaﬁséd 25 for
the redactiosu freterablys foexample; Stepdrddsnt) Wittig teaetion,twherein
L3isa triphe%phosphonium group, and the reaction is a method of

halodehiztingan amide E6mpbTnd(@ay bysa fifethba it to Apersdn 2

method of preparing the amide compound (2b) from an
10 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
15 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

20 (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

25 for the reaction. Preferably, for example, Step 5-1 is
i) Wittig reaction, wherein L; is a triphenylphosphonium

group, and the reaction is a method of halogenating an

amide compound (2a) by a method known to a person



114 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 triphenylphosphine (see
Organic Reaction, 1965, vol.14, p.270%4or example). Alternatively, Step 5-1

is ii) ElornesEmmopsJeactionwherein L3 is:a phosphiie,and  theseaction
is a method of halogenating an amide 10 compound (2a) by a method known
to a persen skilletbin thearty(ser)Jikken Kagakuukoz& (Coursesripanic

Experimental Chemistry), vol.19, Yuki Gosei Or%anic Synthesis) [%] edited
by The! Bhémica! sodiety 6 Japan, Martzen 68.,1%&1.,%%%%@92

p.43Qr438nfonda-exampte), anddthen reacting dbe compownd with an alkyl
phosphinite by Arbuzov reaction (see Chemical Review, 1981, vol.81, p.415,
for example) ®F wita meeil pResphiovite by Betker redcticrt (see Journal of

the Amergan chemicel Socicly. 1940, 481674160, r 20 example) o,

prepare the amide compound rnatively éfgfl may émploy a

methed of opreparing<thecamjde campoatigt (2b) frgmareanide eempound
(2a) and a chlorophosphate in the presence of a base (see The Journal of
OrgaHi“EREMSIRY oSS 5 Y 6N54 B 27500 o ekantbl ) Ritdthafive s Step

5-1 ig i) Retersqn reaction, wherein L3 ig 2 silyl group,; and the;reaction is a

method of preparing the amide compound (2b) from an amide compound

(Z8) armdhgound (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

15 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

20 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,

25 wvol.54, p.4750, for example). Alternatively, Step 5-1
is i1ii) Peterson reaction, wherein L3 is a silyl group,
and the reaction is a method of preparing the amide

compound (2b) from an amide compound (2a) and a



115 trialkylsilyl 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 to thoselihhis reaction. A 10 method known to
a person skilleddinithe art may: he used. far the.reaction, Preferably, far..
example, Step 5-3 may be a method of reducing an ester carbonyl moiety to
an aldotwaircompdund seedikkehlKagakeKozar(Courses in vExpédmental
Chemistry), vol.26, Yuki Gosei (Organic 15 Synthesis) [VIII], edited by The
Chen%Cg)r(SoEf)e]fy oF 3¥pan, Maruzen Co., Ltd., April 1992, p.159-266, for
exampig), ¢pnverting the alcohol compound into a halogen compound (see
Shin Jikken Kagaku Koza (New Courses in Experimental Chemistry), vol.14,

OrgarEi C):ompounds) [1], edited by The Chemical Society of Japan, Maruzen
Co., ttd;November 1977, p.331-450, for example), and converting the
halogen compoundtisto & Wittigrreagent (2b)(see Osganic Reaettangl965,
25 vol.14, p.270, for example) or into a Horner-Emmons reagent (2b) by
ArbuZGiF fdactiorP@&ée ChBficaHREVEWS 21981 Wal6E D. 415 Ofct exEinples.
Alternatively.the s algohol eompound.can be.canvertad intg a.Wittig reagent

10 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

15 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), vol.1l4, Yuki

20 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,

25 wvol.l4, 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



116 (2b) by reaction with triallylphosphorus 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, although the method¥aries according to the starting

materjal, ;%Preﬁsgaéﬁéxom%mﬂpeﬂgmfgn@&aﬁ@%e PIERRASO, from &

compound (5c¢) as a starting material through Step 5-2, for example.
Prefefally, Bythis stefpthenreactiohccomehiéntly prodegds3when vigdrously
stirring a compound (SC)%)and 1.%to 10 equivalents of a compound 15 (59)
with rqg%BE%Pteogtlﬁ%nc&r%E uhd5¢) In E3wo-phade lrgé%%ﬁ%%r%%lvgrﬁrcomposed
of angggapicgolvent and a basic solution, for example. The solvent and
reaction temperature used vary according to the starting material and are not
specifiea®y imited. The solvent 20 is preferably a solvent that does not

inhibi{Dthe reagtion anp aIIov(\ZI{s the starting m te)rial to be dissolved therein to
reparation OZIL., am e compoun C

a certaTn—extem—m—d—mlxedl—scﬁvemTﬁerem—gref, . erable examples of the
organic solvent thetcamieiasedrnipelude ether solernis syeb@s-25 digthyl
ether; halogenated solvents such as methylene chloride, 1,2-dichloroethane,

and CHTSTOfEME&ME RchpolBF S6RRNTS SUcRGsitoldeiie ARl xytdridoralor
moretqu'%@I@HE%O@%QQS@&Q&Q%%&S E'@f%@ebl)étarting material.

10 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

15 (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

20 1is 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

25 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



117 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 reaction without prémoting formation of an undesirable

by-produgt, ang. 15 preferably : 18110400 fepsratire. iof exampley, Adnder

preferable reaction conditions, the reaction is 10 preferably completed in 0.5
to 24 dwurssfor example ] waiwd thel progress of the readdtiorrcan beamionitored
by a known chrorgatolgra%h)é tec,k(ljnique. An un,desiréalble b%-, groduct can be
remot8d by’a t&&higUe KhOWR 168 persoR SSKiltld I 1€ A Sucas &
conventional d&chromatography: teghnigue, exteaction, Qrfang, orystallization.
[0102] It is also possible to use for Step 5-2 a method of reacting a
cEmpvRMEUBCY Wit prefetably 170220 $6 5106 efuihvaleRts 3t eoripturieR(5),

for example, in the presence of a base such as preferably an organic amine
oL e oy e L oot (rdoihG 010 5.0
equivalentsyfotgexampie)i dhecsolvent:and seaeation temperattite usedrzb
vary according to the starting material and are not specifically limited. The

solvehBiPpreteradly & soféntthat 868s TotRRAibR1HRE TehtiioR sMtPdifows

theS%%E@Qr%yggékg%Qg(ﬂ%%3¥§gﬁh%%%@$Q§ons, the reaction is

10 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

15 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

20 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

25 wvary 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



118 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 complete the reédction without promoting formation of

an updesitabley-praductpand ds praferably ;£ 8C.to, A00C. for example.

Under preferable reaction 10 conditions, the reaction is preferably completed
in 0.5s ¢a Rdrhtountss forcexample; sl thecprogress of thes aeaetion canche as
monitored by a known chromatograph techniqye. An undesirable
by-prodiict'éan beYehioved B < %58%&8%&%% £ 8 pérR oK i the
art sucht 1% asaa conyentional shrematagraphystechniguss exiraciion, or/and
crystallization. [0103] In Step 5-2, the reaction may also conveniently
procestWheAthedtiiEa condpeiing $5¢)Cdid 120 310t 20tfuivaléhts of a
compound, (5h), wherein R7.is lower.alkyl, with. resect fo the compound (5¢).
The solvent and reaction temperature used var accoralng {0 the starting
matedakhand ase riod spestically limitach uthesalventrs preterablyca selvent
that does not 25 inhibit the reaction and allows the starting material to be
dissolirthereintt & CeRant Bsient 28 a hiixete §6R&ht therédic Préferable

exampies of the organic, salvent that can beusag include ether solvents

such as
10 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
15 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
20 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
25 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



119 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 redctibn may also conveniently proceed

withoyt 8. folventrEhe reaction. tempgratyre, must be antemperatyre that can

complete the reaction without 10 promoting formation of an undesirable
by-product; i, i prefeialily GOE ta200C, dodexample.dinder preterable
reaction conditions, the reaction is preferably completed in 0.5 to 24 hours,

for eI, ahdthe ProGress 6F e reathion Cart be ménftbied By a™15
knowp£hremajographystechnigue. An yndesirablesby- product can be
removed by a technique known to a person skilled in the art such as a

cénvéstional PerroPRatYREp hy BECiGAE Céxtractic . tor/avd- erystallization.
20 [0104] In Step 5-2, the reagtion may also conveniently proceed when
g S A B o 10 s G v o CSties (3 R er
the abeve-tdescribed rgactioroeenrditions Dy aceombamtionthereot 25 The
reaction may also conveniently proceed by addition of a phase transfer
catalyst that'is-a qlaterhary EmmdritRfSalt shenhasetrabutylammonium

chloride, or. pepzylirietylammoniym.shipddey or apadidic, compaund

10 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

15 known chromatography technigque. 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.

20 [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.

25 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



120 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 esterification or halogenation of a corresponding oxalic
acid deyivative by a methed knownito a person. 1Q.skilled in the art. [a106].
Conversion of compound (5k) into oxomorpholine compound (2b) Step 5-4
varied @teording to the starting 15 material and is not specifically limited
insofar as the conditions are similar to those in this reaction. A method

Knowh S ha st siied SRS AR mayHe usald torRe on. Preferably,
for example, Stepbrd mayRe advethod of cgnyertingsan olefinnmoiety of a
20 compound (5k) into a hemiacetal derivative by oxidative cleavage
reactiorrasd fhitkdrholecitareydlizatibn Creactip reseraShit Jikken reigukd
Koza,(New Courses in Experimental Chemistry), yol.14, Yuki Kagobutsu No
Gose]f(?%wﬂaﬁﬁoﬁ (g%&oergiss gﬁg%éaét?or%Fo%éghic g Cf]oorﬁpounds) [,
edited ayymERe Chienical Sotiety of dapan,dasuzers Goaylice, Nowembei
1977, p.331-450, for example), and converting the hemiacetal derivative into

a With§ reagent (1) see 0Rjarlic Feiiioh 1965F @ corresponding

oxalic acid derivative by a method known to a person

a a¥a avYa Ha A FINA ava a¥a /a o

10 skilled in the art.
[0106]

Conversion of compound (5k) into oxomorpholine compound

(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 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

20 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

25 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,



121 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 hemiacetal derivative can also be converted into a Wittig reagent 5 (2b)
by reaction with triallylphosphorus hydrobromide (see Synth. Commun.,
1996, vol.26, p.3091-3095; and Tetraiedron Lett., 2001, vol.42,

p-130951331, for example). The.gxidative clegvage raaction, of-ap,glefin

moiety varies according to the starting material and is 10 not specifically
limitedeingefar as’the ¢onditibng ave rsigvlar ¢o tHese irtthis feadtiGievOzone
oxidati 0 |s referable for exam Ie (see Shln Jikken Ka }gaku Koza (New

Courses in Exﬁen entSl Chamist {7y), Vor1BI Shnka o KaAgEn (Oxidation

and Reduation)Jd-2].edited bysl5 Iheshemical-Secigtyof Japan.Masazen
Co., Ltd., September 1976, p.563-603, for example). The oxidative cleavage

réactiofané the frtfarmeleculaicyclization | Restioromas éufﬂmmyide
proceed under suitable reactio ition d this n nt for 20
prepaﬁng ag‘ orﬁgloukr% Elb [’O%%%%repa?at?één of cg’r%%%%ugﬁdg k) the
compoetnea(tky can he preparedoiomva 1carmpodnd{5p-arsb preferably 1.0 to
5.0 equivalents of 25 a compound (5i) with respect to the compound (5j), for

exanfpie according 6" StEp 8 {008 Préparaticitof E6mpdurel(5f) €

moiety varies according to the starting material and is

10 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

15 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

20 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
25 a compound (5i) with respect to the compound (5j), for
example, according to Step 5-2.
[0108]

Preparation of compound (57)




122 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€atalyst, when R4 and X1 are bonded

to each other to feqm %%Wﬁ&&ﬁac%t%m”ig hetgracycle, for example (see
Journal of The American Chemical Society, 2003, 10 vol.125, p.11956; and

Tetrabedrom Lett. ,ct398 vl 39y 5421542 & rforexampleRefhismeaction
varies according to the starting material and is not specificallil limited insofar

as th& tohtftfons are SiMfidr to thosdih thi FEactioh. The fataltatalyst 18 is
preferably 0001 te §)1 equivalentafa palladivum complexsuchasdqallagium
(I1) acetate, dichlorobis(triphenylphosphine)palladium (11),
tetrakis(@riplenylphésphinejsalisdiumt (G noraanallylpaiadiuth ehloride dimer,
for exgqglgﬁ Té]em%o ée%%tIinono may %Ias\gi%onvgni%qftiye Rrolceedog adgilt}]on gf
preferaLlJb y 0.0 fto%.l equ]?vaLfent, or exgmp?e, of a p}fwos%lﬁor sﬂgang such
as preterablyc2,2x1bis(dipherylphosphind):1:k'dbinaphtkyl 0 1ekch other
bis(diphenylphosphino)ferrocene. The reaction may also 25 convenientl
proceed by Aaditidh-6f pretarably 62001 16 1§ egtiRaNEHs of dteticadi

hydrochlaricragid, far example, e solyentand reaction temperafgrg;used

vary according to the starting material and are not

10 wvol.125, p.11956; and Tetrahedron Lett., 1998, wvo0l.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

15 1is 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

20 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

25 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



123 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; halogenated soh/ehts such as methylene chloride and

1,2-dighlorpethane, nanpplac solvests sueh s tolueng and xylgne; polar

solvents such as 10 dimethylformamide and N-methylpyrrolidone; and
alcoheb Isclventsisuchias methanoh rethanol; Repropariol cand rteértButanel.
The reaction temPerature must_be a temgerature that can complete the

reactionwithGat prImbting fofmation ot an tiRdegirable 5y-prodddt, and 15 is

preferably 50C ta.20Q€, fer-example dJnder preferablesteaction.conditions
the reaction is preferably completed in 0.5 to 24 hours, for example, and the

pfogresso? ke redctior® cﬁﬁ%%nﬁ@i@@%‘y &Natovwwa ehksmassgraphy

technique. An undesirabl 0_product can he removed.by a technique

known(%lltoela%ersoﬂh skilied in th tz% grt s:lréhaefs é:lp co%%%gtlogalgchror%]atggraphy
technigue,exteaction, on/anc coystallizationof01609] s25 Rreparatiertaf; 1ene

compound (6a) 124 [Formula 22] L4 L
chloride and 1,2-dichloroethane; nonpolar solvents such
as toluene and xylene; polar solvents such as

10 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

15 1is 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-

20 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.

[0109]

25 Preparation of compound (6a)




p OV ba L31ly- C RiR2R [Step 6-1] (6c) (6d) L31 L p [Step 6-2] 0 OV Xb
4 L4, ioV L3) LiRR2R + Xb a (6e) (6t) R1 R2R [Step 5-1](6a) 0 OV I L
Xb 4 R1R2R (6g) Inthe formula, R1, 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).
Specificaglly, the sompound (6a) is commercially available or can be
obtained by a technique represented by the above reaction formula and
known to g person skilled Iﬂ\t"le art (see C. Patois et al., "Synth. Commun."
1991,10 vt p. 23 1; and chkson et al., "J. Org. Chem.", 1989,
vol.20, p. %52 , for example) RStep™®-1 is tep[§‘ieBl§téin|ng the desired
compoun a) by treating a p&o§phonate comypound (6¢) with 1.0 to 2.0

Ls [ Step 6-2] o]
ﬁ Ly o) P ov
oV L
R@ + L4\)J/ 3\)"/ L1
R‘ R2 Xb B¢
(6e) (6f) R g2R

Step 5-1
[ ey (6a)

Xb 4
R2R

(69)

In the formula, R', R*>, R’, R*, V, L;, L3, and
X, are as defined above; and L is as defined for L;.
[0110]

The above reaction formula shows an example

5 of preparation of the compound (6a). Specifically, the

compound (6a) 1s 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,

10 wvol.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¢) with 1.0 to 2.0
equivalents of a compound (6d) with respect to the

15 phosphonate compound (6c¢) under basic conditions, for

example. Alternatively, Step 6-2 is a step of



equivalents of a compound (6d) with respect to the 15 phosphonate
compound (6¢) under basic conditions, for 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 g;5 Gompoungd,(6g) acePLing 4 ihe abovesdescringd Step 5- 1, for

example. [0111] The base used in this step varies according to the starting
materalra@adisingt krnitedt .0 td 101 5. 8qeivalents of asbase suchaser

sodium hydride, n%utyl Iithium,blithi,um diisqgpraopylamide, lithium
pis(tr B IST DA “8F Sochim ‘Sis(irRhy llarmide & pltarably TR&d,
for exampledThesphent used)indhe thissstepyatias 19 agcerdingdo the
starting material, and is not specifically limited insofar as the solvent does
nét iKkIBRAHE Fedtlion apecallbws the starfingtRaterize storbd aissohvsd 5
there'{} to arcergglgr}leftent. Preferable examples of the solvent include
hexané, 5% toluen ) cﬁéthyl 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 protfiofiAg forniationt of AR ihde<irabié 2595y -product; 3Ad is

p“ﬁeggﬂ¥ﬁz8gggfg¥%§'Hggg£ial and is not limited. 1.0 to

10 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

15 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,

20 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

25 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



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 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 crysfallization. 5 [0112] The phosphonate

compouad(6¢)..compound (6d).- cAMPAING,(68), ester ompoynd (60 ,2ad

compound (6g) used in this step are commercially available or can be
obtaired dyra teshmiGue known to agpesson skilledein 10 theeart{0128FThe
compound of the %eneral formula (Q harmacological‘%/?acce table salt

or
thereBf aBcSiafing 1o ‘thaPreSBh IVentioRHas i SHfectdr réduding AR40 or

15 A342,praduction, ang.thus is effective as a prophylactic or therapeutic
agent for a disease caused by amyloid-a and is particularly effective as a
pfophiiaétid or therapeutic agent for a neurodegenerative disease caused by
Aa such as 20 Alz{JgiemeE(s)Sdi ease or Down's sgnq%:rpe. Compounds

. : . ; . 2(6d),
included in the present?nverﬁloonnaexﬁlﬁ? excellent p \armacel |%1é?utlllty, Ij'or

examplep duyitiro(aetjvitys it ¥ivocaetbstyn solubility, stabititypound (69)
pharmacokinetics, and reduction in toxicity. 25 [0114]

used in this step are commercially available or can be

obtained by a technigque known to a person skilled in
10 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

15 AP42 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

20 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.

25 [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



The prophylactic or therapeutic agent for a disease caused by Aa according
to the present invention 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, 6pithalmic solutions, ophthalmic

ointments, 3 Dasgldions, 3k JdraP$.Saplasmeand Joans,; The,ger s,

therapeutic or prophylactic agent can be prepared by using ingredients
typicdliyngsed such &S, ayexpicient,; abiidet, adubracant, accolofad, and a
corrective, and ingredients,used where necessary such as a 1Q stabilizer, an

emulSiier 24 absGibetacient. & stHattafit 2R ddjlstet; a preSérvatve;

and an; antioxidant.andicande psepared-by blending .ingredients generally
used as materials for a pharmaceutical preparation. Examples of such 15

ingredients inklade anfmal drEvegetatlerdisssiich agdsdyidam eil, bk

tallow,,and synthetic glyceride; hydrocarbons such as liquid paraffin,
L A e R e e b ane

iIsopropylHyyrisigiediighers atcahols sugh20-as eetostearyd aleohol @ancht,
behenyl alcohol; a silicone resin; silicone oil; surfactants such as
polyoxyBtiiiEre fatty AEii ESteF  scrbtanhFatty acid 'Estér, Gy eért fatky acid

esteraﬁaly9§§§gm%% Sorbitan fatty acid ester, polyoxygthylene

hydrogenated 25 castor oil, and a polyoxyethylene-polyoxypropylene
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 o0ils such as
soybean o0il, beef tallow, and synthetic glyceride;
hydrocarbons such as liquid paraffin, squalane, and
solid paraffin; ester o0ils 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



block copolymer; water-soluble polymers such as hydroxyethylcellulose,
polyacrytic acid, a carboxyvinyl polymer, polyethylene glycol,
polyvinylpyrrolidone, and 128 methylcellulose; lower alcohols such as
ethanol and isopropanol; polyhydric alcohols such as glycerin, propylene
glycol, dipropylene glycol, and sorbitdlZ%ugars such as glucose and sucrose;

inorganic,pawdens, g sych as,gilicic.anhydride, magnesium alyminum silicate,
and aluminum silicate; and purified water. Examples of the expicient used
includes tactose,rcorn stadch}ysadcharosehglucoses mamitol yserbitol,
crystalline cellulose, and silicon dioxide. Examples of the binder, 10 used

includie BB aldoiidl; pofy iyt ether, Smethyidenuldse, &thyiceiiidse,

gum arapie.s tragacanth,gelatin shellacs vhydroxypropyimethylcglivlase s
hydroxypropylcellulose, polyvinylpyrrolidone, a polypropylene glycol 15
pblyokyethyiene blockicopolyiteridad meghmsiner Bramplagiofthelcate,

disintegrator \ised include;stareh, agar, gelatin powder, grystalling cellulose.
calcium carbonate, sodium %lcarbonate, calcium citrate, dextrin, p%ctln, and
carbaxymethylcellatasescalaium.c20 dxamplesof thedubricantused include
magnesium stearate, talc, polyethylene glycol, silica, and hydrogenated

vegetibE BRI BREMIeS 6 tife cBRtART UsedSintiide thosetthat ate pefmitted

to be addgd 1o, pharmaceuticals, Examnlgs of the carrectiveuised.2p jacjude

cocoa powder, menthol, empasm, mentha oll,

10 wused include polyvinyl alcohol, polyvinyl ether,
methylcellulose, ethylcellulose, gum arabic,
tragacanth, gelatin, shellac,
hydroxypropylmethylcellulose, hydroxypropylcellulose,
polyvinylpyrrolidone, a polypropylene glycol-

15 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.

20 Examples of the lubricant used include magnesium
stearate, talc, polyethylene glycol, silica, and
hydrogenated vegetable o0il. Examples of the colorant
used include those that are permitted to be added to
pharmaceuticals. Examples of the corrective used

25 include cocoa powder, menthol, empasm, mentha oil,
borneol, and cinnamon powder.

[0115]

For example, an oral preparation is prepared



borneol, and cinnamon powder. [0115] 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? fnto powder, fine granules, granules,

tablets, cogied, Jablets,Qricapsules.ier &xample, By aconventional method.

It is obvious that tablets or granules may be appropriately coated, for

exampte rsugarccoated ywhere 10 aedessarypAsydup or anlinjection

preparation is prepared by adding a pH %gjuster, a solubilizer, and an
[

isotorizing Agent, 67 exahpie, and & sotabilizing aid & stabflizer, and the

like whese necessantby 2 comventional method, Atmextesnal preparation may
be 15 prepared by any conventional method without specific limitations. As

abasecmiaterialy any ot variousP hfatedals Gdwallytesed for & phafracedtical,

a quasi_ dru adcosm%tic, or the like may be used, Exa Ie% of the bas
into powder, 1PeL??Fnu es, raS% e5, ablé ?, coated .
material include materials such as anirhafan vegetable oils, mineral oils,

esterwils] waxese highassalcehpls; Jatty acids, Sjliconeoils; isestactants)
phospholipids, alcohols, polyhydric alcohols, water- soluble polymers, clay

minef3 S, 4t pufified SwateY 1RVSH G hstet AR Ehtiokidam 4 dheldioY, &°
preseryative, 25.and fungicide, a colorant,a flavor, orthe like.may beq e

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 o0ils, surfactants,
phospholipids, alcohols, polyhydric alcohols, water-
soluble polymers, clay minerals, and purified water. A
pPH 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



added where necessary. Further, an ingredient having a differentiation
inducing effect such as a blood flow enhancer, a bactericide, an
antiphlogistic, 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 tH€ Ypresent invention varies according to

the degree,gf 3,Symntoms, Age, Sex, body yveight, mode of . adgynistration,
type of salt, and specific type of disease, for example. Typlcally the

compeematoflthel foragelat( | yreryphearnacologit allycace eptalsie salty therBof
accordln to the %resent invention is orall¥ 10 admlnlstered to an adult at

aboufjﬁ 69 716y pratéddiy 100 §'to B¢ ahd foré prafsiably”to0 §to

100 rﬁg@%rdaylmé&@gwn@g@rﬁgstoa@&@ggﬂmy ﬂ@egﬂen@é@p@@t@ gtol
g, preferably 100 g to 500 mg, and more preferably 100 g to 30 mg per day,

in°15 aYsingRndese e multile 865¢s,espettivelydBeEst Embodiment for
Carryln out the Incventlon 116(3; The Pgesentoinventlo% will pow, be
descrab d'20m etallnwnh &gerence to examples s'and test exgxﬁwples
Howeves cthe-examples:and 1est examplesi ake, proddednenriydfar dlastration
purposes. The prophylactic or therapeutic agent for a disease caused by Aa
accordiig tothépreSEnPivention is hiot filite P tHe 25 ¥61lGi@ihg specific

examples inany casesARerson: skillgdda dhe art,can fully,implegent the

present
10 administered to an adult at about 30 pug to 10 g,

preferably 100 ug to 5 g, and more preferably 100 Ug to
100 mg per day, or is administered to an adult by
injection at about 30 pug to 1 g, preferably 100 pg to
500 mg, and more preferably 100 Mg to 30 mg per day, in

15 a single dose or multiple doses, respectively.

Best Embodiment for Carrying out the Invention
[0116]
The present invention will now be described
20 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
25 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



invention by making various modifications to not only the following examples
and test examples but also the 131 claims of the present specification, and
such modifications are within the scope of the claims of the present
specification. [0117] 5 The following abbreviations are used in the following
examples. DMF: Dimethylformamide PHF: Tetrahydrofuran LAH: Lithium

alumipum hydride 10 W3C:. 1:Fthyl;3-(3-dimethylaminoprapyhcarbodiimide
hydrochloride HOST: 1-Hydroxybenzotriazole DIEA: Diisopropylethylamine
TEA:maiethylaatinertb FBAF fftetiabutyammarsumifiudrddeDBlUs of the
1,8-Diazabicyclo 5.4.,Oéundec-7-ene t: Tertiary LDA: Lithium diisopropylamine
[0118]Z0°ERampIE 1 Syithes’of (2)-2-[1-[3-methoxy-4-(4-methyl-IH-
imidazelk-1-yl)phenyljmethylidene]-4-(3,4,5- trifluorobenzyl)morpholin-3-one
[Formula 23] 0 MeO N F
5 The following abbreviations are used in the

following examples.

DMF': Dimethylformamide

THF: Tetrahydrofuran

LAH: Lithium aluminum hydride
10 WSC: 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide

hydrochloride

HOBT: 1l-Hydroxybenzotriazole

DIEA: Diisopropylethylamine

TEA: Triethylamine
15 TBAF: Tetrabutylammonium fluoride

DBU: 1,8-Diazabicyclo[5.4.0]undec-7-ene

t: Tertiary

LDA: Lithium diisopropylamine

[0118]
20 Example 1

Synthesis of (Z)-2-[1-[3-methoxy—-4-(4-methyl-1H-

imidazol-1-yl)phenyl]methylidene]-4-(3,4,5-

trifluorobenzyl)morpholin—-3-one

[Formula 23]

@)
MGOWN F
o



NON |/ OJ F F 132 Synthesis of 3-methoxy-4-(4-methyl-IH-imidazol-I-
yl)benzaldehyde 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. Thelréaction solution was stirred at room
temperaiure oyernight apd then, methyl igdide (230:0); wag added to the
reaction solution. The reaction 10 solution was further stirred at room
temperatbren forl skihyolers. The reaction solution was added to ice water, and
the precipi}tlted solig was collegt_edb filtratjon., The resulting solid was dried
at 508 BVERTIGRt - oBRIn 178 g BE i fitle CoMpSTnaFRe 5 property
values corresponded to, the; iepoited valties) (GAS #a08L37r8)p1032% 6 a
Synthesis of methyl 4-amino-3-methoxybenzoate 10% palladium-carbon
(Containifit 56896 vatefy 20 b5/ g Y wastaddhed i asolgtich 6t Afethyl with
3-methaxy-4-. nitrobenzoate (15 in methapgl.(600 mL) and THE (300

L) B e BT A e 8, Brfydrbgoh AsEuthiof 0.0 MPa
at 50Cdee4GHar6.5 hmusr-Ehereadticn solution was left ie ceal taraemn25

temperature and then filtered through celite. The resulting filtrate was
concéﬁﬁ?ﬁﬁqﬁﬂﬁﬁ’R%ﬁﬁ%aght' and then methyl iodide (230 qg)

was added to the reaction solution. The reaction

10 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

15 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,
20 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
25 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



pressure to obtain 134 g of the title compound. The property values
corresponded to the reported values 133 (CAS #41608-64-4). [0120]
Synthesis of methyl 4-formylamino-3-methoxybenzoate Acetic anhydride
(268 mL) was added dropwise 5 to formic acid (401 mL) at room
temperature, and the reaction solutichPwas stirred at room temperature for
40 mipwtes.4A spltion,of;methyl 4-amino-3- methoxybenzoate (134 g) in THE
(600 mL) was added dropwise to the reaction solution at room temperature,
10 andbthedreaction solution was stirred for one hour. 3.8 L of ice water was
adde% to the reaction solution, and the ?rec,igitated solid was filtered and
S, Qf meth 4 gmino—3rmethoxvbenzoate

(1

U U U YER'ALe U

overnight to obtain 241 ;g-of.the title gempaindarlS The IOREHY Valkes se
corresponded to the reported values (CAS #700834-18-0). [0121] Synthesis
oPmetRylfafdtmyR(2-dxoprdpyliamitio] 3 afettronypenzoate 2end the
Chioroacetans, (64,5, 0) was added dropwise 1o, 3 mpdre of melile. .
4-formyI€émino-3-met¥10xyﬁenzoate ](ﬂ g), cesium ca?bc?nate%ﬁ% gf), and
potassiumiadites (8.78 gpinubMim (437 mihatlroonatempesature, and the
reaction solution was stirred for three hours. Cesium 25 carbonate (173 g)

and CHTSTOREBRSHE 0428 MLy tvete aBdédTo thE Ye3ttory 88ILRAIITHEWhich was

then%&%ﬁ%ise to the reaction solution at room temperature,
10 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.
15 The property values corresponded to the reported values
(CAS #700834-18-0).
[0121]

Synthesis of methyl 4-[formyl-(2-oxopropyl)amino]—-3-

methoxybenzoate

20 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

25 carbonate (173 g) and chloroacetone (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



at room temperature for two hours. Ice water and ethyl acetate were added
to the reaction solution, and the 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 ordatfic layers were dried over anhydrous
magnesium; sulfate.and then concentrated wnder reduced pressure Jhe
residue was diluted with toluene, and the solution was concentrated under
reduced pifessmelet@mtsBﬂ,lMemetlayicemeeanddwptanéa/y@ne added to the
resultln% 10 residue, and the preci |tated solid was collected by flltrat|on and
wash&aRAith 5eSolution of 5096 ter -butyE hieth§ StHer v Heptand “THg 5"
resulting solid was akkxdred Qvernight te obtain, 118 g:of the ditleccamgpound.
iIH-NMR(CDC13)5(ppm): 15

23 9(8;3H),3.91{3,3¢) B.98 (> 3H) 440 (@V2H), 7 BI@1J=8: magnesium
OHz,1H), 7. 6F3éd MY gh‘z wLH). 7 € 69{& d.J=8.0,2. QHz, 1H) 8 33 (s;,1H),,[0122]
SyntheS|s 0 metﬂyl methoxy met yI |m|dazo 9 enzoate A
solutioneofraethyhd- Etarsmyalz(ﬁj@@pﬁ@wﬁl)amun&]fﬁ}m@th@xyhenmtet(m 0)
and ammonium acetate (172 g) in acetic acid (255 mL) was heated and
stirred &t 140C forGrid ROUFTAftér e retion Wwas 25°compfeted Bitey 1

reactipn sQlytion yyas neytralized with, aquepys ammonignder ice-£ogling.

Ethyl acetate was
10 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 (CDC15) & (ppm) :

15 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-

20 1-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

25 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



added to the reaction solution, and the organic layer was separated. The
resulting organic layer was dried 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 5O tert-hutymethyl etherinheptane, The, resulting solid
was air-dried overnight to obtain 68.4 g of the title compound. Further, the
crystallization gaotherdiquordvaseoncentrates] uadercredusedrpressure,ded
and the residue Wasgurified by silica gel column chromatography (elution
solvehE HETAnE dthyF ASetatd yStoM) 10 OB 22 3 0/ f th g o=
compgiing. al&béWBSC@ﬁel?a)émm)e, and the precipitated solid
2.30(s,3H),3.94(s,3H),3.96(s,3H),6.98(brs,1H),7.32(d,J= 15

8AHZAH) RIISLTSMNRHY 7 79(bis PH) 04 28} Syasthésidiof solution
3-met =4-(4-methyl-IH-imidazol-I- yDbenzaldehyde A solutign of
pyrroﬁ%?ri%lo(istr%fg in Lﬁ—ﬁ% (H§ %5 %nl%%gg aldr(]jg?jggf)%%ée tgq%lesolution of
sodiune bis(241 methoxyethexy)aluminumehy dride: (62%0-salution i teluene 456
mL) in THE (60 mL) at -5C or less over 15 minutes. The reaction solution
was $tirfed affodm “témperatare for ofe hblF " Théhica St¥FEASibh O tEr ™25

butoxjde {2.10,9) 4R 1H Ea@%g‘llrég‘(ﬁ&éggéd drapwise.t, 1be reaction, o,

solution at room temperature, and the
10 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 (CDC15) & (ppm) :

2.30(s,3H),3.94(s,3H),3.96(s,3H),6.98(brs,1H),7.32(d,Jd=
15 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
20 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-
25 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



reaction solution was stirred for 15 minutes. The above reaction solution was
added dropwise to a 136 solution of methyl
3-methoxy-4-(4-methyl-IH-imidazol-I- yl)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 then & 3°N sodium 5 hydroxide solution (150

mL) was added drppyise {q the [eaction solution, Kthyh agetale yas,added to

the reaction solution, and the organic layer was separated. The organic
layer waswashedawitlz @ saturate@ramitichioin) chiclide sokitioncandhbrine in
this order. The organic 10 Iaier was dried over anh¥drous magn,esium sulfate

and filt&red’on ASIES Gel pad©and then the fitrate Whs "Goncantrated hder

reduceshpressyre - Ehe residye was dilited with ethyl acetate, anddheun
precipitated solid was collected by filtration. The resulting solid was 15

air-driedieventighttelolitant 7. 10 dfithe'title eBAfsbuHRFUrtifert thehe

crystalizafion, mather iguar. was goncenirated.under reduced prasgure, and
the residue was purified by silica g\/e column chromatography (elution
solventweptaneeihylkaceiate 28 2-peopanclsystemy e obiains2F5:gpokthe
titte compound. iIH-NMR(CDC13)5(p

m) .
2-31(§?3¢4)?§.@?’?§.%F6?ﬂ6?(6%?1mﬁ??ﬂ?dyﬂ%*efﬁo@iz%fﬁ)aﬁated ammon ium

tgi(zig]ﬂf&(i&%!%1%@18&%@@3%%9}?@,%H)’Eh%(bé%&él)’. 25:$,0- 0§ ).

10 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

15 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-

20 2-propanol system) to obtain 2.65 g of the title
compound.

'H-NMR (CDC15) & (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),
25 10.00(s,1H).

[0124]

Synthesis of 2-[(3,4,5-trifluorobenzyl)amino]ethanol

Sodium triacetoxyborohydride (14.1 g) was



Synthesis of 2-[(3,4,5-trifluorobenzyl)amino]ethanol Sodium
triacetoxyborohydride (14.1 g) was 137 added to a solution of
3,4,5-trifluorobenzaldehyde (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 hdéi's 5 and 30 minutes. Ice water was

added g e rgaction, salution . Ehe reaction selutionwas adjusteda pH 7o to

8 by a 5 N sodium hydroxide solution and saturated sodium bicarbonate,
followed by eXtractioamitie clibroform. , Therdrgaric layeravds driedlover)
anhydrous 10 mggnesium sulfate and then filtered, and the mother liquor

was cohcentrated Untiet rédiced pressine The rédidu&ivas pififidd by
columy, chramatagraphy usiag as silicagel {ehloreform:methaneln 1: 1Rt
1:5) to obtain 6.91 g of the title compound. 15 1H-NMR(CDC13)5(ppm):
2:80(B0€4 BHA2M)3269(t, JEA8 M2 H), 378 (8 21H56.96- 7160 (Ae2F) 1 [0125]
Synthesis of 4-(3,4,5-trifluorobenzyl)morpholine-2,3- 20.dione A mixture of
B b obe A A RIS eRaT oL by B At Slene (30 )
was sisrexd aty1Z0€ for oneiheumn Jdies xeaeticn solution was concentraten
under reduced 25 pressure, and then a diethyl ether was added to the

residGEFHE préEipRAR: Erstals Werescolldetsd byaction with

chloroform. The organic layer was dried over anhydrous

10 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.

15 'H-NMR(CDC13) 8 (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—-

20 dione

A mixture of 2-[(3,4,5-
trifluorobenzyl)amino]ethanol (6.91 g) and diethyl
oxalate (20 mL) was stirred at 170°C for one hour. The
reaction solution was concentrated under reduced

25 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.



filtration and then air-dried to obtain 7.38 g of the title compound. 138
IH-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- trifluorobenzyl)morpholin-3-one A 1 M
solution of lithium tri-sec- butylborohytititle in THE (31.4 mL) was added
dropwiseie: g-selutiog of 4-3,4.5-trifluorobenzyl)morpholine-2,3- 10 dione
(7.38 g) in THE at 15C and the reaction solution was stirred for two hours. A
5 N sodiuin t hyerbxide sakitioh- (2985 ndE ard 3024 aglieotishytdidgénd5-
pero éd%é968 %‘1)1 were added dropwise to the reaction solution at 20C or
less, whi H W then stirred at 10C 15 for one hour. Sodium bisulfite (888
mg) was aglded to the reaction solution, which was then stirred for 30
minutes. Brlne and chloroform were added to the reaction solution, and the

ofga 5 ) 0 er was dried over anhydrous
magncesu%qluzoorg Ifate %nd then cgggegtrg%eed under reduced pressure. The
resid hy using a silica gel

(heptane:ethyl acetate = 153 100:300pt0 obtaimud. 94rg of the-title compound.
IH-NMR(CDC13)5(ppm): 25
3.11-3U6(hP2HY 3747 51546, 1Y 3.6013 86, 11§24, Pgided dropwise to

4.35(m. 1E1) 4-40(d. 4714817, 1H3. 4.6 4 (h 1214 BHZ I Re3bnot ine-2, 3-

10 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% aqueous hydrogen
peroxide (968 UML) were added dropwise to the reaction
solution at 20°C or less, which was then stirred at 10°C

15 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

20 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 (CDC15) & (ppm) :

25 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]



(s,1H),6.90-6.94(m,2H). [0127] 139 Synthesis of
(2)-2-[I-[3-methoxy-4-(4-methyl-IH-
imidazol-1-yl)phenyllmethylidene]-4-(3,4,5- trifluorobenzyl)morpholin-3-one
Thionyl chloride (16.1 mL) was added to a 5 solution of 2-hydroxy-4-(3,4,5-
trifluorobenzyl)morpholin-3-one (3.941g)%in methylene chloride, and the
reaction sqlution was stiyed af SOG fpr opehour. Thejeaclionssplution was
concentrated under reduced pressure, and the residue was diluted 10 with
methylene=ctidride yThehetriphbrnytghosplene (5.2- 6 was added under
ice-cooling, and the reaction solution was stirred at room temperature for 4.5
hours=—the 1oAHSH-4H edheentidted under reduced pressure.
Ethanol (64.6 ML)y EM(A-2dnbhand3 1% .1 mL) was added to a
methoxy-4-(4-methyl-IH-imidazol-1-yl)benzaldehyde (2.72 g) were added to
the rexidué,iand tiie fedotibirsalutionswhsSheated under reflux for two hours.
The reaction solution was concentrated under r ed pressure, and the
st T A DR R LT oy areeioc 0 Bk B sttate
Thencthie>aqgueous tayernsas sseparated.olhe osganie dayeriwasvashed tth
2 N aqueous hydrochloric acid. Then, the total aqueous layers were
combfitéd ahd Made alkdlitfe With ‘Bhcentratédsotiim Iy dreRide?sdittion.

The qrganic 23 layervas separated hy,exiraction from the alkaling: sglution
with chloroform, and then dried over anhydrous
10 with methylene chloride. 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-

15 methoxy-4-(4-methyl-1H-imidazol-1-yl)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 agqueous hydrochloric

20 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

25 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



magnesium sulfate and concentrated under reduced pressure. The residue
was purified by column 140 chromatography using NH silica gel
(heptane:ethyl acetate = 1:1 to 0:100) to obtain 1.92 g of the title compound.
[0128] 5'H-NMR(CDC13)5(ppm)

2.34(s,3H),3.56(t,J=4.8Hz,2H),3.87(s131), 4. 28(t J=4.8Hz
2H)%ﬁ%%%g%gé}a§§§lﬁgf%%Sﬁkgggﬁégg heptane:ethyl
7.23(d.J=8 OHZ 1H). 7.40(dd.J=8.0.1. 2Hz. 1H}.7.42(d Jot 2

Hz,1H);#188(s,1H)l 10 ESI-MSM/z444 Mt} 01297 E%anfpleﬁ&symthlesis of
(2)- 251#3 methoxy-4-(4-methyl-IH-

imidaz8t ijlshenylimethylidene]-4-(2,3,4- 15
trifluorghenzyl)morpholin-3-one [Formula 24] 0 F MeO N~F NON I/ OJI/F
Synthe5|s of 2-[(2,3,4-trifluorobenzyl)amino]ethanol 891 mg of the title
cOMpSUNE R EEDEBtaiRdE oM 2,3,4-trifluorobenzaldehyde (1 09),

ethanol ic,a 1 ) nd iu

tnac%gr}%oro drlém 9% %S%t) int %Jw%z(sazlzknge%é%zle?és%q%\ g 11 T 4 BHz
iH- NMQ@@DCB@)Eﬁppm) 6.93(s,1H),6.95-6.99 (m, 3H)

7.23(d,J=8.0Hz,1H),7.40(dd,JdJ=8.0,1.2Hz,1H),7.42(d,J=1.2
Hz,1H),7.85(s,1H).
10 ESI-MS;m/z444[M +H].
[0129]
Example 2

Synthesis of (Z)-2-[1-[3-methoxy-4-(4-methyl-1H-

imidazol-1-yl)phenyl]methylidene]-4-(2,3,4-

15 trifluorobenzyl)morpholin—-3-one

[Formula 24]

0 F
MeowN/\@F
N o F

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

20 triacetoxyborohydride (2.65 g) in the same manner as in
Example 1.
'H-NMR (CDC15) & (ppm) :

2.80(t,J=5.2Hz,2H),3.69(t,J=5.2Hz,2H),3.88(s,2H),6.94-



2.80(t,J=5.2Hz,2H),3.69(t,J=5.2Hz,2H),3.88(s,2H),6.94 141
6.96(m,1H),7.07-7.09(m,1H). [0130] Synthesis of
4-(2,3,4-trifluorobenzyl)morpholine-2,3- dione 5 903 mg of the title compound
was obtained from 2-[(2,3,4-trifluorobenzyl)amino]ethanol (891 mg) and
diethyl oxalate (8.0 mL) in the same rhahner as in Example 1.
IH-NMR{EDC13)P(RPEY 3009 (1

3.70(t,J=5.2Hz,2H),4.50(t,J=5. 2hiy 2H) 4.73(s,2H),6.97-

7. 04(|{rDlBIQ]7 18-7. 25(m 1H). [0131] Synthesis of 2 -hydroxy-4-(2,3,4-

1M Q@ilgltgg of I|th|um tri-sec- butylborohydrlde in THE (1.49 mL) in the same
manner as in Example 1. 20 'H-NMR(CDC13)5(ppm)
320-3.25(m,1H),3?83-3'99(h, 1H)S3 Bilté%afe@mmmdz@ms obtained

4.33( H)4g J 5% 71L2§ Q)?fsc‘IJéSZHoéT 91
(s, 1H an 1I—]?) 1 ]fo yf 1815,15]5 §ynt rleoslls o? g}
(Z)ZéidemeﬂnyQ/éﬁéﬂneﬂndﬁHe mL) in the same manner as in
|m|daEzoI 1- yl)phenyl]methylldene] -4-(2,3,4- trifluorobenzyl)morpholin-3-one
xampl
'H-NMR (CDC15) & (ppm) :
10 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

15 126 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.

20 'H-NMR(CDC1s)d (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]

25 Synthesis of (Z)-2-[1-[3-methoxy-4—-(4-methyl-1H-

imidazol-1-yl)phenyl]methylidene]-4-(2,3,4-

trifluorobenzyl)morpholin—-3-one

95.8 mg of the title compound was obtained



95.8 mg of the title compound was obtained 142 from
2-hydroxy-4-(2,3,4-trifluorobenzyl)morpholin-3-one (126 mg), thionyl chloride
(516 RL), triphenylphosphine (166 mg), and
3-methoxy-4-(4-methyl-1H-imidazol-I- yl)benzaldehyde (93.9 mg) in the same
manner as in 5 Example 1. iH-NMR(EHC13)5(ppm)
235(%@4?9@%%%%&9—“@@'2‘)@3164&%'%)1%@@&%%‘% Znorpholin-3-one
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 2=8u4,L. 21z i)y 10ch.ud(d J=1(2H 2, 11H)) 7.88(spHdhyEStMShine
m/z44di% '+H§. [013%] I§>_<am1ple38_yr1the§is ofh 1-1H-imidazol-l—
(2)-(S)* h-%ﬁi rhefibky24 (8 meiyIte. 1gnethy - 1i-imidazo
imidazol-3lphenyilpeethylidenelgmethyi#a(34m@s manner as in
trifluorobenzyl)morpholin-3-one [Formula 2510 MeONF NONI/OJI/FF
SYnthesigpt ¢S)-1-(3,4,5-trifluorobenzylamino)propan- 2-ol 410 mg of the title
compoult tained 20 from 3,4,5-trifluorobenzaldehyde (370 mg),
(S)-l-%ym%ﬁﬂgﬁ;%%%g)a%% @6}0 mg), acetic acid (0.662 mL), and sodium
triacetaxybarpbydride {981 ugkinsthe, sane3manney as)ins . 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),
10 7.41(d,Jd=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-

15 imidazol-1-yl)phenyl]methylidene]—-6-methyl-4-(3,4,5-

trifluorobenzyl)morpholin—-3-one

[Formula 25]
(@)
MGOWN F
N7 N O\:) /\Q/\F
> -

Synthesis of (S)-1-(3,4,5-trifluorobenzylamino)propan—

2-o0l

410 mg of the title compound was obtained
20 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.



Example 1. 143 iH-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-
trifluorobenzyl)morpholine-2,3-dione 489 mg of the title compound was
obtaingd\fiemd$)111(8 4 pxffitluorobenzylamino)propan-2-ol (410 10 mg) and
diethyl oxalate (2.0 mL) in the same manner as in Example 1.

iH-NMR{CDC I3)5(Bpm) 3H) , 2. 45 (dd, J=12.0,9.2Hz, 1H) ,2.72(dd, J=1
1.44(d,J=6.4Hz,3H),3.35(dd,J=13.6,3.2Hz,1H),3.55(dd,J=1

36960 A1 5l 1219 21, TF v e s S ARy A8 - 2He 180 3
73-4.78(my 168,6:9416,98(m 2H). 0[@1:35} Synthesis of
(S)-2-hydroxy-6-methyl-4-(3,4,5- trifluorobenzyl)morpholin-3-one 308 mg of
the titlé EéMpound was obtained 20 from

(S)-6-§ngtcr1}/l-4i-g3,gé-t[ggupggggn% Ilrpggp(@olii] - 2,3-dione (400 mg) and a 1
M soluti i - ide it THE (1.70 mL) in the same
manner asl incxaxpke 1) id-NMR(CRC 23)5(ppane 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),4.36(, 5912 8HZ ¢HY 4T46-4559FR 1Y), was obtained

4'66(91‘]51114(.8&')_'; 11—"1)35-&”,@%@f@-@@i@ﬁéﬁ%‘éhino )propan—-2-o0l (410

10 mg) and diethyl oxalate (2.0 mL) in the same manner as

in Example 1.

'H-NMR (CDC15) & (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
15 .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

20 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 (CDC15) & (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),4.36(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]



[0136] 144 Synthesis of (2)-(S)-2-[1-[3-methoxy-4-(4-methyl-IH-
imidazol-1-yl)phenyllmethylidene]-6-methyl-4-(3,4,5-
trifluorobenzyl)morpholin-3-one 339 mg of the title compound was obtained 5
from (S)-2-hydroxy-6-methyl-4-(3,4,5- trifluorobenzyl)morpholin-3-one (308
mg), thionyl chloride (817 Jil), triphefyifhosphine (353 mg), and 3-
methexy-dr(d:methyl-1H;imidazol-1-y)benzaldelyde (218 mg).imthesame
manner as in Example 1. 10 'H-NMR(CDC13)5(ppm):
1.46(dW=6:4HZ3H) 2. 34(s3H) ]| 3128(dd, I34 28,2 BHe Ak) L -4- (3, 4, 5—
3.50(dd,J=12.8,9.6Hz,1H),3.87(s,3H),4.36-4.40(m,1H),

4. 58(83E1 A 2 6t AN 7 )6, 90(s, 1H),
6-94'6-98(m13H)’73%3(%@;:%%"]54133Hift@%(%&i%ﬂmé%as obtained
2.0Hz,1H),7.54(d,J=2.0Hz,1H),7.85(s,1H). ESI-MS;m/z458[M'+H]. [0137]
EXanfple™ Synthesiy 8f (B¥(R)-25 L3 méthcdy~4(4-methyl-IH- 20

imidazol-1-yl)phenyllmethylidene]-6-methyl-4-( - .
ot S e LomeIa 88 O o8N N8R o F F
Synthesis oi {R)-18(874 :trifluoraberzylapine)tepan- 353 mg), and 3-

methoxy-4-(4-methyl-1H-imidazol-1-yl)benzaldehyde (218

mg) in the same manner as in Example 1.

