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-1- 2-PYRIDINECARBOXAMIDE DERIVATIVE HAVING GK-ACTIVATING
EFFECT BACKGROUND OF THE INYENTION Field of the Invention: 5
The present invention relates to a glueokinase activator comprising a 2-
pyridinecarboxamide derivative as the active ingredient thereof. Further, it
relates to a novel 2- pyridinecarboxamide derivative. Background Art:

2 BYRUBMEEARKDATRAIIDENeRBSY STINOSplrovBNSIeKzeCHC/ATING BFFECT
one 10 (hexokinase 1V) of four mammal hexokinases. Hexokinase is a

first-stage enzyme in glycolysis and catalyzes a reaction from glucose to
glucose hexaphospl%ig}él'ﬂq}éé3 &ﬁél@gyl&%@g limited

Field eS$eritiatytindiver and pancreas beta cells, and it controls the rate-limiting

step of ghieQs @se'i%%ﬁl%%%‘ﬂ‘r@ﬂ%@%@ &% Hﬁﬁﬁpé’a%ﬁ%ﬂﬂ @6}1{ @R

role in syst sacc;haro etabolism uco nasel ver an #ﬁatl
PV RO KB GENS el HS LG TR BT (et o o @ novel 2-
Pﬂldiﬂwhﬂnmdmdgequeme owing to the difference in splicing therebetween,
BackehMidheyare the same in point of the enzymatic property. The enzymatic

activity the other 0 ses (111111 e Iuco

Cturarod SR R (T e o B R T1) s one
(hexobgnﬁ@@lmagéfwgm@w ideseiinases idirsakierseingdiotbgiess Blesme in glycolysis
and cagiuenrse leyeiod herafoad acetidanrce:wiphsiphbteothgldeapecisual, glucokinase is

hmltcﬁgg%%%]ﬂggfshehgglg %%grg%gﬂ? ceeﬁg) L?l\éel @Msﬁx%&{gq{ﬁ%?g step of glucose

to 15 mM intercellular glucose
metabﬁ%efaaangﬁﬁfisc%{&@e&@éa PG AR dRIRAAN S IEd T ENSERIS Sageaometabolism,

Glucohipethedisthabhd kheokimasermapaetcal sdifffic dsensensdostierpanpoieasft the N-

termirB 5 CRlShAEIRE AR DEG MR RPERSAAIRL ARG B MRS Ry EdBbut they are
"Cam uter%trgchgggg identifies gluc E?nase as Iucose sen oro

the SamsARRNtE RHBIRESH ol AfF2 6 béﬁy ‘% {?eféb‘iﬁ‘i
hexokirg84ds Jplb 7536 pAgesokindseteratyiicd kinagh: gesecmagipalitedhicaost 1

mM, mﬁx@@eﬁ@}e@ﬁh@sgkeagkaa)@%s@iﬁaﬂmﬁy%w ﬂ'mfﬁﬁ%%i@ﬁdﬂblood glicose
ucose nomeo IC wnic ucokinase gene
evel, L LS AW A o ok B ALl G bk g iood lucose

level @’rﬁﬁébeh?él W@R@ﬁﬁéh@ﬁeﬁlﬂﬁ%ﬁt eaﬁré&faﬁr@%?éﬁﬂre ﬁ%leﬁq%%{@tsré@améﬁr glucose
metdbgtue@Ktrg@eelmamam\‘aﬁglﬂwiﬁm@ese homeostasis", Cell, Vol. 83, 1995, pp.

30 69- 7%?m%9ttgrp)}g§s %%%t&%ﬁ%&ﬁ%@ﬁg%g}ga%’b? Y '% lucose sensor in

glueokinase was excessive xXpresse

cose
panw?é%é?w@&éﬂﬁﬂp éveFéﬁseb?%Plapwé%ﬁf&‘:ﬁesm iSlekst t%? Sirs ypmputer
modelghgedkindss"gRroéeedngssbidbe Matsonal pAzadesny bétSciehled ofetivan Journal

Phym&-'fo }AVMOQ%:P 2961 8y, @7%% W'%Sﬁtﬂ?d@%@@rﬁeﬁiﬁcgl%lﬁQ%gene—

ncentrati erein, the re ancre ta cells and that of liver
masi g NS RS REBGLOTR AR T8 5 b Bae VR Hh Gt P Sscmic
ghucostifferirg frany.eXbheothehiFater ghs tlorpselsncone dssatedtdiproen after their birth
(for eXREHIR, aRCivektakesup sygakierstorgdtias:elyeogen thereinei@rement for
pancrgzi@cuge gec%ﬂséyu[: %Jr?aes% 1811u1%a1nta1nmg glucose homeostasis", Cell, Vol. 83, 1995, pp.
69-78), but on the other hand, normal or diabetic mice in which glucokinase was excessively
expressed have a lowered blood glucose level (for example, Ferre T. et al., "Correction of
diabetic alterations by glucokinase", Proceedings of the National Academy of Sciences of the
U.S.A., Vol. 93, 1996, pp. 7225-7230). With the increase in glucose concentration therein, the
reaction of pancreas beta cells and that of liver cells are both toward the reduction in a blood
glucose level, though differing from each other. Pancreas beta cells come to secrete more
insulin, and liver takes up sugar to store it as glycogen therein and simultaneously reduces sugar
release.
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release. -2- To that effect, the change in the enzymatic activity of
glucokinase plays an important role in. mammal glucose homeostasis via
liver and pancreas beta cells. In a Juv%nlle diabetic case that is referred to
as MODY2 (maturity-onset diabetes of the young), mutation of a
glucokinase gene has been found, and the glucokinase activity reduction
causes ﬂbecibi@@ﬂe@tuq%@hérﬂ@/ﬁi inereasmier sxamplef g@@dw‘mmegﬂuysein

onsense m tation in the coklna £ causes y- S . .
o T A PR RS e ERER SN ehn a o

diabetigggse thy, | 1?2&1 ton HOBe I(lﬁaﬂwet& PR PRI RN Gputation of a
glucokinareasingialielifasedativitic hasbeaastonrt;iangdhosenafibedamilood glucose

level Jf&%@@%aml ¢ g?ltﬁféd QUcoselgvel étyeﬁ‘ p‘%&s@%’e 8%@%8!.? 11?&1% El'&%%ﬁse gene

erinsulinism caused y an actlvatln g ucok mase

causes eR{KRIeL N%K%v@%!%r@&%&ﬁ%fim%ﬁ&ﬁﬁéeivﬁis 3 MEIacHI5 0&3’0’36 1992,
pp- 72 Rt thesehgltbokirask aptdigsa lglucesasensorcdmopiasis plimypontematactivity
has beéﬁlﬁ){ﬂuﬂlélﬁf’ﬁ%gpé@%@ﬁﬁ 3R %{W&W%ﬁ&@ H‘&b@&@%@@ﬁnB 88 (for

Iucos&}leve contr ‘E'tfl:L ﬂ%’? okinase se% rs%/stem m #)]/P i
exampf, St i R S S g okinase
mutatisub%ém@p@éo@m&@ﬁmmy@hﬁ3|8$l1|9ﬁgseme?tﬂﬁﬁ%ﬁr®motlng effect

in pancmh%&@tagmuﬁla@@ Bag%@asglgaést@k@xm @ﬁ@@%@ttﬂgﬂﬁénmt role in
lucosS 4L Jelease, inhibi ”%Bac“" ) ver aﬁan& %%ult 2y g usetulas | lizin
g aremedgyafgor ?ype?l diabetes pa en s ecerfty, as becoms cla mfr M &
a glucehiiasa AeReRisSHE A CBIN IS g tdkina8any fm@&gﬁ%@@sﬁéﬁ@wﬁoeﬁlgmﬁomaw
activatidbrainanespegialycipyvasirantadieihimpathakaotosqy péhotheretiobopincreas

beta o} dé%&‘ﬁh%%ﬁ 'ﬁ'gaa[&:éf‘efx%ﬁﬁ éﬁd"’kﬁzg&’?@t%ﬁs%em%ﬂ’{f ARV r‘é’}wer and

heretofo eit ha een considered they may play an important role

themf‘?ﬁeﬂbﬁ’s%}fé‘?dﬁls@ﬂﬁﬁﬁl repdh [g1hgysl LaeiiReiiTs-to a rat brain, then
it reduc&strethmiobas béingestienfibdithvuhpmanglaenbetameiatyptistiméskinase is

limitedBfR5dRestarouah intacR IR, %@@Fﬁﬂ%&?&%’&%@ﬁ%ﬁtﬁhﬁ@iﬂﬁ%ﬁ)

thereol BTG & AORA oL hCoUSC B oL REDGrE A v 0

heretofaradtbrddser W@ﬁlé@pﬁt%}@&'ogmamlgm@s@mﬁ@én‘ﬂ@tmrbgé}fcwméé@tml When
ghucoséQsaititicydian glieasaingtabelistsds tin@ii@ﬂ@@hbmhg@a@mm@t HBeelucose

metab&% 1tﬁ‘se“tthﬁe)ﬁ3%§“v?£ %E%Qd d A0S GRS RON- S NYIINE analogue,
q} se me atecflmecllﬂlanlsm IS %’IUCI ateaﬁ kegﬁ

then “iﬁ%ﬁfﬁ ééﬁ?éﬁ]é’fiﬂﬁ pﬁfﬁa?@aseiﬁ‘é%%bn%10@&%%@5}11%@%%%'«}#@@@ that glucose-
resporpoasitulityth ateastibsiahtesfenglucokinalse pbtiviationda YMddda addiiomtion

changgo(igl\{g liat %@aﬂﬁ{%ﬂﬁﬁ 1RGEY S IRY PERTIE Gy 0k 9@%’11(9«55%9% or the like, then

glucose le correctlon ut also for 30 solution of obesity that is

their oA AR Fha R e S BAAB O E BBy Ha lucose-

mediattebodption sa coapoipateh dvin tha ighitokinastactivatng effdéetdscliseficcordingly,

there ANy BEEHIRS M QR e ERINES ) JRRBISR QY J&N@f@ﬁq{?ﬁ’ *Qrddition to liver
even es f chronlc c cam licati ns of diabetes uch tlno al%

and p%g %) % ritﬁut also for

%ﬁ] e Ve 110 HCOS 6V€
IS Ischemic car rIOSC er03|s an

SOIUtl@@rqfe@héﬁfé@l‘aiﬁé?mf?i?@?’éﬁtﬁlésﬂﬁ@ﬁbﬁﬂ@ity dlabetes patients.

From the above description, a compound having a glucokinase-activating effect is
useful for remedies and/or preventives for diabetes, or for remedies and/or preventives for
chronic complications of diabetes such as retinopathy, nephropathy, neurosis, ischemic
cardiopathy, arteriosclerosis, and further for remedies and/or preventives for obesity.

For compounds similar to 2-pyridinecarboxamide derivatives of the invention in

point of their structure, for example, a compound of the following formula (A) is disclosed (see
W02004/081001):
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35 For compounds similar to 2-pyridinecarboxamide derivatives of the
invention in point of their structure, for example, a compound of the
following formula (A) is disclosed (se'e3 'W02004/081001): [err] (A) The
compound of formula (A) is similar to the compounds of the present
invention in that they have a methyl group at the 4-position of the triazole

He group ang h@vqa methyl group at the 3-position of the thiadiazole group

r‘\zj)la reN rE,tfhg] opounds of the present 5 invention do not have a

<\N,{Q hydroxyalkyl group on the phenyl group therein. Except the compound of
formilla A), Patent Reference 1 discloses no concrete compounds
having ethyl group at the 4-position of the triazole group and having a
methyl up at the 3-position of the thiadiazole group therein. 10
DISCLOSURE OF THE INVENTION An object of the present invention is
to pyovide g, femedy and/or a preventive for diabetes, capable of binding
to glucokinase to incre the, activity of glucokjpase, and to proyide a
oo RS A B e S A R Bt

inventm%@m@%ﬁy padectirbesrepahthfvERtSHI IS heKBEAS S8y beve 2

methypsesidecompasatiothaf thavkialmbaterqpfiileeihgbibdr compounds of the present

. ic [ | f e compounds
mvent%@&ii%ﬁ%%géf E?%%% %&g@@rﬁ g a\{}%g%@gﬁﬁbqeptame salt
thereof, "R Eif.com pOR e 3&1%%@&@%5%???@&?&3@}%@%8% concrete
compaiigh roupy aXdetbpresentstalgrdup sfiafofmdar{izt)e frodliat) havhereimethyl
group RkkANIRAR cachindeRandaotyFapicsent a hydrogen atom or a lower
alkyl group; -4- taken together with the nitrogen atom to which they are
attached, R11 and R12 may form a 4- to 7-membered nitrogen-containing
DISCIRERIE Mgl idhd saiBSAIAM that constitutes the 4- to 7- membered
nitrogenGopkRing aliphatienling-caydr replasedelyran QXYARNAWPF@mtive for

. a carban atom of. (CH2)m and R11 or R12 taken togeth ay.form a 4- .

aabe e SR e e Y U roviee

a anti-AResHE ALEH TG B ipHEICOl SHAWSIBE SepRe rsatandy sthespgelprokinase.
nitrogeneprdeemihisheRdd alvd KRR aresaithohel maydededdathaiiiathat have

better 81%@1%%@%8%&11 pharmacological effect.

As a result, they have found that the compounds represented by formula (I):
R’ O s—N

| 3
<N\///S /Nﬁ/u\5 /&N%RZ

i
—N
N R s

=
T

p

X4
(D
or a pharmaceutically acceptable salt thereof,
(wherein:

R1 and R2 each independently represent a lower alkyl group;

X1 represents a group of a formula (II-1):
R'i 1
-~
—C>—(Cf"fz)m"|i\i (II-1)

R‘!Z

* wherein:

RI1 and R12 each independently represent a hydrogen atom or a lower alkyl group;
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any carbon atom(s) in (CH2)m may be substituted with a lower alkyl
group; and in indicates an integer of from 1 to 3, 10 or a group of a
formula (11-2): [err] (II-2) wherein: R21 and R22 each independently
represent a hydrogen atom or a lower alkyl group;or R21, R22 and a
nitrogen atom to which they are attached may form a 4- to 7-membered

taken @%@9&%1@1%&9%%@9 ARbalic RRg B4 I0(HOERRE 8t R12 may form a 4- to
nitrogen-containing. ali zs}t é; may bé substituted with oxo group any

T-membaEH AR R %@ﬁ‘%ﬁ #ﬁ%ﬁ SRR AN FRIRIIYOURS dntP 7-

member¢ddisatesnagpimieyor eliphatit yingveahbeadyiaveilyes thagy htwe)@r

a carb@hswmacelida),poteh 8y bveRdPaatynexisting meditines:fort20-giakhetesd nitrogen-

prghth% .have greatly improved in solubility and/or pharmacological
i |d|necarboxam|de derivatives and their

said 4%%&5&1@!@5@%@@@@&%@@“@&@@%&& M ehridwisd g gxo group;

a nitrogHOREYIucakinaseidctivaRNg effettaand argyuseivliédrvir@atimenicandiom;

any caPS&YGRARR AhA@RsIES e leh CAmMBHGRIANS QL abaR Y o s, inyention

relates to a pharmaceutical composition comprising the compound 25 of
m indiggtesn ICEFChHFAdedtically acceptable salt thereof as an active
or a gringredefirsllis (vBntion also relates to an agent for treating and/or
preventing q;qabetes or obesity comprising the compound of formula (I) or
—( C‘é‘hﬂmmbiceutlc(almﬁcceptable salte thereof as an active ingredient. The
compoupgs of the invention are applicable to diabetes of any type of
insulin- 30 dependent diabetes mellitus (IDDM) and non-insulin-dependent
wheregiabetes mellitus (NIDDM). Diabetes complications as referred to herein

R21 m&té{ﬂieedmmg&méaﬁlgzwﬁeﬂebyﬂ@bﬁ@& gionceetelywtbeatiabetes;or
R21, M&C R é%cawg‘ﬁ%)f\%i%)ﬁatwgréj %@ﬁgdqg f tgyl %‘%brﬁgﬁlbered mtrogen-

retinog; at labetic neurosis, and d|a etic arteri SIS 35 DETAIL
contaipy MGREOF THE INVENTION The meanings of the terms used in
said 4{h®s7desmmmlﬁr®gascdb’edlb@ewp}mht tiveg ooy pounblgtiofttidenitientiogroup;
any ca&ﬁ@;ﬁmﬁr{bﬁ@h rCeneye ejaibhetsinunderitda lbriegeryatasupinglgdes, for
exam le, a fluori m, a chlorine atom, a bromine atom, an iodine
n mdl%?tg PLRSH Sﬁ@f)ﬁ up" means a linear or branched alkyl group having
have th@ﬁdWﬁe&:‘é?ﬁﬁéhﬁatbﬁfﬁg,ai nbRIdineEorad aapiy, @ enetrsadgrotisting atilyfines for

diabet@¥QUB (IR PIRRYh SO Wpe AR 5ﬂ§aﬁr&pm SEOLHL 6 QH@’bﬂﬁQHﬁn@ébi@inl)élffect
group, a;secsut dl%ro%k?ba‘e“&% Xnglagw& an%%ﬁe\gr }g{a‘% c%‘Qtféfi?mééceptaue

roup, a neop group, an |sopenty rou
salts f@gﬁug {0 of the mventlon have a strong glucokmase«actwatmg e fect and are useful for

treatment and/or prevention of diabetes, diabetes complications or obesity.

contair%nd l[l
effedt!

This invention relates to a pharmaceutical composition comprising the compound
of formula (I} or a pharmaceutically acceptable salt thereof as an active ingredient.

This invention also relates to an agent for treating and/or preventing diabetes or obesity
comprising the compound of formula (I) or a pharmaceutically acceptable salte thereof as an active
ingredient.

The compounds of the invention are applicable to diabetes of any type of insulin-
dependent diabetes mellitus (IDDM) and non-insulin-dependent diabetes mellitus (NIDDM).

Diabetes complications as referred to herein are the disorders to be caused by
diabetes. Concretely, the diabetes complications includes, for example, diabetic nephropathy,
diabetic retinopathy, diabetic neurosis, and diabetic arteriosclerosis.

DETAILED DESCRIPTION OF THE INVENTION
The meanings of the terms used in this description are described below, and the

compounds of the invention are described in more detail hereinunder,
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methylbutyl group, a 2-methylbutyl group, a 1,2-dimethylpropyl group, a
hexyl group, an isohexyl group, a 1-methylpentyl group, a 2-methylpentyl
group, a 3-methylpentyl group, a 1,1- al'methylbutyl group, a
1,2-dimethylbutyl group, a 2,2-dimethylbutyl group, a 1,3-dimethylbutyl 10
group, a 2,3-dimethylbutyl group, a 3,3-dimethylbutyl group, a 1-ethylbutyl
group, aZ-etbybubh 0rQURd & 1 S Hmeth vl PreR GERIR, Achlorine atom, a
bromi&'%tth I-%hrqgéilyépaccgg}/l group. "Alkoxy group” means a hydroxyl group of
Which the hydrogen atom is substituted with the above-mentioned lower
alkyl grotys Vi@ lindl goes "ferearampheanombtaesiedgrdup e dggs from 1 to 6

carborQQURs, ARy Ot AN SORTEROXYGieY pn atb?dtgiqyugrgtmopyl group, an
. - X r a tert- up, r
on MO T O ABE 0 S0 BUALSB At g pens
Eroup.HhERNBN 8IER <G IREEIrS AR BPRSARNIE PEPof é%é—ﬂw&tha&ﬁm{)é’#rgoup, al-
methy(bufwihereip, the-syhbtisthbme theshtdimedhyingspababoye] lihe/symiyolsn
isohoFEELS ef%rfé*{*%w%?f%gﬁ%fﬁd%@en' e oL moup, a .1
dimethy ] a@m%ﬂ%@&%ﬁhﬁzﬁ@%% e’lgamsfmfléwﬁg%?ﬂnay 13-ty lbury
group abdveddsfihetbuipveeeaikyl Yredipic@f thogegpraferdbiyh RivaridRreachethylbutyl
group %%@,Q%%iﬁﬁl%%ﬁ?}?@kﬁﬂ‘ch)é'thgrwﬂ,e%’{yﬁ%ﬂﬂ @ugp.an E-ggopyl_

group or, ISOPIro group, mor reiera n acr .

e R AR Rl ST T B oo s
substipeteveBhlisorbora maatRPeGIeRR Y axd ipshréeeies axgroRts. gfraethoxy
groupfametiaxyl shpugesrpréick)y pagrein ﬁt@)ﬁjﬁ@bﬁ’ ehave lﬁlﬁf@lgﬁoﬂ}ﬁarﬁé’tgsutoxy

| r 0 -2); -0- - F

oS AL AT Dich RAPSHOISy g o
isohexxleReg &Y. R11 and R12 each independently represent a hydrogen

atom or BoowercatkybrBtgrodiscidsavgahabborhgrandSof RihwndIRi msivention:
R" the same aniﬁgss the above-defined "lower alkyl group”. Concretely,
itd rsa)feaIN ,

r'\zw/n cludes ¢ @ methyl group, an ethyl group, an isopropyl
( P;iigro p, an n-propyl group. Concretely, the group of a formula: [err] 10
N S
S
2\
L
\/\
X,

1
6y

[wherein the symbols have the same meanings as above], the symbols used in formula (1) are
described below with reference to their examples.

R1 and R2 each independently represent a lower alkyl group.

"Lower alkyl group” for R1 and R2 has the same meaning as the above-defined
"lower alkyl group”. Of those, preferably, R1 and R2 each independently represent a methyl
group, an ethyl group, an n-propyl group or an isopropyl group, more preferably R1 and R2 cach
independently represent a methyl group or an ethyl group, even more preferably both R1 and R2
are methyl groups.

X1 represents a group of a formula (I-1):

R1 1
- .
O (CH)N (1-1)
R12

(wherein the symbols have the same meanings as above), or a group of a formula (1I-2);



10

15

20

25

30

in which R11 and R12 each independently represent a hydrogen atom or
a lower alkyl group, includes, for example, an amino group, a
methylamino group, a dimethylamino éroup, an ethylamino group, a
diethylamino group, an ethylmethylamino group. When R11 and R12 each
independently represent a hydrogen atom or a lower 15 alkyl group, then
an oxygen may be added to the nitrogen atom to which R11 and

cﬂr;lrg) bengt” Qﬁreztely the group of a formula: [err] having an oxygen
atom added thereto’includes, for example, a dimethylnitroryl group, a 20

dlethylnlﬁ’oryl group, an ethylmethylnitroryl group. Taken together with the
(wherdlirogesyaton awhighsiheymeeniiaches,Rdl and R12 may form a 4- to

7- membeﬁ%d%%gﬁgeﬁ)ﬁgmgwn%ﬂ@g@% Lipg, and one carbon atom to

constitute t membe itrogen-containing aliphatic ring may be
replacediy awi&&ygéﬁc}ateﬁiﬁp%iﬂfbéﬁ%maw RFCEE AR AESTR k!

groupwhich they are attached, when R11 and R12 form a 4- to 7-membered
”'troge”"i%ﬂl@ﬁl@ 01 2BRRNGH0, ThgRTEY Rqnd m@a%graetth@%m defined

y ble pgsition there One fR11orR1 taken togethe
lowem%%bff SHon §f’6‘r‘r‘f‘fﬁ@ wéw %o %Sféﬁ“(‘?ﬁ% N ewﬁm&m%r%ﬁy group, an
isopropittagevpcentainimy adishiatic ring. 30 Concretely, "4- to 7-membered

nitrogencantaiRipodiphaticdindotming. case where, taken together with
themltrogen atom to which they are attached, R11 and R12 form a 4- to

—N"7-membered nitrogen-containing aliphatic ring (in which one carbon atom
R1t0 constltute the ring may be replaced by an oxygen atom) includes, for

. t | g
in whig %Iﬁ%/lp;rrlghcp nﬁpyf%?ggﬁ uapz é)no I%Ie(tlﬁ(}/ yrro Or ayllower alkyl group,
mciud@ﬁoﬁﬁ ab@pm AL [ ST I MEERYEH R Ren SR ﬁﬁlmhﬁaanno group, an
ethylaf 0@ ey 4=\ gfiodpmGoneaieie| yintbe dAniahinanberedp.
nitrogen I | 1l 0O
9 @%@Iﬂi‘l 9. AR &a&(‘%ﬂ%ﬁgﬁd‘éﬂ r? %ﬁ%&%%g% %%E!n At %r a lower

forms, taken together with a carbon atom | min f R12
alkyl gropp 7R ARREEFRItETREORTARTIRY DiPI-RIE reR HoRIdes b evé
bond.a 1-methylazetidin- 3-yl group, a l-ethylazetidin-3-yl group, a

1- 'SOprO@(JQ&%HQWﬁe)/}gMﬂ&‘Qf ad isqpropylpyirolidin-3-yl group, a
o1 methylpyrrolidin-2-yl group, a pyrrolidin-3-yl group, a 1-

l+m@hhylpyrrolld|n -3-yl group, a 1-ethylpyrrolidin-3-yl group, a
1-methylpiperidin-4-yl group. In the following group: -W R11 10 R12 in
R’*?ormula (11-1), when RIl and R12 form, taken together with the nitrogen

havin2@MI9WAIGRINEYIed thereto includes, for example, a dimethylnitroryl group, a
diethylnitroryl group, an ethyhmethylnitroryl group.

Taken together with the nitrogen atom to which they are attached, R11 and R12
may form a 4- to 7-membered nitrogen-contaiming aliphatic ring, and one carbon atom to
constitute the 4 to 7-membered nitrogen-contaiming aliphatic ring may be replaced by an oxygen
atom. '

Taken together with the nitrogen atom to which they are attached, when R11 and
R12 form a 4- to 7-membered nitrogen-containing aliphatic ring, they may bond to each other at
any bondable position thereof.

One of R11 or R12 may form, taken together with a carbon atom in (CH2)m in
formula (II-1), a 4- to 7-membered nitrogen-containing aliphatic ring.

Concretely, "4- to 7-membered nitrogen-containing aliphatic ring" in the case
where, taken together with the nitrogen atom to which they are attached, R11 and R12 form a 4-
to 7-membered nitrogen-containing aliphatic ring (in which one carbon atom to constitute the

ring may be replaced by an oxygen atom) includes, for example, an azetidin-1-yl group, a
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are attached, a 4- to 7-membered nitrogen-containing aliphatic ring; or in
the following group: R11 (CH2)m N~ R12 when RI | or R12 form, taken
together with a carbon atom in (CH2)i?n', a 4- to 7-membered 15
nitrogen-containing aliphatic ring, then the 4- to 7-membered
nitrogen-containing aliphatic ring may be substituted with an oxo group,

pyrrolidnd ﬁ'j}l%%%%@?@-m&ﬁﬁﬁqg&%ﬁ the) '%1‘6%935,‘ @S’m MBWHH&% 1.yl
the 4-to .7- bered nitroge ntarnrng aliphatic rin
sroup. 7 BB VA e 5P STGHBRE (oGS S s o
group inchrdeeictr tbrdmisld; raeznbmsgfmmﬂwﬂ@ww aliphatic ring in the case
where Biw(obib@riﬁhilkll-gllfgl‘mlsmaﬁeﬁ ﬂﬁg&kmhwiﬁﬂaeihljdem ki lay K GEORiR, 1n formula (11-1),

a4- togoncr e?éti%% 0 t%rlll%a g’ldelga cn )gamc?lurggse rf%r example, a 1-methylazetidin-
trogen COﬂtaInI atic ring or e

3-y1 g@l}ﬂe@h&rﬁrwﬁae@ﬂmrdi@%@éu}éomr%x}aéﬁ%wn%ﬁ ) drimay be
isopropyilpstitulietivath] thewh avedefiys tevieialkyll graup a3birolidicates@oup, a 1-
methyl C%E:gﬁ{d% f’foﬁ]g]r& Frr%‘ﬁlﬁb‘?a%!?f?é(% y@ A Qflf%@%(ge})dm 4-yl group.

etely iricltides, for example, a 1- méthylazeétidin-3-yloxy group, a
% ethyla‘ﬁéﬁﬁﬁ‘? ?V‘)‘E&ﬁrﬁi@up a (1-isopropylazetidin-3-yl)oxy group, a
azetrdrn 1-ylethoxy group, a 2-pyrrolidin-I-ylethoxy group, a
r -(2-methylpyrrolidin-I- yl)ethoxy group, a 2-((2S)-methylpyrrolidin-
yI)ethoxy group, a 2- ((2R) -2-methylpyrrolidin-I- 30 yl)ethoxy group, a
in forrpykadliﬂiﬁ 3vitloxi breup R {3RYepytaiotiingtioxyigrdupnigrfizen atom to which they

are attﬁ%ﬁ%ylﬁ))@”&l'd'ﬁi&?ﬁﬂm@tﬂ%%%{ﬁmn aliphatic ring; or in the following group:
((2R)- “l-me yipyrrolidin-2- yI)methoxy group, a ((25)-1-

— @pfztpylwf olidin-2-yl)methoxy group, a (1-methylpyrrolidin-3-yl)methoxy
( group, é{§38)-1- methylpyrrolidin-3-yl)methoxy group, a
((38)-1-3r1ethylpyrrolidin-3-yl)methoxy group, a (1-
when RihletmBgyrfotislirt&on g teompilaa (380 f-wethid Haiein a%yt)mi{ynembered

mtroggno%’talr%%@i hdlrr}%ghy* dé{ %p“d 3 }'/‘I X}QQ@%Q&%@@%%@A ait loprhaﬁc ring
oup, a (1-1so ropy y oxy- - group, a

may b SPSiIFO NG wasszm@n ABRYESBLRALAPY iR 89580 Brotjsrogen atom
that c&éﬂé@%@ﬂwmltdlm -trerBthakyi graep; @ (kimethyliphetidim4-yl)oxy group,

a 2- plpel‘f(ﬂg‘lzﬂ ¥!>e’9'}%}ﬁ&'i‘éh'iﬂu%%éx@'&'}ﬁé§§ﬁﬁ 9 ?9’1'9{ Q&ﬁtuted With an oxo
2-(dimethylamino)ethoxy group, % (ethylme mo)ethoxy ro
group é’nﬁ’f&?@i’ g‘i‘%‘ﬂb‘/‘é"% ﬂwﬂnéﬁgﬁ%&% Iy ORBeRdin=l-y btotp, a2-
oxohqaym@ti@briﬁamwpnob@kyrgu@up a 3-(dimethylamino)propoxy group, a
2-morphelip4=ylehesyo dgarpat@&&éir&ratmy{eimﬁéaﬁr&@&mreual.aontammg
T ha% (2- meth¥l -|l-oxi E) rrqli m-#dl) upsa
AP OFS > metivitiiox mrér}ty Oﬁyei%m ‘group. éﬁﬁ%se preferred
area (1- étﬁgrra%ﬁﬁﬂﬁ é&i R teicl lzf&lré %&yra%fmﬁbe‘gﬁy gijed lower alicyl

groupgroup, a 2-pyrrolidin-1-ylethoxy group, a 2-(2-methylpyrrolidin-l-yl)ethoxy
group, a (1-metIPHIiR: 3y RNy OrgyP. 2

