1 Specification Heterocyclic compound [Technical field]  The present
invention relates to a heterocyclic compound which exhibits an excellent
immunosuppressive activity, a pharmacologically acceptable salt thereof,
or a pharmacologically acceptable prodrug thereof. [Background of the
Invention]  Antiinflammatory drugs such as steroids have been
conventionally used as symptomatic therapy in the treatment of
autoimmune diseases and the like, but better radical therapy for these
diseases is needed. In addition, abnormal changes in the immune system
have been reported in relation to the incidence of diabetes mellitus and
nephritis (for example, refer to Non-patent Literature 1 and Non-patent
Literature 2). However, no drug that ameliorates abnormal changes in the
immune system has been devegopoegitgid@g%iOHOn the other hand, it is

. €
important to develop a method to suppress immune responses not only for

preventing rejection sympteasdnrganitransplghts,and cell transplants
but also for preventing as well as treating various autoimmune diseases.

However, since previously known immunosuppressants such as
tyelosporialA {€sA)) tacrolimus (TRL), and the like are known to exhibit

liver and kidrey taxicity.aeneamitanidise b asstereid-o¢ joe like-ag widelynicn
been.used to,suppress auch side effects. on [he othet fand asignificant
Immunosuppressive effect without Side" éffécts has nofye Heeh obtained.
Beaereer Heig isidkgroands Rvaly: ateripisthave beerrihad @te tiscoverairally

agesbthatexeits excellentipamenosuppressive activity with low toxicity.

The following reports describing the background of the present invention

are disclosed.  For example, the following compounds shown below are
RGP nPaeht theerafirent ionlFor example, the following compounds
showarhelowratendlisetasedrafRaianhlite eduie 24 3N e iddiNsd-drddonally

Hseocpgy sym%-‘gg/xcr)fg J_’c—tql%zraleyci\_%)Qlﬁle %gtg%gnl\l'e'n%%gl\zliutoimmune diseases
and the like, but better radical therapy for these diseases is needed.
In addition, abnormal changes in the immune system have been reported
in relation to the incidence of diabetes mellitus and nephritis (for
example, refer to Non-patent Literature 1 and Non-patent Literature
2) . However, no drug that ameliorates abnormal changes in the immune
system has been developed to date.

On the other hand, it is important to develop a method td suppress
immune responses not only for preventing rejection symptoms in organ
transplants and cell transplants but also for preventing as well as
treating various autoimmune diseases. However, since previously
known immunosuppressants such as cyclosporin A (CsA), tacrolimus
{TRL), and the like are known to exhibit liver and kidney toxicity,
concomitant use of a steroid or the like has widely been used to
suppress such side effects. On the other hand, a significant
immunosuppressive effect without side effects has not yet been
obtained.

Based on this background, many attempts have been made to discover
an agent that exerts excellent immunosuppressive activity with low
toxicity. The following reports describing the background of the

present invention are disclosed.



For example, the following compounds shown below are disclosed in
Patent Literature 4. 4  For example, the following compounds shown
below are disclosed in Patent Literature 5. F3C | For example, the
following compounds shown below are disclosed in Patent Literature 6.
F3C 11\ F3C COOH(Thr,n, mCOOH , However, the chemical
structures of the compounds disclosed in the literatures from Patent
Literature 1 to Patent Literature 6 described above differ from those of the
compounds of the present invention. [Patent Literature 1] International
publication numger 03/062252 pamphlet [Patent Literatyre .
terrtio i SLEAor miaer K OB LbE /T o ies ooty isclosed
iiefattee B) baternativral publication number WO 2004/058149 pamphlet
[Patent Literature 4] International publication number WO 2004/103306

pamphlet [Patent Literature 5] International publicati umber WO
2004/103309 gai¥ip Wer [PAtent u&@@@{m@ﬁ% publication
number WO 2005/000833 pamphlet [Non-patent Literature 1] Kidney

International, Val. 51,.94.(1997) [Non-patent’k 3adeurnal of
Immunolo A @ 1@&,721691 (1996) {Disclos: f the'Invention]
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For example, the following compounds shown below are disclosed
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in Patent Literature 2.
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For example, thé following compounds shown below are disclosed

in Patent Literature 3.



[Object of the invention]  The inventors of the present invention have
over a long time diligently investigated various novel compounds that
might exert excellent immunosuppressive activity with low toxicity. As a
result, the present inventors discoveredsnovel compounds that are useful
against rejection symptoms in transplantation of various organs or in skin
tissue grafting, and against autoimmune diseases such as systematic
lupus erythematosus, chronic rheumatic arthritis, polymyositis, fibrositis,
skeletal muscle myositis, arthritis, osteqarthritis, dermatomyositis,
scleroderma, E 's syndrome, C 's disease, ulcerative colitis,
autoimm ’\Ne * (itis, aplastic anemia, jdippathic thrombocytopenic
f‘oimmu hemolytic aneifia, P @ osis, autoimmune
pulteUs“dermatosis, rlasis, vasculitis syndrome, b(Iegener's
granulomatosis, uveitis, Sjogren's syndrome, idiopathi¢ interstitial
pnewmonia, Goodpasture's syndrome, sarcoidosis, alleggi¢ granulomatous
an , bronchial asthma, myocarditis, cardiomyopathy, aortitis
syndrgmge, postmyocardial infarction syndroge @@ pulmonary
hypértes 'jlmal change nephrotig s¥indrorfe, fyembranous
nephropathy; mém ranoproliferati\‘?é; erulonephfitys, focal glomerular
sclerosis, crescentic lomerulonephkitis, myasthenia Gwgravis,
inflammatory neurop, , atopic d titis, chronic actinic dermatitis,
tosensitivity, pressure ulcer, Sydenham's chorea, sclerosis,

t-onset type diabetes mellit sulin dependent diabetes mellitus,

Lu{y nhile diabetes mellitus, atherosclergsis, glomerular nephritis,
I@Anéphrointerstitiél: ephitis, biliary cirrhosis,
primary sclerosigg-chalamgitis, fulminant he , viral hepatitis, GVHD,
contact dermatitis, sepsis, and the like, or other fimuneS&ated diseases,
an addition, for infection diseasg:?%sg%d by fungus, mycoplasma,
virus, and pratozoa, for cardiovascu i @ such as cardiac failure,
cardiac hypertrq rrhythmia, angina, cardrac @ ia, arterial
embolus, aneurysm,arix, and disturbance of bloog N(:ulation, for central
nervous system diseages suchasAlzheimer' s disease; gdementia,
Parkinson's disease, sttoke, cerebral infarction, cerebratisghemia,
depression, depression and mania, schizophrenia, Huntington's chorea,
epilepsy, convulsion, attention deficit hyperactivity disorder (ADHD),
enceplRdlifi R hingitike afotekia BRdC APy iaRana kR \VAlfiGEs dthértosed
disepsesrsuah astymphematosis, leukemia, polyuria, frequent urination,
diabetic retinopathy, a o“he like (particularly use%@al t rejection

in

Sympiems ipran tat%{}(gﬂ various o o, i grafting,
and’gzgig@%uto mmune diseases S ystematic lupus
eryt atosus, chronicrheumatoidarthfitis, multiple sclerosis, atopic

dermatitis, and the like) and consequently the inventors completed the

present inventio Therefore, the ghject of gme erﬁﬂ?fvg?ﬁion is to
x@lléli U

provid ef" ounds having e immunosuppressive activity
wi oxicity, phatmacologically aeceptable salts thereof, and

pharmacologically acc%aclglog prodrugs thereof. | W@ achieve the
object]  The pfegen} inventors havédiligentdy redcempounds

havind ifimlindsuppressive activity angd digcovered that compounds
hg the general formula (1) of the pfesent invention, pharmacologically

F .
acceptable salts thereof, or pharmacologically acceptable pradiugs
thereof (herein expréssed as "a co C ptesent invention”
in 58 n@ ases)) have excellent immyhnt ressive activity with low

O, . .
toxicCity and are useful for prophylaxis or treatment of the diseases
described above, and thus the present inventors completed the present
invention. Thus the present invention is described in detail hereinafter.
The present invention relates to (1) a compound having the general
formula (I) shown below, Z'y XB(0 n(L'A [wherein A represents a
carboxyl group, a phospho group, a sulfo group, or a 1H-tetrazol-5-y1
group, represents a hydrogen atom or a group selected from

Substituent group A, represents an integer of from 0 to 2, represents
A maethvliene narorin which mavyvy antinnallvy he cirihetitiited with ciihetitiiant(c)



(3) a compound as described in (1) or (2) wherein A is a carboxyl group,
or a pharmacologically acceptable salt thereof, (4) a compound as
described in anyone selected from (1) to (3) wherein represents an
integer of 0, or apharmacologicallyacceptablesalt thereof, (5) a compound
as described in any one selected from (1) to (4) wherein represents a
methylene group and W represents a 5- to 7-membered heterocyclic
group which may optionally be substituted with from 1 to 3 substituents
selected from Substituent group A, or a pharmacologically acceptable salt

there%ﬂ@&%"l@?%@ @%pfo?&ﬂ:'pcfdcg}n@uwggr%@otpﬁ gé&%w are disclosed

7-membered heterocyclic group represents a thienylene, furyiene,

pYrrciéiE br pytiefyfere §roup, or a pharmacologically acceptable salt

thereof, (7@@ nd as described in (5) m-WY¥presents a
rid

thi ep@igroup Wi ion'?ally be substituted with
1 stituents selected fro uent group A, or a
p acologically acceptable saltthereof, (8) a compound as described

in (6) wherein the Qienylene or pyridylene g;@rém@\sents a group

shewn helow pe\akhggg@ or a ph icedly accefitdble salt thereof,
isY. of_(9) a compound as descri indny one selected from (1) to (4)
ein represents a single bon d W is a fused ring heterocyclic

group which may.gptiosally be substituted wi ékto 3 substituents
selected &@)@ﬁgsﬁtuent group A, 0 ologicedhyacceptable 10
ﬁ@@eof, (10) a compound as de: ed in (9) wherein W represents a

d ring heterocyclic group or a pharmacologically acceptable salt
thereof, (11 petias descried.in (10 heF‘éilncggg fused ring
he ' up'is a tetrahydroben raﬁylene,
robenzothienylene or N- @l yltetrahydroindolylene group, or a
rmacologically acceptable salt thereof, (12) a compound as described
in (11) wherein the fused ring heterocyclic group has its two positions
available for bonding at the 2-.and 4-position, or a pharmacolagically .
acceg%ﬁlg etk Sr‘ecﬁ? e(1%3 é%%lr‘r?ﬁoﬁﬁ péjsu gécrgl e r?rfkl3 (%3% Se:ré/ei(r}‘f‘scxLOSéd
the Salystittieht &e & 2rgodition represents the group of formula Z-Y-X-, or
haqsmac.ologically accecgtgble salt thereof, (14) a comegmd as

ap
Scribey.ip ng/s\e’fec?ed fro@m (0 {13 reiEthepresentsa

group, a C1-C8 alkylene grouﬁ containing an oxygen atom

reg-hy Ytbup o ﬁ\w [ sterqcyclic group, or a
phafmaeolog acceptable salt'thereef, (16)a pouadbas described
in any one selected from (1) to (13) wherein X represents a 5- to

7-meémbered heterocy//gli/c&g;,pup, or aFs arme}]cologically a%ceptable salt
tfiebeef, Y16 @ﬁﬁound as descy@sﬁ@tﬁ%d4 from (1) to
(15) wheérein’Y Tepresents anyone group selécted from the group

consisting of a phenylene group, a 5- to 7-membered heterocyclic group
whichmay op ionally be sidhstituted jith-fro 3 stituentis selected

f Sty sed niag hejeroeyclic geeetp which may
optionally be substituted with from 1 to 3 substituents selected from

Substituent group A, or a pharmacologically acceptable salt thereof, (17) ,
a compulfitPas déseribedirany S SERad ot el PRI PESRRere oy osed 1n
repsesenrtsya pheaylene graup; «arta thieaylene; pyridydeme renindolyleneture 6
Yy r"i’CF'C ’aﬂgé’ grtienally be sybstituted with fram 1,10 3, SUBSIHENIS resent
Selected from Substituent group A, or a pharmacologically acceptable salt
theresrt {28) a compound as described in any one selected from (1) to

(153 wéherein ot represents aphemaene & pyfidylenegronpaibar WO 03/062252
pharm%:eqtlogically acceptable salt thereof, (19) a compound as described

iR Ar yhone selected from (1) to (18) wherein Zrenresents a C6-Cloaryloxy

grBapewhicH hray bptisnallylbé Stbstitet witkforr T 165 RUPRARLERS 3/ 105771
selected from Substituent group A, or a Pharmacologically acceptable salt
thereof, and (20) a compound as described in any one selected from (1) to

(18) wherein Z represents a phenoxy group, or a pharmacologically

acceptable salt thereof, (21) a compound as describe in (1) wherein the
nenaral farmiila (N ie the nenaral formiila (1)) echown helow: wherain R




112 represents a hydrogen atom or a Ci-Cc alkyl group, R3 represents a
hydrogen atom, a halogen atom, or a CI-C6 alkyl group, R4 represents
a hydrogen atom, a halogen atom, a cyano group, a CI-C6 alkyl group, or
a Cfl-C6 alkoxy group, and  Pe represents a hydrogen atom or a
halogen atom], or a rui rmacologically aéceptable salt thereof, (22) a
compound as described in (21) wherein RI represents a hydrogen atom,
or a pharmacologically acceptable salt thereof, (23) a compound as
described in (21) or (22) wherein P2 representsahydrogen atom, a methyl
gerowp,lertan ethyl group, or a pharmacologically acceptable salt thereof,
(24)xacompednd-asdesgrined in-any Qna selagted fram21) (2u623) wo
X"(E‘Oe{ En reg}rgsents kzi\lké)(tdrogen atom, a fluorine atom, a chlorine 12 atom,
ora e%hy gro%?:)r?%r a pharmacologically acceptable salt thereof, (25) a
tBafpound-asadeseritredtin any onragdlentad from {22r i {24)wrhereiticR4
represents adhydiggen-atom, a fluorine atom, a chlorine atom, a cyano
gtoun. 8 meltl groun: ana.methoxy aroup, or g pharmacolagigally
ccep?a%le salt't ereof,%(%}a compouna as described’in any one
3elttdd 3o (2ay®b{25) wherein Rs represents a hydrogen atom or a

ﬂgaﬂ@a@tgﬁfra@@f@r@nacgm( ) fﬁﬂ&t@@ﬁ@@t@ﬁlﬁlilafibﬁﬁflﬁo(ﬁ)&%%@ Wo

escribed in (1) wherein the general formula (1) is the
é%ﬁ%‘?@dﬁ%d?%%ﬁ?fw%j&vn below: JR6 /2 CO H [6(i [wherein R6

rdsresents athydicyataeer brid €1y, Akt grotp CRFZrepfedentd a 94 (1997)
hidregen atem achalegensacorny onanel-Ger alih eraRgaNd vo 112957, 4691
r(?%rgggents a C1-C6 alkyl group or a CI-C; alkoxy group], or a
pharmacologically acceptable salt thereof, (28) a compound as described

in (27) wherein 17: represents a hydrogen atom, a methyl grout, or an

ethiyd €redprer amphaenaecelegicadlyjacceptable salt thereof, (29) a

i%‘ugooq:nd as qiscribed in.arrll)ﬂ one selected from (27) or (28) wherein
ect oI the 1nventio . .
epresentsa y&rogenatom, a.fluorine atom, a chlorine atom, or a

methyFGrotip? Bt phafrhatbfodiESRF AEcAPTabile et theYeoP80) 8 1ong time
a@mﬁpmmgsjdmirb@hiﬂeanw@ﬂecﬁeieataabﬁrom@%)ﬁm&%mheﬁej@rﬁ8exert
[ERreseOts 8 NRropyl grown..a Nsbutyl.qroup or an 1gePULY . Croup, Aa, resuit,

pharmacologically acceptable salt thereof. "(31) a compound as described
frPELRARERSR ST TBRPSURE IS ARG Gtk BelECtedMBIARRToRBRING TS usetul

agﬁmmmdse,j@rca;bds‘rarmqmagi@aihy ammbéasaﬁihereﬁf:vaﬁious organs or
]fﬂ%i§ﬂ4é3990¥1"Q%@H%??”E%Ey%6%QH%%Y%&E%fmﬁﬁ%$aé9seases such as

1-3-y1}-2-furyl)methyl]azetidine-3-carboxylic acid, . S
PYE5IBHRS0 Wﬁh‘éﬁyﬁlﬁ%&@wdiag%pgwﬂ_gqﬁmﬁﬁéﬁﬁrthmus,

yezetitpei3:tatbdyiccadidis, skeletal muscle myositis, arthritis,
%égéigﬁéﬁ§¥99§eXXBHM%EEQ;b@f%P%?d§§§Qé%&@éﬁ%ﬁuﬁéﬂﬁgﬂls syndrome,
ylazetidine-3-carboxylic acid, o . S .
¢S BREAY ES ARG OME N2 thiendif L 2RoRadigpait 1 t1s, aplastic
£yt ), 5 617 ctetranidrodhenzofytan4dayiliapetigines3-carboxykhicracitemo l y tic
T 2-(4:Bhengxypheny )l 2 4-oxadiazal 3y Hid tigoyAmetiyosi s,

1)aze¢idine-3-carboxylic. acid, , o
psoriasis, vasculitis syndrome, Wegener's granulomatosis, uveitis,

Sjdgren's syndrome, idiopathic interstitial pneumonia,
Goodpasture's syndrome, sarcoidosis, allergic granulomatous
angiitis, bronchial asthma, myocarditis, cardiomyopathy, aortitis
syndrome, postmyocardial infarction syndrome, primary pulmonary
hypertension, minimal change nephrotic syndrome, membranous
nephropathy, membranoproliferative glomerulonephritis, focal

glomerular sclerosis, crescentic glomerulonephritis, myasthenia



1-({4-[5-(4-Benzoylpheny1)-1,2,4-oxadiazol-3-y1]-2-thienyl}methy
1)azetidine-3-carboxylic acid,
1-({4-[5-(4-Benzylphenyl)-1,2,4-oxadiazol-3-y1]-2-thienyl)methyl
)azetidine-3-carboxylic acid,

1-({4-[5-(1-Isobuty1-1H-indo1-5-y1)-1,2 4-oxadiazol-3-y1]-2-thie
nyllmethyl)azetidine-3-carboxylic acid,
1-({6-[5-(4-Isobutylpheny1)-1,2,4-oxadiazol-3-yl]pyridin-3-y1}me
thyl)azetidine-3-carboxylic acid, and

cg'i(a{é'i[g ; @Lﬂ%g QWAQ@%@/ r’lr)e't}i%’ﬁ"a_(e%@d, lézt%lfa?fg 'Mflﬁ%@ﬁﬂm %1_’1 ronic actinic
hyl)azetidine-3-carboxylic acid, (32) a compound as described in (1)

HHSHRIn SaRY cBRPBUITRANY ohe sdleefREnt e falowifgrham s choreas
sopaurids, eriaphasmacologically acceptablesaltitheseofinsulin dependent

d:UBdP(-Rhenoxy Bt‘eﬁ'é{%&lﬁ’é -oadiazol 3xetl 2-thienylmethy scierosis,

1)azetidine-3-carboxylic acid, . . .
1IQBNRINL S TE A bR SHERATER P -0 XRRIBEB P iga b nephritis,
pybmetpyhazetidines3odrbexylic aeidpary sclerosing cholangitis,
}ﬁqﬁﬁ[ﬁ'a( EFMQT:AI{?Dg n %y@g%m@%;g-@_%&@@@@&g; 3tmete rmatitis,
y1-2-thienyllmethyl)azetidine-3-carboxylic acid, . .
1SRy RS- phiiioxy Bhefiy TR T, ZBURETIAS ORSS -HgRes, and in
yhmethyhazetidine3catlboxylicagih caused by fungus, mycoplasma, virus,
1Aty 1-8-(5-[4s (3-fluosophenaxylphenyld 2.4-@diazol3r¥diac failure,
11-2-thienyl)methyliazetidine-3-carboxylic acid, , _ _ .
TAFA-EARY RS CRRNSr0 A PhERORY PR E 2 GRS S gy artexial
bRethienyl) methyharetidine-8,carsbxyiliccacichnce of blood circulation, for
Llf4-Ethyl-pofRs [Bafluqrosds (3rfiuoraphenoxy)rhe Ayt lnl 2. 4-9X88ase, dementia,

iazol-3-y1}-2-thienyl)methyllazetidine-3-carhoxylic acid, . .
RIS 5 EE (2 reta e ROy eny LR 2 aaigsop 3z tochemtay
yp 2ethiciop) medmyliezetidinecarbodg/licadid zophrenia, Huntington's
L5345 [3:ChirgA- (3dioraphenaxyphenytlish2 dexadiazghds ract ivity
y11-4-ethy1-2-thienyl)meth IL zetidine-3-carboxylic acid, . 0d
f![f&ﬁ%ﬁiﬂ-é%‘{%@[%’-(2-ﬁ?ectﬁl§§q%ﬁéﬁ8kyj‘b%“eln’ﬁﬁ- .5 4-8Radiazor-3-"
yib-thieayhmethylEeetidhni-Susadsdaficiasigases such as lymphomatosis,
l'e[(fk‘gﬁlﬂxq-'%cﬁ&[ﬂi(gaﬂUWM\%}%WQQQQ)QBQQ,éi@@ﬂi@-éokgtﬁnopathy, and
11-2-thieny|%r3neth%;gazetiqine-3-cgr?oxylic, acid, ction swmbtoms in
1858 (P 8rSThehdyjphenS 112 a-oxadiazor 3-yti-a
tathyk2thidmt)mathyf] aretitive 3ceaboxydie déldskin tissue grafting, and
%&Q‘{L‘x@gﬂuéﬁﬁn&h lf’L'éOHQF]%%l (220 Hf@@h%’@&&)@ilﬁﬂ&ﬂzge 2 4r9drythematosus,
iazol-3-y1}-2-thien ethyllazetidine-3-carhoxylic acid, . . o
B T ) S AT L st adisgg c demmainiz,
arBlytied lathy ] - 2ndictyinatsAlazBtiehte i Earioficcagm L e ted the present
3-R={3{3Chloro-4-(2-fluorophenoxy)phenyl]-1,2,4-oxadiazol-3-
y1}-4-ethyl-2-thienyl)methyllazetidine-3-carboxylic acid,. . .
(5 L ORI 13 5 o apLEos Bhay T degaapp v e novel
B3 oHudstHyittie fy e lifyifazBiaime-SieRmilicacigrivity with low
6o t5-44-(20khlarapbesexyphenyddde 3 koxadezot3-y edeeth, and
-2-thienyl)methyllazetidine-3-carbaxylic.acid,
T b i n ) oo T 5 556 az01-2-
y1}-4-ethyl-2-thienyl)methyl]azetidine-3-carboxylic acid,
1+6E3Methyl-545: €phenexypheryt)-1,2,4-oxadiazol-3-y1]-2-thie
nyl)methyl)azetidine-3-carboxyli id -
1 R R ot D S-S at B 78 hggmounds havins
VIRRBTIRA)EEStRIE B2 carboXyiicyatRf 448 CEID S SoMRpEUNTRS Yederlsad ng the
igda) wherein-saickcamposndiscamreperseleateshfrapnthepfollowinglogically
compounds, or a pharmacologically accept I reqf;
o Ty Bhemy L DA oy Avo a e obe prodrugs
n-2-yilmethyl)azetidine-3-carboxylic acid,
1-(15-[5-(3-Fluoro-4-isobutylpheny1)-1,2,4-oxadiazol-3-yl]pyridi 15
n-2-yl}methyl)azetidine-3-carboxylic acid,
16({5-[6-(3-Chloro-4-isobutylpheny1)-1,2,4-oxadiazol-3-yl]py din

1MImaethvNazetidine-2-carhovviie acid



Y is preferably a phenylene, pyridylene, or thienylene group. The "fused
ring heterocyclic group” in the definitions of W, X, and Y in the above
formula represents a substituent in which the "5- 17 to 7-membered
heterocyclicgroup” described above is fused with other cyclic group(s),

and concretely, a 9- to 14-membered (pieferably, a 9- or 10-membered)
fused multi-ring aromatic heterocyclic group containing one or more
heteroatoms (for example, from 1 to 3 heteroatoms) selected from a
nitrogen atom, a sulfur atom and an oxygen atom in addition to carbon
atomspwhicte hastwirpositivpseuaiidbie forebondingyandds prefenabisant
bicyglic ticydic, Qfetracyalic group and marePieiaially - Bicycic group,; vity
and can be, for example, a benzothienylene, benzofuranyiene,

BeRZimazsiiste: heRgoxaoNiBna bitizdthidzolyens> oF treatment of the
Bénzisothviaroddeneedaphiive[2, 3 thiopherydenessoquinolteri@rs completed.

guinglyleney indalylens; ginoxalinylene, phenanthridinylene,
pheng hiaziréylene, phenoxazinylene, phthalaziﬁrylene,,neiﬁ)hthyridinglene,

quinazditiyfetie PERRoIHyIEHE CatBRzoR/I8REC P8 boilhyleha: T hexernatter.
acridifiyiene; pivartazinylene phtiralimidoylere,
(thioxanthepyitetrahydraguinglyleng. tetraydiQisauinlylenen nelow,
tetrahydroindolylene, tetrahydrobenzofuranylene,
tetrahydrobenzothienylene, 5,6-dihydro-4H-cyclopenta[b]furanylene,
26 rd-dH-cyclopentalb]thignylene, or
1,%mtr . %?:Iopenta[b]@yrrolylene group, W is preferably a
tetrahydrodenzofufanylene, tetrahydrobenzothienylene,
tetrahydroindolylene, 5,6-dihydro-4H-cyclopenta[b]furanylene,
§v§;g;_tygrgo-4H-cyclopenta[b]thienyiene, or
1,4,5,6-tetrahydrocyclopenta[b]p}/rrolylene group, or the like and Y is
prefefaBigRAT HIbiyiehePrARY T FHeRe-CBHIRFBReIGIWy it the! o groue,
definitibri-ofeX 1a thé aboxke formua represents a straight or branched
Cl-CB,alkylens-groun, dne-can.be.fon exampie. 2 methylens. athylenest i tuent
propylene, butylene, pentylene, hexylene, heptylene, octylene,
i26pP8piiene, s-butylene, t-butylene, 3,3-dimethylpropylene, or
4,4-dimethyitastyiee grouptorathe like, BnenisOprtefekably a methylene,
ethyleneﬁégfﬂ@rm@%gf@%yﬂ&le th&'ﬁCbQ%]alkM@p%gﬁgmggmﬁiefmg
an oxygen atom or.a sulfur atom in carbon chain” in the definition of X
A e e o Ry e oo
(EHR)M2SICHYRR-, (CH2)M2CO(CH2)m2-, -(OH2)81SO(CH2).2-,
-(CHZ) MRS H2)82- ar-theslike-fwhseaisdmhand i @reithessang Ghich may
different and each represents an.ipteger of from 0 to 7, but the sum of ml
S e R e IO LT}, Sad 1S PreTerabR oo eLedfea srom
TR200HZRMICHZESEH2 - SO CHR caSTHRRE HXTRI6F SBHR S- bl lene group
The cERLLB pliivd group'ys he definiiioniol 4 ndhpahovefarmulaésacted from
raight or branched 01-08 alkyl group,.and.can for example, a methyl, .
S B T Tl e e 1 g B Wsing1c
BAimBthyARopTE B4 A-dinseRy Ity §rowr BriRelikel itpisvhich may
preferably Bymethylepe; etiydane; o piapylene greupstithetc2Caalked from
%Jé)tc%r&té';\rilr%ingzr%ql oxygen atom or a sulfur atom in the carbon chain” in
the definition of Z in the above formula represents, for example, a
H(CH3) taecH N2 HICHR) BGRB8 2 PRECHP) FRHICOY(CHE ) Fheily be
H®E2) 180 G2 mxbnd Oreld (CE2)S1 3024634294 vdaerein mbansmi2: 1 tuent
e fhe same.or different and ach (epresente.an neger oLIOMOOT .y sy sy
and farthermote the st of mFand m represents an intéger o?tfrom to
AEAhdR Sleteratly Anfathdry N, Risthyithicheliyl, hfethbRytéruted with
methythiogeoupn s t ithe n€2-c2icystealkyt grospb it the definions o Z a ¢.-c.,
and pubstituent aroup A %&‘aﬁﬁ‘%a?%%ég&@%% FERL: %fgﬁtaeéy%'{’ﬁﬁo%km 1to3
group, a cyclo%utyl group, a cyglopenty group, a cyclohexyl group, or a
cycloheptyl group.  The "C6-C20 arylene group" in the definitions of X
and Y in the above formula can be, for example, a ohenylene group, an
indenylene group, or a naphthylene group, and is preferably a phenylene
group.  The "Co-ClI aryl group” in the definitions of Z and Substituent

aroiin A in the above formiila can he for evamnle a nhenvl Arorin an



20 a chlorobutyl group, a dichlorobutyl group, a trichlorobutyl group, a

chloropentyl group, a dichloropentyl group, a trichloropentyl group, a

chlorohexyl group, a dichiorohexyl group, a trichlorohexyl group,

pentachloroethyl group, a hexachloropropyl group, or a nonachlorobutyl

group, and is preferably a fluoromethyl group, a difluoromethyl group, a

trifluoromethyl group, a fluoroethyl group, a difluoroethyl group, a

trifluoroethyl group, a fluoropropyl group, a difluoropropyl group or a

trifluoropropyl group, and more preferably a fluoromethyl group, a

difuoromethykoreup ~a dufl yerameting groupn a fuoroethyl greupra 7-membered
if oroeth | group, or a triflyoroethyl grou The 01 lkoxy, group”

ﬁlﬂ the defi r%:ltllg% %F %Lfﬁst%tlue%]t grc}’u%é I,jb%ln trE ove ormu?a%fegreésg]ng[g% From L

GrodpoiWheFéiFiaR bXyigere afcift |§315>6h8é85t63tﬁe@®1f 05 a1 yratip @ fused ring
ﬂeserﬂbegl@tmye;r@m@ isvpieferably apatbaxy grove, arbethouygud, @ from 1
ropox A ul argl |s§opro 2:( (0] r roup more
grefergﬁl%/ %n%et%o&y grog% o¥r€%£n ge%ﬁgx &%%?ﬁ&gﬁeg%]ﬁpog alkylthio
group” iRYRESFEHTifioA &esﬁbstﬁaéhﬁg%@ﬁwm ff@éﬁo@éffoﬁﬁmaonally be
ERpresents agraum wherein a sufuruatom tsbongedta:the-01£@6malkybstituent
LR desriec.above.ARd s pralerablcd ety grohine A Wliiona1 1y

rou , a propylthlo group, an isopropylthid group, or-a butylthio group,
aﬁosﬁlﬁﬁtelﬁﬁefefiawa mmtmﬁ Bﬁaﬁe@mm%eg%aﬁ fromfgbstituent
PG patkylearboxygroup!rig thetdefiritron of SubstituentgrowgyAointthenally be
ahpye farmula represents & group wherein a.carbey] groun ishanded4e; cuent
the 01-C6 alkyl group described above, and is preferably a methylcarboxyl
gFGUP, 4 ethylcarboxyl group, a propylcarboxyl group, an
isoprapylearieeeyitgr aup; i bertyleatzoX yimgpro iy eeidi moretpeferably.aa Ci-Cs

@ﬂ@x'camym{%p 3N Siylcathoxy!,grouy s « {Hhe <G-Ge-aliphalie 1 o 5
%%éggrgﬁﬁe in the definition of Substituent group A in the above formula

8ot ®hEFEin a TarBBRIgrotd fs BoRURA 1o the oioeangi- 971
groupdescdbed abpyenarmidosanbe, forldxamplenahratey| groopy arrain which

%ﬁvlggm@?ﬂm% audl prepylcarbony! gremp: %@Lﬂyéwg@m{ﬁgfﬁ%ps@lected
en tylcarbonyl roup orahexylcargone/l rou fprefera w¥1

58 | GPOTS ertlﬁyl%aqoc?nfr group’ or'a pyropyﬁ:arl\:)’on)glrou
'monorG L OB lzkylarminotgtorp wirtthé mlmttmw%*sumfeaﬂt@ra@é%@ﬁed from
@%Q%%%é%%qgkﬂlo@prﬁseat%@l;gféauawhlegej%@1 AMiee graypdsbonded y be
: eCl rou scri aboye, and Is prefera
%u%ﬁéwln%ogro}tljpg gnge %/Ié%mlrso gr%up, a propylamilno%ﬁr%ufpr,Om Substituent
isopropYaniirs gtoup ol asbutyleemino'gictp lerd AotéPrafdrably ssubstituted

me&lwlaﬁa)iﬁolge?m q@%eﬂ%@m@o HOUPted ’f‘laamdg@ﬂsf&atkylmm up A, a
int efinition of Substituent group A i abov rmula
%“pre‘§enf§’ g glrou w%%‘r)eln fwo C1- %%%Tky grguﬁeb(fescr%b% Gve are " from
Bokedédstebena armimesgredp cand ST T BXariples pRéferaip & @ Co~Ciz aralkyl
dimethylamine greup o diathylamine grawp: acdiprapylaskne:greup, o 5
dusbl%) Fuylarg]SlncS)eglrouQégr a dlbugl%mln%gro%p nd mgre grefergb)éa

amino group or a dleﬁ1yri1am|no group. 1:C8 aliphatic ™
@G@Méﬁﬁﬁ@@?@@p@iﬁ@ﬁevﬁe]fmlmbf%ﬁﬁaehyd?éuﬁhmﬁtth*eué}l%\/e’lth from 1
fesmslla represants Byl whereina fasieRYigrespdshended o the
Ci-C6 %Ikgl %roqp an addltlgnall to sugh %grbongl ﬁroug IS bé)ﬂgegl 0y logen
amino group, and ¢ rgff)eu]?or ex mpfe an acetﬁaml o group, a g 9
ethy#eaﬂo@n;ﬁamm@gr@npuerpm%ytéammmmd grevippa @ Ce~ Cm aryl group,
wwgcagpm@wg}ogqr@e@, apentylcarhanyamnegiouR, 8kaogeno cl Ce alkyl

lcarbon Iamln and is prefer bly an acetylamino grou
é’tﬁg}é%rbongfanﬁno grouﬁ %raﬁr’opylca%%u am(lC§ %rou’ng{g 2olB, a Ci-Ce

cormpdohdchavingithesgererabfarmua¢irof theCpré€sent ifvepriopoisy group, a
preferably aggompoundhaving the geperalfopmula {91 acompadngroup, a
having the general formula (1").  In the compound having the general

formula (I) of the present invention, A is preferably a carboxyl group. is
preferably a hydrogen atom. is preferably 0. is preferably a methylene

group is preferably a 5- to 7-membered heterocyclic group which may

optionally be substituted with from 1 to 3 substituents selected from
ribetitiient Aaroirin A more nrafarahlhvy a thienvienea fiirvvlene nvrrolene Ar

may



R7 is preferably a hydrogen atom, a fluorine atom, a chlorine atom or a

methyl group.  R8 is preferably a n-propyl group, a n-butyl group or an
isobutyl group.  The "pharmacologically acceptable salt thereof"

described hereinbefore means a salt which can be prepared by reacting a
compound having the general formula (I of the present invention having

an acidic group or a basic group, and can be prepared as a base salt or

an acid salt by reacting with a base or an acid, respectively. Such salt is
described hereinafter.  The pharmacologically acceptable "basic salt" of
RTpotnd RabingtHe geferalformutt (If:0fthe predentinveationts a Ci—Ce
preferahly amnalkedinnetalgaltsych assadiugrsalt, patassiumisalt Qfroupl, a

E l\l{masc%Eoagni%g(fiiyeae%ggtnggliael ssgltlscu%lglggemggnggium %%lgrgrcolo icall
calcium salt; an organiccbase salt such as N-met%y[morpﬁoﬁne saft, J Y
fIftRYIEMRIhG SALYFBEtYIRRTIRE Salt UilsBAfTRAtyfamine salt,
cdiz:ydaoIqe_xyiami_ﬂgasalﬁ,ewdmlaydpjperidinmﬁa&epwidiri& _Sﬁ|hydrogen atom, or
4 myttolinonvidios 3 IRiselne sall, of gl acid salt such as

lycine salt, lysine salit; arginine salt, ornithine salt, glutamic acid salt, or
2 PafticCRBIRRHIE Prie SafG8ifefersBly' ah QKall Phetiteamin AThe @ carboxyl
pharmacologicalhraceeptadie éam@tiysadti"@fp.a@bmpmmd havmﬂie '
qaperaldoouie, -0k dne presatinyepion isdrelably.an nooaRit Alihe e

salt, for example, a hydrohalide such as hydrofluoride, hydrochloride,
Rytr8Biotfiie’ GrhyarGeafel O nittdté BIFErRARTARS & 3bistecqertable salt
phesphate, or the like; an organic acid salt, for example, a lower

alkpnesylfopate suchas- methanesulfonate, ddfluatometbanesuifenale, Qe rein

ethanesulfonate, an arylsulfonate such as benzenesulfonate or
P-tofidesiitfohad" e déétate I AHRIAR A UrRRFABSA SUccinate 2 7 ~membered
bitrate can @ktorbatejma tartrdatenan oxalatesd hyalsatenos the likedow ath from 1
mino agil salt guchas glyclng salt, ysingisalt; argining salf, omnithjpe,,
salt, glutamic acid_salt, or aspartic acid salt, and most preferably a
RIS I+ CPh& Y pRERTHRCHIIG ARy BcEBBERAE prodrug thereof”
déscabedmbovedsas corggouigd which is tortertedrintthes eompolntkefipered
tHuoughdhereaction of enzymes, gastricacdid, Qe the like Wnderthe,y rro1ene or
h)éslologlcal conditions in vivo, that is, a compound that is converted to
B LSt P B B e iy ha GRS 5 SretctbrR RRBAIIE oF 1 iR e0t
o7 & eorspravdthasisieonvered iqthe cormpoeid l)depgastitts a thienylene

acidripduced, wdrolysis,p wihepradrug desgHbed ahoves @& eamboundn 1 to
hich, when the comeounds (If)rhave a carboxyl roug), can be derived by

BRI AHGR Bt AmTATSH OF SHER baTBBRIT GPOUP (FoF SXames®
eompourriscdarivdd hyeatbs estdrificatibn, phersb sterification,
Q@r)bcé?(YéB%EgMﬁ@teé’gi(@émiﬂ@l@ti}war(mﬂomfépé!kﬁsuﬁ{gm@ﬂ@@nylene or
ivaloy! X)Amethyl estrification, ethoxycarbonyloxyethyl esterification, |
e 'r‘(d%ff eStétinication. W5 mety-2-okoot %-\é%lc?fé}eﬁ?i-%mgt%f/?gg%elrﬁel Yr OF
eatvr reyctohegyloxyarrornaptial esterificatiors wrafethylamidation of
the carboxyl group of a compound (1)) or the like. = These compounds
can be prepared from the compound (I) by known, methods.

ore, as theprodrug of the compounds (I) of the present invention,
vari derivatives Wi re described in the literature ("Development of
medicine” VOl. 7, Molecular design, pp 163-198, published in 1990 by
Hirokawa Shoten) and cleaved into the compounds (1) under physiological
Q@@Cgtlg&ﬁpaorgn@il%% Iagwgp%ed 1\4\{@%@&09@1%%%%5&“ F[II‘II% P{efc'gr}tél ) wherein
invention are allowed to stand in contact with the atmqspﬁere orto _
YedRREAREE Hhely MAY aBsorbWars & watdr tHas Attd b therrerfotitagrour
hpdratend hegpresens inve ntéo s encompassesvsteh fiyeiateso k@ bstituents
compongs plihe present invepton aigo Nclde e LONIRONANG o cceptabie
compounds which are labeled with isotopes ( for example, ; 14C, 355,
etc.).  When the compounds of the present invention have asymmetric
carbon atom(s) in their structures, these compounds can exist as optical
isomers due to such asymmetric carbon atom(s). In the 25 present
invention, a single optical isomer and mixtures of optical isomers are

represented as a single chemical formula. The present invention
oancomnacceac hoth indinvidiial antical icomare and mivtiirace thereanf in anyv
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salt thereof,

(10) a compound as described in (9) wherein W represents a fused ring
heterocyclic group or a pharmacologically acceptable salt thereof,
(11) a compound as described in (10) wherein the fused ring
heterocyclic group is a tetrahydrobenzofuranylene,
tetrahydrobenzothienylene or N-methyltetrahydroindolylene group,
or a pharmacologically accéptable salt thereof,

(12) a compound as described in (11) wherein the fused ring
heterocyclic group has its two positions available for bonding at
the 2~ and 4-position, or a pharmacologically acceptable salt
thereof,

(13) a compound as described in (12) wherein the substituent at the
2-position represents the group of formula Z-Y-X-, or a
pharmacologically acceptable salt thereof,

(14) a compound as described in any one selected from (1) to (13)
wherein X represents a C;~Cys alkylene group, a C;-Cg alkylene group
containing an oxygen atom or a sulfur atom in the carbon chain, a
C¢-Cyo arylene group, a 5- to 7-membered heterocyclic group or a fused
ring heterocyclic group, or a pharmacologically acceptable salt
thereof,

(15) a compound as described in any 6ne selected from (1) to (13)
wherein X represents a 5- to 7-membered heterocyclic group, or a
pharmacologically acceptable salt thereof,

(16) a compound as described in any one selected from (1) to (15}
wherein Y represents any one group selected from the group consisting
of a phenylene group, a 5- to 7-membered heterocyclic group which
may optionally be substituted with from 1 to 3 substituents selected
from Substituent group A, and a fused ring heterocyclic group which
may optionally be substituted with from 1 to 3 substituents selected
from Substituent group A, or a pharmacologically acceptable salt
thereof,

(17) a compound as described in any one selected from (1) to (15)
wherein Y represents a phenylene group, or a thienylene, pyridylene,
or indolylene group which may optionally be substituted with from

1 to 3 substituents selected from Substituent group A, or a
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pharmacologically acceptable salt thereof,

(18) a compound as described in any one selected from (1) to (15) wherein
Y represents a phenylene or pyridylene group, or a pharmacologically
acceptable salt thereof,

(19) a compound as described in any one selected from (1) to (18) wherein
Z represents a C¢-Cy, aryloxy group which may optionally be substituted with
from 1 to 5 substituents selected from Substituent group A, or a
pharmacologically acceptable salt thereof, and

(20} a compound as described in any one selected from (1) to (18) wherein

Z represents a phenoxy group, or a pharmacologically acceptable salt

thereof,

(21) a compound as described in (1) wherein the general formula (I) is the

general formula (I’') shown below:
RS rﬁCOZH
O
4

R N a N (T1)

RS \_/
R? R*

[wherein

R' represents a hydrogen atom or a C,-C¢ alkyl group,

R’ represents a hydrogen atom or a C;-C¢ alkyl group,

R’ represents a hydrogen atom, a halogen atom, or a C;-C; alkyl group,

R* represents a hydrogen atom, a halogen atom, a cyano group, a C;-Cg
alkyl group, or a C;-C¢ alkoxy group, and

R® represents a hydrogen atom or a halogen atom] , or a pharmacologically
acceptable salt thereof,
(22} a compound as described in (21) wherein R' represents a hydrogen atom,
or a pharmacologically acceptable salt thereof,
(23) a compound as described in (21) or (22) wherein R? represents a hydrogen
atom, a methyl group, or an ethyl group, or a pharmacologically acceptable
salt thereof,
{24} a compound as described in any one selected from (21) to {(23) wherein

R’ represents a hydrogen atom, a fluorine atom, a chlorine
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atom, or a methyl group, or a pharmacologically acceptable salt thereof,
(25) a compound as described in any one selected from (21) to (24) wherein
R* represents a hydrogen atom, a fluorine atom, a chlorine atom, a cyano
group, a methyl group, or a methoxy group, or a pharmacologically acceptable
salt thereof,

(26) a compound as described in any one selected from (21) to (25) wherein
R® represents a hydrogen atom or a fluorine atom, or a pharmacologically
acceptable salt thereof,

(27) a compound as described in (1) wherein the general formula (I) is

the general formula (I’’) shown below:
O‘N R6
R8©'<\ ~ CO,H
ks N | SN r.—.r 2 <Il |>
R N
[wherein

R® represents a hydrogen atom or a C;-C¢ alkyl group,

R’ represents a hydrogen atom, a halogen atom, or a C;-C¢ alkyl group,
and

R® represents a C,-C¢ alkyl group or a C;-C¢ alkoxy group], or a
pharmacolegically acceptable salt thereof,
(28) a compound as described in (27) wherein R® represents a hydrogen atom,
a methyl group, or an ethyl group, or a pharmacologically acceptable salt
thereof,
(29) a compound as described in any one selected from (27) or (28) wherein
R’ represents a hydrogen atom, a fluorine atom, a chlorine atom, or a methyl
group, or & pharmacologically acceptable salt thereof,
{30} a compound as described in any one selected from (27) to (29) wherein
R® represents a n-propyl group, a n-butyl group or an iscbutyl group, or
a pharmacologically acceptable salt thereof.
(31) a compound as described in (1) wherein said compound is any one selected
from the following compounds, or a pharmacologically acceptable salt

thereof:
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1-[(4-{5-[4-Phenyl~-5-{trifluoromethyl)-2-thienyl]-1,2,4-oxadiazoc
1-3-yl}-2~-furyl)methyl]lazetidine~3~carboxylic acid,
1-({5-[5-(4~-Isobutylphenyl)~1,2,4-oxadiazol-3-yl]-2-furylimethyl
Jazetidine-3~-carboxylic acid,
1-({5-[5-(4-Cyclohexylphenyl)-1,2,4~oxadiazol-3-yl]-2-furyl}lmeth
yl)azetidine~3-carboxylic acid,
l—(2-{5-[4—Phenyl—5—(trifluoromethyl)—2~thienyl]—l;2,4—oxadiazol
-3-yl}-4,5,6,7-tetrahydro-l-benzofuran-4~yl)azetidine-3-carboxyl
ic acid,
1-{{5-[5-{4-Phenoxyphenyl)~1,2,4-oxadiazol~3-yl]-2-thienyl}imethy
l)azetidine-3-carboxylic acid,
1-({4-[5-(4-Benzoylphenyl)-1,2,4~oxadiazol~3~yl}-2-thienyl}methy
l)azetidine~3~carboxylic acid,
1-({4-[5-(4-Benzylphenyl)-1,2,4-oxadiazcl-3-yl]-2-thienylimethyl
yazetidine-3-carboxylic acid,
1-({4-[5-(1-Isobutyl-1H~indol~-5~-yl)~1,2,4-oxadiazol~3-yl]-2—-thie
nyllmethyl)azetidine-3-carboxylic acid,
1-({6~[5-{4-Isobutylphenyl)-1,2,4~oxadiazol-3-yllpyridin-3-ylime
thyl)azetidine-3-carboxylic acid, and
1—({5—[5—(4-Isobutylphenyl)~1,2,4—oxadiazol~3—yl]pyridin~2~yl}me
thyl)azetidine~-3~carboxylic acid,

(32) a compound as described in (1) wherein said compound is any one
selected from the following compounds, or a pharmacologically
acceptable salt thereof:
1-({5-[5-(4-Phenoxyphenyl)~1,2,4-oxadiazol-3-yl]-2-thienyl}methy
l)azetidine-3-carboxylic acid,

1-({4-Methyl-5-[5- (4-phenoxyphenyl)-1,2, 4-oxadiazol-3-yl]-2-thie
nyllmethyl)azetidine~3-carboxylic acid,
1—({5—[5~(3—Fluord—4—phenoxyphenyl)~1,2,4—oxadiazol—3—yl]—4—meth
yl-2-thienyl}methyl)azetidine-3~carboxylic acid, '
1-({4~-Ethyl-5-[5~- (4-phenoxyphenyl)-1,2, 4-oxadiazol-3-yl]-2-thien
yllmethyl)azetidine-3-carboxylic acid,
1-{(4-Ethyl-5~{5~-[4-(3-fluorophenoxy)phenyll~-1,2, 4-oxadiazol-3-y
1}-2-thienyl)methyllazetidine-3-carboxylic acid,
1-({4-Ethyl-5~[5~(3~fluoro~4~phenoxyphenyl)-1,2,4-oxadiazol-3-yl
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]-2-thienyl}methyl)azetidine-3-carboxylic acid,

1-{ (4~Ethyl-5~{5-[3-fluoro~4~(3-fluorophenoxy)phenyl]-1,2, 4-oxad
iazol=~3-yl}-2-thienyl)methyl]azetidine-~3-carboxylic acid,
1-[(4-Ethyl-5-{5-[4- (2-methoxyphenoxy)phenyl]-1,2, 4~oxadiazol-3-
yl}-2-thienyl)methyl]azetidine-3-carboxylic acid,
1-[{5~{5-[3~Chloro-4-(3-fluorophenoxy)phenyl]-1,2,4~oxadiazol~3~
yl}—4-ethyl~2—thienyl)methyl]azetidine—3~carboxylic acid,
1-[(4-Ethyl-5-{5-[4- (2-methoxyphenoxy)phenyl]l-1,2, 4-oxadiazol-3-
yl}-2-thienyl)methyl]lazetidine-3~-carboxylic acid,

1-[ (4-Ethyl-5~-{5-[4-(2-fluorophenoxy)phenyl]~1, 2, 4-oxadiazol-3-y
l}—2—thienyl)methyl]azetidine—3-carboxylic acid,
1~[(5~{5-[4~(2,3-Difluorophenoxy)phenyl}-1,2,4~oxadiazol-3-yl}—-4
-ethyl-2-thienyl)methyl]azetidine-3-carboxylic acid,
1-[(4-Ethyl-5~-{5-[3-fluoro-4-(2-fluorophenoxy)phenyl]-1,2, 4-oxad
iazol-3-yl}-2-thienyl)methyl]azetidine-3~carboxylic acid,
l-[(5—{5—[4—(2,3~Difluorophenoxy)—B—fluorophenyl}—l,Z,4~oxadiazo
1-3-yl}-4-ethyl-2-thienyl)methyllazetidine~3~carboxylic acid,
1-[(5-{5-[3-Chloro-4- (2-fluorophenoxy)phenyll-1,2, 4-oxadiazol-3-
yl}-4-ethyl-2-thienyl)methyl]azetidine-3-carboxylic acid,
1-[(5-{5=[3~Chloro-4-(2,3-difluorophenoxy)phenyl] -1, 2, 4-oxadiazo
1-3-yl}-4-ethyl-2-thienyl)methyl]azetidine~3~carboxylic acid,
1-[(5-{5=[4~(2-Chlorophenoxy)phenyl]~1,2, 4-oxadiazol~-3-yl}-4-eth
yl-2-thienyl)methyllazetidine-3-carboxylic acid,
1-[(5-{5-[4~(2~Chlorophenoxy)-3-fluorophenyl]-1,2, 4~oxadiazol-3~-
yl}-4-ethyl-2-thienyl)methyllazetidine-3~carboxylic acid,
1-({3-Methyl-5-[5- (4-phenoxyphenyl)-1,2,4-oxadiazol-3-yl]-2-thie
nylimethyl)azetidine-3-carboxylic acid and

1-({3-Ethyl-5-[5- (4-phenoxyphenyl)-1,2,4-oxadiazol-3-yl]-2-thien
ylimethyl)azetidine-3~carboxylic acid, and

(33) a compound as described in (1) wherein said compound is any one
selected from the following compounds, or a pharmacologically
acceptable salt thereof:
1-({5~-[5-(4-Isobutyl-3-methylphenyl)-1,2,4-oxadiazol-3-yl]pyridi
n-2-ylimethyl)azetidine-3-carboxylic acid,

1-({5~[5-(3-Fluoro-4-isobutylphenyl)-1,2, 4-oxadiazol-3-yl]lpyridi
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n-2-vlimethyl)azetidine-3-carboxylic acid,
1-({5-[5-(3-Chloro-4-iscbutylphenyl)-1,2,4-oxadiazol-3-yv1l]lpyridin-2-v
llmethyl)azetidine-3-carboxylic acid,

1-({5-[5- (4-Isobutyl-3-methylphenyl)-1,2,4-oxadiazol-3-vyl]-6-methylpy
ridin-2-yl}methyl)azetidine-3-carboxylic acid,

1- ({5-[5-(3-Fluoro-4-propylphenyl)-1,2,4-oxadiazol-3-y1] -6-methylpyri
din-2-ylimethyl)azetidine-3-carboxylic acid,
1-({5-{5-(4-Butyl-3-fluorophenyl)-1,2,4-oxadiazol-3-y1l]-6-methylpyrid
in-2-yllmethyl)azetidine-3-carboxylic acid,
1-({5-[5-(3-Fluorc-4-iscbutylphenyl}-1,2,4-oxadiazol-3-y1l]-6-methylpy
ridin-2-ylimethyl)azetidine-3-carboxylic acid,
1-({5-[5-(3-Chloro-4-igobutylphenyl)-1,2,4-oxadiazol-3-y1l]-6-methylpy
ridin-2-ylimethyl)azetidine-3-carboxylic acid,

1- ({6-Ethyl-5-[5- {4-isobutyl-3-methylphenyl)-1,2,4-oxadiazol-3-yv1llpyr
idin-2-yl}methyl)azetidine-3-carboxylic acid,

1- ({6-Ethyl-5-[5-(3-fluoro-4-propylphenyl)-1,2,4-oxadiazol-2-y1l]lpyrid
in-2-yl}methyl)azetidine-3-carboxylic acid,
1-({5-[5-(4-Butyl-3-fluorophenyl)-1,2,4-oxadiazol-3-y1l]-6-ethylpyridi
n-2-ylimethyl)azetidine-3-carboxylic acid,
1-({6-Ethyl-5-[5-(3-fluoro-4-isobutylphenyl)-1,2,4-oxadiazol-3-y1lpyr
idin-2-yllmethyl)azetidine-3-carboxylic acid, and

1- ({5-[5-(3-Chloro-4-isobutylphenyl)-1,2,4~oxadiazol-3-yl]-6-ethylpyr
idin-2-yl}methyl)azetidine-3-carboxylic acid. Furthermore, the present
invention provides

(34) a medicinal composition comprising one or two or more compounds as
described in any one selected from (1) to (33) as an active ingredient,
or a pharmacologically acceptable salt thereof,

(35) a medicinal composition as stated in (34) which can be used for
suppressing immunclogical rejection symptoms occurring after skin tissue
grafting or transplantation of various organs,

(36) a medicinal composition as stated in (34) which can be used for
prophylaxis or therapy of autoimmune diseases,

(37) a medicinal composition as stated in (36) wherein said autocimmune
disease is one or two or more condition(s) selected from the group

consisting of rheumatoid arthritis, psoriasis, atopic dermatitis,
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multiple sclerosis, ulcerative colitis, and Crohn’s disease,

(38) a method for suppressing immunological rejection symptoms
occurring after skin tissue grafting or transplantation of various
organs which is characterized by administering an effective dose of
a pharmaceutical composition as stated in (34) to a mammal,

(39) amethod for prophylaxis or therapy of autoimmune diseases which -
is characterized by administering an effective dose of a
pharmaceutical composition as stated in (34) to a mammal, and
(40) a method for prophylaxis or therapy as stated in (39) wherein
said autoimmune disease is one, or two, or more condition(s) selected
from the group consisting of rheumatoid arthritis, psoriasis, atopic
dermatitis, multiple sclerosis, ulcerative colitis, and Crohn’'s

disease.

Substituent group A described above is preferably a group
consisting of a halogen atom, a C,~C¢ alkyl group, a C;-C; cycloalkyl
group, a Cg-Cy aryl group, a C¢-Cyy aryloxy group, a C¢-C;, aralkyl
group, a halogeno C;-C4 alkyl group, a C;-C¢ alkoxy group, a halogeno
C.-Cg alkoxy group, and a C;-Cg alkylthio group.

The “5~ to 7-membered heterocyclic group” in the definitions of
W, ¥, and Y in the above formula is, for example, a 5- or 7T-membered
aromaticheterocyclicgroupcmntainingone<n:more(forexample,from‘
1 to 3) heterocatoms selected from a nitrogen atom, a sulfur atom,
and an oxygen atom in addition to carbon atoms, which has two positions
available for bonding, and can be concretely a thienylene, furylene,
pyrrolylene, imidazolylene, pyrazolylene, thiazolylene,
isothiazolylene, oxazolylene, isoxazolylene, pyridylene,
pyrazinylene, pyrimidinylene, pyridazinylene, oxadiazolylene,
thiadiazolylene, or furazanylene group, |
W is preferably a furylene, thienylene, pyrrolylene, or pyridylene
group,

X is preferably an isoxazolylene or oxadiazolylene group, and
Y is preferably a phenylene, pyridylene, or thienylene group.
The “fused ring heterocyclic group” in the definitions of W, X,

and Y in the above formula represents a substituent in which the “5-
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to 7-membered heterocyclic group” described above is fused with other
cyclic group(s), and concretely, a 9- to l4-membered (preferably,
a 9- or lO0-membered) fused multi-ring aromatic heterocyclic group
containing one or more heteroatoms (for example, from 1 to 3
heterocatoms) selected from a nitrogen atom, a sulfur atom and an
oxygen atom in addition to carbon atoms, which has two positions
available for bonding, and is preferably a bicyclic, tricyclic, or
tetracyclic group and more preferably a bicyclic group, and can be,
for example, a benzothienylene, benzofuranylene, benzimidazolylene,
benzoxazolylene, benzothiazolylene, benzisothiazolylene,

naphtho (2, 3-b]thiophenylene, isoquinolylene, quinolylene,
indolylene, quinoxalinylene, phenanthridinylene, phenothiazinylene,

phenoxazinylene, phthalazinylene, naphthyridinylene,

guinazolinylene, cinnolinylene, carbazolylene, B-carbolinylene,
acridinylene, phenazinylene, phthalimidoylene,
(thioxanthenyl)tetrahydroguinolylene, tetrahydroisoquinolylene,
tetrahydroindolylene, tetrahydrobenzofuranylene,
tetrahydrobenzothienylene,

5, 6~dihydro~4H-cyclopenta(b] furanylene,
5,6-dihydro-4H-cyclopenta[blthienylene, or
1,4,5,6~-tetrahydrocyclopenta[b]lpyrrolylene group,

W is preferably a tetrahydrobenzofuranylene,
tetrahydrobenzothienylene, tetrahydroindolylene,

5, 6~dihydro~4H-cyclopenta[b] furanylene,

5, 6-dihydro—-4H-cyclopenta[b]lthienylene, or
1,4,5,6~-tetrahydrocyclopentalblpyrrolylene group, or the like and
Y is preferably an indolylene group.

The “C;—-Cy alkylene group” in the definition of X in the above
formula represents a straight or branched C,-Cg alkylene group, and
can be, for example, a methylene, ethylene, propylene, butylene,
pentylene, hexylene, heptylene, octylene, isopropylene, s-butylene,
t-butylene, 3,3-dimethylpropylene, or 4,4-dimethylbutylene group,
or the like, and is preferably a methylene, ethylene, or propylene

group.
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The “C,;-Cy alkylene group containing an oxygen atom or a sulfur
atom in the carbon chain” in the definition of X in the above formula
represents, for example, a —(CH;)mO(CHy)po—, = (CHy)miS{CHy)no—»
= (CHp) m1CO(CHz) mo=, = (CH2)m1SO(CHz)ma=, —(CH;)mS0; (CHy) e~ or the like
(wherein ml and m2 are the same or different and each represents an
integer of from 0 to 7, but the sum of ml and m2 represents an integer
of from 0 to 7), and is preferably a -—CHQOCHZﬂ -~CH,SCH,~, —OCH,~, -SCH,~,
-CH,0-, or ~-CH,;S— group.

The “C,;~Cg alkyl group” in the definition of Z in the above formula
is a straight or branched C,-Cy alkyl group, and can be, for example, -
a methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
isopropyl, s-butyl, t-butyl, 3, 3—~dimethylpropyl,' or
4,4-dimethylbutyl group, or the like, and is preferably a methylene,
ethylene, or propylene group.

The “C;-Cg alkyl group containing an oxygen atom or a sulfur atom
in the carbon chain” in the definition of Z in the above formula
represents, for example, a H(CH;)nmO(CHy)m~, H(CHz)mS (CHy)m=y
H(CH,) ;1CO (CHy ) mo—r H{CHy) 1uSO(CHy) na—, 0r H(CHy) 11505 (CHy ) o~ (whereinml
and m2 are the same or different and each represents an integer of
from 0 to 7, and furthermore the sum of ml and m2 represents an integer
of from 0 to 7), and is preferably a methoxymethyl, methylthiomethyl,
methoxy, or methylthio group.

The “C3-C, éycioalkyl group” in the definitions of Z and
Substituent group A in the above formula represents a cyclopropyl
group, a cyclobutyl group, a cyclopentyl group, a cyclohexyl group,
or a cycloheptyl group.

The “C¢-Ciy arylene group” in the definitions of X and Y in the
above formula can be, for example, a phenylene group, an indenylene
group, or a naphthylene group, and is preferably a phenylene group.

The “Cg~Cyo aryl group” in the definitions of Z and Substituent
group A ih the above formula can be, for example, a phenyl group,
an indenyl group, or a naphthyl group, and is preferably a phenyl
group.

The “C¢—~Cjp aryloxy group” in the definitions of Z and Substituent

group A in the above formula can be, for example, a phenyloxy group,
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an indenyloxy group, or a naphthyloxy group, and is preferably a
phenyloxy group.

The “C4~Cyo arylthio group” in the definition of Z in the above
formula can be, for example, a phenylthio group, an indenylthio group,
or a naphthylthio group, and is preferably a phenylthio group.

The “C¢—-Cyy aralkyl group” in the definition of Z in the above
formula can be, for example, a benzyl group, an indenylmethyl group,
or a naphthylmethyl group, and is preferably a benzyl group.

The “C¢~Cyy arylcarbonyl group” in the definition of Z in the above
formula can be, for example, a benzoyl group, an indenylcarbonyl group,
or a naphthylcarbonyl group, and is preferably a benzoyl group.

The “halogen atom” in the definition of Substituent group A in
the above formula is a fluorine atom, a chlorine atom, a bromine atom,
or an iodine atom.

The “C;~Cs alkyl” group in the definition of Substituent group
A in the above formula can be, for example, a methyl group, an ethyl
group, a propyl group, an isopropyl group, a butyl group, an isobutyl
group, a s—butyl group, a t-butyl group, a pentyl group, an isopentyl
group, or a hexyl group, and is preferably a methyl gtoup, an ethyl

group, a propyl group, an isopropyl group, or an isobutyl group.

The “halogeno C)-C¢ alkyl group” in the definition of Substituent
group A in the above formula represents a group wherein a C,~-Cgs alkyl
group described above is substituted as much as possible with a
halogen atom, and can be, for example, a fluoromethyl group, a
difluoromethyl group, a trifluoromethyl group, a fluoroethyl group,
a difluorocethyl group, a trifluorcethyl group, a fluoropropyl group,
adifluoropropyl group, a trifluoropropyl group, a fluorobutyl group,
a difluorobutyl group, a trifluorobutyl group, a fluoropentyl group,
adifluoropentyl group, a trifluoropentyl group, a £lucrohexyl group,
a difluorohexyl group, a trifluorohexyl group, a pentafluorocethyl
group, a hexafluoropropyl group, a nonafluorobutyl group, a
chloromethyl group, a dichloromethyl group, a trichloromethyl group,
a chloroethyl group, a dichlorocethyl group, a trichloroethyl group,
a chloropropyl group, a dichloropropyl group, a trichloropropyl group,
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a chlorobutyl group, a dichlorobutyl group, a trichlorobutyl group,
a chloropentyl group, a dichloropentyl group, a trichloropentyl group,
a chlorohexyl group, a dichlorochexyl group, a trichlorohexyl group,
pentachloroethyl group, a hexachloropropyl group, or a
nonachlorobutyl group, and is preferably a fluoromethyl group, a
difluoromethyl group, a trifluoromethyl group, a fluorocethyl group,
a difluoroethyl group, a trifluorocethyl group, a fluoropropyl group,
a difluoropropyl group or a trifluoropropyl group, and more
preferably a fluoromethyl group, a difluoromethyl group, a
trifluoromethyl group, a fluoroethyl group, a difluoroethyl group,

or a trifluoroethyl group.

The “C;~C,; alkoxy group” in the definition of Substituent group
A in the above formula represents a group wherein an oxygen atom is
bonded to the C;-C; alkyl group described above, and is preferably
amethoxy group, an ethoxy group, a propoxy group, an isopropoxy group,
or a butoxy group, and more preferably a methoxy group or an ethoxy
group.

The “C;~Cg alkylthio group” in the definition of Substituent group
A in the above formula represents a group wherein a sulfur atom is
bonded to the C;-C¢ alkyl group described above, and is preferably
a methylthio group, an ethylthio group, a propylthio group, an
isopropylthio group, or®a butylthio group, and more preferably a
methylthio group or an ethylthio group.

The “C;-C4 alkylcarboxy group” in the definition of Substituent
group A in the above formula represents a group wherein a carboxyl
group is bonded to the C;-Cq¢ alkyl group described above, and is
preferably a methylcarboxyl group, an ethylcarboxyl group, a
propylcarboxyl group, an isopropylcarboxyl group, or a butylcarboxyl
group, and more preferably amethylcarboxyl group or an ethylcarboxyl
group.

The “C;~-C¢ aliphatic acyl group” in the definition of Substituent
group A in the above formula represents a group wherein a carbonyl
group is bonded to the C;-Cg alkyl group described above, and can be,

for -example, an acetyl group, an ethylcarbonyl group, a
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propylcarbonyl group, a butylcarbonyl group, a pentylcarbonyl group,
or a hexylcarbonyl group, and is preferably an acetyl group, an
ethylcarbonyl group, or a propylcarbonyl group.

The “mono-C;-C¢ alkylamino group” in the definition of
Substituent group A in the above formula represents a group wherein
an amino group is bonded to the C,-C4; alkyl group described above,
and is preferably a methylamino group, an ethylamino group, a
propylamino group, an isopropylamino group, or a butylamino group
and more preferably a methylamino group or an ethylamino group.

The “di-C;~C4 alkylamino group” in the definition of Substituent
group A in the above formula represents a group wherein two C;-Cg alkyl
groups described above are bonded to one amino group, and is, for
example, preferably a dimethylamino group, a diethylamino group, a
dipropylamino group, a diisoproprylamino group, or a dibutylamino
group, and more preferably a dimethylamino group or a diethylamino
group.

The “C;-C¢ aliphatic acylamino group” in the definition of
Substituent’group A in the above formula represents a group wherein
a carbonyl group is bonded to the C;~Cs alkyl group and additionally,
. to such carbonyl group is bonded an amino group, and can be, for
example, an acetylamino group, an ethylcarbonylamino group, a
propylcarbonylamino group, a butylcarbonylamino group, a
pentylcarbonylamino group, or a hexylcarbonylamino group, and is
preferably an acetylamino group, an ethylcarbonylamino group, or a

propylcarbonylamino group.

A compound having the general formula (I) of the present invention
is preferably a compound having the general formula (I’) or a compound
having the general formula (I’'’).

In the compound having the general formula (I) of the present
invention, A is preferably a carboxyl group.

B is preferably a hydrogen atom.

n is preferably 0.

V is preferably a methylene group

W is preferably a 5~ to 7-membered heterocyclic group which may
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optionally be substituted with from 1 to 3 substituents selected from
Substituent group A, more preferably a thienylene, furylene,
pyrrolene or pYridylene group which may optionally be substituted
with from 1 to 3 substituents selected from Substituent group A, and
still more preferably a thienylene or pyridylene group which may
optionally be substituted with one or two substituents selected from
Substituent group A.

X is preferably a C;-Cgs alkylene group, a C;-Cy alkylene group
containing an oxygen atom or a sulfur atom in the carbon chain, a
C¢-Cio arylene group, a 5- to 7-membered heterocyclic group or a fused
ring heterocyclic group, and more preferably a 5- to 7-membered
heterocyclic group.

Y is preferably any one group selected from the group consisting
of a phenylene group, a 5- to 7-membered heterocyclic group which
may optionally be substituted with from 1 to 3 substituents selected
from Substituent group A, and a fused ring heterocyclic group which
may optionally be substituted with from 1 to 3 substituents selected
from Substituent group A, more preferably a phenylene group, or a
thienylene, pyridylene or indolylene group which may optionally be
substituted with from 1 to 3 substituents selected from Substituent
group A, and still more preferably a phenylene or pyridylene group..

Z is preferably a C¢-Cyy aryloxy group which may optionally be
substituted with from 1 to 5 substituents selected from Substituent
group A, and more preferably a phenoxy group.

In a compound having the general formula (I’) of the present
invention, R! is preferably a hydrogen atom.

R? is preferably a hydrogen atom, a methyl group, or an ethyl
group.

R’ is preferably a hydrogen atom, a fluorine atom, a chlorine.
atom, or a methyl group.

R' is preferably a hydrogen atom, a fluorine atom, a chlorine
atom, a cyano group, a methyl group, or a methoxy group.

R° is preferably a hydrogen atom or a fluorine atom.

In a compound having the general formula (I'’) of the present

invention, R® is preferably a hydrogen atom, a methyl group or an



n-Bu CH N 0 CH -N=CH- 1-62 i-Bu CH N 0 CH -N=CH- 1-63 c-Hex CH N
0 CH -N=CH- 1-64 PhO CH N 0 CH -N=CH- 1-65En CHN 0 CH

23

ethyl group.

R’ is preferably a hydrogen atom, a fluorine atom, a chlorine
atom or a methyl group.

R® is preferably a n-propyl group, a n-butyl group or an isobutyl

group.

The “pharmacologically acceptable salt thereof” described
hereinbefore means a salt which can be prepared by reacting a compound
having the general formula (I) of the present invention having an
acidic group or a basic group, and can be prepared as a base salt
or an acid salt by reacting with a base or an acid, respectively.
Such salt is described hereinafter.

The pharmacologically acceptable “basic salt” of a compound
having the general formula (I) of the present invention is preferably
an alkali metal salt such as sodium salt, potassium salt, or lithium
salt; an alkaline earth metal salt such as magnesium salt or calcium
salt; an organic base salt such as N-methylmorpholine salt,
triethylamine salt, tributylamine salt, diisopropylethylamine salt,
dicyclohexylamine salt, N-methylpiperidine salt, pyridine salt,
4-pyrrolidinopyridine salt, or picoline salt; or an amino acid salt
such as glycine salt, lysine salt, arginine salt, ornithine salt,
glutamic acid salt,tor aspartic acid salt. The salt is preferably
an alkali metal salt.

The pharmacologically acceptable “acid salt” of a compound
having the general formula (I) of the present invention is preferably
an inorganic acid salt, for example, a hydrchalide such as
hydrofluoride, hydrochloride, hydrobromide, or hydroiodide, a
nitrate, a perchlorate, a sulfate, a phosphate, or the like; an
organic acid salt, for example, a lower alkanesulfonate such as
methanesulfonate, trifluoromethanesulfonate, or ethanesulfonate,
an arylsulfonate such as benzenesulfonate or p—toluenesulfonate, an
acetate, amalate, a fumarate, a succilinate, a citrate, an ascorbate,
a tartrate, an oxalate, a maleate, or the like; or an amino acid salt
such as glycine salt, lysine salt, arginine salt, ornithine salt,

glutamic acid salt, or aspartic acid salt, and most preferably a
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hydrohalide.

The “pharmacologically acceptable prodrug therecof” described
above is a compound which is converted into the compound (I) through
the reaction of enzymes, gastric acid, or the like under the
physiological conditions in vivo, that is, a compound that is
converted to the compound (I) by enzymatic oxidation, reduction,
hydrolysis or the like, or a compound that is converted to the compound
(I) by gastric acid—induced hydrolySis.

The prodrug described above is a compound which, when the
compounds (I) have a carboxyl group, can be derived by esterification
or amidation of such carboxyl group (for example, compounds derived
by ethyl esterification, phenyl esterification, carboxymethyl
esterification, dimethylaminomethyl esterification,
pivaloyloxymethyl estrification, ethoxycarbonyloxyethyl
esterification, phthalidyl esterification,
{(5-methyl-2-oxo-1,3-dioxolen-4-yl)methyl esterification,
cyclohexyloxycarbonylethyl esterification, or methylamidation of .
the carboxyl group of a compound (I)) or the like.

These compounds can be prepared from the compound (I) by known:
methods.

Furthermore, as the prodrug of the compounds (I) of the present
invention, various derivatives which are described in the literature
(“Development of medicine” Vol. 7, Molecular design, pp 163-198,
published in 1990 by Hirokawa Shoten) and cleaved into the compounds:
(I) under physiological conditions are also included.

When the compounds of the present invention are allowed to stand
in contact with the atmosphere or to recrystallize, they may absorb
water or water may attach to them to form a hydrate. The present -
invention encompasses such hydrates.

The compounds of the present invention also include the
corresponding compounds which are labeledwith isotopes (for example, -
*H, Yc, ¥s, etc.).

When the compounds of the present invention have asymmetric
carbon atom(s) in their structures, these compounds can exist as

optical isomers due to such asymmetric carbon atom(s). In the
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present invention, a single optical isomer and mixtures of optical
isomers are represented as a single chemical formula. The present
invention encompasses both individual optical isomers and mixtures

thereof in any ratio.

Preferred examples of the compounds having the geheral formula
(I) of the present invention are, for example, the compounds having
the general formula (I-1), (I-2), (I’'-1), or (I’’-1) shown in the
following Tables 1, 2, 3 and 4, but the scope of the present invention
should not be limited to these compounds.

The meaning of the abbreviations in the following Tables is shown
below. The dotted line (---) represents a single bond or a double
bond, and which bond to adopt is logically determined depending on

the nature of atoms substituted.

N straight chain
iso

C cyclo

Me methyl group

MeO methoxy group

Et ethyl group

Bn benzyl group

Bu butyl group

Hex hexyl group

Ph phenyl group
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{Table 1)

L V"\/ND/ €Oz
Compound R J K L U v
No.
1-1 n-Bu N N O S CH
1-2 i-Bu N N O S CH
1-3 c-Hex N N O S CH
1~-4 PhO N N O S CH
1-5 Bn N N O S CH
1-6 n-Bu N N O O CH
1-7 i-Bu N N O 0 CH
1-8 c-Hex N N O O CH
1-9 PhO N N O O CH
1-10 Bn N N O O CH
1-11 n-Bu N N O NMe CH
1-12 i-Bu N N O NMe CH
1-13 c-Hex N N O NMe CH
1-14 PhO N N O NMe CH
1-15 Bn N N O NMe CH
i-16 n-Bu N N O N -~CH=CH-
1-17 i-Bu N N O N ~CH=CH-
1-18 c-Hex N N O N -CH=CH-
1~-19 PhO N N O N —~CH=CH~
1-20 Bn N N O N ~CH=CH~
1-21 n-Bu N N O CH ~N=CH-
1-22 i-Bu N N O CH ~N=CH-
1-23 c-Hex N N O CH ~N=CH-
1-24 PhO N N O CH ~N=CH~-
1-25 Bn N N O CH ~N=CH~
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1-26 n-Bu N N O CH S
1-27 i~-Bu. N N O CH S
1-28 c~Hex N N O CH S
1-29 PhO N N O CH S
1-30 Bn N N O CH S
1-31 n-Bu N N O CH ]
1-32 i-Bu N N O CH O
1-33 c-Hex N N O CH ]
1-34 PhO N N O CH 0
1-35 Bn N N O CH 0
1-36 n-Bu N N O CH NMe
1-37 i-Bu N N ©O CH NMe
1-38 c-Hex N N O CH NMe
1-39 PhO N N O CH NMe
1-40 Bn N N O CH NMe
1-41 n—-Bu CH N O S CH
1-42 : i-Bu CH N © S CH
1-43 c~Hex CH N O S CH
1-44 PhO CH N O S CH
1-45 Bn CH N O S CH
1-46 n-Bu CH N O O CH
1-47 i-Bu CH N O O CH
1-48 c~Hex CH N O O CH
1-49 PhO CH N ¢ O CH
1-50 Bn CH N O 0O CH
1-51 n-Bu CH N O NMe CH
1-52 i~-Bu CH N O NMe CH
1-53 c-Hex CH N O NMe CH
1-54 PhO CH N O NMe CH
1-55 Bn CH N O NMe CH
1-56 n-Bu CH N O N —CH=CH~
1-57 i-Bu CH N O N ~CH=CH-
1-58 c-Hex CH N O N  -CH=CH-
1-59 PhO CH N O N ~CH=CH-
1-60 Bn CH N O N ~-CH=CH~
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1-61 n-Bu CH N O CH -N=CH-
1-62 i-Bu CH N O CH -N=CH~
1-63 c-Hex CH N O CH —N=CH~
1-64 PhO CH N O CH ~N=CH-
1-65 Bn CH N ©O CH ~N=CH~-
1-66 n-Bu CH N O CH S
1-67 i-Bu CH N O CH S
1-68 c-Hex CH N O CH S
1-69 PhO CH N O CH S
1-70 Bn CH N O CH S
1-71 n-Bu CH N O CH 0O
1-72 i-Bu CH N O CH 0
1-73 c-Hex CH N O CH O
1-74 PhO CH N O CH o)
1-75 Bn CH N O CH O
1-76 n—-Bu CH N O CH NMe
1-77 i-Bu CH N O CH NMe
1-78 c-Hex CH N O CH NMe
1-79 PhO CH N O CH NMe
1-80 Bn CH N O CH NMe
1-81 n~-Bu N O N S CH
1-82 i-Bu N O N S CH
1-83 c~-Hex N O N 3 CH
1-84 PhO N O N S CH
1-85 Bn N O N S CH
1-86 n-Bu N 0 N O CH
1-87 - i-Bu N O N O CH
1-88 c-Hex N O N O CH
1-89 PhO N O N ) CH
1-90 Bn N O N O CH
1-91 n-Bu N O N NMe CH
1-92 i-Bu N O N NMe CH
1-93 c—-Hex N O N NMe CH
1-94 PhO N 0 N NMe CH
1-95 Bn N O N NMe CH



ONOCH1-90BNNONOCH1-99n-BuNONNMe CH1-92i-BUNON
NMe CH 1-93 c-Hex N O N NMe CH 1-94
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1-96 n-Bu N O N N -CH=CH-
1-97 i-Bu N O N N  ~CH=CH-
1-98 c—-Hex N o N N —CH=CH~-
1-99 PhO N O N N ~CH=CH~
1-100 Bn N O N N ~CH=CH~
1-101 n-Bu N O N CH -N=CH-
1-102 i~Bu N O N CH ~N=CH-
1-103 c-Hex N O N CH  -N=CH-
1-104 PhO N O» N CH -N=CH~
1-105 Bn N O N CH ~N=CH-
1-106 n-Bu N O N CH S
1-107 i-Bu N O N CH S
1-108 c~-Hex N O N CH S
1-109 PhO N O N CH S
1-110 Bn N O N CH S
1-111 n-Bu N O N CH ]
1-112 i-Bu N O N CH 0
1-113 c-Hex N O N CH O
1-114 "~ PhO N O N CH O
1-115 Bn N O N CH 0]
1-116 n-Bu N O N CH NMe
1-117 i-Bu N O N CH NMe
1-118 c-Hex N O N CH NMe
1-119 PhO N O N CH NMe
1-120 Bn N O N CH NMe
1-121 n-Bu CH O N 8 CH
1-122 i-Bu CH O N S CH
1-123 c-Hex CH O N 3 CH
1-124 PhO CH O N S CH
1-125 Bn CH O N s CH
1-126 n-Bu CH O N O CH
1-127 i-Bu CH O N O CH
1-128 c-Hex CH O N O CH
1-129 PhO CH O N O CH
1-130 Bn CH 0 N O CH



PhO N ON NMe CH 1-95Br. NON NMe CH 29 1-96 n-3uNO N N
-CH=CH- 1-97 1-BuN O N N -CH=CH- .1-98 c-Hex N0
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1-131 n-Bu CH O N NMe CH
1-132 i-Bu CH O N NMe CH
1-133 c-Hex CH O N NMe CH
1-134 PhO CH O N NMe CH
1-135 Bn CH O N NMe CH
1-136 n-Bu CH O N N ~-CH=CH-
1-137 i-Bu CH O N N ~CH=CH~-
1-138 c-Hex CH O N N -CH=CH-
1-139 PhO CH O N N ~CH=CH-
1-140 Bn CH O N N -CH=CH~-
1-141 n-Bu CH O N CH ~N=CH~-
1-142 i-Bu CH O N CH ~N=CH~-
1-143 c-Hex CH O N CH -N=CH~-
1-144 PhO CH O N CH ~N=CH~
1-145 Bn CH O N CH —-N=CH-
1-146 n-Bu CH O N CH S
1-147 i-Bu CH O N CH S
1-148 c-Hex CH O N CH S
1-149 PhO CH O N CH S
1-150 Bn CH O N CH S
1-151 n-Bu CH O N CH 0
1-152 i-Bu CH O N CH O
1-153 c-Hex CH O N CH o
1-154 PhO CH O N CH O
1-155 Bn CH O N CH O
1-156 n-Bu CH O N CH NMe
1-157 i-Bu CH O N CH NMe
1-158 c-Hex CH O N CH NMe
1-159 PhO CH O N CH NMe
1-160 Bn CH O N CH NMe

In Table 1 described above, the preferred compounds (I-1) of the
present invention include
Exemplification compound number 1-3:

1-({4-[3-(4~Cyclohexylphenyl)-1,2,4-oxadiazol-5-yl]-2-thienyl}me



N N -CH=CH- 1-99 PhO N O N N -CH=CH- 1-100 En N O N N -CH=CH-
1-101 n-Bu N O N CH -N=CH- 1-102 i-Bu N O N CH -14=CH- 1-103 c-Hex
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thyl)azetidine-3~carboxylic acid

Exemplification compound number 1-8:
1-({4-[3-(4-Cyclohexylphenyl)-1,2,4-oxadiazol-5~-yl]-2-furyl}meth
yl)azetidine-3-carboxylic acid

Exemplification compound number 1-17:
1-({5-[3-(4-Isobutylphenyl)~-1,2, 4-oxadiazocl-5-yllpyridin-2-yl}ime
thyl)azetidine-3-carboxylic acid

Exemplification compound number 1-22:
1-{{6-[3-(4-Isobutylphenyl)-1,2,4~-oxadiazol~5-yllpyridin-3-ylime
thyljazetidine~3-carboxylic acid

Exemplification compound number 1-28:
1-({5-[3-(4-Cyclohexylphenyl)~1,2,4~oxadiazol-5-yl]-2-thienyl}me
thyl)azetidine-3-carboxylic acid

Exemplification compound number 1-33:
1-({5-[3-(4-Cyclohexylphenyl)-1,2,4~0oxadiazol~-5-yl]-2-furyl}meth
yl)azetidine~-3~carboxylic acid

Exemplification compound number 1-43:
1-({4-[3~(4-Cyclohexylphenyl)isooxazol-5-yl]-2-thienyllmethyl)az
etidine-3-carboxylic acid

Exemplification compound number 1-48:
1-({4-[3~-(4-Cyclohexylphenyl)isooxazol-5-yl]-2-furyl}methyl)azet
idine-3-carboxylic acid,

Exemplification compound number 1-57:
1-({5-[3-(4-Isobutylphenyl)isooxazol-5~-yl]lpyridin-2-yl}imethyl)az
etidine~3~carboxylic acid,

Exemplification compound number 1-62:
1-({6~[3-{4-Isobutylphenyl)iscoxazol~5~yl]lpyridin-2~-ylimethyl)az
etidine~3~carboxylic acid,

Exemplification compound number 1-68:
l—({5—[3-(4~Cyclohexylphenyl)isooxazolQS—yl}—2—thienyl}methyl)az
etidine-3-carboxylic acid,

Exemplification compound number 1-73:
1-({5-[3~(4-Cyclohexylphenyl)isooxazol-5-yl]-2-furyllmethyl)azet
idine-3-carboxylic acid,

Exemplification compound number 1-82:



N O N CH -N=CH- 1-104 PhON O_ N CH -N=CH- 4-105 En N O N CH
-N=CH- 1-106 -BUuNON CH S 1-107i-BUNONCH S
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1~ ({4-[5~(4-Isobutylphenyl)-1,2,4~oxadiazol~3~yl]-2~thienyl}meth
yl)azetidine-3-carboxylic acid,

Exemplification compound number 1-83:
1-({4-[5-(4-Cyclohexylphenyl)-1,2,4-oxadiazol-3~-yl]-2-thienyl}me
thyl)azetidine-3-carboxylic acid,

Exemplification compound number 1-84:
1-({4-{5-(4-Cyclohexylphenyl)-1,2,4-oxadiazol-3-yl]-2-thienyl}lme
thyl)azetidine-3-carboxylic acid,

Exemplification compound number 1-88:
1-({4-[5-(4-Cyclohexylphenyl)~-1,2,4-oxadiazol~-3-yl]-2-furyl}meth
yl)azetidine-3-carboxylic acid,

Exemplification compound number -1-97:
1-({5-[5-(4-Isobutylphenyl)-1,2,4-oxadiazol-3~yl]pyridin-2-yl}me
thyl)azetidine-3-carboxylic acid,

Exemplification compound number 1-102:
1-({6-[5~(4-Isobutylphenyl)-1,2,4-oxadiazol~3-yl]lpyridin-2~-yl}me
thyl)azetidine-3-carboxylic acid,

Exemplification compound number 1-107:
1—({5—[5—(4—Isobutylphenyl)—1,2,4—okadiazol~3—yl]—2—thienyl}meth
yl)azetidine-3—-carboxylic acid,

Exemplification compound number 1-108:
1-({5-[5~(4-Cyclohexylphenyl)-1,2,4-~oxadiazol-3~yl]-2-thienyl}me
thyl)azetidine-3-carboxylic acid,

Exemplification compound number 1-109:
1-({5-[5-(4-Phenoxyphenyl)-1,2,4-oxadiazol-3~yl]-2-thienylimethy
l)azetidine-3-carboxylic acid,

Exemplification compound number 1-113:
1-({5-[5~(4-Cyclohexylphenyl)-1,2,4~oxadiazol-3~yl]-2-furyl}meth
yl)azetidine-3-carboxylic acid,

Exemplification compound number 1-122:
1-({4~[5-(4-Isobutylphenyl)isoxazol-3-yl]-2-thienyl}methyl)azeti
dine-3-carboxylic acid,

Exemplification compound number 1-123:
1-({4~[5-(4-Cyclohexylphenyl)isoxazol-3-yl]-2-thienyllmethyl)aze

tidine-3-carboxylic acid,



1-108 c-Hex NONCH S 1-109 PhONONCHS 1-110EnNON.CH S
1-111n-BuNONCHO01-112i-BuNON
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Exemplification compound number 1-124:
1-({4-[5~-(4-Phenoxyphenyl)isoxazol-3-yl]-2-thienyl}lmethyl)azetid
ine-3-carboxylic acid,
Exemplification compound number 1-128:
1-({4-[5-(4-Cyclohexylphenyl)isoxazol-3-yl]-2-furyllmethyl)azeti
dine-3~carboxylic acid,
Exemplification compound number 1-137:
1-({5-[5-(4~-Isobutylphenyl)isoxazol-3-yl]pyridin-2-ylimethyl)aze
tidine-3-carboxylic acid,
Exemplification compound number 1-142:
1-({6-[5-(4-Isobutylphenyl)isoxazol-3~yl]lpyridin-3-ylimethyl)aze
tidine-3-carboxylic acid,
Exemplification compound number 1-147:
1-({5-[5-(4~-Isobutylphenyl)isoxazol-3~yl]l—-2-thienyl}methyl)azeti
dine~-3-carboxylic acid,
Exemplification compound number 1-148:
1~({5~[5—(4—Cyclohexylphenyl)iSoxazol~3-yl]—2—thienyl}methyl)aze
tidine-3-carboxylic acid,
Exemplification compound number 1-149:
1-({5-[{5-(4~Phenoxyphenyl) isoxazol-3~yl]-2~thienyl}methyl)azetid
ine-3-carboxylic acid, and
Exemplification compound number 1-153:
1-({5-[5~(4-Cyclohexylphenyl)isoxazol-3-yl]~-2-furyl}methyl)azeti
dine-3-carboxylic acid,

more preferred compounds are the compounds of Exemplification
Compound Nos. 1-83, 1-84, 1-88, 1-97, 1-102, 1-108, 1-109, 1-113,
1-123, 1-124, 1-137, 1-142, and 1-148.

