- 1 - BENZIMIDAZOLE COMPOUND CROSS-REFERENCE TO RELATED
APPLICATION The application is a continuation-in-part of U.S. patent
application Ser. No. 11/403,815 filed Apr. 14, 2006, now abandoned, which
is a non-provisional application of U.S. patent application Ser. No.
60/675,848 filed Apr. 29, 2005. BACKGROUND OF THE INVENTION 1.
Field of the Invention [0001] The present invention relatesto a 5

benzimidazole compound gﬁgﬁfggﬁ,ﬂ%w&(ﬂs of these, useful as a
e

gastric acid secretion inhibitor. present invention also relates to a
benzimidazole co6mpotNBEERSHithéredtEoraigoIVatBL 6FtHeESE useful as a

therapgutic ggent 9 praphyagtic o1Q ageat fgyracid-related giseases or
symptor{ls (gsgecif\yﬁag%stro%sec%phﬁ%eal 1@?12% gli%el es, sym tomatic

gastrggsgﬁhaggﬁ refltx diseases, gastric ulcers and” duodena Eﬁ:'erslf 2.
Descripfién of RelatethApnd s, [0002F Pepticallcers-suchvas gastric ulcer and

duodepahulegr arg cgrceivably.caused by the disruption. of the balance
between a gressive factors, such as acid and pepsin, and defensive factors,
S

uch 3¢th&iiclis 2b'&d Bidod fiow, feating to autodigestion. [0003]
BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001]
The present invention relates to a
5 Dbenzimidazole 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
10 agent for acid-related diseases or symptoms (especially
gastroesophageal reflux diseases, symptomatic
gastroesophageal reflux diseases, gastric ulcers and

duodenal ulcers).

2. Description of Related Art
15 [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

20 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



The peptic ulcer is principally treated by medical care, so that various drug
therapies have been tried as the medical care. Particularly, in recent - 2
years, a medicament capable of specifically inhibiting H'/K'-ATPase, which is
an enzyme present in the parietal cells and responsible for the final stage of
gastric acid secretion, thereby suppressing gastric acid 5 secretion and
inhibitisgautodigestionahias beero slevelapedsand it ¢a Tlipicahseit ing
Examples.of such a medicament include omeprazole, esomeprazole,.

A B ol LD braloIe aid rabenr e BobaT 1o Theltmbatiotths
have @xtéllertthefgseate effects howbvel, ‘B medicanent thatanbre C

persistendly siiits gastricracidiseceetionds safer, gnekis 1 appeopriately
physicochemijcally stgblienm% peen still tdoegired to.be developed. In

pgrticsu?é:rr,?ttlé%rfsg 1 suggesjtétd’ tHat’the cur Sate %?ga%ﬁ(s)esce)ﬁﬁageal

refluxdelisdaeemhagnise impréved:-by maintainirey- thefinmragrbstrico pHatla kigh
valuefog adongtime (NonsRatgnt Dacument J1).-{0903} 20 Compounds

particularly relevant to the present invention are describe(izl in Patent
DocuRTeHt8H HHY 5 HOMEVRP - the cothpdlRdE HisEib88d 1 these patent

documents difteram chemical structure from the compounds specifically

described in the present 25 invention.
10 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

15 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]

20 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

25 invention.

[0006]
Patent Document 1: WO 91/19712

Patent Document 2: JP-A-59-181277



[0006] Patent Document 1: WO 91/19712 Patent Document 2:
JP-A-59-181277 - 3 Non-Patent Document 1: Digestion 1992; 51 (suppl 1):
59-67 BRIEF SUMMARY OF 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 maintaining the inhibitory effect against gastric acid secretion,
thereby maintaininéPthePimtragfashes prehighlfor Rileagttime. 16668]) 15 The
present inyantors 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

inhibitqryeffect against 2Q-gagtriciacichsegkgtion, is excellent in maintaining

the inhibitory effect against gastric acid secretion, thereby maintaining the
intragasric pi4 &t & high value for a long time, and particularly useful as a

therapeutic or proghylagtic agent forgasiroesophageal 25, refluxdisgase,

symptomatic gastroesophageal reflux disease, gastric ulcer and duodenal

ulcerrBagaédong 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 maintaining
the inhibitory effect against gastric acid secretion,
thereby maintaining the intragastric pH high for a long
time.

[0008]

15 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

20 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

25 reflux disease, symptomatic gastroesophageal reflux

disease, gastric ulcer and duodenal ulcer. Based on



- 4 these findings, the present invention was achieved. DETAILED
DESCRIPTION OF THE INVENTION More patrticularly, the present invention
provides a compound having the following formula (1) or 5 a salt thereof, or
a solvate of these. [0009] [Formula 1] R :>cH02 (1) [0010] Furthermore,
the present invention provides a 10 medicament containing a compound

havingrtbeformula (H-abeve of asaltthergoh oF a-solyate gtihesg.dhe

present invention also provides a gastric acid secretion inhibitor containing a
compound havind’ihé f6FrRuRECTEEOVESr &isalttthefd0EDF 83blvate 15 of

these. The preseng inve %fygﬁ@gﬂ9yid@§ea pq}éag'gﬁacceiqu&llggg}position

containing a compound having the formula (1) above or a salt thereof, or a
solvate ofithese or usecoiia¢onspourd havingathedfeormals (20 above crra
s%lt tgerseé){,tor %solv e o(g rth%se (fﬂrv %'%ducfinghae anrmaceutical
composition. [6 ﬁ]e Urther additiona Y, the present’invention - 5 is directed
to a therapeuticoagent or prophylactic

[Formula 1]

R* R2

R N R! o—Ww!

\_/
S —
R6 N>7 RS
H \ /
¢

[0010]
Furthermore, the present invention provides a
10 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

15 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)

20 above or a salt thereof, or a solvate of these for
producing a pharmaceutical composition.
[0011]

Further additionally, the present invention



agent for acid-related diseases or symptoms, such as gastric ulcer, duodenal
ulcer, anastomotic ulcer, gastroesophageal reflux disease (including 5
gastroesophageal reflux disease with repeated relapses and recurrences),
Zollinger-Ellison syndrome, symptomatic gastroesophageal reflux disease,
endoscopically negative gastroesophageal Teflux disease, non-erosive

gastrogsephagealeflux disease, Jd.gastragsophagedl reghigitation, NUD
(non-ulcer dyspepsia), abnormal sensation in the throat, Barrett's
esophagus, NSAIPCdhduEed Hlcst, Gasatiss yatric Wiesdiny, hewtdrriggic

gastrilis, gastrojnfestinal bleeding, paptis, ulcer, bleeding ulcer stress ulcer,

15 gastric hyperacidity, dyspepsia, gastroparesis, elderly person's ulcer,
intractalsienyleen@cute ghstrid Imucosaldesion( heattbdirnopyrosis of sleep

apnea_syndrome, bruxi tralgia, heavy stomach feeli agging,
BUSSE eSS A Bl Oy A S5A" o 3D LhobRR Gastiis AR =2
contaimingrae campaunekhaving thengeneral farnulasid) abowve, or a salt

thereof or a solvate of these. [0012] Preferable examples of acid-related

disea88P28 5} sy ptond R IR Jaktric Uitef difdtsial ulcer,

anastonaeliculceragastroesephageal deflux disgaseyc4ollingen-Ellison
syndrome, symptomatic gastroesophageal reflux disease, endoscopically - 6
negafive gastroeBBphagearrefluXiSE45€ For-eradivect lux disease,

10 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,

15 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

20 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

25 or symptoms may include gastric ulcer, duodenal ulcer,
anastomotic ulcer, gastroesophageal reflux disease,
Zollinger-Ellison syndrome, symptomatic

gastroesophageal reflux disease, endoscopically



gastroesophageal reflux disease, and acute gastric mucosal lesion. More
preferable examples may include 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 gastroeséphageal reflux disease and (2)

gastricddger.Qr dpadenal weer, 100013k Qni.the; ather hand, the present
invention is directed to an bactericidal agent or an auxiliary bactericidal
agengagainat HeticebacterAdrix cOntiRiPRy a 2B FoLUHdhadipgthe formula

(1) ahove,ara 15,53l theregf, or g solvate,of these, Note that the .1, qe

"prophylactic agent” mentioned above includes, other than a prophylactic
agent agminésterihg reforer endetofda sisease esysyhptermia maintenance
thg—:‘ragggg% ggent 1gmd a recurrence 0 spreventln ent aftfbr cure.

O a a ux .glsease,, STri1cCc ,ulcer n
Furthérmore, the "auxiiiary bactericidal” agent" mentioned above refers to an

agentithad €ontrols dbe workinng raviranment of echactesicidadmagent difficult
to work under the acidic conditions so as to 25 produce the effect. [0014] In

the forMulA<E), R artd B3 Hay B i Sante ordiffereit id fépresents a
hydrogem-atam of @ Ghta r s E6alkykarouns encRa is sepresented by the

[formula
gastric ulcer, or duodenal ulcer.
10 [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

15 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

20 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

25 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



2], which may have 1 to 4 groups selected from Group Al below. [0015] 5
[Formula 2] ono I flooOn V"Yw2)n3 )n100000 000YOyoY lk, n)~
n)~)n2 )nl00 o0)n2n300/z00 o,00f012or [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-CIl-C6 alkyl group, and 10

hydroxyl giqup. R4-Rp; R6.ang RY may. bedhesameqr differents 8y and
each represent a hydrogen atom, a hydroxyl group, halogen atom, C1-C6
alkyl éﬂoumk@@cg@md’mm dfOEIB, 4 groups selected from Group Al

below.
[0015]

5 [Formula 2]

[0016]

Group Al is the group consisting of a halogen
atom, a Cl1-C6 alkyl group, Cl-C6 alkoxy group, Cl-C6
haloalkyl group, Cl-C6 alkoxy-Cl-C6 alkyl group, and

10 hydroxyl group.

R4, Rs, Rg and Ry may be the same or different



C1-C6 alkoxy group or C1-C6 haloalkoxy group, or a combination of R5 and
R6 represents methylenedioxy group 5 or ethylenedioxy group, and W1
represents a single bond, or a ClI to C8 straight or branched alkylene group.
W2 represents a hydrogen atom, C1-C6 alkyl group or halogen atom (with
the proviso that, occurrence of W2 orrathenzene ring may be 1 to 3, and 10

may Q%&h%@mefggggéeéﬁ@t)anh (RAresents: 1 0.5, D2ERresents 1.4, and
n3 represents 1 to 6. [0017] The "C1-C6 alkyl group" used herein refers to

15 a hréarembranchedCalkylbgralipyiaving drto 6 tatbohatomsk suchasug

meth group, ethyl roup, n-propyl, grou |so vl roup, n butyl group,
|sobu¥3}l group; s kofﬁtylgty%?&fé) ,tbét%/l OE& % #%}Tgrguﬁu%bp% t)% group,

2-metiphptyb grouP, S1eapertyh grQUR o 3 20sethyiprapy hgroup: di- Byl aroup.
isohexyl group, 3- methylpentyl group, 2- methylpentyl group, 1- methylpentyl

gfou 13, SidimetRyIBUBH YretpUR,2- @iﬁ]éﬁhyr{ﬂt’w@gﬁr‘éﬂbs 121 -limetsy I batyt

group, 1,2- thy ut roup, 1,3-dimethylbu 2,3 25 dlmethylbutyl
group, 1- ethgy bgtyl é%w% %rﬁ et%y%ut)rk}] g?)oél?pcyr glogen atom” used

herein refers to a Wuarine atomehlorineatosy breomine atorrer ooine 9 -

atom. [0018]
group or halogen atom (with the proviso that,
occurrence of W’ 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,
s-butyl group, t-butyl group, n-pentyl group, isopentyl
group, 2-methylbutyl group, neopentyl group, 1-

20 ethylpropyl group, n-hexyl group, isohexyl group, 3-
methylpentyl group, 2-methylpentyl group, 1-
methylpentyl group, 3,3-dimethylbutyl group, 2,2-
dimethylbutyl group, 1,1l-dimethylbutyl group, 1,2-
dimethylbutyl group, 1,3-dimethylbutyl group, 2,3-

25 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



The "C1-C6 alkoxy group"” used herein refers to a linear or branched alkoxy
group having 1 to 6 5 carbon atoms such as a methoxy group, ethoxy group,
propoxy group, iSopropoxy group, butoxy group, isobutoxy group, s-butoxy
group, t-butoxy group, 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 or 2,3-dimethylbutoxy group. [0019] 15 The
"C1-C6 haloalkyl %roup" used herein refersto a C1-C6 alk}éle roup having 1

to 5 substituents of falogen atofns 8% Indhtioed AB6Ye for sarmpté ™

including 2 manofluosemethyl aredpa Mmenochiesemethylgroup, to 6
monobromomethyl group, 20 monoiodomethyl group, difluoromethyl group,

diehlsreristhy Rgroup, dilstomenethyitgrotp, diedemetiyiogious,our,

trifluoromethyl group, trichlaromethyl group, tribromomethyl group,
Nt S LR TR S S R

trifluoreethyt group;r-ehloreethy gLgupr2ughlotoethybgroup; oup,
2,2,2-trichloroethyl group, 1- fluoropropyl group, 2-bromopropyl group,
1-broffBBUBTY FGHPL-chifstopRhBgretp End A-HGEFOREXYF Groups =-CHE «

OOZOLEBB$§§6§§'&ﬂQéﬁPXMéHQHBQ9589435?"h—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 or 2,3-dimethylbutoxy group.

[0019]

15 The "C1-C6 haloalkyl group" used herein
refers to a Cl1-C6 alkyl group having 1 to 5
substituents of halogen atoms as mentioned above, for
example, including a monofluoromethyl group,
monochloromethyl group, monobromomethyl group,

20 monoiodomethyl group, difluoromethyl group,
dichloromethyl group, dibromomethyl group, diiodomethyl
group, trifluoromethyl group, trichloromethyl group,
tribromomethyl group, triiodomethyl group, 1-
fluoroethyl group, 2-fluorocethyl group, 2,2,2-

25 trifluoroethyl group, l-chloroethyl group, 2-
chloroethyl group, 2,2,2-trichloroethyl group, 1-
fluoropropyl group, 2-bromopropyl group, l-bromobutyl

group, 1l-chloropentyl group, and l-fluorohexyl group.



refers to a C1-C6 alkoxy group having 1 to 5 substituents of halogen atoms
mentioned above, for 5 example including a monofluoromethyloxy group,
monochloromethyloxy group, monobromomethyloxy group,
monoiodomethyloxy group, difluoromethyloxy group, dichloromethyloxy
group, dibromomethyloxy group, diiodoffethyloxy group, trifluoromethyloxy
group, 10 trichdorgmethyloxy group, tribromomethyloxy group,
triodomethyloxy group, 1-fluoroethyloxy group, 2- fluoroethyloxy group,

2,2, 2-trifluoroethyléky groupCe- ohlbreethyloxyogroup, 2:ckioroethylioxy group,

2,2,2- trlchloroethylox group, 1- quorop lox roup, 2 15 bromopropyloxy
arou, -BIGmbBUy 5%y 5ol L chigrSBEntRy Bfotp an

1-fluosasexylexy greups (0821 ERe 4 %@%k@m@doﬁo@wlgw" used
herein refers to a C1-C6 alkyl group having a single 20 substituent of a

Cl-Celkoky g#@l@émﬂémmrmdnab@\ﬁéu%ro@@émﬂ@mmam@a
methox me rou meth Igrou ropoxymethyl grou
o¥1 ﬁh ARy ;heﬁ%’ X é)m% ROy 5 Jro% oy,

2-meth oxyet group, >8/eth I'group, I-methoxye

methmywwbgmpzJ%Eﬁh@wgpyldgrﬂumﬂo%sm@tmexyb@twbgmup,
4-ethoxybutyl group, 4-propoxybutyl gﬂr up, 5-methoxypentyl group,

5-ethBXyHentyPErRoUR, 5253ropbRyBentyt BFGUe6-riethexyh&xyttoup, and 6-
ethoxyhexylgrou, r L4, The, /- C§§‘ﬁ9@&%ﬁ%‘9@l@;9§a%‘}hﬁﬂ>°ham

alkylene chain " used herein refers to a methylene,
10 trichloromethyloxy group, tribromomethyloxy group,

triiodomethyloxy group, l-fluorocethyloxy group, 2-
fluoroethyloxy group, 2,2,2-trifluoroethyloxy group, 1-
chloroethyloxy group, 2-chloroethyloxy group, 2,2,2-
trichloroethyloxy group, l-fluoropropyloxy group, 2-

15 Dbromopropyloxy group, l-bromobutyloxy group, 1-
chloropentyloxy group, and l-fluorohexyloxy group.

[0021]
The "C1l-C6 alkoxy-Cl-C6 alkyl group" used

herein refers to a Cl-C6 alkyl group having a single

20 substituent of a Cl-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-

25 methoxybutyl group, 4-ethoxybutyl group, 4-propoxybutyl
group, 5S5-methoxypentyl group, 5-ethoxypentyl group, 5-
propoxypentyl group, 6-methoxyhexyl group, and 6-

ethoxyhexyl group.



ethylene, trimethylene, tetramethylene, pentamethylene, hexamethylene,
propylene(l-methylethylene), 1 5 methyltrimethylene, or 2-methyltrimethylene.
0022] The "CI-C6 alkyl group" of R1 mentioned above is preferably a methyl
group. [0023] 10 The "CI-C6 alkyl group” of R3 mentioned above is
preferably a methyl group. [0024] The "h&logen atom” of R4, R5, R6 and R7

mentioned above i, preferably asfu!l{%{i"!;%gf chlorine; 15 %%n@fi‘gd“%%m
preferably, a fluorine atom. [0025] The "CI-C6 alkyl group” of R4, R5, R6 and

R7 neentiorrettabbve is brefeeaibly@fﬂmhylegmup aroethyhegrovupeand more

preferab ameth rou 0026 The "CI-C6_haloalkyl group” of R4, R5,
e v 4 SR RS e e

difluoremethyd:groupor titlugronethyl greup.y @@@ihry@é%@refefably,
monofluoromethyl group. 25 [0027] The "CI-C6 alkoxy group" of R4, R5, R6

afd R thentiohed dbovens preferablies iethoxygroupdrcethoxy group,
and more pﬁ{g?qR , @ methoxy group. 12 - 0028] The "C1-C6 haloalkoxy
group” of R 6 and

The "C1-C6 alkyl group" of R' mentioned above

is preferably a methyl group.
[0023]
10 The "C1-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
15 atom, and more preferably, a fluorine atom.
[0025]

The "C1-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.

20 [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.

25 [0027]

The "Cl1-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.



R7 mentioned above is preferably a monofluoromethyloxy group,
monochloromethyloxy group, difluoromethyloxy 5 group, dichloromethyloxy
group, trifluoromethyloxy group or trichloromethyloxy group, and more
preferably, a monofluoromethyloxy group or difluoromethyloxy group. [0029]
The "halogen atom" of Group Al is prefetably 10 a fluorine atom. The "C1-C6
alkyl group” @fthg;Al group mentioned above is preferably a methyl group,
ethyl group or propyl group, more preferably, a methyl group or ethyl group,
and most preferablyiea higthgbgioup:a15 $8030Q Phe "C4£CB ‘alkBky droupicof

the Al group mentioned above is preferablyﬂa methoxg/ roup or ethox
group afl NGre Brofsrably, & mathoks a0, DOTT 20 THe L8 O
haloaliad groupisabthe Al greum ymentjoned aboveiis prefesabhha 1 oxy

fluoromethyl group or difluoromethyl group, and more preferably, a
flGoromethyl gfous. L {0037t 2B ITHe "CIATE alkexyt ChoB aRIKyNgisup” of the

AR N A R AT T
methylenergroupcaroaifylene-group; ant more i preferaiyca methyleneup .
group.

[0029]

The "halogen atom" of Group Al is preferably

10 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.

15 [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]

20 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]

25 The "C1l-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



The "CI-C6 alkyl group” of W2 mentioned above is preferably a methyl
group. 5 The "halogen atom " of W2 mentioned above is preferably fluorine
atom or chlorine atom, and more preferably, a fluorine atom. The number of
substituents present on a benzene ring of W2 mentioned above is preferably
one. 10 W2 mentioned above is preferdbly a hydrogen atom. nl mentioned

abOV%é%QEEfﬁé%ﬁl%h]eWe?’ o2admore @Eﬁ%[y@gll% 2, N2 mentigned above

is preferably 1 or 2, and 15 more prefera . n3 mentioned above is
preferafsly drimod yand: meré preferablyodror 2. [0033] In the specification, the
structure of a 20 compound sometimes regresents a certain isomer for

convenience; howeVer, thé present ivertiohincitides AliG86mars Stiktlially
generated.sueh-as, geometHeal, isQmels, optical isomers, rotational isomers,
stereoisomers, tautomers and mixtures thereof, and thus 25 is not limited by
the expression of Alrepraseinative Aepmula. Kny oriecotisentsl sy miktuire
of isomers is agcentable. Therefore, 3,compaund aceprding 1 the present

invention may sofmetimes have an op%i(r:aﬁy - 14" active substance and a

racemiefoemamihich svilk neb dimik the present invention and included both of
them
The number of substituents present on a
benzene ring of W’ mentioned above is preferably one.
10 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
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 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
25 1is 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



in the present invention. A compound may sometimes have a crystalline
polymorphism, which will not limit 5 the present invention. A single crystalline
substance as well as a mixture of crystalline substances is acceptable.
Furthermore, examples of a compound according to the present invention
may include anhydrous and solvates(pafticularly hydrates). 10 Moreover, a

so-called metahglite produced; by in-vivo, degradgtion,of a,.compound. (1)
according to the present invention may be included in the present invention.
In additiorn, theepresentinventivanndlmdesrcompounds {s@otdlledt prddrugs)
produ,cin% a comgoung q.?]accor,ding to 15 the present invention by being

metab8liZétf i viv©through GXid&tion, redtlioR - Aydrdtysis *Aivd <

conjugatiena ets: {Q0341 Ina ¢emprundracerrdingiterthgipresept 20mi«
invention represented by the formula (1) mentioned above, a salt is formed at
af NHgrobpssfane |60ae Brd positidhsséia berzhvilazble sRefeibr tERe e

"salt" is not ??rticularl}élimcited as gon ascit ﬁ gharma egticalley acceptable.
a we S a 1XTure O C STa ne supstan S 13
Exampﬁes of 25 Such'a salt include |n6/rgan|c ase salts andcorganlc base
salts.Rreferadile €xanmplesof the irgrgaxnicnpase saltsinctugealkaline metals
salts such as sodium - 15 salt, potassium salt, and lithium salt; alkaline earth

metaPSAItE SUEH astaléitinP 54 &hd magnesitih safy tnclude

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. 1In
addition, the present invention includes compounds (So-—
called prodrugs) producing a compound (1) according to

15 the present invention by being metabolized in vivo
through oxidation, reduction, hydrolysis, and
conjugation, etc.