From the above, the group of formula (II-1) concretely includes, for example, a 1-
methylazetidin-3-yloxy group, a (1-ethylazetidin-3-yl)oxy group, a (1-isopropylazetidin-3-yl)oxy
group, a 2-azetidin-1-ylethoxy group, a 2-pyrrolidin-1-ylethoxy group, a 2-(2-methylpyrrolidin-1-
yl)ethoxy group, a 2-((28)-methylpyrrolidin-1-yl)ethoxy group, a 2-((2R)}-2-methylpyrrolidin-1-
vlethoxy group, a pyrrolidin-3-yloxy group, a (3R}-pyrrolidin-3-yloxy group, a (1-
methylpyrrolidin-2-yl)methoxy group, a ((2R)-1-methylpyrrolidin-2-ylymethoxy group, a ({(25)-1-
methylpyrrolidin-2-yhmethoxy group, a (1-methylpyrrolidin-3-ylymethoxy group, a ((3S)-1-
methylpyrrolidin-3-yhmethoxy group, a ({38)-1-methylpyrrolidin-3-yhmethoxy group, a (1-
methylpyrrolidin-3-ylJoxy group, a ((35)-1-methylpyrrolidin-3-yl)oxy group, a ((3R)-1-
methylpyrrohidin-3-yhoxy group,' a pyrrolidin-3-yloxy group, a {1-isopropylpyrrolidin-3-ylioxy
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10 (dimethylamino)ethoxy group. The group of formula (11-2) is
described. R21 and R22 each independently represent a hydrogen atom
or a lower alkyl group, or taken togethger with the nitrogen atom to which
they are attached, R21 and R22 may form a 4- to 7-membered
nitrogen-containing aliphatic ring; and the 4- to 7-membered nitrogen 15

group QP@I@WM%L@ —WI& MLQ? §l€@${'}ﬂt%%%§§rﬁ&ﬁﬁ9 YLy &@@5 ben_(2.

omln CH2)n in formula é ub t| ted with a | Wer
oxopyrrolidin

grotip™ in MdRaRaY Bt e@on‘bre?é OX%%T%‘%Bu% P%B?F%rl%fél'yidh“y
group (ai’-éétmbbda@swﬁt%nwpaﬁ M@W@b@@pl@)g@qﬁéﬁwﬂynﬁhyl
{ethyiﬁ@h@aﬁa&r@‘&ﬂﬂm&yﬁﬂw grwﬁheﬂaﬁaﬁﬁﬁﬂwﬂ%%mhw%@oﬁy group, a 3-

o TR R, DL TG D AR B8, 0o,

groupg Rrwlmq#whlﬂrwﬂeﬁexr E%P(wﬁer%mﬂe@nqmgmmlm Safpgthoxy group, a

2-((2Rpeaninbygl dscative)niitien phatnacepticallyaitteptabltefe2izdalisy dnd
ethyia%%%@%ﬁ%’&?? I\?&?ﬂéhg%? %&E‘}{W&l(ﬂn@ ﬁj?@y%'r%u@ Jl\bfpy%giidin—l-ylethoxy
~N~ (wherfein the synibols"have the same
& OUPrﬁeZaFﬁﬁag%g%B%‘ilBr tﬁ&?fbwérrﬁaoe@u ngﬁ%réaf@ﬁras Bzl P & 2-
(dimethrdfened)ighagrenpipf a formula (11-1): R11 -O-(CH2)m N' (1I-1) R12
(Wherequme %Ipﬁ\{@atng%mgeg&%@mgs as above). More

preferred m ¥ amrg Sthox cf’%t? 5 Preg‘e embodrmentSff RI, et

R2, RI 1 VA (M M )P’bge%oam &R ARY 2 éf’er kY
group iR @eﬁéqetéwhf@ﬁektampleafme towipeh m@@@rm’fme@@ftm%lmil may
form dhe foltomtRghered nitrogen-containing aliphatic ring; and the 4- to 7-membered nitrogen-

Comalmé%ﬁ[‘(p di meth '1%@3';%%) thoxylphenylithio)-N émupethyl 1,2,4-thiadiazol-5

A car Xn atom in (CH2)y in formula (II-2) may be substituted with a lower alkyl
group.

n indicates an integer of 0 or 1.

Concretely, the group of formula (II-2) includes, for example, an ethoxy group, a
methoxymethy! group, a 1-methoxyethyl group, a (2-oxopyrrolidin-1-yhmethyl group, a
cyanomethyl group. Of those, preferred is a methoxymethyl group.

Of the compounds of formula (I), preferred are those of a formula (I-1):
R1 o sN

>\R2

Yad

NN Sy s
%\
!

@) %
(wherein the symbols have the same meanings as above) or their pharmaceutically-acceptable
salts; and more preferred are those of a formula (I-2):

CH3 o] 5N
>\CH
< "’
NN s
2 X,

{wherein the symbols have the same meanings as above) or their pharmaceutically-acceptable
salts.
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4H-1,2,4-triazol-3 -yl)thio ]pyridine-2-carboxamide, 10
3-({4-[(I-methylazetidin-3-yl)oxy]phenyl}thio)-N-(3-methyl-1,2,4-thiadiazol-5
-yl)-6-[(4-methyl- 4H- | ,2,4-triazo|-3-§/éthio]pyridine-2-carboxamide,
N-(3-methyl-1,2,4-thiadiazol-5-y1)-6-[(4-methyl-4H-1,2,4-triazol-3-yl)thio]-3
-{[4-(2-pyrrolidin- 1-ylethoxy)phenyl]thio}pyridine-2-carboxamide,

3-[(4-{24(2R)-Z rorthodnyreaidin bydetheniipheny)thio-N-(3-methyl-1,2.4-
hiadiazol- 5T¥l)‘ 15
—O—6 Q4 petiiyl-4H- -2 4-triazol-3-yl)thio]pyridine-2-carboxamide,

3-[(4-{2- E{ZS) 2-methylpyrrolidin-1-yllethoxy}phenyl)thio-N-(3-methyl-1,2,4-
(wherthl Iazo'bsﬁ}ia e the sam nes as a
sr‘ﬁml A % Zfl}rlazo 6??11 gfpyrl % carboxamide, 3-[(4-{[(2R)-1
anethy|é\§lﬂ@r@ﬁﬁffz“ryqn$éin@ r@éﬁw;tﬁfibomzse’(gt@ﬁéth |
,2,4-thiddielzotes- glmlﬁ)dimenis of RI, R2 R11 RI2 R2l ,R22, X, m and n may be

bi L(e ol é éd oI 3-yl)thio]pyridine-2-carboxamide, 20
o AF e?@/s% ﬁetﬁ‘% pynrolidin-2- yI]methoxy&phenyI)thlo] N-(3-methyl-1,2,4
-thiadi a{;)qng: :ly, for example, the compounds of formula’(I) include the foliewmg

3-{{4-B{(dimatyyd ki lcPhdstyimbol:@yhih)aipydidine: 2-daR Boraadideg - 5-y1)-6-[ (4-methyl-
41-1 23%@@@(9%@1&& hioeonhepylthingN-(3-methyl-1,2,4- thladlazol 5-yl)-
3-({4- &[(4 %@%ﬁf’mg] in- yﬁlogl{j‘zl?éngyly% )O]IQy&d;rqgchylc??g thia 1320} S5-y1)-6-{(4-methyl-
4H-1 2xﬁéﬂa}kﬁyﬁr@m§1m033yﬂmeﬂabm}bhmymh,|o N-(3-methyl-1,2,4-thiadiazol-5-
N-(3-1bi6/2D, M 4-memiwl-dtt 148, d-trinzrldpthio|pyridings R Larpexan 1@& (2-pyrrolidin-
1 yletlhoJ{% é‘gg?JB@)]'Hﬁmgtwjg% 'g;é?b3 Xylllnmgthoxy}phenyl)th|o -N-(3-methyl-1,2,4-t

3[4 @iﬁgm%mﬁhﬁmtﬂlﬁéw13!95&%})&3@#@@%)@1@%&%@1 1,2,4-thiadiazol-5-y1)-
6-[(4-Bd(dH{BE) D methiglyBrolidio Byl amditheayihiodtie(3-methyl-1,2,4-thiadi
3-[(4- g‘%‘f’dz'%ﬂﬁrﬁ'ééﬁﬁB%@%Qﬂhﬁ'ﬂr%rﬁeﬁig@%8k§ﬁ¥i§£ﬂi81ﬁl¥i§j-ﬁ%f§yﬁ%‘[9,%’561'?3%9&01“5~y1)~6n
H(4-meghylr At F il gy SRR B A AR VISIRIGEN - (3-methyl-1,2,4-thiadi
3-[(4- d12R 3 p6ditAp yreliiisdHy 2 pthtriaz @hBrylithiold+Gimes @ dar Bokahmidéazol -5-y1)-6-
{(4-111?%(142{1% Qquaqx;em- é b?@amummmm (3-methyl-1,2,4-thiadia

3-[(4 g)[ | m% met fﬁﬁ%ﬁ&m (id) e 2 l%%r %(2 thi %}azol 5-yl)-

[(4@@1141.1%@@&&@&5@9163{@)@@ pyridine-2-carboxamide,
1[4 ma&mkcﬂhtﬂﬁefﬂht;@phérwml@ pytidingedreREODXamidazol-5-y1)-6-] (4-methyl-4H-

44 41té1llad‘12';\zolb5)y 6 (4-metlhyl- L4H- 1,2,4-triazol-3-yl)thio]-3
gﬁ%% nyljthio}pyridine-2-carboxamide, -10-
3 [(4 32 [é {@ﬁ% 6) ﬁd Bhi]‘&w (3tiemsihyld 4. thihindisgpl-5-y)-6-
[(4 mEW)-G(damethyl-of - ﬂ%]wﬁﬁhﬁ—ﬁl%ﬁbh&mﬁm -2- carboxam|de
t t I
51 ﬁ_@ﬁe[ i gﬂk‘?ﬂ@)ﬂ H ?%l% t3':rci)’gzol SS%Y |o]p rl(ﬁ%g}g é%/r ox Q%Q&&XI S¥D-6-
(4 i iR GEHO PRy

BRTRE (- 19 thladlazol 5 yI) -6-[(4-
3-[(4- theby k4t Apbtringol-3- W]m(}’iwﬂwﬁhiﬁ-ﬁafmaimﬂé 2,4-thiadiazol-5-y1)-6-(4-

methyl-4H-1,2 4-triazol-3-yhithiolpyridine-2-carboxamide,
3-{{4-{[(3R)-1-methylpyrrolidin-3-ylJoxy}phenyl)thio-N-(3-methyl-1,2,4-thiadiazol-5-y1)-6- (4-
methyl-4H-1,2 4-triazol-3-yl)thio]pyridine-2-carboxamide,
3-({4-[2-{dimethylamino)-2-oxoethyl Jphenyl } thio)-N-(3-methyl-1,2,4-thiadiazol-5-y1)-6-[(4-
methyl-4H-1,2 4-triazol-3-vi)thio]pyridine-2-carboxamide,
3-({4-[(1-methylpiperidin-4-yl)oxy]phenyl } thio)-N-(3-methyl-1,2,4-thiadiazol-5-y1)-6-{ {4-
methyl-4H-1,2,4-triazol-3-yi)thio]pyridine-2-carboxamide,
N-(3-methyi-1,2,4-thiadiazol-5-yl)-6-[(4-methyl-4H-1,2 4-triazol-3-yl)thio]-3- {[4-(3-pyrrolidin-
1 -ylpropoxy)phenyl]thio} pyridine-2-carboxamide,
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N-(3-methyl-1,2,4-thiadiazol-5-yl)-6-[(4-methyl-4H-1,2,4-triazol-3-yl)thio]-3-
({4-[(3R)- pyrrolidin-3-yloxy]phenyl } thio)pyridin-2-carboxamide, 3-({4-[(l
-isopropylazetidin-3-yl)oxy]phenyli tﬁib%-N-(S
-methyl-1,2,4-thiadiazol-5-yl)-6-[(4- 10
methyl -4H-1,2,4-triazol-3-yl)thio]pyridine-2-carboxainide,

3-({4- % ?a{% gﬁ ﬁéﬁlyﬂy&ﬁéﬂﬁw}mﬁé@w&@zﬁhﬁmmﬁ 11244-methyl-

azol .2, 4-tri

4H-1, i 6{1@50 Tbcg& %c 1de,
3-({4- IN lmmhmmémlwﬂy)@{(@&m@thwm 4-thigdisapblRad)iHidrpethyl-
4H-1 M:H&@@pm@b%ﬁ&ﬁm%ﬂ@ﬂmﬁﬂhmpyndlne -2-carboxamide, 15

2-(dime In tr t ] [} t I
- B % %@% el D E s RE%1 2.0
mazo@[ﬁ” F)r Bﬂ@moxylphenyl)thlo] N-(3-methyl-1,2,4-thiadiaz
N-(3-modths¥l)- @ ﬁ(AhlmEilzylélrﬁlQ [44triezbiA34y)y thinjpytidiole32ybaibhg)3u{ite3 R )-

pyrroii’{’hﬁﬁlﬁo g@zol gf}k'ﬂl%ﬁ oxxlphenylithigkN-(3 -methyl-

4-methyl 20
3-({4- ull{@o?rglﬁt}rg&ﬁm@%%fﬁ%%w}mﬁ%yb t@é‘?b&é%n’?&%thyl 1,2,4-thiadiazol-5-vI}-6-[(4-

methyB4(&141[,@,4emm2~ét1glhﬁﬁemx%méwl§bhmﬂﬁd€3 -methyl-1,2,4-thiadiazol-5-

(f frisiazRs3 ol iIRe 2-criboxamigey
I ﬁ 5 ﬁ%m f;{;%ﬂ NG e e e
[( T %’H‘F‘ "o E%‘B %pyrld) nfamﬁ1 Carboxamide, 25
N-(3- 1%@35%@%6@11@1@&%&%&6#{54@%%(&%&@I44H310Q Fyhthiol-3-({4-{(2-
oxopyﬂ%ﬁﬁﬁiﬂ)ﬁ]}ﬁ]eﬁﬂﬂ‘}p@?@@pﬁﬂmwdme 2- carboxamlde

|ne
e ki é%%"f’& htﬁ%% SR g e 2t
4H-1.% dIUBZ prlaey I%f QFaE1e3- yl)thlo]pyrldlne -2-carboxamide,

3-[(4- w@fmaﬂnytma@aih@@a“wwhﬁa&«ﬂammwl:t}wmxmmﬂamnﬁ@1)36 [(4-
methyﬁﬂd%@4391%8103'gﬁ%&%ﬁ%ﬁ%@&&%&%ﬁ{ﬁgg)pyr'd'ne -2-carboxamide or

3-({4- [9 2l ?ﬁﬂgﬂgr%%ﬁ{g‘,rl @%@ﬁg@r?\g (;_ Ellethyl 1,2,4-thiadiazol-5-y1)-6-[(4-methyl-
4H-1 zmammpﬁm)}ﬁ]ﬁ@mmwmmmazm 3-yl)thio]pyridine-2-carboxa

3-({4- 1d@t %BQ&D@@I)H&% ﬁ%R@%@ﬁﬁm 2,4-thiadiazol-5-y1)-6-[ (4-methyl-
4H-1, %’0 amingjethox ox henyl} thio)-N-(3 “methyl- 1,2,4-thiadi

OXEil
N-(3- @WH&WM@@&&%&@#@WMWH&%%i@aiabiasﬁifé@] -3-{[4-(2-piperidin-1-
yietho%ﬂﬁi1éa}hqmw§@1ﬁihm}amu@§H@mmhenyl)thlo] N-(3-methyl-1,2,4-thiadia

N-(3- }h}% le% [é%a@ledy(])\’{lﬁzl lﬂjjﬂz['(ﬂl trlaé"iyll-%ﬁ-)lt@%m% %T% %Iﬁﬁ[gf) %(a,tmd@ tmorpholin-
4- Yiet@mbewgfhkﬂé%%%m‘ﬁﬁ@%%lo)w-(3-methyl-1,2,4-th|ad|azol-5-y
3-[(4-REG RH-metigihyiblidh Biridanl-Bhdihinipytiting-Zediblokaltidieadiazol - 3-y1)-6-[ (4-
meﬂl}éshjlig Ig?&%ﬁ%%@ey@%ﬁ% ?{1%4 yj&g@g&g}ﬁpﬁnyl)thlo N-(3-methyl-1,2,4-
-(3-gsivh: M%Tﬁ %f)ﬁm é%y&%pogﬁﬁggf{ 4H-1,2,4-triazol-3-yl)thio]-3-({4-[2-(2-
oxopyrrolidin-1-y!ethoxy]phenyl } thio)pyridine-2-carboxamide or
3-[(4-{2-[(2R)-2-methyl-1-oxidopyrrolidin-1-yi|ethoxy} phenyl)thio]-N-(3-methyl-1,2,4-
thiadiazol-5-y1)-6-[ (4-methyl-4H-1,2,4-triazol-3-y])thio |pyridine-2-carboxamide.
Among them, the preferred compounds are
3-({4-[2-(dimethylamino)ethoxyjphenyl} thio)-N-(3-methyl-1,2,4-thiadiazol-5-yl)-
6-[(4-methyl-4H-1,2 4-triazol-3-yhithio]pyridine-2-carboxamide,
3-[(4-{2-[ethyl(methyl)amino]jethoxy} phenyl)thio]-N-(3-methyl-1,2,4-thiadiazol-
5-y1)-6-{(4-methyl-4H-1,2 4-triazol-3-yl)thio|pyridine-2-carboxamide,
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5
3-[(4-{2-[(2S)-2-methylpyrrolidin-1-yl]lethoxy}phenyl)thio-N-(3-methyl-1,2,4-
thiadiazol-5-yl)-6-[(4-methyl-4H-1,2,Zl-lt}iézol-3-yl)thio]pyridine-2-earboxaini
de,
3-({4-[(1-ethylazetidin-3-yl)oxy]phenyl}thio)-N-(3-methyl-1,2,4-thiadiazol-5-
1 etk s e o 8.5
-1-met rqlidip:3-yllmetho henyl)thio-N-(3-methyl-1,2,4- '
{(4“m%%§%{ié%%§/ﬁ%&?§ { i/ﬁﬂhﬁf%?%%%%gégﬁémio]pyridine-2-carboxami
de, 3-[(4-[(4-{2-[(ZR)-2-methylpyrrolidin-1-yl jethoxy} phenyljthio-N-(3-methyl-1,2,4-
thiadisH(BR)yLrmethuipytilicin-GylmethsAnERPIaiN: (Bmedrdidd-
ghe'ad'a29-'[?ﬂ{&-‘?(%@Sﬁ%ﬁﬁb&o@iéﬁﬁ%ﬁ'éﬁié!%?iﬁl%ﬂiﬂﬁﬂgiﬁrfé‘%%ﬁﬁmh,2,4-
thiadiagled-p3) FnEdhinsthivioiBr ok e ks toberamifiazol-5-y
)-6 [(4-r$}ét{l_4y[{4l=¢thyzaéetﬁﬁzé]—§LM)nﬂipi}pwﬂdiuheszmaﬂs_m@deZG?—ﬂﬁadiazol-5-yi)_
6-[(4-ﬁé{it1 il%l@m,'@,gﬁ&fh RO )@l- ﬁl}ﬂt];,“lﬁs -&ifa@zﬂaﬁi’exkén%d’at_g'ad'azfi|-5-yl)]:6-[(4-
methyl-4H-1,2,4-friazol-3-yl)thio]pyridine-2-carboxamide.  Me or
produciﬁg@'e?[gég?ﬁ P VoA G EBa BElOu- P12
thiadiazohbolinets(6frtaehid el hg fotrmaia -0ty bftedripvdmeetr cahdseprdeuced,
fl\cl>r 22 @C?{ERIN p RBRgmiﬂﬂﬂ)gy@y)&*}&rf]@m%ﬂ?q%ﬁl@ﬂﬂ%@?}ﬁ&ﬁﬂ%ﬁ%ﬁ@@(@ﬂe&ﬂ-1,2,4—
.. N~ ~Rz N:N X,, (), (wherein,the symbols have the same
L R 8@%’.5;%is%qg-éﬁ@r?g%“ﬁﬂiﬁ%ﬂéﬂﬁ%ﬂ@fh%ﬁ £\ R
Cl (2) CANH-Rethy)aninoGHier riswag 1toe)Step aatyB) & xiadpogl-5-y)-6-
[(4-mAWEARIL 12 M-{1a P 16) M &b yiREnE L <ffloxamide, or
3-{[4-(2-aminoethoxy)phenyl]thio } -N-(3-methyl-1,2,4-thiadiazol-5-yl)-6-{ (4-
methyl-4H-1,2,4-triazol-3-yl}thio]pyridine-2-carboxamide.

Methods for producing the compounds of the invention are described below.
The compounds of the following formula (I) of the invention can be produced, for

example, according to the method mentioned below.
R! 0
ri\l S N N /QN%RZ
< g -
NN Sy
S
ﬁ
S
X

y
@
(wherein the symbols have the same meanings as above.)
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Step 3 X1 (wherein the symbols have the same meanings as above.)

Step 1: This step is a method of reacting a dichloropyridinecarboxylic acid
(1) or its reactive derivative with an amino compound (2) to produce a
compound (3). 5 This reaction may be ordinary amidation to be attained
according to a method described in references (e.g., Bases and
Experiments of Peptide Synthesis, Nobuo Izumlya et al., Maruzen, 1983;
Comprehensive Organic Synthesis, Vol. 6, Perga mon Press, 1991), or
according toga'Y\?\ég;od is similar to it, or accor an ordlnaryd'netggql
combined, pecifically, a, cordgnsing agsafwell knowp to ho/g S—r?

skillgd in the ab is uses orxan te,rL@o\}rvazlon m(@bk?&d a 1? mlied Yeid™
ydrde methodran acif chlorige méthod or a carbediimi od

able t§'¢hbse skilled 1 rt may be empioyed. The amid@n

Ci

reagent includes, for example, thionyl chloride, oxalyl chloride
¥ N-dicyclohexylcarbodiimide {%-methyl-2- bromopyrldlnlum(%dld
N,N'-carbonyldiimidazole, diphenylphosphoryl chloride,
thhenylphosphoryl azide, N,N'- dlsuccmlmldyl carbonate,

gﬁnﬁz@sucelnlrﬂmw oxalate, 1 3 -(315
h E;gatmlnopm %{tﬁ(m I)\ydfbchlorlde ethyl chloroform ate,
Ioro foniate
Stepdenzotriazol-1- -oxy tri ethylamino)phosphonium

hexafluorophosphate. Of t , for example, preferred are thionyl
chloride, 1-ethyl-3-(3lime minopropyl)carbodiimide hydrochloride,
N,N-dicyclohexylcarbodiimide, genzotriazol-l-yl-oxy-
tr|s(d|methylammo)phosphonlum hexafluorophosphate. In the amidation, a

(whergigdbeapgnhodpheyRdbnSanE ANSAOMEEts I8V Be used along with the above

Step 1amidation reagent. The base to be used includes, for example, tertiary

a“phat'c‘[%'{@'gt%ﬁ % H@&JJ'H}%{J& 'Qﬁiéﬂlﬁﬁ%m@%carboxyhc acid (1) or its

N,N-diisoprop ylamine, N-methy morp oli - methylpyrrolidine,

reactiyg. iiﬁgwmi-p@ Rif AYIRR dﬁﬁ@%ﬂ’;}ﬁﬁh fh & pro duce a compound (3).
1,8-diaz@bisyctojnd Bhinokeerdusme a(iiBidyn to be attained according to a method

descrithed ﬁ‘azl%*?é?é’&%”(@golﬁ%ﬁaﬁﬁl e{PBMeALUPAUGRPIDEHIRUED ﬁ%tﬁ)ﬁ'ﬁ‘ﬁ&%nya et al.,

I line, Jut |
N O B O, 0 1% MR BETOURE cconing
toa mlgfb‘f’éﬂ‘é@*@r@ff@ﬂémmﬁé%dﬁmmmrﬁ!enwﬁhgdmmeqdmth|ﬁe.Sph@1ﬁcal1y, a

condeﬁ@xﬂ@%@%ﬁii%mk@lm@ﬁ%tﬂl% WrRrbdNelydes:t fRnexanople: Biter activation method, a

' mme{%’%r%{%lb%nzd%ma % ha¥1 ra§ t Cary ergn)@{ 0 %Iln !angzgli‘ggdﬁmide method available to

% nor ornéne oxyimide
8

those ésﬁiﬁﬂirw artdnsydhe A0pierads Bsamisiiionleagsnttodedes Bxsrimple. thionyl
chlon peetsngt dB1dHBydROXybrnzhiliazdterIdiehaodep bune {2)- 20bbenugsaidinium iodide,
N,N"- &998@8 %15194&'8&%%‘@5%%8&%&1 peiide d ﬂ%ﬁ%&!ﬁépﬁmgﬁzﬁie NN

-ethyl< 1,2 4-triazole [-1,2,4- trlazole amihe
disuccinimidyl carbonate, N,N'- dlsuccnumldyl oxa'lafe 1 -ethyl-3-(3-

dimethylaminopropyljcarbodiimide hydrochloride, ethyl chloroformate, isobutyl chloroformate,
benzotriazol-1-yl-oxy-tris(dimethylamino)phosphonium hexafluorophosphate. Of those, for
example, preferred are thionyl chlonde, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride, N,N-dicyclohexylcarbodiimide, benzotriazol-1-yl-oxy-

- tris(dimethylamino)phosphonium hexafluorophosphate. In the amidation, a base and a

condensation promoter may be used along with the above amidation reagent.

The base to be used includes, for example, tertiary aliphatic amines such as
trimethylamine, triethylamine, N N-diisopropylethylamine, N-methylmorpholine, N-
methylpyrrolidine, N-methylpiperidine, N,N-dimethylaniline, 1,8-diazabicyclo[5.4.0]undec-7-ene
(DBU), 1,5-azabicyclo[4.3.0]non-5-ene (DBN); aromatic amines such as pyridine, 4-
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10 methylethyl)-1,2,4-triazole. The amount of the compound (2) to be
used may vary, depending on the type of the compound and the solvent
used and on the other reaction condt}ans and, for example, it may be
generally from 1 to 10 equivalents, preferably from 1 to 3 equivalents
relative to 1 equivalent of the compound (1) or its reactive derivative. 15

dlmeth@%ﬁﬂagyﬁmet@ecbﬁﬁ@ ﬁﬁt%ﬂ&%ﬁzﬁ@%@'%é{@ﬁ%ﬁﬁ@e@%w 1heckigple,

com and the solvent used a the other rea&:

of.th
PR SRS S oA, Ol B ST G L TR A, etlamine, N

diisopepyreHislisinreferably from 1 to 5 equivalents. The reaction solvent to be
used in this &iﬁ@&%aﬁ%@ﬁm@lér antbedegatvaatiewhigh:isnnsitspecifically

hydro%%ﬂ n%it]%ng% 1%19 RA H&?éh%&;"‘(ﬁih&h e\lrggt%t&? § g Ich@%}{ & f?@ 20

t|n s methylene chlorl e, chloro roethane,

dicar w&r@ﬁfén%ﬁ%@ré %ﬁ%&}%&f‘ﬁ%&@bﬁ&é@%z%et@rmh?é%fé’ﬁféﬁ*élp e,
preferxylensl-bglirerghchAttiaxalee, tetrahydrofuran, dimethoxyethane, and their

mixed S@H@@&ﬁ&%&r@y{wgetbgear&fe&aqigeﬁl%ﬁmgemp@@ﬁ% nethyl-1,2,4-
mple, preferred are meg]rﬁ_gnec loride, chior

triazolg 5 ot A LB AIN<aitrEERMokma T e e dction
methylinhelinhy Bergenérally from 0.5 to 96 hours, preferably from 3 to 24

hours. Ti“ﬁ?erﬁ%uﬁﬂoﬂmﬁ Raybe e idlbe el Aaye ihe 8ilRging on the type of

the coltg?gpg) tu&eth%fsz[ ven Iveg t{efe blc}/g'é:?%ggto crpl E:%E?(P %r%[ur$ cgt%r cxamﬁ)qe it may
e amld |on reagent an e condensa Ion promo ei‘ 0 be use

be gengrall BGarep A %lawéeé%nmﬁéemﬁbf&mybésw%ﬁ%@uﬁa@%wm@rh equivalent
of the eihgyosnDlY Jasras earaidirertsidie-eompound (3) thus obtained may be

subjectef 1o 016 DX e AUEL Rolaied AR RIS D AMAKOMW e e of e

manner for separation and puri fication, for example

compyikaitRfoR! EahEer ARG tb@aﬁﬁ?@awéggé%%owén%ﬁﬁmple it may be
genergbhenhdxtealdtionyi vapreci pitatiorblychivamiato graglny aenisot after isolated

and purifgd Téa‘ét(&&es%x%)e;mm%%@éé ) m@% %, r@%ﬂ%ﬁi@ SRMBAYO ent, which

h[%talg g E‘ﬁ above step 1 with ?t Ico und 4) in g?e pre f{’n:f

is “0*81?%? deX ?}qu e A "”c8” 8|’§F EhioI BT E"
examy(l) ibibdwbedviethlylsneddiivniénchidedofor, dxantigldoreihanexygphehylformamide,
ethyl &%écmwm%a%tﬁﬂmrm%éwa%%@ﬁ@ 1(4=dioxane, tetrahydrofuran
ameREieapIoPnenmeanel The AmpunL o he SOTPONILL DO b e e, for
exmmﬁm@au%vémq@wlﬁvé fbi@ﬁéeeéim@ﬁl&ﬂfbf kﬁe%ﬁ%@@rhanfaawwmtﬂle N,N-
dimetBongieiglyddhe base to be used in this step includes, for example, tertiary

a”phatiCThe reaction time may be generally from 0.5 to 96 hours, preferably from 3 to 24

hours.

The reaction time may be generally from 0°C to the boiling temperature of the
solvent, preferably from room temperature to 80°C.

The base, the amidation reagent and the condensation promoter to be used in this
stép may be one or more different types of compounds for them either singly or as combined.

