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Representation and Power-of-
authentication and Apostille for patents, utility
industrial designs, trademarks, commercial
emblems, domain names, slogans, licenses,

s
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REPRESENTACION Y PODER

REPRESENTATION AND POWER- OF- ATTORNEY

Yo (nosdu-os), abajo firmado (s)/1 (we), the undersigned

“~135869
Gz

DAIICHI SANKYO COMPANY, LIMITED
-, domiciliado (s) en/of _3-5-1, Nihonbashi Honcho,

Chuo-ku, Tokyo 103-8426. Jgp_an

égel presente nombramos a EMILIO FERRERO, tpa. 31929;
GONZALO PERDOMO, tpa. 831; LUZ CLEMENCIA DE PAEZ, tpa.
23555 y DANIEL PENA, tpa. 65620, domiciliados en la Carrera 4* N*
72-35, Bogots, ' Colombia, en obedecimiento a lo dispuesto en el

i parégrafo lo del Articulo 543 del Cédigo de Comercio, el primero como

principal y los demés como suplentes, en su orden, como mis (nuestros)
representantes en todos los asuntos de-propiedad industrial con facultad
para. recibir notificaciones y nombrar apoderados judiciales o
extrajudiciales. E} primer representante suplente reemplazars al pﬁncipal
en caso de ausencia o impedimento temporal o definitivo de aquél. La

-misma regla se aplicard cuando el segundo representante suplente haya .

de reemplazar al primero, 0 el tercero al segundo.. En tales casos, el
representante principal, o el primero, 0 segundo suplente, en su caso, 0
ambos, declararén su intencién de no gjercer la representacion mediante
declaracién autenticada por Notario Piblico en Colombia, 0 por Notario

u otro Funcionario Piiblico, 0 Cénsul de Colombia, en el extranjero; y si

se tratare de impedimento, con el certificado respectivo. Si alguio de los
os faltare definitivamente, el siguiente tomard su lngar. Cuando

laauswc:aoxmpedimentodelrepmemantepmmpaLodem

primero o segundo suplentes, en su caso, podrin ejercer la -

representacion, en su orden, uno u otros segin el caso, asumiéndola ‘por
el solo hecho de ejercerla, cesando en ese momento el egjercicio de la
representacién por el primero, segundo o tercer suplente en su caso.

Ademis, confiero (conferimos) poder a los abogados arriba nombrados,

para obtener. la proteccién de mi (nuestra) propiedad industrial y contra -

la competencia desleal, a cuyo efecto autorizo (amos) a los dichos

apoderados para que me (nos) representen ante cualesquiera entidades o

personas, ejerzan o no jurisdiccién, especialmente ante las del orden
administrativo, contenciosoadministrativo y judicial, asf como los
tribunales de arbitramento, en todo lo concemniente a los siguientes
asuntos: a) Obtencién de patentes de invencién, modelos de utilidad, y

disefios ndustriales; el registro de marcas de fibrica, colectivas, -

defensives, de servicio, lemas comerciales, nombres comerciales,
ensefias, nombres de dominio, variedades vegetaleés y denominaciones de
origen; su renovacién, traspaso, cambio de nombre o domicilio,
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in due compliance with the terms of paragraph 1st. of article 543 of the
Commercial Code, do hereby appoint EMILIO FERRERO, tpa. 31929;
GONZALO PERDOMO, tpa. 831; LUZ CLEMENCIA DE PAEZ, tpa.
23555 and DANIEL PENA, tpa. 65620, domiciled at Carrera 4* N° 7235,
Bogota, Colombia, the first as principal and the others as alternates, in the
order of their appointment, as our representatives for all industrial

" property matters with faculty to receive notifications and to appoint

attorneys in and out of Court. The first alternate shall replace the principal
in case of his absence or of temporal or definitive impediment. The same
rule will apply when the second altemate representative is to replace the
first one, or when the third is to replace the first or second alternates in
their tum, or both of them, second. In such cases, the principal

5/5
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, Reprmentacxén y Poder con autenticacion notarmr y Apostille
para patentes, modelos de utilidad, disefios industriales,
marcas de fibrica, nombres comerciales, ensefias, nombres
de dominijo, lemas comerciales, licencias.

representative, or the first or second alternates in their turn, or both of :

ﬂmn,slmﬁsmtetheirmtennonnottoactasrepmmmmwthmugha

declaration given before a Notary Public in Colombxa, or before a Notary
. or another Public Official or 2 Colombian Consul abroad; and in case of

impediment, the appropriate certificate shall suffice. If any of the

appointees were to be definitely absent, the following alternate shall take

- his place. When the absence or impediment of the principal

representative, or ofﬂxeﬁrsturseeond alternate in their turn ceases, the
representation can be taken agmn in their sequence, by the principal, the
first or second alternate depending on case, and the mere fact or its

‘exercise will suffice. The exercise of the representation by the first,

second or third alternates in their turn shall end at such time.

In addition, we grant a Power of Attorney in favor of the above_named
attorneys.at_law so that they, may_obtain the protection Qf my (our)
industrial property and aghifit ?&M%’%ﬁ% i,

esc fmam(m}mbffore any
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' arks siagans; %onnnerclal
names, trade emblemsgsa idesinin U
denominations of origin; its renewal, assignment, change of name or

domicile, voluntary cancellation; and the registration of licenses of use of

mns,uvgggtal‘ yyyarieties and




i
v

" cancelacién voluntaria; y €l registro de lizencies de uso de escs derechos;
b) Las acciones de competencia desteal, proteccion -del: consumidor,
oposiciones u observaciones, cancelacion administrativa y judicial,
nulidad, medidas cautelares, concesién de licencias, la tutela, la
proteccién de secrctos industriales, y en general los juicios civiles,
peneles, administrativos o contencioso_administrativos relacionados con
estos derechos; . acciones y procesos que promovamos O S¢ nos
promuevan. Y para que en todos los asuntos arriba = determinados,
puedan sustituir este mandato, transigir, conciliar, admitir los hechos del
proceso, desistir, cancelar, recibir, renunclar, y ratificar los actos de
agentes oficiosos.

the above rights; b) Actions of unfair competiticn, protection to the
consumer, oppositions or observations, ad!ninisn'aﬁve or Court
cancellation, nullity, infringement, granting of licenses, the action for writ
mandamuis, the protection of trade secrets, and in general the civil, penal,
and administrative suits relating to those rights; actions and suits
instituted by me (us) or against me (us). And that in all the above matters
they may substitute this Power of Attorney, compromise, conciliate, admit
the facts of the case, desist, cancel, receive, resign, and ratify acts done by
representatives without a power of attomey.

Dado y firmado hoy/Given and signed this May 11, 2007

en/in Tokyo, Ja.pan

pory DAIICHI SANKYO COMPANY, LIMITED

B: AP

‘ Firma TSutomu Une

Member of the Board and

Signature

Senior Executive Officer

»
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CER’i‘-IFlCACION NOTARIAL (SCCIEDAD)

E! infrascrito Notario Certifica: Que la firma que antecede de.

NOTARIAL CERTIFICATION (COVPANY)

The undersigned Notary certifies: That the preceding signature of
Tsutomu Une

es auténtica; que el signatario desempefia acmabnemé el rciarﬁgo
de |

1s au entxc, thft e% gn%tmz

r{ cfcté g.]n:l. 8°s'“°” of
Tc"jtn ~11 'l- IVE_

de la compaiiia DAIICHI SANKYO COMPANY, LIMITED

“of the company QAIIQHI §ANKYO COMPANY, LIMITE,D

sociedad que actualmente existe y esté organizada de acuerdo a
las leyes de _Jap6n '

a company currently existing and organized under the laws of -
Japan

que la direccién de dicha compafifa es _3-5-1; Nihonbasghi
Honcho, Chug-ku, Tokio 103-8426. Japdn

' that the address is 3-5-1, Nihopbaghi Hg;;gh o, Chuo-ku,

Tokyo 103-8426, Japan

y que el signatario tiene facultad para otorgar este documeénto,

: Todos los hechos anteriores le constan por haber examinado los
documentos respectivos y de todo ello da fe.

and that the signatory has the power to grant this document.

The Notary Public is aware and attests to the above facts upon
examination of the corresponding documents.

Uo y firmado en Given and signed in
EL_: On
El Notario Piblico - The Notary Public
: (Firma-sello) ' (Signature-s_eal)
\ APOSTILLE ‘
(Convention de La Haye du 5 octobre 1961)
1. - Country: tesseesrasrrensereessuaimnisanaonnanse
‘ ‘This public document .
| ‘ 2. hasbeensigned by .......cccceeerrerrenrnenns taereereranenenneees
\ ; 3. acting in the capacity Y rrraeseeesrasebabrennns cresnas '
. 4.  bears the seal/stampof ........c..cevurennnne e rerernasare e arans
|
- Certified
\
5.
| 2
8.
‘ 9.

© CAVELIER ABOGADOS
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NOTAR[AL CERTIFICATE Registration No £/

This is to certifv that the signature on the foregoing document

_is genuine and authentic signature of

Tsutomu Une, Member of the Board and Senior Executive Officer of
DATICHI SANKYO COMPANY, LIMITED,

a corporation existing and organized under the laws of Japan,
who has produced sufficient proof of his power to execute the

said instrument on behalf of the ébove-mentioned corporation.

MAY 14 2000
/_Toxvo LecaL Arras BuReay ) - :
( ym%M?UQSAR'XO Y% " TADAHIKO MITSUDA -
. CHYODAKY NOTARY
. JOKYO JAPAN _,

DE BOGOTA, HAGO ¢ 1
: \ ONST, .
OTOCORIA COINCIDE CONg O

{a






Libro de registro 2007 No.897

CERTIFICADO
Takashi Sireco, delegado del solicitante,e] Gerente de SanchlSankyo Coltd
Tsutomu Une, manifesto ante el suscrito que dicho sefior reconoce la firma
_que aparece en el documento adjunto.

Por lo tanto certifico que esta firma es autentica. e

Mayo 14, 2007, en el despacho notarial

2-1-1, Uchisaiwai-Cho, Chiyoda-Ku, Tokio.

Notario adscrito al Departamento de Asuntos Juridicos de Tokio
Tadahike Mitsuda (firma y seflo oficial)

CERTIFICACION
Certifico que Ia firma que aparece arriba es del notario adscrito al Departagenton
Asuntos Juridicos de Tokio, y su sello estampado en el documento takg

Mayo 14, 2007
Director del Departamento de Asuntos Juridicos de Tokio
Nobuhisa Toda -sello oficial-

La presente traduccion oficial s¢ ba efectuado bajo amparo de APOSTILLE
No. 001649 del Ministerio de Asuntos Extranjeros del Japon con fecha Mayo

14 2007, y esta firmado por Kazutoyo Oyabe.

'Traductor Oficz'dl
Japonés - Espaiiol
Tsutomu Muramagsy

i eaclucidn. No. 909 'Mayoé‘ 1987
Y‘Jﬂ /wjar RO it an,

DE BOGOTA '-"
- HAG

TaR #
?{ FOTOCOPIA comcme NE ..Lno;\::gm':f
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| 3. quien actda en su calidad de notario de la Oficina de asuntos
|

juridicos de Tokio

|

\ 4. y lleva el sello/estampilla de TADAHIKO MITSUDA
| :

|

CERTIFICADO

5. en Tokio, 6. el 14 de mayo de .2007

7. por el Ministerio de Asuntos Exteriores

8. 07-nc.001649

9. Sello: MINISTERIO DE ASUNTOS EXTERIORES, JAPON

10. Firma:

KAZUTOYO OYABE a nombre del Ministro de Asuntos

Exteriores.

COLO- 15869-845-001~8

. WPCL002G ID 9090

- Bogota, 13 de agosto de 2007.
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(57) Abstract: Disclosed is a novel
low toxic compound bhaving an
excellent immunosuppressive action
or a pharmacologically acceptable
(1) salt theréof. Specifically disclosed
is a compound represented by
the general formula (I) below, a
pharmacologically acceptable  salt

thereof or a pharmacologically acceptable prodrug thereof. (1) (In the formula, A represents a carboxyl group or the like; B

& represents a hydrogen stom or the like; V represents a single bond, & methylene group or the like; n represents an integer of 0-2; W
€ represents a 5- 1o 7-membered heterocyclic group or the like; and Z represents a group or the like selected ﬁ'om a substituent group
o A consisting of hatogen atoms, C,-Cg alkyl groups, C;-Cy cycloalkyl groups and the like.)

W

B%H]



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 begn 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 to 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 préviously
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
imunoéuppressive 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.

FP0605s P95710/translation of PCT specification/acf/28/09/07




For example, the following compounds shown below are disclosed

in Patent Literature 5.
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For example, the following compounds shown below are disclosed

W,
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in Patent Literature 6.
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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 number WO 03/062252

pamphlet

[Patent L:.tera\‘:ure 2] Internatlonal publication number WO 03/105771

FPO60Ss P95710/ransiation of PCT specification/ac{/28/09/07



pamphlet

[Patent Literature 3] Intermational publication number WO
2004/058149 pamphlet

[Patent Literature 4] International publication number WO
2004/103306 pamphlet

[Patent Literature 5] International publication number WO

.2004/103309 pamphlet

[Patent Literature 6] International publication number WO
2005/000833 pamphlet

[Non-patent Literature 1] Kidney Intermatiomal, Vol. 51, 94 (1957)
[Non-patent Literature 2] Journal of Immunology, Vol. 157, 4691
(1996)

[Disclosure of the Invention]
[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 discovered novel 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,
ostecarthritis, dermatomyositis,'scleroderma, Behcet's syndrome,
Crohn’s disease, ulcerative colitis, autoimmune hepatitis, aplastic
anemia, idiopathic thrombocytopenic purpura, autoimmune hemolytic

anemia, multiple sclerosis, autoimmune bullous dermatosis,

psoriasis, vasculitis syndrome, Wegener's granulomatosis, uveitis,

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

glomerular sclerosis, crescentic glomerulonephritis, myasthenia
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_"-'demtatitis, photoeenea.tivity. pressure ulcer,' Sydenham s chorea, g

._‘7_.::Zscleroe:us, adult onset type diabetes mellitue, ineulin dependent
“'-,diabetes mellitus, juvenile dmbetes mellit _:a,- a.theroeclerosis,

S }glomerular nephritis, IgA nephropathy, tu:bulointeretitial nephritie, ;' |

T j. }primry biliary c:n.rrhosie, primary ecleroeing cholangitis, g o
: ';_;fulminant hepatitis, _v:.ral hepatitis, GVHD com:act dematitis,
o __s_:.N'eepsis, and the like, or other :meune-related diseesee, and in.

3 "-addition, for mfection dieease caused by fungus, mycoplaema, virue, o

and protozoa, for cardiovaecular diseases su "h as. cardiac failure,

, cardiac hypertrophy, arrhythm:.a, ang:s.na, oardiac 1schem1a, art:erial
EA -embolus, aneuryem, varix, a.nd d:.st:urbance of blood circulation, for
~ dentral nervoue eystem diseases such as.Alzheimer‘ 8 disease dementia, s

o , ';,Parkinson's diseaee, strok.e, cerebral_infarcticm, cerebral iechemia,
o : ‘depreseion, depresaion and wania, schizophrenia, Huntlngton'e
K ‘ _-_’”""_--'_'t-’_)‘"chorea, epilepey, convulsion, attention deficu.t: hyperactivity

e dieorder (ADHD) ' encephalitis, vmem.ng:.tis, a:aorexia, and Halln
'hyperphagia,\ and for var:.ous other diseases euch as lymphomatosis, :

‘: 1eukem:.a., polyur:.a, frequent urination, diabetic ret:inopathy, and
o the like (partioularly useful against rejection symptoms :Ln N
;ransplantation of various organe or in skin tiesue grafting, and

agamet autoimmune diseases such ae systematic lupus erythematosus,
A -f..ohronic rheumatoid arthritis mult:,ple eclerosme, atop:l.c: dermat:itls,
IR and the like) and coneequently the inventors completed the present

- . i toxicity, pharmacologically acceptable salts thereof , and
o 'pharmacologically‘ acceptable p::odrngs thereof., D

[Means to achieve the object]

E ,-.-;'f_:_'general formula (I) of the present 1nvention, pharmacologically g
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thereof (hereinafter expressed as “a compound of the present
invention” in some cases) have excellent immunosuppressive activity
with low toxicity 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.XW.V\

[wherein

A represents a carboxyl group, a phospho group, a sulfo group,
or a lH-tetrazol-5-yl group,

B represents a hydrogen atom or a group selected from Substituent
group A,

n represents an integer of from 0 to 2,

V represents a methylene group which' may optionally be
substituted with substituent (s) selected from Substituent group A
or -a single bond,

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, in the case that V represents a methylene group
which may optionaily be substituted with substituent (s) selected from
Substituent gi'oup A, while in the case that V represents a single
bond, W represents a fused ring heterocyclic group which may
optionally be substituted with £rom 1 to-3 substituents selected from
Substituent group A,

X represe;-xts' a C;-Cy alkylene group which may opt:ionally be
gsubstituted with from 1 to 5 substituents selected from Substituent
group A, a C,-Cs alkylene group containing an oxygen atom or a sulfur
atom in the carbon chain which may optionally be substituted with
from 1 to 5 substituents selected from Substituent group A, a C¢-Cyp
arylene group which may optibnally be substituted with from 1 to 3

FPO605s P95710/translation of PCT specification/act/28/09/07



substituents selected from Substituent group A, a 5- to 7-membered
heterocyclic' group 'which' may -optionally be substituted with from 1
to 3 substltuents selected from Substltuent group A, or a fused ring
heterocycl:.c group which may optionally be substituted with from 1
to 3 subst,:..tuentsv selected from Substituent group A,
' Y repre‘senté a Cg-Cyo arylene group which may optionally be
_substituted with from 1 to 3 substituents selected £rom Subst:n.tuent
- group A, a 5+ ‘to 7-membered heterocyclic group which may optlonally
be substitutedwith froml to3 substituents selected from Substltuent
group. A, or a fused ring heterocycllc group which may opt:.onally be
substltuted with from 1 to 3 substituents selected from Substituent
group A, ,
7 representa a group selected from Substituent group A, a C-Cg
alkyl group which may opt:.onally be substituted with from 1 t;o_ 5
substituents sél‘ected from Substituent group A, a C;-Cs; alkyl group

| ‘ conta:.m.ng an oxygen atom or a sulfur atom in the carbon chain whn.ch-

| o may optionally be substituted with from1l to 5 substituents selected
N from Sub_s;ituent group A, a C-C cycloalkyl group which may
optionally be substit;uted with £rom 1 to 5 substituents sélected from
Substituent group A, a Ce-Cio aryl group which may optionaily be -
sub's't--itﬁted with from 1 to 5 substituents selected from Subétituent
group A, a C-Cyy aryloky group which may-dptionally be substituted

|

|

\

\

i

‘ with from 1 to 5 substituents selected from Substituent group A, a

i Cg-Cio arylthio group whiéh may oﬁtionally be substituted with froﬁi

‘ l1to5s sgbstitue’nts‘ gelected from Sxmgtituent grou;i Af ' g_ Cs-Cyp &ralkyl
group which may optionally be substituted with from 1 to 5

! substituents selecﬁed ‘from Substituent group A, or a ;:s-cm

i . ' ‘arylcarbonyl group which may optionally be substituted with from 1

| ) to 5 substituents selected from Su:bstituent grouva,

| Su.b_stituént‘group Arepresents the group consisting of a halogen

..atom, a cl#cs alkyl group, a C;-C; cycloalkyl group, a C¢-Cye aryl group,
‘a 'cs-cm éry'loxy group, a Cs-Cip aralkyl group, a halogeno C,-Cg alkyl
g;bup, a C;-C¢ alkoxy group, a halogeno C;-Cs alkoxy grouﬁ, a C;-Cq
alkylthio group, a carboxyl group, a C,-Cs alkylcarboxy group, a
hydroxyl group, a C1-Ce aliphétic aéyl group, an amino gxfbup, a
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mono-C;-Cg alkylamino group, a di-C;-Cg alkylamino' group, a C;-Cg
aliphatic acylamino group, a cyano group, and a nitro groupl, a
pharmacologically accéptable salt thereof, or a pharmacologically
acceptable prodrug thereof, and preferably,

(2) a compound as described in (1) wherein B is a hydrogen atom, or

a pharmacologically acceptable salt thereof,

(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 any one selected £rom (1) to (3) wherein
n represents an integer of 0, ora p_harmacblogically acceptable salt
thereof,

(5) a compound as described in any one selected from (1) to (4) wherein
V represents a methylene group and W represents a 5- to 7-membered
heterocyclic group which may optioné.lly be substituted with from 1
to 3 substituents selected from Substituent group A, or a
pharmacologically acceﬁtable salt thereof,

(6) a compound as described in (5) wherein the 5- to 7-membered
heterocyclic group represents a thienylene, furylene, pyrrolene or
pyridylene group, o.;c a pharmacologically acceptable salt thereof,
(7) a compound as described in (5) wherein W represents a thienylene
or a pyridylene group which may optionally be su.bstituted with 1 to
2 substituents selected from Substituent group A, or a
pharmacologically accepcable salt thereof,

(8) a compound as described in (6) wherein the thienylene or
pyridylene group represents a group shown below, respectively, or

&

a pharmacologically acceptable salt thereof,

a.
'or*

(9) a compound as described in any one selected from (1) to (4) wherein
V represents a sgingle bond and W is 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
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(10) a compound as described in (9) wherein W represents a fused ring

salt thereof,

heterocyclic group or a pharmacologi_cally 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 pharmacoclogically acceptable salt thereof,

(12) a compound as described in (11) wherein the fused ring
heterogyclic 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 seiected from (1) to (13)
wherein X represents a C;-C; alkylene group, a C,-Cs alkylene group
containing an oxygen atom or a sulfur atom.in the carbon chain, a
Ce-Cipo arylene group, a 5- to 7-membered heterocyclic group or a fused
ring heterocyclic group, or a pharmacologically acceptable salt
thereof,

(15) a cbmpound as described in any one 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 selec:ted
from Substitue’nﬁ group A, and a fused ring heterocy*clic group which
may optionally be substituted with from 1 to 3 substituents selected
from Substituent group A, or a pharmacologically acceptable salt
thereof,

(i7) 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, o_f a

FPO605s P95710/translation of PCT specification/acf/28/09/07



11

pharmacologically acceptable salt thereof,

(18) a compouhd as described in any one selected from (1) to (15)
wherein Y representé 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 Cs—Cm 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:

Co,H

R3
R O‘@_QO-N s gﬁ
R5*© W (1)

RZ Rl

[wherein
R' represents a hydrogen atom or a C;-C¢ alkyl group, .
R® represents a hydrogen atom or a C;-Cg 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¢ alkyl group, or a CI—CS alkoxy group, and
R® represents a hydrogen atom or a halogen atom], or a
pharmacologically accéptéble.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 compqund'as described in any one selected from (21) or (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 compbund as described in any one selected from (21) or (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) or (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 Rré v -
R )] CO,H

[wherein

R® represents a hydrogen atom or a Cl—Cs alkyl group,

R’ represehts d hydrogen atom, a halogen atom, or a C,-Cg alkyi
group, and

R® represents a C;-Cs alkyl group or a C;-C¢ alkoxy groupl, or a
pharmacologically 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 pharmacologicaliy
acceptable salt ‘ther‘eof., ‘
(29) a compound as describéd in any one selected from (27) or (28)
wherein R’ represents a hydrogen atom, a fluorine atom, a chlofine
atom, or a fnéthyl group, or a pﬁarmécologicavlly acceptable salt
thereof,
(30) a'compéugd as described in any one selected from (27) to (29)
wherein R® represents a n-propyl group, a n-butyl group or an isobutyl
group, or a pharmacologically accepﬁable 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—{(45{5—[4—Phenyl—5-(trifluoromethyl)-2—thieny1]—1,2,4-oxadiazo
1-3»yl}—2—fur§l)methyl]azetidine-B—carboxylic acid,

1-({5-[5- (4-Isocbutylphenyl)-1,2,4-0oxadiazol-3-yl] -2-furyl }methyl
)azetidine-3-carboxylic acid,
l—({5—[5-(4—Cyclohexylphenyl)-1,2,4~oxadiazol-3—yl]*2-furyl}meth
yl)azetidine-3-~carboxylic acid,

1-(2-{5-[4~Phenyl-5- (trifluoromethyl) -2-thienyl] -1,2,4-oxadiazol
~3-yl}-4,5,6,7-tetrahydro-1-benzofuran-4-yl)azetidine-3-carboxyl
ic acid,

1- ({5-[5- (4-Phenoxyphenyl) -1,2, 4-oxadiazol-3-yl] -2-thienyl }methy
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-oxadiazol-3-yl] -2-thienyl }methyl
)azetidine-3-carboxylic acid, A |
1-({4-[5-(1-Isobutyl~-1H-indol-5-yl)-1,2,4-oxadiazol-3-yl]-2-thie
nyl}methyl)azetidine-3-carboxylic acid,
1-({6-[5-(4-Isobutylphenyl)-1,2,4-oxadiazol-3-yl]lpyridin-3-yl}me
thyl)azetidine-a—carboxylic acid, and

1- ({5-[5- (4-Iscbutylphenyl)-1,2,4-oxadiazol- 3~y1]pyr1d1n 2-yl}lme
thyl)azetldlne -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- carboxyllc acid, .
1-({4-Methyl-5-[5- (4-phenoxyphenyl) -1, 2, 4-oxadiazol-3-yl] -2- thie
nyl}methyl)azetidine-3-carboxylic ac1d

1-({5- [5 (3-Fluoro-4-phenoxyphenyl) - 1 2,4-oxadiazol- -3-yl] -4-meth
yl-2-thienyl}methyl)azetidine-3-carboxylic acid,
1—({4~Ethy1—5—[5—(4—phenoxypheny1)—1,2,4?oxadiazol—3-yl]-2—thien
yl}methyl)azetidine-3-carboxylic acid,
1-{(4—Ethyl-5-{5-[4-(3—flu6fophenoxy)phenyl]-1,2,4—oxadiazol-3~y
1}-2-thienyl)methyl)azetidine-3-carboxylic acid,
1-({4~Ethy1—5—[5-(3—fluoro—4éphenoxyphenyl)-1,2,4—oxadia201-3—yl
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"-2-y1}mathyl)azetid1ne~3 carboxylic acid e L i D
e *({5~[5 (3~ Chloroh4 1sobutylphenyl) 1, 2, 4—oxad1azol 3-yl]pyr1d1 fA 'v
_,f f}_g2 yl}methyl)azetldine~3 oarboxyllc ac1d,iv; PR ‘.__,:g‘*r';“;
ojf5514({5 [5 (4 Isobutyl 3~methylphenyl) -1,2, 4 oxadiazol 3—y1] S—met‘i.i"'
'-ojghylpyrldin—z-yl}methyl)azetidine ~3- carboxyllc aoid,\o_. f_‘? 7 g
\;1 ({5 [5 (3 Fluoro 4~propy1phenyl) -1,2, 4moxad1azol 3~y1] 6~methy'g;j
- yl}methyl)azetidmne 3% carboxylic acid,: ,"' ">M;-‘ o:; 1
'”fl ({5 [5-(a~ Butyl 3= fluorophenyl) -1,2, 4~oxadia201 3-y1] Gamethyl_ﬁtL 
_‘% ¥pyridin-2-yl}methyl)azetid;ne 3 carboxylic acid st .f;“_‘.
'fgjl ({5 [5- (B“Fluoro 4+ lsohutylphenyl) ~1, 2 4 oxadlazol 3—yl] 6~met_ﬁ-f@f“'
;yw;hylpyrldin-24yl}methyl)azetldine 3~ carboxylic aCld o :,"1;
;,ﬂfll ({5-[5 (3- Chloro 4~isobutylphenyl) 1,2,4»oxadiazol 3~y1] G-metiff
_‘ fohy1pyr1din~ ~y1}mathy1)azetidine-3~carboxylic acid, ‘\‘H‘ f‘o \H
L . 1-{{6-Bthyl-5-[5- (4—"aobuty1 3-methy1phonyl) 1,2 4- oxadlazol 3-y""’“
& '§;l]pyr1d1n~24yl}methyl)azetidlne 3- carboxylic acld e s y i
[5~(3 fluoro~ *propylphenyl) 1,2,4 oxadlazol 3—y1]_57~1:" L

: ‘ 'ﬁ"‘_--":"""l ({6 Eth"‘ 5-

S ey ‘ }methyl)azet1dine~3 carboxyllo acid,-_' TR S
’ » ';'?Hflﬁ({S [5 (1{Butyl 3= fluorophenyl) 1,2, -oxadiazol 3hy1} 6~ethy1p;.;f

S yridin-2 -yl}mothyl)azetidlno—B carboxylic acid,~,,.¢,“ e ,\”f”

SN ooil ({6- Ethyl 5- [5- (3- fluoro—4 ioobutylphenyl) 1 2,4- oxadiazol 3~y@§gf
. wf"fﬁil]pyrldin~ :yl}methyl)azetidine 3-carboxylic acid, and & ”ii_
; _”o' f!l ({5 [5- ( ;Chloro 4- isobutylphenyl) ~1,2,4- oxadlazol 3 yl] GVeth'l_’
B :f-i sﬂé\ylpyrldlnMZvyl}methyl)azetxdlne 3 carboxylic ac1d Furthermore, i.v
\ '”'::Mfthe present invention pxovides'” T i

‘?,"?,:‘ R E

e (34) a medicinal _compos:.tion oompr:.sing one or two or more oompounds'f‘;_; _ i e

Co fas deaoribed 1n‘any ‘one selected from (48 or (33) aa an aotlve
o _ff;?ingredlent, or afpharmacologioally acoeptable salt thereof S SO )
| . 6 (35) a medicmal composition as stated in (34) wh:Lch can be used for_ A

‘; -Vf;.,€7suppressf

Limmunological rejection symptoms occurring after skln‘
-'g}tissue graftiﬂg or transplantation of various organs,

e 1(37)anmdioinalcbmpositionasstatedin(36)whereinsaidautozmmune-**5:-”
,.Q?diseasa is one_or two or. more condltlon(s) selected from the group _if'
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muitip.le 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) a method for prophylaxis or therapy of autoimmune diseases which
is characterized by administering an effective dose of a
pharmaceutical compbsition 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

digease.