[0034]
In a compound according to the present

20 invention represented by the formula (1) mentioned
above, a salt is formed at an NH group of the 1lst or
3rd positions of a benzimidazole skeleton.

The "salt" is not particularly limited as
long as it is pharmaceutically acceptable. Examples of

25 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



transition metal salts such as zinc salt; aluminium salt; and ammonium salt.
Preferable examples of the 5 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 10 acceptable. Exahples of such a solvate include a

hydrate, ¢thanal solvate, and acetone solvate,, Preferable,example isa
hydrate. [0035] Of the compounds represented by the formula 15 (1) of the

presemt imve i, preferablescompoinmss nctude 2)ra corspound where R1
is a hydrogen atom or_a methyl group or a salt thereof, or a solvate of these;

20 (3 B Ebmpodifia Wiiere R1 163 mathyl Gotp 6r & Salt tierdbt, or s
solvate ot these; (4ragompround where:Rz is-aigreup.reprasented byd6 -
0036] [Formula 3] yo 010w2 0)n3 nn %\ on)nl O\'0
5 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
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 R' is a hydrogen atom or
a methyl group or a salt thereof, or a solvate of
these;
20 (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 OF)n2~n2 )n2m3)nl o~00nnn~/~nnnnorn/ [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 ha%ing 1 or 2 groups selected from 10
the group A2zpnsisting of a fluorine atom, methyl group, ethyl group, propyl
group, methoxy group and - 17 - monofluoromethyl group; or a salt thereof, or
a solMatemwfithesé; (5) a compound where R2 is represented by [0038] 5
[Formula4]0"0000™"f0o00 F5000 000,00000

[0037]

wherein W* represents a hydrogen atom, Cl1-C6 alkyl group
5 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

10 the group A2 consisting of a fluorine atom, methyl

group, ethyl group, propyl group, methoxy group and



FFOCH3 000000 or[0039] or a salt thereof, or a solvate of these; - 18
(6) a compound where Rz is represented by 0040] [Formula5]VVrol10-\
00 0110 0lo oor uvLn 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 solvate of these; (8) a compound where R3 is a methyl group, or 10 a
salt thereof or a-slvaig of these,, (9) a compound where R4 is a hydrogen
atom, hydroxyl group, methyl group, ethyl group, methoxy group, ethoxy
groupyorea fladting latom Or acsalt theteoft er afsalvatesof these;

(5) a compound where R? is represented by
[0038]

5 [Formula 4]

O

%—C
A

[0039]

or a salt thereof, or a solvate of these;



15 (10) a compound where R4 is a hydrogen atom, methyl group, or a
fluorine atom, or a salt thereof, or a solvate of these; (11) a compound where
R4 is a hydrogen atom, or a salt thereof, or a solvate of these; 20 (12) a
compound where R5 is a hydrogen atom, - 19 hydroxyl group, methyl group,
ethyl group, methoxy group, ethoxy grotip, or a fluorine atom, or a salt
thereof, or a solvatg of these; (13),.a campaurd where R5.is 4, hydragen
atom, 5 methyl group, or a fluorine atom, or a salt thereof, or a solvate of
these; (14) a@ohipound where R5 is a hydrogen atom, or a salt thereof, or a
solvate of these; (15) a compound where R6 is a hydrogen atom, 10
hydroXyP§FBUIS: méthyl group, ethyl group, methoxy group, ethoxy group, or

atom, or asa
hydrogen ato

Ao

an

U\'JU'\

[0041]
5 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

10 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;

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 R® is a hydrogen atom,



methyl group, or a fluorine atom, or a salt thereof, or a solvate of these; 25
(20) a compound where R7 is a hydrogen atom, or a salt thereof, or a
solvate 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 Wl is a methylene grddp,” or a salt thereof, or a solvate of

these; (23).a.compound where Wzds aydiogep g, or sl iheref, o

a solvate oft ese (2 a compound where nlis 1 to 3, or a salt thereof, or a
solvate ofithese; {25y awormpoeurd wheréudis deor2 cor, a saltatheréof, or a

solvate of these; 10 (26) a comp ound where n2 is 1 or 2, or a salt thereof, or
a solvate’ ?Q[Eésgr( )& CSmMp oun% WHEFE A3 is 1 to 4, or a salt thereof, or a

solvate of these; angs(28) acgglwdmggge A3 issl Qr By @r 8alt A&om,

thereof, or a solvate of these. Furthermore, use may be preferably made of a
cSmperineyor éf salilthefeofa of Asuivare cftthieseCsatisfymg the folloning o
condltlons in 2 gngpatlon Rl is selected from (2) or (3); R2 is selected
from 4) Ol to 3 Is seleéted from (7) or (8); R4 is selected from (9) to
(11); R5is selectedlfmrra(l&)rﬁpcﬁihdﬁ Rbcisseatécted frony (ka)den(1d)oR7 is
selected from (18)
or a salt thereof, or a solvate of these;
(15) a compound where R® is a hydrogen atom,
10 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
15 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
20 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;
25 (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,



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-dimethyl-1,3-dioxan-2- ~ 20 -

yl)methoxy)=3-methylpyridin-2-ymethyl)sulfinyl)-IH- benzimidazole; 5
2-(((4-(5,7-dioxaspiro[2.5]oct-6-yImethoxy)-
3-methylpyridin-2-ybmethylsuifinyhdHwbenziniidazele; methylene group,
2- (((3 methyl- 4#1 D,9- trloxasp|r0[5 5]undec

3-yImethéxy)pyridin-54 ?)%éthyf)sulflnyi) Iia-FSeﬁzmlH%zSIe 10

2-(((4-((2,2-dimethyt4) 3-diexa-on YIMethexy3,is a hydrogen atom,
5-dimethylpyridin-2-yl)methyl)sulfinyl)- 1H-benzimidazole;
25(((3Qme1h§|a4_‘(2_‘ngﬁ@gﬁ,| 14 m9solvate of these;

tetraoxaspiro[4.5] yI)ethox r|d|n 2- 15

yI)methyI)squinyI)deI 4ben2|m| 2 (?(4 FE 9- dloxasplro(TB 5’]n n-7- salt
yloxy)}pysichn£2- ybmeﬁh;dasu}ﬁmyél)«ﬂzﬂ -benzimjdazole; 2-(((4-(2-(8-ethyl-1,4,7,9
tetraoxaspiro[4.5]dec-8-yl)ethoxy)-3-methylpyridin-2- 20
yhmethyl)sulfiny!)-4berfzimfdaztes 290e4t1 BtdibkofarR4-yimethogy)8 1

methylpypidine2-yl)methyDsplfinyl)s\H-pgozimidazole;

10 (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

15 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:
R1 is selected from (2) or (3); R2 is selected from (4)

20 to (6); R3 is selected from (7) or (8); R4 is selected
from (9) to (11); R5 is selected from (12) to (14); R6
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),
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(fluoromethyl)-1,3-dioxan-5-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-IH- 25 benzimidazole;
2-(((4-(5,9-dioxaspiro[3.5]non-7-yloxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)-IH-benzimidazole;
2-(((4-((2-methoxy-1,3-dioxan-5-yl)methoxy) - 22 -

3-methylpyridin:2-yhmethyl)sulfinyl)-IH-benzimidazole;
2-(((3-methyl-4-((8-methyl-1,4,7,9-

tetraoxaspiro[4 5]dec- 84}A)fﬁéﬂ}(ﬁ¢wpym%dtinyz_- 1,3-dioxan-2-

yI)meth sulflnyrz{IH -benzimidazole; 5 2- {5 9- dloxasglro 3.5 non- -
ylmet‘rln%) 5epy}?’|dX - yI)rIﬁ %ﬁy)l&\ﬁ:ﬁﬂﬁﬁ éﬁzirlﬂ otaz%lfél ot LE-

2-(((4pd 2 o-difluorel 3-dioxan-2-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-IH- 10 benzimidazole; or
salts thereof, or scﬂvdtéé%pé@tiﬂmdﬁlyxm@(ﬂﬁ&nﬁé&l‘t?s?uﬁhyélﬁméftﬁﬂiy)dTate

of their sadi salt) f.th urt tab 0 of the present
mverel%on %g X fg% ?((% dlme¥hyl rTa%n ;ﬂgsbenu S0
ylymethoxy)-3- memylm(@nre?tw;)memmswnmyl)gﬂjlobeepmmdazolm undec—
2-(((4-(5,7-dioxaspiro[2.5]oct-6-ylmethoxy)-

3-meth W&%H%jb%ﬁ%w%ymm@&é%%{ﬁﬁﬁ&éﬂéylzq1H—

2-(((3methyls4r(1 59 trioxaspiro[5.5]undec-
3-ylmethoxy)pyridin-2- yI)methyI)squlnyI) -IH benzimidazole; or

10 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-

15 vyl)methyl)sulfinyl)-1H-benzimidazole;

2—(((4-(5,9-dioxaspiro[3.5]non-7-
vloxy)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-

20 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-

25 Dbenzimidazole;

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) -



2-(((4-((2,2-dimethyl-1,3-dioxan-5- yl)methoxy)-3,
5-dimethylpyridin-2-yl)methyl)sulfinyl) 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 is more preferabl? made of a compound exhibiting

more-exgellany infubitory_ effeet against gastric; acidsearetion or & compound

more excellent in persistency of inhibitory effect 5 against gastric acid
secretion. [Advantages(oftiwet hnwention] §0042hThelcompednd of the
present invention has an excelle%t_inhibitor effect against gzastric acid 10

secretion” AT EXdellent persistency df inhibitoRy) Faffect dgainst gastric acid

secrejion, gaiptains the Hipiragastric-piifighderadong time, and has safer
and appropriately physicochemical stability. Therefore, the compound is
uSeful as a medicifie paftictitady a5 25rhefpeutici@gent or prophylactic

agent for accril%-xre)lategigggggs or I%% tgmssu@%q asa JL{_@gtericidal agent or
auxmgry bactericidal agent aga¥nst elitobacter pyYorl. est Mode for
Carrytig Out the dpventien] 20 [0043] The compound of the present invention
e LA N Tl MR el v
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
10 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
15 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;
20 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) -
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



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 R1
O-W/ HOR3 N(3)A-1y/R2 R4AR10O-W, R5X2 ~SH+R3 R5NHN (2)
(3a) R7 A-2RRZ R5~ N R1O-WIN9R3 R6/H

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

5 against gastric acid secretion.
[Advantages of the Invention]

[0042]
The compound of the present invention has an

excellent inhibitory effect against gastric acid

10 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

15 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]
20 [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.

25 A compound (1) according to the present

invention can be produced by Method A below.



R7 (4)IN-pARQTR2 -Wi Rs\~/R0S R6/Y\\~R3 HR7 (1) N 25 -
0045] where R1, Rz, 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 sulfonyloxy groups such as methanesulfonyloxy, p-
toluenesulfonyloxy, and trifluoromethanééulfonyloxy, halogen groups such
as chlorine, hygmine, and iodine, acyloxy groups such as acetyloxy,
trifluoroacetyloxy, and propionyloxy, and preferably methanesulfonyloxy and
10 p-téleenesulfényloxy, 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 (1) Reaction for introducing a Ieavingzgroup
In this step, a compound (3) is reacteMetlibd & leaving group introducti

agent in the absence of a solvent or in an inert solverm\and in t/ta)e_pr sence
of a

HO —
\ /"
N (3)
R
R4
; R! o—w!
R
N\ X? —
SH + \
R
R® ﬁ \ /
) (3a)
R’ A-2l
R4 R2
R5 N R1 o— W1
\>78
N R3
R® H \ /
R7 4) N
A-3
R* g2
R5 R1 o— W1

RG N \ / R3



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 dissolve a starting
material to some extent and does not inhibit the reaction. Examples of such
a solvent include 25 halogenated hydrocarbons such as chloroform,
dichloromethane, 1,2-dichloroethane; ard carbon tetrachloride; aromatic
hydrocarbons sueh as benzene, toluene and benzotrifluoride; ethers such as
diethyl - 26 ether, diisopropyl ether, tetrahydrofuran, dioxane,
dimethoxyethane,arerdiethyletie giycolrlimethyl &theR ' amitdesiBuelrasthe

formamide, N,N-dimeth%(l formamide l\}l{,J\l- dimethgl acetamide, .
hexamidtiyIBROSSAGHS tidide: aHti 5 pyridiRES &Rl SolventTikiisTor e -

these. Preferably, rif is\palogenated bydeacarhgns - etherssoka selventie
mixture of ethers and aromatic hydrocarbons, and most preferably,

dichlsremethanexteteatiytrefuiaflora selent asixturerof tetiahydrofuran

and toluene, 10 mples of the leaving-group introducin ent that is used
RSt et Sl it R b o
p-toluenesyfanyl chtaride; driflueramethanesulfonyhchloridenl-pbenyle ,
bis(trifluoromethanesulfonimide). Preferably, 15 methanesulfonyl chloride or

p-tol RHESHBNGF EMBRIdEY Ahd Gt DrEfer&bly mBifaneaffigt Enfte is
used., Examples of the hase that is used herein include tertiary,alkylamines

such as trimethylamine and triethylamine; pyridine, potassium carbonate,
$o0diumrtoluenesulfonyloxy, 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
(1) Reaction for introducing a leaving group
In this step, a compound (3) 1is 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 dissolve a
starting material to some extent and does not inhibit
the reaction. Examples of such a solvent include
25 halogenated hydrocarbons such as chloroform,
dichloromethane, 1,2-dichloroethane, and carbon
tetrachloride; aromatic hydrocarbons such as benzene,

toluene and benzotrifluoride; ethers such as diethyl



20 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 25 introducing agent, and base. The reaction
temperature is generally from -50C t6 190C, and preferably from - 20C to

40C. Thereactiondime yariesdepending upan the 27 sstarting maferial,
solvent, leaving-group introducing agent, base, and reaction temperature.
The reactioh otimetis generalyl frone 15yhimtes 19 d21hotirss andlmeréer ;
preferably, from 30 minutes to 2 hours. 5 The compound obtained in this_step
may ABtPeE Spartichiatfy iSoratal s divelty'slibjetted (i hext stép.(2)
Haloggnation, (takingchiornation asa depresenistive exampleh 184n thisy
step, a compound (3) is reacted with a chlorinating agent in the absence of a
sSlveRy it §H- ey inttEsclvere andiia the présericd BE absente of o Pake to

produge & compoud (3a), The.salvent fial s yspanereinis.not, 19.,,c
particu arjry limited as long as 1t can dissolve a starting material to some
extent ancudees notintibis thedeactionr Examples 6f suech 4, selveniinetude

halogenated hydrocarbons such as chloroform, dichloromethane,
]quR%ﬁﬁ%ﬁ e’éH§Eéﬂﬁﬁmethane, tetrahydrofuran, or a

solvent mixture of tetrahydrofuran and toluene.

10 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,

15 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

20 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

25 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



20 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 25 or an aromatic hydrocarbon,
and most preferably, dichloromethane, €hloroform, or toluene is used.

Examples of the ghlarinating agentthat is used Qgigipo%'%%r oducing

methanesulfonyl chloride, oxalyl chloride, - 28 thionyl chloride, phosphorus
oxychigrde, phesphorusd trictHotide pphesplaraisiypentachloridesarnd 1 on
hydrochloric acid; and preferably, thionyl chloride or hg/drochloric acid is

used "EXEmples 5F tHe bade that'is used REFTR 5-include BHisry Ak§idhfines

such gsdrmethylamineand drigthylamine;and pyridine; etc. Preferably,
triethylamine is used. The reaction temperature varies depending upon the

starting material, soivestoERACHloARAfG ST agehl TEhe keactithy not be

temperatie. (haenerally fiom20G 1p 306, and preferably fram 9Cp.L0C.
The reaction time varies epending upon the starting ?natenal, solvent,
chlorinatingagent, and reaction temperature. The reaction time is generally,
15 from 10 minutes to 6 hours, and preferably, 10 minutes to 2 hours. The

compbtihd RAARISERPHAY ndtPe PartiBdIAry186rmEed aRddirectly subjected
tOtthQE%é§gﬂ%ative example)

10 In this step, a compound (3) 1is 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

15 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

20 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

25 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,



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 phosphorus.
Alternatively, a bromide and iodide can be obtained by 25 reacting a reagent
such as sodium bromide and sodium ~iotifde respectively with the leaving

group sypthesizech i the A-1,5tep 00441 5%9@(1%&%%9) higthgtification

In this step, a compound (2) Is reacted with a compound (3a) or a salt
thereof (particuladly, arhydrdcihtosdesatiés)) ivthelabsedcé pflacgdiventior 5
in an inert solvent and in the presence or absence of a base, to(Produce a
compduhd’ (47" ThB solart tht is ised hieréif 18 ot Sp&rticliarhy iited as
long ag itcansdissolye arstaring materiahto spme extent and.does metiahibit
10 the reaction. Examples of such a solvent include alcohols such as
methanell edsartslr higropandk Y isaptogansly atbatandt, isshltahon itisutangdl,

isoan% l'al&?h?éf diethyler}l%gl col, Qs_ggcée,rin,t%ctanglr,e(ﬁg:rohelxanoI, and

methy céﬁos&ve?ﬁgﬁ)@e%ate 45 Mydrotarbons such as chloroform,
dichlaromethaneni2 diehleseethane, and carbon tetrachloride; ethers such
as diethyl ether, diisopropyl ether, tetrahydrofuran, dioxane, dimethoxy
ethane, and diethyiéfie Giycd 1 aimétPRPetierafomatic Hydr6esbonsSuch as

benz%@%n the starting material, solvent, and chlorinating

10 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,

15 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.

20 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

25 reacting a reagent such as sodium bromide and sodium
iodide respectively with the leaving group synthesized
in the A-1 step.

[0047]



20 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 25 tetrahydrofuran and toluene is used.
Examples of the base that is used hefeif®include inorganic bases such as

sodium hydride,, potassium, bydride, lithiym carbonate, sodium carbonate, -
30 potassium carbonate, lithium hydroxide, sodium hydroxide, and

potassium hydroxitie; organietirase sesucimasiNeméethylirorphelited with

triethylamine, trirprop lamine, tributylamine, diifsogéo[g)életk‘g/llamine, 5
dicycohesiamiine, N-iethyigipéiidine pyfdine, L pyrrolidiicpytidide,
picolingq4+(MNs gimethylaming)) pyridinge 2 H-ditibutyd) 4= methyloyridine,
quinoline, N,N-dimethylaniline, N,N- diethylaniline, 1,5-diazabicyclo
[43.0]RoA5-eReTo (OBNXG T, Ldidzabidyefo[RIE2Rottane (DABTOYcand 128-
diazaltj)cjicg/eclo[gA.Oluoncguecce-%ene &DBU . Prglfgrably, an inorganic base such

) . : und . . . . )
as sodium hy rlope, potassﬁmc%)%?lu e, Iltinum hydroxide, sodium hydroxide,

or potassium hydmxde coriethylaaine sand #ao0sickz prefesablyr sodium

hydroxide or triethylamine is used. The reaction temperature varies
depeRding: tipoirthe stafting materiabsehvent and base: and i génerally

ﬂ0n19%@%&%%%:mgegJEQ¥H@QBE%RQ]%Qgégtsggﬁ does not inhibit

10 the reaction. Examples of such a solvent include
alcohols such as methanol, ethanol, n-propanol,
isopropanol, n-butanol, isobutanol, t-butanol, isocamyl
alcohol, diethylene glycol, glycerin, octanol,
cycohexanol, and methylcellosolve; halogenated

15 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

20 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

25 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,



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-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). - 31 The solvent that is dSed herein is not particularly limited

as long, as it.can dissalye 2, starting,material {o some extent and does not
inhibit the reaction. Examples of such a solvent include 5 alcohols such as
methamol; ethalol, arpropanek s isopropamokk hdsutanol dsdloutamet <-sutanol,
isoamyl alcohol, diethylene 1(gll}mol, cg{l}t/)cerin, octanol, cyclohexanol, and

r

methyrcelidboive’ dightatie” hiarocarbohs Sueh &S behzehe At ludiie;

halogerated 1 0-hvdrecarans skeh asahigrofermedichloromethane, 1,2-

dichloroethane, and carbon tetrachloride; amides such as formamide,

NON-diafetRyoerarmide, 1 N Ndifrethylaeebarnide, eihd Rexametisylphosphoric

triamide; nitriles such as acetonitrile, Preferaply, an aromatic 15

hydro%%rﬁon, an a?goyhojl, a%a’lo&enate%irhy’droca(l}ﬁon or a solvent mixture of

these; and-mesk preferably i toluene 2 asselyent-mixtyure of toluene and
methanol or dichloromethane is used. Examples of the oxidizing agent that is

usedmethylpyridine, quinoline, N,N-dimethylaniline, N,N-
diethylaniline, 1,5-diazabicyclo [4.3.0]lnon-5-ene

10 (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

15 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.