The compound (3) thus obtained may be subjected to the next step, after isolated
and purified in any known manner for separation and purification, for example, through
concentration, concentration under reduced pressure, crystallization, solvent extraction,
reprecipitation, chromatography, or not after isolated and purified.
(Step 2)

This step is a method of reacting the compound (3) obtained in the above step 1

with a thiol compound (4) in the presence of a base to produce a compound (5).
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amines such as trimethylamine, triethylamine, N,N-diisopropylethylamine,
N- methylmorpholine, N-methylpyrrolidine, N-methylpiperidine,
N,N-dimethylaniline, 1,8 10 diazabicy&fo15.4.0]undec-?-ene (DBUL),
1,5-azabicyclo[4.3.0]non-5-ene (DBN); aromatic amines such as pyridine,
4-dim ethylaminopyri dine, picoline, lutidine, quinoline, isoquinoline; alkali
metals SUGh-ASPOIRSSIML %%ﬁ@bxﬁﬁﬂiumdm@ﬁbeﬁth{%ms%ib@K?did@@é,aﬁor
examf/e5 3UGH 35, sadium.bydpde, potassiym ydrde alkal metal o 4
Pa ylates s as utyﬂﬁhl AlkAl metal ‘alkoxides such a po%assm
mercapsppherphidethsseium ethoxide, sodium methoxide; alkali metal 15
hydroxides ssahiasdiehassitiponydrerideb sedidnnhydroxislei3kalbeaetally from 0.2
car s sueh IMAKC ' nate '
to 20 G e T AR TR (RO UAIR 85 4Tk compound
hydrides, alkali metal carbonates and alkali metal alkoxides; and more

preferre@ arexctolvearbpie s ddiunedizdiide steptassides, daraonatple, tertiary aliphatic
ineP ORRESIN MG HaRHAGRICLE o RACKIR, S QXites SO xidg. 20 The
Amine mour%gdof tkﬁr??se }ég bo ﬁged y be'genera Ingﬁ‘é to 1Q equi alents,
methy BROrERANY FronMIFO BRSNS FRISIVEPIB BHE EUvaIt R D i ine. 1.8-
diazabdeynipbtidd (B dTheé-roaciidh Bo Mértzab isr e B30 thie-Step < IBNexarmiplgic amines
such aBSfRIRRLY A0iBISANIELINSHSRIMRNLIWNIEE, IRinatepgeifically, defingdosmdakikali
as ithdoes not interfere with.the rea i?nh. Concr? elﬁ f r exa (ahlé
metals such as ota§ﬁl\Jlm met% SoCU, e it ) _ne?fll kall mefa es such as
~Includesmethylene chloride, chioroform, 1,2-diehloroethane, 2 _
sodiunyibrisidreprinsiemsitteraliarhiastelimkihgiecatahme buivl ibimgpsliveli metal
alkoxideneudceipaestenin Bertanabivé: amiihalcoheki@ihy deetateaeilyl alkali metal

iy | ol 1 Adi ,
hydro?i%%&%?gha%gﬁgﬁé%}Emb@%%gﬁde),%oeﬁﬁra %%ggtdg‘ég%ﬁ%&?ﬁ Igar onates such as

ietrahydrofuran, dimethioxyethane, an Ir mixe vents. Preferred are
potassREHYREAR BT I BIRIS cataR S ROty IV rerionelcacsiarbadiary
aliphatertaimykaltodioh arid yeidep relertiod anb darbbaime tndfdkedamidel, alkoxides; and

more ?li%%}ﬂéfé%%qgm rNGIBIRY HANISON S0 0 AERIORITIG T BEESEEHP Rrt-butoxide,

di igﬁ may be generally from 0.2 t6 100 hours, preferably from 1 to 40
sodiurg Sthexifge SR tHerature may be generally from -20C to the boiling

point of thes soverity piefdrilicfhom@C ey igoilimg ydivnof thelSalgentalents,
preferdPy hersanpeurdi(aldhvsohtainedomayg s subiestad @ hsongatsiep,

aftr isolgted and purfied in an knpwn mapner fgr SSAIRYONA 1, i
purlflcatlon, or example, rough concentration, toncentration under

inert spdviered Prdsisuret BIEGemYatsHinssivedteatriadish naeietipitatih the reaction.
Concrelvigniatagraphly, ornatadtenishiited anddiyiiiatbro fbom Stepidhltiscgiene:,

oner o th .
tmhlﬁﬁﬂ&%ﬁ]%&eﬁﬁ? e ﬁe?%ﬁr‘éﬂ‘éﬁ?c%% a@'ﬁ%é‘&%@%‘ﬁ‘é%&é?@oé&o?ﬁ tert-

th a compound (6) In the presence o se to pro € a compoun

butanels {He-HEhlsALoE SHeterA th & EBRTTIGE) R B TS ASr S Sdpne. toluene,

1,4-diincludes(ridyéxerpe ddnethoxyethane, and their mixed solvents. Preferred are
dimethylformamide, dimethylacetamide, N-methylpyrrolidone, acetonitrile, tert-amyl alcohol;
and more preferred are NN-dimethylformamide, dimethylacetamide, N-methylpyrrolidone,
acetonitrile.

The reaction time may be generally from 0.2 to 100 hours, preferably from 1 to 40
hours.

The reaction temperature may be generally from -20°C to the boiling point of the
solvent, preferably from 0°C to the boiling point of the solvent.

The compound (5) thus obtained may be subjected to the next step, after isolated
and purified in any known manner for separation and purification, for example, through
concentration, concentration under reduced pressure, crystallization, solvent extraction,

reprecipitation, chromatography, or not after isolated and purified.
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5 methyl-4H-1,2 4-triazol-3-ylthiol, 4-ethyl-4H-1,2,4-triazol-3-ylthiol,

4-propyl-4H-1,2,4-triazol-3- ylthiol,

4-(1-methylethyl)-4H-1,2,4-triazol-3- yI]tﬁlbl The amount of the compound

(6) to be used may be generally from 0.2 to 20 equivalents, preferably

from 1 to 10 equivalents relative to one equivalent of the compound (5).
Step 31 e base to be used in this step may be the same as that used in the

above step 2. 10 Of those, preferred are potassium tert-puto

1,8 d.azglﬁéﬁ&ﬁfs[ss . Ea%% ?eé‘ﬁﬂ"(%)%%%‘m?ﬂ%“%és mg éd H’a@‘é e step 4
with at@e@m}aﬂﬂb(é)glertéﬁaﬂyta‘com 012 0410 equivdlents copreferably) frbthelity &ition.

equale@@)?é%@wetﬁe &ﬁﬁpf%%&’l%?m Bt ttg%@gmmts% G%HJ{]@ rr]ﬁ)a%t@&ple 4.

e ore e, pr inert o C W |c

methy T e hat 0y 5 QoL hot aHe i e 1o 4ol 5
ylthlok:%rﬁér@t@l@ﬂ%h}ékﬁﬂﬁpﬁe’% Heiivichugéaithethylene chlorlde, chloroform,

1,2-dichipseethane, driglieteeibane (6jmetbylieananise generally from 0. 2 to 20

eqmva‘férr{'t% d’){a s eyrt%hl* @‘?Eﬂe\,’!ﬁ%’&rﬁ’ ﬁ?@%a?‘%@%%”ﬁn eLDANA IR BRNN pound (5).

tert amyl a acetate, met a etate, acetonltrl
benzenel’ e forBfsRd i1 ﬂala ﬁiﬁr’?éa&é‘ﬁéh?/a%?ﬁ%ﬁhaf tised 1n the above step 2.

Of thodimettfoxydthanetantheirrbixedidolvahiss Gf thaseyclrefdridohare- 7-cne (DBU).
d'methy*f‘?{é%m{ﬂﬁ'o'}"fﬂ%%&)é RYHO 'h@@&"ﬁxa@ @@%&i mgle() %Q)-Elﬁee 1valents
g%%a jon time may be generally from 0.2 to 10 ﬁgﬁpreferably f@

prefers Rl ¥ FUABRAT Tt R R & R YR REROLTED e
boiling pbirtrefithien solvent iprisfeeainlyoiopr edwab e aperatoreawicselvent, which is

not spbalﬂiegmaﬁ@éd@s ﬁ@'&@ﬂ%&%@@fﬂ&@fé‘f@\{&mﬁ@%ﬁ&%ﬂ“beﬁﬁa‘étely, for example,
C? qrp 1y ate O%ll,lrlfeg ¥¥n anner for

it 1ncIu CS mettO)ﬁ GOC 1 ‘]C\EC 01‘06

ichloroethane,
Céf OI‘ e>€arh roug Cdncen ration,

dim eﬂ@ﬂmﬂr&m dm@ér}ﬂé@@é@ﬁdﬁr&m@%wﬁa 1%{% AcsioRrstsarhdsepropanol,
teﬁ-bd@ﬁfﬂd&&&iﬁ@ﬂ aRiamatagr @@ﬁ}{te lﬁetﬁhﬁa@@ﬁtﬁow%(%@ Btdhene, xylene,

ti Q_.the t
e BTSRRI U e e
pre m@mar@ 1@ Nioaprey féﬁela%éf@wk@%e@%nc? NIRERIARRES N OH S N
R2 RN S WV@HlEﬁ@lﬁdﬂﬁihﬂ@Eﬁemﬂy’%rﬁlﬁﬁﬁ)Ngﬂ SuStep GdraStepram 1 to 40

hours.

The reaction temperature may be generally from 0°C to the boiling point of the
solvent, preferably from room temperature to the boiling point of the solvent.

The compound (1) of the invention thus obtained may be isolated and purified in
any known manner for separation and purification, for example, through concentration,
concentration under reduced pressure, crystallization, solvent extraction, reprecipitation,

chromatography.
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Step 8 - 91 N R12 (wherein the symbals have the same meanings as

above.) 5 Step 4: This step is a methSd of reacting the compound (3)

obtained in the above step 1 with 4-hydroxythiophenol in the presence of

a base to produce a compound (5-1). Concretely, the base to be used in

this steprincladaso faiepamplentrimettydarnines. hehamine cxample, according to
the me%(l}\l-%iﬂsqg{)rg (}/lbectgxlvamine, sodium hydride, potassium tert-butoxide,

sooﬁluml?t ethoxide, 'sodium methoxide, potassium hydroxide, sodium

hydroxide, potassium cambomar(‘%,\sodiwm carbongate, cesium ©artii2§'§.
|

Of those, prefer i yaride \potassiun butoxide il
chrb @ Potassium carbbnate. The ég_?é[(gq be%l d @. generally

3) from0.2t0 10 equivalents, preferably-frem—t-to 5 equivalentstrelative to 1
eqtigadent of the comp (3). 15 Themmount of 4-hydrox$@phenol to
be used may be gener rom 0.2 to 10 equivalents, prefe from 1 to
3 equivalents relativé to ene equivalent of the compount! (3). dNot
specifically defined, the reaction solvent to be used in this step may be
any one not interfeging svith the reaction. For example, gt ins:;ges

methylene shjoride’ ofm, 1,2-dichll\?r‘nc;fth &, {i dhe,

O‘fiirget@ﬂﬁrm mide, dimethylacetamide, Ni; 47 methylpyfrolidone,
Eto)\aCertone, ethanol, igopropanol, tert-butanol, tert-amyl altohol, ethyl
sepacetate, methyl late, aceton'éttril benzene, xyleng; toluene,
ep . | e
1,4-dioxane, tetrahyarqfgiran, dimet oxyetbane, and

Of those, pf@ferredoa\r/eldirgethylformamide, dinfféthylacet

N-methylpyrrolidone, ace%onitrile, isopropanol, tert-amyl alco

5 preferrlgd are N,N-djmethylformamide, dimethylacetamide,

N-methylpyrrglidane cgﬁgﬁ}trﬂé. The reaction time may be generally
H\grB% O.X\tOX{ﬁOG@ﬁs{b Bref%rably from | to 40 hours. The reaction
(10) kémperatlire maybe generally from OC to the boiling point of the solvent,
—preferably from roo@mperature to the boiling point of the solvent.

Step 8

(I-2) 11
G\/\N,R
Bz

(wherein the symbols have the same meanings as above.)
Step 4:

This step is a method of reacting the compound (3) obtained in the above step 1
with 4-hydroxythiophenol in the presence of a base to produce a compound (5-1).

Concretely, the base to be used in this step includes, for example, trimethylamine,
triethylamine, N,N-diisopropylethylamine, sodium hydride, potassium tert-butoxide, sodium
ethoxide, sodium methoxide, potassium hydroxide, sodium hydroxide, potassium carbonate,
sodium carbonate, cesium carbonate. Of those, preferred are sodium hydride, potassium tert-
butoxide, cesium carbonate, potassium carbonate.

The base to be used may be generally from 0.2 to 10 equivalents, preferably from
1 to 5 equivalents relative to 1 equivalent of the compound (3).

The amount of 4-hydroxythiophenol to be used may be generally from 0.2 to 10
equivalents, preferably from 1 to 3 equivalents relative to one equivalent of the compound (3).

Not specifically defined, the reaction solvent to be used 1n this step may be any
one not interfering with the reaction. For example, it includes methylene chloride, chloroform,

1,2-dichloroethane, trichloroethane, dimethylformamide, dimethylacetamide, N-
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10 The compound (5-1) thus obtained may be subjected to the next step,
after isolated and purified in any known manner for separation and
purification, for example, through corldentration, concentration under
reduced pressure, crystallization, solvent extraction, reprecipitation,
chromatography, or not after isolated and purified. Step 5: 15 This step is

methyﬂ;iﬁ%ﬁlﬂ&%gef@&&{fé‘%%@m&%% 1.0 %t@ﬂé}ﬁg 'i’éﬂ“&%ﬁ%\’@oﬁ&%ﬂl 1 acetate,

with a compound %lnt e resence of a base to produce ac mgoun

methykﬁfe@&me@g}w% PG BE TR MR ét%&m%?&ae@t%w& ,
dimetltrinyethytamaind htiethiyehsiriecNsN @f Sopopytdtnddarindimethylformamide,

d1met}$ﬂﬁc@@ﬁﬁ9@3@|ﬁ[§ S ceRR(ABK, ls% ropano} tert amyl alcohol; and more

azabieyclo[4. -ene,(D d|um
Prefe“i%%?taﬁ% (}é %Ygﬂr%’t%ﬁﬁé ‘?Et%‘%‘é’ u?na% P&?‘h}%"“e acelonitrile.
hydroxid”@eﬁs,@@ﬂimnﬁy@mmbeb@é@agéaﬁmfﬁarbaﬁém,1%@@m carbomatefrom 1 to 40
hours.Cesium carbonate Of those, preferred are

1,8-diazg chy it te1]rHJera 808 Zglﬂéaﬂm% tlﬂ%%m e g&%t of the
amount of the base to Be use a‘g/ genere‘\/lly rom

solvengqrirfsrehty Tpreferap iFRBRRLLS Q&M@ﬁ@%}éﬂ@@?&@h@r&quwa|ent
of the carhpouing¢bnll)(525) Thes abtainet ofihd coubpatmtit(Ghtmbet uggd after

isolatdd] %cpﬁ_&gi%réﬁ 3 |an§}%ng ARalr 9o Qé%&ﬁ%ﬁﬁﬁﬂﬁﬁcﬁ%ﬂ Jf(H) eligmple through

equivalents relative to one e%%alent of the com%oun
concegtﬁ@a%&ﬂw@fm&anth%dﬁéa LBRoatfo et aﬁﬁ%@%@a‘imﬁ%@%y
reprecgnanot,inbecfearegwithyt e nrebetionsFotaxampie;ifidsdcludes methylene
Step s¢hloride, chloroform, 30 1 2 dichloroethane, trichloroethane,

dimethylforinamide, d| cetamld N meth e, acetone

e TR BV, Al IR SRR Sty AT gy step 4
with aam@@l@c@tbmﬁh@pﬁémmf KYRsado frledms, alcmﬂmdé?’)

tetrahydcqfﬂds@éieigdim@alsuwsﬂbﬁnﬁadamﬁﬁfdmi&em@dvaﬁtsx&a{moaemezhylamine,

. eferr irneth amide,, dimethylacetami

et 1 e e T (B 5

S
azabwsfslaﬂfé% B i& %Fﬁ%ﬁﬁi’é’g’%iﬁﬁ‘s&;ﬂ%&%%bumxm sodium ethoxide,
sodiuhl imelbyidyr iaidenendoetaniidie sckdientdackioriimeaayihe gehenatly fratium

carbothte th}RI%Q%%EnQ&?f%?Ws‘E LHQ:4Q HOVTS. dlgigéb-[a%lr(ﬁg% ndec—'}’ ene (DBU),

temperature may be generally from -20C to the boiling point of the solvent,
potasyErAPHRRIREHISOC to the boiling point of the solvent. The compound (7)
thus obtdinearmayhefshbjecew frethehodystegeatiediis dlated. Zard! 0 equivalents,

preferPbINIRCHIM 2B Ys KARWAIEAAREIHI REAR LR A0k RYTficaliRpolalaasample,

through Efconcentratl rﬁeconcentrggp?tunderr duce%gressur

£ Ao compoun 0 .he use nela from 0.2 to 20
crystalllza o SONent extracti C|p|ta ography, or ot

equlvﬁﬁ@qsig@ﬁpé@bghﬁcp@ riffed. (Swep edents relative to one equwalent of the compound (5-
).
Not specifically defined, the reaction solvent to be used in this step may be any

one not interfering with the reaction. For example, it includes methylene chloride, chloroform,

-1,2-dichloroethane, trichloroethane, dimethylformamide, dimethylacetamide, N-

methylpyrrolidone, acetone, ethanol, isopropanol, tert-butanol, tert-amyl aleohol, ethyl acetate,
methyl acetate, acetonitrile, benzene, xylene, toluene, 1,4-dioxane, tetrahydrofuran,
dimethoxyethane, and their mixed solvents. Of those, preferred are dimethylformamide,
dimethylacetamide, N-methvlpyrrolidone, acetonitrile, isopropanol, tert-amyl alcohol; and more
preferred are dimethylformamide, dimethylacetamide, N-methylpyrrolidone, acetonitrile.

The reaction time may be generally from 0.2 to 100 hours, preferably from 1 to 40
hours.
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This step is a method of reacting the compound (7) obtained in the above
step 5 with bromoacetaldehyde diethylacetal in the presence of a base to
produce a compound (8). 10 Concret i?y the base to be used in this step
includes, for example, trimethylamine, triethylamine,
N,N-diisopropylethylamine, sodium hydride, potassium tert-butoxide,

sodium ~gthoxide, sodit mﬁmﬁgﬁe RotasSIuR.fydmxEs, ?Qéjﬁ%%n éooint of the

hydroxide, potassium carbonate, soditim carbonate, cesium carbona
solvengy Py EEeb s B AR A ol BE MRITRRIHL IIBEUAR carbonate, cesium
carbonatée openarhtinbof théeabaedertaytie usbtetraytdehgeneratbp frdtar isolated

and ;AP ASAKNAIEN IR REIEFRBMZABM LR %ﬁ‘ﬂﬂ&\éﬁ@{ltﬁ)f%ﬁﬂi{%@ B gh
Iﬁquvalent of the comggun%gé ghe amount of %r.pn}oacet Ide %‘dege i

conCe Rt R ST R B BRY This? BE GBIErRAS o 1 18 U etftilvalerigacton.

reprecprétti rab kb fromath grap lag wivadd niteratalaptedawhpuediadalent of the

Step seompound (7). 20 The reaction time maybe generally from 0.2 to 100

hours, ferably. from 1.t0,4Q hours. The reactio ratur, e
oo A e R T SRR e sep o
with brsrﬁi@%&iﬁi@%éﬁrﬁl@ihbﬂ@@t@ﬂv@ﬁgeméseaﬁﬁpﬁmﬁemmgchﬁﬁamwwéé%%)-

su bject@bto;i&ely,e?ﬂeﬁem ‘@f(ﬁﬁ ﬁse@ate&ieétqmdxﬂuﬂﬁgd“dﬂ @nyhbnQ\Winethylamine,
tﬁethﬁﬁﬁﬂﬂ&rﬁﬁﬁ.%‘%ﬁég%%ﬂ&ﬂﬁlMﬁféc%'a%%nﬁ%{ggé%@]%&a@{%g butoxide, sodium

‘concentration, concentration under reduced pressure, crystallization,
cthoxidg sy methoHd reppEEPHRO RGO BFRORYrOF ot BffariBlataiponate,
sodiurardrporified:cStep Zarbhimstie Pislamathaddrofhyarabdzing thércempoansthm
carborl@: 0R1gIngd iR, thg@bove step 30 6 with acid to produce a compound (9).

The acid_to be used includes formic acid, hydrochlorigc agid, acetic acid, .

ifliorod BT TS ROT BF B AT B YR P o s,
preferfidmiibaguival equivadestivelati anoang, gonsferiabhofr o dow good (7).

equ iV&'%@f-a%&)Iﬁ%%ﬁﬁ@EﬁﬁéHﬁﬂg@ﬂ@ﬁ@&&ﬁ?ﬁ@ﬂM f&fm: Qsedont) RobESerally from

referably from 0.2t ours. The reaction erature may be

Lo R R ol S T SR TS e A g
comporfd EBmpound (9) thus obtained maybe subjected to the next step, after

isolated Bingrpayifiectimameakbewensialin éofarise pandiam and pefifigaiciom 1 to 40
hours.fOr €xample, through concentration, concentration under reduced

pressure, crystallization, solvent extraction, reprecipitation,

chromat B?és?ﬁ}'l(a} W&%@Tﬁ&%@%%ﬁﬁﬁé@m -20°C to the boiling point of the

solvent, preferably from 0°C to the boiling point of the solvent.

The compound (8) thus obtained may be subjected to the next step, after isolated
and purified in any known manner for separation and purification, for example, through
concentration, concentration under reduced pressure, crystallization, solvent extraction,
reprecipitation, chromatography, or not after isolated and purified.

Step 7:

This step is a method of hydrolyzing the compound (8) obtained in the above step
6 with acid to produce a compound (9).

The acid to be used includes formic acid, hydrochloric acid, acetic acid,
trifluoroacetic acid.

The amount of the acid to be used may be generally from 1 equivalent to a solvent
amount, preferably from 1 to 100 equivalents.

The reaction time may be generally from 0.2 to 10 hours, preferably from 0.2 10 5

hours.

The reaction temperature may be generally from 0 to 60°C, preferably from 0°C to
TOOm temperature.
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5 Step 8: This step is a method of reacting the compound (9) obtained in
the above step 7 with a compound (10) in the presence of a reducing to
produce a compound (1-2) of the invéhtion. The amount of the compound
(10) to be used may be generally from 1 to 10 10 equivalents, preferably
from1to5 equivalents relative to one equivalent of the compound (9).

The redyging,aaeisahle eseining s sl ALieeIRYDANUUIFRE: sotated

m cyanoborohydride, The amou the, educm agent to be use
and P‘}Wiﬁ‘f%)‘é‘ WHPB%?WEJ%@%%{&R%@HE’;PB} ?HBRf Sr<4g's; througn
concemiivalentseeimtive tondrereduivaliprsofith eryetrl poumen( 8l vest I desited,

reprecAMAbFI0R6hIQNde.RCets Asldtifluoreacetig peithdnagnesium chloride
Step L0 boron trifluoride may be added to this reaction system, and its amount

may be generally from 1 to 10 equivalents, preferably from Ito 3
equivalehts empse i dheguivarestes thecesnperhd [9htnbed jetifichipye step 7
with adﬁﬁﬁ}ftdmﬁl@l (mactipyselwnt td heddses indhisgiar mayninany (120 ofithe

t interfering with the reaction. For example, it includes methanol,
mventl
ethanol, acetic acid, tetrahydrofuran, chloroform, dichloromethane. Of

those, plafeRBECEMSEBIAIERY i SiFERd RS be sensiainteomdyto 10
equivdienge periitybirofroin td @45 houisaijereferddly dromddeditwems o2 hd hempound (9).

reactlonfﬁ%aﬁ%mgeagm&%@9ﬂ@fé&%@%&%&%@&%ﬁr@@%@%e sodium
0C to %Oé:ﬁ The compound (1-2) of the invention thus obtained may be

cyanopetpldidRd purified in any known manner for separation and purification,
for examiple atheoayhfcbacehtratipagecbivdentsion yregsedadedrom 1 to 10

equwﬂéﬁgssﬁbﬁ%f&ﬁﬁﬁe\#@ﬁtpfb §Ql¥tﬁ%l%ﬁ§§§@lmer RPEREIBHANADNBOT the compound (9).
chroma agp %bove g,oun may. bﬁ roduced, fo
h

example, accordin n3(0 & etnc emaé:ﬁ |8r%181 b&owomfﬁelil-@ 8%%6‘%“ Rfmm

chlorigy @ b@@mnﬂszqm@r@em e-adilqdAe-thgsNeagtivg spp(am) @Y/iSHMOIStElY be
generadieRdih B (8)k(Ld) A P¥i€erably from 1 to 3 equivalents relative to 1 equivalent of

the compound (9).

Not specifically defined, the reaction solvent to be used in this step may be any
one not mterfering with the reaction. For example, it includes methanol, ethanol, acetic acid,
tetrahydrofuran, chioroform, dichloromethane. Of those, preferred are chloroform,
tetrahydrofuran.

The reaction time may be generally from 1 to 24 hours, preferably from 1 to 8
hours.

The reaction temperature may be generally from 0°C to 100°C, preferably from
0°C to 40°C.

The compound (I-2) of the invention thus obtained may be 1solated and purified in
any known manner for separation and purification, for example, through concentration,
concentration under reduced pressure, crystailization, solvent extraction, reprecipitation,
chromatography. _

The above compound (5) may be produced, for example, according to the method

mentioned below.
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O S-N 2 G N\N~N~--R CH (15) X~/ S Step 12 (5) xr (wherein the
symbols have the same meanings as above.) Step 10: This step is a
method of reacting the compound (S)thtitained in the above step 1 5 with
(4-methoxyphenyl)methanethiol in the presence of a base to produce a
compound (13). Concretely, the base to be used in this step includes, for

example, trimethglamjng, triethylamine, N,N-diisopropylethylamine,
1,8 iaﬁ;ﬁ%yclo[& : -ene (PBW), 1/5-5—r, 0 S"N}‘
Ci i 4.3:0]non- :@ne (DBN),|so\iurrl§{hyd\tlide, potass N/QN Ra

|_ telt-btitoxide, sodi , sod ethoxide, potassiuln hydrdkide,
sodilim hydroxide, pot&8siim carbonate,lsodium 10 ¥gpdnate, ceium
catbonate. Of those, preferred are (1;%8-dia clo[5.4.0Junde¢-¥-ene
(DBU), potassium tert-butoxide. The amountof i¢ebase to be used may
pe generally from 0.2 to 10 equivalents, preferably from 1 to 5 equivalents
§Iative to one og ivate ogzthe compound (3). Not specifically defined,
reaction-Selventtohe used. in this step may be any 15 one not
fering e Teaction, but is, for example, preferably an inert organic
(13olvéent. Concretély, for example, it includes methylene chloride,
S““Eﬁfﬁro-fornys)l,z loroethane, trichloroethane, dimethylformamide,
i:e]i’jilr%ethylaceta N-methylpyirolidone, acetone, ethanol, isopropanol,
tert-butanol, tert-amyl alcohol, ethyl acetate, methyl acetate, acetonitrile,
b ne. .xylene, toluene, 1.4-dioxane, tetrahydrofuran,
(wher %?}nqé%f)@%t Szlh%eﬁrllgd%%%ﬁ Wn?%gg%% \?ear%t%‘:re f 20 those, preferred are dim
Step ]thylformamide, N-methylpyrrolidone, dimethylacetamide. The reaction
time mayhé genasal lyn bbiod @ 2rtaddg teursmprelfedaByolsorndd th 40 above step 1

with (EQH&%&%SH&EE}}R&E%%HEB@H*Afﬁaé'l?%s%ﬁcg%@%fﬁﬁé’ef{é?55}9&59 e, puing: (13).
point of the soOlvent, preferably from room temperatyre %he boiling pom}1 .
M ylamine,

of the sARBTTCSETIRE BB SO ORI RIS BHRd ayPh & AHRLCtE
triethythernexbetepiaferisdikitedrmng. putifieazid anyl idfohd mdandr doe (DBU), 1,5-
azabiSERAERIIOMAAS RUHficatiQn, Joi exaryRlel L OHIR LRORGEBHRUML, sodium ethoxide,

sodiu§onsEaation ynder reduced pressure ﬁ%@!ﬁé”‘“o%?"’e@t %Xtéé‘cﬂ%‘dm
reprecipitatidn, chromatography, or 08 AR RS AR ARt Puried’ 1 S

carborgfepcesiurhigrbmstis L hdwsd uefamsevirigltledintehpisteciiveddradectropme (DBU),
potassiié)GeMpPeRic.

The amount of the base to be used may be generally from 0.2 to 10 equivalents,

preferably from 1 to 5 equivalents relative to one equivalent of the compound (3).

Not specifically defined, the reaction solvent to be used in this step may be any
one not interfering with the reaction, but is, for example, preferably an inert organic solvent.
Concretely, for example, it includes methylene chloride, chloroform, 1,2-dichloroethane,
trichloroethane, dimethylformamide, dimethylacetamide, N-methylpyrrolidone, acetone, ethanol,
1sopropanol, tert-butanol, tert-amyl alcohol, ethyl acetate, methyl acetate, acetonitrile, benzene,
xylene, toluene, 1,4-dioxane, tetrahydrofuran, dimethoxyethane, and their mixed solvents. Of
those, preferred are dimethylformamide, N-methylpyrrolidone, dimethylacetamide.

The reaction time may be generally from 0.2 to 100 hours, preferably from 1 to 40
hours.