10 'H-NMR(CDC13) 8 (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,

15 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 (Z)—-(R)-2-[1-[3-methoxy—-4—(4-methyl-1H-

20 dimidazol-1-yl)phenyl]lmethylidene]-6-methyl-4-(3,4,5-

trifluorobenzyl)morpholin—-3-one

[Formula 26]
O
MGOWN/\@F
@)
O~
N/)J 7) LT

Synthesis of (R)-1-(3,4,5-trifluorobenzylamino)propan—

2-o0l




2-o0l 145 1.1 g of the title compound was obtained from
3,4,5-trifluorobenzaldehyde (1.0 g), (R)-1-amino-2- propanol (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)-6-methyl-4-(3,4,5-
trifluorobenzyl)morpholines2 3-dione; 19 1.15, g.of the tifle:compoundvas o,
obtained from (R)-1-(3,4,5-trifluorobenzylamino)propan-2-ol (1.1 g) and
diethyll, axalater(4t.0 wk pivetheesatneyrannér Asgin Example dnThe MR
values of the compaund corresponded to those of the S-isomer. 15 [0139]
SynthasiE o (R)-2-RydrB%y26-fisthy F433 4 5. trifiorBBénz§iiihorShaiii3-one
323 g of the tilercompourd yasobtaingd froM the same manner as in
(R)-6-methyl-4-(3,4,5-trifluorobenzyl)morpholine- 20 2,3-dione (400 mg) and
adl Megairon of ithithe tAlSecbutytsorohydfidedAmER. 7P AN SATRESC
same_manner as in Example 1dn'll'ehre. NMR values of the compound
correspongeé fo those of the S-isomer. [0140] 25 Synthesis of
(2)-(R)p24&43-methoxy-4-(4-methyl-IH-

It?i}llﬂazm 1-yl)phenyl methy{@ent{ej@ lrgczt_h é ,44(,35,4}5

trifluorobenzyl)morpholine—-2,3-dione

10 1.15 g of the title compound was obtained
from (R)-1-(3,4,5-trifluorobenzylamino)propan-2-ol (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.

15 [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-
20 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]

25 Synthesis of (Z)-(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



346 mg of the title compound was obtained 146 from
(R)-2-hydroxy-6-methyl-4-(3,4,5- trifluorobenzyl)morpholin-3-one (323 mg),
thionyl chloride (853 gL), triphenylphosphine (368 mg), and 3-
methoxy-4-(4-methyl-1H-imidazol-1-yl)benzaldehyde (228 5 mg) in the same
manner as in Example 1. The NMR vaftfes of the compound corresponded to
thosecof the @ isomey [QL41lExample 5Synthesis of
(2)-(S)-2-[1-[3-methoxy-4-(4-methyl-IH- 10

imidazol-1 ylyptrersdimyethytidenel-6 méthyhd-(Z34-mg) , thionyl
trifluor%kienzyl)morgol'%olin-s-one [Formula }217%% F MeQ é\l N F NON/ %J_/ F
Synthesis bt (5)-152°3 Atrifluot ST amio)propan-2 o1 988 g ofthé title
compauingowas pbtaingg: 15 from; 2;3,44tsiflyorabenzaldehyde é1.04), (228
(S)-1-amino- 2-propanol (704 mg), acetic acid (1.79 mL), and sodium
triacetorybaroharide (2. 65 g irtheSsamefimanner as in ERampi& 1values

iH-NMR( C13)5 m) 20 .
S et P o PP RIS F s B ATy S—isomer
1.6,2.8Hz1H),3.83-3.88(m, 1H),3.89(s,2H),6.92- 6.99(m,
1H),7.06-7.10(m,1H). [0142]

xample

Synthesis of (Z)—-(S)-2-[1-[3-methoxy—-4—(4-methyl-1H-

10 imidazol-1-yl)phenyl]methylidene]—-6-methyl-4-(2,3,4-

trifluorobenzyl)morpholin—-3-one

[Formula 27]

0 F
MeO:[::]/QQerN//\Tii:IF
Né\ N O:Q F
ﬁ :

Synthesis of (S)-1-(2,3,4-trifluorobenzylamino)propan—

2-o0l

968 mg of the title compound was obtained

15 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 (CDC15) & (ppm) :

20 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]



147 Synthesis of (S)-6-methyl-4-(2,3,4- trifluorobenzyl)morpholine-2,3-dione
917 mg of the title compound was obtained from
(S)-1-(2,3,4-trifluorobenzylamino)propan-2-ol (968 5 mg) and diethyl oxalate
(8.0 mL) in the same manner as in Example 1. iH-NMR(CDC13)5(ppm)
1.45(d,J=6.4Hz,3H),3.48(dd,J=13.6,3'2Hz,1H),3.62(dd,
J=13.6,10,QH2.1H)4.66(d.d=15:2K2,1i1) 4 74-4:80(m, 1H), 10 _
4.75(d,J=15.2HZ,1H),7.00-7.03(m,1H),7.21-7.27(m,1H). [0143] Synthesis of
(S)-2thydfdxy-6eirethayli4+(2 3d-ofrifluerébenziilimerpholin-3-one 196 mg of
the title compound was obtained 15 from ,
(S)-6-methyl-4-(2,3, 4 trit{ictobenZy IfmMbrph i 2*3%4i8AE (350 g5 and a 1
M solgtign ofdithium trj-ssec-butythorohydeide,in THE( LA piln-in-the sayae
manner as in Example 1. iH-NMR(CDC13)5(ppm): 20
125(dP=72AzB1);318(de 320,852z H),3.26(d¢, same manner as
J=12.0,12.0Hz,1H),4.47-4.51(m,1H),4.58(d,J=15.6Hz,1H),

4.64(0.9=15 6H7 1H);5.33(s,1H).6.95-7.00(m, 1H).7.12- 7.15(m, 1H). [0144]
25 Synthesis(ab(Z);(8)2ed y[3-methoxy-4-(4-methyl-IH-
imidazol-1-yl)phenyllmethylidene]-6-methyl-4-(2,3,4-
trifluctoBelZyymbrihtim3lont 1873 G tHe titlé -cOfipdtind WwasdBthined

J=13.6,10.0Hz,1H),4.66(d,J=15.2Hz,1H),4.74-4.80(m, 1H),

10 4.75(d,J=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

15 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 (CDC15) & (ppm) :

20 1.25(d,J=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]

25 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



148 from (S)-2-hydroxy-6-methyl-4-(2,3,4- trifluorobenzyl)morpholin-3-one
(196 mgq), thionyl chloride (500 gL), triphenylphosphine (243 mg), and 3-
methoxy-4-(4-methyl-1H-imidazol-1-yl)benzaldehyde (139 5 mg) in the same
manner as in Example 1. iH-NMR(CDC13)5(ppm):
1.46(d,J=6.4Hz,3H),2.31(s,3H),3.39(d43=12.8,2.8Hz,1H),

3.55(dd J=12:8.9,6Hz 1 H),3.85(5,3H) A-37-4.40m,LH),
4.68(d,J=15.2Hz,1H),4.77(d,J=15.2Hz,1H),6.86(s,1H),6.93 10

(s, 1HY,6194-7003(r 1#1)1 7 46 DRA[;HAY, 7121 (128 Ak, thionyl
1H),7.33(dd,J=8.4,2.OHz,1H) 7.52%J=2.0HZ,1H), 7.75(3,1H), ESIMS;

mizASBHHIE [0245] 15 Exampie 6 SYrRess bt e ,and 3
(2)-(R)=24[L:[3-methoxys4H(¢methklaazo1-1-v1) benzaldehyde (139
imidazol-1-yl)phenyllmethylidene]-6-methyl-4-(2,3,4-
trifludrebenzylyrorpiidlin-Baore {Fefmula B8pTPEeMeO NF NON |/ OJ F
Synthesi -1-(2,3,4-trifluorobenzylamino)propan- 20 2-ol 1.09 g of the
title cc?lrsﬁgolﬂérf wcgsf %ﬁgﬁg& from 2,3,4-trifluorobenzaldehyde (1.0 g),
(R)-1iaminaz 2rpeapanol {794 amg), @cetic)acid (.7 @imi-) 1 and sodiurn, 149 ,

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,JdJ=15.2Hz,1H),6.86(s,1H),6.93
10 (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]
15 Example 6

Synthesis of (Z)—-(R)-2-[1-[3-methoxy—-4—-(4-methyl-1H-

imidazol-1-yl)phenyl]methylidene]-6-methyl-4-(2,3,4-

trifluorobenzyl)morpholin—-3-one

[Formula 28]
o) F
o
O~
N/)J 7) ]

Synthesis of (R)-1-(2,3,4-trifluorobenzylamino)propan—

20 2-o0l

1.09 g of the title compound was obtained
from 2,3,4-trifluorobenzaldehyde (1.0 g), (R)-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. The
NMR values of the compound corresponded to those of the S-isomer. [0146]
5 Synthesis of (R)-6-methyl-4-(2,3,4- trifluorobenzyl)morpholine-2,3-dione
874 mg of the title compound was obtained from
(R)-1-(2,3,4-trifluorobenzylamino)propéf-2-ol (1.09 g) and diethyl oxalate
(8.0 rpl.) in.the.same, 19, manner %Irhgxgssnpiﬁ 1. The.NMR yalues of the;
compound corresponded to those of the S-isomer. [0147] Synthesis of
(R)-2EmadrpXy-6-methiled NP3, Aatrifforolienzyd) morptrol ind 3<one £ 524 81ag
of the title compound was obtained from

(R)-6- et 4(23,4-tffuoroBehzyljmorpholine- 2,3-dione (350 mg) and a 1
M solp@@@@f lithium tri- sec-butylborohydride in THE (1.49 mL) in the same
manner as |n Example 1 The NMR values of the compound 20 corresponded

trlfluorobenzyl)moqo?rmlmgsdme:% ]t&?tmg @bﬂq&;weicampomwbwasd
obtained from (R)-2-hydroxy-6-methyl-4-(2,3,4-
tnfluo?éﬁélniﬁﬂmérp(ﬁolﬁ‘ré di?é(if?ﬁ@eﬂﬁéiﬁﬁlmbﬁl&iﬂéow é[))l

t”phenMth§Bmg%&2géé@g&fﬂgkéﬂé%% (8.0 mL) in the same

10 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

15 213 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

20 corresponded to those of the S-isomer.

[0148]

Synthesis of (Z)—-(R)-2-[1-[3-methoxy—-4—-(4-methyl-1H-

imidazol-1-yl)phenyl]methylidene]-6-methyl-4-(2,3,4-

trifluorobenzyl)morpholin—-3-one

25 187 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-



methoxy-4-(4-methyl-1H-imidazol-1-yl)benzaldehyde (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-fluorophenyl)ethyl]-2-[1- [3-methoxy-4-(4-methyl-1H-imidazol-I-
yl)phenyl]methylidene]-6,6-dimethylmbtBholin-3-one [Formula 29] O liz~
MeO N.NON.I /03 4. Sypthesis of 1(S)s1-(4-fugrophenyhethylaming];2-
10 methylpropan-2-ol Isobutylene oxide (1.0 g) and (S)-1-(4-

fluorophenit) etindamine (225wt ) avereradded to a $o|ut|DlmeofNMH|umlues
perchlorate (14.8 ) in an ether (27.8 mL) at room temperature and the
reactioh f@%ofu(t A WAS stirfed 5P Porbdrﬁ?e%%e%ﬁj@ 18F 15" Rodrs. S°meT -
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
sélutibri2apdethe organic layer was separated. Thereafter, the 20 organic

layer war grled over artgryd oys plagnesjum, su sulfate and then coP?thrﬂed
under%%umﬁpmre%mﬂueﬂmjnﬁeﬁgr%tumn—

chromatagrapby ysing( a-siicagel (ehlorafesme2-prepanol = 100:1 to 1:1) to

151 obtain 2.13 g of the title compound.
y1l)phenyl methylidene]-6,6—-dimethylmorpholin-3-one

[Formula 29]

W*@

Synthesis of 1-[(S)-1-(4-fluorophenyl)ethylamino]-2-

10 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

15 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

20 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



IH-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-fluorophenyl)ethyl]-6,6- dimethylmorpholine-2,3-dione 1.44 g of
the title, compoundswas gbtained. 10, foRLound . |
1-[(S)-1-(4-fluorophenyl)ethylamino]-2- methylpropan-2-ol (2.13 g) and diethyl
oxalate(MRiETIDCin e same manner as in Example 1.
iIH-NMR(CDC13)5(ppm):

T 0(s 3 AR S 1 68(q 26 V5 Sy 3ol 5 T o 3 (91164
2,1H).3.81(d.9713 6Hz1H) 602(0. 56 BHz, L) L0685z, 11) , 6. 99-
7.10(m,2H),7.30-7.36(m,2H). [0151] Synthesis of

49(S)L 1 fuddphényBethyi] P2 twelfoxy- 6,6-dimethylmorpholin-3-one 20
1.22 Qﬂﬁ% titte compound was obtained from
4-[(S)-1-(4-fluorophenyl)ethyl]-6,6- dimethylmorpholine-2,3-dione (1.20 g) and
a 1 Mswotuion ef ithium (trissectbutylizarobydiderin MEE(4.97ank)-in the
same manner as in Example 1. 25 'H-NMR(CDC13)5(ppm)

0.97(5:£5H)4- LSRR T LS5 E31(s,1.5H),
1.52(d,J=6.8Hz,1.5H)4.53(¢:3%6.8H2,1 8H).2.05(8,3as obtained
2.79(d,J=12.8Hz,0.5H),2.87(d,J=12.8Hz,0.5H),3.08(d,J= 152
12.8Hz,0t5H);3.03(d U=12-8Rlz @5 3uT Z(bes AH-)cm 26¢d, -2 -

methylpropan-2-ol (2.13 g) and diethyl oxalate (7.0 mL)

in the same manner as in Example 1.

'H-NMR (CDC15) & (ppm) :

1.19(s,3H),1.44(s,3H),1.56(d,J=6.8Hz,3H),3.00(d,J=13.6H
15 z,1H),3.31(d,J=13.6Hz,1H),6.02(g,JdJ=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

20 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.

25 'H-NMR(CDC1s)d (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=



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)-1-(4-fluorophenyl)ethyl]-2-[1-
[3-methoxy-4-(4-methyl-1H-imidazol-I-
yl)phenyl]methylidene]-6,6-dimethylmbtpholin-3-one 500 mg of the title

comppaingkyag abigined; 104rom 5 gy, 0.51),3.77 (brs, 1H), 5.26 (
4-[(S)-1-(4- fluorophenyl)ethyl] -2- hydroxy 6,6- dlmethylmorpholln -3-one (1 21

), thiory/l ehlorided(8.3 5mi), mpmmmgpmﬁe (2.423d); afeb . 8Hz,
3- meibh % §49meth¥l H-imidazol-1-y zaldeh de (880 mzqg in the
same’rmanher as |r(|qua ple't: I51H- NIVI CFJ(? )%’(5%%1)

1.35(d,J56, &I;Iz;ﬁH),l.S?(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
436(iP1k8,6.11(q,I=7. 2Hz,1H) 6.88(s,1H),6.93(s, 1H), 20

and 9 ZSMBQQS@(ZM%J@E(S)& (Arﬂu@mphenyl)ethyl] -2-
[1-[3- methoxy -4-(4- meth I 1H- |m|dazol -l-
yl) phenyllmethididene’ eth ohnd%

(S)4-KS)1(4fhxg@@hggy@gﬂg@bZ&li@gng u%&séas obtained
(4-methyl-IH-imidazol-1-yl)phenyllmethylidene]-
10 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.

15 'H-NMR(CDC13) 8 (ppm) :
1.35(d,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-
4.36(m,1H),6.11(g,JdJ=7.2Hz,1H),6.88(s,1H),6.93(s,1H),

20 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) .

ESI-MS;m/z450 [M +H] .
[0153]
Examples 8 and 9

25 Synthesis of (Z)-(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-




methylmorpholin-3-one [Formula 30 O O MeO I\\N~OI\\N/ONOJF
NON F N\ Synthesis of 1-[(S)-1-(4- fluorophenyl)ethylamino]propan-2-one 5
A mixture of (S)-1-(4-fluorophenyl)ethylamine (5.0 g), chloroacetone (4.78
mL), cesium carbonate (13.9 g), and DMF (50 mL) was stirred at room
temperature overnight. The reaction soldtion was diluted with water and ethyl
acetate. gnd {han the 10:0/9apic layer Was sengiated. 1he ofganig layer was
dried over anhydrous magnesium sulfate and then concentrated under
reducestprelssor@libhe neSidoeavas purified by column chromatography
using a silica gel_(hexane:ethyl acetate = 5:1 to 0:100) to obtain 5.1 g 15 of
the titlé RMPSUnt. iH-NMR(CDC13)5(ppm):
1.37(d,J=6.8Hz,3H),2.0¢s,3H),3.37(s,2H),3.74(q,J=
6.8Hz, Wibeh.97:7.03(m,2H),7

: ot 1(S)-A(4-
borohygrig 39 ) dded to-& 154 sqltion :
1-[(S)%§A/—fluorophenyl) thylamino]propan- )ﬁ =

Synthesis of 1-[(S)-1-(4-

fluorophenyl)ethylamino]propan—2-one

5 A mixture of (S)-1-(4-fluorophenyl)ethylamine
(5.0 g), chloroacetone (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

10 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

15 of the title compound.
'H-NMR (CDC15) & (ppm) :
1.37(d,J=6.8Hz,3H),2.07(s,3H),3.37(s,2H),3.74(q,J=
6.8Hz,1H),6.97-7.03 (m,2H),7.24-7.29 (m, 2H) .
ESI-MS;m/z196 [M" +H] .

20 [0154]

Synthesis of 1-[(S)-1-(4-

fluorophenyl)ethylamino]propan—-2-ol

Sodium borohydride (2.39 g) was added to a



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 the organic layer
was separated. The organic layer was dried over anhydrous magnesium
sulfate and then concentrated under¥éduced pressure. The residue was
p“”ﬂ%@f&%%%H”EECHEWﬂ%W£H@RQMP§HK&@§N5%&Q€%¥%y1aminoj ropan-—
(chloroform:2-propanol = 100:1 to 0:100) to obtain 1.18 g of the title
compouraead & diasteréometrmixture ( ZH-NMRGCDE13)5fppmypling, and
1.09(d J:6.4Hz,0.9|—JI2,1,1O(d,J=6.OHz,2.1H ,1.35%?,\]:

7.2H7,0%8H);1 36(d> =%1.2Hz,5£iﬁ‘532‘?£2&ad?)3:3fi goHY 5o
0.3H):233¢dd Il . 3. 9:2H20. 716),2.52(Ade) T2 43.6HZs 0 1ut ion was
0.7H),2.59(dd,J=11.6,2.8Hz,0.3H),3.61-3.66(m,0.3H),

374-3:80{ht 0. 7H);6.99-7. OS(HE2HY T9247229(m 2#)2 o1 58] Sy htirasis e
4-[(S)-1-(4-fluorophenyl)ethyl]-6- 20 methylmorphaline-2,3-dione 1.20 g of the
Reeah G b SR e
fluoraphiesnyl)etyaminglpropan 226hEls 18:9) andk gdiethyhaxatate (4.06 mL) in
the same manner as in 25 Example 1. iH-NMR(CDC13)5(ppm)
1.31(dT=68HZ A 8H) 108 7(d, =6 BHA 1 1) P 85(d, J=6lgHr €S +due was
z,1.2 )I}iéq@&%@%@l%ﬁ#)&?@&%%8=}§591§-%986'3) 13%ica ge1
,3.04 dd,J:12.0,3.6Hz,0.4H),3.26(dd,J=?l2. ,3.6Hz,0.6H),

10 (chloroform:2-propanol = 100:1 to 0:100) to obtain 1.18

g of the title compound as a diastereomer mixture.
'H-NMR (CDC15) & (ppm) :
1.09(d,J=6.4Hz,0.9H),1.10(d,J=6.0Hz,2.1H),1.35(d,d=
7.2Hz,0.9H),1.36(d,J=6.4Hz,2.1H),2.22(dd,J=12.0,9.6Hz,

15 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-

20 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
25 Example 1.
'H-NMR (CDC15) & (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)



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-fluorophenyl)ethyl]-2-hydroxy-
6-methylmorpholin-3-one 382 mg of the title compound was obtained as a
diastereomer mixture from 4-[(S)-1-(4-26
fluorophesyhethyl-6-methylmerpioling-2;3-gione; (500 Jmg) angka IMesy) |
solution of lithium tri-sec- butylborohydride in THE (2.19 mL) in the same
manner #s(da Exahiple, L. iFENMREEDCA333(ppmy @b 0. 4H) , 4.64-

119(dJ 68H ,1.5H),1.20(d,J= 8H215H 53(d,

J=6.8HZ 314} f&fd? RS G%H“zé%m 2]9%«% 12/(m, 28), 7. 29~
J=12.9, g@m Q@)H,) 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-

422("OBH),5. 35(5 0. 5H) 5.37(s,0.5H),5.95(q,J=6.8Hz, 20

gfn*t')s 5 220 2H) [0 oy -
[1-[3- mathexyﬁn&—mﬁhyhlﬁ-mmdazol -1 25
yl)phenyl]methylidene]-6-methylmorpholin-3-one and (Z)-
(S)-4-[(S)-1-(4-fluotophBRyHéthyiE2-F1-13smefiExgead was obtained as
(4-methyl-1H-imidazal-I-yl)phenylimethylidene]:6- methylmorpholin-3-one 156

628 mg of the title compound was obtained as
10 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 (CDC15) & (ppm) :

15 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,

20 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 (Z)—-(R)-4-[(S)-1-(4-fluorophenyl)ethyl]—-2-

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

25 vyl)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]lmethylidene] -6-

methylmorpholin-3-one




a diastereomer mixture from 4-[(S)-I-(4-
fluorophenyl)ethyl]-2-hydroxy-6-methylmorpholin-3-one (382 mg), thionyl
chloride (330 L), triphenylphosphine 5 (504 mg), and
3-methoxy-4-(4-methyl-IH-imidazol-I- yl)benzaldehyde (294 mg) in the same
manner as in Example 1. A part of the>8iastereomer mixture was separated

by CHIRALCELTM é%\]'g%”@ﬂuéﬁ%tuﬁq Py Rajeeb Ghemical Ipdustries, Lid.

(2 cm X 25 cm; mobile phase: 10 hexane:ethanol = 80:20) to obtain the title
opticallyd axctive wompound withra rétemtiofi-tinh@)of125 minutes (>95% de)
and the title optically active.compound with a retention time of 29 minutes
(>95% d&)" %?f%eﬁr% BTty Vallie of thé Gié SptikaiyY 18 Atve compodid with
a retepdion tige, ofc25 Briputes, (Example 8) @rgas, folloWSheny1phosphine
TH-NMR(CDC13)5(ppm):
138(dJ=6.8R8z;33N L. 55(BI=T02M z BH)H2 1808, 8H) H-1midazol-1-

2.97(dd,J=12.8,2.4Hz,1H) 3.33(dd,J=12.8,9.6Hz,1H), 20 .
A O YA L B S = 2Py e 2z in

3.85(£,3H); m, 1H

6.89(8:4h):6.94(s,1H), ©83+7.09(mH L7 24{dJ=8édHznixture was
1H),7.32-7.36(m,3H),7.53(d,J=2.8Hz IH),7.74(s IH). ESI-MS;m/z436[M+H].
The properyVaiuéy of tHéifte Hpticafly B Eracive ebmipotinddwith Efetention

time of 29 minutes, (Example 9).arg as follows. ,TH-NMR(CDG13)5(ppmy):. .
1.35(d,J=6.8Hz,3H),1.57(d,J=7.2Hz,3H),2.30(s,3H), 157

2B9(Hd3=12:8;902Hz 1 H),3.A8{0d, J=1 208, 2:8Hz ), 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

15 active compound with a retention time of 25 minutes
(Example 8) are as follows.

'H-NMR (CDC15) & (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),

20 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

25 active compound with a retention time of 29 minutes
(Example 9) are as follows.

'H-NMR (CDC15) & (ppm) :

1.35(d,J=6.8Hz,3H),1.57(d,J=7.2Hz,3H),2.30(s,3H),



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 Synthesis of
(2)-2-[1-[3-methoxy-4-(4-methyl-IH- 17
midazotbyOahsnvlmetyisencl (S| 1@ A0 5, 2. orz, 11,
tr|fIuorophenylﬁethyl]morpholln 3-one and (2)- -2- [1-[3

methdxyp-4+&-riethyl- IHrné|da@0hl-lyl)prferﬂyl]nqptﬁyﬁdéﬁe]r4l{QR) -1-(3,4,5-

trlfluo henyl)ethyllmorpholin-3- -one [Formula 31100 MeO NN LF MeO I\\
N AN FOSTTFR Sb yhasi bt (348 L& o -0 1%,
trlflquphenmlwhywm% gfhanel A mixture of 3,4:b-triflupreacetophenone
(2.0 g), ethanolamine (2 0 g), and toluene (20 mL) was heated under reflux

inPa Dean-Stark/ adparafis ¥dr-2.5 hours. The reaction solution was
conce[rbt{%tgfj under 20 reduced pressure, and then the residue was diluted
with ethanol (30 mL) and sodium borohydride (1.0 g) was added under
ice-candings e moxturel was stirred at room temperature for three hours and

then diluted with 158 a 2 N sodium hydroxide solution and chloroform.
Synthesis of (Z)-2-[1-[3-methoxy-4-(4-methyl-1H-

imidazol-1-yl)phenyl]methylidene]-4-[(S)-1-(3,4,5-

10 trifluorophenyl)ethyl]morpholin-3-one and (Z)-2-[1-[3-

methoxy-4—-(4-methyl-1H-imidazol-1—

y1l)phenyl]lmethylidene]-4-[(R)-1-(3,4,5-

trifluorophenyl)ethyl]morpholin-3-one

[Formula 31]

Synthesis of 2-[1-(3,4,5-

15 trifluorophenyl)ethylamino]ethanol

A mixture of 3,4,5-trifluorocacetophenone (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
20 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



Thereatfter, 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 chromatography using a
silica gel (chloroform:methanol = 50:1 to 5:1) to obtain 860 mg of the title
compound. iH-NMR(CDC13)5(ppm):1°8

1.36(d,J=6,8H23H),2:56:2 68(A1 1H), 2:68-2,73(0, 1) AQ £y
3.62-3.80(m,3H),6.92-7.00(m,2H). [0159] Synthesis of 4-[1-(3,4,5-
triflucrophenyliethyl|rorpholire-2:3-tiore 340=mgeafdhettitté.compeund was
obtained 15 from 2- %1 3,4, 5 trlfluoro henyl%eth lamino]ethanol| ‘L%BGO mQ)
and di&thif oxatatd ¢ ﬁﬁ)lﬁ%ﬁesa MAanrer 85 fn BEEMSTE
IH-NMR{EPCII)HPRMIn concentrated under reduced pressure.
1.55(d,J=6.4Hz,3H),3.15-3.21(m,1H),3.52-3.59(m,1H), 20

4381-3137 (Ae 3 HY R4 YA346(0n ilfi—l})es1 90Yq 96z AH)PME 0797 8 im, 2H9).n g
[0160{1 S% theS|s OPJZ h dﬁrox Ll 3 t% ol —

trlfluorop enfﬁetﬂy morp offn one%% 7 mg of the tltle compounéljwas
obtained asn astiasteseomet Haixturel koo b(34, 5-
trifluorophenyl)ethyljmorpholine-2,3-dione (340 mg) and a 1 M solution of
Inmunﬁﬁwggééﬂﬁﬁ éﬁ?@ﬁde|n159 THE (1.45 mL) in the same manner as

in Example 1. 76 . snz, 3H),2.56-2.68 (m, 1H), 2.68-2.73 (m, 1H),
10 3.62-3.80(m,3H),6.92-7.00 (m, 2H) .
[0159]

Synthesis of 4-[1-(3,4,5-

trifluorophenyl)ethyl]morpholine—-2,3-dione

340 mg of the title compound was obtained

15 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 (CDC15) & (ppm) :

1.55(d,J=6.4Hz,3H),3.15-3.21(m, 1H),3.52-3.59(m,1H),
20 4.31-4.37(m,1H),4.41-4.46(m, 1H),5.90(gq,J=6.4Hz,1H),

6.97-7.01(m, 2H) .

[0160]

Synthesis of 2-hydroxy-4-[1-(3,4,5-

trifluorophenyl)ethyl]morpholin-3-one

25 273 mg of the title compound was obtained as
a diastereomer mixture from 4-[1-(3,4,5-
trifluorophenyl)ethyl]morpholine-2,3-dione (340 mg) and

a 1 M solution of lithium tri-sec-butylborohydride in



IH-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,0.5H),4.22-4.28(m,0.5H),4.24(brs,1H),
5.34(s,0.5H),5.36(s,0.5H),5.88-5.98(m>fH),6.92- 6.99(m,1H). [0161]

Synt%ﬁ"s ?{ (%)Szn[%)['?’ GE‘EE'%%XVSQH% mgmﬁérlHa; in Example 1.
imidazol-1-yl)phenyllmethylidene]-4-[(S)-1-(3,4,5

trifluorepligry)ethylJmorpholin-3-one and (2)-2-[1-[3-
methoxy-4-(4-methyl-1H- |m|dazol |- henyl methylldene] -4-[( 1 3,4,5
trifluo]ro)éﬁé%ylfeth ﬁmdrsﬁg)l’r% 3 gng %313‘5 %ﬁg of the tile to (%hd Wh

obtained @s3 ara¢emateHiom 2rBydraxy#;[3-(8i4.53. 78-3.84 (m, 0. 5H),

trifluorophenyl)ethyllmorpholin-3-one (273 mg), thionyl chloride (1.12 mL),

triphehylphdspHine (360 g atwt3- 28 (m, 0.5H) , 4.24 (brs, 1H)

methox 4- I- Hj dao )] e ( 4 0 |nthe
amegm)éé%m(sergfgl?\ylééamg;e 16 y %(5' (l?%?'sp 121% ©nd

1.55(d,J=6(8Hz3H),2.29(s,3H),3.08-3.13(m,1H),3.48-

3.55(m, le_l%{ ,3.85(s,3H),4.08-4.14(m,1H),4.23-4.27(m,1H),

6.06(4§I%6-8Hz,1H),6.90(s,1H),6.92(s,1H),6.96 25

7.02(m, oH) -2Q(d,4=8 D2, 1), 7, 37(A0 928 0. L6z 1 1 151

7.38(d,J=1.6HZ,IH),7.71(S, lH) ESI-MS;m/z458[M~+H]. A part of the

fdcemateiwas Isepayatehby 1 60nEGHIRAIRAKTM A (fandfacturedsby Daicel

Chemlcal
trifluorophenyl)ethyl]morpholin-3-one and (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

15 145 mg of the title compound was obtained as
a racemate from 2-hydroxy-4-[1-(3,4,5-
trifluorophenyl)ethyl]morpholin-3-one (273 mg), thionyl
chloride (1.12 mL), triphenylphosphine (360 mg), and 3-
methoxy-4-(4-methyl-1H-imidazol-1-yl)benzaldehyde (204

20 mg) in the same manner as in Example 1.

'H-NMR (CDC15) & (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(q,J=6.8Hz,1H),6.90(s,1H),6.92(s,1H),6.96—-

25 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



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 compound with a
retention time of 24 minutes (95% ee: Example 10). The NMR values of the
optically active compounds correspohéled to those of the racemate. [0162]

10 E@mﬁﬁ%%@yn%%%é%)c-%ﬂ%}a%?)rﬁa@é@yl]@agmﬁ%methoxy-
4-(4-methyl-IH-imidazol-l-yl)phenyl]methylidene]-6,6-
dimethytmemphalm-3iome. [Fortula 32]0 Orivie®@NiINON A &= | / Synthesis

of 1- [Lés% chroman-4- ]amlng % 15 met?y gro an- -2-0l 5. 62 9 of the title
compound was o}b?gln%—:‘d— from fithiufr p&réhiorate (29.6'4) an&thef (556
mL), A&&ﬂvaweagafmamw%g)r@@@&%by@m@teed zdeﬁﬁrm&@m a
document (see T. Mukaiyama et al., "A 20 European Journal of Chemistry",

2603,(v8I%, pa485xa500e forlexample)hand isosutylencaide (846 L) in
200 BE B8 T SR D o B (P 3 o0te Bty et (5t ee:
3.80-8:85(p1,2H) #) 19-4r82(m)2H)/6.83¢@, JsB8. 4z, It ically active
compounds corresponded to those of the racemate.
[0162]
10 Example 12

Synthesis of (Z)-4-[(S)-chroman-4-yl]-2-[1-[3-methoxy-

4—(4-methyl-1H-imidazol-1-yl)phenyl]methylidene] -6, 6—-

dimethylmorpholin—-3-one

[Formula 32]

Synthesis of 1-[[(S)-chroman—-4-yl]amino]-2-

15 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
20 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 (CDC15) & (ppm) :



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-yl]-6,6- dimethylmorpholine-2,3-dione 1.53 g
of the title compound was obtained from
1-[[(S)-chroman-4-ylJamino]-2-methylpropan-2-ol 10 (5.62 g) and diethyl
oxalate (20 mL) in the same manner ‘&sin Example 7.
IH-NMBERCI3)SPPM)-1 93 (1, 11) .09 (m, 1H),2.69 (s, 2H),
14&53H)14&33H)210217Un1H)223227Un1H)
3.23(8,2H);4.1854801h), 2M), 5096(dd?)=8.411. 2 z8BH)} ,46-8 . 4Hz, 1H) ,
6.90(d,J= 84H21H)6950J 8.4Hz,1H 705dJ 84Hz

Yoy, 3, S T2 AE7, [6364) BURHEGE of £ 1K1 1133 (a, 05  ab,
4-[(S)rglhroman-4-yl]-2-hydroxy-6,6- dimethylmorpholin-3-one 20 1.11 g of the
titte compound was obtained from
49(S)-eRfoman-4-yl]-6,6-dimethylmorpholine-2,3- dione (1.50 g) and a1 M
solutign ch Iithium tr'fsgc- be roh dridg in THIg (g 0 mL) in the same

1. 26(33{@%@%&@&1&2{335&)&@0 -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(Fh, H) 4196455 (in A5 36{s “Pep obtained

0.5H):5.37(s,.0.5H)5-83:p Jm.1F ﬁ%lﬁr@?ﬁ%ﬂr@ahylpropan 2-01
6.90-6.94(m,1H),7.01-7.04(m,0.5H),7.08-7.11(m,0.5H),

10 (5.62 g) and diethyl oxalate (20 mL) in the same manner

as in Example 7.
'H-NMR (CDC15) & (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),

15 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

20 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.

25 'H-NMR(CDC1s)d (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,



7.16-7.21(m,1H). [0165] 5 Synthesis of
(2)-4-[(S)-chroman-4-yl]-2-[1-[3-methoxy-
4-(4-methyl-1H-imidazol-I-yl)phenyl)methylidene]-6,6-
dimethylmorpholin-3-one Triphenylphosphonium bromide (292 mg) was
added to a solution of 4-[(S)-chroman:&4yl]-2-hydroxy- 10
6,6-dimethylimorphaling3=ane 6196 ma)4p acetanitiled104nk @nd the
reaction solution was heated under reflux for two hours. The reaction
solutiondwas -Concentiated Under reduced préssurel EtRandl((L50mbY),) TEA
(221 L) an d 3-methoxy-4-(4-methyl-1H-imidazol-l 15 yl)benzaldehyde (138
mg) werle addéd Sltr%é}/residue, and the reaction solution was heated under

refluxifor @5 hours. The reaction solution was concentrated under reduced
pressure and drluted Wlth a saturated sodrum brcarbonate solutron and ethyl

silicacgﬁﬁe(miame'ﬁmwjacexateflé 1:1 to 0:100) and further 25 purified by
column chromatography using a silica gel (heptane:ethyl acetate = 1:1 to
0:100) to obtain 167 HRg-<OMhRRRPESHDOBNG: ANIAR{EDCTS)5(BpMm): 163

1.42(5 301 -44(3,3ED12,14:2:286M2H) 2 3383 an—4-y11-2-hydroxy-
3.12(d,J=12.8Hz,1H),3.19(d,J=12.8Hz,1H),3.87(s,3H),

10 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-

15 vyl)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

20 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

25 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 (CDC15) & (ppm) :



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=8.4,1.6Hz,1H),7.57(d,
J=1.6Hz,1H),7.80(s,1H). ESI-MS;m/z460[M'+H]. [0166] Examples 13 and 14
10 Synthesis of (2)-(S)-4-[(S)-chromatf4-yl]-2-[1-[3-
methexy-4:(4-methyl-Lhimidazobl-1 4 > 25 (1, 2m),2.33¢
yl)phenyl]methylidene]-6-methylmorpholin-3-one and(Z)-
(R)-49(S ) ¢chroman-4Byl-2-[-[3-méthaoxy-4-¢4-pethyR) , 3.87 (s, 3H) ,

1H-imidazol-1-yl)phenyllmethylidene]-6-methylmorpholin- 15 3-one [Formula
33] Ot KK 70 i of e edcmBodna viag obeaiied as a
diasterepmer, mixture: froqa lithiunvperchigrate (3.56, 9)3.7an etherdp, 7 mL),

(S)-4-aminochroman (1.0 g), and propylene oxide (609 RL) as starting

materialsdndhe=20 §dmelmannhe? asExamplet 71 ThBImidure’wad sbparated
by Cyzlﬁi%ffxlﬁl}/l AD; (rga{lmactured by Daicel Chemical Industries, Ltd.
(2 cm X 25 cm; mob €

s, 3H),

m; mobire' phasé: ethanol 164 100%) to obtain the title optically
actives sonymound: adth; a'retgntion time of 18 minutes (>99% de) and the title
optically active compound with a retention time of 20 minutes (95% de). 5
The p[r b@ﬁﬂ/ values of the title optically

Examples 13 and 14

10 Synthesis of (Z2)-(S)—-4-[(S)-chroman-4-y1]-2-[1-[3-

methoxy-4—-(4-methyl-1H-imidazol-1—

y1l)phenyl]lmethylidene] -6-methylmorpholin-3-one and (Z)-—

(R)—4-[(S)—-chroman-4-y1]-2-[1-[3-methoxy—-4—(4-methyl-

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

15 3-one

[Formula 33

]
MeO NN MeO
o oo
I~
N7 N : I N O\‘)
> = )&
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 ML) as starting materials in the
20 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



active compound with a retention time of 18 minutes (Example 13) are as
follows. iH-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),
3.87(s,3H),4.20-4.40(m,3H),6.07(dd, 3242,

6'8Ha_1éb_l%’)6'%@'Q}gégﬁnm@méﬂ@ﬁg’l]e:%?%%éﬂ)l active compound
7.18(d,J=8.4Hz,1H),7.23(d,J=8.0Hz,1H ,7.38(d,37:8.4Hz,

1H), 755(s, BHY), Z184(5 k). UBE S+-M S infzd46{Ms-+H]9 Thederbpenty valges of
the title oPticaIIy active comEound with a retention time of 20 minutes

(Example 14§ 8re 58 follows HNMRIEDE3)B{gfmy: Dp-ent+on time

1.41(d 9=64Hz:3H):2. 10:2:214m, 2H), 2.36(s, 3H),
3.09(dd,J=12.8,2.8Hz,1H),3.33(dd,J=12.8,10.0Hz,1H),
387(s,3H),4.21-4 BtnP3EpSrI4(ddcie®p, of the title optically
7.2Hz,1H).6.86-6.96 06(d, J=7.6Hz,1H),7.18-

oAb G s X

e SR T W L S R I o L s

M/z446[Mbt] <[006)7] aExample A b1Symthesis of
(Z)-(§)-4-(6-ch|oropr{]ridin-2-y|methyl)-2 165
[1-[3-methak {2 (A -=mtRytHimidazol-I-

yophenylimaiideiensl Smpymorphoting;ong, Fosgiaid] 0 MeO N M

10 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).

15 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 (CDC15) & (ppm) :

20 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).

25 ESI-MS;m/z446[M +H].

[0167]
Example 15

Synthesis of (Z)—-(S)-4-(6-chloropyridin-2-ylmethyl)-2-




NON | / OJ I / Synthesis of (5)-1-[(6-chloropyridin-2- ylmethyl)
amino]propan-2-ol 5 394 mg of the title compound was obtained from
2-chloro-6-formylpyridine (500 mg), (S)-1-amino-2- propanol (318 mg), acetic
acid (0.808 mL), and sodium triacetoxyborohydride (1.12 g) in the same
manner as in Example 1. 10 1H-NMREEDC13)5(ppm)
1.16(d)=6;0H234),2.49(dd.J712.0.9.2Hz 1H).2./8(dd
J=12.0,2.8Hz,1H),3.83-3.87(m,1H),3.93(s,2ZH),

7.23(d I=8101H7, 1 M 7024 (dH3=8. Oz /)17 64 (1= 8: OHiz, 31 i) 15 [0168]
Synthesis oféS)-4-(6-chIoropyridin-2-y|methy|)-6- methylmorpholine-2,3-dione
411 m§ SFthé itld ‘Compound was obtained from
(S)-1-[(6-chloropyridin-g-ylmethyl)amino]propan-2- 20 of (394 mg) and diethyl

oxalatey(gd inthe same-mawnneras in Example 1.
iH-NMR(CD{C13)5(px m):N}\@g

1.46(dJ=f: , H),§).: dd,J=1376,3.2Hz,1H),3.79(dd, 166
J=13.6\96Hz,1H),4.69(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). [0169] 5 Synthesis of

ylmethyl)amino]propan—-2-ol

5 394 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.

10 'H-NMR(CDC13) 8 (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) .

15 [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-
20 ol (394 mg) and diethyl oxalate (3.0 mL) in the same
manner as in Example 1.
'H-NMR (CDC15) & (ppm) :

1.46 (d,J=6.8Hz,3H),3.71(dd,J=13.6,3.2Hz,1H),3.79(dd,



273 mg of the title compound was obtained from
(5)-4-(6-chloropyridin-2-ylmethyl)-6- methylmorpholine-2,3-dione (411 mg)
and a 1 M solution 10 of lithium tri-sec-butylborohydride in THE (1.64 mL) in
the same manner as in Example 1. iH-NMR(CDC13)5(ppm):
1.27(d,J=6.0Hz,3H),3.30(dd,J=12.0,3.2Hz,1H),3.39(dd,
1=12019 805 1604, 48 920 A A LG BANE L 35015 2z,
4.81(d,J=15.2Hz,1H),5.35(s,1H),7.27(d,J=7.6Hz,1H), 7. 28(d

6Hz,1H),7 56{ 327 BHzy 1 H)) [0178] Syﬁtﬂh%siéi@t 1H),7.32(d

(2)- (SJ)- -( chloro yr|d| 2 ylmeth

[1-[3-Fethd%y-4- met rlinhid zél’inb

yl)phqr@ﬁlb"gﬁhylldene] -6- methylmorpholln -3-one 27.9 mg of the title
compound Was obtalned from (5) 4 (6 chloropyrldln 2 ylmethyl) 2 hydroxy -6-

triphenyl Q&s i nd 3- mgthox -4- (4 25

methyi- ' :6-mg) in the same manner as in
Example 1. iH- NNlR](@B@l3f5(D]ﬁ)§1)tltle compound was obtained
1.47(d,J=6.4Hz,3H),2.34(s,3H),3.5 3ng ,J=12.8,2.8Hz,1H), 167
3.68(A82 1650 18- ORI 3866 1SHY 2 A3 A6 A Ly 6 -

4.76(g T§§£ 15D 9,9568,4H),722(dJ58.QHz, 1)y 5 1 M solution
731(d '6H H)733(dJ 8.0Hz 1H)735( J=7.6,

lCBHZJiFDﬂt55(dUJtI.ﬁ+$E¢HI)ITC§6@QIQ81®HZ;1¢¢) 15 7T84(s(IHP{0m¥1] in
the same manner as in Example 1.
'H-NMR (CDC15) & (ppm) :
1.27(d,J=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),
15 4.81(d,J=15.2Hz,1H),5.35(s,1H),7.27(d,J=7.6Hz, 1H),
7.28(d,J=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-

20 vyl)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-

25 methyl-1H-imidazol-1-yl)benzaldehyde (21.6 mg) in the
same manner as in Example 1.
'H-NMR (CDC15) & (ppm) :

1.47(d,J=6.4Hz,3H),2.34(s,3H),3.57(dd,J=12.8,2.8Hz, 1H),



Examples 16 and 17 Synthesis of (Z)-(6S,9aR)-6-(4-fluorophenyl)-3-{1-[3-
methoxy-4-(4-methyl-1H-imidazol-I- 10
ylbenzylidene]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
yl)benzylidene]hexahydropyrido[2,1-c]f1’4]oxazin-4-one [Formula 35] F F /
N..HMeQ LuNH.19.Q ND QNN Qy Fid-gk ik Synthesis:ofy 46 (m, 1n),
1-(4-fluorophenyl)hepta-5,6-dienyl-I-amine 15 2.65 g of the title compound
was cbtained From (4&tucrobenzyl)-{a-fluctBbenzylidehe)aminé£3 g)) and
6-iod9h xa—g:iL,Z-_die e (2.97 g)7a%%ordin J {0 he method described_i7n %ournal
of the' Afrericah Chelficarl é’ociety,( 50 3,V Ffz%,Hﬁ.ﬂQ%%.(%‘%Jﬁropefty
values 20;¢f the compoundsare. asi follaws. 7iHNMRICDE1L3)5(ppm): 168
1.25-1.37(m,1H),1.39-1.50(m, 1H),1.63-1.75(m,2H),1.95-
204(rtv, 2 M) 8.88(d; J=6.8Hz,1H),4.63(dt,J=6.8,2.8Hz,2H),5
.04(q H;f% =6.8Hz,1H),6.99(t,J=8.8Hz,2H),7.26(dd,J=8. 8,5.6Hz,2H). 5
[0172lﬁl ynthesis of (2R*,6S*)-2-(4-fluorophenyl)-6- vinylpiperidine
Examples 16 and 17

Synthesis of (Z)-(6S,9aR)-6-(4-fluorophenyl)-3-{1-[3-

methoxy-4—-(4-methyl-1H-imidazol-1—

10 vyl)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]lhexahydropyrido[2,1-c][1l,4]oxazin-4-one

[Formula 35]

Synthesis of 1-(4-fluorophenyl)hepta-5,6-dienyl-1l-amine

15 2.65 g of the title compound was obtained
from (4-fluorobenzyl)-(4-fluorobenzylidene)amine (3 g)
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

20 of the compound are as follows.

'H-NMR (CDC15) & (ppm) :



Acetic acid (0.74 mL) was added to a solution of an allylpalladium chloride
dimer (472 mg) and 1,1'- 10 bis(diphenylphosphino)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- fluorophenyl)hepta-5,6-dienyl-l-amine (2.65 g) in
THE (50 mL) was added to the reactidt¥ solution, which was 15 then stirred
at 70¢ for 1,5 hoyrs.He reagtion solytion;was left to 6p0| to seomy o5
temperature. Then, diethyl ether and 1 N aqueous hydrochloric acid were
added t6 4Herédotion sélUtiorandithelaqueousslayer Jwas Sepaséted: Thed
resulti ueous layer W s Washed 20 with diethyl ether, and then a 5 N
SOdIUI’:’I&% gPdL ag%glu%o {Gas gadgd% the aque¥ou% I%yér unéﬁth% pH Was
adjusted t@llg,@r}iess. Chloroform was added to the aqueous layer, and the
organic layer was separated. The resulting organic layer was dried over
magnEsiumi25 sulfate and concentrated under reduced pressure to obtain

24g§fth title co po d. ZQ@ r E?E}Yf‘i%l&?ép thelc)or’%pound are as
foll w%ﬁimﬁtééﬁla—%ﬁmpmﬁ—%ﬁ—

1.24-3:60(0y 301671 77(m,2H),1.88-1.95(m, 1H),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=16.8A% 119) 585{ddd 924 678 1 0" 8. Ad2 )t @ solution
6980118, 8117:2H), 1 35100 J78.8.5.0Ha 2H: 8 ESI-MS s 208IMH -
[0173] Synthesis of ethyl [(2R*,6S5*)-2-(4- fluorophenyl -6-

10 Dbis(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

15 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 aqueous hydrochloric acid were
added to the reaction solution, and the aqueous layer
was separated. The resulting aqueous layer was washed

20 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

25 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 (CDC15) & (ppm) :



vinylpiperidin-1-yllJoxoacetate Ethyl oxalate chloride (0.5 mL) was added to
10 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 15 to thé%eaction solution, and the organic
layer was,separated sEhe regulting-organiglayer was washed with satyrated
sodium bicarbonate water, dried over magnesium sulfate, and then
concentsated, diiderdrediuced, préssute Thezesitlueowas gurified-By silica, gel
20 column chromatography (elution solvent: heptane -> heptane:ethyl
e o) (DA F2E Ky P e b GORpBaRG. Fhebrapbreyande b
the compouipd,is-as fallows:) ESI-MSun/z306[Ms+Hh 22[0174] Synthesis of
(6R*,9aS5*)-6-(4-fluorophenyl)-3-
hydrdx§hekahydropiRid B2 E E}[1,4]oxazin-4-one A solution of ethyl

[(2R*, *)-3%-(4 170 fluorophenyl)-6-vinylpiperidin-1-ylJoxoacetate (220 mg)
in methanol (5 mL) was cooled to -78C, and ozone gas was bubbled through
the reagtionesalution fer 26 1minues, Sodjun-borohydrde {h64yng)-was
added to the 5 reaction solution while stirring at -78C, and the reaction

solutioh ¥ HEH ngekatbiFe for= 30 minutes. Ethyl acetate and a
saﬂua&xianwnon@g%yl oxalate chloride (0.5 mL) was added to

10 a solution of (2R*,6S5*)-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

15 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

20 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].

