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- 1 - [Kind of Document] Description [Title of the Invention]
BENZIMIDAZOLE COMPOUND [Technicai Field] [0001] 5 The present
invention relates to a benzimidazoie compound or a salt thereof, or a
soivate of these, useful as a gastric acid secretion inhibitor. The present
invention also relates to a benzimidazoie compound or a salt thereof, or a
soivate 10 of these, useful as a therapeutic agent or prophylactic agent
fof atitPretatet UfisEERS lor syRfit6msRESpeECially gastroesophageal
refiux diseases, symptomatic gastroesophageai refiux diseases, gastric
ulcers and duodenal ulcers). 15 [Background Art] 0002] Peptic ulcers

sych; as gastricileerandeduadanal uloergye peneeivakly causesRy the
disruption of the balance between aggressive factors, such as acid 20

and pepsin, and defensive factors, such as the mucus and blood flow,
leading to autodigestion. 0003] The peptic ulcer is principally treated by
med Eé@?%ogﬁﬁtl\%@rious drug therapies have been 25 tried as the
medical T@rdaof rticularly, in recent - 2 years, a medicament capable of
specifically inhibiting H' /K -ATPase, which is an enzyme present in the
parietal The present invention relates to a

benzimidazole compound or a salt thereof, or a solvate
of these, useful as a gastric acid secretion inhibitor.
The present invention also relates to a

benzimidazole compound or a salt thereof, or a solvate
of these, useful as a therapeutic agent or prophylactic
agent for acid-related diseases or symptoms (especially
gastroesophageal reflux diseases, symptomatic
gastroesophageal reflux diseases, gastric ulcers and

duodenal ulcers).

[Background Art]
[0002]

Peptic ulcers such as gastric ulcer and
duodenal ulcer are conceivably caused by the disruption
of the balance between aggressive factors, such as acid
and pepsin, and defensive factors, such as the mucus
and blood flow, leading to autodigestion.

[0003]

The peptic ulcer is principally treated by

medical care, so that various drug therapies have been

tried as the medical care. Particularly, in recent
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cells and responsible for the final stage of gastric acid secretion, thereby
suppressing gastric acid 5 secretion and inhibiting autodigestion, has
been developed and put to clinical use. Examples of such a medicament
include omeprazole, esomeprazole, pantoprazole, lansoprazole, and
rabeprazole. [0004] 10 These medicaments have excellent therapeutic
effects; however, a medicament that more persistently inhibits gastric

adifi FetretdnRId4faM AN iS 2@ Opriatel\PpRysicochrizally Stabethay
b%ep illAElggig%d towl%el dﬁ:-veloped. In II‘lparticuIarr,@jtsig rzl;\,ésoi:rLIS tnggested

v tal
that'the cure rate’of gas roeégpﬁélgeea Tefiux disease may be mp?o%%ﬁebya

maintainingthe iptiagastitic 1RH at A high valuefor adang time (Non-Patent
Document 1). [0005] 20 Compounds particularly relevant to the present
inventiors arerdéscribedth Ratent Bogumentsihanda tHowewer i the
compounds disclosed in these patent documents differ in chemical

SGRGRMOM thBIcoMpotinds 8feGicaly E3eHBed in tHeSpresent 25
YD 00T Hp L O RASTS SRR
1%89i@hment include omeprazole, esomeprazole,
pantoprazole, lansoprazole, and rabeprazole.
[0004]

These medicaments have excellent therapeutic
effects; however, a medicament that more persistently
inhibits gastric acid secretion, is safer, and is
appropriately physicochemically stable has been still
desired to be developed. In particular, it is also
suggested that the cure rate of gastroesophageal reflux
disease may be improved by maintaining the intragastric
pH at a high value for a long time (Non-Patent Document
1).

[0005]

Compounds particularly relevant to the
present invention are described in Patent Documents 1
and 2. However, the compounds disclosed in these
patent documents differ in chemical structure from the
compounds specifically described in the present
invention.

[0006]
Patent Document 1: WO 91/19712

Patent Document 2: JP-A-59-181277
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[Disclosure of Invention] [Problem to be Solved by the Invention] 5 [0007]
An object of the present invention is to provide a novel compound having
an excellent inhibitory effect against gastric acid secretion, useful as a
therapeutic or prophylactic agent for acid-related 10 diseases or
symptoms and being excellent in mamtaining the inhibitory effect against
gastric acid secretion, thereby maintaining the intragastric pH high for a
long time. [Med$\fdt Sohihg tee PF6BIEM] ‘15 fo0ost TRE present °1
inyentors h?\{e cogducted intensive studies with the view toward attaining
the” aforementioned objects. As a result, they found that a benzimidazole
compound having a novel chemical 20 structure has an excellent
inhibitory effect against gastric acid secretion, is excellent in maintaining
theD irhiBitory effecttadainstrgastrid acid secretion, thereby maintaining
the inzt%%iasric pH at a high value for a long time, and particularly useful

ad BB therageuticorrophviabiic agént¥orgastis8sbphageal reflux

disease, i51?)0; matic gastroesophageal reflux disease, gastric ulcer and
duodenal ulcer. Based on - 4 these findings, the present invention was
achieved. More padicidaity, e preseptinwention previdesa Gampeund

having the following formula (1) or
provide a novel compound having an excellent inhibitory
effect against gastric acid secretion, useful as a
therapeutic or prophylactic agent for acid-related
diseases or symptoms and being excellent in maintaining
the inhibitory effect against gastric acid secretion,
thereby maintaining the intragastric pH high for a long
time.
[Means for Solving the Problem]
[0008]

The present inventors have conducted
intensive studies with the view toward attaining the
aforementioned objects. As a result, they found that a
benzimidazole compound having a novel chemical
structure has an excellent inhibitory effect against
gastric acid secretion, is excellent in maintaining the
inhibitory effect against gastric acid secretion,
thereby maintaining the intragasric pH at a high wvalue
for a long time, and particularly useful as a
therapeutic or prophylactic agent for gastroesophageal
reflux disease, symptomatic gastroesophageal reflux

disease, gastric ulcer and duodenal ulcer. Based on
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a salt thereof, or a solvate of these. 5 [0009] [Formula 1] R4 R2 R5 ~
:>cHO (1) 0010] Furthermore, the present invention provides a
medicament containing a compound having the formula (1) 10 above or a
salt thereof, or a solvate of these. The present invention also provides a
gastric acid secretion inhibitor containing a compound having the formula
(1) above or a salt thereof, or a solvate of these. 15 The present invention
furthe? prévides 8 Iharhit ebiti €& mposTtioH éoitalifity & eonfttmd
having the forr&lélg (1%/%? ve, 8153 3 It th r‘k(laof, orreasé%l)éate 92 trl ese or
use of a compoundeh ing the ormuPé’(l abdve or a salt thereo , ora
selvateiefdhese ford0-produsing iaphanmacestical.gompasitien 1 [0011] or
Further additionally, the present invention - 5 is directed to a therapeutic
agertaortproplylacticc. agentfos @atickietatetd diseases or symptoms, such
as gastri[colélggzﬁ, duodenal ulcer, anastomotic ulcer,

[Formula 1]

R4

R2
/
R2 N //o R! o—W!
\>73 _
6 N R3
R N \ /
R7 N

)

[0010]

Furthermore, the present invention provides a
medicament containing a compound having the formula (1)
above or a salt thereof, or a solvate of these.

The present invention also provides a gastric
acid secretion inhibitor containing a compound having
the formula (1) above or a salt thereof, or a solvate
of these.

The present invention further provides a
pharmaceutical composition containing a compound having
the formula (1) above or a salt thereof, or a solvate
of these or use of a compound having the formula (1)
above or a salt thereof, or a solvate of these for
producing a pharmaceutical composition.

[0011]

Further additionally, the present invention
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gastroesophageal reflux disease (including 5 gastroesophageal reflux
disease with repeated relapses and recurrences), Zollinger-Ellison
syndrome, symptomatic gastroesophageal reflux disease, endoscopically
negative gastroesophageal reflux disease, non-erosive gastroesophageal
reflux disease, 10 gastroesophageal segurgitation, NUD (non-ulcer
dyspepsia), abnormal sensation in the throat, Barrett's esophagus,
NSRIBinGad&fuleer, Yashitis2 §astrit Chieedimg, AEnoFtYIc gastrifis,

gastioigtestinal pleeding peptic yloet, bleeding ulcer, stiess ulcer, 15,

gastric 1ﬁyperac‘floﬁt%/, dyspepsia, gastroparesis, elé’é/rﬁn;}) person's ulcer,

ingyastable-ulceracute gasttica Mugesallesion .Reayturncpyrosis.of sleep
apnea syndrome, bruxism, gastralgia, heavy stomach feeling, gagging,

nausea; terapplromardibular joint atfrresisgor(20 etosivergastritis, and
containing a compound having the general formula (1) above or a salt

tHETEST e WIS Of thede! [0012] Frefsabie dkaniies of dcitirbiates °
d'&ﬁés%sec%?r%’e é‘%l%t?[“sz@?%i@%%‘%‘%ﬁﬁt{'go%cegy%%%%a' ulcer,

anastomotic ulcer, gastroesophageal reflux disease; Zollinger-Ellison

sydipmen symptoraatic- gastreasepiagead reflux diseases @ndoscopically
- 6 negative gastroesophageal reflux disease, non-erosive
gastfsesophagealrefluc disease, and aevesyasid sadcosaf lesion. More

preferable examples may include ,
disease, non-erosive gastroesophageal reflux disease,

gastroesophageal regurgitation, NUD (non-ulcer
dyspepsia), abnormal sensation in the throat, Barrett's
esophagus, NSAID-induced ulcer, gastritis, gastric
bleeding, hemorrhagic gastritis, gastrointestinal
bleeding, peptic ulcer, bleeding ulcer, stress ulcer,
gastric hyperacidity, dyspepsia, gastroparesis, elderly
person's ulcer, intractable ulcer, acute gastric
mucosal lesion, heartburn, pyrosis of sleep apnea
syndrome, bruxism, gastralgia, heavy stomach feeling,
gagging, nausea, temporomandibular joint arthrosis, or
erosive gastritis, and containing a compound having the
general formula (1) above or a salt thereof or a
solvate of these.

[0012]

Preferable examples of acid-related diseases
or symptoms may include gastric ulcer, duodenal ulcer,
anastomotic ulcer, gastroesophageal reflux disease,
Zollinger-Ellison syndrome, symptomatic

gastroesophageal reflux disease, endoscopically
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gastroesophageal reflux disease, symptomatic 5 gastroesophageal reflux
disease, gastric ulcer, and duodenal ulcer. Further more preferable
examples may include (1) gastroesophageal reflux disease or
symptomatic gastroesophageal reflux disease and (2) gastric ulcer, or
duodenal ulcer. 10 [0013] On the ether hand, the present invention is
directed to an bactericidal agent or an auxiliary bactericidal agent against
HeRCoHaETE BYAGTT E6FaRTING 8Tbnisouberh ARG BieCformel &) above

or a 15 salt the%eof, or.a solﬁte of dthese. Note thgt the 'Propha}ll%ctic
as,roeso geal re u 1 eaﬁ1e an Clll . gdas 1cC
agent” mentioned “above includes, other thdn a prophylacticzagen

administeting beforg onset ota disease 05 symMpLamy aeMaiienance ude
therapeutic agent and a recurrence 20 preventing agent after cure.

Fgdabéemeareptiien@exiliane bacterididak agent"speptionedtaltove refers to
an agent that controls the working environment of a bactericidal agent

AffcUittB SHRRHERE the BdidicTontiiishaso &6 0 25rodties the'éffect.
[0948%.dn the formula (1) R1:30d.R3may B?é@%fy%%?e oL differentand

represents a hydrogen atom or a C1 to - 7 C6 alkyl group; and R2 is
represented by the ffermulas Zhrvihiel mayeave:1 da 4gredps selected

from Group Al below.
symptomatic gastroesophageal reflux disease and (2)
gastric ulcer, or duodenal ulcer.
[0013]

On the other hand, the present invention is
directed to an bactericidal agent or an auxiliary
bactericidal agent against Helicobacter pylori,
containing a compound having the formula (1) above or a
salt thereof, or a solvate of these.

Note that the "prophylactic agent”™ mentioned
above includes, other than a prophylactic agent
administering before onset of a disease or symptom, a
maintenance therapeutic agent and a recurrence
preventing agent after cure.

Furthermore, the "auxiliary bactericidal
agent" mentioned above refers to an agent that controls
the working environment of a bactericidal agent
difficult to work under the acidic conditions so as to
produce the effect.

[0014]
In the formula (1), R! and R°® may be the same

or different and represents a hydrogen atom or a Cl to



[0015] 5[Formula2]o00"rOVV-0)n3 )nlo0 00000 0001) (~I11~n2
d0O0 0"0o,00t0 or [0016] Group Al is the group consisting of a

halogen atom, a C1-C6 alkyl group, C1-C6 alkoxy group, C1-C6

haloalkyl group, C1-C6 alkoxy-C1-C6 alkyl group, and 10 hydroxyl group.
R4, R5, R6 and R~ may be the same7or-different - 8 and each represent

a hydrogen atom, a hydroxyl group, halogen atom, C1-C6 alkyl group,
Cicce halohllgr grdtm, 22E-C6 alikoxyagtoas of €3 CBhalbakddPgrdupa

or,a combination of R5 and R6 represents methylenedioxy_group 5 or

ey onB Bt ST WA s S8 S Sngle Ft brs L e A1
straight,or branched alkylene group. W2 represents a hydrogen atom,

C1-C6 alkyl
[0015]

5 [Formula 2]

[0016]

Group Al is the group consisting of a halogen
atom, a Cl-C6 alkyl group, Cl-C6 alkoxy group, Cl-Céb
haloalkyl group, Cl-C6 alkoxy-Cl-Cé6 alkyl group, and

10 hydroxyl group.

R4, Rs, Rs and R; may be the same or different
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group or halogen atom (with the proviso that, occurrence of W2 on a
benzene ring may be 1 to 3, and 10 may be the same or different); nl
represents 1 to 5, n2 represents 1 to 4, and n3 represents 1 to 6. [0017]
The "C1-C6 alkyl group” used herein refers to 15 a linear or branched
alkyl group having 1 to 6 carbon atoms,-such as a methyl group, ethyl
group, n-propyl group, isopropyl group, n-butyl group, isobutyl group,
sty YPSUp, TR Trblp n-PEAtyP §FRSUP? isdpentyl Ngidapxy L group,

2-methylbutyl group, neopenty| group, 1 20 ethylprapyl group,,n-hexyl
ARG ool 8 et i e s R

methytpentykareyp g3 Sagimathylbutyb groups 213 dimetydhusy! greup,
1,1-dimethylbutyl group, 1,2- dimethylbutyl group, 1,3-dimethylbutyl group,

2 2B dimaethyibutyf gRoupnt-ethylbetyt grotptor 2xethyibutyle gioupy Tdweoup
"halogen atom" used herein refers to a fluorine atom, chlorine atom,

bfdmirie Ao GrIoding o7 atdhh. GAB] "Thé “EIE Alkdxy oo e/
herein refers, Jo éé‘”%@&»%%@é‘c@%d@l‘%oﬁ%’y%auafﬁg"fgn%tog?éu%?‘.rbon

atoms such as a methoxy group, ethoxy group, propoxy group,
isopropoxy group, butexy gEouR; SohytoXygraup.tRYtaXy-greup,1ky 1

t-butoxy group,

group or halogen atom (with the proviso that,
occurrence of W? on a benzene ring may be 1 to 3, and
may be the same or different);

nl represents 1 to 5, n2 represents 1 to 4,
and n3 represents 1 to 6.

[0017]

The "Cl1-C6 alkyl group" used herein refers to
a linear or branched alkyl group having 1 to 6 carbon
atoms, such as a methyl group, ethyl group, n-propyl
group, isopropyl group, n-butyl group, isobutyl group,
s-butyl group, t-butyl group, n-pentyl group, isopentyl
group, 2-methylbutyl group, neopentyl group, 1-
ethylpropyl group, n-hexyl group, isohexyl group, 3-
methylpentyl group, 2-methylpentyl group, 1-
methylpentyl group, 3,3-dimethylbutyl group, 2,2-
dimethylbutyl group, 1,l-dimethylbutyl group, 1,2-
dimethylbutyl group, 1,3-dimethylbutyl group, 2,3-
dimethylbutyl group, l-ethylbutyl group or 2-ethylbutyl
group.

The "halogen atom" used herein refers to a

fluorine atom, chlorine atom, bromine atom or iodine



10

15

20

25

pentoxy group, isopentoxy group, 2-methylbutoxy group, neopentoxy
group, hexyloxy group, 4-methylpentoxy 10 group, 3-methylpentoxy
group, 2-methylpentoxy group, 3,3-dimethylbutoxy group,
2,2-dimethylbutoxy group, 1,1-dimethylbutoxy group, 1,2-dimethylbutoxy
group, 1,3-dimethylbutoxy group er 2,3-dimethylbutoxy group. [0019] 15
The "C1-C6 haloalkyl group" used herein refers to a C1-C6 alkyl group
haViff 1 to 5 substituents of halogen atoms as mentioned above, for
example Htﬂtﬂing a monofluoromethyl group, monochloromethyl group,
monobronome hyl group, 20 monoiodomethyl group, difluoromethyl

group, dichlorompethytgrogp, dibkenomethylgroupiiodemethyl groups
trifluoromethyl group, trichloromethyl group, tribromomethyl group,

triiadamethykgroupyr 1bflacroetty| gidups 2-flucroethybgroup, 2,22 25
trifluoroethyl group, 1-chloroethyl group, 2- chloroethyl group,

2,%?’2—%?1@’58{?& ﬁﬂﬁ}b 32 flﬁo%%?aﬁﬁbrgﬁﬁ@brcﬁﬁ yFgrodb;
1 1-ch | f L group. 10 -
oé)é‘io g}gh%}t)g;l&é%gﬁ ]lgii%% i I%r%égpan%&téggog?% o

aloal roup" used herein rsto a C1-C6

alkexy graup/having d,to 5-substityegtsnfhalegen.atoms mentipned
above, for 5 example including a monofluoromethyloxy group,
memotRivrorgethyloxyigrorp ineoRBbn et o tdrpuputoxy group,

monoiodomethyloxy group, difluoromethyloxy group,
neopentoxyygr%gp,l%exyloxy gggugcg4—£ethylpentoxy

group, 3-methylpentoxy group, 2-methylpentoxy group,
3,3-dimethylbutoxy group, 2,2-dimethylbutoxy group,
1,1-dimethylbutoxy group, 1,2-dimethylbutoxy group,
1,3-dimethylbutoxy group or 2,3-dimethylbutoxy group.
[0019]

The "Cl1-C6 haloalkyl group" used herein
refers to a Cl-C6 alkyl group having 1 to 5
substituents of halogen atoms as mentioned above, for
example, including a monofluoromethyl group,
monochloromethyl group, monobromomethyl group,
monoiodomethyl group, difluoromethyl group,
dichloromethyl group, dibromomethyl group, diiodomethyl
group, trifluoromethyl group, trichloromethyl group,
tribromomethyl group, triiodomethyl group, 1-
fluoroethyl group, 2-fluoroethyl group, 2,2,2-
trifluoroethyl group, l-chloroethyl group, 2-
chloroethyl group, 2,2,2-trichloroethyl group, 1-
fluoropropyl group, 2-bromopropyl group, l-bromobutyl

group, l-chloropentyl group, and l-fluorohexyl group.
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dichloromethyloxy group, diboromomethyloxy group, diiodomethyloxy
group, trifluoromethyloxy group, 10 trichloromethyloxy group,
tribromomethyloxy group, triiodomethyloxy group, 1-fluoroethyloxy group,
2- fluoroethyloxy group, 2,2,2-trifluoroethyloxy group, 1- chloroethyloxy
group, 2-chloroethyloxy group, 2,2,21 trichloroethyloxy group,
1-fluoropropyloxy group, 2 15 bromopropyloxy group, 1-bromobutyloxy
group, 11 ERI6Fdpentyloxy group, and 1-fluoroeexyloxy group. [0021] The

"C1-C6 alkoxy-C1-C@ alkyl group” used herein refers to a C1-C6 alkyl
ot bty D s

group having a single 20 subs a y group mentioned

abave; for exampte, inejudingaethoxymethyligrgup, ethoxymethyl
group, propoxymethyl group, 2-methoxyethyl group, 2-ethoxyethyl group,

1eméthoxyethyltgroap, 3ametwoxyprapys greup, Beethdxyiropyl, groap, 4
25 methoxyeutyl group, 4-ethoxybutH)1/I group, 4-propoxybutyl group,

5 ST EtRBXYpertyI gt B 95 2tMBEPERYP GREU: BY hropoxyperiy group,
6-met 6- | - "CJ-
bt e AT Al el i s e

methdenei oethylenes imethylene, tatramethylenen pestamethylepe,

hexamethylene, propylene(l-methylethylene), 1 5 methyitrimethylene, or

2 dnethylrmetiyiener x0022] The, "GlHGE alkyngroupl ok R19nentioned

a%?f%domethyloxy group, trifluoromethyloxy group,
trichloromethyloxy group, tribromomethyloxy group,
triiodomethyloxy group, l-fluoroethyloxy group, 2-
fluoroethyloxy group, 2,2,2-trifluorocethyloxy group, 1-
chloroethyloxy group, 2-chloroethyloxy group, 2,2,2-
trichloroethyloxy group, l-fluoropropyloxy group, 2-
bromopropyloxy group, l-bromobutyloxy group, 1-
chloropentyloxy group, and l-fluorohexyloxy group.

[0021]

The "Cl1-C6 alkoxy-Cl-C6 alkyl group" used
herein refers to a Cl1-C6 alkyl group having a single
substituent of a Cl1-C6 alkoxy group mentioned above,
for example, including a methoxymethyl group,
ethoxymethyl group, propoxymethyl group, 2-methoxyethyl
group, 2-ethoxyethyl group, l-methoxyethyl group, 3-
methoxypropyl group, 3-ethoxypropyl group, 4-
methoxybutyl group, 4-ethoxybutyl group, 4-propoxybutyl
group, 5S5-methoxypentyl group, 5-ethoxypentyl group, 5-
propoxypentyl group, 6-methoxyhexyl group, and 6-

ethoxyhexyl group.
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is preferably a methyl group. 0023] 10 The "CI-C6 alkyl group" of R3
mentioned above is preferably a methyl group. [0024] The "halogen
atom" of R4, R5, R6 and R7 mentioned above is preferably a fluorine or
chlorine 15 atom, and more preferably, a fluorine atom. 0025] The "CI-C6
alkyl group" of R4, R5, R6 and R7 mentioned above is preferably a

methyl group or ethyl group, and more preferably, a methyl group. 20
[0026] The "Cl-Ehal6alk{i%rotipeétRE, RB2RB aHed R7-meflisRehaln

abqve is preferably a monofiuoromethyi group, difluoromethyi group or
Uéﬁﬁ féﬁ% c%aYn %Fe% her?1% engS To a mggﬁgaeﬁ

S
oromethyi group, and more pre erab%l ,'a monofiuoromethyi group. 25

[0027], The cCl-Chialkexy,aronp, of B4y Ree RO ARG\RY mentioned apovec,
is preferably a methoxy group or ethoxy group, and more preferably, a
miethayegroupei2 , 0028 The €1 ,Cahalvalkoxi gteng)of R4, R5, R6
and R7 mentioned above is preferably a monofluoromethyloxy group,

MBRbERIbISMEHYIbKY Jtoup difldorditetkyioky BGroup e -

dicluororpggyéqu group, trifluoromethyloxy group or trichloromethyloxy
group, and more preferably, a monofluoromethyloxy group or
difluoromethyloxygroup.-c6 alkyl group" of R' mentioned above

is preferably a methyl group.
[0023]

The "Cl1-C6 alkyl group" of R’ mentioned above

is preferably a methyl group.
[0024]

The "halogen atom" of R4, R5, R® and R’
mentioned above is preferably a fluorine or chlorine
atom, and more preferably, a fluorine atom.

[0025]

The "Cl1-C6 alkyl group" of R*, R’, R® and R’
mentioned above is preferably a methyl group or ethyl
group, and more preferably, a methyl group.

[0026]

The "C1-C6 haloalkyl group" of R*, R’>, R® and
R’ mentioned above is preferably a monofluoromethyl
group, difluoromethyl group or trifluoromethyl group,
and more preferably, a monofluoromethyl group.

[0027]

The "Cl-C6 alkoxy group" of R?, R’, R® and R’

mentioned above is preferably a methoxy group or ethoxy

group, and more preferably, a methoxy group.
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0029] The "halogen atom" of Group Al is preferably 10 a fluorine atom.
The "C1-C6 alkyl group" of the Al group mentioned above is preferably a
methyl group, ethyl group or propyl group, more preferably, a methyl
group or ethyl group, and most preferably, a methyl group. 15 [0030] The
"C1-C6 alkoxy group" of the Al greup 2mentioned above is preferably a
methoxy group or ethoxy group, and more preferably, a methoxy group.
[0031] 20°PHe *C1-C6 haloalkyl group" of the Al group mentioned above

is preferably a fluoromethyl gr up ifluoromethyl gro nd mor
preferably,afltj{(l)llrlom fyléﬁ)ﬁp 8 ong%]éq"g?l Cgl%zfll%xyg5 and

alky! groupr’ of the Abgraupimeptiened-abave is prefesably & omethyloxy

methoxymethyl group or ethoxymethyl group. W1 mentioned above is

preferably asingtehd ©38 oberid) methylemeqgroup @ ethyderengidup) and
more preferably, a methélene group. The "CI-C6 aIkyI group” of W2
mEhtibRed Ab60d 98 Pheferably AYmEthyFgroup” 5FHEHARSden atoky " of

We e “?Qe%??%%%%%f@ %{%Qk)f’%’?:%a&m 9r&hierip giomeandy,; o,
more erably, a fluorine ato
a monofluoromethyloxy group or difluoromethyloxy group.
[0029]

The "halogen atom" of Group Al is preferably
a fluorine atom.

The "Cl1-C6 alkyl group" of the Al group
mentioned above is preferably a methyl group, ethyl
group or propyl group, more preferably, a methyl group
or ethyl group, and most preferably, a methyl group.

[0030]

The "C1l-C6 alkoxy group" of the Al group
mentioned above is preferably a methoxy group or ethoxy
group, and more preferably, a methoxy group.

[0031]

The "C1-C6 haloalkyl group" of the Al group
mentioned above is preferably a fluoromethyl group or
difluoromethyl group, and more preferably, a
fluoromethyl group.

[0032]

The "Cl-C6 alkoxy-Cl-C6 alkyl group" of the
Al group mentioned above is preferably a methoxymethyl
group or ethoxymethyl group.

W' mentioned above is preferably a single
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The number of substituents present on a benzene ring of W2 mentioned
above is preferably one. 10 W2 mentioned above is preferably a
hydrogen atom. nl mentioned above is preferably 1 to 3, and more
preferably, 1 or 2. n2 mentioned above is preferably 1 or 2, and 15 more
preferably, 1. n3 mentioned above is preferably 1 to 4, and more
preferably, 1 or 2. 0033] In the specification, the structure of a 20
conPBund'Sbmetifiss répresents aTeftairfisBnier focorvenictiees

howe\f%rf(tﬂ)e=1 resen}m g]%/gnq%r}l éncludes all isomers structurally generated

S . d group. . .
Sl?gh as geo trical |som%rs, optlgal |58mers, rotational isomers,

stereoisomers, tautomers apd mixtpres thargof, apdithug2o-is et imitedy e
by the expression of a representative formula. Any one of isomers or a
mixturereffisomelyisa aveeptableg Therefore, a compound according to the
present invention may sometimes have an optically - 14 active substance

and a racemic forf, V\}?wmﬁlrhd:’t_tlﬂlﬁit the ré@eﬁ?efﬁ\}férﬂ?&ﬁda{ﬁﬁﬂ?f%déa
bath afd %@1%‘ tf‘fuoorﬁf?l'%t 'Qﬁé_%ﬁ'%}f Ac%]‘ir&;p%%d may,sometimes have
| will not

a crystalline polymorphism, whic imit 5 the present invention. A
sipglererystallijng substancei as wellas, a mixture of crystalline substances

is acceptable. Furthermore, examples of a compound

The number of substituents present on a
benzene ring of W’ mentioned above is preferably one.

W? mentioned above is preferably a hydrogen
atom.

nl mentioned above is preferably 1 to 3, and
more preferably, 1 or 2.

n2 mentioned above is preferably 1 or 2, and
more preferably, 1.

n3 mentioned above is preferably 1 to 4, and
more preferably, 1 or 2.

[0033]

In the specification, the structure of a
compound sometimes represents a certain isomer for
convenience; however, the present invention includes
all isomers structurally generated such as geometrical
isomers, optical isomers, rotational isomers,
stereoisomers, tautomers and mixtures thereof, and thus
is not limited by the expression of a representative
formula. Any one of isomers or a mixture of isomers is
acceptable. Therefore, a compound according to the

present invention may sometimes have an optically
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according to the present invention may include anhydrous and solvates
(particularly hydrates). 10 Moreover, a so-called metabolite produced by
in-vivo degradation of a compound (1) according to the present invention
may be included in the present invention. In addition, the present
invention includes compounds (se- cafled prodrugs) producing a
compound (1) according to 15 the present invention by being metabolized

inAiG Rrctighshadatfors feddctionC Afdrolysid Bnd " Borjug4tidn, etet

[0034] In a compound according, to the present 20 invention represented
oy W Torire AN orSer AR & s T e S Rl grrrot

thenlstior 3rdpesitionsQfanbenzimidazaie skelatan. The "salhds et
particularly limited as long as it is pharmaceutically acceptable. Examples
oh2%esuchea salt imtludesinprganiobade. salts aihd olganid basetsaltsmit
Preferable examples of the inorganic base_salts include alkaline metals

SAIBSSHUHAS Bodit S 15 $akt; pofassiid S&it CAnd fithiund SaItSaR&lE c©

egrih  metal salts, syeh, 8§ ?8'%%”‘ Sl andimagnesiym.salt, cté%r}si"éon

metal salts such as zinc salt; aluminidm salt; and ammonium salt.
Peeferabte pxampleswefihe Suarganicsalisineude diethylampiversalt,

diethanoi amine salt, megiumine salt and N,N'- dibenzyiethylenediamine

salccording to the present invention may include
anhydrous and solvates (particularly hydrates).
Moreover, a so-called metabolite produced by in-vivo
degradation of a compound (1) according to the present
invention may be included in the present invention. 1In
addition, the present invention includes compounds (so-—
called prodrugs) producing a compound (1) according to
the present invention by being metabolized in vivo
through oxidation, reduction, hydrolysis, and
conjugation, etc.

[0034]

In a compound according to the present
invention represented by the formula (1) mentioned
above, a salt is formed at an NH group of the 1st or
3rd positions of a benzimidazole skeleton.

The "salt" is not particularly limited as
long as it is pharmaceutically acceptable. Examples of
such a salt include inorganic base salts and organic
base salts.

Preferable examples of the inorganic base

salts include alkaline metals salts such as sodium
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The "solvate" of the present invention is not particularly limited as long as
it is pharmaceutically 10 acceptable. Examples of such a solvate include
a hydrate, ethanol solvate, and acetone solvate. Preferable example is a
hydrate. 0035] Of the compounds represented by the formula 15 (1) of
the present invention, preferable compounds include (2) a compound
where R1 is a hydrogen atom or a methyl group or a salt thereof, or a
sGldaterofPfied s 2013)5a tbmpodtifid Whdte R e ﬁmtﬁ%’gﬁé&ﬁleore arth
salt tche{eof (]‘)b a solva\ae of thes % a co oun where R2.is a %roEg

represente y 1670 3%]S[I—£ormu ?] 5~ FRITTOW2
NHQA%QlQ£U%‘ﬁ¥8%@Y§390§2§E%ﬁ2A@féénc salt; aluminium
salt; and ammonium salt. Preferable examples of the

organic salts include diethyl amine salt, diethanol
amine salt, meglumine salt and N,N'-
dibenzylethylenediamine salt.

The "solvate" of the present invention is not
particularly limited as long as it is pharmaceutically
acceptable. Examples of such a solvate include a
hydrate, ethanol solvate, and acetone solvate.
Preferable example is a hydrate.

[0035]

Of the compounds represented by the formula
(1) of the present invention, preferable compounds
include

(2) a compound where R' is a hydrogen atom or
a methyl group or a salt thereof, or a solvate of
these;

(3) a compound where R' is a methyl group, or
a salt thereof, or a solvate of these;

(4) a compound where R is a group represented

by



0~00 000 0,001loor 0037] wherein W2 represents a hydrogen atom,
CI-C6 alkyl group 5 or halogen atom (with the proviso that, occurrence of
W2 on a benzene ring may be 1 to 3, and may be the same or different);
nl represents 1 to 5, n2 represents 1 to 4; and n3 represents 1 to 6, the
group optionally having 1 or 2 groups&elected from 10 the group A2
consisting of a fluorine atom, methyl group, ethyl group, propyl group,
methoxy [$+B8p and - 17 - monofiuoromethyi group; or a salt thereof, or a
ate of the ; (5) a compound where R2 is represented by [0038] 5
[F rmuagl]ao ngOOOOOO M~nr+irtlrtni Y FOOOO0 0000

[0037]

wherein W? represents a hydrogen atom, Cl1-C6 alkyl group
or halogen atom (with the proviso that, occurrence of W?
on a benzene ring may be 1 to 3, and may be the same or
different); nl represents 1 to 5, n2 represents 1 to 4;
and n3 represents 1 to 6,

the group optionally having 1 or 2 groups selected from
the group A2 consisting of a fluorine atom, methyl

group, ethyl group, propyl group, methoxy group and



0000 FFOCH3 00 O lor 0039] or a salt thereof, or a soivate of
these; - 18 (6) a compound where R2 is represented by [0040] [Formula
510 0Y--~000 0000 or vwililiinnnnnn ~n [0041] 5 or a salt thereof or
a solvate of these; (7) a compound where R3 is a hydrogen atom or a
methyl group, or a salt thereof or a spivate of these; (8) a compound
where R3 is a methyl group, or 10 a salt thereof or a solvate of these; (9)
aBeftpoline e e lisE Rydtogen atom, hydroxyl group, methyl group,
et(g]yl %froggl@ tﬁoge?ﬁu%retgogoqrgggéogg fIt oggg ,atom, or a salt
thereof, or a solvate of these;

(5) a compound where R? 1is represented by

[0038]

5 [Formula 4]

X
)
~

RSN

[0039]

or a salt thereof, or a solvate of these;
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15 (10) a compound where R" is a hydrogen atom, methyl group, or a
fluorine atom, or a salt thereof, or a solvate of these; (11) a compound
where R" is a hydrogen atom, or a salt thereof, or a solvate of these; 20
(12) a compound where R5 is a hydrogen atom, - 19 hydroxyi group,
methyi group, ethyl group, methoxy iggoup, ethoxy group, or a fluorine
atom, or a salt thereof, or a soivate of these; (13) a compound where R5
is a hydrogen atém, & W@?@uﬂmﬁ%ﬁl%nﬁe@aﬂbﬁ?ﬁ’r@rse?%l?ﬂwé?é’of
or a SO'V%UC:J@ ﬁhese, (14) a compound where R5 is a hydrogen atom, or
a salt the[reo a soivate of these; (15) a compound where R6 is a
hygregen atorm; 10 hydroxyi group, methyi group, ethyl group, methoxy
group, ethoxy group, or a fiuorine atom, or a salt thereof, or a soivate of
these; (16) a compound where R6 is a hydrogen atom, methyi group, or a
fiuorine atom, or a salt thereof, or 15 a solvate of these; (17) a pound
where R6 { , Or a salt thereof, or a soivate[of these) (18)

a compoun [ ydrogen atgmy, hydroxyi group,|methyi group,
ethyl grou , ethoxy , or a fiuorine a salt
thereof, 9) a@ompourtd where R7 is gen
atom, 0 0

Y N
vinn v

[0041]

or a salt thereof or a solvate of these;

(7) a compound where R’ is a hydrogen atom or
a methyl group, or a salt thereof or a solvate of
these;

(8) a compound where R’ is a methyl group, or
a salt thereof or a solvate of these;

(9) a compound where R? is a hydrogen atom,
hydroxyl group, methyl group, ethyl group, methoxy
group, ethoxy group, or a fluorine atom, or a salt
thereof, or a solvate of these;

(10) a compound where R? is a hydrogen atom,
methyl group, or a fluorine atom, or a salt thereof, or
a solvate of these;

(11) a compound where R? is a hydrogen atom,
or a salt thereof, or a solvate of these;

(12) a compound where R’ is a hydrogen atom,
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methyi group, or a fiuorine atom, or a salt thereof, or a soivate of these;
25 (20) a compound where R7 is a hydrogen atom, or a salt thereof, or a
soivate of these; (21) a compound where W1 is a single bond, a
methylene group, or ethylene group, or a salt thereof, - 20 - or a solvate of
these; (22) a compound where W1 is & methylene group, or a salt
thereof, or a solvate of these; 8523) a compound where W2 is a hydrogen
afoWilr 367 b SHICHRreSIC6RE SoRARMBY thHeseY(R4YaX8mp Whgre nl

is 1r%o 3, ora %@{ thereglfl, or a §olgat,]§lof ot@es%; (gg%ﬁa comrpogngavyr%ere
nPis"Tor 27 6r'a’shIttherést, of aSolvaie of these: 8’(2& a compound

wheee-82 is 1 9F 2, 058 S@lfc theseof; geasolvate of these; (27) a
compound where n3is 1 to 4, or a salt thereof, or a solvate of these; and

(28) a compound #heee n3ipdwn@, vhamsaltR15itherediyocra gevate-ofn,
these. Furthermore, use mag be preferably made of a compound or a salt

tHBTEOR br d'soRkte OF thisb 1 8&shifig #héeTolloWing cSAditiond fF &R+ ©F

Cc mgg\f\gg@:e Rlis,selected from (2) or (3); R2 is selected from (4) 20 or
(f%; R3’is selected from (7] or (8); R4 is selected from (9) to (11); R5 is
selected from (12utp (A4%RG Js selected-omr (15 ta (A Riisseleciad

from (18)
or a salt thereof, or a solvate of these;

(15) a compound where R® is a hydrogen atom,
hydroxyl group, methyl group, ethyl group, methoxy
group, ethoxy group, or a fluorine atom, or a salt
thereof, or a solvate of these;

(16) a compound where R® is a hydrogen atom,
methyl group, or a fluorine atom, or a salt thereof, or
a solvate of these;

(17) a compound where R® is a hydrogen atom,
or a salt thereof, or a solvate of these;

(18) a compound where R’ is a hydrogen atom,
hydroxyl group, methyl group, ethyl group, methoxy
group, ethoxy group, or a fluorine atom, or a salt
thereof, or a solvate of these;

(19) a compound where R’ is a hydrogen atom,
methyl group, or a fluorine atom, or a salt thereof, or
a solvate of these;

(20) a compound where R’ is a hydrogen atom,
or a salt thereof, or a solvate of these;

(21) a compound where Wt is a single bond, a

methylene group, or ethylene group, or a salt thereof,
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to (20) ; and W1 is selected from (21) or (22) , W2 is selected from (23),
nl is selected from (24) or (25), 25 n2 is selected from (26), n3 is selected
from (27) or (28). Of the specific compounds or salts thereof or solvates
of these, suitable compounds of the present - 21 - invention include
2-(((4-((5,5-dimethyi- I3 dioxan-2-- 20 -
yi)methoxy)-3-methyipyridin-2-yi)methyi)suifinyi)-IH- benzimidazole; 5

2 ‘((7(43(5570§i'6§<5§p| 2 B}6&s6-yimethoxy)-

3- methylpyrldln- - meth Eulfl [5@ Il—lhben2|5rqudazole
2-(((3-methyl- 4 rloxa Iro[5.5]undec-
3wngth%y}pyflﬂgk%aﬁm%@ylas%fma%bb%&ziw@g@}e; 10
2-(((4-((2,2-dimethyi-1,3-dioxan-5-

yl)methoxy)-3,5¢diethyipyriginu:gi) methyd)suffinyd)- 4 Hpemzipridazoienmn,
2-(((3-methyl-4-(2-(8-methyl-1,4,7,9-
te?ﬁ”ao%a§ﬁi§[4@?&é@8%A)eﬂ?o@)ﬁ;ﬁﬂd\”ﬁ%e 18f these;
yl)methyl)sulflny(% JlH ben &ggﬁlg %Aﬁ(}(ﬁ Qld;pg)(a§pl{%[335]n%@ 75 calt
yioxy)pyridin-2-yi methyl)s iny1)-IH-benzimidazole
2H{{8A2(8;ethyl-k 459 vate of these;
tetraoxaspiro[4.5]dec-8-yi)ethoxy)-3-methyipyridin-2- 20
yi)methyi)sulfiny§-IHi-enzimidazolé; whg4(13-diexdlanad-yimetioxy)g 1t
methylpyrldln -2- yl)methi/l)sulflnyl -1H- ben2|m|dazole

reof, vate © hese;

methylene group,

(26) a compound where n2 is 1 or 2, or a salt
thereof, or a solvate of these;

(27) a compound where n3 is 1 to 4, or a salt
thereof, or a solvate of these; and

(28) a compound where n3 is 1 or 2, or a salt
thereof, or a solvate of these.

Furthermore, use may be preferably made of a
compound or a salt thereof, or a solvate of these
satisfying the following conditions in any combination:
Rl is selected from (2) or (3); R2 is selected from (4)
or (6); R3 is selected from (7) or (8); R4 is selected
from (9) to (11); R5 is selected from (12) to (14); Ro6
is selected from (15) to (17); R7 is selected from (18)
to (20); and W' is selected from (21) or (22), W’ is
selected from (23), nl is selected from (24) or (25),
n2 is selected from (26), n3 is selected from (27) or
(28) .

Of the specific compounds or salts thereof or

solvates of these, suitable compounds of the present



2-(((4-((2,2-bis(fluoromethyi)-1,3-dioxan-5-
yi)methoxy)-3-methyipyridin-2-yi)methyi)sulfinyi)-IH- 25 benzimidazole;
2-(((4-(5,9-dioxaspiro[3.5]non-7-yloxy)-3-
methyipyridin-2-yi)methyi)sulfinyi)-IH-benzimidazole;
2-(((4-((2-methoxy-1,3-dioxan-5-y)nmthexy) - 22 -
3-methyipyridin-2-yiymethyl)suifinyi)-IH-benzimidazole;
2X((BEREHYRA (B MERYI-1,4,7,9-
tetraoxaspiro[4.5]dec-8-yi)methoxy)pyridin-2- .

yi)methyl)suifin;%— A-&)geﬁgirgn%iﬂgiéyleg%ad?&&_-%&Sfd%(%)?a%%rllrf)&}]non-?-
yinetheiawidin2-yiypethydsuifinyilts benzimidazaleson £iny 1) ~1H-
2-(((4-((5,5-difiuoro-1,3-dioxan-2-
yiymethoxytdaneéthyipyridin-2-yi)methyi)suifinyi)-IH- 10 benzimidazole; or
salts thereof, or solvates ({j[ﬁ)articularly, their sodium salts unhydrate or

hydrate of their Sddidit Salt) of tHese? Butther Suitaé tofpotiias bt e ~
L L I v O
2-(((4-(5,7-dioxaspino{2 -SfeattB, yimethoxy); 9-trioxaspiro[5.5] undec—
3-methyipyridin-2-yiymethyi)suifinyi)-IH-benzimidazole; 20
2 3((3Imethiybas(Li5/9-tridxaspirs[5.Blentes) sulfinyl) —1H-
Bg(iggtihgﬁgp%/giggn;z-yi)methyi)suifinyi)-lH benzimidazole; or
2—=(((4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy) -3, 5-dimethylpyridin-2-yl)methyl)sulfinyl) -
lH-benzimidazole;
2-=(((3-methyl-4-(2-(8-methyl-1,4,7,9-
tetraoxaspiro[4.5]dec-8-yl)ethoxy)pyridin-2-
yl)methyl)sulfinyl)—-1H-benzimidazole;
2—=(((4-(5,9-dioxaspiro[3.5]non-7-
yloxy)pyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole;
2-(((4-(2-(8-ethyl-1,4,7,9-
tetraoxaspiro[4.5]dec-8-yl)ethoxy)-3-methylpyridin-2-
yl)methyl)sulfinyl)—-1H-benzimidazole;
2-(((4-(1,3-dioxolan-4-ylmethoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole;
2=(((4-((2,2-bis(fluoromethyl)-1,3-dioxan-5-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole;
2—=(((4-(5,9-dioxaspiro[3.5]non-7-yloxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole;

2= (((4=((2-methoxy-1,3-dioxan-5-yl)methoxy) —
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2-(((4-((2,2-dimethyi-1,3-dioxan-5-
yi)methoxy)-3,5-dimethyipyridin-2-yi)methyi)suifinyi) 25 1H-benzimidazole;
or salts thereof, or solvates of these (particularly, anhydrous or hydrates
of their sodium salts). Of the optical isomers (presently exist) of - 23 the
compounds mentioned above, use iz more preferably made of a
compound exhibiting more excellent inhibitory effect against gastric acid

secrefibh b BXohipount Woreeixealidritin persistenéy oP Rihbitoty efiedt i
5 against gastrig_a{:igjgg%nrgggg.l LQQVP%Q%%SCQ the Invenfion] [0042] The
Inve i

compound of thé presén tion'hds an" excellent in [bitory effect

against-gastie acid (10, seeretion, monenexeelient persisiencyyaf inhibitory
effect against gastric acid secretion, maintains the intragastric pH high for
ayangutrney and has safer)and -appropriately physicochemical stability.
Therefore, the compound is useful as a medicine farticularly asals

therapeutic agent br pfoptAactid ayent foratid- reldted diSeases or
SBRIoE 00 85,4 bactencida) Agent an audianbactericidal agent
against Helicobacter pylori. [Best Mode for Carryirig Out the Invention]
20 {0043} Thecomapowid of the present invention can be produced by
any one of the methods described below;
2—=(((4-((5,5-difluoro-1,3-dioxan-2-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole; or salts thereof, or solvates
(particularly, their sodium salts unhydrate or hydrate
of their sodium salt) of these.
Further suitable compounds of the present
invention include
2—(((4-((5,5-dimethyl-1,3-dioxan-2-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole;
2—=(((4-(5, 7-dioxaspiro[2.5]oct-6-ylmethoxy) —
3-methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole;
2-(((3-methyl-4-(1,5,9-trioxaspiro[5.5]undec-
3-ylmethoxy)pyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole; or
2-(((4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy) -3, 5-dimethylpyridin-2-yl)methyl)sulfinyl) -
lH-benzimidazole; or salts thereof, or solvates of
these (particularly, anhydrous or hydrates of their

sodium salts).

Of the optical isomers (presently exist) of
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however, the production method of the present invention is not limited to

these. 25 A compound (1) according to the present invention can be

produced by Method A below. - 24 - 0044] [Formula 6] Method A R2 RI
O-W, HOR3 N(3)A-1 R4ARZ RO-WIR5\\N XZ--SH+R3 R6~N
(2)HN (3a) R7A-2RQRZ 5R\NR O-W1 |-S

the compounds mentioned above, use is more preferably
made of a compound exhibiting more excellent inhibitory
effect against gastric acid secretion or a compound
more excellent in persistency of inhibitory effect
against gastric acid secretion.
[Advantages of the Invention]

[0042]

The compound of the present invention has an
excellent inhibitory effect against gastric acid
secretion, more excellent persistency of inhibitory
effect against gastric acid secretion, maintains the
intragastric pH high for a long time, and has safer and
appropriately physicochemical stability. Therefore,
the compound is useful as a medicine, particularly as a
therapeutic agent or prophylactic agent for acid-
related diseases or symptoms and as a bactericidal
agent or auxiliary bactericidal agent against

Helicobacter pylori.

[Best Mode for Carrying Out the Invention]
[0043]

The compound of the present invention can be
produced by any one of the methods described below;
however, the production method of the present invention
is not limited to these.

A compound (1) according to the present

invention can be produced by Method A below.



Rs/NR3 HR7(4)N. A-3 R4ARZ /R5NOR'O-W" SR6H\/R3 HRY7
(1) N 25 - 0045] where R1, R2, R3, R4, R5, R6, R7, and W1 are the
same as defined above and X2 represents a leaving group. Examples of
the leaving group of X2 include 5 suifonyloxy groups such as
methanesuifonyloxy, p- toluenesuifopyloxy, and
trifiuoromethanesuifonyloxy, halogen groups such as chlorine, bromine,
and iodirl® 94éyloxy groups such as acetyloxy, trifiuoroacetyloxy, and
pron(i)q:r}Xlllcixgl, a d preferably methanesuifonyloxy and 10
p-toluenesuifonyloxy, chlorine or acetyloxy is used. Now, individual steps
of Method A will be explained below. [0046] (A-1 step) Introduction of a
leaving group or 15 halogenation Method A /R2

R! o—w!

HO —

\ / *°

N 3)
A-1l )
R
R* /
; R! o—w!
R
N\ X2 —
SH + R
R
R® N \N /
) (3a)
R A-zl
R* R2
RS 1 1
N R oO—WwW

R® N \ / R3

R6 N \ / R3
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(1) Reaction for introducing a leaving group In this step, a compound (3) is
reacted with a leaving group introduction agent in the absence of a
solvent or in an inert solvent and in the presence of a 20 base to produce
a compound (3a) or a salt thereof. The solvent that is used herein is not
particularly limited as long as it can disselve a starting material to some
extent and does not inhibit the reaction. Examples of such a solvent
include 28'A4t®denated hydrocarbons such as chloroform,

dichloromethane, 1,2-dichloroethane, and carbonstetrachloride; aromatic
hydrocarbons svﬁ%ﬁfaes k%%ﬁze%ﬁé, olhe%e’a?% ‘be%zbtrﬁlcjorﬁfe; e%ﬂefasrseuc pe

as digthy s 26- etherqdilsoprepyl ether; tetsahydrafuran diexaneing group.
dimethoxyethane, and diethyiene glycol dimethyi ether; amides such as
formamide, N,Neglimethyisforhantide, IN N- idimethybapetafidé, include
hexamethyiphosphoric triamide; and 5 pyridine; and solvent mixtures of

th’é%éf?F@féPabey,gﬁﬁlﬁaoééﬁéteawa?%har%ﬁéﬂeﬁﬁ&%}BFéirsolR/‘ent
mixtyre glethets and E?%‘)até%ﬁydc@%@&é‘%o%%ﬂé%é ﬂf&%ﬁ(}(‘}’o?y,
ydr I ydrofdran

dichioromethane, tetra ofuran, or a solvent mixture of tetra

and talyene.gkbexamplesrofibe leavng-geupdiptadueingaagentdhatis,
used herein include suifonyiating agents such as methanesuifonyi
chioridep-taiuenesuifongh chlridectrifluoramethahésulforsa chloridexy ,
N-phenyi- bis(trifluoromethanesulfonimide). Preferably, 15

y
miethrestitonyichfdhite 6rpHteineneaironyi Bfibfrgsesulfonyloxy and

p—-toluenesulfonyloxy, chlorine or acetyloxy is used.
Now, individual steps of Method A will be
explained below.
[0046]
(A-1 step) Introduction of a leaving group or
halogenation
(1) Reaction for introducing a leaving group

In this step, a compound (3) is reacted with
a leaving group introduction agent in the absence of a
solvent or in an inert solvent and in the presence of a
base to produce a compound (3a) or a salt thereof.

The solvent that is used herein is not
particularly limited as long as it can dissolve a
starting material to some extent and does not inhibit
the reaction. Examples of such a solvent include
halogenated hydrocarbons such as chloroform,
dichloromethane, 1,2-dichloroethane, and carbon
tetrachloride; aromatic hydrocarbons such as benzene,

toluene and benzotrifluoride; ethers such as diethyl
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and most preferably methanesuifonyi chloride is used. Examples of the
base that is used herein include tertiary aikyiamines such as
trimethyiamine and triethyiamine; pyridine, potassium carbonate, sodium
20 carbonate, sodium hydroxide, and potassium hydroxide. Preferably,
triethyiamine or sodium hydroxide; amel most preferably, triethyiamine is
used. The reaction temperature varies depending upon the starting
iR, sohetORRVRIGLy PP introbieing Hgeht Tty base Thes -

regction femperature, is generally fipm 50C 1a 1006, and preferpbly o,

e reattion time vari epending upon the - starting
materialssalvent, leavingrarodpdatrodusing ;agentDase, andreaetiony, n-
temperature. The reaction time is generally from 15 minutes to 12 hours,
and mgreypreferablyn from 30 emiavtesitp ohowshbThe dcompounte; and
obtained in this step may not be particularly isolated and direct

I
SEERATS the Tt SIEFE ) FACHRRAor? tak PG Uhlon TR ¥/
e {‘?%eé‘t%%‘ieogé%@g'ee& 1&84‘8‘55’ B, £ cormppund (3)Js rSa%tS:du%E%i‘;‘l

chlorinating agent in the absence of a solvent or in an inert solvent an
theipreseaceer absence efra haserta preduseia semposing (3ahd heost

solvent that is used herein is not 15 particularly limited as long as it can
dissslyemably, dichloromethane, tetrahydrofuran, or a
solvent mixture of tetrahydrofuran and toluene.

Examples of the leaving-group introducing
agent that is used herein include sulfonylating agents
such as methanesulfonyl chloride, p-toluenesulfonyl
chloride, trifluoromethanesulfonyl chloride, N-phenyl-
bis(trifluoromethanesulfonimide). Preferably,
methanesulfonyl chloride or p-toluenesulfonyl chloride,
and most preferably methanesulfonyl chloride is used.

Examples of the base that is used herein
include tertiary alkylamines such as trimethylamine and
triethylamine; pyridine, potassium carbonate, sodium
carbonate, sodium hydroxide, and potassium hydroxide.
Preferably, triethylamine or sodium hydroxide, and most
preferably, triethylamine is used.

The reaction temperature varies depending
upon the starting material, solvent, leaving—group
introducing agent, and base. The reaction temperature
is generally from -50°C to 100°C, and preferably from -

20°C to 40°C.

The reaction time varies depending upon the
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starting material to some extent and does not inhibit the reaction.
Examples of such a solvent include halogenated hydrocarbons such as
chloroform, dichioromethane, 1,2-dichioroethane, and carbon 20
tetrachloride; aromatic hydrocarbons such as benzene, toluene, and
benzotrifiuoride; and ethers such as2diethyl ether, diisopropyi ether,
tetrahydrofuran, dioxane, dimethoxyethane, and diethyiene glycol
diftethyiigtRer Preferably aRdiBgenated T3IGEaTEER 2B of Binr&roHTatied

hydrocarban, and most preferahly, djchioromethane, chlgroform, or .
Tl (AR b ot e EnlbANR G S that R b erder

inclugle methanesuliany) chlaside; exalylchleride, s 28 thigayichleride.more
phosphorus oxychloride, phosphorus trichioride, phosphorus

pemtatkiosidé andihyeiroGiloric racid; sandopréférablys thionyi chloride or
hydrochloric acid is used. Examples of the base that is used herein 5

include tertiary aiKyl&rABS Stich FARTERRY 1amird ard SHehyRiinB ande
PYIding 15 RiRferabin MelvamIng b dised, e saction emperalure
varies depending upon the starting material, s%lvent, and chlorinating 10
agent: The&egaction temperature is generally from -20C to 30C, and
preferably from OC to 10C. The reaction time varies depending upon the
stéiting Mhaterist nsdivent, ditlekaatingcagentiand ireacton temperature.
The reaction time is generally, 15 from 10 minutes to 6 hours, and

pretErabi 1 bHhihlfes < ae1e)

In this step, a compound (3) is reacted with
a chlorinating agent in the absence of a solvent or in
an inert solvent and in the presence or absence of a
base to produce a compound (3a).

The solvent that is used herein is not
particularly limited as long as it can dissolve a
starting material to some extent and does not inhibit
the reaction. Examples of such a solvent include
halogenated hydrocarbons such as chloroform,
dichloromethane, 1,2-dichloroethane, and carbon
tetrachloride; aromatic hydrocarbons such as benzene,
toluene, and benzotrifluoride; and ethers such as
diethyl ether, diisopropyl ether, tetrahydrofuran,
dioxane, dimethoxyethane, and diethylene glycol
dimethyl ether. Preferably a halogenated hydrocarbon
or an aromatic hydrocarbon, and most preferably,
dichloromethane, chloroform, or toluene is used.
Examples of the chlorinating agent that is used herein

include methanesulfonyl chloride, oxalyl chloride,
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to 2 hours. The compound in this step may not be particularly isolated
and directly subjected to the next step. 20 Bromination is performed by
use of a reagent such as bromine/red phosphorus, phosphorus
tribromide, and phosphorus pentabromide. lodization is performed by
use of a reagent such as iodine/red pBosphorus. Alternatively, a bromide
and iodide can be obtained by 25 reacting a reagent such as sodium

biioiitle ahddbtifmipdided respeeiely Afththe feaiitfy gRitpSPhorus
synthesized .in the A-1 step. [0047] - 29 - (A-2 step) Thioetherification In.
rlc%%orlgeﬁmﬁao&]?erpolus éldevr\llzﬁﬁc(fﬁorldog 8? ;h c!rocll? oric

this Step, a com IS react a compoun a) Oor a sa

theraof (paricularlyr arBydrochloride salt(hinthe absence of asohvent ok
5in an inert solvent and in the presence or absence of a base, to produce
azompoundy 4 dhe Solvemtlthat istuseldehereirds ot tharticularyl limited i n
as 1Ig{r:g as it can dissolve a_starting material to some extent and does not

inhitsit 0 e FEBction YERAMBIES T 8GEh 2SDIvertt inciude “dIedtivls S
23 Jethanal.£{1R00l. 1BrRagl, (3eRTopRNdi nEIaNg, spbutanol

t-butanol, 1soamyi alc iethyiene glycol, glycerin, octano
cycohexanalaand anatbyigebasolve; halogenated 15 hydrocarbons such as

chloroform, dichioromethane, 1,2-

The reaction temperature varies depending
upon the starting material, solvent, and chlorinating
agent. The reaction temperature is generally from -20°C
to 30°C, and preferably from 0°C to 10°C.

The reaction time varies depending upon the
starting material, solvent, chlorinating agent, and
reaction temperature. The reaction time is generally,
from 10 minutes to 6 hours, and preferably, 10 minutes
to 2 hours.

The compound in this step may not be
particularly isolated and directly subjected to the
next step.

Bromination is performed by use of a reagent
such as bromine/red phosphorus, phosphorus tribromide,
and phosphorus pentabromide. Iodization is performed
by use of a reagent such as iodine/red phosphorus.
Alternatively, a bromide and iodide can be obtained by
reacting a reagent such as sodium bromide and sodium
iodide respectively with the leaving group synthesized
in the A-1 step.

[0047]
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dichioroethane, and carbon tetrachloride; ethers such as diethyl ether,
diisopropyi ether, tetrahydrofuran, dioxane, dimethoxy ethane, and
diethyiene glycol dimethyi ether; aromatic hydrocarbons such as benzene
20 and toluene; N,N-dimethyi formamide; dimethyisuifoxide; water; and
solvent mixtures of these. Preferably, odichioromethane, an alcohol, an
ether or solvent mixtures of an ether and toluene, and most preferably,
métanot {eRahyaroffraR oF Sbiveht Afiktures of 25 tetrahydrofuran and
toluene is used Ex%]WPées %f the base that is u eg erein includce

. . In ste a  compound .
inorganic bases such as so iU hydrlc?e,ppgtas&

carbepate, sadium sarhonate, s 30: petassiin carhonate.Jithivm, o
hydroxide, sodium hydroxide, and potassium hydroxide; organic bases
stichiasdi-heethyginarphoiirse), triethyiamsine siprapyianine, tdéutyiamioe,
diisopropyiethyiamine, 5 dicyclohexylamine, N-methyipiperidine, pyridine
4Py PBlidinGpyridite! picotind4-(NIN @it ethyisATiG) Kridifs 2ice ©
6-di(f-butyi)-4- ipyridi inoline, N,N-dimethyianiline, N,N-
dFg%y%éni#r?e,pgg-%%%b?q%%%%% no(n-%-'ene 10 (DBN),
1,4-diazabicyclofz2.2loctang (RABEO)sand dB-herein is not
diazabicyclo[5.4.0Jundec-7-ene (DBU). Preferably, an inorganic base
stcr as- sodiaml by dridel, hetassium olydritie, lithigarhydiexide vsodium
hydroxide, or EEE)otassium hydroxide, or triethyiamine, and most 15

prétarably Solitint hydroxide GAEtmine i thefloeS POt tnhibit

the reaction. Examples of such a solvent include

alcohols such as methanol, ethanol, n-propanol,

isopropanol, n-butanol, isobutanol, t-butanol, isoamyl

alcohol, diethylene glycol, glycerin, octanol,

cycohexanol, and methylcellosolve; halogenated

hydrocarbons such as chloroform, dichloromethane, 1,2-

dichloroethane, and carbon tetrachloride; ethers such
as diethyl ether, diisopropyl ether, tetrahydrofuran,
dioxane, dimethoxy ethane, and diethylene glycol

dimethyl ether; aromatic hydrocarbons such as benzene

hﬁdc’ridre(ﬁ%l&% with

a

and toluene; N,N-dimethyl formamide; dimethylsulfoxide;

water; and solvent mixtures of these. Preferably,
dichloromethane, an alcohol, an ether or solvent
mixtures of an ether and toluene, and most preferably,
methanol, tetrahydrofuran or solvent mixtures of
tetrahydrofuran and toluene is used.

Examples of the base that is used herein

include inorganic bases such as sodium hydride,

potassium hydride, lithium carbonate, sodium carbonate,
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The reaction temperature varies depending upon the starting material,
solvent, and base; and is generally from OC to 100C, and preferably from
10C to 50C. 20 The reaction time varies depending upon the starting
material, solvent, base, and reaction temperature; and is generally from
30 minutes to 3 days. [0048] 25 {A-30step) Oxidation In this step, a
compound (4) is reacted with an oxidizing agent in the presence or
abSeresordl sef/ene fe produtd EdopBund p1)1d81 PRE $BRent that is
u ed herem is not artlc arl limited as long as. it can dISSO| e a startin
%%/erlacf}t% S6Mme exaeﬁt an g&élén n% %Sﬁ%xtgfﬁe reaction. x\z%mplees osfug

such & salveny inglidens alcobolscsuchras,methanol, ethapel, pspropand,
isopropanoi, n-butanoi, isobutanoi, t-butanoi, isoamyi alcohol, diethyiene
glycalbglyceenioctandl] icyclohexadel: and anethyl, cellosolve; aromatic
hydrocarbons such as benzene and toluene; halogenated 10

h?dr%@f&ﬁo%%%%ﬁ%ﬁﬂo%f%W&Wé&?ﬁ&ﬂéﬁ@ 1 BYHitfidt6ethane,
a%%%? %H%%g éq?n%m' essuch, as f%m?m
methyifor e, N,N- dimethyiacetam and
hexaraethyiphespbors triamide; nitfitesasuch-as:agatpnitriie. Preferably,
an aromatic 15 hydrocarbon, an alcohol, a halogenated hydrocarbon or a
methylpyridine, guinoline, N,N-dimethylaniline, N,N-
diethylaniline, 1,5-diazabicyclo [4.3.0]non-5-ene
(DBN), 1,4-diazabicyclo[2.2.2]octane (DABCO), and 1,8-
diazabicyclo[5.4.0]undec-7-ene (DBU). Preferably, an
inorganic base such as sodium hydride, potassium
hydride, lithium hydroxide, sodium hydroxide, or
potassium hydroxide, or triethylamine, and most
preferably, sodium hydroxide or triethylamine is used.

The reaction temperature varies depending
upon the starting material, solvent, and base; and is
generally from 0°C to 100°C, and preferably from 10°C to
50°C.

The reaction time varies depending upon the
starting material, solvent, base, and reaction
temperature; and is generally from 30 minutes to 3
days.

[00438]
(A-3 step) Oxidation

In this step, a compound (4) is reacted with
an oxidizing agent in the presence or absence of a

solvent to produce a compound (1).
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solvent mixture of these, and most preferably, toluene, a solvent mixture
of toluene and methanol or dichioromethane is used. Examples of the
oxidizing agent that is used 20 herein include hydrogen peroxide, t-butyi
hydroperoxide, cumene hydroperoxide, sodium periodate, peracetic acid,
perbenzoic acid, 3-chioroperbenzoic3 acid, urea hydrogen peroxide
addition compound ((NH2)2C0-H202). Preferably, 3-chioroperbenzoic
acid or 25 cuméré hydrbperdxidé ftuset. Wite thatthé Asymmettic

oxida%org:rr?é/ e %rfn(q)rme in accordance Wiﬁ? the m thodgfjegcgbed in
e ollowwing doclments WooR0 2538 W00 /S5 7: L 357

WO20044087 702¢ WO2004/05288 1 WQZ2QQA/032882; Ady. nBynthnGatal.
2005, 347, 19-31., Chem. Rev. 2003, 103, 3651-3705., Tetrahedron Lett.

2004, 45; 92499252, EAngewe Chem.dntiEds 2004y43,t4225:4228., and
5 Tetrahedron Asymmetry 2003, 14, 407-410. More specifically,
adyrfimiticoxidatiot s PeHBANE by FEactitiyta cBmipoehat4) and an

oxidizing, adept in the presence Ofi%%%g%l?%y ipdyction.agent , Qr.an, |

asymmetry induction catalyst. 10 Examp e oxidizing agent includ
peroxisiesisuchias-mydregen getexids, tent-hikyii Rydreperaxide, urea

hydroperoxide, and cumene hydroperoxide. In particular, when an

asyrmehyximdatior agemestasynineétry seduction Tatalystils contains

ﬂ%@%?%%ﬂ?%@%gngmggﬂg%mbg%gggg and toluene; halogenated
hydrocarbons such as chloroform, dichloromethane, 1,2-
dichloroethane, and carbon tetrachloride; amides such
as formamide, N,N-dimethylformamide, N,N-
dimethylacetamide, and hexamethylphosphoric triamide;
nitriles such as acetonitrile. Preferably, an aromatic
hydrocarbon, an alcohol, a halogenated hydrocarbon or a
solvent mixture of these, and most preferably, toluene,
a solvent mixture of toluene and methanol or
dichloromethane is used.

Examples of the oxidizing agent that is used
herein include hydrogen peroxide, t-butyl
hydroperoxide, cumene hydroperoxide, sodium periodate,
peracetic acid, perbenzoic acid, 3-chloroperbenzoic
acid, urea hydrogen peroxide addition compound
( (NH;) ,C0O-H,0,) . Preferably, 3-chloroperbenzoic acid or
cumene hydroperoxide is used.

Note that the asymmetric oxidation may be

performed in accordance with the methods described in

the following documents; W096/02535, W02001/83473,
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hydroxyperoxide is used. When it contains vanadium, hydrogen peroxide
is used. The oxidizing agent that is used herein may be presentin an
amount exceeding that of the compound 20 (4), preferably fall within the
range of 1.01 to 10 mole equivalents. In particular, when an asymmetry
induction agent or asymmetry inductdan catalyst contains titanium, 1.05
equivalents of oxidizing agent is used. When an asymmetry induction

2 D ety TARAIOR CE Aot ARG Aeafii of Hemium,
equivalents of oxigiging agent is,used, Whep It contains vanadium,, ;

1.

1.§yequwalents gf'om 1Zing agerit is geneérally used. - §VExamp eso
sugiran asymmetneinddetion-agente ok asymmetrydpductioncatalyst,
include (1) optically active titanium complexes such as complexes of an
opticadly actizedioi &nd titakium? 60(1V) dikoxidé andAdater or andlcohol;
(2) optically active zirconium complexes such as com(flexes of an

opticdiiy Hetve Bid aaFiichiiunt Afv) dikoxide (Watet may be present or
not resen (3 opcall s efniym compexaueh a5 0 compleses

of an optically active dioi and hafniu e; (4) optlcéally active

vanRadigrreomplex sugh asneomplexes ©haa oplicaby active Sehiff baseg

and vanadyi acetylacetone; 15 (5) optically active iron complexes such as
agent in the presence of an asymmetry induction agent
or an asymmetry induction catalyst.

Examples of the oxidizing agent include
peroxides such as hydrogen peroxide, tert-butyl
hydroperoxide, urea hydroperoxide, and cumene
hydroperoxide. 1In particular, when an asymmetry
induction agent or asymmetry induction catalyst
contains titanium, zirconium or hafnium, cumene
hydroxyperoxide is used. When it contains vanadium,
hydrogen peroxide is used.

The oxidizing agent that is used herein may
be present in an amount exceeding that of the compound
(4), preferably fall within the range of 1.01 to 10
mole equivalents. In particular, when an asymmetry
induction agent or asymmetry induction catalyst
contains titanium, 1.05 equivalents of oxidizing agent
is used. When an asymmetry induction agent or
asymmetry induction catalyst contains zirconium or
hafnium, 1.2 equivalents of oxidizing agent is used.

When it contains vanadium, 1.1 equivalents of oxidizing

agent 1s generally used.
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complexes of an optically active Schiff base and iron (Ill) acetylacetonate;
(6) optically active manganese complexes (for example,

salen-manganese complex) such as complexes of 20 an optically active
Schiff base and manganese; and (7) optically active tungsten complexes
such as complexes of an optically agve Cinchona alkaloid and tungsten
(111). Examples of the optical active dioi include 25 (1) alkyl diols such as
tartaric acid este¥sMfot exafiplé (i oR 1) dehgtartrateddetian agent

tartrate diisqéyfrg yi .tag{laé% and di%)%t&tagt{alte' @d tartaramide such as

te?r%rr?e‘b’tﬁ%{lar aramide ; and <'34° arfématléf(]’:l?mus%%h as (R)- or (S)-

binaphthoi. Examples of thesopticallyactive Schiff.base dngldde 3€hiflsucn
bases derived from substituted salicyl 5 aldehydes such as

(D(- =248, Bedicte rtddutyisaligytid eméaminod-3; Bedinhethlyid<bditanidi aaridim
(IR,2S)-I-((2-hydroxy-3,5-di-tert- butyibenzylidene)amino)indan-2-ol, and
sdléN type- isthiff Bades! RWHenHsyiimétticBiidation is performed, if

necessary, a base maybe added. Examples of the hase é%%;égné‘ggg 1% cn

not particularly limited as long as it does not inhibit a reactio include
iINREJiGpases Ansrorganisdiases) prefarably; dediary) amiies,Suchoas um

15 diisopropylethylamine and triethylamine, and most
(IV) alkoxide (water may be present or not present);

(3) optically active hafnium complex such as
complexes of an optically active diol and hafnium (IV)
alkoxide;

(4) optically active vanadium complex such as
complexes of an optically active Schiff base and
vanadyl acetylacetone;

(5) optically active iron complexes such as
complexes of an optically active Schiff base and iron
(ITIT) acetylacetonate;

(6) optically active manganese complexes (for
example, salen-manganese complex) such as complexes of
an optically active Schiff base and manganese; and

(7) optically active tungsten complexes such
as complexes of an optically active Cinchona alkaloid
and tungsten (III).

Examples of the optical active diol include

(1) alkyl diols such as tartaric acid esters,
for example, (+) or (-) dimethyl tartrate, diethyl
tartrate, diisopropyl tartrate and dibutyl tartrate;

and tartaramide such as tetramethyltartaramide ; and
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preferably, diisopropylethylamine. The base is generally added in an
amount of 0.1 to 1 equivalent relative to a compound (4). Note that an
asymmetry induction agent or 20 asymmetry induction catalyst containing
vanadium is used, generally no base is used. Examples of the solvent
that is used in asymmetric oxidatiorgimclude aromatic hydrocarbons such
as toluene, benzene, and xylene; halogenated 25 hydrocarbons such as
dichioromethan&Zand*ERIBRoTérM S ARl 36618 stigh 88)ethfiacktdte.
P%riticglaﬁlé/ vgrie_n an asymmgtry induction aggnt or asymmetry induction
catafils]?cor?talnlng titanium, zirconium or hafnium is - 35 used, toluene or

tert-butyimethyksthep issqrefarablye used. \When @n-asymmetiy inductign s
agent or asymmetry induction cataiyst containing vanadium is used,
acetonitidie of dichidronsethane isrprederabiyousesiib5When eedasyaimetry
induction cataiyst containing titanium is used, addition of water is

effddvRY FRE amolnest water including wateridortaied in a solvent,

r i . ludi idizing age S e preferabjy falls
B B L o e

and mast ) preferabiyn 0 d:30010-25 sauivatents.-The content of water may
be controlled by molecular sieves 3A. When a complex of titanium (1V)
ailkoxidézek ahigcolwi insyrthesided, idoprbpanois effeetivély PES used
aség}lei%lgoggléggl{ally in an amount of 1.2

When asymmetric oxidation is performed, if
necessary, a base may be added. Examples of the base
that is used is not particularly limited as long as it
does not inhibit a reaction and include inorganic bases
and organic bases, preferably, tertiary amines such as
diisopropylethylamine and triethylamine, and most
preferably, diisopropylethylamine. The base is
generally added in an amount of 0.1 to 1 equivalent
relative to a compound (4).

Note that an asymmetry induction agent or
asymmetry induction catalyst containing vanadium is
used, generally no base is used.

Examples of the solvent that is used in
asymmetric oxidation include aromatic hydrocarbons such
as toluene, benzene, and xylene; halogenated
hydrocarbons such as dichloromethane and chloroform;
and esters such as ethyl acetate. Particularly when an

asymmetry induction agent or asymmetry induction

catalyst containing titanium, zirconium or hafnium is
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equivalents relative to titanium. The reaction temperature varies
depending upon the starting material, solvent, and oxidizing agent; and is
generally from -100C to 100C, and 20 preferabiy from -70C to 70C. The
reaction time varies depending upon the starting material, solvent, an
oxidizing agent, and reaction tempesature; and is generally, from 15
minutes to 72 hours, and more preferabiy, from 30 minutes to 24 25

h&$RIThé eoHfpBungrobt&hkd dbeyétah e caivetied: tecdRtBPay

corgv(gg:[ionglr}method. Moare sggscifica lé{ a comrpound rl(%) is reacted with a

I
base In'- 36 the presence or absence o 2soNentIAS & solvent, %Iggtrrr]gy

be made-efrcetaniii¢;-an alcehglsuchas, dnethanel arsethaael; water or
a solvent mixture of these, and preferably, a solvent mixture of ethanol

and Stwatet.rtAs e baseddse inaydoes adecof an alkalirreraletal ydrdxide
such as lithium hydroxide, sodium hydroxide, or potassium hydroxide; an

allAifle 84rtA AP HydroXidR Sict 3 Fidghbsim FyBiokide: Hhd an
aikoxide ; 8iCh; as sediym methoxide, sodi %@PQ@%&%%%TJ&Q The

pentoxide or magnesium methoxide. Preferably, an aqueous solution of

sedivimitydsexideis used.clhel raactipntempesatuse isgenerally §em;£0:,
to 50C, and preferably from 10 to 40C. The reaction time is generally
fromeL mimateao iours amblustreferably from dis indinuteo-) heof

substrate preferably falls within the range of 0.1 to
0.33 equivalents relative to a compound (4), and most
preferably, 0.13 to 0.25 equivalents. The content of
water may be controlled by molecular sieves 3A.

When a complex of titanium (IV) alkoxide and
an alcohol is synthesized, isopropanol is effectively
used as the alcohol, usually in an amount of 1.2
equivalents relative to titanium.

The reaction temperature varies depending
upon the starting material, solvent, and oxidizing
agent; and is generally from -100°C to 100°C, and
preferably from -70°C to 70°C.

The reaction time varies depending upon the
starting material, solvent, an oxidizing agent, and
reaction temperature; and is generally, from 15 minutes
to 72 hours, and more preferably, from 30 minutes to 24
hours.

The compound obtained above can be converted
into a salt by a conventional method. More

specifically, a compound (1) is reacted with a base in
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Alternatively, an alkaline metal salt such as a sodium salt and potassium
salt may be subjected to a salt exchange reaction with a metal chloride or
a metal sulfate such as barium chloride, magnesium chloride, 20
magnesium sulfate, or zinc sulfate in the presence or absence of a
solvent to convert into the corresporghing- metal salts such as a barium
salt, magnesium salt, and zinc salt. After a compound (4) is oxidized, a
cOMPolAG I8 cah P shjettetito oRverfidblinto 4'SaR withdient-
subjecting an isojation operation (0,0btain 8 metal Sl 0049137 As 2
compoun (% and a compoun% (85], which “drentefmediates in Mettiod A,
use mayke madeafheemerdially available sempornds ok egrmpoyads
easily produced from commercially available compound(s) in 5
atdordancewitharedriventional raethotvwehichronetskilledoin thieharhol and
usually performed. Especially, a compound (3) can be produced in

al&rBance RithMERDE B HS SmBAtomSy Bédt. fdost] 0 [Formitia PER® L
Nﬁbd?%%bﬁyegg%%Bag(§£§Hkum hydroxide, sodium hydroxide,

or potassium hydroxide; an alkaline earth metal
hydroxide such as magnesium hydroxide; and an alkoxide
such as sodium methoxide, sodium t-butoxide, sodium t-
pentoxide or magnesium methoxide. Preferably, an
aqueous solution of sodium hydroxide is used. The
reaction temperature is generally from -50 to 50°C, and
preferably from 10 to 40°C. The reaction time is
generally from 1 minute to 2 hours and preferably from
1 minute to 1 hour.

Alternatively, an alkaline metal salt such as
a sodium salt and potassium salt may be subjected to a
salt exchange reaction with a metal chloride or a metal
sulfate such as barium chloride, magnesium chloride,
magnesium sulfate, or zinc sulfate in the presence or
absence of a solvent to convert into the corresponding
metal salts such as a barium salt, magnesium salt, and
zinc salt.

After a compound (4) is oxidized, a compound
(1) can be subjected to converting into a salt without
subjecting an isolation operation to obtain a metal
salt.

[0049]



R2 R1X'/R' O-W'HO-W' (7) R3R3B-2 0(6) 0(8) B-3BAR\\//O-W
HO N, R3 (3) 0051] In the formula, R1, R2, R3, and W1 are the same as
defined above; and X1 represents a halogen atom, preferably chlorine
atom, bromine atom, or iodine atom, - 38 and more preferably a chlorine
atom. Now, individual steps of Methad B-will be explained below. [0052]
5 (B-1 step) Halogenation (taking chlorination as a representative
reaction) In this"step, &%ﬁfﬁéﬁhﬁd (B) istre@ctedinith A ERlofiRAting Bgénht

in the abst%nce of a solvent or in a&a |ge solvent tom%ga uce a comgound
|

(63 Totn elér@feep, e feaction is desira ly perfor h the cﬁlorlnatlng

agentaenerallywithouti 1able compounds or compounds easily
produced from commercially available compound(s) in
5 accordance with a conventional method which one skilled
in the art usually performed. Especially, a compound
(3) can be produced in accordance with Method B as
mentioned below.
[0050]

10 [Formula 7]

/N Method B
o
lB.l
R2
R2 /
R! X! / R! o0—W'
HO—W! \
— o —
R3 - R3
\ \ /
N N
¥ ¥
o © o ®
B—3l B-4
RZ
R! 0—W!

HQ ——

3)

[0051]
In the formula, Rl, RZ, R3, and W' are the same
as defined above; and X' represents a halogen atom,

preferably chlorine atom, bromine atom, or iodine atom,
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using a solvent. However, when a solvent is used, the solvent is not
particularly limited as long as it can dissolve a starting material to some
extent and does 15 not inhibit the reaction. Examples of such a solvent
include halogenated hydrocarbons such as chloroform, dichloromethane,
1,2-dichloroethane, and carbon tetraghloride; and ethers such as diethyl
ether, diisopropyl ether, tetrahydrofuran, dioxane, and 20 dimethoxy
ethafeand divtRyiene GlycoftiretRf efifera EXamples of the chlorinating

agent that is used herein, include acetyl chloride, xig{yi hloride, thignyl
chloride, phospﬁ%vrqu 3%y%ﬂohd"é?%h8§§ﬁ§ru§%?nb§ﬁ ori%(é, Iaé:ng lﬁ B
phasphorus peptachlpride, and 25 preferably acetyl chloride is used. The
reaction temperature varies depending upon the starting material,
solvent, &Ad Thlorinating agent; and is generally from -50C to 30C, and -

39 - preferably from -30C to 10C. The reaction time varies depending
upgéh the® stating &teRAL Sorent! thloritating tgent ant° fedttion

teg%%%%g;%&%%qi;eg%egg% J%O)m 30 minutes 5 to 8 hours, and more

pre 1 to 5 hours. When bromination is performed, a reagent
such as acetyl bromides hydeggensbresigderemine/red phospherusyith

phosphorus tribromide, and phosphorus pentabromide is used. When
iodlizaltibn s petformed ae 120 reagdntsuehsgriodinefred phosphotusds in
used Qr bromination is performed and thereafter sodium iodide

an 1nert solvent to produce a compound (6).

In this step, the reaction is desirably
performed in the chlorinating agent generally without
using a solvent. However, when a solvent is used, the
solvent is not particularly limited as long as it can
dissolve a starting material to some extent and does
not inhibit the reaction. Examples of such a solvent
include halogenated hydrocarbons such as chloroform,
dichloromethane, 1,2-dichloroethane, and carbon
tetrachloride; and ethers such as diethyl ether,
diisopropyl ether, tetrahydrofuran, dioxane, and
dimethoxy ethane, and diethylene glycoldimethyl ether.

Examples of the chlorinating agent that is
used herein include acetyl chloride, oxalyl chloride,
thionyl chloride, phosphorus oxychloride, phosphorus
trichloride, and phosphorus pentachloride, and
preferably acetyl chloride is used.

The reaction temperature varies depending

upon the starting material, solvent, and chlorinating

agent; and is generally from -50°C to 30°C, and
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is reacted. [0053] (B-2 Step) R2-W1-O group introduction reaction 15 In
this step, a compound (6) is reacted with an alcohol (7), that is,
R2-W1-OH group (where R2 and W1 are the same as defined above) in
the absence of a solvent or in an inert solvent and in the presence of a
base, to produce a compound (8)-20 I he solvent that is used herein is
not particularly limited as long as it can dissolve a starting material to
sorhs et Bhdfdsds notinhibio tHéréaction. Examples of such a solvent
include aliphati heydl[g%ar%)ons sgch as_hexane, i&%ptan .%5 Ii%roin acqgle

Ct1 ime varies endi orl
petroleum ether; halogena eé)ﬂy focarbons such as chioro rm?

dighioremgthane; d.2- dichigroethane, andicarhen tetrachloyide; argmatic
hydrocarbons such as benzene and toluene; ethers such - 40 as diethyl
ethes,diisoprapyinether ttetrahydrofuras, aboxare] dimethoxyethaneiand es
diethyiene glycol dimethyi ether; amides such as formamide, N,N-

difetRy fstiamide N, Nefifiethyfdcetarhite, 5 HexamethyipRoSptibii
triamide, and WSR“%%F@:‘QQE% 'T‘Et?&s}' 8%&98&‘,"’%”&8@%58%‘995(:%1

mixtures of these. Preferably, dimethyisulfoxide, an ether, or an”amide,

and most praferabiyn idimethyjsutoxide, is-usadiE xamplas 0f the-base that
is used herein 10 include alkaline metal carbonates such as lithium
carboarte; sudiunrbarhohatel andrpdtassidaecarbodatehosphorus

pentabromide is used. When iodization is performed, a
reagent such as iodine/red phosphorus is used or
bromination is performed and thereafter sodium iodide
is reacted.

[0053]
(B-2 Step) R*-W'-0 group introduction reaction

In this step, a compound (6) is reacted with
an alcohol (7), that is, R%-W'-0H group (where R’ and W'
are the same as defined above) in the absence of a
solvent or in an inert solvent and in the presence of a
base, to produce a compound (8).

The solvent that is used herein is not
particularly limited as long as it can dissolve a
starting material to some extent and does not inhibit
the reaction. Examples of such a solvent include
aliphatic hydrocarbons such as hexane, heptane,
ligroin, and petroleum ether; halogenated hydrocarbons
such as chloroform, dichloromethane, 1,2-
dichloroethane, and carbon tetrachloride; aromatic

hydrocarbons such as benzene and toluene; ethers such



alkaline metal hydroxides such as lithium hydroxide, sodium hydroxide
and potassium hydroxide; metal aikoxides such as lithium methoxide,
sodium methoxide, 15 sodium ethoxide, and potassium-t-butoxide;
alkaline metal hydrides such as lithium hydride, sodium hydride, and
potassium hydride; alkaline metal-aikoxides prepared by an alkaline
metal; n-butyi lithium; and lithium diisopropyiamide. Preferably, alkaline

migtal DEFtyatides BRE Tnost preferalsy Ydoditieiydriereis aegdr Theran,
reaction temperature varies depending upon the starting material,
ﬁao ane 81me§% é%i) ék&l%;ﬁ?%ﬁ;?%ﬁuﬁg%ﬁgﬁ

solvent, and base; ané)fisy%enepaﬁly from 0 : rably 10C

ty30QG Hp the case where thesalsghal (), thatisaRZAW1-QHis 25 a
primary alcohol; and from 50 to 100C in the case where the alcohol is a
seConetany alcohokTheaeabltidh-tidreararieSadepending=upon the starting
material, solvent, base, and reaction - 41 temperature; and is genera@y

Ily,
6T B8 o8 6 381 RG0S, Ahd Hibrdprefdt by, 630 Riirdted 1622°
h%‘iﬁﬁek%?f'l(u (B 3:3ten) '@S%%?Qg%mémst&%“&ﬁ'%a%g;ié&%fe'g this step,

a compound (8) Is reacted with acetic anhydride in the absence of a

selvenrtand imtbecprgsence Qf abseroesofid basedg praduseran-aceiatesn
of compound (3). 10 Examples of the base that is used herein include
terticiyamines sueh asarmetnadhine, dimethylsulfoxide, 1is used.

Examples of the base that is used herein
include alkaline metal carbonates such as lithium
carbonate, sodium carbonate, and potassium carbonate;
alkaline metal hydroxides such as lithium hydroxide,
sodium hydroxide and potassium hydroxide; metal
alkoxides such as lithium methoxide, sodium methoxide,
sodium ethoxide, and potassium-t-butoxide; alkaline
metal hydrides such as lithium hydride, sodium hydride,
and potassium hydride; alkaline metal alkoxides
prepared by an alkaline metal; n-butyl lithium; and
lithium diisopropylamide. Preferably, alkaline metal
hydride, and most preferably, sodium hydride is used.

The reaction temperature varies depending
upon the starting material, solvent, and base; and is
generally from 0°C to 100°C, and preferably 10°C to 100°C
in the case where the alcohol (7), that 1is, R*-W'-0H is
a primary alcohol; and from 50 to 100°C in the case
where the alcohol is a secondary alcohol.

The reaction time varies depending upon the

starting material, solvent, base, and reaction
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diisopropyiethyiamine and triethyiamine; and pyridine; etc. Preferably,
triethyiamine is used. The reaction temperature varies depending 15
upon the starting material and solvent; and is generally from 20C to
150C, and preferably from 20C to 60C in the presence of a base, and
from 50 to 100C in the absence of athase. The reaction time varies
depending upon the 20 starting material, solvent, and reaction
tehPEtatAE 1ERd IS genefallfeREHALS hindtESTo EhoUFE dRP to 48
preferaply. from 30 minutes o 5 aurs. After theyreaction. a residy
obtained by d?stmlng aletic an]:nydri%lé iS usually SL%JeéJteSSZS Irectly to
theJaexd step. Alternatively, acetate is subjected to step A-2 of Method A
to obtain a compound (4). [0055] - 42 - (B-4 step) Hydrolysis reaction In
this step[ tHebédmpound obtained in the B- 3 step is reacted with a base in
the presence or absence of a solvent to produce a compound (3). 5 The

sp‘l@éﬁt tﬁjé?%)u_s%%q{é?@ﬁ%wtpatrﬁcﬁﬁwﬁﬁﬁt%ﬂ%s%fﬁ&%s_ it can
dissolve a_starting E‘?f!’@%“ 'tt8§9"ée %ﬁcﬁgéﬁ% dogs noLinhibit the, | ;¢ p

reaction. Examples of such a solvent in e water; alcohols such as
methanial, ethagel hqropaneih &0 isoprapanalrN-HusyIolisebuanoin the

t-butanoi, isoamyi alcohol, diethyieneglycol, glycerin, octanol,
presence or absence of a base to produce an acetate of
compound (3) .

Examples of the base that is used herein
include tertiary amines such as trimethylamine,
diisopropylethylamine and triethylamine; and pyridine;
etc. Preferably, triethylamine is used.

The reaction temperature varies depending
upon the starting material and solvent; and is
generally from 20°C to 150°C, and preferably from 20°C
to 60°C in the presence of a base, and from 50 to 100°C
in the absence of a base.

The reaction time varies depending upon the
starting material, solvent, and reaction temperature;
and is generally, from 10 minutes to 6 hours, and
preferably, from 30 minutes to 5 hours.

After the reaction, a residue obtained by
distilling acetic anhydride is usually subjected
directly to the next step. Alternatively, acetate is
subjected to step A-2 of Method A to obtain a compound
(4).

[0055]
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cyclohexanol, and methyl cellosolve; aliphatic hydrocarbons such as
hexane, heptane, ligroin, and petroleum ether; ethers such as diethyl
ether, 15 diisopropyi ether, tetrahydrofuran, dioxane, dimethoxyethane,
and diethyienegiycoi dimethyi ether; halogenated hydrocarbons such as
chloroform, dichioromethane, 1,2-dighioroethane, and carbon
tetrachloride; amides such as formamide, N,N 20 dimethylformamide;

N (§-ofméthsiacetamicel BRd Shégaréthgibhosphoric triamide; and solvent

mixtures of thefg. Preferably, an %I%ohol or a solvent mixture of.an_, .

sSte compoun n
alcohol and water, and mos p?éfera ?y, a solvent” mixture of methano

and wadey is 4ised 2% Examples af thedasethahis ysedfgrein include
alkaline metal carbonates such as lithium carbonate, sodium carbonate,
and petassiunt carbonbve;nalkabne netaldeydroxides suckl as Jithium
hydroxide, - 43 sodium hydroxide and potassium hydroxide; metal

aikoxides such g%ﬁiﬂﬁﬁ%vﬁl%ﬁﬂd}@@et, sbﬂidfﬁ?ﬁe_t%%iﬁé,n sbaiumrt
eg&%@&@?%ﬁ’ assjymyt-hutoxide; and ammenias sueh as aqueous
ammonia, and ¢

ncentrated ammonia 5 methanol, etc. Preferably, an
alkaline mejambydrexide, apddnest prefesably ssedidmdydiexide is, Used.
The reaction temperature varies depending upon the starting material,
sélbentr apdtbbse; and i21plgenerdllysfiom GC & 60ENENd prefedsbly
from 10C to 40C.

water; alcohols such as methanol, ethanol, n-propanol,
isopropanol, n-butanol, isobutanol, t-butanol, isoamyl
alcohol, diethyleneglycol, glycerin, octanol,
cyclohexanol, and methyl cellosolve; aliphatic
hydrocarbons such as hexane, heptane, ligroin, and
petroleum ether; ethers such as diethyl ether,
diisopropyl ether, tetrahydrofuran, dioxane,
dimethoxyethane, and diethyleneglycol dimethyl ether;
halogenated hydrocarbons such as chloroform,
dichloromethane, 1,2-dichloroethane, and carbon
tetrachloride; amides such as formamide, N,N-
dimethylformamide; N,N-dimethylacetamide, and
hexamethylphosphoric triamide; and solvent mixtures of
these. Preferably, an alcohol or a solvent mixture of
an alcohol and water, and most preferably, a solvent
mixture of methanol and water is used.

Examples of the base that is used herein
include alkaline metal carbonates such as lithium
carbonate, sodium carbonate, and potassium carbonate;

alkaline metal hydroxides such as lithium hydroxide,
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The reaction time varies depending upon the starting material, solvent,
base, and reaction temperature; and is generally, from 10 minutes to 6
15 hours. 0056] In each of the methods, after completion of the reaction
in each step, a target compound can be obtained from a reaction mixture
in accordance with a 20 conventionaBmethod. For example, in the case
where a whole reaction mixture is a solution, a target compound is

otafHed by Httimig theret i Afupe b the iedctisn dRixttietifheeded to

room{tem erature or coolirﬂg the 25 rea%tf'qon m(Q(ture on.ice neutcr lizin
a %ﬁl e? such .as tPlum ethoxide sod%ﬁp methoxl 3,
an acid, alkali, ‘'oxidizing agent, or reducing agent, and adding water an

an Qrganic selvent such as gthyd agetatenonmiseibieitovateh@andmmonias
non-reactive with a target - 44 compound, thereby separating a layer

containirgthedtargetcompound,  arahthereafternaddingd solvenmtia-
nonmiscibie to the obtained layer and non-reactive to the target

cAnpBaRa wastifg the yEF Edmtaining the?s targeP Eompband, and

S ' e layer, | diti if th ain [ 0 ic layer,
o g 5o bb SEARNGA by cring T CrOAP e oy o use
ofui@ dehydration agent such as potassium carbonate, anhydrous
magnesium sulfate or 10 anhydrous sodium sulfate and distilling away a

solvent. On th& bther ¢rant it the etadrattlayer iscaii watefepending

upon the starting material, solvent, and base; and is
generally from 0°C to 60°C, and preferably from 10°C to
40°C.

The reaction time varies depending upon the
starting material, solvent, base, and reaction
temperature; and is generally, from 10 minutes to 6
hours.

[0056]

In each of the methods, after completion of
the reaction in each step, a target compound can be
obtained from a reaction mixture in accordance with a
conventional method.

For example, in the case where a whole
reaction mixture is a solution, a target compound is
obtained by returning the temperature of the reaction
mixture if needed to room temperature or cooling the
reaction mixture on ice, neutralizing an acid, alkali,
oxidizing agent, or reducing agent, and adding water
and an organic solvent such as ethyl acetate

nonmiscible to water and non-reactive with a target
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layer, the desired compound can be obtained by subjecting the layer to
electrically desalting and freeze dry steps. 15 Alternatively, when the
whole reaction mixture is a solution, and if possible, a target compound
can be obtained by distilling away other compounds (e.g., solvent,
reagent) under normal pressure or reguced pressure. 20 Furthermore,
when only a target compound is precipitated as solid or the whole
rééé‘[‘i@ﬁ%%uré]ise%emm&ﬁﬁé%@&%ar@eﬂ-édﬁﬁo&ﬁ@@ﬁféﬁkﬁtaﬁétﬁn
the  course o of the recqverin qr({ess the target&gm ound can

obtal d by a?fﬁ?éhr(l)n’, Was ing the 3 tﬁﬁet’ed‘al targe %ompounde Wﬁh an

appReRrkigte; salventy E\{}Qedfé’kﬂtgaEH&HGLLé?%%af%&c@mg%@@@@@xb@ to
obtained from the filtrate in the same manner as the case where the

whble reactiert mixtupeisna solutioh, 1145 thdditionalty. dMoreaver, whema
reagent(s) or a catalyst alone is present as solid into the reaction mixture,

of- 3 #e- c%ﬁ%ﬂé%e@ﬁﬁolé?@é&ﬁﬁﬁﬁ&tﬁﬂ%ﬁs]ﬁg Sblutiohbesides a
reagent(s),ar a catalyst alone is precip| ‘%d § '1» €.q2 r?% &he

recovering process and the target compou SSO ve |nt e s vent

thertarge! €ompROUNEhERbER) obtﬁmﬁbbwﬂtaemgcpfbtpede@ga@t(w
catalyst, washing the 10 filtered reagent(s) or catalyst with an adequate
orjamicecinbrgatiic bolvent combiniAgthelwashing agent such as

potassium carbonate, anhydrous magnesium sulfate or
anhydrous sodium sulfate and distilling away a solvent.
On the other hand, if the obtained layer is an water
layer, the desired compound can be obtained by
subjecting the layer to electrically desalting and
freeze dry steps.

Alternatively, when the whole reaction
mixture is a solution, and if possible, a target
compound can be obtained by distilling away other
compounds (e.g., solvent, reagent) under normal
pressure or reduced pressure.

Furthermore, when only a target compound is
precipitated as solid or the whole reaction mixture is
a liquid and only a target compound is precipitated in
the course of the recovering process, the target
compound can be obtained by a filtration, washing the
filtered target compound with an appropriate solvent,
and drying. Further, the target compound can be
obtained from the filtrate in the same manner as the

case where the whole reaction mixture is a solution,
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liquid and the filtrate, treating the mixture in the same manner as in case
where the whole reaction mixture is a solution. 15 In particular, in the
case where other compounds besides a target compound contained in
the reaction mixture do not inhibit the reaction of the next step, the
mixture can be directly used in the next step without isolating the target
compound. 20 To improve the purity of the target compound obtained in
thdafoferfgntioned step, a recrystallization method, various
chromatographjc _methods and a distillation method may be appropriately
appliet, 25 WhHR TR ettt gt s T Sordt (Fa furdy o

thertarget compaund s generallyiimproved bydheseerystallizationure, or
method. In the recrystallization method, a single solvent or a solvent - 46

mixtutehef & pheality ©f solveatsahan-eeactive to the ntarget compouad may
be used. More specifically, a target compound can be recrystallized by

first TdissdNing %ﬁﬁ?&&%oﬁdﬁﬁ%ﬂ%ﬁhg@%ﬁv&ﬁﬁ ]aYE_%; Eol%ﬁfle 1S
migtre, o8 plurglty of spvenis t ogm (emperae ot beging. and

then, cooling the resultant solution by ice water, etc, stirring it or stan

it glohe-atyognutenperatirgar adding angolventindxick dhe targehe
dissolves at a low 10 solubility, thereby recovering a crystallized target
compuend frorthetsolgidn. compound can be obtained by

filtering off the reagent(s) or catalyst, washing the
filtered reagent(s) or catalyst with an adequate
organic or inorganic solvent, combining the washing
liquid and the filtrate, treating the mixture in the
same manner as in case where the whole reaction mixture
is a solution.

In particular, in the case where other
compounds besides a target compound contained in the
reaction mixture do not inhibit the reaction of the
next step, the mixture can be directly used in the next
step without isolating the target compound.

To improve the purity of the target compound
obtained in the aforementioned step, a
recrystallization method, various chromatographic
methods and a distillation method may be appropriately
applied.

When the obtained target compound is a solid,
the purity of the target compound is generally improved
by the recrystallization method. In the

recrystallization method, a single solvent or a solvent
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The purity of a target compound can be improved by various
chromatographic methods. Generally, use may be made of silica gel
column 15 chromatography using weak acidic silica gels such as silica

gel 60 (70 to 230 meshes or 340 to 400 meshes) manufactured by Merck
Ltd., BW-300 (300 meshes) manufagtured by Fuji Siiysia Chemical Ltd.,
or a disposable silica gel column cartridge for middle 20 pressure liquid
cHrbttats§raphy IHRIHFPaShteol GhnF Ohantifattired ByPPamazén to the
ggrﬁgoragon. When a target %omgglégq is %sic and excgssiv%q adsaorbed

. d
e silica gals mentioned above, use may be made of propyi amine

coatingesilicagel{20Q te 3r0Beshes) 2ormanufastured by FujiSilysia
Chemical Ltd., or NH silica gel as used in disposable silica gel column
cartridgel for middletpregsurediguitbcmdmatographyg {HighoErasht Amtine)
manufactured by Yamazen - 47_Corporation. Alternatively, when a target

cSpBEAT had “BibbRariRf oPmustbe eiitéd by &Righiidlar stiverftoSuch
a3 methanal, NAM;209kkqr Ae'é{'é%%!',' (@ﬁﬁufé}%‘g?d@é’o Nﬁé\"qo the

Laboratory) may be used. When a target compound’is 5 eiuted by using
amy: g0e o4 thesessilica gelsandia single selveat er, a selvent mixtute ef-a
plurality of solvents non-reactive with the target compound, and the
selremds removed lihedarget compoupdimprévectin puritydshiise a
obtained. 10 When the obtained tar%et compound is a liquid, é@qe purity of

ﬂﬁﬂ%ﬁﬁﬂ%oﬁ%&ﬂﬁ&%ﬁ&%@ targét dissolves at a 1

solubility, thereby recovering a crystallized target
compound from the solution.

The purity of a target compound can be
improved by various chromatographic methods.
Generally, use may be made of silica gel column
chromatography using weak acidic silica gels such as
silica gel 60 (70 to 230 meshes or 340 to 400 meshes)
manufactured by Merck Ltd., BW-300 (300 meshes)
manufactured by Fuji Silysia Chemical Ltd., or a
disposable silica gel column cartridge for middle
pressure liquid chromatography (High Frash column),
manufactured by Yamazen Corporation. When a target
compound 1s basic and excessively adsorbed by the
silica gels mentioned above, use may be made of propyl
amine coating silica gel (200 to 350 meshes)
manufactured by Fuji Silysia Chemical Ltd., or NH
silica gel as used in disposable silica gel column
cartridge for middle pressure ligquid chromatography,

(High Frash, Amino) manufactured by Yamazen
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improved by the distillation method. In the distillation method, a target
compound can be distilled at normal pressures or by reducing pressure at
room 15 temperature or while heating. 0057] In the foregoing, a
representative manufacturing method of a compound (1) has been
explained. The starting compounds and reagents for use 20 in
manufacturing a compound according to the present invention may be a
s&lPEPasBIvaEE suck a8 afijrirates ary depending tipgontthe Saergd has

aterial and.the solvent,to.be used, and.are not particularly limited as
oA hoy Chniot IR (RS roachisn NobdTodshioh kS Say. (RS Sontht

toshe Hsed vares dependingwpop othestaging mateiials.angd the-reageats,y
and is not particularly limited as long as it does not inhibit the reaction

ahid¥ah dissohieoa glartivy mMateraldd sonére48 sextemty¥herpapound is
compound (1) according to the present invention_can be obtained in a

frEe forif! ibearfe "Corivetedfitod sal 67 & soivaté toditich 1! 2
d ted, | [ ' S iopal
%%’gggg'%ﬁ@ﬂ%%@%%onger §9v‘é‘n%ccr9£ eovillyas %%"reé‘i'%s@ of

en a compound (1) according to the present invention |
obtaineshinghe derm ehasaliorai saivateoftthegompaunsbilldthesalt ame
the soivate can be converted into a free-form compound (1) in 10
accortiande Wwith zeaonvenhtiohalemethode tFurthermong, Viariougisomers

(such as .
purity can be obtained.

When the obtained target compound is a
liquid, the purity of the target compound can be
improved by the distillation method. 1In the
distillation method, a target compound can be distilled
at normal pressures or by reducing pressure at room
temperature or while heating.

[0057]

In the foregoing, a representative
manufacturing method of a compound (1) has been
explained. The starting compounds and reagents for use
in manufacturing a compound according to the present
invention may be a salt or a solvate such as a hydrate,
vary depending upon the starting material and the
solvent to be used, and are not particularly limited as
long as they cannot inhibit the reaction. Needlessly
to say, the solvent to be used varies depending upon
the starting materials and the reagents and is not
particularly limited as long as it does not inhibit the

reaction and can dissolve a starting material to some
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geometrical isomers, optical isomers, rotational isomers, stereoisomers,
and tautomers) of a compound (1) according to the present invention are
purified and 15 isolated by a conventional separation means, for
example, a recrystallization method, diastereomeric salt method,
enzymatic separation method, vardous chromatographic methods (such
as thin-layer chromatography, column chromatography, and gas 20
clirbhtatdgraphy s R [0058P WARER thel eompBHAE Of fte preseRtinveRE6t fs

used as g.medicamefkglt, u%all_yL, th compoupd is mixed with aggroqoriate
nvern on an e O alned. 11N ITree orm 1t n e
additives to makeé ‘a formu atflon, which' 25 is putto use. However, the

casghyberestheicanapeund,ofthe.presentiis girectly Usedhas @ the
medicament, is not eliminated. Examples of such additives include an -
49 cexoipient, bindendubhiceantpdigsintegratori colaranty dlavoramd ddor
improver, emulsifier, surfactant, soiubilizer, suspending agent, isotonizing

aGERtY PuFrerPresBR/ativé. -antioxidant, stabilizer, and 5 absorption
accelerator tha re u uaélg {_}f% Ijl%. n@@giicg};ec (Lf K 1Sri{<§dt eé/hcearbl%%gg%q
Y w

in combination. [0059] Examples of the excipient include lactose, ite

sugareglIcese,iGorastasch saannitosorbitain 1rstarchs arstatcha dextrin,

crystalline cellulose, light anhydrous silicic acid, aluminium silicate,

caleitvpte of the compound (1), the salt or the solvate
can be converted into a free-form compound (1) in
accordance with a conventional method.

Furthermore, various isomers (such as
geometrical isomers, optical isomers, rotational
isomers, stereoisomers, and tautomers) of a compound
(1) according to the present invention are purified and
isolated by a conventional separation means, for
example, a recrystallization method, diastereomeric
salt method, enzymatic separation method, various
chromatographic methods (such as thin-layer
chromatography, column chromatography, and gas
chromatography) .

[0058]

When the compound of the present invention is
used as a medicament, usually, the compound is mixed
with appropriate additives to make a formulation, which
is put to use. However, the case where the compound of
the present is directly used as a medicament, is not

eliminated.

Examples of such additives include an
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silicate, magnesium aiuminometasilicate, and calcium hydrogen
phosphate. Examples of the binder include polyvinyl 15 alcohol,
methylcellulose, ethylcellulose, gum Arabic, tragacanth, gelatin, shellac,
hydroxypropyimethyicelluiose, hydroxypropylcellulose, sodium
carboxymethylcellulose, poiyvinyipyreiidone, and macrogol. 20 Examples
of the lubricant include magnesium stearate, calcium stearate, sodium
steafyi RuirhBFate P A1E SFoly thleheaghieol Jarfd- BEIRSIEA SPlica. EXARTTES: -
of the disintegraton include erystaling celllpse. agar, gelalin, calgium 25
carbonate, soglum ﬁydrog%n carbdnate, calcium citrate, - déxtrin, péctin,
lowsssubstitution-degreeyickaxdrapy neellulase; sarboxymetbyeellulose,
calcium carboxymethylcellulose, croscarmellose sodium, - 50
carboxymethyr staecly,cssodiam canoxyxiethyitstarcha lEXamples of thie
colorant include pharmaceutical acceptable colorants such as iron

s_ésﬁf?&)ﬁ&é,%lI?)ﬁﬂ_?df%@&j‘diﬁoﬁ&é%aﬁﬁﬁné{%&ﬂ%l,LSSIQgca}Bte_n_e,
titanium oxide, tal¢, %P?fl’é'f‘}(g‘ds‘)dd‘é%‘yip@%p'%%‘?u?i% yellow alymipium .,

lake. Examples of the flavor and o mprover include cocoa powder,
menthol,[@mpasm, menthol oil, Borneo camphor, and cinnamon powder.
10 Examples of emulsifier or surfactant include stearyi triethanolamine,
sodium lauryi stifatepfeipyiof the excipient include lactose,

white sugar, glucose, cornstarch, mannitol, sorbitol,
starch, oO-starch, dextrin, crystalline cellulose, light
anhydrous silicic acid, aluminium silicate, calcium
silicate, magnesium aluminometasilicate, and calcium
hydrogen phosphate.

Examples of the binder include polyvinyl
alcohol, methylcellulose, ethylcellulose, gum Arabic,
tragacanth, gelatin, shellac,
hydroxypropylmethylcellulose, hydroxypropylcellulose,
sodium carboxymethylcellulose, polyvinylpyrrolidone,
and macrogol.

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

Examples of the disintegrator include
crystalline cellulose, agar, gelatin, calcium
carbonate, sodium hydrogen carbonate, calcium citrate,
dextrin, pectin, low-substitution degree hydroxypropyl
cellulose, carboxymethylcellulose, calcium

carboxymethylcellulose, croscarmellose sodium,
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aminopropionic acid, lecithin, glycerin monostrearate, sucrose fatty acid
ester, and glycerin fatty acid ester. 15 Examples of the solubilizer include
polyethylenegiycoi, propylenegiycoi, benzyi benzoate, ethanol,
cholesterol, triethanolamine, sodium carbonate, sodium citrate,
polysorbate 80, and nicotinamide- 200Examples of the suspending agent
include, other than the aforementioned surfactants, hydrophilic polymers

SGCH 88 PBRinyY alcBR pBlyvityH pyrafidsne mBthyicetufser ch -
hydroxymethyic]_:eiluIos.tfé hyd£o>§ty§thycicﬂlulose and lu

hydroxypropylceﬁﬁlgge. o5 Examp es of the 150 orlnrzlf:ng éjéeent include

glysasesadium chioride: mannitob anghsorhbitels Examples of thebuffer

include phosphate, acetate, carbonate, and citrate buffer solutions. - 51

Examplescofite preserieinclude methyiparabiels propyiparabencaramel,
iorobutanoi, benzyi alcohol, phenethyi alcohol, dehydroacetic acid, and

g BREAGHSE Exampiés oFthe anitibkidart ficlude Safite? Vastrobate “and

ﬁ?‘%%c S[Ql. AS examplas of thuﬁR‘i‘L'%i% ’Eh%%g.g_e“era”y used in
edicine are mentioned. As examples of the absorption accelerator, 10

those generallysusgtldngnedicinerare mentionegh VY r improver
include cocoa powder, menthol, empasm, menthol oil,
Borneo camphor, and cinnamon powder.

Examples of emulsifier or surfactant include
stearyl triethanolamine, sodium lauryl sulfate, lauryl
aminopropionic acid, lecithin, glycerin monostrearate,
sucrose fatty acid ester, and glycerin fatty acid
ester.

Examples of the solubilizer include
polyethyleneglycol, propyleneglycol, benzyl benzoate,
ethanol, cholesterol, triethanolamine, sodium
carbonate, sodium citrate, polysorbate 80, and
nicotinamide.

Examples of the suspending agent include,
other than the aforementioned surfactants, hydrophilic
polymers such as polyvinyl alcohol, polyvinyl
pyrrolidone, methylcellulose, hydroxymethylcellulose,
hydroxyethylcellulose, and hydroxypropylcellulose.

Examples of the isotonizing agent include
glucose, sodium chloride, mannitol, and sorbitol.

Examples of the buffer include phosphate,

acetate, carbonate, and citrate buffer solutions.
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Examples of the preparation include perorai agents such as a tablet,
powder, granule, capsule, syrup, troche, and inhalant; external
preparations such 15 as a suppository, ointment, ointment for eyes, tape
agent, eyedrop, nosedrop, eardrop, poultice, and lotion; and injections.
The perorai agents mentioned above are- prepared by appropriately
combining the compound of the 20 present invention with the additives
mentioned aboV&AVBEXRaL ff et sBarfsS B’ surtaceldsreparations

may he coated. The external preparations formed b propriatel
SR inG e o pobh o7 e raCen 26 Thiamta e ooy

com e com pr Invention w
aforemeptioned,additives, in padicular, anexgipientckinder flayor and
odor improver, emulsifier, surfactant, soiubiiizer, suspending agent,
isetoriiZing agédt, preservative, - 52 antioxidant, stabilizer and absorption

accelerator. The injections are prepared by appropriately combining the
compound of tHEprEReREINENtSIF Wit tthieds P&ﬁeﬁﬁ&%ﬁdﬁdo&fﬁr\ﬁsl' ol (A4

p%réiggl&g,a%ré? egrllllgsi&%g&g?ﬁ@&ls-olubilizer, suspending agent,

isotonizing agent, buffer, preservative, antioxidant, stabilizer and
absorption acceleratesiéhen thercampodnd i thezpresentinyention is
used as a medicament, the dose varies depending upon 10 the symptom
ane ageshdwevers denarally @115 5006 miee (ireferadly, 0.5 to 1500

mg) in the case of a peroral ,
As examples of the absorption accelerator,

those generally used in medicine are mentioned.
[0060]

Examples of the preparation include peroral
agents such as a tablet, powder, granule, capsule,
syrup, troche, and inhalant; external preparations such
as a suppository, ointment, ointment for eyes, tape
agent, eyedrop, nosedrop, eardrop, poultice, and
lotion; and injections.

The peroral agents mentioned above are
prepared by appropriately combining the compound of the
present invention with the additives mentioned above.
Note that, if necessary, the surface of preparations
may be coated.

The external preparations are formed by
appropriately combining the compound of the present
invention with the aforementioned additives, in
particular, an excipient, binder, flavor and odor
improver, emulsifier, surfactant, solubilizer,

suspending agent, isotonizing agent, preservative,
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agent, 0.5 to 1500 mg (preferably, 1.5 to 500 mg) in the case of an
external preparation, 0.3 to 5000 mg (preferably 1 to 500 mg) in the case
of an injection. 15 The amount of the dose may be administered in a
single time or by dividing into 2 to 6 times per day. Note that, in the

cases of peroral agent and injection sthe-dose is the amount virtually
administered, whereas in the external preparation, the dose indicates an
amobih 2oARGallyS&SOrbéd fito IViRg BEdY. JO061 P ACCorRpatRT (1)

of the present irf\éentilorq .cacn%lbe Srogtrj(ceed ]k_gg tgq:(ren thod shov%/n inr. fel
Examples below. Thé "dffect of the comp und ¢an be gon?f?r%ea%y]lﬁe Y
methadk 25 deseriked-innfest fxamples delew) cthesexarples are tn

described by way of example but will not limit the present invention in any
manaek fiheemames of edmmettially available starting w 53r materials and
reagents used in the Examples and manufacturers of those are shown

b&IBW! The fame BF ‘dottihfehts af®SHGW irf fiie colthcStRVafaBEs ¢ -

mf‘Q%tc%‘i(;%[’n@e_%%'ggttha‘otg@fcé’rrr,‘pfp%“&iéﬁ med,in S ﬁ%‘l@;@(&%ﬂ{

the me escribéd in the documeént. Benzyloxyacetaldehyde
2 2:Rimethyk1, 3-prapandiot-gkanta ChemicakGeoinc.),

p-Toluenesulfonic acid monohydrate (Tokyo Kasei Kogyo Co., Ltd.), 10

20% Palladium'yeiroxitie (Aldrich) Sbdidm tHyeride sipeoilt(Wakie Pafeon 1s

Chemical Industries , ,
used as a medicament, the dose varies depending upon
the symptom and age; however, generally 0.15 to 5000 mg
(preferably, 0.5 to 1500 mg) in the case of a peroral
agent, 0.5 to 1500 mg (preferably, 1.5 to 500 mg) in
the case of an external preparation, 0.3 to 5000 mg
(preferably 1 to 500 mg) in the case of an injection.
The amount of the dose may be administered in a single
time or by dividing into 2 to 6 times per day. Note
that, in the cases of peroral agent and injection, the
dose is the amount virtually administered, whereas in
the external preparation, the dose indicates an amount
virtually absorbed into a living body.

[0061]

A compound (1) of the present invention can
be produced by the method shown in Examples below. The
effect of the compound can be confirmed by the method
described in Test Examples (below). These Examples are
described by way of example but will not limit the

present invention in any manner.

The names of commercially available starting



Ltd.), Acetone (Wako Pure Chemical Industries Ltd.)
4-Chloro-2,3-dimethylpyridine 1-oxide (obtained from 15 Sanyo Fine Co.,
Ltd.; however, it is a known compound disclosed in J. Med. Chem. 1998,
41, 1777-1788), Acetic anhydride (Kanto Chemical Co., Inc.), SN
Aqueous sodium hydroxide solution {@/ako Pure Chemical Industries
Ltd.), 20 1N Aqueous sodium hydroxide solution (Wako Pure Chemical
IS fiesAtd.) 2T AethyRHTRE TKAARFCAREMICHE CHXaME L oF \Wakd Pure

Chemical Industries Ltd.), Methanesulfanyl chlpride (Tokyo Kasei Kog
T e e DB R oL kB i Koo oty

3Llarpperhenzoic acid(fokyp KaseikagyehCes Lid:hilaple
1,1-Bis(hydroxymethyl)cyclopropane (Aldrich) Ethyl 3-oxohexanoate
(ACGROS) ctb4r Ethylere giyeol(Tokyo Kaseidkogpymu@Gd., 1.4d.J,drithigim in
aluminum hydride (Wako Pure Chemical Industries ,Ltd.%,

1 3°Bibenh2yioky-2Lpropahsi (idid) 5 SaIfirtheKide pyriame GsHpreR® -
(Aégg%?l'l&?g;g eotrgp(g%rﬁgf‘&tg( all%) rFi’%rlg)C,Zhemical Industries Ltd.),
Trimethyi orthoformate (Tokyo Kasel Kogyo Co., Ltd.), Methyl
propionyiacetate1(Aldrichy A8ddydroxyacetane fNVakerdiure Chemicaline. ) ,
Industries Ltd.), Benzoyi chloride (Tokyo Kasei Kogyo Co., Ltd.),
p—-Toluenesulfonic acid monohydrate (Tokyo Kasei Kogyo
Co., Ltd.),
20% Palladium hydroxide (Aldrich),
Sodium hydride, in oil (Wako Pure Chemical Industries
Ltd.),
Acetone (Wako Pure Chemical Industries Ltd.)
4-Chloro-2,3-dimethylpyridine l-oxide (obtained from
Sanyo Fine Co., Ltd.; however, it is a known compound
disclosed in J. Med. Chem. 1998, 41, 1777-1788),
Acetic anhydride (Kanto Chemical Co., Inc.),
5N Aqueous sodium hydroxide solution (Wako Pure
Chemical Industries Ltd.),
1IN Aqueous sodium hydroxide solution (Wako Pure
Chemical Industries Ltd.),
Triethylamine (Kanto Chemical Co., Inc., or Wako Pure
Chemical Industries Ltd.),
Methanesulfonyl chloride (Tokyo Kasei Kogyo Co., Ltd.),
2-Mercaptobenzimidazole (Tokyo Kasei Kogyo Co., Ltd.),
3-Chloroperbenzoic acid (Tokyo Kasei Kogyo Co., Ltd.),
1,1-Bis (hydroxymethyl)cyclopropane (Aldrich)

Ethyl 3-oxohexanocate (ACROS)
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D-(-)-diethyl tartrate (Tokyo Kasei Kogyo Co., Ltd.), Toluene (dehydrated)
(Kanto Chemical Co., Inc.), Titanium (IV) isopropoxide (Kanto Chemical
Co., Inc. or 15 Aldrich), N,N-Diisopropyiethyiamine (Aldrich or Nakarai
Tesque) Cumene hydroperoxide (Nakarai Tesque, Inc. or Aldrich)

L (+) Diethyl tartrate (Tokyo Kasei Kegyoe Co., Ltd. or Aldrich), 20

gl;iroxymethyl) 1,3-propanedioi (E-MERCK or Aldrich),
T@l‘?

Vdbfurdn z(&éﬂybl?aééﬂ? (%@%@Mﬁw €8 Inedd - )
1,§ Igbluoroa Ltlonen((SYNg EST rop nedlob Wako P é}us |%z:iLIeS
Industries Ltd.), 25 éﬂ?)h &lmetfg ioxolan- )I/Tf)l ano
(Aldech), 2,2-Dimethyl-1,3-dioxan-5-one (Tokyo Kasei Kogyo Co., Ltd.),
Benzyi bromide (E-MERCK) - 55 Tetrabutyiammonium iodide (Tokyo
KaseiagyenCe .} dxd-) 2 BOWEX(R) 50RLX8i(Muromachi Kagaku Kogyo
Kaisha, Ltd.) Cyciobutanone (AVOCADO) 5 Tetrahydro-4H-pyran-4-one
('I%k%/glifaste]f K%ﬁifg‘%ooyﬁdi)lrﬁcﬁ%@fﬁaﬁ%@@ﬁ%}r%\ted) (Kanto

CP% C%CE:EH 0. 411G,y 024 f@écgﬁﬁ%éc@u%ak&lpﬂ e Ghemical lndustries
10 Lt ,3,5- C0|||d|ne
Ltd.),
Trimethyl orthoformate (Tokyo Kasei Kogyo Co., Ltd.),
Methyl propionylacetate (Aldrich)
Hydroxyacetone (Wako Pure Chemical Industries Ltd.),
Benzoyl chloride (Tokyo Kasei Kogyo Co., Ltd.),
D-(-)-diethyl tartrate (Tokyo Kasei Kogyo Co., Ltd.),
Toluene (dehydrated) (Kanto Chemical Co., Inc.),
Titanium (IV) isopropoxide (Kanto Chemical Co., Inc. or
Aldrich),
N,N-Diisopropylethylamine (Aldrich or Nakarai Tesque)
Cumene hydroperoxide (Nakarai Tesque, Inc. or Aldrich)
L-(+)-Diethyl tartrate (Tokyo Kasei Kogyo Co., Ltd. or
Aldrich),
2— (Hydroxymethyl) -1, 3-propanediol (E-MERCK or Aldrich),
Tetrahydrofuran (dehydrated) (Kanto Chemical Co.,
Inc.),
1,3-Difluoroacetone (SYNQUEST)
1,3-Propanediol (Wako Pure Chemical Industries Ltd.),
((4R)-2,2-dimethyl-1,3-dioxolan-4-yl)methanol (Aldrich)
2,2-Dimethyl-1,3-dioxan-5-one (Tokyo Kasei Kogyo Co.,
Ltd.),

Benzyl bromide (E-MERCK)
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Sulfuric acid (Junsei Chemicai Co., Ltd.), Nitric acid, fuming (Wako Pure
Chemicai Industries Ltd.), 15 Acetyl chloride (Junsei Chemicai Co., Ltd.),
N,N-dimethyiformamide (Wako Pure Chemicai Industries Ltd.), 0.1N
Aqueous sodium hydroxide solution (Wako Pure Chemicai Industries
Ltd.), 20 Sodium hydroxide (Wake Paise Chemicai Industries Ltd.),
p-Toiuenesuifonyi chloride (Tokyo Kasei Kogyo Co., Ltd.), Thionyi
cHisfidée PWakoP e Chehitar rdtistiieeha.) Kprasdamitbtoxide
('quck{o Kasei Kogyo Co., Ltd.), 25 Pentaerythritoi (Tokyo Kasei Kogyo

C t&.), Triethyi orthoacetate (Tokyo Kasei Kogyo Co., Ltd.), Triethyi

0'@6@_@5@[@%@)135%@:@&@/0 (@&%%&_&MQ GQghtdy), K%E;‘?Btmﬂ,okﬂﬁd .)
Kasei Kogyo Co., Ltd.), - 56 Cyciopentanone (Tokyo Kasei Kogyo Co.,
Ltdly); OyichexarnoneATokyd®asei Kogyo Co., Ltd.),
1,4-Cyciohexanedione monoethyiene ketai (Tokyo Kasei Kogyo Co.,
LtHO): 5EYEopropanEeZbbnitile (T okyd kiSef Kogyo €89 %d 50 - -
ngigpytanecarbonitrile (AVOCADO), Benzyioxyacetaidehyde (Aldrich),
I-Benzyibxy-2-propanone (Aldrich), Picolinic acid (Tokyo Kasei Kogyo Co.,
Ltoli)e A 0d3rRentane-diphdNake Pusg Cherrigaidndustries 4 1d.5o .,
2,2-Dimethyi-1,3-propanedioi(Kanto Chemicai Co., Inc.)

