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I **DESCRI. PTI ON N- HETERO- RI NG SUBSTI TUTED AM DE DERI VATI VE Techni cal Field

[ 0001] The present invention relates to novel
N-hetero-ringsubstituted am de derivajives which have a hypogl ycenic effect
and/or p cell- or pancreas-protecting effects, or pharnmacol ogically

accept abl e salts thereof, and pharnaceutical conposiTions containing those

et abol | ¢ i Sease primar b1y charact ori 26t by a chroni ¢ ﬁMllLlMﬂlﬂl\lllNﬂllﬁlm\m state

due to inpaired insulin action. The treatnent of diabetes: |sfgg9era y
performed by drug therapy togeth%$59ﬁ¥ﬂTB?§t and exerci se tﬁér%py “Exanpl es

of oral anti-diahe e a olldlnedlones t hat
i nprove insulin B é?gﬁgﬁ gﬁﬁgu%ﬁéﬁg%&£@§§3gﬂﬁ%gi%ﬂﬁﬂég* THnat pronote insulin
secretion frompancreatic p cells; and a- glucosidase inhibitors that
.inhibit sugar absorption. [0003] However, it is reported that they

have sidg gffgcts:p d.Lbé;g(yanides produce gastrointestinal synptons and | actic
aci dosis; thiazoli edi ones produce wei ght gain and edema; sul fonyl ureas

and gllnuﬁﬁg_produce hypogl ycem a or
The present invention relates to novel N-hetero-ring-
substituted amide derivatives which have a hypoglycemic
effect and/or P cell- or pancreas;protecting effects, or
pharmacologically acceptable salts thereof, and
pharmaceutical compositions containing those active

ingredients.

Packground Art l\Il\!!llI\III\HlI!!III |I\\I\!||\II|
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[0002] -

Diabetes mellitus is a metabolic disease primarily
characterized by a chronic hyperglycemic state due to
impaired insulin action. The treatment of diabetes is
generally performed by drug therapy together with diet and
exercise therapy. Examples of oral anti-diabetic agents
include biguanides and thiazolidinediones that improve
insulin resistance; sulfonylureas and glinides that promote
insulin secretion from pancreatic B cells; and o~
glucosidase inhibitors that inhibit sugar absorption.

[0003]

However, it is reported that they have side effects:
biguanides produce gastrointestinal symptoms and lactic
acidosis; thiazolidinediones produce weight gain and edema}

sulfonylureas and glinides produce hypoglycemia or



2-secondary failure due to | ong-termuse; and a-glucosidase inhibitors
produce diarrhea etc. Therefore, devel opnent of an oral hypogl ycem c agent
whi ch can address such problens is degired. [0004] In recent years,
pi peri di ne conmpounds have been devel oped as oral anti-diabetic agents
havi ng new structures. (see, for exanple, Patent Literature 1 to 4).
Citation List Patent Literature [0005] Patent Literature 1. WO

2007/ 116229 Patent Literature :

secondary failure due to long-term use; and a-glucosidase
inhibitors produce diarrhea etc. Therefore, development of
an oral hypoglycemic agent which can address such problems
is desired.

[0004]

In recent years, piperidine compounds have been
developed as oral anti-diabetic agents having new
structures. (see, for example, Patent Literature 1 to 4).
Citation List
Patent Literature
[0005]

Patent Literature 1: WO 2007/116229

Patent Literature 2: WO 2007/003960

Patent Literature 3: WO 2007/003962

Patent Literature 4: WO 2005/061489

Patent Literature 5: WO 2011/016469

Patent Literature 6: WO 2012/050151

Summary of the Invention
Problems to be Solved by the Invention
[0006]

However, the compounds described in the above patent
literature 1 to 4, have an insufficient hypoglycemic effect
and insufficient B cell- or pancreas-protecting effects.
Furthermore, the present invention is neither described nor
suggested in the above patent literature 1 to 6. Thus, an

object of the present invention is to provide a compound



12
4:

WO 2007/ 003960 Patent Literature 3: WD 2007/003962 Patent Literature
WO 2005/ 061489 Patent Literature

which has a new structure that is neither described nor
suggested in the above patent literature and has an
excellent hypoglycemic effect and a B cell- or pancreas-
protecting effect, or a pharmaceutically acceptable salt
thereof; a pharmaceutical composition having an excellent
therapeutic effect and/or prophylactic effect on type 1
diabetes, type 2 diabetes and the like, which cause an
increase in blood sugar levels due to abnormal glucose
metabolism; and a pharmaceutical composition having a B
cell- or pancreas-protecting effect.
Means for Solving the Problems
[0007]

The present invention provides:

(1) a compound represented by general formula (I):
[OOOS]

[Chemical Formula 1]

|
»\Qﬁvm
N—O
[0009]
wherein
R' represents
[0010]

[Chemical Formula 2],
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WO 2011/ 016469 Patent Literature 6:
I nvention Problens to be Solved by the Invention [0006]

conpounds described in the above patent literature 1 to 4, have an
i nsufficient hypoglycemc effect and rfnsufficient p cell- or
pancreas-protecting effects. Furthernore, the present invention is neither
descri bed nor suggested in the above patent literature 1 to 6. Thus,
obj ect of the present invention is to provide a conpound 3

o
OH
O
o "
* HN
OH or O

[0011]

o
o
O 14

14

* represents a binding site with a nitrogen atom, and
- R2 represents a methyl group or an ethyl group;
or a pharmaceutically acceptable salt thereof;

(2) a compound selected from the group consisting of
the following compounds:

4-(5-{ (1R)-1-[4- (cyclopropylcarbonyl)phenoxy]propyl}-
1,2,4-oxadiazol-3-yl)-2-fluoro-N-[ (3S,4R)-4-
hydroxytetrahydrofuran-3-yllbenzamide;

4-(5-{(1R)-1-[4- (cyclopropylcarbonyl)phenoxy]propyl}-
1,2,4-oxadiazol-3-yl)-2-fluoro-N-[ (3R, 4S)-4-
hydroxytetrahydrofuran-3-yllbenzamide;

4-(5-{ (1R)-1-[4- (cyclopropylcarbonyl)phenoxylethyl}-
1,2,4-oxadiazol-3-yl)-2-fluoro-N-[ (3R, 48)-4-
hydroxytetrahydrofuran-3-yllbenzamide;

4-(5-{(1R)-1-[4-(cyclopropylcarbonyl)phenoxylethyl}-
1,2,4-oxadiazol-3-yl)-2-fluoro-N-[ (3S,4R) -4~
hydroxytetrahydrofuran-3-yl]lbenzamide;

4-(5-{ (1R)-1-[4~-(cyclopropylcarbonyl)phenoxy]propyl}-
1,2, 4-oxadiazol-3-yl)-2-fluoro-N-[ (3R)-2-

oxotetrahydrofuran-3-yl]benzamide;

WD 2012/ 050151 Summary of the
However,

an

t he



‘whi ch has a new structure that is neither described nor suggested in the
above patent literature and has an excell ent hypoglycemc effect and a p
cell- or pancreas-protecting effect, por a pharmaceutically acceptable salt
t hereof ; a pharnmaceutical conposition”having an excellent therapeutic
effect and/or prophylactic effect on type 1 diabetes, type 2 diabetes and
the li ke, which cause an increase in blood sugar |evels due to abnornal
gl ucose netabolism and a pharnmaceutical conposition having a p cell- or
pancreas-protecting effect. Means for Solving the Probl ens [0007& The
present i nventd-ofPpr oMRdek: [ {1)cyc bamperrdcs epprgehprendyy genep#l ) for nul a
(1): [0008 Chem cal Formula 1] O [0009] wherein Rl represents [0010]
[Chenicéh Tﬁﬁ@ﬁgﬂgol—B—yl)—2-fluoro—N— (38)=-2-
oxotetrahydrofuran-3-yl]benzamide;

4- (5-{ (1R)-1-[4- (cyclopropylcarbonyl)phenoxy]propyl}-
1,2,4-oxadiazol-3-yl)-2~-fluoro-N-{ (35)-5-
oxotetrahydrofuran-3-yllbenzamide;

4-(5-{ (1R)-1-[4-(cyclopropylcarbonyl)phenoxy]propyl}-
1,2,4—oxadiazol—3—yl)—2—fluoro—N—[(3R)—2—oxopyrrolidin—3—
’yl]benzamide;

4-(5-{ (1R)-1-[4-(cyclopropylcarbonyl)phenoxy]propyl}-
1,2,4-oxadiazol-3-yl)-2-fluoro-N-[ (3S)-2-oxopyrrolidin-3-
yl.benzamide;

4-(5~-{(1R)-1-[4~(cyclopropylcarbonyl)phenoxy]propyl}-
1,2,4-oxadiazol-3-yl)-2-fluoro-N-[ (3S,4S)-4-hydroxy-2-
oxotetrahydrofuran-3-yl]benzamide;

4-(5-{ (1R)-1-[4-(cyclopropylcarbonyl)phenoxy]ethyl}-
1,2,4-oxadiazol-3-yl)-2-fluoro-N~-[ (3R)-2-oxopyrrolidin-3-
yllbenzamide;

4-(5-{ (1R)~-1~[4-(cyclopropylcarbonyl)phenoxyjethyl}-
1,2,4-oxadiazol-3-yl)-2-fluoro-N-[ (3S)-2-oxopyrrclidin-3-
ylibenzamide;

4-(5-{(1R)-1-[4-(cyclopropylcarbonyl)phenoxylpropyl}-
1,2,4—oxadiazol—3—yl)—2—fluoro—N—[(38,4R)—4—hydroxy—2—
oxotetrahydrofuran-3-yl]lbenzamide;

4-(5-{ (1R)-1-[4-(cyclopropylcarbonyl)phenoxylethyl}-
1,2,4-oxadiazol-3-yl)-2-fluoro-N-[ (3R, 4R)-4-

hydroxytetrahydrofuran-3-yl]benzamide; and



4 O 0 OH [ 0011] * represents a binding site with a nitrogen atom
and R2 represents a nethyl group or an ethyl group; or a pharnmaceutically
acceptabl e salt thereof; (2) a conpound selected fromthe group

consi sting of the foll ow ng corrpounds:6

4-(5-{ (1R)-1-[4- (cyclopropylcarbonyl)phenoxylethyl}-
1,2,4-oxadiazol-3-yl)-2-fluoro-N-[ (3S5,45)-4-
hydroxytetrahydrofuran-3-yl]lbenzamide;
or a pharmaceutically acceptable salt thereof;

(3) a pharmaceutical composition containing, as an
active ingredient, a compound as set forth in item (1) or
(2), or a pharmaceutically acceptable salt thereof;

(4) a pharmaceutical composition as set forth in item
(3), for treating type 1 diabetes, type 2 diabetes, or
obesity;

(5) a pharmaceutical composition as set forth in item
(3), for protecting P cells or the pancreas;

(6) use of a compound as set forth in item (1) or (2)
or a pharmaceutically acceptable salt thereof, for
preparing a pharmaceutical composition;

(7) use of a compound, as set forth in item (6), for
treating type 1 diabetes, type 2 diabetes, or obesity, or
for protecting P cells or the péncreas;

(8) a method for treating a disease, the method
including administering to a mammal a compound as set forth
in item (1) or (2) or a pharmaceutically acceptable salt
thereof;

(9) a method for treating a disease as set forth in
item (8), wherein the disease is type 1 diabetes, type 2
diabetes, or obesity;

(10) a method for protecting [ cells or the pancreas,

the method including administering to a mammal a compound



‘4- (5-{(1R)-1-[4- (cycl opropyl car bonyl ) phenoxy] propyl | 1, 2, 4- oxadi azol - 3-y1)-2
-fluoro-N-[(3S, 4R)-4- hydroxytetrahydrof uran-3-yl ] benzam de;
4-(5-[(1R)-1-[4- (cycl opropyl carbonyl ) phenoxy] propyl I 1, 2, 4- oxadi azol - 3-y1) -2

-fluoro-N[ (3R, 4S)-4- hydroxytetrahydrofuran-3-yl] benzam de;

4- (5-{(1R)-1-[4-(cycl opropyl car bonyl ) phenoxy] et hy11-

1, 2, 4- oxadi azol - 3-yl1)-2-fluoro-N[ (3R, 4S) - 4-
hydroxyt et rahydr of ur an- 3 yl ] benzan de;

4-(5-{(1R) - 1- 4 (cycl opropyl car bonyl ) phenoxy] et hyl | 1, 2, 4- oxadi azol - 3-y1) - 2-

f1 uor o- Ne$ (3! 4R§>r% Ry dt BRFH é@?aﬁydﬁgf upénasp{fﬁ]r@éﬁ?&ﬁnl@élly

4-(5-{(1R)-1-[4- cycl opr opyl car bonyl ) phenoxy] propyl | 1, 2, 4- oxadi azol - 3-y1) -2

-f 1 uoro- ‘N?T?@% %’Ee’f}t‘%ﬁ?ﬂﬁof @hdn- 3-yl ] benzani de; 5

4-(5-{(1R)-1-[ 4 cyclo r.opyl car bony enpxy] pr op oxadi azol - 3-y1)-2

~f1 uoro- N-[ (39) é %%)%*ﬁ%h%r%?g g%#gg Dyitb hes ){Bé end-rRNRE

4- (5-{( c C bonyl ) phenoxy] propyl | 1, 2, 4- oxadi azol - 3-y1) -2

-fl uoro%@rf%%ss) -Xoli?g gelﬁfgégﬁéof ur an- 3-yl ] benzam de;

4- (5-{(1R) - 1-[4- (cycl opropyl carbonyl ) phenoxy] propyl | 1, 2, 4- oxadi azol - 3-y1) -2

-fluoro-N[(3R)-2-oxopyrrolidin-3- yl]benzam de;

4- (5-{ (1R rdct 4- Leyehopt opyheashonyl ) phenoxy] propyl1-

1, 2, 4- oxadi azol - 3-y1l)-2-fluoro-N-[ (3S)-2-oxopyrrolidin-3- yl7benzani de;

4- (5-{(1Rye1z2[ 4- (cycl opr opyl car bonyl ) phenoxy] propyl | 1, 2, 4- oxadi azol - 3-y1) -2

-fluoro-N[(3S, 4S)-4-hydroxy-2- oxotetrahydrof uran- 3- yI]benzam de;

4- (5-{(1R) - 1- [A=¢ cyod opriopit can booy | ppbendxy] ebhythét2rdé-oxadi-azol - 3-y1) - 2-

fluoro-N-[(3R)-2-oxopyrrolidin-3- yl]benzam de;

4-(5- {(m)lb&t[Lﬂu‘(@@rcdaropd@p@dacavbbmye)bh@mogy}aet Bykell2nt- oxadi azol - 3-y1) - 2-

fluoro-N-[(3S)-2-oxopyrrolidin-3- yl]benzam de;

4-(5- {(1@999%549%16%16%5?%%9} c%t‘rlﬁoﬁyﬁ)%ﬁéhox?]fppéﬁyﬁas protecting
1, 2, 4-oxadiazol -3-y1)-2-fluoro-N[ (3S, 4R) - Xdrox

oxot etra%?ﬁ?%?ur%ﬁ 3. 9]1'15]1%?1%%%6%5‘1 y acceptab e salt thereof, a

pharmaceutical composition having an excellent therapeutic
effect and/or prophylactic effect on type 1 diabetes, type
2 diabetes and the like due to hyperglycemia, and a
pharmaceutical composition having a B cell- or pancreas-

protecting effect.

Best Modes for Carrying out the Invention
[0013]

A "pharmaceutically acceptable salt" as used in the
present specification means a salt formed by allowing the
compound of the present invention to react with an acid or
a base.

[0014]

Examples of the salt include hydrohalogenic acid

salts such as hydrofluorides, hydrochlorides, hydrobromides,

and hydroiodides; inorganic acid salts such as



4- (5{(1R)-1-[4- (cycl opropyl car bonyl ) phenoxy] et hyl | 1, 2, 4- oxadi azol - 3-y1) - 2-
fluoro-N[ (3R 4R)-4- hydroxytetrahydrofuran-3-yl]benzam de; and 6
4-(5-{(1R) -1-[ 4- (cyclopropylcarbonylg?henoxy]ethyll-

1, 2, 4- oxadi azol - 3-y1) fluoro-N-[(3S 4S)-4-
hydroxytetrahydrofuran-3-y|]benzanide or a pharmaceutically acceptable
salt thereof; (3) a pharnmaceutical conposition containing, as an
active ingredient, a conpound as set forth in item (1) or (2), or a
pharmaceutically acceptable salt thereof; (4) a pharmaceutical conposition
as set'mmdﬂvdhidnkﬁﬁs(Enitﬁiﬁe$xe§ﬁi¢@ﬂ@y®@eardﬁabé@égs eype 2 di abetes,

or obesity; a pharmaceutical conposition as set forth in item
(3), fo@ﬁﬂﬁﬁQﬁQQ%n;%9%%%I%ﬁ%ﬁn?$ﬁﬂﬁﬁﬁk?e%%ld salts SFG? @#8e of a conpound
as set forth in |ten1(1 %éh%kor a harnacegélcall gptable sal t
thereofmeﬁﬂa U TRAF P RRHPOST PR BhSS (7) use of a

d, t t.h i f t t 1 di abet t 2
di abet o£ 5 is?y@éé’r{?teo% ”f%l;f%%%%%%qﬁgaé it L% ¥Brn ‘Bhncreas:
(8) a "%ghozder{eosruf SAd, f;ﬁaé&uwgsgﬁgggt%gdg%ggl adgLapstering to

a mammal  a COITpOUI’l as set Ini1tem r~a pharmaceutically

accept abl g sald, thefedfcerates, mdRrds MR- L0t T 8aLENGaRd] S€ASE as set
forth in item(8), wherein the disease is type 1 di abetes, typé 2 diabetes,

or obesidiirates, asddi®aieptiwe forepyoseslingsp s8kl 5a0Eathe; pancreas,
the nethod including adm nistering to a mammal a conpound

alkali metal salts such as sodium salts, potassium salts,
and lithium salts; alkaline earth metal salts such as
calcium salts and magnesium salts; metal salts such as
aluminum salts and iron salts; inorganic salts such as
ammonium salts; amine salts including organic salts such as
t-octylamine salts, dibenzylamine salts, morpholine salts,
glucosamine salts, phenylglycine alkyl ester salts,
ethylenediamine salts, N-methylglucamine salts, guanidine
salts, diethylamine salts, triethylamine salts,
dicyclohexylamine salts, N,N'-dibenzylethylenediamine salts,
chloroprocaine salts, procaine salts, diethanolamine 'salts,
N-benzylphenethylamine salts, piperazine salts,
tetramethylammonium salts, and
tris (hydroxymethyl)aminomethane salts; and amino acid salts
such as glycine salts, lysine salts, arginine salts,
ornithine salts, glutamates, and aspartates.
[0015]

The compound of the present invention absorbs water
when, for example, left to stand in the atmosphere, so that

the absorbed water can adhere to the compound and a hydrate.