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-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).



20 herein include hydrogen peroxide, t-butyl hydroperoxide, cumene
hydroperoxide, sodium periodate, peracetic acid, perbenzoic acid,
3-chloroperbenzoic acid, urea hydrogen peroxide addition compound
((NH2)2C0'H202). Preferably, 3-chloroperbenzoic acid or 25 cumene
hydroperoxide is used. Note that the asyrhmetric oxidation may be

performed in accorgdance, with the methads desgribed in the following
documents; W096/02535, W02001/83473, - 32 W02004/087702,

WO020@0(4/052884r W02004/052882, Advg Syntht Catal. 20050 34&, 49-31,
Chem. Rev. 2003, 103, 3651 3705, Tetrahedron Lett. 2004, 45, 9249- 9252

Ange\s/vta(fhtelr%glrﬁaﬁ%lmzf)b 43° 495554758 ‘arid's 'Fe%?ﬁw@@r%nlﬂgﬁr%hetry

2003 14, 4@&&%&40@&%@&@@!%@sylmegl%exwlenllac@%ﬁermed by
reacting a compound (4) and an oxidizing agent in the presence of an

aSymerdetpy inductiortagentmor aarasymaietarintuctioR capalyst. 10 Examples
of the, OXIdIZIn% agfnt |n%uge %romde%s%ch a5 hydrgggnrpelromdeéam
tert- butﬁ ﬁyg roperdxide, urea ydroperOX| e, and cumene ydroperox%ile In

particulaio mdien anasymmeedyqingictipncaageniramasysameirylinduction
catalyst 15 contains titanium, zirconium or hafnium, cumene

hydrd3/peréXide’is biseBN VST cortahsaratans RYdroyen peroxide is
usedy, The oxidizing.agent that 'Sogﬁ‘%@ hereingmay | be present in.an amount

excee ing that of the compound
10 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
15 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
20 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
25 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,



20 (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 25 asymmetry induction catalyst contains
zirconium or hafnium, 1.2 equivalents ot oxidizing agent is used. When it
contajps yanadivim.ob. 1 eauivalents of 9xidizing,agentissgenerally used. - 33
Examples of such an asymmetry induction agent or asymmetry induction
catalystintludetiy bptically activé titariufl coRiptexeRsuch 289 somplexes of

an optically active diol and titanium 5 (IV) alkoxide and water or an alcohol;
(2) o&tﬁ%}lfaéi?/é zTi?c%rn?&r%déé)r%pF&%(%'sugc Y s Corhp e\gxéle%_gfza‘? bptically

active diplandczirgoniuny: (I\alkoxigle, (water maysbe present,ar not
present); (3) optically active hafnium complex such as 10 complexes of an
opticdlBraetivasldivt alvevafaiud (APY alkdxide 2} obitically active vanadium
complex such as oméolgxees % ggaciqicallgsactivgtsr%@ff bxais(ga%qg) rlvalnsadyl
acetylacetone; 15§§5fopt|€alf active iroh corT\{B]I%xes such as complexes of
an optically active1Schiff hasenand ireanft)acetylacetonate; (6} dpticaly
active manganese complexes (for example, salen-manganese complex)
Such%gqﬁﬁnﬁ%xégqﬁpresence of an asymmetry induction agent

or an asymmetry induction catalyst.

10 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

15 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

20 (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

25 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 is generally used.



20 an optically active Schiff base and manganese; and (7) optically active
tungsten complexes such as complexes of an optically active Cinchona
alkaloid and tungsten (I11). Examples of the optical active diol include 25 (1)
alkyl diols such as tartaric acid esters, for example, (+) or (-) dimethyl
tartrate, diethyl tartrate, diisopropyl tartfate and dibutyl tartrate; and

tartaramide such as; tetramethyltaciargmide ; and.34 .(2) aromatic dighsyeh
as (R)- or (S)- binaphthol. Examples of the optically active Schiff base

include: Sehifibasey denvedtfiom substityted salicyhdealdehydes such as
(S)-(-)-2-(3,5-di-tert butylsal,icylideneaminog-B, 3-dimethyl-I-butanol, and
(IR,2S)-I-((2-hydro%y3, BEditert: bltyib&nTylidene) amitofitdRAZ6r and"
salentypeosshifikbases. 13, When asymmetric: @xdatien is performed; ifn

necessary, a base may be added. Examples of the base that is used is not
rticbalr a e i iction and include
articutatly firitedigs| gt dvesmnatinkibitareact d includ

inorganic bases apéi organic b ses, %re.ferabl\jl, tertiaré( amineslsuch as 1l

.. .Z) 1Ca I% active zA'rconi F.co exés suc
diisopropylethylamine and triethylamine, and most preferably,

diisoprepyteibylemineo Therbase isc generalbradded i anamount 660uto 1

equivalent relative to a compound (42). Note that an asymmetry induction

a (6V) alkoxide (water may be present or not present);

gent

(3) optically active hafnium complex such as

10 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;

15 (5) optically active iron complexes such as
complexes of an optically active Schiff base and iron
(ITI) 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 active Cinchona alkaloid
and tungsten (III).

Examples of the optical active diol include

25 (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



20 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 25 hydrocarbons such as dichloromethane and chloroform;
esters such as ethyl acetate, and tert-but§l methyl ether. Particularly when

an asymmetry indyetjon agent ;or asymmetiyinductign catalystgontaining
titanium, zirconium or hafnium is 30 - 35 used, toluene or tert-butylmethyl
etherhs preferably. used. When an asymmetry induction agent or asymmetry

induction catalyst containing vanadium is used, acetonitrile or
I

dichloromethane i5 $t8Fra6ly Used S Witery an dsyimety indlichisn Katslyst

contajningu titaniumiis tseds addition ot wateris effective: Jhes amaunt,of
water including water contained in a solvent, reactive agent (excluding an
oxidiZng Ayt sand csulsstrate préferabiy fallswithikcthe range of 0.1 to 10

0.3 equivalens relative (0. compouing (4), and most. p
Nalents. The q : d

r%l;eralily, 01310
ano a
0.25 equ e content of watér may be controlled by molecular

sieves 3A.28/hen-g complex of fitaniony (|\V) @tkoxide and an alcohol is
synthesized, isopropanol is effectively 15 used as the alcohol, usually in an

amouit 'of 122 R UvaleRts) Aldfe {0 fEmidme The reactiBhBnip&rature
varieg depepding. . ¢ .

10 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

15 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

20 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

25 hydrocarbons such as dichloromethane and chloroform;
esters such as ethyl acetate, and tert-butyl methyl
ether. Particularly when an asymmetry induction agent
or asymmetry induction catalyst containing titanium,
zirconium or hafnium is

30



upon the starting material, solvent, and oxidizing agent; and is generally from
-100C to 100C, and 20 preferably from -70C to 70C. 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 5 hours. The compound obtained

above can be genuerted. infa a:sall,by a.conventignal method, Mare, 1

specifically, a compound (1) is reacted with a base in - 36 the presence or
absencedf a s6leenttAsa sohventy usedmaly lve nradsof acetonitrile: tary
alcohol such as methanol or ethano]; water or a solvent mixture of these,

and prefetabiya SEIVEAY MixtGre of ethalol SHF 5 Witer SAS 3 h4se, use may
be madeof.an-alkaling metal hydrexide such as lithivm: hygroxide.sodium

hydroxide, or potassium hydroxide; an alkaline earth metal hydroxide such
a8 mégresiam hydraxidevand ancdikexideasaéh ais soditimimethoxide,
sodium -butoxide, sodiu t 10 penfoxide.or magnesium methoxide. 1,
Preferably, an aqueous solution of sodium ﬁyaroxi&e is used. The reaction
temperature isogeneradly fiora-bQitabAGrand Jpreferabdy from 40460140G ,
The reaction time is generally from 1 minute to 2 hours and preferably from
15 1 AfifGte't6°1 RBTT. AltErHativel) arfalkaling hieta¥ satlich &8*% sodium

Sa“aQQH%@?é%%”@?@géPQ¥f§f%Q@@gu%g%h§n the range of 0.1 to

10 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

15 wused 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

20 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

25 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



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 corresponding
metal salts such as a barium salt, magnesium salt, and zinc salt. After a
compound (4) is oxidized, a compound ¥5 (1) can be subjected to converting

into a.galt withouf subjecting ap isolation qperatiop to oftain a metd), salt.
[0049] - 37 As a compound (2) and a compound (3), which are
intermediatey irrMethdd A usecmaybe mdde ofrcammgroiallyavailable

compounds or.compounds easil eroduced from_commercially available

compBundts)’ih 5 actsriance’ with & EorVenticital Fethdd Whith-oRé skilled

in therait usually pestarmach Bspecialls B.eompauRdu(3) ean berpreduceddn
accordance with Method B as mentioned below. [0050] 10 [Formula 7] Ri

NO, VARS/-N MétirodBs¢h) 0aBITay be made of an alkaline metal

hydroxide such as lithium 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-

10 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

15 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,

20 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

25 (1) can be subjected to converting into a salt without
subjecting an isolation operation to obtain a metal
salt.

[0049]



R- R- Ri Xi/R1 O-WI HO-W1 O R3 > R3 B2 B-3~ BL /R'- Ri\\ //O-W1 HO
~VR3 N (3) [0051] In the formula, R1, Rz, 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 Method B wilf bé” explained below. [0052] 5 (3-1

step) Halogenation {taking chlorination as, a represeptative reactiop), In.this

step, a compound (5) is reacted with a chlorinating agent in the absence of a
solveat er imta@rinett s¢lwent to Produse a comspound (B I@=khethis' step, the

reaction is deswably performed in the chlorlnatlng agent ge nerally Wlthout
commercially available compound 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]

R! NO,
/N Method B

RZ
/
HO—W!'

N N
I3 3
0 (6 o @
B-Sl B-4
R2
R! o—w!
HO —
\ /"

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,



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 tetrachfttide; and ethers such as diethyl

ether, diisgpropyl ether, fetrahydrofyran, dioxane, and 20 dimethoxy ethane,
and diethylene glycoldimethyl ether. Examples of the chlorinating agent that

is used herein inclisde atetyl chibride, oxahd chiotite,h tiioRykchloride,
phosphorus oxychloride, phosphorus trichloride, and phosphorus
pentachioridé ahd 25 Preferably acetyl chloride is used. The reaction
temperature; yaHes depending upon the starting material, solvent, and
chlorinating agent; and is generally from -50C to 30C, and - 39 - preferably
from 30C t6 190, T fsactivn. time Farfes depeading Gpc the sstarting
mateEjaI ?Olsveer% %QI%ingltemg erBt, and reaction temperature; and is
genereﬁlﬂfl, from 30 minutes 5 to lfl%ours, and more preferably, from 1 to 5
hours. When brominationsisperformed;canfeagent @uchi asracetykhromicle,
hydrogen bromide, bromine/red phosphorus, phosphorus tribromide, and
phosphSiusC hentabromidess used. Whertsdization Is pefformedt a%fo 1

reagen sueh, as lodine/red phosphorus. is,used, o8 premigation is performed

and thereafter sodium iodide

10 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

15 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

20 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

25 preferably acetyl chloride is used.

The reaction temperature varies depending

upon the starting material, solvent, and chlorinating

agent; and 1is generally from -50°C to 30°C, and



is reacted. [0053] (3-2 Step) P,-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 The solvent that is Uséd herein is not particularly limited as

long a3 itcan dissolve a staplingmatgsial to some extent and does not inhibit

the reaction. Examples of such a solvent include aliphatic hydrocarbons
such as hexane, Heptame 225 ligroin L and petroleuntesthed; hglogepatede
hydrocarbons such as chloroform, dichloromethane, 1,2- dichloroethane,

and carBoh 18 alRibRbs? afomatid “Rydrocarsdns ek asHeitend 8hd

tolueneethess suehsAQ as-diethyl ether, fiilsoprapy) ethestetrahydrofuean,
dioxane, dimethoxyethane, and diethylene glycol dimethyl ether; amides

stich B8 formaniide, RoN- dimethsifofmaniide; NENdimethylacetamide, 5
hexamethylphosphoric triamide, and N-methylpyrrolidane;. dimethylsulfoxide;
water anq Sohvent L IS8 PPy IOt i
or anaamide;-and postiprefenably; dimethylsufaxidepisoused. xamples of
the base that is used herein 10 include alkaline metal carbonates such as
lithium" CaFBKHatE ; sBdinfk carbhadte - Bha pdtassitiy cafsordtar us

pentabromide is used. When iodization is performed, a

10 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

15 In this step, a compound (6) 1is reacted with
an alcohol (7), that 1is, 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).

20 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,

25 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 alkoxides 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 alkoxides prepared byarf 8lkaline metal; n-butyl lithium; and

lithiu dijsppropylamide. Preferably, alkaline metal 20-hydride;,and, mast

preferably, sodium hydride is used. The reaction temperature varies
dependirge upondthesstarting:naderal, sotventcang base; ahdds lgenerally

from QC 10, 100C, %n%p_referagl 10C to 100C in the case Whgre the alcohol
(7). WIS REWA-OH s 75 4 primaly AIcohol ARG oM 5010 T00C in the

case gwhere, theralcohel issa secondantalcphobekbhe reaction time varies
depending upon the starting material, solvent, base, and reaction - 41

températare dnd Rhgemdrally ciroii 25 mutes to ¥8mhbhirs, itk mokdone

breferahiv, flom. 20 minuies 19,1 hours, J0941,5,(3-3 step). Reayangement
to acetic acid'ester In this step, a cofnpoundS ?é) is reacted with acetic
anhydride én theeabsene® Df A stlvenhand i the: ipreseaae afrahsenee efira
base to produce an acetate of compound (3). 10 Examples of the base that

is uséd hefain2fiHEITRe tefiaRF SATREY sUCARfimMethylanis, s used.

Examples of the base that is used herein
10 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,
15 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
20 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 is, R°-W'-OH is
25 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



diisopropylethylamine and triethylamine; and pyridine; etc. Preferably,
triethylamine 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 a base. The reaction tihe varies depending upon the 20

starting material, solvent, and reagtion femperaire; ang is generally ,iom

10 minutes to 6 hours, and preferably, from 30 minutes to 5 hours. After the
reactionyasresidue obtained oie distilling acetic ahhydridé ¢s usoally subjected
25 directly to the next step. Alternatively, acetate is subjected to step A-2 of
Meth88 f obtain a compound (4). [0055] - 42 - (3-4 step) Hydrolysis
reaction In this)step, the compound obtained in the 3- 3 step is reacted with a
base in the presence or absence of a solvent to produce a compound (3). 5
The sdlventthapis Bsed hersinns Hot tpatietlany Rnttédss hg as it can
dissolve a startin% mat rial to some extent and OFS, not inhibit thg rea%tfilon.
n is. s %? a compoPn S reacﬁ$ 1

Examples of sucha solvent include water; alcohols such as methanol,

ethanote-propangkid 0dsopropanol apdntanok isebuianeok tbudandol; isaamayl

alcohol, diethyleneglycol, glycerin, octanol,
presence or absence of a base to produce an acetate of
compound (3).

10 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

15 wupon 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

20 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

25 directly to the next step. Alternatively, acetate is
subjected to step A-2 of Method A to obtain a compound
(4).

[0055]



cyclohexanol, and methyl cellosolve; aliphatic hydrocarbons such as hexane,
heptane, ligroin, and petroleum ether; ethers such as diethyl ether, 15
diisopropyl ether, tetrahydrofuran, dioxane, dimethoxyethane, and
diethyleneglycol dimethyl ether; halogenated hydrocarbons such as
chloroform, dichloromethane, 1,2-dichldrbethane, and carbon tetrachloride;

amideg, such as formamide, N;N 2Q dimethylformamide;

N,N-dimethylacetamide, and hexamethylphosphoric triamide; and solvent
mixtures of theselIPRrefeiablytan altdlrolcme solventntixturecofiantaieotol
and water, and most afreferabl,y, a solvent mixture of methanol and water is

used 25 BXamples 6t the bake that i©086d Hersih® ikdiGde Hikalie metal

carbanates such as:lithisim e garbonate csedium, cahgnatesand potassium
carbonate; alkaline metal hydroxides such as lithium hydroxide, - 43 sodium
hydroxide and potassiup® hyaroxidiéainetal afleskides saeh 8s IRRifum
methgxide, sodiym methexide, sadiim sthoxide. and pefassiupt-putoide:
and ammonias ‘such as aqueous ammo%ia, and concentrated ammonia 5
methanal; ete.Preferably, 1an alkaline raetal nhydroxide,eand eost pieterably,
sodium hydroxide is used. The reaction temperature varies depending upon

the stafing Fateriall solvertahahase; HHdis? 18Yeimarally ¢ to 60C,
andng%g§pb%&ggh%qgt9uégcés methanol, ethanol, n-propanol,

10 isopropanol, n-butanol, isobutanol, t-butanol, isocamyl
alcohol, diethyleneglycol, glycerin, octanol,
cyclohexanol, and methyl cellosolve; aliphatic
hydrocarbons such as hexane, heptane, ligroin, and
petroleum ether; ethers such as diethyl ether,

15 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-

20 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.

25 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,



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 conventional method. For exahiple, in the case where a whole

reactionmix{ure, 53 Solitian, & gt compoLd,is . ohtaingd by returning the

temperature of the reaction mixture if needed to room temperature or cooling
the 25 Yeastio® mixture orsice} Neutralizkighax aded, alkali,uoxidizing agent, or
reducin%a ent, and adding water and an or%anic solvent such as ethyl
acetale r%égh“mies‘fc}ilﬁl}éjt%%aﬁe?darPaOESR-Sré%ﬁvé Witk & taiget 2 %4 TBATP6Gd,
thereby sepasating adayercaptainingthe tasget cempounds anskthereafter,
adding a solvent nonmiscible to the obtained layer and non-reactive to the

targehesmpovihd, Weshing Tise fayadt lcontainirng Xed 5nargsttcompound, and
sepathatiorﬂg thedlayer. In addition]_L if the bltained Ig}/er isna orga ic Iager, the
desired co?ﬁ(plouerid can be obtainet %?ag‘%y%'g the olﬁgan%glgﬁerl E)? use of a
dehydration agent such as potassium carbonate, anhydrous magnesium
sulfate or 10 anhydrous sodium sulfate and distilling away a solvent. On the

other hand, if the dbiréd fEykr s Bffafgtture varies depending

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

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 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

25 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



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 reduced pressure. 2¢t Furthermore, when only a target

compoyndis, precipitated. as; selid o the, whole feaction mixture s + liquid
and only a target compound is precipitated in the course of the recovering
processy the targep contpoundicah decelftaimed bydifitrationp Washing the 25

filtered target compound with an appropriate solvent, and drying. Further, the
4 P 2 itk

targel @BHpBUNY Cart Be" BbtaiRed Hom the ¥iftatd n tHe's drifier8s the

case wheredhgavhelgnieaction mixture s a selutioper 48sradditionally:ne
Moreover, when a reagent(s) or a catalyst alone is present as solid into the
reactiohrditufeBroimthe éase wiereahewholesebetien mixtire is a 5

solutign,, besides 4 reagent(s) or,a catalyst.along ig, precipitated as solid in
the course of the recovering process an the target compound is dissélved

in thet 1selvend i thestargeibecompound can bewabtawmeddyy Jiltering afidhe
reagent(s) or catalyst, washing the 10 filtered reagent(s) or catalyst with an
adeqate® brGanieySinBrgaic solvent eombiningtheivastinguch as

potassium carbonate, anhydrous magnesium sulfate or

10 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.

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 reduced pressure.

20 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

25 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,



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 withoutisofating the target compound. 20 To
impraygthe;pyrityQf the target compound obtained in the aforementioned
step, a recrystallization method, various chromatographic methods and a
distillation method'maybecappropriatelyr apptied.(25 When thetobtaisied

target compound is a solid, thergur,it of 'g:he target comg,ound is generally
improved by theTetRratalliz5tisn méethod” T the ré&ryStaliZadb mathod 2&

single solveat 85 gesaqluent- 46mixtyre of aplurality of seluents nop-reactive
to the target compound may be used. More specifically, a target compound

can becreerystallizedyfirst 2disSoRATY Atarget corfipeand it acSingke sélvent
or a 5 solvent mixture of a plurality of solvents at room temperature or with

heatiig Cand than, Sooling tho. resitart soliiion By 1ce Wateh oid, Sirrin it or
standing talenaad roam temperaturey i adding ad selentda wihich ke target

dissolves at a low 10 solubility, thereby recovering a crystallized target
comp%%\‘.le%m fheSsdigtigRt compound can be obtained by

filtering off the reagent(s) or catalyst, washing the

10 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.

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 the aforementioned step, a
recrystallization method, various chromatographic
methods and a distillation method may be appropriately
applied.