Inc.),

70% Perchloric acid (Wako Pure Chemical Industries
Ltd.),

2,3,5-Collidine (ACROS),

Sulfuric acid (Junsei Chemical Co., Ltd.),

Nitric acid, fuming (Wako Pure Chemical Industries
Ltd.),

Acetyl chloride (Junsei Chemical Co., Ltd.),

N, N-dimethylformamide (Wako Pure Chemical Industries
Ltd.),

0.1N Agueous sodium hydroxide solution (Wako Pure
Chemical Industries Ltd.),

Sodium hydroxide (Wako Pure Chemical Industries Ltd.),
p—-Toluenesulfonyl chloride (Tokyo Kasei Kogyo Co.,
Ltd.),

Thionyl chloride (Wako Pure Chemical Industries Ltd.),
Potassium t-butoxide (Tokyo Kasei Kogyo Co., Ltd.),
Pentaerythritol (Tokyo Kasei Kogyo Co., Ltd.),
Triethyl orthoacetate (Tokyo Kasei Kogyo Co., Ltd.),

Triethyl orthopropionate (Tokyo Kasei Kogyo Co., Ltd.),

3-Pentanone (Tokyo Kasei Kogyo Co., Ltd.),
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Ethyl acetoacetate (Tokyo Kasei Kogyo Co., Ltd.), Methyl
4-methoxyacetoacetate (Tokyo Kasei Kogyo Co., Ltd.), 15 Ethyl iodide
(Wako Pure Chemicai Industries Ltd.) Thionyi chloride (Wako Pure
Chemicai Industries Ltd.), Diisopropyiamine (Aldrich), n-Butyllithium
(Kanto Chemicai Co., Inc.), Lithium aleminum hydride (Wako Pure

Chemicai Industries 20 Ltd.), Sodium borohydride (Kanto Chemicai Co.,
Ir%y)clﬂ@%ﬁﬁé@@@%od|ﬁﬁ¥ﬁ9dl%§wséf@fﬁif?(\ﬁ8ko Pufél -Chemicai

ustri s Ltd TOMO SHO | Co. D 25
Hy&roac% oric aC|d gaﬁ%‘?gﬁo K%? Irét%g
3-oxepeptangats Aldrichn - ﬁ&meke%tﬁme?n@nﬁé{@ps Werld Chemicals,

Inc.), Potassium acetate (Wako Pure Chemicai Industries Ltd.), -
PBtagsiunt carbonate (kanto Chemical Co., Inc.), Methyl
4-methoxyacetoacetate (Tokyo Kasei Kogyo Co., Ltd. Dlhydroxyacetone

(EXFEREKIIS Py fidBIWaio Phre EREMTcal iidustieILtd.); Benoyi - )
& L[Qky0-Kase 452 ‘r%c Bclyiazabicycio

C*eJ f
? (]jLundec 7-ene A{}Flc ? Nona oro% -butanesulfonyi fluoride (Tokyo
Kgg@j@gy@@@ema&@a@dmmegamaﬁe (Kanto Chemical Co., Inc.),

(Diethylamino)sulfur trifluoride (FLUKA),
1-Benzyloxy—-2-propanone (Aldrich),
Picolinic acid (Tokyo Kasei Kogyo Co., Ltd.),
1,3-pentane diol (Wako Pure Chemical Industries Ltd.),
2,2-Dimethyl-1, 3-propanediol (Kanto Chemical Co., Inc.)
Ethyl acetoacetate (Tokyo Kasei Kogyo Co., Ltd.),
Methyl 4-methoxyacetoacetate (Tokyo Kasei Kogyo Co.,
Ltd.),
Ethyl iodide (Wako Pure Chemical Industries Ltd.)
Thionyl chloride (Wako Pure Chemical Industries Ltd.),
Diisopropylamine (Aldrich),
n-Butyllithium (Kanto Chemical Co., Inc.),
Lithium aluminum hydride (Wako Pure Chemical Industries
Ltd.),
Sodium borohydride (Kanto Chemical Co., Inc.),
2N Aqueous sodium hydroxide solution (Wako Pure
Chemical Industries Ltd.),
Hydrogen gas (TOMOE SHOKAI Co., LTD),
Hydrochloric acid gas (TOMOE SHOKAI Co., LTD),
Ethyl 3-oxopentanocate (Aldrich),
1-Bromobutan-2-one (Trans World Chemicals, Inc.),

Potassium acetate (Wako Pure Chemical Industries Ltd.),
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28% Methanol solution of sodium methoxide (Wako Pure Chemical
Industries Ltd.), Benzyloxyacetaidehyde (Aldrich), 15
3-Hydroxy-2-methyipyridine (Aldrich)
N-Phenyitrifluoromethanesulfonimide (Tokyo Kasei Kogyo Co., Ltd.),
(Trimethyisilyi)acetylene (Aldrich),- Bis(triphenyiphosphine)palladium (11)
chloride 20 (N.E.CHEMCAT), Copper (I) iodide(Kanto Chemical Co.,
IRt TetiaButAamproriid flubtieq 1N @frafydrofifran Inc-) .

sojution)(Aidrich), . 10% Palladium/carbon cl?l%(é:H MCAT), 25
kD R Kk Si0e

Chenigal Industries Ltd.), Formaldehyde dimethyi acetai (Tokyo Kasei
Kogyo Co., Ltd.), - 58 - Lithium bromide (Aldrich) p-Toluenesulfonic acid
mionohyidrake éfekyorkkasel KogyeKCo., Ltd.), 2-Methyl-6-nitroaniline

(Wako Pure Chemical Industries 5 Ltd.), 4-Nitro-2-picoline N-oxide
(LBrEasterf 0 1N A UBBES sobRift igdrokitt SHatsGT (Wako Pure

Chemica) induetiies bid-) Aodium fydiaxide (jake Pure Gherical
Industries Ltd.), 10 p-Toluene’sul onylcfluorld (Tokyo Kasei Kogyo Co.,
Ltd,)8-Diazabicyclo [5.4.0]Jundec-7-ene (Aldrich),
Nonafluoro-l-butanesulfonyl fluoride (Tokyo Kasei Kogyo
Co., Ltd.),
Sodium benzoate (Kanto Chemical Co., Inc.),
(Diethylamino)sulfur trifluoride (FLUKA),
28% Methanol solution of sodium methoxide (Wako Pure
Chemical Industries Ltd.),
Benzyloxyacetaldehyde (Aldrich),
3-Hydroxy-2-methylpyridine (Aldrich)
N-Phenyltrifluoromethanesulfonimide (Tokyo Kasei Kogyo
Co., Ltd.),
(Trimethylsilyl)acetylene (Aldrich),
Bis(triphenylphosphine)palladium (II) chloride
(N.E.CHEMCAT),
Copper (I) iodide(Kanto Chemical Co., Inc.),
Tetrabutylammonium fluoride (1IN tetrahydrofuran
solution) (Aldrich),
10% Palladium/carbon (N.E.CHEMCAT),
3,4-Diamino-1-fluorobenzene (Lancaster),
Carbon disulfide (Wako Pure Chemical Industries Ltd.),
Formaldehyde dimethyl acetal (Tokyo Kasei Kogyo Co.,

Ltd.),



Potassium t-butoxide (Tokyo Kasei Kogyo Co., Ltd.),
5,5-Dimethyi-1,3-dioxane-2-ethanol (Aldrich), Glycerol formal (Tokyo
Kasei Kogyo Co., Ltd.), 15 2-Hydroxymethyi-1,4-benzodioxane (Aldrich),
2-(Allyloxy)ethanoi (Tokyo Kasei Kogyo Co., Ltd.), lodine (Wako Pure
Chemical Industries Ltd.), 18-Crowry6 (Wako Pure Chemical Industries
Ltd.), Zirconium (IV) isopropoxide/isopropanoi complex 20 (Aldrich),
(-} Fefratethyiqpitartd@mtlde ¢hokyo Kasei Kogyo Co., Ltd.), Hafnium
tetrabutoxide (Aldrich), Vanadyi acetylacetone (Aldrich), 2 .

O I BB LRy B (TR Rasei Kogyo
Diraethyizk-butanoi(Aidrich), 30% Hydrogen peroxide (Kanto Chemical
Co., Inc.), 3-Amino-4-nitrotoluene (Aldrich), - 59 2-Methoxy-6-nitroaniline
(X of.€hien. -Soc) {1958 29772 29 T8 ) e ARime- 3dtitroberZotrifivorider ies
(ACROS), 4-(2-Hydroxyethyi)-2,2-dimethyi-1,3-dioxolane 5 (Aldrich),
DE%O)-Benzyigiycerol (SIGMA), 3-Pentanone (Tokyo Kasei Kogyo Co.,

Lt.i-gyhl(--rag Idri cas
(+ )Il\q 4]-tD%(()?xe%s,pgig ro}é[é(lg,g]lc]%%aﬁ eg%- r%ée%h grt%] ?Aﬁj ri%ﬁf 16
4-Benzyloxy=2adtansne (LAY o R+ )s b, 2A-Butangtddi{ Vwake=Pure

Chemical
Chemical Industries Ltd.),

Sodium hydroxide (Wako Pure Chemical Industries Ltd.),
p—-Toluene sulfonylchloride (Tokyo Kasei Kogyo Co.,
Ltd.),

Potassium t-butoxide (Tokyo Kasei Kogyo Co., Ltd.),
5,5-Dimethyl-1, 3-dioxane-2-ethanol (Aldrich),

Glycerol formal (Tokyo Kasei Kogyo Co., Ltd.),
2-Hydroxymethyl-1, 4-benzodioxane (Aldrich),
2-(Allyloxy)ethanol (Tokyo Kasei Kogyo Co., Ltd.),
Iodine (Wako Pure Chemical Industries Ltd.),
18-Crown-6 (Wako Pure Chemical Industries Ltd.),
Zirconium (IV) isopropoxide/isopropanol complex
(Aldrich),

(-)-Tetramethyl-(D)-tartaramide (Tokyo Kasei Kogyo Co.,
Ltd.),

Hafnium tetrabutoxide (Aldrich),

Vanadyl acetylacetone (Aldrich),
(S)—-(-)-2-(3,5-Di-tert-butylsalicylideneamino)-3, 3-
Dimethyl-1-butanol (Aldrich),

30% Hydrogen peroxide (Kanto Chemical Co., Inc.),

3-Amino—-4-nitrotoluene (Aldrich),
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Industries Ltd.), (S)-(-)-1,2,4-Butanetrioi (Wako Pure Chemical Industries

Ltd.), 15 Methyl acetoacetate (Tokyo Kasei Kogyo

Co,, Ltd.)

6,7-Dihydro-IH [1, 4]dioxino[2',3":4,5]benzo[D]imidazole-2-thioi
(MAYBRIDGE), 5-Nitro-1,3-benzodioxole (Tokyo Kasei Kogyo Co., Ltd.),
20 Tetramethylammonium nitrate{Aklich), Trifluoromethanesulfonic
anhydride (Aldrich), Methyl 2-cyciopentanonecarboxylate (Aldrich),
1 4-6i9iBReYarfedidrie AromblZ 2direthyitFintetRylené Oketai(Aldrich) 225 7 -
E 17él-cyclohexanonecarboxylate (Tokyo Kasei Kogyo Co., Ltd.) Glycol
aldehy&é diethyl acetai (Lancaster), Diethyl 1,1-cyciobutanedicarboxylate

(Langaster) 60 r [Examplesh@Q62] ) Inthechemiealdosmulas described in

Examples, the atom labeled with reference mark 5

represents an

agynimetiiclatony.e [0068] (Examplen®) 2 ({(4-{(65-dimethyk b S-dioxan-2-
yiymethoxy)-3-methyipyridin-2-yi)methyi)sulfinyi)-IH- benzimidazole

soditifrait’10 [0064] [Formula 8]

DL-0-0-Benzylglycerol (SIGMA),
3-Pentanone (Tokyo Kasei Kogyo Co.,
1-Benzyloxy—-2-propanone (Aldrich),
(+)-1,4-Dioxaspiro[4,5]decane—-2-meth
4-Benzyloxy-2-butanone (FLUKA),
(R)—(+)-1,2,4-Butanetriol (Wako Pure
Industries Ltd.),
(S)—-(-)-1,2,4-Butanetriol (Wako Pure
Industries Ltd.),

Methyl acetoacetate (Tokyo Kasei Kog
6, 7-Dihydro-1H-
[1,4]dioxino[2',3':4,5]benzo[D]imida
(MAYBRIDGE),

5-Nitro-1, 3-benzodioxole (Tokyo Kase

Tetramethylammonium nitrate (Aldrich

Ltd.),

anol (Aldrich)

Chemical

Chemical

yo Co., Ltd.)

zole—-2-thiol

i Kogyo Co.,

) s

Trifluoromethanesulfonic anhydride (Aldrich),

Methyl 2-cyclopentanonecarboxylate (Aldrich),

Ltd.),

1,4-Cyclohexanedione mono-2,2-dimethyltrimethylene

ketal (Aldrich).

Ethyl 4-cyclohexanonecarboxylate (Tokyo Kasei Kogyo

Co., Ltd.)
Glycol aldehyde diethyl acetal (Lanc

Diethyl 1,1l-cyclobutanedicarboxylate

aster),

(Lancaster)



O O-A ON\>-S NIl CCN Na 0065] (la)
2-((benzyioxy)methyi)-5,5-dimethyi-1,3-dioxane [0066] 15 [Formula 9] O
O 0067] To a mixture of benzyloxyacetaidehyde (5 g, 33.3 mmol),
2,2-dimethyi-1,3-propanedioi (4.16 g, 40 mmol) and toluene (70 ml),
p-toluenesulfonic acid - 61 monohydrate (287 mg, 1.51 mmol) was added
and refluxed for 4 hours while removing water by the Dean-Stark
apparattist &fter the reaction mixture was cooled to room temperature,
triethyla HBe (%1 ml) was added to the 5 reaction mixture and the solvent
was rem veg 1/ evaporation. The residue was purified by silica gel

column chromategrapby {silica geli 200 gy glutiongsalvent; ethyd n
acetate/heptane=1/9) to obtain the title compound (7.6 g, yield: 96.6%) as

akcoloniess oil. 10¢H AMR(400MAZCPOL3)S ppat, O73(3ia sy, 1519(3H,
s), 3.46(2H, d, J=IOHz), 3.55(2H, d, J=4Hz), 3.64(2H, d, J=IOHz),
S 4B00AS 59D MBI IHAE AR, 726 F7985(SH, M).

[0063]
(Example 1) 2-(((4-((5,5-dimethyl-1,3-dioxan-2-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt
10 [0064]

[Formula 8]

[0065]
(la) 2-((benzyloxy)methyl)-5,5-dimethyl-1, 3-dioxane
[0066]

15 [Formula 9]

[0067]
To a mixture of benzyloxyacetaldehyde (5 g,
33.3 mmol), 2,2-dimethyl-1,3-propanediol (4.16 g, 40

mmol) and toluene (70 ml), p-toluenesulfonic acid



(Ib) (5,5-dimethyi-1,3-dioxan-2-yi)methanoi 15 [0068] [Formula 10] HO 00
0069] The 2-((benzyioxy)methyi)-5,5-dimethyi-1,3- dioxane (7.6 g, 32.2
mmol) obtained by the step (Ia) 20 was mixed with 20% palladium
hydroxide (700 mg) and ethyl acetate (70 ml). The mixture was stirred in a
hydrogen atmosphere overnight. The reaction mixture was allowed to
stand for further 5 dags in the same hydrogen atmosphere. The reaction

vESTPWES Ttir§ed 25 Wit nitrbgen, teCatalyatwas fikeredif, et theed
62 solvent was distilled off to obtain the title compound (4 g, yield: 85%)
g Shnind e T R (ORI CELS o, S5 G L T 36 0oH,
Shapb88:1:92(1H, bk SAURH, dedz1Qd2), 3:63-3:66(4H s SI9) 1484HH,

t, J=4Hz). (Ic) 4-((5,5-dimethyl-1,3-dioxan-2-yi)methoxy)-2,3-
dinvethylpyridiae dtoxide [0070] tFolamuian21](@~ni0) NwdG [G0¥d¢dT heo the

(5,5-dimethyl-1,3-dioxan-2-yi)ymethanol (2g, 13.7 mmol) obtained in the
stepM) WHs Mixed WithS6didhhydndE i bil (822 Ay 206% nit¥ol as the

evaporation. The residue was purified by silica gel
column chromatography (silica gel: 200 g, elution
solvent: ethyl acetate/heptane=1/9) to obtain the title
compound (7.6 g, yield: 96.6%) as a colorless oil.
'H NMR(400MHz, CDCls)d ppm; 0.73(3H, s), 1.19(3H, s),
3.46(2H, d, J=10Hz), 3.55(2H, d, J=4Hz), 3.64(2H, d,
J=10Hz), 4.60(2H, s), 4.66(1H, t, J=4Hz), 7.26-7.35(5H,
m) .
(1b) (5,5-dimethyl-1,3-dioxan-2-yl)methanol

[0068]

[Formula 10]

[0069]

The 2-((benzyloxy)methyl)-5,5-dimethyl-1, 3-
dioxane (7.6 g, 32.2 mmol) obtained by the step (la)
was mixed with 20% palladium hydroxide (700 mg) and
ethyl acetate (70 ml). The mixture was stirred in a
hydrogen atmosphere overnight. The reaction mixture
was allowed to stand for further 5 days in the same
hydrogen atmosphere. The reaction vessel was purged

with nitrogen, the catalyst was filtered off, and the
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content was regarded as 60%) and dimethylsulfoxide (20 15 ml). The
mixture was stirred at room temperature for 30 minutes. To the reaction
mixture, 4-chloro-2,3- dimethylpyridine 1-oxide (2.16 g, 13.7 mmol) was
added and stirred at 50C overnight, and further allowed to stand still for
one day at room temperature. After 2Q dimethylsulfoxide was distilled off,
methanol and NH silica gel were added to the residue and then methanol

was Histied WS The Hhiktur8 bf e réattivh mikturé "end NH. Silic2gerwAS
p rfled by silica gel,cQlumn_chromatogra NH silica gel: 200 g, elution
ort - E3 2 ScothicTReptatet A

solvert yl acet te‘?hef)atane methanoi/ethyl
acefatead (Qevebiaindhe filegampound G g, yield: 84.6%)s,a light
yellow oil. 1H NMR(400MHz, DMSO-d6)8ppm; 0.70(3H, s), 1.12(3H, s), 5
212@—&15)92 Gldfanbs) 3.40(2H ( di1J=kHz)J3BY2H, d3 JI&BH2Z), 4C06(RH,
d, J 4Hz), 4.82(1H, t, J= 4Hz) 6.96(1H, d, J=7Hz), 8.05(1H, d, J=7Hz).
(IH) (4- ({555 dl h§?111 dhéNan:2- -yi)methoxy)-3-
ipy, |d ) [0Q7 u ] 3] h
?g ! d?rme %/l)iéL ;8 ?}?g%gﬁ% mgetﬁ]ox[gy%%}? 3%#121 ﬁ?/%)é\[lﬁlg( % 1%X|de

(%lﬁe&&@lﬁ?ﬂmmgeomamgow the step (Ic) was mixed with acetic
anhydride (9.87 ml, 104 mmoi). After the mixture was
[0070]

[Formula 11]

0]
X O\/‘

~

O=<Zz

[0071]

The (5,5-dimethyl-1,3-dioxan-2-yl)methanol
(29, 13.7 mmol) obtained in the step (1lb) was mixed
with sodium hydride in oil (822 mg, 20.6 mmol as the
content was regarded as 60%) and dimethylsulfoxide (20
ml) . The mixture was stirred at room temperature for
30 minutes. To the reaction mixture, 4-chloro-2,3-
dimethylpyridine l-oxide (2.16 g, 13.7 mmol) was added
and stirred at 50°C overnight, and further allowed to
stand still for one day at room temperature. After
dimethylsulfoxide was distilled off, methanol and NH
silica gel were added to the residue and then methanol
was distilled off. The mixture of the reaction mixture
and NH silica gel was purified by silica gel column

chromatography (NH silica gel: 200 g, elution solvent:
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stirred at 85C for 45 minutes, acetic anhydride was removed. The residue
was dissolved in methanol (40 ml) and a SN aqueous sodium hydroxide
solution (5.1 ml, 20 25.5 mmoi) was added to the mixture while cooling on
ice. The mixture was stirred at room temperature for one hour. Methanol
was distilled off and ice water was- agitled to the residue, which was then
extracted with ethyl acetate. The organic layer was washed with a - 64

s&tbrated 2afite sBIIBR AMET dver dithydifdusTpabABSILNESdiitate. After

the salvent was distilled .off, the resultant mixture was purified by silica gel
BT o daratny (e odl 120 5, St s Bt St

acetatelhentanez}/449 4L)tophtain. thestitle;campound (1.23 g, yield:
39.7%) as a light yellow oil. 1H NMR(400MHz, CDC13)8ppm; 0.77(3H,

s), 1. 28(BK4 8Y)MBLO7 (ZMISS); 85BN d, 0=I2PI£}B.68(2H, d, U2I2HE), 40,
4.12(2H, d, J=4Hz), 4.65(2H, s), 4.85(1H, t, J=4Hz), 6.73(1H, d, J=6Hz),
8.%0%%4,3&1/3%2).2(1@)4 {(a-(®,5-dimethy1 3-tioxdn-2-ifmethoxy)- 82

methyjayridin-2-yiimethyhthio)s1 H-pepzimidazole, [0074] 15 [Formyla 13]
O 0"--V N~~SN N
6.96(1H, d, J=7Hz), 8.05(1H, d, J=7Hz).
(1d) (4-((5,5-dimethyl-1,3-dioxan-2-yl)methoxy)-3-
methylpyridin-2-yl)methanol
[0072]

[Formula 12]

[0073]

The 4-((5,5-dimethyl-1,3-dioxan-2-
yl)methoxy)-2,3-dimethylpyridine l-oxide (3.1 g, 11.6
mmol) obtained by the step (lc) was mixed with acetic
anhydride (9.87 ml, 104 mmol). After the mixture was
stirred at 85°C for 45 minutes, acetic anhydride was
removed. The residue was dissolved in methanol (40 ml)
and a 5N aqueous sodium hydroxide solution (5.1 ml,
25.5 mmol) was added to the mixture while cooling on
ice. The mixture was stirred at room temperature for
one hour. Methanol was distilled off and ice water was
added to the residue, which was then extracted with

ethyl acetate. The organic layer was washed with a
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H [0075] The (4-((5,5-dimethyi-1,3-dioxan-2-
yi)methoxy)-3-methyipyridin-2-yi)methanoi (500 mg, 1.87 mmol) obtained
by the step (Id) was mixed with 20 triethylamine (1.04 ml, 7.48 mmol) and
tetrahydrofuran (15 ml). This mixture was cooled to -19C and
methanesulfonyi chloride (217 xI, 2.8 mmol) was added thereto and then
stirred at -19C for 30 minutes. Under - 65 the same conditions,

2-méreapioténzitdidaeol8 (309 hagl - 2 Y6 Mfhoh)iRas adbEd e te

reaction mixture. After,_ther ion mixture was stirred overnight at room
e A e S M e GoPwere S 16 & (e P and
then the: selventauas distiled off, The.mixtye:of the seagfionmixture and
NH silica gel was purified by silica gel column chromatography (silica gel:
8@ g/ efutiontsotvent.cathylio hgetate/heptanes1/1 tb24)1dmethancltethyl
acetate=1/9) 10 to obtain the title compound (599 mg, yield: 80.2%) as a

lighR Y& HoamS ERNMBRIEGOMRZ DRISOSTB)80pin® 0 7113HTS), PFR3R,
S)th%z%@é_l’es)ﬁ%ggg%ﬂ’dd’ clf.leﬁ"Z%_"?’-?%Zl"c'i’ :de’&.l%%HjZ:)’aé-Oa?’@'ﬂ dy

J=4Hz), 4.69(2 4.84(1H, t, J=4Hz); 15 6.98(1H, d, J=6Hz), 7.11{2H,
dged=3%wHz)17.36- 7.51(2H, br), 8.22(1H, d, J=6Hz). (If)
2-(((4-((5,5-dimethyi-1,3-dioxan-2-yi)methoxy)-3-
methyipyicHe-247i yme N suifify )i -Benzihtitlazole) [0076}3 (3H, s),

2.07(3H, s), 3.52(2H, d, J=12Hz), 3.69(2H, d, J=12Hz),

4.12(2H, d, J=4Hz), 4.65(2H, s), 4.85(1H, t, J=4Hz),

6.73(1H, d, J=6Hz), 8.30(1H, d, J=6Hz).

(le) 2—-(((4-((5,5-dimethyl-1,3-dioxan-2-yl)methoxy)-3-

methylpyridin-2-yl)methyl)thio)-1H-benzimidazole
[0074]

[Formula 13]

[0075]

The (4-((5,5-dimethyl-1,3-dioxan-2-
yl)methoxy)-3-methylpyridin-2-yl)methanol (500 mg, 1.87
mmol) obtained by the step (1d) was mixed with
triethylamine (1.04 ml, 7.48 mmol) and tetrahydrofuran
(15 ml). This mixture was cooled to -19°C and
methanesulfonyl chloride (217 pl, 2.81 mmol) was added

thereto and then stirred at -19°C for 30 minutes. Under
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20 [Formula 14] O ac-coNH 0077] The
2-(((4-((5,5-dimethyi-1,3-dioxan-2-
yi)methoxy)-3-methyipyridin-2-yi)methyi)thio)-IH - 66 benzimidazole (599
mg, 1.5 mmol) obtained by the step (le) was mixed with methanol (5 ml)
and toluene (15 ml), and the mixtureg svas cooled to -50C. 3-
chioroperbenzoic acid (358 mg, 1.35 mmol, as the 5 content was regarded
a$ 8595 Hissohsifinte Sivent THIREUFE BF AetRAAd e aekenéWas M9,

sigwiy,added dropwise jg the mixture, and stirced at A7G t0.70G, for.3
hours. A sa Ut)ated'aaqueous sglution of sodium %ydrogen carbongte was

added to-therreagtian mixtuee, JOswhichwasithepaxiraciad with ethyl
acetate. The organic layer was washed with a saturated saline solution,
driedhpeerpotassiumecdrbonatez andbe ssolvertt wesldistilted effidBae to
residue was purified with silica gel column chromatograph¥ (NH silica %el:

1529 ¢ efitiosoldétt: Gidhlbromethaifelieptangapadistilled of
meghanol/di %20?@%%:3_13 Q %é%?-ciﬂd%@?h?@taé%%ﬁbﬂiog%cfibb%mﬁgg
(20 ml) and diethyl ether (2 ml) were added, the precipitate was obtaine
by filkration i &his wanner  the tijleicarapouwnd (4750me L gkt 716,2%) 20
was obtained as a light orange solid.
(silica gel: 80 g, elution solvent: ethyl
acetate/heptane=1/1 to 4/l1—-methanol/ethyl acetate=1/9)
to obtain the title compound (599 mg, yield: 80.2%) as
a light red foam.
'H NMR(400MHz, DMSO-ds)dppm; 0.71(3H, s), 1.13(3H, s),
2.21(3H, s), 3.50(2H, d, J=11Hz), 3.59(2H, d, J=11Hz),
4.09(2H, d, J=4Hz), 4.69(2H, s), 4.84(1H, t, J=4Hz),
6.98(1H, d, J=6Hz), 7.11(2H, dd, J=3, 6Hz), 7.36-
7.51(2H, br), 8.22(1H, d, J=6Hz).
(1f) 2-(((4-((5,5-dimethyl-1,3-dioxan-2-yl)methoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole
[0076]

[Formula 14]

P/

VAN
N 9 \\//‘
i

[0077]
The 2-(((4-((5,5-dimethyl-1,3-dioxan-2-

yl)methoxy)-3-methylpyridin-2-yl)methyl)thio)-1H-
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1H NMR(400MHz, DMSO-d6)8ppm; 0.71(3H, s), 1.12(3H, s), 2.14(3H, s),
3.49(2H, d, J=IIHz), 3.59(2H, d, J=IIHz), 4.09(2H, d, J=4Hz), 4.70(1H, d,
J=I3Hz), 4.78(1H, d, J=I3Hz), 4.84(1H, t, J=4Hz), 6.98(1H, d, J=6Hz),
7.25 25 7.32(2H, m), 7.60-7.66(2H, m), 8.20(1H, d, J=6Hz). (lg)
2-(((4-((5,5-dimethyi-1,3-dioxan-2-yipgethoxy)-3-

methyipyridin-2- yl)methggsumnyl) -IH-benzimidazole sodium salt - 67 -

o0& EBrAaRCHES] CRPG AN N2 0079l Thebtained by the step
(4 (5 5-dimeth I3 Xan
yl)grgrL]e hoxy)c's me%%llpyr In- Elyg)merfﬁyl)shslflnyl) IH'b entzPrr% az6le @LE}S

mg: §,14mmal}ebtaingd By the-step odf) avasmixedowith ethanol (15 ml).
To the mixture, a 1N aqueous sodium hydroxide solution (1.14 ml, 1.14

mehd! pwas eadoed andcthe solvenit Wasdistilled3dff ni@oEthame| was added
to the residue, dissolved and distilled off. This olferatmn was repeated

(WHEEE BéthyiFSthEFHas deiedto @ﬁeo lestdie and te rBsditait ixttire
Wr%% tﬁ%%’”&‘?‘”%é@%%% % '&%tﬁé"’%agb %i%%n?y E{'Hc? ign and

dried by 15 aspiration too tain the title compound (445 mg, yield: 89.2%)
agiadight yellavs seligh il NMRE00MKdz, PMSQ-d6)8ppna; BT 0(3H,-s)o°C

1.13(3H, s),
for 3 hours. A saturated aqueous solution of sodium
hydrogen carbonate was added to the reaction mixture,
which was then extracted with ethyl acetate. The
organic layer was washed with a saturated saline
solution, dried over potassium carbonate, and the
solvent was distilled off. The residue was purified
with silica gel column chromatography (NH silica gel:
40 g, elution solvent: dichloromethane/heptane=7/3—
methanol/dichloromethan=3/97 to 1/9). To the obtained
product, heptane (20 ml) and diethyl ether (2 ml) were
added, the precipitate was obtained by filtration. 1In
this manner, the title compound (475 mg, yield: 76.2%)
was obtained as a light orange solid.
'H NMR(400MHz, DMSO-ds)dppm; 0.71(3H, s), 1.12(3H, s),
2.14(3H, s), 3.49(2H, d, J=11Hz), 3.59(2H, d, J=11Hz),
4.09(2H, d, J=4Hz), 4.70(1H, d, J=13Hz), 4.78(1lH, d,
J=13Hz), 4.84(1H, t, J=4Hz), 6.98(1H, d, J=6Hz), 7.25-
7.32(2H, m), 7.60-7.66(2H, m), 8.20(1H, d, J=6Hz).
(lg) 2—-(((4-((5,5-dimethyl-1,3-dioxan-2-yl)methoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole

sodium salt
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2.18(3H, s), 3.50(2H, d, J=IIHz), 3.59(2H, d, J=IIHz), 4.08(2H, d, J=4H2z),
4.39(1H, d, J=I3Hz), 4.76(1H, d, 20 J=I3Hz), 4.84(1H, t, J=4Hz), 6.85(2H,
dd, J=3, 6Hz), 6.95(1H, d, J=6Hz), 7.43(2H, dd, J=3, 6Hz), 8.27(1H, d,
J=6Hz). 68 - 0080] (Example 2) 2-(((4-(5,7-dioxaspiro[2.5]oct-6-
ylmethoxy)-3-methylpyridin-2-yl)metbyl)sulfinyl)-1H- benzimidazole
sodium salt 5 [0081] [Formula 16] N O 1 N >-S -N Na [0082] (2a)
6 ((benzyfdXyymethyl)-5,7-dioxasprio[2.5]octane [0083] 10 [Formula 17]

0084 A rTll re of benzyloxyacetaldehyde (5 g, 33.3 mmol),

b|s droxy ethyl)cyclopropane (4.08 g, 40 mmol), p-toluenesulfonic
aC|d monohydrate (287 mg, 1.51 15 mmol) and toluene (70 ml) was
refluxed for 2 hours while removing water by thg,Dean-Stark apparatus.
After the reaction mixture was cooled to roo mpefature, triethylamine
(4 ml) was added to the reaction mixture @nd th Ivent was distilled off.
20 The residue was purified b){\lsmgal gel mn

S%,S\/J\

Na

[0079]

The 2-(((4-((5,5-dimethyl-1,3-dioxan-2-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole (475 mg, 1.14 mmol) obtained by the step
(1f) was mixed with ethanol (15 ml). To the mixture,
1IN aqueous sodium hydroxide solution (1.14 ml, 1.14
mmol) was added and the solvent was distilled off.
Ethanol was added to the residue, dissolved and
distilled off. This operation was repeated twice.
Diethyl ether was added to the residue and the
resultant mixture was ultrasonically treated. The

precipitate was obtained by filtration and dried by

a

aspiration to obtain the title compound (445 mg, yield:

89.2%) as a light yellow solid.

'H NMR(400MHz, DMSO-ds)dppm; 0.70(3H, s), 1.13(3H, s),
2.18(3H, s), 3.50(2H, d, J=11Hz), 3.59(2H, d, J=11Hz),
4.08(2H, d, J=4Hz), 4.39(1H, d, J=13Hz), 4.76(1lH, d,

J=13Hz), 4.84(1H, t, J=4Hz), 6.85(2H, dd, J=3, 6Hz),

6.95(1H, d, J=6Hz), 7.43(2H, dd, J=3, 6Hz), 8.27(1lH, d,

J=6Hz) .
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- 69 chromatography (silica gel: 200 g, elution solvent: ethyl
acetate/heptane=5/95 to 1/9) to obtain the title compound (6.1 g, yield:
78.2%) as a light yellow oil. 1H NMR(400MHz, CDC13)8ppm;
0.31-0.35(2H, m), 0.67 5 0.71(2H, m), 3.26(2H, d, J=I2Hz), 3.57(2H, d,
J=4Hz), 4.14(2H, d, J=I2Hz), 4.60(2% s), 4.82(1H, t, J=4Hz),
7.27-7.34§5H, m). (2b) 5,7-dioxaspiro[2.5]oct-6-yimethanoi [0085] 10
[Formulal 28d 0 [0086] The 6-((benzyloxy)methyi)-5,7-
dioxaspria[2.5]qctan 26. ‘g, 26-mmol) obtained step.(2a) was
mi éex VH\}R(;JI-%O% pgllgd Lﬁr% h %’roﬁgqé ?%65 Rérrﬁé%r%e 8&1%/I gcetate (70
mphand thespixturenuas, stisediin anhydrogematmosphere forn24 hours.
The reaction vessel was purged with nitrogen and the catalyst was
filtered offi@rd then thedolvensaks distilled off to obtain the title
compound (3.7 g, 20 yield: 98.7%) as a colorless oil. 1H NMR(400MHz,
CDC13)éBér%}@J.33-o.37(2H, m), 0.68- 0.72(2H, m), 3.28(2H, d, J=I2Hz),

3'?@&%‘511‘1’51‘]:& z), 4.16(2H, d, J=I2Hz), 4.73(1H, t, J=4Hz). (2¢)
4-(5, 7-dioxaspir

0[2.5]oct-6-yimethoxy)-2,3- 25 dimethyipyridine 1-oxide 70

- 0087]

[0082]
(2a) 6-((benzyloxy)methyl)-5, 7-dioxasprio[2.5]octane
[0083]

[Formula 17]

oY °
@A O\Jv

[0084]

A mixture of benzyloxyacetaldehyde (5 g, 33.

mmol), 1,l-bis(hydroxymethyl)cyclopropane (4.08 g, 40
mmol), p-toluenesulfonic acid monohydrate (287 mg, 1.
mmol) and toluene (70 ml) was refluxed for 2 hours
while removing water by the Dean-Stark apparatus.
After the reaction mixture was cooled to room
temperature, triethylamine (4 ml) was added to the
reaction mixture and the solvent was distilled off.

The residue was purified by silica gel column

51
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[Formula 191 O 0 N 0088] The 5,7-dioxaspiro[2.5]oct-6-yimethanoi (1.7 5
g, 11.8 mmol) obtained by the step (2b) was mixed with sodium hydride, in
oil (708 mg, 17.7 mmol as the content was regarded as 60%) and
dimethyisuifoxide (20 ml), and the mixture was stirred at room
temperature for 30 minutes. To the ggaction mixture, 4-chioro-2,3 10
dimethyipyridine 1-oxide (1.86 g, 11.8 mmol) was added and stirred at
5O0CTNVBHGRE APfeY dinféthistifetide was distilled B Aletiadol e NH
sili | were added to the residue and methangl was distilled off. The
Lo e St P B UrT Iicd ol TS vk ted by it
gelsabympehiematographe(NH siicagel: 200 g, elution splventiethyh .
acetate/heptane=1/1 to 4/1-*methanol/ethyl acetate=1/9 to 1/4) to obtain
thertitheMEom Potit: (1.81ef; Vieldpi57 5%) a3 -ated il220 'HINMR(400MH?Z,
CDC13)8ppm; 0.36-0.4022H, m), 0.69- 0.74§2H, m), 2.22(3H, s), 2.53(3H,
sy 37310%% ; M I=2HAC A A (28, d TTATA) 4. 193 (¢ =Sz —2HZ)
5.00(1H,t. J=4Hz). € , d, J=7Hz), 8.13(1H, d, J=7Hz).- 71 (
(4?(51,]%[_!(1%{)@5%fro)[yz%%%(t%gylr%ét%go&%/ -3- Jﬁ?e’thﬁbﬁr%(l_rllﬁ;"-yl“)crhet 3%1%)?) ’
[0089Y-7.34 (5H, m).

(2b) 5, 7-dioxaspiro[2.5]oct-6-ylmethanol
[0085]

[Formula 18]
HOAKOJV
0]

The 6-((benzyloxy)methyl)-5,7-

[0086]

dioxasprio[2.5]octane (6.1 g, 26 mmol) obtained by the
step (2a) was mixed with 20% palladium hydroxide (800
mg) and ethyl acetate (70 ml) and the mixture was
stirred in a hydrogen atmosphere for 24 hours. The
reaction vessel was purged with nitrogen and the
catalyst was filtered off and then the solvent was
distilled off to obtain the title compound (3.7 g,
yield: 98.7%) as a colorless oil.

'H NMR(400MHz, CDCls)dppm; 0.33-0.37(2H, m), 0.68-
0.72(2H, m), 3.28(2H, d, J=12Hz), 3.68(2H, d, J=4Hz),
4.16(2H, d, J=12Hz), 4.73(1H, t, J=4Hz).

(2c) 4-(5,7-dioxaspiro[2.5]oct-6-ylmethoxy)-2,3-

dimethylpyridine l-oxide
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[Formula 20100 O HO N 5[0090] The
4-(5,7-dioxaspiro[2.5]oct-6-ylmethoxy)- 2,3-dimethylpyridine 1-oxide (1.8
g, 6.78 mmol) obtained by the step (2c) was mixed with acetic anhydride
(5.77 ml, 61 mmol). The mixture was stirred 10 at 85C for 45 minutes and
then acetic anhydride was distilled oft. The residue was cooled on ice and
dissolved in methanol. To this, a 5N aqueous sodium hydroxide solution
(2.98 ml,[£48 hhmol) was added under ice-cool and the mixture was
stj;%ed atr on(;ic} temperature for 2 hours. Methanol was distilled off and
wate

rwas added to the residue, which was then extracted with ethyl

acetate. The organic layer was washed with a saturated saline solution
and dried over anhydrous magnesi , and thereafter the solvent
20 was distilled off. Purification wasl perfgrmed by silica gel column
chromatography (silica gel: 100 gjj elytion Solvént: ethyl
acetate/heptane=1/4to 4/1). T rified product, heptane (15 ml) was
added and the mixture was refluxed. After the solution was confirmed - 72
to reach a homogeneous state, it wis gradually cooled. The precipitated
product was @btained by filtration. In this manner, the title compound (520
mg, yield: 28.9%) was obtained as a white solid.
The 5, 7-dioxaspiro[2.5]oct-6-ylmethanol (1.7
g, 11.8 mmol) obtained by the step (2b) was mixed with
sodium hydride, in oil (708 mg, 17.7 mmol as the
content was regarded as 60%) and dimethylsulfoxide (20
ml), and the mixture was stirred at room temperature
for 30 minutes. To the reaction mixture, 4-chloro-2,3-
dimethylpyridine l-oxide (1.86 g, 11.8 mmol) was added
and stirred at 50°C overnight. After dimethylsulfoxide
was distilled off, methanol and NH silica gel were
added to the residue and methanol was distilled off.
The mixture of the reaction mixture and NH silica gel
was purified by silica gel column chromatography (NH
silica gel: 200 g, elution solvent: ethyl
acetate/heptane=1/1 to 4/l1—-methanol/ethyl acetate=1/9
to 1/4) to obtain the title compound (1.8 g, yield:
57.5%) as a red oil.
'H NMR(400MHz, CDCls)dppm; 0.36-0.40(2H, m), 0.69-
0.74(2H, m), 2.22(3H, s), 2.53(3H, s), 3.30(2H, d,
J=12Hz), 4.11(2H, d, J=4Hz), 4.19(2H, d, J=12Hz),
5.00(1H, t, J=4Hz), 6.68(1H, d, J=7Hz), 8.13(1lH, d,

J="7Hz) .
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5 1H NMR(400MHz, CDC13)8ppm; 0.36-0.40(2H, m), 0.70- 0.74(2H, m),
2.07(3H, s), 3.30(2H, d, J=11Hz), 4.14(2H, d, J=4Hz), 4.20(2H, d, J=IIHz),
4.64(2H, s), 4.86(1H, brs), 5.02(1H, t, J=4Hz) , 6.73(1H, d, J=6Hz) ,
8.29(1H, d, J=6Hz). 10 (2e) 2-(((4-(5,7-dioxaspiro[2.5]oct-6-ylmethoxy)-3-
methylpyridin-2-yi)methyl)thio)-1H-benzimidazole [0091] [Formula 21] 0 N
CN H 0092] 15 The (4-(5,7-dioxaspiro[2.5]oct-6-yImethoxy)-
3-méthylp§ridin- 2-yDirietRanol {1526 my), AC%6 fmioff<oBtamed id the step
(2d) was mixed with triethylamine (1.09 ml, 7.84 mmol) and
eTr%véﬁsrlogfaﬁlnd(Jlﬁ_mlj%#dm ﬁ1tehraeréa?tant mixture was cooled to -19C. 20
Methaneggiifgnyl chloride (228 xi, 2.94 mmol) was added to the mixture,
which was stirred at -19C for 30 minutes. In the same conditions, 2-
mércaptobenzitidazole (324 mg, 2.16 mmol) was added to - 73 the
reaction mixture. After the reaction mixture was stirred at room
temperature for 2 days, methanol andd\lﬁﬁ' gel were added to the

mixture, and the solvent was distilled loff. Fhe mixture of the reaction
mixture 5 and NH silica gel was purified by silica-gel column

chromatography (silica gel: 88, iQAr solvent:

[0090]

The 4-(5, 7-dioxaspiro[2.5]oct-6-ylmethoxy)—
2,3-dimethylpyridine l-oxide (1.8 g, 6.78 mmol)
obtained by the step (2c) was mixed with acetic
anhydride (5.77 ml, 61 mmol). The mixture was stirred
at 85°C for 45 minutes and then acetic anhydride was
distilled off. The residue was cooled on ice and
dissolved in methanol. To this, a 5N aqueous sodium
hydroxide solution (2.98 ml, 14.9 mmol) was added under
ice-cool and the mixture was stirred at room
temperature for 2 hours. Methanol was distilled off
and water was added to the residue, which was then
extracted with ethyl acetate. The organic layer was
washed with a saturated saline solution and dried over
anhydrous magnesium sulfate, and thereafter the solvent
was distilled off. Purification was performed by
silica gel column chromatography (silica gel: 100 g,
elution solvent: ethyl acetate/heptane=1/4 to 4/1). To
the purified product, heptane (15 ml) was added and the

mixture was refluxed. After the solution was confirmed
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ethyl acetate/heptane=4/6 to 7/3-*methanol/ethyl acetate=1/9) to obtain
the title compound (629 mg, yield: 80.7%) as a colorless foam. 10 'H
NMR(400MHz, DMSO-d6)8ppm; 0.31-0.36(2H, m), 0.56- 0.61(2H, m),
2.21(3H, s), 3.26(2H, d, J=I2Hz), 4.10- 4.13(4H, m), 4.69(2H, s), 5.02(1H,
t, J=SHz), 6.99(1H, d, J=6Hz), 7.11(2H,dd, J=3, 6Hz), 7.39-7.49(2H, br),
8.23(1H, d, J=6Hz). 15 (2f) 2-(((4-(5,7-dioxaspiro[2.5]oct-6-yimethoxy)-3-
methyigyridin-2-JiRRessNsaiffyiF-i-benzittid426e Sf0R93F [FofmtfL 22F -
J H [0094] 20 The,2-(((4-(5,7-dioxaspirg[2.5]oct-6- . .
TG 2 gt i S et ey bohe S SR8 ¥,
1.58 mmol) abtained by the step (2e)wasmixed wih methangli(Gml) and
toluene (15 ml) - 74 and the mixture was cooled to -50C. Then, 3-

chierdperberzoicobtidi(8%8 g, h42mirmel asthedcontent was regarded
as 65%) dissolved in a solvenémixture of methanol and toluene was

slofly HEded Br8Rvisé 1 trie) f?ﬁ&fur@,'éﬁq Stirtéd at'«a7® to Y0lfor 4
2@“%"%‘2 gaturated agueoys solufion of sodim hydrogen,c 99”%“?1‘4’?5}1,

ded to the reaction mixture, which was then  extracted with ‘eth
acgtate- 4ig)grganigdayer,was washeg,with a ssturated salinessaldtians,

dried over
br s), 5.02(1H, t, J=4Hz), 6.73(1H, d, J=6Hz), 8.29(1lH,
d, J=6Hz).
(2e) 2—-(((4-(5,7-dioxaspiro[2.5]oct-6-ylmethoxy)-3-
methylpyridin-2-yl)methyl)thio)-1H-benzimidazole
[0091]

[Formula 21]

<

s L
H

[0092]

The (4-(5,7-dioxaspiro[2.5]oct-6-ylmethoxy) -
3-methylpyridin-2-yl)methanol (520 mg, 1.96 mmol)
obtained in the step (2d) was mixed with triethylamine
(1.09 ml, 7.84 mmol) and tetrahydrofuran (10 ml) and
the resultant mixture was cooled to —-19°C.
Methanesulfonyl chloride (228 pl, 2.94 mmol) was added
to the mixture, which was stirred at -19°C for 30
minutes. In the same conditions, 2-

mercaptobenzimidazole (324 mg, 2.16 mmol) was added to



10 potassium carbonate, and the solvent was distilled off. The residue
was purified with silica gel column chromatography (NH silica gel: 40 g,
elution solvent: dichloromethane/heptane=7/3-*
methanol/dichioromethan=3/97 to 1/9) to obtain the 15 title compound
(623 mg, yield: 95.4%) as a colorlesg3foam. 1H NMR(400MHz,
DMSO-d6)8ppm; 0.31-0.36(2H, m), 0.56- 0.61(2H, m), 2.14(3H, s),

3 PBR2H S SI=hpR) M1 EV A 3(4R fing 4. POELH, &f IS )NA FoeER, s

J=l4Hz), 20 5.02(1H, t, J=4Hz), 6.99(1H, d, J=6Hz), 7.29(2H, dd, J=3
SRE) 7T SHOBY B A e, Joar e Tethdor Sha wi
2-4((4+(5 e/ -dioxaspire[2 RleEtp-yimathexy)+dture, and the solvent
methyipyridin-2-yi)methyl)suifinyi)-IH-benzimidazole sodium salt - 75 -
[0095] fForimuld 28] o£fa N TheS N N-Nac0096]tThe reaction mixture
2-(((4-(5,7-dioxaspiro[2.5]oct-6 5 .

> yiﬁ%%h%%)-%’l-ﬁfe?ﬁyiﬁ?ﬁdiW—azi’yiwEﬂﬁ?)@ﬁllfiﬁyfi)-ﬂ%-lﬁé?ﬁziﬁ]ﬂaz%?elE@%

TS Tt 4 TIN AaLeou oot hyaresids cofiion (LSl 161
ethyl acetate/heptane=4/6 to 7/3—-methanol/ethyl
acetate=1/9) to obtain the title compound (629 mg,
yield: 80.7%) as a colorless foam.

10 'H NMR(400MHz, DMSO-d¢)d&ppm; 0.31-0.36(2H, m), 0.56-
0.61(2H, m), 2.21(3H, s), 3.26(2H, d, J=12Hz), 4.10-
4.13(4H, m), 4.69(2H, s), 5.02(1H, t, J=5Hz), 6.99(1lH,
d, J=6Hz), 7.11(2H, dd, J=3, 6Hz), 7.39-7.49(2H, br),
8.23(1H, d, J=6Hz).

15 (2f) 2-(((4-(5,7-dioxaspiro[2.5]oct-6-ylmethoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole

[0093]

[Formula 22]

[0094]
20 The 2-(((4-(5, 7-dioxaspiro[2.5]oct-6—
ylmethoxy)-3-methylpyridin-2-yl)methyl)thio)-1H-
benzimidazole (629 mg, 1.58 mmol) obtained by the step

(2e) was mixed with methanol (5 ml) and toluene (15 ml)
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mmol) was added and the solvent was distilled off. 10 Ethanol was added
to the residue and distilled off. This operation was repeated twice. Diethyl
ether was added to the residue and the resultant mixture was
ultrasonically treated. The precipitate was obtained by filtration and dried
by aspiration to obtain the 15 title-compound (553 mg, yield: 84.1%) as a
white solid. 1H NMR(400MHz, DMSO-d6)8ppm; 0.31-0.35(2H, m), 0.57-
0 B i) P EOBHE 923.2607H o Jt:ﬂklzg,oi.CiO(ZﬁP%l?dzéHz),
4.12(2H, d, J=lIHz), 4.37(1H, d, J=I3HZz), 4.82(1H, d, J=I3HZ), 5.02(1H, t
SR TR 8 20 AN b BB ol S-BH A e T
62k 824LMeth JnbHs(Bxample BYed in a solvent mixture of
2-(((3-methyl-4-(2-(2-propyl-1,3-dioxolan-

2wy ethoxy)pyaidin-2o/dymethyiysufimyiphH v 76 ddbenzitmidardlessodium he
salt [0097] [Formula 24]'00 Np\N N Na [0098605 (3a) Ethyl

(F2propyi-g 3-aioRohiZ-yidcétate {0089 RormbI& 25P 9~ TOTH6: 2

saturated aqueous solution of sodium hydrogen carbonate
was added to the reaction mixture, which was then
extracted with ethyl acetate. The organic layer was
washed with a saturated saline solution, dried over
potassium carbonate, and the solvent was distilled off.
The residue was purified with silica gel column
chromatography (NH silica gel: 40 g, elution solvent:
dichloromethane/heptane=7/3—
methanol/dichloromethan=3/97 to 1/9) to obtain the
title compound (623 mg, yield: 95.4%) as a colorless
foam.

'H NMR(400MHz, DMSO-ds)dppm; 0.31-0.36(2H, m), 0.56-
0.61(2H, m), 2.14(3H, s), 3.26(2H, d, J=11Hz), 4.11-
4.13(4H, m), 4.70(1H, d, J=14Hz), 4.79(1H, d, J=14Hz),
5.02(1H, t, J=4Hz), 6.99(1H, d, J=6Hz), 7.29(2H, dd,
J=3, 6Hz), 7.59-7.67(2H, br), 8.21(1H, d, J=6Hz).

(29) 2-(((4-(5, 7-dioxaspiro[2.5]oct-6-ylmethoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole

sodium salt
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A mixture of ethyl 3-oxohexanoate (5 g, 31.6 10 mmol), ethylene glycol
(3.92 g, 63.2 mmol) and triethyl orthoformate (4.68 g, 31.6 mmol), and
p-toluenesulfonic acid monohydrate (544 mg, 2.86 mmol) was stirred at
room temperature for 29 hours and 10 minutes. To the reaction mixture,
water was added and the mixture-was 15 extracted with ethyl acetate. The
organic layer was washed with a saturated saline solution, dried over
magnesitiff Sdlfate, and filtered. The filtrate was concentrated under
re&;ceﬁ%}p&es to obtain the title compound (6.2 g, 97%) as a colorless
if. I?é OMHz, CDC13)8ppm; 0.93(3H, t, J=7Hz), 1.27(3H, - 77
t, J=7Hz), 1.39-1.48(2H, m), 1.78(2H, t, J=8Hz), 2-64(2H, s),
3.94-4.02(4H, m), 4.15(2H, q, J=7H). (3b) %;Q
2-(2-propyl-1,3-dioxolan-2-yi)ethanol [01 15[ ula 26] [0102] To
aluminium hydride (1.17 g,

tetrahydrofuran (100 ml) susp nsum 0
30.7 mmol), a tetrahyd (>20§nl) lution of the ethyl (2- 10

propyl-1,3-dioxolan-2-yijac @ (6.2 0, 30¥ mmol) obtained in the step
(3a) was added under ice-cooINal' he mixture was stirred for 30 minutes
under ice-cool, water (1.17 ml) and a 15% aqueous sodium hydroxide
solution (1.17 ml) and water (3.51 ml) were 15 sequentially added and
stirred fot A@Minutes. Sodium sulfate was added to the mixture, stirred

and subjected , ,
The 2-(((4-(5,7-dioxaspiro[2.5]oct-6-

ylmethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole (623 mg, 1.51 mmol) obtained in the step
(2f) was mixed with ethanol (15 ml). To the mixture, a
1IN aqueous sodium hydroxide solution (1.51 ml, 1.51
mmol) was added and the solvent was distilled off.
Ethanol was added to the residue and distilled off.
This operation was repeated twice. Diethyl ether was
added to the residue and the resultant mixture was
ultrasonically treated. The precipitate was obtained
by filtration and dried by aspiration to obtain the
title compound (553 mg, yield: 84.1%) as a white solid.
'H NMR(400MHz, DMSO-dg)dppm; 0.31-0.35(2H, m), 0.57-
0.61(2H, m), 2.19(3H, s), 3.26(2H, d, J=11Hz), 4.10(2H,
d, J=5Hz), 4.12(2H, d, J=11Hz), 4.37(1H, d, J=13Hz),
4.82 (14, d, J=13Hz), 5.02(1H, t, J=5Hz), 6.84(2H, dd,
J=3, 6Hz), 6.95(1H, d, J=6Hz), 7.42(2H, dd, J=3, 6Hz),
8.27(1H, d, J=6Hz).

(Example 3) 2-(((3-methyl-4-(2-(2-propyl-1,3-dioxolan-

2-yl)ethoxy)pyridin-2-yl)methyl)sulfinyl)-1H-
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to silica gel filtration. The filtrate was concentrated under reduced
pressure and the residue was dissolved in a solution mixture containing n
20 heptane/ethyl acetate in a ratio of 2:1 and subjected to silica gel
column chromatography (elution solvent: n-heptane/ethyl acetate=2/1) to
obtain the title compound (3.82 g, 77é/%) as a colorless oil. 1H
NMR(400MHz, CDC13)8ppm; 0.93(3H, t, J=8Hz), 1.33- 25 1.43(2H, m),
1'600E Bﬁeﬂ@ﬁﬂlf Wﬂ}lmsemﬁ) 78 2.83(1H, t, J=6Hz), 3.74(2H, q,
J=6H2), 3(4H M). (3c) 2,3-dimethyl-4-(2-(2-propyl-l,3-dioxolan-2-
yI)ethoxf )pyridine 1-oxide 5 [0103] [Formula 27] N i 0- [0104] To a
dimethylsulfoxide (22.5 ml) solution of the
2-(2-propyl-1,3-dioxolan-2-yl)ethanol (1.5 g, 9.35 10 mmol) obtained in
the step (3b), sodium hydride, in oil (561 mg, 14-mmol as the content was
regarded as 60%) and 4-chloro-2,3-dimethylpgridine 1-oxide (1.33 g, 8.42

mmol) were added in a nitrogen stream | 0C for 2 hours.
The mixture was allowed to stand at 15 rgom temperature for 3 days and
concentrated under re nres@ure | A residue was suspended in

>_.
N

[0098]
(3a) Ethyl (2-propyl-1,3-dioxolan-2-yl)acetate
[0099]

[Formula 25]

[0100]

A mixture of ethyl 3-oxohexanoate (5 g, 31.6
mmol), ethylene glycol (3.92 g, 63.2 mmol) and triethyl
orthoformate (4.68 g, 31.6 mmol), and p-toluenesulfonic
acid monohydrate (544 mg, 2.86 mmol) was stirred at
room temperature for 29 hours and 10 minutes. To the
reaction mixture, water was added and the mixture was
extracted with ethyl acetate. The organic layer was
washed with a saturated saline solution, dried over
magnesium sulfate, and filtered. The filtrate was
concentrated under reduced pressure to obtain the title
compound (6.2 g, 97%) as a colorless oil.

'H NMR(400MHz, CDCls)&ppm; 0.93(3H, t, J=7Hz), 1.27(3H,
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25

tetrahydrofuran. NH silica gel was added to the resultant mixture, which
was then concentrated to dryness and subjected to NH silica gel column
20 chromatography (elution solvent: n-heptane/ethyl
acetate/methanol=1/1/0-40/1/0-40/10/1) to obtain the title compound
(1.53 g, yield: 58.2%) as a light browr oil. - 79 1H NMR(400MHz,
CDC13)8ppm; 0.94(3H, t, J=7Hz), 1.38- 1.49&3(H m), 1.62-1.67(2H,m),
21'14 Z2062H, m). - 22931 SN2 B /533K, 3); 3024 01 4HIMIELL0(2H, t,

=7 4(1H, d J 7H H, d, J 7

32 m'%le?h&%f (2S 2- propyl -1, §|%1§6£ ah- én yl)eth oxy?éﬁrfdlﬁ[Z yl)methyl

aqesste [0105] [Fopmula 28} =y Q3 4dh £:[01061 )10 Fheo1

2,3-dimethyl-4-(2-(2-propyl-1,3-dioxolan- 2-yi)ethoxy)pyridine 1-oxide

(1 53 g, 5@40minol) obtained in the step (3c) was mixed with acetic
hydride (30 ml) and the mixture was stirred at 80C overnight. The
H6RMiRturé Was concentrated under 15 reduced pressure and the

reS|due was dissolved in ethyl acetate and then subjected to silica gel

column chromatography (elution solventr\n-heptane/ethyl acetate=1/1) to

obtain the title compound (1.19 g,/(S?\%ﬂis\a light yellow oil.
HO
[0102]

To tetrahydrofuran (100 ml) suspension of
lithium aluminium hydride (1.17 g, 30.7 mmol), a
tetrahydrofuran (20 ml) solution of the ethyl (2-
propyl-1,3-dioxolan-2-yl)acetate (6.2 g, 30.7 mmol)
obtained in the step (3a) was added under ice-cool.
The mixture was stirred for 30 minutes under ice-cool,
water (1.17 ml) and a 15% aqueous sodium hydroxide
solution (1.17 ml) and water (3.51 ml) were
sequentially added and stirred for 10 minutes. Sodium
sulfate was added to the mixture, stirred and subjected
to silica gel filtration. The filtrate was
concentrated under reduced pressure and the residue was
dissolved in a solution mixture containing n-
heptane/ethyl acetate in a ratio of 2:1 and subjected
to silica gel column chromatography (elution solvent:
n-heptane/ethyl acetate=2/1) to obtain the title
compound (3.82 g, 77.7%) as a colorless oil.
'H NMR(400MHz, CDCls)dppm; 0.93(3H, t, J=8Hz), 1.33-

1.43(2H, m), 1.60-1.65(2H,m), 1.92(2H, t, J=6Hz),
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20 1H NMR(400MHz, CDC13)8ppm; 0.94(3H, t, J=7Hz), 1.39- 1.49(2H,
m), 1.64-1.69(2H,m), 2.12(3H, s), 2.16- 2.20(2H, m), 2.18(3H, s),
3.93-4.00(4H, m), 4.12(2H, t, J=7Hz), 5.20(2H,s), 6.73(1H, d, J=6Hz),
8.31(1H, d, 80 - J=6Hz) (3e) (3-methyl-4-(2-(2-propyl-1,3-dioxolan-2-
yhethoxy)pyridin-2-yl)methanol [01074 5{Formula 29] O Nz~ HO I N
[0108] The (3-methyl-4-(2-(2-propyl-1,3-dioxolan-2-
ylfethexy)Pyridin-2yhfhethyl acdtate .19, 368! TmoP obtaifed i e
step (3d) was mixed with a 1N 10 aqueous sodium hydroxide solution (5
mIB and methanol (10 ml). The mixture was stirred at room temperature
foy 3hours angicencgptrated ynder reducar pressuee; o kha residue was
suspended in tetrahydrofuran and sodium sulfate was added to the
syspesisiors ahdfitteced €T he-D& filirate was concentrated under reduced
pressure. The residue was dissolved in a solution mixture containing
heptane b%ﬁoétﬁyl acetate at a ratio of 2:1 and subjected to silica gel
co[lg gﬁrgn%qgraphy (elution solvent: n-heptane/ethyl acetate=2/1) to
obtain the 20 title compound (0.88 g, 85%) as a colorless oil. 1H
NMR(400MHz, CDC13)8ppm; 0.94(3H,t, J=7Hz), 1.39-

dﬁdé
O/\)</\
| X
N
o

[0104]
To a dimethylsulfoxide (22.5 ml) solution of

the 2-(2-propyl-1,3-dioxolan-2-yl)ethanol (1.5 g, 9.35
mmol) obtained in the step (3b), sodium hydride, in oil
(561 mg, 14 mmol as the content was regarded as 60%)
and 4-chloro-2,3-dimethylpyridine l-oxide (1.33 g, 8.42
mmol) were added in a nitrogen stream and stirred at
60°C for 2 hours. The mixture was allowed to stand at
room temperature for 3 days and concentrated under
reduced pressure. The residue was suspended in
tetrahydrofuran. NH silica gel was added to the
resultant mixture, which was then concentrated to
dryness and subjected to NH silica gel column
chromatography (elution solvent: n-heptane/ethyl
acetate/methanol=1/1/0—0/1/0—-0/10/1) to obtain the
title compound (1.53 g, yield: 58.2%) as a light brown

oil.
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1.49(2H, m), 1.64-1.69(2H,m), 2.03(3H, s), 2.18(2H, t, J=7H2z),
3.93-4.01(4H, m), 4.14(2H, t, J=7Hz), 4.65(2H, - 81 s), 4.89(1H, br s),
6.73(1H, d, J=6Hz), 8.29(1H, d, J=6Hz). (3f)
2-(((3-methyl-4-(2-(2-propyl-I,3-dioxolan-2-
ylethoxy)pyridin-2-yl)methyl)thio)-1H-$9enzimidazole 5 [0109] [Formula
30] d~0 p~<A N/\~SIN H[0110] The
(3-Fhetii-ud @S 1BropyRE 13- RS%TN-9 - ViTetRBxy) Byridin2191) methasol

t(e rgﬁrgg%%ﬁ mmol), 10 gbtained E‘hth@steeg eQ—%Q%H‘P&%FéV;’]%h

dran’(.0'ml). The mixturé was cooled oriice 1n ?dgen

aynasphese. 9 this, tiethylamige, (446 mi, 3.2 mmoland4 .10 (2, t,
methanesulfonyl chloride (0.186 ml, 2.4 mmol) were added and stirred for
504 3Hninutes. ariderice-cdooling/ 0 thetredgtidnimixture] 2/Hz ) .
mercaptobenzimidazole (240 mg, 1.6 mmol) was added and_stirred at

robmf_erﬁﬁéfﬁ?&rléyd\/_e?ﬁiéﬁt o theFescaon %ﬁ&ﬁﬁé?&ﬁ%ﬁééeus solution
0&%%%%@;?;:%9,% garhonate was éqg?d c?a@éiﬁ%?‘}reaaed with ethyl
a hed wi

etate. 20 organic layer was wa th a saturated saline
solution, drieglsqver magnesium sulfate, and filtered.

[Formula 28]

[0106]

The 2,3-dimethyl-4-(2-(2-propyl-1,3-dioxolan-
2-yl)ethoxy)pyridine l-oxide (1.53 g, 5.44 mmol)
obtained in the step (3c) was mixed with acetic
anhydride (30 ml) and the mixture was stirred at 80°C
overnight. The reaction mixture was concentrated under
reduced pressure and the residue was dissolved in ethyl
acetate and then subjected to silica gel column
chromatography (elution solvent: n-heptane/ethyl
acetate=1/1) to obtain the title compound (1.19 g,
67.6%) as a light yellow oil.

'H NMR(400MHz, CDCls)dppm; 0.94(3H, t, J=7Hz), 1.39-
1.49(2H, m), 1.64-1.69(2H,m), 2.12(3H, s), 2.16-
2.20(2H, m), 2.18(3H, s), 3.93-4.00(4H, m), 4.12(2H, t,

J=7Hz), 5.20(2H,s), 6.73(1H, d, J=6Hz), 8.31(1H, d,
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The filtrate was concentrated under reduced pressure. The residue was
dissolved in ethyl acetate. After - 82 silica gel was added to the solution,
the solution was concentrated. The dried residue was subjected to silica
gel column chromatography (elution solvent: n- heptane/ethyl
acetate=1/1-40/1) to obtain the title 3 compound (528 mg, 79.8%) as a
colorless viscous oil. 1H NMR(400MHz, CDC13)8ppm; 0.94(3H, t,
JSMAAZ 1:39- 1.50(2H, m), 1.63-1.68(2H, m), 2.20(2H, t, I=7Hz),

2. H, s), 3.93-4.01(4H, m), 4216%2%) t, J=7Hz), 4.37(2H,.s), 6.78(1H,
ol,%iée?Hz‘???i%F .%g(zgﬂr%), o V50t .%93243!4 r#)l%fs%ﬁ 2 J=6Hz).
(30) Pt(Romeshihar - (2-propyl-d-digxetan-2- yhethoxy)pyridin-2-y1)
methyl)sulfinyl)-1H- benzimidazole [0111] 15 [Formula 31]'00 Np N~ H
[0112] THel2-{((3-methyl-4-(2-(2-propyl-1,3-
dioxolan-2-y1)ethoxy)pyridin-2-yi)methyl)thio)-1H- benzimidazole (482 mg,
1.&5%%)80@(3#1% in the step 20 (3f) was dissolved in a solvent mixture

of toluene (30 ml) and methanol (3 ml). The mixture was cooled in a

nitrogen atmosphere. To this mixture, a rg/é’fhanol
O

oo

X

HO |N/
[0108]

The (3-methyl-4-(2-(2-propyl-1,3-dioxolan-2-
yl)ethoxy)pyridin-2-yl)methyl acetate (1.19 g, 3.68
mmol) obtained in the step (3d) was mixed with a 1IN
aqueous sodium hydroxide solution (5 ml) and methanol
(10 ml). The mixture was stirred at room temperature
for 3 hours and concentrated under reduced pressure.
The residue was suspended in tetrahydrofuran and sodium
sulfate was added to the suspension, and filtered. The
filtrate was concentrated under reduced pressure. The
residue was dissolved in a solution mixture containing
heptane and ethyl acetate at a ratio of 2:1 and
subjected to silica gel column chromatography (elution
solvent: n—-heptane/ethyl acetate=2/1) to obtain the
title compound (0.88 g, 85%) as a colorless oil.

'H NMR(400MHz, CDCls)dppm; 0.94(3H, t, J=7Hz), 1.39-
1.49(2H, m), 1.64-1.69(2H,m), 2.03(3H, s), 2.18(2H, t,

J=7Hz), 3.93-4.01(4H, m), 4.14(2H, t, J=7Hz), 4.65(2H,
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- 83 solution (1.3 ml) of 3-chioroperbenzoic acid (311 mg, 1.17 mmoi as
the content was regarded as 65%) was added at an inner temperature of
below -70C and stirred below -60C for 2 hours. To the reaction mixture,
an aqueous 5 solution of sodium hydrogen carbonate and ethyl acetate
were added. The organic layer was saparated and washed with a
saturated saline solution, dried over anhydrous sodium sulfate, and
filfered AT filtfate WasToncentratebFunder réaGéed pressare! he A
re:?izdé{fzr\?]/as 10 dissolved in methylene chloride and subjected to silica
gel column chromatography using NH silica gel (elution solvent:
metfpjene ghlprdednethanal=1/0-4200/1.4100/5) to gbtain thetite
compound (323 mg, yield: 64.30). 1H NMR(400 MHz, DMSO-d6);
0B5{3H hip IxTHy), 12815 ¥ BR(2H hm),) L.550).602Hpm) z2.04(RH.d] e
J=7Hz), 2.10(3H, s), 3.89-3.90(4H, m), 4.08(2H, t, JI=7Hz), 4.68(1H, d,
J=I13Hz), WFPAH, d, J=I13Hz), 6.95(1H, d, J=6Hz), 7.26-7.32(2H, m),
7'[(55&%71%{-!% , 8.20(1H, d, J:_6Hz). 20 (3h)
2-(((3-methyl-4-(2-(2-propyl-1,3-dioxolan-2-
yl)ethoxy)pyridin-2-yi)methyi)suifinyi)-IH- benzir/a'Ldgezole sodium salt - 84 -
0113] [Formula 32]'00 ~~Np'N SN o. 0

o
©iN>_ S N"
H

The (3-methyl-4-(2-(2-propyl-1,3-dioxolan-2-

[0110]

yl)ethoxy)pyridin-2-yl) methanol (450 mg, 1.6 mmol)

obtained in the step (3e) was mixed with
tetrahydrofuran (10 ml). The mixture was cooled on ice
in a nitrogen atmosphere. To this, triethylamine

(0.446 ml, 3.2 mmol), and methanesulfonyl chloride
(0.186 ml, 2.4 mmol) were added and stirred for 50
minutes under ice-cooling. To the reaction mixture, 2-
mercaptobenzimidazole (240 mg, 1.6 mmol) was added and
stirred at room temperature overnight. To the reaction
mixture, an aqueous solution of sodium hydrogen
carbonate was added and extracted with ethyl acetate.
The organic layer was washed with a saturated saline
solution, dried over magnesium sulfate, and filtered.
The filtrate was concentrated under reduced pressure.

The residue was dissolved in ethyl acetate. After
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Na [0114] The 2-(((3-methyl-4-(2-(2-propyl-1,3 5
dioxolan-2-yl)ethoxy)pyridin-2-yl)methyl)sulfinyl)-1H- benzimidazole (323
mg, 0.752 mmol) obtained in the step (3g) was mixed with ethanol (15 ml)
and a 1N aqueous sodium hydroxide solution (0.752 ml, 0.752 mmol) and
the mixture was stirred at room temperature for 10 10 minutes. The
solvent was distilled off and the resultant residue was dissolved in ethanol
afid tHee dofireht Vs it distited Bff. DM Ether- Eifarst-hifidstangas
was addegl;o %h%resiq.l,ée ellgd stirred at.rg'&%g temgesrggjrg ?d hgn

filrated to obtain solid: 15 1 this mé:nenselr, e titfe comp G 5 r%g,

92.8%6)was;obtaipedas alightyellowrsolid, INMR(400 MHZent : n-
DMSO-d6); 0.85(3H, t, J=7Hz), 1.29- 1.39(2H, m), 1.56-1.63(2H, m),
2105(2H ke J=THE), 245(3Hes)] 3183-8/01(4Ho b4 A7(2K e JE7HZR 20
4.40(1H, d, J=13Hz), 4.76(1H, d, J=13Hz), 6.84-6,90(2H, m), 6.92(1H, d,
JESHPO T -7 27821 9m), 'S 28(1H, 3P F=S19D TR TpleH-ous o1l.

féﬁ@ﬁ?ﬁ%ﬁ‘ gé-?%-%y%%?ﬁg%y%{né-m%ﬂ?ﬁp())‘?ﬁldin-tz'- J=7Hz), 1.39-
yhmethyDsylfinyl)-1H-benzimidaznle sedipmesalt ([0115¢ [Foremde 83] CO
O2.26(3H, s), 3.93-4.01(4H, m), 4.16(2H, t, J=7Hz),
4.37(2H, s), 6.78(1H, d, J=6Hz), 7.16-7.20(2H, m),
7.50-7.59(2H, m), 8.35(1H, d, J=6Hz).
(3g) 2-(((3-methyl—-4—(2- (2-propyl-1,3-dioxolan-2-
y1)ethoxy)pyridin-2-y1) methyl)sulfinyl)-1H-
benzimidazole

[0111]

[Formula 31]

dr‘g
AN
'y 300
[::I:§>_é N
H

[0112]

The 2-(((3-methyl-4-(2-(2-propyl-1,3-
dioxolan-2-yl)ethoxy)pyridin-2-yl)methyl)thio)-1H-
benzimidazole (482 mg, 1.17 mmol) obtained in the step
(3f) was dissolved in a solvent mixture of toluene (30
ml) and methanol (3 ml). The mixture was cooled in a

nitrogen atmosphere. To this mixture, a methanol
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N OO-) IS,NN Nab5]J[0116] (4a) 1,3-bis(benzyloxy)acetone [0117]
[Formula 34] O [0118] 10 To a dichloromethane (200 ml) solution of 1,3
dibenzyloxy-2-propanol (52 g, 191 mmol), triethylamine (130 ml, 933
mmol), and dimethylsulfoxide (65 ml, 916 mmol), sulfur trioxide pyridine
complex (131 g, 823 mmol) was added at OC and stirred at OC to room 15

temperature for 2 hours. To the mixture, water and ethyl acetate were

added: i organic Myér was %\/a@héarmﬁwﬁmbemﬂé%c@ WatBg -
and a ue us saline solutjon drled over anh dr us so sulfate
e e R 555, A aadea

quantitativeyield) %@amﬂ&%@ brawr Ril.786cHNMR{AOMEZ, be1ow
DMSO-d6)8ppm; 4.26(4H, s), 4.49(4H, s), 7.25-7.38(10H, m). (4b)

2,26518((benzylxy)methyl)-173-didxelare: (8118] S{Formuta 35r0RHueoUS

[Q$§9Ltlon of sodium hydrogen carbonate and ethyl acetate
were added. The organic layer was separated and washed
with a saturated saline solution, dried over anhydrous
sodium sulfate, and filtered. The filtrate was
concentrated under reduced pressure. The residue was
dissolved in methylene chloride and subjected to silica
gel column chromatography using NH silica gel (elution
solvent: methylene chloride/methanol=1/0—100/1—100/5)
to obtain the title compound (323 mg, yield: 64.3%).
'H NMR (400 MHz, DMSO-dg); 0.85(3H, t, J=7Hz), 1.28-
1.39(2H, m), 1.55-1.60(2H,m), 2.04(2H, t, J=7Hz),
2.10(3H, s), 3.89-3.90(4H, m), 4.08(2H, t, J=7Hz),
4.68(14H, 4, J=13Hz), 4.77(1lH, d, J=13Hz), 6.95(1H, d,
J=6Hz), 7.26-7.32(2H, m), 7.59-7.67(2H, m), 8.20(1H, d,
J=6Hz) .
(3h) 2-(((3-methyl-4-(2-(2-propyl-1,3-dioxolan—-2-
yl)ethoxy)pyridin-2-yl)methyl)sulfinyl)-1H-

benzimidazole sodium salt



The 1,3-bis(benzyloxy)acetone (30g, 111 mmol) obtained in the step (4a)
was mixed with ethylene glycol (64 ml, 1,148 mmol) and triethyl
orthoformate 10 (19 ml, 114 mmol), and p-toluenesulfonic acid
monohydrate (591 mg, 3.11 mmol). The mixture was stirred at 50C for 14
hours. To the mixture, a saturated ageous solution of sodium hydrogen
carbonate and ethyl acetate were added. The organic layer was 15
washed Withiwdter and a saline solution, dried over anhydrous sodium
suglgag q_d c%r}ﬁentrated. The obtained crude product was purified by
silica ge Hcol chromatography (elution solvent: heptane/ethyl
acetate=1/0-4/1 gradient) and desired fractions/were 20 concentrated to
obtain the title compound (28.46 g, yield: 81. a colorless oil. 1H
NMR(400MHz, DMSO-d6)8ppm:; 3. 45(4H3§)<¥ﬁﬂ\) 4.50(4H, s),
7.22-7.35(10H, m). (4c) 1,3-dioxolan<2, ldimethanol 25 [0121] - 87 -
[Formula 36] O0 HO,' T%‘Ij 1T |an thyl acetate (300 ml) solution
of the 2,2-bis((benzyl E ane (28.5 g, 90.7 5 mmol)
obtained in the step (4b), pallgdium hydrOX|de (20 wt% Pd (dry basis) on
carbon, wet (water max. 500)) (2.5 g) was added and stirred at room

temperature for
[0114]

The 2-(((3-methyl-4-(2-(2-propyl-1,3-
dioxolan-2-yl)ethoxy)pyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole (323 mg, 0.752 mmol) obtained in the step
(3g) was mixed with ethanol (15 ml) and a 1N aqueous
sodium hydroxide solution (0.752 ml, 0.752 mmol) and
the mixture was stirred at room temperature for 10
minutes. The solvent was distilled off and the
resultant residue was dissolved in ethanol and the
solvent was again distilled off. Diethyl ether-
ethanol-n-heptane was added to the residue and stirred
at room temperature and then filtrated to obtain solid.
In this manner, the title compound (315 mg, 92.8%) was
obtained as a light yellow solid.

'H NMR (400 MHz, DMSO-dg¢); 0.85(3H, t, J=7Hz), 1.29-
1.39(2H, m), 1.56-1.63(2H, m), 2.05(2H, t, J=7Hz),
2.15(3H, s), 3.83-3.91(4H, m), 4.07(2H, t, J=7Hz),
4.40(1H, d, J=13Hz), 4.76(1H, d, J=13Hz), 6.84-6.90(2H,
m), 6.92(1H, d, J=5Hz), 7.41-7.47(2H, m), 8.25(1H, d,
J=5Hz) .

(Example 4) 2-(((4-(2-(8-ethyl-1,4,7,9-
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39 hours in a hydrogen atmosphere. After the reaction mixture was
purged with nitrogen, a catalyst was 10 filtered off from the reaction
mixture and washed with ethyl acetate. The filtrate was concentrated. To
the obtained residue, ethyl acetate (300 ml) and palladium hydroxide (20
wt% Pd (dry basis) on carbon, wet (water max. 50%)) (2.5 g) were added
and stirred at room 15 temperature for 26 hours in a hydro

afrfdspere SaHer fHe: fHon %l&(th)@%@d@éd%ﬁﬁ%f@@éﬁdam 2=
catﬂyst was fi ljter off aTSJI egnv%/lmle%%/ cgt%tg Tge filtrat te was
oncen raté/d-L o Obtain th e compoun £9 g, yledlé 88.4%) as a
colorless r 20105k 1H NMR(4OOMH2 DMSO0-d6)8ppm; 3.32(4H, d, J=6Hz),
3.85(4H, s), 4.63(2H, t, J=6Hz). (4d) methyl

(Btethwint Va7 93etraoxaspiro[4.5]dec-8- yl)acetate - 88 - 0123] [Formula
3710 O 0J [0124] The 1,3-dioxolan-2,2-diyldimethanol (4 g, 5 29.8
mmol), which was obtained at another time in the” same manner
described in the step (4a)-(4c), was mlxed wit yl propionylacetate
(5.6 ml, 44.6 mmol) and

@)
=
N\Qs?ﬁ
NS
N N

Na

[0116]
(4a) 1,3-bis(benzyloxy)acetone
[0117]

[Formula 34]

[0118]
To a dichloromethane (200 ml) solution of 1,3

dibenzyloxy—-2-propanol (52 g, 191 mmol), triethylamine
(130 ml, 933 mmol), and dimethylsulfoxide (65 ml, 916
mmol), sulfur trioxide pyridine complex (131 g, 823
mmol) was added at 0°C and stirred at 0°C to room
temperature for 2 hours. To the mixture, water and
ethyl acetate were added. The organic layer was washed
with 2N hydrochloric acid, water and an aqueous saline
solution, dried over anhydrous sodium sulfate, and
concentrated. As a result, the title compound (52.01

g, quantitative yield) was obtained as a brown oil.
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25

triethyl orthoformate (5.2 ml, 31.3 mmol), and p- toluenesulfonic acid
monohydrate (163 mg, 0.856 mmol). 10 The mixture was stirred at room
temperature for 3 hours. To the mixture, a saturated aqueous solution of
sodium hydrogen carbonate and ethyl acetate were added. The organic
layer was washed with water twice agwl with an agueous saline solution,
dried over anhydrous sodium 15 sulfate and concentrated. The obtained
crudeBrBddeoMAE puriied tesiter el doldmh Lhromatogtadiif {Blutidh -
sojvent: he hyl acetate=1/0-3/1-1/1 gradient) and a desired
fr(;}c't?(r)%n_(z)'v%?spgéﬁéer@a'ted to obtain the title compound (2.63 g, yield:

33.889) as 220 gqloress oil. ol NMR{ACOMHZ 3DMSQ-66)8RPM:;
0.84(3H, t, J=7Hz), 1.75(2H, q, J=7Hz), 2.76(2H, s), 3.56(3H, s), 3.58(2H,
d, J=12H2)13%8(2H, d, J=12Hz), 3.80-3.89(4H, m). (4e)
2-(8-ethyl-1,4,7,9-tetraoxaspiro[4.5]dec-8 - 89 - yl)ethanol [0125]
[Formitm38] 8P HO O J~0 vOJ [0126] 5 To a THE (40 ml) solution of the
methyl (8- ethyl-1,4,7,9-tetraoxaspiro[4.5]dec-8-yl)acetate (2.63 g, 10.7

mmol) obtained in the ste ), |ithiu8€5|uminu ride (487 mg, 12.8
o]
mmol) was added at 0C o._><_o0

[0120]
The 1,3-bis(benzyloxy)acetone (30g, 111 mmol)

obtained in the step (4a) was mixed with ethylene
glycol (64 ml, 1,148 mmol) and triethyl orthoformate
(19 ml, 114 mmol), and p-toluenesulfonic acid
monohydrate (591 mg, 3.11 mmol). The mixture was
stirred at 50°C for 14 hours. To the mixture, a
saturated aqueous solution of sodium hydrogen carbonate
and ethyl acetate were added. The organic layer was
washed with water and a saline solution, dried over
anhydrous sodium sulfate, and concentrated. The
obtained crude product was purified by silica gel
column chromatography (elution solvent: heptane/ethyl
acetate=1/0-4/1 gradient) and desired fractions were
concentrated to obtain the title compound (28.46 g,
yield: 81.6%) as a colorless oil.
'H NMR(400MHz, DMSO-ds)dppm; 3.45(4H, s), 3.88(4H, s),
4.50(4H, s), 7.22-7.35(10H, m).
(4c) 1,3-dioxolan-2,2-diyldimethanol

[0121]
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and stirred at OC to room temperature for 4 hours. 10 Water (0.5 ml), a 2N
agueous sodium hydroxide solution (0.5 ml), water (1.5 ml) were
sequentially added to terminate the reaction. Thereafter, anhydrous
sodium sulfate and celite were added to the mixture, the resultant
mixture was filtered by a glass filter, @nd-15 washed with ethyl acetate.
The filtrate was concentrated to obtain the title compound (2.34 g,
quaritaieyiéfd) as a colorless oil. 1H NMR(400MHz, DMSO-d6)8ppm:;
0.79(3H, t, J=7Hz), 1.62(2H, q, J=7Hz), 1.81(2H, t, J=8Hz), 3.41(2H, dt,
20 J=6, 8Hz), 3.57(4H, s), 3.83(4H, s){429(1H, t, J=6Hz). (4f)
4-(2-(8-ethyl-1,4,7,9-tetraoxaspirg]4. Eb
yl)ethoxy)-2,3-dimethylpyridine 1-oxide - -%127] [Formula 39] 0 "~Co O
0 of N O [0128] To a dimethyl sulfoxide (20 ml) solution of 5
2-(8-ethyl-1,4,7,9-tetraoxaspiro[4.5]dec-8-yl)ethanol (1.34 g, 6.14 mmol)
obtainedliithé Ltep (4e), sodium hydride, in oil (295 mg, 7.37 mmol as

the content was, yeggraedas 6Q%) was addedaat [ppmutemperapire in gy,
2,2-bis((benzyloxy)methyl)-1,3-dioxolane (28.5 g, 90.7
mmol) obtained in the step (4b), palladium hydroxide
(20 wt% Pd (dry basis) on carbon, wet (water max. 50%))
(2.5 g) was added and stirred at room temperature for
39 hours in a hydrogen atmosphere. After the reaction
mixture was purged with nitrogen, a catalyst was
filtered off from the reaction mixture and washed with
ethyl acetate. The filtrate was concentrated. To the
obtained residue, ethyl acetate (300 ml) and palladium
hydroxide (20 wt% Pd (dry basis) on carbon, wet (water
max. 50%)) (2.5 g) were added and stirred at room
temperature for 26 hours in a hydrogen atmosphere.
After the reaction mixture was purged with nitrogen, a
catalyst was filtered off and washed with ethyl
acetate. The filtrate was concentrated to obtain the
title compound (11.97 g, yield: 98.4%) as a colorless
oil.
'H NMR(400MHz, DMSO-d)dppm; 3.32(4H, d, J=6Hz),
3.85(4H, s), 4.63(2H, t, J=6Hz).
(4d) methyl (8-ethyl-1,4,7,9-tetraoxaspiro[4.5]dec-8-

yl)acetate
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nitrogen atmosphere. The mixture was stirred for 30 10 minutes under the
same conditions. To the reaction mixture, 4-chloro-2,3-dimethylpyridine
1-oxide (1.06 g, 6.75 mmol) was added at room temperature and the
resultant mixture was stirred at 60C for 5.5 hours. The reaction mixture
was concentrated and the residue-15 gvas purified by silica gel column
chromatography (NH silica gel, elution solvent: heptane, ethyl

acetate/rh I=1/0-4/1 gradient) and a desired fraction(s) was
cghr]}cgpt@i%d 337 btain the title compound (948 mg, yield: 45.5%) as a
light yeflow™ 20 solid. 1H NMR(400MHz, DMSO-d6)8ppm; 0.83(3H, t,
J=7THz), 1.73(2H, q, J=7Hz), 2.09(3H, s), 2.12(2H, t, J=6Hz), 2.32(3H, s),
3.62(4H, s), 3.80-3.88(4H, m), 4.06(2H, 5 91 J=6Hz), 6.89(1H, d,
J=8Hz), 8.05(1H, d, J=8Hz). (49%?
(4-(2-(8-ethyl-1,4,7,9-tetraoxaspiro[4.5]dec-8—C
yl)ethoxy)-3-methylpyridin-2-yl)methanol 01)29]>5 [Formula40]O Co OO
OJ HO AN [0130] The 4-(2-(8-ethyl-1,4,7,9-
tetraoxaspiro[4.5]dec-8-yl)ethoxy)-2,3-dimethylpyridine 1-oxide (947 mg,
2.79 mmpd)1obtained in the step (4f)

The 1,3-dioxolan-2,2-diyldimethanol (4 g,
29.8 mmol), which was obtained at another time in the
same manner described in the step (4a)-(4c), was mixed
with methyl propionylacetate (5.6 ml, 44.6 mmol) and
triethyl orthoformate (5.2 ml, 31.3 mmol), and p-
toluenesulfonic acid monohydrate (163 mg, 0.856 mmol).
The mixture was stirred at room temperature for 3
hours. To the mixture, a saturated aqueous solution of
sodium hydrogen carbonate and ethyl acetate were added.
The organic layer was washed with water twice and with
an aqueous saline solution, dried over anhydrous sodium
sulfate and concentrated. The obtained crude product
was purified by silica gel column chromatography
(elution solvent: heptane/ethyl acetate=1/0-3/1-1/1
gradient) and a desired fraction(s) was concentrated to
obtain the title compound (2.63 g, yield: 35.8%) as a
colorless oil.
'H NMR (400MHz, DMSO-ds)dppm; 0.84(3H, t, J=7Hz),
1.75(2H, g, J=7Hz), 2.76(2H, s), 3.56(3H, s), 3.58(2H,
d, J=12Hz), 3.68(2H, d, J=12Hz), 3.80-3.89(4H, m).

(4e) 2-(8-ethyl-1,4,7,9-tetraoxaspiro[4.5]dec-8-
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10 was mixed with acetic anhydride (10 ml). To the mixture, triethylamine
(0.6 ml, 4.3 mmol) was added and stirred at 50C for 2 hours. The reaction
mixture was concentrated and methanol (10 ml) was added to the
residue and thereafter, a 5N aqueous sodium hydroxide 15 solution (7 ml)
was added and stirred at room temperature for one hour. To the mixture,
a saturated aqueous ammonium chloride solution (7 ml) was added and
thelpis ok B resultant solution was adjusted to about 10. The reaction
mixture m@;g]g;ted with ethyl 20 acetate and the organic layer was
washed with'a 2N aqueous sodium hydroxide solution, water, and a
salinersatutiongdried over anhydrous sodium sulfate, and concentrated.
The obtained crude product was purified by silica gel column
chromatography (elution solvent: - 92 yl acetate/methanol=1/0-4/1
gradient) and a desired fraction(s).was
compound (564 mg, yield: 59.6%9) asajght yetiow solid. 5 1H
NMR(400MHz, DMSO-d6)8ppm; 0.84(3H; z), 1.74(2H, q, J=7H2z),
2.08(3H, s), 2.14(2H, t, J=6Hz), 3.63(4H, s), 3.78-3.89(4H, m), 4.08(2H, t,
J=6Hz), %50@H, d, J=6Hz), 4.96(1H, t, J=6Hz), 6.90(1H, d, J=6Hz),
8.20(1H, d, J=6Hz). 10 (4h)
2-(((4-(2-(8-ethyie1,3, T9Kettddkaspirofs]deéon of the methyl (8-
SgpgthOXY)-S-methylpgridin-2- lYmeth I)lthio])-lH-_be_nzimidazole [0131]
yl-174,7,9°tetraoxdspirol4d.oldec-8-yl)acetate (2.63

g, 10.7 mmol) obtained in the step (4d), lithium
aluminum hydride (487 mg, 12.8 mmol) was added at 0°C
and stirred at 0°C to room temperature for 4 hours.
Water (0.5 ml), a 2N aqueous sodium hydroxide solution
(0.5 ml), water (1.5 ml) were sequentially added to
terminate the reaction. Thereafter, anhydrous sodium
sulfate and celite were added to the mixture, the
resultant mixture was filtered by a glass filter, and
washed with ethyl acetate. The filtrate was
concentrated to obtain the title compound (2.34 g,
quantitative yield) as a colorless oil.

'H NMR (400MHz, DMSO-dg)dppm; 0.79(3H, t, J=7Hz),
1.62(2H, g, J=7Hz), 1.81(2H, t, J=8Hz), 3.41(2H, dt,
J=6, 8Hz), 3.57(4H, s), 3.83(4H, s), 4.29(1lH, t,
J=6Hz) .

(4f) 4-(2-(8-ethyl-1,4,7,9-tetraoxaspiro[4.5]dec-8-

yl)ethoxy)—-2,3-dimethylpyridine l-oxide
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[Formula41l]OLO NU ONE\>_SNN H 15[0132] To a THE (10 ml)
solution of the (4-(2-(8- ethyl-1,4,7,9-tetraoxaspiro[4.5]dec-8-yl)ethoxy)-3-
methylpyridin-2-yl)methanol (560 mg, 1.65 mmol) obtained in the step
(49), triethylamine (0.48 ml, 3.44 20 mmol) was added at room
temperature and thereafter, methanesulfonyl chloride (0.19 ml, 2.45
mmol) was added while cooling in an ice salt bath and stirred under the
same cohflitibns for 30 minutes. After the ice salt - 93 bath was removed,
2'@%(:%8?56 §i idazole (248 mg, 1.65 mmol) was added and stirred at
room fempera ure for 22 hours. After the reaction mixture was
concentrated, NH silica gel was added to the residue and dried. The 5
crude substance was purified by silica ge mn chromatography
(elution solvent: heptane/ethyl acéetate=1{0, 1/1-§/1 gradient) and a
desired fraction(s) was concjﬁj. The @d foamy product was
dissolved in chloroform and diet ylg her 10 was added thereto. The
resulting solid was collected tion to obtain the title compound (410
mg, yield: 52.7%) as a white solidy 1H NMR(400MHz, DMSO-d6)8ppm:;
0.84(3H, t, J=7Hz),

[0128]

To a dimethyl sulfoxide (20 ml) solution of
2—-(8-ethyl-1,4,7,9-tetraoxaspiro[4.5]dec-8-yl)ethanol
(1.34 g, 6.14 mmol) obtained in the step (4e), sodium
hydride, in o0il (295 mg, 7.37 mmol as the content was
regarded as 60%) was added at room temperature in a
nitrogen atmosphere. The mixture was stirred for 30
minutes under the same conditions. To the reaction
mixture, 4-chloro-2,3-dimethylpyridine l-oxide (1.06 g,
6.75 mmol) was added at room temperature and the
resultant mixture was stirred at 60°C for 5.5 hours.
The reaction mixture was concentrated and the residue
was purified by silica gel column chromatography (NH
silica gel, elution solvent: heptane, ethyl
acetate/methanol=1/0-4/1 gradient) and a desired
fraction(s) was concentrated to obtain the title
compound (948 mg, yield: 45.5%) as a light yellow
solid.

'H NMR (400MHz, DMSO-dg)dppm; 0.83(3H, t, J=7Hz),
1.73(24, g, J=7Hz), 2.09(3H, s), 2.12(2H, t, J=6Hz),

2.32(3H, s), 3.62(4H, s), 3.80-3.88(4H, m), 4.06(2H, t,
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1.75(2H, q, J=7Hz), 2.15(2H, t, J=6Hz), 2.18(3H, s), 15 3.63(4H, s),
3.80-3.90(4H, m), 4.09(2H, t, J=6Hz), 4.67(2H, s), 6.93(1H, d, J=6H2z),
7.07-7.13(2H, m), 7.35-7.51(2H, m), 8.22(1H, d, J=6Hz), 12.60(1H, br s).
(4i) 2-(((4-(2-(8-ethyl-1,4,7,9-tetraoxaspiro[4.5]dec-
8-yl)ethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H- 20 benzimidazole
[0133] [Formula 42] CO OO,0O N cr-O:t% H - 94 - 0134] To a toluene
(1078 A1) an@ niethafol (4.2 AMBESIUtioR of thel B(((@«(2/(8%tRYI-1,4,7,9-

tetraoxaspiro[4.5]dec-8:yl)ethoxy)-3-methylpyridin-2 5.
DT L b DA Gt (80 e 6 B ol Sbibirad e
step (4bh @dpluena(c il)gnd dmethanoh (3.3 p)selution of
3-chloroperbenzoic acid (192 mg, 0.73 mmol as the content was
regarded 83 5%%) was added dropwise at -70 to -60C for 10 minutes in a
10 nitrogen atmosphere. The mixture was stirred for one hour in the same
caiditighst nedrbaction was terminated by adding a saturated aqueous
solution (15 ml) of sodium hydrogen carbopate at the same temperature.
The mixture was extracted with chloroform 0 ml) twice and the
organic layer was dried over 0 Ojo

6/

e
HO \N

The 4-(2-(8-ethyl-1,4,7,9-

[0130]

tetraoxaspiro[4.5]dec-8-yl)ethoxy)-2,3-dimethylpyridine
l-oxide (947 mg, 2.79 mmol) obtained in the step (4f)
was mixed with acetic anhydride (10 ml). To the
mixture, triethylamine (0.6 ml, 4.3 mmol) was added and
stirred at 50°C for 2 hours. The reaction mixture was
concentrated and methanol (10 ml) was added to the
residue and thereafter, a 5N aqueous sodium hydroxide
solution (7 ml) was added and stirred at room
temperature for one hour. To the mixture, a saturated
aqueous ammonium chloride solution (7 ml) was added and
the pH of the resultant solution was adjusted to about
10. The reaction mixture was diluted with ethyl
acetate and the organic layer was washed with a 2N
aqueous sodium hydroxide solution, water, and a saline
solution, dried over anhydrous sodium sulfate, and
concentrated. The obtained crude product was purified

by silica gel column chromatography (elution solvent:
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anhydrous sodium sulfate and concentrated. The obtained crude product
was purified by silica gel column chromatography (NH silica gel: elusion
solvent: ethyl acetate/methanol=1/0-4/1 gradient) and desired 20
fractions were concentrated. The obtained foamy product was
re-precipitated with chloroform and diethyl ether and filtered. The
operation was repeated four times and the obtained solid was washed

with eethicether anBther dried td Obtain the fifld @8mbotind (288 25mgd

47.9% yield sawhlte solid. 1H NMR(400M DMS 6) P!
o Ba e T Sl ), DAoL Ay 2 ST D),

3 63430803 7953, %@Hymaﬂ@@sa@ﬁ,é,%#@@z)a 9%@8@1&%
J=13Hz), 4.77(1H, d, J=13Hz), 6.93(1H, d, J=6Hz), 7.23-7.32(2H, m),
75211168(2H m), 8.20(1H, d, J=6Hz) (4))

4%8 -ethyl-1,4,7,9-tetraoxaspiro[4.5]dec- 5
Q% §5- %O Bty Iyficit-SsypRERY N SufifyIF 1 H- bendimfiBalele

sqdiym salt [0335) [Fermula g3y 4756 N QI OVEI QD 3B NN Na_gy ),
3.63(4H, s), 3.78-3.89(4H, m), 4.08(2H, t, J=6Hz),
4.50(2H, d, J=6Hz), 4.96(1H, t, J=6Hz), 6.90(1H, d,
J=6Hz), 8.20(1H, d, J=6Hz).
(4h) 2-(((4-(2-(8—-ethyl-1,4,7,9-tetraoxaspiro[4.5]dec-
8-yl)ethoxy)-3-methylpyridin-2-yl)methyl)thio)—-1H-
benzimidazole

[0131]

[Formula 41]
L
@ %sﬁ

To a THF (10 ml) solution of the (4-(2-(8-

[0132]

ethyl-1,4,7,9-tetraoxaspiro[4.5]dec-8-yl)ethoxy)-3-
methylpyridin-2-yl)methanol (560 mg, 1.65 mmol)
obtained in the step (4g), triethylamine (0.48 ml, 3.44
mmol) was added at room temperature and thereafter,
methanesulfonyl chloride (0.19 ml, 2.45 mmol) was added
while cooling in an ice salt bath and stirred under the

same conditions for 30 minutes. After the ice salt



[0136] 10 To an ethanol (2 ml) solution of the 2-(((4-
(2-(8-ethyl-1,4,7,9-tetraoxaspiro[4.5]dec-8-yl)ethoxy)-
3-methylpyridin-2-yl)methyl) sulfinyl)-1H-benzimidazole (188 mg, 0.39
mmol) obtained in the step (4i), a 1IN aqueous sodium hydroxide solution
(386 JLL, 0.39 mmol) 15 was addedsd room temperature, and the mixture
was stirred for 10 minutes, and then concentrated. Methanol was added
toPthe'te¥iditie EHECE ftentralich AR PEABMEd. J&ffet this oifEtafich whs® >
repsajed. diethyl siher was added to fhe resice and fhe oiained 20, 5,
suspension was a owed 6 stand. After the supernatari?ellqw was

rempeved, the residue was driedy-a vasuwum-pumpdoobtainthe titleq, ~u
compound (190 mg, 96.6% yield) as a white solid. - 96 1H

NMR(A0OMHZ, DMSCadE)8pphm 0-84(3kk $,13x8HANA. P5(2eH ¢, JE8HZ),
2.09-2.20(5H, m), 3.63(4H, s), 3.80-3.90(4H, m), 4.08(2H, t, J=6Hz),
AZ6PHS, 3 V5SESHES 4 P(1RY B 3L ESHEY 657856 BB(2IS Im§ 5 BT8O (1H,

gS%t%%ﬂ%%@gggﬁwi%g6@1&,&n%fSﬁQoéEé%m@l&%

-1,4,7,9-
tefraoxaspiro[4 S)dac-8-yh)methexydpyhidin-2ind a desired

yl)methyl)sulfinyl)-1H-benzimidazole sodium salt 10 [0137] [Formula 44]

Cﬁrpqﬁ}on(s) was concentrated. The obtained foamy
product was dissolved in chloroform and diethyl ether
was added thereto. The resulting solid was collected
by filtration to obtain the title compound (410 mg,
yield: 52.7%) as a white solid.
'H NMR (400MHz, DMSO-ds)dppm; 0.84(3H, t, J=7Hz),
1.75(2H, g, J=7Hz), 2.15(2H, t, J=6Hz), 2.18(3H, s),
3.63(4H, s), 3.80-3.90(4H, m), 4.09(2H, t, J=6Hz),
4.67(2H, s), 6.93(1H, d, J=6Hz), 7.07-7.13(2H, m),
7.35-7.51(2H, m), 8.22(1H, d, J=6Hz), 12.60(1H, br s).
(4i) 2-(((4-(2-(8—-ethyl-1,4,7,9-tetraoxaspiro[4.5]dec-
8-yl)ethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole

[0133]

[Formula 42]
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O--~$0 INOIS,\N N Na [0138] (5a) 2-oxopropyl benzoate [0139] 15
[Formula45] O I'y /O [0140] To a pyridine (25 ml) and THE (10 ml)
solution of hydroxyacetone (5g, 67.5 mmol), benzoyl chloride (12 ml, 103
mmol) was added dropwise at OC in - 97 a nitrogen atmosphere and the
mixture was stirred for 43 hours at regm-temperature. Ice was added to
the reaction mixture, which was then diluted with ethyl acetate. The
organic 18yéPwas washed with 1N 5 hydrochloric acid, water, and a saline
solution, dried pver an@iddgus s (Eibl%sulf%te, ar&d con%eantr e .iljl}e

obtained crude pro&uc was [r)ll?rifi d by silic g%f1 cofﬁerﬁn ¢hroma ograpIi%/)

(eddfionesolvensr heptanel gthylk acetate=1/0n1/1 gradient)o Desired

fractions were 10 concentrated to obtain the title compound (10.569,
tetraoxaspiro[4.5]dec-8-yl)ethoxy)-3-methylpyridin-2-
yl)methyl)thio)-1H-benzimidazole (380 mg, 0.81 mmol)
obtained in the step (4h), a toluene (2.7 ml) and
methanol (0.3 ml) solution of 3-chloroperbenzoic acid
(192 mg, 0.73 mmol as the content was regarded as 65%)
was added dropwise at -70 to -60°C for 10 minutes in a
nitrogen atmosphere. The mixture was stirred for one
hour in the same conditions. The reaction was
terminated by adding a saturated aqueous solution (15
ml) of sodium hydrogen carbonate at the same
temperature. The mixture was extracted with chloroform
(50 ml) twice and the organic layer was dried over
anhydrous sodium sulfate and concentrated. The
obtained crude product was purified by silica gel
column chromatography (NH silica gel: elusion solvent:
ethyl acetate/methanol=1/0-4/1 gradient) and desired
fractions were concentrated. The obtained foamy
product was re-precipitated with chloroform and diethyl
ether and filtered. The operation was repeated four
times and the obtained solid was washed with diethyl
ether and then dried to obtain the title compound (188
mg, 47.9% yield) as a white solid.
'H NMR (400MHz, DMSO-dg)dppm; 0.83(3H, t, J=7Hz),
1.74(24, g, J=7Hz), 2.10(3H, s), 2.14(2H, t, J=6Hz),

3.63(4H, s), 3.79-3.90(4H, m), 4.09(2H, t, J=6Hz),
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87.8% yield) as a light yellow oil. 1H NMR(400MHz, DMSO-d6)8ppm;
2.14(3H, s), 5.01(2H, s), 7.51-7.58(2H, m), 7.65-7.70(1H, m),
7.95-8.00(2H, m). (5b) (8-methyl-1,4,7,9-tetraoxaspiro[4.5]dec-8 15
yl)methyl benzoate [0141] [Formula 46] O O O O'-$0 [0142] The
2-oxopropyl benzoate (49, 22.4 mmal} 20 obtained in the step (5a) was

mixed with 1,3-dioxolan- 2,2-diyldimethanol (3g, 22.4 mmog obtained in
the-$tep 1fac) C%rietﬁ?ﬂéﬁﬁéfor%a@(@@mld22 BThATOD) anfl p23 (1H, d,

If d 2 ). Th
SHHTGO B0 Foo CemBeriturTor 135 98 hous 16 e Mibiufe: 0 1Er @

saturated aqueous solution of sodlum hydrogen carbonate and ethyl
acetate were added. The organic layer was washed with water twice and
with Ja sahne salutien, (driet-byer-anhydrous-sediumcstdfate, rd bhdS ] dec—
concentrated. The obtained crude product was purified by silica gel

cSluhh EHrBRTadgraphty tENitioN “solvéhtneptheleityt hetatd 210 i -

9@8‘1%% gz%elSéreg J&aic&lrg § ere concentrated to obtain the title
compoun 1.92 g, 29.1% yield) as a colorless oil. 10 'H NMR(400MHz,

DMSO-d&)8ppm; 1.41(3H, s), 3.64-3.76(4H, m), 3.80-3.88(4H, m),
4.33(2H, s), 7.50-7.57(2H, m),
[Formula 43]

[0136]

To an ethanol (2 ml) solution of the 2-(((4-
(2-(8—-ethyl-1,4,7,9-tetraoxaspiro[4.5]dec-8-yl)ethoxy) -
3-methylpyridin-2-yl)methyl) sulfinyl)-1H-benzimidazole
(188 mg, 0.39 mmol) obtained in the step (4i), a 1IN
aqueous sodium hydroxide solution (386 ul, 0.39 mmol)
was added at room temperature, and the mixture was
stirred for 10 minutes, and then concentrated.

Methanol was added to the residue and concentration was
performed. After this operation was repeated, diethyl
ether was added to the residue and the obtained
suspension was allowed to stand. After the supernatant
liquid was removed, the residue was dried by a vacuum
pump to obtain the title compound (190 mg, 96.6% yield)

as a white solid.



7.64-7.70(1H, m), 7.92-8.00(2H, m). (Sc)
(8-methyl-1,4,7,9-tetraoxaspiro[4.5]dec-8- yl)methanol 15 [0143] [Formula
4710 O~O HO~O 20[0144] To a THE (10 ml) and methanol (5 ml)
solution of the (8-methyl-1,4,7,9-tetraoxaspiro[4.5]dec-8- yl)methyl
benzoate (1.92 g, 6.52 mmol) obtainee in the step (5b), a 1N agueous
sqdium hydroxide solution (10 25 ml, 10 mmol) was added and stirred at

rodin YeRpERRMEZ forBhe hslr) Iretealidi mpturd-wad ekttadted with
dich thane (50 nl) four times,.dri r anhydro ium sulfate,
e D o A ot ot

and t cbncéntrated. The < 9 aine droduct' was purifiéd by
silica gebk colpn chrematagraphy{elution solvent: heptage/ethyl 4,
acetate=1/1-0/1 gradient) and desired fractions were concentrated to
obtairstie)titledcorfigdund (.12 g/ 5180).0%0yi&ld) as @Swhite solid. 1H
NMR%{’ OMHz, DMSO-d6)8ppm; 1.24(3H SZ{’ 3.33(2H, d, J=6H2z),
35004, 1); 35038541 m), -4 81(LH & | 36HB).(5dy 26 (1H, "4
2@;%imze)thyl-4-((8-methyl-l,4,7,9 10
tetraoxaspiro[4.5]dec-8-yl)methoxy)pyridine 1-oxide [0145]

(Example 5) 2-(((3-methyl-4-((8-methyl-1,4,7,9-

tetraoxaspiro[4.5]dec-8-yl)methoxy)pyridin-2-
yl)methyl)sulfinyl)—-1H-benzimidazole sodium salt
[0137]

[Formula 44]

@)
/>
ot
gysos

Na

[0138]
(5a) Z2-oxopropyl benzoate
[0139]

[Formula 45]

[0140]
To a pyridine (25 ml) and THF (10 ml)
solution of hydroxyacetone (5g, 67.5 mmol), benzoyl

chloride (12 ml, 103 mmol) was added dropwise at 0°C in
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[Formula 48] O~ O~O O~O N O [0146] To a dimethylsulfoxide (15 ml)
solution of 15 the (8-methyl-1,4,7,9-tetraoxaspiro[4.5]dec-8- yl)methanol
(1.11 g, 5.82 mmol) obtained in the step (So), sodium hydride, in oil (326
mg, 8.15 mmol as the content was regarded as 60%) was added at room
temperature in a nitrogen atmosphere7 The mixture was 20 stirred for 30
minutes in the same conditions. To the reaction mixture,
4%hTor6 IR HimetHyfsiridite™1 Hxitle" (g1 Mg 5782 Witfolf e ztfdetlodt
ropmn fer tem gerat re_ and the reactlggumlxture was stirred § %C g%r i%

roo r
hOUI’S - e reaction m& ure was concen?rawedsan e residue was

pwidfied by silica gel.e@umpghramategrepby, (glutionsolventhetbyhy 1
acetate/methanol=1/0-5/2 gradient) and desired fractions were

corcentriated tdl'b @btain the titld egmpound (V20hgG6vi%yiéld) as a
brown oil. 1H NMR(400MHz, DMSO-d6)8ppm; 1.42(3H, f 2.12(3H, s)
2%%%@%%%%50:% 57%(‘@\4 r‘ﬁi‘t§§5(4“’|‘—flds) °4, 69‘%24183)'5@/ OO 0, 9F ied

oZ}—e|.ZE) § 3;[ gs te} Z_L)ur:ilioé§%}fg?f: etg%cﬁ @n@SWQ’Hteég

tetraoxaspir ec-8-yl)methoxy)pyridi
obtained crude product was purlfled by silica gel

column chromatography (elution solvent: heptane/ ethyl
acetate=1/0-1/1 gradient). Desired fractions were
concentrated to obtain the title compound (10.56g,
87.8% yield) as a light yellow oil.
'H NMR(400MHz, DMSO-ds)dppm; 2.14(3H, s), 5.01(2H, s),
7.51-7.58(2H, m), 7.65-7.70(1H, m), 7.95-8.00(2H, m).
(5b) (8-methyl-1,4,7,9-tetraoxaspiro[4.5]dec-8-
yl)methyl benzoate

[0141]

[Formula 46]

[0142]

The 2-oxopropyl benzoate (4g, 22.4 mmol)
obtained in the step (5a) was mixed with 1,3-dioxolan-
2,2-diyldimethanol (3g, 22.4 mmol) obtained in the step
(4c), triethyl orthoformate (3.8 ml, 22.8 mmol), and p-
toluenesulfonic acid monohydrate (200 mg, 1.05 mmol).

The mixture was stirred at room temperature for 13.5
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yl)methanol [0147] [Formula 49] 0:- O~ O OO HO AN 15 [0148] The
2,3-dimethyl-4-((8-methyl-1,4,7,9-
tetraoxaspiro[4.5]dec-8-yl)methoxy)pyridine 1-oxide (1.20 g, 3.84 mmol)
obtained in the step (5d) was mixed with acetic anhydride (10 ml). To the
mixture, 20 triethylamine (0.8 ml, 5. &8mmol) was added and the mixture
was stirred at 50C for 2 hours. The reaction mixture was concentrated

aR® Wiethandi {10 ) Wastadded fo fretresiited Thaksdier aSoyution of

aquequs sodiym_ 101 hydioxds solytign (T ml) was added tolhe. . acq
mixture, ana- sturr at room temperature for minutes. otﬁe resultant

mpgdre; agsatyrated aguequs;agmoniumy, chiorigde solutioni(fdnB was, i th
added and the pH was 5 adjusted to about 10. The reaction mixture was
dituted lwiitle ethyl acetate, ahdithe argamicdayerdvasiwashed uwitlsa2iite,
aqueous sodium hydroxide solution, water, and a saline solution, dried

o@é%rﬁ%?&%%@dﬁﬁﬁrsul% aﬁﬁt@dﬁb%?lutrﬁféﬁ?qri%réﬁaﬁﬁd“ﬁﬁde
e MOy S SR el it o
fractionds)xwas epneenirated Q obtair hes=1/0-1/1 gradient) and
desired fractions were concentrated to obtain the title
compound (1.92 g, 29.1% yield) as a colorless oil.
'H NMR(400MHz, DMSO-dg)&ppm; 1.41(3H, s), 3.64-3.76 (4H,
m), 3.80-3.88(4H, m), 4.33(2H, s), 7.50-7.57(2H, m),
7.64-7.70(1H, m), 7.92-8.00(2H, m).
(5¢) (8-methyl-1,4,7,9-tetraoxaspiro[4.5]dec-8-
yl)methanol

[0143]

[Formula 47]

oy
o/ij\o
Ho/\j‘\O
[0144)]

To a THF (10 ml) and methanol (5 ml) solution
of the (8-methyl-1,4,7,9-tetraoxaspiro[4.5]dec-8-
yl)methyl benzoate (1.92 g, 6.52 mmol) obtained in the
step (5b), a 1IN aqueous sodium hydroxide solution (10
ml, 10 mmol) was added and stirred at room temperature
for one hour. The reaction mixture was extracted with
dichloromethane (50 ml) four times, dried over

anhydrous sodium sulfate, and then, concentrated. The
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title compound (312 mg, 26.1% yield) as a light yellow solid. 15 1H
NMR(400MHz, DMSO-d6)8ppm; 1.44(3H, s), 2.11(3H, s), 3.65-3.75(4H,
m), 3.85(4H, s), 4.08(2H, s), 4.51(2H, d, J=SHz), 4.97(1H, t, J=SHz),
6.99(1H, d, J=6Hz), 8.20(1H, d, J=6Hz). (5f)
2-(((3-methyl-4-((8-methyl-1,4,7,9209 -
tetraoxaspiro[4.5]dec-8-yl)methoxy)pyridin-2-

yIpREfyDETo FIRdSeihAfdazble” fPLAD fRSrhRa B0] ©-) OB 0<d--$0 N

\IN-SNN H-102-[0150] To a THE (7 ml) salution of the (3-methyl-4-
(G 17 S A ol Sl o v o BEEAE A
ylimethoxy)pyyiding2y)meihaeel($12 mag.4k90Q ramoh) S-ehiained indhe
step (Se), triethylamine (0.30 ml, 2.15 mmol) was added at room
teroperature pardithen oigthanesuifonylichleridef@e2ml, 1551@nwl)
was added under cooling in an ice-salt bath and stirred for 30 minutes in

th%os_a{}ﬁe %E)ﬁ&_ﬂbn@.s’T G tEreaRti6R 16%nixture, a saturated aqueous
solytion 9f SOHMAY. . pMso-d. ) Sppm; 1.24(3H, s), 3.33(2H, d,

J=6Hz), 3.60(4H, s), 3.80-3.85(4H, m), 4.81(1H, t,

J=6Hz) .

(5d) 2,3-dimethyl-4-((8-methyl-1,4,7,9-

tetraoxaspiro[4.5]dec-8-yl)methoxy)pyridine l-oxide
[0145]

[Formula 48]

[0146]

To a dimethylsulfoxide (15 ml) solution of
the (8-methyl-1,4,7,9-tetraoxaspiro[4.5]dec-8-
yl)methanol (1.11 g, 5.82 mmol) obtained in the step
(5¢c), sodium hydride, in oil (326 mg, 8.15 mmol as the
content was regarded as 60%) was added at room
temperature in a nitrogen atmosphere. The mixture was
stirred for 30 minutes in the same conditions. To the
reaction mixture, 4-chloro-2,3-dimethylpyridine l-oxide
(917 mg, 5.82 mmol) was added at room temperature and

the reaction mixture was stirred at 70°C for 4.5 hours.
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hydrogen carbonate and ethyl acetate were added. The aqueous layer

was extracted with ethyl acetate. Organic layers were combined, washed
with water and a saline solution, dried over anhydrous sodium sulfate, 15
and concentrated. The obtained residue was dissolved in ethanol (6 ml).
To the resultant solution, 2- mercapiaizenzimidazole (150 mg, 1.00 mmol)
and sodium hydroxide (160 mg, 4.00 mmol) were added and stirred at

roont tétfiperatare fOr 16 5 Fouts SARE R TeacHiGH 20 MRixiure wes1due

concentratedf -N'g[ gglca el was adedled to. the resllgue and the mgdure was

dried. The obtained” Erude 6r%%ugt was %%Jlrllﬁléld %yr3| F(l:%tgo cofurmn

chromatograpby (elition selvept: heptane/ethyt acetate=1/0y 1£1+6/1
gradient) and desired fractions 25 were concentrated to obtain the title
compdurd (37 amY, B85 0%eyield) astal white fearn. THINMR{460MEIzE 0
DMSO-d6)8ppm; 1.43(3H, s), 2.21(3H, s), 3.66-3.76(4H, m), 3.85(4H, s),
4 08AATS) B BB(BH L 165707 0B (1t 03011507 07- 7 A, . =

7,37-7,50(2H, m), 8.22(1H, d, J=6Hz), 12.59(1H, br s). (59)
Zf%gS@rﬁegﬁ%A-((&methyl-l,4,7,9-

tetraoxmspiraldrajdec-Brmdmethe8y)myFidn:2253H, s), 2.12(3H, s),
yl)methyl)sulfinyl)-1H-benzimidazole [0151] [Formula 51] O-) OO0 o
2.33(3H, s), 3.65-3.75(4H, m), 3.85(4H, s), 4.07(2H,
s), 7.00(1H, d, J=7Hz), 8.07(1H, d, J=7Hz).
(5e) (3-methyl-4-((8-methyl-1,4,7,9-
tetraoxaspiro[4.5]dec-8-yl)methoxy)pyridin-2-
yl)methanol
[0147]

[Formula 49]

[0148]

The 2,3-dimethyl-4-((8-methyl-1,4,7,9-
tetraoxaspiro[4.5]dec-8-yl)methoxy)pyridine l-oxide
(1.20 g, 3.84 mmol) obtained in the step (5d) was mixed
with acetic anhydride (10 ml). To the mixture,
triethylamine (0.8 ml, 5.74 mmol) was added and the

mixture was stirred at 50°C for 2 hours. The reaction

mixture was concentrated and methanol (10 ml) was added

to the residue. Thereafter a 5N aqueous sodium
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0--$0 NO S\N N H [0152] To a toluene (8.1 ml) and methanol (0.9 ml)

10 solution of the 2-(((3-methyl-4-((8-methyl-1,4,7,9-
tetraoxaspiro[4.5]dec-8-yl)methoxy)pyridin-2
yl)methyl)thio)-1H-benzimidazole (372 mg, 0.84 mmol) obtained in the

step (5f), a toluene (2.7 ml) and metbanael (0.3 ml) solution of
3-chloroperbenzoic acid 15 (200 mg, 0.76 mmol as the content was
régafded a8 6596)L Wasdded dropwisesatr88eto-80ET8r 16 Aintfes iAd

a nitrogen atmosphere, The mixture was stirt at.-60% to -50C far,1.5
PSS LR Rt fint CAPRAAIEN By Baing 15 OF & Sotorafed he

aquequs-selution ek sedium, 29 hydregencarbonatesatihe samen
temperature. The mixture was extracted with 50 ml of chloroform twice,

and then; dlke erganic tayer Wasldriedeover@nbydrous sbdiuptisulfete and
concentrated. The obtained crude - 104 product was purified by silica gel

cAItH® ERfbnatogRpHy (NH giliEQ%e{%ﬁ’tﬁErPébl{?éﬁ%FBﬁﬁ/l was diluted
acetate/meihanol=1/0-4/1 gray '_Sn?oﬁé‘dodfeg%rﬁgcfr%‘é@;%’}s‘<¥ '€ washed

concentrated. The obtained white foam 5 was re-precipitated wit
chioraform anddietbyl.ethep ang-filteyed.ckieieperation was, repgatad, and

twice to obtain the title compound (148 mg, 38.4% vyield) as a
a saline solution, dried over anhydrous sodium sulfate
and concentrated. The obtained crude product was
purified by silica gel column chromatography (elution
solvent: ethyl acetate/methanol=1/0-4/1 gradient) and a
desired fraction(s) was concentrated to obtain the
title compound (312 mg, 26.1% yield) as a light yellow
solid.
'H NMR(400MHz, DMSO-ds)dppm; 1.44(3H, s), 2.11(3H, s),
3.65-3.75(4H, m), 3.85(4H, s), 4.08(2H, s), 4.51(2H, d,
J=5Hz), 4.97(1H, t, J=5Hz), 6.99(1H, d, J=6Hz),
8.20(1H, d, J=6Hz).
(5f) 2-(((3-methyl-4-((8-methyl-1,4,7,9-
tetraoxaspiro[4.5]dec-8-yl)methoxy)pyridin-2-
yl)methyl)thio)-1H-benzimidazole

[0149]

[Formula 50]

5 F
|

0
\
©:N>_S SN
H
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white solid. 1H NMR(400MHz, DMSO-d6)8ppm; 1.43(3H, s), 2.14(3H, s),
10 3.65-3.77(4H, m), 3.85(4H, s), 4.09(2H, s), 4.69(1H, d, J=14Hz),
4.78(1H, d, J=14Hz), 7.02(1H, d, J=6Hz), 7.20- 7.32(2H, m),
7.53-7.70(2H, m), 8.20(1H, d, J=6Hz). (5h)
2-(((3-methyl-4-((8-methyl-1,4,7,9- 102 -
tetraoxaspiro[4.5]dec-8-yl)methoxy)pyridin-2- 15

yl)methyhSdfiRyl)-1H- benzimidazole sodium salt [0153] [Formula 52] 0 O

O~00 NO\I ~S IN ﬁdOlﬁé}]] n ethanol ig%sol t|on o{ltkie

2-(((3- 20 methyl -4 ?(8 met 9:te raoxasplro ec-8-
ylhmethexyipyridin-2-yhmethy)sulfinyds 1Hr benzimjdazole (147 mg, 0.32

mmol) obtained in the step (5g),a 1N aqueous sodium hydroxide solution
(320)gle£ 105 0.82 mmdl)-was/added: atroom tehh e rature lan@Ostirmedl for
10 minutes and thereafter, the mixture was concentrated. Methanol was

aQdER IR reBiduReantt Wndettated LAREPHISBIEALON wiS répeated! °
twige,,3 digthyl etheryvas added apd the obtained suspension was

methanesulfonyl chloride (0.12 ml, 1.55 mmol) was added
under cooling in an ice-salt bath and stirred for 30
minutes in the same conditions. To the reaction
mixture, a saturated aqueous solution of sodium
hydrogen carbonate and ethyl acetate were added. The
aqueous layer was extracted with ethyl acetate.

Organic layers were combined, washed with water and a
saline solution, dried over anhydrous sodium sulfate,
and concentrated. The obtained residue was dissolved
in ethanol (6 ml). To the resultant solution, 2-
mercaptobenzimidazole (150 mg, 1.00 mmol) and sodium
hydroxide (160 mg, 4.00 mmol) were added and stirred at
room temperature for 16.5 hours. After the reaction
mixture was concentrated, NH silica gel was added to
the residue and the mixture was dried. The obtained
crude product was purified by silica gel column
chromatography (elution solvent: heptane/ethyl
acetate=1/0, 1/1-0/1 gradient) and desired fractions
were concentrated to obtain the title compound (377 mg,
85.0% yield) as a white foam.

'H NMR(400MHz, DMSO-ds)dppm; 1.43(3H, s), 2.21(3H, s),

3.66-3.76(4H, m), 3.85(4H, s), 4.09(2H, s), 4.68(2H,
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allowed to stand. After the supernatant liquid was discarded, the residue
was dried by a vacuum pump to obtain the title compound (147 mg,

95.4% yield) as a white solid. 10 'H NMR(400MHz, DMSO-d6)8ppm;
1.43(3H, s), 2.18(3H, s), 3.66-3.76(4H, m), 3.85(4H, s), 4.07(2H, s),
4.36(1H, d, J=13Hz), 4.81(1H, d;-Jx03Hz), 6.78-6.88(2H, m), 6.99(1H, d,
J=6Hz), 7.38-7.46(2H, m), 8.27(1H, d, J:6Hz£. 15 (Example 6)
230(4-((2-Piethéxy-43-diokERb. 7-07-7.14(2H, m), 7.37-7.50(2H,

ylmethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H- benzimidazole
so‘)ng;ﬂnr]%a%( [%irES] Fofﬁjrﬁl%}g.%%] Kﬂé&sﬂ%{] r\)[%rN 0 20 [0156] (6a)
(2cmeshaxy k 3sdipxan-5ryimathanal+ 106 - 0157]{Formula 54] HOXO 0
0 [0158] A mixture of 2-(hydroxymethyl)-1,3 5 propanediol (1.7 g, 16

minedl); dimetipyl oethéforingte (B -mll bl tnomol), andiptioluénesulfonic

acid monohydrate %2,75 mg, 1.6 mmol) was stirred at room temperature
kﬁl)methyl)sul inyl)-1H-benzimidazole

[0151]

[Formula 51]

T3
0 @)
@g\%gﬂ\@

To a toluene (8.1 ml) and methanol (0.9 ml)

[0152]

solution of the 2-(((3-methyl-4-((8-methyl-1,4,7,9-
tetraoxaspiro[4.5]dec-8-yl)methoxy)pyridin-2-
yl)methyl)thio)-1H-benzimidazole (372 mg, 0.84 mmol)
obtained in the step (5f), a toluene (2.7 ml) and
methanol (0.3 ml) solution of 3-chloroperbenzoic acid
(200 mg, 0.76 mmol as the content was regarded as 65%)
was added dropwise at -55°C to -50°C for 10 minutes in a
nitrogen atmosphere. The mixture was stirred at -60°C
to -50°C for 1.5 hours. The reaction was terminated by
adding 12 ml of a saturated aqueous solution of sodium
hydrogen carbonate at the same temperature. The
mixture was extracted with 50 ml of chloroform twice,
and then, the organic layer was dried over anhydrous

sodium sulfate and concentrated. The obtained crude



22 hours. To the reaction mixture, triethylamine (447 JI1) was added and
the mixture was concentrated. The 10 residue was purified by silica gel
column chromatography (elution solvent: heptane/ethyl acetate) to obtain
the title compound (1.4 g, 59.1% vyield), which is a cis and trans (1:1)
mixture, as a light yellow oil. 15 1HINMIR{(400MHz, CDC13)8ppm;
1.85-1.92(0.5H, m), 1.93- 2.04(0.5H, m), 3.34(1.5H, s), 3.41(1.5H, s),
@O@%f(swam)p%e{mddm—ﬂlﬂﬂ%) %ésawlaaw 6, 12Hz),

J=4 12H 22( 525 H, s). 20.(6b
2&gme o@rf % di oﬁq r%? 5 yl)fnet%ogé)l glr%et%g})lpyn mequt OXIdeh]}/017
- [0450) [Formuia 5L =010 @@1@%5%@@%@&%@1@%@0 mi)
solution of 5 the (2-methoxy-l,3-dioxan-5-yi)ymethanol (2.0 g, 13.5 mmol)
olftainediinrthe sante mannenodfstepd6a), Sodiuv ta/dniee, inhdit € 70omag,
14.9 mmol as the content was regarded as 55%) was added at room

5 tefAerafirB I TG te iikfitte "4 chioiB-03 Aty gy idfeeHoxie (2 ex
’a:l’l%1§ 51@ Qljwas gdded t@%ﬂ'x was slired;at 60G Jfor 8.5
hours. A er t e reaction mixture was COO tO room temperature, it was
comentratedcrheitesidueompound (148 mg, 38.4% yield) as a

white solid.
'H NMR(400MHz, DMSO-ds)dppm; 1.43(3H, s), 2.14(3H, s),
10 3.65-3.77(4H, m), 3.85(4H, s), 4.09(2H, s), 4.69(1H, d,
J=14Hz), 4.78(1H, d, J=14Hz), 7.02(1H, d, J=6Hz), 7.20-
7.32(2H, m), 7.53-7.70(2H, m), 8.20(1H, d, J=6Hz).
(5h) 2-(((3-methyl-4-((8-methyl-1,4,7,9-
tetraoxaspiro[4.5]dec-8-yl)methoxy)pyridin-2-
15 yl)methyl)sulfinyl)-1H-benzimidazole sodium salt

[0153]

[Formula 52]

[0154]
To an ethanol (4 ml) solution of the 2-(((3-
20 methyl-4-((8-methyl-1,4,7,9-tetraoxaspiro[4.5]dec-8-
yl)methoxy)pyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole (147 mg, 0.32 mmol) obtained in the step

(5g),a 1N aqueous sodium hydroxide solution (320 ui,



was purified by silica gel column chromatography (NH silica gel, elution
solvent: ethyl acetate/methanol) to 15 obtain the title compound (1.8 g,
49.5% vyield), which was a cis and trans (1:1) mixture, as a yellow oil. 1H
NMR(400MHz, CDC13)8ppm; 2.12-2.30(1H, m), 2.20(3H, s), 2.54(3H, s),
3.41(1.5H, s), 3.45(1.5H, s), 3.77- (1d5dd, J=4, 12Hz), 4.01(1H, dd, J=4,
12Hz), 4.08 20 4.26(3H, m), 4.39(1H, dd, J=4, 12Hz), 5.28(0.5H, s),
52963 5FM3Y, )6.85(®. 51196 I=BHA C6BOIGBAS 82 U8R 23 18l 1505 H <6,

J=8Hz), 8.16(0.5H, d, J=8Hz). (6c |
D ARt S ol ecer the mixtuce wag ol

103 n 0461 HEormula pRIHHOK 0162} Ihgdded to the residue and
4-((2-methoxy-l,3-dioxan-5-yi)methoxy)- 5 2,3-dimethylpyridine 1-oxide

(1-8 g ér68rmb)cabtaindd tierthelstep (Gly) weds. mixedawitlr @cetic anhydrides,
(8_ml). The mixture was stirred at 100C for 2 hours. After cooled to room

5t GHire SthTeatifich Afiktife W4S Ediicentratdd ifiderertesd o was
ﬁ;?edﬁ%%e& 0{8?&%@?&”“%9&% aq [ae(lthL;;B'%é‘HQt%%@ aApeqys spdium

roxide solution (5 ml) were added and the mixture was stirred at room

temperattiedor ¥mboutss TheereacionMixturgywas censenitaiadnand the
residue was separated with a saturated saline solution and ethyl 15
acdtarel Thehsrganicllaysromasdridd 6Vér’amiydr8as 4% yield) as a

white solid.