‘7 as'set forth initem (1) or (2) or a pharmaceutically acceptable salt

t hereof; and (11) a nethod as set forth initem(8), wherein the
manmal is a human being. Effects of the Invention [0012] The present
invention provides an N-hetero-ringsubstituted am de derivative having an
excel l ent hypogl ycem c effect, and a p cell- or pancreas-protecting effect,
or a pharmaceutically acceptable salt thereof, a pharnmaceutical conposition
havi ng an excellent therapeutic effect and/or prophylactic effect on type 1
di abetes, type 2 diabetes and the |ike due to hyperglycem a, and a

phar macewy ca¢ tonpedit i Breteldrry aspcloed | hydrapants easspr bhettidag ef f ect .
Best Mbdes for Carrying out the Invention [0013] _ A "pharmaceutically
accept abt®e Satconsensedfi AheheapEesénthepesiereaat ioNemsans -a salt forned
by allowi(ggjl he conmpound of the present invention to react with an acid or

a base.'[ ] Exanpl es of the salt include hydrohal ogenic acid salts such
as hydrofluorides, hydrochl orides, hydrobrom des, and _hydroi odi des;
inoréanic aci %%¢?S¥%%C%o%goung of ghe present 1nvent1¥n may %ave

asymmetric carbon atoms in the molecule, the compound has
optical isomers. These isomers and mixtures of these
isomers are all represented by a single formula, that is,
the general formula (I). Therefore, the present invention
encompasses all of the optical isomers of the compound
represented by the general formula (I), and mixtures of
these optical isomers at any ratios. Such an optical
isomer can be produced by, for example, using raw materials
having optical activity instead of the raw materials used
in the production methods, Reférence Examples and Examples
that will be described below, or can be obtained by
subjecting a compound that has been produced by making
reference to the production methods, Reference Examples,
Examples and the like that will be described below, to an
optical resolution method that is known in the pertinent
art, rfor example, a diastereomer method, an enzymatic
reaction method, or an optical resolution method based on
chromatography.
[0017]

The present invention may also encompass compounds in
which one or more of the atoms constituting the compound
represented by the general formula (I) have been

substituted with isotopes of the atoms. Isotopes include



‘8 hydrochlorides, nitrates, perchlorates, sulfates and phosphates; | ower

al kanesul fonic acid salts such as net hanesul f onat es,

trifluoronethanesul fonates, and ethaEﬁFUIfonates; arylsulfonic acid salts
such as benzenesul fonates, and p-tol uenesul fonates; organic acid salts such
as acetates, nal ates, fumarates, succinates, citrates, ascorbates,
tartrates, oxal ates, and nmal eates; alkali netal salts such as sodiumsalts,
potassiumsalts, and lithiumsalts; alkaline earth netal salts such as
calciumsalts and magnesium salts; netal salts such as alum numsalts and
iron salthe tworgbmszesapf sradithaasivambapuareal esd aiizhéesalbrsoprsl udi ng
organic salts such as t-octylam ne salts, dibenzylam ne salts, norpholine
salts, GOV aPE sSChPhLPYTPSei ARCAPRGH &SFefX3BPLS, éERYPEREdI am ne
salts, N-methyl glucam ne salsts, guanidine salts, diethyl agine salts,
triethyfﬁﬁﬁﬁ%xgéh?%,ﬂ%?é§5$othy&§ﬁFﬁge§aP sFaﬁPﬂm;diHinzypeﬁﬁglenedianine
salts, chloroprocaine salts rocai ne. saltsg,. di et hapol am ne salts
N—benzylp%ghe?ﬁ§ﬁgﬁ$ﬁeogapggfgﬁfae#a ﬁguéalggf %3??89§Ph9$aﬁﬁgﬁﬁﬂn1salts,
and tris@h¥dro%ngkpyb@pnigggeiggpg salt ;fgggrgggnqlqﬁid alts such as
glycine salts, lysine salts, arglnlge salts, ornithine’'salts, glutamates,
and aspaidrd&sit1O91&dntaining Thec6apBONAdI 9h1bg PEesent haxeRpkon absorbs
wat er when, for exanple, left to stand in the atnosphere, so that the

absor bedi yvai s reBaadhes€ d:0ahhee coaPOHAda88E: achydeate 29 may be forned.
Therefore, such a hydrate is also included in the concept of the salt of

t he presemtphvventiongd®)led researclsi nheegéhe, conpasndyot-ethbenpr esaent

i nvention may have asymmetric carbon atons in the nol ecule, the conpound
has opt idisdgnedes sagdiesect somers whdonilkégnest o fhegeéngsegens.are al
represented by a single fornula, that is, the general formula (1).

Ther ef or‘@mp ien gy ekt L¢dvehth ohs ehepapassesnaktuvest hé opmpeahdssomers of
t he compound represented by the general fornmula (1), and mxtures of these
optical JHUHEPS “tthniSeErres. AGuRRY aR2bpeF calci sbheineaHdBE pPodheed by,

for exanple, using raw naterials havi tical activity instead of the raw
naterialnéso': U i W Privdudt icamst gls‘%) C‘Er‘@n%éﬁ PP AN Exanpl es

h il.l be d i d bel b bt ai d bij i d
SR T e R R L TS it SR
Ref L 1]l . i d bel ot

e erengﬁgﬁ s ﬁ?,on%%%g%a@%w& 1gelsﬁsi?ﬁﬂemtﬁelQS%syege elow, to

an opti that Ts known 1n pertinent-art, for

exanpl e, &l A3t OF QNPT IRt hods - 801 ENZYURL | G £ﬁécg>£eau€€&t3ﬂdme%oae opti cal
resol uti on nmet hod based on chronmat ography. [0017] The present

i nvent i athd4@Yw 28l 50 & NEOEPRSSe € oPoads i n which one or nore of the atons
constituting the conpound represented by the general fornula (I) have been

substituterisy th i sotopes of the atons. |sotopes include 10 the two
cl asses of radioactive isotopes and stable isotopes, and exanples of the

i sot opes i ncl uithes dmseaxanplwesntisot opey afsdyshiogera $21ptoandg383Hyf 1 sot opes
of carbon (11C, '3C and C), isotopes of nitrogen. (13N and 15N), i sotopes
of oxygem¢g 1GOPARYd arepdSPntanhdoy sohepesnefai| florimméa( 18F) A A

prodrug is a derivative of the compound represented by the

general formula (I), and means a compound which is

enzymatically or chemically converted to the compound of

the present invention in the living body.

[0019]

Examples of a prodrug include compounds in which an

amino group in the molecule has been acylated, alkylated or

phosphorylated; compounds in which a carboxyl group in the



‘conposition containing a conpound | abeled with an isotope is useful as, for
exanpl e, a therapeutic agent, a prophylactic agent, a research reagent, an
assay reagent, a diagnostic agent, or_an in vivo diagnostic imging agent.
Compounds | abel ed with isotopes and nilxt ures of conpounds | abeled with

i sotopes at any ratios are all included in the present invention. A
conpound | abeled with an isotope can be produced by a nethod that is known
in the pertinent art, for exanple, using raw materials | abeled with

i sotopes instead of the raw materials used in the production nmethods that
will be debsribechdelloven [§008Fified or Theipgaesdnt andvenmponnnayial so
enconpass prodrugs of the conpound represented by the general fornula (I).
A prodr which aa derdweaty vegodup hen conponnderepe ebent bdebyatrhéagener al
formula (1), and neans a conmpound which is enzymatically or chemcally
convert et ¥l 3 R cofpoumP R r Y het pesent: | AOENEKBRPLA t KEVELi vi ng body.

[ 0019] - Exanpl es of a prodrug, include conpaunds in which an am no
group i MIPRESIRAEEULR TRy beendhcyl at etSXBPRY I abedPErIpRESpABr $F4t ed
conmpoun in. which a carboxyl_group in.the 1. mol,ecul e_has.been esterified
or o daret I S ot T eGP LR 5 BORr 8351 AGROGE P ARL: Haregal e has

b d, Al kydat ; |
been 2CY| 8460 8! kiLpl ot o1, S Al (Se o B sxamber BVl
Second EQﬁé'éghpéﬁH fgégﬁ%%ﬁ Eyb£h§h §er;99§orﬂgia3§%73g§)a Such a

€ £
prodrug can be produced fromthe conpoung represented by the general

fornul a fdondy lensmt hod knowse Hnihbgr pgetinent art. [0020] The
conmpound of the present invention can be easily produced from known

conpoundso@eeprdi ng to the Reference Exanpl es and Exanples that will be
descri bed bel ow. [0021] The conpound of the present invention or a
phar maceut i calThe asoaptab] eoSathe tivereaft obtwemedobycéhebaethsdsydescri bed
above has an excel |l ent hypoglycem c effect, and can therefore be used as an
active imgedadrentfofmakphian neceneicad eoapodinponot hae &adebengsed in the
treatnment and/or prevention of type 1 diabetes, type 2 diabetes,

gest at | oradml abeted  ExsipREoF yERAT avdle P8 deReriP&et 84 OVi-npaired gl ucose
t ol erance é%fﬂ), obesity, di abetes-associ ated di seases (for exanpl e,
hyperlip[% h hyper chol esterol em a, abnormal |ipid nmetabolism

hypert ensi on, {aitg | i ver ndr one ema, heart failure, angina

pectoris, nyocépaiéﬁ“ﬁﬁ?ﬁ%é??gﬁgggéf%g'%%c}%Y%gfg?nh95e?uricen1aq and
gg”tn)ehrg%%ﬁggé& i&é)fﬂzi%é%&éébiéo%a%agﬂ e %%E@S%gdk@d@% failure,
y, cataract] gangrenous Teg, rnfections, and ketosi’s).
methods described above has an excellent hypoglycemic
effect, and can therefore be used as an active ingredient
of a pharmaceutical composition that can be used in the
treatment and/or prevention of type 1 diabetes, type 2
diabetes, gestational diabetes, hyperglycemia due to other
factors, impaired glucose tolerance (IGT), obesity,
diabetes-associated diseases (for example, hyperlipidemia,
hypercholesterolemia, abnormal lipid metabolism,
hypertension, fatty liver, metabolic syndrome, edema, heart
failure, angina pectoris, myocardial infarction,

arteriosclerosis, hyperuricemia, and gout), or diabetic

complications (for example, retinosis, kidney failure,



:[-0022] Furthernore, the conmpound of the present invention or a

phar maceutical ly acceptable salt thereof has an excellent p cell- or
pancreas-protecting effect, and can therefore be used as an active

i ngredi ent of a pharnmaceutical conposition that can be used to protecting p
cells or the pancreas. [0023] The conpound of the present invention
can al so be used in conbination with a therapeutic drug for diabetes other
than the conpound of the present invention, a therapeutic drug for diabetic
conplications, hyperlipidema, hypertension, and the |ike. [0024]

Wien a prtTRREiRY catatanposi t yendtenturnlag -t hafeehponad 6hct he present
invention or a pharmaceutically acceptable salt thereof is admnistered to
a manmal kX§¥dtlekanpl e, human, horse, cow or pig; preferably a human being),
t he pharpaceuti cal conposition can be adm nistered systemcally or

t opi cal | ,m%%H orally or parenterally. [0025] Appropri ate dosage

forns of the epar ceuti cal coqgosition o% %he resen anen%ion can be
. urthermore t9$] O%Poumd o) he presen 1nv%n ion OF-
sel ected in accordance Wth e adni hi stratron €. The pharmaceuti cal

conposi tJ %h%g%%é%@{@&ffg 58888%518%CQQ1'PetP%?}eBFEeR?"segna%Breqil'%%tt o the

preparati or various conventi onal used fornul ations. [0026]

Exanpl e ofe fihe dosage-fo5m of ot ber phar sreedti cahqcegposhtirarokar paral use
i nclude tablets, pills, powders, granules, capsules, |iquids, suspensions,

enul si ongse$Y4sIpsn a0Eiebi xh§BedPhat maeedt peakmeespesckiions of such dosage
forms can be prepared according to conventional nethods, by appropriately

sel ect i nm@sosecEss arlyat exeh pbentisedbt adperstedicsngt fgrant s, olrubhiecat i ng
agents, swelling agents,

pancreas.

[0023]

The compound of tﬁe present invention can also be
used in combination with a therapeutic drug for diabetes
other than the compound of the present invention, a
therapeutic drug for diabetic complications, hyperlipidemia,
hypertension, and the like.

[0024]

When a pharmacéutical composition containing the
compound of the present invention or a pharmaceutically
acceptable salt thereof is administered to a mammal (for
example, human, horse, cow or pig; preferably a human
being), the pharmaceutical composition can be administered
systemically or topically, and orally or parenterally.
[0025]

Appropriate dosage forms of the pharmaceutical
composition of the present invention can be selected in
accordance with the administration mode. The

pharmaceutical composition of the present invention can be



-swel I'ing aids, coating agents, plasticizers, stabilizers, antiseptics,
antioxi dants, colorants, dissolution aids, suspending agents, enulsifiers,
sweet eners, preservatives, buffers, djjuents, wetting agents and the IliKke,
whi ch are conventionally used as additives. [0027] Exanpl es of the
dosage forns of a pharmaceutical conposition for parenteral use include

i njections, ointnents, gels, creans, poultices, patches, aerosols,

i nhal ants, sprays, eye drops, nose drops, and suppositories. Pharnmaceuti cal
conpositions of such dosage forns can be prepared according to conventi onal
net hods, pB?pﬁﬁﬁgoﬁFFﬁFgPygsEPeEP?nQIEQaﬁ@€é§§aW¢ hoCshifqz éres, 14t i septi cs,
dlssolutlon ai Lsturize reservatives, antioxidants, fragrances,

gel ling ﬁaaﬁ?g lﬁ@%ﬁ#ﬁlPf?ﬁgfaﬁgﬁﬁétlﬁﬁﬁfers i sotoni ¢ agents, surfactants,
coloranti g fering agents, thickeners, wetting agents, fillers, 14
absorpti on pronoting agents, suspendi ng agents, binders, and the |iKke,

which are C0nV§Q5hgﬂ§g| fuﬁﬁg éésggg'%b fSo f[anséhgrmaceu¥Q%al

adm ni strati on ano e conpodnd o the pres I nvention or a

pharnacee&mgaghxlaEC%BkaQ&glsaEE theneol MRy 1wy %41& he, SHIULOTS,  age,
body wei ght or the |ike. However, in the case of "or al adnlnlstratlon t he

Conpoundgﬁénhmes$abbpbalé€nlmu%h&@%d AMNEHRIs TG mullisTRM A dAYsudd) an
anount of 1 to 2000 ng, and preferably 1 to 400 ng, in terns of the
conpoundangeeldesest orPlunraskik it i aad tompbeicasesobfpanent abakge

adm ni stration, the conmpound or the salt is adm nistered, once or several
tines a faymsi paanbanpurpzotd0adtotrdiB@0 ty coanenprieherdalyetr Hdds t 300 ny,
in terms of the conpound, per dose for an adult. Exanples [0029]
Fbreinaf@EPrOPﬁéaEggyeﬁﬁlﬁﬁVéﬁgléﬁ Welce sigé rife s €xiched et snord rdistrsi,1 by way
of Reference Exanpl es, npl es, a Fornul ati on_Exanpl e and Test Exanpl es,
but the gé%bgtﬁgrﬁﬁéspréggﬁﬂcﬁﬁééﬁt@Sﬁn¢§'néweﬁﬁﬂ@ﬂdé@emésbe linted to

t hese. [003 erence Exanpl e tert-Butyl 4-cyano-2-
f | uor oben?d %énFoﬁéTf'[ﬁﬂéﬁfBQIaﬁSPﬁﬁPap%FSthlzers' stabilizers,

antiseptics, antioxidants, colorants, dissolution aids,
suspending agents, emulsifiers, sweeteners, preservatives,
buffers, diluents, wetting agents and the like, which are
conventionally used as additives.

[0027]

Examples of the dosage forms of a pharmaceutical
composition for parenteral use include injections,
olintments, gels, creams, poultices, patches, aerosols,
inhalants, sprays, eye drops, nose drops, and suppositories.
Pharmaceutical compositions of such dosage forms can be
prepared according to conventional methods, by
appropriately selecting as necessary, stabilizers,
antiseptics, dissolution aids, moisturizers, preservatives,
antioxidants, fragrances, gelling agents, neutralizing
agents, buffers, isotonic agents, surfactants, colorants,

buffering agents, thickeners, wetting agents, fillers,



15 [0032]

D -tert-butyl dicarbonate (145.4 g, 666 nmmol), and 4-

dinethylanihopyridine (7.40 g, 60.6 nmmvl) were added to a tert-butyl
al cohol (1000 nl)-tetrahydrofuran (5024nL) sol ution of

4- cyano- 2-f |l uor obenzoate (100.0 g,

mmol ), and the m xture was stirred

at 60C for 3 hours. The reaction mxture was cooled to roomtenperature,
and the insoluble material was renoved by filtration through Celite. The
solvent was distilled off under reduced pressure. Thus, a crude product of

the title conp

ound was obtai ned. [0033 (Reference Exanpl e 2)

tert- But9PS@rpéﬁpﬁoPﬁ?@@ék?ﬂnﬁﬁ@ﬁwﬁbhFPSPﬁP@&@@bﬁgﬁﬁﬁﬁmeHIKE&H [ Cheni ca
For mul a 4h§ HgC*ONHZ H3C\ ONh- OH [ 003 A 50% agueous sol ution of.
n&lE

hydr oxyl &

Bxarpt o 10031

%TW%W%@M%%@%%WWW

furan (50 nL) solution of the conpound obtained in Reference
0 g, 66.6 nmol), and the m xture was stirred at 80C

The administration amount of the compound of the

present invention or a pharmaceutically acceptable salt

thereof may vary with the symptoms, age, body weight or the

like.

However, in the case of oral administration, the

compound or the salt is administered once or several times

a day,

in an amount of 1 to 2000 mg, and preferably 1 to

400 mg, in terms of the compound, per dose for an adult;

and in the case of parenteral administration, the compound

or the salt is administered once or several times a day, in

an amount of 0.01 to 500 mg, and preferably 0.1 to 300 mg,

in terms of the compound, per dose for an adult.

Examples

[0029]

Hereinafter, the present invention will be described

in more detail by way of Reference Examples, Examples, a

Formulation Example and Test Examples, but the scope of the

present invention is not intended to be limited to these.

