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1 DESCRIPTION IMIDAZOPYRIDINE COMPOUND TECHNICAL FIELD
The present invention relates to an imidazopyridine compound useful as
a gastric acid secretion inhibitor, or a salt thereof or a hydrate 5 thereof.
The present invention also relates to an imidazopyridine compound useful
as a therapeutic or preventive agentifor acid related diseases (especially
gastroesophageai refiux disease, symptomatic 10 gastroesophageai refiux
disease, gastric ulcer or duodehalFfiEerdi6Na salt thereof or a hydrate

thereof. BACKGROU ézﬁ%%iﬁfﬁ?aw'cfé@éb%s gastric ulcer and

duodenal ulcer, is considered to have developed as a result of
self-digestion caused by imbalance between aggressive factors, such as
acid and pepsin, and protective factors, such as mucus and blood. 20
The treatment of peptic ulcer is carried out by internal medicine in
princigle, and various drug treatments have been attempted. Particularly,
d%% gﬂé@rﬁcﬁlﬁﬁﬁbiting H -, K’-ATPase, an enzyme present in gastric

Eﬁsgﬁggﬂﬁﬁr&% charge of the ¢ Jinal ster.ehgastiic agid secretion,
imidazopyridine compound useful as a gastric acid
secretion inhibitor, or a salt thereof or a hydrate
thereof.

The present invention also relates to an
imidazopyridine compound useful as a therapeutic or
preventive agent for acid related diseases (especially
gastroesophageal reflux disease, symptomatic
gastroesophageal reflux disease, gastric ulcer or

duodenal ulcer), or a salt thereof or a hydrate

thereof.

BACKGROUND ART

Peptic ulcer, such as gastric ulcer and
duodenal ulcer, 1is considered to have developed as a
result of self-digestion caused by imbalance between
aggressive factors, such as acid and pepsin, and
protective factors, such as mucus and blood.

The treatment of peptic ulcer is carried out
by internal medicine in principle, and various drug
treatments have been attempted. Particularly, drugs
specifically inhibiting H'-, K'-ATPase, an enzyme

present in gastric parietal cells and in charge of the
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acid secretion and thereby preventing self-digestion, for example,
omeprazole, esomeprazole, pantoprazoie, lansoprazoie, rabeprazoie,
etc., have been recently 5 developed and clinically used. Although these
drugs have excellent therapeutic effects, drugs which have more
long-lasting inhibitory effect on gastric acid secretion, higher safety and
more suitable physicochemical stability are 10 further required.
Coifpohinds BRpeéiafly FéIEHENIA6 tRe PRESERE liffentfdrParesfesthited e

the patent documents 1 to 3 .but the specific compound ﬁg cribed in
RS baEt AR i e bR oo WU o the DIEec 1%

invgptiQn arg-differentdn the, ehemicak strugtue: oRatent Document die,
JP-A-62-207271 Patent Document 2 EP-A-0254588 Patent Document 3
EPA-©187973 120 DiSCEOSURE OF FHE. INVENE | ONRroblems: tollye
Solved by the Invention An object of the present invention is to provide a

nE\T EohPUithaPRsbing an Exdetent #itibitory effect on gastric acid
secretion which, suiselil as.3,23 nefpgutis, oL preveniive ggent for the
relate [

treatment of aci diseases. Measures for Solving the Problems
The present tnventarshave  candugted intensivesstudies farcsejving dhe ng

above described
inhibitory effect on gastric acid secretion, higher
safety and more suitable physicochemical stability are
further required.
Compounds especially relevant to the present
invention are described in the patent documents 1 to 3
but the specific compounds described in these patent
documents and the specific compounds of the present
invention are different in the chemical structure.
Patent Document 1 JP-A-62-207271

Patent Document 2 EP-A-0254588

Patent Document 3 EP-A-0187977

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

An object of the present invention is to
provide a new compound having an excellent inhibitory
effect on gastric acid secretion which is useful as a
therapeutic or preventive agent for the treatment of
acid related diseases.
Measures for Solving the Problems

The present inventors have conducted



10

15

20

problems, and as a result, have found that an imidazopyridine compound
having a novel chemical structure has an excellent inhibition effect on
gastric 5 acid secretion and is useful as a therapeutic or preventive agent
particularly for gastroesophageai refiux disease, symptomatic
gastroesophageai refiux disease, gastric ulcer or duodenal ulcer, and
thus completed the present invention. 10 That is, the present invention is
ditédted 16 VL compoliRd havihgthé YolsivihGYehrtri fofRAS (1P a salt
there fl%rn? hydra(t{e tapgr%of.r[%Fsodriryla %EL‘RAf 9~1 %5 tFk\’thN O *'N RtHO

NT N The pF’ése%?lnvention is also directed to a 15 drug %om%rr]ising the

campaund pavingthe above sesaribed; general ferrauladd ) of a-salt
thereof or a hydrate thereof and a pharmaceutically acceptable carrier.

Thé present énventionrs furthel binettetntol b igastric adidsetretiongastric
inhibitor comprising a 20 compound having the above described general

formtita {EF70F a<dt thBfeot or BRdtAtethefedt PR BRatert ifvention is
st furher 4. directed fo g methog using a componngd, of fermula (1), )
reflux disease, symptomatic gastroesophageal reflux
disease, gastric ulcer or duodenal ulcer, and thus
completed the present invention.
That is, the present invention is directed to
a compound having the following general formula (1), or
a salt thereof or a hydrate thereof.

[Formula 1]

The present invention is also directed to a
drug comprising the compound having the above described
general formula (1), or a salt thereof or a hydrate
thereof and a pharmaceutically acceptable carrier.

The present invention is further directed to
a gastric acid secretion inhibitor comprising a
compound having the above described general formula
(1), or a salt thereof or a hydrate thereof.

The present invention is still further
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or a therapeutic or preventive agent comprising a compound having the
above described general formula (1), or a salt thereof or a hydrate
thereof, for 5 diseases caused by gastric acid, specifically, gastric ulcer,
duodenal ulcer, stomas ulcer, gastroesophageai refiux disease,
Zoilinger-Ellison syndrome, symptomatic gastroesophageai refiux
disease, endoscopy-negative gastroesophageai refiux disease,
gastFEopRageairl Rigurgitativhl parestvesia er phafyngermrbe (1)
Barrett‘staseqjohaﬁqgfi non-steroidal ag'&iigflammatgry drug (NSAID) _ulcer,

or . a C,.0Or reve e ent. ‘comprilsin a
gastrifis, stomach bleeding, gastromtestinal “sleeding, peptic ulcer,

blegdingeer stress ulcet, gastiic hyperacigiby dyspepsia, formula
gastraparesis, senile 15 ulcer, intractable ulcer, heartburn, bruxism,

stomachache, lseavy storvaeh ftemparomandidugartardresis, of erosive
gastritis. The method involves administering an effective amount of the

COmPBEIG Br CoNTSESitioh (6°4 Patiéntif 1iedtRERebF. 120" Stifablgastric
e B'F;T’ OTIG%%HQASW%C{9@??5%%'0}5‘&1“%% é%rr";xa&’é%'gr%%t%%cgeéal

e

duodenal ulcer, stomas ulcer, gastroesophageai refiux disease,

ZollingerxEHiser syadrome on syuptamatics gaskoasopiiageakkefitkomat ic

disease, and more suitable 25 examples include gastroesophageai refiux

digease o sympplomatic gastfdesophageaiTefiug didease pyastag ailéaror

duodenal ulcer, and still more suitable examples include é@
gastroesophageal

o FGOEOPRaE AT HiSehts or 5035

regurgitation, paresthesia of pharyngolarynx, Barrett's
esophagus, non-steroidal antiinflammatory drug (NSAID)
ulcer, gastritis, stomach bleeding, gastrointestinal
bleeding, peptic ulcer, bleeding ulcer, stress ulcer,
gastric hyperacidity, dyspepsia, gastraparesis, senile
ulcer, intractable ulcer, heartburn, bruxism,
stomachache, heavy stomach, temporomandibular arthrosis
or erosive gastritis. The method involves
administering an effective amount of the compound or
composition to a patient in need thereof.

Suitable examples of "acid related diseases"
include, for example, gastric ulcer, duodenal ulcer,
stomal ulcer, gastroesophageal reflux disease,
Zollinger-Ellison syndrome or symptomatic
gastroesophageal reflux disease, and more suitable
examples include gastroesophageal reflux disease,
symptomatic gastroesophageal reflux disease, gastric
ulcer or duodenal ulcer, and still more suitable

examples include (1) gastroesophageal reflux disease or
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symptomatic gastroesophageai reflux disease, or (2) gastric ulcers or
duodenal ulcer. In the meantime, the present invention is directed to a
mono therapeutic or combination 5 therapeutic agent for the eradication of
Helicobacter Pylori comprising a compound having the above described
general formula (1), or a salt thereof er a hydrate thereof. Here, the above
mentioned "preventive agent" 10 includes an agent administered before
ORSEHRT e tdiSe 4525 BEREIPas a IRaihterahtl therapy 2gent 8Fa (2)

relapsce preveTtingfagent er&he d'iseafe is cured. Further, the above
astric,ulcersTor duoden ulcer. .
mentioned "combination t erapeu%c agen?{or the eradication of

Helicobacter 13,Pylort’ means acltug sHitably agiysting the epyisanment
so that an eradicating agent, which is difficult to exhibit the effect under

acidiceconelitiony canrexhibitt its effeets tn theoabovende soribedrformula (1),
20 R1 represents a CI-C6 alkyl group which may have at least one

stibstitgett Sefsctéd fom tHer fdllowikg aGr6ap, & C29¢e AikehyPEritipSa
Cg:f %ﬂik%}%%”ﬂ A3 ﬁ%%%i%]yik%ﬁ?gﬂ?Ort%QhSB}é'vgr?&‘@s‘%E“fﬁed
may have a substituent selected from the 25 folfowing Q group; R2
represents afdyerogen atom osa Gl-G3 alkyt rgreup;rR3 representsanethyl
or ethyl group;

thereof.

Here, the above mentioned "preventive agent”
includes an agent administered before onset of the
disease, as well as a maintenance therapy agent or a
relapse preventing agent after the disease is cured.

Further, the above mentioned "combination
therapeutic agent for the eradication of Helicobacter
Pylori"™ means a drug suitably adjusting the environment
so that an eradicating agent, which is difficult to
exhibit the effect under acidic condition, can exhibit
its effect.

In the above described formula (1),

R* represents a Cl-C6 alkyl group which may
have at least one substituent selected from the
following o group, a C2-C6 alkenyl group, a C2-C6
alkynyl group, a C3-Cé6 cycloalkyl group, or a phenyl
group which may have a substituent selected from the
following B group;

R? represents a hydrogen atom or a Cl-C3 alkyl
group;

R’ represents methyl or ethyl group;
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6 R4 represents a CI-C6 alkyl group; R5 represents a hydrogen atom; a
group represents a group consisting of a halogen atom, a C3-C6
cycioaikyi group, a phenyl group 5 which may have at least one
substituent selected from the following Q group and a phenyloxy group
which may have a substituent selected from the following Q group; Q
group represents a group consisting of a halogen atom and a CI-C6
aikoxy group; 10 proviIetPhat & contpotndl whéréin R198R7/CI-C6 alkyl
group unsubsti%@:eg or Slejbgtriltgtedaw'gh a fg)al(oe%ﬁrg ta(gom and R2is a
hydrogen atom, or a dalt thereot or a %yara?e ereof dre excluded from

the present invention, 1> AciGHCRalkyl groypoas usedin thisng of a
specification for convenience sake means a straight chain or branched
chain @llesh geauprhaving 310®6 caddaredtors suchias metbyleethyl,group

n-propyi, isopropyl, n-butyl, isobutyl, s-but%I, t-butyl, pentyll,Lr?Zeg is%pentyl,

2Yphethlidthiiyi, Asopentyl, 1%Amipfdpyi, S SiESRENy, Fnfthyipenty™

R G e R R

2 3acimnethyiautyt, d-ethyibuty 0k 2% 2-athyihutyh graul AovEIne3 glkykoup ;

group" as used in this specification for convenience sake means a

straight B group represents a group consisting of a
halogen atom and a Cl-C6 alkoxy group;

provided that a compound wherein R' is a C1-C6
alkyl group unsubstituted or substituted with a halogen
atom and R? is a hydrogen atom, or a salt thereof or a
hydrate thereof are excluded from the present
invention.

A "Cl-C6 alkyl group" as used in this
specification for convenience sake means a straight
chain or branched chain alkyl group having 1 to 6
carbon atoms such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, s-butyl, t-butyl, pentyl,
isopentyl, 2-methylbutyl, neopentyl, l-ethylpropyl,
hexyl, isochexyl, 4-methylpentyl, 3-methylpentyl, 2-
methylpentyl, l-methylpentyl, 3,3-dimethylbutyl, 2,2-
dimethylbutyl, 1,1-dimethylbutyl, 1,2-dimethylbutyl,
1,3-dimethylbutyl, 2,3-dimethylbutyl, l-ethylbutyl or
2—ethylbutyl group.

A "Cl-C3 alkyl group" as used in this

specification for convenience sake means a straight

chain or branched chain alkyl group having 1 to 3
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chain or branched chain alkyl group having 1 to 3 7 carbon atoms such
as methyl, ethyl, n-propyi or isopropyl. A "C2-6 aikenyi group” as used in
this specification for convenience sake means a vinyl group, 5 ailyi
group, 1-propenyi group, isopropenyi group, 1 butenyi group, 2-butenyi
group, 3-butenyi group, 1,3- pentadienyi group or 1,4-hexadienyi group. A
"C2-C6 aikynyi group" as used in this specification for convenience sake
meaRs ah akymi FOGRoubShaVing 2o 6°¢arion atoms P!l ®F2 triple
bonds such as ethynyi group, 1-propynyi group, 2- propynyi group,
Z-bi?fn@?la?/ou'p, 3-butynyi group, 1,3- pentadiynyi group, 1,4-hexadiynyi

group, pentynyi greup, ©r hexynyi grgup.ular A'C3:6 ycioaikyhgroup” as
used in this specification for convenience sake means a cyciopropyi

grEps Cyciobiitypgrolipy cyciopemty egroaip orkeycieirexyi groupn il group,
"halogen atom" as used in this 20 specification for convenience sake

nfehhé a ALiGHHR: atorh & CRIbFihe HAGME a bIOME A or dh foine 1~
LA SR AN ARSI S B
graepthaving ¥ 10 £rearbon Atams suek ag Mefoxyeiexy, propoxy,

A "C2-C6 alkynyl group" as used in this
specification for convenience sake means an alkynyl
group having 2 to 6 carbon atoms and 1 to 2 triple
bonds such as ethynyl group, l-propynyl group, 2-
propynyl group, 2-butynyl group, 3-butynyl group, 1,3-
pentadiynyl group, 1,4-hexadiynyl group, pentynyl
group, or hexynyl group.

A "C3-6 cycloalkyl group" as used in this
specification for convenience sake means a cyclopropyl
group, cyclobutyl group, cyclopentyl group or
cyclohexyl group.

A "halogen atom" as used in this
specification for convenience sake means a fluorine
atom, a chlorine atom, a bromine atom or an iodine
atom.

A "Cl-C6 alkoxy group" as used in this
specification for convenience sake means a straight
chain or branched chain alkoxy group having 1 to 6
carbon atoms such as methoxy, ethoxy, propoxy,
isopropoxy, butoxy, isobutoxy, s-butoxy, t-butoxy,

pentoxy, isopentoxy, 2-methylbutoxy, neopentoxy,
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isopropoxy, butoxy, isobutoxy, s-butoxy, t-butoxy, pentoxy, isopentoxy,
2-methyibutoxy, neopentoxy, 8 hexyloxy, 4-methyipentoxy,
3-methyipentoxy, 2- methyipentoxy, 3,3-dimethyibutoxy,
2,2-dimethyibutoxy, 1,1-dimethyibutoxy, 1,2-dimethyibutoxy, 1,3-
dimethyibutoxy or 2,3-dimethyibutoxyggroup. 5 The expressions "which
may be substituted" or "which may have at least one substituent" as used

in Ehig Spedificatictffor CoRFartierte sakdrabe i—iﬂ,félélﬁéyme%ﬁing as
"Wh| eone o e tituents at_substitutable positjon(s) in
B DR A Uhiest 10 ha T IHEGH 6714 SLeMiant & patatraryr

any co ion* Uhless 10 the number o ltuent is p articu rly
specified. lhegxprassion ' which ig (are) sybstituted; as used in this
specification for convenience sake has the same meaning as "which has
(e} bhe b three 1l Sosubstifiehtsiat sybstittitabie pnsim(s) in any
combination” unless the number of the substituent(s) is particularly

specified. Prefefa6lytH8aBove RehtiofBdF1 ’ah Ainstbeftuted EREs ©F
a”%'h "OHPy3 d&%ﬁgﬁ Alkyny] graup &Qﬁf’f AELEE, ?imtgfoﬂ% which;may

stltute alogen or a phenyl group w ay have a

S%bﬁt@u@ﬁewﬁﬁf@gtfﬁ.@ﬁ the abeve desarieckQEREPLARGE MAie same
preferably methyl group, 2,2,2-trifluoroethyi group, 2,2-difiuoroethyi

groeph 2qphenyifpropyitgroap, 228¢pherylory)ethye group 2tidtyayits at
group, 3-fiuorophenyi

titutable ‘position(s) in any combination™ unless
the number of the substituent is particularly
specified.

The expression "which is (are) substituted"
as used in this specification for convenience sake has
the same meaning as "which has (have) one to three
substituents at substitutable position(s) in any
combination”" unless the number of the substituent(s) is
particularly specified.

Preferably the above mentioned R' is an
unsubstituted C1-C6 alkyl group, a C2-C6 alkynyl group
or a Cl-C6 alkyl group which may be substituted with
halogen or a phenyl group which may have a substituent
selected from the above described P group, and more
preferably methyl group, 2,2,2-trifluocrocethyl group,
2,2-difluoroethyl group, 2-(phenyl)propyl group, 2-
(phenyloxy)ethyl group, 2-butynyl group, 3-fluorophenyl
group, 4-fluorophenyl group or 4-methoxyphenyl group,
and more preferably methyl group, 2,2,2-trifluoroethyl

group or 2,2-difluoroethyl group, and most preferably
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group, 4-fiuorophenyi group or 4-methoxyphenyi group, and more
preferably methyl group, 2,2,2-trifiuoroethyi group or 2,2-difiuoroethyi
group, and most preferably 9 methyi group. Preferably, the above
mentioned R2 is a hydrogen atom, methyi group, ethyl group, or propyi
group, and more preferabiy a hydrogen atom or methyi 5 group. The
above mentioned R3 is preferabiy a methyi group. The above mentioned
R Hreferablymethyl group. 10 Although the structural formula of a

compound may represent;a paticular isomer i this spesifigation for
convenience sake, the preseht invention encompasses all the iSomers

inglugingzgeometic, ispmers; opiicalisonaensy steseeisiners-apd opy 1

tautomer, and mixtures of 15 isomers generated by the structure of the
campopnd,card rtiee eompetnd ddhot mited tothenpatioulapformetdy 1
described for convenience sake and may be either one of the isomer or a
mttiEs of isomers. Therefore, the compound of the present invention,

which may be 3,20 optically %‘%J{ié’?tﬁ%%)é%f’tf@“%a rfé%r‘ik!ﬂ} iited By 1

a particular one and may include either one. Similarly, crystal

pelymesphism which may exist is not limited, and the crystal may

comprise a single crystal form or may be a mixture, and the compound of

the The above mentioned R® is preferably a methyl
group.

Although the structural formula of a compound
may represent a particular isomer in this specification
for convenience sake, the present invention encompasses
all the isomers including geometric isomers, optical
isomers, stereoisomers and tautomer, and mixtures of
isomers generated by the structure of the compound, and
the compound is not limited to the particular formula
described for convenience sake and may be either one of
the isomer or a mixtures of isomers. Therefore, the
compound of the present invention, which may be an
optically active object and racemate, is not limited to
a particular one and may include either one.

Similarly, crystal polymorphism which may exist is not
limited, and the crystal may comprise a single crystal
form or may be a mixture, and the compound of the
present invention may include an anhydride as well as a
hydrate. Furthermore, so-called metabolite which is

generated by the decomposition of Compound (1) of the

present invention in a living body is also included by
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25 present invention may include an anhydride as well as a hydrate.
Furthermore, so-called metabolite which is generated by the
decomposition of Compound (1) of the present invention in a living body
is also included by 10 the present invention. Furthermore, the compound
(so- called prodrug) which will lead toCompound (1) of the present
invention through metabolism such as oxidization, reduction, hydrolysis
aid @oRfigAGe int& SN Body fs a6 ficsd& by fife pregeatind (so-

invention, The compound .of the present invention forms a salt in th

e GO R or Al AU (L) At Toar B oSG KAt orbup i g™
injdazepyriding; skeleten. 10 - Thehsalt i pet particylady lijyted as long
without any treatment is pharmacologically acceptable, and includes, for
examplez ahicorganied base salt on pdmrganit basedsaltoPreferdblen in a
examples of inorganic base salt 15 include alkaline metal salts such as

SOl SaIPANY potasshin sai alicfifle Rarthfefis Sad sdch as t o -
calcium salt or magnesim, sall, lyminum, salt ox m}"{;h%%f&kt’ 3dns a

preferable examples of organic base salt include diethylamine salt,
diethanolaminessalto 20anegivaing salt §& NeNzdibepzylathylenediamine-

salt, etc. Preferable compounds of the general formula (1) of the present
invention preflideton NH group in the imidazopyridine
skeleton.

The "salt" is not particularly limited as
long without any treatment is pharmacologically
acceptable, and includes, for example, an inorganic
base salt or an organic base salt.

Preferable examples of inorganic base salt
include alkaline metal salts such as sodium salt and
potassium salt, alkaline-earth-metals salts such as
calcium salt or magnesium salt, aluminum salt or
ammonium salt, and preferable examples of organic base
salt include diethylamine salt, diethanolamine salt,
meglumine salt or N,N'-dibenzylethylenediamine salt,
etc.

Preferable compounds of the general formula
(1) of the present invention include:

(2) compounds in which R! is an unsubstituted C1-C6
alkyl group, or a salt thereof or a hydrate thereof,
(3) compounds in which R' is a C2-C6 alkynyl group, or a
salt thereof or a hydrate thereof,

(4) compounds in which R' is a C1-C6 alkyl group which



10

15

20

25

(2) compounds in which R1 is an unsubstituted CI-C6 25 alkyl group, or a
salt thereof or a hydrate thereof, (3) compounds in which R1 is a C2-C6
aikynyi group, or a salt thereof or a hydrate thereof, (4) compounds in
which R1 is a CI-C6 alkyl group which 11 may be substituted with
halogen, or a salt thereof or a hydrate thereof, (5) compounds in which
R1 is a phenyl group which may have a substituent selected from the

aBGVe 88scTibedto Ly gfsLp b 'a Sathereof ot'a Rydrate thefeste@) or a

compounds in which R1 is methyl group, 2,2,2- trifiuoroethyi group,
Z?QY(%ﬁ%r%e%yel]@?&f?, 2- (phenyi)propyi group, 2-(phenyloxy)ethyi group,

2-(Bytypyingteups3-fivarapheayi groups 4-fiyarepheny A9 QroyR 0fh may
4-methoxyphenyi group, or a salt thereof or a hydrate thereof, (7)
compeundssimwhich\Rhis mefst geolp; 20212 trifiuetoethyidgoeap obed B
2,2-difiuoroethyi group, or a salt thereof or a hydrate thereof, 15 (8)

C&ﬁBBﬁmQé)ﬁl WhithR2 "¢ h§arogeh dtomy fiéthyl §roitsefhyl group,
ora EV%%)% £ dﬁOVﬁqS%%y&reﬁf 0}2 a t}%/%{%g;l:]hg 0f,(9) §9%1,pgynds i

whic methyl group, or a salt thereof or a hydrate thereof, 20 (10)
cemnpeunds tewhich Rz isua hydrogeaatome o6 atsaltl thereefgr e hydrate

thereof, (11) compounds in which R3 is methyl group, or a salt

(phenyl)propyl group, 2-(phenyloxy)ethyl group, 2-
butynyl group, 3-fluorophenyl group, 4-fluorophenyl
group or 4-methoxyphenyl group, or a salt thereof or a
hydrate thereof,
(7) compounds in which R! is methyl group, 2,2,2-
trifluoroethyl group or 2,2-difluoroethyl group, or a
salt thereof or a hydrate thereof,
(8) compounds in which R? is a hydrogen atom, methyl
group, ethyl group, or a propyl group, or a salt
thereof or a hydrate thereof,
(9) compounds in which R? is methyl group, or a salt
thereof or a hydrate thereof,
(10) compounds in which R? is a hydrogen atom, or a salt
thereof or a hydrate thereof,
(11) compounds in which R’ is methyl group, or a salt
thereof or a hydrate thereof, or
(12) compounds in which R® is methyl group, or a salt
thereof or a hydrate thereof.

Furthermore, compounds obtained by selecting
R' from the above (2), (3), (4), (5), (6) or (7), R’

from the above (8), (9) or (10),
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thereof or a hydrate thereof, or (12) compounds in which R4 is methyl
group, or a salt 25 thereof or a hydrate thereof. Furthermore, compounds
obtained by selecting R1 from the above (2), (3), (4), (5), (6) or (7), R2
from the above (8), (9) or (10), 12 R3 from the above (11) or R4 from the
above (12) in any combination, or a salt thereof or a hydrate thereof are
also preferable. Preferable compounds among the specific 5 compounds
of the present iRvehti6H! dridEsaPthéredfl ér a hydFatefthefedtee 2aPove

5-methoxy-2-(((4-methoxy-3-.

gk 2B iy A RGi-6 ety P SHE BB SR s BipyticE Tt
2+ ({4:methoxy-3-methyiZ- pyddinydmethyi)suifinyi) -6-methyi-5-(2,2,2 10
trifiuoroethoxy)-3H-imidazo[4,5-b]pyridine, or 5-(2,2-
difluoroethoxy)2:¢ (4 methexy=8mpethyd2- among the specific
pyridinyi)methyi)suifinyi)-6-methyi-3H-imidazo[4,5- b]pyridine, or a salt
tHePEBT B Ry dthte- fHeredte tsdpecidly S 'Soditim <t thefof): 15Mer ot

EBEEL T.OR, THE IDYENIION, plncs the comppund of Eﬁgﬁé%%e%gr_e .

invention “has excellent gastric acid secretion inhibitory activity,
susiainableogastric acithsearetion; inhibitaryactiyity, -highersafety(for

example, 20 causing less induction of cytochrome P450) and more

stitaisle phy<ieSchermicalistabiity, - ($4fuhaslzoxy—3-methyl-2-
pyridinyl)methyl)sulfinyl) —-6-methyl-5-(2,2,2-
trifluoroethoxy)—-3H-imidazo[4,5-b]lpyridine, or 5-(2,2-
difluoroethoxy)—-2-(((4-methoxy-3-methyl-2-
pyridinyl)methyl)sulfinyl)—-6-methyl-3H-imidazo[4, 5-

blpyridine, or a salt thereof or a hydrate thereof

(especially a sodium salt thereof).

EFFECT OF THE INVENTION

Since the compound of the present invention
has excellent gastric acid secretion inhibitory
activity, more sustainable gastric acid secretion
inhibitory activity, higher safety (for example,
causing less induction of cytochrome P450) and more
suitable physicochemical stability, it is useful as a
pharmaceutical agent, particularly a therapeutic or
preventive agent for acid related diseases and a mono
therapeutic or combination therapeutic agent for the

eradication of Helicobacter Pylori.
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pharmaceutical agent, particularly a therapeutic or preventive agent for
acid related diseases and a mono therapeutic or combination therapeutic
agent for the 25 eradication of Helicobacter Pylori. 13 BEST MODE FOR
CARRYING OUT THE INVENTION The compound of the present
invention can be produced by the praress indicated below. However,
process for producing the compound the present 5 invention is not limited

theketd. Eeripdund (43 oRthdsreSEnt ihveEntion €A E@Nproduced by the
following Procef, Eormulaaz] Pésgﬁ]%szA 0] SRa Z NVR%E A o
N~SH + X H N (IS}?( ATA'0R RFV2IR- NN Jﬁ?4)&%a
Qﬁ%%duced by the process indicated below. However,
process for producing the compound the present
invention is not limited thereto.
Compound (1) of the present invention can be
produced by the following Process A.

[Formula 2]

Process A

o’R4
R? N R? RS
~ =
o L s+ ]
0”7 N
N N
(2) (3)
A-1
R4
3 5
R2 2 N R s } R
R! H%S N
07 N E{
4)
A2
_R*
o)
R3 R®
RN P /|
R | P ?*_S X,
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R3RS 2RNOR!NN\>SN H (1) 14 In the above scheme, R1, R2,
R3, R4 and R5 represent the same as defined above, and X1 represents
a leaving group and is preferably an aikyisuifonyloxy group which may be
substituted or a benzenesuifonyloxy 5 group which may be substituted (for
example, methanesulfonyloxy, ethanesulfonyloxy, benzenesuifonyloxy,
p-toluenesulfonyloxy gr etc.) or a chlorine atom, a bromine atom,or
an iodine atom I%nHWﬁor&&‘é@eréEW@hloﬁne &tom Bnd &10nd R
mlgtha}:neesg n)él Xy group Her af er, e% ch ste&of Pro(§e§$ A mertré%d is
exﬁglnea (g ?‘ﬁqloe?her ication hIS step is a step where
Comppung (¢} aug 5. §ompaundd3) or asalt-thereof (Rartiewarly &y
hydrochloride salt) is made to react in the presence or absence of a base,
inthewbsenhcebf asplvent snirsan tin@ﬂ@omenatdapmdme@drﬁpomxy
(4). As Compound (4a), a commerua avallable 20 compound or a

cohpdind Eﬁ%e@ﬁédib%séﬂ%'ﬁt&b s (kRowit By Pubfication can be
u%%%hanesulfonyloxy, ethanesulfonyloxy,

@

benzenesulfonyloxy, p-toluenesulfonyloxy group, etc.)
or a chlorine atom, a bromine atom or an iodine atom,
and more preferably a chlorine atom and a
methanesulfonyloxy group.

Hereafter, each step of Process A method is
explained.

(Step A-1) Thiocetherification

This step is a step where Compound (2) and
Compound (3) or a salt thereof (particularly, a
hydrochloride salt) is made to react in the presence or
absence of a base, in the absence of a solvent or in an
inert solvent to produce Compound (4).

As Compound (4a), a commercially available
compound or a compound synthesized based on a process
known by publication can be used.

The usable solvent is not particularly
limited as long as it can dissolve the starting
materials to some extent and does not inhibit the
reaction, and includes, for example, alcohols such as
methanol, ethanol, n-propanol, isopropanocl, n-butanol,
isobutanol, t-butanol, iscamyl alcohol, diethylene

glycol, glycerin, octanol, cyclohexanol and methyl



The usable solvent is not particularly limited as long as it can dissolve the
starting materials to some extent and does not inhibit the 25 reaction, and
includes, for example, alcohols such as methanol, ethanol, n-propanoi,
isopropanoi, n-butanoi, isobutanol, t-butanoi, isoamyi alcohol, diethylene
glycol, glycerin, octanol, cyclohexanorsand methyl 15 ceilosolve;
halogenated hydrocarbons such as chloroform, dichioromethane,
1,Q%éﬁi%%éfﬁan@%Pﬁ@%é%%%ﬁ%ﬂ?é(@]ﬂ@ﬁ@éké%ﬁérs% aSdiethyl ether,

cisopronyiether eniahydrofuan, dioxane. 5 dimefhoxyethane, diehyjene

glycol |me?hy|’ethelr; : m yl?éerfnarﬁi ﬁyisw oxide; water;

Ok Anixiires ot thesg solvents, andis preferably alcohpls iand reester,

preferably methanol. The usable base includes, for example, 10 inorganic
basesssyotray $oditivelydridet, patassiun umydrided littiamearbonate,
sodium carbonate, potassium carbonate, lithium hydroxide, sodium

hyHBRideC PetaLsiiR hyHoHe: SAtP ofganf basedsiichas REReT i N/ N-
m&&%@@m?ﬁgpsa%ea@vla@mﬁeg@g;fgx@pgg% 5 tributylamine,

diisopropylethylamine,” dicyciohexytamine, N-methyipiperidine, pyridine,
Anmpyrealicinopyriding picalive4+(NJ- dimethyamira)qaygidinge, alcohols

2,6-di(t-butyl)-4- methyipyridine, quinoline, N,N-dimethyi aniline, N,N 20
dietiyylarilirve, K S-aiasabicy cisf4 1320]1adna-5-ene
The usable base includes, for example,
inorganic bases such as sodium hydride, potassium
hydride, lithium carbonate, sodium carbonate, potassium
carbonate, lithium hydroxide, sodium hydroxide,
potassium hydroxide; and organic bases such as N-
methylmorpholine, triethylamine, tripropylamine,
tributylamine, diisopropylethylamine,
dicyclohexylamine, N-methylpiperidine, pyridine, 4-
pyrrolidinopyridine, picoline, 4-(N,N-
dimethylamino)pyridine, 2,6-di(t-butyl)-4-
methylpyridine, guinoline, N,N-dimethyl aniline, N,N-
diethylaniline, 1,5-diazabicyclo[4.3.0]nona-5-ene
(DBN), 1,4-diazabicyclo[2.2.2]octane (DABCO), 1,8-
diazabicyclo[5.4.0]undeca-7-ene (DBU), and is
preferably inorganic bases such as sodium hydride,
potassium hydride, lithium hydroxide, sodium hydroxide,
potassium hydroxide, and most preferably sodium
hydroxide.
Although the reaction temperature may vary

depending on starting materials, solvent and base
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(DBN), 1,4-diazabicycio[2.2.2]octane (DABCO), 1,8-
diazabicycio[5.4.0Jundeca-7-ene (DBU), and is preferably inorganic

bases such as sodium hydride, potassium hydride, lithium hydroxide,
sodium hydroxide, 25 potassium hydroxide, and most preferably sodium
hydroxide. Although the reaction temygerature may vary depending on
starting materials, solvent and base 16 catalyst, it is typically O to 100C,
ard iprétérabliyt 100 YO Athbligh the rdatlid timBdnay vareterably
dei%encdgn% L starting materials, solvent, base catalyst and 5 reaction
temperature, it is typically 30 minutes to 20 hours, and is preferably 1 to 8

hours. (Step A-Z) Oxidationdgactien Thissiep is@ step,where,an oxidizing g
reagent is made to react with Compound (4) in the 10 absence of a
solvestterrin andned setvent to prodicenConiposmdda) ef thetpresdnt
invention. The usable solvent is not particularly limited as long as it can

586196 thE staifiRG TMateTiats thisohe BXtehtahdtoes dbtiHibit tHe 15 ©
raggtion. andjpelucles, [ sxaple. igohols sych s methanol, ethanol,
1, -

n-propanoi, isopropanol, n-butanoi, isobutanol, t-butanoi, isoamyi alcohol,
diethyieney ghycah:glyeearin octangt tcystohexanol and methyl cellosolve;

aromatic hydrocarbons such as benzene,

This step is a step where an oxidizing
reagent is made to react with Compound (4) in the
absence of a solvent or in an inert solvent to produce
Compound (1) of the present invention.