25 When the obtained target compound is a solid,
the purity of the target compound is generally improved
by the recrystallization method. 1In the

recrystallization method, a single solvent or a solvent



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) manufactured by Fuji Sily$§iaThemical Ltd., or a disposable

silica,gel colump cartridge for middle:20 presguce H%'dr%rHQE‘WQgE%Oh%e

(High Frash column), manufactured by Yamazen Corporation. When a target
compounges basie andexcessively adsorbéth by theesilica geld merttioned
above, use may be made ofIEJropyI amine coating silica gel 200 to 350

meshe%f%%tm RUFsMtired BY Fiii Sitydid Thdmicat L&Y of NH Ssilica gel as
used dn disposable silica.qelcolwmpocarridgefor middle pressure liguidy
chromatography, (High Frash, Amino) manufactured by Yamazen - 47
C%rpomlwmlfé#ﬁém@yo\ﬁ/h@npétm@éiéowﬂfommlm@tbﬁporamy@ﬁ must be
elute(;g brx a hi oIar soIveBr};[ F'sluch as metha I NAM-200H or NAM-300H
(manu?ac]%ure by “NAM {3 oratory be usea When a target compound
is 5 elutedmausingcany: obe afthese sd&aegelsand assingle salvent er a
solvent mixture of a plurality of solvents non-reactive with the target
compOtH 5hd the S0REMt i rérmelVed SHRCER§EE Compouddimistoded in

purity,can, be,obtaingg; 40 M@Q%QP%&%@ fargel compoung;is a liquid,

the purity of the target compound can be
10 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

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)
manufactured by Fuji Silysia Chemical Ltd., or a
disposable silica gel column cartridge for middle

20 pressure liquid chromatography (High Frash column),
manufactured by Yamazen Corporation. When a target
compound is basic and excessively adsorbed by the
silica gels mentioned above, use may be made of propyl
amine coating silica gel (200 to 350 meshes)

25 manufactured by Fuji Silysia Chemical Ltd., or NH
silica gel as used in disposable silica gel column
cartridge for middle pressure liquid chromatography,

(High Frash, Amino) manufactured by Yamazen



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%éagents for use 20 in manufacturing

a corepoyd acearding A9 4he present inveption may he asalt.org solvalg s

such as a hydrate, vary depending upon the starting material and the
solvent to benised, andraretnbeparticutaryolimited iash Igrg as they camnot
inhibit the reaction. Needlessly 25 to say, the solg%%t to be used varies

depefiding Gpof The &tgring Matérials afd the reagehtS EHePisddt e by
particwlarly limited-as lonagnas itdoessnat. inhipit the, reactien anghgan dissolve
a starting material to some - 48 extent. When a compound (1) according to
the presertdintentien tanthe obtgined ihzeffee formci canlise acthverted into

2 salt,or 3 solvate, 9 which the. compaund (1), may e converted

.i@
accordance with a nventional method. When a comp und ?ﬁ)laéf:o?éing
to thespresent sinvention s obtaineddn the form of @-salbapausalvaie of the:

compound (1), the salt or the solvate can be converted into a free-form
compouhdc@) int L 0°&8E5raaNCcE WitHh acHiventiBRaratethda: Elfitherore,

Variog%melésa(’§%§ tained.

10 When the obtained target compound is a
liquid, the purity of the target compound can be
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 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

25 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



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, various chromatographic methd@és(such as thin-layer

chromatographygQIHmn chrgreatography .and gas20 chrqmatqgraphy).

[0058] When the compound of the present invention is used as a
medidament, iuguatyn the compoumelisimixedt with appropridte @ddithees to
make a formulation, which 25 is put to use. However, the case where the
compoUhdofthe presntisdirectif used a5"4 hiedicamEht 58 ddteliminated.
Examples of such additivessinclude,an-49 excipient Rindes lubricant,

disintegrator, colorant, flavor and odor improver, emulsifier, surfactant,
sélubflizer estsparrding &gttt -isotonizing agent, buffer, preservative,

antioxidant, stabilizer, and 5 absorptio celerator that are usually used in
medicine. If desired] They can Be 1SS I ComETnAtan . [0050] Exampiea of
the exeipient inelude lactosen anhite sugar,@lueose, corgstarchy mannitol,
sorbitol, 10 starch, CC-starch, dextrin, crystalline cellulose, light anhydrous
siliciccadid 2afimihidM Silfcateeartiufm )+ the salt or the solvate

can be converted into a free—-form compound (1) in
10 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

15 isolated by a conventional separation means, for
example, a recrystallization method, diastereomeric
salt method, enzymatic separation method, wvarious
chromatographic methods (such as thin-layer
chromatography, column chromatography, and gas

20 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

25 1s 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



silicate, magnesium aluminometasilicate, and calcium hydrogen phosphate.
Examples of the binder include polyvinyl 15 alcohol, methylcellulose,
ethylcellulose, gum Arabic, tragacanth, gelatin, shellac,
hydroxypropylmethylcellulose, hydroxypropylcellulose, sodium
carboxymethylcellulose, polyvinylpyrrolidéne, and macrogol. 20 Examples of

the lubricapt include magnesiymy, stearate, calcium stgarate, sodiym stearyl
fumarate, talc, polyethylene glycol, and colloidal silica. Examples of the
disintégrator ircldde donystailime celulosey agaf, igelatinucdleiura 25,
carbonate, saodium hydrogen carbonate, calcium citrate, dextrin, gectin,

Iow-sﬁﬁéﬁﬁ%i%hzﬁégre@ﬁ FRyPropy Ceituldss, ‘Htbbxhetiistulose,
calciym rearboxymetbyleeliulase, crescarmellose sadivmm, +20-, and

carboxymethyl starch, sodium carboxymethyl starch. Examples of the
cSloraRsipnERide prraerraketticar atdeptapiecolorantsysuatras iron

sesquloice, yellowfon, sgsquioxids, Gaine, cargrel, B A-CAGINg. ; oo
titanium omée, talc, ri gffavm sodium hosﬁhate, and ye]lféw aluminium lake.
Examples of the flavor and odor improver include cocoa powder, menthol,

empasm, menthol oil, Borneo camphor, and cinnamon powder. 10 Examples
of emulsifier or suffaétant ficltde tstearsittietiratolarting Sodight Rifyl

Su”a%ﬁg%gygugar, glucose, cornstarch, mannitol, sorbitol,
10 starch, o-starch, dextrin, crystalline cellulose, light
anhydrous silicic acid, aluminium silicate, calcium
silicate, magnesium aluminometasilicate, and calcium

hydrogen phosphate.
Examples of the binder include polyvinyl

15 alcohol, methylcellulose, ethylcellulose, gum Arabic,
tragacanth, gelatin, shellac,
hydroxypropylmethylcellulose, hydroxypropylcellulose,
sodium carboxymethylcellulose, polyvinylpyrrolidone,
and macrogol.

20 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

25 carbonate, sodium hydrogen carbonate, calcium citrate,
dextrin, pectin, low-substitution degree hydroxypropyl
cellulose, carboxymethylcellulose, calcium

carboxymethylcellulose, croscarmellose sodium,



aminopropionic acid, lecithin, glycerin monostrearate, sucrose fatty acid
ester, and glycerin fatty acid ester. 15 Examples of the solubilizer include
polyethyleneglycol, propyleneglycol, benzyl benzoate, ethanol, cholesterol,
triethanolamine, sodium carbonate, sodium citrate, polysorbate 80, and
nicotinamide. 20 Examples of the suspetding agent include, other than the

aforementioned syrfactapts, hydraphilic polymers.such,as polyvinyl alcohol,

polyvinyl pyrrolidone, methylcellulose, hydroxymethylcellulose,

hydroxyethylcellulsepaia hiydfoxypropylcetialosei 261Examples of the

isotonizing agent include glucose, sodium chloride, mannitol, and sorbitol.
et ;

Examiples bt t& buffer intiias phosphate, Acttate, tarbonste: aRd citrate
buffessalytions:i 181 Fxamples ofthe presarveiineludes methylparabene 1,
propylparaben, chlorobutanol, benzyl alcohol, phenethyl alcohol,
déhyflroaretiesaid, and asorbic atitls Examples obthel amtioxidadt ielude
sulfite ascrobate, an CC-tgc%ph%rol..As exa@aﬁ)(Ies of the stabilizer, those
OS are, an .P./'el ] a Umll’léuﬂ e. .
gene%ﬁy sed in medicine are mentioned. As examples of the absorption
accelerator, 10 thpsergenesalhy used if naedicing are mentionec vi©o60]

include cocoa powder, menthol, empasm, menthol oil,
Borneo camphor, and cinnamon powder.

10 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.

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

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

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

Examples of the buffer include phosphate,

acetate, carbonate, and citrate buffer solutions.



Examples of the preparation include peroral 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 peroral agents
mentioned above are prepared by apprepriately combining the compound of

the 20 present inygntign with the gglditives mentioned,abave. Note that, if

necessary, the surface of preparations may be coated. The external
preparations rae doamed o rpprepratety combimingithercompbend vf the
present 25 inventjon with the aforementigned additives, in particular, an
excipfent Bitider PREVSTANd odior Shiprover BiRbsiis" shrfactat, S8fbilizer,
suspendingagentgisotonizing agent, preservative, - 52 antioxidant, stabilizer
and absorption accelerator. The injections are prepared by appropriately
c8&mbining the corfipeiind ®f tive présermrinventicr Withl tke ederetrenticred
additigg(s:ri&%%retilcuganrda&_SCergouEl?jg%ls.urfactant,_so_lubilizer, su_s_pending
agent, isotonizing agent, bu?fer, preservative, antioxidant, stabilizer and
absorption acceleratore Mhendbeccormpeusd 0f the preserthayention is used

as a medicament, the dose varies depending upon 10 the symptom and age;
howeV8eF gérterally T°15 10 5000 my” tprefsrdlify: [0.8164500 mg) in the case

of a peroral As examples of the absorption accelerator,

10 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

15 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

20 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

25 invention with the aforementioned additives, in
particular, an excipient, binder, flavor and odor
improver, emulsifier, surfactant, solubilizer,

suspending agent, isotonizing agent, preservative,



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, the dose is the amountvifttially administered, whereas in the

exterpal.prepanation, the.dose indicates anamaqunt .20 yirtually, ahserbed into

a living body. [0061] A compound (1) of the present invention can be
produced by the nigthodrstovin im Examples ielowd The effecpfrthetely

compound can be confirmed by the method 25 descrihed in Test Examples
(beloR PHESE EXaRTpIEE 418 “AeseAbed ByNiay SF exAETE BTl hot i

the presentinventian in.any masnervEe names of commercially available
starting - 53 materials and reagents used in the Examples and
manufastbireisieithoserdrecsiiown betdwbThé ifime B seeadrhestSart,
shown.in.the colymn of uallaple: manufacturer, meaning Inal, (e compound
is formed in b accordance with the méthod described i the document. ’
Benzyloxyacetaldehyde lssich),i 2n2-Rimethylat.3-propandiol (Kanto
Chemical Co., Inc.), p-Toluenesulfonic acid monohydrate (Tokyo Kasei
Kogyo Co., Ltd.), 1209 Pafadiai Rfdroxide tARIERT " Sodiufh hytride i

0”(“G%%hpggfQhﬁ&¥9@£MEH%¥”%%e dose varies depending upon

10 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.

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, the
dose is the amount virtually administered, whereas in
the external preparation, the dose indicates an amount

20 wvirtually 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

25 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.), 5N Aqueous
sodium hydroxide solution (Wako Pure Themical Industries Ltd.), 20 1N

Aquegus sodiym hygroxide solption {WVake, Pure ehemicaldndystries Ltd.),

Triethylamine (Kanto Chemical Co., Inc., or Wako Pure Chemical Industries
Ltd.),nMethanesuifeny| chilorideSd okye KaseiKdg/oCo., [Ide), n25e of

2-Merca£tobergzimidazole Tokyo }§asei K%g%/no Cof., Ltd.),,l -
3-ChforSpaIbERZofc citt(Tokyd K &S KSgys Eoo iyt Lable

1,1-Big(hydroxymethyleycloprepang (Aldiich) Etbyl3@xohexanpate in
(ACROS) - 54 Ethylene glycol(Tokyo Kasei Kogyo Co., Ltd.), Lithium
afumintfe hydride (Wako Pire Chdnitalhidusties Efd.y;he document.

1,3-Dibenzyloxy-2-propanol (Aldri Sulfur trioxide pyridine complex
(A|dricﬁ5‘7r¥>i/leﬁ%§| ot to%drﬁogig?ﬁ/\/g%%lclhé

ure Chemical Industries Ltd.),
Trimethyl-ortheformate (TokyoKasei Kogywabeg lddgmMeathyto., Inc.),
propionylacetate (Aldrich) 10 Hydroxyacetone (Wako Pure Chemical

Indusirids L) Behzoyr Enfofite (TOkyBIKaSE KJgyS €. Koty Koavo

Co., Ltd.),
10 20% Palladium hydroxide (Aldrich),
Sodium hydride, in o0il (Wako Pure Chemical Industries
Ltd.),
Acetone (Wako Pure Chemical Industries Ltd.)
4-Chloro-2,3-dimethylpyridine l-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.),
5N Agueous sodium hydroxide solution (Wako Pure
Chemical Industries Ltd.),
20 1IN Agqueous 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.),
25 2-Mercaptobenzimidazole (Tokyo Kasei Kogyo Co., Ltd.),
3-Chloroperbenzoic acid (Tokyo Kasei Kogyo Co., Ltd.),
1,1-Bis (hydroxymethyl)cyclopropane (Aldrich)

Ethyl 3-oxohexanoate (ACROS)



D-(-)-diethyl tartrate (Tokyo Kasei Kogyo Co., Ltd.), Toluene (dehydrated)
(Kanto Chemical Co., Inc.), Titanium (V) isopropoxide (Kanto Chemical Co.,
Inc. or 15 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), 20

2-(Hysosmetny)rd -prapanedliel (5 MEBCIC O Aldiah), Tetrahydrofuran

(dehydrated) (Kanto Chemical Co., Inc.), 1,3-Difluoroacetone (SYNQUEST)
1,3-Prapanediob (WakoRuteyChedscdlladoastiesLtthym26al Industries
((4R)-2,2-dimethyl-1,3-dioxolan-4-yl)methanol (Aldrich)
2,2-D]Tr%%tﬁyl-1,3-dioxan-5-one (Tokyo Kasei Kogyo Co., Ltd.), Benzyl

bromides(Er-MERGK)~S5 2 Tateahutylammeoniurrgdide (Tokyo Kasei Kogyo
Co., Ltd.), DOWEX(r) 50W-X8 (Muromachi Kagaku Kogyo Kaisha, Ltd.)
Cyclobutansné (AVOCADD) S detratyeire-Yr-pihandiche (Tokyo Kasei

et IR EOREL (e R C )

2,3,51Calligine (ACROS),

Trimethyl orthoformate (Tokyo Kasei Kogyo Co., Ltd.),
Methyl propionylacetate (Aldrich)

10 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

15 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),

20 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.),

25 ((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)



Sulfuric acid (Junsei Chemical Co., Ltd.), Nitric acid, fuming (Wako Pure
Chemical Industries Ltd.), 15 Acetyl chloride (Junsei Chemical Co., Ltd.),
N,N-dimethylformamide (Wako Pure Chemical Industries Ltd.), 0.1N
Aqueous sodium hydroxide solution (Wako Pure Chemical Industries Ltd.),
20 Sodium hydroxide (Wako Pure Chemiieal Industries Ltd.),

p-Tolyepesulfenyl chioride, (Tokyo KaseirKegyo:Ca. ; Lid ), Jhienyl chloride

(Wako Pure Chemical Industries Ltd.), Potassium t-butoxide (Tokyo Kasei
KogydtCo.) Ltd.), 25 Pentaerythritol (Tokyo Kasei Kogyo Co., Ltd.), Triethyl
orthoacetate (T8k¥o§asei Ko%;o COK Ltd.), Triethyl orthopropionate (Tokyo
Kasel KOG30 CO.TLER), "3 eRtarbne (rikyd Kagdikdgys sy, Lid), - 56 -
Cyclapgntanone (Fakyq KaseiKogyo Co., Ltd.), Cyclohexanone (Tokyo
Kasei Kogyo Co., Ltd.), 1,4-Cyclohexanedione monoethylene ketal (Tokyo

Kasel Kaogyty€oo 140, Breyclibpropandcdibonitales(T dkysykasei -Kogyo Co.,
Ltd.),L cgobutanecarbonitrile (AVOCADO), Benzyloxyacetaldehyde
(Aldrich),  1:Benzyloxy-2-propanone (Aldrich), Picolinic acid (Tokyo Kasei
KogyoiCo.] didy)e10 202-Dimathyl-k,8=pnopanedicl (Kaato Chenueal, Co., Inc.)

Ethyl Iat;l:((:et(;acetate (Tokyo Kasei Kogyo Co., Ltd.),
70% Perchloric acid (Wako Pure Chemical Industries

10 Ltd.),
2,3,5-Collidine (ACROS),

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

15 Acetyl chloride (Junsei Chemical Co., Ltd.),
N,N-dimethylformamide (Wako Pure Chemical Industries
Ltd.),
0.1N Aqueous sodium hydroxide solution (Wako Pure
Chemical Industries Ltd.),

20 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.),

25 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.),



Methyl 4-methoxyacetoacetate (Tokyo Kasei Kogyo Co., Ltd.), Ethyl iodide
(Wako Pure Chemical Industries Ltd.) 15 Diisopropylamine (Aldrich),
n-Butyllithium (Kanto Chemical Co., Inc.), Lithium aluminum hydride (Wako
Pure Chemical Industries Ltd.), Sodium borohydride (Kanto Chemical Co.,
Inc.), 20 2N Aqueous sodium hydroxide’Solution (Wako Pure Chemical

Industes Lid.),-Hydragengas {TOMOE SHOKALCo., LTR),) Hydrochloric
acid gas (TOMOE SHOKAI Co., LTD), Ethyl 3-oxopentanoate (Aldrich), 25

1-BrotyoButae=<2-one=(Trans WoKd<Chemycals, [hic.), Potassium acetate
(Wako Pure Chemical Industries Ltd.), - 57 Potassium carbonate (Kanto
Chemital €6 1RES* MBthyt 2SmBtRSxyatetsacetite (ToKyd kel Rogyo Co.,
Ltd.) Rikydroxyacetone (E-MERCK), 5 Pyridine (Wako Pure Chemical
Industries Ltd.), Benzoyl chloride (Tokyo Kasei Kogyo Co., Ltd.),
18-DiazdtsieyclsIs A-elurriett 7-ekre (WlakER), KRonafkiees-kbutanesulfdnyi

fluoride (To (%KrgsgcjirKg 0.Co, Ltin%g Qﬂium benzoate (Kanto Che_mical

Co., In%.%, et y?amlno suﬁur frifluoride (Lgﬂ KA), 28% Methanol solution of

sodiupe msthexide-QNake Piyree Clramicat dustries Ltd.),
1-Benzyloxy—-2-propanone (Aldrich),

Picolinic acid (Tokyo Kasei Kogyo Co., Ltd.),

10 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.)

15 Diisopropylamine (Aldrich),
n-Butyllithium (Kanto Chemical Co., Inc.),

Lithium aluminum hydride (Wako Pure Chemical Industries
Ltd.),
Sodium borohydride (Kanto Chemical Co., Inc.),

20 2N Agqueous 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),

25 1-Bromobutan-2-one (Trans World Chemicals, Inc.),

Potassium acetate (Wako Pure Chemical Industries Ltd.),



Benzyloxyacetaldehyde (Aldrich), 15 3-Hydroxy-2-methylpyridine (Aldrich)
N-Phenyltrifluoromethanesulfonimide (Tokyo Kasei Kogyo Co., Ltd.),
(Trimethylsilyl)acetylene (Aldrich), Bis(triphenylphosphine)palladium (II)
chloride 20 (N.E.CHEMCAT), Copper (l) iodide(Kanto Chemical Co., Inc.),
Tetrabutylammonium fluoride (IN tetrahydrofuran solution)(Aldrich), 10%

Palladiym/carban (NE,GHEMCAT), 25 3i4:Piamine-Lfluorghenzene

(Lancaster), Carbon disulfide (Wako Pure Chemical Industries Ltd.),
Formiédidehyteddimsethykaeetat (Fokya Kasel Kogyolees iLidoy ¥ ®8Col.ithium
bromide (Aldrich) p-Toluenesulfonic acid monohydrate (Tokyo Kasei Kogyo
Co,, IEtEI%; E-Methyl-6-nitroaniline (Wako Pure Chemical Industries 5 Ltd.),

4-Nitro+ 2<picoling: Neexjde (Langaster), 0.1N Aqueous sodium hydroxide
solution (Wako Pure Chemical Industries Ltd.),

55-Divretisdyine 3-digkan&1-etHarol {ARfrich) 16 ‘Glyeerdl fermal (Tokyo

s o ) 2 pmaa e )

Chemical-imtustnigs:Ltd.y [5.4.0]undec-7-ene (Aldrich),
Nonafluoro-l-butanesulfonyl fluoride (Tokyo Kasei Kogyo
Co., Ltd.),

10 Sodium benzoate (Kanto Chemical Co., Inc.),
(Diethylamino)sulfur trifluoride (FLUKA),

28% Methanol solution of sodium methoxide (Wako Pure
Chemical Industries Ltd.),
Benzyloxyacetaldehyde (Aldrich),

15 3-Hydroxy-2-methylpyridine (Aldrich)
N-Phenyltrifluoromethanesulfonimide (Tokyo Kasei Kogyo
Co., Ltd.),

(Trimethylsilyl)acetylene (Aldrich),
Bis(triphenylphosphine)palladium (II) chloride

20 (N.E.CHEMCAT),

Copper (I) iodide(Kanto Chemical Co., Inc.),
Tetrabutylammonium fluoride (1N tetrahydrofuran
solution) (Aldrich),

10% Palladium/carbon (N.E.CHEMCAT),

25 3,4-Diamino-1-fluorobenzene (Lancaster),

Carbon disulfide (Wako Pure Chemical Industries Ltd.),
Formaldehyde dimethyl acetal (Tokyo Kasei Kogyo Co.,

Ltd.),



18-Crown-6 (Wako Pure Chemical Industries Ltd.), 15 Zirconium (IV)
isopropoxide/isopropanol complex (Aldrich), (-)-Tetramethyl-(D)-tartaramide
(Tokyo Kasei Kogyo Co., Ltd.), Hafnium tetrabutoxide (Aldrich), 20 Vanadyl
acetylacetone (Aldrich), (S)-(-)-2-(3,5-Di-tert-butylsalicylideneamino)-3,3
Dimethyl-l-butanol(Aldrich), 30% Hydrogénperoxide (Kanto Chemical Co.,