The reaction temperature may be generally from 0°C to the boiling point of the
solvent, preferably from room temperature to the boiling point of the solvent,

The compound (13) thus obtained may be subjected to the next step, after isolated
and purified in any known manner for separation and purification, for example, through
concentration, concentration under reduced pressure, crystallization, solvent extraction,

reprecipitation, chromatography, or not after isolated and purified.
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(13) obtained in the above step 10, with an acid to produce a compound

(14). Concretely, the acid to be used in this step includes, for example,

trifluoroacetic 5 acid, hydrochloric acil. The amount of the acid to be

used may be from 1 equivalent to a solvent amount for the compound

(13). Not specifically defined, the reaction solvent to be used in this step
Step 1May be any one not interfering with the reaction. Concretely, for example,

it mclude]-d.? Ietrah drofur Ny 1 4&%&&(@& or%ftorrtn eOf thos o th 4

preferre are tfp4 dloxane c 5r8 orm A trifuoroacet c,l? i$ sy omPosn
(13) obrified Hribie ﬁ#@ﬁ%ﬁf%!@a@é@kﬁﬁ@@%ﬁ%&Vé@@dﬁﬁWﬁ@ééﬁ and as

the solvenicrbelteaatiogndimemayde ganeralyiniied). 2ota:18:40ur &ifluoroacetic
acid, @;{ﬁ er}ggy fgg{’g 1to 5 hours. The reaction temperature may be generally

to 100C, preferably from 15 room temperature to 80C. The

compouﬁh%iwﬂﬁﬁ§%%ﬁ?éat9n‘a?/lﬁé%ﬁﬁﬁééfé§<t@ thEWEKRISH 0 aftalvent amount

for thdselatedindnd Jurified in any known manner for separation and purification,

for exanm;gs E%'&bl trﬂ%%&?@l@@ﬂ% %@%EJQH%%&}) may be any

Cgl’(ﬁ‘s ﬁg/ zation, SO| nt extrac e recipitati
onen

et iger é’é’l%&%t 6’8 g‘&i%”ﬁ%ﬁ@@f&“ 1.4-
dioxazaambthmdcmﬁreéﬁtthgsmem&npd@m 1(,]}4)10194&#1eté:ilmctﬁmabd%fsttépfhmroacetlc acid

is usedVith A& &amPaAdiRIRIbaRIESE riﬁsy%fea/@mtgsnﬁ@%ﬁ? ACANBOUBH ent,
(©): Congistely, 18 paselofe el is sapncliies, [or xample pon 110

trlmethylamlne riethylami e,el\%?\rll- ||s propy ylamlne sadium
hours.potassium tert-butoxide, sodium 25 ethoxide, sodium methoxide,

potassiumdyshiaiddecspeium hysrpidgcRotaissitim cabanate; (5qdiferably from
‘o Omg ?8&%% Foe§ l carbonate. Of those, preferred are sodium hydride,
ssium car onate, cesium carbonate. The amount of the base to be

used ma%é@aﬁ%vafhﬂ Yorives 2 b s S e S b cpek&r dbR A shitengBer isolated
and pwdfuedale nty ielativatenanefeqsipatetidohtidepaaifiyaoisnd f{i4x BpIdehrough

conceﬁ&%%ﬂu@&a(%ﬁ%x 18 REdser Cance s lnel Q%%dﬁfy%@ﬁ‘ RIfv&it extraction,
iodoacetophenone, 1-iodo- 4ﬁ§§thox methyDpenz Copper iodide

FepTOGIGT A GRS B YAt OR LB ROIAL EHiBft of copper iodide

Step Ivaybe generally from 0.01 to 5 equivalents, preferably from 0.1 to 2
equwalemﬁsr@tl@é%ea lcangl %W!:\é@{%[g &fet&%ﬁ%ﬁﬁ’&)(‘m Giinda Mahe above step 11
gecmcal ime% the reactio, on, sDoIvept Be used in this gt may be
with 4 compo C. I’GSGI%HG pli.g UCE dCOlPé)
ne n the reaction? For exam It includes

ter erl
methyleﬁ“@wﬂ@ﬁbfeﬂ %@ﬁ@fﬁh’?ﬁ %ezimdhléﬁé@rﬁaﬂ@dﬁﬁeme@éma}%mmethylamme
trieth dimetsy formamnidesdimathylaeeiamiten Nymeday pyaelicdanest acetands, sodium
ethox 308 uIFREARANEL IRLRHAPRL AR SN uf M 2ES8 L um carbonate,
sodium carbonate, cesium carbonate. Of those, preferred are sodium hydride, potassium
carbonate, cestum carbonate.

The amount of the base to be used may be generally from 0.2 to 10 equivalents,
preferably from 1 to 5 equivalents relative to one equivalent of the compound (14).

The compound (15) to be used concretely includes, for example, 4-
iodoacetophenone, 1-iodo-4-(methoxymethyl)benzene.

Copper iodide may be added to the reaction system, and the amount of copper
iodide may be generally from 0.01 to 5 equivalents, preferably from 0.1 to 2 equivalents relative
to one equivalent of the compound (14).

Not specifically defined, the reaction solvent to be used in this step may be any
one not interfering with the reaction. For example, it includes methylene chloride, chloroform,
1,2-dichloroethane, trichloroethane, dimethylformamide, dimethylacetamide, N-

methyipyrrolidone, acetone, ethanol, isopropanol, tert-butanol, tert-amyl alcohol, ethyl acetate,
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-22- methyl acetate, acetonitrile, benzene, xylene, toluene, 1,4-dioxane,
tetrahydrofuran, dimethoxyethane, and their mixed solvents. Of those,
preferred are dimethylformamide, dlrﬁ%fhylacetamlde _
N-methylpyrrolidone, acetonitrile, isopropanol, tert-amyl alcohol; and more
preferred are dimethylformamide dimethylacetamide,

methy%%ér%%@%t}(’)%%%ﬂ idan qr)éa%‘%@ﬁ@ng @ne’s thhgke i%?&&'ﬁ@%ﬂ@%ﬁ?&@ﬁ%@”y
ametiaiedhane AP S e%éﬁwsm](%ipégpﬁéﬁesmgﬁgf%‘;%ﬁwﬁpﬂf%%"ﬂde

dimeﬂm@@@tmhéeeé?ﬁp@@m@wpim@@m@ﬁmtﬁlaylwmcéstm%a@a}tﬁh@hol and more

prefermw&ﬁﬂ@kiﬁyum@aﬁ&ﬁ@@\@rﬁéﬂ@&é@tma@qe thercampainmh b, akdgitrile.
inventio after |,[s ti%g and RY rlfleoel I womnlowrgg 'ﬁ]c%r%nerrfa érSEPaﬁat'o'] t0 24
and purifi catlon or exam alg throu l‘h c%ncen ation, concentratl on under
hours.reduced pressure, crystallization, solvent extraction, reprecipitation,
chromatdfeapiator ieiopatinnisalaied ancteuviikoml 0 Meqaeastionsreferably from
oec dmeptiened above, when X1 has a protective group, then the 15 protective
group may be removed_according.to a method described in references
(e.g., ProfsctREPEIFLEY B RPIRRSyATHESISHY 35 . ¥eriag competpd in the
above Jodm3WtlpyoduSoths, clﬁajgumi deodttimpvimntiangetfiediielsietllandit;ifed in any
knowr@ﬁ%?{ﬁjé{‘ Qﬂ%é}ﬁﬁ%ﬁ‘ ahy %\ﬁﬁm@tﬁﬁm@ﬁ%ﬁ{gﬁ 'Rhﬁ'&%@%b%lﬁ%ﬁ%%?ﬂ &BBcentration

d com ound into the compound of the invention, T
e B a0 GO AT SHA SRy, or
not afmeSth%?ml@Dmlﬁﬁéharmaceutlcally -acceptable salts. The salts may be
produceﬂmimamaaidinargenﬁmtbﬁ)dﬁo@m M&ndmpmsmqscﬁﬁatti&ea@oue, then the

protecforg] urlaue gtg:' r% a%ﬂd AcCording 5eav¥{1é 1oéh<?escr1 ol Ofijé: Cre undgmtectwe
ng %é’mv ntion. oncretellil, V\}h € compounas ot rormuia ?[gl

Group@lnzpézm)ﬁya%e%hg.@ éﬁ’o@ﬁf‘@ém@é@ Edniohs BilindieSons. e or according
to a mgthoyio kvt dy oo updardier moleciidinthe mihiko@ Sceabipaimis Mmaldpeby
conveRIAEERSGELNUN RCI SR AR LOMLET nigrthe gRuesppnding

pharmaceutlcally acceptable salts. The acid-addition salts include, for

example! FydrBHARRSSbRF R AFEERTORaLR HidibiasaeEovides may be in the
form dfytiabpbaides;tydibiadidesitirorganid beishBalsglepasinivdtesany ordinary

meth&%%%@%@mﬁ&ﬁ%@%f phospiates:rarRonaes lonenaikylsUHeRARRSthin the scope

such as meL Pge}slulfonates 30 trlfluoromethanesuIfonates

of the CHIRALRT Risiithates such as benzenesulfonates, p-

tquenesGFf@ﬁ'@téb‘ @f@ghtbea@alﬁaugwﬁa@wmﬁaaféé)sﬂcﬁ 9afds}) have a basic
groupGitiaies, Al Aas:- oxalesm dﬂﬂi@aga@pm@rlgﬁg@ﬂigmpr@@@étiﬁeiéalta then the

WI'[ amln Cld such,as. Iutagnate asgart 1Jteu n.the ¢ m ounds of
comp? 5 meH/ [1}11‘006886(1 Wl% acid SO Aas'to conve ]?en} 0 the Ci Q11 H}?
he invention"have an acid group in t e molecu or examp e they

pharngsert calirrsepidis gl tthen the compounds may be processed Wlth a
base so @kdaddnddit theyr iniocBaithceraapntiohalides such as hydrochlorides,

hydro EG@H@@SC, %%F@A%ﬁ%?%%%'ﬁesT %P@%?a%@ﬂi%%ﬂss?&% i&c}HggtefsS’ E)erchloz‘ates,
sulfates, phosphates, carbonates; lower alkylsulfonates such as methanesulfonates,
trifluoromethanesulfonates, ethanesulfonates; arylsulfonates such as benzenesulfonates, p-
toluenesulfonates; organic acid salts such as fumarates, succinates, citrates, tartrates, oxalates,
maleates; other organic acid-addition salts with amino acid such as glutamates, aspartates. When
the compounds of the invention have an acid group in the molecule, for example, when they have
a carboxyl group, then the compounds may be processed with a base so as to convert them into
the corresponding pharmaceutically-acceptable saits. The base-addition salts include, for
example, alkalt metal salts with sodium or potassium; alkaline earth metal salts with calcium or

magnesium; ammonium salts; organic base-addition salts with guanidine, triethylamine,
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example, alkali metal salts with sodium or potassium; alkaline earth metal
salts with calcium or magnesium; ammonium salts; organic base-addition
salts with guanidine, triethylamine, 23 dicyelohexylamine, etc. In
addition, the compounds of the invention may also be in any other form of
hydrates or solvates of their free compounds or their salts. Depending on

dicycl&lﬁéﬂylﬁﬁlﬂfeﬂlﬁc&lﬁ?ﬂ&ﬁﬁmﬁ thetinptheeosmaLnds:of saedBy @RS in any other

e stereouls mer: utomers such as o;}otlczi isomers,
form o \sr Tates Or solvate elr conrlﬁ)oun 5 0T 1h
ereomeric |somers an eometrical isomers. Needless-to-say, the

compouﬁéﬁe@fitﬁé WVERTBPEIAE D8 ST s sertrars e grmepunds of the invention
includeersitessitesandhaseamponndsiebiiteitvention,dbludeath enixidoasaf and

geome%HSQ ISBM&S: WLRIRduUen gﬁ%@&ﬁgé%&’{ %‘f‘%ﬁ‘é‘%é&ﬂ%ﬁ%ﬂ@%&iﬂﬂ&é‘1somers

diabetes or diseases or symptoms a; sociated with it, the comp ounds of

Furthefeg asasoosr%éhﬁseﬁ%’ﬂ S9bEE ISP W%%Mé%ﬁ%ﬂ%&cwom ers.
the use.li@ibdeciioseefithecs donpoenwisiol fordnatadd)y of tiypdnlénbetesan disecases

or synfPOHRMIQD ke WedlY: OhdisgasesIRITAInYAHeS SaRendieg:on B8y be combined
" Erggerf%(%f the élké §ﬁ m to be treated, the specific compound selected for
with o S A dfifoute. In addition, the dose also varies depending

on the agbe ﬂtémﬁj@nmgmpandsméf@@ném(&iwﬁﬂmﬂémmm igeneregntine or

1emedsi%ihﬁﬁ,@ﬁﬁagq{aﬁﬁﬁtltwglﬁsP(ﬁ%f)%hﬁfﬁg%ﬁl@m ipishatipo MaysyheafeMe treated, the
bout 0.00 Sml%/ %O htt a%po OO m /kg body weight,

Spemhare g}ggl]y rom a ISwe (% about 50 mg/kg-body
weight, é@éﬁ%’é’ﬁb ﬁéﬁ%&ﬁr&?ﬁ%ﬁ)éﬁee N RIRGREGy Ryt ty eisblnd the
sensitil@ymd/kgbedy WeightraAsibd dhseanafvbenadministpdian thas dosendedttion may

be froHi‘%&E}Q?d@%g%g%%ﬁg%ﬁ%}ﬁ%%m g(an%/iloérﬁ%gdg %ﬁl Q}tgrgf;@llably from about

administration i scri he daily dose 2

0.01 mgierprdy AaHaisHERAH ?9&9&5%%‘?‘?&%{%%% SEBRPSISIPHiETTPR fggrabout 0.1
mg/kg2b0dy: Peedbrabhbdhe] Qaily/beiminis tradight. frag ulen cysisnomcbeondwitesgation of a

dose ﬁ@yt@gﬁggﬁg y)ggg@eg%agpm about 1.0 mg to about 200 mg. More

ferably, th t 10 mg to 100 mg f .
it By P Ly O BT A O B By Ao iy dos

for ong-tipicer tosetofthe 28 a@mdﬂpwa@d(fmmmbefpéﬂﬁ@bﬁgmgm 0.01 mg to at most
2.0 g. MPeEaBig:- hﬁﬁ&faw#mﬁﬁﬁ@m@hmxﬁegé@ayldfﬂcb@dywwei@ha)(pgﬁaeme@&aﬁy dose is

0 /d ht to weight)
o A B L b RS P10 ma 0 100
mg fopfRIAeHBEY Wl Aaso mentloned herelnabove the
p harmad&utmaia@emp@ammmcsim&)mue ptidradedm sxmmampipﬂtﬂtdmf the

compdQHE &Aﬁ@@@oﬁl‘%mﬁ% CHJQ/ E?ci%i? SRIBRN TR I8TH03Y dg/dayce-body

com os |on is meant to_contain no %a roduct oduced by directly

weighb (RREFEREy TEambil rfagé%&ﬁﬂ?ﬁayow Pé@éﬁﬁ@“é W&%%P@&%m@gh& more
preferabbydetuotghaddcbdhgsiaykstiody wissuciat ool dneler mdyesingiedients,

or a COMREYNGHBHALHEEH @8 R IRIUILAEL IHACHOR QK dRterRACY tgindéﬁf%;@@&venﬁon

Compr}/ egg 8<f)r|rr1] glelgéentt ?ortr)i%lgla? anrcli aCt e?rn?‘gcge{lQ%%fi\{f?aL%gp% Iﬁa ca.rner The term

"composition" is meant to contain not only a product produced by directly or indirectly
combining, hybridizing or aggregating 2 or more ingredients, a product produced as a result of
dissociation of one or more ingredients, or a compound produced as a result of reaction or
interaction of different types of ingredients, but also an active and inactive ingredient of
constituting a carrier (pharmaceutically-acceptable vehicle).

As combined with a pharmaceutically-acceptable carrier, the composition of the
invention preferably contains a compound of formula (I) in an amount effective for remedy and
prevention of type II diabetes and for retardation of the onset of the discase.
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constituting a carrier (pharmaceutically-acceptable vehicle). 35 As
combined with a pharmaceutically-acceptable carrier, the composition of
the invention preferably contains a &6 pound of formula (1) in an amount
effective for remedy and prevention of type Il diabetes and for retardation
of the onset of the disease. -24- For administering the effective dose of

the comp&tazﬁn@ﬁmem %@'@?e@x%ﬂ%@ﬁt%ﬁ@%@o@%@%mmn to
1}gls arlﬁa%sun 1 a? gr?jstratlonsrou%ee r exam Je the Joyte fe,
mam et EtSA et AT SHERRI, FOCATSH mlnlslfra ion, P
the roumm@e@e@ah@immmﬂ@m w@ﬁmmle@@ﬁmsﬂmﬁ%ﬁmamlmmous
adminREAasAl @Qﬂﬂﬁiﬁtf@'@i@m&sEr&ﬁB}p|E§19&Efl@1ﬁ@tfﬂﬁiﬁir@tm£fpéﬂiﬁiﬁfﬁration.
tablets, tro hes tion S cream :
Exam%?gsré)so}s re e%?g d are or g(?%ﬂs%llo;j}rgﬁaﬁh gﬁgﬁgér%lgggﬁ%?r%s %%igbllons
capsulgsecapSraRTary sharsisced starmedRictTheir examples are water, glycol,
oil, alcopbipgtapoaslditivesshiese nvaiiiesrcatgrantiaky pirapardagtigiidedia.
Their &2 ?éé%?@%?ér @&ﬁ%@%’&%@)@ 1%%&3@%&1\;&6 P&%ﬁqaﬁu}gs colorants In

suspensijons, 10 efixirs.and’ so utions. rr|e re, for exam le,
preparigg, ﬂ“’éu‘gjﬁPPHﬁE]r%‘&? Stalli é‘%’é‘ﬁmft}?’éloﬂﬂ %lgtﬁﬁ‘&‘b‘}ﬁ ?e%mpensms
clixirslaidisatutiGinddidisintegratos, fm@mingswhﬂ cogwpositions yigribral cellulose,

diluen® &Eﬁi?ﬁﬂoﬁgb@famwﬁaﬁ@eélHQQ@%@f&ég%WQ@r?n 8 Mt compositions
s..Above aJl, such oI|d com ﬁ:tlons for oral a |n|strgtt| are

for o A Vel o S B R Ty B RO bRt Aboveal
such seligswieperisiohe wiosrlBlaivantagacus Toregdér oral administration. If

desired,Hheiéablﬁtﬁaeneﬁé;besggatﬁamﬁﬁfﬂiwatmrst%mmﬂmumere the most

advan&ono%%eo“sf%"a“ %ﬁﬁi"q%?s In@gditon %&‘&%PPO"%B 0{%8 cording to
Inary administra |on mo r'them, the’ compounds fformufa 5:

Staﬂdaﬁ‘i‘a%%?@é‘so%fﬁ&ﬁff#ﬂ%ﬁé’?@&%@%ﬁfdﬁ%ftﬁl%trolled release systems and/or
controllele dédiitery wysie atsytomexdmple patnarl) SiRatents384mdaior them, the

comp&%@&%&%&a@ P8R P Ruhtrits B Aad &%Zﬂe‘h Hase systems

P harmaceutical composmon of the invention sujta e far oral

and/oteniealed doh v FRREESa U TS ATRISHSWS HRd BBIEs bt COhtin14-39%:
3,536 Bfedétebdinzd uidhibt®htdel A08vel dngredient in the form of powders or
granul eﬁk@ﬁﬁ%&%ﬁt&h% f&ﬁ'ﬁb8§1‘{Y§ﬂec§f?eQMﬁ|€eﬂ€iHﬂj&ztﬁ%ﬁ&ef‘em‘all&?ﬁlmstratmn
1 d%wds pllsin-water arr{Hth‘b?éls Eﬁ%t"‘é%%%ﬂ” po eé“%“s'ons hereof, Th ‘%g ZRve
includg FBoRISNEMaY b prépared'in aiy Phamhacett &tho dl Caf

mgreciwetmeth@ﬁ@me@m@eﬁe@e@eﬁec}h@eﬁngftﬁethetfoeﬂrfgfreaiemwmehqmds,

water GRSIRIDES RREQY, BIRIE- aecem%iaﬂge@lieetsr-meﬂr&ﬁaism acdvef. These
ingredient is uniform and mixed Wlt a ligu

comp e e S LA s Bty peiude o

pwceﬁreﬁm@%%ﬁée amtﬁeéa&a%*p@%mfé foopregacs e %%%é}ﬁe?ﬁsearmgwdwms
exampleldabietsarkdqratiuceddilieugly 80i tomprasditnland stdbpinly a liquid carrier,

ora W%Bt'%ﬁﬂXt&i%BE&Vdg?r%?%l%m%@tﬁ'ﬂ% WH] %%HQH& H%!Qgrédsﬂﬁ@ggduct is shaped

machine, compressed ablets ma oduced m| ing the active

into S%@Péﬂl@ﬁ“ﬁﬁﬂéﬁ% compos1 or example, t ets are produced through

compression and shaping, optionally along with one or more side components. Using a suitable
machine, compressed tablets may be produced by mixing the active ingredient optionally with
binder, lubricant, inert vehicle, surfactant or dispersant and compressing the resulting mix in any
desired manner into powders or granules.

Shaped tablets may be prepared by shaping a mixture of a powdery wet compound
and an inert liquid diluent, using a suitable machine.

Preferably, the tablets each contain from about 1 mg to | g of the active
ingredient; and the cashews and the capsules each contain from about 1 mg to 500 mg of the

active ingredient.



binder, lubricant, inert vehicle, surfactant or dispersant and compressing
the resulting mix in any desired manner into powders or granules.
Shaped tablets may be prepared by‘é?a‘ping a mixture of a powdery wet
compound 35 and an inert liquid diluent, using a suitable machine.
Preferably, the tablets each contain from about 1 mg to 1 g of the active

ingrediept,anddnereRshew AN IS HeRSUISSIRACHGIUAR Fom-ARRHEY for

mg to 500 mq of tlé% active ingredient. -25- Examples of the
phaﬂngﬁ%ﬁ%@t}]ﬁﬁd%erﬁ% ©¥Fthe compounds of formula (1) for pharmaceutical
use are as follows: Table 1 Suspension for Injection (I. M.) mg/ml

Table ¢oOmpound of formula (1) 10 methyl cellulose 5.0 Tween 80 0.5 benzyl.

Sus egslg%hf)lr .0e t%enz&I‘ ium ghloride 1.0 water for injection is added to
P ke L oV S  abte-2Fablets meftablet-eempound of formula (1) 25

10

methyl cellulose 415 Tweel

N180'14.0 benzyl

alcohol 43.5 benzalkonium

compdiN@ideZ-hutatal 500mg T4

ible 3 Capsules mg/capsule compound of

methy'ﬁ%\rgfﬂgsgl) 25 Tactose powdey 5735 magnesium stearate 1.5 total
Tween80 E
benzyl alcchol 9.0
benzalkonium chloride 1.0

water for injection is added to make 1.0 mi

Table 2
Tablets
mg/tablet
compound of formula (T) 25
methyl cellulose 415
Tween 80 14.0
benzyl alcohol 43.5
benzalkonium chloride 2.5
total 500mg

Table 3
Capsules

mg/capsule
compound of formuia (1) 25
lactose powder 573.5
magnesium stearate 1.5

total 600mg

Table 4
Aerosol
per one
container
compound of formula (I) 24 mg
lecithin, NF Liq. Conc. 1.2mg

trichloroﬁudromethane, NF

4025 ¢




10

15

20

30

35

10 Table 4 Aerosol per one container compound of formula (1) 24 mg
lecithin, NF Lig. Conc. 1.2 mg triehlorofluoromethane, NF 4.025 g
-26-methane, NF 12.15 The compoUt?rés' of formula (I) may be used, as
combined with any other medicines usable not only for type I
diabetes-associated diseases or symptoms but also for

retardat OQ of fheonset of type Il diabetes. The
neS-may-b In any administration route
and dose generally employed in the art, simultaneously with or separately

from themewﬁg@&a& tqrfeﬂlﬁlwah&@ssem@sdea%ﬁmmewﬂ%@mma

)isu d alon other me icines, then a harm u |ca
medicbiiEe e R R b A LR g6 o
renledmr@n@glxéqsa&éﬁ@uowwmﬁﬁw tye Bhia@hﬁé@eu”f’balaédmfa@@m@ﬁﬁimnes may be

admmih@#@@ﬂﬂ@%&@xﬁi‘@ﬁ £QM I@ﬂﬁt% Aed Aoty Rasampatpd aidosmedart lyibtltaneously
also onge-or, more such actiy gredleln EQ; Examples of the active

ith tely f)
WO Sepaé?efh S {ﬁnlt zg%%ur% ined with compounds of formula (1) are

menuonkucw %cwmoaférﬁaﬂ% iirétivesdrHeas Yidyae or more other
medicBepariadely pdminisiered ebnmpayi enadiminisieret sirontaneduslifoasula (1) and the

addltl&%tﬁ'&ﬁgiﬁrgs r@g& AR A MBLEH ﬁaltﬁgmggéﬁt@l Qm%&%%ﬂl%@%@mvemion
activators, 15 (b) bis- guanldes(

n, metoformi enfornln,),( )

may opERIRERBALE L G ROV maﬂb i R RSB taF st eredients.
Examlé&)ssﬁmmmnngfﬁd@wb&dawhn liitbiscd githobglybosendighfithymula (1) are
menti AT BORRY, ¢4i(8) Hlﬁ}b@%xse&@{&ﬁzﬁﬁ%ﬂ%er?ﬁ@sg m@?%@&%@%%eadmlmstered or

bca|€Utarr]tlde Cgllor zrigg g/ egd chraZI ceu Fcaq Composition
Ay O (STIHE, Gy gLiding, g?yéc%(epl N dhd Tmhe amide, gly plnam%l)e, '
(a) otferdutakihes wetzeatite, tolbutamide, tolcyclamlde nateglynide,
(b) bigeRaglyaide)s. amerothiR) RR{(etipertidipantidase 1V) inhibitors). The

ht ra f th ound off [ ula I he second active ingredient
© PP&%% On\l/%?)so ’[h?lh1 broad Pl(h%g% hat gepé S on.?fhe effective amount of

(d) mf‘t‘i’\]énmdlwdual active ingredients. Accordingly, for example, when the

(e) soamgatind of formula (I) is combined with a PPAR agonist, then the

(f) aug}@égﬁlh&’é‘@%ﬁ ﬁﬁ&%’@%gbﬂ%‘i@%@%%ﬁ%& 98 REAR agonist may be

generally from abou 1/1000; preferably from about 200/1 to
@) m%éecmoemwaﬁar(e@f»tﬁ%&lﬁmﬂa SR EOHITAKI {1 YU REP TR Bty elybomlide,

glyeraactvelingregidntghyaidbivgipinithecabbvexepide, glyburide, glyhexamide,
glypinamide, fenbutamide, trazamide, tolbutamide, tolcyclamide, nateglynide, repaglynide), and
(h) DPP-1IV (dipeptidyl peptidase IV) inhibitors).

The weight ratio of the compound of formula (T) to the second active ingredient
may vary within a broad range, and depends on the effective amount of the individual active
ingredients. Accordingly, for example, when the compound of formula (I} is combined with a
PPAR agonist, then the weight ratio of the compound of formula (I) to the PPAR agonist may be
generally from about 1000/1 to 1/1000, preferably from about 200/1 to 1/200. The combination
of the compound of formula (1) and the other active ingredient may be within the above-
mentioned range. In any case, an effective amount of the individual ingredients should be in the
combination.

The glucokinase-activating potency of the compounds of formuila (I) of the
invention and the blood glucose-depressing potency thereof based on it may be confirmed, for

example, according to the pharmaceutical expertments mentioned below.

Pharmacological Experiment 1 (glucokinase-activating effect)
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30 mentioned range. In any case, an effective amount of the individual
ingredients should be in the comblnatlon The glucokinase-activating
potency of the compounds of formulz? (1‘) of the invention and the blood
glucose-depressing potency thereof based on it may be confirmed, for
example, according to the pharmaceutical experiments mentioned below.

35 Pharm@{%ﬂﬁﬁla@ﬂg%ﬁmﬂé &W%%éﬁ?ﬁ??ﬁ%?ﬁ%%%gﬁ boee
lucokinase-ac oten mpounds of formula (I) of the
inventigh Sifléh Sha' Llfg Fﬂ%g (%%Cﬁlg? 1

KO gcrlbed below. The excellent

glucoklrﬁwa@ﬁmwt@ﬁéma@mfém@tmgtﬂﬁfm of oy ¢Pngrayl emula (1) may

be detélgtareningd hivddaethed sieselikeddndsiganoesies, exarnle, Rinkstes. 1671-
i677 y@é drplpaclbg)z_ 5 1677 1996) or in accordance with it. The glucokinase

FICC W
" activity may %termmeo’l not by directly measuri ‘_% glucose-6-

phosph%@ﬁbﬁ%&k%ﬁs@ﬁngﬁe%bed@femm@m Yoohiere Prgdudes glucose-6-
phosphutebua e parisinep Ziaiey gluc¢d38e6MNkD 5h hatiecH ehytrdgedaskeprodipee tr
enzym@hgl%%g’@l%‘ﬁﬂﬁé}lﬁ&@ H@h&@@&l&h%%‘?o%@é’g%ﬁ?&ﬂ% g‘?@&?@iﬁ@%&é‘ﬁ@% glucose-G-

level, the degree of lucokinase activ étlon by the compaound tested
phosphais, #id fatefih dhs Ty ehidos R Rt @W&&l&%ﬁﬁ\mﬂaﬁm&ﬁwwnd tested
may bGketemmiciedyas expressed by E. coli as a FLAG fusion protein therein and

was puriﬂecﬁapges Tﬁ%éﬁ@a%ﬁ% ARINALY @k HOPBK UsiOAwas expressed by E.
e el plate, the assa rri
el o P R S e Bt v
(Sigmgl5 mM TNAD, 1 mM dlthlothreltol) was put into the plate, and | | of a

DMSO goiution ofitheteenpase ar fRMSE:alone asaceaniiclwasmddedo ] of
an assHEFEERy NeXt ¥OH Qeamenzyme Mpdure (R Macei.1 20W/RHESORREN TNAD, 1

cooled in'ice was added to it, and 10 pl of a substfate, 25 mM glucose
mM dife et it aHA e rodetfoAWdsHhtfaddMthpeitiaser the compound or
DMS@ahgensaticonza? ban MdDiAften the staddfithe seaniomecthaineed@denit-GK,

20UmINEEPSYPANIEAL102 M0 Wass MERSHEIQN b¢ MINUES AUIRIGRAISEEOvas

seconds, and the increase for the first 5 minutes was used for asse€ssing

added oot AReIBE REP OISR B PAEREK( g S SO MStTRE S orB AME-
increaseA Bfiethd sririuteth frehetipresenoehics DV 8O cbaldde fdihmm was

meastPeB430 10.06ndhe £ Qtl&"ﬁ% socgfth@ RMRA contrakwassst & B0 3ninutes was
used fé ge[gs%%\/e otzggr?ﬁi(?us%l eF %’29 8 \qrfaesre glc(? % t[rﬂ"l: r}) c\% a? e increase
ermln rom eveI at’éach concen ra OI’] max

after SEeseteMml@rer@@@ﬁ%ﬁd &hdPhEed sauiddmbesa ék @Hé@@éctuvatmg
potency Theth® ¢erapetitd. THs G Koastivatingaalency of: el comppuBas of the test

compt%r}@%tl va?é}ggpc\é'% ﬁ@r%%%%e\gas determined. From the OD level at each concentration,
Emax (%) and EC50 (uM) were computed and used as the index of the GK-activating potency of
the compound.