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

The “5- to 7-membered heterocyclic group” in the definitions of
W, X, and Y in the above formula is, for example, a 5- or 7-fnembered
aromatic heterocyclic group containing one 'or more (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 can be concretely a thienylene, furylene,
pyrrolylene, imidazolylene, pyrazolylene, thiazblyléne, .
isothiazolylene, oxazolylenme, 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 repfesents a substituent in which the “5-
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N : -te 7-membered heterocyclic group" described above is fused with other |

: "._?"-"CYCMC group(s). a.nd concret:ely, a 9- to 14~membered (preferably, :', u
'-‘:::ffi -\ 'a 9- or 1o-membered) fused multi ra.ng aromatic heterocycl:.c group- L
. ’conta:.m.ng ‘one or more heteroatoma (for example, from 1 to 3 i

; '_._fheteroatoms) selected from a nlt;rogen atom, a sulfur atom and an .

_ :-‘,joxygen atom in additlon to carbon atoms, whioh has two posltions S

-_-'-avaq.lable for bondlng, a.nd .'J.S preferably a bicyclic, tricyolic, or. ’

e tetrac:yclic group and more preferably a bicyclic group, and can be, R
for example, abenzothienylene benzofuranylene, benmmidazolylene,‘;’_i_ e
“ﬂbenzoxazolylene, benzot:h:.azolylene, benzisothiazolylene, o |

naphthotz 3—-b] thiophenylene, isoquinolylene, quinolylene,
‘:Lndolylene, quinoxalinylene phenanthrid:.nylene, phenothiazlnylene, s

_Phenoxaz:.nylene, phthalaz:r.nylene, naPhtthlﬂlnylene,

quinazolinylene: ca_nnolinylene, carbazolylene, B carbollnylene,
o ":-~__{__:_1§-acridinylenea phenazinylene, phthal:.m:.doylene, e ST s
. | ‘ - (thioxanthenyl)tetxahydroqumnolylene, tetrahydrolsoquinolylene, :
R ‘.:.1_;",;tetrahydr01nd01}flene, _ tetrahydr0b3n2°f“ranylene' H .

| i tetrahydrobenzothlenylene, o

5,6~ dihydro "4H-cyclopenta [b] furanylene, :
5, 6~ d:.hydro-%H ayclopenta [b] thienylene, or |

R LT

1 4 '5,6- tetrahydrocyclopenta tb]pyrrolylene group,
W 1s preferably a tetrahydrobenzofuranylene,

5,6~ dihydro 4H cyclopenta [b] furanylene, ‘_:.-:-_‘.é.__;._-;.,,_ L L
__-;f._:_fls 6~ dlhydro 4H-c1rclopenta [b] thlenylene, or PSRN o
Sl 4 5 6~ tetrahydrocyclopenta [b]pyrrolylene group, or the 1 ike and;ufﬂ] -

’ -_‘_.\__;tetrahydrobenzotha.enylene, !;etrahydr01ndolylene,
\
|
|
|
|

: Y 19 preferably an indolylene group SR S
. _ :  The C;L o alkylane group dn the def:.mtlon of X :Ln the all'.vcﬁrel”l
R formula representa ‘a straz.ght or branched c;—c, alkylene group, and L
| can be, for example, a methylene, ethylene, propylene, butylene,

T j‘_'":i.pentylene, hexylene, hePtylene, octylene, isopropylene, -butylene,
—butylena, 3 3~ d:.methylpropylene, or 4, 4-d:|.met:hylbutylene group,_‘_ A

or the llke, and J.s preferably‘ a methylena, ethylene, or propylene‘
'-‘f\-group. S e f e TR R ' oy

oRsess
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i an in denyloxy group, or a naphthyloxy group, and 1s preferably a,

,."phenyloxy group. S % ST U AL B 9
g The “cs-cm arylthio group" in the deflnitlon of z J.n the above :f

i ormula can be for exemple, aphenylthio group, an 1ndeny1thio group, e

_oi:‘ a naphthylthlo group, and is prefera.bly a; phenylthlo group. E ".
L ; - The.: “cs~c1,, aralkyl group :.n t:he definit:mn oﬁ Z :.n t.he above :
formula. can be, for example, a benzyl group, an indenylmethyl group, '- -
. ,or a naphthylmethyl group, a.nd is preferably a benzyl group |

The Cen c,, arylcarbonyl group in the defim.tlon of Z in the above IR

| formula can be, for example v a benzoyl group, an 1ndeny1carbonyl group,: N

L or a naphthylcarbonyl group, and 1s preferably a benzoyl group.

»the above formula :Le a fluorine atom, a chlorine etom, a bromine atom' o
. ox- an :Lod:me atom L - T

.'The “halogen atom” in the definition of Substltuent group A in -

o The “Cl-ce alkyl" group in the definition of Substltuent group'_’
. _._A :Ln the above fo:mmla can be, for example, a methyl group, an ethyli‘,

'\j'_"'"'_'{_,f-'groupa a propyl group, an 1sopropyl group, a butyl group, ‘an mobutylf,_. ‘ LY
. g;:-01.3.,1,:’, a s-butyl group, a t-butyl group ;.a pentyl grou o, a.n J-Bopentyl-"?.”--_' ‘
o group, or a hexyl g:r:oup ’ and ig preferably a methyl group, an: ethyl_l{__ L

_ ':_.._;:j group, a propyl_f_ group, an’ isopropyl group ' or -an isobutyl group

. The “halogeno C;,-Cs alkyl Qroup in the def;mition of Subetmtuent‘ E

o __-;:f_group A 111 the above formula represents a group whereln a Cl—cs alkyl', =

e group degcr]_bed ‘above is aubstituted as much as’ poss::.ble with a
‘-halogen atom, and‘cgan be, for example, a fluoromethyl group, a

Lo "-_'.difluoromethyl group, a trifluoromethyl group, a fluoroethyl group,'f' : '
o .v':-} ‘a d:,fluoroet;hyl group, a trifluoroethyl group, a fluoropropyl group,, '

" adifluoropropyl group, a trifluoropropyl group, a fluorobutyl group,

'?{f_-a difluorobutyl group, a trlfluorobutyl group. a fluoropentyl group,

a difluoropent‘.yl group, a trifluoropentyl group, a f luorohexyl group, N

5 a d:.fluorohexyl group, a trifluorohexyl ng,up, e pent. a fluoroethyl”-" ‘
ﬁ_-';v:_group: a hexafluoropropyl group, a nonafluorobutyl group, :

_.‘.}.._chloromethyl group, a diohloromethyl group, a trichloromethyl group, R

a chloroethyl group, a dn.chloroethyl group, a trichloroethyl group,

a3 a chlorop‘ropyl group, a di chloropropyl group, a trlchlorop:ropyl g::oup ' i:: |

A msﬂofmwﬁmfmwwwm@’ﬁ”




_}a chloropentyl group v a d:.chlorcpentyl group, a trichloropen’cyl group
- chlorohexyl group, a dichlorohexyl group, a tr:.chlorohexyl group,

‘onachlorobutyl group‘ and is preferably a fluoromethyl group,
,:.fluorometzhyl group, a trifluoromathyl group, a fluoroethyl group, :
& di fluoroethyl group, a tr:.fluoroethyl group, a fluoropropyl group,
difluoropxopyl group or a tr:.fluorOpropyl group, _ and more L.
'.referably a flucromethyl group, a difluoromet;hyl group,
'rifluoromet:hyl group ia fluoroethyl group, a dlfluoroethyl group,
.:_or a trifluoroethyl group

The “Ci Cs. alk‘ xy group” :m the definition of .Subatltuent group_‘__;

.\;“VA in the above formula represents a group where;m an oxygen atoin ia*

‘\:-:'_‘Wbonded to the cl-cs alkyl g:r:oup described above, and :Ls preferably. 4

a_methoxy group, an ethoxy group, a prcpoxy group, an isopropoxy group, o

oF a butoxy group, and mo:re prefez:ably a methoxy group: or: ‘a.n ,ethoxy e

'I'he “cl Cs alkylthio group” in t:he def:.nition of Substituent group
in the above fo:mula representa a group wherein a. sy ‘fur atom is SO

_-:-bonded to. the Crcs alkyl group described above, and‘ a_ipreferably f'.'-’
: s;v_"methylthio group,= an et:hf _lthio ‘group; a propylt:hio group, an

":_':"""_:1.sopropy1thio group, or a butylthio group,*’an,d more preferably a

ethylthio group or: an ethylthio group. o

The “Cl*Cs alkylcarboxy group in the definit:.on of substa.tuent

% group A J.n the above formula represents a group wherein a carboxyl'ﬁfi'

‘I‘he “cpcs al.tphatic acyl group in the def:mition of Substituent
; "u-'group A J.n the above formula represents a grcmp where:m a carhcanyl




“ propylcarbonylamino group* A

o .n is: preferably 0. -
-V is preferably a methylene group

L FRO0ss et résno;m@mfmmm@mmmﬁ”'
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o propylcarbonyl group, a butylcarbonyl group, apentylcarbonyl group, S
woera hexylcerbonyl group, and i8. prefera:bly an acetyl group, an
pt ethylcarbonyl group. or a propylcarbonyl group

The “mono C),*"Cs alkylamino group“ in the deflmtlon of

g : :' _;“_,__‘_"‘Subetituent group A m the a.bove formula represents a group wherem_‘"- _
o en amino group ia bonded t:o the C;-—Cs alkyl group described above, o

: C:and is preferably ‘a methylam:.no group, a.n ethylamino group,‘ . . ‘
e ,propylammo group, an iaopropylammo group, or a butylamno group_ :
_and more preferably a methylamno group or a;n ethylammo group ;
‘I'he “di c, c, alkylamino group in the deﬁinition of Bubetituent .
3 group A :.n the above fomula repreeenta a group where:m two c,-c, alkyl‘ ‘ “ i
;;_‘__-_\,'groups described. above are bonded to one amino group, -and is,. for |

' exemple, prefera.bly a dimethylamino group, _a diethylamino group, ‘
d:.propylamlno group, a d;isoproprylamno group, or a dibutylemlno ;
7 group, and more prefe:cably a dimethylamino group or a diethylam:.no. '_
o .group oS Y VL

'I‘he “C1~Cs aliphetic acylamino group" :m the definition of

Subetltuent group A in the above formula represents a group wherein"
ia c:arbonyl group is bonded to the c,«c, alkyl group and add:.tionally, .
o such c:arbonyl group ie bonded an amino group, and. can, be," for |

o i_iexample, a.n acetylamino group, an ethylcarbonylamino group, :
- ’propyloarbonylamino group, a butylcarbonylamlno group, : _
-f-:?'*'.'pentylcarbonylam:.no group, or:a hexylcarbonylamlno group, and :Ls_.‘-' R
| 'preferably en aoetylamino group, _an ethyldarbonylammo group P or a_‘ ‘

PR S

i In" the compound having the general formula (I) of the preaenbji': :
_"‘_"invention, A ig: preferably a carboxyl group : o

Bis preferably a hydrogen atom. e

B . "‘W is preferahly & 5 to 7—membered heterocycllc group wh:.ch may

R Acompound having the general formula (I) of the presem: :anent:Lon' 3 :
Ll ‘is preferebly a compound hav:.ng the general fo:mula (I ) or a compound e
"'_h.aving the general formula (I") _‘ : ‘ R SRR o




"terocycln.c group R A
Y is preferably any one grou selected frcm the group consist:ing

of_'a phenylene group, a 5~ to '7 ‘mbered heterocycl:.c group which 15

may optz.onally be aubstit;uted withﬁfrom 1 to3 substituents selected
frbm Su.bstituent group A, and a fused r:mg heterocyclic g:coup which
may. optionally be subst.ituted with from 1 to 3 stfostltuents Selected

from Substit:uent group A,’ 'more prefera.bly a phenylene group, or a

thieny‘lene, jpyridylene or indolylene group which may optionally be
"stituted with from 1 tc 3 substituents selected from Substituent
a stil 1 more preferably a phenylene or pyridylene gxoup




ethyl group

. group

Such salt :Ls deacnbed heremafter

o R is’ preferably a hydrogen atom,‘ a _fluorine atom, a chlor:,ne"

atom or a methyl group

The pharmacologically acoeptable aalt::thereof" described

: : herelnbefore means a salt wh:.ch can be prepared by reacting a compound i :
" ha.v:.ng the general formula (I) of the present :i.nvent:.on having an
i acldic group or a bas:.c group, and can be prepared aa a base salt o

or - an acid salt by reaoting with a base ,or an aczd, respeotively P

'I'he pharmacologically acceptable” “basic salt" of a compound o '
having the general formula (I) of the present invent::.on J.S preferably-.._
an alkali metal aalt sv.ch as sodium salt, potass:.um salt:, or 1ithium
salt an alkal:.ne earth metal salt such as magnes:.um salt or calcn.um
. salt, an organic base salt such as N—methylmorphol:.ne aalt, o
tr:.ethylamine aalt tributylamne salt, di:.sopropylethylamme salt, fn
dicyclohexylamine salt:, N-methylpn.pemdine salt, py'rldine salt,_ _

-pyrrolzdn.nopyridlne salt or picohne salt, or an amino acid salt

L such as glycine aalt, lysine salt, arg:.nine. salt, ornithine salt,
: _iglutamic ac:;.d salt or aspartic acid salt The salt is preferably =
' an ‘alkali metal salt 3 ERR g

. The pharmacologically acceptable “acid salt" of a: compou.nd

y-‘?-;:fhaving the gene:ral formula (I) of l;he preaent invent:.on is preferably o
| ‘an ino:cganio ac:l.d salt, for example, a hydrohalide such as e
"hydrofluoride, hydrochloride, hydrobromide, Ox hydron.od:.de, a i
.v\,,,.nitrate, a perchlorate, a sulfate, a phosphate, or the like, an
organic acid salt, for example, a lower alkanesulfonate such as
| ‘methanesulfonate, trifluorbmethanesulfonate, or. ethanesulfonate,

an arylsulfonate auch as benzenesulfonate or p tolueneaulfonat:e,
| aoetate, a malate, a fumarate, a Suoca.nate, a citrate, an ascorbate, -

a tartrate, an oxalate, a maleate, or the llke, or an am:.no ac:.d salt
such as glycine salt, lysn.ne salt, arginine aalt ornith:.ne salt,
) :‘,glutamio ao:.d salt, or aspartn.c ac:.d salt, and most preferably a

S
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present invention, a single optical isomer and mixtures of optical
igsomers 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 general 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 ‘bevlimited to these c,ompounds. |

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 logicaily'determined depending on

the nature of atoms substituted.

N - straight chain
iso

c . . cyclo

Me meﬁhyl group
MeO methoxy group
Et ethyl group
Bn benzyi group
Bu butyl group
Hex hexyl group
Ph phenyl group

FP0605s P95710/translation of PCT specification/acf/28/09/07



1-26
i-27
1-28
1-29
1-30
1-31
1-32
1-33
1-34
1-35
1-36

1-37 -

1-38
1-39
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1-41
1-42
1-43
1-44
1-45
1-46
1-47
1-48
1-49
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1-51
1-52
1-53
1-54
1-55
1-56
1-57
1-58
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1-60
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N -CH=CH-
N -CH=CH-
-N -CH=CH-
N -CH=CH-
N -CH=CH-
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1-61"°

1-62
1-63
l-64
1-65
1-66
1-67
1-68
1-69
1-70
1-71

1-72 -

1-73
1-74
1-75
1-76
1-77
1-78
1-79
1-80
1-81
1-82
1-83
1-84
1-85
1-86
1-87
1-88
1-89

1 1-90

1-81
1-92
1-93
1-94
1-95

FP060S5s
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28

CH -N=CH-
CH -N=CH-
CH ~N=CH-
CH -N=CH-
CH -N=CH-
CH S

CH S

CH s
CH S

CH s

CH o]
CH 0

CH 0
CH o)

CH 0]

CH NMe
CH NMe
CH NMe
CH NMe
CH NMe
S CH

S CH

S CH

S CH
-8 CH

o] CH

0 CH
0o o
0 CH

0 CH
NMe CH
NMe CH
NMe CH
NMe CH
NMe CH
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1-96
1-97
1-98
1-99
1-100
1~101
1-102
1-103
1-104
1-105
1-106

1-107

1-108
1-109
1-110
1-111
1-112
1-113
1-114
1-115
1-116
1-117
1-118
1-119
1-120
1-121
1-122
1-123

1-124.
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1-130
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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=¢H-

- 1-137 i-Bu CH O N N -CH=CH-
1-138 c-Hex CH O N N -CH=CH-
1-139 PhO CH N -CH=CH-
1-140 Bn CH 0 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 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 CH s
1-148 c-Hex CH O CH s
1-149  PhO CH O N CH s
1-150 Bn CH O N CH 8
1-151 n-Bu CH O N CH o)
1-152 i-Bu CH O N CH 0
1-153 c-Hex CH O N CH o)
1-154 PhO CH O N CH 0
1-155 Bn CH ON CH. O
1-156 n-Bu CH O N .CH - NMe
1-157 i-Bu CH 0 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

—— o — it S W WD M P T S T Gt e et ettt b it Gt WA e A8

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

FP0605s P95710/translation of PCT specification/act/28/09/07




31

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-B-cérboxylic acid

Exemplification compound number 1-17:
1—({5-[3—(4—Isobutylphenyl)~1,2,4-oxadiazol—5-yl]pyridin-z-yl}me
thyl)azetidine-3~carboxylic acid

Exemplification coméound number 1-22:
1—({6-I3n(4-Isobutylpheny1)—1,2,4-oxadiazol-s—yllpyridin—B—yl}me
thyl)azetidine-3-carboxylic acid

Exemplification compound number 1-28:
l~({5¥[3—(4—Cyclohéxylphenyl)-1,2,4-oxadiazol-5fyl]—2—thienyl}me
thyl)azetidine-3-carboxylic acid '
Exemplification compound number 1-33: ,

1~ ({5-[3-(4-Cyclohexylphenyl)-1,2,4-oxadiazol-5-yl] -2-furyl}meth
yl)azetidine—B—caiboxylic acid .
Exemplification compound number 1-43:
1-({4-[3-(4-Cyclohexylphenyl)igscoxazol-5-yl] -2-thienyl }methyl) az
etidine—S—carboxylic acid

Exemplification compound number 1-48:
1-({4~[3—(4—Cyclohexylpheny1)isooxazol—s?yll—2—fury1}methyl)azet
idine-3-carboxylic acid,

Exemplification compound number 1-57:
1-({5-[3~-(4-Iscbutylphenyl)isooxazol-5-yllpyridin-2-yl}methyl)az
etidine-3-carboxylic acid, ' |

Exemplification compound number 1-62: i
1- ({6-[3- (4-Isobutylphenyl)isooxazol-5-yl]pyridin-2-yl}methyl)az
etidine-3~carboxylic acid,

Exemplification compound number 1-68:
l-({5—[3-(4—dyclohexylphenyl)isooxazol-sryl]-2~thienyl}methyl)az
etidine-3-carboxylic acid, .

Ekemplification compound number 1-73:

1-({5-[3- (4-Cyclohexylphenyl) iscoxazol-5-yl] -2-furyl }methyl)azet
idine-3-carboxylic acid, |

Exemplification compound number 1-82:

FP060Ss P95710/translation of PCT specification/acf/28/09/07
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1-({4-[5-(4-Iscbutylphenyl)-1,2,4-oxadiazol-3-yl]-2-thienyl}meth
yl)azetidine-é-carboxylic acid,

Exemplification compound number 1-83:
1-({4—[5-(4—Cyclchexylphenyl)—l,2,4—oxadiazol—3—yl]—é—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}me
thyl) azetidine-3-carboxylic acid, -

Exemplification compound.number 1-88:

1~({4-{5-(4-Cyclohexylphenyl)41,2,4-oxadiézol—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]lpyridin-2-yl}me
thyl) azetidine-3-carboxylic acid,

Exemplification compound number 1-102:
1—({6—[5—(4-Isobutylpheny1)-1,2,4~oxadiazol—3-y1]pyridin—z—yl}me
thyl)azetidine-3-carboxylic acid,

Exemplification compound number 1-107:

1-({5-[5- (4-Iscbutylphenyl)-1,2,4-oxadiazol-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—Qxadiazol-3—y1]-2hthienyl}methy
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-Iscbutylphenyl)isoxazol-3-yl]-2-thienyl }methyl)azeti
dine-3-carboxylic acid,

Exemplification compound nuﬁber 1-123:

1-({4-[5- (4-Cyclohexylphenyl) isoxazol-3-yl] ~2-thienyl }methyl)aze
tidine-3-carboxylic acid,
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EXemplification compound number 1-124:

1-({4-[5- (4-Phenoxyphenyl) isoxazol-3-yl] ~2-thienyl}methyl)azetid

ine-3-carboxylic acid, .

Exemplification compound number 1-128:

1-({4-[5- (4-Cyclohexylphenyl)isoxazol-3-yl]-2-furyl}methyl)azeti
dine-3-carboxylic acid,

Exemplification compound number 1-137:

1- ({5~ [5~ (4-Isobutylphenyl) isoxazol-3-yl]pyridin-2-yl}methyl)aze
tidinejB-carquylic acid,

Exemplification compound number 1-142:

1-({6-[5- (4~-Isobutylphenyl)isoxazol-3-yllpyridin-3-yl}methyl)aze
tidine-3-carboxylic acid,

Exemplification compound number 1-147:

1- ({5- [5- (4-Isobutylphenyl) isoxazol-3-yl] -2-thienyl }methyl)azeti
dine-3-carboxylic acid,

Exemplification compound number 1-148:
1—({5—[5-(4—Cyclohexyl§henyl)isoxazol;B—yll-2-thienyl}methyl)aze
tidine-3-carboxylic acid,

Exemplification compound number 1-149:

) 1—({5—[5-(45Phenoxyphenyl)isoxazol-B—yl]—2-thieny1}methyl)azetid

ine-3-carboxylic acid, and
Exemplification compound number 1-153:
1-({5-[5- (4-Cyclohexylphenyl)isoxazol-3-yl] -2-furyl jmecthyl)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-i08, 1-109, 1-%13,
1-123, 1-124, 1-137, 1-142, and 1-148.

(Table .2)

e Ak E e e e b W e e ek D S W e e S e
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In Table 2 described above, the preferred compounds (I-2) of the
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Exemplification compound number 2-33:

1-{2-[3- (4-Cyclohexylphenyl) -1,2,4-oxadiazol-5-yl] -5, 6-dihydro-4
Hucyclopenta[b]thien—4+y1}azetidine—B—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-yi}azetidineeB-carboxylic acid,
Exemplification compound number 2-43: '

1-{2-[3- (4~ Cyclohexylphenyl) -1,2,4-oxadiazol-5-y1l]-5,6- dlhydro -4
H- cyclopenta[b]furan -4-yl}azetidine-3- carboxyllc acid,
Exempllflcatlonvcompound number 2-48:
1-{2-[3-(4-Cyclohexylphenyl)-1,2,4-oxadiazol-5-yl]l-4,5,6,7-tetra
hydro-1l-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}azetidine-3-carboxylic acid,

Exemplification cdmpound number 2-98:
1%{2-[3-(4-Cyclohexylphenyl)isoxazol-s-yll-4,5,6,7—tetrahydro—1—
benzothien-4-yl}azetidine~3-carboxylic acid,

Exemplification compound number 2-103:

1-{2-[3- (4-Cyclohexylphenyl) isoxazol-5-yl] -5, 6-dihydro- ~4H- -¢yclop
enta [b] thien-4- yl}azetldlne 3-carboxylic acid,

Exemplification compound number 2-108:
1-{2-[3-(4-Cyclohexylphenyl) isoxazol-5-yl] -4,5,6,7-tetrahydro-1-
benzofuran-44yl}azetidine*B-carboxylic acid,

Exemplification compound number 2-153:
1—{2-[5—(4—Cyclohexy1phenyl)1,2,4-oxadiazol—3—§l]—5)6-dihydrq;4H
-cyclopenta[b]thien-4~y1}azetidine-3acarboxylic acid,
Exemplification compound number 2-158:
1—{2—[5—(4-Cyclohexylphenyl)l,2,4—oxadiazol—3—yl]-4,5,6,7-tétrah
ydro-1-benzothien-4-yl}azetidine-3-carboxylic acid,
Exemplification compound number 2-163:
1;{2-[5-(4;Cyclohexylpheny;)1,2,4-oxadiazol—3¥yl]-5,6-dihydro-4H
~-cyclopenta [b] furan-4-yl }azetidine-3-carboxylic acid,
Exemplification compound number 2-168:
1-{2-[5-(4-Cyclohexylphenyl)1,2,4—oxadiazol-3-y1]-4,5,6,7-tetrah
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ydro-1l-benzofuran-4-yl}azetidine-3-carboxylic adid,

Exemplification compound number 2-213:

1~{2~[5-(4—Cyclohexylphenyl)iéoxazol-B-yl]—5,6—dihydro-4H—cyclop

enta [b] thien-4-yl}azetidine-3-carboxylic acid,

Exemplification compound number 2-218:

1-{2-[5- (4-Cyclohexylphenyl) isoxazol-3-yl] -4,5,6,7-tetrahydro-1-
- benzothien-4-yl}azetidine-3-carboxylic acid,

Exemplification compound number 2-223:

l-{2—[5—(4—Cyclohexylphenyl)isoxazol-B—yl]~5,6—dihydro-4H~cyclop

enta [b] furan-4-yl}azetidine-3-carboxylic acid, and

Exemplification compound number 2-228:

1-{2-[5- (4-Cyclohexylphenyl)isoxazol-3-yl]l -4,5,6,7-tetrahydro-1-

benzofuran-4-yl}azetidine-3-carboxylic acid,

| more preferred compounds are the compounds of Exemplification

U Compound Nos. 2-43, 2-48, 2-103, 2-108, 2~163, 2-168, 2-223, and
1 2-228.
‘ —_
| (Table 3)
R3 CO,H

1 4 QN \fj

R .0 A g N
| \ / (I""l)

RS

| R2 Rl

Compound R* R* R* R* R®

No.
- 3-1 H H H 'H H
q|p -2 H H H H F
- H H F H H
- H H F H F
- H H €1 H H
- H H Cl H _F
- H H MeO H
- H H H MeO F
- H H F  MeO H
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3-115 Et H H cl H
3-116 Bt H H Cl F
3-117 EE H F Cl H
3-118 EtE H F Cl F
3-119 Bt H €1 €1 H
3-120 Et H ClL ClL 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] -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-yll-2-thie
nyl}methyl)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—z-thienyl}méthyl)azetidine—3~carboxylic acid (Example 11),
Exemplification compound number 3-49:
1-({4—Ethyl-5-[5—(4-phenoxyphényl)—1,2,4—oxadiazol—3—yl]—é—thien
yl}methyl) azetidine-3-carboxylic acid (Example 13),
Exemplification compound number 3-50:
1-[(4-Ethyl-5-{5-[4-(3-fluorophenoxy)phenyl] -1,2,4-oxadiazol-3-y
1}-2-thienyl)methyl] azetidine-3-carboxylic acid (Example 17),
Exemplification compound nﬁmber 3-51: ]
1-({4-Ethyl-5-[5-(3~-fluoro-4-phenoxyphenyl) -1, 2, 4-oxadiazol-3-yl
]—2—thienyl}methyl)azeﬁidine~3-carboxylic acid (Example 14),
Exemplification compound number 3-52:°
l—[(4-Eﬁhyl—51{5f[3-f1uoro~4—(3—f1uoropheﬁoxy)phenyl]—1,2,4-oxad
iazol-3-yl}-2-thienyl)methyl]azetidine-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)methyl]azetidine-3-carboxylic acid (Example 15),