[0030]

(Reference Example 1) tert-Butyl 4-cyano-2-

fluorobenzoate

[0031]

[Chemical Formula 3]



*16 for 2 hours. The reaction m xture was cooled to roomtenperature, and
then the solvent was distilled off under reduced pressure. The resulting
residue was washed with water, and wag dried at 40C for 2 days under
reduced pressure. Thus, the title conpound (150.0 g, yield: 98% was
obt ai ned. 1H NWR (400 MHz, CDC13) 5 ppm 7.89 (1H, t, J = 8 Hz), 7.44 (2H
dd, J - 8 2 Hz), 7.39 (2H, dd, J = 11, 2 Hz), 4.90 (2H, s), 1.60 (9H, s).
[ 0036] (Ref erence Exanple 3) Cycl opropyl(4- hydroxyphenyl ) net hanone
[0037] [ChRGical Formula 5] 0 HO [0038]

4- Chl or ogr@ @- hydpexyphenyl ) met hanone (25.1 g, 127 nmol) was added to a
2 N aqueo ol uy Loy odium hydroxi de (283 nL, 566 mmol) in several
portions urder g e ng.\ he reaction mxture was allowed to warmup to
room tenperature, amd was st'frred for 6 hours, and then dilute sulfuric
acid (1.8 N was added to the reaction mixture under ice cooling until a pH
val ue of 2 was obtained. The reaction m xture was subjected to extraction
twice witto®thyl acetate. The organic | ayer thus obtained 17

Di-tert-butyl dicarbonate (145.4 g, 666 mmol), and 4-
dimethylaminopyridine (7.40 g, 60.6 mmol) were added to a
tert-butyl alcohol (1000 mL)-tetrahydrofuran (500 mL)
solution of 4-cyano-2-fluorobenzoate (100.0 g, 606 mmol),
and the mixture was stirred at 60°C for 3 hours. The
reaction mixture was cooled to room temperature, and the
insoluble material was removed by filtration through Celite.
The solvent was distilled off under reduced pressure. Thus,
a crude product of the title compound was obtained.

[0033]
(Reference Example 2) tert-Butyl 4-

amino (hydroxyimino)methyl-2-fluorobenzoate

[0034]
[Chemical Formula 4]
H,C
H,C—>—O0 NH,
H,C \
@) N—-OH
F
[0035]

A 50% agueous solution of hydroxylamine (60 mL, 100
mmol) was added to an ethanol (100 mL)-tetrahydrofuran (50
mL) solution of the compound obtained in Reference Example

1 (11.0 g, 66.6 mmol), and the mixture was stirred at 80°C



‘was washed with water and brine, and then was dried over anhydrous
magnesi um sul fate. The solvent was distilled off under reduced pressure,
and the resulting residue was purifieﬂsby silica gel colum chromat ography
(hexane: ethyl acetate = 4:1 -* 2:1, v/v) to give the title compound (17.7
g, yield: 86%. 1H NWR (400 MHz, CDC13) 8 ppm 7.99-7.96 (2H, n), 6.93-6.89
(2H, m, 6.16 (1H, s), 2.67- 2.61 (1H m, 1.28-1.18 (2H, m, 1.09-0.97
(2H, m. [0039] (Reference Exanple 4) (2S)-2-Acetoxy butyric acid [0040]
[Chemical Formula 6] HC 30 HO O [0041] CH3 Sodi um acetate (11.9 g,
146 nmol $oand ker¥sbutThe nitadiion msintyre 1uss npppledefe mde@d to an acetic
acid - (300 nL% solutioaaof éZS%-Z-aninobutyric,ach (10.0 g, 97.0 mmol)
under i ceBROFFhYr e and" a8t FREdSALVEBE reF SiRbdridedTRE fr #acEiTon i xture
was cool ed.to roonltenPeraygie, and then the.iolvent was, distil]ed off

[ © v

under reﬁ%%%%e%r%ggﬁf TS vat oy fref 1 5°% h u?e@?ﬂu@?sgﬁﬁ_VﬁE m xture was
sub ot e egach onyLagre LSt Scsiot e, Jhe ggols | mver thus
sodi um syl £ 8t €re Thehus, the title compound (150.0 g, yield: 98%)

was obtained.

'"H-NMR (400 MHz, CDCl;) & ppm:

7.89 (1H, t, J = 8 Hz), 7.44 (2H, dd, J = 8, 2 Hz), 7.39

(2, dd, 3 = 11, 2 Hz), 4.90 (2H, s), 1.60 (9H, s).

[0036]

(Reference Example 3) Cyclopropyl (4-

hydroxyphenyl)methanone

[0037]
[Chemical Formula 5]
O
HO
[0038]

4-Chloropropyl (4-hydroxyphenyl)methanone (25.1 g, 127
mmol) was added to a 2 N aqueous solution of sodium
hydroxide (283 mL; 566 mmol) in several portions under ice
cooling. The reaction mixture was allowed to warm up to
room temperature, and was stirred for 6 hours, and then
dilute sulfuric acid (1.8 N) was added to the reaction
mixture under ice cooling until a pH value of 2 was
obtained. The reaction mixture was subjected to extraction

twice with ethyl acetate. The organic layer thus obtained



©18 solvent was distilled off under reduced pressure. Furthernore, the

resi due was azeotropically boiled with 1,4-dioxane (50 nL) tw ce. Thus, the
title conpound (8.4 g, yield: 60% vvaf.7 obtai ned. 1H NVR (400 MHz, CDClS) 5
ppm 5.00 (1H, m, 2.15 (3H, s), 1.90 (2H, m, 1.03 (3H, t, J =7 Hz);
M5 (FAB) mz: 147 [M+H] . [0042] (Reference Exanpl e 5) tert-Butyl
4-15-[(1S)-1- acetoxypropyl]-1, 2, 4-oxadi azol -3-y1}-2-fl uorobenzoate [0043]

[ Chem cal Fornmula 7] H3C. 0 H3Cl )L H3C*ON H3C O

was washed with water and brine, and then was dried over
anhydrous magnesium sulfate. The solvent was distilled off
under reduced pressure, and the resulting residue was
purified by silica gel column chromatography (hexane:ethyl
'acetete =4:1 = 2:1, v/v) to give the title compound (17.7
g, yield: 86%).

'"H-NMR (400 MHz, CDCls) & ppm:

7.99-7.96 (2H, m), 6.93-6.89 (2H, m), 6.16 (1H, s), 2.67-

2.61 (1H, m), 1.28-1.18 (2H, m), 1.09-0.97 (2H, m).

[0039]
(Reference Example 4) (2S)-2-Acetoxy butyric acid
[0040]
[Chemical Formula 6]
H3C\: o
HO\H/\ OJL CH,
o

[0041]

Sodium acetate (11.9 g, 146 mmol) and tert-butyl
nitrite (15.0 g, 146 mmol) were added to an acetic acid .
(300 mL) solution of (2S)-2-aminobutyric acid (10.0 g, 97.0
mmol) under ice cooling, and was stirred at 60°C for 2
hours. The reaction mixture was cooled to room temperature,
and then the solvent was distilled off under reduced
pressure. Water was added to the residue, and the mixture
was subjected to extraction twice with ethyl acetate. The
organic layer thus obtained was washed with water and brine,

and then was dried over anhydrous sodium sulfate. The



<[ 0044] 1- Hydr oxybenzotri azol e nonohydrate (7.2 g, 53.0 mmol ) and

N- ( 3- di met hyl am nopropyl)-N -et hyl carbodiimde (20.3 g, 159 nmol) were
added to an N, N-di met hyl f ormam de (20{ nmL) sol ution of the conpound
obt ai ned i n-Reference Exanple 4 (7.8 g, 53.0 nmol) at roomtenperature, and
the m xture was stirred at the sane tenperature for 30 m nutes. The
conpound obtained in Reference Exanple 2 (13.5 g, 53.0 mmol) was added, and
the m xture was stirred for 30 mnutes, and further stirred at 100C for 3
hours. After the 19 reaction mxture was cooled to roomtenperature, water
was addetPtvethev?datt Pohl hERt BFE, UAABTt REIRFREUPE SRES TSUb] ect ed to

extraction twice with ethyl acetate. The organi c_l.ayer .thus qbtai ned was
hashod v tH MR B TS nat 80 1595 SiBatie SsBRGPLEhLoraddd) BidMFas. and then
was dri ver anhydr ous diumsulfate, T sol.vent was distil]ed off
oer 1 el P RRY QU R LR TR L b P Eer B b e SRR A S | ca
gel col r oggd pgl aph e:ethyl acetate = 95:5 -* 85:15, v/v) to

gi ve thgy??gﬁé g@nﬁ%ﬁ%ﬁ %ﬁéggﬁg?'yield: 76% . 1H NMR (400 MHz, CDC13) 8
ppm 7. 96; (\Md  ts00) MESD Hz)G1 Z.%Opg;nlyl, dd, J =8, 2 Hz), 7.84 (1H, dd, J =
11, 2 Hz), 5.92 (1H t, J = 7 Hz), 2.21 (3H, s), 2.16-2.08 (2H, m, 1.62
(9H, s),51005((8Hmf, J.E57(BRE); sM5> (FAB)1bD: (365 [ywH.. 030045%], t,

(Ref erence Exanple 6) tert-Butyl 2-fluoro-4-[5-[(1S)-

1- hydr oxyptopydt 1, 2, 4- oxadi azol - 3-yl | benzoate [0046] 20 nethanol (100 nl)
. solution of the conmpound obtained in Reference Exanple 5 (14.7 g, 40.3
mol ) urld@r (F&R) cobdki nh4d7 abd+ihe. mi xture was stirred at the sane
tenperature for 30 minutes. 2 N Hydrochloric acid was added to the reaction

m xture B®O04Ak same tenperature until a pH value of 6.0 was obtai ned. The
reaction m xture was subjected to extraction twice with ethyl acetate, and

the organic | alRPLFRRCOLE G MRECwWas WRsheBuiwtniwabel (afd Brine, and then
was dried over anhédiguf %o iun1au|faﬁe TEz §0| ent s distilled off
under r edtREIBPESRYE & L and? TRBAAECAPLT AGYFésFdde WRESPFTEOREd by silica
gel colupgoggfonatography (hexane: et hyl acetate = 95:580:20, v/v) to give
t he

[Chemical Formula 7]

H,C
H,GC Y ﬁ\
Hﬁc?—o N§|/\° CH,
3 \Y
o N-O

F

[0044]

l1-Hydroxybenzotriazole monohydrate (7.2 g, 53.0 mmol)
and N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide (20.3 g,
159 mmol) were added to an N,N-dimethylformamide (200 mL)
solution of the compound obtained in Reference Example 4
(7.8 g, 53.0 mmol) at room temperature, and the mixture was
stirred at the same temperature for 30 minutes. The
compound obtained in Reference Example 2 (13.5 g, 53.0
mmol) was added, and the mixture was stirred for 30 minutes,

and further stirred at 100°C for 3 hours. After the



tit Ie conpound (12.9 g, yield: 849@. 1H NMR (400 MHz, CDC13) 6 ppm 7.97
(1H, t, J =8 Hz), 7.91 (1H, d, J = 8 Hz), 7.85 (1H, d, J = 11 Hz), 4.98
(1H, q, J =6 Hz), 2.54 (1H, brs), 2.44- 1.96 (2H m, 1.62 (9H, s), 1.08
(3H, t, J =7 Hz); M5 (FAB) mz: 323 [M+H] +. [0048] (Ref erence

Exanple. 7) tert-Butyl 4-(5-{(1R)-1-][4-

(cycl opropyl car bonyl ) phenoxy] propyl1-1, 2, 4- oxadi azol - 3-y1) -
2-fluorobenzoate [0049] [ Chem cal Formula 9] di - Tert - but yl

azodi carboxyl ate (260 ng, 1.11 nmpol) and triphenyl phosphine (300 ng, 1.11
mol ) me?%a%&kﬁﬁiT%%%P%%tW%ﬁy@@%*%@aﬁoséPﬂmlgﬁmPfGaﬁEFeofW?ﬁ§chﬁﬁound

obt ai ned_in Reference Exapple and t he conpound

obt ai ned®{#° {;ﬁ%n %er%%% P8 @léigﬁengang gg% WﬁBF%rﬁtW?50n1tenperature
and the mxture S S |rred al t e sane ature faor _on hour The

sol vent %%gj%%%?awﬁedéo?¥aun er ﬁ%eﬁléggggh % aceaatﬁe resultlng resi due

was puri hr h e e Jagetate =
05 580: 50 Te1ey Bl v SO eﬁa&%ﬁﬁ%% R LR ARy 00

N*t1(Ixné%@%$ﬁ§nséﬁ&%&gh96f3§bﬂluﬂ-nggrgaé;HanH)tﬁe§4w358@Q$@d”)
over anhydrous sodium sulfate. The solvent was distilled
off under reduced pressure, and the resulting residue was
purified by silica gel column chromatography (hexane:ethyl
acetate = 95:5 — 85:15, v/v) to give the title compound

(14.7 g, yield: 76

oe

) .
'H-NMR (400 MHz, CDCls) & ppm:
7.96 (1H, t, J = 8 Hz), 7.%90 (1H, dd, J =8, 2 Hz), 7.84
(1H, dd, J = 11, 2 Hz), 5.92 (1H, t, J = 7 Hz), 2.21 (3H,
s), 2.16-2.08 (2H, m), 1.62 (9H, s), 1.05 (3H, t, J =7
Hz);
MS (FAB) m/z: 365 [M+H]".
[0045]

(Reference Example 6) tert-Butyl 2-fluoro-4-{5-[(18)-
l-hydroxypropyl]l-1,2,4-oxadiazol-3-yl}benzoate
[0046]

[Chemical Formula 8]

H,C

K H
)L \f‘k\‘/\OH
o; : N-©

[0047]

Potassium carbonate (8.4 g, 61 mmél) was added to a



.7.06-7.04 (2H,n), 5.52 (1H dd, J =

. . 7,6 Hz),2.63-2.57 (1H n), 2.34-2.25
(2H, m,1.61 (9H s), 1.21-1.18(2H m, 1. -

14( 3H,

o -

0

methanol (100 mL) solution of the compound obtained in
Reference Example 5 (14.7 g, 40.3 mmol) under ice cooling,
and.the mixture was stirred at the same temperature for 30
minutes. 2 N Hydrochloric acid was added to the reaction
mixture at the same temperature until a pH value of 6.0 was
obtained. The reaction mixture was subjected to extraction
twice with ethyl acetate, and the organic layer thus
obtained was washed with water and brine,.and then was
dried over anhydrous sodium sulfate. The solvent was
distilled off under reduced pressure, and the resulting
residue was purified by silica gel column chromatography

(hexane:ethyl acetate = 95:5 — 80:20, v/v) to give the

ok

title compound (12.9 g, yield: 84%).

'H-NMR (400 MHz, CDCl;) & ppm:

7.97 (1H, t, J = 8 Hz), 7.91 (1H, 4, J = 8 Hz), 7.85 (1H, d,
J =11 Hz), 4.98 (lH, q, J = 6 Hz), 2.54 (1H, brs), 2.14-
1.%96 (2H, m), 1.62 (9H, s), 1.08 (3H, t, J = 7 Hz);

MS (FAB) m/z: 323 [M+H]'.

[0048]

(Reference Example 7) tert-Butyl 4-(5-{(1R)-1-[4-
(cyclopropylcarbonyl)phenoxy]lpropyl}-1,2,4-oxadiazol-3-yl) -
2-fluorobenzoate
[0049]

[Chemical Formula 9]



= 7 Hz), 1.01-0.98 (2H m; M5 (FAB+) nmiz: 466 [MtH'. [0051]

erence Exanple 8) 4-(5-{(1R)-1-[4- _

cl opropyl car bonyl ) phenoxy] propyl1l-gk, 2, 4- oxadi azoI 3-yl)- 2-fluorobenzoic
id [0052] [Chemical Formula 10] O

P k} Q)KV

[0050]

t,J
( Ref
(Cyc
aci

di-Tert-butyl azodicarboxylate (260 mg, 1.11 mmol)
and triphenylphosphine (300 mg, 1.11 mmol) were added to a
tetrahydrofuran solution (10 mL) of the compound obtained
in Reference Example 6 (300 mg, 0.931 mmol) and the
compound obtained in Reference Example 3 (150 mg, 0.925
mmol) at room temperature, and the mixture was stirred at
the same temperature for one hour. The solvent was
distilled off under reduced pressure, and the resulting
residue was purified by silica gel column chromatography
(hexane:ethyl acetate = 95:5 — 80:20, v/v) to give the

title compound (236 mg, yield: 55%).

o\

'H-NMR (400 MHz, CDCl;) & ppm:
8.00-7.94 (3H, m), 7.90-7.87 (1H, m), 7.84-7.81 (1H, m),
7.06-7.04 (2H, m), 5.52 (1H, dd, J = 7, 6 Hz), 2.63-2.57
(1H, m), 2.34-2.25 (2H, m), 1.61 (9H, s), 1.21-1.18 (2H, m),
1.14 (3H, t, J =17 Hz), 1.01-0.98 (2H, m);
MS (FAB') m/z: 466 [M+H]”
[0051]

(Reference Example 8) 4-(b-{(1R)-1-[4-
(Cyclopropylcarbonyl)phenoxy]lpropyl}-1,2,4-oxadiazol~-3-yl)-
2-fluorobenzoic acid

[0052]



[ 0053] Trifluoroacetic acid (10 nL) was added to a dichl or onet hane
(1 m) solution of the conpound obtained in Reference Exanple 7 (236 ng,
0.506 mmol ) at room tenperature, anddbhe m xture was stirred for 40

m nutes. The solvent was distilled off under reduced pressure, and the
resul ting residue was washed with i sopropyl ether. Thus,the title
conpound( 195 nyg, yi el d: 94% was obt ai ned. 1H NVR(400 MHz, CDC13)6 ppm
8.14(1H,t,J=8Hz),8.01-7.89(4H m, 7. 04(2H,dd, J =7, 2Hz), 5. 54(1H,dd, J =
6Hz)263257H 2(Hn)122118(2Hrr)115(3Hq,J
HZ) 1.02-0. 99( lr?al ormuz_L 11(%]

. QQ*V

N’O

7,
=5

O
S

[0053]
Trifluorocacetic acid (10 mL) was added to a
dichloromethane (1 mL) solution of the compound obtained in
-Reference Example 7 (236 mg, 0.506 mmol) at room
temperature, and the mixture was stirred for 40 minutes.
The solvent was distilled off under reduced pressure, and
the resulting residue was washed with isopropyl ether.
Thus, the title compound (195 mg, yield: 94%) was obtained.
'H-NMR (400 MHz, CDCls) & ppm:
8.14 (1H, t, J = 8 Hz), 8.01-7.89 (4H, m), 7.04 (2H, dd, J
=7, 2 Hz), 5.54 (1H, dd, J = 7, 6 Hz), 2.63-2.57 (1H, m),
2.35-2.21 (2H, m), 1.22-1.18 (2H, m), 1.15 (3H, g, J =5
Hz), 1.02-0.99 (2H, m);
MS (FAB) m/z: 411 [M+H]"
[0054]
(Reference Example 9) tert-Butyl 2-fluoro-4-{5-[(1S)-
l-hydroxyethyl]-1,2, 4-oxadiazol-3~-yllbenzoate
[0055]

[Chemical Formula 11]