10 'H NMR(400MHz, DMSO-d¢)d&ppm; 1.43(3H, s), 2.18(3H, s),
3.66-3.76(4H, m), 3.85(4H, s), 4.07(2H, s), 4.36(1H, d,
J=13Hz), 4.81(1H, d, J=13Hz), 6.78-6.88(2H, m),
6.99(1H, d, J=6Hz), 7.38-7.46(2H, m), 8.27(1H, d,
J=6Hz) .

15 (Example 6) 2—-(((4-((2-methoxy-1,3-dioxan-5-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0155]

[Formula 53]

Na

u O
S O

20 [0156]

(6a) (2-methoxy-1,3-dioxan-5-yl)methanol
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magnesium sulfate, filtered, concentrated and the residue was purified by
silica gel column chromatography (elution solvent: heptane/ethyl acetate,
ethyl acetate/methanol) to obtain the title compound 20 (0.41 g, yield:
22.8%), which is a cis and trans (1:1) mixture, as a yellow oil. 1H
NMR(400MHz, CDC13)8ppm; 2.04@% s), 2.12-2.22(0.5H, m),
2.24-2.32 0.5H, m), 3.41(1.5H, s), 3.44(1.5H, s), 3.79(1H, dd, J=4, 12Hz),
4.01(1H,[dd,JEY, 12Hz), 4.10 25 4.20(2H, m), 4.23(1H, d, J=8Hz),
gg% qd J5 - 109 12Hz), 4.66(2H, s), 4.86(1H, bs), 5.28(0.5H, s),
GEHS), %73(0.5H, d, J=8Hz), 6.76(0.5H, d, J=8Hz), 8.31(0.5H, d,
J=8Hz),8.32(0.5H, d, J=8Hz). (6'_?3
2-(((4-((2-methoxy-I,3-dioxan-5-yl)met oxyg\s 5
methylpyridin-2-yl)methyl)thio)-1H-benzi@ida@ole [0163] [Formula 57] N
N/~O'H O [0164] To a tetrahydrofuran (delhydrated) (10 ml) 10 solution
of the (4-((2-methoxy-1,3-dioxan-5
yI)metho ethylpyridin-2-yl)methanol (0.41 g, 1.52 mmol) obtained
in the step %6 %Tand triethylamine (1.06 ml, 7.61 mmol), methanesulfonyl

chloride (176 |, 2.2/ shamel) was added, drepwise tnder ice;cpoling in a 15
nitrogen atmosphere. The mixture was stirred for 1.5 hours in the same
coditenss Toothe (hixture, 216 mmol), trimethyl orthoformate (7

ml, 64.1 mmol), and p-toluenesulfonic acid monohydrate
(275 mg, 1.6 mmol) was stirred at room temperature for
22 hours. To the reaction mixture, triethylamine (447
Ll) was added and the mixture was concentrated. The
residue was purified by silica gel column
chromatography (elution solvent: heptane/ethyl acetate)
to obtain the title compound (1.4 g, 59.1% yield),
which is a cis and trans (1:1) mixture, as a light
yellow oil.

'H NMR(400MHz, CDCls)dppm; 1.85-1.92(0.5H, m), 1.93-
2.04(0.5H, m), 3.34(1.5H, s), 3.41(1.5H, s), 3.62-
3.84(3H, m), 3.90(1H, dd, J=4, 12Hz), 4.03(lH, dd, J=6,
12Hz), 4.27(1H, dd, J=4, 12Hz), 5.22(0.5H, s),
5.25(0.5H, s).

(6b) 4-((2-methoxy-1,3-dioxan-5-yl)methoxy)-2,3-

dimethylpyridine l-oxide
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mercaptobenzimidazole (228 mg, 1.52 mmol) was added and stirred at
room temperature for 20 hours. The reaction mixture was poured into a
saturated aqueous solution of 20 sodium hydrogen carbonate and
extracted with ethyl acetate. The organic layer was dried over anhydrous
magnesium sulfate, filtered and concentrated. The residue was purified
by silica gel column chromatography (elution solvent: heptane/ethyl
acetate) 2%t bbtain the title compound (324 mg, 53.1% yield), - 110
Wwfm IS a.h%_s‘ an trans (1:1) mixture, as a light yellow foam. 1H
NMR(@00MHZ, €DC13)8ppm: 2.12-2.24(1H, m), 2.27(3H, s), 3.41(1.5H,
s), 3.44(1.5H, s), 3.79(1H, dd, J=4, 5.12Hz), 4.02(1H, dd, J=4,
12Hz),4.12-4.20(2H, m), 4.27(1H, & J=8Hz)P4.38(2H, s), 4.36-4.44(1H,
m), 5.27(0.5H, s), 5.29(0.5H, ¥8(0. U,)oed:SHz), 6.82(0.5H, d,
J=8Hz), 7.15-7.24(2H, m), 7.43- 150 H, m), 1.58-7.67(1H, m),
8.35-8.44(1H, m). 10 (6e) 2-(((4-((Alimethoxy-1,3-dioxan-5-yi)methoxy)-3-
methylpyridin-2-y1)methyl)sulfinyl)@H-benzimidazole [0165] [Formula 58]
I\N~O OHN O [0166] 15 To a toluene/methanol (10:1) (20 ml) solution
of the 2-(((4-¢(@3methoxy-1,3-dioxan-5-yi)methoxy)-3-
methylpyridin-2-yi)methyl)thio)-1H-benzimidazole (324

To a dimethylsulfoxide (10 ml) solution of

the (2-methoxy-1,3-dioxan-5-yl)methanol (2.0 g, 13.5
mmol) obtained in the same manner of step (6a), sodium
hydride, in oil (770 mg, 14.9 mmol as the content was
regarded as 55%) was added at room temperature. To the
mixture, 4-chloro-2,3-dimethylpyridine l-oxide (2.13 g,
13.5 mmol) was added and the mixture was stirred at 60°C
for 2.5 hours. After the reaction mixture was cooled
to room temperature, it was concentrated. The residue
was purified by silica gel column chromatography (NH
silica gel, elution solvent: ethyl acetate/methanol) to
obtain the title compound (1.8 g, 49.5% yield), which
was a cis and trans (l:1) mixture, as a yellow oil.

'H NMR(400MHz, CDCls)dppm; 2.12-2.30(1H, m), 2.20(3H,
s), 2.54(3H, s), 3.41(1.5H, s), 3.45(1.5H, s), 3.77
(1H, dd, J=4, 12Hz), 4.01(1H, dd, J=4, 12Hz), 4.08-
4.26(3H, m), 4.39(1H, dd, J=4, 12Hz), 5.28(0.5H, s),
5.29(0.5H, s), 6.65(0.5H, d, J=8Hz), 6.69(0.5H, d,
J=8Hz), 8.15(0.5H, d, J=8Hz), 8.16(0.5H, d, J=8Hz).

(6c) (4-((2-methoxy-1,3-dioxan-5-yl)methoxy)-3-

methylpyridin-2-yl)methanol
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mg, 807 pmol) obtained in the step (6d), a toluene/methanol (10:1) (5 ml)
solution of 3 20 chloroperbenzoic acid(528 mg, 1.99 mmol as the content
was regarded as 65%) was added dropwise at -50C to - 60C for 5 minutes
in a nitrogen atmosphere. The mixture was stirred for 2 hours in the same
conditions. To the reaction mixture;a Saturated aqueous solution 25 of
sodium hydrogen carbonate was added and the - 111 resultant mixture
was extralte@tith ethyl acetate. The organic layer was dried over
aﬂl%drroyﬁ gogig sulfate, filtered and concentrated. The residue was
p rlflednby silica gel column chromatography (NH silica 5 gel, elution
solvent: ethyl acetate/methanol) to obtai title compound (337 mg,
65.9% vyield), which is a cis and transy(1:1) mixture, as a light yellow
foam. MS m/e (ESI) 418 (MH)', 4 ) 0
2-(((4-((2-methoxy-1,3-dioxarnub:yi)methoxy)-3- 10
methylpyridin-2-y|)methy|)suIfinyI)-lH%enzimidazoIe sodium salt [0167]
[Formula{?%hk\%h 0 O~0O S\ NaNJO [0168] 15 To an ethanol (10 ml)
solution of the 2-(((4-
((2-methoxy-1,3goxanG-yhmethoey-3tmethydppitin-2- v1) met hoxy) -
yl)methyl)sulfinyl)-1H-benzimidazole (222 mg, 532 mol)
2,3-dimethylpyridine l-oxide (1.8 g, 6.68 ml) obtained

in the step (6b) was mixed with acetic anhydride (8
ml). The mixture was stirred at 100°C for 2 hours.
After cooled to room temperature, the reaction mixture
was concentrated under reduced pressure. To the
residue, methanol (10 ml) and a 5N aqueous sodium
hydroxide solution (5 ml) were added and the mixture
was stirred at room temperature for 15 hours. The
reaction mixture was concentrated and the residue was
separated with a saturated saline solution and ethyl
acetate. The organic layer was dried over anhydrous
magnesium sulfate, filtered, concentrated and the
residue was purified by silica gel column
chromatography (elution solvent: heptane/ethyl acetate,
ethyl acetate/methanol) to obtain the title compound
(0.41 g, yield: 22.8%), which is a cis and trans (1:1)
mixture, as a yellow oil.

'H NMR(400MHz, CDCls)dppm; 2.04(3H, s), 2.12-2.22(0.5H,
m), 2.24-2.32(0.5H, m), 3.41(1.5H, s), 3.44(1.5H, s),
3.79(1H, dd, J=4, 12Hz), 4.01(1H, dd, J=4, 12Hz), 4.10-

4.20(2H, m), 4.23(1H, d, J=8Hz), 4.38(1H, dd, J=4,
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obtained in the step (6e), a 1N aqueous sodium hydroxide solution (532
gi, 532 pmol) was added at room 20 temperature and stirred for one hour.
The mixture was concentrated and the residue was dissolved in ethanol.
Thereatfter, diethyl ether was added to the mixture and the mixture was
ultrasonically treated. The resulting 1salid-was collected by filtration in a
nitrogen 25 atmosphere. The solid was dried under reduced pressure -

11218 lobtdinGhé title c%?npo‘bn%%éli mg Sield>83.444); Which was a cis

NSO UB)Sbm: 311402 SLUH, R, 2 16(3ht 8 L), 3166 3 7A(LE i)

32ZEL5H, sp 328(3.3H,S)a ,3-66-3u£6(1Hl, D 3.88:4.04(2H19)2 )
4.09(1H, dd, J=4, 12Hz), 4.16-4.23(1H, m), 4.35(1H, d, J=13Hz),
4.82¢0H 2 d( J4E3HZYR, S512ADSH; 5), 527 (25N S| -6y83(2ek; dx =33 -
6Hz), 6.93(1H, d, J=6Hz),7.41(2H, dd, J=3, 6HZ) 10 8.26(1H, d, J=6Hz).
N@?ﬁ%?h?gﬁMﬁbﬂmﬁ@yl&ﬁé%ﬂﬁébﬁhlo “benzimidazole

2-(((4- ((2[8 Is| :Jluoromethyl) -1,3-dioxan-
5- yI)methoxy -3-methylpyridin-2-yl)methyl)sulfinyl)-1H- benzimidazole
sqadivmsalt 1570169] [Formula 60]\N~O O NaN OtI F F [0170]

N @]
©: H\>_S¥© ho
|

To a tetrahydrofuran (dehydrated) (10 ml)

[0164]

solution of the (4-((2-methoxy-1,3-dioxan-5-
yl)methoxy)-3-methylpyridin-2-yl)methanol (0.41 g, 1.52
mmol) obtained in the step (6c) and triethylamine (1.06
ml, 7.61 mmol), methanesulfonyl chloride (176 ul, 2.27
mmol) was added dropwise under ice-cooling in a
nitrogen atmosphere. The mixture was stirred for 1.5
hours in the same conditions. To the mixture, 2-
mercaptobenzimidazole (228 mg, 1.52 mmol) was added and
stirred at room temperature for 20 hours. The reaction
mixture was poured into a saturated agqueous solution of
sodium hydrogen carbonate and extracted with ethyl
acetate. The organic layer was dried over anhydrous
magnesium sulfate, filtered and concentrated. The
residue was purified by silica gel column
chromatography (elution solvent: heptane/ethyl acetate)

to obtain the title compound (324 mg, 53.1% yield),



(7a) (2,2-bis(fluoromethyl)-1,3-dioxan-5-yl)methanol [0171] 20 [Formula
61] HO, O F F [0172] A mixture of 2-(hydroxymethyl)-1,3 - 113
propanediol (2.2 g, 20.7 mmol), 1,3-difluoroacetone (3.89 g, 41.4 mmol),
trimethyl orthoformate (3.44 ml, 20.7 mmol), and p-toluenesulfonic acid
monohydrate (356 mg, 2.07 mmel)mas stirred at 60C for 10 hours. After
5 completion of the reaction, triethylamine (577 xI) was added to the
rédetien migtute SwRicARPas-theRs cdAcentrdiéd: “rH¢restdueiwas Pafified
bg/ gqi?a ‘?e coIInumn chromatography (elution solvent: heptane/ethyl
aceta e? 0 oBEaIn the title compound (1.6 g, yield: 10 43.4%) as a light

yellowaik 14t NMR(4000Hz,) §DEA.3)8ppm;-2.9742.10(1K,)m), 8. 22-(31,
3.82(2H, m), 3.87(2H, dd, J=4, 12Hz), 4.10(2H, dd, J=4, 12Hz), 4.46(2H,
dd,J=2 48HF),.£87(2H, dd3 J&2,(48HE). 5 (7. 79 (1H, dd, J=4,

411:( 2 2-bis(fluoromethyl)-1,3-dioxan-5é— l__?/21?methoxy)-.2230-((jEr?l?th%l)p}/ridine

it {0 £73]{-dfmuldhz) 60 XEEz) /4. 1271

4.27(1H, d, J=8Hz), 4.38(2H, s), 4.36-4.44(1H, m),

5.27(0.5H, s), 5.29(0.5H, s), 6.78(0.5H, d, J=8Hz),

6.82(0.5H, d, J=8Hz), 7.15-7.24(2H, m), 7.43-7.50(1H,

m), 7.58-7.67(1H, m), 8.35-8.44(1H, m).

(6e) 2—-(((4-((2-methoxy-1,3-dioxan-5-yl)methoxy)-3-

methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole
[0165]

[Formula 58]

[0166]

To a toluene/methanol (10:1) (20 ml) solution
of the 2-(((4-((2-methoxy-1,3-dioxan-5-yl)methoxy)-3-
methylpyridin-2-yl)methyl)thio)-1H-benzimidazole (324
mg, 807 umol) obtained in the step (6d), a
toluene/methanol (10:1) (5 ml) solution of 3-
chloroperbenzoic acid (528 mg, 1.99 mmol as the content
was regarded as 65%) was added dropwise at -50°C to -
60°C for 5 minutes in a nitrogen atmosphere. The
mixture was stirred for 2 hours in the same conditions.
To the reaction mixture, a saturated agqueous solution

of sodium hydrogen carbonate was added and the
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N* F 0[0174] 20 To a dimethylsulfoxide (10 ml) solution of the
(2,2-bis(fluoromethyl)-1,3-dioxan-5-yi)methanol (1.6 g, 8.98 mmol)
obtained in the step (7a), sodium hydride, in oil (431 mg, 9.88 mmol as
the content was regarded as 55%) was added at room temperature. To
the - 114 mixture, 4-chloro-2,3-dimethylpyridine 1-oxide (1.42 g, 8.98
mmol) was added and the mixture was stirred at 60C for 2 hours. After
tHEYEREHioR ikt WaS cBfedie- Fosth tempeFdtury; ititas E6itcerrated

ur}%%r reduced 5 pressure, The residgle Wasrpurirflikelzd(:@/osigcasgbl. column

chromato r%lrbhf/ (eﬁﬁ’i%rr] sch)ﬁ/sén%re]tﬁy adetatéimetiianol) to obtain the

title,eempeund (1.63:9: dyiekk; 605%):-as ayeldqw oilp 1 NMR(408MKizs
CDC13)8ppm:; 2.19(3H, s), 2.26-2.36(1H, 10 m), 2.54(3H, s), 3.99(2H,

deh L I=4E 19D y4. 8 3(2H;d, 0328leD)] di@ 1 (2Hy dulpdoty idblz), 4MB(2H,1ica
dd, J=2, 48Hz), 4.62(2H, dd, J=2, 48Hz), 6.64(1H, d, J=8Hz), 8.14(1H, d,
JE@HZ)%ﬂﬂ?ﬁ%ﬁ&?Qﬂ&ﬁ86&Nﬁ&ﬂ¥54%§%&%%%4§9ﬁ?ano ) to obtain

{é@%@%ﬁ%&%ﬂ?ﬁ%%@diQ?gxi)%sﬁha@gl d91731IFQrmula 831,07 0 \p
cis and trans (1:1) mixture, as a light yellow foam.
MS m/e (ESI) 418 (MH)", 440 (MNa)"

(6f) 2-(((4-((2-methoxy-1,3-dioxan-5-yl)methoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole
sodium salt

[0167]

[Formula 59]

N 9 O
[:::[:3*‘3\_;?ij§_ﬂ75/\o
WA
|
[0168]

To an ethanol (10 ml) solution of the 2-(((4-
((2-methoxy-1,3-dioxan-5-yl)methoxy)-3-methylpyridin-2-
yl)methyl)sulfinyl)-1H-benzimidazole (222 mg, 532 Umol)
obtained in the step (6e), a 1IN agueous sodium
hydroxide solution (532 pnl, 532 umol) was added at room
temperature and stirred for one hour. The mixture was
concentrated and the residue was dissolved in ethanol.
Thereafter, diethyl ether was added to the mixture and
the mixture was ultrasonically treated. The resulting
solid was collected by filtration in a nitrogen

atmosphere. The solid was dried under reduced pressure



[0176] The 4-((2,2-bis(fluoromethyl)-1,3-dioxan-5- 20
yi)methoxy)-2,3-dimethylpyridine 1-oxide (1.63 g, 5.37 mmol) obtained in
the step (7b) was mixed with acetic anhydride (8 ml). The mixture was
stirred at 100C for 2 hours, cooled to room temperature, and then,
concentrated under reduced pressure.2Te the residue, 25 methanol (10
ml) and a 5N aqueous sodium hydroxide - 115 solution (5 ml) were added

afn@ tiPiixtre-was slifréd &Mt tngeraturedor 3 hotfs: The réadtion

mixture was concentrated.and the residue was separated between
s Elate) THE & orgahic ayer was Aried

W1l wa a _C an S
saturated ‘Safiné solution and eﬁﬁ)r/)l ac
overianhydeeusimagnesium sulfate, filtered, concentrated and the residue
was purified by silica gel column chromatography (elution solvent:
hé ptakiEfetiiyl Gldétate Pethy-acetdtasmettiariol)- fo dbtal thertitle 2. 18 (3H,
compound (385 mg, yield 23.6%) as a 10 yellow oil. 1H NMR(400MHz,

5 CBo15886mS 2. 0MAH, Sbrazte A0, 3101 (M2 84 L1oA 2tz
416 ~d,-)= , 4.21(2H, dd ,J=4, A48(2 «J=2, 48H
o (GH AT a0 ALy, S eBort ) 4 BA(IY ), 106 L, 1

4.62(2H, dd, J=2, 48HzJ, 4.66 1H, bs) ;) J=8Hz),

8.841H,, d,a1=8H2).. (78l) 2a(((4nl(2, 2shisFluomomeshyh)-1,Sedipxant582 (11,
yl)methoxy)-3-methylpyridin-2-yi)methyl)thio)-1H- benzimidazole [0177]
20 [Formid®sy] 5.24(0.5H, s), 5.27(0.5H, s), 6.83(2H, dd,

J=3, 6Hz), 6.93(1H, d, J=6Hz),7.41(2H, dd, J=3, 6Hz),
10 8.26(1H, d, J=6Hz).
MS m/e (ESI) 440 (MNa)”
(Example 7) 2—-(((4-((2,2-bis(fluoromethyl)-1,3-dioxan-
5-yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt.
15 [0169]

[Formula 60]

[0170]
(7a) (2,2-bis(fluoromethyl)-1,3-dioxan-5-yl)methanol
[0171]

20 [Formula 61]

[0172]

A mixture of 2-(hydroxymethyl)-1,3-



NO CHNOF F [0178] To a tetrahydrofuran (dehydrated) (20 ml)
solution of the (4-((2,2-bis(fluoromethyl)-1,3-dioxan - 116 -
5-yi)methoxy)-3-methyipyridin-2-yi)methanoi (385 mg, 1.27 mmoi)
obtained in the step (7c) and triethylamine (885 1, 6.35 mmoi),
methanesuifonyi chloride (177 1,-2283mmoi) was added dropwise under
ice-cooling in a 5 nitrogen atmosphere. The mixture was stirred for 1.0
hBURIRE Safe tichs. 9 -the®@&ction rixdarét f Luoroacetone
2-mercaptobenzimidazole (191 mg, 1.27 mmoi) was added and stirred.at
room ?egmgéra?ér'e or 10 %%)Urélc.rﬁh%éel%é c io%rr%& ur%rVngCSo r%d%%tomal ’

satyratedrgueous 49 solution efrsodium dydrogen earhgnate@ithte (356
extracted with ethyl acetate. The organic layer was dried over anhydrous
nragnesiufV sulfateé ) filtlered aintcondentrated” CThe residué wasspurifisfter
by silica gel column chromatography (elution solvent: heptane/ethyl

5 aE5EE) 15 oA HE HE Tonipotmd (305 e, YIBIE S5, 196) adl o ighte
%%J!%EP NNRAQOMHz, & @&%@P%&%@%‘%ﬁ% 0-2.38(1H,

, 4.01(2% ﬂ J=4, 12Hz), 4.18(2H, d, 3=8Hz), 4.22 , J=4,
1232): 4a38(2H:8), 4.46(2QH: dleli w2, 2:48H2); A:62(@Hy> Wds IF2,48H2)1

6.79(1H, d, J=8Hz), 7.15-7.23(2H, m), 7.42-7.50(1H, m), 7.56-7.66(1H,
myo BBR(1Ehdoregidg); aphy (elution solvent: heptane/ethyl
acetate) to obtain the title compound (1.6 g, yield:
10 43.4%) as a light yellow oil.
'H NMR(400MHz, CDCls)dppm; 1.97-2.10(1H, m), 3.72-
3.82(2H, m), 3.87(2H, dd, J=4, 12Hz), 4.10(2H, dd, J=4,
12Hz), 4.46(2H, dd, J=2, 48Hz), 4.57(2H, dd, J=2,
48Hz) .
15 (7b) 4-((2,2-bis(fluoromethyl)-1,3-dioxan-5-
yl)methoxy)-2,3-dimethylpyridine l-oxide
[0173]

[Formula 62]

| @)
NY F
|
o
[0174]
20 To a dimethylsulfoxide (10 ml) solution of

the (2,2-bis(fluoromethyl)-1,3-dioxan-5-yl)methanol
(1.6 g, 8.98 mmol) obtained in the step (7a), sodium
hydride, in o0il (431 mg, 9.88 mmol as the content was

regarded as 55%) was added at room temperature. To the
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(7e) 2-(((4-((2,2-bis(fluoromethyi)-1,3-dioxan-5-
yi)methoxy)-3-methylpyridin-2-yi)methyl)sulfinyl)-IH- 25 benzimidazole -
117 - 0179] [Formula 65] NSO~O HNfO'F F [0180] To a
toluene/methanol (10:1) (20 ml) solution 5 of the
2-(((4-((2,2-bis(fluoromethyl)-1,3-diaxean-5-
yl)methoxy)-3-methylpyridin-2-yl)methyl)thio)-1H- benzimidazole (305 mg,
700 pRibTCobtainedif tRe $tep ¢rA) AltohievEAdthandr@OLDY5 MY 42 9/

sojutign of 3- chloroperbenzoic acid (167 mg, 630 pmol as the content 10 .
s o e e B AT S B BB TR O T gl

ins pitrogen atmosphere. 1 hen Mixtdre-was stirreddar-2 hpyts indbesame
conditions. To the reaction mixture, a saturated aqueous solution of

sadiom Mharoger carbonate was added@ntthetEsiresuttant mbdureadas
extracted with ethyl acetate. The organic Iaﬁg was dried over anhydrous

sEAiGMS Shffate, filtsrel St ehcEntraldl: TheS@sidteSds Furifigd by
g um eIy e gt st ot
a light yellowdeamnMS mie (ESDAB2(MK , 474(MN&dmpound (1.63 g,
yield: 60.6%) as a yellow oil.
g NMR (400MHz, CDCl3)8ppm; 2.19(3H, s), 2.26-2.36(1H,
m), 2.54(3H, s), 3.99(2H, dd, J=4, 12Hz), 4.13(2H, d,
J=8Hz), 4.21(2H, dd, J=4, 12Hz), 4.45(2H, d4dd, J=2,
48Hz), 4.62(2H, dd, J=2, 48Hz), 6.64(1H, d, J=8Hz),
8.14(1H, d, J=8Hz).
(7c) (4-((2,2-bis(fluoromethyl)-1,3-dioxan-5-
y1)methoxy)-3-methylpyridin-2-y1)methanol
[0175]

[Formula 63]

[0176]

The 4-((2,2-bis(fluoromethyl)-1,3-dioxan-5-
yl)methoxy)-2,3-dimethylpyridine l-oxide (1.63 g, 5.37
mmol) obtained in the step (7b) was mixed with acetic
anhydride (8 ml). The mixture was stirred at 100°C for
2 hours, cooled to room temperature, and then,
concentrated under reduced pressure. To the residue,

methanol (10 ml) and a 5N aqueous sodium hydroxide
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(71) 2-(((4-((2,2-bis(fluoromethyl)-1,3-dioxan-5-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H - 118 - benzimidazole
sodium salt [0181] [Formula66] NO O SO NaNO-t-lF F [0182] 5 To
an ethanol (10 ml) solution of the 2-(((4-
((2,2-bis(fluoromethyl)-1,3-dioxan-5iyl pnethoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole (215 mg, 476 pmol)
obtaingeliftthd 3téh-(76jca AN AdBEods Sodium RydrbRice sthdtioH (476=d

gl 476(9mo|)E10 was dded %t roo(?] emperaturqu?nd stlrred for one hour

ﬁer € mix l?r% ﬁggcgﬁgen ra]fe ana%ﬁe resiaue WaSaSIS f\}eglx ure

ethapol; giethyletherwas added do the; mixturgsthe BHixtHER W@Shet ween
ultrasonically treated and the resultant solid was collected by filtration in a

15 nitrdgencdtatbsphéie < heodolidiwas dridd entgr redueedt pressilifesto
obtain the title compound (193 mg, yield: 85.6%) as a light yellow solid.
1ATRIZ00AKZE DWO%@S]OW?&??@IQYQF 28-2P8(HH M),

SHATELm AR T e g,

6:80r6.9962H,bin) 56 DACEH @ 1I=8512)mA 38h 448 Jrh 87 (LEL € 1 on
solvent: heptane/ethyl acetate, ethyl acetate/methanol)
to obtain the title compound (385 mg, yield 23.6%) as a
yellow oil.
'H NMR (400MHz, CDCls)dppm; 2.04(3H, s), 2.32-2.40(1H,
m), 4.01(2H, dd, J=4, 12Hz), 4.16(2H, d, J=8Hz),
4.21(2H, dd, J=4, 12Hz), 4.48(2H, dd, J=2, 48Hz),
4.62(2H, dd, J=2, 48Hz), 4.66(2H, s), 4.84(1H, bs),
6.73(1H, d, J=8Hz), 8.31(1H, d, J=8Hz).
(7d) 2-(((4-((2,2-bis(fluoromethyl)-1,3-dioxan-5-
yl)methoxy)-3-methylpyridin-2-yl)methyl)thio)-1H-
benzimidazole

[0177]

[Formula 64]
N O
CLy= 5 Ty
N \_?

[0178]
To a tetrahydrofuran (dehydrated) (20 ml)

solution of the (4-((2,2-bis(fluoromethyl)-1,3-dioxan-
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J=8Hz). (Example 8) 2-(((3-methyl-4-(2-(2-propyl-1,3-dioxan-2 - 119 -
yl)ethoxy)pyridin-2-yl)methyl)sulfinyl)-1H- benzimidazole sodium salt
[0183] [Formula 67] O -O 01 Na N 5[0184] (8a) Ethyl
(2-propyl-1,3-dioxan-2-yl)acetate [0185] [Formula 68] [0186] 10 A
mixture of ethyl 3-oxohexanoate {5 g;31.6 mmol), 1,3-propanediol (3.61

g, 47.4 mmol), trimethyl orthoformate (5.78 ml, 34.8 mmol), and p-
tohrehestiffoRie*atid morpRYHrate Y272 it 158 RftdIRWwds Stited BE -

r mperature, for 22 hours. After 15 completion of the reaction, .
%nyfm[%of) iblgf,lélﬁg in tl \?vagte ?8? ano{q e 191 1lamine

triethylamine (88 mmo adde hé Teaction mixture
whighswvas then, gongentigted Lhe regidug was purified byisilicagel7 1,
column chromatography (elution solvent: heptane/ethyl acetate) to obtain
the.titfe compound: (5.5 4l yieldir2(p80.580 ) asia tightopetowodil.riidH in a
NMR(400MHz, CDC13)8ppm; 0.94(3H, t, J=7Hz), 1.27(3H, t, J=7Hz),
12405 8AEH, FhPASEE 6B (2HT 1), 174120 oS0 2H: TH)°2.85H s

Sﬁgh%o§g”%ﬂgxé%%gzghﬁhitions. To the reaction mixture,

2-mercaptobenzimidazole (191 mg, 1.27 mmol) was added
and stirred at room temperature for 10 hours. The
reaction mixture was poured into a saturated aqgqueous
solution of sodium hydrogen carbonate and extracted
with ethyl acetate. The organic layer was dried over
anhydrous magnesium sulfate, filtered and concentrated.
The residue was purified by silica gel column
chromatography (elution solvent: heptane/ethyl acetate)
to obtain the title compound (305 mg, yield: 55.1%) as
a light yellow foam.

'H NMR(400MHz, CDCls)dppm; 2.26(3H, s), 2.30-2.38(1H,
m), 4.01(2H, dd, J=4, 12Hz), 4.18(2H, d, J=8Hz),

4.22 (24, dd, J=4, 12Hz), 4.38(2H, s), 4.46(2H, dd, J=2,
48Hz), 4.62(2H, dd, J=2, 48Hz), 6.79(1H, d, J=8Hz),
7.15-7.23(2H, m), 7.42-7.50(1H, m), 7.56-7.66(1lH, m),
8.37(1H, d, J=8Hz).

(7e) 2=(((4-((2,2-bis(fluoromethyl)-1,3-dioxan-5-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-

benzimidazole
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J=7Hz). (8b) 2-(2-propyl-l,3-dioxan-2-yi)ethanol [0187] 5 [Formula 69] O
O OH [0188] To a tetrahydrofuran (dehydrated) (30 ml) solution of the
ethyl (2-propyl-1,3-dioxan-2-yl)acetate (5.5 g, 25.4 mmol) obtained in the
step (8a), lithium 10 aluminum hydride (578 mg, 15.2 mmol) was added
portionwise under ice-cooling and stinred for one hour under ice cool. To
the reaction mixture, water (0.6 ml), a 2N aqueous sodium hydroxide
solution (86 fl), and water (1.8 ml) were sequentially added and the 15
cog}tggt was fig%réed through celite. The filtrate was concentrated under
reduced pressure to obtain the title compound (4.4 g, yield 99.4%), which
was a crude product, as a light yellow oil. 1H NMR(400MHz,
CDC13)8ppm; 0.97(3H, t, I=7Hz), 1.22- 2Q 1.42(4H, m), 1.82-2.00(4H,
m), 3.78-3.96(4H, m -'%g%é . £8¢)

2,3-dimethyl-4-(2-(2- =17 3-di \-2- et oxy)CB ridine 1-oxide - 121 -
0189] [Formula 70] 0 N* H O%F

[0180]

To a toluene/methanol (10:1) (20 ml) solution
of the 2-(((4-((2,2-bis(fluoromethyl)-1,3-dioxan-5-
yl)methoxy)-3-methylpyridin-2-yl)methyl)thio)-1H-
benzimidazole (305 mg, 700 pumol) obtained in the step
(7d), a toluene/methanol (10:1) (5 ml) solution of 3-
chloroperbenzoic acid (167 mg, 630 umol as the content
was regarded as 65%) was added dropwise at -50°C to -
60°C for 5 minutes in a nitrogen atmosphere. The
mixture was stirred for 2 hours in the same conditions.
To the reaction mixture, a saturated agqueous solution
of sodium hydrogen carbonate was added and the
resultant mixture was extracted with ethyl acetate.

The organic layer was dried over anhydrous sodium
sulfate, filtered and concentrated. The residue was
purified by silica gel column chromatography (NH silica
gel, elution solvent: ethyl acetate/methanol) to obtain
the title compound (215 mg, yield: 68%) as a light
yellow foam.

MS m/e (ESI) 452 (MH)", 474 (MNa)"

(7€) 2=-(((4-((2,2-bis(fluoromethyl)-1,3-dioxan-5-

yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
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I 0- [0190] To a dimethylsulfoxide (20 ml) solution of 5 the
(2-(2-propyl-1,3-dioxan-2-yi)ethanol (4.4 g, 25.3 mmol) obtained in the
step (8b), sodium hydride, in oil (1.1 g, 25.3 mmol as the content was
regarded as 55%) was added at room temperature. To the mixture, 4-
chloro-2,3-dimethylpyridine 1-oxide {349-g, 20.2 mmol) 10 was added
and the mixture was stirred at 60C for 1.5 hours. After cooled to room
tensperatire 2the ifixtne 1 Was Tdhtentrated under reduced pressure. The
residue E\F?%%rified by silica gel column chromatography (NH silica gel,
elution solvent: heptane/ethyl acetate, 15 ethyl acetate/methanol) to
ohtain-thetitleseompound (3.9 g, yield: 52.2%) as a light yellow oil. 1H
NMR(400MHz, CDC13)8ppm; 0.96(3H, t, J=7Hz), 1.34- 1.48(2H, m),
1.76-1.88(2H, m), 2.14-2.26(4H, m), 2.54(3H, s), 2.62(3H, s),
3.82-3.90(2H, m), 3.92 20 4.04(2H, m), 4.17(2H, t, JI=7Hz), 6.69(1H, d,
J=8Hz), 8.14(1H, d %é) (3> yl- 2-propyl-1,3-dioxan-2-
yl)ethoxy)pyridin-2- no <[0191] [Rormpla 71] one HO I N
0192] Na N o F

[0182]

To an ethanol (10 ml) solution of the 2-(((4-
((2,2-bis(fluoromethyl)-1,3-dioxan-5-yl)methoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole
(215 mg, 476 Umol) obtained in the step (7e), a 1IN
aqueous sodium hydroxide solution (476 ul, 476 Umol)
was added at room temperature and stirred for one hour.
After the mixture was concentrated and the residue was
dissolved in ethanol, diethyl ether was added to the
mixture. The mixture was ultrasonically treated and
the resultant solid was collected by filtration in a
nitrogen atmosphere. The solid was dried under reduced
pressure to obtain the title compound (193 mg, yield:
85.6%) as a light yellow solid.

'H NMR(400MHz, DMSO-ds)dppm; 2.17(3H, s), 2.18-2.28(1H,
m), 3.84-3.94(2H, m), 4.06-4.18(2H, m), 4.12(2H, d,
J=8Hz), 4.37(1H, d, J=12Hz), 4.50(2H, d, J=47Hz),
4.58(2H, 4, J=47Hz), 4.81(1H, d, J=12Hz), 6.80-6.90(2H,
m), 6.94(1H, 4, J=8Hz), 7.38-7.48(2H, m), 8.27(1H, d,
J=8Hz) .

(Example 8) 2-(((3-methyl-4-(2-(2-propyl-1,3-dioxan—-2-



The 2,3-dimethyl-4-(2-(2-propyl-1,3-dioxan-2- 5 yl)ethoxy)pyridine 1-oxide
(3.9 g, 13.2 mmol) obtained in the step (8c) was mixed with acetic
anhydride (16 ml). The mixture was stirred at 90C for 2 hours. After
cooled to room temperature, the reaction mixture was concentrated under
reduced pressure. To the 10 residue,1methanol (20 ml) and a 5N aqueous
sodium hydroxide solution (10 ml) were added and the mixture was
stirteEatroom %&Qflaﬁhr%ﬁlli%’a@ Phigt téactiohmidare was
c ncentrate q[the res idue was, separated by use of a saturated saline
so utién and 15 ﬁyl acetate. Sl“ﬁe organic layer was dried over
anhydroyg magnesium sulfate, filtered and concentrated, and the residue
was purified by silica gel column chromatography (elution solvent:
héptaneletiayl @cetate, ethyl acetate/methanol) to obtain the title
compound 20 (1.69 g, yield: 43.3%) as a yellow oil. 1H NMR(400MHz,
CDC13)8ppm; 0.96(3H, t, J 7Hz), 1.35- 1.48(2H/ﬁ)§1.52-1.66(2H, m),

3

1.72-1.88(2H, m), 2.0 ) 2.22(2H, t, &= 2-4.04(4H, m),
4.19(2H, t, J=7TH2), 4 77 (L=, J=8HZ)\-123 - 8.29(1H, d,
J=8Hz). (8e) 2-(((3- m p1-AN2-(2

yl-143-dioxan-2-
yl)ethoxy)pyridin-2-yl)methyl |o) -1H- imidazole [0193] 5 [Formula

5 72]> S N0184]

10

15

20

(8a) Ethyl (2-propyl-1,3-dioxan-2-yl)acetate
[0185]

[Formula 68]

o>

[0186]

A mixture of ethyl 3-oxohexanoate (5 g, 31.6
mmol), 1,3-propanediol (3.61 g, 47.4 mmol), trimethyl
orthoformate (5.78 ml, 34.8 mmol), and p-
toluenesulfonic acid monohydrate (272 mg, 1.58 mmol)
was stirred at room temperature for 22 hours. After
completion of the reaction, triethylamine (881 ul, 6.32
mmol) was added to the reaction mixture which was then
concentrated. The residue was purified by silica gel
column chromatography (elution solvent: heptane/ethyl
acetate) to obtain the title compound (5.5 g, yield:
80.5%) as a light yellow oil.

'H NMR(400MHz, CDCls)dppm; 0.94(3H, t, J=7Hz), 1.27(3H,

t, J=7Hz), 1.40-1.54(2H, m), 1.55-1.68(2H, m), 1.74-
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[0194] To a tetrahydrofuran (dehydrated) (30 ml) solution of the
(3-methyl-4-(2-(2-propyl-1,3-dioxan-2- yl)ethoxy)pyridin-2-yl)methanol
(445 ml, 1.51 mmol) 10 obtained in the step (8d) and triethylamine (1.05
ml, 7.55 mmol), methanesulfonyl chloride (210 |, 2.72 mmol) was added
dropwise under ice-cooling in a nitrogen-atmosphere and the mixture was
stirred for one hour in the same conditions. To the reaction mixture, 15

2’-méréaptobeRrimidazalé4P27 fig, 58 mmiol) Wesladded ahd stifredratd-

royzn%fz perature for 3 days. The reaction mixture was poured into a
saturated aqueous solution of sodium hydrogen carbonate and extracted

withefhyl agetate cHha onganicilayer was.dyiefcaves 29 1anhydrous
magnesium sulfate, filtered and concentrated. The residue was purified
by silica gelédlumn chromatography (elution solvent: heptane/ethyl
acetate, ethyl acetate/methanol) to obtain the title compound (417 mg,
yiefoP 64%69%) &< & light yellow foam. - 124 1H NMR(400MHz,
CDC13)8ppm; 0.96(3H, t, J=7Hz), 1.35- 1.47(2H, m), 1.76-1.88(4H, m),
2.22(2H, t, I=7THz), 2.25(3H, s), 3.82-3.91(2H, m), 3.92-4.00(2H, m),

4.22(2H, t, J=7Hz), 4.37(2H, SWZSHZ)’ 5 7.14-7.24(2H, m),
7.50-7.62(2H, m), 8.35(1H, d, J=8 . (8f) OH
2-(((3-méthyEad(2-(2-propyl-1,3-dioxan-2-

Yhjethoxy Jpymid 2y NSO s Py da2e 819%0do ma)
solution of the ethyl (2-propyl-1,3-dioxan-2-yl)acetate
(5.5 g, 25.4 mmol) obtained in the step (8a), lithium
aluminum hydride (578 mg, 15.2 mmol) was added
portionwise under ice-cooling and stirred for one hour
under ice cool. To the reaction mixture, water (0.6
ml), a 2N agueous sodium hydroxide solution (0.6 ml),
and water (1.8 ml) were sequentially added and the
content was filtered through celite. The filtrate was
concentrated under reduced pressure to obtain the title
compound (4.4 g, yield 99.4%), which was a crude
product, as a light yellow oil.

'H NMR(400MHz, CDCls)dppm; 0.97(3H, t, J=7Hz), 1.22-
1.42(4H, m), 1.82-2.00(4H, m), 3.78-3.96(4H, m), 3.96-
4.08(2H, m).

(8c) 2,3-dimethyl-4-(2-(2-propyl-1,3-dioxan—-2-

yl)ethoxy)pyridine l-oxide
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10 [Formula 73] C N~ 0 O O1 S M. [0196] To a toluene-methanol (10:1)
(30 ml) solution of the 2-(((3-methyl-4-(2-(2-propyl-1,3-dioxan-2-
yi)ethoxy)pyridin-2-yi)methyl)thio)-1H-benzimidazole 15 (417 mg, 975
pmol) obtained in the step (8e), a toluene/methanol (10:1) (5 ml) solution
of 3- chloroperbenzoic acid (233 -mg,878pmol as the content was
regarded as 65%) was added dropwise at a temperature of -50C to -60C
for 5 mintfés’ iha 20 nitrogen atmosphere. The reaction mixture was

sg[; odrnjlorl%1 h%ﬁs in the same conditions. To the reaction mixture, a
saturated agueous solution of sodium hydrogen carbonate was added,
which was extracted with ethyl acetate, r the organic layer was - 125
concentrated, the residue was purified gﬁ:@ca gel column

chromatography (NH silica gel, el%'uaﬂ\s,@}@p?.\gthyl acetate /methanol)
to obtain the title compound (311 ing, yield: 71.9%), as a light yellow
foam. 5 1H NMR(400MHz, CD pm; 0.95(3H, t, J=7Hz), 1.34-

1.47(2H, m), 1.70-1.88(4H, m), 217¢8H, s), 2.20(2H, t, J=7H2),
3.82-3.92(2H, m), 3.92-4.00(2H, %4.17(2& t, J=7Hz), 4.65(1H, d,
J=14Hz), 4.82(1H, d, J=14Hz), 6.78(1H, d, J=8Hz), 7.28-7.38(2H, m),
7.30-7.62(2H, m), 10 8.30(1H, d, J=8Hz). (8g)
2-(((3-methyRa(2-(2-propyl-1,3-dioxan-2-

To a dimethylsulfoxide (20 ml) solution of
the (2-(2-propyl-1,3-dioxan-2-yl)ethanol (4.4 g, 25.3
mmol) obtained in the step (8b), sodium hydride, in oil
(1.1 g, 25.3 mmol as the content was regarded as 55%)
was added at room temperature. To the mixture, 4-
chloro-2,3-dimethylpyridine l-oxide (3.19 g, 20.2 mmol)
was added and the mixture was stirred at 60°C for 1.5
hours. After cooled to room temperature, the mixture
was concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (NH
silica gel, elution solvent: heptane/ethyl acetate,
ethyl acetate/methanol) to obtain the title compound
(3.9 g, yield: 52.2%) as a light yellow oil.
'H NMR(400MHz, CDCls)dppm; 0.96 (3H, t, J=7Hz), 1.34-
1.48(2H, m), 1.76-1.88(2H, m), 2.14-2.26(4H, m),
2.54(3H, s), 2.62(3H, s), 3.82-3.90(2H, m), 3.92-
4.04(2H, m), 4.17(2H, t, J=7Hz), 6.69(1H, d, J=8Hz),
8.14(1H, d, J=8Hz).
(8d) (3-methyl-4-(2-(2-propyl-1,3-dioxan—-2-

yl)ethoxy)pyridin-2-yl)methanol
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yl)ethoxy)pyridin-2-yi)methyl)sulfinyl)-1H- benzimidazole sodium salt
[0197] 15 [Formula 74] C -S Na M. <\ [0198] To an ethanol (6 ml)
solution of the 2-(((3-
methyl-4-(2-(2-propyl-1,3-dioxan-2-yi)ethoxy)pyridin-2-
y1l)methyl)sulfinyl)-1H-benzimidazole2(811 mg, 701 mol) 20 obtained in
the step é8f), a 1N aqueous sodium hydroxide solution (701 xI, 701 pmol)
was addéfl‘at tdom temperature and stirred for one hour. The mixture
w og:(?nr{%gtrf}ﬁd and the residue was dissolved in ethanol. After diethyl
ether was addedto the solution, the 25 solution was ultrasonically treated.
The generated - 126 solid was collected fration in a nitrogen
atmosphere, and the solid was dried unde¢y regyiced pressure to obtain
the title compound (283 mg, yield: 8gm%§a/|1‘ght yellow solid. 5 1H
NMR(400MHz, DMSO-d6)8ppm;_ 0.87(3H, t, J=7Hz), 1.26- 1.38(2H, m),
1.48-1.64(2H, m), 1.67-1.74(2H, m}}, 2312- 2.20(2H, m), 2.16(3H, s),
3.81(4H, t, J=7Hz), 4.07(2HH® 2 4.38(1H, d, J=13Hz), 4.79(1H, d,
J=13Hz), 6.82-6.90(2H, m), 6.91(1H, d, J=8Hz), 7.36-7.50(2H, m), 10
8.25(1H,[@,13=8Hz). MS m/e (ESI) 466(MNa) . (Example 9)
2-(((4-(5,9-dioxaspiro[3.5]non-7-yloxy)-3-

The 2,3-dimethyl-4-(2-(2-propyl-1,3-dioxan—-2-

yl)ethoxy)pyridine l-oxide (3.9 g, 13.2 mmol) obtained
in the step (8c) was mixed with acetic anhydride (16
ml). The mixture was stirred at 90°C for 2 hours.
After cooled to room temperature, the reaction mixture
was concentrated under reduced pressure. To the
residue, methanol (20 ml) and a 5N aqueous sodium
hydroxide solution (10 ml) were added and the mixture
was stirred at room temperature for 2 hours. The
reaction mixture was concentrated and the residue was
separated by use of a saturated saline solution and
ethyl acetate. The organic layer was dried over
anhydrous magnesium sulfate, filtered and concentrated,
and the residue was purified by silica gel column
chromatography (elution solvent: heptane/ethyl acetate,
ethyl acetate/methanol) to obtain the title compound
(1.69 g, yield: 43.3%) as a yellow oil.

YH NMR(400MHz, CDCls)dppm; 0.96 (3H, t, J=7Hz), 1.35-
1.48(2H, m), 1.52-1.66(2H, m), 1.72-1.88(2H, m),
2.03(3H, s), 2.22(2H, t, J=7Hz), 3.82-4.04(4H, m),

4.19(24, t, J=7Hz), 4.65(2H, s), 6.77(1H, 4, J=8Hz),
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methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole sodium salt. 15
[0199] [Formula 751 O O N S N Na 0200] (9a)
2,2-dimethyl-1,3-dioxan-5-ol [0201] 20 [Formula 76] OH O~KO 127 -
0202] To a diethyl ether (150 ml) solution of 2,2- dimethyl-I,3-dioxan-5-one
(159, 0.115 moal), lithium aluminumipyslride (4.38 g, 0.115 mot) was
added at 0 to 5 8C for one hour in a nitrogen atmosphere. To the reaction
mixtare! Watef(4.2 mijia) 5N aqueous sodium hydroxide solution (4.2 ml),

and water (12.8,ml) were, sequentially added.dropwise.at 0 to 10C. The
ml%tﬁl)e %v:/_at%a(%e_ ove Zln_h%al#(?u_s@cﬁ)lﬁﬁp gu%fé?é,\%/ﬁt(g%eod{ and ]i(_)
conoentiated, yipderiredyced prassiire (o phtain the;title, comppund {442
g, 93.4%) as a colorless oil. 1H NMR(400MHz, CDC13)8ppm; 1.44(3H, s),
1.46(3H,[9)] BT5-2.95(1H, br), 3.51-3.55(1H, m), 3.74-3.79(2H, m),
4.05-4.10(2H, m)].

[Formula 72

N O Oﬁz
@EN%SL@ \)</\
H N

[0194]

To a tetrahydrofuran (dehydrated) (30 ml)
solution of the (3-methyl-4-(2-(2-propyl-1,3-dioxan—-2-
yl)ethoxy)pyridin-2-yl)methanol (445 ml, 1.51 mmol)
obtained in the step (8d) and triethylamine (1.05 ml,
7.55 mmol), methanesulfonyl chloride (210 pl, 2.72
mmol) was added dropwise under ice-cooling in a
nitrogen atmosphere and the mixture was stirred for one
hour in the same conditions. To the reaction mixture,
2-mercaptobenzimidazole (227 mg, 1.51 mmol) was added
and stirred at room temperature for 3 days. The
reaction mixture was poured into a saturated aqgqueous
solution of sodium hydrogen carbonate and extracted
with ethyl acetate. The organic layer was dried over
anhydrous magnesium sulfate, filtered and concentrated.
The residue was purified by silica gel column
chromatography (elution solvent: heptane/ethyl acetate,
ethyl acetate/methanol) to obtain the title compound

(417 mg, yield: 64.6%) as a light yellow foam.
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15 (9b) 5-(benzyloxy)-2,2-dimetheyl-1,3-dioxane [0203] [Formula 77] O
[0204] To a N,N-dimethylformamide (200 ml) solution 20 of the
2,2-dimethyl-1,3-dioxan-5-01 (7.1 g, 0.054 mot) obtained in the step (9a),
sodium hydride, in oil (2.81 g, 0.064 mot as the content was regarded as
55%) was added at OC and stirred.1After-benzyl bromide (12.9 ml, 0.108
mot) and tetrabutylammonium jodide (220 mg, 25 0.001 mot) were added

at the84iiie itPeratireto theREmB gl the fixtle Wab stifretPat
roP.nMe(rQ eratyre %or%@pp%séélgater was adzd%e to the reacti

milxture, WHich was then extract V\’/ithm%mylzéce e three tlrﬁel%.1 Z(3r’ganic
layersswere cambinedgwashed {iye 5 times withawatep and pnce with a
saturated saline solution, dried over anhydrous sodium sulfate, and
fillered.(After NH sikicdigel,wds added] the res@ita®t (hiktureé,was-8Hz) ,
concentrated and purified by silica gel column chromatOﬁaphy (elution

sdivértt: heptahe’! 10 eptanel€inyl acetate=ore,4/2 -ethyt dretdte) 167572 -
obtainy the title compound (6,5 g, 5?‘5%9)%?%53‘10 °r£e§c§i8£'<ajn'12—

NMR(400MHz, CDC13)8ppm; 1.40 45(3H, s), 3.50-3.56(1H, m),
3 /¥ (2 hadd Iy 2 2617, -3, 95 (@Hh sleh 1S dw4,£12H72)) 4 58(2H, s),
7.28-7.38(5H, m). (9¢) 2-(benzyloxy)propane-1,3-diol

benzimidazole

[0195]

[Formula 73]

M
[0196]
To a toluene-methanol (10:1) (30 ml) solution
of the 2-(((3-methyl-4-(2-(2-propyl-1,3-dioxan-2-

yl)ethoxy)pyridin-2-yl)methyl)thio)-1H-benzimidazole
(417 mg, 975 Umol) obtained in the step (8e), a
toluene/methanol (10:1) (5 ml) solution of 3-
chloroperbenzoic acid (233 mg, 878 umol as the content
was regarded as 65%) was added dropwise at a
temperature of -50°C to -60°C for 5 minutes in a
nitrogen atmosphere. The reaction mixture was stirred
for 2 hours in the same conditions. To the reaction
mixture, a saturated aqueous solution of sodium
hydrogen carbonate was added, which was extracted with

ethyl acetate. After the organic layer was



10

15

20

25

[0205] [Formula 78] HOI HO 0206] 20 To a methanol (50 ml) solution of
the 5- (benzyloxy)-2,2-dimethyl-1,3-dioxane (6.5 g, 29.2 mmol) obtained
in the step (9b), DOWEX(R) 50W-X8 (5g) was added and stirred at room
temperature. After 2 hours, the reaction mixture was filtered and
concentrated to 25 obtain the title compound (5.0 g, 93.8%) as a colorless
129 - oil. 1H NMR(400MHz, CDC13) 8ppm; 3.60-3.65(1H, m), 3.74(2H,
dECRBNFY 38201, dif LAV e2M2F LEHRHL Y P29 4DE5H 39 5

9d) 7-(b i -5,9-di [ 5 0207] [F la 79] OJT
oo daguin showe b ams I OTL

0 around-bo aining a benzehe ) solution
otthe2-(henzyloxy)prepanenr o3-diol (Sdhe a2 hAunmobiabiainedin the g
step (9c), cyclobutanone (2.33 ml, 30.6 mmol), and p- toluenesulfonic acid
mobbhydrate YIiGOLnhg, 0153 fmoljl a #efludotdolingtlbe efarpped with
the Dean-Stark water 15 sepagator was attached. The mixture was under

reffixBHEof 2N Eirs. Fthe nt fhixtare’ triethyladidg) - 1-34-

1.47(2H, m), 1.70-1.88(4H, m), 2.17(3H, s), 2.20(2H, t,
J=7Hz), 3.82-3.92(2H, m), 3.92-4.00(2H, m), 4.17(2H, t,
J=7Hz), 4.65(1H, d, J=14Hz), 4.82(1H, d, J=14Hz),
6.78(1H, d, J=8Hz), 7.28-7.38(2H, m), 7.30-7.62(2H, m),
8.30(1H, d, J=8Hz).
(8g) 2-(((3-methyl-4-(2-(2-propyl-1,3-dioxan-2-
yl)ethoxy)pyridin-2-yl)methyl)sulfinyl)—-1H-
benzimidazole sodium salt

[0197]

[Formula 74]

N 9 0o O
@%Sﬁw
N \
N

Na
[0198]

To an ethanol (6 ml) solution of the 2-(((3-
methyl-4—-(2-(2-propyl-1,3-dioxan-2-yl)ethoxy)pyridin-2-
yl)methyl)sulfinyl)-1H-benzimidazole (311 mg, 701 Umol)
obtained in the step (8f), a 1IN agueous sodium
hydroxide solution (701 pnl, 701 umol) was added at room
temperature and stirred for one hour. The mixture was
concentrated and the residue was dissolved in ethanol.
After diethyl ether was added to the solution, the

solution was ultrasonically treated. The generated
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(0.4 ml, 0.72 mmol) was added and the mixture was concentrated to
obtain a crude product. The crude product was purified by silica gel
column 20 chromatography (NH silica gel, elution solvent: heptane,
heptane/ethyl acetate=5/1) to obtain the titte compound (6.3 g, yield:
98.2%) as a light yellow oil. 1H NMR{400MHz, CDC13)8ppm;
1.70-1.79(2H, m) , 2.20- 2.29(4H, m), 3.44-3.50(1H, m), 3.64-3.69(2H, m),
25 3197212 8d CP=4. 1A, 2B8FAH [8)2 70707 BY(BH v . OLET- (9e)

5.9-doxaspiols.Slonan-ol [9209] [Formula 801.04.00, [921015 o a

methan fml) solution o

(henzyiony)s5 Q-dioxashiro[3:5inanane<(6:3,6-36.9ammel) ohtained imthe
step (9d), 20% palladium hydroxide (630 mg) was added and stirred for
13 hoiifs ira hydiagertatnedsphers.clihedreaction vessel was 10 purged
with nitrogen and insoluble matttla%jwas removed by filtration. The filtrate

Wag _c%%@éﬁt?%a% JBthin et @Bioo%c?.%cryﬁe p?cz)aﬂ]]@t)\/_vas1 - 26—
pyrified by, silica gel .C&’!éj—”;gté;ﬁ"%ator%ap .@'ﬂf‘"'%ﬁ% elt‘rf‘i"?” 2.12-

solvent: heptane, heptane/ethyl acetate=5/1) to 15 obtain thé title
compound (3.42 9, yield: 88:2%) ps & colorless ail, 1HE-NMR(40AMbtz( 2H,

CDC13)8ppm; 1.72-1.82(2H, m) , 2.21-
t, J=7Hz), 4.38(1H, d, J=13Hz), 4.79(1H, d, J=13Hz),
6.82-6.90(2H, m), 6.91(1H, d, J=8Hz), 7.36-7.50(2H, m),
8.25(1H, d, J=8Hz).
MS m/e (ESI) 466 (MNa)".
(Example 9) 2-(((4-(5,9-dioxaspiro[3.5]non-7-yloxy)—-3-
methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole
sodium salt.

[0199]

[Formula 75]
LO/
0 O

N O T
S A
N N

Na

[0200]

(%9a) 2,2-dimethyl-1,3-dioxan-5-o0l
[0201]

[Formula 76]

OH

X
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2.31(4H, m), 2.71-2.88(1H, br), 3.50-3.56(1H, m), 3.71- 3.76(2H, m),
3.93-3.98(2H, m). 20 (9f) 4-(5,9-dioxaspiro[3.5]non-7-yloxy)-2,3-
dimethylpyridine 1-oxide 131 - 0211] [Formula 81] O'P O O 0212] To a
dimethyl formamide (30 ml) solution of 5 the
5,9-dioxaspiro[3.5]nonan-7-01 (1-68 g,71X.7 mmol) obtained in the step
(9e), sodium hydride, in oil (587 mg, 13.5 mmol as the content was
regarded 84 85%) was added at room temperature. The mixture was

stirred at room_temperature for 50 minutes. After.4-chloro-2,.3 10
e b A L ety Y 2 2

dimethylpyridine 1-oxi ere o,?he
mixtree-was stirred gt 89CH-fos 2haurs.1 The reagtion mixtyre Wasnium
concentrated and dimethylsulfoxide (30 ml) was added thereto and stirred
ab80Q\iAfter 1% Hourds sddiudBhydride, 1 Dil (587 15 ansg,ctBiBanmol &s to
the content was regarded as 55%) was added to the reaction mixture and

stirred 22 BB AR Bne-Rodr, THe- fehBn AiRRTE WalsSconcEftrhfd and
th@é&é@f&%ﬁ Rutified by, silica g} columny ,ChEO'Ei%“’ﬁ&%%Q_X; H silican
gel, elution solvent: ethyl 20 acetate, ethyl acetate/methanol=9/1) to
obtpin-thei tile sempound (20020nyigld: 644%)asa lightyellow pilvere
sequentially added dropwise at 0 to 10°C. The mixture
was dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure to obtain the title
compound (14.2 g, 93.4%) as a colorless oil.
'H NMR (400MHz, CDCls)dppm; 1.44(3H, s), 1.46(3H, s),
2.75-2.95(1H, br), 3.51-3.55(1H, m), 3.74-3.79(2H, m),
4.05-4.10(2H, m).
(9pb) 5-(benzyloxy)-2,2-dimetheyl-1,3-dioxane
[0203]

[Formula 77]

[0204]

To a N,N-dimethylformamide (200 ml) solution
of the 2,2-dimethyl-1,3-dioxan-5-0l1 (7.1 g, 0.054 mol)
obtained in the step (9a), sodium hydride, in oil (2.81
g, 0.064 mol as the content was regarded as 55%) was
added at 0°C and stirred. After benzyl bromide (12.9
ml, 0.108 mol) and tetrabutylammonium iodide (220 mg,

0.001 mol) were added at the same temperature to the
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1H NMR(400MHz, CDC13)8ppm; 1.76-1.82(2H, m), 2.24(3H, - 132 s),
2.27-2.32(4H, m), 2.54(3H, s), 3.85(2H, dd, J=6, 12Hz), 4.07(2H, dd, J=3,
12Hz), 4.24-4.30(1H, m), 6.62(1H, d, J=7Hz), 8.16(1H, d, J=7Hz). (99)
(4-(5,9-dioxaspiro[3.5]non-7-yloxy)-3- 5 methylpyridin-2-yl)methanol
[0213] [Formula 82] O O Nzz HO I1dg[0214] The
4-(5,9-dioxaspiro[3.5]non-7-yioxy)-2,3- 10 dimethylpyridine 1-oxide (1.25
g4 71 Hafmol) dhtafed tintthe Step E9T) Wasixed vHfTadetiershyeHae

(4.45 ml, 47.1 mmol). After the mixture was stirred at room temperature
fof e Hour P W coolél 6 00 AT e ylaminG (A i A mmol
was added, therkS mixtyre was stiredfar-ere hqurand stired atraQme
temperature for another one hour. After stirred at 50C for 2 hours, the
redction nixtuee wasooyrentratetvand the residoewasgpurifieddyesilidal ve
gel column chromatography (NH silica gel, elution solvent: ethyl 20
aletifeinéptaRe Y 8/35 TG tHe %ﬁ%e‘ﬂlgﬁadﬁct? %Bﬁ%ﬁ%@(ﬁ%b%d a

e oo ure s SHTTEA 20 o Tomeratone for i ur A
saturated agueopns seluitign of ammaniysl was added, the resultant
mixture was concentrated and purified by silica gel
column chromatography (elution solvent: heptane,
heptane/ethyl acetate=9/1, 4/1, ethyl acetate) to
obtain the title compound (6.5 g, 54.5%) as a colorless
oil.
'H NMR(400MHz, CDCls)dppm; 1.40(3H, s), 1.45(3H, s),
3.50-3.56(1H, m), 3.77(2H, dd, J=7, 12Hz), 3.95(2H, dd,
J=4, 12Hz), 4.58(2H, s), 7.28-7.38(5H, m).
(9c) 2-(benzyloxy)propane-1,3-diol
[0205]

[Formula 78]

Hojov@

HO
[0206]

To a methanol (50 ml) solution of the 5-
(benzyloxy)—-2,2-dimethyl-1,3-dioxane (6.5 g, 29.2 mmol)
obtained in the step (9b), DOWEX(R) 50W-X8 (5g) was
added and stirred at room temperature. After 2 hours,
the reaction mixture was filtered and concentrated to

obtain the title compound (5.0 g, 93.8%) as a colorless
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- 133 chloride was added to the reaction mixture to adjust the pH of the
solution to about 9 and thereafter concentrated. The resultant residue
was extracted with ethyl acetate three times. Organic layers were 5
combined, washed with a saturated saline solution, dried over anhydrous
sodium sulfate, filtered and concentrated-to obtain the title compound
(630 mg, Yyield: 49.6%) as a light yellow oil. 1H NMR(400MHz,
PE13)8ppm; 1.77-1.85(2H, m), 2.08(3H, 10 s), 2.26-2.35(4H, m),

( 2H 1 d 2 ) 4.38-4.44(1H

2@ OIS et @ Lo ani i realey (ony) T2,
2:4((4-(5.9sioxaspifol35]non Zryjows)3- methylyrdin2-y Limetw)) ),
thio)-1H-benzimidazole 15 [0215] [Formula 83] X-P N\~-SIN NH
[O?lE?Aleﬂrahﬁd?ofuman (20 ml) solution of the (4-

5,9- dloxasp|r0[3 5]non-7-yloxy)-3-methylpyridin-2- 20 yl)methanol (630

5 3)37 mﬁl?cﬂ%%’thﬂ'ié‘ﬁ i ihd SHeH5 (56 BB AHIRE0.06 mi, 4.74
mmol) was st d at -10C. After 10 minutes, methanesulfonyl chloride
(275 xi, 3.56 mmol) was added at the same temperature

[Formula 791

[0208]

To a round-bottom flask containing a benzene
(50 ml) solution of the 2-(benzyloxy)propane-1,3-diol
(5.0 g, 27.4 mmol) obtained in the step (9c),
cyclobutanone (2.33 ml, 30.6 mmol), and p-
toluenesulfonic acid monohydrate (100 mg, 0.53 mmol), a
reflux cooling tube equipped with the Dean-Stark water
separator was attached. The mixture was under refluxed
for 2 hours. To the resultant mixture, triethylamine
(0.4 ml, 0.72 mmol) was added and the mixture was
concentrated to obtain a crude product. The crude
product was purified by silica gel column
chromatography (NH silica gel, elution solvent:
heptane, heptane/ethyl acetate=5/1) to obtain the title
compound (6.3 g, yield: 98.2%) as a light yellow oil.
'H NMR(400MHz, CDCls)dppm; 1.70-1.79(2H, m), 2.20-
2.29(4H, m), 3.44-3.50(1H, m), 3.64-3.69(2H, m),

3.92(2H, dd, J=4, 12Hz), 4.58(2H, s), 7.27-7.39(5H, m).
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- 134 and the resultant mixture was stirred in the same conditions for 30
minutes. To the reaction mixture, a saturated aqueous solution of sodium
hydrogen carbonate was poured. The reaction mixture was extracted with
5 ethyl acetate twice and organic layers were combined, washed with a
saturated saline solution, dried over. anhydrous sodium sulfate, filtered
and concentrated. Dichloromethane (30 ml) was added to the residue to
méake)a soldtich, amthereafter 22 10 ercaptobenzimidazole (354 mg,
2.36 mrrrfg)) V@j added at room temperature. Furthermore, triethylamine
(0.493 ml, % mmol) was added, and additionally, methanol was added
until Z-mercapiohenzimidazole was dissolved. After the reaction mixture
was stirred at room 15 temperature for 2 hours, NH silica gel was added
to the reaction mixture, which was tan concentrated. The residue was
subjected to silica gel column ch%ography (elution solvent:
heptane/ethyl acetate=1/1, ethyl acetdte) to obtain the title 20 compound
(690 mgq, yield: 73.6%) as a white'sghd? 1H NMR(400MHz, DMSO-d6)
8ppm; 1.61-1.70(2H, m) , 2.13- 2. , m), 2.22(3H, s),3.77(2H, dd, J=4,
12Hz), 4.02(2H, dd, J=2, 12Hz), 4.44-4.48(1H, m), 4.68(2H, s), 6.97(1H,
d, J=6Hz), 7.07-7.13(2H, m), 7.37-7.50(2H, m), 25 8.21(1H, d, J=6Hz).
(9i) 2-(((448 N dioxaspiro[3.5]non-7-yloxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimi I 217
et ypyldl fé)ae%ggﬁgdo{)(26genﬂ)lqgiﬁé%£gn Jf the 7-
(benzyloxy)-5,9-dioxaspiro[3.5]nonane (6.3 g, 26.9
mmol) obtained in the step (9d), 20% palladium
hydroxide (630 mg) was added and stirred for 13 hours
in a hydrogen atmosphere. The reaction vessel was
purged with nitrogen and insoluble matter was removed
by filtration. The filtrate was concentrated to obtain
a crude product. The crude product was purified by
silica gel column chromatography (NH silica gel,
elution solvent: heptane, heptane/ethyl acetate=5/1) to
obtain the title compound (3.42 g, yield: 88.2%) as a
colorless oil.
'H NMR (400MHz, CDCls)8ppm; 1.72-1.82(2H, m), 2.21-
2.31(4H, m), 2.71-2.88(1H, br), 3.50-3.56(1H, m), 3.71-
3.76(2H, m), 3.93-3.98(2H, m).
(9f) 4-(5,9-dioxaspiro[3.5]non-7-yloxy)-2,3-

dimethylpyridine l-oxide



10

15

20

-135-[Formula84] O PO NJIpIN N H [0218] To a toluene (30
ml)/methanol(3 ml) solution of the
2-(((4-(5,9-dioxaspiro[3.5]non-7-yloxy)-3 5
methylpyridin-2-yl)methyl)thio)-1H-benzimidazole (290 mg, 0.73 mmol)
obtained in the step (9h), a toluenefethanol (10:1) solution of
3-chloroperbenzoic acid (174 mg, 0.65 mmol as the content was
regarded 8¢ 165%) was added at -70C in a nitrogen atmosphere. After 10
tf;&rgi;%%r awgq_ tirred at -50C for one hour, a saturated aqueous
solution of sodium hydrogen carbonate was added. After the mixture was
warmed to room temperature, the mixture was extracted with ethyl
acetate twice. Organic layers were co %\ﬁmd dried 15 over anhydrous
sodium sulfate, filtered and concentrated. dhe residue was purified by
silica gel column chromatography (NH silica gel, elution solvent: ethyl
acetate, ethyl acetate/methano ractions containing the title
compound was collected by use f 20 Jethyl acetate and concentrated.
After diethyl ether was added to th&residue, the solvent was distilled off
to obtain the title compound (230 m@, yield: 76.2%) as a white solid.

[0212]

To a dimethyl formamide (30 ml) solution of
the 5,9-dioxaspiro[3.5]nonan-7-0l1 (1.68 g, 11.7 mmol)
obtained in the step (9e), sodium hydride, in oil (587
mg, 13.5 mmol as the content was regarded as 55%) was
added at room temperature. The mixture was stirred at
room temperature for 50 minutes. After 4-chloro-2,3-
dimethylpyridine l-oxide (1.84 g, 11.7 mmol) was added
thereto, the mixture was stirred at 80°C for 2 hours.
The reaction mixture was concentrated and
dimethylsulfoxide (30 ml) was added thereto and stirred
at 80°C. After 12 hours, sodium hydride, in oil (587
mg, 13.5 mmol as the content was regarded as 55%) was
added to the reaction mixture and stirred at 80°C.
After one hour, the reaction mixture was concentrated
and the residue was purified by silica gel column
chromatography (NH silica gel, elution solvent: ethyl
acetate, ethyl acetate/methanol=9/1) to obtain the
title compound (2.00 g, yield: 64.4%) as a light yellow
oil.

"H NMR (400MHz, CDCls)dppm; 1.76-1.82(2H, m), 2.24(3H,



- 136 H NMR(400MHz, DMSO-d6) 8ppm; 1.60-1.70(2H, m), 2.15(3H, s),
2.12-2.25(4H, m), 3.73-3.81(2H, m), 3.98-4.06(2H, m), 4.44-4.49(1H, m),
4.70(1H, d, J=14Hz), 4.78(1H, d, J=14Hz), 6.97(1H, d, J=6Hz),
7.25-7.32(2H, m), 7.56- 5 7.70(2H, m), 8.19(1H, d, J=6Hz). (9j)
2-(((4-(5,9-dioxaspiro[3.5]non-7-yloxyys3-—
methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole sodium salt [0219]
16 [Forfmdd 85} 204N Oar ~& PR N HYa S0220] Tordrr-Bthatfot (207f)

S Iﬂﬂoq of Q1§O%-§%Aﬁll:(_(5d%-dioggpirg%%on-g- I%g%)s-%;%%tgylp@idin-z-

yl)methyl)sulfinyl benzimidaZole g, O. obtaihed in
the sten (9i), a1Naqueoys sedium 1hydrgxide-selusion (0.56 m, 0.56
mmol) was added at room temperature. The mixture was stirred for one
hddrg and 4her cOncentrated. i Aftdrthe residué walsosubjected to
azeotropic distillation with ethanol twice, it was 20 suspended with diethyl

efhier the R8s dithn solid W48 Ebifetted by filtration and dried to obtain the
title co (190 mg, yield: 91%) as a white solid. 1H NMR (400 MHz,
DMSO-d6)8ppm; 1.60-1.70(2H, m) , 2.13 - 137

[Formula 82]

[0214]

The 4-(5,9-dioxaspiro[3.5]non-7-yloxy)-2,3—-
dimethylpyridine l-oxide (1.25 g, 4.71 mmol) obtained
in the step (9f) was mixed with acetic anhydride (4.45
ml, 47.1 mmol). After the mixture was stirred at room
temperature for one hour, it was cooled to 0°C. After
triethylamine (656 pul, 4.71 mmol) was added, the
mixture was stirred for one hour and stirred at room
temperature for another one hour. After stirred at 50°C
for 2 hours, the reaction mixture was concentrated and
the residue was purified by silica gel column
chromatography (NH silica gel, elution solvent: ethyl
acetate/heptane=1/3). To the obtained product,
methanol (30 ml) and a 5N aqueous sodium hydroxide
solution (2.24 ml, 11.2 mmol) were added, and the
reaction mixture was stirred at room temperature for

one hour. A saturated aqueous solution of ammonium
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2.27(4H, m), 2.22(3H, s), 3.74-3.81(2H, m), 3.99- 4.06(2H, m), 4.37(1H, d,
J=13Hz), 4.42-4.50 (1H, m), 4.85(1H, d, J=13Hz), 6.82-6.88 (2H, m),
6.94(1H, d, J=6Hz), 7.40-7.46 (2H, m), 8.25(1H, d, J=6Hz). 5 (Example
10) 2-(((3-methyl-4-(1,5,9- trioxaspiro[5.5]undec-3-ylmethoxy)pyridin-2-
yl)methyl)sulfinyl)-1H-benzimidazole sedium salt [0221] [Formula 86]
O:_"~CO N\Oco SNN Na 10[0222] (10a)

1,‘5@L @r}”o‘)%%pWéEB BidAGEC-8%YIinethaift B223) [Ferrtia 87 HGROW 5

ra%yﬁ )ét'grecgfzgg)idrgx riztcrgl):f%ﬁ Qrogoaneg%ilollﬁl g(l;ﬁ 11mmo|)

pyran-4 one( mmol), p- oluene onic acid 20

W@@QB%%@%%&@& mori4 L-mmal;and bepzene (68,3 Ml was reflxed inn
a round bottom flask equipped with a cooling tube and Dean-Stark for 6

heursy Afteceteled tohroem temperaturértyiethydaminesdsmiavas added
to- 138

combined, washed with a saturated saline solution,
dried over anhydrous sodium sulfate, filtered and
concentrated to obtain the title compound (630 mg,
yield: 49.6%) as a light yellow oil.
'H NMR(400MHz, CDCls)dppm; 1.77-1.85(2H, m), 2.08(3H,
s), 2.26-2.35(4H, m), 3.85(2H, dd, J=6, 12Hz), 4.11(2H,
dd, J=4, 12Hz), 4.38-4.44(1H, m), 4.68(2H, s), 6.72(1lH,
d, J=6Hz), 8.31(1H, d, J=6Hz).
(9h) 2-(((4-(5,9-dioxaspiro[3.5]non-7-yloxy)-3—
methylpyridin-2-yl)methyl)thio)-1H-benzimidazole

[0215]

[Formula 83]

[0216]

A tetrahydrofuran (20 ml) solution of the (4-
(5,9-dioxaspiro[3.5]non-7-yloxy)-3-methylpyridin-2-
yl)methanol (630 mg, 2.37 mmol) obtained in the step
(9g) and triethylamine (0.66 ml, 4.74 mmol) was stirred
at —-10°C. After 10 minutes, methanesulfonyl chloride

(275 pl, 3.56 mmol) was added at the same temperature
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the reaction mixture and the mixture was concentrated. The residue was
purified by silica gel column chromatography (silica gel: 200 g, elution
solvent: heptane, heptane/ethyl acetate=1/1, 1/3) to obtain the 5 title
compound (3.80 g, yield: 64.9%) as a colorless oil. 1H NMR(400MHz,
DMSO-d6)8ppm; 1.67-1.82(5H, m),1335--3.42(2H, m), 3.49-3.57(4H, m),
3.65(2H, dd, J=7, 12Hz), 3.86(2H, dd, J=4, 12Hz), 4.56(1H, t, J=SHz). 10
(1652, Bhefimetriyi- Ut AnS, oltriskassirof5. 5] uHdeers:irmetHoxy) pyfidine

1-oxide.[0224] [Formula 88] O0OJ Co 0.02 15 To a dimethyisulfoxide
l[t OI’IL fo%%?’sr,b‘l_{lu%es.. £05]2651r]]18ec]:f_§<_3gtl n IT¥L 563 a

on
(30"mI)solution of the rioxaspiro yimethanol

2Q 2zmmebebtaineddn she step:(0a), sediypshydiidey dp QUL 78 MBonate
19.3 mmol as the content was regarded as 60%) was added at room
temaperature ethe niktere wast20ostimeickatropny temperatwre fed3@ith
minutes in a nitrogen atmosphere. To the mixture, 4-chioro-2,3-

diftiethyipgfiding 1oxite {2.6°9 1675 Mol weadded! *the mikiteirsy
stLed, aL60G far 2.5 quis. Afler gagleddo é%%‘tt' E‘}P,er%t}lﬁ%g%h%ver

reaction mixture was - 139 concentrated. The residue was puritied by
siiemg8lous sodium sulfate, filtered and concentrated.
Dichloromethane (30 ml) was added to the residue to
make a solution, and thereafter, 2-
mercaptobenzimidazole (354 mg, 2.36 mmol) was added at
room temperature. Furthermore, triethylamine (0.493
ml, 3.54 mmol) was added, and additionally, methanol
was added until 2-mercaptobenzimidazole was dissolved.
After the reaction mixture was stirred at room
temperature for 2 hours, NH silica gel was added to the
reaction mixture, which was then concentrated. The
residue was subjected to silica gel column
chromatography (elution solvent: heptane/ethyl
acetate=1/1, ethyl acetate) to obtain the title
compound (690 mg, yield: 73.6%) as a white solid.
'H NMR(400MHz, DMSO-d)dppm; 1.61-1.70(2H, m), 2.13-
2.25(4H, m), 2.22(3H, s),3.77(2H, dd, J=4, 12Hz),
4.02(24H, dd, J=2, 12Hz), 4.44-4.48(1H, m), 4.68(2H, s),
6.97(1H, d, J=6Hz), 7.07-7.13(2H, m), 7.37-7.50(2H, m),
8.21(1H, d, J=6Hz).
(91) 2-(((4-(5,9-dioxaspiro[3.5]non-7-yloxy)-3—
methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole

[0217]
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column chromatography (NH silica gel: 200 g, elution solvent: heptane,
heptane/ethyl acetate=1/1, 1/3, ethyl acetate, ethyl
acetate/methanol=10/1) to obtain the 5 title compound (3.38 g, yield:
66.2%) as a pale yellow gum. 1H NMR(400MHz, DMSO-d6)8ppm;
1.78(2H, t, J=SHz), 1.85(2H, t, JI=St#7), 2.07-2.20(1H, m), 2.13(3H, s),
2.35(3H, s), 3.52-3.60(4H, m), 3.80(2H, dd, J=6, 12Hz), 10 4.04(2H, dd,
JEE A4 94(2H, d, J=7Hz), 6.97(1H, d, J=7Hz), 8.08(1H, d, J=7Hz).
(10c) (3-methyl-4-(1,5,9-trioxaspiro[5.5]undec-3-
yimethoxy)pyridin-2-yi)methanoi [0226] 15 [F 9100 HO~NO
0227] The 2, 3-dimethyi-4-(1,5,9- trioxaspiro[5l5] o
undec-3-yimethoxy)pyridine 1-oxide (3.31 ¢ 107 mmol) obtained in the
step (10b) was 20 mixed with acetic tde (30 ml, 331 mmol). The
mixture was stirred at 85C¢ urzand 55/ inutes. After cooled to a
room temperature, the reagtion- ylixtire"'was concentrated. To the residue,
methanol (50 ml) and a SN aquelous sodium hydroxide solution (30 ml, -
140 150 mmoi) were added and the mixture was stirred at room
temperatuye f@grone hour. The reaction mixture was concentrated and the

residue was separated between
To a toluene (30 ml)/methanol (3 ml) solution

of the 2-(((4-(5,9-dioxaspiro[3.5]non-7-yloxy)-3—
methylpyridin-2-yl)methyl)thio)-1H-benzimidazole (290
mg, 0.73 mmol) obtained in the step (%h), a
toluene/methanol (10:1) solution of 3-chloroperbenzoic
acid (174 mg, 0.65 mmol as the content was regarded as
65%) was added at -70°C in a nitrogen atmosphere. After
the mixture was stirred at -50°C for one hour, a
saturated aqueous solution of sodium hydrogen carbonate
was added. After the mixture was warmed to room
temperature, the mixture was extracted with ethyl
acetate twice. Organic layers were combined and dried
over anhydrous sodium sulfate, filtered and
concentrated. The residue was purified by silica gel
column chromatography (NH silica gel, elution solvent:
ethyl acetate, ethyl acetate/methanol=9/1). Fractions
containing the title compound was collected by use of
ethyl acetate and concentrated. After diethyl ether
was added to the residue, the solvent was distilled off
to obtain the title compound (230 mg, yield: 76.2%) as

a white solid.



water and ethyl acetate. The organic layer was washed 5 twice with a 1N
agueous sodium hydroxide solution, dried over anhydrous magnesium
sulfate, filtered, and concentrated to obtain the title compound (1.97 g,
yield: 59.5%) as a brown oil. 1H NMR(400MHz, DMSO-d6)8ppm; 1.78(2H,
t, J=SHz), 10 1.85(2H, t, J=SHz); 210%-2-20(1H, m), 2.12(3H, s),
3.50-3.62(4H, m), 3.82(2H, dd, J=6, 12Hz), 4.05(2H, dd, J=4, 12Hz2),

4. 1A(PMRd ARCHER), 4 B3E Cd) FoBMZ), 14 99(EH, 10 §26MZ) B9 AL HD 63 H,

J=GHz), 8.24(1H. d. J=6Hz). 15.(10d)
2'3(3'”21ét2§/|_- -'(.?[%Sé{%ﬁogsbi%[&%]ﬂﬁdg%- 2, m), 3.98-4.06(2H,

yimethaxy)pyridin2cyiymethyi)thio) ii-benzimidazole {0228l Fosmula, 9¢],
O"~0 NO~ \I\~S\NO NH 0229] 20 To a dichioromethane
(dehydiated) @09MI) 18elution oftHéz(Brmetih-47(13%, 92Hoxaspirol5.5p -
undec-3- imethoxy)%)yridin-2-yi)methanoi 1.26 g, 4.07 mmoi) obtained in

> th%'s7t8r3 f@c)“é?nd ri&ﬁ&lﬁ%in@(l.i?@ﬁl? :14 mmoi), methanesuifonyi -
143, ohioride (473641 mmel).was added frapwise 4, o 4C for 20
minutes In a nitrogen atmosphere. The
methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole
sodium salt

[0219]

10 [Formula 85]
LO/
0 O

N 9 |\
@\}S N7
N

Na

[0220]

To an ethanol (20 ml) solution of the 2-(((4-
(5,9-dioxaspiro[3.5]non-7-yloxy)-3-methylpyridin-2-
yl)methyl)sulfinyl)—-1H-benzimidazole (230 mg, 0.56

15 mmol) obtained in the step (9i), a 1IN agueous sodium
hydroxide solution (0.56 ml, 0.56 mmol) was added at
room temperature. The mixture was stirred for one hour
and then concentrated. After the residue was subjected
to azeotropic distillation with ethanol twice, it was

20 suspended with diethyl ether, the resultant solid was
collected by filtration and dried to obtain the title
compound (190 mg, yield: 91%) as a white solid.

'H NMR (400 MHz, DMSO-dg¢)dppm; 1.60-1.70(2H, m), 2.13-
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mixture was stirred for 40 minutes in the same conditions. The reaction
mixture was poured into a 5 saturated aqueous solution of sodium
hydrogen carbonate. The aqueous layer was extracted with
dichioromethane. Organic layers were combined, dried over anhydrous
sodium sulfate, filtered and concentrated- The residue was mixed with 2
10 mercaptobenzimidazole (595 mg, 3.96 mmol). The mixture was stirred

iq%néﬂﬁb%i (15 ml)%t%%dﬁﬁenﬁj‘erat%lré for3 ﬁ’ hbtifs afid 45%91%’@3. NH
silica, g?IZ(i}O wad .aggzgéo the r%i?g%qzm'xt%?@ﬁﬂghsoqgm‘ﬂ? was

concentratéd. THe residue was slibjec o'silica’gel 15°¢
chrogatearaphy (siiga gel 150, eutiors solvent: heprane/etiyl u, 4,
acetate=50/50, 25/75, ethyl acetate, ethyl acetate/methanol=10/1) to
obtafrfia ) mixturélof thé ditlé Compoundcarithb2 hibrcdptobehZimidazole. The
mixture was further 20 purified by silica gel column chromatography (silica
géI.EEEBI@E’%ﬁJtijoWsozfv_eH:(l?féﬁtﬁﬁ)é[éjtﬁyli ~dcetateds0/50, 25/75, ethyl

a e | ate/m 0= tai il was suspended
in%%Ie%%ﬁ% 35(:;%&94&1 %D g?ltﬁa%;l]%afeﬂﬁ%b(% p%gﬁgg 0315“(962984 mg, yield;
5§.8Ymcah g coloiless fgam - 1H-MWR(400MEzZo DMSQ6)8ppmi . 78(2H,
t, J=SHz), 1.85(2H, t, J=SHz), 2.10-2.20(1H, m), 2.22(3H, s),
3.52-3.60(4+,1nh), 3.82(2H, dd, J=6, 12Hz), 4.05(2H, dd, - 142 J=4,
12Hz), 4.15(2H, d, J=7Hz) , 4.70(2H, s) , 6.99(1H, d, J=6Hz),

7.5 HB(H,54), 7.38-7.53(2H, br),

\
@N> SN
Na

[0222]
(10a) 1,5,9-trioxaspiro[5.5]undec-3-ylmethanol
[0223]

[Formula 87]

A mixture of 2-(hydroxymethyl)-1,3-
propanediol (3.3 g, 31.1 mmol), tetrahydro-4H-pyran-4-
one (3.12 g, 31.2 mmol), p-toluenesulfonic acid
monohydrate (268 mg, 1.41 mmol) and benzene (68.3 ml)
was refluxed in a round bottom flask equipped with a
cooling tube and Dean-Stark for 6 hours. After cooled

to room temperature, triethylamine (1 ml) was added to
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8.25(1H, d, J=6Hz), 12.62(1H br s). (10e)
2-(((3-methyl-4-(1,5,9-trioxaspiro[5.5]undec-3- 5
ylmethoxy)pyridin-2-yl)methyl)sulfinyl)-1H- benzimidazole [0230] [Formula
91] O"~CO N\OCO SNN H [0231] 10 To a toluene (30 ml)-methanol
(3 ml) solution of the 2-(((3-methyl-454,5,9-trioxaspiro[5.5]undec-3-
ylmethoxy)pyridin-2-yl)methyl) thin)-1H-benzimidazole (974 mg, 2.21
mriGl) BT thé St ELoH) Ja Hofighe{(a1hp-Méthafh@smprated.

S(}IHIIOI”I of 3%’L5€chloroperbein§0|c acid (g%&i mg, 1.9 mmtiluz%nsnthe content

Was(?eé:éersdle as @?02)) as adldee(cjj r%pW|se at -65C for 5 minutes in a

nitegenatmesphere. Themixturgaas stiged fora% minwtes dn the,same
conditions. To the reaction mixture, a saturated aqueous solution of 20
sodiptremedrogemr tarmonatéwasackledt Thé Organi¢ layerowadb deied oviee
anhydrous sodium sulfate, filtered and concentrated. The residue was
plrifiedby STBR gef coimifl cRrorfatoyrapHiy N Siliéd gl: 201§ eiition
sqlyent: dichloromethane, - 143 - dichioromethane/methanol=10/1). The
fractions

"H NMR (400MHz, DMSO-ds)d&ppm; 1.67-1.82(5H, m), 3.35-

3.42(2H, m), 3.49-3.57(4H, m), 3.65(2H, dd, J=7, 12Hz),
3.86(2H, dd, J=4, 12Hz), 4.56(1lH, t, J=5Hz).
(10b) 2,3-dimethyl-4-(1,5,9-trioxaspiro[5.5]undec-3-
ylmethoxy)pyridine l-oxide

[0224]

[Formula 88]

[0225]

To a dimethylsulfoxide (30 ml) solution of
the 1,5,9-trioxaspiro[5.5]undec-3-ylmethanol (3.80 g,
20.2 mmol) obtained in the step (10a), sodium hydride,
in oil (770 mg, 19.3 mmol as the content was regarded
as 60%) was added at room temperature. The mixture was
stirred at room temperature for 30 minutes in a
nitrogen atmosphere. To the mixture, 4-chloro-2,3-
dimethylpyridine l-oxide (2.6 g, 16.5 mmol) was added,
the mixture was stirred at 60°C for 2.5 hours. After

cooled to room temperature, the reaction mixture was
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containing the title compound were collected with ethyl acetate and
concentrated. After diethyl ether was added to the residue, the solvent
was distilled off to 5 obtain the title compound (725 mg, yield: 71.7%) as a
pale grayish solid. 1H NMR(400MHz, DMSO-d6)8ppm; 1.78(2H, t,
J=SHz), 1.85(2H, t, J=SHz), 2.05-212B(1H, m), 2.14(3H, s),
3.48-3.62(4H, m), 3.81(2H, dd, J=6, 12Hz), 4.05(2H, dd, 10 J=4, 12Hz),
4SBT NG FRE), 4 7ABLH G TR MHYE 4. BoEH, € I=RHA1 6 9o ed,

N

-mélthy -trio 5]undec-3-
yimethexnpynidip2sydmethyheuifisyi-y 15 bepzimidazole sodium saktnhy 1
[0232] [Formula 92] O~O N OO \S N N Na 0233] To an ethanol (15 ml)
selotor bbthes24({(3- 20 atethy/4+¢L, bR tribxaspito[515undec3n the
yimethoxy)pyridin-2-yi)methyi)suifinyi)-|H- benzimidazole (708 mg, 1.55
mmdl) GbtaiiBPite Step’ (108), & 1RI&GuBUsSOUIET HydRGide Yo 1 1ow
S%Hqun (2.54 ml, - 144 1.55 mmoi as the concentration was regarded as
1.

04iM)
'H NMR(400MHz, DMSO-d¢)dppm; 1.78(2H, t, J=5Hz),

1.85(2H, t, J=5Hz), 2.07-2.20(1H, m), 2.13(3H, s),
2.35(3H, s), 3.52-3.60(4H, m), 3.80(2H, dd, J=6, 12Hz),
4.04(2H, dd, J=4, 12Hz), 4.11(2H, d, J=7Hz), 6.97(1lH,
d, J=7Hz), 8.08(1H, d, J=7Hz).
(10c) (3-methyl-4-(1,5,9-trioxaspiro[5.5]undec-3-
ylmethoxy)pyridin-2-yl)methanol

[0226]

[Formula 89]

[0227]

The 2,3-dimethyl-4-(1,5,9-
trioxaspiro[5.5]undec-3-ylmethoxy)pyridine l-oxide
(3.31 g, 10.7 mmol) obtained in the step (10b) was
mixed with acetic anhydride (30 ml, 331 mmol). The
mixture was stirred at 85°C for 1 hour and 55 minutes.
After cooled to a room temperature, the reaction
mixture was concentrated. To the residue, methanol (50

ml) and a 5N agqueous sodium hydroxide solution (30 ml,
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was added at room temperature and the mixture was concentrated. The
residue was subjected to azeotropic distillation with ethanol twice. After
the residue was 5 suspended with diethyl ether, ultrasonically treated,

and allowed to stand, the supernatant liquid was removed. This washing
process was repeated further twicel Jthheresidue was dried under reduced
pressure to obtain the title compound (635 mg, yield: 85.4%) as a 10
whité sBli@H RVIR (£otihdz DM SO--EYBPPHIE 7962H, 3L 3xSAF) at
1.85(2H, t, J=SHz), 2.10-2.23(1H, m), 2.19(3H, s), 3.50-3.62(4H, m

3R oy S BB oLE o e M 3H). 4 TR B ol 4 RO
d; 3362 S A8 Y dhFI3HD), 68216.90(2H.9M)£:88E L J, plrbHDn
7.42-7.48(2H, m), 8.29(1H, d, J=6Hz). (Example 11)

246442, 2«dimethy-1, 3xdfoxanss- The organic layer was washed
yiymethoxy)-3,5-dimethyipyridin-2-yi)methyi)suifinyi)- 1H-benzimidazole
sgdiaﬁ\esémléél[@zshtf [EOHAGIRSI 3 O-LEORY NHAS T NN SRA 0238

0@ygéédg@@PVE%§§§9é@E5&@%9@@?88ié%%%é@%?GEiltered, and
concentrated to obtain the title compound (1.97 g,
yield: 59.5%) as a brown oil.
'H NMR (400MHz, DMSO-dg)dppm; 1.78(2H, t, J=5Hz),
1.85(2H, t, J=5Hz), 2.09-2.20(1H, m), 2.12(3H, s),
3.50-3.62(4H, m), 3.82(2H, dd, J=6, 12Hz), 4.05(2H, dd,
J=4, 12Hz), 4.14(2H, d, J=7Hz), 4.53(2H, d, J=6Hz),
4.99(1H, t, J=6Hz), 6.97(1H, d, J=6Hz), 8.24(1H, d,
J=6Hz) .
(10d) 2-(((3-methyl-4-(1,5,9-trioxaspiro[5.5]undec-3-
ylmethoxy)pyridin-2-yl)methyl)thio)-1H-benzimidazole
[0228]

[Formula 90]
O/\Wif\o
A\
@,\R—S SN
H

To a dichloromethane (dehydrated) (20 ml)

[0229]

solution of the (3-methyl-4-(1,5,9-
trioxaspiro[5.5]undec-3-ylmethoxy)pyridin-2-yl)methanol
(1.26 g, 4.07 mmol) obtained in the step (10c) and

triethylamine (1.13 ml, 8.14 mmol), methanesulfonyl
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[Formula 94] HOO o/JI/ 0237] A mixture of 2-(hydroxymethyl)-1,3 5
propanediol (4.09 g, 38.5 mmol), acetone (130 ml, 1768 mmol) and 70%
perchloric acid (1.37 g, 9.55 mmol) was stirred at room temperature for
21 hours. After the pH of the reaction mixture was adjusted with
concentrated aqueous ammonia-to19 the reaction mixture was 10
concentrated. The residue was purified by silica gel column

chidhratégraphd (Silikd gef 1bb dreiitton’ 28 IVeRE Heptarms hieptarfdiethyf

acetate=1/3) to ahtain. the title compound (4.83 g, yield: 85.8%) as
cSTect o1 A0t NGO, DS d5apr L30Br 9 1306,
ShikB4da T4, )% 3:3%:3A342H oM 3.64@2H 1dd, 52, J2k2),
3.82(2H, dd, J=4, 12Hz), 4.54(1H, t, J=SHz). (llb) 2,3,5-trimethylpyridine
1-oxidei 0288} 20 [Foemulkse@5] v r028Totar dichigre methvarred (dehydrated)
(150 ml) - 146 solution of a 2,3,5-collidine (11.0 g, 90.8 mmol), 3-
CHIBFIPEbERz ACHERIY 245G P93 2 Mbl &8 the ortéAF W regarded as

62%) a5 qdded 34 1C in,a nitregen 9&@_0%%@%1{@35@%@% Was stirred

while the 5 temperature was gradua?ly raised to room temperature
dichloromethane. Organic layers were combined, dried
over anhydrous sodium sulfate, filtered and
concentrated. The residue was mixed with 2-
mercaptobenzimidazole (595 mg, 3.96 mmol). The mixture
was stirred in methanol (15 ml) at room temperature for
17 hours and 45 minutes. NH silica gel (10 g) was
added to the reaction mixture and the mixture was
concentrated. The residue was subjected to silica gel
column chromatography (silica gel: 15 g, elution
solvent: heptane/ethyl acetate=50/50, 25/75, ethyl
acetate, ethyl acetate/methanol=10/1) to obtain a
mixture of the title compound and 2-
mercaptobenzimidazole. The mixture was further
purified by silica gel column chromatography (silica
gel: 15 g, elution solvent: heptane/ethyl
acetate=50/50, 25/75, ethyl acetate, ethyl
acetate/methanol=10/1). The obtained oil was suspended
in hexane, concentrated to obtain the title compound
(994 mg, yield; 56.8%) as a colorless foam.
'H NMR (400MHz, DMSO-ds)dppm; 1.78(2H, t, J=5Hz),
1.85(2H, t, J=bHz), 2.10-2.20(1H, m), 2.22(3H, s),

3.52-3.60(4H, m), 3.82(2H, dd, J=6, 12Hz), 4.05(2H, dd,
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for 13.5 hours. After the reaction mixture was concentrated, the residue
was purified by silica gel column chromatography (NH silica gel: 200 g,
elution solvent: heptane/ethyl acetate=50/50, ethyl acetate, 10 ethyl
acetate/methanol=20/1) to obtain a crude product of the title compound
as a pale yellow oil. After the crudelgroduct was diluted with ethyl acetate
and a saturated aqueous solution of sodium hydrogen carbonate, the

mixtdre Wwas eoncénttatéd HThé resiaué 15 was: plrifiedy by sitick geP (1H/

coJlumn chromatography, (N ilica gel: 300 utj vent; heptane,
hé]{|dta‘rrjré%{e]fg%yyl1 ’acozegt"aqgggmlsg ! gt&%yl aéétaﬁg', 3e%h_y -;%;&2 e7meﬁ12’noI:20/ 1)
togobtgimthe title compound {21.9.0, Mield:88,3%) as a white solid. 20 'H
NMR(400MHz, DMSO-d6)8ppm; 2.15(3H, s), 2.23(3H, s), 2.27(3H, s),
6.97(EH, 9); 7.99¢tHesh{llc) 2;3,5-thintethyl 4 riropyridine .15 dxidecf0240]
[Formula 96] NO2 N* i0- 25[0241] - 147 The 2,3,5-trimethylpyridine
10X 135 §PBOLS! Milndly Bhidired in'the'stép thb) Mds mixed with
S%Eﬁ@ﬁ?ﬂ%%@%e‘g 348 mmol). After fuming nitric acid (5.50 ml, 133
mmol) was added dropwise to this

[0230]

[Formula 91]
O/\Ij\o
A\
@,\R—S SN
H

To a toluene (30 ml)-methanol (3 ml) solution

[0231]

of the 2-(((3-methyl-4-(1,5,9-trioxaspiro[5.5]undec-3-
ylmethoxy)pyridin-2-yl)methyl)thio)-1H-benzimidazole
(974 mg, 2.21 mmol) obtained in the step (10d), a
toluene (1 ml)-methanol (1 ml) solution of 3-
chloroperbenzoic acid (528 mg, 1.99 mmol as the content
was regarded as 65%) was added dropwise at -65°C for 5
minutes in a nitrogen atmosphere. The mixture was
stirred for 55 minutes in the same conditions. To the
reaction mixture, a saturated aqueous solution of
sodium hydrogen carbonate was added. The organic layer
was dried over anhydrous sodium sulfate, filtered and
concentrated. The residue was purified by silica gel
column chromatography (NH silica gel: 20 g, elution

solvent: dichloromethane,



5 mixture at room temperature, the mixture was stirred at 80C for 9 hours.
The reaction mixture was cooled to room temperature and thereafter
poured into ice. The obtained aqueous solution was extracted with
chloroform three times. Organic layers were combined and dried 10 over
anhydrous magnesium sulfate, filtered3sand concentrated to obtain the title
compound (13.6 g, yield: 93.1%) as a yellow solid. 1H NMR(400MHz,
Dﬂﬁswldeg@mﬁhzq%(gﬁtgawoﬁﬁ $), -2.36(3H fsl)ag%wm s). 15

(I|d 4-chloro-2,3 tnmet yrldlnelo ide [0242] [For a97 *
105 FRG 2.3 5 hnei - SRS MG ol 20 (15 bt 7.8

opyrldlne -oXi

WLQ@@'%‘“&B%@&%&Q@@%&% Rdded t@@@%%th@ﬂ@l%@%ﬂ,

1,125 mmol) at -30C in a nitrogen atmosphere. The mixture was stirred at
-30Q¢d roomttempesatucerfor 4cheurs@ahnde20 miausted. i Afterl telreaictiono
mixture was concentrated, the residue was - 148 filtj?tr)ie(:ted to silica gel

5 cOlbhchrbhfatdgrapRy ?Nﬁp%iﬁﬁ& gel 800G eldtich-Salvent: héptahe, 2

pale grayish solid.
'H NMR (400MHz, DMSO-dg)dppm; 1.78(2H, t, J=5Hz),
1.85(2H, t, J=bHz), 2.05-2.21(1H, m), 2.14(3H, s),
3.48-3.62(4H, m), 3.81(2H, dd, J=6, 12Hz), 4.05(2H, dd,
10 J=4, 12Hz), 4.15(2H, d, J=7Hz), 4.71(1H, d, J=14Hz),
4.80(1H, d, J=14Hz), 6.99(1H, d, J=6Hz), 7.26-7.36(2H,
m), 7.58-7.72(2H, br), 8.23(1H, d, J=6Hz).
(10f) 2-(((3-methyl-4-(1,5,9-trioxaspiro[5.5]undec-3-
ylmethoxy)pyridin-2-yl)methyl)sulfinyl)-1H-
15 Dbenzimidazole sodium salt
[0232]

[Formula 92]

[0233]
To an ethanol (15 ml) solution of the 2-(((3-
20 methyl-4-(1,5,9-trioxaspiro[5.5]undec-3-
ylmethoxy)pyridin-2-yl)methyl)sulfinyl)—-1H-
benzimidazole (708 mg, 1.55 mmol) obtained in the step

(10e), a 1IN aqueous sodium hydroxide solution (1.54 ml,
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heptane/ethyl acetate=50/50, ethyl acetate, ethyl acetate/methanol=10/1)
to obtain fractions containing a 5 pure product of the title compound and
fractions containing a crude product of the title compound. The fractions
containing a crude product of the title compound was concentrated. The
residue was suspended in ethyl acetate and the resulting 10 precipitate
was collected by filtration, washed with ethyl acetate and diethyl ether to
oBtafPtHEMtle @8mpbEndILEEALE BB asa White Solid SPhe SilttateW44s

concen(;[lrg%leeglJI Tahce rresidue was dissglved in ((:PI%E%orm aggl %/vashed with

a Saturated aqueousol%nsgl(ﬁfrll(]?ne of s&)l(ifi(ﬁmaﬁydrogen Carbona e,wcﬁlsed

oveyn aphydrods sodium sulfate; filtered andsconcentrated: cThe residUs i ¢
was suspended in diethyl ether. The resulting precipitate was collected by
filration,l Wwaished withtdiethyhethet ta ebtain the titteecompeune 20dLet Bas
2.69 g) as a pale brown solid. The fractions containing a pure product of

the it Cstiotd ere BoReent e “The' fesTdPivas “disolved fit =/
loroform, ' t d tiop. '
é%o am o%gﬁ‘%dowﬁ?e%%a Uraled AgueoLs SO ‘:‘c'of‘l‘%{gl?g '%%sfed and

c
hydrogen carbonate, 25 over anhydrous sodium su

conrcenttated torahtaindthertitiecampaunds (Let £, 656 F)as & palenwhite
solid. The yield of the obtained title compounds of - 149 - 3 lots was
85796 in- totdlnEotrAsTd NMRE400M 2 ADMS B 6Y8pAc. 24(3¢ sg)re to

obtain the title compound (635 mg, yield: 85.4%) as a
white solid.
'H NMR (400MHz, DMSO-dg)dppm; 1.79(2H, t, J=5Hz),
1.85(2H, t, J=bHz), 2.10-2.23(1H, m), 2.19(3H, s),
3.50-3.62(4H, m), 3.78-3.87(2H, m), 4.05(2H, dd, J=4,
12Hz), 4.14(2H, d, J=7Hz), 4.40(1H, d, J=13Hz),
4.78(1H, d, J=13Hz), 6.82-6.90(2H, m), 6.96(1H, d,
J=6Hz), 7.42-7.48(2H, m), 8.29(1H, d, J=6Hz).
(Example 11) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy) -3, 5-dimethylpyridin-2-yl)methyl)sulfinyl) -
lH-benzimidazole sodium salt

[0234]

[Formula 93]

[0235]

(1la) (2,2-dimethyl-1, 3-dioxan-5-yl)methanol
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2.35(3H, s), 2.39(3H, s), 8.25(1H, s). Lot B: 1H NMR(400MHz,
DMSO-d6)8ppm; 2.24(3H, s), 5 2.35(3H, s), 2.39(3H, s), 8.25(1H, s). Lot
C: 1H NMR(400MHz, DMSO-d6)8ppm; 2.24(3H, s), 2.35(3H, s), 2.39(3H,
s), 8.25(1H, s). (lie) 4-((2,2-dimethyi-l,3-dioxan-5-yi)methoxy)-2,3,5-
trimethyipyridine 1-oxide 10 [0244] {Eermula 98] O---COK &llJi O-
[0245] To a dimethyisulfoxide (50 ml) solution of the
(2,2-diméftsiPh3-dioxan-5-yi)methanoi (4.78 g, 15 32.7 mmol) obtained in

th ge%égliag,g%(jium hydride, in oil (1,26 g, 31.5 mmol as the content was
r EESrée as 60%) was added at room temperature. The mixture was
stirred at room temperature for 15 minutes in a nitrogen atmosphere. To

the mixture, the 4-chloro 20 2,3,5-trimethyipyridine 1-oxide (Lot C, 4.50 g,
26.2 mmol) obtained in the stepfdmj%fé ded and the mixture was
stirred at 60C for 8 hours and 10 minut 5 fter cooled to room
temperature, the reaction mixture - 150 was concentrated. The residue
was purif[i%g ?y]silica gel column chromatography (NH silica gel: 300 g,
elution solvent: heptane, heptane/ethyl acetate=I/I,

A mixture of 2-(hydroxymethyl)-1,3-
propanediol (4.09 g, 38.5 mmol), acetone (130 ml, 1768
mmol) and 70% perchloric acid (1.37 g, 9.55 mmol) was
stirred at room temperature for 21 hours. After the pH
of the reaction mixture was adjusted with concentrated
aqueous ammonia to 9, the reaction mixture was
concentrated. The residue was purified by silica gel
column chromatography (silica gel: 100 g, elution
solvent: heptane, heptane/ethyl acetate=1/3) to obtain
the title compound (4.83 g, yield: 85.8%) as a
colorless oil.

'H NMR(400MHz, DMSO-ds)dppm; 1.29(3H, s), 1.30(3H, s),
1.64-1.74(1H, m), 3.35-3.41(2H, m), 3.61(2H, dd, J=7,
12Hz), 3.82(2H, dd, J=4, 12Hz), 4.54(1H, t, J=5Hz).
(11b) 2,3,5-trimethylpyridine l-oxide

[0238]

[Formula 95]

[0239]

To a dichloromethane (dehydrated) (150 ml)
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1/3, ethyl acetate, ethyl acetate/methanol=I0/l) to 5 obtain the title
compound (5.06 g, yield: 68.6%) as a yellow oil. 1H NMR(400MHz,
DMSO-d6)8ppm; 1.33(3H, s), 1.36(3H, s), 2.05-2.13(1H, m), 2.14(3H, s),
2.17(3H, s), 2.31(3H, s), 3.77-3.86(4H, m), 4.01(2H, dd, J=4, 12Hz),
8.07(1H, 10 s). (lIf) (4-((2,2-dimethyi4ls 3-dioxan-5-yi)methoxy)-3,5-
dimethyipyridin-2-yi)methanoi [0246 [Formula 99] O----CO HO N 15

[02a¥YFheR-q2, ZadlﬁTe}h)ﬁﬁgjd}rd 5- (11.0 g, 90.8 mmol), 3-
ym tho -2,3,.5-trimethyi |d X|de 18 mmoI btained. in
th% S ep C(# vl\?éésn mixed \?\}/lftpﬁé i anh%/drl % Hio%2§l mm%l? anarfﬁent

middre-was stingd 20 a585C.fak 1 Sheurs Aftereogled40 10@Mogen
temperature, the reaction mixture was concentrated. Methanol (50 ml)
and aBN agueous Sodiumi Rydroxidea solution (50 mih253@ mrel) were
added to the residue and the mixture was stirred at room temperature for

36 S1BT T Airtites “Pite PEAIOR mikturé Wiledritehttafed sAe et ture
regidue yas sepqrated betyesn waler and ety agefate, The giganic

layer was washed with a 1N aqueous so ydI’OXI e solution twice
and doed ©ver aahydipds bavagnesiuassyliata, fitesedband coneentsated

to obtain
column chromatography (NH silica gel: 200 g, elution
solvent: heptane/ethyl acetate=50/50, ethyl acetate,
ethyl acetate/methanol=20/1) to obtain a crude product
of the title compound as a pale yellow oil. After the
crude product was diluted with ethyl acetate and a
saturated agqueous solution of sodium hydrogen
carbonate, the mixture was concentrated. The residue
was purified by silica gel column chromatography (NH
silica gel: 300 g, elution solvent: heptane,
heptane/ethyl acetate=50/50, ethyl acetate, ethyl
acetate/methanol=20/1) to obtain the title compound
(11.0 g, yield: 88.3%) as a white solid.
'H NMR(400MHz, DMSO-ds)dppm; 2.15(3H, s), 2.23(3H, s),
2.27(3H, s), 6.97(1lH, s), 7.99(1lH, s).
(11lc) 2,3,5-trimethyl-4-nitropyridine l-oxide

[0240]

[Formula 96]

[0241]
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the title compound (3.02 g, yield: 59.6%) as a brown oil. 1H
NMR(400MHz, DMSO-d6)8ppm; 1.33(3H, s), 1.37(3H, s), 2.05-2.16(1H,
m), 2.20(6H, s), 3.82(2H, dd, J=6, 12Hz), 10 3.86(2H, d, J=8Hz), 4.02(2H,
dd, J=4, 12Hz), 4.51(2H, d, J=6Hz), 4.98(1H, t, J=6Hz), 8.16(1H, s). (llg)
2-(((4-((2,2-dimethyi-1,3-dioxan-5-yi)arethoxy)- 3,
5-dimethyipyridin-2-yi)methyi)thio)-IH-benzimidazole [0248] 15 [Formula
100] O---COK &N\ ¥ 8N N-HE fopol yory tettahy8rofurar@s mil -0 9/

sojution of the, (4-((2,2-dimethyi-1,3-dioxan-5-yi)methoxy)-3,5- .
oy B S tabo 54 age 170 1ol 20 Sbratid h thec™
step () and tdethylamine (560 Ri4 3.5&mmoal), methapesulfonyi chloride
(208 gl, 2.69 mmol) was added dropwise at 1C to 3C for 15 minutes in a
nitrogen eimo8phére. The reaction mixdureiwas! - d52pstirsed for 1thour
and 25 minutes in the same conditions. After 2-mercaptobenzimidazole

(ZTEGT £.8* MBIy vasCHtRIS e fixthhEwas stied ditdomttrred at
teé‘b“‘éraégﬁg for £ fours a'fﬁéof"ég‘éz‘ﬁsof? *}ﬁi@gﬁ‘i_i%” AJAXIE WIS +
separated between ethyl acetate and a saturated aqueous solution of
sedium myudipgeRture and thereafter poured into ice. The
obtained aqueous solution was extracted with chloroform
three times. Organic layers were combined and dried
over anhydrous magnesium sulfate, filtered and
concentrated to obtain the title compound (13.6 g,
yield: 93.1%) as a yellow solid.
'H NMR(400MHz, DMSO-ds)dppm; 2.16(3H, s), 2.20(3H, s),
2.36(3H, s), 8.35(1lH, s).
(11d) 4-chloro-2,3,5-trimethylpyridine l-oxide
[0242]

[Formula 97]

[0243]
The 2,3,5-trimethyl-4-nitropyridine l-oxide
(13.4 g, 73.6 mmol) obtained in the step (1llc) was
added to acetyl chloride (80 ml, 1,125 mmol) at -30°C in
a nitrogen atmosphere. The mixture was stirred at -30°C
to room temperature for 4 hours and 20 minutes. After

the reaction mixture was concentrated, the residue was



carbonate. The organic layer was dried over anhydrous magnesium
sulfate, filtered and concentrated. The residue was purified by silica gel
column 10 chromatography (silica gel: 30 g, elution solvent: heptane/ethyl
acetate=42/58, 22/78, ethyl acetate) to obtain the title compound (442
mg, yield: 59.7%) as a colorlessfoamg 1H NMR(400MHz,
DMSO-d6)8ppm; 1.33(3H, s), 1.36(3H, s), 15 2.05-2.16(1H, m), 2.20(3H,
s)s P2 3HES), 8 HRH: cdd, I=b, 12H2YB. 87PN, 927 PRI Y. 022H, dd,
J= 4 12Hz), 4.69( 7. 16(2H 7 41 7 5 m) 8.18(1H,
S). J(Iﬁ"lj)cfl(% 2 2? Eomgjthyle%é dioxar- % )methoxy 2§
3&@%@%@%@@ 2xydmethyDsulfigyl)- 1&@%2&6@%@'@108@%1
[Formula 101] O---COK N\iN _S N H[0251] - 153 To atoluene (20

mi)emetianoh€2 hahsoletid Iof the obtain fractions containing a
2-(((4-((2,2-dimethyi-1,3-dioxan-5-yi)methoxy)-

3 BAimethfRYidin 2y ifhethyhinic)- EABEANicR2 016t (454 i) 4.03
mé%%)c%%?i%egd D the fep JladR adolene (L mil-methangl(Lmb .

solution o
The fractions containing a crude product of

the title compound was concentrated. The residue was
suspended in ethyl acetate and the resulting
precipitate was collected by filtration, washed with
ethyl acetate and diethyl ether to obtain the title
compound (Lot A, 1.58 g) as a white solid. The
filtrate was concentrated. The residue was dissolved
in chloroform and washed with a saturated aqueous
solution of sodium hydrogen carbonate, dried over
anhydrous sodium sulfate, filtered and concentrated.
The residue was suspended in diethyl ether. The
resulting precipitate was collected by filtration,
washed with diethyl ether to obtain the title compound
(Lot B, 2.69 g) as a pale brown solid.

The fractions containing a pure product of
the title compound were concentrated. The residue was
dissolved in chloroform, washed with a saturated
aqueous solution of sodium hydrogen carbonate, dried
over anhydrous sodium sulfate, filtered and
concentrated to obtain the title compound (Lot C, 6.56
g) as a pale white solid.

The yield of the obtained title compounds of
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chloroperbenzoic acid (246 mg, 0.927 mmoi as the content was regarded
as 65%) was added dropwise at -65C for 5 minutes in a nitrogen
atmosphere. The mixture was stirred for 45 minutes in the same
conditions. To 10 the reaction mixture, a saturated aqueous solution of
sodium hydrogen carbonate was-added and the mixture was extracted
with ethyl acetate. The organic layer was dried over anhydrous sodium
suifate fitereéd afd - doncentratéd The residue was purified by silica gel

15 gplymn CE‘E?@?%EIQP&%MZNH BM%&%%@@'&%@%ME

dichloromethan chiorométhane ractions’

containingithedtitle compqund were cellected withgthyl acetate and
concentrated. To the residue, diethyl 20 ether was added. The resulting
piecipifate was tolketied By filtratidfcantt washed With2didthyl ether to
obtain the title compound %54 mg, yield: 61.9%) as a white solid. 1H

NKREO66MHZ DM3Ode)8ppns 17.35(8FP §§..36(3H, s), 25
2.02:2.13(1H, 2. ,S), 3.74- 3.84(4H, m), 4.00(2H,
d§§t 43( Ry@}@@bﬁqﬁ% o foi)g)éﬁfﬂ’ 8444, 3 9 (

, J=4, 12Hz), 4.70(1H, d, J=14Hz), , J=14Hz), 7726 %.’33(2H,
m),. 8.603#,70¢3H, m)38.18(1H,), - 83251, s) .
2-(((4-((2,2-dimethyi-1,3-dioxan-5-yi)methoxy)- 3,
5-tirethyfoyfiti-2-ydmethpiyduifingd)=iH-denziridaz o leesddium )salt, 3/, 5
[025,2Jn 5 [rllzormula, 102] ,

trimethylpyridine l-oxide
[0244]

[Formula 98]

[0245]

To a dimethylsulfoxide (50 ml) solution of
the (2,2-dimethyl-1,3-dioxan-5-yl)methanol (4.78 g,
32.7 mmol) obtained in the step (1lla), sodium hydride,
in oil (1,26 g, 31.5 mmol as the content was regarded
as 60%) was added at room temperature. The mixture was
stirred at room temperature for 15 minutes in a
nitrogen atmosphere. To the mixture, the 4-chloro-
2,3,5-trimethylpyridine l-oxide (Lot C, 4.50 g, 26.2
mmol) obtained in the step (11d) was added and the
mixture was stirred at 60°C for 8 hours and 10 minutes.

After cooled to room temperature, the reaction mixture
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O---COK 0\>-S N N Na 0253] To an ethanol (10 ml) solution of the
2-(((4- ((2,2-dimethyi-1,3-dioxan-5-yi)methoxy)-3,5-
dimethyipyridin-2-yi)methyi)sulfinyi)-1H-benzimidazole 10 (274 mg, 0.638
mmol) obtained in the step (Ilh), a 1N aqueous sodium hydroxide solution
(635 JLL, 0.638 mmol as the concergration was regarded as 1.004M) was
added at room temperature and the mixture was concentrated. The
ré&idfue"Ras S0bjeetétfito aZetropfiSdidtifatibhSL P With etiahdttwicel Aftdr
the residue was suspenc edin d ethy ﬁH} e mixtur g%Hltrasonlcally
e titl

tréated“8nd Concentrated 16 ob ﬁ/ th & %or%%%uﬁg 26 mg, yleld

9Q.3%0)iama whitesolid. AHNMR(A00MEZ, DMSOrd6)8ppry; 433(3H1 $),
1.36(3H, s), 20 2.03-2.14(1H, m), 2.20(3H, s), 2.21(3H, s), 3.76- 3.87(4H,
m),/4.00€2Hvdd, J=4t a1 Hz), 4 BH(L Hs ¢k tIiBHAR)s BLES(Q M- 8D J2IBHZY,
6.81-6.91(2H, m), 7.40- 7.48(2H, m) 823(1H S). - 155 (Examgle 12)
z?aﬁa(%élztd?ﬁ]eﬂfﬁ]r% diokaRsnd (5.06 g, yield as
yI ethoxy)-3smethylpyridin-2-yl)methyl)sulfinyl)-IH- benzimidazole

lum salt 0254] 5 [Formula 103]

'H NMR(400MHz, DMSO- dg )Oppm; 1.33(3H, s), 1.36(3H, s),

a

2.05-2.13(1H, m), 2.14(3H, s), 2.17(3H, s), 2.31(3H,
s), 3.77-3.86(4H, m), 4.01(2H, dd, J=4, 12Hz), 8.07(1lH,
s) .
(11f) (4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3,5-
dimethylpyridin-2-yl)methanol

[0246]

[Formula 99]

[0247]

The 4-((2,2-dimethyl-1,3-dioxan—-5-
yl)methoxy)-2,3,5-trimethylpyridine l-oxide (5.06 g, 18
mmol) obtained in the step (lle) was mixed with acetic
anhydride (50 ml, 529 mmol) and the mixture was stirred
at 85°C for 1.5 hours. After cooled to room
temperature, the reaction mixture was concentrated.
Methanol (50 ml) and a 5N aqueous sodium hydroxide
solution (50 ml, 250 mmol) were added to the residue

and the mixture was stirred at room temperature for 30



O NO \I\-=SNN Na 0255] (12a)
4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-2,3- dimethylpyridine 1-oxide
[0256] 10 [Formula 104] OIO o/Jl/ :X:', * 0- 0257] To a dimethyl sulfoxide
(30 ml) solution of the (2,2-dimethyl-1,3-dioxan-5-yl)methanol (3.27 g,

22.4 mmol) separately obtained in the same manner as in 15 the step (lla)
in example 11, sodium hydride, in oil (837 mg, 20.9 mmol as the content
WASPEGAEed ashE0%Y Afds a8dEY- BT terfpErtnen The rfikure dddhe

stirred at room temé)eratu e for. 15 minutes ir‘;ca nitrogen phere. To
resu?ue ash S péaga]él%g laetw%en wa er, argg e% a &eéate.
the mixture, 4-chloro-2,3 - imethyipyridine 1-oxide (3.03 g, 19.
mm@) was added; apdithgmixiurewmas stirred at Q@@ égfu%BQHrSs%JM%Q
minutes. After cooled to room temperature, the reaction mixture was
concentratet: THelresidue was S9purifieddyisiliceogelcoiumpdrous
chromatography (NH silica ,
5 magnesium sulfate, filtered and concentrated to obtain
the title compound (3.02 g, yield: 59.6%) as a brown
oil.
'H NMR (400MHz, DMSO-dg)dppm; 1.33(3H, s), 1.37(3H, s),
2.05-2.16(1H, m), 2.20(6H, s), 3.82(2H, dd, J=6, 12Hz),
10 3.86(2H, d, J=8Hz), 4.02(2H, dd, J=4, 12Hz), 4.51(2H,
d, J=6Hz), 4.98(1H, t, J=6Hz), 8.16(1H, s).
(11g) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy) -
3,5-dimethylpyridin-2-yl)methyl)thio)—-1H-benzimidazole
[0248]

15 [Formula 100]

[0249]

To a tetrahydrofuran (15 ml) solution of the
(4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy) -3, 5—
dimethylpyridin-2-yl)methanol (504 mg, 1.79 mmol)

20 obtained in the step (11f) and triethylamine (500 Ui,
3.58 mmol), methanesulfonyl chloride (208 ul, 2.69
mmol) was added dropwise at 1°C to 3°C for 15 minutes in

a nitrogen atmosphere. The reaction mixture was



gel: 250 g, elution solvent: ethyl acetate, ethyl acetate/methanol=10/1) to
obtain the title compound (3.84 g, yield: 74.8%) as a pale brown solid. 1H
NMR(400MHz, DMSO-d6)8ppm; 1.31(3H, s), 1.35(3H, s), 10
2.00-2.12(1H, m), 2.12(3H, s), 2.33 (3H, s), 3.74(2H, dd, J=6, 12Hz),
3.97(2H, dd, J=4, 12Hz), 4.08(2H, d,53=7Hz), 6.94(1H, d, J=7Hz),
8.05(1H, d, J=7Hz). (12b) (4-((2,2-dimethyi-1,3-dioxan-5-yi)methoxy)-3-
methyipydin-2tyijmethahor 1% [82581FokRAEIalT05]F~0B"HO ~N

0259] ., The 4-((2,2-dimethyi-1,3-dioxan-5- L

N R e L R PR LY CYCI Y EM
inthe sfer f2al wasimixeduwith acetic aphyddde (5Q mla$3Q-pupol). The
mixture was stirred at 85C for 1.5 hours. After cooled to room

termeperattae uthe réaction: mixtursswas ¢ohtentiatede o thélresideection
methanol (50 ml) and a SN aqueous sodium - 157 hydroxide solution (20

ﬁmlfﬁﬁ%?ndi)a\ﬁ/eﬁ@ﬁéﬂé’&%ﬁd?ﬁ&%ﬁﬁ&hrﬁ%&sﬁ?@&ﬁFr%o?ﬁld a
lemperpue or 2 5diauts . Theseaion iy was saneenipted and

the residue was partitioned between water an acetate. The 5
organiclayeewas washedquithi a 1N gaueausssediumd hydroxidensalution s
twice, dried over anhydrous sodium
magnesium sulfate, filtered and concentrated. The
residue was purified by silica gel column
chromatography (silica gel: 30 g, elution solvent:
heptane/ethyl acetate=42/58, 22/78, ethyl acetate) to
obtain the title compound (442 mg, yield: 59.7%) as a
colorless foam.
'H NMR(400MHz, DMSO-ds)dppm; 1.33(3H, s), 1.36(3H, s),
2.05-2.16(1H, m), 2.20(3H, s), 2.28(3H, s), 3.81(2H,
dd, J=6, 12Hz), 3.87(2H, d, J=7Hz), 4.02(2H, dd, J=4,
12Hz), 4.69(2H, s), 7.09-7.16(2H, m), 7.41-7.50(2H, m),
8.18(1H, s).
(11h) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy) -
3,5-dimethylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole

[0250]

[Formula 101]

[0251]
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sulfate, filtered and concentrated to obtain the title compound (2.97 g,
yield: 77.2%) as a brown solid. 1H NMR(400MHz, DMSO-d6)8ppm,;
1.31(3H, s), 1.34(3H, s), 10 2.03-2.14(1H, m), 2.10(3H, s), 3.76(2H, dd,
J=6, 12Hz), 3.98(2H, dd, J=4, 12Hz), 4.10(2H, d, J=7Hz), 4.51(2H, d,
J=SHz), 4.97(1H, t, J=SHz), 6.95(1K5d, J=6Hz), 8.22(1H, d, J=6Hz).
(22¢) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3- 15
methylpyridin- ZTW)rﬁefh%HfF@)elH %ﬁ?%ﬁlﬁlﬁ%ﬂéa[@%ﬂ fratul& QéBF@OH
\~ N 26 ga dichlorome e (dehydrated) {
so%tlor%of g( g&fnetl%ﬁnie i r(?xa?aé] O‘ RO Ql%met oxy
ylzmgtr@m;@ﬂp@wmgm yhmetbangl (§03:6,3.85 wanol) ebtainesh
in the step (12b) and triethylamine (1.07 ml, 7.7 mmol), methanesulfonyl
chiédde (447 [ .5.78nmumbl) wés added! driopwise at adempetature ef 1C to
- 158 4C for 10 minutes under nitro%en atmoﬁ?élere The mixture was

stﬁ?édlf”d?%nélhd%ﬂr Jaree3s Aifdted tn THe) samie*&artiticts. The reaction
mixtyre was poured infto a safuraied gqueoys solitign of sodium

ydrogen

content was regarded as 65%) was added dropwise at -65°C
for 5 minutes in a nitrogen atmosphere. The mixture
was stirred for 45 minutes in the same conditions. To

the reaction mixture, a saturated aqueous solution of
sodium hydrogen carbonate was added and the mixture was
extracted with ethyl acetate. The organic layer was
dried over anhydrous sodium sulfate, filtered and
concentrated. The residue was purified by silica gel
column chromatography (NH silica gel: 20 g, elution
solvent: dichloromethane,
dichloromethane/methanol=10/1). The fractions
containing the title compound were collected with ethyl
acetate and concentrated. To the residue, diethyl
ether was added. The resulting precipitate was
collected by filtration and washed with diethyl ether
to obtain the title compound (274 mg, yield: 61.9%) as
a white solid.