Exemplification compound number 3-54:

FPO60Ss PY5710/translation of PCT specification/acf/28/09/07
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lu[(57{5—[3-Chloro—4—(3—f1uorophenoxy)pheny1]—1,2,4-oxadiazbl~3—
'yl}—4—ethy1-2—thieny1)methyl]azetidine—B—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)methyl]lazetidine-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
1}~2—thienyl)methyl]azetidine-B-carboxylic'acid (Example 10),
Exempiification compound number 3-62: | '
1-[(5-{5-[4-(2,3-Difluorophenoxy)phenyl] -1,2,4-oxadiazol-3-yl}-4
~ethyl-2-thienyl)methyllazetidine-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)methyl]azetidine-3-carboxylic acid,
Exemplification compound number 3-64:
1-[(5-{5-[4~(2,3-Difluorophenoxy) -3-fluorophenyl] -1, 2, 4-oxadiazo
1-3-yl}-4-ethyl-2-thienyl)methyl]l azetidine-3-carboxylic acid,
Exemplification coﬁpound number 3-65: ‘
1-[(5-{5-[3-Chloro-4-(2-fluorophenoxy)phenyl] -1,2,4-oxadiazol-3-
yl}—4-ethyl;2—thieny1)methyl]azetidine-B-carboxylic acid,
Exemplification compound number 3-66:
1-[(5-{5-[3-Chloro-4-(2,3-difluorophenoxy)phenyl] -1,2,4-oxadiazo
l-3—yl}—4—ethyl—2—thienyl)methyi]azetidine~3-carboxylic acid,
Exemplification compound number 3-67:
1—[(5-{5-[4-(Z-Chlorophenoxy)phenyll-1,2,4-oxadiazdl-3-yl}-4-eth
yl-2-thienyl)methyl]lazetidine-3-carboxylic acid (Example 19)j
Exemplification compound number 3-69: |
1-[(5-{5-[4- (2-Chlorophenoxy) -3-fluorophenyl] -1,2,4-oxadiazol-3-
yl}—4—ethy1—2-thieny1)methyl]azetidine—3~carboxylic acid,
Exemplification compound number 3-73:
l¥({3-Méthyl—5~[5-(4—phenoxypheny1)¢1,2,4~oxadiazol—3—yl]-2-thie
nyl}methyl)azetidine—3—carﬁoxylic 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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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 ¢l  iBu
4-28 Me CF; Pr
4-29 Me CF; Bu
4-30 Me CF; 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
4-37 Et F Pr
4-38 Et F Bu
4-39 Et F iBu
4-40 Et ¢l Pr
4-41 Et Cl Bu
4-42 Et Cl  iBu
4-43 Et CF; Pr
4-44 Et CF; Bu
4-45 Et CF, 1iBu

- A A - W

In Table 4 described above, the preferred compounds (I*7-1) of
the present invention incdlude ' A
Exemplification compound number 4-6:
1-({5-[5-(4-Iscbutyl-3-methylphenyl)-1,2,4-oxadiazol-3-yl]pyridi
n-2-yl)methyT) azetidine-3-carboxylic acid (Example 28),
Exemplification compound number 4-9:
1—({5-[5—(3—Fluoro-4—isobutylphenyl)—1,2,4~oxadiazol~3—yl]pyridi
n42-y1}methyl)azetidine-B—éarboxylic 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-yl}methyl)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-met
hylpyridin-2-yl}methyl)azetidine-3-carboxylic acid (Example 27),
Exemplification compound number 4-22:
1—({5-[5-(3—Fluoro-4~pfopylphenyl)-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—z—yl}methyl)azetidine~3—carboxylic acid,
Exemplification compound number 4-24:
l-({5-[5—(3-Fluoro44-isobutylphenyl)—1,2,4-oxadiazol—3-y1]—vaet
hylpyridinwz—yi}methyl)azetidineHB—carboxylic acid,
Exemplification compound number 4-27:
1-({5-[5-(3-Chloro-4-isobutylphenyl) -1, 2, 4-oxadiazol-3-yl] -6-met
hylpyridin-Z-yl}methyl)azetidine—B—carboxylic acid (Example 24),
Exemplification compound number 4-36:
1-({6-Ethyl-5-[5~(4-iscbutyl-3-methylphenyl)-1,2,4-oxadiazol-3-y
1llpyridin-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-2-yl}methyl)azetidine-3-carboxylic acid,
Exemplification compound number 4-38:
1~({5—[5—(4—Buty1-3-fluorophenyi)-1,2,4—okadiazol-3-yll~6-ethylp
yridin-2-yl}methyl)azetidine-3-carboxylic acid,
Exemplification compound number 4-39: ) )
1-({6—Ethyl—5-[5-(3—fluorof4—isbbutylphenyl)-1,2,4—oxadiazol—3-y
llpyridin-2-yl}methyl)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—z—yl}methyl)azetidine-B—carboxylic acid (Example 25),
more preferred compoundé 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 ﬁhe Invention]

Since the compounds of the present invention exert excellent
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

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

[Best mode for carrying out the Imvention]

The compound having the general formula (I) of the present
invenﬁioh 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 Functiocnal Grpup Preparation”, Sééond 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 foirmula (I). |
Method A

B
AP
o
(V)
Z’Y"XW‘V\OH | 'Z"Y'XW’V\LG Z.Y.X.W-V\N B
Step A1 Step A2 V)
(1) PRy P W =
| Z‘Y'XW'V\I\II\1><B
Step A3 | A

()

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 -0-5(0),R® (wherein, R° is a methoxy
group, a C;-Cg 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 represeﬁts 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 chemistxy, 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; an allyl group or a 2,2,2-trichloroethyl group, and
particularly preferably an allyl group.

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 preferabiy a phenyl group.

In the case that A is a 1lH-tetrazol-5-yl grdup, such protecting
group P is preferably a triphenylmethyl group, a ,
p-methoxyphenyldiphenylmethyl 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 accomplish;ad by reacting the compound having the
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general formula (II) with a hal’og'eﬁating 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 triha1ide such as phosphorus trichloride or phosphorus
tribromidé;'or a combination of a phosphine, which consists of a
tfiarylphosphihe'inbludingltriphenylphosphine and a tri—lowér
alkylphosphlne such as tributylphosphine, and either a molecular
simple halogen such as bromine or 1odine, or a halogen equlvalent
such a9~carbon tetrachloride, carbqn tetrabromide or
hexachloroacetone, ‘and is préferably a combination of a
triarylphosphiﬁe and a halogen equivalent, and particularly
preferably a combiuatidn qf triphénylphosphine and carbon
tetrabromide. -

The solvent employed in the above reaction is not particularly
restrictédfprovided that it has no adverse effect on the reaction,
and can be, for examplé,-a halogenated hydrocarbon such as
dichloromethane, cﬁloroform, 1,2—dichloroethane, or the 1ike; or an
ether such as tetrahydrofuran, 1, z'dimethOxyethane, or the like,
and-is preferably a halogenated hydrocarbon and particularly
preferably dlchloromethane

The reaction temperature employed in the above reactiou 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,rthe
reagent used or the kind of solvent employed, but is geaerally from
15 minutes to 3 hours, and pfeferably from 30 minutes to 1 hour.

After the reaction is completed, the desired cOmpbund of this

reaction can be isolated from the reaction mixture by conventional

treatments. The desired compound can be obtained, for example, by

'néutralizatiori 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 aé 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 corhpounds

(for example; absorption column chromatography using a carrier such
as siiic’:a gel, alumina or Florisil consisting of magnesiumand silica
gel; partition column chromatography using Seph_a_dex 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 ina 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 part.:icular.ly 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-dichlorcethane, 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 reactfion is different
depending on the reaction temperature, the starting material, the
reagent used or the gsolvent employed, but is generally £rom 15 minutes
to 3 hours, and preferably from 30 minutes to 2 hours.
After the ieactidn is cotﬁpleted, 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
on 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 is 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 hyd,roxide; sodium hydroxjide,
potassium hydroxide, or the like; an alkali metal carbonate such as
lithium carbonate, sodium cai'bonate, potassium carbonate, or the.
like; or a metal 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-dimet;hoxyethane or dioxane; an alcohol such as
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methanol, ethanol, isopropanol, t-butanol, or the like; water; or
a mixture of v}ater and solvent (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 employed 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 thé 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
{(T1) employed in Method A is different depending on the né.ture 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

Z/Y LG

HOJ N

Nec v | vy  z7 YO‘N
whop = N Vo T I
(V) Step Bl H Step B2 HzN W™ oP

Vi) (1X)

77N V-OP 77Y\zN_ V-OH
— o />_W — ‘ />_W
Step B3 N Step B4
X) (1)

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 protecﬁing group for a hydroxyl group. Such
protecting group for a hydroxyl group is’ for example, a protecting
group for a hydroxyl group found in “Prbtectn.ve Groups in Orgam.c
Synthesis third edition” (ed. by Green,‘r T. W. and Wuts, P. G. M.
John Wiley and Sons, Inc., 1999), and the ;L:.ke, and can be preferably
a trlalkylsllyl group such as a triethylsilyl group, a
t—butyldlmethylsllyl group or a t-butylglphenylsllyl group; a
‘substituted methyl ether group such as a methoxymethyl group,
tetrahydropyranyl group or a 2- (trimethy]%silyl) 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 prepération of a compound having
the general formula (VII) by carrying out an addition reaction of
hydroxylamine on a compound having the general formulav (vI) .
This process can be accomplished by reacting a compound having
the general formula (VI) with hydroxylamine or a hydroxylamn.ne
equivalent in a solvent.

The hydroxylamine equivalent can be a solution of hydrpxylamine
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such as an aqueous solution of hydroxylamine, a m:"Lxed solution of
hydroxylamizie and methanol, a fnixéd solutiozi of h})droxylamine and
ethanol, or the like; or a combination of a hydroxylamine salt, such
as hydroxylamine hydréch'loride, hydroxylarﬁine Vphosphat'e,
hydroxyiamine sulfate, or the like, and a tri-lower alkylaminé, such
as triethylamine, N,N-diisopropylethylamine or tributylamine, or an
. ‘alkali metal carbonate , such as sodium hydrogencarbonai:e, potassium
hydrogenc’arbbnate, ‘sodium carbonate, potassium carbonate, or the
like, and is preferably a solutibn of hydroxylamine and particularly
preferably an agueous solution of hydroxylamine.

The solvent empl,o?ed in the above reaction is not particularly

réstricted provided that it has no adverse effect on the reaction
and can be, for examwple, a halogenated hydrocarbon such as
dichloromethane, chloroform, 1,2—dichloroethéne, 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 prefereibly»frbm 30 niinutes to .2 hours.

After the reaction is completed, the desired-compound of this
reaction can, if necessary, be igsolated from the reaction mixture
and purified in the same manner as described in Step AlL.

Step B2 .
' Step B2 is a process for the preparation of a compound having
the general formula (IX) by reacting é compound having thé general
formula (VII) with a compound having the general formula (VIII).

Hereinafter, preparation methods’_are ‘desc;jibed for the cases
that (1) the su.bst'ituent 1G in a compound having the general formula
(VIII) 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.

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

This process is acdomplished.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.

The condensging agent employed in the above reaction can be, for
exampie, a cafbodiimide such as N,N’-dicyclohexylcarbodiimide,
N,N’ -diisopropylcarbodiimide,
l-ethyl-3- (3’ -dimethylaminopropyl) caxbodiimide (WSCI), or the
like; or an O-benzotriazole such as BOP
[benzotriazol-i-yloxytris (dimethylamino)phosphonium
hexafluorophosphatel], HBTﬁ
[0- (7-azabenzotriazol-1-yl) -N,N,N’ ,N’ -tetramethyluronium
hexafluorophosphate], HATU [O-benzotriazol-l-~yl-
N,N,N',N'—tetramethyluronium hexafluorophosphate], and 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 édverse effect on the reaction
and can be, for example, a halogenated hydrocarbon such as
dichloromethane, chloroform, l,é—dichloroethane, or the like; an
ether such as tetrahydrofuran, 1,2-dimethoxyethane, or; or a ben‘zene
such as benzene, toluene or xylene, and is preferably a halogenated
hydrocarbon and partiéularly preferably dichloromethane. ’

The reaction temperature employed in the above reaction isg
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
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. and purified in the same manner as described in Step Al.

(2) The case that the substituent LG in a compound having the
general formula (VIII) is a group other than a hydroxyl group.
This process is accomplished by reacting a compound having the

geheral formula (VII) with a compound having the general formula

- {XIII) in the presence of a base in an inert solvent.

The subétit’uent 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 pref_erably a trialkylamine and
pérticﬁlar-ly preferably N,N-diisopropylethj(lamine . |

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'hal'ogenated hydrocarbon such as
dichloromethane, chloi:oform, l,2-dichlo:.r:qe_thane,. or the like; an
ether such_k as diéthyl ether, tetrahydrofuran, 1;2—Qimethoxyethane,
or the 'l:i.ke; or a benzene such as benzéne, toluene, xylene, or the
like, and is 'pref'erably a halogenated hydrocarbon and parti-éularly
preferably dichloromethane. ' |
| The reaction tempera.ture 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 reactic§n -_teinperature, the starting material, the
reagent used Qr the solvent empldyed, but is generally from 15 minufes
to 5 hours, and prefera.b]_.y from 30 minutes to 2 hours.'

After the reaction is completed, the desired compound of this

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

and purified in the same manner as 'désc::ibed 'izji 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 basé employed in the above reaction can be a tetra-lower
alkylammonium fluoride such as tetrabutylammonium fluoride,
benzyltrimethylammonium fluoride, 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, potﬁassiur‘n hydride, or the
like, and is preferably a tetra-lower élkylammonium fluoride and
particularly preferably tetrabutylammonium fluoride.

The solvent employed in the above reaction is not particularly
regtricted pro{rid'ed 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-dichlorocethane,
or the like; or an amide such ag dimethylformamide, 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 temperacure, 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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‘ The eclvent employed in the‘ above reactlon is not partlcularly

: reetrlcted provz.ded that 11:. has no adveree effect on the rea.ction |
a.nd can be, for exemple, ‘an ether such as, dn.ethyl ether, o e

: tetrahydrofuran, 1 2-&imet:hoxyethane, o:r t:he 1u.ke, a halogenated
i‘hydrocerbon sueh ae dichloromethane, chloroform, 1, 2 d:.chloroethene, ‘
:"ozﬂ: the 1:I.ke* or anamide such aa dim fthylformamide, dimethylacetemide, . ‘;
n»ﬂ_.;ior the hke, and is preferably an ether and lparticularly prefera.bly o

ter.rahydrofuren L :
o 'I.‘he reactmn temperat.ure employed :.n the above react:.on J.S

o generally between 0°C and. 80°C, and preferably between 30°C! and 60°C. '
' -The reection time employad in the ebove reaction is alffe;entf
depending on the reaction temperature, ‘the starting material, the
'reagent used or t:he eolvem: employed but is generally from 15 mimztee A

) i'_n_to' 5 hou;cs, and preferably from 30 minut:es to 2 hours., S
' e AfterAthe r:ee,_’tion ie completed, the desired compou.nd of thie;“
_ ,ﬂJ:"_i"reactJ.on”can, e ‘.f neceeea;ry, be 1eolated from the reaction’ m:.xture
"and purified in ’he eame maxmer_ ae deecribed in St;ep Al

.
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the general formula (II), wherein the substituent X is an isoxazole

ring.
Method C
A CL
Z \f
L v H\ N
Halx PTG
/ rd .
OHCw o — EW oP aop _XIV)
Z/Y‘m/\>_ W‘,V—OP 7 ¥ N\ W,V—OH'
N~g Step C4 N~¢f
(XV) (I1-2)

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 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. i

The gem-dihalomethylenating agent employed in this process.can
be a combination of a 'phbSphine; consisting of a triarylphosphine
inecluding triphenylphosphine and a tri-lower alkylphosphine such as
tributylphosphine, and a carbon tetrahalide, sﬁch as carbon
tetrachloridé, 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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and can be, for example, an ether suc;ii"‘a.s. 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 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.

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 cémpound 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-diisopropylef.hylamine,
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, propyi 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 .emplloyed in the above reaction is different
depending on the reaction temperature, th_é 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 formul.a (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-tetrahydrobenzothiophene 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.

FP0605s P95710/translation of PCT specification/acf/28/09/07



67

Ha%gj%CHO ‘ Halt-”\on Hal@ %~ S Ncé?}(\DP
Q : Q Step D3a Q
(xvI) SteP Dl (yyrr) SEEP D2 (xyrrn) (VI-1)
lSteP D3b-1 TStep D3b-3
OHC\ 2N O“
{p o — g;
Q Step D3b-2
(XI-1) : (XIX)

In the 'above‘r‘.eaction 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 accomplished by 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 reducing agent employed in the above reaction can be, for
example, an aluminum hydride suchas lithium aluminum hydride, sodium
aluminum hydride or diisobutylaluminum hydride; a borohydride such
as lithium borthdride, 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 'diéthyl ethe:j:,
tetrahydrofuran, 1,2-—dimethoxyethané, dioxane, or the like; or an
aleohol 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
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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 iscolated 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:
prbtecting 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 (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 daloride such as triethylsilyl chloride,
t-butyldimethylsilyl chloride, triisopropylsilfl chloride or _
t-butyldiphenylsilyl chloride; or a trialkylsilyl ‘
trifluoromethanesulfonate sudh 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 employéd 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 guch as diethyl ether,
tetrahyd_rofur_an, -1,2-dimethoxyethane, dioxane, or the 1;i.ke ; a
halogénated hydrocarbon such ag dichlororhethane, 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 pfeferably 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 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 react:;l.on' mixture

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

Step D3

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

This process can be carried out according to two methods, one
of which is a methed by a direct conversion of a halogen atom of a
compound havinhg general formula (XVIII) into a nitrile group (Step
D3a) and the other is a method by derivatization of a compound (XVIII)
to a corﬁpou'nd having a formyl group (XI-1), followed by conversion
of the formyl grouia intoa nit-rile group through an-oximatibn reaction
and a deliydration reaction (Step D3b). Hereinafter, these proéesses

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 halcgen atom of a compound
having the general formula (XVIII) into a nitrile group.

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

The cyanating agent employed in this reaction canbe, for example,
a copper compoﬁnd 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 aé 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 aé N,N-dimethylformamide, N,N4dimethy1acetamidé, or the
like, and is preferably an amide and particularly preferably
N,N-dimetbhylformamide.

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'em@loyed 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.

Thisprocesscanalsbbeﬁsedasthegeneralpreparationprocedure
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
exchaﬁge'on a éompound.having the,generél 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 metailic lithium, metallic magnesium,
metalliczinc,orthelike;oranalkyllithiumsuchasrrbutyllithium,
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—dimeth&lformamide, N-methylformanilide,
N-formylpiperidine, or the like; a formate such as methyl formate,

ethyl formate, propyl formate, or the like, and is préferably 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, ana‘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 f;om 30 minutes to 1 hour.
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to 5 hours, and preferably from 1 hour to 3 hours.
After the reaction is completed, the desired compound of thig
reaction can, if necessary, be isolated from the reaction mixture

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

Step D3b-3.

Step D3b-3 ig 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.

Tﬁis'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
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 iﬁ 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 r
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°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 f:om 6 hours to 12 hours.
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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.

Method E

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

or a 4,5,6,7-tetrahydrobenzofuran ring.

0

Step EL Step E2 Step E3

/ \ y ! \ / \
Q m Q m
(XX) (XX1I) (xxn) (xxxn)
op
Step E4 m Step E5 ,
HO™ Im - /Q\ "
pczv) (VI-2)

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

2.

Step El A

Step El 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 f-ormula (XX) with an appropriate reducing agent in a
solvent. Additionally, of the compounds having the general formula
(XX) employed ag the starting compourids, the compounds wherein m is
2 are commercially available and can be obtained easily. 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 ag lithium aluminum hydride, sodium
aluminum hydride or diisobutylaluminunlhydride; 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 cén be, for example, an ether such-as‘diethyl ether,
tetrahydrofuran, 1,2-dimethoxyethane, dioxane, or the like; or an
alcolhiol 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.
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 préferably from 30 minutes to 1 hour.
After the reaction is completed, the desired compound of this
reaction can, if necessary, be isolated from the reactioﬁ mixture

and purified in the same wmanner 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 hydfoxyl group of a
compound having the genefal formula (XXI) with an appfopriate
protecting group for a hydroxyl group. Such proi:ecting 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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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 (XXIT)

This process can be accomplished by reacting a compound having
_ the geuerél formula (XXiI) with a strong base, followed by reacting
the resulting product 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
diisopropylami&e,‘ lithium hexamethyldisilazide, sodium
hexamethyldisilazide, potassium hexamethyldisilazide, or the like,
and is preferably an alkyllithium and particularly preferably
n-butyllithium.

The formylating agent employed in thisg reaction canbe 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 tetra_hydrofufan.

The reaction temperature employed in the above reaction is

generally between -100°C and 0°C, and preferably between -78°C and

o°c.

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

ag 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 generai 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 formula (VI), wherein the substituent W is a thiophene
ring or a furan ring and additionally, these riﬁgs are substitpted

with an alkyl group as a substituent R.
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Hal
/()\/OP Step F1 H/()\/OP Step F2 OI-IC/()\/C>P
(XXV ' (XXvI) (XXVITI)
R
-
\/()\/ /[BVOP
Step F3 HO' Step Fe NC g

(XXVIIT) (VI-3)

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 Fl1 is a process for the preparation of a compound having
the general formula A (XXV I) by converting a halogeﬁ 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 a;lkylat;ing agent in a solvent.
Additionally, many of the compounds having the general fornula (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 nic]_{el catalyst, such as
[1,3-bis (diphenylphosphiﬁo) propane] dichloronickel,
bis (triphenylphosphine)dichloronickel. or
.[l, 1’ -bis (diphenylphosphino) ferrocene]ldichloronickel, and a
Grignard reag;ant', 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
Il,3—bis(diphenylphosphino)propanejdichloronickel 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,‘l,z—dimethoxyethane, dioxane, or the like; or an
aromaﬁic hydrocarbon such as benzene, ﬁoluene 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 waterial, the
reagent used or the solvent employed, but is gdenexrally from 15 minutes
to 4 hours, and preferably from 1 hour to 2 hours.

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

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

Step P2

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 aécompliShed-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 bage émployed 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,
lithiumhexamethyldisilazide or potassiumhexamethyldisilazide, and
is preferabiy an alkyllithium and particularly preferably
n-butyllithium.
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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 cbmbinat:ion 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 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
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 proceés for the preparation of a compound having
the general formula (VI-3) by convérting an oxime group of a compound
having the general formula (XXVIII) into a nitrile group.

Thi;s process can be accomplished by reécting a compound having
the general formula (XXVIII) with an appropriaﬁe_ 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 carbodilmide and partlcularly preferably
N, N'-dlcyclohexylcarbod11m1de.

The solvent employed in the above reaction is not particularly

restricted provided that it has no'advetse:effect on the reaction

. and can be, for example, a halogenated hydrocarbon such as

dichloromethane, chlorofoznu 1,2-dichloroethane, or the like; oran
ether such as tetrahydrofuran, 1,2~ dlmethoxyethane, dioxane, or the
like; or an aromatic hydrocarbon such as benzene, toluene, xylene,
or the like, and is preferably an aromatic hydrocarbon and
partioﬁlarly 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°C. " '

The reaction time employed in the above reaction is different
depending on the reaction temperature, the starting material fhe
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
reactlon can, if necessary, be isolated from the reaction mixture

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

Method G o

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'subetituent'W is a pyridiﬁe
ring.
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Hal—fl\T | . Hal*-C(N/\I( e Hal—c/l\T | O —
S Step G1 Y Step G2 Y Step G3

(XXIX) © 0 (XXX) (XXXT)
A o I OP

HalTijr/\ Step G4 NCTijr/\
(XXXTII) (VI-4)

In the above reaction scheme, Hal repreéents 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 G1

Step Gl is a proceass for the preparatibn 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 reactﬁing the resulting product with a suitable formylating agent

in a solvent.

The metalating agent e.mployec_l in the above reaction can be, for
example, a metal such as metallic lithium, metallic magnesium,
metallic zinec, or thelike; or analkyllithium such as n-butyllithium,
s-butyllithium, t-butyllithium, or the like, and is '.prefe:r:ably an
alkyllithium and part.icul'arly preferably n-butyllithium. ’

The formylé.ting agent employed in this reaction can bé a formamide
such as N,N-dimethylformamide, N-methylformanilide,
N-formylpiperidine, or the like; or a formate such as met:hyl formate,
ethyl formate, propyl formate, or f:he like, and is preferably a
férmamide 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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a pyridine such as pyridine, lui:idine, collidine, or the like, and
is preferably' an imidazole and particularly preferably imidazole.

The solvent employed in the above reaction is not particularly
restricted prov:.ded that it has no adverse effect on the reaction
and can be, for example, an ether such as d:.ethyl ether,
'tetrahyd:rofuran, 1,2 d:.methoxyetha_ne, dioxane, or the like; a
halogenatéd hydrocarbon such as dichloromethane, 1, z-dichloroeth.ane
or chloroform; ‘or an amide such as N,N-dimethylformamide,

N,N- dn.methylacetam:.de, or the like; and is preferably an am:Lde 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 reactién time employed in the above reaction is different
dependlng on the reaction temperature, the starting materlal 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 (XXXTI) into a nitrile group.

This process is accomplished by reacting a compound having the
general formula (XXXIT) with an appropr:.ate cyanating agent 1n a
solvent N ‘

The cyanating agent employed in thls reaction canbe, for example,
a copper compound such as copper cyanide; or a combination of a
palladium catalyst, such as tetrakis (triphenylphosphine)palladimn,~

dichlorobis ( triphenylphosi:hine) pé.lladium, .
' [l,l'-bls(diphenylphosphino)ferrocene] dichloropalladium, 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 préferably a
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combination of ,
[1,1’—bis(diphenylphosphino)ferrocené]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 prefe:-ta.bly' an amide
and patticularly preferably N—methyl—zépyrrolidinone.

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 reacticn is different
depending on the reaction temperature, the.étarting material, ﬁhe

. 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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NC x Step H1 NC N Step H2 NC”
(XXXTIII) : (XXXIV) (XXXV)
R%0,8 .
T = O
- Step H3 .\ Step H4
: (XXXVI) (VI-5)

In the above reaction scheme, R® and R® are the same or different
and each represents a Ci-Ce 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

Step Hl is a process for the preparation of a’ compound having
the general formula (XXXIV) by converting a formyl group of a compound
having the genera.l formula (XXXIII) into a hydroxymethyl group.
Add:l.t:.onally, as to the compound having the general formula (XX.XIII)
employed as the starting compounds, commercially available
-Grfo'rmyl-z- (methylsulfa-nyl)nicotinonitrille,. and the like
(Maybridge Chemicals Ltd.) can be used.

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

The redﬁéing agent employed in the above reaction can be, for

example, an aluminum hydride, such as lithium aluminum hydride, sodium

‘aluminum hydride, or dii.sobut:ylalu'minum hydride; a borohydride such

as lithium borohydride, sodium borohydride or borane, and is
preferably a borohydride and particularly préfe'ra.,bly' 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 éther,
tetrahydrofuran, 1,2-dimethoxyethane, dioxane, or the like; or an

alcohol such as me‘thanol, ethangl, isopropanol, or the like, and is
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preferably an alcohol and particularly preferabiy'methanol.
The reaction temperature employed in the above reaction is
generally between ?'23°C and 50°C, and preferably between 0°C and 30‘5C.
The reactlon time employed in the above reaction is different
depending on the reaction temperature, the starting materlal 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 H2

| _Step H2 is a process for the preparation of a compound having
the general formula (XXXV) by protecting a hydroxyi group of a
compound having the general formula (XXXIV) with an appropriate
protécting group for a hydroxyl group. The protecting group employed
in this react:l.on 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 précess can be carried out by reacting a compound having
the general formula (XXXIV) with a siiylating aéent 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-butyldipheﬁyisilyl 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 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 guch.as imidazole, 2-methylimidazole, or the
like; or a pyridine such as pyridine, 1uﬁidine, collidine, or the
like, and is preferably an imidazole and particuiarly 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-dichlorcethane
or chloroform; or an amide such as N,N-dimethylformamide,
N{Nadimethylacetamide, 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 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 is a proceés for the preparation of a compound havfhg
the general formula (XXXVI) by‘oxidizing an alkylthio group of a
compound having the general formula (XXXV) .