(Table 2)

Compound R J K L U v m



CHO01-113¢c-Hex NONCHO01-114 PhONONCH 0 1-115-EnNON
CHO01-116 n-Bu N O N CH NMe 1-117 i-Bu N
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No

2-1 n-Bu N N O S CH 2
2-2 i-Bu N N O S CH 2
2-3 c-Hex N N O 3 CH 2
2-4 PhO N N O S CH 2
2-5 Bn N N O S CH 2
2-6 n~-Bu N N O S cH 3
2-7 i-Bu N N O S CH 3
2-8 c-Hex N N O S CH 3
2-9 PhO N N O S CH 3
2-10 Bn N N O S CH 3
2-11 n-Bu N N O O CH 2
2-12 1-Bu N N O O CH 2
2-13 c-Hex N N O O CH 2
2-14 PhO N N © O CH 2
2-15 Bn N N O O CH 2
2~-16 n-Bu. N N O O CH 3
2-17 i-Bu. N N O O CH 3
2-18 c-Hex N N O O CH 3
2-19 PhO N N O O CH 3
2-20 \Bn N N O O CH 3
2-21 n-Bu N N O NMe CH 2
2~22 i-Bu N N O NMe CH 2
2-23 c-Hex N N O NMe CH 2
2-24 PhO N N O NMe CH 2
2~25 Bn N N O NMe CH 2
2-26 n-Bu N N O NMe CH 3
2-27 i-Bu N N O NMe CH 3
2-28 c~-Hex N N O NMe CH 3
2-29 PhO N N O NMe CH 3
2-30 Bn N N O NMe CH 3
2-31 n-Bu N N O CH S 2
2-32 i-Bu N N O CH S 2
2-33 c-Hex N N O CH S 2



O N CH NMe 1-118 c-Hex N O N CH NMe 1-119 PhO N O N CH NMe
1-120Bn N O N CH NMe 1-121 n-3u CHO N S CH 1-122

35

2-34 PhO N N O CH S 2

2-35 Bn N N O CH S 2

2-36 n-Bu N N O CH S 3
2~37 i-Bu N N O CH S 3
2-38 c—Hex N N O CH S 3
2-39 PhO N N O CH s 3

2-40 Bn N N O CH S 3

2-41 n-Bu N N O CH O 2
2-42 i-Bu N N O CH O 2
2-43 c-Hex N N O CH O 2
2-44 PhO N N O CH 0O 2

2-45 Bn N N O CH O 2

2-46 n-Bu N N O CH © 3
2-47 i-Bu N N O CH O 3
2-48 c-Hex N N O CH O 3
2~49 PhO N N O CH 0 3

2~-50 Bn N N ©C CH O 3

2-51 n-Bu N N O CH NMe 2
2-52 i-Bu N N O CH NMe 2
2-53 c—-Hex N N O CH NMe 2
2-54 PhO N N O CH NMe 2
2-55 Bn N N O CH NMe 2
2-56 n-Bu N N O CH NMe 3
2-57 i-Bu N N O CH ©NMe 3
2~58 c~-Hex N N O CH ©NMe 3
2-59 PhO N N O CH NMe 3
2-60 Bn N N O CH NMe 3
2-61 n-Bu CH N O S CH 2
2-62 i-Bu CH N O S8 CH 2
2~63 c-Hex CH N O S CH 2
2~64 PhO CH N O S CH 2

2-65 Bn CH N O S8 CH 2

2-66 n-Bu CH N O S CH 3
2-67 i-Bu CH N O S8 CH 3
2-68 c-Hex CH N O 8 CH 3



I-BuCHONS CH 1-123 cc-Hex CHON S CH 1-124 PhROCHON S CH
1-125ENCHON S CH 1-126 n-BuCHON O
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2-69 PhO CH N O S CH 3

2-170 Bn CH N O S8 CH 3

2-71 n-Bu CH N O O CH 2
2-72 i-Bu CH N O O CH 2
2-73 c-Hex CH N O O CH 2
2-74 PhO CH N O O CH 2

2-75 Bn CH N O O CH 2

2-76 n-Bu CH N O O CH 3
2-77 i-Bu CH N O O CH 3
2-78 c-Hex CH N O O CH 3
2-79 PhO CH N O O CH 3

2~-80 Bn CH N O O CH 3

2-81 n-Bu CH N O NMe CH 2
2-82 i=-Bu CH N O NMe CH 2
2-83 c-Hex CH N O NMe CH 2
2-84 PhO CH N O NMe CH 2
2-85 Bn CH N O NMe CH 2
2-86 n-Bu CH N O NMe CH 3
2-87 i-Bu CH N O NMe CH 3
2-88 c-Hex CH N O NMe CH 3
2-89 PhO CH N O NMe CH 3
2-90 Bn CH N O NMe CH 3
2-91 n-Bu CH N O CH S 2
2~-92 i-Bu CH N O CH S 2
2-93 c-Hex CH N O CH S 2
2~-94 PhO CH N O CH S 2

2-95 Bn CH N O CH S 2

2-96 n-Bu CH N O CH S 3
2-97 i-Bu CH N O CH S 3
2-98 c-Hex CH N O CH S 3
2-99 PhO CH N O CH S 3
2-100 Bn CH N O CH S 3

2-101 n-Bu CH N O CH O 2
2-102 i-Bu CH N O CH O 2
2-103 c-Hex CH N O CH O 2



CH 1-127i-BuCHON O CH 1-128 c-Hex CHO N 0 CH 1-129 PhO -CH O
NOCH1-130EnCHONOCH 301-131 n-Bu
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2-104 PhO CH N O CH O 2
2-105 Bn CH N O CH O 2
2-106 n-Bu CH N O CH O 3
2-107 i-Bu CH N O CH 0O 3
2-108 c-Hex CH N O CH O 3
2-109 PhO CH N O CH ©O 3
2-110 Bn CH N O CH O 3
2-111 n-Bu CH N O CH NMe 2
2-112 i-Bu CH N O CH NMe 2
2-113 c-Hex CH N O CH NMe 2
2~114 PhO CH N O CH NMe 2
2~115 Bn CH N O CH ©NMe 2
2-116 n~Bu CH N O CH NMe 3
2-117 i-Bu CH N O CH NMe 3
2-118 c-Hex CH N O CH NMe 3
2-119 PhO CH N O CH NMe 3
2-120 Bn CH N O CH NMe 3
2-121 n-Bu N O N S cH 2
2-122 i-Bu N O N S CH 2
2-123 c-Hex N O N S CH 2
2-124 PhO N O N 5 CH 2
2-125 Bn N O N S CH 2
2-126 n~-Bu N O N S CH 3
2-127 i-Bu N O N S CH 3
2-128 c-Hex N O N S CH 3
2-129 PhO N O N S CH 3
2-~130 Bn N O N S CH 3
2-131 n-Bu N O N O CH 2
2-132 i-Bu N O N O CH 2
2-133 c~-Hex N O N O CH 2
2-134 PhO N O N O CH 2
2-135 Bn N O N O CH 2
2-136 n-Bu N O N O CH 3
2-137 i-Bu N 0O N O CH 3
2-138 c-Hex N O N O CH 3



CH O N NMe CH 1-132 i-Bu CH O N NMe CH 1-133 c-Hex CH O N NMe
CH 1-134 PhD CH O N NMe CH 1-135 En CH O N NMe CH
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2-139 PhO N O N O CH 3
2-140 Bn N O N O CH 3
2-141 n-Bu N O N NMe CH 2
2-142 i-Bu N O N NMe CH 2
2-143 c-Hex N O N NMe CH 2
2-144 PhO N O N NMe CH 2
2-145 Bn N © N NMe CH 2
2-146 n-Bu N O N NMe CH 3
2-147 i-Bu N O N NMe CH 3
2-148 c-Hex N O N NMe CH 3
2-149 PhO N O N NMe CH 3
2-150 Bn N O N NMe CH 3
2-151 n-Bu N O N CH S 2
2-152 i-Bu N O N CH S 2
2-153 c-Hex N O N CH S 2
2-154 " PhO N O N CH S 2
2-155 Bn N O N CH S 2
2-156 n~-Bu N O N CH S 3
2-157 i-Bu N O N CH S 3
2-158 c-Hex N O N CH S 3
2-159 PhO N O N CH S 3
2-160 Bn N O N CH s 3
2-1e6l n-Bu N O N CH O 2
2~162 i-Bu N O N CH 0 2
2-163 c-Hex N O N CH O 2
2-164 PhO N O N CH O 2
2-165 Bn N O N CH O 2
2-166 n-Bu N O N CH O 3
2-167 i-Bu N O N CH O 3
2-168 c-Hex N O N CH O 3
2-169 PhO N © N CH O 3
2-170 Bn N O N CH 3
2-171 n-Bu N O N CH NMe 2
2-172 i-Bu N O N CH NMe 2
2-173 c—Hex N O N CH NMe 2



1-136 n-Bu CH O N N -CH=CH- 1-137 i-Bu CH O N N -CH=CH- 1-138
c-Hex CHON N -CH=CH- 1-139 PhD CHO N N -CH=CH- 1-140 En CH O
N
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2-174 PhO N O N CH NMe 2
2-175 Bn N O N CH NMe 2
2-176 n-Bu N O N CH NMe 3
2-177 i-Bu N O N CH NMe 3
2-178 c-Hex N O N CH NMe 3
2-179 PhO N O N CH NMe 3
2-180 Bn N O N CH NMe 3
2+<181 n-Bu CH O N S ~'CH 2
2-182 i-Bu CH O N 8 CH 2
2~183 c-Hex CH O N S CH 2
2-184 PhO CH O N S CH 2
2-185 Bn CH O N S8 CH 2
2-186 n-Bu CH O N S CH 3
2-187 i-Bu CH O N S CH 3
2-188 c-Hex CH O N S CH 3
2-189 PhO CH O N S CH 3
2~190 Bn CH O N S CH 3
2-191 n—-Bu CH O N O CH 2
2-192 i-Bu CH O N © CH 2
2-~193 c-Hex CH O N O CH 2
2-194 PhO CH O N O CH 2
2-195 Bh CH O N O CH 2
2-196 n~-Bu CH O N O CH 3
2-197 i-Bu CH O N O CH 3
2-198 c-Hex CH O N O CH 3
2-199 PhO CH O N O CH 3
2-200 Bn CH 0O N O© CH 3
2-201 n-Bu CH O N NMe CH 2
2-202 i~Bu CH O N NMe CH 2
2~203 c-Hex CH O N NMe CH 2
2-204 PhO CH O N NMe CH 2
2-205 Bn CH O N NMe CH 2
2~-206 n—-Bu CH O N NMe CH 3
2-207 i-Bu CH O N NMe CH 3
2-208 c-Hex CH O N NMe CH 3



N -OH=0H- 1-141 n-Bu CH O N CH -N=CH- 1-142 i-Bu CH O N CH
-N=CH- 1-143 c-Hex CH O N CH -N=CH- 1-144 PhD CH O N CH -N=CH-
1-145 En CH
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2~209 PhO CH O N NMe CH 3
2-210 Bn CH O N NMe CH 3
2-211 n-Bu CH O N CH S 2
2-212 i-Bu CH O N CH S 2
2-213 c-Hex CH O N CH S8 2
2-214 PhO CH ©C N CH S 2
2=~215 Bn CH O N CH S 2
2-216 n-Bu CH O N CH S 3
2-217 i-Bu CH O N CH S 3
2-218 c~-Hex CH O N CH ) 3
2-219 PhO CH O N CH S 3
2-220 Bn CH O N CH S 3
2-221 n-Bu CH O N CH O 2
2-222 i-Bu CH O N CH O 2
2-223 c-Hex CH O N CH O 2
2-224 PhO CH O N CH O 2
2-~225 Bn CH O N CH O 2
2-226 n-Bu CH O N CH O 3
2-227 i-Bu CH O N CH 0] 3
2-228 c-Hex CH O N CH O 3
2-229 PhO CH O N ¢cH O 3
2-230 Bn CH 0O N CH O 3
2-231 n-Bu CH O N CH NMe 2
2=-232 i~-Bu CH O N CH NMe 2
2-233 c-Hex CH O N CH NMe 2
2~-234 PhO CH O N CH NMe 2
2-235 Bn CH O N CH NMe 2
2-236 n-Bu CH O N CH NMe 3
2-237 i-Bu CH O N CH NMe 3
2-238 c-Hex CH O N CH NMe 3
2-239 PhO CH 0 N CH NMe 3
2-240 Bn CH O N CH NMe 3

In Table 2 described above, the preferred compounds (I-2) of the

present invention include



O N CH -N=CH- 1-146 n-BuCHON CH 1-147i-BuCHON CH 1-148
c-Hex CHON CIl 1-149 PhD CHON CH 1-150
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Exemplification compound number 2-33:
1-{2-[3-(4-Cyclohexylphenyl)~-1, 2, 4~-oxadiazol-5-yl]-5, 6-dihydro-4
H-cyclopenta[b]thien~4-yllazetidine~3-carboxylic acid,
Exemplification compound number 2-38:
1-{2-[3-(4~Cyclohexylphenyl)~1,2,4-oxadiazol-5-yl]-4,5,6,7-tetra
hydro-l-benzothien-4-yl}azetidine-3-carboxylic acid,
Exemplification compound number 2-43:
1-{2-[3-(4-Cyclohexylphenyl)-1,2, 4~oxadiazol-5-yl]-5, 6~dihydro-4
H-cyclopenta[b] furan-4~yllazetidine~-3-carboxylic acid,
Exemplification compound number 2-48:
1-{2-[3-(4-Cyclohexylphenyl)-1,2, 4-oxadiazol-5-y1l]1-4,5,6,7-tetra
hydro~l-benzofuran-4-~yl}azetidine-~3-carboxylic acid,
Exemplification compound number 2-93:
1-{2-[3~({4~Cyclohexylphenyl)isoxazol-5-yl]-5, 6~dihydro-4H-cyclop
enta[b]thien-4-yl}lazetidine-3-carboxylic acid,

Exemplification compound number 2-98:
1-{2~[3~(4~-Cyclohexylphenyl)isoxazol-5-y11-4,5,6, 7-tetrahydro-1-
benzothien-4~yl}lazetidine~3-carboxylic acid,

Exemplification compound number 2-103:
1-{2-[3-(4~Cyclohexylphenyl)isoxazol-5-yl]~5, 6-dihydro-4H~cyclop
enta[b]thien-4-yllazetidine-3-carboxylic acid,

Exemplification compound number 2-108:
1-{2~[3~(4~-Cyclohexylphenyl)isoxazol-5-yl]-4,5,6,7-tetrahydro-1-
benzofuran-4-yllazetidine-3-carboxylic acid,

Exemplification compound number 2-153:
1-{2-[5-(4-Cyclohexylphenyl)1l, 2, 4~oxadiazol~3-yl]~5, 6-dihydro—-4H
~cyclopenta[blthien-4-~-yllazetidine-3-carboxylic acid,
Exemplification compound number 2-158:
1-{2-[5-(4~-Cyclohexylphenyl)1,2, 4~oxadiazol-3-yl]-4,5,6,7-tetrah
ydro-l-benzothien-4-yllazetidine-3~carboxylic acid,
Exemplification compound number 2-163:
1-{2-[5-(4-Cyclohexylphenyl)1l,2,4~oxadiazol-3-yl]-5, 6-dihydro-4H
~cyclopenta[b] furan~4~yllazetidine-3~carboxylic acid,
Exemplification compound number 2-~168:

1-{2-[5-(4-Cyclohexylphenyl)1l,2, 4-oxadiazol-3-y1]-4,5,6,7-tetrah



EnCHONCH 1-151 n-BUuCHONCHO0 1-152i-BuCHON CH 1-153
c-Hex CHON CH 0 1-154 PhO CHO N CH
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ydrb~l~benzofuran—4—yl}azetidine—B—carboxylic acid,
Exemplification compound number 2-213:
1-{2-[5=(4-Cyclohexylphenyl)isoxazol-3-yl]-5, 6-dihydro-4H-cyclop
enta[b]lthien-4-yl}azetidine-3-carboxylic acid, ‘
Exemplification compound number 2-218:
1-{2-[5-(4-Cyclohexylphenyl)isoxazol-3-yl]1-4,5,6,7-tetrahydro-1-
benzothien-4-yllazetidine~3~carboxylic acid,
Exemplification compound number 2-223:
1-{2-[5~(4-Cyclohexylphenyl)isoxazol-3-yl]~-5, 6-dihydro-4H~cyclop
enta[b] furan-4-yllazetidine-3-carboxylic acid, and
Exemplification compound number 2-228:
1-{2~[5~(4-Cyclohexylphenyl) isoxazol~3-yl]1-4,5,6,7-tetrahydro-1-
benzofuran-4-yllazetidine-3-carboxylic acid,

more preferred compounds are the compounds of Exemplification
Compound Nos. 2-43, 2-48, 2-103, 2-108, 2-163, 2-168, 2-223, and
2-228.

(Table 3)

No.

3-1 H H H H H
3-2 H H H H F
3-3 H H F H H
3-4 H H F H F
3-5 H H Cl H H
3-6 H H Ccl H F
3-7 H H MeO H
3-8 H H MeO F
3-9 H H MeO H
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3-10 H H F MeO F
3-11 H H Cl MeO H
3-12 H H Cl MeO F
3-13 H H F H
3-14 H H F F
3-15 H H F H
3-16 H H F F F
3-17 H H Cl F H
3-18 H H Cl F F
3-19 H H Cl H
3-20 H H cl F
3-21 H H c1 H
3-22 H H F Ccl F
3-23 H H Ccl Cl H
3-24 - H H Cl Ccl F
3-25 H Me H H
3-26 H Me H F
3-27 H Me H H
3-28 H Me F H F
3-29 H Me C1 H H
3-30 H Me -C1 ‘H F
3-31 H Me MeO H
3-32 H Me MeO F
3-33 H Me MeO H
3-34 H Me F MeO F
3-35 H Me Cl MeO H
3-36 H Me Cl MeO F
3-37 H Me F H
3-38 H Me F F
3-39 H Me F H
3-40 H Me F F F
3-41 H Me C1 F H
3-42 H Me Cl F F
3-43 H Me Ccl H
3~44 H Me Cl F



N CH NMe 1-160 En CH O N CH NMe In Table 1 described above, the
preferred compounds (I-1) of the present invention include Exemplification
compound number 1-3:
1-({4-[3-(4-Cyclohexylpheny1)-1,2,4-oxadiazol-5-y11-2-thienylime 31
thyl)azetidine-3-carboxylic acid Exemplification compound number 1-8:
1-({4-[3-(4-Cyclohexylphenyl)-1,2,4-oxadiazol-5-y1]-2-furyl)ymeth
yl)azetidine-3-carboxylic acid Exemplification compound number 1-17:
1-({5-[3-(4-Isobutylpheny1)-1,2,4-oxadiazol-5-yl]pyridin-2-y1)me
thyl¥azetiding-3-cagboxylic acidiExemplification compound number 1-22:
1- 6-[3-(4-Ispbutylphenyl)-1,2,4-oxadiazol-5-yl]pyridin-3-yl}me
thyl)azetidine-3-carboxylic acid Exemplification compound number 1-28:
3=¢B-[3-(4-CYclonbkylphkny1):1,2 4Bxadiazol-5-y1]-2-thienylime
thyipazetiding-3-cagboxylic acidiExenaplification compound number 1-33:
%;(ig-[s-(4-q¥clo@ylpﬁenyl};l,2,4§xadiazol-5-y1]-2-fury|lmeth
yl)azetidine-3-carboxylic acid Exemplification compound number 1-43:
3=]4-[3-(4-Cyclonexylphenyl)igooxaZol-5-y1]-2-thienylimethyl)az
etidne-3-carboxyke acigd Exeraplification compound number 1-48:
}-_(ég-[B-(4-chlokgae(ylppenyl)igooxa%oI-5-y1]-2-fury|Imethyl)azet
idine-3-carboxylic acid, Exemplification compound number 1-57:
35F5-[3-(4-13bbutyipherfyh)isodkazol-B-yl|pyridin-2-yl)methyl)az
etidine-3-camboxylic acid,L Exemplification compound number 1-62:
1-({6-{3-(4-Ispbutylphenyl)isogxazol-g-yl]pyridin-2-ylimethyl)az
etidine-3-carboxylic acid, Exemplification compound number 1-68:
35(35-[3-(4-CYclohkylpHenyl)€68xazol-5-y1]-2-thienylimethyl)az
etidine-3-camboxylic acid, Exemyglification compound number 1-73:
1-(£5-[3-(4-Cyclohgxylphenyi)igagxazpl-5-y1]-2-furylimethyl)azet
idine-3-carboxylic acid, Exemplification compound number 1-82: 32
$-(34-[5-(4-1Sbbutyipheriyt)-1,39%xaliazol-3-y11-2-thienyl)meth
ghazetidine-8-carlBoxylicacid, Ee@mpiification compound number 1-83:
1-(34-[5-(4-Gyclohexylphenyl)-1,2,4pxadiazol-3-y1]-2-thienyllme

thyl)azetidine-3-carboxylic acid, Exemplification compound number 1-84:
f-—( %-[5-(4-®cloﬁ§xylgﬁﬁenylf-l,2,4-Foxadiazol-3-y1]-2-thienylime '
thybazetiding-3-carboxyic acid, H
3-64 H Et F F F
3~-65 H Et Cl F H
3-66 H Et cCl F F
3-67 H Et H cl H
3-68 H Et H CclL F
3-69 H Et F c1l H
3-70 H Et F cl F
3-71 H Et Cl cl H
3-72 H Et cCl cl F
3-73 Me H H H
3-74 Me H H F
3-75 Me H H H
3-76 Me H H F
3-77 Me H cl H H
3-78 Me H cl H F
3-79 Me H H MeO H



Exemplification compound number 1-88:
1-({47[5-(4-Cyclohexylpheny1)-1,2,4-oxadiazol-3-y11-2-furyllmeth
yl)azetidine-3-carboxylic acid, Exemplification compound number 1-97:
1-({5-[5-(4-Isobutylphenyl)-l,2,4-oxadi%,;__\ol-s-yl]pyridin-Z-Yllme
thyl)azetidine-3-carboxylic acid, Exemplification compound number 1-102:
1-({6-[5-(4-isobutylpheny1)-1,2,4-oxadiazol-3-yl]pyr in-2-yl}me
thyl)azetidine-3-carboxylic acid, Exemplification compound number 1-107:
%-_(g,g-[S-(4-Ig(%butygpherg&yl)-l é—oxgdiazol-3-y1]-2-thienYI}meth
yl)azetidine-3-carboxylic acid, Exemplification compound number 1-108:
3-(83-[5-(4-CYrelohBxylpReny1)4¢2 4-Bxadiazol-3-y1]-2-thienyl}me
thydlazetiding=3-carboxylic acide&xemplification compound number 1-109:
-({5-[5-(4-Phenoxyphenyl)-1.2,4-oxadiazol-3-y1]-2-thienyllmethy
%)gzéetidine- -%art;%xyli(?gcid, %(%mp ification compound number 1-113:
3-85-[5-(4-CYrlohBxylpRény1¥€2 4-8xadiazol-3-y1]-2-furylimeth
yhazetidine-Becarlpoxylig acid,F£xemaplification compound number 1-122:
%-_(é%—[S-(4-I§g)ebutyéphe )isoxazol-3:y1]-2-thienylimethyl)azeti
dine-3-carboxylic acid, Exemplification compound number 1-123:
$-(34-[5-(4-CHelohExylpBenyi)iSoxazdi-3-y11-2-thienyl)methyl)aze
tidige-3-carhexyligzacid 7 Exemgplification compound number 1-124:
-({4-[5-(4-Phenoxyphenyl)isoxazol-3-y1]-2-thienyl)methyl)azetid
%gé-carbox%ﬁc a?i/d, E@e/mpliﬁcatior%compound number 1-128:
37(A%-[5-(4-BhfcloHexylghenyl)Boxazb1-3-y1]-2-furylimethyl)azeti
dirsx-3-carbaxylic gcid, Exemptificatign compound number 1-137:
-(£5-[5-(4-1spbutylphenyl)isoxazol-3-yl]pyridin-2-yl}methyl)aze
%id%?eLS-ca%xylicéoacicri‘,yExer)%zlifica}frion compound number 1-142:
3-C26-[5-(4-1%bulyIphehyl)isdxazol-B-yl]pyridin-3-yi)-ethyl)aze
tdine-3-carhoxyliciacid FExemglification compound number 1-147:
1-(§3-[5-(4-Ispbutylphenyflisoxazol-3;y1]-2-thienyl)methyl)azeti
dine-3-carboxylic acid, Exemplification compound number 1-148:
$-35-[5-(4-C{RlohBxylphényl)iSdxazdi-3-y1]-2-thienylimethyl)aze
tid#ie-3-carbmxyliciacid fExemplification compound number 1-149:
1-(43-[5-(4-Phenoxyphenyl)isoxazol-3-y1]-2-thienyl)methyl)azetid
ine-3-carboxylic acid, and Exemplification compound number 1-153:
i-'lg%-[S-(4- Ioh%xylpﬁenyl)iléoxazgl-3-y1]-2-furylImethyl)azeti
diried-3-carboxylic &cid, ¥ mor& preférred compounds are the compounds
ef Exemplifigation Compgund fos. 1,83, 1-84, 1-88, 1-97, 1-102, 1-108,
1-109, 1-113, 1-123, 1-124, 1-&37, 1-F142, and 1-148. (Table 2) 24 No.
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3-103 Et H H MeO H
3-104 Et H H MeO F
3-105 Et H F MeO H
3-106 Et H F MeO F
3-107 Et H Cl MeO H
3-108 Et H ClL MeO F
3-109 Et H F H
3-110 Et H F P
3-111 Et H F H
3-112 Et H F F
3-113 Et H Cl F H
3-114 Et H cl F F
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3-115 Et H H Cl H
3-116 Et H H Cl F
3-117 Et H F Ccl H
3-118 Et H F Cl F
3-119 Et H Cl cl H
3-120 Et H cl cl F

In Table 3 described above, the preferred compounds (I'-1) of
the present invention include
Exemplification compound number 3-1:
1-({5-[5- (4-Phenoxyphenyl)-1,2,4~-oxadiazol-3~yl]l-2~-thienyl}methy
l)azetidine-3-carboxylic acid (Example 5),
Exemplification compound number 3-25:
1-({4-Methyl-5-[5- (4-phenoxyphenyl)~-1,2,4~-oxadiazol-3-yl]-2-thie
nyllmethyl)azetidine-3-carboxylic acid (Example 12),
Exemplification compound number 3-27:
1-({5-[5-(3~Fluoro-4-phenoxyphenyl)-1,2, 4-oxadiazol-3-yl]—4-meth
yl-2-thienyl}methyl)azetidine-3-carboxylic acid (Example 11),
Exemplification compound number 3-49:
1-({4-Ethyl-5-[5-(4-phenoxyphenyl)~-1,2,4~oxadiazol-3~yl]-2-thien
Yl}methyl)azetidine—3~carb0xylic acid (Example 13),
Exemplification compound number 3-50:
Al—[(4~Ethyl—5~{5—[44(3~fluorophenoxy)phenyl]—1,2,4—oxadiazol—3~y
l}-2-thienyl)methyl]azetidine-3-carboxylic acid (Example 17),
Exemplification compound number 3-51:
1-({{4-Ethyl-5-[{5-(3-fluoro-4-phenoxyphenyl)-1, 2, 4-oxadiazol-3-yl
]-2-thienyl}methyl)azetidine~3-carboxylic acid (Example 14),
Exemplification compound number 3-52:
1-[(4-Ethyl~-5-{5-[3~fluoro-4~-(3-fluorophenoxy)phenyl]-1,2,4-oxad
iazol-3-yl}-2-thienyl)methyllazetidine~3-carboxylic acid (Example
20},
Exemplification compound number 3-53:
1-[ (4~-Ethyl-5-{5~-[4- (2-methoxyphenoxy)phenyl]~-1,2, 4~oxadiazol-3~-
yl}=-2-thienyl)methyllazetidine-3~carboxylic acid (Example 15), |

Exemplification compound number 3-54:
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1-[ (5-{5-[3~-Chloro—-4- (3~fluorophenoxy)phenyl]-1,2, 4-oxadiazol-3-
yl}—-4~ethyl-2-thienyl)methyl]azetidine~3-carboxylic acid (Example
16),

Exemplification compound number 3-55:
1-[(4-Ethyl-5-{5-[4~(2-methoxyphenoxy)phenyl]-1,2, 4~oxadiazol~3-
yl}-2-thienyl)methyllazetidine-3-carboxylic acid (Example 21),
Exemplification compound number 3-61:
1-[(4-Ethyl-5-{5-[4~(2-fluorophenoxy)phenyl]-1,2, 4-oxadiazol-3-y
l}-2-thienyl)methyllazetidine-3-carboxylic acid (Example 10),
Exemplification compound number 3-62:
1-[(5-{5-[4-(2,3-Difluorophenoxy)phenyl]~1,2,4-oxadiazol-3-yl}-4
-ethyl-2-thienyl)methyl]lazetidine~3~carboxylic acid (Example 18),
Exemplification compound number 3-63:
1-{(4-Ethyl-5-{5~[3~fluoro~-4~(2~-difluorophenoxy)phenyl]-1,2, 4-ox
adiazol-3~yl}-2-thienyl)methyllazetidine-3-carboxylic acid,
Exemplification compound number 3-64:
1-[(5-{5-[4-(2,3-Difluorophenoxy)-3-fluocrophenyl}-1,2, 4-oxadiazo
1l-3~-yl}~4-ethyl-2-thienyl)methyllazetidine-3~carboxylic acid,
Exemplification compound number 3-65:
1-{(5-{5-[3-Chloro-4-({2-fluorophenoxy)phenyl]-1,2,4~-oxadiazol-3-
yl}-4-ethyl-2~-thienyl)methyllazetidine-3~-carboxylic acid,
Exemplification compound number 3-66:
1-[(5~{5~[3~Chloro-4~(2,3~-difluorophenoxy)phenyl]l-1,2, 4-oxadiazo
1-3~-yl}-4~-ethyl-2-thienyl)methyl]lazetidine~3~carboxylic acid,
Exemplification compound number 3-67:
1-[{(5-{5-[4-(2-Chlorophenoxy)phenyl]-1,2, 4~oxadiazol-3~-yl}-4-eth
yl-2-thienyl)methyllazetidine-3~-carboxylic acid (Example 19),
Exemplification compound number 3-69:
1-[{(5-{5-[4~(2~Chlorophenoxy)~3~fluorophenyl]-1,2, 4-oxadiazol-3~
yl}-4~-ethyl-2-thienyl)methyl]azetidine~-3-carboxylic acid,
Exemplification compound number 3-73:
1-({3-Methyl-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yl]-2-thie
nylimethyl)azetidine-3-carboxylic acid, and

Exemplification compound number 3-97:

1-({3-Ethyl~5~[5~(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yl]~2~thien
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ylimethyl)azetidine-3-carboxylic acid (Example 22),

more preferred compounds are the compounds of Exemplification
Compound Nos. 3-25, 3-27, 3-49, 3-50, 3-51, 3-52, 3-53, 3-54, 3-55,
3-61, and 3-67.

{(Table 4)

O‘N R6
R&<:>*§
NI I \N @COZH (I"""l)

Compound R® R’ R®

-No.

4-1 H Pr

4-2 H Bu

4--3 H iBu
4-4 H Me Pr

4-5 H Me Bu

4-6 H Me iBu
4-7 H F Pr

4-8 H F Bu

4-9 H iBu
4-10 H Ccl Pr

4-11 H Cl Bu

4-12 H cl iBu
4-13 H CFy Pr

4-14 H CF; Bu

4-15 H CF; iBu
4-16 Me Pr

4-17 Me Bu

4-18 Me H iBu
4-19 Me Me Pr

4-20 Me Me Bu

4-21 Me Me iBu
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4-22 Me F Pr
4-23 Me F Bu
4-24 Me F iBu
4-25 Me Cl Pr
4-26 Me Cl Bu
4-27 Me Cl iBu
4-28 Me CF; Pr
4-29 Me CF; Bu
4-30 Me CF4 iBu
4-31 Et H Pr
4-32 Et H Bu
4-33 Et H iBu
4-34 Et Me Pr
4~-35 Et Me Bu
4-36 Et Me iBu
437 Et F Pr
4-38 Et F Bu
4-39 Et F iBu
4-40 Et cl Pr
4-41 Et Cl Bu
4-42 Et Ccl iBu
4-43 Et CF; Pr
4-44 Et CFs3 Bu
4-45 Et CF; iBu

In Table 4 described above, the preferred compounds (I’'-1) of
the present invention include
Exemplification compound number 4-6:
l—({5—[5—(4—Isobutyl—3—methylphenyl)—1,2,4-oxadiazol—3—yl]pyridi
n-2-ylimethyl)azetidine-3~carboxylic acid (Example 28),
Exemplification compound number 4-9:
1-({5~[5~-(3~Fluoro—4~-isobutylphenyl)-1,2, 4-oxadiazol-3-yl]lpyridi
n-2-yllmethyl)azetidine-3-carboxylic acid (Example 23),
Exemplification compound number 4-12:

1-({5-[5-(3-Chloro~-4~isobutylphenyl)~1,2, 4-oxadiazol-3-yl]lpyridi
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n-2-yllmethyl)azetidine-3-carboxylic acid (Example 26),
Exemplification compound number 4-21:
1-({5-[5-({4-Isobutyl-3-methylphenyl)-1,2, 4-oxadiazol-3~yl]~6-nmet
hylpyridin-2-ylimethyl)azetidine-3-carboxylic acid (Example 27),
Exemplification compound number 4-22:
1-({5-[5~(3-Fluoro-4-propylphenyl)-1,2, 4-oxadiazol-3-yl]-6-methy
lpyridin-2-yl}methyl)azetidine-3-carboxylic acid,
Exemplification compound number 4-23:
1-({5-[5-(4-Butyl-3-fluorophenyl)-1,2,4~oxadiazol~3~yl]~-6-methyl
pyridin-2-yl}methyl)azetidine-3-carboxylic acid,
Exemplification compound number 4-24:
1-({5-[5~(3-Fluoro-4-isobutylphenyl)~1,2, 4~oxadiazol-3-yl]-6-met
hylpyridin-2-yl}methyl)azetidine~3-carboxylic acid,
Exemplification compound number 4-27:
1-({5~[5~(3-Chloro-4-isobutylphenyl)-1,2, 4-oxadiazol-3~yl]-6~met
hylpyridin-2-yl}imethyl)azetidine-3-carboxylic acid (Example 24),
Exemplification compound number 4-36:
1- ({6-Ethyl-5-[5-(4—-isobutyl-3-methylphenyl) -1, 2, 4-oxadiazol-3-y
llpyridin-2-yl}methyl)azetidine-3-carboxylic acid (Example 29),
Exemplification compound number 4-37:
1-{{6-Ethyl-5-{5-(3-fluoro~4-propylphenyl)-1,2, 4-oxadiazol-3-yl]
pyridin—Z—yl}metth)azetidine—B—carboxylic acid,
Exemplification compound number 4-38:
1~({5-[5-(4-Butyl-3~fluorophenyl)-1,2, 4-oxadiazol-3-yl]l~-6~ethylp
yridin-2-ylimethyl)azetidine-3~carboxylic acid,
Exemplification compound number 4-39:
1-({6~-Ethyl-5-[5-(3-fluoro-4-isobutylphenyl)~1,2,4-oxadiazol-3~y
l]lpyridin-2-ylimethyl)azetidine-3-carboxylic acid (Example 30),
and
Exemplification compound number 4-42:
1-({5-[5~(3-Chloro~4—-isobutylphenyl)-1,2, 4-oxadiazol-3~-yl]~6-eth
ylpyridin-2-ylimethyl)azetidine-3-carboxylic acid (Example 25),
more preferred compounds are the compounds of Exemplification

Compound Nos. 4-6, 4-9, 4-12, 4-21, 4-27, 4-36, and 4-42.
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[Advantages of the Invention]

Since the compounds of the present invention exert exceilent
immunosuppressive activity with low toxicity, the compounds of the
present invention are useful as a prophylactic agent or a therapeutic
agent (particularly a therapeutic agent) for diseases related to

suppression of the immune system in mammals (particularly in humans).

[Best mode for carrying out the Invention]

The compound having the general formula (I) of the present
invention can be prepared according to the procedures described
hereinafter.

The preparation methods described below were generally
established in accordance with known procedures. As known
procedures, there are the procedures described, for example, in
“Organic Functional Group Preparation”, Second Edition, Academic
Press, Inc., 1989, and “Comprehensive Organic Transformations”, VCH
Publishers Inc., 1989, and the like.

Method A is a method for the preparation of a compound having

"the general formula (I).

Method A

B

o
HN
n

) (V)
Step A1 Step A2 (V) n AP

(I a1
N\_B
0%

Z'Y'XW'V\

Step A3 :
0]

In the above reaction scheme, A, B, V, W, X, Y, Z and n have the
same meanings as those indicated hereinbefore.
LG represents a group which is known as a leaving group in the

field of organic synthesis chemistry, and can be, for example, a
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halogen atom or a group of formula -0-S{0),R° (wherein, R is a methoxy
group, a C;-Cs alkyl group which may optionally be substituted with.from
1 to 3 halogen atoms, or a phenyl group which may optionally be substituted
with from 1 to 3 substituents selected from the group consisting of a halogen
atom and a methyl group), and is preferably a chlorine atom, a bromine
atom, an iodine atom, a methanesulfonyloxy group or a p-toluenesulfonyloxy
group.

AP represents a group in which a functional group indicated in the
definition of A is protected by a protecting group as a form considered
to be suitable in the organic synthesis chemistry, and such protecting
group P can be, for example, a protecting group found in “Protective Groups
in Organic Synthesis third edition” (ed. by Green, T. W. and Wuts, P. G.
M., John Wiley and Sons, Inc., 1999).

In the case that A is a carboxyl group, such protecting group P is
preferably a lower alkyl group such as a methyl group, an ethyl group,
a propyl group, or the like, and particularly preferably an ethyl group.

In the case that A is a phospho group, such protecting group P is
preferably a lower alkyl group such as a methyl group or an ethyl group;
anallyl grouporaz2,2,2-trichloroethyl group, and particularly preferably
an allyl group.

In the case that A is a sulfo group, such protecting group P is
preferably a phenyl group, a p-methoxyphenyl group or a p-nitrophenyl group,
and particularly preferably a phenyl group.

In the case that A is a 1H-tetrazol-5-yl group, such protecting group
P is preferably a triphenyimethyl group, a p-methoxyphenyldiphenyimethyl
group or a di{p-methoxyphenyl)phenylmethyl group, and particularly
preferably a triphenylmethyl group.

Step Al

Step Al is a process for the preparation of a compound having the general
formula (III) by converting a hydroxyl group of a compound having the
general formula (II) to a leaving group.

This process is accomplished by reacting the compound having the
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general formula (II) with a halogenating agent or a sulfonylating
agent, and is preferably carried out by reacting with a halogenating

agent in a solvent.

The halogenating agent described above can be, for example, a
phosphorus trihalide such as phosphorus trichloride or phosphorus
tribromide; or a combination of a phosphine, which consists of a
triarylphosphine including triphenylphosphine and a tri-lower
alkylphosphine such as tributylphosphine, and either a molecular
simple halogen such as bromine or lodine, or a halogen equivalent
such as carbon tetrachloride, carbon tetrabromide or
hexachlorocacetone, and is preferably a combination of a
triarylphosphine and a halogen equivalent, and particularly
preferably a combination of triphenylphosphine and carbon
tetrabromide.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction,
and can be, for example, a halogenated hydrocarbon such as
dichloromethane, chloroform, 1,2-dichlorcethane, or the like; or an
ether such as tetrahydrofuran, 1,2-dimethoxyethane, or the like,
and is preferably a halogenated hydrocarbon and particularly
preferably dichloromethane.

The reaction temperature employed in the above reaction is

generally between -23°C and 60°C, and preferably betweéen 0°C and 30°C.
The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the
reagent used or the kind of solvent employed, but is generally from
15 minutes to 3 hours, and preferably from 30 minutes to 1 hour.
After the reaction is completed, the desired compound of this
reaction can be isolated from the reaction mixture by conventional
treatments. The desired compound can be obtained, for example, by
neutralization of the reaction mixture, if necessary, or filtration
of the reaction mixture when insoluble material is present in the
reaction mixture, extraction of the neutralized solution or the

filtratewith anorganic solvent immiscible withwater such as toluene,
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washing the resulting organic layer with water, separation of the
organic layer containing the desired compound, and then evaporation
of the organic solvent under reduced pressure.
The’desired.product thus obtained can, if necessary, be further
isolated and purified by conventional treatments, for example, by
recrystallization, reprecipitation, or by conventional procedures
generally used in the isolation and purification of organic compounds
(for example, absorption column chromatography using a carrier such
‘as silica gel, alumina or Florisil consisting of magnesium and silica
gel; partition column chromatography using Sephadex LH-20 (product
of Pharmacia Co., Ltd.), Amberlite XAD-11 (product of Rohm & Hass
Co., Ltd.) or Diaion HP-20 (product of Mitsubishi Chemicals Co.,
Ltd.); ion exchange chromatography; or normal phase or reversed phase
column chromatography using silica gel or alkylated silica gel, and

preferably by column chromatography using silica gel).

Step A2

Step A2 is a process for the preparation of a compound having
the general formula (V) by substituting a leaving group LG of a
compound having the general formula (III) with a compound having the
general formula (IV).

This process is carried out in the presence of a base in a solvent.

The base employed in the above reaction can be, for example, a
trialkylamine such as triethylamine, N,N-diisopropylethylamine,
tributylamine, or the like; or a pyridine such as pyridine, lutidine,
collidine, or the like; an alkali metal carbonate such as sodium
hydrogencarbonate, potassium hydrogencarbonate, sodium carbonate or
potassium carbonate, or the like, and is preferably a trialkylamine
and particularly preferably N,N-diisopropylethylamine.

The solvent employved in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, a halogenated hydrocarbon such as
dichloromethane, chloroform, 1,2-dichloroethane, or the like; or an
ether such as diethyl ether, tetrahydrofuran, 1,2-dimethoxyethane,

dioxane, or the like, and is preferably a halogenated hydrocarbon
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and particularly preferably dichloromethane.

The reaction temperature employed in the above reaction is
generally between 0°C and 100°C, and preferably between 0°C and 30°C.

The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the
reagent used or the solvent employed, but is generally from 15 minutes
to 3 hours, and preferably from 30 minutes to 2 hours.

After the reaction is completed, the desired compound of this
reaction can, if necessary, be isolated from the reaction mixture

and purified in the same manner as described in Step Al..

Step A3

Step A3 is a process for the preparation of a compound having
the general formula (I) by carrying out the deprotection reaction
cn the substituent AP of a compound having the general formula (V).

The deprotection reaction conditions in this process are
different depending on the protecting group employed for preparing
the substituent AP, wherein the substituent A is maintained under
the protected condition. Hereinafter, general preparation
procedures are described, for example, for the case that the
substituent A is a carboxyl group and the substituent AP is a lower
alkyl ester group.

This process 1s carried out in the presence of a base in a solvent
containing water.

The base employed in the above reaction can be, for example, an
alkali metal hydroxide such as lithium hydroxide, sodium hydroxide,
potassium hydroxide, or the like; an alkali metal carbonate such as
lithium carbonate, sodium carbonate, potassium carbonate, or the
like; or ametal alkoxide such as lithium methoxide, sodium methoxide
or sodium ethoxide, and is preferably an alkali metal hydroxide and
particularly preferably lithium hydroxide.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction,
and can be, for example, an ether such as diethyl ether,

tetrahydrofuran, 1,2-dimethoxyethane or dioxane; an alcohol such as
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methanol, ethanol, isopropanol, t-butanol, or the like; water; or
a mixture of water and sclvent(s) described above, and is preferably
a mixture of an ether, an alcohol and water, and particularly
preferably a mixture of tetrahydrofuran, methanol and water.
The reaction temperature employved in the above reaction is
generally between 0°C and 100°C, and preferably between 0°C and 40°C.
The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the
reagent used or the solvent employed, but is generally from 15 minutes
to 3 hours, and preferably from 30 minutes to 2 hours.
Furthermore, even in case that a substituent is other than that
indicated specifically in this process, this process can be carried
out according to the procedures, for example, found in “Protective
Groups in Organic Synthesis third edition” (ed. by Green, T. W. and
Wuts, P. G. M., John Wiley and Sons, Inc., 1999), and the like.
After the reaction is completed, the desired compound of this
reaction can, if necessary, be isolated from the reaction mixture

and purified in the same manner as described in Step Al.

The preparation method of a compound having the general formula
(II) employed in Method A is different depending on the nature of
the substituent X. Hereinafter, a general preparation method is
described, for example, for the case that the substituent X is an

oxadiazole ring or an isoxazole ring.

Method B is a method for the preparation of a compound having
the general formula (II-1), which is included in a compound having
the general formula (II), wherein the substituent X is an oxadiazole

ring.
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Method B
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In the above reaction scheme, V, W, Y and Z have the same meanings
as those indicated hereinbefore.

LG has the same meaning as that indicated hereinbefore or
represents a hydroxyl group,

P represents a protecting group for a hydroxyl group. Such
protecting group for a hydroxyl group is, for example, a protecting
group for a hydroxyl group found in “Protective Groups in Organic
Synthesis third edition” (ed. by Green, T. W. and Wuts, P. G. M.,
John Wiley and Sons, Inc., 1999), and the like, and can be preferably
a trialkylsilyl group such as a triethylsilyl group, a .
t-butyldimethylsilyl group or a t-butyldiphenylsilyl group; a
substituted methyl ether group such as a methoxymethyl group,
tetrahydropyranyl group or a 2- (trimethylsilyl)ethoxymethyl group;
or an acyl group such as an acetyl group, a benzoyl group or a pivaloyl
group. Such protecting group is preferably a trialkylsilyl group
and particularly preferably a t-butyldimethylsilyl group.

Step Bl
Step Bl is a process for the preparation of a compound having
the general formula (VII) by carrying out an addition reaction of
hydroxylamine on a compound having the general formula (VI).
This process can be accomplished by reacting a compound having
the general formula (VI) with hydroxylamine or a hydroxylamine
equivalent in a solvent.

The hydroxylamine equivalent can be a solution of hydroxylamine
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such as an aqueous solution of hydroxylamine, a mixed solution of
hydroxylamine and methanol, a mixed solution of hydroxylamine and
ethanol, or the like; or a combination of a hydroxylaminé salt, such
as hydroxylamine hydrochloride, hydroxylamine phosphate;
hydroxylamine sulfate, or the like, and a tri-lower alkylamine, such
as triethylamine, N,N-diisopropylethylamine or tributylamine, or an
alkali metal carbonate , such as sodium hydrogencarbonate, potassium
hydrogencarbonate, sodium carbonate, botassium carbonate, or the
like, and is preferably a solution of hydroxylamine and particularly
preferably an aqueous solution of hydroxylamine.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, a halogenated hydrocarbon such as
dichloromethane, chloroform, 1,2-dichlorocethane, or the like; or an
ether such as tetrahydrofuran, 1,2-dimethoxyethane, or the like, or
an alcohol such as methanol, ethanol, isopropanol, t-butanol, or the
like, and is preferably an alcohol and particularly preferably
ethanol.

The reaction temperature employed in the above reaction is

generally between 0°C and 80°C, and preferably between 30°C and 60°C.
The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the
reagent used or the solvent employed, but is generally from 15 minutes
to 5 hours, and preferably from 30 minutes to 2 hours.
After the reaction is completed, the desired compound of this
reaction can, if necessary, be isolated from the reaction mixture

and purified in the same manner as described in Step Al.

Step B2
Step B2 is a process for the preparation of a compound having
the general formula (IX) by reacting a compound having the general
formula (VII) with a compound having the general formula (VIII).
Hereinafter, preparation methods are described for the cases
that (1) the substituent LG in a compound having the general formula

(VITII) is a hydroxyl group, and (2) the substituent LG in a compound
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having the general formula (VIII) is a group other than a hydroxyl group.

(17} The case that the substituent LG in a compound having the general
formula (VIII) is a hydroxyl group.

This process is accomplished by reacting a compound having the general
formula (VII) with a compound having the general formula (VIII) in the
presence of a condensing agent in a solvent.

Thecondensingagentemployedjjltheabovereactioncanbe,forexample,
a carbodiimide such as N,N’'-dicyclohexylcarbodiimide,
N,N’-diisopropylcarbodiimide,
l-ethyl-3-(3’-dimethylaminopropyl)carbodiimide (WSCI), or the like; or
an O-benzotriazole such as BOP
[benzotriazol-l-yloxytris(dimethylamino)phosphonium
hexafluorophosphate] , HATU
[O- (7-azabenzotriazol-1-y1)-N,N,N’,N’' -tetramethyluronium
hexafluorophosphate], HBTU {[O-benzotriazol-1-yi-
N,N,N’,N’'~tetramethyluronium hexafluorophosphate], and the like, and is
preferably a carbddiimide and particularly preferably
N,N’-dicyclohexylcarbodiimide.

The solvént employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction and can
be, for example, a halcogenated hydrocarbon such as dichloromethane,
chloroform, 1,2-dichloroethane, or the like; an ether such as
tetrahydrofuran, 1,2-dimethoxyethane, or the like; or a benzene such as
benzene, toluene or xylene, and is preferably a halogenated hydrocarbon
and particularly preferably dichloromethane.

The reaction temperature employed in the above reaction is generally
between -20°C and 40°C, and preferably between 0°C and 30°C.

The reaction time employed in the above reaction is different depending
on the reaction temperature, the starting material, the reagent used or
the solvent employed, but is generally from 15 minutes to 5 hours, and
preferably from 30 minutes to 2 hours.

After the reaction is completed, the desired compound of this reaction

can, 1f necesgsary, be isolated from the reaction mixture
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and purified in the same manner as described in Step Al.

{2) The case that the gubstituent LG in a compound having the general
formula (VIII) is a group other than a hydroxyl group.

Thig process is accomplished by reacting a compound having the general
formula (VII) with a compound having the general formula VIII in the
presence of a base in an inert solvent.

The substituent LG is preferably a chlorine atom.

The base employed in the above reaction can be, for example, a
trialkylamine such as triethylamine, N,N-diisopropylethylamine,
tributylamine, or the like; or a pyridine such as pyridine, lutidine,
collidine, or the like, and is preferably a trialkylamine and particularly
preferably N,N-diisopropylethylamine.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction and can
be, for example, a halogenated hydrocarbon such as dichloromethane,
chloroform, 1,2-dichloroethane, or the like; an ether such as diethyl ether,
tetrahydrofuran, 1,2-dimethoxyethane, or the like; or a benzene such as
benzene, toluene, xylene, or the like, and is preferably a halogenated
hydrocarbon and particularly preferably dichloromethane.

The reaction temperature employed in the above reaction is generally
between -20°C and 40°C, and preferably between 0°C and 30°C.

The reaction time employed in the above reaction is different depending
on the reaction temperature, the starting material, the reagent used or
the solvent employed, but is generally from 15 minutes to 5 hours, and
preferably from 30 minutes to 2 hours.

After the reaction is completed, the desired compound of this reaction
can, if necessary, be isolated from the reaction mixture and purified in

the same manner as described in Step AL.

Step B3

Step B3 is a process for the preparation of a compound having the general

formula (X) from a compound having the general formula (IX).
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This process can be accomplished by reacting a compound having
the general formula (IX) with a base in a solvent.

The base employed in the above reaction can be a tetra-lower
alkylammonium fluoride such as tetrabutylammonium fluoride,
benzyltrimethylammonium £luoride, benzyltriethylammonium fluoride,
or the like; a tri-lower alkylamine such as triethylamine,
N,N-diisopropylethylamine or tributylamine; a pyridine such as
pyridine, lutidine, collidine, or the like; or an alkali metal
hydride such as lithium hydride, sodium hydride, potassium hydride,
or the like, and is preferably a tetra-lower alkylammonium fluoride
and particularly preferably tetrabutylammonium fluoride.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, an ether such as diethyl ether,
tetrahydrofuran, 1,2-dimethoxyethane, or the like; a halogenated
hydrocarbon such as dichloromethane, chloroform,
1,2-dichloroethane, or the like; or an amide such as
N, N-dimethylformamide, N,N-dimethylacetamide, or the like, and is
preferably an ether and particularly preferably tetrahydrofuran.

The reaction temperature employed in the above reaction‘is
generally between 0°C and 80°C, and preferably between 30°C and 60°C.

The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the
reagent used or the solvent employed, but is generally from 15 minutes
to 5 hours, and preferably from 30 minutes to 2 hours.

After the reaction is completed, the desired compound of this
reaction can, if necessary, be isolated from the reaction mixture

and purified in the same manner as described in Step Al.

Step B4
Step B4 is a process for the preparation of a compound having
the general formula (II-1) by removing the protecting group P of
the hydroxyl group of a compound having the general formula (X).
The method for removing the protecting group P is different

depending on a nature of the protecting group employed, but generally
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carried out according to the deprotection method for a hydroxyl group
described in “Protective Groups in Organic Synthesis third edition”
(ed. by Green, T. W. and Wuts, P. G. M., John Wiley and Sons, Inc.,
1999), and the like.

Hereinafter, a general preparation method is described for the
case that the protecting group is a trialkylsilyl group. This
process is accomplished by reacting a compound having the general
formula (X) with a £luorine anion eqguivalent in a solvent.

The fluorine anion equivalent employed in the above reaction
can be, for example, a tetralkylammonium‘fluoride such as
tetrabutylammonium fluoride or benzyltrimethylammonium fluoride;
a hydrogen fluoride-amine complex such as hydrogen
fluoride-triethylamine complex or hydrogen fluoride-pyridine
complex, and is preferably a tetralkylammonium fluoride and
particularly preferably tetrabutylammonium fluoride.

The solvent employed in the above reaction is not particularly
regtricted provided that it has no adverse effect on the reaction
and can be, for example, an ether such as diethyl ether,
tetrahydrofuran, 1,2-dimethoxyethane, or the like; a halogenated
hydrocarbon such as dichloromethane, chloroform,
1,2-dichloroethane, or the like; or an amide such as
N,N-dimethylformamide, N,N-dimethylacetamide, or the like, and is
preferably an ether and particularly preferably tetrahydrofuran.

The reaction temperature employed in the above reaction is
generally between 0°C and 80°C, and preferably between 30°C and 60°C.

The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the
reagent used or the solvent employed, but is generally from 15 minutes
to 5 hours, and preferably from 30 minutes to 2 hours.

After the reaction is completed, the desired compound of this
reaction can, if necessary, be isolated from the reaction mixture

and purified in the same manner as described in Step Al.

Method C is a method for the preparation of a compound having

the general formula (II-2), which is included in a compound having
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the general formula (II), wherein the substituent X is an isoxazole

ring.
Method C
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In the above reaction scheme, V, P, W, Y and Z have the same
meanings as those indicated hereinbefore.

Hal represents a halogen atom.

Step C1

Step C1 is a process for the preparation of a compound having
the general formula (XII) by converting a formyl group of a compound
having the general formula (XI) into a dihalovinyl group.

This process is accomplished by reacting the compound having the
general formula (XI) with a gem-dihalomethylenating agent in a
solvent.

The gem~dihalomethylenating agent employed in this process can
be a combination of a phosphine, consisting of a triarylphosphine
including triphenylphosphine and a tri-lower alkylphosphine such as
tributylphosphine, and a carbon tetrahalide, such as carbon
tetrachloride, carbon tetrabromide or carbon tetraiodide; or a
" combination of a di-lower alkyl (trihalogenated methyl)phosphonate,
such as diethyl (trichloromethyl)phosphonate, diethyl
(tribromomethyl)phosphonate, dimethyl
(trichloromethyl)phosphonate or dimethyl
(tribromomethyl)phosphonate, and an alkyllithium, such as
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methyllithium, n-butyllithium, s-butyllithium or t-butyllithium,
and is preferably a combination of a triarylphosphine and a carbon
tetrahalide and particularly preferably a combination of
triphenylphosphine and carbon tetrabromide.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, a halogenated hydrocarbon such as

dichloromethane, chloroform, 1,2-dichloroethane, or the like; or an
| ether such as diethyl ether, tetrahydrofuran, 1,2-dimethoxyethane,
dioxane, or the like, and is preferably an ether and particularly
preferably tetrahydrofuran.

The reaction temperature employed in the above reaction is

generally between -23°C and 60°C, and preferably between 0°C and 30°C.
The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the .
reagent used or the solvent employed, but is generally from 15 minutes
to 5 hours, and preferably from 30 minutes to 3 hours.
After the reaction is completed, the desired compound of this
reaction can, if necessary, be isolated from the reaction mixture

and purified in the same manner as described in Step Al.

Step C2

Step C2 is a process for the preparation of a compound having |
the general formula (XIII) by converting a dihalovinyl group of a
compound having the general feormula (XII) to an ethynyl group.

This process is accomplished by reacting the compound (XII) with
an alkylmetal in a solvent.

The alkylmetal employed in the above reaction can be, for example,
an alkyllithium such as methyllithium, n-butyllithium,
s-butyllithium or t-butyllithium; or an alkylsodium such as
methylsodium, butylsodium, s-butylsodium, or the like, and is
preferably an alkyllithium and particularly preferably
n-butyllithium.

The solvent employed in the above reaction is not particularly

restricted provided that it has no adverse effect on the reaction
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and can be, for example, an ether such as diethyl ether,
tetrahydrofuran, 1,2-dimethoxyethane, dioxane, or the like; or a
benzene such as benzene, toluene, xylene, or the like, and is
preferably an ether and particularly preferably tetrahydrofuran.

The reaction temperature employved in the above reaction is
generally between -100°C and 0°C, and preferably between -78°C and
-45°C,

The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the
reagent used or the solvent employed, but is generally from 15 minutes
to 2 hours, and preferably from 30 minutes to 1 hour.

After the reaction is completed, the desired compound of this
reaction can, if necessary, be isolated from the reaction mixture

and purified in the same manner as described in Step Al.

Step C3

Step C3 is a process for the preparation of a compound having
the general formula (XV) by reacting a compound having the general
formula (XIII) with a compound having the general formula (XIV)

This process can be accomplished by reacting both compounds with
a base in a solvent. The general preparation method of the compounds
having the general formula (XIV) is described in literatures, J. Org.
Chem., 45, 3916 (1980) and Acta. Chemica, Scandinavica, 426 (1987),
and these compounds can easily be synthesized from well-known
compounds.

The base employed in the above reaction can be, for example, a
trialkylamine such as triethylamine, N,N-diisopropylethylamine,
tributylamine, or the like; or a pyridine such as pyridine, lutidine,
collidine, or the like, and is preferably a trialkylamine and
particularly preferably triethylamine.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, an ether such as diethyl ether,
tetrahydrofuran, 1,2-dimethoxyethane, dioxane, or the like; an ester

such as ethyl acetate, propyl acetate, butyl acetate, or the like;
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or a halogenated hydrocarbon such as dichloromethane, chloroform,
1,2-dichloroethane, or the like; and is preferably an ester and
particularly preferably ethyl acetate.

The reaction temperature employed in the above reaction is
generally between -20°C and 80°C, and preferably between 0°C and 40°C.

The reaction time employed in the above reaction is different
depénding on the reaction temperature, the starting material, the
reagent used or the solvent employed, but is generally from 5 hours
to 72 hours, and preferably from 24 hours to 48 hours.

After the reaction is completed, the desired compound of this
reaction can, if necessary, be isolated from the reaction mixture

and purified in the same manner as described in Step Al.

Step C4
Step C4 is a process for the preparation of a compound having
the general formula (II-2) by removing the protecting group P of the
hydroxyl group of a compound having the general formula (XV).
This process can be carried out in the same manner as described

in Step B4 of Method B.

The preparation method of the compound having the general formula
(VI}) used in Method B is different depending on the nature of the
substituent W. Hereinafter, the general preparation procedures are
described, for example, as Method D for the case that the substituent
W is a thiophene ring or a furan ring and as Method E for the case
that the substituent W is a group having a fused structure such as
a 4,5,6,7-tetrahydrobenzothicophene ring or a

4,5,6,7-tetrahydrobenzofuran ring, respectively.

Method D

Method D is a method for the preparation of a compound having
the general formula (VI-1), which is included in a compound having
the general formula (VI), wherein the substituent W is a thiophene

ring or a furan ring.
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In the above reaction scheme, Hal represents a halogen atom as
described above, and is preferably a bromine atom or an iodine atom,
Q represents an oxygen atom or a sulfur atom, and P represents a

protecting group for a hydroxyl group as described above.

Step D1

Step D1 is a process for the preparation of a compound having
the general formula (XVII) by converting a formyl group of a compound
having the general formula (XVI) to a hydroxymethyl group.

This process is accomplisheciby'reacting’the compound (XVI) with
a reducing agent in a solvent. Additionally, many of the compounds
having the general formula (XVI) employed as the starting compounds
are commercially available, and can also easily be synthesized
according to publicly known preparation methods.

The reducihg agent employed in the above reaction can be, for
example, an aluminum hydride such as lithium aluminum hydride, sodium
aluminum hydride or diisobutylaluminum hydride; a borohydride such
as lithium borohydride, sodium borchydride or borane, and is
preferably a borohydride and particularly preferably sodium
boﬁohydride.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, an ether such as diethyl ether,
tetrahydrofuran, 1,2-dimethoxyethane, dioxane, or the like; or an
alcohol such as methanol, ethanol, isopropanol, or the like, and is
preferably an alcohol and particularly preferably methanol.

The reaction temperature employved in the above reaction is
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generally between -23°C and 50°C, and preferably between 0°C and 30°C.
The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the
reagent used or the solvent employed, but is generally from 15 minutes
to 2 hours, and preferably from 30 minutes to 1 hour.
After the reaction is completed, the desired compound of this
reaction can, if necessary, be isclated from the reaction mixture .

and purified in the same manner as described in Step Al.

Step D2

Step D2 is a process for the preparation of a compound having
the general formula (XVIII) by protecting a hydroxyl group of a
compound having the general formula (XVII) with an appropriate
protecting group for a hydroxyl group. The protecting group employed
in this reaction is not particularly restricted provided that it has
no adverse effect on the reéction in succeeding processes and
additionally can easily be removed, and 1s preferably a
trialkylsilane. The general breparation method for the case that
a trialkylsilane is employed.as the protecting group is described
hereinafter. ‘

This process can be carried out by reacting a compound having:
the general formula (XVII) with a silylating agent in the presence
of a suitable base in a solvent.

The silylating agent employed in the above reaction can be, for
example, a trialkylsilyl chloride such as triethylsilyl chloride,
t-butyldimethylsilyl chloride, triisopropylsilyl chloride or
t-butyldiphenylsilyl chloride; or a trialkylsilyl
trifluoromethanesulfonate such as triethylsilyl
trifluoromethanesulfonate, t-butyldimethylsilyl
trifluoromethanesulfonate, triisopropylsilyl
trifluoromethanesulfonate or t-butyldiphenylsilyl
trifluoromethanesulfonate, and is preferably a trialkylsilyl
chloride, and particularly preferably t-butyldimethylsilyl
chloride.

The base employed in the above reaction can be, for example, a
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trialkylamine such as triethylamine, N,N-diisopropylethylamine, or
the like; an imidazole such as imidazole, 2-methylimidazole, or the
like; or a pyridine such as pyridine, lutidine, collidine, or the
like, and is preferably an imidazole and particularly preferably
imidazole.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, an ether such as diethyl ether,
tetrahydrofuran, 1,2-dimethoxyethane, dioxane, or the like; a
halogenated hydrocarbon such as dichloromethane, 1,2~dichloroethane,
chloroform, or the like; or an amide such as N,N-dimethylformamide,
N,N-dimethylacetamide, or the like, and is preferably an amide and
particularly preferably N,N-dimethylformamide

The reaction temperature employed in the above reaction is
generally between -23°C and 50°C, and preferably between 0°C and 30°C.

The reaction time employed in the above reaétion is different
depending on the reaction temperature, the starting material, the
reagent used or the solvent employed, but is generally from 30 minutes
to 4 hours, and preferably from 1 hour to 3 hours.

After the reaction is completed, the desired compound of this
reaction can, if necessary, be isolated from the reaction mixture

- and purified in the same manner as described in Step Al.

Step D3

Step D3 is a process for the preparation of a compound having
the general formula (VI-1) by converting a halogen atom of a compound
having the general formula (XVIII) into a nitrile group.

This process can be carried out according to two methods, one
of which is a method by a direct conversion of a halogen atom of a
compound having general formula (XVIII) into a nitrile group (Step
D3a) and the other is a method by derivatization of a compound (XVIII)
to a compound having a formyl group (XI-1), followed by conversion
of the formyl group into a nitrile group through an oximation reaction
and a dehydration reaction (Step D3b). Hereinafter, these processes

are described individually.
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Step D3a

Step D3a is a process for the preparation of a compound having
the general formula (VI-1) by converting a halogen atom of a compound
having the general formula (XVIII) into a nitrile group.

This process can be accomplished by reacting a compound having
the general formula (XVIII) with an appropriate cyanating agent in
a solvent.

The cyanating agent employed in this reaction canbe, for example,
a copper compound such as copper cyanide; or a combination of a
palladium catalyst, such as tetrakis(triphenylphosphine)palladium,
dichlorobis (triphenylphosphine)palladium, or the like, and a metal
cyanide, such as zinc cyanide, trimethylsilyl cyanide, or tributyltin
cyanide, and is preferably copper cyanide or a combination of
tetrakis (triphenylphosphine)palladium and zinc cyanide and
particularly preferably copper cyanide.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, an ether such as diethyl ether,
tetrahydrofuran, 1,2-dimethoxyethane, dioxane, or the like; or an
amide such as N,N-dimethylformamide, N,N-dimethylacetamide, or the
like, and is preferably an amide and particularly preferably
N,N~dimethylformamide.

The reaction temperature employed in the above reaction is
generally between 20°C and 180°C, and preferably between 100°C and
140°C.

The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the
reagent used or the solvent employed, but is generally from 2 hours
to 12 hours, and preferably from 3 hours to 10 hours.

After the reaction is completed, the desired compound of this
reaction can, if necessary, be isolated from the reaction mixture

and purified in the same manner as described in Step Al.
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Step D3b
Step D3b-1

Step D3b-1 is a process for the preparation of a compound having
the general formula (XI-1) by converting a halogen atom of a compound
having the general formula (XVIII) into a formyl group.

This process can also be used as the general preparation procedure
of a compound having the general formula (XI) that is used as the
starting material in Method C described hereinbefore.

This process is accomplished by carrying out a halogen-metal
exchange on a compound having the general formula (XVIII), followed
by reacting the resulting product with a suitable formylating agent
in a solvent.

The metalating agent employed in the above reaction can be, for
example, a metal such as metallic lithium, metallic magnesium,
metallic zinc, or the like; oranalkyllithium such as n-butyllithium,.
s-butyllithium, t-butyllithium, or the like; and is preferably an
alkyllithium and particularly preferably n-butyllithium.

The formylating agent employed in this reaction can be a formamide
such as N,N-dimethylformamide, N-methylformanilide,
N-formylpiperidine, or the like; a formate such as methyl formate,
ethyl formate, propyl -formate, or the like, and is preferably a
formamide and particularly preferably N,N-dimethylformamide.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, an ether such as diethyl ether,
tetrahydrofuran, 1,2-dimethoxyethane, dioxane, or the like; or an
aromatic hydrocarbon such as toluene, xylene, or the like, and is
preferably an ether and particularly preferably tetrahydrofuran.

The reaction temperature employed in the above reaction is
generally between -100°C and 0°C, and preferably between -78°C and
-45°C.

The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the
reagent used or the solvent employed, but is generally from 15 minutes

to 2 hours, and preferably from 30 minutes to 1 hour.
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After the reaction is completed, the desired compound of this
reaction can, if necessary, be isolated from the reaction mixture

and purified in the same manner as described in Step Al.

Step D3b-2

Step D3b~2 is a process for the preparation of a compound having
the general formula (XIX) by converting a formyl group of a compound
having the general formula (XI-1l) into an oxime group.

This process can be accomplished by reacting a compound having
the general formula (XI-1) with hydroxylamine or a hydroxylamine
equivalent in a solvent.

The hydroxylamine equivalent can be a solution of hydroxylamine :
such as an aqueous solution of hydroxylamine, a mixed solution of
hydroxylamine and methanol, a mixed solution of hydroxylamine and
ethanol, or the like; or a combination of a hydroxylamine salt, such
as hydroxylamine hydrochloride, hydroxylamine phosphate,
hydroxylamine sulfate, or the like, and a tri~lower alkylamine, such
as triethylamine, N,N-diisopropylethylamine or tributylamine, or an
alkali metal carbonate, such as sodium hydrogencarbonate, potassium
hydrogencarbonate, sodium carbonate, potassium carbonate, or the -
like, and is preferably a combination of a hydroxylamine salt and.
a tri-lower alkylamine and particularly preferably a combination of
hydroxylamine hydrochloride and triethylamine.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, a halogenated hydrocarbon such as
dichloromethane, chloroform, 1,2-dichloroethane, or the like; or an
ether such as tetrahydrofuran, 1,2-dimethoxyethane, or the like, and
is preferably a halogenated hydrocarbon and particularly preferably
dichloromethane.

The reaction temperature employed in the above reaction is
generally between 0°C and 80°C, and preferably between 20°C and 60°C.

The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the

reagent used or the solvent employed, but is generally from 30 minutes
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to 5 hours, and preferably from 1 hour to 3 hours.
After the reaction is completed, the desired compound of this
reaction can, 1f necessary, be isolated from the reaction mixture

and purified in the same manner as described in Step Al.

Step D3b-3

Step D3b-3 is a process for the preparation of a compound having
the general formula (VI-1) by converting an oxime group of a compound
having the general formula (XIX) into a nitrile group.

This process can be accomplished by reacting a compound having
the general formula (XIX) with an appropriate dehydrating agent in
a solvent.

© The dehydrating agent employed in the above reaction can be . a
carbodiimide such as N,N’-dicyclohexylcarbodiimide,

N, N’ -diisopropylcarbodiimide,

l-ethyl-3- (3’ ~dimethylaminopropyl) carbodiimide (WSCI), or the
like; a phosphorus compound such as diphosphorus pentaoxide or
rhosphorus oxychloride; or thionyl chloride or the like, and is
preferably a carbodiimide and particularly preferably

N, N’ ~-dicyclohexylcarbodiimide.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, a halogenated hydrocarbon such as
dichloromethane, chloroform, 1,2-dichloroethane, or the like; or an
ether such as tetrahydrofuran, 1,2-dimethoxyethane, dioxane, or the
like; or an aromatic hydrocarbon such as benzene, toluene, xylene,
or the like, and is preferably an aromatic hydrocarbon and
particularly preferably toluene.

The reaction temperature employed in the above reaction is
generally between 20°C and 150°C, and preferably between 60°C and
110°cC.

The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the
reagent used or the solvent employed, but is generally from 2 hours

to 24 hours, and preferably from 6 hours to 12 hours.
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After the reaction is compieted, the desired compound of this
reaction can, if necessary, be isolated from the reaction mixture

and purified in the same manner as described in Step Al.

Method E

Method E is a method for thé preparation of a compound having
the general formula (VI-2), which is included in a compound having
the general formula (VI), wherein the substituent W is a group having
a fused structure such as a 4,5,6,7~tetrahydrobenzothiophene ring

or a‘4,5,6,7~tetrahydrobenzofuran ring.

o) OH oP op
Step El Step E2 Step E3
0 0 0 OHC™ g
(XX) , (XXI) (XXII) (XXIII)
oP op
Step E4 Step £S5
T HOVN ]\ T Y )
Q NC 9 m
(XXIV) (VI-2)

In the above reaction scheme, P and Q have the same meanings as
those indicated hereinbefore, and m represents an integer of 1 or

2.

Step E1

Step E1 is a process for the preparation of a compound having
the general formula (XXI) by converting a carbonyl group of a compound
having the general formula (¥XX) into a hydroxyl group.

This process can be accomplished by reacting a compound having
the general formula (XX) with an appropriate reducing agent in a
solvent. Additionally, of the compounds having the general formula
(XX) employed as the starting compounds, the compounds whereinm is
2arecommerciallyavailableandcxulbeobtainedeasily. Furthermore,
the compounds wherein m is 1 can also be synthesized according to

the preparation method(s) described in a literature, J. Am. Chem.
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Soc., 127 (10), 3248-3249 (2005).

The reducing agent employed in the above reaction can be, for
example, an aluminum hydride such as lithium aluminum hydride, sodium
aluminum hydride or diisobutylaluminum hydride; a borohydride such
as lithium borohydride, sodium borohydride, or borane, and is
preferably a borohydride and particularly preferably sodium
borohydride.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, an ether such as diethyl ether,
tetrahydrofuran, 1,2-dimethoxyethane, dioxane, or the like; or an
alcohol such as methanol, ethanol, isopropanocl, or the like, and is
preferably an alcohol and particularly preferably methanol.

The reaction temperature employed in the above reaction is
generally between -23°C and 50°C, and preferably between 0°C and 30°C.

The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the
reagent used or the solvent employed, but is'generally from 15 minutes
tc 2 hours, and preferably from 30 minutes to 1 hour.

After the reaction is completed, the desired compound of this
reaction can, if necessary, be isclated from the reaction mixture

and purified in the same manner as described in Step Al.

Step E2

Step E2 is a process for the preparation of a compound having
the general formula (XXII) by protecting a hydroxyl group of a
compound having the general formula (XXI) with an appropriate
protecting group for a hydroxyl group. Such protecting group
employed in this reaction is not particularly restricted provided
that it has no adverse effect on the reaction in succeeding processes
and additionally can easily be removed, and is preferably a
trialkylsilane. The general preparation method for the case that
a trialkylsilane is employed as the protecting group is described
hereinafter.

This process can be carried out by reacting a compound having
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the general formula (XXI) with a silylating agent in the presence
of a suitable base in a solvent.

The silylating agent employed in the above reaction can be, for
example, a trialkylsilyl chloride such as triethylsilyl chloride,
t-butyldimethylsilyl chloride, triisopropylsilyl chloride or
t—butYldiphenylsilyl chloride; or a trialkylsilyl
trifluoromethanesulfonate such as triethylsilyl
trifluoromethanesulfonate, t-butyldimethylsilyl
trifluoromethanesulfonate, triisopropylsilyl
trifluoromethanesulfonate or t-butyldiphenylsilyl
trifluoromethanesulfonate, and is preferably a trialkylsilyl
chloride and particularly preferably t-butyldiphenylsilyl chloride.

The base employed in the above reaction can be, for example, a
trialkylamine such as triethylamine, N,N-diisopropylethylamine, or
the like; an imidazole such as imidazole, 2-methylimidazole, or the
like; or a pyridine such as pyridine, lutidine, collidine, or the
like and is preferably an imidazole and particularly preferably
imidazole.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, an ether such as diethyl ether,
tetrahydrofuran, 1,2-dimethoxyethane, dioxane, or the like; a
halogenated hydrocarbon such as dichloromethane, 1,2-dichloroethane
or chloroform; or an amide such as N,N-dimethylformamide,
N,N~dimethylacetamide, or the like; and is preferably an amide and
particularly preferably N,N-dimethylformamide.

The reaction temperature employed in the above reaction is

generally between -23°C and 100°C, and preferably between 0°C and 60°C.
The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the
reagentusedcn:thesolventemployed,butjﬁsgenerallyfromBOﬁdnutes
to 4 hours, and preferably from 1 hour to 3 hours.
After the reaction is completed, the desired compound of this
reaction can, i1f necessary, be isolated from the reaction mixture

and purified in the same manner as described in Step Al.
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Step E3

Step E3 is a process for the preparation of a compound having
the general formula (XXIII) by introducing a formyl group into a
compound having the general formula (XXII)

This process can be accomplished by reacting a compound having
the general formula (XXII) with a strong base, followed by reacting
the resulting,prdduct with an appropriate formylating agent in a
solvent.

The strong base employed in the above reaction can be, for example,
an alkyllithium such as n-butyllithium, s-butyllithium or
t-butyllithium; or an alkali metal amide such as lithium
diisopropylamide, lithium hexamethyldisilazide, sodium
hexamethyldisilazide, potassium hexamethyldisilazide, -or the like,
and is preferably an alkyllithium and particularly preferably
n-butyllithium.

The formylating agent employved in this reaction can be a formamide
such as N,N-dimethylformamide, N-methylformanilide,
N-formylpiperidine, or the like; a formate such as methyl formate,
ethyl formate, propyl formate, or the like and is preferably a
formamide and particularly preferably N,N-dimethylformamide.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, an ether such as diethyl ether, .
tetrahydrofuran, 1,2-dimethoxyethane, dioxane, or the like; or an
aromatic hydrocarbon such as toluene, xylene, or the like, and is
preferably an ether and particularly preferably tetrahydrofuran.

The reaction temperature employed in the above reaction is
generally between ~100°C and 0°C, and preferably between -78°C and
0°cC.

The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the
reagent used or the solvent employed, but is generally from 15 minutes
to 4 hours, and preferably from 1 hour to 3 hours.

After the reaction is completed, the desired compound of this
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reaction can, if necessary, be isolated from the reaction mixture

and purified in the same manner as described in Step Al.

Step E4
Step E4 is a process for the preparation of a compound having
the general formula (XXIV) by converting a formyl group of a compound
having the general formula (XXIII) into an oxime group.
" This process can be accomplished by reacting a compound having
the general formula (XXIII) with hydroxylamine or a hydroxylamine
equivalent in a solvent, and can be carried out in the same manner

as described in Step D3b-2.

Step E5 ,
Step E5 is a process for the preparation of a compound having
the general formula (VI-2) by converting an oxime group of a compound
having the general formula (XXIV) into a nitrile group.
This process can be accomplished by reacting a compound having
the general formula (XXIV) with an appropriate dehydrating agent in
a solvent, and can be carried out in the same manner as described

in Step D3b-2.

Method F

Method F is a method for the preparation of a compound having
the general formula (VI-3), which is included in a compound having
the general formdia (VI), wherein the substituent W is a thiophene
ring or a furan ring and additionally, these rings are substituted

with an alkyl group as a substituent R.
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In the above reaction scheme, Hal represents a halogen atom as
described above, and is preferably a bromine atom or an iodine atom,
Q represents an oxygen atomor a sulfur atom, P represents a protecting
group for a hydroxyl group as described above, and R® represents a

C,~Cs alkyl group.

Step F1

Step Fl is a process for the preparation of a compound having
the general formula (XXVI) by converting a halogen atom of a compound
having the general formula (XXV) into an alkyl group.

This process can be accomplished by reacting a compound having
the general formula (XXV) with an alkylating agent in a solvent.
Additionally, many of the compounds having the general formula (XXV)
employed as the starting compounds can be synthesized according to
Method D described hereinbefore.

The alkylating agent employed in the above reaction can be, for
example, a combination of a nickel catalyst, such as
[1,3-bis(diphenylphosphino)propaneldichloronickel,
bis(triphenylphosphine)dichloronickel or
[1,1"-bis(diphenylphosphino) ferroceneldichloronickel, and a
Grignard reagent, such as an alkylmagnesium chloride, an
alkylmagnesium bromide or an alkylmagnesium iodide; or a combination
of a palladium catalyst, such as
tetrakis (triphenylphosphine)palladium or
dichlorobis(triphenylphosphine)palladium, and an alkylboric acid,

such as a mono-alkylboric acid, an ester of mono-alkylboric acid,
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a dialkylboric acid or an ester of dialkylboric acid, and is
preferably a combination of a nickel catalyst and a Grignard reagent
and particularly preferably a combination of

[1,3-bis (diphenylphosphino)propaneldichloronickel and an
alkylmagnesium bromide.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, an ether such as diethyl ether,
tetrahydrofuran, 1,2-dimethoxyethane, dioxane, or the like; or an
aromatic hydrocarbon such as benzene, toluene or xylene, and is
preferably an ether and particularly preferably tetrahydrofuran.

The reaction temperature employed in the above reaction is
generally between -23°C and 60°C, and preferably between -10°C and
40°C.

The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the
reagent used or the solvent employed, but is generally from 15 minutes
to 4 hours, and preferably from 1 hour to 2 hours.

After the reaction is completed, the desired compound of this
reaction can, if necessary, be isolated from the reaction mixture

and purified in the same manner as described in Step Al.

Step F2

Step F2 is a process for the preparation of a compound having
the general formula (XXVII) by converting a hydrogen atom of a
compound having the general formula (XXVI) into a formyl group.

This process can be accomplished by reacting a compound having
the general formula (XXVI) with an appropriate base, followed by
reacting the resulting product with a formylating agent in a solvent.

The base employed in the above reaction can be, for example, an
alkyllithium such as n-butyllithium, sec-butyllithium or
t-butyllithium; or a metal amide such as lithium diisopropylamide,
lithium hexamethyldisilazide or potassium hexamethyldisilazide, and
is preferably an alkyllithium and particularly preferably
n-butyllithium.



N ON CH 02 2-163 c-Hex N O N CH 02 2-164 PhO N O N CH 02 2-165 En
N ONCH 02 2-166 n-BuN O N CH 03

81

The formylating agent employed in this reaction can be a formamide
such as N,N-dimethylformamide, Ll-formylpyrrolidine or
l-formylpiperidine; or an isocyanide such as t-butyl isocyanide,
1,1,3,3-tetramethylbutyl isocyanide, or the like, and is preferably
a formamide and particularly preferably N,N-dimethylformamide.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, an ether such as diethyl ether,
tetrahydrofuran, 1,2-dimethoxyethane, dioxane, or the like; or an
aromatic hydrocarbon such as benzene, toluene or xylene, and is
preferably an ether and particularly preferably tetrahydrofuran.

The reaction temperature employed in the above reaction is
generally between ~78°C and room temperature, and preferably between
~-78°C and 0°C.

The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the
reagent used or the solvent employed, but is generally from 30 minutes
to 4 hours, and preferably from 1 hour to 3 hours.

After the reaction is completed, the desired compound of this
reaction can, 1if necessary, be isoclated from the reaction mixture

and purified in the same manner as described in Step Al.

Step F3

Step F3 is a process for the preparation of a compound having
the general formula (XXVIII) by converting a formyl group of a
compound having the general formula (XXVII) into an oxime group.

This process can be accomplished by reacting a compound having
the general formula (XXVII) with hydroxylamine or a hydroxylamine
equivalent in a solvent.

The hydroxylamine equivalent can be a solution of hydroxylamine
such as an aqueous solution of hydroxylamine, a mixed solution of
hydroxylamine and methanol, a mixed solution of hydroxylamine and
ethanol, or the like; or a combination of a hydroxylamine salt, such
as hydroxylamine hydrochloride, hydroxylamine phosphate,

hydroxylamine sulfate, or the like, and a tri-lower alkylamine, such
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as triethylamine, N,N-diisopropylethylamine or tributylamine, or an
alkali metal carbonate , such as sodium hydrogencarbonate, potassium
hydrogencarbonate, sodium carbonate, potassium carbonate, or the
like, and is preferably a combination of a hydroxylamine salt and
a tri-lower alkylamine and particularly preferably a combination of
hydroxylamine hydrochloride and triethylamine.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, a halogenated hydrocarbon such as
dichloromethane, chloroform, 1,2-dichloroethane, or the like; or an
ether such as tetrahydrofuran, 1,2-dimethoxyethane, or the like; or
an alcohol such as methanol, ethanol or isopropanol, and is preferably
a halogenated hydrocarbon and particularly preferébly
dichloromethane.

The reaction temperature employed in the above reaction is
generally between 0°C and 80°C, and preferably between 20°C and 60°C.

The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the
reagent used or the solvent employed, but is generally from 30 minutes
to 5 hours, and preferably from 1 hour to 3 hours.

After the reaction is completed, the desired compound of this
reaction can, if necessary, be isolated from the reaction mixture

and purified in the same manner as described in Step Al.

Step F4

Step F4 is a process for the preparation of a compound having
the general formula (VI-3) by converting an oxime group of a compound
having the general formula (XXVIII) into a nitrile group.

This process can be accomplished by reacting a compound having
the general formula (XXVIII) with an appropriate dehydrating agent
in a solvent.

The dehydrating agent employed in the above reaction can be a
carbodiimide such as N,N’-dicyclohexylcarbodiimide,

N, N’ -diisopropylcarbodiimide,

l-ethyl-3- (3" -dimethylaminopropyl)carbodiimide (WSCI), or the
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like; a phosphorus compound such as diphosphorus pentaoxide or
phosphorus oxychloride; or thionyl chloride, or the like, and is
preferably a carbodiimide and particularly preferably

N, N’ ~dicyclohexylcarbodiimide.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, a halogenated hydrocarbon such as
dichloromethane, chloroform, 1,2-dichloroethane, or the l1ike; or an
ether such as tetrahydrofuran, 1,2-dimethoxyethane, dioxane, or the
like; or an aromatic hydrocarbon such as benzene, toluene,  xylene,
or the like, and is preferably an aromatic hydrocarbon and
particularly preferably toluene.

The reaction temperature.employed in the above reaction is
generally between 20°C and 150°C, and preferably between 60°C and
l110°C.

The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the
reagent used or the solvent employed, but is generally from:2 hours
to 24 hours, and preferably from 6 hours to 12 hours.

After the reaction is completed, the desired compound of this
reaction can, if necessary, be isolated from the reaction mixture

and purified in the same manner as described in Step Al.

Method G

Method G is a method for the preparation of a compound having
the general formula (VI-4), which is included in a compound having
the general formula (VI), wherein the substituent W is a pyridine

ring.
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In the above reaction scheme, Hal represents a halogen atom as
described above, and is preferably a bromine atom or an iodine atom,

and P represents a protecting group for a hydroxyl group as described

above.

Step Gl

Step Gl is a process for the preparation of a compound having
the general formula (XXX) by converting a halogen atom at the
2-position of a compound having the general formula (XXIX) into a
formyl group. ;

This process is accomplished by carrying out a halogen-metal
exchange on a compound having the general formula (XXIX), followed
by reacting the resultiﬁg product with a suitable formylating agent
in a solvent. A

The metalating agent employed in the above reaction can be, for
example, a metal such as metallic lithium, metallic magnesium,
metallic zinc, or the like; or analkyllithium such as n-butyllithium,
s-butyllithium, t-butyllithium, or the like, and is preferably an
alkyllithium and particularly preferably n-butyllithium.

The formylating agent employed in this reaction canbe a formamide
such as N,N-dimethylformamide, N-methylformanilide,
N—formylpiperidine) or the like; or a formate such as methyl formate,
ethyl formate, propyl formate, or the like, and is preferably a
formamide and particularly preferably N,N-dimethylformamide.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction

and can be, for example, an ether such as diethyl ether,
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tetrahydrofuran, 1,2-dimethoxyethane, dioxane, or the like; or an
aromatic hydrocarbon such as toluene, xylene, or the like, and is
preferably an aromatic hydrocarbon and particularly preferably
toluene.

The reaction temperature employed in the above reaction is
generally between -100°C and 0°C, and preferably between -78°C and
-45°C,

The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the
reagentused<nfthesolventemployed,knu:isgeﬁerallyfromlSnﬁnutes
to 5 hours, and preferably from 30 minutes to 3 hours.

After the reaction is completed, the desired compound of this
reaction can, if necessary, be isolated from the reaction mixture

and purified in the same manner as described in Step Al.

Step G2

Step G2 is a process for the preparation of a compound having
the general fofmula {XXX1) by converting a formyl group of a compound:
having the general formula (XXX) into a hydroxymethyl group.

This process can be accomplished by reacting a compound having
the general formula (XXX) with a reducing agent in a solvent.

The reducing agent employed in the above reaétion can be, for
example, an aluminum hydride such as lithium aluminum hydride, sodium
aluminum hydride or diisobutylaluminum hydride; a borohydride such
as lithium borochydride, sodium borohydride or borane, and is
preferably a borohydride and particularly preferably sodium
borohydride.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, an ether such as diethyl ether,
tetrahydrofuran, 1,2~dimethoxyethane, dioxane, or the like; or an
alcohol such as methanol, ethanol, isopropanol, or the like, and is
preferably an alcohol and particularly preferably methanol.

The reaction temperature employed in the above reaction is

generally between -23°C and 50°C, and preferably between 0°C and 30°C.
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The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the
reagentusedorthesolventemployed,butisgxwmrall?fromlSndnutes
to 2 hours, and preferably from 30 minutes to 1 hour.

After the reaction is completed, the desired compound of this
reaction can, if necessary, be isolated from the reaction mixture

and purified in the same manner as described in Step Al.

Step G3

Step G3 is a process for the preparation of a compound having
the general formula (XXXII) by protecting a hydroxyl group of a
compound having a general formula (XXXI) with an appropriate
protecting group for a hydroxyl group. The protecting group employed
in this reaction is not particularly restricted provided that it has
no adverse effect on the reaction in succeeding processes and
additionally can easily be removed, and is preferably a
trialkylsilane. The general preparation method for the case that
a trialkylsilane is employed as the protecting group is described
hereinafter.

This process can be carried out by reacting a compound having
the general formula (XXXI) with a silylating agent in the presence
of a suiltable base in a solvent.

The silylating égent employed in the above reaction can be, for
example, a trialkylsilyl chloride such as triethylsilyl chloride,
t~butyldimethylsilyl chloride, triisopropylsilyl chloride or
t-butyldiphenylsilyl chloride; or a trialkylsilyl
trifluoromethanesulfonate such as triethylsilyl
trifluoromethanesulfonate, t-butyldimethylsilyl
trifluoromethanesulfonate, triisopropylsilyl
trifluoromethanesulfonate or t-butyldiphenylsilyl
trifluoromethanesulfonate, and is preferably a trialkylsilyl
chloride and particularly preferably t-butyldimethylsilyl chloride.

The base employed in the above reaction can be, for example, a
trialkylamine such as triethylamine, N,N-diisopropylethylamine, or

the like; an imidazole such as imidazole or 2-methylimidazole; or
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a pyridine such as pyridine, lutidine, collidine, or the like, and
is preferably an imidazole and particularly preferably imidazole.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, an ether such as diethyl ether,
tetrahydrofuran, 1,2-dimethoxyethane, dioxane, or the like; a
halogenated hydrocarbon such as dichloromethane, 1,2-dichloroethane
or chloroform; or an amide such as N,N-dimethylformamide,
N,N-dimethylacetamide, or the like; and is preferably an amide and
particularly preferably N,N-dimethylformamide.

The reaction temperature employed in ﬁhe above reaction is
generally between -23°C and 50°C, and preferably between 0°C and 30°C.

The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the
reagent used or the solvent employed, but is generally from 30 minutes
to 4 hours, and preferably from 1 hour to 3 hours.

After the reaction is completed, the desired compound of this
reaction can, if necessary, be isolated from the reaction mixture

and purified in the same manner as described in Step Al.

Step G4

Step G4 is a process for the preparation of a compound having
the general formula (VI-4) by converting a halogen atom of a compound
having the general formula (XXXII) into a nitrile group.

This process is accomplished by reacting a compound having the
general formula (XXXII) with an appropriate cyanating agent in a
solvent.

The cyanating agent employed in this reaction can be, for example,
a copper compound such as copper cyanide; or a combination of a
palladium catalyst, such as tetrakis(triphenylphosphine)palladiunm,
dichlorobis (triphenylphosphine)palladium,

[1,17 -bis(diphenylphosphino) ferrocene]ldichloropalladium, or the
like, and a metal cyanide, such as zinc cyanide, trimethylsilyl
cyanide or tributyltin cyanide, and is preferably a combination of

palladium catalyst and zinc cyanide and particularly preferably a
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combination of
[1,1’-bis(diphenylphosphino) ferrocene]dichloropalladium and zinc
cyanide.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, an ether such as diethyl ether,
-tetrahydrofuran, 1,2-dimethoxyethane, dioxane, or the like; or an
amide such as N,N-dimethylformamide, N,N-dimethylacetamide,
N-methyl-2-pyrrolidinone, or the like; and is preferably an amide
and particularly preferably N-methyl-2-pyrrolidinone.

The reaction temperature employed in the above reaction is
generally between 20°C and 180°C, and preferably between 80°C and
120°C.

The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the
reagent used or the solvent employed, but is generally from 30 minutes
to 4 hours, and preferably from 1 hour to 3 hours.

. After the reaction is completed, the desired compound of. this
reaction can, if necessary, be isolated from the reaction mixture

and purified in the same manner as described in Step Al.

Method H

Method H is a method for the preparation of a compound having
the general formula (VI-5), which is included in a compound having
the general formula (VI), wherein the substituent W is a pyridine
ring and additionally, the ring is substituted with an alkyl group -

as a substituent.
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In the above reaction scheme, R® and R® are the same or different
and each represents a C;-Cq alkyl group, and is preferably a methyl.
group or an ethyl group, and P represents a protecting group for a

hydroxyl group as described above.

Step H1 v

Step H1 is a process for the preparation of a compound having
the general formula (XXXIV) by converting a formyl group of a compound
having the general fofmula (XXXIII) into a hydroxymethyl group.
Additicnally, as to the compound having the general formula (XXXIII)
employed as the starting compounds, commercially available
6~formyl~2—(methylsulfanyl)nicotinonitrile, and the like
(Maybridge Chemicals Ltd.) can be used. _

This process éan be accomplished by reacting a compound having
the general formula (XXXIII) with a reducing agent in a solvent.

The reducing agent employed in the above reaction can be, for
example, an aluminum hydride such as lithium aluminum hydride, sodium
aluminum hydride, or diisobutylaluminum hydride; a borohydride such
as lithium borohydride, sodium borohydride or borane, and is
preferably a borohydride and particularly preferably sodium
borohydride.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, an ether such as diethyl ether, ‘
tetrahydrofuran, 1,2-dimethoxyethane, dioxane, or the like; or an

alcohol such as methanol, ethanol, isopropanol, or the like, and is
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preferably an alcohol and particularly preferably methanol.

The reaction temperature employed in the above reaction is

generally between -23°C and 50°C, and preferably between 0°C and 30°C.
The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the
reagent used or the solvent employed, but is generally from 15 minutes
to 2 hours, and preferably from 30 minutes to 1 hour.
After the reaction is completed, the desired compound of this
reaction .can, if necessary, be isolated from the reactiocn mixture

and purified in the same manner as described in Step Al.

Step H2

Step H2 is a process for the preparation of a compound having
the general formula (XXXV) by protecting a hydroxyl group of a
compound having the general formula (XXXIV) with an appropriate
protecting group for a hydroxyl group. The protecting group employed
in this reaction is not particularly restricted provided that it has
no adverse effect on the reaction in succeeding processes and
additionally can easily be removed, and is preferably a
trialkylsilane. The general preparation method for the case. that
a trialkylsilane is employed as the protecting group is described
hereinafter.

This process can be carried out by reacting a compound having
the general formula (XXXIV) with a silylating agent in the presence
of a suitable base in a solvent.