Inc.), 1 3:AMine-4:nifroteluene (Aldrigh), - 59 - 2-Methoxy-6-nitroaniline (J. of
Chem. Soc. (1954) 2977- 2978), 4-Amino-3-nitrobenzotrifluoride (ACROS),

4-(2-Hydroxyetisyd ) 2{2-dimetindd , Baioxolanet 5 (Aldrich), Kasei Kogyo
DL-Cg-O-Benz Iglycerol (SIGMA), 3-Pentanone (Tokyo Kasei Kogyo Co.,
Ltd.),“2-Behzyfoxy-2-propanone (Aldrich),

(+)-1.4-Dioxaspirel4, dldecaner2riuethane (Aldrich)rkOhical Industries
4-Benzyloxy-2-butanone (FLUKA), (R)-(+)-1,2,4-Butanetriol (Wako Pure
Chentigdl Imdustries Ltd.), (S)-(-)-1,2,4-Butanetriol (Wako Pure Chemical

Industri td.),-15 Methyl acetoacetate (Tokyo Kasei Kogyo Co., Ltd.)
TG LA b Bom O R 2.t

6,7-Dihydro 1 enzo|D]imidazo
0.1N Aqueous sodium hydroxide solution (Wako Pure

Chemical Industries Ltd.),
5,5-Dimethyl-1, 3-dioxane-2-ethanol (Aldrich),

10 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.),

15 Zirconium (IV) isopropoxide/isopropanol complex
(Aldrich),

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

20 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),



(MAYBRIDGE), 5-Nitro-1,3-benzodioxole (Tokyo Kasei Kogyo Co., Ltd.), 20
Tetramethylammonium nitrate (Aldrich), Trifluoromethanesulfonic anhydride
(Aldrich), Methyl 2-cyclopentanonecarboxylate (Aldrich),
1,4-Cyclohexanedione mono-2,2-dimethyltrimethylene ketal (Aldrich). 25
Ethyl 4-cyclohexanonecarboxylate (Tokyé Kasei Kogyo Co., Ltd.) Glycol

aldehydgdigthyl agefal{(Lancasten). Riethyl:1 dscyclobutanegicarbpxylate

(Lancaster) - 60 - [Examples] 0062] In the chemical formulas described in
Exanmi{flés,)the atom labeled with reference mark 5 represents an asymmetric
atom. [0063] (Example 1) 2-(((4-((5,5-dimethyl-1,3-dioxan-2-
y)methdd)-S-methy pry?%%eill?-ig(t r(h }ﬁlﬁfsluciﬁmfliﬁffp Bénzimidazole sodium
salt 1910964} JForpuia 3l y-©,0-3 iNNnNa 0085k i oxolane

5 (Aldrich),
DL-0-0-Benzylglycerol (SIGMA),
3-Pentanone (Tokyo Kasei Kogyo Co., Ltd.),
1-Benzyloxy—2-propanone (Aldrich),
(+)-1,4-Dioxaspiro[4,5]decane-2-methanol (Aldrich)

10 4-Benzyloxy-2-butanone (FLUKA),
(R)—(+)-1,2,4-Butanetriol (Wako Pure Chemical
Industries Ltd.),

(S)-(-)-1,2,4-Butanetriol (Wako Pure Chemical
Industries Ltd.),

15 Methyl acetoacetate (Tokyo Kasei Kogyo Co., Ltd.)
6, 7-Dihydro-1H-
[1,4]dioxino[2',3':4,5]benzo[D]imidazole-2-thiol
(MAYBRIDGE),
5-Nitro-1,3-benzodioxole (Tokyo Kasei Kogyo Co., Ltd.),

20 Tetramethylammonium nitrate (Aldrich),
Trifluoromethanesulfonic anhydride (Aldrich),
Methyl 2-cyclopentanonecarboxylate (Aldrich),
1,4-Cyclohexanedione mono—-2,2-dimethyltrimethylene
ketal (Aldrich).

25 Ethyl 4-cyclohexanonecarboxylate (Tokyo Kasei Kogyo
Co., Ltd.)

Glycol aldehyde diethyl acetal (Lancaster),

Diethyl 1,1l-cyclobutanedicarboxylate (Lancaster)



(la) 2-((benzyloxy)methyl)-5,5-dimethyl-1,3-dioxane [0066] 15 [Formula 9] ~
O" /O O [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 - 61 monohydrate (287 mg, 1.51 mmol) was added
and refluxed for 4 hours while removing tater by the Dean-Stark apparatus.
After the reagtion mixture was cooled to room temperature, triethylamine (4
ml) was added to the 5 reaction mixture and the solvent was removed by
evaporation[ Tbe2residue was purified by silica gel column chromatography
(silica gel: 200 g, elution solvent: ethyl acetate/hegtane;l/Q) to obtain the

title compound (7.6'g"yield 58" 696) ad 3 dBlofEss i 19 1S NMR(400MHzZ,

CDCE)GpPpE 0. 73BH, 9)m 1113 s $) w 3:46 (24 d:1xOHA - B.55(2H, d,
J=4Hz), 3.64(2H, d, J=IOHz), 4.60(2H, s), 4.66(1H, t, J=4Hz), 7.26-7.35(5H,
M. (IBRY3,8sdiftethykl Bdivxahr2y)yatethanol 15 [0068] [Formula 10]

HO'Y~~ 0 [3089)
(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]

N =
I
C[N\% N
Na

[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



The 2-((benzyloxy)methyl)-5,5-dimethyl-1,3- dioxane (7.6 g, 32.2 mmol)
obtained by the step (Ila) 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 days in the same hydrogen atmosphéré. The reaction vessel was purged

25 with, piipgen, dhe cagalystwas filtered off, apd.the 62 solyentwas, cq
distilled off to obtain the title compound (4 g, yield: 85%) as a white solid. iH

NMR @&00MHzo GBCEB)Sppme0orS(3i, s) £ 2 20{8H 15§, 1e88-1535(H, br),
3.47(2H, d, J=IOHz), 3.63-3.66(4H, 5 m?, 4.54(1H, t, J=4Hz). (Ic%
4-((5,%P&%?eatﬁ?ﬁl,3-%&%%-5%%%&%%%}1%,?-la‘iﬁ%leﬁﬁyfb?/?id?noeo ki
[0070) olirorousa L1 QL Ol NAM[ORYAL ThE m1) was added to the
(5,5-dimethyl-1,3-dioxan-2-yl)methanol (2g, 13.7 mmol) obtained in the step
(1B) wessaraixeeh WithksodrRind hydide iAoV @22 myS 2096 aindl &8 the content
was regaarg)er(g1 9§OGHO%) ?}rﬂg dimse.tgxles_ugoxide (f20 15 mI%. The ﬂi&urgeqas

(

. . e as fied By si
Stlrreg atEl)’OOI‘n temperature For é manteS.p 0 :tLhe react}lon mixture,
4-chloet2ydr 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.

10 'H NMR(400MHz, CDCl;)® 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

15 [0068]

[Formula 10]

HO/\/OT
OV(
[0069]
The 2-((benzyloxy)methyl)-5,5-dimethyl-1,3-
dioxane (7.6 g, 32.2 mmol) obtained by the step (la)
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 days in the same
hydrogen atmosphere. The reaction vessel was purged

25 with nitrogen, the catalyst was filtered off, and the



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 20 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 pérified by silica gel column
chroraatography, (NH;silica gel: 200 g, elutign salyent;s 63 ethyl.acetate, 4
/heptane=I/1 to 4/1-3methanol/ethyl acetate=1/9) to obtain the title
compoting, (3vL ¢ dyiekth 84.6%)asa light yellow oil. iH NMR(4OOMHZ

DMSQ-d6)Sppm:;. 0.70(3H, s), 1 s),. 5 12(3H s),

3.49(2H, ‘E}“‘ipiﬁﬁ D)z 59%%%3 gj’ﬁ%ﬁz)o 2060t o 1=4 %&(1%

J=4Hz),56-96(d b, th J=57HZ), 8.06(1bh d, d=7Hz)ofld) , 3. 63 3.66(

(4-((5,5-dimethyl-1,3-dioxan-2-yl)methoxy)-3- methylpyridin-2- yI)methanoI 10

[di)?ZMFot‘haél% 18)\0-0Y-B4HAD | N [0073] The

4((5 thyl-1,3-di xan-2 [)metho Xy);2,3-dimet | r|d|n 1-0 de (3.1
?3 r%m)é %o%ta(ﬁlef By%eq]stép S)P\jvas %nl ec? %/évél: ac 8le anhydride

(9 87dmlnéliof4yrrmel)dAﬂer theomixtaire was stirred at 85C for 45 minutes,

acetic anhydride was
[0070]

[Formula 11]

(0]
X O\/‘

~

o<z

10 [0071]
The (5,5-dimethyl-1,3-dioxan-2-yl)methanol

(2g, 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

15 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

20 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:



removed. The residue was dissolved in methanol (40 ml) and a 5N aqueous
sodium hydroxide solution (5.1 ml, 20 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 acétate. The organic layer was washed

with & ¢ 64, saturated saling splutiop, dried.omer,anliydroys, magnesium

sulfate. After the solvent was distilled off, the resultant mixture was purified
by silicaegelt eslufin chromategmraphy«(silicalgelc 220 q;relution 5 solvent:

ethyl acetate/he tane 1/4 to 4/1) to obtain the title compound (1.23 g, yield:
39.79%) asH light' Séllow oift iF MR UOONMIYZ *EDC13)Sppm: 0.77(3H, s),

1.23(8Hl, ®)ir 2400034, S)pB 2 (2H) Shpl20z) 3. 68(2H,) d, I=I12Hz)a 10s) ,
4.12(2H, d, J=4Hz), 4.65(2H, s), 4.85(1H, t, J=4Hz), 6.73(1H, d, J=6Hz),
830(2H! d( I=E6HY), (1€) 24 (FE((5D-dimethy[AIR-dloxa=2 Wiimethoxdd-FH

methy Py g mettydiiie) i benzimidezole PR 18, (Formuls 1310 ©
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

10 [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

15 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,

20 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



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 (Id) was mixed with 20 triethylamine (1.04 ml, 7.48 mmol) and
tetrahydrofuran (15 ml). This mixture was cooled to -19C and
methanesulfonyl chloride (217 |, 2.81 mffolywas added thereto and then

stirred 3t 5 19CAQr 3O minutes, Updsy, - 63 1he sgme. copdiions, s

2-mercaptobenzimidazole (309 mg, 2.06 mmol) was added to the reaction
mixturegAfter the seactdr mixtureavas stirredlovernight atddenmi 1 led
temperature, methanol and NH silica gel were added to 5 the mixture, and

then, 1hé solvent waS tistiied b “the miture 6 thefeadtiof mixtdreSnd

NH silisa.gel waspifiegby silicagel columaichromatggraphyt {silica gel: 80
g, elution solvent: ethyl acetate /heptane=I/1 to 4/1-3methanol/ethyl
abetate V@) t10 ¢6 bbtaintheaitr’ bempound (599tmgs yield t80.20kPas a

light red foam..iH NMR(400MHz, SO-d6)Sppm; 0.71(3H, s), 1.13(3H, s),
21 S BOH B Yol S aoE oo, 4 b, 3, T,
4.69(2H) 5p4.84(1H, t, J=4Hz), 15 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

2-(((4-&5?%4%frﬁQW-ar,s%?Giaﬁ-@?%th&}y)ggJ s), 1.23(3H, s),
geéhz'pw’?Hﬁ?-y&me@]y%w'wyl)d'ﬂ-9@@5&59‘9?29'.96 4Q9761 20 [Farmyla 14]
10 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]

15 [Formula 13]

X
o b

[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

20 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



NNSNN HO0077] The 2-(((4-((5,5-dimethyl-1,3-dioxan-2-
yl)methoxy)-3-methylpyridin-2-yl)methyl)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 mixture was cooled to -50C. 3- chloroperbenzoic
acid (358 mg, 1.35 mmol, as the 5 contént was regarded as 65%) dissolved

in a splyent, mixture of mefhanobapd ta was slawly-added -gyopyyise to

the mixture, and stirred at -47C to -70C for 3 hours. A saturated aqueous
solutiont sodium hydregere datiboridate was added toitkeueactio fixture,
10 which was then extracted with ethyl acetate. The organic layer was
washedwith A°Sattratdy Satine LBfution. dried SV&rpotassiuf carsdhate,
and thenpgelventwas distiied off. The residueiwas pikified with,silica geb
column chromatography (NH silica gel: 15 40 g, elution solvent:
dichldrométhaheifeptané=71323. nicthafelidichioroafetdanE3/97=wH ¢/0).- To
the oltained product, heptane (20,ml) and diethyl ether (2. mi) were added,
the precipitate was o tained by Ttiltration. in tﬁls manner, the title com%ound
(475 mygs weldi 76s200)y26 wascabtained asantghinerangesoligo ik

NMR(400MHz, DMSO-d6)Sppm; 0.71(3H, s), 1.12(3H, s),
(silica gel: 80 g, elution solvent: ethy
acetate/heptane=1/1 to 4/1-methanol/ethyl acetate=1/9)
10 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),
15 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]

20 [Formula 14]

X
o b

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

yl)methoxy)-3-methylpyridin-2-yl)methyl)thio)-1H-



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). (Ig)
2-(((4-((5,5-dimethyl-1,3-dioxan-2-yl)methoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)-IH-befhzimidazole sodium salt - 67 - 0078]

[Formuda 18l Q73N NN Na 0079 Thed-(((4d(o,padimsthyll,3sdigxan-2
5 yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-IH- benzimidazole (475
mg, 1(14 mmot) obtedved bythestép n@df) wds mixed withtethasot (18 ml). To
the mixture, a 1N aqueous sodium hydroxide solutiogo[(ll.14 ml, 1.14 mmol)

was added aRd the sdivént ik as stiled off 10 Bthariol was added to the

residue, dissglved-and idistilled;offs Thisioperation was repeatedhtwice.
Diethyl ether was added to the residue and the resultant mixture was
ufrasemicalytreaed: Ther precipiateowasBitamedBy filtraticiPand®ried by

;Zgﬁvﬁ’gﬁig?é% tain {he fitle comnound (445, M9, ¥ield, 89:220) ps a light
dropwise to the mixture, and stirred at -47°C to -70°C
for 3 hours. A saturated agqueous solution of sodium
hydrogen carbonate was added to the reaction mixture,

10 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:

15 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. In
this manner, the title compound (475 mg, yield: 76.2%)

20 was obtained as a light orange solid.

'H NMR(400MHz, DMSO-d¢)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-

25 7.32(2H, m), 7.60-7.66(2H, m), 8.20(1H, d, J=6Hz).

(1g) 2—-(((4-((5,5-dimethyl-1,3-dioxan-2-yl)methoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole

sodium salt



iH NMR(400MHz, DMSO-d6)Sppm; 0.70(3H, s), 1.13(3H, s), 2.18(3H, s),
3.50(2H, d, J=IIHz), 3.59(2H, d, J=IIHz), 4.08(2H, d, J=4Hz), 4.39(1H, d,
J=I3Hz), 4.76(1H, d, 20 J=I3Hz), 4.84(IH, 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]o&t 6=
yImethoxy)-for@%l']ylpyridin-2-yl)methyl)suIfinyI)-lH- benzimidazole sodium
salt 5[0081] [Formula 16] o~ _/a NN N Na [0082] (2a)
6-((bdmndoxy)methyl)-5,7-dioxasprio[2.5]octane [0083] 10 [Formula 17] ~
0~0 0 [0084] A mixture of benzyloxyacetaldehyde (5 g, 33.3 mmol),
1,1-bis(hydroxymethyl)cyclopropane (4.08 g, 40 mmol), p-toluenesulfonic
acid monohydrate (287 mg, 1.51 15 mmol) and tgtuegeé (70 ml) was refluxed
for 2 hours while removing water by the Dedan-Stgrk/apparatus.

[0079]
The 2-(((4-((5,5-dimethyl-1,3-dioxan-2-

5 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, a
1IN aqueous sodium hydroxide solution (1.14 ml, 1.14
mmol) was added and the solvent was distilled off.

10 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

15 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(1H, d,

20 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) .



After the reaction mixture was cooled to room temperature, triethylamine (4
ml) was added to the reaction mixture and the solvent was distilled off. 20
The residue was purified by silica gel column - 69 chromatography (silica
gel: 200 g, elution solvent: ethyl acetate/heptane=5/95 to 1/9) to obtain the
titte compound (6.1 g, yield: 78.2%) as adight yellow oil. iH NMR(400MHz,
CDC13)Sppmp@s3l-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(2H, s), 4.82(1H, t, J=4Hz),
7.27-TE3HBH en) (2B)-5, V@éliok@sbﬂ@{@5mé&yliﬁemmm¢{6)685] 10
[Formula 18] HO 0Q [0086 The 6 zyloxy)meth g-5,7- ,

dioxabP T 0ekarte (5.1'5 28 il G hmidirby id “a1op' 243 Widdixed
with &%ﬁ@[@dgmlgy@@d%(m%S mg) and ethyl acetate (70 ml) and the
mixture was stirred in a hydrogen atmosphere for 24 hours. The reaction
véssel was pifged with nitrogen and the catalyst was filtered off and then
the sg?ent t was 9 tilled off to obtain the title compound (3.7 g, 20 yield:
98.7%) as a co orless oil. iH NMR(400MHz, CDC13)Sppm; 0.33-0.37(2H, m),
0.68- 0.72(2H, m), 3.28(2H, d, J=I2Hz), 3.68(2H, d J=4Hz), 4.16(2H, d,

J=I2Hz), 4.73(1H, t, J=4Hz). /
o
O
\
N%S N
Na
[0082]

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

10 [Formula 17]

[0084]
A mixture of benzyloxyacetaldehyde (5 g, 33.3

mmol), 1,1-bis(hydroxymethyl)cyclopropane (4.08 g, 40

mmol), p-toluenesulfonic acid monohydrate (287 mg, 1.51
15 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.

20 The residue was purified by silica gel column



(2c) 4-(5,7-dioxaspiro[2.5]oct-6-yImethoxy)-2,3- 25 dimethylpyridine 1-oxide -
70 - 0087] [Formula 19] O O N [0088] The
5,7-dioxaspiro[2.5]oct-6-yImethanol (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 dimé&thyfsulfoxide (20 ml), and the

mixtuge was.stirred at roqmy temperatyre £ar3Q mingtes. STo the (eagtion
mixture, 4-chloro-2,3 ]\./0 dimethylpyridine 1-oxide (1.86 g, 11.8 mmol) was
addedtand stinredeatt30€mwverright SAftepdiviéthytsulfoxide rwas distiliedeoff,
methanol and NH silica gel were added to the residue and methanol was
distilleq8t# “Fhe hﬁsix%ur%’ofytﬁ%lr%écﬁéhZﬁi&tﬁr% And N 5ilER g 1 S whs
purifieg bywsilica geleolusme chiematography (NH ssilica gel:,2Q0 grelution
solvent: ethyl acetate /heptane=I/1 to 4/1-3methanol/ethyl acetate=1/9 to 1/4)
toPobtair tHe fitlewompodid {1.8 g yiefrt: 25750 ad alrdt oit 207 TH12)

NMR(400MHz, CPC13 : 0,36-0,40(2H, m), 0.69- 0.74(2H, m), 2.22(3H,
2 83N 55 S0or Mo T 6, 5 9 4 6B L b,
5.00(1H 1,-J=4H2)16,68(1H, d, J=7Hz), 8.13(1H, d, J=7Hz).
(2b) 5,7-dioxaspiro[2.5]oct-6-ylmethanol
[0085]

10 [Formula 18]

HO/\W/O\
O\//Y7
[0086]

The 6-((benzyloxy)methyl)-5,7-
dioxasprio[2.5]octane (6.1 g, 26 mmol) obtained by the
step (2a) was mixed with 20% palladium hydroxide (800

15 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,

20 vyield: 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-

25 dimethylpyridine 1l-oxide



- 71 (2d) (4-(5,7-dioxaspiro[2.5]oct-6-yImethoxy)-3-
methylpyridin-2-yl)methanol [0089] [Formula 20] O'Y 0 j1 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 stirfféd 710 at 85C for 45 minutes and
then acetic aghygrde was distilled off. The residue was cooled on ice and
dissolved in methanol. To this, a 5N aqueous sodium hydroxide solution
(2.98 Ik 4u9 anmhl) was added under ice-cool and the mixture was stirred
at room 15 temperature for 2 hours. Methanol was distilled off and water was
added to the residue, which was therb traoted with ethyl acetate. The
organic layer was washed with a sat@irated saline solution and dried over
anhydrous magnesium sulfate, and-thereaftef the solvent 20 was distilled off.
Purification was performed by silj column chromatography (silica gel:
100 g, elution solvent: ethyl acetate/meptane=1/4 to 4/1). To the purified
product, heptane (15 ml) was added 9nd the mixture was refluxed. After the
solution wag coafifmed - 72

The 5, 7-dioxaspiro[2.5]oct-6-ylmethanol (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 dimethylsulfoxide (20
ml), and the mixture was stirred at room temperature
for 30 minutes. To the reaction mixture, 4-chloro-2,3-

10 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

15 was purified by silica gel column chromatography (NH
silica gel: 200 g, elution solvent: ethyl
acetate/heptane=1/1 to 4/1-methanol/ethyl acetate=1/9
to 1/4) to obtain the title compound (1.8 g, yield:
57.5%) as a red oil.