Thié 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
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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 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 golvent employed, but is generally £rom 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 ﬁecessary, 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 compound'having
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 ieaction can be, for
example, a Grignard reagent such as an alkylmagnesium chloride, an
alkylmagnesium bromide or an‘allemagnesium iodide; or .an ‘
alkyllithium such as methyllithium, ethyllithium or
isopropyllithium, and is preferably a Grignard reagent.
Thé'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 suéh ag diethyl ether,
tetrahydrofuran, l,é-dimethdxyethane, 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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75'}59enera11y between--100°c ana o°c, and preferably between ‘73°° &nd i ,uo”'

i 'I’he reaction time employed in the ebove react:.on is dlfferent.‘ o
depending on the reaction temperature, the etarting material the

S reagent ueed or the solvent employed but is generally from 15 minutes o

to 4 houre, end preferably from L hour to 2 houre. o R
After the react:.on is completed, the dee:.red compound of this- :

Rt _reaction c” n,

'and purifn.ed in the aame mmer es deacribed :.n SteP Al

'Vfﬁ®ﬂb&IPﬂV”f*

o Method I ia a method for the preparat;.on of e compound having_":,
L -"-the general formula (VIII :l.) " whic.h ie included :Ln a compound having -

'if neqessary, be isolated from the reaction nuxture_-__;."_ = i

v _'?'the general formula (VIII) - wherein the substn.tuent Zis a phenoxy:.“

;-fgroup which may opt:monelly he subet:.tuted with aubstituent:(s) end R

add:.tionally, the substituent Y ;.s a benzene ring whioh may opt:.onally ‘ L .

o ‘.f_;_':fw-”be substituted with subst:.tuent (e) ' and the LG ie a hydroxyl group ' i

(xxxvxx:) '.(ﬁixiﬁi)_i;gig-f
LoaIn the above :r:ea.ction echeme, R" and R“ ere the eame or dn.fferent_*
and each represents a group eelected from Subst:.tuent group A .

o described a.bove

- 1 e
e e

"'V*g'fStep oo ﬂfﬁt., ST

Step 11 ig a procesa for the preparation of a oompou.nd having‘_.-'"

S ‘“-ythe gene:ral formula (X)QCVIII) by substituting a fluorine atom of a' |

__compound having the general formula (xXXVII) with a phenoxy group, '
which ma,y opt:.onally be aubetituted With substituent(s) | )
. This, proceee is carried out by reacting a compound havmg the "

e : general fornmla. (XXXVII) with v’arious phenols in the presence of an.

R
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appropriate base in a eolv_ent,

The base employed in the above reactiori can be, for example, an
alkali metal carbonate such as lithium carbonate, sodium carbonate
or potassium carbonate, or an alkali metal hydr:.de such as lith:.um
hydride, sodium hydride or potassium hydride, and is preferably an
alkali rﬁetai carbonate and_particulerly_ pfeferably potassium
tarbonate. | '

The solvent employed in the above r'eact:"ion' is not particularly
reetr:.cted provided that :Lt has no adverse effect on the reaction

and can be, for example, an amide such as N N- dlmethylformamide,

N,N-dimethylacetamide, N-methyl- 2—pyrr011dinone, or the like; or an

ether such as diethyl ether, tetrahydrofuran, 1,2-dimethoxyethane,
dio:gane, or the like, and is preferably an amide and particularly
preferably N,N-dimethylformamide. ' '
The reaction tefnperature 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 ueed or the solvent employed, but is generaliy from 1 hoﬁr

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 isolated from the reaction mixture
and purified in the same manner as described in Step Al.

Step I2

Step I2 1s a ‘process for the preparatlon of a compound having

“the general formula (VIII-1) by ox:.diza,ng 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. . i

The oxidizing agent ewmployed in the above .reactio'n can be, for
example, a hypochlorite such as sodium hypochlorite 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 ::.s preferably a chl__rn.t:e and artlcularly
'-~'%_*.'prefera.bly sodium chlorite. e ' :
.. The solvent emplcyed in the above ‘react

ia'_-mmiaﬁimy o
£ect on the reaction e

- ‘.'Q-'.-_and can be, for example, a combinat:ion,_” £ water and a"tertiary alcohol .

. swh as. t-but.anol or t- amyl alcohol,.___? a co ___ination of water and'
| “f;-;ia halogenated hydrocarbon such as dichloromethane, :

ST, dichloroethane, chloroform,‘ or t:he 1ike and is preferably a. e e
i -_‘_-'.?‘combination"of'water and a’ t.ert:n.axy aicoho and partlcularly

‘_'Method J R . R ~ 8
SN Method J J.s a method for the pr‘ aratzon of a compound hav:.ng‘ g

‘the general formula (VIII 2) which :i.nc__:’"ded in’ a compound hav:.ng_v" L

| the general formula (VIII) v wherein- the V__Bubstituent Zis an. alkyl R

’ --fgroup which may op’c:.onally be branche and add:u_t-mnally, the e
'f'-‘"‘f_,,.subatituent Y is a benzene ring wh:i. b ma3 optionally be substituﬁed R e

SO yeos0ss

hydrokyl grcup

"-'_1_;'.j<w:.th subst:u.buent(s) and the LG is
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¢} Y/\Q i,
k Rk
N Ngai Step g1 R Hal Step gz R CO,H

{XXXIX) ‘ ) (XLI)
S R
. . R} ,//r
Step J3 k- : -
ep CRY N Co,H
(VIII-2)

_ In the above reaction scheme, R represeﬁts a group selected from .
"_Substituent group A described above, Hal represents a halogen atom
as described é;bové, ‘and is preferably a bromine atom or an iodine
- atom, and RI and R" are thé same or different and each represénts a
Cy-Cs alkyl group which may optionally be substmtuted with group (s)
selected from Substituent group A described above.

Step Jl .

Step J1 is a process for. the preparation of a compound having
‘the general fo_rmula' (XL) by convertmg a fomqu group of a compound
having the general formula (XXXIX) into an alkenyl group.

' This process is carried out by reacting a.cofnpound having the
general formula - (XXXIX) with various alkyltriphenylphosphonium
galts in the presence of a suitable pase 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 meta.l hydride such as lithium hydride, sodi'mn
hydride or potassium hydride, or an alkyllithium such as
n-butyllithium, s-butyllithiumor t- butyll:.j:h:.mn, and is preferably
an alkoxide ard particularly preferably potassium t-butoxide.

The solvent employed in the above reaction is not particularly .
'restricted provided that it hae no adverse effect on the reaction
and can be, for example, an ‘amide such as N,N-d:,mc_athylformama.de,
N, N-dimethylacetamide, N-methyl-2-pyrrolidinone, or the like; or an
ether such as diethyl ether, 't'etrahydrofuran, 1,2-dimethoxyethane,
dioxane, or the like, and is preferably an aniide and particularly
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preferably N,N-dimethylformamide.
The reaction temperature employed in the above reaction is
generally between -45°C‘a:¢1d 100°d , and preferably between 0°C and 40‘5C.
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 compoﬁnd of this
reaction can, if necessary, be isclated from the reaction mixture

and puﬁrified 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), féllowed 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 zine, or the like; or an alkyllithium such as n-butyllithium,
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 examplé, an ether such as diethyl ether, -
tetrahydrofuran, 1,2—dimeth6xyethane, dioxane, or the iike; or an
aromatic hydrocarbon such as benzene, toluene, xylene, or the like,
and is I-Jrefera;bly an ether and particulariy preferably
'tetrahydrofuran . ' |

The reaction temperature employed in the above reacﬁion 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 température,_ the starting material, the
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reagent used oxr the solvent employed, but is generally from 15 minutes
tb 4 hours, and preferably from 30 minutes to 2 hc)ursv'. .

After the reaction ig completed, the desired compound of this
réaction can, if neceséary, be isolated from the reaction mixture

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

. Step J3

Step J3 is a process for the preparation of a compound having
the general formula (VIII-2) by reducing.a double bond moiety of a
compound having the general formula (XLI).

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

The trans ition 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 »pre,ferably palladium on

carbon.

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

The reaction temperature employed in the abové-. 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 te'mperature; ‘the starting matefial, 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
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- chloride and dried over wagnesium s;ilfate. After »filtraoion, the

—

and purified in the same manner as described-'in's't'ep Al.

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

Ph NN
g \ é

F,C

O,H

(1a) [(4-Bromo-2- furyl)methoxy] (t butyl)dimethylsilane

‘To a solution of 4-bromo-2-furaldehyde (5.0 g, 29 mmol) in
methanol (40 ml) was added sodium borohydride (1.1 g, 29 mmol) at
0°C with stirring, and the re.sulta.ng mixture was stirred for 1 hour.
After evaporating the reaction mixture in vacuo, the residue obta:l.ned
was diluted with ether, poured into water and extracted with ether.
The extract was washed with é saturatéd aqueous solution of sodium

filtrate was evaporated in vacuo. Subsequently, to a solution of
the residue obtained in N,N-dimethylformamide (30 ml) were added
succegsively imidazole (3.9 g, 57 mmol) and
t—butyldimethylchlorosiléne (4.7 é, 31 mmo‘l) 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 saturaﬁed
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

INNMR (400 MHz, CDCl;) 6 ppm: 0.09 (s, 6H), 0.90 (s, 9H), 4.60 (s,
2H), 6.29 (s, 1H), 7.36 (s, 1H).

FPO60Ss ' P95710/translation of PCT specification/acf/28/09/07




100

IR Spectra (liguid film): 1230, 1257, 1464, 1473cmt.
Mass spectrum (EI*) m/z: 290 (M').

(1b) 5-({ [t-Butyl (dimethyl) silyl] oxy}methyl) -3-furaldehyde
To a solution of ' ‘ |

[(4—bromo—2¥fury1)methoxy] (t-butyl)dimethylsilane (7.3 g, 25 mmol)
that was obtained in Example 1 (1a) in tetrahydrofuraﬁ {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 mixtuxe
was stirred for 5 minutes. Subsequently, to the reaction mixture
was furthermore added N,N-—dimethylformamidé {(3.8ml, 50 mmol) at the
same temperature with stirring, and the resulting mixture was stirred
for 45 minutes. After stirring, a saturated agueous solution of
ammonium chloride (10 ml) was added to the reaction mixture to guench
the reéction, and the resulting mixture was poured into water (100

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 1:19) as the eluent to afford the title
compound (3.3 g) in a yield of 55 % as a colourless oily product.
'HNMR Spectrum (500MHz, CDC1;) & 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 £ilm): 1083, 1139, 1258, 1473, 1544, 1693cm™.
Mass Spectrum (FAB*) m/z: 241 ((M+H)"). ’

(1c) 5-({[t-Butyl (dimethyl)silyll 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 (15) in dichloromethahe (40 ml)
were added successively hydroxylamine hydrochloride (L.0g, 15 mmol)
and triethylamine (3.7 ml, 27 mmol) with 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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ERt eolutmon of the ree:».due obteined :Ln toluene (40 ml) wae added

L'.-_?:j_. N N' wd:.oyolohexylcarbodiimide (3 1 g, ,15 tmnol) wit.h at:irring, and
t:he resulting mixture Wao al:irred at 90°C for 16 hom:e After ooolmg

- to room temperature,, hexane : 40\ tl) ae added to the react;mn mixture, *-‘f-"-‘ o

s and ineoluble meteriale were remove | by £ iltratn.on with Celite The
‘a d the orude product. of: the title i
o compound thue obtained wae puriflea by chromatography on a eilioa
gel oolumn us:.ng a mixed solveut of\ethyl acet:ate and hexane (3 97) i
as’ the eluent to afford the title co ound (1 8 g) in a yield of 57 %
ae a oolourleee oily product.,___._-;u"i‘f“"?ﬁ’_ ST T R
"__f’:’ 1HJ\.TMZR Speotrum [(400 Mliz, CDCI;) 8.7 s - 0 10 (s, 6H), 0 91 (s, 91-1), g :
"'_f'j'_._._-e 64 {a, 21-1), 6 45 (s, 1H), 7. 88 (i 1H) e ' _‘ SRTRE.
IR Spectrum (:L:.quid film) 1087, 11 z, 1253 1464 1473 1540,
- Maae Spectrum (FAB‘) m/z._238((M+H}*)_r.__ ¥

o f:.ltra.te was eveporated in vacuo,

-223‘5___; !

. (m) S e W \ o E
. JTS ({ [t Butyl (dimethyl)silyl]oxy}merhyl) “N* -hydroxyfuran-3 oarbox
- imidamide Sl SR T e
N - To a eolut.ion of CEUCRI N R e RN
: 5~({(t—butyl(dimet.hyl)silyl]oxy}me ,hyl) 3 furom.tmle (:L 8 g,"l 6
-,'moil) that wae obtained in E’xample 1 ‘|(1c) :Ln ethanol { 10 ml) was added
:‘-a 40 % aqueous eoluulon of hydroxyia ; fne (1 o ml) with stlrring, and

N
‘-t:he reeulting mixture was st:.rred i t 60°C for 1 hour After

R
u' S

| ’,_'evaporatj.ng the reaotion mixture in vacuo, the ree:.due obtained wae "
e diluted wzth ether, poured im:o wate' (40 ml) and extracted wit:h ether.ﬁ* i
S The' extract was. washed with a eatur ted aqueous aolution of eodium‘fl p
_f.._,i_}ﬁ_chloride and. dried over magneeium 'ulfat:e. After filtratn.on, the' ‘
i filtraﬁe was evaporated in vacuo, ‘and the crude product of the title o
B :compound thue obtained wae purifie ._ by ohromatography on a silica.
- igel column uemg a mixed eolvent of[ethyl acetate and hexane (1 1) R
el t:he eluent to afford the title con _ound (2 0 g) in a yield of 9?
ag a white czyetalline solid LRI T AT TR P e
MR Spectrum (400MHz, cocly) L] ppm: '_'o 09 (s, GH) ,0:90 (s, BH), 4. sz
:'.ff__-‘?_;(s, 2H), 4. 69\(brs “2H), 6. 44 (s, 1H), 7. 30 (br, m). 7. 64 s, IH)

s
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IR Spectrum (KBI) 1059, 1594, 161P 1671, ‘3203, 3376, 3498 em™.

Mass. Spectrum (FAB") w/z: 271 ((M+$) ), 309 ((M+K)").

: (1e) P ’

(4-{5-[4- Phenyl -5~ (trifluoromethyl) -2- thienyll -1,2,4- oxadiazol 3

-yl}-2- furyl)methanol | '

- - To a solution of 5 ‘

({ [t-butyl (dimethyl) silyl] oxy}methyl) -N* ~hydroxyfuran-3 carboxim

idamide. (0 14 g, 0.50 mmol) that was obtained in Example 1 (18) and
4-phenyl- 5 (trifluoromethyl) thiophene 2-carbonyl chlor:.de (0.17 g,
0.60 mmol) in dichloromethane (10 ml) was added a

N, N—diisopropylethylamine (0 17 ml, 1.0 rmnol) at 0°C with stirring,
and the resulting mixture Waa stirred for 1 hour. After stirring,
a aaturated aqueous solution of sodium hydrogencarbonate (1.0 ml)

was added to the reaction mixture to qguench the reaction, and the
resulting mixture was poured into water (20 ml) and extracted w:.th
ether. The extract was washed with a saturated agueous solution of

I
eodium chloride and dried cwer magnes:.mn sulfate. After filtration,

_ the filtrate was evaporated in vacuo Subsequently, to a solution
. of the residue obtained in tetrahydrofura.n (L.0 ml) was added

tetrabutylamonium fluoride (a 1 0 M.solution in tetrahydrofuran,
0.75 ml, 0. ’75 mmol) Wlth stirring, and the resulting mixture was
stirred at so“c for 3 hou.rs After stirring, the reaction mixture ;
wag poured into water (2q ml) to ‘quench the reaction and extracted
with ether ‘I’he extract was washed with a saturated agueous solution
of sodium chloride and . dried over magnesium sulfate. Afterxr
filtration, the filtrate was evaporated 111 vacuo, and the crude -
product of the title compound thus obtained was purified by
hromatography on a silica gel cot!.umn 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 e ‘white crystalln.ne solid.

JHNMR Spectrum (500 MHz, CDCl;) 6 ppm: 4.69 (s, 2H), 6.83 (s, 1H),
'7.47 (s, 5H), 7.88 (s, 1H), 8. 12 (s, 1H).

IR Spectzum : (KB) : 1143, 1179,‘1416, 1581, 1605, 1629, 3326 cm™.
Mass Spectrum (FAB*) m/z:- 393. .(;(M-n-H)*) . ' |

L |
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(1f) Behyl -
1-[(4~{5-[4-phenyl-5- (trifluoromethyl)-2-thienyll-1,2,4-oxadiazo
1-3-yl}-2-furyl)methyl] azetidine-3-carboxylate
A solution of
- (a- {5-[4¢-phenyl-5- (trifluoromethyl) -2~ th:.enyl] 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
trlphenylphosphlne (0.16 g, 0.60 mmol) in d:l.chloromethane (1.0 ml)
was stirred at 0°C for 1 hour. Subsequently, to the reactlon mixture
were added successively ethyl 3-azetidinecarboxylate hydrochloride
(0.12 g, 0.75 mmol) and N, N-diisopropylethylamine (0.26 ml, 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 mi) was added to

the reactionmixture 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 saturdted agqueous solution of sodium
chloride and dried over magnes:.um 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 sol:.d

'HNMR Spectrum (500MHz, CDCl;) 5 ppm: 1.27 (t, 3H, J=7.3 Hz), 3.35
(quintet, J.I-I,' J=7.3 Hz), 3.41 (1:; 2H, J=7.3 Hz), 3.62 (t, 2H, J=7.3
Hz), 3.66 (s, 2H) 4.16 {qg, 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
cmt, i

~Mass Spectrum (FAB*) m/z: 504 (:(M+H)F).

FP0605s P95710/translation of PCT specification/acf/28/09/07
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(1g)

1-[(a-{5- [4- Phenyl -5- (trifluoromethyl) -2-thienyl] -1,2,4- -oxadiazo
1-3-yl}-2- furyl)methyl]azetld:me 3*—carboxylic acid

To a solution of ethyl
1-{(4-{5- [4-phenyl -5- (tr:.fluoromethyl) -2-thienyl]l-1,2, 4- -oxadiazo -
1-3-yl}-2- furyl)methyl]azetidlne 3\-carboxy1ate (0.209g, 0.40 mrmol)

-that was obta:.ned in Example 1 (1f[:- in a mixed solvent of

tetrahydrofuran (0.50 ml), methano (0.50 ml) and water ((.50 ml)
was . added 1ithium hydroxlde monoh))drate (37 mg, 0.88 mmol) with

_st:.rrlng, and the resulting mixturq was stirred at room temperature
for 1 hour. Aft.er stirring, acetic iacid (48 pl1, 0.88 mmol) was added

to the reaction mixture to guench fthe reaction. Subsequently, to

~the resulting mixture was added a fsolution of oxalic acid (18 mg,’

0.20_m'nol)' in methanol (0.5 ml) w:{th stirring“, and the resulting
mixture was stvirred‘for 30 Mnuteé. The white solid precipitated
was collected by filtration using ‘p Kiriyama funnel, washed with a

-m:s.xed 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 crystall:.ne
solid. - , \ ‘

JENMR Spectrum (500 MHz, CD,0D) & ppm: 3.35 (quintet, 1H, J=7.8 Hz),
3.93 (t, 2H, J=8.3 Hz), 4.01 (t, ZiH, J=9.3 Hz), 4.19 (s, 2H), 7.04
(s, 1H), 7.47-7.52 (m, 5H), 8.03 (s, 1H), 8.34 (s, 1H). -
IR Spectrum (KBr): 1135, 1177, 1379, 1410, 1594, 1626, 3421 cm™.
Mass. Spectrum (FAB') m/z: 476 ((M+H)*) . '

|
!
|

*

(Example 2) .
1- ({5 (5~ (4~ Cyclohexylphenyl) 1,i 4—oxad:|.azol 3~y13 -2- furyl}meth
yl)azetidlne -3-carboxylic acid ) »

- - ‘

ox
&O"W |

('Za) 5-( {»[t-Butyl_(dimethyl) silylf] oxy}methyl) ~2-furonitrile
The crude product of the t"iq“le compound thus obtained was
1\ .
FP0605s P4§710/trmslaﬁon of PCT specification/acf/28/09/07
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_'eyntheszzed by conducting the eimila.r reaction to that mentioned :Ln ""

‘ 'Example 1 (1c) ueing _‘ : : : R o i

- 5- ({[t—butyl(dimethyl)sﬂyl] oxy}methyl) -2- furaldehyde (9:1g, 38

h mmol) [reference 1J.teratuxe. Tetrahedron, vol. 50 (23) , 6767 (1994)], o

_'hydroxylam:.ne hydrochloride (2.9 -1 42 mmol) . tr:l.ethylamme (11 ml |
.76 ‘mmol) and N N -d:.cyclohexylcarbod:.imide (8.6 g, 42 mmol)

Subsequently, the crude product of the title compound thus obta:.ned

" was purified by chromatography on a silica gel column using a m:l.xed

‘ ' solvent of ethyl acetate and hexane (1 9) as the eluent. to afford '
the. t:.tle compound (7 5 g) in a ys.eld of 84 % aa a colourless. oily
'f:product : e . o

INMR Spectruxﬁ (400 ‘MHz, cnc13) 5 ppm: 0. 11 (a, sn), 0. 82 (s, 9H),;

,'._"'4 67 (8, 2H),§6 36 (d, 1H, Je3. 4 Hz), 7. 04 (d, 1H, J=3.4 Hz)

. LIR Spectrunt(llquid.filnn 1093 1122 1258 1464, 1473 1524, 2120,
2233 em. L g _ L :
' '.'_fv"_Maea SPectrum (EI*) m/z 23é,'-(Mf)

91 :
B

(@)

{

B= ({ [t-Butyl(d:tmethyl)silyl]oxy}methyl) -N' -hydroxyfuran 2-carbox
_imidamn.de ‘ L

. The crude product of the t:.tle compound wae synthesized by

. foonduct:.ng the aim:l.lar reac:t:.on to that mentloned :Ln Example 1 (1d)
: 'ueing 5 « [t-butyl (dimethyl)silyl]oxy}methyl) -2- furonitr:.le
(7.5 g, 32 mmol) that was obtained in Example 2. (2a) ‘and a 40°'% aqueous
eolution of hydroxylamine (4 0 ml) Subeequently,_ the crude product
of the title compound thue obtained waa pu:cified by chromatography, "
‘ona ailica gel column ue:mg a mixed aolvent of ethyl acetate and.
o _’hexane (1:1) as. the eluent to afford the title compound (8.1 g) in
'--f"a yield of 95 % aa a white cryetalline aolid A
© YMNMR Spectrum (400 MHz, CDCL,) & ppm: 0.09 (s, ), 0.91 (s, 911),"""‘
-4 66 (s, 2H), 4. 99 (bra, ZH), 6 28 (d, 1H, J=3 4 Hz), 6 70 (d 1H,:

J=3 4 Hz), 8 76 (br, 1H) o ,
IR Spectrum (KBr)' 1255, 1613 1669, 3243, 3367 3474 cm
AMasa Spectrmn (EI’) m/z: 270 (M") £ e

L
T
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(2d) Ethyl '
1-({5-[5-(4- cyclohexylphenyl)-i,z,4~oxadiazol-§4y1]-2—fury1}meth
yl)azetidine-3- carboxylate
The crude product of the title compound was synthesized by

conductlng the similar reaction to that mentloned in Example 1 (1£)
using | . '

{5~ [5 (4- cyclohexylphenyl) -1,2,4-oxadiazol- 3—y1] -2~ furyl}methano
1 (0.18 g, 0.55 mmol) that was obtained in ExampleAz (2¢)., carbon.
tetrabromide (0.22 g, 0.67 mmol), triphenylphosphine (0.18 g, 0.67
- mmol) , ethyl 3-azetidinecarboxyla£e.hydrbchloride (0.14 g, 0.83 '
mmpl)_and‘N,Nédiisopropylethylamine (0.30 ml, 1.7 mmol).
Subsequently, the‘crudé'produét 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;é:l) 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, CDCly) & 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, JE7 8 Hz), 3.44 (t, 2H, J=7.8 Hz), 3.64 (t,
- 2H, J-7 8 Hz), 3.73 (s, 2H), 4.16. (q, 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 (4,
2H, J=8.3 Hz).

IR‘Spectrumv (KBr): 1374, 1561, 1614, 1736 cm™

Mass Spectrum (FAB') m/z: 436 ( (M+H)*) .

(2e) RS o
1-({5~[5-(4- Cyclohexylphenyl) -1, 2 4-oxadiazol-3-yl] -2- -furyl}meth
yl)azetldlne—B—carboxylle acid
To a solution of ethyl

1- ({5- [5- (4-cyclohexylphenyl) -1,2; 4-cxadiazol-3-yl] -2~ furyl Jmeth |
yl)azetidine-3-carboxylate (0.23 g, 0.53 mmol) that was obtained in
Example 2 (2d4) in a mixed solvent of'tetrahydrofurah (0.50 ml),

methanol (0.50 ml) and water (0.50 ml) was added 1i£hiunlhydroxide
uwmthdrate(SOmg,1.2mmol)withstirring,andtheresultimgmixture
was'stirred at room tempeiature=fox’1 hour. After stirring, acetic

FPO603s P95710/translation of PCT specification/acf/28/09/07
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acid (65 pl, 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, CD;OD) & ppm: 1.30-1.40 (m, 1H), 1.43-1.57
(m, 4H), 1.79 (d, 1H, J=11.7 Hz), 1.87-1.94 (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 (4, 1H, J=3.4 Hz), 7.26 (d, 1H,
J<3.4 Hz), 7.48 (d, 2H, J=8.3 Hz), 8.1l (d, 2H, J=8.3 Hz).

IR Spectrum (KBr): 1346, 1410, 1442, 1503, 1561, 1588, 1618, 3105,
3430 em™. . '

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

(Example 3) '
1-[(4-{5- [4-Pheny1—5- (trifluoromethyl) -2-thienyll-1,2,4-oxadiazo
1-3-yl}-2-thienyl)methyl]azetidine-3-carboxylic acid

CO,H

Ph .
Pie i P
F,.00 5 N B
S

(3a)

5- ({ [t-Butyl (dimethyl) silyl] oxy}fnethyl) thiophene-3 -carboﬁitrile
To a solution of '
[(4-bromo-2-thieny1)methoxy]t—butyldimethylailahe (9.0g, 29 mmol)

[reference literature-: J. Med Chem., vol. 45, 5005 (2002)] in

N,N-dimethylformamide (20 ml) was added copper cyanidé (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% aqueous solution
of ammonia (50 ml), the resulting mixture was stirred at room

temperature for 1 hour. Af.ter 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

FP0605s P95710/translation of PCT specification/ac/28/09/07
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over sodium sulfate. After filtratiom, 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[ CcDC1l;) & ppm: 0.11 (s, 6H), 0.93 (s, SH),
4.85 (s, 2H), 7.06 (s, 1H), 7.82 (s, 1H).

IR Spectrum (thin £ilm): 1086, 1128, 1258, 2229 cm.

Mass _Sﬁectmm (EI") rﬁ/z: 253 (M"). |

(3b) -
5~ ({[t-Butyl (dimethYl) s8ilyl] 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] oxy}methyl) thiophene-3-carbonitrile
(4.3 g, 17 mmol) that was obtained in Example 3 (3a) and a 40 % aqueous
solution of hydroxylamine (2.2ml). Subsequently, the crude product
of the title compound thus obtained was purified by chrématography
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, 9H),
1.69 (brs, 1H), 4.79 (b;:‘s, 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 ((M+H)").
(3c)
(4— {5- [4-Phenyl-5- (trifluoromethyl) -2-thienyll-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)

FP0605s ' P95710/translation of PCT specification/acf/28/09/07



. 110

using

- 5-({[t-butyl (d:.methyl)s:.lyl]oxy}methyl) -N’ ~hydroxyth:.ophene -3-ca

rboximidamide (0. 43 g, 1 5 mmol) that was obta:med in Example 3 (3b) )

4-phenyl-5- (trifluoromethyl)thlophene -2- carbonylchlorlde(o 529,
1.8 mmol), N N—di:.sopropylethylamlne (0. 52 ml, 3.0 mmol), and a 1.0
M solution’ of ‘tetrabutylammonium fluoride (3.0 ml, 3.0 mmol).