The usable solvent is not particularly
limited as long as it can dissolve the starting
materials to some extent and does not inhibit the
reaction, and includes, for example, alcohols such as
methanol, ethanol, n-propanol, isopropanocl, n-butanol,
isobutanol, t-butanol, iscamyl alcohol, diethylene
glycol, glycerin, octanol, cyclohexanol and methyl
cellosolve; aromatic hydrocarbons such as benzene,
toluene; halogenated hydrocarbons such as chloroform,
dichloromethane, 1,2-dichloroethane and carbon
tetrachloride; amides such as formamide, N,N-
dimethylformamide, N,N-dimethylacetamide,
hexamethylphosphoric triamide, and is preferably an
aromatic hydrocarbon, an alcohol or a mixture of these
solvents, and most preferably is a mixture of toluene
and methanol, or dichloromethane.

The usable oxidizing reagent includes, for



20 toluene; halogenated hydrocarbons such as chloroform,
dichioromethane, 1,2-dichioroethane and carbon tetrachloride; amides
such as formamide, N,N- dimethylformamide, N,N-dimethyiacetamide,
hexamethyiphosphoric triamide, and is preferably an 25 aromatic
hydrocarbon, an alcohol or a mixture of these solvents, and most
preferably is a mixture of toluene and methanol, or dichioromethane. The

uSaBIBRXRIiZiAG FEATENt GG FoPEY Cé%%@pléoéqﬁéd{% hydregéry 1

peroxide solutian tbutyl hydroperoxid sodlum eriodate, peracetic
ag e k?é:noz%}éj §¢id° me%lc |§r%]f)éqb0§dnzoic gmga&reea- ﬁygrog(gh

p%@%&@n@@ﬂ@o% eqenpored LVH2)2G0-HRAR): Sietcy @nd it isRrgferably

metachioroperbenzoic acid. When performing asymmetric oxidation, a
comooniye nsed sy mmetriddXidizing agent tan alsOVbe ussel HAlthough
the reaction temperature may vary dependlnglJ1 n starting materials,

> sGlvént; aRbiOxidizing IO fddyenits, tyicamy tist PGt 20GE 1and 19
prglerab] er%%%%m% AéE}  ihe reagtion ime may vary. depending e%?

starting aterl als, solvent; o |Z|ng reagent and réeaction temperature,
isayghﬁﬁ%yt,%@&memﬂasﬁ@%g 15dwnirs,cand isipsefesably det 5 hours. The
compound obtained above can be converted to a salt by an ordinary
method. For exahipleuwbasé s neadettbaeatewitk Compsunth(l) vie the

absence of a , , o
depending on starting materials, solvent, and oxidizing

10 reagents, typically, it is -100 to 100°C, and preferably
-70 to 70°C.

Although the reaction time may vary depending
on starting materials, solvent, oxidizing reagent and
reaction temperature, it is typically 30 minutes to 24

15 hours, and is preferably 1 to 5 hours.

The compound obtained above can be converted
to a salt by an ordinary method. For example, a base is
made to react with Compound (1) in the absence of a
solvent or in an inert solvent. An alcohol such as

20 methanol or ethanol, water or a mixture of these
solvents, preferably a mixture of ethanol and water is
used as a solvent, and an alkaline metal hydroxide such
as sodium hydroxide and potassium hydroxide, an
alkaline—-earth-metals hydroxide such as magnesium

25 hydroxide, an alkoxide such as sodium methoxide, sodium
t-butoxide and magnesium methoxide, preferably sodium
hydroxide, is used as a base in an aqueous solution.

Typically, the reaction temperature is -50 to 50°C, and
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solvent or in an inert solvent. An alcohol such as 20 methanol or ethanol,
water or a mixture of these solvents, preferably a mixture of ethanol and
water is used as a solvent, and an alkaline metal hydroxide such as
sodium hydroxide and potassium hydroxide, an alkaline-earth-metals
hydroxide such as magnesium 25 hydyoxide, an aikoxide such as sodium
methoxide, sodium t-butoxide and magnesium methoxide, preferably

sddiuRT AyEIoKRIe; is Osé® ad @ base &R agtiedus Somiti6R2 Typieallyime

the reaction temperature is -50 to 50C,.and 18 _is preferably 0 40C.
Tosoal T8 TR fnd B Tkt 2 Fot e SRS phaferdbiy 10 to

30,;minutes. Compound (2) and compound (3) which are 5 intermediates
in the above described Process A may be commercial products or easily
produced from Compeerciadl (Frodacts bycanproceds Whichvthiose skilked in

the art usually employs, and they can also be produced by Processes B,

CLBGIE dRserited below, 10TOBotd 02)'Ciifbé priditedbythE Pe
follgwing £ragess, Bulfornula SLEocess BNQE DL BN Xgnddhian

products by a process which those skilled in the art
usually employs, and they can also be produced by
Processes B, C, D or E described below.

Compound (2) can be produced by the following
Process B.

[Formula 3]

Process B

o NO;
w

CH,0” "N~ ~x?

(4a)
iBJ
NO
}\\ 2 o |\_NOZB_2 l 2 N0z
2 =~ 2 o = 1 =
X N~ X X N” “NH, R'O” "N~ "NH,
(4) (5) (6)
B-5
- B-3
R N R% NO x3 NO
B-5 RS 2 B4 = 2
Rl:[f1:$_SH -— t]it[ - w
0~ N g Bs R'O7 "N “NH, R'O” N7 "NH,
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~67 NOz NO NO2 r\BB1 NO2 B-2\ X2 N1~ ~ X2 X21~1 N'--~NH2
RIOANNH2 (4) (5) (6) B-5 B-6 IB-3R'R2 I\ N~B5Rza NO "B 4 X3
NOZ SH O NHB_6 RIO N NH2 Rio N NH2 (2) (5) (7) 19 In the above
scheme, R1 and R2 represent the same as defined above, and Rea
represents a methyl group, vinyl graup or allyl group, and X2 represents a
leaving group, preferably a chlorine atom, a bromine 5 atom or an iodine
atom, and more preféfabhPa chlotireSatom RX3FBprdserits a1eafiRg the

group, preferably. a chlorine atom, a bromine atom or an iodine _atom, and
b ereraty B e St FRreaor. Sobhata) Chri Pl b i

1@ explaineg: (Step Bkl Anination yeactiop this siep ig’a sigp-where-s a

ammonia is made to react with Compound (4) in the presence or absence

pfl aadlkalinemmetal carbohate in the absencelofa 45 solvent br pmame

InSEﬁSWﬁPHJ?Fyggggzcgggggwg%SS%mre preferably a chlorine
atom. X° represents a leaving group, preferably a
chlorine atom, a bromine atom or an iodine atom, and
more preferably an iodine atom.

Hereafter, each step of the Process B is
explained.

(Step B-1) Amination reaction

This step is a step where ammonia is made to
react with Compound (4) in the presence or absence of
an alkaline metal carbonate, in the absence of a
solvent or in an inert solvent, to produce Compound
(5) .

The usable solvent is not particularly
limited as long as it can dissolve the starting
materials to some extent and does not inhibit the
reaction, and includes, for example, aliphatic
hydrocarbons such as hexane, heptane, ligroin,
petroleum ether; halogenated hydrocarbons such as
chloroform, dichloromethane, 1,2-dichloroethane, carbon
tetrachloride; ethers such as diethyl ether,
diisopropyl ether, tetrahydrofuran, dioxane,
dimethoxyethane, diethylene glycol dimethyl ether;

amides such as formamide, N,N-dimethylformamide, N,N-

dimethylacetamide, hexamethylphosphoric triamide; t-
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The usable solvent is not particularly limited as long as it can dissolve the
starting materials to some extent and does not inhibit the 20 reaction, and
includes, for example, aliphatic hydrocarbons such as hexane, heptane,
ligroin, petroleum ether; halogenated hydrocarbons such as chloroform,
dichioromethane, 1,2-dichioroethane,arbon tetrachloride; ethers such
as diethyl ether, 25 diisopropyi ether, tetrahydrofuran, dioxane,

diftethioxyetRane, diethylere glfcst diméthyi éthdPr arfidédsuctPagixture

forma _i%e, N.N-dimethyiformamide, N,N- dimethylacetamide, ~
S ey PP bCRROE Faraa. 25 Bt alSoRel water, o, 4T

preferably,a muxiHEe: iofd-buiyl aicahol and water or a mixture of N,N-
dimethyiformamide and water. The usabie aikaiine metal carbonate

includes, 5 for Bxampis lsbdium catbonate\gpiotassiamcarboratenc ludes,
sodium bicarbonate, potassium bicarbonate, etc., and is preferably

pdtassitif Barbdnafe AHHBUGR thE Tédctionteiperatfe riayRrrg &</

d ' - i terial lye [kal m .
CoTbanalb, 116 GIEaly 8 o 1008 AR reieraiiy 40 1 806 Altndtigh -

thereagtiam tisnegpay yany:dependiag aestarting materials, solvent,
aikaiine metal carbonate, and reaction temperature, it is typically 6 15 to
48 hours and ishgreferaply Iho 3&hotfson temperature may vary

depending on starting materials, solvent, and alkaline
metal carbonate, it is typically 0 to 100°C, and is
preferably 40 to 80°C.

Although the reaction time may vary depending
on starting materials, solvent, alkaline metal
carbonate, and reaction temperature, it is typically 6
to 48 hours and is preferably 12 to 36 hours.

As Compound (4), a commercially available
compound or a compound synthesized according to any
process known by publication can be used.

(Step B-2) R'-0 group introducing reaction

Reaction conditions may be changed depending
on the type of R'-OH.

a) In the case that R'-0H is an alcohol:

This step is a step where Compound (5) and
alcohol R'-0H (wherein R! represent the same as defined
above) are made to react in the presence of a base in
the absence of a solvent or in an inert solvent to
produce Compound (6).

The usable solvent is not particularly
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As Compound (4), a commercially available compound or a compound
synthesized according to any process known by publication can be used.
(Step B-2) R1-0 group introducing reaction 20 Reaction conditions may be
changed depending on the type of R1-OH. a) In the case that R1-0H is an
aicohoi: This step is a step where Cempound (5) and aicohoi R1-0H
(wherein R1 represent the same as defined 25 above) are made to react
inlthBgréserice o Baseé in'thesents B hSdIéit of &R 1Rért solvent

to, produce Gompoynd (6), The sable, sgvent is ot pagticularty 21,
limited as ong as it can dissolve the starting materials to some extent and

dees,netiiphibitihe reastion.and includesafas example,aleaholswhich
form the desired R1-0- such as methanol and ethanol; 5 aliphatic
hyidrovarbonssushzscheXarie; heptane sligreinh petrbleundetheranol ;
halogenated hydrocarbons such as chloroform, dichioromethane,

1 2 dieRibrdéthaHE " RafbonttrachichdéSardfiaticty di6drBBhs such as

benzene, 9'“%%%;re<§'ﬂ%‘i§m%%%ﬁ:9ieﬁ%/

1 §161,1Q JiiSopropyLether, h
tetrahydrofuran, dioxane, dimethoxyet ang,gegi%thy?en g@cola imetF?yiSuc

ether,camides suet) as farmasridee NiN-cimethylformanmide; MNnane,
dimethyiacetamide, hexamethyiphosphoric triamide, N- methyipyrrolidone;
dipsethyisulfexide.alater,ickes  aromatic hydrocarbons such as

benzene, toluene; ethers such as diethyl ether,
diisopropyl ether, tetrahydrofuran, dioxane,
dimethoxyethane, diethylene glycol dimethyl ether;
amides such as formamide, N,N-dimethylformamide, N,N-
dimethylacetamide, hexamethylphosphoric triamide, N-
methylpyrrolidone; dimethylsulfoxide, water, or a
mixture of these solvents, and is preferably
dimethylsulfoxide, ether or amide, and most preferably,
tetrahydrofuran when R'-OH is primary alcohol, and
dimethylsulfoxide or N-methylpyrrolidone in the case of
secondary alcohol.

The usable base includes, for example,
alkaline metal carbonates such as lithium carbonate,
sodium carbonate, potassium carbonate; alkaline metal
hydroxides such as lithium hydroxide, sodium hydroxide,
potassium hydroxide; metal alkoxides such as lithium
methoxide, sodium methoxide, sodium ethoxide,
potassium-t-butoxide; alkaline metal hydrides such as
sodium hydride, potassium hydride; alkaline metal

alkoxides prepared from alkaline metals; n-butyl
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15 mixture of these solvents, and is preferably dimethyisulfoxide, ether or
amide, and most preferably, tetrahydrofuran when R1-OH is primary
alcohol, and dimethyisulfoxide or N-methyipyrrolidone in the case of
secondary alcohol. 20 The usable base includes, for example, alkaline
metal carbonates such as lithium cagaonate, sodium carbonate,
potassium carbonate; alkaline metal hydroxides such as lithium
hydreRitlénsoditift AytfoRitieS Potassimrhydtoxi8é metat AtkokidesSsuch
as lithijum 25 methoxidlqi(as$dium me;fthtixiged%%d(jum erltgoxide

alkali

pgt]él%si(aFnal -ll)ﬁto%l(?dea;1 ne meta ﬁydrl&]es Such &s sola?usfrilC hydride,

potassium Bydride; @lkalingymetal aikoxides prepared from alkaline
metals; n-butyi 22 lithium, lithium diisopropyiamide, etc., and it is
preferably an alkatihe nigtaltinad ridecaridi most greferably sediuvny hydrige.
Although the reaction temperature may vary 5 depending on starting

ATEHTEIS SUhett, S bases] if' - Gpically 0 BLHOE! and WAl R1S6H is ©
a pumayy,; AIgoRol, { is. 10 1%695{ angn,the gage Qfsecgndary. gicohgl, it

is 50 to 100C. Although the reaction time may vary depending 10 on
startinghpaserials, isolvent thase; and pagtion temperatsee, drisdypicaliyé

to 48 hours and is preferably 12 to 24 hours. b) In the case that R1-OH is
aphepbpl, it is 50 to 100°C.

Although the reaction time may vary depending
on starting materials, solvent, base, and reaction
temperature, it is typically 6 to 48 hours and is
preferably 12 to 24 hours.

b) In the case that R'-0H is a phenol

This step is a step where Compound (5) and a
phenol R'-OH (wherein R! represent the same as defined
above) are made to react in the presence of a palladium
catalyst, ligand, and an alkaline metal phosphate in
the absence of a solvent or in an inert solvent to
produce Compound (6).

The usable solvent is not particularly
limited as long as it can dissolve the starting
materials to some extent and does not inhibit the
reaction, and includes, for example, alcohols such as
methanol, ethanol, n-propanol, isopropanocl, n-butanol,
isobutanol, t-butanol, iscamyl alcohol, diethylene
glycol, glycerin, octanol, cyclohexanol and methyl
cellosolve; aliphatic hydrocarbons such as hexane,

heptane, ligroin, petroleum ether; ethers such as
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This step is a step where Compound (5) and a 15 phenol R1-0H (wherein
R1 represent the same as defined above) are made to react in the
presence of a palladium catalyst, ligand, and an alkaline metal phosphate
in the absence of a solvent or in an inert solvent to produce Compound
(6). 20 The usable solvent is not partigularly limited as long as it can
dissolve the starting materials to some extent and does not inhibit the
reacfibhYanEineRitest forexanipie falgshols Sher a8 emethanol, ethanol,

" propanol, baptopanol rxbuangl, 26 Isabutanol.putapol iseamyl,

1He ﬁ, i
alcohol, yiene " glycol, glycerin, octanol, cyclohexanof and me

cellosslye; aliphatic hydsecarbons suehasiexane o heptane, ligroin,

petroleum ether; ethers such as 23 diethyl ether, tetrahydrofuran,
didxahé o dimethbryethahe Jdidthyielherglytdladimetind etirerbdralogenated
hydrocarbons such as chloroform, dichioromethane, 1,2-dichioroethane

and CAfSoh'S fetfichiGHadM aforfialie Ay GroRaMsgkS stthasBerzdies"e "
tolysile; Amides syeh as formaruide, NN difpethyfgymaride,

N,N-dimethyiacetamide, hexamethyiphosphoric triamide; organic acids

suchnas agetivaaidneite and, is-piefesably aacromatige 10 hydrocarbon
and most preferably toluene. The usable palladium catalyst includes, for
ekariples Blpaliabiesp tatalyst suékhasde; organic acids such as

acetic acid, etc., and is preferably an aromatic
hydrocarbon and most preferably toluene.

The usable palladium catalyst includes, for
example, a palladium catalyst such as
tetrakis (triphenylphosphine)palladium(0),
tris(dibenzylideneacetone)dipalladium(0),
bis(dibenzylideneacetone)palladium(0), bis(tri-t-
butylphosphine)palladium(0), palladium black; a
palladium catalyst precursor (which generates a
palladium catalyst within a system) such as
dichlorobis (triphenylphosphine)palladium(II),
palladium(II) acetate, 1,1'-
bis(diphenylphosphino) ferrocenedichloropalladium(II),
dichlorobis(tri-o-tolylphosphine)palladium(II),
dichlorobis (tricyclohexylphosphine)palladium(II) etc.,
and is preferably palladium(II) acetate.

The usable ligand includes, for example,
triphenylphosphine, tri-t-butylphosphine, tri(4-
methylphenyl)phosphine, 2-(di-t-

butylphosphino)biphenyl, 2-
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tetrakis(triphenyiphosphine)palladium(0),
tris(dibenzylideneacetone)dipalladium(0), 15
bis(dibenzylideneacetone)palladium(0), bis(tri-t-
butyiphosphine)palladium(0), palladium black; a palladium catalyst
precursor (which generates a palladium catalyst within a system) such as
dichiorobis(triphenyiphosphine)palladium(ll), 20 palladium(ll) acetate, 1,1'

bisEiFHEMABITESPHMY) Fefrdeendtichisrpalladium(Il),
dichiorobis(tri-o-tojyiphosphine)palladiym(ll),
d%ﬁ&ﬁgciﬁkex ﬁ$%oiﬁkln % —

bis rlccho exylphosphine)palladium(ll) etc., and is preferably

palladiumnihaceiaieo2p Hhedisable ligandincludes, for example,
triphenyiphosphine, tri-t-butyiphosphine, tri(4- methyiphenyi)phosphine,

24dicty bohosirdsphino) bipheayil 2274 dicyciehexyiphosphino)biphenyi,
tricyciohexyiphosphine, 1,1'- bis(diphenyiphosphino)ferrocene, di-t-
DT BEPROMUATL AT RAE BHE 78 5 BreRaty

2-(di-tbutyiphogphinglhipheny}, 11g usablg Alaing melol BRasaale e,

includes, for example, sodium phosphate, potassium phosphate, etc.,
amdis prefetably, pafassium phesphate: Althesighdhe teagiiondempesature

may vary 10 depending on starting materials, solvent, palladium
cathlysts, @16, it 5 ypically B0ty 200G apdum phosphate.

Although the reaction temperature may vary
depending on starting materials, solvent, palladium
catalysts, etc., it is typically 50 to 200°C, and
preferably 120 to 180°C.

Although the reaction time may vary depending
on starting materials, solvent, palladium catalyst,
reaction temperature, etc., it is typically 6 to 48
hours and is preferably 12 to 24 hours.

(Step B-3) Halogenation reaction (represented by
bromination and an iodization reaction)

This step is a step where a brominating agent
or an iodizing agent is made to react with Compound (6)
in the absence of a solvent or in an inert solvent to
produce Compound (7).

The usable solvent is not particularly
limited as long as it can dissolve the starting
materials to some extent and does not inhibit the
reaction, and includes, for example, alcohols such as
methanol, ethanol, n-propanol, isopropanocl, n-butanol,

isobutanol, t-butanol, iscamyl alcohol, diethylene
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preferably 120 to 180C. Although the reaction time may vary depending
on starting materials, solvent, palladium catalyst, 15 reaction temperature,
etc., it is typically 6 to 48 hours and is preferably 12 to 24 hours. (Step
B-3) Halogenation reaction (represented by bromination and an iodization
reaction) This step is a step where aglrominating agent 20 or an iodizing
agent is made to react with Compound (6) in the absence of a solvent or
in%arY fFlet sovert s 1prodes Ttipoitr&y M Pre Bisable™dhent is not
pacrgﬂlarlg I|m|ted as I ng as [ anr%%%()' e the startl? %a 2 materlals to
some extent and dt spnoat inhibit¥he Feact |on Snd inclu of exarﬁple,

alcehelsstich laégmﬁlth@n@e%‘i}@[@hrﬁ'@@@éﬂ(?h yﬁpp@%me@-butanoi,
isobutanol, t-butanoi, isoamyi alcohol, diethyiene 25 glycol, glycerin,
ottadok cyeclbhexarnl ametty| aellosolveraliphaticthydrovasbbrsisuch ag -
hexane, heptane, ligroin, petroleum ether; halogenated hydrocarbons

sGcrFAd RRBFSBARCdichibromettine. 12 5 %Mﬁ&rb%ﬂmn%t% EarboR 2S

t
tg(ga lgbo o?ur%%w%zfgr?g %?r% %tly neq“dsig?k%y g?]eé ﬁ1aert1hy|

ethesnitide suqm@ﬁ@@gmmlﬁa@mla@%ﬁum ascfogmapide,dimethyl
N,N-dimethylformamide, N,N-dimethylacetamide 10 and

hexdraesthyiphospherictriamide; epihitadidd sa¢h amides such as

formamide, N,N-dimethylformamide, N,N-dimethylacetamide
and hexamethylphosphoric triamide; organic acids such
as acetic acid, etc., and it is preferably
acetonitrile, an alcohol (particularly methanol) or an
organic acid and most preferably acetic acid or
acetonitrile.

The usable brominating or iodizing agent
includes, for example, bromine (Br,), iodine (I,), N-
bromosuccinimide, N-iodosuccinimide, etc., and is
preferably N-iodosuccinimide or N-bromosuccinimide.

Although the reaction temperature may vary
depending on starting materials, solvent, brominating
or iodizing agent, it is typically 0 to 60°C, and
preferably 10 to 40°C.

Although the reaction time may vary depending
on starting materials, solvent, brominating agent or
iodizing agent, reaction temperature, etc., it is
typically 2 to 24 hours and preferably 5 to 24 hours.
(Step B-4) alkylation or alkenylation reaction

(1) In the case that R*® is methyl group
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as acetic acid, etc., and it is preferably acetonitrile, an alcohol (particularly
methanol) or an organic acid and most preferably acetic acid or
acetonitrile. 15 The usable brominating or iodizing agent includes, for
example, bromine (Br2) , iodine (12), N- bromosuccinimide,
N-iodosuccinimide, etc., and is prefembly N-iodosuccinimide or
N-bromosuccinimide. Although the reaction temperature may vary 20
depending on startifig Ti&eriak, SolveRb brdmiatingMBrioaing agémdita

s bypically 0 {0 606, and preferably 10 fo,40C Althouah the reagfion time
may vary %epen ing~ on Starting materials, solvent, brominating agent or

23 jdizing agent, feactionstemperatire 1616+ itdgtypicalik to24cheurs
and preferably 5 to 24 hours. (Step B-4) alkylation or alkenylation reaction
(1B 1hs ¢hes ease that R2avs metloyt group 26 1 Thiststey isva steptwhereoduce
Compound (7) and a desired triaikyiboroxin are made to react in the
pledBhed v a palladium catalyst and a base in the absence of a solvent

or In an inert SONI 19 REAdlcg, OTPIUNa &Y. Jheaeabiesqyent 1

not particularly limited as long as it can dissolve the starting materials to
sqg extentandidees ret inkibidhe Jeastion;andhacludesfongxample,

aromatic
materials to some extent and does not inhibit the
reaction, and includes, for example, aromatic
hydrocarbons such as benzene, toluene, xylene; ethers
such as dioxane, dimethoxyethane, tetrahydrofuran;
amides such as N,N-dimethylformamide, and it is
preferably tetrahydrofuran or N,N-dimethylformamide.

The usable palladium catalyst includes, for
example, a palladium catalyst such as
dichlorobis (triphenylphosphine)palladium(II),
tetrakis (triphenylphosphine)palladium(0),
tris(dibenzylideneacetone)dipalladium(0),
bis(dibenzylideneacetone)palladium(0), bis(tri-t-
butylphosphine)palladium(0), palladium black, etc., and
preferably dichlorobis (triphenylphosphine)palladium(II)
or tetrakis(triphenylphosphine)palladium(0).

The usable base includes, for example, bases
such as potassium t-butoxide, sodium t-butoxide, cesium
carbonate, and preferably cesium carbonate.

Although the reaction temperature may vary
depending on starting materials, solvent, palladium

catalysts, etc., it is typically 50 to 200°C, and
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10 hydrocarbons such as benzene, toluene, xylene; ethers such as
dioxane, dimethoxyethane, tetrahydrofuran; amides such as
N,N-dimethylformamide, and it is preferably tetrahydrofuran or
N,N-dimethylformamide. The usable palladium catalyst includes, for 15
example, a palladium catalyst such as
dichiorobis(triphenyiphosphine)palladium(Il),
tetrakistiripRetyipRosshinelbailadium(0),

tris(dibenzylide etone)dipalladium O}b, . :
bis(dibenzylideggggle%ﬁe p%ﬁ?%diﬁ?n?fjgt, Wit 3G mey vary depending
butyiphosphingipalladium (D) spallagliua backs gic. .andipreferably s« ,
dichiorobis(triphenyiphosphine)palladium(ll) or
tetrakis{triphenhyiphesphine)palladiom(0). tThesusahie base inciides; fiorte s
example, bases such as potassium t-butoxide, sodium t-butoxide, cesium

25 Rarborate ahd preferabf st tarbdrfate 2ARgh-the reaction

temperajure,may vary gdepending on sfarting %?teé'f?%ﬁogf?%ﬁa"ad'“m
catalysts, etc., it Is typically 50 to 200C, and 27 preferably 70 to 150C.
Although the reagtien §mepmay varydependiag o stagiighmaterials,ng
solvent, palladium catalyst, reaction temperature, etc., it is typically 30
minites 5itd 48'Hours) ard preferabhyl 816 1 2thourd. (20 Inte castetha
R2ais vinyi or allyi group This step is a step where Compound (7) antd

tribGty (vingh bR DrafigitbLtjitin aré nigtte o 10 catalyst in the

absence of a solvent or in an inert solvent to produce
Compound (8) .

The usable solvent is not particularly
limited as long as it can dissolve the starting
materials to some extent and does not inhibit the
reaction, and includes, for example, aromatic
hydrocarbons such as benzene, toluene, xylene; ethers
such as dioxane, dimethoxyethane, tetrahydrofuran;
amides such as N,N-dimethylformamide, and it is
preferably tetrahydrofuran or N,N-dimethylformamide.

The usable palladium catalyst includes, for
example, a palladium catalyst such as
dichlorobis (triphenylphosphine)palladium(II),
tetrakis (triphenylphosphine)palladium(0),
tris(dibenzylideneacetone)dipalladium(0),
bis(dibenzylideneacetone)palladium(0), bis(tri-t-
butylphosphine)palladium(0), palladium black, etc., and
preferably dichlorobis (triphenylphosphine)palladium(II)

or tetrakis(triphenylphosphine)palladium(0).
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react in the presence of a palladium catalyst in the 10 absence of a
solvent or in an inert solvent to produce Compound (8). The usable
solvent is not particularly limited as long as it can dissolve the starting
materials to some extent and does not inhibit the 15 reaction, and
includes, for example, aromatic hydegcarbons such as benzene, toluene,
xylene; ethers such as dioxane, dimethoxyethane, tetrahydrofuran;
amides such asqlidtl‘]ill‘b‘ﬁﬂ@tlﬁlll’fﬁrrﬁﬁﬁﬁel HndGEEPpretéraply may vary

tetrahydrofuran or N ,N- dlmeth l[formamide. 20 T ble palladium
cga yés/ﬁir?cﬂ%es fosilt&farﬁg% ap%la]dlu%’ catsa(l-t;/jz\f SL?EIﬁ ag ial 2T

dighioxaRisitdphenyiphosphing)paladivail)y so to 200°c, and
tetrakis(triphenyiphosphine)palladium(0),

tristdibemaylittenéacetoné fdigalladium(0), 25
bis(dibenzylideneacetone)palladium(0), bis(tri-t-

butwphosphme%eﬁ%ﬂﬂﬁﬁ(@%l%%ﬁﬁﬁJo‘inbktéI[‘%? A7y préferapigrending
dlgpll %”Pl%e Q@%S]_D i%e)p |J)6§_C{!, I'ﬁqgl ladi catalyst,
0). 78 A?t% ik A

tetrakls triphenyip osphlne palladium( ough the reactio
teraperatise Mmaynyaydepeagding-en starting natgralssolvertp paliaditas

catalysts, etc., it is typically 50 to 200C, and preferably 70 to 150C. 5
Although theureactiomdmesmay &gy dégending conl stalting materials,
solvent, palladlurlge%a&aclﬁto nre?gg%n }'Leorgperature etc., it is typically 30
m

This step is a step where hydrogen is made to
react with Compound (8) in the absence of a solvent or
in an inert solvent, in the presence of a reduction
catalyst, or a reducing agent is made to react with
Compound (8) in the absence of a solvent or in an inert
solvent, and a nitro group and an alkenyl group is
converted into an amino group and an alkyl group.

Also included in this step is a step where
when R' is a C2-C6 alkynyl group, only a nitro group is
reduced without reducing the triple bond.

The usable solvent is not particularly
limited as long as it can dissolve the starting
materials to some extent and does not inhibit the
reaction, and includes, for example, alcohols such as
methanol, ethanol, n-propanol, isopropanocl, n-butanol,
isobutanol, t-butanol, iscamyl alcohol, diethylene
glycol, glycerin, octanol, cyclohexanol, methyl

cellosolve; ethers such as diethyl ether, diisopropyl

ether, tetrahydrofuran, dioxane, dimethoxyethane,
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to 48 hours, and is preferably 5 to 12 hours. (Step B-5) Reduction reaction
10 This step is a step where hydrogen is made to react with Compound
(8) in the absence of a solvent or in an inert solvent, in the presence of a
reduction catalyst, or a reducing agent is made to react with Compound
(8) in the absence of a solvent or in an inert 15 solvent, and a nitro group
and an aikenyi group is_converted into an amino group and an alkyl

grOLPL HS6 el Gdetr mlthisistep iy & stép@herewheRFL 5 a C2-C6
aikynyi group, only a nitro group is_reduced without reducing the triple
béég%ﬁ%?ﬁ%ons suc% .%P)ﬁi %ﬁ € § OQH

& Usablé solvent is not Séerticu %ﬁy “imited a8 ]fong as it can
disselve the starting materiglstosome gxtent apd doesinof inhibit the
reaction, and includes, for example, alcohols such as methanol, ethanol,
ngreparict, iseprbpanef, ebitanok 2bdsebutandiptrbatamol vsoamyir bons,
alcohol, diethyiene glycol, glycerin, octanol, cyclohexanol, meth¥l

callosalve! ethets S6EH as ety Fether, diisbpropli gtgr; of these,
tepraipioturan, dioxane, dinelbxyetan. 29, dietiniens alycg) dimethy

ether; aliphatic hydrocarbons such as hexane, heptane, ligroin,

petroleum ethemrosganrisiscid esters sueh as ethylicacetater ang prefergbly
ethers, aliphatic hydrocarbons, 5 alcohols, organic acid ester, or a mixture
ofthesed and-mestprater&blypsethanbkdr teraydrbfurdh) chloride,

platinum oxide, platinum black, rhodium-aluminum oxide,
triphenylphosphine-rhodium chloride, palladium-barium
sulfate, etc., and preferably palladium/carbon or
nickel (II) chloride. When progress of the reaction is
slow, a reduction catalyst can also be used in an
amount of the weight ratio to the materials of about
1/2.