25 [0174]

Synthesis of (6R*,9aS*)-6-(4-fluorophenyl)-3-

hydroxyhexahydropyrido[2,1-c] [1,4]oxazin—-4-one

A solution of ethyl [(2R*,6S*)-2-(4-



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 concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (elution solvent: heptane:ethyl
acetate = 1:1 -> ethyl acetate) to obtaifP26 mg of the title compound. The

property, 15 yalues, of the 6o Argas fci"qz)’ﬁ S HENMR(ICDCE3)5(RR):
1.35-1.50(m,2H),1.57-1.67(m,2H),2.05-2.26(m,

3.57(brs, bER) 3800 d(I=11.5, 3165 z;1H),3:88-3. 98($ﬁg,H)and ozone gas
4.11(t,J=11.6Hz,1H),5.22(t,J=4.0Hz,1H),5,28(s,1H),7.01( 20

t,J=8 'tz SEY 7 £6(dd 32 %hs Bhiz, 267 ESI M b%[l\ﬁ%rﬁ%na

Synthesis o€ (6R*RaSOnbdfuorephery)fs4 mg) was added to the
oxooctahydropyrido[2,1-c][1,4]oxazin-3 25 yl]triphenylphosphonium bromide
Adsoltitiers bf P8R Q8S*)-Bn(4ifliidropHeryd)ing at -78°C, and the

3- hydrox hexahydr93¥rldo[2 1- c] 4]9%<aéln -Qne £26Eeﬂ1§%§ag re for

trlpheny(fl osp onium bromide (4 mg) in 1a/ acetonitr mL) was
heatetbunder:refkix for tmnel hotk antk3Q mindtes: thhesreactinmselution was
left to cool to room temperature, and then the solvent was evaporated under

reducdd-prestiré ¥4 obtain 57 hfy 88 %He title Cimp6and I Phe Htopertyalue
Of”“%ﬁ@“@&&”grg%ﬁ§$0W%¥%rE§EQA§éQZE§U¥BA] The resulting

10 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

15 wvalues of the compound are as follows.

'H-NMR (CDC15) & (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,J=11.6Hz,1H),5.22(t,J=4.0Hz,1H),5.28(s,1H), 7.01(

20 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*,9aS*)-6-(4-fluorophenyl)-4-

oxooctahydropyrido[2,1-c][1l,4]oxazin-3—

25 vylltriphenylphosphonium 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



[0176] Synthesis of (Z)-(6S*,9aR*)-6-(4-fluorophenyl)-3-{1-[3- 10
methoxy-4-(4-methyl-1H-imidazol-I-
ylbenzylidene]hexahydropyrido[2,1-c][1,4]oxazin-4-one Triethylamine (0.03
mL) was added to a solution of [(6R*,9aS*)-6-(4-fluorophenyl)-4-
oxooctahydropyrido[2,1-c][1,4]oxazini3 15 yl]triphenylphosphonium bromide
(57 m)and, 3umethoxys 4:(4-metbyk1bimidazal:1-vhbenzaldefyds, (21 mg)
in ethanol (5 mL), and the reaction solution was stirred at room temperature
for twioolmgu s I helreactione solutibhewas €ontcentrateéditinder veducettt to
pressure. 20 Then, the residue was purified by silica gel column
chromafography (Catrier ERtGAtSrexH; Bilftion Sovsht RBptaieTethyl
acetate mpbilateathyh acetateh toabtaine2 2. ma of the title compoud ckhe
property values of the compound are as follows. 25 'H-NMR(CDC13)5(ppm):
1_310_1_&58(]@2%’1@@5gqu@n,2ﬁy32_lgroperty value of the compound
2.25(m,2H),2.31(s,3H),3.85(s,3H),4.07(q,J=10.8Hz,1H),
4.07-ﬁ§1§(%niﬂ%%gj(dd,J=10.8,2.4Hz,1H), 172
5.38(3x410H# 1H) 6182(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(4894810,1.2Hz,1H),7.39(d,J=1.2Hz,1H),7.74(d,J=1.2 Hz,1H).5
ESI-MS;m/z.448IMH] (0177 Syrnshesis of (4 ¢1uorophenyl) -3-(1-[3-
(2)-(6S,9aR)-6-(4-fluorophenyl)-3-{1-[3-

10 methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]lhexahydropyrido[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-

15 vylltriphenylphosphonium bromide (57 mg) and 3-methoxy-
4-(4-methyl-1H-imidazol-1-yl)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.

20 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.

25 'H-NMR(CDC1s)d (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),



methoxy-4-(4-methyl-1H-imidazol-I-
yl)benzylidene]hexahydropyrido[2,1-c][1,4]oxazin-4-one 10 and
(2)-(6R,9aS)-6-(4-fluorophenyl)-3-{1-[3-methoxy-4- (4-methyl-1H-imidazol-I
yl)benzylidene]hexahydropyrido[2,1-c][1,4]oxazin-4-one The racemate
(2)-(6S*,9aR*)-6-(4- fluorophenyl)-3-{1/B-methoxy-4-(4-methyl-IH-imidazol
15 1-yhbenzylidenejhexahydropyridal2, 1cld 4loxazin-4; pne qptained above
(27 mg) was separated by CHIRALCELTM 0OJ-H manufactured by Daicel
Chendicél. Kitlustriies, 14d0 (2,cm & 28zzm fimobileplvasel Hexang:éthanohx,
1:1) to btaln the ti tlﬁ optically active compound with a 20 retentjon tlme of
24 mihutes fg’?Jmé 999 68) Bhtr the” itl8 ‘opticafly Active ‘compadnd with'a
retentign 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
(Exarnple 116y are ad 48liéWs] TH-NMR(CDC13)5(ppm):
1.40- Jr% ,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),4. 173
07-4. §;§(mh]elﬁ)j.§f 34(ddzJ=16.8,24kz,5H),4- f luorophenyl) -3-{1-[3-
5. 38(t J 4. OHz 1H) 6 82(5 1H) 6 92(brs 1H),7 02(t,J=
8.4HZ 3.0,3.6Hz,2H),7.
37<dq,§7§@n;y2ﬂa;m 7@%@%}@5{&;@; 7:74(.35 15 1,25z, 1H). ESIMS;
m/z 448[M~+H] The property values of the title optically
10 and (Z2)-(6R,9aS)—-6-(4-fluorophenyl)-3-{1-[3-methoxy-4-

(4-methyl-1H-imidazol-1-

yl)benzylidene]lhexahydropyrido[2,1-c][1l,4]oxazin-4-one

The racemate (Z)-(6S*,9aR*)-6—-(4-
fluorophenyl)-3-{1-[3-methoxy-4-(4-methyl-1H-imidazol-
15 1-yl)benzylidenel]lhexahydropyrido[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
20 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
25 (Example 16) are as follows.
'H-NMR (CDC15) & (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), 4.



active compound with a retention time of 31 minutes (Example 17) are as
follows. 10 'H-NMR(CDCI3)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),4.07-4.15(m, 1H),
4.34(dd,J=10.8,2.4Hz,1H),5.38(t,J=40Hz,1H),6.82(s,1H),

6.92(prs. 1H) 4 Q2(97844H2, ok, 7-204d §=8.QHlz, 1), 7.22 15
(dd,J=8.0,3.6Hz,2H),7.37(dd,J=8.0,1.2Hz,1H),7.39(d,J=1.

2Hz, BHR 7. 7(dF=102HZ 1 EH ). 6ES-MS Iz 448 NI [0178] -ERdmples 18

and 19 20 SyntheS|s of Z) S)-4- 6-chlo opyr|d|n -3-
DD T8 Tt A TGt G D=2 0,3 6z, 28

yphenylimethyidene]-s=methylmorpbolin3-ene@ndi(f); 7. 74 (4, 9=
(S)-4-[(R)-1-(6-chloropyridin-3-yl)ethyl]-2-[1-[3-
methéxy-4z(4LMethyl-1H-imidazol-1 25

yhph thylidene]-6- q%hylmorpholln -3-one 174 [Formula 36] O O
MGO?@%V:M% le} 4'%%(%& I'N/~N/OJ Clr Synthesis of
(S)-1-[1-(6-chloropyridip3-pd)lethylamiinejpropan2-ot 44 O-megpafi theltitle
compound was obtained from lithium perchlorate (340 m%) an ether (0.64

mL), B E(BechIBraifin 8- yifethyfaihite-(10b myrCAS °1 minutes

(Example 17) are as follows.

10 'H-NMR(CDC13) 8 (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),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

15 (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

20 Synthesis of (Z)-(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-

25 vyl)phenyl]lmethylidene]-6-methylmorpholin-3-one




#132219-51-3), and (S)-propylene oxide (61 RL) in the same manner as in
Example 7. iH-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(dd,J=12.0,9.2Hz,0.5H)
,2.38(dd,J=12.0,8.8Hz,0.5H),2.49(dd J%412.0,2.4Hz,0.5H),

2.63(dd J512:0,2,8H2,0.5H),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=§.0,2.0Hz,0.5H),8. 30(d J=230Hz,0 15

.5H),8. M 79] Syntbesis 0f«

(S)-4- [1/(6- ropy\)n -3- [1-6- met rpho ﬁn/\gabne 37.4 mg of
the criideltitle compound was 2 obta(n from (S)-1-[1-(6-Chlofbpyridin-3-
yl)ethytamino]propan-2-ol (44.8 mg) a |ethyl oxalate (1.0 mL) in the same
manner as in Example 7. iH- NMR(CDCl3)5(ppm) 175

1.36(d,J=6. . . Hr)él 62(d,J=7.2H

3. 34(gdm@®mﬂz@5b@&42(emJ 13.6,10.4Hz,0.5H),
4.52-4.55(m,0.5H),4.71-4.76(m,0.5H),5.94-5.99(m,1H), 5
7.37(d,J=8.4Hz,1H)\7 S4AEd ISR Ftiz BR5AT768(d, e s obtained
8.4,2 AHz,0:5H),8 3 (dJ=2:4H7.0.2H) 8439(0,J=2 é‘#ze%e#)f 0380k, ,
Synthesis of (S)-4-[1-(6-chloropyridin-3-yl)ethyl]-2- 1
hyrdroky+6-méthyimprpholim3onel ) ethylamine (100 mg: CAS

#132219-51-3), and (S)-propylene oxide (61 UL) in the

same manner as in Example 7.

'H-NMR (CDC15) & (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(dd,J=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
15 .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
20 obtained from (S)-1-[1-(6-chloropyridin-3-
yl)ethylamino]propan-2-0l (44.8 mg) and diethyl oxalate
(1.0 mL) in the same manner as in Example 7.

'H-NMR (CDC15) & (ppm) :



3.9 mg of the title 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 THE (153 RL) in 15
the same manner as in Example 7. iH-NMR(CDC13)5(ppm):
1.22(d,J=7.2Hz,1.5H),1.23(d,J=7.2HZ15H),1.57(d,J=8.4H
2,3H),2.68(dd.9=320,10:8Hz,0.5H),2.(5(dd)=42,0.2.8H7, 1 . 62 (q,5-7.21
0.5H),3.02(dd,J=12.0,2.8Hz,0.5H),3.18(dd,J=12.0,10.8Hz, 20

0.5H)4 . 2654.B0{rG0.6H)4 432414 7{m0.5H) 3)34 (5,0 5H), 1H) ,

5.36(s,0,5H),5.96(q,J=7.2Hz,0.5H),5.99(q,J=7.2Hz,0.5H)

7330 9B AR 0 S Sa(e S A0 05 Gy by 10 - 42,058,
,2.4Hz,G,5H), 756365 J58.4,2.4112,0.5H) & 3¢(d 7 24H2,.05 . 99 (m, 1),
.5H),8.35(d,J=2.4Hz,0.5H). 25 [0181] Synthesis of

(D-(S)-4-](S)- T<6-cHiGropytidin-84 (dd, J=8.4,2.4Hz, 0.5H) , 7.68 (dd, J=
yhethyl]-2-[1-[3-met -4-(4-methyl-IH-jmid | _
y|)phheé/riﬁ]n£§ét %y%ia%f:ge)?%é%é%t@%ﬁoér/ﬁggér@@%?g%)n'd8(2391(%6 =240z, 0.5
(S)-44(R)-I-(6-chloropyridin-3-yl)ethyl]-2-[I-[3-
methoxy-4-(4-methyl-IH-imidazol-I-

yI)phéH}}Iﬁﬂ thylidene]-6-methylmorpholin-3-one The title compound was
obtaiged asa pdiggtergomer mixiyre fom (3):4-{1x6:chlorapwridip 3,
yl)ethyl]-2-hydroxy-6-methylmorpholin-3-one (3.9 mg), triphenyliphosphonium
bromidel(5:8 ¥ mgharid/3smethioxyin-3-one
4-(4-methyl-|H-imiglazol-l-yl)benzalde,hyde é3.43 mg).in the same manner as
in Examples 16 and 17" 7h&'1d dfastereomer Wﬁ)&ﬂ%@lv\)”éassséjﬁ)atr%fél& By
CHIRALRAKEM AD-H. (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 ML) in
15 the same manner as in Example 7.
'H-NMR (CDC15) & (ppm) :
1.22(d,J=7.2Hz,1.5H),1.23(d,JdJ=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,
20 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(q,J=7.2Hz,0.5H),5.99(g,J=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) .
25 [0181]

Synthesis of (Z)—-(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)-—




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 15 optically
active compound with a retention time of 25 minutes (0.85 mg; >84% de).
The property values of the title opticafly ®active compound with a retention
time qi:19 minyigs (Example 19)are-as follows, 20, HNMR(GPCL3)5(ppm):
1.39(d,J=6.8Hz,3H),1.62(d,J=6.8HZ,3H),2.36(S,3H),2.96(d

d,J=18:2 4o8Kz 4HY,3-26(didyJ=1312 {214 &z7#1) 3.86(s,3H),

7/36(d.J=5.OHz M, 5215 H) 7 64(00,158,42.BH2 - < -
7.93(s,1H),8.38(d,J=2.8Hz,1H). ESI-MS;m/z 453[M~+H]. The property

valuedicfihetirnepticalytize detive d&ﬁpéurﬁélmﬂ@h@%@émmﬁﬁ@oﬁzs

o NI i LT 2R S D S Boa (- m
d,J=12:8 2nédHz o3 4déad e 12:8 A 0AHZ, AH)] mg), and 3-methoxy-

3.87(s,3H),4.10-4.20(m, 1H),6.15(q,J=7.2Hz,1H), .
6.89(4 1H) 697 1F) 7. 23(d 328 4Hz, ihbbie%&jldehyde (3.43 mg) in

J=7.6Hz, 16D (.37 (=7 6Hz, 1R #0565 1H) . 1674dd. 17,
J=8.4.2.4H7,1H).7.99(s,1H) 8.39(d.J=2 4Hz,1H). 10 ESI-MS:m/z 453[M™+H]

10 diastereomer 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 19 minutes (1.25 mg; >80% de) and the title

15 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.

20 'H-NMR(CDC1s)d (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(q,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),

25 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



[0182] Examples 20 and 21 Synthesis of (Z)-(S)-4-[(S)-1-(5-chloropyridin-2-
ylh)ethyl]-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-I- 15
yl)phenyl]methylidene]-6-methylmorpholin-3-one and (2)
(S)-4-[(R)-1-(5-chloropyridin-2-yl)ethyl]-2-[1-[3-
methoxy-4-(4-methyl-1H-imidazol-I- 177
yphenyljmethylidenel:6-thethylmarpholin-gsane ; [Forgula 37} 0.Q o sMeO \
IN UN MeO \\ N/~N~ NON/OJ CI/N/OJ Cl Synthesis of
1-(5-chleropyrielin-2-ybethanol 20.Copger iodide (148 mg), 1-ethoxyvinyltri-n-
butyltin (2.97 mlg} and bis(triphenylphosphine)palladium (Il) chloride (183
mg) wers addet {5 >8ition of 2-bromo-5-chloropyridine (1 178 g) in
acetonitiite 3% oo andihe reactiqn selution; wasistineddn & BitrogeNs9 (a
atmosphere at 100C for three hours. The reaction solution was returned to
reomdtempérature. 4 miiof § N hydfochidric aciPwaszadded, 5 and the

reactié)n8szo(ltsjtigﬂ was ?EgtfdzUT%erﬂF}ﬂ% for (30 minu ?Pz The reaction
solution was returned to room  tefmperature and neutralized with a 5 N
sodium bydegxide , salation, Disthyl. ethes wass added ta the reaction solution,

and the organic layer was separated. The 10 organic layer was dried over
anhydrols %égh%i'ru?n” (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) .
10 ESI-MS;m/z 453 [M'+H].

[0182]

Examples 20 and 21

Synthesis of (Z)—-(S)-4-[(S)-1-(5-chloropyridin—-2-

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

15 vyl)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]

O
MeO:©/\)LN/kENj\
Ni\N O\rJ Z

);J :

Synthesis of 1-(5-chloropyridin-2-yl)ethanol

N

o
MGOD/\)LN/\ENJ\
/N O\:) Zal

20 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



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. Water and diethyl ether were
added to the reaction solution, and tHe ®rganic layer was separated. The

organig layerwas washed with bying and dried ver,. anhydrous; giagnesium
sulfate. The solvent was 20 evaporated under reduced pressure, and the
residwe svas- purifiediby silicatgel setumnrchrphategrapyO(ElUtionr solveat:

hexane-diethyl ether) to obtain 503 mg, of the title comgound.
iH-NI\%&%éf)‘Clér)%?p ﬁﬁcﬁéon solution was returned to room

1.50(delm6-8H2:3H),4. 9040 rd=6:8HE, i h (2848, 050:8,0:8 id was added,
Hz,1H),7.67(dd,J=8.4,2.8Hz,1H),8.50(dd,J=2.8,0.8Hz,1H). [0183] Synthesis

0P2-(arazidbethypR5chioropytidinge 1792Digiratgphossivoryr azitex(1femL)

was added f0 a solutiqn, of %é(éa%*‘l'c‘%ro%ﬁj;t‘azax')%%‘é”é’éﬁ?:%e@géé” room
toluene (8 mL) in a nitrogen atmospﬂere. e reaction solution was
ice-caeledeanddl;8 Sdimzabicycta]d 4 Q|undac-Z-enen((:68 k) wasradden:
dropwise to the solution. The reaction solution was stirred for three hours.

ThenStHe'SdfRfion Was Fetdred oot téfipetature EHil SHPEF bYBmight.
Water, and.digthy! ether.were a %ﬁgéo thedeagtian 10.sqlytian, and-the

organic layer was separated. T
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.
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

20 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 (CDC15) & (ppm) :

25 1.50(d,J=6.8Hz,3H),4.90(q,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




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. iH-NMR(CDC13)5(ppm):
1.60(d,J=6.8Hz,3H),4.66(q,J=6.8Hz, 1H)7.32(d,J=8.4Hz,1H

),7.69(dd,J=8.4,2.8kiz, LH), 8, 54(d 528Kz 1H), [0184} 20; Synthesisat 4
1-(5-chloropyridin-2-yl)ethylamine Water (3 mL) and triphenylphosphine (702

mg) were asldedttoca sofution(6f-2X 1lazidoethyD-5-2chidiepyridinge (3383ng)
in tetrahildrofuran Lglo mL), and the reactjon solution was stirred at 60C for

two hbtfs. 25 The' Teattion dotitior was retdmed o robm temperatures

Dichleromethanesand 5iNhyghachlosicacid swere-added to the reaction
solution, and the aqueous layer was separated. The aqueous layer was

madelbagie{pry £4P180 ‘withur 8¢ sodiirf hifdréxidelsoliitien STHer,
dichloromethaneawas adagdiio the,eactign splutign, and, the organic Jayer
was sep rated. 'Ithe organlcjfayer was dried over an%ydrous magnesium
sulfate; anddbesolventrs wasoevaporated under seduced peessige to obtain
260 mg of the title compound. TH-NMR(CDC13)5(ppm): .
1.42(8F26-8A2,319), 4 A8(q TZB4A2 TH)Y7 28d I=BT4RZ, 17T iaht -

).7.63(ddJ=8.4.2-4kiz A8 50(d 52407 I 410 [0183] reaction

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 (CDC15) & (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]

20 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.

25 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)



Synthesis of (Z2)-(S)-4-[(S)-1-(5-chloropyridin-2-
yl)ethyl]-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-I-
ylphenyllmethylidene]-6-methylmorpholin-3-one and (2)-
(S)-4-[(R)-1-(5-chloropyridin-2-yl)ethyl]-2-[1-[3 15
methoxy-4-(4-methyl-1H-imidazol-I- 180
yhphenylimgthylidenslS:methymarphalin3rone ;115 mg of the title
compound was obtained as a diastereomer mixture from 1-(5-chloropyridin-2-
yl)ethylarhine (260 ng) casva stardingomateridl ¢n ke c20 sanme manner asimd
Examples 18 and 19, A part of the diastereomer mixture was separated b

CHIRAIPAKTM A mahtfadtfed By DAt chemitardtdttes, T1a- (2"
X 25 gy dnobile phasei ethanol 100%)ta.ebtain the ditle;aptically active-nt
compound with a retention time 25 of 17 minutes (12.3 mg; >99% de) and the
tithe opticalyRtivetcsmpoind withl adetemicr? ithecof- 20 ofmimites424.4"eng;
94% gg). t‘l;lhee Qg%geer% }Q/%Iuoeusn f the title optically 181 active compound with
a retention time of 17 minttes Example 20) are as follows.
iH-NMR(GBRC18)5(p@mppn) :
1.38(d,J=6.4Hz,3H),1.61(d,J=7.2Hz,3H),2.31(s,3H),3.19(d 5
d,J=13:29(6171H);8 527dd,0218% 2:4H2,141)73.85(g, 3k 8 (4, I=8 . 4Hiz, 1H
4.33-4.42(m 1H),6,04(0,J57-2H2 1H) 6:836 i) > . apiz, 11:) .
6.93(s,1H),7.20(d,J=8.0Hz,1H),7.32(dd,J=8.0,1.6Hz,1H),
7B3(dU=%4Hz,1H),7.51(d,J=1.6Hz,1H),7.65(dd,J=8.4,2.4

HZ,1H),7.77(5,,1H),8.52£d,J:2.4HZ,1H . 10 ESI-MS:m/z 453 [M'+H].
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-

15 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

20 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

25 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



The property values of the title optically active compound with a retention
time of 20 minutes (Example 21) are as follows. iIH-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,J=12.8,2.4Hz,1H),
3.89(s,3H),4.20-4.27(m,1H),5.97(q,J=F 2Hz,1H),

681(§éﬂ)\%0&§§1 wgdz%gdcﬂ:g%éh@i?o§7@ime of 17 minutes
J=8.4Hz,1H),7.38(dd,J=7.6,1.2Hz,1H),7.60(d,J=1.2Hz,1H), 20

7.66(d8;:3=84 2.4y, )58 A8($,AH)8:51(d,J=2.4Hz,1H). ESI-MS;m/z 453
[M'+H [01861 Examples 22 and 23 Synthesis of

(2)-(S) A (8)-12(2 6 it GBS pyridin-3- 25
yhethylls2-[1r[3-maethoxydr(4-methyd LiH=imigtazokdr) , 2 .31 (s, 3H),3.19(d
yl)phenyllmethylidene]-6-methylmorpholin-3-one and (2)-
(9)-49(R)y=142%-diffdcropipidin-34/(&dhylF 231432 - 48z, 1H), 3.85(s, 3H),
methgxy-4-(4-methyl-1H-imidazol-1_1¢

y|)pheri;%’|fm(éth%lf?ehle -éir@é@%ﬁl%ﬁ%ﬁﬁ-@-éﬁé’ ofmul4 38’0 F O F MeO
IN N MeQ |N,NaENON 2 @&/ F-NNo@4d | F15 A selution, of-s-butyl lekkm i) THE
(2.62 M, 29.1 mL) was added dropwise to a solution of diisopropylamine

(11.7 mEy iffretrzhyisrutdn (310 MEy S Undeticé tboling it Ehitrogetr 2 - 4

atmosgphere, T™e;; (s 1x),8.52(d, J=2.4Hz, 1H) .

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 (CDC15) & (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,J=12.8,2.4Hz, 1H),
3.89(s,3H),4.20-4.27(m, 1H),5.97(q,J=7.2Hz,1H),
6.81(s,1H),7.02(s,1H),7.22(d,Jd=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),

20 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 (Z)—-(S)-4-[(S)-1-(2,6-difluoropyridin—-3—

25 vyl)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-y1l)ethyl]-2-[1-[3—

methoxy-4—-(4-methyl-1H-imidazol-1-




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 excess amount of crushed dry ice
was added in a nitrogen stream, andthe reaction solution was stirred at
-78C fan 20 minutes.and at yopm temperatyre, for thyee hours, Water and
diethyl"ether were added to the 15 reaction solution, and the aqueous layer
was separateldh ¥hé aqueous layer was adjusted to pH 1 by concentrated
hydrochloric acid. Ethyl acetate was added to the aqueous layer, and the
organiqm!a%yer was separaled.| The organic layer wasitried over anhydrous
magnesiu teNandjthelsolvent
pressyren ain (19_./4 g of the title co . | )5(ppm):
7.08(dvk :8.4,2.8Hz,51H),8.58(dd,lej?' -8.4Hz,1H). 183 0187] Synthesis of
2,6-difluoro-N-methoxy-N- methylnicotinamide N,O-dimethylhydroxylamine
hydrochloride (14.7 5 g), WSC (28.9 g), and HOBt (20.4 g) were added to a
solution of 2,6-diflaorosicatinia acid (6-gpand disepropylethylamine.(@0 mL)
in DMF (100 mL), and the reaction solution was stirred at room temperature
for twd dayBLWaRF afidistfyPaceiats Svere fddetty- e 16 eaction solution,

andtg@f%Q@?Eﬂ?XSﬁW@§sﬁﬂﬁﬁﬂ%ﬁn in tetrahydrofuran (310 mL)

5 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
10 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
15 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
20 sulfate, and the solvent was evaporated under reduced
pressure to obtain 10.4 g of the title compound.
'H-NMR (CD50D) & (ppm) :

7.08(dd,J=8.4,2.8Hz,1H),8.58(dd,J=17.2,8.4Hz, 1H).



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 g of the title compound.
iH-NMR(CDC13)5(ppm) 183

3.37(s 3t#)3.58(brs,3H),6.90(dd,J=8.0,2.8Hz,1H),8.02(dd
,J=16.0,8.0Hz,1H). 20 [0188] 1-(2,6-difluoropyridin-3-yl)ethanone A solution
of meihylntagnesiom BromidefihubHB-(0-96 My88.1NnL) was added to a
solution of 2,6- difluoro-N-methoxy-N-methylnicotinamide (7.01 g) in 25
tetralydrBiia T der ice-cooling, and the reaction solution was
stirred under ice-cooling fak g 1hQuUIse A saturatedrammeniuy-chlorides | 7
solution and ethyl acetate were added to the reaction solution under 184
ice-caoling?dnd(the- Srganic fayerivas séparated) TrHer ergaliiedayer was
Washgglvlvli%qgrrlingta(rjéc! g[iggfolver anhydrous.ma, Q%iuw sulfate. The solvent
was evaporated under re

; d -
ucea%rressure, and the residue \%asabnpurlfled by

silicaqyel eohapchromatagraphy (edution solvents hexanerethyl acetate)to
obtain 4.74 g of the _title compound. iH-NMR(CDC13)5(ppm)
2.05(531)°6.93-6 97 (i PA) 84685 M H) T IP[Lggrperature for

two days. Water and ethyl acetate were added to the

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 g of the
title compound.
'H-NMR (CDC15) & (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) .

20 [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
25 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



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 aqueous THE 15 (50%, 200 mL), and
the reaction solution was stirred at room temperature overnight. Water and
ethyl acetate were added to the reactidf solution, and the organic layer was
separgied - Ihe grganic layer was.dried over .anhydrous magnesiym sylfate,
and the solvent was 20 evaporated under reduced pressure. The resulting
residwe yvasi purified bywsilicargeheolumirt ichromeatograp v (catrierer
Chromatorex NH; elution solvent: ethyl acetatg) to obtain 2.44 g of the title

CO”WﬁﬁF%FE%uﬁ-NiﬁQ&fbHﬂfﬁg&ﬁ? f. The’ solvent was

2.05(8:34)6-98:6. 90 {BeLH). 8:A46-8:D M4 ) 0190k the residue was
1-(2,6-difluoropyridin-3-yl)ethylamine 185 Zinc (9.29 g) was added in three

pértichisttbfa 88Iutions6fL 142, 3 aifluerepyridit3-ghetiraiciid oximE(R2144 g) in
o uolgRCRl SO0 1 dhe eaction solion wap S o1 st roal
temperature 5 for two hours. The Teaction solution was made bagic pH 14)
with 5 Ncsedigvanbydroxide and filtered through celite, and the celite was
washed with chloroform. The organic layer was separated and dried over
anhydfod&imaghésiun=titate, and the solvent was evaporated under 10

reducedypressuig (@ obtaip 1,619 ofthestitle g 5o (m, 11) .
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-yl)ethanone (4.18 g) in aqueous THF

15 (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

20 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.

25 'H-NMR(CDC1s)d (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




compound. TH-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-3-
yl)ethyl]-2-[1-[3-methoxy-4-(4-methyl-4%-imidazol-I-
yl)phenyl]methylld§p§L6 @GEW'QBOVQQQ"E%QBG%%@% portions to
(S)-4-[(R)-1-(2,6-difluoropyridin-3-yl)ethyl]-2-[1-[3 20
nuﬁh@xyﬁ&@tmunhyﬁlﬁﬁmﬁdéadﬂfluoropyrldln 3-yl)ethanone

yI)phen meth Ilden -6- meth Imor holln 3-one The title compound (170
mg) Was Bbtal éé asa didste elgr%% TRfUirS from T2, 62di ﬂu@gcﬂdyraonﬁ1 3-

yl)etha/ﬂamm@ae?&%mgéﬂsl@%rtwagngﬁriaﬂéa the 25samemannanasin
Examples 18 and 19. The resulting diastereomer mixture (10 mg) was

sépargted BYyCCRIRAL PAKTIH I2eAtdnufacttred bicDaites Chtticapsic
Indus I’IES Iﬂlg &2 cm %( %]5 cm; mobhe ghase 186 Qe%ari% eth% 7: 3%
e tit ﬁ f%% minutes

obtain 1 e optlcally actlve compo olind with a retention fime o
(4.7 mg) and therttMEt(D][étIGaﬂyl&Qtl\kea@)MQ@HEd witha eteptiondime of 3%
minutes (3.8 mg). 5 The property value of the title compound diastereomer

mixtuPé 9$8s ﬁ‘o STESH-MSTRA 455 IVnd]. Fheeropeity Gales ot title
Opt'c?r!g'gf?é%w%?oéﬂ@?lé@@ with g retention time,of 33 miguies, 10(Fxample

22) are as follows.
10 reduced pressure to obtain 1.61 g of the title

compound.
'H-NMR (CDC15) & (ppm) :
1.42(d,J=6.8Hz,1H),4.39(g,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 (Z)—-(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-y1l)ethyl]-2-[1-[3—

20 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-
yvl)ethylamine (330 mg) as a starting material in the

25 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:



IH-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),7-86(d,J=8.0Hz,IH),7

31(dd 18,4, 1.6Hz 1), £.50(d,)=1 -6z 1H), 7 (s, 1 H); 8. JAlm.1i), The

property values of the title optically active compound with a retention time of
39 miuites 20 (Example 23} Are asdokowsoH-NMR (CDCGB3)s{pprrg:s
1.46(d,J=6.4Hz,3H),1.65(d,J=7.2Hz,3H),2.32 3,3Hé,3.32 d .
d,J=12'8,2 807, 114 .%%?d&,%]%%é),@%ﬁ%ﬁh%ﬁ% (3Hyompound with a

4.29(my 1 H)5: 80(0hdmé 261z, 3H) 6:82(s:1H), 8.8/ (€d)J=8.0, 25
2.8Hz,1H),6.93(dd,J=1.2,1.2Hz,1H),7.20(d,J=8.0Hz,1H),7.

3%(dd,J=8.0,1.6HZRF) F5PREIFL GHAEHY T . 79@, TR, 7O PURCTRY . [0192]
187 Another s ontgesis .ig( tEuxraemplse 22 S%/(glm%%ig of

(Z)-(Sd)-iﬁ Se)- -(?,G{df?ﬁjoropyridlln-f- )

yl)ethyl 1244 [3-methexyrd «(dimethyl-IH-imidazol-I-
yl)phenyl]methylidene]-6-methylmorpholin-3-one [Formula 39] O F MeO Nz~
~N NON I/ 0J | ESphtiesis bf 1926 diffloropyrifin=3S I sthans 1Y

D"508%%§¢@“88%£B%%8“Qﬂﬁﬁ5Qdﬂ%%gﬁ%%ﬂs%ime of 33 minutes

10 (Example 22) are as follows.
'H-NMR (CDC15) & (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

15 ,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

20 (Example 23) are as follows.
'H-NMR (CDC15) & (ppm) :
1.46(d,J=6.4Hz,3H),1.65(d,J=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,JdJ=7.2Hz,1H),6.82(s,1H),6.87(dd,J=8.0,

25 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]



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
solution of 2,6-difluoropyridine (100 g) in tetrahydrofuran (100 mL) was
added dropwise to the reaction solutioh’at -60C or less. The reaction
solutign was stived.for ope houry and then;Lb acetaldehyde (97.6 mL) was
added dropwise to the reaction solution. Then, 2 N aqueous hydrochloric
acid £1,000=mmi)swas added @ropivisd $0 the te€actioh Solutiorp yFhersafter,
ethyl ac)etate (1 OOO mL) %nd toluene (1,000 L)nwere1 added to the rleaction
solutig YRSl . ‘

COﬂC%ﬂU @ﬁ@@n%d%e@%ﬁ@e@f@?sgt%&ﬁm%aﬂ&%g Qfﬁikleotﬂlé? Compound
IH-NMR(CDC13)5(ppm): 188

1.51(dE=808H2,3H),2.00(s, 1H),5.13-5.16(m,1H),6.84(dd,

J=8.0,2.1Hz,1H),8. OS(@I J=16.0,8.0Hz,1H). [0193] Synthesis of

[)ethylamino]propan-2-ol
(+)-d|-p-tolu @ NA SO lJ'[IOﬁIOf 1-(2,6-difluoropyridin-3- yl)ethanol
(216 Noltefie (SM) was to a solution of thionyl bromide (337
g)in 'g}ue/ne (1,500 mE) under ice-cooling, and the reaction solution was 10
stirred’/at room temperature for three hours. Ice water and toluene were
added to the reaction solution, and
5 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

10 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

15 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

20 organic layer was separated. The organic layer was
concentrated under reduced pressure to obtain 129 g of
the title compound.

'H-NMR (CDC15) & (ppm) :



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)-1-amino-2- propanol (157 g), cesium carbonate (1.28 kg), and DMF
(2,500 mL) were added to the filtrate,'&¥d the reaction solution was stirred at
room femperature Quernight, The seaction selufionswas filtered, and thepthe
mother 20 liquor was concentrated under reduced pressure. The "residue
was dikfed with 8thariol (8,000 (ehd) JTFhén a 8sdlitiohor -
(+)-di-%-tglgoyl-D-tartaric acid (152 g) in ethanol (500 mL) was added, and
the reattion’solution was stirred at room temperature for one hour. The 25
precipitatedcrystals wese colleeted by fitration and cwashedwith ethanol.
The crystals were dried at 80C for two hours and suspended in an ethanol
EY-Mastahe 100 All) dnixed (ddlve At THeh: YA ¥eh ¢
solution was heated and stirred 3%89& later threi[ﬁi%"_t?_n solution
was returned to room temperature, and the crystaLfs we% collected by
filtratipn) Shieacrystals were)washed wikhethapob and)5 deedaiBOC overnight
to obtain 155 g of the title compound. iH-NMR(DMSO-d6)5(ppm)
1.02(8326-6A2,6H), 11370806812, 619),2 36(s BH) 2. 370 Luene (1,500
2.51( 4H), 3673, 2L 2H):4.14-4:16(m,2H).5.65(5 2H) e s on was
7.21(dd,J=8.0,2.0Hz,2H),7.31(d,J=8.4,Hz,4H),7.82(d,J=8.
AQALAt@ﬁkgacktJ;b%ML8£mp§2bmpre 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)-1l-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

20 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

25 ©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



[0194] Synthesis of (S)-4-[(S)-1-(2,6-difluoropyridin-3-
yl)ethyl]-6-methylmorpholine-2,3-dione 15 (S)-1-[(S)-1-(2,6-difluoropyridin-3
ylethylamino]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 orgdhic layer was separated. The aqueous
20 layenyas yyashed with 506 toluene-THE (800 myopthreg times, The
organic layers were combined and concentrated under reduced pressure.
Thenldiethyl tkalate{200 snL pwastaddedtosthectesidee, drd thenreaction
solution was heated and stirred at 140 to 25 150C. Three hours later, the
reaction SoILAGR Was iflited Witk thiiéne (300 TS and &l ic¥cooled while
stirring; Thespregipitated crystals weke gollectedshy diltratian cwashed withy
toluene and diethyl ether, and 190 then air-dried to obtain 103 g of the title
cénmﬁﬁ#@@iFFN%@ﬁRCEK?I@ﬁﬂbEnBP obtain 155 g of the title
1.43(d J=6.8Hz,3H),1.70(d,J=6.8Hz,3H),3.36(dd,J=13.2,8.

8Hz,1H)-3 59(dd,J=13.2,2.IHz, 1H),4.72-4.78(m, 1H), 5
5.59(tpd=6u8HtH) 6,88 (dehdF8.0,2.8Hz,1H),8.01(dd, J=16.8,8.0Hz,1H).
[0195] Synthesis of (S)-4-[(S)-1-(2,6-difluoropyridin-3-

yI)eth]]yt]- -y drasy-8HhefiyimbrpHdii-3=6né 10 &) Misolbiion O litHiury ~

tri-seg- Butylborehydride in THF (20 mL),was added dropwise 194 5 on) ,
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-difluoropyridin-3-

yl)ethyl]-6-methylmorpholine-2,3-dione

15 (S)-1-[(S)-1-(2,6-difluoropyridin-3-
yl)ethylamino]propan—-2-o0l (+)-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 aqueous

20 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

25 150°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



solution of (S)-4-[(S)-1-(2,6-difluoropyridin-3-
yl)ethyl]-6-methylmorpholine-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 hydrogen peroxide (6.78 mL) were
added dropwise to the reaction solutiéfi%at -10C or less, and the reaction
solutiopwas stirred.for ong bour.;Sodiyin bisyfite,(520;mg) was added to the
20 reaction solution, which was then stirred for 30 minutes. Brine and 50%
tolueng-TMF \Wwers addlepkto)the reaction solution, and the organic layer was
separated. ThJe:%queou%Iayer was Washgd with 50% toluene-THF, The

organic fayts Were cémbined and Soncentratéd tiber 25 rEdfticda pressire.

The residugwas purified, by column . ghromatpgraphy using(a silica, gel
(heptane:ethyl acetate = 1:1 to 0:100) to obtain 4.52 g of the title compound.
191 H-NMR(CDCE3)B(BPm)6 - 88 (dd, J=8.0,2.8Hz, 1H),8.01 (dd,
1.25(d,J=6.8Hz,2.58H),1.30(d,J=6.8Hz,0.42H),1.60(d,J=6. 8Hz,
258 ),f.eg %d%f%?fé“H%& 42H),2.90(dd,J=12.8,8.8Hz,0
.86H)[8.09¢dd,J=12.8,8.8Hz, 0.14H),3.11(dd,J=12.8,2.1Hz, 5
0.86H),3.31(dd,J=12.8,2.IHz,0.14H),4.39-4.49(m,1H), o
5.14(S0M A5 5 J8 A =[S r3=d % "iLh_eropyrldln—3_
5-71(§ﬂ:&ﬁwﬂo—@_@h@@r@@—d@lﬁ @h%fl%;@wﬁ.g@@q,ge:16.8,8.0Hz,1H).
[0196] 10 Synthesis of (2)-(S)-4-[(S)-1-(2,6-difluoropyridin-3-
ylethyl]-2-[1-[3-meéthbxy-4¢4methyl-dH-imidazak|-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

15 for two hours. A 5 N sodium hydroxide solution (1.66
mL) and 30% aqueous 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

20 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

25 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.



yl)phenyl]methylidene]-6-methylmorpholin-3-one Triphenylphosphonium
bromide (6.52 g) was added to a solution of (S)-4-[(S)-1-(2,6 15
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-methoky¥4-(4-methyl-IH-
imidazoldmyl)bepzaldefyde, (3.42 g) were added to the 20 reaction solution,
which was then heated under reflux for 1.5 hours. The reaction solution was
concéntfated, dmdesfeduced pressute (and-the F8gidueiwds diluésd dvitkr@-N

aquequs hydrachloric acid and ethyl acetate. Then, the aquequs layer wa
se pagal%éd .gTﬁé%)rgén .6222@ dyer wag w%'s?mge%)wﬁh %ONdéiq l?éolugs' %y%)r/'o%%fd r?c

acid. Bhen,, thedtotal aaueousslayessiwere combinedandimade alkaling;wjth
a concentrated sodium hydroxide solution. The organic layer was separated
by extratfibh from théd.9P=dkalire solutionMith efhyl acetdte (antfthen
washed, with spturaipd.sofiym Bicghgnate. The oanie.lays! gy dried
over anhydrous magnesium sulfate and concentrated undér reduced
pressurelThe sesidgrewas Spurifted byolume.chromatographyr usingaNHr
silica gel (Sh%:tane:ethyl acetate = 1:1 to 0:100) to obtain 4.06 g of the title
comp:o]u%d. d eoﬁﬁypje[f‘t&/'values corresponded to those in Example 22.
[0197%0319 Examples 24 and 25 Synthesis of
(2)-(S)-4-[(S)-1-(2,3-difluoropyridin-4-

10 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

Triphenylphosphonium bromide (6.52 g) was
added to a solution of (S)-4-[(S)-1-(2,6-

15 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

20 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

25 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



yl)ethyl]-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-I-
yl)phenyllmethylidene]-6-methylmorpholin-3-one and (2)-
(S)-4-[(R)-1-(2,3-difluoropyridin-4-yl)ethyl]-2-[1-[3 15
methoxy-4-(4-methyl-1H-imidazol-I-
yl)phenyllmethylidene]-6-methylmorph®fin-3-one [Formula 40] O F O F MeO
\F MgQE; N\ N &N Q5NN 1 £-(2,8:gliflugrapyridin-Zyhethylamine , L 13 g
of the title compound was obtained from 2,3-difluoroisonicotinic acid (2.49 g)
that iz at R0datown cempouhdi(see. deutmal of ©rgaficChepaistry, 2008

vol.70, p.3039-3045) in the same manner as jn Examples 22 and 23.
iH-NMEﬁCﬁt}fﬁ%S? S%‘):ail@§drous magnesium sulfate and

1.44(d oJm6-8HZ 34 Hd i) =6:8H2 M) £ 334dd J=4.8H8 residue was
Hz,1H),7.94(d,J=4.8Hz,1H). [0198] Synthesis of
(25)-(S)M{(@)eg(gxg-gﬁm%pmﬁmt@graphy using NH silica gel
yhethyl]-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol- .

A N e ool S0t A ()2 OPtain 4:06 g
(S)-4dRh(2t3-difuaropyadinad-yl)ethyb2odefBc v values
methoxy-4-(4-methyl-1H-imidazol-I-
y)ph&émifReRRtideRe8-metimdtphdRAt36né 40 The title compound (500
mg) was gbtained as a diastereomer mixture from 1-(2,6-difluoropyridin-3-

10 Examples 24 and 25

Synthesis of (Z)—-(S)-4-[(S)-1-(2,3-difluoropyridin—-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-(2,3-difluoropyridin-4-yl)ethyl]-2-[1-[3—

15 methoxy-4-(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6-methylmorpholin—-3-one

[Formula 40

]
MGOWN B F MeowN/\ﬁj\(F
NN O\;) N NN O\.) N

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
20 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 (CDC15) & (ppm) :



yhethylamine (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 Daicel Chemical
Industries, Ltd. (2 cm X 25 cm; mobile phase: hexane:ethanol = 7:3) to
obtain the title optically active compotifid with a retention time of 39 minutes
(2.6 mg)and the ditle;optically actiye.compound wilh a; 20setentiontime,0%:43
minutes (3.0 mg). The property value of the title compound diastereomer
mixtute is 83 falloWs IESHMSiim/zl455 [M'+H]. The property values of the title
optlcal 55 active compound with a retention time of 39 minutes (Example
24) are a8 ¥llows. TH-NMR(CDC13)5(ppm):

1.46(dy76,85z3K)1-67(d, 05/-2H7,84). 23145, 3H0:F: 2463 48¢riqin-a-

d,J=13.2,0.6Hz, 1,3 43(dd J=132,2. 8Hz 1H) 3.85(s,3H),

propemo valuesmfime (tll|,€3@|a[ttﬁﬂl|lyoﬁ6ﬁ\je mmpwrid\mtﬂ@ [eteml@milme of
43 mlnutes (Example 25) are %s follows |H NMR(CDC13)5(ppm): 10

3203 2 B D3 SH A2 B0, 7 102 B2 e

10 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
15 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
20 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
25 active compound with a retention time of 39 minutes
(Example 24) are as follows.
'H-NMR (CDC15) & (ppm) :

1.46(d,J=6.8Hz,3H),1.67(d,J=7.2Hz,3H),2.31(s,3H),3.24(d



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=5.2,0.8Hz,1H). 15 [0199] Example 26
Synthesis of (2)-(S)-4-[(1R,2R)-2-hydroxy-I-(3,4,5-
trifluorophenyl)propyl]-2-[1-[3-methox}y24-(4-methyl-IH-
imidazolr1yd)phepviimethylidenalemetiyimorpholing3: 24\0ne Formula Al
HO, OMeONF NON1/OJI/F F Synthesis of
1,2,34rifladro-5H{EFpEopenyltbenzenel T etrakistriphé Aylphosphime, galfadium
(0) 1905 8(4.66 g& agd ce_s7iug17fluoride (271.§ e were. dgecll to a solution of
1-bromid:3% 5tifllotobenZen8'(& 8 ) antf trans -propen-1-ibotBric acid
(4.1 g) indiexana (82n)Bnd water(Sml), ua hitiggen atn@sphete, and the
5 reaction solution was stirred at 80C for five hours. The reaction solution
was réturhgd-to room temperature. Then, hexane and water were added to
the reaction solutign, and the insoluble matter was removed by filtration.
The organic layer |vﬁ/haés ggﬁgr%%g and then fgr w%%%e%qv]\c/?itﬁ V\(/)ﬁ\é%,cfr% he
insoluble mattepwasuemoenach by filkratinniagainihbe ©fganialayer was
separated

(Example 25) are as follows.
'H-NMR (CDC15) & (ppm) :

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(gq,JdJ=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) .

15 [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]methylidene]-6-methylmorpholin-3-

20 one

[Formula 41]

HO,

o .
MeOWN F
Ni\N O\{J F

Synthesis of 1,2,3-trifluoro-5-[(E)-propenyl]benzene

Tetrakistriphenylphosphine palladium (0)



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 crude product was
purified by silica gel column chromatography (hexane) to obtain 5.83 g of the
titte compound. iH-NMR(CDC13)5(ppf:

1'88(0(14].:6660 Zélﬁlél’Gc%%(ﬂgn‘]%qQ&qgé_lz(’H)’@2g4)(dw@10e added to a
J=16.0Hz,IH),6.85-6.96(m,2H). [0200] Synthesis of

(1S,259-1(8 A 5-tnfludrophenyhprdpane~ L Ridiol obenzene (8.5 g) and
1,2,3-Trif|uo_r(1)-_65%-jL(%-pr9£§n¥g-benzene 25 (5,83 g) was adged to an oc
ice-cddIRd Tnixdd Soififlon of 'ABERIN-2 @75 g) Ant Mkthah&sifsHAmibe
(3.22,g))in steut-hutanol (370 ml) andwater{(d4O-mb: apddher rgaction +he
solution was stirred at 5C overnight. Then, 196 sodium sulfite (51 g) was
aflded 6 ié PEaction tSolitioR, swhichrwas thén &lirfed for drie’ AolpUTive
reactipf.solulion was sublected to,extraction wilh metfylene chloride.tfree
times. The comBmed organic %nlayers were washed with a 2 N sodium )
hydroxide, ,soluttan.cand then the seditsn hydeaxide layer wascsubjected to
extraction with methylene chloride again. The organic layers were combined

and difetPovEr anfydrétis magtesitimCslfte Sand Hen THE Sofvent was 10
evaperafed under redyced pressure. Thesesyliing.crude. productvag.

purified by silica gel column

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 crude product was
purified by silica gel column chromatography (hexane)
to obtain 5.83 g of the title compound.
'H-NMR (CDC15) & (ppm) :
1.88(d,J=6.0Hz,3H),6.18(gd,J=6.0,16.0Hz,1H),6.24(d,

20 J=16.0Hz,1H),6.85-6.96(m, 2H) .
[0200]

Synthesis of (1S,2S)-1-(3,4,5-trifluorophenyl)propane—

1,2-diol
1,2,3-Trifluoro-5-[(E)-propenyl]-benzene
25 (5.83 g) was added to an ice-cooled mixed solution of
AD-Mix-0o (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,



chromatography (hexane:ethyl acetate = 9:1 to 1:1) to obtain 5.54 g of the
titte compound. iIH-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),6.96-7.05(m,2H). [0201] Synthesis of
(1R,25)-1-azido-I-(3,4,5- trifluorophenydfpropan-2-ol 20 A sodium hydroxide
pellet(110,ma) was added o & sqlution f (1S;25) 1343t ion |
trifluorophenyl)propane-1,2-diol (5.54 g) in dimethyl carbonate (15 ml) in a
nitrogern.atmosphere} andvthe réacticrtsolutioniwas stiredaatr7.0C Tored5s
minutes. 25 Then, the external temLPerature was raised to 100C, and
dimethyF EartsBhatd Wad FemBIed By sprayfivy hitrdger. 2FhrRer, Hiftethy!
carbapate (3 4nb was added terthecresidue, and dimethyh cachonatganas
removed by spraying 197 nitrogen. THE was added to the residue, and the
insolUslEThatteriasericed by filtratton' tifredighmcBitér Thede the solvent
was evaparated under reduc ressure to obtain 6.13 g of a carbonate
ol B At . ST A a5 w b o o
solutienrofdbearbonate: eamposidvn DMie 20 1Tab én @nitroges again.
atmosphere, and the reaction solution was stirred at 110C overnight. Diethyl
etherTWas4dded fo fife’ Féattitir SolGHBR TBfitined o TooRt 16 t8Mperature,

and thereaction splutionwas sequentially .washed with, waten (faree fimes)

and brine. The organic

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 (CDC15) & (ppm) :

15 1.12(d,J=6.4Hz,3H),2.20(brs,1H),2.79 (brs,1H),3.78(qgd,J=
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

20 A sodium hydroxide pellet (110 mg) was added
to a solution of (1S,2S8)-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.