‘M5 (FAB) mlz: 411 [ M+H] +. [ 0054] (Reference Exanple 9) tert-Butyl
2-fluoro-4-{5-[(1S)- 1-hydroxyethyl]-1, 2, 4-oxadi azol - 3-yl | benzoat e [ 0055]
[Chemical Fornmula 11] 23 [ 00 5 6] o3 1- Hydr oxybenzotri azol e
nonohydrate (16.7 g, 109 mmol ) and '
N- ( 3-di net hyl am nopropyl)-N -ethyl carbodiimde (41.8 g, 218 nmmol) were
added to a di nethyl formam de (540 nL) solution of (2S)-2-acetoxy propionic
acid (14.4 g, 109 mmol) at roomtenperature, and the m xture was stirred at
the samept gnpprature for 30 m GHes. The conpound obtai ned in _Ref erence
Exanpl e 23( .4 9, 109 mol ga_added, and the m xture was stirred for 10
m nutes, a f i for 3 hours. After the reaction m xture
was cool BdCt o g0 per 2% ure, water and a 10% aqueous sol ution of sodium
chl oride were Qddeg—td theN7eaction nixture, and the m xture was subj ected
to extraction twi@ with ethyl acetate. The organic |ayer thus obtained was
washed with a 10% aqueous sol ution of sodium chloride and a saturated
aqueous s@bssion of sodi um hydrogen carbonate, and then was dried over
anhydrous sodium sul fate. The solvent was distilled off under reduced
pressure, and t-heydesuyibéngot £54 toee wasnpuyithed byesil geaigel meehym
chromat ogr aphy (hexane:ethyl acetate = 95:5 -* 85:15, v/v). [0057]

and N-(3-dimethylaminopropyl)-N'~-ethylcarbodiimide (41.8 g,

218 mmol) were added to a dimethylformamide (540 mL)
solution of (28)-2-acetoxy propionic acid (14.4 g, 109
mmol) at room temperature, and the mixture was stirred at
the same temperature for 30 minutes. The compound obtained
in Reference Example 2 (27.7 g, 109 mmol) was added, and
the mixture was stirred for 10 minutes, and further stirred
at 90°C for 3 hours. After the reaction mixture was cooled
to room temperature, water and a 10% aqueous solution of
sodium chloride were added to the reaction mixture, and the
mixture was subjected to extraction twice with ethyl
acetate. The organic layer thus obtained was washed with a
10% aqueous solution of sodium chloride and a saturated
aqueous solution of sodium hydrogen carbonate, and then was
dried over anhydrous sodium sulfate. The solvent was
distilled off under reduced pressure, and the resulting
residue was purified by silica gel column chromatography
(hexane:ethyl acetate = 95:5 — 85:15, v/v).
[0057]

Potassium carbonate (12.7 g, 91.6 mmol) was added to

a methanol (360 mL) solution of the obtained tert-butyl 4-



‘Pot assi um carbonate (12.7 g, 91.6 mmol) was added to 24
[5-[(1S)-1-acetoxyethyl]-1, 2, 4- oxadi azol -3-y11-2- fl uorobenzoate (32.1 g,
91.6 nmol) under ice cooling, and the,m xture was stirred at the sane
tenperature for 30 mnutes. 2 N Hydrochloric acid was added to the reaction
m xture at the same tenperature until a pH value of 6.0 was obtained, and’
the solvent was distilled off under reduced pressure. Water was added to
the resulting residue, and the m xture was subjected to extraction tw ce

W th ethig acetate. The organic | ayer thus obtained was dried over

anhydr ous°sbdi 8T SOREELEXYTREYIddert 4mexadiistgdal<d wilf-Amder reduced
pressure,_and the resulting.residue was solidified by using hexane. Thus,
the tit1 5L EBRBBARACE2S. 4 d: yPel d- - G300 s "GIIH e CERNNFE/( 405° Mz,
012 8 pa AT Gt 3 e T (W B S 8 0 e Ol o
(F10) 5o Q0BgL il LOORSLon oy (B Buance Bl £ d0) gy
2-fluorofenzoate,t0QRA! sbierbrak Feum antdh 221 KA of 6.0 was

obtained, and the solvent was distilled off under reduced

pressure. Water was added tQ the resulting residue, and

the mixture was subjected to extraction twice with ethyl

acetate. The organic layer thus obtained was dried over

anhydrous.sodium sulfate. The solvent was distilled off

under reduced pressure, and the resulting residue was

solidified by using hexane. Thus, the title compound (26.4

g, yield: 93%) was obtained.

'H-NMR (400 MHz, CDCl;) & ppm:

7.97 (1H, t, J = 8 Hz), 7.90 (1H, d, J = 8 Hz), 7.84 (1H, d,

J =5 Hz), 5.18 (1H, g, 0 = 7 Hz), 1.73 (4H, 4, J = 7 Hz),

1.60 (9H, s);

MS (FAB) m/z: 309 [M+H]'.

[0058]

(Reference Example 10) tert-Butyl 4-(5-{(1R)-1-[4-
(cyclopropylcarbonyl)phenoxylethyl}-1,2,4-oxadiazol-3-yl) -
2-fluorobenzoate

[0059]

[Chemical Formula 12]



*Tri phenyl phosphine (5.62 g, 21.4 mmol) and di-tertbutyl azodi carboxyl ate
(4.93 g, 21.4 mol) were added to a tetrahydrofuran solution (190 nL) of
the conpound obtained in Reference Exgmple 9 (6.00 g, 19.5 mmol) and the
conmpound obtained in Reference Exanple 3 (3.47 g, 21.4 mmol) at room
tenperature, and the m xture was stirred at the sane tenperature for 40
m nutes. The solvent was distilled off under reduced pressure, and the
resulting residue was purified by silica gel colum chromatography
(hexane: ethyl acetate = 95:5 -* 75:2%) v/v) to give the title conpound
(7.65 g, yield: 87%. 1H NWR (400 WVHZ\CDC13) 8 ppm 8.02-7.94 (3H, m,

7.89(1“_'%E = 8 Hz), 7.83H1 Hz), 7.05 (2H, d, J = 8 Hz),
5.75 (1H3 *g =7 Hz), 2.63 7. 5% H m, 1.92 (3H, d, J =4 Hz), 1.48
(9H, s), 1/20%2 M, WNex?0.09 (2H, m). [0061] (Ref erence Exanpl e
11) 4- (5H%1R 1— \ 0

(Cycl opropyl cdr bony )pheHoxyIethy11-1,2,4-oxadiazol-3-y1)- 2-fl uorobenzoic
aci d [0062] [Chefiical Fornuia 13] 26 A di chl oronet hane (20 i)

solution of trifluoroacetic acid (20 nL) was added to a dichl oromet hane (40
m.) sol ut?®P°bf the conpound obtained in Reference Exanple 10 (7.65 g, 16.9

ZTIF'V)en?t g,afﬁ"diﬁ %ﬁ#ﬁéﬁﬂeé ?Eaﬂ%%é%f%@’i%r%rﬁléélﬁﬁgpﬁiéfL%E%rE?ﬁg' rlli‘?due
idifi i : 4:1 T , i
conpound- ¢ e 507 g2l r e FATE S 08 5 AT nea: TIHENAR (465 WECICEIS) 8 ppm
7 93 7. ot (It VB T SEGy Tafeetty (299 pE) o5 Yhe Pty bl
2-64'2-5fn(ﬁ§ke91mcé-§ga&§t%hg1(é.O?SgEﬁ%B.%-%ﬁbi? ﬁz%he”komko%%ﬁo-98

18
(2H, m; M5 (FAB) nmiz: 39 (Rgference Exanmpl e 12)
(49) - 4- api nQoh 8y di Of Kk AB2E3ED - PREple 3 (3.47 g, 21.4 mmol) at room

temperature, and the mixture was stirred ‘at the same
temperature for 40 minutes. The solvent was distilled off
under reduced pressure, and the resulting residue was
purified by silica gel column chromatography (hexane:ethyl
acetate = 95:5 —» 75:25, v/v) to give the title compound

(7.65 g, yield: 87

o°

) .

'H-NMR (400¢MHZ, CDCls) & ppm:

8.02-7.94 (3H, m), 7.89 (1H, d, J = 8 Hz), 7.83 (1H, d, J =
8 Hz), 7.05 (2H, 4, J = 8 Hz), 5.75 (1H, q, J = 7 Hz),
2.63-2.59 (1H, m), 1.92 (3H, d, J =4 Hz), 1.48 (SH, s),
1.20 (2H, m), 1.01-0.99 (2H, m).

[0061]

(Reference Example 11) 4-(5-{(1R)-1-14-
(Cyclopropylcarbonyl)phenoxylethyl}-1,2,4-oxadiazol-3-yl) -
2-iluorobenzoic acid
[0062] |

[Chemical Formula 13]



[ 0065] [ Chemi cal Fornula 14] [0066] 20 W% pal | adi um on car bon
(60-ng) was added to a tetrahydrofuran (6 nL) solution of benzyl[(3S)-5-
oxot et rahydr of uran- 3-yl ] carbamate (63 ng, 2.55 mml) at room tenperature,
and the mxture was stirred for 2 hours under hydrogen flow. Methanol (60

iaL) was added at roomtenperature, and the m xture was stirred for
hydrogen flow. The insoluble materi al
through Celite. Thus, a tetrahydrof
obt ai ned. [0067] (Ref erence
hydr oxydi hydr of ur an- 2- (3H) - one

under

anple 13) (3S, 4S)- 3-am no- 4-

[0063]

A dichloromethane (20 mlL) solution of trifluoroacetic

acid (20 mL) was added to a dichloromethane (40 mL)
solution of the compound obtained in Reéference Example 10
(7.65 g, 16.9 mmol) at room temperature, and the mixture
was stirred for one hour. The solvent was distillied off
under reduced pressure, and the resulting residue was
solidified by using hexane:ethyl acetate(4:1, v/v). Thus,
the title compound (4.90 g, yield: 73%) was obtained.
'H-NMR (460 MHz, CDClj3) & ppm:
8.14 (1H, t, J = 8 Hz), 8.01 (2H, d, J = 9 Hz), 7.98-7.96
(1H, m), 7.93-7.90 (1H, m), 7.06 (2H, 4, J = 9 Hz), 5.76
(l1H, q, J = 7 Hz), 2.64-2.57 (iH, m), 1.92 (3H, d, J =7
Hz), 1.23-1.18 (2H, m), 1.03-0.98 (2H, m);
MS (FAB) m/z: 397 [M+H]".
[0064]

(Reference Example 12) (4S)-4-aminodihydrofuran-
2 (3H)-one
[0065]

[Chemical Formula 14]

(o)

Dml N H2

2 hours

was renoved by filtration
ran solution of the title conpound was

Chem cal Fornul a 15] OH [ 0069]



+20% pal | adi um hydr oxi de on carbon (9.5 ng) was added to an ethanol (5.0 nL)
sol ution of benzyl [(3S, 4S)-4- hydroxy-2-oxotetrahydrofuran-3-yl]carbanate
(Bioorg. Med. Chem Lett. 2002, 12, 32p-328.)(94.8 ngy, 0.377 mmol) at room
tenperature, and the mxture was stirred at the same tenperature for 3.5
hours under hydrogen flow. The insoluble material was renoved by filtration
through Celite. The solvent was distilled off under reduced pressure. Thus,
28 the crude title conpound (44.2 ng) was obtained. [0070]

(Referen inple 14) (3S,4R) - 3-am no-4- hydroxydi hydrof uran-2-(3H) - one
[0071] [ Formul a 16] OH [ 0072] 20%)pallad|un1hydrOX|de on

b 12 2 th I tion of benzyl
f?gSOZRg 4- h;%%d&?s gg%@ F nde upgn %%ypﬁea Bﬁnﬁgg BF&b . Med. Chem

Lett. 2002::42,q3280328. 6122, 9510484 EOl )y QO %moerature and the

m xture was stirred at the sane tenperature for urs under hydrogen
f1ow. Th@xbﬂé@f@ﬁ%@rﬁ@h@éhab -yas chepawed by doid Hgat ion =t hrough Lelite. The

solvent was distilled off under reduced pressure.” Thus, the cru e title
conmpoundr$8%. denp¢rwasrehbt anAethe mixture was stirred for 2 hours
under hydrogen flow. Methanol (60 uL) was added at room
temperature, and the mixture was stirred for 2 hours under
hydrogen flow. The insoluble material was removed by
filtration through Celite. Thus, a tetrahydrofuran
solution of the title compound was obfained.
[0067]
(Referenge Example 13) (3S,4S)-3-amino-4-
hydroxydihydrofuran-2-(3H)-one
[0068]

[Chemical Formula 15]

O
uw
Q/go
Z
NI

OH
[0069]

20% palladium hydroxide on carbon (9.5 mg) was -added
to an ethanol (5.0 mL) solution of benzyl [(3S,4S)-4-
hydroxy-2-oxotetrahydrofuran-3-yl]carbamate (Bioorg. Med.
Chem. Lett. 2002, 12, 325-328.)(94.8 mg, 0.377 mmol) at
room temperature, and the mixture was stirred at the same
temperature for 3.5 hours under hydrogen flow. The
insoluble material was remqved by filtration through Celite.

The solvent was distilled off under reduced pressure. Thus,



+[ 0073] (Exanple 1) 4-(5-{(1R)-1-[4- :

(cycl opropyl car bonyl ) phenoxy] propyl1-1, 2, 4- oxadi azol - 3-y1) -

2-fluoro-N-[(3S, 4R) - 4- hydr oxyt et r ahydggf ur an- 3-yl ] benzam de, and

4- (5-{(1R)-1-[4- (cycl opropyl car bonyl ) phenoxy] propyl | 1, 2, 4- oxadi azol - 3-y1)-2
-fluoro-N[ (3R, 4S)-4- hydroxytetrahydrofuran-3-yl]benzam de [ 0074]

[Chem cal Formula 17] OH [0075] 1- Hydr oxybenzotri azol e nonohydr at e
(153 ng, 1.00 nmmol) and N-(3-di net hyl am nopropyl)-N -ethyl carbodiim de

hydr ochl gri de 83 2. 00 nmol,) re added to N, Ndi et hyl f or mam de (4
n) sol u%l%nc%ég? htégg%ﬁpgﬁlﬂﬁoﬁ%?ai(&gdgi e e?’@?eﬂ@gaﬁ?gﬁpl e 8 (410 ny, 1.00
nmol ) at Cg(pp(mterrperat'ure.___ The m xture was stirred at the sane tenperature
for 30 nutes. Subsequently, (3RS, 4SR)-4- am notetrahydrofuran-3-ol (J.

Og. Chem 1994, £2,cA4d9 7 addPS 1By 1380,8TDk)  was added, and the nixture
was further stirred at the same tenperature for m nutes. Water and a

sat ur at egy REHeENSh $OF 81 PAn 0f - $9di ughhydr ogen carbonate were added to the
reaction m xture, and the m xture was subjected to extraction three tines
with ethydoacetate. The organic | ayer thus obtai ned was washed with a 10%
aqueous sol ution of sodiumchloride, and then was dried over anhydrous
sodi um sul f at el ClTérei sl viestmwiaes déktill ed of f under reduced pressure, and
the resulti@ residue was 30 purified by silica gel colum chromatography
| acetate = 50:50 -* 0:100, v/v) to give the title conpounds
d: 499 . 1H NWMR (400 MHz, CDC13) 6 ppm 8.20 (1H, t, J = 8
Hz), 8. 0%I/9 W’&H m, 7.87 (1H, d, J = 12 Hz), 7.04 (2H, d, J = 9 Hz),
6.97-6.87 \1H, m, 5.53 (1H, t, J =6 Hz), 4.44-4.37 (2H, m, 4.22 (1H, dd,
J =8 6 HOH 4,15 (1H, dd, J =9, 6 Hz), 3.84-3.72 (2H m, 3.19-3.16

[0072]

20% palladium hydroxide on carbon (12.2 mg) was added
to an ethanol (5.0 mL) solution of benzyl [(3S,4R)-4-
hydroxy-2-oxotetrahydrofuran-3-yl]carbamate (Bioorg. Med.
Chem. Lett. 2002, 12, 325-328.) (122 mg, 0.486 mmol) at room
temperature, and the mixture was stirred at the same
temperatufe for 3.5 hours under hydrogen flow. The
insoluble material was removed by filtration through Celite.
The solvent was distilled off under reduced pressure. Thus,
the crude title compound (85.4 mgf was obtained.

[0073]

(Example 1) 4-(5-{ (1R)-1-[4-
(cyclopropylcarbonyl)phenoxylpropyl}-1,2,4-oxadiazol-3-yl)-
2-fluoro-N-[(3S,4R)-4-hydroxytetrahydrofuran-3-yllbenzamide,
and 4-(5-{(1R)-1-[4-(cyclopropylcarbonyl)phenoxylpropyl}-
1,2,4-oxadiazol-3-yl)~-2-fluoro-N-[ (3R, 4S)-4-
hydroxytetrahydrofuran-3-yl]lbenzamide

[0074]



«(1H, 'm), 2.63-2.55 (1H, n), 2.35-2.18 (2H, n), 1.23-1.10 (5H, m, 1.03-0.96
(2H, m; M5 (FAB) mz: 496 [MH . [0076] (Exanmpl e 2)

4- (5-{(1R) - 1-[4- (cycl opropyl carbonyl 3¢phenoxy] et hyl1l-1, 2, 4- oxadi azol - 3-y1) -
2-fluoro-N-[ (3R, 4S)-4- hydroxyt et rahydr of uran- 3-yl ] benzam de [ 0077]

[ Chem cal Fornula 18] 1- Hydr oxybenzotri azol e nonohydrate (153 ny,
1.00 mmol ) and N-(3-di nmet hyl am nopropyl)-N -ethyl carbodii m de hydrochl ori de
(383 ng, 2.00 nmmol) were added to an N, Ndi net hyl formanmi de (5 nL) sol ution
of the compound.obtai hed_in fe ce Exanple 11 (396 ng, 1.00 mmol) at
room 31 terrpeE%IFﬁPJe?a heX iy ﬁrﬁj/]\/as stirred at the same tenperature for
30 m nutes. Subsequently, (3S, 4Ry4- anpnotetrahydrofuran-3-ol (J. Og.