The silylating agent employed in the above reaction can be, for
example, a trialkylsilyl chloride such as triethylsilyl chloride,
t~butyldimethylsilyl chloride, triisopropylsilyl chloride or
t-butyldiphenylsilyl chloride; or a trialkylsilyl
trifluoromethanesulfonate such as triethylsilyl
trifluoromethanesulfonate, t-butyldimethylsilyl
trifluoromethanesul fonate, triisopropylsilyl
trifluoromethanesulfonate or t-butyldiphenylsilyl
trifluoromethanesulfonate, and is preferably a trialkylsilyl

chloride and particularly preferably triisopropylsilyl chloride.
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The base employed in the above reaction can be, for example, a
trialkylamine such as triethylamine, N,N-diisopropylethylamine, or
the like; an imidazole such as imidazole, 2-methylimidazole, or the
like; or a pyridine such as pyridine, lutidine, collidine, or the
like, and is preferably an imidazole and particularly preferably
imidazole.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, an ether such as diethyl ether,
tetrahydrofuran, 1,2-dimethoxyethane, dioxane, or the like:; a
halogenated hydrocarbon such as dichloromethane, 1,2-dichloroethane
or chloroferm; or an amide such as N,N-dimethylformamide,
N,N-dimethylacetamide, or the like; and is preferably an amide and
particularly preferably N,N-dimethylformamide.

The reaction temperature employed in the above reaction is

generally between -23°C and 50°C, and preferably between 0°C and 30°C.
The reaction time employved in the above reaction is different
depending on the reaction temperature, the starting material, the
reagent used or the solvent employed, but is generally from 30 minutes
to 4 hours, and preferably from 1 hour to 3 hours.
After the reaction is completed, the desired compound of this
reaction can, if necessary, be isolated from the reaction mixture

and purified in the same manner as described in Step Al.

Step H3

Step H3 ié a process for the preparation of a compound having
the general formula (XXXVI) by oxidizing an alkylthio group of a
compound having the general formula (XXXV).

This process is accomplished by reacting a compound having the
general formula (XXXV) with an appropriate oxidizing agent in a
solvent.

The oxidizing agent employed in the above reaction can be, for
example, a peracid such as peracetic acid, perbenzoic acid, or
m-chloroperbenzoic acid; a permanganate such as sodium permanganate

or potassium permanganate, and is preferably a peracid and



3 40 2-209 PhO CH 0 N NMe CH3 2-210 En CH 0 N NMe CH3 2-211
n-Bu CHO N CH S2 2-212 i-Bu CH O N CH S2 2-213 c-Hex

92

particularly preferably m-chloroperbenzoic acid.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, an alcohol such as methanol, ethanol,
isopropanol, or the like; or a halogenated hydrocarbon such as
dichloromethane, 1,2-dichloroethane, chloroform, or the like, and
is preferably an alcohol and particularly preferably ethanol.

The reaction temperature emploved in the above reaction is

generally between -23°C and 50°C, and preferably between 0°C and 30°C.
The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the
reagent used or the solvent employed, but is generally from 30 minutes
to 4 hours, and preferably from 1 hour to 3 hours.
After the reaction is completed, the desired compound of this
reaction can, if necessary, be isolated from the reaction mixture

and purified in the same manner as described in Step Al.

Step H4

Step H4 is a process for the preparation of a compoundyhaving
the general formula (VI-5) by converting an alkylsulfone group of
a compound having the general formula (XXXVI) into an alkyl group.

This process is carried out by reacting a compound having the
general formula (XXXVI) with an alkylating agent in a solvent.

The alkylating agent employed in the above reaction can be, for
example, a Grignard reagent such as an alkylmagnesium chloride, an
alkylmagnesium bromide or an alkylmagnesium iodide; or an
alkyllithium such as methyllithium, ethyllithium or
isopropyllithium, and is preferably a Grignard reagent.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, an ether such as diethyl ether,
tetrahydrofuran, 1,2-dimethoxyethane, dioxane, or the like; or an
aromatic hydrocarbon such as benzene, toluene or xylene, and is
preferably an ether and particularly preferably diethyl ether.

The reaction temperature employed in the above reaction is
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generally between -100°C and 0°C, and preferably between -78°C and
-23°C. |

The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the
reagent used or the solvent employed, but is generally from 15 minutes
to 4 hours, and preferably from 1 hour to 2 hours.

After the reaction is completed, the desired compound of this
reaction can, 1f necessary, be isolated from the reaction mixture

and purified in the same manner as described in Step Al.

Method I

Method I is a method for the preparation of a compound having
the general formula (VIII-1), which is included in a compound having
the general formula (VIII), wherein the substituent 2 is a phenoxy’
group which may optionally be substituted with substituent(s) and
additionally, the substituent Y is a benzene ring whichmay optionally

be substituted with substituent(s), and the LG is a hydroxyl group.

Rh

(XXXVII) (XXXVIIT) (VIII-1)

CO,H

In the above reaction scheme, RY and R® are the same or different
and each represents a group selected from Substituent group A

described above.

Step Il

Step Il is a process for the preparation of a compound having
the general formula (XXXVIII) by substituting a fluorine atom of a
compound having the general formula (XXXVII) with a phenoxy group,
which may optionally be substituted with substituent (s).

This process is carried out by reacting a compound having the

general formula (XXXVII) with various phenols in the presence of an
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appropriate base in a solvent.

The base employed in the above reaction can be, for example, an
alkali metal carbonate such as lithium carbonate, sodium carbonate
or potassium carbonate; or an alkali metal hydride such as lithium
hydride, sodium hydride or potassium hydride, and is preferably an
alkali metal carbonate and particularly preferably potassium
carbonate.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, an amide such as N,N-dimethylformamide,
N,N~dimethylacetamide, N-methyl-2-pyrrolidinone, or the like; or an .
ether such as diethyl ether, tetrahydrofuran, 1,2-dimethoxyethane,
dioxane, or the like, and is preferably an amide and particularly
preferably N,N-dimethylformamide.

The reaction temperature employed in the above reaction is

generally between 0°C and 140°C, and preferably between 60°C and 100°C.
The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the
reagent used or the sclvent employed, but is generally from 1 hour
to 24 hours, and preferably from 3 hours to 12 hours.
After the reaction is completed, the desired compound of this
reaction can, if necessary, be isclated from the reaction mixture

and purified in the same manner as described in Step Al.

Step I2

Step I2 is a process for the preparation of a compound having
the general formula (VIII-1) by oxidizing a formyl group of a compound
having the general formula (XXXVIII).

This process is accomplished by reacting a compound having the
general formula (XXXVIII) with an appropriate oxidizing agent in a
solvent.

The oxidizing agent employed in the above reaction can be, for
example, a hypochlorite such as sodium hypochleorite or potassium
hypochlorite; a chlorite such as sodium chlorite or potassium

chlorite; or a permanganate such as sodium permanganate or potassium
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permanganate, and is preferably a chlorite and particularly
preferably sodium chlorite.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, a combination of water and a tertiary alcohol
such as t-butanol or t-amyl alcohol; or a combination of water and
a halogenated hydrocarbon such as dichloromethane,
1,2~-dichloroethane, chloroform, or the like, and is preferably a
combination of water and a tertiary alcohol and particularly
preferably a combination of water and t-butanol.

The reaction temperature employed in the above reaction is

generally between 0°C and 60°C, and preferably between 0°C and 40°C.
The reaction time employed in the above reaction is different .
depending on the reaction temperature, the starting material, the
reagent used or the solvent employed, but is generally from 30 minutes
to 24 hours, and preferably from.1l hour to 4 hours.
After the reaction is completed, the desired compound of this
reaction can, if necessary, be isoclated from the reaction mixture

and purified in the same manner as described in Step Al.

Method J

Method J is a method for the preparation of a compound having
the general formula (VIII~2), which is included in a compound having
the general formula (VIII), wherein the substituent Z is an alkyl
group which may optionally be branched and additionally, the
substituent Y is a benzene ring which may optionally be substituted

with substituent(s) and the LG is a hydroxyl group.
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In the above reaction schemne, Rirepresernxsa.group selected from
Substituent group A described above, Hal represents a halogen atom
as described above, and is preferably a bromine atoﬁ or an iodine
atom, and RJ} and R* are the same or different and each represents a
C,-C¢ alkyl group which may optionally be substituted with group(s)

selected from Substituent group A.described above.

Step J1

Step Jl is a process for the preparation of a compound having
the general formula (XL) by converting a formyl group of a compound
having the general formula (XXXIX) into an alkenyl group.

This process is carried out by reacting a compound having the
general formula (XXXIX) with various alkyltriphenylphosphonium
salts in the presence of a suitable base in a solvent.

The base employed in the above reaction can be, for example, an
alkoxide such as sodium methoxide, sodium ethoxide or potassium
t-butoxide; an alkali metal hydride such as lithium hydride, sodium
hydride or potassium hydride; or an alkyllithium such as
n-butyllithium, s-butyllithium or t-butyllithium, and is preferably
an alkoxide and particularly preferably potassium t-butoxide.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, an amide such as N,N-dimethylformamide,
N, N-dimethylacetamide, N-methyl-2-pyrrolidinone, or the like; or an
ether such as diethyl ether, tetrahydrofuran, 1,2-dimethoxyethane,

dioxane, or the like, and is preferably an amide and particularly
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preferably N,N-dimethylformamide.

The reaction temperature employed in the above reaction is
generally between -45°C and 100°C, and preferably between 0°C and 40°C.

The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the
reagent used or the solvent employed, but is generally from 15 minutes
to 4 hours, and preferably from 30 minutes to 2 hours.

After the reaction is completed, the desired compound of this
reaction can, if necessary, be isolated from the reaction mixture

and purified in the same manner as described in Step Al.

‘Step J2

Step J2 is a process for the preparation of a compound having
the general formula (XLI) by converting a halogen atom of a compound
having the general formula (XL) into a carboxyl group.

This process is accomplished by carrying out a halogen-metal
exchange on a compound having the general formula (XL), followed by
reacting the resulting product with carbon dioxide in a solvent.

The metalating agent employed in the above reaction can be, for
example, a metal such as metallic lithium, metallic magnesium,.
metalliczinc,orthelike;cm:analkyllithiumsuchasrkbutyllithium,:
s-butyllithium, t-butyllithium, or the like; and is preferably an
alkyllithium and particularly preferably n-butyllithium.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, an ether such as diethyl ether,
tetrahydrofuran, 1,2-dimethoxyethane, dioxane, or the like; or an
aromatic hydrocarbon such as benzene, toluene, xylene, or the like,
and is preferably an ether and particularly preferably
tetrahydrofuran.

The reaction temperature employed in the above reaction is
generally between -100°C and 0°C, and preferably between -78°C and
-23°C,

The reaction time employed in the above reaction is different

depending on the reaction temperature, the starting material, the
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compound having the general formula (XLI).

This process is carried out by reacting a compound having the
general formula (XLI) with hydrogen in the presence of an appropriate
transition metal catalyst in a solvent.

The transition metal catalyst employed in the above reaction can
be, for example, a heterogeneous catalyst such as palladium on carbon,
platinum oxide or Raney nickel; a homogeneous catalyst such as
chlorotris (triphenylphosphine) rhodium or
tetrakis(triphenylphosphine)palladium, and is preferably a
heterogeneous catalyst and particularly preferably palladium on
carbon.

The solvent employed in the above reaction is not particularly
restricted provided that it has no adverse effect on the reaction
and can be, for example, an alcohol such as methanol, ethanol or
isopropanol; an ether such as diethyl ether, tetrahydrofuran,
1,2~dimethoxyethane, dioxane, or the like; or an aromatic hydrocarbon
such as benzene, toluene, or xylene, and is preferably an alcohol

and particularly preferably ethanol.

The reaction temperature employed in the above reaction is
generally between 0°C and 80°C, and preferably between 20°C and 40°C.

The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the
reagent used or the solvent employed, but is génerally from 15 minutes
to 4 hours, and preferably from 30 minutes to 2 hours.

After the reaction is completed, the desired compound of this

reaction can, if necessary, be isolated from the reaction mixture



Exemplification compound number 2-103: ,
1-12-[3-(4-Cyclohexylphenyl)isoxazol-5-y1]-5,6-dihydro-4H-cyclop
enta[b]thien-4-yllazetidine-3-carboxylic acid, Exemplification compound
number 2-108:

1-12-(3-(4-Cyclohexylphenyl)isoxazol-52y1]-4,5,6, 7-tetrahydro-lbenzofuran
-4-yllazetidine-3-carboxylic acid, Exemplification compound number
2-153: 1-{2-[5-(4-Cyciohexylpheny1)1,2,4-oxadiazol-3-y1]-5,6-dihydro-4H
-cyclopenta[b]thien-4-yllazetidine-3-carboxylic acid, Exemplification
é%%ﬁp%ﬁﬁﬂﬁ%ﬁﬁﬂﬁéfzyi%SFame manner as described in Step Al.
1-{2-[5-(4-Cyclohexylpheny1)1,2,4-oxadiazol-3-y1]-4,5,6,7-tetrah

Vs hrbenzothien-4-yllazetidine-3-carboxylic acid, Exemplification
compound number 2-163:
f—%ﬁ%ﬁﬁcjy)clohexylphenyl)1,2,4-oxadiazol-3-y11-5,6-dihydro-4H
-bytloperita[Bf@tarrd itiaz etiding-Becarhoxylit actd, tExemyplifieation4-oxadiazo

QQ@W&EUKEDQG¥¥¥¥%Q@§§11azetidinef3—carboxylic acid
1-i2-[5-(4-Cyclohexylphenyl)1,2,4-oxadiazol-3-yl]-4,5,6,7-tetrah 42

ydro-1-benzofuran-4-yllazetidine-3-carboxylic acid, Exemplification
compound number 2-ZL3;H

1-{2-[3-(4-Cyclohe henyl)isoxazol-3-y1]-5,6-dihydro-4H-cyclop
emtafplthieh-2gylazetidine-3-carboxylic acid, Exemplification compound
numbper 2-218: © :
1-12-[5-(4-Cyclohexylphenyl)isoxazol-3-y11-4,5,6,7-tetrahydro-lbenzothie
n-4-yflazetidine-3-carboxylic acid, Exemplification compound number
21223: 1424 befdeCyelohexyphemu)isoxazekdyil)] Hib=tinydw:- 4kheYclop
entalgliutan:4ryliazefidine3-cahoxvlicacid, aod Femplication o1y 14
compound number 2-228: ‘
PE2:9894- Y8 dhekyifiefifisoxaootiary 1of sty Fretianilirg- g, 29 mmol) at
benzofurasd-yilazelidiner I-carbexylic agifmi x 1o piafestedred for 1 hour.
ggmepounds are the cg{%poundg of Exemplification Compound Nos, 2-

-163

43,
48, 2103, 2108 2163, 2-168, 5823, 8nd 2258 {Tabi6 3f RICHB4>Eained
KES43iRetEd wifFh ebhfound NGRINRY RBRY REBSKErEIHad Mi3R Ether.

hid extract was washed with:a saturated agqueous solution of sodium-
chloride and dried over magnesium sulfate. After filtration, the.
filtrate was evaporated in vacuo. Subsequently, to a solution of-
the residue obtained in N,N-dimethylformamide (30 ml) were added
successively imidazole (3.9 g, 57 mmol) and
t-butyldimethylchlorosilane (4.7 g, 31 mmol) with stirring, and the
resulting mixture was stirred for 4 hours. After stirring, the
reaction mixture was poured into water (50 ml) to quench the reaction
and extracted with ether. The extract was washed with a saturated
aqueous solution of sodium chloride and dried over magnesium sulfate.
After filtration, the filtrate was evaporated in vacuo, and the crude
product of the title compound thus obtained was purified by
chromatography on a silica gel column using a mixed solvent of ethyl
acetate and hexane (3:97) as the eluent to afford the title compound
(7.4 g) in a yield of 89 % as a colourless oily product.

'HNMR (400 MHz, CDCls) & ppm: 0.09 (s, 6H), 0.90 (s, 9H), 4.60 (s,
2H), 6.29 (s, 1H), 7.36 (s, 1H).
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IR Spectra (liquid film): 1230, 1257, 1464, 1473cm’.
Mass spectrum (EI") m/z: 290 (M").

(1b) 5-({[t-Butyl(dimethyl)silylloxylmethyl)~-3~furaldehyde

To a solution of
[ (4-bromo~-2-furyl)methoxy] (t~-butyl)dimethylsilane (7.3 g, 25 mmol)
that was obtained in Example 1 (la) in tetrahydrofuran (50 ml) was
slowly added dropwise n-butyllithium (a 1.6 M solution in hexane,
17 ml, 28 mmol) at -78°C with stirring, and the resulting mixture
was stirred for 5 minutes. Subsequently, to the reaction mixture
was furthermore added N, N~dimethylformamide (3.8 ml, 50 mmol) at the
same temperature with stirring, and the resultingmixture was stirred
for 45 minutes. After stirring, a saturated aqueous solution of
ammonium chloride (10 ml) was added to the reaction mixture to quench
the reaction, and the resulting mixture was poured into water (100
ml) and extracted with ether. The extract was washedwith a saturated
aqueous solution of sodium chloride and dried over magnesium sulfate.
After filtration, the filtrate was evaporated in vacuo, and the crude
product of the title compound thus obtained was purified by
chromatography on a silica gel column using a mixed solvent of ethyl
acetate and hexane (1:49 to 1:19) as the eluent to afford the title
compound (3.3 g) in a vield of 55 % as a colourless oily product.
'HNMR Spectrum (500MHz, CDCls) & ppm: 0.10 (s, 6H), 0.91 (s, 9H), 4.65
(s, 2H), 6.62 (s, 1H), 8.00 (s, 1H), 9.90 (s, 1H).
IR Spectrum (liquid film): 1083, 1139, 1258, 1473, 1544,11693cm4.
Mass Spectrum (FABY) m/z: 241 ((M+H)Y).

(lc) 5—({[t—Butyl(dimethyl)silyl]oxy}methyl)~3—furonitrile

To a solution of
5-({[t~butyl (dimethyl)silyl]oxy}methyl)~-3-furaldehyde (3.2 g, 13
mmol) that was obtained in Example 1 (1b) in dichloromethane (40 ml)
were added successively hydroxylamine hydrochloride (1.0 g, 15 mmol)
and triethylamine (3.7 ml, 27 mmol) wifh stirring, and the resulting
mixture was stirred at room temperature for 2 hours. After stirring,

the reaction mixture was evaporated in vacuo. Subsequently, to a
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solution of the residue obtained in toluene (40 ml) was added
N,N’-dicyclohexylcarbodiimide (3.1 g, 15 mmol) with stirring, and
the resulting mixture was stirred at 90°C for 16 hours. After cooling
to room temperature, hexane‘(40ndj was added to the reaction mixture,
and inscluble materials were removed by filtration with Celite. The
filtrate was evaporated in vacuo, and the crude product of the title
compound thus obtained was purified by chromatography on a silica
gel column using a mixed solvent of ethyl acetate and hexane (3:97)
as the eluent to afford the title compound (1.8 g) in a yield of 57 %
as a colourless oily product.

'HNMR Spectrum (400 MHz, CDCl;) & ppm: 0.10 (s, 6H), 0.91 (s, 9H),
4.64 (s, 2H), 6.45 (s, 1H), 7.88 (s, 1H).

IR Spectrum {(liquid film): 1087, 1142, 1258, 1464, 1473, 1540, 2238
cm™t.

Mass Spectrum (FAB*) m/z: 238 ( (M+H)*).

(1d)
5-({[t-Butyl (dimethyl)silyl]oxylmethyl)-N’-hydroxyfuran-3-carbox
imidamide

To a solution of
5-({[t-butyl (dimethyl)silyl]oxy}methyl)-3-furonitrile (1.8 g, 7.6
mmol) that was obtained in Example 1 (1c) in ethanol (10 ml) was added
a 40 % aqueous solution of hydroxylamine (1.0 ml) with stirring, and
the resulting mixture was stirred at 60°C for 1 hour. After
evaporating the reaction mixture in vacuo, the residue obtained was
diluted with ether, poured into water (40 ml) and extracted with ether.
The extract was washed with a saturated aqueous solution of sodium
chloride and dried over magnesium sulfate. After filtration, the
filtrate was evaporated in vacuo, and the crude product of the title
compound thus obtained was purified by chromatography on a silica
gel column using a mixed solvent of ethyl acetate and hexane (1:1)
as the eluent to afford the title compound (2.0 g) in a yield of 97 %
as a white crystalline solid.
THNMR Spectrum (400MHz, CDCl;) 3 ppm: 0.09 (s, 6H), 0.90 (s, S9H), 4.62
(s, 2H), 4.69 (brs, 2H), 6.44 (s, 1H), 7.30 (br, 1H), 7.64 (s, 1H).
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IR Spectrum (KBr): 1059, 1594, 1613, 1671, 3203, 3376, 3498 cm™t,

Mass Spectrum (FABR®) m/z: 271 ((M+H)"), 309 ((M+K)").

(4-{5-[4-Phenyl-5- (trifluorcomethyl)-2-thienyl]l -1,2,4~oxadiazol-

3-yl}-2-furyljmethanol

To a solution of

5- ({ [t-butyl (dimethyl)silyl]oxy}methyl) -N’ -hydroxyfuran-3-carbo

ximidamide (0.14 g, 0.50 mmol) that was obtained in Example 1 (1d)

and 4-phenyl-5- (trifluoromethyl)thiophene-2-carbonyl chloride

{0.17 g, 0.60 mmol) in dichloromethane (10 ml) was added

N,N-diisopropylethylamine (0.17 ml, 1.0 mmol) at 0°C with stirring,

and the resulting mixture was stirred for 1 hour. After stirring,

a saturated agueous solution of sodium hydrogencarbonate (1.0 ml)

wags added to the reaction mixture to gquench the reaction, and the

resulting mixture was poured into water (20 ml) and extracted with

ether. The extract was washed with a saturated agueous solution

of sodium chloride and dried over magnesium sulfate. After

filtration, the filtrate was evaporated in vacuo. Subsequently,

to a solution of the residue obtained in tetrahydrofuran (1.0 ml)

was added tetrabutylammonium fluoride (a 1.0 M solution in

tetrahydrofuran, 0.75 ml, 0.75 mmol) with stirring, and the

resulting mixture was stirred at 60°C for 3 hours. After stirring,

the reaction mixture was poured into water (20 ml) to gquench the

reaction and extracted with ether. The extract was washed with a

saturated agueous solution of sodium chloride and dried over

magnesium sulfate. After filtration, the filtrate was evaporated

in vacuo, and the crude product of the title compound thus obtained

was purified by chromatography on a silica gel column using a mixed

solvent of ethyl acetate and hexane (1:1) as the eluent to afford

]

the title compound (0.20 g) in a yield of 10 % as a white crystalline

solid.

'HNMR Spectrum (500 MHz, CDCl;) d ppm: 4.69 (s, 2H), 6.83 (s, 1H),

(s, BH), 7.88 (s, 1H), 8.12 (s, 1H).

IR Spectrum (KBr): 1143, 1179, 1416, 1581, 1605, 1629, 3326 cm*t.

Mass Spectrum (FAB") m/z: 393 ((M+H)".
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(1f) Ethyl
1—[(4—{5—[4—phenyl~5~(trifluoromethyl)~2~thienyl]—1,2,4~oxadiazo
1-3-yl}-2-furyl)methyllazetidine-3-carboxylate
A solution of

(4-{5-[4-phenyl-5- (trifluoromethyl)-2-thienyl]~-1,2, 4~oxadiazol-3
-yl}-2-furyl)methanol (0.20 g, 0.50 mmol) that was obtained in
Example 1 (le), carbon tetrabromide (0.20 g, 0.60 mmol), and
triphenylphosphine (0.16 g, 0.60 mmol) in dichloromethane (1.0 ml)
was stirred .at 0°C for 1 hour. Subsequently, to the reaction mixture
were added successively ethyl 3-azetidinecarboxylate hydrochloride
(0.12g, 0.75 mmol) and N, N-diisopropylethylamine (0.26ml, 1.5 mmol)
~at the same temperature with stirring, and the resulting mixture was
stirred at room temperature for 2 hours. After stirring, a saturated
aqueous solution of sodium hydrogencarbonate (1.0 ml) was added to
the reactionmixture to quench the reaction, and the resultingmixture
was poured into water (20 ml) and extracted with ethyl acetate. The
-extract was washed with a saturated agqueous solution of sodium
chloride and dried over magnesium sulfate. After filtration, the
filtrate was evaporated in vacuo, and the crude product of the title
compound thus obtained was purified by chromatography on a silica
gel column using a mixed solvent of ethyl acetate and hexane (1:1
to 2:1) as the eluent to afford the title compound (0.21 g) in a yield
of 84 % as a white crystalline solid.

HNMR Spectrum (500MHz, CDCls) & ppm: 1.27 (t, 3H, J=7.3 Hz), 3.35
(guintet, 1H, J=7.3 Hz), 3.41 (t, 2H, J=7.3 Hz), 3.62 (t, 2H, J=7.3
Hz), 3.66 (s, 2H) 4.16 (g, 2H, J=7.3 Hz), 6.72 (s, 1H), 7.46 (s, 5H),
7.87 (s, 1H), 8.09 (s, 1H).

IR Spectrum (KBr): 1125, 1178, 1203, 1216, 1581, 1606, 1624, 1727
cm™t.

Mass Spectrum (FAB*) m/z: 504 ((M+H)").
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(1g9) :
1-[(4-{5-[4-Phenyl-5~ (trifluoromethyl)-2-thienyl]-1,2,4-oxadiaz
ol-3-yl}-2~furyl)methyl]l azetidine-3-carboxylic acid

To a solution of ethyl
1-[(4-{5-[4-phenyl-5~ (trifluoromethyl)-2-thienyl]-1,2,4-oxadiaz
ol-3-yl}-2-furyl)methyl]azetidine-3-carboxylate (0.20 g, 0.40
mmol) that was obtained in Example 1 (1f) in a mixed solvent of
tetrahydrofuran (0.50 ml), methanol (0.50 ml) and water (0.50 ml)
was added lithium hydroxide monohydrate (37 mg, 0.88 mmol) with
stirring, and the resulting mixture was stirred at room temperature
for 1 hour. After stirring, acetic acid (48 pl, 0.88 mmol) was added
to the reaction mixture to guench the reaction. Subsequently, to
the resulting mixture was added a solution of oxalic acid (18 mg,
0.20 mmol) in methanol (0.5 ml) with stirring, and the resulting
mixture was stirred for 30 minutes. The white solid precipitated
was collected by filtration using a Kiriyama funnel, washed with
a mixed solvent of water and methanol (3:7), and dried in vacuo to
afford the title compound (82 mg) in a yield of 39 % as a white
crystalline solid.
HNMR Spectrum (500 MHz, CD,OD) d ppm: 3.35 (quintet, 1H, J=7.8 Hz),
3.93 (t, 2H, J=8.3 Hz), 4.01 (t, 2H, J=9.3 Hz), 4.19 (s, 2H), 7.04
(s, 1H), 7.47-7.52 (m, SH), 8.03 (s, 1H), 8.34 (s, 1H).
IR Spectrum (KBr): 1135, 1177, 1379, 1410, 1594, 1626, 3421 cm™t,
Mass Spectrum (FAB*) m/z: 476 ((M+H)").

(Example 2)
I-({5-[5-(4-Cyclohexylphenyl)-1,2,4-oxadiazol-3-yl]-2-furyl}met

hyl)azetidine-3-carboxylic acid

(2a) 5-({[t-Butyl(dimethyl)silyl]oxymethyl)-2-furonitrile

The crude product of the title compound was
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synthesized by conducting the similar reaction to that mentioned in
Example 1 (lc) using

S-({[t-butyl (dimethyl)silyl]loxy}methyl)-2-furaldehyde (9.1 g, 38
mmol)[referenceliterature:Tetrahedron,vol.BO(23),6767(1994)],
hydroxylamine hydrochloride (2.9 g, 42 mmol), triethylamine (11 ml,
76 mmol) and N,N’-dicyclohexylcarbodiimide (8.6 g, 42 mmol) .
Subsequently, the crude product of the titie compound thus obtained
was purified by chromatography on a silica gel column using a mixed
solvent of ethyl acetate and hexane (1:9) as the eluent to afford
the title compound (7.5 g) in a vyield of 84 % as a colourless oily
product.

'HNMR Spectrum (400 MHz, CDCl;) & ppm: 0.11 (s, 6H), 0.82 (s, 9H),
4.67 (s, 2H), 6.36 (d, 1H, J=3.4 Hz), 7.04 (d, 1H, J=3.4 Hz).

IR Spectrum (liquid film): 1093, 1122, 1258, 1464, 1473, 1524, 2120,
2233 cem™.

Mass Spectrum (EI*) m/z: 238 (M').

(2b) ,
5-({[t-Butyl(dimethyl)silyl]loxylmethyl)-N’-hydroxyfuran—-2-carbox
imidamide v

The crude product of the title compound was synthesized by
conducting the similar reaction to that mentioned in Example 1 (1d)
using 5~ ({[t~butyl (dimethyl)silylloxylmethyl)-2~furonitrile
(7.5 9, 32mmol) that was obtained in Example 2 (2a) and a 40 % aqueous
solution of hydroxylamine (4.0ml). Subsequently, the crude product
of the title compound thus obtained was purified by chromatography
on a silica gel column using a mixed solvent of ethyl acetate and
hexane (1:1) as the eluent to afford the title compound (8.1 g) in
a yleld of 95 % as a white crystalline solid.
'HNMR Spectrum (400 MHz, CDCls) & ppm: 0.09 (s, 6H), 0.91 (s, 9H),
4.66 (s, 2H), 4.99 (brs, 2H), 6.28 (d, 1H, J=3.4 Hz), 6.70 (d, 1H,
J=3.4 Hz), 8.76 (br, 1H). ’
IR Spectrum (KBr): 1255, 1613, 1669, 3243, 3367, 3474 cm™
Mass Spectrum (EI") m/z: 270 (M%).
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(2c)
{5-[5-(4-Cyclohexylphenyl)~-1,2,4-oxadiazol-3-yl]-2~furyl}methano
1

A solution of
5-({[t-butyl(dimethyl)silylloxy}lmethyl)-N’-hydroxyfuran-2-carbox
imidamide (0.19 g, 0.70 mmol) that was obtained in Example 2 (2b),
4-cyclohexylbenzoic acid (0.16 g, 0.77 mmol), and
N,N’ ~dicyclohexylcarbodiimide (0.17 g, 0.84 mmol) in
dichloromethane (1.5 ml) was stirred for 1 hour. After stirring,
the reaction mixture was diluted with ether, and insoluble materials
were removed by filtration with Celite, and then the filtrate was
evaporated in vacuo. Subsequently, to a solution of the residue
obtained in tetrahydrofuran (1.0 ml) was added tetrabutylammonium.
fluoride {(a 1.0 M solution in tetrahydrofuran, 1.1 ml, 1.1 mmol) with
stirring, and the resulting mixture was stirred at 60°C for 1 hour.
After stirring, the reaction mixture was poured into water (20 ml)
to quench the reaction and extracted with ether. The extract was
washed with a saturated aqueous solution of sodium chloride and dried
over magnesium sulfate. After filtration, the filtrate was
evaporated in vacuo, and the crude product of the title compound thus
obtained was purifietlby chromatography on a silica gel column using
a mixed solvent of ethyl acetate and hexane (1l:1) as the eluent to
afford the title compound (0.18 g) in a yield of 81 % as a white
crystalline solid.
HNMR Spectrum (500 MHz, CDCl;) & ppm: 1.24—1.51 (m,5H), 1.75-1.81
(m, 1H), 1.84-1.96 (m, 4H), 2.56-2.64 (m, 1H), 4.74 (d, 2H, J=8.3
Hz), 6.50 (d, 1H, J=3.4 Hz), 7.16 (d, 1H, J=3.4 Hz), 7.38 (d, 2H,
J=7.8 Hz), 8.11 (d, 2H, J=7.8 Hz).
IR Spectrum (KBr): 1157, 1216, 1344, 1406, 1561, 1584, 1613, 3369
cm™.

Mass Spectrum (FAB") m/z: 325 ((M+H)").
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(2d) Ethyl
1-({5-[5-(4-cyclohexylphenyl)-1,2,4-oxadiazol-3=-yl]l-2-furyl}meth
vl)azetidine-3-carboxylate

The crude product of the title compound was synthesized by
conducting the similar reaction to that menticned in Example 1 (1f)
using
{5-[5-(4-cyclohexylphenyl)-1,2,4~oxadiazol-3-yl]-2-furyl}imethano
1 (0.18 g, 0.55 mmol) that was obtained in Example 2 (2c¢), carbon
tetrabromide (0.22 g, 0.67 mmol), triphenylphosphine (0.18 g, 0.67
mmol), ethyl 3-azetidinecarboxylate hydrochloride (0.14 g, 0.83
mmol) and N,N-diisopropylethylamine (0.30 ml, 1.7 mmol).
Subsequently, the crude product of the title compound thus obtained
was purified by chromatography on a silica gel column using a mixed
solvent of ethyl acetate and hexane (1:1 to 2:1) as the eluent to
afford the title compound (0.23 g) in a yield of 96 % as a white
crystalline solid.
'HNMR Spectrum (500 MHz, CDCl3) & ppm: 1.24-1.32 (m, 4H), 1.37-1.51
(m, 4H), 1.78 (d, 1H, J=12.7 Hz), 1.84-1.94 (m, 4H), 2.56-2.63 (m,
1H), 3.34 (quintet, 1H, J=7.8 Hz), 3.44 (t, 2H, J=7.8 Hz), 3.64 (t,
2H, J=7.8 Hz), 3.73 (s, 2H), 4.16 (g, 2H, J=7.3 Hz), 6.37 (d, 1H,
J=3.4 Hz), 7.13 (d, 1H, J=3.4 Hz), 7.37 (d, 2H, J=8.3 Hz), 8.10 (d,
2H, J=8.3 Hz).
IR Spectrum (KBr): 1374, 1561, 1614, 1736 cm™.
Mass Spectrum (FAB") m/z: 436 ((M+H)}"Y).

(2e)
1-({5-[5-(4-Cyclohexylphenyl)~-1,2,4-oxadiazol~3-yl]~-2~furyl}imeth
vl)azetidine-3~carboxylic acid

To a solution of ethyl
1-({5-[5-{4~cyclohexylphenyl})~-1,2,4-oxadiazocl~-3~yl]-2-furyllmeth
vljazetidine-3-carboxylate (0.23 g, 0.53 mmol) that was obtained in
Example 2 (2d) in a mixed solvent of tetrahydrofuran (0.50 ml),
methanol (0.50 ml) and water (0.50 ml) was added lithium hydroxide
monohydrate (50mg, 1.2mmol) with stirring, and the resultingmixture

was stirred at room temperature for 1 hour. After stirring, acetic
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acid (65 pul, 1.2 mmol) was added to the reaction mixture to quench
the reaction. The white solid precipitated was collected by
filtration using a Kiriyama funnel, washed with a mixed solvent of
water and methanol (3:7) and dried in vacuo to afford the title
compound (122 mg) in a yield of 56 % as a white crystalline solid.
'HNMR Spectrum (500 MHz, CDs;OD) & ppm: 1.30-1.40 (m, 1H), 1.43-1.57
(m, 4H), 1.79 (d, 1H, J=11.7 Hz), 1.87-1.24 {m, 4H), 2.63-2.69 (m,
1H), 3.36 (quintet, 1H, J=8.3 Hz), 3.97 (t, 2H, J=8.3 Hz), 4.05 (t,
2H, J=8.3 Hz), 4.27 (s, 2H), 6.77 (d, 1H, J=3.4 Hz), 7.26 (d, 1lH,
J=3.4 Hz), 7.48 (d, 2H, J=8.3 Hz), 8.11 (d, 2H, J=8.3 Hz).

IR Spectrum (KBr): 1346, 1410, 1442, 1503, 1561, 1588, 1618, 3105,
3430 cm’t.

Mass Spectrum (FAB") m/z: 408 ((M+H)").

(Example 3)
1-[(4-{5-[4-Phenyl-5-(trifluoromethyl)-2~thienyl]-1,2,4~oxadiazo
1-3=-yl}~-2-thienyl)methyl]azetidine-3~carboxylic acid

F,c S N

Pha~ O CO,H
s

(3a)
5- ({[t-Butyl (dimethyl)silyl]loxy}lmethyl)thiophene-3-carbonitrile
To a solution of
[{4-bromo-2~-thienyl)methoxy]t~-butyldimethylsilane (9.0 g, 29 mmol)
[reference literature : J. Med Chem., vol. 45, 5005 (2002)] in
N, N~dimethylformamide (20 ml) was added copper cyanide (4.7 g, 53
mmol) with stirring, and the resulting mixture was refluxed for 2
hours. After cooling to room temperature, the reaction mixture was
diluted with ether (80 ml), and after adding a 28% agueous solution
of ammonia (50 ml), the resulting mixture was stirred at room
temperature for 1 hour. After stirring, the reaction mixture was
extracted with ether, and the extract was washed successively with

water and a saturated aqueous solution of sodium chloride and dried
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over sodium sulfate. After filtration, the filtrate was evaporated
in vacuo, and the crude product of the title compound thus obtained
was purified by chromatography on a silica gel column using a mixed
solvent of ethyl acetate and hexane (1:50 to 1:4) as the eluent to
afford the title compound (4.3 g) in a yield of 58 % as a colourless
oily product.

'HNMR Spectrum (400 MHz, CDCly) & ppm: 0.11 (s, 6H), 0.93 (s, 9H),
4.85 (s, 2H), 7.06 (s, 1H), 7.82 (s, 1H).

IR Spectrum (thin film): 1086, 1128, 1258, 2229 cm™ .

Mass Spectrum (EI") m/z: 253 (M%).

(3b)
5-({[t-Butyl (dimethyl)silyl]oxy}methyl)-N’-hydroxythiophene-3-ca
rboximidamide

The crude product of the title compound was synthesized by
conducting the similar reaction to that mentioned in Example 1 (1d)
using
5-({[t-butyl (dimethyl)silyl]oxylmethyl)thiophene-3-carbonitrile
(4.3 g, 17 mmol) that was cbtained in Example 3 (3a) and a 40 % aqueous
solution of hydroxylamine (2.2 ml). Subsequently, the crude product
of the title compound thus obtained was purified by chromatography
on a silica gel column using a mixed solvent of ethyl acetate and
hexane (1:10 to 2:5) as the eluent to afford the title compound (4.7
g) in a yield of 97 % as a white crystalline solid.
HNMR Spectrum (400 MHz, CDCl;) & ppm: 0.10 (s, 6H), 0.93 (s, %H),
1.69 (brs, 1H), 4.79 (brs, 2H), 4.84 (s, 2H), 7.02 (d, 1H, J=1.4 Hz),
7.31 (d, 1H, J=1.4 Hz):
IR Spectrum (KBr): 1101, 1256, 1371, 1655, 3208, 3389, 3495 cm™
Mass Spectrum (FAB') m/z: 287 ((MfH)W.

(3c)
(4-{5-[4~-Phenyl~5-(trifluoromethyl)-2-thienyl]~1,2,4-oxadiazol-3
-yl}~-2-thienyl)methanol

The crude product of the title compound was synthesized by

conducting the similar reaction to that mentioned in Example 1 (le)
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using

5-({[t-butyl {dimethyl)silylloxy}lmethyl)-N’-hydroxythiophene-3-ca
rboximidamide (0.43 g, 1.5 mmol) that was obtained in Example 3 (3b),
4-phenyl-5- (trifluoromethyl) thiophene-2-carbonyl chloride (0.52 g,
1.8 mmol), N,N-diisopropylethylamine (0.52 ml, 3.0 mmol), anda 1.0
M solution of tetrabutylammonium fluoride (3.0 ml, 3.0 mmol) .
Subsequently, the crude product of the title compound thus obtained
was purified by chromatography on a silica gel column using a mixed
solvent of ethyl acetate and hexane (1:2 to 1:1) as the eluent to
afford the title compound (0.60 g) as a white crystalline solid.
'HNMR Spectrum (400M Hz, CDCls) & ppm: 1.95 (brs, 1H), 4.89 (s, 2H),
7.45 (s, 5H), 7.56 (s, 1H), 7.87 (d, 1H, J=1.2 Hz), 8.07 (d, 1H, J=1.2
Hz) .

IR Spectrum (KBr): 1126, 1183, 1268, 1313, 1417, 1578, 1606, 3324
cm™t.

Mass Spectrum (FAB*) m/z: 409 ((M+H)").

(3d) Ethyl
1-[(4-{5-[4-phenyl-5-(trifluoromethyl)~2-thienyl]-1,2, 4-oxadiazo
-1-3-yl}-2-thienyl)methyl]azetidine-3-carboxylate

The crude product of the title compound was synthesized by
conducting the similar reaction to that mentioned in Example 1 (1f)
using
(4-{5—t4~phenyl—5—(trifluoromethyl)—2—thienyl]—1,2,4—oxadiazol—3
-yl}-2-thienyl)methanocl (0.10 g, 0.25 mmol) that was obtained in
Example 3 (3c), carbon tetrabromide (0.17 g, 0.50 mmol),
triphenylphosphine (0.13 g, 0.50 mmol), ethyl
3-azetidinecarboxylate hydrochloride (62 mg, 0.38 mmol), and
N,N-diisopropylethylamine (0.11 ml, 0.63 mmol). Subsequently, the
crude product of the title compound thus obtained was purified by
thin layer chromatography on a silica gel plate using a mixed solvent
of ethyl acetate and hexane (2:3) as the developing solvent to afford
the title compound (73 mg) in a vield of 56 % as a white crystalline
solid.

'HNMR Spectrum (400 MHz, CDCls) & ppm: 1.27 (t, 3H, J=7.0 Hz), 3.31-3.41
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(m, 3H), 3.55-3.68 (m, 2H), 3.83 (s, 2H), 4.17 (g, 2H, J=7.0 Hz),

7.47 (s, 6H), 7.89 (d, 1H, J=1.2 Hz), 8.04 (d, 1H, J=1.2 Hz).

IR Spectrum (KBr): 1132, 1180, 1197, 1272, 1316, 1577, 1608, 1720
-1

cm .

Mass Spectrum (FAB") m/z: 520 ((M+H)").

{3e) v
1—[(4—{5—[4—Phenyl~5n(trifluoroﬁethyl)—2~thienyll*l,2,4~oxadiazo
1-3-yl}-2-thienyl)methyllazetidine-3-carboxylic acid

To a solution of ethyl
1-[(4-{5~{4~phenyl-5~-(trifluoromethyl)-2-thienyll-1,2,4-oxadiazo
l~3*yl}—2—thienyl)methyl]azetidinefB-carbOXylate (70 mg, 0.13
mmel) that was obtained in Example 3 (3d) in dioxane (2 ml) was added
‘a 1N aqueous solution of sodium hydroxide (0.39 ml, 0.39 mmol) with

stirring, and the resulting mixture was stirred at room temperature

for 2 hours. After stirring, aceticacid (22 ul, 0.39mmol) was added
to the reaction mixture to quench the reaction, and the resulting
mixture was evaporated in vacuo. To the residue thus obtained were
added successively methanol (1 ml) and water (1 ml) with stirring,
and the white solid precipitated was collected by filtration using
a Kiriyama funnel, washed with a mixed solvent éf water and methanol
(3:7) and dried in vacuo to afford the title compound (34 mg) in a
vield of 53 % as a crystalline white solid.

'HNMR Spectrum (400 MHz, CD;CO,D) & ppm: 3.75-3.88 (m, 1H), 4.35-4.46
{m, 2H), 4.46-4.58 (m, 2H), 4.76 (s, 2H), 7.45-7.60 (m, S5H), 7.93
(s, 1H), 8.03 (s, 1H), 8.37 (s, 1H).

IR Spectrum (KBr): 1133, 1178, 1270, 1579, 1605, 3429 cm™

Mass Spectrum (FAB") m/z: 492 ((M+H)").

(Example 4)
1-{(5-{5-[4-Phenyl-5-(trifluoromethyl)~-2-thienyl]~1,2,4-oxadiazo
1-3-yl}-2-thienyl)methyllazetidine-3~carboxylic acid
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(4a)

5-({[t-Butyl (dimethyl)silyl]loxylmethyl)thiophene-2-carbonitrile
The crude product of the title compound was synthesized by
conducting the similar reactioﬁ to that mentioned in Example 3 (3a)
using [ (5-bromo-2~thienyl)methoxylt-butyldimethylsilane (2.4 g,
7.8 mmol) [reference literature: Tetrahedron, vol. 39, 2531 (1983)]
and copper cyanide (1.3 g, 14mmol). Subsequently, the crude product
of the title compound thus obtained was purified by chromatography
on a silica gel column using a mixed solvent of ethyl acetate and
hexane (1:50 fo 1:7) as the eluent to afford the title compound (1.1
g) in a yield of 56 % as a white crystalline solid.
iHNMR Spectrum (400 MHz, CDCl;) & ppm: 0.12 (s, 6H), 0.93 (s, 9H),
4.88 (d, 2H, J=1.2 Hz), 6.70 (dt, 1H, J=3.9 Hz, 1.2 Hz), 7.46 (d,
1H, J=3.9 Hz).
IR Spectrum (thin f£ilm)]: 1096, 1258, 1377, 1464, 1472, 2219 cm™t.
Mass Spectrum (EI*) m/z: 253 (M').

(4b)
5—({[t—Butyl(dimethyl)siiyl]oXy}methyl)—N’—hydroxythiophene—2~ca
rboximidamide

The crude product of the title compound was synthesized by
conducting the similar reaction to that mentioned in Example 1 (1d)
using

5-({[t-butyl (dimethyl)silylloxylmethyl)thiophene-2-carbonitrile

(1.3 g, 5.0mmol) that was obtained in Example 4 (4a) and a 40 % aqueous
solution of hydroxylamine (0.7 ml). Subsequently, the crude product
of the title compound thus ocbtained was purified by recrystallization
from a mixed solvent of ethyl acetate and hexane to afford the title
compound (1.2 g) in a yield of 81 % as a white crystalline solid.
'HNMR Spectrum (400 MHz, CDCls) & ppm: 0.10 (s, 6H), 0.93 (s, 9H),
4.82 (brs, 2H), 4.84 (s, 2H), 6.81 (brs, 1H), 6.84 (d, 1H, J=3.7 Hz),
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7.11 (d, 1H, J=3.7 Hz).

. IR Spectrum (KBr): 1067, 1250, 1256, 1368, 1387, 1588, 1658, 3206,
3384, 3498 cm’?,

Mass Spectrum (EI*) m/z: 286 (M').

(4c)
(5-{5-[4-Phenyl-5-(trifluoromethyl)-2-thienyl]-1,2,4-oxadiazol-3
-yl}=-2-thienyl)methanol

The crude product of the title compound was synthésized by
conducting the similar reaction to that mentioned in Example 1 (le)
using ,
5-({[t-butyl (dimethyl)silyl]oxylmethyl)-N’-hydroxythiophene-2-ca
rboximidamide (0.43 g, 1.5 mmol) that was obtained in Example 4 (4b),
4-phenyl-5-(trifluoromethyl) thiophene-2-carbonyl chloride (0.52 g,
1.8 mmol), N,N~diisopropylethylamine (0.52 ml, 3.0 mmol), and a 1.0
M solution of tetrabutylammonium fluoride (3.0 ml, 3.0 mmol).
Subsequently, the crude product of the title compound thus obtained
was purified by chromatography on a silica gel column using a mixed
solvent of ethyl acetate and hexane (l:2) as the eluent to afford
the title compound (0.60 g) in a yield of 99 % as a white crystalline
solid. ,
LHNMR Spectrum (400 MHz, CDCljs) & ppm: 1.97 (brs, 1H), 4.89 (s, 2H),
7.06 (d, 1H, J=3.7 Hz), 7.45 (s, 5H), 7.72 (d, 1H, J=3.7 Hz), 7.88
(q, 1H, J=1.6 Hz).
IR Spectrum (KBr): 1108, 1126, 1176, 1269, 1373, 1572, 3322 cm™.
Mass Spectrum (FAB™) m/z: 409 ((M+H)").

(4d) Ethyl
1-[(5-{5-[4-phenyl-5-(trifluoromethyl)-2-thienyl]-1,2,4-oxadiazo
1-3-yl}-2-thienyl)methyllazetidine-3-carboxylate

The crude product of the title compound was synthesized by
conducting the similar reaction to that mentioned in Example 1 (1f)
using
(5-{5~-[4-phenyl-5-(trifluoromethyl)~2-thienyl]-1,2,4-oxadiazol-3
~yl}-2-thienyl)methanol (0.12 g, 0.29 mmol) that was obtained in
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Example 4 (4c), carbon tetrabromide (0.19 g, 0.58 mmol),
triphenylphosphine (0.15 g, 0.538 mmol), ethyl
3-azetidinecarboxylate hydrochloride (62 mg, 0.38 mmol), and

N, N-diisopropylethylamine (0.13 ml, 0.73 mmol). Subsequently, the
crude product of the title compound thus obtained was purified by
thin layer chromatography on a silica gel plate using a mixed solvent
of ethyl acetate and hexane (4:5) as the developing solvent to afford
the title compound (0.12 g) in a yield of 80 % as a colourless oily
product.

1HNMRSpectrum(4OOMHz,CDCl3) Sppm: 1.28 (t, 3H, J=7.0Hz), 3.30-3.42
(m, 3H), 3.59-3.69 (m, 2H), 3.84 (s, 2H), 4.17 (g, 2H, J=7.0 Hz),
6.96 (d, 1H, J=3.7 Hz), 7.45% (s, 5H), 7.69 (d, 1H, J=3.7 Hz), 7.87
(s, 1H).

IR Spectrum (liquid f£ilm): 1133, 1182, 1214, 1269, 1284, 1373, 1571,
1734 cm™.

Mass Spectrum (FAB") m/z: 520 ((M+H)").

(4e)
1-[(5-{5-[4-Phenyl-5-(trifluoromethyl)-2-thienyl}-1,2,4-oxadiazo
1-3-yl}-2-thienyl)methyl]lazetidine-3-carboxylic acid

The title compound (60 mg) was synthesized in a yield of 53 %
as a white crystalline solid by conducting the similar reaction to
that mentioned in Example 3 (3e) using ethyl
1-[(5-{5~[4-phenyl-5- (trifluoromethyl)-2-thienyl]-1,2,4-oxadiazo
1-3-yl}-2-thienyl)methyl]azetidine-3~carboxylate (0.12 g, 0.23
mmol) that was obtained in Example 4 (4d) and a 1N agueous solution
of sodium hydroxide (0.69 ml, 0.69 mmol).
'HNMR Spectrum (400 MHz, CD3;CO,D) & ppm: 3.80-3.92 (m, 1H), 4.33-4.48
“(m, 2H), 4.52-4.65 (m, 2H), 4.80 (s, ‘2H), 7.45-7.57 (m, 6H), 7.87
(s, 1H), 8.02 (s, 1H).
IR Spectrum (KBr): 1134, 1179, 1214, 1267, 1366, 1379, 1570, 1605,
3429 cmt. ‘
Mass Spectrum (FAB") m/z: 492 ((M+H)").
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(Example 5)
1-({5-[5-(4-Phenoxyphenyl)-1,2,4-oxadiazol-3-yl]-2-thienyl}lmethy

l)azetidine-3-carboxylic acid

0. CO,H
@O\Q\{i\]}iﬁﬁ&j 2
/

(5a)
{5-[5-(4-Phenoxyphenyl)~-1,2,4-oxadiazol-3-yl]-2-thienyl}methanol
To a solution of 4-phenoxybenzoic acid (0.12 g, 0.55 mmol) in
acetonitrile (5 ml) were added successively l-hydroxybenzotriazole
(88 mg, 0.65 mmol), l-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (0.12 g,. 0.60 mmol),
S5—({[t-butyl (dimethyl)silyl]oxy}methyl)-N’~hydroxythiophene-2-ca
rboximidamide (0.14 g, 0.5 mmol) that was obtained in Example 4 (4b)
with stirring, and the resulting mixture was stirred at room
temperature for 30 minutes. After stirring, water (5 ml) was added
to the reaction mixture to quench the reaction, and the resulting
mixture was extracted with ethyl acetate. The extract was washed
successively with 0.1N hydrochloric acid, a saturated agueous
solution of sodium hydrogencarbonate and a saturated aqueous solution
of sodium chloride and dried over sodium sulfate. After filtration,
the filtrate was evaporated in vacuo. Subsequently, to a solution
of the residue obtained in tetrahydrofuran (4.0 ml) was added
tetrabutylammonium fluoride (a 1.0 M solution in tetrahydrofuran,
1.0ml, 1.0mmol) with stirring, and the resulting mixture was stirred
at 60°C for 3 hours. After stirring, the reaction mixture was poured
into water (20 ml) to guench the reaction and extracted with ether.
The extract was washed with a saturated aqueous solution of sodium
chloride and dried over sodium sulfate. After filtration, the
filtrate was evaporated in vacuo, and the crude product of the title
compound thus obtained was purified by chromatography on a silica
gel column using a mixed solvent of ethyl acetate and hexane (1:1)

as the eluent to afford the title compound (97 mg) in a yield of 55 %
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as a white crystalline solid.

'HNMR Spectrum (400 MHz, CDCl;) & ppm: 1.89 (t, 1H, J=5.9 Hz), 4.89
(d, 2H, J=5.9 Hz), 7.03-7.10 (m, 4H), 7.19-7.28 (m, 2H), 7.35-7.44
(m,2H4), 7.71 (d, 1H, J=3.5 Hz), 8.61 (d, 2H, J=8.6 Hz}.

IR Spectrum (KBr): 1241, 1366, 1487, 1575, 1590, 1613, 3331 cmt.
Mass Spectrum (FAB') m/z: 351 ((M+H)).

{(5b) Ethyl
1—({5*[5—(4~phenoxyphenyl)—1,2,4~oxadiazol~3—yl]—2~thienyl}methy
l)azetidine-3-carboxylate
The crude product of the title compound was synthesized by

conducting the similar reaction to that mentioned in Example 1 (1f)
using
{5—[5-(4—phenoxyphenyl)-l,2,4—oxadiazol—3—yl]—Z—thienyl}methanol
(97 m g, 0.28 mmol}) that was obtained in Example 5 (5a), carbon
tetrabromide (0.19 g, 0.56 mmol), triphenylphosphine (0.15 g, 0.56
mmol),ethyl3—azetidinecarboxylatehydrochloride (70 mg, 0.42 mmol),
and N,N-diisopropylethylamine (0.18 ml, 1.1 mmol). Subsequently,
the crude product of the titie compound thus obtained was purified
by thin layer chromatography on a silica gel plate using a mixed
‘solvent of ethyl acetate and hexane (4:3) as the developing solvent
" to afford the title compound (93 mg) in a yield of 72 % as a colourless
oily product.

IHNMR Spectrum (400 MHz, CDCls) & ppm: 1.27 (t, 3H, J=7.0Hz), 3.29-3.41
(m, 3H), 3.59-3.68 (m, 2H), 3.84 (s, 2H), 4.17 (g, 2H, J=7.0 Hz),
6.96 (d, 1H, J=3.3Hz), 7.06-7.15 (m, 4H), 7.23 (t, 1H, J=7.4 Hz),
7.42 (t, 2H, J=7.8 Hz), 7.70 (d, 1H, J=3.3 Hz), 8.14 (d, 2H, J=9.0
Hz) .

IR Spectrum (liquid film): 1168, 1196, 1246, 1367, 1489, 1732 cm™t.
Mass Spectrum (FAB') m/z: 462 ((M+H)").

(5¢)
1-({5-[5-(4-Phenoxyphenyl)~1,2,4-oxadiazol-3~-yl]-2-thienyl}methy
l)yazetidine-3~carboxylic acid

The title compound (69 mg) was synthesized in a yield of 80 %
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as a white crystalline solid by conducting the similar reaction to
that mentioned in Example 3 (3e) using ethyl
1-({5~[5-(4-phenoxyphenyl)-1,2, 4-oxadiazol-3-yl}-2-thienyl}methy
l)azetidine~3-carboxylate (90 mg, 0.20 mmol) that was obtained in
Example 5 (5b) and a 1N agueous solution of sodium hydroxide (0.60
ml, 0.60 mmol). |

'HNMR Spectrum (400 MHz, CD4CO,D) & ppm: 3.76~3.87 (m, 1H), 4.35-4.44
(m, 2H), 4.49-4.57 (m, 2H), 4.74 (s, 2H), 7.15 (d, 4H, J=8.6 Hz),
7.25 (t, 1H, J=7.8 Hz), 7.40-7.48 (m, 3H), 7.84 (d, 1H, J=3.9 Hz),
8.18 (d, 2H, J=8.6Hz).

IR Spectrum (KBr):1243, 1366, 1488, 1569, 1591, 1613, 3469 cm™’.
Mass Spectrum (FABY) m/z: 434 ((M+H)").

(Example 6)
1-({4-[5-(4-Benzylphenyl)~1,2,4~oxadiazol-3-yl}-2-thienyl}methyl

)azetidine~3~carboxylic acid

§i@4§i 2

(6a)
{4-[5-(4-Benzylphenyl)-1,2,4~oxadiazol-3~yl]~2-thienyl}methanol
The crude product of the title compound was synthesized by
conducting the similar reaction to that mentioned in Example 5 (5a)
using 4-benzylbenzoic acid (0.12 g, 0.55 mmol),
l-hydroxybenzotriazole (88 mg, 0.65 mmol),
l-ethyl-3-(3-dimethylaminopropyl)carbodiimide (0.12 g, 0.60 mmol},
S5-({[t-butyl (dimethyl)silyl]loxy}methyl)-N’-hydroxythiophene-3-ca
rboximidamide (0.14 g, 0.5 mmol) that was obtained in Example 3 (3b),
and tetrabutylammonium fluoride (a 1.0 Msolution in tetrahydrofuran,
1.0 ml, 1.0 mmol). Subsequently, the crude product of the title
compound thus obtained was purified by recrystallization from a mixed
solvent of ethyl acetate and hexane to afford the title compound (99

mg) in a yield of 57 % as a white crystalline solid.
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"HNMR Spectrum (400 MHz, CDCls;) & ppm: 1.68 (brs, 1H), 4.08 (s, 2H),
4.90 (s, 2H), 7.18-7.43 (m, 7H), 7.59 (s, 1H), 8.07-8.15 (m,3H).
IR Spectrum (KBr): 1019, 1418, 1495, 1563, 1585, 16161, 3334 cm™’.
Mass Spectrum (FAB") m/z: 349 ((M+H)Y).

(6b) Ethyl
1-({4-[5-(4-benzylphenyl) -1,2,4-oxadiazol-3~yl]-2~-thienyl}methyl
)azetidine~3-carboxylate

The crude product of the title compound was synthesized by
conducting the similar reaction to that mentioned in Examnple 1 (1f)
using
{4—[5—(4—benzylphenyl)*l,2,4—oxadiazol—3—yl]—2—thienyl}methanol
(95 mg, 0.27 mmol) that was obtained in Example 6 (6a), carbon
tetrabromide (0.18 g, 0.54 mmol), triphenylphosphine (0.14 g, 0.54
mmol), ethyl 3-azetidinecarboxylate hydrochloride (67 mg, 0.41 mmol),
and N,N-diisopropylethylamine (0.12ml, 0.68 mmol). Subsequently,
the crude product of the title compound thus obtained was purified
by thin layer chromatography on a silica gel plate using a mixed
solvent of ethyl acetate and hexane (6:4) as the developing solvent
to afford the title compound (84 mg) in a yield of 68 % as a white
crystalline solid.
1HNMRSpectrum(4OOMHz,CDClg,) dppm: 1.27 (t, 3H, J=7.0Hz), 3.30-3.39
(m, 3H), 3.56-3.66 (m, 2H), 3.82 (s, 2H), 4.06 (s, 2H), 4.15 (q, 2H,
J=7.0 Hz), 7.16-7.38 (m, 7H), 7.47 (s, 1H), 8.01 (s, 1H), 8.08 (d,
2H, J=8.2 Hz).
IR Spectrum (KBr): 1184, 1296, 1356, 1423, 1585, 1735cm™.
Mass Spectrum (FAB*) m/z: 460 ((M+H)").

(6c)
1-({4-{5—(4—Benzylphenyl)—1,2,4—oxadiazol—3~yl]—2—thienyl}methyl

)azetidine-3~carboxylic acid

A

The title compound (67 mg) was synthesized in a yield of 86 %
as a white crystalline solid by conducting the reaction similar to
that mentioned in Example 3 (3e) using ethyl
l~({4~[5—(4—benzylphenyl)—1,2,4—oxadiazol—3—yl]—2—thienyl}methyl
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Jazetidine-3-carboxylate (82 mg, 0.18 mmol) that was obtained in
Example 6 (6b), and a 1IN aqueous solution of sodium hydroxide (0.54
ml, 0.54 mmol).

"HNMR Spectrum (400 MHz, CD;CO,D) & ppm: 3.74-3.86 (m, 1H), 4.07 (s,
2H), 4.34-4.43 (m, 2H), 4.45-4.55 (m, 2H), 4.72 (s, 2H), 7.16-7.31
(m, 5H), 7.42 (d, 2H, J=8.2 Hz), 7.89 (s, 1H), 8.11 (d, 2H, J=7.8
Hz), 8.31 (s, 1H).

IR Spectrum (KBr): 1323, 1387, 1428, 1562, 1587, 1604, 1616, 3427
cm™,

Mass Spectrum (FABR") m/z: 432 ((M+E)T).

(Example 7)
1—{2-{5—(4~Isobutylphenyl)—l,2,4—oxadiazol—3—yl]—4,5,6,7—tetrahy

dro-l-benzofuran-4-yl}azetidine-3-carboxylic acid 1/2 oxalate

CO,H
Oy 1
NS N
NN

(7a)
t—Butyl(dimethyl)(4,5,6,7ftetrahydro~1~benzofuran—4-yloxy)silane
To a solution of 6,7-dihydro-4-(5H)~benzofuranone (5.0 g, 37
mmol) in methanol (50 ml) was added sodium borohydride (1.4 g, 37
mmol) at 0°C with stirring, and the resulting mixture was stirred
for 1 hour. After evaporating the reaction mixture in vacuo, the
residue obtained was diluted with ether, poured into water (40 ml),
and extracted with ether. The extract was washed with a saturated
aqueous solution of sodium chloride and dried over magnesium sulfate.
After filtration, the filtrate was evaporated in vacuo.
Subsequently, to a solution of the residue thus obtained in
dimethylformamide (30 ml) were added successively imidazole (4.0 g,
59 mmol) and t-butyldimethylchlorosilane (4.9 g, 32 mmol) with
stirring, and the resulting mixture was stirred for 2 hours. After
stirring, the reaction mixture was poured into water (50 ml) to quench

the reaction and extracted with ether. The extract was washed with
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a saturated aqueous solution of sodium chloride and dried over
magnesium sulfate. After filtration, the filtrate was evaporated
in vacuo, and the crude product of the title compound thus cobtained
was purified by chromatography on a silica gel column using a mixed
solvent of ethyl acetate and hexane (1:49 to 3:97) as the eluent to
afford the title compound (7.2 g) in a yield of 77 % as a colourless
oily product.

1HNMR Spectrum (400 MHz, CDCl;) & ppm: 0.12 (s, 3H), 0.13 (s, 3H),
0.92 (s, 9H), 1.63-1.79 (m, 2H), 1.89-1.94 (m, 1H), 1.98-2.08 (m,
1H), 2.51 (dt, 1H, J=16.4 Hz, 6.3 Hz), 2.62 (dt, 1H, J=16.4 Hz, 6.3
Hz), 4.74 (t, 1H, J=6.3 Hz), 6.30 (d, 1H, J=1.6 Hz), 7.24 (d, 1H,
J=1.6 Hz).

IR Spectrum (liquid film): 1074, 1255, 2858, 2932cm™.

Mass Spectrum (EI4) m/z: 252 (M%),

(7o)
4—{[t—Butyl(dimethyl)silyl]oxy}-4,5,6,7~tetrahydro—1—benzofuran—
2-carboxaldehyde
To a solution of

t—butyl(dimethyl)(4,5,6,7~tetrahydro—l—benzofuran—4~yloxy)silane
(4.lg,16nmml)thatwasobtainedinExample7(7a)intetrahydrofuran
(30 ml) was slowly added dropwiée n-butyllithium (a 1.6 M solution
in hexane, 31 ml, 49 mmol) at -78°C with stirring, and after raising

the reaction temperature to 0°C, the resulting mixture was stirred

for 30 minutes. After cooling again the reaction mixture to -78°C
while stirring, N,N-dimethylformamide (13 ml, 162 mmol) was added
to the reaction mixture with stirring, and the resulting mixture was
stirred for 30 minutes. After stirring, a saturated aqueous solution
of ammonium chloride (10 ml) was added to the reaction mixtufe to
quench the reaction, and the resulting mixture was poured into water
(50 ml) and extracted with ether. The extract was washed with a
saturated aqueous solution of sodium chloride and dried over

magnesium sulfate. After filtration, the filtrate was evaporated
in vacuo, and the crude product of the title compound thus obtained

was purified by chromatography on a silica gel column using a mixed"



3-117EtHFCIH 3-118EtHF CIF 3-119 EtHCICIH 3-120 EtHCICI F
In Table 3 described above, the preferred compounds (I'-1) of the present
invention include Exemplification compound number 3-1:
1-(0-15-(4-Phenoxypheny1)-1,2,4-oxadiazol-3-y1]-2-thienyl)methy
1)azetidine-3-carboxylic acid (Example23), Exemplification compound
number 3-25:
1-(14-Methy1-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-y1]-2-thie
nyl)methyl)azetidine-3-carboxylic acid (Example 12), Exemplification
scempoundfneniber 327tate and hexane (1:9) as the eluent to afford
1555 BAIHgdaphenoxyphenyl)-1.2 4-gxadiazol-3-y1]-4-meth -
sle-ZathienyIImethyﬁazetidin)ﬁegl-s-carbozkyﬁléic acid (Examap e 115",lte “rystalline
I?xé‘m‘plification compound number 3-49:
"HNfB- Bty 5+ {5 (4 phenoxyphenyl)-L, 3 soxadiazol-3ry1]-24thien . 16 (s, 3x),
oy|b'@e'%@\dl)?%@tld'b@%?gfé%f@%xy&ﬁ agid) (Exargple, 13), Bxemplificaliop, _» 14,
mpound number 3-50;
1%8-[(42-5 1y 1%= (51443 fbdrdb oy bienyl A 1534 SRadikB ol By 7 - 6 Bz, 6.3
HE)-2-thieidylrhethiyllaz&tidirte Bz¢carbbxic acid (Exangpled7)s, 1H).
I%ﬁgfh@ E@%HSO 5-(3 frow%r}ukrlp@%?-%%:zsi 116584 cmﬂlci' [-3-y1
-({4-Ethy1-5-[5-(3-fluoro-4-phenoxyphen 3 ,2,4-oxadiazol-3-y
Mﬁi-%h?%ﬁ%ﬁﬁé‘#yf)%ﬁz%t?diﬁ %-c%?t?o%y‘if@&)éi (Example 14),

Exemplification compound number 3-52:
(3d(4-Ethy1-5-(5-[3-fluoro-4-(3-fluorophenoxy)phenyll-1,2,4-oxad

SR e el Cere 0,
2 TqREMERY 1 T58-[4-(2-methoxyphenoxy)phenyl]-1,2,4-oxadiazol-3-

yllinthiepyhmethylirzetidinedrearhodicagidfExamale %@nthesized by
cg% T Qllficat' n compound numper 3-54: 47 , ,

T B[R CHISro A 13-t SERGAS Ry Feh SR T A5 Wi GRadazpiEgamele 1 (1c)
4y119-ethyl-2-thienyl)methyl]azetidine-3-carboxylic acid (Example 16),
4—{[t~butyl(dimethyl)silyl]oxy}*4,5,6,7—tetrahydro~l—benzofuran~
2~carboxaldehyde (4.3 g, 15.3 mmol) that was obtained in Example 7
(7b), hydroxylamine hydrochloride (1.2 g, 17 mmol), triethylamine
(4.3ml, 31 mmol), and N, N’ -dicyclohexylcarbodiimide {(3.5g, 17 mmol) .
Subsequently, the crude product of the title compound thus obtained
was purified by chromatography on a silica gel column using a mixed
solvent of ethyl acetate and hexane (1:9) as the eluent to afford
the title compound (3.0 g) in a yield of 71 % as a colourless oily
product.

"HNMR Spectrum (400 MHz, CDCl;) & ppm: 0.12 (s, 3H), 0.14 (s, 3H),
0.91 (s, 9H) ,1.16-1.38 (m, 1H), 1.65-1.82 (m, 1H), 1.86-1.96 (m,
"), 2.02-2.12 (m,1H), 2.55 (dt, 1H, J=17.2 Hz,5.9 Hz), 2.66 (dt,
1H, J=17.2 Hz, 5.9 Hz), 4.70 (t, 1H, J=5.9 Hz), 6.99 (s, 1H).

IR Spectrum (liquid film): 1087, 1255, 1526, 1616, 2120, 2227 cm™.
Mass Spectrum (FAB") m/z: 278 ((M+H)"), 300 ((M+Na)').



Exemplification compound number 3-55:
1-[(4-Ethyl-5-(5-[4-(2-methoxyphenoxy)phenyl1]-1,2,4-oxadiazol-3-
y11-2-thienyl)methyl]azetidine-3-carboxylic acid (Example 21),
Exemplification compound number 3-61:
1-[(4-Ethy1-5-(5-[4-(2-fluorophenoxy)phenyl]-1,2,4-oxadiazol-3-y
11-2-thienyl)methyllazetidine-3-carboxylic acid (Example 10),
Exemplification compound number 3-62:
1-[(5-{5-[4-(2,3-Difluorophenoxy)phenyl1]-1,2,4-oxadiazol-3-y11-4
&ihyl-2-thienyl)methyllazetidine-3-carnoxylic acid (Example 18),
Exemplification compound number 3-63;
41‘-i(h‘?E%Hyf-ls(-%%ﬁfgﬁrb-S&-%ﬁ-]d]if?ﬁrér}o“ahéﬁéﬁﬁﬁﬁ@ﬁ?i;5016,274-%%<trahydm‘1“
badiaz 61 8apt 2 thigrpd métlaplazetidine-3-carboxylic acid, Exemplification
mmn@QHnQﬂM&@bEféﬁgéi of the title compound was synthesized by
1- -%5- 4-(2,3-Difluorophenoxy)-3-fluoropheny1]-1,2,4-oxadiazo
LI ARGy £ St g ey AR E S BBy RO aid Example 1 (1d)
usxemplification compound number 3-65:
41'{([5:{@1£%ﬁh ':@fﬂ'e“:‘l(%lﬂyl@ﬁ?ph?89§¥)@h%03@;]7l@e%'%9@%d Is—'b_e nzofuran-
231%}6-14-eth}/1-2-th|enByI)C{SnethXIJazendlne-3-carboxyllc acid, Exemplification
66

rbonit
compound ﬁﬁm%érIB mmol) that was Obtained in Example 7 (7c)

ang(5-49-[B Chikero L4 21 3diffnordphetoxyphenyl- 1 2,4-okadiagmbsequent 1y,
tﬂa&&é&d‘é—%thcv&@c@i%@YBH@@YH@@H@Mﬁ%&@@%'i&bac%jgned was purified
bExe Iificgtion c%mpound number 3-617: , ‘
(LI A CHBrb e o) phERy 1111 248kl BFad fii#adneolvent of
eyRyLlifienyharetayiaretidine-3TarborylicAcic(Eampte18fford the title .
cEmﬁﬂuﬂﬁfagggg%wnﬂﬁunanmnb%ﬁﬁéﬁi% ai i w%%te c;ysTéfline solid.
1 4= l(B-{5-[4-(2- oxy):3-fluprgpheny1]- -oxadiazol-3-
%ﬁ%&%ﬁ%ﬁ%%igé% mﬁe%yu)gggféa?n%ﬁ%ﬁr’b}fxﬁnc add, Exemplificatin %)
OcdmpsuntinurbEA3lzgl (m, 2H), 1.85-1.93 (m, 1H), 2.00~2.10 (m, 1H), -
2193 Methy-5-§5-(4-phenroxgpheny])- b 2eboxadjazel; 3dl-24hig,, 5.1 nz),
Az slene R 2r0Rda Aes, ng SECTPIIsIon SPMROY s, 1)
T} GREthyAns [5R[- phhodky phetin ) 1B 274-dethazé R 34112 4hierd 48, 3171,
3gi)methyBazetidine-3-carboxylic acid (Example 22),  more preferred
e mpounds.of ification Compound Nos. 3-25,

G o FEL 3RS 5 35] 356 361, and 3.67. (Table 4

-No. CompoundR6HRe  4-1HHPr 4-2HHBu 4-3HHiBu 4-4HMePr
(4e5HMeBu :

2-[5-(4-Isobutylphenyl)-1,2, 4-oxadiazol-3-yl]-4,5,6,7-tetrahydro

-l-benzofuran-4-cl

The crude product of the title compound was synthesized by
conducting the similar reaction to that mentioned in Example 5 (5a)
using 4~isobu£ylbenzoic acid (0.12 g, 0.66 mmol),
l-hydroxybenzotriazole (0.11 g, 0.78 mmol),
l-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (0.14
g, 0.72 mmol),
4-{[t-butyl (dimethyl)silyl]oxy}-N’~-hydroxy-4,5,6,7-tetrahydro~1-
benzofuran-2-carboximidamide (0.19 g, 0.6 mmol) that was obtained
in Example 7 (7d), and tetrabutylammonium fluoride (a 1.0 M solution
in tetrahydrofuran, 1.2 ml, 1.2 mmol). Subsequently, the crude
product of the title compound thus obtained was purified by



4-6HMeiBu 4-7HFPr 4-8HFBu 4-9HFiBu 4-10HCIPr 4-11HCIBu
4-12HCIiBu  4-13HCF3Pr
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chromatography on a silica gel column using a mixed solvent of ethyl
acetate and hexane (1:2 - 1:1) as the eluent to afford the title
compound (0.15 g) in a yield of 75 % as a pale yellowish oily product.
"HNMR Spectrum (400 MHz, CDC1,) Sppm: 0.93 (d, 6H, J=6.7 Hz), 1.80-2.12
(m, 5H), 2.56 (d, 2H, J=7.4 Hz), 2.64~2.72 (m, 1H), 2.76~2.86 (m,
1H), 4.80 (brs, 1H), 7.21 (s, 1H), 7.29 (d, 2H, J=8.2 Hz), 8.08 (d,
2H, J=8.2Hz).

IR Spectrum (thin film): 1204, 1343, 1386, 1420, 1505, 1560, 1590,
1616, 3389 cm™.

Mass Spectrum (FAB") m/z: 339 ((M+H)").

(7€) Ethyl
l—{2-[5-(4—isobutylphenyl)—l,2,4—oxadiazol-3—yl]—4,5,6,7~tetrahy
dro—l~benzofuran~4—yl}azetidine—3-carboxylate

The crude product of the title compound was synthesized by
conducting the similar reaction to that mentioned in Example 1 (1f)
using
2—{5—(4—isobutylphenyl)~l,2,4—oxadiazol—3—yl}—4,5,6,7~tetrahydro
-l-benzofuran-4-ol (0.15 g, 0.45 mmol) that was obtained in Example
7 (7e), carbon tetrabromide (0.30 g, 0.90 mmol), triphenylphosphine
(0.24 g, 0.90 mmol), ethyl 3-azetidinecarboxylate hydrochloride
(0.11 g, 0.68 mmol), and N,N-diisopropylethylamine (0.20 ml, 1.1
mmol) . Subsequently, the crude product of the title compound thus
obtained was purified by thin layer chromatography on a silica gel
plate using a mixed solvent of ethyl acetate and hexane (4:3) as the
developing solvent to afford the title compound (27 mg) in a yield
of 13 % as a white crystalline solid.
'HNMR Spectrum (400 MHz, CDCls;) & ppm: 0.93 (d, 6H, J=6.6 Hz), 1.29
(t, 3H, J=7.4 Hz), 1.60-1.87 (m, 3H), 1.87-2.00 (m, 1H), 2.00-2.14
(m, 1H), 2.56 (d, 2H, J=7.4 Hz), 2.60-2.83 (m, 2H), 3.27-3.44 (m,
3H), 3.51 (t, 1H, J=6.8 Hz), 3.58-3.70 (m, 2H), 4.18 (a, 2H, J=7.4
Hz), 7.12 (s, 1H), 7.31 (d, 2H, J=8.0 Hz); 8.10 (d, 2H, J=8.0 Hz).
IR Spectrum (liquid film): 1186, 1208, 1342, 1387, 1560, 1590, 1618,
1733 cmt.
Mass Spectrum (FAB®) m/z: 450 ((M+H)").



4-14HCF3Bu 4-15HCF3iBu 4-16MeHPr 4-17MeHBu 4-18MeHiBu
4-19meMePr 4-20MeMeBu 4-21MeMeiBu

(79)
1—{2—{5~(4—Isobutylphenyl)—1,2,4—oxadiazol—3—yl]—4,5,6,7—tetrahy
dro-l-benzofuran-4-yllazetidine-3-carboxylic acid 1/2 oxalate

[0
°

\

The title compound (13 mg) was synthesized in a yield of 50
as a white crystalline solid by conducting the similar reaction to
that mentioned in Example 3 (3e) using ethyl
l—{2-[5—(4—isobutylphenyl)—1,2,4—oxadiazol—3—yl]—4,5,6,7—tetrahy
dro-l-benzofuran-4-yl}azetidine-3-carboxylate (25 mg, 0.056 mmol)
that was obtained in Example 7 (7£), a 1N aqueous solution of sodium
hydroxide (0.17 ml, 0.17 mmol), and oxalic acid (3 mg, 0.028 mmol).
'HNMR Spectrum (400 MHz, CD;CO,D) & ppm: 0.94 (d, 6H, J=6.3 Hz),
1.90-2.23 (m, 53H), 2.60-(d, 2H, J=7.0 Hz), 2.69-2.79 (m, 1H),
2.79-2.90 (m, 1H), 3.79-3.92 (m, 1H), 4.38-4.73 (m, 5H), 7.40 (d, -
2H, J=7.4 Hz), 7.43 (s, 1H), 8.13 (d, 2H, J=7.4 Hz).

IR Spectrum (KBr): 1387, 1409, 1559, 1592, 1613, 3431 cm™.
Mass Spectrum (FAB") m/z: 422 ((M+H)").

(Example 8)
1-{2-[5-(4-Isobutylphenyl)~-1,2,4~oxadiazol-3-y1l]-4,5,6,7-tetrahy

dro-l-benzothien-4-yl}azetidine-3-carboxylic acid

CO,H

(8a) 2-Bromo-4,5,6,7-tetrahydro-l-benzothiophen-4-o0l

To a solution of 4,5,6,7-tetrahydro-l-benzothien-4-yl acetate
(5.1 g, 26 mmol) in chloroform (30 ml) was added N-bromosuccinimide
(5 g, 28 mmol) at 0°C with stirring, and the resulting mixture was
stirred at room temperature for 3 hours. After stirring, the
reaction mixture was poured into water (40 ml) and extracted with
ether. The extract was washed with a saturated aqueous solution of
sodium chloride and dried over magnesium sulfate. After filtration,

the filtrate was evaporated in vacuo. Subsequently, to a solution



49 4-22 Me F Pr 4-23 Me F Bu 4-24 Me F iBu 4-25 Me CI Pr 4-26 Me CI
Bu 4-27 Me Cl iBu 4-28 Me CF3 Pr 4-29 Me CF3 Bu
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of the residue thus obtained in a mixed solvent of tetrahydrofuran
(20 m1) and water (20 ml) was added sodium hydroxide (2.3 g, 57 mmol)
with stirring, and the resulting mixture was stirred for 2 hours.
After stirring, the reaction mixture was poured into water (50 ml)
to quench the reaction and extracted with ether. The extract was
washed with a saturated aqueous solution of sodium chloride and dried
over magnesium sulfate. After filtration, the filtrate was
evaporated in vacuo, and the crude product of the title compound thus
obtained was purified by chromatography on a silica gel column using
a mixed solvent of ethyl acetate and hexane (3:7) as the eluent to
afford the title compound (5.0 g) in a yield of 82 % as a colourless
oily product.

"HNMR Spectrum (400 MHz, CDCl;) & ppm: 1.67 (d, 1H, J=6.6 Hz), 1.75-1.89
(m, 2H), 1.90-2.04 (m, 2H), 2.57-2.67 (m, 1H), 2.69-2.77 (m, 1H),
4.66-4.72 (m, 1H), 6.97 (s, 1H).

IR Spectrum (liquid f£ilm): 1182, 1435, 1453, 3330 cm™.

Mass Spectrum (EI¥) m/z: 232 (M').

(8b)
[(2—Br0mo~4,5,6,7—tetrahydro—l—benzothiophen—4—yl)oxy](t—butyl)d
imethylsilane

To a sclution of
2-bromo—4,5,6,7—tetrahydro—1—benzothiophen—4~ol (5.0 g, 21 mmol)
that was obtained in Example 8 (8a) in N,N~dimethylformamide {30 ml)
were added successively imidazole (2.9 g, 43 mmol) and
t-butyldimethylchlorosilane (3.5 g, 24 mmol) with stirring, and the
resulting mixture was stirred for 2 hours. After stirring, the
reaction mixture was poured into water (50 ml) to quench the reaction
and extracted with ether. The extract was washed with a saturated
aqueous solution of sodium chloride and dried over magnesium sulfate.
After filtration, the filtrate was evaporated in vacuo, and the crude
product of the title compound thus obtained was purified by
chromatography on a silica gel column using a mixed solvent of ethyl
acetate and hexane (1:9) as the eluent to afford the title compound

(6.8 g) in a yield of 91 % as a colourless oily product.



4-30 Me CF3iBu 4-31 Et H Pr 4-32 Et H Bu 4-33 Et H iBu 4-34 Et Me Pr
4-35 Et Me Bu 4-36 Et Me iBu 4-37 Et F Pr 4-38

*HNMR Spectrum (400 MHz, CDCl;) & ppm: 0.12 (s, 3H), 0.14 (s, 3H),
0.92 (s, 9H), 1.66-1.81 {(m, 2H), 1.88-2.06 (m, 2H), 2.5%9 (dt, 1H,
J=5.5 Hz, 16.4 Hz), 2.68 (dt, 1H, J=5.5 Hz, 16.4 Hz), 4.68 (t, 1H,
J=5.5 Hz), 6.84 (s, 1lH).

IR Spectrum (liquid film): 1101, 1255, 2858, 2930 cm™.

Mass Spectrum (EI") m/z: 346 (M%).

(8c)
4~{[t~Butyl (dimethyl)silylloxy}-4,5,6,7-tetrahydro-l-benzothioph
ene-2-carboxaldehyde

To a solution of
[ (2-bromo-4,5,6, 7-tetrahydro~-l-benzothiophen—-4-yl)oxy] (t-butyl)d
imethylsilane (5.6 g, 16 mmol) that was obtained in Example 8 (8b)
in tetrahydrofuran (30 ml) was slowly added dropwise n-butyllithium
(a 1.6 M solution in hexane, 11 ml, 18 mmol) at -78°C with stirring,
and the resulting mixture was stirred for 5 minutes. Subseguently,
to the resulting mixture was added N,N-dimethylformamide (2.5 ml,
32 mmol) at the same temperature with stirring, and the resulting
mixture was stirred for 30 minutes. After stirring, a saturated
aqueous solution of ammonium chloride (10 ml) was added to the
reaction mixture to quench the reaction, and the resulting mixture
was poured into water (50 ml) and extracted with ether. The extract
was washed with a saturated agueous solution of sodium chloride and
dried over magnesium sulfate. After filtration, the filtrate was
evaporated in vacuo, and the crude product of the title compound thus
obtained was purified by chromatography on a silica gel column using
a mixed solvent of ethyl acetate and hexane (1:92) as the eluent to
afford the title compound (4.4 g) in a yield of 92 % as a colourless
oily product.
'HNMR Spectrum (500 MHz, CDCl;) & ppm: 0.16 (s, 3H), 0.18 (s, 3H),
0.94 (s, 9H), 1.72-1.86 (m, 2H), 1.97-2.11 (m, 2H), 2.78 (dt, 1H,
J=5.4 Hz, 16.5 Hz), 2.87 (dt, 1H, J=5.4 Hz, 16.5 Hz) ,4.77 (t, 1lH,
J=5.4 Hz), 7.58 (s, 1H), 9.82 (s, 1H).
IR Spectrum (liquid f£ilm): 1240, 1255, 1462, 1673 cm™t.
Mass Spectrum (EI") m/z: 296 (M").



Et F Bu 4-39 Et F iBu 4-40 Et Cl Pr 4-41 Et Cl Bu 4-42 Et Cl iBu 4-43 Et
CF3 Pr 4-44 Et CF3 Bu 4-45 Et CE3 iBu In Table 4 described above,
the preferred compounds (I"-1) of the present invention include
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(8d)
4—{[t—Butyl(dimethyl)silyl]oxy}—4,5,6,7—tetrahydro—l—benzothioph
ene-2-carbonitrile

The crude product of the title compound was synthesized by
conducting the similar reaction to that mentioned in Example 1 (lc)
using
4—{[t—butyl(dimethyl)silyl}oxy}—4,5,6,7~tetrahydro—l~benzothioph
ene-2-carboxaldehyde (4.4 g, 15.3 mmol) that was obtained in Example
8 (8c), hydroxylamine hydrochloride (1.1 g, 16 mmol), triethylamine
(4.1ml, 30mmol),andN,N’-dicyclohexylcarbodiimide(3.4gp 16 mmol) .
Subsequently, the crude product of the title éompound.thus obtained
was purified by chromatography on a silica gel column using a mixed
solvent of ethyl acetate and hexane (1:9) as the eluent to afford
the title compound (4.1 g) in a yield of 94 % as a colourless oily
product. ;
'HNMR Spectrum (400 MHz, CDCl;) & ppm: 0.14 (s, 3H), 0.16 (s, 3H),
0.92 (s, 9H), 1.70-1.85 (m, 2H), 1.96-2.10 (m, 2H), 2.70-2.85 (m,
2H), 4.72 (t, 1H, J=5.5 Hz), 7.43 (s, 1H).
IR Spectrum (liquid film): 1103, 1256, 1460, 2215 cm™. .
Mass Spectrum (FAB") m/z: 294 ((M+H)%), 332 ((M+K)*).

(8e)
4~{[t—Butyl(dimethyl)silyl]oxy}~N’—hydroxy~4,5,6,7—tetrahydro—l—
benzothiophene-2-carboximidamide

The crude product of the title compound was synthesized by
conducting the similar reaction to that mentioned in Example 1 (1d)
using
4—{[t—butyl(dimethyl)silyl]oxy}—4,5,6,7—tetrahydro—1—benzothioph
ene-2-carbonitrile (4.1 g, 13.9 mmol) that was obtained in Example
8 (8d) and a 40 % aqueous solution of hydroxylamine (2.0 ml).
Subsequently, the crude product of the title compound thus obtained
was purified by chromatography on a silica gel column using a mixed
solvent of ethyl acetate and hexane (3:7) as the eluent to afford

the title compound (3.9 g) in a yield of 96 % as a white crystalline



Exemplification compound number 4-6:
1-((5-[5-(4-Isobuty1-3-methylpbeny1)-1,2,4-oxadiazol-3-yl]pyridi
n-2-ylimethyl)azetidine-3-carboxylic acid (Example 28), Exemplification
compound number 4-9:
|-({5-[5-(3-Fluoro-4-isobutylpheny1)-1,2,4-oxadiazol-3-yi]pyridi
n-2-yllmethyl)azetidine-3-carboxylic acid (Example 23), Exemplification
compound number 4-12:
1-({5-[5-(3-Chloro-4-isobutylphenyl)-1,2,4-oxadiazol-3-yl]py di 50
sB12-yi)methyl)azetidine-3-carboxylic acid (Example 26), Exemplification
l]%?m%pound number 4-21.

B-BREE ISoBUY 1 93- M8y ISRERYL) AL DR oxAdidz ol 53-yAie-nfetl 6 (s, 3H),
Ohgpyfidlin-ZRylimetidzetidine,3-zarboxylimacido(Exampbei 27)2 . 69 (dt, 1H,
sExemplificationscompound pumpler 42216 5 w55 may, 4.73 (£, 1E,
A -_[g-(?-FIéJoroA-propy!Ehenyl)-l,Z,4-oxa_d|azol-f3-y1_1-6-methy
Ipyiidin-2-yl)metRylj32&tdine 3-carBéxyift adil) Exkmplifiéation EBinpound
TRufmsert4-28:; (KBr): 1255, 1361, 1584, 1648, 3295, 3370, 3462 cm™’.
Mg,s(s{_S_s[ge(At@gyl(-gpjgjg).rqqp}pn}g@7l,@(ﬁ%@qiazol-&ylj-@-methyl

pyridin-2-ylimethyl)azetidine-3-carboxylic acid, Exemplification compound
number 4-24:
(§E(5-[5-(3-Fluoro-4-isobutylpheny1)-1,2,4-oxadiazol-3-y1]-6-met
2 hylpyridin=sylpethyliazetidine 3-¢atioic acids ‘E§9mgllfbc,aél,op~te trahydro

_ggméao%?;}nur@lber_ﬁ-_za:

ﬁ rt% -t?ﬁor%r-ﬁ-lsgbutylphenyl)-1,2,4-oxadiazol-3-y1]-6-met
hylpYriis-22gitme ey yetetiofin <8 carioxy liccasid (Examples4); hesized by
c&i@mlﬁhﬁfﬁﬁtt@i&@iﬁ@@ﬁ@dr@ﬂ@@%ﬁ"g@:that mentioned in Example 2 (2c)

u;i-g,{g-Ethy1-5-[5-(4-|sobuty1-3-methylphenyl)-l,2,4-oxad|azol-3-y
[[pyridin-2-ylimethyl)azetidine-3-carboxylic acid (Example 29),
4E(x\étrﬁ5fﬁéfa}ti6#@8ﬁmoh>rﬁjiﬁuﬁrﬂbéW4}-@?f -hydroxy-4,5,6, 7-tetrahydro-1-
bdr(f6thtiydns{6-(3-tucteodpromaphenylh 1i3 4.0xadiagokaam] that was
2 metharetidins;3icarboxylc acid, Bxemplicatign copeound
number 4-38: rr '

N A B E B fasRsisHeg el 204-bkadliaZol Fyapelethyipd a 1.0 M
s y¥igin-Gryhmethylyaretidinerd-carhaxyic.acida Exemplificationycompand,

e o s A R b ey By 2 e aaR gy obrained
Ayttt 2-§H Rt R RAitRE - BEar 5EX IS AP EES S TIe 130 arvd ng & mixed
s Exemplificatan conpettrd aumbend:dZic (1:1) as the eluent to afford
t s (857 151 63+ -4~ispbytylphenyl)-1,2,4-oxadiazgl-3-y1]-6-et .