20 'H NMR(400MHz, CDCls)d&ppm; 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(lH, d,

J=7Hz) .



to reach a homogeneous state, it was gradually cooled. The precipitated
product was obtained by filtration. In this manner, the title compound (520
mg, yield: 28.9%) was obtained as a white solid. 5 iH NMR(400MHz,
CDC13)Sppm; 0.36-0.40(2H, m), 0.70- 0.74(2H, m), 2.07(3H, s), 3.30(2H, d,
J=IIHz), 4.14(2H, d, J=4Hz), 4.20(2H; d/3=1Hz), 4.64(2H, s), 4.86(1H, hrs),

5.02(1h 1, J7AHz2), 6. 43(LH.J,:1176H2); 8.29(14., dy dT6HZ)- 18 (2€)
2-(((4-(5,7-dioxaspiro[2.5]oct-6-yImethoxy)-3-

methylpyhdire 2yl ymeth3hitiohdHh-benzimidazole [0091] [Formula 21] O
0"--<OD1 N N H [0092] 15 The (4-(5,7-dioxaspiro[2.5]oct-6-ylmethoxy)-
3-methylpyr{oqp1- -g/l)methanol (520 mg, 1.96 mmol) obtained in the step (2d)
was mixgehwith trgthylamine (1.09 ml, 7.84 mmol) and tetrahydrofuran (10
ml) and the resultant mixture was cooled to -19C. 20 Methanesulfonyl
chloride (228 |, 2.94 mmol) was added { ixture, which was stirred at
-19C for 30 minutes. In the same conditiong, 2- mercaptobenzimidazole (324
mg, 2.16 mmol) was added to - 7%cti6n/erture. After the reaction
mixture was HO 2

5 [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

10 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 agueous sodium
hydroxide solution (2.98 ml, 14.9 mmol) was added under
ice-cool and the mixture was stirred at room

15 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

20 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



stirred at room temperature for 2 days, methanol and NH silica gel were
added to the mixture, and the solvent was distilled off. The mixture of the
reaction mixture 5 and NH silica gel was purified by silica gel column
chromatography (silica gel: 80 g, elution solvent: ethyl acetate/heptane=4/6
to 7/3-3methanol/ethyl acetate=1/9) to dbtain the title compound (629 mg,

yield:80.7%) as a Golorless foar. 10 1H NMR(49QMHz, DMSQ-d6)sppm;
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(3EE no), A6 PPH, t)A 5r02(A bk t, I=SHz) 6. 99¢tH b, IU=6HZA)T Yol (2H,
dd, J=13’ 6I}—1|z), 7.39-7.49(2IE|1, br), 8.23(1H, d, JEGH%)Z O15 ng) 014
2-(((45(5, 7Gx AEMIFSD 5]0kE 6 Yimethoxyjesnd (920 mg,” yield:
methylpytidin-2d) ety )sulfinyd)-liH-benzimiglazole, [0093] [Formula 22] N
~-5 NN H[0094] 20 The 2-(((4-(5,7-dioxaspiro[2.5]oct-6-
ylIPnethdxyYB(HRypyriGinc2ayl Raethy|)ehid§-1d- Benzimidareled (620 mg, 1.58
mmoapidbths e) was mi ith methano] (5 ml) t ne
(15 mI%)' P e v i chue@d)%i@fg&fc.r‘?he?@ éﬁlgop?ér e
acid 3/78mgr4)42 mmmolas the comtantiz), 4.64(2H, s), 4.86(1H,

br s), 5.02(1H, t, J=4Hz), 6.73(1H, d, J=6Hz), 8.29(lH,

d, J=6Hz).
10 (2e) 2—-(((4-(5,7-dioxaspiro[2.5]oct-6-ylmethoxy)-3—

methylpyridin-2-yl)methyl)thio)-1H-benzimidazole

[0091]

[Formula 21]

[0092]

15 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.

20 Methanesulfonyl chloride (228 unl, 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



was regarded as 65%) dissolved in a solvent mixture of methanol and
toluene was slowly added dropwise to the 5 mixture, and stirred at -47C to
-70C for 4 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 gyer 10.potassiym carhanate, and the,solyentwas digtilled off. The
residue was purified with silica gel column chromatography (NH silica gel: 40
g, elutionrscivent: dichloromethanelneptdioe=2/334ys, methanol and NH

methanol/dichloromethan=3/97 to 1/9 to obtain the 15 tltle compound 623
mg, yield® 8 .45%) a8 Cofdrfess foam fH RIVIRIGOMEY DMS O a6YSppm:

0.31-Q36(2Hs M) 0960 61 (2l 8y 2:EH3H, %), 8126(26k & I5HHZ) 41l
4.13(4H, m), 4.70(1H, d, J=I14Hz), 4.79(1H, d, J=I4Hz), 20 5.02(1H, t, J=4Hz),
699(2FH o U=6HZ) 7. 20(2Hy del, =3, Bi92), TY5F-716 PRHIDN) B24(TH, d,

ety S hethy Bou gl bencimazale. sodfLri a3 75

0095EFormuasdd] te @@ &fe=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-dg¢)dppm; 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(lH
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]

@]
/TQ
pa—
o7 v/
N O /j
N\
@N%S SN
H
[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)



N N Na [0096] The 2-(((4-(5,7-dioxaspiro[2.5]oct-6 5
ylmethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-IH- benzimidazole (623 mg,
1.51 mmol) obtained in the step (2f) was mixed with ethanol (15 ml). To the
mixture, a 1N aqueous sodium hydroxide solution (1.51 ml, 1.51 mmol) was
added and the solvent was distilled off. 78 Ethanol was added to the residue

and disgled.aff This, ppefation wasJdepeated huice. Ligthyl ether was added

to the residue and the resultant mixture was ultrasonically ‘treated. The
precipitdterwas Optainedc bydm&ﬂat(@ﬂ andadried By aspiration torebtamthents
titte compound 553 mg, yield: 84.1%) as a white SO|Id iH NMR(400MHz

DMSBd6) S, 6310, 35(2H, MY T57°0. 61128, T1) 19 (EH ) 32612H,

d, J= Hlé%}aélnla@(%ddtéﬁb@ 4d2(2Hod1 J=lHa)#. 370 deITIdHZ) e
4.82(1H, d, J=I3Hz), 5.02(1H, t, J=5Hz), 6.84(2H, dd, 20 J=3, 6Hz), 6.95(1H,
dpJ= @ﬁzyumzwqddetﬁge@m)t 897AH d, JEBAZ) . qExamplers. A

)y S e Tt - FE S i aseis ot S5t

[009%}aForeuda 24} QN QGteaction mixture, which was then
extracted with ethyl acetate. The organic layer was
washed with a saturated saline solution, dried over

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/dichloromethan=3/97 to 1/9) to obtain the

15 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),

20 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).
(2g) 2-(((4-(5,7-dioxaspiro[2.5]oct-6-ylmethoxy)-3—
methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole
sodium salt

25



N N Na [0098] 5 (3a) Ethyl (2-propyl-1,3-dioxolan-2-yl)acetate [0099]
[Formula 25] O Ox0 [0100] 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 heurs and 10 minutes. To the
reaction mixtyee, yater was added and the mixture was 15 extracted with
ethyl acetate. The organic layer was washed with a saturated saline solution,
dried overmmbgneésium sulfate, and filtered. The filtrate was concentrated
under reduced pressure to obtain the title compoblond (6.2 9,97%) as a
colorless oil. 20 iH NMR(400MHz, CDC13)Sppmy; 0. H, t, J=7Hz),
1.27(3H, - 77 t, J=7THz), 1.39-1.48(2H, m), /7%?%-1#{ =8Hz), 2.64(2H, s),

3.94-4.02(4H, m), 4.15(2H, g, J=7H),) (3b
2-(2-propyl-1,3-dioxo|an-aﬁﬁg[gl/i] [Formula 26] 0 0 HO/N W\
[0102] N N

Na

[0096]
The 2-(((4-(5, 7-dioxaspiro[2.5]oct-6-

5 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.

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.
'H NMR(400MHz, DMSO-ds)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(1H, d, J=13Hz), 5.02(1H, t, J=5Hz), 6.84(2H, dd,

20 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-



To tetrahydrofuran (100 ml) suspension of lithium aluminium hydride (1.17 g,
30.7 mmol), a tetrahydrofuran (20 ml) solution of the ethyl (2 10
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% aqué&ous sodium hydroxide solution
(1.17,ml) .and water; (3.1 ml) were 15 sequentially added and stirred for 10
minutes. Sodium sulfate was added to the mixture, stirred and subjected to
silica gel filtfdtion! IThe filtrate was concentrated under reduced pressure and
the residue was dissolved in a solution mixture containing n 20 heptane/ethyl
acetaté i 3 +hfio ot 2:1 and subjected to silica gel column chromatography
(elution solvent: n-heptane/ethyl acetate=2/1) to obtain the tittle compound
(3.82 g, 77.7%) as a colorless oil. iH NMR(4OOWOCDC13)Sppm; 0.93(3H,
t, J=8Hz), 1.33- 25 1.43(2H, m), 1.60-1.65 <1.92(2H, t, J=6Hz), - 78
2.83(1H, t, J=6Hz), 3.74(2H, q, J=6Hz), 3.95-4.03(4H, m) . (3c)
2,3-dimethyl-4-(2-(2-prop 3-dioxolan ethoxy)pyridine 1-oxide 5
[0103] [Formula 27]00 S>—8
N

Na

[0098]
5 (3a) Ethyl (2-propyl-1,3-dioxolan-2-yl)acetate
[0099]

[Formula 25]

[0100]
A mixture of ethyl 3-oxohexanocate (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
magnesium sulfate, and filtered. The filtrate was
concentrated under reduced pressure to obtain the title
compound (6.2 g, 97%) as a colorless oil.

20 'H NMR(400MHz, CDCls)dppm; 0.93(3H, t, J=7Hz), 1.27(3H,



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-dimethylpyridine 1-oxide (1.33 g, 8.42
mmol) were added in a nitrogen stream and-stirred at 60C for 2 hours. The

mixtuge was,aligwed tq stand at 15 rapm temperatyre for 3 days and
concentrated under reduced pressure. The residue was suspended in
tetra/dréfliren. NH silica el wes(ddded to tHe lresuitantmiXtere,) which was

then cancentrated to d ness and subjected to NH S|I|ca qel column 20
chroné%%gr%pﬁy (Elutid so]Ivent ne ﬁeét%rﬁe%etﬁy hano
acetate/methgn@i51/1/0-0/1/0-0/10/1) to obtain the title compound (1.53 g,
yield: 58.2%) as a light brown oil. - 79 iH NMR(400MHz, CDC13)Sppm;
094(3FotMI=7HZN 1.38- 1.49(2H, m), 1.62-1.67(2H,m), 2.14-2.20(2H, m),
2.19(3H, s), 2.53(3H, s), 3.92-4.01(4H, m), 4.10(2H, t, J=7Hz), 6.64(1H, d,
J=7Hz), 8.13(1H, d, J=7Hz). 5 (3d) (3-methyl-4-(2-(2-propyl-1,3-dioxolan-2-
) ethox ridin-2-yl)methyl acetate Formula 28] O Il I N
i) ethoxy)pyridin-2-yl)methyl acetate [$408} [Fc ]

[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-

10 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

15 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-

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, 77.7%) as a colorless oil.

'H NMR(400MHz, CDCls)dppm; 0.93(3H, t, J=8Hz), 1.33-

25 1.43(2H, m), 1.60-1.65(2H,m), 1.92(2H, t, J=6Hz),



O [0106] 10 The 2,3-dimethyl-4-(2-(2-propyl-1,3-dioxolan-
2-yl)ethoxy)pyridine 1-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 80C
overnight. The reaction mixture was concentrated under 15 reduced pressure
and the residue was dissolved in ethyl dfetate and then subjected to silica

gel colugyy ;ghromatggraphy (elution sglvent: nrheptanelethyl _acetatgzl/1) to
obtain the title compound (1.19 g, 67.6%) as a light yellow oil. 20 iH
NMR{@®00MHz, CDC13)Sppm; 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,
o, 4 THO LTI o0l7s). 6 P3P . DBHACBSEAR . - 80
J=6Hg) (3@h(S:nethyltdr{2«21propykd , 3-dioxolan-2- yl)
ethoxy)pyridin-2-yl)methanol [0107] 5 [Formula 29] O O Nzz HO I N [0108]
The (3-metly-141¢2-(2-propyl-1,3-dioxolan-2- yl)ethoxy)pyridin-2-yl)methyl

acetale (1,19,9, 368

[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-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

15 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

20 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.



mmol) obtained in the step (3d) was mixed with a 1N 10 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 15 filtrate was concentrated under
reduced pressuiewibe residus gyasdissolvedsin a solufiopumixture 55
containing heptane and ethyl acetate at a ratio of 2:1 and subjected to silica
gel caluAin(eHromatography {eklioht solvent:.i-heptafd/ethylracetate=2/1) to
obtain the 20 title compound (0.88 ,85‘V8) as a colorless oil. iH
NMRE4OOMEE, COCLISEOm: 0.54(3H 132712}, 4 30- 1 40(3H, 7
1.64-3.69(2H,m), 2.03(3H, §), 2:18(2H, t, 338K Z);,3.93-40%(AH,. M), 4.14(2H,
t, J=7Hz), 4.65(2H, - 81 s), 4.89(1H, hr s), 6.73(1H, d, J=6Hz), 8.29(1H, d,
J=26H£PABf) (2-([{Sthethyl-4-E2-(2-propylvl,3ldidbxelailan—2-

yhetho ridin-2-yl)methyl)thio): 1H-benzimidazqle 5 [0109] [Formula 30] O
TS TN R (D0 The e Lo e 3 cioxolan.
yhethoxy)pyridin£2+ryl) methanol (450 mg, 1.6 mmol)

[Formula 28]

dr\g
O/\)</\
| X
\H/o N/
O
[0106]
10 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

15 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.

20 '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(1lH, d,



10 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 15 minutes under ice-cooling. To the reaction
mixture, 2- mercaptobenzimidazole (246 thg; 1.6 mmol) was added and
stirred a4 09m temperature overnight. To the reaction mixture, an aqueous
solution of sodium hydrogen carbonate was added and extracted with ethyl
acetatée P0(Breworganicdayérwasrwashyed with-a sakurated 8aline solution,
dried over magnesium sulfate, and filtered. The filtrate was concentrated
under’ %éoeutc}é#ﬁfl)é)s%ﬂ]rg.l THe residlie Wak dissolved in ethyl acetate. After -
82 silica ge} wias;added to the solution, the solution was concentrated. The
dried residue was subjected to silica gel column chromatography (elution
s6lvehtaidptanélethyl acetate=1/1-0/1) to obtain the title 5 compound (528
mg, 79.8%) as a colorless viscous oil. iH NMR(400MHz, CDC13)Sppm,;
0.94(3H, t, J=7Hz), 1.39- 1.50(2H, m), 1.63/1$8(2H, m), 2.20(2H, t, JI=7Hz),
2.26(3H, s), 3.93-4.01(4H, m), 4.16(2H,AL292§?,\§.37(2H, s), 6.78(1H, d,

J=6Hz), 7.16-7.20(2H, m), 10 7.50-789(2A, ny, 8:35(1H, d, J=6Hz). (39)
2-(((3-methyl-4-(2-(2-propyl-1,3-di -2- yl)ethoxy)pyridin-2-yl)
methyl)sulfinyl)-1H- benzimidagple bl; ]

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

10 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

15 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

20 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,



15 [Formula 31] O ¢ SS 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 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 methanot! 83 solution (1.3 ml) of
3-chlaropegbenzaig acid (311 mg,; 147 Mol as dhe confentyyag regarded as
65%) was added at an inner temperature of below -70C and stirred below
-60C Jeto2hours. To the reaction mixture, an aqueous 5 solution of sodium
hydrogen c%r_bonaée_ andhethylllgc?tgte “were acljged. The organic_lgyer was
separated and WashBa “With a'saturated s&ine solutioh dFieddvet anhydrous
sodiupm suifate.angd filtered.- Theqfiltrate, waseonoentiated underdgduced
pressure. The residue was 10 dissolved in methylene chloride and subjected
to’silica gellédlGiin chromatography using NH silica gel (elution solvent:
meth;ﬂggremchzligri%gnethanol=1/0-3100/1 100/5) to obtain the title compound
(323 mg, yléJI : 64.3%). iH NMR(400 MHz, DMSO-d6); 0.85(3H, t, J=7Hz),
1.28- 15 1.39(2H, m), 1.55-1.60(2H,m), 2.04(2H 1, J=7Hz), 2.10(3H, s),
3.89-3.90(4H, m), 4.08(2H, t, J=7Hz), 4.68(1H, J5I3Hz), 4.77(1H, d,
/\)</\

J=I3Hz), 6.95(1H, d, o
LX)
©:N>_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)

10 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

15 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.

20 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



J=6Hz), 7.26-7.32(2H, m), 7.59-7.67(2H, m), 8.20(1H, d, J=6Hz). 20 (3h)
2-(((3-methyl-4-(2-(2-propyl-1,3-dioxolan-2-
yhethoxy)pyridin-2-yl)methyl)sulfinyl)-IH- benzimidazole sodium salt - 84 -
0113] [Formula 32] 0->c 0O-N C O N N Na [0114] The
2-(((3-methyl-4-(2-(2-propyl-1,35  — 82 -

dioxolan-2-yl)efbexypyridiprzayhimethyd)sulfing)-1H- henzimidazole (323 mg,
0.752 mmol) obtained in the step (3g) was mixed with ethanol (15 ml) and a
1IN agueays: tsoditm . hydrioxiderseldtion 00762 w50 #82jmmel) and the
mixture was stirred at room temperature for 10 10 minutes. The solvent was

distilléd offand the SesttAnt FEsidas WaS BisolVed i Sthahdt 478 the™ ™
solvent pasragaindjstilled-off. Diethyl ethery ethangl-n-heptane was added to

the residue and stirred at room temperature and then filtrated to obtain solid.
18 Inthisanander, the tite corhpduihd(315 Mgl 921890} wass ebtsinetias a

Sl OO UG 0250 710,32
1.50(2H, m), 1.63-1.68(2H, m), 2.20(2H, t, J=7Hz),
2.26(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),

10 7.50-7.59(2H, m), 8.35(1H, d, J=6Hz).

(3g) 2-(((3-methyl-4-(2-(2-propyl-1,3-dioxolan-2-
yl)ethoxy)pyridin-2-yl) methyl)sulfinyl)-1H-
benzimidazole

[0111]

15 [Formula 31]

dﬁ§g
A GN
4 30X
ED:N\>_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

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 methanol



2.15(3H, s), 3.83-3.91(4H, m), 4.07(2H, t, J=7Hz), 20 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 - 85 -
tetraoxaspiro[4.5]dec-8-yl)ethoxy)-3-methylpyridin-2-
yl)methyl)sulfinyl)-1H-benzimidazole soditim salt. [0115] [Formula 33] O vi~

O O) N:QQ3 A 1S N GN \Ng 5 {01161(43) L. 3hisbenzyloxy)aegtong
[0117] [Formula 34] O [0118] 10 To a dichloromethane (200 ml) solution of

1,3 dibénzyloxy-2apropanot ¢52 ¢ L 9dammuaiyarietvylamine (1L 30am|,088:d

mmol%, and djmethylsulfoxide (65 ml, ng mmol),7gylfur trioxideﬁyridine
complex (131§ 823 FRGH Was 5dded At 0 and stirrdd At T 14 FooR1s™
temperaere for-2 hawss- T the mixtire, water andethyl acetate Wefesous

added. The organic layer was washed
5 solution 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

10 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-ds); 0.85(3H, t, J=7Hz), 1.28-

15 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(1H, d, J=13Hz), 4.77(1H, 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) .

20 (3h) 2-(((3-methyl-4-(2-(2-propyl-1,3-dioxolan-2-
yvl)ethoxy)pyridin-2-yl)methyl)sulfinyl)-1H-

benzimidazole sodium salt



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 20 g, quantitative yield) was obtained as a brown oil. - 86 iH
NMR(400MHz, DMSO-d6)Sppm; 4.26(4H, s), 4.49(4H, s), 7.25-7.38(10H,
m). (4b) 2,2-bis((benzyloxy)methyl)-1;3-8lfoxolane [0119] 5 [Formula 35]
[0120] The g33-pis(benzyloxy)acetone (30g, 111 mmol) obtained in the step
(4a) was mixed with ethylene glycol (64 ml, 1,148 mmol) and triethyl
orthofdtmate 140329 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 aqueous solution of sodium hgl‘rogen carbonate and
ethyl acetate were added. The organic layg hed with water and a
saline solution, dried over anhydrous sodium sulfate, and concentrated. The
obtained crude product wasspuiifiedby |Ii(% gel column chromatography
(elution solvent: heptane I_atetd R4/1 gradient) and desired
fractions were 20 concentrated E@ obtain the title compound (28.46 g, yield:
81.6%) as a colorless oil. iIH NMR(400MHz, DMSO-d6)Sppm; 3.45(4H, s),
3.88(4H, s), 4.50%4H, S), 7.22-7.35(10H, m). (4c)

1,3-dioxolan-213-4 yldimethanol

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 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.

15 1In this manner, the title compound (315 mg, 92.8%) was
obtained as a light yellow solid.