~Chem 1997, 62, 4197.) (155 ngy/ 1.3580 ‘ was added, and the m xture was
further stirreg)at the sanme tepper

X/30 m nutes. Water was added to

the reacy m Yt U and Ng & was subj ected to extraction three

tines w‘@m aget ate\ The organic | ayer thus obtai ned was washed with a
q

saturate uelqus_&oT uti oN-& sodi um hydr ogen carbonate and a 10% agueous
sol ution ofygodi ufn chlori de, and then was dried over anhydrous sodi um

sul fate. The solvent was distilled off ugder reduced pressure, and the
resulting residue was purified beHilicajgel colum chromatography
(hexane: et hyl acetate = 50:50 -¢¢ 0: A0V to give the title conpound
(393 ng, yield: 82% . NVR( 400 M—Iz,

\-0

O

n

[0075]

1-Hydroxybenzotriazole monohydrate (153 mg, 1.00
mmol) and N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide
hydrochloride (383 mg, 2.00 mmol) were added to an N,N-
dimethylformamide (4 mL) solution of the compound obtained
in Reference Example 8 (410 mg, 1.00 mmol) at room
temperature. The mixture was stirred at the same
temperature for 30 minutes. Subsequently, (3RS,43R)-4-
aminotetrahydrofuran-3-ol (J. Org. Chem. 1997, 62, 4197.)
(155 mg, 1.50 mmol) was added, and the mixture was further
stirred at the same temperature for 30 minutes. Water and
a saturated aqueous solution of sodium hydrogen carbonate
were added to the reaction mixture, and the mixture was
subjected to extraction three times with ethyl acetate.
The organic layer thus obtained was washed with a 10%
aqueous solution of sodium chloride, and then was dried
over anhydrous sodium sulfate. The solvent was distilled

off under reduced pressure, and the resulting residue was



8.19 (1Ht, J = 8 Hz),

8.02-7.97(3H,m), 7.87 (1H, dd, J =12,
d,J =9Hz), 6. 95- 6. 87

30

purified by silica gel column chromatography

1Hz), 7.05 (2H,

(hexane:ethyl

acetate = 50:50 —» 0:100, v/v) to give the title compounds
(241 mg, yield: 49%).
'H-NMR (400 MHz, CDCls;) & ppm:
8.20 (1H, t, J = 8 Hz), 8.04-7.95 (3H, m), 7.87 (1H, d, J =
12 Hz), 7.04 (2H, d, J = 9 Hz), 6.97-6.87 (1H, m), 5.53 (1H,
t, J =6 Hz), 4.44-4.37 (2H, m), 4.22 (1H, dd, J = 8, 6 Hz),
4.15 (1H, dd, J = 9, 6 Hz), 3.84-3.72 (2H, m), 3.19-3.16
(1H, m), 2.63-2.55 (1H, m), 2.35-2.18 (2H, m), 1.23-1.10
(5H, m), 1.03—0;96 (2H, m);
MS (FAB) m/z: 496 [M+H]'
[0076]

(Example 2) - (5-{(1IR)-1-[4-

(cyclopropylcarbonyl)phenoxylethyl}-1,2,4-oxadiazol-3-y1l) -

2—-fluoro-N-[ (3R, 48S)

[0077]

[Chemical Formula 18]

1-Hydroxybenzotriazole monohydrate (153 mg,

mmol) and N-(3-dimethylaminopropyl)

hydrochloride (383 mg, 2.00 mmol)

dimethylformamide (5 mL)

in Reference Example 11 (396 mg, 1.00 mmol) at room

1.

-4-hydroxytetrahydrofuran-3-yl]benzamide

00

-N'-ethylcarbodiimide
were added to an N,N-

solution of the compound cbtained



«(1H, ‘m, 5.76 (1H q, J = 7 Hz), 4.44-4.37(2H ), 4.21 (1H, dd, J =10, 5Hz),
4.15 (1H,
31

temperature. The mixture was stirred at the same
temperature for 30 minutes. Subsequently, (3S,4R)-4-
aminotetrahydrofuran-3-ol (J. Org. Chem. 1997, 62, 4197.)
.(155 mg, . 1.50 mmol) was added, and the mixture was further
stirred at the same temperature for 30 minutes. Water was
added to the reaction mixture, and the mixture was
subjected to extraction three times with ethyl acetate.
The organic layér thus obtained was washed with a saturated
aqueous solution of sodium hydrogen carbonate and a 10%
aéueous solution of sodium chloride, and then was dried
over anhydrous sodium sulfate. The solvent was distilled
off under reduced pressure, and the resulting residue was
purified by silica gel column chromatography (hexane:ethyl
acetate = 50:50 —» 0:100, v/v) to give the title compound
(393 mg, yield: 82%).

'H-NMR (400 MHz, CDCls) & ppm:

8.19 (1H, t, J = 8 Hz), 8.02-7.97 (3H, m), 7.87 (1H, dd, J
=12, 1 Hz), 7.05 (2H, 4, J = 9 Hz), 6.95-6.87 (1lH, m),
5.76 (1H, q, J = 7 Hz), 4.44-4.37 (2H, m), 4.21 (1H, dd, J
= 10, 5 Hz), 4.15 (1H, dd, J = 10, 5 Hz), 3.82 (1H, dd, J =
10, 3 Hz), 3.75 (1H, dd, J = 10, 3 Hz), 3.32 (1H, d, J =2
Hz), 2.63-2.57 (1H, m), 1.92 (3H, d, J = 7 Hz), 1.22-1.19
(2H, m), 1.03-0.98 (2H, m);

MS (FAB) m/z: 482 [M+H]".

[0079]

(Example 3) 4-(5-{(1R)-1-[4-

(cyclopropylcarbonyl)phenoxylethyl}-1,2,4-oxadiazol-3-yl) -



.dd, J =10, 5Hz), 3.82 (1H, dd, J = 10, 3Hz),3.75(1H dd, J = 10,3
Hz), 3.32(1H d,J =2 Hz), 2.63-2.57(1H m, 1.92 (3H d,J =7Hz), 1.22-1.19

32

2-fluoro-N-[(3S,4R)-4-hydroxytetrahydrofuran-3-yl]lbenzamide
[0080]

[Chemical Formula 19}

CH,

| o
Q (e
1] N
N-O
H ¢
OH |

[0081]

l1-Hydroxybenzotriazole monohydrate (153 mg, 1.00
mmol) and N—(3—dimethylaminopropyl)—N'—ethylcarbodiimidé
hydrochloride (383 mg, 2.00 mmol) were added to an N,N-
dimethylformamide (5 mL) solution of the compound obtained
in Reference Example 11 (396 mg, 1.00 mmol) at room
temperature. The mixture was stirred at the same
temperature for 30 minutes. Subsequently, (3R,4S)-4-
aminotetrahydrofuran-3-ol (J. Org. Chem. 1997, 62, 4197.)
(155 mg, 1.50 mmol) was added, and the mixture was further
stirred at the same temperature for 30 minutes. Water was
added to the reaction mixture, and the mixture was
subjected to extraction three times with ethyl acetate.
The organic layer thus obtained was washed with a saturated
aqueous solution of sodium hydrogen carbonate and a 10%
aqueous solution of sodium chloride, and then was dried
over anhydrous sodium sulfate. The solvent was distilled
off under reduced pressure, and the resulting residue was

purified by silica gel column chromatography (hexane:ethyl



¢(2H, 'm, 1. 03-0.98(2H, m; M5 (FAB) mz: 482 [MtH -. [0079] (Exanple 3)
4-(5-{(1R)-1-[4- 32

2-fluoro-N-[(3S, 4R) - 4- hydr oxyt et r ahydysof ur an- 3-yl ] benzam de [ 0080]

[ Chemical Formula 19] [0081]

acetate = 50:50 — 0:100, v/v) to give the title compound
(410 mg, yield: 85%).

'H-NMR (400 MHz, CDCls) & ppm: |
8.20 (1H, t, J = 8 Hz), 8.04-7.97 (3H, m), 7.87 (1H, dd, J
=12, 1 Hz), 7.06 (2H, 4, J = 9 Hz), 6.97-6.87 (1H, m),
5.76 (1H, q, J = 7 Hz), 4.46-4.38 (2H, m), 4.22 (1H, dd, J
= 10, 5 Hz), 4.15 (1H, dd, J = 10, 5 Hz), 3.82 (1H, dd, J =
10, 3 Hz), 3.75 (1H, dd, J = 10, 4 Hz), 3.21-3.18 (1H, m),
2.65-2.56 (l1H, m), 1.%92 (3H, d, J = 7 Hz), 1.24-1.18 (2H,
m), 1.04-0.98 (2H, m);

MS (FAB) m/z: 482 [M+H]"

[0082]

(Example 4) 4-(5-{(1R)-1-[4-
(cyclopropylcarbonyl)phenoxyl]lpropyl}t-1,2,4-oxadiazol-3-yl) -
2-fluoro-N-[ (3R)~-2-oxotetrahydrofuran-3-yllbenzamide
[0083]

[Chemical Formula 20]

FIaveben

[0084]

1-Hydroxybenzotriazole monohydrate (153 mg, 1.00
mmol) and N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide
hydrochloride (383 mg, 2.00 mmol) were added to an N,N-
dimethylformamide (5 mL) solutiQn of the compound obtained

in Reference Example 8 (410 mg, 1.00 mmol) at room



*1- Hydr oxybenzotri azol e nDnohydrate (153 ng, 1.00 nmol) and

N- ( 3- di met hyl am nopropyl) - N -et hyl carbodi i m de hydrochl oride (383 ng, 2.00
mmol ) were added to an N, Ndi et hyl f oggam de (5 nL) solution of the conpound
obtained in Reference Exanple 11 (396 ng, 1.00 nmol) at room tenperature.

The m xture was stirred at the sane tenperature for 30 m nutes.
Subsequently, (3R, 4S)-4- am notetrahydrofuran-3-ol (J. Og. Chem 1997, 62,
4197.) (155 ng, 1.50 nmmol) was added, and the m xture was further s

at the sane tenperatu for, 30 mnutes. \Wate s .added to the reaction

i xt Ur 6. SHRETHE TR xt 618 HeS 56 dECed i 16 Aotiibn Tee times w th et hyl

acetate. The arganic |layer thus obtained was she ith a saturated
temqﬁraé%r o 2YE] Wﬁﬁftes'égdbiﬁﬁ%ﬁn¥@¥ﬁ g3%%@§

aqueous SOl ion of 'sodi'um rogen car e a

tirred

aqueous sol ution of

sodi um QI f?gf _y@gldr' S i syl tgte. The
solvent%aggﬁgﬂg?i edhgﬁ? un e%‘?ggdgéﬁf%§££§€§§? é%ggtﬁglrgéé ting residue
was purigfied ynSiddica el acoldinm ghroiat 096 @phyo { Nexane: g4hyl, and

(Exanpl e 4) 4-(5-{(1R) -1-[4-

(cycl oprioRy Inciardiony lWqhenoxy of opyildrdd 23 4- oxads agel t Smydrature for

2-fluoro-N-[(3R)-2-oxot etrahydrof uran-3-yl]benzam de [ 0083]

4) 4-(5-Fq Rrut=dsA- Water and a saturated aqueous solution of

(cycl opropyl car bonyl ) phenoxy] propyl1-1, 2, 4- oxadi azol - 3-y1) -

(Exanpl e

2- f | uor ;AdtiUB Ry R-apeot etadhyhiod urans Rgd¢denz anhder£§8083pn[ Cheni cal
Formul a 20] [Chem cal Fornula 20] [ 0084] [0084] -yrxbnoraoemmhdae(5 g

_onn)admpﬁuyﬂqﬂ”ﬁﬂgr@h%mﬁ¥ﬁ§ﬁyg was subjécted to extraction

three

times with ethyl acetate. The organic layer thus obtained

was washed with a 10% aqueous solution of sodium chloride,

and then was dried over anhydrous sodium sulfate. The

solvent was distilled off under reduced pressure, and the

resulting residue was purified by silica gel column

chromatography (hexane:ethyl acetate = 95:5 —» 50:50,

o

to give the title compound (382 mg, yield: 77%).
'H-NMR (400 MHz, CDCls) & ppm:

8.21 (1H, t, J = 8 Hz), 8.03-7.96 (3H, m), 7.89 (1lH,

v/v)

dd, J

= 13, 1 Hz), 7.42-7.24 (1H, m), 7.04 (2H, 4, J = 9 Hz),

5.53 (1H, t, J = 7 Hz), 4.74-4.71 (1H, m), 4.56 (1lH,

t, J =

9 Hz), 4.41-4.34 (1H, m), 3.01-2.94 (1H, m), 2.63-2.57 (1H,

m), 2.40-2.20 (3H, m), 1.22-1.18 (2H, m), 1.15 (3H,
7 Hz), 1.02-0.97 (2H, m);

MS (FAB) m/z: 494 [M+H]".

[0085]

- (Example 5) 4-(5-{(1R)-1-[4-

(cyclopropylcarbonyl)phenoxylpropyl}-1,2,4-oxadiazol-

2-fluoro-N-[ (3S)-2-oxotetrahydrofuran-3-yl]benzamide

t, J =

3-yl)-



<yrcl rd33m 20n eeaddt nNNdnt yf r ai e( Loui nohopudoti e nRfrneEape8(1g. Onp) aom
1.18 (2H, m, 1.04-0.98 (2H, m; M5 (FAB) mliz: 482 [ M+H] +. [0082]

1- Hydr oxybenzotri azol e nonohydrate (1433 ng, 1.00 nmol) and

N- ( 3-di net hyl am nopropyl) - N -et hyl carbodi i m de hydrochl oride (383 ny, 2.00
mmol ) were added to an N, Ndi met hyl f ormam de (5 nL) solution of the conpound
obtained in Reference Exanple 8 (410 ng, 1.00 mmol) at room 34
tenperature. The mixture was stirred at the sane tenperature for 30
ninutes.(%%ggfquently, (3R) - 3- am nodi hydr of uran-2(3H) - one hydrochl ori de

(206 ng,[ mml ) and triethylamne (140 'AL, 1.00 mmol) were added, and
the m xture feurth<=ja ti rrled the sanme tenperature for 30 m nutes.
Water and a sa é?%ﬁa dﬁé%ﬂ%é%o i on of sodi um hydrogen carbonate were

added to the reaction m xture, and t he
three times with ethyl acdh&
with a 10% 8 ol ution o
anhydr oug-4 ‘

xture was subjected to extraction
| ayer thus obtained was washed
de, and then was dried over

\ sg was distilled off under reduced
pressure he /A reS|due was purified by silica gel colum
chronatog"phyi( gxane: etMyP acetate = 95:5 -* 50:50, v/v) to give the
title conpound ( 82 ng, yield: 77%. 1H NWR (400 WMHz, CDCl13) 8 ppm 8.21
(1H, t i) 8.03-7.96 (3H, n) 7.89 (1H, dd, J = 13 1 Ft)
7. 42-7. OB ,704(2HdJ 9 Hz), 5.53 (1H t,

i T M 86 G L dome St 5%%5 %003 0112134(3H
t, J = 7))y dnd200(974{REnM an MBS FABY 1 LA™ égﬂyﬁyg@£$dllmlde

hydrochloride (383 mg, 2.00 mmol) were added to an N,N-

dimethylformamide (5 mL) solution of the compound obtained
in Reference Example 8 (410 mg, 1.00 mmol) at room
temperature. The mixture was stirred at the same
temperature for 30 minutes. Subsequently, (3S)-3-
aminodihydrofuran-2 (3H)-one hydrobromide (270 mg, 1.50
mmol) and triethylamine (140 pL, 1.00 mmol) were added, and
the mixture wés further stirred at the same temperature for
30 minutes. Water and a saturated aqueous solution of
sodium hydrogen carbonate were.added to the reaction
mixture, and the mixture was subjected to extraction three
times with ethyl acetate. The organic layer thus obtained
was washed with a 10% agqueous solution of sodium chloride,
and then was dried over anhydrous sodium sulfate. The
solvent was distilled off under reduced pressure, and the
resulting residue was purified by silica gel column
chromatography (hexane:ethyl acetate = 95:5 — 50:50, v/v)

to give the title compound (390 mg, yield: 79%).



‘[ 0085] (Exanple 5) 4-(5-{(1R)-1-[4-

(cycl opropyl car bonyl ) phenoxy] propyl | -1, 2, 4- oxadi azol - 3-y1) -
2-fluoro-N-[(3S)-2-oxotetrahydrofurangg-yl]benzanm de 35

1- Hydr oxybenzotri azol e nonohydrate (153 ng, 1.00 mml) and

N- ( 3-di net hyl am nopropyl) - N -et hyl carbodi i m de hydrochl oride (383 ng, 2.00
nmol ) were added to an N, Ndi net hyl formam de (5 nL) solution of the conpound
obtai ned i n Reference Exanple 8 (410 ng, 1.00 mmol) at room tenperature.
The mxuﬂevms (5 f %&ﬁﬁ ame tenperature for 30 mnutes.

Subsequert 1! @§§ 31 i y ré%ﬂ}an 2(3FD one hydr obr oni de (270 ny,
1.50 mmo ) n ri ethylamn 14 r de t m xt ure
was furt %5 }bfeg ? tﬂg gagé Behge%aggr ﬁl%g%ég}ivgﬁﬁ and a

sat urated agueoug, sol yt9n-0k,sodiyum hydrogan gﬁrb@nahe_mggq“gdded to the
reaction mxture, "ahd fhe nixture was subjected to éxtraction three tinmes
with ethylsacefatey Tbe ogggQPc haygL4thq5 q@tahned4wQ§;wg§heq:mhih:a 10%
aqueous sol ution’ of "sodium chloride, and then was dried over anhydrous

sodi um sl fiaj e. 4The-sobyent uyas) di st.iohl-ed saf f(1unden ,r edwsed messw,e, and
the resulting residue was purified by silica gel col urm chr omat ogr aphy
(hexane:mel hyb.abetakte £385:h);*150250,. 18/ (R H, omgi,vé .tlve (3H,l & ,cahpound (390
ng, yield: 7999. 1H NWR (400 MHz, CDC13) 5 ppm 8.22 (1H, t, J = 8 Hz),
8.03-7.96 HBH, M 0270897( 1RH,da) ;J = 13, 1 Hz), 7.42-7.37 (1H, m, 7.04
(2H, d, J 9 Hz), 5.53 (1H, t, J =7 Hz), 4.74-4.71 (1H, m, 4.56 (1H, t,
J =9 F@¥S 4F£@J4m84 (3B ﬁ¥+H3 01-2.94 (1H, m, 2.63-2.57 (1H, m,

240220 3H 1.22-1.18 (2H, m), 1.15 (3H, t, J = 7 Hz), 1.02-0.97
(2H m): ?ﬁ:AB) mz: 494 [ M+H +. [0088] (Exanpl e 6)
4- (5- {(1R)

(cyclopropylcaf%ﬁﬁ??}%h@ho%yfﬁréé}&i 17242- oxadi azol - 3-y1) -

2 11 uor o Lt 8Bk 0By 2XQLBLRAY Brebi gt oh e 3T A8 LA, L gy ol
2-fluoro-N-[ (3S)-5-oxotetrahydrofuran-3-yl]lbenzamide
[0089]

[Chemical Formula 22]

oSea:

N—O

[0090]

1-Hydroxybenzotriazole monohydrate (81.3 mg, 0.531
mmol) and N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide
hydrochloride (204 mg, 1.06 mmol) were added to an N,N-
dimethylformamide (3 mL) solution of the compound obtained
in Reference Example 8 (218 mg, 0.531 mmol) at room
temperature. The mixture was stirred at the same
temperature for 30 minutes. Subsequently, a tetrahydrofuran

solution of the (48)-4-aminodihydrofuran-2(3H)-one obtained



[ 0090] 1- Hydr oxybenzotri azol e nonohydrate (81.3 ng, 0.531 nmol) and
N- ( 3- di met hyl am nopropyl) - N -et hyl carbodi i m de hydrochloride (204 ng, 1.06
nmol ) were added to an N, Ndi net hyl f orgmami de (3 L) sol ution of the conpound
obtained in Reference Exanple 8 (218 ng, 0.531 nmol) at room tenperature.
The m xture was stirred at the sane tenperature for 30 m nutes.
Subsequently, a tetrahydrofuran solution of the

(4S)-4 aninodihydrofuran 2(3H) -one obtained 37 in Reference Exanple 12 (76

ng, O. 79 rH%%Qr %gded ac@é P xtu6e dp£§£;hggssga&g d at jthe same

terrperat ure r dga satur queous so (Jtl on of

sodi um hydr qge :}gi&a% Q?dg%a Rt agi@ffir% 5@61;111&&&5&18%%%&Fgﬁur@ngoghe

m xture was aCtIOI']t ree times wth et acetate. The

organi ¢ d@ayefn 4w, Obata%le&e%n\eﬁsa vashed tid bl %@%&o&pt ion of
sodi um chl oride, and then was dried over anhydrous sodium sulfate. The

sol vent y@si @ Styd sk 0f da tinsies + & edbieeda Paegsusechandebbeibasul ting residue
was purlfled by silica gel colunmm chromatography(hexane: ethyl acetate =