'H NMR(400MHz, DMSO-ds)dppm; 1.32(3H, s), 1.36(3H, s),
2.02-2.13(1H, m), 2.16(3H, s), 2.20(3H, s), 3.74-
3.84(4H, m), 4.00(2H, dd, J=4, 12Hz), 4.70(1lH, d,
J=14Hz), 4.79(1H, d, J=14Hz), 7.26-7.33(2H, m), 7.60-

7.70(2H, m), 8.18(1H, s).
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5 carbonate. The aqueous layer was extracted with dichloromethane.
Organic layers were combined, dried over anhydrous sodium sulfate,
filtered and concentrated. The residue was mixed with 2-
mercaptobenzimidazole (586 mg, 3.9 mmol) and the 10 mixture was
stirred in methanol (20 ml) at room temperature for 2 hours and 40
minutes. NH silica gel (15 gg was added to the reaction mixture, which

wés lthen<ohténtrated: The +esithE wals sutjectéa o 3itica ) §éltdonirin -
chromatography (NH silica gel: 2 elution, 15 salvent: heptane/ethyl
a%étg_eiﬁ%fﬁg} & §/Il§cle a ejyt%)o gﬁyaf X [SLJ(r'%elE)1 :jhg_tﬁlg_compound
and 2- mereaptghenzimidazole.shhe mixture was further purified by silica
gel column chromatography (silica gel: 30 g, elution solvent:
heptane/E®l2yl 2D acetate=50/50, 25/75, ethyl acetate) to obtain the title
compound (771 mg, yield: 50.1%) as a colorless foam. 1H NMR(400MHz,
DMSBHE)8pP21.31(3H, s), 1.34(3H, s), 2.03-2.15(1H, m), 2.20(3H, S),
3.76(2H, dd, J=6, 12Hz), 25 3.98(2H, dd, J=4, 12Hz), 4.11(2H, d, J=7Hz),
4.68(2H, s), 6.97(1H, d, J=6Hz), 7.06-7.14(2H, m),J.35-7.51(2H, br),
8.23(1H, d, J=6Hz), 12.60 (1H, br s). (12d)
2-(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methgxy)-3\- -

methyipyridin-2-yi)methyl sulfirlglyi)-lla- zole [0262] [Formula 107]
e) N
N>_S N

Na

[0253]
To an ethanol (10 ml) solution of the 2-(((4-

((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3, 5-
dimethylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole
(274 mg, 0.638 mmol) obtained in the step (11h), a 1IN
aqueous sodium hydroxide solution (635 pl, 0.638 mmol
as the concentration was regarded as 1.004M) was added
at room temperature and the mixture was concentrated.
The residue was subjected to azeotropic distillation
with ethanol twice. After the residue was suspended in
diethyl ether, the mixture was ultrasonically treated
and concentrated to obtain the title compound (260 mg,
yield: 90.3%) as a white solid.
'H NMR(400MHz, DMSO-ds)dppm; 1.33(3H, s), 1.36(3H, s),
2.03-2.14(1H, m), 2.20(3H, s), 2.21(3H, s), 3.76-
3.87(4H, m), 4.00(2H, dd, J=4, 11Hz), 4.39(1lH, d,
J=13Hz), 4.75(1H, d, J=13Hz), 6.81-6.91(2H, m), 7.40-

7.48(2H, m), 8.23(1H, s).
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15

NO \NN HO0263] 5 To a toluene (45 ml)-methanol (5 ml) solution of

the 2-(((4-((2,2-dimethyi-1,3-dioxan-5-yi)methoxy)-

3-methyipyridin-2-yiymethyi)thio)-IH-benzimidazole (766 mg, 1.92 mmoi)
obtained in the step (12c), a toluene (0.5 ml)-methanol (0.5 ml) solution of
3 10 chloroperbenzoic acid (459 mg, 51573 mmoi as the content was
regarded as 65%) was added dropwise at -65C for 5 minutes in a

nlfr%ijéﬁ%%ﬁo%ﬁher% Thé tnikiure wwasl BRfFBY 1 the’sarhesdhditions for
our. nd 2 |nut o the. re acti tur urat
ﬂﬁ"on ot % 8d%]rﬁnﬁy§r>6-£ carbonaate z; gglé/d?%e%gqugous #;yer

\N@g@gyﬁg@gz\@lﬂéemygigggga%@ad chloroform (three times). Organic

layers were combined, dried over anhydrous sodium sulfate, filtered and
concentrafed he residue was purified by silica 20 gel column
chromatography (NH silica gel: 30 g, elution solvent: dichloromethane,
dléﬁEﬁB\Jﬁ% ah&7rethanol=20/1). The fractions containing the title
compound were collected, concentrated to obtain the title compound (688

mg, - 160 - yield: 86.2%) as a light brown foarn. 14 NMR(400MHz,
DMSO-d6)8ppm; 1.31(3H, s), 134(3H s),22.0 21%H m), 2.12(3H, s),

3.75(2H, dd, J=6, 12Hz) jj

[0255]
(12a) 4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-2,3-
dimethylpyridine l-oxide

[0256]

[Formula 104]

[0257]

To a dimethyl sulfoxide (30 ml) solution of
the (2,2-dimethyl-1,3-dioxan-5-yl)methanol (3.27 g,
22.4 mmol) separately obtained in the same manner as in
the step (lla) in example 11, sodium hydride, in oil
(837 mg, 20.9 mmol as the content was regarded as 60%)
was added at room temperature. The mixture was stirred
at room temperature for 15 minutes in a nitrogen

atmosphere. To the mixture, 4-chloro-2,3-
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3.98(2H, dd, J=4, 12Hz), 4.11 (2H, d, J=7Hz), 4.69(1H, 5 d, J=I4Hz),
4.78(1H, d, J=14Hz), 6.97(1H, d, J=6Hz), 7.24-7.34(2H, m), 7.57-7.70(2H,
m), 8.20(1H, d, J=6Hz). (12€)
2-(((4-((2,2-dimethyi-1,3-dioxan-5-yi)methoxy)-3-
methyipyridin-2-yi)methyl)sulfinyi)-IH4&nzimidazole sodium salt 10 [0264]
[Formula 108] O~ N O N N Na 0265] To an ethanol (10 ml) solution of
tHeIP(F YR PLdifietfyi1; 3-eich@an(5-yDelnoxyd-F18mol) was added,

ey Ry 2 Dmettysuliny- it penzmigazols, (688 g, 1.66 mino)

. an
obtaine ep (12 agueous sodium hydroxide solltion

mhik66 aamol asithe cepeertration was regargded astl,0@4M) was added
at room temperature and the mixture was concentrated. 20 The residue

was aabjecte dntoxdizectropics distilfationt withegthanlttwices Aftén¢heras
residue was suspended in diethyl ether, the mixture was ultrasonically

trB&fed’ aRd a%wé&l_]té Starfé Thierdatter, ﬁ]%@ib‘%‘fﬁ%ﬁ?kﬁéu?mﬁﬁ tlica
e, Topesiop e oyl el bl o o
(7dmgr vielek t96.5%0)-as0e whitesobdt ain the title compound
(3.84 g, yield: 74.8%) as a pale brown solid.
'H NMR(400MHz, DMSO-ds)d&ppm; 1.31(3H, s), 1.35(3H, s),
2.00-2.12(1H, m), 2.12(3H, s), 2.33 (3H, s), 3.74(2H,
dd, J=6, 12Hz), 3.97(2H, dd, J=4, 12Hz), 4.08(2H, d,
J=7Hz), 6.94(1H, d, J=7Hz), 8.05(1H, d, J=7Hz).
(12b) (4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3-
methylpyridin-2-yl)methanol
[0258]

[Formula 105]

[0259]

The 4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy)—-2,3-dimethylpyridine l-oxide (3.84 g, 14.4
mmol) obtained in the step (12a) was mixed with acetic
anhydride (50 ml, 530 mmol). The mixture was stirred
at 85°C for 1.5 hours. After cooled to room
temperature, the reaction mixture was concentrated. To

the residue, methanol (50 ml) and a 5N agueous sodium
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1H NMR(400MHz, DMSO-d6)8ppm; 1.32(3H, s), 1.34(3H, s), 5
2.04-2.13(1H, m), 2.17(3H, s), 3.72-3.81(2H, m), 3.98(2H, dd, J=4,

12Hz), 4.10(2H, d, J=7Hz), 4.38(1H, d, J=I3Hz), 4.76(1H, d, J=I3Hz),
6.80-6.89(2H, m), 6.94(1H, d, J=SHz), 7.39-7.47(2H, m), 8.28(1H, d,
J=SHz). 10 (Example 13) 2-(((4-(5,9-8ioxaspiro[3.5]non-7- yimethoxy)-3,
5-dimethyipyridin-2- yl)methy}sumnyl) 1H-benzimidazole sodium salt
[0268T JFoffulacod} &0 S NN N&41570267] (18aF added and the

gﬁégjl%(b% Eprlo;%uflpco%n%z (%/&netchanm 0%6?[8 g%l %Igell AHC}XE g}é}urs

mixture o ydroxym yl propaned|0|

5Z:Rdmmol); eyeiabutapene 43699, a2 6mmal); Pdolenesytonie acid,

monohydrate (550 mg, 2.89 mmol) and benzene (92.9 ml) was refluxed in
awosind<hottom flaskleqeipped withed eookingitubetand 5 OeameStark fdre8
hours and 35 minutes. After the
organic layer was washed with a 1IN agueous sodium
hydroxide solution twice, dried over anhydrous sodium
sulfate, filtered and concentrated to obtain the title
compound (2.97 g, yield: 77.2%) as a brown solid.
'H NMR(400MHz, DMSO-ds)dppm; 1.31(3H, s), 1.34(3H, s),
2.03-2.14(1H, m), 2.10(3H, s), 3.76(2H, dd, J=6, 12Hz),
3.98(2H, dd, J=4, 12Hz), 4.10(2H, d, J=7Hz), 4.51(2H,
d, J=5Hz), 4.97(1H, t, J=5Hz), 6.95(1H, d, J=6Hz),
8.22(1H, d, J=6Hz).
(12c) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3-
methylpyridin-2-yl)methyl)thio)-1H-benzimidazole
[0260]

[Formula 106]
O/\W:n\o
el
N>_S SN
H

To a dichloromethane (dehydrated) (20 ml)

[0261]

solution of the (4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy)-3-methylpyridin-2-yl)methanol (1.03 g, 3.85
mmol) obtained in the step (12b) and triethylamine
(1.07 ml, 7.7 mmol), methanesulfonyl chloride (447 ul,

5.78 mmol) was added dropwise at a temperature of 1°C to
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reaction mixture was cooled to room temperature, triethylamine (1 ml)
was added to the reaction mixture and the mixture was concentrated. The
residue was purified by silica gel column chromatography (silica 10 gel:
300 g, elution solvent: heptane, heptane/ethyl acetate=1/1). The fractions
containing the titte compound wereicadlected with ethyl acetate and
concentrated. The residue was dissolved in diethyl ether and then the

mixfaré Wasldbritenttared ktain s theditfe CHMPSIREE:08 gl yrId:
73.1%) as a pale yellow oil. 1H NMR(400MHz, D -d6. )8ppm; .
e, e R S 67 Tagm, o, ST S5, e
3 5242H At JFT: A2K1Z), 3:F8(2H, Llek: J54, #2H2):r20 456t JFSHD o
(13b) 4-(5,9-dioxasprio[3.5]non-7-yimethoxy)-2,3,5- trimethyipyridine
1-oxiec[027 0k JFenmeaud 13 QL ut CO* ¢d 1683 D271hTdm=pgen
dimethyisulfoxide (20 ml) solution of the

5 @diBRAS {3 . 5]h6n- FABtHANGR 250 B2 139 6l Bhtaihéd in the
step (138). éﬁg%{%%d”d%ﬂgﬂ' (524,709 13:4,mmol a5 fhe gontent 4
was regarded as 60%) was dec? at room temperature. Tllwe mixture was
stited-abrooya tefnperaturefar 40 mipdtes ifAl tered and
concentrated. The residue was mixed with 2-
mercaptobenzimidazole (586 mg, 3.9 mmol) and the
mixture was stirred in methanol (20 ml) at room
temperature for 2 hours and 40 minutes. NH silica gel
(15 g) was added to the reaction mixture, which was
then concentrated. The residue was subjected to silica
gel column chromatography (NH silica gel: 20 g, elution
solvent: heptane/ethyl acetate=1/1, 1/3, ethyl acetate)
to obtain a mixture of the title compound and 2-
mercaptobenzimidazole. The mixture was further
purified by silica gel column chromatography (silica
gel: 30 g, elution solvent: heptane/ethyl
acetate=50/50, 25/75, ethyl acetate) to obtain the
title compound (771 mg, yield: 50.1%) as a colorless
foam.
'H NMR(400MHz, DMSO-ds)dppm; 1.31(3H, s), 1.34(3H, s),
2.03-2.15(1H, m), 2.20(3H, s), 3.76(2H, dd, J=6, 12Hz),
3.98(2H, dd, J=4, 12Hz), 4.11(2H, d, J=7Hz), 4.68(2H,
s), 6.97(1H, d, J=6Hz), 7.06-7.14(2H, m), 7.35-7.51(2H,
br), 8.23(1H, d, J=6Hz), 12.60 (1H, br s).

(12d) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3-
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nitrogen atmosphere. To the mixture, 4-chioro-2,3,5- trimethyipyridine
1-oxide (Lot C, 1.94 g, 11.3 mmol) 10 obtained in the step (lid) in example
11 was added, the mixture was stirred at 60C for 2 hours and 50 minutes.
After cooled to room temperature, the reaction mixture was concentrated.
The residue was purified by silica- ged golumn chromatography (NH silica
gel: 100 g, 15 elution solvent: heptane, heptane/ethyl acetate=1/1, ethyl
aBEthte; Byl Héetae/methARGI2Zo/M id bbtairt théf%m@%%ﬁmza@
g, yield: ?ﬁdﬁ%@as a brown oil. 1H NMR(400MHz, DMSO-d6)8ppm;
1.60-1.7 , m), 2.07- 20 2.22(5H, m), 2.12(3H, s), 2.16(3H, s), 2.30(3H,
)i F#A(2H, ddy 9F7, 12Hz), 3.78(2H, d, J=7Hz), 3.94(2H, dd, J=4,
12Hz), 8.05(1H, s). (13c) (4-(5,9-dioxasprio[3.5]non-7-yimethoxy)-3,5-
dimethyipyridin-2-yi)methanoi - 164 - 02723 g 1121 0O* OO HON
0273] The 4-(5,9- dloxaspr|0[3 5]non-7-yimethoky)-

2,3,5-trimethyipyridine L-oxideN1. 9Pg, | md&Y) [obtained in the step
(13b) was mixed with a annyd ﬂ [, 212 mmoi). The mixture
was stirred at 85C for 1.3 ou,'bb. After cooled to room

[0263]

To a toluene (45 ml)-methanol (5 ml) solution
of the 2-(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy) -
3-methylpyridin-2-yl)methyl)thio)-1H-benzimidazole (766
mg, 1.92 mmol) obtained in the step (12c), a toluene
(0.5 ml)-methanol (0.5 ml) solution of 3-
chloroperbenzoic acid (459 mg, 1.73 mmol as the content
was regarded as 65%) was added dropwise at -65°C for 5
minutes in a nitrogen atmosphere. The mixture was
stirred in the same conditions for one hour and 20
minutes. To the reaction mixture, a saturated agqueous
solution of sodium hydrogen carbonate was added. The
aqueous layer was extracted with ethyl acetate and
chloroform (three times). Organic layers were
combined, dried over anhydrous sodium sulfate, filtered
and concentrated. The residue was purified by silica
gel column chromatography (NH silica gel: 30 g, elution
solvent: dichloromethane,
dichloromethane/methanol=20/1). The fractions
containing the title compound were collected,

concentrated to obtain the title compound (688 mg,
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temperature, the reaction mixture was concentrated. To 10 the residue,
methanol (20 ml) and a SN aqueous sodium hydroxide solution (20 ml,
100 mmoi) were added and the mixture was stirred at room temperature
for 45 minutes. The reaction mixture was concentrated and the residue
was partitioned between water and etlyl acetate. The 15 organic layer

was washed with a 2N aqueous sodium hydroxide solution, dried over
anhydrBus Afaghesiuhd sulfatéHiteRsPURd E8ABentrated to obtain the title

comp . yield: 85.7%) as a brown oi NMR(400MH
OGBS 1 B0 T, 3D 0. 20 2 SBLSHE oy, 2 THAFES),
375(2Hodd, Jeby 12Hy), 3.88£2Hud, J57HZ), 3.9662H, dd I=A-d2HD) 7 ,
4.50(2H, d, J=SHz), 4.97(1H, t, J=SHz), 8.14(1H, s). (13d)

24495 PAdioddspric{3 5]AGnit7yiméthoxy)-3b- d, J=7Hz), 4.69(1H,
dimethyipyridin-2-yi)methyi)thio)-IH-benzimidazole 165 - 0274]0\&Formula
1§3) I O2HEO* \H\LE NN 102751 04 dichivtdrhbtharfe (déR§diated)

(1p m)) and, ?jtsH?hmrwaae 45 ) éce'yﬁonfgf the; (4591, a4, J-6uz) .

d,
dioxasprio[3.5]non-7-ylmethoxy)-3,5-dimethylpyfidin-2- yiyméthanol (450
mg1 153 mmal) ebtainedindhestep;1-1, 3-dioxan-5-y1)methoxy) —3—
methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole
sodium salt

[0264]

[Formula 108]

[0265]

To an ethanol (10 ml) solution of the 2-(((4-
((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole
(688 mg, 1.66 mmol) obtained in the step (12d), a 1IN
aqueous sodium hydroxide solution (1.65 ml, 1.66 mmol
as the concentration was regarded as 1.004M) was added
at room temperature and the mixture was concentrated.
The residue was subjected to azeotropic distillation
with ethanol twice. After the residue was suspended in
diethyl ether, the mixture was ultrasonically treated
and allowed to stand. Thereafter, the supernatant

liquid was removed. This washing process was repeated



(13c) and triethylamine (427 gl, 3.06 mmol), methanesulfonyl chloride
(178 gl, 2.3 mmol) was added 10 dropwise at 1C to 4C for 10 minutes in a
nitrogen atmosphere. The mixture was stirred for 50 minutes in the same
conditions. The reaction mixture was poured into a saturated aqueous
solution of sodium hydrogen carbonate. The aqueous layer was extracted
with 15 dichloromethane. Organic layers were combined, dried over
anfydrBas sbditft safste Hilfered ahtuorcenttdd ITHE ARTdueiEs °d
mixed with 2- mercaptobenzimidazqle (235 mg, 1.5 l) and the .
ni%%:tessure {:no % alr% %f:pﬁ (%(fcrﬁﬂ% om d%ﬁ(fem%q tﬂ?é f0¥32eld.

ure was stirred in methano atroom mpera
hours=and 3Q minytes+ NHssiticasgel (15 g) was added to the reaction
mixture, which was then concentrated. The residue was subjected to
siliia Ny&t CONOM ehropretographip(silicalgel 233 g, elation 1 186 (Sdlvert) ,
heptane/ethyl acetate=42/58, 22/78, ethyl acetate) to the title compound

5> (507%hg2yithlt ¥7:998) rasta Edlbridss fdam StH AMRPAIONIHZ"DMSO-d6
)8ppay; 1,60-1.71(2H, m), - 5 2.22(5H,41), 2.19(3H,.5),.2.28(
00N, Tob, L) SEAi 4 Sy 3 ds(oh Gt T
469(2H,191 7)06-4.1962H 1) 7. 35-7156(2H, lor),s8.18(1dh 8)u12.80(1H,
br s). (13e) 2-(((4-(5,9-dioxasprio[3.5]non-7-yimethoxy)-3,5- 10
ditnétAyip¥iridia-2-y e thyl) sulfingi)-IHenzimidazeled [G276] fFonula

114]
J=bHz) .

10 (Example 13) 2-(((4-(5,9-dioxaspiro[3.5]non-7-
ylmethoxy)—-3,5-dimethylpyridin-2-yl)methyl)sulfinyl) -
lH-benzimidazole sodium salt

[0266]

[Formula 109]

15 [0267]
(13a) 5,9-dioxasprio[3.5]non-7-ylmethanol
[0268]

[Formula 110]

)

HO/\C)OQ

[0269]

20 A mixture of 2-(hydroxymethyl)-1,3-



OO \>-SNN HO0277] To atoluene (20 ml)-methanol (2 ml) solution 15
of the 2-(((4-(5,9-dioxasprio[3.5]non-7-yimethoxy)-3,5
dimethyipyridin-2-yi)methyi)thio)-IH-benzimidazole (499 mg, 1.17 mmol)
obtained in the step (13d), a toluene (1 ml)-methanol (1 ml) solution of
3-chioroperbenzoic acid (280 mg, 1.65 mmol as the content was
regarded as 65%) 20 was added dropwise at -65C for 5 minutes in a

ni@r%@@ﬁnﬁfnio’slphé?e Sthédmixtdreewas Sirred fY tHeoSarhanedrrditionfor 9

putes. T the r a tion mlxt r saturated agueous, solutlo
nny(frogén Rar olna e<1b gva\jlgsl adaeE{%Tllpe(gl mn%ﬁrer {vas ex?ractedg ’
Wﬂh @@hm@qe)tat@na hearganic layer wasydijed, Quer-anhydeaus ispdium
sulfate, filtered and concentrated. The residue was purified by silica gel
colummietivomatography KNEdb Sitica gelr 20g,celutioni solyemitube and
dichioromethane, dichioromethane/methanol=20/1). The fractions

c@rﬁﬁmlnggtﬂf@%ltﬁo&orﬁpolﬁnﬁ #ere dolfertd Withsethyl a&étate, Hid
concentrated. 1o, ue, di %yédetpgr wasadded and thep the

mixture was concentrate 10 to obtain the title compound (445 myg, yield:
86.4%e)as, Pagoladessifoam. Ik NMRIGOOMIz, IDMSL:-d6)8ppMimixture

1.60-1.70(2H, m), 2.06- 2.23(SH, m), 2.14(3H, s), 2.18(3H, s),
3#7RB.BR@Hixture was concentrated. The residue was
purified by silica gel column chromatography (silica
gel: 300 g, elution solvent: heptane, heptane/ethyl
acetate=1/1). The fractions containing the title
compound were collected with ethyl acetate and
concentrated. The residue was dissolved in diethyl
ether and then the mixture was concentrated to obtain
the title compound (6.08 g, yield: 73.1%) as a pale
yellow oil.
'H NMR(400MHz, DMSO-dg)dppm; 1.58-1.68(2H, m), 1.68-
1.77(1H, m), 2.07-2.16(4H, m), 3.32-3.39(2H, m),
3.52(2H, dd, J=7, 12Hz), 3.78(2H, dd, J=4, 12Hz),
4.56(1H, t, J=5bHz).
(13b) 4-(5,9-dioxasprio[3.5]non-7-ylmethoxy)-2,3,5-
trimethylpyridine l-oxide
[0270]

[Formula 111]
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m), 3.93(2H, dd, J=4, 12Hz), 4.70(1H, d, J=14Hz), 15 4.78(1H, d, J=I4Hz),
7.25-7.34(2H, m), 7.58-7.70(2H, m), 8.18(1H, s). (13f)
2-(((4-(5,9-dioxasprio[3.5]non-7-yimethoxy)-3,5-
dimethyipyridin-2-yi)methyl)sulfinyi)-IH-benzimidazole sodium salt 20
[0278] [Formula 11510 O Ni\>-S1®B8N-Na 0279] To an ethanol (10 ml)
solution of the 2-(((4 - 168 - (5,9-dioxasprio[3.5]non-7-ylmethoxy)-3,5-
dimethylp§rdihi2-yl)methyl)sulfinyl)-1H-benzimidazole (445 mg, 1.01

mmol) obtalne in the&t%%]%% }lf\lo aq(ljleog? §0dlf§n h\éqr%é'de
ast t

solution (1.01 ml, °191 mmo e concentration was regarde as ©

1.004M) wasiaddeds &t reqm tempsratyurs, apd the mturewas ¢, 13.9

concentrated. The residue was subjected to azeotropic distillation with
ettlrand) twike. Afterdhe residae sascsuspeaded swith diethyldthelrs thel n
mixture was ultrasonically 10 treated and concentrated to obtain the title

cSthpodrd {428 /md, idid"88. 798 as & Wit Soiidt 1FPNMER400MR, 2
ORIV )%pgrggiel o3 704%!# Mgz 2R0H, M2 d PR 2. 112

stirred at room temperature for 45 minutes in a
nitrogen atmosphere. To the mixture, 4-chloro-2,3,5-
trimethylpyridine l-oxide (Lot C, 1.94 g, 11.3 mmol)
obtained in the step (11d) in example 11 was added, the
mixture was stirred at 60°C for 2 hours and 50 minutes.
After cooled to room temperature, the reaction mixture
was concentrated. The residue was purified by silica
gel column chromatography (NH silica gel: 100 g,
elution solvent: heptane, heptane/ethyl acetate=1/1,
ethyl acetate, ethyl acetate/methanol=20/1) to obtain
the title compound (1.97 g, yield: 59.4%) as a brown
oil.

'H NMR(400MHz, DMSO-d)dppm; 1.60-1.71(2H, m), 2.07-
2.22(5H, m), 2.12(3H, s), 2.16(3H, s), 2.30(3H, s),
3.74(2H, dd, J=7, 12Hz), 3.78(2H, d, J=7Hz), 3.94(2H,
dd, J=4, 12Hz), 8.05(1lH, s).

(13c) (4-(5,9-dioxasprio[3.5]non-7-ylmethoxy)-3,5—-

dimethylpyridin-2-yl)methanol



dd, J=4, 12Hz), 4.34-4.41(1H, m), 4.70-4.77(1H, m), 15 6.82-6.89(2H, m),
7.41-7.47(2H, m), 8.22(1H, s). (Example 14)
2-(((4-(((4R)-2,2-dimethyl-1,3-dioxolan-4-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H- benzimidazole
sodium salt [0280] 20 [Formula 116]d@2-;-S N bl OO Na [0281] (14a)
4-(((4R)-2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)- 2, 3-dimethylpyridine
1 oxide [b%@?l 169 - [Formula 1170 O O N+ 0-[0283] To a

t%%lfo 48 ml) solution of the

Imet y| -1,3-dioxolan-4-yi)methanoi (4.87 5 g, 39.7 mmoi),

sodlum hydride, in oil (1.73 g, 39.6 mmoi as the content was regarded as

55%) was added at room temperature. T ixture, 4-chioro-2,3-
dimethyipyridine 1-oxide (4.8 g, 30.5ymMm ded,
HO \N
[0273]

The 4-(5,9-dioxasprio[3.5]non-7-ylmethoxy)—
2,3,5-trimethylpyridine l-oxide (1.97 g, 6.72 mmol)
obtained in the step (13b) was mixed with acetic
anhydride (20 ml, 212 mmol). The mixture was stirred
at 85°C for 1.5 hours. After cooled to room
temperature, the reaction mixture was concentrated. To
the residue, methanol (20 ml) and a 5N agqueous sodium
hydroxide solution (20 ml, 100 mmol) were added and the
mixture was stirred at room temperature for 45 minutes.
The reaction mixture was concentrated and the residue
was partitioned between water and ethyl acetate. The
organic layer was washed with a 2N agqueous sodium
hydroxide solution, dried over anhydrous magnesium
sulfate, filtered and concentrated to obtain the title
compound (1.69 g, yield: 85.7%) as a brown oil.

'H NMR(400MHz, DMSO-d)dppm; 1.60-1.70(2H, m), 2.08-
2.25(5H, m), 2.18(6H, s), 3.75(2H, dd, J=6, 12Hz),
3.83(2H, d, J=7Hz), 3.95(2H, dd, J=4, 12Hz), 4.50(2H
d, J=5Hz), 4.97(1H, t, J=5Hz), 8.14(1lH, s).

(13d) 2-(((4-(5,9-dioxasprio[3.5]non-7-ylmethoxy)-3,5-

dimethylpyridin-2-yl)methyl)thio)-1H-benzimidazole
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the mixture was stirred at 60C for 2 hours. After 10 cooled to room
temperature, the reaction mixture was concentrated under reduced
pressure. The residue was purified by silica gel column chromatography
(NH silica gel, elution solvent: ethyl acetate/methanol) to obtain the title
compound (10.5 g, yield: 136%) as aggllow 15 oil. 1H NMR(400MHz,
CDC13)8ppm; 1.40(3H, s), 1.45(3H, s), 2.21(3H, s), 2.54(3H, s), 3.93(1H,
dd, J=6, BHz)2 4.01(1H, dd, J=5, 10Hz), 4.07(1H, dd, J=5, 10Hz),
4'&%%“_'11 % J:& Hz), 4.48(1H, quint, J=6Hz), 20 6.65(1H, d, J=8Hz),

8. 15(TH "d 3=8HY). (14b) (4-((4R)-2,2-dimethyi-1,3-dioxolan-4-
yi)methoxy)-3-methyipyridin-2-yi)methanoi [0284 B:ormula 118]-170-0
O O HO N [0285] The 4-(((4R)-2,2-dimethyi-1 3-dicxotgn-4-
yi)methoxy)-2,3-dimethyipyridine 1-oxide }()J.‘Sléjmol) obtained in
the step (14a) was mixed with acetic ifde (20 ml). The mixture was
stirred at 80C for one h'\ rd%oole | to floom temperature, the
reaction mixture was c ed underéduced pressure. To the
residue, methanol (40 ml) anda 5N

[0275]

To a dichloromethane (dehydrated) (15 ml) and
tetrahydrofuran (5 ml) solution of the (4-(5,9-
dioxasprio[3.5]non-7-ylmethoxy)-3, 5-dimethylpyridin-2-
yl)methanol (450 mg, 1.53 mmol) obtained in the step
(13c) and triethylamine (427 pl, 3.06 mmol),
methanesulfonyl chloride (178 pl, 2.3 mmol) was added
dropwise at 1°C to 4°C for 10 minutes in a nitrogen
atmosphere. The mixture was stirred for 50 minutes in
the same conditions. The reaction mixture was poured
into a saturated aqueous solution of sodium hydrogen
carbonate. The aqueous layer was extracted with
dichloromethane. Organic layers were combined, dried
over anhydrous sodium sulfate, filtered and
concentrated. The residue was mixed with 2-
mercaptobenzimidazole (235 mg, 1.56 mmol) and the
mixture was stirred in methanol (20 ml) at room
temperature for 2 hours and 30 minutes. NH silica gel
(15 g) was added to the reaction mixture, which was
then concentrated. The residue was subjected to silica

gel column chromatography (silica gel: 30 g, elution



10

15

20

agueous sodium hydroxide solution (20 ml) were added 10 and the
mixture was stirred at room temperature for 1.5 hours. The reaction
mixture was concentrated and the residue was partitioned between a
saturated saline solution and ethyl acetate. The organic layer was dried
over anhydrous magnesium sulfate; filiered and 15 concentrated and the
residue was purified by silica gel column chromatography %elution solvent:

ethyll “eetateMFethanslf & BBtair R ftieecdmpednd ¢377%, viély!
41.9%) as a yellow,oil. 1H NMR(400MHz,.C )8ppm; 1,41(3H,s), .
e T e e TR BR a2 w)
1042), 4-Lh(AH; 8dJF5,510HZ), 4.18(1H, dd, J=6, 8Hz), 4.49(1H, quint,
J=6Hz), 4.65(2H, s), 4.84(1H, bs), 6.71(1H, d, J=8Hz), 8.29(1H, d,
JEBHAMRIAE) RIHEA- (URP2:2-ddnethyi- 1, 36diotoldn-RHI 7y , 2.08-

yi)methoxy)-3-methyipyridin-2-yi)methyi)thio)-IH- benzimidazole [0286]
[Formtfe 119N O ﬁi(r%%(c&i)B [o%s%?f%%teﬁﬁahyaro?ér%ﬁr ad,

(dehydrat 50 ml ion of the -, _
(4%%(4R§%§%)%(§ifne%?i))éiﬁ??%’loxogar?ﬂH Voo 3.95 (20, dd, J=4,

yilmethoxy):3gnethyipysidin-2-yi)methanaiA8,7 7g,, 1419 3mmpjpehtained
in the step (14b) and triethylamine
br), 8.18(1H, s), 12.60(1lH, br s).
(13e) 2-(((4-(5,9-dioxasprio[3.5]non-7-ylmethoxy)-3,5-
dimethylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole
[0276]

[Formula 114]

[0277]

To a toluene (20 ml)-methanol (2 ml) solution
of the 2-(((4-(5,9-dioxasprio[3.5]non-7-ylmethoxy)-3,5-
dimethylpyridin-2-yl)methyl)thio)-1H-benzimidazole (499
mg, 1.17 mmol) obtained in the step (13d), a toluene (1
ml)-methanol (1 ml) solution of 3-chloroperbenzoic acid
(280 mg, 1.05 mmol as the content was regarded as 65%)
was added dropwise at -65°C for 5 minutes in a nitrogen
atmosphere. The mixture was stirred in the same
conditions for 55 minutes. To the reaction mixture, a

saturated aqueous solution of sodium hydrogen carbonate
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10 (4.15 ml, 29.8 mmoi), methanesuifonyi chloride (1.73 ml, 22.4 mmoi)
was added dropwise under ice-cooling in a nitrogen atmosphere, and the
mixture was stirred for 1.5 hours in the same conditions. The reaction
mixture was poured into a saturated aqueous solution of sodium 15
hydrogen carbonate and extracted wih ethyl acetate. The organic layer
was dried over anhydrous magnesium sulfate and the solvent was
digtfecP8fErom T obtaihed Fesidde €38 Bé Fiel 6Fa ehRivel
product;  1796).,3, gorion. of 1.2 9.(3,62 mmoi) wag taken and 20, dissqlved
in“ethanol (20 mI), and - mercap% benzimidazole (59 mg, 3. mmolf)
was added stheretoandrtheraixture wvas styred atroom tempefiaturesforque
14 hours. The reaction mixture was poured into a saturated aqueous
solatomof theisadilim ydiogen 9&72 ccarbonateranuinestranted with @tHy|
acetate. The organic layer was dried over anhydrous magnesium sulfate,

filfered GhdContentratéd. The résiaud Was Purified By shica el taftinn
chromatagr Q%Q'F'e%*}h%acéa%&le:“étbo/%?'ve - beptane/ethyl acetate) to

obtain the title compound (580 mg, yield: 41.6%) as a light yeﬁ'ow foam.
1dMMER{406MHzh € D30D)8ppind 3743Hws)s 4 . 3 BlHe 8}.22.33(3M, $)chy 1
3.94(1H, dd, J=6, 8Hz), 4.19(1H, dd, J=6, 10 8Hz), 4.32(1H, dd, J=5,
12z, At40( 1A ddcIegeTHD L4 52-4.60(H MY, & 75 (284, sYIERBE2H,

dd, J=3, 6Hz), 7.39(1H, d, J=8Hz), 7.53(2H, dd, J=3, 6Hz), 8.47(1H, d,

Jggﬁff was added and thern the mixture was concentrated
to obtain the title compound (445 mg, yield: 86.1%) as
a colorless foam.

'H NMR(400MHz, DMSO-dg)dppm; 1.60-1.70(2H, m), 2.06-
2.23(5H, m), 2.14(3H, s), 2.18(3H, s), 3.67-3.82(4H,
m), 3.93(2H, dd, J=4, 12Hz), 4.70(1H, d, J=14Hz),
4.78(1H, d, J=14Hz), 7.25-7.34(2H, m), 7.58-7.70(2H,
m), 8.18(1H, s).
(13f) 2-(((4-(5,9-dioxasprio[3.5]non-7-ylmethoxy)-3,5-
dimethylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole
sodium salt

[0278]

[Formula 115]

O
oﬁCO><>
2
@%ﬂ
N N
Na

[0279]

To an ethanol (10 ml) solution of the 2-(((4-
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(14d) 2-(((4-(((4R)-2,2-dimethyi-1,3-dioxolan-4 15
yl)methoxy)-3-methyipyridin-2-yi)methyi)suifinyi)-IH- benzimidazole [0288]
[Formula 120] O-; \\>-0 - H N OO [0289] 20 To a toluene-methanol
(20:1) (22 ml) solution of the 2-(((4-(((4R)-2,2-dimethyi-1,3-dioxolan-4-
yi)methoxy)-3-methyipyridin-2-yiymethygi)thio)-IH- benzimidazole (580 mg,
1.5 mmol) obtained in the step (14c), a toluene-methanol (10:1) (11 ml)
sdlatidn Bf 3XATRT ERIbfoperbeRzolic BLF[EB3% g, £.83 mmol as the

content was regarded as 65% s added dropwise at.-50C to.- 60C for.5
i St Cl L S R L B

minutes in a'nitrogen atmasp

cqnditionfor 3iheursma d0)theyeasticymixiure, & satdrated agyeous 1y
solution of sodium hydrogen carbonate was added and extracted with
ethyhacetates Jhewrganiddayerdeas condentratedd -dnd the,residue was 1
purified by silica gel column chromatography (NH silica gel, elution

sGiVent” BtHyP 16 Hektaté/meth4Acl) 16 8Bt thetitle' cOMPYUnd t830 A4
yigld: 54,870} 83 2 i EM?%O‘%&%?%E“H%PQ{“ oquagvagoqugggg%ggt a
sodium salt in accordance with the operation elow and confirmed for the
structure: $hereef.was subjected to azeotropic distillation
with ethanol twice. After the residue was suspended
with diethyl ether, the mixture was ultrasonically
treated and concentrated to obtain the title compound
(420 mg, yield: 89.7%) as a white solid.
'H NMR(400MHz, DMSO-dg)dppm; 1.58-1.70(2H, m), 2.07-
2.25(5H, m), 2.19(6H, s), 3.68-3.82(4H, m), 3.94(2H,
dad, J=4, 12Hz), 4.34-4.41(1H, m), 4.70-4.77(1H, m),
6.82-6.89(2H, m), 7.41-7.47(2H, m), 8.22(1H, s).
(Example 14) 2-(((4-(((4R)-2,2-dimethyl-1,3-dioxolan-4-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0280]

[Formula 116]

[0281]
(1l4a) 4-(((4R)-2,2-dimethyl-1,3-dioxolan—-4-yl)methoxy)—
2,3-dimethylpyridine l-oxide

[0282]
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15 (14e) 2-(((4-(((4R)-2,2-dimethyl-1,3-dioxolan-4-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H- benzimidazole
sodium salt [0290] [Formula 121] O-; N N OO Na 20 [0291] To an
ethanol (6 ml) solution of the 2-(((4-
(((4R)-2,2-dimethyl-1,3-dioxolan-4-ylpgethoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole (330 mg, 822 pmol)
obtafiettihihé Step (14d), a 1IN - 174 aqueous sodium hydroxide solution
(822 gl, 822 pmol) was added at room temperature and the mixture was
stirred for 30 minutes. After the mixgyre- (goncentrated and diethyl
ether was added to the 5 residue, the miyurg was ultrasonically treated.
The generated solid was collectﬁbb\yiiltra jon in a nitrogen atmosphere.
The solid was dried under redu ssure to obtain the title compound
(314 mgq, yield: 90.2%) as a light yegll_ow solid. 10 'H NMR(400MHz,
DMSO-d6)cppm; 1.30(3H, s), 1.36(3H, s), 2.19(3H, s), 3.80(1H, dd, J=6,
8Hz), 4Q%§81f|](3H m), 4.37(1H, d, J=14Hz), 4.43(1H, quint, J=6Hz),
4.79(1H, d, J=l4Hz), 6.83(2H, dd, J=3, 6Hz), 6.93(1H, d, J=6Hz),
7.42(2H, dd, J=B; 6K2},i8:36 (., H: VE6kiZdel 5 U4 ) Dptical isemen(shert

in retention time) of 2-
the ((4R)-2,2-dimethyl-1,3-dioxolan-4-yl)methanol (4.87
g, 39.7 mmol), sodium hydride, in oil (1.73 g, 39.6
mmol as the content was regarded as 55%) was added at
room temperature. To the mixture, 4-chloro-2,3-
dimethylpyridine l-oxide (4.8 g, 30.5 mmol) was added,
the mixture was stirred at 60°C for 2 hours. After
cooled to room temperature, the reaction mixture was
concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (NH silica
gel, elution solvent: ethyl acetate/methanol) to obtain
the title compound (10.5 g, yield: 136%) as a yellow
oil.
'H NMR(400MHz, CDCls)dppm; 1.40(3H, s), 1.45(3H, s),
2.21(3H, s), 2.54(3H, s), 3.93(1H, dd, J=6, 8Hz),
4.01(14, dd, J=5, 10Hz), 4.07(1H, dd, J=5, 10Hz),
4.17(1H, dd, J=6, 8Hz), 4.48(1H, quint, J=6Hz),
6.65(1H, d, J=8Hz), 8.15(1H, d, J=8Hz).
(14b) (4-(((4R)-2,2-dimethyl-1,3-dioxolan-4-
yl)methoxy)-3-methylpyridin-2-yl)methanol
[0284]

[Formula 118]
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(((4-(((4R)-2,2-dimethyi-1,3-dioxolan-4-yi)methoxy)-3-
methyipyridin-2-yl)methyl)suifinyl)-IH-benzimidazole [0292] [Formula 122]
N O O-; UH N OXO 20[0293] To a toluene (dehydrated)(0.5 ml) and
water (1.73 gl, 95.9 JIimol) mixed solution of the 2-(((4-
(((4R)-2,2-dimethyi-1,3-dioxolan-4-yiyrmethoxy)-3-
methyipyridin-2-yl)methyl)thio)-1H-benzimidazole (84 - 175 mg, 218

pmol) obtained in the step (14c), L(+)-diethyl tartrate (32.9 gl, 192 mol)
was added and stirred at 50C for 15 @inttes o a nitrogen atmosphere.
Titanium (IV) isopropoxide (28.3 9 s added to the 5 reaction
mixture and stirred for furtherFPFpe h ur. After the reaction mixture was
cooled on ice, N,N- diisopropyletiylamine (33.4 gl, 192 mol) was added
and cumene hydroperoxide (121 gl, 654 mol as the content was
regarded as 80%) was added dropwise in a nitrogen 10 atmosphere and
stirred at'8€%3 toom temperature for 17 hours. A saturated aqueous
solution of sodililglehy4d_r 98N a_r?or}qtg -\%%%%?C_{e_q t%m&rggg -%rlll mpgture
and the mixture was extracted with ethfﬂ acetate. The organic layer was
drjed exemantydroys sedivet suifiate and the 15-sokvert wasodistilled aff . 5
under reduced pressure. The residue was purified by silica gel column
chomiatoglaiphy(RH difica bel, ehtion Sohdntvethymixed with acetic

anhydride (20 ml). The mixture was stirred at 80°C for

one hour. After cooled to room temperature, the
reaction mixture was concentrated under reduced
pressure. To the residue, methanol (40 ml) and a 5N
aqueous sodium hydroxide solution (20 ml) were added
and the mixture was stirred at room temperature for 1.5
hours. The reaction mixture was concentrated and the
residue was partitioned between a saturated saline
solution and ethyl acetate. The organic layer was
dried over anhydrous magnesium sulfate, filtered and
concentrated and the residue was purified by silica gel
column chromatography (elution solvent: ethyl
acetate/methancl) to obtain the title compound (3.77 g,
yield: 41.9%) as a yellow oil.

'H NMR(400MHz, CDCls)dppm; 1.41(3H, s), 1.46(3H, s),
2.05(3H, s), 3.95(1H, dd, J=6, 8Hz), 4.03(1H, dd, J=5,
10Hz), 4.11(1H, dd, J=5, 10Hz), 4.18(1lH, dd, J=6, 8Hz),
4.49(1H, gquint, J=6Hz), 4.65(2H, s), 4.84(1lH, Dbs),
6.71(1H, d, J=8Hz), 8.29(1H, d, J=8Hz).

(l4c) 2-(((4-(((4R)-2,2-dimethyl-1,3-dioxolan-4-
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acetate/methanol) to obtain the title compound (45 mg, yield: 51.4%) as a
light yellow foam. This compound 20 was converted into a sodium salt in
accordance with the operation below and confirmed for the structure.
(14g) Sodium salt of an optical isomer (short in retention time) of
2-(((4-(((4R)-2,2-dimethyi-1,3- diexalan-4-yl)methoxy)-3-methyipyridin-2
25 yl)methyl)suifinyl)-IH-benzimidazole - 176 - 0294]x5lf:ormula 123] N O-;
OEINERFFOED 02958F T8 whrethafai(3nly Softfibhwf ah optical 15
isomer (short in rletention time) of 2-(((4-(((4R)-2,2- dimethyi-1,
B-ﬁgxzo%énr%—%?yzl)oméethoxy)-?,-methyipyridin-2-
yl)methyhsulfipyl)-IH-benzimidazole (45 mg, 112 Jimol) obtained in the
step (14f), a 1N aqueous sodium hydroxide solution (112 gl, 112 pmol)
was addedat ¥ddm 10 temperature and the mixture was stirred for 30
minutes. After the mixture was concentrated and diethyl ether was added
to the residue, the mixture was ultrasonically treated. The generated solid
was collected by filtratio 5;7 n atmogphére. The 15 solid was
dried under reduced pre N mpound (22 mg, yield:
46.4%) as a light yellow solid. %H , O-d6)8ppm,;
1.30(3H, s), 1.35(3H, s),

[0287]

To a tetrahydrofuran (dehydrated), (50 ml)
solution of the (4-(((4R)-2,2-dimethyl-1,3-dioxolan-4-
yl)methoxy)-3-methylpyridin-2-yl)methanol (3.77 g, 14.9
mmol) obtained in the step (14b) and triethylamine
(4.15 ml, 29.8 mmol), methanesulfonyl chloride (1.73
ml, 22.4 mmol) was added dropwise under ice-cooling in
a nitrogen atmosphere, and the mixture was stirred for
1.5 hours in the same conditions. The reaction mixture
was poured into a saturated agqueous solution of sodium
hydrogen carbonate and extracted with ethyl acetate.
The organic layer was dried over anhydrous magnesium
sulfate and the solvent was distilled off. From the
obtained residue (3.8 g, the yield of a crude product:
77%), a portion of 1.2 g (3.62 mmol) was taken and
dissolved in ethanol (20 ml), and 2-
mercaptobenzimidazole (598 mg, 3.98 mmol) was added
thereto and the mixture was stirred at room temperature
for 14 hours. The reaction mixture was poured into a

saturated agqueous solution of the sodium hydrogen
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2.19(3H, s), 3.80(1H, dd, J=6, 8Hz), 4.02-4.14(3H, m), 20 4.37(1H, d,
J=I3Hz), 4.42(1H, quint, J=SHz), 4.79(1H, d, J=I3Hz), 6.83(2H, dd, J=3,
6Hz), 6.93(1H, d, J=6Hz), 7.42(2H, dd, J=3, 6Hz), 8.26(1H, d, J=6Hz).
HPLC: (Conditions) column: CHIRALCEL OD-H (manufactured by - 177
Daicei Chemical Industries Ltd.)(0.4670om4X25 cm), eluant:
hexane/ethanol=4/1 (v/v), flow rate: 0.3 ml/min, Detection: UV (254 nm)
(ATENSS Pl R FefortibAtnte 316 miRGRE! Sdiasikr€omerie@xcess:

92%de (1é‘h%29§£%a'vqi%%m§rrdﬁ'8&9 In,retention Ume), of 22, gnesium
((B-Q{AR)-2, 2 dimethyi-1, 3 dioxolan-4-yijmethoxy)-3- - °

methyipyridin-2syijnethyl) sulfinyiyid-benzimidazole Ti0296L 10 fermua
124] O-; HN /OO 0297] To a toluene (dehydrated)(1.0 ml) and water
(F5.gl, 1%4dprnpl) solution af¢ie Qo(((4w(((4R)2Ratography (NH silica
dimethyi-1,3-dioxolan-4-yi)methoxy)-3-methyipyridin-2 15 ,
yifiRethyDIHi) - RIbERZHRdaZ0I8 TPF0 iy, 241 HtmbebBEafed i thEstdd

(Jt"@’ '%-l(-t)idé?%‘édng&ﬁ%t&_ (658 %ﬁf,sg %‘Q&OAXW@ aglded and stired gt
50C for 15 minutes in a nitrogen at os>|c/) ere. To the reaction mixture,
titaiumna {1\Vj dsepropoxide (57.3 gl, 194 mol) 20 was added and stirred for
further one hour. After the
'H NMR (400MHz, CD;0D)d&ppm; 1.37(3H, s), 1.39(3H, s),
2.33(3H, s), 3.94(1H, dd, J=6, 8Hz), 4.19(1H, dd, J=6,
8Hz), 4.32(1H, dd, J=5, 11Hz), 4.40(1H, dd, J=4, 11lHz),
4.52-4.60(1H, m), 4.75(2H, s), 7.25(2H, dd, J=3, 6Hz),
7.39(1H, d, J=8Hz), 7.53(2H, dd, J=3, 6Hz), 8.47(1H, d,
J=8Hz) .
(14d) 2-(((4-(((4R)-2,2-dimethyl-1,3-dioxolan-4-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole

[0288]

[Formula 120]

[0289]

To a toluene-methanol (10:1) (22 ml) solution
of the 2-(((4-(((4R)-2,2-dimethyl-1,3-dioxolan-4-
yl)methoxy)-3-methylpyridin-2-yl)methyl)thio)-1H-
benzimidazole (580 mg, 1.5 mmol) obtained in the step

(1l4c), a toluene-methanol (10:1) (11 ml) solution of 3-
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reaction mixture was cooled on ice, N,N- diisopropylethylamine (67.6 g,
389 mol) was added to the reaction mixture and cumene hydroperoxide
(245 gl, 1.32 mmoi as the content was regarded as 80%) was added -
178 dropwise thereto in a nitrogen atmosphere and the mixture was
stirred at OC to room temperature far4¥ -hours. A saturated aqueous
solution of sodium hydrogen carbonate was added to the reaction mixture

aRth 5@ I PWR £thyt atetate SAftéIthe organitTayerawat fie8 Gvepnt

sodium sulfate and the solyent was %l tilled off under reduce ssure.
TR FolRls WAL nc By SIS oAt Bsm Shrbmsiotaphy N Sica

gelo elution-salvent, etk agetate/methanaltoabiain ks the titlerne
compound (104 mg, yield: 58.7%) as a light yellow foam. This compound
was xconverted mte aisodiim isalt ireaccondarncewith then operations detow
and confirmed for the structure. (14i) Sodium salt of the optical isomer

(181 5T tibAiEY SR f(4-F((ARF2 2 GG Egus solution
¢8§°€?"¥$”ﬁ %é%WSQP@@H%'@ZQ add?d and extracted
yi)methyl)suitinyi)-IH-benzimidazole 0298Tf'Formu al25]1~\NHSO O N
NWxQ Bard0[02981 Fean ethasol{34nk) selutionof the opticalcent rated
and the residue was purified by silica gel column
chromatography (NH silica gel, elution solvent: ethyl
acetate/methanocl) to obtain the title compound (330 mg,
yield: 54.8%) as a light yellow foam. This compound
was converted into a sodium salt in accordance with the
operation below and confirmed for the structure
thereof.
(l4e) 2-(((4-(((4R)-2,2-dimethyl-1,3-dioxolan-4-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0290]

[Formula 121]

[0291]
To an ethanol (6 ml) solution of the 2-(((4-
(((4R)-2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole

(330 mg, 822 umol) obtained in the step (14d), a 1N
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isomer (long in retention time)of 2-(((4-(((4R)-2,2-
dimethyi-1,3-dioxolan-4-yi)methoxy)-3-methyipyridin-2-
yi)methyl)suifinyi)-IH-benzimidazole (104 mg, 259 mol) - 179 obtained in
the step (14h), a 1N aqueous sodium hydroxide solution (259 I, 259 pmol)
was added at room temperature-and7the-mixture was stirred for 30
minutes. After the mixture was concentrated and diethyl ether 5 was
adde e theTediti®, thelmpideowas Itfrasonidaik rédted S¥he Hmol)
generage(g sec()]{idav%/as coIHeEtSed kéy gl£rgtion in nrélll[%oegen. attmosghere. The

solid was dried und%‘r)?educe%ppr]éssur]éetoao% ain the title élormptv)ql?nsd (99

mg; vield: 90%)-as a light yelloyw 10hsolid: 1HNMR(400MHZ, 4
DMSO-d6)8ppm; 1.30(3H, s), 1.35(3H, s), 2.19(3H, s), 3.80(1H, dd, J=6,
8Hz)) de02-AdtKB8Hany), AiBHH] dedhe3HmR 4.4R(dAEd quimt,tJ=SHZz),
4.79(1H, d, J=13Hz), 6.82-6.88(2H, mé, 6.93(1H, d, J=6Hz), 7.38- 15
77Be199m), &B6(TH, Xt =B HET HPLET REBRd RSy coiaRfm-ed-  The

CLURALCELODH {1 %g%acé%ffﬁe% Qﬁ'&gﬁgﬁf V!?\'gé;’#sq'k?sa

Ltd.)?0.46 cm4X25 cm), eluant: hexane ow rate: 0.3

20 Miimige Petectionpdr-@54 nmi(Analysis kesultgy: retentinndime:3hu8ed
minutes, diastereomeric excess: 89%de (Example 15) A sodium salt of
aroptecalisorher (bing iin rétention tihse)pfmpound (314 mg, yield:
2-%%4-((5,5-dimethyi-1,3-dioxan- 2

2=

n?eiﬁo%ij-ﬁnﬁe%ﬁ;%yr—‘(cﬁ%%%?rﬁ%%guifinyi)-|H-

'H NMR(400MHz, DMSO-ds)dppm; 1.30(3H, s), 1.36(3H, s),
2.19(3H, s), 3.80(lH, dd, J=6, 8Hz), 4.02-4.14(3H, m),
4.37(1H, d, J=14Hz), 4.43(1H, qgquint, J=6Hz), 4.79(1lH,
d, J=14Hz), 6.83(2H, dd, J=3, 6Hz), 6.93(1lH, d, J=6Hz),
7.42(2H, dd, J=3, 6Hz), 8.36(1H, d, J=6Hz).
(14f) Optical isomer (short in retention time) of 2-
(((4=(((4R)-2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole
[0292]

[Formula 122]

[0293]
To a toluene (dehydrated) (0.5 ml) and water
(1.73 pl, 95.9 Umol) mixed solution of the 2-(((4-
(((4R)-2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)-3-

methylpyridin-2-yl)methyl)thio)-1H-benzimidazole (84
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benzimidazole - 180 - 0300] [Formula 126] O~: N O N>"N Na [0301]
(15a) Optical isomer (long in retention time) of 2- 5
(((4-((5,5-dimethyl-1,3-dioxan-2-yl)methoxy)-3
methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole [0302] [Formula
127]0"y 0 NoO \> NN H 0303} 1074 teluene (dehydrated)(2.8
ml)-water (1.4 gl, 0.0777 mmol) suspension of 2-(((4-((5,5-dimethyl-1,3-
did%an 221)§I)M@%&y)>étrﬁéfh%yhﬂlﬁ?%/l)ﬁ?é?ﬁyl)gtﬁi‘b‘}-) 1HIbenz it Be

(505,052 ) aed 1 S anees o5 Sopa
stiyred at §PCifor 30 mipytesiin %nlﬁ99§8@ém0§@h@§ph@éene Titanium
(dehydrated)(1.2 ml) was further added to the mixture, which was stirred
fot BO)minses iTthe isdene(28.3 U1, 95.9 umol) was added to the
reaction mixture and stirred for further one hour.
After the reaction mixture was cooled on ice, N,N-
diisopropylethylamine (33.4 pul, 192 umol) was added and
cumene hydroperoxide (121 pnl, 654 umol as the content
was regarded as 80%) was added dropwise in a nitrogen
atmosphere and stirred at 0°C to room temperature for 17
hours. A saturated aqueous solution of sodium hydrogen
carbonate was added to the reaction mixture and the
mixture was extracted with ethyl acetate. The organic
layer was dried over anhydrous sodium sulfate and the
solvent was distilled off under reduced pressure. The
residue was purified by silica gel column
chromatography (NH silica gel, elution solvent: ethyl
acetate/methancl) to obtain the title compound (45 mg,
yield: 51.4%) as a light yellow foam. This compound
was converted into a sodium salt in accordance with the
operation below and confirmed for the structure.
(14g) Sodium salt of an optical isomer (short in
retention time) of 2-(((4-(((4R)-2,2-dimethyl-1,3-
dioxolan-4-yl)methoxy)-3-methylpyridin-2-

yl)methyl)sulfinyl)—-1H-benzimidazole
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- 181 conditions. Titanium (V) isopropoxide (37 1, 0.125 mmoi) was
added and the resultant mixture was stirred for one hour in the same
conditions. After cooled to room temperature and
N,N-diisopropylethylamine (35 I, 5 0.201 mmoi) was added to the mixture,
the resultant mixture was stirred-fon @ minutes under ice-cooling. After
cumene h%/dro eroxide (360 |, 1.95 mmoi as the content was regarded as
80%) wak dropwise at an inner temperature of OC to 2C, for 5
tr%utes the M ixture was stirred at an inner temperature of 0C to 3C
for A hours A ert e reaction was terminated by a saturated aqueous
solution of sodium hydrogen carbonate, ethyl acetate and water were
added thereto. The aqueous layer separated was extracted with ethyl 15

acetate. Organic layers were cqmbingd, washgd-with water, a saturated
saline solution, dried ov y
The obtained residue wasspurified by siti

sulfgte-and concentrated.
| colu chromatography

(NH silica gel, elution solvent: etiflyl 20 ac&tate/m 0l=1/0-4/1
gradient). Desired fractions were concentrated to obtain the title
compound $233 mg, content: 88.9%, yield: 69.4%) as a light brown foam.
1H NMR(400MHz, DMSO-d6)8ppm; 0.69(3H, s), 1.11(3H, s), 2.13(3H, s),
3.48(2H, d, J=TAHAN3 s8{2H.d, JEI 1HE), 28°4108(2H, @fJ:erszptical
469 1H, d, J=14H2z), 477%5 d, J=14Hz 4831H t, J=4Hz), 697aH

5, TRTBIBHE TP 587 67i9KF ) mp 8. 20(1H U, SL64B). 2

Hﬁ%&éthyl—l,3—dloxolan—4—y1)methoxy)—3—methy1pyrldln—2—

yl)methyl)sulfinyl)-1H-benzimidazole (45 mg, 112 umol)
obtained in the step (14f), a 1N aqueous sodium
hydroxide solution (112 pnl, 112 umol) was added at room
temperature and the mixture was stirred for 30 minutes.
After the mixture was concentrated and diethyl ether
was added to the residue, the mixture was
ultrasonically treated. The generated solid was
collected by filtration in a nitrogen atmosphere. The
solid was dried under reduced pressure to obtain the
title compound (22 mg, yield: 46.4%) as a light yellow
solid.

'H NMR(400MHz, DMSO-ds)dppm; 1.30(3H, s), 1.35(3H, s),
2.19(3H, s), 3.80(lH, dd, J=6, 8Hz), 4.02-4.14(3H, m),
4.37(1H, d, J=13Hz), 4.42(1H, quint, J=5Hz), 4.79(1lH

d, J=13Hz), 6.83(2H, dd, J=3, 6Hz), 6.93(1lH, d, J=6Hz),
7.42(2H, dd, J=3, 6Hz), 8.26(1H, d, J=6Hz).

HPLC:

(Conditions) column: CHIRALCEL OD-H (manufactured by



- 182 (Conditions) column: CHIRALCEL OD-H (manufactured by Daicei
Chemical Industries Ltd.)(0.46 cm4X25 cm), eluant: hexane/ethanol=4/1
(v/v), flow rate: 0.6 ml/min, Detection: UV (254 nm) 5 (Analysis results):
retention time: 18.9 minutes, enantiomeric excess: 87%ee (15b) A
sodium salt of the optical isomer {longin retention time) of
2-(((4-((5,5-dimethyi-1,3-dioxan-2-
yinhafokyBaté oy Fiafis Sh)htathyiisbiinyd)- It 198&Rzinfidazole

[0304] [Formula 128 0N SN, NNa_0305] To an ethanol ( )

S5 of af SURCal T& ROHARr (kg I lertion aike) S The SA(T-(5.5
dimethyinl, 3rchexan-2-yi) meshoxy)s3-methyipyridin-2-
yi)methyl)suifinyi)-IH-benzimidazole (200 mg, content: 88.9%, 0.428
mAolpobtainedrinthé step (Isa) catiNoaquenas sédium hydroxiee,
solution (428 JLL, 0.428 mmoi) 20 was added at room temperature and

5 tkfé%ﬁ&%ﬁﬁﬁ?%ﬁ?reﬁ%%iﬁ minafedSin the same conditions. After the
mixtyre, wag concentrated and ethanol was added 10, ) 5y of 2-

(((4=(((4R)-2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole
[0296]

10 [Formula 124]

[0297]
To a toluene (dehydrated) (1.0 ml) and water
(3.5 pul, 194 pmol) solution of the 2-(((4-(((4R)-2,2-
dimethyl-1,3-dioxolan-4-yl)methoxy)-3-methylpyridin-2-
15 vyl)methyl)thio)-1H-benzimidazole (170 mg, 441 umol)
obtained in the step (1l4c), D-(-)-diethyl tartrate
(66.6 ul, 389 umol) was added and stirred at 50°C for 15
minutes in a nitrogen atmosphere. To the reaction
mixture, titanium (IV) isopropoxide (57.3 unl, 194 umol)
20 was added and stirred for further one hour. After the
reaction mixture was cooled on ice, N,N-
diisopropylethylamine (67.6 WUl, 389 umol) was added to
the reaction mixture and cumene hydroperoxide (245 ul,

1.32 mmol as the content was regarded as 80%) was added



10

15

20

the residue, the mixture was subjected to azeotropic distillation and
suspended with diethyl ether. The - 183 suspension was ultrasonically
treated and allowed to stand. The supernatant liquid was removed and
then the residue was dried to obtain the title compound (145 mg, 77.4%
yield) as a light yellow solid. 5 1H-NMR(400MHz, DMSO-d6 )8ppm;
0.68(3H, s), 1.11(3H, s), 2.17(3H, s), 3.48(2H, d, J=IIHz), 3.58(2H, d,
ISP 566 (2PF 6 I24112), 2. SARFR ECD=BHY) SPBOFH, a1 IBRZ),
4.83(1H, t, J=4Hz), 6.81-6.88(2H, m), 6.93(1H J=6Hz), 7.39-7.46(2
BB Itk 16 HELC Teaaitons oo A et o
ORsth(manufactured by Daigei Chemicabndusyiestd Q46 6MR5 gen

cm), eluant: hexane/ethanol=4/1 (v/v), flow rate: 0.6 ml/min, Detection:
Uva@bdma el 5 §Analysis desultsh hreterrtionttime: 18.4tminates,d
enantiomeric excess: 87.4%ee specific rotation: aD25.s=-123.83(c=0.5,

EFGHT TEXEMpIE 16) Sbiim SAEbRSBtical fSohfér (SA6r i Feterftioh= e~
L Séoﬁgigé{gigfﬁgﬁgﬁﬁ%"9$¥§Eézéﬁd_t e solve%t wa
yl)methoxy)-3-methyipyridin-2-yi)methyi)suifinyi)-IH- benzimi azoles[0306]
[Rorewiar 129] QP Ouh@eN reduced pressure. The residue was
purified by silica gel column chromatography (NH silica
gel, elution solvent: ethyl acetate/methanol) to obtain
the title compound (104 mg, yield: 58.7%) as a light
yellow foam. This compound was converted into a sodium
salt in accordance with the operations below and
confirmed for the structure.
(14i) Sodium salt of the optical isomer (long in
retention time) of 2-(((4-(((4R)-2,2-dimethyl-1,3-
dioxolan-4-yl)methoxy)-3-methylpyridin-2-
yl)methyl)sulfinyl)—-1H-benzimidazole
[0298]

[Formula 125]

[0299]
To an ethanol (3 ml) solution of the optical
isomer (long in retention time)of 2-(((4-(((4R)-2,2-
dimethyl-1,3-dioxolan-4-yl)methoxy)-3-methylpyridin-2-

yl)methyl)sulfinyl)-1H-benzimidazole (104 mg, 259 Umol)
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S N N Na 0307] - 184 (16a) Optical isomer (short in retention time) of 2-
(((4-((5,5-dimethyi-1,3-dioxan-2-yi)methoxy)-3-
methyipyridin-2-yi)methyl)suifinyi)-1H-benzimidazole [0308] 5 [Formula
130] O /o0 /N\S N\N H 0309] A toluene (dehydrated)(4.0 ml)-water (1.4
Ri, 0.0777 mmoi) suspension of 2-{( (% ((5,5-dimethyi-1,3-
dioxan-2-yi)methoxy)-3-methyipyridin-2-yi)methyi)thio) 10
1ABenZirAidazle o%ﬁ@,po.g%ébﬁmoe obfaingd i itie Safmetfanner as

e stops,(a).10.08) O Expyple y and s (s)dleyl farvate (47 R

9] p %as
mmoi) was stirred at r 10 minutes in a ni rogen atmospnere.

TitaRige-(Y).iseprapexides(3d: R O-k25mmai} was 48 addedsandhiieutes .

resultant mixture was stirred for one hour in the same conditions. After
cédled to rdemntentperature N, Nedisoproptetiylamine {85 Ry,10.20her
mmoi) was added to the mixture, and the resultant mixture was stirred for

1§ﬁﬁn&@g%ﬁmﬁﬁi&ﬁgoﬁﬁﬁﬁdue, the mixture was

ultrasonically treated. The generated solid was
collected by filtration in a nitrogen atmosphere. The
solid was dried under reduced pressure to obtain the
title compound (99 mg, yield: 90%) as a light yellow
solid.

'H NMR(400MHz, DMSO-ds)dppm; 1.30(3H, s), 1.35(3H, s),
2.19(3H, s), 3.80(lH, dd, J=6, 8Hz), 4.02-4.14(3H, m),
4.37(1H, d, J=13Hz), 4.42(1H, qgquint, J=5Hz), 4.79(1lH,
d, J=13Hz), 6.82-6.88(2H, m), 6.93(1H, d, J=6Hz), 7.38-
7.46 (2H, m), 8.26(1H, d, J=6Hz).

HPLC:

(Conditions) column: CHIRALCEL OD-H (manufactured by
Daicel Chemical Industries Ltd.) (0.46 cm$px25 cm),
eluant: hexane/ethanol=4/1 (v/v), flow rate: 0.3
ml/min, Detection: UV (254 nm)

(Analysis results): retention time: 35.9 minutes,
diastereomeric excess: 89%de

(Example 15) A sodium salt of an optical isomer (long
in retention time) of 2-(((4-((5,5-dimethyl-1,3-dioxan—
2-yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-

benzimidazole
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20 After cumene hydroperoxide (360 Ri, 1.95 mmoi as the content was
regarded as 80%) was added dropwise at an inner temperature of OC to
2C, for 5 minutes, the mixture was stirred at an inner temperature of 0C
to 3C for 4 hours. After the reaction was terminated by a - 185 saturated
aqueous solution of sodium hydroegem ccarbonate, ethyl acetate and water
were added thereto. The aqueous layer separated was extracted with
ethyl acétatédrganic layers were combined, washed with 5 water and a
53%1(@5}}691 gliri%qg?lution, dried over anhydrous sodium sulfate and
concentrated. The' obtained residue was purified by silica gel column
chromatography (NH silica gel, elution solvent: ethyl
acetate/methanol=1/0-4/1 gradient). Desired fractgns 10 were
concentrated to obtain the title compound 208 ng, Jcontent: 90.9%, yield:
72.7%) as a light brown foam. 1H N SO-d6)8ppm;
0.69(3H, s), 1.11(3H, s) , 3.48(2H, d, J=11Hz), 3.58(2H, d,
J=11Hz), 4.08(2H, d, J ~{-68(1H; d,N=14Hz), 4.77(1H, d, 15
J=14Hz), 4.83(1H, t, J=4Hz), 607 (1H, d, J=6Hz), 7.22- 7.32(2H, m),
7.57-7.68(2H, m), 8.20(1H, d, J=6Hz). HPLC: (Conditions) column:
CHIRALCEL OD-H (manufactured by Daicei Chemical Industries
Ltd.)(0.46&m4X25 cm), 20 eluant: hexane/ethanol=4/1 (v/v), flow rate: 0.6
ml/min, Detection: UV (254 nm)_(Analysis results): retention time: %5.22_

minutesd, BRanfomenc BXGass! BASheed Totention time) S

(((4-((5,5-dimethyl-1,3-dioxan-2-yl)methoxy)-3-

methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole
[0302]

[Formula 127]

[0303]

A toluene (dehydrated) (2.8 ml)-water (1.4 nil,
0.0777 mmol) suspension of 2-(((4-((5,5-dimethyl-1,3-
dioxan-2-yl)methoxy)-3-methylpyridin-2-yl)methyl)thio) -
1H-benzimidazole (250 mg, 0.626 mmol) obtained in the
same manner as in the steps (la) to (le) of Example 1
and D-(-)-diethyl tartrate (47 nl, 0.275 mmol) was
stirred at 50°C for 30 minutes in a nitrogen atmosphere.
Toluene (dehydrated) (1.2 ml) was further added to the

mixture, which was stirred for 30 minutes in the same



(16b) A sodium salt of the optical isomer (short in 25 retention time) of
2-(((4-((5,5-dimethyi-1,3-dioxan-2-
yi)methoxy)-3-methyipyridin-2-yi)methyi)suifinyi)-1H- benzimidazole [0310]
- 186 - [Formula 131]O0 O NS NN Na[0311] To an ethanol (3 ml)
solution of the optical isomer (shortligretention time) of the 2-(((4-((5,55
dimethyi-1,3-dioxan-2-yi)methoxy)-3-methyipyridin-2-

y|§rﬂ@ﬂ11ﬂ—)é8|lﬁﬁyl) 1@5@??21%6{%‘@ (206 RIQRErERe 96.9%,10.481125

mmol btalned |n sten%(th? alN que us sodium h%dromde

sglun (%al JI?L 51 mmoi Wgée% at room élr%%era ure andfﬁwed

mpgure,was 14&5}'”191@ ford>5 é@'ﬂﬂé‘t%dﬂéﬁ% §§H‘§.000Qﬂtf§k5- Alter dhe o
reaction mixture was concentrated and ethanol was added to the residue,
theomixtirenwas stibjectedrto dzeébtrbpic distiffatoreand sasperdedBWwitiptl ,
dlethgll ether. The suspension was ultrasonically treated and 15 allowed

to’stafd. THE Sdp&matdadfigtidiwas rEmBved Sty theRhé $8didhé Was
ggﬁ?&%?@%@e&tﬁrPS@pPHPd1(52%%@%9%&6%'9) asa light yellaw

After cumene hydroperoxide (360 pnl, 1.95 mmol as the
content was regarded as 80%) was added dropwise at an
inner temperature of 0°C to 2°C, for 5 minutes, the
mixture was stirred at an inner temperature of 0°C to
3°C for 4 hours. After the reaction was terminated by a
saturated agqueous solution of sodium hydrogen
carbonate, ethyl acetate and water were added thereto.
The aqueous layer separated was extracted with ethyl
acetate. Organic layers were combined, washed with
water, a saturated saline solution, dried over
anhydrous sodium sulfate and concentrated. The
obtained residue was purified by silica gel column
chromatography (NH silica gel, elution solvent: ethyl
acetate/methanol=1/0-4/1 gradient). Desired fractions
were concentrated to obtain the title compound (203 mg,
content: 88.9%, yield: 69.4%) as a light brown foam.
'H NMR(400MHz, DMSO-ds)dppm; 0.69(3H, s), 1.11(3H, s),
2.13(3H, s), 3.48(2H, d, J=11Hz), 3.58(2H, d, J=11Hz),
4.08(2H, d, J=4Hz), 4.69(1H, d, J=14Hz), 4.77(1lH, d,
J=14Hz), 4.83(1H, t, J=4Hz), 6.97(1H, d, J=6Hz), 7.24-
7.32(2H, m), 7.58-7.67(2H, m), 8.20(1H, d, J=6Hz).

HPLC:
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1H NMR(400MHz, DMSO-d6)8ppm; 0.69(3H, s), 1.11(3H, s), 2.17(3H, s),
3.48(2H, d, J=11Hz), 3.58(2H, d, J=11Hz), 20 4.06(2H, d, J=4Hz),
4.36(1H, d, J=13Hz), 4.81(1H, d, J=13Hz), 4.83(1H, t, J=4Hz),
6.79-6.87(2H, m), 6.93(1H, d, J=6Hz), 7.37-7.46(2H, m), 8.25(1H, d,
J=6Hz). HPLC: (Conditions) columnsCHIRALCEL OD-H (manufactured
by - 187 Daicei Chemical Industries Ltd.)(0.46 cm4X25 cm), eluant:
he%aritléthafB 4/ T RAVHOWTAIE -6 rhi/Rii FD didefior: APV (254 nkyy

(Analysis results): retention time:.15.8 minutes,, 5 enanti ric excess:
8 Chee s e oo DPE T 118 800t 2 M el 17)
Sedigan salt gt an epticakisemershortin /ketentiantimelet . 0.6
2-(((3-methyl-4-(1,5,9- trioxaspiro[5.5]undec-3-yimethoxy)pyridin-2 10
yiyrhétimyh) sufiayip-dH-benzifiidazoie sodium salt [0312] [Formula 132]

O~0O 01:0 \S\IN_N Na [0313] (17a) Optical isomer (short in retention
tirhe} 8f 7515 ({(3-eth§l4-(1 5 ok@8pirdfBS]undec.3ninutes,

enantiomeric excess: 87%ee
(15b) A sodium salt of the optical isomer (long in
retention time) of 2-(((4-((5,5-dimethyl-1,3-dioxan-2-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole

[0304]

[Formula 128]

[0305]

To an ethanol (3 ml) solution of an optical
isomer (long in retention time) of the 2-(((4-((5,5-
dimethyl-1,3-dioxan-2-yl)methoxy)-3-methylpyridin-2-
yl)methyl)sulfinyl)-1H-benzimidazole (200 mg, content:
88.9%, 0.428 mmol) obtained in the step (15a), a 1IN
aqueous sodium hydroxide solution (428 pl, 0.428 mmol)
was added at room temperature and the mixture was
stirred for 10 minutes in the same conditions. After
the mixture was concentrated and ethanol was added to
the residue, the mixture was subjected to azeotropic

distillation and suspended with diethyl ether. The
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yimethoxy)pyridin-2-yi)methyi)suifinyi)-1H- benzimidazole [0314] [Formula
133] 1C~COaNI1OO ~INSNH-188-0315] To a toluene
(dehydrated)(1.5 ml)-water (1.47 1, 81.5 pmol) solution of the
2-(((3-methyl-4-(1,5,9- trioxaspiro[5.5]undec-3-yimethoxy)pyridin-2 5
yi)methyi)thio)-1H-benzimidazole-(3083ng, 679 pmol) separately obtained
in the same manner as described in the steps (10a) to (10d) of Example
16UspPRdietHy tatrate {5 F 200 Yovlmyl) WePaddefand tel ribddre-©

was stirred at . 50C for 5 minutes in.a nitrogen 10 atmosphere. Titanium

(9} Romtoposiie CHE T 136 hob K AHAS Ad iR s Tlant mikdre: 2

was stirgd ez Jurtherne-bows Alter cepled-ontice apdkilNimd (145 mg,
diisopropylethylamine (37.8 1, 217 mol) was added, and cumene
hydropéroxidel (87625, 2,04 hynol as theotb sontent was regarded as 80%)
was added dropwise in a_nitrogepn atmosphere, the mixture was stirred at

0CHo NGOt tehIpEratitaS0r 85 REarR: Aftef & Sakurafdy abuédus Lolution
szsqd&%gmyd&ge%964@99@6 Was ;added, fhe 5?3%i?gd?ix&‘,red"@%ﬁz ),
extracted with ethyl 20 acetafe. The organic layer'was driéd over sodium
4.06(2H, d, J=4Hz), 4.37(1H, d, J=13Hz), 4.80(1lH, d,
J=13Hz), 4.83(1H, t, J=4Hz), 6.81-6.88(2H, m), 6.93(1lH,
d, J=6Hz), 7.39-7.46(2H, m), 8.25(1H, d, J=6Hz).
HPLC:
(Conditions) column: CHIRALCEL OD-H (manufactured by
Daicel Chemical Industries Ltd.) (0.46 cm$px25 cm),
eluant: hexane/ethanol=4/1 (v/v), flow rate: 0.6
ml/min, Detection: UV (254 nm)
(Analysis results): retention time: 18.4 minutes,
enantiomeric excess: 87.4%ee
specific rotation: a555=—123.83(c=0.5, EtOH)
(Example 16) Sodium salt of optical isomer (short in
retention time) of 2-(((4-((5,5-dimethyl-1,3-dioxan-2-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole

[0306]

[Formula 129]

[0307]
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sulfate, the solvent was distilled off under reduced pressure. The
obtained residue was purified by silica gel column chromatography (NH
silica gel, elution solvent: ethyl acetate/methanol) to obtain the title 25
compound (256 mg, yield: 82.4%) as a light yellow foam. 1H
NMR(400MHz, CDC13)8ppm; 1.85(2 t-J=SHz), 2.01(2H, t, J=SHz),
2.12-2.21(1H, m), 2.21(3H, s), 3.66-3.78(4H, m), 3.86(2H, dd, J=4,
12H127 U088 DA AH L rYMe 64 (RO 89, DS 4AT), AsSre b, of 2-

J=14H2z), 6 77(1H. d, J=6Hz). 7.26-7.40(2H, /m),.7.50-7.80(2H, br),

2 BR{U . 225H13) (L7} A Sory St b1 el it Ko @rort in 5
retentigm tipe) af 2-(U3ymethyl-A1 P 1 finyl) -1H-benzimidazole
trioxaspiro[5.5]undec-3-ylmethoxy)pyridin-2-
yl)methyDsalibyl)-1H-benzimidazole [0316] [Formula 134] O:-"~CO N U
OO S~NN Nal0][0317] To an ethanol (10 ml) solution of the optical
isORfITEHGt irfttention time) of 2-(((3-methyl-4-
(1,5,9-trioxaspiro[5.5]undec-3-ylmethoxy)pyridin-2-
yl)methyl)sulfinyl)-1H-benzimidazole (256 mg;5994mol) 15 obtained in the

step (17a), a 1N aqueous sodium o
L)
S-S
N * N
H

[0309]

A toluene (dehydrated) (4.0 ml)-water (1.4 ni,
0.0777 mmol) suspension of 2-(((4-((5,5-dimethyl-1,3-
dioxan-2-yl)methoxy)-3-methylpyridin-2-yl)methyl)thio) -
l1H-benzimidazole (250 mg, 0.626 mmol) obtained in the
same manner as in the steps (la) to (le) of Example 1
and L-(+)-diethyl tartrate (47 nl, 0.274 mmol) was
stirred at 50°C for 10 minutes in a nitrogen atmosphere.
Titanium (IV) isopropoxide (37 nl, 0.125 mmol) was
added and the resultant mixture was stirred for one
hour in the same conditions. After cooled to room
temperature N,N-diisopropylethylamine (35 pl, 0.201
mmol) was added to the mixture, and the resultant
mixture was stirred for 15 minutes under ice-cooling.
After cumene hydroperoxide (360 pnl, 1.95 mmol as the
content was regarded as 80%) was added dropwise at an
inner temperature of 0°C to 2°C, for 5 minutes, the
mixture was stirred at an inner temperature of 0°C to

3°C for 4 hours. After the reaction was terminated by a



hydroxide solution (559 JLL, 559 pmol) was added at room temperature,
which was stirred for 30 minutes. After the mixture was concentrated and
diethyl ether was added to the residue, the mixture was ultrasonically 20
treated. The generated solid was collected by filtration in a nitrogen
atmosphere. The solid was dried-under reduced pressure to obtain the
titte compound (147 mg, yield: 54.8%) as a light yellow - 190 - solid. 1H
NRAEE0DMz, TMSOd6 8phht 1074-AT8EHAAL HY), 2108 2923T1H, m),
2.18(3H, s), 3.50-3.62(4H, m), 3.76- 3.84(2H, m), 4.02(2H, dd, J=4
s T AR TR UL R e
6800 6:22(2H )1 6-93(1Hthol=6H2), 7.:38-248(2Hun) 8.266LHcthy 1
J=6Hz). HPLC: (Conditions) column: CHIRALCEL OD-H (manufactured
by ckx Baicei Chegacal dndustres Lick)X6.46c0m4X28 cryaeluant:with
hexane/ethanol=4/1 (v/v), flow rate: 0.6 ml/min, Detection: UV (254 nm)

(AifHydis ?é‘éﬁlt%):sr@féfﬁiﬁﬁeiﬁnéazbi.@?niﬁﬁﬂe%,t J_é?%nti@ﬁe?ﬁé e9<%_%§s:
82 808812 éEé%@%Eml@uiQdi@ saltof an, optical isomer (Ilaqg.in
2: yi-4-(15,9-

retention time) o 3-methyl-4-

trioxaspire{8. Slunrdet:3-yimethoxy)pyridin-2y silica gel column

yi)methyl)sulfinyi)-1H-benzimidazole [0318] 20 [Formula 135]
chromatography (NH silica gel, elution solvent: ethyl
acetate/methanol=1/0-4/1 gradient). Desired fractions
were concentrated to obtain the title compound (208 mg,
content: 90.9%, yield: 72.7%) as a light brown foam.
'H NMR(400MHz, DMSO-ds)dppm; 0.69(3H, s), 1.11(3H, s),
2.13(3H, s), 3.48(2H, d, J=11Hz), 3.58(2H, d, J=11Hz),
4.08(2H, d, J=4Hz), 4.68(1H, d, J=14Hz), 4.77(1H, d,
J=14Hz), 4.83(1H, t, J=4Hz), 6.97(1H, d, J=6Hz), 7.22-
7.32(2H, m), 7.57-7.68(2H, m), 8.20(1H, d, J=6Hz).
HPLC:
(Conditions) column: CHIRALCEL OD-H (manufactured by
Daicel Chemical Industries Ltd.) (0.46 cm$px25 cm),
eluant: hexane/ethanol=4/1 (v/v), flow rate: 0.6
ml/min, Detection: UV (254 nm)
(Analysis results): retention time: 15.2 minutes,
enantiomeric excess: 84.2%ee
(16b) A sodium salt of the optical isomer (short in
retention time) of 2-(((4-((5,5-dimethyl-1,3-dioxan-2-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole

[0310]
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c:)~Th Na [0319] (18a) Optical isomer (long in retention time) of 2-
(((3-methyl-4-(1,5,9-trioxaspiro[5.5]undec-3 - 191 -
ylmethoxy)pyridin-2-yl)methyl)sulfinyl)-1H- benzimidazole [0320] [Formula
136] O:-"C'O OO SN N ZN1H 5[0321] To a toluene
(dehydrated)(1.5 ml)-water (1.35-gl; §4.8-pmol) solution of
2-(((3-methyl-4-(1,5,9- trioxaspiro[5.5]undec-3-ylmethoxy)pyridin-2-
ylimetiypifo) 2hibenzimidazole (150 mg, 340 pmol), 10 which was
separately obtained in the same manner as described in the steps (10a)

to (10d) of Example 10, D- (-)-diethyl tartrgj \g%j‘% mol) was added

and the mixture was stlrred at 50C for 5 njinutgs in itrogen

opmopdide 4473 15 0 Jimol) was added
and the resultant mixtur f er one hour. After the
mixture was cooled on icg; N,N-diisopropylethylamine (39.1 gl, 224 mol)
was added, and cumene hydroperoxide (188 1, 1.02 mmol as the content
was rega[rglgg as 80%) was added

atmosphere. Titanium (I

To an ethanol (3 ml) solution of the optical
isomer (short in retention time) of the 2-(((4-((5,5-
dimethyl-1,3-dioxan-2-yl)methoxy)-3-methylpyridin-2-
yl)methyl)sulfinyl)-1H-benzimidazole (206 mg, content:
90.9%, 0.451 mmol) obtained in the step (l6a), a 1IN
aqueous sodium hydroxide solution (451 pl, 0.451 mmol)
was added at room temperature and the mixture was
stirred for 15 minutes in the same conditions. After
the reaction mixture was concentrated and ethanol was
added to the residue, the mixture was subjected to
azeotropic distillation and suspended with diethyl
ether. The suspension was ultrasonically treated and
allowed to stand. The supernatant liquid was removed
and then the residue was dried to obtain the title
compound (126 mg, 63.9% yield) as a light yellow solid.
'H NMR(400MHz, DMSO-ds)dppm; 0.69(3H, s), 1.11(3H, s),
2.17(3H, s), 3.48(2H, d, J=11Hz), 3.58(2H, d, J=11Hz),
4.06(2H, d, J=4Hz), 4.36(1H, d, J=13Hz), 4.81(1H, d,
J=13Hz), 4.83(1H, t, J=4Hz), 6.79-6.87(2H, m), 6.93(1H,
d, J=6Hz), 7.37-7.46(2H, m), 8.25(1H, d, J=6Hz).

HPLC:

(Conditions) column: CHIRALCEL OD-H (manufactured by



20 dropwise in a nitrogen atmosphere, the mixture was stirred at OC to
room temperature for 7 hours. After a saturated aqueous solution of
sodium hydrogen carbonate was added to the reaction mixture, the
reaction mixture - 192 was extracted with ethyl acetate. The organic layer
was dried over sodium sulfate, the s@vent was distilled off under reduced
pressure. The obtained residue was purified by silica gel column 5

chidhTRdg PRy (RM sifesyel Bitidnidofventleth9l aRtate/msdthanol) to
obtain the title compound (68 mg, yield: 43.7%)_as a light yellow foam. 1H
NEERSTG S R e e A
24272 23(1Hhan)h &2 H3H, 8% 3.66-8. 4&(#H, 10 m), 3.89(2H, dd, J=4,
12Hz), 4.06-4.26(4H, m), 4.65(1H, d, J=I4Hz), 4.83(1H, d, J=l4Hz),
6.VA(EH yo, 1=6H7) 1 7t28-7 .42 2Hnm) 0. 501780 (2H, 1), 181 83(¢k d,
J=6Hz). (18b) Sodium salt of the optical isomer (long in 15 retention time)

S of 2B MRERYILE- (£ 56 HRoxEshilofS S]undec-3-yimethoxy)pyridin-2-
V'Lsfg‘s 'P%'f'%%é'é'ib&'{‘?' 93204%1[952%]4[?858‘1?,1%@5%{?”‘_ Na 20
[0323] To an ethanol (10 ml) solution of the optical iSomer (long in
retentigiptiae) of thec (((drmethyl-4-f an optical isomer (short in
retention time) of 2-(((3-methyl-4-(1,5,9-
trioxaspiro[5.5]undec-3-ylmethoxy)pyridin-2-
10 yl)methyl)sulfinyl)-1H-benzimidazole sodium salt
[0312]

[Formula 132]

[0313]
(17a) Optical isomer (short in retention time) of 2-
15 (((3-methyl-4-(1,5,9-trioxaspiro[5.5]undec-3-
ylmethoxy)pyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole
[0314]

[Formula 133]

\)
@,\P_ SNy
H
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(1,5,9-trioxaspiro[5.5]undec-3-yimethoxy)pyridin-2-
yi)methyl)suifinyi)-IH-benzimidazole (68 mg, 149 pmol) - 193 obtained in
the step (18a), a 1N aqueous sodium hydroxide solution (149 I, 149 pmol)
was added at room temperature, which was stirred for 30 minutes. After
the mixture was concentrated and diethyl-ether was 5 added to the
residue, the mixture was ultrasonically treated. The resultant solid was
collected! By filtfation in a nitrogen atmosphere. The solid was dried

under reduced pressure oobtalnt titl d(3

54.8%) asallght yeahow S(L)JIIdn?.O %Méiigﬁé)hg? §1 d §ppm (1.47
107 (2H1t, 9=Ak2), ) 1 83(2H it =6HZ}:12:08-2 23(3Hn BV gL 743H18)5 , 9
3.50-3.60(4H, m), 3.76-3.86(2H, m), 4.02(2H, dd, J=4, 12Hz), 4.11(2H, d,
JETHD<43¥{1H] 8, IRIBHEE c4 BiylHed hi=t3hp)y 6i86(2H? dd, J=3, 6HZ),

6.93(1H, 15 d, J=6Hz), 7.42(1H, dd, J=3, 6Hz), 8.26(1H, d, J=6Hz).
Hﬂ:bn?éaﬁdl} BH%)O(%O—IL]II%nb@FHRIAt%E{Oéﬁ ﬁ%%dﬂﬁactére% by Bdicei

Q%B‘ﬁ‘i%!é%%?t%%% 5&%%8 6,Cm4X23 g, 2?&%%{‘& xan é%“c‘%%"é/ 4n

ow rate: 0.6 20 ml/min, Detection: UV (254 nm AnayS|s result

raiel@tlcu“ctérpg. 36.7aningtes, 1edantiomericexcess: 86%ee (Examr&&ﬁm
Sodium salt of an optical isomer (long in retention time) of
24 qa 2 edimethyi-113-dickah-3u»5l ) was added and the mixture

yl)methoxy)-3,5- dlmeth%lpe/rldln 2-%/i)m,eth¥l)SUIfl r%ll) 1H-benzimidazole

was stirred at minutes 1ir ‘a nitrogen
atmosphere. Titanium (IV) isopropoxide (40.1 pnl, 136
Umol) was added and the resultant mixture was stirred
for further one hour. After cooled on ice and N, N-
diisopropylethylamine (37.8 ul, 217 umol) was added,
and cumene hydroperoxide (376 Ul, 2.04 mmol as the
content was regarded as 80%) was added dropwise in a
nitrogen atmosphere, the mixture was stirred at 0°C to
room temperature for 5.5 hours. After a saturated
aqueous solution of sodium hydrogen carbonate was
added, the reaction mixture was extracted with ethyl
acetate. The organic layer was dried over sodium
sulfate, the solvent was distilled off under reduced
pressure. The obtained residue was purified by silica
gel column chromatography (NH silica gel, elution
solvent: ethyl acetate/methanol) to obtain the title
compound (256 mg, yield: 82.4%) as a light yellow foam.
'H NMR(400MHz, CDCls)dppm; 1.85(2H, t, J=5Hz), 2.01(2H,
t, J=5bHz), 2.12-2.21(1H, m), 2.21(3H, s), 3.66-3.78(4H,

m), 3.86(2H, dd, J=4, 12Hz), 4.06-4.24(4H, m), 4.64(1H,
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[0324] [Formula 138] - 194 O---COK /N PI'\S N N Na 0325] (19a)
Optical isomer (long in retention time) of 2-
(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3,5-
dimethylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole 5 [0326] [Formula
139] O---COK N ~O 5:- ~y\>-S N 03N H 0327] A toluene
(dehydrated)(2.22 mlg-water (2.3 gl, 0.128 mmol) solution of the
24442 25 timetyl-°E0 11B-didxad Slyiitaethoky) 3 ELdimethylpyfidinla
yl yDthjQ) benzim le (44 1. 07 mmpol) ately
ogzl?ng]edplndt e%sHaMer}nanlr?:}g gs Zjescélrl egld in e’ stgpgé?q)?{ 6 (I1g) of
Example 11 and D-(-)- diethyl tartrate (80.6 gl, 0.471 mmol) was stirred at
15 50C for 10 minutes in a nitrogen atmosphere. Titanium (1V)
isopropoxides(@3i2ugl, 92214 mimdlhwasradded landsomer (short in

retention time) of 2-(((3-methyl-4-(1,5,9-
trioxaspiro[5.5]undec-3-ylmethoxy)pyridin-2-
yl)methyl)sulfinyl)-1H-benzimidazole

[0316]

[Formula 134]

O
=
g8 Oﬁ e
DS A
N *
Na

[0317]

To an ethanol (10 ml) solution of the optical
isomer (short in retention time) of 2-(((3-methyl-4-
(1,5,9-trioxaspiro[5.5]undec-3-ylmethoxy)pyridin-2-
yl)methyl)sulfinyl)-1H-benzimidazole (256 mg, 599 Umol)
obtained in the step (l17a), a 1N aqueous sodium
hydroxide solution (559 nl, 559 Umol) was added at room
temperature, which was stirred for 30 minutes. After
the mixture was concentrated and diethyl ether was
added to the residue, the mixture was ultrasonically
treated. The generated solid was collected by
filtration in a nitrogen atmosphere. The solid was
dried under reduced pressure to obtain the title

compound (147 mg, yield: 54.8%) as a light yellow
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the resultant mixture was stirred for further one hour in the same
conditions. After the mixture was cooled - 195 to room temperature and
N,N-diisopropylethylamine (59.6 [, 0.342 mmoi) was added, the resultant
mixture was cooled to 0C. After cumene hydroperoxide (611 I, 3.31 mmoi
as the content was regarded as 80%}Y was added 5 dropwise for 5 minutes
at 0C to 2C, the mixture was stirred at OC to 7C for 3 hours and 35
mifUites in an nitrogen atmosphere. After a saturated aqueous solution of

sediju carhgnate was.added to the reacti ixture, the
mixture Wa{jé{ %%ﬁ%éfec%vﬂﬁéé%@f%pﬂ:btgé? ‘?‘ﬁel g%&%é?ay%{ WaEsl'é)r?e_d
overanhydroys) sodium sylfatesfilteredsand cgngentrated. The tesidue
was purified by silica gel column chromatography (NH silica gel: 20g,
elutied salventy) dichiob@rhethangd dichicrometiiamne/methiandlH20/4). The
15 fractions containirlggtthe titte compound were collected with ethyl

adétatéand Concentfated to Sbtaitt the titfe: Thimpound(388 Mg Aleld® - 80~
84290 @s.2 C5%50f'9§$ é%aé?HlHd\'MBi‘é MHz, p%sq-.qp?eg%m; $y32(3H,
S

s), 1.36(3H., s), 2.02-2.13(1H, m), 2.16(3H, s), 2.20(3H, s), 3.74 20 '
38564H.1m), 400Rkh1dd) J=4, 12Hz), 4.70(1H, d, J=I14Hz), 4.79(1H, d,
J=14Hz), 7.26-7.34(2H, m), 7.59- 7.70(2H, m), 8.18(1H, s). HPLC:
(CGdtiditions) column: CHIRALPAK AD-H (manufactured by 25 Daicei

Chemical Industries Ltd.)(0.46 cm4X25 cm), eluant; hexane/ethanol=1/1
0480ﬂgh9é&p%96colu n: CHIRALCEL’ODD-H (manufactured by

Daicel Chemical Industries Ltd.) (0.46 cm$px25 cm),
eluant: hexane/ethanol=4/1 (v/v), flow rate: 0.6
ml/min, Detection: UV (254 nm)
(Analysis results): retention time: 29.6 minutes,
enantiomeric excess: 85.8%ee
(Example 18) Sodium salt of an optical isomer (long in
retention time) of 2-(((3-methyl-4-(1,5,9-
trioxaspiro[5.5]undec-3-ylmethoxy)pyridin-2-
yl)methyl)sulfinyl)-1H-benzimidazole

[0318]

[Formula 135]

[0319]
(18a) Optical isomer (long in retention time) of 2-

(((3-methyl-4-(1,5,9-trioxaspiro[5.5]undec-3-
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ml/min, Detection: UV (254 nm) (Analysis results): retention time: 17.8
minutes, - 196 - enantiomer excess: 94.4%ee (19b) Sodium salt of the
optical isomer (long in retention time) of
2-(((4-((2,2-dimethyi-1,3-dioxan-5-
yl)methoxy)-3,5-dimethyipyridin-2-yi)pethyi)suifinyi)- 5 1H-benzimidazole
[0328] [Formula 140] O~-COX /N SN N Na 0329] To an ethanol (10
mi) Sestitiohia? tReoistiear 40Ysomer (18R Mt ietértion i) of the
2-(((4-((2,2-,dimethyi-1,3-dioxan-5-yi)methoxy)-3,5-dimethyipyridin-
Zé/%nz(e H‘ﬁﬁjsﬁf?r?yel)-lH-benzimidazole (379 mg, 0.882 mmol) obtained in
the step (193)p & 1N aqueous sodium hydroxide solution (878 |, 0.882
mmol as the 15 concentration was regarded as 1.004M) was added at
robne rtemperdtdibd and the mixture was concentrated. The residue was
subjected to azeotropic distillation with ethanol. The residue was
suspended in diethyl ether, ultrasonically treated, concentrated to obtain
the 20 title compound (365 mg, yield: 91.3%) &S a@hite solid. 1H
NMR(400MHz, DMSO-d6)8p|cl>\lm; 103 3HL.S), % B),

NI | O
N>_*S SN
H

[0321]

To a toluene (dehydrated) (1.5 ml)-water (1.35
wl, 74.8 umol) solution of 2-(((3-methyl-4-(1,5,9-
trioxaspiro[5.5]undec-3-ylmethoxy)pyridin-2-
yl)methyl)thio)-1H-benzimidazole (150 mg, 340 umol),
which was separately obtained in the same manner as
described in the steps (10a) to (10d) of Example 10, D-
(-)—-diethyl tartrate (51.2 pnl, 299 pmol) was added and
the mixture was stirred at 50°C for 5 minutes in a
nitrogen atmosphere. Titanium (IV) isopropoxide (44.2
nl, 150 pumol) was added and the resultant mixture was
stirred for further one hour. After the mixture was
cooled on ice, N,N-diisopropylethylamine (39.1 ul, 224
Umol) was added, and cumene hydroperoxide (188 unl, 1.02
mmol as the content was regarded as 80%) was added
dropwise in a nitrogen atmosphere, the mixture was
stirred at 0°C to room temperature for 7 hours. After a
saturated agqueous solution of sodium hydrogen carbonate

was added to the reaction mixture, the reaction mixture



2.03-2.13(1H, m), 2.20(3H, s), 2.21(3H, s), 3.76- 3.88(4H, m), 4.00(2H,
dd, J=4, 12Hz), 4.38(1H, d, J=I3Hz), 4.75(1H, d, J=I3Hz), 6.81-6.90(2H,
m), 7.40 - 197 - 7.47(2H, m), 8.23(1H, s). HPLC: (Conditions) column:
CHIRALPAK AD-H (manufactured by Daicei Chemical Industries
Ltd.)(0.46 cm4X25 cm), 5 eluant:-hexanelethanol=1/1 (v/v), flow rate: 0.6
ml/min, Detection: UV (254 nm) (Analysis results): retention time: 17.0
m‘i’rﬂﬁe§x*éﬁéﬁﬁ@rﬁeiﬂé%és%tb?£b%@@%ﬁé&ﬁc rdtafiorprganic layer

aD274 76.29(c=0.5, EtOH) 10 pIe Sodl m salt of an optical
isOmer gﬁ(?%lr%refrentc‘or%‘) Lr)nme)S(fEJZ% demeﬁL%/l _e[rélcdloxan 5-

yiynethoxy=3 5@@@%hﬂ@yrl@e&m@eﬁw@%mﬂw) 1H:henzirpidazele
[0330] 15 [Formula 141] O---COK / N i Nis N \N Na [0331] (20a) Optical

isoermﬂshomhrrsra@@miioﬁmﬁe)agf 2ilica gel column
(((4-((2,2-dimethyi-1,3-dioxan-5-yi)methoxy)-3,5-
> du?ﬁéiﬁi}iﬁ{jﬁ&ﬁ@ﬁ}ﬁ}méﬂ%oébﬂfm% 19 iaen%ﬁﬂ&&?dies‘ib‘éerﬁssz?thyl

acetate/methancl) to obtain the title compound (68 mg,
yield: 43.7%) as a light yellow foam.
'H NMR(400MHz, CDCls)dppm; 1.85(2H, t, J=5Hz), 2.01(2H,
t, J=5bHz), 2.12-2.22(1H, m), 2.21(3H, s), 3.66-3.78(4H,
10 m), 3.89(2H, dd, J=4, 12Hz), 4.06-4.26(4H, m), 4.65(1H,
d, J=14Hz), 4.83(1H, d, J=14Hz), 6.79(1H, d, J=6Hz),
7.28-7.42(2H, m), 7.50-7.80(2H, br), 8.33(1H, d,
J=6Hz) .
(18b) Sodium salt of the optical isomer (long in
15 retention time) of 2-(((3-methyl-4-(1,5,9-
trioxaspiro[5.5]undec-3-ylmethoxy)pyridin-2-
yl)methyl)sulfinyl)—-1H-benzimidazole

[0322]

[Formula 137]

o N 0
N>_*S SN
a

20 [0323]

To an ethanol (10 ml) solution of the optical
isomer (long in retention time) of the 2-(((3-methyl-4-
(1,5,9-trioxaspiro[5.5]undec-3-ylmethoxy)pyridin-2-

yl)methyl)sulfinyl)-1H-benzimidazole (68 mg, 149 umol)
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[Formula 142] O---COK N go 5:-;- ~,-S\N N H 0333] A toluene
(dehydrated)(2.96 ml)-water (3.09 5 gl, 0.172 mmoi) solution of the
2-(((4-((2,2-dimethyi- 1,3-dioxan-5-yi)methoxy)-3,5-dimethyipyridin-2
yi)methyi)thio)-1H-benzimidazole (591 mg, 1.43 mmoi) separately
obtained in the same manner as desenbed in the steps (lla) to (llg) of
Example 11 and L-(+) 10 diethyl tartrate (108 gl, 0.629 mmoi) was stirred
atBbelfers minutdSin AitrogeRatmo3phSre2 TRaATM RAL UM

Sporaposide (84,4 g\, 0:288 yynoi) wes agded and the tespltant mixture,
was S t itions. Aft

. W
ifred for one hour in the "Same‘con er ﬁl'le mixiure was

cerled 40 reomdp temperatyse apd N, Nediisopropydethylamine (79.4dle -
0.458 mmoi) was added, the resultant mixture was cooled to OC. After
ctrhenahydroperexide €816 gl 4r42 aineinds die tontentwias regarsied
as 80%) was added dropwise for 10 minutes at OC to 1C, the mixture was

S 20 F6r 3 RGurSand! 16 mihtifes i thé EEmécortitiortsS Artera 1Y
S heoys sobon oo . catgpalag e
OHgANG2199% rlayer was dried gvar anhydipus sediunrsulifaie]l id was
dried under reduced pressure to obtain the title
compound (36 mg, yield: 54.8%) as a light yellow solid.
'H NMR (400MHz, DMSO-ds)dppm; 1.77(2H, t, J=6Hz),
1.83(2H, t, J=6Hz), 2.08-2.23(1H, m), 2.17(3H, s),
3.50-3.60(4H, m), 3.76-3.86(2H, m), 4.02(2H, dd, J=4,
12Hz), 4.11(2H, d, J=7Hz), 4.37(1H, d, J=13Hz),
4.81(1H, d, J=13Hz), 6.85(2H, dd, J=3, 6Hz), 6.93(1lH,
d, J=6Hz), 7.42(1H, dd, J=3, 6Hz), 8.26(lH, d, J=6Hz).
HPLC:
(Conditions) column: CHIRALCEL OD-H (manufactured by
Daicel Chemical Industries Ltd.) (0.46 cm$px25 cm),
eluant: hexane/ethanol=4/1 (v/v), flow rate: 0.6
ml/min, Detection: UV (254 nm)
(Analysis results): retention time: 36.7 minutes,
enantiomeric excess: 36%ee
(Example 19) Sodium salt of an optical isomer (long in
retention time) of 2-(((4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy) -3, 5-dimethylpyridin-2-yl)methyl)sulfinyl) -
lH-benzimidazole
[0324]

[Formula 138]
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filtered, and concentrated. The residue was purified by silica gel column
chromatography (NH silica gel: 20g, elution solvent: dichioromethane, 5
dichioromethane/methanol=20/1). The fractions containing the title
compound were collected with ethyl acetate and concentrated to obtain
the title compound (498 mg, yield: 82.4%) as a colorless foam. 1H
NMR(400MHz, DMSO-d6)8ppm; 1.32(3H, s), 1.36(3H, s), 10
2.02-2.12(1H, m), 2.16(3H, s), 2.20(3H, s), 3.74- 3.84(4H, m), 4.00(2H,
dd, J=4, 12Hz), 4.70(1H, d, J=l4Hz), 4.79(1H, d /J=¥IAz), 7.26-7.34(2H,
m), 7.58- 7.70(2H, m), 8.18(1H, s). HPLC:OYS_(&; ftions) column:
CHIRALPAK AD-H (manufactured by Daidei Chemftal Industries

Ltd.)(0.46 cm4X25 cm)tN hex@ne tha‘ ol=1/1 (v/v), flow rate: 0.6

ml/min, Detection: UV (2 m ¥ ( ults): retention time: 14.6
minutes, 20 enantiomer excesg,95.4%ee (20b) Sodium salt of the optical
isomer (short in retention time) of 2-(((4-((2,2-dimethyi-1,3-dioxan-5-
yl)methoxy)- 5'i]-dimethyipyridin-2-yi)methyi)suifinyi)- 1H-benzimidazole -
200 - 0334] [Formula 143] O---COK N go 5:-;- ~, -S\N

(19a) Optical isomer (long in retention time) of 2-

(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3,5-

dimethylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole
[0326]

[Formula 139]

[0327]

A toluene (dehydrated) (2.22 ml)-water (2.3
nl, 0.128 mmol) solution of the 2-(((4-((2,2-dimethyl-
1,3-dioxan-5-yl)methoxy)—-3,5-dimethylpyridin-2-
yl)methyl)thio)-1H-benzimidazole (444 mg, 1.07 mmol)
separately obtained in the same manner as described in
the steps (lla) to (1llg) of Example 11 and D-(-)-
diethyl tartrate (80.6 pul, 0.471 mmol) was stirred at
50°C for 10 minutes in a nitrogen atmosphere. Titanium
(IV) isopropoxide (63.2 Hl, 0.214 mmol) was added and
the resultant mixture was stirred for further one hour

in the same conditions. After the mixture was cooled
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N Na 0335] To an ethanol (10 ml) solution of the optical 5 isomer (short

in retention time) of the 2-(((4-((2,2-
dimethyi-1,3-dioxan-5-yi)methoxy)-3,5-dimethyipyridin-
2-yi)methyl)sulfinyi)-IH-benzimidazole (480 mg, 1.12 mmol) obtained in

the step (20a), a 1N aqueous sodiump hydroxide solution (1.12 ml, 1.12
mmol as the 10 concentration was regarded as 1.004M) was added at

rogt teMper&IRS ARG THE nixtdrdwis CohBeRiFated! The Yredueawas 2 - ©

subjected zeotropic distillatign with_ethanol. ThEer sidue was
oot GO etier e o e Al Btbniiary Cestele

congenirated, 154g obtaipthe tide compound (444 g, yvield  88.4%phas & 31
white solid. 1H NMR(400MHz, DMSO-d6)8ppm: 1.33(3H, s), 1.36(3H, s),
21082, 14€L H,mR), RLGHE, S),33: 76BZ@EN na)s A0BR2Hyakd, Idded

12Hz), 4,39(1H, d, J=I3Hz), 4.74(1H, 20 d, J=I3Hz), 6.82-6.90(2H, m),
7HOPPUBEH, TR, 8.23tH S HPLC! (CoAdifions) EGEnH: EHIRALPAK

AR:H (mapuigctyeed 'Ph}é Ny pﬁagceg Qliglif%'/ ab‘ﬁ&“%%ieﬁi%%@ 485 an

cm4X25 cm), eluant: hexane/ethanol= V), flow rate: 0.6 ml/min,
Detectioned V204 spnkAnalysis restlts): setention dine; dded minutes, 5

enantiomeric excess: 95.4%ee
solution of sodium hydrogen carbonate was added to the
reaction mixture, the mixture was extracted with ethyl
acetate. The organic layer was dried over anhydrous
sodium sulfate, filtered, and concentrated. The
residue was purified by silica gel column
chromatography (NH silica gel: 20g, elution solvent:
dichloromethane, dichloromethane/methanol=20/1). The
fractions containing the title compound were collected
with ethyl acetate and concentrated to obtain the title
compound (388 mg, yield: 84.4%) as a colorless foam.
'H NMR(400MHz, DMSO-ds)dppm; 1.32(3H, s), 1.36(3H, s),
2.02-2.13(1H, m), 2.16(3H, s), 2.20(3H, s), 3.74-
3.85(4H, m), 4.00(2H, dd, J=4, 12Hz), 4.70(1lH, d,
J=14Hz), 4.79(1H, d, J=14Hz), 7.26-7.34(2H, m), 7.59-
7.70(2H, m), 8.18(1H, s).
HPLC:
(Conditions) column: CHIRALPAK AD-H (manufactured by
Daicel Chemical Industries Ltd.) (0.46 cm$px25 cm),
eluant: hexane/ethanol=1/1 (v/v), flow rate: 0.6
ml/min, Detection: UV (254 nm)

(Analysis results): retention time: 17.8 minutes,
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[0336] (Example 21) 2-(((4-(6,10-dioxaspiro[4.5]dec-8-
yimethoxy)-3-methyipyridin-2-yi)methyi)suifinyi)-IH- benzimidazole sodium
salt 10 [0337] [Formula 144] O NSO N N Na [0338] (21a)
6,10-dioxaspiro[4.5]dec-8-yimethanoi [0339] 15 [Formula 145] HOTO <>
[0340] The same procedure as inthmﬂep (9d) of Example 9 was
repeated using 2-(hydroxymethyi)-1,3- propanedioi and cyciopentanone to
oS theRL- %?%‘b?np% g, yield: 87%) as yellow oil. 1H

N 400 MHz, CDC13)8p 511 (1H m) 1.62- H,.m),
A bati a4 s S5k, W05, PRy & iy

2+ d-(B0-dioxaspifo [§|f5]9|eQ 5(M|m@€h9>90&methy1—1 , 3-dioxan-5-

methylpyridin-2-y1)methyl)sulfinyl)-1H-benzimidazole sodium salt [0341]
yl)methoxy) -3, 5-dimethylpyridin-2-yl)methyl)sulfinyl) -
lH-benzimidazole

[0328]

[Formula 140]

[0329]

To an ethanol (10 ml) solution of the optical
isomer (long in retention time) of the 2-(((4-((2,2-
dimethyl-1, 3-dioxan-5-yl)methoxy)-3, 5-dimethylpyridin-
2-yl)methyl)sulfinyl)-1H-benzimidazole (379 mg, 0.882
mmol) obtained in the step (19a), a 1IN agueous sodium
hydroxide solution (878 nl, 0.882 mmol as the
concentration was regarded as 1.004M) was added at room
temperature and the mixture was concentrated. The
residue was subjected to azeotropic distillation with
ethanol. The residue was suspended in diethyl ether,
ultrasonically treated, concentrated to obtain the
title compound (365 mg, yield: 91.7%) as a white solid.
'H NMR(400MHz, DMSO-ds)dppm; 1.33(3H, s), 1.36(3H, s),
2.03-2.13(1H, m), 2.20(3H, s), 2.21(3H, s), 3.76-
3.88(4H, m), 4.00(2H, dd, J=4, 12Hz), 4.38(1lH, d,

J=13Hz), 4.75(1H, d, J=13Hz), 6.81-6.90(2H, m), 7.40-



[Formula 146] O'~ro ~S\ N N O Na 10 [0342] The same procedure as in
the steps (6d), (6e), and (6f) of Example 6 was repeated using 6,10-
dioxaspiro[4.5]dec-8-yImethanol obtained in the step (21a) to obtain the
titte compound (180 mg, total 15 yield:8.10) as a light yellow solid. 1H
NMR(400 MHz, DMSO-d6) 8ppm;15271.62(4H, m) , 1.75- 1.86(4H, m),
2.08-2.16(1H, m), 2.17(3H, s), 3.72- 3.82(2H, m), 3.92-4.02(2H, m),
4.092H 28,1327 Hz) - £36{tH, ¢ )I=13 Hz), 4.80(1H, d, J=13 Hz),
6%@%{: 20 dd, J=3, 6 Hz), 6.93(1H, d, J=6 Hz), 7.42(2H, dd, J=3, 6 Hz),
8. , d, J=6 Hz). (Example 22) 2-(((4-(5,9-dioxaspiro[3.5]non-7-

ylimethern3smethypyrighn-2-yiimetybaulfinyl)1 H n203 £ henzimidazgle
sodium salt [0343] [Formula 147] O:O CN N~-S N Na [0344] 5 The
same procéthas asan thedtepsr(2¢a) and . ) (0.46 cmdpx25 cm),

5 eluant: hexane/ethanol=1/1 (v/v), flow rate: 0.6
ml/min, Detection: UV (254 nm)
(Analysis results): retention time: 17.0 minutes,
enantiomer excess: 94.9%ee
specific rotation: af7A=—76.29(c=O.5, EtOH)

10 (Example 20) Sodium salt of an optical isomer (short in
retention time) of 2-(((4-(2,2-dimethyl-1,3-dioxan-5-
yl)methoxy—-3,5-dimethylpyridin-2-yl)methyl)sulfinyl) -
lH-benzimidazole

[0330]

15 [Formula 141]
0]
orCO><
=
N\yéw
* N

N
Na

[0331]
(20a) Optical isomer (short in retention time) of 2-
(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3,5-

dimethylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole
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(21b) of Example 21 was repeated using 2-
(hydroxymethyi)-1,3-propanedioi and cyciobutanone to obtain the title
compound (265 mg, total yield: 6.2%) as a light yellow solid. 10 'H
NMR(400 MHz, DMSO-d6) 8ppm;1.58-1.70(2H, m) , 2.06- 2.22(5H, m),
2.17(3H, s), 3.66-3.76(2H, m), 3.861896(2H, m), 4.07(2H, d, J=6 Hz),
4.37(1H, d, J=13 Hz), 4.79(1H, d, J=13 Hz), 6.85(2H, dd, J=3, 6 Hz),
6.93(1H,[ %3326 Hz), 7.44(2H, dd, J=3, 6 Hz), 8.26(1H, d, J=6 15 Hz).

E;iam I8f3)§ (£ (4-((2,2-diethyl-1,3-dioxan-5-
oxy)as -me ylpyrldln -2-yi)methyi)suifinyi)-IH- benzimidazole

sodium salt [0345] 20 [Formula 148] C ~ N~SQ 0/ Na Nn 0 0 204 - 0346]
(23a) (2,2-diethyl-l,3-dioxan-5-yi)methanoi [0347 rmula 149] HO~ O
O 5[0348] The same procedure as in the stgp.@{ﬁ%xample 9 was
repeated using 2-(hydroxymethyi)-1,3- propanediet,cand 3-pentanone to
obtain the title o N

§>_§ - |
N N

H

[0333]

A toluene (dehydrated) (2.96 ml)-water (3.09
nwl, 0.172 mmol) solution of the 2-(((4-((2,2-dimethyl-
1,3-dioxan-5-yl)methoxy)—-3,5-dimethylpyridin-2-
yl)methyl)thio)-1H-benzimidazole (591 mg, 1.43 mmol)
separately obtained in the same manner as described in
the steps (lla) to (1llg) of Example 11 and L-(+)-
diethyl tartrate (108 pl, 0.629 mmol) was stirred at
50°C for 5 minutes in a nitrogen atmosphere. Titanium
(IV) isopropoxide (84.4 pl, 0.286 mmol) was added and
the resultant mixture was stirred for one hour in the
same conditions. After the mixture was cooled to room
temperature and N,N-diisopropylethylamine (79.7 ul,
0.458 mmol) was added, the resultant mixture was cooled
to 0°C. After cumene hydroperoxide (816 ul, 4.42 mmol
as the content was regarded as 80%) was added dropwise
for 10 minutes at 0°C to 1°C, the mixture was stirred
for 3 hours and 10 minutes in the same conditions.
After a saturated agqueous solution of sodium hydrogen
carbonate was added to the reaction mixture, the

mixture was extracted with ethyl acetate. The organic
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compound (1.5 g, yield: 46%) as a light yellow oil. 10 'H NMR (400 MHz,
CDCI3)8ppm;0.87(3H, t, J=7 Hz), 0.88(3H, t, J=7 Hz), 1.46-1.51(1H, m),
1.70(2H, q, J=7 Hz), 1.78(2H, q, J=7 Hz), 3.70-3.88(4H, m), 3.96-
4.10(2H, m). (23b) 2-(((4-((2,2-diethyl-1,3-dioxan-5-yi)methoxy)-3- 15
methyipyridin-2-yi)methyl)sulfinyd-IH4enzimidazole sodium salt [0349]
[Formula 150] N>-SQ 0 Na NJ 0 0 0350] 20 The same procedure as in
the2steps (B, <265 (6eYan BTy 6feXamples- Was Tepéated using (2,2-
diet 1h_Ly| 13 ioxan- -glgmeth noI obt medsw the s.te%1 3a2ato ot&tam théa
title compouhd ?f ota yle 7%) as a ?ght ye Iow Solid’ ‘gjﬁ—f

NW@Q@MHZgQMQ@ H@&D@H&s&@(@b&% abHyHZNn1.63(2R 0,11 :
Hz), 1.70(2H, g, J=7 Hz), 2.01-2.12(1H, m), 2.18(3H, s), 3.50-3.80(2H,

M) 08,944,202k m); 14:42(2H o, J=Vopndt3%aH, d, J=13 Hz),
4.81(1H, d, J=13 Hz), 6.84(2H, dd, J=3, 6 Hz), 6.92(1H, d, J=6 Hz), 10
7 A IR B4/T8 91329-%2) (B 6@%‘3“5

2 RIS i v cobtecsan vith et
yhethyhsuliingl)-d4benzimidazole 50@]@%&@1“ {08354itle compound
(498 mg, yield: 81.1%) as a colorless foam.
'H NMR(400MHz, DMSO-ds)dppm; 1.32(3H, s), 1.36(3H, s),
2.02-2.12(1H, m), 2.16(3H, s), 2.20(3H, s), 3.74-
3.84(4H, m), 4.00(2H, dd, J=4, 12Hz), 4.70(1H, d,
J=14Hz), 4.79(1H, d, J=14Hz), 7.26-7.34(2H, m), 7.58-
7.70(2H, m), 8.18(1H, s).
HPLC:
(Conditions) column: CHIRALPAK AD-H (manufactured by
Daicel Chemical Industries Ltd.) (0.46 cm$px25 cm),
eluant: hexane/ethanol=1/1 (v/v), flow rate: 0.6
ml/min, Detection: UV (254 nm)
(Analysis results): retention time: 14.6 minutes,
enantiomer excess: 95.4%ee
(20b) Sodium salt of the optical isomer (short in
retention time) of 2-(((4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy) -3, 5-dimethylpyridin-2-yl)methyl)sulfinyl) -

l1H-benzimidazole
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15 [Formula 151] / Nr 0 OO Na N O 0352] (24a)
(1-methyl-2,6,7-trioxabicyclo[2.2.2]oct-4- yl)methanol [0353] 20 [Formula
152] OOH O/O [0354] - 206 A mixture of pentaerythritoi (15 g, 110
mmol), triethyi orthoacetate (20.2 ml, 110 mmol), and p-toluenesulfonic
acid monohydrate (947 mg, 5.5 mmot)o was stirred at 100C for 30
minutes. The temperature of 5 the mixture was further raised to 130C and
the mixture3was stirred for 30 minutes. To the reaction mixture,
oﬁthc}/lam ne ( Fﬁ ml, 11 mmol) was added and the reaction mixture was
centra ed e residue was purified by silica gel column
chromatography (elution 10 solvent: heptane/ethyl acetate) to obtain the

title compound (8.5 g, yield: 48.2%) as a lig tye lid. 1H NMR (400
MHz, CDC13)8ppm; 1.47(3H, s), 3.46(2H, d z><) 4.02(6H, s). (24b)
2,3-dimethyi-4-((I-methyl-2,6,7 15

trioxabicycio[2.2.2]oct-4-y mef\poxy@p “oxide [0355] [Formula
153] >_

Na
[0335]

To an ethanol (10 ml) solution of the optical
isomer (short in retention time) of the 2-(((4-((2,2-
dimethyl-1, 3-dioxan-5-yl)methoxy)-3, 5-dimethylpyridin-
2-yl)methyl)sulfinyl)-1H-benzimidazole (480 mg, 1.12
mmol) obtained in the step (20a), a 1IN agueous sodium
hydroxide solution (1.12 ml, 1.12 mmol as the
concentration was regarded as 1.004M) was added at room
temperature and the mixture was concentrated. The
residue was subjected to azeotropic distillation with
ethanol. The residue was suspended in diethyl ether,
the suspension was ultrasonically treated, concentrated
to obtain the title compound (447 mg, yield: 88.4%) as
a white solid.