"H NMR (400 MHz, DMSO-ds); 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),

20 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-



25[0121] - 87 - [Formula 36] O HO>~ OH [0122] To an ethyl acetate (300
ml) solution of the 2,2-bis((benzyloxy)methyl)-1,3-dioxolane (28.5 g, 90.7 5
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 njtragenga cafalystwas 10 filtered off from the
reaction mixture and washed with ethyl acetate. The filtrate was
concentratedh 70) thel Dbtaihed résicdue; sthiylacetates(800umlsand palladium
hydroxide (20 wt% Pd (dry basis) on carbon, wet (water max. 50%)) (2.5 g)
were added 'dnd 3firred at room 15 temperature for 26 hours in a hydrogen
atmospherg, 1Aftesthe 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 20 oil. iH
NMR(400MHz, DMSO-d6)Sppm; 3.32(4H, 3.85(4H, s), 4.63(2H, t,
J=6Hz). (4d) methyl (8-ethyl-1,4,7,9-tetragkaspirg[4. c-8- yl)acetate 25

5 [0116]
(4a) 1,3-bis(benzyloxy)acetone
[0117]

[Formula 34]

[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 0°C and stirred at 0°C to room

15 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

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



- 88 - 0123] [Formula 3710 O 00O 0 [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 steps (4a)-(4c), was
mixed with methyl propionylacetate (5.6 ml, 44.6 mmol) and triethyl
orthoformate (5.2 ml, 31.3 mmol), and p%oluenesulfonic acid monohydrate

(163 mg. 3,856 4pme)); 10.Ehe Mixiuewas stigredsat toom fempexature for 3
hours. To the mixture, a saturated aqueous solution of sodium hydrogen
carbohate -and3éthyDacetate were added. The organic layer was washed with

water t}l/vice 2and with an aqueous saline soluti9n3dried over anhydrous
sodiuf 15 Uifate Bht ' ESncantrate™Thalobtained et prdduct was

purified by siliga gel column chromatography (elution solvent: heptane/ethyl
acetate=1/0-3/1-1/1 gradient) and a desired fraction(s) was concentrated to
obtain Tiee Tilécompound (2.63 g, yield: 35.8%) as a 20 colorless oil. iH
NMR(400MHz, DMSO-d6)Sppm; 0.84(3H, t, J=7Hz), 1.75(2H, q, J=7Hz),
2.76(2H, s), 3.56(3H, s), 3. , d, J=12Mz), 3.68(2H, d, J=12Hz),
3.80-3.89(4H, m). (4e) 2-(8kethil-1 é,f}d@/r@ox [4.5]dec-8

[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

10 (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

15 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

20 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

25 [0121]



- 89 - yl)ethanol [0125] [Formula 38 HO O O U [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 step (4d), lithium aluminum hydride (487
mg, 12.8 mmol) was added at OC and stirred at OC to room temperature for 4
hours. 10 Water (0.5 ml), a 2N aquecus®bdium hydroxide solution (0.5 ml),
water(1,2,mh wesg;sequentially added to terminate the reaction. Thereafter,
anhyérous sodium sulfate and celite were added to the mixture, the

resultant mixture was filtered by a glass filter, and 15 washed with ethyl
acetate. The filtrate was concentrateddo gitain the title compound (2.34 g,
quantitative yield) as a colorless 0iHFH RMR@O0MHz, DMSO-d6)Sppm:;
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), 4.29(1H, t, J=6Hz). (4f)
4-(2-(8-ethyl-414,7]9-tetraoxaspiro[4.5]dec-8- yl)ethoxy)-2,3-dimethylpyridine

LOXIde_90_Olz%L[Fgrgmeucl%ég]acetate (300 ml) solution of the
2,2-bis((benzyloxy)methyl)-1,3-dioxolane (28.5 g, 90.7

5 mmol) obtained in the step (4b), palladium hydroxide

o\

(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

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 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

20 oil.
'H NMR(400MHz, DMSO-ds)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

25



OO0 +10J NO [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)
obtained in the step (4e), sodium hydride, in oil (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 10 minutes under the
same conditigns.;fo the reaction mixture, 4-chloro-2,3-dimethylpyridine
1-oxide (1.06 g, 6.75 mmol) was added at room temperature and the
resulténe rmixfure3vas stirred at 60C for 5.5 hours. The reaction mixture was
concentrated and the residue 15 was purified by silica gel column
chromatography (NH silica gel, elutign solvent: heptane, ethyl
acetate/methanol=1/0-4/1 gradient) gnd ired fraction(s) was
concentrated to obtain the title cofhpot g, yield: 45.5%) as a light
yellow 20 solid. iH NMR(400MHz, DMSO-d6xsppm; 0.83(3H, t, J=7Hz),
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, t, - 91 J=6Hz) , 6.89(1H, d, J=8Hz) , 8.05(1H, d,
J=8Hz) (49)(@ (% (8-ethyl-1,4,7,9-tetraoxaspiro[4.5]dec-8-

[ ethoxy)-3-methylpyridin-2-yl)methanol
y) y) %Eg l,3—3&%xolan—2,2—diyldimethanol (4 g,

5 29.8 mmol), which was obtained at another time in the
same manner described in the steps (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).

10 The mixture was stirred at room temperature for 3
hours. To the mixture, a saturated agqueous 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

15 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

20 colorless oil.

'H NMR(400MHz, DMSO-ds)dppm; 0.84(3H, t, J=7Hz),
1.75(2H, gq, 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-



[0129] 5 [Formula 401 O viIO O U 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 mmol) obtained in the step (4f) 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 mixtare®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@he mixture, a saturated aqueous ammonium chloride solution
(7 ml) was adde% nd the pH of the resultant solution was adjusted to about
10. ThE ¥682ti6n Hiikture was diluted with ethyl 20 acetate and the organic

layer was washed with a 2N aqueous sodium hydroxide solution, water, and
a saline solution, dried over anhydrous %‘n sulfate, and concentrated.
rified L by

The obtained crude product wasHsi iliga gel column
chromatography (elution solvent: - 92 et g?te/methanol=1/0-4/1
gradient) and a desired fraction(s) was concenirated to obtain the title
compound (B&Z2my, yield: 59.6%) as a light yellow solid.

5 To a THF (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 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.

10 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

15 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-ds)dppm; 0.79(3H, t, J=7Hz),
1.62(2H, gq, J=7Hz), 1.81(2H, t, J=8Hz), 3.41(2H, dt,

20 J=6, 8Hz), 3.57(4H, s), 3.83(4H, s), 4.29(1H, t,
J=6Hz) .

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

yl)ethoxy)-2,3-dimethylpyridine l-oxide



5 iH NMR(400MHz, DMSO-d6)Sppm; 0.84(3H, t, J=7Hz), 1.74(2H, q,
J=7Hz), 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), 4.50(2H, 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-ethyl-1,4,7,9-tetraoxaspiro[4’5]dec-
8-yl)ethoxy);3-methylpyridin-2-yl)methyl)thio)-1H- benzimidazole [0131]
[Formula 415 co~ O0,0) ONIOJ \S1~-NN H 15[0132] To a THE (10 ml)
solutibRaafthé {43231 (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 pgged at room temperature and

thereafter, methanesulfonyl chloridg(0-19]ml, 2.45 mmol) was added while
cooling in an ice salt bath and stirre unde? \%?ne conditions for 30
minutes. After the ice salt - 93 ba s removed, 2-mercaptobenzimidazole

(248 mg, 1.65 mmol) was add stirred at room temperature for 22
hours. After the reaction mixture wa§ concentrated, NH

[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) obtained in the step (4e), sodium
hydride, in oil (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
10 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
15 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
20 solid.
'H NMR(400MHz, DMSO-ds)dppm; 0.83(3H, t, J=7Hz),
1.73(2H, 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,



silica gel was added to the residue and dried. The 5 crude substance was
purified by silica gel column chromatography (elution solvent: heptane/ethyl
acetate=1/0, 1/1-0/1 gradient) and a desired fraction(s) was concentrated.
The obtained foamy product was dissolved in chloroform and diethyl ether
10 was added thereto. The resulting solffwas collected by filtration to obtain
the title gompounds ¢AkQ,mg; yields;52.7%) as amihite solid cif, NMR(400MHz,
DMSO-d6)Sppm; 0.84(3H, t, J=7Hz), 1.75(2H, q, J=7Hz), 2.15(2H, t, J=6HZ),
2.18(3Kgy B),(45(2.68841d 1 5); 13-:80-B. 04 o) 2009 2Hy b, [J=6HZ)s 4-67(2H,
S), 6.93g1H d, J=6Hz), 7.07-7.13(2H, mf%, 7.35-7.51%2H, m), 8.22(1H, d,
J=6HYY, ff.%@ﬁvﬁ,_ Rr S5 S8 BYRAE 2 (g-ethyI™t 4778 %8 traoxaspiro[4.5]dec-
8-yl)ethoxy):3-methylpyridin-2-yl)methyl)sulfinyl)-1H- 20 benzimidazole
[0133] [Formula 42]vi~- OO O) NOINOJ \SNH-94-0134] Toa
toluené& ¢10:8lml)*8dd methanol (1.2 ml) solution of the

2-(((4-(2-(8-ethyl-1,4,7,9- NP
O
(@) o 0
e -0
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)

10 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

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
the pH of the resultant solution was adjusted to about
10. The reaction mixture was diluted with ethyl

20 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:



tetraoxaspiro[4.5]dec-8-yl)ethoxy)-3-methylpyridin-2 5
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 -60C for 10 minutes iR 10 nitrogen atmosphere. The
mixtuge was stirzed for ape ,houn inithe same conditions. Theyreaction was
terminated by adding a saturated agueous solution (15 ml) of sodium
hydrogerctarbohate et the sanw teaipetaturecPheimixtire was lextracted
with chloroform 15 §50 ml) twice and the orqg&anic layer was dried over

iy BT S8H U SIS ard Cocentiafid The SbATEH crobb Product
was puwified by silica gel column chromatography (NH silica gel: elusion
solvent: ethyl acetate/methanol=1/0-4/1 gradient) and desired 20 fractions
were concéRtrAtE EPhe BYEAINEd faRTy podddtias tre-predipitated with
chlorogfo d diethyl ether and filt . The operation. was repeated four
timesqairf t(t?gl bb?éinga ?E)ﬁ%'wgé é\%ai%%gd with |e'tﬁzyl/ll((}(raﬁflGf!rt éng_t erzlqdried to
obtain tlie title campoond §188 2& (g, 4)9%04yiek) as, a white-salid. ,iH
NMR%4OOMHZ, DMSO-d6)Sppm; 0.83(3H, t, J=7Hz), 1.74(2H, g, J=7Hz),
2.10(3k° &f 2 142H7F, F6HZ) 388, &y, 3IT8IFd0(4H ) 14 092H, t,

J=6Hz),95 4.68¢1H,d, I513Hz),4.77(1H, d, J=13Hz), 6.93(1H, d, J=6Hz),
7.23-7.32(2H, m), 7.54-7.68(2H, m), 8.20(1H, d, J=6Hz)
10 (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]

o)
e
- J

;%sp 7

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

15 [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
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 conditions for 30 minutes. After the ice salt



(4j) 2-(((4-(2-(8-ethyl-1,4,7,9-tetraoxaspiro[4.5]dec- 5
8-yl)ethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H- benzimidazole sodium
salt [0135] [Formula43]vl OO10 )/NO/OJ \I1\> S\NN N Na [0136]
10 To an ethanol (2 ml) solution of the 2-(((4-
(2-(8-ethyl-1,4,7,9-tetraoxaspiro[4.5]dec?8-yh)ethoxy)-

3-mefhylpyridin-2-yhmethy!) sulfinyd)s LHsbenzimidazols, £188 mg..Q 39 mmpl)
obtained in the step (4i), a 1IN aqueous sodium hydroxide solution (386 |,
0.39 mmal) 1Bwasdtiedkatroom terperature pand ¢he emixtureavas rstirbed
for 10 minutes, and then concentrated. Methanol was added to the residue
and chBRtratioh Was Perfdrmed Atel this Sperdficn WakTepeatsd diethy/
etheryvas addgdto.fhe resigue and the obtaingd2Q suspensian was allowed
to stand. After the supernatant liquid was removed, the residue was dried by

avactitmiiepuinpabasistainithe tth Edifpbund EO0LRRy, IBL6% yiel!) as a

\Nhnec(¥%%éé§5raphy (elution solvent: heptane/ethyl

acetate=1/0, 1/1-0/1 gradient) and a desired
fraction(s) was concentrated. The obtained foamy
product was dissolved in chloroform and diethyl ether
10 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),
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=6Hz), 7.07-7.13(2H, m),
7.35-7.51(2H, m), 8.22(1H, d, J=6Hz), 12.60(1lH, 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 Dbenzimidazole
[0133]

[Formula 42]



iH NMR(400MHz, DMSO-d6)Sppm; 0.84(3H, t, J=8Hz), 1.75(2H, q, J=8Hz),
2.09-2.20(5H, m), 3.63(4H, s), 3.80-3.90(4H, m), 4.08(2H, t, J=6Hz),
4.36(1H, d, J=13Hz), 4.79(1H, d, J=13Hz), 6.78-6.88(2H, m), 5 6.89(1H, d,
J=5Hz), 7.36-7.46(2H, m), 8.26(1H, d, J=5Hz). (Example 5)
2-(((3-methyl-4-((8-methyl-1,4,7,9- — 24 -

tetraoxaspir &q@}qec-&yl)methoxy)pyridin-z-
yl)methyl)sulfinyl)-IH-benzimidazole sodium salt 10 [0137] [Formula 44] O~
O00~ NO'_S ™\ NaJoE38] (54)-3-oxbprepyl bernZoate [0139% 151)
[Formula 45] O O'y O %) 40] To a pyridine (25 ml) and_ THE (10 ml) solution
of hydroxyacstorie (59 7°5 hirhol)! hehzo§i Shtoride (12 fl, 103 mmol) was
added ropwisesat O (M. 51dec-8-y1)ethoxy) -3-methylpyridin-2-

5 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

10 nitrogen atmosphere. The mixture was stirred for one
hour in the same conditions. The reaction was
terminated by adding a saturated agqueous solution (15
ml) of sodium hydrogen carbonate at the same
temperature. The mixture was extracted with chloroform

15 (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

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 diethyl
ether and then dried to obtain the title compound (188

25 mg, 47.9% yield) as a white solid.

'H NMR(400MHz, DMSO-ds)dppm; 0.83(3H, t, J=7Hz),
1.74(28, 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),



- 97 a nitrogen atmosphere and the mixture was stirred for 43 hours at room
temperature. Ice was added to the reaction mixture, which was then diluted
with ethyl acetate. The organic layer was washed with 1N 5 hydrochloric
acid, water, and a saline solution, dried over anhydrous sodium sulfate, and
concentrated. The obtained crude prodéiét was purified by silica gel column
chromatography felutionsolvent; heptane/ ethyl; acetate=1/0-41 gradignt).
Desired fractions were 10 concentrated to obtain the title compound (10.56g,
87.8%-y4éld) asa Kghtyellotiz dil. i NMR{4OOMEHz( DMSO-d6§Sppity,H, d,
2. 14(3H 5 01(2H, s), 7.51-7.58(2H, m), 7.65-7.70(1H, m), 7.95-8.00(2H,
53 methyl 1,4,7,9-tetraoxaspiro[4.5]dec-8 15 yl)methyl benzoate
[01413 afFormula 48] © -Q001[P142] 4The 2-exapropykbgnzoate. (e 22.4
mmol) 20 obtained in the step (5a) was mixed with 1,3-dioxolan-

2:2- d%rrdﬁh?@haﬁéw@@ 204 oYy dlstained i theestep! (46)! fiety) —1H-

ortho ormate | 2228 mmolg %nd p- toluenesulfonic acid monohydrate
(200 mg T, 8 n% he mixture was stirred at room temperature for 13.5 -
98 [0135]

[Formula 43]

[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 1N
aqueous sodium hydroxide solution (386 ul, 0.39 mmol)

15 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

20 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.



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 a saline solution, dried over anhydrous sodium sulfate,
5 and concentrated. The obtained crude product was purified by silica gel
column chromatography (elution solvent®heptane/ethyl acetate=1/0-1/1
gradient)and, desired fractions wese concengrated to pbtainghe fitle
compound (1.92 g, 29.1% yield) as a colorless oil. 10 iH NMR(400MHz,
DMSO-d6)Sppmal. 438k k), 3.6493.76¢4K5Hn) 13.8033.88(4H, my) 4.33(2H,
s), 7. 0'237?%(2'_@ TQI 7.64-747 %1 ,.m), 7.92;%.00(2H, mg).(gS%
(8-meth§RL14, 70\ te rac5nx>a’sp|r0(% .é}&éc-@i yitethanof 15 (0143] frormula
47) Qr=0'HHPO 20/[0144] To afHEH10,mb and metbanal, (54n)) solution of
the (8-methyl-1,4,7,9-tetraoxaspiro[4.5]dec-8- yl)methyl benzoate (1.92 g,
652 MmMél) bbtaihedinifie) step-Bb),/a4N dguedlus sodirmiydréxide
solutiQQS(I;er 25 ml, 10 mmol) was added and stirred at room temperature for
one hour. ﬂu’a reaction mixture was extracted with dichloromethane (50 ml)
four timesygiried vyer -anhydraus ispdium sulfate tand then,, coricentrated.
The - 99

tetraoxaspiro[4.5]dec-8-yl)methoxy)pyridin-2-
yl)methyl)sulfinyl)-1H-benzimidazole sodium salt
10 [0137]

[Formula 44]

[0138]
(5a) 2-oxopropyl benzoate
[0139]

15 [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



obtained crude product was purified by silica gel column chromatography
(elution solvent: heptane/ethyl acetate=1/1-0/1 gradient) and desired
fractions were concentrated to obtain the title compound (1.12 g, 5 90.0%
yield) as a white solid. iH NMR(400MHz, DMSO-d6)Sppm; 1.24(3H, s),
3.33(2H, d, J=6Hz), 3.60(4H, s), 3.80-3785(2H, m), 4.81(1H, t, J=6Hz). (5d)

25}“5“%@%@@’ ﬁ*g@“ﬁ@' 4:0e9 104 the mixture was stirred for
tetraoxaspiro[4.5]dec-8-yl)methoxy)pyridine 1-oxide [0145] [Formula 48]0

0~0140 +OuElsN=O JOA6]|tEFoRadiatethylsulfoxelevdd mf)osclution ofels the
(8-meth I-1,,4,7,9-tetraoxaspiro£4.5]dec-8- P{gmethanol 1.11 g, 5.82 mmol)
obtain&d it 58 step* (BES: sofiurm hydiae; %ild(éjz%tr%%, B2 nimol as the
contept wvas kegarded as-60%)was addedaf rpopn demperaturg in a nitrogen
atmosphere. The mixture was 20 stirred for 30 minutes in the same

cEnditivpAs OTb the 1 reactibh misatfe, 4-ehibre-2 3 dirfethglpyHdiie 1bxige

o T SR A D s LR AR L1
obtained crude product was purified by silica gel
column chromatography (elution solvent: heptane/ ethyl
acetate=1/0-1/1 gradient). Desired fractions were

10 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-

15 yl)methyl benzoate

[0141]

[Formula 46]

[0142]
The 2-oxopropyl benzoate (4g, 22.4 mmol)

20 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



- 100 The reaction mixture was concentrated and the residue was purified
by silica gel column chromatography (elution solvent: ethyl
acetate/methanol=1/0-5/2 gradient) and desired fractions were concentrated
to 5 obtain the title compound (1.20 g, 66.1% yield) as a brown oil. iH
NMR(400MHz, DMSO-d6)Sppm; 1.42(3H, s), 2.12(3H, s), 2.33(3H, s),

3.65-3/4H, M), 3824 Dn 407 (2H; 18):, /2000 Hy fhel5i/dHZ) 8040 &6
J=7Hz). 10 (5e) (3-methyl-4-((8- methyl 1,4,7,9-

tetracx@aspiro[4.5i0ecr8ry imethima pyridia - 2-tylymethraricl {8 142 ¢Ferreala.
49]0 O[O HO AN 15[0148 The23d|meth I4 8 met %/I -1,4,7,9-

tetraoxaspitof4 Bidec-8%ifmattio ‘3‘5y (%ejlt ?f 20'g°5. 8ﬁ4n|%rﬁ’6lfh
obtained in the step (Rd)omas @M@a m@@ww'%&%ml)suﬁqm,

mixture, 20 triethylamine (0.8 ml, 5.74 mmol) was added and the mixture
was stitfed-an56cHor 2eHours! Thedleaetiond niixtife was eonRctempated and

methaﬂgl % e@ )awas ded to he rg[|5|due Ther%e fter a 5}|1\l acau%%s on
sodiufm - 1 foxide so?ut?on (f )was a&é)ec?to the mixi ture, an

solvent: heptane/ethyl acetate=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.

10 'H NMR(400MHz, DMSO-d¢)dppm; 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

15 [0143]

[Formula 47]

7
oj\o
Ho/\’\ o
20 [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

25 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



stirred at room temperature for 30 minutes. To the resultant mixture, a
saturated aqueous ammonium chloride solution (7 ml) was added and the
pH was 5 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 $8lution, dried over anhydrous

sodiugy, sylfgie; and.coneentrated. The ehiained.cruge ErOPP&&é’%ﬁilo

purified by silica gel column chromatography (elution solvent:
acetate/lmethapot-e w4/ rgnadienty and i rdesiledefractior(s) svas/ethy 1
concentrated to_o f)taln the title comgound (312 mg,, 26. 1%§/Jeld% as a light

yellovt S5t °T5- 1 HNMR BOOMEZ - DMSO-H675gpm; 1. 44(3H%), 731(3H,

S), 3&53in( 4k 1), 38344t 1), 4:Q8(2H;: 8, 4842Hnd, J=SHz), 4.97(1H,
t, J=SHz), 6.99(1H, d, J=6Hz), 8.20(1H, d, J=6Hz). (5f)
25(((39ﬁ1eQﬁy|¥4-€€@81h1€%ﬁylal‘ﬂh?1992@01id

o)L b8 ﬁz‘f?n? %%%.e Fé“ﬁ% R oy 01 85 0 -0 (Fizs v
102 -g=6Hz), 3.60( s), 3.80-3.85(4H, m), 4.81(1H, t,
J=6Hz) .
(5d) 2,3-dimethyl-4-((8-methyl-1,4,7,9-
10 tetraoxaspiro[4.5]dec-8-yl)methoxy)pyridine l-oxide
[0145]

[Formula 48]

[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
(5¢c), sodium hydride, in o0il (326 mg, 8.15 mmol as the
content was regarded as 60%) was added at room
temperature in a nitrogen atmosphere. The mixture was
20 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.