95:5 -* hikthdre/ vand otlgg veittherdithe sompodndd88o7cryrycelidn34bgee
1H NMR(400 MHz, CDC13)6 ppm 8.20(1H,t,J=8Hz),8.03-7.97(3H m, 7.89(1H dd, J
=13, 2HA)iMeH5+BLIOGEYIBH ajetate. The organic layer thus obtained
was washed with a 10% aqueous solution of sodium chloride,
and then was dried over anhydrous sodium sulfate. The
solvent was distilled off under reduced pressure, and the
- resulting residue was purified by silica gel column
chromatography (hexane:ethyl acetate = 95:5 — 50:50, v/v)
to give the title compound (88.7 mg, yield: 34%).
'H-NMR (400 MHz, CDCls) & ppm:
8.20 (1H, t, J = 8 Hz), 8.03-7.97 (3H, m), 7.89 (1H, dd, J
= 13, 2 Hz), 7.05-6.96 (3H, m), 5.53 (1H, t, J = 7 Hz),
4.98-4.88 (1H, m), 4.66 (1H, dd, J = 10, 6 Hz), 4.37 (1H,
dd, J = 10, 4 Hz), 3.01 (1H, dd, J = 18, 8 Hz), 2.67-2.55
(2H, m), 2.35-2.19 (2H, m), 1.23-1.10 (5H, m), 1.02-0.97
(2H, m);
MS (FAB) m/z: 494 [M+H]".
[0091]
(Example 7) 4-(5-{(1R)-1-[4-
(cyclopropylcarbonyl)phenoxy]propyl}—1,2,4—oxadiazol—3—yl)—
2-fluoro-N~[ (3R) -2-oxopyrrolidin-3-yl]benzamide

[0092]

[Chemical Formula 23]



‘5. 53 (1H

dd, dd,

, t,J = THz), 4.98-4.88(1H,m, dd,J =10, 4Hz), 4.66 3.01 (1H
=J = 10,6 o
38
o)
H,C -

7 OO

" N—O

H ¢
[0093]

1-Hydroxybenzotriazole monohydrate (129 mg, 0.840
mmol) and N—(3—dimethylaminopropyl)—N'—ethylcarbodiimide
hydrochloride (242 mg, 1.26 mmol) were added to an N,N-
dimethylformamide (4 ml) solutioﬁ of the compound obtained
in Reference Example 8 (345 mg, 0.840 mmol) at room
temperature. The mixture was stirred at the same
temperature for 30 minutes. Subsequently, (3R)-3-
aminopyrrolidin-2-one (101 mg, 1.01 mmol) was added, and
the mixture was further stirred at the same temperature for
30 minutes. Water and a saturated aqueous solution of
sodium hydrogen carbonate were added to the reaction
mixture, and the mixture was subjected to extraction five
times with ethyl acetate. The organic layer thus obtained
was washed with a 10% aqueous solution of sodium chloride,
and then was dried over anhydrous sodium sulfate. The
solvent was distilled off under reduced pressure, and the
resulting residue was purified by silica gel column
chromatography (ethyl acetate:methanol = 100:0 — 90:10,

v/v) to give the title compound (285 mg, yield: 69

o\°

) .
'H-NMR (400 MHz, CDCl;) & ppm:
8.21 (1H, t, 0 = 8 Hz), 8.03-7.96 (3H, m), 7.87 (1H, dd, J

=12, 1 Hz), 7.34-7.27 (lH, wm), 7.04 (2H, 4, J = 9 Hz),

(1H,



118, 8:Hz), Hz), 4.37(1H, 2.67-2.55 (2H, m,2.35-2.19 (2H, n), 1.23-1.10 (5H,
m,1.02-0.97 (2H, m;
39

5.98-5.90 (1H, m), 5.53 (1H, t, J = 6 Hz), 4.62-4.55 (1H,
m), 3.50-3.45 (2H, m), 2.97-2.89 (1H, m), 2.63-2.57 (1lH, m),
2.35-2.19 (2H, m), 2.18-2.05 (1H, m), 1.23-1.17 (2H, m),
1.14 (3H, t, J =7 Hz), 1.04-0.97 (2H, m);
MS (ESI) m/z: 493 [M+H]’
[0094]

(Example 8) 4-(5-{ (1R)-1-[4-
(cyclopropylcarbonyl)phenoxy]propyl}-1,2,4-oxadiazol-3-yl) -

2-fluoro-N-[ (3S)~-2-oxopyrrolidin-3-yl]benzamide

[0095]
| [Chemical Formula 24]
0
O o
(eSa &
H N‘o
[0096]

l-Hydroxybenzotriazole monohydrate (129 mg, 0.840
mmol) and N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide
hydrochloride (242 mg, 1.26 mmol) were added to an N,N-
dimethylformamide (4 mL) solution of the compound obtained
in Reference Example 8 (345 mg, 0.840 mmol) at room
temperature. The mixture was stirred at the same
temperature for 30 minutes. Subsequently, (3S)-3-
aminopyrrolidin-2-one (101 mg, 1.01 mmol) was added, and
the mixture was further stirred at the same temperature for
30 minutes. Water and a saturated aqueous solution of

sodium hydrogen carbonate were added to the reaction



‘M5 (FAB) m z: 494 [ M+H] +. [0091] (Exanple 7) 4-(5-{(1R)-1-[4-
(cyclopropylcarbonyl)phenoxy]propyll 1, 2, 4- oxadi azol - 3-y1) -
2-fluoro-N-[(3R)-2-oxopyrrolidin- yl4(benzam de [0092] [Chemical Fornmnula
23] 38

mixture, and the mixture was subjected to extraction five
times with ethyl acetate. The organic layer thus obtained
was washed with a 10% aqueous solution of sodium chloride,
and then was dried over anhydrous sodium sulfate. The
solvent was distilled off under reduced pressure, and the
resulting residue was purified by silica gel column
chromatography (ethyl acetate:methanol = 100:0 — 90:10,
v/v) to give the title compound (225 mg, yield: 54%).
'H-NMR (400 MHz, CDCls) & ppm:

8.21 (l1H, t, J = 8 Hz), 8.03-7.97 (3H, m), 7.88 (1H, dd, J
= 12, 1 Hz), 7.34-7.27 (IH, m), 7.03 (2H, d, J = 9 Hz),
5.81-5.75 (1lH, m), 5.53 (1H, t, J = 6 Hz), 4.63-4.55 (1H,
m), 3.51-3.42 (2H, m), 2.96-2.88 (1lH, m), 2.64-2.56 (1lH, m),
2.35-2.19 (2H, m), 2.18-2.05 (1H, m), 1.23-1.17 (2H, m),
1.24 (3H, t, J =7 Hz), 1.03-0.97 (2H, m);

MS (ESI) m/z: 493 [M+H]".

[0097]

(Example 9) 4-(5-{ (1R)-1-[4-
(cyclopropylcarbonyl)phenoxy]lpropyl}-1,2,4-oxadiazol-3-yl) -
2-fluoro-N-[(3S,4S)-4~-hydroxy-2-oxotetrahydrofuran-3-
ylibenzamide
[0098]

[Chemical Formula 25]

O
ﬂ -0



‘[ 0093] 1- Hydr oxybenzotri azol e nonohydrate (129 ng, 0.840 mmol) and
N- ( 3- di met hyl am nopropyl) - N -et hyl carbodi i m de hydrochloride (242 ng, 1.26
mmol ) were added to an N, Ndi net hyl f oamam de (4 nmlL) solution of the conpound
obtained in Reference Exanple 8 (345 ng, 0.840 nmol) at room tenperature.
The m xture was stirred at the sane tenperature for 30 m nutes.
Subsequently, (3R)-3- am nopyrrolidin-2-one (101 ng, 1.01 nmol) was added,
-and the m xture was further stirred at the same tenperature for 30 m nutes.
Wat er angxﬁ%ﬁaturated aqueous sol ution of sodi um hydrogen carbonate were
added to the reaction m xture, and the m xture was subjected to extraction

five tinmes withieihyl, Beatale.: The Onganis, dayes thys) oftai pegoyas washed

with a 10% aqueous sol'ution of sodium chloride, and then"was dried over

anhydr ougns0didHn st fate:mdihey sahmess roesl gigt Lited1 ek fryndenireduced
pressure, and the resulting residue was purified by silica gel colum

chr omat agraapioh (etidd et atmy et haddl mro 100w Ore* 288240t ovAM) Nt N-gi ve t he
title conpound (285 ng, yield: 69%. 1H NVR (400 MHz, CDC13) 6 ppm 8.21
(1H, t, dimethHAqrmgnd3ie. 06. § 3M,) n§ol Tt BIn (4H, tdd, 43 (5-12]1R1-Hz) 4~
7.34-7.27 (1H, m, 7.04 (2H, d, J =9 Hz), 39 5.98-5.90(1H, m, 3.50-3.45
m, (2H (HSEMeRY rad gy D) orenogo(drprHr) T4, 8244088dipz2163-2157 (1H,
(1H’Iﬁ’2—fluorobenzoic acid syntheéized in Reference Example 8

(103 mg, 0.252 mmol) at room temperature, and the mixture

was stirred at the same temperature for 30 minutes.

Subsequently, an N,N-dimethylformamide (1.0 mL) solution of

the (35,4S)-3-amino-4-hydroxydihydrofuran-2- (3H)-one

synthesized in Reference Example 13 (44.2 mg) was added,

and the mixture was further stirred at the same temperature

for 30 minutes. Water was added to the reacticon mixture,

and the mixture was subjected to extraction twice with

ethyl acetate. The organic layer thus obtained was washed

with a saturated agueous solution of sodium hydrogen

carbonate and brine, and then was dried over anhydrous

sodium sulfate. The solvent was distilled off under

reduced pressure, and the resulting residue was purified by

silica gel column chromatography (hexane:ethyl acetate =

70:30 = 30:70, v/v) to give the title compound (48.5 mg,

yield: 38%).

'H-NMR (500 MHz, CDCls) & ppm:

8.21 (1H, t, J = 8 Hz), 8.06-7.97 (3H, m), 7.92 (1H, dd, J

= .3, 1 Hz), 7.64;7.57 (14, m), 7.04 (2H, 4, J = 9 Hz),

5.54 (1H, dd, J = 7, 6 Hz), 5.40-5.38 (1H, m), 4.69-4.60



*2.35:2.19(2H, ), 2.18-2.05(1H ), 1.23-1.17(2H, n), 1.14(3Ht,J = 7
Hz),1.04-0.97(2H, m);  MS(ESI)m z: 493 [ MrH] +.
42

(2H, m), 4.57-4.51 (1H, m), 4.2144.14 (1H, m), 2.63-2.57
(l1H, m), 2.36-2.20 (2H, m), 1.22-1.18 (2H, m), 1.15 (3H, t,
J =7 Hz), 1.03-0.97 (2H, m);
MS (ES) m/z: 510 [M+H]'.
[0100]

(Example 10) 4-(5-{(1R)-1-[4-
(cyclopropylcarbonyl)phenoxylethyl}-1,2,4-oxadiazol-3~-yl) -

2-fluoro-N-[ (3R)-2-oxopyrrolidin-3-yl]lbenzamide

[0101]
[Chemical Formula 26]
0
o o CH3
U] N—O
H F
[0102]

1-Hydroxybenzotriazole monohydrate (137 mg, 0.896
mmol) and N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide
hydrochloride (258 mg, 1.34 mmol) were added to an N,N-
dimethylformamide (4 mL) solution of the compound obtained
in Reference Example 11 (355 mg, 0.896 mmol) at room
temperature. The mixture was stirred at the same
temperature for 30 minutes. Subsequently, (3R)-3-
aminopyrrolidin-2-one (108 mg, 1.07 mmol) was added, and
the mixture was further stirred at the same temperature for
30 minutes. Water was added to the reaction mixture, and
the mixture was subjected to extraction five times with

ethyl acetate. The organic layer thus obtained was washed



‘[ 0094] (Exanple 8) 4-(5-1(1R)-1-[4-

(cycl opropyl car bonyl ) phenoxy] propyl1-1, 2, 4- oxadi azol - 3-y1) -
2-fluoro-N-[(3S)-2-oxopyrrolidin-3-yldgbenzam de [0095] [Chemi cal Formul a
24] [ 0096] 1- Hydr oxybenzotri azol e nonohydrate (129 ng, 0.840 mol)
and N-(3-di met hyl am nopropyl)-N -ethyl carbodiim de hydrochl oride (242 ng,
~1.26 mmol ) were added to an N, Ndi net hyl formam de (4 nlL) solution of the
conpound obtained in Reference Exanple 8 (345 ng, 0.840 nmol) at room

T N QS ARt [LE0uEl of 162 S808: LRTROBLLER TOr 90

m nut es. Subsequent am nopyrrol 1 din-2-one 0l1°ng, 1.01 nmol)

was added, rayeh ddes i xd W @ Wagud 4id hes 1 stibhedratobhgmsaneotkearerature for
30 mnutes. Water and a saturated aqueous sol ution of sodi um hydrogen

car bonatg, yereeadsied §0iddesFeacihvidrdls nkxbuag, sandathe nixg ure was
subjected to extraction five times wth ethyl acetate-. The organic |ayer

t hus obtsd Ineth twasa svashedi Wi déd @f 108hagueossuseliuprensatesodndmethl ori de,
and then was dried over anhydrous sodium sulfate. The solvent was distilled
of f underesweducey ressur ejaanputhbiedshyt shgicasgdbecwpasmpurified by
silica gel colum chromatography (ethyl acetate:nethanol = 100:0 -* 90: 10,
v/iv) to divenateoriphe conpounCER2be methpepd: =540 : 01 NMR {200 MHz,
CDC13) 8 ppm 8.21 (1H, t, J =8 Hz), 8.03-7.97 (3H, m, 7.88 (1H dd, J =
12, 1 HY/ V7. 82-7197 gy thyle 7compeopd §1433-mg, Hyyelg:88%%-75 (1H, m,

253 (WHy Yo add Wz, R0 32045
8.21 (1H, t, J = 8 Hz), 8.02-7.97 (3H, m), 7.87 (1H, dd, J
= 12, 1 Hz), 7.34-7.30 (1H, m), 7.05 (2H, d, J = 9 Hz),
5.78-5.74 (2H, m), 4.62-4.54 (1H, m), 3.49-3.45 (2H, m),
2.98-2.89 (1H, m), 2.64-2.57 (lH, m), 2.17-2.07 (1lH, m),
1.92 (3H, d, J = 7 Hz), 1.22-1.18 (2H, m), 1.03-0.97 (Z2H,
m) ;
MS (ESI) m/z: 479 [M+H]".
[0103]

(Example 11) 4-(5-{(1R)-1-[4-

(cyclopropylcarbonyl)phenoxylethyl}-1,2,4-oxadiazol-3-yl) -

2—-fluoro-N-[ (38)-2-oxopyrrolidin-3-yl]lbenzamide

[0104]
[Chemical Formula 27]
O
o o CH3
N
N-©O
H F

[0105]

1-Hydroxybenzotriazole monohydrate (137 mg, 0.896



‘m, 3.51-3.42 (2H, n), 2.96-2.88 (1H, n), 2.64-2.56 (1H, m, 2.35-2.19 (2H
m, 2.18-2.05 (1H, m, 1.23-1.17 (2H, m, 1.14 (3H, t, J =7 Hz), 1.03-0.97
(2H, m; M5 (ESI) mz: 493 [M+H -. [0Q97] (Exampl e 9)
4-(5-1(1R) - 1-[ 4-

(cycl opropyl car bonyl ) phenoxy] propyl11-1, 2, 4- oxadi azol - 3-y1) -
2-fluoro-N-[(3S, 4S)-4- hydr oxy- 2- oxot et rahydr of uran-3- yl ] benzam de [ 0098]

[ Chem cal Formnul a 25] [ 0099] 1- Hydr oxybenzotri azol e nonohydrate

46.1 mg,  0.,301 I qgg - di ' [ - - diimd
gydrochlofﬁ'eatgg.%e%i .%ﬁﬂ§%§ﬁ%§%€%%§9%ggﬁéggﬁﬁg%gkfﬁég¥%§29F?o:hghige
(0.5 nLXl éEH{§Ei t{?%éLﬁ ;{i;fa'ﬂﬁéff were added to an N,N- .
(cycl opr opyl car ony‘%p enoxy] propyl1-1, 2, 4- oxadi azol - 3-y1) - 2-fl uor obenzoi c

aci d synihesigedsd mARefes encentxas®pl er 8of 1608 f8e LoRpdufBObhtatne@aom
tenperature, and the m xture was stirred at the sane tenperature for 30

m nut es.irSubpseauendd Vexaip N N di (Bt hyhd pr oagddemd19 at) rsohuti on of the
(3S, 4S) - 3- am no- 4- hydr oxydi hydr of uran- 2- (3H) - one synt hesi zed i n Reference
Exanpl e tdndeb 2img) Was addedreandd herimpddire: vidse faatder stirred at the
sane tenperature for 30 mnutes. Water was added to the reaction m xture,
and t he taneeratyies Sebj Htrethebeext PakseoncniMte WBEh—érhyl acetate. The
organi c | ayer thus obtai ned was washed with a saturated aqueous sol ution of
sodi um R kbt e el bEPReNTand- P heAmahs dRFeddd¢dr aRAydrous

sodi um sul fate. The solvent was distilled off under reduced E%gssure, and
0

the resUift§ iyt Q4T YU S pU £ ¥ i 20 bySSi #T cBGef B! LAAPERFST P&phy
(hoxane:5 il 8920t TR0 00 i g & LY LI nompoune
(1H’t’Jﬁﬁkg)mfgégkgtégg3§ﬁ6@ec€e82to extraction five times with

ethyl acetate. The organic layer thus obtained was washed

with a saturated aqueous solution of sodium hydrogen

carbonate and a 10% aqueous solution of sodium chloride,

and then was dried over anhydrous sodium sulfate. The

solvent was distilled off under reduced pressure, and the

resulting residue was purified by silica gel column

chromatography (ethyl acetate:methanol = 100:0 — 90:10,

v/v) to give the title compound (257 mg, yield: 60%).

'H-NMR (400 MHz, CDCl3) & ppm:

8.21 (1H, t, J = 8 Hz), 8.08-7.96 (3H, m), 7.87 (l1H, dd, J

= 12, 1 Hz), 7.38-7.30 (1H, m), 7.06 (2H, d, J = 9 Hz),

5.90-5.75 (2H, m), 4.64-4.55 (1H, m), 3.53-3.43 (2H, m),

2.98-2.89 (1H, m), 2.68-2.57 (1H, m), 2.19-2.07 (1H, m),

1.92 (3H, 4, J = 7 Hz), 1.25-1.17 (2H, m), 1.09-0.96 (2H,

m) ;

MS (ESI) m/z: 479 [M+H]".