Yylpyriﬁ%zﬁmﬁé%?%aggﬁd}ﬁ%%{gaﬁ)g)%ﬁ ﬁé%);g%a%(a(’m%e iﬁ?aourﬁ%?es s oily
Pi5reférred compounds are the compounds of Exemplification Compound
"HNIGB S5 deOmAc 400 41524, 4127, A-SGyrandod-42.( 51 fAdvantages of thesa-1 .97
ipvensiont . o-Since the.compoungs of the pregentinvention exertyg (g 1y,
J=ex6ceélent |mmgimo§uppress}swe activity WI'_[:h low foxicity, the compounds.of’

the preésentinvenfidn are’séfilt as & prophtdcti agnt 67 thérdsatic®s (<
2Fagent/(particularly . therapettic agent} fardiseases retgteditp, sgppression 21,
7=0f thegmmune system in mammals (particularlyinhumans). [Best mode for

carrying out the, Inv‘entio‘nll].lnE The compound having the general formula
IRy BF the Bredentintentibian befprepared adcording 18 dthelprobedtigs o™
Megesctilred: hereind@fter) m/The pseparatiom)methods described below were

generally established in accordance with known procedures. As known
procedures, there are the procedures described, for example, in "Organic

Functional Group Preparation”, Second Edition, Academic Press, Inc.,

1989, and "Comprehensive Organic Transformations”, VCH Publishers

Inc., 1989, and the like. = Method A is a method for the preparation of a

compound having the general formula (1). Method A Z "X V.(IV) Z. X

YOH Z. . XY AA/LG Y Step AlStep A2(V) (H)(111) Z.Y .X Step A3 0)

In the above reaction scheme, A, B, V, W, X, Y, Z and n have the same

meanings as those indicated hereinbefore.



LG represents a group which is known as a leaving group in the field of
organic synthesis chemistry, and can be, for example, a 52 halogen atom
or a croup of formula -O-S(0)2Rc (wherein, Rc is a methoxy group, a
CI-CG alkyl group which may optionally be substituted with from 1 to 3
halogen atoms, or a phenyl group whichkmay optionally be substituted
with from 1 to 3 substituents selected from the group consisting of a
halogen atom and a methyl group), and is preferably a chlorine atom, a
bromine atom, an iodine atom, a methanesulfonyloxy group or a
mtoluepesulfonyloxy group. AP represents a group in which a
fun ti aI roup indicat d in efi |on of Ais protected by a protecting
%rfcgg rﬁ)(?ags agforrsr? codﬁ %% &d1o beqéértabfex?’ldﬁtaez8 jahies i*)r;ec’s@ 7-tetrahy
|sktﬁﬁzaﬁ%|1§1§brﬁdetepﬂﬁgWPWDEOmrl@Wnple a protecting

Cg;mptf@u&tdw@e Ffregemte/e eroups I@@tﬁﬁraei@m&ﬁgsea@l@yﬁ%@& A)@Q by
Kreen, an uts, P. G ohn Wiley and Sons, Inc., 1999

In the casg tﬁ\gltéAsfémg\‘r(:aarrbgi?/Fgroup “Such pro%%cﬁﬁﬁ@?gup%%ample L an
u|c?r3e‘h€frably a lower alkyl group such as a methyl group, an ethyl group, a
2propyl grauppat the likeyand parficularhapeaferably an ety gEouP: ot M yaro

t@%%%%%%%%éﬂér? RhQ §P@%g{ou% %léch prote(%tl ?h group P is preferably

a lower alkyl group such as & niéthyl group of an & groutp‘_;”:;f?“reglI§/T1 Example

8gtbdp 0raron tfttﬁéﬁp%eﬁwwogrb%p:aﬁdpérm@lhrlypreteﬁa@wapwmhme

(§foug., 0. thecnse thatA |s%&e@waaeagégaﬂ@@&tmgw&&‘de (65
nBreterablya phenyl grapn, a,n; mgzghro ﬁg}]y?%lgaroug or & p-hitrophen éAH%Ol

group, and particularly prefer yap the ! Bk that
Sabﬁ?ftéﬁaﬁg ¥5- 55‘?@@%%%?5@&%@@?0%@%@@@@(@%@@% obtained
wirippemylmetiy groupeaap-ogethoxy pheayipheayaety Qredel Ay a mixed.

sdilpanetioxphenviphendmethy! groun.and parliguiarly preferalv g o
a%r#)hené]methylﬁrou Step Step Al'is a process for the preparation

ipourid %\ﬁﬁaﬁtﬁé@%rrér%wrg miilad B E6AVeRIAG & hyirexgplourless
o groupvdducesmpound having the general formula) to a leaving group. This
‘HNeEESSdS AGERMBlisheg by FeRalinge Gompoyad havipg the_p3.general;
({: r‘?gla %}_)7w th a halogenatln ag\ﬁﬂ'}: or a sulfonylating agent, and
preferably Carriad outby feadt A Tdlogefating-dgat in és7o?vén183 (m,
3Khe ﬁa%empt’gaagehﬁde@eﬁbédtabovel canie,for example, &2.56 (d, 2H,
sphosphorysctrifglislessuch as phospheius drichigride.of phosphorus 1,y 5 54

trrbromrde acom ination pf a phosphine, which consists of a

|aryTp Ssphing mc]gdlndtrlphgﬂylp?foslphlne ~and d'fi-towef L (t/ 1H, J=3.9
Halkylphe8phine Stichiad tibisIphdsphing, @hd(sithela,molaeculag simple 7=6. 8

ahplogen §umha5}%rqm@%3or{p)dlne .QE a<lgalo%e)n eghlljryglegt sygh a:§.8 3 Hz) .
n tetrachlgride, carbon tetrabro or_hexachloroacetone, and
I%?é era fy a colc(r%fhnag‘l égﬁ%ﬂpg]ééghm?gﬁd afiafogen édmvé?e% e
MY pRRCIERY pfféf%ralﬂy/a cdrﬁbln(atﬁbﬁib’f ‘triphenylphosphine and
carbon tetrabromide.  The solvent employed in the above reaction is not
rticularly restricted provided that it has no adverse effect on the
reaction, and can be, for example, a halogenated hydrocarbon such as
L-diémbrorfthaney sHIGIBRoTH, 1 2-dichtoroetiane lotthelliket G & ethert rahy
dsiich-astetrahydrofurgn, 1 b2dinaethoxyethane 9 the like,and is

preflergbjcyi@ halo enatedh ocarbon and artlcular preferably .
dichloromet anegﬁri e reac%l%ét %%perastur empl% gcinjtﬁeaaﬁd\?eld of 64 %

2SR Gereral Befveen 1930vandr60CT and preferably bstweenm@Car to

trand 38C: i onddeireactiondimeemployed; rmgt%@pgye reaction is different
the startrng material, the reagge

d|n Ihe rea ont ratu e,

S@g %r tr?e%(r%ng) \Eent ealmp oyaedl ButIs ge%oeraﬁy b 15 mfrutes b2y
drg hbu?@néﬁafprefetébvﬁroﬁr 80ifiMftes toal-howyr.l a t Aftdritivg reactivn isnol )
theompleted; dherdesited compaund ofithjs reaction.can be isolated from ihe 4

reaction mixture by conventional treatments. The desired compound can

be obtained, for example, by neutralization of the reaction mixture, if

necessary, or filtration of the reaction mixture when insoluble material is

present in the reaction mixture, extraction of the neutralized solution or the

filtrate with an organic solvent immiscible with water such as toluene, 54
wachina the reciiltina oraanie lavver with watar canaratinn of the oraanie



55 and particularly preferably dichloromethane. The reaction temperature
employed in the above reaction is generally between 000 and 100C, and
preferably between OC and 30C.  The reaction time employed in the
above reaction is different depending on the reaction temperature, the
starting material, the reagent used or {hg solvent employed, but is
generally from 15 minutes to 3 hours, and preferably from 30 minutes to 2
hours.  After the reaction is.completed, the desired compound of this
reaction can, if necessary, be isolated from the reaction mixture and
puAfied In e same manner.as described. i Siep L Sigp A3, Slep AS
,Is a process for the preparation ofa compoun a{hn’g the general’formula
W@%%?ﬁﬁﬁﬁ%&?%@pré@&@ﬂ@@aio@r@ﬁ thé stbstittend AP) ofla 90-2.01
(Gon3EouNT. ba‘;l]mgomerg,eneyal gomula,(‘slm, J=the Q@F};]r,ote.@@mcf@ﬁ@lmm=l7 .5
onditi in this process are. different endin e pratecting.grou
O loyer o/ pheame e S bStr AR, WHEIBI e SL bR 26
Jﬁw@iﬁt:ﬁﬁéd dndér the? prétectéd corfdifion| HerdinafteP, -GeHeral preffaration (m/
2pnocedures(are descubed3forexample, for themggses that the, substituentAygz) .
1§ &garhoxyl groppang i%,?”ﬁ%ﬂ‘}{e"%@ ,'Sffzb@é/‘{eflaﬂﬂi',e%t?ﬁsgr%ﬂ-.
This process is carried out in the presence of abase in a solvent
MRS tathgWdter (FARThdYdse &Afhloy¥dtinthe above reaction can be, for
example, an alkali metal hydroxide such as lithium hydroxide, sodium
(Bydrgdde gpotassium hydroxide, or the like; an alkali metal carbonate
such as lithium carbonate, sodium carbonate, potassium carbonate, or the
Hike: ‘ortd h Al 3RO HE RIS fiflfitiAT Alethokide; 2obdermbtRekielon 2ot 1
dgodittn athbxidel andsisipreferably an alkali metal hydroxide and
particularly preferably lithium hydroxide. = The solvent employed in the
above reaction is not particularly restricted provided that it has no adverse
ffen the reactigmand can be, for example, an ether such as diethyl.
ether; tetfabydeqiuran, £2:dimethoxyethane or dioxane; an alcohol such
as 56 met?lanol, ethanol, isooropanol, t-butanol, or the like; water; or a
mixture of water and solvent(s) described above, and is preferably a

(mixture ofran giher, an:alcohol and wvatar; apdhartisularly preferably a

mixt%Jre of tetrahydrofuran, methanol and water.  The reaction
tempgrﬁu?alélr%g?&eoaf in‘ T SB6vé TEBLABRSE GeteranPhefhEen 0 dhd 16
DT, iand preférablyrhetfream@Ciand 20@\1) Jdereadtion timecessively
(empleyediin theahoue. teagtion s different dgpending ondhe reaction (13 n;,
95%@}?‘3{ tur% hgi%gglrgn material, the reagent used or the solvent
empioyed, Bt 5 GERErany frorh s RARNtes 5 BHARSPaht3sreiBrayt 9 1-6
o 30 fAfALes 16 olenrs troEphteemareh evelrinicase tmat ahe resulting
nSUbstiLenLis otherdhan thanindicated specifically In this process, is o e .
rocess can be carried out according to the procedures, for example,
PSS Broteetive GREGES PO fyEHIS Sy Mt §i8 tHiFG @ditibh (el by cetate,
pGreen, oW .zand WWuts; & Gabhbedshslileyoand SergdnCurd 399) Antk (250
nifedke. o cAfleL he reagtian is completed, the.desired compound, oL i ;.
reaction can, if necessary, be isolated from the reaction mixture arﬁ
2 pififidtAihthe*Sngunanner B Be b Bi&H b T L dTmnsréaredionve
nygethod.of awcompeundalfavingthegenarah formuladil) eraployessinevaporated
MethodbA is,diferent depending,on the nature of fhe SUBSTIUENEX, - oyt nec
Hereinafter, a general preparation method Is descrlbed;,n?or examﬁjle, or
"3 HsE tHit the SHPSARERT SR YkSdRizbiS firkfdr anlisBRazdlidfirg mixed
sMethod Bfisea myéthockfor theprepasatian ofe compaund hayvingibeeluent to
general far [ jch is included in_a compo ving the general .
i formu%%hg%%%h%]&g%%%eﬁ X% iggcgr? éx% iégl% %Egl %27 °M%esth% kel oily
P8 RiE N. 'C, -V, ,(VHOz,Y,yO,N W OPit. -V0 J1, 0/0Step 31 H2N W
"MOR Step-32HEN W OROADCEX) A 5 Nwop: 0.25 (s, 9H), 7.77 (s, 1H),




z 'T-y y-oH Step 33 NStep 34 Pg(Im)  In the above reaction scheme, V,
W, Y and Z have the same meanings as those indicated hereinbefore.

LG has the same meaning as that indicated hereinbefore or represents a
hydroxyl group, P represents a protecting group for a hydroxyl group.
Such protecting group for a hydroxyl grodup is, for example, a protecting
group for a hydroxyl group found in "Protective Groups in Organic '
“Synthesis third edition" (ed. by Green, T. W. and Wuts, P. G. M., John
Wiley and Sons, Inc., 1999), and the like, andcanbepreferably a trialkylsilyl
‘grétp Such Bsa friéthylsilyl §oup, a t-butyldimethylsilyl group or a
mﬂ@édwﬁﬂgﬁu&g&oﬂpi@ﬁuéééwmrin@t!w,' SHIEr 91aUD SUEhas 8so, 1434,
thy up, tetrahydropyranyl group or a
: %&g{ﬁ 25%5[ %%&E’ Ehh ey

ho
158- t%i'm)z% Sily bxymethyl group; or an %yl ‘group such as an acetyl
MadtipSeetsEnzBy| (Groupof 2 pRafoy! group. Such protecting group is
preferably a trialkylsilyl group and particularly preferably a
sbutyldimethylsilyl group. Step Bl . Step B| is a process for the
(Lg%qpa!g%%@gy:ig%rgnoﬁgfﬁl ﬁaW%r %Xﬁgﬁgpéd%rmula (VII) by carrying
out arP a8dffrtFé&etia of hydroxylamine on a compound having the
@anaﬁﬁ@mt?yhgs(i\z%u etWﬁ%@@ﬁ&%ﬁ(ﬁﬁn@%%&S@@@e' | hydeaqting a;, 16
o aving the general farmula (V1) with hydroxylamine or a
R BR R By was
SFsontidfdiRydrostaniite B8 dueh asl arradueodssoltiorrohg, and the
rRydroxytamine ra-mixed sojution of:hydraxylesmine-and raethanol @ mixed s+ o v
g f hydr ine and:ethanol, or the like; or a combination of a
Sﬁqg%%ﬂ?gmﬁgOsog}':ﬂ,ﬁs%]cﬂaaseﬁ)lﬁg)s)(yﬁrﬁné %@%Yggh% idée)%tyﬁar‘g%ﬁl%mi%réd the
fﬁﬁd‘ﬁa Ste! Hy drbRGRAIrRSs difaté26k the IKee arfbadtidower allgpamined was
dsuch es triethylamines & bedisoprapydetiyaming ek tributylaming, Oealracted
«aliglbmelal satbongte , el gs sodlu, DYAIoREncAIbENale, POIassuM . o 5.
hydrogencarbonate, sodium carbonate, potassium carbonate, or the ke,
Ssﬁaﬁé%?eﬁérSB@l&%&%aﬁl&%ﬁ%ﬂﬂaﬁﬂr@vaﬁdnﬁaﬁmﬂazﬂywa@my After
fahtatpeouws sohdion of hydroxyiamne pordbedsalvent employed irtke crude
pabaueeagtionds ol partisuladygstigiedguoyided hal Bas o advg(pe
ffect on the reaction and can be, for example, a halogenated
cﬁyr/alrnoacta% OPPATCR™RE didhibTantsthaire, EHlorSfotth 272 trchRrdERTEne fop thy L
afivefike; ondmettsresuch asttetrahyéliofusanhd , 2ddimethoxyethane) anthe-itle
Tk g o prefe ably 2 aloolol andl partatar Rrererasly chanol
1 ike, and is preferably an alcohol and particularly preferably ethanol.
éﬁ% rke%gt%rlf 1tI(Ienmi)/le‘(:j‘r%ltfflr Zamproyed iR tRE%bove feddtiont i geherdllyts: 1H) .
Tpefwéen 0 and80C, tmdpréferablybetween30C and 60C.  The
creaption fune emeloyed ) e aboussieastionds differen deneRding an ey,
cti mp. re, the starting material, the reagent used or the solvent
lé%r?l;ﬁlo%/%z? bu (ISSg %Jén%rglﬁ/ ff6m'15 minutes to 5 hours, and preferably
Madin Joeriinutes @2 hadrs: 1 3&ftdMihe reaction is completed, the desired
compound of this reaction can, if necessary, be isolated from the reaction
ixture and purified in the same manner as described in Step Al. Step 52
( S%gp{'v %stg%lr\olléégg ngrl ﬁwné% énpeatraﬁ%ﬁgof a compound having the general
form@a (FR) by reacting secdmpplnd ivning¢he gendrak fordudady ) lwithy, 11
mecCompeand:Ravik: the,ganeralfeemyla (Mll)op) Hereipaftern prepasaion as
5 Crlrélgthods are described for the cases that (1) the substituer]t LGina
CoRTpOaRAT bR thegénsrdFofhda (T8 R nyar8Xs| iétips aher)g, and
thhe supstiteentLGnin acompeund 59 havirgi the genaraktorpuda{VHY isor 15
The case that the gubstituent LG in

roup other than a hydroxyl group. (I
m%%é%%ougg (f%iﬁ/iﬁa(%géngge)r%rgl Jfgrgrﬁé 2 VT IS & RydroxyFgrdide ™ ThHi® mb)
WHtoBESS Ts BRchifplistreelby readtiiracompouhdehaving the generakure was
e faEmute V1) withea wpmpeund having the general forqwilg (ViiD4nthe, 4
presence of a condensing agent in a solvent.  The condensing agent
employed in the above reaction can be, for example, a carbodiimide such
as N,NI-dicyclohexylcarbodiimide, N,Nr-diisobropyloarbodiimide,
1-ethyl-3-(3'-dimethylaminobropyl)carbodiimideS-I), or the like; or an
0-benzotriazole such as LOP



[benzotriazol-1-ylcxvtris(dimethvlamino)phosphonium
hexafluorophosphatei,HATU
[0-(7-azabenzotriazol-1-y1)-N,N,N1,1l1-tetramethyluronium
hexafluoronnosphatel, HETU
[0-benzotriazol-1-yIN,N,W,N'-tetramethyguroninm hexafluorophosphate],
and the like, and is preferably a carbodiimide and particularly preferably

" N,N1-dicyclohexylcarbodiimide. = The solvent employed in the above
reaction is-not particularly restricted provided that it has no adverse effect

son the reaction andscap he-forexample; a halegenated hydrogarhon sych

s d(i%cst}lorrnorge Qar%e, ch}grgform,,1,2-dich|oroetgane,‘ or the like; an ether

'SUch as tetrahviofuran, Ht5 Mifethdhyethans or the fiké™6r & efvaRgrated

1SUER Bhefzenel oluaite ar xyderwe, aAdtissprefeiablycahalogenatedobtained

waydsarbonand Q@@&H&&@é%@iﬁm Qilgrﬂ@feg]%@iir@olumm§§§§§ti9%ixed

Semperature e{R%I yed in the above reaction is égetneral.l between -20ch

and 40c, ana priferably between 0E ST 30C.° “The' readivpntifietuent o

agipieyedsntthel aboveneartofPistdiftaram depenting©hthe reastionown oily

pteraperature, the starting material, the reagent used or the solvent

1emplayed, but is rally from ir minutes to urs, and oreferably from
T e T GhGhBi € compibteq S LA 01

30 minttes o 2 hours.”  “Aftér
(fredeSiredcompétindbthistetetioRan, 4f hecédsanH belisolatdtkironT the  (d,
1esaction. mixtye andgurdied i the-sameimanner as described in Ste

he case that the substituent LG in a pqund having the gener
I%%r%ﬁ% \Ifﬁll)i?sl uglrcci)u]%;)l gﬂge’r ?r{)e%rﬁ aé %@/d?’g% (g%%(;%dpq% 1%hiéqplr§(:§sls B 1185,
L3e€omplished?dy teadiis a cotipouddavidgathergeneral formula (VII)
Muith a@cempannd fEving tbe geywerakformula VI in the presence of a

base in an inert solvent. The substituent LG is preferably a chlorine atom.

The base employed in the above reaction can he, for example, a
(BRI ARSI UAT a5 iRty 1AM SRYNEIRGHT6pY Rt Rglyihel Lane

tributylamine] or the like; ot-acpyridine-sueth asrpyridise hitisingocallidine, 6 . 4
mb edie, and ispeleraivarighiaruine and narigularbopeletaly (2o w,)

N,N-diisopropylethylamine. ~ The solvent employed In the above
Y &S fEin ot BRREIHBAY FebHAEA Provided tHatt Bhs rib VBRI effect
t onutheltactionyant candse, fanexampley a habgenated hysiiocarbon such
s Az dickloyemethaps, chloroform, L2-dighigrogihane. arne ike: anether ¢y

such as diethyl ether, tetrahydrofuran, 1,2-dimethoxyethane, or the'fike; or
"EBerz&Te I A8 BérzaheT Witiehe, SRyBrie HRhe ikes 7d i pritérabfyf ==
s hilralbgenated dydrbearionvand padiiculasly-prefesally diehioremethanend the

rdhe reaction lemperglive.employediin fhe ahoye reaghion s denefde cxerace
bet 0C. and 40C, and preferably between 3C and 30C. The

ween -
W?Sa%ﬁsﬁﬁéé%r%|8yaaﬁﬂﬁsf§€o9@?88&?oﬁ%%ﬁ@fémfdéséﬁaw%h%de and
dréaction eemparatreuthe siditing - matétal; thelreagentusedher thel solhveat was
e eaRleyed: hut s geperally from doymingtesto.p Blg%ﬁe@t@@@ﬂp%nd thus

Oéré)m 30dminutes to 2 hours. _ After the reaction is completed, the desired
Compound-of s T AEHoRCERT FHECREEaN) Yo bIated foithe Pdatibi s 1nd
a mbafesaid purifidddhtheé sameyrmanertaskdescrided i Step)AdsStep B3uent
tStepa3is arracessdordhg praparation of a gompaund having the general .,
formula from a compound having the general formula (IX) . 61  This
oL ro Cq . . . .
prgcgss can be accomplished by reacting a compound having the general
*HR IR {BOrwth (& DAsiEtin a 6Bivent. 5 pihe Base ensplogied indthelakieve 9H) ,
2 Iegction ean he ateyasioner alkdammonwm,iloride Such asg (4, 1x, g=1.2
i tt?trabutylammonlum fluoride, benzyltrimethylammonium fluoride,
%e'nzyltriethylammoniu‘m fluoride, or the like; a tri-lower alkylamine such as
LRrieesamine ( NiMudidsdpropylethiganfing orlttibitylanfine; alpyridinessuch 374,
18sqpyriding, lutidipe, saligine, oydheslike; gr-an alkali metal hydride such
as lithium hydride, sodium hydride, potassium hydride, or the like, and is
preferablyatetra-lower alkylammonium fluoride and particularly preferably
tetrabutylammonium fluoride.  The solvent employed in the above
reaction is not particularly restricted provided that it has no adverse effect

on the reaction and can be, for example, an ether such as diethyl ether,
tatrahvidrofiiran 1 2-dimaethovyvethane or the like: 2 haloaeanated



The method for removing the protecting group P is different
denendingonanatureof the protecting aroupemployed,hut generally

carried out according to the deprotection method for a hydroxyl group
described in "Protective Groups in Organic Synthesis third edition” (ed. by
Green, T. W. and Nuts, P. G. M., John3iley and Sons, Inc., 1999), and
the like.  Hereinafter, a general preparation method is described for the
case that the protecting group is a trialkylsilyi group. This process is
accomplished by reacting a compound having the general formula (X) with
Ma fleiofimecanion eguivaleritin asolverit.. The fluorine anion equivalent
employed in the above reaction can be, for example, a tetralkylammonium

féu?]rlde such as tetrab%ﬁﬂammonlum fluoride or
2yitrhRSHRIERRB AT SISHE 8 R§drogen fluoride-amine complex

suchasdwwtrbg’emﬂuorﬁde-{miedMammemmnﬁl@%y@rehydrqg@r) 31 mmol) in a
mﬁk@ed% @w@@e&pr@@%@pd dspreferably, %g%faMaﬁwg’ i) f%“a%“%%d g

Cipﬁlf |cula referabl tetrabut%Iammonlumfuorl e.
e

G e A0S PéAcHSIT i< hot p?artn%lﬁﬂ?lréé‘t’ﬁéﬂééﬁ%é\ﬁéléarthﬁ%f-‘it the
r ﬁé?;*ﬁ@aév@ﬁsé:eﬁecwn theireaetionand ean heyfor exaraple; anathesur s .

Asu@a aes,gge@@m@t@@rt@r@w@w@nﬂ&%@mwxgt@ani n thelikesa,,

%1 gen ted hydrocarbon such as dichloromethane, chlor orm
S ichTorSathanes or thé Tike: BF Afrank@é Etghiggo water (150 ml) and
eﬁﬁﬁﬁeufﬁéthyimnﬁmme, NINedmmeRhylacetamideyn ot tbadikes andesy with 1N

hpeeterably-anr ather and Q%rgiggkagl}/egrglg@@!ystggfﬁﬁ'ygg%f%@” -clfl_h%é chloride

ove reaction is general tween

A rr&ac@:ltl égb erature em ed in the a
3C and gfféraé)f“ge%\%gﬁtﬁc and%oc. lltr?ﬁéoﬁéacﬁﬁﬁ timétrate
W%?nﬁ]@iébfmtﬂfé hlbd\ﬁé?w@acﬁed istdifferenedepehdingaintthe reactiorompound

chemperadies dhe-sJasting matenal, the spageptused anthesolvent o1 o1 umn
u§fﬂ8‘°¥%§j bu& 5 energllgf om 5fmnutes to S hours, and preferably from
3C minutes to 2 hours. A?ter}/heérlgggt%ﬁ |§r&%rﬁﬁfé?§8 tﬂe&@sﬁ%dl 9) as

CRDRPBERE dfanis feactidheabt iife cassarynbe (Sokatedl fronnthe edaction 84 3
asmixtureland pryHiesh nythe-samermanner as described in Step Al. 63 the

13&%{9 Jarmpula Lolbd/vggrem bstituent X|s n jsoxazole_ring. Method
gaé Ig HalStep c%x#sngeﬁ%ﬁ‘o(ﬁ) | 2N, SR W o {xigy 187
II(Xlﬁ)@tepzcy (din tHe aboledrebction’sdtferh®, \BHR, WESY AndkzZ havet8 (d,
2KheBetmé meaningssas these indicater, hereipbefere, Hal represents a
r3R0an- oM e 1m) : 534, 790, 845, 962, 1206, 1466, 1517, 1611,
2869, 2925, 2957, 3308 cm™

Mass Spectrum (EI") m/z: 177 (M%).

(9£) N—Hydroxy-—4—isobutylbenzenecarboximidoyl chloride

To a solution of 4-isobutylbenzaldehyde oxime (1.0 g, 5.6 mmol)
that was obtained in Example 9 (9%e) in N, N-dimethylformamide (10 ml)
was added N-chlorosuccinimide (0.15 g, 1.1 mmol) with stirring, and
furthermore, a small amount of gaseous hydrochloric acid was bubbled
into the resulting mixture under stirring, and then the resulting
mixture was stirred at room temperature for 10 minutes. After
repeating the series of the same procedures described above five times
in total, the reaction mixture was poured into ice water (100 ml)
and extracted with ether. The extract was washed successively with

water and a saturated aqueous solution of sodium chloride and dried



Step Cl is a process for the preparation of a compound having the general
formula (XII) by converting a formyl group of a compound having the
general formula (XI) into a dihalovinyl group.  This process is
accomplished by reacting the compound having the general formula (XI)
with a gem-dihalomethylenating agent in a solvent.  The
gem-dihalomethylenating agent empléyéd in this process can be a
combination of a phosphine, consisting of a triarylphosphine including
triphenylphosphine and a tri-lower alkylphosphine such as
tributylphosphine, and a carbon tetrahalide, such as carbon tetrachloride,
¢arbatr Etrabrgitiet 67 Earboit tefaiothdE T8 ABombitatibh! 6ia bi-lower
eglkyb (ribadogenatedmetby)phosphonate; suehcaamgiethyl (1.2 g) in a yield

orighloremethyl)phosphopate, diethyl (ribromomethylphosphonate,
. dimethyl (trichloromethyl)phosphonate or dimethyl

Thb orkmetHi) pROLPHSRatE Pandl af &RitRiudd, dGeh &% 6Ir6-8 Hz), 1.88
(methillithizing, In-uty Bitmiuos 7s-builithianer t-butyilithives andiis), 7.75 (4,
2Rreferably g, combination of & friarylphosphine and a carbon tetrahalide »
and particularly preferably a combination of triphenylphosphine and
TEarBof tetraprorite! £ he sbivent empldyed®iithe Bbové #88ctibhlid ndf 66/
1papticlady restrivciedmprovided that it has no adverse effect on the reaction
masd canbe for %qn?plﬁ/g:haggger@gt«;ql hydrocarbon such as
dichloromethane, chloroform, 1,2-dichloroethane, or the like; or an ether
such as diethyl ether, tetrahydrofuran, 1,2-dimethoxyethane, dioxane, or
(tee liKé-dAd 4 preférablyl ahsthe) andyparticutariyl prefetalilyny 1 jmethanol

tetrahydrofuran. iihe seaction temperature @mrewgnigeab&%@%\éwa%!gl
c%g(rarilg(r%ally b r&%\‘llveen -23C and 60C, and preferably between OC and 30

& saetion tithd erfplyBPin tiE b rekitomn R diferafitRiferidingt) 2nd
< opthelreactiophiempeatare, she Stasthip nydtetiad the reayemnt usedier the 2.8
mgolventemplaved byt isgenarally-fiom.15 minytesta.shpurs.and. . (10 m1)

preferably from 30 minutes to 3 hours. _After the reaction is completed,
e YELHE A COMpbUiTdfhid Pedtidh cah; ¥ AECASsaY, BeCisBidtedFrémring.
atldetteacton mm@rempurwmj in the same mameérq&daseﬂt@edoiﬁ Btepours.
aAlStep G2 Blep C2ds. A.pracess for ihe prepargtion of a compound . 5o 1)

having the general formula (XIIl) by converting a dihalovinyl group of a
a%%rﬁﬁ%ﬁﬁ&%%?/iﬁg*fﬁe YemeraPforiitig (XIF® & eRyitvigrdupasherhigith a
sprocessds aguempishethinyi seactingsthie compaund ¢l pwithdaned over
naddmetal n.asolvent, ¢ Thealkylmetal employed; in the above: r%%gg:%r}ated

. can be, for example, an alkyllithium such as methyllithium, n-butyllithium,
L5 BaRthiuRt BF EBRYfithiunt: S0P ah ik it hr§§h‘?€t‘ﬁﬁgﬁ&iﬁﬁ,tamed
iprytsodivnt, sEbagisodium] brvthe Hkeeandds preferabiymanralkyllithivoride (a
parti rly pref ly.n- llithium. he,solyent employed in the .
' %Colf/e%eh%%%is{f%o?!gg%%%g#%#gsﬁﬁgfef b%)\ﬁcliédgthgt ﬁ“ﬁcgé?ng%d%egrsglth
S effect B tRé e BefiofF Hhttéay Be Tor exarple tdr ettt RSUERMES digthgFature
fether Hetrahydrofunans tli 2-dirmethexyethene; dioxanecorthedike; oraded into
WMIZG[%SW)‘ %n%eg %nr%’c é nel’t)%llertl,% (J?r tal’g:ee\l:lgﬁ;egndﬂ grg];(eggg!}/t was
an ether and particularly pre erabe tetraehyc}'rofuran. e reaction
Ya8hfretattielefRiovabsar fE8PYvesRattibtris §errstaly sbfradmelgogdried
ovand &yl prefetalily eetwest «(8Eiand-45Cn, tHe reactiortime s
e\gﬂg@@%lrﬂﬁhﬁaéggve r§\%:£lgadsr$q§/r,e@gd§‘f)eegg Ir}%gn to%ec rel%ctl Qas added
temperature, the starting materlaf, the'reagent used or the sofvent
2 Binpioyeal bekfs gerfdtany RERTES it 2hddrs3 and: prefrabliing, and
tHfeorb 3Ddninutesdtorh hotirvas Alter e seastion: istcenaplateds the desited vama
=pMpond o1 s Jeadtion gan. Jlnecsseaty, bs isplaled o Ina feacion ...
mixture and purified in the same manner as descri ed In %?ep Al Gfep (o)
(Ssith 63 iR Frote’sdor the prépamatdnsfaTompstng having thd general
‘aforales 6V} byrregrtingia-corapound baviig the genetal farmutad X Iwith 1. 91
a compound having the general formula (XIV)  This process can be
accomplished by reacting both compounds with a base in a solvent. The
general preparation method of the compounds having the general formula
(XIV) is described in literatures, J. Org. Chem., 45, 3916 (1980) and Acta.

Chemica <randinavica A2A (1027 and thece romnoiinde fran eaacilvy he



66 or a halogenated hydrocarbon such as dichloromethane, chloroform,
1,2-dichloroethane, or the like; and is preferably an ester and particularly
preferably ethyl acetate. The reaction temperature employed in the above
reaction is generally between -20C and 80C, and preferably between 0C
and 40C.  The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material, the reagent
used or the solvent employed, but is generally from 5 hours to 72 hours,
and preferably from 24 hours to 48 hours.  After the reaction is

eompleted, the desited compound ofthis reactioncan, if necessary. he o 4

(isola} frgm he reaction mixture and purified in the same manner as
désciibéd iri Step . Step T4 > 8tdp C4 ia [rockss fof tHe prepardtfon 3) -
18f eresthpouri&Praving the génerakformales (l1isloy remoyving @ve 1615, 2869,
2progecting groyp £ of the hydroxyl group of a compound having the
Mg%@egalgggmula \I/). This§roces§ can be carried out in the same

manner as descr lg‘ed)inms(tze‘p 4%t Method R.  The preparation method

of the compound having the general formula (V1) used in Method B is
(differephdepending on the nature of the substituent W. Hereinafter, the

general preparation procedures are described, for example, as Method D
1{06(;{t ea[cj;s?egthlastot%‘el%t?t% 0t W 4 IRiophiene fing Srafirafkgandzett
dagvétted Eofey taEase that the substituent W is a group having a fused

struatuse suchvas a4,5,6,7-tetrahydrobenzothicphene ring or a
{61.5[@;7(&@”%@}??@ eqﬁzggurl n ring, reslp_%c_tivel)i. Method D  Method D is

a method Tor the preparation of & aémpound hating e e HEPa Il - 43 9
L od1 7 myowhidi i indgdelia ednigo rd taing thegjenerat formuda (¥hyomide
e N AP TR WL £ mct)

. alf),?.-- Hal>1.!, QStep tep tep D3a

dtﬁ%%%?ﬁﬁ&@ﬁ%(\}&i) Tefep’ B30 tStER D3R-d GHES M), MHOESS -
S¥Es2@INE DR 4Stdp O3RQ Xk h){X)e wrtheabeyesreaetion vely ethyl
3sebemeiHakapesents a hajagenatom as desciibed.abave, andis .4
N qgggeirgggy a broEmrg tom, or an iodine atom, Q represents an oxygen

Stom of &-SUTTuF ATGRY. S Brdpredb At afpribtding Biotp ot 3 hjdroRye the
TREBUp AT dBEfbEE aboves StepDdl at StepmDitismpprocess:faithels hours.

AﬂeaasaHmQf@,cqimagaagih@\dng&be&ﬁ%@it&r%@wao(&%% @ V)

hGeavertin or grou a compound having the general formula (XVI

0a %g qur(}rﬁél%? g{‘gd@? "rh ég&r%%étsos T BTSNl By Fescfifigauench

Chfie™&SAipbERd (X)) With aTedlieimpagent ira soivenbuAdditiomatlyyatany (50

m1of mwmmaumasé ha\ﬂngdmgeegﬁlaéégaﬁ]ellﬁl (XMd) fmm?!ml@%éé {{;%gled with

starting, cempounds are commercially available, and can also easily be

: synthesized actording tsoogﬁ%ﬁglil/ k%%v?r? %%élﬁlarcﬁ%oonrﬁ%ethﬁag. dripgover

Mgt agBht @RfployREtinthelalevd teactidn eafid ot exempleapprated

Ry ide o1 SsobUIATInUm hyride: 5 Boraydids such as i~
tide pr diisebutylaluminum ride; a borahydride such as lithium ,

! bo?ohydride,zgtjn%iumra%(%arlgrcf)%rgfgél %roﬁlofaﬁé,aér% igep(ireﬁ;é)rlalbnf)r/1 gistng a mixed

SYSThy drite* SR patfietary prieriiprodidmibsmm/diides thhesluent to

afSoplveéntamplayed irndhe aboye reaction)is notpasticularly-estrigteds 5 yhite

cRrovided thatit has no adverse effect on the reaction and can be, for

...example, an ether such as diethyl ether, tetrahydrofuran,

PR fRRthoxTethaie, HiexaRBCor the M oraf aldehoFsuch=s 7 Hz), 1.27

(tmethanok ethansl, isopeapaag!, Dn thedikez and i preferably an alcgheb -3 . 35

(m@nd partisularlypreferably methanal. The reaction temperature employed

! th@above N i?én, smgthanol. The reagtion temperaturg employed,

6.60 (s, 1H), 7.21-7.26 (m, 3H), 7.68 (s, 1H), 7.72 (d, 2H, J=8.2

Hz) .
IR Spectrum (KBr): 797, 1193, 1369, 1436, 1607, 1731, 2955, 3115 cm™t.



68 generally between -23C and 50C, and preferably between 0C and 30C.

The reaction time employed in the above reaction is different depending

on the reaction temperature, the starting material, the reagent used or the
solvent employed, but is generally from 15 minutes to 2 hours, and

preferably from 30 minutes to 1 hour.q 5 ;After the reaction is completed,

the desired compound of this reaction can, if necessary, be isolated from

the reaction mixture and purified in the same manner as described in Step

Al. Step 02  Step 02 is a process for the preparation of a compound
vhawngbergeneratfarmula {XVAH)by preteating a hydroxyl group of a

compound having the general formula (XVII) with an appropriate

protecting group for a hydroxyl group. The protecting group employed in

(this reaction is not particularly restricted provided that it has no adverse
1effeat-qn the reastion jnsucceeding procasses and additiangy can,easily, o« 1
dl:l)g Je _O\Qerqa?a;(nqiiscprefecriably a trialkylsilane. The general preparation

method Tor the tase that a trialkylsilane is employed as the protecting

groufPisideserifédheréinafterl  This process can be carried out by
1re@etingza comperadnayiag fhe aenerabiorsuya XD with & $ihdating ) azet s
dg\ggggl_ncghebgg{e ei_ﬂtce % a4§U|tablle ase ina golvtent. The silylating

agent employed In the above Feaction Can be 16T e¥ampRt A hatkyigifarete
9 chidridiersuch-ad eetryI$ityl ehlonde, adsisty didiethylsiyi elslotidej on of sodium
nifiisepionylsilyl ghiaride of tiutyldiphenylsilyl ehloride; or pitrialkysilyl, e

trifluoromethanesulfonate such as triethylsilyl trifluoromethanesulfonate,
e B ethyISirifiaSrenetTaTe SRR, HHRBPFGFHERYIEOr 30 minutes.
Afrifuorcinetiganesufonatel 6mib utyldiphenylsiby/hitrifl toroneethanesifonaie,ure,
tﬁ@@é%ﬁfﬁﬂ‘@?@bﬁ/iQEH@Q‘WaQ'QMll&Q@@%nQQg B@Etm%@yu%?{%r%ﬁ'é( white solid

t-butyldimethylsilyl chloride. The base employed in the above reaction can
pﬁ%?%g)rléfér% 823 BT HrAIkFRmHE SRS tRbtyaRiAe - 19 m1, 3.3 mmol)
w AR Ndfiis8propilethyldmine ] od thedikep arrinsidazoiecsudk asdmidazolé trat ion
uZimethylimidazale, Qrthe like..qna pyridinesueh as pwiding, IWliding. . -0 o
R gg{l}lldén% or @etqlée,c%pnd iS g&ef%atélg an imidazole and particularly .
pretrerab)fi/ imidazole " P The solverteffiploYed in tie Abdve Battidi i bt te
cpearficdiatiyrestrictéd provided that it has no adverse effect on the reaction

HunGk qci@gsbbert@ﬁ example: ancetley, §§JCJ|9 aﬁndiﬁél?ﬁaett@,r, g%lt,rzb;zétqif) uran, 1.9z
1,2-dimethoxyethane, dioxane, or the like; enate rocarbon
(%UC%I 3¢ d?ch)f(f)éro gét%égﬁe,é I,q Z?di(%ﬁl foéth%ié?b%%orb%rrﬁ{ f tHfe fiRe 0PO (™
Ry athide stigh &8 N,Nedifettifokihamite N, NidirdBthylagetarfide, of thg (<,
1tikegand4s preferabbp anmide and partieularlyspreferably 1n, g=1.4 nz).
-dimethylformamide . reactio erature loyed in the above
RN dimgihyiformal P ROy,
re%}gc?i%nligbe(nérraﬁ‘l;ﬁ%tw-eggr% 52?%&2%%@6,%%% brg%r%blyz/goze%’ ggn oc3103
3%t SBC:  The reaction time employed in the above reaction is different
Maepenthag onntherresction tempeyaturg+the starting material, the reagent
used or the solvent employed, but is generally from 30 minutes to 4 hours,
and preferably from 1 hour to 3 hours.  After the reaction is completed,
@ﬁé%rejooéompound of this reaction can, if necessary, be isolated from
14he 4enction raixture and purifieskisdhersamedsnanper as, gescribedin. Stap 3 -
Al Step Ds D3.is a process.for the preparation of a compound
17¥2 1 >S51C
ﬁaving the%é]e)nnérgefpi\’é)rrf’?luﬁglac(%)/?(-?ﬁebf/3 cocr?\]/fe%rctglgﬁ E)éL %aﬁncg;lé?n g{gmoo aE ate
compound having the general formula (XVIII) into a nitrile group.  This

pr@@%o&e carried @Btzgccording to two methods, one of which is a
@%h b %@version of a halogen atom of a compound having
neral formul I gng@@zgi;rZile group (Step D3a) and the other is a
method by derivatization of a compound (XVIII) to a compound having a
formyl group (XI-1), followed by conversion of the formyl group into a
nitrile group through an oximation reaction and a dehydration reaction
(Step D3b). Hereinafter, these processes are described individually. 70
Step D3a  Step D3a is a process for the preparation of a compound
having the general formula (VI-1) by converting a halogen atom of a

compound having the general formula (XVIII) into a nitrile group.  This

process can be accomplished by reacting a compound having the general
farmiila (XN with an annronriate cvvanatinAa acdent in 2 enlvvent The



71 Step D3b Step D3b-1  Step D3b-1 is a process for the preparation of

a compound having the general formula (XI-1) by converting a halogen

atom of a compound having the general formula (XVIII) into a formyi

group.  This process can also be used as the general preparation .
procedure of a compound having the general formula (XI) that is used as

the starting material in Method C described hereinbefore.  This process

is accomplished by carrying out a halogen-metal exchange on a

compound having the general formula (XVIII), followed by reacting the
féSalting-product Witte ahsuitablefoimylating-agernt. dieesalyentil and he
metatating agemt employed in the above reaction can be, for example, a
Rgt_abl such_as_ metallic lithium, metallic maa}nes.ium, metallic zinc, or the

ike: or AR afkyfitARis SURR-AS FYbfyMRRRIM) S5ty iaht 2esutlithiug, 20
rgrthe Hke; Bhdbisprefeiatiy anlalkyHithiim andparticldady pseferabkel (54 mg,
a-bugrlithium, -cEbe fosmylating.agentiemploysd n this igaption can he -

a formamide such as N,N-dimethylformamide, N-methylformanilide,
NS IR DIR &t orielike; BfoFrRe =T a8 MatfyibrmTate, iwthy) at 0°C
Wotmase ipropyd ,farmates os the dikei ancisepreferably @ formamide 800 room
M 89?!%Bfeféﬁéb'Xe'ﬁd\ikdiﬁ‘ftt&ﬁ@%&@éwgg ti-rrh:e,ecﬁo(lfyermlemgtlgcy.edAfter
in the above reaction Is not particularly restricted provide fhat’it has Tio
SdvVersR%ffécBRthatRAGCANG i BeL for efapflenan el stktrass ml)
wHetladather ctettahydrefrasn In2 seimethoxyethane; diexanez ot ihe Jikend the
A0 Aramalic EXdocabon such as (Oluehie, xisne, an the Ike, a00le.y i en
preferably an ether and particularly prefera Téy tetrahydrofuran. jf e
Selttion ﬁ%’rﬁﬁéf’éﬁfr%teﬁﬁﬂo%aqﬁ%éléﬁo%/esﬁééﬁﬁ)ﬁei% generally petweenan of
sd@0G ad @G canarpreferably betweeme28Grand1-45€:. Ahe reactioPation,
diperemplayed.ja dhe.ahowe reaction s different depending on Ihe LaCctiop +y,
ttfmper&ture, the starting material, thg reagent used or the solvent

employedrBUPR Jewerany Fomets Mihures 16 2rolks, SHePprdteraghy on a
sfréAr30asinatesto 1usomy a2 mAfted thelreactionfisscompleted the desiredxane
(campoiind of thissreaction.eaanif necessaly bersolated fram the reaction , o,
imixturﬁeafg B%rlijg dginggegarg?gnanner 35 described in Step Al. Step
. B3b-2*° Se 5 8% prééess HthepiepaYaidh 9 & compound

R G Bive eneraf fsmiila, ARG by cormemting alforreyl gidup of.&3 (s, 9H),
Lcempandhaving the:general fymula Pdl-1yintoan oxime group, > Fhisg 77

gro qf)s C%n%){e a{ccoqdlxglished by reacting a compound having the general

ormula’(XI-1) wi ﬁ’hy r%»'(ylamine or a hydroxylamine equivalent in a
L8oRrift L rurTHe Hyakexyiakiine é§iivalendtanid 4.sclafibn 6f63, 1471 cm™.
Maydropdaming suckeas agyaguesys salutign)of hydroxylamine, a mixed

solution of hydroxylamine and methanol, a mixed solution of

hydroxylamine and ethanol, or the like; or a combination of a

(h§8BPoxylamine salt, such as hydroxylamine hydrochloride, hydroxylamine
5phosphate; Nydroxylaminessulfates oy thedikes pnela tiower gisdaminecarpo
xggggﬂ;dglethylamlne, N,N-diisopropylethylamine or tributylamine, or an

alkali metal carbonate, such as sodium hydrogencarbonate, potassium

hydfdyencarbohate $ddium carbonate, potassium carbonate, or the like,
tandﬁslpgreaie@mwﬂor?lbilrmﬂ? fak ta);qur%ymmﬁ%a}t Ha%@ Y 1r|iéo\_1y¢r 5.6

a particularly preferably.a c tion,0 roxylamine

mﬁgﬁgglog%{l%gri(?g %n??jt%iae%ﬁﬁ%(rﬁiﬁegxa“%ﬁg sfz)qs/lén?%}nﬁ%y%%tiﬁat A56yEan (10
M tdaliicn 73 pibt patficEarty resfridietioproivided Aianit basid belverse effdrtxane
(omthereaction.and cancbeiorexample.a hajogenated hydrocarhon sych,

as dichloronathane, chloroform, 1,2-dichloroethane, or the like; or an ether
reuch @S téFRRG AT ES, b0, Xdimethexyetitie ot thédikes andis stirred for
3 preferably a halogenated hygdrocarhenand particdady preferaply 1owered to
_géggloa(ognethang. The reaction temperature employed in the above

reaction 1s generally betvee oCcad 80C End préiet aBlyBétesn st added

and 60C.  The reaction time employed in the above reaction is different

depending on the reaction temperature, the starting material, the reagent

used or the solvent employed, but is generally from 30 minutes 73to 5

hours, and preferably from 1 hour to 3 hours.  After the reaction is
crombnleted the decired comnoirind of thice reactinn can If necaccecary he



1-ethyl-3-(3'-dimethylaminopropyl)carbodiimide (WSCI), or the like; a
phosphorus compound such as diphosphorus pentaoxide or phosphorus
oxychloride; or thionyl chloride or the like, and is preferably a carbodiimide
and particularly preferably N,Nr-dicyclohexylcarbodiimide. = The solvent
employed in the above reaction ig; not particularly restricted provided that it
has no adverse effect on the reaction and can be, for example, a
halogenated hydrocarbon such as dichloromethane, chloroform,
N, N- g irelichiofoethaneés of thesliké; ot arretier stieh &5 el dtarane
resul2-dimethoxyethanes dioxanes ar the likeposan aromatiediydrogarbon
sacu34EnAs benzene toluene, xyleng. onthe.like. and issPreferahly-aneq
aromatic hydrocarbon and Barti%ultahr‘liy Prez%ria}at%lly tag)rllge e 'Eggurlet%ction
o tRSmpatatard éinpioyéedin fhe above feaction 1s generally between 20C
mixtapd Y5O ERI preferabhFbetiebh 60C ahEFrEtoes vithiid reaction time
extremployeduinsthel albove seastionas-different dependingorrtheséaction
chl ot?{HQIeéﬁ%J E%}Q? stati Q%Ll{;Hf@E%@%z' : ﬁ@?f%ﬁ;%ggrﬁﬁ&@d Ml%l%%i%&\fﬁ ntzlhef .
.. employed, but is generally from S to 24 hours, a referahly from
N P A R L e P
comReRpGUNE GPHTSTEACHoN AN, it H G SAR 5E 18oRREY fforfi the téaction
gel muxture anthpurifieddd thelsantevharner ascdestrbedlihsStep AP Méthod
ro £ 95) Method ISiiseadnethedderdhenprepanationafacompound haviag the
. neral formula_(VI-2), which is in in a compound having the
ylelgjzr?grggléo?rﬁlflaa(\?ligwﬁggfnwt#éiwu%%ﬁ%ﬁ% Wis a group havingﬁa fused
VgL RtGRE Wick A8 4 5,65 tetr&hpBFobénzothfophihe fingtors T
1.29,4;5,87-tétrahydrobeAz6furan ritiy. OHOPEP - ¢ - 8Mm the aBove réAction
(s, seheme,  and Q#ave the same meanings as those indicated
1= diereinhefore, and m represests andpteges of 1.01.2. Step Elsss Step El is
a process for the preparation of a compound having the general formula
Mas?Xga?%‘S’f%n%lﬁ?ngmézéatgbgc?n)}lMgfc')up of a compound having the general.
formula (XX) into a hydroxyl group.  This process can be accomplished
(10dy reacting a compound having the general formula (XX) with an
5- ( Epcp__@@{ﬁtedm%ipg) agept in.a,$elvent Additionaliy.:ebthe compeornds
 having the general formula (XX) employed as the starting compounds, the
Onl%%ﬁnpounds wherein m is 2 are commercially available and can be
oBfaih et 82T Purthermore, the compounds wherein m is | can also be
5- ( $ynthesized aceording 16 thecprepadtion nethdd{s)destabedirrary
oxaliteriaiee  J. AW, Chemno300:nd2 7410032483249 {2005) 10 Theb)
analducing gent.emploxed inhe ahpys reaction qanhe.for example, an
~aluminum hydride 'such as lithium aluminum h){drlde,hsodljum2 alu)mln m
di Ry b B A RIUERTUAT Ay aRdes B Rorshy difde stieh &sTithidm
triporohydiicke, Sodiwh. boréhyeride "6 borare: ‘ard isTpreferabhfal ting
nixberehydrideiand patticularlyprefesablyesodiunmnborehyaltide. rendhing
cneSQent.employed in the above (gagtion,is natparticularly restrigtedna
provided that it has no adverse effetctdon thtr%act(i:orl]lanq can Q?d for
heexSipie: Hh Btier Such Ss digthyletier’ tetranydroturan, '
subsezngfitiethoxyethane! exahes drethe ike; or an alcohol such as
N, Nmethanalcethanel isopropafol ( orthe like: andbis preferabbpramiattchol,
co180d pasticylarly, preferably;roethgnol: The yeaction temperatute spplayed
in the above reaction is generally between -23C and 50C, and, Breferably
OB RS D Bhd SO ThBTedETohTive Bmpldyed it the Sbove =
andreaetionss different-tependity b te Téactioh temiferatlres thel startihg
wasMatepialthe reagentwsed of the-selvent emplayed; buttis.genesally from
15 minutes to 2 hours, and preferably from 30 minutes to 1 hour.  After
the reaction is compléted, the desired compound of this reaction can, if
necessary, be isolated from the reaction mixture and purified in the same
manner as described in Step Al. Step E2  Step E2 is a process for the
preparation of a compound having the general formula (XXII) by protecting
a hydroxyl group of a compound having the general formula (XXI) with an
appropriate protecting group for a hydroxyl group. Such protecting group

employed in this reaction is not particularly restricted provided that it has
Nnno advverce affecrt on the reaction in ericceadina Nnroreccae anAd



the general formula (XXI) with a silylating agent in the presence of a
suitable base in a solvent. ~ The silylating agent employed in the above
reaction can be, for example, a trialkylsilyl chloride such as triethylsilyl

chloride, t-butyldimethylsilyl chloride, triisopropyisilyl chloride or
t-butyldiphenylsilyl chloride; or a trialkyis#lyl trifluoromethanesulfonate such

as triethylsilyl trifluoromethanesulfonate, t-butyldimethylsilyl
trifluoromethanesulfonate, triisopropylsilyl trifluoromethanesulfonate or
t-butyldiphenylsilyl trifluoromethanesulfonate, and is preferably a
tRERYEHY| Ehiloride anthparticisary préferably t-butyldiphemdsityt ahlordei1ica
@I'e.hl_e b@ﬁ@:@mﬁQiﬁ@dénﬂ'ﬂQ&bQ\ﬁ!}%%ﬂ%__Q?c’?;?? ' £Qre%)§%®pigdahexan_e (0:10
ggag(.y r{uneS Sé'é:h %ﬁ&g%th)’{amm% N,N-dus%[)rogvlethylamlne, or the like;

an imidazolé stch s imidazole; 2-Methyifidazolg, GPIRSTRE; 6Pa%¢ o) in a
PyRiine Sueh s pyridime Yatidinel wollidihe, prebedike and is preferably an
lmmiazwdb% anghparticsdasty pretef_@b%y vilmigg;@lea (.jl 1Tm§dsc§)4§r)t _@t;y@oygg 9H),
in the above reactjop is not particularly restrict rovided that it has no
lddg\?ers&é'eé%ét gﬁ%hg rﬁezia}cﬁg%'gr%d% n g%i for 2)‘(50%%&,’ an et Sucttas ©-74
%ﬁetthbther, tetrahydrofuran, 1,2-dimethoxyethane, dioxane, or the like; a
Tralegenateth hydrecaror: sueh asedichloromethanes 1,2-gdichlgreethane or
Dﬂggrggg@ég&r@n(gpi)dem%qh 5? N,M;c;imethylformamide,
N,N-dimethylacetamide, or the ilQZe; and'is preferably an amide and

particularly preferably N,N-dimethylformamide. The reaction temperature
@mmyloyed in the above reaction is generally between -23C and 100C,

al f Ottan ... The reaction time employed in the |
o T iy G sacion e pativegies nton
Sqartng ARt fRegent used or the solvent employed, but is

genéiadly fromeSErmindtesoto 4hours-asddueieraly om Jheuetd 3eq by
clauts: 1 4 8LING LeactiaN IS gompleted, the desired compound of this -, )
reaction can, if necessary, be isolated from the reaction mixture and
“Sdftfled in the same manner as described in Step Al. 77 Step E3  Step
SE3{i$ tar procassifiareheyireparafidn:of aneempoutd-bavipgthe-genaeal2 - carbo
aformula (64 by iatroduging a farmybgraupdaio.a comaound Daying 18e, .o

gggegal formula (XXII) .~ This process can be accomplished by reacting a
2 compo iy Faing e et raF fdHIRS O8N With @ sftohf Base HeRedeant 1y
thy renetingethedresultiigireduct Witlcancappropiate fowmylating Rgertipie i ed
b§0i\(§ﬂtysta-ﬂjl§ ﬁ&%b%&@mg}é%d (i@_:tﬁl_? @QOA/?%@Q&'[%C@Q&% ]zpormpound
(ng?plg{vgg %Ikk}lilgllum %uch as n-butyllithium, s-butyllithium or
_thu yifithidmh: orar afkaliimatalafifdé stieh & fhiihaditsdttopgistAide,
Hihfting recariathiAdisi e, Sodium hexamethyldisilazides potassisins, 9H),
Lhexamsthyidisiazide. ;o theylikes angd i preferably gn alkyllihjum angdy, ¢ ¢
( Qarticﬁﬂlarl;; plrgferglrbly P}-{?utyllithium. The formylating agent employed

in this réaction can be 4 formamide such as N,N-dimethylformamide,
IN-ARaRy M aRRide, NGoanylphderidihes or thedike; a¥d7mald sLchras.
vaethybiarmate, ethyl fermate; psopy-formats, or the like and is preferably

a formamide and particularly preferably N,N-dimethylformamide.  The

solvent employed in the above reaction is not particularly restricted

(pP6Vided (thak it has pleradversecstfadicon thel reaction and can be, for

example, apiethessush as dietbybethesatettahydrofuran, o, 10 mmol) and
the like; or an aromatic hydrocarbon

1.2-dimethoxyethane, dioxane, o
2532?: as cgllefé%?e, a}yén ’,(?r% tﬁnéﬁﬂéé, Hhd 18 pPefsTaBN i BIREHARd (10 ml) was
a{ifflcorRiRssiefarasiyrenranydiciufay, 2Thenelctiohtemperatire;, and the
r&ployed in the,abayereaction is generaly hefween ;100G and 0G, and ),
referably between -78C and 000.  The reaction time employed in the
CABSE rEERHER 35 Wiferdt &SRy ot ithE e ctioh Reanperaturec theter (20
nstartidgeAtateriad dhe. réagent usedrbe therselvent-empleyed, bikiss saturated
generally from 15 minutes to 4 hours, and preferably from 1 hour to 3
hours. After the reaction is completed, the desired compound of this 78
reaction can, if necessary, be isolated from the reaction mixture and
purified in the same manner as described in Step Al. Step E4  Step E4

is a process for the preparation of a compound having the general formula
(X¥YXI\Y by convvertina a formvl aroirin of 2 comppoiind havina the nenaral



Step Fl is a process for the preparation of a compound having the general
formula (XXVI) by converting a halogen atom of a compound having the
general formula (XXV) into an alkyl group.  This process can be
accomplished by reacting a compound having the general formula (XXV)
with an alkylating agent in a solygnt. Additionally, many of-the compounds
having the general formula (XXV) employed as the starting compounds
can be synthesized according to Method D described hereinbefore.
aquebhe atkylating @fent employediitethedabove reactiondcan e, for Example,
arta-combination ofradickel-eatalyst Sueh@sated in vacuo.
Subs[equebr!§§q/'p']ce”3élpQOEPJ?U”R)BEOQﬁQngQHQ@Q%ned in a mixture
bis(triphenylphosphine)dichloronickel or
of tﬁtiawg(%‘f E?"E/Ibﬂ&g‘;}hlﬁo)‘?@ﬁ%%%%éﬁ)lc"hllbro%?gkvevfterd 3 Brighar
addeeayent sucteas armalidirayresicrn chRlotide,; aif alimagpesignt um
dinprospide s amnalkylmagresiutnviadide 208 acombinatonobapalladium
%%lbé%t) %QLI} @c@@@&(“%%@%ﬁ&%%@@%& Ofas stirred

dichlorobis(tri henylghosphlneloallaglum and an alkyélborlc acid, such as
3t RIS RRYIboriE acid, an ester of morio- afkﬁ%orrgé acid, 80a dlalfkylborlc
mixtaezf@ d@ﬁn@ﬁ@%ﬂ&%k%ﬁéﬁ‘}c aefd "andiRpreferabira GibiREED of a
subsickeheatalyst and aaGrignard. rgagem andgatticulariy preferabhdgun
hydggmgmﬁqot_qfo[é 3his{diphemyphosphino)prapangldichiorapickeland an
ac: JUMAINESLITBromids., Jhe splvent.emploved. o e ehaye igaction

IS not partlcufa rly restricted provide that it has no adverse effect on the
Xt YBEEHON HHd CHt hE TG exathpI&* G 6ThE SIIRAPSE dicthyl &ffrerated
aquitetralvpdrofirantls2<dimethbdxyeteane diorarmeycormtheriize orsan f@romatic
ascbydrocarbon-suchras benzene, teluene psradene;and isipreferadaly-an
the %tbte{ 2nd particulasly, preferably.tetrabydrofuran. The reaction temperature

employed in the above reaction is generally between -23C and 60C, and
DOlb?eferably between -10C and 40C.  The reaction time employed in the
"HNMh Gwe Terietioft i differerfitdeéperitifgronthedredctiar tefmbefatifre; the
7. 1starting matenal, theaeagentused-ar. thezsolvent employed,

r butisgenerallyfromizminutes tq 4-hourss and preferahly from.l heukto 2
hours Af;er the reaction is completed, the desired compound of this
2884, 29
feaction can, if necessary, be isolated from the reaction mixture and
Masﬁu?%ﬂ%hé%ﬁné‘hﬁ‘anﬁé? aS'described in Step Al. Step F2  Step F2
is a process for the preparation of a compound having the general formula
(10@§XVII) by converting a hydrogen atom of a compound having the-general
for I ( VQ m&o jglform I qroup., Thi progess ¢ can be accomplished
e gt azgtlrif g(a compounaﬁ%\%ngt e%%enngrgl formula (XXV?)Zth ;?1 I}
m2- éﬁb?akﬁﬂ%ffétﬁ‘é‘éléﬂfollowed by reacting the resulting product with a

formylating:agentdn a solvent.  The base employed in the above
5- (reaction-camhes far example can alkyllithjum-suehias n-hutyltithitiacp
hex¥35" butyﬁghlmg& é%uw'tbw o @m&%&wg&%@ aslithium s,

lisopropylamide, lith |um hexamethyldisilazide or potassmm
Exaﬂ‘&ﬁrﬁgtf{w(ﬁ)sll%&?d% AnG A BrEBTABHY AR ARG and Paftichrary
mndpeféraibliyen-bhepllitfahn B&amprﬁh@fdﬁrﬁ?laﬂﬁgie@éw@fméyéﬂ irt this
nl)reasticnean, be afermamide suehas NMN-dimethylformarmige; 1) with

se s :1OEmYylpyrrolidine an 1sformylpipedidine .of anisacyanide sugh.-as t-hutyl
. |S(3)cyan|de 1,1, 3 3- tetra@(]a_thjylbut% |soc¥aqide or the "lé%e"é”go e
orpre%eraﬁﬁ/ a formamldesaﬁd paﬁicu axﬁ/ pre era

reaq N ﬁ?é‘tﬁ%rrﬁ%ﬂaé01ub?ﬁé“%ﬁ%ﬁf%W%ﬁ@ﬂ?ﬁ%ﬂ@ﬁéﬁb% Péacfion is

andnehpariicutaty restected providedbat ithasinoeadversevetfectoncthe
reaction and can be, for example, an ether such as diethyl ether,
tetrahydrofuran, 1,2-dimethoxyethane, dioxane, or the like; or an aromatic
hydrocarbon such as benzene, toluene or xylene, and is preferably an
ether and particularly preferably tetrahydrofuran. The reaction temperature
employed in the above reaction is generally between -78C and room
temperature, and preferably between -78C and OC.  The reaction time
employed in the above reaction is different depending on the reaction

temperature, the starting material, the reagent used or the solvent
amblovved hiit ic aenarallyvy from 20 miniitece 10 4 hoitire and nrefarahlyv



as triethylamine, N,N-diisobropylethylamine or tributylamine, or an alkali

metal carbonate , such as sodium hydrogencarbonate, potassium
hydrogencarbonate, sodium carbonate, potassium carbonate, or the like,

and is preferably a combination of a hydroxylamine salt and a tri-lower
alkylamine and particularly preferably scombination of hydroxylamine
hydrochloride and triethylarrane.  The solvent employed in the above
reaction is not particularly restricted provided that it has no adverse effect

on the reaction and can be, for example, a halogenated hydrocarbon such

tas dichlbremethane; ehlesafoime lo2lichlotoethaneranthe ke ranam m1) was
£fhex sych as fetahydrofuran. 1.2:dimethoxyethane, orhe like, or an

alcohol such as methanol, ethanol or |sop§r/opanoi[,1 and ispre flerabﬁ/ a
Sra1bgeRdted Mot arBoand pArittitly préfe FBIy Hisklororsetignessul ting
mEke reactias temperaturecemployed in the above xgaction is.gengrally room
tké%tV\‘/eer%r%ggean&%C, antd,prefer.abg)(lbetweenZO'C and 60C. The

reaction time’employed in e Above Tealisrii HifieréRt defRhding th e and
seactioheRmpétatarésthe silring materialvire reagent usethor the sohentd

aefpepeds but is geyresaliy framndQ minutesde; 15i@%%’e§r}ga@rﬁe§%%ys ulfate.
Affgg]rlfgggfr (0] 3Orglou§i.e cﬁ\fg% fgihee reaction is com leted, the desired
compound of this reaction can, I necessary: De isdtate From e rshéfin - ude
PRRHUFE ol ShAfiEd A the Saprepsaihesas destribe dinsSteprAk iSte pogd
cStQmEéll?@zaapﬁ@cs?s?;witbed&rwraémagaﬁqm@uagi@/iggﬂ@@%t of ethyl
rmula (VI- .converting.an oxjime group of a compoun ,
e Bonra Toriia (RAVINIn® 2 MG SHanS. o THHE ffdecgs =iete
CEERBEEcéOmplished Bydeattihg @ Eohfpdund kavingthecgendrl Iomaukrelid.
%Nbﬁwwh@mﬂmﬂ appmmlrﬂatedéab%gwagngpa@ent.im selvt?m J=_5hg__Hz_ L 305
e ratng, age mplo, int )Y/ action acar lmjae

g&cry{%’s I%],%]V'-gic%%: dhgkyéllgar sddii%lﬁdé, ﬁ,kl%-;rssbp?g y|ceéfl9§3ii$§adg%1' J=8.8
11 )athy 373 -dimetAylaffihopPopyi) cetbodlimide WS ER) or the 83 like: a
Iphesphorusncoriound sach assdiphosphoyus pentagxide erphosphorus
u@X¥CBiode: af thiatyl chipude ogithe like and is preferably a .
carbodiimide and particularly preferably N,N'-dicyclohexyloarbodiimide.

The solvent employed in the above reaction is not particularly restricted
(pPavidddthat it has no adverse effect on the reaction and can be, for
1examplenghajagengied Bydiorarbgn el as eholomeanG, aas azo1 -3-y

1 blzo__rglflqrm, 1,2-d[é:hioroethane,,ort e like; or an ether such as
etratydrotdrait el 2 YdinfdR bk e thans, ERAAE 16 the like; or an aromatic
hydfdearbondsuciras benzenet teluehe] xylenesamtiedie, anttisesized by

- preferablyan-aronatic hydrocarbon-and padiculady;preferablystoluene. ;4 ¢

uTlhe reaction temperature employed in the above reaction is generally
petiween 20C and 150C, and preferably between 60C and 110C.  The
(feadtion tifme enigioyed i the ativvecreaativerisldifferentidependiagdn they 1 ) -

2 Feaction ismperaiue, tae sfaging material; the geagent used o the solvent ., o
lgrﬂpé% edéb t(g%%%ré%ra%/ from 2 iao s to %4 hours, and Preferably from
ourd 10 ToTOUFS - = *AFEHHRE (Sactiofis cOmPRtEd; the ‘digrag-phosphine
(eohspound of thismehktionsdary if Reeassaryi bedsolated from thedeactionride
(anixtuss andspusified) in thersamesmanney as-deseribed inStep Al Methad, 1 |
Sb%se I}Jﬂetrthd Gt| acr:n%tgod foréhe%)rgé)aratlon of a compound having the
gene(?afﬂ‘)rﬁﬁjla §/9T HwhiRRS T duded {heatégﬁ%&?ﬁ@’ﬂ‘é’%ﬁﬁ?ﬁé obtained
weReral forfuta (NyowhereinahesubstituentWds apyridineaingrBA acetate
aMNCrlxEQP "(3/4=4) Hal-7d:0X he titie compound (0.19 ¢g) in a yield
of 90 % as a white crystalline solid.
'HNMR Spectrum (500 MHz, CDCl;) & ppm: 1.28 (t, 3H, J=7.8 Hz), 3.03
(a, 2H, J=7.8 Hz), 3.32-3.40 (m, 4H), 3.60-3.66 (m, 1H), 3.72 (s,



Step G4 In the above reaction scheme, Hal represents a halogen

atom as described above, and is preferably a bromine atom or an iodine

atom, and P represents a protecting group fora hydroxyl group as

described above. Step G1 ~ Step G1 is a process for the preparation of a
compound having the general formula £XXX) by converting a halogen

atom at the 2-position of a compound having the general formula (XXIX)

into a formyl group.  This process is accomplished by carrying out a
halogen-metal exchange on a compound having the general formula
3@5%1X), followedbby reacting the reslting product ywith a-suitable) , 7.17-7.25
(f ,rm&’ﬁtj”% gggn;ér) a2§lolvs__r]g.. 5 Q)e.metalatlng agent employeq in the
above réaction can’be, for exampl€, @ metal such as metallic lithium,
Ihetame hagnésin thetalie) 2ink 481 thé fiké; ot ah7alkylfiffium s8éhas ™ -
vautyligtivpuns-betyhithivm, t-gtyllithivm, or the like, and is preferably an
~alkyllithium and particularly preferably n-butyllithium.  The formylating

a%ent employed in this reaction can be a formamide such as
(N,Nldimethylformamide, N-methylformanilide, N-formylpiperidine, or the

ke sorEa figrmate; such -asxmethylfosmate xethyd darmates propybiermates or3-y

he,like, referably a formamide and particularly preferably
1K%§%g%y ZIE{m%n%’%Z‘ﬁY t“llﬁgg sol\(}ent e%%ﬁ%e& in é%da%ec/)rge(}r/eg%: |B(r31 is

not pafticularhy resFRIES ProvidetPthatdchagiid asiverst effeet vhethe of 39 3
areaction and-egs e, fonexample, vy ethersuchasctiethyetbesn 8imilar to

r Y- '}r{nen'gh Xy thane, dio>J<_ane or the like; or an aromatic

t%gg%gggé%%dcﬁéﬁoﬁje%%, x%leapg)oru%enﬁkgeér}ﬂe}s preferably an
L arorfiafiE Krocarhdrf and rarearaiye preférabR ollerte 2FHe v8agiaRo Ll -3 -y
lieraperdteme emplayed) intbheiahove seaationisy generally. tnetvy;eem .-i_@oﬁmol )
+aad QQS,%@E‘Qﬂ@é%ﬁ%&%&’@%'7gf§§g%‘?dlﬂ%§um n[8 JEAGUON UM, drate

employed in the above reaction is differént depending on the reaction .
 tshriperaturd® FBSartiAG Maerid ithe #8akntUdbd Brae soighpxalic acid
(éffnplgyeﬁ,.bat rsngénerally from15minute_s to 5 hours, and preferaply from
RIS [o3 hossSwx - ANBIIE seaghon iseomplelgd, fhe degired 3 o3 (¢,

5 Igomguqd of this reaction can, if necessary, be isolated from the reaction

Hixture: and?durifiedin Re SEmb nidtngr As W8&enbad i Step At slep 242
3888p (G2 Bla Protessifor tiie preparativh,of adonwpolHd havihg e 2H, J=9.0
ngeneralformula (XXX By convesting a faimyl.gsoypef @ compound .
IlQa\slin tthe gen%al formula (XXZ)\(;? into aoh drog%methylﬁroup_.1 This

Process can be aecomplisheds Féaét%glya compourid Vil the general
Mésren FaeCOOrwWItFRE Teduchg 4gent ifarisdvent.  The reducing agent

employed in the above reaction can be, for example, an aluminum hydride
(gggh alseli i m aluminum hydride, sodium aluminum hydride or

||sglﬁutylalu inum hydride; a borohydride such as lithium borohydride,

1 sédiumh boréhjdrdecoribetsares srrhinprefefalily 4 borshyalritle andl 1 -4 -meth
vy pagticiady preferably sadivim borehydrdesoxyihe selvent employed in

the above reaction is not particularly restricted provided that it has no

adverse effect on the reaction and can be, for example, an ether such as

dieth¥l ether, tetrahydrofuran, 1,2-dimethoxyethane, dioxane, or the like;

oraﬁ@aq\ﬁﬁuch as methanol, ethanol, isopropanol, or the like, and is

fera ly aﬁ’ Igoh nd particularly preferably methanol. The reaction

emperature d in the above reaction is generally between -23C

and 50C, and preferably between OC and 30C. 86  The reaction time

employed in the above reaction is different depending on the reaction
(Iémpetraftirey thisl starting materiale they tedgentiesed brée soiientlane

emplgyeds but is generally from 1o minutes 102 hows .and preferably g o, 14

from 30 minutes to 1 hour.  After the reaction is. completed, the desire
M3 potiid of TS T enctioh At Sf ndceSSA5 - BeVish ratggeﬁlbm thereattiont +2°

mixture and purified in the same manner as described in Step Al. Step 53

Step G3 is a process for the preparation of a compound having the

general formula (XXXII) by protecting a hydroxyl group of a compound

having a general formula (XXXI) with an appropriate protecting group for a

hydroxyl group. The protecting group employed in this reaction is not
nartictilarivy reactricted nroviided that it hace no advvarce effeert on the reactinn



The silylating agent employed in the above reaction can be, for example,

a trialkvlisilyl chloride such as triethylsilyl chloride, t-butyldimethylsilyl

chloride, triisopropylsilyl chloride or t-butyldiphenylsilyl chloride; or a

trialkylsilyl trifluoromethanesulfonate such as triethylsilyl
trifluoromethanesulfonate, t-butyldimethylsilyl trifluoromethanesulfonate,
triisopropylsilyl trifluoromethanesulfonate or t-butyldiphenylsilyl
trifluoromethanesulfonate, and is preferably a trialkylsilyl chloride and

particularly preferably t-butyldimethylsilyl chloride.  The base employed

(i fife abdve igsdrPéan be Tor-ex8niplel A triakyMaminesshich srmanide (20
mﬂrbethylamhn&d\l,w—iddi;sgpﬁnmwleﬁMami@Q, %g&!ﬂ&% ﬁ@ .imiqe,lé@l@ SHeh ASyith

imida; r imidazole; or 87 a pyridine such as pyridine,
Sﬁ%ﬁoﬁﬁn@?ﬁ%ﬁé% e, and. féx%r% Srg’/ﬁﬁ/ an Briidazdle i emperature
L BArfciaMy oreRFA5Yy iffdaZ6RT, tFRerssivehpemployetkinte aboved into
weggetida dsmiot partieiady sestiictechpsavided thatdt hasne adversesifegt vith
2084t To] n e, for example, an ether such as diethyl ether,

t(ﬁ?atlfyfggrg%ra%q%%%?d%m%%g%gﬁa(%}g,S |§§§ﬁe%% fHe fike? Q%a%%é‘gﬁaf)ev *
RGPS AT ORI LIaT &s dithironathare: 1on2-diRlcfbdétivate orehlsrofornated
ipr@ramidersuchasMMNedimrethydforammmder NaNedirngthylacetamide @k i ned
wdhedike; andispreferaly.an amide apd padicularly preferably | o, . 1iyeq
S(Ig\i,yéc_igrmethylformamlde. The reaction temperature emffloye in"the 'dbove

redetion S genbrally et o3t £ra 506  AAdrefetdblyaseleenloent to
affeir80Che tTheereactionutime 2mployedin thesabove reaction is, differgit ess
o depending on the reaction temperature, the starting material, the reagent
1H%§&d or th% solvent employed, but issgenerally from 30 minutes to 4 hours,

and praferably front 1 A 13 Hadrd PPRite? the réactib®is Gorleted, OH) -
2 tRe desiretHeompotind(ef thig reactioi? can, ifecessary, be jsaafed from

rthegeaction mixiure;and purified ifythe same manner as,described in Step

Al. Step G4 tep 04 is a process for the preparation of a compound
. Sasvir% ?r‘?é@%“ﬁj%#&rrﬁﬁ% (\;I%) Bﬁb&fﬁ{/érting a halogen atom of a

compound having the general formula (XXXII) into a nitrile group.  This
(regess is accomplished by reacting a compound having the general

formula, OXXXII) with an ropriate cyanating agent in a solvent.  The

5 JQUTLILE RR °! !

c@ga%l%tgge!r%ﬁ 8%1%%3'} i }%llor}é%gﬁgﬁ %J?‘? 5%, TSt example R eBpper care

O’i?c}rﬁ%ﬁﬁﬁ such as copper cyanide; or a combination of a palladium
catalyst,sticheas tetiakis (siphenylphesphine)paliagdiumy, synthesized by

i is(trj enlrlos Qi.nel)glﬂ dciu , . .

O%SPL%{%? |p?hﬂegnhﬁp%%%pﬁ#r)loffgrrE())cear?eJé??:ﬁor?Srplgﬁ%ﬁ?nf%Fﬁﬁaénﬁ(lee, aRd' 4o
UShetat chahide! SHERTEY Zinc! dyasidey irhetinilsiy oyestide oy tbutdEn (2.5 g,
10cyamide, anddsyprefenably acombinationetpaliadium catalyst angdZife; on of

| ' L particyl referably a .88 compination of ,
e RO aT ot SHE Sy by
“Tﬁel%rmv@rﬁ MployePiFPERIEBBYE Yeattion 5 ot partcdaty aéstrivteditle
coprovided thatsit dsia:Saﬁ(madeej_se @flteﬁﬁpéathg,rﬁagtg%&@eg £AReIOrs sitica
X an ether s,diethyl ether, tetr rofuran,

ge% ;-gd%%?hg@eaﬁaﬁg? g%)?ar%g,poy? ﬂwtce i e;e%?% AidE stchrgshexane (0:10
EONP ARG iTBridiRitfe R ACBRAEHRIRCEtARfideompound (2.5 g) in a yield
ofN8hethyls2-pywedlidinene corithie bka;.and-isipreferably an amide and
LpRasticy ferahly N-methyl-2-pyrralidinone.. The reaction t erature

emplo%%%ﬂﬁeqfﬁvﬁgc%%gegngr%ﬁy tr)ae't\%v-geeism éhdglgglc,(ind%) !
2+ BfeféPably Detwbetrsde arnd 120C. 78 The reaktion thhe @mpldyed in the
IRabBbvereactidn isidifferent depencieg ondbe, reaction temperature, thg-: |
vaStar ial eagent d or.th lvent employed, butiS

ggjng?aglﬁ/ggg%(naéggjrﬁr{u%%%tb A%??oufsw grgésgréferably from 1 hour to 3

hours.  After the reaction is completed, the desired compound of this

reaction can, if necessary, be isolated from the reaction mixture and

purified in the same manner as described in Step Al. Method H  Method

H is a method for the preparation of a compound having the general

formula (VI-5), which is included in a compound having the general

formula (VI), wherein the substituent W is a pyridine ring and additionally,
the rina ie crthetitiited with an allevl Aarorin ace a crithetitiient Q0 Re <{OH N



ReS, ;)\h".".., NO OP (XXXV) Step H2 In the above reaction
scheme, Re and Rt are the same or different and each represents a Ci-C6
alkyl group, and is preferably a methyl group or an ethyl group, and P
represents a protecting group for a hydroxyl group as described above.
Step HI  Step 81 is a process for the preparation of a compound having
the general formula (XXXIV) by converting a formyi group of a compound
having the general formula (XXXIII) into a hydroxymethyl group.

(11cAdditionally, as to the compoundhavingthe general formula (XXXIII)

5- (employed @s therstarting, compourds, commercigly avatlable - 2 - ca

o2 formyl-2-(methylsulfanyl)nicotinonitrile, and the like (Maybridge

Chemicals Ltd.) can be used.  This process can be accomplished by

rEERtNG AT POLTd Having the gererar ForAura AR RIAE réducing

condyyentin absolermt ionTHentdduciy Agentremployed irthieabove t€action
(1o0ambe;dor example, an aluminum hydride such as lithium aluminum

_(ydi | in dride.Qr diisobptylaluminym hydride . a
o E%?o%%ri%geg %t%r?%ismléith%g}np%%fg% dr%]g;, sodi r@goroﬁyfgride or }lgorane,
TR G S Pretetably a bofokydrids %nasp%rﬁéﬁflaer%/lﬁr%}fg}nﬁbﬁ/ sodiur
hy dysaporydigely drTHe sohdent @mipleyetlifithé) abbvesFéacadnTs rat ©
mL, particularly sestricted provided<hat ithasdioaiderse effect omthe reaction
sub ek cam be.dor example, an-etbersuch as.diethyl.ether tetsabydrefuran,

1,2-dimethoxyethane, dioxane, or the like; or.an alcohol such as
2 HBRAnSl, SIAROT eoBraRnal o The ico: ahd & 00 pratarebly &n

solugashof difdpartictiany preterabiymethiariof oTRe Teadtfonteniperature
to sgrfiptdyeikin thé aboveaeactiontisygenerallybetweéni28Gane 5000, ¢
vel BhgRieferablybeiween000 and 30C. The reaction time employed in the
an@POVE Segtion s dlifferent depending on the reaction terperaturg, the
starting material, the rea ent usedpor the solvent employed, but
2 -3 9sdénerallyfrént 15 fintites to-2 holirs, HHd preferably from 30 minutes to
IR gphobrum (Afterihefréaction §8 torhpfeted. Ahe désted édatpsand of this
Ma s $eaption€an, ifxrecessary; be isolated from the reaction mixture and
purified in the same manner as described in Step Al. Step H2  Step H2
IS a process for the preparation of a compound having the general formula
(Lt XXV) by protecting a hydroxyl group of a compound having the general
5- (fdfmBr (XN With ahldpprepriate BroteEting greum fér ahyeraxy group.
ophdine pretecitng greapiemployed in this reaction is not particularly restricted
p&@\éd@ﬂlﬁéa%&gﬁe%aﬁy@éseie,fi%}fkamg@@nae%goega@@@q%@air1-g,
rocesses and additionally can ea e removed,.and is prefer a
o e o e A Pl e
uS1tfalkylsilane is employed as the protecting group is described hereinafter.
5- (This )prozcessicantheé cartied our byergatting anebmpobhebhaving the
rbogenerak fosmula (XXX withra sildating-agest inthe presence @fia)
anaB0IC. 000810 2 2oluetlt, . TS Sl agenhemRlayedn e nove
reaction can be, for example, a trialkylsilyl chloride such as rlethinS|IyI
che G, Ot Ety fsilyt THISHR thisBpFopy s chiside r <
by tiynpidiptreryisilyhchletitie: oratristkyiziyitifia orometdarrsiutonate such
ethas tiethylsilydntifideromethanesuifanate), tbutidimethylsilyb arford
thet@fﬂu%omgméswf%ngieiﬁrgsgpggey&iIy&tgfggogqm@‘gawgqqq@eor
t-butyldiphenylsilyl trifluoromethanesulfonate, and is preferably a

SOltlrclia’lkylsilyl chloride and particularly preferably triisopropylsilyi chloride. 91
'HNMR Spectrum (400 MHz, CDCl:) 4 ppm: 0.10 (s, 6H), 0.93 (s, 9H),

2.35 (g, 3H), 4.79 (s, 4H), 6.68 (s, 1H), 7.16 (br, 1H).



The base employed in the above reaction can be, for example, a
trialkylamine such as triethylamine, N,N-diisopropylethylamine, or the like;
an imidazole such as imidazole, 2-methylimidazole, or the like; or a
pyridine such as pyridine, lutidine, collidine, or the like, and is preferably
an imidazole and particularly preferably imidazole.  The solvent
employed in the above reaction is not particularly restricted provided that it
has no adverse effect on the reaction and can be, for example, an ether
such as diethyl ether, tetrahydrofuran, 1,2-dimethoxyethane, dioxane, or

R fprrlikera Falogenated hitrocatBon siéhas didiflordmethane, 1,

Mas=2-gliehloroethame on chioraformperan amide such as
N,N-dimethylformamide, N,N-dimethylacetamide, or the like; and is

(11 é]alre:af(_aﬁltl)!}/rgp an’ﬂgg ang é)arti.cularlé/ dpreferably N,N-dimethylformamide.

he reaction %é%peroa}%renezr%fo% In the above reaction is generally

betiveeh23E™aAES0E, -dnd prEferably Betwsen 0CahtF386CE 23 The
as sreddtiendimecemployecin thevabovéuedction is<different depending on the
+ had @RCHABAeMperature. the Starting waaterial «the reagentised esthe-solvent

(0. Amplayed, but)is generally from 30 minytes to 4 hours, and. preferably

from 1 hour to 3 hours. Afterthe reaction is completed, the desired
- L ImpPSuEPSt this Fsadtion tai SFiiecessaR: bé isBited fohatiE r8action
dihvdiaererand puarifedlirtthe samecmanmiet asdescribed in StepeAl Step H3
g, Bte@dill3 is a process for the preparation of a compound having the
lHNMgeE‘%@H%Wr'L% X628 V1)-By0xidiz a%aB%y'thA? QGQ,_U%QJ ) CQQ)]P?und
. O‘]:ha]wn?q the ggnergl {ormtulalgxxgg\{ " Th|§ p)argc(ess is agc_:grrlpl}%shed by
’ r"ea‘c(ﬁnémd corﬁpou‘né having ‘the‘g'ener%ﬂ formula ?)()&IV) With'an’
7.3 apfroptiate okidiziig agedf i atSolentl®) - TheP8xididing ageritténtployed
Hz, in thetabove reaction can be, for example, a peracid such as peracetic
TR sReich.Rerhenzoic acid, anpAschieraperbenzaigacid-a permangangie such
5asc%Qdium permanganate or potassium permanganate, and is preferably a
peracid and 92+8articularly preferably m-chloroperbenzoic acid. ~ The
Mas3oiERt EfiplGyed Y fhie abovE'réaction is not particularly restricted
provided that it has no adverse effect on the reaction and can be, for
(11 example, an alcohol such as methanol, ethanol, isopropanol, or the like; or
(s fshalogenated hydracarbon such as dichloromethane. 4,2-dichlorgethane,
chloroform, or theilke, and is preferably an alcohol and particularly
l"zbt‘r%féflé’l%l[}]"gﬁ%ﬁl@l. The reaction temperature employed in the above
régetier-idegenediily between 288 aths0C canespreferabiy betwaen 0C
con@nd 3 Cche Thedeactiendineemployed m:the abave reactias is different
(10 £eRgnding on the reaction temperature, the starting material, the reagent
5. ([ped.or i selvant employed, buts generally from. 30 minles to 4 hours,
nd preferably from 1°hour t6 3 hours: -~ After the feaction is cormpleted,
orh¥RE deSteaceofMptiid of thisTeactioh’cBRS i netEss&rf CBeAsoratdd from
Exategedction aixtare and pwrifiecnthesame manner &s describeddn Step
moB). Step B o8tep.d is azpragess for theqreparation of a compound
having the general formula (VI-5) by converting an alkylsulfone group of a
N Copound hiauing the General formiila OGO InG dn BlkyTdrodp.  This
solprotesy i Carfitd sut By reatting \ totfiptund Having the teneal formula
mk, (O Vipwith afrakisdatngagentn erselventoducThetatiydatinglagent
com@nptoyedsirbmaMQargz;ﬁﬂamw@ecmfo%aeml@p@@ﬂgmaq reagent
gel Sélék%% an alkylmagnesiym chioride, an alkylmagnesiym. aromide, or an

alkylmagnesium iodide; or an alkyllithium such as methyllithium,

2= SRyTithitim oF RopropyifithiGnt, ana & sreterably & Brighard téagent.

93 Thie solventensployed i tise dd¥e reaction is not particularly restricted
provided that it has no adverse effect on the reaction and can be, for
example, an ether such as diethyl ether, tetrahydrofuran,
1,2-dimethoxyethane, dioxane, or the like; or an aromatic hydrocarbon
such as benzene, toluene or xylene, and is preferably an ether and
particularly preferably diethyl ether. The reaction temperature employed in
the above reaction is 93 generally between -100C and 0C, and preferably

between -78C and -23C.  The reaction time employed in the above
raactinn ic diffarent denendina on the reaction temneratiire the ctartina

306



.-=="Step li"---.....-"P":-1..-----Step 12.--,.--%."."-:-.--",.. CHOCHOCO2H
(XXXVID(XXXVIN(VI-1)  In the above reactron scheme Rgand Rh
are the same or different and each represents a group selected from
Substituent group A described above. Step li  Step li is a process for
the preparation of a compound having the general formula (XXXVIII) by
substituting a fluorine atom of a compound having the general formula
(XXXVI1) with a phenoxy group, which may optionally be substituted with
substituent(s).  This process is carried out by reacting a compound

1hmmgéshe@a8@r@ﬂd©rmwa emg\rlna wish V@ri@@s eheﬂ@;lsli@ tb:j@ I@EtflsefaceJ:s .9
an ropriat e.in a_solvent. se employed in the

Hc%bove rééa::t(r%n ?:lra be, fzjr er:zan?l Ié an éi&an me? I E%rbgﬁatéz Sleh 8¢ 7-42
Iﬁhl&ﬁfca?bénété{,zéodrﬂn?éarﬁémaﬂe%r potassitim carborigte; o8 anlalkadi, 1H,
Jeetal mgdride seichAas lithium hydride, sodium hydride or potassium

l&y%rg%e and i |§ ggefera?%aln ail@gmiitgggarblo&a&e ar[néjz BartgcugarlyéJ 8 % S

prefera tassrum carbonate e sdlvent employed in fie a
Mrae%r%tr%ﬁﬁe@%%a{ﬁr%%iarlvréﬂrﬁéd pf¥vided that it has no adverse effect

on the reaction and can be, for example, an amide such as

I}Illél dlggegg lformamide, N,N-dimethylacetamide,

N- meth [-2-pyrrolidinone, or the like; or an ether such as diethyl ether,
1tefﬁa?hyb%fl£aﬁl‘iozfd‘ﬁfei?ﬁ6%3¢é‘th%%nﬂldxdn@ Irtpestilier zmid & y1] -4-meth
ypreferatilyan amideand patdiculady preferably, NaN=dimethylformamide.

The feac ature e he above reaction is er erally

B el bena MO 1006 o oY

between 0C and 14OC an pr etween
Pé%?&ﬁa?%ﬂﬁré%?nﬁﬁﬁf‘e‘dlﬁﬂﬁelﬁbééé reactioirigdifferenedebefdingoretie (1)
uggaction temperature, the starting material, the reagent used or the solvent

r@meox%df%wo%ng@br from,L hopr 19 24 QO% %a Qief?atr' M3 hy1-

hours to 12 hours. After the reaction is'com e des
2 chhigBtind Bethietectidn’dad; ifthete 885y t}e‘%’blélf?e?j FFROTHR tHE fi‘e’a%t%ﬁmple
Linibddie and pusiied i the samie manhegadesciiber) in Steprh ptepdsdbhine
(Step 12,ispa peogess for mgtnfparagqg@iagg@y%%gwgh@%% 831 qe

formula (VIII -1) by oxi |2|nga roup ofa compound h avrnge
‘Gendrd fofmiita TRXX VGRS NPWS%?&E@%??&&E&M%HéH%y imfa -7
mgeipo e hrewireg: they g ehieealcfornialla { XXOAY ) fvith ancappeopriateound thus

oBXidizing @ﬂ@ﬁh%&%@&@%m&%@%&&%ﬁ&g@&% emploveddnihg. o+ ethyl

above reactron can be, for example, a %poch orite such as sodium

*Rypochictte of p@t%%sﬁfmsﬂypocrﬁgﬁt‘ér Ehforitd StRhSEEBHRN Chidrte?
a oy potdssitin® ehforite; er apermrdrganatelsucir asisodium permanganate
L IOMROIASSHHPLR5 | @@@”@E‘Qaf@@ﬁﬁ%'%&?feﬁa@x a<9h|0§ﬁ‘? a'l:.d 30-3.39 (m,

rticulagly pr fer bly sodium chlorite. _ The_solvent employed in the
'4Bgov%é r%%c o% is adt p§ar |(:ur$arly reifictdd providéd that ftthas fo Haverdd |

3@ffect oh‘thebredétiod andicdir be, ToP8xdmpletia dembination of wier ahel |
1ytertiaryralcehpl such ast-putanol of tfargyl alcohol; or a combination of
ter and a halogenated rocar uch as dichloromethane,
%% de(?ﬁlf)roe@ 8e %ﬂor(?fx Bt %c;%r t%e like- Hnd 19 preferably 4 hbinatibe™ -
Mt fvater ahia tediiy)aldhol 486 pafticdlarly: preferably a combination of
water and t-butanol. The reaction temperature employed in the above
{e%etron Is generally between OC and 60C, and preferably between 0C
nd 40C. The reaction time employed in the above reaction is different
1 déb%niﬁnq drithecreactiophemperiiare; the startiprratéral thé reagentmeth
y usedorn the,solvenh gmployedabutissgenerally. figm 3Q mainutes to 24
hou&e} and eferabng/ from Oh?r,rrt 4 hours After the reaction is .
completed, the desred Eompodndbf this RS reA QI dahsH Hecdssary  Bect 74 5
afs@lated fromrthetebltion mitureand podfied indhersameamaneersisnilar to
cigescrbediionstepi Al IMsthod J2  (Methad diis amethod for the
preparation of a compound having the general formula (VIII-2), which is
included in a compound having the general formula (VIII), wherein the
substituent Z is an alkyl group which may optionally be branched and
additionally, the substituent Y is a benzene ring which may optionally be
substituted withsbatituent(s) and the LG is a hydroxyl group.