25 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



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. iH-NMR(CDC13)5(ppm):
1.14(d,J=6.4Hz,3H),1.79(brs,IH),3.97tgd,J=6.4,4.8Hz,

1H),4,42(d,Jz4 8HZ1H),6.96-7 .00 .25 120 [0202] Synthesis.efert-butyl
[(1R,25)-2-hydroxy-1-(3,4,5- trifluorophenyl)propyl]carbamate

Triphénygiphosphinex(5.85 g)awas addeddoky sélutionagfion through

(1R,25%-I-,azido-:;§3,4,5 25 trifluoro hen;glr) ropan-2-ol 1%5.16 in THEg%S ml)
i & Abbeh At R Hersh Sndthe TRLCHAR SRR AR  stiad ot TOHE o0
tempgratyee: for X migutes, Ehereaftesswater(syphawas added tathe
reaction 198 solution, which was then stirred at 60C for 3.5 hours. The
réaction solution Was fetuffed td'tdormnt@nfsetatirea zamte didert-bugyl were

dicarbonate (5,35 0l was added fothe reagfion solution, which was then
stirred at room 5 temperature for 4% minutes. The solvent was evaporated
under ceduced pressure ad dnen the sesidiiag residuehwassputifiech by silica
gel column chromatography (toluene:ethyl acetate = 9:1) to obtain 5.88 g of

the tftiR'COMPBUNES16 "HINRIREDELZ)5(gpiRyniont -~ Diethyl ether
1'07(93]56616'5'5@1?"@@1%Sﬁggcﬁ'}ggb@oIméi%z(bﬁrgturned to room

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 (CDC15) & (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) .

20 [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)-l1l-azido-1-(3,4,5-
25 trifluorophenyl)propan-2-ol (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



1H),5.44(brs,IH),6.92-7.01(m,2H). [0203] Synthesis of
(1R,2R)-2-tert-butoxycarbonylamino-I- 15 methyl-2-(3,4,5-trifluorophenyl)ethyl
4-nitrobenzoate Diisopropyl azodicarboxylate (6 ml) was added dropwise to
a solution of tert-butyl [(1R,25)-2-
hydroxy-I-(3,4,5-trifluorophenyl)propyfléarbamate (5.88 g), 4-nitrobenzoic
acid (4.84.0).,and 20;tiphenylhasphing (7.59 g)incHHE €00 mi)under ice-
cooling in a nitrogen atmosphere, and the reaction solution was stirred at
roomTemperaturédor two lnowrs. Wihe seliventwdstevaporatetcunderreduced
pressure, and the resulting residue was purified by silica gel column 25
chrormafography (foleivd et GEetat* L 97'3): Theh, e redUitiy powHer
was tritrated with-toluengrhexanenta,abtain 6:69 g:0fthe title eepmpound.
IH-NMR(CDC13)5(ppm): 199

137(5 9T 38(d I=64HZ 3H)1485¢5rs, IH) B216@,. 3292 was evaporated
Hz,1H),5.41(9d,J=6.4,6.0Hz,1H),6.92- .
LN IED 6 T8 s By broo B 5 T T S hees 5t
tert-buhd [@R:2R)-2<hydroxyd-<(34,5etriforaphe nyh)propytgachamate
Potassium carbonate powder (6.43 g) was added to a mixed solution of

(IR, 2R}-2HeF DLRERYCarBBRY RANTiIND- Pmethyi2-e8 42871 8 tifustophehifethyl
4-nitrobenzoats (1,03 g) in methanol (90 ml)-THF (10 ml), and the reaction

solution
10 'H-NMR(CDC13) 8 (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-

15 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

20 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

25 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 (CDC15) & (ppm) :



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 magnesium
sulfate, and the solvent was evaporated under reduced pressure. Diethyl
ether was added to the resulting resiéiéi@, and the insoluble matter was
remoyed by filiggtion. Jhe;filicate was sencentsated, andihe2q esulting
residue was purified by silica gel column chromatography (toluene ethyl
acetate ~16:1) 30 ©btain, 449 §,¢f th8zitlefidorhpdand.

L 26(03-6lir5 9 1 (G 5F0e B Al 55 25

,5.35(larsdid),6.90-7.00(m,2H). [0205] Synthesis of tert-butyl [(IR,2R)-2-tert-
butyldlphenylsnanyloxy I-(3,4, 5 200 trlfluorophenyl)propyl]carbamate
% )

solutipn. tert bu | 2R droxy-I- 3
triflu 9 He E{ 2) '1 ke |m|dazole (817 mg) in DMF (3

ml) in a nitrogen atmospbersy and-ibe 4eactiemnselutioh. wasstirretsatrom
temperature for three hours. Iit}?/l acetate was added to the reaction

solutibf, WHICK GrasSthen<eiudttiallyRvasied 165Fith water, 1 N hydrochloric
acid, watst, ,a.gaturated, sodium bicathonate solution, and brine. The organic

10 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).

15 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

20 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 (CDC15) & (ppm) :
1.28(d,J=6.4Hz,3H),1.44(s,9H),4.01(brs,1H),4.48 (brs, 1H)

25 ,5.35(brs,1H),6.90-7.00 (m, 2H) .

[0205]

Synthesis of tert-butyl [(1R,2R)-2-tert-

butyldiphenylsilanyloxy-1-(3,4,5-




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 titte compound. iH-NMR(CDC13)5(ppm):
0.95(s,9H)1.13(d,J=6.4Hz,3H),1.47(s?°89),4.02(brs,IH),4.

46 (brs, LH, 5. 34005, 16 6.69,6.80(11. 260, 7. 28- 20
7.46(m,8H),7.55(d,J=8.4Hz,2H). [0206] Synthesis of
(1R,2R)-2-tert-butfldiphenyisilaryloxypi(8h drb-trifiucrophéAy ) propylammine
Trifluoroacetic acid 1g0.5 ml) was added to a_25 solution of tert-butyl

[(IR, 2R)°2 Sert" bafyidiphehy siiRyloRyd-(34 BF +on of tert-butyl

trifluorqpheny)propylleathamate G370 mg) in methylene chloride (2 ml), and
the reaction solution was stirred 201 at room temperature for 11 hours. A

saturatedt sSoginartisiearborate soliirraasadded b e redtdiohm Sofmvke
follow Qy extractiopn with ethyl acetate. The organic layer was washed with
St A DR SoRath SolufoR aret Bade S ARaeH sghan
was exvaparatett indes raditcechpressuse 1o obtaint2 it mg afibe didleure

compound. iH-NMR(CDClB)S(%p,)m):
0.93(8T=6-RHZ B T02(s, 9N 3 B1aF ILATSHZ ), 3Yiqd &9 the

q"kﬂ%gé%gfgwFQ&&@@%%%?“WH¥3%7Q%% then sequentially washed
7.46(m,6H),7.57(d,J=8.0Hz,2H),7.55(d,J=8.0Hz,2I?|[)

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 (CDC15) & (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-
20 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
25 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



[0207] Synthesis of (S)-I-[(IR,2R)-2-tert- butyldiphenylsilanyloxy-I-(3,4,5- 15
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 20 perchlorgté (750 mg) in diethyl ether (1 ml), and
the reactiqn solutign.was.sticred,in 3 nitregen atmesphers. AdQouLg i un
temperature overnight. Methylene chloride and ice water were added to the
reactiohcsalution tAftep 1stirfing the seactienl solutions the arganic layer was

25 segarated The agyeous I?er was subjected to extraction with methylene

chlorid® dgain The® 63‘?% |&yerS s Eombined And dHed 896 anfiydrous

magnesiurg gulfate, angethep-the,solvent wasiconcentrated sndes202n
reduced pressure. The resulting residue was purified by silica gel column

cﬁrorﬁé@@?ésﬁyﬂ(éthwlaﬁeitate Reptamel£9,1 304 Hhrrobtam 172¥agtof the
title com oeund 05 (g DC ?%5 pge ressure to obtain 275 mg
0. 83(883 O 5R) 6(s,9H),1.0 I—B 56-

2.50(px,3H) 3. 47((&&3 ||C|)313};5:9;(b& [H),3. 86(brs IH),6.78-
6.95(m,2H),7.36-7.48(m,6H),7.67(d,J=6.8Hz,4H). [0208] 10 Synthesis of
(S)-4- HW%&}@%&) Buﬁﬁa‘lg}henylsnanyloxy -(3,4,5-

0.93(d,J=6.4Hz,3H),1.02(s,9H),3.81(d,J=4.8Hz,1H),3.91(d
10 q9,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-

15 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

20 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

25 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



trifluorophenyl)propyl]-6-methylmorpholine-2,3-dione Oxalyl chloride (45 1)
was added dropwise to a solution of (S)-I-[(IR,2R)-2-tert 15
butyldiphenylsilanyloxy-I-(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 fAftfogen atmosphere, and the reaction
solutipp was 2Q, stived,a the-same temperatyre far twa hous. Ice; water
was added to the reaction solution, followed by extraction with ethyl acetate.
Thenbthes dfgaric dsjerc wasmse quentiallyoyasived withcwater, 1 N
hydrochloric acid, water, a saturated sodium bicarbonate solution, 25 and
brine > Th& Brganiciagar was dried dver ahhyarotd Maghesiuh? stifate’ and
the selvent was-gvaperated under reduced pressure. The resulting residue
was purified by silica gel column chromatography (heptane:ethyl 203
abetatd=2BRI(§P311) folebtain 96 mg of the title compound.

5.5 20T 105 6,13 D1 1) 5 G800 3 s B Ty 2 o e

4.42(dq )06 SO Hz, k) 462(ddn, )32 4 516;6 ,4H7,1H), 86 (brs, 1H) , 6. 78~
5.51(d,J:5.6HZ,IH),6.82-6.9JZZLJ%n,2H§,7.40-7.54 m,6H),
7.62(8,7=801H29H)/7 B7(d, IEB G2 PH) - [0269] 10°S§hthesls of
(S)-4-[(§Ry4R)-2-tert- butyldiphenylsilanyloxy-I-(3,4,5-

10 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-[(1lR,2R)-2-tert-

15 Dbutyldiphenylsilanyloxy-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

20 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,

25 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



trifluorophenyl)propyl]-2-hydroxy-6-methylmorpholin-3- one A solution of
lithium tri-sec 15 butylborohydride (1.06 mol) in THE (0.25 ml) was added
dropwise to a solution of (S)-4-[(IR,2R)-2-tert- butyldiphenylsilanyloxy-I-(3,4,5-
trifluorophenyl)propyl]-6-methylmorpholine-2,3-dione (95 mg) in THE (3 ml)
in a nitrogen atmosphere at -20C, 204hd the reaction solution was stirred at
the same; temperature far 30 minutes, A 5;N sogiym hydroxide, solution
(0.03 ml) and 30% aqueous hydrogen peroxide (0.07 ml) were added to the
reactioprsolution, which was then stirred under ice-cooling for one hour. 25
Thereafter, Sodium bisulfite powder (20 mg) was added, and the reaction

solutioh WS Stitred at (88 temperature for 30 minutes. Brine was added to

the reagtiqr solution, followed bycexiractiomwith ethyl-204 acefate. The
organic layer was washed with brine and dried over anhydrous magnesium
stlfate; ahdtenthet sélvent wasievapdrated undeér feddced présbure. The
resultj sidue was purified ilica gel column 5 chr tograph
(heptAne Y Sooat L33 0 bfeun 55 g o s TS o pocd
IH-NMR{CDRC 13)5(ppm)1H) , 6.82-6.94 (m, 2H) , 7.40-7.54 (m, 6H) ,
1.01(s,9H),1.11(d,J=6.0Hz,3H),1.19(d,J=6.4Hz,3H), 2.88 and
2.99(ddI=12.6:12: Oltiz, £H),3712 Ahd 10 8 48tdd22.4,12.0Hz,1H),3.16 and
3.91(d g5%8Hz,1H),4.35-4.55(m,2H),5.11 and

10 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-

15 Dbutylborohydride (1.06 mol) in THF (0.25 ml) was added
dropwise to a solution of (S)-4-[(1lR,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,

20 and the reaction solution was stirred at the same
temperature for 30 minutes. A 5 N sodium hydroxide
solution (0.03 ml) and 30% agueous hydrogen peroxide
(0.07 ml) were added to the reaction solution, which
was then stirred under ice-cooling for one hour.

25 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



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-
trifluorophenyl)propyl]-2-[1-[3-methoxy-4-(4-methyl-IH-
imidazol-I-yl)phenyl]methylidene]-6-metylmorpholin-3- one 20 A solution of
(S}4igg%é¥%k24%ﬂébUB@@RP@nyngPy%§¥{W§%ﬁ§é'with brine and
trifluorophenyl)propyl]-2-hydroxy-6-methylmorpholin-3- one (92 mg) and
triphehylphiosphine dydyolbronsidex@8=mg)rinsadetenitrilea@dmibiwas teated
under reflux in a 25 nitrogen atmosLPhere for oane hour. The solvent was
evapSatéd Und& ted H@gﬁ hr&SSUre ARl theFastfting” résiatie wad dfssolved
in ethanoh (4 ml) Te thigureagtionselutiony by silica gel column
3-methoxy-4-(4-methyl-IH-imidazol-I 205 yl)benzaldehyde obtained in
Exantple anoeaig nd TERAP (o112 sithweéré addedsandthé rehetioRsaidtion
was §tjirrgd ig A rgiﬁrggtent%tm%%%h%rgna room temperature overnight. The
solvent was evaporated1 under reduced 5 pressure. The resulting residue was
dissolvedr tdflaoroaaetienacid (1 ml), and the reaction solution was stirred
at room temperature for two hours. The reaction solution is poured into a

saturatet!-dadidt ‘bicarbirate Soflitfon: Fondwed I éxttadtici withrethyl 10

acetaée.-eEh%%g@ingﬁéﬁ wasvashed with a saturated _sodium bicarbonate

solution and brine, and then the

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 (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]methylidene]-6-methylmorpholin-3-

one

20 A solution of (S)-4-[(1lR,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

25 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-



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 compound.
iH-NMR(CDC13)5(ppm):

1.33(d,J=6.0Hz,3H),1.42(d,J=6.0Hz 3H),2.34(s,3H),

3. 20(9? ‘]oeqngra‘l'?d@ﬁ%d]é_l)o%@g'iqu]_gn“’ é‘ga%§é'l_!l) (40 mg) and TEA
3.85(5,3H),4.42-4.52(m,2H),5.35(d,J=6.8Hz,1H), 20

6.85(3/LH)?6.95(s,d¢H)7.069%A5(mi2H), R 2(dA=8.0Hz;0 lut ion was
1H),7. ssgjd J=1.6,8.0Hz, 1H§ 7. 53‘(§HJ =16Hz,1H), 7.86(s,1H). ESI-MS;m/z
502 (MK {0211] 25 Exarmple 27 Synthesisof - Toom emperature

(2)-44(AR2R)r2-hydiexy-k(3,42rt was evaporated under reduced
trifluorophenyl)propyl]-2-[1-[3-methoxy-4-(4-methyl-IH-

imidazbk 23 )phenylrtethyide e, 6-206 dditnath§Irdéfitolineslobe [Formula
42] HO, MeO INIF N)_NF F3 5m the title co pound S.
obtalne rgr%r&aRCEkj)-cz-%é%%u )}1d|p]heny?% an&oxy Ffs SoltEion
tl’lflUQﬁ@Bhelﬂ)ﬂ)ﬁf@@yb&l’nH“tﬁ)@bﬂadﬂ@ﬁzﬂhEKamFﬂeﬁﬁt(f?cBQﬁmg). andhe

isobutylene oxide (63 I) as starting materials
reaction solution is poured into a saturated sodium

bicarbonate solution, followed by extraction with ethyl

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 compound.
'H-NMR (CDC15) & (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),

20 6.85(s,1H),6.95(s,1H),7.06-7.15(m,2H),7.22(d,J=8.0Hz,
1H),7.33(dd,J=1.6,8.0Hz,1H),7.53(d,J=1.6Hz, 1H),
7.86 (s, 1H).
ESI-MS;m/z 502 [M'+H].
[0211]

25 Example 27

Synthesis of (Z)-4-[(1R,2R)—-2-hydroxy-1-(3,4,5-

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

imidazol-1-yl)phenyl]methylidene]—-6,6-




in the same manner as in Example 26. iH-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,1H),6.91(s,1H),6.93(s,1H
),7.09-7.17(m,2H),7.21(d,J=8.4Hz,1H} %£32(dd,

J=1.6,8 4Hz, 1K) 7,53(ch J51.6Hz,1H),7.77(s,1H). ESI-MS;m/z 516 [M'+H]
[0212] 15 Example 28 Synthesis of (Z)-4-[(R)-1-(4-fluorophenyl)-2-
hydrobk&etimy]-2-[2 4 B-methoxy-4-(4-methyl-IH-imidazol-
1-yl)phenyl]methylidene]-6,6-dimethylmorpholin-3-one 207 [Formula 43] OH
O MeO IN NON F 3.48 mg@f the title compound was obtained from
(R)-2-tert- butyldlphenyl <P any[xy |- (4 fluorophenyl)ethylamlne (300 mg) and
isobutyl|&e®-Qxide 7 B

Example 26. ((
1.25(s)FANL.43(s,3H), 2:84(s,3H), 3.06(d,J=12.8Hz,1H),3.
39(d,J?%’8Hz 1H),3. 84(5 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 10
7.09(m,2H),7. 19(dd J 8 4,4.8Hz,1H),7.29-7.34(m,3H),

mg of the title compound was obtained

from (1R, 2R)-2-tert-butyldiphenylsilanyloxy-1-(3,4,5-
trifluorophenyl)propylamine obtained in Example 26 (280
5 mg) and isobutylene oxide (63 Ul) as starting materials
in the same manner as in Example 26.
'H-NMR (CDC15) & (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,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]
15 Example 28

Synthesis of (Z)-4-[(R)-1-(4-fluorophenyl)-2-

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

1-yl)phenyl]lmethylidene] -6, 6-dimethylmorpholin—-3-one




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-
trifluorophenyl)propyl]-2-[1-[3-methoxy-4-(4-methyl-IH-
imidazol-1-yl)phenyllmethylidene]-6-methylmorpholin-3- one [Formula 44] \
YINF F F 208 0214] 144 mg of the“fitte compound was obtained from
(1R,2R)=2+ter-butyldiphenylsilanyloxy-I-(3,4,5- trifluorophenyl)propylamine
obtained in Example 26 (500 5 mg) and (R)-(+)-propylene oxide (0.12 ml) as
starting materials in thg sa ‘Ph'anner as in Example 26.

: =6.4Hz,3H),1.42(d,J=6.4Hz,3H),2.30(s,3H),

@I =12.8,10.0Hz,1H), 10
3. 84(s 4 A2 Mg, 1H),4.50(td,
J=6.4,8.0 le)541d —60Hz 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 7. 51# =1.6Hz H) 7. 74<g%,%dH)w5[021%]C o B xcgmple
30 Synthesis of ( ydroxy- -(3

from (R)-2- tert butyldlphenyl51lanyloxy—l—(4—

fluorophenyl)ethylamine (300 mg) and isobutylene oxide
(101 uL) as starting materials in the same manner as in
5 Example 26.

'H-NMR (CDC15) & (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-

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 (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]methylidene]-6-methylmorpholin-3-

one

[Formula 44]



trifluorophenyl)propyl]-2-[1-[3-methoxy-4-(4-methyl-IH-
imidazol-1-yl)phenyllmethylidene]morpholin-3-one [Formula 45] o~/G ii.. IRI
INFN/NI1/OJI/F F [0216] 20 Synthesis of ethyl [(1R,2R)-2-tert-
butyldiphenylsilanyloxy-I-(3,4,5 209 trifluorophenyl)propylamino]acetate
Cesium carbonate (242 mg) and ethyt %Sromoacetate (103 |) are added to a
solution of (1R,2R)-2-tert-butyldiphenylsilanyloxy-I-(3,4,5- 5
trifluorophenyl)propylamine obtained in Example 26 (274 mg) in DMF (5 ml),
and the@ zeéadtion solution was stirred at room temperature for 11 hours. Ice
water and ethyl acetate were added to the reaction solution, and the organic

layer was separated. TRE organicialer 16 wad'8eglentiafy WashedWith

half-saturated drine)and thrine gnddried auer ashydroussragnesium sellfate,
and then the solvent was evaporated under reduced pressure. The resulting
residiie Was pufifiéd by sikepgelesltinmm Chremitadgrap ixtiexkheldiety 0

ﬁ%}ﬁllﬁzﬁ}(‘g%rgfg?ggg%gép]f%%3'?1%r(l)é tf(])eX_Ingg C?S”R%”?ﬂ) as starting

0.75(dl)=6:4Hz BH), 1 09¢s Oit)el 26(tpk=7.252;3H),303(We 26 .

,J:16l.8Hz,1H),3.24Sd,J:16.8Hz,1H),3.57(d,J:6.8Hz,1H),3.
H-NMR (CDC13) d (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),

10 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,Jd=1.6Hz,1H),7.74(s,1H).
[0215]

15 Example 30

Synthesis of (Z)-4-[(1R,2R)—-2-hydroxy-1-(3,4,5-

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

imidazol-1-yl)phenyl]methylidene]lmorpholin—-3-one

[Formula 45]

[0216]

20 Synthesis of ethyl [(1R,2R)-2-tert-—

butyldiphenylsilanyloxy-1-(3,4,5-




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). [0217] Synthesis of
2-[(1R,2R)-2-tert-butyldiphenylsilanyloxy-
1-(3,4,5-trifluorophenyl)propylamino]ethanol Lithium borohydride (20 mg) was
added to a 25 solution of ethyl [(1R,ZR).2-tert-
butyldiphenylsilanyloxy-1-3.4.5- trifluorgphenyl}propylaminojacetate (158
mg) in THE (3 ml) in a nitrogen atmosphere, and the reaction solution 210
was stirred at roorfidemperaturedor bae dads Avcvataratedtsodium sulfate
solution was added to thg reaction solution, and then the precipitated
insolUBI8  fitfer Was femovid by filtratioh Through cafite” glﬁlrétﬁ)gnol was
added ta the filtrate. andihen thepselvent was-gvapgrated under reduced
pressure. The resulting residue was purified by silica gel column
cBromatolgraphy theptahscethyy desthte o913 16 obtain 1031RGOf1he tHie
compound, 10 ESI-MS:M/Z 488[MH:] [0218] Synthesis_of .

TR R DA oty eyl o 28 son as

1-(3,4 bitrifluarepheryd)propyiheosphelne-2;3-dione i solutivteofwvater
2-[(1R,2R)-2-tert 15 butyldiphenylsilanyloxy-1-(3,4,5- . .
trifluc?8ph&MAPBropyfmiro]&an ot ¢162 nig) ih' ettt Oxalate @ il fas
stirred gt 170C for.ong boyr and 30, minytes. Disthy! axalate was evaparated
under reduced

10 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
15 190 mg of the title compound.

'H-NMR (CDC15) & (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(gq,J=7.2Hz,2H) ,6.88-6.98(m,2H), 7.36-
20 7.48(m,6H),7.67-7.77(m, 4H) .

[0217]

Synthesis of 2-[(1R,2R)-2-tert-butyldiphenylsilanyloxy—

1-(3,4,5-trifluorophenyl)propylamino]ethanol

Lithium borohydride (20 mg) was added to a
25 solution of ethyl [(1R,2R)-2-tert-
butyldiphenylsilanyloxy-1-(3,4,5-
trifluorophenyl)propylamino]acetate (158 mg) in THEF (3

ml) in a nitrogen atmosphere, and the reaction solution



pressure, and the resulting residue was purified by 20 silica gel column
chromatography (heptane:ethyl acetate = 9:1 to 6:1) to obtain 48 mg of the
titte compound. iH-NMR(CDC13)5(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),427- 25
4J“XQE§HQé&§%th%§2fgb%H%’ %f%%gqufgf7§§e day
7.54(m,6H),7.62(d,J=8.0Hz,2H),7.67(d,J=8.0Hz,2H). [0219] SyntheS|s of
(Z)44gm%ﬁ$@a@hyddqulgﬁﬂﬂizilsolutlon was added to the
trlfluoropheny pr gﬁ% % [3- metho>§l -(4- meth Lubl
imidazof-1- )}If eny et yndgﬁg]rﬁ prﬁ N3 %Cfﬁhtag?ﬂ‘lelflﬁg uoLe
compungdwag obtaineehfeeMyy filtration through celite.
4-[(IR,2R)-2-tert-butyldiphenylsilanyloxy-I-(3,4,5- 5
Uﬁhm%@ﬁhéﬁﬁﬁpﬁﬁ@ﬂﬁﬁﬁﬁﬁoﬁ@e%ﬁs(ﬁéﬁé{@??mgﬁmﬁhéﬁﬁﬂnéhﬁannerasin
Examapﬁ |H NMR CDCl?j% 3&0 gﬂ reduc sesure. The
1.33(dJ=6.0Hz 5H), 5 40(S 3H) 3.41 (d0d,J=13 56,

IH), 38 Hdtel; del 32503 2 ksl i), 3 87(s BH)y4 é.]?(dd:d ]9@1 column
J1127232Hzﬂ243mmMJ]126432H2HD451 .
(dt,J=8'4 B 6H2IH) B 12&ﬁ$ﬂ§ﬁ¥&I?BW?%S&?ﬁ%ﬂE@ST to obtain
$,IH),7 08,1 1M, 2hD, 7&%&%%@@%
7.40(dd,J=8.0,1.6Hz,IH),7.43(d,J=1.6Hz IH) 8.04(s,IH). [0220] 15 Example
30 Syrtheris;of (Z)4BHIR2ZR)-1-(3,4-difluorophenyl)-2-

hydroxg%ropyl] -2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-

1-yI)ph T]}nethylldene]morpholln 3-one

Synthesis of 4-[(1R,2R)-2-tert-butyldiphenylsilanyloxy—

1-(3,4,5-trifluorophenyl)propyl]morpholine—-2,3-dione

A solution of 2-[(1lR,2R)-2-tert-

15 Dbutyldiphenylsilanyloxy-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

20 silica gel column chromatography (heptane:ethyl acetate
= 9:1 to 6:1) to obtain 48 mg of the title compound.
'H-NMR (CDC15) & (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-

25 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 (Z)-4-[(1R,2R)—-2-hydroxy-1-(3,4,5-




[Formula 46] MeO N F NON I/ OJ I/ F Synthesis of
(IR,2R)-2-tert-butyldiphenylsilanyloxy-1- 20 (3,4-difluorophenyl)propylamine
5.37 g of the title compound was obtained from 1-bromo-3,4-difluorobenzene
(19 g) in the same manner as in Example 26. The property values of the 212
compound are as follows. iH-NMR(CBE4.3)5(ppm):
0.86(d,J=6,4HZ 3Hb 1 93(8.95),3.826d. 976 QHZo 1 oxy -4 (4-methyl-1H-
1H),3.89(dq,J=6.4,6.0HZz,1H),6.95-7.13(m,3H),7.325

7.44(mm6EY 7059 (delyd= PlRe2 BHZ 21H), ¥ 165(eldal=ib 2rih 8 Hizn -Z2Hp1{6221
Synthesis of (Z)-4- [glR 2R)-1- (3 4-difluoropheny n?f
hydroxypropyl]-2-[13%hetHoxy:a-(a methyi iR ﬂ%zof‘fOObtamed From

1-ylphenyllmethylidenelmonpholin-3-onent3mgofthe tiflecompaynd was
obtained from (1R,2R)-2-tert-butyldiphenylsilanyloxy-I-(3,4-
difluokaphenylysrehyamiher @261 firivd safe’ marthietas it EXainplen6.
The ert values of the com nd are as follows.

iH- Nlr\lhﬁgC YN 13) Jj rpoéjxamg'?e 560

1. BS(MJMEQDEH;)ZEZBQHSH) 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(d1J—3736fj|sz|4) BHF(sAH)%.89(s 1F45>7 f44éddﬂ§0&n BHy6-4,3.2Hz

H),3.81(ddd,J=13.2,7.2,3.2Hz,1H),3.87(s,3H),4.17(ddd,

10 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]

15 Example 31

Synthesis of (Z)-4-[(1R,2R)-1-(3,4-difluorophenyl)—-2-

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

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

[Formula 46]
HO,
C)O“
MeOWN F
Né\N O\) F

Synthesis of (1R, 2R)-2-tert-butyldiphenylsilanyloxy—-1-

20 (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



7.27-7.39(m,3H),7.70(s,1H). [0222] Example 32 Synthesis of
(2)-(S)-4-[(1R,2R)-1-(4-fluorophenyl)-2- 25
hydroxypropyl]-2-[1-[3-methoxy-4-(4-methyl-IH-imidazol-
1-yl)phenyl]methylidene]-6-methylmorpholin-3-one 213 [Formula 47] OHOH..
MeO N N NON |/ OJ I / F Synthesis 6f-2
(1R.2R):Zder:butyldiphenylsilanyloxy-1- (4-fluorophenyl)propylamine 113 mg
of the title compound was obtained from 1-bromo-4-fluorobenzene in the
same mairercas in 5B xample 26. The property values of the compound are

o B3 e AT T b 4 St 38 ghg2 (4 96 . 0rz,

1H),3,93(de1, 356 46 Oz, 110, 6092-6.97 (18,244, 7. 213 19, 3.25(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]
SHnthests 6F (2)1{S) 4 TARERY-+- (4 HudrSpiiemyl)-27 1&° (dd, J=7.2, 2. 8Hz,
hydr propyl]-2-[|-[3-methoxy-4-(4-methy|-|H-imidazol
1-yl)phenylmethylidene]-6-methylmorpholin-3-one The title compound was
obtained from (IR,2R)- 2-tert-butyldiphenylsilanyloxy-I-(4-

Synthesis of (Z)-4-[(1R,2R)-1-(3,4-difluorophenyl)—-2-

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

10 1-yl)phenyl]methylidene]morpholin—-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

15 are as follows.
'H-NMR (CDC15) & (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,JdJ=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) .
[0222]
Example 32

Synthesis of (Z)—-(S)-4-[(1R,2R)-1-(4-fluorophenyl)—-2-

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

l1-yl)phenyl]lmethylidene] -6-methylmorpholin—-3-one




fluorophenyl)propylamine in the same manner as in 20 Example 26. The
property values of the compound are as follows. iH-NMR(CDC13)5(ppm)

1.30(
3.12(
3.83(
6.84(

J=8.0Hz, IH)730 738(

d,J=6.0Hz,3H),1.38(d,J=6.4Hz,3H),2.29(s,3H), 214
dd,J=12.8,10.0Hz,1H),3.51(dd,J=12.8,2.8Hz,1H),
s,3H),4.39-4.50(m,2H),5.41(d,J=¢.6Hz,1H),

$H)6:892(s4H),7.04-7.08(m,2H),7.19(d,
H) 7. 50(5 H),7. 70(5 [H). 5[0224] Example 33

hydroxy{sepytg 7 ‘\ -methyl- IH |m|dazol-

1-yl)phenyl

MeO

10 [0225] 259 mg of the tltle compound was

ONT/ O~ I
obtained from (1R, 2R) 2 tert-butyldiphenylsilanyloxy-I-(4-

fluorophenyl)propylamine in the same manner as in Example 27. The

propert

1.20(

13)5(pom)

5(d, 312 8Hin ) 8.52(d Jsd2:8H 2,3, 83(s.3H) 4.45(dq

J=8.8,6.0Hz,H),5.47(d,J=8 8Hz 1H),6.89(s, 1H) 6.91(s|

10

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 (CDC15) & (ppm) :
0.83(d,J=6.4Hz,3H),1.03(s,9H),3.85(d,J=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-

15

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

1-yl)phenyl]lmethylidene] -6-methylmorpholin—-3-one

20

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 (CDC15) & (ppm) :

1.30(d,J=6.0Hz,3H),1.38(d,J=6.4Hz,3H),2.29(s,3H),



20 H),7.03-7.08(m,2H),7.18(d,J=8.0Hz,IH),7.30(dd,J=8.0, 1.6Hz,IH),7.36
7.40(m,2H),7.52(d,J=1.6Hz,1H),7.70(s,1H). [0226] 215 Example 34
Synthesis of (2)-(S)-4-[(IR,2R)-1-(3,4-difluorophenyl)-
2-hydroxypropyl]-2-[I-[3-methoxy-4-(4-methyl-IH-
imidazol-1-yl)phenyllmethylidene]-6-rA&thylmorpholin-3- 5 one [Formula 49]
OHO-MeQNzNF NON | 40 | F) Y-02271198 mg of the title comypound
was obtained from (IR,2R)-2-tert-butyldiphenylsilanyloxy-I-(3,4-
difluoBoplamylropylarfing.intle, sdime maaner as in ABAXample 26. The
property values of the compound are as_follows. iH-NMR(CDC13)5(ppm)
R e mCI SRR T el PRI

3.16(dd 81128 1) QHZ AH)73 o6 (dd I 28,208H7 A4), 2570 (s, 11) .
3.83(s,3H),4.41-4.48(m,2H),5.38(d,J=7.6Hz,1H),
6:84($1M%,6192(s,IH),7.11-7.20(m,3H),7.26-
7.32(91}(5%%,76.59@1H),7.70(s,1H). [0228] Example 35

Synthesis of (Z)-4-[(1R,2R)-1-(4-fluorophenyl)-2—-

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

1-yl)phenyl]lmethylidene] -6, 6-dimethylmorpholin—-3-one

[Formula 48]

MeO:I::j/Q§erN

N7 N O)% F
)ﬁ

10 [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

15 follows.
'H-NMR (CDC15) & (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
20 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]



20 Synthesis of (2)-4-[(IR,2R)-I-(3,4-difluorophenyl)-2-
hydroxypropyl]-2-[I-[3-methoxy-4-(methylimidazol-I-
yl)phenyllmethylidene]-6,6-dimethylmorpholin-3-one [Formula 50] 216 00
MeO Nz~ N FNON I1/0J ~/F 0229] 172 mg of the title compound was
obtained from (IR,2R)-2-tert-butyldipRéRylsilanyloxy-I-(3,4-
difluorgphenyl)prepylamine in the same manner as in 5 Example 27. The
property values of the compound are as follows. iH-NMR(CDC13)5(ppm)
1.24(83H)b.38¢d IE6 4z, BH). 1 45(S.BH)R.29¢s(3HY-d1 f luoropheny1) -
3.17(d,J=12.8Hz IH?; 3.56(d J:12.8 iz, 1H ,3.84(s,3H), 10

4.45(fg Al

6.91 (s #HNT:14-7:20( Bk 27+ BR(M 2K 2.52(S i 7:70(5,H).1[0230)
Example 36 15 Synthesis of (2)-(S)-4-[(S)-2-hydroxy-I-methyl-I-
(34,3084fluorophenyl)ethyl]-2-[I-[3-methoxy-4-(4-

meth3fIF1H mldaglgl = yl)phenyl]methylldene] -6- methylmorpholin-3-one
[Fornuna OH

@@% i

[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

10 Example 26. The property values of the compound are as
follows.

'H-NMR (CDC15) & (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),

15 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

20 Synthesis of (Z)-4-[(1R,2R)-1-(3,4-difluorophenyl)-2-

hydroxypropyl] -2-[1-[3-methoxy-4—- (methylimidazol-1—

y1l)phenyl]lmethylidene]-6,6—-dimethylmorpholin-3-one

[Formula 50]



MeO ,;IF N*N/OJ/F F 217 2.2 mg of the title compound was obtained
from (S)-4-[(S)-2-tert-butyldiphenylsilanyloxy-I-
methyl-I-(3,4,5-trifluorophenyl)ethyllmorpholine-2,3- dione in the same
manner as in Example 26, using (R)-2 5
tert-butyldiphenylsilanyloxy-I-methyl-143%4,5- trifluorophenyl)ethylamine
prepared according to g'8ecament (J. Org. Chem. 2001, 66, p.8778, for

examplgloas a startinglmaierial, The-property values of the compound are
as follows. NM(C C1 pm):
1.43(%&3& MNZ H),?. s,3H); €s,3H),3.14(m,1H),

3.20(m\AH),3.72(d,J=12.8Hz,1H),3.86(s,3H),4.14(d,J=12.8
Hz,1HY,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), 15
7.50($34972.85(s,1H). [0231] Example 37 Synthesis of

(2)-(65)-2-[1-[3-m xy-4-(4-methy]-1H- .
imidazol-l-yl)pher?y ]?néét%yigl%ertle ?G-JCrﬁie:t -8 2% g7as obratned

(3,4, 5uifluorophenybethydmorptiolin<B:pnenfFRormda o]0, A A N B F4 N//I'N /
OJ/F\=F

difluorophenyl)propylamine in the same manner as in

5 Example 27. The property values of the compound are as
follows.
'H-NMR (CDC15) & (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),

10 4.45(dg,J=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

15 Synthesis of (Z2)-(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

[Formula 51]

OH

o]
MeO:©/\/LN\\' F
N7 N O\;) 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 same
temperature for five 5 hours and at roohi temperature at one hour, and then

THE was evaporaied ypderreduced pressure, 6.2 il of diethanolamine was

added dropwise to a solution of the resulting residue in diethyl ether (150
ml), ahdbthe( $eadtidn Sokiionewasstifretiatioony temperatlve 10levernight.
The insoluble mat%er was removed by filtration, and then the solven%was
evapBiat8d. Hexae was ddded 6 e réslitng résidlis*8nd thé Sinsofuble
mattey was removed by filtrationrgainsThe filrate waspurified by silica gel
column 15 chromatography (heptane:ethyl acetate = 19:1 to 4:1) to obtain
369 §ofthewte cbrpeniid s iHaNREDE 185 (pphmt — (3, 4, 5-

1.46( J=6.8Hz 3H) 4, ( =6.8,1H).,6.98-7.05(m,2H). [0233] 20 Synthesis
RS P SERAUE TS cvad C st el e oo L E B S el on Ul

trifluciepheryl}ethanob(3;6 g)rand diphenylplsgsphaic’ @zide (6.8xahdne )

toluene (70 ml), 1,8 25 diazabicyclo[5,4,0Jundec-7-ene (4.1 ml) was added
as a starting material. The property values of the
compound are as follows.

10 'H-NMR(CDC13) 8 (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),

15 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-

20 (3,4,5-trifluorophenyl)ethyl]morpholin—-3-one

[Formula 52]

| (0]
T;:T O$fJ F
[0232]

Synthesis of (R)-1-(3,4,5-trifluorophenyl)ethanol

To a solution of (+)-DIP-chloride (11.8 g) in



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 219 reaction solution, and the organic layer was separated.
Then, the aqueous layer was subjected to extraction with toluene again. The
organic layers were combined and sédentially washed with 1 N

hydroghioric geid, bywater; a satyratedsodidmybicarbonate solution, and

brine. The organic layers were dried over anﬁydrous magnesium sulfate, and
then thel$dlventwastedporated (indergedlced préssure: Thelresudting
residue was purified by silica gel column chromato raaphy 10e(heptane;ethyl

acetalé T°49:1) 15"0btdin 858 ny bf e it dmpound. ~ 1" reacton

IH-NMB(GDGI3)4RP¥Y i rred at the same temperature for five
1.50(d,J=6.8Hz,3H),4.56(q,J=6.8,1H),6.92-7.01(m,2H). [0234] 15 Synthesis

oP(S)RR(3; 3, 2 iriIudropheny lyethytaimine: T riphenyfpHosphing (8. 23 g PwasE
added to a_solution of.5-((S)-I-azidoethyl)-1,2, 3-trifluoro ene (858 mg) in
THE zqzaf mﬁfﬁ?grn?rt]%ggeﬁg %S%{%%sﬁﬁgﬁé%nf ttﬁtsesrléggﬁon%sb%ﬁ@n \(/gvgas stirred
at roemdemperatier20 for fivedminutesobhereafter, svaten (& bdnl)awas he
added to the reaction solution, which was then stirred at 60C for 2.5 hours.

The regeton SBUtTIGITWASGetdrn@dtb YdomteRtperatire faltovied by e

extractionwith.2 N, fiydraghloric agid (mdge).The bydrachloric acid.25

extraction layer was washed with ethyl acetate and then

10 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

15 chromatography (heptane:ethyl acetate = 19:1 to 4:1) to
obtain 3.69 g of the title compound.
'H-NMR (CDC15) & (ppm) :
1.46(d,J=6.8Hz,3H),4.85(g,J=6.8,1H),6.98-7.05(m, 2H) .
[0233]

20 Synthesis of 5-((S)-l1-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[5,4,0]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



made basic with a 5 N sodium hydroxide solution, followed by extraction with
methylene chloride (twice). The methylene chloride layer was dried over
anhydrous 220 magnesium sulfate, and the solvent was evaporated under
reduced pressure to obtain 348 mg of the titte compound. Further, the
following operation was performed irféfter to collect the title compound 5
remaining in the ethyl acetate dilution.of the reaction. solution. Diethyl ether
was added to the dilution, tollowed by extraction with water. The water
extractiem laysravasiweashedlwith diethy| etherarndtherr made basicowith a 5
N sodium h)édroxide solution, 10 followed by extraction with methylene
chioritie (twice) " THe Acthylene Chiondd Vst wad dried over acrﬁ\ﬁ“;?dlrfdﬁ%
magnesiurasyltate ;and $he sehent was,evaporated sndes -reducedspressure
to obtain 413 mg of the title compound. 15 1H-NMR(CDC13)5(ppm)
1383(dJ=6-4Hz, 313);4:08(§I=624, 1), 057 0a(mt2H} o [0238] 'Sy rithésis of
(2)-(65)-2-[I-[3-methoxy-4-(4-methyl-1H- .

oo Lyt Ted el s ety {5 Feg ver annyarous

(3,4, uifluorophenyl) ethyd marpholin<3:0na 88 mgeaf theatitle: caprpounsk
was obtained from (S)-I-(3,4,5-trifluorophenyl)ethylamine (1.15 g) and
(S)-(-YpropyleRewKide k0 265l as starfingmatérias intheSdmedfanner as

in Examples 18 and 19, 125, HNMRICRGI SRR o graphy

10 (heptane:ethyl acetate = 49:1) to obtain 858 mg of the
title compound.
'H-NMR (CDC15) & (ppm) :
1.50(d,J=6.8Hz,3H),4.56(q,J=6.8,1H),6.92-7.01 (m, 2H) .
[0234]

15 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

20 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

25 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



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,IH),3.20(dd,J=12.8,3.2Hz,IH),3.85(s,3H),
4.30-4.40(m,IH),6.04(q,J=7.2Hz,1H),6.88(s,1H), 221
6.92(d,J=1.2Hz,IH),6.92-7.00(m,2H),7.20(d,J=8.0Hz,IH),
7.33(dd,J=8.0,1.6Hz,IH),7.50(d,J=1.6++PIH),7.86(d,J=1.2 Hz,1H). [0236] 5
Exanﬂpci%ﬁ@s%MBth&ﬂngf:@)'@@'%ﬂlé(%glﬂg@p@%é)'lévaporated under
methylethyl]-2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-I-
yl)phergimethyidenel-6emethyliiorpholid-3-oge ofFormula 5319 O 1/\ J1IN
"All N~~N<L0237] 10 97.8 mg of the title comgound was obtained from
1-(4-fT8P3PRRAYI)-EHEtHY Ity faHRine (500" Y] (EASH17797:16-3] and
(S)-(-prepyiene axide {023 m) asistaring materialsdndbgsame manner as
in Example 26. 15 'H-NMR(CDC13)5(ppm)
150(8T=6.OHE3HY, 1E76(sS3HY, 1. ZHS BHR2 2818 B8H)B .4f the reaction
9(dd,J=13.2,9.6Hz,IH),3.56(dd,J=13.2,2.8Hz,1H),3.82(s,3 .. .

4 TR 08,6 0 5 B 1935 Bo et By P e astucion,
.00(dd aJ=8.8 &8z, 2), 7 46(d J=x8.0Hz, I}, 724 20The water
7.33(m,3H),7.45(d,J=1.2Hz,1H),7.68(d,J=1.6Hz,1H). [0238]

extraction layer was washed with diethyl ether and then
made basic with a 5 N sodium hydroxide solution,

10 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.

15 'H-NMR(CDC13) 8 (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-

20 (3,4,5-trifluorophenyl)ethyl]morpholin—-3-one

882 mg of the title compound was obtained
from (S)-1-(3,4,5-trifluorophenyl)ethylamine (1.15 qg)
and (S)—-(-)-propylene oxide (0.46 ml) as starting
materials in the same manner as in Examples 18 and 19.

25 'H-NMR(CDC1s)d (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),



Example 39 Synthesis of (Z)-(6S)-4-[I-(4 222
fluorophenyl)cyclopropyl]-2-[I-[3-methoxy-4-(4-methyl-
1H-imidazol-1-yl)phenylmethylidene]-6-methylmorpholin- 3-one [Formula 54]
0O I\\V JINV\ If, NAN F [0239] 5 213 mg of the title compound was obtained
from 1-(4-fluorophenyl)cyclopropylantfe (726 mg) [CAS #474709-83-6] and
(S)-(-3-Psenyene 0xde (94 i) as _sfaringmaterialsip the same manmgr, as
in Example 26. iH-NMR(CDC13)5(ppm): 10
1.30-1.44tvd HY A4 4 (A J£6.0HZ3H), 2529(®, 3H), - 6Hz, 1H) , 7.86 (d, J=1.2
3.47(dd,J=12.8,3.2Hz,IH),3.53(dd,J=12.8,9.6Hz,1H),3.84(
s,3H)4.33(dtd,J=9.6,6.0,3.2Hz,IH),6.82(s,IH),6.92(d,J=
1.2Hz,4)36.99(dd,J=8.8,8.8Hz,2H),7.18(d,J=8.0Hz,1H),7.
30(dd,J=8.0,2.0Hz,IH),7.35(dd,J=8.8,5.2Hz,2H),7.49(d,J= 15

2 OHEZAR)T168(E8I=1.2Hz,IH). [0240] Example 40 Synthesis of

(Z)KQ§QQEQ-1 =6 - —fluorophenyl)-1-

trifIucm@ph@mﬂﬂw@hwfwyrﬂdekzei&éﬂiﬁ]oxazirmé{crqazza—imi dazol-1-

y1l)phenyl]lmethylidene] -6-methylmorpholin—-3-one

[Formula 53]
| o}
N O\Y) F
)%

[0237]

10 97.8 mg of the title compound was obtained
from 1-(4-fluorophenyl)-l-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.

15 'H-NMR(CDCl3) 8 (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-

20 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-




[Formula 55]FF OH MeO\/1 NN\ O \-'H 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 1-tert-butyl ester
2-methyl ester 5 (CAS No. 183890-36-0, 7.5 g) in THE (200 mL), 3,4,5-
trifluorophenylmagnesium bromide (0235 M solution in diethyl ether, 100 mL)
was added dropwise)at -4, and, the seqgtion splutionwag stifred.atropm
temperature for six hours. A saturated ammonium chioride solution 10 and
ethyl Béetatedwercladded totlke yédotiorh gélutiens larid tiws: brganic téyeriwas
separated. The resulting organic layer was dried over magnesium sulfate
and theRZEoncentrated under reduced pressure. The residue was purified by
silica ge) gglumn chromatography (elution 15 solvent: heptane ->
heptane:ethyl acetate = 1:1) to obtain 4.0 g of the title compound. The

Q

property v%lue of the compolind is as follows. ESI-MS;m/z 412 [M'+Na]
[0241] 20 s y 65)-6-(3,4,5-
(@]
-

N;;N :

[0239]

5 213 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 (CDC15) & (ppm) :

10 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,J=
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,J=8.8,5.2Hz,2H), 7.49(d,d=

15 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-

1H-imidazol-1-yl)benzylidene] -6-(3,4,5-

20 trifluorophenyl)hexahydropyrido[2,1-c][1,4]oxazin—-4-one




trifluorophenyl) piperidine-2-carboxylate 224 A solution of 4 N hydrochloric
acid in ethyl acetate (20 mL) was added to a solution of methyl (R)-
2-tert-butoxycarbonylamino-6-oxo-6-(3,4,5- trifluorophenyl)hexanoate (4.0 g)
in ethyl acetate (20 5 mL), and the reaction solution was stirred at room
temperature for 14 hours. The reactictfsSolution was concentrated under
reducgg pressure sfhen, ethyl acetate and saturated sodium bicarbonate
water were added to the regdue and the organic layer was 10 separated.
The resulting organic Ig as dried over magnesium sulfate and then
concentrated under redugedypressure. 10% palladium-carbon (100 mg) was
added to a solution of gh lting residue in ethyl acetate (50 mL), and the
reactlor,\r,,gglutrn was sfirreda a 15 hydrogen stream at room temperature for

Six hours T gactipn sBiution was filtered through celite, and the filtrate
‘ ed pressure to obtain 2.7 g of the title
comp The property Walue of the compound is as follows. 20 ESI-MS;

m/z 274[M'+H] [0242] Synthesis of [(2R,6S)-6-(3,4,5- trifluorophenyl)
piperidin-2-yllmethanol LAH (75 mg) was added in three portions to a 25
solution of methyl (2R 65)-6 (3 4 5- trlfluorophenyl)plperldlne -2-carboxylate
(270 Mg , e

oxo-6—-(3,4,5-trifluorophenyl)hexanocate

To a solution of (R)-6-oxopiperidine-1,2-
dicarboxylic acid l-tert-butyl ester 2-methyl ester
5 (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
10 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
15 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]

20 Synthesis of methyl (2R,6S)-6-(3,4,5-

trifluorophenyl)piperidine—-2-carboxylate




solution was stirred at -20C for one hour, and water 225 (0.1 mL), a5 N
sodium hydroxide solution (0.1 mL), and water (0.3 mL) were sequentially
added to the reaction solution. The mixture was heated to room temperature
and filtered through celite. The filtrate was 5 concentrated under reduced
pressure to obtain 242 mg of the title?’édmpound. The property value of the

compound is as fallaws. ESiM3 Mz 246 [M+1dh, [0243] 10 Synihesisof
(4R,65)-6-(3,4,5- trifluorophenyl)hexahydropyrido[2,1-c][1,4]oxazine-3,4-

dioneeAanixtgre (G0 (2R )65)6-(3 &8 4triflucrophemyljpipeddin2yidjmethanel
(242 rzngg with b15 diethél oxalatle 1.3 m%) was eatgd and stirred at 120C for
one HourSThe TREAISH SoRtibh-WAS18f to B0l “o robhi temperature, and the

precipitated.solisbwasyeoliected hy-filtration. Fhe resuktingisalidkwasewashed
with an ether and air-dried to obtain 228 mg of 20 the title compound. The
pfopétty vafied dffther eempbrihdsareas f6llows. iIFENMREBE13)5(hpm)

L9 LIS A LM P cunion v

4.43(ddl=dd:6,3:6HZIHY5:1 9 d=d<QHzED £:82-. 6.90(81 2H) [0244]
acetate and saturated sodium bicarbonate water were
added to the residue, and the organic layer was

10 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

15 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.