[0106]



“(1H,dd, J =13, 1Hz),7.64-7.57(1H n),7.04(2H d,J =9Hz), 5.54
(1H, dd, J=7, 6Hz), 5. 40-5. 38(1H, n), 4.69-4.60 42 n), 4.21-4.14 (1H, m),
2.63-2.57 45

(Example 12) 4-(5-{(1R)-1-[4-
(cyclopropylcarbonyl)phenoxy]propyl}-1,2,4-oxadiazol-3-yl) -
2-fluoro-N-[ (3S, 4R) -4-hydroxy-2-oxotetrahydrofuran-3-

yllbenzamide

[0107]
[Chemical Formula 28]
O
0 Q
o] N\
ﬁ -0
OH
[0108]

1-Hydroxybenzotriazcole monohydrate (44.6 mg, 0.291
mmol) and N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide
hydrochloride (55.8 mg, 0.291 mmol) were added to an N,N-
dimethylformamide (0.5 mL) solution of the 4-(5-{ (1R)-1-[4-
(cyclopropylcarbonyl)phenoxylpropyl}-1,2,4-oxadiazol-3~-yl)-
2~-fluorobenzoic acid synthesized in Reference Example 8
(99.6 mg, 0.243 mmol) at room temperature, and the mixture
was stirred at the same temperature for 30 minutes.
Subsequently, an N,N-dimethylformamide (1.0 mL) solution of
the crude (3S,4R)-3-amino-4-hydroxydihydrofuran-2-(3H)-one
synthesized in Reference Example 13 (85.4 mg) was added,
and the mixture was further stirred at the same temperature
for 30 minutes. Water was added to the reaction mixture,
and the mixture was subjected to extraction twice with
ethyl acetate. The organic layer thus obtained was washed

with a saturated aqueous soclution of sodium hydrogen



‘m, 1.22-1.18 (2H, m, 1.15 (3H, t, J =7 Hz), 1.03-0.97 (2H, nm); M (ES)
mz: 510 [ M+H] +. [0100] (Exanple 10) 4-(5-1(1R)-1-[4-

(cycl opropyl car bonyl ) phenoxy] et hy11- 462, 4- oxadi azol - 3-y1) -
2-fluoro-N-[(3R)-2-oxopyrrolidin-3-yl]benzam de [0101] [ Chem cal Formul a
26] [0102] 1- Hydr oxybenzotri azol e nonohydrate (137 ng, 0.896 mmol)
and N- (3-di net hyl am nopropyl)-N -ethyl carbodii m de hydrochl ori de (258 ng,
1.34 mmol) were added to an N, Ndi net hyl formanmi de (4 nL) sol ution of the

Co”poundceﬁtgcﬁﬁg dl @ifﬁgncﬁl% €ydd §3989MGyeD. §8ﬁ % room

tenperature m xt ure was st at the sane terrpera ure for 30
m nut es. s uhgequentd ¥e . (3R 30 18BHI0RM L A4 L rZspnex £ 1084m, 1. 07 nmol )

was added, and the m xture was further stirred at the sane tenperature for

30 m nutesiudd %ré’%u@éideéjncﬁotkﬁ@eréﬁaﬁti@ﬁ ﬁbgiaﬁe,wagdﬁhbe:m‘ezﬂt Bke was
subjected to extraction five times wth ethyl acetate e organic | ayer

t hus obtsineth wasl vashath d3radtogrsahur ahedaaqueonglsatutean ef sodi um
hydr ogen carbonate and a 10% aqueous sol ution of sodium chloride, and then
was dri el oMer—amiydioousy /soditemasivief atres  tThhel es ot argrburvdis (22 shithg ed of f
under reduced pressure, and the resulting residue was purified by silica
gel col Whh’roh%ﬁbgraphy (ethyl acetate:nmethanol = 100:0 -* 90:10, v/v) to
give the title corrpound (14.3 yield: 3%. 1H NWR (400 MHz, CDCl1l3) 6
ppm 8. 21 6143150@ Mfizz & OGp) ng PRMY. 97 (3H, nm), 7.87 (1H, dd, J = 12, 1

22232 471 283 OlH( ’Sranten%?? 3@2%?@-%,92%8 5%89m § %97%%&64‘12 §7(1H, m,
2. 17- g)olqvéwgsmg 24 792%@ i, = fol)oul 82 1T, (Hi e b G o

dd J =7, 6 Hz), 4.09-4.86 (2H, m), 4.54 (1H, dd, J = 11, 1

Hz), 4.49 (1H, 4, J = 11 Hz), 2.64-2.56 (2H, m), 2.36-2.20

(2H, m), 1.22-1.17 (2H, m), 1.15 (3H, t, J = 7 Hz), 1.02-

0.98 (2H, m);

MS (ES) m/z: 510 [M+H]'.

[0109]

(Example 13) 4-(5-{(1R)-1-[4-
{(cyclopropylcarbonyl)phenoxyl]ethyl}-1,2,4-oxadiazol-3-yl)-

2-fluoro-N-[ (3R, 4R) -4-hydroxytetrahydrofuran-3-yl]benzamide

[0110]
[Chemical Formula 29]
O
CH3
Mo

[0111]

1-Hydroxybenzotriazole monohydrate (132 mg, 0.864



‘[ 0103] (Exanple 11) 4-(5-[ (1R -1-[4-

(cycl opropyl car bonyl ) phenoxy] et hyl11l-1, 2, 4- oxadi azol - 3-y1) -
2-fluoro-N-[(3S)-2-oxopyrrolidin-3-yl4fbenzam de [0104] [ Chemical Fornula
27] [0105] 44 nmol) and N-(3-dinethylam nopropyl)-N -ethyl carbodiin de
hydrochl oride (258 ng, 1.34 mmol) were added to an N, Ndi net hyl f or mram de (4
m.) solution of the conpound obtained in Reference Exanple 11 (355 ng,
?.896 nmol ) ?t roomtenperature. The mixture was stirred at the sane

enper at ur ar mnui.es, 3H§$¥ (39 =3¢ Walad { gkn- 2-one
(108 ngFmT{ 7éﬁﬁ%ﬁﬂnggsjggég§gggﬁl t eé%k&%ﬁﬁz %%29?%€?§%§£g%%€$ed at the
same t epperalune, fQfe 3@24@ Y esy . Wtgfo wasyaddesisoqt be agagfion mxture,
and the Xture was subjected to extraction five times with ethyl acetate.

The or gaping d1Ayefo flisi bt @i ned) was veshedo M the acsaponat edbagueeds
sol ution of sodi um hydrogen carbonate and a 10% aqueous sol ution of sodium

chlori de,n apde dheicavas: Gig 1 0V e[ 3 ahhygy otisg sodivuol suatateomThe sol vent was
distilled off under reduced pressure, and the resulting residue was

purifi eddnpeidtiwee gelTheolimt ucter ot ogriaptad (adt Mytie agmtaat e: net hanol =

100: 090:10, v/v) to give the title conpound (257 yield: 60% . 1H NWR
(400 NHmemmﬁzﬁﬁuEEFﬁﬁﬁ3%3mﬂqq}ﬁst,Sgb&€8U$E§}Y8?8@3?456“63H,lﬂ, 7.87
(1H, dd, J =12, 1 Hz), 7.38-7.30 SlH, m, 7.06 (2H, .d, J =9 Ft%,

5. 90- 5. FBLiM ejahvdsfuras-3-0l (J. 0rg. Chem. 1997, 62, 4197.

(181 mg, 1.30 mmol) and triethylamine (181 pL, 1.30 mmol)
were added, and the mixture was-further stirred at the same
temperature for 30 minutes. Water and a saturated agueous
solution of sodium hydrogen carbonate were added to the
reaction mixture, and the mixture was subjected to
extraction three times with ethyl acetate. The organic
layer thus obtained was washed with a 10% aqueous solution
of sodium chloride, and then was dried over anhydrous
sodium sulfate. The solvent was distilled off under
reduced pressure, and the resulting residue was purified by
silica gel column chromatography (hexane:ethyl acetate =

50:50 — 0:100, v/v) to give the title compound (240 mg,

oo

yield: 58%).

IH-NMR (400 MHz, CDCls) & ppm:

8.20 (1H, t, J = 8 Hz), 8.02-7.96 (3H, m), 7.86 (1H, dd, J
= 12, 1 Hz), 7.47-7.42 (1H, m), 7.05 (2H, d, J = 9 Hz),

5.76 (l1H, g, J = 7 Hz), 4.70-4.63 (1H, m), 4.54-4.49 (1H,
m), 4.22 (1H, dd, J = 9, 8 Hz), 4.07 (1H, dd, J = 10, 4 Hz),
3.87 (1H, dd, J = 10, 2 Hz), 3.72 (1H, dd, J = 9, 7 Hz),

2.63-2.57 (1H, m), 2.29-2.23 (1H, m), 1.92 (3H, 4, J =7



‘m), 3.53-3.43 (2H, n), 2.98-2.89 (1H, n), 2.68-2.57 (1H, n), 2.19-2.07

48

Hz), 1.22-1.18 (2H, m), 1.03-0.98 (2H, m);
MS (FAB) m/z: 482 [M+H]".
[0112]

(Example 14) 4-(5-{(1R)-1-[4-

(cyclopropylcarbonyl)phencxylethyl}-1,2,4-oxadiazol-3-yl) -

2-fluoro-N-[(3S,4S)-4-hydroxytetrahydrofuran-3-yl]lbenzamide

[0113]
[Chemical Formula 30]
0
OH o CH, m
ST
L »

F

10114]

1-Hydroxybenzotriazole monohydrate (132 mg, 0.864
mmdl) and N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide
hydrochloride (249 mg, 1.30 mmol) were added to an N,N-
dimethylformamide (4 mL) solution of the compound obtained
in Reference Example 11 (343 mg, 0.864 mmol) at room
temperature. The mixture was stirred at the same
temperature for 30 minutes. Subsequently, (3S,4S)-4-
aminotetrahydrofuran—3—ol (J. Org. Chem. 1997, 62, 4187.)
(181 mg, 1.30 mmol) and triethylamine (181 pL, 1.30 mmol)
were added, and the mixture was further stirred at the same
temperature for 30 minutes. Water and a saturated aqueous
solution of sodium hydrogen carbonate were added to the
reaction mixture, and the mixture was subjected to

extraction three times with ethyl acetate. The organic



*1.92°(3H, d, J = 7 Hz), 1.25-1.17 (2H, m, 1.09-0.96 (2H, m; MS(ESI) nf z:
479 [ M+H +. [0106] 45 (Exanple 12) 4-(5-{(1R)-1-[4-

(cycl opropyl car bonyl ) phenoxy] propy1} 49, 2, 4- oxadi azol - 3-y1) -

2-fluoro-N-[(3S, 4R) - 4- hydr oxy- 2- oxot et r ahydr of uran- 3- yl ] benzam de [0107]

[ Chem cal Fornmula 28] OH [0108] 1- Hydr oxybenzotri azol e nonohydrate
(44.6 nmg, 0.291 nmmol) and N-(3-di net hyl am nopropyl)-N -ethyl carbodiim de
hydrochl ori de (55.8 ng, 0.291 mmol) were added to an N, Ndi net hyl f or mam de
(0.5 m). solution of the 4-(5-{(1R)-1-[4: o :

(cycl opr]c?@ﬁrpatr%ﬁkﬁtp%erh%(}y‘fﬁ o‘“{ﬁ% ¢4 990 okat? 2230950V T) SOLUFHA6r obenzoi ¢
aci d synthesi zed i %F&Efreencaenmf%’ﬂl %§s(8919ﬁ"8ve9- 243,8PBl,)} at room

t enper atUr & °Und" the M Xt ur e  was stirred at the. same tenperature for 30

m nutes. . Suhsequently, anl Ngiymihy)foram de dd. O flingot ution of the
crude (SS ) - 3-am no- 4- hydr oxydi hydr of ur an- 2- (3H) - one synt hesi zed in

Ref er ence. Fxadw! §r d3s ( 85; 42 78) tN@sr agdedi ngndethausi ¥hir pusasibur biyer
stirred at the sanme tenperature for 30 m nutes. Water was added to the

reacti ons M xArgs1 apsll e Bhxbuseoaspsubj Rekedet etylir acktenet wi ce with
ethyl acetate. The organic |ayer thus obtained was washed with a saturated
aqueous %! 31 i-on Gafl (gdiwfmhydy ggere 46 carbonatenpeidndr (e B&d t hen was
dried over anhydrous sodium sulfate. The solvent was distilled off under
reduced preksduresshand the resulting residue was purified by silica gel

col um chr omat ogr aphy (hexane: et hyl acetate = 70:3030:70, v/v) to give the

title compdlid (420 3Hpy, CDCls) & bpm:
8.21 (1H, t, J = 8 Hz), 8.02-7.96 (3H, m), 7.87 (lH, dd, J
= 12, 1 Hz), 7.47-7.42 (1H, m), 7.05 (2H, 4, J = 9 Hz),
5.76 (1H, g, J = 7 Hz), 4.70-4.63 (1H, m), 4.54-4.49 (1H,
m), 4.23 (1H, dd, J = 9, 8 Hz), 4.07 (1H, dd, J = 10, 4 Hz),
3.88 (1H, dd, J = 10, 2 Hz), 3.72 (1H, dd, J = 9, 7 Hz),
2.63-2.57 (1H, m), 2.15 (1H, 4, J = 5 Hz), 1.%92 (3H, d, J =
7 Hz), 1.22-1.18 (2H, m), 1.03-0.98 (2H, m);
MS (FAB) m/z: 482 [M+H]". |
[0115]
(Formulation Example)
5 g of each of the compounds obtained in the Examples,
90 g of lactose, 34 g of corn starch, 20 g of crystalline
cellulose, and 1 g of magnesium stearate are mixed with a
blender, and then the mixture is tableted with a tableting
machine. Thereby, tablets are obtained.
[0116]
(Test Example 1) Mouse oGTT (oral glucose tolerance
test)

A dosing preparation {(lmg/mL of each compound) was



-yield: 18%. 1H NVR (500 MHz, CDC13) 8 ppm 8.20 (1H, t, J = 8 Hz),
8.02-7.97 (3H, m), 7.89 (1H, d, J = 12 Hz), 7.35-7.28 (1H, m), 7.04 (2H d,
J =9 He), 5.53(1H dd J = 7, 6Hz)50409486(2H m, 4.54 (1H, dd, J =
11, | Hz), 2.64-2 56(2Hrr) 2.36-2.20 m), 1.15 (3H, t, J = 7 Hz), 1.02-
M (ES) mz: 510 [ M#H +. [0109] (Exanpl e 13) 4-(5-{(1R)-1-[4

(cycl opropyl car bonyl ) phenoxy] et hyl11l-1, 2, 4- oxadi azol - 3-y1) -
2-fluoro-N[ (3R, 4R) - 4- hydr oxyt et r ahydr of ur an- 3-yl ] benzam de [ 0110]
[ Chem cal

mul a 29 OH 47 I d -
N- (3- di rﬁe‘i%&gw ﬂ% %WH?“W“%%I%aSBBdWW @eﬁpauloeﬁlléﬂil@ée]g 242 ng, 1. 30OI
| ded N, Ndi net hyl f de (4 nl) sol ut t oun
obt al nﬁﬁsrﬁnuaﬁeq%r%rﬁ%%anﬁﬂr‘? X5 355 70, 2628847 FBR, - a7 Dom ¢ emper at ure.
h for._30
Subsequent 14 TR 4 BT a Nt 36 Tahy BRBPGr arr 5201 Uea 2 ar 0 CohelfeTEo07, 62,
a197.) Gitihod- 20 fmD))g ARl L1 6t hybam 08q(18dn] 8heql 30 omml ) guer e

added, m xture was further stirréd at € same terrperature for 30

m nut es. wé’&&@ro@@g@ satiy afied: 3ALROUS: S0l itk on,ofn sodi g hydr ogeno
carbonate were added to the reaction mxture, and the m xture was subj ected

to extraunid ainy sefotd NEise W édi- edidy| anetahe. tdbe Qrganierkayer rithus

obt ai ned was washed with a 10% aqueous sol uti on of sodium chloride, and

t hen wasl @rticedl Dviesuanhyfir bust sogli urdiswd frat e Wdee sodyenfonasadhstil | ed of f
under reduced pressure, and the resulting residue was purified by silica
gel col urPuthy oAdttegr aphyl qaxendlatdy | frawetdie =250:60iny 9:100, v/v) to
give the title conpound (240 ng, yield: 58% . 1H NWR (400 MHz, CDC13) 8
ppm 8. ZNgEgsion ok @hwqomlsode% egwnm%tere%owmlydat & =12 1
Hz), 7.47-7.42 (1H m), 7.05 HdJ— Hz), 5.76 (1H, q, J = 7 Hz),

4. 70-4. 6@3%52]_@[&? Ch% in 15%/]&949 T}hﬁ* 5 w/v% methyl cellulose solution

was administered to a negative control group. Blood was
collected from the tail vein 25 minutes after
administratidn of the compound, and then 30 w/v% glucose
solution was administered orally at a volume of 10 mL/kg 30
minutes after the compound administration. Blood was
collected from the tail wvein 15, 30, 60 and 120 minutes
after the glucose administration. Each of the blood
samples was centrifuged to obtain the plasma, and the
plasma glucose level (mg/dL) was measured with a glucose
analyzer (Glucoloader-GXT, A&T Corp.). The plasma glucose
AUC (mg/dL-min) in each mouse was calculated using tﬁe
plasma glucose levels at 5 minutes before and 15, 30, 60
and 120 minutes after the glucose administration. The
arithmetic mean of the AUC was calculated for each group
and the percentage decrease in plasma glucose AUC (%)
compared with the negative control group was calculated as

an index of the efficacy.