96 R OHC.."™:;.2Ri"_1 Thal Step JI Rk"".../'"Hal Step J2 (XXXIX)(XL)
R1 Ri RkOO2H (XLI) Step 33 Rk co2H (VIII-2) In the above
reaction scheme, Rirepresents a group selected from Substituent group A
described above, Hal represents a halogen atom as described above, and
is preferably a bromine atom or an iodihé atom, and Rj and Rk are the
same or different and each represents a Ci-C6 alkyl group which may
optionally be substituted with group(s) selected from Substituent group A
described above. Step JI  Step Jl is a process for the preparation of a
Teorhpobnd Haviid e Jersrit Ry by odhvertng azformiyt Group-me th
yof-@ eonipayndieving the generakforriul a6 ROdNte apalkenyl groumo 1)
I C i r reacting.a co nd_having the genera
oL O Va0 ATy hC PhoaROR e Sa T g ryzace
(Hredeheelof a¥ifitable Badedfst s6VvaHY (5Phebask -dmipheyed in the
‘s esteactionncan be, Mar example), an afkoxide suchsas sodjum, 50-3.62 (m,
imeihoxide. sogumethoxde orgpotassiym tbytogde; anglkallmetal,,) 5
hydride such as lithium hydride, sodium hydride or pofassiim hydride; or
(& dRyllithian? siehad ntBatHitAiuh: s2Biylifthidm G t-BltyIfthius Bnd id - 94
(grefékably=sn alkbxide anwkparticularly preferablyzpotassium t-butoxide.
rRhgglvenkemployed 19 1he aboye reaghion is not padiculatly destricted 540,
rovided that it has no adverse effect on the reacfion and can be, for
“@xample, an amide such as N,N-dimethylformamide,
MBsN - dinsathylacetantite, N-methgb 2¢gyrblitdinone, or the like; or an ether
such as diethyl ether, tetrahydrcfuran, 1,2-dimethoxvethane, dioxane, or
(khr@ Iikti, ang is preferably an amide and particularly 97 preferably
, -ginﬁaet%yiformamide. The reaction temperature employed in the above
1 reldctidte i générdlfbetweeard5Canenl00€] abdpreferablybetweenlQE2-thie
nang4lG. 1 ) akke reaction time-smpIeyedLn;the above reaction is different
depending on the reaction temperature, the starting material, the reagent
used or the solvent employed, but is generally from 15 minutes to 4 hours,
preferably from 30 minutes to 2 hours.  After the reaction is
plz‘khgcgesired compound of this reaction can, if necessary, be
isolated from gheNeaction mixture and purified in the same manner as
described in Sigp Al. Step J2

O,H
7 S CO,
2T

(12a)
{4-Methyl-5-[5- (4-phenoxyphenyl)-1,2, 4-oxadiazol-3-yl]-2-thienyl
}methanol

To a solution of 4-phenoxybenzoic acid (0.14 g, 0.63 mmol) in
amixture of acetonitrile (4 ml) and tetrahydrofuran (2 ml) were added
successively l-hydroxybenzotriazole (89 mg, 0.66 mmol),
l-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (0.13
g, 0.66 mmol) and
5—({[t*butyl(dimethyl)silyl]oxy}methyl)—N’—hydroxy—3~methylthiop
hene-2-carboximidamide (0.18 g, 0.60 mmol) that was obtained in
Example 11 (11d) with stirring, and the resultingmixture was stirred
at 50°C for 30 minutes. After stirring, water (5 ml) was added to

the reactionmixture to quench the reaction, and the resultingmixture



Step J2 is a process for the preparation of a compound having the general
formula (XLI) by converting a halogen atom of a compound having the

general formula (XL) into a carboxyl group.  This process is

accomplished by carrying out a halogen-metal exchange on a compound

having the general formula (XL), folloywgd by reacting the resulting product

with carbon dioxide in a solvent.  The metalating agent employed in the

above reaction can be, for example, a metal such as metallic lithium,

metallic magnesium, metallic zinc, or the like; or an alkyllithium such as
waDutylithiug, s-putliithium, thutlithium grthe like; and is preferaply an

alkgllithium and particulﬁélg greferabl n-putyllithium.  The solvent
Sempioyed 1 thé hbdve rehchsite RotParficaRify restieedrpraAdeaRatR
shas o adVerseleffedtioir thee reactiomaned cad beafonexamplepanetheriution
osushaasdiethyd etber steirabydiotian, J2idimsthexyethape, dioxane of ; o

t%ﬂee gktf;cor an aromatic hydrocarbon such as benzene, toluene, xylene, or

e fike- and is PrarérabRy AR Stherand ParttcuiiRSsr8terdoly . to @ solution
Ofetralty drofirire T réactibri ternperature mmiployed(ih thie abeveaeaction 1.0
visgenerally Between s100G1and 0G.and preferably; hetweens78C and. (1 »

m-23(£,. 5 mI‘]I['lQ%reacit:ign t{me employed in the above reaction is different
gi’epe'nding o the realtion temperaftites e taHng RABIAF the s stirred
ateag¥htused bothe solmme&nmjoyednbutﬂﬁ@&%rﬁﬂyd‘mzl’élméﬁuggs dGured
s Aoy, And prefiarably fiorm. 30, minutes to 2 hours,, , Afterthereaction,
is completed, the desired compound of this reaction can, i necessary, be
TR0 I88Sd Aiom TRE réashish mikttiré atRi prAfied indHe Samechahiher f sodiunm
ciescribedancStepiAk Stepd3sodSiepsid aprocessder the prepatationne
=0f excompaind having he sensial ol (L2 B educing. 2 dpuble ;..
bond m(g)let of a compound having the general formula XLI). “rhis o
CPTBeEES IS Ca TSP bt By Feefing H E5h5oid FAVATR;#RY GeR_rar®rfal ca
gEXLEpwithrhydrdgendnnthesptesehceraf aif appropriate-transitionimetabne (1:3
csalalystin arsolventn tEhSﬁ@Q%t%fT&?ct@i&aé@!XééSﬁﬁp'@(%%iB)”‘len a yield

o gbfé/egreéasctignw an be, for example, a heterogeneous catalyst such as
palladiuiort cArbor, piatifuftoxide §PRAMey nickel; a homogeneous

"HOBRIpstestichias chirdtHs (triphehylphosphing)rliaditme oriH) , 2.59 (s, 3H),
1 tetrakds(triphenylphosphine)pakadisimg and;is prefesably a heleragensgus,_g 5

catalyst and particulayly preferably palladium on carbon.  The solvent
Hzefﬁp%y%% igt?heiagﬁoa\;ré TeActién is fo%at(ﬁc‘ulaﬁy rdStricted Provitred: thigtit 2H-

JHas nd Adverse effect on the reaction and can be, for example, an alcohol
1sUnheas methaxek)athaneb or isopropangd; an ether sugh as,digshylether, 3303
c elt(ahydrofuran, .1,2-dimethoxyethane, dioxane, or the like;oran aromatic
ydrocarbon such as benzene, toluene, or xylene, and is preferably an
MagigoREratd WartiGiarly preferalfy eti¥md) The reaction temperature
employed in the above reaction is generally between 0C and 80C, and
(1pj§§e@gjc¥19§twgen. 20C and 4OC.! The reactionl time employed in the
above reaction is different depending on the reaction temperature, the
LstafirRphiaténar; the réagearaseaimnthie)solvéntiempiolieddutisyl]l -2-thie

nygenerally frem ekl mindtes-10-4hosys and preferably from 30 minutes to 2
hours After the reaction is completed, the desired compound of this
reaction can, if %e%:oe&;%%éry,oge %o ait%éL ront the TEActicH mixiite 89 &Td Y

SOt P thé e e franmef sBidescrised!in Stepral JExdmpl b} {ExAmplel L 1)

ustiingd-[(4-(5-[4-Phenyl-5-(trifluoromet y1)-2-thienyl]-1,2,4-oxadiazo
1-3-y1}-2-furylimethyllazetidine-3-carboxylic acid 1-7( 0C2H.T F 3C (la) .
4 - — - - 2

{ [(4-eBroir/n0-2-ft)%;l(;%e%h%)?ﬁx({%?ﬁ%%eiih%[sl?lla%}éadl °a soldtidn of Bhienyr

M bRl 2 fliraftiéhyfe (5.0 20 Bl i methahot UOmilkwasladdad(122a) ,

caswumbﬂmxdﬁée?él-aoﬁ,zm @fmo.l)a@t Ricowith ﬁ&ﬂage.apggﬁegﬁyﬁm 0.17
,mixture was stirred for 1,hour, Afterevaporatingthe reaction mixture in

Ivacuo | the residus blt;?n&% Wésé%ﬁﬁt%%ﬁﬁﬁyglﬁgﬁ %Séfcé%f g water'8nd? 97
extracted with ether. The extract was washed with a saturated aqueous
solution of sodium chloride and dried over magnesium sulfate. After
filtration, the filtrate was evaporated in vacuo. Subsequently, to a solution

of - the residue obtained in N,N-dimethylformamide (30 ml) were added
cricceceinv/zalvy | nidazole (20 A 27 mmol) and t-hiitvidimethvichlorocilanea



IR Spectra (liquid film): 1230, 1257, 1464, 1473cm-1. Mass spectrum (Er)

m/z: 290 (M4). (Ib) 5-(([t-Butyl(dimethyl)silylloxylmethyl)-3-furaldehyde

To a solution of [(4-bromo-2-furyl)methoxy](t-buryl)dimethylsilane (7.3g,

25 mmol) that was obtained in Example 1 (1a) in tetrahydrofuran (50 ml)

was slowly added dropwise n-butyllithiui® (a 1.6 M solution in hexane, 17

ml, 28 mmol) at -78C with stirring, and the resulting mixture was stirred for

5 minutes. Subsequently, to the reaction mixture was furthermore added
N,N-dimethylformamide (3.8 ml, 50 mmol) at the same temperature with
Stirringrand thenesultihg misture apas stinedkfords minateswAfter stirring ) .
susatated agueous selion of apmeniumchloride (10, A)J\rﬁvg‘stgggeo(&:oained

dhe rggc}ig{le@i tur%&%)%uench the reaction, and the resulting mixture was
poured into water (100 Mi} 3FE°&alied it EtRef FhEeXiR (17489 2 mixed
tasked with atdatbrarstagaesns solution ofsatiurschiosidelard dried arford
averinagnesiuposuliate; Afterfiltation, fheifilrate ywas, eyaporatedin, o1 1o s
YLV, ncgut e crude product of the title compound thus obtained was
purifie %y c%rbmatography on a silica gel column using a mixed solvent
g‘f%ﬁqﬁ%ﬁféiét@ahéme%ﬁe (E20lto 1310pms theddluésnt tarfford thedilsi0 (m,
Mmpauadz(ﬁ.g I\]/Ig) (illﬂ,ac ngld;)j Sh% gg ?1@2)!06@:'?8;8 g%\{ p;éti)fégll_lfj)ctZ %ggl(l\{lgl’R 15),
ctru : ppm: 0,10 (s, , 0.91 (s, , 4.65 (s,
?E)% g.égb 2%’%1)‘!%.00%%#)?’9%%]'(5?‘1 ). |E<Zépe8tr6é1 (fquietiny™7 -8 Hz).
810d3,(#13612588 147821544, 693cm11. Mass Spectrum (FRB) m/z: 241
IERMsH)E)e i) Gealed f-Busd (dimethyl) silyl) oxylmethyly 53-fuenitrilecto a 1 51 3
1sQutign-of 5- ( ( [t-bntyl (dimethyl) silyl] oxy}methyl) -3-furaldehyde (3.2 g,
13 mmol) that was obtained in Example 1 (Ib) in dichloromethane (40 ml)
MREFe R SicdédEvephgdrd&Aarhitfe Fydrochloride (1.0 g, 15=01) and
triethylamine (3.7 ml, 27 mmol) with stirring, and the resulting mixture was
(Sthred at room temperature for 2 hours. After stirring, the reaction mixture
was evaporated in vacuo. Subsequently, to a 101 solution of the residue
1 obtainBd iR Yo Nk (40 miy 28888 N, N ldidy dlonssgibarsdditmidd (34thie
nyt159nmal) svtht stirring; Bnchthesegulting anixture was stirred at 90C for
16 hosusc RS conling oM emperallre, hexane (49 mh wasaddedfo, .
the reaction mixture, and insoluble’materials were removed by flltration
2ith CBIitE. ThETitratd Was evAPoPtetP FVEEIBIakt thesaaaergduet fr to
tie tivercompedndithtisaatitained Was)pusified byeehromatography on a
1 silica-gelealunmy using anixe, ethy acetate and hexane (3:97) . .
L8 tplg %E(}Elt to gflglf rdgihglgitle&coar?é%%%\%t(féﬂ'%n %ﬁigﬁ of ;(%Afalg a8 zhle
EOISUTIESS oMy BradaaE TR MR paEiui? (460 MH2, CBCTR)S hprint was
CPLEG IS BHY0 BFBPOR) 1 4. 64(B2H R 61 5(ST1H) 7B88(su 4 H)o 1 1R iSREFUBb d i un
h {licpaid ifdn) (10871 142, 1258, 1464,1473,1540, 2238 cm-1. Mass

1&[%%0%& %Fﬁ\llé')(m{ :_2328((M514§'®(1d) . _ _
5-(flt-Butyl(dimethy §S|¥y}I{]o§<y?mBect | NF-RF8roxy fran-3-cafox Imidarpide (m/
LH by a‘otitidn bf 5H{t-BHtyl (dimethyl)Sik/loxy) atethyB-3sfurositride) (1.8 9,5 (4,
47,6 7Amad) that, wasabtained im Example; 144c) in emgr)%(,lzg mhwas, ;5 g
Hg)dd%ﬁ §840(% aggeo%sgs%lut};on of hydroxylamine (1.0 ml) with stirring,

and the resuﬁt’ing mixture’ was gtirred at 60C for 1 hour. After evaporating
Tkhereactivh mMiddre inlddduo, thedresidiie obtained was zlilutad sitnether,
Mparireddpta-water40)mh and extracted with ether. The extract was

washed with a saturated aqueous solution of sodium chloride and dried

over magnesium sulfate. After filtration, the filtrate was evaporated in
(Rgtidt antPthe crude product of the title compound thus obtained was
1-purifiect by chsomatography, opa sllicagelcolumn ysing.a g@lz@_dﬁqh_{% Mhien
L of eyl 'ils:gtaé[gia \d hexane (1:1) as the e[,téent to afford the title

compound (2.0 §) in a yield b 7%+ ¢ act



as a white crystalline solid.  1HIEIR Spectrum (400MHz, COC13) 5 ppm:
0.09 (s,6H), (s,2H),4.69(brs,2H),6.44(s,1H),7.30(br, 0.90 1H), (s, 7.64
9H), (s, 4.62 1H). 102 IR Spectrum (KEr): 1059, 1594, 1513, 1671, 3203,
3376, 3499 cm-1. Mass Spectrum (FAB) m/z) 271 (M+H)+), 309 ((M+K)).
(le) (4-{5-[4-PhenvI-5-(trifluorometny1)<2-thie 72,4-oxadiazol-
3-y1}-2-furyl)methanol To a solution of
5-({[t-butyl(dimethyl)silylloN'-hydroxyfuran-3-carbo ximidamide (0.14 g,
O 50 mmol) that was obtained in Example 1 (1d) and
& -(trifluoromethyl)thicohene-2-carhonyl chloride (0.17 g, 0.60
hlor)omethane (10 ml) was added N,N-diisobropylethylamine
. .0 mpl) at 0C with stirring, and the resultlng mixture was
stirred for 1 h8oX After stirring, a saturated aqueous solution of sodium
hydroaencaryonates(1.0 {vastadded to the reaction mixture to quench
the reaction, an ing mixture was poured into water (20 ml) and
extracted with ether. The extract was washed with a saturated aqueous
solution of sodium chloride and dried over magnesium sulfate. After
ﬁl?l"a)tlon the filtrate was evaporated in vacuo. Subsequently, to a solution
{ 6F-BEh pEsifduéobtatmed invtetratydrofurare (4 0andiaz addeedy 1 ] -2-thienyl}
nigtrabutylammonium fluoride (a 1.0 M solution in tetrahydroturan, 0.75 ma,
0.75 mmol) with stirring, and the resulting mixture was stirred at 60C for 3
hou%haffauéara@otwéteaa.aﬁl%&ﬁﬁ%ama%“&ma it watBF (26 1l 10°Y
cquénchihe réactionanicbaxtriactéd with etizerméhe extrattiwascwashed2 (12a)
uWi%a §%@89m5c5@&'98n of %Qd'b'm ghloride.and dried over
nesium sulfate, After filtration, the filtrate was evaporated in vacua,
A Ctﬁexé’r]ffd]ezﬁrﬁaﬁ&"c}ferhé t‘tlé“@dm%o%?tmﬁﬁ obtained was purified by
1chmmatdgr@mfomatréargmepmmmlusmg@ﬁuxedcs@tve@tmfethyllde (0.11
gacetaie a{mmexane (1: 1) as the eluent to afford the title compound (0.20

ield 0% sta ine S olid. IHNMR Spectrum (500
o T A e e Ty 3 B, TRy ehioph
e&ii?“ga@@lmdmsbectmfmﬁr) 01 PA3MMOTY, 1426, wsslo%@sned in
E;‘L@zgt&?@ t@md‘»’lasa?n%p@ctmm !.E%B;)L?I?{ZGB% «géﬂdlyg&&taﬂ,&%moriae
4-15-[4- 5-(tr et thi 1 4-oxadiazo

l?L- -yi‘l- -%ury)P ?hyll rnEe( ?Ti::arboxy gtle]slis&u?on o the crude
P44594- ﬁﬁ‘eﬁ;blf-stetﬁﬂaoﬁﬁﬁemyrﬁzahrmﬂ}z@z,aes&amazepslfled by
chrimdfupdipethanch (9:20 ga 0520 <&l) that ty%ast@biaﬂrrtertm Exarapteds ethyl

le), carban,t trabrcm e (0,20 and he ine

% )C ¥ 6éiogmm51§3|n%lch ogror%eoﬁane Flr(} )wa%%ﬁﬁne%‘ ?Oqu iompound
How sbbsféqaémﬁ&%qﬁe%aeu@ﬁ miRike Were-addel suctessivelyethglid-
‘r3mzetidinecarhoxytateMmysrochtarides 329, 0.25 mmplpy, J=7.4 Hz), 1.88
(@nay,N-diisopropylethylamin 1. p mol) atdhe samg, ;5 g 4,

(026
temperature with stirring d%the resulting mixture was stlrred at'room
Stethpéfatutefor 2- Héqu Nter‘%ftlrﬁﬁégf a7se?t@rrafé'd affuedtd sbldton of - 3° (t/
28oditsn hydtegeneganionate (1H) nixwas adgded to the reaction mixture to
u eact er in tur. S red i at 0
S an et i Syl 2ol e s aained in S0 20 2356
“aturated aqueous solution of sodium chloride and dried over magnesium
MsuHatm Afterdiltration’, jthe fitrate7was @waporated in vacuo, and the crude
product of the title compound thus obtained was purified by
chromatography on a silica gel column using a mixed solvent of ethyl
aégtat‘é%fgﬂ’ E exane (1:1 to 2:1) as the eluent to afford the title compound
140.24 ¢ tn @ el of 84 -%ras axwhite cyystalline, gelick sLHAMK -Speatrum-thien
3 p 7.3 Hz), 3.35 (quintet, IH, J=7.3
y%—?&%wl QQ%Q%%?’QH? C]S%%gz kéﬁt% =7.3 Hz), 3.66 (s, 2H) 4.16 (q, 2H,
J= 7@%2?%% &KQLCPF)C‘? @é ($151-HL 7187 1SR AHNE. 0065, AR RS L 284 by
Spectrum (KBr): 1125, 1178, 1203, 1216, 1581, 1606, 1624, 1727 cm-1.




Mass Spectrum (FAB') m/z: 504 (M+H)m). 104 (lg)
1-[(4-{5-[4-Phenyl1-5-(trifluoromethyl)-2-thienyl]-1,2.4-oxadiaz
ol-3-y1E-2-furyl)methyllazetidine-3-carboxylic acid To a solution of ethyl
(2-[(4-{5- [4-phenyl-5-(triflucromethyl)-2-thieny ]-1,2,4-oxadiaz
01-3-y1}-2-furvi)methyl:azetidine-3-carBoxylate (0.20 g, 0.40 mmol) that
was obtained in Example 1 (If) in a mixed solvent of tetrahydrofuran (0.50
ml), methanol (0.50 ml) and water (0.50 ml) was added lithium hydroxide
Crggnghgdrat £37 g 88 mmol), with stirring, and the resultlnc% mixture
was stirred af roon gmjp%?afdf‘élf]o?‘ﬁ hourt A SFSTHRDE AcEtiC 48RPE fil, (15
UF.889mmol) was added to the reaction mixture to quench the reaction.
@ueﬁaqmelstlx stothe restiting iaixture was addsd a;sojution Dypfﬁbcé}ﬁgnyl}

811 19, { 0. %6) oI)| ggthan O 5 mI W|th stirring, and the resultln%

Xttire was st for 30 Aiates: The Wite %ﬁarbergcjrﬁitgfé%“\ﬁ%@ 13 (13a)

ceoTRtte @y filtmaiorigsify: é%lﬂyaﬁ}aﬁﬂjmlWamdmmyamgedhme (0.15
gSolvestt efwater @@%@E@%@é@Zin@&ﬁ%&@z%\é@%ﬁ&f@(ﬁo@%@“% 10 g,

82 Id of 39 hite crystalline solid, IHNMR
e 1500 iy, K405 G530 (AHInReL 1007 b3y 3 8 -

SEHSSOBI%DH%)’AW(Flzsi%mmmofgt(@e 2H); T20dofso Q) AT S7 BXained
wea, M%f&ﬂf 16§’6 &;ﬂi}gf%é&'\ﬂaﬂﬂﬁs$ﬁ 5%2%5386@1‘) /cgal%%n(lx'l\-/lz leilléé?g%lxed
ass, Spectru +

S%é)%zgrtﬁ%)leg g) -((5- J[5a(i Ct,%l%hex;g/lp eny%)q}zfl\ og?(arglaﬁola:? ygﬂe % g‘ent ko
MR I I FRZefidine: earsowdic Beit? ©O314 rdiCAN TN R {223 a pale yeuow
oSy tButyl(dimethyl)silylloxy}methyl)-2-furonitrile The crude product of the

1 W syn zed con ciing the similar reactjo to
e ramione 1| Dbl (e Usiig oy SENSLAAR

(§: ({ﬁfbutg%r(am%eﬂﬁ/l)sul?zrlészyl%nér@myﬁ)ﬂ? fdfldeRyd819.£¢, 88:mafol) 3-71 (s,
3hefefenice (Herature:elattahedrom) vol. 5@{23),06@6,7 £1994)].20 (¢, 1H, J=7.4
sBydroxylamine hygdroghlorige,(2,99.,42 wm&b 5ﬁethy'89mé”%£%1 i, 76

mmol) and N,N'-dicyclohex Icarboduml e ( .42 mmol).

I%Lﬁ?fé%ﬁféﬁﬂ); lﬂ%“&ﬂﬁé idujcjt of thé?tﬂl%' cb?rﬁ‘ﬁouha‘*tﬁusléﬁt%n nediibasl 589
1|§E|ﬁf|edWchm?natography on a silica gel column using a mixed solvent
uQf sthydacetate andhexane (1.9) as the ghuent to afford the title

compound (7.5 g) in a yield of 84 1 as a colourless oily product. 11INMR
Spectrum (400 MHz, CEC13) 5 ppm: 0.11 (s, 6H), 0.82 (s, 9H), 4.67 (s,

(2BH) 6.36 (d, 1H, J=3.4 Hz), 7.04 (d, 1H, J=3.4 Hz). IR Spectrum (liquid

1ﬂlm)445§{$§ﬁ11%22{512i8 %é%x%%%mﬁ%‘llzézg 52338081 Mas8) _o_thien
g ectru (EII m/z 238

ﬁtﬁlﬁ’ty](?jlm styﬁo‘f(i‘/ﬁ%%ﬁ%}!)lﬁl F5ffoxyfuran-2-carbox imidamide
The%d@lﬁﬂoﬁmmhedltl@ cdmpound wvaysyhthesized by eopdactings 86 $

athe sm&a&eg@iﬂg@IQA@%&&@N@QEQ@%?@H&E& )MSING i 1ar reaction

£ t'but Idlmeth thy uronltn]e .5¢, 32 mmol) that was
ob(t{"gllme : xamp?) txz% %Pmr?g 4%0} §4uBdtd SRt b
1hyawam né (4o Mr)p@tygemmmwthé cPude preduetzofithe-titld -2-thien

yp@;ﬁmmd ihus obtainegy w&m&ﬁ@@ ehramatagraphysonasilicagel as
umn smg mix Iacet te and hexane (1:1) as the

?alneéj ?d S‘.Péveqt é e} di
ent to afford the titie compou 14 |n ayield 6)f59§%u§'518r%/vﬁlfe sodium
hydpstaiie délid. INNME: 8peeriin (400 MHz, CDC13) 6 ppm: 0.09 (s,
H@iﬁ)?- @{%c(:%@rH) AOMuLS, 25@56&8 (Dssphd). £.28 (¢ 1Hz)=34 "hZ)HQ)mz 09
A,%{_I % 8. 7(? (P{/I %Hg Spectrum (RBr) 1255 1613, 166
3376 58 & ctrum EI w7z 270 (VY. 106 (2‘%:)45 4.37
(- [%H(WC%/c@ne(WIpﬁéhle 112544(91xacﬁ§zollﬁ%fﬂ] -24uryljméthato 115, AJ=7.4
Hﬁplgtvor:s a@f %({[&Qvéy;%jlwthw)sﬂﬂ]@@gﬂ;)eqthnyyN @EVQM%TUVZQ?ZZ “§2X g7 |
amide t in Example
! n%?clo%exrélb]é%% ic amgl’g P 89349 %égagﬁd 1537, 71557, 1)592’ 1613,
N,N'-dicyclohexylcarbodiimide (O 17 g, 0.84 mmol) in dichloromethane
(1.5 ml) was stirred for 1 hour. After stirring, the reaction mixture was
diluted with ether, and insoluble materials were removed by filtration with
Celite, and then the filtrate was evaporated in vacuo. Subsequently, to a

solution of the residue obtained in tetrahydrofuran (1.0 ml) was added
tatrahiimtviammaonitim fliioride (a1 011 enliition in tetrahvidrofiiran 1 1 mli



IR Spectrum (KBr): 1157, 1216, 1344, 1406, 1561, 1584, 1613, 3369 _1 .
Mass Spectrum (FAB') m/z: 325 ((M+H)"). 107 (2d) Ethyl
1-((5-[3-(4-cyclohexylphenyl)-1,2,4-oxadiazol-3-..y1]-2-furylimeth
yl)azetidine-3-carboxylate  The crude product of the title compound was
synthesized by conducting the similar reaction to that mentioned in
Example 1 (If) using
(5-[5-(4-cyclohexylpheny1)-1,2,4-oxadiazol-3-y1]-2-furyl)methano 1 (0.18

34229c0.55 mmol) that was obtained in Example 2 (2c), carbon tetrabromide

Ma s 532@0:6 7 mmol tiphesylphaesahine (0.18 g, 0.67 mmol), ethyl
3-azetidinecarboxylate hydrochloride (0.14 g, 0.83 mmol) and

. N,N- duszpropylethylamine (0.30 ml, 1.7 mmol). Subsequently, the crude
‘{amt%(fuét f the title compound thus obtained was purified by

@hf%ﬁﬁé%o@rdﬁhﬁﬁ HsificatgePeBRITINGEINg atnfixed <EREMUf thyl
1] -acetaterand exane{4st 19i2:d)as theeluent tocafford the title compound
(0.23 g) in a yield of 96 % as a white crystalline solid. ITHNMR Spectrum
(500 MHz, CDC13) 5 ppm: 1.24-1.32 (m, 41-1), 1.37-1.51 (m, 4H), 1.78

d 1H,FJ:12.7 Hz), 1.84-1.94 (m, 4H), 2.56-2.63 (m, 1H), 3.34 (quintet,
@V—?i@;—:), 3.44 (t, 2H, J=7.8 Hz), 3.64 (t, 2H, J=7.8 Hz), 3.73 (s, 2H),
1

.16 J3=7.3 Hz), 6.37 (d, 1H, J=3.4 Hz), 7.13 (d, 1H, J=3.4 Hz),
7.37 (d, 2H;378.3 Hz), 8.10 (d, 2H, 3=8.3 Hz). IR Spectrum (KBr): 1374,
1561, 1614, 1 cm-1. Mass;Spectrum (FAB') m/z: 436 ((M+H)"). (2e)

1-({5-[5-(4~cylalexy, ny13-1,2,4-oxadiazol-3-y1]-2 u yljmeth
yl)azetidine-3-carbdxylic acid  To a solution of ethyl
1-({5-[5-(4-cyclohexylphenyl)-1,2,4-oxadiazol-3-y11-2-furyl}meth
(143/flazetidine-3-carboxylate (0.23 g, 0.53 mmol) that was obtained in
{4 -EXaMple 2 (2d) in @ mixed salventeftgtiahydsofuran (.50, mlh),-pethanol
. {O 5@0 p tg water (0.50 ml) was added lithium hydroxide monohydrate
50 n?@ 12 mmor) with stirring, andtheresultingmixture was stirred at room
téherattife 1o RbuPEARRT Stirfirfy, SEERE" 108 8cRY 1659/ - 125 ithol)
congvas added4oshel teactienanixturedotgaencinthieredctiori:-Fve Wwhité solid
12@{@@%@@&%@0@6@&%@&% filtration wsing a Eiriyamas tunnel, wasbed
was VI & mixed splvant 0 1"!39% %pd m%%rs g&o L) and drisd in yaguo to

aft ordlthe title compoun in avyie 56 % as a white crystalline

0 -5 30T THNNR Spectium (ébﬁeﬁﬁ%a@ﬁ@ﬁ@% S 308146 (m, 1H),

hydqdo4BlpSEEM(UHY, 3,79 (821Fn8=211.7 Hz), 1.87-1.94 (m, 4H), 2.63-2.69

5- ((ms B} 3 .88 Aquintet sty 3783 hz), 397 {t; iy B=8.3nka) o485 {t 2H,

phege 82%"%%?‘{1%@&%2&'9 @77‘75(%’ 1'5' 4% §m%HZ}hZ@@a(9 cuilaamgdll IE'Z)
748% 3=8.3 Hz), 8.11 (d, 2H, 3= 83H£ IRS pectrum glKBr) 1346,

Exaqht, 44209507 ”f56'1 15 Sloéfélg_nLO%i 530° cn(tJY ass Spectrum

flufF’-‘A@?) *ﬁ/ie&ésk(ﬁ(mlﬁﬁu)an(éﬁaﬁ?pI@B) 0.96 mmol). Subseguently,

the lef{4e{5efdeRhenyd -S:frifluoromethyl)=2-thieny b4 24 oxadiazd £ ied

by Jh?egxéglo%;aﬁny%mgt%ll%gtig%lﬁ%ﬁ%ﬁg&éﬁaﬁiqlP@d)JgA:LE@% 3N |

. t-Butyl(dimethyl)silylloxylmethylthiophene-3-carbonitrile

© héflg 3Csec§Iu%|on {TQ rtﬁemg%gt] |eny3met Ii1cﬂ)lxyt I%utfl ?meﬁy seilatr%e 9.0g,

COMPGFM]Y hfe@réﬁc% Titeratre 3. ’Méoa@ﬁéFnYev6FW&§h5‘ti’O’§ 12002 in

solMiN-dimethylformamide (20 ml) was added copper cyanide (4.7 g, 53

LrmghwithestisiRguanddberesalting .mixture yasareffuxed fon 2 howts.

(e Alfger Szog)llg]g{tg rosorp_%temp%@tuge th}{gacgoQ4n1(|§tu5%Wgssdngggq with
ether (80 mlﬁ and after addlr;g a 28% aqéjeous solution of ammonla (50

5 - 9f1Y 2théFesultifg Thixturé was tirred at Foort teiperatifé fof T hour. After

2H, sirfing bk réagtiondixiare’was eirdcted with’ eftfef dand thelextraet was

Hz , Wwashed successively with water and a saturated aqueous solution of
sodium chloride and dried LO9 over sodium sulfate. After filtration, the
filtrate was evaporated in vacuo, and the crude product of the title
compound thus obtained was purified by chromatography on a silica gel
column using a mixed solvent of ethyl acetate and hexane (1:50 to 1:4) as
the eluent to afford the title compound (4.3 g) in a yield of 58 % as a
colourless oily product. IHEMR Spectrum (400 MHz, CDC13) 5 ppm: 0.11
(s, 6H), 0.93 (s, 911), 4.85 (s, 2H), 7.06 (s, 1H), 7.82 (s, 1H).



IR Spectrum (thin film): 1086, 1128, 1258, 2229 cxil. Mass Spectrum (Er)

m/z: 253 (Me). (3b)
5-({[t-Butyl(dimethyl)silyljoxy)methyl)-N'-hydroxythiophene-3-ca
rboximidamide  The crude product %%he titte compound was

synthesized by conducting the similarreaction to that mentioned in

Example 1 (1d) using
5-({[t-butyl(dimethyl)silylJoxy)methyl)thiophene-3-carbonitrile (4.3g, 17

ol) that was qbtained in E le 3 (3a) and a 40% aqueous solution

%E?grcogxil énmﬁﬁg }é 2 ?nglg.q\%u)é%?a%eﬁl%/?thel tiade lp%%cﬁ briheltitisr 1913
Iedpothdfthudiditaied was purified by chromatography on a silica gel
MealsnIpaIStigna et solvent ofethylagetate and hexane (1:10 to 2:5) as

the eluent to afford the title compound (4.7 g) in a yield of 97 % as a white
crystalline solid. 1IHIMR Spectrum (400 MHz, CDC13) 5 ppm: 0.10 (s,

(é%??, #98581 9H), 1.69 (brs, 111), 4.79 (brs, 2H), 4.84 (s, 211), 7.02 (d,

13K d=ded iz)57 3L (d-H ubxb4d3ghdRospeetim (KENS 14101, 125601 -3-y1
371,105, 7208, 5359, 2495, Mase. SRsgium. (FAB-) miz: 267

(4-(5&- BLRAHGErdhhetiiR)-RithienyiRTRdrskadiazokgt hesized by
cerly2-thienylymethanali on THe crude proguct afdheitisle. gompeundivast (1)
wSynthesized by conducting the similar reaction to that mentioned in

Example 1 (1e) 110 using
LEgfibtyRaimetimshyres Aisthgnarvrygrerthisphetiecsatiazol ~3-y1] -2
- Hhoximidansde {6439,01.5ammot).thatmwas pbtainediisExaraples3 (3B) example
14-phenyl-3-(t i er2-carpopyl chloride (0.529, 1.8 ine

Mot aps ey e 10,55 I S D), apit 5 L enoss
RoMiti8h St ftrBBUyaROHGm TR RO TAE RO hATS Siferheniye (91
nthe €radenproduct afdhe, titlelcompotmsl/ thushohtained was purified by? mmo1) .
seheemategraphy.ep a silica gel golumpeusing @imiée@o%%%%%td%ﬁﬁy'obt ined

acetate, %nd xane (1:2 to 1:1) as the elnent to afford the title compound

"10.60'6) a5°5 vitE YRRl E5hY. 2RINMR SpR@RinTRi0mM H3ing a mixed

sgDEenB) Spphit vl 95 brs, tEHR L 88:fsa 2H) ( 7:45 €5, kD)) 7856 (9eld)uent to

a 7B E40s A TE12 Ha) 807 (f 1 47112 b@xéﬁd%petf%nag(§%a%£289ellow

0%118% 12C(158 1313, 1417, 1578, 1606, 3324 cm11. Mass Spectrum (FAB’)

_mfz: 408 (M:4w). (3d) Ethyl |

YR fpg4tstvany L 80l aor6@@thy S 2rthienyi}- 232, 4toxalliaz-7 . 4 Hz), 3.02

<4;3-2)g3,}-a=thi.enyd;)ﬂaetrwu@z?gdm-gnc,armglagtt%8-tgh@zcrglmi,e @mot,w%t.toh (s,

e omp ynthesized by conducting the similar reaction to

e WG gormpa Aoy (fg%ljsﬂggo%-v.og W, R S Tk =7

H3d+(51[43phéhy1 Bi(trifitiorémitthyl) 2-8iengll-1,2H4-o%agli®zolz3 1.7Hz), 7.98

(el }-2thienylpnethanol{0216:g) 0.25 mmol) that was obtained in Example

rbon tetrabromide, (0. , 0 ), triphenylphosphine (0.13

Iéé %%%ﬁ%%&%?ﬁﬁ%%z%ihinéggr o%?/% énr]i%dzlr%th}érff é (]6428 g,l(?r}é%’ 1559,

L 3rfhol): ahid KEN-diisopropylethylamine (0.11 ml, 0.63 mmol).

MSubseguently; thexstudenproduss of the tifler¢ompound thus obtained was
purified by thin layer chromatography on a silica gel plate using a mixed
solvent of ethyl acetate and hexane (2:3) as the developing solvent to

(ffford the title compound (73 mg) in a yield of 56 % as a white crystalline

TSR AL 1110 3ty 3553 66, 200 (o 24, 447 (5 ok D
3,31:3. , 3.03, (s, 17 (q, 2H, J-7.

: %z)%%%kél,%ﬁ%’%&(oﬁ tlﬁ,lffigg FSY .6%1(%1% 135551 2 H2). IR
Spedtfurt(Ksr)ca182und 8t 11071273 $31618577:4608, 472G & of 77 %

as!\/lﬁ(S&SpeCH’ﬂméﬁASBi)nllﬁ/éb'iZQ (ﬁ\jﬁl"'&;)aﬁ\ﬁgeﬁnlg tjze reda_xction similar to

-[(4-15-[4-Pheny1-5-(trifluoromethyl)-2-thienyl]-1,2,4-oxadiazo
t%%%%%ﬁﬁ%nélyl)%et @ﬁgg%ﬁg%neg-%ar%%}éc %%%yg To a solution of
ethyl 1-[(4-{5-(4-phenyl-5-(trifluoromethyl)-2-thienyl]-1,2,4-oxadiazo
1-3-y11-2-thienyl)methyliazetidine73-carboxylate (70 mg, 0.13 mmol) that
was obtained in Example 3 (3d) in dioxane (2 ml) was added "a 1N
agueous solution of sodium hydroxide (0.39 ml, 0.39 mmol) with stirring,

and the resulting mixture was stirred at room temperature for 2 hours.
Aftar ctirrina acetic acid (22111 0O 20 mmol) wae added to the reactinn



"1-2/ N5 N F3CLirj (4a)
5-({[t-Butyl(dimethyl)silylloxy]methyl)thiophene-2-carbonitrile  The crude
product of the title compound was synthesized by conducting the similar
reaction to that mentioned in Example 3 (3a) using
[(5-bromo-2-thienyl)methoxy]t-butyldinsethylsilane (2.4 g, 7.8 mmol)
[reference literature: Tetrahedron, vol. 39, 2531 (1983)] and copper
cyanide (1.3 g,.14mmol). Subsequently, the crude product of the title
compound thus obtained was purified by chromatography on a silica gel
Ledldre using a-mixed selventof ﬁbyb&@&tﬁa@mhemae a(le‘SQaEQL izheg-y1
U I t ound (1.1 ie f56 awh
alme i IR Sasctin(100 ME LU TS porm 18 bhj tiga: =
"ES IR % B8 lZHEfafl@lﬁz% ?b‘é&t 1@4@@1&31951%119% SPAem qN 9§§9dwm
hizyoxile Sgedrum, (thindfilkmd1096,1258, 1377, 1464,1472, 2219 cm-1.

S 25 b
%G%ﬁ% %fggggngé %%%%];Xﬁ%g\g% Ig?—g-‘hydrox ﬁno ﬁene 2- c 5 4 Hz) . 308

Poxiidaniide B2 Thécédép%d t ot fe tﬁlééor‘hp%‘bnﬁ“wa’éﬂr 4.44-4.58
(mynthiBsizéd ¢/ cendaeting the similanreactianiq thatmentionad, int=7.6 4z),

Eg@mple 1{1d)yising (¢ 2), 197 dig), 8.04
5 ({ butil(dlmeth I)sHyIonyImethyI)thlop ene-2- carbonltn[e %1 Bg

'th t was obtdined in Example 4 (4a) and a 40 %aqueous
I%oﬂnmmfhyd@@damuméqm,? iy s Subseguentlyl the erade oduct ebthe 3427
oditle compound thus obtained was purified by recrystallization from a

mixed solvent of ethyl acetate and hexane to afford the title compound

MITS GPRTEIBIAEFE1 084S A White EREElIiRe solid. IHNMR Spectrum:

(400 MHz, CDC13) 5 ppm: 0.10 (s, 61-fl, 0.93 (s, 9H), 4.82 (brs, 211),
(#h8AkSe211), 6.81 (bra, 18), 6.84 (d, 1H, J=3.7 Hz), 113 7.11 (d, 1H,

J=3.7 Hz). . IR Spectrum (KBr): 1067, 1250, 1256, 1368, 1387, 1588,
STURLIE S QW&Q%&U&&(ésomﬁ%m%yez@c# ~ethy
1{B-(Bf4=Prehya t5-(irifRrrohvbthgh 2-tiehy A, 2¢4-axadiazol-3

-y11-2-thienyl)methanol  The crude product of the title compound was

syntheS|z d by conducting the similar reaction to that mentioned in

(E)xergh(le) using

O

/

CO,H

NT

(1%a) 3-Chloro-4-phenoxybenzoic acid

The title compound (0.95 g) was synthesized in a yield of 77 %
as a white crystalline solid by conducting the similar reaction to
that mentioned in Example 10 (10e) using
3~chloro-4-fluorobenzaldehyde (0.80 g, 5.0 mmol), phenol (0.66 g,
7.0 mmol), potassium carbonate (1.7 g, 13 mmol), 2-methyl-2-butene
(2.7 ml, 25 mmol), potassium dihydrogenphosphate (1.7 g, 13 mmol)
and sodium hypochlorite (1.4 g, 15 mmol).
'HNMR Spectrum (400 MHz, CDCl;) & ppm: 6.87 (d, 1H, J=8.6 Hz), 7.05
(dd, 2H, J=7.4 Hz, 1.2 Hz), 7.21 (v, 1H, J=7.4 Hz), 7.39 (t, 2H, J=7.4
Hz), 7.88 (dd, 1H, J=8.6 Hz, 2.0 Hz), 8.19 (d, 1H, J=2.0 Hz).



5-(f[t-butyl(dimethyl)silyllJoxylmethy1)-N'-hydroxythiophene-2-ca
rboximidamide (0.43g, 1.5 mMol) that was obtained in Example 4 (4b),
4-phenyl-5-(trifluoromethyl)thiophene-2-carbonyl chloride (0.52g, 1.8
mmol), N,N-diisopropylethylamine (0.52 ml, 3.0 mmol), and a 1.0 M
solution of tetrabutylammonium fluoride £3.0 ml, 3.0 mmol). Subsequently,
the crude product of the title compound thus obtained was purified by
chromatography on a silica gel column using a mixed solvent of ethyl
acetate and hexane (1:2) as the eluent to afford the title compound (0.60
(@pim a yield of 99 % as a white crystalline solid. ITHNMR Spectrum (400

zC L3, $2M), 4-oxadiazol-3-y11-4- -
f%(d,‘%ﬂ@??ﬁ?%éﬁ%%%%fﬁeéz). A CR TR A R
7B I SR eKBr):1108,1126,1176, 1269, 1373, 1572, 3322 cull

MassSpectrdm (PABHMIZ: 409¢(M+ENt) e cébdpEihylvas synthesized by
c&z{éﬁr&@j[ﬂgpf@@}ijé§a@@@ﬂ0£‘iﬂhefg¥l)€g'UHQQXAL’J;@Qé"'%&jiﬁi Qample 12 (12a)
ull?r,l- 1%—_2C-§1hl|gnglzm_ethylIazetldlng-a-carboxylate_ The crude prgc}yct of
the fitie compoand WAS 89fiRestZed by*EdRdutting the SmidrFeactiontst was
oﬁﬁﬁﬁﬁ@ﬁﬂ@ng@&mM@kanﬁﬁedl@j)usmﬁpydroxybenzotriazole (72 mg, 0.53
mffor{5-[4:phenyh-Ss(trifuarqnaethyl ) 2sthienyl 1-1, 2 4-0xadiazol:3
h?/dlx)ézcﬁtﬂ)epj}lclj)éne(wa%)lé(l).lOZ‘gBOmZmQOEn)rpol) that was obtained in
5—({[t—butyl(dimethyl)silyl]oxy}methyl)—3—ethyl~N’—hydroxythioph
ene-2-carboximidamide (0.15 g, 0.48 mmol) that was obtained in
Example 10 (10d), and 1.0 M solution of tetrabutylammoniumfluoride
in tetrahydrofuran (0.96 mL, 0.96 mmol). Subsequently, the crude
product of the title compound thus obtained was purified by
chromatography on a silica gel column using a mixed solvent of ethyl
aéetate and hexane (1:3) as the eluent to afford the title compound
(0.17 g) in a yield of 87 % as a pale yellow crystalline solid.
'HNMR Spectrum (400 MHz, CDCls;) & ppm: 1.30 (t, 3H, J=7.4 Hz), 1.90
(t, 1H, J=5.8 Hz), 3.06 (a, 2H, J=7.4 Hz), 4.85 (d, 2H, J=5.8 Hz),
6.98 (d, 1H, J=8.6 Hz), 6.99 (s, 1H), 7.09 (d, 24, J=8.6 Hz), 7.23
(t, 1H, J=7.4 Hz), 7.43 (t, 2H, J=7.4 Hz), 7.99 (dd, 1H, J=8.6 Hz,
2.1 Hz), 8.31 (d, 1H, J=2.1 Hz).

IR Spectrum (KBr): 1242, 1265, 1393, 1480, 1591, 3250, 3335 cm™.
Mass Spectrum (FAB®) m/z: 413 ((M+H)").

(15c) Methyl
1—({5*[5~(3—chloro—4—phenoxyphenyl)—1,2,4—oxadiazol—3—yl]—4—ethy
l-2-thienyl}lmethyl)azetidine-3~carboxylate

The crude product of the title compound was synthesized by
conducting the reaction similar to that mentioned in Example 1 (1f)
using
{5—{5—(3—chloro~4~phenoxyphenyl)—1,2,4—oxadiazol—3~yl]—4~ethyl—2
~thienyl}methanol (0.17 g, 0.41 mmol) that was obtained in Example
15(15b),carbontetrabromide(0.18g,0.53mmol),triphenylphosphine
(0.14g, 0.53mmol), methyl 3—azetidinecarboxylate]1§drochloride (93



114 Example 4 (4c), carbon tetrabrozlide (0.19 g, 0.58 mmol),

triphenylphosphine (0.15 g, 0.58 mmol), ethyl 3-azetidinecarboxylate

hydrochloride (62 mg, 0.38 mmol), and N,N-diisopropylethylamine (0.13

ml, 0.73 mmol). Subsequently, the crude product of the title compound

thus obtained was purified by thin laygs €hromatography on

asilicagelplateusingamixedsolvent of ethyl acetate and hexane (4:5) as

the developing solvent to afford the title compound (0.12 g) in a yield of 80

% as a colourless oily product. iIHNMR Spectrum (400MHz, CDC13) 5
mgpnd:. £.28cfto BH, 3=aA.0HZ); 31303 42dm,<3H); 1359360 (] 2t1), 3.84(smol)

S%EQE &E@@l F%ﬁ%-épddé9gééﬁhG% Q% %EQ gtt@e cZ%?%hgh4§HE%55Qtaine;

7.69 (d, 1H, 3=3.7 Hz), 7.87 IR Soectrum (I| uid film): 1133, 1182, 1214
wiidguﬁiﬁﬁﬁf3?§ ﬁ%ﬁgpatography on a si lca gel column using a mixed

solvent of ethyl acetate and hexane (1:3) as the eluent to afford
the title compound (0.15 g) in a yield of 73 % as a pale yellowish
olly product.

"HNMR Spectrum (400 MHz, CDCl;) & ppm: 1.28 (t, 3H, J=7.8 Hz), 3.03
(q, 24, J=7.8 Hz), 3.32-3.43 (m, 3H), 3.5%-3.69 (m, 2H), 3.79 (s,
3H), 3.84 (s, 2H), 6.87 (s, 1H), 6.98 (d, 1H, JU=8.6 Hz), 7.09 (d,
2H, J=7.4 Hz), 7.24 (t, 1H, J=7.4 Hz), 7.43 (t, 2H, J=7.4 Hz), 7.98
(dd, 1H, J=8.6 Hz, 2.2 Hz), 8.30 (d, 1H, J=2.2 Hz).

IR Spectrum {(thin film): 1198, 1245, 1266, 1343, 1483, 1513, 1737
cm™,

Mass Spectrum (FAB®) m/z: 510 ((M+H)").

(15d)
-{{5-[5-(3-Chloroc-4-phenoxyphenyl)~1, 2, 4~oxadiazol-3-yll-4-ethy
1-2~-thienyl}imethyl)azetidine-3~carboxylic acid
The title compound (0.13 g) was synthesized in a yield of 88 %
as a white crystalline solid by conducting the reaction similar to
that mentioned in Example 3 (3e) using methyl
-{{5-[5~(3-chloro-4-phenoxyphenyl)~-1,2,4~oxadiazol-3-yl]-4~ethy
l-2—thienyl}methyl)azétidine—B—carboxylate(O.ngj 0.29 mmol) that
was obtained in Example 15 (15c¢) and a 1 N agqueous solution of sodium
hydroxide (0.87 mL, 0.87 mmol).
LHNMR Spectrum (400 MHz, CD3;C0O,D} & ppm: 1.31 (t, 3H, J=7.6 Hz), 3.09
(g, 2H, J=7.6 Hz), 3.75-3.87 {(m, 1H), 4.33-4.44 (m, 2H), 4.48-4.59
(m, 2H), 4.68 (s, 2H), 7.07 (d, 1H, J=8.6 Hz), 7.13 (d, 24, J=7.8
Hz), 7.25 (t, 1H, J=7.8 Hz), 7.33 (s, 1H), 7.45 (t, 2H, J=7.8 Hz),
8.06 (dd, 1H, J=8.6 Hz, 2.2 Hz), 8.31 (s, 1lH).
IR Spectrum (KBr): 1265, 1344, 1392, 1484, 1514, 1591, 1609, 3414
cmt.

Mass Spectrum (FAB') m/z: 496 ((M+H)").



1734 cm-1. Mass Spectrum (FAB') m/z: 520 (M H)") (4e)
1-[(5-{5-[4-Pheny1-5-(trifluoromethyl)-2-thieny1]-1,2,4-oxadiazo
1-3-y1)-2-thienyl)methyllazetidine-3-carboxylic acid  The title compound
(60 mg) was synthesized in a yield of 53 % as a white crystalline solid by
conducting the similar reaction to thatléntioned in Example 3 (3e) using
ethyl 1-[(5-15-[4-pheny1-5-(trifluoromethyl)-2-thienyl]-1,2,4-oxadiazo
1-3-y1)-2-thienyl)methyllazetidine-3-carboxylate (0.12 g, 0.23 mmol) that
was obtained in Example 4 (4d) and a 1N aqueous solution of sodium
Fryaraxide %69 ml,0.69 mmol). ITHNMR Spectrum (400 MHz, CD3002D) 5

1P 31803921 1H)Y,4 - 33¢4 AS (P2 24:4:-8A (2.1H),802(831a201-3-

2H).4 80 1 ), 7.45- m,611), 7. 87 IR'S ectrum (F.Br):

A o2 e R IO At s, 25 i a2
Spectrum (FAB+) m/z: 492 (M+H)I). 115 (Example 5)
1-(f5-[2-{4-Phenoxyphenyl)-1,2,4-oxadiazol-3-y1]-2-thienvilmethy
1)azetidirey3-earboxylic acid, @

& (4-Pkeén Qenygifl 2 4-oxadiazol-3- -y1]-2-thienylimethanol  To a
sotution of 4-pkenoyylyenzoic acid (0.12 g, 0.55 mmol) in acetonitrile (5
ml) were added successively 1-hydroxybenzotriazole (88 mg, 0.65 mmol),
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (0.12 g, 0.60
(Aol 3 5Bty direthylsiyibryerathydrie-hy deaxythiophene-2-ca
rboximidamide (Qekhguld mmeol)thatas phtainedinExample 4 (4b),r 79 o
with stirri e%ge %r%)d the resujtin%mlxt re was stirred at room temperature for

er

*30 miniut SEMTNG WALST 05 ti) WaS ARG Re PEaRliBh IARKiFactLon
tfo Ghehchtherezrdohn abdatieie sbifting sixtureiwas extracted with ethyl

3acetaieo Themxitachwasavashgd successiyely withQdN hydrachlgtsphenot
@C@ turated ueous solutlon of dlum hy genca onate and a
satur%afe(?z;:(gqueou%9 olﬁtlon “of sodian chlr(l)rldee 9d drigd é\gelrmélo%?

2 SURSHY Attt N, Ihe ﬁWﬁaté%‘@V&p@F&%@éﬁh%M@@g@@@@ﬁWhate
(1a a splutienmeidbe residue ebtained js detrabydrefuran {44 mlywas.added

11&%@%’8@@&'&9” lumfieride (8 4,0 M ggut'%'%et%a*w gm aégél 0%4 4,

1.0 mmol) with stlrrln and the resultin |xture was sfirre
oufsea effl%hrrlﬂg313he7 redctidh mixture’'wds pedred thtolwatetr (20 nﬂ) foHz),
8 quench, thereactipreamd extracted with ether. The extract was washed

Wit a satyratechaqueoys-solytigy ofsodium ghloride and drigd O‘é%%s 2982,

sodium sulfate. After filtration, the filtrate was evaporated in vacuo, an
ctiide product of the title compound thus obtained was purified by
Mehsofxography(@na silica: gelbeolumin .using a mixed solvent of ethyl
acetate and hexane (1:1) as the eluent to afford the title compound (97
({ng%))in ayield of 55 % 116 as a white crystalline solid.

(3-{5-[3-Chloro-4~(3~-fluorophenoxy)phenyl]-1,2, 4-oxadiazol-3-yl}
—4~-ethyl-2~thienyl)methanol

The crude producﬁ of the title compound was synthesized by
conducting the reaction similar to that mentioned in Example 5 (5a)
using 3-chloro-4~(3-fluorophenoxy)benzoic acid (0.14 g, 0.53 mmol)
that was obtained in Example 16 (16a), l-hydroxybenzotriazole (0.086
g, 0.56 mmol), l-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (0.11 g, 0.56 mmol),
5= ({[t-butyl (dimethyl)silyl]oxy}lmethyl)-3-ethyl-N’-hydroxythioph
ene-2-carboximidamide (0.16 g, 0.51 mmol) that was obtained in

Example 10 (10d), and 1.0M solution of tetrabutylammoniumfluoride



IHNMR Spectrum (400 MHz, CDC13) (5 ppm: 1.89 (t, 1H, 3=5.9 Hz), 4.89
(d, 2H, 3=5.9 Hz), 7.03-7.10 (m, 4H), 7.19-7.28 (m, 2H), 7.35-7.44 (m,2H),
7.71 (d, 1H, 3=3.5 Hz), 8.61 (d, 2H, 3=8.6 Hz). IR Spectrum (KBr): 1241,
1366, 1487, 1575, 1390, 1613, 3331 cflt71. Mass Spectrum (FAB') m/z:
351 ((M+H)"). (5b) Ethyl 158
1-({5-[5-(4-phenoxypheny1)-1,2,4-oxadiazol-3-y1]-2-thienylimethy
l)azetidine-3-carboxylate ~ The crude product of the title compound was
synthesized by conducting the similar reaction to that mentioned in

iEXﬁéﬁ@@h}/cﬁ}Bﬁiﬁiﬁg (l)l.OZmL, 1.0 mln%l) . ZSuﬁseqxﬁent;rL]y, tlzhéa crude
-[5-(4-phenox yD)-1,2.4-oxadiazol-3-y1]-2-thienyllmethan 7.mqg,
p%)%é[ig1 Crgﬁcm% t%%%v%&g%gtéﬁgaﬁﬁ xféjgagnﬁﬁ e (]é% n (:eé%bo?wste%a%rglrr%i eby
{6 39§ OB R AripheApEo SphiieD. 15 H0 . 86nime s athght of ethyl
a3eazetidinecarboxytatechydgoeblarides(7Q mgn0.42 mamol o @t ord the title
~dii ethylamine (Q. , d.1.mmol). Subsequently, the crude. . .
Cg&gﬁﬁ%ﬁ??ﬁgﬁit@c%ﬁoﬁéé t u‘glﬁjoé?aiﬁeadgvva)ag%%?if?’egdlﬂgffiﬁﬁ%|§3}‘Jrs atline
sEll'li‘(ﬁ%knatography on a silica gel plate using a mixed solvent of ethyl
' ravetatp ancrhexane (4x3)-as ¢the dgveloping solwentte, affard the téleiz), 1.89
0 und49 ina yield of 72 % as.a colpurless gily produgct. IH
(% réi(%?ur[r}] étb%l\%l@z’, c%é:%s? (g'pp%{n': 15.12%6}(% %%5 3=‘§2§%1zp)‘§,’3. ’-3%? %Hz) '
°31); 8:59-3188 (H) 2H5, 334 5, 2H),4. 170/, OH, 18708266196 (o7 1387 - 40
(d=318HZ) 87 @6-Tdh (miAH)=T .23 @tz 1L . 3=FBA) Hzp . 842(d, 2tk 3<46B. 0 Hz) .
VA , =3.3H2)-8.14(d, 211, 3= ). IR.Sp m {liquid
' ﬁ%e i%%é@ldfgé ,?)12%4%9, ’1?8? ’ 1%118%? 1]%3% cral% %aéé%s%e%%ﬁﬁ é&/gg') 2973
SHifz: FB2 (M+H)+). (Sc)
Mas5sib=@=Plrenosgphemyl) 1,2 4-oxadiandl-3-y11-2-thienyllmethy
1)azetidine-3-carboxylic acid The title compound (69 mg) was synthesized

in.a yield of 80 % 117 as a white crystalline solid by conducting the
CEf5llal Fé&dtion to that mentioned in Example 3 (3e) using ethyl
11105 [5¢4 Pplenogphenyd )1, 2-oxadiazolPpyt R 2ithienyilmetiwadiazol -3~
vi)azeddingr3carhoxylaie (2Q.M4, Q.20 1umal) thatwas ohrained in |

Exargple 5$5b) and a 1N aqueous solution of sodium hydroxide (0.60 ml,

0.60 mmot): THRRKR Epectiuni 00 MHz, ©BB683D) 5 ppi 578533 °v
CYRTUEN 1 aB5EAde@e 2B 4 4QADT G, 21}, hddt(so24d )i 7 BBy U4 T, (1f)
udam6 Hz), 7.25 (t, 111, J=7.8 Hz), 7.40-7.48 (m, 311), 7.84 (d, 1H, J=3.9

2), 8,18 (d, 211, J=8.61127). IR Spectrum (KBr):1243, 1366, 1488, 1569
ST e ,lfzfe?g_%"m%‘wlgasgé%%f? R VRRRS M/ 230 (R 20t —3-v )
—{Eggme%)thienyl)methanol (0.15 g, 0.34 mmol) that was obtained

11l -H4alBo(4-Benzylpheny Hakdroxadiazal3ryd - 2(hierylmet 1 o1y,

azetidine-3-carboxylic acid. (6a)
t%ﬁ?[%?{ﬁz'g%gn%?pﬁ'fenngylﬁsl',%4- ka iasz%l-rggﬂ112-%5ﬁ§ﬁmethanol The
3traaEtoaRee P the lié compensd waas dgnthesized by conductingithe and
N Sindar ﬁﬁ)@@% Y e thatimentiened .ilil&Xﬁllﬁme.h%mdé$i093ubse<lquently, the
A-benz nzoic acid (0.12 g, 0.55 mmol), 1-hydroxybenzotriazole (88 mg,
O e L ey 3 s B o b a R (DL2g15 60 L2 B
“HRTHRT. SHREbUtATIRne thyisiyiokydmethyl iR hgdroxytfdptenestcaf ethyl
adbeximidamide Q449 9:5 mmd). that waswohiained it Example-3{3b)e title
_and tetrabutylammonium fluori 1,014 solution in tetrahydrofuran, 1.0
i'orﬁpﬁol%ﬁ?ﬁdlfégaé)séau%nﬁf %%arfu gp?o%ﬁc?o??ﬁé”ﬁﬁ%%&m%%%%f fhuset
HYHfRiRBE SYasPurified By techiatatizatiorfrom a2tiXed stivedtof étfg) , 3.02

(@cetate and hexane taafford the title, campoundd993me) ina yield of 577% (s,

S ite crystalli lic 8 ectr 0Q MHz, CDC13) 5 ppm:.,
T (ors. T 3 66 (o 3F0; 400 ), 755723, 376, 3 8600 1T+
(g 0FB.157(ni 3H): IR Specthdh, (KB321049, 141871498, 563, 1585,
IR6816L-33a4 engliMassispectsn) (EAR), m/zy 3491 EWs-H 1 3(6b) Ethyh 604,

1-(f4-15-(4-benzylpheny1)-1,2,4-oxadiazol-3-y11-2-thienylimethyl
)azetidine-3-carboxylate  The crude product of the title compound was
synthesized by conducting the similar reaction to that mentioned in
Example 1 (1f) using
f4-[5-(4-benzylphenyl)-1,2,4-oxadiazol-3-y1]-2-thienyllmethanol (95 mg,

N 27 mmaol that wace nhtained in Evamnle A (A2 carbhon tetrabromide



IR Spectrum (Hat):1184, 1296,1356, 1423, 1585, 1735cm-1. Mass
Spectrum (FAB') m/z: 460 ((M+H)+). (6¢)
1-C(4-[5-(4-Benzylpheny1)-1,2,4-oxa iazol-3-y1]-2-thienylimethyl
)azetidine-3-carboxylic acid  The title compound (67 mg) was
synthesized in a yield of 86 % as a wh#té€ crystalline solid by conducting
the reaction similar to that mentioned in Example 3 (3e) using ethyl
1-({4-[5-(4-benzylphenyl)-1,2,4-oxadiazol-3-y1]-2-thienylimethyl 119
)azetid ne-3- carboxylate (82 mg, 0.18 natal) that was obtained in Example
16 ¥6p), % a IRPAGUEBUS solution of sodium hydroxide (0.54 ml,0.54

MasBOpddNMR Spaetrun (400 MElzZ,CRR3902D)5
ppm:3.74-3.86(m,1H),4.07(s, 2H),4.34-4.43 (m,5H),7.42
(322 ,2H),4.45-4.55(m, (d,2H,J=8.2Hz),7.89 2H), (s, 4.72 1H), (s, 8.11 2H),
d7167312HJ =7.8 Hz),8.31(s, 1H).

(5~{5-[3-Chloro-4~(3-fluorophenoxy)phenyl]~1,2, 4-oxadiazol-3-
yl}~4—ethyl—2—thienyl)methyl]azetidiné—3_carboxylic acid

The title compound (0.14 g) was synthesized in a yield of 92 %
as a white crystalline solid by conducting the reaction similar to
that mentiocned in Example 3 (3e) using methyl
1-[(5-{5-[3-chloro-4-(3-fluorophenoxy)phenyl]-1,2, 4-oxadiazol-3-
yl}-4-ethyl-2-theinyl)methyllazetidine-3-carboxylate (0.16 g, 0.30
mmol} that was obtained in Example 16 (léc), a 1 N aqueous solution
of sodium hydroxide (0.89 mL, 0.89 mmol), and acetic acid (51 uL,
0.89 mmol).
1HNMR Spectrum (400 MHz, CDsCO,D) & ppm: 1.31 (t, 3H, J=7.5 Hz), 3.10
(g, 2H, J=7.5 Hz), 3.78-3.89 (m, 1H), 4.30-4.65 (m, 4H), 4.71 (s,
2H), 6.87-7.01 (m, 3H), 7.20 (d, 1H, J=8.6Hz), 7.38 (s, 1H), 7.39-7.46
(m, 1H), 8.12 (dd, 1H, J=8.6 Hz, 2.1 Hz), 8.33 (d, 1H, J=2.1 Hz).
IR Spectrum (KBr): 769, 847, 959, 1118, 1231, 1272, 1344, 1393, 1447,
1486, 1514, 1552, 1603, 2969, 3429 cm™.
Mass Spectrum (FAB") m/z: 514 ((M+H)").

(Example 17)
1—[(4~Ethyl—5—{5-[4—(3—fluorophenoxy)phenyl]—1,2,4—oxadiazol—3—y
l}-2-thienyl)methyllazetidine-3-carboxylic acid

O CO,H
N 2
\

@ e,

(l7a) 4-(3-Fluorophenoxy)benzoic acid

The title compound (2.0 g) was synthesized in a yield of 96 %
as a white crystalline solid by conducting the similar reaction to
that mentioned in Example 10 (10e) using 4-fluorobenzaldehyde (1.5

g, 12 mmol)}, 3-fluorophenocl (1.2 ml, 13 mmol), potassium carbonate



IN Spectrum(KBr):1323,1387,1428, 1562, 1587,1604, 1616, 3427 Mass
Spectrum (FA E)m/z:432((M+H)1(). (Example 7)
1-{2-15-(4-Isobutylphenyl)-1,2,4-oxadiazol-3-y11-4,5,6,7-tetrahy
dro-l-benzofuran-4-yl}azetidine-3-carboxylic acid 1/2 oxalate (7a)
t-Butyl(dimethyl) (4,5,6,7-tetrahydro-1-benzofuran-4-yloxy)silane  To a
solution of 6,7-dihydro-4-(5H)-benzofuranone (5.0 g, 37 mmol) in
methanol (50 ml) was added sodium borohydride (1.4 g, 37 canal) at 0C
with stirring, and the resulting mixture was stirred for 1 hour. After
(3. vapofatingthe reastion nixturesievacuo xthe fesidide obtainedwas
a1yl witflether, poured intowater (40:mbs andieracted with ether. The
extract was washed with a saturated aqueous solution of sodium chloride
5 ndHHed over magnesium sulfate. After filtration, the filtrate was
HNMB\Epsstared ift0achE Sthsequenthi td a’Sofutfon GF thiditesithié thtis
2H, abtaired4n, dmethylformamidei(30 mbswete added-suecessively imidazole
= s¢0-9..89 mmpl) and t-butddimethylehlarosilane (4.8.9, 32mmal ith
g3stir5ingl, ar&%ige rg;g%ltigg_mixture was stirred for 2 hours. After stirring, the
> Yeaction mixture was poured into water (50 ml) to quench the reaction and
Maspyipacted Wit ethet/ The extrdtt was washed with 120 a saturated
agueous solution of sodium chloride and dried over magnesium sulfate.
(17idfter filtration, the filtrate was evaporated in vacua, and the crude product
(o-Bihe Ule compeund bysalialnes was pyrities BY.Sireruatadeanhy on 2
silica gel column using a mixed solvent of ethyl acetate and hexane (1:49
)2 16397 HOHBE0ENt to afford the title compound (7.2 g) in a yield of 77 %
asha colodtlessedily protucts 1HNMRSSpeettim 406 WiFHE CPE1.3)Y 5 ppm:
con@id2i(sy 3} Qb3 {So3H) ML 92:(S; OHhat .63k 7On, 2H):E69:4.94 (M,
(104H),4.98-2.08 (m, 1H), 2.51 (dt, 1H, J=16.4 Hz, 6.3 Hz), 2.62 (dt, 1H,
Ii:1_6.4 Hz, 6.3 Hz), 4;7%'532, 1Hll}]:6#§ H?)..6.30 (d, II—,|,_J:§r.6 Hz),.7.24 (d,
5= (55918 KT SRESPecram tiguisfins): 1073 1255, 2858° 2932¢m-1.
pheMa@s@ﬁé@ﬁHf’ﬁ‘{E‘ligfrﬁ&{1252'(@)'.%675)‘“01) that was obtained in
Exadpe([<t-Butyl(cdimethyl)silylloxydeh b 7-tetrahytroakbenzofuran2-cardyoxalde
mmobyd&at 19:2 solutionof Example 17(17a),

t-butyl(dimethyl)(4,5,6,7-tetr ehy ro-l-benzof an-4; loxy)silan Ag,
N'Nléﬁ}lg &;%g}t{%é% %ﬁ%ﬁéﬂéﬁ é(éarlnkplge';o('?a in te%aih;%%%rgn%?ao ml)
SOLYHSRIGWIY HIGEH ArGRRRE Rib bty Rt (e B RPSORATSH T hidkdrte, 31
mL, mil, 29 mymbl) aswB8Cwthr Stirrings ardiafteraaisivly tife reactiohl e
comﬁ%ﬂm@ﬂg%&ggeﬁlﬁigswmgf@&%‘f&m&ﬂ&ﬁd{ph}/ on a silica

gel column using a mixed solvent of ethyl acetate and hexane (3:7

25

to 5:5) as the eluent to afford the title compound (0.15 g) in a
vield of 73 % as a white crystalline solid.

"HNMR Spectrum (400 MHz, CDCl,) d ppm: 1.30 (t, 3H, J=7.4 Hz), 1.87
(br, 1H), 3.07 {g, 2H, J=7.8 Hz), 4.85 (d, 2H, J=4.7 Hz}, 6.82 (dt,
1¥, J=7.4 Hz, 2.3 Hz), 6.85-6.95 (m, 3H), 6.99 (s, 1H), 7.14 (4,
2H, J=9.0 Hz), 7.35-7.40 {(m, 1H), 8.18 (4, 2H, J=9.0 Hz).

IR Spectrum (KBr): 1341, 1486, 1515, 1557, 1603, 3373 cmt,

Mags Spectrum (FAB") m/z: 397 ((M+H)").



for 30 minutes. After cooling again the reaction mixture to -78C while
stirring, N,N-dimethylformamide (13 ml, 162 mmol) was added to the
reaction mixture with stirring, and the resulting mixture was stirred for 30
minutes. After stirring, a saturated aqueous solution of ammonium
chloride (10 ml) was added to the reatfibn mixture to guench the reaction,
and the resulting mixture was poured into water (50 ml) and extracted with
ether. The extract was washed with a saturated aqueous solution of
odium chloride and dried Over magnesium sulfate. After filtration, the
ﬁ I?ra)te%?aél&aporated in vacuo, and the crude product of the title
1cdﬁmwﬂwm®dbtaﬂﬁed Ives purifieddne ehyamatograpbynn asilica geb1-3-v
160himR Lsing - 424 s0lvent ef ethyl acetate and hexane (1:9) as

the eluent to afford e tltle compound (4.3 g) in a yield of 94 % as a white

crystalin& sfid. ﬁﬁﬁﬁlﬁﬁtsﬁgcﬁﬁ% 360 MAFRDEE3F 8N DS {ged by
CIRJIOHB S, tBIH) rO B (0B pl 561186 t(h (23Nt 96n2 DA MEddd1e 1 (1£)
~ ugl%214(m 1H), 2.61 (dt, 1H, J=17.6 Hz, 6.3 Hz), 2.73 (dt, 1H, J=17.6

1H, J= 59Hz) 7.15 (s 1H), 9.53 (s, IH). IR Spectrum
“gjygc?? 510%55 78 SRR BT M RRR S étr&n&(qumka%b—?» ~yl}-
2 «Mm:»)l (V’@)Wﬂ@ut@l(dﬁwth@l)sﬁ@l]@xy} )4,521@,5’ -tetrabpdec-debenzofitample

1ang- ml’bQﬂitfH;%n tdhasrids prodsict 9fgth@ title ﬁgglgou@gl\ﬂﬁénylpho sphine

esize conducting the _similar reaction to that mentioned in
xaagr:] % %lgi{rﬁns 28 t%h 3-azetidinecarboxylate hydrochloride (86

- mgu[f b@l?ym@miéth}@fsﬂyﬂﬂo&y)im§ Sor-tetrahydo-bbenzofiran2-sarbaxaldeto 1) .
sysee(gmagt15,3dnme9¢aatmg@t@@gdcwb%mglec&gmnd thus obtained

rox hy roch rlde 12 17 mmol tr| th Iamlne (4.3ml, 31
w%wgn%o ¥§i\%dl\%¥4 qldrcyc oﬁ%xy%ayg%dunﬁoae \33 ' T Fﬁb’i‘)Of ethyl acetate
a%%tl% the cradefrestict bf the tile czsmpeund thois obtaingchwasyield

opusified by cargmatographw.on aisiliga gekeelumn using a mixed solvent

1 he eluent tQ afford _the title
F@%ﬁ%%%%%s 0 ;r%%&;)rodzuct%ggﬁi/lé $ ectrngo? 00 Mﬁl% CID&l%)%Z » 3.03
@ 17°0.91 [€)9HY 1356-3:38 (W 111 65-08231HF 202-242, (rR1MS,
SRIS5{dUAHsI=2R.)2 1H, 9172 Hz,:5.90+2), 4.140,(1,21M, 975,9dPg 6 -5 . 94 (m
pectr (UI Im /295,71 6Mas pectru AB)
S jH%rﬁg% il (2773')80% 45571525, Masg, Spechium (FAB-),m/z: 278
"Zf ([? yl(dlmethyl)snyl]oxyl N'-hydroxy-4,5,6,7-tetrahy
IRosibenzofuran:2<parboximidamida 6, The Trudegsrodust of theditle 1737 em.
n&£omBpeuRd was syathesized by,eandygting the similar reaction to that
mentioned in Example 1 (1d) using
4-{[t-butyl(dimethyl)silylJoxy}-4,5,6,7-tetrahydro-1-benzofuran2-carbonitrile
(33D g, 11 mmol) that was obtained in Example 7 (7c) and a 40% aqueous
1sptumg{,bygtqwqura@@ﬂlmpzﬁ»&bé fg}gsﬁélx yHhe ¢ruds productof ), 5,
3 tltk(;) co Eound thus obtained was purif éééwomatograpﬁy on a
Siifca-g&Fasiuhfis bl gzrﬁﬁé%‘l§8lv8nf6fﬂ8ﬂﬁ}f t4-4nd hexane (3:7)
as thecelbéht o affgpdthe titkScompouns 7 g)kiniayieldofB82/ % 88 af 54 2

]

a B t t | . 1 t 1 pRel ar To
S U SO (R,
O

RoERIT)2 5'”321‘?8%0]1% PR M7 89 ﬁ%}fﬁm (dt, 1H, J=17.2
1Hz<,45qtﬂqz)l-45725(t [BH( 7= 5111bbqua@&éqr5pza)yma7l(m54;Laaaﬁl@&(ﬁ. 3-y

1ﬂh%d&%%@%&@@ﬁ)aé@@?@ﬂé@zzlg)ﬂb 9, Lo4 3164'%1%1676) B
371, 3484 cm* Mass Spectrum (cijA m/z 311 ((M+H))

“*Z“ié” - RBbUtIE ey T T4 Sox4d dZo13- ﬁﬁ%%}@}ﬂ’&%ﬁy&% monohydrate
(19-penzdéfuianaeoll ) , Hrelcrume procductadf the title compountwas

1asyRthesized-by congueting tI@%B%mllag I‘%IIO{] 10, th@g mgﬁmoyeg |§1 Hz), 3.07

!

X

Exg@ple 57u§|r;lgf4 |sobutylben20|c acid (0. 12 , 0.66 mm

"% _Hyttroxybenzofrazole (. 11456 98'm 872, 3, 84 3.90 (m, 2H),
1-ethyl-3-(3- d|methylam|nopropyl)carbod||m|de hydrochloride (0.14 g, 0.72
mmol),

4-{[t-butyl(dimethyl)silylloxyl-N'-hydroxy-4,5,6,7-tetrahydro-lbenzofuran-2-c
arboximidamide (0.19 g, 0.6 mmol) that was obtained in Example 7 (7d),

and tetrabutylammonium fluoride (a 1.0K solution in tetrahydrofuran, 1.2
ml 1 2. mmnol <iihecearieantihy the eriide nrodiict of the title comnoiind thiie



2-[5-(4-isobutylpheny1)-1,2,4-oxadiazol-3-y1]-4,5,6,7-tetrahydro
-1-benzofuran-4-ol (0.15 g, 0.45 mmol) that was obtained in Example 7
(7e), carbon tetrabromide (0.30 g, 0.90 mmol), triphenylphosphine (0.24 g,
0.90 mmol), ethyl 3-azetidinecarboxylate hydrochloride (0.11 g, 0.68
mmol), and N,N-diisopropylethylamineq9.20 ml, 1.1 mmol). Subsequently,
the crude product of the title compound thus obtained was purified by thin
layer chromatography on a silica gel plate using a mixed solvent of ethyl
acetate and hexane (4:3) as the developing solvent to afford the title
compoudd (27, nag))iin a.yield ef 130, as aswhiteacrystalline splid.. 1IHNMR 1H) ,
7Se8eyum 4400441z, 03913)5 ppri-0.93 (0,61, J 6.6 HE) 4,208 38 5.5
J=7.4 HZ), 1/60-1.87 (m, 3H), 1.87-2°00 (m, 1H), 2.00-2.14 (m, IH), 2.56
H(%:P, 2H, J=7.4 Hz), 2.60-2.83 (m, 2H), 3.27-3.44 (m, 3H), 3.51 (t, IH, J=6.8
THZRER:68:3 0((ar2H)1 4218 (4,228, JET L HZ) 47812 (514H),3438 (dn2H,
mi=8.04H2).8-10 (824, I58.Q Hz)o IR gReptrum (liquidfilm): 1186, 1208,
1342, 1387, 1560, 1590, 1616, 1733 cm-L. Mass Spectrum (FAB') m/z:
450((M+H)+). 124 (79)
(E{2+Bi@-Isbbutylphenyl)-1,2,4-oxadiazol-3-y1]-4,5,6,7-tet ahy
1drord-henzofuran-d-yliazelidiges3:caehoxdic. aeifl 1/2,0xalale 4 ; TR 1Hley) ) -
‘ compoundégs mg) was synthesized in a yield of 50 % as a white
~&AMaTinG SHiErtly LBRAENG the SHiYar 1546ABR 1 1Rat Afarlioned in
Example 3 (Be) using ethyl -
: 1-(%—[®Wbutylphenyaj ,4-oxadiazol-3-y1]-4,5,6,7-tetrahy
@;1 iiﬁan#-){g}:ﬁzet Ine-3-carboxylate (25 mg, 0.056 mmol) that
obtained i ple 7 (7f), a 1N aqueous solution of sodium
hydroxide (0.17 ml, 0.17 mmol), and oxalic acid (3 mg, 0.028 mmol).
1HNMR Spectrum (400 MHz, 0D3002p) 5 ppm: 0.94 (d, 6H, J=6.3 Hz),
-2.23 5H).2.60(d..2H,J=7,0 Hz),2.69-2.79(m, 1H), 2.79-2.90 (m,
(%ﬁc}&%ﬁ%’b ;r%,flgﬁir%%}é?n%?ﬁr%%ﬁ%’ %ﬁoaf&,%H,J:7.4 Hz), 7.43
(S;lﬁ?GBEE%&?ZFﬁ?E79ﬂ$Zﬂ2'2 g) was synthesized in a yield of 94 3%

as a white crystalline solid by conducting the similar reaction to

O

that mentioned in Example 10 (10e) using 4-fluorobenzaldehyde (1.3
g, 10mmol), 2,3~difluorophenol (2.0 g, 15mmol), potassium carbonate
(2.8 g, 20 mmol), 2-methyl-2-butene (4.9 ml, 46 mmol), potassium
dihydrogenphosphate (3.1 g, 23 mmol) and sodium hypochlorite (2.5
g, 27 mmol). t

'HNMR Spectrum (400 MHz, CDCl,) & ppm: 6.88-6.95 (m, 1H), 6.98-7.12
(m, 4H), 8.08 (d, 2H, J=9.0 Hz).

IR Spectrum (KBr): 1170, 1249, 1297, 1498, 1603, 1678, 1703, 2565,
2683, 2839, 2991 cm™. '

Mass Spectrum (EI') m/z: 250 (M%).

(18Db)
(5-{5~[4~(2,3-Difluorcphenoxy)phenyl]~-1,2, 4-oxadiazol-3-yl}-4~-et
hyl-2~thienyl)methanol

The crude product of the title compound was synthesized by
conducting the reaction similar to that mentioned in Example 10 (10f)
using

5-({[t-butyl (dimethyl)silylloxy}lmethyl)-3-ethyl-N’-hydroxythioph



IR Spectrum (KEr): 1387, 1409, 1559, 1592, 1613, 3431 cm-1. Mass
Spectrum (FAR) m/z: 422 (M+H)). (Example 8)
1-{2-f5-(4-1sobutylpheny1)-1,2,4-oxadiazol-3-y11-4,5,6,7-tetrahy
dro-l-benzothien-4-yflazetidine-3-carboxylic acid (8a)
2-Bromo-4,5,6,7-tetrahydro-1-benzothicphen-4-ol  To a solution of
4,5,6,7-tetrahydro-1-benzothien-4-y1 acetate (5.1 g, 26 mmol) in
chloroform (30 ml) was added N-bromosuccinimide (5 g, 28 mmol) at 0C
with stirring, and the resulting mixture was stirred at room temperature for
eng-RotRsPAHSTL S, tHe Feastioh Afixttirelwas poured ifls ¥iatest (40 ml)
exand extracted) with etheraThe:extraciwag)washettwitha saturated. 55
mmﬂugﬁ@ ?ggti?gtgﬁgggiqm ghlgride q?dd@rggc} over malljgnesiurr;lsu:fate.
fter filtration, the filtrate was evaporated in vacuo. Subsequently, to a
b A58 B e et s Sbiirid T o soRantor
sotetraPfy drbftran Y20 i aFf watet (207 iilT was Edded st ditim iy droxide
mL (2.37g, 1 mbhowsthusticring, e thelsegulfing-mixture wassstisred for 2
cnhouEs After stiring:-the seastion-mixine-was pouted inte water {S50.m) to
woShenchihereaction and exipetedwiib eter. The sxtract was washed
with a saturated aqueous solution of sodium chloride and dried over
“Emaghdiuim saffate: Affer-filtration tHE Htrdte el evaporated infvatua,
asandithé crodespraddct oftheditle compound thus obtained was purified by
‘melromategraphoonasilicacgel cokunn wsing e mixed solventof ethyls
(cacstate.and hexang .(3:7) as the eluent 10 afford the.fitle compoyind (5.0
“g)ina yleld of 82 % as a colourless oily product. iIHNME Spectrum
J"%460’i{ﬁHz, CDC13) 5ppm: 1.671H, J=6.6 Hz), 1.75-1.89 (m, 2H),
IR 15992 108 (WKEZM), 2257-2 57 tm, A3, 21692, 776 M, 144¥.24.66-%6 72%m,
MadH @07 (s IHRIR Spectruns (dquidifilm): 1182, 1435, 1453, 3330 (ha
Mass Spectrum (Et) m/z: 232 (W). (8b)
( lg(%-Bﬁgrg?-ﬁ,&&7-tetrahydro-1-benzothiophen-4-yl)oxy](t-butyl)d
Imet yﬁ5| ane  To a solution of
L- 2 Brdmio-4;5 6, 7-fEttalgdre Rz Sthiophent420 (864222 mmsh that
4 - gy obtairied s Exariplé] 8 18a) dnN;N-dimsethytfermeamide (30 ml) were
added suggessivelydmidazole (229:@ 43vB8al) aRd synchesized by
okRuvidimethylchlorosilane (3-5.9. 24,mmol), with stirting, apd,the resulting
mixture was stirred for 2 hours. After stirring, the reaction mixture was
““pdtired into water (50 ml) to quench the reaction and extracted with ether.
(5T he éxtratwasiwasherh witka) satratédaguéorsssoram of soditin
thebloride ang dried overnmagnesimosuliatencAfter filtration, the: filteate was
e8YaPorated-inyacug, and the crude praduct of the title;compeuynd thus
trgbﬁzélneld was ,lurgled by4chrorg1a5toq£gg yona S|I!Lca gel column using a
rifixed SBIVERt of thyl acethte and hexane (1°8]4s the eluent to afford the
3 - fiflé CORFIRA(6Y8 HnPa YRl 6P 9% &5 AcGlouttess Bty prodaet. 126
N, THMMBR:-Spectemy (400 MHZ, .06048) 5 ppmudil2 (Svi3H)e:id{s, 8k,
d ) 208 (It B 104 1oy 45010 1 1S et 6.0k (5.
4 Hz), 2. t =5.5 Hz, 16.4 Hz), t, =5. .84 (s,
PR il e B o S s ek
(SSf)b&?uFﬁ:JEEﬁdmt/lie ﬁé%m_‘;)sm?ggyd {0.20 g) in a yield of %1 % as
a e Butydimethy)siytjoxyy-4,5,6,7-tetranydro-1-benzothioph
‘neneshéarbexaldenyde., chbemsalutian of 2s (¢, 3u, J=7.4 #z), 3.03
(ol(258roma-4,5,6,7-tetrahydrpsl-benzathiophen-4-yoxy] (butyhd,,
|meth¥IS|Iane§5.6 of 16 mmol) that was obtained in Exam{PIe 8 (8b) in
*Hatranydrofuran (30l was SloWy dtded dropwice ftcdtyiithiunt (3°t.6M
2HgoHrtio ifihiexane, 11 ml, 18 mmol) at -78C with stirring, and the resulting
mixture was stirred for 5minutes. Subsequently, to the resulting mixture
was added N,N-dimethylformamide (2.5 ml, 32 mmol) at the same
temperature with stirring, and the resulting mixture was stirred for 30
minutes. After stirring, a saturated aqueous solution of ammonium
chloride (10 ml) was added to the reaction mixture to quench the reaction,
and the resulting mixture was poured into water (50 ml) and extracted with

ether. The extract was washed with a saturated aqueous solution of
cenditim chlaride and dried ovver manneciiim <iilfate Aftar filtration the



IR Spectrum (liquid film): 1103, 1236, 1460, 2213 cm-1. Mass Spectrum
(FAB") m/z: 294 (M+H)*), 332((4+K)*). (8e)
4-fit-Butyl(dimethyl)silylJoxy)-N'-hydroxy-4,5,6,7-tetrahydro-lbenzothiophen
e-2-carboximidamide  The crude product of the title compound was
synthesized by conducting the similar, rgaction to that mentioned in
Example 1 (1d) using
4-([t-butyl(dimethyl)silylJoxyl-4,5,6,7-tetrahydro-1-benzothioph
ene-2-carbonitrile (4.1 g, 13.9 mmol) that was obtained in Example 8 (8d)
rand.a 40-%aguegus;selution of fydroxylaming {2.0 M1} Sybsequently, , ¢
the crude product of the title compound thus obtained was purified by
1 ﬁﬁorﬁ‘ﬁtography on a silica gel column using a Mixed solvent of ethyl
Macetaieartcrhexdnay3: 7has thelgluenttoiafford the title compound (3.9 g)
in a yield of 96 % as a white crystalline 128 1HNMR Spectrum (500 MHz,
CDC13) 5 ppm: 0.14 (s, 3H), 0.16 (s, 3H), 0.93 (s, 9H), 1.70-1.62 (m, 2H),
(1%4-2.07 (81, 2H), 2.69 (dt, 111, J=16.5 Hz, 5.5 Hz), 2.76 (dt, 111, J=16.5
1HEZ( %8 Hz)4 4 (23 Bt [1H, Lixb ooz ok 78r(hesy2 1 1), 7206 {sx2H) 2 Z31-(bral } -4
—ékﬁy!ﬁM@%@ﬂﬂ%@h?ﬁ?ézé%@émﬁésg’hé§§'§o§§9§c3§Z£)d 3462 cm-I.
Mass Spectrum (FAB') m/z: 327 ((M+H)+). (8f) . .
2-[5@CisbbutphdrS 172 YL oxBdia it B3-S 1408 81738 rhRyarg teld of 38 %
as] dbetizothiophyertai0ine Jhkicrude producttofthectide compoundsiaslar to
csyRthesized by.candustingthe simikayreggtion to.tha mentioned in

E pl 2%}0) using, .
11@%&5% ‘éw)‘s%yﬁ&%WWJ?W&yﬁf}%ﬁhé&aﬁyéresf@&%m%apﬁfevr} b4
e phy katbbrisidamide(@y1s az ©:50 mmob)-that vay bbtaingd FPExampé 8mol)

t{Be)wddsobitylhenzaiceacid{89mg, G.50)MMeDn 1 um hydroxide monohydrate
0.55 mmol), and a 1.0 M_solution

W-dicyclghexylcarbodiimide (0.11 g, O

l( gl? t&lFabuty ;%m”r%v“&% M ﬁﬂr%ri%‘ég(b%garﬁ%%ﬁ?nﬁm 1). Sy, the

‘BifeSprductof theGitlleonidoAd thusrobitainéd was putifiet-by4 Hz), 3.07

<§hrgmat@gvar|?heyz@r) @)sﬂi)@a(q%:imllgmn MSJH%% miX@Q_)?ow.em O(fte,tdlb'ﬂl, J=10.2
acetat ne (1: the eluyent t or. > title compaoun _

) i oyl o 32 98 20 L5l ok 15 ehbcct TN Spetihar (36072

(RMHZECDE13P &ppm 28937 1 D=6. 6Hz), 1.64-1.97 (m, 2H),

14.95%t(m, &) 2.5G ¢d, 25 I37.4 biz), 278 (0, B444=268:0 Hz, 4.7
Hz), 2.90.(di, 1H, J=16.0 Hz, 4.7 Hz),,4.80-4.85 (d, 2H, J=7.8 Hz), 7.31 (d,

M%%Qi,%’é%‘?sgﬂ“é& i}%f]ii,T ,'8.21098|§|(d?, @i%%:%ta Hz). IR Spectrum (liquid
film): 1363, 1519, 1559, 1584, 1614, 3385 call. Mass Spectrum (FAB')

(mx/znBb5 (0Y4+Hr) . 129 (8g) Ethyl ’
1{2:[5-{4-isobutylphenyl):1,2 4-oxadiazol-3-y1)-4 5.6 7-tetrahy . .. _,_

ldpoéliengotr%%n%}/i -%%%?i.?rigg%gr %%(%/Iai;é%f 4T?1}ééc§}rb%2éogro%%% bitmeen

Y the TitlRIGSMpOTREWas 33AtHEE 280 By ComPIcting tHe sinftdPreaatibit
that mentioned in Example 1 (1f) using :
2-[5-(4-isobutylpheny1)-1,2,4-oxadiazol-3-y1]-4,5,6,7-tetrahydro

&Qg‘rmgjxhen-&og(&?%ﬁg, 0.26 renol) that was obtained in Example 8

@cqarboﬁq&%(w%ide (0.10 g, 0.31 Mmol), triphenylphosphine (81 mg,
0.31 mmol), ethyl 3-azetidinecarboxylate hydrochloride (65 mg, 0.39
mmol), and N,N-diisopropylethylamine (0.14 ml, 0.78 mmol).