20 ESI-MS;m/z 274[M'+H].
[0242]

Synthesis of [(2R,6S)-6-(3,4,5-

trifluorophenyl)piperidin-2-yl]methanol

LAH (75 mg) was added in three portions to a
25 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



Synthesis of (4R,6S)-3-hydroxy-6-(3,4,5 226
trifluorophenyl)hydroxyhexahydropyrido[2,1- c][1,4]oxazin-4-one A 1 M
solution of lithium tri-sec- butylborohydride in THE (0.79 mL) was added
dropwise to 5 a solution of (4R,6S)-6-(3,4,5
trifluorophenyl)hexahydropyrido[2,1-c}124]oxazine-3,4- dione (228 mg) in
THE (10 mL )3t -15G; apd.the; repction. solutioniwag stigred @t -15G for thiee
hours. A5 N sodium hydroxide solution (0.25 mL) and 20% aqueous 10
hydrogereperoxide (0.05wat $ wereseguentially added too thé eeaetiarr ion
solution at -15C. The reaction solution was left to cool to room temperature

and stitred ot one hour iy aeetae Al 5€odidm Sifite SO THR “Wete

added g the reaction salution, anditheorganic:15 layer-wasseparated. The
resulting organic layer was washed with brine, dried over magnesium

stlfateoapen et ednsenratetrdidedredied pressarerid residdenwast

purified by, silica gel column, chramatograph (%eluti n solvent: heptane:ethyl
et S L1 o B0 Destatoy 1o SRR i oYt s Sorat bt Thes
property ¥aluecafithescompound is as follows. ESI-MS;m/z 302 [M'+H] [0245]
Synthesis of (2)-(6S,9aR)-3-{I-[3-methoxy-4-(4-methyl- 25
1H-irfidaz¥R 1% bentyitfere]-6-(3,4,5
trifluoygphenyl)hexahydropyrido[2,1-c][1,4]oxazin-4-one A solution of
(4R,65)-3-hydroxy-6-(3,4,5-

10 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]methanol (242 mg) with
15 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
20 the title compound. The property values of the
compound are as follows.
'H-NMR (CDC15) & (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),
25 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-




trifluorophenyl)hydroxyhexahydropyrido[2,1 227 c][1,4]oxazin-4-one (240
mgq) and triphenylphosphonium bromide (328 mg) in acetonitrile (10 mL) was
heated under reflux for one hour and then left to cool to room temperature.
To the reaction solution, 3-methoxy-4-(4 5
methyl-IH-imidazol-1-yl)benzaldehyde ¢£72 mg) and triethylamine (0.33 mL)
were added, and hereaction - slution was stigred.at ypom temperature for 13
hours. Ethylacetate and saturated sodium bicarbonate water were added to
the reactibnidalutiennarid the organic 10 layer was separated. The resulting
organic layer was _washed with brine, dried over magnesium sulfate, and
then concentrated undét redticted PredEure: The'fesidde “%as purified by
silicagel gohunprchieomatographyr (qarries: GhyomatorexNH; ghsion selvest:
15 heptane:ethyl acetate = 1:1 -> ethyl acetate -> ethyl acetate:methanol =
99) té oinain-1300hg (dfRtheitte® tompodnd. The property values of the

compoung are as follows, iH-NMR(CDC13)S(ppm) . oxazine_3. 4—
b e A TR O 2z
2.28(mi;,dH,2(30(s,3),3:86(3:8H) (4 ©4(t,J=20.0Hz1H),4nd the reaction
06-4.14 m,lH),4.36(brd,J=8.4HZ,1H),5.g6(t,J=4.0HZ,1H),
6.83(§1H)'6.86-6.93(M2AY 6 4(brs, 1Y for three hours. A 5 N
7.21(d J=8,0Hz, 1H).7: 38(d0, 38 0.1, 6112, 1), 7139637 L6+ 28 e ous
Hz,1H),7.73(brs,1H). [0246] Example 41

10 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
15 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
20 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-

25 1H-imidazol-1-yl)benzylidene]-6-(3,4,5-

trifluorophenyl)hexahydropyrido[2,1-c] [1,4]oxazin—-4-one

A solution of (4R,6S3)-3-hydroxy-6-(3,4,5-

trifluorophenyl)hydroxyhexahydropyrido[2, 1-



Synthesis of (2)-(6S,9aR)-6-(3,4-difluorophenyl)-3-{1 228
[3-methoxy-4-(4-methyl-IH-imidazol-I-
ylbenzylidene]hexahydropyrido[2,1-c][1,4]oxazin-4-one [Formula 56] F F
MeO ON " H /1\ NN\ O Synthesis of methyl
(R)-2-tert-butoxycarbonylamino-6- (324 Hifluorophenyl) 6-oxohexanoate 5 To

a solution of, (R):6:0xppipgtiding,L.2- digarboxylic Ljer iyl estenn
2-methy ester (CAS No. 183890-36-0, 5.8 g) in THE (2 0 mL), 3,4-

difludmpheld}flm@@femmh Bronaidet(0r5. M $okRitiONONMTH FWw B0 ity tveals
added dro wise at -40C, and the reaction 10 solution Was stirred at -40C for

sevent Rtirs. /A Tdatirddt Shditm eRdrdasdbidfion and SR acEtate o™

were agded:torthesreactionsolution, and thes mixture nyas -heated 19 raomy -
temperature. Thereafter, the organic layer was separated, and the resulting
ofgariie 1sviayer whsidied bver madiastancsiiite and/thets comeéntrated

under red%quﬁgressurq Tlg re: |gue was Léhlfded bxglltcna gel colgé

chromatogra y elrl]Jtlon so vent. heptane ->"heptane:et Facetate = 1: 1) to

obtais 318 giofthedilescampeang: Thedpropettyralue20 abthelcompauad is

as follows.
Ethyl acetate and saturated sodium bicarbonate water
were added to the reaction solution, and the organic

10 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:

15 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 (CDC15) & (ppm) :

20 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(d4,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 (Z)-(6S,9aR)—-6-(3,4-difluorophenyl)-3—-{1-




ESI-MS;m/z 394[M'+Na]. 229 0247] Synthesis of methyl (2R,6S)-6-(3,4-
difluorophenyl) piperidine-2-carboxylate A solution of 4 N hydrochloric acid in
ethyl 5 acetate (20 mL) was added to a solution of methyl (R)-
2-tert-butoxycarbonylamino-6-(3,4-difluorophenyl)-6- oxohexanoate (3.8 g) in
ethyl acetate (20 mL), and the reactiéA %olution was stirred at room
temperatyre for, 9.5, hours, he feagtion solytign was concentrated 10 under
reduced pressure. Then, ethylacetate and saturated sodium bicarbonate
watemwere addédderthéhresidue rand thelofigadicdayer, wasseparated che
resultin anlc I er was dried over magnesium sulfate and then
conce[rg% fed un&er reduced pressure. 15 10% palladium-carbon (50 mg)
was added to a solution of he resulting residue in methanol (20 mL), and the
reaction solution was stirrg a hydrogen stream at room temperature for
two hours. The react|on salution was filtered through celite, and the f||trate

compoun
256 [M a
2-yllmgthanol LAH (90 mg) was added |n three portlons toa

Synthesis of methyl (R)-2-tert-butoxycarbonylamino—6-

(3,4-difluorophenyl)—-6-oxohexanoate

5 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

10 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

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;m/z 394 [M'+Na].



solution of methyl (2R,6S)-6-(3,4 230 difluorophenyl)piperidine-2-carboxylate
(300 mg) in THE (5 mL) at -15C over 15 minutes. The reaction solution was
stirred at -15C for one hour, and water (0.1 mL), a 5 N sodium hydroxide
solution (0.1 mL), and water (0.3 5 mL) were sequentially added to the
reaction solution. The mixture was héatéd to room temperature and filtered
through cetite. The filtrate was concentrated under reduced pressure to
obtain 267 mg of the tittle compound. The property value of the compound is
as 10cfotionss IEShMSwmi/izy228 fAA4) {6249, Synthesis of (4R,6S)-6-(3,4-
dlfluorophenyl)he r|d0[2 1- c][ A4 oxazme 3,4- 15 dione A mixture of
[(2R,65)-€ < IphemyNpiseiTdif-o-Shmeth 267 mg) with diethyl

oxalate (1.6 mL) %%B@@E@ﬂoﬁn%ﬁtlﬂrﬂd altyb%%hmlolr@ heuk The keagtion
solution was left to cool 20 to room temperature, and the precipitated solid

was eshécted by filtraibny Theaddetting selic abst Washed Wwith anletheyand
air-dried to obtain 192 m the title co L3 T operty values of the
compbgl?% gre%as ?cm{)ws?bzgl ?\TM& C %s‘;lg(dl B h)ényP) °
1.38-3:48(8% 3 H) A£85-1366(m )1 H)al 68.1.83{@x2H}.2.120 mL), and the
2.25(m,2H),3.99-4.18(m,1H),4.35(t,J=11.6Hz,1H),

reacfion solution was stirred at room temperature for

5.5 hours. The reaction solution was concentrated

10 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.

15 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

20 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]

25 Synthesis of [(2R,6S5)—-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-



4.42(dd,J=11.6,3.2Hz,IH),5.27(t,J=4.0Hz,IH),6.94 231
6.99(m,1H),7.01-7.07(m,1H),7.10-7.17(m,1H). [0250] Synthesis of
(4R,6S)-6-(3,4-difluorophenyl)-3-
hydroxyhexahydropyrido[2,1-c][1,4]oxazin-4-one 5 A 1 M solution of lithium
tri-sec butylborohydride in THE (0.7144P) was added dropwise to a solution
of (4R, 68):8:434x S{{Q?E’BSMQQﬁé@BM%VQPMQQQ[L%%jeC][(%GI?W}”%'%"THF
dione (192 mg) in THE (10 mL) at -15C, and the reaction 10 solution was
stirred atm15Csfor thig€ houes: A5 Nisodiemn hy@rexide sotution (R25tmbh
and 20% agueous h%drcl%eq é)reroxide (6(3915 mL) were seguenti%lly added to
the ré5ttion €8i0tion 4t -15C. THE Feadtion ' S8titioR "Wald&ft o coot t8'Fdom®
temperatue, and:stirred-for 1t-08e hour oEthyd acetate and a sedium sulfite
solution were added to the reaction solution, and the organic layer was
sépardted "Fhe résdiingorganic RYervds wWasheddithisrine dridd-ever
magngsiumsuifate. and ten.concentiated ynderreduced pressure, Tl
residue 20 was purified by sflica ge column ¢ ro%atograp%y IZelution solvent:
heptane:eilyh acetate <. 1: Iz ethyl tacetate)de ohtabehblangof dhedite
compound. The property value of the compound is as follows. ESI-MS;m/z

284[MSSHF o5 FoS5 1 Sinthe sRPGPE - (63/95R)-65 (I Aiftddrophenyl)-3-{1-
[B'mq;gfﬂ%g}sﬁf’ﬁ@fm%mél'%gﬁMl_lfalue of the compound is as

10 follows.
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-

15 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

20 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.

25 'H-NMR(CDC1s)d (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-



yl)benzylidenelhexahydropyrido[2,1-c][1,4]oxazin-4-one 232 A solution of
(4R,6S)-6-(3,4-difluorophenyl)
3-hydroxyhexahydropyrido[2,1-c][1,4]oxazin-4-one (151 mg) and
triphenylphosphonium bromide (220 mg) in acetonitrile (7 mL) was heated
under reflux for one 5 hour and then feftlto cool to room temperature. To the
reactipnosglition,) 3-methoxyed-(4-methyl-IH-mjdazals}: yllpenzaldehyde (115
mg) and triethylamine (0.22 mL) were added, and the reaction solution was
stirred @ Sfolom temperature for 12 hours. Ethyl acetate and 10 saturated
sodmgn blcharbonate water gge add d o the reactloQ SO|llJtIOI’3l and the
organrictayery waswashed with
bnneh§ﬁgx&QW@y@@9@§§gyBﬁyyaﬁzﬁmaqhemqeag@amawmbﬁ@derreduced
pressure. The residue was purified by 15 silica gel column chromatography
(Carrier: Chromatotex NHS @luticrPsorent: jl’iéﬁtﬁﬁe@thyﬁ&@etate 1:1->
ethyl acetate) to bt|n 50. the it ound The praperty values of
the cogmg a!Lg)tjzlrar](?)a ’as OCiLFO gE%fF % m/z 2 [KJ/F+H %% RrAEERIES T
'H-NMR$cDE13)5(pEm) 4%.38s1 -58(m32H),1.66-1.80(m,2H),2.10-
2.28(m,2H),2. 3({)%163H ,3.85(s,3H),4.03(t,J=10.4Hz,|H),4. 05-4.16(m,1H),
4.35(8d TR 2261 WHE 5 RafE 327 62 1), 6 52 ki 605 (bie My 6 08

25 7. ggg‘ﬂéH}? %IX 6@% 2H3F7 %de nlz? OaHZ 11_99 and the reaction
7.35(d,J=2.0Hz,IH),7.36(dd,J=8.0,2.0Hz,IH),7.71(d,J=1.2 Hz,1H).

10 solution was stirred at -15°C for three hours. A 5 N

sodium hydroxide solution (0.25 mL) and 20% aqueous
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

15 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

20 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].

25 [0251]

Synthesis of (Z)-(6S,9aR)-6-(3,4-difluorophenyl)-3-{1-

[3—methoxy-4—(4-methyl-1H-imidazol-1—

yl)benzylidene]lhexahydropyrido[2,1-c][1l,4]oxazin-4-one




[0252] 233 Example 42 Synthesis of (Z)-(6S,9aR)-6-(2,6-difluoropyridin-3-yl)-
3-{ 1-[3-methoxy-4-(4-methyl-IH-imidazol-I-
ylbenzylidene]hexahydropyrido[2,1-c][1,4]oxazin-4-one [Formula 57]F N 0/
e-H N NAN/"A\10H 5 Synthesis of methyl
(R)-2-tert-butoxycarbonylamino-6- (2 62difluoropyridin-3-yl)-6-oxohexanoate

LDA (1.5 M solutign in, THF; 3,2 mL) wasadded. [ a:seluionifopneny) -
2,6-difluoropyridine (492 mg) in THE (25 mL) at -78C, and the reaction

solutionhwas stirred=x40yat=-F8C - for P 3 hours.[A,sblutierr bh (R)-6ne (151
oxopiperidine-1, 2-dicarboxylic acid 1-,tert-but§/I ester %-meth | ester (CAS

No. 1 %égﬁ%-ﬁﬁ%‘%‘)‘m POty vad 88aed td the réddtion' solution at

-78C 4 The okeaction.solution was:stinked et 478&der opehaur and 1§at 0C for
2.5 hours. A saturated ammonium chloride solution and ethyl acetate were

afldefitgthéréattic dotdtiotcard tHe htixtipewasheated to-foomTo the

gerr;;r% %a%g;%ro&g%r%%%%ﬁb@? Ofganis,layer yas, separated; and the resulting
yvl)benzaldehyde (115 mg) and triethylamine (0.22 mL)
were added, and the reaction solution was stirred at
room temperature for 12 hours. Ethyl acetate and

10 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

15 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].

20 'H-NMR(CDC1s)d (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-

25 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]



20 over magnesium sulfate and then concentrated under reduced pressure.
The residue was purified by silica 234 gel column chromatography (elution
solvent: heptane:ethyl acetate = 1:1 -> ethyl acetate) to obtain 148 mg of
the title compound. The property value of the compound is as follows. 5
ESI-MS;m/z 395 [M'+Na] [0253] Synthesis of
(2)-(68,9aR)6-(2,6-difluoropyridin-3-yl)-
3-{l-[3-methoxy-4-(4-methyl-IH-imidazol-I-
yl)beszylidenellsexehydibpyfifle [2aRcld-4Joxazim:4ome 008 mighoBtheltitie
compoynld_w s ol obtalned from mthp{l gR)-Z tert butox carbonylamlno -6-(2,6-
oFopyrich 48 e manner as in
Exani,mf;?ﬂénJﬁlﬁ@ﬂﬂ%%%'b}%&ipmﬁ%mpoyﬂg are,as follows, 16 one
iIH-NMR(CDC13)5(ppm)

1.44-15%3(2R) 1/68-1.81(m,1H),1.85-1.94(m,IH),2.09-
2.27(m,2H),2.29(s,3H),3.84fs,3H),4.05(t,J=10.0Hz,IH) 4.

- ﬁ--

J=7.6Hz,IH),7.35(dd,J=7.
7.70(br¥$A OHz,IH). [0254] Examples 43 and 44
Synth ?LS of ifluoropyridin-3- 25

yl)ethid 2’\{I [3-methoxy-41(4-methyl-IH-imidazol-I-
yl)phepyllmethylidene]-morpholin-3-one and (2)-4-[(S)-

5 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

10 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

15 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

20 over magnesium sulfate and then concentrated under

reduced pressure. The residue was purified by silica



1-(2,6-difluoropyridin-3-yl)ethyl]-2-[I-[3-methoxy-4-
(4-methyl-IH-imidazol-I-yl)phenyl]methylidene] 235 morpholin-3-on [Formula
58] MeO\\NY MeO\\N\ OO N~N~/U~ 2 FAN*F N~NJ > OJ F~N~F /
The title compound racemate was obtained from 2,6-difluoropyridine,
aminoethanol, and 3-methoxy-4-(4- ntethyl-1H-imidazol-1-yl)benzaldehyde as
starting ;materigls inthe same manner @s inthe.other sypthesis in Example
22. The resulting racemate was separated by CHIRALPAKTM IA
manufactuzed bytDaiceh Chiemiear Industriess Litd.Y(2acrathé 25)crhp msiilel n
phase: hexane:ethanol = 6:4) to obtain the title optically active compound
with a reteRtioR tinid of 18 hin i8S (38! 7 mg) Ahdthekitie Spticallyactive
compound-with -a xgtentiondtimgof 22 minutes (37.9 mg). The property
values of the title optically active compound with a retention time of 18
niinufesI (ERample 23y feasfollows. 5 'H-NMR(CDC13)5(ppm):
1.68((EIOJﬁj%gHz,sH),2.29(5,3H),3.41-3.47(m,IH),3.63-
3.68(m,[H),3.85(s,3H),4.22-4.28(m,2H),
5.77(9;3=68HzdH),6.83(s,1K) H.8260d; =8 4,8 8HZ H)E opyridin-3-y1) -

.92(s,IH),7.20(d,J=8.4Hz,IH),7.35(d,J=8.4Hz,IH),7.38(s, 10
1H),73 L = _ I l)le—lmldazol—l—

yl)benzylidene]lhexahydropyrido[2,1-c][1l,4]oxazin-4-one

10 18 mg of the title compound was obtained from
methyl (R)-2-tert-butoxycarbonylamino-6-(2,6—
difluoropyridin-3-yl)-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) 8 (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,

20 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 (Z)-4-[(R)-1-(2,6-difluoropyridin—-3-

25 vyl)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]lmethylidene] -




The property values of the title optically 236 active compound with a
retention time of 22 minutes (Example 44) are as follows.
iH-NMR(CDC13)5(ppm):
1.68(d,J=6.8Hz,3H),2.29(s,3H),3.41-3.47(m,IH),3.63- 5
3.68(m,IH),3.85(s,3H),4.22-4.28(m,2H$ >

5. 77(g01f]%gng!H3 -33(s,IH),6.87(dd,J=8.4,2.8Hz,IH),6

.92(s,H), z,IH),7.35(d,J=8.4Hz,IH),7.38(s,
1H),7[FdsybH{8:00(dd,J=16.8,8.4Hz,1H). [0255] 10 Examples 45 and 46
Synthesis of (Z2)-(S)-4-[(S)-1-(2-fluoropyridin-5-

yl)ethyl]-2-[I-[3-methoxy-4- 4 -methyl-IH-imidazol-I-

O
yl)phenyl methylldene] 6 ethyl orpholin-3-o§)?e8nd Z)-
3% “Spf)e [-[31 N N ' =
gmidazol-LL . O\) NG

(S)-4-[(R)FY:
yI)phem{ﬁ\ thylidene]- 6 ylﬁmrpMollnFS ne 'TFormuIa 59] N//' N I/ OIN
I/>e‘|E

F

FNi N N F [0256] Synthe5|s of 1-(6-flug opyrldln -3-yl)ethylamine
1-(6-Fluoropyridin-3-yl)ethanone (7.8 g) was 20 synthesized from
6-fluoronicotinic acid (10 g) in the same manner as in Example 22. The title

compound (457 mgFwas obtardePraRrf1 {6 I/Ibpydin-S5Pethsiore om
(1.09.9)s Thepropesy values of the campgund.are ag 237 fallows., 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.

5 'H-NMR(CDC13) 8 (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(g,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,

10 1H),7.71(s,1H),8.00(dd,J=16.8,8.4Hz, 1H) .

The property values of the title optically



TH-NMR(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
Hz,IH),7.84(m,IH),8.17(d,J=0.8Hz,IH). 5 [0257] Synthesis of
(2)-(S)-4-[(S)-I-(6-fluoropyridin-3-

yl)ethyl]-2-[I-[3-methoxy-4-(4-methyl- i fmidazol-I-
prh%%ﬂHUSHB@H@QS$§ methylmarpholin-3;ane and (B- 22 ninutes
(S)-4-[(R)-I-(6-fluoropyridin-3-yl)ethyl]-2-[I-[3 10
methoXy-drEmethy|-kimdazobl-Lows .

yI)ph@ny meth Ildene] -6- methylmorpholln -3-one The title compound
diastefeomar ?éxtluﬁ')e (ﬁ%o Fﬁg) was obtained as a crude product from 1-(6-
fluoropysigin:35yd)-etlanine £456 agkin the. same . 15 manner asdn -
Example 22. The resulting diastereomer mixture (45 mg) was separated by
CHIRALPART M)A 3m%%$ac%ﬁ?ecﬁb%}§ieéﬁ¢ﬁeﬁﬂéal Industries, Ltd. (2 cm
X25¢ abile ph ane: anl )10 optain the title t|
active r(Izr{nrep uir?dgw a ?eﬁt))én%org £2 tl%e of 5‘;3 r%tl(rj\ﬁgj{feb;,1 F[ Ogmgg) %%r}?d |tfe
opticalbe ective compourad ywth. a wetertiontire @f,63-minutes1 €6 ,87mg8 The
property value of the title compound diastereomer mixture is as follows. 25
ESI-M8)m/iz 437 ¥ TheDrdperty ValGes of fite fitfé optically active
comppghéewith a retention time of 57 minutes are as follows. 238
iIH-NMR(CDC13)5(ppm):

10 Examples 45 and 46

Synthesis of (Z)—-(S)-4-[(S)-1-(2-fluoropyridin-5-

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-5-yl)ethyl]-2—-[1-[3-

15 methoxy-4-(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6-methylmorpholin—-3-one

[Formula 59]
o =
seneaclliie saeas!
/\N < NN O\i) N F
)% :

[0256]

Synthesis of 1-(6-fluoropyridin-3-yl)ethylamine

- (6-Fluoropyridin-3-yl)ethanone (7.8 g) was

20 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



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,J=2.8,13.2Hz,IH),3.8
5(s,3H),4.37(m,IH),6.15(q,J=7.2Hz,IH),6.89(s, 5
1H),6.93(s,IH),6.96(dd,J=2.8,8.4Hz,IH),7.21(d,J=8.0Hz,|
H),7.34(m,IH),7.51(d,J=1.6Hz,IH),7.72¢d.J=1.2Hz,IH),7.7
7(m,liH),8,21(dd,J=1.2,1.2Hz,IH). The property values of the title optically
active compound with a retention time of 63 minutes are 10 as follows.
iH-NMR(@DXCLB)S{ppm)ppm) :

1.42(d,J=6,4Hz,3H),1.61(d,J=7.2Hz,3H),2.30(s,3H),2.99
228 00 S ) SO gt B AP 3 S (2 9-3.2, 8.4
4.13¢m, 1), 61740, d=6:8h7 AH)KB 8RS 01 31z, 11) .
1H),6.94(s,IH),6.96(dd,J=2.8,8.8Hz,IH),7.21(d,J=8.4Hz,|
HY,7.38@ki13=1.6,8.4Hz,IH),7.53(d,J=1.6Hz,IH),7.73(d,J=

1.2H75,II—II1)JL.81 m 2 . 0258] Examples 47 and 48 20

uoropyridin

yl)phenyl]methylidene}-6-methylmorpholin-3-one and (Z)-
(S)-4 oh :ﬁgﬁ9ﬁéﬂgﬂgg%pgémorphol1n—3—one and (Z) -

methoxy-4;(4rmethyl-liimidazol) 051 gin-3-y1)etny11-2-11-[3-

yl)phenyl]methylidene}-6-methylmorpholin-3-one 239 [Formula60] O O ~0\
JIN FrELQ: O NE-N4~Net BN NEN-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
15 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
20 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.
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.



[0259] The title compound was obtained as a diastereomer mixture in the
same manner as in Example 22 from 1-(2-fluoropyridin-4-yl)-ethylamine
prepared in 5 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; mobilé Phase: ethanol-hexane system) to
obtain ghe tile Gompeund with a retention time of 23 minutes (Example 47)
and 10 the title compoun cFth a retention time of 26 minutes (Example 48).
The property vaheds Bf thigititlé - cadnmpound -cftexariple24 3 @fe asfollois. 3H
iH-NMR(C C13

T an( e D IsP o B S0 A @8 1) 3.

d,J=124,%2hz AH},3 24 (dd)J$13.8 2 8hzAH)13:86¢5,36).5 9 (s
4.34-4.42(m,IH),6.11(t,J=7.2Hz,1H),6.89(brs, 1H),
6:90($1HM),6:94bs, IH), 7 AR brdid=S2HA ), 222(d 387 - 21 (d, J=8.0Hz, 1

3C()o|H 54'1%% 8%2@(3 31 %ﬁézﬂlﬁgjﬁz%p fdzleg’(??gal’%)piaez 49 angso ™
Synthesis ofi () (S)r4<(5)7(5-Hyoropyridin--

ylhethyl]-2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-| 240
yl)phenyllmethylidER&]BERERAMOorphBRR-Ron& nd-(Ate cptically

(S)44@%£LQ5gHHﬁH@H&“Qé%%bgﬂggt%$kg%n time of 63 minutes are
methoxy-4-(4-methyl-IH-imidazol-I-

ylphesylfméthylidene]-6-methylmorpholin-3-one [Formula 61]

Y H-NMR (CDC13) & (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(q,J=6.8Hz,1H),6.89 (s,

15 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

20 Synthesis of (Z)-(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-

25 vyl)phenyl]lmethylidene}-6-methylmorpholin-3-one




JNV1II0WIN,NI/OI/FN,NI/O I/ F 5[0261] Synthesis of
1-(5-fluoropyridin-2-yl)ethanone Copper iodide (811 mg), 1-ethoxyvinyltri-n-
butyltin (19.2 mL), and bis(triphenylphosphine)palladium (lII) chloride (1 g) 10
were added to a solution of 2-bromo-5-fluoropyridine (5 g) in acetonitrile (250
mL), and the reaction solution was héated and stirred in a nitrogen
atmosphere at1QQG for two hours. The reaction solution was returned to
room temperature, and the solvent was evaporated under 15 reduced
pressure. The residue was diluted with ethyl acetate and washed with brine.
The organjelayer was _dried. oy agnesiuprsylfate,andthe sqlvent was
evaporated u uced pressure. The regidyge was diluted wjth acetone
(120 mky, and (S)-(+)-10 20 ca p'\hors@ nic acid (9.2 g) was added to the
reaction ysolution. After tonfirming prodiction of the target product by
thin-layer chromatography, the solvent was evaporated under reduced
press%%ghe residue was 241 diluted with an ether and neutralized with
sodium car%)onate. Water was added to the reaction solution, and the
organic solution was<sepatratec: diiie-arganie slayet wiascdried oxer

magnesium sulfate, and the residue 5 was purified by silica gel column
chrorfi&fograpRy Carfdr Chronidtorée Sation Solst: Réxare BtRYIPLe

aceu%%)%%%Pﬁﬂﬂ§§¥%9&3ﬁ8§§¥%ﬁ%ﬂn@99@9leﬁy1amine prepared in

5 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

10 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 (CDC13) & (ppm) :
1.42(d,J=6.0Hz,3H),1.60(d,J=7.2Hz,3H),2.30(s,3H),3.03(d

15 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) .

20 [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-




property values of the compound are as follows. iIH-NMR(CDC13)5(ppm): 10
2.71(s,3H),7.51(m,IH),8.11(ddd,J=0.4,4.8,8.8Hz,1H),8.51 (d,J=2.8Hz,IH).
[0262] Synthesis of 1-(5-fluoropyridin-2-yl)ethylamine The title compound
(483 mg) was obtained from 15 1-(5-fluoropyridin-2-yl)ethanone (525 mg) in
the same manner as in Example 22.7He property values of the compound
am’a§fg%ﬁ@ﬁftﬁh@@ﬁygEé%%@?ﬂamﬁéthylmorphol1n 3-one and (Z)-—
1.42(d,J=6.4Hz,3H),4.18(q,J=6.4Hz,IH),7.30- 20

7.37 (1 2HY 84 R(d:J=2.4HZ, UH) jOP6 B} iSyathesissohyl ] —2—- [1-[3-

§/|Z))e'ES“2 4-[(S)-I- (45 fluorog rldlln -2-
yl)phenylnethyligeael-prmethydmarphelindrane st (4)-25 one
(S)-4-[(R)-I-(5-fluoropyridin-2-yl)ethyl]-2-[I-[3-

methdXypan@ methyl-IH-imidazol-I-
yl)phenyl]methylidene]:§-methylmorpholin-3-one The title coggpound

dlastere0@98 42 ,qng) was obtal/n@d as a \ud productfrom
1-(5- fluorop I)-efFHyIa ind (483 mg) in th ;ﬁgrm
Exam%ljaaA He re g di é‘ ¢ Sepa

CHIR KTM OD-H 5 manufactured by | Chemical Industries, Ltd. (2
cm X 25 cm; mobile phase: hexane:ethanol/= 8:2) and CHIRALPAKTM
AD-H manufactured by Daicel Chemical

5 [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)

10 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

15 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-

20 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



Industries, Ltd. (2 cm X 25 cm; mobile phase: ethanol) to obtain the title
optically active compound with a 10 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. 15 ESI-MS;m/z 437[M~+H]*¥he property values of the title

opticafly; active.compaynd with a retention. tme;of 23 minytes arg, s follows.
TH-NMR(CDC13)5(ppm): 20
1.37(da=64HEz:3H), V8I4d, J=ys2 H2(BH), 22 K6 8H)sRh i 7 (cbn solution,

d,J=1.2,13.2HZ,1H@),3.52(dd,J=2.8,13.2HZ,1H ,3.84(s 3H)’I ,
4.37(%}?%%?08@jélé.ilfz?iﬁ},%?&(%?ﬁ-lf%@(%ﬁ%—i‘); he organic
720@&%7‘6&“&'551%1&2(%%%)Ja%?fgs‘lgemag\ﬂ)fate, and the residue
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

pfoperfpvaluesioftieltitlesdpticalyd attive temp sl Withca Fetehtion time of
27 minutes are as.follows. 243 iH- R;CDCl 5(ppm); wane—
BN A 300 L RO A By D00l Ay B g e ane-etny

3.56(a52H),3:85 (o3 h 4L 78 )56 §24q, J=6-8Hz Y, 6B mpound . The

3(s,IH),6.93(s,IH),7.20(d,J=8.0Hz,IH),7.32(d,IH),7.36 5
7.43(RT 2R 783 (R IRE BHE 1) 7. PR T O HE £HY. 8. 40! OI=1.6Hz, IH).

[0264h%NMR(CDC13)5(ppm):

10 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
15 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 (CDC13) & (ppm) :
1.42(d,J=6.4Hz,3H),4.18(g,J=6.4Hz,1H), 7.30-
20 7.37(m,2H),8.41(d,J=2.4Hz, 1H).
[0263]

Synthesis of (Z)—-(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)-—

25 (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



Example 51 Synthesis of (Z2)-(S)-4-[(S)-I-(2-chloropyridin-4- 10
yl)ethyl]-2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-I-
ylphenyllmethylidene]-6-methylmorpholin-3-one [Formula62] O CI ~O I NI
Nzz: NO,)t [0265] Synthesis of 1-(2-chloropyridin-4-yl)ethanone The title
compound (7.18 g) was obtained from##5 2-chloroisonicotinic acid (8.5 g) in

the same manney, as; inExample 22, Jhe.property valygs of the compound
are as follows. iH-NMR(CDCI3)5(ppm):

2.63(8 BH)y P66(IIH); 277 (M 1E)8y39¢m id). (20J0266] Synthesis afe
(R)-I-(2-chloropyridin-4-yl)ethanal _ A solution of 1-&2,—chloropyridin-4-
yhetHAnShe (7218 ) iff tetFRhydrofuran’(1® Mty Was 2494 °addéd drspifse to
a solution of 6+)(BPehjoride (1222 g) intetrighydrefuranA840 aaljat -20C,

and the reaction solution was stirred at the same temperature overnight.

The reagtién selutich Wasietrnedtoabbnt b tenferatures antttie solvent

WaS§y%Ep%§%dHQg§Ee phase: hexane:ethanol = 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

10 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.

15 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 (CDC13) & (ppm) :

20 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,J=1.2Hz,1H),7.71(d,J=1.2Hz,1H),8.42(dd,J=1.2,1.2

25 Hz,1H).

The property values of the title optically
active compound with a retention time of 27 minutes are

as follows.



reduced pressure. The residue was diluted with an ether, diethanolamine
(12.1 g) was added to the diluent, and the reaction solution was stirred at
room temperature for four hours. The insoluble matter was 10 separated by
filtration through celite, and the mother liquor was concentrated under
reduced pressure. The residue was pérified by silica gel column
chromatagraphyearfier,Ghyamatorex, elution solvent: heptane-ethyl
acetate) to obtain the title compound 15 (3.84 g). The property values of the
compbufigl (@rela$ -folewsHIH-NMR(CDCI35{ppat)) ,2.29 (s, 3H) , 3.43-

1.50(g,J:6.8H 3H),4.90(m,| 7.21$1r1n,IH) 7.36(m,|H),8.3

4(dd,320%" .'zzzrﬁ’z),n%: %5[62 | syntredis o’ NG 36 w2, 10 6.0
4-((Skl-azidoethy-2cchlonopyridineq Dirhenylphosphoryk azide (6,57 mls)-
was added to a solution of (R)-I-(2-chloropyridin-4-yl)ethanol in toluene (50
m) i efAitfogeh atmdsplteré; antiithe 25 relactibifsclation ¥ras Booledtb (OC.
DBU (4.52 mlL) was added to the reaction solution, which was then heated
to room temperature and stirred overnight. Water and an ether were added
to the[eactipn solution, and the 245 organic layer was separated. The
organic layer was dried over magnesium sulfate, and the residue was
purifi@éf%‘?@if?cébel chromatography (carrier: Chromatorex; elution solvent:

hexanesethyl.acetate) to 5 obtain the ifle compound (4,44.9); The,property

10 yl)ethyl]-2-[1-[3-methoxy—-4-(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene] -6-methylmorpholin—-3-one

[Formula 62]
O
’/O:I::I/QQrJtN/l\[:iﬁ/C
NN o | N
)A

[0265]

Synthesis of 1-(2-chloropyridin-4-yl)ethanone

The title compound (7.18 g) was obtained from
15 2-chloroisonicotinic acid (8.5 g) in the same manner as
in Example 22. The property values of the compound are
as follows.
Y H-NMR (CDC13) & (ppm) :
2.63(s,3H),7.66(m,1H),7.77(m,1H),8.59(m,1H).
20 [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



values of the compound are as follows. iH-NMR(CDC13)5(ppm):
1.55(d,J=6.8Hz,3H),4.62(d,J=6.8Hz,IH),7.18(m,IH),7.30(m
,1H),8.39(dd,J=0.4,5.2Hz,1H). 10 [0268] Synthesis of
(S)-I-(2-chloropyridin-4-yl)ethylamine Triphenylphosphine (9.56 g) was
added to a solution of 4-((S)-l-azidoettiyl)-2-chloropyridine (4.44 g) in
tetrahyglofurap-water (4:1, 50 ml),,and the A5 reacpp salytion yas heated
and stirred at 60C for two hours. The reaction solution was returned to room
temperattre, @rid ey solvént was @vdparatech indép *feduced pressure.
Chloroform and 5 N hydrochloric acid were added to the residue, and the
aquebii8 fayetwaS 120 §8Paradd> The'aquéous fayef Was mate hasid With 5
N sodium hygrexider Ghloroferm ywasadded da the seaction solution aneh the
organic layer was separated. The organic layer was dried over magnesium
stlfatesApEtAEUSB et fvas evasorated unaer redieed pressuréad obtain 25

e NS RIROUNL 3000 IR PIREENIENES Of N campoRd are oo
1.38(dp)=6:8Hz 3114 A2(dd=6=8Hz 2H), 7636 (a,#H ) dBO{m: 346 he
’1H)§3}.32;1(d’J§5.2H§1|’1F|_‘6|?@5§y[02691F Synthes:Lis é)f iy .

(Z}( 1 $e§4%zﬂg o GRS ton solution was stirred at room

yDeﬂ%@' é&E%%E%h%@k4ﬁ§dPeﬁ$dﬂEﬂﬂ“@ﬁéokkéoluble matter was
yl)phenyl|methylidene]-6-methylmorpholin-3-one
10 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

15 (3.84 g). The property values of the compound are as
follows.
' H-NMR (CDC13) & (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).

20 [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

25 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



The title compound containing a geometric isomer (518 mg) was obtained
from (S)-I-(2- chloropyridin-4-yl)ethylamine (1.25 g) in the same manner as in
Examples 18 and 19. The resulting mixture 10 (54 mg) was separated by
CHIRALPAKTM IA manufactured by Daicel Chemical Industries, Ltd. (2 cm
X 25 cm; mobile phase: hexane:ethafd? = 7:3) to obtain the titte compound
with %@gﬂyenfg?@pfv@ﬁsm s§a(@e%mg)fh@%p§%qr&y yalues ofthe -
compound are as follows. 15 The property values of the title optically active
compaunewith acretentiers timre oh 38ahimutesarée has fellowsicEESEMS; m/z
453[M~+|,—]é]f., TH-NMR(CDClB%%ppm : 20 .

T a2 o A8 ) 1 SEA ot B P R S e
),3.02{ddo)m:6:12.8HZ I H) 3:23(beh d=2.:4,13.2kzl)e3. 81 acetate) to
5(s,3H),4.36(m,IH),6.07(q,J=7.2Hz,IH),6.90(s,
1R),RPA@FIEL2, £ 2HEIH MR 7imdH) 7. 22(d7)=8.0Me,| property

H),7.28(m IH),7.36(m,IH).7.52(d,J=1.2Hz IH),7,73(d,J=I. 25

e 5 RSO0 ST B o et symhesis o
(2)-(S)HA+{(B) te(2=chlosarda4 ¢
fluoropyridin-4-yl)ethyl]-2-[1-[3-methoxy-4-(4-methyl-
1H-inﬁdééé91%%%%]ﬁ%@thélié&f@]néﬁeﬁ&ﬁnéﬁdho]inl%ianéffrtoﬁma%@s]

OF 11),8.39(dd,J=0.4,5.2Hz, 1H) .
10 [0268]

Synthesis of (S)-1-(2-chloropyridin—-4-yl)ethylamine

Triphenylphosphine (9.56 g) was added to a

solution of 4-((S)-l-azidoethyl)-2-chloropyridine (4.44
g) in tetrahydrofuran-water (4:1, 50 mL), and the

15 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

20 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

25 the title compound (2.24 g). The property values of
the compound are as follows.
' H-NMR (CDC13) & (ppm) :

1.38(d,J=6.8Hz,3H),4.12(d,J=6.8Hz,1H),7.36(m,1H), 7.30(m



~ONCI ONOJINN N [0271] 5 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. 10 1H-NMR(DMSO-d6)5(ppm): 7. 78(dd,J=4. 8,
4.8Hz,1H),8.27(d,J=4.8Hz,1H). [0272]*Synthesis of
(5)-1-(2ychleros3-fluorapyrigin-4-yl)ethylamine 15 The title compound (3.13
g) was obtained from 2-chloro-3-fluoroisonicotinic acid (6.34 g) in the same
mannb@%@lh Example 51. The property values of the compound are as

8,4.8Hz, Jéﬂh§ﬂﬁ(d£ﬁﬂ~&blzs@éﬂ}ao@@7§1 Synthesio of s micmsol 1
(2)-(S)-4- [(S) -1-(2- chIoro 3 248

[el 4
1H- |m|dazol 1 yl)pﬂlenyjc]mcelthyllden@ -6- methl){JE ﬁ%ma :%q(e)n%e hreigtle
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

10 (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 mqg).
The property values of the compound are as follows.

15 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 (CDC13) & (ppm) :

20 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,J=7.2Hz,1H),6.90 (s,
1H),6.94(dd,J=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.

25 2Hz,1H),8.39(dd,J=0.8,5.2Hz, 1H) .

[0270]
Example 52

Synthesis of (Z)—-(S)-4-[(S)-1-(2-chloro-3—




5 isomer (623 mg) was obtained from (S)-I-(2-chloro-3-
fluoropyridin-4-yl)ethylamine (1.2 g) in the same manner as in Examples 18
and 19. The resulting mixture (14 mg) was separated by CHIRALPAKTM IA
manufactured by Daicel Chemical Industries, Ltd. (2 cm X 25 cm; mobile 10
phase: hexane:ethanol = 1:1) to obta#f'the titte compound with a retention
time ¢h24 miputes; (9,5 mg).) Ihg propserty valyes of the compound aie as
follows. ESI-MS;m/z 471[M'+H]. TH-NMR{CDC13)5(ppm): 15
1.46(80=604Hz BH).1-67{d J=nB 718H)2.PO{s 3¢) 328 hy Imorpholin—
d,J=9.6,12.4Hz,IH),3.41(dd,J=2.4,12.8Hz,IH),3.85(s,3H),
4.38(F-5.87(q,J=7.2Hz,IH),6.83(s,IH),6.93(s,IH), 7.2

0(d,J¥8 4Kz IH), 6.30-7.33(m,2H),7.50(d,J=1.2Hz,1H),
7.72(s,IH),8.23(d,J=5.2Hz,IH). 20 [0274] Example 53 Synthesis of

(2)-(S)-4-[(S)-I-(2,6-diflforopyridjn-4-
yl)ethyl]-2- A(4rpethytTH-imidazol-I-
yI)phen)dj dene];@het lmRrpholin-3-one 249 [Formula 64] O MeO/

AN\ I\/I/NN \I OJ N Z=F The title compound was obtained in the same

mannef as in Examples 18 and 19 from (S)-I-(2,6-
difluoropyridin-4-yl)ethylamine obtained in the same

[0271]

5 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.

10 'H-NMR (DMSO-ds )& (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

15 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 (CDC13) & (ppm) :

20 1.42(d,J=6.8Hz,3H),4.45(q,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 (Z)—-(S)-4-[(S)-1-(2-chloro-3—




manner as in Example 51. 5 ESI-MS;m/z 455[M"+H].
iIH-NMR(CDC13)5(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(q,J=#~2Hz,1H), 10

6.78($ 2t),6.90£5 IH)6-D4(s 1 22(d5)=8.OHZ. [ 1noxy -4 (4-methyl-
7.35(d,J=8.0HZ,1H),7.52(S,1H),7.72(S,1H). [0275] Example 54 Synthesis of
(2)-4165):mi2ehlotopyrdinehytiethyll s/ 1 idene] —6 —methylmorpholin-
2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-I-
yphénryiiifethylidene]-6,6-dimethylmorpholin-3-one [Formula 65] O 1~O IN
CI'N~z NON I/ O thiN 2501 8246}, Synthesis 9faining a geometric
4-[(S)-1-(2-chloropyridin-4-yl)ethyl]-6,6- dimethylmorpholine-2,3-dione Lithium
pérchierite (10 22g) Was atidedts-a Brselufivamdf (S) —1- (2-chloro-3-
(S)-I-(2-chloropyridin-4-ylethylamine abtained in Example 51 (1.g).in an
cther (18 DO, AN (s st SR Was bty FUS s
Isobutyeneroxide (. 7esdgassaddedda the reactien rsojutien nwhich-wase
then stirred overnight. A 5 N 10 sodium hydroxide solution was added to the

reactibh? SBfUtIGHREt GEPFAIRVFSH BY &xiractioRAfith CRioTEforR THE SighHic
layer was driedover magnesiym sylfate, 80d. (2 cm x 25 cm; mobile

10 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].

Y H-NMR (CDC13) & (ppm) :

15 1.46(d,J=6.4Hz,3H),1.67(d,J=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) .

20 [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




the solvent was evaporated under reduced pressure. Dichloromethane (20
mL) and pyridine (20 mL) were added 15 to the residue, and the reaction
solution was cooled to 0C. Oxalyl chloride (669 L) was added to the reaction
solution, which was then stirred at OC for one hour and at room temperature
for one hour. Oxalyl chloride (0.4 mLj%as added to the reaction solution,
whichwas 20 furgher 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 separatedOrhe ogganic layer was dried over
magnesi Ifate, and the residyie wad purified by 2|'§ silica gel column
chromatograp yEhrogratorex; elutiyt so t: ane-ethyl acetate) to

8,1.2,5.2Hz,IH).7.30(dd,J=0.8,0.8Hz,1H).8.42(d,J=5.2Hz 5 ,1H). [0277]
Synthesis of (2)-44(S)-k(2-thloropypdincdyhetiylained in the same
2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-I-
yl)ph&aiREtRfideRe 826 hRgthyinfrpholin-8t6Re 19 THe tileompound

containipg, 8,960 tEl&‘n'S@”H @3 921&4&%0%@%%%38”% KX 25ne
chloropyridin-4-yl)ethyl]-6,6- dlmethy morpholine-2,3

manner as in Example 51.

5 ESI-MS;m/z 455[M'+H].

'H-NMR (CDC15) & (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(q,J=7.2Hz, 1H),

10 6.78(s,2H),6.90(s,1H),6.94(s,1H),7.22(d,J=8.0Hz, 1H),
7.35(d,J=8.0Hz,1H),7.52(s,1H),7.72(s,1H) .
[0275]
Example 54

Synthesis of (Z)-4-[(S)-1-(2-chloropyridin-4-yl)ethyl]—

15 2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)phenyl]lmethylidene]-6,6—-dimethylmorpholin-3-one

[Formula 65]



dione (1.07 g) in the same manner as in Examples 18 and 19. The resulting
mixture (56 mg) was separated by 15 CHIRALPAKTM 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 value$3f the compound are as follows. 20
ESI-M§miz 467[M'+H]. TH-NMR(CDC13)5(ppm):
1.31(s,3H),1.46(s,3H),1.57(d,J=7.2Hz,3H),2.30(s,3H),2.9

5(d,J31218Hz ), 8.29¢d, 0¢1 P-8HZ H}:BI86(SBH)i 6 U8(g v 1) ethyl] -6, 6
J=7.2Hz,IH),6.93(dd,J=1,2,1. H%,|H),,6.94(S,|H),7.20 25

7.23(m:2Fy, 7 32686 81~ 1A} 7-35(dd,J=1.6,8.0Hz,
1H),7.53(d,J=1.6Hz )i T:# 2fd J= 12H24H), 840(d, J5A. 8Hs ZdH)[9278] 252
Example 55 Synthesis of (Z)-4-[(S)-1-(2,6-difluoropyridin-3-
yPHethsAi2-pigemethdxy-4 (4 methyldrripidagsRr-4 -y 1) ethy lamine

yhphenyllmethylidene]-6 6gm hylmorpholin-3-one ., [Formula 66 NON.F
B Hro) ek P o A S orbby Aot e The St
compardr(@©236 9 wasobtained fom 2, 6rdidtioropyridine (h5:g)tdndhe same

manner as in Example 52. The Qroperty values of the compound are as
Isobutylene oxide (1.7 mL) was added to the reaction

solution, which was then stirred overnight. A 5 N

10 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

15 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

20 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

25 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.



10 follows. TH-NMR(CDC13)5(ppm):
1.40(d,J=6.8Hz,3H),4.37(q,J=6.8Hz,IH),6.81(dd,J=2.8,8.0 Hz,
1H),8.02(dd,J=8.0,8.0Hz,1H). [0280] 15 Synthesis of
(2)-4-[(S)-1-(2,6-difluoropyridin-3-
yl)ethyl]-2-[I-[3-methoxy-4-(4-methyl-Rimidazol-I-
ylphenylimethnidened-6.8;gjmethylmorpholin-3-one The title compound
containing a geometric isomer (422 mg) was obtained from (S)-I-(2,6 20
difluotopyridina3tyl)éthiddmiré! {500 hig)dndhe sdine 3mhanhe? asdinExXamples
18 and 19. The resultlng mixture (10 mg) was separated by CHIRALPAKTM

IA marﬁ}faéturaé%y Daleerénérieal I%du%trles Lt (’21(1% X 2%1ét%d%‘iobl%
253 phaserhexans:ethanot =¢:8)d9 nbiain, theditle, compound with-a . 2x
retention time of 28 minutes (6.8 mg). The property values of the compound
afe as f8llows. ESI-MS;m/z 469[M'+H]. 5 'H-NMR(CDC13)5(ppm):

1. 35(;0’23%9 ]] 46(s,3H),1.65(d,J=7.2Hz,3H),2.30(d,J=0.8Hz

,3H), gJ 12.8Hz,1H),3.43(d,J=12.4Hz,1H),3.84(s,3H)
,5.86@dER2HZ 11),6(86(s41H),6)88(dd)=88.4bkzylH),n-4-v1)ethyl] -
6. 92(m 1[H) . 19(d J 8 4Hz 1H) 7 31(dd J=2.0,8.4Hz,1H),7 10

51(d4 : f Hirdaidazebdg 7 1H). [0281]

Exanlpl‘?&@e%“tﬂﬁé&%%Q%)e%el@s)esléGJHQPJQR%'ﬂ'&%}YDFIMk—one

10 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

15 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.