Although the reaction temperature in the case
of using a reduction catalyst may vary depending on
starting materials and solvents, it is typically 0 to
60°C, and preferably 10 to 40°C.

Although the reaction time in the case of
using a reduction catalyst may vary depending on
starting materials, solvent, and reaction temperature,
it is typically 1 to 60 hours and preferably 5 to 24
hours.

Typically, the hydrogen pressure at the time
of the reaction in the case of using a reduction
catalyst is 0.5 to 5 atm, and preferably 1 to 2 atm.

In the case where an alkenyl group is reduced



10

15

20

25

The usable catalyst includes, for example, palladium-carbon, Raney

nickel, nickel (Il) chloride, platinum oxide, platinum black,
rhodium-aluminum oxide, 10 triphenyiphosphine-rhodium chloride,
palladium-barium sulfate, etc., and preferably palladium/carbon or nickel
(1) chloride. When progress of the reaction is slow, a reduction catalyst
can also be used in an amount of the weight ratio to the materials of
aSottus- 82 ARRdUgH e reaction femperatire iAtRE Thsd Idflusihg ar 1de

reduction catalyst may var epen%i on _starting materials and solyents
R Sy 0 G0a A prorerai 10 15 300 S0rne o ng soagare

timedn the gaseob Msing a reductiopcatalystrmay yarnwdepending on
starting materials, solvent, and reaction temperature, it is typically 1 to 60
hdursearelrprieterablyss too24 F6urst 25 TBPicallyutheshydrogempressure
at the time of the reaction in the case of using a reduction catalyst is 0.5

to 5 atm, and _p%fe%%}i%@lﬁ_'atﬁﬁfﬁltﬁe case ‘%_vi'fé%é Gh aﬁl%éﬁﬁij}o&f fguP
reduced 30 simultaneously, with, g nitre groun, P&C‘ii%gx')p‘:hl%”dzee used

as a catalyst and the reaction can be performed with sodium borohydride,
etgi el 030 e 48Gc (preferably-1 510 2569 fer, 3G ninutes d@ 1d10ufad Ibe

addition, when R1 is a C2-C6 aikynyi group,
performed using iron-hydrochloric acid, zinc-acetic
acid, iron-ammonium chloride, etc., at 0 to 30°C for 10
to 50 hours.

Typically, the compound obtained at the B-5
step can be used in the following B-6 step by merely
filtering the catalyst off.

(Step B-6) Cyclization reaction

This step is a step where carbon bisulfide is
made to react with the compound obtained at the above
described B-5 step in the absence of a solvent or in an
inert solvent to produce Compound (2) which is an
intermediate in the above described Process A.

The usable solvent is not particularly
limited as long as it can dissolve the starting
materials to some extent and does not inhibit the
reaction, and includes, for example alcohols such as
methanol, ethanol, n-propanol, isopropanocl, n-butanol,
isobutanol, t-butanol, iscamyl alcohol, diethylene
glycol, glycerin, octanol, cyclohexanol, methyl
cellosolve; aliphatic hydrocarbons such as hexane,

heptane, ligroin, petroleum ether; aromatic
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and in the case that only the nitro group is reduced without reducing the
triple bond, the reaction can be performed using iron-hydrochloric acid,
zinc-acetic acid, iron-ammonium chloride, etc., at 0 to 30C for 10 10 to
50 hours. Typically, the compound obtained at the B-5 step can be used
in the following B-6 step by merely filtering the catalyst off. (Step B-6)
Cyciization reaction 15 This step is a step where carbon bisuifide is made
t

EPWRABRE EofMpeling DHPARES AL the-aBO\R YesBibEF B-5 5@ iR S
the.absence of a sqlvent or.in an _inert.solvent to produce Compou )
e inta e G0 U0 ABve Tt Brotecn Jor ey

which is an’ interme e desc r

usable solvieat isjeotpasticulady dimiteskas;longas ik san dissehedhr,
starting materials to some extent and does not inhibit the reaction, and
ingludespforrexahmpie alcohdlsisudhlas seéthanel; etirarobm-propanoi,
isopropanoi, n-butanoi, 25 isobutanol, t-butanoi, isoamyi alcohol,

diefiyiérd: Yoot Syly cetir ot tatdf Tty oneR AR M Hikthy N cdifosolve;
a'&hf?éi&%}’fi bons; such,ag hex @%’hgﬁg@é‘gaﬁﬁ@én’ petroleum ether;
£twg;girﬁocarl%%1 ) 'ﬁ% as

aromatic 31 ons suc enzeéne, toluene, ethers such as
diexanedimethoxyethane: diathylene glycobdiraethyi gther; halegenated

hydrocarbons such as chloroform, dichioromethane, 1,2-dichioroethane,
cabehic acid, etc., preferably an alcohol and most
preferably methanol or N,N-dimethylformamide.

Although the reaction temperature may vary
depending on starting materials and solvent, it is
typically 0 to 60°C, and preferably 10 to 40°C.

Although the reaction time may vary depending
on starting materials, solvent, and reaction
temperature, it is typically 12 to 60 hours and
preferably 24 to 48 hours.

(Step B-7)

This step is a step where ammonia is made to
react with Compound (4a) in the presence or absence of
alkaline metal carbonate in the absence of a solvent or
in an inert solvent to produce Compound (6). This step
can be performed according to the B-1 step.

As Compound (4a), a commercially available
compound or a compound synthesized based on a process
known by publication can be used.

Compound (2a) in which R? of Compound (2) is
methyl group can be produced by the following Process

C.
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5 tetrachloride; amides such as formamide, N,N- dimethylformamide,
N,N-dimethylacetamide, hexamethyiphosphoric triamide; organic acid
such as acetic acid, etc., preferably an alcohol and most preferably
methanol or N,N-dimethylformamide. 10 Although the reaction
temperature may vary depending on starting materials and solvent, it is
typically O to 60C, and preferably 10 to 40C. Although the reaction time
mE@%WHépéﬂding on starting materials, solvent, and reaction 15
temperature, it is typically 12 to 60 hours and preferably 24 to 48 hours.
(Step B-7) This step is a step,yvhere ammonja is made to react with
Compound (4a) in the prese FRG/REBFcevf 20 alkaline metal
carbonate in the absence of a solvent or in an inert solvent to produce
Compounddié). This step can bemperformed according@ kg the B-1 8@p. As
Compound (4a)]ya c?mmefc‘llally m comp&'&dor a gompound
synthesized }faseqion a processs QWn by publicatitgy canbe used.
Compound (2a) ing\l{vhich R2 of Compound (2) is methyl groyp,can be
produced by the ﬂ) lowing Process c.\3% [Formula 4] Process'C CH3 C-1
CH3 C-2 CH3 NO2

c-3
CH3 N N\ C-5 CH3 AN NH2 C-4 CH3 x NH2
R l P >_SH - — : P -
o7 "NT N c6 R'O7 N7 UNO, R'O” N
(2a) (13) (12)

In the above scheme, R!' is as defined above,
x* represents a leaving group, preferably a fluorine
atom, a chlorine atom, a bromine atom, or an iodine
atom, and more preferably a fluoride atom.

(Step C-1) R'-0 group introducing reaction

This step is a step where Compound (9), and
an alcohol or phenol R'-0oH (wherein R! is as defined
above) is made to react with produce Compound (10).

As Compound (9), a commercially available
compound or a compound synthesized based on a process
known by publication can be used.

This process can be performed according to
the above described B-2 step.

(Step C-2) Nitration reaction

This step is a step where fuming nitric acid

is made to react with Compound (10) in the presence or

absence of concentrated sulfuric acid, in the absence



XNRioONR 10N (9)(10) (11) C-3RH3\N C-55:1'cx:::c SH C-6 Rio
N (2a) (13) (12) In the above scheme, R1 is as defined above, X4
represents a leaving group, preferably a fluorine atom, a chlorine atom, a
bromine atom, or an iodine atom, and more preferably a fluoride atom. 5
(Step C-1) R1-0 group introducing regction This step is a step where
Compound (9), and an alcohol or phenol R1-0H (wherein R1 is as defined
abdve) i$ e rEﬁcRﬁﬁﬁbF@d%@%@urﬁé&iO). As Compound (9),

acommercialIyAavaHable 196(1:8m oun?iogna com oungs nthesized
[ :

ugh ac era e may var
based on a process ?m%wn ) pukﬁlca on caneb use IS pro%ess Cén

be petfarmed aggorging-to; the abeve desaingtiB-2-stepn(StepC-2)
Nitration reaction 15 This step is a step where fuming nitric acid is made
totrgactwith Cordfourd (10) 96 the presence grr elisersdelof dbncentrafed
sulfuric acid, in the absence 33 of a solvent to produce Compound (11).

Although the re%%ﬁ@ﬁ?&hpéﬁfurﬁerﬁ% Vary tbpending offStartitgpending
gn((%er@% apd sghvent.dtis, typically 199 1o 109¢4and mare preferably 0 to

temperature, it is typically 6 to 48 hours and
preferably 7 to 36 hours.
(Step C-3) Reduction reaction

This step is a step where hydrogen is made to
react with Compound (11) in the presence of a reduction
catalyst in the absence of a solvent or in an inert
solvent to produce Compound (12). This process can be
performed according to the above described step B-5.
(Step C-4) Nitro group introduction reaction

This step is a step where Compound (12) is
made to react in an anhydrous acetic acid at 0 to 40°C
for 1 to 10 hours to obtain a compound converted into
N-acetyl form (Step C-4-1), subsequently fuming nitric
acid is made to react with Compound (12) in the
presence or the absence of concentrated sulfuric acid,
in the absence of a solvent at 0 to 40°C for 1 to 10
hours to obtain Compound (13) (Step C-4-2), and
further, the compound obtained at the preceeding step
is made to react with an alkaline metal hydroxide such
as sodium hydroxide in an alcohol such as methanol and
ethanol or a mixture of the alcohol and water at 0 to

40°C for 5 to 30 minutes to produce Compound (13).
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5 Although the reaction time may vary depending on starting materials,
solvent, and reaction temperature, it is typically 6 to 48 hours and
preferably 7 to 36 hours. (Step C-3) Reduction reaction 10 This step is a
step where hydrogen is made to react with Compound (11) in the
presence of a reduction catalyst in the absence of a solvent or in an inert
solvent to produce Compound (12). This process can be performed
adcorling‘to the BBBVE HeSEriFERstepBLS. 15 (Step C-4) Nitro group
introduction re ti(lag Tshgse stePSis a s%% Whgég Ceorpl[po nod QHZ) isa Smadse to
react in an anhydrous acetic acid at0to 40C for 1t To Hours 16 obtain a
cermpaund corverted,inte, N-aegtyi form (Step Gréthesybsequentlyor o
fuming nitric 20 acid is made to react with Compound (12) in the
preséncé bp thecabsencetoficonckatrateskesutfuric acid, sinltherabsence of an
a solvent at 0 to 40C for 1 to 10 hours to obtain Compound (13) (Step
C1A25 farit H0iiET; tHePcoiRpSERd oBtaindd 4t the Ptecedtifg 3te25 ¥
m react, wi ine metal hydroxi C i ydroxjde
in(%%gg%()hoﬁtgl\l,}c% Es? r%n%%a?no a%dkgtr%%%() cﬁrzy?nglxt%ég g?#\@ Icgr(ljo)l(lcqqe
angwatersiL-toi YOE for SgoB0sminutes to produce Compound (13). 34
(Step C-5) Reduction reaction This step is a step where hydrogen gas is
médlead reaét)wifly Cohfgouhe(18 irrtheqpresence of a

This step is a step where carbon bisulfide is
made to react with the compound obtained at the above
described step C-5 in the absence of a solvent or in an
inert solvent to produce Compound (2a) in which R? is
methyl group among the intermediates of the above
described Process A. This process can be performed
according to the above described step B-6.

Compound (3a) in which R® of Compound (3) is

ethyl group can be produced by the following Process D.
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reduction catalyst in the absence of a solvent or in an 5 inert solvent, to
convert a nitro group into an amino group. This process can be performed
according to the above described step B-S. (Step C-6) Cyciization
reaction This step is a step where carbon bisuifide is 10 made to react
with the compound obtained at the ab®ve described step C-5 in the
absence of a solvent or in an inert solvent to produce Compound (2a) in
which®2!ist méthyl group among the intermediates of the above
described Process A. This process can be performed 15 according to the
above described step B-6. Compound (3a) in. which R3 of Compound (3)
is ethyl group can be produce%%?ﬁ@% wihg Process D. 35 [Formula

5] Process D Y1 RS\OH D-LR5 OX6 D2 RS NN (14) (15) (16) D

NOZ R5.56 R5\ R5 N+ N+ N @5(19).0- 17) D-RQR 4
R N ey D-1 ® A wﬁ)-z)
| —_— | _ e
P N N
(14) {15) (16)
lD-s
NO, . ]
RA_ A D5 R D4 RN
| - ] P - | _
Ni N+ N
|
O- (19) O- (18) (17)

(20) (21) (3a)

In the above scheme, R4, R®> and X' represent
the same as defined above, Y' represents a trialkylsilyl
group, preferably trimethylsilyl group and x° represents
an alkylsulfonyl group which may be substituted with a
halogen atom or a benzene sulfonyl group which may be
substituted (for example, with
trifluoromethanesulfonyl, methanesulfonyl,
ethanesulfonyl, benzenesulfonyl, p-toluenesulfonyl
group, etc.).

(Step D-1) leaving group introduction reaction
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5p 7RSD-9RSN+aOHXi OD-8NN (20) (21) (3a) In the above
scheme, R4, R5 and X1 represent the same as defined above, Y1
represents a triaikyisilyi group, preferably trimethyisilyi group and X6
represents an aikyisuifonyi group which may be substituted with a 5
halogen atom or a benzene suifonyigsoup which may be substituted (for
example, with trifiuoromethanesulfonyi, methanesulfonyi, ethanesulfonyi,
benzenesulfonyilp-toiteRBsuifonyi HrEhp,"EteJe16 (SRpird) [ddtingnd 2
grou introduction reaction ggcmignstep (ies a stelp ngg (_Z(E)mpoundéldi)n

and a léaving grotp introduction agent are madé To reéact in’ thé presence

of-a bage insthe-absence af assolventioreinaninersolvent tg preduge or
Compound (15). 5 As Compound (14), a commercially available
campeuond oe atcosapousttsynthgsizetibasébop @apracéss known by
publication can be used. The usable solvent is not particularly limited as

long as it can disSolv/eREEEArting 10 nfatERaRT6 Some dxterPandHoés
L e S A S T O orocess
known by publication can be used.

The usable solvent is not particularly
limited as long as it can dissolve the starting
materials to some extent and does not inhibit the
reaction, and includes, for example, halogenated
hydrocarbons such as chloroform, dichloromethane, 1,2-
dichloroethane, carbon tetrachloride; aromatic
hydrocarbon such as benzene, toluene; ethers such as
diethyl ether, diisopropyl ether, tetrahydrofuran,
dioxane, dimethoxyethane, diethylene glycol dimethyl
ether; amides such as formamide, N,N-dimethylformamide,
N, N-dimethylacetamide, hexamethylphosphoric triamide,
pyridine, etc., and preferably a halogenated
hydrocarbon and most preferably dichloromethane.

The usable leaving group introduction agent
includes, for example, sulfonyl halides such as
methanesulfonylchloride, p-toluenesulfonylchloride,
trifluoromethanesulfonylchloride, N-phenyl-
bis(trifluoromethanesulfonimide), and preferably N-
phenyl-bis(trifluoromethanesulfonimide) .

The usable base includes, for example,

tertiary alkylamines such as trimethylamine and
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dichioroethane, carbon tetrachloride; aromatic hydrocarbon such as
benzene, toluene; ethers such as 15 diethyl ether, diisopropyi ether,
tetrahydrofuran, dioxane, dimethoxyethane, diethyiene glycol dimethyi
ether; amides such as formamide, N,N-dimethylformamide,
N,N-dimethyiacetamide, hexamethyphosphoric triamide, pyridine, etc.,
and preferably a halogenated 20 hydrocarbon and most preferably
dieRioPSMERIE? TheRiSablE eavingrbup imtPstuction agent ifélades,
for exag}pl , suifonyi halides such as methanesulfonyichioride,
p-ttgllljgnegu FoHﬁWc%loride, trifluoromethanesulfonyichioride, N-phenyi 25

bis(trifluoromethanesulfoninide) - and-preferabliNerature may vary

phenyi-bis(triluoromethanesulfonimide). The usable base includes, for
exanppled ierjagraikyiaminesysucitas trimethymmiine@and 32aving group
triethyiamine, pyridines, etc., and it is preferably triethyiamine. Although

thE'YeRefidiT terfpeatiit may YakA @ependihg on Starirgrmaterials©
sqlyget, leaying groun, Isaig%%jgctﬁc:& Q%e t and bases, it is typically O to
r . Although t

100C, and preferably O to 4 e reaction time may vary
depending on starting qaterials, sodveit deavinggrady wieguetigfending
agent, base, and reaction temperature, it 10 is typically 6 to 48 hours and
praferabfri2 ww30atsusals, solvent, leaving group

introduction agent, base, and reaction temperature, it
is typically 6 to 48 hours and preferably 12 to 30
hours.

(Step D-2) alkyne introduction reaction

This step is a step where Compound (15) and
(trialkylsilyl)acetylene are made to react in the
presence of a palladium catalyst, a copper catalyst and
a base in the absence of a solvent or in an inert
solvent, and under nitrogen atmosphere to produce
Compound (16).

The usable solvent is not particularly
limited as long as it can dissolve the starting
materials to some extent and does not inhibit the
reaction, and includes, for example, ethers such as
diethyl ether, tetrahydrofuran, dioxane,
dimethoxyethane, diethylene glycol dimethyl ether;
amides such as formamide, N,N-dimethylformamide, N,N-
dimethylacetamide, hexamethylphosphoric triamide,
pyridine, etc., and preferably an amide and most

preferably N,N-dimethylformamide.
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(Step D-2) alkyne introduction reaction This step is a step where
Compound (15) and (triaikyisiiyi)acetyiene are made to react in the 15
presence of a palladium catalyst, a copper catalyst and a base in the
absence of a solvent or in an inert solvent, and under nitrogen
atmosphere to produce Compound §B6). The usable solvent is not
particularly 20 limited as long as it can dissolve the starting materials to
some extent antFoesSidtlifhibit the FeaBticit EhtliRéluties Hfof eramphs;

elhers sych as disthyl ether, tetrahydioran dioxane, dimethoxyethgpe.

die yiene §lycol hyi ether; 25 ami such as formamide,

NiN-dimethylfermamide; 1% No simethyiacetamidenhexamethyiphosphoric
triamide, pyridine, etc., and preferably an amide and most preferably

N (d-dirmethylforeamides 38n & hd usableapaliadilih catalyst includes, for
example, dichlorobis(triphenyiphosphine)palladium(0)

teRraRISHHPRBAYIPhOSHIRAEHENAGILRAGY. 3rs um (00, bis (tri-t-
: . il | |
A L e ATAn by, g iom black, ete., and

butytphesphing)palladiusr@y.ipalladium black, etc., and preferably
dichlorobis (triphenyiphosphine)palladium(0). The usable copper catalyst
in¢ludeshfory1@ egaiviplie) copper gedivdef ) copper(l) chloride,

The usable copper catalyst includes, for
example, copper (powder), copper(I) chloride,
copper (II) chloride, copper(I) iodide, copper (I) oxide,
copper (II) oxide, copper(II) acetate, copper(II)
sulfate pentahydrate, copper(II) acetylacetonate,
copper (I) thiocyanate, etc., and preferably copper(I)
iodide.

The usable base includes, for example, N-
methylmorpholine, triethylamine, tripropylamine,
tributylamine, diisopropylethylamine,
dicyclohexylamine, N-methylpiperidine, pyridine, 4-
pyrrolidinopyridine, picoline, 4-(N,N-dimethylamino)
pyridine, 2,6-di(t-butyl)-4-methylpyridine, quinoline,
N,N-dimethyl aniline, N,N-diethyl aniline, 1,5-
diazabicyclo[4.3.0]nona-5-ene (DBN), 1,4-diazabicyclo
[2.2.2]octane (DABCO), 1,8-diazabicyclo[5.4.0]undeca-7-
ene (DBU) etc., and it is preferably triethylamine.

The usable (trialkylsilyl)acetylene includes,
for example, (trimethylsilyl)acetylene,

(triethylsilyl)acetylene, etc., and it is preferably
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copper(ll) chloride, copper(l) iodide, copper(l) oxide, copper(ll) oxide,
copper(ll) acetate, copper(ll) sulfate pentahydrate, copper(ll)
acetylacetonate, copper(l) thiocyanate, etc., and preferably copper(l) 15
iodide. The usable base includes, for example, N- methyimorpholine,
triethyiamine, tripropyiamine, trieutys@mine, diisopropyiethyiamine,
dicyclohexylamine, N-methyipiperidine, pyridine, 4 20 pyrrolidinopyridine,
pib e -1V Neditiethyiafriie)e p§ridine, 2,6-di(t-butyl)-4-methyipyridine,

quinoline, N,N- thyi n|I| e, N,N-djet nlllne 1
diazabicyclo[4. é%?rﬁon%— -en% (Dﬁ\% Ji )élgczagﬁzyuoschrf ZT&%avary
(RRBER) 1 herdiazabicyeio]5.4-Qlurdecar7 25 ene (RBY) efe. and s um

preferably triethyiamine. The usable (triaikyisiiyi)acetyiene includes, for
exmﬂplbyéttimetl@yigiﬁﬁi)acetwer}est(,triémyisilyaiyatetyiene etc., and it is
preferably 39 (trimethyisilyi)acetylene. Although the reaction temperature

mayVERY Kdelpehtiy 61 Startirg fatdrfald Ssiverca balladitint atdd{st -

Capper ¢ catalyst g§§/ apd 5 (trialkylsilyl)acetylene, it is typically 10 to
100C, and preferably 30 to 80C. Although the reaction time may vary

depending on startingmaterials, solvant cpalladium satalyst- £0PPEEnding
catalyst, base, (triaikyisiiyi)acetyiene and
on starting materials, solvent, palladium catalyst,
copper catalyst, base, (trialkylsilyl)acetylene and
reaction temperature, it is typically 10 minutes to 4
hours, and preferably 30 minutes to 3 hours.
(Step D-3) desilylation reaction, reduction reaction

This process consists of the following 2

reaction steps.
(1) desilylation reaction

This step is a step where a desilylating
agent was made to react to Compound (16) in the absence
of a solvent or in an inert solvent to produce a
desilylated compound.

The usable solvent is not particularly
limited as long as it can dissolve the starting
materials to some extent and does not inhibit the
reaction, and includes, for example, alcohols such as
methanol, ethanol, n-propanol, isopropanocl, n-butanol,
isobutanol, t-butanol, iscamyl alcohol, diethylene
glycol, glycerin, octanol, cyclohexanol and methyl
cellosolve; aliphatic hydrocarbons such as hexane,

heptane, ligroin, petroleum ether; halogenated
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10 reaction temperature, it is typically 10 minutes to 4 hours, and
preferably 30 minutes to 3 hours. (Step D-3) desiiyiation reaction,
reduction reaction This process consists of the following 2 reaction steps.
15 (1) desilyiation reaction This step is a step where a desiiyiating agent
was made to react to Compound (16)dn the absence of a solvent or in an
inert solvent to produce a desilyiated compound. 20 The usable solvent is
n&tperiedaRy Nimitetras foh Reah Uisvolve e tariPRt hrdterials te —

soyue extent and does.not intibitthe gaction, pndingludes,for example.
alcohols such as” methanol, ethanol, nh-propanol, iIsoprépanoi, n-butanoi,

25 isobrianalthutangi; isaapid glcohel iethyiener-alygak gbicern,
octanol, cyclohexanol and methyl cellosolve; aliphatic hydrocarbons such
asthexame, , heptanehligrot, ipetreleuni ethier] kaleggnated140limethy 1
hydrocarbons such as chloroform, dichioromethane, 1,2- dichioroethane

aidt C&iorAatraehioRdE ethers  SctPAs tiethlr St isBBropyT Ber e/
tetraygrofuran, | '%éaa%‘?mdéf@eth%%ﬁ?hﬁﬁgﬁ%%@%% yeodimethy e,

ether; amides such as formamide, N,N- amide,

NaN-gimethyiacetamises bexamethyiphasphesc iidarpider cand-ibisl v

preferably an ether and most preferably tetrahydrofuran.
tetrahydrofuran.

The usable desilylating agent includes, for
example, hydrogen fluoride, tetrabutylammonium
fluoride, etc., and it is preferably tetrabutylammonium
fluoride.

Although the reaction temperature may vary
depending on starting materials, solvent, and
desilylating agent, it is typically 0 to 100°C, and
preferably 10 to 40°C.

Although the reaction time may vary depending
on starting materials, solvent, and desilylating agent,
it is typically 30 minutes to 6 hours, and preferably 2
to 3 hours.

Since the compound obtained in this step may
be a low boiling point compound, and in that case, the
solution is typically used for the subsequent process
without any treatment of concentration after reaction,
extraction, column chromatography, etc.

(2) Reduction reaction
This step is a step where hydrogen gas is

made to react with the compound obtained at the above
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The usable desiiyiating agent includes, for 10 example, hydrogen fluoride,
tetrabutyiammonium fluoride, etc., and it is preferably
tetrabutyiammonium fluoride. Although the reaction temperature may vary
depending on starting materials, solvent, and 15 desiiyiating agent, it is
typically 0 to 100C, and preferably 10 to 40C. Although the reaction time
may vary depending on starting materials, solvent, and desiiyiating agent,

it ReE/PICERG BoShRRiteslto 6 RotiRS aRBDTeferablg 2 2016 BHdurs Since

the_ compound. obtained in _this step may be a low boiling, point comp ,
i S it R e e i

without any treatment,of cencentrationaftesdeaction: .23 extractiony to
column chromatography, etc. (2) Reduction reaction This step is a step

where hydrogengasis hmdde teredtt with thewsevspoundhebtaimeéddat the
above 41 described step él%}gn the presence of a reduction catalyst in an

ineft"sbivett td prodice Compotiid {1 7)? This'hroeess Eah be perfothidd®
CEtaeL 2 Spicaly o T B weigh tae of Ahot S-L35h 1 e Commagird
okta#ed@tythe above described step (1).

(Step D-4) Oxidation reaction

This step is a step where an oxidizing
reagent is made to react with Compound (17) in the
absence of a solvent or in an inert solvent to produce
Compound (18).

The usable solvent is not particularly
limited as long as it can dissolve the starting
materials to some extent and does not inhibit the
reaction, and includes, for example, aliphatic
hydrocarbons such as hexane, heptane, ligroin,
petroleum ether; halogenated hydrocarbons such as
chloroform, dichloromethane, 1,2-dichloroethane, carbon
tetrachloride; ethers such as diethyl ether,
diisopropyl ether, tetrahydrofuran, dioxane,
dimethoxyethane, diethylene glycol dimethyl ether;
amides such as formamide, N,N-dimethylformamide, N,N-
dimethylacetamide, hexamethylphosphoric triamide;
organic acids such as acetic acid, etc., and it is
preferably an organic acid and most preferably acetic

acid.

The usable oxidizing reagent includes, for
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(Step D-4) Oxidation reaction This step is a step where an oxidizing 10
reagent is made to react with Compound (17) in the absence of a solvent
or in an inert solvent to produce Compound (18). The usable solvent is
not particularly limited as long as it can dissolve the starting 15 materials
to some extent and does not inhibit the reaction, and includes, for
example, aliphatic hydrocarbons such as hexane, heptane, ligroin,

pEFSIEaATethBY HatsGehated Adrbtarboraisuth &y Ehfseforrmtde/

dichléjromethane é%lazc-gichioroethajg%, carbog 20 tetrgchloride; eatgle&s, such

as (cjllejtﬁlﬁ e%?é:r?é Isopfo Tether, te?raﬁ%rofurpa%:: lOXane,”

dimathexyethane, diethyiene glycol dimethyi gthero aedes such as
formamide, N,N-dimethylformamide, N,N- dimethyiacetamide,
hexamethyiphosphoria thiamitde ;. 25 angani¢ acislssuehasddsaticracid, @ten
and it is preferably an organic acid and most preferably acetic acid. The

USEBIE OXRZiRG redget WIBAES; ToP£2 BxHipleChydrogen pefsiae.
thutyLidroperoxide, 304Uy erbozdéé%r{%%%%%t%:%%%‘?ﬂ?&@z%&?{ *on

metachioroperbenzoic acid, urea-hydrogen peroxi tion compound,
eteor@slih is, preferably yeiogen Soerexdde or trearbydrogenqergxidad

addition compound. In addition, when using urea-hydrogen peroxide
addioy with anhydrous trifluoroacetic acid and the like.

Although the reaction temperature may vary
depending on starting materials, solvent, and oxidizing
reagent, it is typically 30 to 150°C, and preferably 50
to 100°C.

Although the reaction time may vary depending
on starting materials, solvent, oxidizing reagent and
reaction temperature, it is typically 12 to 60 hours
and preferably 24 to 36 hours.

(Step D-5) Nitration reaction

This step is a step where fuming nitric acid
is made to react with Compound (18) in the absence or
presence of concentrated sulfuric acid in the absence
of a solvent or in an inert solvent to produce Compound
(19) .

This step can be performed according to the
above described step C-2.

(Step D-6) R*-0 forming reaction

This step is a step where an alcoholic R*-OH

(wherein R* is as defined above) 1s made to react with

Compound (19) in the presence of a base in the absence
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compound, it is usually desirable to use the compound along with
anhydrous trifluoroacetic acid and the like. Although the reaction
temperature may vary 10 depending on starting materials, solvent, and
oxidizing reagent, it is typically 30 to 150C, and preferably 50 to 100C.
Although the reaction time may varyafepending on starting materials,
solvent, oxidizing reagent and 15 reaction temperature, it is typically 12 to
60 ho@rsSand preterdbly- 24 36 36HdUFS.S (S8R D- 5} NitPatisH e cHERThiE A
st%?d'j a step where fuming nitric acid is made to react with Compound

(18) in the absence or 20 presence of concentrated sulfuric acid in the

absence of a salyentordp an inert-solvent to pepduse . Gampound (19).
This step can be performed according to the above described step C-2.

23 {8tepdd-6) R4A-Onforminglieaction dhisssteépas alstes wdetre ag
alcoholic R4-OH (wherein R4 is as defined above) is made to react with

CBATgouha (19§ h theiteSarcedf £ Bdsé! ifthe"@sehicB 43! bf Akdlvent

oL in AN eyt 50%‘6%“% QE%%C&C%‘POQ dr{20), The usahle solvent is,

not particularly limited as long as it can dissolve the starting” 5 materials
tarsame extent anddoes, nat iphibib i1, isopropanol, n-butanol,

isobutanol, t-butanol, iscamyl alcohol, diethylene
glycol, glycerin, octanol, cyclohexanol and methyl
cellosolve; aliphatic hydrocarbons such as hexane,
heptane, ligroin, petroleum ether; halogenated
hydrocarbons such as chloroform, dichloromethane, 1,2-
dichloroethane and carbon tetrachloride; ethers such as
diethyl ether, diisopropyl ether, tetrahydrofuran,
dioxane, dimethoxyethane, diethylene glycol dimethyl
ether; amides such as formamide, N,N-dimethylformamide,
N, N-dimethylacetamide and hexamethylphosphoric
triamide; organic acid such as acetic acid, etc., and
it is preferably an alcohol (R4—OH).

The usable base includes, for example,
alkaline metal alkoxide such as sodium methoxide and
sodium ethoxide, and it is preferably sodium alkoxide
(desired R4—ONa).

Although the reaction temperature may vary
depending on starting materials, solvent and base, it
is typically 0 to 100°C, and preferably 10 to 60°C.

Although the reaction time may vary depending

on the starting materials, solvent, base and reaction
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reaction, and includes, for example, alcohols such as methanol, ethanol,
n-propanoi, isopropanoi, n-butanoi, isobutanol, t-butanoi, isoamyi alcohol,
diethyiene glycol, glycerin, octanol, cyclohexanol and methyl 10
cellosolve; aliphatic hydrocarbons such as hexane, heptane, ligroin,
petroleum ether; halogenated hydrogcarbons such as chloroform,
dichioromethane, 1,2- dichioroethane and carbon tetrachloride; ethers

SHERS ThéthyPethel, didopropyFathey, tetrafydrbfiian: £5 #itkane,

dimethoxyethane, diethyiene glycol dimethyi ether; amides such as
fo?r%%?neléé%l{lN%irdﬁgth¥l§or;hm%r¥1%é, N,N-dimethyiacetamide and

hexaragthyiphpspheric drigmide; osganic acidhsucthas-ageticiagid, etc.,
and it is preferably an alcohol (R4-OH). 20 The usable base includes, for
example, alkalineimetal @ikokideasucheas sodium methakideand csodium
ethoxide, and it is preferably sodium aikoxide (desired R4-ONa). Although

tieredction fetfiferatureaay vary- 25 apendittg dif Startiiy Msterd&ls =" e
sqlyent and, base. it is typically. 0 to,100C, and ggge%aglg 10,10,80C.

Although the reaction time may vary depending on the starting materials,
solventobase apdyeaction 44 temperature, it is typically 5 to 24 hours
and preferably 8 to 14 hours. (Step D-7) Acetic acid esterification reaction

This step is a steprWheghanhglrogs atétiy temperature may vary

depending on starting materials and solvent, it is
typically 20 to 150°C, and preferably 50 to 100°C.

Although the reaction time may vary depending
on starting materials, solvent and reaction
temperature, it is typically 10 minutes to 3 hours, and
preferably 1 to 2 hours.