‘m, 4.22 (1H, dd, J =9, 8 Hz), 4.07 (1H dd, J = 10, 4 Hz), 3.87 (1H, dd,
J =10, 2 Hz), 3.72 (1H, dd, J =9, 7 Hz), 2.63-2.57 (1H, nm), 2.29-2.23
(1H ), 1.92 (3H, d, J =7 48 Hz), 1.22-1.18 (2H, n), 1.03-0.98 (2H, m;

M5 (FAB) mz: 482 [M1-1]'. [0112] 51 (Exanple 14) 4-(5-[ (1R -1-[4-

(cycl opr opyl car bonyl ) phenoxy] et hy1}-1, 2, 4- oxadi azol - 3-y1) -

2-fluoro-N-[(3S, 4S)-4- hydroxyt et rahydr of uran- 3-yl ] benzam de [0113]

[ Chem cal Fornula 30] .[0114] 1- Hydr oxybenzotri azol e monohydrate
(132 ngy, 0.864 mmol) and. N-(3-di methyl am nopropyl)-N -ethyl carbodiimn de
hydrochl ¢piide] (249 ng, 1.30 mmol) were added to an N, Ndi net hyl f or mram de (4
m.) solution of the conpound obtained in Reference Exanple 11 (343 ny,
0.864 mmmol ) atAsoanr¢enper atbeecolheundst nfeEwasipdtisr Bed 8at 1t0he asaire
tenperature for 30 m nutes. Subsequently, (3S, 4S)-4-

am not et + ah§dpwfdr ans8- ok 1dreQrg. lEsesmthd9972 5% e eIt e Bk mapsel. 30 |
mol ) and triethylamne (181 tL, 1.30 nmmmol) were added, and the m xture was
further $%iPtedmat ItHeosantUferdper angr éhporospornsist oF Srxarerlemd a

saturated agueous sgl ution_of sodi um hydrogen carbonate were added to the
reactionghigtﬁPe?’a d ﬁhe %?xtﬁPg ﬁésS§8me fed 20 & f1F& i on t hree tiﬂes
wth et . .IThe_organic_,49 |layer thus tai ned was washed with a
10@6aqu2%%§8§§#%%?0%g8 °8% iﬁﬂ]E%FSPﬁdéﬁuﬁﬁgetﬁgﬁ'was dri ed over anhydrous
sodi um sph{age. The solvent was distilled off under reduced pressure, and
t he resurtlng residue was purified by silica gel polunn chromat ogr aphy
(hexane: ethyl agetatexampDeS9) -ta0: 4897 Mﬁﬁ)mégsgkgﬁeero%'bh%s%%npound
(275 ny, yield: 66%. 1H NWR (400 MHz, CDCl3) 8 ppm

compound concentration

o

Each compound is suspended in vehicle (0.5 w/v$
methyl cellulose or 20 w/v% cyclodextrin solution) at a
concentration of 1 to 10 mg/mL. When assessing the dose
dependency, the prepared suspension is diluted with the
above-described vehicle in a stepwise fashion. Male Zucker
fatty rats (Charles River Laboratories Japan, Inc.) or
Zucker diabetic fatty (ZDF) rats (Charles River
Laboratories Japan, Inc.) are used at lO to 18 weeks of age.
Two days before the oGTT, plasma glucose and insulin
concentrations and body weight are measured, and rats are
equally allocated to each group (n = 5 to 8) based on these
parameters. The rats are fasted from around 15:00 one day
before the oGTT day. On the oGTT day, the suspension
prepared by the method described above is administered
orally to the rats at a volume of 1 to 5 mL/kg, and 30
minutes after the dosing, 25 to 50 w/v% glucose solution is
administered orally at a volume of 4 mL/kg. Blood is

collected from the tail vein before the administration of



‘8.21-(1H, t, J = 8 Hz), 8.02-7.96 (3H, m, 7.87 (1H dd, J = 12, 1 Hz),
7.47-7.42 (1H, n), 7.05 (2H, d, J = 9 Hz), 5.76 (1H, q, J = 7 Hz),
4.70-4.63 (1H, m, 4.54-4.49 (1H, m), 4.23 (1H, dd, J = 9, 8 Hz), 4.07 (1H,
dd, J = 10, 4 Hz), 3.88 (1H, dd, J =3b, 2 Hz), 3.72 (1H dd, J = 9, 7 Hz),
2.63-2.57 (IH m, 2.15 (1H, d, J =5 Hz), 1.92 (3H, d, J = 7 Hz),
1.22-1.18 (2H, n), 1.03-0.98 (2H, n); Ms (FAB) nmiz: 482 [M+H . [0115]

(Formul ati on Exanpl e) 5 g of each of the conpounds obtained in the
Exanpl es, 90 g of lactose, 34 g of corn starch, 20 g of crystalline

cel | ul oseheandnppognaf Faghesiem dedarat ehar admixed twiatth oa kRifender, and t hen
the mxture is tableted with a tableting nachine. Thereby, tablets are

obt ai nedglodd6] &TesBOEx&fpl@20) Kbdsé8O0GRInfural adlteaoséet ol erance test)
50 produced by suspending in a 0.5 w v% nethyl cellulose solution and then
gri ndi ng2fRiarshyateonopptaplupabe . CSTBLBIt ot ved (ChartiesaRpyes kaboratori es
Japan, Inc.% were purchased at 6 to 8_weeks of a%e, and then used at 9 to
13 weeksCoFtage IRt i EBPRERE ST 5EEeBlBENReANE7THE RAQ STE: 06 UswEday

bef ore tfe tgst dag and the %est S starteg after 16 tqQ 17 hours of
fasting. TBEVVe hP B ORPESHsEEPoP dAERO§PoBPRLIAFESr (EIIMCEdrrAGTHIGEdd from

the tail i us Si of_the co was admnistered orally at a
~ dosage O%¥§080r kgf ?ﬁgadgga%ﬁ%Q%%%ﬁ%® de IhTo%%CQOFﬁfibﬁ was adm ni stered
to a negati rol:gro e fr the tail vein 25
m nat o8 ot e Aannst TatFoa BHOrhe TouSanRd 4"t Han 30 W beY Gdose

sol uti on:Masqadeb 8k stenedi oraktyoat arﬁ/@'éhf@t%e@c%égﬁ 3P mpukgs after
t he conpound adm ni stration. Blood was collected fromthe tarl vern 15, 30,

60 and 126 shnetestadten thenghusopeandmtnbsheatibanaqEagh ot skhe ;bl ood
sanpl es was centrifuged to obtain the plasma, and the plasma gl ucose | evel

(ng/ dL) was Ae@sutpdcamphradgkiichsehanaklizel efeliolsadeedGFoup&TsCorp. ).
The plasnma glucose AUC (ng/dL.mn) in each nouse was cal cul ated using the

pl asma gtatoskateders an Snderubéstbef ef€iandyl5, 30, 60 and 120 minutes
after the %Iucose adm nistration. The arithnetic nmean of the AUC was

cal cul at E41¥9} each group and the percentage decrease in plasma gl ucose AUC

(99 conpared with the negative control group was calcul ated as an i ndex of
the efficacy. qungﬁqsma samples obtained by the method described

above are used for measurement of the plasma concentration
of the test compound. In order to quantify the plasma
concentration of the test compound, blood is additionally
collected 4 to 8 hours and 24 hours after the
administration of the compound. The plasma is subjected to
protein removal, and applied to a liquid
chromatography/mass analyzer to quantify the plasma
concentration of the test compound.
[(0120]

(Test Example 3) Assessment for the protective effect
on pancreatic B cells

The protective effect of the test compound on
pancreatic B cells can be confirmed with reference to the

method described in Junko Ogawa, et al., Life Sciences, Vol.



‘As a*result, the conmpounds of Exanples 3, 8, 10, and 13 showed a 5% or nore
to | ess than 15% percent age decrease in plasnma glucose AUC (% and the
conpounds of Exanples 1, 2, 4 to 7, 9, 11, 12, and 14 showed a 15%or nore
percent age decrease in plasnma gl ucos@3AUC. [0118] (Test Exanple 2)
Rat oGIT and neasurenent of plasnma conpound concentration Each
conpound i s suspended in vehicle (0.5 wv% nethyl cellulose or 20 W v%
cyclodextrin solution) at a concentration of 1 to 10 ng/nL. Wen assessing
t he dose dependency, the prepared suspension is diluted with the

above- destcr ithed vehish e 1M a-s2epwW 589$ashi on. Mal e Zucker fatty rats
(Charles River Laboratories Japan, Inc.) or Zucker diabetic fatty (ZDF)
rats (Charles River Laboratories Japan, Inc.) are used at 10 to 18 weeks of
age. Two days before the oGIT, plasnma glucose and insulin concentrations
and bodyInvgigfhtiak Apehbealed,itind rats are equally allocated to each group
(n =5 to 8) based on these paraneters. The rats are fasted from around

15: 00 oné ] before the oGIT day. On the oGIT day, the suspension prepared
by the nethod described above is admnistered orally to the rats at a

vol ume of 1 td™ ARPULRGRI 0 THh RSt ek THeC HOBi 7, 25 to 50 W v%

gl ucose solution. s inistere rally, at vol une_of 4 kg. .Blood is
col | ect 0" FrE T he T yvae(i:%e%te%)f% %j\e/t%diﬁngﬁlrg??aﬁ%nc%?%éﬁ Phe conpound,
5 m nut 1 i t] glu nd 30, 69, ."1 nd 180
m nut ese%%?%ﬁfé@r@%%ﬁiﬁ%ﬁ%&gé%c%ségggﬁgggbt g?’REde%SégES%m es are
centrif:?gC : Separ : Iﬁﬁg@r l.as S IS

measur ed W tékltOla gl uc%is%%@nﬁ?{/)zer (&%%%?%gﬁe(??%xﬂr,g %E#&&?E-L;é%é?%he pl asma
gl ucose Aggilfbcﬁaﬁhlé@éelﬁopé&&r%@} edhi alsé Ngst BesptagpBqokusegsekevel s
before and after the glucose adm nistration. The arithnetic nean of the AUC
is cal cuiadiest id @aehl OEotporndaidie: iper Tené pgendegreasreirarbhe AUC (%)
conpared with the vehicl e-adm nistered group is calculated as an i ndex of
the ef fiwseful [0d18] active hgrgdasna sAnpl psaobbacnedchby t he net hod
descri bed above are used for nmeasurenent of the plasma concentration of the
test compuwrBlitirrorder peotrentnd \B téel bt asnaticoncentratson of the test
conmpound, blood is additionally collected 4 to 8 hours and 24 hours after
the adm nistration of the conpound. The plasma is subjected to protein
removal , and applied to a liquid chromat ography/ mass anal yzer to quantify
the plasnma concentration of the test conpound. [0120] (Test Exanpl e
3) Assessnent for the protective effect on pancreatic p cells The
protective effect of the test conpound on pancreatic p cells can be
confirmed with reference to the nethod described in Junko Ogawa, et al.,

Li fe Sci ences, Vol. :



‘53 65, No. 12, pp. 1287-1296 (1999). Industrial Applicability [0121]

The conpounds of the present invention or pharmaceutically acceptable salts
t hereof are capable of treating and/or preventing type 1 diabetes, type 2
di abet es, gestational diabetes, hypergftycem a due to other factors,

i npai red gl ucose tol erance, diabetes-associated di seases, diabetic
conplications and the like, and are therefore useful as an active

i ngredi ent of a pharnaceutical conposition for protecting 13 cells or the
pancreas. 54 CLAIMS 1. A conpound represented by general fornula (1):

[ Chem cal Fornula 1] * representgrarknding site with a nitrogen atom
and

1. A compound represented by general formula (I):

[Chemical Formula 1]

SaSve oal
N—O
wherein

R' represents

[Chemical Formula 2

R

* represents a binding site with a nitrogen atom, and
R? represents a methyl group or an ethyl group;

or a pharmaceutically acceptable salt thereof.

2. A compound selected from the group consisting of the

following compounds:

- (5-{(1R)-1-[4- (cyclopropylcarbonyl)phenoxy]propyl}-
1,2,4-oxadiazol-3-yl)-2-fluoro-N-[(3S, 4R) -4~
hydroxytetrahydrofuran-3-yl]benzamide;

4= (5-{ (1IR)-1-[4- (cyclopropylcarbonyl)phenoxylpropyl}-
1,2,4-oxadiazol-3-yl)-2-fluoro-N-[ (3R, 4S) -4~



'R2 represents a nethyl group or an ethyl group; or a pharmaceutically
acceptabl e salt thereof. 2. A conpound selected fromthe group consisting of
the fol |l owi ng conmpounds:

4-(5-{(1R) - 1-[ 4- (cycl opropyl car bonyl ) phenoxy] propy11-

1, 2, 4- oxadi azol - 3-y1)-2-fluoro-N-[ (35, 4R) - 4-

hydr oxyt et r ahydr of ur an- 3-yl ] benzam de;

4- (5-{(1R)-1-[4- (cycl opropyl car bonyl ) phenoxy] propyl | 1, 2, 4- oxadi azol - 3-y1)-2
-fluoro-N-[ (3R 4S)-4- 55 hydroxytetrahydrofuran-3-yl]benzam de;

4- (5-{ (IRydtok4teeyahopropyraarBogyl eheraxyiset hyl | 1, 2, 4- oxadi azol - 3-y1) - 2-
fluoro-N-[ (3R, 4S)-4- hydroxytetrahydrofuran-3-yl]benzam de;

4-(5-{(1R) - 1-[ 4~ (Byckopr opyl ¢anbonybppbegaxylebhyll) bhad-axadirgzgl- 3-y1) - 2-
fluoro- N[ 238 4R) - 4- hydr oxyt et r ahydr of ur an- 3-yl | benzam de;

4- (5-{(1R) 14Mxedy@IZgﬁ)répyﬂdaﬂb(fdyJJO)rpheIﬁdﬂ)B]Rprmym—l 2, 4- oxadi azol -3-y1)-2
-fluoro-N-[(3R)-2- oxot etrahydrofuran 3-yl ] benzam de;

4- (5- {(1\?)@{9FKLFE?EPM%@WF@QFBGN}I }vﬁm@wﬂepropw | 1, 2, 4- oxadi azol - 3-y1) - 2
-fluoro-N-[(3S)- t et r ahydr of uran- 3-yl ] benzam de;

4- (5-{(1R) - 1-[ 3~ Ey& g%}obyl aﬁﬁéﬂﬁ}P?ﬁﬁ@Méﬁ?FBPBWl ) Phepoxydgadivadol - 3-y1) - 2
-f S 3-yl d

4 (5 (1R 217 Xegﬁ%%ﬁ; STt BT propy d
1,2,4 e 2-0 /rrolidin-3- yl]benzam de;

4- (5 @?a%?&it%&&?’gar op§?£§r?£{§ﬁ% r%néy pr opyll)I ]

1,2,

Oxad'azoh 35¥ﬂ)1@7ii“?QQTg@&ﬁé§}ogy9589$559h gh%n%xyXEL%%gaﬁn]de
1,2,4-oxadiazol-3-yl)-2-fluoro-N-[ (3R)-2-
oxotetrahydrofuran-3-yl]benzamide;

4-(5-{ (IR)-1-[4- (cyclopropylcarbonyl)phenoxy]propyl}-
1,2,4-oxadiazol-3-yl)-2-fluoro-N-[ (38)-2-
oxotetrahydrofuran-3-yl]benzamide;

4=(5-{(1R)-1-[4-(cyclopropylcarbonyl)phenoxy]propyl}-
1,2,4-oxadiazol-3-yl)-2-fluoro-N-[ (38)-5-
oxotetrahydrofuran-3-yl]lbenzamide;

4=(5-{(1R)-1-[4-(cyclopropylcarbonyl)phenoxy]propyl}-
1,2,4-oxadiazol-3-yl)-2-fluoro-N-[ (3R)-2-oxopyrrolidin-3-
yllbenzamide; |

4—(5—{(1R)—l—[4—(cyclopropylcarbonyl)phenoxy]propyl}—
1,2,4-oxadiazol-3-yl)-2~fluoro-N-[ (3S)-2-oxopyrrolidin-3-
yl]lbenzamide;

4—(5—{(1R)—l—[4—(cyclopropylcarbonyl)phenoxy]propyl}—
1,2,4—oxadiazol—3—yl)—2—fluoro;N—[(3S,4S)—4—hydroxy—2—
oxotetrahydrofuran-3-yl]lbenzamide;

= (5-{(1R)-1-[4-(cyclopropylcarbonyl)phenoxylethyl}-

1,2,4-oxadiazol-3~yl)-2~-fluoro-N-[ (3R)-2-oxopyrrolidin-3-



"4- (5-{(1R) - 1-[4- (cycl opropyl car bonyl ) phenoxy] propy11-

1, 2, 4- oxadi azol - 3-y1)-2-fluoro-N-[(3S, 4S) - 4- hydr oxy- 2-

oxot et rahydr of uran- 3-yl ] benzanm de;

4- (5-{(1R) - 1- [ 4- (cycl opropyl car bonyl ) phenoxy] et hy11- _

1, 2, 4- oxadi azol - 3-y1)-2-fl uoro- N P3R) - 2- oxopyrrolidin-3- 56 yl]benzam de;
4- (5 {(1R)-1-[4-(cycl opropyl carbonyl) phenoxy] ethyl |1, 2, 4- oxadi azol - 3-y1) - 2-
fluoro-N-[(3S)-2-oxopyrrolidin-3- yl]benzam de;

4- (5-{(1R)-1-[4- (cycl opropyl car bonyl ) phenoxy] pr opy11-

1, 2, 4- oxadi Bzokadigé) - 2-f |l uoro- N-[ (3S, 4R) - 4- hydr oxy- 2-
o]
4-
flu

xot et r ahydr of ur an- 3-yl ] benzam de; .

(5-{(1R) - 1- [4=(CycCl ORI opylléarbgnybppbegdxylréichyll) bh2andsgradirazol - 3-y1) - 2-
| uoro- N-[ (3R, 4R) - 4- hydr oxyt et r ahydr of ur an- 3-yl ] benzam de; and

4-(5-{ (1R 14['54X€@§vél2© répylléaﬂbéﬁylb)rphélndﬂﬁ]sét-lﬂﬂdmm/r&cdmm 3-yl)-2-
fluoro- N-H3S 4S) - 4- hydr oxyt etrahydrof uran-3-yl ] benzam de; or a o
phar macet E%PF?méééept abl e salt thereof. 3. A pharmaceutical conposition

t
5-
(0]

, a |en a conpound accordl ng to claim1l1 or 2,
or & :ofllap acoud T LT i%&cip?ém EY§ PPrPHéfr'LESFbonzrl RhﬁW&Pﬁg’dé’éﬁHYddl‘ ,
t C 04 3..faor tre t| etes, type
glogggtsleshogf@oﬁ%gw.gdg. - kr?ezlr FaeeaP Ral (,3 %(thﬁ' gording to claim

3, for psg&@g&&ggyarg@kkgnog gﬁ?beﬁgg&§%% e ot compound accor di ng
(0} a

toclaim1 or armacedfically accéptable salt thereof, for
preparing a = (5-{(1R)-1-[4-(cyclopropylcarbonyl)phenoxylethyl}-

1,2,4-oxadiazol-3-yl)-2-fluoro-N-[ (3R, 4R)-4-
hydroxytetrahydrofuran-3-yl]benzamide; and

= (5-{(1R) -1-[4-(cyclopropylcarbonyl)phenoxylethyl}-
1,2,4-oxadiazol-3-yl)-2-fluoro-N-[(3S,4S)-4-
hydroxytetrahydrofuran-3-yl]benzamide;

or a pharmaceutically acceptable salt thereof.

3. A pharmaceutical composition comprising, as an active
ingredient, a compound according to claim 1 or 2, or a

pharmaceutically acceptable salt thereof.

4, A pharmaceutical composition according to claim 3,

for treating type 1 diabetes, type 2 diabetes, or obesity.

5. A pharmaceutical composition according to claim 3,

for protecting P cells or the pancreas.

6. Use of a compound according to claim 1 or 2 or a

pharmaceutically acceptable salt thereof, for preparing a



pharmaceutical conposition. 7. A nethod for treating a disease, the nethod
conprising admnistering to a manmal a conpound according to claim1l or 2
or a pharmaceutically acceptable salt_thereof. 8. A method according to
claim7, wherein the mammal is a hume® being.

pharmaceutical composition.

7. A method for treating a disease, the method
comprising administering to a mammal a compound according

to claim 1 or 2 or a pharmaceutically acceptable salt

thereof.

8. A method according to claim 7, wherein the mammal is

a human being.