'H NMR(400MHz, DMSO-ds)dppm; 1.33(3H, s), 1.36(3H, s),
2.03-2.14(1H, m), 2.21(6H, s), 3.76-3.87(4H, m),
4.00(2H, dd, J=4, 12Hz), 4.39(1H, d, J=13Hz), 4.74(1lH
d, J=13Hz), 6.82-6.90(2H, m), 7.40-7.48(2H, m),
8.23(1H, s).

HPLC:

(Conditions) column: CHIRALPAK AD-H (manufactured by



O OHO N 0356] To a dimethyisuifoxide solution (30 ml) of 20 the
(1-methyl-2,6,7-trioxabicycio[2.2.2]oct-4 yi)methanoi (4.5 g, 28.1 mmol)
obtained in the step (24a), sodium hydride, in oil (1.29 g, 29.5 mmoi as
the content was regarded as 55%) was added at room temperature. To
the mixture, 4-chioro-2,3 - 207 dimethyipyridine 1-oxide (3.99 g, 25.3
mmol) was added, which was stirred at 60C for 3 hours. After cooled to

rdeitv EEhpEREITEC te rEtSh FiiRtiré Whs)cohcehtratedk indef teduced
pressure. fl'hgz residu; was ur'field kfyg s/ilic)a geilfolumn gh[orHaté)graphy
o SovORE iRyl AcSTASmathBndl) 16 bbtai b (s Somae

(elution solvent: ethyl ace n I‘fto obtain the fiffe ce;ompound

(%:46 9 yield; 81%6kas.a yellgw oils 1HANYIR(400 MHz, CDC13)8ppm;
1.50(3H, s), 2.20(3H, s), 2.54(3H, s), 3.77(2H, s), 4.15(6H, s), 6.53(1H, d,
J=R 0L K2, 8. T4 H] ds J=6 HZ) ef2dc) (3-miethyl-4-( Ldmethyl-R¢65 7 -
trioxabicycio[Z.2.2]oct-4-yi)methoxszyridin-Z- yi)methanoi [0357] 15

5 ”Qﬁﬁﬁm%fggﬁaﬁ 6x§ess: 95.4%¢ee

[0336]
(Example 21) 2-(((4-(6,10-dioxaspiro[4.5]dec-8-
ylmethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt
10 [0337]

[Formula 144]

o/\Co
7
o) O
>—S X
N\ N
Na

[0338]
(2la) 6,10-dioxaspiro[4.5]dec—-8-ylmethanol
[0339]

15 [Formula 145]

HO/\((;jb

[0340]
The same procedure as in the step (9d) of
Example 9 was repeated using 2-(hydroxymethyl)-1,3-

propanediol and cyclopentanone to obtain the title
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HO N [0358] A mixture of 2,3-dimethyi-4-((I-methyl-2,6,7-
trioxabicycio[2.2.2]oct-4-yi)methoxy)pyridine 1- oxide(6.4 g, 22.8 mmol)
obtained in the step (24b) and 20 acetic anhydride (20 ml) was stirred at
80C for one hour. After cooled to room temperature, the reaction mixture
was concentrated under reduced-pressure. To the residue, methanol (30
ml) and a 5N aqueous sodium hydroxide solution (10 ml) was added and
therB@ured 2‘(% ek stiffetiat robirtererafuré 36r 5 hours. The

reacti ixture yas c ntrated and ethyl a was added, to the
re%t@@hﬁéﬁiﬁé Wgé%v%% f%&}f I\R/i?lln '§ tI;ElltLu'r(z%letge Xiind'<olu i'o?]t.grl'he
organic(layer was driedH averanhydreys magnesigmssuliate, filtrated,
and concentrated. The resultant residue (solid) was washed with diethyl
ethep andtolldcted byiltrattortito) obtain the title compound (1.5 g, yield:
28.7%) as a yellow solid. 10 'H NMR(400 MHz, CDC13)8ppm; 1.50(3H,
s)(218U(3H; §)\ (4 BOt2H s)0 A PET6H ;&) 4 B5BHOSE 2T HARE BReRY) ~3-
6 : =6.Hz), 8.29( = A24d) 1. L
zr?%%rl%é%{/‘]ﬁd( _Flmgihﬁ_%%gm}ﬁ HA-+249) ) _18-benzimidazole
trioxahieycioR2.2.2]oct-4-yi)methoxy)pyridin-2- 15
yl)methyl)thio)-IH-benzimidazole [0359] [Formula 155] N-S 0 0

[0341]

[Formula 146]
O/N\[i\o
Z
@%ﬂ O
N N
Na

[0342]

The same procedure as in the steps (6d),
(6e), and (6f) of Example 6 was repeated using 6,10-
dioxaspiro[4.5]dec—-8-ylmethanol obtained in the step
(2la) to obtain the title compound (180 mg, total
yield:8.1%) as a light yellow solid.
'H NMR (400 MHz, DMSO-dg)dppm;1.52-1.62(4H, m), 1.75-
1.86(4H, m), 2.08-2.16(1H, m), 2.17(3H, s), 3.72-
3.82(2H, m), 3.92-4.02(2H, m), 4.09(2H, d, J=7 Hz),
4.36(1H, 4, J=13 Hz), 4.80(1H, d, J=13 Hz), 6.83(2H,
dad, J=3, 6 Hz), 6.93(1H, d, J=6 Hz), 7.42(2H, dd, J=3,
6 Hz), 8.27(1H, d, J=6 Hz).
(Example 22) 2-(((4-(5,9-dioxaspiro[3.5]non-7-

ylmethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
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H N O 0360] To a tetrahydrofuran (dehydrated, 20 ml) 20 solution of the
(3-methyl-4-((1-methyl-2,6,7-
trioxabicycio[2.2.2]oct-4-yi)methoxy)pyridin-2- yl)methanoi (0.37 g, 1.32
mmol) obtained in the step (24c) and triethylamine (0.368 ml, 2.64 mmol),
methanesulfonyi chloride (153 xl-1.983mmol) was added - 209 dropwise
in a nitrogen atmosphere at 1C to 4C. The resultant mixture was stirred
uhGerahe sanfeéondifcrisforrE 5thours. Further,
2-mercag§)§)§§]zimidazole (204 mg, 1.52 mmol) was added to the mixture
and stirred at 5’ room temperature for 18 hours. After the reaction mixture
was sengentrated, the residue was purified by silica gel column
chromatography (elution solvent: ethyl acetate/methanol) to obtain the
titte compound (230 mg, yield: 40.9%) as a light yellow foam. 10 'H
2-(((3-methyl-4-((1-mef

NMR(400 MHz, CDC13)8ppm; 1.50(3H, s),.2- ), 3.80(2H, s),
z), 7{15-7321(2H, m),
| @)
trioxabicyclo[2.2.2]oct

4.15(6H, s), 4.38(2H, s), 6.65(1H, d, J=6
7.36-7.68(2H, m), 8.35( .

y1)methyl)suIfinyl)-lH-benzimiﬂgzole [0361] [Formula 156] Nr 0 O~ScO
):N

[0344]
The same procedure as in the steps (2la) and

(21b) of Example 21 was repeated using 2-
(hydroxymethyl) -1, 3—-propanediol and cyclobutanone to
obtain the title compound (265 mg, total yield: 6.2%)
as a light yellow solid.
'H NMR (400 MHz, DMSO-dg)dppm;1.58-1.70(2H, m), 2.06-
2.22(5H, m), 2.17(3H, s), 3.66-3.76(2H, m), 3.86-
3.96(2H, m), 4.07(2H, 4, J=6 Hz), 4.37(1H, d, J=13 Hz),
4.79(1H, d, J=13 Hz), 6.85(2H, dd, J=3, 6 Hz), 6.93(1lH,
d, J=6 Hz), 7.44(2H, dd, J=3, 6 Hz), 8.26(1lH, d, J=6
Hz) .
(Example 23) 2—-(((4-((2,2-diethyl-1,3-dioxan-5-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0345]

[Formula 148]



N O 0362] 20 To a toluene-methanol (10:1) solution (20 ml) of the
2-(((3-methyl-4-((1-methyl-2,6,7-
trioxabicyclo[2.2.2]oct-4-yi)methoxy)pyridin-2-
yl)methyl)thio)-1H-benzimidazole (230 mg, 556 pmol) obtained in the
step (24d), a toluene-methanol (10:2p4210 solution (5 ml) of
3-chioroperbenzoic acid (133 mg, 0.5 mmoi as the content was regarded
as 65%) Wastadded dropwise in a nitrogen atmosphere at -50C to -60C
nd.the. mixture wa stlrr nder.the same 5 conditions for
%?’rl} L{‘Ll?é e(grea% ri:rL%lS( rga sat urk‘?laté/((;L queS(‘l)qus sc?dlum hydrogen
carbonatpogqth on was added, which was extracted with ethyl acetate.
The organic layer was dried over anhydrous sodium sulfate, filtrated and
cdicentrated. Tidtelresidue was purified 10 by silica gel column
chromatography (NH silica gel, elution solvent: ethyl acetate/methanol) to
obtain the title compound (143 mg, yield: 59.9%) as light a yellow foam.
1H NMR(400 MHz, CDC13)8ppmu-h50(3H, s), 2.17(3H, s), 15 3.76(2H,
s), 4.12(6H, s), 4.63(1H, d, J=14 HzY 4.Y9(1H, d, J=14 Hz), 6.60(1H, d,
J=6 Hz), 7.30- 7.38(2H, m), 7.47-7.56{3# ™), 7.76-7.86(1H, m), 8.30(1H,
d, J=6 Hz), 11.05(1H, br s). (24f) 2-(((3-methyl-4-((I-methyl-2,6,7 20
trioxabicycio[2.2.2]oct-4-yi)methoxy)pyridin-2-

c yl)methyl[)gléljllgw)-lH-ben2|m|dazole sodium salt

10

15

20

The same procedure as in the step (9d) of
Example 9 was repeated using 2-(hydroxymethyl)-1,3-
propanediol, and 3-pentanone to obtain the title
compound (1.5 g, yield: 46%) as a light yellow oil.
'H NMR (400 MHz, CDCls)dppm;0.87(3H, t, J=7 Hz),
0.88(3H, t, J=7 Hz), 1.46-1.51(1H, m), 1.70(2H, g, J=7
Hz), 1.78(2H, g, J=7 Hz), 3.70-3.88(4H, m), 3.96-
4.10(2H, m).
(23b) 2-(((4-((2,2-diethyl-1,3-dioxan-5-yl)methoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole
sodium salt

[0349]

[Formula 150]

S v2et

[0350]

The same procedure as in the steps (6d),
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[0363] [Formula 157] Nr 0 O~ScO O Na N O [0364] - 211 To an ethanol
(5 ml) solution of the 2-(((3-
methyl-4-((I-methyl-2,6,7-trioxabicycio[2.2.2]oct-4-
yl)methoxy)pyridin-2-yi)methyi)suifinyi)-IH- benzimidazole (143 mg, 333
pmol) obtained in the step 5 (24e), a AN aqueous sodium hydroxide
solution (333 gl, 333 pmol) was added at room temperature and the
mb&Ere wWHstitfdd fof D.5°HETHR Fhe Mikfurs SRES eBAcerfiated hd4he
residye was dissolved in ethanal. Thereafter, diethyl ether was added to
S, S0 AT SOt ThE GEP At SO M It ot o P
nirogen atrnosphere-and.dried underedusad presssie ey obtaipthe title
compound (150 mg, yield: 100%) as a light yellow solid. 1H NMR(400
Mz DMSO-d6)Bppm; 4.33(Bkit s),2L19(@BH; s),1d5 3.92(2H, s), 4.04(6H,
s), 4.35(1H, d, J=15 Hz), 4.82(1H, d, J=15 Hz), 6.82-6.87(3H, m?,

7. 4R 44002476 118 Defa PP 36 1+ (Eaniple 25) 2
2-(((4+1,p-dioxaspiro[5,5]undec-3- _ 3
JCAOA 5 oty 2 suyif i 56 bendindazod” (1F-
sediynmysalt[0365] {Formulads8] 8o (25, m), 3.94-4.20(2H, m),

14

4.12(2H, d, J=7 Hz), 4.37(1H, d, J=13 Hz), 4.81(1lH, d,
J=13 Hz), 6.84(2H, dd, J=3, 6 Hz), 6.92(1H, d, J=6 Hz),
7.42(2H, dd, J=3, 6 Hz), 8.26(1H, d, J=6 Hz).
(Example 24) 2-(((3-methyl-4-((l-methyl-2,6,7-
trioxabicyclo[2.2.2]oct-4-yl)methoxy)pyridin-2-
yl)methyl)sulfinyl)-1H-benzimidazole sodium salt

[0351]

[Formula 151]
NN T
©:N\>_S\_>=§ O’Q
N N\
Na N / \O

[0352]
(24a) (l-methyl-2,6, 7-trioxabicyclo[2.2.2]oct-4-
yl)methanol

[0353]

[Formula 152]

oY~ OH
o7 O

[0354]
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ccTh Na 0366] (25a) 1,5-dioxaspiro[5.5]undec-3-yimethanoi - 212 - 0367]
[Formula 159] HO~ 0 0368] v The same procedure as in the step (la) of 5
Example 1 was repeated using 2-(hydroxymethyi)-1,3- propanedioi and
cyclohexanone to obtain the title compound (2.26 g, yield: 65%) as a light
yellow oil. 1H NMR(400 MHz, CDCA338ppm;1.37-1.46(2H, m), 1.47-
1.57(4H, m), 1.68-1.76(2H, m), 1.77-1.90(3H, m), 3.74 10 3. 81(4H m),

4 02(2H dd, J_P4 I}?)ﬁﬂf@gﬁb‘; pentaerythritol (15 g, 110

4 ( ,5- |oxa ro[5.5 ndec 3-yimethoxy)
y| yridi ?‘qetthy%Lé nyl ﬁ/-?r% gér%dgzoe SO Smménacft [bBG@fd
1@%@[”&3%—@9]& hOc Na@ ONTshn Ha:Q370] (Bheysampe procedisias

in the steps (6d), (6e), and (6f) of Example 6 was repeated using 1,5-
was stirred at 100°C for 30 minutes. The temperature of

the mixture was further raised to 130°C and the mixture
was stirred for 30 minutes. To the reaction mixture,
triethylamine (1.53 ml, 11 mmol) was added and the
reaction mixture was concentrated. The residue was
purified by silica gel column chromatography (elution
solvent: heptane/ethyl acetate) to obtain the title
compound (8.5 g, yield: 48.2%) as a light yellow solid.
'H NMR (400 MHz, CDCls)dppm; 1.47(3H, s), 3.46(2H, d,
J=4 Hz), 4.02(6H, s).
(24b) 2,3-dimethyl-4-((l-methyl-2,6, 7-
trioxabicyclo[2.2.2]oct-4-yl)methoxy)pyridine l-oxide
[0355]

[Formula 153]

[0356]

To a dimethylsulfoxide solution (30 ml) of
the (l-methyl-2,6, 7-trioxabicyclo[2.2.2]oct-4-
yl)methanol (4.5 g, 28.1 mmol) obtained in the step
(24a), sodium hydride, in oil (1.29 g, 29.5 mmol as the
content was regarded as 55%) was added at room

temperature. To the mixture, 4-chloro-2,3-
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dioxaspiro[5.5]undec-3-yimethanoi obtained in the step 20 (25a) to obtain
the title compound (125 mg, total yield: 8.4%) as a light yellow solid. - 213
1H NMR(400 MHz, DMSO-d6) 8ppm;1.30-1.48(6H, m) , 1.64- 1.76(4H,

m), 2.06-2.15(1H, m), 2.18(3H, s), 3.73- 3.82(2H, m), 3.96-4.03(2H, m),
4.11(2H, d, J=7 Hz), 4.44(1H, d,J=A@Hz), 4.81(1H, d, J=13 Hz), 6.905
6.98(3H, m), 7.47(2H, dd, J=3, 6 Hz), 8.25(1H, d, J=6 Hz). (Example 26)
2%«@q€p2 H@HQAQQaauﬁ%hQ§ (3.99 g, 25.3 mmol) was added,

yla’?‘%é]ﬁ)énﬁ%h yrldln-g- hmgt&w% IfmyLJ) JhH benmmg&j@gole SOdI ymy o

ormu?a 16 {The same procedireas in the

stepsibd)r{be).and-6f) effexanplets wasHereated using 2@ndéntrated
dimethyl-1,3-dioxan-5-ol obtained in the step (9a) to obtain the title

comgpeund ¢5BCag), tatakyielde 18%)tas adigthtlyellow solidiriH NMR 00
MHz DMSO-d6)8ppm; 1.34(3H, s), 1.40(3H, s), 2.23(3H, s), 379(2H dd,
ffﬁz)?%llf(%if‘% Eér\]@éai?%Pﬁl%géﬁ%U&lﬂsﬁ%)ven

: 4&‘% glé'éﬁ e‘}rﬁég?'én%ﬂ‘]éo“%)béa%%6@4‘43'%1@1@7 6382

6 Hz). (Example 2
2-(((444, Agdlo%&léﬂlﬂ)[4é5ll(%ac 8ylexysBtiow oil.

methylpyrldln -2-yl)methyl)sulfinyl)-1H-benzimidazole

'H NMR (400 MHz, CDCl3)dppm; 1.50(3H, s), 2.20(3H, s),
2.54(3H, s), 3.77(2H, s), 4.15(6H, s), 6.53(1H, d, J=6
Hz), 8.14(1H, d, J=6 Hz).
(24c) (3-methyl-4-((l-methyl-2,6,7-
trioxabicyclo[2.2.2]oct-4-yl)methoxy)pyridin-2-
yl)methanol

[0357]

[Formula 154]

O
Es
HO N®

[0358]

A mixture of 2,3-dimethyl-4-((l-methyl-2,6,7-
trioxabicyclo[2.2.2]oct-4-yl)methoxy)pyridine 1-
oxide (6.4 g, 22.8 mmol) obtained in the step (24b) and
acetic anhydride (20 ml) was stirred at 80°C for one
hour. After cooled to room temperature, the reaction
mixture was concentrated under reduced pressure. To
the residue, methanol (30 ml) and a 5N agueous sodium

hydroxide solution (10 ml) was added and the mixture
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- 214 - sodium salt [0373] [Formula 162] SN N Na [0374] 5 (27a)
1,4-dioxaspiro[4.5]decan-8-ol [0375] [Formula 163] HO p O 0376] The
same manner as in Example 9a was repeated 10 using
1,4-cyclohexanedione monoethylene ketai to obtain the title compound
(2.6 g, yield: 79%) as a light yellow pil.81H NMR(400 MHz, CDC13)8ppm;
1.53-1.71(4H, m), 1.77- 1.93(4H, m), 3.75-3.85(1H, m), 3.93-3. 96(4H m).

15271 2-{ (41, AtdisRaspiropBRIGI8YoxgR3 15 hours.  Th
ﬁ'?]yi gﬁmé LP]%QQS%”'@ ) Ibenzimidazole sodium St 213 yas
added to the residue. The mixture was washed with a
saturated saline solution. The organic layer was dried
over anhydrous magnesium sulfate, filtrated, and
concentrated. The resultant residue (solid) was washed
with diethyl ether and collected by filtration to
obtain the title compound (1.5 g, yield: 28.7%) as a
yellow solid.

'H NMR (400 MHz, CDCls)dppm; 1.50(3H, s), 2.04(3H, s),
3.80(2H, s), 4.15(6H, s), 4.65(2H, s), 4.77(1H, br s),
6.60(1H, d, J=6 Hz), 8.29(1H, d, J=6 Hz).
(24d) 2-(((3-methyl-4-((l-methyl-2,6,7-
trioxabicyclo[2.2.2]oct-4-yl)methoxy)pyridin-2-
yl)methyl)thio)-1H-benzimidazole

[0359]

[Formula 155]

N o o7
o=,

[0360]

To a tetrahydrofuran (dehydrated, 20 ml)
solution of the (3-methyl-4-((l-methyl-2,6,7-
trioxabicyclo[2.2.2]oct-4-yl)methoxy)pyridin-2-
yl)methanol (0.37 g, 1.32 mmol) obtained in the step
(24c) and triethylamine (0.368 ml, 2.64 mmol),

methanesulfonyl chloride (153 pl, 1.98 mmol) was added
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N'O N N Na [0378] The same procedure as in the steps (6d), 5 (6e),

and (6f) of Example 6 was repeated using 1,4 dioxaspiro[4.5]decan-8-ol
obtained in the step (27a) to obtain the title compound (230 mg, total

yield: 7.3%) as a light yellow solid. 1H NMR(400 MHz, DMSO-d6) 8ppm;
1.57-1.94(8H, m), 2.17(3H, 10 s), R8B(4H, s), 4.35(1H, d, J=13 Hz),
4.62-4.68(1H, m), 4.79(1H, d, J=13 Hz), 6.84(2H, dd, J=3, 6 Hz),
6@37?11”(1@@\] S5H3), f?%S’(QFIGEIdaF“@S@)Pﬁ)‘@B 2@(11—|Cdt9-é Iffz) The
(Exam 28) 2- (ﬁ(gff gz 2,2- dlme f¥: 1 3 dIOX n-5- ]1%3 onditions
ylfetﬁoxy 3 met yipyridi ny?iyl)me yl)sumny HIA- Ben2|m|51azo?e sodium

salb[037 9% [Rermula 160] &'k O N L2 NEE No Nan 1611 038011282 0 4
2-(2,2-dimethyl-1,3-dioxan-5-yi)ethanol [0381] [Formula 166]
mg, 1.52 mmol) was added to the mixture and stirred at
room temperature for 18 hours. After the reaction
mixture was concentrated, the residue was purified by
silica gel column chromatography (elution solvent:
ethyl acetate/methanol) to obtain the title compound
(230 mg, yield: 40.9%) as a light yellow foam.
'H NMR (400 MHz, CDCls)dppm; 1.50(3H, s), 2.27(3H, s),
3.80(2H, s), 4.15(6H, s), 4.38(2H, s), 6.65(1lH, d, J=6
Hz), 7.15-7.21(2H, m), 7.36-7.68(2H, m), 8.35(1H, d,
J=6 Hz).
(24e) 2-(((3-methyl-4-((l-methyl-2,6,7-
trioxabicyclo[2.2.2]oct-4-yl)methoxy)pyridin-2-
yl)methyl)sulfinyl)—-1H-benzimidazole
[0361]

[Formula 156]
NN P
(o0&
\
H N7 \O

[0362]

To a toluene-methanol (10:1) solution (20 ml)
of the 2-(((3-methyl-4-((l-methyl-2,6,7-
trioxabicyclo[2.2.2]oct-4-yl)methoxy)pyridin-2-
yl)methyl)thio)-1H-benzimidazole (230 mg, 556 uUmol)

obtained in the step (24d), a toluene-methanol (10:1)
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O'L HOO 5[0382] To an acetone (30 ml) solution of the 2-
(hydroxymethyl)butane-1,4-diol (3.4 g, 28.3 mmol) obtained in
accordance with the method described in
J.Med.Chem.,30(9),1636-1642(1987), p-toluenesulfonic 10 acid
monohydrate (244 mg, 2.83 mmo!) was added at room temperature and
the mixture was stirred for 15 hours. To the reaction mixture,

trietyarmhiie (8944 2@15, %m)l%@%@%%aime%é@réwe% mg, 0.5

conc%trgéedc The resi was urlfled t%%/ f#]Ilca g Iumn 15
cﬁnromatograplﬁy (eI?J i6h solven hep Shele y‘laacetate) {66 obtaln l%e title

cermpeyund £1.0.9, yield::2296) as 2« lightyrellow ik 1THNMREAOAMPE £or
CDC13)8ppm;1.42(6H, s), 1.54-1.62(2H, m), 1.90-2.02(1H, m),
3.58+3.76H;, m)B.9MR2Hyddf R0Jwh sl HzY (28bJunder the same
2-(((4-(2-(2,2- dlmethyl -1,3dioxan-5-y1)ethoxy)-3-

m%ﬂﬁgﬂﬁ;}:rfd?ﬁl% yOmet h;?l)é%ﬁ’fm 1H %n‘iﬁﬁudﬁ?&l@%&&ﬁu%ﬁl?fﬁ%esf

2%£ %?E%%&GZgué%ﬂs é%dlé%N&§&Pg§g§8éLrbonate solution

was added, which was extracted with ethyl acetate. The
organic layer was dried over anhydrous sodium sulfate,
filtrated and concentrated. The residue was purified
by silica gel column chromatography (NH silica gel,
elution solvent: ethyl acetate/methanol) to obtain the
title compound (143 mg, yield: 59.9%) as light a yellow
foam.
'H NMR (400 MHz, CDCls)dppm; 1.50(3H, s), 2.17(3H, s),
3.76(2H, s), 4.12(6H, s), 4.63(1lH, d, J=14 Hz),
4.79(1H, d, J=14 Hz), 6.60(1H, d, J=6 Hz), 7.30-
7.38(2H, m), 7.47-7.56(1H, m), 7.76-7.86(1H, m),
8.30(1H, d, J=6 Hz), 11.05(1H, br s).
(24f) 2-(((3-methyl-4-((l-methyl-2,6,7-
trioxabicyclo[2.2.2]oct-4-yl)methoxy)pyridin-2-
yl)methyl)sulfinyl)-1H-benzimidazole sodium salt

[0363]

[Formula 157]
N O 0N
CENHQL}j ok
N \
Na NZ o

[0364]
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The same procedure as in the steps (6d), (6e), and (6f) of Example 6 was
repeated using 2-(2,2- dimethyi-1,3-dioxan-5-yl)ethanoi obtained in the
step 5 (28a) to obtain the title compound (58 mg, total yield: 2.0%) as a
light yellow solid. 1H NMR(400 MHz, DMSO-d6) 8ppm; 1.28(3H, s),
1.34(3H, s), 1.64-1.72(2H, m), 1.83:102(1H, m), 2.16(3H, s), 3.54-
3.63(2H, m), 3.83(2H, dd, J=4, 16 Hz), 4.06(2H, t, J=6 10 Hz), 4.38(1H, d,
J=13 Hz), 4.750HM, 3 I21B3HH 16.85(ZH,) dd =3¢ 6F2)0 6.9t eH2d, (J46 -

Hz),.7.43(2H, dd, J=3, 6 Hz), 8,26(1H, d, J=6 Hz). (Example 29)
2_%&3{_étyﬁgaiygthJj—2,é*%—tkloxé%lc§é§o?gl£.g?oct—4—
tripxabicy 69122 2Ject-Ary)methoyxy): BrnethyipyFiding 15 11—
2-yl)methyl)sulfinyl)-IH-benzimidazole sodium salt [0385] [Formula 168]
NbSp-i#CAaNNadNI 04[0386] (ZB&) umol) obtained in the step

(1-ethyl-2,6,7-trioxabicycio[2.2.2]oct-4 - 218 - yi)methanoi [0387] '[sFormuIa
1691190B 601 f03BEI5 THe Skiflé MHarhet 2@in Exarid 2430as repedtéd

u%igg tﬂ%tgw)Omo£rg8i<§)ggtea@5r%’o%gcg}%oeu:gqcure and the mixture
was stirred for 0.5 hours. The mixture was
concentrated and the residue was dissolved in ethanol.
Thereafter, diethyl ether was added to the solution,
and sonicated. The generated solid was filtrated in a
nitrogen atmosphere and dried under reduced pressure to
obtain the title compound (150 mg, yield: 100%) as a
light yellow solid.
'H NMR (400 MHz, DMSO-dg)dppm; 1.33(3H, s), 2.19(3H, s),
3.92(2H, s), 4.04(6H, s), 4.35(1H, d, J=15 Hz),
4.82(1H, d, J=15 Hz), 6.82-6.87(3H, m), 7.42(2H, dd,
J=3, 6 Hz), 8.26(1H, d, J=6 Hz).
(Example 25) 2-(((4-(1,5-dioxaspiro[5.5]undec-3-
ylmethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt
[0365]

[Formula 158]
O/\Ij\o
7
@NH‘S@ 0
N N
"Na

[0366]

(25a) 1,5-dioxaspiro[5.5]undec-3-ylmethanol



obtain the title compound (14 g, yield: 73%) as a light yellow oil. 1H
NMR(400 MHz, CDC13)8ppm;0.96(3H, t, J=7 Hz), 1.71(2H, 10 q, J=7
Hz), 3.47(2H, d, J=4 Hz), 4.02(6H, s). (29b)
2-(((4-((I-ethyl-2,6,7-trioxabicyclo[2.2.2]oct-4-
yi)methoxy)-3-methyipyridin-2-yiymethyi)suifinyi)-IH- benzimidazole
sodium salt [0389] 15 [Formula 170] N pO NNa NJ 0 0390] The same
manner &8 # Example 24 was repeated using

(1-eth 1'52 6 7-{r'%abicycio[2.2.2]oct-4- yi)methanoi obtained in the step
(2 a?%/o 3% ain ﬁwe 20 title compound (145 mg, total yield: 1.7%) as a light
yellow solid. - 219 1H NMR(400 }:/lﬂlgz DMSO0-d6)8ppm;0.86(3H, t, J=7
Hz), 1.59(2H, g, J=7 Hz), 2.19(3H, s),éﬂ 2(2H, s), 4.04(6H, s), 4.35(1H,
d, J=13 Hz), 4.82(1H, d, J=13 Hz), 6.89-6X90(3H, m), 7.42(2H, dd, J=3, 6
Hz), 8.26(1H, d, J=6 5 Hz). (Example 3
2-(((3-methyl-4-(2-(2-methyl-1,3-dioxan-2-
yl)ethox%&yggijn-2-yi)methyl)sulfinyl)-lH— benzimidazole sodium salt
[0391] 10 [Formula 171] O O Ol

The same procedure as in the step (la) of
5 Example 1 was repeated using 2-(hydroxymethyl)-1,3-
propanediol and cyclohexanone to obtain the title
compound (2.26 g, yield: 65%) as a light yellow oil.
'H NMR (400 MHz, CDCls)8ppm;1.37-1.46(2H, m), 1.47-
1.57(4H, m), 1.68-1.76(2H, m), 1.77-1.90(3H, m), 3.74-
10 3.81(4H, m), 4.02(2H, dd, J=4, 12 Hz).
(25b) 2-(((4-(1,5-dioxaspiro[5.5]undec-3-ylmethoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole
sodium salt
[0369]

15 [Formula 160]

[0370]
The same procedure as in the steps (6d),
(6e), and (6f) of Example 6 was repeated using 1,5-
dioxaspiro[5.5]undec-3-ylmethanol obtained in the step
20 (25a) to obtain the title compound (125 mg, total

yield: 8.4%) as a light yellow solid.



N -/\\"O Na N 0392] (30a) 2-(2-methyl-1,3-dioxan-2-yi)ethanol [0393]
[Formula 172] <1 00 HO 15 [0394] The same procedure as in the steps
(8a) and (8b) of Example 8, was repeated using ethyl acetoacetate to
obtain the title compound (5.4 g, total yield: 49%) as a light yellow oil. 20
1H NMR(400 MHz, CDC13)8ppm;14X3H, s), 1.91(2H, t, J=6 Hz),
1.90-2. 40§2H m), 3.00(1H, t, J=6 Hz), 3.80 220 4.06(6H, m) (30b)
2-({(3MR HyHa- @@@r—m%\‘l%@id@diﬁ?ﬁh $.30-1.48(6H, m), 1.6

yri thyi) i)-IH- benz le s diu It 5
]3 g?ﬁlé)gfm g 17%]?:? fb\/ ﬁf 3’96? ‘Iﬂ?qgﬁ%e préceg(;’usé as in
th@.%tgrz@ Bo)te, (89) 96 Ez;amptez 8, was repeated 21$ing:2-(2-methyly1,3
10 dioxan-2-yi)ethanoi obtained in the step (30a) to
4.44(1H, d, J=13 Hz), 4.81(1H, d, J=13 Hz), 6.90-
5 6.98(3H, m), 7.47(2H, dd, J=3, 6 Hz), 8.25(1H, d, J=6
Hz) .
(Example 26) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-
yl)oxy)—-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

10 [0371]

[Formula 161]
O
N O O
Cly-s Lo
Na N7

[0372]
The same procedure as in the steps (6d),
(6e), and (6f) of Example 6 was repeated using 2,2-
15 dimethyl-1,3-dioxan-5-0l obtained in the step (9a) to
obtain the title compound (530 mg, total yield: 18%) as
a light yellow solid.
'H NMR (400 MHz, DMSO-dg)dppm; 1.34(3H, s), 1.40(3H, s),
2.23(3H, s), 3.79(2H, dd, J=3, 12 Hz), 4.12(2H, dd,
20 J=3, 12 Hz), 4.39(1H, d, J=13 Hz), 4.46-4.54(1H, m),
4.82(1H, d, J=13 Hz), 6.86-6.94(3H, m), 7.42-7.48(2H,
m), 8.23(1H, d, J=6 Hz).
(Example 27) 2-(((4-(1,4-dioxaspiro[4.5]dec-8-yloxy)—-3—

methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole
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obtain the title compound (113 mg, total yield: 2.5%) as a light yellow
solid. 1H NMR(400 MHz, DMSO-d6)8ppm;1.39(3H, s), 1.46-1.70(2H, m),
2.12-2.19(2H, m), 2.16(3H, s), 3.76-3.90(4H, m), 15 4.11(2H, t, J=7 Hz),
4.38(1H, d, J=13 Hz), 4.79(1H, d, J=13 Hz), 6.82-6.92(2H, m), 6.90(1H, d,
J=6 Hz), 7.38- 7.48(2H, m), 8.24(1H,1d4 J=6 Hz). (Example 31)
2-(((4-(2-(5,9-dioxaspiro[3.5]non-7-
yifetReXy)- 3 fthyipyridin-2-yi)methyi)suifinyi)-IH- 20 benzimidazole
sodium %7% 1-0397] [Formula 174] CN~ O O- O /NNa N 0398] The
same manner as in Example 28 was repeated 5 using cyclobutanone to
ohtain-thetitleeampound (80 mg, total yield: 0.8%) as a light yellow solid.
1H NMR(400 MHz, DMSO-d6)8ppm;1.57-1.67(4H, m), 1.86- 1.96(1H, m),
2.05-2.18(4H, m), 2.16(3H, s), 3.40- 3.50(2H, m), 3.82(2H, dd, J=4, 11
Hz), 4.06(2H, t, J=7 10 Hz), 4.38(1H, d, J=13 , N\78(1H, d, J=13 Hz),
6.85(2H, dd, J=3, 6 Hz), 6.90(1H, d, J=6 Hz) H, dd, J=3, 6 Hz),

3-

8.26(1H, d, J=6 Hz). (Example 32) 2-(((4-(@,3-dioxan-2-ylmethoxy)-3-
methylpyridin-2-y|)methyl)suIfinylj)-ly- ' [ idazole 15 sodium salt
N\>—S \N
Na
[0374]

(27a) 1,4-dioxaspiro[4.5]decan-8-01
[0375]

[Formula 163]

HO

2,

0
[0376]

The same manner as in Example 9a was repeated
using 1, 4-cyclohexanedione monoethylene ketal to obtain
the title compound (2.6 g, yield: 79%) as a light
yellow oil.

'H NMR (400 MHz, CDCls)dppm;1.53-1.71(4H, m), 1.77-
1.93(4H, m), 3.75-3.85(1H, m), 3.93-3.96(4H,m).

(27b) 2-(((4-(1,4-dioxaspiro[4.5]dec-8-yloxy)—-3-
methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole

sodium salt
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[0399] [Formula 175] \ N-SO O~O NINa N/ ff/ [0400] (32a)
2-((benzyloxy)methyl)-1,3-dioxane 20 [0401] - 222 - [Formula 176] OJ
[0402] A mixture of benzyloxyacetaidehyde (3.6 g, 24 mmoi),

1,3-propanedioi (5.2 ml, 72 mmoi), triethyi 5 orthoformate (4 ml, 24 mmol),

and p-toluenesulfonic acid monchygrate{414 mg, 2.45 mmol) was stirred
at room temperature for 17 hours. To the reaction mixture, triethylamine
(669 gl, 4%3;271{00 was added, which was concentrated. The residue was
gr |ed b;j[ 10 f,éhg gel column chromatography (elution solvent:
ptane hyI acetate) to obtain the title compound (2.9 g, yield: 58%) as
a light yellow oil. 1H NMR (400 MHz, CDC13)8ppg1 1.22(1H, t, =7 Hz),
2.04- 2.20(1H, m), 3.49(2H, d, J=4 Hz), 3.80 />]—2 12 15 Hz),
4.14(2H, dd, J=5, 11 Hz), 4.59(2H, s), 4.76( 9=4 Hz), 7.20-7.42(5H,

m). (32b) 1,3-dioxan-2-yimethanoi [0403] fFormula 177] H O~YOI
N O 7 |
!
N\
Na
[0378]
The same procedure as in the steps (6d),
(6e), and (6f) of Example 6 was repeated using 1,4-
dioxaspiro[4.5]decan-8-0l obtained in the step (27a)
obtain the title compound (230 mg, total yield: 7.3%)

as a light yellow solid.

'H NMR (400 MHz, DMSO-dg)dppm;1.57-1.94(8H, m), 2.17(3H

s), 3.87(4H, s), 4.35(1H, d, J=13 Hz), 4.62-4.68(1H,

m), 4.79(1H, 4, J=13 Hz), 6.84(2H, dd, J=3, 6 Hz),

to

’

6.97(1H, d, J=6 Hz), 7.43(2H, dd, J=3, 6 Hz), 8.23(1lH,

d, J=6 Hz).
(Example 28) 2-(((4-(2-(2,2-dimethyl-1,3-dioxan-5-
yl)ethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0379]

[Formula 165]
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25

O 20 [0404] To a methanol (50 ml) solution of the 2 - 223 -
((benzyloxy)methyi)-1,3-dioxane (2.9 g, 13.9 mmol) obtained in the step
(32a), 10% palladium carbon (760 mg) was added and the mixture was
stirred at room temperature in a hydrogen atmosphere for 2 days. The 5
reaction mixture was filtrated by celite @and washed with ethyl acetate.
Thereafter, the solvent of the filtrate was distilled off under reduced
pressureltd® ®Btain a crude product of the title compound (860 mg, yield:

52.4%).as.a light.yellow oil. 10 'H NMR(400 MHz C13)8ppm;
12%&4%1‘#% ,14@5&%,‘32&jrS%E%fﬁi%%ﬁ?ﬁerﬁ]}?%%%(ZH, dd,
J=4, 6 Hg)33:82(2H, dt, J=2, 12 Hz), 4.15(2H, dd, J=5, 11 Hz), 4.66(1H,
t, J=5 Hz). (32c) 2-(((4-(1,3-dioxan-2-yimethoxy)-3-methyipyridin- 15
2-yymethylysulfirtyl)-IH-benzimidazole sodium salt [0405] [Formula 178]
"CN O O NN bx [0406] The same procedure as in the steps (6d), 20
(6e), and (6f) of Example 6 was repeated ysing 1,3- dioxan-2-yimethanoi

obtained in the step (32b) to obtain the mpound (148 mg, total
yieid:100) as a light yellow solide-hNNa;(,@O MHz, DMSO-d6) 8ppm;
1.33-1.42(1H, m), 1.84-

[0382]

To an acetone (30 ml) solution of the 2-
(hydroxymethyl)butane-1,4-diol (3.4 g, 28.3 mmol)
obtained in accordance with the method described in
J.Med.Chem.,30(9),1636-1642(1987), p-toluenesulfonic
acid monohydrate (244 mg, 2.83 mmol) was added at room
temperature and the mixture was stirred for 15 hours.
To the reaction mixture, triethylamine (394 pl, 2.83

mmol) was added and the mixture was concentrated. The

residue was purified by silica gel column

chromatography (elution solvent: heptane/ethyl acetate)

to obtain the title compound (1.0 g, yield: 22%) as a
light yellow oil.

'H NMR (400 MHz, CDCls)dppm;1.42(6H, s), 1.54-1.62(2H,
m), 1.90-2.02(1H, m), 3.58-3.76(4H, m), 3.94(2H, dd,

J=4, 12 Hz).

(28b) 2—-(((4-(2-(2,2-dimethyl-1,3dioxan-5-yl)ethoxy)-3-

methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole
sodium salt
[0383]

[Formula 167]



25 1.98(1H, m), 2.16(3H, s), 3.74-3.84(2H, m), 3.98 - 224 4.08(4H, m),
4.37(1H, d, J=13 Hz), 4.80(1H, d, J=13 Hz), 4.92(1H, t, J=4 Hz), 6.84(2H,
dd, J=3, 6 Hz), 6.91(1H, d, J=6 Hz), 7.42(2H, dd, J=3, 6 Hz), 8.25(1H, d,
J=6 Hz). 5 (Example 33) 2-(((3-methyl-4-((2-methyl-1,3-dioxan-2-
yl)methoxy)pyridin-2-yi)methyl)sulfinyf)-1H- benzimidazole sodium salt
[0407] [Formula 179] NO O~O /N O~ Na N 10 [0408] (33a)
(2-methyl-1,3-dioxan-2-yi)methanol [0409] [Formula 180] f1 HO 00

[0410] 15 The same procedure as in the steps g and (32b) of

Example 32 was repeated using 1-benzylpxy- anone to obtain the

title compound (1.51 g, total yield: 37%) &s a light yellow oil. 1H NMR(400
MHz, CDC13)8ppm; 1.4 292- .20(2H, 20 m), 3.53(2H, d, J=6
1:\

Hz), 3.86-4.06(4H, m). ( 1@\ (3 “4-((2-methyl-1,3-dioxan-2 - 225
- Na
[0384]
The same procedure as in the steps (6d),
(6e), and (6f) of Example 6 was repeated using 2-(2,2-
dimethyl-1, 3-dioxan-5-yl)ethanol obtained in the step
5 (28a) to obtain the title compound (58 mg, total yield:
2.0%) as a light yellow solid.
'H NMR (400 MHz, DMSO-dg)dppm;1.28(3H, s), 1.34(3H, s),
1.64-1.72(2H, m), 1.83-1.92(1H, m), 2.16(3H, s), 3.54-
3.63(2H, m), 3.83(2H, dd, J=4, 16 Hz), 4.06(2H, t, J=6
10 Hz), 4.38(1H, d, J=13 Hz), 4.75(1H, d, J=13 Hz),
6.85(2H, dd, J=3, 6 Hz), 6.91(1H, d, J=6 Hz), 7.43(2H,
dad, J=3, 6 Hz), 8.26(1H, d, J=6 Hz).
(Example 29) 2-(((4-((l-ethyl-2,6,7-
trioxabicyclo[2.2.2]oct-4-yl)methoxy)-3-methylpyridin-
15 2-yl)methyl)sulfinyl)-1H-benzimidazole sodium salt
[0385]

[Formula 168]

N O 0 o

[0386]

(29a) (l-ethyl-2,6,7-trioxabicyclo[2.2.2]oct-4-
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yl)methoxy)pyridin-2-yl)methyl)sulfinyl)-1H- benzimidazole sodium salt
[0411] [Formula 181] N/, O O O Na N 5 [0412] The same procedure as
in the steps (6d), (6e), and (6f) of Example 6 was repeated using (2-
methyl-1,3-dioxan-2-yl)methanol obtained in the step (33a) to obtain the
titte compound (220 mg, total 10 yietd:88.6%) as a light yellow solid. 1H
NMR(400 MHz, DMSO-d6)8ppm; 1.45(3H, s), 1.57-1.67(2H, m), 2.19(3H,
sl BI8BAHAEI=6 Hz), 4.09(2H, s), 4.36(1H, d, J=13 Hz), 4.80(1H, d,
J=13 Hz)[, %%%(fH dd, J=3, 6 Hz), 6.98(1H, d, J=6 Hz), 7.42(2H, dd, J=3,
15 6 Hz). 8.35(1H, d, J=6 Hz). (Example 34)

2-(e3:methyl-4424(2,5,5-trimethyl-1,3-
dioxan-2-yl)ethoxy)pyridin-2-yl)methyl)sulfinyl)-1H- benzimidazole sodium
salt [0413] 20 [Formula 182] N} 3O/ 'OY O Na N [0414] - 226 (34a)

2-(2,5,5-trimethyl-1,3-dioxan-2-yi)etha b
HO%
00

[0388]

The same manner as in Example 24 was repeated
using triethyl orthopropionate (15 g, 110 mmol) to
obtain the title compound (14 g, yield: 73%) as a light
yellow oil.

'H NMR (400 MHz, CDCls)dppm;0.96(3H, t, J=7 Hz), 1.71(2H,
g, J=7 Hz), 3.47(2H, d, J=4 Hz), 4.02(6H, s).

(29b) 2—-(((4-((l-ethyl-2,6, 7-trioxabicyclo[2.2.2]oct-4-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0389]

[Formula 170]

Cr- =L

Na N 9]

[0390]

The same manner as in Example 24 was repeated
using (l-ethyl-2,6,7-trioxabicyclo[2.2.2]oct-4-
yl)methanol obtained in the step (29a) to obtain the
title compound (145 mg, total yield: 1.7%) as a light

yellow solid.



[0415] [Formula 183] 0 0 HO [0416] 5 The same procedure as in the
steps (8a) and (8b) of Example 8 was repeated using ethyl acetoacetate,
and 2,2-dimethyl-1,3-propanediol to obtain the title compound (7.3 g, total
yield: 55%) as a light yellow oil. 10 'H NMR(400 MHz, CDC13)8ppm;
0.81(3H, s), 1.16(3H, s) 1.44(3H, 91 28.93(2H, t, J=6 Hz), 3.06(1H, t, J=6
Hz), 3.42(2H.,d, J=12 Hz), 3.68(2H, d, J=12 Hz), 3.82- 3.92(2H, m). (34b)
2-({(IMRABAL- 1@, 5 BMritethy PR rtaidxaf-03 s t, J=7 Hz),

yl)etho yridin-2-yi)methyl)sulfinyl)- 1H- benzimi sodium sal
[01141% {%%r?mglé 138%3 Ir\rﬁébo 2IQIET%Z\(%EI[Oéf’lfi’] 2%]' k?é(cggmesp;)rbcegdu(grg (a6sH’
indhe steps; (60, (6e). and {68} of Example 6pvasyrepeated using 2%- 227 -
(2,5,5-trimethyl-1,3-dioxan-2-yl)ethanol obtained in the step (34a) to
obtafrbthetttitierdompourid( €196 g, tdtadyietd:[7z2%) @szolighit yetlowJ=6
lid.
5 “Hz) .
(Example 30) 2-(((3-methyl-4-(2-(2-methyl-1,3-dioxan-2-
yl)ethoxy)pyridin-2-yl)methyl)sulfinyl)—-1H-
benzimidazole sodium salt

[0391]

10 [Formula 171]

[0392]
(30a) 2-(2-methyl-1,3-dioxan-2-yl)ethanol
[0393]

[Formula 172]

T
Ho ™~~~

15 [0394]
The same procedure as in the steps (8a) and
(8b) of Example 8, was repeated using ethyl
acetoacetate to obtain the title compound (5.4 g, total
yield: 49%) as a light yellow oil.
20 'H NMR (400 MHz, CDCls)dppm;1.49(3H, s), 1.91(2H, t, J=6

Hz), 1.90-2.40(2H, m), 3.00(1H, t, J=6 Hz), 3.80-
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1H NMR(400 MHz, DMSO-d6)8ppm:; 0.83(3H, s), 0.94(3H, s), 5 1.38(3H,
s), 2.12-2.20(2H, m), 2.16(3H, s), 3.39(2H, d, J=11 Hz), 3.51(2H, d, J=11
Hz), 4.13(2H, t, J=3 Hz), 4.38(1H, d, J=13 Hz), 4.78(1H, d, J=13 Hz),
6.84(2H, dd, J=3, 6 Hz), 6.88(1H, d, J=6 Hz), 7.42(2H, dd, J=3, 6 Hz),
8.25(1H, d, J=6 Hz). 10 (Example 35) @-({3-methyl-4-(2-(6-methyl-5,7-
dioxaspiro[2.5]oct-6-yl)ethoxy)pyridin-2-
ylfmeth{PSulfiRyl)-1H-benzimidazole sodium salt [0419] [Formula 185]

N 00 iN Na N.15 [042 ( ) ,

?g%béthyl é%zdj’loxasplrg[ %]gc )_ér%ﬁgrkllgll[_ol4’23_L]_ﬁfoor>r<naurlla_ ?LQG] ry-I
001 HO 10427),20 The same, roceciei s imthe,sjeps. (@) and (8b) of
Example 8, was repeated using ethyl - 228 acetoacetate and
1 dehig(hydoexamiethyicyiciopropahe) to obtain the title compound (2.9 g,
total yleld 36%Las a light yellow oil. 1H NMR(400 MHz, CDC13)8ppm;
z),

[Formula 173]

[0396]

The same procedure as in the steps (8c) to
(8g) of Example 8, was repeated using 2-(2-methyl-1,3-
dioxan—-2-yl)ethanol obtained in the step (30a) to
obtain the title compound (113 mg, total yield: 2.5%)
as a light yellow solid.
'H NMR (400 MHz, DMSO-dg)dppm;1.39(3H, s), 1.46-1.70(2H,
m), 2.12-2.19(2H, m), 2.16(3H, s), 3.76-3.90(4H, m),
4.11(24, t, J=7 Hz), 4.38(1H, d, J=13 Hz), 4.79(1H, d,
J=13 Hz), 6.82-6.92(2H, m), 6.90(1H, d, J=6 Hz), 7.38-
7.48(2H, m), 8.24(1H, d, J=6 Hz).
(Example 31) 2-(((4-(2-(5,9-dioxaspiro[3.5]non-7-
yl)ethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-

benzimidazole sodium salt



50.62(2H, t, J=6 Hz), 1.54(3H, s), 1.96(2H, t, J=6 Hz), 3.04(1H,t, J=6
Hz), 3.16(2H, d, J=12 Hz), 3.84- 3.92(2H, m), 4.20(2H, d, J=12 Hz). (35b)
2-(((3-methyl-4-(2-(6-methyl-5,7- dioxaspiro[2.5]oct-6-yi)ethoxy)pyridin-2-
10 yi)methyl)sulfinyi)-IH-benzimidazole sodium salt [0423] [Formula 187]
N Na N. O [0424] The same procegre as in the steps (6d), 15 (6e), and
(6f) of Example 6 was repeated using 2-(6- methyl-5,
7-dioxaspité[2/8]oct-6-y1)ethanoi obtained in the step (35a) to obtain the
title.compoun 3 mg, total yield: 5.5%) as a light yellow solid. 1H
N F?@IBQ%?H%%%SO-%) 8ppm:; 0.34-0.50(4H, m), 1.46(3H, 20 s),
2.18(3H, s), 2.22(2H, t, J=6 Hz), 3.45(2H, d, J=11 Hz), 3.76(2H, d, J=11
Hz), 4.16(2H, t, J=7 Hg), 4%%? d, J=13 Hz), 4.78(§PH, d, J=13 Hz),
6.86(2H, dd, J=3, 6 6. ; d, Z)\7.43(2 J=3, 6 Hz),
8.26(1H, d, J=6 Hz xa 36) o
2-(((4-(2-(2-(methoxymethyi)Na3-dio -
yi)ethoxy)-3-methyipyridin-2-yi)methyi)suifinyi)-IH- benzimidazole sodium
salt [0425] 5 [Formula 188] i C N kOO

[0398]

The same manner as in Example 28 was repeated

5 wusing cyclobutanone to obtain the title compound (80

mg, total yield: 0.8%) as a light yellow solid.

'H NMR (400 MHz, DMSO-dg)dppm;1.57-1.67(4H, m), 1.86-

1.96(1H, m), 2.05-2.18(4H, m), 2.16(3H, s), 3.40-

3.50(2H, m), 3.82(2H, dd, J=4, 11 Hz), 4.06(2H, t, J=7
10 Hz), 4.38(1H, d, J=13 Hz), 4.78(1H, d, J=13 Hz),

6.85(2H, dd, J=3, 6 Hz), 6.90(1lH, d, J=6 Hz), 7.43(2H,

dad, J=3, 6 Hz), 8.26(1H, d, J=6 Hz).

(Example 32) 2-(((4-(1,3-dioxan-2-ylmethoxy)-3-

methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole
15 sodium salt

[0399]

[Formula 175]

[0400]
(32a) 2-((benzyloxy)methyl)-1,3-dioxane

20 [0401]
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Na N [0426] (36a) 2-(2-(methoxymethyi)-1,3-dioxan-2-yi)ethanoi [0427]
[Formula 189] HOO1 10 [0428] The same procedure as in the steps (8a)
and (8b) of Example 8 was repeated using methyl 4-
methoxyacetoacetate to obtain the title compound (4.5 g, total yield: 34%)
as a light yellow oil. 15 1H NMR(40@ MHz, CDC13)8ppm; 1.58-1.70(1H,
1.80- 1. 96%6 , m), 2.03(2H, t, J=6 Hz), 2.86(1H, t, J=6 Hz), 3.43(3H,
s) %Mgﬁas)l 76-3.84(2H, m), 3.90- 4.04(4H, m). (36b)
2-(((4-(2-(2-(methoxymethyi)-1,3-dioxan-2 20
yl)ethoxy)-3-methyipyridin-2- yi)methyi)suifinyi) IH- benzimidazole sodium

salt [0429] - 230 - [Formula 1 Na N [0430] The same
procedure as in the steps (6 f) of Example 6 was repeated
using 2-(2 5 (methoxymethy -dloxan- anol obtained in the step

(36a) to obtain the title compound (304 mg, total

[0402]

A mixture of benzyloxyacetaldehyde (3.6 g, 24
mmol), 1,3-propanediol (5.2 ml, 72 mmol), triethyl
orthoformate (4 ml, 24 mmol), and p-toluenesulfonic
acid monohydrate (414 mg, 2.45 mmol) was stirred at
room temperature for 17 hours. To the reaction
mixture, triethylamine (669 nl, 4.8 mmol) was added,
which was concentrated. The residue was purified by
silica gel column chromatography (elution solvent:
heptane/ethyl acetate) to obtain the title compound
(2.9 g, yield: 58%) as a light yellow oil.

'H NMR (400 MHz, CDCls)8ppm;1.22(1H, t, J=7 Hz), 2.04-
2.20(1H, m), 3.49(2H, d, J=4 Hz), 3.80(2H, dt, J=2, 12
Hz), 4.14(2H, dd, J=5, 11 Hz), 4.59(2H, s), 4.76(1H, t,
J=4 Hz), 7.20-7.42(5H, m).
(32b) 1,3-dioxan-2-ylmethanol

[0403]

[Formula 177]

O
Ho/\cg J

[0404]

To a methanol (50 ml) solution of the 2-
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yield: 7.0%) as a light yellow solid. 1H NMR(400 MHz, DMSO-d6)8ppm;
1.50-1.70(2H, m), 2.16(3H, s), 2.20(2H, t, J=7 Hz), 3.29(3H, s), 3.52(2H,
s), 10 3.80-3.90(4H, m), 4.09(2H, t, J=7 Hz), 4.37(1H, d, J=13 Hz),
4.78(1H, d, J=13 Hz), 6.83(2H, dd, J=3, 6 Hz), 6.87(1H, d, J=6 Hz),
7.41(2H, dd, J=3, 6 Hz), 8.25(1H; &t Jz6-Hz). (Example 37)
2-(((4-((1-cyclopropyl-2,6,7 15

trlbkﬁﬁi‘&?éﬂbf’zz E]@&W}I)méth%@} Q%ﬁéﬁylﬁm%llrgr 13.9 mmol)

23/% eth ulflnylél enzug g? Ie odium [9431] LF ula ﬁ
ium

GONNa' [Oi EFZ )'Mét yI (Efy propanecar oxylm

hygrochlogde 1231 -0483] fEormula 192] 0z.s,<CY NRAIGL [0434] To a

solution mixture of 5 cyciopropanecarbonitrile (15 g, 224 mmol), diethyl

ethen20G:mi); andmethandk@®eml) aliydreger chlofide 2 days. The
reaction mixture was filtrated by celite and washed
with ethyl acetate. Thereafter, the solvent of the
filtrate was distilled off under reduced pressure to
obtain a crude product of the title compound (860 mg,
yield: 52.4%) as a light yellow oil.
'H NMR (400 MHz, CDCls)dppm; 1.34-1.44(1H, m), 1.86(1H,
t, J=5 Hz), 2.04-2.20(1H, m), 3.60(2H, dd, J=4, 6 Hz),
3.82(2H, dt, J=2, 12 Hz), 4.15(2H, dd, J=5, 11 Hz),
4.66(1H, t, J=5 Hz).
(32c) 2-(((4-(1,3-dioxan-2-ylmethoxy)-3-methylpyridin-
2-yl)methyl)sulfinyl)-1H-benzimidazole sodium salt

[0405]

[Formula 178]

<0< o
AW
[0406]
The same procedure as in the steps (6d),
(6e), and (6f) of Example 6 was repeated using 1,3-
dioxan-2-ylmethanol obtained in the step (32b) to
obtain the title compound (148 mg, total yield:10%) as
a light yellow solid.

'H NMR (400 MHz, DMSO-d¢)®ppm; 1.33-1.42(1H, m), 1.84-

1.98(1H, m), 2.16(3H, s), 3.74-3.84(2H, m), 3.98-



was injected under ice-cool and the mixture was stirred at room
temperature for 17 hours. After the solvent of the reaction mixture was
distilled off under reduced 10 pressure, diethyl ether was added to the
residue and generated solid was collected by filtration under nitrogen
atmosphere to obtain the title compourd {29 g, yield: 95.5%) as a light
yellow solid. 1H NMR(400 MHz, DMSO-d6)8ppm; 1.10-1.24(4H, m) , 2.06-
1% 2938(4H; n)) 3.99(3H (YL 10B(1HBPsyiA 21 (RHE BX 18Y: (Sb)I=13

(tﬂrp)ethozygbe{tggcyciop opane, R[%t%ﬁi%g&ggula 193] 10, 01, .2[92([1%26]

To a'ri-hexane mI) solution” 0 cidpropanecarboxyimi
hydroghloride (17 4-G; 128)-,232 anmol),oblainedn the;step)(378),25 (11,
methanol (25.9 ml, 640 mmi) was added and the mixture was stirred at
rabm dempérature for 3.5 days. The ammonium chloride precipitated was
removed by filtration and the filtrate 5 was concentrated under reduced

pres¥arPt obtain & chide produtt bt theltitle B6hpsdnd (7 5%4: it 2 -
40% [ il. . CD: ;
0%?&“%%?%%@5%%?%%% l?hn%qc?%hﬂ)%g 11&%2)? %E%(gH, s). 10
(A& {h-ayelopropyl-2 &7 -trioxabieyclo[2.2.2]oct-4-

[0407]

[Formula 179]

[0408]
(33a) (2-methyl-1,3-dioxan-2-yl)methanol
[0409]

[Formula 180]

Y
1o 2><9

[0410]
The same procedure as in the steps (32a) and
(32b) of Example 32 was repeated using l-benzyloxy-2-
propanone to obtain the title compound (1.51 g, total
yield: 37%) as a light yellow oil.
'H NMR (400 MHz, CDCls)dppm; 1.43(3H, s), 1.92-2.20(2H,
m), 3.53(2H, d, J=6 Hz), 3.86-4.06(4H, m).

(33b) 2-(((3-methyl-4-((2-methyl-1,3-dioxan-2-
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yi)methanoi [0437] [Formula 194] HO 0 0 [0438] 15 The same procedure
as in the step (24a) of Example 24 was repeated using
(trimethoxymethyi)cyciopropane (9.8 g, 67.2 mmol) obtained in the step
(37b) to obtain the title compound (11.9 g, yield: 95%) as a light yellow
oil. 20 1H NMR(400 MHz, CDC13)8ppsn;-0.42-0.52(2H, m) , 0.58-
0.68(2H, m), 0.86-0.96(1H, m), 3.46(2H, s), 4.02(6H, S). (37d)
Zxahqﬁfbyﬁﬁﬁﬁxﬁpg{p72 yl)methyl)sulfinyl)-1H-
tr%)xablc %)ct -4- Xl&met ) -3-methyipyridin- 25

2-yi me %fon Iﬁjgenmmldaazole sodium salt 233 - 0439] [Formula
195] N}- $[Q9_ N X O -X Na N ~~k< [0440] The same procedure as in
the steps (24b) to 5 (24f) of Example 24 was repeated using
(1Feyctopropylt 216, 7-trioxabicyclo[2.2.2]oct-4-yl)methanol obtained in

N O 0

s = 0

N o]
\ )
\N—”

[0412]
The same procedure as in the steps (6d),

(6e), and (6f) of Example 6 was repeated using (2-
methyl-1,3-dioxan-2-yl)methanol obtained in the step
(33a) to obtain the title compound (220 mg, total
yield: 8.6%) as a light yellow solid.
'H NMR (400 MHz, DMSO-dg)dppm; 1.45(3H, s), 1.57-1.67(2H,
m), 2.19(3H, s), 3.88(4H, t, J=6 Hz), 4.09(2H, s),
4.36(1H, 4, J=13 Hz), 4.80(1H, d, J=13 Hz), 6.84(2H,
dd, J=3, 6 Hz), 6.98(1H, d, J=6 Hz), 7.42(2H, dd, J=3,
6 Hz), 8.25(1H, d, J=6 Hz).
(Example 34) 2—-(((3-methyl-4-(2-(2,5,5-trimethyl-1,3-
dioxan-2-yl)ethoxy)pyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0413]

[Formula 182]
N O @] (0]
COrL A X
' \ O
Na N /

[0414]
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the step (37c) above to obtain the title compound (147 mg, total yield:
3.2%) as a light yellow solid. 1H NMR(400 MHz, DMSO-d6) 8ppm;
0.35-0.54(4H, m) , 1.06- 10 1.18(1H, m), 2.19(3H, s), 3.92(2H, s),
4.04(6H, s), 4.38(1H, d, J=13 Hz), 4.80(1H, d, J=13 Hz), 6.82- 6.94(3H,
m),7.44(2H, dd, J=3, 6 Hz), 8.27(AH, x5 J=6 Hz). (Example 38)
2-6()%54-((1-cyclobutyl-2,6,7 15 ,

tribxaBityélo[2 2 2]ccti4 yhnethoky)-8imetyiRmidin-y 1) ethanol
2-y|)mety{ry¢l%s%f'nyI)-lH-benzimidazoIe sodium salt [0441] [Formula 196]
N\ OO a NJ/ O eo [0442] 20 (38a)
(Lreyslabutyl-2,8374-trioxabicyclo[2.2.2]oct-4 - 234 - yi)methanoi [0443]
[Formula 197] HO-~ 0 0 [0444] 5 The same procedure as in the steps
(37a) to (37c) of Example 37 was rep using cyciobutanecarbonitrile
to obtain the title compound (15 g, totdl yield: 51%) as a light yellow oil.
1H NMR(400 MHz, CDC13)8pprﬁa,.-7~Q2}>.8\Q(7H, m), 3.47(2H,

[0416]
The same procedure as in the steps (8a) and

(8b) of Example 8 was repeated using ethyl
acetoacetate, and 2,2-dimethyl-1,3-propanediol to
obtain the title compound (7.3 g, total yield: 55%) as
a light yellow oil.
'H NMR (400 MHz, CDCls)dppm; 0.81(3H, s), 1.16(3H, s),
1.44(3H, s), 1.93(2H, t, J=6 Hz), 3.06(1H, t, J=6 Hz),
3.42(2H,d, J=12 Hz), 3.68(2H, d, J=12 Hz), 3.82-
3.92(2H, m).
(34b) 2-(((3-methyl-4-(2-(2,5,5-trimethyl-1,3-dioxan-2-
yl)ethoxy)pyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0417]

[Formula 184]
N O 0 0
@[N‘*K}j AKX
Y \ O
Na N /

[0418]
The same procedure as in the steps (6d),

(6e), and (6f) of Example 6 was repeated using 2-
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10 s), 4.03(6H, s). (38b) 2-(((4-((1-cyclobutyl-2,6,7-
trioxabicycio[2.2.2]oct-4-yi)methoxy)-3-methyipyridin-
2-yi)methyl)sulfinyi)-IH-benzimidazole sodium salt [0445] 15 [Formula
198]\NHS 00 NNa/Oe \O0 [0446] The same procedure as in the
steps (24b) to (24f) of Example 24 wa3 repeated using (1-cyciobutyi-
2,6, 7-trioxabicycio[2.2.2]oct-4-yi)methanoi obtained in 20 the step (38a)

aeve’ o obtaiheltifle ConipUrith @6 My, 2). 390 a8 Allight yeliowSolid. -
235 1H NMR z, DMSO-d6) m;.1. 0-1.86§H ‘Eiﬁ) ,1.94-
2 G315, 2 1803, 3900 9 % OS(GA o) A S3CLAL o 21315
4.83(1H, 4,:11=13:Hz), £348-6:9Q(3H; gk 7428-7 4B(2id11,.8.26(1H, d,
J=6 Hz). 5 (Example 39) 2-(((4-(2-(2-ethyl-1,3-dioxolan-2-
yi)BtHEY5)-3 e thyipy ridifs 2-yi)mthyi) suifingi)- I3 Hbeszimidazolel S6dium |
salt g04471[ [Formula 1991 OC ---10 ON O
1.38(3H, s), 2.12-2.20(2H, m), 2.16(3H, s), 3.39(2H, d,
J=11 Hz), 3.51(2H, 4, J=11 Hz), 4.13(2H, t, J=3 Hz),
4.38(1H, d, J=13 Hz), 4.78(1H, 4, J=13 Hz), 6.84(2H,
dd, J=3, 6 Hz), 6.88(1H, d, J=6 Hz), 7.42(2H, dd, J=3,
6 Hz), 8.25(1H, d, J=6 Hz).
(Example 35) 2-(((3-methyl-4-(2-(6-methyl-5, 7-
dioxaspiro[2.5]oct-6-yl)ethoxy)pyridin-2-
yl)methyl)sulfinyl)-1H-benzimidazole sodium salt

[0419]

[Formula 185]

N O 0]

s = H°
N \ /) O\;k7
Na N

[0420]
(35a) 2-(6-methyl-5, 7-dioxaspiro[2.5]oct-6-yl)ethanol
[0421]

[Formula 186]

-

00
HO "
[0422]
The same procedure as in the steps (8a) and

(8b) of Example 8, was repeated using ethyl
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N N Na 10 [0448] (39a) Ethyl (2-ethyl-1,3-dioxolan-2-yi)acetate [0449]
[Formula 200] Off/ [0450] 15 A mixture of ethyl 3-oxopentanoate (5 g,
34.7 mmol), ethylene glycol (10.8 g, 174 mmol), triethyi orthoformate
(5.14 g, 34.7 mmol), and p-toluenesulfonic acid monohydrate (598 mg,
3.14 mmoi) was stirred at room tenpearature overnight. To the reaction
mixture, 20 heptane and ethyl acetate were added to dilute - 236 solutlon

wﬁfé‘ﬁt\ﬁ%%%ﬁéd With Watkr Pl BWX&%@V@W@%H@& ARRAE) to
? rE ted sgjhne golui{on d“egé}r\{(ﬁr rrbag&esmm S te f||trdged glgd he
filfra

&'Was concentrated Under re d pregéure e 5 residue was
dissalygd n heptape andisubjected to NH silica gel column
chromatography (elution solvent: n- heptane/ethyl acetate=1/0-410/1) to
obtaiitire( il ddapouHC®: 8Brpryield:. 58.9%) astcoldressiail. 1H
NMR(400 MHz, CDC13)8ppm; 0.94(3H, t, J=8 Hz), 10 1.27(3H, t, J=7 Hz)
1.88¢2H 28328 HE)- 2. 8B(2H, ),°4.8994.0804H, 'm U #5(2H: 4, I=9 HA)

(39b) 21(Prethyl 1. 3-choxglan-Zsyhethanol J0431h [Foppyila 204,

3.92(2H, m), 4.20(2H, d, J=12 Hz).

~ o

(35b) 2-(((3-methyl-4-(2-(6-methyl-5,7-

dioxaspiro[2.5]oct-6-yl)ethoxy)pyridin-2-

yl)methyl)sulfinyl)—-1H-benzimidazole sodium salt
[0423]

[Formula 187]

N O\ O

& HL}_} VOJV
N \ o
Na N

[0424]
The same procedure as in the steps (6d),

(6e), and (6f) of Example 6 was repeated using 2-(6-
methyl-5, 7-dioxaspiro[2.5]oct-6-yl)ethanol obtained in
the step (35a) to obtain the title compound (163 mg,
total yield: 5.5%) as a light yellow solid.
'H NMR (400 MHz, DMSO-dg)dppm; 0.34-0.50(4H, m), 1.46 (3H,
s), 2.18(3H, s), 2.22(2H, t, J=6 Hz), 3.45(2H, d, J=11
Hz), 3.76(2H, d, J=11 Hz), 4.16(2H, t, J=7 Hz),
4.39(1H, 4, J=13 Hz), 4.78(1lH, d, J=13 Hz), 6.86(2H,
dd, J=3, 6 Hz), 6.91(1H, d, J=6 Hz), 7.43(2H, dd, J=3,

6 Hz), 8.26(1H, d, J=6 Hz).



10

15

20

CIO HO 15 [0452] To a tetrahydrofuran (50 ml) suspension of lithium
aluminum hydride (800 mg, 21.1 mmol), ethyl (2-
ethyl-1,3-dioxolan-2-y1)acetate (3.85 g, 20.5 mmol) was added under
ice-cool. The mixture was stirred at room 20 temperature for one hour and
30 minutes and cooled on ice. Thereadter, water (0.8 ml), a 15% aqueous
sodium hydroxide solution (0.8 m d(é and water (2.4 ml) were sequentially

ad@@ﬁi mixturé undet ice’cdal - Magrisstumestitate) was adaéd 6 the’ -
nd 25 filtrated through silica he f||trat oncentr
j g meg 988 o{ gfglég}fthgm sul e%n) a{?ld

r re pressure to obtain oun

9%4%%)1%&@%98-11#%\48&4{3%%21 CDC13)8ppm; 0-92(3H t, J=8 Hz),
1.68(2H, q, J=8 Hz), 1.93(2H, t, J=5 Hz), 2.82(1H, t, J=5 Hz), 3.76(2H, q,
J=5 Hz),[396#105(4H, m). 5 (39c¢)

2 { 3-methyl-4-(2-(2-propyl-1,3-dioxolan-2-

y1 ﬂ?d%/}@/ W—b-yl)methyl)swﬂnyl) IH- benzimidazole sodium salt
[0453] [Formula 202] Oro ON N N Na

N O 0~ 0 )
OREOSEE
N \ Q
Na N / \
[0426]

(36a) 2-(2-(methoxymethyl)-1,3-dioxan-2-yl)ethanol
[0427]

[Formula 189]

N
~Lo
HO ~

[0428]

The same procedure as in the steps (8a) and
(8b) of Example 8 was repeated using methyl 4-
methoxyacetoacetate to obtain the title compound (4.5
g, total yield: 34%) as a light yellow oil.
'H NMR (400 MHz, CDCls)8ppm; 1.58-1.70(1H, m), 1.80-
1.96(1H, m), 2.03(2H, t, J=6 Hz), 2.86(1H, t, J=6 Hz),
3.43(3H, s), 3.62(2H, s), 3.76-3.84(2H, m), 3.90-
4.04(4H, m).
(36b) 2-(((4-(2-(2-(methoxymethyl)-1,3-dioxan-2-
yl)ethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0429]



10 [0454] The same procedure as in the steps (3c) to (3h) of Example 3
was repeated using 4-chloro-2,3- dimethyipyridine 1-oxide and
2-(2-ethyl-1,3-dioxolan-2- yl)ethanoi to obtain the title compound(422 mg,
6 15 steps: 25%) as a light yellow solid. 1H NMR (400 MHz, DMSO-d6)
8ppm; 0.87(3H, t, J=8 Hz), 1.64@H;3p J=8 Hz), 2.07(2H, t, J=7 Hz),
2.17(3H, s), 3.85-3.94(4H, m), 4.09(2H, t, J=7 Hz), 4.40(1H, d, J=13 Hz),
4. 80 Yd 23=4%0H12), 6.83-6.90(2H,m), 6.94(1H, d, 20 J=6 Hz),
7.41-7.49(2H, m), 8.27(1H, d, J=6 Hz). [0455] (Example 40)
2-(((4-((2-ethyl-1,3- dloxolan 2-

yi)methoxy)-3-methyipyyi m@h I)SUI ) - 238 - benzimidazoie
sodium salt [0456] [Fo - C = Na [0457] 5
(40a) 2-oxobutyi acetate ] [F 4] O A

[0430]
The same procedure as in the steps (6d),
(6e), and (6f) of Example 6 was repeated using 2-(2-

5 (methoxymethyl)-1,3-dioxan-2-yl)ethanol obtained in the
step (36a) to obtain the title compound (304 mg, total
yield: 7.0%) as a light yellow solid.

'H NMR (400 MHz, DMSO-dg)dppm; 1.50-1.70(2H, m), 2.16 (3H,
s), 2.20(2H, t, Jd=7 Hz), 3.29(3H, s), 3.52(2H, s),

10 3.80-3.90(4H, m), 4.09(2H, t, J=7 Hz), 4.37(1H, d, J=13
Hz), 4.78(1H, d, J=13 Hz), 6.83(2H, dd, J=3, 6 Hz),
6.87(1H, d, J=6 Hz), 7.41(2H, dd, J=3, 6 Hz), 8.25(1lH,
d, J=6 Hz).

(Example 37) 2-(((4-((l-cyclopropyl-2,6,7-

15 trioxabicyclo[2.2.2]oct-4-yl)methoxy)-3-methylpyridin-

2-yl)methyl)sulfinyl)-1H-benzimidazole sodium salt
[0431]

[Formula 191]

[0432]

20 (37a) Methyl cyclopropanecarboxyimidate hydrochloride
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IOl [0459] A mixture of 1-bromobutan-2-one (10 g, 66.2 10 mmol),
potassium acetate (7.8 g, 79.4 mmol), and N,N- dimethylformamide (50
ml) was stirred at room temperature for 5 days. Water was added to the
reaction mixture and extracted with diethyl ether twice. The organic layers
were combined and washed 15 witlpa saturated saline solution, dried over
magnesium sulfate, and filtrated. The filtrate was concentrated under
reduced préssute to obtain the title compound (8.24 g) in the form of a
ure WEh Nl%l imethylformamide. 20 'H NMR(400 MHz,
ﬁﬂ}‘ﬁppm A0(3H, t, J=7 Hz), 2.14(3H, s), 2.45 (2H, g, J=7 H2),
4 66(2H, s). - 239 (40b) (2-ethyl-1,3-dioxolan-2-yi)methyl acetate [0460]
[Formula 205] O jo O [0461]5 A mixﬂfre of 2-oxobutyl acetate (4 g)
obtained in the step (40a), ethyle 82 g, 126 mmol), triethyl
orthoformate (3.73 g, 25.2 mmol) and p- to %nesulfonlc acid monohydrate
(479 mg, 2.52 mmol) was stirred at room temperature overnight. To 10
the reactf%r}l g}ﬁture, water and ethyl acetate were

To a solution mixture of
cyclopropanecarbonitrile (15 g, 224 mmol), diethyl
ether (200 ml), and methanol (10 ml), hydrogen chloride
was injected under ice-cool and the mixture was stirred
at room temperature for 17 hours. After the solvent of
the reaction mixture was distilled off under reduced
pressure, diethyl ether was added to the residue and
generated solid was collected by filtration under
nitrogen atmosphere to obtain the title compound (29 g,
yield: 95.5%) as a light yellow solid.

'H NMR (400 MHz, DMSO-dg)dppm; 1.10-1.24(4H, m), 2.06-
2.38(1H, m), 3.99(3H, s), 10.8(1H, br s), 12.1(1H, br
s) .
(37b) (trimethoxymethyl)cyclopropane

[0435]

[Formula 193]
2
O/

[0436]
To a n-hexane (75 ml) solution of methyl

cyclopropanecarboxyimidate hydrochloride (17.4 g, 128



added, and partitioned. The aqueous layer was extracted again with ethyl
acetate. The organic layers were combined, dried over magnesium
sulfate and filtrated. The filtrate was concentrated under reduced 15
pressure. The residue was dissolved in heptane-ethyl acetate and
subjected to NH silica gel column- chsematography (elution solvent:

n- heptane/ethyl acetate=20/1 -45/1) to obtain the title compound (1.4 g,
yf@{@Péf 2 Step3i25%) 120 HRIMRE@D0 Mi42) COCSI3)8ppm; 0DB(3HME /
73(2H, 7.Hz 96-4. 03(4

(4%4 ?I( ethyl- afdl%%(%?an 3 %(f) (fanano%t[tﬁngﬂé%S [Fsor I)Fadf(())é’)](g%',fo3

HQB 2 4631 A raixtute of mefhyl (2-etbyl-ksdioxplani?: yi) agetate
(2.39 g, 7.94 mmol), potassium carbonate (2.19 g, 15.9 mmol),

tatrahydmoftrana@0wnl andnwated 5110 M) Wwaststioredeatdtoohe filtrate
temperature for 6 hours and 50 minutes. The reaction mixture was

: c&ﬁc%anﬁfa@f?éﬂdue&%eﬁregwﬁécaﬂqwasér%ﬁ/ag%o%aataffh@
residie. vgu%*avv% sypiected él’é'iées"é%%%%'&%? '%raé'ﬁg it pe‘fé'itéat% 0%

was concentrated under 10 reduced pressure to obtain t compound
(85 g, 1755%) ps cotarless jl.
'H NMR (400 MHz, CDCl;)8ppm; 0.47-0.56(2H, m), 0.58-
0.67(2H, m), 0.84-0.94(1H, m), 3.29(9H, s).
10 (37¢) (l-cyclopropyl-2,6, 7-trioxabicyclo[2.2.2]oct-4-
yl)methanol
[0437]
[Formula 194]

LA
HO 0

0
[0438]

15 The same procedure as in the step (24a) of
Example 24 was repeated using
(trimethoxymethyl)cyclopropane (9.8 g, 67.2 mmol)
obtained in the step (37b) to obtain the title compound
(11.9 g, yield: 95%) as a light yellow oil.

20 'H NMR (400 MHz, CDCls)dppm; 0.42-0.52(2H, m), 0.58-
0.68(2H, m), 0.86-0.96(1H, m), 3.46(2H, s), 4.02(6H,
s) .

(37d) 2-(((4-((l-cyclopropyl-2,6,7-
trioxabicyclo[2.2.2]oct-4-yl)methoxy)-3-methylpyridin-

25 2-yl)methyl)sulfinyl)-1H-benzimidazole sodium salt



1H NMR(400 MHz, CDC13)8ppm; 0.93(3H, t, J=8 Hz), 1.71(2H, g, J=8
Hz), 1.95-2.03(1H, br), 3.53(2H, d, J=4 Hz), 3.96-4.06(4H, m). 15 (40d)
2-(((4-((2-ethyl-1,3-dioxolan-2-yi)methoxy)-3-
methyipyridin-2-yi)methyl)sulfinyi)-IH-benzimidazole sodium salt [0464]
[Formula 207] O0 O 0\,) \ ~N N-Na320 [0465] The same procedure as in
the steps 3c to - 241 (3h) of Example 3 was repeated using
4-chioro235dimethyipyridine 1-oxide and (2-ethyl-1,3-dioxolan-2-
ylirpeth Oi%lgl\?m the title compound (355 mg, 6 steps: 9.6%) as a

ite so MR(400 MHz, DMSO-d6) 8ppm; 0.87(3H, t, J=8 Hz),
1.74(2H, q J=8 Hz), 2. 17(3H S), 3.87-4.00(4H, m), 3.96(2H, s), 4.39(1H,

d, J=13 Hz), 4.80(1H, d —1 Hz) 6.84-6,91(2. ), 6.94(LH, d, J=6 Hz),
7.41- 7.47(2H, m), 82 §Hz 6%;%)Example 41)

2-(((4-(2-(2-ethyl-1,3- d|o e
yl)ethoxy)-3-methyipyridin-2- ylﬂﬁethylﬂzumnyl)- ~o

[0440]
The same procedure as in the steps (24b) to
5 (24f) of Example 24 was repeated using (l-cyclopropyl-
2,6, 7-trioxabicyclo[2.2.2]oct-4-yl)methanol obtained in
the step (37c) above to obtain the title compound (147
mg, total yield: 3.2%) as a light yellow solid.
'H NMR (400 MHz, DMSO-dg)dppm; 0.35-0.54(4H, m), 1.06-
10 1.18(1H, m), 2.19(3H, s), 3.92(2H, s), 4.04(6H, s),
4.38(1H, 4, J=13 Hz), 4.80(1H, d, J=13 Hz), 6.82-
6.94(3H, m),7.44(2H, dd, J=3, 6 Hz), 8.27(1H, d, J=6
Hz) .
(Example 38) 2—-(((4-((l-cyclobutyl-2,6,7-
15 trioxabicyclo[2.2.2]oct-4-yl)methoxy)-3-methylpyridin-
2-yl)methyl)sulfinyl)-1H-benzimidazole sodium salt
[0441]

[Formula 196]

N O 0 %
R

[0442]

20 (38a) (l-cyclobutyl-2,6, 7-trioxabicyclo[2.2.2]oct-4-
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methyl-1H-benzimidazole sodium salt [0467] 15 [Formula 208] OCIO N N
Na [0468] The same procedure as in the step (39c) was repeated using
4-chioro-2,3-dimethyipyridine 1-oxide and
2-(2-ethyl-1,3-dioxolan-2-yi)ethanoi except that 4 20
methyl-1H-benzimidazole-2-thioi-obtained in the step (54a) of Example 54
was used instead of 2- mercaptobenzimidazole in the step (39c) of
EXampRE840242 to obtain the title compound (490 mg, 6 steps: 27%) as
a white pﬁ}/\ﬂ% 1H NMR(400 MHz, DMSO-d6)8ppm; 0.85(3H, t, J=8 Hz),
1.62(2H, q, J=8 Hz), 2.05(2H, t, J=7 Hz), 2.17(3H, s), 5 2.45(3H, s),
3.8803-9204H, 1% #.07(2H, t, J=7 Hz), 4.42(1H, d, J=13 Hz), 4.75(1H, d,
J=13 Hz), 6.63(1H, d, J=7 Hz), 6.73(1H, t, J=7 Hz), 6.91(1H, d, J=6 Hz),
7.24(1H, d, J=8 Hz), 8.25(1H, d, J=pHz). [0469] 10 (Example 42)
2-(((4-((2-ethyl-1,3-dio > y)-

3-methylpyridin-2-yl)methyl) ()-1H-benzimidazole sodium salt [0470]
[Formula 2091 O O

[0444)]
The same procedure as in the steps (37a) to

(37c) of Example 37 was repeated using
cyclobutanecarbonitrile to obtain the title compound
(15 g, total yield: 51%) as a light yellow oil.
'H NMR (400 MHz, CDCls)8ppm;1.70-2.30(7H, m), 3.47(2H,
s), 4.03(6H, s).
(38b) 2-(((4-((l-cyclobutyl-2,6,7-
trioxabicyclo[2.2.2]oct-4-yl)methoxy)-3-methylpyridin-
2-yl)methyl)sulfinyl)-1H-benzimidazole sodium salt

[0445]

[Formula 198]

N O 0 O
SO

[0446]
The same procedure as in the steps (24b) to
(24f) of Example 24 was repeated using (l-cyclobutyl-
2,6, 7-trioxabicyclo[2.2.2]oct-4-yl)methanol obtained in
the step (38a) above to obtain the title compound (56

mg, 2.3%) as a light yellow solid.
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C:CD:JN Na 15 [0471] (42a) 2-oxobutyl benzoate [0472] [Formula
210] O elf, O [0473] 20 A mixture of 1-bromobutan-2-one (7.2 g, 47.7
mmol), sodium benzoate (7.56 g, 52.4 mmol), and N,N - 243 -
dimethylformamide (72 ml) was stirred at room temperature for 3 hours
and 45 minutes. Diethyl ether was added to the reaction mixture and the
mixture was washed with water and a saturated saline solution, 5 dried

ov@r M4 he8RINEdEfatBMERd filt deamThe -fiftafe-RAd Bncantratéd Uder

P o e R S

254@23"!,1%,J—J,Hé‘);ﬂ389@% sh .;843-1:A9(gH, ﬂD137 DLy 621 m)

8.08-8.12(2H, m). (42b) (2-ethyl-1,3-dioxan-2-yi)methyi benzoate [0474]

[Formes211p,\ 0 .38-7.48(2H, m), 8.26(1H, d, J=6 Hz).
(Example 39) 2-(((4-(2-(2-ethyl-1,3-dioxolan-2-
yl)ethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0447]

[Formula 199]

O
(0]
3§ 0
CLy A
Na

(39a) Ethyl (2-ethyl-1,3-dioxolan-2-yl)acetate

[0448]

[0449]

[Formula 200]

[0450]

A mixture of ethyl 3-oxopentanocate (5 g, 34.7
mmol), ethylene glycol (10.8 g, 174 mmol), triethyl
orthoformate (5.14 g, 34.7 mmol), and p-toluenesulfonic
acid monohydrate (598 mg, 3.14 mmol) was stirred at
room temperature overnight. To the reaction mixture,

heptane and ethyl acetate were added to dilute
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15 [0475] A mixture of 2-oxobutyi benzoate (5 g, 26 mmoi),
1,3-propanedioi (5.94 g, 78 mmoi), triethyi orthoformate (3.85 g, 26 mmol)
and p-toluenesulfonic acid monohydrate (448 mg, 2.36 mmoi) was stirred
at 20 room temperature for 3 hours and 30 minutes. To the reaction
mixture, ethyl acetate and diethyl-ethes were added and the mixture was
washed with water and a saturated saline solution. The organic layer was
driéd WP Boditi §Blfé‘tésan‘ﬂafﬁi?§fédwjrh€ filtPit8 was Th44 organic

cancentrated under. reduce pressure. - Eregldu e was dlsiolved in

6lt%ne/ethycl acefc’ak%e 131y and su%jec e ilica gsé?ch)Jlulon’

CW@D@W@R@@PM@@H@B iSVeRt1 @él%),tafieﬁw&@%@aéﬁr&%lbeto obtain

the 5 title compound (4.33 g, 65.5%) as a colorless viscous oil. 1H

NMR (408 tvHe 26 DCAB)8oim a0 O8(3tH e J=844l) & B3p 28K 2He m), The
1.89(2H, g, J=8 Hz), 3.90-4.06(4H, m) 4.52(2H, s), 7.42-7.48(2H, m)
7@33}@@@}Wqﬁ)q%@@oﬂygqxﬁgH ﬁﬁtane and subjected to

eleayel Saloxa 2uimeiheng %7355] SABLIELIRLOD n-

[0477] 15 A mixture of (2-ethyl-1 3 2-yi) met enzoate (4.33 g,
171@;!83’1%)/@@1@55%@@%&1304950@135&3'“61@)3111 the title

compound (3.85 g, yield: 58.9%) as colorless oil.
'H NMR (400 MHz, CDCls)dppm; 0.94(3H, t, J=8 Hz),
1.27(3H, t, J=7 Hz), 1.83(2H, g9, J=8 Hz), 2.65(2H, s),
3.89-4.03(4H, m), 4.15(2H, g, J=7 Hz).
(39b) 2-(2-ethyl-1,3-dioxolan-2-yl)ethanol

[0451]

[Formula 201]

9
N

[0452]

To a tetrahydrofuran (50 ml) suspension of
lithium aluminum hydride (800 mg, 21.1 mmol), ethyl (2-
ethyl-1,3-dioxolan-2-yl)acetate (3.85 g, 20.5 mmol) was
added under ice-cool. The mixture was stirred at room
temperature for one hour and 30 minutes and cooled on
ice. Thereafter, water (0.8 ml), a 15% aqueous sodium
hydroxide solution (0.8 ml), and water (2.4 ml) were
sequentially added to the mixture under ice cool.
Magnesium sulfate was added to the mixture and
filtrated through silica gel. The filtrate was

concentrated under reduced pressure to obtain the title
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tetrahydrofuran (50 ml), and water (20 ml) was stirred at room
temperature for 11 hours. A 5N aqueous sodium 20 hydroxide solution (2
ml) was added to the mixture, which was stirred at room temperature for 7
hours and then methanol (50 ml) was added thereto, which was stirred at
room temperature for 4 hours. The psagtion mixture was concentrated
under reduced pressure. Ethyl 25 acetate was added to the residue and
inSBIbR Afatter - 245%was ferhoved by Fitratioh: The filtrate was
conc rre ressure. The residue was_djssolved in
he%ta%r?e ﬁ%@l&anc%%t’e gct]ffdf sgﬁ@fgoc%nd toO si %g%g’l cgl’urr?n_ %h?gz dtography
(elution selvent; n Sheptane/ethy agetates2/1:A11)t0)obtaingthe itle
compound (2.35 g, 92.9%) as a colorless oil. 1H NMR(400 MHz,
CDEL3)8ppm3 0.89(3H, t, I=8HD), EHR, 160{EH4 n)p1.83,1.854H, m),
3.58(2H, d, J=6 Hz), 3.86-4.01(4H, m). 10 (42d) ,
2-((49(2-ethyl-1:3-dfoxBR2-yijrhethoxypaepy 1 1, 3—dioxolan—2-
yipyridin-2-yi)re 1) %? )-1H- imidazole ; sodium salt [0478]
[ oirrr}n%j%gf1 %%g]gﬁ%mﬁl@ 1)I(I EN % %E?%?%%sga%r%%%gcg ure as in the
steps £36)it0a (3 ©f Example Savas repeated using 4-chloro-2,3-

[0453]

[Formula 202]

RS
|

O

The same procedure as in the steps (3c) to

[0454]

(3h) of Example 3 was repeated using 4-chloro-2,3-
dimethylpyridine l-oxide and 2-(2-ethyl-1,3-dioxolan-2-
yl)ethanol to obtain the title compound (422 mg, 6
steps: 25%) as a light yellow solid.
'H NMR (400 MHz, DMSO-dg¢)dppm; 0.87(3H, t, J=8 Hz),
1.64(24, g, J=8 Hz), 2.07(2H, t, J=7 Hz), 2.17(3H, s),
3.85-3.94(4H, m), 4.09(2H, t, J=7 Hz), 4.40(1H, d, J=13
Hz), 4.80(1H, d, J=13 Hz), 6.83-6.90(2H,m), 6.94(1H, d,
J=6 Hz), 7.41-7.49(2H, m), 8.27(1lH, d, J=6 Hz).

[0455]
(Example 40) 2-(((4-((2-ethyl-1,3-dioxolan-2-

yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
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dimethyipyridine 1-oxide and (2-ethyl-1,3-dioxan-2- yi)ymethanoi to obtain
the title compound (305 mg, 6 20 steps: 9.6%) as a solid. 1H NMR(400
MHz, DMSO-d6) 8ppm; 0.83(3H, t, J=8 Hz), 1.51- 1.71(2H, m), 1.83(2H,
g, J=8 Hz), 2.15(3H, s), 3.79- 3.94(4H, m), 4.15(2H, s), 4.45(1H, d, J=13
Hz), 4.78(1H, d, J=13 Hz), 6.93-7.00{28H,-m), 7.04(1H, d, J=5 - 246 Hz),
7.45-7.52(2H, m), 8.26(1H, d, J=5 Hz). [0480] (Example 43)

2REBA 22 RTethExytREthYT-153-Hfoxolan-

2-y1)eth([)>q)ﬁ)-%- ethylpyridin-2-yi)methyl)sulfinyl)-1H- 5 benzimidazole
sodium salt [64 1] [Formula 214] Oro O O~ N N~ N Na [0482] (43a)
2-(2«4methaxymethyl)-1,3-dioxolan-2-y1)ethanol 10 [0483] [Formula 215]
CIO HO O\ [0484] The same procedure as in the step (39a) and (39b) of
Example 39 was repeated using methyl 4 0/¥\

O
N ?ﬁo\)
Ly
Na

[0457]
(40a) 2-oxobutyl acetate
[0458]

[Formula 204]

/Jko/\m/“\

O

[0459]

A mixture of l-bromobutan-2-one (10 g, 66.2
mmol), potassium acetate (7.8 g, 79.4 mmol), and N,N-
dimethylformamide (50 ml) was stirred at room
temperature for 5 days. Water was added to the
reaction mixture and extracted with diethyl ether
twice. The organic layers were combined and washed
with a saturated saline solution, dried over magnesium
sulfate, and filtrated. The filtrate was concentrated
under reduced pressure to obtain the title compound
(8.24 g) in the form of a mixture with N,N-
dimethylformamide.
'H NMR (400 MHz, CDCls)8ppm; 1.10(3H, t, J=7 Hz),

2.14(3H, s), 2.45 (2H, g, J=7 Hz), 4.66(2H, s).
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15 methoxyacetoacetate to obtain the title compound (5.3 g, 2 steps:
50%) as a colorless oil. 1H NMR(400 MHz, CDC13)8ppm; 2.01(2H, t, J=5
Hz), 2.74- 2.80(1H, br), 3.38(2H, s), 3.42(3H, s), 3.74-3.80(2H, br),
4.01-4.06(4H, m). 20 (43b) 2-(((4-(2-(2-(methoxymethyl)-1,3-dioxolan-2 -
247 - yi)ethoxy)-3-methyipyridin-2-yp)Beethyi)suifinyi)-IH- benzimidazole
sodium salt [0485] [Formula 216] N D) N~ N Na 5 [0486] The same
protealire(as - the stéps (5t) 16 OGH) of Exanipié BXwasreépeatéd using
4-chioro-@%— %m]ethyipyridine 1-oxide and 2-(2-(methoxymethyi)-1,3-
dioxolan-2- Se anoi to obtain the title compound (312 10 mg, 5 steps
3.8%)-as:adighbygllow foam. 1H NMR(400 MHz, DMSO-d6)8ppm;
2.10(2H, t, =7 Hz), 2.15(3H, s), 3.27(3H, s), 3.30(2H, s), 3.86-3.91(4H,
m), 4.09(2H, t, J=7 Hz), 4.38(11, d, J=13 Hz), 4.76(1H, d, J=13 Hz),
6.81-6.88(2H, m), 6.92(1H, d .40-7.46(2H, m), 8.26(1H, d,
J=6 Hz). (Example 44) 2-(((4-((2-(fiuororkethyi)-1,3-dioxan-2-
yi)methoxy)-3,5-dimethyipyridin-2-yi) yi)suifinyi)- 1H-benzimidazole
sodium salt - 248 -

[0461]

A mixture of 2-oxobutyl acetate (4 qg)
obtained in the step (40a), ethylene glycol (7.82 g,
126 mmol), triethyl orthoformate (3.73 g, 25.2 mmol)
and p-toluenesulfonic acid monohydrate (479 mg, 2.52
mmol) was stirred at room temperature overnight. To
the reaction mixture, water and ethyl acetate were
added, and partitioned. The aqueous layer was
extracted again with ethyl acetate. The organic layers
were combined, dried over magnesium sulfate and
filtrated. The filtrate was concentrated under reduced
pressure. The residue was dissolved in heptane-ethyl
acetate and subjected to NH silica gel column
chromatography (elution solvent: n-heptane/ethyl
acetate=20/1 —5/1) to obtain the title compound (1.4 g,
yield of 2 steps: 25%).
'H NMR (400 MHz, CDCls)dppm; 0.93(3H, t, J=7 Hz),
1.73(24H, g, Jd=7 Hz), 2.09(3H, s), 3.96-4.03(4H, m),
4.03(2H, s).
(40c) (2—-ethyl-1,3-dioxolan-2-yl)methanol

[0462]

[Formula 206]
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0487] [Formula 2171 F O OOJ N ON N Na [0488] (44a)
(2-(hydroxymethyi)-1,3-dioxan-2-yi)methyi 5 benzoate [0489] [Formula
218] O HOO JO [0490] To a pyridine (200 ml) solution of 10
dihydroxyacetone (20 g, 222 mmoi), benzoyi chloride (25.8 ml, 222 mmoi)
was added under ice-cool, which-wasgi cstirred at room temperature for 4
hours. The reaction mixture was concentrated under reduced pressure

and ethyl acetate and water were.added to dissolve it. The 15 organic
layer was taken out and the aHQe%éséij&er was extracted with ethyl
acetate. The organic layers were cambined, washed with a saturated
saline solution, dried over magnesium sulfate, and filtrated. The filtrate
was concentrated under reduced pressure. The - 249 residue was
suspendéd4n hitheptane/ethyl acetate (1/1)

A mixture of methyl (2-ethyl-1,3-dioxolan-2-
yl) acetate (1.39 g, 7.94 mmol), potassium carbonate
(2.19 g, 15.9 mmol), tetrahydrofuran (20 ml) and water
(10 ml) was stirred at room temperature for 6 hours and
50 minutes. The reaction mixture was concentrated
under reduced pressure, ethyl acetate was added to the
residue, which was subjected to NH silica gel pad
filtration. The filtrate was concentrated under
reduced pressure to obtain the title compound (0.75 g,
71.5%) as colorless oil.

'H NMR (400 MHz, CDCls)dppm; 0.93(3H, t, J=8 Hz),
1.71(24, g, J=8 Hz), 1.95-2.03(1H, br), 3.53(2H, d, J=4
Hz), 3.96-4.06(4H, m).
(40d) 2-(((4-((2-ethyl-1,3-dioxolan-2-yl)methoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole
sodium salt

[0464]

[Formula 207]

Cop s
Na

[0465]

The same procedure as in the steps (3c) to



and insoluble matter was removed by filtration. The filtrate was
concentrated and dissolved in ethyl acetate. Silica gel was added to the
resultant 5 solution, which was concentrated, and subjected to silica gel
column chromatography (elution solvent: n- heptane/ethyl
acetate=3/1-*2/1-*1/1-*0/1) to obtairz @1 mixture (16.5 g) containing
3-hydroxy-2-oxopropyi benzoate, as a white solid. 10 A mixture of the

mixtiire @5 ¥ eBRtatidg @ﬁyé@?%@%ﬂ%bﬂ%éﬁz@&%@r 0=2,3-
1,3-propanedioi (0,932 ml, 12.9. mmol), triethyj orthoformate, (0.428 ml,
R e e A e 03347

mmohywas stigedal repmdemperature ford days, o1 Anethes mixture

consisting of the mixture (4 g) containing 3-hydroxy-2-oxopropyi benzoate,
1,3t propariedici (7 46 ml, 1213 mmol},itdethyi orthoformate (3.42 ml, 20.6
mmol), and p-toluenesulfonic aci onohydrate (356 mg, 1.87 mmol) was

5 stiffel"at 46226 6¢ermight O \ﬁ@)%%lrg:%n Qni&_tué were cOmbined, water
and ethy} acetate wege added,,and,the. organic '%Y%W"l’%s éﬁg‘i@h?; ”)T he

organic layer was dried over magnesium sulfate and filtrate trate

was gencentrated under redyced presseireizhhe resigtue1was gdissolvesl in
25 n-heptane/ethyl acetate (2/1) and toluene and subjected to silica gel

colamn éhr8matographyi (elutien seRént: Hn-héptaledethy) acetate:3/2) to
obtain the title compound (4.2 %) §§8 IP—IIZI\)IMR(4OO MHz, CDC13)8ppm;

1.58%7.04[oH Ty, F72RH

10 [0466]
(Example 41) 2-(((4-(2-(2-ethyl-1,3-dioxolan-2-
yl)ethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-4-
methyl-1H-benzimidazole sodium salt
[0467]

15 [Formula 208]

[0468]
The same procedure as in the step (39c) was
repeated using 4-chloro-2,3-dimethylpyridine l-oxide
and 2—-(2-ethyl-1,3-dioxolan-2-yl)ethanol except that 4-
20 methyl-1H-benzimidazole-2-thiol obtained in the step
(54a) of Example 54 was used instead of 2-

mercaptobenzimidazole in the step (39c) of Example 39
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s), 3.92-3.99(2H, m), 4.05-4.13(2H, m), 4.66(2H, s), 7.41-7.48(2H, m),
7.56-7.60(1H, m), 8.02-8.07(2H, m). (44b)
(2-(fluoromethyl)-1,3-dioxan-2-yi)methyl benzoate 5 [0491] [Formula 219]
O FOO I\ 0492] To a toluene (100 ml) solution of (2-
(hydroxymethyl)-1,3-dioxan-2-yi)mettayl benzoate (4.76 10 g, 18.8 mmol),
1,8- dlazablcyclo% 5.4.0Junedec-7-ene (8.43 ml, 56.4 mmol) was added,
cotle@oRade ah enéﬁéf%r@@%%fé%ul%ﬁ)g chforide Btoeml, 28/2) as
mmol%‘ s added. The mixture was stirred under ice- cool for 15 minutes,
and a ﬁgé for 3 %ours and 15 further stirred at room temperature for 8
days nMre 488ctian.mixiueowas)Seracted by adding watesandgethyl
acetate. The organic layer was washed with a saturated saline solution,
died gveiimagnesiam Bulfate? and filtFated thrdaghisilica gel land@thens) ,
20 the filtrate was concentrated. The residue was subjected thce to S|I|ca

gél cotumif chfdmatbfdphy 1é10fi8n sBivent: M Héptanelethyl="

acety 14141) tg, otajnythe title compoynd (2,22 g. yield; ; éﬁ 4%0)631% @
NMR 50 MH2. ' CDCT3)8pprh: 1.63-1. 7A(1H. /M) 1.89 - 51 2.0T(AM. W

39374.82(2H,9m); #(Q5+4. Jt3,(ZbLm)H24)56(@H9 d( 3847 &z) 74-66(2H,,d,
J=2 Hz), 7.42- 7.48(2H, m), 7.54-7.61(1H, m), 8.03-8.08(2H, m).
7.24(1H, d, J=8 Hz), 8.25(1H, d, J=6 Hz).
[0469]
(Example 42) 2-(((4-((2-ethyl-1,3-dioxan—-2-yl)methoxy)—
3-methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole
sodium salt

[0470]

[Formula 209]
5 1 X
D
@Er\?— SN
Na

(42a) 2-oxobutyl benzoate

[0471]

[0472]

[Formula 210]
O/\ﬂ/\
[ :] 6]

A mixture of l-bromobutan-2-one (7.2 g, 47.7

[0473]

mmol), sodium benzoate (7.56 g, 52.4 mmol), and N,N-
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(44c) (2-(fluoromethyi)-1,3-dioxan-2-yi)methanoi 5 [0493] [Formula 220] F
->0 H 0494] A mixture of (2-(fluoromethyi)-1,3-dioxan-2- yi)methyi
benzoate (2.22 g, 8.73 mmol), methanol (20 10 ml) and a 1N-aqueous
sodium hydroxide solution (13.1 ml) was stirred at room temperature
overnight. Ammonium chloride wasadded to the reaction mixture, which
was concentrated. The residue was suspended in tetrahydrofuran and
ethylaéératel aRdaRén Maghesiim 15%sulfate- WasAddled dtthe mixture

was stirred for 5 minutes. After NH silica gel filtration was performed, , the
LS B chGemthied 1t T8 61 COTMLCHRT (1 10 5. 8 e

agolorless diguids 1HNMR(400 MIHZ ;GRE1I3IBRIM; 168l {2k dN)as
1.85- 20 1.96(1H, m), 3.71(2H, d, J=3 Hz), 3.94-4.05(4H, m), 4.57(2H, d,
Juds k) (44dn2«Ea<2-fhubremethyijcd Bediogan-2ne solution,
yiymethoxy)-3,5-dimethyipyridin-2-yi)methyi)suifinyi)- 1H-benzimidazole
sOditAfsalt’ 3532 8RS [EBrmbla 22 F S J o ©tadeo N Ne

filtrate was concentrated under reduced pressure to
obtain the title compound (9.5 g, quantitatively) as a
light brown oil.
'H NMR (400 MHz, CDCls)dppm; 1.13(3H, t, J=7 Hz),
2.54(2H, g9, J=7 Hz), 4.89(2H, s), 7.43-7.49(2H, m),
7.57-7.62(1H, m), 8.08-8.12(2H, m).
(42b) (2-ethyl-1,3-dioxan-2-yl)methyl benzoate

[0474]

[Formula 211]

[0475]

A mixture of 2-oxobutyl benzoate (5 g, 26
mmol), 1,3-propanediol (5.94 g, 78 mmol), triethyl
orthoformate (3.85 g, 26 mmol) and p-toluenesulfonic
acid monohydrate (448 mg, 2.36 mmol) was stirred at
room temperature for 3 hours and 30 minutes. To the
reaction mixture, ethyl acetate and diethyl ether were
added and the mixture was washed with water and a
saturated saline solution. The organic layer was dried

over sodium sulfate and filtrated. The filtrate was
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Na [0496] The same procedure as in the steps (Ic) to 5 (Ig) of Example 1
was repeated using 4-chloro-2,3,5- trimethyipyridine 1-oxide and
(2-(fiuoromethyi)-1,3- dioxan-2-yi)methanoi to obtain the title compound
(331 mg, 5 steps: 12%) as a yellow solid. 1H NMR(400 MHz,
DMSO-d6)8ppm; 1.61-1.74(2H, m),2422(3H, 10 s), 2.25(3H, s),
3.86-3.95(4H, m), 3.96(2H, s), 4.41(1H, t, J=13 Hz), 4.64(2H, d, J=47
HEPREPBAFR B D=21348%), BSB1L6 BB (PH S UF.39-7.46@ H. $i)t BE1 (TRS

) J04911 15 (Exemple 49) 2 (G- uoromety) sgigiongs .

yi)methoxy)-3-methyipyridin- hyi swﬁany nzimidazole

sedjumsalti[0498] dEarmua g22] O-eh ANJY Na 253« 0499} £452)
(2-(fluoromethyl)-1,3-dioxolan-2-yi)ymethanol [0500] [Formula 223] F",OH
solvent: n—heptane/ethyl acetate=12/1) to obtain the
title compound (4.33 g, 65.5%) as a colorless viscous
oil.
'H NMR (400 MHz, CDCls)8ppm; 0.98(3H, t, J=8 Hz), 1.63-
1.87(2H, m), 1.89(2H, g, J=8 Hz), 3.90-4.06(4H, m),
4.52(2H, s), 7.42-7.48(2H, m), 7.54-7.60(1H, m), 8.06-
8.09(2H, m).
(42c) (2—ethyl-1,3-dioxan-2-yl)methanol
[0476]

[Formula 212]

HO™ ><

[0477]

A mixture of (2-ethyl-1,3-dioxan-2-yl)methyl
benzoate (4.33 g, 17.3 mmol), potassium carbonate (4.95
g, 35.9 mmol),
tetrahydrofuran (50 ml), and water (20 ml) was stirred
at room temperature for 11 hours. A 5N agueous sodium
hydroxide solution (2 ml) was added to the mixture,
which was stirred at room temperature for 7 hours and
then methanol (50 ml) was added thereto, which was
stirred at room temperature for 4 hours. The reaction
mixture was concentrated under reduced pressure. Ethyl

acetate was added to the residue and insoluble matter
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O 5[0501] The same procedure as in the steps (44a) to (44c) using
dihydroxyacetone except that ethylene glycol was used instead of
1,3-propanediol used in Example 44 to obtain the title compound (543
mg, total 10 yield: 13.8%). 1H NMR(400 MHz, CDC13)8ppm;
1.70-1.82(1H, br), 3.66(2H, d, J=2 Bz}, 4.06(4H, s), 4.37(2H, d, J=47 Hz).
(45b) 2-(((4-((2-(fluoromethyl)-1,3-dioxolan-2-

y1)ifeth6RP V3:thethy|pyridin F-yimethyh2alfifyh-2rH 8 Béfzimidazole
sodum.salt [0502) (Formula 2241.0.F - N OL) N N Na 05051 The same
procedure as In the steps (fc% 0 f(?(.’ﬁ'ﬁ ot Xample 3 was repealfed
using ¢-ahjeep-2:3 dimethylpyridine 1-axide and (2(Hueremetbylyd, 3 254
- dioxolan-2-yl)methanol to obtain the title compound (140 mg, 6 steps
8.29%)iazadight yellownsolich A¢inNMRASOHWHZ eDMSOd6383prapt : n—
2.20(3H, s), 3.95-4.05(4H, m), 4.10(2H, d, J=2 Hz), 4.38(1H, d, J=13 Hz),
ADBIAPS/ & TR KHS ABRTA! 473213 HZ 06 8256:88(2H ), B-I6(1H,

d’c%?n%'é'&)ig"?(%?f%@(glﬁ’ g‘)’. @%2)7(%'31 g’ ‘]c=0610rless oil.
'H NMR (400 MHz, CDCls)dppm; 0.89(3H, t, J=8 Hz), 1.52-
1.60(1H, m), 1.83-1.95(4H, m), 3.58(2H, d, J=6 Hz),
3.86-4.01(4H, m).
(42d) 2-(((4-((2-ethyl-1,3-dioxan-2-yl)methoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole
sodium salt
[0478]

[Formula 213]
07 o<
e
N
C[N>— N
Na

The same procedure as in the steps (3c) to

[0479]

(3h) of Example 3 was repeated using 4-chloro-2,3-
dimethylpyridine l-oxide and (2-ethyl-1,3-dioxan-2-
yl)methanol to obtain the title compound (305 mg, 6
steps: 9.6%) as a solid.

'H NMR (400 MHz, DMSO-dg)dppm; 0.83(3H, t, J=8 Hz), 1.51-
1.71(2H, m), 1.83(2H, g, J=8 Hz), 2.15(3H, s), 3.79-
3.94(4H, m), 4.15(2H, s), 4.45(1H, d, J=13 Hz),

4.78 (14, 4, J=13 Hz), 6.93-7.00(2H, m), 7.04(1H, d, J=5



Hz). [0504] (Example 46) 2-(((4-((5,5-difluoro-1,3-dioxan-2 10
yl)methoxy)-3-methyipyridin-2-yi)methyi)suifinyi)-IH- benzimidazole
sodium salt [0505] [Formula 225] 0-'Y OF ~~ NO F'N N Na 0506] 15
(46a) 2,2-difluoropropane-1,3-diyi diacetate 0507] [Formula 226] 101 O
FFO-k [0508] A mixture of 2-oxopropane-1,3-diyl diacetate 20 (10.6 g,
60.8 mmol) and diethylaminosulfur trifluoride (24.2 ml, 182 mmol) was

stitféd at’'robrm temperaturetor - 855 04 d8ys.rhe’reactién mixture was

i (%Blﬂ acetate, which was cooled on ice, and then a saturated
rbo

diluted vt\;ﬂt(p ’
sodium bica ate solution was added and the organic layer was taken

oytz Theorganig jayer wasswashed 5 twicenwith water, dried oves s oxolan-

magnesium sulfate and filtrated. The filtrate was concentrated under

redugétlethoxy) -3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
5 benzimidazole sodium salt

[0481]

[Formula 214]

M

O
O/\£i><v/
4§ 0
Lyt
Na

SN

[0482]
(43a) 2-(2-(methoxymethyl)-1,3-dioxolan-2-yl)ethanol
10 [0483]

[Formula 215]
/\()X/O
HO ~

[0484]
The same procedure as in the step (3%9a) and

(39b) of Example 39 was repeated using methyl 4-

15 methoxyacetoacetate to obtain the title compound (5.3
g, 2 steps: 50%) as a colorless oil.
'H NMR (400 MHz, CDCls)dppm; 2.01(2H, t, J=5 Hz), 2.74-
2.80(1H, br), 3.38(2H, s), 3.42(3H, s), 3.74-3.80(2H,
br), 4.01-4.06(4H, m).

20  (43b) 2-(((4-(2-(2- (methoxymethyl)-1,3-dioxolan-2-
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15

pressure to obtain the title compound (10.92 g, 91.6%). 1H NMR(400
MHz, CDC13) 8ppm; 2.13(6H, s), 4.35(4H, t, J=12 Hz). 10 (46b)
2,2-difluoropropane-1,3-diol [0509] [Formula 227] HO -><OH [0510] A
mixture of 2,2-difluoropropane-1,3-diyl 15 diacetate (10.9 g, 55.7 mmol),
methanol (300 ml), and a 28% sodiuny methoxide methanol solution (32.2
g, 167 mmol) was stirred at room temperature for 2 hours. DOWEX
5OWLR8REH0-200 TEsH H Forff)dtas ddded Rethey teactibhimikiure 6
a%jgrsltng .t% S. The rgg( ure was gg filtrated and the filtrate was
concentrated. 10 the re3|&11ue,ste rahydrofuran and ethyl acetate were
added to gligsglve it. The solution was dried over magnesium sulfate and
filtrated, and then the filtrate was concentrated. The residue was dissolved
inléthyh8 acetatel and filtrated through glass fiber filter paper. - 256 The
filtrate was concentrated under reduced pressure to obtain the title
compound (5.3 g, 84.9%). 1H NMR(400 MHz; TRC13)8ppm;
2.07-2.20(2H, br), 3.92(4H, dt, J=1, 12 Hz), 9446¢)
2-((benzyloxy)methyl)-5,5-difluoro-1,3-di@xané [0511]{Formula 228] Oo

@[N\>—§ 4
N N
Na
[0486]

The same procedure as in the steps (5d) to
(5h) of Example 5 was repeated using 4-chloro-2,3-
dimethylpyridine l-oxide and 2-(2-(methoxymethyl)-1,3-
dioxolan-2-yl)ethanol to obtain the title compound (312
mg, 5 steps 3.9%) as a light yellow foam.
'H NMR (400 MHz, DMSO-dg¢)dppm; 2.10(2H, t, J=7 Hz),
2.15(3H, s), 3.27(3H, s), 3.30(2H, s), 3.86-3.91(4H,
m), 4.09(2H, t, J=7 Hz), 4.38(1lH, d, J=13 Hz), 4.76(1lH,
d, J=13 Hz), 6.81-6.88(2H, m), 6.92(1lH, d, J=6 Hz),
7.40-7.46(2H, m), 8.26(1H, d, J=6 Hz).
(Example 44) 2-(((4-((2-(fluoromethyl)-1,3-dioxan-2-
yl)methoxy) -3, 5-dimethylpyridin-2-yl)methyl)sulfinyl) -

l1H-benzimidazole sodium salt
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O F F [0512] A mixture of 2,2-difluoropropane-1,3-diol (1 10 g, 8.9
mmol), benzyloxyacetaldehyde (1.34 g, 8.9 mmol), p-toluenesulfonic acid
monohydrate (154 mg, 0.81 mmol) and toluene (20 ml) was heated under
reflux by a condenser equipped with a Dean-Stark apparatus for one

hour. The resultant mixture was stirpetiatroom 15 temperature overnight
and then the reaction mixture was concentrated under reduced pressure.
The residd¢ Was dissolved in ethyl acetate and silica gel was added
thFEr;et](_gmHg r?siu}fnt mixture was concentrated to dryness and subjected
to'sifica gel column 20 chromatography (elution solvent: n-heptane/ethyl
acetate=10/1) to obtain the title compound (930 mg, 42.8%). 1H
NMR(400 MHz, CDC13)8ppm; 3.61(2H, d, J£5 , 3.75- 3.88(2H, m),
4.13-4.22(2H, m), 4.61(2H, s), 4.76(1H, t, /zgé - J¥5 Hz), 7.21-7.40(5H,
m). (46d) (5,5-difluoro-1,3-dioxan-2-yi)metiandP<40513] [Formula 229] HO :
FOF =

N>—§ X |
N N
Na

[0488]

(44a) (2-(hydroxymethyl)-1,3-dioxan-2-yl)methyl

benzoate

[0489]

[Formula 218]

o)

Ho/o><o\o)j\©
L

[0490]

To a pyridine (200 ml) solution of
dihydroxyacetone (20 g, 222 mmol), benzoyl chloride
(25.8 ml, 222 mmol) was added under ice-cool, which was
stirred at room temperature for 4 hours. The reaction
mixture was concentrated under reduced pressure and
ethyl acetate and water were added to dissolve it. The
organic layer was taken out and the aqueous layer was
extracted with ethyl acetate. The organic layers were
combined, washed with a saturated saline solution,
dried over magnesium sulfate, and filtrated. The

filtrate was concentrated under reduced pressure. The
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5 [0514] A mixture of 2-((benzyloxy)methyl)-5,5- difluoro-1,3-dioxane (930
mg, 3.81 mmol), 20% palladium hydroxide (353 mg), and ethyl acetate
(30 ml) was stirred in a hydrogen atmosphere at room temperature 10 for
4 hours and 25 minutes. The reaction mixture was filtrated and the filtrate
was concentrated under reduced ppessure to obtain the title compound
(572 mg, 97.4%) as a colorless oil. 1H NMR(400 MHz, CDC13)8ppm;
3TREAAVE, JEEHEY P53 D0(ZH DR A 16 LE2B(2H, H0e BB LHL L, 1)

_dif d h
ey By et a1 be s aie. Soautr it (0515

me?hylpyn me h 4zole” sddium sal

26 [hermuda 23050 QLEnOQFN N Na {0318 1258 Thesame

procedure as in the steps (Ic) to (Ig) of Example 1 was repeated using
4higrei3- difethylpyrdihe dasxidddnd (5b-diflaorce £u3-dioxan-

2-yl)methanol to obtain the title compound (375 mg, 55 steps 22 7%) as
a Srhitatpciider BHAIMIREE06 MIE IO MBE:d6)8pt: 22

499?%8?“%%1 column chromatography (elution solvent: n-
heptane/ethyl acetate=3/1—2/1—1/1—-0/1) to obtain a
mixture (16.5 g) containing 3-hydroxy-2-oxopropyl
benzoate, as a white solid.

A mixture of the mixture (0.5 g) containing
3-hydroxy-2-oxopropyl benzoate, 1,3-propanediol (0.932
ml, 12.9 mmol), triethyl orthoformate (0.428 ml, 2.58
mmol), and p-toluenesulfonic acid monohydrate (44.5 mg,
0.234 mmol) was stirred at room temperature for 4 days.
Another mixture consisting of the mixture (4 g)
containing 3-hydroxy-2-oxopropyl benzoate, 1,3-
propanediol (7.46 ml, 12.9 mmol), triethyl orthoformate
(3.42 ml, 20.6 mmol), and p-toluenesulfonic acid
monohydrate (356 mg, 1.87 mmol) was stirred at 40°C
overnight. Two reaction mixtures were combined, water

and ethyl acetate were added, and the organic layer was

taken out. The organic layer was dried over magnesium
sulfate and filtrated. The filtrate was concentrated
under reduced pressure. The residue was dissolved in

n-heptane/ethyl acetate (2/1) and toluene and subjected
to silica gel column chromatography (elution solvent:
n-heptane/ethyl acetate=3/2) to obtain the title

compound (4.2 g).
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m), 4.38(1H, d, J=13 Hz), 4.83(1H, d, J=13 Hz), 5.17(1H, t, J=4 Hz),
6.81-6.87(2H, m), 6.96(1H, d, J=6 Hz), 7.39-7.45(2H, m), 8.27(1H, d, J=6
Hz). 10 (Example 47) 2-(((4-(2-(2,2-dimethyl-1,3-dioxolan-4-
yl)ethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-5-
methyl-1H-benzimidazole sodium salt {0517] [Formula 231]OjO N O \}-
S, Na 15 [0518] (47a) 5-methyl-1H-benzimidazole-2-thiol [0519] [Formula
239] NMRSAL N i D5 20p S bR P80 arkinoC4-AitfAdIBne (6 3 G, 4124 2H,
259 mmol).a % palladium carhon, (9 ) were sys in

me Hang]ol 0_%1)%%&3 [%ﬁe %Sl%tué'vfe/%% flst'irf:e?érzllr%f a Wygdro%é%e%q moépﬁ’él’e
foy 3shours 4 Bhe reactipn vessel wascpurged with nitrogers and gpgatalyst
was removed by 5 filtration and washed with ethanol. To the reaction

(44b) (2-(fluoromethyl)-1,3-dioxan-2-yl)methyl benzoate

[0491]

[Formula 219]

[0492]

To a toluene (100 ml) solution of (2-
(hydroxymethyl) -1, 3-dioxan-2-yl)methyl benzoate (4.76
g, 18.8 mmol), 1,8-diazabicyclo[5.4.0]unedec-7-ene
(8.43 ml, 56.4 mmol) was added, cooled on ice and
nonafluoro-l-butanesulfonyl chloride (5.06 ml, 28.2
mmol) was added. The mixture was stirred under ice-
cool for 15 minutes, and at 40°C for 20 hours, and
further stirred at room temperature for 8 days. The
reaction mixture was extracted by adding water and
ethyl acetate. The organic layer was washed with a
saturated saline solution, dried over magnesium
sulfate, and filtrated through silica gel, and then,
the filtrate was concentrated. The residue was
subjected twice to silica gel column chromatography
(elution solvent: n-heptane/ethyl acetate=4/1) to
obtain the title compound (2.22 g, yield: 46.4%).

'H NMR (400 MHz, CDCls)®ppm; 1.63-1.74(1H, m),1.89-



mixture, carbon disulfide (20 ml) was added and the mixture was stirred
at room temperature for 5 days. After the reaction mixture was
concentrated, diethyl ether was added to the residue. The generated solid
10 was collected by filtration to obtain the title compound (6.1 g, yield:
89.7%) was obtained as a light yellpwiselid. 1H NMR(400 MHz,
DMSO-d6)8ppm; 2.33(3H, s), 6.90-6.93(2H, m), 7.00(1H, d, J=8 Hz). 15
[0529] (4b) zn(>((4 - ?ﬁz%i&étwlbl RNdioxdldhg-4 - 13 (2H, m),

ylet - p d yI) g Ifinyl)-5- eﬁ I-IH-benzjmidazole
sc%ldlgrgn)%%ﬁ {0 22 %ﬁ L5 R G S e K quga 0523]
The @@mapr%wum.@slmvth@lstqm@ (le)to fopotExamplesl was.
repeated using 5-methyl-1H - 260 benzimidazole-2-thioi (309 mg, 1.88
mrgly obtaedtihu theostepl(d 7a)-and (4+{2(2,2-dimethyrd { 3-aioxblan-4-

iyeth -3-methyipyridin-2-yl)ymethanoi (501 mg, 1.88
. yi)e oxy[)04gn3e] yipyridin-2-yl)methanoi ( mg

10

15

20

[Formula 220]

[0494]

A mixture of (2-(fluoromethyl)-1,3-dioxan-2-
yl)methyl benzoate (2.22 g, 8.73 mmol), methanol (20
ml) and a 1N-agueous sodium hydroxide solution (13.1
ml) was stirred at room temperature overnight.
Ammonium chloride was added to the reaction mixture,
which was concentrated. The residue was suspended in
tetrahydrofuran and ethyl acetate, and then magnesium
sulfate was added and the mixture was stirred for 5
minutes. After NH silica gel filtration was performed,
the filtrate was concentrated to obtain the title
compound (1.17 g, 89.3%) as a colorless liquid.
'H NMR (400 MHz, CDCls)dppm; 1.65-1.75(1H, m), 1.85-
1.96(1H, m), 3.71(2H, d, J=3 Hz), 3.94-4.05(4H, m),
4.57(2H, d, J=47 Hz).
(44d) 2—-(((4-((2-(fluoromethyl)-1,3-dioxan-2-
yl)methoxy) -3, 5-dimethylpyridin-2-yl)methyl)sulfinyl) -

l1H-benzimidazole sodium salt



5

10

15

mmol) to obtain the title compound (118 mg) as a white 5 solid. Note that
the operation of solidifying the title compound was performed as follows.
Ether was added to the residue and ultrasonic wave was applied to the
resultant mixture. The obtained suspension solution was allowed to stand
and then the supernatant 10 was-repgoved. These operations were
repeated twice. The resultant precipitate was subjected to aspiration to
dryness & 6Btain the title compound. 1H NMR(400 MHz, DMSO-d6)8ppm:;

ég% iﬁl 2’?{ H, s), 1.96-2.04(2H, m), 2.18(3H, s), 2.36(3H, s),

%t Hz), 4.04-4.14(3H, m), 4.21-4.26(1H, m), 4.37(1H, dd,

J=4, 13 Hz), 4.80(1H, dd, J=2, 13 Hz), 6.68(1H, d, J=8 Hz), 6.92(1H, d,
J=6 Hz), 7.22(1H, s), 7.31(1H, d, J=8 Hz)\ $228(1H, d, J=6 Hz). [0524] 20
(Example 48) 2-(((4-((2,2-dimethyi-1,3(-) i
yi)methoxy)-3-methyipyridin-2-yi)methyi)sulfinyi)-4-
methoxy-1H-benzimid .\ eNsochu t19525] [Formula 2341 N O N Na
261 - 0526] (48a) 4 y}#é e 'N' azole-2-thiol [0527] [Formula
235] N

Na

[0496]
The same procedure as in the steps (lc) to

(lg) of Example 1 was repeated using 4-chloro-2,3,5-
trimethylpyridine l-oxide and (2-(fluoromethyl)-1,3-
dioxan-2-yl)methanol to obtain the title compound (331
mg, 5 steps: 12%) as a yellow solid.
'H NMR (400 MHz, DMSO-dg)dppm; 1.61-1.74(2H, m), 2.22(3H,
s), 2.25(3H, s), 3.86-3.95(4H, m), 3.96(2H, s),
4.41 (14, t, J=13 Hz), 4.64(2H, d, J=47 Hz), 4.75(1H, d,
J=13 Hz), 6.81-6.88(2H, m), 7.39-7.46(2H, m), 8.21(1H,
sS) .