20 ESI-MS;m/z 467[M" +H].
' H-NMR (CDC13) & (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-

25 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]



15 2-[1-[3-methoxy-4-(4-methyl-IH-imidazol-I-
yl)phenyl]methylidene]-6,6-dimethylmorpholin-3-one [Formula 67] O iO\\ NI
NON I/0 N F [0282] Synthesis of (S)-1-(6-fluoropyridin-3-yl)ethylamine The
titte compound (3.95 g) was obtained from 20 6-fluoronicotinic acid (10 g) in
the same manner as in Example 52.4%e property values of the compound
are ag follows. iH-NMR(CDC13)5(ppm): 254
1.40(d,J=6.4Hz,3H),4.21(q,J=6.4Hz,IH),6.90(dd,J=3.2,8.4

Hz,IH) 7h846m i), 811 7(d)J=0.8K%)IH) - (0283PSynthesippfidin-3-
(ZZEI? )6 uoropyridin3-yhethyl]- 5 (4-methyl-1H-imidazol-1-
yhphenylpmethyligenel-6:6-gimethymorphelin-grone Jhetitle, compound
containing a geometric isomer (1.02 g) was obtained from (S)-I-(6-
fluoropyeidintBaylféthylamine (500 mg) in the same 10 manner as in
Examples 18 and 19. T(51e r sulting mixture (1. 01 g) was recrystallized from

5 [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

10 follows.
' H-NMR (CDC13) & (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]

15 Synthesis of (Z2)-4-[(S)-1-(2,6-difluoropyridin-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 (422 mg) was obtained from (S)-1-(2,6-
20 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



2(d,J=12.8Hz,IH),3.32(d,J=12.4Hz,IH),3.85(s,3H),6.21(q,
J=7.2Hz,IH),6.92-6.97(m,3H),7.21(d,J=8.0Hz,IH),
7.33(dd,J=0.8,8.0Hz,IH),7.52(d,J=1.2Hz,IH),7.71(d,J=0.8
Hz,IH),7.81(m,IH),8.22(s,IH). 20 [0284] Example 57 Synthesis of
(2)-4-[(S)-I-(6-chloropyridin-3-yl)ethylf>3

2-[l- [%Héestgox}ﬁezlxg%gleetbwa%imlda?%J to obtain the titl
yl)phenyllmethylidene]-6,6-dimethylmorpholin-3-one 255 [Formula 68] O /O
\\ ININ@M LA O WNEGI J0285E8ynthesisogé of 28 minutes (6.8 mg).
(S)-I- & 6-chloro yrldln S%I)ethéylamlne The title compound 7. 04£iwas
obtain&§ o §rc oronicstniC cid QL TG A sahe Manher 48" -5
Examiple 52 The.property values of the compound are as follows.

iH- NMR(CDC13)5(ppm)

1539(dHJ-PB\’13I4I§D§H)34519{a@):6 4Hz IH),7.29(d,J=8.0Hz,IH

),7.70(d OHz, Hz. Ik [0286] hesis of
o XA h%org:)yr% mga_% perts % H1Z1H). AQ (02861 Syhesis of g,
2-[I-[3- mathexy;@ﬂfe(ﬂ mbybt&b;rm@a,ml% d,J=12.4Hz,1H),3.84 (s, 3H)
yI)pheny%methylldene] -6,6-dimet F}ylmorpholm -3-one The title compound

containing & @e@m@tﬁ@ﬁé@orﬁe e dbthirfed oA (SY-F (6-cRlotBpyridihe3-

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,JdJ=1.6Hz,1H),8.01(dd,J=8.0,9.2H

z,1H) .

[0281]

Example 56

Synthesis of (Z)-4-[(S)-1-(6-fluoropyridin-3-yl)ethyl]—

15 2-[1-[3-methoxy-4—-(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene]-6,6—-dimethylmorpholin-3-one

[Formula 67]
YT
7 N O)% N F

[0282]

Synthesis of (S)-1-(6-fluoropyridin-3-yl)ethylamine

The title compound (3.95 g) was obtained from
20 6-fluoronicotinic acid (10 g) in the same manner as in
Example 52. The property values of the compound are as
follows.

' H-NMR (CDC13) & (ppm) :



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 20 the E-isomer to the
Z-isomer. The reaction solution was neutralized with a 5 N NaOH solution,
followed by extraction with ethyl acetaté. The organic layer was dried over
magnesiypsutaie ;and the selventwas 256evapgraied yinger reduced
pressure. The residue was purlfled by silica gel’column chromatograpl'ﬂy
(Chroaatotex NHAHeptahe/éthyl ddetaté -8ethylH acetate/methanol) to obtain
the title mpound (251 5 mg). iIH-NMR(CDC13)5(ppm):

1.24(3 3H)°1.45(s,3H),1.60(d,J=7.2Hz,IH),2.30(s,3H),2.9

2(d,Jsl34HzH),380(d Y=12{4H3,H), 385538 LHHin-3-y1) ethyl] -
J=7.2Hz,IH),6.92(s,IH),6.93(d,J=3.2Hz,1H), 10

7@0(@ -] B:dEIzBJEE}MZ 36@%@52(§ﬂﬂ)31da201 1-
7.68(d Hz IH),7, 22,4 Hz,1H), [0287]

yhethyl]-2-[I-[3- mﬂh@(ﬁﬂt(ﬂem&yidhhtﬂnldaﬂﬁbh:nlng a geometric

yI)phenyI]methellldene] -6,6- dlmegéylmorghc%lirég o(rg? [FO{rgwula 69]OF OIIN
isomer was obtaine
fluoropyridin-3-yl)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 (CDC13) & (ppm) :

15 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).

20 [0284]

Example 57

Synthesis of (Z)-4-[(S)-1-(6-chloropyridin-3-yl)ethyl]—

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

y1l)phenyl]lmethylidene]-6,6—-dimethylmorpholin-3-one




11 N N/I'N ~j [0288] Synthesis of (S)-I-(2,3-difluoropyridin-4-yl)ethylamine
20 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
257 52. The property values of the c8rtbound are as follows.
iH-NMR(CRG13)54pPm)
1.42(d,J=6.4Hz,3H),4.49(q,J=6.4Hz,IH),7.32(dd,J=4.8,4.8 5
Hz,1H),7.93(d,J=4.8HZ1H)] [0289] Synthesis of

\
4-metbyl-IH-imidazol-I-
diméthylifforpholin-3-one 10 The title compound

ylethylamine (1 g) in the same manner as in Examples 18 and 19, and
isomeri 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-M$iuie469[M'fH{siH-NMR{CRDICL3){ppan)n-3-y1) ethylamine
1.37(s,3H),1.47(s,3H),1.65 d,J=7.2Hz,II;‘) 2.30(s,3H), .
3.18(d,J=12.4Hz, I} 3. 42 (d- =2 W2 1A),8/85(s,3H),vas obtained from

6-chloronicotinic acid (13 g) in the same manner as in

5 Example 52. The property values of the compound are as
follows.
Y H-NMR (CDC13) & (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) .

10 [0286]

Synthesis of (Z)-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
15 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
20 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



20 6.04(q,J=7.2Hz,IH),6.88(s,IH),6.93(s,IH),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 25 Synthesis of (2)-4-[(S)-I-(5-fluoropyridin-2-yl)ethyl]-
2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-I-
yl)phenyllmethylidene]-6,6-dimethylntotpholin-3-one [Formula 70] 258 N /\\
NI NQU-QLLLE. Q291 hSynihesis. of (B)-d=(Ssfluoropyridin-c=ygthylamine The
titte compound (1.23 g) was obtained from 1-(5-fluoropyridin-2-yl)ethanone
descritved in. Example 5148 {3 B5Lgrmltlrensameamanner ashis Example 52.

The property values of the compour)d are as follows.

HNMR(CDR LSS oM LS 42 57 373 =6 485 ), 7 30-
7.39(Abd H) 840k 352 4H7,1H) - 100292) Sypthesis @ mpound (251
(2)-4-[(S)-1-(5-fluoropyridin-2-yl)ethyl]-
2-[1-[89hethoxy-4-(4-methyl-IH-imidazol-I-
yI)phe%leﬁ%igfy%-@%%}%jjmethylmorpholin-3-one The title compound

containing a geometric iIsomer was obtained from (S)-1-(5-fluoropyridin-2-
yhethylamine, G200 mg) in $he spme svarner-as fHz, 1H) , 2.30(s, 3H) , 2.9

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),

10 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

15 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]
/OWN T
I N O)% _N

[0288]

Synthesis of (S)-1-(2,3-difluoropyridin-4-yl)ethylamine

20 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



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. 20 ESI-MS;m/z 451[M~+H]. iH-NMR(CDC13)5(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,1#),3.84(s,3H),6.10(q,
Jz?'%ﬁ.’lW@eBE@c%@}@ ZXQPule:sl@f'Lgh@Jéé)n&ﬁ%d are as
7.19(d,J=8.4Hz,IH),7.31(dd,J=2.0,8.4Hz,IH),7.36-
7.46(m2HYws53(d,J=2.8Hz,1H),7.70(m,1H),8.41(d,J=2.8Hz ,1H). [0293] 5
Example 60 Synthesis of (2)-4-[(S)-1-(5-chloropyridin-2-yl)ethyl]-
2-[I-[3-%T§%%§)¥/p4q&i-h?e%%[gl)l-f-imidazol-l-
yhphenyviimethylidenel-6:6-djmethylearpboling3;ane , [Fosmuda 731 /04 \Ngl
N\ NON CI [0294] 10 Synthesis of (S)-I-(5-chloropyridin-2-yl)ethylamine The
tithe cBmMpAUnd’ (2.72%)wds dbtaihed from 1-(5-chloropyridin-2-yl)ethanone
descritb%%m Example 20 (4.29 g) in the same manner as in Example 52. The
property values of the compound are as follows. 15 iH-NMR(CDCI3)5(ppm):
1.42(did=thé4Hz BR)4.17(qA=6(4hlz,1H),7,30di f luoropyridin—4-

7.39(m,1H),8.40(d,J:2.4HZ,1H).
yl)ethyl]-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-1-

y1l)phenyl]lmethylidene]-6,6—-dimethylmorpholin-3-one

10 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

15 property values of the compound are as follows.
ESI-MS;m/z 469 [M"+H].

' H-NMR (CDC13) & (ppm) :
1.37(s,3H),1.47(s,3H),1.65(d,Jd=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),

20 6.04(q,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

25 Synthesis of (Z)-4-[(S)-1-(5-fluoropyridin-2-yl)ethyl]—

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

y1l)phenyl]lmethylidene]-6,6—-dimethylmorpholin-3-one

[Formula 70]



[0295] Synthesis of (Z)-4-[(S)-I-(5-chloropyridin-2-yl)ethyl]- 20
2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-I-
yl)phenyllmethylidene]-6,6-dimethylmorpholin-3-one The title compound
containing a geometric isomer was obtained from (S)-I-(5-chloropyridin-2 260
yl)ethylamine (1 g) in the same manne? &s in Examples 18 and 19, and
isomerized in the same m@nney as in Example 57 to obtain the title
compound
ESI-MS;m/z
1.19(s,3H;
5(d,J=1328

3=6.8Hz,IH),6.86(s,IH).6. 92(5 IH),7.19(d,J=8.0Hz,IH), 10
7.31(d,J=8.4Hz,IH),7.38(d,J=8.0Hz,IH),7.53(s,IH),7.66(d
d,J=1! @%94 JLH),7.70(s,IH),8. 51(d,J=2.0Hz,IH). [0296] The compounds in

aCUVEPQ(ESI)COHWEnmdtle compound (1.23 g) was obtainéd from

1-(5-fluoropyridin-2-yl)ethanone described in Example
5 49 (3.05 g) in the same manner as in Example 52. The

property values of the compound are as follows.
Y H-NMR (CDC13) & (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) .

10 [0292]

Synthesis of (Z)-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

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 obtain the title compound (640 mg).
The property values of the compound are as follows.

20 ESI-MS;m/z 451[M'+H].
' H-NMR (CDC13) & (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(q,

J=7.2Hz,1H),6.86(s.1H),6.92(dd,J=1.2,1.2Hz,1H),



Optically 6 2 M++H : 4 1 9 active IN, (E S 1) compound 261 0297] [Table 1
-2] O ft4eO 1/ YJIN E, N Example Ei DATA: MS m/z Note Optically M++H :
455 active 6 3F (E S 1) compound Optically 6 4 M++H : . 455 active F['F
(E S1) compound [0298] Example 65 Synthesis of
(2)-(S)-4-(4-fluorobenzyl)-2-[I-[3-fluoré=?
4-(4-methyl{Hsimidazol-1:y))phegylimethylidene]-6,5 methylmagpholin-3-one
[Formula 72 O F~~ N~I NON I/ 0OJF [0299] 9.06 mg of the title compound
was Obtained From (S)-A@-fludrciienzm)2-hydvdxy-64) , 8.41 (d, J=2.8Hz
methylm{c;rpholin-?;-one, thionyl chloride,

[0293]
5 Example 60

Synthesis of (Z)—-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]

10 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.

15 'H-NMR(CDCl;) & (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 (Z)-4-[(S)-1-(5-chloropyridin-2-yl)ethyl]—

20 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-



10 triphenylphosphine, and 3-fluoro-4-(4-methyl-IH 262
imidazol-1-yl)benzaldehyde in the same manner as in Example 5.
1H-NMR(CDC13)5(ppm)
1.44(d,J=6.8Hz,3H),2.38(s,3H),3.26(dd,J=12.8,3.2Hz,1H), 5
3.43(dd,J=12.8,9.6Hz,1H),4.32-4.40(AP2H)

4. 62(? VK &%@}Hén{h‘ﬂ)@“ (BP=14-4H2, 1368005, 1D, 011 n mxamples
-7.09(m,3H),7.27-7.35(m,3H),7.50(d,J=8.4Hz,1H),

7.77(d=LI8H2 ,1H) . 96¢si1¢1)1 /6800h 10EXamapke 66:8yrthesisiof

(2)- 2%1%3 -fluoro-4-(4-me - ,

imidazd Wﬁﬁhényl§meﬂ?ﬁ%lerﬁef-}l?[(éiﬁl@-cOmpound (310 mg) . The
trifluosephenyl)ethyl]:6,6-dimethyimorpbelins-ope Hormulaxs3] O FN NZ~
NON OJ F [0301] 15 31.55 mg of the title compound was obtained from
A9(SE8IAMUGrOphenythyil2-hydroxy-6,6- dimethylmorpholin-3-one,
thionyl I ph hosphine, and 3-fluoro-4-(4-methyl-1H-
|m|dazgclql’913%qbgnéz%ldgﬁé e ?n the same manner as in 20 Example 7.
1H-NMRE@BCAB)5(ppm)(s, 3H) ,1.59 (d, J=6.8Hz, 1H),2.29(s,3H),3.3

L0 s 2S00 L
J=6.8Hz,1H),6.86(s.1H),6.92(s,1H),7.19(d,J=8.0Hz, 1H),
10 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]
0
Meow,51
N O\.)
Example E, DATA: MS m/z Note
F Optically
61 NS MY+H: 437 active
N (ES1) compound
Optically
NS M*+H: 4109 active
6 2 L (ES 1) compound




0(d,J=12.8Hz,IH),3.24(d,J=12.8Hz,1H),6.16(q,J=6.8Hz,1H)
,6.87(s,IH),7.00(s,IH),7.04-7.08(m,2H),7.28-7.36(m,3H),
7.47(dd,J=8.4,1.6Hz,IH),7.74(dd,J=12.8,1.6Hz,IH),7.85(s ,1H). 5 [0302]
Example 67 Synthesis of (Z)-4-(4-fluorobenzyl)-2-[I-[3-fluoro-4-
(4-methyl-IH-imidazol-1-yl)phenyl] methylidene]-6,6- dimethyl
morpl'rg@@%one [Formula74] O FAN NONI/OJI/F 10[0303]44.7 mg of
the title compound was obtained from 4-(4-fluorobenzyl)-2-hydroxy-6,6-
dimeth¥mogpHolirnz3-one, thionyl chloride, triphenylphosphine, and
3-fluoro-4-(4-methyl-IH 15 imidazol-1-yl)benzaldghyde in the same manner
as in Example 7. iH- NMR(CDClBﬁ%\\g\ B,
1.39(s,6H),2.57(s,3H),3.35(s,2H),4.67 ),689(5,IH), 7.03-7.08(m,2H), 7.
13(’s,1H),7.29-7.33(m,2H), 20 ' N jﬁ
7.41(dd,J=8.0,8.0Hz,IH),7.57(d,J> 5.0Hz ,IH),7.82(d,J=I2. 8Hz,IH),8.70(s,IH).

[0304] 264 Example 68 Synthesis of (Z)-4:-[(S)-chroman-4-yl]-2-[I-[3-fluoro-4-
Example E, DATA: MS m/z Note
Optically
* l\, MT+H:455 active
6 3 F (ES 1) compound
Optically
6 4 Y Mt+H:455 active
EONF (ES1T) compound
[0298]
Example 65

Synthesis of (Z)—-(S)-4-(4-fluorobenzyl)-2-[1-[3-fluoro—

4—(4-methyl-1H-imidazol-1-yl)phenyl]methylidene] -6—

5 methylmorpholin—-3-one

[Formula 72]

O
a Ozy F
ﬁ :
[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-



(4-methyl-IH-imidazol-l-yl)phenyl] methylidene]-6,6- dimethylmorpholin-3-one
[Formula75] O O FIINI~ NON/O/5 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-IH-imidazol-1-yl)B&Azaldehyde in the same manner as
”1EX§HHH%28119_ lﬂ%%%gg%§;%§gnggvﬁhe same manner as in
1.43(s,3H),1.45(s,3H),2.14-2.21(m,2H),2.34(s,3H),
3.12(8x3L2H2z,1H),3.19(d,J=13.2Hz,IH),4.23- 4.33(m,2H),

6.11(t,J=7.2Hz IH ,6.86-6.95(m,3H),7.01(s,IH), 15

7.09(d TREDHZAr):? D03L8.0Hz IH), 7.32(t,J=8.0Hz,IH
),7.49(dIF@0bzd )7 7660, 3= 12,851 .24z, 1) 76 825, 4 19305} Examples 69
and 70 20 Synthesis of (2)-(S)-4-[(S)-chroman-4-yl]-2-[I-[3-

flGoroi 444 ety Al i%niaaEBIZIJH 4.32-4.40(m, 1H)

yhph t lidene]-6- z)
(R)-4- (é ﬁr?f/ngg 4%'3} 2- -[3 fuoro %2 methy rl]-]!d% 087 (s, 1), 701
imidazol-0ylyprenylimethylidene}6 memylmomh@i%34aae1[ﬁormula 76] O

(ONO)
7.77(d,J=12.8Hz,1H),7.96 (s, 1H).
[0300]

10 Example 66

Synthesis of (Z)-2-[1-[3-fluoro-4—(4-methyl-1H-

imidazol-1-yl)phenyl]methylidene]-4-[(S)-1-(4-

trifluorophenyl)ethyl]-6,6-dimethylmorpholin—-3-one

[Formula 73]

[0301]

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-yl)benzaldehyde in the same manner as in

20 Example 7.

'H-NMR (CDC15) & (ppm) :

1.20(s,3H),1.43(s,3H),1.55(d,J=6.8Hz,3H),2.34(s,3H),2.9



FNFNONI/OJI/~ONI/ =NN 66.4 mg of the titte compound was
obtained as a diastereomer mixture from 4-[(S)-chroman-4-yl]-2 5
hydroxy-6-methylmorpholin-3-one, triphenylphosphonium bromide, and
3-fluoro-4-(4-methyl-IH-imidazol-I- yl)benzaldehyde as starting materials in
the same manner as in Examples 12243, and 14. The mixture was
separgied byiGHIRAL RAKTVARSH mesuiactured by Dajcel 10,Chanical
Industries, Ltd. (2 cm X 25 cm; mobile phase: ethanol 100%) to obtain the
title opticélly acfivie , Compoandiwitty adrétehtich( timgiof 20 28inutes (0P de)
and the title o tic_aély active compound with a retentign time of 24 minutes
(>999% ) 15Tha praperty Gallioe of the e Bptcally Setie compaund it
a retentipn time of 20 minutes (Example 69) are as follows.
TH-NMR(CDC13)5(ppm):
143(dVH620OHz,3H),2.14-2.24(m,2H),2.35(s,3H),3.12- 20
3.15([_611 2H),4.24-4.38(m,3H),6.05(dd,J=8.8,6.4Hz,IH),
6.86-6.80(m,2Hj,6.93(t,J=7.2Hz,1H),7.01-7.07(m,2H),
7.20(5Jm81K2Hz $H) 7 .33(1,IF8 QHZ ) iob(thJ=28 - OHZ,1266 - f 1uoro-4-
of the title optically
Q) are as

10 [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-

15 imidazol-1-yl)benzaldehyde in the same manner as in
Example 7.
'H-NMR (CDC15) & (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),

20 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]



1.42(d,J=6.0Hz,3H),2.14-2.20(m,2H),2.36(s,3H),
3.10(dd,J=12.8,2.4Hz,IH),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,IH),7.33(t,J=8.4Hz,IH),7.51(d 10
,J=8.4Hz,1H),7.78(dd,J=12.8,1.2Hz,IA5,7.89(s,IH). [0306] Example 71
Synthesis 0f (£);€S)-4-(6-chloropyridin-2-ylmethyl)-2-
[1-[3-fluoro-4-(4-methyl-IH-imidazol-1- 15
yl)phényiirmhethididehe}-6rmétHylforphobin8:0de v[Forfula 73 -G IE N N-Ct
NON 0") 24, 3 mg of the title compound was obtalned from
(5)-4 '1- }__' mida l— = hen d
tmonﬂﬂﬁggﬂ§qm5@@w@mﬁghgsgg@e and:3ﬂuom)4(4rneﬂwIH420
imidazol-1-yl)benzaldehyde in the same manner as in Example 15.
1H-NMR@DBEA 3Y5(bpm)
1.48(d,J=6.0Hz,3H),2.33(s,3

59(dd,J=12.8,2.8Hz,IH), 267

4.73(d,J=% z,1H),6.82(s,1H),7.00

(s,IH), 7/2?‘ ; 4,1.6Hz,IH),

7.66(dd,J78.0,8. OHz,IK)\7.75(dd,J=12.8,1.6Hz,IH),7.80(s 5 ,1H). [0307]
5 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-yl)benzaldehyde
in the same manner as in Example 12.

10 'H-NMR(CDC13) 8 (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),

15 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, 1lH
) .

[0305]
Examples 69 and 70

20 Synthesis of (Z)-(S)—-4-[(S)-chroman—-4-yl]-2-[1-[3-

fluoro-4—(4-methyl-1H-imidazol-1—

y1l)phenyl]lmethylidene] -6-methylmorpholin-3-one and (Z)-—

(R)—4-[(S)—-chroman-4-y1]-2-[1-[3-fluoro—-4—(4-methyl-1H-




Example 72 Synthesis of (Z2)-(S)-4-[(S)-I-(6-chloropyridin-3-
yl)ethyl]-2-[I-[3-fluoro-4-(4-methyl-IH-imidazol-I- 10
yl)phenyllmethylidene]-6-methylmorpholin-3-one [Formula 78] O F\\ N NN
OJ N CI The title compound (11.6 mg) was obtained from
3-fluoro-4-(4-methyl-IH-imidazol-1-yl)béRzaldehyde as a starting material in
the same maoner as;in Examples 18 and 19. 15:HNMRGRC3)5(apm).
1.40(d,J=6.4Hz,3H),1.62(d,J=7.2HZ,3H),2.31(S,3H),2.95(d
d,J=18,9.2Hz,IH),3.28(dd,J=12.8,2.8Hz,IH),4.35-

4. 41(m [H),6.12( % 7.2Hz,IH),6.85(s,IH),6.99(s,IH),7.3

I(t,J=8 A2 7g§ {d,J=8.4Hz,1H),7.46(dd,J=8.4,2.0Hz, 20
1H)763(de 8.4,2.4HgH),7 72(¢dl,J=13.2,2.OHz,IH),7. 74(

s,1H),8. 38}£d J=2.4Hz, 1 [038] Example 73 268 Synthesi Q
(2)-(S)-4- [( B-0ifluo @ F
yI)ethyI oro methyit -|m|dazol |- o

yI)ph ethylldene] 6_—methylmorpholln ﬁ/o
NN I JENF

66.4 mg of the title compound was obtained as
a diastereomer mixture from 4-[(S)-chroman-4-yl]-2-

5 hydroxy-6-methylmorpholin-3-one, triphenylphosphonium
bromide, and 3-fluoro-4-(4-methyl-1H-imidazol-1-
yvl)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

10 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).

15 The property values of the title optically
active compound with a retention time of 20 minutes
(Example 69) are as follows.

'H-NMR (CDC15) & (ppm) :
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,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,



[0309] 5 The title compound (11.2 mg) was obtained from
3-fluoro-4-(4-methyl-IH-imidazol-1-yl)benzaldehyde as a starting material in
the same manner as in the other synthesis in Example 22.
iH-NMR(CDC13)5(ppm): 10
1.45(d,J=6.4Hz,3H),1.67(d,J=6.8Hz,31%2.30(s,3H),3.22(d
d,=12,8,5:2Hz 11);3 #4(det,)=12)8,3.2H7 1H):4. 34-
4.42(m,1H),5.73(q,J=6.8Hz,1H),6.76(s,1H),6.87(dd,J=8.0,
3.2Hz,1H),6.97(s, THY, 702938 Otz 1y, 7042 (d3=8.OHz, optically
1H),7.70(d,J=11.2Hz,1H),7,75(s,1H),7.99(dd,J=16.0,8.0Hz 15,,1HL). LOBlO]
Exanipie 74 STRINESIL0F (2)5(5)52 1 113 uors-4- (A méthy i hute
imidazelkybphenyljmethylidenel-4:K1R.2R)-2-hydroxy- 20
1-(3,4,5-trifluorophenyl)propyl]-6-methylmorpholin-3- one 269 [Formula 80] O
HD,, NFRIFOROE 1) f03P1) Synthesis of 3-fluoro-4-(4-methyl-IH-imidazol-I-
yl)benzaldehyde To.a solution of 3,4-difluprohenzaldehyde .5 (40.0 g) in DMF
(635 W) bty s sole a1k TSNS R,
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
10 ,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-

15 vyl)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-

20 dimidazol-1-yl)benzaldehyde in the same manner as in
Example 15.
'H-NMR (CDC15) & (ppm) :

1.48(d,J=6.0Hz,3H),2.33(s,3H),3.59(dd,J=12.8,2.8Hz, 1H),



and potassium carbonate (78.0 g) were added at room temperature, and the
reaction solution was stirred at 90C for six hours. The reaction solution was
left to cool to room temperature. Ethyl acetate was added to 10 the reaction
solution, which was then sequentially washed with water and brine. The
resulting organic layer was dried ovetfagnesium sulfate and then
concentgateg undarreducedyressyre; The residyg was purified by silica gel
column chromatography (elution 15 solvent: heptane-ethyl acetate system)
and soélidified, Jwthtertbuiyl méthys ether-tbobtam 10.)1 ¢ of tHe ,tith , 7. 00
compound. The roper 3valugs of the comopouréd are %s foIIows
iH-NMR(CDIC13) ?ppm ‘

2.33(d.%8HzRH), 6,Oé?(biﬁa1&'%7;51(@'@'(@1%17,-3%@'7@,J_JLH)SHZ, 1H), 7.80 (s
,7.76-7.82(m,2H),7.87(brs,1H),10.01(d,J=1.6Hz,1H). [0312] 270 Synthesis
oP(2)~ 185)12 -[1-[3-fluoro-4-(4-methyl-IH-

imida F)ﬁl)phenyl]methylldene] -4-[(1R,2R)-2-hydroxy-

1-(3, 4 -trifftuorophenyl)propyl]-6-methylmorpholin-3- one 5 [0313] A solution
of (SE44 (IR 2R)22-tert- butyldiphenylsilanyloxy-1-(3,4,5-
trlfluorophenyl)prop I]- 2 hydroxy 6- r?ethylmogpholln -3- one (2 16 g) and
triphen$Aphs: ' ’

heat%tﬂ@@wejﬂ% |n1a ["ﬁ”?%@?émﬁpspﬁ‘erﬁ%{%?n%ﬁ‘oﬂﬁlggﬁéf"\iem was

10 vyl)phenyl]lmethylidene]-6-methylmorpholin-3-one

[Formula 78]

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.

15 'H-NMR(CDCl3) 8 (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(gq,JdJ=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,

20 1H),7.63(dd,J=8.4,2.4Hz,1H),7.72(dd,JdJ=13.2,2.0Hz,1H),7
74(s,1H),8.38(d,J=2.4Hz,1H) .

[0308]

Example 73



evaporated under reduced pressure, and the resulting residue was dissolved
in ethanol (80 ml). To this reaction solution, 3-fluoro-4-(4-methyl-IH-imidazol-|
15 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 evapofated under reduced pressure. The
resulting residye was dissolved in a paixed sojvent of 20 yiflyaroagetic acid
(30 mf) and methylene chioride (30 ml), and the reaction solution was stirred
at rogm ) terhpératdrel for [(B3- hours: SHe-reactionsilutién is ipeured-ihto a
saturated sod|u5n bicarbonate solu'gon folﬁl/og extactlon with ethyl
acetate- : Was-W

bicarhenaig, §Qlut@p and brlne and then the solvent was evaporated under
reduced pressure. The resultlng residue was purified by column

chromato?raphy usmg | gel 271 (heptane:ethyl acetate = 1:1 to 0:1)
and solidi agetate to obtain 1.32 g of the title
compoy d.

1.33(MJ=6.4Hz,3H),1.42(d,J=6. OHZ,EH),2.30(3,3H),3.19(d
d,J=12/%,9.2Hz,1H),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,J58 ¢6.4Hz,2H),7.29(t,J=8.4Hz,1H),7.44(dd,J=8.4,2

OHz ,1H),7.71(dd,J=12.8,1.2Hz,1H),7.74(s,1H). 10 [0314] Example 75
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 (CDC15) & (ppm) :

10 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(gq,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

15 ,1H).

[0310]
Example 74

Synthesis of (Z)-(S)-2-[1-[3-fluoro-4—-(4-methyl-1H-

imidazol-1-yl)phenyl]lmethylidene]-4-[ (1R, 2R)-2-hydroxy—

20 1-(3,4,5-trifluorophenyl)propyl]—-6-methylmorpholin-3-

one



Synthesis of (2)-(S)-4-[(1R,2R)-1-(3,4-difluorophenyl)-
2-hydroxypropyl]-2-[1-[3-fluoro-4-(4-methyl-IH-
imidazol-1-yl)phenyllmethylidene]-6-methylmorpholin-3- 15 one [Formula 81]
OHO,INF NONI1/0QOJI/F 1.15 g of the title compound was obtained in
the same manner as in Example 26 ffém (S)-4-[(1R,2R)-2-
tert-bugyldiphenylsilanyloxy-1-(3,4-
difluorophenyl)propyl]-2-hydroxy-6-methylmorpholin-3 20 one prepared from
1-bromo-4,5-difluorobenzeng.as a starting material and
3-fluoro-4-(4-methyl-IH- |m) azof< 1-yl)benzaldehyde.

iH-NMR(CBC13 F

1.31(d,J=6.4 ),2.20(d,J=6.4Hz,1H

),2.30(5/3HN 3. ¥57(dd,J=12.8,2.

4Hz 1%2 -4.48(m,2H):5.38(d,J=F. 6Hz ,1H),6.80(s,1H),
6.97(s,XH),7.12-7.18(m,2H),7.26-7.31(m,2H), 5
7.44(dd,J=8.4,2.0Hz,1H),7.71(dd,J=12.8,1.6Hz,1H),7.73(s ,1H). [0315]
Example 76) Synthesis of (Z)-(S)-2-[1-[3-fluoro-4-(4-methyl-IH- 10
imidazol-1- yl)phenyl meth lidene]-4- (lR 2R) -1- (4-

fluoropHERYHS - Methy !

HO., y1)penzaldenyde

To a solution of 3,4-difluorobenzaldehyde
5 (40.0 g) in DMF (533 mL), 4-methylimidazole (46.4 qg)
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
10 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
15 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 (CDC15) & (ppm) :
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]



F\AN NON I/ OJ F 11.0 mg of the title compound was obtained in the same

manner as in Example 26 from (S)-4-[(1R,2R)-2-

tert-butyldiphenylsilanyloxy-I-(4-fluorophenyl)propyl] 15

2-hydroxy-6-methylmorpholin-3-one prepared from 1- bromo-4-fluorobenzene

as a starting material and 3- 270

fluorosg-{d-ethyldi-ipidazaly L-ybenzaldahyde, IH-NMRLCDG13)p(pPM):

1.31(d,J=6.0Hz,3H),1.38(d,J=6.0Hz,3H),2.30(s,3H),3.12(d 20

d,J=1218 @6z AH)3.571dd Y= 128 RvAHZAdH) 14464 (1R, 2R) —2—-hydroxy—

450(m2H)546dJ 8.0Hz,1H), 67951'2&?975(81% ~
rnethylmorpholin-3

T \)J\III 1 I},

7.43(ddJ=8.4,1.6Hz,1H),7.70(dd,)=13.2,1.6Hz,1H), 273 7.76(s,1H). [0316]
Example 77 Synthesis of (Z)-2-[1-[3-fluoro-4-(4-methyl-IH 5
ingridat@ﬁi%ﬂl)phenyl]methylidene] 4-[(1R,2R)-2-hydroxy-

1-(3,4,5-trifluorophen ro gl\]1 6- d[@Ftol p{ghgﬁr} - 3-one [CFormuIa 83] O
HO,,. FINF NO /%/ F E m of the tIe compoun& was obtained in
the swmeymnﬂe&mmﬁmmp@gﬁmm A[(LR,2R)-2
trifluorophenyl)propyl]-2-hydroxy-6-methylmorpholin-3-
one (2.16 g) and triphenylphosphine hydrobromide (1.61
10 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-
15 vyl)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
20 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
25 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



10 tert-butyldiphenylsilanyloxy-1-(3,4,5- trifluorophenyl)propyl]-2-hydroxy-6,6-
dimethylmorpholin-3-one prepared and 3-fluoro-4-(4-
methyl-IH-imidazol-1-yl)benzaldehyde. iIH-NMR(CDC13)5(ppm): 15
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=7.2H2, 1HK 6. 84(5,15D) 1) ang solidified
6.97(s,1H),7.12(dd,J=8.4,6.4Hz,2H),7.28(t,J=8.4Hz,1H),7
A3(ddJ=8.420:04H% THY) 7y (adkd=12 8th 261zt BE)L 717.3(8, 2B IHYNO317]
Example 78 Synthesisdof (2)-4-[(1R,2R)-1-(3,4-difluorophenyl)-2 274
hydroxypropyiR29193 fluoro-4-(4-methyl-IH-imidazol-
1-yl)phenytmethylidenglb6-dimethylmorpholin-3-one [Formula 84] O HO,,
FFON"/F NON I/Nz~ N 13.9 mg of the title compound was obtained in
the samerdnde? astin Bamplet27 drom%-[iR,2R)-225 30 (s, 3H) , 3.19(d
tert-butyldiphenylsilanyloxy-1-(3,4- _ _
difluoé!éghg)r?yl)ﬁ]ﬁr%bgﬁé- y()jr’ogxyrfg,Saqg’i'rﬁjetmfrﬁbrzﬁhoﬁlzn’- lhne 'pélrépared and
3-fluoro4-(4-methyb 1btinidazel-brd)benzatdetyds,. 1HyNMR(CRC18)S5(ppm)

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) .
10 [0314]

Example 75

Synthesis of (Z)-(S)-4-[(1R,2R)-1-(3,4-difluorophenyl) —

2-hydroxypropyl]—-2-[1-[3-fluoro-4—(4-methyl-1H-

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

15 one

[Formula 81]
HO,,.
N

0]
Ni\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-

20 one prepared from l-bromo-4,5-difluorobenzene as a
starting material and 3-fluoro-4-(4-methyl-1H-imidazol-
l1-yl)benzaldehyde.

'H-NMR (CDC15) & (ppm) :



10 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/#1(dd,J=13.2, 15
1-6HZ_L1.1'3"?’(7d7§(§61.'21'?{-z[9§1%33} EXample, 28 HNUNSEP, S . 20 (q, 9-6. 41z, 18
(2)-2-[1-[3-fluoro-4-(4-methyl-IH
|m|da20l%|a-9|9mheﬁ$7ﬂ]métﬁﬁld@@@#R1R52RﬁHZ(Aim, 3.57(dd,J=12.8, 2.
fluorophenyl)-2-hydroxypropyl]-6,6- dlmethylmor I|n 3- one 2 Faormula
351 O, LN RN 551 i ot e e ComEape e ctithinec
in the samg manner asimExamp)e 2y, frome4-{(1R,2R)%2r) ,
tert-butyldiphenylsilanyloxy-I-(4-fluorophenyl)propyl]-

2 hydfesy-6l6-dimetlylmdtpholif-3-dné ptépared and 3 5682, 1H) , 7.73 (s
fluoro-4-(4-methyl-1H-imidazol-1-yl)benzaldehyde. iH-NMR(CDC13)5(ppm):
1.18(5.3H):1.31(d,J=6.0Hz,3H),1.44(s,3H),2.31(s,3H),3.1
6(d,JT228Hz,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 10

3-7. 05(??1“21—})@77265 7.30(m,1H),7.35-7.44(m,3H),

7.70(d J5%2.8Kz, 1), 1763 dH)> 190319k _£1uoro-4— (4-methyl-1H-

10 imidazol-1-yl)phenyl]methylidene]—-4-[(1R,2R)—-1—-(4-

fluorophenyl)-2-hydroxypropyl]—-6-methylmorpholin-3-one

[Formula 82]

F N N
Ni\N O\g) 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]—
15 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-yl)benzaldehyde.
'H-NMR (CDC15) & (ppm) :
1.31(d,J=6.0Hz,3H),1.38(d,J=6.0Hz,3H),2.30(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(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),



Example 80 Synthesis of (Z)-2-[1-[3-fluoro-4-(4-methyl-IH- 15
imidazol-1-yl)phenyllmethylidene]-4-[(R)-1-(4-
fluorophenyl)-2-hydroxyethyl]-6,6-dimethylmorpholin-3- one [Formula 86] OH
OF\\NI\ NON/O/F 276 18.6 mg of the title compound was obtained in
the same manner as in Example 28 from 4-[(R)-2-tert-
butyldiphenylsilgnyloxy-I-(4-fluorophenyl)ethyl]-2-
hydroxy-6,6-dimethylmorpholin-3-one prepared and 3 5
fluorok44émethyl-IH-imidazol-1-yl)benzaldehyde. iH-NMR(CDC13)5(ppm):
1.26(s,3H),1. 44%5 3H),2.32(s,3H),3.06(d,J=12.8Hz,1H),3.

40(d, 123358157, 111),4.09-4.26(m. 2H),5.87(dd, J=8.0,

5.6Hz,11116:8565, L), 6298(5. 1), (D4 7 1p. 2H) 422 401 - 15—

7.26(m,1H) 7.33-7 39(m 3H) 7.69(d J=12.8Hz 1F), 7.75(s,1F). [0320] The
lll ¥ RAE ( S 1 i

-(3,4,5-trifluorophenyl)propyl]—-6,6—-dimethylmorpholin-

3-one

[Formula 83]

11.6 mg of the title compound was obtained in
the same manner as in Example 27 from 4-[ (1R, 2R)-2-

10 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 (CDC15) & (ppm) :

15 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,

20 1H).

[0317]
Example 78

Synthesis of (Z)-4-[(1R,2R)-1-(3,4-difluorophenyl)—-2-




xample EI DATA: MS m/z Note HO ,../ F Optically 8 1 * 1 M++H : 4 9 0 active
F (ES I) compound 15 [0321] Examples 82 and 83 Synthesis of
1-[1-(2,4-difluorophenyl)ethyl]-3-{1-[3 277
fluoro-4-(4-methyl-IH-imidazol-1-yl)phenyl]-(E)- methylidene}piperidin-2-one
[Formula87]OF FOFy,/\N\ JII1Z3EN/j-i IF N [0322] Synthesis of
3-luqro:A-(4-methylH-imidazol4- 5 yhenzaldehyde: 11 11— inidazol-
3,4-Difluorobenzaldehyde (30.0 g) was dissolved in L)MI— (400 mL), and
4-methy-Ibiahrdazoles (34.8iglarrd potdssiimetarhonate (58.5rg)3were
added to the soI tion at room temperature. The reaction 10 solution was
stirreé%?%@?or six hours. The reaction solution was left to cool to room
temperature. Then, et HQG te and water were added to the reaction

solution, and the oran r was separated. The resulting organic layer
was Washe 0\ br|

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-
difluorophenyl)propyl]-2-hydroxy-6, 6—-dimethylmorpholin-
3-one prepared and 3-fluoro-4-(4-methyl-1H-imidazol-1-
yl)benzaldehyde.

'H-NMR (CDC15) & (ppm) :

10 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,

15 1.6Hz,1H),7.73(s,1H).

[0318]
Example 79

Synthesis of (Z)-2-[1-[3-fluoro-4—(4-methyl-1H-

imidazol-1-yl)phenyl]methylidene]—-4-[(1R,2R)—-1—-(4-

20 fluorophenyl)-2-hydroxypropyl]-6,6-dimethylmorpholin-3—

one



15 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 20 obtain 6.28 g of the title
compound. The property values of the’€ompound are as follows. 278
iH-NMR(CRG13)569pm):
2.32(d,J=0.8Hz,3H),7.07(brs,IH),7.57(dd,J=7.2,7.2Hz,
1H),7.76-7.82(m,2H),7@7(brs;1H),10.01(d,J=1.6Hz,IH). [0323] 5 Synthesis of
: h ' -4- (4-methyl-IH-imidazol-I-yl)phenyl]
methylidene @ methyl-IH-imidazol-I yl)benzaldehyde
(2.29 rg/f‘an S digthoxyphosphoryl)valerate (3.68 g) were
dissoldein 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 eaction_s Ltgtion. s stirred at room temperature for
18 hours. Saunaégfé%dﬂﬂnﬁﬁcgre AL %ﬁé?ﬁ%ﬁ%aﬁgn

compoun was
onate water was added to
solutione followe dh by rextractionnwith &thyle acetate okhe resultingrextract was
dried over magnesium sulfate and then concentrated under reduced

presstt& "TRE résidiRN\vAE bty Sitic get ~CdibffiPBRfatdgrapky | -
(elutl@ﬂﬁ%&e&zyh%9@&%@%(?%%%%%%é%@gsgfl&'&h Lertbyty!
methyl ether and heptane, and separated by filtration to
5 fluoro-4-(4-methyl-1H-imidazol-1-y1l)benzaldehyde.
'H-NMR (CDC15) & (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
10 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 (Z)-2-[1-[3-fluoro-4—(4-methyl-1H-

15 imidazol-1-yl)phenyl]methylidene]—-4-[(R)-1-(4-

fluorophenyl)-2-hydroxyethyl]—-6,6—-dimethylmorpholin-3-

one

[Formula 86]

OH



obtain 1.96 g of the title compound. The property values of the compound
are as follows. iH-NMR(CDC13)5(ppm): 25
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,8.0Hz4H5,7.55(s,IH),7.77- 7.80(m,1H). 279
0324] Synthesis of (E)-5-chloro-2-{I-[3-fluoro-4-(4-methyl-
1H-imidazol-I-yl)phenyllmethylidene}valeric acid trifluoroacetate 5 chloroform
(5 mL) and TFA (1®BnfL)werefadded ttotteet-butypound was obtained in
(E)-5-chloro-2-{I-[3-fluoro-4-(4-methyl-

1H-intid8z8 RIS HER infethy flaériaialstate’ (£887) " and'the réadtion
solutignwas stined,atyoomm tersperature fanone howenThe Leagtion solution
was 10 concentrated under reduced pressure. The residue was solidified
with mgthyiene ehforibelthylacataie dit heptaneeriPseparated by

filtration to obtain 2.19 g.of . the title com . T roperty value of the
cémp%%ﬁ%r?s gs %gllénv?/g.h f& It:l%\l\]ﬂrglr% z? (%QFMZ%%T?%%S é%ﬁ%’esis of
(E)-I- a2 tuaroptemb)ethyl]-3-{I- [3-fluoro-4-(4-methyl-IH-imidazol-I-
yI)phenyI%meth lidene}piperidin-2-one 20 DIEA (0.12 mL), WSC (88 mc};), and
HOST (62 Mgy Werk- addéd 16 b soldidrs of {&)-5:0Méfo-2- 438 Hz, 1H) Y 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,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 X L Ey
@ o\‘)
Example E, DATA: MS m/z Note
HO.,
F Optically
* M*t+H: 490 | 3active
81 E (ES 1) compound
F
15 [0321]

Examples 82 and 83

Synthesis of 1-[1-(2,4-difluorophenyl)ethyl]-3-{1-[3-




fluoro-4-(4-methyl-IH-imidazol-I- yl)phenyllmethylidene}valeric acid
trifluoroacetate (100 mg) and 1-(2,4-difluorophenyl)ethylamine (54 mg) 25 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 280
bicarbanate water, water, & saturated.ammoniug ghlotide, solytipn, and
brine” The resulting organic layer was dried over magnesium sulfate and
then gendcentiatede tipdee reduiced pressure. The residue was purified by 5
silica gel column chromatography (carrier: Chromatorex NH; elution solvent:
heptaﬁF%ﬁH tAcétate system) to obtain 98 mg of
(E)-5-chloro-2-{I-[3-fluoro-4-(4-

methyl-IH-imidazol-1- yl)p(g\enyl]meLhylldene}vaIerlc acid
[1-(2,4- dlfluorophenyl)et ylJanpide. |(E)-5-chloro- 2fio
[3-fluoro- 4 dqmidaz phenyllmethyli
difluorophenyl)eib ' [
sodium/h ride (10 mg) was added to the re n solution at room
tempergture, and the reaction 15 solution wag 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 20 under
reduceaBpiEissure. The residue was purified by silica gel column

chromatoghaphy (carrler Chromatorex
esis ‘of luoro-4-(4-methyl-1H-imidazol-1-

5 vyl)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

10 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 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

20 obtain 6.28 g of the title compound. The property

values of the compound are as follows.



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 0OJ-H 25 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 reteAtién time of 18 minutes (Example 82)
(7 mo).andthe title 283 optically active compound with a retention time of 24
minutes (Example 83) (4 mg). The property values of the title compound are
as foltows. (dH NVIRCDCEI)5(pp)p5s, 1H) , 7.57 (dd, J=7.2, 7.2Hz,

1.59(d,J=6,8Hz,3H),1.7 87(m 231dJ 0. stH)
2.69-282(h IH).2 %%é%%% |H3 (} )51 .68z, 18) .

3.76(1m3b0,6.13(q,J=6.8Hz,1H),6. 81(ddd J= 10 4 8 8 2.8Hz
,1H).6.85-6.91(m IH) 6.98(brs, IH), 7.19-7. 28(m, 2H) 7.31-
E ) . - y

(E)- (8)43
imid
1-(3,4,5- trlfluoropmmmf@pyqléfmeﬁl@y]ppemhn-ﬂnﬂﬁa@ae{Eermula 88] HO,,

OF\NF NN/FY-F
yvl)benzaldehyde (2.29 g) and tert-butyl 5-chloro-2-

(diethoxyphosphoryl)valerate (3.68 g) were dissolved in

10 a mixed solvent 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

15 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

20 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 (CDC13) & (ppm) :

25 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) .



[0327] Synthesis of ((R)-3-bromo-2-methylpropoxy)-tert- butyldiphenylsilane
tert-Butyldiphenylchlorosilane (83 mL) and 20 imidazole (30 g) were added
to a solution of (R)-3- bromo-2-methyl-I-propanol (45 g) in THE (150 mL)
under 282 ice-cooling, and the reaction mixture was stirred at room
temperature overnight. Water was adéléd to the reaction mixture, followed by
extragtign with ethyl acetate. The organic layer was washed with brine, 5
dried over anhydrous magnesium sulfate, and then concentrated under
reducechpressuse oFhd Fésitluehwas opurifidd by silicaogel-colummethy 1 —
chromatography (carrler Chromat]orex NH elutlon solvent heptane ethyl

1) VL e A%

valueglcﬁftmgcgggg@gtg@@@re as follows. 1H- NMR(CDC13)5(ppm)
1.00(dd,J=0.8Hz,6.8Hz,3H),1.06(s,9H),2.00-

2:09(m,2H),3.50- 3365(?ﬁ<2¥tH>)f713657 B{nreH), 7585- (Z.68(m)4MR 115 [oBD8]
Synt esQ of f tert-bL bui%\il (

butyl phenylsnany Xy)-2- et%oxyphosphoryl[) 4- metﬁylvalerate 3 soiiutmn
tert-buhy! ﬁtﬁmymnosphpnp@eef@te 20164 1g)denEHE(160ant) wascadded
dropwise to a suspension of sodium hydride (containing 40% mineral oil,
13.2 gyfh TRE (ﬁﬁ?ﬁf@%nﬁ&%é%o‘iﬁ@ §hdtRed at room

temperature for one hour. The reaction solution was

10 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.