- éubsequently, the crude product of the title compound thus obtained

was pur:l.f:.ed by chromatography on a silica gel column using a ma.xed
solvent of ethyl acetate and hexane (1:2 to 1:1) as the eluent to
afford the. t:.tle compound (0.60 g) as a white crystalline solid. '
'HNMR Spectrum (400M Hz, CDCl;) & 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 (4, 1H, J=1.2.
Hz) |

IR Spectrum,(KBr)::‘llzs, 1183, 1268, 1313, 1417, 1578, 1606, 3324
cm?, . '
Mass Spectrum (FAB*) m/z: 409 ((M+H)').

(3d) Ethyl
1-[(4-{5-[4-phenyl-5- (trifluoromethyl) -2-thienyl]-1,2,4- oxad:.azo
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-[4-phenyl-5~ (trif;uoromet;hyl) -2-thienyl] -1,2,4-oxadiazol-3
~-yl}-2~ thienyl)methan’ol‘ ‘(0.10 g, 0.25 mhoi) that. was obtained in
Example 3 (3c), carbon tetrabromide (0 17 .g, 0.50 mmol) , .
triphenylphosphine (0.13 g, 0. 50 mmol) ' ethyl | .
3- azetld:.necarboxylate hydrochloride (62 wg, 0.38 mmol), and
N,N- di:.sopropylethylamine (0.11 ml, 0.63 mmol) Subsequently, the
crude . product of the title compound thus obtained was purified by.
thin layer chromatography onasilica gel plate using a mixed solvent
of ethyl acetate and Hexane (2:3) as the developing solvent to afford
the title compouﬁd (73 mg) in a yield of 56 % as a white crystalline
solid. “ '
"HNMR Spectrum (400 MHz, CDCl,) 6ppm 1.27 (t, 3H, J=7. OHz), 3.31-3.41
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(m, 34), 3.55-3.68 (m, 2H), 3.83 (s, 2H), 4.17 (g, 2H, J=7.0 Hz),

' 7.47 (s, 6H), 7.89 (&, 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/zi 520 ((MsH)').

(3e) _ :
1—[(4—{5-f4-Phenyl—5~(trifluoromethyl)-zfthienyl]-1{2,4—oxadia20

1-3-yl}-2-thienyl)methyl] azetidine-3-carboxylic acid

To a solution of ethyl
1-[(4-{5- [4-pheny1 -5~ (trifluoromethyl) -2~ thienyl} -1,2,4-oxadiazo
1- 3-y1} -2~ th:.enyl)methyl]azetld:.ne -3~ carboxylate {70 mg, 0.13

- mmol) that was obta:.ned in Example 3 (3d) in dloxane (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, acetic acid (22 pl, 0.39 mmol) was added
to the reaction mixture to quench the reaction, and the resulting
mixture was evaporated in vacuo. To the residue thus obtained were v.
added successively methanol (1 ml) and water (1 ml) with stirring,
.and the white bol}id precipitatéd was coilect.ed by filtration using
a Kiriyama funnel, washéd with a mixed solvent of water and methanol
(3:7) and dried in vacuo to afford the title compound (34 mg) in a
yield of 53 % as a crystalline white solid. |

“NMR 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, 5H), 7.93
(s, 1H), 8.03. (s, 1H), 8.37 (s, 1H). ’
IR Spectrum (K.'Br) 1133, 1178, 1270, 1579, 1605, 3429 cm™

Mass Spectrum (FAB*) m/z. 492 ((M+H)*). ‘

(Example 4)

1-{(5-{5-[4-Phenyl-5- (tr:.fluoromethyl) -2- thlenyl] -1,2, 4-oxadiazo
1—3-y1}-2—thieny1)methyl] azetidine-3-carboxylic acid

FPO605s P95710/translation of PCT specification/ac£/28/09/07
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CO,H -

(4a)

5-({[t —‘Butyl (dimethyl) s ilyi.] oxy }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 | (S-biomo—z-thienyl)methoxy]t-butyldimethyls:i-.'lane. (2.4 g,

7.8 ﬁunbl) [reference literature: Tetrahedron, vol. 39, 2531 (1983)]

and copper cyanide (1.3 g, 14 mmol) A. 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 to 1:7) as the eluent to afford the title compound (1.1
g)' in a yield of 56 % as a white crystalline solid.

'HNMR 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 £ilm)]: 1096, 1258, 1377, 1464, 1472, 2219 cm™.
Mass Spectrum (EI*) m/z: 253 (M*).

{4b)
5- ({ [£-Butyl (dimethyl) silyl] 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 (14)
using o ' i
5-({ [t-butyl (dimethyl) silyl] oxy}fnethyl) thiophene-2-carbonitrile
{1.3g, 5.0 mmol) that was obtained in Example 4 (4a) and a 40 % aqueous
solution of hydroxylamine (0.7ml). Subsequently, the crude product
of the title compound thus obtained was puri'fied‘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.
1HNI.VIR Spectrum {400 MHz, CDCl;) 6 .ppm: 0.10 (s, 6H), 0.93 (s, SH),
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*) wm/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 syﬁthesized by
conducting the similar reaction to. that mentioned in Example 1 (le)
using
5- ({[t-butyl (dimethyl) silyl] oxy}methyl) -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 (1:2) as the eluent to afford
the title compound (0.60 g) in a yield of 99 % as a white crystalline
solid. |
'HNMR Spectrum (400 MHz, CDCl.) & 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
(g, 1H, J=1.6 Hz).
IR Spectrum (KBr): 1108, 1126, 1176, 1269, 1373, 1572, 3322 cml.
Mass Spectrum (FAB*)'m/z: 409 ((M+H) ™) . y

(4d) Ethyl
1-[(5-{5—[4fphenyl—5-(trifluoromethyl)-2—thienyl]-1,2,4-oxadia20
1-3-yl}-2-thienyl)methyl]azetidine-3-carboxylate

'The crude product of the title compound was syntheéized by
conducting the similar reacﬁion to that mentioned in Example 1 (1f)
uaing :
(5-{5-[4-pheny1¥5—(trifluoromethyl)~2—thienyljf1,2;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, 6.58 ﬁmol), ethfl |
3-azetidinecarboxylate hydrochloride (62 mg, 0.38 mmol), and
N,NfdiisopropylétﬁYIamine'(0[13:m1, 0.73 mmol);: Subsequently, the.
crude“prodﬁct of the title oompound thus obtained was purified by
thin layer chromatography ona silica gel plate using a mlxed solvent
- Of ethyl acetate and hexane (4:5) as the developing solvent to afford
the title compoundjto.lz g) in'a yield of 80 % as a colourless oily
product ' '
'HNMR Spectrum (400 MHz c:ocla) 5ppm 1.28 (£, 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 (ligquid £ilm): 1133, 1182, 1214, 1269, 1284, 1373, 1571,
1734 cm™ ‘ N "
Mass Spectrum'(FAB*) m/z: 520 ((M+H)*).

(4e) . : :
1- [(5 {5- {4-Phenyl-5- (trifluoromet:hyl)-z thienyl] 1 2 4- oxadaazo
- 3-y1) 2- thienyl)methyl]azetid:.ne-:’. carboxylic acid

' The title compound (60 mg) was synt:hes:.zed in a yield of 53 %
as a white c:rystalllne solid by conducting t:he similar reactlon. to
that mentioned in Example 3 (3e) “using ethyl

1-[(5-{5~- [4-—pheny1 -5- (trx.fluoromethyl) -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 ét_queous solution
of sodium hydroxide (0.69 ml, 0.69 mmol). : )
'HNMR Spectrum (400 MHz, CD;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. 87A
(s, 1H), 8.02 (s, m) |

IR Spectrum (KBr) 1134, 1179 1214 1267 1366, 1379 1570 1605
3429 cm™? :

Maas‘Speot;mm (FéiB*) wm/z: 492 (‘ (M+H)*) .
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succesmvely w.xth 0 N hydxoch‘ “"r:.c acld, a aa.turated aqueous
g solution of sodium hydrogencarbanate a.nd a. saturat:ed aq:ueous solut:ion" R
2 "of sodlum chloridF and’ dr:.ed over eodmm sulfate. _ After filt:rat:.on,

e ef ‘the. residue obtained in tetrahydrofuran (4 o ml) was added

e (E”ample 5)

{5 [5 (4 Phenoxyphenyl) 1 2, 4-oxad1azol 3-y1] -2 thienyl}methanol "-
‘ ‘ro a soluta.on‘ \of 4-phenoxybenzo:.c acld (0 12 g, O 55 mmol) lnf.ﬁ"_:’"j B
ae:etonitrile {5 m],) were added sucaessively 1~hydroxybenzotrn.azole o L

(88 mg, o 65 malf 1= ethyl 3 (3 dimethylaminopropyl)carbodiim:.de S
hydrochloride (0. 12 g, 0.60 mmol), 0 AN
5 ({ [t-butyl (dimathyl)silyl] oxy}methyl)-—N’ —hydroxyth:.ophene 2 ca

rbox:.midam:.de (o P.4 g, 0. 5 mmol) that was obtained in Example 4 (41:)
with stirring, and tha reaulting mixt:ure was atirred at roam t_ _
temperature for Bb minut:es. ‘After: stirring, water (5 ml) was added“i )
to the reaction‘ ﬁir:ture to quench the reaction, a.nd the resulting ”;'_' e T
mixtw:e waa extracbad with etb.yl acetate 'I'he extract. was washed L

the filtrate was evaporated ;m vacuo ' Subsequantly, tc a solution‘

tetra.butylauunonipm fluoride (a. : ;..;0 M solutwn in tetrahydrofura_n, L

B ""1, 1.0 ml 1 0 rmnol) 1w:.th stirring, and the resulting mixture was at:.:fredi::f:.;_ E o

at 600(: fQZ' 3 hcurs‘ After Stirring, the reacticn m:.xture was pouxed S N
into water {20 ml) to quench the react:.on and extractgd with ether,
'I‘he extract was washed wii:h a satu:r:ated aqueous aolution cf sodium'

chloride and dried over sodlum sulfate Aﬁter filtration, the ST
'.__filtrate was eva]‘borated in vacuo, ‘and the crude product of the t:l.tle"’ o

compound t:hus ohtained was pur:.fied by chromatography on - a silica _Y 'i
gel colum usiné a mixed solvent of athyl acetate and hexane (1 1)

as the eluent to‘afford the tmtle compound _(9'7 mg) :m a Yleld Qf 55 % S




1lle

as a white crystalline solid.

'HNMR Spectrum (400 MHz, CDCl;) & ppm: 1.89 (t, 1H, J=5.9 Hz), 4.89
(4, 2H, J=5.9 Hz), 7.03-7.10 (m, 4H), 7.19-7.28 (m, 2H), 7.35-7.44
{m,2H), 7.71 (4, 1H, JI=3.5 Hz), B.61 (d, 2H, J=8.6 HZ).

IR Spectrum (KBr): 1241, 1366, 1487, 1575, 1590, 1613, 3331 cm™.
Mass Spectrum (FABY) m/é: 351 ((M+H)").

(5b) Ethyl
1—({5-[5—(4-phenoxyphenyl)-1,2,4—oxadiazol-3~y1]-2—thienyl}methy
l)azetidine-3~carboxylate

The crude product of the title compound was synthesized by
conducting the simiiar reaction to that mentioned in Example 1 (1f)
using ' ' .
{54[5-(4—phenoxypheny1)~1,2,4—oxadiazol-3-yl]~2-thienyl}methauol
(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) , ethyl 3*azetidinécarboxylate hydrochloride (70 mg, 0.42 mmol),
and N,N-dijisopropylethylamine (0.18 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
golvent 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. .
LHNMR Spectrum (400 MHz, CDCL,) & 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 %Z),
7.42 (t, 24, J=7.8 Hz), 7.70 {(d, 1H, J=3.3 Hz), 8.14 (d, 2H, J¥9.0
Hz) . V
IR Spectrum (liquid film): 1168, 1196, 1246, 1367, 1489, 1732 cm™.
Mass Spectrum (FAB') m/z: 462 ((M+H)").

(5¢)
14({5-[5-(4-Phenoxypheﬁyl)—1,2,4—oxadiazol-3—y1]—2—thienyl}methy
1l)azetidine-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 Jmethy
1)azetidine-3-carboxylate (90 mg, 6.20 mmol) that was obtained in
Example 5 (5b) and a 1N aqueous solution of sodium hydroxide (0.60
ml, 0.60 mmol).

_'HNMR Spectrum (400 MHz, CD,CO,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 (£, 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 (.F_AB*) m/z: 434 ((M+H)").

(Example 6)
1-({4- [5- (4-Benzylphenyl) -1, 2, 4-oxadiazol- 3- -yll-2- thlenyl}methyl

)azetidine-3- carboxyl:.c acid

WCOZH

(6a)
{4-[5- (4-Benzylphenyl)-1,2,4- oxadiazol- -3-~yl}-2- thlenyl}methanol
The crude product of the t::.tle compound was synthesmzed by
conducting the similar reaction to that mentioned in Exarmle 5 (5a)
uging 4-benzylbenzoic acid (0.12 g, 0.55 mmol) , )
1-hydroxybenzotriazole (88 mg, 0.65 mmol),
l-ethyl-3- (3~dimethylaminopropyl) carbodiimide (0.12 g, 0.60 mmol),
5- ({ [t=butyl (dimethyl) silyl] oxy}methyl) -N’ —hydroxyﬁhiophene ~-3-ca
rboximidamide (0.14 g, 0.5 mmol) that was obtained in Example 3 (3b) .
and tetrabutylammonium fluoxide (al.0Msolution in tetrahydrofuran,
1.0 ml, 1.0 mmol). Subsequently, the crude product of the title
compound thus obtained was purified by reérystallization from a mixed
solvent of eéthyl acetate and hexane to afford the title compouhd (99
wg) in a yield of 57 % as a 'White crystalline solid. |
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B
'HNMR Spectrum (400 MHz, CDCl,) $ 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™t

Mass Spectrum (FAB*) wm/z: 349 ((M+H)*).

(6b) Ethyl

_1~({4~-[5~ (4-benzylphenyl)-1,2,4-oxadiazol-3~yl] ~2-thienyl }methyl

)azetidine—B-cérboxYlate

The crude product of the title compound was gynthesized by
conducting the similar reaction to that mentioned in Example 1 (1f)
using '
{a-[5- (4-benzylphenyl) -1,2,4-oxadiazol- 3—y1] -2~ thlenyl}methanol
(95 mg, 0.27 mmol) that was obtained in Example 6 (Sa), carbon .
tetrabromlde (0 ig g, 0.54 mmol), trlphenylphosphlne (0.14 g, 0.54
mmol),ethy13 azetldlnecarboxylatehydrochlorlde(67rML 0.4 mmol),
and N,N-diisopropylethylamine (0.12ml, 0.68 mmol). Subsequently,
the c¢rude product of thé 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.
HNMR Spectrum (400 MHz, CDCL,) & ppm: 1.27 (t, 3H, J=7.0 Hz), 3.30-3.39
(m, 3H), 3.56-3.66 (m, 2H), 3.82 (s, 2H), 4.06 (s, 2H), 4.15 (g, 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, 1735em™
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

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
1—({4-[5-(4—benzylphenyl)—1,2{4~oxadiazol-3—y1]-z—thienyl}methyl
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)azetidine-B-carboxylai:e (82 mg, 0.18 mmol) that was obtained in
Example 6 (6b), and a 1N agueous solution of sodium hydroxide (0.54
wl, 0.54 wmol).

YHNMR 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 Sjpectrum (FAB*) m/z: 432 '((M+H)*).'

(Example 7)
1-{2- [5- (4-Isobutylphenyl) -1,2,4-oxadiazol-3-yl]-4,5,6,7-tetrahy
dro-~1-benzofuran-4-yl}azetidine-3-carboxylic acid 1/2 oxalate

o rjc:ozﬂ
. o)

(7a)

t-Butyl (dimethyl) (4,5, 6, 7-tetrahydro-l-benzofuran-4-yloxy)silane
| To a solution of 6,7-dihydro-4- (SH) ~ben20furaﬁone (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 waé stirred
for 1 hour. After evaporating the reaction mixture in vacuo, -the

regidue obtaihed 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.

- S8ubsequently, to a solution of the residue thus obtained in

dimethylformamide (30 ml) were added successively imidazdle (4.0 g,
59 mmol) and t-bthldimethylchlorosilane (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 wiﬁh ether. The extract was washed with
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stirred »fqr 30 m:!.nutes s After tirring, a, saturated aqueous solution p

'(50 ml) and ext: ac’ted"‘“w:.th ther. _‘ The ext:ract was washed




'vsclvent of et:h.yl ac'etate an hexane (1 9) as the eluent to affordf—

T'_the title compound“ (4: 3. g) m a yield of 94, % as a white crystallme L
solid. | A T i
e spectrum (500 MHz. cncl,) 5 ppm: 0.4 (s, 311), 0.16 (s,‘3H),
“"°7to_9z (8, 9H), 1 sa 1 86 (m; 2H), 1. 90‘1 99 (m, 13), 2.04-2. 4 mo
1m), 2,61 (dt, 1H, 3-17.6 Hz, 6.3 Hz), 2.73 (dt, 1%, 3-17.6 Hz, 6.3
. THz), 4.75 (£, 1M, 0=5.9 Hz), 7.15 (s, 1H), 9.53 (s, m)
- IR spectrum (KBr): 1074, 1085, 1525, 1678 et
"i:_Mass Spectrum (FAB") m/z. 280 ((M+H)*) "

| -carbonitr11e ‘ S

i

The crude product of the t:.t:le compound;_was” synthes:.zed by
-conductmg the eimilar reaction to that; mentioned in Example 1 (1c) i~

"‘f_‘_'4 {[t~butyl (dimethy-)silyl]oxy} 4, 5 6 - tetrahydro-l—banzofuram
-“""‘,:'f;_z carboxaldehyde (4 3 g, 15 3 mmol) that was obtained in Example 7. '. L
» 7b) " hydroxylamina hydrochloride (. 2 g, 17 xxtrncl) P triethylamine'_“_"-

4.3ml, 31 mmol), and N,N! «dicyclohexylcarbodiim:.de (3.5, 17mmol).
Vubsequently, the crude product Of the title compound thua obtained_

HWés purif:.ed by chromawgraphy on a s::.llca gel column using a mixed ; e iy
olvent of ethyl acet:ate and hex.ane (1 9). a.s the eluent to afford' SEEhy B
~the t:itle compound (3 0 g) in a. yield of 71 % "as a colourlasa o:.ly- g o ;_‘.
ﬂNMR Spectrwm (400 an, c9013) 5 ppm o 12‘(5, 35), o 14 (s, 3&),1:fft' PR
'1‘.,}91 (s, 9H) ,1.16-1.38_(m,. m), 1.65-1.82 (m, 1H), 1. g6-1.96 m, .
[1H), 2.02-2.12 (m1H), 2.55 (dt, 1, 0417.2 Hz,5.9 Ha); 2. 66 (dt, St ‘
am, J=17, z Hz, 5.9 Hz), 4. 70 (t, 1, J=5.9 Hz), 6. 99 (s, m) R
IR Spectrwn (11quid film) 1087, 1255, 1526 1616, 2120, 2227 o™
Mass Spectrum (FAB*) m/z-"'278 ((M+H)*), 300 ((M-o-Na)*) el
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(7d)

-4#{[t-Butyl(dimethyl)silyl]oxy}—N?—hydroxy-é,5,6,7—tetrahydrb-;-

benzofuran-2-carboximidamide

The crude product of the title componnd was synthesized by

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

using

. a-{[t-butyl(dimethyl)silyl]oxy}—4,5,6,7-tetrahydro-l4benzofuran~

2-carbonitrile (3.0'9, 11 mmol) that was obtained in Example 7 (7).
and a 40 % agueous solution of hydroxylamine (3.0ml). 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 (3:7) as the eluent to afford the title
compound (2.7 g) in a yield of 82 % as a white crystalline solid.
'HNMR Spectrum (500 MHz, CDCl;) 6 ppm: 0.12 (s, 3H), 0.13 (s, 3H),
0.91 (s, 9H), 1.64-1.81 (m, 2H), 1.85-1.93 (m, 1H), 2.00-2.10 (m,1H),
2.54 (dt, 1H, J=17.4 Hz, 5.1 Hz),'2.65 (dt, ;H, J=17.2 Hz, 5.1 Hz),
4.72 (t, 1H, J=5.1 Hz), 4.85 (brs, 2H), 6.57 (brs, 1H), 6.62 (s, 1H).
IR Spectrum (XBr): 1252, 1362, 1377, 1569, 1544, 1645, 1670, 3171,
3371, 3484 cm™.. L

Mass Spectrum‘(FAB*)'m/z: 311 ((M+H)f).

(7e)
2-[5—(4fIsobutylphany1)~1,2,4—oxadiazol-3—yli-4,5,6,7-tetrahydro
-1-benzofuran-4-ol ' |

The crude.prodﬁct of the title compound was synthesized by
conducting the similar'reactioﬁ to that mentioned in Example 5 (§a)
using 4-isobutylbenzoic acidﬁ(o.lé g, 0.66 mmol) ,
1—hydrqx?benzotriazole (0.11 g, 0.78 mmol),
1-ethy1;3-(3-dimethy1aminopropy1)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). Subseguently, the crude
product of the title compound thus obtained was purified by
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chromatography on a gilica 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 yellow1sh oily product.
*HNMR Spectrum (400 MHz, CDC1;) 6 ppm: 0.93- (d, 6H, J=6.7Hz), 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), 7.2; (s, 1H), 7.29 (4, 2H, J=8.2 Hz), 8.08 (4,
.2H, J=8.2Hz).

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

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

(7£) Ethyl '
1-{2-[5- (4-isobutylphenyl) -1,2,4-oxadiazol-3-yl] -4,5,6,7-tetrahy
dro-1l-benzofuran-4-yl}azetidine-3-carboxylate .

The crude product of the title compouzid was synthesized by
conducting the similar reaction to that mentioned in Example 1 (1£)
using | o
2-[5-(4-isobutylphenyl)-1,2,4-oxadiazol-3-yl] -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 hyd‘rochloride
'(0.11 g, 0.68 mmol), and N, N-diisopropyléthylamine (0.20 m1, 1.1
mrhol) Subgequently, 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. 4 ’
IHNMR Spectrum (400 MHz, CDCl,) & 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, lHj, 2.00—2.14
(m, 1H), 2.56 (d, 2H, J=7.4 Hz), 2f60-2.83 (m, 2H), 3.27—3.44 (m,-
3H), 3.51 (t, 1H, J=6.8 Hz), 3.58-3.70 (m, 2H), 4.18 (g, 2H, J=7.4
'Hz), 7.12 (s, 1H), 7.31 (d,.ZH, J=8.0 Hz), 8.10 (d, 2H, J=8.0 Hz).
IR Spectrum (liquid £ilm): 1186, 1208, 1342, 1387, 1560, 1590, 1616,
1733 cm™ ' '

Mass Spectrum (FAB') m/z: 450((M+H)*).
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(79)

1-{2-[5- (4~Isobutylphenyl)-1,2,4-oxadiazol-3-yll-4,5,6,7-tetrahy

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

1-{2-[5- (4—isbbuty1phenyl) -1,2,4-oxadiazol-3-yll~4,5,6,7-tetrahy

dro—l-benzofuran-4—yl}azetidine—B—carboxylat’e (25 mé, 0.056 mmol)

that was btained in Example 7 (7f£), 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, 5H), 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-yl]-4,5,6, '7—1;etrahy
dro-1-benzothien-4-yl}azetidine-3-carboxylic acid

Co,H

oS

(8a) 2-Bromo-4,5,6,7 —t’etréhydro¥ 1-benzothiophen-4-ol

To a solution of 4,5,6,7-tetrahydro-1-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 extraét was washed with a saturated agueous solution of
sodium chloride and dried over magnesium sulfate. Afterf iltration '

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

FPO60Ss P95710/ranslation of PCT specification/acf/28/09/07



e ‘o:E the res:.due thus obt.alned-m a mixed 8 E AR
g 120 ml) and wat:er (20 ml) wae added’_ ':'.dmm hydraxide'(z 3 g, 57 rmnol) o RN
' 'w:i,th stirring, and the resultlng mlxture wa iry i :

After st:irring, tha reaction mixtufe wa 1nto water (50 ml) R
:ther';_._ The extract: was"._” S
J chloride and dried"

he _z.lt:rate was .

to quench the reactio;n and extracted_-w._ _

waahed w:.th a satu;rated aqueous soluticn of sodiur

-qwer magnesium sulfate. Aft;er filtratwn:

avaporated :Ln vacuo, and the crude product_-_o ':.tle compound thus R

obtained was purified by chromtograph' on a silica gelf?:@lunm. ‘us;i.ng;_'

s a mixed solvent caf ethyl acetate _and_hexane
L _' afford the title campound (5 0 g) in :
RS oily product .

as t:he eluent to T

ield of 82 % Vas a colourlessf’ o

;;1 75-1, ea”lw_
77 (m, 1H)I E ;

7? 1methylsilane‘

o Te a Solut:.on__of o ) . |
e "'-bromo 4,5,6, '7-tet.rahydro l"benZchiophen- .,.01 (5 o vgv,f;‘21 mmol)

) that was obtamed in Example 8 (Ba) in N,N-»dimet:hylformamide (30 ml) S

!

I

were added duccassively imidazale (2 9 g, 43 mmol) and S
~butyldimethylchlorosilane (3 5 g, 24 mmol) wit.h stirring, and t;he
Col resulting mixturv waa stirred for 2 hcurs. : After stirring, the
: . ?\_ reaction mixture“wéa poured into water ( 50 ml) to quench the react;ion ‘- ) e
‘and’ extxacted w:.th ether “The extract waa washed with a sat:urated‘ EVRRERE

.aqueoua solution e:f sodium chloride and dried over magnesium sulfate i o
Aﬁtea: flltration, the fmltrate was evaporated :Ln vacuo, and the crude
product of the title compound t.hus obtained was purified by ; o
cbromatography on a silica gel colum us:i.ng a mixed solvent: of ethyl"‘ P
ate and hexane (1 9) as the eluem: to affcrd the title compound

Rl
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'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), 2.59 (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, 1H). | |

IR Spectrum (liquid film): 1101, 1255, 2858, 2930 cm™.

Mass Spectrum (EI*) m/z: 346 (M'). .

(8c)
4-{[t-Butyl (dimethyl)silyl] oxy}~4,5,6,7-tetrahydro-1-benzothioph
ene-2-carboxaldehyde '

To a solution of
[(2-btomo-4,5,6,7-tetrahydro-1-benzothiophen-4-yl) oxyl] (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 ﬁ'tixtu_re was stirred for 5 minutes. 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
agueous solution of ammonium chloride (10 ml) was added to the
reaction mixture to quench the reaction, and the resulting. mixture
wag 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 filtratiom, the fiitrate wasg
evaporated in vacuo, and the crude product of the title compound thus
obtained was purified by chromatography on a silica ge'l column uging
a mixed solvent of ethyl acetate and hexane (1:9) 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, 5H), 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, 1H,
J=5.4 Hz), 7.58 (s, 1H), 9.82 (s, 1H).

IR Spectrum (liquid film): 1240, 1255, 1462, 1673 cm™.

Mass Spectrum (EI*) m/z: 2,96"' gM*) ]
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‘;'_--.-‘-;4 {[t"BUtyl(dlmethyl)si.lyl]-_oxy} 4 5 6 7 tetrahydro 1~benzoth:.oph
_".""5_‘:ene -2~ carbonitrila : ' e - !