[0497]
(Example 45) 2-(((4-((2-(fluoromethyl)-1,3-dioxolan-2-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0498]

[Formula 222]

0 <LoF
y g0
Lyt
Na
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O \~-SH 6 CNN H 5[0528] A mixture of 2-methoxy-6-nitroaniline (1 g,
5.95 mmol), 10% palladium carbon (300 mg) and methanol (25 ml) was
stirred in a hydrogen atmosphere for 4 hours. The reaction vessel was
purged with nitrogen 10 and a catalyst was removed by filtration. To the
reaction mixture, carbon disulfide-(1&sml)-was added and the mixture was
stirred at room temperature overnight. Triethylamine (1 ml) was added to
the reactioh*ikture, which was stirred at 50C for 3 hours. 15 After the

reaction mixture was concentrated, methanol (2 ml).an 2iet | ether (20
m )vaglgL egédeﬁtoﬂﬁgo%%?ﬁgei ﬁle%engelrgt}é% s‘ﬁjlorﬁd2wai}sj'L olfectéd’ By
filtration t@ ght@jn the title compound (950 mg, yield: 88.6%) as a light
orange solid. 20 'H NMR(400 MHz, DMSO-d6)8ppm; 3.86(3H, s),
6.7a¢kAud,aJ28 Hz), 6.75(1H, d, J=8 Hz), 7.05(1H, t, J=8 Hz). [0529]
(48b) 2-(((4-((2,2-dimethyi-1,3-dioxan-5-yi)methoxy)-3-
methyipyridin-2-yi)methyi) suifinyi)-4-methoxy-IH - 262 - benzimidazole
sodium salt [0530] [Formulézzg\/Jo OH

[0501]
The same procedure as in the steps (44a) to

(44c) using dihydroxyacetone except that ethylene
glycol was used instead of 1,3-propanediol used in
Example 44 to obtain the title compound (543 mg, total
yield: 13.8%).
'H NMR (400 MHz, CDCls)dppm; 1.70-1.82(1H, br), 3.66(2H,
d, J=2 Hz), 4.06(4H, s), 4.37(2H, d, J=47 Hz).
(45b) 2—-(((4-((2-(fluoromethyl)-1,3-dioxolan-2-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0502]

[Formula 224]
0 Lo F
O\/)
N @ //|
©iN>— SN
Na

The same procedure as in the steps (3c) to

[0503]

(3h) of Example 3 was repeated using 4-chloro-2,3-

dimethylpyridine l-oxide and (2-(fluoromethyl)-1,3-



O O~-COK /N O\>-S N Na|[0531] 5 The same procedure as in the
steps (le) to (Ig) of Example 1 was repeated using 4-methoxy-1H-
benzimidazole-2-thiol (260 mg, 1.44 mmol) obtained in accordance with
the method of the step (48a) and (4-
((2,2-dimethyl-1,3-dioxan-5-yl)methegy)-3 10 methylpyridin-2-yl)methanol

(350 mg, 1.31 mmol) to obtain the title compound (326 mg) as a white
s6lieP XPH NMR 200 Wi“@méot%)oéﬁﬁﬁnl 8BEH i)l ¢. 3%?3]9%“?6

3 @@%%éli%nl]? 4m£25’(2§0 Hﬁ ‘?? Y, 5116 %és(?(ﬁfg ‘533”_%’8 zsj1 4.83(1H,

d} d=13ikz).00- 33, bmdeB l2)sEpit{1H. & e 2)s 6,94 1dsd 1= (41,
Hz), 7.05(1H, d, J=8 Hz), 8.27(1H, d, J=6 Hz). [0532] (Example 49)

2:00(4-((5,5Wimethyd-1,3dibxani2 28 . 38 (1H, d, J 13 Hz), 4.48(2H,
yl)methoxy)-3,5-dimeth r|d|n 2-yl)methyl sulfln

> SC%lefIﬂo?'o éltﬂ/f) 1ZH %XE\ hzitid4zol 36& éalt 2%3% Q)S%%](ﬁi'brrﬁ‘ﬂﬂa

2%”9@{19(35: 6 Hz), 7.39-7.46(2H, m), 8.27(1H, d, J=6
Hz) .
[0504]
(Example 46) 2—-(((4-((5,5-difluoro-1,3-dioxan-2-
10 yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt
[0505]

[Formula 225]

oY °
0
g0
©iN>_ NN
Na

[0506]
15 (46a) 2,2-difluoropropane-1,3-diyl diacetate
[0507]

[Formula 226]

[0508]
A mixture of 2-oxopropane-1,3-diyl diacetate
20 (10.6 g, 60.8 mmol) and diethylaminosulfur trifluoride

(24.2 ml, 182 mmol) was stirred at room temperature for
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N SN Na [0534] (49a) 5-(trifluoromethyi)-IH-benzimidazole-2-thioi 5
[0535] [Formula238] F FFN ,> SH N H 0536] A mixture of
4-amino-3-nitrobenztrifluoride (7 g, 34 mmol), 10% palladium carbon (1.3
g) and 10 methanol (70 ml) was stirred in a hydrogen atmosphere for 5
hours. The reaction vessel was purged with nitrogen and a catalyst was
removed by filtration. To the reaction mixture, carbon disulfide (30 ml)
whs added andhthe RblireoWad Stired at fosmdemperaturel 15 ovéthight,
argld(te edgafter t@e action mlxtgre was cloncentra Methanol (thura
carbon disulfide iﬁjﬁ ml? na(frlet%ylamlne ?fB ma\flwere 8ddéd t'

residue,andthe Mixiie wasstisred-al 530G overightaAlier: ke sagtionc
mixture was concentrated, the residue was 20 purified by silica gel column
chramatography dsitica o264 géliRO0g,celution $elyent: etwy| agetatel
heptane=1/3-4 7/3. When Ethyl acetate/heptane=7/3, a
twice with water, dried over magnesium sulfate and
filtrated. The filtrate was concentrated under reduced
pressure to obtain the title compound (10.92 g, 91.6%).
'H NMR (400 MHz, CDCls)dppm; 2.13(6H, s), 4.35(4H, t,
J=12 Hz).
(46b) 2,2-difluoropropane-1,3-diol
[0509]

[Formula 227]
HO™><“OH

[0510]

A mixture of 2,2-difluoropropane-1,3-diyl
diacetate (10.9 g, 55.7 mmol), methanol (300 ml), and a
28% sodium methoxide methanol solution (32.2 g, 167
mmol) was stirred at room temperature for 2 hours.
DOWEX 50W-X8 (100-200 mesh, H form) was added to the
reaction mixture to adjust pH to 5. The mixture was
filtrated and the filtrate was concentrated. To the
residue, tetrahydrofuran and ethyl acetate were added
to dissolve it. The solution was dried over magnesium
sulfate and filtrated, and then the filtrate was
concentrated. The residue was dissolved in ethyl

acetate and filtrated through glass fiber filter paper.
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little amount of methanol was added to the elution solvent) to obtain the
title compound (5.3 g, yield: 5 71.4%) as a white solid. 1H NMR(400 MHz,
DMSO-d6)8ppm; 7.29(1H, d, J=8 Hz), 7.35(1H, s), 7.45(1H, d, J=8 Hz),
12.86(1H, br s). [0537] (49b)
2-(((4-((5,5-dimethyi-1,3-dioxan-2-ypswthoxy)- 10
3,5-dimethyipyridin-2-yi)methyi)suifinyi)-5-
(trifiForbmetAyif-E Hueh itz Ble- Sodidm SHIEfO538 P fEGiia 2391 bR O
FOOF~"N~ SZ7~N NNa [0539] 15 The same prqcedure as in the
st%%g Te) totNk?g)% xample. ov[\;élg re %e'a ed Usai%% 59 9
(triflugsemethyi) -benzimidazaier;thiol (13% mes @626 mamol) pbsained,
by the method of the step (49a) and
(45,5 dimethyi-T 3)dioxan-2-yi)methoxy)-3,5 20
dimeth){ip ridin-2-yi)methanoi (176 mg, 0.626 mmol) to obtain the title

u

cdmpBUind (104 RigT W AN Yelldw solid> Nbté thawhen thetitecane
compouqq) Was, solidified, heptane (10 ml) and diethyl ether (2 ml) - 265

[Formula 228]

[0512]

A mixture of 2,2-difluoropropane-1,3-diol (1
g, 8.9 mmol), benzyloxyacetaldehyde (1.34 g, 8.9 mmol),
p-toluenesulfonic acid monohydrate (154 mg, 0.81 mmol)
and toluene (20 ml) was heated under reflux by a
condenser equipped with a Dean-Stark apparatus for one
hour. The resultant mixture was stirred at room
temperature overnight and then the reaction mixture was
concentrated under reduced pressure. The residue was
dissolved in ethyl acetate and silica gel was added
thereto. The resultant mixture was concentrated to
dryness and subjected to silica gel column
chromatography (elution solvent: n-heptane/ethyl
acetate=10/1) to obtain the title compound (930 mg,
42.8%) .
'H NMR (400 MHz, CDCls)dppm; 3.61(2H, d, J=5 Hz), 3.75-

3.88(2H, m), 4.13-4.22(2H, m), 4.61(2H, s), 4.76(1H, t,
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were added and ultrasonically treated. 1H NMR (400 MHz,
DMSO-d6)8ppm; 0.70(3H, s), 1.10(3H, s), 2.20(3H, s), 2.21(3H, s),
3.48(2H, d, J=11 Hz), 3.57(2H, d, J=11 Hz), 3.82(2H, d, J=4 Hz),
4.76(1H, t, 5 J=4 Hz), 7.14(1H, dd, J=2, 8 Hz), 7.59(1H, d, J=8 Hz),
7.77(1H, s), 8.21(1H, s). [0540] (Exasrple 50)
2-(((4-(5,7-dioxaspiro[2.5]oct-6- yImethoxy)pyridin-2-yl)methyl)sulfinyl)-1H
1d benZifidaZolé %ﬁéiu‘h‘% §aft/[0841] [Formula 24000 NO 11 \~S N

N 542] The,same procedure as in the steps, (10d) to (10f) of
EQ%%{& i%» &a‘s%%@é‘tq:%"l};hg éﬁn%??&&gﬁggsz)i%?&%z%ﬁlé’ 291 mg, 1.94
mmol) and §4-¢3,7- dioxaspiro[2.5]oct-6-ylmethoxy) pyridin-2-yl)methanol
(443 mg, 1.76 mmol) to obtain the title compound (300 mg) as a white
sdlich Note shat2inlthe same process 20 as in the step (10d),
2-mercaptobenzimidazole was added to the reaction mixture and further
2 equivalents of triethylamine wag,added. The mixture was stirred at

room temperature for 2 dzhgﬁ%./\(J/F
o}

F

[0514]

A mixture of 2-((benzyloxy)methyl)-5,5-
difluoro-1,3-dioxane (930 mg, 3.81 mmol), 20% palladium
hydroxide (353 mg), and ethyl acetate (30 ml) was
stirred in a hydrogen atmosphere at room temperature
for 4 hours and 25 minutes. The reaction mixture was
filtrated and the filtrate was concentrated under
reduced pressure to obtain the title compound (572 mg,
97.4%) as a colorless oil.

'H NMR (400 MHz, CDCls)dppm; 3.72(2H, d, J=5 Hz), 3.78-
3.90(2H, m), 4.16-4.23(2H, m), 4.69(1H, t, J=4 Hz).
(46e) 2—-(((4-((5,5-difluoro-1,3-dioxan-2-yl)methoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole
sodium salt

[0515]

[Formula 230]

Y -
o™
Na

[0516]
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- 266 1H NMR(400 MHz, DMSO-d6) 8ppm; 0.30-0.34(2H, m) , 0.56-
0.60(2H, m), 3.24(2H, d, J=12 Hz), 3.99(2H, t, J=4 Hz), 4.08(2H, d, J=12
Hz), 4.94(1H, t, J=4 Hz), 6.85- 6.88(3H, m), 6.92(1H, dd, J=3, 6 Hz),
7.45(2H, dd, J=3, 56 Hz), 8.37(1H, d, J=6 Hz). (Example 51)
2-(((4-((2,2-dimethyi-1,3-dioxolan-4258 -
yi)methoxy)-3-ethyipyridin-2-yi)methyi)sulfinyi)-IH- benzimidazole sodium
salt [0543] 10 [FoPmefi24 NG §5S NINER@ [058#F (slaf) to

2-methyi rigé?-& trifluoromethanesulfonate .[0545] [Fo mula_%4 F
L0 R T ol e, Sy o ety ione (16 26 148
mme{:and Nspheryltrifluoromethangsulforimide (5812, g 349, mmelwere-
dissolved in dichloromethane

2-yl)methanol to obtain the title compound (375 mg, 5
steps: 22.7%) as a white powder.

'H NMR (400 MHz, DMSO-dg)dppm; 2.19(3H, s), 4.00-4.25(6H,
m), 4.38(1H, d, J=13 Hz), 4.83(1H, d, J=13 Hz),
5.17(1H, t, J=4 Hz), 6.81-6.87(2H, m), 6.96(1H, d, J=6
Hz), 7.39-7.45(2H, m), 8.27(1lH, d, J=6 Hz).

(Example 47) 2—-(((4-(2-(2,2-dimethyl-1,3-dioxolan-4-
yl)ethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-5-
methyl-1H-benzimidazole sodium salt

[0517]

[Formula 231]

[0518]
(47a) S5-methyl-1H-benzimidazole-2-thiol
[0519]

[Formula 232]
N
H—8H
N
' H

[0520]

First, 3-amino-4-nitrotoluene (6.3 g, 41.4
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(dehydrated) (450 ml). To the mixture, triethylamine - 267 (31 ml, 222
mmoi) was added in a nitrogen atmosphere at 1 to 3C. The mixture was
stirred for 13 hours and 20 minutes while raising the temperature to room
temperature. The reaction mixture was washed twice 5 with a 1N aqueous
sodium hydroxide solution, dried-over aanhydrous sodium sulfate, filtrated
and concentrated to obtain the title compound (34.3 g, yield: 96.1%) as

bFSH-&il. I NIMIR (400 IR BMSOHdB) Bpph? 2.B4(3H'®ye suspended
7.44-7.52(1H, 10 m), 7.90-7.96(1H, m), 8.56-8.60(1H, m). (Sib .

S oSS et o Sy InG T0853) (ot 344N ‘Bsda
18, Firsb gsmethyipwidin:3=y| rifluoromethanesulfonate £34.3 @ 142sse 1
mmoi), trimethyisilylacetylene (30 ml, 212 mmoi),
bisétephemgpkiosphime))paliadigen(lly chlozided 16 .0yg,t 14 2smneoi)yaed by

copper (1) iodide (2.75 g, 14.4 mmoi) 20 were dissolved in N,N-dimethyi
formhanfidé {250 Al Thereafter tidth§lahfing {43 mic368 mm6iT Wasom

added [n a nittagen atmosphiere At rooyy tempeyatyre fo e qixjure, The

mixture was then stirred for 3 hours (exothermic reaction took place). The
reaction raixtwue - 268rwag separated byathy acetate ansha satusgted

aqueous
After the reaction mixture was concentrated, diethyl
ether was added to the residue. The generated solid
was collected by filtration to obtain the title
compound (6.1 g, yield: 89.7%) was obtained as a light
yellow solid.
'H NMR (400 MHz, DMSO-dg)dppm; 2.33(3H, s), 6.90-6.93(2H,
m), 7.00(1H, d, J=8 Hz).
[0521]
(47b) 2-(((4-(2-(2,2-dimethyl-1,3-dioxolan-4-
yl)ethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-5-
methyl-1H-benzimidazole sodium salt

[0522]

[Formula 233]

[0523]
The same procedure as in the steps (le) to

(lg) of Example 1 was repeated using 5-methyl-1H-
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ammonium chloride solution and insoluble substance was removed by
filtration. The organic layer of the filtrate was washed twice with a
saturated aqueous 5 ammonium chloride solution, dried over anhydrous
magnesium sulfate, filtrated and concentrated to obtain the title
compound (22.6 g, yield: 84.1%)-as@own oil. 1H NMR(400 MHz,
DMSO-d6)8ppm, 0.25(9H, s), 2.57(3H, s), 7.22(1H, dd, J=5, 8 Hz),
7oA ddlaE2l 8 142) 108 43AN dag4=2,-FRiAMSGle) obtained in

3-ethyl-2-methyjpyridine [0549] [Formula 244 055Q] 15 First,
e gt i‘#ﬁéky%ffé)e it %b&r%a?;‘e%é %51}/ Tr iy b4

dissolved in {gtrahydeafuran-denydrated)206.ath  Fe the Bixturgy, 1. 88

tetrabutyi ammonium fluoride (1N tetrahydrofuran solution) (150 ml, 150
mmal) Was @ddetda 20 Theemixtdréavasstiroechdt robhd terpperature fehite
one hour. The reaction mixture was partitioned by ethyl acetate and a

sattirated aq]ﬂ%ﬁs Ghfthoiitim EmBrde Jéi‘fllu% %an@%as
e’étﬁ%cltg‘? it ethyly a%%t%t% Jhe.graapic layers,were com ?]'?ﬁg éae”\ga s

washed - 269 twice wit aturated agueous ammonium chlori

selytien;, dried-overanhydiussmagnesivassiiate wanek distidedByiaied to
rotary evaporator. To the obtained fraction, 10% palladium/carbon (900
mgh svassaddecbarid mixture. The obtained suspension

solution was allowed to stand and then the supernatant
was removed. These operations were repeated twice.
The resultant precipitate was subjected to aspiration
to dryness to obtain the title compound.
'H NMR (400 MHz, DMSO-dg)dppm; 1.27(3H, s), 1.33(3H, s),
1.96-2.04(2H, m), 2.18(3H, s), 2.36(3H, s), 3.59(1H,
t, J=8 Hz), 4.04-4.14(3H, m), 4.21-4.26(1H, m),
4.37(14H, dd, J=4, 13 Hz), 4.80(1lH, dd, J=2, 13 Hz),
6.69(1lH, d, J=8 Hz), 6.92(1H, d, J=6 Hz), 7.22(1lH, s),
7.31(1H, 4, J=8 Hz), 8.28(1lH, d, J=6 Hz).

[0524]
(Example 48) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-4-
methoxy-1H-benzimidazole sodium salt

[0525]

[Formula 2341
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5 stirred in a hydrogen atmosphere at room temperature for 2 hours. The
reaction mixture was filtrated through anhydrous magnesium sulfate and
cerite. To the filtrate, 10% palladium/carbon (810 mg) was added and the
mixture was stirred in a hydrogen atmosphere at 10 room temperature for
4 hours. The reaction mixture was fikrated through anhydrous
magnesium sulfate and cerite and thereafter the filtrate was concentrated
to obtain B fitle compound (7.25 g, yield: 51.1%) as a colorless oil. 15

1H NMR(400 MHz, DMS0QO-d6)8ppm; 1.16(3H, 1, J=8 Hz), 2.45(3H, s),

2 B, S L7 AR Al e AL TN . aen, 7 o)
8.26(1H,dd, 2371, 5 Hz). (51d) 3-ethyl-2-methylpyridine 1-oxide [0551] 20
[Formula 245] 9N 0- 0552] First, 3-ethyl-2-methylpyridine (7.25 g, 59.8
mphaly wasadissohied in dichloromethane (dehydrated)(100 ml) and
3-chloroperbenzoic acid (19.0 g, 71.6 mmol, as - 270 the content was

regarded as 65%) was added in a nitrogen atmosphere at ice-cooling
temperature. The mixture w8s stirred at room temperature for 90 hours.

To the reaction mixture, a d aqueous sodium 5 hydrogen
a(%i'éous layer was extracted twice
H

carbonate solution was adde
with dichioromethane and
[0528]
A mixture of 2-methoxy-6-nitroaniline (1 g,
5.95 mmol), 10% palladium carbon (300 mg) and methanol
(25 ml) was stirred in a hydrogen atmosphere for 4
hours. The reaction vessel was purged with nitrogen
and a catalyst was removed by filtration. To the
reaction mixture, carbon disulfide (15 ml) was added
and the mixture was stirred at room temperature
overnight. Triethylamine (1 ml) was added to the
reaction mixture, which was stirred at 50°C for 3 hours.
After the reaction mixture was concentrated, methanol
(2 ml) and diethyl ether (20 ml) were added to the
residue. The generated solid was collected by
filtration to obtain the title compound (950 mg, yield:
88.6%) as a light orange solid.
'H NMR (400 MHz, DMSO-dg)dppm; 3.86(3H, s), 6.74(1H, d,
J=8 Hz), 6.75(1H, d, J=8 Hz), 7.05(1H, t, J=8 Hz).
[0529]
(48b) 2—-(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3-

methylpyridin-2-yl)methyl)sulfinyl)—-4-methoxy-1H-
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three times with chloroform. The organic layers were combined, dried
over anhydrous magnesium sulfate, filtrated and concentrated. The
residue was purified 10 by silica gel column chromatography (silica gel:
100 g, elution solvent: heptane, ethyl acetate/methanol=10/1) to obtain
the title compound (7.35 g, yield:-8%26%) as a reddish solid. 1H NMR(400
MHz, DMSO-d6) 8ppm; 1.14(3H, t, J=8 Hz), 15 2.35(3H, s), 2.64(2H, q,
IS ME ) A 99202 A 2R P8, 86-8516(1H, m). (5le)

3-ethyl-2- %y]l-4-nitropyridine 1-oxide [0553] [Formula 246] NO2 N 20
[0554] V\}hl e cooling a mixture of 3-ethyl-2- methyipyridine 1-oxide (7.35
9,[93,6nmei) angh sulfuric acid (22.7 g, 231 mmoi) in an ice bath, fuming

nitric acid (3.64 ml, 87.9 mmoi) was added dropwise, which was - 271
stirred at 80C for 8 hours. The reaction mi;m{v:vigﬁooled to room
temperature and then pgyired into ice. TRe obtainegd \aqueous solution
was extracted three times with chlo The organic layers were
combined, 5 dried ove ugima Qeslium sulfate, filtrated and
concentrated to obtainthetitlg'’compoundl (3.37 g, yield: 34.5%) as yellow
solid. 1H NMR(400 MHz, DMB®-d6)8ppm; 1.21(3H, t, J=7 Hz),

[0531]
The same procedure as in the steps (le) to

(lg) of Example 1 was repeated using 4-methoxy-1H-
benzimidazole-2-thiol (260 mg, 1.44 mmol) obtained in
accordance with the method of the step (48a) and (4-
((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3-
methylpyridin-2-yl)methanol (350 mg, 1.31 mmol) to
obtain the title compound (326 mg) as a white solid.
'H NMR (400 MHz, DMSO-dg)dppm; 1.33(3H, s), 1.36(3H, t,
J=6 Hz), 2.06-2.14(1H, m), 2.20(3H, s), 3.75-3.80(2H,
m), 3.88(3H, s), 3.97-4.01(2H, m), 4.10(2H, d, J=7 Hz),
4.35(14, 4, J=13 Hz), 4.83(1H, d, J=13 Hz), 6.33(1H, d,
J=8 Hz), 6.74(1H, t, J=8 Hz), 6.94(1H, d, J=6 Hz),
7.05(1H, 4, J=8 Hz), 8.27(1lH, d, J=6 Hz).

[0532]
(Example 49) 2-(((4-((5,5-dimethyl-1,3-dioxan-2-
yl)methoxy) -3, 5-dimethylpyridin-2-yl)methyl)sulfinyl) -

5-(trifluoromethyl)-1H-benzimidazole sodium salt
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2.45(3H, s), 2.80(2H, q, J=7 Hz), 7.88(1H, d, J=7 Hz), 10 8.36(1H, d, J=7
Hz). (51f) 4-chioro-3-ethyl-2-methyipyridine 1-oxide [0555] [Formula 247]
Cl N 0- 0556] 15 First, 3-ethyl-2-methyl-4-nitropyridine 1- oxide (3.37 g,
18.5 mmol) was added to acetyl chloride (20 ml, 281 mmol) in a nitrogen
atmosphere at -30C. The mixture wassstired at -30 to OC for 3 hours.
After the reaction mixture was concentrated, the 20 residue was
partitionéd By thloroform and a saturated aqueous sodium hydrogen

c rpg?%tuel%ol %oﬂ After insoluble substance was removed by filtration,
the aqueous layer was extracted twice with chloroform. The organic
layers were combined and dried over anhydrous - 272 magnesium
sulfate, filtrated and concentrated. The residueVas purified by silica gel
column chromatography (NH silica gel: @O’@%% solvent: heptane,
heptane/ethyl acqfaf: =50/50) to obtajn the 5 tjtle'’compound (2.10 g, yield:
66.1%) as a yellop-Oik \R(Lﬁ)o Az, MSO-d6)8ppm; 1.10(3H, t,
J=8 Hz), 2.42(3H, s), H /4, 9= A41(1H, d, J=7 Hz), 8.16(1H,
d, J=7 Hz). (519) 2-(((4-({2,2-dignethyi-1,3-dioxolan-4-yi)methoxy)-

[0534]
(49a) 5-(trifluoromethyl)-1H-benzimidazole-2-thiol
[0535]

[Formula 238]

F

i N
N
H

A mixture of 4-amino-3-nitrobenztrifluoride

[0536]

(7 g, 34 mmol), 10% palladium carbon (1.3 g) and
methanol (70 ml) was stirred in a hydrogen atmosphere
for 5 hours. The reaction vessel was purged with
nitrogen and a catalyst was removed by filtration. To
the reaction mixture, carbon disulfide (30 ml) was
added and the mixture was stirred at room temperature
overnight, and thereafter the reaction mixture was
concentrated. Methanol (60 ml), carbon disulfide (20
ml) and triethylamine (15 ml) were added to the residue
and the mixture was stirred at 50°C overnight. After
the reaction mixture was concentrated, the residue was

purified by silica gel column chromatography (silica
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10 3-ethyipyridin-2-yi)methyl)sulfinyi)-IH-benzimidazole sodium salt
[0557] [Formula 248] O'T~O NO N N Na[0558] 15 The same
procedure as in the step (10b) of Example 10 and the steps (lIf)-(lli) of
Example 11 was repeated using 4-chioro-3-ethyl-2-methyipyridine 1-
oxide, soiketai and 2-mercaptobenzimigdazole to obtain the title compound
(122 mg, yield: 5.6%) as a white 20 solid. 1H NMR(400 MHz, DMSO-d6)
8pEh; 107(3H, €327 195, A30(@RE 5) SLBBBH 2 66/2.83(2H, m),

3.81(1H, t, J=7/ Hz), A.01-4.18(3 ,4.32-4.47(2H, m), 4.67- 4.77(1H,
) SIS E Bt 6 051 o, Josli), 7305 " THE T -
8.29(1H <d.oIvHH2). dEXaple 521 2-((4-(Eadimethyl-4 3-dioxeladrd-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-5-
flesarove-benzimidazelérsodiven salt {05569 frornula 239y 0~0 Q€ :F
I/NO
71.4%) as a white solid.
'H NMR (400 MHz, DMSO-dg)dppm; 7.29(1H, d, J=8 Hz),
7.35(1H, s), 7.45(1H, d, J=8 Hz), 12.86(1lH, br s).
[0537]
(49b) 2-(((4-((5,5-dimethyl-1,3-dioxan-2-yl)methoxy) -
3,5-dimethylpyridin-2-yl)methyl)sulfinyl)-5-
(trifluoromethyl)—-1H-benzimidazole sodium salt

[0538]

[Formula 239]

[0539]

The same procedure as in the steps (le) to
(lg) of Example 1 was repeated using 5-
(trifluoromethyl)—-1H-benzimidazole-2-thiol (137 mg,
0.626 mmol) obtained by the method of the step (49a)
and (4-((5,5-dimethyl-1,3-dioxan-2-yl)methoxy)-3,5-
dimethylpyridin-2-yl)methanol (176 mg, 0.626 mmol) to
obtain the title compound (104 mg) as a light yellow
solid. Note that when the title compound was

solidified, heptane (10 ml) and diethyl ether (2 ml)



\~S\ N N Na 0560] (52a) 5-fluoro-1H-benzimidazole-2-thiol [0561] 10
[Formula 250] FN \~-SH N H 0562] A mixture of
3,4-diamino-I-fluorobenzene (10 g, 79.3 mmol), carbon disulfide (70 ml,
1164 mmol), and methanol (100 ml) was stirred at room temperature for
15 86 hours and 50 minutes. After the eaction mixture was concentrated,
the residue was suspended in hexane. The resultant precipitate was

cOlRicte By fiflratiof  BAd WashRd SHthiNexXaretesbtain the title

co ylécﬂ%g %)as a brow Hﬂ—r ];/I(Qdf Iz(\/I
I\glpswlggéppm % (ﬁzé %%Q}l%% ;7@? ]f3(il’—;< m ? gg Sg)f
12.6161H:8)- 2b) 2: (4 ER,2-dimethyizhk 3dipxelan-A=yi)methpxy)-
3-methyipyridin-2-yi)methyi)suifinyi)-5-fluoro-IH- benzimidazole sodium
S§|t5TG%B] FF;OITTFHI&’J-ZHZZ])O-’J-‘@QHI d, J=4 Hz), 4.76(1H, t,
5 J=4 Hz), 7.14(1H, dd, J=2, 8 Hz), 7.59(1lH, d, J=8 Hz),
7.77(lH, s), 8.21(1H, s).
[0540]
(Example 50) 2-(((4-(5, 7-dioxaspiro[2.5]oct-6-
ylmethoxy)pyridin-2-yl)methyl)sulfinyl)—-1H-
10 benzimidazole sodium salt

[0541]

[Formula 240]

[0542]
The same procedure as in the steps (10d) to

15 (10f) of Example 10 was repeated using 2-

mercaptobenzimidazole (291 mg, 1.94 mmol) and (4-(5,7-

dioxaspiro[2.5]oct-6-ylmethoxy)pyridin-2-yl)methanol

(443 mg, 1.76 mmol) to obtain the title compound (300

mg) as a white solid. Note that, in the same process
20 as in the step (10d), 2-mercaptobenzimidazole was added

to the reaction mixture and further 2 equivalents of

triethylamine was added. The mixture was stirred at

room temperature for 2 days.



O-/' F\IN-SON N Na [0564] The same procedure as in the step (10b) of
Example 10 and the step (14b) of Example 14, the step 10 (5f) of
Example 5, the steps (Ilh) and (lli) of Example 11 was repeated using
solketal, 4-chloro-2,3- dimethyipyridine 1-oxide, and 5-fluoro-1H-
benzimidazole-2-thioi to obtain the titlsscompound (210 mg, yield: 14.1%)
as a white solid. Note that methanol 15 was used as a solvent instead of

ethanBiin(tHesaffie  opbtafiontasdirriié step (5ff) 1H KRR (400 MPZ> 6~

D -d6) 8ppm; 1,29( ), 1,30-1.40(3H, m), 2.17(3H, s), 3.8Q(1H,
6 e) W 0T TR ), A 4] 1218 P A A2t qui
J26 biz).220 4 J0-4 290 Hym), 6462-6(A3(1H; M) 76 H4GLH, d.sJ355 HZ),
7.08-7.16(1H, m), 7.33-7.43(1H, m), 8.27(1H, d, J=5 Hz). (Example 53)
24891 Bidioxan-Syiptethoxy)Bi, J=3, 6 Hz), 7.45(2H, dd, J=3,

methyipyridin-2- i)met%i)suifinyié—lH-benzimidazole - 275 - sodium salt
5> [0%68F [Fofmala 2551 NN {NONEZ) -
((

(Example 51) 2- (4-((2,2-dimethyl-1,3-dioxolan-4-
yl)methoxy)-3—-ethylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0543]

10 [Formula 241]
N
©[N>— SN
Na

[0544]
(51la) 2-methylpyridin-3-yl trifluoromethanesulfonate
[0545]

[Formula 242]

15 [0546]
First, 3-hydroxy-2-methylpyridine (16.2 g,
148 mmol) and N-phenyltrifluoromethanesulfonimide (53.2
g, 149 mmol) were dissolved in dichloromethane

(dehydrated) (450 ml). To the mixture, triethylamine



0566] 5 (53a) 1,3-dioxan-5-yimethanoi 0567] [Formula 253] O HO,_,,00
[0568] A mixture of 2-(hydroxymethyi)-1,3- 10 propanedioi (3.06 g, 28.8
mmol), formaldehyde dimethylacetai (9 ml, 202 mmol), lithium bromide
(488 mg, 5.62 mmol), p-toluenesulfonic acid monohydrate (491 mg, 2.58
mmol), and dichioromethane (dehydrmate)(15 ml) was stirred for 7 days.
After adding triethylamine (1 15 ml), the reaction mixture was
cdricerftrated ZFheveRidueinas paffed by sfica gef egfmnmtmosphere at
chromatagraphy.(silica gel: 100 g, elution solvent. heptane, heptane/et
Qo 1) 5 O e E SO L5 o, et ub S o 2
celorless: 20,0k 16 NMR(409 MHz, PM$Q+d6)8pRrM: &.765L,86(1H, m),
3.36(2H, - 276 t, J=6 Hz), 3.57(2H, dd, J=8, 11 Hz), 3.90(2H, dd, J=4, 8
Hezos8(@H11,21=6 Hif 4€83(dE dn Jmb H2)r 4. 78( & Hy dls 3=6! Hzy.1(58b)
2-(((4-(1,3-dioxan-5-ylmethoxy)-3-methylpyridin- 5

> 2XhhiethySUIRHHE P DetRitmidaz 6B Saft Cfo568P [Forfiuls 254]6

10

15

20

anhydrous sodium sulfate, filtrated and concentrated to

obtain the title compound (34.3 g, yield: 96.1%) as

brown oil.

'H NMR (400 MHz, DMSO-dg)dppm; 2.54(3H, s), 7.44-7.52(1H,

m), 7.90-7.96(1H, m), 8.56-8.60(1H, m).

(51b) 2-methyl-3-((trimethylsilyl)ethynyl)pyridine
[0547]

[Formula 243]

[0548]

First, 2-methylpyridin-3-yl
trifluoromethanesulfonate (34.3 g, 142 mmol),
trimethylsilylacetylene (30 ml, 212 mmol),
bis(triphenylphosphine)palladium (II) chloride (10.0 g,
14.2 mmol), and copper (I) iodide (2.75 g, 14.4 mmol)
were dissolved in N,N-dimethyl formamide (150 ml).
Thereafter, triethylamine (43 ml, 309 mmol) was added
in a nitrogen atmosphere at room temperature to the
mixture. The mixture was then stirred for 3 hours

(exothermic reaction took place). The reaction mixture
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:C)01N~S"O N Na 0570] The same procedure as in the step (10b) of
10 Example 10 and the steps (lIf)-(lli) of Example 11 was repeated using
1,3-dioxan-5-ylmethanol, 4-chloro-2,3- dimethylpyridine 1-oxide, and
2-mercaptobenzimidazole to obtain the title compound (927 mg, yield:
24.2%) as a white solid. 15 1H NMR¢400-MHz, DMSO-d6) 8ppm;
2.15-2.27(1H, m), 2.19(3H, s), 3.73-3.85(2H, m), 3.98-4.06(2H, m),
ANAR2HT RIS Ry ) PH 4B U 1d 2281 S, alrb(RHSELIEG HRY. £ 7PAMS

d, J=13 Hz), 4. <g\]6’g|zg6806 1(2 %%96“_" J6HZ
S SH, 1) 50 830 036 Fi) (Erampd by rance s
2AHA{(22-dipethylL,3-diox@N-5-The organic layer of the
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-4-
methyld4-benzimidazdie dodivnTsalv 057 14 - 227 ufRormula@ss5d O~ O
NO/IO S~NN Na 0572] ,

ammonium chloride solution, dried over anhydrous
magnesium sulfate, filtrated and concentrated to obtain

the title compound (22.6 g, yield: 84.1%) as brown oil.

'H NMR (400 MHz, DMSO-dg)dppm; 0.25(9H, s), 2.57(3H, s),

7.22(1H, dd, J=5, 8 Hz), 7.79(1H, dd, J=2, 8 Hz),

8.43(1H, dd, J=2, 5 Hz).

(51c) 3-ethyl-2-methylpyridine

[0549]

[Formula 244]

[0550]

First, 2-methyl-3-
((trimethylsilyl)ethynyl)pyridine (22.6 g, 119 mmol)
was dissolved in tetrahydrofuran (dehydrated) (200 ml).
To the mixture, tetrabutyl ammonium fluoride (1IN
tetrahydrofuran solution) (150 ml, 150 mmol) was added.
The mixture was stirred at room temperature for one
hour. The reaction mixture was partitioned by ethyl
acetate and a saturated aqueous ammonium chloride
solution. The aqueous layer was extracted with ethyl

acetate. The organic layers were combined and washed
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(54a) 4-methyl-IH-benzimidazole-2-thioi 0573] 5 [Formula 256] N }-SH N
H [0574] First, 2-methyl-6-nitroaniline (7 g, 46 mmol) and 10% palladium
carbon (900 mg) were suspended in methanol (70 ml) and which was
stirred in a hydrogen 10 atmosphere for 5 hours. The reaction vessel was
purged with nitrogen and a catalystwas removed by filtration. To the
reaction mixture, carbon disulfide (30 ml) was added and the mixture was
stirfedF &t 1Hbit te Sératdrat BdermigHt OAfierB SbhEht Wasodisifed off

under 15 redud%fediggssuref dieggﬁ:?fther was added to the Eefsg1 ue. The

gés’r?er% ad sdlidWwas Coflected %y ation to obtaimn fhuemtitfeucomp((%lﬁn(EJ:l nd

(629 9 yield 1924 %) as,a light blugsolid+Hd NMRAQGMHZt ained
DMSO-d6)8ppm; 2.37(3H, s), 6.91(1H, t, 20 J=8 Hz), 6.94(1H, d, J=8
Hf;@dﬂﬁ@hhd10%8pﬁ@léﬂ8umﬁﬁgrbon (900 mg) was added and
2-(((4-((2,2-dimethyi-1,3-dioxan-5-yi)methoxy)-3-

mEtHyipyiitin-2- i) MEhy HEGRng - ASABHH-fH-Be izt az o Ssdiim $alt

[Q§Z§]isﬁgﬁ@gkiz§mé3reaction mixture was filtrated

through anhydrous magnesium sulfate and cerite. To the
filtrate, 10% palladium/carbon (810 mg) was added and
the mixture was stirred in a hydrogen atmosphere at
room temperature for 4 hours. The reaction mixture was
filtrated through anhydrous magnesium sulfate and
celite and thereafter the filtrate was concentrated to
obtain the title compound (7.25 g, yield: 51.1%) as a
colorless oil.
'H NMR (400 MHz, DMSO-dg¢)dppm; 1.16(3H, t, J=8 Hz),
2.45(3H, s), 2.60(2H, g, J=8 Hz), 7.14(1H, dd, J=5, 7
Hz), 7.51(1H, dd, J=1, 7 Hz), 8.26(1H, dd, J=1, 5 Hz).
(51d) 3-ethyl-2-methylpyridine l-oxide

[0551]

[Formula 245]

[0552]
First, 3-ethyl-2-methylpyridine (7.25 g, 59.8
mmol) was dissolved in dichloromethane (dehydrated) (100

ml) and 3-chloroperbenzoic acid (19.0 g, 71.6 mmol, as
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N O >_SNN Na[0576] The same procedure as in the steps (llg)- (Ili) of
Example 11 was repeated using 4-methyl-IH- benzimidazole-2-thioi and
(4-((2,2-dimethyi-1,3-dioxan 10
5-yi)methoxy)-3-methyipyridin-2-yi)methanoi to obtain the title compound
(327 mg, yield: 36.5%) as a white- solid. zH NMR(400 MHz, DMSO-d6)
8ppm; 1.33(3H, s), 1.36(3H, s), 2.05-2. 14(3 H, m), 2.21(3H, s), 2.48(3H,
s)t136753?5“€682'(21“4aﬁ1)r SYT-EA02(AF, hf, 9. 11’@2131 1ded HP), A.44(1H,
d, J=13 Hz

71HdJ13HZ 665%|_igd J=7 Hz), gS&lHd J7
i SHQ
o710 6 SB(1r IR HES 700011 o Job 1, BB ALS%S ot
(%@E@J%é&)gs«@te@ﬁé@th‘O}e% Cﬁ%ﬁi@@@@ure for 90 hours.
yl)methoxy)-3-methyipyridin-2-yi)methyi)suifinyi)-5-
methyiiid-benzimidaz ote sodium salt 229 1 057FH [ Fonmetar 258j00 L@
N~O N N Na [0578] The same procedure as in the steps (119)-
hydrogen carbonate solution was added. The agueous
layer was extracted twice with dichloromethane and
three times with chloroform. The organic layers were
combined, dried over anhydrous magnesium sulfate,
filtrated and concentrated. The residue was purified
by silica gel column chromatography (silica gel: 100 g,
elution solvent: heptane, ethyl acetate/methanol=10/1)
to obtain the title compound (7.35 g, yield: 89.6%) as
a reddish solid.
'H NMR (400 MHz, DMSO-d¢)dppm; 1.14(3H, t, J=8 Hz),
2.35(3H, s), 2.64(2H, g, J=8 Hz), 7.12-7.24(2H, m),
8.10-8.16(1H, m).
(51le) 3-ethyl-2-methyl-4-nitropyridine l-oxide
[0553]

[Formula 246]

[0554]
While cooling a mixture of 3-ethyl-2-
methylpyridine l-oxide (7.35 g, 53.6 mmol) and sulfuric
acid (22.7 g, 231 mmol) in an ice bath, fuming nitric

acid (3.64 ml, 87.9 mmol) was added dropwise, which was
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5 (11i) of Example 11 was repeated using 5-methyl-1H-
benzimidazole-2-thioi and (4-((2,2-dimethyi-1,3-dioxan-
5-yi)methoxy)-3-methyipyridin-2-yi)methanoi to obtain the title compound
(330 mg, yield: 35.6%) as a white solid. 10 'H NMR(400 MHz,
DMSO-d6)8ppm; 1.33(3H, s), 1.36(3H1s);, 2.06-2.15(1H, m), 2.17(3H, s),
2.36(3H,ezg, 3.75- 3.82(2H, m), 3.97-4.02(2H, m), 4.11(2H, d, J=7 Hz),
438t e, B13902%, £97(1H, P WEE3 HANE.69FRG HANIR2 XG Me§ Was
6.95(1H, d, J=6 Hz), 7.23(1H, d, J=2 15 Hz), 7.32(1H, d, J=8 H ,
BRI T L)) (o ReiE B B (e (0 S 3
yhimethoxy): 3 rsdimethypyddin2-yhmethydsyifdybracted three times
5-fluoro-1H-benzimidazole sodium salt [0579] 20 [Formula 259] OO FO
NvN tNa 280010580 The Skimee procedure as yrethe steps (Tig)e (THYof
Example 11 was regeated using 5-fluoro-1H- benzimidazole-2-thiol and

@ﬂ&?%ﬁdﬁ%ﬁﬁﬂgﬂ XﬂSﬁ%§5magn631um sulfate, filtrated and
5%’9%‘9493’(3/3&3@5'0'&@9 JC%Y{E’"’S'%@")EH thanal to. gbtain the tile
compoun f169 mg, yield: 33.7%) as a white solid. 1H NMR(400 I\}ﬁ—lz,
DWMiSQ6)8pnmz1.3363e9)1 4+3643H ),

'H NMR (400 MHz, DMSO-dg)dppm; 1.21(3H, t, J=7 Hz),

2.45(3H, s), 2.80(2H, g, J=7 Hz), 7.88(1H, d4d, J=7 Hz),

8.36(1H, d, J=7 Hz).

(51f) 4-chloro-3-ethyl-2-methylpyridine l-oxide

[0555]

[Formula 247]

[0556]

First, 3-ethyl-2-methyl-4-nitropyridine 1-
oxide (3.37 g, 18.5 mmol) was added to acetyl chloride
(20 ml, 281 mmol) in a nitrogen atmosphere at -30°C.
The mixture was stirred at -30 to 0°C for 3 hours.
After the reaction mixture was concentrated, the
residue was partitioned by chloroform and a saturated
aqueous sodium hydrogen carbonate solution. After
insoluble substance was removed by filtration, the
aqueous layer was extracted twice with chloroform. The

organic layers were combined and dried over anhydrous
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2.03-2.13(1H, m), 2.20(6H, s), 3.76-3.87(4H, m), 10 4.00(2H, dd, J=4, 11
Hz), 4.38(1H, d, J=13 Hz), 4.74(1H, d, J=13 Hz), 6.65-6.74(1H, m),
7.10-7.17(1H, m), 7.36-7.43(1H, m), 8.22(1H, s). (Example 57)
2-(((4-(5,9-dioxaspiro[3.5]non-7-
ylmethoxy)pyridin-2-yl)methyl)sulfingh)2LH- 15 benzimidazole sodium salt
[0581] [Formula 260] O---COO* N\1~S N N Na [0582] 20 (57a)
ATCRBIE DL R tRpYTtife 15dxide 2824 0583] FotRfid 26EFCH N Tioe
0584(%& -nitro-2- plcollne N-0 %e (20 91130 mrpLoI% E_.Lwas added to acetyl
chion L(‘delm? fé@%lmmo)l a nltrogen gtmospchere at -25C. The

mbrurgwas stingd yat (30 te 5G for 4haurs ang 1 minutes Afterdtheent
reaction mixture was diluted with ethyl acetate (about
heptane, heptane/ethyl acetate=50/50) to obtain the
title compound (2.10 g, yield: 66.1%) as a yellow oil.
'H NMR (400 MHz, DMSO-d¢)dppm; 1.10(3H, t, J=8 Hz),
2.42(3H, s), 2.77(2H, g, J=8 Hz), 7.41(1H, d, J=7 Hz),
8.16(1H, d, J=7 Hz).
(51g) 2-(((4-((2,2-dimethyl-1,3-dioxolan—-4-yl)methoxy)—
3-ethylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole
sodium salt

[0557]

[Formula 248]

Q 0
£, 7
N
N
Na
[0558]
The same procedure as in the step (10b) of
Example 10 and the steps (11f)-(11i) of Example 11 was
repeated using 4-chloro-3-ethyl-2-methylpyridine 1-
oxide, solketal and 2-mercaptobenzimidazole to obtain
the title compound (122 mg, yield: 5.6%) as a white
solid.
'H NMR (400 MHz, DMSO-dg¢)dppm; 1.07(3H, t, J=7 Hz),
1.30(3H, s), 1.35(3H, s), 2.60-2.83(2H, m), 3.81(1lH, t,
J=7 Hz), 4.01-4.18(3H, m), 4.32-4.47(2H, m), 4.67-

4.77(1H, m), 6.79-6.89(2H, m), 6.95(1H, d, J=5H), 7.38-
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150 ml) and chloroform (about 100 ml), the mixture was 10 concentrated.
The residue was purified by silica gel column chromatography (NH silica
gel: 200 g, elution solvent: heptane, heptane/ethyl acetate=75/25, 50/50,
25/75, ethyl acetate, ethyl acetate/methanol=20/1) to obtain the title
compound (3.14 g)as brown oil. 15 Sipultaneously, a crude product
(about 17 g) was obtained. The crude product thus obtained was further

puriffed By sili®a gePealdmhfchrémalograpRy (NH silica gel: 300 g, elution
solvent: hept heptane/ethyl. acetate=75/25, 40/60, 25/75,.ethyl
S Bt 20 104 e PoA Pt 3 & Sdparatary 2 Bt ol
1 INME(40Q MHz DMBER,d6)B8ppa; 2-33(@3H) 8.t 1410144, 1dd; ndA3, 75—
Hz), 7.68(1H, d, J=3 Hz), 8.25(1H, d, J=7 Hz). (57b)

24 (4 5:9-didxaspira[B Slaore Yoy Imethioxy) maidin-2-yl)methyl)sulfinyl)-1H
- 282 - benzimidazole sodium salt [0585] [Formula 262] O O/* O N~} S
N N Na E@E?SFG%]S The same procedure as in the step (10b) of Example

1q and the gtejaggqlf)-(lli) of Example 11 was

G

(o)
N>—S SN
Na
[0560]
(52a) 5-fluoro-1H-benzimidazole-2-thiol

[0561]

[Formula 250]

F N
e
N
H

[0562]

A mixture of 3,4-diamino-l1-fluorobenzene (10
g, 79.3 mmol), carbon disulfide (70 ml, 1164 mmol), and
methanol (100 ml) was stirred at room temperature for
86 hours and 50 minutes. After the reaction mixture
was concentrated, the residue was suspended in hexane.
The resultant precipitate was collected by filtration
and washed with hexane to obtain the title compound
(13.1 g, yield: 98.2%) as a brown solid.

'H NMR (400 MHz, DMSO-d¢)dppm; 6.90-6.99(2H, m), 7.06-
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repeated using 4-chioro-2-methyipyridine 1-oxide, 5,9-
dioxaspiro[3.5]non-7-yimethanoi obtained in the same method as in the
step (13a), and 2 10 mercaptobenzimidazole to obtain the title
compound(274 mg, yield: 11.4%) as a white solid. Note that in the same
operation as in the step (llg), after 22 meercaptobenzimidazole was added
to the reaction mixture, the mixture was stirred at room temperature 15
fof ohe ddyrarfitl further 2%quivalént of tiethylakhine Shased on the alcohol
W dded and stirred at 50C for urs gnd 35 minutes, and at rggm
te gpfn‘ebrgtugré Po?r( 4 ﬁgZu’rg éﬁ%ﬂ%t%?a%e{égf NRR ﬁ%_l\lilll_-&q SIR/?% 9&%5) -
8P 4164 2H it J58,H2)0 201 BBk 9Z(LH: 1), 2- K@, I8 H2),
2.15(2H, t, J=8 Hz), 3.47-3.62(3H, m), 3.75-3.85(3H, m), 4.45(1H, d,
JBEMEZ) 480 dH; dsd212mnp658(1H, d, J=2 Hz), 6.82(1H, dd, J=2, 6
Hz), 6.84-6.91(2H, m), 7.42 - 283 - 7.48(2H, m), 8.31(1H, d, J=6 Hz).
(Examplé Qo'% %1(((4-(6,1O-dioxaspiro[4.5]dec-8-

yig%eé?gfxyfgyrg@- -yi)methyi)sulfinyi)-IH- benzimidazole sodium salt 5
[0587] [Formula 263] O-~-CO a N-S N N Na [0588]

0 0
0
F. N\ I(,) =z | 7k
\©:N>_S \N

[0564]

The same procedure as in the step (10b) of
Example 10 and the step (14b) of Example 14, the step
(5f) of Example 5, the steps (1lh) and (11i) of Example
11 was repeated using solketal, 4-chloro-2,3-
dimethylpyridine l-oxide, and 5-fluoro-1H-
benzimidazole-2-thiol to obtain the title compound (210
mg, yield: 14.1%) as a white solid. Note that methanol
was used as a solvent instead of ethanol in the same
operation as in the step (5f).
'H NMR (400 MHz, DMSO-dg)dppm; 1.29(3H, s), 1.30-1.40(3H,
m), 2.17(3H, s), 3.80(1lH, dd, J=6, 8 Hz), 4.00-4.16(3H,
m), 4.37(1H, d, J=13 Hz), 4.42(1H, gquint, J=6 Hz),
4.70-4.79(1H, m), 6.62-6.73(1H, m), 6.94(1H, d, J=5
Hz), 7.08-7.16(1H, m), 7.33-7.43(1H, m), 8.27(1H, d,
J=5 Hz).
(Example 53) 2-(((4-(1,3-dioxan-5-ylmethoxy)-3-

methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole
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The same procedure as in the step (10b) of Example 10 and the steps
(IIf)-(lli) of Example 11 was 10 repeated using 4-chioro-2-methyipyridine
1-oxide, 6,10 dioxaspiro[4.5]dec-8-yimethanoi obtained in the same
method as in the step (21a), and 2- mercaptobenzimidazole to obtain the
titte compound(427 mg, yield: 15.6%6)ms-a white solid. 15 1H NMR(400
MHz, DMSO-d6) 8ppm; 1.52-1.63(4H, m) , 1.73- 1.86(4H, m),
1%@}9@(1@%) 3.52-3.66(3H, m), 3.78- 3.88(3H, m), 4.45(1H, d, J=12
Hz), 4. Si(é%gl J=12 Hz), 6.60(1H, d, J=3 Hz), 6.82 (1H, dd, J=3, 6 Hz),
6.84-6.9 r%) 7.42-7.49(2H, m), 8.32(1H, d, J=6 20 Hz). (Example

59F2-£thd162,24ys(fluoromethyi)-1,3-dioxan-
5-yl)methoxy)pyridin-2-yi)methyi)suifinyi)-IH- benzimidazole sodium salt -

284 - 0589] [Formula 264] O~_CO>(:F O F oNa [0590] The
same procedure as in the step (10b) of 5 E am Ie 1 and the steps

(IIH)-(lli) of Example 11 w. epq tedCUS| ' hlo@ 2-methylpyridine
1-oxide, (2,2- bIS(ﬂUOfOI’W- S-dioxa methanol obtained in

[0566]
(53a) 1,3-dioxan-5-ylmethanol
[0567]

[Formula 253]

O

o b

[0568]

A mixture of 2-(hydroxymethyl)-1,3-
propanediol (3.06 g, 28.8 mmol), formaldehyde
dimethylacetal (9 ml, 102 mmol), lithium bromide (488
mg, 5.62 mmol), p-toluenesulfonic acid monohydrate (491
mg, 2.58 mmol), and dichloromethane (dehydrate) (15 ml)
was stirred for 7 days. After adding triethylamine (1
ml), the reaction mixture was concentrated. The
residue was purified by silica gel column
chromatography (silica gel: 100 g, elution solvent:
heptane, heptane/ethyl acetate=1/1, 1/3) to obtain the
title compound (1.37 g, yield: 40.3%) as a colorless
oil.

'H NMR (400 MHz, DMSO-dg)dppm; 1.76-1.86(1H, m), 3.36(2H,
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the same method as in the step (7a), and 2- mercaptobenzimidazole to
obtain the title compound (326 10 mg, yield: 12.5%) as a white solid. 1H
NMR(400 MHz, DMSO-d6)8ppm; 2.02-2.12(1H, m) , 3.68- 3.78(3H, m),
3.90(1H, dd, J=7, 10 Hz), 3.97-4.06(2H, m), 4.40-4.65(6H, m), 6.66(1H,

d, J=2 Hz), 6.83- 6.92(3H, m), 7.43%730(2H, m), 8.34(1H, d, J=6 Hz). 15
(Example 60) 2-(((4-(1,5,9-trioxaspiro[5.5]undec-3-
ylnetHo¥y)pyridin-2-ylméthy)3difiny-AH- benzZiidazoleSoeium&att J=4/

e emse i SRl b ey

procedure as inthe step ’(1(%) of and thé steps

Example 41 was repeated using 4-chioro-2-methyipyridine 1-oxide, 5
1,5,9-trioxaspiro[5.5]undec-3-yimethanoi obtained in the same method as
inthélste (10d)( &nd12-Inercaptobenzimidazblexy obtaindhé tilleyridin-

compound(313_mg, yield: 7.1%t£}as a white solid. Note that in the same
operatioR as i the rﬁ%l(%)l, aftel 25F0 hefdataberzimitihzote fast

added to[t@gé{g?ction mixture, the mixture was stirred at room
temperature for 86 hours and 30 minutes and further 2 equivalents

[Formula 254]
a8
=
@[N\yfﬁ ’
N N
Na

[0570]
The same procedure as in the step (10b) of

Example 10 and the steps (11f)-(11i) of Example 11 was
repeated using 1,3-dioxan-5-ylmethanol, 4-chloro-2,3-
dimethylpyridine l-oxide, and 2-mercaptobenzimidazole
to obtain the title compound (927 mg, yield: 24.2%) as
a white solid.
'H NMR (400 MHz, DMSO-dg)dppm; 2.15-2.27(1H, m), 2.19(3H,
s), 3.73-3.85(2H, m), 3.98-4.06(2H, m), 4.11(2H, d, J=7
Hz), 4.40(1H, d, J=13 Hz), 4.75(1H, d, J=6 Hz),
4.77(1H, 4, J=13 Hz), 4.83(1H, d, J=6 Hz), 6.80-
6.91(2H, m), 6.96(1H, d, J=6 Hz), 7.40-7.51(2H, m),
8.30(1H, d, J=6 Hz).
(Example 54) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-4-
methyl-1H-benzimidazole sodium salt

[0571]



of triethylamine relative to the alcohol was added and stirred at 50C for
10 hours and at room temperature for 15 14 hours and 30 minutes. 1H
NMR(400 MHz, DMSO-d6)8ppm; 1.76(2H, t, J=5 Hz), 1.81(2H, t, J=5
Hz), 1.91-2.02 (1H, m), 3.55(4H, t, J=5 Hz), 3.58-3.75(3H, m),
3.83-3.96(3H, m), 4.44(1H, d, J=12Hz),4.58(1H, d, J=12 Hz), 6.64(1H,
d, J=2 Hz), 20 6.82-6.91(3H, m), 7.43-7.49(2H, m), 8.33(1H, d, J=6 Hz).
(Ebeaprple B1) 22 (- (2,3-dihydro-1,4-benzodioxin-2-
yimethoxy)-3-methyipyridin-2- yi)methyi)suifinyi) -IH- benzimidazole sodium
salt - 286 - 0593] [Formula 266] OO, O a~§594] The same
procedure as in the stepls (80) to 5 8g) f Exam was repeated using
2-hydroxymethyi- 1,4-genzodioxafe t btain tif title compound (141 mg,
total yield: 3%) as a onbh 0 MHz, DMSO-d6)8ppm,;
2.20(3H, s), 4.19(1H, dd; J:ﬂalz Hz), 4.30-4.34(2H, m), 4.38(1H, dd,
J=5, 13 10 Hz), 4.46(1H, dd, J=2, 12 Hz), 4.61-4.63(1H, m), 4.82(1H, dd,
J=5,13 H gpzqz -6.93(6H, m), 6.98(1H, d, J=6 Hz), 7.43(2H, dd, J=3, 6
Hz), 8. 29[( d, J=6 Hz).

(54a) 4- methyl l1H-benzimidazole-2-thiol

[0573]

5 [Formula 256]
N
S—SH

[0574]

First, 2-methyl-6-nitroaniline (7 g, 46 mmol)
and 10% palladium carbon (900 mg) were suspended in
methanol (70 ml) and which was stirred in a hydrogen
10 atmosphere for 5 hours. The reaction vessel was purged
with nitrogen and a catalyst was removed by filtration.
To the reaction mixture, carbon disulfide (30 ml) was
added and the mixture was stirred at room temperature
overnight. After the solvent was distilled off under
15 reduced pressure, diethyl ether was added to the
residue. The generated solid was collected by
filtration to obtain the title compound (6.9 g, yield:
92.7%) as a light blue solid.

'H NMR (400 MHz, DMSO-dg)dppm; 2.37(3H, s), 6.91(1lH, t,

20 J=8 Hz), 6.94(1H, d, J=8 Hz), 7.00(1H, d, J=8 Hz)



5

10

15

20

(Example 62) 2-(((4-(1,4-dioxan-2-yimethoxy)-3-
methyipyridin-2-yi)methyl)sulfinyi)-IH-benzimidazole 15 sodium salt [0595]
[Formula 267] % \N oo N Na 0596] (62a) 2-iodomethyl-1,4-dioxane 20
[0597] 287 - [Formula 268] o [0598] To an acetonitrile (420 mL) solution
of 2- (allyloxy)ethanoi(14 g, 137 mnmoil sodium hydrogen 5 carbonate

(34 6 g, 410 mmoi) and iodine (104 g, 410 mmoi) were added and stlrred
at r%m temgderafuré fer 20 HAtrEYd tHe reaction ixture, \Wark wasy ) -
added and was, extracted with ethyl acetate. T re fter he organic Iayer
Wasecv%lavsjﬁ%ﬁ WI%“I an %a g ushgg1 %l?n }I% %hlogul téfj‘ so?uttl% angrfi
sajurated saline saelutign,; Gried pver magnesium sulfate, and filtrated
through a silica gel column pad, and the filtrate was concentrated to
obtain theltitleS5dompound (26.5 g, yield 85%) as a yellow liquid. 15 1H
NMR(400 MHz, C%)ClS)Sppm 3.10(2H, d, J=8 Hz),

[Formula
O/A\[T\O
2oLy
N>_é) _ | O
N N
Na
[0576]

The same procedure as in the steps (1l1lg)-
(11i) of Example 11 was repeated using 4-methyl-1H-
benzimidazole-2-thiol and (4-((2,2-dimethyl-1,3-dioxan-
5-yl)methoxy)-3-methylpyridin-2-yl)methanol to obtain
the title compound (327 mg, yield: 36.5%) as a white
solid.
'H NMR (400 MHz, DMSO-dg)dppm; 1.33(3H, s), 1.36(3H, s),
2.05-2.14(1H, m), 2.21(3H, s), 2.48(3H, s), 3.75-
3.82(2H, m), 3.97-4.02(2H, m), 4.11(2H, d, J=7 Hz),
4.44(14, 4, J=13 Hz), 4.77(1lH, d, J=13 Hz), 6.65(1H, d,
J=7 Hz), 6.75(1H, dd, J=7, 8 Hz), 6.95(1H, d, J=6 Hz),
7.26(1H, 4, J=8 Hz), 8.29(1lH, d, J=6 Hz).
(Example 55) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-5-

methyl-1H-benzimidazole sodium salt
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3.34(1H, dd, J=8, 13 Hz), 3.66-3.98 (6H, m). (62b)
2-hydroxymethyi-1,4-dioxane [0599] [Formula 269] HO--~O 20 [0600] To
the 2-iodomethyi-1,4-dioxane (15 g, 65.8 mmoi) obtained in the step
(62a), potassium acetate - 288 (64.6 g, 658 mmol), 18-crown-6 (1.74 g,
6.58 mmol), and N,N-dimethylformamgde-(220 mL) were added and
stirred at 80C for 24 hours. To the reaction mixture, water was added
and extraéted With ethyl acetate. The 5 organic layers were combined and
w h%d Lvlv'th v%tgiand a saturated saline solution, dried over magnesium
suifate 10 obtain a acetoxy compound (5 g). The acetoxy compound was
dissolved in methanol (60 mL) and hydrochlori id (1 mL) was added
dropwise. The 10 mixture was stirred at roo re for one hour
and at 40C for one hour, and then ne i fhg triethyiamine.
The mixture was concentréat cj g t@ regidug was extracted with ether.
Insoluble substance was ‘filtered\off, and théTiltrate was concentrated and
15 the residue was purified by sil@a gel column chromatography (silica
gel: 500 ml, elution solvent: heptane/ethyi acetate=3/2, 1/1, 0/1) to obtain
the title cogmpeund (2.15 g, yield: 27%) as colorless liquid. 20 'H
NMR(400 MHz, CDC13)8ppm; 3.44-3.89(9H, m)

The same procedure as in the steps (1l1lg)-

(11i) of Example 11 was repeated using 5-methyl-1H-
benzimidazole-2-thiol and (4-((2,2-dimethyl-1,3-dioxan-
5-yl)methoxy)-3-methylpyridin-2-yl)methanol to obtain
the title compound (330 mg, yield: 35.6%) as a white
solid.
'H NMR (400 MHz, DMSO-dg)dppm; 1.33(3H, s), 1.36(3H, s),
2.06-2.15(1H, m), 2.17(3H, s), 2.36(3H, s), 3.75-
3.82(2H, m), 3.97-4.02(2H, m), 4.11(2H, d, J=7 Hz),
4.38(1H, d, J=13 Hz), 4.77(1H, d, J=13 Hz), 6.69(1lH,
dd, J=2, 8 Hz), 6.95(1H, d, J=6 Hz), 7.23(1lH, d, J=2
Hz), 7.32(lH, d, J=8 Hz), 8.29(1H, d, J=6 Hz).
(Example 56) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy) -3, 5-dimethylpyridin-2-yl)methyl)sulfinyl) -
5-fluoro-1H-benzimidazole sodium salt

[0579]

[Formula 259]
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(62c) 4-(1,4-dioxan-2-yimethoxy)-2,3-dimethyipyridine 1-oxide [0601]
[Formula 270] N i O 289 - 0602] A toluene solution of the
2-hydroxymethyi- 1,4-dioxane (2.24 g, 19 mmol) obtained in the step
(62b) and 4-chioro-2,3-dimethyipyridine 1-oxide (2.5 g, 5 15.8 mmol) was
heated to 140C. To the solution, KO (2 g, 34.8 mmol) was added in
twice and the resultant mixture was heated under refiux at the same
temperatiuté 56t 3 hours while removing water from the reaction system
by use of a Dealr};St%rlé H@é)p%atgg. '{19: (tehea%O reacctgjg mig%ure, l(\lﬂsi ica
gel was added and the solvent was removed. The mixture'of the criide

reaction predughapd MH silica gelwas subigcteditopusificatien Ly silica
gel column chromatography (NH silica gel, elution solvent: ethyl
atetatel metlanol=9/2-to WD todixdobtain(the, tiRlecCompound-(2.9 gd yiekhn—

77%) as a light yellow solid. 1H NMR(400 MHz, DMSO-d6)8ppm;
D (S DS B e 8 S BOOR Trf Se SBBR R n L €O

4-9%&%9%(25'11@@&@?&%@ ot izh 8044, 91 T8 HALY D, o
2-(((4-(1,4-dioxan-2-yimethoxy)-3-methyipyridin-
2-yhmmethyisulfinyi)-IH-benzimidazole sodium salt
'H NMR (400 MHz, DMSO-dg)dppm; 1.33(3H, s), 1.36(3H, s),
2.03-2.13(1H, m), 2.20(6H, s), 3.76-3.87(4H, m),
4.00(2H, dd, J=4, 11 Hz), 4.38(1H, d, J=13 Hz),
4.74(1H, d, J=13 Hz), 6.65-6.74(1H, m), 7.10-7.17(1H,
m), 7.36-7.43(1H, m), 8.22(1H, s).
(Example 57) 2-(((4-(5,9-dioxaspiro[3.5]non-7-
ylmethoxy)pyridin-2-yl)methyl)sulfinyl)—-1H-
benzimidazole sodium salt

[0581]

[Formula 260]
/_<:O
Y o:

N O &
PN
N

N
Na

[0582]

(57a) 4-chloro-2-methylpyridine l-oxide
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[0603] [Formula 271l moo ) ) a”J N C":C NN O Na [0604]-290 The
same procedure as in the steps (8d) to (8g) of Example 8 was repeated
using the 4-(4-(1,4- dioxan-2-yimethoxy))-2,3-dimethyipyridine 1-oxide
obtained in the step (62c) to obtain the title compound 5 (385 mg, total
yield: 24%) as a white solid. 1H NMR{400 MHz, DMSO-d6)8ppm;
2.17(3H, s), 3.35-3.51(2H, m), 3.59-3.90(5H, m), 4.02(2H, br s), 4.36(1H,
d J=12 WAB4.80(1H, d, J=12 Hz), 6.83(2H, dd, J=4, 6 Hz), 6.91(1H, d,
7. 42 dd, J=4, 6 Hz), 8.26(1H, 10 d, J=6 Hz). (Example 63)
% (%(418|0xan ]2 -yimethoxy)-3,5-
dlmethylpyrldln -2-yi)methyl)sulfinyi)- IEl benzimidazole sodium salt [0605]

15 [Formula 2721 O O NN N
=

\N*l
o
[0584]

4-nitro-2-picoline N-oxide (20 g, 130 mmol)
was added to acetyl chloride (120 ml, 1688 mmol) in a
nitrogen atmosphere at -25°C. The mixture was stirred
at -30 to 5°C for 4 hours and 15 minutes. After the
reaction mixture was diluted with ethyl acetate (about
150 ml) and chloroform (about 100 ml), the mixture was
concentrated. The residue was purified by silica gel
column chromatography (NH silica gel: 200 g, elution
solvent: heptane, heptane/ethyl acetate=75/25, 50/50,
25/75, ethyl acetate, ethyl acetate/methanol=20/1) to
obtain the title compound (3.14 g)as brown oil.
Simultaneously, a crude product (about 17 g) was
obtained. The crude product thus obtained was further
purified by silica gel column chromatography (NH silica
gel: 300 g, elution solvent: heptane, heptane/ethyl
acetate=75/25, 40/60, 25/75, ethyl acetate) to obtain
the title compound (5.39 g) separately as brown oil.
'H NMR (400 MHz, DMSO-dg)dppm; 2.33(3H, s), 7.41(1H, dd,
J=3, 7 Hz), 7.68(1H, d, J=3 Hz), 8.25(1H, d, J=7 Hz).
(57b) 2-(((4-(5,9-dioxaspiro[3.5]non-7-

ylmethoxy)pyridin-2-yl)methyl)sulfinyl)—-1H-
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Na 0606] The same procedure as in the steps (62a) to (62d) of Example
62 was repeated using 4-chloro-2,3,5- trimethyipyridine 1-oxide to obtain
the title compound 20 (355 mg, total yield: 18%) as a white solid. 1H
NMR(400 MHz, DMSO-d6)8ppm; 2.18(3H, s), 2.21(3H, d, J=2 Hz),
3.29-3.82(9H, m), 4.36(1H, dd, J=22383 Hz), 4.75(1H, dd, J=2, 13 Hz),
6.82(2H, dd, J=3, 6 Hz), 7.41(2H, dd, J=3, 6 Hz), 8.19(1H, s). - 291
(EBeidpie 643 2ot @-ERE Prdimethyl-1, 3-dioxolan-4-
ylethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-IH- benzimidazole sodium
salt [0607] b [Formula 273] O~ O O/Nji—S NN Na [0608] The same

proegduie as insthe steps (4f) to (4j) of Example 4 (a reprecipitation
operation was not performed in oxidation step with 3-chloroperbenzoic 10

acid) was repeated using 4-(2-hydroxyethy2—ii:o
A

=

N»-éw
N N

Na

[0586]

The same procedure as in the step (10b) of
Example 10 and the steps (11f)-(11i) of Example 11 was
repeated using 4-chloro-2-methylpyridine l-oxide, 5,9-
dioxaspiro[3.5]non-7-ylmethanol obtained in the same
method as in the step (13a), and 2-
mercaptobenzimidazole to obtain the title compound(274
mg, yield: 11.4%) as a white solid. ©Note that in the
same operation as in the step (1llg), after 2-
mercaptobenzimidazole was added to the reaction
mixture, the mixture was stirred at room temperature

for one day and further 2 equivalent of triethylamine

based on the alcohol was added and stirred at 50°C for 8

hours and 35 minutes and at room temperature for 84
hours and 40 minutes.

'H NMR (400 MHz, DMSO-dg)dppm; 1.64(2H, quint, J=8 Hz),
1.88-1.97(1H, m), 2.13(2H, t, J=8 Hz), 2.15(2H, t, J=8
Hz), 3.47-3.62(3H, m), 3.75-3.85(3H, m), 4.45(1H, d,
J=12 Hz), 4.90(1H, d, J=12 Hz), 6.58(1H, d, J=2 Hz),

6.82(1H, dd, J=2, 6 Hz), 6.84-6.91(2H, m), 7.42-



dimethyl-1,3-dioxolan to obtain the title compound (412 mg, total yield:
8.7%) as a light yellow solid. 1H NMR(400 MHz, DMSO-d6)8ppm;
1.25(3H, s), 1.31(3H, s), 1.90-2.04(2H, m), 2.17(3H, s), 3.57(1H, t, J=8
Hz), 15 3.98-4.26(4H, m), 4.36(0.SH, d, J=13 Hz), 4.37(0.SH, d, J=13
Hz), 4.78(0.SH, d, J=13 Hz), 4.78(02%H, d, J=13 Hz), 6.79-6.87(2H, m),
6.91(1H, d, J=6 Hz), 7.37- 7.47(2H, m) 826(1H d, J=6 Hz). (Example 65)
2 1A (2B digthyl-?, 33dibkdlancy 26=° :

yI) ethox 3: lpyridin-2- Isulfl )-IH- |da oIe

so ium ?%%[O%% %Fo%; L? ?&é; ?b 2) Ng ?\ff\ﬁl la 0610]
(Qﬁﬁ%éﬁ@é@%@%ﬁ)ﬁ@?ﬁ%&?)%@@&i ?gqnpf@;a@@ [0611] [Formula
275] O"fi 5[0612] To a tetrahydrofuran (30 ml) solution of DL- q,-0-benzyi

glyeerol (3 dat6.bemmoi)| Brperrdnione (17.5 ml, 165 mmoi) and

p-toluenesuifonic acid monohydrate
5 [0587]
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20

[Formula 263]

[0588]

The same procedure as in the step (10b) of
Example 10 and the steps (11f)-(11i) of Example 11 was
repeated using 4-chloro-2-methylpyridine l-oxide, 6,10-
dioxaspiro[4.5]dec—-8-ylmethanol obtained in the same
method as in the step (2la), and 2-
mercaptobenzimidazole to obtain the title compound (427
mg, yield: 15.6%) as a white solid.
'H NMR (400 MHz, DMSO-dg)dppm; 1.52-1.63(4H, m), 1.73-
1.86(4H, m), 1.88-1.98(1H, m), 3.52-3.66(3H, m), 3.78-
3.88(3H, m), 4.45(1H, d, J=12 Hz), 4.59(1H, d, J=12
Hz), 6.60(1H, d, J=3 Hz), 6.82 (lH, dd, J=3, 6 Hz),
6.84-6.91(2H, m), 7.42-7.49(2H, m), 8.32(1H, d, J=6
Hz) .
(Example 59) 2-(((4-((2,2-bis(fluoromethyl)-1,3-dioxan—
5-yl)methoxy)pyridin-2-yl)methyl)sulfinyl)-1H-

benzimidazole sodium salt
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(300 mg, 1.58 mmoi) were added at room temperature and 10 the mixture
was stirred at the same temperature for 22 hours. To the reaction
mixture, a saturated aqueous sodium hydrogen carbonate solution (5 ml)
was added to adjust pH to about 8. The generated precipitate was
removed by filtration and the filtrateagas 15 concentrated. The obtained
residue was purified by silica gel column chromatography (NH silica gel,
elution sbRent heptane/ethyl acetate=1/0 to 3/1 gradient). A desired
frigiornmvl\ll'i\s c%%intrated to obtain the title compound (2.77 g, 67.1%

yi 45 a 20 colorless oil. - 293 1H NMR(400 MHz, DMSO-d6)8ppm;
0.75-0.83(6H, m) , 1.46- 1.58(4H, m), 3.41-3.50(2H, m), 3.52-3.58(1H, m),
3.96- 4.02(1H, m), 4.15-4.23(1H, m), 4.49(2H, s), = £36(5H, m). 5
(65b) (2,2-diethyl-1,3-dioxo|an-4-yi)methan9¥—[<6;L7??2[xi Formula 276]
HO'~-~O O~ 0614] To a methanol (40 solutte®@o 410
((benzyloxy)methyl)-2,2-diethyl-1,3¢lio (2.77 g, 11.1 mmol)
obtained in the step (6 , wmihydroxide (20 wt.% Pd (dry
basis) on carbon, wet (Water~max. 5 0))([2!00 mg) was added and the
mixture was stirred in a hydroé\{?n atmosphere at room temperature

[0590]
The same procedure as in the step (10b) of

Example 10 and the steps (11f)-(11i) of Example 11 was
repeated using 4-chloro-2-methylpyridine l-oxide, (2,2-
bis(fluoromethyl)-1,3-dioxan-5-yl)methanol obtained in
the same method as in the step (7a), and 2-
mercaptobenzimidazole to obtain the title compound (326
mg, yield: 12.5%) as a white solid.
'H NMR (400 MHz, DMSO-dg)dppm; 2.02-2.12(1H, m), 3.68-
3.78(3H, m), 3.90(1H, dd, J=7, 10 Hz), 3.97-4.06(2H,
m), 4.40-4.65(6H, m), 6.66(1H, d, J=2 Hz), 6.83-
6.92(3H, m), 7.43-7.50(2H, m), 8.34(1H, d, J=6 Hz).
(Example 60) 2-(((4-(1,5,9-trioxaspiro[5.5]undec-3-
ylmethoxy)pyridin-2-yl)methyl)sulfinyl)—-1H-
benzimidazole sodium salt

[0591]

[Formula 265]
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15 for 16 hours. The reaction vessel was purged with nitrogen and a
catalyst was removed by filtration through celite, and then, washed with
methanol. The filtrate was concentrated and dried under reduced
pressure to obtain the title compound (1.593 g, 89.6% 20 yield) as a
colorless oil. 1H NMR(400 MHz, €D@13)8ppm; 0.91(3H, t, J=7 Hz),
0.93(3H, t, J=7 Hz), 1.60-1.72(4H, m), 1.86(1H, t, J=6 Hz), 3.55-3.64(1H,
m), 3.67{382@H, m), 4.01-4.08(1H, m), 4.20-4.28(1H, m). - 294 (65c)

2-(((4-((2,2-diethyl-1,3-dioxolan-4- metho y
3- methylpyrldlr@{yl)mé?h Ifsu?fln ﬁ TH5-be benz%?rrllldggo esgc()e ium salffl) [O%]iCLS]

5ikarmla 2vd] B NNa [9e46] Theisame piacedyre A dhieStepSyas
(4f) to (4)) of Example 4 (a reprecipitation operation was not performed in
oxidatiert stépuwitm 8-chicroperbenzoic=1h adidy was irepeated-using
(2,2-diethyl-1,3-dioxolan-4- yl)methanol obtained in the step (65b) above
toloiRad e A OHBUAG T B AR ok LRSBEORIh S0k SIGHE Johow

S%'H’ 1HL NMR{4D %HQ»SD%SQ(Q@ §98)H‘ gl%%P 885(95 M), 1.5115
66(4H M), 2 18(1.5H.$), 2.18 (1.5H, s). 3
mercaptobenzimidazole to obtain the tltle compound (313

mg, yield: 7.1%) as a white solid. ©Note that in the
same operation as in the step (1llg), after 2-
mercaptobenzimidazole was added to the reaction
mixture, the mixture was stirred at room temperature
for 86 hours and 30 minutes and further 2 equivalents
of triethylamine relative to the alcohol was added and
stirred at 50°C for 10 hours and at room temperature for
14 hours and 30 minutes.

'H NMR (400 MHz, DMSO-dg¢)dppm; 1.76(2H, t, J=5 Hz),
1.81(24, t, J=5 Hz), 1.91-2.02 (1H, m), 3.55(4H, t, J=5
Hz), 3.58-3.75(3H, m), 3.83-3.96(3H, m), 4.44(1H, d,
J=12 Hz), 4.58(1H, d, J=12 Hz), 6.64(1H, d, J=2 Hz),
6.82-6.91(3H, m), 7.43-7.49(2H, m), 8.33(1H, d, J=6
Hz) .

(Example 61) 2-(((4-(2,3-dihydro-1,4-benzodioxin-2-
ylmethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-

benzimidazole sodium salt
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J=8 Hz), 4.02-4.20(3H, m), 4.32-4.48(2H, m), 4.76(0.5H, d, J=13 Hz),
4.78(0.5H, d, J=13 Hz), 6.78-6.88(2H, m), 6.94(1H, d, J=6 Hz),
7.37-7.47(2H, m), 8.26(1H, d, J=6 Hz). 20 (Example 66)
2-(((4-(1,3-dioxolan-2-ylmethoxy)-3- methylpyridin-2-yl)methyl)sulfinyl)-1
H-benzimidazole sodium salt [0617]gi-ormula 278] - 295 - 0'-f3 O N N
Na [0618 66a£ 2-((benzyloxy)methyl)-1,3-dioxolane [0619] [Formula
2791 0 OB %J0620] A mixture of benzyloxyacetaldehyde (3 g, 20

mE%pol)ﬁ%thi/le %I)fcol (2.23 ml, 22 mmol), p- toluenesulfonic acid
mono y(lilra?en% 4 mg, 1.8 mmol), and toluene (15 ml) was stirred at 140C

for 2 hours and 10 further stirred at 150C for 3 hours. After cooled on ice,
a 2N aqueous sodium hydroxide solution tate were added to
the reaction mixture. An organic
N O Y% 0
PNy
N N
Na
[0594]
The same procedure as in the steps (8c) to
(8g) of Example 8 was repeated using 2-hydroxymethyl-
1,4-benzodioxane to obtain the title compound (141 mg,
total yield: 3%) as a white solid.
'H NMR (400 MHz, DMSO-dg)dppm; 2.20(3H, s), 4.19(1H, dd,
J=7, 12 Hz), 4.30-4.34(2H, m), 4.38(1H, dd, J=5, 13
Hz), 4.46(1H, dd, J=2, 12 Hz), 4.61-4.63(1H, m),
4.82(1H, dd, J=5, 13 Hz), 6.82-6.93(6H, m), 6.98(1H, d,
J=6 Hz), 7.43(2H, dd, J=3, 6 Hz), 8.29(1H, d, J=6 Hz).
(Example 62) 2-(((4-(1,4-dioxan-2-ylmethoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole
sodium salt
[0595]

[Formula 267]
(0]

s
=

§>_§i:IiL] °
NS

N N

Na

(62a) 2-iodomethyl-1,4-dioxane

[0596]

[0597]
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layer was separated, washed with water (three times) and a saturated
saline solution. The organic layer was 15 dried over anhydrous sodium
sulfate and concentrated. The crude product was purified by silica gel
column chromatography (NH silica gel, elution solvent: heptane/ethyl
acetate=1/0 to 9/1 gradient). Desireglgfractions were concentrated to
obtain the title 20 compound (3.01 g, 77.5% yield) as a light yellow oll. -
296 AR (400! MHz, DMSO-d6)8ppm; 3.45(2H, d, J=4 Hz), 3.74-
3.92(4H, m), 4.51(2H, s), 4.98(1H, t, J=4 Hz), 7.24- 7.38(5H, m). (66b)
1,3-dioxolan-2-ylmethanol 5 [0621] [FBrmuIa 280] HO\ O 0622] To a
methanol (100 ml) solution of 24{(benzylpxy)methyl)-1,3-dioxolane (3.01
g, 15.5 mmol) 10 obtained in the st a) above, palladium hydroxide
(20 wt.% Pd (dry basis) on carbon, wet (water max. 500))(300 mg) was
added and the mixture was stirred in a hydrogen atmosphere at room
temperatﬁﬂé 4815 hours. The reaction vessel was purged with nitrogen

and a 15 cataly§ was remoy g P%/ If'glLt{%tiopélt%o%q c%lg%%rr]igoém%gé r2_

washed with methanol. The filtrate was concentrated an
recuced pressuse e pbtain 4hg title Tompeund, (1269087 BYe yiekhas a

“%grbonate (34.6 g, 410 mmol) and iodine (104 g, 410
mmol) were added and stirred at room temperature for 20
hours. To the reaction mixture, water was added and
was extracted with ethyl acetate. Thereafter, the
organic layer was washed with an aqueous sodium
thiosulfate solution and a saturated saline solution,
dried over magnesium sulfate, and filtrated through a
silica gel column pad, and the filtrate was
concentrated to obtain the title compound (26.5 g,
yield 85%) as a yellow liquid.

'H NMR (400 MHz, CDCls)dppm; 3.10(2H, d, J=8 Hz),
3.34(1H, dd, J=8, 13 Hz), 3.66-3.98 (6H, m).
(62b) 2-hydroxymethyl-1,4-dioxane

[0599]
[Formula 269]

Ho“]:oj
O
[0600]
To the 2-iodomethyl-1,4-dioxane (15 g, 65.8

mmol) obtained in the step (62a), potassium acetate
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yellow oil. 20 1H NMR(400 MHz, CDC13)8ppm; 1.89(1H, br s), 3.66-
3.72(2H, m), 3.88-4.08(4H, m), 5.01(1H, t, J=3 Hz). (66¢)
2-(((4-(1,3-dioxolan-2-yImethoxy)-3-
methylpyridin-2-y1)methyl)sulfinyl)-1H-benzimidazole sodium salt 25
[0623] - 297 - [Formula 281] O'-(-O2B%>-S N N Na [0624] The same
procedure as in the steps (4f) to (4)) described in Example (a

reb@éciéit&tiorﬁé&eﬁaﬁéﬁ 5 WhS Tt perfoPméd in dxidatibn stepiith 3 and
oroperben cid) was ep 13 dioxqlan-, 2- ethanol
@ i § etﬁe ?o a ‘% Ob{?ilﬁ tﬁelﬁe gl ayd(ﬁn g

tained ove compound (411 mg,

total 18702&/0 Y'@id)@@ @16’%&@45‘9 solith 10nH NMR{MQAQMHEZ,xt ure, water
DMSO-d6)8ppm: 2.17(3H, s), 3.80-4.00(4H, m), 4.07(2H, d, J=4 Hz),
413961 H Jd|eIE 13017 4L79(LHe A, LB MA)h G RATELE J=4 HA)he
6.80-6.89(2H, m), 6.94(1H, d, J=6 Hz), 7.38-7.46(2H, m), 8.26(1H, d, J=6
HQ)rQI.aSn(Eg(a?T?@@%q) PEB- ﬁl@ﬂﬁfr QGC%Z MethyeE, RsfloXdihn-iater and

anggE)¥g%g@| %P@H&ﬁggfﬁﬁTBﬂl”ﬁrled over magnesium

sulfate to obtain an acetoxy compound (5 g). The
acetoxy compound was dissolved in methanol (60 mL) and
hydrochloric acid (1 mL) was added dropwise. The
mixture was stirred at room temperature for one hour
and at 40°C for one hour, and then neutralized by adding
triethylamine. The mixture was concentrated and the
residue was extracted with ether. 1Insoluble substance
was filtered off, and the filtrate was concentrated and
the residue was purified by silica gel column
chromatography (silica gel: 500 ml, elution solvent:
heptane/ethyl acetate=3/2, 1/1, 0/1) to obtain the
title compound (2.15 g, yield: 27%) as colorless
liquid.
'H NMR (400 MHz, CDCls)dppm; 3.44-3.89(9H, m).
(62c) 4-(1,4-dioxan-2-ylmethoxy)-2,3-dimethylpyridine
l-oxide

[0601]

[Formula 270]
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benzimidazole sodium salt [0625] [Formula 282] O O~O N \(\~S NN
Na 20 [0626] - 298 (67a) 2-((benzyioxy)methyl)-2-methyl-1,3-dioxolane
[0627] [Formula 283] O0 [0628] 5 A mixture of 1-benzyloxy-2-propanone
(4.94 g, 30.1 mmoi), ethylene glycol (20 ml, 359 mmoi), triethyi
orthoformate (5 ml, 30.1 mmoi), angd p4oluenesuifonic acid monohydrate
(130 mg, 0.683 mmoi) was stirred at room temperature for 61.5 hours. To
the reactiéff €8 mixture, a saturated aqueous sodium hydrogen carbonate

solution (20 ml),was added and the mixture was_extracted twice with .
chloroform (50)‘7r%nl)%§r?éi1 %neeo%%%\?c% Jfa(ljyner(\ﬁast fie ogé/rgé:n%w&}slh !

sadiumsstate and 2concentrated. (e grude pracect was purifieghy,silica
15 gel column chromatography (NH silica gel, elution solvent:
heptane/ethyl atetaté=1/0-10 41 giadiehty.l Desiredfractions ivére (2.5 g,
C?E%%“ﬁ%?ﬁ?’?@?“kﬁﬁ?&? to 1l40°C. To the solution, KOH (2
g, 34.8 mmol) was added in twice and the resultant
mixture was heated under reflux at the same temperature
for 3 hours while removing water from the reaction
system by use of a Dean-Stark apparatus. To the
reaction mixture, NH silica gel was added and the
solvent was removed. The mixture of the crude reaction
product and NH silica gel was subjected to purification
by silica gel column chromatography (NH silica gel,
elution solvent: ethyl acetate/methanol=9/1 to 4/1) to
obtain the title compound (2.9 g, yield: 77%) as a
light yellow solid.
'H NMR (400 MHz, DMSO-dg)dppm; 2.11(3H, s), 2.32(3H, s),
3.37-3.50(2H, m), 3.58-3.88(5H, m), 4.01-4.02(2H, m),
6.93(1H, d, J=7 Hz), 8.06(1H, d, J=7 Hz).
(62d) 2-(((4-(1,4-dioxan-2-ylmethoxy)-3-methylpyridin-
2-yl)methyl)sulfinyl)-1H-benzimidazole sodium salt

[0603]

[Formula 271]

[0604]



compound (5.67 g, 90.5% yield) as a colorless oil. 1H NMR(400 MHz,
DMSO-d6) 8ppm; 1.26(3H, s), 3.34(2H, s), 20 3.85(4H, s), 4.51(2H, s),
7.22-7.38(5H, m). (67b) (2-methyl-1,3-dioxolan-2-yi)methanoi [0629]
[Formula 284] HO-X O O ~-j 299 - 0630] To a methanol (100 ml)
solution of 2- ((benzyloxy)methyl)-29methyl-1,3-dioxolane (5.66 g, 27.2
mmol) obtained in the step (67a) above, palladium 5 hydroxide (20 wt.%
Pd (dry basis) di*€arb®HSwet (Waer 1iar S500)) (506 nigiRas added afd

the mixture was stirred jn a hydrogen atmosphere at.room temperatyre
oF B e e S el e onorte

tro a
houirs. eaction vessel was purge nitrogen datalyst

was semeved pyfiltration 10 throggh celiten and thany washedwith e
methanol. The filtrate was concentrated and dried under reduced
p@ssaretedobitaintthe titlecgompéimd (208 gL82:1% heeld) as a lighhpound
green oil. 1H NMR(400 MHz, CDC13)8ppm; 1.35(3H, s), 1.82-1.90(1H,

15 bR 3208236 Hz} I 03¢ H, JS(67cynite solid.

21 @Wﬁ'&%‘&'ﬁéﬁ?ewg%@'% MAN-27 1531, s), 3.35-3.5](2H,
yl%gmethoxy)pyrl |n-2-y|)meth§/jlﬁs%8§§n?/r%-1H-lben2|m|dazole sodium salt
m), 3.59-3.90(5H, m), 4.02(2H, br s), 4.36(1H, d, J=12
Hz), 4.80(lH, d, J=12 Hz), 6.83(2H, dd, J=4, 6 Hz),
6.91(1H, d, J=6 Hz), 7.42(2H, dd, J=4, 6 Hz), 8.26(1lH,
d, J=6 Hz).
(Example 63) 2-(((4-(1,4-dioxan-2-ylmethoxy)-3,5-
dimethylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole
sodium salt

[0605]

[Formula 272]

[0606]

The same procedure as in the steps (62a) to
(62d) of Example 62 was repeated using 4-chloro-2,3,5-
trimethylpyridine l-oxide to obtain the title compound
(355 mg, total yield: 18%) as a white solid.
'H NMR (400 MHz, DMSO-dg)dppm; 2.18(3H, s), 2.21(3H, d,
J=2 Hz), 3.29-3.82(9H, m), 4.36(1H, dd, J=2, 13 Hz),
4.75(14, dd, J=2, 13 Hz), 6.82(2H, dd, J=3, 6 Hz),

7.41(2H, dd, J=3, 6 Hz), 8.19(1H, s).
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[0631] 20 [Formula 285] O~O N O 01: S N N Na 0632] The same
procedure as in the steps (4f) to (4j) of Example 4 (a reprecipitation
operation was not performed in oxidation step with 3-chloroperbenzoic -
300 acid) was repeated using (2-methyl-1,3-dioxolan-2- yi)methanoi
obtained in the step (67b) above to obtain the title compound (263 mg,
total 12.9% yieldg as a light yellow solid. 5 1H NMR(400 MHz,
DIMSORBISpHA) 139(3H 2s)( 271HBH, Sy 5. 8B4 00 (4H, TR BIY&RH} ),

497G FIHR TS S U IS Bl e
24 AA 23k ddiexaspiroldh Sldec2- 10

yimethoxy)-3-methyipyridin-2-yi)methyi)sulfinyi)-IH- benzimidazole sodium
salt [0638DdFarimula 286] 0 O~~O Ob \N~N N Na

[Formula 273]

[0608]
The same procedure as in the steps (4f) to

(49) of Example 4 (a reprecipitation operation was not
performed in oxidation step with 3-chloroperbenzoic
acid) was repeated using 4-(2-hydroxyethyl)-2,2-
dimethyl-1,3-dioxolan to obtain the title compound (412
mg, total yield: 8.7%) as a light yellow solid.
'H NMR (400 MHz, DMSO-dg)dppm; 1.25(3H, s), 1.31(3H, s),
1.90-2.04(2H, m), 2.17(3H, s), 3.57(1H, t, J=8 Hz),
3.98-4.26(4H, m), 4.36(0.5H, d, J=13 Hz), 4.37(0.5H, d,
J=13 Hz), 4.78(0.5H, d, J=13 Hz), 4.78(0.5H, d, J=13
Hz), 6.79-6.87(2H, m), 6.91(1H, d, J=6 Hz), 7.37-
7.47(2H, m), 8.26(1H, d, J=6 Hz).
(Example 65) 2-(((4-((2,2-diethyl-1,3-dioxolan-4-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0609]

[Formula 274]
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[0634] 15 The same procedure as in the steps (4f) to (4j) of Example 4 (a
reprecipitation operation was not performed in oxidation step with
3-chioroperbenzoic acid) was repeated using
(+)-1,4-dioxaspiro[4.5]decane- 2-methanol to obtain the title compound
(500 mg, total 20 16.8% vyield) as-a dute-solid. 1H NMR(400 MHz,
DMSO-d6) 8ppm; 1.24-1.63(10H, m), 2.18(3H, s), 3.76-3.84(1H, m),
4.01-4.14(3H, m), 4.37(0.5H, d, J=13 Hz 5H, d, J=13 Hz), 4.38 -
301 4.46(1H, m), 4.77(0.5H, d, J=13 Hz); 4.78(0.5H, d, J=13 Hz),
6.79-6.87(2H, m), 6.94 d,J=60Hz)# 3Ty 7.46(2N, m), 8.26(1H, d, J=6
Hz). (Example 69) 2-((@1@}4& - hyl-I,3;dioxolan- 5
2-yi)ethoxy)pyridin-2-yi h squinyi)-II—'I\1 benzimidazole sodium salt
[0635] [Formula 287] 00 N \- N N Na 0636] 10 (69a)
2-(2-(ben[z[}%l%x[}/])ethyl)-z-methyl-1,3-dioxo|ane 0637] [Formula 288] p

(65a) 4-((benzyloxy)methyl)-2,2-diethyl-1,3-dioxolane
[0611]

[Formula 275]

[0612]

To a tetrahydrofuran (30 ml) solution of DL-
0-0O-benzyl glycerol (3 g, 16.5 mmol), 3-pentanone (17.5
ml, 165 mmol) and p-toluenesulfonic acid monohydrate
(300 mg, 1.58 mmol) were added at room temperature and
the mixture was stirred at the same temperature for 22
hours. To the reaction mixture, a saturated agueous
sodium hydrogen carbonate solution (5 ml) was added to
adjust pH to about 8. The generated precipitate was
removed by filtration and the filtrate was
concentrated. The obtained residue was purified by
silica gel column chromatography (NH silica gel,
elution solvent: heptane/ethyl acetate=1/0 to 3/1
gradient). A desired fraction was concentrated to
obtain the title compound (2.77 g, 67.1% yield) as a

colorless oil.
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[0638] A mixture of 4-benzyloxy-2-butanone (10 g, 15 56.1 mmol),
ethylene glycol (40 ml, 718 mmol), triethyi orthoformate (9.3 ml, 55.9
mmol) and p-toluenesulfonic acid monohydrate (290 mg, 1.52 mmoi) was
stirred at room temperature for 13.5 hours. To the reaction mixture, a
saturated aqueous sodium hydrogepxarbonate - 302 solution (40 ml)
was added and the mixture was extracted three times with chloroform (50

mijt TRER bfGshiMikser Wadiikd 8ver anfydious sBaitfi sulfdte and®-

can rated. The cru oduc S purifi 5 sil column
cﬁrbc?ié;ﬁ(%le’apﬁg/ ’(N%'glﬁc%g%:(? ge%lgtﬂ’:or% iél\fgﬁ%é&aﬁge@%yl Setate=170
tos4/d. o gragient). Desired fiactippsere\congentsated, tosebtain the title
compound (10.08 g, 80.8% yield) as a colorless oil. 10 'H NMR(400 MHz,
DMSO-dB)8ppm; 1.23(3H, s), 1.86(2H, t, J=7 Hz), 3.48(2H, t, J=7 Hz),
3.75-3.86(4H, m), 4.42(2H, s), 7.22-7.36(SH, m). %SQb%

2-{5 FhathyE1 3-GidRSIAKZ-yhethdn ok f0s30] A5 ESHRGRSEY O p HO
[0640] Toya methanol (150 ml) solution of 2-(2-
(benzyloxy)ethyl)-2-methyl-1,3-dioxolane (10.1 g, 45.4 mmol) obtained in
thersiep(69a)2 paljadium hydroxide

HO/\(\O

T

To a methanol (40 ml) solution of the 4-

[0614]

((benzyloxy)methyl)-2,2-diethyl-1,3-dioxolane (2.77 g,
11.1 mmol) obtained in the step (65a) above, palladium
hydroxide (20 wt.% Pd (dry basis) on carbon, wet (water
max. 50%)) (400 mg) was added and the mixture was
stirred in a hydrogen atmosphere at room temperature
for 16 hours. The reaction vessel was purged with
nitrogen and a catalyst was removed by filtration
through celite, and then, washed with methanol. The
filtrate was concentrated and dried under reduced
pressure to obtain the title compound (1.593 g, 89.6%
yield) as a colorless oil.

'H NMR (400 MHz, CDCls)dppm; 0.91(3H, t, J=7 Hz),
0.93(3H, t, J=7 Hz), 1.60-1.72(4H, m), 1.86(1H, t, J=6
Hz), 3.55-3.64(1H, m), 3.67-3.84(2H, m), 4.01-4.08(1H,

m), 4.20-4.28(1H, m).
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20 (20 wt.% Pd (dry basis) on carbon, wet (water max. 50%))(900 mg)
was added and the mixture was stirred in a hydrogen atmosphere at
room temperature for 16 hours. The reaction vessel was purged with
nitrogen and a catalyst was removed by filtration through celite, and 25
then, washed with methanol. The-filgate was - 303 concentrated. The
resultant residue was gurlfled by silica gel column chromatography (silica

gél° efrtion—ddVént! héptaréicthyhacetaté= @RPEP/J_LaG}’I‘brﬁéléﬁﬁtb%h‘éd

fractions were con entr te p 3%
y%l(ﬁ\ ar}cssh ? tye oW o% %Rﬁ%ﬁ ZE(? if ﬁﬁ%@O?gG%pBr%l §I9| ©
Sk daf3(RHs L 14=7 Hz), 3.40-3.50(2H, m), 3.75-3.86(4H, m), 4. 30(1H, t,
J=5 Hz). (69c) 2-(((3-methyl-4-(2-(2-methyl-1,3-dioxolan-2- 10
yhethoxy)pyrdin-2-yl)methyl)sulfinyl)-1H- benzimidazole sodium salt
[0641] [Formula 290] OHO \-SNON Na [0642] 15 The same
procelliretas in'the steps (4f) to (4j) of Example 4 (a reprecipitation
operation was not performed in oxidation step with 3-chloroperbenzoic

0o
@[N\y@)ﬂ Ob
X
N
Na
[0616]
The same procedure as in the steps (4f) to
(49) of Example 4 (a reprecipitation operation was not
performed in oxidation step with 3-chloroperbenzoic
acid) was repeated using (2,2-diethyl-1,3-dioxolan-4-
yl)methanol obtained in the step (65b) above to obtain
the title compound (418 mg, total 14.3% yield) as a
light yellow solid.
'H NMR (400 MHz, DMSO-dg)dppm; 0.78-0.88(6H, m), 1.51-
1.66(4H, m), 2.18(1.5H, s), 2.18 (1.5H, s), 3.76(1H, t,
J=8 Hz), 4.02-4.20(3H, m), 4.32-4.48(2H, m), 4.76(0.5H,
d, J=13 Hz), 4.78(0.5H, d, J=13 Hz), 6.78-6.88(2H, m),
6.94(1H, d, J=6 Hz), 7.37-7.47(2H, m), 8.26(1H, d, J=6
Hz) .
(Example 66) 2—-(((4-(1,3-dioxolan-2-ylmethoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)—-1 H-benzimidazole
sodium salt
[0617]

[Formula 278]
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acid) was repeated using 2-(2-methyl-1,3-dioxolan-2- yl)ethanol obtained
in the step (69b) to obtain the 20 title compound (410 mg, total 14.4%
yield) as a light yellow solid. 1H NMR(400 MHz, DMSO-d6) 8ppm;
1.31(3H, s), 2.08(2H, t, J=7 Hz), 2.15(3H, s), 3.87(4H, s), 4.10(2H, t, J=7
Hz), - 304 4.38(1H, d, J=13 Hz),4.Z56LH, d, J=13 Hz), 6.77- 6.89(2H, m),
6.92(1H, d, J=6 Hz), 7.35-7.49(2H, m), 8.26(1H, d, J=6 Hz). (Example 70)
Sodium salt of an optical isomer of 2- 5 o)
(3-methyl-4-((2-methyl-1.3-dioxolan-2- O (.
yi)methoxy)pyridin-2-yi)methysuitmyi “peimidazole [0643]
[Formula 291100 O N @j\m@g 10 JQ644]
2-(((3-methyl-4-((2-methyd-1,3nlioxolan-2N
yi)methoxy)pyridin-2-yi)methyf)'§uifinyi)-1H- benzimidazole sodium salt
(racemate)(185 mg) obtained in the same manner as in the steps (67a) to
(67¢) wakU5 diksolved in water. To the solution, dichioromethane and a

turated | lori tiqr ded. Th
s oy o ALl oy o BRIec The
[0619]

[Formula 279]

[0620]

A mixture of benzyloxyacetaldehyde (3 g, 20
mmol) ,ethylene glycol (1.23 ml, 22 mmol), p-
toluenesulfonic acid monohydrate (344 mg, 1.8 mmol),
and toluene (15 ml) was stirred at 140°C for 2 hours and
further stirred at 150°C for 3 hours. After cooled on
ice, a 2N aqueous sodium hydroxide solution and ethyl
acetate were added to the reaction mixture. An organic
layer was separated, washed with water (three times)
and a saturated saline solution. The organic layer was
dried over anhydrous sodium sulfate and concentrated.
The crude product was purified by silica gel column
chromatography (NH silica gel, elution solvent:
heptane/ethyl acetate=1/0 to 9/1 gradient). Desired
fractions were concentrated to obtain the title

compound (3.01 g, 77.5% yield) as a light yellow oil.
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dichioromethane. The organic layers were combined and dried over
anhydrous sodium sulfate and concentrated. 20 To the resultant free form,
a small amount of diethylamine was added and the mixture was
separated by HPLC (column: CHIRALCEL OD-H 2 cm(p X 25 cm
(manufactured by Daicei Chemical ingluistries, Ltd.), mobile phase:
hexane/ethanol/diethylamine=80/20/0.1 - 305 (v/v/v), flow rate: 9 mi/min,
detbciidh:(264 il zonPtRCotherdraity, atluésis Sodibm Hydrofiter 3-74-
sojut] 0 Jli) was in each of test tubes, in adyance. A fraction
o%airgj % t%gl iénorﬁerghé%i(;ﬁg’shsg)rt’ relfle'né'u%o?]l# fim%e’, a“r?akg #azgtfoan?z a%n_
optica ispmerhaving a long retention time were separately concentrated
and the residues were separately dissolved in water. To each of the
sdlatigns, dichidromethane and ansatbipated aqueous ammonium chloride
solution were added. The 10 aqueous layers were separately extracted
further with® dichioromethane. The organic layers were separately
co[lpgmggl%ndz%réqd over anhydrous sodium sulfate and concentrated. In
the manner mentioned above, a free form (59 mg) of the optical isomer
having a short 15 retention time and a free form (56 mg) of the optical
isomer having a long retention time were obtained each as a light gray

foam. Each of the optical isomery was subjected to the same

operation to obtain sodium salt 20 as rmed in the step (4j) (sodium

salt formation) to obtain a sodium salt (58 mg) of the optical isomer
[0622]

To a methanol (100 ml) solution of 2-
((benzyloxy)methyl)-1,3-dioxolane (3.01 g, 15.5 mmol)
obtained in the step (66a) above, palladium hydroxide
(20 wt.% Pd (dry basis) on carbon, wet (water max.
50%)) (300 mg) was added and the mixture was stirred in
a hydrogen atmosphere at room temperature for 15 hours.
The reaction vessel was purged with nitrogen and a
catalyst was removed by filtration through celite, and
then, washed with methanol. The filtrate was
concentrated and dried under reduced pressure to obtain
the title compound (1.57 g, 97.3% yield) as a light
yellow oil.

'H NMR (400 MHz, CDCls)dppm; 1.89(1H, br s), 3.66-
3.72(2H, m), 3.88-4.08(4H, m), 5.01(1H, t, J=3 Hz).
(66c) 2-(((4-(1,3-dioxolan-2-ylmethoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole
sodium salt

[0623]
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having a short retention time and a sodium salt (53 mg) of the optical
isomer having a long retention time each as light yellow solid. 25 1H
NMR(400 MHz, DMSO-d6)8ppm; The charts of the both isomers are the
same as that of 2-(((3-methyl-4-((2- methyl-1,
3-dioxolan-2-yi)methoxy)pyridin-2 yperethyl)suifinyi)-IH-benzimidazole
sodium salt - 306 - (racemate). HPLC; (Conditions) column: CHIRALCEL
OB ArfaAufagtured by Daicei Chemical Industries, Ltd.)(0.46 5 cm(p X
25 cm), eluant: hexane/ethanol=4/1 (v/v), flow rate: 0.6 ml/min, detection:
UV 254 nm). (Analysis results) The retenti@ﬁﬁrf\@ a sodium salt of the
optical isomer having a short retention time: 16yminutes, enantiomeric

the_rd I a sodium salt of the optical

wpates, enantiomeric excess:

100%ee. (Example 71) 2- (4-(%3((4R) 2,2-dimethyi-1,3-dioxolan-
4-yi)ethoxy)-3-methyipyridin-2-yi)methyi)suifinyi)-IH- 15 benzimidazole
sodium %%[9@?5] [Formula292]0 ON \S N

The same procedure as in the steps (4f) to
(49) described in Example (a reprecipitation operation
was not performed in oxidation step with 3-
chloroperbenzoic acid) was repeated using 1,3-dioxolan-—
2-ylmethanol obtained in the step (66b) above to obtain
the title compound (411 mg, total 17.2% yield) as a
white solid.
'H NMR (400 MHz, DMSO-dg)dppm; 2.17(3H, s), 3.80-4.00 (4H,
m), 4.07(2H, 4, J=4 Hz), 4.39(1H, d, J=13 Hz), 4.79(1lH,
d, J=13 Hz), 5.24(1H, t, J=4 Hz), 6.80-6.89(2H, m),
6.94(1H, d, J=6 Hz), 7.38-7.46(2H, m), 8.26(1H, d, J=6
Hz) .
(Example 67) 2—-(((3-methyl-4-((2-methyl-1,3-dioxolan-2-
yl)methoxy)pyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0625]

[Formula 282]

Sei
N

[0626]
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Na [0646] (71a) 2-((4R)-2,2-dimethyi-1,3-dioxolan-4-yl)ethanol 20 [0647]
[Formula 293] O HO 307 - 0648] A mixture of (R)-(+)-1,2,4-butanetrioi (30
g, 283 mmol), acetone (200 ml, 2724 mmoi) and p- toluenesulfonic acid
monohydrate (1.4 g, 7.36 mmol) was 5 stirred at room temperature for
16.5 hours. To the reaction mixturez rdethylamine was added and the
mixture was concentrated. The crude product was purified by silica gel
cdlbri) ck?rorh@?@éfé}éﬁ?%é’ﬁ&?fdé}’ leluttornsslERt: heprahefetRyieTo
acetate= élfél -41/3 gradient) . Desired fractions were concentrated to
obtain the title compound (29.9 g, 72.3% yield) as a colorless oil. 1H
NMR(AQQ1MHz s6PC13)8ppm; 1.37(3H, s), 1.43(3H, s), 1.78-1.95(3H,
m), 3.60(1H, t, J=8 Hz), 3.76-3.85(2H, 15 m), 4.09(1H, dd, J=6, 8 Hz),
4.27(1H, quint, J=6 Hz). (71b) 2- (((4 (2 ((4R) -2,2-dimethyi-1,3-dioxolan-4-

yi)ethoxy)-3-methyipyridin-2-yi IH- benzimidazole sodium
salt [0649] 20 [Formula 294] o \j

[0628]
A mixture of l-benzyloxy-2-propanone (4.94 g,

30.1 mmol), ethylene glycol (20 ml, 359 mmol), triethyl
orthoformate (5 ml, 30.1 mmol), and p-toluenesulfonic
acid monohydrate (130 mg, 0.683 mmol) was stirred at
room temperature for 61.5 hours. To the reaction
mixture, a saturated aqueous sodium hydrogen carbonate
solution (20 ml) was added and the mixture was
extracted twice with chloroform (50 ml) and the organic
layer was dried over anhydrous sodium sulfate and
concentrated. The crude product was purified by silica
gel column chromatography (NH silica gel, elution
solvent: heptane/ethyl acetate=1/0 to 4/1 gradient).
Desired fractions were concentrated to obtain the title
compound (5.67 g, 90.5% yield) as a colorless oil.
'H NMR (400 MHz, DMSO-dg)dppm; 1.26(3H, s), 3.34(2H, s),
3.85(4H, s), 4.51(2H, s), 7.22-7.38(5H, m).
(67b) (2-methyl-1,3-dioxolan-2-yl)methanol

[0629]

[Formula 284]
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ON NN Na0650] The same procedure as in the steps (4f) to (4j) of
Example 4 (recrystallization was performed by - 308 use of heptane in the
step of obtaining picolyl alcohol; and a reprecipitation operation was not
performed in oxidation step with 3-chloroperbenzoic acid) was repeated
using 2-((4R)-2,2-dimethyl-1,3 5 dioxefan-4-yl)ethanol obtained in the step
(71a) to obtain the title compound (320 mg, total 8.5% yield) as a light
yellow sdlitt AH NMR(4OO MHz, DMSO-d6)8ppm; 1.26(3H, s), 1.32(3H,

s), 191204( T(LH, 1, J=7, Hy), 10 3,98-4.28(4H,
m), 4.36(0. 5H 035 1§“ﬁ S£ %%%ﬁ R 1§?|lz5l%i§8(oo Hod, J=13
HZ), He%@(@l%'iydn%t@%/ﬂl)gﬁﬁét@@ZQﬂ I} 6:3K1kh d, 456 z) 47.36-
7.46(2H, m), 8.25(1H, d, J=6 Hz). (Example 72)

24((442=((48)) 2 edimetleyl- 11 3-didy@lat-ckb (67a) above, palladium
4-yl)ethoxy)-3-methylpyridin-2-yl)meth I)sulflnyl) -1H- benzimidazole

s@d’gﬁoﬁfﬂﬁméi? [ﬁgrmmg%gg?@/ on carbon, wet (water

max. 50%)) (500 mg) was added and the mixture was
stirred in a hydrogen atmosphere at room temperature
for 17 hours. The reaction vessel was purged with
nitrogen and a catalyst was removed by filtration
through celite, and then, washed with methanol. The
filtrate was concentrated and dried under reduced
pressure to obtain the title compound (2.96 g, 92.1%
yield) as a light green oil.
'H NMR (400 MHz, CDCls)d8ppm; 1.35(3H, s), 1.82-1.90(1H,
br), 3.54(2H, d, J=6 Hz), 4.01(4H, s).
(67c) 2-(((3-methyl-4-((2-methyl-1,3-dioxolan-2-
yl)methoxy)pyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0631]

[Formula 285]
Za N
Qug O
Na

The same procedure as in the steps (4f) to

[0632]

(49) of Example 4 (a reprecipitation operation was not

performed in oxidation step with 3-chloroperbenzoic



N Na 0652] 20 (72a) 2-((4S)-2,2-dimethyl-1,3-dioxolan-4-yl)ethanol - 309
- 0653] [Formula 296] HO - 0654] To (S)-(-)-1,2,4-butanetrioi (30 g, 283 5
mmol), acetone (200 ml) and p-toluenesulfonic acid monohydrate (1.4
g,7.36 mmol) were added and the mixture was stirred at room
temperature overnight. To the reacon mixture, triethylamine (4 ml) was
added and the mixture was concentrated. The residue was 10 purified by

Slﬁ@&@él EGiEmpcatfeiratogtaphy (sitcad el 350 §; etfibAsohantethyl

te/h tane=18/82-*6/4) to obt nth tltle ound (30. e
?/?asacoo egs%gfjﬂ—? I\iﬂ3(4§b ppm(if:%(%lg X;bjcam
1613@%&)1&%&%&%& JE@H%&],Z-%Q{%E'U 1Jf.69*%2)y§eﬁ_QﬂHa5 =8
Hz), 3.80(2H, q, J=6 Hz), 4.09(1H, dd, J=6, 8 Hz), 4.27(1H, quint, J=6 Hz)

(72by2e(((Ae2L 4 S¥H2)2-dimethyl-1,3-dioxolan-4-
yi)ethoxy)-3-methyipyridin-2-y thyi) sumn [ IH 20 ben2|m|dazole
5 Y eV AR 02 B benBi Tl HOGH, s), 218 G, ),

3.88-4.00(4H, m), 3.96(2H, s), 4.37(1H, d, J=13 Hz),
4.79(1H, d, J=13 Hz), 6.78-6.88(2H, m), 6.92(1H, d, J=6
Hz), 7.37-7.46(2H, m), 8.25(1H, d, J=6 Hz).
(Example 68) 2-(((4-((28)-1,4-dioxaspiro[4.5]dec-2-
10 ylmethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt
[0633]

[Formula 286]

[0634]

15 The same procedure as in the steps (4f) to
(49) of Example 4 (a reprecipitation operation was not
performed in oxidation step with 3-chloroperbenzoic
acid) was repeated using (+)-1,4-dioxaspiro[4.5]decane-
2-methanol to obtain the title compound (500 mg, total

20 16.8% yield) as a white solid.

'H NMR (400 MHz, DMSO-dg)dppm; 1.24-1.63(10H, m),
2.18(3H, s), 3.76-3.84(1H, m), 4.01-4.14(3H, m),

4.37(0.5H, 4, J=13 Hz), 4.38(0.5H, d, J=13 Hz), 4.38-



O N-SN S N Na 0656] The same procedure as in the steps (4f) to 5 (4))
of Example 4 (recrystallization was performed by use of heptane in the
step of obtaining picolyi alcohol; and a reprecipitation operation was not
performed in oxidation step with 3-chioroperbenzoic acid) was repeated
using 2-((4S)-2,2-dimethyi-1,3 10-d®zolan-4-yi)ethanoi obtained in the
step (72a) above to obtain the title compound (386 mg, total 10.1% yield)
a$ adight {elldW solfd. AH NMR A0S MZL DMSO-deyggrh? 1.25(3A; sy =13
1.31(3H,.),, 1.90-2.05(2H, m), 2,17 , 3.57(1H,t, J=8 Hz),
4%654.29(41?,1?7%1)', %Té%%fsﬂr{}d, Jéléﬂ%%)ﬂ.ég(o.}é‘rﬁ Jflzjﬁlséﬂél)?_
4780, 5tk 0, 4513 biz)e4 78(0.5H, 8-}13, Hz), 6.79-6.87(2H, m),
6.91(1H, d, J=6 Hz), 7.38- 7.46(2H, m), 8.26(1H, d, J=6 Hz). (Example 73)
2-(f8amethyl-442-(8-ndthy A 1YL 20— (2— (2-methyl-1,3-dioxolan-—
tetraoxaspiro[4.5]dec-8- ,i)ethoxyipyridin-z- ,
> yi%ﬁﬁmgﬁﬁiﬁyigl‘iﬁ- ZinitaZole™Sdium sat L 341Y-10657 TFormula
Z%Qnghgfggzole sodium salt

[0635]

[Formula 287]

S
0

N Qﬂ
@EN%S N

Na

[0636]
10 (69a) 2-(2-(benzyloxy)ethyl)-2-methyl-1,3-dioxolane
[0637]

[Formula 288]

[0638]
A mixture of 4-benzyloxy-2-butanone (10 g,

15 56.1 mmol), ethylene glycol (40 ml, 718 mmol), triethyl
orthoformate (9.3 ml, 55.9 mmol) and p-toluenesulfonic
acid monohydrate (290 mg, 1.52 mmol) was stirred at
room temperature for 13.5 hours. To the reaction

mixture, a saturated aqueous sodium hydrogen carbonate
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OJ /N O N J~D Na [0658] (73a) Methyl
(8-methyl-1,4,7,9-tetraoxaspiro[4.5]dec-8- 5 yl)acetate [0659] [Formula
299] O O O 0OJ 0660] A mixture of 1,3-dioxolane-2,2-diyldimethanol 10
(4 g, 29.8 mmol) separately obtained in the same manner as in the steps
(4a) to (4c), methyl acetoacetate{4 0 ml-45.4 mmol), triethyl
orthoformate (5.2 ml, 31.3 mmol), and p-toluenesulfonic acid
mbRbHyeiate (163 i) 07856 MBI wHstirhe AtirobiT fenfderature for 3
15 hours To thg mlxturg satura d ackuleous odlurg iaydr? en

hrée
car onate SO ution and e y ace ale were a organ|c1ayer WaS

washeg twice with-water and with a,salinersgldtion; andgdrisgdover fate

anhydrous sodium sulfate and concentrated. The crude product was 20
parifiedoloy sitiod get eclumnltteromatography ¢silica w312 rgel iélutidn by
solvent: heptane/ethyl acetate=1/0-3/1-1/1 gradlent) A desired fraction
was tbfitefated ¥ Hbtam the e Xmpsund (846 ¢ 56 D98 Gield) as a

C@?U%%%%”solvent: heptane/ethyl acetate=1/0 to 4/1
gradient). Desired fractions were concentrated to
obtain the title compound (10.08 g, 80.8% yield) as a
colorless oil.

'H NMR (400 MHz, DMSO-dg)dppm; 1.23(3H, s), 1.86(2H, t,
J=7 Hz), 3.48(2H, t, J=7 Hz), 3.75-3.86(4H, m),
4.42(2H, s), 7.22-7.36(5H, m).
(69b) 2-(2-methyl-1,3-dioxolan-2-yl)ethanol

[0639]

[Formula 289]

dF‘B

[0640]

To a methanol (150 ml) solution of 2-(2-
(benzyloxy)ethyl)—-2-methyl-1,3-dioxolane (10.1 g, 45.4
mmol) obtained in the step (69%9a), palladium hydroxide
(20 wt.% Pd (dry basis) on carbon, wet (water max.
50%)) (900 mg) was added and the mixture was stirred in
a hydrogen atmosphere at room temperature for 16 hours.
The reaction vessel was purged with nitrogen and a
catalyst was removed by filtration through celite, and

then, washed with methanol. The filtrate was
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5 1H NMR(400 MHz, DMSO-d6)8ppm; 1.41(3H, s), 2.75(2H, s), 3.57(3H,
s), 3.60(2H, d, J=12 Hz), 3.65(2H, d, J=12 Hz), 3.84(4H, s). (73b)
2-(8-methyl-1,4,7,9-tetraoxaspiro[4.5]dec-8- yl)ethanol 10 [0661] [Formula
300] HO O O 0O-) 0662] To a THE (40 ml) solution of methyl (8-
methyl-1,4,7,9-tetraoxaspiro[4.5]dec83yl)acetate (3.46 15 g, 14.9 mmol)
obtained in the step (73a), lithium aluminum hydride (679 mg, 17.9 mmol)
was ezt e andthe miRkiteé WaktstitRSt&REC 16 Fodti férnperatiie

for3 hours. A er th r%%a('; n was ternyga;ﬁed by quentlaly (gi;L %1on
Wa%er](8868 ml), & aqueous %SO&IUHF flldr Xi eso‘?ut?on (Og ml)

and wmater(2 fHQp@QMd@M@ﬁdMB@%@EﬁW—Q?W@W?@ addedi ent)

thereto. The mixture was filtrated through a glass filter. The precipitate
was S/\iasﬁrrédﬁmiarettwhawtateean@ corcenteted td obtaint thientittehe title
compoundg 313 - 97.3% yield) as a colorless oil. 1H NMR(400
VSO d6)Bppti 15§7(%F| £, CL 81286 12 le% I, &t d=6,

”ﬁz)mﬁz??&%b' fBed7l Mé?; %{%1“ #% ng‘l % 2:3.89(AH, 1),
431(1H. 1, 326 5 H7). (73¢) 2-(((3-methyl-4-(2-(8-rhethy(-1.4.7 3.
J="7 Hz) 3.40-3.50(2H, m), 3.75-3.86(4H, m), 4.30(1H,
t, J=5 Hz).
(69c) 2-(((3-methyl-4-(2-(2-methyl-1,3-dioxolan-2-
yl)ethoxy)pyridin-2-yl)methyl)sulfinyl)—-1H-
benzimidazole sodium salt
[0641]

[Formula 290]

dr‘%
O/\X
4 300
[::I:§>_S SN
Na

[0642]

The same procedure as in the steps (4f) to
(49) of Example 4 (a reprecipitation operation was not
performed in oxidation step with 3-chloroperbenzoic
acid) was repeated using 2-(2-methyl-1,3-dioxolan-2-
yl)ethanol obtained in the step (69b) to obtain the
title compound (410 mg, total 14.4% yield) as a light
yellow solid.
'H NMR (400 MHz, DMSO-dg)dppm; 1.31(3H, s), 2.08(2H, t,

J=7 Hz), 2.15(3H, s), 3.87(4H, s), 4.10(2H, t, J=7 Hz),



tetraoxaspiro[4.5]dec-8-yl)ethoxy)pyridin-2-
yi)methyl)sulfinyi)-IH-benzimidazole sodium salt [0663] 10 [Formula 301]
0j-00 011:N N O O~ \N Na|[0664] The same procedure as in the
steps (4f) to (4j) of Example 4 was repeated using 2-(8-methyi-
1,4,7,9-tetraoxaspiro[4.5]dec-8-yhethamol-obtained in 15 the step (73b)

above to obtain the title compound (298 mg, total 15.1% ;/leltg as a white
sdlid® 4 HRMR(408 MAZz FBMS O-d6Ygppm; £38¢3H %)H211-2.20(SH, m),

57 Py SR, & 3245 ), 50 RN 3015 Fi) 6 B0 87030 m

6@0@5!-4,1@1,\]-@, Hz)67.3897.45(2H, m), 8. 26(1H, d, J=6 Hz). (Example 74)
5-methyl-2-(((3-methyl-4-(2-(8-methyi-
1,45% Ortetraoxdspirofdl bldecs8-y)ethbxy)pyrdint2a Bl4dsomer of 2-
yI)methyI)squlnXI) -|H- ben2|m|dazole sodium salt [0665] [Formula 302] O
b gethy (2-methyl-1,3-dioxolan-2-
yl)methoxy)pyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole

[0643]

[Formula 291]
0 <,
0]
NSein
N H
©:N>—§ SN
Na

2= (((3—-methyl-4-((2-methyl-1,3-dioxolan-2-

[0644]

yl)methoxy)pyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt (racemate) (185 mg) obtained
in the same manner as in the steps (67a) to (67c) was
dissolved in water. To the solution, dichloromethane
and a saturated aqueous ammonium chloride solution were
added. The agqueous layer was extracted further with
dichloromethane. The organic layers were combined and
dried over anhydrous sodium sulfate and concentrated.
To the resultant free form, a small amount of
diethylamine was added and the mixture was separated by
HPLC (column: CHIRALCEL OD-H 2 cm@ X 25 cm
(manufactured by Daicel Chemical Industries, Ltd.),

mobile phase: hexane/ethanol/diethylamine=80/20/0.1
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N O~ \N\(~S\N Na0666] 5 The same procedure as in the steps (4f)

to (4j) of Example 4 was repeated using 2-(8-methyl-

1,4,7,9-tetraoxaspiro[4.5]dec-8-yl)ethanol obtained in the step (73b)
above and 5-methyl-IH-benzimidazole-2- thiol obtained in the step (47a) to
obtain the title 10 compound (188 nyg) 3otal 12.4% yield) as a white solid.
1H NMR(400 MHz, DMSO-d6)8ppm; 1.38(3H, s), 2.09-2.20(SH, m),
2.84(3H ¥d); 3BPHT A1 PHBY, mzmﬂtgeizmz) 3577-3192(4HON
m), 4.10(2H, t, Hz)4351Hd 4.75(1H, d, J=1 :
ORI g AL AL BN & b ey VSIS, YRk Y, 424
Hg),) 8:2261H1d,c1=6 HR). dExample 12)s2-({4h«(8-methykldnb8- A

tetraoxaspiro[4.5]dec-8-y|)ethoxy)pyridin-2-
ylimethyi)sulfinyl)-4id-bapizimidaz dlegoeium saitn20 §0661 fEomata308pn

Ujo 0O NO/(NOJ\JS\N Na

time, and a fraction of an optical isomer having a long
retention time were separately concentrated and the
residues were separately dissolved in water. To each
of the solutions, dichloromethane and a saturated
aqueous ammonium chloride solution were added. The
aqueous layers were separately extracted further with
dichloromethane. The organic layers were separately
combined and dried over anhydrous sodium sulfate and
concentrated. In the manner mentioned above, a free
form (59 mg) of the optical isomer having a short
retention time and a free form (56 mg) of the optical
isomer having a long retention time were obtained each
as a light gray foam.