The residue after the reaction obtained by
evaporating anhydrous acetic acid is typically used for
the subsequent step without any treatment.

(Step D-8) Hydrolysis reaction

This step is a step where a base is made to
react with the compound obtained at the above described
step D-7 process in the absence of a solvent or in an
inert solvent to produce Compound (21).

The usable solvent is not particularly
limited as long as it can dissolve the starting
materials to some extent and does not inhibit the
reaction, and includes, for example, water; alcohols
such as methanol, ethanol, n-propanol, isopropanol, n-

butanol, isobutanol, t-butanol, isocamyl alcohol,
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5 acid is made to react with Compound (20) in the absence of a solvent to
produce an acetic acid ester of Compound (21). Although the reaction
temperature may vary depending on starting materials and solvent, it is
10 typically 20 to 150C, and preferably 50 to 100C. Although the reaction
time may vary depending on starting naterials, solvent and reaction

temperature, it is typically 10 minutes to 3 hours, and preferably 1 to 2
h6idi3 T 15 ThereSitiecdfter IR Féctidon chthinBl by evaperatingnol and

anhydrous acetjc acid is typically, used for the subsequent step without
e R T T e e S o S viere
bass:isaade &0 20 react withdhe comporndobtained &t the abeves such
described step D-7 process in the absence of a solvent or in an inert
selventito-produce Coafpoumdg R hrikhe usabie sokeat isInotparticutarfyhy 1
limited as Ion%nas it can dissolve the starting 25 materials to some extent

affd 968 ot PSP theSeabiisi, SrfRekides Yor exdmplet Watérr ™

al I ethanol,e . D=pr i isap 0 [,.n- butanoi,
i R e A S A
oetaneh eyalohexanol ande methyl eellasolve;aliphatie hydrocarbons such

as hexane, heptane, ligroin, petroleum ether; ethers such
diisopropyl ether, tetrahydrofuran, dioxane,

dimethoxyethane, diethylene glycol dimethyl ether;
amides such as formamide, N,N-dimethylformamide, N,N-
dimethylacetamide, hexamethylphosphoric triamide, and
it is preferably an alcohol or a mixture of alcohol and
water, and most preferably a mixture of methanol and
water.

The usable base includes, for example,
alkaline metal carbonates such as lithium carbonate,
sodium carbonate, potassium carbonate; alkaline metal
hydroxide such as lithium hydroxide, sodium hydroxide,
potassium hydroxide; metal alkoxide such as lithium
methoxide, sodium methoxide, sodium ethoxide, potassium
t-butoxide; ammonia such as agqueous ammonia solution,
concentrated ammonia-methanol, etc., and it is
preferably an alkaline metal hydroxide and most
preferably sodium hydroxide.

Although the reaction temperature may vary
depending on starting materials, solvent and base, it
is typically 0 to 60°C, and preferably 10 to 40°C.

Although the reaction time may vary depending
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as dioxane, dimethoxyethane, diethylene glycol dimethyi 5 ether;
halogenated hydrocarbons such as chloroform, dichioromethane,
1,2-dichioroethane and carbon tetrachloride; ethers such as diethyl ether,
diisopropyi ether, tetrahydrofuran, dioxane, dimethoxyethane, diethylene
glycol dimethyi ether; 10 amides sucfras formamide,
N,N-dimethylformamide, N,N- dimethylacetamide, hexamethyiphosphoric
tri2Pnile Cardh A5 referanls ahdléohdl OF Erixturessicalédliol aRd Clvatst,
and most preferably a mixtyre of methangl and. water. 15 T sahle

A T e T eicmile.” TRAha Mol AIBAIAES Sih s g "

cyrponate; sadivm carbenate, petassiygy,carbonate; alkaline metal
hydroxide such as lithium hydroxide, sodium hydroxide, potassium

hydroxidep atetal aikoxide such as lithium 20 methoxide, sodium
methoxide, sodium ethoxide, potassium_ t-butoxide; ammonia such as

adudod¥dmAfdiid $6RitioR 2 chrtentiatéd AMrmahiasmBtharof, ®td » ahd ¢
is_preferably gr%tﬁg(arljﬁg %g%tgk[%dcr%ige And most preferably sodium
oug

hydroxide. 25 A the reaction temperature may vary depending on
starting materiats, isolvend gnd bases it cis typieally @ te 606y and prefgrably

10 to 40C. Although the reaction time may vary depending 46 on the

stagRTmatenizisisolvent sade and heactionotambpelrature Lie isctypically

1%gg2%%§tggzgp%§1%g%t or in an inert solvent to produce
Compound (3a) in which R’ is an ethyl group among the
intermediates of the above described Process A.

The usable solvent is not particularly
limited as long as it can dissolve the starting
materials to some extent and does not inhibit the
reaction, and includes, for example, halogenated
hydrocarbons such as chloroform, dichloromethane, 1,2-
dichloroethane, carbon tetrachloride, and it is
preferably a halogenated hydrocarbon and most
preferably dichloromethane.

The usable chlorinating agent includes, for
example, chlorine, oxalyl chloride, thionyl chloride,
phosphorus oxychloride, phosphorus trichloride,
phosphorus pentachloride, etc., and it is preferably
thionyl chloride.

Although the reaction temperature may vary
depending on starting materials, solvent and
chlorinating agents, it is typically -20 to 30°C, and

preferably 0 to 10°C.



10

15

preferably 30 minutes to 1 hour. (Step D-9) 5 (1) Halogenation reaction
(illustrated by chlorination reaction as a representative reaction) This step
is a step where a chlorinating agent is made to react with Compound (21)
in the absence of a solvent or in an inert solvent to produce 10

Compound (3a) in which R3 is an ethyl group among the intermediates of
the above described Process A. The usable solvent is not particularly
limited as long &$ fth@rtdis$dite Hestatiy Materiarto seme efeAbardd
d%es not iQ '1br'1t theailLtSSreag jon, asn(%ligglrlljgesb of exam {e,nhal%%eena%e%nd
hycilrocar ons such as (]::njloro?drm, ichioromethane, 1,2- dichioroe ane,
carbontetrachlaride anditis, preferably adhalegenated hydrogcadonand
most preferably dichioromethane. 20 The usable chlorinating agent
includes, foxrnexamplés chlotine LoxalylLhiarides thionyi chloride,
phosphorus oxychioride, phosphorus trichioride, phosphorus

pentachioride, SR tlis (preterably thicnyi chivrice? 25 AlBLghiRE 25
re@%‘%‘%\}%@ﬁﬁ rapyre.may vary depepding.qn.starting, mate r&ﬂ'&’hso%\ée”ény
and orinating agents, It is typically -20 to 30C, and preferably O to
10@ 4 ¢ rAlthough the reaction time may vary depending
(2) Leaving group introduction reaction
This step is a step where Compound (21) and a
leaving group introduction agent are made to react in
the presence of base in the absence of a solvent or in
an inert solvent to produce Compound (3a) in which R? is
methyl group. This step can be performed such as the
above described step D-1.
Compound (2b) in which R? of Compound (2) is
methyl group can be also produced by the following

Process E.
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on starting materials, solvent, chlorinating agent and reaction
temperature, it is typically 30 minutes to 6 hours, and preferably 1 to 2
hours. 5 Compound (3a) of this step can be obtained as a hydrochloride
salt, and can also be used without any treatment. (2) Leaving group
introduction reaction This step is a step where Compound (21) and a 10
leaving group introduction agent are made to react in the presence of
baseimthéeabsence of a solvent or in an inert solvent to produce
Compound (3a) in which R2 is methyl group. This step can be performed
such as the above described step D-1. 15 Compound (2b) in which R2 of
Compound (2) is methyl group can be also produced by the following
Process E. 48 [Formula 6] ProdeFeSIF3\ %—1 CH3 E-2 CH3 Xs AN Xs
N + Xs N Xs (22) 0- (23) (24) 7CHE-3 CH3\E_1 CH3\ " I-Tirs N + Xs
XsnN' Xs N éFII (25) (22a) O- (23a)H;,

3 = E-1

B g2 CHa o~
T =7
N N N

X5 x> x5
22) 0 (23) (24)
£ i E-3
CHa N E-1 CH, . CH; N NO,
\(j\ — | P | P
Naae NG X5 X5TONT X
5- (25)
(22a) {23a)
E-4

0" °N E-7 R1PO7>NT NH,

H -
R1b =N ‘ = 5Ij/:

(2b) (27) (26)

In the above scheme, R'® is as defined above,
and X° represents a leaving group and is a chlorine
atom, a bromine atom or an iodine atom, and preferably
a chlorine atom.

(Step E-1) Oxidation reaction

This step is a step where an oxidizing
reagent is made to react with Compound (22) or Compound
(22a) 1in the absence of a solvent or in an inert
solvent to produce Compound (23) or Compound (23a).

As Compounds (22) and (22a), commercially
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E-4 CH3NE-6 :xx: ESCH3\NO2 R1b™>-SHE-E7XsNNH'ON?2
(2b) (27) (26) In the above scheme, RIi' is as defined above, and X5
represents a leaving group and is a chlorine atom, a bromine atom or an
iodine atom, and preferably a chlorine atom. 5 (Step E-1) Oxidation
reaction This step is a step where ani oxidizing reagent is made to react
with Compound (22) or Compound (22a) in the absence of a solvent or in
af ekt Shent P PrOthEE CoMBETRE (23)or WethpEiAd 232 CtoAdi ng

Compounds (32).and (325), commergially. 49 ,available gompounds or
compouﬁ{déo syn asized ac:cord%’n(jO 10 any process known by publication

can be used. Thigisiep eap beperfrmes:according Je the @boyero the

described step D-4. 5 (Step E-2) Leaving group introduction reaction
(ikustratediby chidrimation ¢gadlioh.as a representative reaction) This step
is a step where a chlorinating agent is made to react with Compound (23)

orl€bfipotind 10-¢23d)1H tHE Preserice st A tase i the abséfice of a
SqQlyent p andnes solvent o Rraduse Gompeynd, (28)-o

representative reaction)

This step is a step where a chlorinating
agent i1s made to react with Compound (23) or Compound
(23a) in the presence of a base in the absence of a
solvent or in an inert solvent to produce Compound
(24) .

The usable solvent is not particularly
limited as long as it can dissolve the starting
materials to some extent and does not inhibit the
reaction, and includes, for example, halogenated
hydrocarbons such as chloroform, dichloromethane, 1,2-
dichloroethane, carbon tetrachloride, and it is
preferably a halogenated hydrocarbon and most
preferably dichloromethane.

The usable base includes, for example, N-
methylmorpholine, triethylamine, tripropylamine,
tributylamine, diisopropylethylamine,
dicyclohexylamine, N-methylpiperidine, pyridine, 4-
pyrrolidinopyridine, picoline, 4-(N,N-dimethylamino)
pyridine, 2,6-di(t-butyl)-4-methylpyridine, quinoline,
N,N-dimethyl aniline, N,N-diethyl aniline, 1,5-

diazabicyclo[4.3.0]nona-5-ene (DBN), 1,4-diazabicyclo
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The usable solvent is not particularly limited as long as it can dissolve the
starting 15 materials to some extent and does not inhibit the reaction, and
includes, for example, halogenated hydrocarbons such as chloroform,
dichioromethane, 1,2- dichioroethane, carbon tetrachloride, and it is
preferably a halogenated hydrocarbam and most 20 preferably
dichioromethane. The usable base includes, for example, N-

méethyimekstotinee tridthyiafmine, %m&oﬁy%ﬁﬂﬁéciﬁﬁlﬂ)ﬁlénﬁn@ Jundeca-7-

diisopr ylamlne dIC lohex amine, N-m ipi perl p rldlne 4
25 p%/)rr% E |5yr| ine, plco%e%l %Np&l e?hylgfg? pyrlgxr\{l‘;’y

2,6-di(t-butyl)-4rmethyipysidineauinaling: NN-digesthyianiingies, ror

N,N-diethyi aniline, 1,5- diazabicyclo[4.3.0]nona-5-ene (DBN),

1 d=dimpalsicycio BOr [ 2 2])octane (DABCQ)jde, thionyl chloride,

1 8- dlazablcyC|o[5 4ggémdeca -7- ene (DBU), etc., and it is preferably
Binie? Thie*k @Eﬁlﬁﬁna@ﬁﬁDéQ@ﬁFHauHéé%F%ﬂ?ple

I rine, %g!xl C |G lori 5 p u Qr
osép%?okrlus tnch%ﬁgg&{%%géorﬁs pen%achlorl e r}E'Qttrc §Légi)néé itis %%g
th&QﬁMbﬁbt@leBlAﬁh’[@l@gh the reaction temperature may vary dependlng
on starting materials, solvent and 10 chlorinating agents, it is typically -20
to 30C, and m@ﬁﬁﬁgy@ﬁdﬁg@;eaction temperature may vary

depending on starting materials, solvent and
chlorinating agents, it is typically -20 to 30°C, and
preferably 0 to 10°C.

Although the reaction time may vary depending
on starting materials, solvent, chlorinating agent and
reaction temperature, it is typically 30 minutes to 6
hours, and preferably 1 to 2 hours.

(Step E-3) Nitration reaction

This step is a step where fuming nitric acid
is made to react with Compound (24) in the absence or
presence of concentrated sulfuric acid in the absence
of a solvent to produce Compound (25).

This process can be performed according to
the above described step C-2.

(Step E-4) Amination reaction

This step is a step where agqueous ammonia
solution is made to react with Compound (25) in the
presence of alkaline metal carbonate in the absence of
a solvent or in an inert solvent to produce Compound

(26). This step can be performed according to the
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Although the reaction time may vary depending on starting materials,
solvent, chlorinating agent and reaction temperature, it is typically 30
minutes to 6 15 hours, and preferably 1 to 2 hours. (Step E-3) Nitration
reaction This step is a step where fuming nitric acid is made to react with
Compound (24) in the absence or pgasence of concentrated sulfuric acid
in the absence 20 of a solvent to produce Compound (25). This process
carBEPerRImEdRREofdIFY t& the above described step C-2. (Step E-4)

Amination_ reactign This step is a step where agqueous ammonia 25
s&%ﬁ&? izEmgge%o r@agff Wi ﬁClorr%f):ogL#l\{ldp 5 in eea(f;t:‘elsoerhce of alkaline

metal carbonatesin thesaksence of asejyephorin aninest.seivantd® and
produce Compound (26). This step can be performed according to the 51

abovexdesdribedstepBeho(Step£5) R group iRtrodsictien dedttiond
This step is a step where Compound (26) and an alcohol orCPhenoI

RIRIMWheTeitFEistas défida 5tahdvey i madetreadt ol probuce
Compound (27)., This Eﬁ?gga@a%e §8rf8rer?%%%%%d'”@c@rtg?ngb%e the

described step B-2. (Step E-6) Reduction reaction This step Is a step
whers/hydregen ismadetepl@ react with Compound (27) in the presence

of a reduction
(Step E-6) Reduction reaction

This step is a step where hydrogen is made to
react with Compound (27) in the presence of a reduction
catalyst in the absence of a solvent or in an inert
solvent, and a nitro group 1is converted to an amino
group. This step can be performed according to the
above described step B-5.

(Step E-7) Cyclization reaction

This step is a step where carbon bisulfide is
made to react with the compound obtained at the above
described step B-5 in the absence of a solvent or in an
inert solvent to produce Compound (2b) in which R? is
methyl group among the intermediates of the above
described Process A. This step can be performed
according to the above described step B-6.

The object compound of each step can be
extracted from the reaction mixture according to
ordinary process after each step of each of the above
processes is ended.

For example, when the whole reaction mixture

is a ligquid, the reaction mixture is optionally allowed
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catalyst in the absence of a solvent or in an inert solvent, and a nitro

group is converted to an amino group. This step can be performed
according to the above described step B-S. 15 (Step E-7) Cyclization
reaction This step is a step where carbon bisuifide is made to react with
the compound obtained at the above described step B-5 in the absence

of a solvent or in an inert solvent to produce Compound (2b) in which R2
ist70 ket etash AMongihe FERAEIRIE o the HERVECS ibegnd the
Procleéis A. Thiﬁbstep can be performed according to the above described

K d
staé(f) 6. %ﬁe% jLéct %Pérlnploﬂnlagofre%%ﬂesrtleﬁ can be" extractéd from the >

reactionmixture acearding:tp, 23 prdinaryprgeess-afteeachcston of wach
of the above processes is ended. For example, when the whole reaction
mixtures ¢s. & liquit; ke resction amigture iy dptioreily ationed 5Ro¢s beot
cooled to room temperature or ice-cooled, and the acid, alkali, oxidizing

rRt, Of Teudiig agBAER' stitdbly nBthrafizett 4R -arrafgahltsoasin”
Whieh IS i'leHn'%?C'Pﬂl%“%eo‘ﬁ@EeJ %‘%%QM&%F%@ES %da?%‘%sﬁaqt S {Ragt with

the object compound is added, andthe layer containing the object

cepound isysgpatratesk Nexs @ solvent whichhdoesnetimbawiththe and
obtained layer and does not react with the object compound is added, the

lagfe e comaining thetobjestcampowitd Bavasiet awdthés added, the

layer containing the object compound is washed, and the
layer concerned is separated. In addition, if the
layer concerned is an organic layer, it can be dried
using a drying agent such as anhydrous magnesium
sulfate or anhydrous sodium sulfate, and the object
compound can be taken out by evaporating the solvent.
If the layer concerned is an aqueous layer, after it is
electrically desalted, the object compound can be
obtained by freeze-drying.

In addition, in the case that the whole
reaction mixture is a liquid, and if possible, the
object compound can be taken out only by evaporating
substances other than the object compound (for example,
solvent, reagents, etc.) under ordinary or reduced
pressure.

Furthermore, when only the object compound
has precipitated as a solid, or when the above
described whole reaction mixture is a ligquid and only
the object compound has precipitated as a solid in

process of obtaining the compound, first, the object
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10 layer concerned is separated. In addition, if the layer concerned is an
organic layer, it can be dried using a drying agent such as anhydrous
magnesium sulfate or anhydrous sodium sulfate, and the object
compound can be taken out by evaporating the solvent. 15 If the layer
concerned is an aqueous layer, aftesi is electrically desalted, the object
compound can be obtained by freeze-drying. In addition, in the case that

theRSIB Feattioh Hirfure & afifuie! AR8TFpossAtENhe 200bjete

compound can beaken ot only by;evaporaling substances athey han
the o Jec?t compc;un (for e>]<oample, solvent, reagents, eiac.) under oralnary

opregduced pressue-farthermere,avhen anly the,ehjegt-cempodnd 23.e
has precipitated as a solid, or when the above described whole reaction
mixtoresis alliquid andonty ¢hé object sompokiad has precipiatédsas-a bed
solid in process of obtaining the compound, first, the object 53 compound

isiaRkEn BOUEBY filtéhind Rettod A te bbtdited Ohject cdmpoindds t°

wgﬁg%qlgith 8 i.arplethorg gi. 0 ﬂ'n%r nic %oéyent, and then dried, and
or I %%5. bt s%tﬁl e thégrg%gee described 5 case where the

the mother liquid is treated ju

whole reaction mixttre isw ligyidwa furtben obtain-theyebject-eormpeund: s ¢
Furthermore, when only a reagent or catalyst exists as a solid, or when
thesdbsogve desciibed Wwiltble or when the above described whole

reaction mixture is a liquid and only a reagent or
catalyst precipitates as a solid in process of
extraction and the object compound is dissolving in the
solution, the reagent or catalyst is first filtered off
by the filtering method, and the object compound is
washed with a suitable organic or inorganic solvent,
and the resulting washing liquid is combined with the
mother liquid, and the resulting mixed solution is
treated just like the above described case where the
whole reaction mixture is a liquid to obtain the object
compound.

Especially when those contained in the
reaction mixture other than the object compound do not
inhibit the reaction of the subsequent step, the
reaction mixture can also be used without any treatment
for the subsequent step without particularly isolating
the object compound.

For the purpose of improving the purity of
the object compound extracted by the above described

method, recrystallization method, various
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reaction mixture is a liquid and only a reagent or 10 catalyst precipitates
as a solid in process of extraction and the object compound is dissolving
in the solution, the reagent or catalyst is first filtered off by the filtering
method, and the object compound is washed with a suitable organic or
inorganic solvent, 15 and the resultirsgi washing liquid is combined with the
mother liquid, and the resulting mixed solution is treated just like the

asovedesedtasewhdrethe WReleTeattidn miiktare B4 iqddten Pe

obstgir]cghglobje%trﬁ?)@ ognd. 20 Especially when those contained in the
reaction Mixture other than the object compound do not inhibit the

reaction of the suksequest stepy the: deactionamixtuegan.also be used
without any treatment for the subsequent step without particularly

isetating, 25 ltlke pbjett gompouhe. Fdrithe purposeohicdnpreving the patityy
of the object compound extracted by the above described method,
rek?:?ysitg}[ﬂf&t‘r’cﬁfjn%(hdﬂ? VKBS 54 CRtohiatobiphY Methbds &

sl | : for b
C('])?r% Jﬁ%tu r%'lygghg%%%n ke mseué'i@Q!%’ iﬁ%r Qrmech When %%%Xté%‘:t_%%’ !%%te

id, the purity of the object compound can typically 5
imprexed by Teerystalizatinndaethoed. nthedegrystallizatiopynetbed, a

single solvent or two or more mixtures which do not react with the object
compound can be used. Specifically, the object
compound 1is first dissolved in a single or multiple
solvents which do not react with the object compound at
room temperature or under heating. The resulting mixed
solution is cooled with iced water or allowed to leave
at room temperature, and the object compound is allowed
to recrystallize from the mixed solution.

When the extracted object compound is a
liquid, the purity of the object compound can be
improved by various chromatography methods. Generally,
weak acidic silica gels such as Silica Gel 60 produced
by Merck Co. (70-230 mesh or 340-400 mesh) or BW-300
produced by Fuji Silysia Chemical Co., Ltd. (300 mesh)
can be used. When the object compound has basic
properties, and the above described silica gels are
excessively adsorptive, propylamine coating silica gel
(200-350 mesh) by Fuji Silysia Chemical Co., Ltd. etc.,
can also be used. When the object compound has
bipolarity, or when it is required to be eluted with a
high polarity solvent such as methanol, NAM-200H or

NAM-300H produced by NAMU Research Institute can also
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compound can be used. Specifically, the object compound is first
dissolved in a single or multiple 10 solvents which do not react with the
object compound at room temperature or under heating. The resulting
mixed solution is cooled with iced water or allowed to leave at room
temperature, and the object compoussl is allowed to recrystallize from the
mixed solution. 15 When the extracted object compound is a liquid, the

plfty ¥ ¥k objERBCcOMPBERd caRtrR ifiproved by iHridug 1s improved

chrom%ogralg)pg metho S. Generallgz,%weak a0|£hc silica els sul% e%u%hca

GelBo pr pro ucedl]tq)y(?\/l rek Co. rF?O “mesh or 340 490 mes tng

BW:3081,2@ produseddnnbuii;Stysia Chemjeal ., kit {309 Q‘%S@]t @At s

be used. When the object compound has basic properties, and the above
describeddsilicacgels are texcessivelyeadsorptive, promdamihe eoating
silica gel (200-350 mesh) by Fuji Silysia Chemical Co., Ltd. etc., 25 can
aRBBRGSH W &h theP S8 Eompound has blpolarlty, or when it is

required to be eited with, ateQPaD%% SQWEnt S%%*Pn 3 Mefhagol,
NAM-200H or NAM-300H produced by NAMU Resea h Institute can

alsepbi be used. phe vbjedt eompousd ywhase-priiy is nprovedecan be
obtained by using these silica gels and eluting the object compound with
a Singie ve thuitiple sbiveftss whidla td vot Feddt wdth thétohjedt toripound,

and 5 eva oratlng the solvent. When the extracted object compound is a
compou can be distilled under reduced pressure at

room temperature or under heating in the distillation
method.

The above is to illustrate representative
examples of the process for producing Compound (1) of
the present invention, and the material compounds and
the various reagents in the production of the present
invention may form a salt, hydrate or solvate, and each
of them may vary depending on starting materials,
solvents to be used, etc., and are not particularly
limited unless they do not inhibit the reaction. The
usable solvents may vary depending on starting
materials, reagents, etc., and needless to say, they
are not particularly limited as long as they can
dissolve the starting materials to some extent and do
not inhibit the reaction. When Compound (1) concerning
the present invention is obtained as a free form, it
can be converted to the state of a salt or hydrate
thereof which the above described Compound (1) may form

according to an ordinary process.
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liquid, the purity of the object compound can be improved also by
distillation method. The object compound can be distilled under reduced
pressure at 10 room temperature or under heating in the distillation

method. The above is to illustrate representative examples of the process
for producing Compound (1) of the present invention, and the material
compounds and 15 the various reagents in the production of the present
invention may f8Rfita SARPYArste bt soRfatd hdPE&ctt oF tHehi Phay ¢ary: S

depending on startin terials, solvents to.be used, etc., and are not
oSG i iod URTLS thdy B ot i e TEBRho Tha 20 hsabd”

selyents.pay vary dependingor starting Hoatesials reagentselg., and
needless to say, they are not particularly limited as long as they can

dissolve thel starting niaterdals 4o somenextentiarzd go rratdrisibit the
reaction. When Compound (1) concerning 25 the present invention is

obtained as a f%%ri_%ﬂﬁ?ﬁ'ca‘fﬁﬁé %Bﬁv_érrféﬂnﬁﬁle (tate SFLERLGY
hydrate. thereof w &theo%paoygadlesgg%%g EO@%%%%%&CC%E%%L

according to an ordinary process. 56 When Compoun e present

inyestien isseotaingdas.a sakk of hyd@ate of Compounty1ydt-campound
converted to a free form of the above described Compound (1) according
to(@n ordinalyprocess: BEMoretiiet iwdriotislisdraesyfarfaxampled

isolated by using usual separation means, for example,
recrystallization, diastereomer salt method, enzymatic
dividing method, and various chromatography (for
example, thin layer chromatography, column
chromatography, gas chromatography, etc.).

When the compound of the present invention is
used as drug, typically, suitable additive agents are
mixed with the compound of the present invention to
form preparation. However, this does not deny the use
of the compound of the present invention without any
treatment as a drug.

As the above described additive agent
generally used for drugs, excipient, binder, lubricant,
disintegrating agent, colorant, flavor, emulsifier,
surfactant, dissolution auxiliary agent, suspending
agent, isotonizing agent, buffering agent, antiseptic,
anti-oxidizing agent, stabilizing agent, absorption
improver, etc. can be mentioned, and these can also be
optionally used in a suitable combination.

Examples of the above described excipient
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geometric isomer, optical isomer, rotational isomer, stereoisomer,
tautomer, etc.) obtainable for Compound (1) of the present invention can
be purified and isolated by using usual separation means, for example,
10 recrystallization, diastereomer salt method, enzymatic dividing
method, and various chromatography{for example, thin layer

chromatography, column chromatography, gas chromatography, etc.).
Wﬁé?wlt%@%oﬁ@ﬁcﬁmf thB presént invettiohSs TPuSEF as drug,

upically, stable. addifive aoents are mixed with the gompound o the
present invehtion to Form preparatiori. However, this doés Aot ény the

use :af the, compeynd of the present inyeation withoubany, freatment as @i ¢
drug. 20 As the above described additive agent generally used for drugs,
excipiént, bindernlubrisant] disiategrating agenst] colosdnt, flavvanesium
emulsifier, surfactant, dissolution auxiliary agent, suspending agent,

isoloHIZiRg aGeAE btiferihg agent GhiSeptic 28%ti-bXia M agent=t -
stabilizing agefﬁx%?fge%ogafmpﬁ%vegﬁ%%c n be,mentioned, and these
ally used in a Sultal

can also be option e combination. Examples of the
ahevel descripedyexcipient-57% dnclude lactose. suenosel ghiepseshy 1

cornstarch, mannitoi, sorbitoi, starch, gelatinized starch, dextrin,
crystallinecsetiulasen lighedntydravssilicie Jacid nalamingrhasilicate,
calcium silicate, magnesium
shellac, hydroxypropyl methylcellulose, hydroxypropyl
cellulose, carboxymethylcellulose sodium,
polyvinylpyrrolidone, macrogol, etc.

Examples of the above described lubricant
include magnesium stearate, calcium stearate, sodium
stearyl fumarate, talc, polyethylene glycol, colloidal
silica, etc.

Examples of the above described
disintegrating agent include crystal cellulose, agar,
gelatin, calcium carbonate, sodium bicarbonate, calcium
citrate, dextrin, pectin, low substituted
hydroxypropylcellulose, carboxymethyl cellulose,
carboxymethyl cellulose calcium, croscarmellose sodium,
carboxymethyl starch, carboxymethyl starch sodium, etc.

Examples of the above described colorant
include those permitted to add to drugs such as iron
sesquioxide, yellow iron sesquioxide, carmine, caramel,
beta—-carotene, titanium oxide, talc, riboflavin sodium

phosphate, and yellow aluminum lake.

Examples of the above described flavor
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5 aiuminometasilicate, calcium hydrogen phosphate, etc. Examples of the
above described binder include polyvinyl alcohol, methyl cellulose, ethyl
cellulose, gum arabic, gum tragacanth, gelatin, shellac, hydroxypropyi
methylcellulose, hydroxypropyi 10 cellulose, carboxymethylcellulose
sodium, poiyvinyipyrrolidone, macragol, etc. Examples of the above
described lubricant include magnesium stearate, calcium stearate,
sadiGm Steargitamarasdede, @?ﬂ?éiﬁ?l@h@fglyc%ﬂ BBl ngﬁéa etc.
Exam§les oft abl_?ve descghbq_d dlsmteé;matln a%e%n mcluge crystal

ermin . Ca inn
célitiiose agar, gelatin, caltium tarbonate, sodium bicarbonate, calcium

citrate, dextrin, pestin.ilew substited 20hydryprapdeelideses i fier or

carboxymethyi cellulose, carboxymethyi cellulose calcium,
croscammgliose sotiumdeadicogmethyiistéichn cadooxymetse dtarch
sodium, etc. Examples of the above described colorant include those

péﬁfﬁﬁ@& t6'2dd 36 GrudS'Sichlas oA °P5 SBdUiskide, yallowHtdn -

l, b t t
aé\%)r%l ¢ ?g}rgnm% osf%%trggang ﬁ%ﬁ%ﬁ%lg%gﬁ%m €s of the

a@qw&;@@aq’ﬂbggtf@yoa58dln@[¢1ﬂ@1900@acp,owder, peppermint, aromatic
powder, peppermint oil, camphol, cinnamon powder, etc. Examples of the
above describedamnglsifier of the above described dissolution

auxiliary agent include polyethylene glycol, propylene
glycol, benzoic acid benzyl ester, ethanol,
cholesterol, triethanolamine, sodium carbonate, sodium
citrate, Polysorbate 80, nicotinamide, etc.

Examples of the above described suspending
agent include, besides the above described surfactant,
hydrophilic polymers such as polyvinyl alcohol,
polyvinylpyrrolidone, methyl cellulose, hydroxymethyl
cellulose, hydroxyethyl cellulose, hydroxypropyl
cellulose.

Examples of the above described isotonizing
agent include glucose, sodium chloride, mannitol,
sorbitol, etc.

Examples of the above described buffering
agent include buffer solution such as phosphate,
acetate, carbonate, citrate, etc.

Examples of the above described antiseptic
include methylparaben, propyl paraben, chlorobutanol,
benzyl alcohol, phenethyl alcohol, dehydroacetic acid,

sorbic acid, etc.
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surfactant include stearyitriethanoiamine, sodium 5 lauryl sulfate, lauryl
aminopropionate, lecithin, giyceryi monostearate, sucrose fatty acid ester,
glycerin fatty acid ester, etc. Examples of the above described dissolution
auxiliary agent include polyethylene glycol, propylene 10 glycol, benzoic
acid benzyi ester, ethanol, cholestersh triethanoiamine, sodium carbonate,
sodium citrate, Poiysorbate 80, nicotinamide, etc. Examples of the above
described suspernidig! agertinElitie 2b6siges feabirddéstribed

surfactant, 15 hydrophilic polymers such as polyvinyl alcqhol :
O.Xl.&lzil’l%”a”lﬁel’lg lt]ill()g/)fé}q% SU.S_LﬁU. ous gl(iﬁé S (ﬁ ascorbic

poiyvinyipyrr ne, me ellulose, hydroxymethyi cCe ut[dse,

hydroxyethyiselluloses Bydraxyprapyk cellulose. Examples of the above
described isotonizing 20 agent include glucose, sodium chloride,

mannitoi, sorbifcipete] Exampldshef the@abeveaescriibed baffeting iagemy
include buffer solution such as phosphate, acetate, carbonate, citrate,

eRIDE ExXHATINE B HE S0V dedcribed attRpticindltde s
s AR08 o e e
desgibedantioxidizing agen include sulfurpus asid salt: aseadic

Examples of the above described preparation
include oral agent such as tablet, powder drug, granule
agent, capsule agent, syrup agent, troche agent, and
inhalation agent; external preparations such as
suppository, ointment, eye ointment, tapes, eye drop,
nose drop, ear drop, pap agent, lotion or an injection
agent.

The above described oral agent is prepared by
suitably combining the above described additives. The
surface of it may be coated if needed.

The above described external preparations is
prepared by suitably combining the above described
additives, particularly excipient, binder, flavor,
emulsifier, surfactant, dissolution auxiliary agent,
suspending agent, isotonizing agent, antiseptic, anti-
oxidizing agent, stabilizing agent or absorption
improver.