L The cmde product of the f»t.itle' compmmd wa.s"synthesized by G
-;-;conducting »thes milar react:ion to that mem:ioned in Example 1 (1c) ?"*, e

'-'::.;-f'us:ing e R e A T Y
e {[t—butyl(d:.methyl)silyl__ mr.y}—4 5 6,7 tetrahydro l»benzc)thmph
,"',f;'_’ene 2—carboxa1dehyde (4.4g, 15. 3 ‘mol) that was cbtained in Example .
B 8 (ac) " hydroxylamne hydrochloride (1 % g, 16 m.ol) , triethylamine 3
(4 1ml 30 mmol) andN N* -dicyclohexylcarhodi:.mde (3. 49, 16 mmol)
s @aeguentllh tha crude product: of the title compound thus obta:Lned
o '--v"'-'-j,;WaB pumfied by thmtography on a ‘silica gal column using a mixed
B o ‘_solvent of et;hyl acetate and hexane (1 9} as the eluent to afford REST
‘ ?t;he t:itle compomd,.(ﬂl'l;xg) in a yield oﬁ 94 % as a colourless Qily .
\ "i'_'._"'_-'.\."”Product e R RS R
| o 1BNMR Spectmm (400 MHz, CDCJ.,) 6 ppm.‘ 0 14 (s, 3H). 0 16 (s, BH), , ;._ ‘
\ e l0a92 (s, sm, 1:70-1.85 (m, 21-1), 1.96-2. 10 (m,. 2, 2 70 2 85 (m,
| 21-1), 4. 72 f-,-:wj _ff'st 5. Hz). 7. 43 (s, 1H)‘ i S i
‘ ©. IR spectrum f’v"(-liquid £11m)': 1103, 1256, 1460, 2218 cmt
) e Mass Spectrtm (FAB*) m/z"' 294’ ((M+ﬁ’+)' 332((““'1()"" ‘
|
|
|
|
|
|

‘(

} o 4 {[t-butyl(d:.methyl)silyl]oxy} 4 5 6 7 tetrahydro- -«benzothioph
i eng-2- carbonitrile (4.1g,13.9 mmol) that wag ‘obtained in Example
g i(ad) and a 40 -“-_aquaous solution of hydroxylamine (2.0 ml) B
e Sﬁbsequently, the crude product of the t.it;le compound thus obtained :,_;-‘ JREEA
; ' ) _f.‘_'_was purified by chromatography cm a silica gel column using a mixed :
e Laclvent of | ethyl acetate and hexane (31 7) ae the eluent to affard

g -"‘__""'the title compound (3 9 g) in a y:l.eld of 96 % as a wh:.te crystalline
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solid.

HNMR Spectruﬁ (500 MHz, CDCl;) & ppm: 0.14 (g, 3H), 0.16 (s, 3H),
0.93 (s, 9H), 1.70-1.82_(m, 2H), 1.94-2.07 (m, 2H), 2.69% {(dt, 1H,
J=16.5 Hz, 5.5 Hz), 2.76 (dt, 1H, J=16.5 HZ, 5.5 Hz), 4.73 (&, 1H,
J=5.5 Hz), 4.78 (brs, 2H), 7.06 (s, 1H), 7.31 (brs, 1H).

IR Spectrum (KBr): 1255, 1361, 1584, 1648, 3295, 3370, 3462 cmt,

Mass Spectrum (FAB*) m/z: 327 ((M+H)").

(8f)
2—[55(4—Isobutylphenyl)—l,2,4~oxadiazolh3—yl]44,5,6;7—tetrahydro
-1—benzothiophén-4—ol ' ‘

The crude product of the title compound was synthesized by
conducting the similar reaction to that mentioned.inﬁExample 2 (2c)
using _
4-{[t-butyl (dimethyl)silyl] oxy}-N’-hydroxy-4,5,6,7-tetrahydro-1-
benzothiophene—z—éarboximidamide (0.15 g, 0.50 mmol) that was
obtained in Example 8 (8e), 4-isobutylbenzoic acid (89 mg, 0.50 mmoi) .
N, N’ -dicyclohexylcarbodiimide (0.11 g, 0.55 mmol), and a 1.0 M
solution of tetrabutylammonium fluoride (0.75 ml, 0.75 mmol). -
Subsequently, the crude product of the title compound thus obtained
was purified‘by chromatography on a silica gel column.uSinQ a mixed
solvent of ethyl acetate and hexane (1:1) as the eluent to afford
the title compound (92 mg) in a yield of 52 % as a colourless oily
product. |
HNMR Spectrum (400 MHz, CDC1;) & ppm: 0.93 (d, 6H, J=6.6 Hz), 1.84-1.97
(m, 2H), 1.97-2.11 (m, 2H), 2.56 (d, 2H, J=7.4 Hz), 2.78 (dt, 1H,
J=16.0 Hz, 4.7 Hz), 2.90 (dt, 1H, J=16.0 Hz, 4.7 Hz), 4f80-4.85 (a,

24, J=7.8 Hz), 7.31 (4, 2H, J=7.8 Hz), 7.81 (s, 1H), 8.08 (d, 2H,

J=7.8 Hz).
IR Spectrum (liquid £ilm): 1363, 1519, 1559, 1584, 1614, 3385 cm™.
Mass Spectrum (FAB*) m/z: 355 ((M+H)').
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(8g) Ethyl .
1-{2- [5- (4-iscbutylphenyl) -1,2,4-oxadiazol-3-yl] -4,5,6,7-tetrahy
dro-1-benzothien-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) -1,2,4-oxadiazol-3-yl]-4,5,6,7-tetrahydro

~-1-benzothiophen-4-ol (92 mg, 0.26 mmol) that was obtained in Example
8 (8f), carbon tetrabromide (0.10g, 0.31 mmol) , trlphenylphosphlne
(81 mg; 0.31 mrﬁol) . ethyl 3-azetidinecarboxylate hydrochloride (€5
mg, 0.39 mmol), and N,N-diisopropylethylamine (0.14 ml, 0 .78 mmol) .
Subsequently, the crude product of the title compound thus obté.ined
was purified by' chromatography on a silica gel column using a mixed
solvent of ethyl acetate a_nd hexane (1:1 to 2:1) as the eluent to
afford the title compound (44 mg) in a yield of 36 % és a colourléss
oily product.

HNMR Spectrum (500 MHz, CDCl,) & ppm: 0.93 (d, 6H, J=6.8 Hz), 1.29
(¢, 3§, J=7.3 Hz), 1.70 (dt, 1H, J=11.2 Hz, 4.4 Hz), 1.75-1.83 (m,
. 3H), 1.93 (septet, 1H, J=6.8 Hz), 2.04-2.13 (m, 1H), 2.56 (d, 2H,

J=7.3 Hz), 2.75-2.82 (m, 1H), 2.91 (dt, 1H, J=12.7 Hz,4.5 Hz), 3.30
(quintet, 1H, J=7.8 Hz), 3.37 (t, 1H, J=6.8 Hz), 3.41 (t, 1H, J=3.9
Hz), 3.56 (t, 1H, J=7.3 Hz), 3.59-3.65 (m, 2H), 4.18 (g, 2H, J=6.8
Hz), 7.31 (d, 2H, J=8.3 Hz), 7.65 (s, 1H), 8.09 (d, 2H, J=8.3 Hz).
IR Spectrum (thin film): 1186, 1332, 1363, 1450, 1517, 1560 cm™

' Mass Spectrum (FAB') m/z: 466 ((M+H)").

(8h) .
1-{2-[5- (4~-Isobutylphenyl) - 1 2,4~ oxad:n.azol -3-yl1l-4,5,6,7~- tetrahy'
dro-1l-benzothien-4-yl}azetidine-3- carboxyl:.c acid

The title compound (26 mg) was s_ynthes:.ze'd in a yield of 64 %
as a white crystalline solid by conducting the reaction "similar to
that wentioned in Exawple 2 (2e) using ethyl
1-{2-[5- (4-isobutylphenyl) -1 +2,4-oxadiazol-3-yl] -4,5,6,7-tetrahy
dro-l-benzothien-4-yl}-azetidine-3-carboxylate (44 mg, 0.094 mmol)
that was obtained in Example 8 (8g), lithium hydroxide mopbhydrate

FP0605s . P95710/translation of PCT specification/ac/28/09/07



130

(8.7 mg, 0.20 mmol), -and. acetic acid (11 ul, 0. 20 mmol)

- HNMR Spectrum (500 MHz, _cn,on) 6 ppm: 0.94 (d, 6H, J—-G 8 Hz), 1.90-2.01
(m, 3H)., 2.02- 2.08 (m,2H), 2.60 (d, 2H, J=7.3 Hz), 2.91 (dt, 1H, J=17.5
Hz, 7.3 Hz), 3.01 (dt, 1H, J=17.5 Hz, 5.4 Hz), 3.37 (quintet, 1H,
J=7.8 Hz), 4.16-4.24 (m, 2H), 4.31 (t, 1H, J=9.3 Hz), 4.35-4.45 (m,
2H), 7.41 (d.'zn, J=8.3 Hz), 7.86 (s, 1H), 8.09 (d, 2H, J=8.3 Hz).

"IR Spectrum (thin f£ilm): 1517, 1559, 1613, 1714, 3428 cm™

Mass Spectrum (FAB') m/z: 438 ((M+H)').

(Example 9)

- 1- ({4-[3-(4- Isobutylphenyl):.soxazol - yl] -2- th:.enyl}methyl)azetl

d:.ne 3- carboxyl:.c acid

(9a) 4- [(Trimétliyl-silyi) ethynyl] thiophene- -2-carboxaldehyde

To a solut::l.on of -4-bromo- 2 th:.ophenecarboxaldehyde (3.0 g, 16
mol) in N,N- d:.methylformamide (30 ml) were added successively
(trlme_thylsilyl)acetylen_e (11 ml , 79 mmol), triethylamine (13 ml,
94 mmol) , and dichlorobis(triphenylphosphine)_palladium (L.1g, 2.6
mmol) under a nitrogen atmosphere with stirring, and the resulting
mixture was stirred at BO"C for 2 hours under a nitrogen atmosphere.
Aft;er st::.rr:.ng, the reaction m:.xture was diluted with ethyl acetate,
poured into a saturated aqueous solut:.on of ammonium chloride (250
ml) and extracted with ethyl acetate The extract was washed with
a saturated agueous solut:lon of sodium chloride and dried over
magnesiuin sulfa}te, After filtration, the filtrate was _evaporated
in vacuo, and the crude product of the title compound thus obtained
was purified by chromatography on a siiicé gel column usingj a mixed
solvent of ethyl acetate and hexane (0:1 to 1: 19) as the eluent to
afford the title compound (3.39g) ina yield of 100 % as a brown oily
pxoduct. .
HNMR Spectrum. (500 MHz, cnc13) 4 ppm: 0.25 (s, 9H), 7.77 (s, 1H),
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“_ 7'7 81 (a, 13), 9 sa (s, 1H) L : o | | -
"'1'_';-.\.-1Rspectrum (liq‘uidfilm) 665, 761, 847, ass, 1132 1230 1250 1434 o
1684, 2163, 2823, 2899, 3950, 2087 on. f 250,104
I+) m/z QOBI(M") el

5 Mass SPectrum

-‘d...‘.(Sb) 4~Ethynylthiophene 2 carboxaldehyde .

-;1 -'4 [(trimethylsilyl)ethynyl] tmophene-z carboxaldehyde (3 3 9. 16 '
: g mmol) that was ebtained :Ln ’Example 9 (9a) in methanol (160 ml) was‘ ‘
'“__a,dded pot:assium carhonata (4. 3 g, 31 mol) with stirrmg. and ‘the.
reaulting mixture was stixred at: room temperatuz:e for 1 hour Afterf
- ‘_';_.;_Btirﬁng, msoluble materials were removed by filtration, and the
; _‘{_-filtrat:e was evaporated in vacuo The residue thus obtained was i
d:.lut‘ed with ethy]_ aeet,at:e, poured into water ( 100 ml) and extracted;_'=-;
B e : rZ_"‘ 'I‘he ex,tract was washed w:.th a saturated aqueousf = RN
[ = aolution of‘ sod:.um chloride and dried over magneaimn sulfate.-__- After wi

ion, . the :ﬁiltrate was evaporated in vacuo, and - the crude '

ch.rmnatography on. a ailica gel column uaing a. mixed aolven.t of ethyl'_‘_ - _
_j:’;acetate and hexane (0 5 ta 1 19) as the eluent to afford the t:itle A
-‘"j‘,_compound (1 5 gi in a yield of 69 % as a brown sol:.d. j' o ‘_ -
R Spectrum (400 MHz, cnc:t;) J ppm 3.10. (s. 1H). 7. 79 s 71Hh i
786 (a, 1H), 9.90 (s, 1H): | o Rt L
| ;j_g'-_IR Spectmn ;(mr) 616, 661, 726 aoo, sss, 1124, 1190, 1231, 1364‘, i
1432, 1673, 3098, 3426 cm“ S o, A S
._Spect;rum'(EI*J m/z- 136 (M")

|

|

|

| ST product of t.he title compound thus obt:ained was purified by
| .
|

|

|

|

|

|

ynylrz thienyl)methanol Rt o - :
'I'c a solui:ion of 4~ ethynylthiophene 2 carboxaldehyde (1 5 g, 11'__‘%_, S

;g - mmol) ‘that wae o‘bta:ned in: Examle 9 (Bb) :m methanol (30 ml) was el
|

o j"added sod:mm borohydr:.de (0 49 g, 13 mmol) at O°C w:.th st:.rring, and_:ﬂ‘-‘ S |
'_'ff-:_then the resulting mixture. was' snrred at room temperature for 15 o

;EE Lo mnutes After cool:.ng the reactwn mixtu.re to 0°C, water (100 ml)
o »was added tc ‘the reaction mixture, and ‘the resulting m:.xture was
. extrac:t;ed w:.th ethyl acetate ‘I‘he extract was waahed w:Lth a !

s msnm'aﬁwmwwmm ‘
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gaturated aqueous solution of sodium chloride and dried over

magnesium sulf.ate. 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 the eluent to

afford the title compound' (0.88 g) in a yield of 60 % as a brown oily

. product.

'HNMR Spectrum (400 MHz, CDCl;) 6 ppm: 1.82 (t, 1H, J=6.1 Hz), 3.01
(s, 1H), 4.75 (4, 1H, J=6.1 Hz), 4.79 (d, 1H, J=6.1 Hz), 7.04 (d,
1H, J=1.0 Hz), 7.46 (d, 1H, J=1.0 Hz).

IR Spectrum (liquid film): 609, 660, 761, 846, 1012, 1116, 1165, 1185,
1356, 1370, 2111, 2875, 2932, 3107, 3289cm™.

Mass Spectrum (EI*) m/z: 138 (M%) . ‘

(9d) t-Butyl[ (4-ethynyl-2-thienyl)methoxyldimethylsilane

To a solution of (4-ethynyl-2-thienyl)methanol (0.88 g, 6.4
mmol) that was obtained in Example 9 (9¢) in dichloromethane (20 ﬁtl)
were added successively triethylamine (1.3 ml, 9.6 mmol),
t-buty'ldimethylchldros’ilane (1.2 g, 7.6 mmol), and
4-dimethylaminopyridine (78 mg, 0.64 mmol) with stirring, and the
resulting mixture was stirred at room temperature for 1 hour. After
stirring, water (50 ml) was added to the reaction mixture, and the
resulting mixture was extracted with dichloromethane. The extract
was washed with a saturaf:'ed 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 Ehus
obtained was purified by chromatcsgraphy on a silica gel qolumn using
a mixed solvent'ovf ethyl acetate and hexane (0:1 to 1:9) as the eluent
to afford the title compound (1.5 g) in a yield of 94 % as a brown
oily product.”
'HNMR Spectrum (400 MHz, CDCl,) & ppm: 0.10 (s, 6H), 0.92 (s, 9H),
2.98 (s, '1H). 4.80 (s, 2H), 6:91 (d, 1, J=1.2 Hz), 7.38 (4, 1H, J=1.2
Hz) . '
IR Spectrum (liquid f£ilm): 778, 838, 1080, 1122, 1171, 1257,' 1374,
1464, 1472, 2858, 2930, 2956, 3313cm™.

FP0605s P95710/translation of PCT specification/acf/28/09/07




© Ness spectrum (1) w/z: 252 uvn

g 55

133

(9e) 4= Ieobutylbenzaldehyde oxime r v o ;
' | 'l‘o a eolution of 4 ieobutylbenzaldehyde (5 0 g 31 mmal) in a’ K
o mixed ‘solvent of ethanol (25 ml) and pyridine (25 ml)  was added |
: hydroxylamine hydrochloride (2 49,34 nunol) with st:.rring, and the |
i reeulting mixture wae etirred at room temperature for 18 houre )
: After evaporating the reaction mz.xture :Ln vaouo, the reaidue thue
j-obtained wae diluted with ether, poured J.nto Water (150 ml) an.d
= extracted with ether ‘I'he extract was. waehed eucoessively w:.th N .
o ;_’-hydroohloric acid and a saturated aqueous eolution of eodium chloride':  ; o
e “and dried over magneeium eulfete.__ After filtration, the filtratef =
_ \wae evaporated :.n vacuo, and the crude product of the title compound |
thue obtained wae purified by chromatography on a eilioa gel colunm “ ‘
y ueing a mixed eolvent o:E ethyl aoetate end hexane (1: 19 to 1: 9) as :
"the eluent to afford the tit:le compound (4 6 g) iri-a yield of 84 §
L -_'as a colourleee oily product. | - ‘ BB T A o
- MDOMR Spectzum (500 MHz, CDCL,) 6 ppri: 0. 90 (d, 6H, T=6.8 Hz), 1 87_[-1-'
oo (m, 1H), 2 49 (d, 2H, a=7 3 ez), 7. 16 (d, 2H Jus 3. Hz), 7. 48 (d,
" 2H, J8.3 H2), 7.63 (brs, 1H), 8.12 (s, 1H) 3 AR *Et,sji7
wz;IRSpectrum(liquidfilm) 534 790,845 962, 1296, 1466 1517 1611,*'
2869, 2925, 2957,‘3308 cw { o ﬂ_&zq‘ o e
Maee Speotmn (EI“) m/z., 1.7'7 (M" o o

r :

L (Sf) N Hydroxy e ieobutylbenzenecarboximidoyl chloride

'I'o a eolution of 4-1eobuty1benzaldehyde oxime (1 0 g, 5 6 mmol)

i in total, the reaction mixture wae pou.red into ioe water (100 ml)
' 35’ , and extracted with ether. The extreot was. waehed euoceseively with
o water and a saturated aqueoue eolution of sodium chloride and dried" _
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that was obtained in Example 9 (99) in N,N- dlmethylformamide (10 ml) T
B wae ‘added N*ohloroeuccinimide (0 15 g, 1.1 wmol) with stirring, and" -

e furthermore, a small amount: of gaseoue hydmchl"rlc acid was bubbled
N . ;,nto the reeulting mixture under stirring, and then the reeulting. ‘
. mixture was stirred at room temperature for 10 minutes. After R
R rapeating the eeriee of the eeme procedures deecribed above five t:imee '



over magnesium 'sulfate After filtrat:wn e 'iltrat:e was

T, (m, 1!-1), 2 51 (d, 23, cr=.7 3 Hz), 18 -
23. J=8.3 Hz),,v sz (s, :m) a

| 1609, zssv, _3330 em?
Maas Spectrum (EI*) m/z~

(Qg) {4 :[3 (4 Isobutylphenyl)waxazol 5~—y11 ~2- th:.enyl}methanol
B To a Bolut:ic;n of N-—hydroxy*ll 1sobutylbenzenecarboximidoyl |

chloride (O 50 g, 2. 4 nunol) t:hat was obtained in Example 9 (Qf) and
*buty1[(4 et:hynyl 2 t:hienyl)methoxy]dmethylailane (0. 72 g, 2 g

umol) ‘that was obtained in Example 9-(9d) in. ethyl “‘"’t"‘te (10 m“

df‘extracted with ethyl acetai:e. ‘rhe ex!:ract. wae washed ‘with a

; L .‘: 1n vacuo Subsequently, to a solutwn of tha residue thusg obt:a:med e
) :m tetralrydrofuran (15 ml) was added tetrabutylanmnimn fluoride (a‘ _\_ o

o »zA 8 ml. 2 8 mmol) at'. o°c with : '77'_‘ _

. sti:rring, and the resulting miit;ure‘_»a‘a ﬂtirred at: room t e mperature'ﬂ e

for 1 h°“r. After stirﬂng, the reaémon mixture was poured into‘: T

T, 0 M solut:.on in tetrahydrofuran,

Sy '__'_water (50 ml):_and extraﬁted thh ethy ‘ac:etate ;j':he extract was "

.“*'.uf;;iover magnes:h:m sulfate 'Aft:er filtrat on

_':fievaporated in vacue) Subsequently, to e I
a mixed solvent of ethyl acetate ami hexane-};(l
_J_i'_ the aolid precipitated was. collected‘._ '

;wit:h st:irring, and

S fwnnel and washed with t:he same solvent ‘.to_afford the title compound
IR (0 4a g) :r.n a yz.eld of 59 % as ‘a whit crys_»l ne aclid.

. the resulting m:.xture was st:arred at rcom temperature for 18 hours ;

\

|

|

|

|

|

} . ..':_.-'was added tr’iathylamine (0 40 ml, 2: 8 m&ob‘.) at 0°c with stn.rrlng,

‘ ez w'rat:irrmg, the reactian mixtuxe was, povxed into water (50 ml) L

Saturated aqueous solut:.cn of: sodium chloride and drled over LI
Lf'_fgmagnesiutn su‘ifate.a After filtratmn, the filt.rate was evaporated .

v _washed wit;h a. uaturated aqueous solution oflsodium hicride a.nd driedf |
iltrate was ]_
ue obta:.ned was added_ Ee

- filtr tion uaing a Kiriyama ' '

i.lmmn Spectnm (soo MHz, CDC:J.;) s pgam 93 (4, -H,,J‘ns 3 82), 1 91




o, IH). :
s, 2w, . 25 (4, 2H, J=8.3 Hz), 7. 35 (g[f o

IR Spectzum (KB) : 774, 794, 847, 1018, 138‘0‘--1440, 1467, 1615, 2868, |

2926, 2953, Basewts ¢ T

L=;7Mass Spectrum (Ex+) m/zw 313 (Mp)_;

o toues g, 2.1 mmol) and triphenylphosﬁhine'-
o }__dichlercmtha.ne (15 wl) was st::,rred At 0°c
":'Subsequently, to the reaction mixture wexe ad

S 135
'i. -
- "‘i_ : L

i ;sa (brs, 1H), 2.53 (4, 21,

73~17. 77 (m, 3H).

thienyl}methyl)azeti i

;4 mmol) th,at waa obta:.ned ;Ln Example 9 9

54 g, 2.1 mmol) in IR
! S" ti\inutes.\ ’
successwely ethyl |
H j2,.1 mmol) and ‘

_~azetidmecarboxylate hydrochlora.de o 0 4 3 _
4 mmol wi histirring, and t;he.__ .

",LN'diisopropylathylamine (0.60ml, 3.

wrasulting mixture Was st::.rxed at room empe ture for 18 hou:r:s
_ '_-After stirring, ‘a saturated aquecus sclut.ion offf 'sodium e
| i "hydragencarbonat:e (5 ml) was added to ';he 'eac;tv n inixture t:o quench
| "he reaction, and the re.sulting mi; ur
0l) and extracted wn.th dlchlorometﬁane

as poured into water (50

: 'The e tract: waa waehed ws.th"' L

' a saturated aqueous sclutwn of __sodium chlormde and dr:Led over _
i magnea:.um sulfat.e. After filtra _ion, the filtrate was evaporat:ed T
ey in vacuo. and,the c:r:ude product: of the t::.tle compound thus obta:.ned 2

4 .89 (s. 211), 6. 64_

£ enyl}methanol (O 43 g, s
Iz l_carbon tetrabromide ST
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Mass Spectrum (FAB") m/z: 425 ((M+H)*).

(91)
1- ({4-[3~- (4~-Iscbutylphenyl)isoxazol-5-yll -2-thienyl }methyl)azeti
dine-3-carboxylic acid

To a solution of ethyl
1-({4-[3—(4—isobuty1phenyl)isoxazol-5~y1]-2—thienyl}methyl)azeti
dine-3-carboxylate (0.47 g, 1.1 mmol) that was obtained in Example
9 (9h) in1,4-dioxane (15 ml) was added a 1N aqueous solution of sodium
hydroxide (3.3 ml, 3.3 mmol) at 0°C with stirring, and then the
resulting mixture wag stirred at room temperature for 30 minutes.
Afteraddlngnethanol(15ml)andwater(51mn tothereactlonnuxture,
the resulting mixture was heated under stirring until the white solid
precipitated was dissolved, and then acetic acid (0.19 ml, 3.3 mmol)
was added. The white solid precipitated was collected by filtration
using a Kiriyama funnel, washed with methanol and dried in vacuo to
afford the title compound (0.35 g) in a yield of 78 % as a white
crystalline solid.
‘HNMR S'pectrum.(SOO.MHz, CD,CO,D) 6 ppm: 0.93 (d, 6H, J=6.6 Hz), 1.92
(m, 1H), 2.54 (d, 2H, J=7.3 Hz), 3.77-3.87 (m, 1H), 4.35-4.60 (m,
4H), 4.73 (s, 2H), 6.98 (s, 1H), 7.30 (d, 2H, J=8.2 Hz), 7.77 (d,
.1H, J=1.4 Hz), 7.82 (4, 2H, J=8.2 Hz), 8-.06 (d, 18, J=1.4 Hz).
IR Spectrum (KBr): 792, 826, 951, 1386, 1440, 1614, 2924, 2954, 3103,
3423 cm. '
Mass Spectrum (FAB') m/z: 397 ((M+H);).

(Example 10)

1~-{{(4-Ethyl-5- {5 [4-(2- fluorophenoxy)phenyl] -1,2,4- oxadlazcl -3-y
1}-2-thienyl)methyl]l azetidine-3- -carboxylic acid 1/2 oxalate

Q* l__],cozr-x

0.5 (CO,H) ,

FPQG603s P95710/wanslation of PCT specification/ac/28/09/07
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(10a) t-Butyl[{4-ethyl-2- thlenyl)methoxy] dlmethyls:l.lane
To a solution of '
[ {(4-bromo-2-thienyl)methoxy] (t-butyl)dimethylsilane (0.61 g, 2.0

" mmol) and [1,3-bis(diphenylphosphino)propane] ;d_ichloronickel (54 mg,

0.1 mmol) in ether (5 ml) was added slowly a 1.0 M solution of
ethylmagnesium bromide in tetrahydrofuran (3.0 ml, 3.0 mmol) at 0°C
;nrith stirring, and after raising the reaction temperature to room
temperature, the resulting mixture was stirred for 1 hour. After
stlrrlng, a saturated aqueous solution of ammonium chlorlde (5 ml)
was added to the reaction mixture to guench the reaction, and the
resulting mixture was poured into water (20 wml) 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 cowmpound thus obtained was purified by chromatography on a
silica gel column using a mixed solvent of ethyl acetate and hexané
(0:10 to 5:95) as the eluent to afford the title compound (0.44 g)
in a yield of 95 % as a pale yellow oily product.

'HNMR Spectrum (400 MHz, CDCL,) & ppm: 0.10 (s, 6H), 0.93 (s, 9H),

1.21 (t, 3H, J=7.4 Hz), 2.58 (q, 2H, J=7.4 Hz), 4.82 (s, 2H), 6.77

(s, 1H), 6.81 (s, 1H).
IR Spectrum (liquid £ilm): 1077, 1131, 1174, 1255, 1463, 1471 cm™
Mass Spectrum (FAB') m/z: 255 ((M-H)*).