( Bubseguenthy 1he sruda prodyehebthe tile gompound thus obtained was
purified by, chromatography on a silica gel column using a mixed,salvent .
of eﬁ?ﬁ Ea%yclega?e ﬁﬁﬂﬁ%é‘é%e%:@ 218 Ié%gfeuseln‘ﬁg affordl thele ° 84

agompeeRe(Adaimyghirta yialdssr3e 9 asse totburiessooily prodact:iNMRL lar

rSRECtBIMHS 00 2, H0013) 51 PP 93(de 611 JE® 8)HZ) 11489 (t, 3H,

J=7.3Hz), 1.7Q (dt, 1H, J=1 Hz, 4.4 Hz), 1.75-1.83 (m, 3H), 1.
R NS B Y AR B e T g ), 020 ) 7.0
mOEs 2 SRS THY, Qagbeae i (I=17297 H2 483H2), 3.30:uidtel PHEI=F (2.7
8 Hz), 3.37 (t, 1H, J=6.8 Hz), 3.41 (t, 1H, J=3.9 Hz), 3.56 (t, IH, J=7.3 Hz),
3.59-3.65 (m, 2H), 4.18 (q, 2H, J=6.8 Hz), 7.31 (d, 2H, J=8.3 Hz), 7.65 (s,
IH), 8.09 (d, 2H, J=8.3 Hz). IR Spectrum (thin film): 1186, 1332, 1363,
1450, 1517, 1560 cm.-1. Mass Spectrum (FAR") in/z: 466 ((M+H)+). (8h)
1-{2-1:5-(4-1sobutylpheny1)-1,2,4-oxadiazol-3-y1]-4,5,6,7-tetrahy

Arozl-bean7onthien-A-vllazatidine-2-carhovviiec acid The title comnorind



(9a) 4-[(Trimethylsilyflethynyl]thiophene-2-carboxaldehyde  To a
solution of 4-bromo-2-thiophenecarnoxaldehyde (3.0 g, 16 mmol) in
N,N-dimethylformamide (30 m1). were added successively
(trimethylsilvflacetylehe (11 ml,.79 mmol), triethylamine (13 ml, 94 mmol),
and dichlorobis(triphenylphosbhine)palkidium (1.1 g, 1.6 rmol) under a
nitrogen atmosphere with stirring, and the resulting mixture was stirred at
8000 for 2 hours under a nitrogen atmosphere. After stirring, the reaction
mixture was diluted with ethyl acetate, poured into a saturated aqueous
Bhlution Brammarigamsshilonde i(250-ni s apteextracted with efhyhacetate.) and
skhe extragbyas washed with a;satiyated agueous solution of sodium
1%&@% %ngrdgllnec% PYEr magnesium sulfate. After filtration, the filtrate was

evaporated in vacua, and the cride proBtet of the tifld cémpolitd thég) + 7-13
Glstainett was’péritied by- Ehibmatographicdn d Silicagel colzmriusinga, 7.31
raixed golvest of ethyl acetaie pncrhexangd0:1 40 1519) gsdhe alusnily 5 og
@for%heﬁ%eggq ound (3.3 g) in a yield of 100 % as a brown oily

product. 131°7. Z?a', 1H), 9.88 (s, 1H). IR Spectrum (liquid film) : 665,

761, 847,966, 1182, 1230, 1250, 1434, 1684, 2163, 2823, 2899, 2960,

@O®F cm-1. Mass Spectrum (ET+) m/z: 208(M) . (9b)

-Etbynylthiophene-2-carboxaldehyd Tq a solution of

s s Al e e CHETRITR U
AWas BBt e i E%ample 9 (9a) in methanol (160 ml) was added
potassitim:oatbopate:(é:3 %f3¥mm@Dthhc@H§BQn§?ga@esrﬁ§%@lQzleg oY
Jnbdy ir t.room;temperature for 1 hour, After stirring, insoluble
mateﬁgl}é@ilse%%e?r%%%%éoﬁlysfﬁﬁé%gﬁ,ttaon(tj%ﬁg fiftrate ng el\?a%}égé“t%ldeirjro (10%)
Yaddo. The residue thus obtained was diluted with ethyl acetate, poured
Sintd ivaten {300dnhand extactad with) ethyh pcptatee The extragh Wasx ythioph
swashedwilp.a sallated agyeols soltian qfsodum dhloride apd dried,
over magnesium sulfate. After filtrafion, e?\lﬁrate; was evapora edin
EFAER6 Sant theCrude prodicCsrineettE EORRpE @ teicoblaied wass 5 mmol)
tpafifieds P chiomadtog Rphyedr a silicagel eotinmndisirg Pemixed sghvert (0. 11

of etlyl acstate and hexane (01,10 11 afford the title . .
z%%né?&lg}d(l.S g)in a yield of 6£la % as ag %fg\?v%(%%?ﬂ%l%uﬁﬂoﬁjsuge%ﬁﬁnmde wn

Z,O?.'géﬂ(%,ﬁ.?—|’),¥95.§6(8,OIR7éﬁ@@&&m%@@ﬁﬁ%}tly’ the crude product
01432216¥813098184267€ DB 13) EbppimtHy.a661,426:860, s <h HA08kGaphy

ofs.al1124.1 1H) Jo19(s, 1 490,123 1K), 1364, sMﬁﬁén%p§%trg%g%Egzef@éZée and

hlgg (§)' $9(3) {4-%t:h%/ny1-2-thien [Ymethanol _ To a solution o
“&thynyithiopRehie2-EaridXaftietiyie £2.35 LPF Tniitsh) Mt & BBRIRE](0 - 19

Iin Exatnplesd Ob¥irPethasok(30n it pwasyadded sodiwmiberohydride

"HvHO gp S mmob@to0fewith SHERNG. ARG 1.29 (¢, 31, J=7.4 Hz), 3.04

(q, 2H, J=7.4 Hz), 4.83 (s, 2H), 6.96 (s, 1H), 7.01 (d, 2H, J=8.6

Hz), 7.13 (dd, 1H, J=1.2 Hz, 7.8 Hz), 7.19 (dt, 1H, J=1.2 Hz, 7.4

Hz), 7.30 (dt, 1H, J=1.2 Hz, 7.4 Hz), 7.49 (dd, 1H, J=1.2 Hz, 7.8

Hz), 8.12 (d, 2H, J=9.0 Hz).

IR Spectrum (KBr): 1245, 1259, 1353, 1473, 1498, 1517, 1556, 1612,

3329 cm™t.

Mass Spectrum (FAB") m/z: 413 ((M+H)").



then the resulting mixture was stirred at room temperature for 15 minutes.
After cooling the reaction mixture to OC, water (100 ml) was added to the
reaction mixture, and the resulting mixture was extracted with ethyl
acetate. The extract was washed with a 132 saturated aqueous solution
of sodium chloride and dried over mageesium sulfate. After filtration, the
filtrate was evaporated in vacuo, and the crude product of the title
compound thus obtained was purified by chromatography on a silica gel
column using a mixed solvent of ethyl acetate and hexane (1:9 to 3:7) as
(theseluentitplafford the title compound (0.88 g) in a yield of 60 % as a
brown aily progict, | MHz, COC13),5 ppm: 1.82 (t, ,
e \@ngl Qz)%gf %%%P%%ﬂﬁg\?%?%zfog% deoi[gl’;? J%;(SY.Z% gHél) seh
Y3 or AEAY 320 M) 1 2 a6 (NS 3= 237 PRF YRR Spectrum (liquid film): |
6097660768460 3022, 311604 1635 14 85013560 d 3vhs 24:1d; 28z ed by
<8832-3107, 328%= L. Mags Spacttum (EI) /2, 138 (6) () pramp1e 1 (16)
t-Butyl[(4-éthyny1-2-thienyl)methoxy]dimethylsilane  To a solution of
44-8%hyny1-2-thienyl)methanol (0.88 g, 6.4 mmol) that was obtained in
(Exébjlée-9 E9chincdichloromethahen20)ml), wete agde tsttcesspgly 4 ~e thyl~
2triethylaming. (1, 318k 9.6 mangl). &-bubvidimethyichlorasilane (1,29, 76pyamp1e
mmoal), and 4-dimethylaminopyridine é78 mg, 0.64 mmol) with stirring, and
L theheRUitiigAmRtre Was StfrstRat foofrtte Mperdilife-for 1-hEkRE ARG osphine
( 8tifrhgg water {50l wasadded H-theersattiornemikiore land thedesulingride
(ixwIrg, was extracted with dignigromethana, The exiragh was washed withy oo

a slaturated aqueous solution of sodium chloride and dried over
g e SIORT SEHETR: WierMfratibi the TRPREWAE dvipdrhted ifpamynd thus
chhditheccradeproddétoithetitiecompogndibius wbtaimednvasswifiedriyo f ethyl

 aGbramatagrantyLana siica gelcolymn-using.a mixed solyeptabetylzq ) in
acetaltg %r}d Q xane (0:1 to 1:9) as the elyent to afford the title compound

2 (¥ 5g5in°a yield of 94 86 335 b¥swn Siy proddet HiMR Spectrum (400 |
- THYME, DO0I3) B p phe 00 MIDZ (s, B19Y,:0.92 ¥em9 H), - 298 (5, BH), 4:80-(5,:2H), 3.03
(§,9332E€d, IEh %4615«1% ;i;)a 7338 (d é4bH<x&3,=1421 H,é)j R5§92§C§§”§£g%lgﬁ>fg”@2 72 (s,
73, 1 , 1171, 125 74,1464, 1 , , , 295
3%)313%3;1?81. %33 aés%ée%t?ﬁhw él})’ m7/i:& ESé%MAI%H (9e;5=57 -9 Rzl ? ?5 (dd,
14.|sébutfbehzaitehyto oximél (To.a sBlutibnlef4isebitdbénzaldéhyde (dt,
1£5.0rg1 3¢ mmol) inzmixed splyent, of gthanal @%m)) ang pysiding, (25 mal) 2x,
sWwas,added hydroxylamine hydrochloride (2.4 g, 34 mmol) with stirring,
and the resulting mixture was stirred at room temperature for 18 hours.
TR fisiesFapBratingitherdddion nikilire ihdvdoud, the residde thas btafved cm ™
Msvas dieted-with gther) pavead sito water{150, ml) and extracted with
ether. The extract was washed successively with IN hydrochloric acid and
a saturated aqueous solution of sodium chloride and dried over
(hi&dnesium sulfate. After filtration, the filtrate was evaporated in vacuo,
1 andstheser e (prarhuics of phe tideycampaund-thus obtained wasipurified by-eth
hro ili el column using a mixed sol f ethyl
e e e e S e SomBstng
(4.6'§Fin"a ViSId6r B2 98 As a tolBGre¥s diiproeriet AeiN MR Spéetdnpt 67 %
a$580wHz; CBEER 15 ppen:sB.904(d OHdedat & Hzy, 118y -(9addddn24%(d.ar to
<A 513 s T4t JB 1R) 1,480, 214,4°5.3 Ha), 7.63 (s,
114), 8.12 (s, 114). IR Spectrum (liquid flfm?: 534, 75 , 845, 962, 1296,
11h66; 1517 1601528600 2ot 9057293308 crh-2/ MeseSpasrimi(Ed} -4-eth
y nfz: A T=M) ) (9f) N Hysdrexy-dsisebstydhepzeneaaboximidoyy chiqride mmo1 )
lug -|so I ldgh xime, (1.0 g,.5.6 mmal) that was
D B R oL A U i e St
(P cMordSuttirAibe: (R E5 & A Ahdl With stitrifg, BReifurtiednere ldc acid
(stnallamouwnt efrgaseous hydrochloric acid was bubbled into the resulting
mixture under stirring, and then the resulting mixture was stirred at room
temperature for 10 minutes. After repeating the series of the same
procedures described above five times in total, the reaction mixture was
poured into ice water (100 ml) and extracted with ether. The extract was

washed successively with water and a saturated aqueous solution of
cnditim chlaride and dried 124 ovar manneciiim <iilfate Aftar filiratinn



7.751.88 (d, 2H,1=8.3Hz),7.82(s,1H). IR Spectrum (liquid film): 795,
850; 937, 994, 1185, 1249, 1413, 1466,- 1609, 2957, 3380 cm-1. Mass
Spectrum (ET") m/z: 211 (M7). (9gi
{4-[3-(4-1sobutylphenyl)isoxazol-5-y1]-2-thienyl)methanol ~ To a solution
of N.-hydroxy-4-isobutylbenzenecarbaximidoyl! chloride (0.50 g, 2.4 mmol)
that was obtained in Example 9 (9f) and
t-butyl[(4-ethynyl-2-thienyl)methoxyldimethylsilane (0.72 g, 2.8 mmol) that
“was obtained in Example 9 (9d) in ethyl acetate (10 ml) was added
iRty Bmines (G404, 209zmnaohcatH@C witipstrring,)and thexesulting (¢, 31,
Jmixtdrg wassstiyged at sgomytemperafure far 1{%{;9}{1&% Aftey, stigring, t g 55
reaction mixture was poured into water (50 ml)’and extracted with et
(Geetate. The extradt was wasHed with ﬁ Js%\t@réiéd'aduééué%oléﬁpn gf 08
2goditma chlsrde anaé driediovel maghesium, sulfateiz After filtration, tha, J=1.6
uilfrage wag evapokated;dn vaguoySulseguently, to 3 solution ofthe ;-1 ¢
thus obtained in tetrahydrofuran 15 ml) was added

resi

te’trdp%}y%?ﬁmo%dm fiderid8” (an8 ¥ SHiltion in tetrahydrofuran, 2.8 ml,
12. 8ol at 0GRuth stidirty, drd the tésaltingahbxtute ofas strredat Foom
mtessperature-for 1 Hoi. Affer. stirsing; the reaction mixture was poured into

water (50 ml) and extracted with ethyl acetate. The extract was washed

with a saturated aqueous solution of sodium chloride and dried over

(FiegrEstuAlsulfate. After filtration, the filtrate was evaporated invattio. :
159b$eﬂt|§§‘l|¥51q the sesidyus.ohtained was,added-a mixed solvantohethvl g
acet_Latg a 3 gxa ee(% )Wlth stg;ng and the solid precipitated was

dby i n)g a Y

l

1ag ration u furh& Sand Sty with the'Shme

oflecte
solvent to afford the title compound (0.44 g) in a yield of 59 % as a white
crystalllne splid. IHNMR Spectrum (500 MHz, CECI3) 5 ppm 0.93 (d 6H,

rg]Br) 774 794 847 1018 1380 1440 1467 1615
2869 2926, 29 344 cm-. Mass Spectrum (Ell) m/z: 313 (M+). (9h)
Ethyl 1-({4-[3-( is y1lp f&dkazol-5-y11-2-thienyllmethyl)azet4
dine-3-carboxylate \=Asblution of
{4-13-(4-isobutylphenyl)iscxazol-5-y1]-2-thienyl}methanol (0.43 g, 1.4
mmol) that was obtained in Example 9 (9g) carbon tetrabromide (0.68 g,
(20 }nmoﬂl&ﬁd tHiphényphIprie (654 Qeﬁzlohﬁnéﬁllﬁ dichloromethane
(15 Al wais: $trrecatoEdor 5. Minutesa Subsequearithedo theaeactivg of 84 %
a Mixture,were Cc thyl idinecar t
ergchIorld ?Q:??flrﬁ% %qiﬁ%éreﬁjgllﬁa?r%d %N%Z%Elgﬁo@ r%% Igﬁit(%;%%nn%h% gémllar
BT B2 o With é‘iﬁﬁﬁﬂ]oﬁﬁa the %ﬂﬁﬁnﬁ%u?é@%s H#Rd at room
tén@eféunedbﬁa&hd@moﬂdtdrlstﬂrrmg Hsaturaied agiieoussolation of1.6 g,
wq@m hydrogencarhopate, (3 mid was gdgded;to H}@o@act@w%%eéobmene

fnch the reaction, and the resulting mixture was oured into water (50
il

Ahd extraftgd wnﬁ%ﬁ@ﬁﬁ%ﬁ&ﬁgﬁgr?ﬁ%%?§m5§ wasHed with &meL) -
azatmetédraquesusi:$oketion di2sadiom 2Blaridel and dried over magnesium
: rwifatep Adterfiltration, the filtrale wasseyaporaieddn ‘é?&uolz?”dJﬂbe grade 5 5
rod cggf the tltle compound thus obtained wa%pun ied \Xéh
c)nromatogéaphy g asific& g%‘? toﬁJmnHﬁglhg a e Solvent df“@th%/lﬁz’ 2.3
Hacétaberand Hexdne €1:4 % 3723 a8 thwe eluenitita affortrthertite 2ampotint Hz)
7 @64& 93dn ayyield-of 82 B as:a white ciystalling selid, IHNMR §Pe%tﬂim 0 Hz,
g Hz, CDC13) 5 ppm: 0.93 (d, 6H, J=6.7 Hz), 1.27 (1, 3H, J=7.0 HZ),
Z( , 1H), 2.52 (d, 211, J=7.0 Hz), 3.32-3.38 (m, 3H), 3.36-3.64 (m,
2H) 3. 81 (s, 2H), 4.16 (q, 2H, J=7.0 Hz), 6.60 (s, 1H), 7.21-7.26 (m, 3H),
(2688 (S, 1H) 7 72 (d, 2H, J=8.2 Hz). IF. Spectru (KEr): 797 1193, 1369,
% ]la 2955 Jo Mass Spectrum (FAB') m/z: 425 ((M+H)").
(QAE;3 { obutylﬁfenyﬁ)|§3X§%&%—%T—%ﬁﬁ§ﬁﬁ?ﬁé¥ﬁylﬁz@tr4 ~oxadiaz
dine-3- carboxyllc acid  To a solution of ethyl
1-({4-[3-(4-isobutylphenvl)isoxazol-5-y11-2-thienyl}methyl)azeti
dine-3-carboxylate (0.47 g, 1.1 mmol) that was obtained in Example 9 (9h)

in 1,4-dioxane (15 ml) was added a 1N aqueous solution of sodium
hvdrovide (R 2 ml 2 2 mmnl at OC with <tirrina and then the reciiltina

X



Mass Spectrum (FAB+) m/z: 397 (M+H)"). (Example 10)
1-[(4-Ethy1-5-(5-[4-(2-fluorophenoxy)phenyl]-1,2,4-oxadiazol-3-y
11-2-thienyl)methyl]azetidine-3-carboxylic acid 1/2 oxalate CO H 2 .13
(CO2H) 2 137 (10a) t-Butyl[(4-ethvi-2-thienyi)methoxyjdimethylsilane To a
solution of [(4-bromo-2-thienyl)methoxy] (t-butyl)dimethylsilane (0.61 g,
2.0 mitol) and [1,3-bis(diphenylphosphino)propane]dichloronickel (54 mg,
0.1 mmcl) in ether (5 ml) was added slowly a 1.0 M solution of
ethylmagnesium bromide in tetrahydrofuran (3.0 ml, 3.0 mmol) at 000 with

o3tirsing; ang after raising the, reaction temperature to room temperature,
the resulting mixture was stirred for 1 hour. After stirring, a saturated

aquédds Sbitifo 6P aRfrhoRfurh thiGride (5IANAREE Adeet (/e Féactich PY
catixturs toqaenctethetieactdmidnd the tasultirg mixtye was paused THo(12a)

u\élﬁtl%r §2(.% m'%@&ﬂ46>6t§a%tﬁ§‘o\é’!§8r?etl?8!cyTP8%E%Cta‘@% W@Slﬂ%dgv,vn(b %_3 mmol)

aturated agueous solution of sodium chloride and dried over magnesium

“30iFafE ARE RO IhEFHRESWAS dvdforatedi darticoamtrthe errie (74
mgroductofrtheltitle tompuouintBthUs-abtained \was popifiedily carbodiimide

nghrIRAtegraphy @n gsilica gek golymmn,using a mixed solvent of ethyl
5@22} te and hexane (0:10 tg 5:95)as the eluent to afford _the title
C

Tound i A ViBRITGHYS 6 we'd pate TRIBW Oy prothict Y6 22 2aiiiRoPh
e SpEeeAnA00NIECHC 13)518Pal: 00103, 6550)93:(53195)as obtained in

ettt 3H I=1n447).2R8(0, dsH) L8181 D)¢ zé'é’QEZbﬂﬂG%hérﬁ%?ii%kﬁiuoride
6.77 |R Spectrum (liquid film):1077, 1131,1174,1255,1463, 1471 cm-1.

Hass EPELHtAt tFAB-) mi/%: 355 (218791 ) (1objrgequently, the crude
P fiReiey(difnathy)silphoxydrmathyh)8-ethyithiophene<2-cashxaldekyde y
cHecasobdionaf thutyli4retbyls2-thignyhmethoxyldimethysilane d1.3.% ctny1
22 gncrgoé{ y%te\gvaseot%tf\iggd in E>1<1am£lle 10 (10a) in tetra%grofuran (10

mi) was Slowly added a 1; M SolUfion O A-hUIRATIR I Hiskdnid (4.5 ARpound
(@7 fnmbl)at 78C with sdrrihg, antsaftepedising theoreatiorttemperataré 1.
*HIM0G thecrasulting anixture wiasstirredier.30 minutes. Subsegpenthy the; g0
(Eeagion jemperalyre waseoweredio S8 A9RlD Ui SINg 2N e,
reaction mixture was added 'I38

6.79 (dt, 1H, J=9.8 Hz, 2.3 Hz), 6.84 (dd, 1H, J=8.2 Hz, 2.3 Hz),
6.90 (td, 1H, J=8.2 Hz, 2.3 Hz), 6.99 (s, 1H), 7.17 (t, 1H, J=8.2
Hz), 7.34 (td, 1H, J=8.2 Hz, 6.6 Hz), 7.96 (dt, 1H, J=9.0 Hz, 2.0
Hz), 8.03 (dd, 1H, J=10.6 Hz, 2.0 Hz).

IR Spectrum (KBr): 1127, 1277, 1354, 1488, 1516, 1558, 1607, 3318

cmt.

Mass Spectrum (FAB") m/z: 415 ((M+H)").

{20c) Methyl
1-[(4-ethyl-5-{5-[3-fluoro-4- (3-fluorophenoxy)phenyl]~-1,2, 4-oxad
iazol-3-yl}-2-thienyl)methyl]azetidine~3-carboxylate

The crude product of the title compound was synthesized by
conducting the reaction similar to that mentioned in Example 1 (1f)
using |
(4~ethyl-5-{5-[3~fluoro-4-(3-fluorophenoxy)phenyl]-1,2, 4-oxadiaz
0l-3-yl}-2-thienyl)methanol (0.18 g, 0.43 mmol) that was obtained
in Example 20 (20b), carbon tetrabromide (0.22 g, 0.65 mmol),

triphenylphosphine (0.17 g, 0.65 mmol), methyl



N,N-dimethylformamide (0.86 ml, 11 mmol) with stirring, and the resulting
mixture was stirred for 30 minutes, After stirring, a saturated agueous
solution of ammonium chloride (5 ml) was added to the reaction mixture to
guench the reaction, and the resulting mixture was poured into water (20
ml) and extracted with ether. The extrag? was washed with a saturated
aqueous solution of sodium chloride and dried over magnesium sulfate.
After filtration, the filtrate was evaporated in vacua, and the crude product
of the title compound thus obtained was purified by chromatography on a
Sifcs Get EpRAARIBING 3 Miked sotrentsiiethyp Acetatetarid hexahe, (0:10
nové:@ﬁa)ls?@ptfl}ep@ly;em@?f&efg ;hﬁﬁzigﬁsﬁgm m@?f%g,\),l ggl iéhg gﬁ%&{j&@, the
w ojlly product. - pectrum z, .
B T B (L1557 19500, ot st 6h (P arp e by
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1D e added 1 theggsidue gad (g resyling mixiyre was cyapofated
azeotropically in vacuo. Subsequently, the residue obtaihed an
IR RPEGiYETohek§iES bdiMida (28 gL 5% mAtolPwerddSuspéhded #B 6. 1513,
Legl6en& 120 rd) and stirred at 90C for 15 hours. After cooling to room
uiempsrRire hexang(2Q,ml). was,added £ the reaction mixture, and the
resulting mixture was filtered with elite. The filtrate was evaporated in
vacuo, and the crude product of the title 139 compound thus obtained
(48 purified by chromatography on a silica gel column using a mixed
1solventof pthylacetate andhexane {0:40,10-3:92)35.10¢ @Jgg(%g giﬂcj 9169 aa
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Leh&toaddpbximitamidtef lucro-4- (3-fluorophenoxy)phenyl] -1, 2, 4-oxad
iazol-3-yl}-2-thienyl)methyl]lazetidine-3-carboxylate (0.14 g, 0.27

A

mmol) that was obtained in Example 20 (20¢) anda 1 N aqueous solution
of sodium hydroxide (0.81 mL, 0.81 mmol).

'HNMR Spectrum (400 MHz, CD;CO,D) & ppm: 1.31 (t, 3H, J=7.4 Hz), 3.10
(q, 2H, J=7.4 Hz), 3.75-3.87 (m,1H), 4.34-4.45 (m, 2H), 4.50-4.59
(m, 2H), 4.69 (s, 2H), 6.88-7.00 (m, 3H), 7.28 (t, 1H, J=8.6 Hz),
7.34 (s, lH), 7.37-7.47 (m, 1H), 8.02 (d, 1H, J=8.6 Hz), 8.06 (d,
1H, J=11.0 Hz).

IR Spectrum (KBr): 1130, 1278, 1488, 1515, 1607, 3434 cm™.

Mass Spectrum (FAB') m/z: 498 ((M+H)').



The crude product of the titte compound was synthesized by conducting
the reaction similar to that mentioned in Example 1 (1d) using
5-(([t-butyl(dimethyl)silylJoxylmethyl)-3-ethylthiophene-2-carbo nitrile (0.93
g, 3.3 mmol) that was obtained in Example 10 (10c) and a 40 % aqueous
solution of hydroxylamine (0.5 mL)). § gsequently, the crude product of
the title compound thus obtained was purlfled by recrystallization from
hexane (6:4) to afford the title compound (0.60 g) in a yield of 60 % as a
white crystalline solid. ITHNMR Spectrum (400 MHz, 00013) 5 ppm: 0.11
}%;amp% % (s, 9H), 1.20 (t, 3H, 3=7.8 Hz), 2.76 (q, 2H, 3=7.8 Hz), 4.80
(s, IH), 7.10 (br, 1H). IA Spectrum (KEr): 1059, 1590, 1643,
13?841?%3}5?73}35#9{15(5&141.( RERR-SpEERDATPEY) RIF2RI1S (8).2 (foeradiazol~3-
v &y Flirorephenaxvienzoie wicid ne -Bo @ soltipniof acid 1/2 oxalate
4-fluorobenzaldehyde (1.2 g, 10 mmol) and 2-fluorophenol (1.3g, 12
mmol) in N,N-dimethylformamide (10 ml) was added potassium carbonate
&g, 20 mmol) with stirring, and the resulting mixture was stirred at
hours. After cooling to room temperature, the reaction mixture
po water (20 ml) and extracted with ether. The extract was
washed with @& saturated 140 aqueous solution of sodium chloride and
dried over magngsium sulfat A}flter filtration, the filtrate was evaporated in
%@3{ PL&IOI’] of the residue obtained in a mixture of
tetrahydrofuran ( ), t-butanol (20 ml), and water (5 ml) were added
successively @- me@@ylﬂg putene (5.3 ml, 50 mmol), potassium
dlhydrogenphosphate (3.4 g, 25 mmol), and sodium hypcchlorite (2.7 g,
30 mmol) with stirring, and the resulting mixture was stirred at room
(2empetatreMer Rokguitse idier )sikring i he eaaiction mixture was poured
intowatey { @9@909\%%3{5%6% with ethery J%Lt%%%%%@ﬂmo th&%q)tte%tss 0 %

layer was added a IM aqueous sodium hydroxide solution (20 m
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over magnesium sulfate. After fi ltration, the filtrate was evapaorated in
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s IFBu HR)pd Adr24 dmy A3]) 8.0 (A3l J=8.6 Hz). IR Spectrum (KBr).
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TZR(5flHerophéndgy)pherid 141 @, 4 dkadiai ok 352 - 2 tieHyl)methadol dd, 1H,
Ja®. 2 sputian of b ({[t-bUsd (dimethyhsilypaxyimethyl)-2-ethyl:N7hydroxh 15,

;9p hen OXImId O 50 that w. btained in
E?(gmplze 13 %jdf éhd 4 g fltorOp 8hoxy) enz%)lé a%:lé?ﬁ(%)?lB g, 0.55

mmol) thatwas obtained in Example 10 (10e) in dichloromethane (1.5 ml)
(X939 added 11, N -dicyclohexylcarbodiimide (0.11c, 0.55 mmol) with
ti e resuylting mixture was stlr at r tem erature for 30
?n“{;‘\ru - ngtélrgst r%rlrltigE ﬁ%%(rg?\exéﬁj m‘:'f)n Sf)g Itrt]%é r(ﬁ:gctu}){r‘%l Wi ur§e 3y
“%m‘@hh%@wbl@?ﬁéﬁéﬁdls were removedbyflltratlon, and the filtrate obtained
wasrgvaperated in vacsa. Stibseguentlye ko ansolution ofthedesidue »y

amed in tetranydrofuran (1 )Was added a 1.Q M 3 Iutlon of
c?et%aﬁutlyrfgn%%om%ac uoride mnge?rahyd%tauran ﬁ?c]l)ew%h (12a)

Ustingnd - ARdheresyitirg atixtupe was: stinkeiHat (607@ fGV 10hé€|rm¢\ﬁét that was
ot@@@tiﬂgdolr@%nat%m@r@turez the reactign Rixtiwenwas polreddntowater o.55
m&lg mI) Pn X agte with ether. The extract as wak;shgd W|tg a saturated
aqueous Solution of odiu tﬁ%nﬁ%‘m 8)ver magnesium sulfate.
hydrsrdiifratiofsthe fikdate was é@a{@m@dtéd in vacuo, and the crude product
5-of the tide:compodadthusabtained.waspurified bychiomaiography Q¢ i oph
silica gel column using a mixed solvent of ethyl acetate and hexane(3:7 to
5:5)as the eluent to afford the title compound (0.18 g) in a yield of 89 % as
a white crystalline solid, IHNMR Spectrum(400 MHz,CDC13)5
ppm:1.29(t,3H,J=7.8 Hz),3.05
(9,2H,J=7.8Hz),4.83(s,2H),6.98(s,1H),7.07(d,2H,J=8.6
H7) 7 17.7 9E(m AH) Q 15(d 21 1—=9 AH~>) IR




of 90 % as a white afford the title crystalline solid. compound (0.19 g)in a
yield ITHNMR Spectrum (500 (q,2H,1=7.8Hz), MHz,CDC13)5 ppm:
3.32-3.40(m,4H), 1.28(t,3H,J=7.8 3.60-3.66(m,1H), Hz), 3,72 3.03 (s, 142
3H), 3.79 (s, 2H), 6.86 (s, 1H), 7.07 (d, 2H, J=8.8 Hz), 7.17-7.25 (m, 4H),
8.13 (d, 2H, J=8.8 Hz). IR pectrum (ligd film): 1497, 1514, 1557, 1604,
1737 an-. :Mass Spectrum (FAB') m/z: 494 ((M+H)-fl. (10h)
1-[(4-Ethy1-5-(5-[4-(2-fluorophenoxy)phenyl]-1,2,4-oxadiazol-3-y
1)-2-thienyl)methyllazetidine-3-carboxylic acid 1/2 oxalate  The title
SESMPpOtHEPCP7- Hglanas synthésized iR @Yieltot BOmas eawhitetained in
serystalinecsalid by conductingitheseaction simitarto-that yreptieneddR 1 uoride
(EX 1 .(1g) using methyl
l:%—[?(%%t%?(—cé{%%fiﬁ?ﬂ@drgpﬁIého>1(y)opﬁnemr?yjl)]-'l,3%3(3)? 8?§ztoﬁ¥3-ythe crude
PP eRfI) Fidthy a2 6tidirer31afh sRyiIate #0 397§ 0188 mmel) That was
chbtaﬁaeddm@weal@ﬁc(lﬁlg% &Mumwﬁ?ox@?@wamyd@%ﬁ%mof ethyl
cetic aci JIL, Q.85 al), and oxalic acjd (17 mg, 0.19
el FINMES Sbasiins (AOCVI S, DOU0) S opve 1 ob (" SH- 1o 4 oroound
Rz} 3303 ¢ ‘?I—Y,iﬁ—lﬂ@ﬁz%?ﬁzz%qﬁih’ﬁé%,lfﬂ,i958'.’6114:23, FIPialidne solid.
'IagR2%dE); 3062 (142K, ¥57,0 ) 3.82 fsr2H) 98 (5, Ik, 742 (d, 2H), 1.85
=90,HZ)..7.25-7,33 (m, 4H), 8.16 (d, 2H, 1=9.0 Hz), IR Spectrum (K]3n);
(%&26%14‘37?1%50%%§1’65g9]’, (:fslé:l %ifi%gl\'/la%?? s‘jée%t?&rh Eé') IEiﬁlz: d B85
2@M¥I—:ﬁf).3(§§<ém|§le9fl)(s' 1H), 6.99-7.07 (m, 4H), 7.11 (dd, 1H, J=7.8
H%,((B-pH3Fludre-4-paenoxypheryl)d, 2 A4-oxadiazol-3-y11-4-meth 21, J=9.0
n¥1-Zthiepyllmethyl)azetidine-3-carboxylic acid (11a)
t-Eutyl(dimethyl)[(4-methyl-2-thienyi)methoxy]silane  To a solution of
I3 Ryfoxketh§atd-métrAthidpiene Y3 B g, 14%md 1) retérbhce3316, 3379
ctiférature: J. Heterocycl. Chem., vol. 19, 1125 143 (1982)) and imidazole
MEL9 828 mmel) ik H-dimethydiormamide §20 ml) was added
t-butyldimethylsilyl chloride (2.3 g, 15 mmol) with stirring, and the
resulting mixture was stirred at room temperature for 2 hours. After
(Blifrindletheyeaction mixture was poured into water (20 ml) and extracted

1withsethary a-saturated aqueQus, selution.ef.sodium magnesium spifate , o1 - 3-
, 18 Tialen, vacyg.and ine eruds product of the,

The crude product of the title compound was synthesized by
conducting the reaction similar to that mentioned in Example 1 (1f)
using
(4-ethyl-5-{5-[4- (2-methoxyphenoxy)phenyl] -1, 2, 4-oxadiazol-3~-yl}
-2-thienyl)methanol (0.14 g, 0.35 mmol) that was obtained in Example
21(21b),carbontetrabromide(O.I7g,O.53mmol),triphenylphosphine
(0.14 g, 0.53mmol), methyl 3-azetidinecarboxylate hydrochloride (80
mg, 0.53 mmol), and N,N-diisopropylethylamine (0.18 mL, 1.1 mmol).
Subsequently, the crude product of the title compound thus obtained
was purified by chromatography on a silica gel column using a mixed
solvent of ethyl acetate and hexane (2:5 to 1:2) as the eluent to
afford the title compound (89 mg) in a yield of 50 % as a colourless
oily product.

'HNMR Spectrum (400 MHz, CDCl;) & ppm: 1.27 (t, 3H, J=7.4 Hz), 3.03
(g, 2H, J=7.4 Hz), 3.31-3.41 (m, 3H), 3.59-3.68 (m, 2H), 3.72 (s,
3H), 3.78 (s, 2H), 3.81 (s, 3H), 6.86 (s, 1H), 6.97-7.07 (m,4H), 7.11



was purified by chromatography on a silica gel column using a mixed

solvent of ethyl acetate and hexane (0:10 to 1:19) as the eluent to afford

the title compound (2.5 g) in a yield of 74 % as a colourless oily product.-

1HNMR Spectrum (400 MHz, CDC13) 6 ppm: 0.10 (s, 6H), 0.93 (s, 9H),

2.22 (s, 3H), 4.81 .(s, 2H), 6.72 (s, 1H), 6.78 (s, 1H). 1R Spectrum (liquid

film): 1077, 1130, 1256, 1464 cm-1. Mass Spectrum (Er) m/z: 242

((M+11)*). (11b) 5-(([t-Butyl

imethyl)silyiloxy}methyl)-3-methylthiophene-2-crb oxaldehyde  The

(Gride produgt of the title gompound was synthesized by, 1 condugting the 5,

reaction similar to that mentioned in Example 10'(10b) using

FBUtﬂhlrﬁe‘tﬁyB[(ﬁzme‘fhfl I?Zﬁmenyl)methoxy]snane (2.5g, 10 mmol) that
Iwadrebtained infExample 11 (1), 1.6M ,salation afasbutytitiium #35, 1496,
1Bexane{787i; 32-mmel) , and M,N-dimethylformamide (1.6 mL, 21 mmol).

Subsequently the cryde product of the title compound thus obtained was
Mﬁﬁﬁfléaeoi%ﬁ?brﬁgﬁ%?aﬁ}{fonsa?glll&é“ﬁéﬁ column using a mixed solvent

of ethyl acetate and hexane (0:10 to 5:95) as the eluent to afford the title

qupound (2.59) in a yield of 89 % as a pale yellowish oily product.

HNMR Spectrum (400 MHz, 03013) 5 ppm: 0.12 (s, 6 )éo .94 (s, 9H),

1359 (& SBH) 2 asYs oRY? 6”"?3“(@”‘1’#51?6@%3’(3?}1%3’%% &c‘%r&rﬁ‘"’(ﬁdﬁi‘b"l 3=
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271fMED#)1 dide) o (vt g eoxytmethyl)-3-methylt9 ,e- 2 - ca rbonitrile
The crude roduct of the title compound was synthesaeﬁ l%y conducting
) us

e fe st siilar to that MeRtSHEeaTR MBI 18 10t) tishg xadiazol-3-
YBI(R-BuyHdirheunsity ioxgrmethyd)-2-mettyittidphend cag, 0.17 mmol)

tmxaigglehagea(%n%gb 9;‘2' mlfBﬁiBOlt?i@ Waez@e';ain)eddrﬂ@salﬂéolﬁfalgnﬂlmas added
roxylamine rochloride mmol), triethylamine

rr%/rlglglflxeodlf\l?\ﬁ cycl%hexyﬁéarjbod ﬁﬂg @?{ %)'(L I) %l mmoﬁ with
sSubsErue s th@cﬁmbm@acmeﬁmﬁtmﬁmmtms@malﬁe@wa@tur e

£purified yschramatoqraphy on.a silica.gel columsyusinga mixgd solvent » yqeq
of ethyl acetate and hexane (0:10 to 5:95) as the eluent to afford the title

tSOFﬁ}?o&r‘?&fﬁjsoé‘) AR &Pl@ﬁ%}%ﬁi’s E\hp?alée;?e‘il‘bhﬂgh GiRFpfdtfucissutting
miHNMR Spectrurp@Go MHZNC5833) d ppurs@.ddefs: BiH) 6 93cfss Ad)sidue
oB3 fa2bd 4 8§j(§e<¥53:|1)c@e7sjsi%!e:!i@)xr!g@ﬁ%giu%(ugy di@x@)wé@%@ (1 ml)
1150, 1258, 2120, 2214 Mass Spectrum_(FA8') m/z: 268 ((M+H)7). (11d)
Ve ERUidfe DSy ioRgIREHT 5- ﬁoh%ec%& SnRdthytRiacid (8'mg, 0.09
mpphene 2vearoximidandidel ) wEheaddrt® produttehtheditte sohfpoundixture
wwssemtbé‘@imbmqmﬁmeg thefﬁ%a%ﬂertéire%qﬁ@ that mentiged iR s
Efftm le 1r$hf) lismg tbut dlmeth % I]ox methyl) , ,
“Smeth ?hIO &he 255 180Nt e% APnot thar wis Bhtdifiad fha mixed
semnmeomwelq@) and ana@l%ledwé@)u% selutichrof Hydroxelamite mIgprd the

 Subsequentindhe srude prodygtatihe tile campopnd-thus phiained-wag,1 1 4.

ifi db chrom 0 hy gel colump u mg mixe lvent
FH\#H} a%:/efélte égé(ﬁexarie%z%z# 45 9?)53 eggluerft (o} aff%)r%t i
@on%uﬁd@&lg“)ﬁhra yiel@ of 52 %6l as e?\/vﬁl@e%rﬁﬁal(]me s8lid. HNMR .43 (m,
28pedryn(4061MHz, €D013).¢ @D(H 021-9 (S.66H3-Q. 9(37(S<n9H%H3 357/(S10-7.18

AT VS I (ol S e,

H@le) 3-Flucro-4-phenoxybenzoio a(:ld The title compound (1.1 g) was
18ypthesized in azyield @b93 asiagvhite ghystalling;solidshy congluctingsa, cm .

reactjon similar t mentlon xample 10 (10e) using

Mislf déﬁ)uorcﬁenngc%‘ Tglde (5 71%125 <0 )? phenol (0.56 g, 6.0 mmol),
potassium carbonate (1.4 g, 10 mmol), 2- methyl -2-butene (2.5 mL, 23
m@@lgg)oz@ssium dihydrogennhcsphate (1.6 g, 12 mmoi), and sodium

chlarite ( 4 wmol). HNM ectr (4 Hz, CDClB
BB it b R GRr O (o oty T 108 ey iz ehten
7.37 (d, 1H, 5=7.4 Hz), 7.29 (d, 1H, 5= 74Hz) 780783(m 1E), 7.89
(dd, 1E, 5-11.3 Hz, 2.0 Hz). IR Spectrum (KEr): 1023, 1273, 1444, 1492,
1692, 2596, 2673, 2983, 3065 cm:. Mass Spectrum (El-) m/z: 232 (W).
(116) 5-[5-(3-Fluoro-4-phencxvnhenyl]-1,2,4-oxa lazol-3-y1)-4-metl

1_-2-thianvilmethannl The criide nrodiiet of the title combporind wac



146 1HNMR Spectrum (400 MHz, TEO13) Scorn: 2.63 (s, 3H), 4.84 (d,
2H, J=5.9 Hz), 6.92 (s, 1H), 7.06-7.11 (m, 3H), 7.22 (t, IH, J=7.4 Hz), 7.42
(t, 2H, J=6.6 Hz), 7.91 (dd, IH, J=1.2 Hz, 8.6 Hz), 8.01 (dd, 1H, J=2.3 Hz,
10.9 Hz). IR Spectrum (KBr): 1444, 1488, 1577, 1590, 1626, 3264, 3327
cm-1. Mass Spectrum (FAB') n¥/z2 383 (M+H)+). (11g) Methyl
1-({5-[5-(3-fluoro-4-phenoxypheny1)-1,2,4-oxadiazol-3-y1]-4-meth
r}(elcg mlggxgnéethéll)}azetlglne 3;carboxylate  The crude product of the
t|t e compound was syntrhe5|zed by conducting the reaction similar to that
mentioned in Example 1 (1f) using

5-(3-1 oolro -4-phenexypheny11-1,2,4-oxadiazol-3-y1)-4-methyl2-thienyll
Q.24 g, §-55 mmol) that was obtained in Example 11 (11f),
carbon tetrabrgmide (0.22g, 0.66mmbl), triphenylphosphine (0.17 g, 0.66
mmol), methyl 3-azetidinecarboxylate hydrochloride (0.13 g, 0.83 lumol),
and N,N-diisopropylethylamine (0.30 mL, 1.7 mmol). Subsequently, the
(z2&rude product of the title compound thus obtained was purified by

matogr am nt tate_ nd ane (5:5)

e ?c?affo%lc he tltir>é qg(S)llm f g ??1 agyle d o%gge% as%a col (I%%(urfess oily
hangtoduct. INNMR Spectrum (500 MHz, =13) 5 ppm: 2.56 (s, 3H), 3.30-3.39

(R 4H¥c3158364E(m, 1H), 3.71 (s, 3H), 3.76 (s, 2H), 7.02-7.08 (m, 3H),

5- (7119481, (dedledikiz) L 38 (b:2Hndet4)HZ) £ 118080489 mnd H), 497 (dd,
box;f&e%yée Hz, 10.5 Hz). | 'M@s%%@gqy&d}fm 1489,.1514, 1562, 1590,

621, 1737 cm-1. Mass Spectrum (FAB") m/z; 480 (a4-' -Hr (11h)
m “_’Le‘ff?féj(s Flubre- ﬂerﬁeﬁbﬁ?ﬁ}hé‘ﬁ?ﬁ f‘ﬁ%@‘ﬂiﬁ%ﬁéﬁ? AQm%%hg
5. s yrAihiedyfmetnaZetidine Breafsossaictaehy miThe titie tompoand
for (b d guwas syihesizediinga yield af vk Yoas a-white ceystallimewsalid by

Sub QQ&ISMHRQ Q‘Qoﬁ@?:‘i@?!b%iqﬂ@%%%ﬁé& @l?c%fi%@qxiﬁe@%@fﬂﬁg lgo(g:%)dusmg
meth 47 1 (r§§fluorc 4
1220

1nto Wa, f) , 2’2 oxa raf] 2 meth et er. The extract wasg washed
Wlt% SARTERYRheTRTAZctRiite 13 A B iR (0t o3 Ge0ras frs) That was
magobtaimeduhiExampié debr (11t réithiom hydroxidemenchydratetd6ang, 1.1
in FARRI), aaimdta@eé&aeigx(@&ﬂg ok EHar ol LEINMR nSpecinpm 400-MHz,
was pu§Osz§ }Eg) roma r%Hllysoéoa 351@.21cg e%Hc)cbfrquzl és%r%%m 4H62€i4 58
2H), 7.0 9J78sz)715tIHJO6Hz 7197 24°(m, 2H),
so“?%ﬁ (?f 2RiRy= f@ﬁﬁ?}e?aéﬁi(ﬁeﬁﬁe 5 Ezy € b?fdtliﬁ €3¥10%9z2). IR
aff SpbcthranPKaryit272:a840vE507; 4515 1356 1y 1591 01639, B464 2 Mass
colSpacttdm (FAB Yy ealz:+466 (M+H)-'). (Example 12)

ks ((Methyl-ozb3-(daphenpxyphenyl)-1,2,4-0xadigzol-3-y1]-.2-thig,
nyIImethyI)azetldlne -3-carbox %Ilc acid 0. OL Nl CU2h

s lf4 Met:h JSTS (Ai{ p)henoxyph nyf) f2 4 o%Adiazol-3-1 1]2-g-th|enygf

Hz) }m‘étﬁ&nb‘? 2Hlo a*sdkiutich of&-phenoxybenzoic acid (0.14 g, 0.63 mmol)
IR $pamixiure ohacetanitile (471m)) and tetealydrasuran(@mb)awere asded
om :successively 1-hydroxybenzotriazole (89 mg, 0.66 mmol),

Mask e%t% é3 qkt%gipylgmlngggooygcg bodllmlde hydrochloride (0.13 g,

5 -({Et- butyl(d|methyl)snyl]oxylmethyl) -N'-hydroxy-3-methylthicp
(22hene-2-carboximidaMide (0.18 g, 0.60 mmol) that was obtained in
+-Example Ide (1d)avith stirgngs.and theresultingmixtgnwas.-stived at
b ox§9§e£9 30 minutes. After stirring, water (5 ml) was added to the reaction

mixture to quench the reaction, and the resulting mixture 148 was

extratt8d With &t acetate. The extract was washed successively with
0.1N hydrochloric acid, a saturated aqueous solution of sodium
hydragencarbonate and a saturated agueous solution of sodium chloride
and dried over sodium sulfate. After filtration, the filtrate was evaporated in
vacua. Subsequently, to a solution of the residue obtained in
tetrahvdrofuran (5 ml) was added a 1.0 M solution of tetrabutylarrbnium
fluoride in tetrahydrofuran (1.2 ml, 1.2 mmol) with stirring, and the
resulting mixture was stirred atSVCfor 2 hours After stirring, the reaction
mixture was poured into water (20 ml) to quench the reaction and

extracted with ether. The extract was washed with a saturated aqueous
cenlirtion of ecoditim chlaride and dAried ovver eaditim c<crilfate Aftar filtratinn




The crude product of the titte compound was synthesized by conducting
the reaction similar to that mentioned in Example 1 (1f) using
14-methyl-5-E5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-y11-2-thienyl
}methanol (0.19 g, 0.51 rnol) that was obtainedinExample 12 (12a),
carbon tetrabromide (0.22 g, 0.66 mmal), triphenylphosphine (0.17 g, 0.66
mmol), methyl 3-azetidinecarboxylate hydrochloride (0.12 g, 149 0.77
mmol),and N,N-diisopropylethylamine(0.27 mL,1.5 mmol). Subsequently,
the crude product of the title compound thus obtained was purified by

[%rerFE@too‘JI?F?PYa%Qt% g 9:‘?@9‘; o, ‘f’ns'@gyal "§Edﬂ§9 yen of ef et(??( Jmetha

acetate and hexane (2:3) as the eluent'to ar the ti ompoun 0|y

"Srodifct? (G 2059ﬁnIHT\?iéPd 5185 9ieds araknelloisEfRNIVIR Spettiam 1n
00 MidzeEDGE3)E pprt: 2. 57 Se 3k)B:31s3.406m% 8H)13.59-3.61(m, 2H),

33 1%?@?&:@ 72@*{5 ZgJEQnG %)(gé“r_rﬁ 76074 ng '§'1|1_Q %gluﬁeknesulfonlc acid

(tIN,J= 1Hz)7 (t,2H,J=7.8 Hz), 8.14(d,2
@Befé‘t?rurﬁK‘B‘qul.%iiiz@mm&?@lg&lﬂmzl@IE%lE@?,l—”@ﬁB}ting mixture

was stirred at room temperature for 30 minutes. After stirring, a
saturated aqueous solution of sodium hydrogencarbonate (5 ml) was
added to the reaction mixture to quench the reaction, and the
resulting mixture was poured into water (20 ml) and extracted with
ether. The extract was washed with a saturated aqueous solution of
 sodium chloride and dried over magnesium sulfate.  After filtration,
the filtrate was evaporated in vacuo. Subsequently, to a solution
of the residue obtained in tetrahydrofuran (5 ml) was added a 1.0
M solution of tetrabutylammonium fluoride in tetrahydrofuran (6.4
ml, 6.4 mmol) with stirring, and the resulting mixture was stirred
at room temperature for 30 minutes. After stirring, the reaction
mixture was poured into water (20 ml) and extracted with ether. The
extract was washed with a saturated aqueous solution of sodium
chloride and dried over magnesium sulfate. After filtration, the
filtrate was evaporated in vacuo. Subsequently, to a solution of
the residue obtained in dichloromethane (30 ml) was added molecular
sieves 4A (10 g), and after cooling to 0°C, pyridinium dichromate
(3.3 g, 8.7mmol) was furthermore added to the resulting mixture with
stirring, and the resulting mixture was stirred at room temperature
for 2 hours. After stirring, ether (150 ml) was added to the reaction
mixture with stirring, and insoluble materials were removed by
filtration with silica gel. The filtrate was evaporated in vacuo,
andthecrudeproduct<mfthetitlecompoumdthusobtainajwaspurified
by chromatography on a silica gel column using a mixed solvent of
ethyl acetate and hexane (0:10 to 2:8) as the eluent to afford the
title compound (0.97 g) in a yield of 78 % as a colourless oily
product.

'HNMR Spectrum (400 MHz, CDCl;) Sppm: 1.23 (t, 3H, J=7.6Hz), 1.50-1.92
(m, 6H), 2.61 (g, 2H, J=7.6 Hz), 3.53-3.59 (m, 1H), 3,84-3.92 (m,
1H), 4.65 (d, 1H, J=13.5 Hz), 4.74 (t, 1H, J=3.5 Hz), 4.87 (d, 1H,



1732 cm. Mass Spectrum (FAB+) m/z: 462 ((M+H)+). (12c)
1-({4-Methy1-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-y1]-2-thie
nyl}methyl)azetidine-B-carboxylic acid The title compound (0.16 g) was
synthesized in a yield of 8 as a white crystalline solid by conducting the
reaction similar to that mentionedsin Example 3 (3e) using methyl
1-({4-methy1-5-L5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-y1]-2-thie

nylimethyl) in d rbo yate 20 g, 0.42 mmol) that was obtained
v= lBlr%/ég]jm g%z %12b§§1d% 1 ﬁ aq ue%gus hydroxide(1.3 mL,1.3 mmol).

TR SREsiatioh &%ﬁnﬁlﬁNMé@ﬁe&P&ﬁ] (4@@1MH%5@I§6(§20)866|9m323%:1 (s,
29423HKE @ 77+3.86(m, 1H),4.34-4.44 (m,2H),4.50-4.58(m,2H), 4.67 (s,
uass 26 P A5, 4E19=8/6 Hz) 724-7.26(m,1H),7.26(s, 7.45 (t,2H,J=7.8
Hz),8.13(d, 2H,J=9.0Hz). IR Spectrum (KBr): 1244, 1336, 1488, 1593,
1612, 3429 cm11. Mass Spectrum (FAB+) m/z: 448 ((M+H)*). (Example
c13) 1-({4-Ethy1-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-y11-2-thien
4~ EtyﬂﬁnéﬂﬂﬂﬁﬁféﬁﬁWﬁ?Q§%ﬁr@@X?ﬁC%ﬂNéoxy methyl] thiophene-2-carbo

nitrile

The crude product of the title compound was synthesized by
conducting the reaction similar to that mentioned in Example 1 (l1c)
using
4-ethyl-5-{(tetrahydro-2H-pyran-2-yloxy)methyl] thiophene-2-carbo
nitrile (0.97 g, 3.6 mmol) that was obtained in Example 22 (22b),
hydroxylamine hydrochloride (0.29 g, 3.% mmol), triethylamine (1.1
mL, 7.2 mmol), and N,N'-dicyclohexylcarbodiimide (0.87 g, 3.9 mmol) .
Subsequently, the crude preoduct of the title compound thus obtained
was purified by chromatography on a silica gel column using a mixed
solvent of ethyl acetate and hexane (0:10 to 10:90) as the eluent
to afford the title compound (0.86 g) ina yield of 95 % as a colourless
oily product.
'HNMR Spectrum (400 MHz, CDCl,) dppm: 1.19 {t, 3H, J=7.6Hz), 1.52-1.90
(m, 6H), 2.58 (g, 2H, J=7.6 Hz), 3.52-3.59 {(m, 1H), 3,82-3.90 (m,
1H), 4.62 (d, 1H, J=13.3 Hz), 4.71 (t, 1H, J=3.3 Hz), 4.84 (d, 1H,
J=13.3 Hz), 7.38 (s, 1H).
IR Spectrum (liquid £ilm): 903, 1024, 1036, 1066, 1077, 1123, 1174,
1201, 1342, 1454, 2216, 2873, 2942 cm™
Mass Spectrum (EI") m/z: 251 (MY).

(224d)
4-Ethyl-N’-hydroxy-5- [ (tetrahydro-2H-pyran-2-yloxy)methyl] thioph
ene-2-carboximidamide

The crude product of the title compound was synthegized by
conducting the reaction similar to that mentioned in Example 1 (1d)
using

4-ethyl-5-[(tetrahydro-2H-pyran-2-yloxy)methyl] thiophene-2-carbo



(13a) (4-Ethyl-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-y -2-thienyl)
methanol  The crude product of the title compound was synthesized by
conducting the reaction similar to that mentioned in Example 12 (12a)
using 4-phenoxybenzoic acid (0.12 g, 0.53 mmol), 1-hydroxybenzotriazole
(74 mg, 0.55 mmol), 1-ethyl-3- %§6d|methylammopropyl)carbodumlde
hydrochloride (0.11 g, 0.55 mmol),

nitr ﬁ?&fit@lﬁyl@'rrbethyrlﬁﬁélylloa(ﬁmemw)ogtathﬁd\l thyelkaxythioph (22¢)

ang £} ag,)%fé%%' idamide (Q. %%&é&m@')oth@was nggg@%@wlléxamp'e

ﬂé\ and 1.0 M solution of tetrabutylammoniumfluoride’in

the 48 %?&P&fﬁ?énofl%“ﬁwﬁlilﬁ r%?%ﬁu%du}é%équoebﬁﬁy“t%de G6dRprodect of

by cliiertitte corhpourid 2hesloktiret aas purified by chigatatsygrapty oh a

ethysiliea gel calumndising aimixed solven of-ethylacetatecandrhexatie=(1 : 3)

1285 elugnt fo afford the fitlescampound (9.12 ¢) inayield of 83 % as a
Logpale ale yellowish crystalline solid. HNMR Spectrum (400 MHz, CDC13) 5

PEOS5pm: 1.29 (t, 3H, J=7.4 Hz), 1..88 (t, 1H, J=5.9 Hz), 3.05 (q, 2H, J=7.4
HNM%E?%*S@T(H (21, ¥¥5:0 HA6.96 €§>“ELH} 2047108 m7 aHY; #20 /(t, 1H,
1.473=784 Hr), 7189 (§ 2H, J=7.41Hz)-8.12 ) 2H; JB0.9.HZ).(lR Spectrum

3, g7(HEBY; 124811353, 849Q, 1496,1513; 1588,41612,:3356 cm-l. Mass

Sec (A /z7(4+ (13 Met
“ 801 14{%?;1%1 E%I_D 4 hgen%2 I\& e?%l} 1;:2(5?0xad|azol 3y gfrthléﬁ

IR SRithEtRyl -%%arb |ate fhéé#&déﬁ?&dd&%‘r thHé ttte Corhpound

2942was §yntiesized by 151 conducting the reaction similar to that mentioned

MassinsExample () using 285 ((vem) 7).
{4-ethyl-5-[5-(4-phenoxypheny1)-1,2,4-oxadiazol-3-y1]-2-thienyl),
methanol (0.17 g, 0.44 mmol) that was obtained in Example 13 (13a),

2 en):arbon tetrabromide (0.19 g, 0.57 mmol), triphenylphosphine (0.15 g, 0.57

{<nithel), hetHyE3 aretidinecarbosd/late nyeFgchforide |(021051 €66 'mmol),

- <4—@néﬂ&lﬂ§}pdiés@prfopylzethytamm461%3 mL, 1.3 mmol). Subsequently, the
qw%puggug;mdb@ title gampound thiis gbtaingd was purfied by,

chromat onasmca el column using xed olvent of h I
conicétate and %exane legcm%r?) as%he éﬂuentot%eaﬁ';brcf$ me%giee%cc?rénpound

using 4 9y TR YHERFEE 86 As @ pdiedyelfovi’ofproduct. IHNMR Spectrum
1- hy(d00:- Nz CDGES) 5 ppnk:al 27 (t, BHmd=7)4 Hz), 3.03 (q, 2H, J=7.4 Hz),
1- et%&(l@ 49(&@m3ﬂ)y&59n%1§:70w& %é}:}:%gllll(ﬁdgl_ﬂyérzgf(ﬁmlzlﬂ)a 6.84 (S
o lJSH%Zm%Mng , 4H), 7.20 (t, 1H, J=7.4 Hz), 7.39 (t, 2H, J=7.4 Hz), 8.11
9.0 Hz).'IR Spectrum (I|qU|d film): 1168, 1200, 1245, 1346,

4~ yBoN | BT PEE0° 1618 737 G-t MASS Specttiny (ERBY iz 476
hene((M.pHy‘]yo@ge)iamldﬂ (0. 1’7 g, 0.69 mmol) that was obtained in
Exanb({4Ethyk6y[2{4-phenaxyphemybi 1.2, 4-oxadiaz ols31y b3v2sthieni on
in Sdimethyhazetidine-3-carboxylic.acid, Engstgg%mpou%(@llﬁg) was

Syn nthe3|zed in ayleld of 86 % as a whlte crggtalllne sollg usm
PEe cé:nductlng “the SirmilSF r@ac?on t% fhat mentioned m%‘xamp e (3e) using
chr GRgtRyE TR{4- Sty IS5 {3 SShetiofphefy1y- 1, 2 Askaatasor 3y b thien
aceydimethylYazetidines 3:carboxyhate: (0 1180 ¢f, 339 mmdh dthatwas:obtained
comziellﬁzﬁampl% 1§>(1§b)aapﬁe@dl\gaqaLJseQU§sJudéems1@(ﬂe( zsromillg mmlo)goz )

2 olution of sodi NMR Spec g,2H 4 (4 z D)5
HNM% yp n%o(“ lg*z 3 7% 3, 8%&3% S1EH%I 3“% 4%45‘g g Q W EQP?'

L 5%& 1), 43457 GresH) %68 (s, 2H):F. TH(H, AR 55930|§|Jz) "7 2&& 1H,J=7.4
3, 8H2),7632(s, 1H), 72458, 2H,J=7.4 H2);8. FF (d,2H]I=6.0 HE).7=2 -5 Hz),
4.88 (d, 1H, J=12.9 Hz), 7.07-7.12 (m, 4H), 7.20-7.25 (m, 1H), 7.41

(d, 1H, J=7.4 Hz), 7.43 (4, 1H, J=7.4 Hz), 7.66 (s, 1H), 8.1l5 (d,

2H, J=%.0 Hz).



IR Spectrum(KBr):1167,1249,1347,1489,1517, 1557,1592,1613, 152
3422 cm)i. Mass Spectrum (FAD') miz: 462 (M+H)-) . (Example 1
1-({4-Ethy1-5-f5-(3-fluoro-4-phenoxyphenyl)-1,2,4-oxadiazol-3-
y11-2-thienylmethyl)azetidine-3-carboxylic acid (14a)
(4-Ethy1-5-[5-(3-fluorc-4-ohenoxypherl)-1,2,4-oxadiazol-3-yl:
-2-thienyllimethanol  The crude product of the title compound was
synthesized by conducting the similar reaction to that mentioned in
Example 12 (12a) using 3-fluoro-4-phenoxybenzoic acid (0.12g, 0.50
It thatwas obiathed im Exarhple 192@ie)l 16Rydiddfenz6fiaZolé {721 613,
281Q, 290Meg); 1-ethyl-3-(2-dimethylamindoropyl)carbodiimide

hydrachloride (O. 0.53 mmpal), .
M%-g(?[t%pu%c/&a%{etiwyiisiiyl]%%/'ret %/%-é-(eb{ml)-\}'-'hydroxythio
phene-2-carboximidamide (0.15 g, 0.48 mmol) that was obtained in
(Example 10 (10d), and a 1.0 M solution of tetrabutylammonium fluoride in
tetrahydrofuran (0,96 ml, 0.96 mmbl). Subsequently, the crude praduct.of
{the titlxéqcogmp%qugé tﬁkllj%nfooﬁiﬁétlloneeél qa?s gﬂr%’iegd By ¢ Xraoﬁeétoggrﬁ%ﬁy%or% gtenyl)
msiiRa%ge column using a mixed solvent of ethyl acetate and hexane (1:3)

as thre eluent ta-affard the title compound (0.16 g) in ayield of 85 1 as a
s bale yellowish crystalline solid. INMR Spectrum (400 MHz, 0DC1) d el

) R R R AR I T S e R e
({aP2AR 12528 912)L 6796 {s A TRYEP- 0227 00 (h; 3M)¢ 7.1 3t FIe A=7chdiz)as
o739k 2Hn 1saétiz), 2288, Tt etrbrdb HZ, 4.4 HZhak 90 @eh Pdridinium
plgolﬂl@rliéﬁ@o';léhlgé.'&%p ctym (KERS,1204,1270,,1283, 1342y o

1436, 1456, 1492, 1513, 1576, 1595, 3433 dr* Mass Spectrum?l’iABq) msz:
r%@:y{@g’qmmmi%];g@;mgmyqtirred at 60°C for 4 hours. After stirring,-
tﬂe({ie%mt/lﬂ-o@ [ﬁﬂﬁtﬁ&%&%éré)|ﬁ@ﬁﬁ’@@ﬁ£@iﬁ6‘-)w:hﬁe+c¥§@ji@fﬁ@(;'?t'é/ 1?11 I‘?HChI the

:-2-thienylimethy))azetidine-3-carhoxylate e cryde product of the title
iy DML Fencto SRR o e "azned
W?ﬁé‘nﬁo?%@#ﬁEﬁén@ﬁl@eP%ff)%H‘gibn of sodium chloride and dried over
m44rethyhnb-§{0B-fiaro-Arphenaxyphenybhl, 240¢5diazelk3-yt]s2 evaporated
 sthignylimethanal (0,1 40.mmaol) that was ohtaingd in Example 14 .
lr(ll4a), c!)arg%n%%%roa dro?_nk%e(% (b%?egc S%éﬁ%nr\r%{olio, 'Ei%h%%nyféhgsgﬁ%gd of 92 %
230247 ¥ 5218 Bty S3-h¥etidinecarboxylatehydrochloride (91 mg,
THINGR) Hpsncb;amd(Mm-dAiwpr@whgbh;dapyme 0.2% mt, h&mmoi)._.e Hz), 1.79
(Subsequently, e crude;productgf the titlg compoyng fhys obfainedwas,

purified by chromatogra%hy on a silica gel column using a rixed solvent
7 ot Btfylacéte dhd hexatie (128 1672} Bk the &luit tot&fford the tia) - 743
(compourd 104.5))in & yield of ,77.% asa pale(yellaw,oib=praduct) IHNNR
I R9§§8HHP&1&4QQBMHZV §GD, 51pam: 1.28,(1 3017159 412)..3.02 (@1 2H 5 54,

J=7.4 Hz), 3.31-3.40 (m, 3H), 3.58-3.67 (m, 2H), 3.71 (s, 3H), 3:78 (s, 2H),
362858, 1H), 7.02-7.09 (m, 3H), 7.19 (t, 1H, 7=7.4 Hz), 7.38 (t, 2H, 7=7.4
M447), T8 (dtyd H FA29) 01z :1.FH2),(70981(dd . 1H, 7=10.8 Hz, 2.2 Hz). IR

Spectrum (liquid film): 1204, 1272, 1348, 1454, 1489, 1523, 1559, 1590,

1737 cm. Mass Spectrum (FAB+ m/z: 494 ( (M-H-1r). (14c)
(%%?fﬁ-gﬁﬁﬂ%-[&(s-ﬂuoro-4-phenoxypheny1)-1,2,4-oxadiazol-3-y1
1-1¢23théaring imetHyi yaZetivire B«grizoxpdic-dcid, 4-dheditte corjpound-B-1dien
vIPnNas synthesizad.in asyield 9f 77, %.as a white crystalline solid by

conducting the reaction similar to that mentioned in Example 3 (3e) using

methyf T519S (FHSHTTL-%E [50e3-Flibt6-A~0RRAGRpHaAyfLathesized by
cahdxatiarplt3q IrdR=thienyd imiethv]jaz eticiine<d:carbexylate QGO 1 (1£)
usshnmol) that was obtained in Example 14 (14b) and a 1 N aqueous

solution of sodium hydroxide (0.9 mL, 0.9 mmol). 1HNMR Spectrum (400
(B2 ED3002D) 5 PR X BRI I17 4 Ay 3D aD oK - 327 Z#ALteny L)
meZZER.87((m] 1H), £.33Umdb (M, 2k W44-415& (me2H) £68(s12H)2 (22£),

7.09-7.20 (m, 3H), 7.23 (t, 1H, J=7.6 Hz), 7.33 (s, 1E), 7.44 (t, 2H, J=7.6

Hz), 7.97 (d, 1H, J=9.0 Hz), 8.04 (d, IH, J=10.6 Hz). IR Spectrum (KBr):

1201, 1275, 1349, 1491, 1515, 1556, 1591, 3427 Cm . Mass Spectrum

(FAB+) m/z: 480 ((M+H)+).



(Example 15) 1-({5-[5-(3-Chloro-4-phenoxyphenyl)-1,2,4-oxac:
azol-3-yl)-4-ethy 1-2-thienylimethyl)azetidine-3-carboxylic acid (15a)
3-Chloro-4-phenoxybenzoic acid  The title compound (0.95 g) was
synthesized in a yield of 77 % as a white crystalline solid by conducting
the similar reaction to that mentioned;indgxample 10 (10e) using
3-chloro-4-fluorobenzaldehyde (0.80 g, 5.0 mmol), phenol (0.66 g, 7.0
mmol), potassium carbonate (1.7 g, 13 mmol), -methyl-2-butene (2.7 ml,
25 mmol), potassium dihydrogenphosphate (1.7 g, 13 mmol) and sodium

chvpeshlasite {1,4.4; 4o mmal). THNMBR,Spectrum (4 g%k‘;&&@@&&ﬁﬁle (0.26
p@ﬂ%f?@?é”_' J= 86HZ) 7.05 (dd, 2H, J=7.4 Hz, 1.2 Hz), 7.21

o e AT 27 BLy 7 BRI A LS. éliiijzr‘?céjt—?zr)l%eléo(dl I
01k Jaf@@ Hz}, Ns@(lsbpropylethylamlne (0.22 mL, 1.2 mmol).
s{®d2430010- WWQ%C% % 4-oxadiazal:3y:4-ethy1eis obtained

wohienymet roduct of the title compound was

I%ag The crude
"&ynithesizad by Lordieing tﬂealé)%%tlorh Sirflar & tASE nTEmtiBHed 29 @ mixed
S EXERHSI T2 %Iza} ueﬂfgiaf@wler@&phemexy@eﬁzem dcid)(0ak2 gho.5Quent to
a fwel) that w&aebiamﬁﬂma@mm%ﬁ%a}l;M@@Wber@ty%@@ (A 1ow
- Ol'ShJ:]s mmo(é thyl -3-(3-dimethylaminopropyl)carbodiimide
Jﬁ?gdroc oride g, 0.53 mmol),
" FEIO - 59Wmth)59§llwmylﬁfé€thyl) 8-athiyl-N'-R\Adroxythidphi=7.6 Hz), 2.61
@ge?a carbogumtd@mldsla (315 g, 0. 4% maigl) tbatewaﬁ %gln@,d nsFxample
and 1 S t| tra ut ammoni oride in
31%etr y?j)rofurén ?6!\3 k O%BEEerﬁol’) sre%queérj:t’?y L%he G ﬁl’oduc &t 43
(Fhe %lﬂerco?ﬂééuharthhg obtAirtl Was é’lﬂlfleﬁﬁ)y%ﬁféi‘fnatography on a
1silmsegelecalunsusing adnixedzsalyentehethyl acetatesand hexanexde3d) cn™.
th nt f he itle c 7 g) in a'yield of 87 % as a
M%f: le §E§Ilo%v ejrl'?/saéa;%A gé solid’ } 1%&%g%é2tr}um (400 MHz, CDC13) 5
ppm: (t, 1H, J=5.8 Hz), 306(q,2H,J 7.4 6.98 (d, 1H, J=8.6 Hz), 6.99 (s,
(A (t, 1H, J=7.4 Hz), 7.43 (t, 2H, J=7.4 2.1 Hz), 8.31 (d, 1H, J=2.1 Hz).
IAE.%%p%% % (g(%f) %24§hé@9§yé§§§y%€'8? ZMgsgxa%%%tg%T (f %T)—g] %hlen
vyt g:fgy(]‘s) éﬁ%?b%%%eﬁo&?ﬁﬁ@ﬁyi)li 22i6xadiazol-3-y11-4-ethy
1_ 2 Thienyllmethybagzetidine-8-carhpxydade s yn Thesarude productiefithesr 95 3
a il campound e synibesizadiby candualing the teacien similar WAk, <o

mentioned in Example 1 (1f) using

A s NREHOPE - bﬂeﬂéi énﬁ) i3§h ORAAZBR Y H-4-ethyl-2
1=thiénylrhethdnd 10. 4 ghOctkprhel) that was, abtataed dr &EXxamrple]F2-thien

yﬁiégbmbgggeé@q%n@ec@&égy%@e )otfiph%nyleh%%OQﬁQ&(P MO vas
0.53 mmol) , methyl 3- azetldlnecarborz/11 ate hy drochloride (93 156 mg

O%téé?ﬁ&df%ﬂﬂnﬂl&ug&préﬁ%&rﬂye n8 BPEME, F2LMMGR, °F Sdiun
hBidyseigirently, thekrude prodadt of thetitte:eompeurnidithus obtainéd wasol)

rppfied ycchromateaiaply Op, asieadsheelumaLising agmixed salyent, » 74

of ethyl acetate and hexane(31 3)as the eluent to afford the title compound

(To.18"g)ik d yield oF 7396 35+ palePelldwish ity Prédd@. 1RNKR / (s
21pedtriir(100MiRz, ©DC13)5 ppin:2 28 3HIF7.8 H2):3.088 (m, 2H), 7.80

(40, 2HJ=758H2).3.32-343(myx3H), 3.59-3.69(m,2H), 3.79

IR Spectrum (KBr): 761, 1170, 1241, 1368, 1487, 1591, 1614, 2969,
3536 cm™t.

Mass Spectrum (FARY) m/z: 462 ((M+H)").

(Example 23) .
1-({5-[5-(3~-Fluoro~4-isobutylphenyl)-1,2,4-oxadiazol-3-yl]pyridi



(s, 3H),3.84(s,2H),6.87(s,18), 6.98 (d,1H,1=8.6Hz), 7.09 (d, 2H/ 1=7.4
Hz),7.24(t,1H,1=7.4 (dd,1H,J=8.6Hz,2.2Hz),8.30 Hz), (d, 7.43(t,2H,J=7.4
1H,J=2.2Hz). Hz), 7.98 IR Spectrum(thin film):1198,1245, cm
1266,1343,1483,1513, 1737 Mass Spectrum (FAB') m/z: 510 ((M+H)+).
(15d) 1-({5-[5-(3-Chloro-4-phenoxvphefiy1)-1,2,4-oxadiazol-3-y1]-4-ethy
1-2-thienyllmethyl)azetidine-3-carboxylic acid  The title compound (0.13
g) was synthesized in a yield of 88 % as a white crystalline solid by
conducting the reaction similar to that mentioned in Example 3 (3e) using
rethyl PS84 6r6-2epRefdxypreay E)-2 2 d-oxadiazol-3-y1]-4-ethy
1-2-thienyl}methyl)azetidine-3-carboxylate (0.15g, 0.29 mmol) that was
obtaineEd in Example 15 (15c¢) and a 1 N agqueous solution of sodium
hydroxide (0.87 mL, 0.87 mmol). IHNMR Spectrum (400 MHz, CD3002D)

o}

: 34 Xma2H), 4.48-4.59 (m, 2H), 4.68 (s, 2H), 7.07 (d, 1H, 1=8.6 Hz),
7.13 (d, 2HN3%7.8 Hz), 7.25 (t, 1H, J=7.8 HZz), 7.33 (s, 1H), 7.45 (t, 2H,
1=7,8 Hz), 8.0 d, IH, J=8.6 Hz, 2.2 Hz), 8.31 (s, 1H). IR Spectrum
(KEr): 1265, 1344) 1392, 1484, 1514, 1591, 1609, 3414 Mass Spectrum

(FAB-) m/z: 496 M@QC%W (Example 16) |

1-[(5-{5-[3-Chloro-4 uoro@ﬁenoxy)phenyl]-l,2,4-oxad|azol-3-
y11-4-ethy1-2-thienyl)methyljazetidine-3-carboxylic acid Cl  (16a)
(§§%bkgggiéggu§¥?9?gngéXyT?ggggé%yg)silyl]oxy}methyl)pyridine

To a solution of S5-bromo-2-formylpyridine (4.6 g, 25 mmol) in

methanol (30 ml) was added sodium borohydride (0.93 g, 25 mmol) at
0°C with stirring, and the resulting mixture was stirred for 1 hour.
After evaporating the solvent in vacuo, the residue obtained was
diluted with ether, poured into water (20 ml) and extracted with ethyl
acetate. The extract was washed with a saturated aqueous solution
of sodium chloride and dried over magnesium sulfate. After
filtration, the filtrate was evaporated in vacuo. Subsequently, to
a solution of the residue obtained and imidazole (3.4 g, 49 mmol)
in N,N-dimethylformamide (30 ml) was added t-butyldimethylsilyl
chloride (4.1 g, 27 mmol) with stirring, and the resulting mixture
was stirred at room témperature for 1 hour. After stirring, the
reaction mixture was poured into water (50 ml) and extracted with
ether. The extract was washed with a saturated aqueous solution of
sodium chloride and dried over magnesium sulfate. After filtration,
the filtrate was evaporated in vacuo, and the crude product of the
- title compound thus obtained was purified by chromatography on a
silica gel column using a mixed solvent of ethyl acetate and hexane
(1:49 to 1:9) as the eluent to afford the title compound (6.8 g) in
a yield of 80 % as a white crystalline solid.
"HNMR Spectrum (400 MHz, CDCly) & ppm: 0.12 (s, 6H), 0.95 (s, 9H),
4.78 (s, 2H), 7.42 (d, 1H, J=8.6 Hz), 7.82 (dd, 1H, J=2.3 Hz, 8.6
Hz), 8.56 (d, 1H, J=2.3 Hz).
IR Spectrum (KBr): 1008, 1104, 1258, 1377, 1471, 1578 cm™*.



The title compound (1.3 g) was synthesized in a yield of 79 % as a pale
yellow crystalline solid by conducting the similar reaction to that
mentioned in Example 10 (10e) using 3-chloro-4-fluorobenzaldehyde (1.0
g, 6.3 mmol), 2-fluorophenol (1.1 g, 9.5 mmol), potassium carbonate (2.2
g, 16 mmol), 2-methyl-2-butenelg:§.0 ml, 28 mmol), potassium
dihydrogenchosphate (1.9 g, 14 mmol), and sodium hypochlorite (1.5 g,
17 mmol). IHNMR Spectrum (400 MHz, CDC13) 5 ppm: 6.75-6.95 (m,
Mass3Be¢04uld A4 J=8/6:H2) 27 33438 (m, 1H), 7.96 (dd, 1H, J=8.6 Hz, 2.2
Hz), 8.23 (d, 1H, J=2.2 Hz). IR Spectrum (Ker): 1123, 1269, 1423, 1486,
592, 6 298 78 cm-t. Mass ectrum. Et). m/z:, 266 (141).
23}%16%) % EET (é,?{ﬁ)rc 313 P/g;)h Qi)t&eny 1 2(14()8xad|a%zol 3-yl)
4- éﬂ?ﬁtz“tﬂléﬁyl)methanol The crude product of the title compound
5 - brwas-Synthesized:By comducting thelieaction similartoithatementioned in
1.0 Exemples: (°3) %mae@hiar@;éﬁgif&@Eopf@nquib@na@ﬁﬁﬁd .14 g,

g, 0553 m{nOI)otha( as O}bEaIgeendalc% g'lp %ﬂa%@ﬁa?m mg, 0.02 mmol)
droxybenzotrlazole
and.f.é¥

P B A ROIRBbYERTEGaRmtt RcrScAbMIETb. £ g, 0.56

N-mamimoh 2 Seffit-butylitdimethy I) sily Fexyd methnd)-8: ety hyd toxytimc ph
Afte%n@o%m{@%mmwgﬁp@;@geo SAmmogl) that was ohtained in.Example
(10d) d 1 OM S0 tion of tcg}rabut @mmgnlumfluorlde A53 ir in
etrathydro Urah 1 6 ?Ej f%lmmo Sljise uenaly, the cruc?e prodl ct of
2 safertitfe toRpsrit ﬁ?&gfdtﬂ%uﬁéd%ﬁawuﬁﬂ%arW%rﬁ%?nﬁfdrjﬁam%n a
magrsikdargelddhumn usinga Mikedsofventof efhykacetate ard fexarie{2 : 8
in 80,5188 the eivent toafford thedtileccampeunsh(0.d 2.g)dnoaqyield of 89
wa.s Wu?:%faiﬁpglbe yehlgggllg oC@/Stg'"m% %0“91 1&:!1'\!3@5 L%Q%%Hl{{plg%og Mdéd

ebc Cl3)5p m130 % 7.6 Hz),1.89 (t,1H,J=5.9 Hz), 306(q£2HdJ =7.6
SoLYgRy. @%@(@?H N ﬁﬁ%%x%“@%&w 3H) tnT AHF 8 63tda> 2 o
the 109(s,AMKP09 1H;32816 Hz 2.0 (dH2) °BH, 35826 e 8 B2 ne
s014a33-7.40 J=2.0Hz). IR Spectrum (KBr): 759, 958, 1120, 1269, 1393,
lHNM%ége;@% 2928.:2973,3334 £m21. Mass Specirym (FAB2) miz; 431

2)}1 T 7.67 (4, 1H, J=8.2 Hz), 7.98 (dd, 1H, J=2.0 Hz, 8.2Hz),

intag

8.78 (d, 1H, J=2.0 Hz).
IR Spectrum (KBr): 1110, 12%4, 1470, 1594, 2230 cm™t,
Mass Spectrum (FABR®) m/z: 249 ((M+H)").

(23¢)
6- ({[t-Butyl (dimethyl)silyl] oxy}methyl) -N'-hydroxypyridine-3-ca
rboximidamide

The crude product of the title compound was synthesized by
conducting the similar reaction to that mentioned in Example 1 (1d)
using 6- {{[t-butyl(dimethyl)silyl]loxyinethyl)nicotinonitrile
(2.0 g, 8.1 mmol) that was obtained in Example 23 (23b) and a 40 %
agueous solution of hydroxylamine (1 ml). Subseguently, the crude
product of the title compound thus obtained was purified by
recrystallization from a mixed solvent of ethyl acetate and hexane
(1:9) to afford the title compound (2.1 g) in a vield of 94 % as

a white crystalline solid.



(16c) Methyl
1-[(5-(5-[3-chloro-4-.(3-fluorophenoxy)pheny1]-1,2,4-oxadiazol-3-
y1)-4-ethy1-2-thienyl)methyl]azetidine-3-carboxylate ~ The crude product
of the title compound was synthesized by conducting the reaction similar
to that mentioned in Example 11@f) using
(5-{5-[3-chlorc-4-(3-fluorophenoxy)phenyl]-1,2,4-oxadiazol-3-y1}
-4-ethyl-2-thiehyl)methanol (0.15 g, 0.34 mmol) that was obtained in
Example 16 (16b), carbon tetrabromide (0.16 g, 0.51 mmol),
HNME SRER IR0 SpRINEH®. 187§ 10.53 Riffolf, Arethil 3azetitifecarboXylate
4. séhydrochlorided®.073, g210.517manol), and, NJAe diisopropylethylaming (0.14
7=2 ML 0.84 mmg)). Subsequently, the,cuude product of the title compound
rr 4DUS obtained Wa%?élg' ified C?EQW&"& phy on a5 é%a gglgolumn
sing a mixed solvent of et yI acetate an hexane 2:810 5:15) as the
Masselﬁ%n‘f%“a"ffoF&th fitlé ‘cSpoufd{0.16 g) in a yield of 88 % as a
colourless oily product. ITHNMR Spectrum (400 MHz, CDC13) 5 ppm: 1.28
(23d%, 3HRdmb.4HZ)uS02 (0 2k dr/14:4d2),1332-8.42)(Pandkhe 3.60-3.67 (m,
Z%i)a sZ%u@lo%Hc)f%ZOS%Q%%,HQa_»@p%%n@?ﬁqé@}m@;llum%&%é“ hJz8-¢,H2),

7.30-7.37 (m IR Spectrum
Lo Kli‘&jihb ?M)Ngéémiikﬁfdffi‘%mi%%ée T&éﬁaiﬁfﬁ‘efaﬁﬂ%@% 2846,
of PROBGEMAS’ISpEERunt (FAB') /z 828 (¢4 -Hy {ieeeylformamide
(2 wh]. (B (5 [3:Chloa-4-(3-fhiorophenoxydprenyt]-4i2.4:0xa6iazod:3veq
y3101 -4- et gl -2- @lewe)met@yl]azegglne -3- arbox I|c aC|d Th ge

mlonun 0.14 g) was sy ntheS|ze8 in a |efc]qo 92% as a Whlte

SOl%Hrgfalﬂﬁe sBﬁ&“Eﬂ/ %oﬁb‘ﬂ?ﬁﬁﬁ?ﬁé%ﬁ@fﬁfﬂ imfiar 9o that M&tiongd in
N, N-@qa‘mtp‘lelgc(g@ugiﬁg( zn@thye{t the same temperature with stirring,
and b (RA{3-{3:chlpre-d-(3fhtaraprenaxyphenyll-124-oxadiazolhd:, the
resw}{ﬂé‘x emwtar@%!')%ef@@@}%d'Q§l§r%%rt£@%y|§t%£9x169A&39 mmol)

that Was obtained in Examp e 16 (16¢), a | N aqueous solution of sodium
SELR Xt TO B9 HE, HBE MG Ani %8&%%“8%%‘1%1 -89 rinfol).

was F4RIVIRE S 5E6trera (GO0 OB 300 2D 5CBpte1 IBRYE 13, R 5-y),
res3110ng(6hi 240y JFAS izl 31 78:8038a(ray 1bh);md 1304 65:{rry Akd) wdtTl (S,

eth;ﬁ)ac@@;tg 010, 311), 20, vllgghé-d&ﬁﬁz)a 7&@4&@&@%&3&2 46

m, 111), 8.12 (dd, 1H, J=8.6 Hz, 2.1 8.33(d, 1H, J=2.1 Hz).IR_
o1 b G e A B R e T
fel‘ia%fe%mhaseétfees ?%@VS&?WEW%@&MP%FA@%/Z
pro@d_dlt((cM+’¢-§h)é),t(Eb(]&mpt®§_o%)nd thus obtained was purified by
chrdal{@sEtyikoSstba[ 431 tuarephenaxy)pheny 1l 24-oxaiazol B3¢ ny1
aceélf th'g%{nethwlaﬁzoetcd'@eg% carboxylic.acid ON %lf%o@@?ae title

-Fluorophenoxy)benzoic acid =~ The title compound g) was
Comg%lfﬁes?zég i a Yield 0r96 4 a&%a Whité Fystaifine $ofid y%‘?ﬂﬂﬁ&t}ng
"HNNReSsimilarre actionite thabfientioned:in EXanmple 3t (10e)using 3H)
6 .14-fldorabenzaidehyde (15 g-2221umol), 3-fluorophens] (32 ml, 13 mmol)
= B Lassipm carhonate 1163 (3,3 9, 2449mabs2-mefhyl-g-butene (4.8 ml,
mmoi) , potassmm dlh)/drobgenphosphate (3 1 g, 23 mmol), and sodium
Masﬁy%% <HibHte 5§/ 37 itmol)”-HNMR Spectrum (400 MHz, CDC13) d
ppm: 6.75-5.92 (m, 214), 7.03 (d, 2H, 3=2.6 Hz), 7.27-7.37 (m, 1H), 8.08
(236d, 2H; 13986 H iRa‘Bpexzmenz(dﬁBr)adikﬂJ, 1226, 1271, 1293, 1314, 1484,
1597, 1689, 2553,2671, 2242, 2924 cm. Mass Spectrum (Er) m/z: 232

. b%fﬁ‘? (%7}@ @ E}leé {53 %’h 3 fluo eLphenp ﬁfp %11 1 %4 gx?adlazgls y1l

ienyi methan e trude produc e title compound was
mmoéyn*fﬁéazeﬁ 5y edtRftcting theRedction ‘Sitilar To tRaF ThERTBHEGTh (4
Example 10 (10f) using .
5-(tlt-butyl(dimethy1)soxy)methy1)-3-ethyl-N'-hydroxythio
phene-2-carboximidamide (0.16 g, 0.50 mmol) that was obtained in
Example 10 (10d), 4-(3-fluorophenoxy)benzoic acid (0.13 g, 0.55 mmol)
that was obtained in Example 17(17a), N,N1-dicyclohexylcarbodiimide
(0.11 &, 0.55 mmol), and 1.0 M solution of tetrabutviammonium fluoride in
tetrahydrofuran (0.75 mL, 0.75 mmol). Subseauently, the crude product of

the title compound thus obtained was purified by chromatography on a
cilica aeal eolimmn 1iceina 2 mived ecolvvent of eathvl acetate and hevane (27 tn



The crude product of the titte compound was synthesized by conducting
the reaction similar to that mentioned in Example 1 (1f) using
(4-ethy1-5-{5-[4-(3-fluorophenoxy)ohenyll-1,2,4-oxadiazol-3-y1}-
2-thienyl)methanol (0.15 g, 0.38 mmol) that was obtained in Example 17
(17b), carbon tetrabromide (0.15g, 0.445mmol) triphenylphosphine (0.12g,
0.45 mmol), methyl 3-azetidinecarboxylate hydrochloride (86 mg, 0.57
mmol), and N,N-diisopropylethylamine (0.19 mL, 1.1 mmol).
Subsequently, the crude product of the title compound thus obtained was

nRYrified by ehromatggraphy using.admixed salventobethy] acelale.and nexane
hexane (5:5) to afford the title compound (0.16 g) in a yield of 85 % as a

(Baf?yeliow oilY Breduct “1HINRR Speétfart (580 MPRZ, - €DEIZ) 5 phfmixtuze
wd 28 €t 3 )= .81d7}230 3 behpida d5 {8 142), 13r33:3.401(0%, Athpling carbon

§60 66 m 3,1 ) 37 $ 2H r6r§r(1) (dt 1 ‘Ja 7u£e"o|_1,|1 ium
°Fz 1Fk)é %“g%f 314, 2Hf%Jé le) 7.35 (q,%ﬂ Jq83él %Od
hs%ioﬁddzflwlﬁswm?) R sp‘feweﬁr?e &emﬁrﬁeisaeoamtmgsto quench:
tﬂ;élfbalﬁﬂfmﬂjazd:%é Mass SpegtadmedABL iz 494 (J@\Aﬂrkl)*v)it(ﬂkjjher, \

aéf ’!h£| MRk W'“Orogher}%’ %zeh%nx%lcla% 15 tltniﬂzl 22hd etggoted

eny methy azetidine-3-car oxylic acid e compoun

wiig) RWiaR%syRABERER] AFaifeld SR54%9K 48 Atwiie “3RRRfnESHlid bi/aturated
agopduetingtheireactionssimias tenthat rentingedrinebxamples3{2ehusitiFate .

aBelbyL1+{(3-ethyl-5- %ée[“f(iﬂ%%oe%%%o@()%g?xl&e]ath035985%20' -3y

11-2- thlenyl )met y[ azetidine-3-carboxylate (0.16 mg, 0.32 mmol) that was
Sﬁﬁﬁﬁﬂéﬂﬁlﬁ&aﬁ@lé 1%’0(]1“7%)0ﬁ’thﬂf ﬁ?dﬁfﬁ&d@‘fﬁoﬁ@ﬁﬁdféﬁ% (B‘E) Fer“aml

m@)7 kazmat)iandlacetipacich@Apleod. 22 mmol ). IHNHMR Spectuen fé@ﬁlltlng
n7, G305 pROY Ja@ Goﬁ%ﬁ LR2) 300G, 2bh J34:3H7), 7 bogen.

(quintet, 1H, J=8.8 Hz), 3 m2H) 162 3.94-4.01(m, 2H), 4.2
SR B S O (8 1M PG S HE) vk (40w o8 Wit
CéHi 3=7.8hty ), 18201 (d; 2H,eIw8Bd2porated in vacuo to afford the title

compound (0.12 g) in a yield of 77 % as a white crystalline solid.
'HNMR Spectrum (400 MHz, CDCl;) & ppm: 0.93 (t, 6H, J=6.6Hz), 1.88-2.00.
(m, 1H), 2.58 (d, 2H, J=7.4 Hz}, 7.25 (t, 1H, J=7.8 Hz), 7.73 (dd,
iH, J=7.8 Hz, 1.6 Hz), 7.81 (dd, 1H, J=10.2 Hz, 1.6 Hz).