The above described injection agent prepared
by suitably combining the above described additives,

particularly emulsifier, surfactant, dissolution

auxiliary agent, suspending agent, isotonizing agent,
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acid, alpha-tocopheroi, etc. Examples of the above described stabilizing 5
agent include those generally used for drugs. Examples of the above
described absorption improver include those generally used for drugs.
Examples of the above described preparation include oral agent such as
tablet, powder drug, granule 10 agemt) capsule agent, syrup agent, troche
agent, and inhalation agent; external preparations such as suppository,
othERE £)€ GirstATEnt, RPES,SERFdrop, Hdsk Rdpléaadp2gap agent,

Iogggkg)rd?n |n1éact|0n aggeerl t. %SrTh% abovg described oral agent is
om

preparel 6)% ‘Fjlsullt%l%lya ining fhe’above described additives. The

surface of it mayhe,ceafed df neaded,fhe.ahove descrbed extarpal

preparations is prepared by suitably combining the above described 20
additiees; panticudardyrexcipient bindergfawery iemsulsifies rsiifagtant,
dissolution auxiliary agent, susgg{nding agent, isotonizing a%ent,

aﬁﬁgé%}iE,lSﬁ]ti-od&@?ﬁg_aﬁ%_t, Riifizihg agehit 6r5a5§qrf59 A iﬁﬁ)_ro_ver.
23 I he above desgriged injection agsnt prepared by suitably combining,

the above c?escribed additives, particularly emulsifier, sur?actant,
dissalution 13uxiliany agent suspending agent isatonizing agentnél case

buffering agent, antiseptic, anti-oxidizing agent,
of external preparation, 0.3 to 5000 mg (preferably 1
to 500 mg) for one time or divided to 2 to 6 times per
day in the case of injection agent. The above
described values are actually administered values for
oral agent and injection agent and a value actually
absorbed by a living body for external preparation.

Compound (1) of the present invention can be
produced, for example, by the process indicated in the
following Examples, and the effect of the compound can
be confirmed by the method indicated for the following
Test Examples. However, they are illustrative and
present invention are not limited to these specific
examples below in any case.

Commercially available starting materials,
reagents, used in Examples and their suppliers are
shown below. When the supplier is indicated by a
publication name, it means that the compound was
prepared according to the reference shown.
2-Fluoro-3-methylpyridine (FLUOROCHEM)
10%Pd-on-carbon powder (50% water content article) (N.

E.CHEMCAT)
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stabilization agent or absorption improver. When using the compound of
the present invention as drug, the dosage varies depending on 5
condition or age, and typically, 0.15 to 5000 mg (preferably 0.5 to 1500
mgq) in the case of oral agent, 0.5 to 1500 mg (preferably 1.5 to 500 mg) in
the case of external preparation, 0.3 to 5000 mg (preferably 1 to 500 mg)
for one time or divided to 2 to 6 times per 10 day in the case of injection

afertPThe Rbdvé tederibdd eI e aFe actirily a@iminitEied vakies for
oral ent. and tio t and a,value actuall bsorb
bo%;?ﬁ)r ex ernar}l‘ ﬁilepgra ((itnnh %ou%%%a¥%?¥h% prle%%nﬁ (\:E/)J)é{ﬁt(f(lgl\réL c%ﬁ de
be 1% prodyiced forgxample, dysthe processiindicated in the following
Examples, and the effect of the compound can be confirmed by the
méthied-intdicate ¢ forithe following iTPest Ekample & ddewevergthey are
illustrative and present invention are not limited to these specific 20
e%ﬁ%@%ﬂbWYﬁﬁﬁfftﬁ?e SedmetBially BakRaid starting Mdtérials,
STfJfgg |n Examples and their suppliers are shown below. When
the sup ler is indicated by a publication name, it means that the
compaurd weas-2b:preparsd aseording (oithe refeyence shown.
2-Fluoro-3-methyipyridine (FLUOROCHEM) 10%Pd-on-carbon powder
(5096 vargCeoraent aticle) (Ne BEAHEMCATy@tpound  (Aldrich)

Anhydrous trifluoroacetic acid (Tokyo Kasei Kogyo)

2-Chloro-5-methylpyridine (Aldrich)

Phosphorous oxychloride (Wako Pure Chemical
Industries)

Anhydrous trifluoromethane sulfonic acid (Tokyo Kasei
Kogyo)

Nitric acid tetramethyl ammonium (Aldrich)
2,2,2-trifluoro ethanol (Tokyo Kasei Kogyo)
2,2-difluoro ethanol (Lancaster)

2-Chloro-6-methoxy-3—-nitropyridine (Tokyo Kasei Kogyo)

Concentrated ammonia solution (Kanto chemistry)
N-iodosuccinimide (Lancaster)
Acetic acid (Wako Pure Chemical Industries)

Trimethylboroxin (Aldrich)
Tetrakis (triphenylphosphine)palladium(Q) (Kanto

chemistry)

Examples
Example 1

5-Methoxy—-2—-(((4-methoxy-3-methyl-2-
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Carbon bisuifide (Wako Pure Chemical Industries)
2-Chloromethyi-4-methoxy-3-methyipyridine hydrochloride salt
(J.Med.Chem., 1992, 35, 1049-1057) Metachloro perbenzoic acid (Tokyo
Kasei Kogyo) 5 1N sodium hydroxide solution (Wako Pure Chemical
Industries) 2-Chioro-3-methyipyridine fAldrich) Urea hydrogen peroxide
addition compound (Aldrich) Anhydrous trifluoroacetic acid (Tokyo Kasei
nggi&)dimaftﬁ%fra-ﬁslm% pyithne (ARIAERYPhosSphioréds 6Rychioride

zko Pure Chgggcal Indujf ries) Anhydrous trifluoromethane sulfonic
acl Fﬁlol%yo R&88I"K ogyS’) Nitric acid tetramethyi ammonium (Aldrich)
2,2x2stfluoxo ethanol (Tokyo Kasei Kogyo) 2,2-difluoro ethanol
(Lancaster) 2-Chioro-6-methoxy-3-nitropyridine (Tokyo Kasei Kogyo)
Concentrated ammonia solution (Kanto chemistry) 20 N-iodosuccinimide
(Lancaster) Acetic acid (Wako Pure Claaical Industries)

Trimethyiboroxin (Aldrich) Tetraki trj/ enyiphosphine)palladium(0)
(Kanto chemistry lesPExAMpl 1
5-Methoxy-2-(((4-mgthoxy-3/methy >y

Me0” "N” N

Na

(la) 2-Methoxy-3-methylpyridine

[Formula 8]

A mixture of 2-fluoro-3-methylpyridine(2.34
g, 21.1 mmol) and a 28% sodium methoxide methanol
solution (7.72 g, 40 mmol) was stirred for 15 minutes
under reflux. After the reaction was completed, water
was poured into the reaction mixture, and after
neutralized, the reaction mixture was extracted with
ethyl acetate, dried over magnesium sulfate, and the
solvent was evaporated, thereby yielding the title
compound (1.62 g, 13.1 mmol, 62%) as a colorless
liquid.
'H NMR(400MHz, DMSO-dg¢) & ppm; 2.13(3H, s), 3.86(3H, s),
6.87-6.90(1H, m), 7.49-7.55(1H, m), 7.96-8.02(1H, m).

(1b) 2-Methoxy-3-methyl-5-nitropyridine



62 pyridinyi)methyl)suifinyi)-6-methyl-3H-imidazo[4,5- b]pyridineSodium
salt [Formula 7] OMe N _S MeO ~ N N Na (la)
2-Methoxy-3-methyipyridine [Formula 8] MeO N A mixture of
2-fluoro-3-methyipyridine(2.34 g, 21.1 mmol) and a 28% sodium
methoxide methanol 5 solution (7.72g, 40 mmol) was stirred for 15
minutes under reflux. After the reaction was completed, water was
patireiHterthe reaction mixture, and after neutralized, the reaction
mixture was extracted with ethyl acetate, dried over magnesium sulfate,
and the 10 solvent was evaporated, thereby yielding the title compound
(1.62 g, 13.1 mmol; Lzolorless liquid. 1H NMR(400MHz,
DMSO-d6) S ppm; 2.13(3H, s), 3.86(3H, s), 6.87-6.90(1H, m),
7.49-7.55(1H, n¥e@.9618.02(1H, m). 15 (Ib)
2-Methoxy-3-methyl-5-nitropyridine 63 [Formula 9] NOZ
Concentrated sulfuric acid (5 ml) and fuming
nitric acid (5 ml) were added to 2-methoxy-3-
methylpyridine (1.61 g, 13.1 mmol) under ice cooling,
and stirred at 0°C for 1 hour and further stirred at
room temperature overnight. The reaction mixture was
poured onto ice, neutralized with ammonia solution,
extracted with ethyl acetate, dried over magnesium
sulfate, the solvent was evaporated, thereby yielding
the title compound (1.63 g, 9.71 mmol, and 74%).
'H NMR (400MHz, DMSO-ds) & ppm; 2.25(3H, s), 4.04(3H, s),
8.37-8.40(1H, m), 8.92-8.95(1H, m).
(lc) 6-Methoxy-5-methyl-3-pyridinamine

[Formula 10]

2-Methoxy-3-methyl-5-nitropyridine (1.63 g,
9.71 mmol) was dissolved in methanol (50 ml), 10% Pd-
on—-carbon powder (50% water content article) (800 mg)
was added, and stirred under hydrogen atmosphere for 2
hours and 10 minutes. After the reaction was

completed, celite filtration was carried out, the
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I MeO N Concentrated sulfuric acid (5 ml) and fuming nitric acid (5 ml)
were added to 2-methoxy-3- methyipyridine (1.61 g, 13.1 mmol) under ice
cooling, and stirred at OC for 1 hour and further stirred at 5 room
temperature overnight. The reaction mixture was poured onto ice,
neutralized with ammonia solution, extracted with ethyl acetate, dried
over magnesium sulfate, the solvent was evaporated, thereby yielding

theHIEETM PN G VEBI 62 O MG F&RY 74963 L 20 19 NWIR (40oMiSz,

DMSO-d6 m;, 2.25(3H, s), 4.04(3H, )i;/ .37-8.40(1H, m), .

3 BTy () &MLty B ety 5 pyridindmini (i 101
NEZ, Me® N.2-Methoxy-3-methyl-5-nitropyridine (1.63 g, 9.71 mmoi) was
dissolved in methanol (50 ml), 10% Pd- 15 on-carbon powder (50% water
COHteMRItNS) (800 m@)uas added, mp istifreduiitier hytlrogen?3 (3H,
atmosphere for 2 hours and 10 minutes. After the reaction was

completed,chfite filftaticn wad -¢iriéd bbt the 64’ solertwds 34 (18, m) -

evanprajed, ihereby yieiding fhe s compound (.25 9, 0.0 mmol, 93%)
as a blue oi‘y substance. 1H NMR(400 MHz, DMSO-d6) S ppm; 2.03(3H,
ShPrix3Hy1)acetamide

[Formula 11]

Anhydrous acetic acid (20 ml) was added to 6-
methoxy-5-methyl-3-pyridineamine (1.18 g, 8.54 mmol)
under ice cooling, and stirred at 0°C for 20 minutes and
at room temperature further for 1 hour. The reaction
mixture was cooled at 0°C again, fuming nitric acid (2
ml) was dropped thereto, and the mixture was stirred at
0°C for 1 hour and 55 minutes and at room temperature
further for 1 hour and 45 minutes. The reaction
mixture was poured onto ice and adjusted to pH 9 with a
5N sodium hydroxide solution, extracted with ethyl
acetate, and then the solvent was evaporated, thereby
yielding the title compound (1.94 g) as a yellow solid
crude product.

'H NMR (400 MHz, DMSO-dg¢) & ppm; 2.05(3H, s), 2.23(3H,
s), 3.91(3H, s), 7.89(1H, s), 10.10(1H, br s).

(le) 6-Methoxy-5-methyl-2-nitro-3-pyridinamine
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55s), 4.62(2H, br s), 6.83-6.86(1H, m), 7.31-7.34(1H, m). (Id)
N-(6-methoxy-5-methyl-2-nitro-3- pyridinyi)acetamide [Formula 11] H N
nEl MeO N NO2 Anhydrous acetic acid (20 ml) was added to 6-
methoxy-5-methyl-3-pyridineamine (1.18 g, 8.54 mmol) 10 under ice
cooling, and stirred at OC for 20 mingtes and at room temperature further
for 1 hour. The reaction mixture was cooled at 0C again, fuming nitric
aditl {2mbavas dropped thereto, and the mixture was stirred at 0C for 1
hour and 55 minutes and at room temperature 15 further for 1 hour and 45
minutes. The reaction mixture was poured onto ice and adjusted to pH 9

with a SN sodium hydroxide abution, extracted with ethyl acetate, and
then the solvent was gyapgrated, thereby yielding the title compound
(1.94 g) as a yeliguosolioy™ i¢gude product. 1H NMR(400 MHz,

DMSO-d6) S ppm; 2.05(3H, s), 2.23(3H, s), 3.91(3H, s), 7.89(1H, s),
10.10(1H, br s). (le) 6-Methoxy-5-methyl-2-nitro-3-pyridinamine 65

[Formula 12] n N2 MEQNNOZuce (1.93 g) of N-(6-methoxy-5-

methyl-2-nitro-3-pyridinyl) acetamide was dissolved in
methanol (36 ml), 5N sodium hydroxide solution (6 ml)
was added, and the reaction mixture was stirred for 15
minutes at room temperature. After water was added to
the reaction solution, it was extracted with ethyl
acetate and dried over magnesium sulfate, and the
solvent was evaporated, thereby yielding the title
compound (1.06 g, 5.79 mmol) as a yellow solid.

'H NMR (400 MHz, DMSO-dg¢) & ppm; 2.15(3H, s), 3.84(3H,
s), 7.25(2H, br s), 7.34(1lH, s).

(1f) 5-Methoxy-6-methyl-3H-imidazo[4,5-b]lpyridine-2-
thiol

[Formula 13]

N
2
B
MeO” N~ "N

H

6-Methoxy-5-methyl-2-nitro-3-pyridineamine

(5.40 g, 29.5 mmol) was dissolved in methanol (300 ml),
10% Pd-on-carbon powder (50% water content article)
(2.73 g) was added, and the reaction mixture was

stirred under hydrogen atmosphere for 5 hours and 25
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The crude product (1.93 g) of N-(6-methoxy-5- methyl-2-nitro-3-pyridinyi)
acetamide was dissolved in methanol (36 ml), SN sodium hydroxide
solution (6 ml) was added, and the reaction mixture was stirred for 15 5
minutes at room temperature. After water was added to the reaction
solution, it was extracted with ethyl aeetate and dried over magnesium
sulfate, and the solvent was evaporated, thereby yielding the title
cBMPBLRE (1.08 %t BL79 htndif as alyalolAsol oD 1A MNIAR (46 MHz,

DMSO-d6) S ppm; 2.15(3H, s). 3,84(3H,, s), 7.25(2H, hr s), 7.34(1H, s)

(0 SRRy Emathgr S mEoob{e 5 by s 5. TS ok auiadial
~nSh MeO NiNdd ,6-MethexySwaethyl-2:nitser-3-ryrisinearine 154540
g, 29.5 mmoi) was dissolved in methanol (300 ml), 10% Pd-on-carbon
pbwdeis(5096 walemdoniértsarticled 217V gowas added sama the, reaction he
mixture was stirred under hydrogen atmosphere for 5 hours and 25 66

miUtES ARSI Re TEAETITIWAS copiételYthe! Fdattion rixturk Was

f"&%ﬁegb grion bisulfide (L0 mi) was ,ad%‘?'é and stired 2 L0OM 15 4.,

temperature for 65 hours and 40 minutes under nitrogen atmosphere, and

thel NMR (400 MHz, DMSO-dg) & ppm; 2.16(3H, s), 3.86(3H,
s), 7.35(1H, s), 12.46(1H, br s), 12.88(1H, br s).
(lg) 5-Methoxy-2-(((4-methoxy-3-methyl-2-
pyridinyl)methyl)thio)-6-methyl-3H-imidazo[4, 5—-
blpyridine

[Formula 14]

OMe
N /|
~
DR
MeO” N ﬁ

A mixture of 5-methoxy-6-methyl-3H-
imidazo[4, 5-b]lpyridine-2-thol (971 mg, 5.0 mmol), 2-
chloromethyl-4-methoxy-3-methylpyridine hydrochloride
salt (1.35 g, 6.5 mmol), sodium hydroxide (822 mg) and
methanol (40 ml) was stirred overnight at room
temperature under nitrogen atmosphere. After the
reaction was completed, the solvent was evaporated by
half, ammonium chloride solution was added thereto, and
the reaction mixture was extracted with chloroform (300
ml), dried over magnesium sulfate, and the solvent was

evaporated, thereby yielding the crude product, which



10

15

20

5 solvent was evaporated, thereby yielding the titte compound (5.59 g,
28.6 mmol, 97.1%) as a brown solid. 1H NMR(400 MHz, DMSO-d6) S
ppm; 2.16(3H, s), 3.86(3H, s), 7.35(1H, s), 12.46(1H, br s), 12.88(1H, br
s). (Ig) 5-Methoxy-2-(((4-methoxy-3-methyl-2 10
pyridinyi)methyl)thin)-6-methyl-3H-isidazo[4,5- b]pyridine [Formula 14]
OMe N S\N MeO NN H A mixture of 5-methoxy-6-methyl-3H-
infidazS[2BbpyfidiielZ MG 1978 ny, 36 himbph oL @ mixture of
chipromethyi-4-methoxy-3-methyipyridine hydrochloride 15 salt (1.35.g
BTN, Sothu Ry oh e (B30 mg) and Thethanc B0 R was Camdd
overnightab 100 stemperatuse undeepitrogen aimesphere- Aftesthe g .
reaction was completed, the solvent was evaporated by half, ammonium
chibridersohitibrMiias ablie6 thiedetd, apc 202hé Peddtionsmixtire2iaSH,
extracted with chloroform (300 ml), dried over magnesium sulfate, and

thie)solveritWas’ evéporated, héfebyieldingthé Cade protuct, Which 67

A the T bampound (106 525 ol ) s sbeuidd as a

purple gewsalidoxy-2— ( ( (4-methoxy—3-methyl-2-
pyridinyl)methyl)sulfinyl)-6-methyl-3H-imidazo[4, 5-
blpyridine

[Formula 15]

OMe
O =
2
ﬁ)—s N
MeO~ "N~ ~N
H
5-Methoxy—-2-(((4-methoxy-3-methyl-2-

pyridinyl)methyl)thio)-6-methyl-3H-imidazo[4, 5—-
blpyridine (784 mg, 2.37 mmol) was dissolved in a
mixture of methanol (6 ml) and toluene (54 ml).
Metachloroperbenzoic acid (566 mg) in a mixture
solution of methanol (3 ml) and toluene (3 ml) were
added thereto at -40°C under nitrogen flow, and the
reaction mixture was stirred at -20 to -40°C for 2
hours. After the reaction was completed, a sodium
bicarbonate solution was added, and the organic layer
was separated. The aqueous layer was extracted with
chloroform (40 ml), combined with the organic layer and

dried over sodium sulfate, the solvent was evaporated
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1H NMR(400 MHz, DMSO-d6) S ppm; 2.19(3H, s), 2.21(3H, 5 s), 3.86(3H,
s), 3.90(3H, s), 4.66(2H, br s), 6.97(1H, d, J=6Hz), 7.63(1H, br s),
8.25(1H, d, J=6Hz). (Ih) 5-Methoxy-2-(((4-methoxy-3-methyl-2-
pyridinyi)methyl)suifinyi)-6-methyl-3H-imidazo[4,5- b]pyridine [Formula 15]
OMe NP,\>-SN MeO N N H 10 5¢lglethoxy-2-(((4-methoxy-3-methyl-2-
pyridiny&iémethyl)tlhin)-6-methyl-3H-,imidazo[4',5- b]pyridine (784 mg, 2.37
nRG!) Was dissohfBtRin'e mixkiré ot frethandi{6'alj ah@@Bluene (54 mi).

Me}acchlioroE)eQbeeé]zoisc acigéﬁq%négt) in aamix:t&r 15 s%lgtiocr%l%rpgy%anﬁl
(spm?) and toluene (?3 mﬁ were added thereto at -40C Gnder nitrogen ﬁow,

anghthe: reaction-mixtuie, was sticied at +2Qto--A0Cfor Znbourss Aftes theyg,
reaction was completed, a sodium bicarbonate solution was added, and
the.drgamicdayers2G Was separatedl Fheyaqueous. fayer was extracted with
chloroform (40 ml), combined with the organic layer and dried over

sotiufhiBuIf8, the“solem Wk bvApBRited 681 ard te fsidue was 3o
ohtained which,was then; peecipitated as a;sofidl fiom aymixgure,of, )
chloroform
4.81(1H, br d, J=14Hz), 6.96(1H, d, J=6Hz), 7.83(1H, br
s), 8.22(1H, d, J=6Hz).
(1i) 5-Methoxy-2-(((4-methoxy-3-methyl-2-
pyridinyl)methyl)sulfinyl)—-6-methyl-3H-imidazo[4, 5-

blpyridine sodium salt

[Formula 16]

OMe

0O "
S
MeO” N~ N

Na

5-Methoxy—-2—-(((4-methoxy-3-methyl-2-
pyridinyl)methyl)sulfinyl)—-6-methyl-3H-imidazo[4, 5-
blpyridine (654 mg, 1.89 mmol) was dissolved in ethanol
(30 ml), a 1IN sodium hydroxide solution (1.89 ml, 1.89
mmol) was added thereto, and the reaction mixture was
stirred for 30 minutes at room temperature. The
residue which was obtained by evaporating the solvent
was dissolved in ethanol, and the solvent was
evaporated again. The obtained residue was suspended
in ether, the solvent was evaporated, ether was added

again to form a suspension, the solvent was evaporated
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and ether, thereby yielding the title compound (654 mg, 1.89 mmol, 80%)

as a purple gray solid. 5 1H NMR(400 MHz, DMSO-d6) S ppm; 2.14(3H,

s), 2.25(3H, s), 3.85(3H, s), 3.94(3H, s), 4.72(1H, d, J=I14Hz), 4.81(1H, br

d, J=14Hz), 6.96(1H, d, J=6Hz), 7.83(1H, br s), 8.22(1H, d, J=6Hz). (Ii)
5-Methoxy-2-(((4-methoxy-3-methyl910
pyridinyi)methyl)sulfinyi)-6-methyl-3H-imidazo[4,5- bgpyridine sodium salt
[For Y6POMEN'S N aMEON N Rgmpound (690 mg, 1.87 mmol,
5-Methoxy-2-(((4-methoxy-3-methyl-2-

pf/;\r?d‘i yifr%’]e%y%lgﬁlﬁﬁyi')s-%}r%]%thyl-BH-imidazo[4,5- b]pyridine (654 mg,

1.89 mimqlhwesdissalwesbinethanob 45 (30 mik e sogjum hydraxide ) ,

solution (1.89 ml, 1.89 mmol) was added thereto, and the reaction
mixtére(wes stirred3fo @03Hinutes atdrootn(fempetaturel BHe Jresiluéd (1H,
which was obtained by evaporatingr the solvent was dissolved in ethanol,

afld thE doiéntwas 20 eVapofated 28, Thé obtdihed rédidué wis! tH

Sléspejlgggzgn ether, the solvent was evaporated, ether was added again
to form a suspension, the solvent was evaporated 69 thereby yielding the
titte compound (690 mg, 1.87 mmoi,

Example 2
2-—(((4-Methoxy-3-methyl-2-pyridinyl)methyl]sulfinyl)-6-
methyl-5-(2,2,2-trifluoroethoxy)-3H-imidazo[4, 5-Db]
pyridine Sodium salt

[Formula 17]

OMe

O =
N 5 i
Pam NN
N N

Na

3
s l o~

F,¢7 07 N

(2a) 2-Chloro-3-methylpyridine l-oxide

[Formula 18]

)

Cl

Into a mixture of 2-chloro-3-methylpyridine
(12.8 g, 100 mmol), urea hydrogen peroxide addition
compound ( (NH;),CO-H,0,, 19.8 g, 210 mmol) and
dichloromethane (130 ml) was added dropwise anhydrous

trifluoroacetic acid (28.2 ml, 200 mmol) at 0°C under
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99%) as a white solid. 1H NMR(400MHz, DMSO-d6) S ppm; 2.16(3H, s),
2.19(3H, s), 3.85(3H, s), 3.86(3H, s), 4.39(1H, d, J=I3Hz), 4.75(1H, 5 d,
J=I3Hz), 6.94(1H, d, J=6Hz), 7.54(1H, s), 8.30(1H, d, J=6HZz). Example 2
2-(((4-Methoxy-3-methyl-2-pyridinyi)methyi]suifinyi)-6- 10
methyl-5-(2,2,2-trifluoroethoxy)-3H-imidazo[4, 5-b] pyridine Sodium salt
[Formula 17]OMe NS F3CO N N Na (2a) 2-Chioro-3-methyipyridine
1kide” Jedrnidiaie] EtN B antsa fixtie BE 2ichiGtor3 methyipyiiding t

(J@ I%%goimigé’d?f ”rearﬁié%rogggxf%"?%h %999%'°“f8°m§§””d LINE2) o g
2C0O- , 19.87g, 210 mmolj an dichloromet ane]il ml) was
added, dropyyse aphydrous i iflupraacetic agid(28:2 Mmh-200 BRI} at0Ce,
under 70 nitrogen flow, and the reaction mixture was stirred at 0C for 1
heur. Thenpaftersstirring for 302Minutes and elevating thedreastidiite (20
temperature to room temperature, ) ) )
g) was added, and the reaction mixture was stirred for
15 minutes. 2N hydrochloric acid (50 ml) was added and
the mixture was extracted with dichloromethane (120
ml), and after washed with sodium bicarbonate solution,
the mixture was dried over magnesium sulfate and the
solvent was evaporated, thereby yielding the title
compound (9.00 g, 62.7 mmol, 63%) as a pale yellow
solid.
'H NMR(400MHz, DMSO-dg¢) & ppm; 2.38(3H, s), 7.29-
7.37(2H, m), 8.30-8.38(1H, m).
(2b) 2-chloro-5-methylpyridine-1l-oxide

[Formula 19]

Into a mixture of 2-chloro-5-methylpyridine
(27.4 g, 215 mmol), urea hydrogen peroxide addition
compound (42.5 g, 452 mmol), dichloromethane (250 ml)
was added dropwise anhydrous trifluorocacetic acid (60.7
ml and 430 mmol) at 0°C, and the reaction mixture was
stirred at 0°C for 1 hour. Then, after stirring for 45
minutes while elevating the reaction temperature to

room temperature, an aqueous solution (450 ml) of
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an aqueous solution (200 ml) of sodium hydrosuifite (20 5 g) was added,
and the reaction mixture was stirred for 15 minutes. 2N hydrochloric acid
(50 ml) was added and the mixture was extracted with dichioromethane
(120 ml), and after washed with sodium bicarbonate solution, the mixture
was dried over magnesium sulfate and the 10 solvent was evaporated,

thereby yielding the tittle compound (9.00 g, 62.7 mmol, 63%) as a pale
yEIRA- B8y P NMRFA0OMIZ P DMS O36) SEEH; 2338¢31HNE), 7zt ion

7.37(2H, m), 8.30-8.38(1H . 15 (2b) 2-chjoro-5-methyipyridine-I-oxide.
[I'-H(l)Jl"}g% ’rTQ]WﬁSCISE)lr ednpo lg %}é’hujces m(?% ¥1 .Clro&a}éiné?.c

mula Info a mixture of loro-5-methyipyridine

21% mmal).oureahydiegen peroxide-additien compaund42.29c492 ted

mmol), dichioromethane (250 ml) was added dropwise anhydrous
trifiloroatetib heidb(6Oth 20 en| @430 mmeirat 6Ct and the reattiont h
mixture was stirred at OC for 1 hour. Then, after stirring for 45 minutes

whité eldvating the esttion temperatiire fo* fodthtemperatare, dn °< ©ver
2quenieaoliian, (e 0gl 7 1 secium rarosylie Lip.g)

ﬁwg%g ded,
e reaction mixture was stirred for 15 minutes. O.5N hydrochloric

aeid440Q My wasaddgdang thednixturenwasiextracted swigh) 157 mmol,
dichioromethane (400 ml), and after washed with
73%) as a beige solid.
'H NMR (400MHz, DMSO-dg) & ppm; 2.24(3H, s), 7.16-
7.23(1H, m), 7.66(1H, d, J=8Hz), 8.35(1H, s).
(2c) 2,6-Dichloro-3-methylpyridine

[Formula 20]

(Method 1)

2-Chloro-3-methylpyridine l-oxide (9.00 g,
62.7 mmol) and triethylamine (10.4 ml, 75.2 mmol) were
dissolved in dichloromethane (70 ml), and a solution of
phosphorus oxychloride (7 ml, 75.3 mmol) in
dichloromethane (40 ml) was added dropwise at 0°C.
After stirring for 3 hours while elevating reaction
temperature to room temperature, the reaction mixture
was stirred under reflux for 1 hour. After the
reaction was completed, water (30 ml) was added and the
reaction mixture was neutralized with a sodium

hydroxide solution, and after extracted with
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5 sodium bicarbonate solution, the mixture was dried over magnesium
sulfate and the solvent was evaporated, thereby yielding the title
compound (22.5 g, 157 mmol, 73%) as a beige solid. 1H NMR(400MHz,
DMSO-d6) S ppm; 2.24(3H, s), 7.16- 10 7.23(1H, m), 7.66(1H, d, J=8Hz),
8.35(1H, s). (2c) 2,6-Dichioro-3-methyipyridine [Formula 20] nc, CI N CI
(Method 1) 2-Chioro-3-methyipyridine 1-oxide (9.00 g, 62.7 mmol) and
trieHaPT Ao AR, 759 Mimbl) Weéreed5UissoEtPmcdiémBrotiethans -

(70_ml), and a solution of phosphorus oxychioride g ml,. 75.3 1 moir;in
oS BE (H0) s e O uibe 2t GG < A stiing for 37
hewsuhile-glevating reactian temperatie 1o 10RM temperatyre, the
reaction mixture 20 was stirred under refiux for 1 hour. After the reaction
was eoaipietedhwatard30 l) Was,addeerarid/thel edattion rixeure wds:
neutralized with a sodium hydroxide solution, and after extracted with 72

dicAIBPSBthahe-(70 fl), driedoVerimagrediamh duifate " FhE SoReht Was
perate e}[%drgg@fi_ @@i :ﬁg gel, column chromatography (eluting
y

go {ent: ethyl acetate/n-hesane= 3/100), thereby yielding the title

(Method 2)

2-Chloro-5-methylpyridine l-oxide (22.5 g,
157 mmol) and triethylamine (27.6 ml, 188 mmol) were
dissolved in dichloromethane (160 ml), and the
dichloromethane (80 ml) solution of phosphorus
oxychloride (17.5 ml, 188 mmol) was added dropwise
at —-10°C. After stirring at -10°C to 0°C for 2 hours,
stirring was conducted for 1 hour and 35 minutes while
elevating reaction temperature to room temperature.
After the reaction was completed, water (60 ml) was
added thereto and the mixture was neutralized with a
sodium hydroxide solution, and the separated organic
layer was washed with a saturated brine solution. The
aqueous layer of the reaction solution was extracted
with ethyl acetate, washed with a saturated brine
solution, the organic layer was combined and dried over
magnesium sulfate. The solvent was evaporated and
purified by silica gel column chromatography (eluting
solvent: ethyl acetate/n-hexane), thereby yielding the
title compound (17.4 g) as a white solid 10:1.5 mixture
with 2,4-dichloro-5-methylpyridine.

'H NMR(400MHz, DMSO-d¢) & ppm; 2.33(3H, s), 7.50(1H, d,
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5 compound (3.47 g) as a white solid 10:3 mixture with
2,4-dichloro-3-methylpyridine. (Method 2) 2-Chloro-5-methylpyridine
1-oxide (22.5 g, 157 mmol) and triethylamine (27.6 ml, 188 mmol) were
10 dissolved in dichloromethane (160 ml), and the dichloromethane (80
ml) solution of phosphorus oxychloride (17.5 ml, 188 mmol) was added

dropwise at -10C. After stirring at -10C to OC for 2 hours, stirring was
conditted fof 18RdUFand35 Mifitites while 15 elevating reaction

te rature ta room temperature. After the reaction was completed,
water (6 ’rr%l)_?/)vég%rgaégd_ _enrlgtrco%gnl _ﬁfenr;hltx Sr%yﬁég neutralized with a
sqgiumhydioxide solution, and the separated organic layer was washed
with a saturated brine solution. The 20 aqueous layer of the reaction
solution was extracted with ethyl acetate, washed with a saturated brine
solution, the organic layer was combined and dried over magnesium
sulfate. The solve vgborated and purified by silica gel column
chromatograph ting. 25 solvent: ethyl acetate/n-hexane), thereby
yielding the titl 'com'ﬂoun% (17.4 g) as a white solid 10:1.5 mixture with
2,4-dichloro-5-methylpyridine. 1H NMR(400MHz, DMSO-d6) 8 ppm;
2.33(3H, s), 7.50(1H, d, 73 J=8Hz), 7.89(1H, d, J=8Hz). (2d)
2,6-Dichloro-3-AwrlttydSeniropyridihe ofFommute2gjsul fonic acid (21.9

ml, 129 mmol) was dropped into a mixture of tetramethyl
ammonium nitrate (17.3 g, 127 mmol) and dichloromethane
(60 ml) at 0°C under nitrogen flow, and the reaction
mixture was stirred for 1.5 hours while elevating to
room temperature. After a 10:1.5 mixture (13.7 g) of
2,6-dichloro-3-methylpyridine and 2,4-dichloro-5-
methylpyridine in dichloromethane (20 ml) was added and
stirred for 30 minutes at room temperature, the
reaction mixture was stirred under reflux for 48 hours.
The reaction mixture was poured into a saturated sodium
bicarbonate solution, and extracted with
dichloromethane (200 ml), and after washed with water,
dried over magnesium sulfate. The residue obtained by
evaporating the solvent was triturated with heptane,
thereby yielding the title compound (6.55 g, 31.6 mmol)
as a pale brown solid.