The GK-activating potency of the compounds of the invention was measured

according to the method as above, and the results are shown in Table 5 below,
Table 5

Compuond No. Emax (%) EC50 (uM)
Example 1 1105 0.09
Exampie 4 1263 0.15
Example 7 1210 0.06
Example 20 964 0.04
Example 23 10806 0.06
Example 24 1074 0.04
Example 25 1212 0.05




10

15

20

according to the method as above, and the results are shown in Table 5
below. 30 Table 5 Compound No. Emax (%) EC50 (M) Example 1 1105
0.09 Example 4 1263 0.15 Example?f 1210 0.06 Example 20 964 0.04
Example 23 1086 0.06 Example 24 1074 0.04 Example 25 1212 0.05
-28- 1 Example 26 1219 0.07 Accordingly, the compounds of the invention

hdve arrexcettent GK-aCIiva[ing potency indica[ed y Emax and EC50, as
’ C - )otency of the
compounds of the mventlon and a 5 test method for it are described

below. Pharmagological.ExREIRE N 2HPARIR PRI VAL dR8S) BE Dk  activating

drug administration, blood was coII cted from male beagles (body weight,
potengy. @%dcil?% Ifﬁaéft?f&h (qe%(?'l gept \5?/ A)WErh HEd overnight, via its
cephal|cT\}3|hio@ﬂ@1mha$§aiepfhsestg:pmmMM Syspenpahils 0f3Ibimyetiiydn and a

test mEBIN9sE; sQlLtion-Mas drally administered to it (compound of Example 1,
0.25, 0.5 and 1 mg/kg, compounds of Example 4, 25 and compound B, 1
mg/kg) To a control group, 0 5 % methyl cellulose solution was orally

Szl YU gidministration, the blood was
collectedz.&i@ea Hi?@gd&@naﬁm’;‘@f‘éadsbﬁli&l hmrcoThaﬁamnamaas isepiateddy weight,

9.6 to T9BH ftg“eﬁa Ct%% 'gsa 9%3@&8'9@ ﬁ@%@?ﬁ%%\é%hm% {flor that @

meas USITlﬁqE eter Kyowa Me Table 6 Exam
test cogpranhemReyRed iR foh /(w/a}qmﬂla & a%g@me? @&%ﬁ?&@i@@%dﬁ@ it
(compdimd @BEAatiplé Exelfplesdaid?618 gkyamoiepbntiddf Ex@oiplecu2d Bnd dohpound B,

1 mgnI@? GOMRBHNG grw{HJCb W8S HeS i DANIR O MPRIBIUSAESE TS A HRMIRE. 0.5 or 1

structure:
hour after the drug administration, the blood was collected from the dog at intervals of 1 hour.

Pha

7-&

The plasma was separated from the thus-collected blood, and the plasma glucose level was
measured using Determina GL-E (Kyowa Medics). '

Table 6
Example No. | dose (mg/kg) Reduction (%) in Plasma Glucose AUC
Exampie 1 0.25 7.9
0.5 10.6
I 15.7
Example 4 1 26.8
Exampie 25 1 42.1
Compound B 1 7.4
The compound B which was used in this comparative test has a following
structure: '

S/N
Yk >\CH3
N”'N \L/\

|

S

O\/\N/CH3
|
CHa

This compound is disclosed in WO2004/081001.



i0

15

20

N~HS N~CH3 N-NS O" "-~NCH3 CH3 This compound is disclosed
in W02004/081001. 29 From above results, the compounds of the
invention have an excellent pharmacéfogical effect. Experiment 3
(comparative test in solubility) 5 1 ml of solvent (JP-1, water, 200mM
phosphate buffer) was added to 1 mg of sample, and the solution was

shaking ﬂ%&%%@?@s(ﬁfs?%@ﬂﬂm?@ﬁﬁ&h@i‘qﬂg i EnPOLHRPMYA X cellent

. gentrifug?d %nd concentration of its supernatant solution was measured
pharmpeolagi@! Etent used in this test was prepared as described below. 10
JP-I: hydrochloric acid (7.0ml) and water was added to sodium

ExperBiaride (2003808 dQtah 5A00mi(ph: about 1.2). 200mM phosphate

buffer(pH 7.4)..200m 2HPO44aq. H2PO4aq..were mi 0

it BT O 1S ST A e A A B, me of
sample5uFhBie Ploespvansisbibiy-FPIPrmIetukiigiin 200mM Solubility in

Water phasphiatieihyfiies Sompaund AchidBrkd #hdRxaneplentcnlo0e kdfematant

.15 2 Exampl >011_%2%47.3 47.4 Example 7 >1000 307.8 582.9
SOlut“E‘xgrfaﬁprég%%%ﬁgjé 6:8°126.9 *ample 23 >1000 122.4 208.1 Example 24
>1000 29elvenseret mdhis st 5rs prsred B f634riksdihsig’26 >1000
239.4 17948 Thewohpauadd\hiah wabwised-inthiklednpardiive delstriat Og),
and toB:Q/IGYIRE (FHUMLEET G513 O S--N~~
200mM phosphate butfer(pH 7.4): 200mM of K2ZHPO4aq. and KH2PO4aq. were
mixed to adjust the pH to 7.4.

The result of solubility ((jtg/ml) was described below.

Table 7
Compound Solubility in JP-1 Solubility in 200mM Solubility in Water
phosphate buffer
Compound A 6.2 3.4 2.4
Example 1 >1000 17.5 15.2
Example 4 >1000 47.3 47.4
Example 7 >1000 307.8 582.9
Example 20 >1000 86.8 126.9
Example 23 >1000 1224 208.1
Example 24 >1000 2982 2303
Example 25 >1000 13.8 16.4
Example 26 >1000 2394 175.6
The compound A which was used in this comparative test has a following
structure: N
CHa o s
<NYS\/\I\EJ\§AN>\CH3
NN &/LS
=
Sy, ig
N
OH
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N N~N/CH3 /~N-NH S 20 OH -30- This compound is disclosed in

W02004/081 001. From above results, the compounds of the present
invention have greatly improved in Sgﬂjblllty and have superiority as

pharmaceutical drugs. 5 EXAMPLES The invention is described more
concretely with reference to the following Preparation Examples,

Examp'%@'&@ﬁﬁf@ﬁ@ﬁ@&@@é@@'ﬁﬁ%ﬂ@@b% hayyever, the invention

should t be mlted at all Pre aratlo 010 parts of the
compoU B LS e APRPOH sy PR St R B ety
improysshs é@fﬂé@ﬂ&é‘%%‘ﬁf@m@mﬁﬁm% P&}%Wécgtﬁ&ﬂdm%r partlculate
preparation of at most 350 m in size. The preparation is encapsulated to
EX ANPPERRIE capsules. Preparation Example 2: 45 parts of the compound of
xample 1, 15 parts of starch, 16 parts of lactose, 21 15 parts of

crystallif@CHINABEED & G&HEBF HBIURARORS 41 rﬁé%‘é?ﬁ% Orftideine
Preparatade riaren pieifpFxdy mieseshdt Refiegnotsniely graubed dbe dviindh dsieds amdthe invention
should“ﬂ%{%%fiﬁﬁﬁl%vﬁ%lo prepare granules having a size of from 1410 to 177 m
eter. Preparation Example 3: Granules are prepared in the same
Pleparﬁ%’rﬂzfaé%lﬁ Preparation Example 2. 3 parts of 20 calcium stearate is

added td ®sqpared ticthegrawmdes, BrrnshapetSuridsrddwpressienciaighexide and

75 paﬁﬁlalﬁt&ﬂﬁv,idgz arﬁf@ﬂaﬁgexhgieliqcrrgwe%rﬁ@@m'%@sﬁmﬁ erdpldpadsnads at most
. }/stalllner%ellulose nd 3 parts o lelum stearate ar added to 90 parts
350 Hill Q% L

e eanuFe%r%at%ﬁ%rdlsacgg? ing to iefmethod of Pre eparatlon Example
Prepalztlaﬁeﬁ%ﬁap&ﬂ 25 under compression to give tablets having a diameter of

8 mm. Theperarefopeaiechpiing ik sluspassiand Syuighgetagin@nd lactose, 21
parts dﬁ CRiied calgium %aégﬁﬁgﬁ%&%{ﬁg%‘goﬁ{éﬁ AL§99 Fs&'r@?ﬁiﬁsnﬁ%&%ter are

ayer chromatogr y in Examples | 60F245 (Merck) was
uniforfid anfeseth i progeo Wik FAU Y ettt e aRedhGrHitetrsRd %PWY@ granules
havingelsimm$ificangel | tised Wasn \Makeget&M C-300 (Wako Pure Chemical);
Prepaﬂﬂgd‘?_fﬁﬁﬁﬂ%"?rsed phase column silica gel, used 30 was LC-SORBTM

SP-B-ODS (C mco or YMC-GELTM ODS-A -550 Yamglmura1
Chemlcaﬁ”L B epared in the same manner ¢ sm reparation Examp

calcium stearate is added io 96 parts of the granules, and shaped under compression to give

e 2. 3 parts of

tablets having a diameter of 10 mm.
Preparation Example 4:

10 parts of crystalline cellulose and 3 parts of calcium stearate are added to 90
parts of the granules obtained according to the method of Preparation Example 2, and shaped
under compression to give tablets having a diameter of 8 mm. These are coated with a mixture
suspension of syrup gelatin and precipitated calcium carbonate to prepare sugar-coated tablets.

In the thin-layer chromatography in Examples, Silicagel 60F245 (Merck) was
used for the plate, and a UV detector was used for detection. For the column silica gel, used was
Wakogel TM C-300 (Wako Pure Chemical); and for the reversed-phase column silica gel, used
was LC-SORBTM SP-B-0ODS (Chemco) or YMC-GELTM ODS-AQ 120-850 (Yamamura
Chemical Laboratory).

The meanings of the abbreviations in the following Examples are shown below.
i-Bu: isobutyl group
n-Bu: n-butyl group
t-Bu: t-butyl group
Me: methyl group
Et: ethyl group
Ph: phenyl group



10

15

20

25

30

The meanings of the abbreviations in the following Examples are shown
below. i-Bu: isobutyl group n-Bu: n- b%rj. yl group 35 t-Bu: t-butyl group Me:
methyl group Et: ethyl group Ph: phe fylgroup -31 - i-Pr: isopropyl group
n-Pr: n-propyl group CDC13: heavy chloroform CD3O0D: heavy methanol
5 DMSO-d6: heavy dimethylsulfoxide The meanings of the abbreviations
i-Pr: ig’ﬁpﬁh@}fpgmﬁlg nuclear magnetic resonance spectra are shown below. s :
- ’rp% gﬁgoublet 10 dd: double-doublet t: triplet m : multiplet br: broad
b let 15 q: quartet J : coupling constant Hz: hertz Reference
CDCl% %ﬁéflg gﬁghon of 3-f(4-hydroxyphenyl)thiol-N-(3-methyl-
CD30D 2heatyaddlzand-yl)-6-[(4-methyl-4H- 20

DMS@.@@4}{5@§£&j§TwﬁmL@]@yﬁqme -2-carboxamide H3C O S N>-CH N-- S~N,
NTN N-N S OH Step ctlon of

3,6-dich ‘E)P&Eftél-’%&é i, ! rﬂ%ﬁawdpé}gﬂ)mmﬁéaﬁw%%ﬂa@ fiegonance
spectrgapf ShaminesBwnethyl-1,2,4-thiadiazole, 21.1 g of N-hydroxybenzotriazole
< - singdethydrate and 29.8 g of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
4 dov drochlorlde were added
dd: double-doublet
t : triplet
m : multiplet
br: broad
brs: broad singlet
¢: quartet
J: coupling constant
Hz: hertz
Reference Example:
Production of 3-[(4-hvdroxyphenylithio]-N-(3-methyl-1.2.4-thiadiazol-5-y1)-6-[ (4-methvl-4H-
1.2 4—triazol—3—yl)thio]nwidine—2—carb0xamide

N\/L\ paa

e

OH

Step 1.
Production of 3,6-dichloro-N-(3-methyl-1,2.4-thiadiazol-5-yl)pyridine-2-carboxamide:

12 g of 5-amino-3-methyl-1,2.4-thiadiazole, 21.1 g of N-hydroxybenzotriazole
hydrate and 29.8 g of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride were added
to a chloroform (500 ml) solution of 21 g of 3,6-dichloro-2-pyridinecarboxylic acid, and stirred
at room temperature for 1 hour and then stirred overnight at 50°C. The reaction liquid was
dilated with chloroform, then washed with aqueous 0.2 N hydrochloric acid solution, water and
saturated saline water. After this was dried with anhydrous magnesium sulfate, the solvent was
evaporated away under reduced pressure, and ethyl acetate was added to the resulting residue for
crystallization to obtain 22.7 g of the entitled compound as a white solid.
Step 2:

Production of 6-chloro-3-[(4-hydroxyphenyl)thio]-N-(3-methyl-1,2,4-thiadiazol-5-yl)pyridine-2-
carboxamide:
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to a chloroform (500 ml) solution of 21 g of
3,6-diehloro-2-pyridinecarboxylic acid, and stirred at room temperature for
1 hour and then stirred overnight at 5@%’:. The reaction liquid was diluted
with chloroform, then washed with aqueous 0.2 N hydrochloric acid
solution, water and saturated saline water. After this was dried with

anhydropis Magnesiig ﬁHlB?ﬁ?ent&eaEQ'YG’g%’%%%é%&‘fﬁ@%@éﬁ%@%@% YRS 1o a

educed pressure nd eth

dlmeﬂa g&mﬂ%ﬂs.ﬁ%ﬂda iqla5on Q?oﬁaﬁi’gfftﬁ%&?%&hﬁé%%ﬁres'& li'%dgggol 3-

ypyriSiep 2citodactidn, efid stirred at 50°C for 1.5 hours. At room temperature, chloroform
and waﬁe@hfb% e hyww%eﬁmlmmdﬂz@h@m{w %1&%&@&%@& ﬁyﬁ&wﬂ@lﬁrb acid

1 tion a ?hoég 13\12»’2112 (:fté1 k\]xyﬁ )lgx){thl hen andaZII.IES 9[ OtaSSIU d with
SOt _car onate were a é’ed %yll ormam Mis Lofution Vfafgv of
saturatgdssafistel sreiaa- eadﬁéwﬂ/mﬂz fznl@mh@}&z@ﬁg:ﬁ;ﬂywwﬁétez gélﬂo%)lamfdééb evaporated

away @f&éﬁ@d@@bd&)’é&@f@[ 106 h\@@&&%ﬁ@ﬁf&ﬁ@ﬂ%ﬁ%@ abidaref @B redidte, and the
resul’ﬂﬂ%aégfl % ?agl(% QE T O%le] {“13 g TR 88{11 (;‘3{ Y},llé egt%geecp 8§mpyund asa

rochloric acid b soluti ereto |sw s extracted with
yellowebibform, the organic layer was washed with saturated saline water,
Step 3and dried with anhydrous magnesium sulfate. The solvent was evaporated

Produ@c‘ﬂﬁ"f%@'@%ﬁ 'iﬁ%‘&fﬂ:ﬂéﬁ?ﬁ%ﬁ% %@?ﬁ%%&?lﬂ'mﬁfﬁ}’ Lelner was. addadin)-41-

the residye, and th uItln%ﬁoll was taken out through filtration to

L2A-rah it l'@oé? 183 1S RBHABIRd as a yellow solid. 10 Step 3:
Productithgodf 4-methyl-4H-1,2 4-triazole-3-thiol and 19 g of potassium t-butoxide were

added %o[@dhﬁ@lﬂmwmﬁy@éh@ eNnl$naiiyi-d3. 4 ghipdiagRl-o-y)plAnmehbt)thio]-

(3 frazol-3- g %@/rld e-2;carboxami 0
N RS LI 00 20 g B oL RSB g 400°C for
hours.afdeepto wapretytacelarmigey 280 Wﬁ)ego’r@tmdéﬁdgogtoﬁnd its pH was controﬂed to
3 withGrgiee- Bqﬂﬁﬂh‘déﬁwm’iw&ﬁﬂﬁioﬂﬁddw thereto. This was extracted with

ch}om%x(é% ek %% %?éé%%s%é' Miding s%tﬁﬁlt%@’%%frﬂéd%at%g%éi% d with

eat at hours. At room temperature chloroform an
anhyd wafé?ﬂe@éa%aa@a 55, BRRSRYY B WASReFIedi At Wit dftiasdeierure, and the

residubydrophitfiiciabidwgd uiidey added thereboohhis gugs e xéaciedingtbolvent:

chloro‘%ﬁllﬁfﬂfl%m&nQHQ&Q%t‘&fQEf@'@ layemwaseghedpithsausatad salingwater,
1ENNVR GRS d ?'}Mj@’ S Jagne %f“s L%f%e &S "éeé‘lfé‘g)g% 01 (1H, d, J=8.8

evaporated away under rec Uced reés re, an Ores was
Hz), Tditifled, thrbeyB Biticd gel (@@u%ﬁ%ﬁdﬁé}t@gﬁfépﬁhﬁ (Hevetopiid, shiNent:(1H, br).
ES;-W@;@QMWD to obtain 10.0 g of the entitled compound as a

yellow solid. IHNMR (DMSO-d6) 6: 2.54 (3H, s), 3.64 (3H, s), 6.90 (2H, d,

J=8.8 Hz), 7.01 (1H, d, J=8.8 Hz), 7.09 (1H, d, J=8.8 Hz), 7.37 (2H, d,
Refereneg By4mpig.34 (1H, s), 8.85 (1H, s), 13.0 (1H, br). ESI-MS(m/e):
Produd6SiN £ Bl # 425 Refaranethbxapmele Athio } -N-(3-methvl-1.2.4-thiadiazol-5-yD)-6-{(4-

methyl-4H-1.2.4- triazol 3-vithio]pyridine-2-carboxamide

H.Q \>—ca—§
<\ Y
/\S
.
O\/\O,CH3

0.43 ml of 1-bromo-2-methoxyethane and 4.99 g of cesium carbonate were added
to a dimethylformamide (20 ml} solution of 2 g of 3-[(4-hydroxyphenyl}thio]-N-(3-methyl-1,2.4-
thiadiazol-5-y1}-6-[{4-methyl-4H-1,2 4-triazol-3-yl}thio|pyridine-2-carboxamide obtained in
Reference Example {step 3), and stirred at 60°C for 1 hour. At room temperature, aqueous

saturated ammonium chloride solution was added to it, extracted with chloroform, and the
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Production of 3-([4-(2-methox
etthoxy)phenylithiol-N-(3-methyl-1,2,4-thiadiazol-5-yl)-6-[(4-
methyl-4H-1,2.4-tiiazo|-3-yl)thioIpyridﬁ?’e‘-Z-carboxamide H3COSNCHS3
N)rsl~IN NN N-s O - CH3 30 0.43 ml of 1-bromo-2-methoxyethane and
4.99 g of cesium carbonate were added to a dimethylformamide (20 ml)

or gam@@i%%é%f\gaghgﬁ%ﬁﬂ -Ox RV RBBRY MR- N - methyled. & anhydrous
th adla %%6 4 meth - 4H 1 2.4- trlazol-%-% thi ; ridine-2- car ﬁ}))(aml

m%nealél%lbst%med e r‘{"c':ae Sd(éte%ﬁ“ %F%%EGTS‘P scsidue was
purlﬁeAﬂhmmgatm@pﬁqL@m@a@smﬁmﬂ@mhmmwp&moﬁdéigmfm@wwthanol)
and crvasipddeEhie dhextiacteswith ablerefeieant:the ndsoRbaniCAaNal Was.
THNMIBENSE Wt sadyraipd Saiine veater; HHS \as, (j@?‘%" E}@f}hydﬁ%ﬁ 7). 417 (QH. ¢

magnesium sulfate, the Solvent was evaporated awa under reduce

I=4.5 H?és%@?e(?éﬁdiﬂ%e %é%%@ew&b(%r#péﬁ“%tﬁéﬁ@h7sﬂ|%éléleldcéﬁﬁrﬁwlﬂ) 745 (2H, 4,
I=8.8 ghiotnatdgraphy (developing solvent: chloroform/methanol) and

ES]- m(){ﬁpgjllg@g fhanol to obtain 1.43 g of the entitled compound as a
yellow SO|IO{ NMR (CDC13) S: 2.61 (3H, s), 3.47 (3H, s), 3.73 (3H, s),

Exampé%(zH t, J= 45Hz) 417(2H t, J= 45Hz) 7.02 (2H, d, J=8.8 Hz), 7.04

. N-3 - et 8- A48 ddiazol-5-v])-
6-[(4- @ammslzwm@ 18I EXamBle &b Broduction of
“ c 3-({4-[2¢(dirpethylamino)ethoxy]phenyl}thio)-N-(3-methyl-1,2.4-thiadiazol-5
C
_A)=6- leek VIAH-1,2.4-triazol- 3-yhthio]pyridine-2-carboxanide H3C 0
<\N TS'N>-CHN SNNON3 N-NS o' N.CH3 CH3 Step 1: Production of
N-(3-methyl-1,2,4-thiadiazol-5-yl)-6-[(4-methyl-4H-1,2,4-triazol-3-yl)thio]-3-
{[4- 1 xoethoxy)phenyljthio}pyridine-2-carboxamide: 0.42 ml of
bromoagetaldehyde diethylacetal and 1.07 g of cesium carbonate were
added to-a-dipethylformamide (10 ml) solution of 0.5 g of
3-[(4-hydroxy@henyl)thio]-N-(3-
methyl-1,2,4-thiadiazol-5-yl)-6-[(4-methyl-4H-1,2,4-triazol-3-yl)thio]pyridine

Step 1'32-carboxamide

Production of N-(3-methyl-1,2,4-thiadiazol-5-y1)-6-[{4-methyl-4H-1,2 4-triazol-3-yi)thio]-3-{[4-
(2-oxoethoxy)phenylithiojpyridine-2-carboxamide:

0.42 ml of bromoacetaldehyde diethylacetal and 1.07 g of cesium carbonate were
added to a dimethylformamide (10 ml) solution of 0.5 g of 3-[{4-hydroxyphenyl)thio]-N-(3-
methyl-1,2.4-thiadiazol-5-yl)-6-[ (4-methyl-4H-1,2 4-tr1azol-3-yl)thio|pyridine-2-carboxamide
obtained in Reference Example (step 3), and stirred at 90°C for 6 hours. Aqueous saturated
ammonium chloride solution was added to it at room temperature, extracted with chloroform,
and the organic layer was washed with saturated saline water. This was dried with anhydrous
magnesium sulfate, and the solvent was evaporated away under reduced pressure. The residue
was purified through silica gel column chromatography (developing solvent:
chloroform/methanol) to obtain 0.48 g of a yellow solid.

I ml of water and 5 ml of trifluoroacetic acid were added to 0.48 g of the obtained
yellow solid, and stirred at room temperature for 15 minutes. The solvent was evaporated away
under reduced pressure, then chloroform and saturated saline water were added to the residue,
and neutralized with aqueous sodium bicarbonate. The organic laver was dried with anhydrous
magnesiom sulfate. The solvent was evaporated away under reduced pressure, and the residue
was purified through silica gel column chromatography (developing solvent:
chloroform/methanol) to obtain 0.35 g of the entitled compound as a yellow solid.

Step 2:
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obtained in Reference Example (step 3), and stared at 90C for 6 hours.

Aqueous saturated 20 ammonium chloride solution was added to it at

room temperature, extracted with ch18?16form, and the organic layer was

washed with saturated saline water. This was dried with anhydrous

magnesium sulfate, and the solvent was evaporated away under reduced
Produ&agﬁwm(@hgé&ﬁifuﬁwﬁﬁmﬂ?@m%l Jfﬁiﬂigﬁ-lgq%c@ﬂé&%}n-l,2b,4-_thi8déila§zol-5-yl)—

chro raphy.(deyelopi olvent: chloroform/methanol) to obtain O.
6'[(4_%%%}?[3&%%%6% 7 Eggi}&ﬁlgﬁﬁ Sér? And alr’%fjéfnt]}ir’gﬁ()roacetic acid were

added t8-83481yp b tihedibetindanyet(sidorao Branstirhdaratasbpal 1 mg of sodium
triacettBiResRmedow R Minuies. e SolentwascvapeEtedmamay fandRmethyl-1,2 4-

¢ ressure, t I tur, jne water were added
thladlatootuft:jg%@"seﬁﬁ%}ﬁg%hg ?1%%1;2’1?243({18 \%v%ﬁggﬁiaéﬁf é?)?]{i%?(r#bicarbonate. The
oxoethoppg Ale AN QY dABE WitT RARYHEE SPIMAGAARI th Semrdte g gaiafpom
tempemrasceiaporatecawayhlocdonaducec pressurdjrand the wesiduklcdQanasnd
extracRdriigs Eﬂf&%@&ﬂ"%%&%&%ﬁ%@b@?é}%%ﬁy a@%&%@ g, Ve sulfate, the

wiverfAerEImEtehd) l obian 0 26,0 0 the en(led COTROUN 2, ol
revers@H{ph42- (diddehylernino )ethidsiphexty Sty OB Snethi -2 A-fiadideol S obile
phase- ¥ B Betnd i o ZinibazRkR i lpwidine2earirxanidReGrédation was
o LA ISP B R Ot e
trifluogiae{@amdityphtginpdsalt was neutralized, extracted with chloroform, and the organic
layer Whiaghaznel Svith-Gdidxoetayhg bk e?, Attiiazals3ybihialBatdy®ous magnesium sulfate,

the solSQBINNR oerg%/éla‘%@é@%ﬁ%&%@g&@ﬁ%&%&i e ot k@%gs%%‘}h%&j&%f &% rough
_stirred at room temperature for 30 minutes. hE]_orQ orm ande satu ateoT

partitigniedhipday swataapedte iy aNH-Bitrde ey fvdothrdrsibrmicthe organic

chlorolfayer weth vk et @ity aphytdaous imagnesihecstilatecdhe csalvent wealkow solid.

THNMNARDalefRway updes redecestnregssure(andc theyasidyevas purified. 11 (24, t,

. . throygh 10 reversed-phase middle-pressure liguid mtga
5.5 D T o By VNG OB e el oL tofmaTs fgh 744 (21,
J=8.4 tliflu8rdhcElic Bicid). The solvent of the resulting fraction was evaporated
ESI-MWaYeyten teduged pressure to obtain 190 mg of the entitled compound
Examals 55 trifluoroacetate. The obtained salt was neutralized, extracted with
Ehi6roform, and the organic layer was washed with saturated saline
Produgfigie 0 Phid 4nid-aresemiiptisimidrbos iphgnilitime sifeten b the 3 dbiadiazol-5-
v)-6-[asenapanated awdysnderliedunad fressurebarshii@ residue was
H¢  purified d)hrcm@\? artitioning thin-layer chromatography (NH-PLCO5 by
N J-Sili micél, chloroform/methanol = 95/5) to obtain 115 mg of the

<\N,§\|en I gé?npound as a yellow solid. IHNMR (CDC13) 6: 2.36 (6H, s),

2.61 (3*51), 2.77 (2H, t, J=5.5 Hz), 3.73 (3H, s), 4.11 (2H, t, J=5.5 Hz),

7.01 (4H,1d, J=8.4 Hz), 7.04 (lli, d, J=8.8 Hz), 7.12 (1H, d, J=8.8 Hz), 7.44
(2H, d, 20 J=8.4 Hz), 8.41 (1H, 5). ESI-MS(m/e): 529[M+H]+.