15 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]lmethylidene}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-1H-imidazol-1-
yvl)phenyl]lmethylidene}valeric acid trifluoroacetate
(100 mg) and 1-(2,4-difluorophenyl)ethylamine (54 mg)

25 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



reaction mixture was stirred at room temperature for 75 minutes. A solution
of ((R)-3-bromo-2-methylpropoxy) 25 tert-butyldiphenylsilane (99.4 g) in THE
(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 283%ethyl acetate. The organic layer was
washgd with Jrine, dried pver, apbydrous.magnesium silfate, and-then s 4.
concentrated under reduced pressure. The residue was purified by silica gel
colunse chromatography(ehtion iselvertuhéptamesethyh acetate system) to

obtain 74.6 g of the title comgound. The pro%er;%values of the comOPound

are a8 1offSwS HENRMREDTTS)Bpnj= @nd then concentrate
0.91-Q,98(m, 350 1-05(S:9E). 4.2 1. 3510, 6H) L. A5(S 9, 4@ ified by
1.68-1.79(m,IH),1.83-2.04(m,IH),2.16-2.26(m,IH),2.95
324(AtH);3.46°3.51¢r2H) 4l0R AT K@ apf)y7 . 35arrier: Chromatorex
7.42(m,6H),7.63-7.67(m,4H). [0329] tert-But

B P B dore g o e
[3-fluora-44(4-methy-IHsimidazel-Eylphenymethghdane]-4-methylvalerate A
solution of tert-butyl (4S)-5-(tert- . . .
butyldiphBRyIstiEnybXy 72 (tiethdkyphoSERARMEAY metRyIvaletate i TRE GO
mL) was added 0.4 5olution20, of tert:-butoxy; patassiym (3.3.0) in. THE (50
mL) in a nitrogen atmosphere at -70C, and the reaction mixture was stirred
fior 400 mifdtesr A-dolutionof8-fludko-dmidazol-1-

&l acetate system) to

yv1l)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

15 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

20 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

25 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



(4-methyl-IH-imidazol-1-yl)benzaldehyde (6 g) in THE (50 mL) was added to
the reaction mixture at -70C, and 25 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, 284 dried ovéf Anhydrous magnesium sulfate, and
then concentrated upder redyced, pressure. TheJesidueywas; purified by
silica gel column chromatography (elution solvent: heptane-ethyl acetate
system)toteitailt9:84-g S GBthetitlengompdting . Ttheopropertyavalaesof the
compound are as follows. 1H-NMR(CDC13)5V$gpm):

1.55(5:9H) 19552 O8[RC2HS 2736(s3H) . 2632 -

2.71 (M 2k 29t ps4bgH), 3.87(s,3H),6.93(m,1H),7.0 10
0(d,J=1.2Hz,IH),7.09(dd,J=8.4,1.2Hz,1H),7.27(d,J=8.4Hz,

1R), 7158(5(BHY, 767X 17, 1Ff)) {63301 Synthesis B tett-bhtyl, J=0.8Hz, 3H),
(E)-(S)-5-¢chloros2-[3-fluorg-4- (4-m limidazol-1-yl | ylidene]-4-
15 mey e ata T (L M soldton i THE, 228 ) Aab added 1o s
solutienf tertibytyk (BB (&);5=feretz, 1H) , 6 .81 (ddd, J=10.4,8.8,2.8Hz
butyldiphenylsilanyloxy)-2-[3-fluoro-4-(4-methyl-IH-

imidazgﬁilﬁ)rpgnté‘rﬁll] difylidené]-4methyivalérate 207 (9.3 §)in THE (360
mL) undey éﬁeﬁfliegn@mgﬁgg 1E8ACHoR XtUre was stirred at room
temperature for four hours. Ice water was added to the reaction

10 [0326]

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-

15 one

[Formula 88]

[0327]

Synthesis of ((R)-3-bromo-2-methylpropoxy)-tert-—

butyldiphenylsilane

tert-Butyldiphenylchlorosilane (83 mL) and
20 dimidazole (30 g) were added to a solution of (R)-3-

bromo-2-methyl-1-propanol (45 g) in THF (150 mL) under



mixture, followed by extraction with ethyl acetate. The organic layer was
washed with brine, dried over 25 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 285 were collectedand concentrated to obtain a
colorless il (4.2,9). Triphenylohosphine (3,15,9),was dissalved. in.a solution
of the colorless oil in methylene chloride (50 mL). N-chlorosuccinimide (1.47
g) wasdsaddedrtertheueactior soiytion. underice-ceclingi@d the téaction
mixture was, stirred at OC for one hour, Ice water was added to the reaction
mixtuté folibRed™ by EXtFaction With Chisrorerm “ Thé crdafiic 1aysr Was
washgdawith briney deiedQuat anhydraus magnesidan1Q sulfatg, iand then
concentrated under reduced pressure. The residue was purified by silica gel
cSluniiy iciroRvatbgrapi (it fiel cChromaibreéx Nid elutisnd s vent:
heptang:ellyl aceiate system) lo,0biain 284,01 the fifle compgynd, The
property values of the 15 compound are as follows.
1H-NMRGCDEA 35 (ppi): c0.96{d, I=618Hz, ), {5, h 231 2-2:22( 1 H),
2.49(dd,J=14Hz,8Hz,1H),2.74(dd,J=14Hz,6.4Hz,1H),3.37-

3.46(M 2P F-06 702, 1H) 7. 2257 20UTETHY, 7738t o —ethyl acetate
1=8Hz LHLT PO I L T (LA S ke [EBRSUMSS A, he
(E)-(S)-5-chloro-2-{1-[3-fluoro-4-(

10 property values of the compound are as follows.

Y H-NMR (CDC13) & (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) .

15 [0328]

Synthesis of tert-butyl (S)-5-(tert-

butyldiphenylsilanyloxy)-2—-(diethoxyphosphoryl)-4-

methylvalerate

A solution tert-butyl diethylphosphonoacetate
20 (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)—
25 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



methyl-1H-imidazol-1-yl)phenyllmethylidene}-4- methylvaleric acid
hydrochloride 25 A solution of tert-butyl (E)-(S)-5-chloro-2-
[3-fluoro-4-(4-methylimidazol-1-yl)phenyllmethylidene]- 4-methylvalerate
(2.84 g) in trifluoroacetic acid (20 mL) was stirred at room temperature for
one hour. The 286 reaction mixture w&s concentrated under reduced
pressure, ethyl.acetate (19,ml),and a solution.of AN fydrochlgric acid in
ethyl acetate (10 mL) were added to the residue, and the reaction solution
was Proneentiateebunderrethiced-pressurgiErswperafion twasaepeateth
twice. Diethf\/I ether was added tq the residue, and the reaction mixture was
rubbetf With & “Sattlal 1He solftificd And fretibitated INSoltbie: Mgttdfias
collegted oy: tiltration 4o 10htaing2.05-9 ofid0 thetitle.comppoungd. Theproperty
value of the compound is as follows. ESI-MS;m/z 337[M~+H]. [0332]
SyntHesis of (E)-(SRBAI3-HubYe-42 (@R ARdtAy I E8™M) to obtain 74.6 g

imidazol-|-yl)phenyllmethylidene}-I-[(IR,2R)-2-hydroxy-

3 A B o e ST e et o, S BTEATD A7),
WSCd2ogangy, and HOST(18dwmg) were added to a suspension of
(E)-(S)-5-chloro-2- 20 {I-[3-fluoro-4-(4-methyl-IH-imidazol-I
yI)pheﬁﬂwgﬂ%ﬁﬁ%hé%-ﬂpﬁﬁ@thylvaleric acid hydrochloride (250 mg) and

(IR,2R)-bamjngd~(3,48y , 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) , 4.09-4.17 (m, 4H), 7.35-
7.42(m, 6H),7.63-7.67 (m, 4H) .
[0329]

tert-Butyl (E)-(S)-5-(tert-butyldiphenylsilanyloxy)—-2-

15 [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

20 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

25 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,



trifluorophenyl)propan-2-ol hydrochloride (243 mg) in DMF (5 mL) at room
temperature, and the reaction 25 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 287 sd@lBfion, and brine. The resulting organic
layer yyas. grigsLover magnesium sylfate andthep.concentrated yunder
reduced pressure. The residue was dissolved DMF (8 mL). 60% sodium
hydride {82 mgpwas added at6CyScahd thes reaction Solationwasistirred at
OC for one_hour. Ethy| acetate was added to the reaction solution, which
was tREh'segtientrally wasied fith” Satitatsd s8N Biéabonate Watsr!
waters susatyratede gmmenium ehleride selutions agd)brine.cthe resulting 19
organic layer was dried over magnesium sulfate and then concentrated
uRdepPfedited piessurerPhe tesiduehwas remsfied by sticesgelfcdlnmn
chrorg%%)ggor%%y Eg%aerriaer: &Qr%gvastorex NH; elution solvent: heptane-ethyl
acetate system -> ethy? acetate-methanol system) to obtain 176 15 mg of the
title compournatothe peaperity values of the compound are as follows.
ESI-MS;m/z 48%M'+H . IH-NMR(CDCI3)5(ppm):
1.03(d,;3=6'8H2BH) 1. 8,3%%%?%),21. (39 3H),2.63-

2.00(. 1) 2 3145,341) 2 39(ddck 1545.6,11.6:2 8HZ 2., 6 .93 (m, 18) , 7. 0
65(brs,H),2.93(brd,J=15.6,3.6Hz,IH),3.20-

329(M(2H) 41422253 A1 H)5.82¢d I=7 .2H2,1H)z, 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]methylidene]-4—

15 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

20 (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

25 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



6.99-7.02(m,IH),7.05-7.11(m,2H),7.22-7.30(m,2H),
7.39(dd,J=8.0,8.0Hz,IH),7.75-7.78(m,IH),7.81(brs,IH). 25 [0333] Example 85
Synthesis of (E)-3-{I-[3-fluoro-4-(4-methyl-IH-
imidazol-1-yl)phenyllmethylidene}-I-[(IR,2R)-2-hydroxy 288
1-(3,4,5-trifluorophenyl)propyl]piperidit2-one [Formula 89] O HO"~, F N ;1;~

N/IF o N=F 1 Asolution ofi4 N fwdregen chlaride,in.dipxane (10pk ) was
added to a solution of tert-butyl [(IR,2R)-2-hydroxy-I-(3,4,5- 5

trifluorepheny¥propyl]carbiarmatey (2285 gplin mioxane fl@ imlveat rdopsolved
temperature, and the reaction solution _was stirred at room temperature for

five holirs. H8x&Ne (B ML) Was 84654 15 T8 teadtlion SbItioR & room
temperatyre, and the rgactiomsolution was-stirked atd0room tgmpgsature for

20 minutes. The resulting solid was separated by filtration to obtain
(IR,2R}afine- 1h3,4 S5 Hifluorophenylproparte-dlarydreehibride {246 g).
D'EAt<%é5f%gL RS mg)éﬂarsld &%?Te@zgt feridcts %drrd?e%ou%.
solution of ( ‘3 -chloro- hu[g 15 fluoro- -(r4-methyl-l -imidazol-I-
yl)phery]|methytidenesalada actd trifiuoreacetate (1i08 @andfollowed
(IR,2R)-I-amino-I-(3,4,5-
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
chromatography (carrier: Chromatorex NH; elution
solvent: heptane—-ethyl acetate system) to obtain 2.84 g
of the title compound. The property values of the
15 compound are as follows.
' H-NMR (CDC13) & (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,
20 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]lmethylidene}-4-

methylvaleric acid hydrochloride

25 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 trifluoroacetic acid (20

mL) was stirred at room temperature for one hour. The



trifluorophenyl)propan-2-ol hydrochloride (664 mg) in DMF (25 mL) at room
temperature, and the reaction 20 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 289 bicarbonate water, water, a
saturated ammonium chloride solutict? %and brine. The resulting organic layer
was dried:over magnesium, sulfate.and then congeptrated, yndey reduced
pressure. The resulting solid was washed 5 with heptane to obtain
(E)-Srotdores24l-[3fluplo-decetate (10 mL) and a solution of 4 N
(4-meth I-IH-imidazoI-l-;@phenyl methylidene valeri% acid
[(|R,21E%5¥§-%§/B%8>%yl-ﬁ(§,ﬁ, L thiflus &aﬁenay?)eptré%‘%ﬁ]ér%udé“{‘i).1Beg5.e added
(E)-5chlenas2+ Ekcf3rfluoroda(4-methyllH-inpidazoi-h 10on was
yl)phenyllmethylidene}valeric acid [(IR,2R)-2-hydroxy-

153, 4 8urflobropirshylptepylfafide (1 .2095)Was -dissbiedinDRF @5 mL).
60% sedium fydride (10419) was aded o he reaction sojution g room
temperature, and the reaction solutior’was stirred at room 1 temperature
for onebaun&thyhacetate was-added 1o xthereaciionsahudon wihichawvas
then sequentially washed with saturated sodium bicarbonate water, water, a

saturatetf-atinonitiF cARtE Sdittio A En & TmeD - Fesdiiing ‘drgaRic layer
was dyigd gyer, magnesiun2Q sylfate;and then copgepfrated, updgs redyced

pressure. The residue was purified by silica gel column chromatography
(carrieneChriomatorexiNid nelutiofhsolventeheptanelethybdcetate systemnzt

ethyl acetate-
1s as follows.

ESI-MS;m/z 337[M'+H].
[0332]

Synthesis of (E)—-(S)-3-{1-[3-fluoro-4—-(4-methyl-1H-

15 imidazol-1-yl)phenyl]methylidene}-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-

20 {1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene}-4-methylvaleric acid
hydrochloride (250 mg) and (1R, 2R)-1-amino-1-(3,4,5-
trifluorophenyl)propan-2-o0l hydrochloride (243 mg) in
DMEF (5 mL) at room temperature, and the reaction

25 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



methanol system), solidified with ethyl acetate and 25 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]. 290
iH-NMR(CDC13)5(ppm):
1.31(d,J=6.0Hz,3H),1.77-1.98(m,2H¥2.31(d,J=0.8Hz,3H),

2'73(9&&%@0‘%’2’;ha’%ozz}‘?ess(r@k%_l)hesultin organic layer was
3.27(ddd,J=12.4,7.2,4.0Hz,1H),3.54(ddd,J=12.4,g 0,4.0Hz 5

,1H),448=24.53(an | H)c&1286d,Um7BHZAH),6:89- then concentrated

7.02(m,1H 704712(m2H 723731 m,2H),

7.38(H0%8. 0 EBHAH T 755 77(m] fﬁél‘?%(%aiﬁl[ﬁ%%h‘fefo DME
Example $6) Synthesis: o (Ehl-KRi2Rd-(3x4-diflporopbeny=2: at o°c,
hydroxypropyl]-3-{l-[3-fluoro-4-(4-methyl-IH-imidazol-

1Y) phehyilptethyidérelpiperidini2onsa frermalasgd]ad HOCFRQN == N~/ F
Ir A Iutlon of 4 N lgydr chlorlde yI 15 %cetate Qto mL) was added
to a SO?UtIOh o] ter¥ utyﬁ%\( 3R)ai (3, Z?(glf uorop eny 7

hydraxyprepyjcarbamate 960 1thghirnsmetihanral(10ymic) sh f@ow t h
temperature, and the reaction solution was stirred at room temperature for

Bornﬁﬁﬁggaﬂ%gré&&kﬁp 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 residue was
purified by silica gel column chromatography (carrier:
Chromatorex NH; elution solvent: heptane—-ethyl acetate
system -> ethyl acetate-methanol system) to obtain 176

15 mg of the title compound. The property values of the
compound are as follows.

ESI-MS;m/z 488[M"+H].
' H-NMR (CDC13) & (ppm) :
1.03(d,J=6.8Hz,3H),1.32(d,J=6.4Hz,3H),1.86-

20 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) .

25 [0333]

Example 85

Synthesis of (E)-3-{1-[3-fluoro-4—(4-methyl-1H-

imidazol-1-yl)phenyl]lmethylidene}-1-[ (1R, 2R)-2-hydroxy—




20 solution was concentrated under reduced pressure to obtain
(IR,2R)-I-amino-I-(3,4-difluorophenyl)propan-2- of hydrochloride (747 mg).
DIEA (1.59 mL), WSC (880 291 mg), and HOST (620 mg) were added to a
solution of (E)- 5-chloro-2-{I-[3-fluoro-4-(4-methyl-IH-imidazol-I-
yl)phenyl]methylidene}valeric acid trififdtoacetate (1.00 g) and
(IR,2R)-l-amine-Ix(3,4 b diflugrophenylpropans2-aLhydrpehloride. (612 mg) in
DMF {20 mL) at room temperature, and the reaction solution was stirred at
room tBmperaturé¥or one hour. Ethyl acetate was added to the reaction
solution, which was then sequentially washed with saturated sodium 10
bicarbonate water, water, aosat ated ammonium chloride solution, and
brine. The rFesuItlng orga Wic lajer was drled over magnesium sulfate and
then concen pred o DresSure. The resulting solid was washed
with heptane tqQ gbtain 2{|-[3-fluoro-4 15
(4-metRyl-lH-imidazol-1-yl)phenyllmethylidene}valeric acid
[(IR,2R)F(3,4-difluorophenyl)-2- hydroxypropylJamide (977 mg).
(E)-5-chloro-2-{I-[3- fluoro-4-(4-methyl-IH-imidazol-I-
yl)phenyl]methylidene}valeric acid [(IR,2R)-I-(3,4 20
difluoropheny!)-2-RydrokyprapyiRinideN977hgy wass #issoldéd i DMF (25
mL). 6%, sadium hyg j'ev@g mg) was added to the reagtion solution at
room temperature, and the reaction solution was stirred at room
tempeératare for-30-minutesy Watet wia® added to the 25 reaction solution,

foIIowed bX extraction with ethyl . .
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

10 room temperature for 20 minutes. The resulting solid
was separated by filtration to obtain (1R,2R)-1-amino-
-(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-

15 fluoro-4-(4-methyl-1H-imidazol-1-
yvl)phenyl]lmethylidene}valeric acid trifluoroacetate
(1.00 g) and (1R,2R)-1-amino-1-(3,4,5-
trifluorophenyl)propan-2-o0l hydrochloride (664 mg) in
DMEF (25 mL) at room temperature, and the reaction

20 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



acetate. The resulting extract was dried over magnesium sulfate and then
concentrated under reduced pressure. The residue was purified by silica gel
292 column chromatography (carrier: Chromatorex NH; elution solvent:
ethyl acetate-methanol system), solidified with ethyl acetate and heptane,
and separated by filtration to obtain 743 mg of the title compound. The 5

property-values gfthg compoynd are as follows. {£3!-Mao 2 4n6IMrstHk e
IH-NMR(CDC13)5(ppm):

1.30(dJ56:0Hz,3H)8. 74=1:96(m, 2HY, 23K J50.4HZ;3H) ic layer was
2.68-2.85(m,3H),3.19-3.28(m, 1H),3.47-356(m IH) 44310
4.52(RT1H95 364, JL896195 1) 6 o5 AT 71 56‘ en concentrate

7.18(0h2Eh, 724123t )s (:36(dd 378.4.d HHz2HYy so1id was washed
7.75(brs,1H),7.80(brs,1H). [0335] The compounds in Tables 3-1, 3-2, and

33 15-Weréobtainedtin thetsahie Mamierc203r frablel3-13 of Fiene-RHE: 5

Eﬁ;ﬁ{%ﬁe Ej%%%%g{'l%m{éyz%‘ﬁ 19ptically, 84 ¥, 4,98 active | L ESTY
acid [(1R,2R)-2-hydroxy-1-(3,4,5-
trifluorophenyl)propyl]amide (1.10 g). (E)-5-chloro-2-
{1-[3-fluoro-4-(4-methyl-1H-imidazol-1-

10 vyl)phenyl]lmethylidene}valeric acid [ (1R, 2R)-2-hydroxy-
1-(3,4,5-trifluorophenyl)propyl]amide (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

15 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

20 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

25 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].



J,a88*FM+H 408 active (ES T)compound F Optically 10 8 9 Ni (E S)I
0 8 active Impound 0 Optically 90 ppp M~+H436 active IF (E S 1)
compound Optically active 9 1 F NI++H 45 6 comppound * (separation
column (E S 1) AD-H: retention time 24 minute) 1 S Optically active F M++H
456 compound 9 2 (s-a: reten ionon<?fE S 1) AD-H retention time 29
minukg) HE Rpfically active) M + H 446 compound 9 3 (separation column
(E S 1) AD-H: retention time 8.0 minute) HO Optically active M++13 4.1 6
coepdund 94, (D-p: Peten3iBitl.inn’ (E1S 39§ AD-HE) retetion 2 6-infd134 3Hinute)

10

15

20

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-

1-yl)phenyl]lmethylidene}lpiperidin—-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)-1-amino-1-(3,4-difluorophenyl)propan—-2-

ol hydrochloride (747 mg). DIEA (1.59 mL), WSC (880



OH Optically acLi,e F M++H :4 7 4 compound 9 5 (separation column F (E
S 1) An-H: retention time 53 minute) OH Optically acLive FM++H474
compound 9 6 (separation col. F(E S T) AD-IT: retention time 61 mints)
HO,,, Optically 9 7 * active 25 N CI (ErS T) compound 98 M++H 422 (ESI)
294 0336] 0 FE, N xample Fi DATA?MS m /z Notes F Optically a'Y"N
M++H 4 4 1 active:d 9(E:$ hopmpound L0 Qptically, 1.0 0, My 4 5

2 active (E S 1) compound F

10

15

20

25

5-chloro-2-{1-[3-fluoro-4-(4-methyl-1H-imidazol-1—-
yv1l)phenyl]lmethylidene}valeric acid trifluoroacetate
(1.00 g) and (1R,2R)-1-amino-1-(3,4-
difluorophenyl)propan-2-o0l hydrochloride (612 mg) in
DME (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]lmethylidene}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-
yv1l)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 mg)
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



HO1 Optically F active 101 M+ (ES) 48 8 F compound HO F Optically F
M++H : 4 7 0 active 102 (ES I) compound F [0337] [Table 3-3]0 F\\N'E,
xample Fi DATA: MS m/z Notes F Optically 103 N M++H : 4 4 1 active
103 (ES 1) compound Optically 104 'F M+ (E S) 5 2 active compound HO
Optically 105 F M++H: 470 active (E%S %) compound 295 0338] Example 106

Synﬂgﬁﬁ%ﬁ$(%kgg% ) f%ﬁ%gg1@3@?%%@4{éﬂ?gmgébrex NH; elution
1H-imidazol-1-yl)benzylidene]-6-(3,4,5-

triflucsophenyl)tetranydrepyrtolof2,des]flhdjoxazirs-ded)oneol idified

with ethyl acetate and heptane, and separated by
filtration to obtain 740 mg of the title compound. The
5 property values of the compound are as follows.
ESI-MS;m/z 456 [M"+H].
' H-NMR (CDC13) & (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-
10 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

15 were obtained in the same manner.



[Formula91]F F\F OI/ MeO NN H \ O \-/H [0339] Synthesis of ethyl
(2R,5S)-5-(3,4,5- trifluorophenyl) 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-trifluorophenylmagnesium brontde (0.35 M solution in diethyl ether; 55
mL) was geded_dropwise at -40C over 20 minutes, and the reaction solution
was stirred 15 at -40C for five hours. Saturated aqueous ammonium chloride

and ethyl acetate were added to the solution. The reaction solution was
heated to room temperature, and theprganic layer was separated. The

resulting organic layer was WA
magnesium sulfate, and the'él?b
residue was purified by sili

1 brine, dried over 20 anhydrous

oncentrated 296 under reduced pressure. The

a gel column chromatography (heptane ->

héptandzethydacetate & 1:1) to jolkain ¥.8/g gf ethylvotes
(R)-2-tgrt-butgxycarponylaming-5-oxo-5-(3,4,5 betrifluiakophenyl)pentanoate.
A solutipreof 4 N+ M"+H: 408 active
F (EST) compound
Opticall
- *JUF Mf+H:408| S0
(ES 1)
compound
F .
; Optically
+ .
10 89 {’\@ M 4H:408| _orive
(EST) compound
[0} T . Optically
90 « M™+H:436 active
(ESI)
F compound
OH Optically active
91 ¥ F M*+H: 456 T:Zliz?zgion column
(E S ) AD~H: retention
il time 24 minuts)
15 LOH Optically active
. + N compound
92 # F M"+H:456 (separation column
(ES 1) AD-H: retention
. time 29 minuts)
HO, Opticalz.iy active
. + . compoun
93 M'+H:446 (separation column
# (ESTI) AD-H: retention
time 8.0 minuts)
HO Optically active
—+ . compound
94 - M'+tH:446 (separation column
* (E S I) AD-H: retention
20 time 34 minuts)
OH Optically active
2 F + . compound
95 */%Z M _(FEI‘,_IS 14)7 4 (separation column
AD-H: retention
£ F time 53 minuts)
~—OH Optically active
§ F + i campound
96 ¥ M +H:474 (separation column
E (E S1I ) AD-H: retention
E time 61 minuts)
HO, .
- Opticall
97 . (/ MY 11455 Jorive Y
25 I, (ESD | Conpound
+
98 . M'+H: 422
(ESTI)
F




hydrochloric acid in ethyl acetate (30 mL) was added to a solution of the
resulting ethyl (R)-2-tert- butoxycarbonylamino-5-oxo-5-(3,4,5-
trifluorophenyl)pentanoate in ethyl acetate (30 mL), 10 and the solution was
stirred for 15 hours. The reaction solution was concentrated under reduced
pressure. Ethyl acetate and saturatedt$6dium bicarbonate water were added
to the;residye, and the 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 acé ; @and the reaction solution
was stirred in a hydrogen stream-at m for.20 six hours. The reaction
solution was filtered through cé@, and the filtrate was concentrated under
reduced pressure to obtain 2.91 g of the title compound. The property value

of thelggg;gppémd IS as Etl)r@ws. ESI- %Apﬁ(? ﬁgé!Mﬂ-Hj. 25 Qg ynthesis

of [(2 F,bb)-b- 3.4,5- riffaorophenynpyfrolidne-Z-ylmetnanol CAH {483 Mg)

was ddded to @ solytion of ethyl 297CMCT ;tpt;%illy

(2R,58)-5-63,4,5-trifluprdbhenyl)pyrrofdinetd- chrbdxy! 91 @) in THE (5

mL) gt -15C over one “hour. The rea&ction(goﬁjﬁ(}n was g§rr 8 aIt1-15C for 19

hourg. Water (0.5 mky, a5 N sodium hydroxide solutjon,5.(0.5 ml), and water
g a4

[ S I Gy I N

(1.5 nPL) We(;e sequen lly added to M' 4+ 45 2| active
10 (ES 1) compound

[

F

HO.. Optically
F n . active
101 * . M TEHS 14)8 8 compound
Ho, F
/(@:F
*
F

Optically
+ . active
102 M —(I_EHS I4)7 0 compound
[0337]
[Table 3-3]
[¢]
F Ny E
Example E, DATA: MS w/z Notes
F Optically
SN + . active
103 ol . M TI?I?—IS 14)4 1 compound
HO:(/\ Optically
. A N+ LTIT . A £ 9 active
104 N " (gs1) | compound
HO. Optically
F + . active
+H:
105 */KE:[ M (EHS 14)7 0 compound
F




the reaction solution, and the mixture was stirred at room temperature for 30
minutes. The reaction solution was filtered through celite, and the filtrate was
concentrated under reduced 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]. iH-NMR(CDC13)5(ppta) 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(E3=810Hz,2PK. [0341] Synthesis of
(2)-(6S, 8aR 3 1- £3 -methoxy-4-(4- met?yl 20
1H-i %
trlflqup@@ﬂmt@zg@hydmw&lgﬁio@E{Jeﬁl]@@zm 4, 9ne 521 mg of the title
compound was obtalned from [(2R 58) -5- (3 4, 5 trlfluorophenyl)pyrrol|d|ne -2-

[3—-methoxy—-4— (4—-methyl-

& A ) 4 ) H xXHA

ge pro erty values of the compound are as foIIows ESI MS;m/z 470 [M' +H]
MR(CDCI3)5(ppm):

1.71- 11;85&{1?(1;%),]9.92-1.98(m,1H),2.10-2.20(m,2H), 2.30(s,3H),

2.37-2.48(m,IH),3.86(s,3H),4.09-

4.13(m,IH),4.68(d,J=8Hz,IH)5.14(d,J=9.2Hz,IH),6.75(s,l 5

H),6.84(dd,J=8.4Hz,6.4 F93-6.94(m,1H),

[0339]

Synthesis of ethyl (2R,5S)-5-(3,4,5-

trifluorophenyl)pyrrolidine—2-carboxylate

To a solution of (R)-5-oxopyrrolidine-1,2-

10 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

15 at -40°C for five hours. 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 separated. The resulting
organic layer was washed with brine, dried over

20 anhydrous magnesium sulfate, and then concentrated



7.21(d,J=8Hz,IH),7.37-7.41(m,2H),7.72(d,J=1.2Hz,IH). [0342] Example 107
Synthesis of (6S,9aR)-6-(4-chlorophenyl)-3-{I-[3- 10
methoxy-4-(4-methyl-IH-imidazol-1-yl)phenyl]-(2)-
methylidene}hexahydropyrido[2,1-c][1,4]oxazin-4-one [Formula 92] CI O o
H \N/O 11 N,~N O H Synthesis of methyl (2R,6S)-6-(4- chlorophenyl)

IOiper@ﬁ%‘?'%@éfxlﬁtEJ&@éPMionr9&1?8@1%%" (RE6ified b
oxopiperidine-1,2-dicarboxylate (CAS N0.183890-36-0, 9.00 g) in THI:j(120
ml), 4schloreplienylnvagnesivin: brernide ¢p.0yM Goltiemén diethyl ether, 42
ml) was added in a nitrogen atmosphere at -78C over 20 EEninutes. The

reactiorr SAILH6R Was sfifredHtS78C o™ 402G 175 hodirs ahd fhen’

quenghed with-a satirated ammenium299 -chleride solution, at -40C. Water
was added to the reaction solution, followed by extraction with ethyl acetate.
The resiftihgoedpiawas ariedsvert ragrfesiehisulfate @hdthén

;glnC%@té%tggh‘i%drefcreggf&di% PLesayre, Ihe Jesidugowas purified by silica,
a solution of the resulting ethyl (R)-2-tert-
butoxycarbonylamino-5-oxo-5-(3, 4, 5-
trifluorophenyl)pentanoate in ethyl acetate (30 mL),

10 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

15 1layer 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 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].

25 [0340]

Synthesis of [(2R,5S)-5-(3,4,5-

trifluorophenyl)pyrrolidine—2-yl]lmethanol

LAH (483 mg) was added to a solution of ethyl



column chromatography (elution solvent: heptane-ethyl acetate system) to
obtain methyl (R)-2-tert-
butoxycarbonylamino-6-(4-chlorophenyl)-6-oxohexanoate (9.53 g). A
solution of 4 N hydrogen chloride in ethyl 10 acetate (90 ml) was added to a
solution of methyl (R)- 2-tert-butoxycarbbnylamino-6-(4-chlorophenyl)-6-
oxohexanaate (9.53 9) in ethyl acetate (90,3t ropp) temperature, and the
reaction solution was stirred at room temperature for 12 hours. The reaction
solutioarkt®wakadencehtrated under TBEuced préssure, ahd’ theoresidueswas
made basic with a saturated sodium_bicarbonate solution. Then, ghloroform

was atfded to tHE reSitftie! Ahdthethixtlrd Gas i at %orﬁlée%pfe?ﬁtulrg

for twiochewrs. Therarganic lyer was: 26 sepasated, drigg-overimaghesiinn
sulfate, and then concentrated under reduced pressure. Sodium
cyandBorohydtided329 ¥ and theh ateticicid (32 hl) Wwerbvaddes o ao

solutipp,of the residye inmethanol . (159 mi) gt 9¢, and,the reaction solytion
was stirred 25 at OC for one hour and at room temperature for one hour. A
saturateshsaditipe bicarbenatersalotion was sadderhto thesraactionssalutionn

followed by extraction with chloroform. The resulting extract was dried over

300 HAYnesiRrSifate andcthensCoricentfdted et rebtesd Prsssure. The
residug was, purified, by, silica gel colymp,.chromatograpty. (elytion solyent:

heptane-ethyl acetate system) and solidified with a heptane 5 diisopropyl
ethersystemttbeolitaimr24ydg of the tilecprerty values of the

compound are as follows.

ESI-MS;m/z 232[M"+H].

'H-NMR (CDC15) & (ppm) :

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 (Z)-(6S,8aR)-3-{1-[3-methoxy—4—-(4-methyl-

20 1H-imidazol-1-yl)benzylidene]-6-(3,4,5-

trifluorophenyl)tetrahydropyrrolo[2,1-c][1,4]oxazin-4-

one
521 mg of the title compound was obtained
from [(2R,5S5)-5-(3,4,5-trifluorophenyl)pyrrolidine-2-
25 vyl]lmethanol 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].



compound. The property values of the compound are as follows. ESI-MS;
m/z 254[M'+H]. iH-NMR(CDC13)5(ppm): 10
1.38-1.60(m,3H),1.72-1.78(m,1H),1.96-2.03(m,IH),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,IH),3.73(s,3H),7.25-7234m,4H). [0343] Synthesis of
[(ZR,68)@nidrehlorophegyhpiperidin-2- 15 yllmethanol Lithium aluminum
hydride (508 mg) was suspended in THE (50 mL) in a nitrogen atmosphere.
Methyl.(2R; 653-64(4-cHlbraplenyl)pipeniding) 2 2carfbexykdten(247) g) was
added to the suspension at 20 20C, and the reaction solution was stirred at
-ZOC%o'g Ol Hal. voa o (05T My, A 5N 5 éibsmér{*ydréx%%‘ solution (0.51
ml), andiwateri(1)53 ml} were—sequentjally. added ta the seaation solution at
-20C, and the reaction solution was stirred at room 25 temperature for 15
minutés: Etlivi GebtdredwasZaddetito 4He réaltiort sdtutionl Then, the reaction

solutign filtered through celite, the filtrate, oncentrated under
ecuont rossure The oe wad 0T Binibd by s gol 2atimn
chromatography (carrier: Chromatorex NH; elution solvent: heptane-ethyl

acetate system) to obtain 1.90 g of the title compound. The property value
of the*&aipbEindYié as follows. 5 ESI-MS;m/z 226 [M'+H]

Synthesis of (6S,9aR)-6-(4-chlorophenyl)-3—-{1-[3-

10 methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]—-(Z) -

methylidene}hexahydropyrido[2,1-c] [1,4]oxazin—-4-one

[Formula 92]

Cl
o H
P WN
(0]
N N
-

Synthesis of methyl (2R,6S)—-6—-(4-

chlorophenyl)piperidine—-2-carboxylate

To a solution of l-tert-butyl (R)-6-

15 oxopiperidine-1,2-dicarboxylate (CAS No0.183890-36-0,
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

20 1.5 hours, and then quenched with a saturated ammonium



[0344] Synthesis of (6S,9aR)-6-(4-chlorophenyl)-3-{I-[3-
methoxy-4-(4-methyl-IH-imidazol-1-yl)phenyl]-(2)-
methylidene}hexahydropyrido[2,1-c][1,4]oxazin-4-one 10 199 mg of the title
compound was obtained from
[(2R,65)-6-(4-chlorophenyl)piperidin-2yfjmethanol (270 mg) in the same

manngr asinexample 40, The prgperty valyes of the compeund arg.as
follows. ESI-MS;m/z 464[M'+H]. 15 1H-NMR(CDC13)5(ppm):

1.39-1 &54(i, 2H) 406641 BTi(m 2H)| 21442 125 (k2k)ction with ethyl
2.30(s,3%4t),3.86(s,3Hg,4.03-4.13§m,2hg, |
4358044, 2.407, 1195 37 I=4 ORI Ty 7as drted over

6.83(sdlh693(s, W) 720+ . 23N 3 n7 392 ntrated under reduced
7.33(m,2H),7.36-7.40(m,2H),7.73(s,IH). [0345] Example 108 Synthesis of

(6R, RIFS3Y I B-methexy-ds(AntethiplsiHurified by silica gel
e oA Deasih SR 362 ol
93] FaEdt L H H/sEhH to obtain methyl (R)-2-tert-—
butoxycarbonylamino-6-(4-chlorophenyl)-6-oxohexanoate
(9.53 g). A solution of 4 N hydrogen chloride in ethyl
10 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
15 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
20 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
25 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



Synthesis of (S)-5-benzyloxymethylmorpholin-3-one Bromoacetyl chloride
(5.06 mL) was added to a mixed solution of (R)-(+)-2-amino-3-benzyloxy-I-
propanol (10 g) in toluene (100 mL) and a 2 N sodium 5 hydroxide solution
(100 mL) under ice-cooling. The reaction solution was stirred at OC for 30
minutes and then at 60C for one hout ¥he reaction solution was returned to
room temperatyre. Then, a tolyena;THF. (1:1)mixed solutian was. added to
the reaction 10 solution, and the organic layer was separated. The resulting
orgaric ¢ayerrwas dfied overiahlyydreasrmaghesiumisuifate andothen
concentrated under reduced pressure, The residue was purified by silica gel
coluni? %HW&m%F&gOHS%E?/?JéFLR%% SOWERT: HeptandEthyl 15REekte Tyktem) to
obtain d-36 goftheitle camposnd; JFhe property. valuaes-etthe compound
are as follows. iH-NMR(CDC13)5(ppm):

3A2(8 329 LMY 3 SYad, =025 P2, APBH2(dd,J=1 D of the title
.0,6.0Hz Ilg)i,_|3d75( IH).3.86(dd.J=12.0,4.0Hz.IH),4.12(d 20 . __
J=16 8 ‘7),4.12%3,\]:]01%. bz, 1), 48305 21 6 20(ors.| =
H),7.287140(m,SH). 303 0346] Synthesis of tert-butyl
(S)-3-benzyloxymethyl-5- oxomorpholine-4-carboxylate TEA (1.72 mL),
A-dimfethyiariifiopyrdin€ {18915 mg), and di-tert-butyl dicarbonate (2.02 g)
were B@Q@@R(gg&glyg%&g)(S)-S-benzyloxymethylmorpholin-3-one (1.36 g)
in acetonitrile (25 mL). The reaction

10 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-

15 yllmethanol

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 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

25 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



solution was stirred at room temperature for two hours. Then, brine and ethyl
acetate were added to the 10 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 coldth chromatography (elution solvent:
heptane-ethyl 15 acetate system) toahiain éﬁ%myﬁ%ﬁﬁ orppound, The
property values of the compound are as follows. IH-NMR(C 13)5(ppm)
1.50(8/9H);8.67(dat, JrB;8,418HZ HH), 8308+ent : heptane ethyl acetate
3.75(m, ZHQ; .08-4.28(m 4H) 5 (d,J=I2.0Hz 1H)E
4.58(8TZOH LI 2527 36(H, BH) [0347] SyitheSRTBPE EbUL TS
{(S)-Ithenzylaxymethyk22- 0x9-243¢bund is as follows.
5-trifluorophenyl)ethoxy]ethyl}carbamate To a suspension of magnesium
(49 B iHS25 diethyp éther(5 mL), 1-bromo-3,4,5-trifluorobenzene (446 L)
was Wﬂb ropwise at 40C over 10 minutes, and the reaction solution was
stirred at 40C for one hour. This solution was added dropwise to a solution of
tert 304nbuby (5)-3berwy|@ammethyl-5-axamospheline-4- sarhoxykate (1.1 g)
in tetrahydrofuran (30 mL at 4OC over 10 mlnutes and the react|on solution
P : lorige’ 5 solution
%@%&%H&éqwggaw@@@p%@@ at cﬁl% @PQJQEJS%UB%O'U“O“
was returned to room temperature. Ethyl acetate was added 10 the reaction
10 199 mg of the title compound was obtained

from [(2R,6S5)-6-(4-chlorophenyl)piperidin-2-yl]lmethanol
(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].

15 'H-NMR(CDCl;) & (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-

20 7.33(m,2H),7.36-7.40(m,2H),7.73(s,1H).

[0345]
Example 108

Synthesis of (6R,9aR)-3-{1-[3-methoxy-4—-(4-methyl-1H-

imidazol-1-yl)phenyl]—-(Z)-methylidene}-6-(3,4,5-

25 trifluorophenyl)tetrahydro[l,4]oxazino[3,4-

c][1l,4loxazin-4-one




solution, and the organic layer was separated. The resulting 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 (heptane-ethyl acetate system) to obtain
952 mg of the title compound. The prdfferty values of the compound are as
followss 13, LH-NMR(CDC13)5(ppm):
1.43(s,9H),3.54(dd,J=9.2,6.0Hz,1H),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,5H),7.50-7.62(m,2H ] 20 Synthesis of [(3S,5R)-5-(3,4,5-
trifluorophenyl)morpholine- ethanol A solution of 4 N hydrochloric acid
|nHWImmmeBOmuv
{(S)-I-ben? i -(3,4,5 25
trlfluor(}@en '@ my/gg}@ amate (3.55 g) in ethyl acetate (30 mL) at
roomiémpleratiire. The reattion solution was stirred at room temperature for
one horand then concentrated under reduced pressure. 305 10%
palladium-carbon (containing 50% water, 167 mg) was added to a solution of
the resulting reS|due in methanol (50 mL), and the reactlon solutlon was
stirred YR & B56 '3
Pallacium-carbon M}%g%%@gpp salytjon yeas 5f96%0\ﬁ?§! bxilétr%%@%t%en
the filtrate was concentrated under reduced pressure. A saturated

mixed solution of (R)-(+)-2-amino-3-benzyloxy-1-

propanol (10 g) in toluene (100 mL) and a 2 N sodium
5 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

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 acetate system) to obtain 1.36 g of the title compound.
The property values of the compound are as follows.
' H-NMR (CDC13) & (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

20 ,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) .



sodium bicarbonate solution and ethyl acetate were added to the resulting
residue, and the organic layer 10 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 coldfh chromatography (elution solvent:
heptane; 13 ethyl acetate system) to obtain 1.52 g of the titte compound. The
property values of the compound are as follows. iIH-NMR(CDC13)5(ppm):
3.13-322(h% 2HY, 3.34 (dek, 3=10.8y10.48Hz, BHpe 20y L oxymethy 1 -5-

3. 53(dd J=10.8, 6 4Hz,IH),3. 67(dd J=10.8,4.0Hz,1H),3.77(
2Hz,1H),3.96(dd,J=

10.4,3. 2HZ 1H) 7 Q%?Y 25(.“7@'?&4 [,034931§N@E|P@3J§rﬁ)fnopyrldlne (189
(6R,9aR)-3-{I-[3-methoxy-4-(4-methyl-IH- 25

indidazel-1-yyphehyll- @) tmetilitehe}e-(@aB-e (2.02 g) were added
trlfluorophen)élzoeyahl)(drc%[l ﬂgxaazmoe[IB %Llyﬂoégzign gfr%%% T lhg tét
compound 11 mg was obtained from 3

[(3S,5R)-56(3:4, Srtriflucsapheny imerpiraling:3- yl]metharel{250mg) in the
same manner as in Example 40. The property values of the compound are

as folOWst BRSNS M/ 4S6IM +HY © A-NIIRREDE 1315 (ppin)Lwe hours.
2.28(33H),3 4613 85(muIH):3,64(Ad e 218,18 4H2 e a to the

10 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
15 acetate system) to obtain 1.65 g of the title compound.
The property values of the compound are as follows.
' H-NMR (CDC13) & (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),
20 4.58(d,J=12.0Hz,1H),7.25-7.36(m,5H) .
[0347]

Synthesis of tert-butyl {(S)-1l-benzyloxymethyl-2-[2-

oxo—-2-(3,4,5-trifluorophenyl)ethoxy]ethyl}carbamate

To a suspension of magnesium (249 mg) in
25 diethyl ether (5 mL), 1l-bromo-3,4,5-trifluorobenzene
(446 pL) 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-



3.83(s,3H),4.06-4.26(m,3H),4.30(m,1H),
4.36(dd,J=2.4,10.4Hz,IH),4.74(dd,J=4.4,7.2Hz IH),6.77(s 10
JIH),6.91(brs,IH),6.95-6.99(m,2H),
7.19(d,J=8.8Hz,IH),7.31-7.34(m,2H),7.70(d,J=0.8Hz,IH). [0350] Example 109
Synthesis of (6R,9aR)-6-(3,4-difluoropRényl)-3-{I-[3- 15

methgﬁ¥'§l(4(me—t@ylblgkgpW&YQQBQ@y@B(%)ﬁorpho line—-4-
methylidene}tetrahydro[1,4]oxazino[3,4-c][1,4]oxazin-4- one [Formula 94] F F
0 H /earkidxyNANe/ 0’10 185 myrofthertitteydompeund Was$ obtained fréf3C
[(35,5@-5-(304-difluorors)hen¥ll morpholine-3 20 yl mlethanol 338 m ())Lin the
same hanne? dSiR Exarhpf 408  THEBropety vAILRS SFthdtoni g GAg Gre

as 307: follows. ESH-MSaniz468[MaHa dH-NMR(GREII PR oride
2.29(s,3H),3.53(dd,J=11.2,11.2Hz,1H),3.68(dd,J=12.0,7.2 5
HZ, 1H)3184(SBH)E4.0494 24 (e3R g 2R U 7(@PR 2H), small portions at

4.80(ddobe/ 2,4, 4Hz LML 8. BGHS RHE ML 06 cturnea to room
temperature. Ethyl acetate was added to the reaction
solution, and the organic layer was separated. The
resulting 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 (heptane—-ethyl acetate
system) to obtain 952 mg of the title compound. The
property values of the compound are as follows.

15 'H-NMR(CDC13) 8 (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]

20 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-

25 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.



7.20(m,4H),7.31-7.34(m,2H),7.70(s,1H). [0351] Example 110 10 Synthesis
of (6R,9aR)-6-(4-fluorophenyl)-3-{1-[3-
methoxy-4-(4-methyl-IH-imidazol-1-yl)phenyl]-(2)-
methylidene}tetrahydro[1,4]oxazino[3,4-c][1,4]oxazin-4- one [Formula 95] F
OH 11 NINe'N/O O v H [0352] 15222 mg of the title compound was

obtaingd fggml[ﬁ?zéﬁ)aéa(éawO(QBH@QM%D%IM&gﬂmelt@ansaﬁmas

mg) in the same manner as in Example 108. The property values of the
compoinelarecas: felldwsi20 ESI-ME&migAb0{MrarHsidue in

iH-NMR CDC13)5§ pm])I: 308 . . .

2 20(8 38 (dd T 1)6, 116HE ), 3B E£guE Lon was stirred

7.6Hz,1H), 3183 3HD5# - 02nth 230 3H L 4. 3054:36(BhgEN at ure for 18
4.85(dd,J=7.6,4.0Hz,IH),6.79(s,IH),6.91(s,IH), 7.03-7.07(m,2H),7.19(d,
J=8.8M21H),7.80 bLlRBUT,4RY7o70(51IHY L 0353 kampte 11t ion was

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

10 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-

15 ethyl acetate system) to obtain 1.52 g of the title
compound. The property values of the compound are as
follows.

' H-NMR (CDC13) & (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,1H),3.67(dd,J=10.8,4.0Hz,1H),3.77(
dd,J=10.8,3.2Hz,1H),3.85(dd,J=10.8,3.2Hz,1H),3.96 (dd, J=
10.4,3.2Hz,1H),7.02-7.25(m, 2H) .