'H NMR(400MHz, DMSO-dg¢) & ppm; 2.42(3H, s), 8.70(1lH, s).

(2e) 6-Chloro-5-methyl-3-nitro-2-pyridinamine
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NOZ CI N CI Anhydrous trifluoromethanesulfonic acid (21.9 ml, 129
mmol) was dropped into a mixture of tetramethyl 5 ammonium nitrate
(17.3 g, 127 mmol) and dichloromethane (60 ml) at OC under nitrogen
flow, and the reaction mixture was stirred for 1.5 hours while elevating to
room temperature. After a 10:1.5 mixture (13.7 g) of
2,6-dichloro-3-methylpyridine and 2,4-dichloro-5 10 methylpyridine in
di€hRfeMétane! (20 ml) was added and stirred for 30 minutes at room
temperature, the reaction mixture was stirred under reflux for 48 hours.
The reaction mixture was [ﬁ(afred into a saturated sodium bicarbonate
solution, and extra ith 15 dichloromethane (200 ml), and after
washed with water tdried over magnesium sulfate. The residue obtained
by evaporating%e sOlventtias triturated with heptane, thereby yielding
the title compound (6.55 g, 31.6 mmol) as a pale brown solid. 20 'H
NMR(400MHz, DMSO-d6) S ppm; 2.42(3H, s), 8.70(1H, s) (2e)

&-Chloro 5 methyl2ile-2-nyridinamine i [armulg 22 oz, C1 N IHp
A mixture of 2,6-dic foro-S-methy -5- nitropyridine (10.41 g, 50.3 mmol),

28%r-aqsprscammmonico solutipn (3@ ral, A5 mpl)2 petassited carbonats i a
Uégﬁution (17 ml, 0.25 mol), potassium carbonate (10.4
g, 75.5 mmol) and t-butanol (167 ml) was stirred
overnight at 60°C under nitrogen atmosphere. After
stirring at room temperature for 3 hours, a precipitate
was filtered and then washed three times with water,
thereby yielding the title compound (4.25 g, 22.7 mmol,
45%) as a yellow solid.
'H NMR(400MHz, DMSO-ds¢) & ppm; 2.23(3H, s), 8.04(2H, br
s), 8.39(1H, s).
(2f) 5-Methyl-3-nitro-6-(2,2,2-trifluoroethoxy)-2-
pyridinamine

[Formula 23]

NO,

0~ N” "NH,

2,2,2-Trifluorocethancl (340 mg, 3.4 mmol) was
dissolved in the tetrahydrofuran (10 ml), sodium
hydride (60%) (120 mg, 3.0 mmol) was added thereto, and
the reaction mixture was stirred for 30 minutes at room

temperature under nitrogen atmosphere. A solution of
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g, 75.5 mmol) and t-butanol (167 ml) was stirred 5 overnight at 60C under
nitrogen atmosphere. After stirring at room temperature for 3 hours, a
precipitate was filtered and then washed three times with water, thereby
yielding the title compound (4.25 g, 22.7 mmol, 45%) as a yellow solid. 10
'H NMR(400MHz, DMSO-d6) S ppm72.23(3H, s), 8.04(2H, br s), 8.39(1H,
s). (2f) 5-Methyl-3-nitro-6-(2,2,2-trifluoroethoxy)-2- pyridinamine [Formula
28 HELINOZ Fee0 N NHp 2 2 rifl broetithrist (840 s B mmmalpduct

w 5 dissolved.in the tetrah Jgtjrofuran ml), sodium, hydride (60%
(o S il Wbt SES b, Gt The et Ror a0

stirred far 20-minutes atroom Jfemperatdre Under nitrggen apesphereeA
solution of 75 6-chloro-5-methyl-3-nitro-2-pyridineamine crude product

(400rmg) i earabydrdfieran(104aul) adsdioppedhand ¢he réactiono Lut ion
mixture was stirred at room temperature for 2.5 days. Water was added

tothS re&EoH SaIiaH 5iar Sxtradtstt withethyidtetdtbSand aftepd Wwith

washetin B sedim pleabanale splifionagied o |

GLNagneRIy
sulfate. The residue obtained by evaporafing the so veent wasspurigf[}elclinby

sikiea gekeolumnnhehramatageaphydeluting seiventgtbykacetatetme
solvent was purified by silica gel column
chromatography (eluting solvent: ethyl acetate/n-
hexane= 15/85) to yield the title compound (225 mg,
0.90 mmol) as a yellow solid.
'H NMR(400MHz, DMSO-dg¢) & ppm; 2.07(3H, s), 5.06(2H, q,
J=9Hz), 8.05(2H, br s), 8.24(1H, s).
(2g) 6-Methyl-5-(2,2,2-trifluorcethoxy)-3H-imidazo[4, 5-
blpyridine-2-thiol

[Formula 24]

2N
e
s “~N

F,C™ O N

H

5-Methyl-3-nitro-6-(2,2,2-trifluoroethoxy)-2-
pyridineamine (225 mg, 0.90 mmol) was dissolved in
methanol (10 ml), 10% Pd-on-carbon powder (50% water
content article) (110 mg) was added thereto, and the
reaction mixture was stirred under hydrogen atmosphere
for 2 hours and 25 minutes. After the reaction was
completed, the reaction mixture was filtered through

celite, carbon bisulfide (3 ml) was added and stirred
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10 hexane= 15/85) to yield the title compound (225 mg, 0.90 mmol) as a
yellow solid. 1H NMR(400MHz, DMSO-d6) S ppm; 2.07(3H, s), 5.06(2H,
g, J=9Hz), 8.05(2H, br s), 8.24(1H, s). (29)
6-Methyl-5-(2,2,2-trifluoroethoxy)-3H-imidazo[4,5- 15 b]pyridine-2-thiol
[Formula 24] N \>-SH F3CO N N H76
5-Methyl-3-nitro-6-(2,2,2-trifluoroethoxy)-2- pyridineamine (225 mg, 0.90
nitoly /a8 diSSHRASRIAY AfetHaNts {10 kY, 0% PY-8R-taissrepdwder - ©
(5(9‘510/% (%\{\é]atearn &og?gt grt_iLc‘I]eec)ln (t110 mg)t\p{as added thergt% ang th]e_;ezg

a e evapor e
reaction mixture was stirred under hydrogen atmosphere ‘for 2 ours and

25 minutesgAfteetheireastion ywasugempleted tge reactipnmixtyre;was,
filtered through celite, carbon bisulfide (3 ml) was added and stirred 76 at
room temperatgre under nitrogen atmosphere for 2.5 days, and the
solvent was then evaporated theg;:by yielding the title compound (238

mg: OYE (NG 287a Whitd sbild. S BANMR(#G0MEZ, BMSA:d6) ((§Bpm?'

LR, S S SRl g i

6-methyb5-(2,22-triftuesesthexy)=3t-ymidaze{4;5diny1l) methyl) thio) -
6-methyl-5-(2,2,2-trifluoroethoxy)-3H-imidazo[4, 5-
blpyridine

[Formula 25]

OMe
o
2N
| P \>_S \N |
F,¢” 07 N ﬁ

6-Methyl-5-(2,2,2-trifluoroethoxy)-3H-
imidazo[4,5-b]lpyridine-2-thol (238 mg, 0.90 mmol) and
2-chloromethyl-4-methoxy-3-methylpyridine hydrochloride
salt (243 mg, 1.17 mmol) was dissolved in methanol (20
ml), sodium hydroxide (218 mg, 5.45 mmol) was added
thereto, and the mixture was stirred at room
temperature overnight. An ammonium chloride solution
was added, and the mixture was extracted with
chloroform (100 ml), and dried over magnesium sulfate.
The residue obtained by evaporating the solvent was
purified by silica gel column chromatography (eluting
solvent: ethyl acetate/n-hexane=1/1-4/1) to yield the

title compound (196 mg, 0.49 mmol, 54%) as a white
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b]pyridine [Formula 25] OMe N ~-S a~N~ FSCONNH 10
6-Methyl-5-(2,2,2-trifluoroethoxy)-3H- imidazo[4,5-b]pyridine-2-thol (238
mg, 0.90 mmol) and 2-chloromethyl-4-methoxy-3-methylpyridine
hydrochloride salt (243 mg, 1.17 mmol) was dissolved in methanol (20
ml), sodium hydroxide (218 mg, 5.45;mmol) was added 15 thereto, and
the mixture was stirred at room temperature overnight. An ammonium
chiBfidé solution was added, and the mixture was extracted with
chloroform ( D, %rie over magnesi gate. The resid
obtaine é)fl/ Elé@/ga%tgrc%t’ating e s%)lventp\ﬁaé 2 [;Jhr?lgg byss}Ifca?2 g':%ghc umn s)
chrogataaraphy (eluting (salvent; ethyl aeatate/n-hexanesl/il;4/4) tasyield,
the title compound (196 mg, 0.49 mmol, 54%) as a white 77 solid. 1H
NWR (460N z, DM3DdB) Sippns)2.18(3H] 6)2.24(3H,-HHB)185(3H, s),
4.67(2H, s), 4.99(2H, g, J=9Hz), 6.96(1H, d, J=6Hz), 7.72(1H, br s),
8.94t1H 2d, Vet 22 {aMethery-3-methyi-2-
pyridinyiymethyisuifinyi)-6-methyi-5:(2,2,2- . B
R oroehe) S s ] By 15 (22,2
trifluoroethoxy)-3H-imidazo[4,5-b]lpyridine

[Formula 26]

OMe
0 -2
S|
Fs¢~ 07 >N” N
H
2-=(((4-Methoxy-3-methyl-2-

pyridinyl)methyl)thio)-6-methyl-5-(2,2,2-
trifluoroethoxy)—-3H-imidazo[4,5-b]lpyridine (270 mg,
0.68 mmol) was dissolved in a mixture of methanol (2
ml) and toluene (18 ml), and a solution of
metachloroperbenzoic acid (162 mg) in a mixture of
methanol (0.5 ml) of toluene (0.5 ml) were added
dropwise at -40°C under nitrogen flow. After stirred at
-20°C to -40°C for 2 hours, a sodium bicarbonate
solution was added, the mixture was extracted with
chloroform (30 ml), and dried over sodium sulfate. The
solvent was evaporated, and the solid was precipitated
from a mixture of chloroform and n-hexane to yield the
title compound (263 mg, 0.63 mmol, 93%) as a purple

gray solid.
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[Formula 26] OMe N F3CONNN H 2-(((4-Methoxy-3-methyi-2
pyridinyi)methyi)thio)-6-methyi-5-(2,2,2- 10
trifluoroethoxy)-3H-imidazo[4,5-b]pyridine (270 mg, 0.68 mmol) was
dissolved in a mixture of methanol (2 ml) and toluene (18 ml), and a
solution of metachioroperbenzoic acitB(162 mg) in a mixture of methanol
(0.5 ml) of toluene (0.5 ml) were added 15 dropwise at -40C under

1

nitFb BRI X stivheeatds20@ BRBOCHor 2 hdltirs, ® sodiums (3H, s)
bica solutio ded, the mixture w. tracted with
cf%é%%]r%e’(fsﬁ ), gh\%gc?&%%’ogér ssoar?uﬁr(rﬁlyzsﬁffa?esf %ﬁn ?sgélvé\tl’lt wag 1H2 )
evaporated, agd the salid was pregipitated 20sfrgm,a mixtues; of ehlorgforsy |
and n-hexane to yield the title compound (263 mg, 0.63 mmol, 93%) as a
pérpke grdy sdlid.JF& 1) NMR(400MHz, DMSO-d6) S ppm; 2.14(3H, s),
2.28(3H, s), 3.85(3H, s), 4.68(1H, d, J=I4Hz), 4.80(1H, d, J=I14Hz),
5.0402H 2q, U=ohzfS BhoB(I F° dm9LEM2) ~7.88(1H, br s), 8.22(1H, d,

I=6H2). 5.(20) 2-(((4- by )
B B oty 1-5- (2,2, 2-
trifluoroetbexyd Stbimidazgl4i erbipysisling, sodiupysaltiine sodium salt

[Formula 27]

OMe
N O T
PRESY
F.c” 0" ~N° N N
3 Na

2-=(((4-Methoxy-3-methyl-2-
pyridinyl)methyl)sulfinyl)—-6-methyl-5-(2,2,2-
trifluoroethoxy)—-3H-imidazo[4,5-b]lpyridine (263 mg,
0.64 mmol) was suspended in ethanol (30 ml), 1IN sodium
hydroxide solution (635 nl, 0.64 mmol) was added
thereto, and the reaction mixture was stirred for 30
minutes at room temperature. After the solvent was
evaporated, ethanol was added and evaporation was
conducted again. Ether was added and evaporation was
conducted. This operation was repeated twice, thereby
yielding the title compound (272 mg, 0.62 mmol, 98%) as
a purple gray solid.
'H NMR(400MHz, DMSO-dg¢) & ppm; 2.16(3H, s), 2.22(3H, s),
3.84(3H, s), 4.38(1H, d, J=13Hz), 4.78(1lH, d, J=13Hz),

4.97(24, g, J=9Hz), 6.92(1H, d, J=6Hz), 7.61(1lH, s),
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[Formula 27] OMe NN 'F3C*"O NN Na 2-(((4-Methoxy-3-methyl-2
pyridinyi)methyi)suifinyi)-6-methyl-5-(2,2,2- 10
trifluoroethoxy)-3H-imidazo[4,5-b]pyridine (263 mg, 0.64 mmol) was
suspended in ethanol (30 ml), 1N sodium hydroxide solution (635 gl, 0.64
mmoi) was added thereto, and the reaction mixture was stirred for 30
minutes at room temperature. After the solvent was 15 evaporated,
ethandl\Wis atided ahd%vaporation was conducted again. Ether was
added and evaporation was conducted. This operation was repeated
twice, thereby yielding the title compound (272 mg, 0.62 mmol, 98%) as
apuERle gray solid. 20 1H NMR(400MHz, DMSO-d6) S ppm; 2.16(3H, s),
2.22(3H, s), 3.84(3H, s), 4.38(1H, d, J=13Hz), 4.78(1H, d, J=13Hz),
4.97(2H, q, J=9Hz) 26 D20LH 1d,J=6HZ) o R B L{TH, (S) 49@28(3}4-3/{3—
J=6Hz). Example 3 5-(2,2-Difluoroethoxy)-2-(((4-methox

nBtyIRL syridiayi ﬂrﬁéfﬁ%éﬁl‘ﬁﬁ%y 6lme % }mﬁj‘dﬁﬁé“g b1 p¥ridine

S?Q?&L%%W4,5—b]pyrldlne Sodium salt

[Formula 28]

(3a) 6-(2,2-difluorocethoxy)-5-methyl-3-nitro-2-
pyridineamine

[Formula 29]

NO,

F,HC™ 07 ™N” ~NH;

2,2-Difluoro ethanol (418 mg, 5.1 mmol) was
dissolved in tetrahydrofuran (15 ml), sodium hydride
(60%) (180 mg, 4.5 mmol) was added thereto under
nitrogen atmosphere, and the reaction mixture was
stirred for 30 minutes at room temperature. A solution
of 6-chloro-5-methyl-3-nitro-2-pyridineamine (600 mg,
3.20 mmol) in tetrahydrofuran (15 ml) was dropped, and
the mixture was stirred at room temperature overnight.

Water was added to the reaction solution and extracted
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[Formula 28] OMe N"O _S\N F2HCO N N Na (3a)
6-(2,2-difluoroethoxy)-5-methyl-3-nitro-2- pyridineamine [Formula 29] nE-
NO2 F2HC”O N NH2 2,2-Difiuoro ethanol (418 mg, 5.1 mmoi) was 10
dissolved in tetrahydrofuran (15 ml), sodium hydride (60%) (180 mg, 4.5
mmoi) was added thereto under nit®@gen atmosphere, and the reaction
mixture was stirred for 30 minutes at room temperature. A solution of
63¢hidtoB-methyShitros2-pyhidindaffite (BOTRY, 15 826 Athomin
teérfggggoé%@e(lgoqg was droggsgd, and the mixture was stirrlepa%t room

temperature overnight. Ater wa Sﬁld&y {0 the reaction solution an

extracted 805 with gthyl acetate,and, after-washed with sediumant was
bicarbonate solution, dried over magnesium sulfate. The residue obtained

by evaporating the sblventhwas rtgituratediwithl nthexanettdsyieldrilpe tithel
cok%ound 5 (685 mg, 3.1 mmol, 96%) as an orange salid. 1H
NUVREOBMHZ DMBERAB) SHpm:2E05@BH I HS652:69(2H, m),

6.20-8,90(%id o 8- O3 R $). 8194 2 05 (38, s), 4.56-
4.69(2H, m), 6.29-6.60(1H, m), 8.03(2H, br s), 8.19(1H,
s).

(3b) 5-(2,2-Difluoroethoxy)-6-methyl-3H-imidazo[4, 5-
blpyridine-2-thiol

[Formula 30]

6-(2,2-Difluorcethoxy)-5-methyl-3-nitro-2-
pyridineamine (685 mg, 3.07 mmol) was dissolved in
methanol (30 ml), 10% Pd-on-carbon powder (50% water
content article) (300 mg) was added thereto, and the
reaction mixture was stirred under hydrogen atmosphere
for 2 hours and 30 minutes. After the reaction was
completed, the mixture was filtered through celite,
carbon bisulfide (7 ml) was added, and the mixture was
stirred at room temperature under nitrogen atmosphere
for 2.5 days. Thereafter, the solvent was evaporated
to yield the title compound (700 mg, 2.85 mmol) as a
purple gray solid.

'H NMR(400MHz, DMSO-d¢) & ppm; 2.18(3H, s), 4.46-
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S). (3b) 5-(2,2-Difluoroethoxy)-6-methyl-3H-imidazo[4,5- 10
b]pyridine-2-thioi [Formula 30] N " -SH FZHC'ONNH
6-(2,2-Difluoroethoxy)-5-methyl-3-nitro-2- pyridineamine (685 mg, 3.07
mmol) was dissolved in methanol (30 ml), 10% Pd-on-carbon powder
(50% water content article) (300 mg) was added thereto, and the 15
reaction mixture was stirred under hydrogen atmosphere for 2 hours and
30 miAUtes: Afeér tHe-redcfion vastcompletdd, thé Hhixtute wasfiltekdd H/
thégru%f}jlcelitg,. %Qr qn iguifid? (7 ml) was added, and the mixture was

stirfed af room per’atur]é Urider nitrogen atmosphere 20 for 2.5 days.

Therepftsr, the sotyent wassyvapgrafed 2o yigld-the title comparng {902 —
mg, 2.85 mmoi) as a purple gray solid. 1H NMR(400MHz, DMSO-d6) 8
ppy 2dA8(3H ) s)s 446 81 h4.69(2H ), 16/23-B54(h Hd a)e 7 BI%1H, S),
12.51(1H, brs), 12.92(1H, br s). (3c)
5RIDYBibONSethoxy)-2-(((4-methoxy-3-methyl-2-
p)ﬁ%@@ﬁgthﬁ@ﬁhio)-6-methyl-3H-imidazo[4,5- 5 b]pyridine [Formula 31]

OMe
=
N |
[T sy

5-(2,2-Difluorocethoxy)-6-methyl-3H-
imidazo[4,5-b]lpyridine-2-thol (700 mg, 2.85 mmol) and
2-chloromethyl-4-methoxy-3-methylpyridine hydrochloride
salt (832 mg, 4.0 mmol) was dissolved in methanol (30
ml), sodium hydroxide (561 mg, 14.0 mmol) was added
thereto, and the mixture was stirred overnight at room
temperature under nitrogen atmosphere. An ammonium
chloride solution was added to the reaction solution,
the mixture was extracted with ethyl acetate and
chloroform (100 ml), and then dried over magnesium
sulfate. The residue obtained by evaporating the
solvent was purified by silica gel column
chromatography (NH silica gel, eluting solvent: ethyl
acetate/n-hexane =1/1-1/0), and triturated with
ethanol, thereby yielding the title compound (360 mg,
0.95 mmol, 33%) as a beige solid.

'H NMR (400MHz, DMSO-d¢) & ppm; 2.19(3H, s), 2.24(3H, s),
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OMe SF2HCO NN H 5-(2,2-Difluoroethoxy)-6-methyl-3H
imidazo[4,5-b]pyridine-2-thoi (700 mg, 2.85 mmoi) and
2-chioromethyi-4-methoxy-3-methyipyridine hydrochloride salt (832 mg,
4.0 mmoi) was dissolved in methanol (30 10 ml), sodium hydroxide (561
mg, 14.0 mmoi) was added thereto,sand the mixture was stirred overnight
at room temperature under nitrogen atmosphere. An ammonium chloride

selutior Was atldedtothe feddi olﬁt?on “dthe hikkureSas éxt?écTed
Wgh §J7 yl Igflcet te ag(_jr%?% rHoroéor mI) gngélﬁn dnt%d ov

magnesiuni su féte es(dueo alne by evapo atlrfg e § I(/ent was

purified by siliga geLeelymn chromatography (NH silica gel, eluting
solvent: ethyl acetate/n-hexane =1/1-1/0), and triturated with 20 ethanol,

thedeby Vielting thei title:compobiod (362 M| (0L 9Bennok B33%6)as & biige-
solid. 1H NMR(4OOMHZ DMSO-d6) 8 ppm: 2.19(3H, s), 2.24(3H, s), 82
31%%{34153/& BREE IBR{D1T Irh§, 148 H( ﬂeé%les?éﬁfﬁlﬁlﬁz@ O6¢1H, d,

H iH, brs), 8.24(1H, d, J= 6Hz) (3d)
(@@D'{Iuoroethoxy) 2-(((4-methoxy-3-methyl-2- 5

p){mdjmﬂ)mathymulflnyl) -6-methyl-3H-imidazo[4,5- b]pyridine

OMe

0 7

\N ”\Ij
N

jfj:> Sy

F,HC” 07 N E

5-(2,2-Difluorcethoxy)—-2-(((4—-methoxy-3-
methyl-2-pyridinyl)methyl)thio)-6-methyl-3H-
imidazo[4,5-b]lpyridine (150 mg, 0.39 mmol) was
dissolved in a mixture of methanol (1.5 ml) and toluene
(13.5 ml) and a solution of metachloroperbenzoic acid
(94 mg) in a mixture of methanol (0.5 ml) and toluene
(0.5 ml) were added dropwise thereto at -40°C under
nitrogen flow.

After stirred at -20°C to -40°C for 2 hours, a
sodium bicarbonate solution was added, the organic
layer was separated, and the aqueous layer was
extracted with chloroform (20 ml), and the organic
layer was combined and dried over sodium sulfate. The
solvent was evaporated, and the solid was then
precipitated from a mixture of chloroform, ether and n-

hexane, thereby yielding the title compound (134 mg,
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[Formula 32 OMe ~N ~rO -S~N F2HCO N H
5-(2,2-Difluoroethoxy)-2-(((4-methoxy-3-
methyl-2-pyridinyi)methyi)thio)-6-methyl-3H- imidazo[4,5-b]pyridine (150
mg, 0.39 mmoi) was 10 dissolved in a mixture of methanol (1.5 ml) and
toluene (13.5 ml) and a solution of raetachioroperbenzoic acid (94 mg) in
a mixture of methanol (0.5 ml) and toluene (0.5 ml) were added dropwise
theretd afgde utidet mifoge® AdR. S Atet Rtifréd at -20C to -40C for 2

heyr ium.bic te solution was ad e organi as
sega?é%iggn%%’aﬁ%ﬁ%e?v@%méxt%cﬁg %vg?t’h ¢ Iéro?dr%lggdﬁv |’nl)?) ’
and thegrganio Jayer yeasicembined and, driecroverssodiym suifate, The
20 solvent was evaporated, and the solid was then precipitated from a
mixttife(afichldroferm, Etler, arid A8heéxdrie( thereby yielding thé title,

83 0.34 mmoi, 86%) as a pale blue solid. 1H

compound (134 m ?H‘ oP

Nﬂ/ng(%bMﬂz, %ﬁ\fé@)—dé’fs%bm;%ﬂ(é 15) B2 283 %) 3.85(3H, s),
4.56-4.69(2 A, =14Hz), 4.79(1H, d. J=I4Hz),6.28- 1H,
M NI e e b e A e ey
5¢2:2:Bifuproetbexy)12-H(4-methoxy-8-methyl,2- 3H-imidazo [ 4, 5-

blpyridine sodium salt

[Formula 33]

OMe

0O =
SN
Tr wiﬂ
/\O N N

Na

FLHC

5-(2,2-Difluorcethoxy)—-2-(((4-methoxy-3-

methyl-2-pyridinyl)methyl)sulfinyl]-6-methyl-3H-
imidazo[4,5-b]lpyridine (286 mg, 0.72 mmol) was made to
suspend in ethanol (10 ml). The mixture of a 1IN sodium
hydroxide solution (720 nul, 0.72 mmol) and ethanol (3
ml) was added, and the reaction mixture was stirred for
20 minutes at room temperature. After the solvent was
evaporated, ethanol was added and evaporation was
conducted again, ether was added and evaporation was
conducted. This operation was repeated twice, thereby
yielding the title compound (277 mg, 0.66 mmol, 92%) as
a beige solid.
'H NMR(400MHz, DMSO-dg¢) & ppm; 2.16(3H, s), 2.21(3H, s),

3.85(3H, s), 4.38(1H, d, J=13Hz), 4.56(2H, dt, J=4,
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pyridinyi)methyl)suifinyi)-6-methyl-3H-imidazo[4,5- b]pyridine sodium salt
[Formula 33] OMe NS N F2HC”O N N Na
5-(2,2-Difluoroethoxy)-2-(((4-methoxy-3- 10
methyl-2-pyridinyi)methyi)suifinyi]-6-methyl-3H imidazo[4,5-b]pyridine (286
mg, 0.72 mmoi) was made to suspegw in ethanol (10 ml). The mixture of
a 1IN sodium hydroxide solution (720 JLL, 0.72 mmoi) and ethanol (3 ml)
wasattled 2arld tHelreattiod Tixftife was-stitretffor 1520’ mthutes B€Poom
tempe e. After_the so|ve aporate was added and
e\e/ggp%o%g&ori Wéz;’s gc?r%izcz(édn;g\é?ﬁ ( gﬁfer%\;ds %d?éac?(g%!d e(\:/?épg% ion Was
conducted. This operation was repeated twice, thereby yielding the title
compound (277 mg, 0.66 mmoi, 92%) as 20 a beige solid. 1H
NMREODOMHZ, DMSO-d6) S ppm; 2.16(3H, s), 2.21(3H, s), 3.85(3H, s),
4.38(1H, d, J=I3Hz), 4.56(2H, dt, J=4, 84 15Hz), 4.78(1H, d, J=I3Hz),
6t 2t JSLBSHE) ©b.ou(TATHCI6Hz) (7. 60(PA LS By30(TReEhY L -2~
J=6H2z). .EX [ ticalis rs of IS 3
5pgg%gié_ﬁ(ﬁz&gﬁﬁh%%@%ﬁ@iZ_é’ methyl-3H-imidazo[4,5
pyidinyiimetyl)suifinyi)-6-methyl-3H-imidazo[4,5-

[Formula 34]

OMe
-
w-N @ |
| Pam-NUPAN
MeO” “N° "N+
H
5-Methoxy—-2—-(((4-methoxy-3-methyl-2-

pyridinyl)methyl)sulfinyl]-6-methyl-3H-imidazo[4, 5-
blpyridine (racemate) (360 mg) was prepared into a
solution containing 3-4.5 mg of the racemate per ml of
ethanol/n-hexane =3/2 and fractionated by HPLC(column:
CHIRALPAK AD-H 2 cmdx25 cm (Daicel Chemical Ind., Ltd.),
Temperature: about 22°C, Mobile phase: ethanol/n-hexane
=3/2, and Flow rate: 9 ml/min, Detection wavelength:
254 nm, 15 mg-22.5 mg/5 ml injected per time).
Fractions of an optical isomer having longer retention
time and of an optical isomer having shorter retention
time were collected, respectively, and were condensed.
The title compound having shorter retention time (128
mg, 0.37 mmol) and the title compound having longer

retention time (116 mg, 0.33 mmol) were thus obtained
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b]pyridine [Formula 34] OMe N 5-,\SN MeONH
5-Methoxy-2-(((4-methoxy-3-methyl-2-
pyridinyi)methyi)suifinyi]-6-methyl-3H-imidazo[4,5- 10 b]pyridine
(racemate) (360 mg) was prepared into a solution containing 3-4.5 mg of
the racemate per ml of ethanol/n-hexane =3/2 and fractionated by
HPLC(column: CHIRALPAK AD-H 2 cm4X25 cm (Daicei Chemical Ind.,
Lfﬂ% brerfifetdres apoitZRS MbBHe Bhase: ethanol/n-hexane 15 =3/2,

tFiow rate; 9&191I/ %Detectl n W%velen%tjge 2C54 nm, 15 mg-22.5 mg/5
m |nJecete8 el??me({n ractions o an optlca Isomer vmg I%nger

retention (inge andof aneriical jsgngphaving sheder refention, tineswere
collected, respectively, and were condensed. 20 The title compound
having %héﬁéﬁfetemlon ttime4 128, mg) 0.37-mimolHand!theJtitledéampound
havin er retention time (116 mqﬁ{g .33 mmoi) were thus obtained 85

a§ bé |d§rre‘§pe€t1 Vel Citle Conthbtihd Khving §Rdrer rétéribht: Pr
14 @)@Rl(ﬁoo Mz, DUSD-d6) S ppm; 214(3H, 5), 225(3H, <),
38 (35,9) 39430 s a71(AH, d, J=I4H2), 5 4.81(1H. br d, J=I4Hz)
6-96(1H, dclmbiz) A7 82(hdor sh 22k hdT6HZE ime
'H NMR (400 MHz, DMSO-dgs) & ppm; 2.14(3H, s), 2.25(3H,
s), 3.85(3H, s), 3.94(3H, s), 4.71(1H, d, J=14Hz),
4.81(1H, br d, J=14Hz), 6.96(1H, d, J=6Hz), 7.82(1H, br

s), 8.22(1H, d, J=6Hz).

Example 5

Optical isomers of 5-(2,2-difluoroethoxy)—-2-(((4-
methoxy-3-methyl-2-pyridinyl)methyl)sulfinyl)-6-methyl-
3H-imidazo[4, 5-b]lpyridine

[Formula 35]

OMe
=
N
| »fx:j;:]
4 -
FHCT 07 N~ N
H
5-(2,2-Difluorcethoxy)—-2-(((4—-methoxy-3-

methyl-2-pyridinyl)methyl)sulfinyl)—-6-methyl-3H-
imidazo[4, 5-b]lpyridine (racemate) (350 mg) was prepared
into a solution containing 5 mg of the racemate per ml
of ethanol/n-hexane =1/4 (0.1% diethylamine content)

and fractionated by HPLC(column: CHIRALPAK AD-H 2 cmdXx25
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Citle compound having longer retention time: 1H NMR(400 MHz,
DMSO-d6) S ppm; 2.14(3H, s), 2.25(3H, s), 3.85(3H, s), 3.94(3H, s),
4.71(1H, d, J=l4Hz), 10 4.81(1H, br d, J=14Hz), 6.96(1H, d, J=6Hz),
7.82(1H, br s), 8.22(1H, d, J=6Hz). Example 5 Optical isomers of
5-(2,2-difiuoroethoxy)-2-(((4 15 86
methoxy-3-methyl-2-pyridinyi)methyi)sulfinyi)-6-methyi- 3H-imidazo[4,5-b]
pying RGPl 3P OMe NS C E2ACO Nlgmperature: about

5-(2 2-Diflugroethoxy)-2-(((4-methoxy-3- B o

e ROy R S et ddsbid & byricine
(racepale) {390 M Pmas prepared 2 intesolution soRntainiag SJpg Of
the racemate per ml of ethanol/n-hexane =1/4 (0.1% diethylamine

conrtent) cand fracidrated by HP QG (cblumhn wvE FURADBAKLAD-@r time) .
cmOX25 86 cm (Daicei Chemical Ind., Ltd.), Temperature: about 22C,
Mobié phase: etfarfol ndxan =1/ {296 'disthyfaming €onterit); Fldwor

A D St L S e VR
and gt an opticaldsomet Bayingshodert retentign and were condensed,
thereby yielding the title compound having shorter
retention time (125 mg, 0.32 mmol) and the title
compound having longer retention time (107 mg, 0.27
mmol) as beige color solids, respectively.
Title compound having shorter retention time:
'H NMR(400MHz, DMSO-dg¢) & ppm; 2.14(3H, s), 2.27(3H, s),
3.85(3H, s), 4.56-4.69(2H, m), 4.68(1H, d, J=14Hz),
4.79(1H, d, J=14Hz), 6.28-6.60(1H, m), 6.95(1H, d,
J=6Hz), 7.84(1lH, br s), 8.21(1H, d, J=6Hz).
Title compound having longer retention time:
'H NMR(400MHz, DMSO-dg¢) & ppm; 2.14(3H, s), 2.27(3H, s),
3.85(3H, s), 4.56-4.69(2H, m), 4.68(1H, d, J=14Hz),
4.80(1H, d, J=14Hz), 6.28-6.60(1H, m), 6.95(1H, d,

J=6Hz), 7.84(1H, br s), 8.21(1H, d, J=6Hz).