Each of the optical isomer free forms was
subjected to the same operation to obtain sodium salt
as performed in the step (4j) (sodium salt formation)
to obtain a sodium salt (58 mg) of the optical isomer
having a short retention time and a sodium salt (53 mg)
of the optical isomer having a long retention time each
as light yellow solid.

g NMR (400 MHz, DMSO—dg)Sppm; The charts of the both
isomers are the same as that of 2-(((3-methyl-4-((2-
methyl-1,3-dioxolan-2-yl)methoxy)pyridin-2-

yl)methyl)sulfinyl)-1H-benzimidazole sodium salt
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315 - 0668] The same procedure as in the steps (5d) to (5h) of Example 5
(a reprecipitation operation was not performed in oxidation step with
3-chioroperbenzoic 5 acid) was repeated using 2-(8-methyl-1,4,7,9-
tetraoxaspiro[4.5]dec-8-yi)ethanoi obtained in the step (73b) above and
4-chloro-2-methyipyridine 1-oxide datained in the step (57a) to obtain the
titte compound (860 mg, total 20.2% yield) as a white solid. 10 'H
NIMR@OOMAL,- DMSO-d6) 8ppm; 1.31(3H, s), 2.05(2H, t, J=7 Hz),
3.59(2H, d, J:%H ), 3.64(2H, d, J=12 Hz), 3.78-4.03(6H, m), 4.45(1H,
d, J=12 Hz), 4. (Ii " d, J=12 Hz), 6.71-6.90(4H, m), 7.37-7.48(2H, m),

8.32(1H, d, J= Hz)q1% (RXxampleci@lh ((+E2£2meihylch 5:8,10-
tetraoxaspiro[5.5]undec-9-yi)ethoxy)pyridin-2-
yiymethyhsulfinyydHenzimidazolersodiura salin[D669F frormula 804](0 016
01/0 /N 1P OJ N Na 20 [0670] (76a)

2 PMfis{{bénzyibry)nfethifti 3-tiokane 516 ue7ir4/1 (v/v), flow

rate: 0.6 ml/min, detection: UV 254 nm).

(Analysis results) The retention time of a
sodium salt of the optical isomer having a short
retention time: 16 minutes, enantiomeric excess:
100%ee; and the retention time of a sodium salt of the
optical isomer having a long retention time: 22
minutes, enantiomeric excess: 100%ee.

(Example 71) 2—-(((4-(2-((4R)-2,2-dimethyl-1,3-dioxolan—
4-yl)ethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0645]

[Formula 292]

N O
GRS
N N
Na
[0646]
(71la) 2-((4R)-2,2-dimethyl-1,3-dioxolan-4-yl)ethanol

[0647]

[Formula 293]
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[Formula 305] OXOIO 0672] A mixture of 1,3-bis(benzyloxy)acetone (20
g, 5 73.9 mmol) obtained in the same manner as in the step (4a) above,
1,3-propanediol (54 ml, 747 mmol), triethyl orthoformate (13 ml, 78.2
mmol), and p-toluenesulfonic acid monohydrate (394 mg, 2.07 mmol) was
stirred at 50C for 14.5 hours. To-the gmixture, a saturated aqueous 10
sodium hydrogen carbonate solution and ethyl acetate were added. The
organic 18YéfWwas washed with water and a saline solution, dried over

anhydrous sodipym_sulfate, and concentrated. The obtained crude product
was purified bygsiﬁ%éxgelf %%Iuorrgn fﬁ]ri)n?ér&g?dp{(ygl%jfgl?c%egtéﬁ,l éj(la'LLJtioPrgi 5%,

solventyheptanelethyl-acetatertl/Q:8/1 gradienthJResikgchfractions were
concentrated to obtain the title compound (17.46 g, 71.9% yield) as a light
yeliolweheltd NMR (400N Hz, DMSOydB)B8ppni;11..8602H, quint, 326 Hz)was
20 3.60(4H, s), 3.82(4H, t, J=6 Hz), 4.49(4H, s), 7.22- 7.35(10H, m). (76b)
1,3"dibk&Me-2 -8R ifimeti ol 7687S] [%Fmﬂ:ééoé]q@ﬂ?- | LH6B

Ope9§t7i4o]hT91J‘f’lxectm_[lea,‘ceé@lee(gggﬂ%@égléltixgggf gd%Ted and the
mixture was concentrated. The crude product was
purified by silica gel column chromatography (silica
gel, elution solvent: heptane/ethyl
acetate=1/0—1/1—1/3 gradient). Desired fractions were
concentrated to obtain the title compound (29.9 g,
72.3% yield) as a colorless oil.

'H NMR (400 MHz, CDCls)8ppm; 1.37(3H, s), 1.43(3H, s),
1.78-1.95(3H, m), 3.60(1lH, t, J=8 Hz), 3.76-3.85(2H,
m), 4.09(1H, dd, J=6, 8 Hz), 4.27(lH, quint, J=6 Hz).
(71b) 2-(((4-(2-((4R)-2,2-dimethyl-1,3-dioxolan-4-
yl)ethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0649]
[Formula 294]

N O Y

Qe
N N
Na

[0650]
The same procedure as in the steps (4f) to

(49) of Example 4 (recrystallization was performed by
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bis((benzyloxy)methyl)-1,3-dioxane (17.46 g, 53.2 mmol) obtained in the
step (76a) above, palladium hydroxide 5 (20 wt.% Pd (dry basis) on
carbon, wet (water max. 500))(1.7 g) was added and the mixture was
stirred in a hydrogen atmosphere at room temperature for 46 hours. The
reaction vessel was purged with nitogen-and a catalyst was removed by
filtration, and then, ethyl 10 acetate washing was performed. The filtrate

was ecoticentiate ® dttain e tfRrotipSUicRERET g, 1B7C3%%Aeld) as a
white spolid. 1H NMR(400 MHz, DMSQ-d6)8ppm: 1,58(2H, quint, J=6 Hz),
kel D LA ek g T L S e
methyt {9maethyhl,§,8, 4Atetraoxaspirals Sundecn9-yhacetiate {0645
[Formula 307] O O" 00 OJ 20 [0676] A mixture of

1 3=digxane-2, 2-diytditmethanol n 318 -(4(g R 7ol dbtaimed inlthé-step
(76b) above, methyl acetoacetate (4.4 ml, 40.8 mmol), triethyi

offfGRShaRs a6 E 757 Mima e 5 dolt8néditfonicHcid 1 12) to
melicia USA0g. 05 M) yesetge o o Siepgabra .
carbongte-salutianand ethiyd .
'"H NMR (400 MHz, DMSO-dg)dppm; 1.26(3H, s), 1.32(3H, s),
1.91-2.04(2H, m), 2.17(3H, s), 3.57(1H, t, J=7 Hz),
3.98-4.28(4H, m), 4.36(0.5H, d, J=13 Hz), 4.37(0.5H, d,
J=13 Hz), 4.80(0.5H, d, J=13 Hz), 4.80(0.5H, d, J=13
Hz), 6.78-6.87(2H, m), 6.91(1H, d, J=6 Hz), 7.36-
7.46 (2H, m), 8.25(1H, d, J=6 Hz).
(Example 72) 2-(((4-(2-((4S)-2,2-dimethyl-1,3-dioxolan-
4-yl)ethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0651]

[Formula 295]

N>“§ |
NS
N N

Na

[0652]

(72a) 2-((4S)-2,2-dimethyl-1,3-dioxolan-4-yl)ethanol
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acetate were added. The organic layer was washed twice with water and
a saline solution, dried over anhydrous sodium sulfate and concentrated.
The crude product 10 obtained was purified by silica gel column
chromatography (silica gel, elution solvent: heptane/ethyl
acetate=1/0-4/1-1/1 gradient). Desiregl fractions were concentrated to
obtain the title compound (1.60 g, 24.1% yield) as a colorless oil. 15 1H
NMR(400MHA2 ! DMSO-d6)8ppm; 1.39(3H, s), 1.53-1.63(2H, m), 2.72(2H,

s), 3.56(3H, s 0-3.86(8H, m). (76d)
Z-Egprﬁé‘(ﬁ;}yﬁll%%jo-tetraoxaspiro[S.5]undec-9- yi)ethanoi [0677] 20
[Formula 308] © HO O O3 [0678] To a THE (20 ml) solution of methyl (9-
methyl-1,5,8,10-tetraoxaspiro[5.5]undec-9-yi)acetate (1.6 g, 6.5 mmol)
obtained in the step (76c), lithium - 3199a| inum hydride (300 mg, 7.9
mmol) was added at OC and g Mixtdreas stirred at 0C to room
temperature for one hour. After the reaction was terminated by
sequentifH)é gg(;iing water (0.3 ml), a 2N aqueous sodium 5 hydroxide
solution (0.3 ml), and water (0.9 ml), anhydrous sodium sulfate and celite
were added thereto( shhe mixturexwas filttatad through esglass fiters The

precipitate was washed with ethyl acetate and
mmol), acetone (200 ml) and p-toluenesulfonic acid
monohydrate (1.4 g,7.36 mmol) were added and the
mixture was stirred at room temperature overnight. To
the reaction mixture, triethylamine (4 ml) was added
and the mixture was concentrated. The residue was
purified by silica gel column chromatography (silica
gel 350 g, elution solvent: ethyl
acetate/heptane=18/82—6/4) to obtain the title compound
(30.2 g, yield: 73%) as a colorless oil.
'H NMR (400 MHz, CDCls)dppm;1.37(3H, s), 1.43(3H, s),
1.83(2H, g, J=6 Hz), 2.20(1H, t, J=6 Hz), 3.60(1lH, t,
J=8 Hz), 3.80(2H, g, J=6 Hz), 4.09(1H, dd, J=6, 8 Hz),
4.27(1H, quint, J=6 Hz)
(72b) 2-(((4-(2-((4S)-2,2-dimethyl-1,3-dioxolan-4-
yl)ethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-

benzimidazole sodium salt
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concentrated. The resultant residue was purified by 10 silica gel column
chromatography (silica gel, elution solvent: heptane/ethyl acetate=3/1-1/4
gradient). Desired fractions were concentrated to obtain the title
compound (950 mg, 67.0% yield) as a colorless oil. 1H NMR(400 MHz,
DMSO-d6)8ppm; 1.24(3H, s), 1.53-263(2H, 15 m), 1.78(2H, t, J=7 Hz),
3.43(2H, dt, J=6, 7 Hz), 3.67- 3.85(8H, m), 4.30(1H, t, J=6 Hz). (76e)
2-(((4-(2(@%methyl-1,5,8,10- tetraoxaspiro[5.5]undec-9-yi)ethoxy)pyridin-2-
yiymethylsuifi 'ij-ﬂ;-benzimidazole sodium salt 20 [0679] [Formula 309]
A 1%06¥€%~8¥ OJ N Na [0680] The same procedure as in the steps
(5d) to (5h) of Example 5 (a reprecipitation operation was not - 320
performed in oxidation step with 3-ch|oroperbenz%&£€eid) was repeated
using 2-(9-methyl-1,5,8,10- tetraoxaspiro[5.5]undéc-9yl)ethanol obtained
in the step (76d) above to obtain the title
11.4% yield) as a white solid. 1H N 4

1.28(3H, s), 1.53-1.64( ,'@ (2H,
4.46(1H, d, N
Na

[0656]

mpound’ (228 mg, 5 total
Hz, DMSO-d6)8ppm;
t, 337 Hz), 3.68-4.00(10H, m),

The same procedure as in the steps (4f) to
(49) of Example 4 (recrystallization was performed by
use of heptane in the step of obtaining picolyl
alcohol; and a reprecipitation operation was not
performed in oxidation step with 3-chloroperbenzoic
acid) was repeated using 2-((4S)-2,2-dimethyl-1,3-
dioxolan-4-yl)ethanol obtained in the step (72a) above
to obtain the title compound (386 mg, total 10.1%
yield) as a light yellow solid.
'H NMR (400 MHz, DMSO-dg)dppm; 1.25(3H, s), 1.31(3H, s),
1.90-2.05(2H, m), 2.17(3H, s), 3.57(1H, t, J=8 Hz),
4.00-4.27(4H, m), 4.37(0.5H, d, J=13 Hz), 4.37(0.5H, d,
J=13 Hz), 4.78(0.5H, d, J=13 Hz), 4.78(0.5H, d, J=13
Hz), 6.79-6.87(2H, m), 6.91(1H, d, J=6 Hz), 7.38-
7.46(2H, m), 8.26(1H, d, J=6 Hz).
(Example 73) 2-(((3-methyl-4-(2-(8-methyl-1,4,7,9-
tetraoxaspiro[4.5]dec-8-yl)ethoxy)pyridin-2-

yl)methyl)sulfinyl)-1H-benzimidazole sodium salt
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J=12 Hz), 4.54(1H, d, J=12 Hz), 6.72-6.90(4H, m), 7.36- 7.47(2H, m),
8.32(1H, d, J=6 Hz). 10 (Example 77) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-6,7-
dihydro-1H-[1.4]dioxino[2.3-flbenzimidazole sodium salt [0681] [Formula
310]O~OCO/NOO IS,1 LN O BliNa-15 [0682] The same procedure
as in the steps (5f) to (5h) above (a reprecipitation operation was not
performed foXidation step with 3-chloroperbenzoic acid) was repeated
using (4-((2,2-dimethyl-1,3-dioxan 20
Silg)gné\rt1 g)?y)%rgnl?ethylpyridin-2-y|)methano| obtained in the step (12b)
and 6,7-dihydro-IH- [1.4]dioxino[2'.3":4.5]benzo[d]igidazole-2-thiol to
obtain the title compound (137 mg, total 3&"8%-yleld a light yellow
solid. - 321 1H NMR(400 MHz, DMSO-dB)8ppr-1. ,s), 1.35(3H, s),
2.03-2.14(1H, m), 2.16 N 3. 70-3.82(2H, m), 3.92-4.02(2H, m),

3

4.09(2H, d, J=7 Hz), 414(4H, ®); 8. d, J=13 Hz), 4.75(1H, d, J=13
Hz), 6.83(2H, s), 5 6.92(¥H, oméha Hz), 8.26(1H, d, J=6 Hz).

[0658]
(73a) Methyl (8-methyl-1,4,7,9-tetraoxaspiro[4.5]dec-8-
yl)acetate

[0659]

[Formula 299]
_Jeo
~o O\J/o
o)

[0660]

A mixture of 1,3-dioxolane-2,2-diyldimethanol
(4 g, 29.8 mmol) separately obtained in the same manner
as in the steps (4a) to (4c), methyl acetoacetate (4.9
ml, 45.4 mmol), triethyl orthoformate (5.2 ml, 31.3
mmol), and p-toluenesulfonic acid monohydrate (163 mg,
0.856 mmol) was stirred at room temperature for 3
hours. To the mixture, a saturated agueous sodium
hydrogen carbonate solution and ethyl acetate were
added. The organic layer was washed twice with water
and with a saline solution, and dried over anhydrous
sodium sulfate and concentrated. The crude product was

purified by silica gel column chromatography (silica
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(Example 78) 6-(((4-((2,2-dimethyi-1,3-dioxan-5-
yi)methoxy)-3-methyipyridin-2-yi)methyi)sulfinyi)-5H-
[1.3]dioxoio[4,5-flbenzimidazole sodium salt [0683] 10 [Formula 311]
O~O-NO/OO/N>SN Na [0684] (78a) 5,6-dinitro-1,3-benzodioxoi
[0685] [Formula 312] 0 N, 0- 0 WO310Q- 15 [0686] A mixture of
5-nitro-1,3-benzodioxoi (10 g, 59.8 mmoi), tetramethylammonium nitrate

(1956 g, 779° htRof) ahdichioRPRERBAE TEO0 Miywas Stifred Affdad 1 -1 /1

ice- -CO | ang then Hlfléjoromet a esulforg% anh)édrldenzo %&trgld 7t707
m 0| was added dropW|set ereﬁo%efow %3 ‘/:8 ‘I:ﬁe mixture was

styred atbroom temperatwenfigh 30 aminuites agd heateshuRderrgliuxs 4
overnight. The reaction mixture was stirred under ice-cool and
colorless oil.
'H NMR (400 MHz, DMSO-dg)dppm; 1.41(3H, s), 2.75(2H, s),
3.57(3H, s), 3.60(2H, d, J=12 Hz), 3.65(2H, d, J=12
Hz), 3.84(4H, s).
(73b) 2-(8-methyl-1,4,7,9-tetraoxaspiro[4.5]dec-8-
yl)ethanol
[0661]

[Formula 300]

Ho/\/l/%}

[0662]

To a THF (40 ml) solution of methyl (8-
methyl-1,4,7,9-tetraoxaspiro[4.5]dec-8-yl)acetate (3.46
g, 14.9 mmol) obtained in the step (73a), lithium
aluminum hydride (679 mg, 17.9 mmol) was added at 0°C
and the mixture was stirred at 0°C to room temperature
for 3 hours. After the reaction was terminated by
sequentially adding water (0.68 ml), a 2N aqueous
sodium hydroxide solution (0.68 ml), and water (2 ml),
anhydrous sodium sulfate and celite were added thereto.
The mixture was filtrated through a glass filter. The
precipitate was washed with ethyl acetate and

concentrated to obtain the title compound (2.96 g,
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tetramethyiammonium nitrate (4.07 g, 29.9 mmol) and 5
trifluoromethanesulfonic anhydride (5.03 ml, 29.9 mmol) were added
thereto. The resultant mixture was stirred at 50C for 6 hours. The reaction
mixture was cooled to room temperature and a saturated aqueous
sodium hydrogencarbonate solutiorzand ice were added. The 10 mixture
was stirred and the organic layer was taken out. The aqueous layer was
extracted Withéthyle acétafe THel6anitiayers were combined, dried

over u S ulfate nd filtrated by silic
flltrﬁatgﬁ\\?vgag@o&nc@\tzré%%éjérr 1B Mhe ?tlg fzégrﬁ%ooun% (75428%? g%) ds
a yelow splid3 LuNMR (490 MHzCDE13)80pm:; 6.27(3H, 9), 731(2Hzs)) ,
(78b) 1,3-benzodioxoi-5,6-diamine [0687] [Formula 313] NHZ 0 NHZ 20
[0B88D Adtiixtute of 5]&-ditvtre-133-ben2oddxXdiHy.4n)g, 34. BmmMadl) t, J=6
obtained in the step (78a) above, and 10% palladium carbon (containing
56%) of water, 1.09 Q), methanol (200 ml), and tetrahydrofuran (50 ml)

w?ggg stgre |n3ag% tmgsqtéerﬁ fg Pays Th/e 323 reaction

mlxture was I rate Itrate was con entrated t0 obtaln a mixture
(6:48 g) centaining the smg&snaoqpm;:b@qaw How solid n1d NMR(400
MHz, DMSO-d6)8ppm; 4.10(4H, br s),
yl)methyl)sulfinyl)-1H-benzimidazole sodium salt
[0663]

[Formula 301]

[0664]

The same procedure as in the steps (4f) to
(49) of Example 4 was repeated using 2-(8-methyl-
1,4,7,9-tetraoxaspiro[4.5]dec-8-yl)ethanol obtained in
the step (73b) above to obtain the title compound (298
mg, total 15.1% yield) as a white solid.
'H NMR (400 MHz, DMSO-dg)dppm; 1.38(3H, s), 2.11-2.20(5H,
m), 3.62(2H, 4, J=12 Hz), 3.66(2H, d, J=12 Hz), 3.79-
3.90(4H, m), 4.11(2H, t, J=7 Hz), 4.37(1H, d, J=13 Hz),
4.77(14H, 4, J=13 Hz), 6.80-6.87(2H, m), 6.90(1H, d, J=6
Hz), 7.38-7.45(2H, m), 8.26(1lH, d, J=6 Hz).
(Example 74) 5-methyl-2-(((3-methyl-4-(2-(8-methyl-

1,4,7,9-tetraoxaspiro[4.5]dec-8-yl)ethoxy)pyridin-2-
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55.67(2H,s), 6.23(2H, s). (78c) 5H-[1,3]dioxolo[4,5-f|[benzimidazole-6-thiol
[0689] [Formula 314] 0/ N~-SH H 0690] 10 The mixture (6.48 g)
containing 1,3- benzodioxoi-5,6-diamine obtained in the step (78b) above
was dissolved in methanol (100 ml). To the mixture, carbon disulfide (30
ml) was added and the mixture was stirred at room temperature for one
day. 15 The reaction mixture was concentrated under reduced pressure.
T S FesTaUe: ety acetae wis  Bdded ahd fftPatiorwas L t
performea[cb T% solid was washed by adding tetrahydrofuran, ethyl
acetate n(? |ILted hydrochloric acid and insoluble substance was 20
cqliested; by fikkggion, dried under reduced pressure at room temperature
for 2 hours in a desiccator to obtain the title compound (3.8 g, 56.1% from
5,6- dinitro-1,3-benzodioxoi) as a brown solid. 1 R(400 MHz,
DMSO-d6) 8ppm; 5.99(2H,s), 6.74(2H, 2 %@ br s). - 324 (78d)

6-(((4-((2,2-dimethyl-1,3-dioxan-5-yl xy)-3-
methylpyridin-2-yl)m yl)i5H- [1,3] ioxolo[4%- benzimidazole
sodium salt [0691] 5 [ Q31§ N

Na
[0666]
The same procedure as in the steps (4f) to

(49) of Example 4 was repeated using 2-(8-methyl-
1,4,7,9-tetraoxaspiro[4.5]dec-8-yl)ethanol obtained in
the step (73b) above and 5-methyl-1H-benzimidazole-2-
thiol obtained in the step (47a) to obtain the title
compound (188 mg, total 12.4% yield) as a white solid.
'H NMR (400 MHz, DMSO-dg)dppm; 1.38(3H, s), 2.09-2.20(5H,
m), 2.34(3H, s), 3.62(2H, d, J=12 Hz), 3.66(2H, d, J=12
Hz), 3.77-3.92(4H, m), 4.10(2H, t, J=6 Hz), 4.35(1H, d,
J=13 Hz), 4.75(1H, d, J=13 Hz), 6.67(1H, d, J=8 Hz),
6.89(1H, d, J=6 Hz), 7.20(1H, s), 7.29(1H, d, J=8 Hz),
8.25(1H, d, J=6 Hz).
(Example 75) 2-(((4-(2-(8-methyl-1,4,7,9-
tetraoxaspiro[4.5]dec-8-yl)ethoxy)pyridin-2-
yl)methyl)sulfinyl)-1H-benzimidazole sodium salt

[0667]

[Formula 303]
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0,-'0 O~ .:.Cc, \N Na 0692] The same procedure as in the steps (5f) to
(5h) of Example 5 was repeated using (4-((2,2-dimethyl-
1,3-dioxan-5-yl)methoxy)-3-methylpyridin-2-yl)methanol 10 obtained in the
step (12b) above and 5H- [1,3]dioxolo[4,5-flbenzimidazole-6-thiol obtained
in the step (78c) above to obtain-thetle-compound (347 mg, total 51.9%
yield) as a white solid. 1H NMR(400 MHz, DMSO-d6)8ppm; 1.32(3H, s),
1.34(3H,[$° 9% 2.03-2.13(1H, m), 2.16(3H, s), 3.71-3.81(2H, m), 3.93-

4.02(2H, m), 4.09(2H, d, J=7 Hzg .30(1H, d,.J= 3%HZ) 4.80(]‘5‘!-4, (’_,{JZlS
NE I e v R e
(Epample 79 2o €2 2-dinethr b 313ian-520 operation was not
yl)methoxy)pyridin-2-yl)methyl)sulfinyl)-6,7-dihydro-
141 Ajdiogimhof2)3dlbenzimidazclesodium isal - 3250106931 Peornmila
31610, NOCO/N\_S\ ONNa
acid) was repeafed using 2-(8-methyl-1,4,7,9-
tetraoxaspiro[4.5]dec-8-yl)ethanol obtained in the step
(73b) above and 4-chloro-2-methylpyridine l-oxide
obtained in the step (57a) to obtain the title compound
(860 mg, total 20.2% yield) as a white solid.
'Y NMR (400 MHz, DMSO-dg) dppm; 1.31(3H, s), 2.05(2H, t,
J=7 Hz), 3.59(2H, d, J=12 Hz), 3.64(2H, d, J=12 Hz),
3.78-4.03(6H, m), 4.45(1H, d, J=12 Hz), 4.54(1H, d,
J=12 Hz), 6.71-6.90(4H, m), 7.37-7.48(2H, m), 8.32(1H,
d, J=6 Hz).
(Example 76) 2—-(((4-(2-(9-methyl-1,5,8,10-
tetraoxaspiro[5.5]undec-9-yl)ethoxy)pyridin-2-
yl)methyl)sulfinyl)-1H-benzimidazole sodium salt

[0669]

[Formula 304]

/\\/4/0
oJrOJ
7
N 9 | O
N
N N
Na

[0670]

(76a) 2,2-bis((benzyloxy)methyl)-1,3-dioxane
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[0694] (79a) 4-((2,2-dimethyi-1,3-dioxan-5-yi)methoxy)-N,N- 5
diisopropyipyridine-2-carboxamide [0695] [Formula 317] OO o/l NN O
0696] A mixture of the 4-chloro-N,N 10 diisopropyipyridine-2-carboxamide
(5 g, 20.8 mmol) obtained in the same manner as in the step (92a), (2,2-
dimethyi-1,3-dioxan-5-yi)methanei (8134 ¢, 22.8 mmol) obtained in the
same manner as in the step (lla), potassium hydroxide (2.57 g, 45.8
mmol) anid oltiéne (50 15 ml) was heated under reflux equipped with a
i@n Starlk d%@j for 7 hours and stirred at room temperature for 3

days The réaction mixture was washed with water and a saturated saline
solution, dried over magnesium sulfate and filtrated. The filtrate was
concentrated 20 under reduced pressue and the residue was dissolved
in - 326 - toluene-heptane | acetate a d subjegted to NH silica gel
column chromatography @L sgl daep ane/d thyl acetate=2/1-4
1/1). The fraction containing a deswed product was concentrated and the
5 solid residue was washed with heptane and collected by filtration to
obtain the title compound (5.39 g, 73.9%)

[0672]

A mixture of 1,3-bis(benzyloxy)acetone (20 g,
73.9 mmol) obtained in the same manner as in the step
(4a) above, 1,3-propanediol (54 ml, 747 mmol), triethyl
orthoformate (13 ml, 78.2 mmol), and p-toluenesulfonic
acid monohydrate (394 mg, 2.07 mmol) was stirred at 50°C
for 14.5 hours. To the mixture, a saturated aqueous
sodium hydrogen carbonate solution and ethyl acetate
were added. The organic layer was washed with water
and a saline solution, dried over anhydrous sodium
sulfate, and concentrated. The obtained crude product
was purified by silica gel column chromatography
(silica gel, elution solvent: heptane/ethyl
acetate=1/0-3/1 gradient). Desired fractions were
concentrated to obtain the title compound (17.46 g,
71.9% yield) as a light yellow oil.
'H NMR (400 MHz, DMSO-dg¢)dppm; 1.60(2H, quint, J=6 Hz),
3.60(4H, s), 3.82(4H, t, J=6 Hz), 4.49(4H, s), 7.22-
7.35(10H, m).
(76b) 1,3-dioxane-2,2-diyldimethanol

[0673]

[Formula 306]
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as a white solid. 1H NMR(400 MHz, DMSO-d6)8ppm;1.09(6H, d, J=7 Hz),
1.23(3H, s), 1.36(3H, s), 1.43(6H, d, J=6 Hz), 2.02- 10 2.10(1H, m),
3.51-3.65(2H, m), 3.74(2H, dd, J=6, 12 Hz), 3.98(2H, dd, J=4, 12 Hz),
4.16(2H, d, J=7 Hz), 6.95-7.00(2H, m), 8.33(1H, d, J=6 Hz). (79b)
2-(((4-((2,2-dimethyi-1,3-dioxan-5- 317 -
yl)methoxy)pyridin-2-yi)methyi)suifinyi)-6,7-dihydro- 15
1H-[1,4]dioxino[2,3-f]benzimidazole ium salt [0697] [Formula 318]
O~-OCO/NOO SN ONNa [06me same procedure as in the
same manner as 20 in the step$i®20yanddBf) to (5h) (a reprecipitation
operation was not performed in oxidation step with 3- chioroperbenzoic
acid) was repeated using 4-((2,2- dimethyi-1,3-dioxan-5-yi)methoxy)-N,N-
diisopropyipyridine-2-carboxamide obtained in the step - 327 - (79a) and
6,7-dihydro-IH 1,4]dioxino[2',3':4,5]benzo([d imidazole-2-thiol to obtain the
title compound {873 nt 154 46 894 Jietd) & A White SOHE S04 NMR(460"

MEiz, PMRQ-96)8R0M: 1:3Q(3H. $),3L-33GBEL 80 (17.46 g, 53.2 mmol)

obtained in the step (76a) above, palladium hydroxide
(20 wt.% Pd (dry basis) on carbon, wet (water max.
50%)) (1.7 g) was added and the mixture was stirred in a
hydrogen atmosphere at room temperature for 46 hours.
The reaction vessel was purged with nitrogen and a
catalyst was removed by filtration, and then, ethyl
acetate washing was performed. The filtrate was
concentrated to obtain the title compound (7.67 g,
97.3% yield) as a white solid.
'H NMR (400 MHz, DMSO-dg¢)dppm; 1.58(2H, quint, J=6 Hz),
3.47(4H, d, J=6 Hz), 3.80(4H, t, J=6 Hz), 4.43(2H, t,
J=6 Hz).
(76c) methyl (9-methyl-1,5,8,10-
tetraoxaspiro[5.5]undec-9-yl)acetate

[0675]

[Formula 307]
T}
~
0 O\/\[‘/O
0]

[0676]

A mixture of 1,3-dioxane-2,2-diyldimethanol
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1.82-1.95(1H, m), 3.53-3.73(3H, m), 3.79-3.91(3H, m), 4.14(4H, s),
4.38(1H, d, J=12 Hz), 4.54(1H, d, J=12 Hz), 6.55-6.63(1H, m),
6.74-6.86(1H, m), 6.83(2H, s), 8.28(1H, d, J=6 Hz). 10 (Example 80)
2-(((4-(1,4-dioxaspiro[4.4]non-6-
ylmethoxy)-3-methylpyridin-2-yl)mefgw$)sulfinyl)-1H- benzimidazole

sodium salt [0699] [Formula319]OI1 00 /Ni~Sa:o N Na 15[0700]
(80%) Methyl MAidxadpirof4 &fhohaniei8arboRylate’ (70 FIREAMuURASthY L

320 0 0,0702] reflux nser equipped with a Dean-Stark -
3251 e?oacetate (29% m Ql%ndBe mmofr}:I g]folev\lﬂgagi ggactnhottaormate

water separator was attached to a round bottom ntaining

methy 2rayciopentangnecarboxylate (2 mh, a2 mmeb.iethyleng glycol
(994 1, 17.8 mmol), p- toluenesulfonic acid monohydrate (139 mg, 0.73

nmmaol ) 5y ame benZerted (30oml)0 Thé Inixturé Wwasslseated tndeér at room
temperature for 4.5 hours. To the mixture, a saturated
aqueous sodium hydrogen carbonate solution and ethyl
acetate were added. The organic layer was washed twice
with water and a saline solution, dried over anhydrous
sodium sulfate and concentrated. The crude product
obtained was purified by silica gel column
chromatography (silica gel, elution solvent:
heptane/ethyl acetate=1/0-4/1-1/1 gradient). Desired
fractions were concentrated to obtain the title
compound (1.60 g, 24.1% yield) as a colorless oil.
'H NMR (400 MHz, DMSO-dg)dppm; 1.39(3H, s), 1.53-1.63(2H,
m), 2.72(2H, s), 3.56(3H, s), 3.70-3.86(8H, m).
(76d) 2-(9-methyl-1,5,8,10-tetraoxaspiro[5.5]undec-9-
yl)ethanol
[0677]

[Formula 308]

)

[0678]
To a THF (20 ml) solution of methyl (9-
methyl-1,5,8,10-tetraoxaspiro[5.5]undec-9-yl)acetate

(1.6 g, 6.5 mmol) obtained in the step (76c), lithium
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refiux for 2 hours. To the reaction mixture, triethylamine (0.22 ml) was
added and the mixture was concentrated and purified by silica gel column
chromatography (elution solvent: ethyl 10 acetate/heptane=1/9, 1/1) to
obtain the title compound (2.12 g, yield 70.3%) as a colorless oil. 1H
NMR(400 MHz, CDC13)8ppm; 1.5983152(1H, m), 1.77- 1.98(4H, m),
2.06-2.18(1H, m), 2.93(1H, t, J=8 Hz), 3.70(3H, s), 3.86-4.06(4H, m). 15
(SOBY LA dTb XREPIF AN SR-6-Yiffretharfoi D7 03] [EPmufisd1pe 10¢F and
HQ [0704] .To a suspension of lithium alumjinum hydride 20 (630 mg,

1@% Mo Hﬁrﬁetﬁg‘}ﬁetﬁsérl(ébe%?me h%l FYR BN R R AT cor
1 4rdioxaspiro[4.Afnenaner@-cathoxylate (349, d6:6 mmobobigined by
the method of the step (80a) above was added at OC. The mixture was
stireethattoonl ltgnpédatoee fort3lours.. Waten (0.6 n#) seSN equeoas@5um
sodium hydroxide solution (0.6 ml), and water (1.8 ml) - 329 were

sEGUEtAlY added ‘at 680 the Tniktute afdthd hBdurEdwds Filtrated.
Aﬁat%gé%eé yas.added to.the, Qlérg‘t% And ths praanic, eééﬁ’@é&%@‘%@gb :
The aqueous layer was extracted three times with ethyl 5 acetate. The
respantiextiact wasdried oveltsoditArough a glass filter. The
precipitate was washed with ethyl acetate and
concentrated. The resultant residue was purified by
silica gel column chromatography (silica gel, elution
solvent: heptane/ethyl acetate=3/1-1/4 gradient).
Desired fractions were concentrated to obtain the title
compound (950 mg, 67.0% yield) as a colorless oil.
'H NMR (400 MHz, DMSO-dg)dppm; 1.24(3H, s), 1.53-1.63(2H,
m), 1.78(2H, t, J=7 Hz), 3.43(2H, dt, J=6, 7 Hz), 3.67-
3.85(8H, m), 4.30(1H, t, J=6 Hz).
(76e) 2-(((4-(2-(9-methyl-1,5,8,10-
tetraoxaspiro[5.5]undec-9-yl)ethoxy)pyridin-2-
yl)methyl)sulfinyl)-1H-benzimidazole sodium salt

[0679]

[Formula 309]

[0680]
The same procedure as in the steps (5d) to

(5h) of Example 5 (a reprecipitation operation was not



10

15

20

sulfate, concentrated under reduced pressure, and purified by silica gel
column chromatography (elution solvent: ethyl acetate/ heptane=1/4, 1/1)
to obtain the title compound (1.9 g, yield 72.4%) as a colorless oil. 10 'H
NMR(400 MHz, CDC13)8ppm; 1.51-1.92(6H, m) , 2.11- 2.18(1H, m),
2.53-2.69(1H, br), 3.58-3.73(2H, m)3 388- 4.02(4H, m). (80c)
2-(((4-(1,4-dioxaspiro[4.4]non-6-yimethoxy)-3-

mietHyipyriiat Zlﬁ)rﬁé‘&@'%&lﬂﬁyl?H@%e%i’ﬁlﬁdézc%l% IBERTEER [0705]

F 322101 0Q NN S.NNa 0706] T h
Siap4 {44118 S0CIRY ot thsislo 14 wadrapeaied USing e 14 |

4 was rep using'the 1,4-

dioxaspiral4 dinens6yimeihano: obtainedinthg Step (89hhabove 0 he
obtain the title compound (383 mg, the total yield of 5 steps: 14.6%) as a

lightselldwsdlidab83@ Notedthatinthélsanmiel plocessasdmtise step8 mg,

(1{_1& methanol was used as a solvent instead of ethanol. 1H NMR(400
PMSO:d6)sppit 1421 SoBRLAT , 1986-2.01(1H, m), 2.15(3H, d,

I3 HR)r2 282 AN g 0-a, ) Sppm; 1.28 (38, s), 1.53-1.64(2H,

m), 2.02(2H, t, J=7 Hz), 3.68-4.00(10H, m), 4.46(1H, d,

J=12 Hz), 4.54(1H, d, J=12 Hz), 6.72-6.90(4H, m), 7.36-

7.47(2H, m), 8.32(1H, d, J=6 Hz).

(Example 77) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-

yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-6, 7—

dihydro-1H-[1.4]dioxino[2.3-f]benzimidazole sodium salt
[0681]

[Formula 310]

[0682]

The same procedure as in the steps (5f) to
(5h) above (a reprecipitation operation was not
performed in oxidation step with 3-chloroperbenzoic
acid) was repeated using (4-((2,2-dimethyl-1,3-dioxan-
5-yl)methoxy)-3-methylpyridin-2-yl)methanol obtained in
the step (12b) and 6, 7-dihydro-1H-
[1.4]dioxino[2'.3'":4.5]benzo[d]imidazole-2-thiol to
obtain the title compound (137 mg, total 25.8% yield)

as a light yellow solid.



5 3.70-3.93(5H, m), 4.02-4.13(1H, m), 4.38(1H, d, J=13 Hz), 4.77(1H, d,
J=13 Hz), 6.79-6.87(2H, m), 6.89(1H, dd, J=2, 6 Hz), 7.37-7.46(2H, m),
8.25(1H, d, J=6 Hz). (Example 81) 2-(((4-((3,3-dimethyl-1,5
dioxaspiro[5.5]undec-9-yl)oxy)-3-methylpyridin-2- 10
yl)methyl)sulfinyl)-1H-benzimidazole sodium salt [0707] [Formula 323] O"
0,0 N\S NN Na [0708] (81la)

33L& D, SEiBxaspir]s 10 RBEEEN-9-01 215 [o709) [Fdrmiid 384] ©) -

05 AR 10710} Tg,the quspension.of itiym alugnum e (748w,

19.7 mmol)in tetrahydrofuran ml),a’-'3 uran solution o
14-eyclohexapedionegnoner, 2 4;dimethyltrimethylene ketal £3.9 @, 7114,

mmol) was added at OC. The mixture was stirred at room
d, J=13 Hz), 4.75(1H, d, J=13 Hz), 6.83(2H, s),
5 6.92(1H, d, J=6 Hz), 8.26(1H, d, J=6 Hz).
(Example 78) 6-(((4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-5H-
[1.3]dioxolo[4,5-f]lbenzimidazole sodium salt

[0683]

10 [Formula 311]
O/\j:ixo
NM—8 ~
<oﬁ N>_ N
Na

(78a) 5,6-dinitro-1,3-benzodioxol

[0684]

[0685]

[Formula 312]

15 [0686]
A mixture of 5-nitro-1,3-benzodioxol (10 g,
59.8 mmol), tetramethylammonium nitrate (10.6 g, 77.7
mmol) and dichloromethane (100 ml) was stirred under
ice—-cool and then trifluoromethanesulfonic anhydride

20 (13.1 ml, 77.7 mmol) was added dropwise thereto below



5

10

15

20

25

temperature for 3 hours. After water (0.7 ml), a 5N 5 aqueous sodium
hydroxide solution (0.7 ml), and water (2.1 ml) were sequentially added at
OC to the mixture, the mixture was dried over sodium sulfate, filtrated,
concentrated under reduced pressure, and purified by silica gel column
chromatography (elution solvent:-1®ethyl-acetate/ heptane=1/2, 1/1, 2/1)
to obtain the title compound (3.6 g, yield: 91.2%) as a colorless oil. 1H
NR/?F?(-4OOTW’-I2‘P€>ET@I3~)8Y5Bﬁ1;@?GF(BPF?SEtl.SP-@LITBO’(ﬁPIP%EtMe for 30

1.74-1.86(2H, m),,2.04-2.14(2H, m), 3. 4H, d, J=4. 15 Hz),

S R e R T e R e The eceo.
yhexyd-3tmethyipyridin-2odimethyhsulfinylrd B benzimidazolg,s@dium
salt [0711] 20 [Formula 325] O~ OO ON~J \S19N N Na [0712] The

sameproeeduré asiinthestepst(ddarto( 414¢) of Exampleridodas and
repeated using the 3,3 - 332 -

trifluoromethanesulfonic anhydride (5.03 ml, 29.9 mmol)

were added thereto. The resultant mixture was stirred

at 50°C for 6 hours. The reaction mixture was cooled to

room temperature and a saturated aqueous sodium
hydrogencarbonate solution and ice were added. The
mixture was stirred and the organic layer was taken
out. The aqueous layer was extracted with ethyl
acetate. The organic layers were combined, dried over
sodium sulfate, magnesium sulfate and filtrated by
silica gel. The filtrate was concentrated to obtain
the title compound (7.4 g, 58.3%) as a yellow solid.
'H NMR (400 MHz, CDCls)dppm; 6.27(2H, s), 7.31(2H, s).
(78b) 1,3-benzodioxol-5,6-diamine

[0687]

[Formula 313]
0 NH,
L,
[0688]
A mixture of 5,6-dinitro-1,3-benzodioxol (7.
g, 34.9 mmol) obtained in the step (78a) above, and 10%
palladium carbon (containing 50% of water, 1.09 gqg),

methanol (200 ml), and tetrahydrofuran (50 ml) was

stirred in a hydrogen atmosphere for 3 days. The
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dimethyl-1,5-dioxaspiro[5.5]undecan-9-ol obtained in the step (81a)
above to obtain the title compound (275 mg, the total yield of 5 steps:
3.3%) as a white solid. Note that in the same process as in the step
(14b), 5 after acetic anhydride was added, 10 equivalents of triethylamine
relative to pyridine 1-oxide derivative2was added to perform the reaction.
In the same process as in the step (14c), tetrahydrofuran was used as a

sel9énttinsteall 'of etfandraro H NMRE00 MPZ, DMVSOide)8apH; Was
0.90(6H, s), 1.62-1.94(8H, m), 2.18(3H., s), 3.45(4H, d, J=6 Hz), 4.35(1H,
e e A e S S8 s e SR an Ty
6. QL1 H,1¢,1056-52) 1139 7 AB(2H5, 801 8:23(d1H; 4, J=6 Hz). 15 (Example
82) 2-(((4-(1,4-dioxaspiro[4.5]dec-8-

yltHe thioRy(}48-InéthylpyFtisoz-ghndetbyl) sdlfiiylX-4H, benzimidazole

sodium salt [0713] [Formula 326] O ON9-\SO:N 1: N Na 20 [0714]
(8225 1 #dioxhspito[a5]dEe-83imethanol - 333 - 0715]

(78c) 5H-[1,3]dioxolo[4,5-f]lbenzimidazole-6-thiol
[0689]

[Formula 314]

0 N
<Oj©[H\>—SH

[0690]

The mixture (6.48 g) containing 1,3-
benzodioxol-5,6-diamine obtained in the step (78b)
above was dissolved in methanol (100 ml). To the
mixture, carbon disulfide (30 ml) was added and the
mixture was stirred at room temperature for one day.
The reaction mixture was concentrated under reduced
pressure. To the solid residue, ethyl acetate was
added and filtration was performed. The solid was
washed by adding tetrahydrofuran, ethyl acetate and
diluted hydrochloric acid and insoluble substance was
collected by filtration, dried under reduced pressure
at room temperature for 2 hours in a desiccator to
obtain the title compound (3.8 g, 56.1% from 5,6-
dinitro-1,3-benzodioxol) as a brown solid.

'H NMR (400 MHz, DMSO-dg)dppm; 5.99(2H,s), 6.74(2H, s),

12.36(2H, br s).
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[Formula 327] HO~ J [0716] A reflux condenser equipped with a
Dean-Stark 5 water separator was attached to a round bottom flask
containing ethyl 4-cyclohexanonecarboxylate (5 ml, 31.4 mmol), ethylene
glycol (1.93 ml, 34.5 mmol), p- toluenesulfonic acid monohydrate (200 mg,
1.05 mmol), and benzene (30 mb). 3he mixture was heated under 10
reflux for 3 hours. To the reaction mixture, triethylamine (181 1, 1.3 mmol

wés &dtlefiaht the ( rh?xt@réjW§§%Bﬁéeﬁtra?teélR%é‘fﬁfﬂ%/dféﬂJP&ﬁ%@FﬂYbn -
of the res ultant crude, substan d to ahydrofuran (30 ml)
suspen\é &oﬁgﬁ(fhlurr?alﬁ?ﬁlnur%%f;}fy(ﬁfd&&y% 4.5 mmol) at OC.

After theambdweo wasstirredeat 4 @mutgmpf‘éa%%i%? haurs, water (1.3
ml), a SN aqueous sodium hydroxide solution (1.3 ml), and water (3.9 ml)
were sedueritially added to the mixture at OC. After dried over sodium
sulfate, the 20 mixture was filtrated. The filtrate was concentrated under

rebfUicEd préssite and purified by silica gel column chromatography
(elution solvent: ethyl acetate/heptane=1/2, 1/1, 2/1) to obtain the title

compound (4.6 g, yield: 85.1%) as a colorle tH NMR(400 MHz,
CDC13)8ppm; 1.20-1.33(3H, m) , 1. 48 33 1 6 2 ), 1.74-1.82(4H,
m), 3.49(2H, t, J=6 szof@t@%(iu,m)

[0692]

The same procedure as in the steps (5f) to
(5h) of Example 5 was repeated using (4-((2,2-dimethyl-
1,3-dioxan-5-yl)methoxy)-3-methylpyridin-2-yl)methanol
obtained in the step (12b) above and 5H-
[1,3]dioxolo[4,5-f]lbenzimidazole-6-thiol obtained in
the step (78c) above to obtain the title compound (347
mg, total 51.9% yield) as a white solid.
'H NMR (400 MHz, DMSO-dg)dppm; 1.32(3H, s), 1.34(3H, s),
2.03-2.13(1H, m), 2.16(3H, s), 3.71-3.81(2H, m), 3.93-
4.02(2H, m), 4.09(2H, d, J=7 Hz), 4.30(1H, d, J=13 Hz),
4.80(1H, d, J=13 Hz), 5.82(2H, s), 6.89(2H, s),
6.92(1H, d, J=6 Hz), 8.26(1H, d, J=6 Hz).
(Example 79) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy)pyridin-2-yl)methyl)sulfinyl)-6, 7-dihydro-

1H-[1,4]dioxino[2,3-f]lbenzimidazole sodium salt
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(82b) 2-(((4-(1,4-dioxaspiro[4.5]dec-8-yImethoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole 5 sodium salt [0717]
[Formula 328] O cqcTh [0718] The same procedure as in the steps (14a)
to 10 (14b) of Example 14 and the steps (7d) to (7f) of Example 7 was
repeated using the 1,4- dioxaspiro[45klec-8-ylmethanol obtained in the
step (82a&£bove to obtain the title compound (115 mg, the total yield of
5 steps: 7Y%y as a white solid. Note 15 that, in the same process as in
the_step (14b) r acetic anhydride was added, 2 equivalents of
tri&%ﬁglrﬁnae r?’e?agtﬁ/e to pyridine 1-oxide derivative was added to perform
the reaction. 1H NMR(400 MHz, DMSO-d6) 8ppm; 1.23-1.55(4H, m) ,
1.65 20 1.89(5H, m), 2.19(3H, s), 3.81-3.95(6éH, my); 4386(1H, d, J=13 Hz),
4.83(1H, d, J=13 Hz), 6.79-6.88(2H, m), 6.99(1H, Hz),

7.38-7.46(2H, m), 8.2 \Hzg \(Egr:@e 83)
2-(((4-(5,9-dioxaspiro[8,5 i a& SN

onxy)pyridin-2-y1)meth39)sul inyl)NEH-benzimidazole sodium salt [0719]
[Formula 329]
[0694]

(79a) 4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-N, N-
diisopropylpyridine-2-carboxamide
[0695]

[Formula 317]
o/\fo
hd 7] 04/
ARe
o]
[0696]

A mixture of the 4-chloro-N, N-
diisopropylpyridine-2-carboxamide (5 g, 20.8 mmol)
obtained in the same manner as in the step (92a), (2,2-
dimethyl-1, 3-dioxan-5-yl)methanol (3.34 g, 22.8 mmol)
obtained in the same manner as in the step (1lla),
potassium hydroxide (2.57 g, 45.8 mmol) and toluene (50
ml) was heated under reflux equipped with a Dean-Stark
devise for 7 hours and stirred at room temperature for
3 days. The reaction mixture was washed with water and
a saturated saline solution, dried over magnesium

sulfate and filtrated. The filtrate was concentrated

under reduced pressure and the residue was dissolved in
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O~P O'CON9SN Nab5|[0720] (83a)
4-(5,9-dioxaspiro[3.5]non-7-yloxy)-N,N- diisopropylpyridine-2-carboxamide
[0721] [Formula 330] O O YY 'i-N 10[0722] The same procedure as in
the step (92c) of Example 92 was repeated using
5,9-dioxaspiro[3.5]nonan- 7-ol sepagately-obtained in the method of steps
(9a) to (9e) of Example 9, and 4-chloro-N,N 15

difSOprEp\RpRRe2cca bBXdmiiecstamediif el ethodoftRe Step

(92a) of Example 92 to obtain the title compound (1.69 g, yield 97%) as
vreber i A p i e T b B
- 330 thA4-1:82(2H, e 224s2 3AM4b, 1)1 3.45-363(1.48)10n
3.72-3.87(1H, m), 3.90(2H, dd, J=5, 12 Hz), 4.05- 4.15(2H, m),

4 364 44 (LH\N), 6I88(LEE ddpd=26 Hz)a 6.956bHed fI= bid), 8140 (i

d, J=6 Hz). 5 (6H was missing since it was overlapped with the peak of a
Hﬁ@ﬂ&ﬂnéﬁ§&qu4wﬁipwﬁshed with heptane and collected by

filtration to obtain the title compound (5.39 g, 73.9%)
as a white solid.
'H NMR (400 MHz, DMSO-dg)dppm;1.09(6H, d, J=7 Hz),
1.23(3H, s), 1.36(3H, s), 1.43(6H, d, J=6 Hz), 2.02-
2.10(1H, m), 3.51-3.65(2H, m), 3.74(2H, dd, J=6, 12
Hz), 3.98(2H, dd, J=4, 12 Hz), 4.16(2H, d, J=7 Hz),
6.95-7.00(2H, m), 8.33(1H, d, J=6 Hz).
(79b) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy)pyridin-2-yl)methyl)sulfinyl)-6, 7-dihydro-
1H-[1,4]dioxino[2,3-f]lbenzimidazole sodium salt
[0697]

[Formula 318]
O/\jif\o
O N 9\/Jf;] O/k/
N
[Q@Ks N
Na

The same procedure as in the same manner as

[0698]

in the steps (92d) and (5f) to (5h) (a reprecipitation
operation was not performed in oxidation step with 3-
chloroperbenzoic acid) was repeated using 4-((2,2-
dimethyl-1,3-dioxan-5-yl)methoxy)-N, N-

diisopropylpyridine-2-carboxamide obtained in the step
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(83b) (4-(5,9-dioxaspiro[3.5]non-7-yioxy)pyridin-2- yi)methanoi [0723] 10
[Formula 331] O O HO N [0724] To a tetrahydrofuran (60 ml) solution of
4- (5,9-dioxaspiro[3.5]non-7-yioxy)-N,N-
diisopropyipyridine-2-carboxamide (1.69 g, 4.85 mmol) 15 obtained in the
step (83a), lithium aluminum hydride 2(652 mg, 14.5 mmol) was added at
-6 to -5C and then the mixture was stirred at room temperature for one

hdur? Watett055/mb 1 &SR aqi€ous sodium hydroxide solution (0.55

ml), and water. (1. ml)tswg-:-re uentially added 20 to the mixture. After
drteld él)\(j/le(%(r\:lL SO |ur%?séulf’a e, 'tﬁé grjnx Ures éj égﬁcgean Pa%d %naérl Pe%u%gd

pPressHre, ande purifiedby: silica gehcqlumn ghromatagraphy delufios14) as
solvent: heptane, ethyl acetate/heptane=1/1, ethyl acetate) to obtain the
titte sbmpeurd {5360 mg, yield - 337 - 45.9%) as a white solid. 1H

NMR(400 MHz, DMSO-d6)8ppm; 1.65(2H, quint, J=8 Hz), 2.14(2H, t, J=8
25, 24BN, YE AL 9T (HHORET 08, 18 1), 3.95:4.06@H Ay, )

4£4:449(3f% ), 5 %éé(cl)ﬁ 500, 9725 0412). RPO(H 4 2Ty, ),

8.25?1H, d, J=6 Hz).
24((44(% Bsdioxaspiro[3dlnen-7yloxnpyriding: 4.54 (1H, d, J=12

yi)methyl)sulfinyi)-IH-benzimidazole sodium salt
Hz), 6.55-6.63(1H, m), 6.74-6.86(1H, m), 6.83(2H, s),
8.28(1H, d, J=6 Hz).
(Example 80) 2-(((4-(1,4-dioxaspiro[4.4]lnon-6-
ylmethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0699]

[Formula 319]

g
0]
O/f;
or-2 )
A
N
Na

(80a) Methyl 1,4-dioxaspiro[4.4]lnonan-6-carboxylate

[0700]

[0701]

[Formula 320]

[0702]

A reflux condenser equipped with a Dean-Stark
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[0725] 10 [Formula 332] O-P OO NP ~~S\N N Na 0726] The same
procedure as in the steps (9h) to (9j) of Example 9 was repeated using
the (4-(5,9- dioxaspiro[3.5]non-7-yioxy)pyridin-2-yi)methanoi 15 obtained
in the step (83b) above to obtain the tittle compound (100 mg, the total
yield of 3 steps: 50%) as a white-salizls Note that, in the same process as
in the step (9h), 2-mercaptobenzimidazole was added to the reaction
NG af@ B aF robhA terhperdtaré foP 28 20PNe\tsPand Heréafter: 3

uivalents. of pota ydro xide rel t|ve to the coho was a&j
th((]jeré]t%allrhmr%)lﬁu%%\%as allo (jj regc at room empéréature or

haurse- 338 13H NMR(AQQ,MHz 2MIOd6)8ppm; 13156-4. 7063H) m)p—
2.04- 2.24(4H, m), 3.44-3.53(1H, m), 3.60-3.72(2H, m), 3.80(1H, dd, J=2,
138 bliz) 306 (IH, dnd=2 #z) A Ad(kHhy dr3+E2 HZP A B(LH) d7 I=12¢H2),
6.55 HdJ3HZ)5681691€>H m), 7.40-7.48(2H, m), 8.31(1H, d,
JZ6 f)e{‘é%}ﬁpléééh)@ ((¢4-(5- 7SiBRaspoR. B t-Be 2 ed ‘under

reflux for 2 hours. To the reaction mixture,
triethylamine (0.22 ml) was added and the mixture was
concentrated and purified by silica gel column
chromatography (elution solvent: ethyl
acetate/heptane=1/9, 1/1) to obtain the title compound
(2.12 g, yield 70.3%) as a colorless oil.
'H NMR (400 MHz, CDCls)dppm; 1.59-1.72(1H, m), 1.77-
1.98(4H, m), 2.06-2.18(1H, m), 2.93(1lH, t, J=8 Hz),
3.70(3H, s), 3.86-4.06(4H, m).
(80b) 1,4-dioxaspiro[4.4]non-6-ylmethanol

[0703]

[Formula 321]

HO

[0704]
To a suspension of lithium aluminum hydride
(630 mg, 16.6 mmol) in diethyl ether (30 ml), methyl
1,4-dioxaspiro[4.4]nonane-6—-carboxylate (3.1 g, 16.6
mmol) obtained by the method of the step (80a) above
was added at 0°C. The mixture was stirred at room
temperature for 3 hours. Water (0.6 ml), a 5N aqueous

sodium hydroxide solution (0.6 ml), and water (1.8 ml)



yimethoxy)pyridin-2-yi)methyi)suifinyi)-5-fluoro-IH- benzimidazole sodium
salt 10 [0727] [Formula333] O0™)0 ~ NOF/O -S NN Na [0728] (84a)
2,2-diethoxyethyi benzoate [0729] 15 [Formula 334] O 0 0730] To a
pyridine (30 ml) solution of glycol aldehyde diethylacetai (19.8 g, 148
mmol), benzoyi chloride (51.7 ml; 4#ommol) was added dropwise at -20
20 to 30C. The mixture was stirred at room temperature for 167 hours

aMi@ 50 Mibtites? Afet MetRaAGIRFwaiér 1339 Riferé adldedtotng the

mlxture extractlonfwittt'n ethyl acet . was ercformed The 8b'§un
was
organlc I%\yer was wash h asa ra]ie aqueous ammonium (9h|0|’| e

selutien, saturated @ﬂ'ée%%%@ﬁk&mll'éa%%wr@%@%@ai%@ut'o@@d a
saturated saline solution. After dried
aqueous layer was extracted three times with ethyl
5 acetate. The resultant extract was dried over sodium
sulfate, concentrated under reduced pressure, and
purified by silica gel column chromatography (elution
solvent: ethyl acetate/ heptane=1/4, 1/1) to obtain the
title compound (1.9 g, yield 72.4%) as a colorless oil.
10 'H NMR (400 MHz, CDCls)dppm; 1.51-1.92(6H, m), 2.11-
2.18(1H, m), 2.53-2.69(1H, br), 3.58-3.73(2H, m), 3.88-
4.02(4H, m).
(80c) 2-(((4-(1,4-dioxaspiro[4.4]non-6-ylmethoxy)-3—
methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole
15 sodium salt

[0705]

[Formula 322]

o ]

0]
O/\i;
=
N\yé(’)ﬁ
N N

Na

[0706]
The same procedure as in the steps (1l4a) to
20 (1l4e) of Example 14 was repeated using the 1,4-
dioxaspiro[4.4]lnon-6-ylmethanol obtained in the step
(80b) above to obtain the title compound (383 mg, the

total yield of 5 steps: 14.6%) as a light yellow solid.
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15

over anhydrous magnesium sulfate, the mixture was concentrated under
reduced pressure and purified by silica gel column chromatography
(elution solvent: heptane, ethyl acetate/heptane=1/9). Thereafter, 10
purification by silica gel column chromatography (elution solvent:
heptane, ethyl acetate/heptane=1/199¢ 1/30, 1/10) was performed again
to obtain the title compound (34 g, yield: 96.4%) as a light green oil. 1H
NW@OBWFIZ%D@ZL%)%‘&% PI2ATGH 5t %SYJHIZ)tQ%SSRSFB 68(‘%—? m),

3.72- ,.m), 4.34 83(1H t, J=6 Hz), 7 748(2H
mrye_;% ?_% mi goa 889&%-_:1 stead olfl éthan
5 17Hd1@fﬁ$ﬂl®@[2@99t Evinethy) 9&81%93@. @27311] 20 (Farmula 335] £ OT

0732] A reflux condenser equipped with a Dean-Stark water separator
was @ttatHed 10 a raund bottomdflask=Ccomitaining 2/BdietHoxyethylm)
benzoate (33 g, 139 mmol) - 340 - obtained in the steg (84a) above, 1 1-

b%(h%éxﬁﬁgtlk’]@i')c?&opr pgﬁéflé% <g”fl’:i?“fﬁmo%) 8 {olffendsulfoni
agjg monohydrate (2,64 %Ji%gf'g%‘o')g and toluene (100,ml). The mpstyre

was heated unSLer '5 refiux for 2 hours and cooled to room temperature To
theaeagtion mixtues, trigthyfamine {10 ml),ethylsacetates(109, mh=andiz )

silica gel (50 g) were added.
(Example 81) 2-(((4-((3,3-dimethyl-1,5-
dioxaspiro[5.5]undec-9-yl)oxy)—-3-methylpyridin-2-
yl)methyl)sulfinyl)-1H-benzimidazole sodium salt
[0707]

[Formula 323]

>
g8 HV\@

N
[0708]
(8la) 3,3-dimethyl-1,5-dioxaspiro[5.5]undecan-9-0l
[0709]

[Formula 324]

Nt

[0710]
To the suspension of lithium aluminum hydride

(748 mg, 19.7 mmol) in tetrahydrofuran (40 ml), a
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The mixture was concentrated and purified by silica gel column
chromatography (elution solvent: ethyl 10 acetate/heptane=1/30, 1/10) to
obtain the title compound (25.5 g, yield 73.9%) as a light yellow oil. 1H
NMR(400 MHz, CDC13)8ppm; 0.32-0.39(2H, m) , 0.68- 0.76(2H, m),
3.29(2H, d, J=12 Hz), 4.16(2H, d;J332 Hz), 4.41(2H, d, J=5 Hz),

4.98(1H, t, J=5 Hz), 7.40 15 7.46 (2H, m), 7.52-7.58(1H, m),

8028 0O, Hh) T (BACcT B M 8bXAspifo[2 SloctVe Y hethaR6id?38] mono-
[Formula 336] HO,0 50734 20 To a mixture of 5,7-dioxaspirp[2.5]oct-6-
O Do (3RS g AT o) e o i (b} dbcie®
andmethanol (450 mhna 2h: aqugaus, sedisim hydrgxide solufion (55.6

ml, 111 mmoi) was added at an inner temperature of O to 4C. After the
mibaureer 341 nead stirred Abroom tempéeraturesfoe 8 holrs, anksaturateoN
aqueous ammonium chloride solution was added to the mixture to adé'ust

pAGbBt § PR Fhikilire WWas!Eoricertirated under retitied phessiité By
ZQ%Utfh%f’)a%#@ %%’g%%@?% ngy'f»%f&é%feé’%a%a@d%% o fhe ﬁ?z‘gg?e,

nd the organic layer was separate e aqueous layer was extracte
with ety aeetate wad then esodigchigyide was added &g thei obtainesy,
water layer. The mixture was extracted with ethyl acetate and then 10 the
organitchayesiwereicsbineddntbwasiieb withe sandatedrsafined by

solution. The organic layer was dried ,
silica gel “columh chromatography (elution solvent:

ethyl acetate/ heptane=1/2, 1/1, 2/1) to obtain the
title compound (3.6 g, yield: 91.2%) as a colorless
oil.
'H NMR (400 MHz, CDCls)dppm; 0.97(6H, s), 1.51-1.60 (4H,
m), 1.74-1.86(2H, m), 2.04-2.14(2H, m), 3.50(4H, d, J=4
Hz), 3.74-3.84(1H, m).
(81lb) 2—-(((4-((3,3-dimethyl-1,5-dioxaspiro[5.5]undec-9-
yl)oxy)—-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0711]

[Formula 325]

g
)

Na
[0712]
The same procedure as in the steps (1l4a) to

(1l4e) of Example 14 was repeated using the 3,3-
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over anhydrous magnesium sulfate and then the solvent was removed by
distillation to obtain the title compound (10 g, yield: 68.6%) as a colorless
oil. 15 1H NMR(400 MHz, CDC13)8ppm; 0.33-0.37(2H, m), 0.68- 0.72(2H,
m), 1.87(1H, t, J=6 Hz), 3.28(2H, d, J=11 Hz), 3.68(2H, dd, J=4, 6 Hz),
4.16(2H, d, J=11 Hz), 4.73(1H, t-J=34H2).
(84d)2-(((4-(5,7-dioxaspiro[2.5]oct-6- 20

yifhetRe: éyrhlﬁ2d9l%éﬂi?ﬁ§8|flﬁyl§-]suﬂ1&jcﬁ‘65}ﬂ %eﬁimﬂé’éﬁdl@%@dm%

sal 0735 r ul OF/ 6 k~ 736] - 342 The
sgr%% proc% du 8[@ asﬁn 3ﬁél s?ep &Qa?)o? jlfxamp %e stléIB (858) of (275
Example.22,tbe step, (3f) of Example Spand the %‘}epéé% Q2R &f so1id.
Example 9 was repeated using the 5,7-dioxaspiro[2.5]oct-6 5 ylmethanol

obtairedtinaghe step: {824 c} abeve toobtain dhe title thmpourid (2981mg,
the total yield of 5 steps: 14.1%) as a white solid. Note that in the same

oﬁ’ér%%n S5 e §fé1by(@%?eetf‘f§ﬁoﬁ‘/%j§§sedl On&teHd 6t higthand fin
r%ag@ gﬁ%ﬂ%‘ %Se ”8‘2 %01? 1de derivative

-fluoro- ?‘I—}?Jgenzmldazoe 2-thioi 0 gn; |nt estep 52a) of Example 52
Wﬁ&QSQQ&@ﬂeﬁéoﬁgrform the reaction. 1In the same process
as in the step (1l4c), tetrahydrofuran was used as a
solvent instead of ethanol.
'H NMR (400 MHz, DMSO-dg)dppm; 0.90(6H, s), 1.62-1.94(8H,
m), 2.18(3H, s), 3.45(4H, d, J=6 Hz), 4.35(1H, d, J=13
Hz), 4.70-4.78(1H, br), 4.81(1H, d, J=13 Hz), 6.81-
6.88(2H, m), 6.97(1H, d, J=6 Hz), 7.39-7.46(2H, m),
8.23(1H, d, J=6 Hz).
(Example 82) 2-(((4-(1,4-dioxaspiro[4.5]dec-8-
ylmethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0713]

[Formula 326]
O/\Q/
(0]
=
£ L) T
N N
Na

[0714]

(82a) 1,4-dioxaspiro[4.5]dec-8-ylmethanol
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mercaptobenzimidazole. 1H NMR(400 MHz, DMSO-d6)8ppm; 0.33(2H,
dd, J=7, 8 Hz), 0.59(2H, dd, J=7, 8 Hz), 3.24(2H, d, J=12 Hz), 3.92- 15
4.04(2H, m), 4.09(2H, d, J=12 Hz), 4.43(1H, d, J=12 Hz), 4.50(1H, d, J=12
Hz), 4.94(1H, t, J=4 Hz), 6.64- 6.78(1H, m), 6.80-6.98(2H, m), 7.16(1H,
dd, J=2, 10 Hz), 7.42(1H, d, J=5,832), 8.37(1H, d, J=6 Hz). (Example
85) 2-(((4-(6,8-dioxaspiro[3.5]non-7 20
yimethoxyJ-B-methyipyridin-2-yl)methyi)suifinyi)-IH- benzimidazole sodium
saﬂ%[j()?lr?{ﬂa[ngqjla 338] O-,-r0 O NONN Na[0738] - 343 (85a)
Cycloﬁutane- ,1-diyldimethanol [0739] [Formula 339] OH OH [0740]5 A
tetrahydrofuran (50 ml) solutionﬁg die 1,1-cyc|obutanedicarboxylate

(4.97 g, 24.8 mmol) was cooled unde
aluminum hydride (1.6 g, 42.2 mmol) wa
was stirred at OC for 10 minutes and

[0716]

A reflux condenser equipped with a Dean-Stark
water separator was attached to a round bottom flask
containing ethyl 4-cyclohexanonecarboxylate (5 ml, 31.4
mmol), ethylene glycol (1.93 ml, 34.5 mmol), p-
toluenesulfonic acid monohydrate (200 mg, 1.05 mmol),
and benzene (30 ml). The mixture was heated under
reflux for 3 hours. To the reaction mixture,
triethylamine (181 pl, 1.3 mmol) was added and the
mixture was concentrated. A tetrahydrofuran solution
of the resultant crude substance was added to a
tetrahydrofuran (30 ml) suspension of lithium aluminum
hydride (1.31 g, 34.5 mmol) at 0°C. After the mixture
was stirred at room temperature for 7 hours, water (1.3
ml), a 5N agueous sodium hydroxide solution (1.3 ml),
and water (3.9 ml) were sequentially added to the
mixture at 0°C. After dried over sodium sulfate, the
mixture was filtrated. The filtrate was concentrated
under reduced pressure and purified by silica gel
column chromatography (elution solvent: ethyl
acetate/heptane=1/2, 1/1, 2/1) to obtain the title
compound (4.6 g, yield: 85.1%) as a colorless oil.

'H NMR (400 MHz, CDCls)dppm; 1.20-1.33(3H, m), 1.48-



10 further stirred at room temperature for 15 minutes. The reaction was
terminated by adding diethyl ether- water to the reaction mixture. The
solution having precipitated inorganic compounds was dried over
anhydrous magnesium sulfate and the solvent was 15 distilled off under
reduced pressure to obtain the titleacompound (2.88 g, 100%) as a
colorless oil. 1H NMR(400 MHz, CDC13)8ppm; 1.77-1.82(4H, m) , 1.90-
1.96¢2H 2m), 2138(2H, bt s}, - 8.75HH, $)) j0741F 204860y J=6 Hz),

7-((henzyloxy)methyl)-6,8-dioxaspiro[3.5]nonane [0742] [Formula 340]
S

> A'mixture of cyciobutane-1,1-diyidimethanoi (2.88

9,248 mmol) ohtaipe in the,step(85a) abeves benzyjoxyacetaidghyse
(3.72 g, 24.8 mmol), p 5 toluenesulfonic acid monohydrate (214 mg, 1.13
mnedih ahelvtolugie—(70yml) meshheated Uhder fefitkHobene inoutarhilee
removing water by a Dean-Stark apparatus. The reaction mixture was

5 cGOEd 18 rdém temperature and triethylamine (3 ml) was added thereto,
then the ojyent was distilled away. The residue was purified by silica
gel column chromatography (silica gel: 200 g, elution solvent: ethyl
agetateiheptanes1/50-*1/9) to obtain the title compound (3.8 g, yield:

48.7%) as a
N\
@N%S SN
Na

[0718]
The same procedure as in the steps (1l4a) to
10 (14b) of Example 14 and the steps (7d) to (7f) of
Example 7 was repeated using the 1,4-
dioxaspiro[4.5]dec—8-ylmethanol obtained in the step
(82a) above to obtain the title compound (115 mg, the
total yield of 5 steps: 7.3%) as a white solid. Note
15 that, in the same process as in the step (14b), after
acetic anhydride was added, 2 equivalents of
triethylamine relative to pyridine l-oxide derivative
was added to perform the reaction.
'H NMR (400 MHz, DMSO-dg)dppm; 1.23-1.55(4H, m), 1.65-
20 1.89(5H, m), 2.19(3H, s), 3.81-3.95(6H, m), 4.36(1H, d,
J=13 Hz), 4.83(1H, d, J=13 Hz), 6.79-6.88(2H, m),
6.90(1H, d, J=6 Hz), 7.38-7.46(2H, m), 8.24(1H, d, J=6
Hz) .

(Example 83) 2-(((4-(5,9-dioxaspiro[3.5]non-7-



white solid. 15 1H NMR(400 MHz, CDC13)8ppm; 1.54(2H, t, J=8 Hz),
1.90(2H, quint, J=8 Hz), 2.10(2H, t, J=8 Hz), 3.49(2H, d, J=4 Hz),
3.52(2H, d, J=11 Hz), 4.00(2H, d, J=11 Hz), 4.57(2H, s), 4.67(1H, t, J=4
Hz), 7.25-7.33(5H, m). [0744] 20 (85c)
6,8-dioxaspiro[3.5]non-7-yimethano {6745] [Formula 341] YH 0 [0746] A
mixture of 7-((benzyloxy)methyi)-6,8 25 diqxasEiro[B.S]nonane (3.89,15.3
nﬁﬁ%&f@sb@yﬁé&iﬁn&w%ﬁ@gfe@(%sﬁyésé@éc 20% panadiarPhgdroRite

(8599 m ?d %[—H 1g_ethyl acetate (70 ml) was stirred in a hydrogen

atmosphere overnight. The reaction vessel was purged with nitrogen and
a catalystyvasoremoved by filtration. 5 The filtrate was concentrated to
obtain the title compound (2.0 g, yield: 82.6%) as a white solid. 1H
NMR@00 MH22€8DC13)8ppm; 1.56(2H, t, J=8 Hz), 1.83(1H, t, J=4 Hz),
1.92(2H, quint, J=8 Hz), 2.10(2H, t, J=8 Hz), 3.54(2H, d, J=11 Hz),
3.60(2H, t, J=5 Hz), 10 4.02(2H, d, J=11 Hz), 4&6(1H, t, J=4 Hz). [0747]
(85d) 2-(((4-(6,8-dioxaspiro[3.5]non-7-yimeth%éy)- -

methyipyridin-2-yi)methyl)sulfinyi)-IH-benzigf R sodium salt

2

N»—é?ﬁ
N N
Na
5 [0720]
(83a) 4-(5,9-dioxaspiro[3.5]non-7-yloxy)—-N,N-
diisopropylpyridine-2-carboxamide
[0721]

[Formula 330]

10 [0722]
The same procedure as in the step (92c) of

Example 92 was repeated using 5,9-dioxaspiro[3.5]nonan-
7-0l1 separately obtained in the method of steps (9a) to
(9e) of Example 9, and 4-chloro-N,N-

15 diisopropylpyridine-2-carboxamide obtained in the
method of the step (92a) of Example 92 to obtain the
title compound (1.69 g, yield 97%) as colorless oil.

'H NMR (400 MHz, CDCls)®ppm; 1.12-1.31(6H, d, J=6 Hz),
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15 [0748] [Formula 342] O O N ~O~ N N Na [0749] The same manner
as in the steps (62c) and (8d) to (8g) was repeated using alcohol
obtained in the 20 step (85c) above to obtain the title compound (198 mg,
total yield 13.6%) as a white solid. 1H NMR(400 MHz, DMSO-d6) 8ppm;
1.51(2H, t, J=8 Hz), 1.85(2H, quint3¥=8 Hz), 1.98(2H, t, J=8 Hz),
2.16$3H, s), 3.54(2H, d, J=10 Hz), 3.97(2H, d, J=10 Hz), - 346 4.01(2H,
d 13=4Rz), 8423‘§(fiH ) 9=33 Hz)24.76(1HH, d M)=13 HEY, A 86ALH. R, 334 -

328 Vi s Ehaipia b 2 o6 S dmeliyt Sadiatal T

2).5¢( xampl imethyl- 1 dioxari-2-
ylhethgw)ﬁ?; methylpyridin2-yhrethylyaylfinyl) ddi-henzimidazole, sodiym,) |,

salt [0750] [Formula343]O O~O ON-SNS ~
6.95(1H, d, J=2 Hz), 8.40(1H, d, J=6 Hz).
(6H was missing since it was overlapped with the peak
of a H;O content at 1.4-1.7 ppm)
(83b) (4-(5,9-dioxaspiro[3.5]non-7-yloxy)pyridin-2-
yl)methanol
[0723]

[Formula 331]

[0724]

To a tetrahydrofuran (60 ml) solution of 4-
(5,9-dioxaspiro[3.5]non-7-yloxy)—-N, N-
diisopropylpyridine-2-carboxamide (1.69 g, 4.85 mmol)
obtained in the step (83a), lithium aluminum hydride
(552 mg, 14.5 mmol) was added at -6 to -5°C and then the
mixture was stirred at room temperature for one hour.
Water (0.55 ml), a 5N aqueous sodium hydroxide solution
(0.55 ml), and water (1.65 ml) were sequentially added
to the mixture. After dried over sodium sulfate, the
mixture was concentrated under reduced pressure, and
purified by silica gel column chromatography (elution
solvent: heptane, ethyl acetate/heptane=1/1, ethyl

acetate) to obtain the title compound (560 mg, yield
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N Na 10 [0751] The same procedure as in the steps (Ic) to (Ig) of
Example 1 was repeated using 5,5-dimethyl-1,3- dioxane-2-ethanol (1.00
g, 6.24 mmol) to obtain the title compound (138 mg, 0.31 mmol) as a
beige solid. 15 1H NMR(400 MHz, DMSO-d6) 8ppm; 0.68(3H, s), 1.09(3H,
s), 1.96-2.07(2H, m), 2.16(3H, s); 34Y(2H, d, J=11 Hz), 3.53(2H, d, J=11
Hz), 4.10(2H, t, J=6 Hz), 4.38(1H, d, J=13 Hz), 4.65(1H, t, J=5 Hz),
A52¢0H) d 27138 ME) t6 79%6L88(2H, m), 6.90(1H, d, J=6 Hz),

;?ﬁﬁﬁf]ﬁ'ﬂo ZQH@ 89%% Hd{})’_@?nl;_lz)l' .(ggf%%)!e %@int, J=8 Hz),

-dioxolan-4-yImethox
methylpyridin-2;ylyethybsulfinyl}1kbhenzimidazeler spdium salt 2134744,
0752] [Formula 344] O'T~'O 0\N~N S N Na 0753] The same
proeéduielasi m the3stéfs (cPto ( BHIg)rof Exaniple 4 .W&S répeated using
glécerol formal (1.76 ml, 20.3 mmolg to obtain the title compound (87 mg,
0 .96 (1 25(1H,

295%hinoly as'd befgetolfil. H2) + H, d, J=2 Hz), 8.

d, J=6 Hz).
(83c) 2-(((4-(5,9-dioxaspiro[3.5]non-7-yloxy)pyridin-2-
yl)methyl)sulfinyl)-1H-benzimidazole sodium salt

[0725]

[Formula 332]

[0726]

The same procedure as in the steps (9h) to
(99) of Example 9 was repeated using the (4-(5,9-
dioxaspiro[3.5]non-7-yloxy)pyridin-2-yl)methanol
obtained in the step (83b) above to obtain the title
compound (100 mg, the total yield of 3 steps: 50%) as a
white solid. ©Note that, in the same process as in the
step (9h), 2-mercaptobenzimidazole was added to the
reaction mixture and stirred at room temperature for 25
hours, and thereafter, 3 equivalents of potassium
hydroxide relative to the alcohol was added thereto.

The mixture was allowed to react at room temperature

for 6 hours.



1H NMR(400 MHz, DMSO-d6)8ppm:; 2.18(3H, s), 3.68-3.74(1H, m),
4.01(1H, t, J=8 Hz), 4.06-4.17(2H, m), 4.33 10 4.43(2H, m), 4.78(1H, d,
J=13 Hz), 4.85(1H, s), 4.94(1H, s), 6.78-6.88(2H, m), 6.93(1H, d, J=6
Hz), 7.36-7.46(2H, m), 8.26(1H, d, J=6 Hz). (Example 88) Sodium salt of
an optical isomer (short in retentiorsime) of
2-(((4-((2,2-dimethyi-1,3-dioxan-5: 15

yi) et 205 bélﬁﬁeth%ﬁ%ldﬁ\iéﬁ?metrﬁn)%émﬁyﬂ O1dtberzimidaz8ie-

[OZSﬁ]4 4grmu 34?] 9---?%@ @% N;?le Nd}l 0253]2 348 Another

method o ésis pérforme 0'is escrl & beréw (88a)

Optigal isemer(shostin retentigntime) of2c1n, «, J=2 Hz), 4.41(1H,

(((4-((2,2-dimethyl-1,3-dioxan-5-yi)methoxy)-3,5- 5

ditnetbypgridin 2-ydmethil)sulfisyi)JHBerizimidazokeb [0#66] fFowmiatz) ,

346] O---CO N\>-sN NH

5 .81-6.91(3H, m), 7.40-7.48(2H, m), 8.31(1H, d, J=6

Hz) .
(Example 84) 2-(((4-(5, 7-dioxaspiro[2.5]oct-6-
ylmethoxy)pyridin-2-yl)methyl)sulfinyl)-5-fluoro-1H-
benzimidazole sodium salt

10 (0727]

[Formula 333]

O/ijv
O
18 0)
\@N%S N

Na

[0728]
(84a) 2,2-diethoxyethyl benzoate
[0729]

15 [Formula 334]

O

[::r)ko/\w/o\//

o}

]
[0730]

To a pyridine (30 ml) solution of glycol

aldehyde diethylacetal (19.8 g, 148 mmol), benzoyl
chloride (51.7 ml, 444 mmol) was added dropwise at -20

20 to 30°C. The mixture was stirred at room temperature

for 167 hours and 50 minutes. After methanol and water
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0757] A toluene (4 ml) solution of 2-(((4-((2,2- 10
dimethyl-1,3-dioxan-5-yi)methoxy)-3,5-dimethylpyridin-
2-yi)methyi)thio)-1H-benzimidazole (500 mg, 1.21 mmol), zirconium(lV)
isopropoxide isopropanol complex (295 mg, 0.76 mmol) and
N,N,N',N'-(-)-tetramethyl-(D)- tartarapi@e(396 mg, 1.94 mmol) was stirred
in a 15 nitrogen atmosphere at 40C for one hour. After the solution was
CHEIES 167661 témpeRRuRE N, NE BliisGBTbpyiethyramine (9151 052
mmol) was added and. subsequenily, cumene hygroperoxide (243,01, 1,32
mmol - as the content was regarded as Ok?’o)awas added oﬂopwsey to

theraixdure.anchthendhe mixtuse was stisted atteem: tempshaturesfor 22
hours. After a saturated aqueous sodium hydrogen carbonate solution

asc asatunateds agueats sodiume thiesuifate solutipd wvere radaedotivet e
mixture was extracted with ethyl acetate. The organic - 349 layer was

driéd Bieranhydous'sALHT Sifte, il dd, Shdhcoitentrated: The'r L=
residue ‘é"%ﬁr%Pcs&'C%:g%% hy. %‘H%%%k\coéﬂ'l‘?aci‘é‘?m@ﬁ%g r%%%‘%}lﬂé' sllica gel:

30 g, elutio vent: ethyl acetate, ethyl 5 acetate/m 73,11
graghienth thherfractionge eontaiing thestittescempound were cellecied with
ethyl acetate and concentrated to obtain the title compound (328 mg,

yield! 63%0)sla colbiless fdammEPLTr AT onditiohsprolemient :

CHIRALPAK IA (manufactured}aﬁ/ Daicei Chemijcal Industries, Ltd.)(0.46
heptane, ethyl acetate/Heptane=1/9). Thereafter,

purification by silica gel column chromatography
(elution solvent: heptane, ethyl acetate/heptane=1/100,
1/30, 1/10) was performed again to obtain the title
compound (34 g, yield: 96.4%) as a light green oil.
'H NMR (400 MHz, CDCls)8ppm; 1.24(6H, t, J=7 Hz), 3.58-
3.68(2H, m), 3.72-3.82(2H, m), 4.34(2H, d, J=6 Hz),
4.83(1H, t, J=6 Hz), 7.42-7.48(2H, m), 7.54-7.60(1H,
m), 8.02-8.09(2H, m).
(84b) 5, 7-dioxaspiro[2.5]oct-6-ylmethyl benzoate

[0731]

[Formula 335]

[0732]
A reflux condenser equipped with a Dean-Stark
water separator was attached to a round bottom flask

containing 2,2-diethoxyethyl benzoate (33 g, 139 mmol)



cm(p X 25 cm) eluant: hexane/ethanol=3/2 (v/v), flow rate: 0.5 ml/min,
detection: UV (254 nm). 15 (Analysis results) The retention time: 17.5
minutes, enantiomeric excess: 99%ee. (88b) Sodium salt of an optical
isomer (short in retention time) 20
2-(((4-((2,2-dimethyi-1,3-dioxan-5-ypmethoxy)-3,5-

dimethyipyridin-2-yi)methyl)suifinyi)-IH-benzimidazole [0758] [Formula
S&fﬂt@--f@éKlN NN N& OF7567 ¢ 8502 PRE3amle procedure as in

(?Le Ob Wasegerp?ed t forrPoa sodiu %al%to obtain.the titl ? ~
comp ff@?mg y pvﬁm?es id. Hchg]g onai c;ris)p
celympe CHIRALRAK I%dmﬁ%a&tﬂg&mx baicei £hegicalindusties.)
Ltd.)(0.46 cm(p X 25 cm) eluant: hexane/ethanoi=3/2 (v/v), flow rate: 0.5
mi/miin tdeteetion: UNO0254L hm). Th¢Anelysis reswitsy Theaetahtiondime:
18.0 minutes,
reflux for 2 hours and cooled to room temperature. To
the reaction mixture, triethylamine (10 ml), ethyl
acetate (100 ml), and silica gel (50 g) were added.
The mixture was concentrated and purified by silica gel
column chromatography (elution solvent: ethyl
acetate/heptane=1/30, 1/10) to obtain the title
compound (25.5 g, yield 73.9%) as a light yellow oil.
'H NMR (400 MHz, CDCls)dppm; 0.32-0.39(2H, m), 0.68-
0.76 (2H, m), 3.29(2H, d, J=12 Hz), 4.16(2H, d, J=12
Hz), 4.41(2H, d, J=5 Hz), 4.98(1H, t, J=5 Hz), 7.40-
7.46 (2H, m), 7.52-7.58(1H, m), 8.04-8.09(2H, m).
(84c) 5, 7-dioxaspiro[2.5]oct-6-ylmethanol
[0733]

[Formula 336]

Ho/ﬁo/\ko

[0734]

To a mixture of 5, 7-dioxaspiro[2.5]oct-6-
ylmethyl benzoate (25.1 g, 101 mmol) obtained in the
step (84b) above and methanol (150 ml), a 2N aqueous
sodium hydroxide solution (55.6 ml, 111 mmol) was added

at an inner temperature of 0 to 4°C. After the mixture
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enantiomeric excess: 99%ee. Specific rotation: aD22.4=+78.51 (c=0.5,
EtOH). (Example 89) Sodium salt of an optical isomer (shortin 15
retention time) of 2-(((4-((2,2-dimethyi-1,3-dioxan-5
yl)methoxy)-3,5-dimethyipyridin-2-yi)methyi)suifinyi)- 1H-benzimidazoie
[0760] [Formula 348] O~OK 0 5=-'34+Z--S N N Na 20 [0761] Another
method of synthesis performed in Example 20 is described below. (89a)
OpficaliSerner shvkt |ﬁ?@f%n¥|%ﬁl‘fi?ﬁé5tdﬂze for 3 hours, a

(((4- i-1, 3 dioxan-5-yl)meth -3,
d|%'ne£t(ﬁy|pyr a2ég tchyﬁgu?ln ge)l(rﬁlrnlﬁ%%zofje W [IE]ormu gded
349 Qﬁ@Knbk‘aéeN% HO763L A mixteof 2-{(4-((22=dimsthyirk 3-

dioxan-5-yi)methoxy)-3,5-dimethyipyridin-2-
was concentrated under reduced pressure by about the
amount of methanol. Ethyl acetate was added to the
residue and the organic layer was separated. The
aqueous layer was extracted with ethyl acetate and then
sodium chloride was added to the obtained water layer.
The mixture was extracted with ethyl acetate and then
the organic layers were combined and washed with a
saturated saline solution. The organic layer was dried
over anhydrous magnesium sulfate and then the solvent
was removed by distillation to obtain the title
compound (10 g, yield: 68.6%) as a colorless oil.
'H NMR (400 MHz, CDCls)d8ppm; 0.33-0.37(2H, m), 0.68-
0.72(2H, m), 1.87(1H, t, J=6 Hz), 3.28(2H, d, J=11 Hz),
3.68(2H, dd, J=4, 6 Hz), 4.16(2H, d, J=11 Hz), 4.73(1lH
t, J=4 Hz).
(84d)2-(((4-(5, 7-dioxaspiro[2.5]oct-6—
ylmethoxy)pyridin-2-yl)methyl)sulfinyl)-5-fluoro-1H-
benzimidazole sodium salt

[0735]

[Formula 337]

[0736]
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yi)methyi)thio)-1H-benzimidazole (500 mg, 1.21 mmoi) and
N,N,N',N'-(-)-tetramethyi-(D)-tartaramide (396 mg, 1.94 mmoi) in toluene
(4 ml) was dissolved by heating 10 at 40C for 10 minutes in a nitrogen
atmosphere. Hafnium tetrabutoxide (315 RL, 0.78 mmoi) was added to
the mixture and further stirred at thesgame temperature for one hour. After
the reaction mixture was cooled to room temperature,

N N-diisopropyefisy|&mitfe @OQFF@PE?B%Z%%M) \WaS aflEies ahd®a) of

e honaiie 2o R LIS ey

arde /o) Was. ropwise to e mixtire and ther]?th
mbdueswas stirred at reormriemperatdre for P2: Boyrss After apsaturated o
agueous sodium hydrogen 20 carbonate solution and a saturated
agaeousssedhtimd thiesuifate seluior wire sedsledy the?mixturetwas:
extracted with ethyl acetate. The organic layer was dried over a %rous

s?diﬁ‘ﬁltgiﬁfé?é PRI EAd 1CondeRtratedl ThefesideBWas pari
siliga gel; tth315? L9lm U&Qm@%’g@p (NH silica gel; 30,9, ‘%'g'“%” steps:

solvent: e aceta e, ethyl acetate anol 7.3, 1; 1 gradient). The
fractions)camdainingrtheditlecomngpounts weere icotlectad with ethykacetate
and concentrated to 5 obtain the title compound (206 mg, yield: 40%) as a
colbress foam . $PLC ([Cenditions) Colmn: CHIRALPAKAA used

(manufactured br(vn Daicei Chemlcal Industrles Ltd.)(0.46, 10 cm(p X 25
?stea ethanol In the samé operation as' in the

step (5f), 5-fluoro-lH-benzimidazole-2-thiol obtained
in the step (52a) of Example 52 was used instead of 2-
mercaptobenzimidazole.
'H NMR (400 MHz, DMSO-dg)dppm; 0.33(2H, dd, J=7, 8 Hz),
0.59(2H, dd, J=7, 8 Hz), 3.24(2H, d, J=12 Hz), 3.92-
4.04(2H, m), 4.09(2H, d, J=12 Hz), 4.43(1lH, d, J=12
Hz), 4.50(1H, d, J=12 Hz), 4.94(1H, t, J=4 Hz), 6.64-
6.78(1H, m), 6.80-6.98(2H, m), 7.16(1H, dd, J=2, 10
Hz), 7.42(1H, d, J=5, 8 Hz), 8.37(1H, d, J=6 Hz).
(Example 85) 2-(((4-(6,8-dioxaspiro[3.5]non-7-
ylmethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0737]

[Formula 338]

N P
eus
N

[0738]
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eluant: hexane/ethanoi=3/2 (v/v), flow rate: 0.5 ml/min, detection: UV
(254 nm). (Analysis results) The retention time: 17.2 minutes, 15
enantiomeric excess: 90%ee. (89b) Sodium salt of an optical isomer
(short in retention time) of 2-(((4-((2,2-dimethyi-1,3-dioxan-5-
yl)methoxy)-3,5-dimethyipyridin-2-ydaethyi)suifinyi)- 1H-benzimidazoie 20
[0764] [Formula 350] O~OK N N N Na 0765] The same procedure as in
Example 2015 WakU 353 rdpdated Y3 forfit & 3e8Rn salt to obtain the title
compourggi_ﬂ?z mg, yield: 84%) as a white solid. HPLC (Conditions)
column: ALPAK IA 5 (manufactured by Daicei Chemical Industries,
Ltop)Q-A4616mEr %125 cm) eluant: hexane/ethanol=3/2 (v/v), flow rate: 0.5
ml/min, detection: UV (254 nm). (Analysis results) 10 The retention time:
18.1 minutes, enantiomeric exce 9%ee.

OH OH

[0740]

A tetrahydrofuran (50 ml) solution of diethyl
1,1-cyclobutanedicarboxylate (4.97 g, 24.8 mmol) was
cooled under ice-cool. To the solution, lithium
aluminum hydride (1.6 g, 42.2 mmol) was added. The
reaction mixture was stirred at 0°C for 10 minutes and
further stirred at room temperature for 15 minutes.
The reaction was terminated by adding diethyl ether-
water to the reaction mixture. The solution having
precipitated inorganic compounds was dried over
anhydrous magnesium sulfate and the solvent was
distilled off under reduced pressure to obtain the
title compound (2.88 g, 100%) as a colorless oil.

'H NMR (400 MHz, CDCls)dppm; 1.77-1.82(4H, m), 1.90-
1.96(2H, m), 2.38(2H, br s), 3.75(4H, s).
[0741]
(85b) 7-((benzyloxy)methyl)-6,8-dioxaspiro[3.5]nonane
[0742]

[Formula 340]

%Zwob
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(Example 90) Optical isomer (short in retention time) of
2-(((4-((2,2-dimethyi-1,3-dioxan-5-yi)methoxy)-3,5-
dimethyipyridin-2-yi)methyl)suifinyi)-IH-benzimidazole 15 [0766] [Formula
351] O~OK a5~-"Nr X~--S N NH 0767] Another method of synthesis
performed in Example 20a is descried below. 20 To a flask,
(S)-(-)-2-(3,5-di-tert- butylsalicylideneamino)-3,3-dimethyi-l-butanol (115
mg, 0.35Mifél), vanadyl acetylacetone (64 mg, 0.24 mmol), and

acetonitrile (0.8,mL) were added and the mixture 1W€lls_§tljrri%§%(re m_
temperature for 30" mintites. The =354 mixtire was added t6 &

d@bk@@méﬂwﬁ@f§’Hﬁbi@mHQﬂdﬁned in the step (85a) above,
2-(((4-((2,2-dimethyi-1,3-dioxan-5-yi)methoxy)-3,5-

dimsethyipyridiacz ypmetiyeio)-2 /e rzimidazolen(d9D) mgz-1.21 mmol)
prepared in another flask, and the 5 result mixture was stirred at room

temMpetaitis 1o so Hhinttes’ AtPaqlestistytrdgent pdfoxide SolufiBi? ¢250
) was acdodﬁ?e%di}”?d”%&'}e %E‘S“HEQ@%& soldion jnte L5 timpes (10 Lper

time) for 20 hours and the mixture was further stirred for 24 hours. After a
INJO-aqueous sedivnhygrexide solwion (B4ak) was addegandathes .

mixture was stirred for 48 hours, a saturated
The reaction mixture was cooled to room temperature and
triethylamine (3 ml) was added thereto, then the
solvent was distilled away. The residue was purified
by silica gel column chromatography (silica gel: 200 g,
elution solvent: ethyl acetate/ heptane=1/50—1/9) to
obtain the title compound (3.8 g, yield: 48.7%) as a
white solid.
'H NMR (400 MHz, CDCls)dppm; 1.54(2H, t, J=8 Hz),
1.90(2H, quint, J=8 Hz), 2.10(2H, t, J=8 Hz), 3.49(2H,
d, J=4 Hz), 3.52(2H, d, J=11 Hz), 4.00(2H, d, J=11 Hz),
4.57(2H, s), 4.67(1H, t, J=4 Hz), 7.25-7.33(5H, m).
[0744]
(85c) 6,8-dioxaspiro[3.5]non-7-ylmethanol
[0745]

[Formula 341]

[0746]
A mixture of 7-((benzyloxy)methyl)-6, 8-

dioxaspiro[3.5]nonane (3.8 g, 15.3 mmol) obtained in
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agueous sodium hydrogen carbonate solution and a saturated aqueous
sodium thiosuifate solution were added to the mixture and then the
mixture was extracted 15 with ethyl acetate. The organic layer was dried
over anhydrous sodium sulfate, filtrated, and concentrated. The residue
was purified by silica gel column chparpatography (NH silica gel 30 g,
elution solvent: ethyl acetate, ethyl acetate/methanol 7:3, 1;1 20

giadierft): e (Fadiondkortaining thediie TdmpbUbd ere S6IIdd8d with) -

|.acetate and c en d to obtain the title ¢ mpound (7 ield:
§t5 aseccﬁ:g(lacl)rless o%%m I—ﬁi% % (8ond| %ﬁg)rco umn: I—ﬁ?ﬁ%ﬁz’%%

(manfasiued by Raicei Shemicahlndusties; bid. )@ 46 emip X 23684
eluant: hexane/ethanol=3/2 (v/v), flow rate: - 355 0.5 ml/min, detection:

UVi@b4mm) oderalysisiresultsX The sétention timmeod9d inutédtration.
enantiomeric excess: 45%ee. 5 (Example 91) Sodium salt of an oEtlcaI

Soffer of 2t (3 ethii £D S S-iokESPird[B. Sjahaea.at he 1t
V'H!;%B%JABV@” ?-y)methysuifigyl)-4Hy benzimidazole [0768] 10
[Formua352
'H NMR (400 MHz, CDCls)®ppm; 1.56(2H, t, J=8 Hz),
1.83(1H, t, J=4 Hz), 1.92(2H, quint, J=8 Hz), 2.10(2H,
t, J=8 Hz), 3.54(2H, d, J=11 Hz), 3.60(2H, t, J=5 Hz),
4.02(2H, d, J=11 Hz), 4.56(1H, t, J=4 Hz).
[0747]
(85d) 2-(((4-(6,8-dioxaspiro[3.5]non-7-ylmethoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole
sodium salt

[0748]

[Formula 342]
O/H/O
N\
©:N>_s SN
Na

The same manner as in the steps (62c) and

[0749]

(8d) to (8g) was repeated using alcohol obtained in the
step (85c) above to obtain the title compound (198 mg,
total yield 13.6%) as a white solid.

'H NMR (400 MHz, DMSO-dg¢)dppm; 1.51(2H, t, J=8 Hz),
1.85(2H, quint, J=8 Hz), 1.98(2H, t, J=8 Hz), 2.16(3H,

s), 3.54(24, 4, J=10 Hz), 3.97(2H, 4, J=10 Hz),
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N~~O O NN Na 0769] An ethanol solution of a sodium salt (racemate)
of 2-(((3-methyl-4-(1,5,9- trioxaspiro[5.5]undec-3-yimethoxy)pyridin-2 15
yi)methyl)suifinyi)-IH-benzimidazole (192 mg) was prepared and
separated by HPLC (column: CHIRALCEL OD-H 2 cm(p X 25 cm
(manufactured by Daicei Chemical jadustries, Ltd.), mobile phase:
ethanol/n-hexane=3/2, flow rate: 3.0 ml/min, detection wavelength: 254

nh). 020 fimediatdly ‘aftéf fractiods Were oBtaired: & N aquéous (Sattiur/
hydroxide s>oluti£n8(61 ( l) was added Lﬁ ﬁzacl%of the frggti . Thga
= z), 4. g; = Sz ? .. gﬂ?

fractions containing optical isomers short and long'in réten jon'time were
cellested mespeciivelyrgnd separater with ethyl agetate apd g, 3%6 g-6
saturated aqueous ammonium chloride solution. The organic layer of
edleh of the fractions was dried over anhydrous sodium sulfate,

concentrated and subjected to_azeotropic distillation with diethyl ether. 5

THETESHGE of fhle dptichl fsoffer Short iR FtéRtion time WaEabjeéted to
the,Same HE @JC?C‘ aglion., %g&%aﬂ%%%%’—%w "0\ aNd coNGENtrAKor ;PPF%@P—” S

as mentioned above. The residue was purified by silica'ge
columniehrematograpby (NH silicacgel 20 g,
[0750]

[Formula 343]

e
Iy

Na

[0751]

The same procedure as in the steps (lc) to
(lg) of Example 1 was repeated using 5,5-dimethyl-1,3-
dioxane-2-ethanol (1.00 g, 6.24 mmol) to obtain the
title compound (138 mg, 0.31 mmol) as a beige solid.
'H NMR (400 MHz, DMSO-dg)dppm; 0.68(3H, s), 1.09(3H, s),
1.96-2.07(2H, m), 2.16(3H, s), 3.41(2H, d, J=11 Hz),
3.53(2H, d, J=11 Hz), 4.10(2H, t, J=6 Hz), 4.38(1lH, d,
J=13 Hz), 4.65(1H, t, J=5 Hz), 4.74(1H, d, J=13 Hz),
6.79-6.88(2H, m), 6.90(1H, d, J=6 Hz), 7.38-7.47(2H,
m), 8.25(1H, d, J=6 Hz).
(Example 87) 2-(((4-(1,3-dioxolan-4-ylmethoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole

sodium salt
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10 elution solvent: dichioromethane, dichioromethane/methanol=10/1).
Thereatfter, the same HPLC fraction, separation, drying, concentration
and azeotropic distillation with diethyl ether as mentioned above were
performed to obtain a free form of the 15 optical isomer (20 mg) short in
retention time as a colorless solid. The residue of the optical isomer long
in retention time was subjected to the same HPLC fraction, separation,
drying, cbRéenttation, and azeotropic 20 distillation with diethyl ether as

m tig%%q abg\é/ﬁ go obtain a free form of the optical isomer (14 mg) long
in‘refention time as a colorless solid. Each of the free optical isomers was
subjected to the operation for converting into a sodium 25 salt in the
same manner as in the step (lli) of Exampleofho/&@ain a sodium salt (18
mgq) of the optical isomer short i'ﬂl retgnti Qnda sodium salt (14

mg) of the optical isomerﬁ@m@tio timg, both - 357 - as a colorless
solid. 1H NMR(400 MHz, BMSENd6) ; With Nespect to the sodium slats of
both optical isomers, the same d'Art was obtained as in the case of the
sodium salt (recemate) 5 of 2-(((3-methyl-4-(1,5,9-trioxaspiro[5.5]undec-3-
yimethoxy)pwradin-2-yi)methyi)suifinyi)-1H- benzimidazole. HPLC
(Conditions) column: CHIRALPAK OD-H

The same procedure as in the steps (lc) to

(lg) of Example 1 was repeated using glycerol formal
(1.76 ml, 20.3 mmol) to obtain the title compound (87
mg, 0.22 mmol) as a beige solid.
'H NMR (400 MHz, DMSO-dg)dppm; 2.18(3H, s), 3.68-3.74(1H,
m), 4.01(1H, t, J=8 Hz), 4.06-4.17(2H, m), 4.33-
4.43(2H, m), 4.78(1H, d, J=13 Hz), 4.85(1lH, s),
4.94 (14, s), 6.78-6.88(2H, m), 6.93(1lH, d, J=6 Hz),
7.36-7.46(2H, m), 8.26(1H, d, J=6 Hz).
(Example 88) Sodium salt of an optical isomer (short in
retention time) of 2-(((4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy) -3, 5-dimethylpyridin-2-yl)methyl)sulfinyl) -
lH-benzimidazole

[0754]

[Formula 345]
OTC
=
@M’Jﬁf
NS
N O+ N
Na

[0755]
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10 (manufactured by Daicei Chemical Industries, Ltd.)(0.46 cm(p X 25
cm) eluant: hexane/ethanol=4/1 (v/v), flow rate: 0.5 ml/min, detection: UV:
(280 nm). (Analysis results) 15 With respect to the sodium salt of an
optical isomer short in retention time, the retention time: 36 minutes,
enantiomeric excess: >98.0%ee- spedfic-rotation: aD25.s=+107.73
(c=0.32, 20 EtOH). With respect to the sodium salt of an optical isomer
Iong in retentloﬁ%ﬁf@?ﬁe R&ERfch fithes 12 Thifdies, RRRAGGTHEFC 11

XeasIg ?g: Zéi §ce(:|f|cr t%tlcgn aD25.0=-115.85 (c=0.19, EtOH).
(]((84 %2 din T 3dioxan-5-

y'X@@H‘PXKYSb@195B}1|pY@@ﬂ@fY')@EMSHHmyQﬂé‘ﬁt 398 - benzimidazole
sodium salt [0770] [Formula 353] N~~p Na N 071-- [0771] 5 (92a)
4-chlote-N,B-diistiprepyipyridine-29carbexarhidel [0&AZ] Prormida 354]
dimethylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole
[0756]

[Formula 346]

[0757]

A toluene (4 ml) solution of 2—-(((4-((2,2-
dimethyl-1, 3-dioxan-5-yl)methoxy)-3, 5-dimethylpyridin-
2-yl)methyl)thio)-1H-benzimidazole (500 mg, 1.21 mmol),
zirconium(IV) isopropoxide isopropanol complex (295 mg,
0.76 mmol) and N,N,N',N'-(-)-tetramethyl- (D) -
tartaramide (396 mg, 1.94 mmol) was stirred in a
nitrogen atmosphere at 40°C for one hour. After the
solution was cooled to room temperature, N,N-
diisopropylethylamine (91 pul, 0.52 mmol) was added and
subsequently, cumene hydroperoxide (243 ul, 1.32 mmol
as the content was regarded as 80%) was added dropwise
to the mixture and then the mixture was stirred at room
temperature for 22 hours. After a saturated aqueous
sodium hydrogen carbonate solution and a saturated
aqueous sodium thiosulfate solution were added, the

mixture was extracted with ethyl acetate. The organic
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Cl "N 0773] Thionyl chloride (60 ml, 823 mmol) was 10 diluted with
toluene (100 ml) and heated to 45C. To the mixture,
N,N-dimethyiformamide (16 ml, 207 mmol) was added and the resultant
mixture was stirred in the same conditions for one hour. To the mixture,
picolinic acid (25 g, 203 mmol) was agded and the 15 resultant mixture
was stirred at 80C for one hour and 20 minutes. After the reaction mixture
wééy@dﬁd’éﬁﬁa?éﬂiﬁﬁd eiSSprapyarHine: £165°fi, 180 Binkict and

|tr|I§ égoo mI were add d tQCt § resﬂye the’&r@lxture was stirre at

room empera’turer%or ﬁfri%ehourr% and ‘30 MiNUtEs. thdG&adton - -9

mixtue; was 5 3591 conrpantrated, the sesigua was separated with gthyl 30

acetate and water. The organic layer was washed with a saturated saline
salutied, drieahover anhydroust magnesiim selfatet fitrated and
concentrated. The 5 residue was purified by silica gel column

c%ﬁﬁ&&/éﬁﬁ§?@mﬂ6n Sofrent: HeptaRda iyt Acetatd)Cto- shtain thiesitle
C%@R‘B% 19 (31,19, yield: 63.6%) arP@"%yQEOW%éﬁ id; LN vR‘é\?oethyl

Hz, DMSO-d6)8ppm; 1. 11(6H ,J=7/H 101.43 6H d, J=6
35@9&-@6@2"&@) Joﬁ@:grﬁz%(gHed'n)s@ 2b8H6{1Hne)c (82 compound

4-chioro-3-ethyl-N,N-diisopropyipyridine-2-

(328 mg, yield: 63%) as a colorless foam.

HPLC

(Conditions) column: CHIRALPAK IA
(manufactured by Daicel Chemical Industries, Ltd.) (0.46
cm@ X 25 cm)

eluant: hexane/ethanol=3/2 (v/v), flow rate:
0.5 ml/min, detection: UV (254 nm).

(Analysis results)

The retention time: 17.5 minutes,
enantiomeric excess: 99%ee.
(88b) Sodium salt of an optical isomer (short in
retention time)
2-(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3,5-
dimethylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole

[0758]

[Formula 347]

[0759]
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carboxamide [0774] 15 [Formula 355]," N 0 0775] To a tetrahydrofuran
(dehydrated) (50 ml) solution of diisopropylamine (1.35 g, 13.3 mmol), n-
butyllithium (1.6 M hexane solution, 6.75 ml, 10.8 20 mmoi) was added
dropwise under ice-cool in a nitrogen atmosphere and the resultant
mixture was stirred under the sameseonditions for 30 minutes. After the
reaction mixture was cooled to -70C, a tetrahydrofuran solution of the

4-chioro-N,N-difStprépyisyiiine-2edBoRamide £360MH2, 891 iikdol)

obtained. in the st 92a) above was a ;%e to the mixtur and?t
R AooE e aded o iR b e g o

MbdhEeo ety adide 6498 gl 40 mmedswyas added;and S theregultant
mixture was stirred at -70C to OC for 3 hours. To the reaction mixture, a
saturated aqueB&sCammonium chloride solution was added and extracted
with ethyl acetate. The organic layer was dried over anhydrous

magnesium sulfat8 filtrated’snd £6 toftentrated FhéFesidue was
p%ﬁ%{cé%%?%é ica ggl & '%B%Sgﬁor@%té’ faphy (plution sojvent: Lrd,) (0,46
heptane/ethyl acetate) to obtain the title compound (1.9 g, yield: 85.1%)
asagight ysllgw solid. 1H NMR(400 MHz, CDCI3)8ppm;1.15(6H, d, J=7
Hz), 1.25(3H,
eluant: hexane/ethanol=3/2 (v/v), flow rate:
0.5 ml/min, detection: UV( 254 nm).
(Analysis results)
The retention time: 18.0 minutes,
enantiomeric excess: 99%ece.
Specific rotation: afZA=+78.51 (c=0.5, EtOH).
(Example 89) Sodium salt of an optical isomer (short in
retention time) of 2-(((4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy) -3, 5-dimethylpyridin-2-yl)methyl)sulfinyl) -
lH-benzimidazole

[0760]

[Formula 348]

[0761]
Another method of synthesis performed in
Example 20 is described below.
(89a) Optical isomer (short in retention time) of 2-

(((4=((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3,5-
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15t, J=7 Hz), 1.58(6H, d, J=7 Hz), 2.70-2.84(2H, m), 3.42-3.60(2H, m),
7.26(1H, d, J=6 Hz), 8.28(1H, d, J=6 Hz). (92c)
4-((2,2-dimethyi-1,3-dioxan-5-yi)methoxy)-3- ethyl-N,
N-diisopropyipyridine-2-carboxamide 20 [0776] [Formula 356] 0~0 0jX N
N 00777] To a dimethyisuifoxide (201m§ solution of the
4-chioro-3-ethyl-N,N-diisopropyipyridine-2 - 361 carboxamide (1 g, 3.72
nirdiy bbtaliaer iHthe stepy (921 Fapdves oty sBdiuiht hijdfde 4R B {egs Le
mg, 4.46 r&pg%?’ as the content was regarded as 55%) was added at room
temperatIure. cl the mixture, the (2,2-dimethyi-1,3 5 dioxan-5-yi)methanoi
(588419114 H93mmpi) obtained in Example (lla) was added and the

mixture was stirred at room temperature for 16.5 haurs. Ethyl acetate was
added to the reaction mixture. The mixture was washgd twice with a
saturate saline solution. The organic 10 lay®r was dfed over anhydrous
magnesium sulfate, filtrated, and coneenirated: The residue was washed

v_vith diethyl eth_er to obt@ﬁiﬁg%emp un (520 mg, yield: 36.9%) as a
light yellow solid. N+ N
H
[0763]

A mixture of 2-(((4-((2,2-dimethyl-1,3-
dioxan-5-yl)methoxy)-3, 5-dimethylpyridin-2-
yl)methyl)thio)-1H-benzimidazole (500 mg, 1.21 mmol)
and N,N,N',N'—(-)-tetramethyl-(D)-tartaramide (396 mg,
1.94 mmol) in toluene (4 ml) was dissolved by heating
at 40°C for 10 minutes in a nitrogen atmosphere.
Hafnium tetrabutoxide (315 ML, 0.78 mmol) was added to
the mixture and further stirred at the same temperature
for one hour. After the reaction mixture was cooled to
room temperature, N,N-diisopropylethylamine (90 ul1,
0.52 mmol) was added and subsequently, cumene
hydroperoxide (267 nl, 1.46 mmol as the content was
regarded as 80%) was added dropwise to the mixture and
then the mixture was stirred at room temperature for 22
hours. After a saturated aqueous sodium hydrogen
carbonate solution and a saturated agueous sodium
thiosulfate solution were added, the mixture was
extracted with ethyl acetate. The organic layer was
dried over anhydrous sodium sulfate, filtrated, and

concentrated. The residue was purified by silica gel
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1H NMR(400 MHz, CDC13)8ppm;1.10-1.22(9H, m), 1.44(3H, 15 s),
1.49(3H, s), 1.58(6H, d, J=7 Hz), 2.14-2.22(1H, m), 2.55-2.66(2H, m),
3.46-3.60(2H, m), 3.86-3.98(2H, m), 4.10-4.26(4H, m), 6.77(1H, d, J=6
Hz), 8.32(1H, d, J=6 Hz). (92d)
(4-((2,2-dimethyi-1,3-dioxan-5-yiymethoxy)-3- 20
ethyipyridin-2-yi)methanoi [0778] [Formula 357] 0~0 ~ 0IX HO N)- 0779]
T6 2 tefahyaroriah (20 381 Bolthion f tHepsel: 30 g, elution

4-((2,2-dimethyi-1,3-dioxan-5-yi)methoxy)-3-ethyl-N,N - 362 - . .
e Sy R b ol (00 T S AR, BB i the 1
step{§2ehabove, tithiumaluminim hydridei(d 56 Mgk 11 Mmel) Wasound
added under ice-cool and the mixture was stirred under ice-cool for one 5
howr & othé Yeactioh mixtires wWayer (@c2 ), @ 2K daqueousrsodiimd to
hydroxide solution (0.2 ml), and water (0.6 ml) were sequentially added.
TR&E AmixtdreSvas filtFated TRIOUYH cEfittPant the’<6ivent waS distifed off
frgglltgglf%t%]%te Mnder reduced pressure. To a 10 methanol (20 ml)

t

solution of the residue, sodium borohydride (51.8 mg, 1.37 mmol) was

added and the mnixture was stirred at room temperature for one hour.

(Conditions) column: CHIRALPAK IA
(manufactured by Daicel Chemical Industries, Ltd.) (0.46
cm@ X 25 cm)

eluant: hexane/ethanol=3/2 (v/v), flow rate:
0.5 ml/min, detection: UV (254 nm).

(Analysis results)

The retention time: 17.2 minutes,
enantiomeric excess: 90%ee.
(89b) Sodium salt of an optical isomer (short in
retention time) of 2-(((4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy) -3, 5-dimethylpyridin-2-yl)methyl)sulfinyl) -
lH-benzimidazole

[0764]

[Formula 350]

[0765]

The same procedure as in Example 20b was
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A saturated saline solution was added to the reaction mixture. The
mixture was extracted with ethyl acetate. 15 The organic layer was dried
over anhydrous magnesium sulfate, filtrated, and concentrated to obtain a
crude product of the title compound (456 mg, yield: 118%) as a light
yellow solid. 1H NMR(400 MHz, CD&1E3)8ppm;1.09(3H, t, J=7 Hz),
1.43(3H, 20s), 1.49(3H, s), 2.14-2.22(1H, m), 2.52(2H, q, J=7 Hz),
300PEE J=5, 191y)24 084 9D(4A4 1), (L7 2H 18), Brrs(EHT de)=6

Hz), 8.31(1H, =6 Hz). (92¢) ., . o , ,

o S SR L s yiblngig) 3. hite solid,
ethyipyridin-2-yijmethyl)suifinyi)-IH-benzimidazole 25 sodium salt - 363 -
0780] [Formula 358] N~SQ 0 Na N 0t- [0781] The same procedure as in
the steps (6d), 5{6e)] andq6H )of Exbmple 60NARPEpEefed Asing the (4-
((2,2-dimethyl-1, 3-dioxan-5-yl)methoxy)-3-ethylpyridin- 2-yl)methanol
olfaiEYfinthesteh B2d) aboie t&@%?éiﬁ%e%iﬂ%%ﬁﬁcﬁﬁd Ga59 g - 40
O\ég@llyi d: %%%)) as a light yellow solid. 10 'H NMR(400 MHz,

DMSO-d6) 8ppm; 1.07(3H, t, J=7 Hz), 1.33(3H, s), 1.35(3H, s),
2.06-2.16(1H, ra),2a62-:2.82(24hd ) th 8(2H= 8ld2 J16,/12 HzF, 1398t e

dd, J=4, 12 Hz), 4.09(2H, d, J=10 Hz), 4.36(1H, d, J=13
0.5 ml/min, detection: UV (254 nm).
(Analysis results)
The retention time: 18.1 minutes,
enantiomeric excess: 89%ee.
(Example 90) Optical isomer (short in retention time)
of 2-(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3,5-
dimethylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole
[0766]

[Formula 351]

[0767]

Another method of synthesis performed in
Example 20a is described below.

To a flask, (S)-(-)—-2-(3,5-di-tert-
butylsalicylideneamino)-3,3-dimethyl-1-butanol (115 mg,
0.35 mmol), vanadyl acetylacetone (64 mg, 0.24 mmol),
and acetonitrile (0.8 mL) were added and the mixture

was stirred at room temperature for 30 minutes. The



10

15

20

25

Hz), 4.77(1H, d, J=13 Hz), 6.80-6.98(2H, m), 6.93(1H, 15 d, J=6 Hz),
7.38-7.48(2H, m), 8.28(1H, d, J=6 Hz). (Example 93)
2-(((4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy)-3,5-dimethylpyridin-2-yl)methyl)sulfinyl)-
6,7-dihydro-IH-[1,4]dioxino[2,3-f]bersAmidazole sodium salt - 364 - 0782]
[Formula359] O O CO0-11 SN O\N Na [0783] The same procedure as
iMthé Stepss 5Tt 345R) Wastepéated st iHe@s((2,2-dimketifyi1u84 on

clokan Srymelnon)s3 o metpyicin 2 yymethansh, Whiches s, 5

obtained by subjecting ,2-dimethyi

digxaa-Bry pethoxy k3 E-dimetbyipyridinr2¥)methanoi manehydsate (500
obtained in the same manner as in Example 10 96(5) to azeotropic
distillation2ditintoldeneraewkd e in another flask, and the
dihydro-IH-[1,4]dioxino[2',3":4,5]benzo[d]imidazole-2- thiol, to obtain the

titlé Eorhpolind (395 nity? total 6175 y?gld)fa%i WHITESSIRE WHEN MR (408

MO R ARG B AR AT e,

Jﬁ13fﬂhs added by dividing the amount of the solution
into 15 times (10 Ml per time) for 20 hours and the
mixture was further stirred for 24 hours. After a 1IN
aqueous sodium hydroxide solution (3 mL) was added and
the mixture was stirred for 48 hours, a saturated
aqueous sodium hydrogen carbonate solution and a
saturated agqueous sodium thiosulfate solution were
added to the mixture and then the mixture was extracted
with ethyl acetate. The organic layer was dried over
anhydrous sodium sulfate, filtrated, and concentrated.
The residue was purified by silica gel column
chromatography (NH silica gel 30 g, elution solvent:
ethyl acetate, ethyl acetate/methanol 7:3, 1;1

gradient). The fractions containing the title compound

were collected with ethyl acetate and concentrated to

o\

obtain the title compound (76 mg, yield: 15%) as
colorless foam.

HPLC

(Conditions) column: CHIRALPAK IA
(manufactured by Daicel Chemical Industries, Ltd.) (0.46

cm@ X 25 cm)

eluant: hexane/ethanol=3/2 (v/v), flow rate:
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4.70(1H, d, J=12 Hz), 6.82(2H, s), 8.19(1H, s). (Example 94)
2-(((3-methyl-4-(2-(8-methyl-1,4,7,9-
tetraoxaspiro[4.5]dec-8-yl)ethoxy)pyridin-2 20
yl)methyl)suifinyi)-6,7-dihydro-IH-[1,4]dioxino[2,3- flbenzimidazole sodium
salt [0784] [Formula 360] - 365 vI~36€50-O0 /NOOJ O\_SNN Na
0785] The same procedure as in the steps (5d) to (5h) was repeated
using te 20Bimethyi-¢ 4 7 90 tetfoxaspitof2B]dec-8-yi)ethanoi and
6,7-dihydro-IHEEg 1,4£dioxino@%%}:é&,%}sbrﬁenzo[d]imidazole-2-thioi obtained

in Example (73 o oBtain the title co pound (110 mg, content: 93.5%,

total 9.2% yield}as a-white +sodid. 1HNMR(400 MH2z,RMSO-d6) 8ppm;
1.39(3H, s), 2.05-2.23(SH, 10 m), 3.56-3.72(4H, m), 3.75-3.93(4H, m),

4 O2=422(6kr ), 483€H4,:d,A48H7), 4.75(1H, d, J=13 Hz), 6.82(2H,
s), 6.88(1H, d, J=5 Hz), 8.24(1H, d, J=5 Hz). (Examfle 95)
2«&%%@9¢8b%5§dﬁﬂ§fﬁ&ﬂﬁ%lt of an optical isomer of 2-

yi oxy):3-methyipyridin-2-yin i ifing\-67 4l
Cinyaro T Aeioxinal2 5 oenamidaole sadiim Sa e
ylmethoxy)pyridin-2-yl)methyl)sulfinyl)—-1H-

benzimidazole

[0768]

[Formula 352]
O/N\[i\o
N\
@N%*S SN
Na

An ethanol solution of a sodium salt

[0769]

(racemate) of 2-(((3-methyl-4-(1,5,9-
trioxaspiro[5.5]undec-3-ylmethoxy)pyridin-2-
yl)methyl)sulfinyl)—-1H-benzimidazole (192 mg) was
prepared and separated by HPLC (column: CHIRALCEL OD-H
2 cm@ X 25 cm (manufactured by Daicel Chemical
Industries, Ltd.), mobile phase: ethanol/n-hexane=3/2,
flow rate: 3.0 ml/min, detection wavelength: 254 nm).
Immediately after fractions were obtained, a 1IN agueous
sodium hydroxide solution (1 ml) was added to each of
the fractions. The fractions containing optical
isomers short and long in retention time were collected

respectively and separated with ethyl acetate and a
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[0786] [Formula 361] O0'-"::~ \S\NCO'NON Na [0787] The same
procedure as in the steps (5f) to - 366 (5h) was repeated using the
(4-(5,7-dioxaspiro[2.5]oct- 6-yimethoxy)-3-methyipyridin-2-yi)methanoi
obtained in Example (2d) and 6,7-dihydro-IH-
[1,4]dioxino[2',3":4,5]benzo[d]imidazde-2-thioi to 5 obtain the title
compound (364 mg, total 55.6% yield) as a light pink solid. 1H NMR(400
M BMEEAdGBPBRY 9. 2610UDIPH, /)L r50L90.66(2H: Ry 2.16(8A, ),
3.26%2H,. =12 Hz), 4.09

A100°5, 10 a1, &L D515 Fiy B 7RCEH o D130, BloDihC

J=h 108, 83(2h 8) 1 94 (1ot o) =64d2): 8:-26(AH 8, JT8 Ho[88la to

(Example 96) Sodium salt of an optical isomer (short in 15 retention time)

ob24@4{ (2 diméthyi-1)3xtioxansBith diethyl ether.

[yc',%‘;}h"xy)'?"%ﬂ'é“??%‘?éﬂ%‘”azf' ey e A O,
retention time was subjected to the same HPLC fraction,
separation, drying and concentration operations as
mentioned above. The obtained residue was purified by
silica gel column chromatography (NH silica gel 20 g,
elution solvent: dichloromethane,
dichloromethane/methanol=10/1). Thereafter, the same
HPLC fraction, separation, drying, concentration and
azeotropic distillation with diethyl ether as mentioned
above were performed to obtain a free form of the
optical isomer (20 mg) short in retention time as a
colorless solid.

The residue of the optical isomer long in
retention time was subjected to the same HPLC fraction,
separation, drying, concentration, and azeotropic
distillation with diethyl ether as mentioned above to
obtain a free form of the optical isomer (14 mg) long
in retention time as a colorless solid.

Each of the free optical isomers was
subjected to the operation for converting into a sodium
salt in the same manner as in the step (11i) of Example
11 to obtain a sodium salt (18 mg) of the optical

isomer short in retention time and a sodium salt (14

mg) of the optical isomer long in retention time, both
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[Formula 362] O---COK S 0> N N Na 20 [0790] (1) Optical isomer (short
in retention time) of 2-(((4- ((2,2-dimethyi-1,3-dioxan-5-yi)methoxy)-3,5-
dimethyipyridin-2-yi)methyi)sulfinyi)-1H-benzimidazole (429 mg, 1 mmol)
was dissolved in ethanol (0.85 ml) and - 367 a 1N agueous sodium
hydroxide solution (1 ml, 1 mmol)- veas7added thereto. After the mixture
was concentrated under reduced pressure and ethanol (0.85 ml) was
added tRerets, thé mikfute Svas concentrated under reduced 5 pressure.

TeyaPYEN. 85 masarided, and then.tercquvimethyieiher @

was addeéed to make the mixture cloudy te turbi fer the

mixtHres was allovwedsiorstand at kg temperaturgsaverpight,thga s
generated precipitate was collected by filtration to 10 obtain the title

carhpeund (1 3smuy, yield 42eX ot A asha wintéisolids §2)tOdticat ésomer)
(short in retention timi)aof 2-&5}((4- , ,
(22-dimlebtyi- T3 dieiart s {methoky) e spiro 5. S undec-3-

i hvipyridin-2-yi h finv)-1H-benzimi 1 mg, 1.14
(rjn{/]n;io %rﬁgﬁit%? r¥c2§§§egé)§g%£c§}é%ﬁv@ é}gfﬁﬁ%ﬁ éir%ggl ((?.198 ml)
ang azl agdeoussodium hydroxide solution (1.14 ml, 1.14 mmoi) was
added

HPLC

(Conditions) column: CHIRALPAK OD-H
(manufactured by Daicel Chemical Industries, Ltd.) (0.46
cm@ X 25 cm)

eluant: hexane/ethanol=4/1 (v/v), flow rate:
0.5 ml/min, detection: UV: (280 nm).