[0349]

Synthesis of (6R,9aR)-3-{1-[3-methoxy-4—-(4-methyl-1H-

25 dimidazol-1-yl)phenyl]—-(Z)-methylidene}-6-(3,4,5-

trifluorophenyl)tetrahydro[l,4]oxazino[3,4-

c][1l,4]loxazin-4-one

The title compound (110 mg) was obtained from



Synthesis of (6R,9aR)-6-(4-chlorophenyl)-3-[I-[3-
methoxy-4-(4-methyl-IH-imidazol-I-yl)phenyl]-(Z)- 10
methylidene]tetrahydro[1,4]oxadino[3,4-cloxadine-4-one [Formula 96] CI 0/
H NC,1 NH [0354] The title compound (357mg) was obtained from
[(3S,5R)- 5-(4-chlorophenyl)morpholif@3-yllmethanol(470mg) in the same

manney as infxample 108. The Droperty;) ggslﬁré[?&!@@i%neeund are as
follows. ESI-MS;m/z 466[M'+H]. iIH-NMR(CDC13)5(ppm):

2.29(3 BHE2 B2(to)=1L.2Hz10H), 868(dd, J=Iz 498 0kkzylHp in Example
,3.83(s 3H),4.04%}Id,J=11.2,4.4Hz,IH),4.09-4.20 m,2H), 20

4.26-436(, 371 A8 {d. =7 B4 202 TH) B78@ Gy e are as
6.91(sdH),419(d,J=8.4Hz,1H),7.23-7.34(m,6H), 309 7.70(s,1H). 0355] The
present inventors performed the following tests in order to exhibit utility of the
cEmpothd 6t 5itife gBnhéYalfBtmula (1) of the present invention. [0356]

'H-NMR (CDC15) & (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
10 ,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-

15 methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]—-(Z) -

methylidene}tetrahydro[l,4]oxazino[3,4-c][1l,4]oxazin-4-

one

[Formula 94]

H
/OWN
o} 0]
/\N \/k\/

185 mg of the title compound was obtained
from [(3S,5R)-5-(3,4-difluorophenyl)morpholine-3-
20 yl]lmethanol (338 mg) in the same manner as in Example

108. The property values of the compound are as



Test Example 1 Quantification of AQ peptide in culture of neurons from rat
fetus brain 10 (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 rat§ 15 under ether anesthesia. The brain
was isglated from the embryo and immersed in an ice-cold L-15 medium
(Invitrogen Corp. Cat #11415-064, Carlsbad, CA, USA, or SIGMA L1518, for
exampid): Therderebfal [¢ortéX was collected from the isolated brain under a
steregsci%%ic 20 microéscoEe. The cerebral cortex fragments collected were
enzym%ticaﬁy( tréatéd h'B né?n'zyme solution containing 0.25% trypsin
(Invitrogen Gorm) Cat #350507065, Garlsbad, CA )USAS and0.91%e DiNase
(Sigma D5025, St. Louis, MO, USA) at 37C for 30 minutes to disperse 25 the
célls.fHerd] thé ehZzymatit) rehctibnivas Stopped By 2ddding in&ctiVidted horse

serum t olution, The, enzymatically tre lution centrifuged at
1500 T3 o e FHUAB 18 et Sinerrint S 000 10 R of o

mediumwas addedtostheresulting eel) mass( siNedsabasal medium
(Invitrogen Corp. Cat #21103-049, Carlsbad, CA, USA) supplemented with
2% 3275upblement (Invitrogen Corp. Cat #17504-044, Carlsbad, CA, USA),
5 25 JIM 2-mereaptoethanol (2-ME, WAKO Cat #139-06861, Osaka, Japan),
0.5 mM L-glutamine (Invitrogen Corp. Cat

10 Synthesis of (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

[Formula 95]

H

O AN N
(6] O
/\N \/X\/

[0352]

15 242 mg of the title compound was obtained
from [(3S,5R)-5-(4-fluorophenyl)morpholine-3-
yl]lmethanol (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) & (ppm) :



#25030-081, Carlsbad, CA, USA), and Antibiotics- Antimycotics (Invitrogen
Corp. Cat #15240-062, Carlsbad, CA, USA) was used as the medium 10
(Neurobasal/327/2-ME). However, the above Neurobasal medium not
supplemented with 2-ME (Neurobasal/327) was used for the assay. The
cells were redispersed by mild pipettitff of the cell mass to which the
mediymywas added. The gell dispersion was filigred through;a 40 15 pm
nylon mesh (Cell Strainer, Cat #35-2340, Becton Dickinson Labware,
Frank?in@ﬂakééi N3G, -USAJ t6embyve? the rérmminiig cellahagds 3arid this a
neuronal cell susper%swn was obtained. The neur %I]Ocell suspension was

diluted With the Treditih ahdtheh pidtedin®a volume 20'8r 160 gliwell at an

initial cedldensity @f 2 x)105, cells/cm?2 in@-964wvelbpalystyrene culture plate
pre- coated with poly-L or D-lysine (Falcon Cat #35-3075, Becton Dickinson
Labware ‘Frariiih L akes( NILHSA coated with poly-L-lysine using the
meth ggvn below, 25 or BIOCOATTM cell environments Poly-D-lysine
cell ware well plate, Cat #35-6461, Becton Dickinson Labware, Franklin

Lakes MNdpWSA)1 Poly-L-lysine coating was carried out as follows. 100 g/ml
of a poly-L- Iysme 311 (SIGMA P2636 St Loms MO USA) solutlon was

solutllggt\@{g§9dgeg4togg}gﬁ Wﬁll Bgiyﬁ)ggpelcw%r&@gﬁqnq ir)cubated at

room 5 temperature for one or more hours or at 4C overnight or fonger. The
¢datenk®6-neltpolyshaeneculturd platboxadino[3, 4-c]oxadine-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 wvalues

15 of the compound are as follows.
ESI-MS;m/z 466 [M +H].
' H-NMR (CDC13) & (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),
20 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),



was washed with sterile water four 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 cultured in the culture plate at 37C in 5% C02-95% air
for one day. Then, the total amount of the medium was replaced with a fresh
NeurobasalTM/327/2-ME medium, ahtithen the cells were cultured for
furthey threg, days. 15 [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
mediuf3was removed from the wells, and 180 gl/well of 20 Neurobasal
medium not containing 2-ME and containing 2% 3-27 (Neurobasal/327) was

added thereto. A soltitioh of The te8% C8mpbtindih diniSiRy-diifoxide "9
(hereinaftes ahbrgviated:-as DMSO)was diluted withdNeurohasalidd7ss0 that
the initial concentration was at 10-fold of the 25 final concentration. 20 gl/well
obthetaitutisinfias! adldedudand suffitienty mbesewithithesnediim. The
final (g]concentration was 1% or less. Only DMSO was added to the
control group. 312 0358] (3) Sampling The cells were cultured for three days
after mdditiax ohthe compound, and the total amount of the 5 medium was

collected. The resulting medium was used as an ELISA sample. The sample
was dtdifutéd $eELIS AT AR peptide in culture of neurons from

rat fetus brain

10 (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

15 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

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 37°C for 30 minutes to disperse

25 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



measurement of AV-42 and diluted to 5-fold with a diluent supplied with an
ELISA kit for ELISA measurement of AV-40. 10 [0359] (4) Evaluation of cell
survival Cell survival was evaluated by an MTT assay according to the
following procedure. After collecting the medium, 100 gl/well of a
pre-warmed medium was 15 added té tRe wells. Further, 8 gliwell of a

solutiop of 8Jpg/MlOEMIT (SIGMAMZ128, Stelouis,MQ USANN 1ags
D-PBS(-) (Dulbecco's phosphate buffered Saline, SIGMA D8537, St. Louis,

MO, USA)avas atdeddduhe (relis: thivey96-Getipolystyrerre tOhurel plate was

incubated iq)an 20 incubgtor at 37(% in 5% C02-95§/00§;r fo%jzo minutes. 100
gliwell BF S RITT Iysis Biftdr WaRHGHEd iitetd. Ghd” MTT foriBZan &r)dtals
were sufficientlydissolved. inc the puffes in the incubatarati37€an S%n) ,

C02-95% air. Then, the absorbance at 550 nm in each well was 25
measttedMTReMTTapsisBufferwas préffardtPds fofliowsl 200 8PSDS

(sodium_dodecyl sulfate (saodium lauryl sulfate), KO, 191-07145, Os
Sapaty G, GRSeNed 3 s soloon of J80 L oTNNF S1g ot Pt
dimethytfornantde (WAKEH845-02916; Dsgkanlapat) With 250 mL of
distilled water. 350 gl each of concentrated hydrochloric acid and
concéntrafticadeticcadidiwére tdfRef 88Bed 6 thé sofutibi it allow the

solution.to 5 have @ finalphy af abaut 4.7 Upon measyrgment, wells having

no cells

10 (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-

15 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

20 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,

25 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 pg/ml of a poly-L-lysine



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 10 subtracting bkg values from them. Thus, the
proportion against the control group (group not treated with the drug, CTRL)
(% of CTRL) was calculated to comparetand evaluate cell survival activities.
% of CTRby (ARB0: sample;; A350_bkg)/(AS50_CTRL: bka), 15 X 100
(A550_sample: absorbance at 550 nm of sample well, A550_bkg:
absodrarceiat353¢ npy epbackground well,. K650 IOTRLe absofizancecét 550
nm of control Ig{oup v]\{?lk%éO%O] 20 (5) AELISA For Aa ELISA,CHuman/g{ it R
Amyl8ic-(42) ELISAYKiF Wakd (#2910 62801) aRd MamatiRat R-Amyleid”(40)
ELISAKIt Waka, #294-62501) frere Wake PureLChemigal « iIndustries,d=td., or
Human Amyloid beta (1-42) Assay 25 Kit (#27711) and Human Amyloid beta
(240) Asay it (#2771 3 frone Imhnifo-Biological Labofatories @e.gtd.or
(IBL Co., Ltd.) were used. A SA was carried out according to tf%e

R T ey Al AU A R T
the attached stleeuments)sHemweverythe-Aacalibratiomeueve: wass created
using beta-amyloid peptide 1-42, rat and beta- amyloid peptide 1-40, rat
(CalbfotHerr #£71596 [Aa42F B¥a71 503 [ArsUG1)90361Frile PBS or

medium, and used for cell plating. The plated cells

10 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.

15 [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
20 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
25 final concentration. 20 pul/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.



(6) Results The results are shown in Tables 4-1, 4-2 and 4-3 as percentage
to the Aa concentration in the medium 10 of the control group (% of CTRL).
315 [Table 4-1] Test Compound Activity for reducing AR42 production IC50
(nM) Example 1 77 Example 2 187 Example 3 41 Example 4 69 Example 5
125 Example 6 156 Example 7 76 BExample 8 113 Example 9 60 Example
10 84; &xample 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( Exdinplel23430 Example 24 36

10

15

20

25

The cells were cultured for three days after
addition of the compound, and the total amount of the
medium was collected. The resulting medium was used as
an ELISA sample. The sample was not diluted for ELISA
measurement of APx-42 and diluted to 5-fold with a
diluent supplied with an ELISA kit for ELISA
measurement of APx-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 pl/well of a solution
of 8 mg/ml of MTT (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
nl/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 MTT 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'-



Example 25 141 Example 26 6 Example 27 5 Example 28 16 316 0362]
[Table 4-2] Test Compound Activity for reducing AR42 production 1C50 (nM)
Example 29 23 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 Exarhple 40 100 Example 41 141

Example 51,67 (Example 52 %R%X%Q'%%f%o Example 54 74, Fxample 55
111 Example 58 67 Example 60 96

10

15

20

25

250 mL of distilled water. 350 Ml 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 ELISA

For AP ELISA, Human/Rat B 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



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 61 317 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 resultsifh“Tables 4-1, 4-2 and 4-3 confirmed

that the compaund of the, present invention, has; an gffect of reducing Aa42
production. 5 [0365] Test Example 2 Effect on amyloid a production in

cerebtospinahflaid, bfdmeand plasmaidi ratslAnimalsowereimovedto a
laboratory on the 10 previous day of the start of experiment (DarYdo)beta—

ProviSiorial iftivisitar nmisers Werd as$ighed 45 the *2/ £at @

amyloid peptide 1-40, rat (Calbiochem, #171596 [ABs>1],
5 #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

10 of the control group (% of CTRL).



tail of animals with an oil pen. Their body weights were measured, and
allocation of treatment was performed. Thereafter, individual numbers were
15 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,
Nemiyta) (Rainippon Pharmaceutical Co., 20 Ltd., Osaka) was
intraperitoneally administered to the 318 rats (50 mg/kg). Under anesthesia,
the posterior region of neck was incised, and a 25G needle was inserted

at

into the ggr%ﬂp&ggullbr%cmmw coltectedboutnd0@ Bt 2ofecerébraospinal
fluid._The collected 5 ce phmcpinal fluid \Alaclﬁlﬁoin @M}hn Pnntaining 1 gl of
100 |mmoitblp-ABSF and preserved inice in ordefto prevent decomposition
of Apg Thereafter, the abdominal cavity was opened, and about 2.5 mL of
bIoodEvggr%Pci‘%ll%ct‘ed f'r_qn .t.heﬁbdo?“nal aor"Ea usdrf‘g‘apeﬂarlf ;O syringe
and PIresceiveu rice, rlifdity, Uic 1dls welTe uclLapiiaitcy, ure urailt wds
remoYSadntElidhtly washed with brine. the wet weight of each half of the
J J T J
brainEwasthenimeasured, and each half of the beédin was put ina 15 mL
tube andfrozenswith liquid nitrogen. The 15 remawged brain sample was
cryopreserved until megsurement. The cerebrospipal fluid was centrifuged
48:/ ,%ﬁmﬁgiﬂ P 1 [T 3 nadthan+th &g vttt yare 1] 4-g ~A +
al 7, UUU TPHT TUT IvETITITute S, daiiu uiciure supcitiatdiit wwas LulicuicU 1l
measiFé B3 °THe blood was centrifuged at 4C ﬂflﬁ,ﬂﬂn rpm for five minutes,
and| 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




20 then the plasma was collected to measure Aa. For 440 and AR42
measurement, the cerebrospinal fluid or plasma was diluted with a diluent
supplied with an Aa measurement kit. 70% formic acid was added to the
brain tissue (right brain) 25 at 1 mL per 100 mg (wet weight) of the tissue,
and the brain tissue was sonicated. ltdfhediately after the sonication, the

mixture

20-fold diluted with a 0.9 mol/L Tris buffer (pH 12) and

neutralized. The 319 neutralized liquid was directly used for Aa
measlifeiment 4Ad Wwas measured according to the instruction attached to the
measurement kit. Specifically, 100 gL 5 each of the dlluted cerebrospinal

fluid,-the diluted plasma, {
neutrakzaticrowere added 16 lr‘r’ulcrépifa?é h%?/g?gc) }3\%1 5 rd 842 Antiboaies
solid-= Qgsea 1% gL eachof various concentrations of Aa standard
solutioRS Were 10-added-to-the microplate, and réaction-was-carried-outat
4C oVerpighteThe micraplate was washed with aWash solution supplied with
the measusement Kit five times. Then, an HRP-laheled secondary antibody
was|gdded to. the microplate, and reaction was cgyried out at 4C for 15 one
hour—After this Teaction the microptate was washed with the same wash
SOlUBAFVR fimes and—tolored-with-a TMB-selutid y-and-the-coleringreaction
was| stepped 34 stop solution. Then, the absorlda@nce at 450 nm was
medsuxedhysSPECTRA MAX 190 (Molecular 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

Example 96 89

Example 101 88

Example 105 61




20 Devices, Sunnyvale, California, USA). The Aa40 and Aa42

concentrations in each sample were calculated from the standard curve.
[0366] Effects of the Invention 25 The compound of the general formula (1) or
pharmacologically acceptable salt thereof according to the present invention

has

an effect of reducing production &t Aa42 or the like. Accordingly, the 320

presepy ipvention can particularly provide a therapeutic or prophylactic agent
for a neurodegenerative disease caused by Aa such as Alzheimer's disease
or DoWri®s syndradme. 5 Industrial Applicability [0367] The compound of the
general formula (I) of the present invention has an effect of reducing AR40

and
ther
Alz

repr

10

15

20

apestic @gent forda ne‘ﬁ%&é’de%er%%erﬁ,%é%slézg@ﬁﬁéa %rﬁﬂésﬁ}cjhoﬁs

eimer's diseas7e or Down's syndrome. 321 L,I%/-\IIVIb I Acompound
Exa 0 ] J .

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 AP42 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



O Ra(l) 1R R Me or a pharmacologically acceptable salt thereof, wherein
(a) R1, Rz, R3, and R4 are the same or different and each represent a
hydrogen atom or a CI-6 alkyl group; X1 represents a CI-6 alkylene group,
wherein the CI-6 alkylene group may be substituted with 1 to 3 hydroxyl
groups or Cl-6 alkyl groups, wherein the’CI-6 alkyl groups may be

substjtyted with 1,40 3ydroxyl groups. ra C3:13gycloalkyl groyp formed

by two CI-6 alkyl groups together bonded to the same carbon atom of the
Cl-6 alkylene groups Xk represents semetkoxy grolisonadiubrine atom; Xb
represents an oxyé?en atom; and Arl re§resents an are/l roup, pyridin

|.group,
eyl S oy oS T 5 HATE Ly Be S batitt Witk TH3ec

substityents selected from 322, sybstituent Group Al {h) Al Xl-Jepsesents
a C3-8 cycloalkyl group condensed with a benzene ring, wherein one

methylerebyrsins oalthe 3B ycloalkyl group Aidsebe Substittited withlan
oxygen ajan. fne, £7:8 evelaall group ay be, sbsituted with 140 4
hydroxyl groups and/or CI-6 alky gro%ps, and tﬂelbenzene ring may be
substituted: rwithi d derd substittie nés sefected frora Stibstifueme abdominal
cavity was opened, and about 2.5 mL of blood was
collected from the abdominal aorta using a heparin
10 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
15 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
20 then the plasma was collected to measure AB.
For AP40 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)
25 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



Group Al; and R1, Rz, R3, R4, Xa, and Xb are as defined in (a) ; (c) one of
R1 and R2 and one of R3 and R4 are the same or different and each
represent a hydrogen atom or a CI-6 alkyl group; the other of R1 and R2 and
the other of R3 and R4, together with the carbon atoms to which they are
respectively bonded, form a C3-8 cyélbalkyl group, wherein the C3-8

cycloglkyl group, may: he, subsfituted with %, to 3substituents selected from
Substituent Group Al; and X1, Xa, Xb, and Arl are as defined in (a) or (b); (d)

Arl-Xfeand Rdg 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 h&fetolyaf g iU fifat may He Sutistituted” Wit ar Aty
group, e pyFdinyk graup, wherain onen methylenesgeouprenihe ¢- tago o
8-membered nitrogen- containing heterocyclic group may be substituted with
aSmethyienefgroup slivstitg@daRith ArorR Substifuents - séleetedl frofrd
Substiwesnr;[1 Grou Al\Ié a viny%lee grou .32 @% may beuslué)skt)iéurlggewith 1or

2 substituents “Selectéd from Substituent Group Al, an oxygen atom. or an

iminongretpethat may bewstibstifitedwvith aa smbstitient selecied dkpmp 40
Substituent Group Al, and the aryl group or pyridinyl group may be

substitifediith £o'Pedbsfiuemtd Sekitisd from StbdttusrtcEradp Al; Xb
;%r?g)smso%@ oxygen.atony; and R1- Rz R3..and X, ate A5 defineddn (a)

10 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

15 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

20 Devices, Sunnyvale, California, USA). The AP40 and AP42
concentrations in each sample were calculated from the
standard curve.

[0366]

Effects of the Invention

25 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



(e) R1 and R2, together with the carbon atom to which they are bonded,
form a C3-8 cycloalkyl group; and R3, R4, X1, Xa, Xb, and Arl are as defined
in (@) and b); or (f) R3 and R4, together with the carbon atom to which they
are bonded, form a C3-8 cycloalkyl group; and R1, R2, X1, Xa, Xb, and Arl
are as defined in (a) and (b); Substitdeft Group Al: (1) a halogen atom, (2) a
hydroxyl group. s(3) & Gyane graun, {4} a G3:8 cycjaalkylgroup, (5) a C3-8
cycloalkoxy group, (6) a CI-6 alkyl group, wherein the CI-6 alkyl group may
be substitatedwith bto brvalbgén atomsagreone fothree Cl-6 alkoxy groups,
(7) an amino group that may be substituted with one,or two CI-6 alkyl
groupys WiSreHt the CrE Alkit §F6iips fidy Be substituted Wit to 5
halogen,atoms (8} aiGkB Alkoxrgroup, whergia 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 CI-6 alkyl groups, wherein 324 the CI-6

alkyl gro may. be substituted with 1 to 3 halogen atoms; provided that
2t TR Ay oo methoxy-4- (A methyl

imidazok4-yl)benzylidenelmorpholin-3-one, (Z)-4-[(R) and
(S)-chroman-4-yl]-2-[3-methoxy-4-(4-methyl-IH-
imidazol-1-yl)benZideAeR6HIoIN:3dife fdpRarmacsivgically’ ©f

acceQFﬁﬂ%@@@%§R¢%¥%@%%ion has an effect of reducing AB40

and APB42 production, and thus is particularly useful as
10 a prophylactic or therapeutic agent for a
neurodegenerative disease caused by AP such as

Alzheimer's disease or Down's syndrome.



excluded. 2. The compound or pharmacologically acceptable salt thereof
according to claim 1, wherein the compound is represented by the formula
(I-a): [Formula 2] 0 MeO Nom- 1Art NON O Ra (I-a) 1 R 2R Me wherein R1,
R2, R3, R4, X1, and Art are as defined in claim 1. 3. The compound or
pharmacologically acceptable salt théfdof according to claim 1, wherein the
compound is represented by the formuiaIl): [Formula 3] 325 p R5 R6 Xa
NxAria NN XR1RR (I1) R Me wherein R1, Rz, R3, R4, Xa, and Xb are as
definéd in claim 12 R»andR6 arethve santedr differeat &ndrealch fépresent
a hydrogen atom or a CI-6 alkyl group, wherein the CI-6 alkyl group may be
substititi8d"With 1 'to 3 hydroxyl groups; and Arl_a represent a phenyl group
or pyridinyl group that may bg, substituted with 1 to 3 substituents selected
from Substituent Group Al a

or a pharmacologically acceptable salt thereof, wherein

(a) R?, R2, R3, and R? are the same or
different and each represent a hydrogen atom or a Cl-6
alkyl group;

X, 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 Cl1-6 alkylene group;

X, represents a methoxy group or a fluorine
atom;

Xp represents an oxygen atom; and

Ar, represents an aryl group, pyridinyl group,
aryloxy group, or pyridinyloxy group that may be

substituted with 1 to 3 substituents selected from



defined in claim 1. 4. The compound or pharmacologically acceptable salt
thereof according to claim 3, wherein the compound is represented by the
formula (II-a): [Formula 4] p R5R6 MeO NY---Arl_a NG~N R1R3 (ll-a) R
Me wherein R1, R2, R3, and R4 are as defined in claim 1; and R5, R6, and
Arl_a are as defined in claim 3. 326 52Fhe compound or pharmacologically

accepigple saltthereofaccording to claim 3, wherein the compound is
represented by the formula (11-b): [Formula 5] 0 R5 R6 F / NY---Arl_a NON I

R1 R3 (lI-b) R Mémheérein:R1, Ry RS carith R4 &re-&s defihed ik claigr dpp
and R5, R6, and Arl a are as defined in claim 3. 6. The compound or

pharmatofegicaty"adce ptable” salt thérdttadtarding to i 3 WHetdh the
comporhieh is representedsby the farmyla ()i fFernulssblQdt i t ut ed

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 R?, R2, R3, R4, X., and Xy 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 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;, 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



F\O N IR4 Arta NON R1R3 (Il C) R Me wherein R1, Rz, R3, and R4 are as
defined in claim 1; R7 represents a hydrogen atom or a CI-6 alkyl group; and
Aria is as defined in claim 3. 327 7. The compound or pharmacologically
acceptable salt thereof according to claim 1, wherein the compound is
represented by the formula (I-b): [Forffila 9] R1 *R14 O Y 1ZZNI-rA MeO N

4NN RO, R, (-B)e Ri\R3 Me whevein Rl Rz, R3, and,Ra;arg.gs defined in

claim 1; R13 and R14 are the same or different and each represent a
hydrogereatom of eosulsstitaent seletted from SubstituertyGeoup dras or
defined in claim 1; and Y reEresents a methsylene rQup Or an oxygen atom.

8. The'toip8ing oF Pharfiacoisgically S885Ntable “Salt'thetedf according to
claimgf,yuherain 13 and R4 arethessaipe andifferentand aach yeprasent

a hydrogen atom, a halogen atom, or a CI-6 alkoxy group. 328
aryl group or pyridinyl group may be substituted with 1
to 3 substituents selected from Substituent Group Al; X,
represents an oxygen atom; and Rl, RZ, R3, and X, are as
defined in (a) and (b);

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

(f) R® and RA, together with the carbon atom
to which they are bonded, form a C3-8 cycloalkyl group;
and R?, R2, X1, Xi, Xp, 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



9. The compound or pharmacologically acceptable salt thereof according to
claim 1, wherein the compound is represented by the formula (I-c): [Formula
10] 0 Arl, MeO | ~NJm NrN aR1,Z1 (I-c) R 2 Me wherein R1 and R2 are
as defined in claim 1; Arl_, represents a phenyl group or pyridinyl group that
may be substituted with 1 to 3 subsitéiténts which are the same or different
and sglected from Substifugnt,Group Ak Z1,renreseptsa methylene,group or
vinylene group that may be substituted with 1 or 2 subsitutents selected
from Babstittert tGroeup Al as defined in claim 1, an oxygen atom, or an
imino group that may be substituted with a subsitutent selected from
Substituent Group” A)E) GHR andh dré'the sama or ' different and each

representan integer pf Oxtp12. 329 316,Fhe compound,ek pharmacologically

acceptable salt thereof according to claim 9, wherein Z1 represents a
methyleréagrotpl wherBirthel rdtingléRegrbap imay bensubstiutéd With 1 or

2 substituents which are the same or.different and selected from the group
consigﬁﬁ{z:] Qﬁa %ﬂ-rﬁo gﬁf;/l grgi%ﬂ%dqg h%%&%r%u&iﬁnf nhg?l%] r{? each
representiizd1-The comapeynd ot phannacelagicallyaceeptable

pharmacologically acceptable salts thereof are

excluded.

2. The compound or pharmacologically acceptable
salt thereof according to claim 1, wherein the compound
is represented by the formula (I-a):

[Formula 2]

MeO AL XA
4
o._kR (I-a)
7~N 1 3
hl// R RZR
Me

wherein Rl, R2, 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]



salt thereof according to claim 9, wherein Z1 represents an oxygen atom,
and n and m represent an integer of 1. 12. The compound or
pharmacologically acceptable salt thereof according to claim 1, wherein Arl
represents an aryl group or pyridinyl group, or an aryl group or pyridinyl
group substituted with 1 to 3 haloger?afoms. 13. The compound or
pharmacologically acceptable salt thereof according to claim 1, wherein Arl
represents a phenyl group or pyridinyl group, or a phenyl group or pyridinyl
group substituted with 1 to z;g)g atoms. 330 14. The compound or
pharmacoég%lcally acceptabl 0}%reof according to claim 1, wherein the
compou el TR lo %oup 1)

4 frdidazol-l- yl)phenyllmethylidene]-4-(3,4,5-
trlfluoro Kmorpholin-3; ﬁg S)
(2)-2- [N -methoxy-4-(4- rﬁetf‘ﬁaH imidazol-I yI)phenyI]methylldene] -4-(2,3,4-
trifluorobgnzyl)morpholin-3-one, 3)
(2)-(SM[I-[3-methoxy-4-(4-methyl-IH-imidazol-|
yl)phenyl]methylidene]-6-methyl-4-(3,4,5- trifluorobenzyl)morpholin-3-one, 4)
(2)-(R)-2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-I-
yI)phéﬁl?ﬁ]ﬁ‘ﬁéﬂﬂ)fﬁderFe]LG Fnetfyr4%3, 4%m%rl?fﬂo?6l§eﬁfylﬁﬁ59ﬁ}ﬁ5ﬁn-§ _one, 5)
(2)- (®I%{h[3Ime§ho§Xcﬂ fi4 @?g’])@ﬂlé' 'QHFA@Z% "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 claim 1.

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

[Formula 4]
O RORS
NKAH—a

4
o,_+R _
N O g (Ika)

wherein Rl, R2, R3, and R? are as defined in claim 1, and

Rs, RG, and Ar,_, are as defined in claim 3.



yl)phenyl]methylidene]-6-methyl-4-(2,3,4- trifluorobenzyl)morpholin-3-one, 6)
(2)-(R)-2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-I-
yl)phenyllmethylidene]-6-methyl-4-(2,3,4- trifluorobenzyl)morpholin-3-one, 7)
(2)-4-[(S)-I-(4-fluorophenyl)ethyl]-2-[I-[3-methoxy-
4-(4-methyl-IH-imidazol-I-yl)phenyllmé#fylidene]-6,6-
dimethylmorpholin-3-one, 8) (2)-(R)-4-[(S)-I-(4-fluorophenyl)ethyl]-2-[I-[3-
methoxy-4-(4-methyl-IH-imidazol-I-
yl)phényl]methylidéne]-6omethylmarphplin:3rene 1881 co) 1y acceptable
%()Btf’lsx;‘/r (Sill i{%;lor Crﬁl?égrg%{r;yll)zgl le 3, wherein the compound

yhphenyljagthylidenel:6rpetydmarphglin-3cene y10)
(2)-2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-I-
yl)phéhyfmetylieene]-4-[(S)-I-(3,4,5- trifluorophenyl)ethyllmorpholin-3-one,
11) (2)-2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-I-

yl)phenyl]methylidene]- 4 [(RQ (B{ﬁ RStrifluorophenyl)ethyllmorpholin-3-one,

12) (2)-4-[(B . et‘%oxy -4-(4-

methyl-1H-imids h@] 6,6- dimethylmorpholin-3-one,
13) (2)-( [3 -metho 6)4

methyIk[A-i hylidene]-6- methylmorpholin-3-one, 14)
(2)-(R)- -[3-methoxy-4-(4-

meth -imidazol-1-yl)phenyllmethylidene]-6-
wherein Rl, R2, R3, and R? are as defined in claim 1; and

Rs, RG, and Ar,_, are as defined in claim 3.

6. The compound or pharmacologically acceptable
salt thereof according to claim 3, wherein the compound
is represented by the formula (II-c):

[Formula 6]

HO. R’

T L
R
/~N O (Il-c)

Me

wherein Rl, R2, R3, and R? are as defined in claim 1; R’

represents a hydrogen atom or a Cl-6 alkyl group; and

Ar, 5 1s as defined in claim 3.



methylmorpholin-3-one, 15)
(2)-(6S,9aR)-6-(4-fluorophenyl)-3-{I-[3-methoxy-4- (4-methyl-IH-imidazol-|
yl)benzylidene]hexahydropyrido[2,1-c][1,4]oxazin-4-one, 16)
(2)-(6R,9aS)-6-(4-fluorophenyl)-3-{I-[3-methoxy-4- (4-methyl-IH-imidazol-|
yl)benzylidene]hexahydropyrido[2,1-clf/4Joxazin-4-one, 17)
(2)-(S)-4-[(S)-I-(6-chloropyridin-3-yl)ethyl]-2-[I-
[3-methoxy-4-(4-methyl-IH-imidazol-|
yl)phényl]methylidéne]-6emethyimarphplin:3rene l dB)cally acceptable
(2)-(S)-4-[(R)-I-(6-chloropyridin-3-yl)ethyl]-2-[I 332 .
[34neﬁ%éyE%E-ﬁﬁﬁhﬁﬁﬁﬁﬁ%ﬁﬁ%oﬁ? 36L14 1, wherein the compound
yhphenyljagthylidenel:6rpetydmarphglin-3cone,) 19)
(2)-(S)-4-[(S)-I-(5-chloropyridin-2-yl)ethyl]-2-[I-
[3-melthexyual@-fethyl-IH-imidazol-I-
yI)phenyl]methylidene]-G-methyImorphoiin-S-one, 20)
(2)-(S)-4-[(R)-I-(5-chloropyridiR Bﬂyl]-Z-[I-
[3-methoxy-4-(4-methyl-IH-imidapol-
yI)phenyl]methylidene]—6-meyI

2-[I-[3-nMxd
yl)phenyllmeth orgholin-3-one, 22)
(2)-(S)-4 2 {g-B-y1)ethyl]- (I-b)

2-[I-[3-pjethaxy-4-(4-mettyltIHsnidazol-I-
yI)pheny?%thylidene]-G-met

Img@®gholin-3-one, 23)
(Z)-(SMde[(S)-I-(Z,3-difIuoropyridin-4-yl)ethyl]-
2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-I-
yl)phenyl]methylidene]-6-methylmorpholin-3-one,

2 13

wherein Rl, R%, R3, and R? are as defined in claim 1; 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.

8. The compound or pharmacologically acceptable
salt thereof according to claim 7, wherein R and R'
are the same or different and each represent a hydrogen

atom, a halogen atom, or a Cl-6 alkoxy group.



24) (2)-(S)-4-[(R)-I-(2,3-difluoropyridin-4-yl)ethyl]-
2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-I-
ylphenyllmethylidene]-6-methylmorpholin-3-one, 25)
(2)-(9)-4-[(IR,2R)-2-hydroxy-I-(3,4,5-
trifluorophenyl)propyl]-2-[I-[3-methoxy*48(4-methyl-IH-
imidazol-1-yl)phenyllmethylidene]-6-methylmorpholin-3- one, 26)
(2)-4-[(IR,2R)-2-hydroxy-I-(3,4,5-

trifIuo?ophenyl)problyﬁ-zs-@ln[ﬁememmzy ghdemetinyldpliically acceptable
imidazol- 1y}1phen methylidene]-6,6- dimeth morgholln -3- -one, 333 27)
2)-4 31 ﬁuS pheny Elﬁ‘ 5%y &th yf]nﬂ erein the compound
[3-methoxydr-smathyl-rinidazeldmula (1-c) :
yI)phenyl]methylidene]—6,6-dimethylmorpholin-3-one, 28)
(2)-(6RYZqUR2R12-hydroxy-I-(3,4,5-
trifluorophenyl)propyl]-2-[I-[3-methoxy-4-(4-methyl-IH-
imidazol-1- yI)phenyI]methyI|@ne]Afm@thylmorpholin 3- one, 29)

(2)-4-[(IR12B) )Q@nm .
methyl-IH-

trifluorophenyl)
imidazol-Ll-y)pfe #holin- 3{@ng) 30)

-I-(3,4-diflugrdp enyl)2+
yI]-2-[1-[3- methoﬁw (4-methyl-IH-imidazol-
yllmethylidene]morpholin-3-one, 31)
(2)-(S)-4°[(IR,2R)-I-(4-fluorophenyl)-2-
hydroxypropyl]-2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-
1-yl)phenylmethylidenek6-meathylmeipholinB-onec 132 1; ar, .
(2)-4-[(IR,2R)-I-(4-fluorophenyl)-2-hydroxypropyl]-

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.



2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-I-
yl)phenyl]methylidene]-6,6-dimethylmorpholin-3-one, 33)
(2)-(9)-4-[(IR,2R)-I-(3,4-difluorophenyl)-2-
hydroxypropyl]-2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-
1-yl)phenyllmethylidene]-6-methylmofptiolin-3-one, 34)
(2)-4-[(IR,2R)-I-(3,4-difluorophenyl)-2-
hydroxypropyl]-2-[I-[3-methoxy-4-(methylimidazol-I-
yI)phér@yl]methylid@he]-@@@qdmem)dmcpphmﬁm@d@@i@5}ly acceptable
(2)-(S 4%(8 droxy I-meth

trifluctép W?éft% ﬁﬁ%ﬁ%ﬁ% 4C(%1%%tr?yl |pjperein Zy represents
ImIda;oinéaﬂmf@mﬂ]@}%thwd%%]r@lmeWMéQwmgﬁe?%cQﬁe B6) be
(2)-(6S)-2-[I-[3-methoxy-4-(4-methyl-IH-imidazol-I-
yDphéﬁ%ﬁﬁéﬁﬂﬁﬁ@n@}ﬁmﬂbﬂ%ﬂlﬂK%Bq%3L¥Eents which are the same
trlfluorop e mor hoI| 3- n 7

(2)-(65) %%‘l‘ﬁuggop%%gny r%%%thyet% ‘%]“‘zt[i“e group consisting of
[3- meihoxy—@l %Hﬁhyk%mm%|-hydroxyl group; and n and m
yl)phenyl]methylidene]-6-methylmorpholin-3-one, 38)
(2)-(65)&-[F@HGSIphehyl)cyclopropyi]-2-[I-[3-
methoxy-4-(4-methyl-IH-imidazol-I-
yl)phenyl]methylidene]-6-methylmorpholin-3-one, 39)
(2)-(68,9aR)-3-{I-[Bamethoxyed+(@-methyldHmacologically acceptable
imidazol-1-yl ben Ildene] -6-(3,4,5- , ,

trifluctaphenyiyHi %fd%SBW&B& FfilabRazin-4"5ne Roy Fepresents
(2)- (6&%9@%)2%63&%9069@%)’%@ {h[3-epresent an integer of 1.
methoxy-4-(4-methyl-IH-imidazol-I-
yl)benzylidenelhexahydropyrido[2,1-c][1,4]oxazin-4-0ne,

12. The compound or pharmacologically acceptable
salt thereof according to claim 1, wherein Ar;
represents an aryl group or pyridinyl group, or an aryl
group or pyridinyl group substituted with 1 to 3

halogen atoms.

13. 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.



41) (2)-(6S,9aR)-6-(2,6-difluoropyridin-3-yl)-3-{I-[3-
methoxy-4-(4-methyl-IH-imidazol-I-
ylbenzylidene]hexahydropyrido[2,1-c][1,4]oxazin-4-one, 42)
(2)-(S)-4-[(S)-I-(5-fluoropyridin-2-yl)ethyl]-2-[l-
[3-methoxy-4-(4-methyl-IH-imidazol-1->30
yl)phenyl]methylidene]-6-methylmorpholin-3-one, 43)
(2)-(S)-4-[(S)-I-(2-chloropyridin-4-yl)ethyl]-2-[I-
[3-methoxy-4-(4-misthykibimidaZobt- pharmacologically acceptable

yI)phenﬁ meth Ildene%G methylmor holin-3- -one, 44
(Z) (Ss) 1[§)hl (Zec%lo 8—%’(2HU(;)LIIE)%yI‘I }lalm , whérein the compound

yhethyl-2-fl:[S-methexsa-(@nmethyllbhimigagobl,335
yl)phenyllmethylidene]-6-methylmorpholin-3-one, 45)
(2)-(S)X4-[@B)-12(2] 6diﬁu@%‘p@ﬁ&ﬁﬁﬂ)"eﬁ?ﬁhyl—lﬂ—imidaZ01—1—
2-[I-[3 etox4 met IIH||dz I-

yI)phé/r@/l rﬂeﬂ%lh ene E]r%ethyrﬁr:]oér?pr%ﬁn '3-one, 46)

(2)-44(S)lx(2-eblosopyridincAyhethy]-2-[b[3:,
methoxy-4- % -methyl-IH-imidazol-I-
yl)phénylfrhetriTienel-er6-dirgthyimbtpRaiigiond #rydazol-1-

(2)-4-(S)eH 2 6-dfluor E'Qghéjl)?thw]@ -

[3-methoxy-4-(4- methy IH-imidazol-I-

yl)phémylinethydidene}-6)6-adimethylmosphokn-3-one, 48)
(2)-4- S) -|- 6 fluoropyridin- 3 yl)eth I] -2- Q [3-
meth xyﬁ(4 tethyi-IH n[ndalﬁ%*fli1 (4-methyl-1i-imidazol-1-

yl)phenylnethyligdenel-6:6-gimethyimarpholin-3-qne 4 49)
(2)-4-[(S)-I-(6-chloropyridin-3-yl)ethyl]-2-[I-[3-
methéxy-41@netaylziH-imklazoR]-in-3-one,

A s T ar i v e AR
yv1l)phenyl]lmethylidene] -6-methyl-4-(3,4, 5-
trifluorobenzyl)morpholin-3-one,

5) (Z2)-(S)-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene] -6-methyl-4-(2,3, 4-
trifluorobenzyl)morpholin-3-one,

6) (Z2)-(R)-2-[1-[3-methoxy—-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-6-methyl-4-(2,3, 4-
trifluorobenzyl)morpholin-3-one,

7) (Z)-4-[(S)-1-(4-fluorophenyl)ethyl]-2-[1-[3-methoxy-
4—(4-methyl-1H-imidazol-1-yl)phenyl]methylidene] -6, 6-
dimethylmorpholin-3-one,

8) (Z)-(R)-4-[(S)-1-(4-fluorophenyl)ethyl]-2-[1-[3-
methoxy-4-(4-methyl-1H-imidazol-1-

yv1l)phenyl]lmethylidene]-6-methylmorpholin-3-one,



[3-methoxy-4-(4-methyl-IH-imidazol-I-
yl)phenyl]methylidene]-6,6-dimethylmorpholin-3-one, 51)
(2)-4-[(S)-I-(5-chloropyridin-2-yl)ethyl]-2-[I-[3-
methoxy-4-(4-methyl-IH-imidazol-I-
yl)phenyl]methylidene]-6,6-dimethylmotpholin-3-one, 52)

(2)-(R)r4-(6S)-l1 &, 6-diflyarppyridin- §1¥J)>%t!5‘¥lleny1 yethyl]—2-[1-[3-
2-[I-[3- methoxy -4-(4-methyl-IH-imidazol-I-

yI)phWMeWﬂ@ﬁel}’e&MIHyJFh@rphdhm@keﬂle 53)

(2)-(s 4 (4 -fluorobenz % 3-flu
methyl-1 Hifida28ict: )X)]pﬁ% ﬁr]ne hy eﬁ(e]]%o-rr%ﬂﬁly]lﬁ‘lorpﬁ&en 3-one, 336

54) (8)02-[I¢[B3rfluorord{(4-methydsib-imidazekk ny1-18-imidazol-1-
yl)phenyllmethylidene]-4-[(S)-I-(4-
Uﬁhmwépﬁéﬁﬂx#hvﬂnﬁskﬁﬁﬁﬂﬁﬂnﬁwbh@ﬁn%ﬁéﬁe?éﬁﬁ

(2)-4- hroman-4- B

methélg ﬁ%mﬁéa%]efﬁ) metﬁg]?lld&ene 63,69 alerﬁethylmorpholin-s-one,
56) (2)(S)+4 i(&)-themaﬁéltw&azyHS fluotedr(4--1H-imidazol-1—
methyl-1H-imidazol-1-yl) henyl]methyhdeneﬂ -6- methg/lmorpholln -3-one, 57)
(- R EPHbOREA L ety idR ol

yl)ph%@x@mﬁﬁ%@ﬁ@ﬁ;ﬂ;w&% -n?.sbwmnl (34,55 trifluorophenyl)
propyl]-6-methylmorpholin-3-one,

(2)-(924-[(Ir) 2R)IE($Aﬂmﬂmor®phe41yY)lZ 2= [3-methoxy-4-(4-
2-[I-[3-fluoro-4-(4-methyl-IH- |m|dazol-

hydrox opyéI
Ly RE ey IARAE 6ty rhB i S5orE, | 4871 -6 6~
(2)-(12dk[3;fluerosfi(41methy:H-imidazol-I-

yI)phenyI]methylldene] -4-[(IR,2R)-I-(4-fluorophenyl)-2-

13) (Z2)-(S)—-4-[(S)-chroman-4-yl]-2-[1-[3-methoxy—-4-(4-
methyl-1H-imidazol-1-yl)phenyl]lmethylidene]-6-
methylmorpholin-3-one,

14) (Z2)-(R)—-4-[(S)-chroman-4-yl]-2-[1-[3-methoxy—-4-(4-
methyl-1H-imidazol-1-yl)phenyl]lmethylidene]-6-
methylmorpholin-3-one,

15) (Z2)-(6S,9aR)-6-(4-fluorophenyl)-3—-{1-[3-methoxy-4-

(4-methyl-1H-imidazol-1-
yvl)benzylidene]lhexahydropyrido[2,1-c][1l,4]oxazin-4-one,
16) (Z)-(6R,9aS)-6-(4-fluorophenyl)-3-{1-[3-methoxy-4-
(4-methyl-1H-imidazol-1-
yvl)benzylidene]lhexahydropyrido[2,1-c][1l,4]oxazin-4-one,
17) (Z)-(S)-4-[(S)-1-(6-chloropyridin-3-yl)ethyl]-2-[1-
[3-methoxy-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]methylidene]-6-methylmorpholin-3-one,

18) (Z)-(S)-4-[(R)-1-(6-chloropyridin-3-yl)ethyl]-2-[1-



hydroxypropyl]-6-methylmorpholin-3-one, 60)
(2)-2-[I-[3-fluoro-4-(4-methyl-IH-imidazol-I-
ylphenyllmethylidene]-4-[(IR,2R)-2-hydroxy-I-(3,4,5-
trifluorophenyl)propyl]-6,6-dimethylmorpholin-3-one, 61)
(2)-4-[(IR,2R)-I-(3,4-difluorophenyl)-2332

hydrOE yprepyll 251-E3-fluore-Ax(drmathylbiimidazol-
1-yhp enyl]methylldene] -6,6-dimethylmorpholin-3-one, 62)

(2)-(68,8aRy+3+{li[Bamethoxisd<(4-hettpylH i morpholin-3-one,
|m|daz§I 1- yI benz lidene]-6-(3,4,5

trifluot B)hér%yl)té%rahydl[op))rr&loff1 AL ATEEA A ohe? 3375 8%) | 2

(6S,9aR)n(4-chlorophenyB+3rflz[3rmethoxyrdo#-1 -
methyl-IH-imidazol-1-yl)phenyl]-(2)-

methylidereihexangdiopyiidone L-€[[naidnazin-arbre 1 543 —one,

(6R,9aR) IL3 etoy4§m h |m|darzglln o B
yI)phe?r@I]?é) megt}nyﬁldgne 3%5%}fﬁjor Ophenyly. 2 Y1) ethytl-2-

tetrahygdrafgs 4loxazno(34q6] hidloxazinrd-oneo 165)-
(6R,9aR)-6-(3,4-difluorophenyl)-3-{l-[3-methoxy-4-

(4-methyPIRIFickok 1UIER - (Z ity drieye 103 -one

tetra o[1,4]oxazing[ 1[1.4]9xazin-: ropFridin- e
(6R, g%/%; 6@2(2 fleﬁforﬁwgnﬁs%{ {% ﬁe?h%gf. P iain-3-yl)ethyl]-

methyl-1H-Hdazolby)phenyi(Z)ymethyidénépazol-1-
tetrahydro[1 4]oxa2|no[3 %? oxazm -4-one and 67)
=3-{I-

(6 R e GO 30 [ TtF Gy Ao [ Ln=3-one.

methlezl,Hﬂmlda%Qu;yt)pﬁsenyll (Z)+#nethylideprelyridin-3-y1)ethyl]-
tetrahydro[1,4]oxazino[3,4-c]oxazin-4-one. 15. A pharmaceutical composition

comptising the eompaind of pheginacoiddicaly decegtabte salt thereof
yv1l)phenyl]lmethylidene]-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-
yv1l)phenyl]lmethylidene]-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-
yv1l)phenyl]lmethylidene]-6-methylmorpholin-3-one,

25) (Z2)-(S)-4-[(1R,2R)-2-hydroxy-1-(3,4,5-
trifluorophenyl)propyl]-2-[1-[3-methoxy-4—(4-methyl-1H-
imidazol-1-yl)phenyl]methylidene]-6-methylmorpholin-3-
one,

26) (Z2)-4-[(1R,2R)-2-hydroxy-1-(3,4,5-
trifluorophenyl)propyl]-2-[1-[3-methoxy-4—-(4-methyl-1H-
imidazol-1-yl)phenyl]methylidene]—-6,6-

dimethylmorpholin-3-one,



according to any one of claims 1 to 14 as an active ingredient. 16. The
pharmaceutical composition according to claim 15 for preventing or treating
a disease caused by amyloid-a. 17. The pharmaceutical composition
according to claim 16, wherein the disease caused by amyloid-a is
Alzheimer's disease, senile dementia> Bown's syndrome, or amyloidosis.

27) (Z2)-4-[(R)-1-(4-fluorophenyl)-2-hydroxyethyl]-2-[1-
[3-methoxy-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-6,6-dimethylmorpholin-3-one,

28) (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]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]methylidene]morpholin-3-one,

30) (Z2)-4-[(1R,2R)-1-(3,4-difluorophenyl)-2-
hydroxypropyl]-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-
1-yl)phenyl]lmethylidene]morpholin-3-one,

31) (Z2)-(S)-4-[(1R,2R)-1-(4-fluorophenyl)-2-
hydroxypropyl]-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-
l1-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-
yv1l)phenyl]lmethylidene]-6,6-dimethylmorpholin-3-one,

33) (Z2)-(S)-4-[(1R,2R)-1-(3,4-difluorophenyl)-2-
hydroxypropyl]-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-
1-yl)phenyl]lmethylidene] -6-methylmorpholin-3-one,

34) (Z2)-4-[(1R,2R)-1-(3,4-difluorophenyl)-2-
hydroxypropyl] -2-[1-[3-methoxy-4- (methylimidazol-1-
yv1l)phenyl]lmethylidene]-6,6-dimethylmorpholin-3-one,

35) (Z2)-(S)-4-[(S)-2-hydroxy-1-methyl-1-(3,4,5-
trifluorophenyl)ethyl]-2-[1-[3-methoxy—-4-(4-methyl-1H-

imidazol-1-yl)phenyl]methylidene]-6-methylmorpholin-3-
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one,
36) (2)-(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) (Z2)-(6S)-4-[1-(4-fluorophenyl)-1l-methylethyl]-2-[1-
[3-methoxy-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-6-methylmorpholin-3-one,
38) (Z2)-(6S)-4-[1-(4-fluorophenyl)cyclopropyl]-2-[1-[3-
methoxy—-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-6-methylmorpholin-3-one,
39) (Z2)-(6S,9aR)-3-{1-[3-methoxy-4-(4-methyl-1H-
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-
yvl)benzylidene]lhexahydropyrido[2,1-c][1l,4]oxazin-4-one,
41) (Z2)-(6S,9aR)-6-(2,6-difluoropyridin-3-y1)-3-{1-[3-
methoxy—-4-(4-methyl-1H-imidazol-1-
yvl)benzylidene]lhexahydropyrido[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-
yv1l)phenyl]lmethylidene]-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-
yv1l)phenyl]lmethylidene]-6-methylmorpholin-3-one,
44) (Z2)-(S)—-4-[(S)-1-(2-chloro-3-fluoropyridin-4-

yvl)ethyl]-2-[1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
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yv1l)phenyl]lmethylidene]-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-
yv1l)phenyl]lmethylidene]-6-methylmorpholin-3-one,
46) (Z)-4-[(S)-1-(2-chloropyridin-4-yl)ethyl]-2-[1-[3-
methoxy—-4—-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-6,6-dimethylmorpholin-3-one,
47) (Z)-4-[(S)-1-(2,6-difluoropyridin-3-yl)ethyl]-2-[1-
[3-methoxy-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-6,6-dimethylmorpholin-3-one,
48) (Z)-4-[(S)-1-(6-fluoropyridin-3-yl)ethyl]-2-[1-[3-
methoxy—-4—-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-6,6-dimethylmorpholin-3-one,
49) (Z)-4-[(S)-1-(6-chloropyridin-3-yl)ethyl]-2-[1-[3-
methoxy—-4—-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-6,6-dimethylmorpholin-3-one,
50) (Z)-4-[(S)-1-(2,3-difluoropyridin-4-yl)ethyl]-2-[1-
[3-methoxy-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-6,6-dimethylmorpholin-3-one,
51) (Z)-4-[(S)-1-(5-chloropyridin-2-yl)ethyl]-2-[1-[3-
methoxy—-4—-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-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-
yv1l)phenyl]lmethylidene]-6-methylmorpholin-3-one,
53) (Z)-(S)-4-(4-fluorobenzyl)-2-[1-[3-fluoro—-4-(4-
methyl-1H-imidazol-1-yl)phenyl]methylidene]-6-

methylmorpholin-3-one,
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54) (2)-2-[1-[3-fluoro-4—-(4-methyl-1H-imidazol-1-
yv1l)phenyl]lmethylidene]-4-[(S)-1-(4-
trifluorophenyl)ethyl]-6,6-dimethylmorpholin-3-one,
55) (2)-4-[(S)-chroman-4-yl1]-2-[1-[3-fluoro—-4-(4-
methyl-1H-imidazol-1-y1l)phenyl]methylidene]-6,6-
dimethylmorpholin-3-one,
56) (2)-(S)-4-[(S)-chroman-4-yl1]-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-
yv1l)phenyl]lmethylidene]-4-[ (1R, 2R)-2-hydroxy-1-(3, 4, 5-
trifluorophenyl)propyl]-6-methylmorpholin-3-one,
58) (Z)-(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,
59) (2)-(S)-2-[1-[3-fluoro-4-(4-methyl-1H-imidazol-1-
yv1l)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-
yv1l)phenyl]lmethylidene]-4-[ (1R, 2R)-2-hydroxy-1-(3, 4, 5-
trifluorophenyl)propyl]-6,6-dimethylmorpholin-3-one,
61) (Z2)-4-[(1R,2R)-1-(3,4-difluorophenyl)-2-
hydroxypropyl]-2-[1-[3-fluoro—-4-(4-methyl-1H-imidazol-
l1-yl)phenyl]lmethylidene] -6, 6-dimethylmorpholin-3-one,
62) (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,
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63) (6S,9aR)-6-(4-chlorophenyl)-3-{1-[3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)phenyl]—-(2)—-
methylidene}thexahydropyrido([2,1-c][1l,4]oxazin-4-one,
64) (6R,9%9aR)-3-{1-[3-methoxy—-4-(4-methyl-1H-imidazol-1-
yv1l)phenyl]-(Z2)-methylidene}-6-(3,4,5-trifluorophenyl) -
tetrahydro[l,4]oxazino[3,4-c][1l,4]oxazin-4-one,
65) (6R,9%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,
66) (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
67) (6R,9%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.

15. A pharmaceutical composition comprising the
compound or pharmacologically acceptable salt thereof
according to any one of claims 1 to 14 as an active

ingredient.

16. The pharmaceutical composition according to
claim 15 for preventing or treating a disease caused by

amyloid-P.

17. The pharmaceutical composition according to
claim 16, wherein the disease caused by amyloid-P is
Alzheimer's disease, senile dementia, Down's syndrome,

or amyloidosis.