(10b) : v
5- ({ [t-Butyl (dimethyl) silyl] oxy}m‘gthyl) -3 —ethylthiophex;e-Z-car’bo
xaldehyde

To a solution of
}:—butyli(4—ethyl-2-thienyl)methoxy] dimethylsilane (1.3 g, 5.6
mmol) that was obtained in Example 10 (;LO,a) in ﬁetrahydrofuran. (10
mi) was slowly added a 1.6 M solution of n-butyllithium in hexane
(4.2 ml, 6.7 mmol) at -78°C t;lith stirring, andAafter raising the
reaction temperature to 0°C, the resulting mixture was stirred for
30 minutes. Subsequently, the reaction temperature was lowered to

-78°C again under stlrr:.ng, and to the reaction mixture was added

FPO605s P95710/translation of PCT specification/act/28/09/07




N N-d1met:hy1formamde ,,(0 as ml.‘_

‘,5 v ({[t-butyl (éimathyl)sily ]cxy}me hyl) »3—-ethylthiophene 2 carbo f. R
“ »,a mmol) that: was obtamed in Exampl.e 10 (10b) : “[‘;if‘}“ B

at; 90°C o:r’ 15 ”hours. Aft:erjj '




'.f compound thus obtamed was purified by chromatography on a s:u.lioa '__ 6
gel oolumn ueing a mixed solvent ‘of ethyl aoetate ‘and h.exane (0 10 | \

o to 5 +95)° aa ‘the eluent to afford the title compound (o 94 g) in a ol e

B yield of 69 % as ‘a pale yellow o:.ly produot L s "& . ﬁ
11-WR Spectrum (400 MHz, €DCL,). 6 ppm: 0, 11 (a, GH), 0.93 (a, 9H), e ’
: 1.25 & 3H, a==7 8 Hz), 2.75 (q, 28, 7.8 Hz), 4.83 (s, 2H), 6. 74' | Ly

_f =’ Spectrum (liquid f11m)~ 1003, 1149 1255, 2212 c:m*1

‘:‘:‘-Maes s;:ect:mnn (EI") m/z. 282 (M“) fut

(10d) | A T IR N
o ({Ie- Butyl (dimethy:uailylloxy}methyl)-3 ethyl N' *hydroxythiOPh L
U ene-z ca.rboxmidamide T e .-

S ol

- 'I’he orude product of the title compound wae synthesized by
5 cenducting the reaotion simllar to that mentioned in Example 1 (ld)

|

|

|

|

|

|

|

|

|

|

|

|

|

1

e o .,5 ( {[t butyl ( dimethyl)allyll oxy}methY1) 3 ethylthiophene 2= ca:rbo
‘ ‘
|

|

|

|

LA m.trile (0. 933 g, 3. 3 mm.ol) t:hat: was: obtained :Ln Example 10 (10c) and
a 40 % aqueoue solution of: hydroxylamine (0 5 L)) . Subsequently,
hE .,_:__. the- crude produot of the title compound thus obtained was purified
Ea by reoryatallization from hexane (6: 4) to afford the title compound

(0,60 g) in a yield of eo % as a wm.te oryetall:.ne ‘solid. A L
R Spectrum (400 MHz, CDCl;) & ppm: 0.11 (s, 6H), 0.93 (e, 9H), R
L 1,20 (g, 31-1, J==7 .8 Hz), 2.76 (q. za, Ja? 8 Hz),a 80 (s, 4H), 6. 76 el
e, 1w, 710 (b:r, 1H) A A
':'"_f“;:’:n Spectrum (KBr) 1059, 1590, 1643, 3234, 3357, 3491 cm
fg_',‘Maas spectrum (EI*) m/z 315 (l”f’) W TR '

»:0\_

'_(10e) 4= (2 Fluorophenoxy)benzom acid T N . :

T a solu’t:uon Of 4vf1uorobenza1dehyde (l 2 g, 10 mmol) and
Ca- fluorophenol (1.3 g, 12 mmol)’ inw,N- dimethylfomamide (10 ml) was *
.' a,dded potassium carbonate (2 8 g 20 mmol) with stirring, and the

_ reeulting uu.xture wae stirred at 100°C for 16 houre. After cooling R " i
i 1:-'t:o room temperature, ‘the reaction mixture was poured into wat;er (20
'_'_.f_ml) and ext:racted wit:h ether The extract was washed witha saturated

meo5s sy | _ﬁﬂimhﬁonofm;pwiﬁc'aﬁwmm?
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agueous solution of sodium chloride and dried over magnesium sulfate.

. After filtration, the filtrate was evaporated in vacuo.

Subsequently, to a solutién of the residue obtained in a mixture of
tetrahydrofuran (5ml), t-butanol (10 ml), and water (5ml) were added
successively 2-methyl-2-butene (5.3 mi, 50 mmol), potassium

dihydrogenphdsphate (3.4 g, 25 mmol), and sodium hypochlorite (2.7

g, 30 mmol) with stirring, and the resulting mixture was stirred at

roowm temperature for 2 hou:;s. After stirring, the reaction mixture
was poured into water (20 ml) and extracted with ether. Subseguently,
to the 'aqueous layer was added a 1M é.queou_s sodium hydroxide solution
(20 ml), and the J‘:e'sul.ting aqueoué layer was acidified with a 10M
aqueous hydrochloric acid solution (2 ml) and extracted again with
ether. The extract was washed with a saturaf:ed agueous solution of
godium chloride and dried over magnesium sulfate. After filtration,
the filtrate was evaporated in vacuo to afford the title compound
(2.0 g) in a yield of 87 % as a white crystalline solid.

HNMR Spectrum (400 MHz, CDCl;) & ppm: 6.98 (d, 2H, J=8.6 Hz), 7.15-7.24
(m, 4H), 8.07 (d, 2H, J=8.6 Hz).

IR Spectrum (KBr) : 1266, 1290, 1428, 1498, 1594, 1682, 2544( 2672,
2884, 2990 cm’?.

Mass Spectrum (EI*) m/z: 232 (M").

(10£)
(4-Ethyl-5-{5-[4~ (2-fluorophenoxy) phenyl] -1, 2, 4-oxadiazol-3-yl }-
2-thienyl) methanol

El

To a solution of

-

5~ ({ [t-butyl (dimethyl) s ilyl]‘dxy}m@ethyl ) -3-ethyl-N/ -hydroxythioph -

ene—z-garboximidamide (0.16 g, 0.50 mmol) that was obtained in

Example 10 (10d) and 4- (2-fluorophenoxy)benzoic acid (0.13 g, 0.55

'mmol) that was obtained in Example 10 (10e) in dichloromethane (1.5
ml) was added dicyclohexylcarbodiimide (0.11 g, 0.55 mmol) with
stirring, and the resulting mixture was stirred at room temperature
for 30 minutes. After stirring, hexane (2 ml) was added to the
reaction mixture, and insoluble matexrials were remdved by £iltration,

and the filtrate obtained was evaporated in vacuo. Subsequently,

FP0GOS5s P95710/iranslation of PFCT speciﬁcaﬁon/ﬁcﬂ28/09/07
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to a solution of the residue obtained in tetrahydrbfuran (1 ml) was

added a 1.0 M solution of tetrabutylammonium fluoride in

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

mixture was stirred at 60°C for 1 hour. After cooling to room

temperature, the reaction mixture was poured into water (10 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 ‘(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.
'INMR Spectrum (400 MHz, CDCl;) & ppm: 1.29 (t, 3H, J=7.8 Hz), 3.05
(q, 2H, J=7.8 Hz), 4.83 (s, 2H), 6.98 (s, 1H), 7.07 (d, 2H, J=8.6
Hz), 7.17-7.25 (m, 4H), 8.15 (d, 2H, J=8.6 Hz).

IR Spectrum (KBx): 1270, 1353, 1497, 1602, 3340 cm™?.

Mass Spectrum (FAB') m/z: 397 ((M+H)").

(10g) Methyl

-1 (4-eth'y1-5¥ {5-14-(2 ~f1uoropheno:§y) phenyl] -1,2, 4-oxadiazol-3-y

1}-2- thiexiyl) methyl] azetidine-3-carboxylate

~ The crude product of the title compound was synthesized by
conducting the reaction similar to that mentioned in Example 1 (1£f)
using . , |
(4-ethyl-5-{5-[4- (2—f1uorophenoxy)phenyl] -1,2,4~-oxadiazol-3-yl}-
2-thienyl)methanol (0.17 g, 0.43 mmol) that was obtained in Example
10 (10£f), carbon tetrabromide .(0'.17 Q, 0.51 mmol), triphenylphosphine
(0.13 g, 0.51 mmol), methyl 3-azetidinecarboxylate hydrochloride
(0.10 g,. 0.65 mmol), N,N-diisopropylethylamine ('0.23 rﬁL, 1.3 mmol) .
Subsequently, the crude product of the title conip_ound thus obtained
was purified by chromatography using a mixed solvent of ethyl acetate
and hexane (5:5) to afford the title compound (0.19 g) in a yield
of 90 % as a white crystalline solid.
‘HNMR Spectrum (500 MHz, CDCl;) 6 ppm: 1.28 (t, 3H, J=7.8 Hz), 3.03
(g, 2H, J=7.8 Hz), 3.32-3.40 (m, 4H), 3.60-3.66 (m, 1H), 3.72 (s,

FP0605s P95710/translation of PCT specification/act/28/09/07
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3H), 3.79 (s, 2H), 6.86 (s, 1H), 7.07 (4, 2H, J=8. .8 Hz), 7.17-7.25
(m, 4H), 8.13 (d, 2H, J=8.8 Hz). ,\

IR Spectrum (liquid fil;L'r,n’)z 1497, 1514, 1557, 1604, 1737 cm™
Mags Spectrum (FAB*) m/z: 494 ((M+H)").

(10h) .
- i-[(4-Ethy1-5-{5—[4-(z—fluorophenoxy)phenyll~l,2,4~okadiazol-3-y
1}—2—thienyl)methyl]azetidine-B-carboxylic acid 1/2 oxalate

The title compound (77 mg) was synthesized in a yield of 39 %
as a white crystalline solid by conducting the reaction similar to
that mentioned in Example 1 (1g) using méthyl
1—[(4—ethyl-5—{5~f4—(2-fluorophenoxy)phenyl]-1,2,4—oxadiazol—3-y
1}-2-thienyl)methyl] azetidine-3-carboxylate (0.19 g, 0.38 mmol)
that was obtained in Example 10 (10g), lithium hydroxide monohydrate
(36 mg, 0.85 mmol), acetic acid (46 pL, 0.85 mmol), and oxalic acid
(17 ﬁg, 0.19 wmol).
UNMR Spectrum (400 MHz, CD,OD) & ppm: 1.26 (t, 3H, J=7.4 Hz), 3.03(q,
2H, J=7.4 Hz), 3‘.22 (quintet, 1H, J=8.6 Hz), 3.37 (t, 2H, J=8.2 Hz),
3.62 (t, 2H, J=7.0 Hz), 3.82 (s, 2H), 6.98 (s, 1H), 7.12 (d, 2H, J=9.0
Hz), 7.25-7.33 (m, 4H), 8.16 (d, 2H, J=9.0 Hz).
IR Spectrum (KBr): 1420, 1497, 1601, 1659, 3413 cm?
Mass Spectrum (FABR') m/z: 480 ((M+H)").

(Example 11)

1—({5—[5-(3-Fluoro¥4—phenoxyphenyl)—1,2,4eoxadiazol-3—y1]—4-meth
yl*z-thienyl}methyl)azétidine-B—gaerxylic acid .

@cr@—{\%ﬂ rjcozH

(11a) t- Butyl(dimethyl)[(4—methyl~2—thienyl)methoxy]silane
To a solution of 2- hydroxymethyl -4-methylthiophene (1.8 g, 14

mmol) (reference literature: J Heterocycl. Chem., vol. 19 1125

FP0605s ' P95710/ranslation of PCT specification/acf/28/09/07
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(1982))'and imi'dazole (1.9g, 28 mmol) in N N—dimethylformamide (20

' ml) was added t- butyldlmethylsllyl chlorlde (2.3 g, 15 mmol) with

stirring, and the result:.ng mixture was stlrred at room temperature
for 2 hours. After stirring, the reactlon mxture was poured into
water (20ml) and extracted with ether. The extra.ct was washed with
a saturated aqueous solution of sodium chloride and dr:.ed over

magnee:.um sulfate. After filtration, the filtrate was evaporated

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

was pur;.f:.ed.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. | '

J‘HND/IR Spectrum (400 MHz, CDCl,) & ppm: 0.10 (s, 6H), 0.93 (s, 9H),
2.22 (s, 3H), 4.81 (s, 2H), 6.72 (s, 1H),-5.‘_78 (s, 1H).

IR Spectrum (ligquid £ilm): 1077, 1130, 1256, 1464 em™.

Mass Spectrum (EI*) m/z: 242 ((M+H)*).

(11b)
5~ ({ [t-Butyl (dimethyl) s;lyl]oxy}methyl) -3-methylthiophene- -2- carb
oxaldehyde

The crude product of the title cdiupound was synthesized by
conducting the reaction similar to that mentioned in Example 10 (10b)
using t-butyl (dimethyl) [ (4-methyl#2¥tﬁieny1}mei:hoxy] eilane' (2.549,
10 mmol) that was. obtaihed in Example 11 (1la), 1.6 M solution of
n-butyllithium in hexane (7.8 mL, 12 mmol) , and N, N-dimethylformamide
(1.6 mL, 21 mmol). Subsequently, the crude product of the title

compound thus obtained was pﬁrified.by chromat.ography on a silica .

gel column using a mixed solvent of ethyl acetate and hexane (0:10
to 5:95) as the eluent to afford the title compound (2.5 g) in a yield
of 89 % as a pale yellowish oily product.

'HNMR Spectrum (400 MHz, CDCl,) & ppm: 0.12 (s, 6H), 0. 94 (s, SH),
2.52 (s, 3H), 4.85 (s, 2H), ‘6.78 (s, lH), 9.98 (s,_ lH)

IR Spectrum (liquid f£ilm): 1092, 1363, 1393, 1472, 1661 cm™.
Mass Spectrum (FAB®) w/z: 271 ((M+H)"). .

FPOGO5s P9S710/translation of PCT specification/act/28/09/07



- 5 ({ [t buty_'_,'dimethyl)silyl_ oxy}methyl)'—3-methylthiophene- ~carb :
u oxaldehyde (2 5 g, 9 2 mol) that waa obtained in Example :L:L (11b) .
_ hydroxylamine hydrochloride (0"‘71 g. 10 mmc>1) i trlethylamine (2 .

mm, 18 mmol), and dicyclohexylcarbodiim:.de (2.1.g, 10 mmol):

' .;_ Subsaquently,“‘the crude prod,uct of the ta.tle comgound thus nbt:ained.' 5

was purified by chromatography on a ailica gel column using a mixedz_:,ff‘@’-f’ :

solvent of ethyl acet:at:e and hexane (0 10 to 5t 95) ae the eluent t°"\ :

_ afford the t:it:le'c:ompound (2 59) :mayield of 100 %as_apale yellowishliv_
: .,"oily product:‘ | 2

13.50, 1258 1’20, 2214 cm™,

POST10/ranslation of PCT specification/act 280907




" IR Spectmm (KBr) 1255" 1651, .3277 3353.;..,-_._
G e SPeCtr“m (r2B) m/z'“301 () )

2. 0 Hz) i

2: thienyl}methanol

om0 Ot of T spefatone 2T

(lle) 3—Fluo;ro 4-phenoxybenzo:.c ac:t,d

The tltle compcund (1 1 g) waa syntheaized'in a yield of. 93 %‘  -’

_ as a wh:.te cx'ystalline soln.d b‘y conduct:.ng a reacticm a:unllar to that"“:“'-'.'- o
i mentioned in Example 10° (10e) uaing 3 é—aa.fluorobenzaldehyde (0.71
; 9, s 0 mmol), Phenol {0, 56 9, 6 o mmol), potassium carbonate (1 4‘_i-
o - 10 mmol), -methy1-2~butene (2. 5 mL, 23 mmol), potass:wm ‘ e
dihydrogenphosphate (1 6 g, 12 tmnol) v and sodium hypochlorite (1 3
g zemmel). oo S
MR g spectrum (400 iz, cnc1,) s ppm” 6:96 (t, 1, J=8.2 Hz)),-‘
7.04-7.07 (m, 2H), 7,19 (t, 18, J=7.4 Hz), 7.37 (4, 1H, J=7.4 Hz),

7.39 (@, 3, 9=T.4 Hz), 7.80-7. 83 cm, 13), 7.89 (dd. 18, g=11. 0 Hz,f:

"k‘

IR Spectrum (KBr) idzs;:1275,,1444.fi492;V1692452596,'zsvsg\géaaiiv,

,,,,,,

‘I‘b,e c:mde pxoduct of the tit:le compound was synthesxzed by

_ conducting the reaction similar to that mentioned in Example 10 (lOf ) o
. 5 ({ [tvbutyl (dmmethyl)silylloxy}methyl)-N‘ -hydroxy- -methylt:hiop
hene-z carbox:.midamide (D 18 g, 0.60 mmol) that was obtamed in
L ,Example 11 (116.) 3 fluoro- -pheﬁoxybe.nzoic acid (0 15g; 0 ! l66 mmol)

l that waa obta.m.ed z.n Example 121 (lle) dicyclohexylcarbodzimide (0. 14 o

B g, 0.66 mmol) . and 1 .0 M solution of tetrabutylamonium fluoride in '

. tet:rahydrofuran (0 90 mL, 0. 90 mmol) Subsequently, t:he c:mde praduct "
s of the title c¢mpound thua obta:.ned was purifzed by chromat:ography

-on a silica gei column using a mixed solvent of athyl acetate and -

hexane (1: 1) as the eluent ‘to afford the tit:le compound (o 21 a). in R
a yield of 93 % as a white crystalline aol:.d : ’

B
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NMR Spectrum (400 MHz, CDC1,) 6 ppm: 2.60 (s, 3H), 4.84 (d, 2H, J=5.9
Hz), 6.92 (s, 1H), 7.06-7.11 (m, 3H), 7.22 (t, 1H, J=7.4 Hz), 7.42
(t, 2H, J=6.6 Hz), 7.91 (dd, 1H, J=1.2 Hz, 8.6 Hz), 8.01 (ad, 1H,
J=2.3 Hz, 10.9 Hz).

IR Spectrum (KBr): 1444, 1488, 1577, 1590, 1626, 3264, 3327 oml.

Mass Spectrum (FAB*) m/z: 383 ((M+H)").

(11g) Methyl
1-({5-[5-(3 -fluoro-4 -phenoxyphenyl)-1,2,4 -oxadiazol-3-yl] -4-meth

'yl-2-thienyl}methyl)azetidine-3 -carboxylate

The crude product of the ‘title compound was synthesized by
conducting the reéction similar to that mentioned in Example 1 (1£f)
using . '
{5- [5- (3-£luoro-4~phenoxyphenyl] -1,2,4-oxadiazol-3-yl) -4-methyl-

" z—thi_enyl}methanol {0.21 g, 0.55 mmol) that was obtained in Example
11 (11f), carbon tetrabromide (0.22g, 0.66 mmol) , triphenylphosphiné

(0.17 g, 0.66 mmol), methyl 3-azetidinecarboxylate hydrochloride
(0.13 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 using amixed solvent of ethyl

acetate and hexane (5:5) to afford thie title g:onipound (0.23 g) in
a yield of B6 % as a colourless oily product.
*HNMR Spect:l;"um (500 MHz, CDCl,) & ppm: 2.56 (s, 3H), 3.30-3.39 (m,
4H), 3.58-3.64 (m, 1H), 3.71 (s, 3H), 3.76 (s, 2H), 7.02-7.08 (m,
3H), 7.19 (t, 1H, J=7.4 Hz), 7.38 (£, 2H, J=7.4 Hz), 7.85-7.89 (m,
1K), 7.97 (dd, 1H, J=2.0 Hz, 10.5 Hz).
IR Spectrum  (liquid film): 1489, 1514, 1562, 1590, 1621, 1737 cm™. .
Maés Spectrum (FAB') m/z: 480 ((M+H)").
(11h) |
1-{{5~[5~ (3-Fluoro-4-phenoxyphenyl) -1 ,2,4-oxadiazol-3 -yi] -4-meth
yl-2-thienyl }methyl) azetidire-3 -carboxylic acid |

The title compound (0.17 g) was synthesized in a yield of 74 %
as a white crystalline solid by conducting the reaction similar to
that mentioned in Example 2 (2e) using methyl

FPO60Ss ) P95710/translation of PCT specification/acf/28/09/07
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1—({5—[5—(3—fluoro—4~phenoxyphenyl)~1,2,4—oxadiaz61—3-yl]-4—meth
yl-2-thienyl}methyl) azetidine-3-carboxylate (0.23 g, 0.48 mmol)
that was obtained in Exqmple 11 (11g), lithium hydroxide monohydrate
(46 mg, 1.1 mmol), and acetic acid (60 uL, 1.1 mmol).

INMR Spectrum (400 MHz, CD,0D) & ppm: 2.61 (s, 3H), 3.50-3.62 (m,
1H), 4.22-4.33 (m, 4H), 4.58 (s, 2H), 7.09 (d, 2H, J=7.8 Hz), 7.15

- (t, 1H, J=8.6 Hz), 7.19-7.24 (m, 2H), 7.42 (t, 2H, J=7.8 Hz), 7.94

(4, 1H, J=8.2 Hz), 8.02 (d, 1H, J=11.0 Hz).
IR Spectrum (KBr): 1272, 1340, 1507, 1515, 1561, 1591, 1619, 3404
cm™.

Mass Spectrum (FAB*) m/z: 466 ((M+H)*).
(Example 12)

1- ({4-Methyl-5- [5- (4-phenoxyphenyl) -1, 2, 4-oxadiazol-3-yl] -2-thie
nyl}methyl) azetidine-3-caxboxylic acid

O 0%,

/,

(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 acetonitril.e (4 ml) and tetrahydrofuran (2 ml) were added
successively l-hydroxybenzotriazole (89 mg, 0.66 mmol),
l-ethyl-3- (B-Qimethylaminopropy_l) 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 (114) with stirring, and the resulting mixture was stirred
at 50°C for 30 minutes. After stirring, water (5 ml) was added to

the reaction mixture to quench the reaction, and the resulting mixture

FP0GOSs P95710/translation of PCT specification/ac{/28/09/07
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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 chromatography on a silica gel column using a mixed

solvent of ethyl'acetate and hexane (2:3) as the elueht to afford

the title compound (0.20 g). in a yield of 85 % as a pale yellowish
oily product.

'HNMR Spect'rﬁvm (400 MHz, CDCl;) & ppm: 2.57 (s, 3H), 3.31-3.40 (m,
3H), 3.59-—3.61'(m,_ 2H), 3.72 (s, 3H), 3.77 (s, 2H),. 6.80 (s, 1H),
7.07-7.13 (m, 4H), 7.22 (¢, 1H, J=7.1 Hz), 7.42 (t, 2H, J=7.8 Hz),
8.14 (d, 2H, J=8.3 Hz). | o
IR Spectrum (KBr): 1166, 1201, 1242, 1341, 1488, 1516, 1592, 1613,
1732 cm™. . |
Mass Spectrum (FAB') m/z: 4862 ((M+H)').

(12¢)
1-({4-Methy1-5-[54(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 85 %
as a white crystalline‘solid by conducting the reaction similar to
that mentioned in Example 3 (3e) using methyl
1- ({4-methyl-5- [5- (4-phenoxyphenyl) -1,2 ,4-oxadiazol-3-yl] -2-thie
nyl}methyl)azetidine-B-carboxyiate (0.20 g, 0.42 mmol) that was
obtained in Example 12 (12b) and a 1 N aqueous solution of sodium
hydroxide (1.3 mL, 1.3 mmol).
'UNMR Spectrum (400 MHz, CD;CO.D) o ‘ppm: 2.61 (s, 3H), 3.77-3.86 (m,
1H), 4.34-4.44 (m, 2H), 4.50-4.58 (m, 2H), 4,67 (s, 2H), 7.15 (d,
4H, J=8.6 Hz), 7.21-7.26 (m, 1H), 7.26 (s, 1K), 7.45 (t, 2H, 3=7.8
Hz), 8.18 (d, 2H, J=9.0 Hz). | '
IR Spectrum (KBr): 1244, 1336, 1488, 1593, 1612, 3429 cm™t.
Mass Spectrum (FAB') m/z: 448 ((M+H)').

(Example 13)

1- ({4-Ethyl-5-[5- (4-phenoxyphenyl) -1, 2, 4-oxadiazol-3-yl]l-2-thien
yl}methyl) azetidine-3-carboxylic acid '

FP0605s P95710/translation of PCT specification/acf/28/09/07
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(13a) .
_{4~Ethyl-5—£s—(4—phenoxyphenyl)-1,2,4—oxadiazol—3—y1]‘zjthienyl}
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),
l—ethy1—3—(3-dimethy1aminopropyl)carbodiimide hydrochloride (0.11
g, 0.55 mmol), )
5- ({ [t-butyl (dimethyl) eilyl] oxy}methyl) -3-ethyl-N’ -hydroxythioph
ene-2-carboximidamide (0.16 g, 0.50 mmol) that was obtained in
Example 10 (10d), and 1.0 M solution of tetrabutylammoniumfluoride
ih tetrahydrofuran (1.0 mL, 1.0 mmol). Subsequently, the crude
product of the title compound thus obtained was purified by
chromatography on a silica gel vcolumn using a mixed solvent of ethyl
acetate and hexane (1 : 3) as the eluent to afford the title compound
(0.17 g) in a yield of 89 % as a pale yellowish crystalline solid.
"HNMR Spectrum (400 MHz, CDCl;) & ppm: 1.29 (t, 3H, J=7.4 Hz), 1.88
(¢, 1H, J=5.9 Hz), 3.05 (g, 2H, J=7.4 Hz), 4.83 (d,. 2H, J=5.9 Hz),
6.96 (s, 1H), 7.04—7.10 (m, 4H), 7.20 (t, 1H, J=7.4 Hz), 7.39;(t,
2H, J=7.4 Hz), 8.12 (d, 2H, J=9.0 Hz). ’
IR Spectrum (KBr): 1248, 1353} 1490, 1496, 1515, 1588, 1612, 3356
cm?t, , ' '
Mass Sﬁectrum (FAB*) m/z: 379 ((M+H)").

(13b) Methyl
1-({4-ethyl-5-[5- (4;phenox3fphenyl) ~1,2,4-oxadiazol-3-yl] -2-thien
y1}methyl) azetidine-3 ~carboxylate |

The crude product of the title compound was synthesized by
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: and' N, N-diisepropylethylamne (0 23 mL, _ 1 3 mol) L
: Subsequently, the crude product of the t:u:le compound thul obta:.nedf ‘
e waa purified by chromatography cm a sllica gel column using a m:.xed- -

1514 1599,15;.jgﬂ‘f~

ot The title compound (0 15 g) was synthes:.zed in a yield of 86 % " NI
_aa a white q:rystalline aﬁ»lid using hy eonduct:,ng the sim:.lar reaction : =

hydroxide (1 '2 ml, 1. 2 mol)”' e R
MR Spectrum (400 Mz, CDCO;D) 5:ppm- 1. 30 (£, 38, 7. 41-12), 3. 099"[ b
(q, 2H, Ja? a Hz), 3. 75»3 87 (m, 1H), 4. 33—4 45 (m,. zn), 4.45-4. 51ﬂg,f”": 
(m, 21—1), | 68 (s, QH), 7. 15 (d, 4H, J==9 0 Hz),_7 24 (t, 11-1, ,3,,7 4
L E, 32 (s, m), 7.45 (¢, 28, J=7.4 He), 8.17 (d," ‘21, 3=9.0 Ha). T
RN SR $pectrum (Kar)-~1167, 1249,_;347 1489, 1517, 1557 1592, 1613, 17 ;j:Af75 -
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3422 cm™.
Mass Spectrum (FAB') w/z: 462 ((M+H)*).
(Example 14)

1-({4-Ethyl-5-[5- (3-fluoro-4'-.phenoxyphen_yl) -1,2,4-oxadiazol-3-yl
1 -2-thienyl’}methy1) azetidine-3-carboxylic acid

b,

(14a)
{4-Ethyl-5-[5- (3-fluoro-4-phenoxyphenyl) -1,2,4-oxadiazol-3-yl] -2

-thienyl }methanol

The crude title compound was synthesized by conducting the
gsimilar reaction to that mentioned in Example 12 (1l2a) using
3-fluoro-4-phenoxybenzoic acid (0.12 g, 0.50 mmol) that was obtained
in Example 11 (1le), l-hydroxybenzotriazole (72 mg, 0.533 minol) ,
1-ethyl-3- (3-dimethylaminopropyl) carbodi imide hydrochloride (0.10
g, 0.53 mmol),
5- ({ [t-butyl (dimethyl) silyl] oxy}méthyl) -3-ethyl-N’-hydroxythioph
ene-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 mi, 0.96 mmol). Subsequently,. the crude

product of the title compound thus obtained was purified by

chromatagraphy on a silica gel column using a mixed solvent of ethyl
acetate and hexane (1:3) as the eluent to afford the title compound
(0.16 g) in a yield of 85 % as a pale yellowish crystalline ‘solid.
'UNMR Spectrum (400 MHz, CDCl;) & ppm: 1.29 (t, 3H, J=7.4 Hz), 1.91
(t, 1H, J=5.9 Hz), 3.05 (q, 2H, J=7.4 Hz), 4.84 (d, 2H, J=5.9 Hz),

6.96 (s, 1H), 7.02-7.09 (m, 3H), 7.19 (t, 1H, J=7.4 Hz), 7.39 (¢,

2H, J=7.4 Hz), 7.88 (dd, 1H, J=8.4 Hz,1l.4 Hz), 7.929 (dd, 1H, J=10.6
Hz, 2.0 Hz).
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IR Spectrum:(KBr)': 1207, 1270, 1283, 1342, 1436, 1456, 1492, 1513,

. 1576, 1595, 3433 cm™

Mass Spectrum (FAB') m/z 397((M+H)f’) .

(14Db) Methyl
1-({4-ethyl- -§-[5- (3 fluoro- 4*phenoxyphenyl) -1,2,4- oxadlazol -3-yl
1-2- thlenyl}methyl)azet:.d:.ne ~3-carboxylate

The crude product of the title compound was synthesized by
conduoting; the reaction sifnila'r to that mentioned in Example 1 (1f)

using

{4-ethyl-5- [5 (3-fluoro- -4 -phenoxyphenyl) - l 2,4~ oxad:.azol -3-yl]-2
—thn.enyl}methanol (0.16°'g, 0.40 mmol) that was obtained in Example
14 (14a), carbon tetrabromide (0.17 g, 0.52 mmol) ’ tr:.phenylphosph:.ne
(0.14 g, 0.52 mmol) , methyl 3-azetidinecarboxylate hydrochlorlde (91
mg, 0.60 mmol), and N,N- diisopropylethylamine (0.21 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 (1:3 to 1:2) as the eluent to
afford the title compound (0.15g) ina yleld_of 77 % as a pale yollow
oily ,product.' : .