(23£)
{5-[5-(3-Fluoro-4-isobutylphenyl)~1,2, 4-oxadiazol-3-yl]pyridin-2
~-ylimethanol

The crude preoduct of the title compound was synthesized by
conducting the reaction similar to that mentioned in Example 12 (1Za)

using 3-fluoro-4-isobutylbenzoic acid (0.12 g, 0.63 mmol) that was

- obtained in Example 23 (23e), l-hydroxybenzotriazole (8% mg, 0.66

mmol), l-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (0.13 g, 0.66 mmol),

6= ({[t-butyl (dimethyl)silylloxy}methyl)~N’ ~hydroxypyridine-3-car
boximidamide (0.17 g, 0.60 mmol) that was obtained in Example 23 (23c),
and 1.0 M solution of tetrabutylammoniumfluoride in tetrahydrofuran
(1.2 mL, 1.2 mmol). Subsequently, the crude product of the title
compound thus obtained was purified by chromatography on a silica

gel column using a mixed solvent of ethyl acetate and hexane (2:3



IR Spectrum (nr): 1224, 1273, 1342, 1498, 1514, 3428 cm-1. Mass
Spectrum (FAB') m/z: 480 ((M+H)'). (Example 18)
1-[(5-{5-[4-(2,3-Eifluorophenoxy)phenyl11-1,2,4-oxadiazol-3-y11-4
-ethy1-2-thienyl)methyl]azetidine-3-carboxylic acid (13a)
4-(2,3-Difluorophenoxy)benzoic acid 183The title compound (2.2 g) was
synthesized in a yield of 94 % as a white crystalline solid by conducting
the similar reaction to that mentioned in Example 10 (10e) using
4-fluorobenzaldehyde (1.3 g, IOmmol), 2,3-difluorophenol (2.0g, 15=01),
Totassiuit GG R B g2 2irrfnole 2-hiethylorubuitede(®.06m) 481 a yield
annsol) spatassiumidisydrogenphasphater (3:1 g, 23 mmol) and sodium
1 chlori 5 0,2l ol MR Spectrum (4 z,=13) :
o (o Gy 5 e ch08 d. 2FF 308,05 1R Spetnim’
Gz Hh70t 1949 o7 488) 168354 618, £H03. 72965, 1633, 2880, PDILH) ,
Tope. MassBpeettum gEm/z7 260 (Mf).1(@8)=8.2 Hz), 7.87 (dd, 1H, J=10.2
-{5-[4-(2,3-Difju noxy)pheny1]-1.2 4-oxadiazol-3;y11-4- _
H(h%'/lz-iz[-étéhigrzﬁ I')rr?ét%%on%%%' 'i)%?é cureung/élé pﬂ%ébc?b?ﬂ%%ﬁiﬂg do%r%pggéld was 7782
BayntheliZ&d by Totdudingfie Bkt &imilar to that mentioned in
IEx&pspledth (1GH1sing030, 1128, 1394, 1500, 1560, 1594, 1612, 3170
ca-{{Jt-butyl(dinbthyl)silylJoxylmethyl)-3-ethyl-N'-hydroxythioph 163
Mene-z-carboximidamige (0,16 p, 0.50 mmol) that was obtained in Example
161085 A3 HiftdbroperioxyBenslitiacid (0.14g, 0.55 mmol) that was
obtained in Example 18 (18a), N,N1-dicyclohexyloarbodiimide (0.11, g,
(0Rp mpel),and 1.0 M solution of tetrabutylammonium fluoride in
1t_eﬁ hy gf‘ér_an (0'75_m_|:* 0.75 mmol) . Subsequently, the crude product of
the fifle Comipound 1hus ohiaRE Wakurfied by dhroristbarashy ohtapyridi
nsificalgelcdiumm asingfa mixedesoliventy ok ethyl acetate and hexane (2:2 to
3:7) as the eluent to afford the title compound (0.18 g) in a yield of 88 as'a
‘ _h;'ée_(ir%/_s lline solid, HNMR Sgectrum 2400 MHz, CDC13) d ppm: 1.29
(3E 1274 FE303 04 0 B 121G i) (5,215 807 13/ pasgin-2
~Blioihaged (OHZY. IR Speetrmel(HERR 1248 ob252 nbd7in E52Rp16Q0 (23£),
c4628n 3302 amoMass GpeciryMoFABYZ:, Ad{MEHDhe k126 MetY e (0.19
1-%5-7(5-%311-t 2,3-difiaoropnenaoxy)phenyl]-1,2,4-oxadiazoL-3-y1}- .
94ty 1-3 ?@nﬁﬁﬁ@ttﬁ&jﬁ?‘éﬁ@ﬁ%-%&%ﬁ%ﬂ’&%metlTﬁ%ecrO prodiict®f and
sthie tite ecnipeuschwasesynthesized byrconductingethe regution similaite, the
r&Rtmentioned,in. Exam in - -
%E-%?#‘%Z,3-difluorophe%kgi%)cgplk?eﬁ]?f,Zﬁgéiéd?gz%I-ch-?/Ur-eéf-sédu‘e Obta%ned
VI e R e a1 6O B 0Y45 Sl thaf vies ob iR HEERanpR xed
sq8vEr8h) o Earidry tetralsromicleaf0il Ray; 4062 rhniol), teiphenylphoaphineaction
14Q 4484052 mmal), suethyh 3r3zetidingcarhoxyiate hydrachloride (0,10 p.
iotS%EEQ&D’ and QI,N-dusopropylethylamlne (0.15 mL, 1.1 mmol).
Siibsequenty, tRetriae prdieeot teoBifie Mtfpddndthud btariifias
Sperifiesilyy Ehrostdiograptaz asingl asuixedesolvent of ethyl @idetatelando . 11 g,
o hexane-(5:Siteatiord the: tile copRaund(0.29.0in 8. y@'ﬁ?)‘d%;. 8 3%81) witn
pm:

ale yellowi oily product. IHNMR Spectrum (500 MHz,=13) m
s *§§ rf%.l fg ] Zf@%t:qlng mixture was stirred at'room temperature

for 13 hours. After stirring, a saturated aqueous solution of sodium
hydrogencarbonate (2 ml) was added to the reaction mixture to quench
the reaction, and the resulting mixture was poured into water (20
ml) and extracted with ethyl acetate. The extract was washed with
a saturated aqueous solution of sodium chloride and dried over sodium
sulfate. After filtration, the filtrate was evaporated in vacuo,

and the crude product of the title compound thus obtained was purified



2H,1=7.4 Hz), 3.32-3.40(m, 4H), 2.58-2.68 (m, 1H), 3.72(s, 311), 3.79(s,
211), 6.92-5.97(m, 111), 7.0-7.16 (111, 41-1), 8.16(d, 211, 1=9.0Hz) .
164 IR Spectrum (liquid film): 1250, 1346, 1476, 1498, 1512, 1557, 1608,
1737 cm-1. Mass Spectrum (EAle) m/z: 512 (M+H) ). (18d)
1-[(5-(5-[4-(2,3-Difluorophenoxy)phenyl]-1,2,4-oxadiazol-3-y11-4
-ethyl-2-thienyl)methyljazetidine-3-carboxylic acid  The title compound
(77 mg) was synthesized in a yield of 38 % as a white crystalline solid by
conducting the reaction similar to that mentioned in Example 2 (2e) using

pPEIYL L4014 f Syfliflugrophenaxyphenyd: ]u%“ %Xad' L ‘¥%J_rvent of

ethy1-2-thienyl)meth I]azetldlne -3- carboxylate (0.20g, 0.39 mmo

e\}‘x}a%loﬁ&?ﬁé&?n% plee 8 (18¢)AthtfimHAdrokitd mditoriydraré (éé@maltle
cor@mmmiol)) ard geetie acig {47l 086 mmolk IHNMR Speetraim {B80solid.

1 2 4 7 2H, Hz), 3.40
%ﬁﬁﬁé@fﬁ%&%ﬂ@g}é& 9c6e:§"’ 5]§Zm '62)962% %Htljz% Zé‘zézh AL 04

Rradits: Ap% G 7‘%(&1 71#?)H7 16738 Gnt 4HR 8 11@ (d 32/48 348, élﬁfz)’—"’ 2

Hz), 3.66 (t, 2H, J=7.4 Hz), 3.73 (s, 3H), 3.87 (s, 2H), 7.35 (t,
1H, J=8.2 Hz), 7.48 (d, 1H, J=7.4 Hz), 7.86 (dd, 1H, J=10.0 Hz, 1.6
Hz), 7.93 (dd, 1H, J=7.8 Hz, 1.6 Hz), 8.39 (dd, 1H, JU=8.2 Hz, 2.1
Hz), 9.30 (d, 1H, J=1.2 Hz).

IR Spectrum (KBr): 1218, 1340, 1373, 1398, 1500, 1559, 1729 cm™
Mass Spectrum (FAB*) m/z: 425 ((M+H)").

(23h)
—({5—[5—(3—Fluoro~4—iSobutylphenyl)—1,2,4—oxadiazol—3—yl]pyridi
n-2-ylimethyllazetidine-3-carboxylic acid
The title compound (90 mg) was synthesized in a yield of 81 %
as a white crystalline solid using methyl
—({5—[5—(3—fluoro—4—isobutylphenyl)—1,2,4—oxadiazol-3~yllpyridi
n-2-yllmethyl)azetidine-3~carboxylate (0.12 g, 0.27 mmol) that was
obtained in Example 23 (23g) and a 1 N aqueous solution of sodium
hydroxide (0.81 mL, 0.81 mmol) by conducting the reaction similar
to that mentioned in Example 3 (3e).
'HNMR Spectrum (400 MHz, CD;CO,D) & ppm: 0.97 (d, 6H, J=6.6 Hz),
1.93-2.05 (m, 1H), 2.65 (d, 2H, J=7.0 Hz), 3.83-3.94 (m, 1H),
4.48-4.57 (m, 2H), 4.60-4.71 (m, 2H), 4.82 (s, 2H), 7.47 (¢, 1H, J=7.8
Hz), 7.77 (d, 1H, J=8.2 Hz), 7.92 (d, 1H, J=9.8 Hz), 7.99 (d, 1H,
J=7.8 Hz), 8.60 (d, 1H, J=8.2 Hz), 9.34 (s, 1H).
IR Spectrum (KBr): 1129, 1344, 1367, 1399, 1500, 1602, 1627, 2128,
2958 cm™.

Mass Spectrum (FAB") m/z: 411 ((M+H)Y).

(Example 24)
~({5-[5-(3-Chloro-4-isobutylphenyl)~1,2, 4-oxadiazol-3-yl]-6-met
hylpyridin-2-yl}methyl)azetidine-3-carboxylic acid



IR Spectrum (Far): 1498, 1511, 1607, 3320, 3444 cmt. Mass Spectrum
(FAB') m/z: 498 ((M+H)+). (Example 19)
1-E(5-(5-[4-(2-Chlorophenoxy)pheny1]-1,2,4-oxadiazol-3-y11-4-eth
v1-2-thienyl)methyllazet4 ne-3-carbox %?IC acid 1/2 oxalate co =7 - Cla--
(19a) 4-(2-Chlorophenoxy)benzoic acid®> The title compound (1.0 g) was
“synthesized in a yield of 84 % as a yellowish white crystalline solid by
conducting the similar reaction to that mentioned in Example 10 (10e)
using 4-fluorobenzaldehyde (0.60g, 5.0 mmol), 2-chlorophenol (0.90g, 7.0
mmol), btassium carbonate (1.7 g, 13 mmol), 2-methyl-2-butene (2.7
mmoi), potassium dihydrogenphosphate (1.7 g, 13 mmol) and
lorite (1.4 g, 15 mmol). IHNMR Spectrum (400 MHz,
,8.95 (d, 2H, J=8.9 Hz), 7.13 (dd, 1H, J=7.8 Hz, 1.5 Hz),
8 Hz, 1.5 Hz), 7.31 (td, IH, J=7.8 Hz, 1.5 Hz), 7.50 (dd,
{5 z), 8.08 (d, 251, J=8.9 Hz). (19b)
yropheqoxy)phenyl]-1,2,4-oxa azol-3-y1}-4-et
2-thienyl)methano N%cﬁjde product of the title compound was
synthesized by conducting the reaction similar to that mentioned in
Example 10 (10f) -using 5-({ [t-butyl
<€cﬁﬁ?ethyl)3|Iyl]oxy}methyl) 3-ethylw'_hydroythjoph
2ene<kcarhexiaidamided0:16 g 09 Mo that was oRiaingdnEXRmMpPIe i 16

10 (1 2:chlorophenoxy)benzoi 0..55 ,NUNo
thatw%?ob%%eg%%?(a% ? fg fgf %Cgé%%exy arb%%u%nrfaez(afllg L.0g
o%@‘ﬂ%bl)l%ﬁb%@%éomw&ﬁtéfﬁabmg/mmmqﬁﬁﬂa@ﬁa@rinborohyamde

atetrabydieiuran (045 4L « A Hamal) enthedbe Grudeproduct of: cpe
the tlye comgound thus S obt: tained was purified by chromatogr &%On a
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iasawditecrystaline salid. dNMR-Speqgtium é%@ngngQQ_%l:%) PP £ ract

1,.35 4H 3.04 251374 4.83 251), 6.9
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diw%wzyﬁameﬁtw SoLfrFes1, aénez Hi 243427, 49hedE 1B ate was
edzjor dze .8HZ) 8ud2 (%Lﬁﬁﬁ&@t&@fﬁ) L) %p%@I%%%BQflgf}é residue
og‘gz?gmé'g’%%&‘]"?g cil'a49% 5& ﬁ 2 3??9 Cu'kf Ma§ %Ctﬂimrmamlde

(FAB) m/z 213 ({1 1§c)
(9 p5L1592- %?%ﬁ‘l’ofﬁidﬁéﬁ@éf)ﬁﬁéﬁyi}li Emléﬁaé%lz@lﬁtylll)ﬂ-@tﬁ mmol) with
syl=2thigny)ymethyllazetdibend-carkexylateas skhe sadedroduct:idherature
sgtlecampound was.synihesized by,conducling the reaetion similarto fhat ;
mentioned in Example 1 1f§ usmg e Lo
595 [ f2NenIGBPHEHOESPRENY L E S AsSKadiBRIsk f1acA- ety Tashed with
a ZS'd‘ﬁem}ai)mtla@m@b(xﬂslgcgl,LQ:46rImra$lD|)s'EhﬁituMa&10m&iﬂ@e§i inEXarig 18ve r
nd180) carbontetrabromide (0.189, Q.55 mmol),. trinh %‘y'ghoseh'”e Pigdratea

g, 0.55 mmol), methyl 3-azetidinecarboxy Iate dro Iorlde (O

LRSIy and N r\\?kh?us%i}f%wb“tﬂ%%r%f(é% Fﬁﬁil@ PRGN chs Obtalned
wSubseguertly pthetrude psoductof the titleicompatind thusobtanethwas i xed

sPurified a ixed salyent of ethy acet e an fuent to
hexane ?5¥ ggggiﬁg%t%%%ﬂ%%c%%%géég E)%Z%Sg S in ge y5;|6|d of %tn £r

2 HE Vit Bl 5T SRR HIRMR §p€étrb%a(43@09 ifc?@cq@)%apsml:ourless

o128kt BHc3=7.4 Hz), 3.03 (q, 2H, J=7.4 Hz), 3.32-3. 40 (m, 4H),

13e8-3 H) 4 367 3 7 H
J= 79%@% %@oﬂﬁnﬁ% 1%}3% g(ésrf;‘w? ?c({(t h 12 16|§ 87 o

Lydb s (élf“lHHjﬂ?s B, 2 2-H7)7.54 (%l%l éLfH 35 6 Bz39. Sqirz)l% 14?~7 8

HAd, 2H, §x9(8 HZ} IRISpectram) (liquid film): 1475, 1514, 1557, 1581,

t S IRk Mass Spectiuyp FAFLI/Z; 510 (43ED), €90)
1-[(5-(5-[4-(2- Chlorophenoxy)pheny] -1,2,4-oxadiazol-3-y11-4-éth
y1-2-thienyl)methyllazetidine-3-carboxylic acid 1/2 oxalate  The title
compound (140 mg) was synthesized in a yield of 67 % as a white
crystalline solid by conducting the reaction similar to that mentioned in
Example 1 (Ig) using methyl
1-[(5-15-(4-(2-chlorophenoxy)phenyl11-1,2,4-oxadiazol-3-y1}-4-eth

vl -2-thienviDNmethvllazetidine-2-carbhnovviate (0O 21 a O 41 mmnl) that wac

7.20 (td, 1H, J
1H, J=7.8



(20a) 3-Fluoro-4-(3-fluorophenoxy)henzoic acid  The title compound
(2.0 g) was synthesized in a yield of 84 % as a yellowish white crystalline
solid by conducting the similar reaction to that mentioned in Example 10
(10e) using 3,4-difluorobenzaldehyde (1.4 g, 10 mmol), 3-fluorochenol
(1.6 g, 14 mmol), potassium carbonates@.5 g, 25 mmol),
2-methyl-2-butene (5.1 ml, 48 mmol), potassium dihydrogenphosphate
(3.3 g, 24 mmol), and sodium hypochlorite (2.6 g, 29 mmol). IHNMR
Spectrum (400 MHz, 00013) 5 ppm: 6.76 (dt, 1H, 0=9.8 Hz, 2.3 Hz), 6.82

Mdds 14e0=8:20Hzr 223)Hz), 6:88 {tad, MH410=8.2 Hz, 2.3 Hz, 0.8 Hz), 7.06
(t, 1H, 0=8.2 Hz), 7.31 (td, 1H, 0=8.2 Hz, 6.7 Hz), 7.86 (ddd, 1H, J=8.6 Hz,
2.0 Hz, 1.2 Hz), 7.91 (dd, 1H, 0=11.0 Hz, 2.0 Hz). (20b) 5-{5- [3-

‘Ritro-4- (3- fluorophenoxy)phenyl] -1,2,4-oxadiaz 168

20ltBat ik 2uthfemylimethanolt » i Thepcrudel product of ¢he ditleyaompostithon 1 t

Wag synthesized by conducting the reaction similar to that mentioned in
Example 12 51 2a) us 3-fluoro-4-(3-fluorophenoxy)henzoic acid (0.13 g,
0.53"MAnfol§ & alned in Example 20 (20a),

2%- m@%rbxylnemmtr@-zo[e( €74 Mg p@ SO L) oxylmethylinicotinonitrile
& %hﬁl 3x(3-dimethylapunoprapylicarhodimide; pyd g@'%d%z@al,lﬂi QBBano1
mmol), 5-(f[t-butyl(dimethyl)silylJoxy}methyl)-3-ethyl-N'-hydroxythioph
(dReT-carbexpfitfthiide10.96°§ 0 50 mmeHthat was obtdirPin Earfpterith

s10£10dy, and d .G M splutionsohtetealutytbapmenuadiyaside: e to room
tetrah rofuran (1.0.mL, 1.0 mmal ubseque tIy the, crude 5P oduct of

t%ep tltféd%oméonﬁ% ?Jssdo talr?egl1 v%/(as pur"fled i?@ ﬁwro?inértograp{h and then

egﬁé&@?é}%l&mnva%@ -a MKRTCSBITERL Bf efitylacEratetans r@&aﬁée(lrs‘fldue

oasdheeiuent dadtorcbihentite.compatnd O d8-g) irayielgeb8€ Yrasdion of
r II|n | NMR, Specfrum 40 CDC pm
p8%§s¥€£ i) %Ly§é}HZ§ S&QS%mI‘:L_’lvﬁl%h élts I]Elz) MH%é e%u4 H%E mlxture

w&f ’Zﬁ 336% FeA, 6. 791k, 1@%"89 SSH%rQlSI‘F-rz)t%GSZFF@d:tanBmBX?‘ilee was

p213-k2)i 6t90Wtd.edH( B 2)Hzn2. 3425 609 (& A thd # (i, The 3x82act was

34 (10, 1AL 32822, 86,420, 1 96 (I, 300 U1 202k ariea
8.03 (dd, 1H, 3=10.6 Hz, 2.0 H#ﬁa‘%%l Spectrum (KBr): 1127, 1277, 135

O.Y&gsmig%s151885%6%%318“ §béEﬁﬁﬁ’rfﬁAB§%/zﬁ%ﬁW+Iﬁ|§§
ef2@e)Methylin vacuo, and the crude product of the title compound thus

obN4-thY]s3- ;ﬁi%ﬁité%reoﬁ} @lﬁe@g%g%ew)%egyé]&&é g@dcolumn using

iazol-3-y11-2- thleg methyllazetidine-3-carboxylate  The Crude product

= GFifE i Leron &Wa&lsﬁﬁﬁ]%asﬁeanﬁy%%mt 7 et cHloR SfaP Luent
tip #dfdtiomeéntioned L Exampleuhlf)uSing) in a yield of 100 % as a white

C%gmjig{;s [3;flugro-4-(3-fluoropnenoxy)pheny1]-1,2,4-oxadiaz
,01-3-y1}-2- th|enyj)methanol (0.18 g, 0.43 mmol) that was obtalned in
b

“EREinpie50(200), Catbihaetrabromicd @32 ok 065 MimohH: =08 H2) .
ltrighenyighdsphisie (0.37 3% 0(63 miol),methyls 169H) , 7.99 (d, 1H, J=7.8
H%-)azegi@@ec@rboggylatywdgoglgIpride (99 mg, 0.65 mmol),
N diiso ropyleth Iamlne 0.22 mL 1.3 mm0| Subse uently],_ the crude
pro&)ucci o‘lT)Lﬁ%e e ic)m]p%bnﬁ this Sbthiiied V\}as B(mﬁég
MelssorArtography GRR"silivd gel TentMising a mixed solvent of ethyl
acetate and hexane (1:3 to 1:2) as the eluent to afford the title compound
0. 14’\%_{|n a yield of 64 % as a pale yellow ojly product. 1IHNMR Spectrum
6 ST bl SPGB A 15 B RSP Le
3.3213.48 (m] 8HY98.60-3.68 (m, 2H), 3.72 (5, 3H), 3.79 (s, 2H), 6.79 (dt,

2lH 7981521 263, H1z) -6.85(dd, 1H, ogn%gy'ﬂa%ﬁ HZ) 8 B8y 1 &% nonit
J=8.2 Hz), 7.34 (td, 1H, J=8.2 Hz,

td IH, J=8.6 Hz, 08Hz%717(‘2

%ﬁf% P (dr, 1AL aosr?f) %lﬁf%dd‘ Fetiald g7 0 fD)ether
(IR Spectams ditpddfifny: 1128, 1t200; $276; 4348a1456%k 11486 4818¢ in ether
(1695, 1737 603, Mass Shaciun (EARS.INE BI04 R00) g micurs
1 [(4-Ethy1- 5 -{5-L3-fluoro-4-(3-tfluorophenox %phenyl] 1,2,4-oxad
iazol-3-y11-2-thienylimethyl]azetidine-3-carboxylic acid  The title
compound (0.11 g) was synthesized in a yield of 83 % as a white
crystalline solid by conducting the reaction similar to that mentioned in
Example 3 (3e) using methyl 1- [ (4-ethyl-5-{5- [3-fluoro-4-

(R_fhhinronhenoyy \nhenvll 21 2 A-0vad



(m, 3H), 7.28 (t, 1H,J=8.6 Hz), 7.34 (s,1H),7.37-7.47 (m,1H), 8.02 (d, 1H,
J=8.6 Hz),8.06 (d, 1H, J=11.0Hz). IR Spectrum (KBr): 1130, 1278,

1488, 1515, 1607, 3434 cm-1. Mass Spectrum (FAB') m/z: 498 ((M+H)+).

170 (Example 21)
1-:(4-Ethy1-5-{5-[4-(2-methoxyphenoxg)pheny1J-1,2,4-oxadiazol-3-
y1}-2-thienyl)methyllazetidine-3-carboxylic acid 1/2 oxalate 0.5(CO2H)2

(21a) 4-(2-Methoxyphenoxy)benzoic acid  The title compound (1.6 g)

was synthesized in a yield of 89 % as a yellowish white crystalline solid by
weendudting the sitrilar seactioatosthat mentioned indexampletkl (3@e)yring, a

sua@ga%i@qe@@@@@%ﬁm%& 2 8,100l Amsthoxyppenal (¢ Gty <o
glmol otassmm carbonate (E.5 %625 mmol), 2- meth)é?{%1 butene (3.9 ml,

o). f&%éﬂ%ﬁed%?/aﬁﬁfgﬁecﬁp %pm%tef% R le)) %htéal&.wture
wﬁyp@@hmel(gc_g ga22mmeél;l) and extracted with ether. The extract

was washed with a saturated aqueous solution of sodium chloride and
dried over magnesium sulfate. After filtration, the filtrate was
evaporated in vacuo, and the crude product of the title compound thus
obtained was purified by chromatography on a silica gel column using
amixed solvent of ethyl acetate and hexane (0:10 to 1:9) as the eluent
to afford the title compound (0.64 g) in a yield of 95 % as a white
crystalline solid. .

'HNMR Spectrum (400 MHz, CDCl;) & ppm: 1.09 (d, 18H, J=6.6 Hz),
1.18-1.26 (m, 3H), 2.74 (s, 3H), 4.92 (s, 2H), 7.55 (d, 1H, J=7.8
Hz), 7.%2 (d, 1H, J=7.8 Hz).

IR Spectrum (KBr): 1128, 1410, 1463, 1567, 1595, 2227 cm™t

Mass Spectrum (FABR*) m/z: 305 ((M+H)").

(24d)
N’ -Hydroxy-2-methyl-6-{[ (triisopropylsilyl)oxylmethyl}pyridine-3
-carboximidamide

The crude product of the title compound was synthesized by
conducting the reaction similar to that mentioned in Example 1 (1d)
using 2-methyl-6-{[ (triisopropylsilyl)oxy]lmethyl}nicotinonitrile
(0.63 g, 2.1 mmol) that was obtained in Example 24 (24c) and a 40 &
aqueous solution of hydroxylamine (0.5 mL). Subsequently, the crude
product of the title compound thus obtained was purified by
recrystallization from a mixed solvent of ethyl acetate and hexane
(1:9) to afford the title compound (0.61 g) in a yield of 86 % as
a white crystalline solid.
'HNMR Spectrum (400 MHz, CDCl;) & ppm: 1.09 (d, 18H, J=6.8 Hz),
1.15-1.26 (m, 3H), 2.63 (s, 3H), 4.79 (brs, 2H), 4.92 (s, 2H), 7.18
(br, 1H), 7.46 (d, 1H, J=7.8 Hz), 7.72 (d, 1H, J=7.8 Hz).
IR Spectrum (KBr): 1124, 1462, 1579, 1597, 1644, 3050, 3337, 3449
cm™.

Mass Spectrum (FABR") m/z: 338 ((M+H}").



[INMR Spectrum (400 MHz, CDC13) 6 ppm: 3.80 (s, 3H), 6.93 (dd, 2H,

J=8.6 Hz, 2.0 Hz), 6.99 (td, 1H, J=7.4 Hz, 1.6 Hz), 7.04 (dd, 1H, J=8.2 Hz,

1.6 Hz), 7.09 (dd, 1H, J=8.2 Hz, 1.6 Hz), 7.23 (td, J=7.4 Hz, 1.6 Hz), 8.04

(dd, 1H, J=8.6 Hz, 2.0Hz). (21b)

(4-Ethyl-5-i5-(4-(2-methoxyphenoxy)pkenyl]-1,2,4-oxadiazol-3-yll

-2-thienyl)methanol  The crude product of the title compound was

synthesized by . conducting the reaction similar to that mentioned in

Example 12 (12a) using 4-(2-methoxyphenoxy)benzoic acid (0.13 g, 0.53

mmol) that was obtained in Example 21 (21a), 1-hydroxybenzotriazole (74

O ),_L-ethyl- imet inopropyl)carbodiimide

mgéro i%orré:gé%o :]Lzl éwoog 0(%1%1 gcm(%ﬂé:ﬂy (dlmethyl)snyl]o )methyl

-3-et® -ﬁy‘%ﬁb%jﬂﬁ&p‘hf FTPERRR2 CHiBORIARRMARE (G 267 9:5FmmdIE mmel)
i thatewas loptaimee-snExampie 10E0d)and kOMosoluiomofion of
ofgiahuanmonngLikarde R EENAIIAR A 0B LA s a1, 135

Subsequently, he crude product of the title compound thus obtained was
mpetified by throftdtograpty beiqa slidatdgel cslamit-tismgramiivedselivent bf rred

a@thyéa&ﬂate@&%%xa@e & 5)asthe sluentippiferd thetitle £emMPOURAction
in a ield of 72 % as%t eII0W|lsﬂf white ¢ %stalllne solid. 1

M

e e et B R SR P o g (R oo
sBEEBH AL B O @r2H, T8 H2). 138118, IH)EA:851@ r2H, 825 3dde) to the
r@ag,&é%rﬂsl\!ﬁ)i:ﬁaggw E{Heﬁﬁ)dggélﬁg%cgfbn] ZEOBd_'%hé &&8)1 ¥idfy (lhxture

7 Hz), 3.11 H, J= Hz Hz). | ctrum
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edcff4-ethyd H-(a44<{2-methoxyphenmaypheaytkdvk 4soxadiazal-3f sodium
Cl;{i.g. éhlegggmdethgéazetldme-gicarbo 95% T}gg rudg qrogéljgjt_ 9:‘(1 th(@he

title compound was synthe5|ze be con uctlng the reaction similar fo that
‘Hé;ﬁmaqﬁ EY&W@He@.ﬂ%ﬁﬁ@uo' and the crude product of the title

cédaethylb {b4- >meathexyphenpxypheny vl 2xéd-axathazelsdyldn a silica
ge4-thienyhmethanol (0,14g, 0. §§1Q?QPPJ) hatw ?Pt%}@&%dc!{‘ EXgmpig.al

(21b), carbon tetrabromide (0.179g 3mmo riphenylphosohine (0.14g,

t9.83 rﬁ8|)t%?eﬁ%yf%naz"e?cﬂﬁé8§n%6>aﬂa’fé‘F&/ﬁjr%%ﬁl?ﬁ}aéi(éé Mg sy 2 vield
o fmwl), angkNaNxdiisoprepylethylamine {61L8mL, 1.1 mmol). Subsequently,

ghgcradesrodiict of Ghﬁékt'e £8EPouURd s th@i”‘%g Wag Pl%flf?dobb{z 7.40
chromato%;raphy on a silica gel | column using a mixed solvent of ethy

(detatl ahcPhéexihe 125 16125 a%eth@elﬁént 16 Sfordhe i éﬁwrp@thj 6.3
H{£89 mgPih dyieltitof 56-% aste colourless oily product. LTHNMR Spectrum

1£4QQ Mz, Q5043)-5.0AM3 4,27 §ls 3H. 137564 H1)k3.034gh 2H, 37 4H2b et
2331341 (m, 3H) 3503 68%1 ' 2H), 3.72(s, 3H), 3.78 (s, 2H), 3.81 (s,

355, BRE (S UTH) B 97357 ( 11 172
(dd 111,J=8.2Hz,1.6Hz),7.24(td, 111, (dd,21-1,J=9.0Hz,2..2Hz). J=7.4

(zs31.6HD), 8Q SR Fpeciipniiun 4lm);4468,1176, 1201, 1265,
1348,1455, 1496, 1513,1613,1737¢m’

Mas
Spec?rumfle]kﬁt-rﬁﬁﬂzogoé(l (ﬁx_r'_?_r'r)%) chlorophenyl)methanol (2.8 g, 12.8

mmol) that was obtained in Example 24 (24e) in dichloromethane (50
ml) was added pyridinium dichromate (7.2 g, 19.2 mmol) with stirring,
and the resulting mixture was stirred at room temperature for 1 hour.
After stirring, ether (250 ml) was added to the reactionmixture under
stirring, and the resulting mixture was filtered with Celite. The
filtrate was evaporated in vacuo, and the crude product of the title
compound thus obtained was purified by chromatography on a silica

gel column using a mixed solvent of ethyl acetate and hexane (1:20)



(21d) 1-[(4-Ethy1-5-15-[4-(2-methoxyphenoxy)phenyl]-1,2,4-oxadiazol-3-
y1}-2-thienyl)methyllazetidine-3-carboxylic acid 1/2 oxalate  To a
solution of methyl

-1-[(4-ethy1-5-(5-[4-(2-methoxyphen phenyl]-1,2,4-oxadiazol-3-
y1}-2-thienyl)merhyllazetidine-3- carbééglate (86 mg, 0.17 mmol) that was
obtained in ExaMple 21 (21c) in dioxane (3 ml) was added a 1N aqueous
solution of sodium hydroxide (0-.51 ml, 0.51 mmol) with stirring, and the
resulting mixture was stirred at room temperature for 2 hours. After

3tifritiy SACERT abil PFFEFE 651 Firhbf) RABRSIISY {8 tHe FeatfiBhdnixtlré) 2as

atovqueachithetreattion, andithie resulting mlxture was evaporated in
MAgHOs Susequently, tgilhe residue qbigined yere added succesgively, g
methanol (2 ml) and water (1 ml) with stifring, and furthérmore a solution
81 oxali& adid (8tfhg, T:69 %ﬂ)’ln mith&rol (5 1§ wad atded, -dfd thent™
Itheéspesuiting nik@une: waaCstirréd Tar, 303nihutes S Bhemwhite solid
nRLecipftated was qallectgd by filtatigp using a Kiriyama funnel, washed
with a mixed solvent of water and methanol (3:7) and dried in vacua to
afford the title compound (63 mg) in a yield of 69 % as a white crystalline
(8dfid. THBIRCSPectrlnr (400 MHze €R3002D) 5-ppmi 4530 kéan}épé—G 8

HZ) 130940, ZH pdz6:84d2), B¢ 8:(Sy 3H)e 3487 §%c§”¥n ‘h@ﬁe‘é 4§e(:§nby
4.50-4.61 (M 21]g 4.68 (s, 211), 6.98-7.07 (m, 3H). 7.10-7
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a Solution 0 f?chrfsyrl1 TRV SilyIfoxy fneth )I-‘l?l‘é%ﬁy %EW&?eOfE%f’ned in.
Eperaldefdd ffdwasobtaame ik Exantple 10 (#ebpisuw5.8mmel) iitle
corgibanol {hQ4nbhweresiowhy agdedssediugy MQBMQQ@%&Q&%%@ 4 silica
leoo)lat 0C with stlrrlnﬁ% acpd ﬂl% ée%ultlpg Wh re was stlrred for 30 (0:10
I Minutes. After stﬁgrlng, & Solvent was evaporated i VACUO. a§ubseqﬁrelﬁtly,
tQ SofiftloRf-fie Pésitie bBtaiktrih eier Was poureduntb (afe(20mmi yield
oangkextrasted withetheeskhe exirast s washed with a saturated
e on 9f§0 rlde nd dried oyer ma |u sulfate
}%%ér %%ra%%r% }%he fEitgraﬁt;g}J \?v'a(sgggaporgtgd) in v%ca/g dRd tr% drl%egéro et
© ot thé %ltlelédmp?)uh(?i thtrs eBtainEd was purified By ¢AfomatogriphyZolz 2.0
Hsbll,ca7get3cqhﬂmrmsmg=a Jnixel) solvent of ethyl acetate and hexane (1:4 to
I ford th e tifl m d rle rqduct.
O rely of o4 1 a3 THNNIR Shcrirs (oo ME, CBoDy pom
M%)Sflgs"%ﬁ)r%é% 051471 18¢ 311357 .4 Hz),2.57(q, 2H,3=7.4 Hz) 4.71
(d,2H,

(24h) 3-Chloro-4-isobutylbenzoic acid

Q
(]

X

The title compound (1.5 g) was synthesized in a yield of 99
as a white crystalline solid by conducting the reaction similar to
that mentioned in Example 23 (23e) using
4-bromo-2-chloro-1-(2-methylprop~l-en-~l-yl)benzene (2.1 g, 8.5
mmol) that was obtained in Example 24 (24g), 1.6 M solution of
n-butyllithium in hexane (5.6 mL), and 5 $ platinum on carbon (200
mg) .

"HNMR Spectrum (400 MHz, CDCl;) & ppm: 0.95 (d, 6H, J=6.6 Hz), 1.96~2.08
(m, 1H), 2.68 (d, 2H, J=7.4 Hz), 7.28 (d, 1H, J=7.8 Hz), 7.90 (d,
1H, J=7.0 Hz), 8.08 (s, 1H).



3=5.9 Hz),4.80(s,251),6.72(s,IN). IRSpectrum (liquid film): 1075,
1149255, 1362 1390, 1463, 3352 cm-1. Mass Spectrum (FAB-) m/z: 285
(CM-1 (22b) 4-Ethyl-5-Htahydro-21-1-pvran-2-yloxy,methyllt ophene-2-car
boxaldehyde To a solution of 174
(5-(((t-butyl(dimethyl)silylioxy}methyl):34ethyl-2-thienylimetha nol (1.4 g,
5.3 rmol) that was obtained in Example 22 (22a) in dichloromethane (10
ml) were added successively 3,4-dihydro-2H-pyran (0.58 ml, 6.4 mmol)
and b-toluenesulfonic acid (10 mg, 0.04 mmol) at 000 with stirring, and

Mise réseltingumixtarsswas stirrezliat(room temperature for 30 minutes. After
stirring, a saturated aqueous solution of sodium hydrogencarbonate (5 ml)
was added to the reaction mixture to quench the reaction, and the

(%éléﬁlting mixture was poured into water (20 ml) and extracted with ether.

{ ThEbextbaChwas wadshied witly agaturdtedlaqueous solutior 68 -soditrmethy L

o§hloride. Qggqu%qgggg magnesium sulfate. After filtration, the filtrate was
evaporated in vacuo. Subsequently, to a solution of the residue obtained

in tetPhyroff A G HTwaE ddfed h1 0 FPUBIHBH gfes synthesized by
cteabutytanunemum flaorideirt tetrahydrofurare (6.4omé, 614 Mraol) WEth2 (12a)

uSliFing -and 4he resulting mixtuee nassined abroamytermperaiisiior 3t was
minutes, After stirring, the reaction mixture was poured into water_(20 ml)

Ry Skfadte iR tRer “Tha BXiract WASTHASSE Afthra dataraed® ™97 033
npeilieous-solbtion Bf Sociime;t khleride apdodidd overedagnésiim sulfate.

nfterdiltrationetheyfitiatg was eyapgrated in vacuo. Subsequently, to a

solution of the residue obtained in. dichloromethane (30 ml) was added N _
N RLTAr SIEUES AN L0 ), ST EST OB, By RE AhfemaiE

-3 Bl dpmigs fulhémmere Gatfedmerthe FERUiting smbktrs M Stivribgpmple
2angbthe) r,erslwmw gm'mgr@waa glaiﬁﬁgﬂaat?] @Qf@ﬁ@amﬁ;rﬁwﬁntgﬁﬁhh odISAflee in

stirring, ether (150 as to the reactign mixture with stirring, an
Thsd kﬁ%flerﬁnga‘%ﬁgls@é% rénnfl’ov{ng't?yr?ﬁf?a]ﬁdn vo\%| b%ﬁi%%leél(j:-cl!.L etgﬁ?racfer ug{e
PYpEevapérated if e uerEprRitHe Eftte pRSdctest the itkuedimipsurity
ciidmobtainegrwaspHréied: by cyormatogiaphyion a siica gel £oimn of ethyl

sing a mixed solvent, of ethyl acetate and hexane.(0:1 2:8).asth

R eSS e g ey By i3 M Bomoouna
(@olourtessiBily prd@det. AHNAR*SpéctufiT MOMHA € BELS Oppaf 1.23
'HtMBH pdet inz) 4 do D04, 920m,; 68 he6 1o (@ 21 J5i,60H3), 3:23-3 D502 . 09
A 3B43.92 (y 1H), 4,650, I, 0=13.512), 4 74 (1 5, 973 Hay oy

487 (d, 1H, 1753=19.5 Hz), 7.55 (s. 1H), 9.80 (0, 15). IR Spectrum
Hhuuiti-fim){ 4023 1038¢ 112121158, AUs54 1 EF0, 9573828242, 34488cma. 1H
JMassspecteum(EH) miz; 254( (22¢y, 1.5 Hz), 8.21 (d, 1H, J=1.5 Hz),
3 43gtWI’-Si[glet@_by('jgo-}gﬁl_-pyran-2-y|o s)methyl]thiophene-2-carbo nitrile

The crude product of the title compound was synthesized by conducting
IBh&REEEHOH sihftar fc thit Mmenfidded 1 Examplét1 (255 usthg:
Mdsethsptetrahvd 228 hyran:2-34exy)ethyljthiophene-2-carbo nitrile (0.97

g, 3.6 mmol) that was obtained in Example 22 (22b), hydroxylamane

hydrochloride (6.29 gy 3.9 mmol), triezhvlamdne (1.1 mL, 7.2 mmol), and

(R NE Jytidhexyicarbodiimide (0.879, 9.9 mmol). Subsequently, the
lefdde prodaetofl thestitie- compoync thus dhtdined was paifdiedlbg-y1] -6-met
neiomaiaqtaphy on aalies gel colump usiag A miyed solvent of othy|

acetate and hexane 0 to 10:90) as the eluent fo afford the title
comsurtF B 86T # Afeld of 6% Saba Sl 6aRBSS Bily fiddtgh thesized by

conducting the similar reaction to that mentioned in Example 23 (23g)
using
{5-[5-(3-chloro-4~-isobutylphenyl)-1,2,4-oxadiazol-3-yl]~-6-methyl
pyridin-2-yllmethancl (0.15 g, 0.42 mmol) that was obtained in



lINNH2Spectrum 40014Hz, CDO12.) dppm: 1.19 (t, 3H, 0587.65z)

1.52-1.90 (m, EH), 2.58 (q, 25, 3=7.6 Hz), 3.52-3.59 (m, 1H), 3,82-3.90

(IR, 15), 4.62 (d, 1H, 3=1V3.3 Hz), 4.71 (t, 15, 01-3.2 Hz), 4.64 (d, 15,

3=13.3 Hz), 7.38 -(s, 1H). IR Spectrum (liquid film): 903, 1024, 1036,

1066, 1077, 1123, 1174, 1201, 124219434, 2216, 2873, 2942 om:L. Mass
Spectrum (EL() m/z: 251 (Mt). (22d)
4-Ethyl-N'-hydroxy-5-E(tetrahydro-211-Pyran-2-yloxa,) methyl] thioph
ene-2-carboximidamide  The crude product of the title compound was
E5gRthesizéd by dondyciripthe reaatioresiritar (- that menticiiedie ) ,
tExlaﬂé@J?l%bﬁi@iwsim@ 4|r©tn:yal 2 1(tﬁt5anyﬂr@:ﬁ5 rawaﬁ% yloxg)methyljthiop

ere arbo 6n|t|e0 24mm that was obtai in Exam

25 (322 %%fﬁ%lcg 08%a&quegou ' SGIUt %lrlog ﬁ{zsdr%;( YIaAine (Ogg % a%%
sttﬁb‘ééqﬁ%ﬂwrﬁé%Wdé%?@éudtooﬁﬁwé“ﬂme %o?nﬁ@@ﬁd thu§‘{1§kﬁ9ﬂﬁfé@‘9\ﬂa& the
cpudfieg hyscbromategeapintos a-siticagrl columnusinga mixed slvented by

f ethyl acetate and hexane 13t05 as the.eluenc to afford th title

B R OSE S otmofBs T EaAded S Sbaa e =
aS%%%ﬁ%rﬁr(ﬂd@eWz% CD:51F8 276(t°316: 1E76 HR 124PeR89tRa26f6yd the
£2832 (gp2d61:357(6 H2), 852359 (01 d )t 3873304 dmpdR), bl sh oily
p}gg g,-lZQHz) 4.71 (t, 116, 3=3.3 Hz), 4.80 (d, IH, J=12.9 Hz), 4.82 (br,
.2H), 7.07 is, IH), 7.23 (hr, 116). 116 Spectrum (Ilawd film) 1022, 1117,
‘RIS eeur B dE 0944 26751 992 PRS- &rh-| M %&t@ﬁ?)nﬂ/z%@ <10
(f(M-iH), ).A22) @, {4Ethyi-5r [Atetrahydre-2H-pyram?, 13 . 34-3. 45 (m, 1H),
xx»"n%{hxahZ tylemﬂ}a 4 ph@ﬂ%éyrzteenw i %X%%'ezoge 73 e cude 5 o5

pro duct of the title compound was synthesized by conducting the simi

(Faalfion td tHat enttned T Ekdtabte 5-Gh) Wsing - rﬁﬁ@n@n’f%ém%@l (dd,
1AacidI0.55 gz 0.73mAwl), &-adroxybehzotsdzaled4)12 g, 0474 smmuat), J=7.8
g 2yethyl-3-(2-dimethylaminoprobyl)carbodlimide hydrochloride (0.15 g, 0.76

D,
13 SRR 5T aE 2 Hgrark S¥hong frBnyifiond 735, 2957
chiéne-2-carboximidamide (0.17 g, 0.69 mmol) that was obtained in

uExanple22 (224x 284 tetrabutylammanium fluoride (a 1.0 M solution in

tetrahydrofuran; 14 ml, 1.4 mmol). Subsequently, the crude Product of the
titte compound thus obtained was purified by chromatogramhy on a silica
(gékeolumn using a mixed solvent of ethyl acetate and hexane (0:10 to ‘

12823 Fhez lﬂ@%@@%ﬁg%ﬁ%@@g@g&@ nd (9, 215-9%; iﬂj@ %ﬁ%% )@% P6-met
as a colourless oi r ctru Z %
D B s A SPee R S e

‘ 2E,3‘ﬁ?.6‘¥42‘3):}2.55312M(¥ﬁ 118, 13389‘*@965(3’11@]}5)314269 (8nld6yd<Zigof 72 %
aHZ%4H@%E1é£&§E§i5i$@,ﬁb@gd by conducting the reaction similar to

that mentioned in Example 3 (3e) using methyl
1-({5~[5-(3-chloro-4~-isobutylphenyl)-1,2,4-oxadiazol-3-yl]-6-met
hylpyridin-2-ylimethyl)azetidine~3~carboxylate (0.11 g, 0.24 mmol)
that was obtained in Example 24 (2473) and a 1 N agueous solution of
sodium hydroxide (0.72 mL, 0.72 mmol).

"HNMR Spectrum (400 MHz, CD;CO,D) & ppm: 0.98 (d, 6H, J=6.6 Hz),
2.00-2.09 (m, 1H), 2.75 (d, 2H, J=7.0 Hz), 2.%3 (s, 3H), 3.83-3.94
(m,1H), 4.46~-4.58 (m, 2H), 4.61-4.71 (m, 2H), 4.77 (s, 2H), 7.49 (4,
1H, J=7.8 Hz), 7.55 (d, 1H, J=7.8 Hz), 8.08 (d, 1H, J=6.6 Hz), 8.23
(s, 1H), 8.53 (d, 1H, J=7.8 Hz).

IR Spectrum (KBr): 1335, 1385, 1568, 1589, 1611, 3412, 3480 cm™.



Cd,1H,J612.9 Hz), 7.07-7.12(71-L,414), 7.20-7.25 (m, 1H), 7.41 (d,
IK,1=7.4Km),7.43 (d,1E,3=7.4Hz), 7.66is, IH), 8.15 (d, 214, 1=9.0Hz).
177 IR Spectrum (liquid film): 761, 1022, 1167, 1245, 1488, 1589, 1613,
2872, 2940 cm-1. Mass Spectrum (EAB+). m/z: 463 ((M+H)4). (22f)
{3-Ethy1-5-[5-(4-phenoxyphenyl)-l,%gzoxadiazol-3-y11-2-thienyli
methanol  To a solution of
3-{4-ethy1-5-[(tetrahydro-2H-pyran-2-yloxy)methyl]-2-thienyl}-5-
(4-phenoxypheny1)-1,2,4-oxadiazole (0.25 g, 0.54 mmol) that was
obtained in Exam 2 (22€) in eth l) was added pyridinium
MS-St?)Il?gﬁé:siﬁ%t}la 5%261%% '0.%4&m?nﬂ§%}\%?iﬁ‘stirring, and the resulting
mixture was stitred at 60C for 4 hours. After stirring, the reaction mixture
(Rspourrers into water (20 ml) to quench the reaction and extracted with

181w QP?@%@E %%ét—rﬁgﬁ‘é"(?&?u%z?gﬁgn"%%‘ 2 satugated, ﬂ%?8'36§ solyon .+,

of sodium chloride and dried over magnesium sulfate. After filtration, the
vfifrete Was evapbratdirih vaQid t6 afford tRERRREY dormpdthd (0.19 g) in a

yield of 92 % as a crystalline white solid. LHNMR Spectrum (400 MHz,

CDC13).5 ppm: 1.27 (t, 3H, J=7.6 Hz), 1.79 (t, 1H, J=5.9 Hz), 2.67 (q, 2H,

Ospectrum (KBr): 760, 998, 1232, 1422, 1487, 1579, 1591,
2 cm-l. Mass Spectrum (FAB+) m/z: 379 ((M+H) ). (229)
w1-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-y1]-2-thien
ylimethyl)@zetiding-3-carboxylate ~ The crude product of the title
compound wal syn y bl)( conducting the reaction similar to that
mentioned in Example~1 (If)ausing _ »
{3-ethy1-5-E5-(4-phenoxypheny1)-1,2,4-oxadiazol-3-y11-2-thienyl}
(qehanol (.19 ¢, 9-pP.pma) that was qbtained in Exampie 22 (280n i trite
The crude product of the title compound was synthesized by
conducting the similar reaction to that mentioned in Example 24 (24c)
using
2—~(methylsulfonyl)-6é-{{(triisopropylsilyl)oxylmethyl}lnicotinonit
rile (0.78 g, 2.1 mmol) that was obtained in Example 24 (24b) and
a 3.0Msolutionof ethylmagnesiumbromide in ether (1.4ml, 4.2 mmol).
Subsequently, the crude product of the title compound thus obtained
was purified by chromatography on a silica gel column using a mixed
solvent of ethyl acetate and hexane (0:10 to 1:9) as the eluent to
afford the title compound (0.65 g) in a yield of 97 % as a white
crystalline solid.
'HNMR Spectrum (400 MHz, CDCl;) & ppm: 1.09 (d, 18H, J=6.8 Hz),
1.16-1.25 (m, 3H), 1.34 (t, 3H, J=7.4 Hz), 3.02 (g, 2H, J=7.4 Hz),
4.94 (s, 2H), 7.55 {(d, 1H, J=7.8 Hz), 7.92 (d, 1H, J=7.8 Hz).
IR Spectrum (KBr): 1125, 1409, 1464, 1564, 1587, 2227 cm™t.
Mass Spectrum (FAB*) m/z: 319 ((M+H)T).

(25b)
2=-Ethyl-N'~hydroxy-6-{[ (triisopropylsilyl)oxylmethyl}pyridine-3~

carboximidamide



178 carbon tetrabromide (0.33 g, 0.99 mmol), triphenylphosphine (0.26 g,
0.99 mmol), methyl 3-azetidinecarboxylate hydrochloride (0.11g, 0.75

mmol), N,N-dilsopropylethylamine (0.22 mL, 1.2 mmol). Subsequently, the
crude product of the title compound thus obtained was purified by
chromatography on a silica gel columh9dsing a mixed solvent of ethyl

acetate and hexane (2:8 to 4:6) as the eluent to afford the title compound

(0.179g) in a yield of 72 % as a pale yellow crystalline solid. ITHNMR

Spectrum (500 MHz, CDC13) 5 ppm: 1.23 (t, 3H, J=7.6 Hz), 2.61 (q, 2H,

J=7 .64z 3188- P A m £ 3ki), B162-Bi%0 ¢m; @ipo 32 {8 53k n3 7as(ss H Yy
c 602 st} 6200224 (s 149, 43814434, 2H) 762 (s, M 844 14)
,d, 2H q_zgg Iil_z%._’@ligectrum KB&E): 1167, 1249, 1367, 1490, 1589,

1736, 5983 cm-1. MhSS SPECRIRT iR AR ) /2 37 (k) § oot erile
(9-({3-EthyA-5-[Brd-pheroxyiremphal 2ed-dxadiezob Bey 2 2(tien and a 40 %
ayﬂa)mﬁuaysazgﬁdm@@ifqegggéfmaﬁigne_ (bhe mifl?_com%é%qe@é 9) M@Scrude
esiz ayield o 0 as a white crystalline soli conducting

o P A 15 ot TG e 1t B DI 338 LA gt B
CRRPIBIRYT G- (@opherniddphemyl Falemroxadiar ol Biyt2sthieent of ethyl
ayhmetbyhazetidines3-carboxylate (0,14 g, 6.36 mmal)-that was obfained ini ¢ 1.

I (229)..a 1 N agueous solytiop of sodium hydroxide (1.1 mL, .

A G e 1 oF Lol TR SESEARGE sotic
NiHZ, 82330020) 6'pPMHZ 2900 Bk, JEBHZ)L 2178 (¢, 2H8R=7I56HA), Hz)
131@3.&@ Emm,ll\%mf@-!ha%((m, %ZH)), 47=7£’371 @S,H%H%, £.1437 &, (B A:‘Bﬁﬁf Hz),
iSB%eZCtZrbu%r% ey 7%‘1?3111 0, 1525114)1’, T’?;élss, 32(87,1%59%%6%31‘72%697,2'3"@36d' e
Iehr-1. Rfdgs Spttriid (FAB+) m/z: 462 (M+H)+). 179
IR-2pdmethylXametidine: 2carbie/b ¢ acid4, (238p, 1573, 1596, 1637, 3161,
35sBromez2-(df-hutyl(dimethyl)silylJoxyFmethyl pyridine  To a solution of

5Tbromo-2-formyloyridine (4.6 g, 25 mmol) in methanol (30 ml) was
M AR ePSSHTIT hOFSRYUré40.93 9, 28%Mol)-at OC with stirring, and the

resulting mixture was stirred for 1 hour. After evaporating the solvent in
(¥agya, the residue obtained was diluted with ether, poured into water (2C

E’_\_i% gmd extracted with ethyl acetate. The extract was washed with a
{ 3afurated AyRls SOR TR OHSRR CAbritiet aRd it BYar mAdndsiGhm Y 1P
ysuffate: 2Aftér fikttdtions the filtrate was evaporated in vacuo. Subsequently,

to asplution of theJesidue ebtalaed and.imidazale (3.4.9, é?ﬁ@ﬁ‘@é)i_%d by
c N,Nagltmeth)é f%rmamlfle (30 mlgﬁ,vt\il)as added t-butyldlmethylsgl chloride

VG2 oIf With Strritg And e LRt iR WaR EtiFBaLs fot 22!
usé P etatlreofor-14 hoapoAfted Sty theabdctioniMmigture. waspaured: o was
owaten£20 ml)mnghexractied ith ether, The extract was.washed With g, o.s:
mrgg{#rat%q agueol __igly ion chhscid;%rinnghllgélde and dried over magnesium

SUlfate. After filtration, the Tirate was Sraparated i va2ac™4Aa the crude
hyisageterdwetitl@ tormpoldnd thasebtained was purified by
2-cheapptagrapy-ona silica gel columnusing:a mixed,selvent of ethyl qine-3-
- ac&g?{tem%gglyle aneg(:ll(:)49 to &:9)@%&1? el%ené to afford the title,compound -

WG haviald of 90D 48 & whitd &Rystallitie s&fid. “PETNRIR SpEEaTRt ©
(2200 MPRS GDEAB)S ppAi 0L 22 (SL6HY OB (s Sineh 78S F 2 r T2 (ch

teittah@dl 512)r 4582 (ddolh1=2 3447861 7). §%@u~l~2'ﬂtﬂ!§;3ﬁh@)c%de
1377, 1471, 1578 cm. 180 Mass

Spectrum, N: 1008, 1104, 1258, ,
p%ggd‘e%lc%ﬁur%r((lggg)grﬁtfz?%ﬁ I{Wﬁﬁ?)t 536, BiEBtitIKafRetyr 1T +ed By
chyfigNexy ety picetinbhitfife 9o LACsGlutionigfing a mixed solvent of ethyl
ace=bramaR| {ii-katyd(dimethybsilytiexyimetyhpyrdine(9.800:1 01 Mok ound

hat was obtained in Example 23 (23a), zinc cyanide %0.18 g, 1.5.mmol),
1( CEJIZ dilgafnzlﬁic?er‘}/&cegtgngga%ﬁad‘iurgns(l% r“r’ﬁngjitcfoﬁrrﬁﬁwto yange setid.
HAMR Kig@iskenylpHus phire)fePokend (ammg) 0908 fimdiiiin J=6.8 Hz), 1.38
N-methyl-2-pyrrolidinone (4 ma) was stirred at 100C for 1 hour. After
cooling to room temperature,, the reaction mixture was poured into water
and extracted with ether. The extract was washed with a saturated
agueous solution of sodium chloride and dried over magnesium sulfate.

After filtration, the filtrate was evaporated in vacua, and the crude product
nf the title comnoiind thiie ohtainead wace niirified by chromatoaranhy nn a



IHNMR Spectrum (500 MHz, CDC11) d ppm: 0.13 (s, 511), 0.96 (s, 9H),

4.86 (s, 211), 4.89 (br, 211), 7.55 (d, 111, J=8.3 Hz), 7.95 (dd, 111, J=2.4

Hz, 8.3 Hz), 8.77 (d, IH, 1=2.4 Hz). IR Spectrum (15Br): 1258, 1280, 1297,
1645, 3166, 3299, 3467 cm Mass Spectrum (FAD') m/z: 262 ((M+H)+).

(23d) 4-Bromo-2-fluoro-1-(2-methylpteg-i-en-1-yi)benzene  To a

solution of isopropyltriphenylphosphonium iodide (0.65 g, 1.5 mmol)
inN,N-dimethylformamide (6 ml) was added slowlya solution of potassium
t-butoxide (0.18g, 1.6 mmol) in N,N-dimethylformamide (2 ml) at 0C with
(stirritiyy, ald t3e Hesultihgd Miktuié was stifned 01720 Minutes. Fantherdwre, 3.29

(to, theyreaction mixfure Wwas QQde@}ﬁ 591U4i0ﬁ @E 4.82 (4, 28, J=4.7 Hz),
5 bromo 2- fluorobenzalehyde 1.0 mm

"NN-dietHyifotiiarmiaa )2 r:ﬁl)gét thdef S%ﬁide‘{eﬁn ef?ﬁur’e With'stiftirg, Ed =7 - 8
Haftel raisitny thed rédctioh témpeaturé td zoons térhpératutel, the=@estiltizg - ‘
Imi&%‘%ﬁ’%f%ﬁ@%fmoﬁ%§H”e@4f@§ 1 hqur. Affelsstirrings  satigatetszcs e,

aguequs solution of qmmonlum chlorlde é ml)- was added to the reaction

MRiRtur8 6 GUBhCH the reBéfidn *diid the Tésutting mixture was poured into

water (20 ml) and extracted with ethyl acetate. The extract was washed

(withya gatwgated aqueous solution of sodium chloride and dried over

ulfate. After filtration, the filtrate was_e aporated in vacuo, and

ttﬁg rthJS ?o BeCoPine tltf‘er%d%oouned%lds bbtained 05e pttied By | ~°~th
Yénmdwgrépﬁy}m*ahmhaa Pret Edanents usigpaxmbastksolvent of ethyl

acet’ﬁﬁ% aﬂg(.gl?-x%@%c(@e]to %Si?% asthe elg&wl II WQS%@}JH%ﬁSN Ji\ﬁed by

1poun in.a yield o as a colourless oi qduct
A0 I v pe S B PR e BRI 3, (239
u$iny, 7.09 (t, 111, 1=8.2 Hz), 7.19-7.24 (m, 211) TA Spectrum (liquid film):
(3408~ 1483h185<27459§o@@ty|y@5§r§@¢cﬁum (Ebm2:326 (Mi). (23ef-ethylp
Fluor obutylbe To a tion
yfllbrom% uorlét}é &Omé nzeng ((5151 Ug X } r%"lk}ﬁct)l)w%%?ﬁ%ldbetglrlmg(i:xample
2Example 231238\ tintedangatctardh @&/ ‘_18@ il Wekldddesigiepmidepsphine

(0.8 Mgsolutmmmeidibytyktbiyn B-hexane {Q<2 ilo Q194 ByMGiHabck800ide (91
=iistising, and e resling sudurewas s(ied aline same jemppratire,

or 1 hour while bubbling carbon dioxide |ntot e so utlon After sflrrlng a
SYRPEGHEB IS Bodititn Hy 6 XRIC STkt G (Efrﬁl)tw*alsea&e@@%@ﬁetﬁé%tﬁﬁmtamed
waHXtureitoi gdenghctheoteaction: ahng tie sesuliing agpeousilayerwasg a mixed
sWashed wit efher .acidified with a.JQWLagueoys hydroghlgric adid 1o o1yene

solution and extracted with ethyl acetate again. The extract was washed
tQitht S Seturite daduéobsSoitish 6F sbdidh dictidetshd e dvéras a pale
ysd)dmfsmlﬁateyAﬁe«ﬁdjﬁbatLon the filtrate was evaporated in vacuo.
RSO A 69IWHEN OF A | S@Jggab&a@ed (g ethanob G yas 1 ¢
added 0% palladlum on carbon (’ 0 mq), and the resultlng mixture was
Stirrdd at’ folorh fé?ﬁpeila*ta?e for'f et er athréﬁenz%tmbsbh%réz 3.24
(AfteTstirdng, théreaction mixtvre Was fillbredBwith Celiterand#ve filtkate, 3.67

(was,avaparated;in vaciio; o affordsthe tije compound (0.12 g) in & yld@' 0b-7.3
77 % as a white crystalllne solld 1HNMRSpectrum5¥f00 MHz, 00013

Hﬁbm 70,93 (C6H,1=678H2), /2 88-2:08 (W LH} 2. 58~ (t: 2HZ1=.4 3, §.20
(@,25.1; 1¥:1367.8M2),87.728 (dd, 1H&, J5#B. Blz4.6 Hz), 7.81 (dd, IH,
Ifl-ége?ckkzunl Q42 (23079, 1203, 1405, 1449, 1589, 1740 cm.
3-Fluoro-4- |sobutyl hendﬂ%ﬂl ,2,4-oxadiazol- 3- yI]pyr|d|n -2

Miflﬁn BRI THRERud fro of tH&itie compound was synthesized

by conducting the reaction similar to thatmentionedinExample 12 (12a)

(9sing 3-fluoro-4- isobutylbenzoic acid (0.12 g, 0.63 mmol) that was

obtained in Example 23 (23 % oxybenzotriazole (89 mg, 0.66

Timon ! eyt eEanhet %ﬁ)’%’)ﬁé‘ﬂodnrﬁd’é‘ﬁ?dftﬁ%or?dé’{@)"l%‘eth
vopOB6lmmdhylimethyl)azetidine~3-carboxylic acid

6-(((t- butyl(d|methyl)snyl]oxylmethyl) N'-hydroxypyridine-3-car

boximidamide (0.17g, 0.60 mmol) that was obtained in Example 23 (23c),

and 1.0 M solution of tetrabutylammoniumfluoride in tetrahydrofuran (1.2

ml, 1.2 mmol). Subsequently, the crude product of the title compound thus

obtained was purified by chromatography on a silica gel column using a
mived conlvvent nf ethvl acretate and hevane (22 122 tn 11\ ac the client



(23h) 1-({5-[5-(3-Fluoro-4-isobutylpheny1)-1,2,4-oxadiazol-3-yl]pyridi
n-2-ylimethyl)azetidine-3-carboxylic acid  The title compound (90 mg)
was synthesized in a yield of 81 % as a white crystalline solid using
methyl 1-({5-[5-(3-fluoro-4-isobutylpheny1)-1,2,4-oxadiazol-3-y1]pyridi
n-2-yllmethyl)azetidine-3-carboxylate 10312 g, 0.27 mmol) that was
obtained in Example 23 (23g) and a 1 N aqueous solution of sodium
hydroxide (0.81 mL, 0.81 mmol) by conducting the reaction similar to that
mentioned in Example 3 (3e). iIHNMR Spectrum (400 MHz, CD3CO2D) 6
ppmMTROT {d L6H; Jm26rk4z)( AL 98-2.057ém), s\ 2651 (tk 2HnJ=7vAdHz),0f 71 %
a3 833'\3}19.44%r]5)'s|)3a4. fgn% 550(1% 1 cfloﬁgudtz}r(gn t%'é)réa%zcg%nZHlmZ fgr to
% %HmJ 78H§ 7.77 (d, 1H, J=8. Hz) 7.92 (d,1H, J=9.8 Hz), 7.9

B 3278 HAC é@(&xfﬁpﬁ§832 455) 0BA ¢ Imtﬁf@’épectrum (KBr)
1112§ 134431868701899; 1500, 1602h d6PY), 2128, 2958101k MasS-y1l]-6-eth

ySE?QEr§E1(EA§fDr£Q@1ﬁlljagMﬁldlﬂe E@mplegdhce (0.15 g, 0.32 mmol)
%f - 5 -(3- Chloro 4- |sobutax%tlenyl -1,2,4-oxadjazol-3- 1] -6-met

VipyHdin 2y imetRyhazetidine:3-¢ rﬁgéﬂ c 88d (§4§)aque°us solution of
spqirEthiyltRie)<6-4FtriiSoBropysilyd) g rrety}nicotinonitrile  To a
Mi@@@i@g@mw@@gﬁhw&@éﬁ@%%&g% %@ 3@d5&1r8$8 ig;] Hz), 1.37
methano as y,added sodium borohydride at wit
't rr?llqg abn th%%e ultﬁg(]%\lgmxtu%g WA stifred gt the égmélfémjperaﬁ?u%zfdr 3.29
$:10) r’?ﬁ’hutéfs7 Ateizevagofating- the $olvertiin Viactib; 4hé tesiduéibbtainedd -4 . 78

(waseiyted, with @thxdzﬁcetatemoqureqwtmmt@r %20 mh and @%trq%edj:v 4y,
gWith qthyl ?ﬁetaate TEI tracgt \g zlvasq Wltg1 %;aé]lérat da ueoys .

solutlon of sodium chlorl € and d bver agniesiu ate After
TRItrSRRSFE EH® filffate wa%%’@apdr%@é’d i ¥8¢uol S¥bseybehtly3 432 sollition
Mekthespesiduenobtaired and:imigezole @769, 11 mmol) in

N,N-dimethylformamide (6 ml) was added triisopropylsilyl chloride (1.3 ml,

6.2 mmol) with stirring, and the resulting mixture was stirred at room

Féﬁﬁ‘ﬁ%?‘&t &or 2 hours. After stirring; the reaction mixture was poured
linto3water (26anl)oand extracted withether) Thecextrasl was sashied wigyaidi
nSallyaed aqueotissaltion of sodium, chlpride and dried over magnesium
sulfate. After filtration, the filtrate was evaporated in vacuo, and the crude
product of the title compound thus obtained was purified by
chromatbgraphy on a silica gel column using a mixed solvent of ethyl

le~and hexane (0:10 to 3:97) as the eluent to afford the title

id (1.7 9) in ayield of 91 % as a colourless oily product. IHNNR

Spectrum (2 OQN\/IHz, 00013) 5 ppm: 1.10 id, 18H, J=6.6 Hz), 1.18-1.25 (m,

3H), 2.60 (y ), 4.89 (s, 2H), 7.34 (d, 1H, J=7.8 Hz), 7.80 (d, 1H, 0=7.8

Hz). IR Spectgdm\(KSr): 1372, 1423, 1552, 1573, 2220 cm' 186 Mass

Spectrum (FA m/z; 337 (M+H)+). (24b)

2-(Methylsulfony &@@mts@pmopylsilyl)oxylmethyllnicotinonit rle Toa

solution of 2-(methylthio)-6-([(triisopropylsilyl)oxylmethylinicotinonitrile (1.5

g, 4.5 mmol) that was obtained in Example 24 (24a) in ethanol (10 ml)

(avas added m-chlorobenzoic acid (2.3 g, 14 mmol) at OC with stirring, and v

fter raising the reaction tem ture to room temperature, the re: ultin

{snlggurzgsw%%istlrre for 3 ?nouff%% in gi/gb%ra ed%a\"/zé%uo % rgdm 2
“‘—S{?Bfé’dt?é}ﬂﬁ/ to a solution of the residue obtained in ether (20 ml) was

addegka satirated agueousssalition of Rotassivsn carharats, (10, gy) with 1y

Jeql nd. the resul in mlxturew Ss irred for hour After stlrrl e

Cgltl&dr&g %ﬁ ttn £ JC.J %%8 mrr) ?racfég %hy} 12a)

reaction mixture Was poure into Water
USHY extraiet Wes \%/asﬁ@a%wﬁ%@gl&mat@d:aqué%u%%@lutn)rﬁéfm@uumthat was
ochiaride and driedpoovep ma@rmlunl sugﬁa&eaﬁﬁ%rnfﬂﬁaymzm% filtsatenwaso . 64
m%@)oor@ d in | yacuq %d theC rodlégt of heat]! e com ound thus
obtained was purlfled3 by crﬁronyatograp y oﬁ a silica ge ¢ umn using a
mixed solvent of ethyl acetate and hexane (2:8 to 3:7) as the eluent to
afford the title compound (1.7 g) in a yield of 100 % as a white crystalline
solid. 1IHNMR Spectrum (400 MHz, CDC13) 5 ppm: 1.12 (d, 18H, J=6.8
Hz), 1.19-1.28 (m, 3H), 3.36 (s, 3H), 5.02 (a, 2H), 7.99 (d, IH, J=7.8 Hz),
8.26 (d, 1H, J=7_8 Hz). IR Spectrum (lar): 1317, 1384, 1463, 1585, 2237
r7il Mace Tnectritm (EAIQY m/7 2G0 ((NM+-H\XY (24Ac0)




Mass Spectrum (FAB') m/x: 338 (M+H 188 (24e)
(4-Bromo-2-chlorophenyl)methenol  To a solution of
4-bromo-2-chlorobenzoic acid (3.1g, 13.2 mmol) in tetrahydrofuran (30 ml)
was added a 1.0 M solution of borane-tetrahydrofuran complex in
tetrahydrofuran (13.8 ml, 13.8 mmol) at,@C with stirring, and the resulting
mixture was stirred at the same temperature for 20 minutes, and after
raising the reaction temperature to room temperature, the reaction mixture
was furthermore stirred for 4 hours. After stirring, water (10 ml) was added

h@d@gcﬁ%}@@emp&tu[% tq quengh tfg}gorle)actlon and the resulting mixture

was Eoured into a saturated agueous solution of sodium

SAydrbGencarhd Aates (B mIf Shi extacBawith sty raeetats YRS BXtrit 3~ car
bwasmigshedavith & saturatés agqueousrsal wtion oftsodienm Thibrgerdrd23 (23¢) ,
adtied ovey sedium sylfate, After filtation, the filrate was, eyaparatgd in

vacuo, and the crude product of the title comﬁﬁ%nd thus obtained was

tﬁ&ﬁﬁé‘éf By drromfatdgraptly on aBiith!gel cORAATRRTY & ntiREFSHRBMATOIICE
odf ethyl@icetate amddwexane $: 9ta 7ieasihe gluent iedfforddtheditletography

o@P@p%PPc@ 89) ing1yigld Qg%gﬁ)aa%%@la't@&fyé@&“%sgld AHNMR: e and
Spectrum (400 MHz, CDC13) %f pm: 7,51 (d, 1H, J=2.0 Hz %e 40 (dd, 1H

hexane 2 90%92, 7 36 T SFEE DS, af%gfé BRP J26 FHTEYRGE, (0-19
91H}9=6.% Hz)dIR Specttums KBryh1836 c19632138521469; 8561, 1586,
Mﬁ@ﬁéét%ﬁ%@@%@”&&%ﬂ) M Z52200(ME.- @4%;-1 J=6.6Hz), 1.99-2.10

4 Bromo-2- chlorobenzaldeh To a solution o

(Br-bdho-2-cHiof héﬁyl)f%e%hénw (2.8°9.°12. %’ﬁm%ﬁ that whs OBtaifgd’ 732
(i EX8mple 248 (Z4e) irf dithldrbméthare 50 b )was ddtedipyridihiuds7 .8 Hz,
1dighromate (729,419.2dnmel) Withistirring, and the resultinganixtute Was, 4z),

Sté éeg <?t rogm EerppgratU{e for 1 hour. After stirring, ether (250 ml) was

6 the reaction mixture under stirring, and the resulting mixture was
IRtSrevitArC éfifer Thel iltate WaS evapotatetifBvacitd Tand s erddé 3, 3436
cproduct of the title compound thus obtained was purified by

chro atography ilica gel mn Ng a mixed solvent of ethyl

acetg%g and igg‘xa&n%%é 6? %89%)5 the ?}en% fo afford the title compound

(2.0 g, yield: 70 %) as a white crystalline solid. LHNMR Spectrum (400
(W12, GRAEI)15 ppm: 7.55 (dd, 1H, J= 82Hz 1.6 Hz), 7.66 (d, 1H, J=1.6

[HZ). 7. ( 1H,.3=8.2,Hz), 10.42 (s,.1 frum_(KBr): 1201

g3 God o "Macs Syt (0] Tl 218 ) (Lot e b
nzr%rb%ﬁé@zt-éﬁljo%éZf%zﬁémﬁpr%?)@@i’il?%?oenzene The crude

prodrict of thelditleecompeuad was syhtliesizeddy.eonducting thehsimilard by

%‘9@1@ tl%% r@%gté%q%qll llr:ﬁa_LrQP'ﬁoz%r@@qf)e%%'EQne in Example 23 (23g)

|sopropy trlpheny phosphonlum ilodide (5.4 g, 12.6 mmo% potassium
uEpifbxide (1.5 g, 13.5 mmol) and 4- bromo 2-chlorobenzaldehyde (2.0 g,
{3-0[F6h thabwaschtatred i Example 24, 24f oSabsequently, thepsrttein-2

—@ﬂ%&iﬁ@% e corppound ths ptained, waspUIfigd Y, gy an Le 26 (26a),

c romatography on a silica gel column using a mixed solvent of ethy
CéEé’t%‘Ee%ﬁ%ﬁaﬁé@t@ 16 1866‘@'4)%&tﬁ@@luenﬂb%ﬁﬁéﬂﬁ@‘fﬁ@hme (0.28 g,
lcampoind (211g)liBayieldiofi9% Ya aiscx golourlegs nilyrireduct (ditiMRy, 0.81

mRBEEIUI400, '}4‘%99%%%}5,9@%3}1%&@'}131§s3(ﬁL3Hi 6 mmol)
6.20(s,1H),7.10.(d,2H,J=8 8.2 Hz, 2
SHE??%@(&%M Jiﬁeblqi};de product of the title compound thus obtained

was purified by chromatography on a silica gel column using a mixed
solvent of ethyl acetate and hexane (2:1 to 3:1) as the eluent to
afford the title compound (0.15 g) in a yield of 61 % as a white
crystalline solid.

'HNMR Spectrum (400 MHz, CDCls) & ppm: 0.97 (d, 6H, J=6.7 Hz), 1.98-2.08



IR Spectrum(thin film):1045,1083, 1373, 1468,1579cm-t. Mass Spectrum
(51+) m/z: 244 (PK). (24h) 3-Chloro-4-isobutylbenzoic acid  The title
compound (1.5 g) was synthesized in a yield of 99 % as a white crystalline
solid by conducting the reaction similar to that mentioned in Example 23

(23e) using 4-bromo-2-chloro-1-(2-methylprop-1-en-I-yl)henzene (2.1 g,

8.5 mmol) that was obtained in Example 24 (249), 1.6 M solution of

n-butyllithium in hexane (5.6 mL), and 5 % platinum on carbon (200 mg).

IHNMR Spectrum (400 MHz, OEC13) 5 ppm: 0.95 (di 6H, J=6.6Hz),

1962, O8z(n7lo Ik, &(68 (& 2H, 9=/, 43Hz)s—§ 285(drmd HL =7 8, lzﬂi)u?( 9@1@@ 7.0

H J 7 8 (s. 0 Mass tru 21

H2224)§(5? 3C I%ro4%l_% ?h%n%f) ilog;g: %F)Bmé - %\%/ o

pﬂrt&rﬁ?lyl}%e‘%ﬁaﬁ%l 1HY hé‘&u%lé%?oduc?@f Wéitltléfbonﬁpou%di\%/asl 6 Hz),
ssyrsthesjzad: bysanducting, the sinilaereactjonie thatyaentioned4n, o.28 (4,

%xameol%gga) using 3-chloro-4-isobutylbenzoic acid (0.11 g, 0.50

mmol) that was obtained in Example 24 (24h), 1-hydroxybenzotriazole (72

I ress =), ERnyl-348 MinetBYramitpropyBearbtfitnide605, 1738 cm™
Maypdrookdertided 0. g 0.b3amol), ( (M+H) ™).

N'-hydroxy-2-methyl-6- ([(trl|sopropyIS|IyI)oxy]methyllpyridine-3

-carboximidamide (0.16 g, 0.48 mmol) that was obtained in Example 24

, and a 1.0 M solution of tetrabutylammonium fluoride in

Ltetridhydrefurarn(th 96-mk D:96umpialheSubsequenty, dhediruge prodec ©f ridi
sthe e, campound, thuis.ohtained was p yﬂﬂsda%x&hromatography on a

S|I|ca gel column using a mixed solvent of ethyl acetate and hexane (1:1)

as tﬁ@%lﬁéﬁtlfo GfBra the titk: confhotiid (Gyf‘ét@?ﬁféiﬁelﬂlof‘molés%f 50
agrystaliineswirtessalid. N MB Spéotrenm@ QN , €ClaCASH Dppm:sQB87lar to

tihBRedT8SE2)4 2. %%&%Qﬂs 1ihe - (L {8 2Kk i34 3 H2), 2.95 (s, 3H),
(3B7.(t 1H, J=4.9 Hz), 4.81 (d, 2H J= 4.9 Hz), 7.24 (d, 1H, J=7.8 Hz), 7.38

L ‘A 3= B e os 0at (dlcfoﬁiité(l?%ell&l)l g 4iz)’ soz%afﬁlﬁysimﬁ;mdl
n8BY {d Mt RIe 8242). dRrSpactranb (KB 1332, 1407, 16522 1501,)3288t was
o%%lné@ﬁ%%mm (E@\B()Z 8}!!)7- 328 UMHR)E f24DMethylicion of sodium

3-¢chloro-4-iso u 1)-1,2,4-oxadiazol-3-y1]-6-met
hﬁéﬁ)yn g ? s ép%“’%

yl}metﬁyl)azetl carboxylate The crude product of the

W%%@mm‘umwéé%%/mﬁé&z@@@%@omu@mg tie 8fmilal redttiofrfo thatz)
12Tmprteﬂ I(rmEXﬁmp|62237ﬁ23<gi) l)lslﬁlg J=7. 8 Hzl 3.83-3.94 (m, 1H),

5-[5-(3 4|souto 124ox iazol-3-y11-6-methy 3
4pyf£]dﬁ£q Ime%%no%@gksgngolﬁnr‘nrzndl) t%\a?\?v solﬁ%t%}riezlnl‘l%w(51 19p tH- J=7.8
HExampl&®244241f cafbdn tetfabromidé (052261 0.67 fdly,) » 8.25 (s, 1H),
strijghenyphasobine. (0.48 )9, ®67Zsmmgl).anethyl 3-azetidinecarboxylate
svdiachioride (96,mg. 0.3 mmph, anc M.N-diisppropylsphyamine. (0,22

3 mmol) sequen Iy e cfude product of thetitlé compound thus
Moﬁﬁalﬁéﬂ%é%ufﬁ?é% bymefrontatogfdpny on a silica gel column using a
mixed solvent of ethyl acetate and hexane (1:1 to 2:1 or 3:1) as the eluent
qu d tlge7 titte compound (0.11 g) in a yield of 38 % as a pale yellowish
0|Iy oéuct EHNMRspectrum (400MHz, CDC1j) 6 ppm: 0.97 (d, 6H,
LJéé%Psz (4r.98opdbYin AL irotamyi2 T ﬂzy-@gi@gagﬂ}?,%mmo-met

h{Mpyridin-2-yl}methyl)azetidine-3-carboxylic acid 1/2 oxalate

oe



IH), 3.47(t,2H,J=7.2 (s,2H),7.32(d, Hz), 1H, 3.66 J=7.8 (t, Hz), 2H,J=7.6
7.37(d, Hz),3.73(s, 1H,J=7.8 Hz), 3H), 8.01 3.83 (dd, -1H,J=7.8Hz,1.9
Hz), 8.21 (d, 1H,J=1.6 Hz),8.34(d, 1H, J=7.8 Hz). IR Spectrum(KBr):
1203,1332,1405,1438, 1450,1589,1735,

198

{27a) (4-Bromo-2~-methylphenyl)methanocl

The crude product of the title compound was synthesized by
conducting the similar reaction to that mentioned in Example 24 (24e)
using 4-bromo-2-methylbenzoic acid (4.0 g, 19 mmol) and a 1.0 M
solution of borane-tetrahydrofuran complex in tetrahydrofuran (20
ml, 20 mmol). Subsequently, the crude product of the title compound
thus obtained was purified by chromatography on a silica gel column
using a mixed solvent of ethyl acetate and hexane (1:19 to 3:2) as
the eluent to afford the title compound (3.7 g) in a yield of 99 %
as a colourless oily product.
'HNMR Spectrum (400 MHz, CDCls;) S ppm: 1.60 (t, 1H, J=5.5 Hz), 2.32
(s, 3H), 4.65 (d, 24, J=5.5 Hz), 7.23 (d, 1H, J=8.6 Hz), 7.32-7.36
{(m,  2H) .
IR Spectrum (thin film): 1006, 1040, 1396, 1454, 1483, 1594, 3328
cm™t.

Mass Spectrum (EI") m/z: 200 (M%).

(27b) 4-Bromo-2-methylbenzaldehyde
The crude product of the title compound was synthesized by

conducting the reaction similar to that mentioned in Example 24 (24f)
using {4-bromo-2-methylphenyl)methanol (3.7 g, 19 mmol) that was
obtained in Example 27 (27a) and pyridinium dichromate (11 g, 28 mmol) .
Subsequently, the crude product of the title compound thus obtained
was purified by chromatography on a silica gel column using a mixed
solvent of ethyl acetate and hexane (1:19 to 1:4) as the eluent to

afford the title compound (2.4 g) in a yield of 64 % as a colourless



2957 cm-1. Mass Spectrum (FAB-) m/z: 455 (M+H)+). (24k)
1-({5-[5-(3-Chloro-4-isobutylphenyl)-1,2,4-oxadiazol-3-y1]-6-met
hylpyridin-2-yl}methyl)azetidine-3-carboxylic acid  The title compound
(76 mg) was synthesized in a yield of 72 % as a white crystalline solid by
conducting the reaction similar to thati&ntioned in Example 3 (3e) using
methyl 1-((5-[5-(3-chloro-4-isobutylpheny1)-1,2,4-oxadiazol-3-y1]-6-met
hylpyridin-2-yl}methyl)azetidine-3-carboxylate (0.11g, 0.24 mmol) that was
obtained in Example 24 (24'1) and a 1 N agueous solution of sodium
Hydroxde @72 mL, 0.72 mmol). ITHNMR Spectrum(400

MMR@B&@QZBWW@%(@@%&%%{J@ 2. 6??835é 93;{) 7.45 (s, 1H),
7
T 1>§d0d9( (mu%dfqzﬁ 6%4 ﬂﬁft 2% %4?7? Ry, 744 L 118)3=78-2° (s

1H¥),7.55(d, 1H J 7.8 Hz), (s,IH),8.53(d,1H,J=7.8Hz). 8.08 (d,1H, J=6.6
TRz} 20 R Spesiu(63%): 1895 385 4568, 4598 511, 3412,3480

- Mass ctr 441 ((H) (Example 25)
M%g(%S SfE CS’ZCCWoro%? ‘la)so]lgutylphenylgi 2,4-oxadiazol-3-y1]-6-eth

ylpyridin-2-yllmethyl)azetidine-3-carboxylic acid Cl (25a)
(2-Ethyt-6sfftritsaprapylsilyhoxylmetyinigotinonitrde, - 1 -Theweudeproduct

o e SO S OFSELE o Ve STz
conducting the similar . reaction to that mentioned in Example 23 (23d)
using isopropyltriphenylphosphonium iodide (7.2 g, 17 mmol),
potassium t-butoxide (2.0 g, 18 mmol), and
4-bromo-Z2-methylbenzaldehyde (2.4 g, 12 mmol) that was obtained in
Example 27 (27b). Subsequently, the crude product of the title
compound thus obtained was purified by chromatography on a silica
gel column using a mixed solvent of ethyl acetate and hexane (0:10
to 6:94) as the eluent to afford the title compound (2.2 g) in a yield
of 84 % as a colourless oily product.

"HNMR Spectrum (400 MHz, CDCl;) & ppm: 1.67 (d, 3H, J=1.2 Hz), 1.89
(d, 3H, J=1.6 Hz), 2.19 (s, 3H), 6.09 (s, 1H), 6.95 (d, 1H, J=8.2
Hz), 7.23 (dd, 1H, J=8.2 Hz, 2.0 Hz), 7.28 (d, 1H, J=2.0 Hz).

IR Spectrum (thin film): 1444, 1478, 1587 cm™
Mass Spectrum (EIY) m/z: 224 (MY).

(27d) 4-Isobutyl-3-methylbenzoic acid

X

The title compound (1.4 g) was synthesized in a yield of 95 %
as a white crystalline solid by conducting the reaction similar to
that mentioned in Example 23 (23e) using
4-bromo-2-methyl-1-(2-methylprop~l~en-l-yl)benzene (2.2 g, 9.8
mmol) that was obtained in Example 27 (27c), 1.6 M solution of
n-putyllithium in hexane (6.5 mL, 10 mmol), and 10 % palladium on
carbon (200 mqg).

"HNMR Spectrum (400 MHz, CDCl;) & ppm: 0.94 (d, 6H, J=6.3 Hz), 1.84~1.96
(m, 1H), 2.36 (s, 3H), 2.54 (d, 2H, J=7.0 Hz), 7.19 (4, 1H, J=7.8
Hz), 7.84 (d, 1H, J=7.8 Hz), 7.88 (s, 1H).



2-(methylsulfony1)-6-([(triisopropylsilyl)oxy]methyl}nicotinonit rile (0.78 g,
2.1 mmol) that was obtained in Example 24 (24b) and a 3.0 M solution of
ethylmagnesium bromide in ether (1.4m1, 4 . 2 mmol ) . Subsequently, the
crude product of the title compound thus obtained was purified by
chromatography on a silica gel colungpgsing a mixed solvent of ethyl
acetate and hexane (0:10 to 1:9) as the eluent to afford the title compound
(0.65 g) in a yield of 97 % as a white crystalline solid. 1HNMR Spectrum
(400 MHz, CDC13) 5 ppm:. 1.09 (d, 18H, J=6.8 Hz), 1.16-1.25 (m, 3H),
1.34 (t, 3H, j=7.4 Hz), 3.02 (q, 2H, J=7.4 Hz), 4.94 (s, 2H), 7.55 (d, 1H,
% 7.8 Hz), 7.92 (d, IH, J=7.8 Hz). IR Spectrum (KBr): 1125, 1409, 1464,
% 4 1587, 2227 cm. Mass Spectrum (FAB') m/z: 319 ((M+H)-). (23b)
{Q‘Etfhy[ Nlﬁmﬂe&yl@&mﬁ%@M@b&@ﬂﬂzlboky%érh%ﬁ?ﬂaFﬁé-33 yll-6-methyl
poathkoxinidamide 49301 The crude product of the title compound was

synt@gsmed% condcyctlng @etgeacgpag'fg'g%f tgth Vrlgentlon%g‘esme d by
Example T (%() )

CQ”&H?@GE([&WSQ &F@ﬁ\%‘ [yReRFmetTpl Rieb Ntk 60 25 §x2Phfimal) (122)
uthaigvas olipinegd MExamplern(25a) antda 4@69/01@(]U80l58 seldtiontfat was
roxylamine (0.5 mL uent the (o] de Pr duct of .the

oggrgnlnoeyuén& nhgg( obt %%ﬁvi%‘sfeét}nﬁeqﬁ (ﬁ'1ro¥natograpﬁ3a/1 %%lg sﬁ?tc&zrée
m’é@llu?mn g E mixdd S%Wﬁbdflétﬁypaéé%é]drﬁﬁéﬁéﬁé%?,# to 1:1) as

hike elirardtocaffarl. the title coppatd (0.80 g) in a yield of 95 % as a

W rystalline 1 PECtium C 5

N "ﬂ éi%]%@ _g 8m|§|5§ 1(2-?'!&5 1sipﬁo%§%%9(M/l bxy m%@l ]%%r\g ?d:!tge -3
"?i‘SbSXW&‘F-Fi‘)lgﬁBd Pors® 2H), 98 (‘§m23—l>) hed: (¢f; afHOEJtaflS‘eFjlz}IW FBQample
2 6d, (PHa J=an8 Hz)1 3081 (ko 115) olR &peﬂﬂjmt(thB_,r)aMQ;mESSLﬁdﬁﬂde in
4482 )503: 1006, 4557, B 250 A% S MASR SRV FAR e
PISYESS- ééld‘#&% %&&yﬁﬂﬁ‘é?ﬂ}lf)dl A RRIFEIASS 18- B 1ed Py
cipridime2oglymeitiyanol a s Thiecerysd protiuct of theditle rcomposmivwars of ethyl

aS¥RiNesized hy conducting, the.similag reagtiopdo thal meptignedine compound
Example 12 (12a) using 3- chloro 4-isobutylbenzoic acid (0.10 g, 0,48

%ﬁ%l)gthaﬁvgs 8htdifed in Example 24'(24hS, 61 %@W&%ﬁﬁ&nf&]ﬁaﬁble
' HBORS 0 Stumrtdl), BEethylig:13) dirmethy A dpropsl) carbodifmidel . 87-1 . 98
(Rydieghlosidex(97smes0.51mB0l)y, 21, g=7.0 Hz), 2.95 (s, 3H), 3.92

Eanin ey Wimophiohieiinnings, L o

HE25b),-2Ad (@d,. 0L, sétitioh ibf tetrabiitylanimdRium flBrdS S (d, 1H, J=8.2
gtatrahydrofuran (0.92 ml, 0.92 rmol). Subsequently, the crude product of

the title compound thus 9 tained was P fle 5 chr tog y ona
T §ili8 gé—1 St u%mg A riixed Sotvenit o éthy %z:etagt%%ﬁd %eaxlgane (1 2)
Massheérsigentto aFFd)thetitle 88fMpohidi{0)15 g) in a yield of 89 % as a

white crystalline solid. ITHNMR Spectrum (400 MHz, CDC13) 5 ppm: 0.97

écﬁ §1% J=6.8 Hz), 1.38 194 3H,J=7.3 Hz),2.00-2.10(m, (q,2H,J=7.3

S §&hl 1H),2.71(d, J=4.7Hz),4.82 2H,J=7.3 Hz), (d,2H,J=4.7 3.29

LHEY) 7. @1(64IH833£81.B§I-12)§7‘.I@@1(6¥1H1}$£Y§8) H%),%8.01d¢dzgx78 v1] ~6-met
h{iz3-512 )8 21¢d ke I &izd 8. 34 -BH k8 3:2)a tIR

Spe%rum(f %Q ]fo%:zoduct of the title compound was synthesized by
conducting the similar reaction to that mentioned in Example 23 (239g)
using
{5-[5~(4~isobutyl-3-methylphenyl)-1,2,4~0oxadiazol-3~yl]l-6-methyl
pyridin-2-ylimethanol (0.14 g, 0.43 mmol) that was obtained in

Example 27 (27e), carbon tetrabromide (0.29 g, 0.86 mmolj,



1442, 1451,1567,1587,3286, 3366 cm. Mass Spectrum (FAB")m/z:
372((M+H)+). (25d) Methyl
1-((5-[5-(3-chloro-4-isobutylpheny1)-1,2,4-oxadiazol-3-y1]-6-eth
ylpyridin-2-yl)methyl)azetidine-3-carboxylate ~ The crude product of the
title compound was synthesized by c6i ucting the similar reaction to that
mentioned in Example 23 (23g) using
(545-(3-chloro-4-isobutylpheny1)-1,2,4-oxadiazol-3-y1]-6-ethylp
yridin-2-yllmethanol (0.15g, 0.40 mmol) that was obtained in Example 25

5 RE GOt b5 mide 10. 279, ©.8BMRBY, trifficfyiphosphine (0.21g,
308 imohe pethyk 8 azetidindcaboxykitshyd@ohiorids EFL mmp10.60and

nmmab) ang, N, Nodilsopropyletbylaming (0.21-mb 1.2Jnmol)s3ubsequently, the
the crude groduct of the title co Cpound thus obtalned Waséi:]urlfled b

© ERFOMBESSrAphy 6n @ Silica gl CoTimAtiSing 4 niXeasdlGent 6Fefhiyf £ BY
Cé@@m@%’mbxm 151 16 221 e 1399 lasnthe sluent to affoldstheveithe of ethyl

gt e S
rum Z pm

C&%iﬂﬁ%féz) 9. 951281@% % éﬁo d2oH O;Laﬁ% %%ﬁl%ﬁfoduct
@WH@W@%-@%MW&H?@AQQP@H Q1~3762 Hiz)018.67-@, 2H,2)=71888-1.97
fﬁzgus 832(84&(!9;,,33&4 (s2 2K, (7d302éq I JEEB) H22)6§137.=£d %,63583% 3.44
Hz J 1 Hz :

3‘-718%2‘?1 _épec’tr%r%l( ]S é 83@3"455 ﬁétg 1589 %O’Clr:!n_i 73 ts
-3Mass3s§)éctmm2(fm37rﬁ/% %gé(mﬂﬂ %28e), 7.31 (d, 1H, J=7.8 Hz),

719¢5-(ad(3-Ch)orp=4-isobutylphenyl); 1,214 sexadiazok$;y 4-Getha, 18, J=8.2
vI yridin-2-yllmethyl)azetidine-3-carboxylic acid 195  The title
compound (0.10 g) was synthesized in a yield of 71 % as a white

IRrystafine-Solid by-dshdidefig theé Féachidh Zimifkt to thaf menthdited 139 cn™

vExangpledt (3e) ustg methyk 435 ((M+H)").
1-({5-[5-(3-ohloro-4-isobutylpheny1)-1,2,4-oxadiazol-3-y1]-6-eth
‘ é/ yridin-2-y1)methyl)azetidine-3-carboxylate (0.15 g, 0.32 mmol) that
& obtained in Example 25 (25d) and a 1 N aqueous solution of sodium

1hydroxide (0-96 onlu, 13.963mmalhyIHMNMR 1S pectum-G100i V2, 1C D3R Q22 me t
g l%%@ (Q-L,gdgm&% lHé)zét% (Lé'i»-% Zr?o!zgi %9§c%(991(§a bthiate
447 %Gtﬁ%%ﬁf@%‘?“ﬁim (n]rOZFﬂ) ﬁan ‘?é’“?ﬁ?s?@d(d”iﬁ IL9 8 eh, 78 3

a%.51 (U L, I=7E 4] BiO® (dplhki Jo7 .4cz) B:28(stAk)s 87 &dh, INaction to

£ 4578 H2)1 JR-Spertrum.(KED): é§37211§§39u;§95 1611, 3432 cm’
Mass Sgectrum (FAH) m/z: 455 ( M+H Exam

iR (| (é”cwa?eatpéjcbatﬁﬁﬁswf}“i% oy%a&.a%omﬁw%% 3-yll-6-met
hMlbybwemwbazemmsldab@kyhbaechecaa(Eéa)/late (0.12 g, 0.28 mmol)

that was obtained in Example 27 (27£), a 1N aqueous solution of sodium
hydroxide (0.84 ml, 0.84 mmol), acetic acid (48 ul, 0.84 mmol), and
oxalic acid (13 mg, 0.14 mmol).