Example 6

Sodium salt of an optical isomer having shorter
retention time of 5-methoxy-2-(((4-methoxy-3-methyl-2-
pyridinyl)methyl)sulfinyl)-6-methyl-3H-imidazo[4, 5-

blpyridine
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time were collected, respectively, and were condensed, thereby yielding
the title compound having shorter retention time (125 mg, 0.32 mmol) and
the title 10 compound having longer retention time (107 mg, 0.27 mmoi)
as beige color solids, respectively. Title compound having shorter
retention time: 1H NMR(400MHz, D®ISO-d6) S ppm; 2.14(3H, s), 2.27(3H,
s), 3.85(3H, s), 4.56-4.69(2H, m), 4.68(1H, d, J=l4Hz), 15 4.79(1H, d,
J2HEPEYB-28-6°60(1H, m), 6.95(1H, d, J=6Hz), 7.84(1H, br s), 8.21(1H,
d, J=6Hz). Title compound having longer retention time: 1H
NMR(400MHz, DMSO-d6) S ppm; 2.14(3H, s), 2.27(3H, s), 3.85(3H, s),
4.56-4.69(2H, m), 4.68(1H, d, J=14Hz), 202M80(1H, d, J=14Hz),
6.28-6.60(1H, m), 6.95(1H, d, I\~P=6I—L|:,z ; H, br s), 8.21(1H, d, J=6Hz).
Example 6 Sodium salt[pof aji 0 icd isomer having shorter 25 retention
time of 5-methox¥\-,%-(§ y-8-meth\N-2-
pyridinyi)methyl)suifinyi)-6-metks/l-3H-imidazo[4,5- b]pyridine 87 [Formula
36] OMe nN 5111\S N MeO N N Na
5-Methoxy-2-(((4-methoxy-3-methyl-2-
5-Methoxy—-2-(((4-methoxy-3-methyl-2-

pyridinyl)methyl)sulfinyl)—-6-methyl-3H-imidazo[4, 5-
blpyridine in the form of an optical isomer having
shorter retention time (124 mg, 0.36 mmol) was
dissolved in ethanol (20 ml) and a mixed solution of 1N
sodium hydroxide solution (0.36 ml, 0.36 mmol) and
ethanol (2 ml) was added thereto and the reaction
mixture was stirred for 30 minutes at room temperature.
The residue which was obtained by evaporating the
solvent was dissolved in ethanol, and the solvent was
evaporated again. Ether was added to the resulting
residue to form a suspension, ether was evaporated, and
ether was added again to form a suspension and the
solvent was evaporated, thereby yielding the title
compound (133 mg, 0.36 mmol) as a beige solid.

'H NMR(400MHz, DMSO-dg¢) & ppm; 2.16(3H, s), 2.18(3H, s),
3.85(3H, s), 3.86(3H, s), 4.36(1H, d, J=13Hz), 4.80(1H,
d, J=13Hz), 6.92(1H, d, J=6Hz), 7.52(1H, s), 8.28(1lH,

d, J=6Hz).

Example 7

Sodium salt of an optical isomer having longer
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pyridinyi)methyl)suifinyi)-6-methyl-3H-imidazo[4,5- b]pyridine in the form
of an optical isomer having shorter retention time (124 mg, 0.36 mmoi)
was 5 dissolved in ethanol (20 ml) and a mixed solution of 1IN sodium
hydroxide solution (0.36 ml, 0.36 mmoi) and ethanol (2 ml) was added
thereto and the reaction mixture wagstirred for 30 minutes at room
temperature. The residue which was obtained by evaporating the 10

sElPER WA Bissoledin etharfol ety the sbivieht ¥Eperdied agains -

Ether was added to the resulting _residue to for spension, ether was
o o SR Wb Gt dgain U e ShopRIat ahd
selyeRtwas guaporated, thereby yielding the title 15 compound (133 mg,
0.36 mmoi) as a beige solid. 1H NMR(400MHz, DMSO-d6) S ppm;
2.1B¢3tus)a 2 A8(3H, s), 3.85(3H, s), 3.86(3H, s), 4.36(1H, d, J=I3HZz),
4.80(1H, d, J=I3Hz), 6.92(1H, d, J=6Hz), 7.52(1H, s), 8.28(1H, d,
J=6Hz). 20 Example 7 Sodium salt of an optical isomer having longer 88
retention time of 5-methoxy-2-(((4-methox{8smethyl-2-
pyridinyi)methyl)suifinyi)-6-metrtl1yl-35l-' Idazo[4,5- b]pyridine [Formula 37]
1

OMe NP | | = d
Meo” SN TN N
Na
5-Methoxy—-2—-(((4-methoxy-3-methyl-2-

pyridinyl)methyl)sulfinyl)—-6-methyl-3H-imidazo[4, 5-
blpyridine in the form of an optical isomer having
longer retention time (83 mg, 0.24 mmol) was dissolved
in ethanol (15 ml) and a mixed solution of 1IN sodium
hydroxide solution (0.24 ml, 0.24 mmol) and ethanol (2
ml) was added, and the reaction mixture was stirred for
30 minutes at room temperature. The residue which was
obtained by evaporating the solvent was dissolved in
ethanol, and the solvent was evaporated again. Ether
was added to the resulting residue to form a
suspension, ether was evaporated, and ether was added
again to form a suspension and the solvent was
evaporated, thereby yielding the title compound (88 mg,
0.24 mmol) as a beige solid.

'H NMR(400MHz, DMSO-dg¢) & ppm; 2.16(3H, s), 2.18(3H, s),
3.84(3H, s), 3.85(3H, s), 4.36(1H, d, J=13Hz), 4.80(1H,
d, J=13Hz), 6.92(1H, d, J=6Hz), 7.51(1H, s), 8.28(1lH,

d, J=6Hz).
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\>-s N MeO N N Na 5-Methoxy-2-(((4-methoxy-3-methyl-2- 5
pyridinyi)methyl)suifinyi)-6-methyl-3H-imidazo[4,5 b]pyridine in the form of
an optical isomer having longer retention time (83 mg, 0.24 mmoi) was
dissolved in ethanol (15 ml) and a mixed solution of 1N sodium
hydroxide solution (0.24 ml, 0.24 mmai) and ethanol (2 10 ml) was added,
and the reaction mixture was stirred for 30 minutes at room temperature.
The residue which was obtained by evaporating the solvent was
d?sglveg in 86thanol, and the solvent was evaporated again. Ether was
added to the resulting residue to form a 15 suspension, ether was

evrporateds and etheranas gdded 1again e formya sHgpension apd the
solvent was evaporated, thereby yielding the title compound (88 mg,

0.2dtmmioi)as & beigeosolf- LM, RMR(A00MHz DMSQ)dE)-S pph:
2.16(3H, s), 2.18(3H, s), 20 3.84(3H, s), 3.85(3H, s), 4.36(1H, d, J=I3Hz),
ARG XY, I=MBRIZ)Y6. 03 (1 - Fb i) PR B R, 5 16 bRy ~grmethyl-

J%@ﬂ%?% a%e;rgpg_g)gﬁ?‘ilﬁrg salt of an optical isomer having shorter

retention time o uoroethoxy)-2-(((4 5
methoxyo3-anetbyl-2-pyridinyi)methyi)sulfinyi)-6-methyi- 3H-imidazo[4,5-b]
pyridine

OMe

N O

\f\\‘jysﬂ

T e N
Na

F,HC

5-(2,2-Difluorcethoxy)—-2-(((4—-methoxy-3-
methyl-2-pyridinyl)methyl)sulfinyl)—-6-methyl-3H-
imidazo[4,5-blpyridine in the form of an optical isomer
having shorter retention time (125 mg, 0.32 mmol) was
dissolved in ethanol (20 ml) and a mixed solution of 1N
sodium hydroxide solution (0.32 ml, 0.32 mmol) and
ethanol (5 ml) were added, and the reaction mixture was
stirred for 30 minutes at room temperature. The
residue which was obtained by evaporating the solvent
was dissolved in ethanol, and the solvent was
evaporated again. Ether was added to the resulting
residue to form a suspension, and the solvent was
evaporated, thereby yielding the title compound (122
mg, 0.29 mmol) as a beige solid.
'H NMR(400MHz, DMSO-dg¢) & ppm; 2.16(3H, s), 2.21(3H, s),

3.84(3H, s), 4.37(1H, d, J=13Hz), 4.55(2H, dt, J=4,
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[Formula 38] OMe N S -~N F2HC O N N Na
5-(2,2-Difluoroethoxy)-2-(((4-methoxy-3-
methyl-2-pyridinyi)methyi)suifinyi)-6-methyl-3H- imidazo[4,5-b]pyridine in
the form of an optical isomer 10 having shorter retention time (125 mg,
0.32 mmoi) was dissolved in ethanal 20 ml) and a mixed solution of 1N
sodium hydroxide solution (0.32 ml, 0.32 mmoiz and ethanol (5 ml) were

added JandthéFéattiorfmixtare Was - stiretéfot B0 rinuteS 4t rooniiz) -
. The 15 i ' ined i
temperatyre gl ég %= éﬁ%‘?”e*/v.@iéﬁg? obfainge t?\% éelvlgpo(gatmcg_tgg z

solvéent wa's olved'in' éthano the sblvent was évaporated again.
Ether was added to the resulting residue to form a suspension, and the
solvent was evaporated, thereby yielding the title compound (122 20 mg,
029ammbé) &s a beige solid. 1H NMR(400MHz, DMSO-d6) S ppm;
2.16%;, s), 2.21(3H, s), 3.84(3H, s), 4.37(1H, d, J=I3Hz), 4.55(2H, dt,
ISRHI M 5RR) 4. 98(1H. PRSI, 6ITEN, R2TA B5HAIBO3(1H, d,

J36H2), £ ,58(1H, 3), 8.38(1H, d, %E%E'%)lu%g@@?o%?)%%diw @l of an

optical isomer having longer retention time o

5r(22hdiflyorpethaxy)2-((4oyridinyl)methyl) sulfinyl) —6-methyl-
3H-imidazo[4, 5-blpyridine

[Formula 39]

OMe

N O
ST SN N N
Na

FoHC

5-(2,2-Difluorcethoxy)—-2-(((4—-methoxy-3-
methyl-2-pyridinyl)methyl)sulfinyl)—-6-methyl-3H-
imidazo[4,5-b]lpyridine in the form of an optical isomer
having longer retention time (107 mg, 0.27 mmol) was
dissolved in ethanol (20 ml) and a mixed solution of 1N
sodium hydroxide solution (0.27 ml, 0.27 mmol) and
ethanol (5 ml) were added, and the reaction mixture was
stirred for 30 minutes at room temperature. The
residue which was obtained by evaporating the solvent
was dissolved in ethanol, and the solvent was
evaporated again. Ether was added to the resulting
residue to form a suspension, and the solvent was
evaporated, thereby yielding the title compound (99 mg,

0.24 mmol) as a beige solid.



methoxy-3-methyl-2-pyridinyi)methyi)sulfinyi)-6-methyi- 3H-imidazo[4,5-b]
pyridine [Formula 39] OMe N F2ZHCO NN N Na
5-(2,2-Difluoroethoxy)-2-(((4-methoxy-3 10
methyl-2-pyridinyi)methyi)sulfinyi)-6-methyl-3H- imidazo[4,5-b]pyridine in
the form of an optical isomer havinglonger retention time (107 mg, 0.27
mmoi) was dissolved in ethanol (20 ml) and a mixed solution of 1N

soBiU Ry droXEEZsolBHGIP(TI2Y M1, XPP7 nfmdiy 4Rb-15°8tharolG @l S) -
were ader. oyl the reaglion miure wag.Suiref br 0 minujes gLipom
idue whic d by '

temperaturé. Thé res was obtained by evaporating the solvent
was ghissolvediin ethanel, and theisolvent was 1eyaperated-agains $ther,
was added to the resulting 20 residue to form a suspension, and the
sélvétWas eVapordtBd, thereldpPyiekingthe title?compoeurnd (9-migz ) .
0.24 mmoi) as a beige solid. 91 1H NMR(400MHz, DMSO-d6) S ppm;
2.16(3H, s), 2.21(3H, s), 3.84(3H, s), 4.38(1H, d, J=I3HZz), 4.55(2H, at,
Jz4,_13K12), 4,79(1H, d, J=I3Hz), 6.41(1H, tt, J=4, 55Hz), 6.92(1H, d,
J=6Hz), 7.59(1H, s) , 8.28(1H, d, J=6Hz) 5 Example 10

Sodium salt of 5-(4-fluorophenoxy)-2-(((4-methoxy-3-

methyl-2-pyridinyl)methyl)sulfinyl)-3H-imidazo[4, 5-
blpyridine

[Formula 40]

OMe

F. N 0 =
N
0" "N~ N
Na

'H NMR (400MHz, DMSO-d¢) & ppm; 2.15(3H, s), 3.84(3H, s),
4.40(1H, d, J=13Hz), 4.70(1H, d, J=13Hz), 6.59(1lH, d,
J=8Hz), 6.94(1H, d, J=6Hz), 6.93-7.11(2H, m), 7.16-

7.21(2H, m), 7.84(1H, d, J=8Hz), 8.29(1H, d, J=6Hz)

Example 11
Sodium salt of 5-(3-fluorophenoxy)-2-(((4-methoxy-3-
methyl-2-pyridinyl)methyl)sulfinyl)-3H-imidazo[4, 5-

blpyridine



10

15

Sodium salt of 5-(4-fluorophenoxy)-2-(((4-methoxy-3-
methyl-2-pyridinyi)methyl)sulfinyi)-3H-imidazo[4,5- b]pyridine [Formula 40]
OMe iFA\NON S~ ONNNa 10 1H NMR(400MHz, DMSO-d6) S ppm;
2.15(3H, s), 3.84(3H, s), 4.40(1H, d, J=I3Hz), 4.70(1H, d, J=I3Hz),
6.59(1H, d, J=8Hz), 6.94(1H, d, J=6#z), 6.93-7.11(2H, m), 7.16- 7.21(2H,
m), 7.84(1H, d, J=8Hz), 8.29(1H, d, J=6Hz) 15 Example 11 Sodium salt of
5-%59%?&@1&1%@)-2-(((4-methoxy-3-
methyl-2-pyridinyi)methyl)suifinyi)-3H-imidazo[4,5- b]pyridine 92 [Formula
41] OMe F\>-S NO"NN Na 1H NMR(400MHz, DMSO-d6) S ppm;
2.14(3H, s), 3.83(3K, s), 4.41(1H, d, J=%%(1H, d, J=I3Hz),

6.63(1H, d, SN 9
ﬁ\%s SN

0" "N” "N

Na

'H NMR (400MHz, DMSO-d¢) & ppm; 2.14(3H, s), 3.83(3H, s),
4.41(1H, d, J=13Hz), 4.70(1H, d, J=13Hz), 6.63(lH, d,
J=8Hz), 6.86-6.94(4H, m), 7.37(lH, g, J=8Hz), 7.86(1H,

d, J=8Hz), 8.29(1H, d, J=6Hz)

Example 12

Sodium salt of 2-(((4-methoxy-3-methyl-2-
pyridinyl)methyl)sulfinyl)5-(4-methoxyphenoxy)—-6-
methyl-3H-imidazo[4,5-b]lpyridine

[Formula 42]

OMe

? N>—Oj)j
-~ % i |
N\
O\m Sy
o” >N~ "N
Na

'H NMR(400MHz, DMSO-dg¢) & ppm; 2.14(3H, s), 2.30(3H, s),
3.74(3H, s), 3.84(3H, s), 4.35(1H, d, J=13Hz), 4.74(1H,
d, J=13Hz), 6.86-6.97(5H, m), 7.65(1H, s), 8.28(1lH, d,
J=6Hz)

Example 13

Sodium salt of 2-(((4-methoxy-3-methyl-2-



10

J=8Hz), 6.86-6.94(4H, m), 7.37(1H, g, J=8Hz), 7.86(1H, d, J=8Hz),
8.29(1H, d, J=6Hz) 5 Example 12 Sodium salt of
2-(((4-methoxy-3-methyl-2-
pyridinyi)methyl)suifinyi)5-(4-methoxyphenoxy)-6-
methyl-3H-imidazo[4,5-b] pyridine [Fogmula 42 OMe O"N SN N Na 10
1HNmmmmMHzDMSOd@Spmn214@Hs)2303Hs)374&4
SPBIBABAY §), eI H) U IERME),) 2 74PN PHBRZN B:86-6°F7(5H,

)( gS& }—L )-8 2 1H.,. %9%% 6Hz) Example 13 15 Sodium salt of
Améth Xy-3-

Mrgd;@mﬂmgthyb)@ulflnylﬁ (2-phenoxyethoxy)-3H- imidazo[4,5-b]pyridine
[Formula 43] OMe _S N/ O,0 AN NN Na 1H NMR(400MHz, DMSO-d6)
S ppm; 2.18(3H, s), 3.85(3H, s),

OMe

N O

| > ?F_g\::liiﬂ
O P N
SRAaS

'H NMR (400MHz, DMSO-d¢) & ppm; 2.18(3H, s), 3.85(3H, s),
4.30-4.36(2H, m), 4.39(1H, d, J=13Hz), 4.55-4.62(2H,
m), 4.80(1H, d, J=13Hz), 6.38(1H, d, J=8Hz), 6.92-
6.97(2H, m), 6.98-7.03(2H, m), 7.27-7.33(2H, m),

7.71(1H, 4, J=8Hz), 8.30(1H, d, J=6Hz).

Example 14

Sodium salt of 5-(2-(4- fluorophenyl)ethoxy)-2-(((4-
methoxy-3-methyl-2-pyridinyl)methyl)sulfinyl)-3H-
imidazo[4, 5-b]lpyridine

[Formula 44]
CMe
3 It |
N
\[::1\¢/\ /ﬂjtj: >_S \N
0" N7 TN
Na

'H NMR(400MHz, DMSO-d¢) & ppm; 2.17(3H, s), 3.04(2H, t,



4.30-4.36(2H, m), 4.39(1H, d, J=I3Hz), 4.55-4.62(2H, 5 m), 4.80(1H, d,
J=I3Hz), 6.38(1H, d, J=8Hz), 6.92- 6.97(2H, m), 6.98-7.03(2H, m),
7.27-7.33(2H, m), 7.71(1H, d, J=8Hz), 8.30(1H, d, J=6Hz). Example 14
10 Sodium salt of 5-(2-(4- fluorophenyi)ethoxy)-2-(((4-
methoxy-3-methyl-2-pyridinyi)methydsgulfinyi)-3H- imidazo[4,5-b] pyridine
[Formula 44 OMe NSNN O Na 1H NMR(400MHz, DMSO-d 2?8 ppm
247031 3), éoﬁ%ﬁﬁHt 9%) g=7HZf BI85(3, sy, 4-38@H, df 348HZ,

A0 FIATSG SR S e i

8. 3061H 164, J=6HZ) -5 ﬁ%ﬂmp’re 15-Sodiymsaltafy, 7.33-7.39(2H, m),
2-(((4-methoxy-3-methyl-2-
pyridigyl)tiethy))sulifyi-b,(28plehilpropdxy)d3tdHimidazo[4,5-b] pyridine

. [Formula 45] OMe \NO N

10

15

20

Example 15

Sodium salt of 2-(((4-methoxy-3-methyl-2-
pyridinyl)methyl)sulfinyl)-5-(2-phenylpropoxy)—-3H-
imidazo[4, 5-b]lpyridine

[Formula 45]

OMe
/ﬂjtl:‘>_5 SN
o~ "N~ N
Na

'H NMR(400MHz, DMSO-d¢) & ppm; 1.30(3H, d, J=7Hz),
2.15(3H, s), 3.18-3.28(1H, m), 3.38(3H, s), 4.25-
4.40(2H, m), 4.37(1H, d, J=13Hz), 4.75(1H, d, J=13Hz),
6.27(1H, d, J=8Hz), 6.92(1H, d, J=6Hz), 7.17-7.23(1H,
m), 7.28-7.34(4H, m), 7.64(1H, d, J=8Hz), 8.28(1H, d,

J=6Hz) .

Example 16
Sodium salt of 5-(2,2-difluoroethoxy)-6-ethyl-2-(((4-
methoxy-3-methyl-2-pyridinyl)methyl)sulfinyl)-3H-

imidazo[4, 5-b]lpyridine



10

15

~S OoN N Na 10 'H NMR(400MHz, DMSO-d6) S ppm; 1.30(3H, d,
J=7Hz), 2.15(3H, s), 3.18-3.28(1H, m), 3.38(3H, s), 4.25- 4.40(2H, m),
4.37(1H, d, J=I3Hz), 4.75(1H, d, J=I3Hz), 6.27(1H, d, J=8Hz), 6.92(1H, d,
J=6Hz), 7.17-7.23(1H, m), 7.28-7.34(4H, m), 7.64(1H, d, J=8Hz),
8.28(1H, d, 15 J=6Hz). Example 16S0dium salt of
5-(2,2-difiuoroethoxy)-6-ethyl-2-(((4-
mEeHEM3-Fnethyl-2-pyridinyi)methyi)suifinyi)-3H- 20
imidazo[4,5-b]pyridine 95 [Formula 46] OMe CN\~S\ F2ZHC'ON NN
Na 1H NMR(400MHz, DMSO-d6) S ppm; 1.17(3H, t. J=7Hz), 2.17(3H, s),

2.60(2H, q, J=7Hz), 3.84(3H, s), 4.37(1H, d, J%I3HZz), 4.51-4.60(2H, m),
4.76(1H, d, J=I3Hz), 6.4 J¢, 53hz); (1H, d, J=6Hz),
7.58(1H, 55s), 8.28(1H, d, J 6H/) E le dium salt of

5-(2,2-difluoroethByyd:2-(@4-me og%&
methyl-2-pyridinyi)methyi)suifinyi)-6-propyi-3H-

'H NMR (400MHz, DMSO-ds) & ppm; 1.17(3H, t, J=T7Hz),
2.17(3H, s), 2.60(2H, q, J=7Hz), 3.84(3H, s), 4.37(1lH,
d, J=13Hz), 4.51-4.60(2H, m), 4.76(1H, d, J=13Hz),
6.41(1H, tt, J=4, 55Hz), 6.93(1H, d, J=6Hz), 7.58(1H,

s), 8.28(1H, d, J=6Hz)

Example 17

Sodium salt of 5-(2,2-difluoroethoxy)—-2-(((4-methoxy-3-
methyl-2-pyridinyl)methyl)sulfinyl)—-6-propyl-3H-
imidazo[4, 5-b]lpyridine

[Formula 47]

OMe
>N 2T
AN
F,HC” 07 "N” N
2 N

'H NMR(400MHz, DMSO-ds) & ppm; 0.90(3H, t, J=7Hz),
1.59(2H, sex, J=7Hz), 2.17(3H, s), 2.57(2H, t, J=7Hz),
3.84(3H, s), 4.37(1H, d, J=13Hz), 4.55(2H, dt, J=4,
15Hz), 4.76(1H, d, J=13Hz), 6.40(1H, tt, J=4, 55Hz),

6.93(1H, d, J=6Hz), 7.56(1H, s), 8.29(1H, d, J=6Hz).



10

15

10 imidazo[4,5-b]pyridine [Formula 47] OMe N\>S\N FZHCO N N Na
1H NMR(400MHz, DMSO-d6) S ppm; 0.90(3H, t, J=7Hz), 1.59(2H, sex,
J=7Hz), 2.17(3H, s), 2.57(2H, t, J=7Hz), 3.84(3H, s), 4.37(1H, d, J=I3HZz),
4.55(2H, dt, J=4, 15Hz), 4.76(1H, d, J=I3Hz), 6.40(1H, tt, J=4, 55Hz), 15
6.93(1H, d, J=6Hz), 7.56(1H, s), 8.29¢LH, d, J=6Hz). 96 Example 18
Sodium salt of 2-(((3-ethyl-4-methoxy-2-
pﬁrﬁﬁ%%ﬁe%@i)suifinyi) (5-methoxy-6-methyl-3H- imidazo[4,5-b] pyridine
ula 48] e ONN Na b5 MR(4 OMHz,
d%)§pgr%/l i%g%sﬁ M% 8H2Y 12 Ais’(%—% -2.83(2H, m),
3@9@@%%@4%@ J5I3HZ), 4. yﬁqwn@b}ﬂ%@z)@mwldaﬁamz),

7.54(IH,s), 8.32(1H, d, J:6Hz). 10 Example 19
imidazo[4, 5-b]lpyridine

[Formula 48]

OMe
0O "
/ N IX: |
AN
H> Sy
MeO” "N~ N

'H NMR (400MHz, DMSO-d¢)dppm; 1.07(3H, t, J=8Hz),
2.18(3H, s), 2.60-2.83(2H, m), 3.86(6H, s), 4.33(1lH, d,
J=13Hz), 4.76(1H, d, J=13Hz), 6.96(1H, d, J=6Hz),

7.54(1H,s), 8.32(1H, d, J=6Hz).

Example 19

Sodium salt of 5-(2-butynyloxy)-2-(((4-methoxy-3-
methyl-2-pyridinyl)methyl)sulfinyl)—-6-methyl-3H-
imidazo[4, 5-b]lpyridine

[Formula 49]

OMe

=
\}_
oj:ﬂ/:rd N
/\ Na

'H NMR (400MHz, DMSO-d¢)dppm; 1.03(3H, t, J=2Hz),
2.17(3H, s), 2.19(3H, s), 3.85(3H, s), 4.36(1lH, d,

J=13Hz), 4.80(1H, d, J=13Hz), 4.93(2H, g, J=2Hz),



5

10

15

Sodium salt of 5-(2-butynyloxy)-2-(((4-methoxy-3-
methyl-2-pyridinyi)methyi)suifinyi)-6-methyl-3H- imidazo[4,5-b] pyridine
[Formula 49] OMe O N N N Na 1H NMR(400MHz, DMSO-d6)8ppm;
1.03(3H, t, J=2Hz), 15 2.17(3H, s), 2.19(3H, s), 3.85(3H, s), 4.36(1H, d,
J=I3Hz), 4.80(1H, d, J=I3Hz), 4.93(2¢%; q, J=2Hz), 97 6.93(1H, d, J=6Hz) ,
7.55(1H, s) , 8.29(1H, d, J=6Hz) Example 20
249[(&-MethoxyLa3-metiyF-2-pytidimylyhethyilsulfnyd2g-15t, 4, J=6Hz) .
(3-pentynyloxy)-3H-imidazo[4,5-b]pyridine sodium salt OMe N\S O N N
N Na 1H NMR(400MHz, DMSO-d6) S ppm; 1.76(3H, t, J=2Hz), 2.16(3H,
Sk RBds26242H, m), 3.84(3H, s), 4.28(2H, t, J=7Hz), 4.38(1H, d, J=I3Hz),
4.75(1H, d, J=I3Hz), 6.32(1H, d, J=8Hz), 6.93(1H, d, J=6Hz), 7.67(1H, d,
10 I+8K2); 1828kl €3 Im6HRzY L ERamplei2inyl ) methyl] sulfinyl]-5-
5-Ethoxy-2-[[(4-methoxy-3-methyl-2- o ,
pyridiRyijthEthyScinyif-B-mBthyR3Alifidazofg e 1dine sodium salt

OMe
=z
o N~ N
Na

'H NMR(400MHz, DMSO-ds) & ppm; 1.76(3H, t, J=2Hz),
2.16(3H, s), 2.52-2.62(2H, m), 3.84(3H, s), 4.28(2H, t,
J=7Hz), 4.38(1H, d, J=13Hz), 4.75(1H, d, J=13Hz),
6.32(1H, d, J=8Hz), 6.93(1H, d, J=6Hz), 7.67(1H, d,

J=8Hz), 8.28(1H, d, J=6Hz).

Example 21
5-Ethoxy-2-[[ (4-methoxy-3-methyl-2-
pyridinyl)methyl]sulfinyl]-6-methyl-3H-imidazo[4,5-

blpyridine sodium salt

OMe
N O 7
tjiﬁjligk_g \N|
/\O N N

'H NMR(400MHz, DMSO-dg¢) & ppm; 1.34(3H, t, J=7Hz),
2.16(3H, s), 2.17(3H, s), 3.85(3H, s), 4.31(2H, q,

J=7Hz), 4.37(1H, 4, J=13Hz), 4.78(1H, d, J=13Hz),



15 b]pyridine sodium salt OMe N O N N\>-S N Na H NMR(400MHz,
DMSO-d6) S ppm; 1.34(3H, t, J=7Hz), 2.16(3H, s), 2.17(3H, s), 3.85(3H,
s), 4.31(2H, q, J=7Hz), 4.37(1H, d, J=I3Hz), 4.78(1H, d, J=I3HZz), 98
6.94(1H, d, J=6Hz), 7.52(IH,s), 8.30(1H, d, J=6Hz). Example 22
5-Isopropoxy-2-[[(4-methoxy-3-methyk2- 5
pyridinyi)methyl]sulfinyl]-6-methyl-3H-imidazo[4,5- b]pyridine sodium salt
OMe N GIN 19SS N Na H7N§/‘I?IR‘(]4}@)OMHZ, M%O-86) Spphmeti29(6H,
d, J=6Hz), 2.13(3H, s), 2.15(3H, s), 3.83(3H, s), 4.35(1H, d, J=I3Hz),
4.77(1H, d, J=I3Hz), 5.27(1H, kept, J=6Hz), 10 6.92(1H, d, J=6Hz),

74419, 8:228(1H, d, J=6Hz). Example 23
5-(Cyciopropyimethoxy)-2-[[(4-methoxy-3-methyl-2-
pyridisyiimethyRsulfinyl -6 4methyh 3 Myvinidaro{4,5L 15-b]pyridine sodium
salt OMe

5 pyridinyl)methyl]sulfinyl]-6-methyl-3H-imidazo[4,5-

blpyridine sodium salt

OMe

N O Y%
o NN N
Na

'H NMR(400MHz, DMSO-d¢) & ppm; 1.29(6H, d, J=6Hz),
2.13(3H, s), 2.15(3H, s), 3.83(3H, s), 4.35(1H, d,
J=13Hz), 4.77(1H, d, J=13Hz), 5.27(lH, hept, J=6Hz),

10 6.92(1H, d, J=6Hz), 7.49(1H, s), 8.28(1H, d, J=6Hz).

Example 23
5-(Cyclopropylmethoxy)—-2-[[ (4-methoxy-3-methyl-2-
pyridinyl)methyl]sulfinyl]-6-methyl-3H-imidazo[4,5-

15 b]lpyridine sodium salt

OMe
/
\
ISR

'H NMR(400MHz, DMSO-d¢) & ppm; 0.32-0.36(2H, m), 0.51-
0.56(2H, m), 1.24-1.34(1H, m), 2.16(3H, s), 2.20(3H,

s), 3.84(3H, s), 4.12(24H, d, J=7Hz), 4.38(1lH, d,



NON Na ~\ISNO N 1H NMR(400MHz, DMSO-d6) S ppm;
0.32-0.36(2H, m), 0.51- 0.56(2H, m), 1.24-1.34(1H, m), 2.16(3H, s),
2.20(3H, s), 3.84(3H, s), 4.12(2H, d, J=7Hz), 4.38(1H, d, 99 J=I3Hz),
4.80(1H, d, J=I3Hz), 6.93(1H, d, J=6Hz) 7.53(IH,s), 8.29(1H, d, J=6Hz).
Example 24 5 5-(2-Butynyloxy)-2-[[(49nethoxy-3-methyl-2-
pyridinyi)methyl]sulfinyi]-3H-imidazo[4,5-b]pyridine sodium salt OMe N O
OIR N BN /N4 - B4 NNIR(4D0MAZ SBRISORI6) S(Bpm; €81¢30HE =2Hz),

2.15(3H..s), 3.83(3H }) 4.36( H,g,_ =I3Hz), 4.76(1H, 10 d, J=I3Hz),
4.%5%1)6%@%)%6@ (H’—f,gd, Lg E%HIéSwH, d, J=6Hz), 7.69(1H, d,
J=8Hz), 8.28(1H, d, J=6Hz). Example 25 15
2-[[(4-Methoxy-3-methyl-2-pyridinyi)methyi]sulfinyl]-5-
mieteoxylé-nrethyl-3H-imidazo[4,5-b]pyridine sodium salt / N i
5-(2-Butynyloxy)—-2-[[ (4-methoxy-3-methyl-2-
pyridinyl)methyl]sulfinyl]-3H-imidazo[4,5-b]lpyridine

sodium salt

'H NMR(400MHz, DMSO-ds) & ppm; 1.81(3H, t, J=2Hz),
2.15(3H, s), 3.83(3H, s), 4.36(1H, d, J=13Hz), 4.76(1H,
d, J=13Hz), 4.85-4.90(2H, m), 6.34(1H, d, J=8Hz),
6.93(1H, d, J=6Hz), 7.69(1H, d, J=8Hz), 8.28(1H, d,

J=6Hz) .