Th

CHz
Step 1:
Production of tert-butyl 3-[(methylsulfonyl)oxy]azetidine-1-carboxylate:

102 pl of triethylamine and 57 pl of methanesulfonyl chloride were added to a
chloroform (1 ml) solution of 107 mg of tert-butyl 3-hydroxyazetidine- 1-carboxylate, and stirred
at room temperature for 30 minutes. At room temperature, ethyl acetate and aqueous ammonium
chloride solution were added to it, and extracted with ethyl acetate, and the organic layer was

washed with water and aqueouns saturated sodium hydrogencarbonate solution, and dried with
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Example 2: Production of
3-({4-[(I-methylazetidin-3-yl)oxylphenyl}thio)-N-(3-methyl-1,2,4-thiadiazol-5
- yl[(4-methyl-4H-1,2,4-triazol-3-yl)thiotpyridine-2-earboxamide N H/NS
(N\O HIS'NCH3 N -N S 25 CH3 Step 1: Production of tert-butyl
3-[(methylsulfonyl)oxy] azetidine-I -carboxylate: 102 pJ of triethylamine

anhydx%@g %ﬁmfs@pezeam%wm@r&% elePded 1RR: rlarefeprREhia obtain
150 mi #UO"S% 107 rr(gﬁ f tert- bug ﬁgrox%{azetldl el carhoxylate, and
firrd T SR HEESA ISR temperature, ethyl
Step 2acetate and aqueous ammonium chloride solution were added to it, and
Produ&Xdtasted {\[\lit@%hﬁl@@%ﬁy)@ﬂ@ﬂﬂ%ﬂ@amgaﬁ‘ﬂwﬁrm&h@&g&éﬁhsgﬂl)eﬁ-[(4-
us.s iu rogencarbpnate solution, and drie
methy?ﬁ% qu%{ ar% 815) dn }?q R

he so?vent was evaporated awa

under retticeé 9’F@§§w@ f@réefgﬁw wERRiedfta é@ﬁ@%ﬁu&@%@% pl) solution
of 150entittatdeompduniastihdaitilashailstepdh R Iochibtion @ obtained in the step 1 and

100 mg é}%“gﬁf@%ﬁd%‘% & %?&Y&t*zboln'&lﬁ "I‘Qttiyéﬁ%d&é‘zéih"§C§Jrzz@'[c’i%l)e§&{4zrﬂ 1,2,4-

zol-3- y )thio]pyridine-2-carboxamide:

fnazolcé@furhlea}maﬁem Q38 0& RS RSARERATIE (800'S %?at%anwd stirred at
90°C 50 hngof tattzbotyl s frrathydsatforyljcay]eteticimebeab @ajiatde solution was

added Q@t@'@di&éﬁ'%ﬁw&iom&o@nﬁlglé’tn amc la er was dried with anhydrous sodium

RPNl e D AR e L %dé%%)%i%%) ety purified

throu@xamed@ﬂ@p@)ndd@«amméuraﬂm@lg@@rmath@mréy Ko Rrormlethpdratling, Y MC),

mobﬂ@%@&u%§%§tﬁ]£@éfﬂlﬁﬂ?87@mi%ﬂrﬁﬂm%@m WeEe agieet ofilhe resulting fraction
extracted with chlorofogm, and.the grganic.layer wa |th anhydro
v R i LI LA G M v

solutigyreaa pedethie ffomesidthe\whspgrnedd tirsugH TR rseampisagerature for 30
minut&8]dtite-psbasiyrediguishohrah atagraptyt (QSeABr360rE; GnbyhYoE)rm and aqueous

IN sdﬁ:elﬁ{'% 8%%%&%@@%@@5&5@9 130%ﬁé?@@f&?ﬁ%%%‘%‘ﬂ@ax@}ﬂﬁo'&e"[th% this was

resulting fraction 15 was evaporated away to obtain 99 mg of a yellow

extrackygfig fripal ?\Fl%yd‘i‘ﬂd}éﬁ ARG Y5 0 R WAE SRS S et
The safvting winaivrgdsoditaand stivkeabad foomaemp ensitled fomPOundinstese!idwe solid.
Step Folvent was evaporated away under reduced pressure, and chloroform

o SRS SIS S e Ao o .
¥1)-6-Sgeneids Yagidl- wastdne@pwmamwma@magn@m@mte. 20 The

solvent was) wm@ed@wam&m@mbﬁyd@gmm@ atived sarpound amce
chlori3 SIS AL SRR 5horate/methanol solution (J. Org. Chem. 1985, 50, 1927-1932)
were added to a methanol (0.40 m1) solution of 13 mg of 3-{[4-(azetidin-3-yloxy)phenyl]thio }-
N-(3-methyl-1,2,4-thiadiazol-5-y1}-6-[(4-methyl-4H-1,2 4-triazol-3-yDithio]pyridine-2-
carboxamide obtained in the step 2, and stirred at room temperature for 30 minutes. Aqueous
saturated sodium hydrogencarbonate solution and saturated saline water were added to it, and
extracted with chloroform. The organic layer was dried with anhydrous magnesium sulfate, the
solvent was evaporated away under reduced pressure, and the residue was purified through
partitioning thin-layer chromatography (NH-PLCOS {by Fuji Silicia Chemical),
chloroform/methanol = 95/5) to obtain 12 mg of the entitled compound as a yellow solid.
IH-NMR (CDCl3) &: 2.47 (3.0H, s), 2.61 (3.0H, 5), 3.19-3.25 (2.0H, m), 3.74 (3.0H, s), 3.87-
3.94 (2.0H, m), 4.77-4.84 (1.0H, m), 6.86 (2.0H, d, J=8.2 Hz), 7.05 (1.0H, d, J=8.6 Hz), 7.13
(1.0H, d, J=8.6 Hz), 7.45 (2.0H, d, J=8.2 Hz), 8.44 (1.0H, s).
ESI-MS(my/e): 527[M+H|.
Example 3:
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Production of
3-({4-[(1-methylazetidin-3-yl)oxy]phenyl}thin)-N-(3-methyl-1,2,4-thiadiazol-
5- yI)-6-[(4-methyl-4H-1,2,4-triazol-3-yfthio]pyridine-2-earboxamide: 0.20
ml of aqueous 37 % formaldehyde solution and 0.10 ml of 0.3 M zinc 25
chloride-sodium cyanotrihydroborate/methanol solution (J. Org. Chem.

Produl@&Po PR é9&%tﬁ%3ﬁb,¥vaﬁa99adst% enetanal (L.49. M) saluion of Adio1-3-[4-

mg of 3-72- (]azetld ony)pnenyl Jihio}-

2-D

% LA 2 4-triazol-3-yl)thio]py
HeCN rédlnl\e X céib‘?axcamwe obtalned in the step 2, and stirred at room
4 Yte?gaiatwre Yor 30 minutes. Aqueous saturated sodium

hydrogencarbonate solution and saturated saline water were added to it,

and 3 tracted with chloroform. The organic layer was dried with

anhy. s magnesium sulfate, the solvent was evaporated away under

reduced.pregsure, and the residue was purified through partitioning

thin-layer chromatography (NH-PLCO5 (by Fuiji Silicia Chemical),

chIoroforLrplmethan I— 9 é% tain 12 m fthegntltl com oun Hdi

a yellow sofd. D LH-R ? 1@?@’”‘3@%" 3) &al@f 30H 3ye OV solid in
the sama o1l @ O xan P 4 GION c5)jinaer R [ GR rather p7 yggmbining it
with ol @b M) nedo6d2.0H, d, J=8.2 Hz), 7.05 (I.OH, d, J=8.6 Hz), 7.13 -

1HN1\([1{%@13}=§ ﬁéﬂ?{hﬁ 49,(2. Q"(Bﬁ 58 %é"@ﬂ&f})“ ﬁb@tifﬁ)e J=5.8 Hz), 3.73 (3H,

SI-MS(m/e 527& &%‘i}a mple 3; -36-
$), 4. iéfﬁ\fﬂ(% waﬁé Hzp 24 f};ﬁS% TéZfM?r%Mﬁ ﬂ*I}I8284}{F|bZo 13 Hflo]:=8-8 Hz),
7.44 (3H[4L, (29yiahdii-4ylgtHoxy)phen l]thio}pyridine-2-carboxamide H,C
ESI-MNm&l sNsSVN-MN NN'S O Using pyrrolidine, the entitled compound
Vi s,obtained as a pale yellow solid in 5 the same method as in Example 1
2) or |n accordance W|th the method or by comblnlng |t W|th an
ey 184 etk i

Bt L)%Q?%ﬂiéﬂivﬂ&%@ 352087 G5k B el B 7.01
H,O (2Hd§8~,8\| 7.04 (1H, d, J=8.8 Hz), 7.12 (1H, d, J=8.8 Hz), 7.44

N%QW 8.40 (1H, s). 10 ESI-MS(m/e):555[M+H]+. Example 4:

[(4-met (:)XI;A{H-;E%.4-triazoI-3-y|)thio|pyridine-2-carboxamide
D
Using (R)-2-methylpyrrolidine hydrochloride, the entitled compound was
obtained as a pale yellow solid in the same method as in Example 1 (step 2) or in accordance
with the method or by combining it with an ordinary method.
THNMR (CDCl3) &: 1.18 (3H, d, J=6.1 Hz), 1.49 (1H, m), 1.80 (1H, m), 1.85 (1H, m), 1.97 (1H,
m), 2.35 (1H, m), 2.52 (1H, m), 2.60 (1H, m), 2.61 (3H, s), 3.26 (2H, m), 3.73 (3H, s), 4.18 (2H,
m), 7.00 (2H, d, I=8.8 Hz), 7.04 (1H, 4, J= SSHZ) 7.12 (1H, d, J=8.8 Hz), 7.44 (2H, d, J=8.8
Hz), 8.41 (IH, s).
ESI-MS(m/e): 569[M+H]*.
Example 5:
Production of 3-[(4-{2-[(28)-2-methvlpvrrolidin-1-viiethoxyiphenylithio-N-(3-methvi-1.2.4-
thiadiazol-5-v1)-6-[(4-methyl-4H-1.2 4-triazol-3-vI)thio]pvridine-2-carboxamide
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H,C O N~CH3 ~NYSYN~ NON N-N S CH3 O~\N 15 Using
(R)-2-methylpyrrolidine hydrochloride, the entitled compound was
obtained as a pale yellow solid in the% hine method as in Example 1 (step
2) or in accordance with the method or by combining it with an ordinary
method. IHNMR (CDC13) 6: 1.18 (3H, d, J=6.1 Hz), 1.49 (1H, rn), 1.80
(1H, m)51.85N1H, m), 1.97 (IH, m), 2.35 (1H, m), 2.52 (1H, m), 2.60 (1H,
6 3Pk.3 CSHQG (2H, m), 3.73 (3H, s), 4.18 (2H, 20 m), 7.00 (2H, d,

<\N ,’\IJ— 8 z) 7.04 (1H, d, J=8.8 Hz), 7.12 (1H, d, J=8.8 Hz), 7.44 (21-1, d,

J=8.8 Hz), 8.41 (1H, s). ESI-MS(m/e): 569[M+H]+. Example 5:

Production of 3-[(4- {2-j(2S)-2-methylpy

rolidin-Fyflethoxygphenyl)thio-N-(3-methyl-1.2,4- 25

thiadiaz®l-5= -[(4-methyl-4H-1,2, 4-triazol-3-

[~)thio]pyridine=2-carboxalnide -37- H3C O S"N -CHN SNN) N3 6Y 11

NN S Oy, hUsi 2:meth roc e, the enfitle

compound i V\%? btauna%d(p&)rr gl{%e ¥l 53vcso d(E in eeeggméﬁd metho gs,was obtained
as a Paé%ﬁhlﬁr@ foliddp By é?‘ﬁ?é&%ﬁ&%\%ﬁc@ﬁﬁﬁ%e nStRBAIRTHY derntsiamsg Yith the
methodith ancordiiainyeretithdnmidiMRE@DE13) 6: 1.15 (3H, d, J=6.1 Hz),

1HN1\/1R4@3@E|L35V88 111757((% dm);éléaﬁz()ﬂsmzﬁ)e(ﬁ-p%@lm g’%}}g jﬂ@ ()Ilﬁhloém%lll 96 (1H,
S S
m), 2 S o 40 OB 5 U s D b P 2 (3 V) PR 15 K,

m), 7.Q0A21(2H, tE-818), AL SLHNJFFS@ B3 M@(mlé)dsﬁ%ﬂ%ﬂ}ﬁ 40(2H, d, J=8.8
Hz), 8@1 I(=S Production of

ESL I\/%&(a é{ (%Igg %/ﬂﬁ hylipvrrolidin-2-vilmethoxy}phenyl)thio-N-(3-methyl-1

Exampiftliazol-5-yl)-6-[(4-methyl-4H-1,2,4-triazol-3-yl)thiolpyridine-2-carboxami
Produéleot 3G @-N12&HB MNethvipyrrolidin-2-vlimethoxy  phenyl)thio-N-(3-methyl-1,2.4-

thiadiazol-5-y1)-6-[(4-methvl-4H-1.2 4-triazol-3-vlithiopyridine-2-carboxamide
H,C

N
o s
il rCH
N s : /LT: 3
/ S

=

HC

o

O\I;\P

CH,

Using t-butyl (2R)-2-(hydroxymethyl)pyrrolidine-1-carboxylate (Boc-D-prolinol),
the entitied compound was obtained as a pale yellow solid in the same method as in Example 2
or in accordance with the method or by combining it with an ordinary method.
LHNMR (CDCl3) 8: 1.82 (3H, m), 2.05 (1H, m), 2.36 (1H, m), 2.51 (3H, s), 2.61 (3H, 5), 2.72
(1H, m}, 3.15 (1H, m), 3.73 (3H, s), 3.94 (1H, m), 4.05 (1H, m), 7.01 (2H, d, J=8.8 Hz), 7.04
(1H, d, J=8.8 Hz), 7.12 (1H, d, J=8.8 Hz), 7.44 (2H, d, J=8.8 Hz), 8.41 (1H, s).
ESI-MS(m/e): 555[M+HT,
Example 7:
Production of 3-[(4- {[(28)-1-methylpyrrolidin-2-vilmethoxviphenyl)thio]-N-(3-methyl-1,2.4-
thiadiazol-5-y1)-6-{(4-methvl-4H-1.2.4-triazol-3-vDthio |pyridine-2-carboxamide
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15

N-N"I'S O N CH3 Using t-butyl
(2R)-2-(hydroxyinethyl)pyrrolidine-l-carboxylate (Boc-D-prolinol), 15 the
entitled compound was obtained as 'a3§ale yellow solid in the same
method as in Example 2 or in accordance with the method or by
combining it with an ordinary method.. IHNMR (CDCI3) b: 1.82 (3H, m),
we 205 (1H, m),N2.36 (IH, m), 2.51 (3H, s), 2.61 (3H, s), 2.72 (1H, m), 3.15
X H N@)}L&}s,@éﬁf‘s), 3.94 (1H, m), 4.05 (1H, rn), 7.01 (21-1, d, J=8.8 Hz),
ﬁwad, J=8.8 Hz), 7.12 (1H, d, J=8.8 Hz), 7.44 (2H, d, J=8.8 Hz),
8.417(114, s). 20 ESI-MS(m/e):555[M+H]+. Example 7: Production of
3-[(4-
1(28)-@e Ipyrrolidin-2-ylimethoxy}phenyl)thiol-N-(3-methyl-1.2.4-
thiadiazol-54)-6-[(4-methyl-4H-1,2,4-triazol-3-yI
thio]pyridine-Zssarboxamide -38- H3¢ O S Nj-CH3 N S N N)--N N-N S -|
CH3 Using t-buytyl :2s(hydroxymethyl)pyrralidine-l-carboxylate .
(Boc-L-Z‘%%ﬁo?%%ﬁ‘e%Z%%%é@%ﬁqﬁm RIS SRR poc L prolinol
the entdifd SRRSO WA EAARRITORFA SR EX&pe D seHhiaces ramcastiftpieln Example 2
or in ateetdeskerkhabenhining bvthcam BirdinaiyvwiththodrGnbiriNM¢EDC13) 6:
THNMREZ {35, 205(61H o0)2 2361 (L Ha 1), 3. 9013 9),58- 683N, 8512912, ), 2.72
(A1H, m), 3.15 (1H, m), 3.73J£3H, a%3.94 (1H, m), 4.03é1H m), 7.01 (2H,
(1, my, 339 gl & (4l &)- S8 Hby oo 15080 Fly g 8 HA L7da A3 R H), 7.04
{1H, d)¥8&HE),8.42 (1H, &)J-BS-NS (/) { B3 5VH-H ]S HEX&mple B: 10 :
ESE-MSRAUEIOS M-+ . -
] f3-{L-(2-azetidin-I-ylethoxy)phenylithio}-N-(3-methyl-1.2,4-thiadiazol-5-ya
Exampye %(‘4-methyl-4H-1,2.4-triazo|-3 -Vthiolpyridine-2-carboxamide H3//C O
Produginn e HE IN2Sigatilin- Matedawxpighenyl|thio } -N-(3-methvl-1,2.4-thiadiazol-5-y1)-6-

[{4-methyvl-4H-1.2.4-triazol-3-vithio|pyridine-2-carboxamide
~N
HyG 92 3 S—cH,
N, S Ny A AN
Naba
N-N S~ 3

J

D\/\N\j

Using azetidine, the entitled compound was obtained as a pale vellow solid in the
same method as in Example 1 (step 2) or in accordance with the method or by combining it with
an ordinary method.

IHNMR (CDCl3) 8: 2.13 (2H, m), 2.61 (3H, s), 2.84 (2H, m), 3.33 (4H, m), 3.73 (3H, s), 3.99
(2H, m), 6.99 (2H, d, J=8.8 Hz), 7.03 (1H, d, }=8.8 Hz), 7.12 (1H, d, J=8.8 Hz), 7.43 (2H, d,
J=8.8 Hz), 8.40 (1H, s).

ESI-MS(m/e): 541 [M+H]T.

Exampie 9:

Production of 3-[{4- {[(3S)~1-methvipyrrolidin-3-vlimethoxy}phenyl)thio-N-(3-methvl-1,2,4-

thiadiazol-5-vD-6-[{4-methvl-4H-1.2.4-triazol-3-vl}thio lpvridine-2-carboxamide
HaG

0 s~1‘i .
No S N /L\N>“CH3
ST TN
N g
2 e

o




10

15

20

25

Using azetidine, the entitled compound was obtained as a pale yellow
solid in the same method as in Example 1 (step 2) or in accordance with
the method or by combining it with 1 *in ordinary method. IHNMR
(CDC13) 6: 2.13 (2H, m), 2.61 (3H, s), 2.84 (2H, m), 3.33 (4H, m), 3.73
(31-1, s), 3.99 (2H, m), 6.99 (2H, d, J=8.8 Hz), 7.03 (1H, d, J=8.8 Hz),

7 12 (Lhseghiidrp ﬂ@ﬁ%&%}(&)@ (Hy&&%tﬁ;%y@rb‘h&h&ﬁbé\%@% the

entltle an + amg e % FE)L %9% tlon cLd the S mlg]thod as in Example 2.
rroI| in- )é Matho f eny
1H—N£\§ 2341 59 (1 0H, m),2.05-2. 18 OH, m 2 41 (3.0H, s), 2.53-2.59 (2.0H,

m), 2. @Ql@}i[ﬁmﬁy{z@[% melm/hﬂmbﬁ(é Uiazol-3-yhthimpyrigne:s- sa;r@t?xafml d, J=8.2
S A1 rt
HZ) 7 36_%?in§1 oxl;%m9 thyl)p r’roll &F bxy%atgg%tr%g%tﬁ%g iorr%%odur%)é 2 Hz),

.htained as a pale yellow SO|Id in the same method as in Example 2.
ESI- mmwmqmmre 1.59-1.70 (1.0H, m), 2.05-2.18 (I,OH, m), 2.41 (3.0H,
Exam;%?@53259(20"' m), 2.62 (3.0H, s), 2.64-2.78 (3.0H, m), 3.73 (3.0H,
92§3.52.0H m)ét6.98 (2.10 1, d, J=8.2 5 Hz), .OE_S,t OH' dd J 8.

b Iy “

HC 3 [(4- {[( R)ﬂj;}\thyllpvnolldln -3- yI]methoxy}phenyI)thlo N (3 methyl 1,2,4-
<N y 6-[(4-methyl-4H-1,2,4-triazol-3- 1
N’Nthl glne -2-carboxamide H3C O S-N /-CH3 NN/SN~NNH S

CN\CH3.Starting from tert-butyl

(3R)-3:(hydroxymethyl)pyrrolidine-I-carboxylate, the entitled compound

was obtaingd as @,yellow solid in the same method as in Example 2.

1H-NMR(CDC13) 6: 1.61-1.71 (1.0H, m), 2.07-2.18 (1,0H, in), 2.42

(3.0H, syi@Bm 56 (2robRITE(HR)-2-6D{@omns)ho permHdire-OMarmyxylate, the
entitled- éS{ SeRlinld S&a@o%&’a&&ﬁa@?a@ﬁid%)s&a&a(&a@b&& diethdd bizin TRA{AIOH,
1H-N@PR]§E§C'T§Z))67I]@I(% BHhH=8:8 1197 ¥4 (28Hnd, 9384 kiR), 841542 61 (2.0H,
m), 2. 2(30H 8), 2.66-2.80 (3.0H, m), 3.73 (3.0H, s), 3.92-3.96 (2.0H, m), 6.98 (2.0H, d, J=8.4
Hz), 7.05 (1.0H, d, J=8.8 Hz), 7.12 (1.0H, d, ]=8.8 Iiz), 7.44 (2.0H, d, ]=8.4 Hz), 8.41 (1.0L, s).
ESI-MS(m/e): 555[M+H]T.
Example 11:
Production of 3-[(4- {1(38)-1-methvlpyvrrolidin-3-vlioxviphenvDthio-N-(3-methyl-1,2.4-
thiadiazol-5-v1)-6-[(4-methyl-4H-1.2 4-triazoi-3-vl)thio |pyridine-2-carboxamide

N
H,G 9 ¥ S-cn,
N S N\ N/‘:‘-N
T

N-N P g

0 o
CN—(:H3

Using (3R)-1-Boc-3-pyrrolidinol, the entitled compound was obtained as a pale

yeHow solid in the same method as in Example 2 or in accordance with the method or by
combining it with an ordinary method.

THNMR (CDCl3) §: 2.04 (1H, m), 2.36 (1H, m), 2.43 (3H, s), 2.46 (1H, m), 2.61 (3H, s), 2.85
(3H, m), 3.74 (3H, s), 4.86 (1H, m), 6.94 (2H, d, J=8.8 Hz), 7.05 (1H, d, J=8.8 Hz), 7.13 (1H, d,
J=8.8 Hz), 7.43 (2H, d, J=8.8 Hz), 8.41 (1H, s).

ESI-MS(m/e): 541[M+H]*.

Example 12:
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ESI-MS(m/e): 555[M+H]+. Example 11: Production of
3-[(4-(((3S)-1-methylpyirolidin-3-ylloxy}phenyi)thio-N-(3-methyl-1,2,4- 20
thiadiazol-5-yl)-6-[(4-methyl-4H-1,2, 2%tiazol-3- -yl
thio]pyridine-2-carboxamide H3C Q S-N\>-CH NS N NON GYIN-N-S
CN-CH3 Using (3R)-I-Boc-3-pyrrolidinol, the entitled compound was

Produ@pﬁaiaesi@wrm@ Ivellompatisbinihe sampeynabed asdN@mpie oo
thiadiaz ﬁrd 'th l- Q0 Orb Cg) hining. it IIh an ordinary. ethod

—-- - JTR1OTH - 4= CArDOX N0
q- 30 (11 4 A6 (AH,
HC |g) 2,61 —Zi85 (3H m) 3.74 (3H s), 4.86 (1H in), 6.94 (2H d,
<\ 8 z)N (1HdJ88Hz)713(1Hd J=8.8 Hz), 7.43 (2H, d,
NJ ), 8.41 (1H, s). ESI-MS(m/e): 541 [M+H]+. Example 12: -40-
Production of
3-1(4-{ )-1-methylpyiTolidin-3-yl]Joxy}phenyl)thio-N-(3-methyl-1,2,4-
thiadiazg|-5-yl)-6-1(4-methyl-4H-1,2,4-triazol-3-yl)thiolpyridine-2-carboxam
ide H3C N >NathN- SYN)--N 3 NN *1 O tN-CH3 Using
(3S)-1-Boa-3-pyrrolidinol, the entitled compound was obtained as a pale
5 yellowlsotig (Athé-Sané-methbdiag . hEgafiplé @omirradcbrd ahtenadtas a pale

yenova@@%%&EiH@I @hta/(? n%gm§$ng E%ﬁ?g%@i?mza%mww(m )1%124@@)&3&3&31
combi 1%% ¢ djzﬂfi% 5"% 86 94 (2H an 8, 7085

U T ) TR L TLE 42, S E08 KT M, o s
(3H, nd)0 EBI(VES6)/@) GAUIM 1. ﬁﬁxamme 13SEROTCHias of3: @{4}%(3 8 Hz), 7.13 (1H, d,

t [ N4 I hig)-N-(3-methyl-1,2,4-thiadiazol-5-
J=8.8 '??&‘Hdd:rsyb) phgyiinig yl-
I\I ? yz 4H 11.2.4- trlazol ’3 -y)thio]pyridine-2-carboxamide
ESI-MS{m/e); 541

Example 13:
Production of 3-( {4-[{1-methvylpiperidin-4-vDoxviphenvi i thio)-N-(3-methyl-1.2 4.thiadiazol-5-
v13-6-[(4-methv]-4H-1.2 4-triazol-3-v)thioipyridine-2 -carboxamide

HAG o] S’%d
NS N A)\CH
SRCa A
W g
O
N“CHE

Production of t-butyl 4-[{methylsulfonyl)oxy]piperidine-1-carboxylate:

Step 1:

200 mg of t-butyl 4-hydroxypiperidine-1-carboxylate was dissolved in
chloroform, and 157 ul of methanesulfonyl chloride and 1.9 ml of triethylamine were added
thereto and stirred at room temperature for 30 minutes. Aqueous saturated ammonium chloride
solution was added to it, extracted with chloroform and dried with anhydrous sodium sulfate.
The solvent was evaporated away under reduced pressure to obtain 325 mg of the entitled
compound as a yellow solid.

Step 2:
Production of 3-({4-[(1-methylpiperidin-4-yl)oxy]phenyl } thio)-N-(3-methyl-1,2,4-thiadiazol-5-
yh-6-[(4-methyl-4H-1,2,4-triazol-3-yl)thio]pyridine-2-carboxamide:

Using 12 mg of t-butyl 4-[(methylsulfonyl)oxy]piperidine-1-carboxylate obtained
in the step 1, 9.5 mg of the entitled compound was obtained as a pale yellow solid in the same
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30

H3CSNOS-NCH3NN NNHS ON~CH3 15 Step 1: Production of

t-butyl 4-[(methylsuIfonyl)oxy]piperidﬂig?-ml-earboxylate: 200 mg of t-butyl

4-Irydroxypiperidine-1-carboxylate was dissolved in chloroform, and 157 |

of methanesulfonyl chloride and 1.9 ml of triethylamine were added

thereto and stirred at room temperature for 30 minutes. Aqueous
methoSALUFRIBABFETD Nites ChIvrisie R Qcsolutinn was agded do i, @Xactediiti it with an

c_hIo-rg{&rlm and dried with anhydrous sodium sulfate. The solvent was

ordinary me .

a e upder redyced pressu tain 3 g,of ntitled.
oG YA R AR 8 R PR o,
$), 2.6 B({AHIsTRtB/ DI it dny)) Gxyirbenyl}hia)3E-43xmathyl; 13, 4-toigeliakiot, 1=8 8
Hz), 7:57 £20)-8- 4 eyl A bt tazod-3-whihielpyriding-2-¢agboxamigda; (1 ou, ),

Using 12 mg_ of t-bg yl 4-[(methylsulfonyl)oxy]piperidine-l-carboxylate
ESI%?%ﬂe%sﬁrﬁmjﬁbp 1, 9.5 mg of the entitled compound was obtained as
Exampdepbde yellow solid in the same -41- method as in Example 2 (steps 2, 3)

Produ@idh &ocardangs with theymethod er by combinimgiiuwith an. @Edinanyl)thiol-3- {[4-
hod. 8, 184,192 (2.0H, m), 2.01-2.08 (2.0H, m),

2O S BR LS (SIS 26T (3. 61 <§), 2.68-2.76 (2.0H, m),
8 3,73(3 )IOHS)14.35-4.42 (1.OH, m), 6.99 (2.0H, d, J=8.8 5 Hz), 7.07

o , J¥8.8'Hz),7.14 (1.OH, d, J=8.8 Hz), 7.43 (2.0H, d, J=8.8 Hz),
NG .4 H, s). ESI-MS(m/e):555.2[M+H]+. Example 14: Production
ofN-(3- yl-1.2.4-thiadiazol-5-yl)-6 1

4-meth\-4H-1,2,4-triazol-3-yl)thiol-3-{f4- (3-pyrrolidin- |

X)JDQ% lIthio }pyridine-2-carboxamide HaCN S~/0H S N~~
OH3 N- S 10 Step 1: Production of 1-(3-bromopropyl)pyrrolidine

Step lhydrobromide: 1.833 g of 3-pyrrolidin-1-ylpropan-l-ol was dissolved in 8.4

Produdib@for- 1 M. uayaiqaen remisiedaceticaasidbsigtion, and stirred overnight

at 100C1:§'§§ §’ %l%/ ?p};[yWrgﬁdin—l.—yip1fopan—1—01. was dissolved in 8.4 ml of 5.1 M
hydrogen bromide/acetic acid solution, and stirred overnight at 100°C. The solvent was
evaporated away, the resulting residue was suspended in ethyl acetate, and the formed solid was
taken out through filtration, washed with ethyl acetate and dried under reduced pressure. The
above process was repeated three times to obtain 2.92 g of the entitled compound as a white
solid.
Step 2:
Production of N-(3-methyi-1,2 4-thiadtazol-5-y1)-6-[(4-methyl-4H-1,2 4-triazol-3-yl}thiol-3- {[4-
(3-pyrrolidin-1-ylpropoxy)phenyl|thio } pyridine-2-carboxamide:

Using 19 mg of 3-[(4-hydroxyphenyl)thio]-N-(3-methyl-1,2,4-thiadiazol-5-y1)-6-
[(4-methyl-4H-1,2 4-triazol-3-yl)thio]pyridine-2-carboxamide obtained in Reference Example
(step 3) and 13 mg of 1-(3-bromopropyl)pyrrolidine hydrobromide obtained in the step 1, 4 mg
of the entitled compound was obtained as a pale vellow solid in the same method as in Reference
Example 2 or in accordance with the method or by combining it with an ordinary method.
1H-NMR (CDCI3) 8: 1.79-1.84 (4.0H, m), 2.01-2.08 (2.0H, m), 2.54-2.58 (4.0H, m), 2.61 (3.0H,
s), 2.66 (2.0H, t, J=7.6 Hz), 3.73 (3.0H, s), 4.08 (2.0H, t, J=6.3 Hz), 6.97-7.00 (2.0H, m), 7.05
{1.0H, d, J=8.8 Hz), 7.12 (1.0H, d, J=8.8 Hz), 7.42-7.46 (2.0H, m), 8.40 (1.0H, s).
ESI-MS(m/e):569{M+H]™.

Example 15:
Production of 3-({4-[3-(dimethvlamino)propoxviphenvlithio)-N-{3-methvi-1.2.4-thiadiazol-5-
y1)-6-[(4-methvl-4H-1,2,4-triazol-3-v1)thiopyridine-2-carboxamide
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15 evaporated away, the resulting residue was suspended in ethyl
acetate, and the formed solid was taken out through filtration, washed
with ethyl acetate and dried under réddced pressure. The above process
was repeated three times to obtain 2.92 g of the entitled compound as a
white solid. Step 2: 20 Production
HaC ofN-(3- na;ethyl:al 2,4-thiadiazol-5-yl)-6-[(4-methyl-4H-1,2,4-triazol-3-yl)tbio]-

N\,& M;ﬁq\lllﬂmﬁgylpropoxy)phenyl]thlo}pyrldlne 2-carboxamide: Using

<\ uﬁg)@f 3t[(4-hydroxyphenyl)thio]-N-(3-methyl-1,2,4-thiadiazol-5-yl)-6
[(4 methyl-4H-1,2,4-triazol-3-yl)thio]pyridine-2-carboxamide obtained in
Referefice Example (step 3) and 13 mg of 1-(3-bromopropyl)pyrrolidine
hydrobrgmide obtajned in the step 1, 4 mg 25 of the entitled compound
was obtained.adl &pale yellow solid in the same method as in Reference
Example 2 or in acéordance with the method or by combining it with an

ordinanf#igthdd? s-pNMRGHEEEYe PrPgan 8443 0Hmp2igptiged compound

was oH@@El Mk &@y@i%(%@ﬁ' um}»e?sﬁxle(ﬁlgthbdsés 66 (01, 11 Ir Tn@ddédance with
3Hz)VZ 97700(20H m), 7.05 (1.OH,

themegh%é 30H S 408 én
R e 0rm B4 40, o

s), 3. 73{({4}{3@%@1&%mp)pﬁo@bbzylmmymh@wmaméthyla m;ﬂdhmszﬁb) 7.12

(1.0H, 5;[ 33‘%48 ghj|4§#%§gg@2ﬁé3gﬂdemyrglne -2-carboxamide -42- H3C
N H~N~C CH3 O~~N"CH3 Using 2.59 g of

ESI- WW@eﬁﬁ%%ropam 1-ol, 3.4 mg of the entitled compound was

Exampbtééned as a pale yellow solid in the same method asin Example 14 orin
Pmdlﬁ%grg}amw&mﬁ%m
51 .
4-methyl
H,G 697726% T a 5(1OH d, J= 88Hz) 7.12 (1.0H, d, J=8.8 Hz),
\(7/ ﬁl'irm) 8.40 (I.OH, s). ESI-MS(m/e): 543.2[M+H]+. Example
/[\16 P duction of3-((4-[2-(rnethylamino)ethoxylphenyl}thio)-N-

3-methyl- -1}2,4-thiadiazol-5- -yl)-6-
[(4-meth @ -1,2,4-triazol-3-yl)thio]pyridine-2-carboxamide

O\/\N/CHB
H

Using methylamine (2.0 M tetrahydrofuran solution), the entitied compound was
obtained as a pale yellow solid in the same method as in Example 2 (step 3) or in accordance

with the method or by combining it with an ordinary method.
THNMR (CDCI3) 8: 2.53 (3.0H, s), 2.61 (3.0L, s}, 3.02 (2.0H, t, J=5.1 Hz), 3.73 (3.0H, s), 4.12

(2.0H, t, J=5.1 Hz), 7.00 (2.0H, d, J=8.6 Hz), 7.05 (1.0H, d, J=8.8 Hz), 7.13 (1.0H, d, J=8.8 Hz),
7.45(2.0H, d, J=8.6 Hz), 8.40 (1.0H, s).