'HNMR Spectrum (400 MHz, CDCl;) & ppm: 1.28 (t, 3H, J=7.4 Hz), 3.02
(g, 2H, J=7.4 Hz), 3.31-3.40 (m, 3H), 3.58-3.67 (m, 2H), 3.71 (s,
3H), 3.78 (s, 2H), 6.85 (s, 1H), 7.02-7.09 (m, 3H), 7.19 (t, 1H, J=7.4

‘Hz), 7.38 (t, 2H, J=7.4 Hz), 7.87 (dt, 1H, J=9.0 HZ, 1.7Hz), 7.98

(dd, 1H, J=10.8 I-Iz, 2.2 Hz).
IR Spectrwnl(liquid £ilm) : 1204, 1272, 1348, 1454, 1489, 1523, 1559,
1590, 1737 cm™ ‘ ‘ ' '

Mass Spectrum (FAB') m/z: 494 ((M+H)').

(14c)
1~ ({4-Ethyl-5-[5-(3~-fluoro- 4-phenoxyphenyl) -1,2,4- oxadlazol -3-yl
]-2-thienyl}methyl)azetiding-3- -carboxylic acid

The title compound (0.11 g) was synthesized in a yield of 77 %
as a white crysta_lline solid by conducting the reaction similar to

that mentioned in Example 3 (3e) using methyl
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lr({4-ethy1—5—[5—(3~f1uoro—44phenoxyphenyl)-1,2,4;oxadiazol-3-yl
]-2-thienyl}methyl)azetidine-3-carboxylate (0.15g, 0.30mmol) that
was obtained in Example 14 (14b) and a 1 N aqueous solution of sodiﬁm
hydroxide (0.9 mL, 0.9 mmol).

"HNMR Spectrum (400 MHz, ¢D,CO;D) & ppm: 1.31 (t, 3H, J=7.4 Hz), 3.09
(q, 2H, J=7.4 Hz), 3.75-3.87 (m, 1H); 4.33-4.44 (m, 2H), 4.44-4.58
(m, 2H), 4.68 (s, 2H), 7.09-7.20 (m, 3H), 7.23 (t, 1H, J=7.6 Hz),
7.33 (s, 1H), 7.44 (t, 2H, J=7.6 Hz), 7.97 (4, 1H, J=9.0 I-I‘Z_), 8.04.
(d, 1H, J=10.6 Hz).

IR Spectrum (KBr): 1201, 1275, 1349, 1491, 1515, 1556, 1591, 3427
em™®.

Mass Spectrum (FAB*) m/z: 480 ((M+H)").

(Example 15)
1- ({S- [5- (3-Chloro-4-phenoxyphenyl) -1,2,4-oxadiazol-3-yl] -4-ethy
1-2-thienyl}methyl)azetidine-3-carboxylic acid

ca<W

(15a) 3-Chloro-4-phenoxybenzoic acid

The title compound .(0.95 g) was synthesized in a yield of 77 %
as a white crystalline SOIid by conducting the similar réaction to
that mentioned in Example 10 (10e) using
3-chloro-4-fluorcbenzaldehyde (0.80 g, 5.0 mmol), phenol (0.66 g,
7.0 mmol), potéssium 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
(ad, 2H, J’=7.‘4 Hz, 1.2 Hz), 7.21 (t, 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).
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(15b) _
{5—[5—(3—Chloro-4—phenoxypheuyi)~1,2,4-dxadiazolf3—yl]—4~ethy1~2
~thienyl }methanol . | | |
The crude product of the title compound was synthealzed by
conducting the reaction _s:.mllar to that mentioned in Example 12 (12a)

using 3-chloro-4-phenoxybenzoic acid (0.12'g, 0.50 mmol) that was

obtained in Example 15 (15a), l-hydroxybenzotriazole (72 g, 0.53

mmol), 1- ethyl ~3-(3- dimethylamlnopropyl) carbodiimide
hydrochlorlde (0.10 g, 0.53 mmol),

5~ ({ [t~butyl (diméthyl) silyl] oxy}méthyl) -3~ethyl-N’-hydroxythioph '

ene-z-carboximidamide (0 15 g, 0.48 mmol) that was obtained in
Example 10 (10d), and l 0 M solution of tetrabutylamonlumfluorlde
in tetrahydrofuran (0.96 ‘mh, 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
acetate and hexane (1:3) as the eluent to afford the title compound
(0.17 g) in a yield of 87 % as a pale yellow crystalliné solid.

YHNMR Spectrum (400 MHz, €DC1:) & ppm: 1.30 (t, 3H, J=7.4 Hz), 1.90

(t, 1H, J=5.8 Hz), 3.06 (g, 2H, J=7.4 Hz), 4.85 (d, 2H, J=5. 8 Hz),
6.98 (4, lH, J=8.6 Hz), 6.99 (s, 1H), 7.09 (d, 2H, 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)?) .

(15¢) Methyl . , | .
1-({5~[5-(3-chloro- 4-phenoxyphenyl) -1,2,4-oxadiazol-3- yl] -4-ethy
1-2-thienyl}methyl)azetidine-3-carboxylate

Thé.crﬁde product of the title compound was syni;hgsized by
conducting the reaction similar to that mentioned in Example 1 (1£)
using | ' )
{5-[5-(3~-chloro- 4—phenoxypheny1) -1,2,4-oxadiazol- -3-yl] -4-ethyl- -2
~thienyl }methanol (0.17 g, 0.41 mmol) that was obtained in Example
15 (15b) , carbon tetrabromide (0.18g, 0.53 mmol), triphenylphosphine
(0.14 g, 0.53 mmol) , methyl 3-azetidinecarboxylatée hydrochloride (93
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mgy, O. 62 mmol) , and N,N- di:.sopropylethylamine (0. 21 mL, 1.2 mmol).

' Subsequently, the crude product of the t:l.tle compou.nd thus obtained
-~ was purified by chromat:ography on a silica gel column us:.ng 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 yellowiah
o:Lly product _

- TENMR Spectrum (400 MHz, CDCl;) 6 ppm: 1.28 (t, 3H, J-7 8 Hz), .03
(q, 2H J=7 8 Hz), 3.32-3.43 (m, 3H), 3.59~ 3 69 (m, 2H), 3. 79 (s,
_3H), 3.84 (s, ZH), 6.87 (s, 1H), 6.98 (d, 1H, J=8.6 Hz), 7. 09 (d,

2H, J=7.4 HZ), 7.24 (t, 1H, J=7.4 HZ), 7.43 (t, 2H,VJ=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 fllm). 1198, 1245, 1266, 1343, 1483, 1513 1737
Com™t.

Mass Spectrum (FAB') m/z: 510 ((M+H)") .

(15d)
1- ({5 [5- (3-Chloro-4-phenoxyphenyl) -1,2, 4-oxadiazol- ~3-yl] -4-ethy
1-2- thienyl}methyl)azetidme -3-carboxylic acid

The title compound (0.13.g) was synthesized in a yield of 88 %
as a white crystall:.ne solid by conduct:.ng the roact:.on similar to

that mentioned in Example 3 (3e) using methyl

1-({5-[5-~ (3-chloro -4- phenoxyphenyl) -1,2,4-oxadiazol~3- -yl] -4-ethy
1-2- thienyl}methyl)azetid:.ne -3-carboxylate (0. 159, 0. 29 mmol) that
was obtained in Example 15 (150) and a 1 N aqueous solution of sodium
hydroxide (0.87 mL, 0.87 wmol). -

HNMR Spectrum (400 MHz,. CD5CO,D) & ppm:: ©1.31 (t, 3H, J=7.6 Hz), 3. 09
(q, 2H, J=7.6 Hz), 3.75- 3 87 (m, 1H), 4 33-4. 44 (m, ZH), 4.48-4.59
{m, 2H), 4.68 (s, 2H), 7.07 (d, 1H, J=8.6 Hz), 7 13 (d, 2H,- J=7 8
Hz), 7. 25 (c, 1H, .J=7.8 Hz), 7.33 (s, lH), 7 .45 (t, 2H, J=7.8 Hz),
8.06 (dd, 1H, J=8.6 Hz, 2.2 Hz), 8. 31 (s, 1RH).

IR Spectrum‘(KBr). 1265, 1344, 1392, 1484, 1514, 1591, i609, 3414
cemt. o

Mass Spectrum (FAB*) m/z: 496 ((M+H)*).
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(Example 16)
1-[(5~{5-[3-Chloro-4- (3-fluorophenoxy)phenyl] -1, 2, 4-oxadiazol-3-
yl}-4-ethyl-2-thienyl)methyll azetidine-3-carboxylic acid

(16a) ~3-Chloro—44(3—fluofophenoxy)benzoic acid
The title compound (1.3 g) was synthesized in a yield of 79 %

ag a pale yellow crystalline golid by conducting the similar reaction

to that mentioned in ‘Example 10 (10e) using

3-chloro-4- fluorobenzaldehyde (L.0 g, 6.3 mmol) , 2-fluorophenol
(1.1 g, 9.5 mmol), potassium carbonate (2.2 g, 16 mmol),
2-methyl—2¥butene'_(3 .0 ml, 28 mmol), potassium dihydrogenphosphate

IYNMR Spectrum (400 MHz, CDCl;) & ppm: 6.75-6.95 (m, 3H), 7.04 (d,
1H, J=8.6 Hz), 7.33-7.38 (m, 1H), 7.96 (dd, 1H, J=8.6 Hz, 2.2 Hz),.
8.23 (d, 1H, J=2.2 Hz).

IR Spectrum (KBr): 1123, 1269, 1423, 1486, 1592, 1705, 2663, 2982,
3078 cm™ '

Mass Spectrum (EI*) m/z: 266 (M').

| . (1.9 g, 14 mmol), and sodium hypochlorite (1.5 g,' 17 mmol) .
(16b)
(56-{5-[3-Chloro-4-(3- fluorophenoxy) phenyl] -1,2, 4- oxad:l.azol 3-yl}
-4-ethyl-2-thienyl)methanol .
- The crude product' of .the title compound was synthesized by
. conducting the reaction similar to that mentiocned in Example 5 (Sa).
using 3-chloro-4- (B-fluorophenoxY) benzoic acid (0.14 g, 0.53 mmol)
that was obtai:ned in Example 16 (l6a), 1-hydroxybenzotriazole (0.086
| . g, 0.56 mmol), 1-ethy1—3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (0.11 g, 0.56 mmol),
5 - ({ [t-butyl (dimethyl) silyl]l oxy}methyl) -3-ethyl-N’-hydroxythioph
ene-zwcérboximidamide (0.16 g, 0.51 mmol) that was obtained in

Example 10 (10d), and 1.0M sbl_l_.u:ion of tetrabutylammoniumfluoride
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1738, 2846, 2966 cm™
" Mass Spectrum (FAB*) m/z: 528 ((M+H)*).

(16d)
1-[(5-{5-[3- ~Chloro-4- (3~ fluorophenoxy)phenyl] 1,2,4- oxadlazol 3-
yl} -4-ethyl-2- thienyl)methyl]azetldlne -3-carboxylic acid
The title compound (0.14 g) was synthesized in a yield of 92 %
as a white crystalline solld by conductlng the reaction similar to
that mentioned in Example 3 (3e) using methyl
1-[(5- {5 [3-chloro-4-(3- fluorophenoxy)phenyl] -1,2, 4*oxad1azol 3-
yl}-4- ethyl -2- t:heinyl)methyl]azetldine -3-carboxylate (0.16g, 0.30
mmol) that was obtained in Example 16 (l6¢), a 1 N aqueous solution
of sodium hydroxide (0. 89 mL, 0.89 mmol), and acetic acid (51 uL,
0.89 mmol). ' '
- . ‘HNMR Spectrum (400 MHz, CD,CO.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. 6 Hz), 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 I-Iz)
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 1'7)

1-[(4-Ethyl-5-{5-[4-(3- fluorophenoxy)phenyl] 1 2,4-oxadiazol-3-y
1}-2- th:.enyl)methyllazetldine -3~-carboxylic acid .

CO,H
AT
I W,

- . {17a) 4-(3-Fluorophenoxy)benzoic acid

 The title compound (2.0°g) was synthesized in a yield of 96 %
as a white c;éystalline solid by conducting the similar feacti,on to
that mentioned in Example 10 (10e) using 4-f1uordbenzé.ldehyde (1.5
9, 12 mmoi) . 3-:Elimi:ophenol (L.2 ml, 13 mmdl) ’ potassium carbonate
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(3.3 g, 24 mmol), 2-methyl-2-butene (4.8 ml, 45 mmol), potassium

' dihydrogenphosphate (3.1 g, 23 mmol), and sodium hypochlorite (2.5

g, 27 mmol). ‘

'HNMR Spectrum (400 MH#, ¢DCl;) 6 ppm: 6.75-6.92 (m, 3H), 7.03 (4,
2H, J=8.6 Hz), 7,27-7.37 (m, 1H), 8.08 (d, 2H, J=8.6 Hz).

IR Spectrum (KBr): 1117, 1226, 1271, 1293, 1314, 1484, 1597, 1689,

- 2553, 2671, 2842, 2984 cm™.

Mass Spectrum (EI') m/z: 232 (M).

(170) '
(4.-Ethy1-5—{5- {4- (3~f1uorophenoxy)phenyl] -1,2,4-oxadiazol-3-yl}-
2-thienyl)methariol

‘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) silyl] oxy}methyl) -3-ethyl-N’-hydroxythioph
ene-2-carboximidamide (0.16 g, 0.50 mmol) that was obtained in
Example 10 (10d); 4- (3-f1uorqphenoxy)benzoic acid (0.13 g, 0.55mmol)
that was obtained in Example 17 (17a), dicyclohexylcaibodiimide (0.11
g, 0.55 mmol), and 1.0 M solution of tetrabutylammonium fluoride in
tetrahydrofuran (0.75mL, 0.75 mmol) . Slibsequent_:ly, the crude product
of the title compouﬁd thus obtained was purified by chromatography
on a 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 (0.15
g) in a yield of 73 % as a white crystalline solid.
INMR Spectrum (400 MHz, CDCl,) & 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,
1H, J=7.4 Hz, 2.3 Hz), 6.85-6.95 (m, 3H), 6.99 (s, 1H), 7.14 (d, 2H,
J=9.0 ﬁi), '7..35—7.'40 (m, 1H), 8.18 (4, 2H, J=9.0 Hz).
IR Spectrum (KBr): 1341, 1486, 1515, 1557, 1603, 3373 cm™.
Mass Spectrum (FAB') m/z: 397 ((M+H)').
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(17c) Methyl ‘
1-[(4-ethyl-5-{5-[4- (3-fluorophenoxy)phenyl] -1,2,4-oxadiazol-3-y
1}-2-thienyl)methyl] azetidine-3-carboxylate

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

using

. (4-ethyl-5-{5-[4- (3-fluorophenoxy) phényl] -1,2,4-oxadiazol-3-yl}-

2-thienyl)methanocl (0.15 g, 0.38 mmol) that was obtained in Example
17 (17b), carbon tetrabromide (0.15g, 0.45mmol) , triphenylphosphine
(0.12 g, 0.45 mmol), methyl 3-azetidinecaﬁ:‘boxylate hydrochloride (86
mg, 0.57 mmol), and N,N-diisopropylethylamine (0.19 wmlL, 1.1 mmol)
Subsequently, the crude product of the title compound thus obta:.ned
was purified by chromatography uging a mixed solvent of ethyl acetate
and hexane (5:5) to afford the titie compound (0.16 g) in a yield
of 85 % as a pétle'yellow oily product. |

'HNMR Spectrum (500 MHz, CDCl,) & ppm: 1.28 (t, 3H, J=7.8 Hz), 3.03
(g, 2H, J=7.8 Hz), 3.33-3.40 (m, 4H), 3.60-3.66 (m, 1H), 3.72 (s,
3H), 3.79 (s, 2H), 6.80 (dt, 1H, J=7.4 Hz, 2.4 Hz), 6.86-6.94 (m,
3H), 7.13 (d, 2H, J=8.8 Hz), 7.35 (q, 1H, J=8.3 Hz); 8.17 (d, 2H,
J=8.8 Hz). .

IR Spectrum (liquid £ilm): 1346, 1485, 1498, 1514, 1603, 1737 cm™
Mass Spectrum (FAB*) m/z: 494 (.(M+H)*) .

(17d)
1-{(4- Ethyl-s-{s-[4~(3-‘f1uorophenoxy)phenyl]-i 2,4-oxadiazol-3-y
1}-2-thienyl)methyl]azetidine-3-carboxylic acid '

The title compound (83 mg) was synthesized in a y:.eld of 54 %

as a white crystalline solid by conducting the reaction similar to

that mentioned in Example 2 (2e) using methyl

1-[(4-ethyl-5-{5-[4- (3-fluorophenoxy)phenyl] -1,2, 4-oxadiazol-3-y
1}-2-thienyl)methyl] azetidine-3-carboxylate (0.16 mg, 0.32 mmol)

that was obtained in Example 17 (17¢), lithium hydroxide monohydrate
(30 mg, 0.71 mmol), and acetic acid (39 uL, 0.71 mmol).

JHNMR Spectrum (500 MHz, CD;OD) 6 ppm: 1.29 (t, 3H, J=7.3 Hz), 3.07
(g, 2H, J=7.3 Hz),.3.34 (quinﬁet, 1H, J=8.8 Hz), 3.84-3.90 (m, 2H) ,
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3.94-4.01 (m, 2H), 4.27 (s, 2H), 6.88-7.01 (m, 3H), 7.17 (s, 1H), .\\\

7.20 (4, 2H, J=8.8 Hz), 7.44 (g, 1H, J=7.8 Hz), 8.20 (d, 2H, J=8.8

Hz) . o
IR Spectrum (KBr): 1224, 1273, 1342, 1498, 1514, 3428 cm™.
Mass Spectrum (FAB*) m/z: 480 ((M+H)").

(Example 18)
1-[(5-{5-[4-(2,3-Difluorophenoxy)phenyl] -1,2,4-oxadiazol-3-yl}-4
-ethyl-z -thienyl)methyl] azetidine-3 -carboxYlic acid

£ T

F

(18a) 4-(2;3-Difluorophenoxy)benzoic acid

The title. cotrc‘poundv (2.2 g) was synthesized in a yield of 94 %
as a white crystalline solid by conducting the similar reactioxi to
that mentioned in Example 10 (10e) using 4-—f1uorobenzaldehyde. (1.3
g, 10 mmol), 2,3-difluorophenol (2.0 g, 15 mmol), potassium carbon.ate‘
(2.8 g, 20 mmol), 2-methyl-2-butene (4.9 ml, 46 mmol), 'po,tassium
dihydrogehphosphate (3.1 g, 23 mmol) and sodium hypochiorite (2.5
g, 27 wmol).
'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 cmt, '
Mass Spectrum (EI') m/z: 250 (M").

L

(18b)
(5-{5-[4~-(2,3-Difluorophenoxy)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 (10£)
using |
5- ({ [t-butyl (dimethyl)silyl]oxy}methyl) -3-ethyl-N’ —hydquythibph
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o : -ene 2 carboximidamide (0 16 g, 0 50 mmol) t.hat was ,obta:.ned in b |

.

Example 10 (1od) v/ 4 (2 3~difluorophenoxy)benzo:,c acid (0 14 9 0 55 . i

: -t'_-;mmol) that was obta:med m Example 18 (18__" " dicyclahexylcaxbodimide

B (0 1:L 9, 0. 55 rmnol) a.nd 1 0 Msolut:.on of tetrabutylamomum fluoride S

in tetrahydrofuran (0.75 mL, 0.75 mmo

._ubsequently, the crude ’
e prcduct of the title compound thus obt:a ne ;_;Was purif:.ed by

hite crystalllne solid -
_ t_' 3M, J27.4 Hz), . 3.04
13 (m, 5H) é‘iB,,-’ji"*(d, 2H, J.—-_-9 0

' ?:--conpound (0 18 g) m a yield of 88 % as
. ;‘ui?ﬂnmn Spectrum (400 Miz, CDCLs) 8 pom
o (q, 21-1, J==‘7 4 Hz) ' 4 84 (s, 2H), 6._9""

e IR Spectrmn (R:Br) 1248 1352, 1474,:151
'__---5-13;_.:'-_Masa Spect:rum (FAB") m/z, 415 ((M-l-“,_-: ’

1607, 1628, ‘3'3055 .

= T(S {5 [4:‘,(2‘_ 3‘difluorophenoxy)‘p{ enyl] -1, 2 4-oxaaiazo

;_Exan@].e 18 (18b), carbon tetrabromide (0 1’7 g o 52 mol) -
o '-i_triphenylphoaphme (0.14 g, 0.52 mmol), methyl LT
-azetidinacarboxylate hydrochlorn.de 0. 10 g,vo 86 mmol), and

i yel lowi oily product

. i R T
. !
c g
i .

' _chromatography on a s:.l:n.ca gel column using mxed sr;llvent of et:hyl,_‘
u_-_‘_acetate and hexane (2 8°to 3:7) as the eluent to afford the title =

" 'f-'hyl 2= thn.enyl)methanol (0 18 g, o 43 mmol) that wasfobtalned :Ln .

SR .--‘,N N-«d:uisopropylethylamme (0 15 mL, 1.1 mmol) Subsequently, theiﬁ

_ 6 crude prcgiuct oﬁ the title compound thus obtained was purified by‘;.f'
chrcmatography usingamixed solvent of ethyl acetate and hexane (5 5) e
: to afford t:hé t:.t:le compound (0 20 g) m a yield of 91 % ‘as a pale COERN
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IR Spectrum (liquid £ilm): 1250, 1346, 1476, 1498, 1512, 1557, 1608,

1737 cm‘ll.

Mass Spectrum (FAB') m/z: 512 ((M+H)').

(18d) ' .
1-[ (5—{5—.[4— (2, 3-Difluorophenoxy)phenyl] -1,2,4-oxadiazol-3-yl}-4
-ethyl-2-thienyl)methyl] azetidine-3-carboxylic acid

The title compound (77 mg) was synthesized in a yield of 38 %
as a white crystalline solid .by conducting the reéction similar to
that mentioned in Example 2 (2e). using. methyl
1-[(5-{5~[4-(2,3~difluorophenoxy)phenyl] -1,2,4-oxadiazol-3-yl}-4
ethyl-2-thienyl)methyl]azetidine-3-carboxylate (0.20 g, 0.39 mmpl)
that was obtained in Example 18 (18c), 1ithium hydroxide monohydrate
(36 fng, 0.86 mmol), and acetic acid (47 pL, 0.86 mmol).
'HNMR Spectrum (500 MHz, CDiOD) & ppm: 1.29 (t, 3H, J=7.4 Hz), 3.07
(q,. 2H, J=7.4 Hz), 3.40 (quintet, 1H, J=6.1 Hz), 4.07 (t, 2H, J=10.2
Hz), 4.13 (¢, 2H, J=9.8 Hz), 4.44 (s, 2H), 7.04-7.10 (m, 1H), 7.16-7.28
(m, 4H), 8.19 (d, 2H, J=8.6 Hz).
IR Spectrum (KBr): 1498, 1511, 1607, 3320, 3444 cm™'.
Mags Spectrum (FAB') m/z: 498 ((M+H)").

(Example 19)

1-[(5-{5- [4- (2-Chlorophenoxy)phenyl] -1,2, 4-oxadiazol-3-yl}-4-eth
yl-2-thienyl)methyl] azetidine-3-carboxylic acid 1/2 oxalate

o—() :o-' CO,H - .
G\ W M t . :
Cl W :

(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 conduct:i_.ng the similar

reaction to that mentioned in Exampie 10 (10e) using
4-fluorobenzaldehyde (0.60g, 5.0 mmol), 2-chlorophenol (0.90g, 7.0
mmol) , potassium carbonate (1.7 g, 13 mmol), 2-methyl-2-butene (2.7
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ml, 25 mmol), potassium dihydrogenphosphate (1.7 g, 13 mmol) and
sodium hypochlorite (1.4 g, 15 mmol).

JHNMR Spectrum (400 MHz, CDCl,) & ppm: 6.95 (d, 2H, J=8.9 Hz), 7.13
(dd, 1H, J<=7.8 Hz, 1.5 Hz), 7.20 (td, 1H, J=7.8 Hz, 1.5 Hz), 7.31
(td, 1H, J=7.8 Hz, 1.5 Hz), 7.50 (dd, 1H, J=7.8 Hz, 1.5 Hz), 8.08
(d, 2H, J=8.9 Hz).

(19b)
(5- {5~ [4- (2-Chlorophenoxy) phenyl] -1, 2, 4-oxadiazol-3-yl}-4-ethyl-
2-thi enyi )methanol '

The crude product of the title compound was synthesized by
conducting the reacﬁion similar to that mentioned in Example 10 (10f)
using :

5-({[t- butyl(d:.methyl)s:.lyl]oxy}methyl) -3-ethyl-N’ -hydroxythioph
ene-2-carboximidamide (0.16 g, 0.50 mmol) that was obtained in

Example 10 (10d), 4~ (2-chlorophenoxy)benzoic acid (0.14g, 0.55 mmol)

that was obtained in Example 19 (19a), dicyclohexylcarbodiimide (0.11.

g, 0.55 mmol), and 1.0 M solution of tetrabutylammonium fluoride in
tetrahydrofuran (0 .75mL, 0.75 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 (3:7 to 5:5) as the eluent to afford the title compound (0.19
g) in a yield of 92 % as a whlte crystalline solid.

1HNMR Spectrum (400 MHz, CDCl;) & ppm: .1.29 (t, 3H, 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 (at, 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 (4, 2H, J=9.0 Hz).

IR Spectrum (KBr) 1245, 1259, 1353, 1473, 1498, 1517, 1556, 1612,
3329 cm™?

Mass Spectrum (FAB') m/z: 413 ((M+H)").
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(19¢) Methyl

1-[(5-{5-[4- (2~ chlorophenoxy)phenyll -1,2,4~ oxadlazol 3-—y1} 4- eth
yl-2-thienyl)methyll azetidine- -3- carboxylate

| The cfude product 'of the title compound was synthesized by
conducting the reaction similar to thai: mentioned in Example 1 (1f)
using | i |

- (5~ {5- [4- (2-chlorophenoxy) phenyll -1,2, 4-oxadiazol- 3—yl} -4-ethyl-

2- th:.enyl)methanc:l (0.19 g, 0.46 mmol) that was obtained in Example
19 (19b) ; carbon tetra.brom:n.de (0.18 g, 0.55mmol), triphenylphosphine
(0.14 g, 0. 55 mmol), methyl 3- azetidmecarboxylate hydrochloride '
(0.10. g, 0.69 mmol), and N,N- di:.sopropylethylamine (0.16 mL, 0.92.
mmol) . Subsequentiy, the crude product of the title compound thus
obtained was purified by chromatography using amixed solvent of ethyl
acetate and hexane (5:5) to afford the title compound (0.21 g) in
a yield of 91 % as’ a pale yellow oily produci:

1mNMR Spectrum. (4oo,MHz, CDCl:) & ppm: 1. 28 (t, 3H, J=7.4 Hz), 3.03

(@, 2H, J=7.4 Hz), 3.32-3.40 (m, 4H), 3.58-3.66 (m, 1H), 3.72 (s,
3H), 3.78 (s, 2H), 6.86.(s, 1H), 7.03 (d, 2H, J=7.9 Hz), 7.15 (dd,
18, J=1.6 Hz, 7.8 Hz), 7.21 (dt, 1H, J=1.6 Hz, 7.4 Hz), 7.32 (dt,
1H, J=1.6 Hz,7.4 Hz), 7.51 (ad, 1H, J-l 6 Hz, 7.8 Hz), 8.14 (d, 2H,
J=9.0 Hz).

IR Spectrum (liquid £ilm): 1475, 1514, 1557, 1581, 1613, 1737 cui
Mass Spectrum (FABY) m/z 510 ((M+H)*). ' |

(19d) .
1-[(5-{5~-[4- (2~ Chlorophenoxy)phenyl] ~-1,2,4~oxadlazol- 3—yl} -4~ e’th
yl-2- th:.enyl)methyl]azetidine~3 carboxylic acid 1/2 oxalate

The title compound (140 mg) was synthesized in a yield of 67 %
as a white<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>