(Analysis results)

With respect to the sodium salt of an optical
isomer short in retention time,

the retention time: 36 minutes, enantiomeric
excess: >98.0%ee.

specific rotation: af55=+107.73 (c=0.32,

EtOH) .

With respect to the sodium salt of an optical
isomer long in retention time,

the retention time: 44 minutes, enantiomeric
excess: >98.0%ee.

specific rotation: af5ﬁ=—115.85 (c=0.19,

EtOH) .

(Example 92) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-

yl)methoxy)-3—-ethylpyridin-2-yl)methyl)sulfinyl)-1H-
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thereto. After the mixture was concentrated under reduced pressure and
ethanol (0.98 ml) was added 20 thereto, the mixture was concentrated
under reduced pressure. This operation was repeated twice. After ethyl
acetate (6 ml) was added, the title compound obtained in the step (1) (lot
A) was added as a seed to the mixgge. The mixture was concentrated
under 25 reduced pressure. After ethyl acetate (8 ml) was added, the title
corApéLAd ebfaited rrhetes th) ot A) was added as a seed to the
mixture, m% gg’)ﬁture was allowed to stand at room temperature for one
hour and - 13 minutes. Ethyl acetate (2 ml) was further added to the
mpgtdkeythe mixtyre was allowed to stand at room temperature overnight.
The generated precipitate was collected by filtration to obtain the title
compound 5 (309 mg, yield 600)(lot B) as white crystal. (3) To an ethanol
(8 ml) solution of an optical isqmgr ( tention time) of
2-(((4-((2,2-dimethyi-1,3- dipxah- x’)_/;—aﬁ-dimethyipyridin-z-
yi)methyl)suifinyi)-lH-benzim|az%jg 4 ol), 10 a 1N aqueous
sodium hydroxide solution (9.31 mmol, 9.31 mmoi) was added thereto.
After the mixture was stirred under the same conditions for 2 hours, the
solvent was distilled off under reduced pressure. Ethanol (8 ml) was
added tolthé residue and distilled under reduced 15 pressure. After this
operation was regeated twice, , ethyl acetate (80 ml) was added to the

oD, the e EommRoORe (OC ST SEIEER 1He Lo (2 a2 e

[0772]

[Formula 354]

Cc
h @
ARe
0]
[0773]

Thionyl chloride (60 ml, 823 mmol) was
diluted with toluene (100 ml) and heated to 45°C. To
the mixture, N,N-dimethylformamide (16 ml, 207 mmol)
was added and the resultant mixture was stirred in the
same conditions for one hour. To the mixture,
picolinic acid (25 g, 203 mmol) was added and the
resultant mixture was stirred at 80°C for one hour and
20 minutes. After the reaction mixture was
concentrated and diisopropylamine (185 ml, 807 mmol)
and acetonitrile (500 ml) were added to the residue,

the mixture was stirred at room temperature for 21

hours and 30 minutes. After the reaction mixture was
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added as seed crystal and the resultant mixture was allowed to stand at
room temperature overnight. After 20 allowed to further stand still at 4C
overnight, the precipitate generated was collected by filtration to obtain
the title compound (1.1 g, yield: 25.9%) (lot C) as light yellow crystal. Part
of the solvent of the filtrate thus obtadsed-was distilled off under reduced
25 pressure. The resultant crystal, after it was allowed to stand at room

tePPETaftire 3622 hotifs waScoliéstetr by TitPationttobitaihthe Hlg |
compound (2.5 g, yield; 59 lot D) as light.yellow crystal. - 369. (4).
R S Byt o e AR el el TS Sy TR,

an ethano olution of an ntion time) of
2A(A{(22dimethyi-de3-dioxan-gryj)raethaxy)c3:ordimethyipyicin-2-
yi)methyl)suifinyi)-IH-benzimidazole (200 mg, 0.466 5 mmol, enantiomeric
excepse 7 71%ee)] 84N aqliedus sodilnm hydroxidessaluticre (466 70466
mmoi) was added at room temperature, and thereafter, the mixture was

c6ﬁc%_¥ﬁfé?ed” BRderretfited presstte. LAferthafor ¢ mi) was added,
the,m %%r#?o"é% 8919C${; ;ﬁﬁq ypder,1Q reduc el%’egar? ssure. I ?é%%%f §Q§% )

was repeated twice. e residue, ethyl acetate (40 ml) wa
thegesuyltantrsuspension was-dispelved in ethanol, Thei aixturg wass) as
concentrated under reduced pressure and dissolved in ethyl acetate (4
md) arrd-ethanoli(2 w118 Then, the title compound (lot D) obtained in the
ste gSi vzlas added as a seed and the mixture was concen 5at§g )under

re red8ufd Thetesidudasggrm/ L- 11 (6F, d, U=

1.43(6H, d, J=6 Hz), 3.54-3.66(2H, m), 7.56-7.62(2H,
m), 8.51-8.56(1H, m).
(92b) 4-chloro-3-ethyl-N,N-diisopropylpyridine—-2-
carboxamide

[0774]

[Formula 355]

[0775]

To a tetrahydrofuran (dehydrated) (50 ml)
solution of diisopropylamine (1.35 g, 13.3 mmol), n-
butyllithium (1.6 M hexane solution, 6.75 ml, 10.8
mmol) was added dropwise under ice-cool in a nitrogen
atmosphere and the resultant mixture was stirred under
the same conditions for 30 minutes. After the reaction
mixture was cooled to -70°C, a tetrahydrofuran solution

of the 4-chloro-N,N-diisopropylpyridine-2-carboxamide
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dissolved in 2-propanoi (0.4 ml) and ethyl acetate (4 ml) and then, the title
compound (lot D) obtained in 20 the step (3) was added as a seed. After
allowed to stand at room temperature, the mixture was concentrated
under reduced pressure. After the resultant mixture was dissolved in
ethanol (0.2 ml) and ethyl acetate (3 aul)-the titte compound (lot D)
obtained in the step 25 (3) was added at room temperature as a seed
white Stirfing In"dboht 10’ tiRbRRS aldtetibRatettartdd 40 )emejes After

furt er gtirged f%r about 10 minut%s, tlﬁ:

e precipitate generated was
o cecemepn e Sab i s i ekt e T

210)(letEy aswhite erystal- (9).Qpticalisomerr(sherdn Fetentiop time) of
2-(((4- ((2,2-dimethyi-1,3-dioxan-5-yi)methoxy)-3,5- 5

dimethyipgridiatylmettid)dalfinyhdHeBenziMidazole) (348amg d0.§92and
mmol, enantiomeric excess, 47%ee) was dissolved in ethanol (4.5 ml) at

rahY térfiSeratraaniti "N aqiigdus Soditifthgdroxite Soltfior (792 RL,
043¢, mmol) was,added dropwise thereto, The ”yé%%&’@%loaqu ous

I
concentrate? at 40C under reduced pressure. After ethanol (0.9 ml) was
added themixture wase concentraied undesreguged presswie aFRisd with
operation was repeated twice to azeotropically remove water. After ethyl
acdthtelwasadded to tHd mixtues the 15anixtureavasistirest atviom
temperature, collected by filtration, and washed with ethyl acetate (4.5 ml)

to” BBYATN e tifle EBmpotifid {idt £5 (230 it Yietd 84.39%)

concentrated. The residue was purified by silica gel
column chromatography (elution solvent: heptane/ethyl
acetate) to obtain the title compound (1.9 g, yield:
85.1%) as a light yellow solid.
'H NMR (400 MHz, CDCls)dppm;1.15(6H, d, J=7 Hz), 1.25(3H,
t, J=7 Hz), 1.58(6H, d, J=7 Hz), 2.70-2.84(2H, m),
3.42-3.60(2H, m), 7.26(1H, d, J=6 Hz), 8.28(1lH, d, J=6
Hz) .
(92c) 4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3—
ethyl-N,N-diisopropylpyridine—-2-carboxamide

[0776]

[Formula 356]
0 0
{05 G

To a dimethylsulfoxide (20 ml) solution of

[0777]

the 4-chloro-3-ethyl-N,N-diisopropylpyridine—-2-
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as a light yellow solid. The filtrate was subjected to the same operation to
obtain the title compound (lot 20 G)(47 mg, yield: 13.1%) as a light yellow
solid. HPLC (Conditions) column: CHIRALPAK AD-H (manufactured by
Daicei Chemical Industries, Ltd.)(0.46 cm(p X 25 cm) 25 eluant:
hexane/ethanol=1/1 (v/v), flow rate:306 ml/min, detection: UV 254 nm).
(Analysis results) Lot B: the retention time: 16.7 minutes, - 371 -
effaRtistrent egcess: 200%eé? LBRCL thePletentivrtime: £ mingkes( 2 20)
enantiomeric, excess;, 100%ee; Lot D: the retention time: 16.8 minutes
er?%r%?ﬁerﬁer?cle%cess%(:jiBB]O/o%e%(?féfj E/ thlenre?elr?liogjt?rge%.o Lfr:;i%%Iten%r,ho&?L
epantionericexcass: ¥99%eeyLotEdthedetentionfime: bl migutessom
enantiomeric excess: 39%ee; 10 Lot G: the retention time: 17.1 minutes,
enantivrmericiexcessT 62%ee. 0L rExanipte 97) Sodiuneshly bf &an3-
optical isomer (short in retention time) of

2%«2%62Ziﬂ%%ﬂﬂﬁﬁﬂﬁﬂﬁﬁaﬁg?§5mg' 4.09 mmol) obtained in
y'@sﬁgﬂ)'?Prgi{“‘%}hxiPXH%ngz'XQ@eEWQSMEE‘yDz%W&%%’P@@EQ!& at
(1) 2,3, -trlmethylpyrldaine 1-oxide
room temperature for 16.5 hours. Ethyl acetate was
added to the reaction mixture. The mixture was washed
twice with a saturate saline solution. The organic
layer was dried over anhydrous magnesium sulfate,
filtrated, and concentrated. The residue was washed
with diethyl ether to obtain the title compound (520
mg, yield: 36.9%) as a light yellow solid.
'H NMR (400 MHz, CDCls)8ppm;1.10-1.22(9H, m), 1.44(3H,
s), 1.49(3H, s), 1.58(6H, d, J=7 Hz), 2.14-2.22(1H, m),
2.55-2.66(2H, m), 3.46-3.60(2H, m), 3.86-3.98(2H, m),
4.10-4.26(4H, m), 6.77(1H, d, J=6 Hz), 8.32(1H, d, J=6
Hz) .
(92d) (4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3-
ethylpyridin-2-yl)methanol
[0778]
[Formula 357]
o’\fo
S Lot

| 0

=

HO N
[0779]
To a tetrahydrofuran (10 ml) solution of the

4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3-ethyl-N, N-
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[0792] [Formula 363] N O" 20 [0793] To acetic acid (1.43 kg, 23.83 mol),
2,3,5- trimethyipyridine (1.43 kg, 11.80 mol) was added over 15 minutes.
After 15 minutes, a 35% hydrogen peroxide solution (1.38 kg, 14.2 mol)
was added dropwise over 30 - 372 minutes, the mixture was stirred at
90C to 95C overnight. To the reactispmixture, sodium sulfite (220 g)
was added. The reaction mixture was poured into a mixture of sodium
carbbRARF @Y kY ARG Water’s CEX PPa#ad iembadie Wes ektractedfitn

cfg)lgrtoform d(3.0 L.X 4). The orgg

ic.layer obtained was _concentrated until
crystail :[.L)?éempif'arfe . To ﬁﬁtee%recigﬁz%te%%%‘é?(énef J(E\%lﬂmwgsf added "the

resydfant mixtuse was, stisrechundes ige-gaal Quanaight, JherlQ resuitant

crystal was filtrated to obtain a desired compound (1.53 kg). (2)

2 Brsitrimethyi-dmitrepyrdine tioxidel [0794]{FormaulaBod] NO@2 dd©' 15

[ogggyo 9T800/0 Egguri(:egggi(g'r?smkigﬁfgf%Wovlv)éter (0.2 ml), a 2N
aqueous sodium hydroxide solution (0.2 ml), and water
(0.6 ml) were sequentially added. Then, mixture was
filtrated through celite and the solvent was distilled
off from the filtrate under reduced pressure. To a
methanol (20 ml) solution of the residue, sodium
borohydride (51.8 mg, 1.37 mmol) was added and the
mixture was stirred at room temperature for one hour.

A saturated saline solution was added to the reaction
mixture. The mixture was extracted with ethyl acetate.
The organic layer was dried over anhydrous magnesium
sulfate, filtrated, and concentrated to obtain a crude
product of the title compound (456 mg, yield: 118%) as
a light yellow solid.

'H NMR (400 MHz, CDCls)8ppm;1.09(3H, t, J=7 Hz), 1.43(3H,
s), 1.49(3H, s), 2.14-2.22(1H, m), 2.52(2H, g, J=7 Hz),
3.90(2H, dd, J=5, 12 Hz), 4.08-4.22(4H, m), 4.71(2H,
s), 6.76(1H, 4, J=6 Hz), 8.31(1lH, d, J=6 Hz).

(92e) 2—-(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3-
ethylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole

sodium salt
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2,3,5-trimethyipyridine 1-oxide (1.38 kg, 10.1 mol) was added. After 97%
nitric acid (1.44 kg) was added dropwise thereto over 50 minutes, the
mixture was 20 heated at 85C for 4 hours. The reaction mixture was
poured to a mixture of ammonium hydrogen carbonate (10.6 kg) and
water (9.0 L). The mixture was extraeted -with ethyl acetate (3.0 L x 3).
The obtained organic layer was concentrated and dried under vacuum
overnight 25&8 bbtain a desired product (1.50 kg). - 373 (3)
4- ioro@S,S-tgi ethyipyridine 1-oxide [0796] [Formuia 365] CI i N+ i
0- ?éfﬂ ‘I:lo;}, ,5-trimethyi-4-nitropyridine 1-oxide (850 g, 4.67 moi),
water (400 g) and 36% concentrated hydrochloric acid (1.69 kg) was
added and the mixture was heated to 70C. To the mixture, N,N
dimethyiformamide (115 m adged a en the 10 resultant mixture
was heated to 100C. After fic / réaction, the reaction mixture
was cooled to 20C and poured ingg a mtdre @ffetassium carbonate
(1.40 kg) and water (7 L). The mixture was extracted with chloroform (1.0
L X 3), the organic layer dried over

[0781]

The same procedure as in the steps (6d),
(6e), and (6f) of Example 6 was repeated using the (4-
((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3-ethylpyridin-
2-yl)methanol obtained in the step (92d) above to
obtain the title compound (159 mg, overall yield: 25%)
as a light yellow solid.
'H NMR (400 MHz, DMSO-dg¢)dppm;1.07(3H, t, J=7 Hz),
1.33(3H, s), 1.35(3H, s), 2.06-2.16(1H, m), 2.62-
2.82(2H, m), 3.78(2H, dd, J=6, 12 Hz), 3.98(2H, dd,
J=4, 12 Hz), 4.09(2H, d, J=10 Hz), 4.36(1H, d, J=13
Hz), 4.77(1H, d, J=13 Hz), 6.80-6.98(2H, m), 6.93(1lH,
d, J=6 Hz), 7.38-7.48(2H, m), 8.28(1H, d, J=6 Hz).
(Example 93) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy) -3, 5-dimethylpyridin-2-yl)methyl)sulfinyl) -
6, 7-dihydro-1H-[1,4]dioxino[2,3-f]benzimidazole sodium

salt



15 sodium sulfate and concentrated. The obtained crude product was
stirred for 2 hours in a mixture of diisopropyi ether (500 mL) and
n-hexane (1.0 L), and thereafter, sucking filtration was performed. The
obtained wet product was dried under vacuum overnight 20 to obtain a
desired product (666.4 g). (4) - 364 -
4-(2,2-dimethyi-1,3-dioxan-5-yimethoxy)-2,3,5- trimethyipyridine 1-oxide
[0798] [FBrifdia 366] - 374 - 0 0799] A mixture of
ioro-2,3,5=trimethyipyridine 1-oxide (840 g),

(@) a

4-

(2, dime yi-i, -dioxan-5-yi)methanoi (688 g) and toluene (2.52 L) was
heated under reflux 5 while removing a water content. While azeotropicai
dehydration was continued, potassium hydroxide (@- ) was added to
the reaction mixture over 3 hours and 45 miB \and/qzeotropic
dehydration was continued for 2.5 hours. The mixturéwas cooled to 30C

or less, 10 and ethyl acetaie~<2.5N.) a(ll?d aYyE7%ySaline solution (3.5L)
were added to the mi turth i e was allowed to stand for
overnight. The ethyl acetate ayé% was separated and the aqueous layer

was extracted with ethyl acetate ToLx 3). The ethyl acetate 15 layers
were combined, filtrated through celite, and concentrated under reduced
pressureltd/dstain a desired product (1.20 kg).

The same procedure as in the steps (5f) to
5 (5h) was repeated using the (4-((2,2-dimethyl-1,3-
dioxan-5-yl)methoxy)-3,5-dimethylpyridin-2-yl)methanol,
which was obtained by subjecting (4-((2,2-dimethyl-1,3-
dioxan-5-yl)methoxy)-3,5-dimethylpyridin-2-yl)methanol
monohydrate obtained in the same manner as in Example
10 96(5) to azeotropic distillation with toluene, and 6, 7-
dihydro-1H-[1,4]dioxino[2',3"':4,5]benzo[d]imidazole-2-
thiol, to obtain the title compound (395 mg, total
61.7% yield) as a white solid.
'H NMR (400 MHz, DMSO-dg)dppm; 1.32(3H, s), 1.35(3H, s),
15 2.00-2.13(1H, m), 2.18(6H, s), 3.69-3.86(4H, m), 3.91-
4.03(2H, m), 4.14(4H, s), 4.31(1H, d, J=12 Hz),
4.70(1H, d, J=12 Hz), 6.82(2H, s), 8.19(1lH, s).
(Example 94) 2—-(((3-methyl-4-(2-(8-methyl-1,4,7,9-
tetraoxaspiro[4.5]dec-8-yl)ethoxy)pyridin-2-
20 yl)methyl)sulfinyl)-6, 7-dihydro-1H-[1,4]dioxino[2,3-
flbenzimidazole sodium salt
[0784]

[Formula 360]
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(5) (4-(2,2-dimethyi-1,3-dioxan-5-yi)methoxy-3,5-
dimethyipyridin-2-yi)methanoi monohydrate - 375 - 0800] [Formula 367]
0O---CO HO &N HZO 0801] To a mixture of 4-(2,2-dimethyi-1,3-dioxan-5-
5 yi)methoxy-2,3,5-trimethyipyridine N-oxide (1.20 kg) and sodium acetate
(0.18 kg) heated at 50C to 60C, -acetic anhydride(1.10 kg) was added
dropwise over 1.5 hours. After 0.5 hours, the mixture was heated at 80C

for 4.5 hours and cooled to an inner temperature w 10 30C or less,
allowed to stand, and concentrated under @ pressyire. The
obtained residue was dissolved in me ax I (1.0? d the solution was
added to a mixture of u\ggcﬂjs sGdiumh hydroxide$olution (0.71
kg) and cold water (2.8 e Rour’ r 15 stirred at room
temperature for 5 houfs and 45vminutes, the mixture was concentrated
under reduced pressure. To the residue thus concentrated, water (3.0 L)
was added and the mixture was extracted with toluene (2.3 L X 4). The
toluene laysts-were combined and washed with 20 water (1.2 L). The
obtained organic layer was filtrated through celite and concentrated. To

the residue obtaired; gdiisoprepykethee (k15 1) wascaddesh at agapm: o

temperature and further warm water (45C, 74 mL) was added. After

cryStal pregipitgtionavast- 83géng the 2-(8-methyl-1,4,7,9-
tetraoxaspiro[4.5]dec-8-yl)ethanol and 6, 7-dihydro-1H-
[1,4]dioxino[2',3'":4,5]benzo[d]imidazole-2-thiol
obtained in Example (73b) to obtain the title compound
(110 mg, content: 93.5%, total 9.2% yield) as a white
solid.
'H NMR (400 MHz, DMSO-dg)dppm; 1.39(3H, s), 2.05-2.23(5H,
m), 3.56-3.72(4H, m), 3.75-3.93(4H, m), 4.02-4.22(6H,
m), 4.31(1H, d, J=13 Hz), 4.75(1H, d, J=13 Hz),
6.82(2H, s), 6.88(lH, d, J=5 Hz), 8.24(1H, d, J=5 Hz).
(Example 95) 2-(((4-(5, 7-dioxaspiro[2.5]oct-6-
ylmethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-6, 7-
dihydro-1H-[1,4]dioxino[2,3-f]lbenzimidazole sodium salt

[0786]

[Formula 361]

o

o
= 6]
Sestos -

[0787]

The same procedure as in the steps (5f) to
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confirmed, the mixture was stirred at 25C for one hour. After heptane (3.6
L) was poured, the mixture was stirred overnight. The mixture was further
stirred under ice-cool for 5 hours and then filtrated to obtain 5 yellow
crystal. To the yellow crystal obtained, diisopropylether (3.5 L) was added
and the mixture was dissolved at 50€¢ After insoluble substance was
removed by filtration, the mixture was gradually cooled and allowed to
stnl lat ST oVERRMESFhe 8B Rned €0 EAstal wasHierafetPan® washedct -

wijth heptane (0.5 L) and dried by air.to obtain a desired product (0.69.kQ).
O 2 B oot LS o g e s b ot oBEL B D
dimethyipyriding-ydmethyithig)-i bbenzimidazole [0802] 15 [Formula
368] O~OK ON\~SNNH [0803] To

(4F(2,2-dimethyird [32dioxan-pi)inethoxyd ] imidazole-2-thiol to
3,5-dimethyipyridin-2-yi)methanoi monohydrate (690 g), toluene was
AR O A5 dBUr G RBAYEhalioh 2071 E 8.1 751X 1. TadHe

c%%cegtrf%%%grofgyﬁ og(graLi. gd, toluene (393 mL) was added to obtain a
toluene soldtion (921 g) o (?1-('2,2-dimethyi-1,3-

dioxam-ix ydmethoxy; 3 Srdimethygyisdin-2-ydmethamnal 2137 %) To thes 0
toluene solution of (4-(2,2-dimethyi-
0.66(2H, m), 2.16(3H, s), 3.26(2H, d, J=12 Hz),
4.09(2H, d, J=4 Hz), 4.12(2H, d, J=12 Hz), 4.15(4H, s),
4.33(1H, d, J=13 Hz), 4.76(1H, d, J=13 Hz), 5.02(1lH, t,
J=4 Hz), 6.83(2H, s), 6.94(1H, d, J=6 Hz), 8.26(1H, d,
J=6 Hz).
[0788]
(Example 96) Sodium salt of an optical isomer (short in
retention time) of 2-(((4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy) -3, 5-dimethylpyridin-2-yl)methyl)sulfinyl) -
lH-benzimidazole

[0789]

[Formula 362]
0]
orCO><
=
N\}—s'(’)ﬂ
N o+ N

Na
[0790]
(1) Optical isomer (short in retention time) of 2-(((4-
((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3, 5-
dimethylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole

(429 mg, 1 mmol) was dissolved in ethanol (0.85 ml) and
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1,3-dioxan-5-yi)methoxy-3,5-dimethyipyridin-2- yi)methanoi (845.7 g,
content: 61.7%, amount: 521.8 g, 1.855 mol), tetrahydrofuran (2609 mL),
toluene (669 mL) 5 and triethyiamine (375.3 g, 3.709 mol) were
sequentially added in a nitrogen atmosphere. The mixture was stirred
while cooling with dry ice/ethanol- Be®m 30 minutes after initiation of
cooling, methanesuifonyi chloride (254.9 g, 2.226 mol) was added 10

dropiiise fot A2 mintRed Yiftdriohmsiefich Pdiophise &bdition, thewmol)

mixture was stirred under coqling b ice bath. After about 1.5 hours, a
APy Ao SR L) BILEoh of Ao ter e A iy

Juadeb melhwaspasred to the mixduredor 2dminytesss ang the mixtsr
was stirred at room temperature for about 18 hours. To the reaction

mibtteres toluenhé& €365 ik ewas pouretcand a0 wiwcsgueoad sogilim
hydroxide solution (1852.4 g) and further H2Cé)P$ch)322 mL) were added. In
thi Gay e Rractibh il Yeparaticiveld 28 pefbtmeasSTRESrganié ier

as [ ' %, W/ eous ium ride soluti
A e R s s A Y S S SR

laygewas congentrateddunderreduced prassyure (40G)xte abtaimbrowmn il
25 substance (2.40 kg, containing toluene 1446 mL, tetrahydrofuran 168
mita gakellete@ fforP1EHINNMR shetctrom) . CHRCBIGWV O tiuscoitaimed was e

transferred - 378 to a crystallization container, washed_down with
generated precipitate was collected by filtration to

obtain the title compound (191 mg, yield 42%) (lot A) as
a white solid.

(2) Optical isomer (short in retention time) of 2-(((4-
((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3, 5-
dimethylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole
(490 mg, 1.14 mmol, enantiomeric excess: 98%ee) was
dissolved in ethanol (0.98 ml) and a 1N aqueous sodium
hydroxide solution (1.14 ml, 1.14 mmol) was added
thereto. After the mixture was concentrated under
reduced pressure and ethanol (0.98 ml) was added
thereto, the mixture was concentrated under reduced
pressure. This operation was repeated twice. After
ethyl acetate (6 ml) was added, the title compound
obtained in the step (1) (lot A) was added as a seed to
the mixture. The mixture was concentrated under
reduced pressure. After ethyl acetate (8 ml) was
added, the title compound obtained in the step (1) (lot
A) was added as a seed to the mixture, the mixture was

allowed to stand at room temperature for one hour and
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toluene (119 mL), and the mixture was stirred at room temperature. After
10 minutes, tert-butyl methyl ether (134 mL) was poured and the mixture
was continuously 5 stirred at room temperature. After 20 minutes, further
tert-butyl methyl ether (127 mL) was added and the mixture was
continuously stirred at room temperatge— After 30 minutes, further
tert-butyl methyl ether (266 mL) was added dropwise for 20 minutes, and
the miktire“FPwas Ebhtirucrsly 3thted at Fom termpéraities Afefdsite to
minute, futher dropwise addiionof jert-bupy methvl ether (222 ML) wag,
stakrlted. After 8 Minutes, crys anrempltaﬁon was contirmed. Thé

dropywyise- addition,was terginatedin ongdhour and2Qminutes 13 Afteh s
the resultant mixture was stirred at room temperature for 40 minutes,
heptahe 2848 i) Wwads added dropwisetfor. oné heut and 4 7animetesand
the mixture was stirred at room temperature overnight. About 15.5 hours

after’droptise’additiort BF 20'Reptane Ahe'tiydtal reépitated was
) ion filtration. i . butvl |
Ztﬂ%ﬁ‘?d?g tgns%qﬁggng%atﬁn Pr;ggeg;é!‘ﬂﬁ@g%ﬁaf‘é? tearu}t]h E\ﬂ/ L EHWYE s omer

er/heptane (587 mL/39 7 mL) and dried w cuum. The wet
crystad thusi ebtainesnivas airt dried (RAC)1to optain @ desiret: proeiigh. 25, 3-
Yield: 619.0 g, content: 96.5%, amount: 597.3 g, yield: 77.8% (amount
basSe)x HPLE-pultpe98.0% xHPLT dnalgsischpditiohs {reaction check,
HPLC purity _measurement and ?Lizlljantification)> - 379 Column;

YMIO PRCR YO Tl ABYA0Z (5TphC A% M R ABtemie 27 721 mmol),

a 1IN aqueous sodium hydroxide solution (9.31 mmol, 9.31
mmol) was added thereto. After the mixture was stirred
under the same conditions for 2 hours, the solvent was
distilled off under reduced pressure. Ethanol (8 ml)
was added to the residue and distilled under reduced
pressure. After this operation was repeated twice,
ethyl acetate (80 ml) was added to the residue, the
title compound (lot B) obtained in the step (2) was
added as seed crystal and the resultant mixture was
allowed to stand at room temperature overnight. After
allowed to further stand still at 4°C overnight, the
precipitate generated was collected by filtration to
obtain the title compound (1.1 g, yield: 25.9%) (lot C)
as light yellow crystal. Part of the solvent of the
filtrate thus obtained was distilled off under reduced
pressure. The resultant crystal, after it was allowed
to stand at room temperature for 2 hours, was collected
by filtration to obtain the title compound (2.5 g,

yield: 59.5%) (lot D) as light yellow crystal.
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[.D.) Eluent: A solution (MeCN/20 mM AcONH4 aqg.= 100/900 (v/v)), B
solution (MeCN/20 mM AcONH4 ag.= 800/200 5 (v/v)) Flow rate: 1.0
mL/min Detection: UV 254 nm Oven temp.: 25C Sample temp.: 25C 10
Gradient condition (time/B solution conc.): 0.01 min/0%-425
min/100%-430 min/100%-430.01-m3¥©%-440 min/stop RT= 18.4 min (7)
Crude sodium salt of an optical isomer (short in 15 retention time)of

2 ((j(ll (32-afné&thjirt 3ddidxah-B1yi)meditxyoss of an optical isomer

met ipyridin-2- methyl suifi y|) [0 Formul
héidR Kﬁé%‘) aﬁo% r]] ewatzz& qe%wz%o? G gt[hy{_l‘rl’%_
Zd«éxarlémyqtmﬂeék%gwae,%Mm%yﬁ?ﬂmﬁwyrldm%
yi)methyi)thio)-1H-benzimidazole, toluene, diethyl L - 380 (+)-tartrate, and

NyN-Hiisopropyletiyiamine) udeét-incthe i reattion Was (heasured by. thesKarl
Fischer technique
mmol, enantiomeric excess: 77.1%ee), a 1N agueous
sodium hydroxide solution (466 ul, 0.466 mmol) was
added at room temperature, and thereafter, the mixture
was concentrated under reduced pressure. After ethanol
(10 ml) was added, the mixture was concentrated under
reduced pressure. This operation was repeated twice.
To the residue, ethyl acetate (40 ml) was added, and
the resultant suspension was dissolved in ethanol. The
mixture was concentrated under reduced pressure and
dissolved in ethyl acetate (4 ml) and ethanol (2 ml).
Then, the title compound (lot D) obtained in the step
(3) was added as a seed and the mixture was
concentrated under reduced pressure. The residue was
dissolved in 2-propanol (0.4 ml) and ethyl acetate (4
ml) and then, the title compound (lot D) obtained in
the step (3) was added as a seed. After allowed to
stand at room temperature, the mixture was concentrated
under reduced pressure. After the resultant mixture
was dissolved in ethanol (0.2 ml) and ethyl acetate (3
ml), the title compound (lot D) obtained in the step
(3) was added at room temperature as a seed while
stirring. In about 10 minutes, a precipitate started

to emerge. After further stirred for about 10 minutes,

the precipitate generated was collected by filtration
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(total amount: 0.885 g). 2-(((4-(2,2-dimethyi-1,3-dioxan-5-yi)methoxy- 5
3,5-dimethyipyridin-2-yi)methyl)thio)-1H-benzimidazole (580.3 g, content:
96.5%, amount: 560.0 g, 1.354 mol), toluene (3864 mL), and H20 (2.81
g, 0.156 mol) were sequentially added in a nitrogen atmosphere and the
mixture was stirred while heating-at80C.-After 6 10 minutes, diethyl
L-(+)-tartrate (122.9 g, 0.596 mol) was added with toluene (560 mL) to
theYeshlkant stidiferisidn; andRe bttt oftheteagertwds whishédot E)

doavgnw%ft r 3(():£nir§l%t§]9_, dissolution was confirmed. After 8 minutes,
titanium J(I tetré/isoproiooxide (77.0 15 g, 0.271 mol) was added and the

batde of the reagens was washed down with toluens, (36 f). The 2— ( ( (4-

resultant mixture was stirred while heating at the same temperature for
albbaut,chedhowt Thé mixtird wasacodled tor8G anay) -3, 5—
N,N-diisopropyleth;,lamine with toluene (280 20 mL) was added (56.01

O 43R5 L O e bR S rEHUEHWidd WonBa B Wi s Lo
10 fgipuies, aohuene selyton. (B4mb), of Gumege Jopeioxide (259.2

g, 1.422 mol) was added dropwise for 47 minutes and the mixturé was
stirieds at §eforn 25 abauh8.5 houss A S0%% Wi aqueenpseditiire and a
thiosuifate solution (2240 g) cooled was poured and the mixture was

stied ford@umintees, andirién ke dgueods: falen wasd disehrded: To2he

organic layer, a 4% w/w aqueous - 381 sodium hydroxide solution (2240
gf%@gé bolifed 4G 8% Fhixkife SWas-StirFstt And alfofdl'ed St&fd. “rHe

AYEMShtrated at 40°C under reduced pressure. After
ethanol (0.9 ml) was added, the mixture was
concentrated under reduced pressure. This operation
was repeated twice to azeotropically remove water.
After ethyl acetate was added to the mixture, the
mixture was stirred at room temperature, collected by
filtration, and washed with ethyl acetate (4.5 ml) to
obtain the title compound (lot F) (230 mg, yield 64.3%)
as a light yellow solid. The filtrate was subjected to
the same operation to obtain the title compound (lot
G) (47 mg, yield: 13.1%) as a light yellow solid.

HPLC

(Conditions) column: CHIRALPAK AD-H
(manufactured by Daicel Chemical Industries, Ltd.) (0.46
cm@ X 25 cm)

eluant: hexane/ethanol=1/1 (v/v), flow rate:
0.6 ml/min, detection: UV 254 nm).

(Analysis results)

Lot B: the retention time: 16.7 minutes,



layer was separated to obtain an aqueous solution of an optical isomer
(short in retention time) of 2-(((4 5 (2,2-dimethyi-1,
3-dioxan-5-yi)methoxy-3,5-
dimethyipyridin-2-yi)methyl)sulfinyi)-1H-benzimidazole extracted with the
aqueous sodium hydroxide solutionzagsl a-brown-yellow suspension. To
toluene (7840 mL), the solution (2.98 kg) of an optical isomer (short in 10
reteRion-fReY 6£2FHES2 2 dihteth§ict, 3-dioxan-5- yi)methoxy-3,
S-dimethyipyricjn. 2-ydmetydsuling: Atbenzimidazple exiracied with
the aqueous sodium "hydroxide solution was poured and the mlxtture was

strredh iothe mixtwrg s a 20% wWiysagieous acetic acid 15 solution (400
mL), a 8% aqueous NaOH solution (50 mL), and a 20% w/w agqueous

acetic acid solution (8 mithwere=segtientially adededwhife stimngand pH
was adjusted to 8.64. The mixture was allowed to stand and separated,

5 afid e aq0EuLIa§8FwaS discaPd&E The 20 organic layer was washed
with a 5% wiw aaequs salie, splutlon (2244 g, separajed o, obialh a
) ] : ‘

toluene extraction solution of an optical isomer (short in retention time) of
24({(4r(Ri2-dimethyick 3=diexan-5o yigmethoxy-3,
5-dimethyipyridin-2-yi)methyi)suifinyi) 25 1H-benzimidazole (7.31 kg) (the
content thereofL867 7 : gt h822anhel) asabrowreyellolw soltion.tFs the
toluene extraction solution obtained, a 28.3% methanol solution of

sGdiGMmetioxide 486§, - 382 °£286 mot) was added for one minute
10 While stirring at; rgorp, tepperature. subsaayently, 1 tis solufigR. s,

enantiomeric excess: 62%ee.

[0791]
(Example 97) Sodium salt of an optical isomer (short in
retention time) of 2-(((4-((2,2-dimethyl-1,3-dioxan-5-

15 yl)methoxy)-3,5-dimethylpyridin-2-yl)methyl)sulfinyl) -

lH-benzimidazole
(1) 2,3,5-trimethylpyridine l-oxide

[0792]

[Formula 363]

20 [0793]
To acetic acid (1.43 kg, 23.83 mol), 2,3,5-
trimethylpyridine (1.43 kg, 11.80 mol) was added over
15 minutes. After 15 minutes, a 35% hydrogen peroxide

solution (1.38 kg, 14.2 mol) was added dropwise over 30
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tert-butyl methyl ether (1120 mL) was added dropwise for 3 minutes, and
the mixture was stirred at room 5 temperature. After 6 minutes, it was
confirmed that crystal was precipitated. The mixture was continuously
stirred for about 30 minutes. Furthermore, tert-butyl methyl ether (7840
mL) was added dropwise over 2 hogrs2 and 40 minutes and continuously
stirred at room 10 temepautre overnight. About 13 hours after

teRLBUty RethPENBE Xa Sdded dfidpiwiss tha erystaf pietipitated was

squected t%sucti filtration, rinsceid with .toJCuene/tertét&Jit}ﬁi met %(i:-tcher

(1%4?%&?1 53 m )oar%l?LSrder%% With vacuum Tor 15 minutes-The we

crystah thyss phtainediwas drigdunderseduced pressuee (A0C)de.Qkiain a
desired product. Yield: 546.8 g, content: 101.7%, amount: 546.8 g (as the

comtent was regarded @s X00%);yietdrd@9%G(amound 205hase)dHPLCr
purity: 98.2%, enantiomeric excess: 100%ee <HPLC analysis conditions

(réactidn ciétk, HPL ' paifity” mekdtrémentaid quaitiiatiohreSrmh:
YW-E’ kfr C18 %%éB%ZrIéSaRTC 416a XO% ch ; dl.le’.%g5 Eluent: A
- MaCR2 A %o

solution (MeCN/20 mM AcONH4 aq.= 100/900 (v/v)), B solution
(Mee &G mM AcQIMH4 ager§80/200p ) Flaw fate:. 1.0maLimia - 383 -

Detection: UV 254 nm Oven temp.: 25C
precipitate, n-hexane (2.5 L) was added. The resultant
mixture was stirred under ice—-cool overnight. The
resultant crystal was filtrated to obtain a desired
compound (1.53 kg).
(2) 2,3,5-trimethyl-4-nitropyridine l-oxide
[0794]

[Formula 364]

[0795]

To 98% sulfuric acid (4.93 kg, 49.3 mol),
2,3,5-trimethylpyridine l-oxide (1.38 kg, 10.1 mol) was
added. After 97% nitric acid (1.44 kg) was added
dropwise thereto over 50 minutes, the mixture was
heated at 85°C for 4 hours. The reaction mixture was
poured to a mixture of ammonium hydrogen carbonate
(10.6 kg) and water (9.0 L). The mixture was extracted
with ethyl acetate (3.0 L X 3). The obtained organic
layer was concentrated and dried under vacuum overnight

to obtain a desired product (1.50 kg).
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Sample temp.: 25C Gradient condition (time/B solution conc.): 0.01 5
min/0%-425 min/100%-430 min/100%-430.01 min/O%-440 min/stop RT=
14.1 min <HPLC analysis conditions (enantiomeric excess)> Column:
DAICEL CHIRALPAK IA (4.6 mm x 250 mm |.D.) 10 Eluent:
EtOH/MTBE= 150/850 (v/v) Flow-rater3l.0 mL/min Detection: UV 284 nm
Oven temp.: 25C Sample temp.: 25C 15 (8) Purified sodium salt of an
optidal fsorReraGRor i rreterfioRafme)efyridine l-oxide
ﬁthyi-l,S-dioxan-S- yi)methoxy-3,

d

2-(«4-(2@0«;%
5-dimethyipyridin-2-yi)methyi)suifinyi)- 1H-benzimidazole [0806] 20

[Foraa; 3401:@sPK N N Na [0807] To a crude optical isomer (short in
retention time) of sodium 2-(((4-(2,2-dimethyi-1,3-dioxan-5 - 384
yi)methoxy-3, 5-dimethyipyridin-2¢gti)methyi)suifinyi)- 1H-benzimidazole
(536.8 g, 1.189 moi), ethanoi 0/ ) was added. The crude isomer
was dissolved in ]

[0797]

To 2,3,5-trimethyl-4-nitropyridine l-oxide
(850 g, 4.67 mol), water (400 g) and 36% concentrated
hydrochloric acid (1.69 kg) was added and the mixture
was heated to 70°C. To the mixture, N,N-
dimethylformamide (115 mL) was added and then the
resultant mixture was heated to 100°C. After completion
of the reaction, the reaction mixture was cooled to 20°C
and poured into a mixture of potassium carbonate (1.40
kg) and water (7 L). The mixture was extracted with
chloroform (1.0 L X 3), the organic layer dried over
sodium sulfate and concentrated. The obtained crude
product was stirred for 2 hours in a mixture of
diisopropyl ether (500 mL) and n-hexane (1.0 L), and
thereafter, sucking filtration was performed. The
obtained wet product was dried under wvacuum overnight
to obtain a desired product (666.4 g).
(4) 4-(2,2-dimethyl-1,3-dioxan-5-ylmethoxy)-2,3,5-
trimethylpyridine l-oxide

[0798]

[Formula 366]
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ethanoi at room temperature. To the solution, further 5 tert-butyl methyl
ether (1074 mL) was poured. The solution thus obtained was subjected to
suction filtration through Hyflo Super-Cei bed (107.4 g, washed
sequentially with ethanoi/tert-butyl methyl ether (1074 mL/1074 mL) and
tert-butyl methyl ether (537 mL))arsd20 ¥insed with ethanoi/tert-butyl
methyl ether (215 mL/215 mL). The filtrate obtained was transferred to a

crystallization container and washed dow ethanoi/tert-butyl methyl
ether (54 mL/54 mL) for full 15 tranye’r‘a@%ted stirring at room
temperature. Then, tert-butyl methyl ether 510 mL) was added
dropwise for 6 minutes and thw was continuously stirred at room
temperature. After 11 minutes, tyl methyl ether (268 mL) was
added dropwise for 2 20 minutes apd the mixture was continuously stirred.
After one minute, crystal precipitation was confirmed. The mixture was
continuously stirred for 31 minutes and tert-butyl methyl ether (268 mL)

was add 8%9 wise for 9 minutes. After the mixture was stirred at room
25 temperature for 8 minutes, further tert-butyl methyl ether (8589 mL)

was added dropwisefer;eae hpunand 18- pinytes ane:the drixtre Wasdine
continuously stirred at room temperature. - 385 About 22 hours after

dropwiseladditién of tertButylAethgt bther Wascbmpleted; the ) methanol

prec%oitated crystal was subjected suctlon filtration while spraylnrg
(688 g) and toluene (2. L) was heated unde eflux

while removing a water content. While azeotropical
dehydration was continued, potassium hydroxide (0.58
kg) was added to the reaction mixture over 3 hours and
45 minutes, and azeotropic dehydration was continued
for 2.5 hours. The mixture was cooled to 30°C or less,
and ethyl acetate (2.5 L) and a 17% saline solution
(3.5 L) were added to the mixture and then the mixture
was allowed to stand for overnight. The ethyl acetate
layer was separated and the aqueous layer was extracted
with ethyl acetate (1.0 L X 3). The ethyl acetate
layers were combined, filtrated through celite, and
concentrated under reduced pressure to obtain a desired
product (1.20 kg).

(5) (4-(2,2-dimethyl-1,3-dioxan-5-yl)methoxy-3,5-

dimethylpyridin-2-yl)methanol monohydrate
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nitrogen, washed sequentially with ethanol/tert 5 butyimethyi ether (107
mL/966 mL), and tert-butyl methyl ether (1074 mL), and dried with
vacuum for 8 minutes. Of the wet crystal obtained (584.54 g), the wet
crystal (531.10 g) was dried under reduced pressure (50C) to obtain a
desired product. 10 Yield: 419.6 g, HP£.Cpurity:99.4% <HPLC analysis
conditions (HPLC purity measurement and quantification)> Column:
YMC-PaéR P18 €18 AS-302 (5 pm, 4.6 mm X 150 mm 1.D.) 15 Eluent: A
s&lgtion le\lég mM AcONH4 ag.= 100/900 (v/v)), B solution

( NH4 aq.= 800/200 (v/v)) Flow rate: 1.0 mL/min
Detection: UV 254 nm 20 Oven temp.: 25C le temp.: 25C Gradient
condition (time/B solution conc.): 0.01 pﬂc@‘%S min/100%-430
min/100%-430.01 min/O%-440 min/stop 2 =\14.1 min [0808]

dioxan-5-yi)methoxy)-3,5- dlm@hyl
yl)methyl)thio)-1H-benzimidazole” [0889] [Formula 371]

[0801]

To a mixture of 4-(2,2-dimethyl-1,3-dioxan-5-
yl)methoxy—-2,3,5-trimethylpyridine N-oxide (1.20 kg)
and sodium acetate (0.18 kg) heated at 50°C to 60°C,
acetic anhydride(1.10 kg) was added dropwise over 1.5
hours. After 0.5 hours, the mixture was heated at 80°C
for 4.5 hours and cooled to an inner temperature below
30°C or less, allowed to stand, and concentrated under
reduced pressure. The obtained residue was dissolved
in methanol (1.0 L) and the solution was added to a
mixture of a 48% aqueous sodium hydroxide solution
(0.71 kg) and cold water (2.85 L) for one hour. After
stirred at room temperature for 5 hours and 45 minutes,
the mixture was concentrated under reduced pressure.

To the residue thus concentrated, water (3.0 L) was
added and the mixture was extracted with toluene (2.3 L
X 4). The toluene layers were combined and washed with
water (1.2 L). The obtained organic layer was
filtrated through celite and concentrated. To the
residue obtained, diisopropyl ether (1.15 L) was added
at a room temperature and further warm water (45°C, 74

mL) was added. After crystal precipitation was



10

15

20

O~-COK N NN H[0810] 5 (la)
(4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3,5-

dimethylpyridin-2-yl)methyl methanesulfonate [0811] [Formula 372] O
O---COK OSO N [0812] 10 (4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-
3,5-dimethylpyridin-2-yl)methanol (254, 8.35 mmol as the water content
was regarded as 7.28%) was dissolved in toluene and the mixture was
ssjeétetifice ol &zE8BHFOPIE Betydratibh TRE résidye Wad giss6ived irpur -
1§r\n0trahyk(ljrofuran 3o,mp. ﬂ'? the solutioné(:t{rigtpl){lamirf?{éZ.33 mi %6'7

r ‘heptane was our. m re w
fwas a%dela and the mixture \N%S stirred in nﬁrogen éltmosp ere

undaricesconlrurther: methareswfonykchlgride ;766,89 1Q immal)

was added dropwise at an inner temperature below 20 11.5 C for 2

minutes. The reactibn fixture hwasrstireedd- 382 fof 13 miattes underithierin
same conditions, diluted with ethyl acetate and washed with a saturated

adﬁé_dt%w SOANRT ﬁ}drog@ﬁc&%%nﬁ?e%&ﬁti&? %Ad Als&thited SHiine
S%HE%%ﬁQ%%?%E%%%@V?%Wgs9V69§§e£dded and the mixture was

dissolved at 50°C. After insoluble substance was
removed by filtration, the mixture was gradually cooled
and allowed to stand at 5°C overnight. The obtained
crystal was filtrated and washed with heptane (0.5 L)
and dried by air to obtain a desired product (0.69 kg).
(6) 2-(((4-(2,2-dimethyl-1,3-dioxan-5-yl)methoxy-3,5-
dimethylpyridin-2-yl)methyl)thio)-1H-benzimidazole
[0802]

[Formula 368]

N "]
©:N>_S \N

H

[0803]

To (4-(2,2-dimethyl-1,3-dioxan-5-yl)methoxy-
3,5-dimethylpyridin-2-yl)methanol monohydrate (690 g),
toluene was added to perform azeotropic dehydration
(2.1 L x5, 1.75 L x 1). To the concentrated product
obtained, toluene (393 mL) was added to obtain a
toluene solution (921 g) of (4-(2,2-dimethyl-1,3-

dioxan-5-yl)methoxy-3, 5-dimethylpyridin-2-yl)methanol.
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5 magnesium sulfate and filtrated through silica gel and the filtrate was
concentrated under reduced pressure to obtain the title compound (2.8 g,
93.3%) as a light orange solid. 1H NMR(400 MHz, DMSO-d6)8ppm;
1.33(3H, s), 1.37(3H, s), 10 2.07-2.15(1H, m), 2.23(3H, s), 2.26(3H, s),
3.22(3H,s), 3.81(2H, dd, J=6, 12-Hz); 3.89(2H, d, J=7 Hz), 4.02(2H, dd,
J=4, 12 Hz), 5.29(2H, s), 8.24(1H, s)ﬁ}%

2-(((4-((2,2- dm@ﬂMlieS -HOXARISy mktioxgy ©of (2,2-dimethyl-

th ridin-2- hylthiq)-1H- en2| zoI 5[0813]
F‘Ermuijﬁg SB% O~- é@%ﬁ% {f) % % fl %tu%e& of{ §
@b«?ﬁ%@ﬁ%ﬂeil%§4$Qxﬂnj, content. 61.76, amount: 521.8 g,
5-yl)methoxy)-3,5-dimethylpyridin-2-yl)methyl 20 methanesulfonate (500
my, 889 mmiol), Ztmercaptoberizimidaz 0ko @Drhy, 1.391meod) a9 mL)

tetrahydrofuran (5 ml), triethylamine (0.387 mi,2.78 mmol) was added and
th%nlﬂlx?&rb%&é’ Stired at &%Ff ‘ténfperaturd Yot hotfiREhd 25 minutes.

%%%@Pa 131?3 ixtuze was.cone C?P%Eerg un eor Jgfluged pressure,
o uene and a 0.1N aqueous sodiumhydroxide solution were added
tqﬁb@ﬂ@ﬁ@ueaa@dslﬂwlﬂé@ stbstancewasng with dry ice/ethanol.

From 30 minutes after initiation of cooling,
methanesulfonyl chloride (254.9 g, 2.226 mol) was added
dropwise for 42 minutes. After completion of dropwise
addition, the mixture was stirred under cooling by an
ice bath. After about 1.5 hours, a tetrahydrofuran
(3653 mL) solution of 2-mercaptobenzimidazole (334.28
g, 2.226 mol) was poured to the mixture for 2 minutes
and the mixture was stirred at room temperature for
about 18 hours. To the reaction mixture, toluene (3653
mL) was poured and a 20% w/w aqueous sodium hydroxide
solution (1852.4 g) and further H,O (2322 mL) were
added. In this way, extraction and separation were
performed. The organic layer was washed twice with a
20% w/w aqueous ammonium chloride solution (4174 g) and
further washed with H,O (4174 ml).

The obtained organic layer was concentrated
under reduced pressure (40°C) to obtain brown oil
substance (2.40 kg, containing toluene 1446 mL,
tetrahydrofuran 168 mL, calculated from 1H-NMR
spectrum) .

The brown o0il thus obtained was transferred
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removed by filtration. The organic layer was taken out 5 and the aqueous
layer was extracted again with toluene. The organic layers were
combined, washed with a saturated saline solution, dried over sodium
sulfate, and filtrated. The filtrate was concentrated under reduced
pressure. The residue was dissolvedig n-10 heptane/ethyl acetate (1/1)
and subjected to silica gel column chromatography (elution solvent:
n-HeptarfeTgthyP ktefate= D - A7 L) i sttan thetiecotmpsund: a9 mg,

9 as a Ies VISCOU oil, 1H NMR(400 MHz, DMS0O-d6)8 pm
TS L GBIy, 180 055 TRt Y, 2 20GH. 5 et g
@&(@éﬂ:g@lugea, 12,Hiz),,3.86(2fh ichy 052 H2) 4 012 Al i 12 Bighe -

4.68(2H, s), 7.08-7.14(2H, m), 7.38-7.50(2H, m), 8.17(1H, s). [0815] 20

(Prbddction Exampieo2r2q((4+((2, 2dimethyt-1732 was continuously

dioxan-5- yI)methoxy) -3,5- d|meth¥lpyrld|n -2-
ylfthétyRthic): 1A HATRG bR " f0816] [Bdintla 3741 ORMEDK ¢ RAEET

NILHL 380, 917G (M2 Aoty A3 d0R" Ficea ana the

thoxy)-3,5-di ylpyridin-2-yl)meth

mixture was continuously stirred at room temperature.
After 30 minutes, further tert-butyl methyl ether (266
mL) was added dropwise for 20 minutes, and the mixture
was continuously stirred at room temperature. After
one minute, further dropwise addition of tert-butyl
methyl ether (522 mL) was started. After 8 minutes,
crystal precipitation was confirmed. The dropwise
addition was terminated in one hour and 20 minutes.
After the resultant mixture was stirred at room
temperature for 40 minutes, heptane (2348 mL) was added
dropwise for one hour and 17 minutes and the mixture
was stirred at room temperature overnight.

About 15.5 hours after dropwise addition of
heptane, the crystal precipitated was subjected to
suction filtration, rinsed with toluene/ tert-butyl
methyl ether/heptane (587 mL/391 mL/587 mL) and dried
with vacuum. The wet crystal thus obtained was air-
dried (50°C) to obtain a desired product.

Yield: 619.0 g, content: 96.5%, amount: 597.3 g, yield:
77.8% (amount base), HPLC purity: 98.0%
<HPLC analysis conditions (reaction check, HPLC purity

measurement and quantification)>
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methylbenzenesulfonate 5 [0818] [Formula 375] O~-C OX \IOINOO
[0819] To a tetrahydrofuran (30 ml) solution of (4-
((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3,5- 10
dimethylpyridin-2-yl)methanol (738 mg, 2.61 mmol), powdered sodium
hydroxide (313 mg, 7.84 mmol) wasadded and the mixture was stirred at
room temperature for 35 minutes. The mixture was further stirred for 10
nirie8uhdéMicelcuor aRd -folierfesuitdryl Chidhe £5 £1.09 g< 5174 mm
) was added little by little for one minute. The reaction mixture was
stirred at room temperature for 17 hours and 40 minutes and diluted with

tetrahydrofurans and hem insaludite substanae wiass removed by filagion.
To the filtrate, silica gel was 20 added, and the mixture was concentrated,
and subjectedl tosilica gel ddlafih/cHromatdgraliiy (elgtien 86lWEAf) 0
n-heptane/ethyl acetate=1/1) to obtain the titte compound (1.00 g, 88%)
ad B WHite solid. - 390 1H NMR(400 MHz, DMSO-d6)8ppm; 1.33(3H, s),

1@{&%;—!,1: teZ:.O%-.ZolH ﬂhm’ 2.07(3H, s), 2.18(3H, s), 2.41(3H, 9),
3.76-3.81(4H, m), 4.00(2H, dd, J=4, 12 Hz), 5.13(2H, s), 7.42(2H, d, J=8
Hek t/e 63(2bh d, dv8 112), mB.14(1H, s).
Oven temp.: 25°C
Sample temp.: 25°C
Gradient condition (time/B solution conc.): 0.01
min/0%—25 min/100%—30 min/100%—30.01 min/0%—40
min/stop
RT= 18.4 min
(7) Crude sodium salt of an optical isomer (short in
retention time)of 2-(((4-(2,2-dimethyl-1,3-dioxan-5-
yl)methoxy—-3,5-dimethylpyridin-2-yl)methyl)sulfinyl) -
lH-benzimidazole

[0804]

[Formula 369]

[0805]
The water content of 2-(((4-(2,2-dimethyl-
1,3-dioxan-5-yl)methoxy-3, 5-dimethylpyridin-2-

yl)methyl)thio)-1H-benzimidazole, toluene, diethyl L-
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(2b) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-
3,5-dimethylpyridin-2-yl)methyl)thio)-1H-benzimidazole [0820] [Formula
376] O"--c OK N)-S NN H10[0821] To a mixture of
(4-((2,2-dimethyl-1,3-dioxan-

5-yl)methoxy)-3,5-dimethylpyridin-23@methyl 4- methylbenzenesulfonate
(457 mg, 1.05 mmol), 2- mercaptobenzimidazole (158 mg, 1.05 mmol),

arid 15 teframpdrerurands thi) tidthyriptine (6 203 mMPRiRnmahdvds: the

added %nd the mixture was s(tjjrred ag room telm@erat re for 15 hours and
eaction w?s measure 'bﬁ ?e ar 1sl#%r technlgue
30 minutes. TO the "reaction mixt re, toluene and a diluted agueou

sadid, hydrexide-solytien wegg added and the organic layer was 20
taken out. The aqueous layer was extracted again with toluene. The

organic layers were(dédmbihed-ahdwashed- with-a saturated-salineet hoxy—
solution, dried over sodium sulfate, and filtrated, The filtrate was

cocerftéd Ut Fediicecpressiie: The reite was dissaived 2892
LS L e s S, BT g
obtain;theditlesss4 mL), and H,0 (2.81 g, 0.156 mol) were
sequentially added in a nitrogen atmosphere and the
mixture was stirred while heating at 60°C. After 6
minutes, diethyl L-(+)-tartrate (122.9 g, 0.596 mol)
was added with toluene (560 mL) to the resultant
suspension, and the bottle of the reagent was washed
down. After 30 minutes, dissolution was confirmed.
After 8 minutes, titanium (IV) tetraisopropoxide (77.0
g, 0.271 mol) was added and the bottle of the reagent
was washed down with toluene (56 mL). The resultant
mixture was stirred while heating at the same
temperature for about one hour. The mixture was cooled
to 8°C and N,N-diisopropylethylamine with toluene (280
mL) was added (56.01 g, 0.742 mol), and then, the
bottle of the reagent was washed down. After 10
minutes, a toluene solution (840 mL) of cumene
hydroperoxide (259.2 g, 1.422 mol) was added dropwise
for 47 minutes and the mixture was stirred at 8°C for
about 18.5 hours. A 30% w/w aqueous sodium thiosulfate
solution (2240 g) cooled was poured and the mixture was
stirred for 12 minutes, and then the aqueous layer was

discarded. To the organic layer, a 4% w/w aqueous
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compound (419 mg, 96.5%) as a colorless viscous oil. 5 1H NMR(400
MHz, DMSO-d6)8ppm; 1.33(3H, s), 1.36(3H, s), 2.05-2.16(1H, m),
2.20(3H, s), 2.28(3H, s), 3.80(2H, dd, J=6, 12 Hz), 3.86(2H, d, J=7 Hz),
4.01(2H, dd, J=4, 12 Hz), 4.68(2H, s), 7.08-7.14(2H, m), 7.38-7.50(2H,
m), 8.17(1H, s). 10 [0822] (ProductisaExample 3)
2-(((4-((2,2-dimethyi-1,3- dioxan-5-yi)methoxy)-3,5-dimethyipyridin-2-
yirRetytRIg R IRt imriaZbReC 108251 48 [Fortida PRG0N i)

BRSO OS] 50 P 78 x O 19453

- 08261, Tq,a foluepe £16 8) sQlutien 9f (A-HR,21queous solution of an

dimethyi-1,3-dioxan-5-yi)methoxy)-3,5-dimethyipyridin- 2-yi)ymethanoi (800

Mg, 2i85:micijteethyteming (0.897<5-h2.85 o} wastadded(drd the

m?g9§¥g?%ggg§gyl,3—dioxan—5—yl)methoxy—3,5—
dimethylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole
extracted with the aqueous sodium hydroxide solution as
a brown-yellow suspension. To toluene (7840 mL), the
solution (2.98 kg) of an optical isomer (short in
retention time) of 2-(((4-(2,2-dimethyl-1,3-dioxan-5-
yl)methoxy—-3,5-dimethylpyridin-2-yl)methyl)sulfinyl) -
lH-benzimidazole extracted with the agqueous sodium
hydroxide solution was poured and the mixture was
stirred. To the mixture, a 20% w/w aqueous acetic acid
solution (400 mL), a 8% agqueous NaOH solution (50 mL),
and a 20% w/w aqueous acetic acid solution (8 mL) were
sequentially added while stirring and pH was adjusted
to 8.64. The mixture was allowed to stand and
separated, and the aqueous layer was discarded. The
organic layer was washed with a 5% w/w aqueous saline
solution (2240 g), separated to obtain a toluene
extraction solution of an optical isomer (short in
retention time) of 2-(((4-(2,2-dimethyl-1,3-dioxan-5-
yl)methoxy—-3,5-dimethylpyridin-2-yl)methyl)sulfinyl) -
l1H-benzimidazole (7.31 kg) (the content thereof: 567.7
g, 1.322 mol) as a brown-yellow solution.

To the toluene extraction solution obtained,

a 28.3% methanol solution of sodium methoxide (245.6 g,
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a nitrogen atmosphere under ice-cool. Thionyi chloride (0.208 ml, 2.85
mmoi) was added dropwise for 2 minutes at an inner temperature below
7.7C and the mixture was stirred at room temperature for 20 minutes. The
10 reaction mixture was diluted with ethyl acetate under ice-cool and
washed with a saturated aqueous sediim- hydrogencarbonate solution
and a saline solution. The organic layer was dried over sodium sulfate,

and Fittateawiti'sifica e T heitrafesvad 25 ednténttated uintlet I at
reduced pressure to obtaln title com und 0. 98%). as a light
brown ofsﬂ]l?setance “TH NR%‘?ES&W d%%élpgpm f ég(]?»?-? 's),
1.37(3H;c)r 2.05:2:6(1He M) 2.20(3H os)mz 283t §h BB (@Ho A, 5156,
12 Hz), 3.88(2H, d, J=7 Hz), 4.01(2H, dd, J:4, 20 12 Hz), 4.76(2H, s),
8.A9¢1H, 9)i (B85 (((4(@,2-dimethyi: 1, B8edigran-5tyiymethoxy)- room

3,5- dlmethylpyrldln -2- y| methyi)thio)-IH-benzimidazole [0827] [Formula
?@]“@eék N—”ﬁ> -S riu 'H®BJBL0EB] Told nfigtaré Rt irmed that

25% ggﬂe% i§ T wa s contlnuously
dim l%)yl 1 3 metﬁoxy -3,5- (Pmenhylpyrldlne (837 mg, 2

m};zzemef@&pt@b@mﬁmmmi&lw@smg Furthermore, tert-butyl
methyl ether (7840 mL) was added dropwise over 2 hours
and 40 minutes and continuously stirred at room
temepautre overnight.

About 13 hours after tert-butylmethyl ether
was added dropwise, the crystal precipitated was
subjected to suction filtration, rinsed with
toluene/tert-butyl methyl ether (1047 mL/1193 mL) and
dried with wvacuum for 15 minutes. The wet crystal thus
obtained was dried under reduced pressure (40°C) to
obtain a desired product.

Yield: 546.8 g, content: 101.7%, amount: 546.8 g (as

the content was regarded as 100%), yield: 90.9% (amount
base), HPLC purity: 98.2%, enantiomeric excess: 100%ee
<HPLC analysis conditions (reaction check, HPLC purity

measurement and quantification)>

Column: YMC-Pack Pro C18 AS-302 (5 Um, 4.6 mm X 150 mm

I.D.)
Eluent: A solution (MeCN/20 mM AcONH4 ag.= 100/900
(v/v)), B solution (MeCN/20 mM AcONH4 ag.= 800/200

(v/v))

Flow rate: 1.0 mL/min
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5 2.79 mmoi) and sodium hydroxide (223 mg, 5.58 mmol), methanol (20
ml) was added and the mixture was stirred at room temperature for 12
hours and 55 minutes. The reaction mixture was concentrated under
reduced pressure. Toluene and a 0.1N aqueous sodium hydroxide 10
solution were added to the residue and insoluble substance was removed
by filtration, and then, the organic layer was taken out. The aqueous layer
wastesfacted afHinAwith luene. The organic layers were combined and
W gh%d Witg a satyra d saline solution, 15 dried over sodium sulfate, and
fil ra?ed.tl%e%ﬂt'rate was concentrated under reduced pressure. The
resigyel wvas-dissolved # n-heptane/ethyl acetate (1/1) and subjected to
silica gel column chromatography (elution solvent: n-heptane/ethyl
acetatetrit-404T)do obtain the 26 title compound (@80ag,:84.9%) as a
white foam. 1H NMR(400 MHz, DMSO-d6)8ppm; 1.33(3H, %,01.3&3& S),
270527 $6(TH Oy 2 2603H 9 ©. 2830 & T8 21 L 1348 0 1),
3,86(2H 4, J=7 Hz), 4.01(2H, dd, J=4, 12 Hz), 4.68(2H, s), 7.08-7.14(2H,
m), 7.38-7.50(2H, 25 m), 8.17(1H, s). [0829] (Production Example 4)

24 ((4-((2 21dimethyi-1,3- dioxan-5-yi)methoxy)-3,5-dimethyipyridin-2 - 394
- yi)methyi)thio)-1H-benzimidazole [0830] [Formula 380] O---COX

<HPLC analysis conditions (enantiomeric excess)>
Column: DAICEL CHIRALPAK IA (4.6 mm X 250 mm I.D.)
Eluent: EtOH/MTBE= 150/850 (v/v)
Flow rate: 1.0 mL/min
Detection: UV 284 nm
Oven temp.: 25°C
Sample temp.: 25°C
(8) Purified sodium salt of an optical isomer (short in
retention time) of 2-(((4-(2,2-dimethyl-1,3-dioxan-5-
yl)methoxy—-3,5-dimethylpyridin-2-yl)methyl)sulfinyl) -
lH-benzimidazole

[0806]

[Formula 370]

[0807]
To a crude optical isomer (short in retention

time) of sodium 2-(((4-(2,2-dimethyl-1,3-dioxan-5-
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NI N H[0831] 5 (4a) (4-((2,2-dimethyi-l,3-dioxan-5-yi)methoxy)-3,5-
dimethyipyridin-2-yi)methyi acetate [0832] [Formula 381] O---COK ~Y IN
O [0833] 10 4-((2,2-dimethyi-1,3-dioxan-5-yi)methoxy)-
2,3,5-trimethyipyridine 1-oxide (10.5 g, 37.4 mmoi) was dissolved in
acetic anhydride (100 mL) and the sajution was stirred at 85C for 1.5
hours. After the reaction mixture was concentrated, the residue was

pmlﬁé‘bewl%ﬁéﬂ%afg—é#é@mwéﬁﬁbﬁﬁégr—a?pﬁxﬂ(ém%h&s%l@h%frﬁrnyl -
Jethyl acetate=1/ 1).and d d fracti d
n E’tb anele a&g late= t;&% %an a g ralcglon ﬁ/ $ €0 gezrlllga;g

tain the JtIe compou g, 504 asall Ht yellow 'S

NMR (409 MH2BMSO-86) 8ppayd.- 3Nk )1 35@H: $3.1 20L2.04(3H,
s), 2.05-2.13(1H, m), 2.17(3H, s), 2.19(3H, - 395 s), 3.79(2H, dd, J=6, 12
He); 18285(2Ha d, 9o 3t Z) erdpB0(2EN dd - J=4,clZ He), 509(RH, ), S tr s
) (4b) 2-(((4- ((2 2-dimethyi-1,3- dloxan 5{&1 ethoxy)- 3,

5 ldfimhb Yyt |ﬁ“?t3}F)Y1Jretﬁ)t/I1?ﬁ5ﬁo) L%ehZimidasafe 55‘3[63@@] The

solution thus obtained was subjected to suction
filtration through Hyflo Super-Cel bed (107.4 g, washed
sequentially with ethanol/tert-butyl methyl ether (1074
mL/1074 mL) and tert-butyl methyl ether (537 mL)), and
rinsed with ethanol/tert-butyl methyl ether (215 mL/215
mL) .

The filtrate obtained was transferred to a
crystallization container and washed down with
ethanol/tert-butyl methyl ether (54 mL/54 mL) for full
transfer and started stirring at room temperature.
Then, tert-butyl methyl ether (1610 mL) was added
dropwise for 6 minutes and the mixture was continuously
stirred at room temperature. After 11 minutes, tert-
butyl methyl ether (268 mL) was added dropwise for 2
minutes and the mixture was continuously stirred.

After one minute, crystal precipitation was confirmed.
The mixture was continuously stirred for 31 minutes and
tert-butyl methyl ether (268 mL) was added dropwise for
9 minutes. After the mixture was stirred at room
temperature for 8 minutes, further tert-butyl methyl
ether (8589 mL) was added dropwise for one hour and 10
minutes and the mixture was continuously stirred at

room temperature.
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[Formula 382] O~OK N aicj N S H [0835] To a dimethyisulfoxide (10 ml)
solution of potassium t-butoxide (262 mg, 2.33 mmol) and 2 10
mercaptobenzimidazole (349 mg, 2.33 mmol), (4-((2,2-
dimethyi-1,3-dioxan-5-yi)methoxy)-3,5-dimethyipyridin- 2-yi)methyi acetate
(500 mg, 1.55 mmol) was added-anglg the-mixture was stirred in a nitrogen
atmosphere at 150C for 3 hours and 10 minutes. After cooled to room 15

temperature, thet@aEticrt ittt was tfititednwieh tdkiehd Bd\wasitdd
with acd—'gjé%d q%%%%%?‘é‘%ﬁ‘ﬁfgi’%oé“gp?ﬁfn% %%%%ni g saturated saling _

solution, over sodium sulfate, an eq. e filtrate” was

cencentrated,yaderfieduced pressure.cthe-residua 20 wagrsubieded 2 ving
twice to silica gel column chromatography (elution solvent:
n+hieptanefethyvacetate=3¢t)tenobtain thewtitiehcernpemed (44dring,

68.8%) as a white foam. 1H NMIF[\’)ffOO MHz, DMSO-d6)8ppm; 1.33(3H,
sP136(BAT BY L 396" 2705(2 46(TH/ M, %2 B6(3H, %) 92 28 F3H ) F 380 (2H,

Aol 112 %9-‘3%‘#4%%37 Hz) -1t doh J74, 12 Ha). 4.98(2H,
s), 7.08-7.14(2H, m), 7.38-7.50(2H, m), 8.17(1H, s). 5 [0836
(Expetimental Baraple J)dnhibitoprefiectiof gaskie (584.54 g), the
wet crystal (531.10 g) was dried under reduced pressure
(50°C) to obtain a desired product.
Yield: 419.6 g, HPLC purity:99.4%
<HPLC analysis conditions (HPLC purity measurement and

quantification)>

Column: YMC-Pack Pro C18 AS-302 (5 Um, 4.6 mm X 150 mm

I.D.)

Eluent: A solution (MeCN/20 mM AcONH4 ag.= 100/900
(v/v)), B solution (MeCN/20 mM AcONH4 ag.= 800/200
(v/v))

Flow rate: 1.0 mL/min

Detection: UV 254 nm

Oven temp.: 25°C

Sample temp.: 25°C

Gradient condition (time/B solution conc.): 0.01

min/0%—25 min/100%—30 min/100%—30.01 min/0%—40
min/stop
RT= 14.1 min
[0808]
(Production Example 1) 2-(((4-((2,2-dimethyl-1,3-

dioxan-5-yl)methoxy)-3, 5-dimethylpyridin-2-
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acid secretion in a dog having a chronic gastric fistula (1) Method 10
Compounds according to the Examples were investigated for an inhibitory
effect against gastric acid secretion and persistency of the effect against
gastric acid secretion by use of large dogs (body weight: about 14 to 19
kg) having a chronic gastric 15 fistufg An-experiment was performed for 2
days. On the first day, histamine (50 or 75 pg/kg/h) was intravenously
adrhirfistefet!- ¢drtirfubusly 168 3 hotits2BRtifig the histamine

administr t he gastric juice was collected every 20 minutes. One hour
after 20 |E1|tla?9 of histamine administration, a test compound (which is a
cqmpewid prepared in Examples) suspended or dissolved in a 0.5%
methylcellulose solution was administered at a volume of 0.1 ml/kg
though an indwelling catheter in the dUOdM inhibitory 25 effect of
the test compound against gastric acid seoretionw hecked during the
2 hours after administration. On the secopd day (that is, 24 hours after
the administration of the t€Steo¥pound)) - 397 histamine was
intravenously administered co t u hours. During the histamine
administration, the gastric juicgjwas collected every 20 minutes and
checked for persistency of the inhibitory effect 5 against gastric acid
secretion.O&fterlthe amount of the gastric juice was measured, a sample

of05mlof
(la) (4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3,5-

dimethylpyridin-2-yl)methyl methanesulfonate
[0811]

[Formula 372]

[0812]

(4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy) -
3,5-dimethylpyridin-2-yl)methancl (2.5 g, 8.35 mmol as
the water content was regarded as 7.28%) was dissolved
in toluene and the mixture was subjected twice to
azeotropic dehydration. The residue was dissolved in
tetrahydrofuran (30 ml). To the solution,
triethylamine (2.33 ml, 16.7 mmol) was added and the
mixture was stirred in nitrogen atmosphere under ice-
cool. Further, methanesulfonyl chloride (0.766 ml, 10

mmol) was added dropwise at an inner temperature below

11.5 °C for 2 minutes. The reaction mixture was stirred
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the gastric juice was titrated to pH 7.0 with a 0.04 mol/l sodium hydroxide
solution. In this manner, the acid concentration of the gastric juice was
measured. 10 The gastric acid output (secretion amount) was calculated
by multiplying the volume of gastric juice by acid concentration. The
inhibitory effect against gastric acidigecretion was evaluated based on the
inhibitory rate (%) of gastric acid secretion on the 15 first day. The
inhiitohy? eReEt(96)agiinigdshiic BRTPsErBaG Walobtaihéd fred with
accqrdance wijth the following equation, When the number of animals was
T e BeragE bl b B tandoct THRTG Sy S Seinet

9asiHe @eith 29 secEelion-(96)T(AB)MA X, 1QQ [Ala The gashic.acid oytput
(secretion amount) for 20 minutes from 40 minutes after initiation of
histaimine axiministration td'loae dwour tater. By dhewgestrie aeid autput for
20 minutes 25 from one hour and 40 minutes after the administration of

tRESF oMot {6 RBtrsiatel “Phée Perdisiehey of thk'ififiibitery 27
.e% ¢t agaipg %%5%% QC'Qo%e&é%tt%“agéa eyaliaged based.gn a?§§smﬁe to
Inni 0 ay. T

nhibitory rate (%) against gastric acid secretion on the seco e
penstsiencyt(Ye) efiinhibitenmeffestiagainst gastnc agid)segretionwas t
obtained in accordance with the following equation: 5 The persistency (%)
oftheriakibitonyieffect against gastric acid secretion=(C-D)/C X 100.

'H NMR (400 MHz, DMSO-dg)dppm; 1.33(3H, s), 1.37(3H, s),

2.07-2.15(1H, m), 2.23(3H, s), 2.26(3H, s), 3.22(3H,s),

3.81(2H, dd, J=6, 12 Hz), 3.89(2H, d, J=7 Hz), 4.02(2H,

dd, J=4, 12 Hz), 5.29(2H, s), 8.24(1lH, s).

(1b) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy) -

3,5-dimethylpyridin-2-yl)methyl)thio)—-1H-benzimidazole
[0813]

[Formula 373]
O O

@[;\%sjj

To a mixture of (4-((2,2-dimethyl-1,3-dioxan-

[0814]

5-yl)methoxy) -3, 5-dimethylpyridin-2-yl)methyl
methanesulfonate (500 mg, 1.39 mmol), 2—
mercaptobenzimidazole (209 mg, 1.39 mmol) and
tetrahydrofuran (5 ml), triethylamine (0.387 ml,2.78
mmol) was added and the mixture was stirred at room

temperature for 14 hours and 25 minutes. The reaction
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[C]: The total amount of gastric acid output from the initiation of
administration of histamine (on the first day to one hour later). 10 [D]: The
total amount of gastric acid output from the initiation of administration of
histamine (on the second day to one hour later). (2) Results [0837] 15
[Table 1] Inhibitory Persistency of Nwmber effect against inhibitory Dose
effect against Compound of gastric acid (mg/kg, i.d.) animals secretion
gﬁ@tﬁé%ﬂém ‘(ﬁ)sscfé?@ﬁ@ﬁltlé’@ﬁﬂeqn@%Q 94 76°EaRific £ 058 2 FIFI90

pIe202 %2 am Ie2(()54’3(,3 OO90E%g1>r<)£e20% 00 96
Examp e3 Oaéé 100 Séﬁﬁxa ﬁelﬁ 0.8% iblﬁl 9% éxamp(lje 50 ]th%nBQ
Example;a 941204 61,399 « O838L[Tahle 2] Bersisiencysabdrhibitaryyas
inhibitory

removed by filtration. The organic layer was taken out
and the aqueous layer was extracted again with toluene.
The organic layers were combined, washed with a
saturated saline solution, dried over sodium sulfate,
and filtrated. The filtrate was concentrated under
reduced pressure. The residue was dissolved in n-
heptane/ethyl acetate (1/1) and subjected to silica gel
column chromatography (elution solvent: n-heptane/ethyl
acetate=1/1—0/1) to obtain the title compound (549 mg,
95.5%) as a colorless viscous oil.
'H NMR (400 MHz, DMSO-dg)dppm; 1.33(3H, s), 1.36(3H, s),
2.05-2.16(1H, m), 2.20(3H, s), 2.28(3H, s), 3.80(2H
dd, J=6, 12 Hz), 3.86(2H, d, J=7 Hz), 4.01(2H, dd, J=4,
12 Hz), 4.68(2H, s), 7.08-7.14(2H, m), 7.38-7.50(2H
m), 8.17(1H, s).

[0815]
(Production Example 2) 2-(((4-((2,2-dimethyl-1,3-
dioxan-5-yl)methoxy)-3, 5-dimethylpyridin-2-
yl)methyl)thio)-1H-benzimidazole

[0816]

[Formula 374]
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Number effect against Dose effect against Compound of gastric acid
(mg/kg, i.d.) animals secretion gastric acid (~) secretion Example 6 0.8 1
100 89 Example 7 0.8 199 90 Example 8 0.8 1 100 88 Example 9 0.8 2
100 90 Example 10 0.8 298 90 Example 10 1.6 1 100 87 Example 11
0.4 37965 Example 11 0.8 3 100 839Example 12 0.8 1 100 86 Example
130.82100 74 Example 19 0.4 4 13 -4 Example 19 0.8 4 82 56
Examplel26 744 8 6 Example 20 0.2 4 65 46 Example 20 0.4 10 97 77
Example 20 0.8(§ 1

00 le 21 1. 100 94 Example 22 1.6 1
100 97 Example 73 1.@491 Eggrgzp_ %Elx%%tﬁg Zqi.g_1d§§ §8EE>5<§mple 26
1611 400180« Example 2746 4y100,92 Example28:.L6r1,94 77 Example
291.6110087
methylbenzenesulfonate
[0818]

[Formula 375]

L QKY
5© N

N

[0819]

To a tetrahydrofuran (30 ml) solution of (4-
((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3, 5-
dimethylpyridin-2-yl)methanol (738 mg, 2.61 mmol),
powdered sodium hydroxide (313 mg, 7.84 mmol) was added
and the mixture was stirred at room temperature for 35
minutes. The mixture was further stirred for 10
minutes under ice-cool and p-toluenesulfonyl chloride
(1.09 g, 5.74 mmol) was added little by little for one
minute. The reaction mixture was stirred at room
temperature for 17 hours and 40 minutes and diluted
with tetrahydrofuran, and then insoluble substance was
removed by filtration. To the filtrate, silica gel was
added, and the mixture was concentrated, and subjected
to silica gel column chromatography (elution solvent:
n-heptane/ethyl acetate=1/1) to obtain the title

compound (1.00 g, 88%) as a white solid.
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Example 30 1.6 1 100 95 Example 30 0.8 1 100 63 Example 311.61
100 97 Example 32 1.6 1 100 83 Example 33 1.6 1 100 84 Example 34
1.6 1100 78 Example 36 1.6 1 100 90 Example 39 1.6 1 100 86 400 -
0839] [Table 3] Persistency of Inhibitory inhibitory Number effect against
Dose effect against Compound of gasiric-acid (mg/kg, i.d.) animals
secretion gastric acid (~) secretion Example 40 1.6 1 100 92 Example

4070 BRI 86 MRampld’#P 1% 1010085 LEREMBIE 420.8 1 687731, S)
50 Chaple ot 16 110063 XIS 52 26 110067 Erariol as'0s 1
99 87 Exampte 83 04811 83)754.00 (28, dd, J=4, 12 Hz),
5.13(2H, s), 7.42(2H, d, J=8 Hz), 7.73(2H, d, J=8 Hz),
8.14(1H, s).
(2b) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-y1l)methoxy) -
3,5-dimethylpyridin-2-yl)methyl)thio)-1H-benzimidazole
[0820]

[Formula 376]

[0821]

To a mixture of (4-((2,2-dimethyl-1,3-dioxan-
5-yl)methoxy) -3, 5-dimethylpyridin-2-yl)methyl 4-
methylbenzenesulfonate (457 mg, 1.05 mmol), 2-
mercaptobenzimidazole (158 mg, 1.05 mmol), and
tetrahydrofuran (5 ml), triethylamine (0.293 ml, 2.1
mmol) was added and the mixture was stirred at room
temperature for 15 hours and 30 minutes. To the
reaction mixture, toluene and a diluted agueous sodium
hydroxide solution were added and the organic layer was
taken out. The aqueous layer was extracted again with
toluene. The organic layers were combined and washed
with a saturated saline solution, dried over sodium
sulfate, and filtrated. The filtrate was concentrated

under reduced pressure. The residue was dissolved in
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Example 56 0.8 1 84 74 Example 57 0.8 2 98 83 Example 58 0.8 2 95 77
Example 59 0.8 1 89 77 Example 60 0.8 1 89 74 Example 61 1.6 2 100
90 Example 64 0.8 2 100 78 Example 65 1.6 1 100 91 Example 66 1.6 1
100 79 Example 67 1.6 1 100 83 Example 69 1.6 1 100 78 Example 70
1.61 100 77 Example 70 1.6 1 100364 Example 73 0.8 1 100 94
Example 75 0.8 1 85 75 Example 81 0.8 196 70 Example 83 0.8 171 94
Esaaﬂ%%@teslﬁ/ﬂ%b 86" Exnpld 8610.8AL00 75 IER&ARPIEL87 Biglica

100 g) (Pr arati on Exa le psule 30.0gof .
2?& (f f%ﬁ#eﬁw ége 6@1&%1on solv% E. n
ylM@ﬁM%@éﬁ?@%{Bw@m@@i&yt}wﬁmyl)%f inyh AH:benzimidazale
sodium salt (hereinafter referred to as "Compound A"), 8.1 g of
ethytcetiulose (#ade mame? 6 401) Etcel amandfacired byiDow CGhemital
Cp and 16 2 g of hydroxglgrop eIIquse (trade name: HPC-L
MHz, DMSO- 6¥ ppm; 1. (3H, s), 1.36(3H, s),
2.05-2.16(1H, m), 2.20(3H, s), 2.28(3H, s), 3.80(2H,
dd, J=6, 12 Hz), 3.86(2H, 4, J=7 Hz), 4.01(2H, dd, J=4,
12 Hz), 4.68(2H, s), 7.08-7.14(2H, m), 7.38-7.50(2H,
m), 8.17(1H, s).
[0822]
(Production Example 3) 2-(((4-((2,2-dimethyl-1,3-
dioxan-5-yl)methoxy)-3,5-dimethylpyridin-2-
yl)methyl)thio)-1H-benzimidazole
[0823]

[Formula 377]

[0824]
(3a) 2-(chloromethyl)-(4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy) -3, 5-dimethylpyridine

[0825]

[Formula 378]
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by Shin-Etsu Chemical Co. Ltd.) were dissolved in 489 g of dehydrated
ethanol. This solution was applied to 5 500.1 g of a core substance,
Nonpareil 108 (trade name, manufactured by Freund Corporation) by use
of a Wurster-type fluid-bed coating granule machine (trade name:
Multiplex, Pawiek) and dried to obtaim granules. Then, 48.6 g of
ethylcellulose (trade name: 10 Etcel, Dow Chemical Co.) and 291.9 g of
hydroxypropyfeéllulose (trade name: HPC-L, Shin-Etsu Chemical Co.

Ltd.) were diss vedl dehydrate tha ). Furt 3 .9
%I % %Lyef%ctu& arln%(loftq dP E%?nt%ls

magnesium stearaté (manu y was i sp%rsedl

15 salutinp fa pr%@&%@ﬁl@ﬁ%@hé@ granyles; {2544 Oyridin-

prepared above was coated with the coating solution and dried to prepare
c@ated gratules ol intedMediate-tayer. Futiermare 14602 gpofine (0.397
hydrox pro yimethyi 20 cellulose phthalate (trade name: HP-55S,

Shih-E HeHfidal CE- L Ard 4578 g druidestyiated Wﬁ&w&@?ﬁd@%‘é in

(trade;| e'}{'yg%%%e%ﬁ%%“fﬁ%t&é%d '%PX SQuesY| '”te“;%tio )1W8¥Florlde

dissolve a 80% aqueous ethanol solution (11045 ermore,
428.2 OEZ%lalc ftrade name) Talcs mamdactyregbby Matswauma minutes
Industry) and 24.3 g of titanium oxide (trade name: Titanium (IV) oxide,
manufattdredesy Merskg nedrerdispersed i thé@thabl sofutivh:dbiaineda s
above. The - 402 coated anules of intermediate- Iayer (1031.7 gg were

cGAtbHith e diSp8tsion SottitiorATd GRéd 10 oBtdint == -

reaction mixture was diluted with ethyl acetate under
ice—-cool and washed with a saturated aqueous sodium
hydrogencarbonate solution and a saline solution. The
organic layer was dried over sodium sulfate, and
filtrated with silica gel. The filtrate was
concentrated under reduced pressure to obtain the title
compound (0.837 g, 98%) as a light brown oil substance.
'H NMR (400 MHz, DMSO-dg)dppm; 1.33(3H, s), 1.37(3H, s),
2.05-2.16(1H, m), 2.21(3H, s), 2.28(3H, s), 3.81(2H,
dad, J=6, 12 Hz), 3.88(2H, d, J=7 Hz), 4.01(2H, dd, J=4,
12 Hz), 4.76(2H, s), 8.19(1lH, s).
(3b) 2—-(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy) -
3,5-dimethylpyridin-2-yl)methyl)thio)—-1H-benzimidazole
[0827]

[Formula 379]
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enteric-coated granules. To the enteric-coated granules (1603.8 g), 5
15.0 g of light anhydrous silicic acid (trade name: AEROSIL-200
(Japanese Pharmacopoeia), manufactured by Nippon Aerosil), and 15.0
g of talc (trade name, Hi- filler#17, manufactured by Matsumura Industry)
were added and they were mixed 3ouse-of a vessel-type mixer 10 (trade
name: 2/5 L vessel-type mixer, manufactured by Toyo Packing) to obtain
CompouhB% S4hich was charged in capsules in an amount of 1

mg/capsule. (Preparation Exampl Capsule Granules were prepared in
accordance with thé 15 %&Igﬁ?ngofe?peeﬁﬁﬁgg%%eet n%%ﬁ,erﬁas fn(%g

Prepasatign -Example dx £0mpoundnAiias.charged ig ¢apsUles Byan dine
amount of 10 mg/capsule. 403 - 0841] [Table 4] Component Nonpareil
108 48510y Mdin Ti¥grediehi layer :ConapauntoAbO0i0 dEthyltellul6de 185.0

HPC-L 270.0 Intermediate layer Ethylcellulose 40.0 HPC-L 240.0 M
Steafdte™ 25 EX@rigtdyst hydroxide (223 mg, 5.58 mmol),

methanol (20 ml) was added and the mixture was stirred
at room temperature for 12 hours and 55 minutes. The
reaction mixture was concentrated under reduced
pressure. Toluene and a 0.1N aqueous sodium hydroxide
solution were added to the residue and insoluble
substance was removed by filtration, and then, the
organic layer was taken out. The aqueous layer was
extracted again with toluene. The organic layers were
combined and washed with a saturated saline solution,
dried over sodium sulfate, and filtrated. The filtrate
was concentrated under reduced pressure. The residue
was dissolved in n-heptane/ethyl acetate (1/1) and
subjected to silica gel column chromatography (elution
solvent: n-heptane/ethyl acetate=1/1—0/1) to obtain the
title compound (980 mg, 84.9%) as a white foam.
'H NMR (400 MHz, DMSO-dg)dppm; 1.33(3H, s), 1.36(3H, s),
2.05-2.16(1H, m), 2.20(3H, s), 2.28(3H, s), 3.81(2H,
dad, J=6, 12 Hz), 3.86(2H, d, J=7 Hz), 4.01(2H, dd, J=4,
12 Hz), 4.68(2H, s), 7.08-7.14(2H, m), 7.38-7.50(2H,
m), 8.17(1H, s).

[0829]
(Production Example 4) 2-(((4-((2,2-dimethyl-1,3-

dioxan-5-yl)methoxy)-3, 5-dimethylpyridin-2-



HP-55S 380.0 Mybassett 37.5 Talc 35.0 Titanium oxide 20.0
AEROSIL-200 30.0 Talc 30.0 Unit: g [0842] Nonpareil 103 (Trade name,
Freund Corporation) 5 [Industrial Applicability] [0843] The compounds of
the present invention highly inhibits gastric acid secretion, persistently
inhibits gastric acid secretion, is-safergis-appropriately - 404
physicochemically stable, and thus can be usefully used as a
meéticamient, espetally theRgietiic tédieament or prophylactic
medicanl]eﬁg ar acid-related diseases or symptoms. - 405 - [Kind of
Docume LAIMS 1. A compound represented by [Formula 1] R4 RZ

RN Orfh ©-WR) R6~// N~ Ra lY ~

[0831]
5 (4a) (4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3,5-
dimethylpyridin-2-yl)methyl acetate
[0832]

[Formula 381]

[0833]

10 4—((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)—
2,3,5-trimethylpyridine l-oxide (10.5 g, 37.4 mmol) was
dissolved in acetic anhydride (100 mL) and the solution
was stirred at 85°C for 1.5 hours. After the reaction
mixture was concentrated, the residue was purified by

15 silica gel column chromatography (elution solvent: n-
heptane/ethyl acetate=1/1—0/1) and a desired fraction
was concentrated to obtain the title compound (6.1 g,
50.4%) as a light yellow solid.

'H NMR (400 MHz, DMSO-dg)dppm; 1.31(3H, s), 1.35(3H, s),

20 2.04(3H, s), 2.05-2.13(1H, m), 2.17(3H, s), 2.19(3H,
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H R- N (1) wherein R1 and R3 may be the same or different and each
represent a hydrogen atom or a CI-C6 alkyl group; R2 is a group
represented by 406 - [Formula 2] T1 f010 O~fOw2 )n3 )nlo 0 cj.0O-
0,0)n2n2 )O~nl001/00 000 01000 '~f12 or wherein W2
represents a hydrogen atom, CI-C63alkylgroup or halogen atom (with the
proviso that, occurrence of W2 on a benzene ring may be 1 to 3, and
s), 3.79(2H, dd, J=6, 12 Hz), 3.85(2H, d, J=7 Hz),
4.00(2H, dd, J=4, 12 Hz), 5.09(2H, s), 8.17(1lH, s).
(4b) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)—
3,5-dimethylpyridin-2-yl)methyl)thio)—-1H-benzimidazole
[0834]

[Formula 382]

[0835]

To a dimethylsulfoxide (10 ml) solution of
potassium t-butoxide (262 mg, 2.33 mmol) and 2-
mercaptobenzimidazole (349 mg, 2.33 mmol), (4-((2,2-
dimethyl-1, 3-dioxan-5-yl)methoxy)-3, 5-dimethylpyridin-
2-yl)methyl acetate (500 mg, 1.55 mmol) was added and
the mixture was stirred in a nitrogen atmosphere at
150°C for 3 hours and 10 minutes. After cooled to room
temperature, the reaction mixture was diluted with
toluene and washed with a diluted agqueous sodium
hydroxide solution and a saturated saline solution,
dried over sodium sulfate, and filtrated. The filtrate
was concentrated under reduced pressure. The residue
was subjected twice to silica gel column chromatography
(elution solvent: n-heptane/ethyl acetate=1/1) to
obtain the title compound (441 mg, 68.8%) as a white
foam.

'H NMR (400 MHz, DMSO-d¢)®ppm; 1.33(3H, s), 1.36(3H, s),
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may be the same or different); nl represents 1 to 5; n2 represents 1 to 4;
and n3 represents 1 to 6, said group optionally having 1 to 4 groups
selected from the group Al consisting of a halogen atom, C1 - C6 alkyl
group, C1 - C6 aikoxy group, CI-C6 haloalkyl group, C1 - C6 aikoxy C1 -
C6 alkyl group and hydroxyl group;3o407- R4, R5, R6 and R7 may be the
same or different and each represent a hydrogen atom, hydroxyl group,

halogen atdr, éiicefmkw?gré d,381-C6 ham%_aﬂgﬁ §PSup,SCH-CH-akd3f -
Sty %f—%';cﬁﬁ‘af?aﬁ'k"?.%@ ByO" & Cojnbf”@tz' nof,Rpa F}%g 7=4
upy and W

représents a methylzerfe ioxy group or an ethyleredioxy gr

represents assingle honds or straight or, bianghedaikylene group baving 1
to 8 carbon atoms, or a salt thereof, or a solvate of these. 2. The
compoind o atsaltthereof, or a solvate of these according to claim 1,
wherein R1 is a hydrogen atom or a methyl group. 3. The compound or a
salt therédPdP a solvate of these according to claim 1, wherein R1 is a

M R g ki R e oo

by 408 -{Eermawlasd] ~in a dog having a chronic gastric
fistula

(1) Method
Compounds according to the Examples were

investigated for an inhibitory effect against gastric
acid secretion and persistency of the effect against
gastric acid secretion by use of large dogs (body
weight: about 14 to 19 kg) having a chronic gastric
fistula. An experiment was performed for 2 days. On
the first day, histamine (50 or 75 Mg/kg/h) was
intravenously administered continuously for 3 hours.
During the histamine administration, the gastric juice
was collected every 20 minutes. One hour after
initiation of histamine administration, a test compound
(which is a compound prepared in Examples) suspended or
dissolved in a 0.5% methylcellulose solution was
administered at a volume of 0.1 ml/kg though an
indwelling catheter in the duodenum. The inhibitory
effect of the test compound against gastric acid
secretion was checked during the 2 hours after
administration. On the second day (that is, 24 hours

after the administration of the test compound),
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o\/o<Cr/oo~0Jo\Jo ~/YYYV nhW2 9)n3 0)nl 0 00000 O
20n2n2 )n2)n3f)nl 000ZO o oroo 010 '2 br wherein W2
represents a hydrogen atom, CI-C6 alkyl group or halogen atom (with the
proviso that, occurrence of W2 on a benzene ring may be 1 to 3, and
may be the same or different); nlrepresents 1 to 5; n2 represents 1 to 4;
and n3 represents 1 to 6 said group optionally having 1 or 2 groups
sélecledfFigif tHe grodp-A2 Consisting of Attt Sari, GPmetiy grcuy,
ethyl gr, ropyi grou metcpqoxy roup and monofiuoromethyi group..5.
T oot & St trreon o SORAE 408 COr tbed Sebd g 7
any. one of claimsd tp=3 wherein- Risa/gropprepresentedby the
formula (4): [Formula 4]

checked for persistency of the inhibitory effect

against gastric acid secretion. After the amount of
the gastric juice was measured, a sample of 0.5 ml of
the gastric juice was titrated to pH 7.0 with a 0.04
mol/1l sodium hydroxide solution. In this manner, the
acid concentration of the gastric juice was measured.
The gastric acid output (secretion amount) was
calculated by multiplying the volume of gastric juice
by acid concentration. The inhibitory effect against
gastric acid secretion was evaluated based on the
inhibitory rate (%) of gastric acid secretion on the
first day. The inhibitory effect (%) against gastric
acid secretion was obtained in accordance with the
following equation. When the number of animals was 2
or more, an average value was obtained.

The inhibitory effect against gastric acid
secretion (%)=(A-B)/A X 100

[A]: The gastric acid output (secretion
amount) for 20 minutes from 40 minutes after initiation
of histamine administration to one hour later.

[B]: The gastric acid output for 20 minutes
from one hour and 40 minutes after the administration
of the test compound to two hours later.

The persistency of the inhibitory effect

against gastric acid secretion was evaluated based on
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0 o/oiY**OOFF50000 0000 ~2,0\inAnn 0~f FFOO CCHH 3 0
O nnii or6. The compound or a salt thereof, or a solvate of these
according to any one of claims 1 to 3, wherein R2 is a group represented
by - 410 - [Formula 5] 0 oy--~oo000\/0o\~JL1,,l,,, or7. The compound
or a salt thereof, or a soivate of theseaccording to any one of ciaims 1 to
6, wherein R3 is a hydrogen atom or a methyi group. 8. The compound or
a 'sBf tHéreob ‘or A soivatke of thbsé TR EBRING B Ay 6né ©f CiahiRS 1°te e N

wherein R3 is 2 methyi group, 9 The compound of aysaltthereof, ora
solvate

effect against gastric acid secretion was obtained in
accordance with the following equation:

The persistency (%) of the inhibitory effect
against gastric acid secretion=(C-D)/C X 100.

[C]: The total amount of gastric acid output
from the initiation of administration of histamine (on
the first day to one hour later).

[D]: The total amount of gastric acid output
from the initiation of administration of histamine (on

the second day to one hour later).

(2) Results

[0837]
[Table 1]
Inhibitory PeFSL§t§ncy of
. inhibitory
Number effect against .
Dose . . effect against
Compound . of gastric acid . .
(mg/kg, i.d.) ) . gastric acid
animals secretion .
(%) secretion
(%)
Example 1 0.4 2 94 76
Example 1 0.8 2 100 90
Example 2 0.2 3 83 52
Example 2 0.4 3 100 90
Example 2 0.8 2 100 96
Example 3 0.8 1 100 86
Example 4 0.8 1 100 93
Example 5 0.8 2 100 89
Example 5 0.4 2 54 61




of these according to any one of ciaims 1 to 8, wherein R"is a hydrogen
atom, hydroxyi group, methyi group, ethyl group, methoxy group, ethoxy
group or fiuorine atom. 10. The compound or a salt thereof, or a soivate
of these according to any one of ciaims 1 to 8, wherein R"is a hydrogen
atom, methyi group or fiuorine ateng 9bl.-The compound or a salt thereof,
or a soivate of these according to any one of ciaims 1 to 8, wherein R" is
a hydrogeh®at®m. 12. The compound or a salt thereof, or a soivate of

th Se é:o%ing to any one of ciaims 1 to 11, wherein R5 is a hydrogen
at m,khydro yi group, methyi - 411 group, ethyl group, methoxy group,

=thoxy-group-or—fluorine-atom—13—The-compound-or-asailt the@gm
solvate of thesg according to any one of claim$™Ft6 1B  wherein Rais@ ory
nydrogen atom methykgroup or fllﬁ“élfj@@ra Oﬁgii%;i-@?é;?lbjﬁpomﬁde@ltaagainst
salt thereof, or A §oivAte of these accarding to apy.ene of clajmgasterig, acid
wherein R5 is g hydrogen atom.|15. The compound or a salt theref)?ﬁ?ﬁ%alon
sotvate of these accorging to-any oneg of ctaims T tps 34, ~wherein R6 S
ny@rogen atem| hydroxykgroup, methy! group, ethydgroup, methoxy oo
roaupyrethoxy group op .fluorine atom116. The compound or a salt thessof,
[ Bxolgate 9 0.8 2 100 90
Example 10 0.8 2 98 90
Example 10 1.6 1 100 87
Example 11 0.4 3 79 65
Example 11 0.8 3 100 89
Example 12 0.8 1 100 86
Example 13 0.8 2 100 74
Example 19 0.4 4 13 -4
Example 19 0.8 4 82 56
Example 20 0.1 4 8 6
Example 20 0.2 4 65 46
Example 20 0.4 10 97 77
Example 20 0.8 8 100 89
Example 21 1.6 1 100 94
Example 22 1.6 1 100 97
Example 23 1.6 1 100 92
Example 24 1.6 1 88 80
Example 26 1.6 1 100 80
Example 27 1.6 1 100 92
Example 28 1.6 1 94 77
Example 29 1.6 1 100 87
Example 30 1.6 1 100 95
Example 30 0.8 1 100 63
Example 31 1.6 1 100 97
Example 32 1.6 1 100 83
Example 33 1.6 1 100 84
Example 34 1.6 1 100 78
Example 36 1.6 1 100 90
Example 39 1.6 1 100 86
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of these according to any one of claims 1 to 14, wherein R6 is a hydrogen
atom, methyl group or fluorine atom. 17. The compound or a salt thereof,
or a solvate of these according to any one of claims 1 to 14, wherein R6

is a hydrogen atom. 18. The compound or a salt thereof, or a solvate of
these according to any one of claimgdbto-17, wherein R7 is a hydrogen
atom, hydroxyl group, methyl group, ethyl group, methoxy group, ethoxy
group or! flderide atom. 19. The compound or a salt thereof, or a solvate
of ?ggﬁeac%grding to any one of claims 1 to 17, - 412 wherein R7 is a
h)I rogen atom, methyl group or fluorine atom. 20. The compound or a

alt thereof,orasolvate—of thesg-according-to-any oneof ula'n‘ﬁe}stys%gmy of
wherein R7 is g hydrogen atom.|21. The campdtntFor e alt theregf, ofidory
solvate of these accarding to ary %@?81‘ claﬁﬁgeﬂo 0. Viferein \Wdrisgainst
. > gastric dcid . .
single bond, methylerie group, or gthylene|group 22; Ihe compdrid bf @cid
salt thereof, or a solvate of thesge according to any @ne of clajms f‘?ﬁ?}q,lon
vherein Wis a methytepre group.23; The compoung or a sat tilcu—;mg})l
a selvalec ol dhese accereling to any one ofclaims 1ot 4, wherein all ¢4
Dcekirenees 0f W2 are hydrogen atoms. 100 85
Example 42 0.8 1 60 72
Example 46 0.8 1 100 95
Example 47 1.6 1 100 87
Example 50 0.8 1 79 80
Example 51 1.6 1 100 83
Example 52 1.6 1 100 87
Example 53 0.8 1 99 87
Example 55 0.8 1 83 75
Example 56 0.8 1 84 74
Example 57 0.8 2 98 83
Example 58 0.8 2 95 77
Example 59 0.8 1 89 77
Example 60 0.8 1 89 74
Example 61 1.6 2 100 90
Example 64 0.8 2 100 78
Example 65 1.6 1 100 91
Example 66 1.6 1 100 79
Example 67 1.6 1 100 83
Example 69 1.6 1 100 78
Example 70 1.6 1 100 77
Example 70 1.6 1 100 64
Example 73 0.8 1 100 94
Example 75 0.8 1 85 75
Example 81 0.8 1 96 70
Example 83 0.8 1 71 94
Example 85 0.8 1 100 86
Example 86 0.8 1 100 75
Example 87 0.8 1 100 92
[0840]

(Preparation Example 1)

Capsule

30.0 g of 2-(((4-((2,2-dimethyl-1,3-dioxan-5-

yl)methoxy) -3, 5-dimethylpyridin-2-yl)methyl)sulfinyl) -

lH-benzimidazole sodium salt

as

"Compound A"),

8.1 g of ethylcellulose

(t

(hereinafter referred to

rade name:
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15

20

25

24. The compound or a salt thereof, or a solvate of these according to
any one of claims 1 to 4, wherein nlis 1 to 3. 25. The compound or a salt
thereof, or a solvate of these according to any one of claims 1 to 4,
wherein nlis 1 or 2. 26. The compound or a salt thereof, or a solvate of
these according to any one of claimgglito-4, wherein n2is 1 or 2. 27. The
compound or a salt thereof, or a solvate of these according to any one of

clairs 1 to e WhetsihUAS Ts PYo BOP8CHRE E6mpotifid or & shltthefedt, 6F

asolvate - 413 of these according to one of claims 1 to 4, wherei
16T G 3 BBE TS combbUnG of & Saheraor: of & sokvatd i thése ==

aggordingdomlaim bruherein the.compound ise ppe selectad framithesgo o
following group consisting of 2-(((4-((5,5-dimethyi-1,3-dioxan-2-

yiyrhethoixy ) 8arhethyipyhidine 2-yi)migthy) suifingi)i kbt bemzimidazaled to
2-;(#?(4-(5,7-dioxaspiro[2.5]oct-6- imethoxy)- ,
3-methyipyridin-S-yH Hethyi SR b Zimidazole, 1 08 (trade name,

z}x(g?{d%%lé’lif"é ’50 't@%ﬁgogo%b@gg%‘ion)_ bc%]az% e of a

3-yimethoxy)pyridin-2-y1)methyi)suifinyi)-IH benzimi e,
ZW«ﬂéﬂéZiEWQQWPﬂdiQKﬁ@@f%Oating granule machine (trade

yl)methoxy)-3,5-dimethyipyridin-2-yi)methyi)suifinyi)-
name: Multiplex, Pawlek) and dried to obtain granules.

Then, 48.6 g of ethylcellulose (trade name:
Etcel, Dow Chemical Co.) and 291.9 g of
hydroxypropylcellulose (trade name: HPC-L, Shin-Etsu
Chemical Co. Ltd.) were dissolved in dehydrated ethanol
(6860 g). Further 136.8 g of magnesium stearate
(manufactured by Marin Klot) was dispersed in this
solution to prepare a coating solution. The granules
(554.4 g) prepared above was coated with the coating
solution and dried to prepare coated granules of
intermediate-layer.

Furthermore, 460.2 g of hydroxypropylmethyl
cellulose phthalate (trade name: HP-55S, Shin-Etsu
Chemical Co. Ltd.) and 45.3 g of diacetylated
monoglyceride (trade name: Mybassett, manufactured by
Quest International) were dissolved in a 80% agueous
ethanol solution (11045 g). Furthermore, 42.3 g of
talc (trade name: Talc, manufactured by Matsumura
Industry) and 24.3 g of titanium oxide (trade name:
Titanium (IV) oxide, manufactured by Merck) were

dispersed in the ethanol solution obtained above. The
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1H-benzimidazole, 2-(((3-methyl-4-(2-(8-methyl-1,4,7,9-
tetraoxaspiro[4.5]dec-8-yl)ethoxy)pyridin-2-
yi)methyl)suifinyi)-IH-benzimidazole, 2-(((4-(5,9-dioxaspiro[3.5]non-7-
yioxy)pyridin-2-yi)methyi)suifinyi)-IH-benzimidazole,
2-(((4-(2-(8-ethyl-1,4,7,9 - 402 -
tetraoxaspiro[4.5]dec-8-yi)ethoxy)-3-methyipyridin-2-

yisiRe s samap-Habenzimidassre DL rs L 33dioxolan-Alyimethoxif 3

meth |d|n- -yi)met r%sumn IH-benzimidazole
2?& %{va)lsz(lﬁu)(%rﬁ)me yﬁel %onan_é_utlon ahd dried to obtain

yidnethoxy)-3gnethyipyridiny2yhmethyi)suifinyi)-IH - 414 - benzimidazole,
2-(((4-(5,9-dioxaspiro[3.5]non-7-yloxy)-3-
methyipyridin-2&g)methyh stilfimyls-Hd-benzinidazole les (1603.8 g),
]n%(4 ((2- methoxy 1,3-dioxan-5-yi)methoxy)
ethyfpyRdint zl%ﬁefﬂ%ﬂ}é%ﬁﬁi% IRt Benzimidizbte, (trade name:

2;(£§d§62?EE‘Y566(8 A EHaRxe azo?oéroi‘} 2l4ec3YAmERY) y

pyridin-2 yl)methy )su fln enzimi
2:{((Ar(6:-dioxasping[3. Sélmn fsymn@th@xy)@an@nx%yam@thwwLflmyb)JH-

benzimidazole, and 2-(((4-((5,5-difluoro-1,3-dioxan-2-
yifmeéthoxy)-3-metnyipyaidini 256 niath Yissusfimyilc i - bedizitidazoles 86.
2- (g -((5, 5 dlmeth | 1,3-dioxan-2-
de were mixed by use of a vessel-type mixer
(trade name: 2/5 L vessel-type mixer, manufactured by
Toyo Packing) to obtain Compound A, which was charged
in capsules in an amount of 1 mg/capsule.
(Preparation Example 2) Capsule
Granules were prepared in accordance with the
following recipe in the same manner as in Preparation

Example 1. Compound A was charged in capsules in an

amount of 10 mg/capsule.



yi)methoxy)-3-methyipyridin-2-yi)methyi)sulfinyi)-IH- benzimidazole, or a
salt thereof, or a solvate of these. 31.
2-(((4-(5,7-dioxaspiro[2.5]oct-6-yimethoxy)-
3-methyipyridin-2-yi)methyi)sulfinyi)-IH-benzimidazole or a salt thereof, or
a solvate of these. 32. 2-(((3-methyk4<1.5,9-trioxaspiro[5.5]undec-
3-yimethoxy)pyridin-2-yi)methyi)sulfinyi)-IH- benzimidazole or a salt
thereof, épﬁggﬂvate of these. 33. 2-(((4-((2,2-dimethyi-1,3-dioxan-5-
yl)gn_r'lef?@é(y)@ ,5-dimethyipyridin-2-yi)methyi)sulfinyi)- 1H-benzimidazole or
a salt thereo , Or a solvate of these. - 415 34. A medicament comprising
the compound or a salt thereof, or a soivate of these according to any
one of glaims 1to 3335 A gastric acid serretion nhibitor comprising the
compoynd or a salttRBRORGIta soivate of|these according to any one|of
claims 1 HJO33. 36. t@é@peutic agent or prophylactic4%%grg for

. arel .
acid-rel atedn ISeases or symptoms, comprising the compound or a salt

thereof, aia soivatefthese acepeding tojany one of claims 1 to 33. 3.
The therapeutic agent or prophylactic agent according to claim 36,
wherein the doidrelatedl Biseases or symptoms are gastiiculcer,
duodenal ulcer, anastomotic ulcer, gastroesophageai refiux disease,
Zollinger-ElligonSyrdtdrme L sifiptomatic 135.0

HPC-L 270.0

Intermediate layer

Ethylcellulose 40.0
HPC-L 240.0
Mg Stearate 112.5

External layer

HP-55S 380.0
Mybassett 37.5
Talc 35.0
Titanium oxide 20.0
AEROSIL-200 30.0
Talc 30.0

Unit: g

[0842]

Nonpareil 103 (Trade name, Freund Corporation)
[Industrial Applicability]
[0843]
The compounds of the present invention highly
inhibits gastric acid secretion, persistently inhibits

gastric acid secretion, is safer, 1is appropriately



gastroesophageai refiux disease, endoscopically negative
gastroesophageai refiux disease, non-erosive gastroesophageai refiux
disease, gastroesophageai regurgitation, NUD (non-ulcer dyspepsia),
abnormal sensation in the throat, Barrett's esophagus, NSAID- induced
ulcer, gastritis, gastric bleeding, hemowmhagic gastritis, gastrointestinal
bleeding, peptic ulcer, bleeding ulcer, stress ulcer, gastric hyperacidity,
dyEpEpsRE Gastoparesis, efdeilperastts Ui, GritPactabla fcer! azutesed

g%%tng mucosal lesion heartburng@%oe?georfsleelptapnea ndrome

. icament, especila dpeutic medicament or
bruxism, gastralgla,%eavy%?oma ing, gggglng, nausea,
temperamandibuiarjoint astheosis, o .ergsive 4161-gastritis: 3@ akhes or
therapeutic agent or prophylactic agent according to claim 36, wherein
thevagid-oelated disease or symptom is gastric ulcer, duodenal ulcer,
anastomotic ulcer, gastroesophageai refiux disease, Zollinger-Ellison
syndrome, symptomatic gastroesophageai refiux disease, endoscopically
negative gastroesophageai refiux disease, non-erosive gastroesophageai
refiux disease, or acute gastric mucosai lesion. 39. The therapeutic agent
or prophylactic agent according to claim 36, wherein the acid-related
diseases or symptoms are gastroesophageai refiux disease or
symptomatic gastroesophageai refiux disease. 40. The therapeutic agent
or prophylactic agent



according to claim 36, wherein the acid-related diseases are gastric ulcer
or duodenal ulcer. 41. An bactericidal agent or an auxiliary bactericidal
agent against Helicobacter pylori in the stomach, comprising the
compound or a salt thereof, or a solvate of these according to any one of
claims 1to 33. [Kind of Document ABSTRACT An object of the present
invention is to provide a novel chemical compound useful as a
thefapeuticforistepRyiactic agéht’fdMacid-related diseases, having an
eécellent inhibitzgryc/: gffe%tua}gf\inset gastg% 9&!9 %ecretion, an excellent
effect of maintalnlngml]%e Inhibitory effect againsf]gastric acid secretion,
thereynaintaining intragastric pH high for a long time, and having more
safety and appropriate physicochemical stability. Provided is a compound
represented by [err] where R[err] and R[err] may be the same or different
and each represent a hydrpgen atom or a Clerr]-Clerr] alkyl group; R[err]
represents (5,5-dimethyl-1,3-dioxan-2- yi)methoxy group, R?
5,7-dioxaspiro[2.R 1 etho>,gly groug, g O—W

1,5,9-trioxaspiro[5.5] |m§hoxy,group,

(2,2-dimethyl-1,3-dioxg methdxy §roup; R[err], R[err] and

R[err] represent ad m, halog alkyl group,
CI-C6 haloalkyl group, C|-C6 aikdxy group or N—C6 aloaikoxy group;
and W1 R’
0y
wherein

R' and R’ may be the same or different and
each represent a hydrogen atom or a Cl-Cé6 alkyl group;

R is a group represented by



- 418 represents a single bond, methylene or ethylene group, a salt
thereof or a solvate of these.

[Formula 2]

B
|
D
)
J

0
X
\—/\/
w@ —C J@ %—&

%
8

,>ﬂo A
Y Y @

wherein W? represents a hydrogen atom, C1-C6
alkyl group or halogen atom (with the proviso that,
occurrence of W? on a benzene ring may be 1 to 3, and
may be the same or different); nl represents 1 to 5; n2
represents 1 to 4; and n3 represents 1 to 6,

said group optionally having 1 to 4 groups
selected from the group Al consisting of a halogen
atom, Cl - C6 alkyl group, Cl - C6 alkoxy group, Cl-Cé6
haloalkyl group, Cl - C6 alkoxy Cl - C6 alkyl group and

hydroxyl group;



- 407 -

R4, R5, R® and R’ may be the same or different
and each represent a hydrogen atom, hydroxyl group,
halogen atom, Cl1-Cé6 alkyl group, Cl-C6 haloalkyl group,
Cl-C6 alkoxy group or Cl-C6 haloalkoxy group, or a
combination of R® and R® represents a methylenedioxy
group or an ethylenedioxy group; and

W' represents a single bond, or straight or
branched alkylene group having 1 to 8 carbon atoms,

or a salt thereof, or a solvate of these.

2. The compound or a salt thereof, or a solvate
of these according to claim 1, wherein R' is a hydrogen
atom or a methyl group.

3. The compound or a salt thereof, or a solvate
of these according to claim 1, wherein R' is a methyl
group.

4. The compound or a salt thereof, or a solvate
of these according to any one of claims 1 to 3, wherein

R’ is a group represented by
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[Formula 3]

ﬂ'\?% @ %
§<

wherein W? represents a hydrogen atom, C1-C6
alkyl group or halogen atom (with the proviso that,
occurrence of W? on a benzene ring may be 1 to 3, and
may be the same or different); nl represents 1 to 5; n2
represents 1 to 4; and n3 represents 1 to 6

said group optionally having 1 or 2 groups
selected from the group A2 consisting of a fluoride
atom, a methyl group, ethyl group, propyl group,
methoxy group and monofluoromethyl group.

5. The compound or a salt thereof, or a solvate
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of these according to any one of claims 1 to 3, wherein
R is a group represented by the formula (4):

[Formula 4]

s
<

<
X

<
>
&
&

@)

6. The compound or a salt thereof, or a solvate
of these according to any one of claims 1 to 3, wherein

R2 is a group represented by



[Formula 5]

0
e

0 0
o 0 0 o)
rYr. Y

i

7. The compound or a salt thereof, or a solvate
of these according to any one of claims 1 to 6, wherein
R’ is a hydrogen atom or a methyl group.
8. The compound or a salt thereof, or a solvate
of these according to any one of claims 1 to 6, wherein
R’ is a methyl group.
9. The compound or a salt thereof, or a solvate
of these according to any one of claims 1 to 8, wherein
R? is a hydrogen atom, hydroxyl group, methyl group,
ethyl group, methoxy group, ethoxy group or fluorine
atom.
10. The compound or a salt thereof, or a solvate
of these according to any one of claims 1 to 8, wherein
R? is a hydrogen atom, methyl group or fluorine atom.
11. The compound or a salt thereof, or a solvate
of these according to any one of claims 1 to 8, wherein
R? is a hydrogen atom.
12. The compound or a salt thereof, or a solvate

of these according to any one of claims 1 to 11,

wherein R’ is a hydrogen atom, hydroxyl group, methyl
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group, ethyl group, methoxy group, ethoxy group or
fluorine atom.
13. The compound or a salt thereof, or a solvate
of these according to any one of claims 1 to 11,
wherein R® is a hydrogen atom, methyl group or fluorine
atom.
14. The compound or a salt thereof, or a solvate
of these according to any one of claims 1 to 11,
wherein R® is a hydrogen atom.
15. The compound or a salt thereof, or a solvate
of these according to any one of claims 1 to 14,
wherein R® is a hydrogen atom, hydroxyl group, methyl
group, ethyl group, methoxy group, ethoxy group or
fluorine atom.
16. The compound or a salt thereof, or a solvate
of these according to any one of claims 1 to 14,
wherein R® is a hydrogen atom, methyl group or fluorine
atom.
17. The compound or a salt thereof, or a solvate
of these according to any one of claims 1 to 14,
wherein R® is a hydrogen atom.
18. The compound or a salt thereof, or a solvate
of these according to any one of claims 1 to 17,
wherein R’ is a hydrogen atom, hydroxyl group, methyl
group, ethyl group, methoxy group, ethoxy group or
fluorine atom.
19. The compound or a salt thereof, or a solvate

of these according to any one of claims 1 to 17,
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wherein R’ is a hydrogen atom, methyl group or fluorine

atom.

20.

The compound or

a salt

of these according to any one of

wherein R’ is a hydrogen atom.

21.

The compound or

a salt

of these according to any one of

thereof, or

claims 1 to

thereof, or

claims 1 to

a solvate

17,

a solvate

20,

wherein W' is a single bond, methylene group, or

ethylene group.

22.

of

The compound or

these according to any

wherein W' is a methylene

23.

of

The compound or

these according to any

all occurrences of W’ are

24,

of

nl

25.

of

nl

26.

of

n2

27.

of

n3

28.

The compound or

these according to any

is 1 to 3.
The compound or
these according to any

is 1 or 2.

The compound or
these according to any
is 1 or 2.

The compound or
these according to any
is 1 to 4.

The compound or

a salt

one of

group.

a salt

one of

thereof, or

claims 1 to

thereof, or

claims 1 to

hydrogen atoms.

a salt

one of

a salt

one of

a salt

one of

a salt

one of

a salt

thereof, or

claims 1 to

thereof, or

claims 1 to

thereof, or

claims 1 to

thereof, or

claims 1 to

thereof, or

a solvate

20,

a solvate

4, wherein

a solvate

4, wherein

a solvate

4, wherein

a solvate

4, wherein

a solvate

4, wherein

a solvate
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of these according to any one of claims 1 to 4, wherein
n3 is 1 or 2.
29. The compound or a salt thereof, or a solvate
of these according to claim 1, wherein the compound is
one selected from the following group consisting of

2-(((4-((5,5-dimethyl-1,3-dioxan-2-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole,

2—=(((4-(5, 7-dioxaspiro[2.5]oct-6-ylmethoxy) -
3-methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole,

2-(((3-methyl-4-(1,5,9-trioxaspiro[5.5]undec-
3-ylmethoxy)pyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole,

2-(((4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy) -3, 5-dimethylpyridin-2-yl)methyl)sulfinyl) -
lH-benzimidazole,

2-(((3-methyl-4-(2-(8-methyl-1,4,7,9-
tetraoxaspiro[4.5]dec-8-yl)ethoxy)pyridin-2-
yl)methyl)sulfinyl)-1H-benzimidazole,

2—=(((4-(5,9-dioxaspiro[3.5]non-7-
yloxy)pyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole,

2-(((4-(2-(8-ethyl-1,4,7,9-
tetraoxaspiro[4.5]dec-8-yl)ethoxy)-3-methylpyridin-2-
yl)methyl)sulfinyl)-1H-benzimidazole,

2-(((4-(1,3-dioxolan—-4-ylmethoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole,

2=(((4-((2,2-bis(fluoromethyl)-1,3-dioxan-5-

yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
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benzimidazole,

2-=(((4-(5,9-dioxaspiro[3.5]non-7-yloxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole,

2—=(((4-((2-methoxy-1,3-dioxan-5-yl)methoxy) -
3-methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole,

2-(((3-methyl-4-((8-methyl-1,4,7,9-
tetraoxaspiro[4.5]dec-8-yl)methoxy)pyridin-2-
yl)methyl)sulfinyl)-1H-benzimidazole,

2-(((4-(5,9-dioxaspiro[3.5]non-7-
ylmethoxy)pyridin-2-yl)methyl)sulfinyl)—-1H-
benzimidazole, and

2-(((4-((5,5-difluoro-1,3-dioxan-2-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole.
30. 2-(((4-((5,5-dimethyl-1,3-dioxan-2-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole, or a salt thereof, or a solvate of
these.
31. 2—=(((4-(5, 7-dioxaspiro[2.5]oct-6-ylmethoxy) -
3-methylpyridin-2-yl)methyl)sulfinyl)—-1H-benzimidazole
or a salt thereof, or a solvate of these.
32. 2-(((3-methyl-4-(1,5,9-trioxaspiro[5.5]undec-
3-ylmethoxy)pyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole or a salt thereof, or a solvate of these.
33. 2-(((4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy) -3, 5-dimethylpyridin-2-yl)methyl)sulfinyl) -
lH-benzimidazole or a salt thereof, or a solvate of

these.
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34. A medicament comprising the compound or a
salt thereof, or a solvate of these according to any
one of claims 1 to 33.
35. A gastric acid secretion inhibitor comprising
the compound or a salt thereof, or a solvate of these
according to any one of claims 1 to 33.
36. A therapeutic agent or prophylactic agent for
acid-related diseases or symptoms, comprising the
compound or a salt thereof, or a solvate of these
according to any one of claims 1 to 33.
37. The therapeutic agent or prophylactic agent
according to claim 36, wherein the acid-related
diseases or symptoms are gastric ulcer, duodenal ulcer,
anastomotic ulcer, gastroesophageal reflux disease,
Zollinger-Ellison syndrome, symptomatic
gastroesophageal reflux disease, endoscopically
negative gastroesophageal reflux disease, non-erosive
gastroesophageal reflux disease, gastroesophageal
regurgitation, NUD (non-ulcer dyspepsia), abnormal
sensation in the throat, Barrett's esophagus, NSAID-
induced ulcer, gastritis, gastric bleeding, hemorrhagic
gastritis, gastrointestinal bleeding, peptic ulcer,
bleeding ulcer, stress ulcer, gastric hyperacidity,
dyspepsia, gastroparesis, elderly person's ulcer,
intractable ulcer, acute gastric mucosal lesion,
heartburn, pyrosis of sleep apnea syndrome, bruxism,
gastralgia, heavy stomach feeling, gagging, nausea,

temporomandibular joint arthrosis, or erosive
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gastritis.
38. The therapeutic agent or prophylactic agent
according to claim 36, wherein the acid-related disease
or symptom is gastric ulcer, duodenal ulcer,
anastomotic ulcer, gastroesophageal reflux disease,
Zollinger-Ellison syndrome, symptomatic
gastroesophageal reflux disease, endoscopically
negative gastroesophageal reflux disease, non-erosive
gastroesophageal reflux disease, or acute gastric
mucosal lesion.
39. The therapeutic agent or prophylactic agent
according to claim 36, wherein the acid-related
diseases or symptoms are gastroesophageal reflux
disease or symptomatic gastroesophageal reflux disease.
40. The therapeutic agent or prophylactic agent
according to claim 36, wherein the acid-related
diseases are gastric ulcer or duodenal ulcer.
41. An bactericidal agent or an auxiliary
bactericidal agent against Helicobacter pylori in the
stomach, comprising the compound or a salt thereof, or
a solvate of these according to any one of claims 1 to

33.
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[Kind of Document] ABSTRACT

An object of the present invention is to
provide a novel chemical compound useful as a
therapeutic or prophylactic agent for acid-related
diseases, having an excellent inhibitory effect against
gastric acid secretion, an excellent effect of
maintaining the inhibitory effect against gastric acid
secretion, thereby maintaining intragastric pH high for
a long time, and having more safety and appropriate
physicochemical stability.

Provided is a compound represented by

R4

Nd N
:

where R' and R’ may be the same or different
and each represent a hydrogen atom or a Cl-C6 alkyl
group; R? represents (5,5-dimethyl-1,3-dioxan-2-
yl)methoxy group, 5, 7-dioxaspiro[2.5]oct-6-ylmethoxy
group, 1,5,9-trioxaspiro[5.5]undec-3-ylmethoxy group,
or (2,2-dimethyl-1,3-dioxan-5-yl)methoxy group;

R*, R’, R® and R’ represent a hydrogen atom,
halogen atom, Cl1-Cé6 alkyl group, Cl-C6 haloalkyl group,

Cl-C6 alkoxy group or Cl-C6 haloalkoxy group; and W
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represents a single bond, methylene or ethylene group,

a salt thereof or a solvate of these.