Example 25
2-[[(4-Methoxy-3-methyl-2-pyridinyl)methyl]sulfinyl]-5-

methoxy-6-methyl-3H-imidazo[4, 5-b]lpyridine sodium salt

o
N O V7
//I 3*‘5 \NI
\
N
MeO N Na

'H NMR (400MHz, DMSO-d¢)® ppm; 1.36(3H, t, J=7Hz),



10

15

\>-S ~N MeO N Na 1H NMR(400MHz, DMSO-d6) 8 ppm; 1.36(3H, t,
J=7Hz), 100 2.16(3H, s), 2.18(3H, s), 3.86(3H, s), 4.10(2H, q, J=7Hz),
4.37(1H, d, J=I3Hz), 4.78(1H, d, J=I3Hz), 6.91(1H, d, J=6Hz), 7.53(IH,s),
8.27(1H, d, J=6Hz). 5 Example 26
2-[[(4-Methoxy-3-methyl-2-pyridinyiethyi]sulfinyi]-6-
methyl-5-(2-fluoroethoxy)-3H-imidazo[4,5-b]pyridine sodium salt OMe \ N
NZOIR NEN Na 1A NMRIEEOMHz, @)t\%@%b) S ppm’ 2116(3H; sfi-

2.20(3H, s), .84(3H, s), 4.37(1H, d, J=I . 4.46-4.50( :
4%2&%&(1#,1 %? il.‘g%-ifméﬁi %?2‘.79%1-3%)1 H213t12) ,Joiégﬁ}lggam,
m), 6.93¢kH, & J=8k2).7.56(1H3 $).:8.239(1H; o 9T BHIZ) 415 Example 27
2-[[(4-Methoxy-3-methyl-2-pyridinyi)methyi]suifinyi]-6-
methyl-5-propoxy-3H-imidazo[4,5-b]pyridine sodium salt OMe N 11 N'~O
N N\>-S )N
Example 26
2-[[(4-Methoxy-3-methyl-2-pyridinyl)methyl]sulfinyl]-6-
methyl-5-(2-fluorocethoxy)-3H-imidazo[4, 5-b]lpyridine

sodium salt

N O V%
LS

'H NMR(400MHz, DMSO-d¢) & ppm; 2.16(3H, s), 2.20(3H, s),
3.84(3H, s), 4.37(1H, d, J=13Hz), 4.46-4.50(1H, m),
4.54-4.58(1H, m), 4.70-4.74(1H, m), 4.79(1H, d,
J=13Hz), 4.82-4.86(1H, m), 6.93(1H, d, J=5Hz), 7.56(lH,

s), 8.29(1H, d, J=5Hz).

Example 27
2-[[(4-Methoxy-3-methyl-2-pyridinyl)methyl]sulfinyl]-6-

methyl-5-propoxy-3H-imidazo[4, 5-b]lpyridine sodium salt



5

10

15

20

Na 101 1H NMR(400MHz, DMSO-d6) S ppm; 1.00(3H, t, J=7Hz), 1.71-
1.79(2H, m), 2.16(3H, s), 2.18(3H, s), 3.84(3H, s), 4.22(2H, t, J=7Hz),
4.37(1H, d, J=I3Hz), 4.80(1H, d, J=I3Hz), 6.93(1H, d, J=6Hz) , 7.52(1H,s),
8.29(1H, d, 5 J=6Hz). Example 28

5-Isobutoxy-2-[[(4-methoxy-3-methyl 2t
pyridinyi)methyljsulfinyl]-6-methyl-3H-imidazo[4,5- 10 b]pyridine sodium

saft OMB (4G MiHzy | 15079k © WNMR&WHZFM%‘@%) 8 ppmii -

1.01(6H,d, J=7Hz),,2.01- 2 12(1H, m), 2. , 8), 2.19(3H, s), 3.85(3H,
o) 4 DA, 4 - TE) A I 6, S, A el o, S,
6.93¢H oth, J5SHZ).- F:52(1Had 33AIa), 16,8.29¢ k.4, J=8H#).( Fxample
29 5-(Cyciohexyloxy)-2-[[(4-methoxy-3-methyl-2-
pyridigyiymethyi]Sulfinyl}-6<methyb BH)imidazo}4 55 28)b]pyridiAe SBdium
s%lt %?122 )OMe

Example 28
5-Isobutoxy-2-[[ (4-methoxy-3-methyl-2-
pyridinyl)methyl]sulfinyl]-6-methyl-3H-imidazo[4,5-

blpyridine sodium salt

OMe
=
NG PT
\)
L DSy

'H NMR (400MHz, DMSO-d¢)d ppm; 1.01(6H, d, J=7Hz), 2.01-
2.12(1H, m), 2.16(3H, s), 2.19(3H, s), 3.85(3H, s),
4.04(2H, d, J=7Hz), 4.37(1H, d, J=13Hz), 4.81(1H, d,
J=13Hz), 6.93(1H, d, J=5Hz), 7.52(1H, d, J=1Hz),

8.29(1H, d, J=5Hz).

Example 29
5-(Cyclohexyloxy)-2-[[(4-methoxy-3-methyl-2-
pyridinyl)methyl]sulfinyl]-6-methyl-3H-imidazo[4, 5-

blpyridine sodium salt
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15

NONSN NNa 1H NMR(400MHz, DMSO-d6) 8 ppm; 1.29-1.59(6H, m)

, 1.70- 1.79(2H, m), 1.91-2.00(2H, m), 2.17(3H, s), 2.17(3H, d, J=IHz),
3.85(6H, s) , 4.38(1H, d, J=13Hz), 4.81(1H, d, J=13Hz), 5.04-5.12(1H,
m), 6.93(1H, d, J=6Hz), 7.53(1H, 5 d, J=IHz), 8.29(1H, d, J=6Hz).

Preparation Example 1 6-Methoxy-Bemitro-2-pyridineamine [Formula 50] |

NOz MeO N NHp A solution of 2-chloro-6-methoxy-3 10 nitropyridine
(25.3 g, 0.134 mot) and a concentrated aqueous ammonia solution (70
ml) in N,N- dimethylformamide (200 ml) was stirred at 70C for 4 hours
d to room temperature
cipitate was collected by
filtration to yield fthe fjtle cp ur\ 16.8 9d|2 mmol, 74.0%) as a
)8ppm; 3.90(3H, s),

and 15 minutes. The reaction mixture was ¢
and then diluted with water. The &5 regu

, DMSO-

yellow solid. 103 O
6.16(1H, d, J=9Hz), 8.16 (
Example 2 5 5-lodo-6-methoxy-3-nitro-2-pyridi

'H NMR (400MHz, DMSO-ds)® ppm; 1.29-

1.79(2H, m), 1.91-2.00(2H, m), 2.
J=1Hz), 3.85(6H, s), 4.38(1H, d,
J=13Hz), 5.04-5.12(1H, m), 6.93(1

d, J=1Hz), 8.29(1H, d, J=6Hz).

Preparation Example 1
6-Methoxy-3-nitro-2-pyridineamine

[Formula 50]

NO,

MeO”~ "N~ “NH,

A solution of 2-chloro-

nitropyridine (25.3 g, 0.134 mol)

aqueous ammonia solution (70 ml)

neamine

1.59(6H, m),

: bNB) , 8.26(1H, d, J=9Hz) Preparation

1.70-

17(3H, s), 2.17(3H, d,

J=13Hz), 4.81(

H, d, J=6Hz),

6-methoxy—-3-

1H, d,

7.53(1H

and a concentrated

in N, N-

dimethylformamide (200 ml) was stirred at 70°C for 4

hours and 15 minutes. The reaction mixture was cooled

to room temperature and then diluted with water.

resulted precipitate was collected by filtration to

yield the title compound (16.8 g,

a yellow solid.

99.2 mmol, 74.0%) as

The

4



10

15

20

[Formula 51] I NOp MeO ~N NH2 A suspension of 6-methoxy-3-nitro-2-
pyridineamine (14.6 g, 86.4 mmol) and N-iodosuccinimide (29.2 g, 130
mmol) in acetic acid (280 ml) was stirred at room temperature for 21
hours and 30 minutes. The 10 reaction mixture was concentrated and the
residue was dissolved in ethyl acetatesand 0.SN sodium hydroxide. The
ethyl acetate layer was washed with a saturated sodium bicarbonate

sofutiHRN0S sfifateBb et sbimrsw, dfied BIRY ankydrotis Sodidm -
sulfate, and 15 con rated. The residue was suspended n hexane, and
al#e_asélﬁtzgd’pr%eéégtage% %és |ﬁeF’e)(j’a%d (\%vléaé ed with Egglnz , thereby
yielding the title compound (25.2 g, 85.5 mmol, 98.9%) as a yellow solid.
1H NMR(400MHz, DMSO-d6)8ppm; 3.91(3H, s) , 8.20(2H, br 20 s),

8 Bd¢d re)t Peepdration Exafhple 3
6-Methoxy-5-methyl-3-nitro-2-pyridineamine 104 [Formula 52] ~NOp
MeT- M RIHZ RHhxfiTE of SRibH6 B-metidd 3 pRrdt 2 Byridineamine (1.03
9,3-49 mmol)s trimethylboroxin (456 mg, 3.63 mmol), cesium carbonate
(3?56(33 g, 10.9 mnl]:gl), tetrakis(triphenylphosphine)palladium(0) (412

A suspension of 6-methoxy-3-nitro-2-
pyridineamine (14.6 g, 86.4 mmol) and N-iodosuccinimide
(29.2 g, 130 mmol) in acetic acid (280 ml) was stirred
at room temperature for 21 hours and 30 minutes. The
reaction mixture was concentrated and the residue was
dissolved in ethyl acetate and 0.5N sodium hydroxide.
The ethyl acetate layer was washed with a saturated
sodium bicarbonate solution and a saturated brine
solution, dried over anhydrous sodium sulfate, and
concentrated. The residue was suspended in hexane, and
a resulted precipitate was filtered and washed with
hexane, thereby yielding the title compound (25.2 g,
85.5 mmol, 98.9%) as a yellow solid.

'H NMR(400MHz, DMSO-dg)dppm; 3.91(3H, s), 8.20(2H, br

s), 8.54(1H, s).

Preparation Example 3

6-Methoxy-5-methyl-3-nitro-2-pyridineamine



5 mg, 0.357 mmol) and N,N-dimethylformamide (10 ml) was stirred at
90C under nitrogen atmosphere. After 2 hours and 30 minutes,
trimethylboroxin (500 gl, 3.58 mmol) was added, and the reaction mixture
was further stirred under the same conditions for 5 hours and 30 10
minutes. The reaction mixture was gaoled to room temperature and then
diluted with ethyl acetate and water. Insoluble substance was filtered off,
the" eFgahic layet of the filtrate was washed 3 times with a saturation
ammonium chloride solution, dried over 15 anhydrous sodium sulfate,
filtered and concentrated. The residue was purified by silica gel column

chromatography (silic ~40 §0eluting solvent: heptane, heptane/ethyl
acetate = 90/10) to yield &hel titte compound (350 mg, 1.91 mmol, 54.8%)

as a yellow 20 solieQ RMBOMHz, DMSO-d6) 8ppm; 2.03(3H, s),
3.93(3H, s), 8.02(2H, br s), 8.11(1H, s). 105 Test Example 1 <Inhibitory
effects on gastric acid secretion in rats> Seven-week-old male SD rats

fasted from the, gy befpre expeamenty were ussl, Thesals pere 5

subjected to celiotomy along the median line under ether anesthesia, and

the,pylerusamas ligated.. Destgcompagndsweye dissolvedrof suisperded in
0.5% methyl- cellulose solution (solvent) and prepared the concentration
of (3 by /., Histeminemeds disselvedin carbonate (3.56 g, 10.9

mmol), tetrakis(triphenylphosphine)palladium(0) (412
mg, 0.357 mmol) and N,N-dimethylformamide (10 ml) was
stirred at 90°C under nitrogen atmosphere. After 2
hours and 30 minutes, trimethylboroxin (500 pul, 3.58
mmol) was added, and the reaction mixture was further
stirred under the same conditions for 5 hours and 30
minutes. The reaction mixture was cooled to room
temperature and then diluted with ethyl acetate and
water. Insoluble substance was filtered off, the
organic layer of the filtrate was washed 3 times with a
saturation ammonium chloride solution, dried over
anhydrous sodium sulfate, filtered and concentrated.
The residue was purified by silica gel column
chromatography (silica gel: 40 g, eluting solvent:
heptane, heptane/ethyl acetate = 90/10) to yield the
title compound (350 mg, 1.91 mmol, 54.8%) as a yellow
solid.

'H NMR(400MHz, DMSO-dg)dppm; 2.03(3H, s), 3.93(3H, s),

8.02(2H, br s), 8.11(1H, s).
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10 brine (solvent) and prepared the concentration of 10 mg/mi. 0.5%
methyl-cellulose solution or test compound solution (10 mg/kg) in a
volume of 0.2 ml per 100g body weight was injected into the duodenum at
the time of ligation, and then histamine solution (20 mg/kg) in a 15
volume of 0.2 ml per 100g body weight was administered

subcutaneously. Then the abdomen was sutured. Eight hours after the
admiftfistEatiSiPdfe sélvent or test compound, rat was sacrificed and

stoEn chw sisolatg%for the measurgment of the volume, 20 of gastric
. <In 1 ory S ech ?n asStric cl se%Fﬁ$lon n rats>
juice. After the volume of gas rlcﬂuce was determined, the acid

concentration was gaguted-ysing2e mipf gasyicduicedy ttrafion: he
against 0.04 moi/i NaOH solution to pH 7.0. The acid output was

calevlatetf as ¢votupenfrgastric juicey xyaeid 25 dorcentrationk fdde
inhibition rate (%) was calculated according to the formula shown below.

TR Pasiitiste Snéin P TaBIE £ (el 5 dmals BFedthe”
eép&{g?e%ﬁ%%%’@ I four,, 106 . inbibitian. tate %@z&%é@@% Aff‘&’ad

output In solvent administere group b. acid output In test compoun
adimniipisteretsgrespe [Tabie 4] Compoungdspibitiosrate(d) Examplent, 79

Example 2 86 Example 3 85
cellulose solution (solvent) and prepared the
concentration of 5 mg/ml. Histamine was dissolved in
brine (solvent) and prepared the concentration of 10
mg/ml. 0.5% methyl-cellulose solution or test compound
solution (10 mg/kg) in a volume of 0.2 ml per 100g body
weight was injected into the duodenum at the time of
ligation, and then histamine solution (20 mg/kg) in a
volume of 0.2 ml per 100g body weight was administered
subcutaneously. Then the abdomen was sutured.

Eight hours after the administration of
solvent or test compound, rat was sacrificed and
stomach was isolated for the measurement of the volume
of gastric juice. After the volume of gastric juice
was determined, the acid concentration was measured
using 0.25 ml of gastric juice by titration against

0.04 mol/1l NaOH solution to pH 7.0. The acid output

was calculated as (volume of gastric juice) x (acid

concentration). The inhibition rate (%) was calculated
according to the formula shown below. The results are
shown in Table 1. The number of animals of each

experimental group is four.
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5 Test Example 2 <Measurement of cytochrome P450 (CYP) gene
induction in human cryopreserved hepatocytes> Human cryopreserved
hepatocytes purchased from In Vitro Technology were quickly thawed at
37C. 10 After ice-cold William's E (WE) medium supplemented with 10%
FCS, penicillin (100U/mL), streptomyesé (100pg/mL) and giutamine
(2mM) (WE medium) was gradually added to hepatocytes, the cells were
centrifuged at 500 rpm for 5min at 4C. The 15 supernatant was removed

and the cells were resuspent in WE medjym to obtain 5 x 105
I TR Ref berd o cOTageh

s/im

were

genh-coated 48-well plates (1 x

105 celslema)anccultured at 37€ anda%iGO2:fenaboui24 hr. 20

Medium was replaced with Hepato-STIM (trademark, BD Biosciences)
stipplemedtedwith EGF, 1075 pendoilthe (100 Wenl)nsteéptoatycir oup
(100pg/mL) and giutamine (2mM) (HS medium) and the cells were
cUltL#Bd Sfor About 24hr. At about 48 hr of culture after seeding, the cells
were treated with the test compounds 5 and a-naphtoflavone (p-NF,

positive controHer-human—CYPIALa
aboon#g lhrdVediunt waslchahged dafly. (Fhe final

HS medium for

A-CYPIAZ2-SIGMA)prepared by

concentration ¢f a-NFwas Set to

dimethyisuifoxide [P, SWako), 10

10 jM.Alrcompounds were dissolved in

resulting i % final vehicle

concentration of 0E1>2/3mp le 2

86

Example 3

85

Test Example 2

<Measurement of cytochrome P450 (CYP) gene induction in

human cryopreserved hepatocytes>

Human cryopreserved hepatocytes purchased

from In Vitro Technology were quickly thawed at 37°C.

After ice-cold William’s E

(WE) medium supplemented

with 10% FCS, penicillin (100U/mL), streptomycin

(100pg/mL)

and glutamine (2mM) (WE medium) was

gradually added to hepatocytes, the cells were

centrifuged at 500 rpm for 5min at 4°C. The

supernatant was removed and the cells were resuspended

in WE medium to obtain 5 x 10° cells/mL. The cells were

plated into collagen-coated 48-well plates (1 x 10°

cells/cmz) and cultured at 37°C and 5% CO, for about 24

hr.

Medium was replaced with Hepato-STIM

(trademark,

BD Biosciences)

supplemented with EGF,
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(v/v). To the control cells, HS medium containing 0.1% DMSO was
added. After 48-hr exposure, cells were washed once using PBS, and
total RNA was purified using Qiagen 15 RNeasy Mini Kit (Qiagen)
according to the manufacturer's instruction. Purified total RNA was then
used as template for first strand cDNABynthesis. For reverse
transcription (RT) reaction, Oligo dT was employed. The RT reaction was

c&fied tising TagMaR D0"Reversb THRRSEHtOR REAJBH thppliser
Biosyst t 25 in followed by 60-mi ion at 48C
T o A e e e i ea

then %Hénzym or 5Smin in Gen f)eP

Sysienm 8400 Theresulting cNAwass sybjested 1o polymeraseghain
reaction (PCR) in AB17700 25 Sequence Detection System (Applied

Biosystems). Eoe tlhe MRNAanalysesaofClY RIAD andsGARPH, S¥BRunds

Green PCR Core Reagents kit (Applied Biosystems) was used, and
CYPL AT mMENIK Qs giRpifidd U@%g PLGMER BPCR Coré 108" ReaBhis”

KL (Anplied Bigsysiems). T M%‘%E@_paﬂdecﬁe‘g%ﬁﬁéR BHTMGES Eg%éhe

analysis of each mRNA and PCR conditions used'were shown in Tabies

2 apghd-54 sespectivelyd flable 25 Pomet equence ysozyme-GenBank#
primer Name se uence CYP1Al XM 044663 F hCYP1Al F1
TCBTIETCCETTCTOTARCHNCTGETGFL to 10 uM. All compounds

were dissolved in dimethylsulfoxide (DMSO, Wako),
resulting in a final vehicle concentration of 0.1%
(v/v). To the control cells, HS medium containing 0.1%
DMSO was added.

After 48-hr exposure, cells were washed once
using PBS, and total RNA was purified using Qiagen
RNeasy Mini Kit (Qiagen) according to the
manufacturer’s instruction. Purified total RNA was
then used as template for first strand cDNA synthesis.
For reverse transcription (RT) reaction, Oligo dT was
employed. The RT reaction was carried using TagMan
Reverse Transcription Reagents (Applied Biosystems) at
25°C for 10min followed by 60-min reaction at 48°C, and
then the enzyme was inactivated at 95°C for 5min in
Gene Amp PCR System 9700. The resulting cDNA was
subjected to polymerase chain reaction (PCR) in ABI7700
Sequence Detection System (Applied Biosystems). For
the mRNA analyses of CYP1Al and GAPDH, SYBR Green PCR
Core Reagents kit (Applied Biosystems) was used, and

CYP1A2 mRNA was quantified using TagMan PCR Core



R hCYP1A1 R1 ATTTTCCCTATTACAT - TAAATCAATCCTTCT CYP1A2
AF182274 F hCYP1A2_ 12 ACCATGACCCAGAGC TGTGG R
hCYP1A2 R13 TCACTCAAGGGCTTGT - TAAT probel
AGGACCCCTCTGAGTT Probe(FAM/TAMRA) hCYP1A2 CCGGCCT
GAPDH M 33197 F hGAPDH F GAAGGTGAAGGTCGG AGTC R
hGAPDH R GAAGATGGTGATGGG AITFC PCR conditions [Table 3%
GAPDH Teperhtuféaimecds RO 945153 denatlifatibir 56 19s (F)  and

anncaling. 72 305 extension 4 oydles 109, [Table ALCYPIAL p 1
Temperature im& g5 Tomin 64 155 Qehaturdiion 155'Gnnea Ing

PCR conditions used were shown in Tables 2 and 3-5,
respectively.

[Table 2]

Primer Sequence

isozyme GenBank# primer Name sequence
TGGTGTCCGTTCTGTA
CYPIAT XM_044663 F hCYPIALF1  [oCTCTONC
ATTTTCCCTATTACAT
R hCYPIALRT 1A AATCAATGGTTCT
CYP1A2 AF 182274 F hCYP1A2 F12 #g?ééGACCGAGAGG
TCACTGAAGGGCTTGT
R hoYP1AZR1a TOAC
AGGACCCGTCTGAGTT
Probe (FAM./TAMRA) hGYP1AZ2 probe1 AGCACCC
GAPDH M_33197 F hGAPDH_F 2S¢SGTGMGGTCGG
GAAGATGGTGATGGG
R hGAPDHR ~ SAAGH

PCR conditions

[Table 3]
GAPDH
Temperature Time
95 10min
94 15s denaturation
56 15s annealing
72 30s extension

40 cycles



72 30s extension 50 cycles [Table 5] CYP1A2 Temperature Time 95
10min 94 15s denaturation 58 15s annealing 72 30s extension 50 cycles
<Data analysis> Data analysis was performed as follows. The amount of
MRNA of CYP1ALl or CYP1A2 was divided by that of GAPDH. Then, the
ratio (fold) of the values obtained intest 5 compounds (X) and positive
control (P) against that in control was calculated. The induction potency
of(te3PBnthound (%) was obtained by following equation: Induction
potency of test compound (%) _ 100X(X-1)/(P-1) 110 <Results> In Test
he problems

cuction—o i P1A
isoZipreewas stirdied usingAtan cryopreserved hepatocytes. As the
resulis, test compound showed week induction potency, resulted in less
than 12% 4t 3uM and less thih'30% at 10uM as

94 15s denaturation

56 15s annealing

72 30s extension
50 cycles

[Table 5]
CYP1AZ
Temperature Time

95 10min

94 15s denaturation

58 15s annealing

72 30s extension
50 cycles

<Data analysis>
Data analysis was performed as follows. The amount of
mRNA of CYP1Al or CYP1A2 was divided by that of GAPDH.
Then, the ratio (fold) of the wvalues obtained in test
compounds (X) and positive control (P) against that in
control was calculated. The induction potency of test
compound (%) was obtained by following equation:
Induction potency of test compound (%) =

100X (X-1)/(P-1)
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15

compared with positive control (1000). [Table 6] Sample Conc. CYP1A1l
CYP1A2 Control 0.1% DMSO (1.00) (1.00) RNF 10 i"1 100(79.97)
100(14.16) Example 1 0.3 M 2.03 8.36 Example 11 M 8.02 12.16
Example 1 3 M 11.27 11.78 Example 1 10 M 18.46 29.18 10 Each value
in Table 6 represents the % of the pasitive control (1000). Figures in
parentheses show the fold induction by positive control as compared with
control. 15 INDUSTRIAL APPLICABILITY Since the compound of the
pre&ggh?gegtion has an excellent gastric acid secretion inhibitory
activity, igﬁer safety and more suitable physicochemical stability, it can
sefveassa diugillppartisularly usefid far acig related-diseases, [Seguence
Listing Free Text] SEQ ID No. 1: Primer F SEQ ID No. 2: PrimerR 5
SEQL I Nos 3oRemef RRBEQriDoNbedsPrimetr lReSEEVDL MondnPrabe new
(FAM/TAMRA) SEQ ID No. 6: Primer F SEQ ID No. 7: Primer R

drug, induction of mRNAs of CYPIA isozymes was studied
using human cryopreserved hepatocytes. As the results,
test compound showed week induction potency, resulted

in less than 12% at 3uM and less than 30% at 10uM as

compared with positive control (100%).

[Table 6]
Sample Conc. CYP1Al CYP1A2
Control 0.1% DMSO (1.00) (1.00)
BNF 10 uM 100(79.97) 100(14.16)
Example 1 0.3 uM 2.03 8.36
Example 1 1 uM 8.02 12.16
Example 1 3 uM 11.27 11.78
Example 1 10 uM 18.46 29.18

Each value in Table 6 represents the % of the
positive control

the fold induction by positive control as compared with

control.

(100%) .

INDUSTRIAL APPLICABILITY

o\

Figures in parentheses show

Since the compound of the present invention

has an excellent gastric acid secretion inhibitory

activity, higher safety and more suitable

physicochemical stability,

it can serve as a drug




112 CLAIMS 1. A compound represented by the following formula (1), or
a salt thereof or a hydrate thereof: [Formula1l]R O"3R5 R2N/1S
RHO x: HN/ N N wherein R1 represents a C2-C6 aikynyi group; R2
represents a methyl group; R3 represents a methyl or ethyl group; R4
represents a CI-C6 alkyl group; R5 represents a hydrogen atom. 2. A
compound represented by the following formula (1), or a salt thereof or a
hydratel thetést YFomftiall] Pr0eR3RS LRSS IFRAEPREM N wherein

;{rt%% &1 Lpehr?géll %Eoggivylk(}icp ‘may l%%\{iec? substituent selected from the Q

SEQ ID No.

SEQ
SEQ
SEQ
SEQ
SEQ

SEQ

ID

ID

ID

ID

ID

ID

No.

No.

No.

No.

No.

No.

1:

2

3:

Primer F
Primer R
Primer F
Primer R
Probe (FAM/TAMRA)
Primer F

Primer R



R2 represents a methyl group; R3 represents a methyl or ethyl group; 113
R4 represents a CI-C6 alkyl group; R5 represents a hydrogen atom; R
group is a halogen atom or CI-C6 aikoxy group. 3. A pharmaceutical
composition which comprises a compound or a salt thereof or a hydrate
thereof according to claim 1 or claimi2, and a pharmaceutically
acceptable carrier. 4. The pharmaceutical composition according to claim
3 for treatment of a disease selectéd*frtfim gastric ulcer, duodenal ulcer,
stpmas ulcer, gastigesgphageaefiux disease, Zolnoer:Ellison
syndrome, symptomaﬁ)c gas roes%ple"lageal refiux disease,

endescopy-negptive gastragsephageak refiux.diseasgs -gastroesephageai
regurgitation, paresthesia of pharyngolarynx, Barrett's esophagus,
nda-steroital lanhtiinflammatory drug (NSAID) ulcer, gastritis, stomach
bleeding, gastrointestinal bleeding, peptic ulcer, bleeding ulcer, stress
ulcer, gastric hyperacidity, dyspepsia, gastroparesis, senile ulcer,
intractable ulcer, heartburn, bruxism, stomacheg,hE, heavy stomach,
temporomandibular arthrosis or erosive gastritis. 5. The pharmaceutical
composition according to claim 3, whergifl is gastric ulcer,

N . . .
duodenal ulcer, stomasyilceryga roessibpha eai refiux %sease,
1
RL_ AN N

0 N H

wherein R’ represents a C2-C6 alkynyl group;

R? represents a methyl group;

R’ represents a methyl or ethyl group;

R* represents a Cl-C6 alkyl group;

R’ represents a hydrogen atom.
2. A compound represented by the following
formula (1), or a salt thereof or a hydrate thereof:

[Formula 1]

R4
O/
R3 RS

RZ SN N /? =

o \>—s N, )
R o

™~ N

O N H

wherein R’ is a phenyl group which may have a
substituent selected from the P group;
R? represents a methyl group;

R’ represents a methyl or ethyl group;



Zollinger-Ellison syndrome or symptomatic gastroesophageai refiux
disease. 114 6. The pharmaceutical composition according to claim 3,
wherein the disease is gastroesophageai refiux disease or symptomatic
gastroesophageai refiux disease. 7. The pharmaceutical composition
according to claim 3, wherein the disemse caused by gastric acid is
gastric ulcer or duodenal ulcer. 8. A mono therapeutic or combination
therapeutic agént fotreradieation of AélicSbatterPyl6f MR stomach

which compris%theecq:mg%%n%or a,salt thereof QErI a hydrate thereof
according to claim 1Gr'craim 2.°1/2 gﬁélﬁ@ﬁ&ﬁ SHNG <110> Eisai

Co., Ltd <120>3MiRPAZOPYRIDINEI GOMPQUIND 51307 \W2110;,000000
<150> JP 2004-126533 <151> 2004-04-22 <160> 7 <170> Patentin
versione3.1 <210> 1 <211> 25 <212> DNA <213> Artificial <220>
<223> primer F , . . .
3. A pharmaceutical composition which comprises
a compound or a salt thereof or a hydrate thereof
according to claim 1 or claim 2, and a pharmaceutically
acceptable carrier.
4. The pharmaceutical composition according to
claim 3 for treatment of a disease selected from
gastric ulcer, duodenal ulcer, stomal ulcer,
gastroesophageal reflux disease, Zollinger-Ellison
syndrome, symptomatic gastroesophageal reflux disease,
endoscopy-negative gastroesophageal reflux disease,
gastroesophageal regurgitation, paresthesia of
pharyngolarynx, Barrett's esophagus, non-steroidal
antiinflammatory drug (NSAID) ulcer, gastritis, stomach
bleeding, gastrointestinal bleeding, peptic ulcer,
bleeding ulcer, stress ulcer, gastric hyperacidity,
dyspepsia, gastroparesis, senile ulcer, intractable
ulcer, heartburn, bruxism, stomachache, heavy stomach,
temporomandibular arthrosis or erosive gastritis.
5. The pharmaceutical composition according to
claim 3, wherein the disease is gastric ulcer, duodenal
ulcer, stomal ulcer, gastroesophageal reflux disease,

Zollinger-Ellison syndrome or symptomatic

gastroesophageal reflux disease.



<220> <221> primer bind <222> (1).. (25) <223> <400> 1 tggtctccct
tctctacact cttgt 25 <210> 2 <211> 31 <212> DNA <213> Artificial <220>
<223> primer R <220> <221> primer bind <222> (1).. (31) <223> <400>
2 attttcccta ttacattaaa tcaatggttc t 31 <210> 3 <211> 20 <212> DNA
<213> Artificial <220> <223> primeri <220> <221> primer bind <222>
(lg.. (20) <223>
. The pharmaceutical composition according to
claim 3, wherein the disease is gastroesophageal reflux
disease or symptomatic gastroesophageal reflux disease.
7. The pharmaceutical composition according to
claim 3, wherein the disease caused by gastric acid is
gastric ulcer or duodenal ulcer.
8. A mono therapeutic or combination therapeutic
agent for eradication of Helicobacter Pylori in a

stomach which comprises the compound or a salt thereof

or a hydrate thereof according to claim 1 or claim 2.



<400> 3 accatgaccc agagctgtgg 20 <210> 4 <211> 20 <212> DNA

<213> Artificial <220> <223> primer R <220> <221> primer-bind 2/2

<222> (1).. (20) <223> <400> 4 tcag} aagg gcttgttaat 20 <210> 5 <211>

23 <212> DNA <213> Artificial <2 <223> probe(FAN/TANRA)

<220> <221 >SpHiFeérlyhdc <222> (1).. (23) <223> <400> 5 aggacccctc
110> Efgaghccgg cct 23 <210> 6

<120> IMIDAZOPYRIDINE COMPOUND
<130> W2110-000000

<150> JP 2004-126533
<151> 2004-04-22

<160> 7
<170> PatentIn version 3.1

210> 1

Q11> 25

<212> DNA

<213> Artificial

<220>
<223> primer F

<220>

<221> primer_bind
<222> (1)..(25)
223>

<400> 1
tggtcteoct tctctacact cttgt 25

210> 2

Q11> 31

<212> DNA

<213> Artificial

<220>
<223> primer R

<220>

<221> primer_bind
222> (1)..(31)
<223>

<400> 2
attttcccta ttacattaaa tcaatggttc t 31

<210> 3

211> 20

<212> DNA

<213> Artificial

<220>
<223> primer F

<220>

<221> primer_bind
<222> (1)..(20)
<223>

<400> 3
accatgaccc agagectgtgg 20

<210> 4

211> 20

<212> DNA

<213> Artificial

<220>
<223> primer R

<220>
<221> primer_bind



222>
<223>

<400>

<211>19 <212> DNA <213> Artificial <220> <223> primer F <220>
<221> primer bind <222> (1).. (19) <223> <400> 6 gaaggtgaag
gtcggagtc 19 <210> 7 <211> 20 <%§> DNA <213> Artificial <220>
<223> primer R <400> 7 gaagatggtd atgggatttc 20

(1).. (20)

4

tcactcaagg gcttgttaat 20

<210>
Q11>
212
Q213

<220>
<223>

<220>
<2215
<222>
<223>

<400>

5

23

DNA
Artificial

probe (FAM/TAMRA)

primer_bind

1)..(23)

5

aggacccctc tgagttecgg cot 23

<210>
Q11
212>
(VAR

<220>
<223>

<220>
<2215
<222>
<223>

<400>

6

19

DNA
Artificial

primer F

primer_bind
(M.. Q9

6

gaaggtgaag gtcggagtc 19

<210>
Q11>
L2112
(VAR

<220>
<223>

<400>

1

20

DNA
Artificial

primer R

7

gaagatggtg atgggatttc 20
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