ESI-MS(m/e): 515[M-+H].

Example 17:

Production of 3-{[4-(2-aminoethoxviphenyl]thio}-N-(3-methyl-1.2,4-thiadiazol-5-v)-6-[(4-

methvl-411-1.2 d-triazol-3-vlithio lpyridine-2-carboxamide
V

e

NN
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H3C S_v-CHN-S 0 0~\N CH3 H Using methylamine (2.0 M
tetrahydrofuran solution), the entitled compound was obtained as a pale
yellow solid in the same method as in Example 2 (step 3) or in accordance
15 with the method or by combining it with an ordinary method. IHNMR
(CDC13) S: 2.53 (3.0H, s), 2.61 (3.0H, s), 3.02 (2.0H, t, J=5.1 Hz), 3.73

(3.04 %ﬂyg%ﬂ@@mlﬁ A5k, waem@a 8 bl yellow

8.8 Hz) 45 (2.0H,d, J=8.6

solid ip 5 gy EEIAS ﬁ%@fﬁﬁﬁ SRR R PR gt or by
combxmwwm@edmy)m@émmtmo} N- (3 methyl-1.2,4-thiadiazol-5-yl)-6-[(4-

T HNMRetbRE-dg2 -2ritiy (3-GHyji dhidIpy rizlivid; 2- tafibKamislé 2N3 NFY, s1M.2432.0H, t,

u e -he tled.co b a
=53 H% ow soli T(}?‘nétr?; gfsléﬁn% r‘ne@ qu;s@r?’z ?mgg#p? (W )E?)léql}gnidzlc%or gnﬁ:e
ESI- W(ﬂﬁf’ﬁie%%&%f by combining it with an ordinary method IHNMR
ExamfMEO-d6) S: 253 (30H, ), 324 (20H, 1, 3=5.3 H2), 362 (30H, ), 4.21

ﬁFbZ ]ra@f&o?’@’ﬁ @ (X Zifr% @E‘u%&oﬁ o1-3-({4-

IR} idin-2- carboxamide

H.G  ofN-(3- eth'qu\i—bé thiadiazol-5-yl)-6-[(4-methyl-4H-1,2,4-hiazol-3-yl
<\Nm'tﬁ| 1(8R)_pyrrolidin-3-viox)LIphenyl }thio)pyridin-2-carboxamide N
NNH3NSH O J=)-CH3 6 YNNNH NS O

o
ENH

Using (38)-1-Boc-3-pyrrolidinol, the entitled compound was obtained as a pale
yellow solid in the same method as in Example 2 (steps 1, 2) or in accordance with the method or
by combining it with an ordinary method.
1H-NMR (CDCI3) 8: 1.96-2.05 (1.0H, m), 2.10-2.21 (1.0H, m), 2.61 (3.0H, s), 2.81-3.62 (4.0H,
m), 3.73 (3.0H, s), 4.85-4.91 (1.0H, m), 6.95 (1.8H, d, J=8.8 Hz), 7.06 (1.0H, d, ]=8.7 Hz), 7.14
(1.0H, 4, J=8.7 Hz), 7.44 (2.0H, d, J]=8.8 Hz), 8.40 (1.0H, s).

ESI-MS(m/e): 527[M+H]*.

Example 19:

Production of 3-({4-[{1-isopropylazetidin-3-vljoxyiphenyl ! thio)-N-(3-methyl-1.2.4-thiadiazol-5-
v1)-6-[(4- methvl 4H- I 2. 4-triazol-3-yDithiopyridine-2-carboxamide

\>_
QYUL/L CH,

Starting from 3-{[4-(azetidin-3-yloxy)phenyl]thio } -N-(3-methyl-1,2,4-thiadiazol-
5-v1)-6-[(4-methyl-4H-1,2,4-triazol-3-yl)thio |pyridine-2-carboxamide obtained in Example 2
(step 2) and using acetone, the entitled compound was obtained as a yellow solid in the same
method as in Example 2 (step 3) or in accordance with the method or by combining it with an
ordinary method. |
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10 ~CNH Using (3S)-1-Boc-3-pyrrolidinol, the entitled compound was
obtained as a pale yellow solid in thed[%ame method as in Example 2
(steps 1, 2) or in accordance with the Method or by combining it with an
ordinary method. IH-NMR (CDC13) 5:1.96-2.05 (1.0H, m), 2.10-2.21
(1.0H, m), 2.61 (3.0H, s), 2.81-3.62 (4.0H, 15 m), 3.73 (3.0H, s),

1Hm\n€k§§c‘b%13()160ﬁ@ b.6:0% (3-8 ﬁz)l—z&ﬁ hiz) ?}Qﬁi(' Hy @2ﬂﬁﬂfi H7)3.15-3.21
87H %274 2.0l d, J=8.8 Hz

. OH»E@W ﬁ/&ﬁ@évfhﬁﬁﬁ] Bl 1Ptk »dfl) 6 87 (2. ﬂff d, J=8.3 Hz),
7.03 (R I<SOpIDRyAZetitiOER-4) J=8.7 Hz), 7.44 (2.0H, d, J=8.3 Hz), 8.40 (1.0H, s),

10.79 q>fyi|§ r@ﬁ}tm ) N -(3-methyl-1,2,4-thiadiazol-5- 20
(4-m -1,2,4-triazol-3-yl)thio]pyiidine-2-carboxamide N
ESI- @ ;\EM

N-N O ~CN~CH3 | CH3 Starting from
Exam@{[2)(azetidin-3-yloxy)phenyl]thio}-N-(3-methyl- 1,2,4-thiadiazol
Produétﬁéﬁ 6f K‘T@?TM)‘LW%%%IJW%%MQW‘% H’M&'@* Bﬁegv%ﬂﬂxﬁ%dﬁxeﬂwl 1.2.4-

, the entitled co pound

110 -”c n_‘_._sl Sl

‘ -1 -3-VIT
H3Q @iﬁg\orﬁ\n aceterdance with the method or by combining it with an
4

Yor indry ¥nethod. -44- IH-NMR (CDC13) 6: 1.02 (6.0H, d, J=6.3 Hz),

2 %(lOH m), 2.62 (3.0H, s), 3.15-3.21 (2.0H, m), 3.73 (3.0H, s),
3.86- (2.0H, m), 4.79-4.86 (1.0H, m), 6.87 (2.0H, d, J=8.3 Hz), 7.03
(LOH, ¥, J=8.7 Hz), 7.14 (1.0H, d, J=8.7 Hz), 7.44 (2.0H, d, J=8.3 Hz),
8.40 (1: 8 “"%0.79-11.23 (1.0H, m). 5 ESI-MS(m/e):555[M+H]+.

Example uction

of3-[(4-{ opr. ,__ _N-(3-methvi-]

thladlazo-?%ﬁ- ? ﬁpg%lpr)a Eﬁﬁ ,ﬁgﬁrlazé%% m%g@/ dlne-}??1|21 3%%n1a501 3-
yhthig]ed I[-l@q @IENW@ %Nphelw & lo)pym me-2-carboxamide obtained in

Example 27, the entitled compound was obtained as a pale yellow solid in the same method as in
Example 19 or in accordance with the method or by combining it with an ordinary method.
TH-NMR (CDCl3) §: 1.15-1.23 (6.0H, m), 1.98-3.29 (7.0H, m), 2.62 (3.0H, s), 3.73 (3.0H, ),
4.85-4.92 (1.0H, m), 6.94 (2.0H, 4, J=8.5 Hz), 7.05 (1.0H, d, J=8.8 Hz), 7.14 (1.0H, d, I=8.8
Hz), 7.44 (2.0H, d, I=8.5 Hz), 8.40 (1.0H, s), 11.01 (1.0H, brs).

ESI-MS(m/e): 569[M+H]*.

Example 21:

Production of N-(3-methyl-1.2.4-thiadiazol-5-y)-6-[(4-methyi-4H-1,2.4-triazol-3-vl)thio]-3-({4-
[( 2—oxopvrr01idin 1 Vl)methvﬂnhenvi}thio)pvridin.e~2»~ca,rb0xamide

Step 1:
Production of 1-{4-(methylsulfinyl)phenyl]pyrrolidin-2-one:

3 g of methyl 4-aminobutyrate hydrochloride and 2.8 ml of triethylamine were
added to a chloroform solution of 2 g of 4-(methylthio)benzaldehyde, and 8.4 g of sodium
triacetoxyborohydride was added to it, and stirred overnight. Aqueous sodium
hydrogencarboenate solution was added to it, extracted with chloroform, and the organic layer was

washed with saturated saline water. This was dried with anhydrous sodium sulfate, the solvent
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30

35

Y O~ CH3 CHS3 10 Starting from
N-(3-methyl-1,2,4-thiadiazol-5-yl)-6-[(4-methyl-4H-1,2,4-triazol-3-
yDthio]-3-({4-[(3R)-pyrrolidin-3- onxy]p4I'?enyI}th|o)pyrldlne 2-carboxamide -
obtained in Example 27, the entitled compound was obtained as a pale
yellow solid in the same method as in Example 19 or in accordance with

was eﬁﬁ@ﬁ@&@ﬂ@t@d&m&bﬂ@ﬁwﬂfb ahe mm%mmﬁgw&d}dﬁblvwﬁlﬁﬁ@@&@ugh

Hica & EAn-1.23 (6.OH, 1IN 2
s 4 S S B R S B S T A g 2one
asacﬂﬂﬁjﬂﬁﬁﬂ? {(L.OH, d, J=8.8 Hz), 7.44 (2.0H, d, J=8.5 Hz), 8.40 (1.0H, s),

11.01 (1VOH, doxs)n ESHMBNYS) r 56MMhdbpExampile2it Rredddtion a

chlor o?é%(%mﬁgxlﬂ%&oﬁ Pradigzol S lerkdmetnl £ isted A1ragak3-yYoiNQl as

oxopyrrolidin-1'yl) methyl]phen |7 thlo)p rldlne 2-carboxamide

dﬂuteq\pq_}gc&l%r(éombﬁad(v%ped\lwm 1,@%&%{@6 TehY %}flde solution and saturated
saline Mnal(mﬂuhwimdfdmgbhehyﬂ:pyd@ldlﬂeﬁmmwﬂfgt@fthmwmtmmbpwmeé away

under M%ﬂ;@é@&@%@ t%em!a&ﬁ@f Rydpmingw [ﬁlf?e'ﬁ ﬁ%ﬁ@h@ﬁcﬁ@@ﬁ@&%ﬁin
Sp utlo of 2 % of 4- ( eth |o be@ Ideh émd 8. 1&; of sod um

cluomﬁlg%rgpo)g% e Was ag SR I 8vern?g%l?/s}lflqueous

0 it,an
Step 250dium hydrogencarbonate solution was added to it, extracted with

Produ@%@rﬁf(ﬂléhiaﬂﬂ}ﬂh@ Qrganiclayerasanashed with sanuaieshsalingn-1 -
yI)metWﬁ%’ﬁen eztylv v\)} dngd with aghxdrogs sodium sulfate, the solvent -45- was

ora nder reduc %ressure and the resulting residue was

purified {‘N#Hu&w g}ﬁc‘éﬂ&w@oﬂjﬁ%ﬁr@m&%ﬁ%@@aﬁﬂé bRl 2BBI§ugroacetic
anhyddidd «(are thjdtd oypheriytdyitalidimP-esietias afculomessOik[¥With cooling

(m eth}\%m ﬁ(ﬁ )%l%x@y%%&ﬁ&%of SrRenzlnacd M@%t%g q eﬁl@sﬂé@ﬁ@f){&gg{ %mpen ature

solution of 2.88 g of the obtained oll, and stirred for 2 hours. T.

for 1 i RN G BRSFHI S A ASHISt TRAHCSE PEers: b ditithot Mthanol and
4 ml ofiydetixitensotution: addeddtuttatecki dadinedVasred tnidewadidxidar Witminutes. The

so]ver@m%fﬁ)ﬁﬁgd%a%u irtg ’tﬁle%e%@d\ﬁ%%ﬂ%@lﬁﬁ@%fﬂ@%‘@?ﬁnﬂ&@@ﬁomamlde and
N T e
Refermhq@‘@@ym@ _@gps!t};ylg 290 mg of potassmm calbonate were added to it, and stirred
overnight at room temperature. Chloroform was added to it, neutralized with aqueous I N
hydrochloric acid solution, and washed with saturated saline water. This was dried with
anhydrous sodium sulfate, the solvent was evaporated away under reduced pressure, and the
resulting residue was purified through silica gel column chromatography to obtain 360 mg of the
entitled compound as a vellow solid. '

Step 3:

Using 6-chloro-N-(3-methyl-1,2,4-thiadiazol-5-y1}-3-({4-[(2-oxopyrrolidin-1-
vlymethyl jphenyl} thio)pyridine-2-carboxamide, the entitled compound was obtained as a pale
yellow solid in the same method as in Reference Example (step 3) or in accordance with the
method or by combining it with an ordinary method.

THNMR (CDCl3) 8: 2.07 (2H, t, J=7.4 Hz), 2.48 (2H, t, J=7.4 Hz), 2.61 (3H, s), 3.35 (2H, t,
J=7.4 Hz), 3.75 (3H, s), 4.51 (2H, s, 3H), 7.04 (1H, d, J=8.8 Hz), 7.13 (1H, d, J=8.8 Hz), 7.35
(2H, d, J=8.8 Hz}, 7.51 (2H, d, J=8.8 Hz), 8.43 (1H, s), 11.1 (1H, br).

ESI-MS(m/e): 539[M~+H]™.

Example 22:

Production of 3-({4- [2 (dimethyvimitrorvllethoxv]|phenvlithio)-N-{3-methvl-1.2 4-thiadiazol-5-
v1)-6-[(4-methvl-4H-1,2 4-triazol-3-vi)thiolpyridine-2-carboxamide
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Production of
6-ch|oro-N-(3-methyI-1,2,4-thiadiazol-45-y1)-3-({4-[(2-0xopyrro|idin-I-
yl)methyl]phenyl } thio)pyridine-z-cafbgiamide: With cooling with ice, 0.98
ml of 2,6-lutidine and 1.16 ml of trifluoroacetic anhydride were added to a
chloroform (7 ml) solution of 500 mg of 1-[4 15 (m ethyl sul
we finyl)phegyl]pyrolidin-2-one obtained in the step 1, and stirred at room
*\ temperature I%bur. The solvent was evaporated away under reduced
& \frpragﬁ e, then 4 ml of methanol and 4 ml of triethylamin.e were added to
the residéie and heated under reflux for 30 minutes. The solvent was
evapor away, then the residue was diluted with 7 ml of
dimeth mamide, and 318 mg of
3,6-dieh r\wﬁ(%}methyl-l,ZA-thi.adiazol-5-yl)pyridine-2-carboxamide
obtained in"20'Reférence Example (step 1) and 290 mg of potassium
carbonate wer& idded to it, and stirred overnight at room temperature.
Chlorofgsnowasadaed fantchiesiaiized-withaqueousideN ihydtoshi g solution of

20 mg‘%@.g—Eﬁ%%?@i&%ﬂl%%&3&%@5&%&%&@%&%—@%&%&{1iﬁﬂéﬁaﬁ&?ﬁx\ﬂ@ﬂ)—6-

anhy odium' sulfate, the as evaporated away under .
[(-mebyldBl loretdtrgo iy M ofextifing fesriis s p ORtrethib g Arenid » and stirred
at 0°Cdetl 86lurmmiichromptagraghiiun chitin 360:imywithdd@btentjitedacted with

chloro%&%?@ﬁ@&w@%l%é{?uc% : 4 tSh &tgﬁ a;iﬂ'ésc@ﬁ:&rdr?zs sgdium sulfa’i% ) T}lle solvent was
-CNIOro-N-(o-me -1,.Z,4-1nla |aO"' ek - 'OxprOII-- §
eva?ﬂsﬁs?ﬁeatmﬁaﬁéﬁwﬁﬁ%%ma?ﬁ‘ét%%ﬁ?&%&g?%@é% i BHTEY ABRS RS phase
middloptaivers dgudeleoyeimmenblid GPthe\Same-fetind B in Refererduse:

water/EAGARIGIEEIEP3 LR b REcERd ABKRE Withethey S8 brathashaniy ermbining.dt
with, an ordin DC 7.(2H, t,.J57.4 Hz

it ry methad. THNMR 6; 2. 48
evapo ) A0 o o e S 0 125 B R S o Lab A E 5% venow
solid. (2H, s, 3H), 7.04 (11-1, d, J=8.8 Hz), 7.13 (1H, d, J=8.8 Hz), 7.35 (2H, d,
THNMRE@E1)) BELARKB Y, )-BE KiH), 8)43 8 @F6)5)14.22(2H, tr).4.60 (2H, m), 7.03

ES /e); 1% : Rroduction Y 4 1=R R T
T iy SR ey R N ey & e fidatis e 84
(1H, s5_ y)-6-[(4-methyl-4H-1,2,4-triazol-3-yl thio)pyridine-2-carboxamide -46- H
ESI-MBI@e8-MHNSYNIN,)--N -CH3 ~N N- S O--CH, CH3 At 0C, 9.2 mg of
Exm@]@%lproperbenzoic acid was added to a chloroform solution of 20 mg of
- 4-& «(dime Imjno - o"-, [}thio):-N-(3-methyl-1,2,4-thia 'Sléol-S

N-N

Production. Z-hephylimet cpev sphonihithio L N(3-methyl 1. 7.4-thiadiazol-

AZ0T=o-Yi OV PDOXa Cre

insithiyl-Ek iideh Ipvridine-2-carboxamide
N
H.G ? F vcH
s N Je o
Y
N~ = %
“
N
E
O\/\fi\l/\CHa
CH,

Using N-ethylmethylamine, the entitled compound was obtained as a pale yellow
solid in the same method as in Example 1 (step 2) or in accordance with the method or by
combining it with an ordinary method.

THNMR (CDCl3) 6: 1.21 (34, t, I=7.2 Hz), 2.37 (3H, s), 2.58 (2H, q, J=7.2 Hz), 2.61 (3H, ),
2.85 (2H,t, }1=5.7Hz), 3.73 (3H, s), 4.13 (2H, t, ]=5.7 Hz), 7.00 (2H, d, J=8.8 Hz), 7.04 (1H, d,
I=8.8 Hz), 7.12 (1H, 4, J=8.8 Hz), 7.44 (2H, d, J=8.8 Hz), 8.41 (1H, s).

ESE-MS(m/e): 543[M+H]™".

Example 24:
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5 at OC for 30 minutes. Aqueous sodium sulfite solution was added to it,
extracted with chloroform, and the or 9nlc layer was dried with anhydrous
sodium sulfate. The solvent was eva%orated away under reduced
pressure, and the residue was purified through reversed-phase
middle-pressure liquid chromatography [ODS-AS-360-CC (by YMC),
Produm@bw Ma&az rasariaeeteniéie/Abléyiiluaracaticaaie]-Theiselwenef-5-v1)-6-
10 der reduced pressure to
solid. IHNMR

HCN (&Efﬁe 2N%1%,H s) 3.65 (6H s) 3,75 (3H s), 4.22 (2H, m), 4.60 (2H,

< T'm)j7.03 2H, d, J=8.8 Hz), 7.04 (1H, d, J=8.8 Hz), 7.12 (1H, d, J=8.8 Hz),
NN7 5012H, d, J=8.8 Hz), 8.49 (I H, 5). 15 ESI-MS(in/e):545[M+H]+.
Exam 3: Production of 3-[(4-{2-[eth I(~yl)aminolethoxy}phenyl
thiol- <methyl-1,2,4-thiadiazol- 5-yl)-6-
j(4-mettay|-4H;%,2,4-triazol-3-yl)thiolpyridine-2- carboxamlde H3COS
N)-CH 6NSLNN'3 N NN_NS O--N'CH CH3 20 Using
N- ethylmethylamme the entitled compound was obtained as a pale yellow
solid in thei:gadietimbinac o drekt kst plenbésiepw2ysartiniacdardapgle vatlow solid in

the saﬁt@rﬁ@ﬁ%@@%qgl t@ﬁa ﬁnggt%; Z\g\/gp 13%&&9@&%@% 141'5%'(])\4%1( Pr??)mmg it

51 (3H. 1, J=1.2 GH,5). 256 (2H, g, =1.2 Ha), 261 3Hs
W“ha%%rﬁ pofheds 1) 3173 (3H, s), 4.13 (2H, t, J=5.7 Hz), 7.00 (2
THNMR 4 3)75 04UA K4, téﬁz]@é{@l-?z?i?(l (SEI)H2 87 34d.a1+H7)/ 9. )(ﬁl—?zcﬂZHt

1=6.2 99,8 .z B,AL @iy @}ﬁﬁb‘%@(@é@)éwmwﬂﬁ Eh%?ﬁljp’yeoa‘m—% J=8.8 Hz),
odu y i0)-N-

7.12 (g—im%tfﬁ %?% glél?’t%%é (é%ggl%%? 2 4-triazol-3-yl

ESI- Mﬁ(@]@néﬁ?@ér&é}%xaumde H3C O S"N )- CH s N~NJ'Na NYIN-NS

Example 25:

Production of 3-({4-[(1 -ethylazetidin-3-y)oxylphenyl } thio)-N-(3-methyl-1.2.4-thiadiazoi-5-v1)-

6-[(4-methyl-4H-1.2 4-triazol-3-viithio]pyridine-2-carboxamide

o sN
NS N )\\N\>"‘CH3

\C\NVCHS

Starting from 3-{{4-(azetidin-3-yloxy)phenyl]thio}-N-(3-methyl-1,2,4-thiadiazol-
5-y1)-6-[{(4-methyl-4H-1,2,4-triazol-3-yDthio]pyridine-2-carboxamide obtained in Example 2
(step 2) and using acetaldehyde, the entitled compound was obtained as a yellow solid in the
same method as in Example 2 (step 3) or in accordance with the method or by combining it with
an ordinary method.

TH-NMR (CDCI3) &: 1.01 (3.0H, t, J=7.1 Hz), 2.57 (2.0H, q, J=7.1 Hz), 2.62 (3.0H, ), 3.09-
3.14 (2.0H, m), 3.73 (3.0H, s), 3.81-3.87 (2.0H, m), 4.79-4.86 (1.0H, m)}, 6.86 (2.1H, d, }=8.4
Hz), 7.03 (1.0H, d, J=8.8 Hz), 7.14 (1.0H, d, J=8.8 Hz), 7.44 (2.0H, d, J=8.4 Hz), 8.40 (1.0H, s).
ESL-MS(m/e): 541[M+H].

Example 26:

Production of N-(3-methyl-1.2.4-thiadiazol-5-y1)-6-[(4-methyl-4H-1.2.4-triazol-3-vl}thio]-3-{{4-
(2-piperidin- 1 -vlethoxviphenyl|thio tpyridine-2-carboxamide
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i O--~'N'CH3 CH3 Using diethylamine, the entitled compound was
obtained as a pale yellow solid in 5 the same method as in Example 1
(step 2) or in accordance with the meffiod or by combining it with an
ordinary method. IHNMR (CDC13) 6: 1.09 (6H, t, J=7.0 Hz), 2.61 (3H, s),
2.67 (4H, g, J=7.0 Hz), 2.92 (2H, t, J=6.2 HZ), 3.73 (3H, s), 4.10 (2H, t,
J=6.2 Hz). 6,99 (2H, d, J=8.8 Hz), 7.04 (IH, d, J=8.8 Hz), 7.12 (1H, d,

\_ =88 Mz)/7 /44 (2H, d, J=8.8 Hz), 8.41 (1H, s). 10

%I%é?—ﬁ{“m/e):557[M+H]+. Example 25: Production of
3( 4%ethylazetidin-3-yl)oxylphenyl}thio)-N-(3-methyI-1.2,4-thiadiazo|-5-
yl)- 6¢[(4-methyl-4H-1.2,4-triazol-3-yl)thio]pyridine-2-earboxamide H C O
S-N <NYS N N'NCH3 N-N S 0 "N,CH3 15 Starting from
3-{[4-(Bzefidir=3-yloxy)phenyl]thio}-N-(3-methyl-1,2,4-thiadiazol-
5-yl)-6-[(4- yl-4H-1,2,4-triazol-3-yl)thio]pyridine-2-carboxamide

obtaineq 3 HXAIPIE fe, (HEBAlRRddIR I AFGIAdBRYAE & §Atled ow solid in the
compiund Vé%g obtam&d as a yellow sg#qd in the. same method as’in

same G 2 (SEB B or i ReobPihEE Mt G ST BY iRy Hiine it with

an ordywithy sretbrdinary method. 20 IH-NMR (CDC13) 6: 1.01 (3.0H, t, J=7.1 Hz),
THNMBSIC (20K, &1, 1047 (2 HH2h) 21663 (31 AHRS) 2308413, 14) (2.0H(3H), s3, 2R (I DM, ¢, 1=5.8

) 3 L S SIob ey MO oA g ) O, S 712
(1H, d158 8. 43 17 S (H). & SEMEHaIed:B41 ivedH]. Example 26: 25 Production

ESI-MENM(3-msety4s94-thiadiazol-5-yl)-6-[(4-methyl-4H-1,2,4-triazol-3-yl)thio]-

Emmé—é\[élz‘(}piperidin- | -yletho xy)phenyll thio }pyridine-2-carboxami de -48- O
dugiies

NS NN N-N O\-~Nj Using piperidine, the entitled compound was
BENA3-meihndehduiidatiazalipayl)-6-[(4-methvl-4H-1.2.4-triazol-3-yI)thio]-3-{[4-

(Z-morpholin-4-vlethoxviphenviithio tpyridine-2-carboxamide
H.C

-N
0O 37%
a3 7 7. S—CH
N-_-S._N A= $
N-N A g

.

L_o

Using morpholine, the entitled compound was obtained as a pale yellow solid in

the same method as in Example 1 (step 2) or 1n accordance with the method or by combining it
with an ordinary method.

ITHNMR (CDCI3) 8: 2.60 (4H, m), 2.61 (3H, ), 2.84 (2H, t, J=5.4 Hz), 3.74 (3H, 5), 3.76 (4H,
m), 4.15 (2H, t, I=5.4 Hz}, 7.00 (2H, d, J=8.8 Hz), 7.04 (1H, d, J=8.8 Hz), 7.13 (1H, d, I=8.8
Hrz), 7.45 (2H, d, J=8.8 Hz), 8.41 (1H, s). '

BSI-MS(m/e): 571[M+H]*.

Example 28:

Production of 3-[{(4-{[{3R)-1 -ethvipyrrolidin-3-vl]oxyphenyDthiol-N-(3-methvi-1.2 4-
thiadiazol-5-vI}-6-[(4-methyl-4H-1.2 4-triazol-3-yDthiopyvridine-2-carboxamide
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same method as in Example 1 (step 2) or in accordance with the method
or by combining it with an ordinary method. 5 1 HNMR (CDC13) S: 1.46
(2H, m), 1.63 (4H, m), 2.53 (4H, m), v 1 (3H, s), 2.81 (2H, t, J=5.8 Hz),
3.73 (3H, s), 4.15 (2H, t, J=5.8 Hz), 6.99 (2H, d, J=8.8 Hz), 7.05 (1H, d,
J=8.8 Hz), 7.12 (I H, d, J=8.8 Hz), 7.44 (2H, d, J=8.8 Hz), 8.41 (1H, s).
Hy c ESI- MS(gw/egA%Q M+H]+. Example 27: 10 Production
thy{—,;f? -thiadiazol-5-vl)-6-[(4-methyl-4H-1.2,4-triazol-3-yl)tbio]-
<\ 43 §l4 (2- %orpholln 4-ylethoxy)phenyl Ithio}pyridine-2-carboxamide H3C
O S" CH3 CNYSYN NON's N-N S O-\N 00 Using morpholine, the
entitle '@l pound was obtained as a pale yellow solid in the same
methodas in Example 1 (step 2) or in accordance with the method or by
combini 15 with an ordinary method. IHNMR (CDC13) 6: 2.60 (4H,
m), 261( JS$2.84 (2H, t, J=5.4 Hz), 3.74 (3H, s), 3.76 (4H, m), 4.15
(2H, t, J= 54Hz)c"7'500(2H d, J=8.8 Hz), 7.04 (1H, d, J=8.8 Hz), 7.13 (1H,

d, J=8.8S ta#n o | M (T mkady8 HzX- &fhﬁl&ﬂb@ﬁ&-&fMSﬁ@ﬁ@/) B4 ,2,4-triazol-3-

yl)thlo[ (311? rroﬁmgd?ﬁ@yﬁw&%ﬂo}%% g %Bﬁuc%rboxamlde obtained in

Examwﬁﬁd&a%@ Rb qema W&Mtélaefh%f»z% 13 ?/Djﬂ%%‘fb%ﬂéﬁ*ﬂé‘ R sms@AaThod as in
Examisle 24%r HB& Or&die-CHhNhE hktiNdoNty ddriiiMNgSt @\ 8inStantiethod.