'HNMR Spectrum (400 MHz, CDs;CO,D) & ppm: 0.97 (d, 6H, J=6.6 Hz),
1.88~1.99 (m, 1H), 2.43 (s, 3H), 2.61 (d, 2H, J=7.4 Hz), 2.93 (s,
3H), 3.84-3.96 (m, 1H), 4.46-4.56 (m, 2H), 4.62-4.74 (m, 2H), 4.77
(s, 2H), 7.35 (d, 1H, J=8.2 Hz), 7.55 (d, 1H, J=8.2 Hz), 7.99 (d,
1H, J=7.4 Hz), 8.03 (s, 1H), 8.53 (d, 1H, J=8.2 Hz).

IR Spectrum (XBr): 1337, 1382, 1565, 1588, 1618, 3410 cm™.

Mass Spectrum (FAB") m/z: 421 ((M+H)").



{5-[5-(3-Chloro-4-isobutylphe y - ,2,4-oxadiazol-3-yl)pyridin-2 -yl)methanol
The crude product of the titte compound was synthesized by conducting
the similar reaction to that mentioned in Example 12 (12a) using
3-chloro-4-isobutylbenzoic acid (0.13 g, 0.61 mmol) that was obtained in
Example 24 (24h), 1-hydroxybenzotriazole (86 mg, 0.64 mmol),
1-ethyl-3-(3-dimethylaminooropyl)carbodiimide 196 hydrochloride (0.12 g,
0.64 mmol), 6-(f[t-butyl(dimethyl)silylJoxylmethyl)-N'-hydroxypyridine-3-car
hoximidamide (0.16g, 0.58 mmol) that was obtained in Example 23 (23c),
(8REm»10 M solution of tetrabutylammonium fluoride in tetrahydrofuran

]L%Smlksl g ,mmoa OQ)u@ guenh%, t e cruﬂe Qr(}dq}ct of tge tltlﬁcgmwggrl di

S obtained'was p Utified by atoé’raphy 6h a silica ge? col
nu%rrﬁglémﬁ%ﬁlé@mﬁt@%@w-aé‘@fa@ahd%m (2'3 to*R13 &R the
eluent to afford the title compound (0.19- g) in a yield of 94 % as a white
crystall'ne solid. 1IHNMR Spectrum (400 MHz, CDC13) 6 ppm: 0.98 (d

chloro 4-isobutylpheny1)-1,2,4- oxadiazol 3- yI]pyridi
n-2-yl}methyl)azetidi -6arhpxylate  The crude product of the title
compound was synth&sized E)y conducting the reaction similar to that

mentioned in Exa@nmeg@@ (239) using
(5-[5-(3-chloro-4-isobutyl 2henyl) 1,2,4-oxadiazol-3-yl]pyridin-2

-yl}methanol (0.18g, 0.54mmol) thatwas obtained in Example 26 (26a),
(eaghon tetrabromide (0.36d, 1.1 mmol), triphenylphosphine (0.28 g, 1.1

g‘mg—) methyl 3razetidinecaboxylafe! Ulc{r‘f’&hhoréqc%é%@gloﬁ%fn hdin-2

and N, N -diisopropylethylamine (0. 2§?m 16 mmol) Subsequentl
"XH&@&P@&’G& Of the title compound thus obtained was purified by
chrorhatograpdyroawsilica et belunn Usingreemixet solvesyofiethykzed by

céﬁs@é&%dé}@ml@alrtee%é)céléﬁ%eéus@tﬁe@&qget@qHtmg 4ad(12a)
(O. 15(]% in‘a yield of 61 % as a white crystalline solid. 197

H
S T 0 AR S 03 A 5L g (e 03 (1L L) ehat was
okbizy, 3n68(tj2HRI=MB).8. 22(s{ 3HY)3. %w@wyv@s(dolwmbsemw #6(d,0 . 64

ka1 =8 2di2), 1. 99(A. ke 47 (- B:HZAL6.4d8), 8- 480 dal kb

_H2), 5 36(dd, 1H,)=8 2 Hz 2,0H7),9.25( L 1H,9=2. OHz).
hydfochloride (0. .

—({[t—butyl(dlmethyl)51lyl]oxy}methyl)—N’—hydroxypyridine—B-car
boximidamide (0.16 g, 0.58 mmol) that was obtained in Example 23 (23c),
and tetrabutylammonium fluoride (a 1.0 M solution in tetrahydrofuran,
1.2 ml, 1.2 mmol). Subseqguently, the crude product of the title
compound thus obtained was purified by chromatography on a silica
gel column using a mixed solvent of ethyl acetate and hexane (2:3
to 1:1) as the eluent to afford the title compound (0.19 g) in a yield
of 99 % as a white crystalline solid.

THNMR Spectrum (400 MHz, CDCl;) & ppm: 0.97 (d, 6H, J=6.6 Hz), 1.65

(bs, 1H), 1.84~1.97 (m, 1H), 2.42 (s, 3H), 2.58 (d, 2H, J=7.0 Hz),
4.87 (s, 2H), 7.28 (d, 1H, J=8.2 Hz), 7.42 (d, 1H, J=8.2 Hz), 7.96
(dd, 1H, J=7.8 Hz, 1.6 Hz), 8.00 (s, 1H), 8.44 (dd, 1H, J=8.2 Hz,
2.4 Hz), 9.35 (d, 1H, J=2.4 Hz).



IR Spectrum(KBr).: 1207,1339,1352,1389, 1486,1605,1738cm-1. Mass
Spectrum (FAS') m/z: 441 (JM+H)7). (26c¢)
1-({5-[5-(3-Chloro-4-isobutylphenyl)-1,2,4-oxad azol-3-yl]pyridi
n-2-yl)methyl)azetidine-3-carboxylic acid  The title compound (0.12 g)
was synthesized in a yield of 90 % as*83white crystalline solid by
conducting the reaction similar to that mentioned in Example 3 (3e) using
methyl 1-((545-(3-chloro-4-isobutylpheny1)-1,2,4-oxadiazol-3-yl]pyridi
n-2-ylimethyl)azetidine-3-carboxylate (0.14 g, 0.32 mmol) that was
I BtaREESHEXERBle 26926h) ahtta 1L R5Aquebis sohdien e sedium
Mhydroxide {086 nia=0)9emmol24 141 14MR)Spectrum (400 MHz,
CD3CO02D) S ppm: 0.98 (d, 6H, J=6.6 Hz), 1.94-2.07 (m, 151), 2.75 (d,
2H, J=7.0 Hz), 3.83-3.94 (m, 1H), 4.49-4.60 (m, 2H), 4.60-4.70 (m, 2H),
(283 (Y38 7,50 (d, 1H, J=7.8 Hz), 7.78 (d, 1H, .J=7.4 Hz), 8.09 (d, 151,
13£78 Hz),(8:25 (83t 1 8 B nitipidait:Al Hz), 9,35-(8:dbt)a i Syrestimyridi

n{KBU) }%ilﬂ%géq%gei%ch@%@X@ﬁ%{ gull. Mass Spectrum (FAB')

m/z: 427 ((14+H)+). (Example 27) .

1-({B8- (3588BUR R34 tRYIphRAY 11412, 426%R A0 52 1 pEHReS i zed by
chytpyaiding yiknetimil)azetidine: Bccarsoxihc acidl/2rexatate{274a) e 23 (23g)
- uf4:Bromo-2-methylphenyl)methanol ~ The crude product of the title

gompound, was synthesized by conducting the similar reaction to that
‘tertiored ﬁ?%&%ﬁ%‘ﬁ%ﬂifﬂ@%% ofnd-RARARGARNZOTY AeRY @ g1n -2
-yl Iemrimoly Brid al®.0 Mosokutiow bf boranedetrdlydrofdran Eemyplex s (28a),
cietsahydrefuran {20411, 20 :8mpel); Stibgequently. the crids product of thes o 4,

1 tige co rgp:ound tgus obtained was purified by chromatography on a silica

gel Eofumh G8iig & mixEd SoER S EthyIy éﬁe%ﬁ&iﬂéﬁﬁd fo 13 ma.
0 332) mmche elaant b dffdid Hvectite coatpourd {87 @) irsa yield of 9988 -
s@eelousiess Pilyt REoduche HIMMR Spectim; (400 MHZ,00013)3 PR 2 i ned

W%BH 4@5(%,%&\]:5.5 Hiz:%,7.23r§m,2H). 1.60(t, (d,1H, 1H, J=8.6 J=5.5 |

2% H2)2.32 1R85 5B IR SRt U (tRirs Hiim) 1866, 1045771 386 M4 e
SNy 5F4e8BP8 ecgtate and hexane (1:1 to 2:1 or 3:1) as the eluent
to afford the title compound (0.15 g) in a yield of 60 % as a white
crystalline solid.

"HNMR Spectrum (400 MHz, CDCls) & ppm: 0.96 (d, 6H, J=6.7 Hz), 1.86-1.97
(m, 1H), 2.41 (s, 3H), 2.57 (d, 2H, J=7.4 Hz), 3.34-3.44 (m, 1H),
3.47 (t, 2H, J=7.2 Hz), 3.64 (t, 2H, J=7.6), 3.72 (s, 3H), 3.85 (s,
2H), 7.25 (d, 1H, J=7.8 Hz), 7.45 (d, 1H, J=8.2 Hz), 7.93 (d, 1H,
J=7.8 Hz), 7.97 (s, 1H), 8.37 (dd, 1H, J=8.2 Hz, 2.0 Hz), 9.28 (d,
1H, J=2.0 Hz).

IR Spectrum (KBr): 1191, 1208, 1224, 1388, 1732 cm™.

Mass Spectrum (FAB™) m/z: 421 ((M+H)').

(28c) .
1-({5-[5-(4-Isobutyl-3-methylphenyl)~1,2,4-oxadiazol-3-yl]pyridi
n-2-yllmethyl)azetidine~-3-carboxylic acid 1/2 oxalate

The title compound (0.13 g) was synthesized in a yield of 83 %
as a white crystalline solid by conducting the reaction similar to
that mentioned in Example 21 (21d) using methyl

1-({5-[5-(4-isobutyl-3-methylphenyl)-1,2,4-oxadiazol-3-yl]pyridi



[11 Mass Spectrum (Er-) m/z: 200 (Mt). (27b)

4-Bromo-2-methylbenzaldehyde  The crude product of the title

compound was synthesized by conducting the reaction similar to that

mentioned in Example 24 (24f) using (4-Promo-2-methylphenyl)methanol

(3.7 g, 19 mmol) that was obtained ireExample 27 (27a)

andpyridiniumdichromate (11g, 28 mmol). Subsequently, the crude

product of the title compound thus obtained was purified by

chromatography on a silica gel column using a mixed solvent of ethyl
naeetaterant fexane-(lal94e 1:4hasdhe eluent to biferd thestitlercomponue wa
o400 3 yieldlo4 % as 3 eglouriess 199,QIX PLOUSLUMME soaiun

S ectrum (400 MHz 9013$ 5 ppm: 2.65 ( s %3745 (s, 1H), 7.51 (dd

S Ly AT H), TBE A, rﬁF%ﬂg:?ﬂlﬁ 1025 (s} 1P4Wﬁl§pe%ﬂ%xallc

a@lﬁBr)cﬂQ&&; 1301,71588,12686 cm-. Mass Spectrum (EI") m/z: 198 (M4).
48iTE) deBLame:2 meindy ) Complidprop Joen-lydlbeneens, e ),

crude roduct of the title compoun was synthesized by , cond ctln%t

> iTar Readion H thafridhtioned 1 Exarhble 38 (3)ing 2+ 3-84-3.95

(isoprepylttiphenyliosphominm iodide 7.2 g, 1w, mmaol), Pogessism 2H) , 7.35

(&butgxide 2.9 6,18 mmaj), and 4:brome-Z-methylgenzaldehyde (2405 u2)

12 mmol that was obtained in Exam le 27 (27b). Subsequ ently, the crude

5 P3cdcr o e e Sbmiound thds SLtaREtwis ot 57
IRhfpmatograptiBon a $iti¢a gel ofumn3esingls Mixed Goiventisiietty!” .
nacetaigand hexanes9:10 10.6:94) as tnesghyent to afford the title

compound (2.2g) in a yield of 84 % as a colourless oily product. 1IHNMR

Spectrum (400 MHz, CDC13) 5 ppm: 1.67 (d, 3H, J=1.2 Hz), 1.89 (d, 3H,
(P=dm®Hz)22)19 (s, 3H), 6.09 (s, 1H), 6.95 (d, 1H, J=8.2 Hz), 7.23 (dd, 1H, .
13782 i A0%14,.7138 (0oL 20,12, R Spegymy (BNl Ao -3y
1 &587 mej. Mass pectrum EI+ 24 I\{I (27d

p% Jtf/j‘l 3 H%e}tﬁyrb% OT& B nel’he ?ﬁe pé‘ﬁnac(f[ 4 g) Was

synthesized in a yield of 95 % as a white crystalline solid by conducting
the reagtion similar to that mentioned in Example 23 (23e) using
-methyl-1-(2-methylprop-1-en-1-yl)benzene (2.2 g, 9.8 mmol)
btained in Example 27 (27c), 1.6 M solution of n-butyllithium in
hexane (6. LT/}N 10 mmol), and 10 % palladium on carbon (200 mg).
liIHMR Spectr m (400MHz, CDC13) 5 ppm: 0.94 (d, 6H, J=6.3 HZz) ,

{545-(4-is buty$3-methylphenyl)-1,2,4- oxadiazol-3- -y1]-6-methyl
pyridin-2-yl}meth -Tieg €rude product of the title compound was
synthesized by conducting the similar reaction to that mentioned in
Example 12 (I12a) using 4-isobuty1-3-methylbenzoic acid (96 mg, 0.50

(a%apl) that was obtained in Example 27 (27d), 1-hydroxybenzotriazole (72

{@—%t@l?ﬁ @m'f@l) ‘%@Q}fbé@z‘i@l%@ﬂ@}‘ﬂW?E’YDQG‘@Q@E&'Q&azol 3-ylip
hydrochloride (0. 10 g,0

Y Py hytroxy2 -ﬁ%ﬂoé‘ ([(tr||sopropyIS|Iyl)oxy]methyllpyrldlne -3
-carboximidainide- (i1 6tg, 48 ramuol )k thatavas obtdinegsinsExamnpie 24d by

cb24d)-and 23,0 W solution. of tetrabutydammonpium fluoride ing anp1e 12 (12a)
tetrahydrotfuran (0.96 ml, 0.96 mmol). Subsequently, the crude product of

LS FitIE CoIPOLRH TR DO TR RS DTSN by chdmAtottaBhy on 22t was
olsflicangel dolumxamusirng a’mikEtisolvent i ethylecetate: anddiexarted (h@) 0.51

nfAS1the alugpt ig afford 1'&%1’&'&'@%%%29%894%{:% glin. 3 yigld,of f1 % as a

white crystalline solid. iHNMR Spectrum (400 MHz, CDC13) 5 ppm: 0.96
hYareRR3266192) 2 87 91.98 (0, (‘B%Olm) 1H), 2.42 4.81 (s,3H),2.57(d,
2{s,24y1); R 24(dd 2bk §=B-0{ T Kt.3=8.2ddzR @51 1yl) oxyImethyl}pyridine-3-

carboximidamide (0.16 g, 0.46 mmol) that was obtained in Example 25

{(25b), and a 1.0 M solution of tetrabutylammonium fluoride in



Hz),7.28 (s, (d, 3H), 1H, 3.92 J=8.2 Hz), 7.95 (dd, 1H,3=7.8 Hz,1.6
Hz),7.99(s, 1H),8.39 (d, 1H, J=8.2 Hz). IR Spectrum(KBr):1334,1445,
1460,1557, 3204,3445cm-1. ‘Mass Spectrum (FAB") m/z: 338 ((M+H)t).
(27f) Methyl

1-(f5-[5-(4-isobuty1-3-methylpheny1)?t;2, 4-oxadiazol-3-y1]-6-met
hylpyridin-2-ylimethyl)azetidine-3-carboxylate ~ The crude product of the
titte compound was synthesized by conducting the similarreactionto that
mentioned in Example 23 (23g) usin

I AEBh L 3 M %ﬁyfﬁﬁenwa%ﬂﬁ&adigfa%@&jf-%wethwe crude
PpyHUiF:- 2oy} riethaneiL©. o 9148 ol trataias dbtainechin: Example
cRIJRLE) geatandatrakromide (Q.22 g; &86UBMQ))a 20%ked solvent of ethyl
acetate and hexane (1:3) as the eluent to afford the title compound
(0.15 g) in a yield of 93 % as a white crystalline solid.

'HNMR Spectrum (400 MHz, CDCl;) & ppm: 0.96 (d, 6H, J=6.3 Hz), 1.37
(t, 34, J=7.4Hz), 1.85-1.98 (m, 1H), 2.41 (s, 3H), 2.357 (d, 2H, J=7.0
Hz), 3.2% (q, 2H, J=7.4 Hz), 4.14 (bs, 1H), 4.82 (s, 2H), 7.21 (4,
14, J=8.2 Hz), 7.28 (d, 1H, J=7.8 Hz), 7.95 (dd, 1H, J=7.8 Hz, 1.6
Hz), 7.%9 (s, 1H), 8.34 (d, 1H, J=8.2 Hz).

IR Spectrum (KBr): 1071, 1322, 1342, 1454, 1556, 1591, 3266, 3342
cm™t,

Mass Spectrum (FAB*) m/z: 352 ((M+H)").

(29b) Methyl
1-({6-ethyl-5-[5-(4-isobutyl-3-methylphenyl)-1,2,4-oxadiazol-3~y
llpyridin-2-yl}lmethyl)azetidine-3-carboxylate

The crude product of the title compound was synthesized by
conducting the similar reaction to that mentioned in Example 23 (23g)
using |
{6-ethyl-5~[5~(4-isobutyl-3-methylphenyl)-1,2,4-oxadiazol-3-yl]lp
yridin-2-yl}methanol (0.15 g, O.42mmol)tﬂmﬂ:wasobtainede1Example
29 (2%a), carbon tetrabromide (0.28 g, 0.84mmol), triphenylphosphine
(0.22 g, 0.84mmol), methyl 3-azetidinecarboxylate hydrochloride (96
mg, 0.63 mmol), and N,N-diisopropylethylamine (0.22 ml, 1.3 mmol).
Subsequently, the crude product of the title compound thus obtained
was purified by chromatography on a silica gel column using a mixed
solvent of ethyl acetate and hexane (1:1 to 2:1) as the eluent to
afford the title compound (0.13 g) in a yield of 71 % as a colourless
oily product.
"HNMR Spectrum (400 MHz, CDCl;) & ppm: 0.96 (d, 6H, J=6.3 Hz), 1.33
(t, 34, J=7.4 Hz), 1.87-1.97 (m, 1H), 2.41 (s, 3H), 2.57 (d, 2H, J=7.0
Hz), 3.24 (g, 2H, J=7.4 Hz), 3.33-3.44 (m, 1H), 3.49 (t, 2H, J=7.2
Hz), 3.67 (t, 2H, J=7.6), 3.73 (s, 3H), 3.84 (s, 2H), 7.27 (4, 1H,
J=8.2 Hz), 7.29 (d, 1H, J=7.8 Hz), 7.95 (d, 1H, J=7.8 Hz), 7.99 (s,



triphenylphosphine (0.23 g, 0.86 mmol), methyl 3-azetidinedarboxylate

hydrochloride (98 mg, 0.65 mmol), and N,N-diisopropylethylamine (0.22

ml, 1.3 mmol). Subsequently, the crude product of the title compound thus

obtained was purified by chromatography on a silica gel column using a

mixed solvent of ethyl acetate and hexane (2:1 to 3:1) as the eluent to

afford the title compound (0.12 g) in a yield of 66 % as a colourless oily

product. 1IINMR Spectrum (400 MHz, CDC13) 5 ppm: 0.96 (d, 6H, J=6. 6

Hz), 1.88-1.97 (m, IH), 2.41 (s, 3H), 2.57 (d, 2H, J=7.4 Hz), 2.91 (s, 3H),
388 (ot 5 3 (6 37 8 o), 7,51 (6, 41 127 8 Heb 7 98

, 3. , 2H), 7.27 (d, IH, J=7.8 Hz), 7. . 1H, J=7. : "

TR RPN L HY) 7.98)6, 1H)°8.38%0 1 ,‘%Eﬁ%y. R Sl e
MyliguithRlotr il 7654202 1/336 41561, (1582, 1739 on-. Mass Spectrum

(FAB') m/z: 435 ((M+H)4). .(279)

1-({5-[5-(4-Isobuty1-3-methylphenyl)-1,2,4-oxadiazol-3-y1]-6-met

yridin-2-yllmethyl)azetidine-3-carboxylic acid 1/2 oxalate  The title

1-comApBuha {05HY §) Was. spirthiesizettireahidlaheh7d U6 bsla vttitediazol-3-y
1 ystadine solid hy-conducting the simitareastionitothat reentioned in

Example 21,(21d) usin dm th)ﬁ'o nthesized in a vield of 82 %

1-({%%-@-?510 lft?/ 9?—%eth§?phen?i)-"i?f,ﬁ%xaa|azof-%-y?[f-6-r’r¥ejt
ashylpyhidire 2oylymethyiljazetidiheBarbony s (09 24.0 28 airmel) thafives: =0
rioftainsed nExample 2464/ & 1hsaguesus$aldtier, of sodium hydroxide

(0.84 ml, 0.8 ol), acetic acid (480.84 mmol), and oxalic acid (13 mqg, _,_
O LA A TN s ao0 i OBI0690) & a7 (att >
1 s6e6H2) 2-88- 199w, ) EHp B 43S - 3ryaziErd 208, 72714 M), ©:63 @mol)
t@i),v%g%%@ﬁ({@dlfﬁ,ﬂxéﬁ;%é@(m(Zbla,) 4a()§121-4h7ﬂ(gm@h'é)oés7§<($);12&k)n of
7.35(d, 1H, 7=8.2 , 4-55 (d, 1H,7=8.2 Hz), 7.99 (d, 1H, 7=7.4 Hz),
s%‘%b&"&sﬁ?{ﬁff’éﬁe(g@r&ﬁ‘ P Iéi?.;IRH%%gcfrum (KEr): 1337, 1382, 1565,
HBBES 82 B 38104 RIS S Bisée U FRB+§ ni/Z: 41 fiv+in9- 2d) - 1-36
{Example29) nz), 1.89-2.00 (m, 1H), 2.43 (s, 3H), 2.61 (d, 2H, J=7.4

-((5;[55(4-)sobyty1-3-methylphe 4,224+ jazol-3-ylpyridi )
H%-Z%I}%getﬁl )aggt/‘ldi%eT3-£c§4rg£k;%lélga%i§ 'lgl%x (ﬁiat%mbép érgz%—f)gl (2(%152921{)
4 {6X5% (4 3sdButyAE3-métiAphény #1:2 B-dRadRz ot Beyipvhidins ) - 742 (&
1nyllmethanak ) , Theerude praductof.thedtitte cond2oursd way syathesized 1H,
Jpéy‘%orgggqting the similar reaction to that mentioned in Example 12 (12a)

using 4-isobuty1-3-methylbenzoic acid (0.12 g, 0.61 mmol) that was i
IRbIRREFEX&RDle 2373(327711),@%ﬁfdrbﬁ%enféﬁfafzo]ré"%§6 m§ gest>t cm
vasmnady deethyl7 343adimethylamitoprapyhrarbodiimide hydrochloride

(0.12 g, 0.64 mmol),

6-(l1t-butyl(dimethyl)silylJoxy}methyl)-N'-hydroxypyridine-3-car
(Famidamitle (0.16g, 0.58 mmol) that was obtained in Example 23 (23c),
Lantetetrabeitylarimeniumh fluoridet (a 4@ solutigrervtetrahyitréfurand 12 pdl- 3-y
1 fo7 Mmoo Sybseguapty. the-anciedroduet ol he fileseampound thus

obtained was purified by chromatography on a silica gel column using a
mixed solvent of ethyl acetate and hexane (2:3 to 1:1) as the eluent to
afford the title compound (0.199) in a yield of 99 % as a white crystalline

ohd, ZHN4R Spectrum (400 MHz, TDC13) 5 ppm: 0.97 (d, 6H, J=6.6 Hz),

. H),~1.84-1.97 (m, 1H), 2.42 (s, 3H), 2.58 (d, 2H, J=7.0 Hz), 4.97

(s, 2H), 7.28 ?/d;r 1H, J=8.2 Hz), 7.42 (d, 1H, J=8.2 Hz), 7.96 (dd, 1H, J=7.8

00 (s, 1H), 8.44 (dd, 1H, J=8.2 Hz, 2.4 Hz), 9.35 (d, 1H,
J=2.4 Hz). IRApectrum(KIST): Mass Spectrum (FAB') (28b) Methyl 1056,
m/z: 1394/ 32 1559,1612, (M+HH. 3203 cm.

1-(15-[5-(4-isobut - ﬂftyéghenyl)-l,2,4-oxadiazol-3-ylIpyridi
n-2-ylimethyl)azetidine-3-carboxylate




The crude product of the titte compound was synthesized by conducting
the similar reaction to that mentioned in Example 23 (23g) using
(5-(3-(4-isobuty1-3-methylphenyl)-1,2,4-oxadiazol-3-ylipyridin-2
-yllmethanol (0.19g, 0.58 mmol) that obtained in Example 28 (28a),
carbon tetrabromide (0.39 g, 1.2 mmol), triphenylpnosphine (0.30 g, 1.2
mmol), methyl 3-azetidinecarboxylate hydrochloride (0.13 mg, 0.87 mmol),
and .N,N-diisopropylethylamine (0.30 ml, 1.7 mmol). Subsequently, the
Cryde product of the title compound thus obtained was purified by
chromatography on a silica gel column using a mixed solvent of ethyl
{&cétehe ami hexare{1up1e 241 bv P 1§ akrthreneluent 1@ affordalé aitlel -3-v1lp
yveaampound, (045:gkinea yield of 60 % as a white crystalline solid. * HNMR
Spectrum (400MEz, CDC13 :.0.96 (d, 6H, J=6.7 Hz), 1.86-1.97
. D1 (6 SR PO 50, S0 A5 o2 SRR i ) e A Y
CyRFucHbyo3Ehg GIPHL J=7 SIS B2 (& 3RHE8BYECRSE )17 PRamp 14412 (12a)
udhB HH LA (A -13bphES DB} o1 O (dalkh JE7.§,Ha), 54 Gdns1 13t was
7. H,J=8 2 Hz, 2.0 9.28 (d..1H, 1=2.0 Hz). IR Spectrum
O(I?E‘?)%%ngif ﬁé{oa‘é‘fgllfzf,glégg%ﬁ’ézé d.rl\?l}éége ﬁé’&?)dr%zﬁ-iAeBit)g%n/’%‘?’ 058
m@gik(wﬁqubykzgéj3~dimethylaminopropyl);arbodiimide
- h¥d$54bi(d=sobutyl-Brmethylphenyddil,2,4-oxadiazol-3-yl]pyridi
n; 16thy idine=3- lic acid 1/2 oxalat The tit C e A
2c§%n%%%§g (g.%%gg)g\gfvag s{yn ﬁggéééﬁ!%{/%ﬁf&%? % ggeaghv&/hhﬁ}epyrldme >
CEBRRAAIMESlFByY ‘Cortdubting thé FERttiork 8fhilsF fothat divtidmediamrle 25
(EXamplen2l £21dpusingmethyh of tetrabutylammonium fluoride in

t;t(}éi%£%'f§(}gﬂt¥:&'sﬁ 'H?t,h)f'p@%}béll))'l'Zvé‘ﬁ%ég{?@x?{‘f’ﬂ”wgdérﬁ% product
n-2-y||methyl)azetldlne-3-carbox¥ilate (0.14 g, 0.34 mmol) that was

°otdifed i EXERBR DS (285, SARIaG(ebts S0Gion S Ssdithtonatograrhy
ohydrexidéedqd . @anl4dl.Ormmai ) raceticnag gt (58 ke 410 odmeth phdkoxabte and

nagicthEl3 mg, 0,17 .rmol). JHNMRB Spectywre400 Mz, 093CO02NI8und (0.13
gﬁpm:0.98 d,6H,J=6.6 Hz

Hz), . | .
8 LOY(MHES. 44(s B3RP 2 BRI, 7 k) 1388 - Posid-
* MR Hpe 28-416 0(FA @ IYI4 6 G-AC22) (51 bhe=708 $Hr) (A 78%d 1N IE718Hz) , 1.37

(€N,2H),4:82(s, H2),8.006h1H, 02H) =78 7.3552)(q, 21, 5=7.0 1z), 3.28
8.04%3,1I:Q,;390§d,1H,J:7A8I-,I§%9%9.434\(S,1H. R 0 i 1w em
"Snecttu(KBT): 1343, 1366,1398, 1591, 15063431 éMl1. "Mebs Spettrumt™" -
HEEABR) T2 -467 (tM+HDh). 1EXAmiplel2dy, 2H), 8.32 (d, 1H, J=7.8 Hz).
12-{(CEthydk-Fbr{A-isebytyls3-methylphenyl) L 2d-aadiazol-dy 1593, 2957,
3 L]erig:i{hZ_-yl)methyl)azetidine-3-carboxylic acid O, N

Mass Spectrum (FABR*) m/z: 356 ((M+H)").

({30b) Methyl
l—({6~ethyl—5—[5—(3~fluoro~4—isebutylphenyl)—1,2,4~oxadia201—3~y
llpyridin-2-ylimethyl)azetidine-3~carboxylate

The crude product of the title compound was synthesized by
conducting the similar reaction to that mentioned in Example 23 (23q)
using
{6-ethyl-5~[5~(3-fluoro~4~isobutylphenyl)-1, 2, 4-oxadiazol-3-yl]lp
yridin-2~yl}methanol (0.13 g, 0.38 mmol) that was obtained in Example
30 (30a), carbon tetrabromide (0.25¢g, 0.75mmol), triphenylphosphine
(O.ZOg,O.75nmol),methyl3—azetidinecarboxylatehydrochloride(78



CO0211 (29a)

(6-Ethy1-5-[5-(4-isobuty1-3-methylpheny1)-1,2,4-oxadiazol-3-ylip

yridin-2-yl)methanol ~ The crude product of the. titte compound was

synthesized by conducting the similar reaction to that mentioned in

Example 12 (12a) using 4-isobutyl1-3:frtethylbenzoic acid (92 mg, 0.48

mmol) that was obtained in Example 27 (27d), 1-hydroxybenzotriazole (69

mg, 0.51 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide

hydrochloride (.97 mg, 0.51 mmol),
n@-ethyl:Neyidr o xy=6+ (f(tNisopiepylsiylydxy]meatay)pyriding-3wl, 0.86 mmol) .
s Gbgximidamids, (0.16,6.0105mal) fhat was phiainedipGxample 23 tained

(25b), and a 1.0 M solution of tetrabttylammonium fluoride in 205

Wftétr%‘h%%f‘a?dﬁy((f@?%ft(?@’éaéﬁ%l)ons%lfsléql&@nﬁ&? theeciite proddctof e

sdheditle cdnpound tnrscebtained Vias pueified: 0y thromatograptiyeonlaient to

a SHica 08l calumin using amixed solventof gtylacetatesand hexang (L:3k 110w
as the eluent to afford the title compound (0.15 g) in a yield of 93 % as a

Owlt&?;?’éiaﬁme solid. IR Spectrum (400 MHz, CDC13) 5 ppm: 0.96 (d,

'HEMR JS16:3 H2in 1(3D ¢t MM, JEPA HZ Y 186:1 9P, (dH)6R.48-Cs,8H),) » 1.33

t2 574d, 2, J=1:0) H2), 329(¢h 21y Jﬂxﬂ Hz).64 16 (bsu1H)=-4.8248) , 3.24
)%§721 d, 1H, J=8.2 Hz), 7.28 (d, 1H, J=7.8 H17), 7.95 (dd, n} %OYSHZ

2),7.60%s"1H), 33274, 171, e 2Fhz). IR Spbbintn (<Br 3.67
q,3zzzi,137¢27 “B454)1556,7850%, 3266, 3342%nts1. Mess $péfa,~tmmpp;3+)zﬁ

7 r@@-%@:s((M#Hi@a (29@)Metm’| 1 & (6Rtyd-9r[P:

4|sobu eth he, yI) 1 zoI -y
pﬁl in- -yII ejtﬁyééﬁ)ze five:3* caﬁ%oxy at% % cfide prééﬁ?:f o%%SS om’?

Majtle Emmporirm WEBARYnthésizetPBy cotiitting the similar reaction to that
mentioned in Example 23 (23g) using {6-ethy1-5- [5-
%é |§obuty1 -3-methylphenyl) -1, 2, 4-oxadiazol-3-ylip yridin-2-ylimethanol
159, 0.42 carol) that was obtained in Example 29 (29a), carbon
LétrapFomide $0.08y( O-84u0g0); 4ripEeRyiphbaptine (0.22%g 20 B#/AENL 3V
1 mgﬂfm Brazetidi m@a@mﬁa@cﬁmm@h@r&e&%mg& &3 mmol), and ,
r\ggus%p Q/Iethlearlquln Q% 4 J 1 §Sc%r Subse%ebntlya tg}? grydec g4 o
t u

product of the title compoun obtained was purzf

a%f?ro‘fﬁéfb@r‘éﬁh?%é%ﬂ%é@é+Eo*R}fn?P%H@fdﬁﬂxéH%cﬂ@éﬁFbPétﬁﬁmllar to

tlacetaienandhexane @xidos1pasibe elyentitanatfared the titte compound

113 13 Q%H}?—\ée'ﬁ H0f A1 26,35, C CE'%%%%&%E%Q&%%‘F 1H5”\4Ro§889§%1 3-y
OMHz CDC13) 5 ppm: 0.96 (d, 6H, J :g Hz),

lhpgﬂflfglr(%n ym?ezaxl(éa 3efi W(c?‘ﬁ%rﬁc?iolﬁl&? Sdify. g2H0 324 Zmol)

), 3333l a1l HY), B:49 it 2B0JxTBHANE.67 {1 ey deduB), 3 Y3 Spn of

s b 448:214L 1840 Ak B2 HEL1)20 (0 1, 7.8 M), 7195

206|I) 8.27 (d, 1H J=8.2 Hz). IR Spectrum
H@H&%u&?ﬁrﬁ?ﬂ?é“ﬁdﬁ%@f&%@@ 58871 730°dm( 41 Mss"Speétrim + 1-37
({FAB!) it HANEM+H)SR(290) (m, 1H), 2.65 (d, 2H, J=7.3 Hz), 3.29

% (L5:Ethyd-5[%r{4- 'S%bléfa' -3:@ethylphenyl)L, 2 4-9xadiagol-3ry, | L.78 (s,
gpyrldln%\?gllmethy)azetldlne -3- carboxyllc acid  The title compoun
S

2}(* 10 g ?ﬁntﬂ@s&@d in & >%Td3 of 82 Gy as'y Wh?te%yé%lhﬁ%’s& it b)]/ Hz) .
Ik epeucting thiereactiohd sigilay tolthat madiondd in Examples3(3e) usingz873,
zg%gthyg 45d6:6thy1-5-[5-(4-isobutyl-3-methylphenyl)-1,2,4-oxadiazol-3-y
I]pyrldln -2-yllmethyl)azetidine-3-carboxylate (0.13 g, 0.29 mmol) that was
M3btamedincERa 29 195) 4nd a' 1%%Jeous solution of sodium
hydroxide (0.87 mL, 0.87 mmol). 1IHNMR Spectrum (400 MHz, CD3002D)
5 ppm: 0.97 (d, 6H, J=6.6 Hz), 1.36 (t, 3H, J=7.4 Hz), 1.89-2.00 (m, 1H),
2.43 (s, 3H), 2.61 (d, 2H, J=7.4 Hz), 3.29 (q, 2H, J=7.4 HZz), 3.84-3.95 (M,
1H), 4.47-4.61 (m, 2H), 4.61-4.73 (m, 2H), 4.78 (s, 2H), 7.35 (d, 1H, J=7.8
Hz), 7.49 (d, 1H, J=7.8 Hz), 7.98 (d, ill, J=7.8 Hz), 8.02 (s, 1H), 8.47 (d,
1H, J=8.2 Hz). IR Spectrum (Kar): 1327, 1338, 1400, 1563, 1390, 1617,
3451 czil. Mass Spectrum (FAB') m/z: 435 ((M+H)+). (Example 30)
1-({6-Ethyl-5-[5-(3-fluoro-4-isobutylpheny1)-1,2,4-oxadiazol-3-y
11pyridin-2-ylimethyl)azetidifte-3-carboxylic acid 207 (30a)
{6-Ethy1-5-[5-(3-fluoro-4-isobutylphenyl)-1,2,4-oxadiazol-3-yl]p

vridin-2-vlmethannl The criide nrodiiet of the title comporind wac



(9,2H,J=7.4Hz),4.09(br,IH),4.80(s, (d,6H,J=6.7 Hz), (d,2H,J=7.0 Hz),
2H),7.19(d,IH, 1.37 3.28 J=7.8 Hz),7.31-7.36(m,1H),7.81-7.91(m,2H),
8.32(d,1H,J=7.8 Hz). IR Spectrum (KBr): 762, 899, 1078, 1427, 1433,

1509, 1568, 1593, 2957, 3294 cm". ass Spectrum (FAB-) m/z: 356
((M+H)+). (30b) Methyl 1-( ( 6-ethy1-5- [5- (3-fluoro-4-isobutylphenyl) -1,2,
4-oxadiazol-3-y 1] pyridin-2-y1 }methyl) ) a zetidine-3-carboxylate  The
crude product of the title compound was synthesized by conducting the
similar reaction to that mentioned jn Example 230) using { 6-ethy1-5-

B (A o AT 10 R SR TR e o oz
dateiakyl (13§, 038 TamblFHatrdas cotdired i ExahmpleE3ey8day, below,
bearbas ety eamnided26g- 8/ 2meal) tipbepyiphesphing (023G D 7S these
- g&rgop ,Smethyl 3-azetidinecarboxvlate hydrochloride (78 208 mg,

O.Sf:f), and N,N-diisopropylethylamine (0.15 ml, 0.86 mmol).
(Bribsetfrsmrlle the crude product of the title compound thus obtained was
Apsefieddnr chromatagraphyien a siiea get gollamanusingraoBiixed solvent

of e cetate. and hexane (3:7 t0.7:.3) as the eluent to afford. the titl o

o T o Bt o aohs 2 MR
A SHEERIAT406 Wiz, CBEABY 5-PHRT0-98 (85 6H RH-6937 24 . 33 4R BH,
adFivaidz) i 882203 {am i), 2 64c(@, 2H i ¢57e0HH2)i 8.24{fr3s IHhdlar to
5173351332, 1) 3 A9 (tugkhf&;é bz} 3.84 (b, 2H, J=08 1D 3103 i ng

, 3H), 3.84 (s, 2H), 7.28-7.37 (m, 2H), 7.83-7.93 (m, 2H), 8.27 (d, 1H,
°§:‘8¥1? HASR @i GRRP B 1203 S2348 F5612)1590, 1173525958 ,
on'. Mass SpecirugdEAB etz 453 ((Me#)£(30) study.
( ;;((6-_E_glilglj;;r-g@-ggglL@foéﬁgsfgp}gylphenyl)-l,_2,4-oxadia_zol-3-y
1:pyridin-2-yl}methyl)azetidine-3-carboxylic acid . The title compound
(90 ﬁ?@%ﬁé%ﬁﬂt%ﬁfé’d”fﬁ YRt of 8708 A5V Ytite TryTamie s OBy 93t

meohduciing tireneactiparsimiai tocdthat mentidriee dn Example Sr@@ejusing make

a ”iefx@%%1({§i€51{9¥{1;é‘&%‘@jﬂ%@%ééﬁ@@%%p@%@ié@i@i%”fé@iﬂﬂ%@@é’ then
g§¥rld|n-2-yllmeth lYazetidine-3-carboxylate (0.11 g, 0.24 mmol) that was
S BhtainedIn EXampte 30°(30h) Bffd*A 1 N aqueous solution of sodium

hydroxide(0.71 mT,0.71 mmol). 'HNMR Spectrum (400 MHz, CT,E02B) 5
(PPM: 097 (e .61 J5:6.6 HA)e 13 L finBbhdad 5 H2), 1.92-2.04(m, 1H), 2.65
The test compounds are dissolved or suspended in 0.5% tragacantha

solution.

(3) Induction of adjuvant-induced arthritis

Arthritis is induced by intradermal injection of the adjuvant
prepared in (1) described above (0.05 ml) into the foot pad of the
right hindlimb of rats in the drug-treated group and in the control
group. Rats that are not treated with adjuvant are separately used

as normal control group.

(4) Administration of the compound

The test compounds prepared in (2) described above are orally
administered to rats of the compound-treated group at a volume of
5 ml/kg once daily from the injection day of the adjuvant (day 0)
for 18 successive days. To rats in the control groups 0.5% tragacantha

solution alone is similarly administered.



(d,2H,J=7.3 Hz), 3.29 (q, 2H,7=7.5Hz), 3.86-3.97(m, 1H),
4.45-4.77(m,4H),4.79 (s, 2H), 7.43-7.53(m, 2H),7.87-8.00 (m, 2H),
8.47(d,1H,J=8.1 Hz). IR Spectrum (KBr): 760, 900, 1103, 1342, 1402,
1508, 1561, 1592, 2873, 2963, 3438 cm-:. Mass Spectrum (FAB+) m/z:
439 ((M+H)+). 209  The present irdiention will hereinafter be described
in more detail by way of the Test Examples and Formulation Examples
below, but the scope of the present invention should not be limited to
these examples. (Test Example 1) Assessment of antiarthritic activity of
the compounds  The inhibitory activity of a medicinal composition

(89mprising.a compaupd of the presentipvension s investigaled Hsinge by the

adjuvant-induced arthritic rats, which exhibit symptoms similar to those of
“RdmaTPERATES, using the rate of inhibition of swelling of the right hind paw

(adjovantinjettedsside) ashinthgatar f L ewis rads agedh8 sveeks are issed fokced,
«the study. £1). Preparation:of adjuyant;  Heatkilgd.griedsMycobacterium - cus

butyricom are ground on an agate mortar and then suspended in

£y SefiZed AGuRP saraifiit (6 maRE a 2 mgimr sdspaksion ¥hé redlifing °=°"
gsuspendedsotutien s ilaredonicated and used as adjuvant. (2) :

Preparation.of {est,comBAURESs e Thntestcompounis.aedissolved @keated
suspended in 0.5% tragacantha solution. (32_{ Induction of adjuvant-in uc%d
aghﬂﬁﬁg as compared with that of the Control animals 1s calculated
according to the following equation:

Inhibition rate of swollen foot volume (%) = {1-[(swollen foot volume
of animals treated with a compound) - (foot volume of normal control

animals)] / [(swollen foot volume of control animals)-( foot volume

of normal control animals)]} x 100

(Test Example 2)

Determination of inhibitory activities of the compound against
host-versus-graft reaction (HVGR) in the rat

(1) Two strains of rats [Lewis rats (male, 6 weeks of age, Charles
River Japan Inc.) and WKAH/Hkm rats (male, 7 weeks of age, Japan SLC

Inc.)] were used. Five rats (host) per group were used.

(2) Induction of HvVGR
Spleen cells were isolated from the spleens of WKAH/Hkm rats or
Lewis rats and floated in RPMI1640 medium (Life Technologies Inc.)

at a concentration of 1 x 10% cells/ml. A 0.1-ml aliquot of the medium

containing the free-floating spleen cells (1 x 107 cells) of WKAH/Hkm
rats or Lewis rats was then intradermally injected into the bilateral

foot pads of the hindlimbs of both sides of Lewis rats.

(3) Administration of test compound

The test compound was suspended in 0.5% tragacantha solution.
The suspended solution of a compound of the present invention (5ml/kg
of body weight of the rat) was orally administered to rats of the
drug-treated group (the Lewis rats in which spleen cells of WKAH/Hkm



Arthritis is induced by intradermal injection of the adjuvant prepared in (1)

described above (0.05 ml) into the foot pad of the right hindlimb of rats in

the drug-treated group and in the control group. Rats that are not treated

with adjuvant are separately used as normal control group. (4)

Administration of the compound ~ Th&est compounds prepared in (2)

described above are orally administered to rats of the compound-treated

group at a volume of 5 ml/kg once daily from the injection day of the

adjuvant (day 0). for 18 successivedays.Torats inthecontrolgroups 0.5%
rftagdtarithd s6iution 2eheis Sififanyfinifistere 210 B eartatiorcofat Ly
fimhibiioncrate 0f swellers featruolgme bydhe test compotingkn cQin theikkthion.
raRd- A8 days after dug administration is stasted. the right faot yglume of

each rat is measuréd by customized apparatus for determination of the

SYBRIAE SPHE SVeFAge YRy VHIBRTE of R Grolp RN FeRaIcHARd: 9rour”
(Pevdent intxbitigre of swellingy of tkeinjeciéd fodtieiiteated animalstais control
gf‘%%ﬂ}P?{EQMEhEQ@EOEHB%EQQHQ!:?QH“QJ@&?P'EH@EC’@P%&E‘Qﬁ'&%h&ts and

ollowing equation: Inhibition rate of swollen foot volume (%) = {1-[(swollen
ot Votdme ot afimalStré &y {RARL EBMpound) - (foot volume of normal

control animals)] / [(swollen foot volume of control animals)-( foot volume

(@h noelcontrol animals)bx 100,(kest Example 2) Determinationobe
inhibitory activities of the compound against host-versus-graft reaction ,
(HVGES e it () TR StlaifsoPrats feewid TR Thife, 6 weaiade strain
rage "Gharles- Raeradaparn ic.g and WKAHE/Hkai gats {maleh§ weeekisceb 1l Lymph
ndfdesJapan G el wers ysqd. Five sats fRosheryoun Werg Useds after
ng I_ndugtiog,of IngR N S e,ekg\,cells were jsolated from the spleens of
AHIFKAT 11 Or L&RTs rars dnd A6Ltt i RPMI 182 G s it dre e s
cFéehhologieSdan. Faca ctricaritrationtsf IRCTOB feedls/rhimi!0 Mot aligfiot ofHVGR
iﬁiﬁﬁm 5@@@@1@&3@irq%ﬂgaiiﬂgtwe@gh@dtﬁ?@gﬁé@éfsug ?]Ersus the
m rats or Lewis rats was then intradermally injected into the o
08751 100t 5atTs 3 (he hiRGhTb=-0 both SIaes oF CeRis rate 13, *auesion
1AdrRiRiStPRLGH bf FEstidompotinge sUThe /st cotfipeuid svas BuSpehded ighown
p@1a% tragacantha solution. The suspended solution of a compound of the
present invention (5 ml/kg of body weight of the rat) was orally
administered to rats of the drug-treated group (the Lewis rats in which
(Spfekn calls of WKAH/HKm 211 rats were injected and the test compound
—was-administered)-once-daily-for-4-suecessive-days-starting-on-the day of
espisancel niggllen; EIberare, Yaopganin seuligl (G 20 belepd
of the test substance was orally administered to rats in the "same strain
group™ (Lewis rats injected with spleen cellsof Lewis rats) and the control
gregpr(h esvis rats injected with spieen cells of WKAH/HKkm rats and not
treated with the test compound)  {4)Determination of inhibitory activity
a ainsFHvGR The average weight of the popliteal lymph nodes of the
saméSirdin tats was subtracted trorfi the individual weights of the
papideallymph nodes of individual rats ("weight of the popliteal lymph
nades.after HvGR-induction™). The ighibitory activity of a compound was
calculated from the "weight of the popliteal lymph nodes after HYGR
indaefirofihdividual rats in th@§r€%-treated group versus the average
"Weighpokthsspopliteal lymph noglestafter HYGR induction” in the control
grgygmgpg results are summarizggd ip Table 5 shown below. (Table 5)
Compound Inhibition Rate (%,Im%k% of administration)

Example 28
Example 29 83.5
Reference Compound 1 -15.5

Reference Compound 2 -19.0



Example 10 61.8 Example 11 51.6 Example 12 55.4 Example 13 61.3

Example 14 65.6 Example 17 65.0 Example 26 80.0 Example 27 80.6
Example 28

212

From the present results, the compounds of the present invention
exhibited excellent inhibitory activity against HVGR.

Reference Compound 1 and Réference Compound 2 are compounds
disclosed as Example 19 and Example 21 in Patent Literature 2
(International publication number WO 03/105771 pamphlet), and their

chemical structures are as follows:

: oy ‘ oy
\/;\O/®/<\N/\\\©\/N/3/COQH D\O/Q/QN)\Q\/NE/COQH

WQ03/105771 Example 19 WOQUG3/105771 Example 21

(Test Example 3)
Assessment of inhibitory activity of compounds against peripheral
lymphocytes of the rat

Lewis rats {male, 5 weeks of age, Charles River Japan Inc.) are

used. Five rats/group are used.

(1) Administration of compound

The test compound is suspended in 1% tragacantha solution
(vehicle) . Suspended solution of the test compound is orally
administered to rats at a volume of 5 ml/kg.

In control rats, vehicle instead of the suspended solution of

the test compound ig orally administered.

(2) Counting of peripheral lymphocytes

Three hours after administration of either vehicle or suspended
solution of the test compound, blood is collected from the postcaval
vein of the rats under ether anesthesia. Then, the collected blood
is placed into a tube containing EDTA. The absolute number of
lymphocytes in the blood collected is counted using a full blood
count analyzer. The inhibitory activity (%) of the test compound
is determined by calculation of the relative number of peripheral

lymphocytes with the number of lymphocytes in the blood collected



77.5 Example 29 83.5 Reference Compound 1 -15.5 Reference
Compound 2 -19.0 212 From thepresentresults,
thecompoundsofthepresent invention exhibited excellent inhibitory activity
against HYvGR.  Reference Compo%q 1 and Reference Compound 2
are compounds disclosed as Examplé 19 and Example 21 in Patent
Literature 2 (InternationalpublicationnumberN003/105771pamphiet), and
their chemical structures are as follows: ';p-N ONCO311"r__co2H
W003/105771 Example 19W0%3/1%5771 F&(gg/mple 21 (Test Example 2)
£ ARB88MEHT of HHibitOR ActiVity 3% Somipaunds against peripheral
lymphocytes of the rat  Lewis rats (male, 5 weeks of age, Charles River
(dapan1ne ase used.Five rats/group are used. (1) Administration of
compound  The test compound is suspended in 1% tragacantha
sold |or?%vehicle). Suspended solution of the test compound is orally
admirmstevednd atf dtteevokanef Simikgtiomn control rats, Vehiede
instead-gtthe suspended solution of the test compound is ofalty my
administered. (2) counting of peripheral lymphocytes  Three_hours
aftératinigtFationof either vehicle or suspended solution of fhe &t
comipouad; bloodt isaceltected from the postcaval vein of the rats nader

etheranesthesia—Then, thecottected biood s ptaced-imnto dilé)'@emg

containing EDTA. The absolute number of lymphocytes in the blood

collected is counted using a full blood count analyzer. The inhibitory
activigb@cef e testocampournad s determeinedby calcblatiomxohthepowders of

cielative number.of peripheral lymphacytes with the,number of ymphacydess ing

in the blood collected 213 from normal rats being defined as' 100%.

a tableting machine.

[Advantages of the Invention]

Since the compounds of the present invention exert excellent
immunosuppressing activity with low toxicity, the compounds of the
present invention are useful as a prophylactic or a therapeutic agent

for diseases related to suppression of the immune system in mammals

(particularly in humans).



(Formulation Example 1) Tablet A compound of the present invention10
mg Lactose163 mg Corn starch25 mg Magnesium stearate2 mg 200 mg
Tablets (200 mg in a tablet) are prepared by mixing powders of the above
prescription in a blender, and a tableting the mixture using a tabletiny CSL.LP
machine. [Advantages of the Invenfipn]  Since the compounds of the
present invention exert excellent irmunosuopressing activity with low
toxicity, the compounds of the present invention are useful as
aprophylactic or a therapeutic a ent for diseases related to suppression of
the immune system in mammals(p&ri&ilarly in humans). MULLP 214
Claims 1.A co nd.havipg the general formula l) E W belo OOH
b () [vtherelﬁ @o%presgngsga rﬁgqﬁy]fer?e g)roup%v |§ gnar%/l optlona nyJe
substituted with substituent(s) selected from Substituent group A or a
7. sipgle\pond, W represents a 5- to 7-membered heterocyclic group
YWh\&h mely gptionally be sublktituted with from 1 to 3 substituents selected
from Substitugl©@Bup A, in the case that V represents a methylene group
rwhdyhich may optionally be substituted with substituent ('s) selected from
Substituent group A, while in the case that V represents a single bond, W
reépresants a5fsed ﬁng“lﬁ’é”c@l’&@ﬁﬁlc Qfﬁdt?wm@ﬁ?ﬁayr%?éﬁoﬁﬁﬁﬁﬁé‘ally be
subsubsﬂﬁtﬁadwmﬁmfrgmsi:toca@ubsﬂtu&@tsaeieateﬁ:kﬂﬂm&ﬁmme@ttg@tqmp A
or A Sm g%%% ts a 5- to 7-membered heterocyclic group which may
optlon y be substituted with from 1 to 3 substituents selected from
SUbsHRIEH YBEPA,> - YoreprasBhfs § € ETRT afylehegratpRhihifaymay
opt @@ﬂ@maﬂyﬁéezﬁlﬂlﬁililﬂt@ﬂa\ﬂﬂm%mrbioﬁtﬁubsémw&tStﬁﬂﬁﬁtﬂ@éﬂ(EKHted from
SubSubstltu rOng AA‘ .5 to 7-me ﬁh eterocgcl grou e\g/e hem@éroup
optlonaﬁ be substituted Wlﬁ‘l from su%s%tu nis selecte
whigypstiteentgroubl X o dhset Hitg heterbcyeie grbupwhch ?ﬁéﬁCted from

Subeeﬂeﬁaﬁx bersupstitutechwith fram: ddo3 substitienis selectedfrems single

ub tltuent rou represents a roup selected from Substituent
§r‘ou§|g) égi £ aﬁy?grch)uf)pﬁhlch rr?ay op}tlonacl‘K/ctF)Le Substitited "V \I/}vll g may
opt front 1 1t Besabbtubrs séleétdd from SulssitseREgrouiE AL & SiC8 aid/If rom
subgrauR £aRtaiRNg,AA 0Xygen atom or a sulfur atom in the carbon chain
WhICh magl %tlonally be substltuted Wltgf?[\zm lto5 ubstltuents s%
from Subshituent gt group A °a CI: ffnibcycﬁoa y?grouﬁ/ ﬁlch maypl\)fv
opt208adptiokallyWessabstittdediwitiEfrom 1 to 5 substitienes seleetbelcfrem from
supsubstityantgrayp A, a C6-C10 aryl group which may optionally be
" substituted with from 1 to 5 substltuents selected from Substltuent?r%roup

AL a CEEETRIVIoRy Jrodpewhich /Ay optionaly be sudétifutdd with froni >
subgtothrsebstitientSselected fFomuStibstigeritsgraue &; e0CB-A1 G apgthipuent

aroup which may optipnally be substiuted with from 110 3.SHRSILRNSha11
grosgl)ected from Substituent %oup A, a%?G ClZBarg%l{g/l %roug w%ﬁcigffﬁa e

De PRty H5e SUtituied with froMPE o 5 SHbstitiahits f@&‘f?&fﬁsutuent
groSubrstituent gioapd rong CeCur; @arylcatbopybgrouh idtichanaycoptiorallyy be
sun€ Substituied with fram 1 105 sybstityents selected rom SURSWHUSDL  c enc
group A,  Substituent group A represents the group consisting of a
9T°HAIdyen atom; a C1-00 alkyl group, a C3-C7cycloalkyl group, a CE-C10
arzyl group sarieGloyarylpxygreuped Co<«ml 2uaratkyt gsoupgachalogeno ¢, -C,
=1 Rl graus: HG 1G5 alkoxy.group ahalogeno Glia Ak otoup, 5

-C6 alkylthio group, a carboxyl group, a C:-C6 alkylcarboxy %rou
Subﬁftdmbﬁoﬁﬁ e CrHT 59%5%%@?6% J&REfho Yroug;sa
confinD:Ed-Ga alkyleening group, a di:CluCGatkylamitibegteimod ChEtn which
ey AUBDRUE EYIATINO BIOUD, . CYP00GI R, PICLD WIR BLUNL 0L, cctccrea
armacologi €ﬁy acceptable salt thereof. 2. A compound according to
fro@laﬁﬁlis\*ﬁ/h*éﬁa@i’ﬁt\/ [EpteBerfts a nethylene Grotpr ARG SCFepResERiscd 5may
to 7-membered heterocyclic group which may optionally be substituted
with from 1 to 3 substituents selected from Substituent group A, or a
pharmacologically acceptable salt thereof. 3. A compound according to
Claim 2 wherein the 5- to 7-membered heterocyclic group represents a
thienylene, furylene, pyrrolylene, or pyridylene group, or a
pharmacologically acceptable salt thereof.

group



4. A compound according to Claim 2 wherein W represents a thienylene
or pyridylene group which may optionally be substituted with from 1 to 2
substituents selected from Substituent group A, or a pharmacologically
acceptable salt thereof. MCSUP 216 S.A compound according to Claird @SLLP
wherein the thienylene or pyridyler?lgroup represents a group shown
below, respectively, or a pharmacologically acceptable salt thereof. Sy or

6. A compound according to Claim 1 wherein V represents a single bond
opt apeWL represehtsa fused rrdg hdterocyclic groubswhichemay eptlionabyl Ferom
subSUbstiuted with, from1 1o 3 substiuents selegted from SHbSUIEN GrauRAbe

or a pharmacologically acceptable salt thereof. 7. A compound accordiné:;
SULES E1HiT S Whetelrt W reprasertePtusetfithg mekrsEydic §r8pera™ Frent
grophaxmacdlogicalradceptaptesaltithérdon S, Acptmporhntyabeordibg to tuted
wit&laimy, 7 whereinthefused-Hng helgracychic AroUPaRIeseiS? group a, a

tetrahydrobenzofurahylene, tetrahydrobenzothienyiene, or ,
Ce- Gy rRginY B LAY oM ABIYIERE G0 R, Or & phatniic B Raty dlee ptabie from
1 tcsalttiereot ubnAscompatird docording o ClaimtBavherek, thecfused airmgl ky 1
arolStelpaydlic graup has;its, bwq positions, ayailable for hondingatdhe 2- and
4-positions, or a pharmacologically acceptable salt thereof. 10. A
subgpiiptitiHPacEBrdiRgRe CRIMTMO whHErEH e RbbsHtGeR afthe 2Xpositiors ~Cxo
aryleprasens the gipuprafdaramua el Xna0rg pharmaecelogicadly adeaptabien 1
to Salthereqf; 11. A &8%%%%@ accoraing 1o any.one glaim sglected from
Claim 1 to Claim 10 wherein X represents a 5- to 7-membered
hétgr6eydlitciiodp CoP PRSI ANy dEeeptabrRSsaAt tistedf.anel ogen
ato2US 21121 A0 daccordisgdoankonesetaim, selected, frariGlaimp ,
11p Claim 11 wherein Y _represents any ane group selected from the
2 O Ot S b iect hoa L5t P eenete Tt rap eV
grogrouFwhichsnay<optiofanybe substtagerRith:remal 3w iistiten C1-Ce
alkselested frepnSubstituantgroup Asand afusedding heferasysig@rewbup, a
n dWhicfgma QPtionaII¥ be subftitLg?t]eg with froin 1to 3 substitueqtsoseI%%ted N
Yfram SuBstittRnt Grotp &, 61 apharmacdfogically ateeptabl@ salt thereof. /
mon®3CA Eongdundateorditiy i any oAe-dais selbevddfrore Claiana toa C:-Ce
a1iGlaim Llwbhersinny reprasents aphepylens, group ok athienylgngup] , or a
ha% ri%ylene* or indolglene %robuf Whicihtmz% opti%nally be substituted with
PhagBRT? 18 % ShnsttudhtSBERetEd Fom Sulsstitaent group A, or a
pharmacologically acceptable salt thereof. 14. A compound according to

2. any gneglaim.selectedfrom Claim, 140 Glaim1l wherein Yorereseits:dl ene

phenylene group or a pyridylene group, qr a pharmacologically acceptable
ITOURI tHEFEST. " T ASEOMPGhiNd actoraiNg (AR Ofe Lhify Séiected Trom" 1B
mayClaim drtol Claire Bindtereinc Zdepresentsa C6CH auloxygreupavkdizcted
£ romaé(mwynl%e @y%t%ed éﬂm}ﬁfr HEJ‘I&Q&)%BB§@%S §@£€‘é’:§%§ﬁl‘fgﬂ salt

Substituent group A, or a pharmaco ogically acceptable salt thereof. 16. A
thegsmbound according to any one claim selected from Claim 1 to Claim 14
wherein Z represents a phenoxy group, or a pharmacologically acceptable

5. saltthereaf 17, A compaund acgording to, Claim 1 wherein the general .« 5

formula (1) 1s the general formula (I') shown below, R34c0211 R4%<Jo-N
het@ﬁppﬁlmq_qp szgamﬁéfé;ﬁ a thienylene, furylene, pyrrolylene,

or pyridylene group, or a pharmacologically acceptable salt thereof.

4. A compound according to Claim 2 wherein W represents a
thienylene or pyridylene group which may optionally be substituted
with from 1 to 2 substituents selected from Substituent group A, or

a pharmacologically acceptable salt thereof.



R1 represents a hydrogen atom or a Ci-Cs alkyl group, R2 represents a
hydrogen atom or a C1-C6 alkyl group,  R3 represents a hydrogen
atom, a halogen atom, or a C1-C6 alkyl group, R4 represents a

hydrogen atom, a halogen atom, a cyano group, a Ci-CG alkyl group, orgcsiLLp

C1-C6 alkoxy group, and RS regrgsents a hydrogen atom or a halogen
atom], or a pharmacologically acceptable salt thereof. 18. A compound
according to Claim 17 wherein RI represents a hydrogen atom, or a

5. phartha&dlegicafly ageeptible saft therdsr. 219 epipduitd heéordihgte or

pyrCiginedd er-Glaim-d8 whergin. R2represents:a hulregenatoma methyl or

roup, or.an ethyl-group, or a pharmacologically acceptable salt thereof.

. pgﬁ?ﬁ%é:&%% b%%xé cor Fne Fg %?1?/ cio’r‘laeE gla%nege 8%t’erd from Claim 17 to
Claim 19 wherein R3 represents a hydrogen atom, a fluorine atom, a
chlorine atom, rg ethyl group, or apharmacologically acceptable salt

\@ﬁ{c}f. 21. Aﬁ&sﬁ according to any one claim selected from Claim

to Claim 20 w IR4 represents a hydrogen atom, a fluorine atom, a
chlorine atom, a cyano group, a methyl group, or a methoxy group, or a
pharmacologically acceptable salt thereof. 22. A compound according to

6. anymneeianmselected drom Claiol d7ria Glakm2lnwhereir B representsgle

bond: ngrqgeg tggéglrlg fl%orgﬂle gg)rrll.or ap armacologically acceptabl
Olqsalt thereof.e 3. A comspound Sccordtfrrllg to Claim 1°w %rceiﬁ%ﬁél%e%%g it

OPL{SRHAY ) Fs THe Hererar forhtia {FysRohh DEIGNE t MCSLEP Sipcted from
subRai+LENN ERACO, d:Nl gH{whereinREJgpresents pdaydrogen atom 5o .
a C--CG alkyl group,  R8 represents a hydrogen atom, a halogen atom,

or a C1-C6 alkyl group, and  R8 represents a CI-C] alkyl group or a
7. C1-C6 akeargfbap]s of i pHakmdcoloficalyhacceptab s saittrresfa 241sed
rind corapeundaccerdingde Claim 23 nherein 36 seprespnts atydrogen sait
the%goorlg, a methyl group, or an ethyl group, or a pharmacologically
acceptable salt thereof. 25. A compound according to any one claim
selected from Claim 23 or Claim 24 wherein R represents a hydrogen
g. atom adlugrine.atonkachlokine atorm; 9f @ Methygroup, @ha fused ring
harmagf‘ologicall%é acceptable salt thereof. 26. A compound according to

g
hetgﬁﬁ?c Re cfaim S6i8&ed oM CIAIM 23 td*Clait 25 WHetS RETeprasants™e -
tetaahpeapyiagroup aambigylegrovp Noman isoheykgiou, @mdolylene group,
or apparpacelogically,acceptable sall; thereof. 2/. Acempound according

to Claim 1 wherein said compound is any one selected from the following
compounds, or a pharmacologically acceptable salt thereof:
9. 1-[(4¥544-Ricemyl -B<triflubrometiyl)c2dhrenyl]- ¥2stokadidzo fused ring
hetdrd¥did-duphimethyldazelding3;carboxyitacich s 1 ap1e for bonding at
1- {5-[5-(4-1sobutylphenyl)-l,2,4-oxad|azol-3-y1]72-fur%lllmethyl
the)a éti&ﬁ%-?—éﬁ?ﬁdﬁi‘tﬁnﬁcid,“ a pharmacologically acceptable salt
thetd{3-[5-(4-Cyclohexylpheny1)-1,2,4-oxadiazol-3-y11-2-furyl}meth
yl)azetidine-3-carboxylic acid, MCSLAY 220
18(2-{58[4-Phenyl-5-(trifluoromethyl)-2-thieny1]-1,2,48oxadiazol
10 - 83-y 11- A BB etr ARy Aot BEN ZBfUTaniA-yh) AR Tl e LS I P ict ARt at
thel-(58¢5{4i:Rhenoxyphenyit1,2itoxadiazol-3fy 1 Fa-thienyllmathy -, or a
phal‘%%@%@éﬁ%@%&lg&ﬁg’le salt thereof.

11. A compound according to any one claim selected from Claim 1
to Claim 10 wherein X represents a 5- to 7-membered heterocyclic group,

or a pharmacologically acceptable salt thereof.



[3-(4-Benzoylphenyl)-1,2 -oxadiazo1-38y1]82-thienyethy 1)aze
idine-3-carboxylic acid, 1-(t
-[5-(4-Denzylphenyl)-1,2,4-oxadiazol-3-y11-2-thienyl}methyl
)azetidine-3-carhoxylic acid, MCSLLP
1-({48[5-(1-Isobutyl-lH-indol-S-ylz)il,2,4-oxadiazol-3-y11-2-thie
nyl}methyl)azetidine-3-carboxylic acm?,
1-({6-[5-(4-Isobutylpheny1)-1,2,4-oxadiazol-3-yl]pyridin-3-yllme

12. thyl)azetidine:3carboxylic agidcangly one claim selected from Claim 1

to C%gg%[]?i(%ﬂ%%liyl@W%&%‘%@@@Iﬁa{g@g@@E?t%@'@gm the group

thyl)azetidine-3-carboxylic acid. 28.A compound according to Claim 1
congiérent S CRAPELRGTTARYONE SeIEGed TIIRRTRE folling Sy © 1+ ¢ group
whi €ompouRs, iama pharmacologically acseplablesaltthereofs substituents

sel e%@é é%}%ﬁ?g%gg §¥quﬂ¥]§é%@p42&9%%lﬁ%g&] 'ﬂ%%%eterocyc lic group

1)azetidine-3-carboxylic acid, _ .
whi g athyR5SH@lpeRExyRERy P2 A-BxaliazorB-y2 tRig? Substituents
selayterthndazeilidine3rcatboxylie aGichr a pharmacologically acceptable
Sal,}-(%8@63&3'{FIuOro-4-phenoxypheny1)-1,2,4-oxadiazol-38y1]-4-meth

yl- -?hienyl}methyl)azetidine-3-carboxy|ic acid, NICSLLP 221

1-({4-Ethy1-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-y1]-2-thien
13 . Ylimathyhazetidinerd-earboxylieacidy one claim selected from Claim 1

-[(4-Ethy1-5-{5-[4-(3-fluorophenoxy)pheny1]-1,2,4-oxadiazol-3-Y .
o Qe A hetylas T g b e oo B ehsenytene,
pyr 14§ sEthy| S [3HGF oo sHenexyPRERy TR 2B Iatiazg] Beygubst ituted
witfi%f%%%yl}{%emﬂi@ﬁﬁi@@%%%aﬁ%q)@d%e@ciﬂromh Subs]titzuent gdroup A, or
1-[(4-Ethy1-5-{5-[3-fluoro-4-(3-fluorophenaxy)pheny1]-1,2,4-oxa
PR L R ) NP IE oA RGTE acic
1-[(4-Ethy1-5-f5-[4-(2-methoxyphenoxy)phenyl]-1,2,4-oxadiazol-3-
14‘.yl1'%‘@%@&%@@@@5?&@@'@&%@%@ aQdim selected from Claim 1
1-[(5-{5-[3-Chlorg-4-(3-fluorophenoxy)pheny1]-1,2,4-oxadiazo 3- |
ko %Pii-l&‘-e%hywlé‘ﬁﬁ%%&l) SiIEvCis i -%%SF%’&@% g&gue or @ pyridylene
groty (4-&Ethyl 15642 methodyphenoxgiilaényl [s&, P4 OxadiaZol- 3-
y1/-2-thienyl)methyllazetidine-3-carboxylic acid,
1-[(4-Ethy1-5-{5-[4-(2-fluorophenoxy)phenyl]-1,2,4-0xa azol-3-y _
lS‘ll-Zﬁh%ﬁ% ﬂg&gﬁaw3§8amﬁﬁea&&,alm selected from Claim 1
to TIE-45-14-(R13=Difluorpbhenoxyyotienyd | L, X4-oxdidzaly3gEpup which may
opt'z%gxli% '15%”5{)&945%%%“9&'{%%:9@&@9%'%%%stituents selected from
1-[(4-Ethy1-5-{5-[3-fluorc-4-(2-fluorophenoxy)phenyl]-1,2,4-oxad
Sl 3oy} SEiENY ) REtRyRZ Elia e S CArBOXYIR 8 1P (5535 (4125 L -

-Di f luorophenoxy) -3 - f luorophenyl]- 1,2,4 - oxadiazo 1-3 -y11-4 -ethyl -

2 -thienyllmethyl idine- 3 - carhoxyl c acid, . .
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to yfilasthyl 2 thisRgHRiethy fazetfdiheSSeafbody licPaGaoNMC S92 1P 2
phab{ad33Chlnrar{2 3-diftosephkerexy)pbraydbt,2,4-oxadiazo

[-3-y11-4-ethyl1-2-thienyl)methyl]azetidine-3-carboxylic acid,

1-[(5-{5-[4-(2-Chlorophenoxy)chenyl]-1,2,4-oxadiazol-3-y1}-4-eth
1'7-y1-2-fhi@ﬁ%ﬁﬁé’tﬁyﬁﬁiéﬁ@iﬁé%%r%b%&ﬁc Jaéﬁl},erein the general formula
(1)1{5-{5:4-6-Chlgrophenexy)-3-flupreprery bils2,4-oxadiazol-3-

y1}-4-ethyl-2-thienyi)methyllazetidine-3-carboxylic acid,

RS COZH
N

RS N/



1-( o-Methyl-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-y1]-2-thie
nyl}methyl)azetidine-3-carboxylic acid and
1-[{3-Ethyl-5-[5,-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-y1]-2-thien

yl}methyliazetidine-3-carboxylic acid. 29.A compound according to Claim MCSLLP

1 wherein said compound is any ong gelected from the following
compounds, or a pharmacologically acceptable salt thereof: 1-(
-[5-(4-1sobuty1-3-methylohenyl)-1,2,4-oxadiazol-9-yl]py
(whareifimethyljazetidine-3-carboxylic acid,
15{5:{6(B=FH10r0-4-isghitytphe nyddnl , 214-Hxadiaz ok Brylipyichup ,
n-2-yllmethyl)azetidine-3-carboxylic acid B
L e A i Ao ie
n -Wﬁﬁéﬁ%ﬂ)&z@tﬁihé@%ﬁ%ﬁ%@acm,halo?fen atom, or a C;-Cq alkyl
grodg((5-{5-(4-Isobuty1-3-methylpheny1)-1,2,4-oxadiazol-3-y11-6-met
hylpyridin-2-yl}methyl)azetidine-3-carboxylic acid,
e P A AR AY T o F fitss 85 Re-Reigre 7o
a Clpyridibka-y ety agetidirne-3-cartosgtic abiguMCSHP 223
pyridin=d-yBmethyl)azetidiae;earbexylic acid, 2 halogen atom], or a
N 1-(%5-(;?-(37FI 0 o-4-isobut%g)ber¥1£1,%f-oxagiazol-3-y1]-6-met
P aﬁrfll p%/rid‘fr?}f? n?étﬁﬁfgfétl ine- -%arboxﬁlléegcid,
1-({5-[5-(3-Chloro-4-isobutylphenyl)-1,2,4-oxadiazol-3-y11-6-met
13 . hylpyridingsylimethyljagetidine-3-camexylicacidherein rR' represents a
h dl-({6-Et%/l-S-[S-(4-isobuty1-3-methylphenyl)-l,2,4-oxadiazol-3-y
YASATRINZS S méthy a2 Bfdila<s-cathoRy tit 4dgePrabie salt thereof.
1-({6-Ethyl-5-[5-(3-fluoro-4-propylpheny1)-1,2,4-oxadiazol-3-yll
19 . Pyridin-2zyl ﬁ}ﬂi")g@@g@@ﬂi@c@&b%@gﬁﬁcﬂz or Claim 18 wherein R®
1-({6-5-(4- utyl-3-f|uorophenyl)-l,2,4-oxad|azol-3-y1]-6-eth¥1lp
LRy RATES S FmBU i R R e  carBiyitagiioup, o an ethyl group, or
a ph{okthyb§i[Sa(B fluaro=4riseblitylphény )42 dfoxadiazol-3-y
llpyridin-2-ylimethyl)azetidine-3-carboxylic acid and
1-({5-[5-(3-Chloro-4-isobutylpheny1)-1,2,4-oxadiazol-3-y1]-6-eth '
20 - yipyrfdinePB MMt HyHazEtdie-3RcarBosy ficadio” S61AThedidnar ctaim 17
to compositionhecraprisiigrene osenore eampounds armphasntacalegicallycon,
- ciREsepiable salt theteqtagearding (o any one of Glaims 4:40.29. A3 AN« 11
active ingredient. 31. A mediCinal composition according to Claim 30 for
salgyshfesifitg immunological rejection symptoms occurring after skin tissue
grafting or transplantation of various organs. 32. A medicinal composition
according to Clajm 30 for. prophylaxis or ther of autoim e diseases.
R R PR R S L e M Y
to 9daiguRinitaRE IdisBasee I 6RE B MorBXHIAREN A5 PBelcte iRt tom,
a cBIu sonsisting Hf shetmaticathrilisasoriasiscatpiedermatitisxy group,
or Qulgggm%cclgrloosi% télf?ratglec%oljctia%fendsa gh@'h% gliese se. 34. Use of one
or more compoﬁnas or'a pﬁarr%aco ogically accepta% e salt thereof
according to any one of Claims 1 to 29 for the manufacture of a medicinal
22 .ComﬂO%'HﬁﬁJ@ﬁél&l%@%%mﬁgifﬂmlfb[iglo@iﬁak;ﬂﬁﬁﬂ@é§¥HHE@%&&@C@IE[@]¢& 17
ter skin tissue grafting or transplantation of various organs,. .35. Use o
o L T b UnGS B S o om0 2Ty SEEb D EMRerf tom
Or ACEHYING tO BPYicHe b Glaine® 120129 $er the hrarrdacture of a medicinal
composition for prophylaxis or therapy of autoimmune diseases. 36. Use
. according to Claé'm 35 Wféereintsai%f\uxoirymtfllne disea{_ie is one or.more .
“condition(S) SefEctad Trom the §rodp eohsisting of MedmaticAlthfts -0 ™2
(I)psoriasis, atopicaerfratitis] mulliple seferwsisbalcerative colitis, and
Crohn's disease.
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O‘N R6
R&<:>—< i CO.H
N SN 2 (Il t)
R’ | 1\;(
[wherein

R® represents a hydrogen atom or a C;-C¢ alkyl group,

R’ represents a hydrogen atom, a halogen atom, or a C;-Cs alkyl
group, and

R® represents a C,-Cs alkyl group or a C;-Cs alkoxy groupl, or a

pharmacologically acceptable salt thereof.

24 . A compound according to Claim 23 wherein R® represents a
hydrogen atom, a methyl group, or an ethyl group, or a

pharmacologically acceptable salt thereof.

25. A compound according to any one claim selected from Claim 23
or Claim 24 wherein R’ represents a hydrogen atom, a fluorine atom,

a chlorine atom, or a methyl group, or a pharmacologically acceptable

salt thereof.

26. A compound according to any one claim selected from Claim 23
to Claim 25 wherein R® represents a n-propyl group, a n-butyl group,

or an isobutyl group, or a pharmacologically acceptable salt thereof.

27. A compound according to Claim 1 wherein said compcound is any
one selected from the following compounds, or a pharmacologically

acceptable salt thereof:

1-[(4-{5-[4-Phenyl-5-(trifluoromethyl)-2-thienyl]-1,2,4-oxadiazo
1-3-yl}-2-furyl)methyl]lazetidine-3-carboxylic acid,
1- ({5-[5- (4-Isobutylphenyl)-1,2,4-oxadiazol-3-yl]-2-furyl}methyl

yazetidine-3-carboxylic acid,

1- ({5- [5- (4-Cyclohexylphenyl)-1,2,4-oxadiazol-3-yl] -2-furyl }meth

vl)azetidine-3-carboxylic acid,
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1-(2-{5-[4-Phenyl-5- (trifluoromethyl) -2-thienyl] -1,2,4-oxadiazol
—3—y1}—4,5,6,7—tetrahydro—1—benzofuran—4-yl)azetidine*B—carboxyl

ic acid,

1-({5-[5- (4-Phenoxyphenyl)-1,2,4-oxadiazol-3-yl] -2-thienyl}methy

1l)azetidine-3-carboxylic acid,

1-({4-[5- (4-Benzoylphenyl)-1,2,4-oxadiazol-3-yl] -2-thienyl}methy

l)azetidine-3-carboxylic acid,

1-({4-[5- (4-Benzylphenyl)-1,2,4-oxadiazol-3-yl]-2-thienyl}methyl

Jazetidine-3-carboxylic acid,

1-({4-[5-(1-Iscbutyl-1H-indol-5-y1l)-1,2,4-oxadiazol-3-yl]-2-thie

nyl jmethyl)azetidine-3-carboxylic acid,

1-({6-(5- (4-Isobutylphenyl)-1,2,4-oxadiazol-3-yl]lpyridin-3-yl}me

thyl)azetidine-3-carboxylic acid, and

1-({5-[5- (4-Isobutylphenyl)-1,2,4-oxadiazol-3-yl]lpyridin-2-yl}me

thyl)azetidine-3-carboxylic acid.

28. A compound according to Claim 1 wherein said compound is any
one selected from the following compounds, or a pharmacologically

acceptable salt thereof:

1-({5-[5- (4-Phenoxyphenyl)-1,2,4-oxadiazol-3-yl] -2-thienyl }methy

l)azetidine-3-carboxylic acid,

1- ({4-Methyl-5-[5- (4-phenoxyphenyl)-1,2,4-oxadiazol-3-yl]-2-thie

nyl}methyl)azetidine-3-carboxylic acid,

1-({5-[5-(3-Fluoro-4-phenoxyphenyl)-1,2,4-oxadiazol-3-y1l] -4-meth
yl-2-thienyl}methyl)azetidine-3-carboxylic acid,
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1~({4—Ethyl—5—[5~(4—phenoxyphenyl)—l,2,4—oxadiazol-3—yl]—2—thien
vl}methyl)azetidine-3-carboxylic acid,

1-[(4-Ethyl-5-{5-[4- (3-fluorophenoxy)phenyl] -1,2,4-oxadiazol-3-y
1}-2-thienyl)methyl]azetidine-3-carboxylic acid,

1- ({4-Ethyl-5-[5-(3-fluoro-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yl
]1-2-thienyl}methyl)azetidine-3-carboxylic acid,

1-[(4-BEthyl-5-{5-[3-fluoro-4- (3-fluorophenoxy)phenyl]-1,2,4-oxad
iazol-3-yl}-2-thienyl)methyl]lazetidine-3-carboxylic acid,

1-[(4-BEthyl-5-{5-[4- (2-methoxyphenoxy)phenyl] -1,2,4-oxadiazol-3-
yvl}-2-thienyl)methyl]azetidine-3-carboxylic acid,

1-[(5-{5-[3-Chloro-4- (3-fluorophenoxy)phenyl]-1,2,4-oxadiazol-3-
yl}-4-ethyl-2-thienyl)methyl]azetidine-3-carboxylic acid,

1-[(4-Ethyl-5-{5-[4- (2-methoxyphenoxy)phenyl] -1,2,4-oxadiazol-3-
yvl}-2-thienyl)methyl]azetidine-3-carboxylic acid,

1-[(4-Ethyl-5-{5-[4- (2-fluorophenoxy)phenyl] -1,2,4-oxadiazol-3-y
1}-2-thienyl)methyl]azetidine-3-carboxylic acid,

1-[(5-{5-[4-(2,3-Difluorophenoxy)phenyl] -1,2,4-oxadiazol-3-yl}-4
-ethyl-2-thienyl)methyl]azetidine-3-carboxylic acid,

1-[(4-Ethyl-5-{5-[3-fluoro-4- (2-fluorophenoxy)phenyl] -1,2,4-oxad
iazol-3-yl}-2-thienyl)methyl]azetidine-3-carboxylic acid,

l—[(5~{5—[4—(2,3—Difluorophenoxy)—3—fluorophenyl]-1,2,4—oxadiazo
1-3-yl}-4-ethyl-2-thienyl)methyl]azetidine-3-carboxylic acid,

1-[(5-{5-[3-Chloro-4- (2-fluorophenoxy)phenyl]l-1,2,4-oxadiazol-3-
v1l}-4-ethyl-2-thienyl)methyl]azetidine-3-carboxylic acid,
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1-[(5-{5-[3-Chloro-4-(2,3-difluorophenoxy)phenyl] -1, 2,4-oxadiazo
1-3-yl}-4-ethyl-2-thienyl)methyl] azetidine-3-carboxylic acid,

1-[(5-{5-[4~(2-Chlorophenoxy)phenyl] -1,2,4-oxadiazol-3-yl}-4-eth
yv1-2-thienyl)methyl]lazetidine-3-carboxylic acid,

1-[(5-{5-[4-(2-Chlorophenoxy) -3-£flucrophenyll-1,2,4-oxadiazol-3-
yvl}-4-ethyl-2-thienyl)methyllazetidine-3-carboxylic acid,

1-({3-Methyl-5-[5- (4-phenoxyphenyl)-1,2,4-oxadiazol-3-yl]-2-thie

nyl}methyl)azetidine-3-carboxylic acid and

1-({3-Ethyl-5-[5- (4-phenoxyphenyl)-1,2,4-oxadiazol-3-yl]-2-thien
vl}methyl)azetidine-3-carboxylic acid.

29. A compound according to Claim 1 wherein said compound is any
one selected from the following compounds, or a pharmacologically

acceptable salt thereof:

1-({5-[5- (4-Iscbutyl-3-methylphenyl)-1,2,4-oxadiazol-3-yllpyridi
n-2-yllmethyl)azetidine-3-carboxylic acid,

1-({5-[5- (3-Fluoro-4-isobutylphenyl)-1,2,4-oxadiazol-3-yllpyridi
n-2-yllmethyl)azetidine-3-carboxylic acid,

1-({5-[5-(3-Chloro-4-isobutylphenyl)-1,2,4-oxadiazol-3-yllpyridi
n-2-yljmethyl)azetidine-3-carboxylic acid,

1-({5-[5- (4-Isobutyl-3-methylphenyl)-1,2,4-oxadiazol-3-yl]-6-met
hylpyridin-2-yl}methyl)azetidine-3-carboxylic acid,

1-({5-[5-(3-Fluoro-4-propylphenyl)-1,2,4-oxadiazol-3-yl] -6-methy
lpyridin-2-yl}jmethyl)azetidine-3-carboxylic acid,

1-({5-[5-(4-Butyl-3-fluorophenyl)-1,2,4-oxadiazol-3-yl]}-6-methyl
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pyridin-2-yl}lmethyl)azetidine-3-carboxylic acid,

1-({5-[5-(3-Fluoro-4-isobutylphenyl)-1,2,4-oxadiazol-3-yl]-6-met
hylpyridin-2-yl}methyl)azetidine-3-carboxylic acid,

1-({5-[5-(3-Chloro-4-isobutylphenyl)-1,2,4-oxadiazol-3-yl]-6-met
hylpyridin-2-vy1llmethyl)azetidine-3-carboxylic acid,

1-({6-Ethyl-5-[5-(4-isobutyl-3-methylphenyl)-1,2,4-oxadiazol-3-y
llpyridin-2-yl}methyl)azetidine-3-carboxylic acid,

1-({6-Ethyl-5-[5-(3-fluoro-4-propylphenyl)-1,2,4-oxadiazol-3-yl]
pyridin-2-yl}methyl)azetidine-3-carboxylic acid,

1-({5-[5-(4-Butyl-3-fluorophenyl)-1,2,4-oxadiazol-3-yl]l-6-ethylp
yridin-2-yl}methyl)azetidine-3-carboxylic acid,

1-({6-Ethyl-5-[5-(3-fluoro-4-iscbutylphenyl)-1,2,4-oxadiazol-3-y
llpyridin-2-yllmethyl)azetidine-3-carboxylic acid and

1-({5-[5-(3-Chloro-4-iscbutylphenyl)-1,2,4-oxadiazol-3-yl]-6-eth
yvlpyridin-2-yl}methyl)azetidine-3-carboxylic acid.

30. A medicinal compogition comprising one or more compounds Or
a pharmacologically acceptable salt thereof according to any one of

Claims 1 to 29, as an active ingredient.
31. A medicinal composition according to Claim 30 for suppressing
immunological rejection symptoms occurring after skin tissue

grafting or transplantation of various organs.

32. Amedicinal composition according to Claim 30 for prophylaxis

or therapy of autoimmune diseases.

33. A medicinal composition according to Claim 32 wherein said
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autoimmune disease is one or more condition(s) selected from the group
consisting of rheumatic arthritis, psoriasis, atopic dermatitis,

multiple sclerosis, ulcerative colitis, and Crohn's disease.

34. Use of one or more compounds or a pharmacologically acceptable
salt thereof according to any one of Claims 1 to 29 for the manufacture
of a medicinal composition for suppressing immunoclogical rejection
symptoms occurring after skin tissue grafting or transplantation of

various organs.

35. Use of one or more compounds or a pharmacologically acceptable
salt thereof according to any one of Claims 1 to 29 for the manufacture
of a medicinal composition for prophylaxis or therapy of autoimmune

diseases.

36. Use according to Claim 35 wherein saild autoimmune disease is
one or more condition(s) selected from the group consisgting of
rheumatic arthritis, ©psoriasis, atopic dermatitis, multiple

gclerosis, ulcerative colitis, and Crohn's disease.