1H-’\EMR”G@$‘)@3 tlml71(%&mama@H5)yh)4f8{Q46m@tM4wle Wrigzol-8H, m), 2.53-

2.64 (YURLRN B e AR o bR Bimpehc WHs VALY Qe pagl (2 0HL, A
J=8.5 YelloWsolicti the s8bdlmethbtl (A, B.Ex& e 123.68 i3 Atbakdarick Mt 8.40
(1.0H tgp method or by combining it with an ordinary method. IH-NMR (CDC13)

ESI N%g_g}; (5?;59%_}&{%;7 .2 Hz), 1.98-2.08 (1.O0H, m), 2.31-2.41 (1.OH, m),

Example 29: -

Production of N-(3-methvi-1.2 4-thiadiazol-5-v1)-6-[{(4-methvi-4H-1.2 4-trigzol-3-vIithio]-3-( {4~
[2 (2- oxopvrrolidin 1-vhethoxvyiphenyl l thio)pyridine-2-carboxamide

N\)\ Lo

© 0
O\/\r\é
9 mg of methyl 4-aminobutyrate hydrochioride and 9 pl of triethylamine were
added to a chloroform (0.3 ml) solution of 16 mg of N-(3-methyl-1,2 4-thiadiazol-5-y1}-6-{(4-

methyl-4H-1,2.4-triazol-3-yI)thio]-3-{[4-(2-oxoethoxy)phenyl|thio } -pyridine-2-carboxamide

obtained in Example 1 (step 1), and then 27 mg of sodium triacetoxyborohydride was added

thereto, and stirred overnight. Saturated saline water was added to it, extracted with chloroform,
and dried with anhydrous sodium sulfate. The solvent was evaporated away under reduced
pressure, and the residue was purified through reversed-phase middle-pressure liquid
chromatography [ODS-AS-360-CC (by YMC), mobile phase: water/acetonitrile/0.1 %
trifluoroacetic acid]. The solvent of the obtained fraction was evaporated away under reduced
pressure to obtain 108 mg of the entitled compound as a yellow solid.

ITHNMR (CDCIl3} &: 2.05 (2H, m), 2.41 (2H, m), 2.62 {3H, s), 3.60 (2H, m), 3.72 (2H, m), 3.74
(3H, 8), 4.16 (2H, m), 6.98 (2H, d, J=8.8 Hz), 7.04 (1H, d, J=8.8 Hz), 7.13 (1H, d, J=8.8 Hz),
7.45 (2H, d, J=8.8 Hz), 8.41 (1H, s), 11.0 (1H, br).

ESI-MS(m/e): 569 M-+H]|*.
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2.64 (3.0H, m), 2.61 (3.0H, s), 2.83-2.97 (3.0H, m), 3.73 (3.0H, s), 4.86
(1.0H, s), 6.94 (2.0H, d, J=8.5 Hz), 705(1OH d, J=8.8 Hz), 7.13 (1.OH,
d, J=8.8 Hz), 7.43 (2.0H, d, J= 85I—fz§ 8.40 (I.OH,s). 10
ESI-MS(m/e):555[M+H]+. Example 29: Production
ofN-(3-methyl-1,2,4-thiadiazol-5-yl)-6-f(4-methyl-4H-1,2,4-triazol-3-yl)thio]-
Exampd - [2-(2- oxopyrrolldln I -yl ethoxylphenylithio)pyridine-2-carboxamide H

Produdmnof% A methyl N on 1' Of e%héﬁl

HG  N- (3 m hyﬁi“%g.huad.azm 5- yI) -6- [(4-
<\N , 1,2, 4-triazol-3-yl)thio]-3-{[4-(2-oxoethoxy)phenyl]thio}-pyridine-

N-N 2- xamide obtained in Example 1 (step 1), and then 27 mg of sodium
triacetgxyborohydride was added thereto, and stirred overnight. Saturated
saline \water was added to it, extracted with chloroform, 20 and dried with
anhydroaus sagium, sulfate. The solvent was evaporated away under
reduce bﬂa\ﬁe and the residue was purified through reversed-phase
middle-pressure liquid chromatography [ODS-AS-360-CC (by YMC),
mobile ahasg SVYaﬁte{‘lage,ED)lErﬂﬁ{&ﬂﬁjmmifﬂiﬂrmplﬂ@a@}(ﬂh&b@)ﬁ@dﬂmt(efmethyi-

1,2.4- g&%@%%{@ﬁ'ﬁ%@{ 1%@[%%@&%91&"&@3 \}\?}Q&figg D) r&ﬁﬁgﬁﬁﬁde obtained

tain 108 e entitled compound as olid. 25 IH
in Exerepct 3}*@@2 BRI UY PO RCS @zﬂ@ﬂe A TR weéw method as
in Exaf@plen), 8. Mad@ims)celvlitr (i nmadh 6398 (2Hooh w8 BiHa)ih7a04(dikgrst method.
THNMR8@D1)) 5:1856H3 1, d=B-8 51)), 248 2b0 (hH=8.8 HR, B#1({H 18), 2.61 3H, s),

3.75 (%%O (It 6}&85%2}%%5:/ e)%%fg ’;f;ﬁglﬁ 9% fﬁ?ﬂ)&y}g OP”{ ?g‘{ﬁﬁ) M), 7.48 (2H, d,

J=8. 4%]3\Iiéii(ﬁlbﬂivl 1.2,4-thi adiazol-5-yl)-6-[(4-methyl-4H-1, 2 J4-triazol-3
ESI-MyPthiglpwidiner2rearboxamide H 3C 0 S-N N N~-CHa N-N'S, SH

INDUSTRIAL APPLICABILITY

The aryloxy-substituted benzimidazole derivatives of formula (I) and their
pharmaceutically-acceptable salts of the invention have an excellent glucokinase-activating
effect, and are therefore useful in the field of medicines for remedy and/or prevention of diabetes,
diabetes complications and obesity.
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0'- N 5 Using
3-[(4-{2-[(2R)-2-methylpyrrolidin-2-yllethoxy}phenyl)thiol-N-(3-methyl-
1,2,4-thiadiazol-5-yl)-6-[(4-methyl-4H-1, 2, 4-triazol-3-yl)thio]pyridine-2-carb
oxarnide obtained in Example 4, the entitled compound was obtained as
a pale yellow solid in the same method as in Example 22 orin

What gc&g{ﬂ@@gg with the method or by combining it with an ordinary method.
1H NMR(CDC13)6 15 3H,d, J= 65Hz) 2.04-2.20 (2H, m), 2.25-2.40

(2H, in),'2.61 (3HGP ?%’{@iﬁn@flé B (8K, m), 4.30-4.48 (3H,
m), 4.86 (1H, in), 7! 0714(4H in), ¢ 48}@ J=8.4 Hz), 8.51 (1H, s).
ESI-MS(m/e): 585[M+HJ46 INDUS TRIL RELITY 15 The

aryloxy-substitutegl behzimid derlv |ves'}5f formula (I) and their
pharmaceutically-agctiptabl he invention have an excellent
glucokinase-activating effect, and ar& therefore useful in the field of
medicines for remedy and/or preveption of diabetes, diabetes
complications and obesity. -51 - What |s1 claimed is: 1. A compound
represented by formula (I): R1 O ~NyS NNN~-R2H NNS 61",
X1 (I) or a pharmaceutically acceptable ¥alt thereof, wherein: 5 Rl and R2
each independently represent a lower aIkyI group; Xl represents a group
of a formula (lI-1): R11 -O-(CH2)rn N (II-1) R12 wherein: Rl 1 and R12
or a pleaetniedepdhdentyinbpresenhadnfdrdgesimtom or a lower alkyl group; 10

R1 anfRR2 804, B2 9&?&% Wﬁ&@éﬁﬂt@%@ Mgu‘ﬁhmh they are

X1 re%resenqga grggé{p orm t%mu% zﬂr{l)embered nitrogen-containing aliphatic ring;

R
——O—(CHz); N l (I-1)
R12

wherein:

R11 and R12 each independently represent a hydrogen atom or a lower alkyl group;

R1land R12 together with an nitrogen atom to which they are attached,may form a 4- to 7-
membered nitrogen-containing aliphatic ring;or

a carbon atom of (CH2)m, and R11 or R12 taken together may form a 4- to 7-membered nitrogen-
containing aliphatic ring;

one carbon atom that constitutes the 4- to 7-membered nitrogen-containing aliphatic ring may be
replaced by an oxygen atom;

said 4- to 7-membered nitrogen-containing aliphatic ring may be substituted with an oxo group;
a nitrogen atom to which R11 and R12 are attached may be added with an oxygen atom;

any carbon atom(s) in (CH2)m may be substituted with a lower alky] group; and

m indicates an integer of from 1 to 3,

or a group of a formula (1I-2):
21

W(CHz)n"—“I}i/R (I1-2)
R22
wherein:
R21 and R22 each independently represent a hydrogen atom or a lower alkyl group;or
R21, R22 and a nitrogen atom to which they are attached may form a 4- to 7-membered nitrogen-
containing aliphatic ring;
said 4- to 7-membered nitrogen-containing aliphatic ring may be substituted with oxo group;

any carbon atom(s) in (CH2)p may be substituted with a lower alky! group; and

n indicates an mteger of 0 or 1.
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a carbon atom of (CH2)m and R11 or R12 taken together may form a 4- to
7-membered nitrogen- containing aliphatic ring; one carbon atom that
constitutes the 4- to 7-membered nit'rgaén-containing aliphatic ring may be
15 replaced by an oxygen atom; said 4- to 7-membered
nitrogen-containing aliphatic ring may be substituted with an oxo group; a
nitrogen atom to which RI | and R12 are attached maybe added with an
oxygen atom; carbon atom(s) in (CH2)m may be substituted with a
vy By gt S TR L B e 07 RS TS sented by
formulgfdrfdrmula (11-2): Rz1 -(CH2)n N~ (11-2) R22 wherein: R21 and R22
each independentlﬁr’epresent a hydrggen or a lower alkyl group;or
R21, R22 and a nitspgen @tom o which theyar ghed may form a 4- to
7-membered nitrggen# 25 c hatichfing; said 4- to 7-membered
nitrogen-containing-atjphatic'sl y be substituted with oxo group; any
carbon atom(s) in (CH2)n may be suBstituted with a lower alkyl group; and
n indicates an integer of 0 or 1. -52- 2. The compound according to claim
1, wherein formula (l) is represente formula (1-1): R1 O S--N lis N tV
N~RZ \NH N\S (11) X1 5 wherein symbols have the same meaning as
the above; or a pharmaceutically acdeptable salt thereof. 3. The
compound according to claith’2, whrefn both of Rl and R2 are methyl

where@ QRbAR QLA RhAEMACRIIGAIY AGEeRIARle, Salt thereof. 4. The compound

or a plS SRS AR S Sie e S @ formula (11-1): R1L

3. The compound according to claim 2, whrein both of R1 and R2 are methyl

group,
or a pharmaceutically acceptable salt thereof.

4, The compound according to claim 3,

wherein X1 is a formula (II-1):
11

-~
O (CHy)m N (-1
R12
wherein the symbols have the same mening as above;

or a pharmaceutically acceptable salt thereof.

5. The compound according to claim 3,
wherein X1 is a formula (II-2):
R21
-~
_(CHZ)n_iT] (1-2)
R22

wherein the symbols have the same mening as above;
or a pharmaceutically acceptable salt thereof.

6. The compound according to claim 1, wherein the compound represented
by
formula (I} is:
3-({4-[2-(dimethylamino)ethoxy|phenyl }thio)-N-(3-methyl-1,2,4-thiadiazol-5-yl)-
6-{(4-methyi-4H-1,2,4-triazol-3-yl)thio Jpyridine-2-carboxamide,



10

15

20

25

30

35

-O-(CH2)m N~ (U-1) R12 15 wherein the symbols have the same mening
as above; or a pharmaceutically acce table salt thereof. 5. The
compound according to claim 3, whetein Xl is a formula (11-2): R21

-(CH2)n N~ (11-2) 20 R22 wherein the symbols have the same mening
as above; or a pharmaceutically acceptable salt thereof. 6. The

compoum aeg@rms@mﬂama wherglphiés,compoNnd ieptiegented. tRadiazol -5-

. for
¥-6-{ g ng dlrne aﬁrﬁlar%ggetﬁgxy p}rﬁgr1 q I]ﬁlo Ciﬁr Xr%rg% 1-1,2,4-thiadiazol-5
-yl)- 6-[(¥Ad ﬁw -ifizerisdy é@/ﬁé‘fﬂ@lz‘%gﬁb%&a%?aél -J5gthio]-3-{[4-

(2-pyridifas(l-vhetbyaphatavh By pxydidne Oyd oM@ methyl-1,2,4-thiadiazol-
5 yI) -6- [@[me@ iﬁl{ﬂ -3, ?néﬂ%’?%}?\lo?h&lﬂth ?flﬁé@&l_??lpﬁe%?fmﬁ@f@'Egemethyl 1,2,4-
thiadiazal

thyl-1,2, 24tr¥§zoI3 Nthio]-3

ﬂnadla{fta ?2Y§y% ”dfﬁqﬂyi’é‘[%xb)zpﬁSﬁ@fﬁhé?ﬂ%i@?ddﬁ?b%% famgdc
3-[(4-{2 3Ry 2- mésmapymbmmombm@mpﬁmwm@awm@m@m.z 2.4-
thiadx%&%@iﬁbﬁ(%%@iﬁ(ﬁrﬁﬁm)d'&Hi‘%:z@I%IQ%QB%M)H}@EY&@B&%%POMmi

3-((4-{2-12Sy ARy o L Y Hetnd s hey AR oG Ry By 124
thiadigrpbdiarbhs (FHpsdiplrhdthd-4riazol At p ylitisigyeiahreamedeboxami
de, 3-[(4- {[(2S)-1-methylpyrrolidin-2-ylimethoxy} phenyl)thio]-N-(3-methyl-1,2,4-

thiadi o (SK-AS {; ?lg)[(h e¥9¥ Py quép t%éé'!ﬁ”?tﬂ%ﬁ’bﬁp e”éﬁ'ﬂth?carégxa etﬁg -1.2,4-

thiadiazé-84y(eueidhisthyleaiey paepaboios PiytHionsidihe-2-dapdixans -y -6-
[(4-madkyl34K41,2,4-triazol-3-ylithio|pyridine-2-carboxamide,

{[<28) meihyieygsolidingaimeaxvioRUMNIN A a2 eVl -1 2,4-

fhladlag%SsY}A)ﬁatﬁAffaﬁ&WH +:5 mAaL I R e BB mide,
3-{[4-(2- &ié‘hd[lﬁl&ﬂét-h@@@ﬂlh[ﬂﬂ;ﬂﬂdhﬂ@} NiBathethylphenyl)thio-N-(3-methyl-1,2,4-
thiadidre4-N1REIAA0BHY B H-1,2 4-triazol-3-y Jthzo]pyndme -2- carboxam1de

5‘}(;"?;(@;{)({ fsh frgé&y?p}mgmg pyidine2.carboxamide, -1 ciyi-1.2.4-

thiadiapnbehylpyfrrdfame b hady e yimisiolamdamd-sahaxamide,
th|ad|azgLﬁ@@[@-&(ﬂimﬁbﬁl}ﬂﬁk&ﬁiﬁ-ﬁiﬁg@k?}ﬁﬁﬁi&iﬂ]}ﬁ)ﬁﬂd}h‘l@ﬁ@hbﬁxalmi-

thiadi ?f {f,% é%met gp i |ﬁ1t§1 %é’tﬁg ﬁ] r?:l io- §O)an§[ I’l 2,4-
th.ad.azér e fims %élrﬁypmlr R CUED) gyl i) N-(-metbyt 13 4 thiadiazol-

5-y1)-6yfithioddyyldifb122chtbexamiigehB [(4-{HBS)A-carboxamide,

-methyIpyroliei -3l om AR NG Be i d) Ad 3 -methyl-1,2,4-thiadiazol -5-
y1)-6-[(4-methyl-4H-1,2,4-triazol-3-ythiopyridine-2-carboxamide,
N-(3-methyl-1,2,4-thiadiazol-5-y1)-6-[ (4-methyl-4H-1,2,4-triazol-3 -yl )thio]-3- {[4-
(3-pyrrolidin-1-ylpropoxy)phenyl]thio } pyridine-2-carboxamide,
3~({4-[3-(dimethylamino)propoxyiphenyl } thio)-N-(3-methyl-1,2,4-thiadiazol-5-
yh)-6-{(4-methyl-4H-1,2,4-triazol-3-yl)thio]pyridine-2-carboxamide,
3-({4-[2-(methylamino)ethoxy]phenyl } thio)-N-{3-methyl-1,2,4-thiadiazol-5-yl)-6-
[{(4-methyl-4H-1,2,4-triazol-3-y])thio|pyridine-2-carboxamide,
3-{[4-(Z-aminocethoxy)phenyl|thio}-N-(3-methyl- 1,2 4-thiadiazol-5-y1}-6-[ (4-
methyl-4H-1,2,4-triazol-3-yl)}thio|pyridine-2-carboxamide,
N-(3-methyl-1,2 4-thiadiazol-5-yl)-6-[ (4-methyl-4H-1,2 4-triazol-3-yl)thio}-3-({4-
[(3R)-pyrrolidin-3-yloxy]phenyl }thio)pyridin-2-carboxamide,
3-({4-[(1-isopropylazetidin-3-yl)oxy|phenyl} thio)-N-(3-methyl-1,2,4-thiadiazol-
5-yD)-6-[(4-methyl-4H-1,2,4-triazol-3-yl)thio Jpyridine-2-carboxamide,
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20

thiadiazol-5-yl)-6-[(4-methyl-4H-1,2 45t iazol-3-yDthio]pyridine-2-carboxami
de, 3-[(4-{[(3R)-1-methylpyirolidin-3 y{oxy}phenyl)thlo N-(3-methyl-1,2,4-
thiadiazol-5-yl)-6-[ (4-methyl-4H-1,2,4-triazol-3
-yl)thio]pyridine-2-carboxamide,
3-({4-[23dimeliiyRamiie)p2epxipstinylipinebyiithio); Nx(ByindioyIN- (3-methyl-1,2,4-

thladla:k(ﬁ § aéj %eth 1-4H-1,2 4—triazol 3 thlo pyridine-2-carboxamide,
meth%‘ H-1,2,4-t azol 3-ylt pyrldlne -2-carboxamide;

3 ({4 (i b%?ﬂlp%é’ %ﬂ@%f EtHy R, éﬂ&zt%a%d@z%}o 13-({4
[(Z—OXQEW’I)@BJ%M}th%}m}zmh}mwﬁwmm@}pgﬂiv@mnidcarboxam|de
N- (3 m@?& [2- (dzmeth Initroryl)ethoxy di phenyl} thlo) -N-(3-methyl-1,2,4-thiadiazol-5-

5- ( 2, tr thio]-3- {[4
yl)'6 fne b‘fér)ég)do?i) 5%’ n]e? E'ﬁ{tir?lg}l 1}f’dlne >{<?a’m|de

3 ({4 [3—idl%e{t%%ﬁhﬁfﬂlﬁ@)‘fihdbéﬁy]@ﬁ@fhymﬁi@)ﬂﬂ}’@lmﬁth&&@%hbﬂrédﬁeﬂzﬂiiadiaml—
5-y1)-GF(3AndoHEImetavir AL 24tz el -3amkticlmpisting:d-carboxamide,
§h|((£4 [2- rf' f’% igie tho é}?]é%ﬂ(f%@élyl}thl()) -N-(3-methyl-1,2,4-thiadiazol-5-y1)-6-
}gﬁé!nwmtwoa %rﬂi@ﬂ@mmﬁiafp%m%éﬁaoxamude
3-{[4-(2-atiroethokyhpledidlthid)eNy(Bhasthyhin RM-(hiadihzdit B yhu6ddézol-5-y1)-
Bymae%iﬂﬂa%:‘%rfﬁﬁﬁoi -3k QEE']B%IPM idine-2:e3thoxamide, 35

1-1,2 4-thiadiazol [(4-methyl-4H-1,2 4-triazol-3-yl)thi

({4 [(3 %ii’ ﬁf‘é}ainlé =T @%ﬂéﬁﬂ%i%@ﬂﬁmf ok - WHifior 3-14-
(2-p1p®q€{mﬂiy]stmmpyszeﬁﬂme$pﬂ)dmﬁphemdmw¢—(3 -methyl-1,2,4-thiadiaz

ol 5- yl)[ @¢8[ (4 fﬂ&%})ﬂ‘ﬁb"ﬂtﬁyﬁwg =31y Btmﬂlﬁw@nﬁgrmﬁg@% 31%0

iSO rolidin enylthio methy

(Z—mom %’ég% ’5‘1%%@ y HW% %‘J} tri o}f Wthio]pyri

dine-2- C&y[[ﬁ@;@{ﬁ}@)gl ethylpyrrohdm 3. ylloxy ;phenyl)ﬂno] \I (3-methyl-1,2,4-
thiadldﬂoﬂ%@@tﬁyﬂfﬂqﬁméﬂiﬂmld15%'32@'1[@y@&%ﬂbﬁk&&@ﬂdﬁ@é@hﬁzﬁ@thio]'3'

:(3{ 1{4[([22%?11){%% .?rldlgy%rﬂfug ﬁ@rﬂ}ﬂ@pﬁr% Ne22r S ONANING: Q) hio]-3-({4-

[2-(2 ?ﬂﬂgmléélﬁ%t F@%Mjﬂ?ﬁ’(ﬂ’ pg)ymdme»z carboxamide or
yl)-6-[(4 Hvethi}-43R):2 4ntriarlel-Sxil tinafpy tidme-2Hedrboxparhiae] ) thio]-N-(3-

methyi?"l[(ﬁ1 &%ﬁﬁ%ﬁ*é@t@@t Ml WQWWPQWQMIN Q m%é%gm?xeﬁﬂaﬁg&amﬁe or

4 m et riazol-3 -yl)thio]pyridine-2-¢arboxamide
aphar%“”(%&ﬁ%c ﬁﬂfenyl}thuo) N-(3-methyl-1,2,4-thiadiazol-5-y
[)-6- 10 [(4- methyl 4H 1, 2 ,4-triazol-3 -yl)thio]pyridine-2-carboxamide,

3-({4-[(1sethylazgtdinmdyhioxyiobemys thigd - (3 wWHiR-the compound represented
by form\%)L[4§Oguadlazol -5-yl)- 6-[(4-m ethyl-4H- 1,2,4- triazol-3

pyrldlne 2-carboxamide,
N-(3-methiidt{2: ﬂdtma@rézmlgo%}h@:[yzlph@ﬂi;}lﬂnPﬂ-ﬁiﬁ“&lﬁf&hﬂh@%ﬁtﬁm}iwow—yl)-
6-{(4-fhéth2tpiperidin-1-yleihexy)phemyiithiadpydainexdrerif oxamidemdRutically
-(3- -1.2,4-thiadiazol-5-yl)-6-[(4-methyl-4H-1,2,4-triazol-3-yl)thio]-3-
acceplj\lzi-éa(%l?mgéﬁ% in-4-ylethoxy)phenylthio }pyridine-2-carboxamide,

8. The compound according to claim 1, wherein the compound represented
by formula (1) is:

3-[{4-{2-[ethyl(methyl)amino]ethoxy} phenythio]-N-(3-methyl-1,2 ,4-thiadiazol-
5-y1)-6-[(4-methyl-4H-1,2 4-trtazol-3-yDthio|pyridine-2-carboxamide, or a pharmaceutically
acceptable salt thereof.

9. The compound according to claim 1, wherein the compound

represented by formula () is:
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3-[(4-{[(BR)-1 -ethylpyrrolidin-3-ylJoxy}phenyl)thio]-N-(3-methyl-1,2,4-
thiadiazol-5-yl)-6-[(4-methyl-4H-1,2 45t§|azol -3-yl)thio]pyridine-2-carboxami

de,

N-(3-methyl-1,2,4-thiadiazol-5-yl)-6-[(4-methyl-4H-1,2,4-triazol-3-yl)thio]-3-

({4 20 [2-(2-oxopyrrolidin-l.-yl)ethoxy]phenyl}thio)py idine-2-carboxamide

or 3-[(B{2HERIBetheliykiuitiopyhiicyi-drd]eth@ylphshyRiiahiNd{dzol-5-y1)-6-

m SR 3 &R d ety R OO

oxamide, or ‘a’pharmaceutically accepta of. 257
salt th %Gﬂ%cpound according to claim 1, wherein the compound represented by
formula (1) is: 3-({4-[2-(dimethylamino)ethoxy]phenyl}

th'o) N-(Fmethyll.2udstiadiazekdndio claim 1, wherein the compound represented
ethyl-4H-1,2,4- trlazol 3-yl)thio]pyridine- -2-carboxamide, or a
by fonB @1

’5eut|cally acceptable salt thereof. 30 8. The compound according

to claim3t|(iHereisRhe-soripdiemorHaprebehieitioby  torenbilihdy¥t-(3-methyl-1,2,4~
thiadi=3<(4-4d)[ethyltnatiyDaminplethaxyiphanuishinitint3-roatndxldidethingia

4- th 1 2A-triazol-3-yl)thio]pyridine-2-earboxamide,
pharm%?eg%%ﬁ%rﬁg%% i czﬁls}é&éﬁaccefpé)ltable salt thereof. 9. The compound

according to claim 1, wherein the compound represented by formula (1)

iS: -55- 11.  The compound according to claim 1, wherein the compound represented
by formiférl gd|ethylam|no)ethoxy]phenyl}thlo) N-(3- methyl -1,2,4-thiadiazol-5-y
)-6 [E -methyl-4H-1 2 4-triazol-3-yl)thio]pyridine-2-carboxamide, or a

pharmaée[&f’c{aa@(% p‘%fédggi’f s fy§ef6°ﬁyh@1&ﬂ%@%ajéédﬁﬂ 124
thiadideobiiph) - [heneihythe -t drapbtrivt ok preldgntddytiifortnuieb(ly dsidd(dr a

phannﬁ%&(a@i)ﬂ 4p&d WQ&UK@'ﬂﬂﬁ!ré’ﬂfethoxy}phenyl)tmo N-(3-methyl-1,2,4-
thiadiazol-5-yl)-6-[(4-methyl-4H-1,2,4-triazol-3-yl)thio]pyridine-2-carboxami

de, or a pharmaceutically acceptable salt thereof. 10 11. The compound

according to claim domiaredratiserdom pooatrdprebemsiadhp poopaual (grirgsented
by fordnl(41§2:(2S)-2-methylpyrrolidin-I-yllethoxy}phenyl)thio-N-(3-methyl-1,2,4-

thiadiazgl-5-y 4-meth I4J.-| 24 triaz 1] r mi

de, or aglgﬂ'ht Ir6me[é1 efn F(t:ta }%g heno#t%‘ Obeof 532(1 %Ih\e%c%dﬁgc%n azol-5-y1)-

6-[(4-redurcitly k?-émlﬁwé?&wlﬁmﬁoaﬁ&%méérﬁéa phammaceutically

acceptable salt thereof.

i3. The compound according to claim 1, wherein the compound represented
by formula (I} is:

3-[{4- {[{(3S)-1-methylpyrrolidin-3-yl|methoxy} phenyl)thio-N-(3 —methyi—l ,2,4-
thiadiazol-5-y1)-6-[(4-methyl-4H-1,2,4-triazol-3-yl)thio}pyridine-2-carboxamide, or a
pharmaceutically acceptable salt thereof.

14, The compound according to claim 1, wherein the compound represented
by formula (I} is:

3-[(4-{[(3R)-1-methylpyrrolidin-3-yljmethoxy} phenyl)thio-N-(3-methyl-1,2,4-
thiadiazol-5-y1)-6-[(4-methyl-4H-1,2 4-triazol-3-yl)thio]pyridine-2-carboxamide, or a
pharmaceutically acceptable salt thereof.

15. The compound according to claim 1, wherein the compound represented
by formula (1) is:
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by formula (1) is:
3-({4-[(1-ethy|azetidin-3-yl)oxy]phenyl%%h_in)-N-(3-methyl-1,2,4-thiadiazo|—5-
yl)- 20 6-[(4-methyl-4H-1,2,4-triazol-3-yl)thio]pyridine-2-earboxamide, or a
pharmaceutically acceptable salt thereof. 13. The compound according to
claim 1, wherein the compound represented by formula (1) is: 25 3-[(4-
((3 S)- BrmpthglpyrecdinmylmetoQlmyE) ilo-N-(motyh 2 Bkdiazol-5-y1)-6-
-0- I tr -3- | -)-
ety Leaiabie el e Y P P S Aot
salt thegeebrding to claim 1, wherein the compound represented 30 by formula
(1) is:
3-[(4-{[(3B)-1-metbvipmselidinasyimerRoarh e NWHRIGNHSIGHNRE feflresented
by f thl?dl z0l-5-yl)-6-[(4-methyl-4H-1,2,4-triazol-3-yl)thio]pyridine-2-carboxami
Y IOTHE D ispharmaceutically acceptable salt thereof. 35 15. The compound
accordiny it diemmogtheraiirhsedshpbdntBrapréséntdd-hyabinmlld () ié-[(4-
methyt2H-1,2,4-triazol-3-y1)thio]pyridine-2-carboxamide, or a pharmaceutically acceptable salt
thereog-({4-[2-(methylamino)ethoxy]phenyI}thio)-N-(B-methyI-l,2,4-thiadiazo|-5-y
‘ -6 [(4-methyl-4H-1,2,4-triazol-3-yl)thio]pyrdine-2-carboxamide, or a
pharmaceutically acceptable salt thereof. 5 16. The compound according
to claim 1. whesephihe cempalidckippseianiechpopsiiarmuiladd oiSthe compound
accord’%ﬁg‘%é(gfﬁm%npﬁm%x(yl)g %M%Q&fﬁé(ff%@&pﬁbﬂe%a%f_@@gb%zdgIé%fwz'gig%aient.
methyl-4H-1,2,4-triazol-3-yl)thio]pyridihe-2-Carboxamide, or a
pharmaceutically acceptable salt thereof. 10 17. A pharmaceutical
compositibn compaisingfanyaiaphtidédcpmpentivg; dicbotaing tbal@ynsmiprising any
one ot C AR RARINAREHICR] Y AccePiable SRl Inarrabas REH Ve ngreiRNbt thereof as
. 18. An aqent for treating and/or preventing diabetes or obésity comprising
acmeéﬂ%mfbe%ne of the compound according to claims 1 to 16 or a
pharmaceutically acceptable salt thereof as active ingredient.