[0150] To a THE (7 ml) solution of the (3-methyl-4-
((8-methyl-1,4,7,9-tetraoxaspiro[4.5]dec-8- yl)methoxy)pyridin-2-yl)methanol
(312 mg, 1.00 mmol) 5 obtained in the step (5e), triethylamine (0.30 ml, 2.15
mmol) was added at room temperature, and then methanesulfonyl chloride
(0.12 ml, 1.55 mmol) was added under-€8oling in an ice-salt bath and stirred

for 3Gypinutes in e same,cenditans fo dhe reaction 10 mixiuLe, & que

saturated aqueous solution of sodium hydrogen carbonate and ethyl acetate

were @gslepl: Thel aduepusilayerwas lextraoted withr ettt agetatey Organic

layers were combined, washed with water and a saline solr?%iogggried over
ed resi

anhydfoUS<GdiuftSliifate; 18%Nd cBResRiraed THE bt due was

dissolyed iR ethanel{648b: fedheresuiankslutioncéncentrated to
mercaptobenzimidazole (150 mg, 1.00 mmol) and sodium hydroxide (160

my, 200 mmoh werd hddedaPstided at2fbom témpktatiire ¥8r 185 Rours.
After tr%e Vrv%a(g)tiioln 20 mixture was concentrated, NH silica gel was added to
the residue and the mixture was dried. The obtained crude product was

purified by silica gelieolunms cchrondategraphy felatipnsplvent1 heptgnefethyl
acetate=1/0, 1/1-0/1 gradient) and desired fractions 25 were concentrated to

obtairt tHé fiflé compodnd 1377 Md,*85.0% yiéld) B & wiite foarf./i¢H
NMR(400MHz, DMSQ:d6)Shpm; 1.43@H, ), 221(3H ), 3.66-3.76(4H, m)
3.85(4H, s), 4.09(2H, s, 4.68(2H, - 103
10 (5e) (3-methyl-4-((8-methyl-1,4,7,9-
tetraoxaspiro[4.5]dec—-8-yl)methoxy)pyridin-2-
yl)methanol
[0147]

[Formula 49]

15 [0148]

The 2,3-dimethyl-4-((8-methyl-1,4,7,9-
tetraoxaspiro[4.5]dec-8-yl)methoxy)pyridine 1l-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, 5.74 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 agueous sodium



s), 7.02(1H, d, J=6Hz), 7.07-7.14(2H, m), 7.37-7.50(2H, m), 8.22(1H, d,
J=6Hz), 12.59(1H, hr s). (59) 2-(((3-methyl-4-((8-methyl-1,4,7,9-
tetraoxaspiro[4.5]dec-8-yl)methoxy)pyridin-2- 5
yl)methyl)sulfinyl)-1H-benzimidazole [0151] [Formula 51] O-) OO O~ON O
IS, NN H[0152] To a toluene (8.1 ml} &hd methanol (0.9 ml) 10 solution of

”W’2%9@%%§%Q¥P%£Gt€¥%HYH%4559 was added to the mixture, and
tetraoxaspiro[4.5]dec-8-yl)methoxy)pyridin-2-

yl)mettwythe)- BH-bermzimidarseie {B¥2 eng 00.840mmioi) telstaingtbirnt the step
(5f), a toluene (2.7 ml) and methanol (0.3 ml) solution of 3-chloroperbenzoic

acid 157200 Mg, 6. 76 Mol a8 the corteRt wad feyardéd ™ 65%) was

addeddropwise ataRG te -30C oy 10 minidesdn anaitregenatmagphere.
The mixture was stirred at -60C to -50C for 1.5 hours. The reaction was
termiRgeashy caddingaI2in| bf a sdtifateticafiesus salutivon ofesodidmu2ed

Y S L s e e ke e et

anhyeirotls a 2N aqueous sodium hydroxide solution, water, and
a saline solution, dried over anhydrous sodium sulfate
and concentrated. The obtained crude product was

10 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.

15 'H NMR(400MHz, DMSO-d¢)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-
20 tetraoxaspiro[4.5]dec—-8-yl)methoxy)pyridin-2-
yl)methyl)thio)-1H-benzimidazole

[0149]

[Formula 50]

5 F
|

(@)
@[N\HJ@

N
H



sodium sulfate and concentrated. The obtained crude - 104 product was
purified by silica gel column chromatography (NH silica gel, elution solvent:
ethyl acetate/methanol=1/0-4/1 gradient) and desired fractions were
concentrated. The obtained white foam 5 was re-precipitated with chloroform
and diethyl ether and filtered. The operdtionrwas repeated twice to obtain
the title comppung (148 mg, 38.4% yield) as a white solid. iH NMR(400MHz,
DMSO-d6)Sppm; 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, THELAHZ)p4)7 A H;td I=14H D). 0 1k th YE6HZ),
7.20- 7.§g&2H m ,_7.53-%.70_(2H, m), 8.20(l;LH, d4 J5=6dHQ;g§h)

2-((3' HEthSIAY (B-ethyt1 47 g- doxaspird [4.5]de

tetragxaspirofh»ldes; 81y )methaxy) Ridiard 113312 mg, 1.00 mmol)

yl)methyl)sulfinyl)-1H-benzimidazole sodium salt [0153] [Formula 52] O-~ O

0°50'$T O ISIN N Nafor54P Toran ethansit@yiiyrsslation of the-((83-120

methyl:4-{((8-methyl:1 47 J-teraoxaspirold- 219668 .1y then
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

10 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,

15 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

20 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

25 were concentrated to obtain the title compound (377 mg,
85.0% yield) as a white foam.
'H NMR(400MHz, DMSO-d¢)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,



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
(3201, - 105 0.32 mmol) was added at room temperature and stirred for 10
minutes and thereafter, the mixture was concentrated. Methanol was added
to the residue and concentrated. After #1i$ operation was repeated twice, 5
diethyl ether was added and the,obtained suspension yas alloyed to,stand.
After the supernatant liquid was discarded, the residue was dried by a
vacuum,puimpaol Bbtain the ditle)compoeaAd {E47vngs95.4% vyield) as a white
solid. 10 iH _MR%QOMHz,lQI\Z{I_SO-d_G SE m;_1.43(37H,9§), 2.18(3H, s),
3.66-378(4H, M), 3.85(41 )} 2 07HE sg}/&.ajs'(i‘H, 8, J=13Hz), 4.81(1H, d,
J=13H2),.6.38:6,88(2H4m); BI9(AH, 0) J=6k12)y 7 38-T46(2H, m), 8.27(1H,
d, J=6Hz). 15 (Example 6) 2-(((4-((2-methoxy-1,3-dioxan-5-
yImetRoxpt3yrie thyldyrielin-2-yHimetma)sulfimARis- benzimidazole sodium
salt [0155] I%%r%ﬂla 53100 S\ NaNOI0 20 [0156] (6a)
(2-methoxy-1,3-dioxan-5-yl)methanol - 106 -

[Formula 51]

o~
o/\f\oj\o
|

\
@:N> SN
H

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

[0152]

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
methanol (0.3 ml) solution of 3-chloroperbenzoic acid

15 (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

20 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



0157] [Formula 54] HO~O O [0158] A mixture of 2-(hydroxymethyl)-1,3 5
propanediol (1.7 g, 16 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 1) was
added and the mixture was concentratéd. “The 10 residue was purified by

silicagp&gg@nwaghmq@%gp (glyiiggasq%qnt'cgggll;gpe/ethyl acetate) to
obtain the title compound (1.4 g, 59.1% yield), which is a cis and trans (1:1)

mixturérasatight apéliow 16il. $511iH NMR{408MkHZ, @DE13)Sppm;ethyl
1.85-1.92(0.5H, m 1.93-_2.025(0.5H, m), 3,34(1.5H, s), 3.41(1.5H, s), 3.62-
3.84(@%‘?%?)?%/56&@“&&31! " 1HZ) I A03AH, A 6 S T2HSS 4.27(1H, dd,

J=4, ¥2H2},1%22(QéFk S}oB:=29(0-9He8). 20r{eb)obtained white foam
4-((2-methoxy-1,3-dioxan-5-yl)methoxy)-2,3- dimethylpyridine 1-oxide - 107 -
OiSQFFQHﬁﬂHﬁgﬁﬂigiiﬁﬂﬁ@]With chloroform and diethyl ether

and filtered. The operation was repeated twice to
obtain the title compound (148 mg, 38.4% yield) as a
white solid.
'H NMR(400MHz, DMSO-d¢)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 vyl)methyl)sulfinyl)-1H-benzimidazole sodium salt
[0153]

[Formula 52]
(@]
oj:;
0“1\ o
|

@:\Q@J@

Na

[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-
yvl)methoxy)pyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole (147 mg, 0.32 mmol) obtained in the step

(5g),a 1IN aqueous sodium hydroxide solution (320 ul1,



To a dimethylsulfoxide (10 ml) solution of 5 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 #-®Xide (2.13 g, 10 13.5 mmol) was
added and the mjxtyre wasstirred af 60 far2.5-hours. After the reaction
mixture was cooled to room temperature, it was concentrated. The residue
was purified by silicaegelacolummectramatograyblay (Nt sitieawgel, elution
solvent: ethyl acetate/methanol) to 15 obtain the title compound (1.8 9, 49.5%
yield); W %&gtﬁgg%d(iis and tHang (119 nitae; asa yefow it ke 2"
NMR400MHKizy GRG13)Sppm; 2:12-2.3dH, )2 203K e S)a2 S4(3H; 8),
3.41(1.5H, s), 3.45(1.5H, s), 3.77 (1H, dd, J=4, 12Hz), 4.01(1H, dd, J=4,
12H2),14.08v20 426(3HI M), FI9CLR dd Bied, A1z SR §(@BRAN g on was
‘33;2{3955}555«@?0?%@&(%%@%% ZJ)fé(H% & £(Q3HL 4 328H2) 81500 3k, d.
(4-((amethexy-d, 3-dipxare54yl)methoxyd3: daethylpyridin«2:yl) gneihanel -
108 - 0161] [Formula 56] HO I N ~ [0162] The .
4-((2-PREMbXy 8- didkaR-59NREtRExy)E 572 B%dinTeth§ipy¥itfits! 1-6xidé (1.8
g, 6.68 mi).ohtajned in the step (6b) was mixed with acetic anhydride (8

10 'H NMR(400MHz, DMSO-dg¢)dppm; 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]

20 [0156]

(6a) (2-methoxy-1,3-dioxan-5-yl)methanol



ml). The mixture was stirred at 100C for 2 hours. After cooled to room
temperature, the reaction mixture was concentrated under reduced pressure.
To the 10 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'@éncentrated and the residue was
separated wity 3-paturated saline solution and ethyl 15 acetate. The organic
layer was dried over anhydrous magnesium sulfate, filtered, concentrated
and théoresidwe Wals 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% whjch i® a cis and trans (1:1) mixture,
as a yellow oil. iH NMR(400MHz, CDC1 /; 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(1.8H, s), 3.79(1H, dd, J=4,
12Hz), 4.01(1H, dd, J=4, 12Hz), 4.10 25 4.20(2H, m), 4.23(1H, d, J=8Hz),
4.38(1H, dd[(;:g, - 109 12Hz), 4.66(2H, s), 4.86(1H, bs), 5.28(0.5H, s),
5.29(0.5H, 9). 6.73(0.5H, d, J=8Hz), 6.76(0.5H, d. J=8Hz), 8.31(0.5H, d.
J=8Hz),8.32(0.5HAdI=8Hzy Bd)2- (hydroxymethyl)-1,3-
2-(((4-((2-methoxy-1,3-dioxan-5-yl)methoxy)-3 5
methPhyRaESATméthyT)thio)-1H-BEAZImidaz ol (T E3PIHSHHAASTIN ©°S
'1C)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

10 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 (1l:1) mixture, as a light
yvellow oil.

15 'H NMR(400MHz, CDCl;)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(1H, dd, J=6,
12Hz), 4.27(1H, dd, J=4, 12Hz), 5.22(0.5H, s),
5.25(0.5H, s).

20 (6b) 4-((2-methoxy-1,3-dioxan-5-yl)methoxy)-2,3-

dimethylpyridine l-oxide



CH N O'\O [0164] To a tetrahydrofuran (dehydrated) (10 ml) 10 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 (6¢) and triethylamine (1.06 ml,
7.61 mmol), methanesulfonyl chloride (176 1, 2.27 mmol) was added
dropwise under ice-cooling in a 15 nitrotféh atmosphere. The mixture was
stirred for 1.5, s in the same conditions. To the mixture, 2-
mercaptobenzimidazole (228 mg, 1.52 mmol) was added and stirred at room
temperaturerfor Z hours. The reaction mixture was poured into a saturated
agueous solution of 20 sodium hydrogen carbonate and extracted with ethyl
acetate. The organic layer was driedaoveranttydrous magnesium sulfate,
filtered and concentrated. The resi w qp&( ied by silica gel column
chromatography (elution solvent: hgptane/ethyl pcetate) 25 to obtain the title

>3

compound (324 mg, 53.1% yield 0 which is a cis and trans (1:1)
mixture, as a light yellow foam. iH NMR(400MHz, CDC13)Sppm;
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(16h dd, J=4, 12Hz),4.12-4.20(2H, m), 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°d2IS8HIgS 181 5adem) 19 48y STRAHE tmy, ©F

758-7;67 (1H. M) 8,35-8:440H. g0 —5-y 1) 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,

10 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

15 obtain the title compound (1.8 g, 49.5% yield), which
was a cis and trans (1:1) 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
(11, dd, 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),
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



10 (6e) 2-(((4-((2-methoxy-1,3-dioxan-5-yl)methoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole [0165] [Formula 58] N/
O O-HO N O~O [0166] 15 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-benZiftiidazole (324 mg, 807 Rmol)
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%) Wasmdted>drbpwise 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 aquedds splution 25 of sodium hydrogen
carbonate was added and the - 11 ture was extracted with
ethyl acetate. The organic layggyas blrlg over arfhydrous sodium sulfate,
filtered and concentrated. The residue Was purified by silica gel column
chromatogr ? %éNH silica 5 gel, elution solvent: ethyl acetate/methanol) to
obtain the title compound (222 mg, 65.9% yield), which is a cis and trans
(1:1) mixture, as adightarellow-foaihobhs-m/e (ESI 418 {MH)zn440MNa)' (6f)

2-(((4-((2-methoxy-1,3-dioxan-5-yl)methoxy)-3-
(« «3 dlmetﬁ;lpyrldlne ¥23x1de y% 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

10 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

15 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

20 (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-

25 4.20(2H, m), 4.23(1H, d, J=8Hz), 4.38(1lH, dd, J=4,



10 methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole sodium salt [0167]
[Formula 59] W Na bN O"\O [0168] 15 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 Rmol) obtained in the
step (6e), a 1N aqueous sodium hydroxidé solution (532 I, 532 Rmol) was
added at foomy 20:tepperafure,agg stired foy one haur, The mixture was
concentrated and the residue was dissolved in ethanol. Thereafter, diethyl
etherwa¥ &dded tothe rixturedand  the, miktdie Wasoculfrasonically dreated.
The resulting solid was collected by filtration in a nitrogen 25 atmosphere.
The SETAARAS dhic ?fdef’ﬁreadme%:&r%ééu e 2119 td'obthin e ifie:
composiad (234mg. yield83:14%), - whichiwas-a cis-gnd Hansdly})-mixture,
as a light yellow solid. iH NMR(400MHz, DMSO-d6)Sppm; 2.14-2.21(1H, m),
23 8(BRI 1y Bpv3 21 5H;35)) BRS(Y 5H L NS)? B-66-30P6 (A H iR 2 8.88-4.04(2H,
m), 4.09(1H 61](11 =4, 12Hz), 4.16- 4.23(1H, m), 4.35(1H, d, J=13Hz),
4.82(1H, d, J213Fi7), 5.24(0.5H, s), 5.27(0.5H, 5), 6.83(2H. dd, J=3, 6H2),
6.93(1Fe thndxsHz),7.41(2H, dd, J=3, 6Hz), 8.26(1H, d,

N 0
SaNe 701"0
|

To a tetrahydrofuran (dehydrated) (10 ml)

[0164]

10 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

15 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 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)

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



10 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] [Formula60]~SO O O \aCNaNOF F [0170] (7a)
(2,2-bis(fluoromethyl)-1,3-dioxan-5-y)methanol [0171] 20 [Formula 61] HO 7

O O F, Fod012LA mixturg of 2-{hydroxymethyl+], 3 113, propaggdiol (2.2
g, 20.7 mmol), 1,3-difluoroacetone (3.89 g, 41.4 mmol), trimethyl
orthoformate (8o4nml, 20.7 mmol), and p-toluenesulfonic acid monohydrate
(356 ;mg, 2.07 m ol) was stirred at 60C for 1% hours. After 5 czorggle%ion of
the reaction: trit Vismine (577 gp\ﬁgs &ddéd o the' résctidly mixttire, Which

\NaStgﬁﬂ 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, 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).

10 (6e) 2—-(((4-((2-methoxy-1,3-dioxan-5-yl)methoxy)-3—-
methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole
[0165]

[Formula 58]

H @] 0
I
[0166]
15 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-

20 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 aqueous solution

25 of sodium hydrogen carbonate was added and the



concentrated. The residue was purified by silica gel column chromatography
(elution solvent: heptane/ethyl acetate) to obtain the title compound (1.6 g,
yield: 10 43.4%) as a light yellow oil. iH NMR(400MHz, CDC13)Sppm,;
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); 4-5%(2H, dd, J=2, 48Hz). 15 (7b)

4-((2 2zhis(fugromethyl)s 1. 3sdigxans5: yhmethoxy): 2. Ssdimefhylpyridine
1-oxide [0173] [Formula 62] 07 O F N.i 0O-[0174] 20 To a dimethylsulfoxide
(10 nithsolutigarafcthe (2 2-bis@lubromethyly4d , 3-dioxarssyljrmeéthanol (1.6
g, 8.98 mmol% obtained in&he stepé?a , sodium _hydride, in oilléri]431 mg, 9.88
mmol"4s ti& Eonfent WAS tegarded ASBE%T Was addéd at Féom teniperature.

To thgu Ll dnixtyre; Archlore2,3-cimethylpyridinecl-oxiden(1.42:10,s8 9& o
mmol) was added and the mixture was stirred at 60C for 2 hours. After the
reactionlmialrs Wels CoolEdns  reshtemperatire/ Rsrds conderntratedtander

reducegl 5 pressure. The fesidus wag puried by silicagel 1 on is
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—-
10 methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole
sodium salt
[0167]

[Formula 59]

[0168]

15 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 aqueous sodium
hydroxide solution (532 pl, 532 pmol) was added at room

20 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

25 atmosphere. The solid was dried under reduced pressure



column chromatography (elution solvent: ethyl acetate/methanol) to obtain
the title compound (1.63 g, yield: 60.6%) as a yellow oil. iH NMR(400MHz,
CDC13)Sppm; 2.19(3H, s), 2.26-2.36(1H, 10 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, dd, J=2,
48Hz), 4.62(2H, dd, J=2, 48Hz), 6.64(1H: 4, I=8Hz), 8.14(1H, d, J=8Hz).

(7¢) (A((22:Disiflugromethyl)-1.3:0I0%Xa0-5r k% mg, yield: 83.4%),
yl)methoxy)-3-methylpyridin-2-yl)methanol [0175](‘]{F0rmula 63]O~O0 OF

HO FvINL[O176] sThe - 2:2-bis(flaoronéthyl)-h,B3<dioxan-5s28 light
yI)metho>i;9-2,3-qimethylpyridine 1-oxide (1.63 g, 5.37 mmol) obtained in the
step ¢7h) Wis ffixéd with acetic anhydride (8 ml). The mixture was stirred at

100CHer n2ihpussreolediio soam BypRerature,and themn, cancentrategs
under reduced pressure. To the residue, 25 methanol (10 ml) and a 5N
ague6biis sodiuht hyftoxide - P15 80lufidn (5 ) véreaddeéd aid the mixture

was sfired Aty Qd‘? temperafugg for, 3 hoyrs. The reagtign mjxtiige was
concentrated and thé residue was se;’)aratéd%et\iveen a'saturated saline
solutionzand ethyh pcetatesThe, d, J=13Hz), 4.82(1H, d, J=13Hz),
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), 8.26(1H, d,
10 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-



5 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 (385 mg, yield 23.6%) as a
10 yellow oil. iH NMR(400MHz, CDC13)$ppm; 2.04(3H, s), 2.32-2.40(1H,

m), 4. 01(2H, dd; JT412h7), 416(2H, 4, I78Hz) 3 4:212H, dd, J54, 12H2),
4.48(2H, dd, J=2, 48Hz), 4.62(2H, dd, J=2, 48Hz), 4.66(2H, s), 4.84(1H, bs),

15 6.73(149, d;,J=8HZ), Bi®1(1H,td,1I=8Hz). (ddyhoformate (3.44 ml,
2-(((4- 2,72-bis(fluorometz‘%/l)-l,ls-dioxan-S- , , . 3
yI)me% dxy)q@-%émy?ﬁy?’i |n-1—29ylbﬁ%?ﬁﬁflﬁ?orj-lﬁ-|9 Séﬁzi{ﬁ%agzg%r[fﬁ%ﬂ 26

[Formiga 641 Quie®)F fhN Qe Fr Fed0L78]cboca tefrahydraBiran. after
(dehydrated) (20 ml) solution of the (4-((2,2-bis(fluoromethyl)-1,3-dioxan -

136 - ByhARthoxy ) 3-methylisaidin 2y l) fiethanol (@85 mg o1 27Hhmaly s
oinmem ey GRLEBII
ice-coolingeinta Srritrogenratmesphere. The mixture wasistireed fofsl.ge 1
column chromatography (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]

| 0]
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 oil (431 mg, 9.88 mmol as the content was

regarded as 55%) was added at room temperature. To the



hour in the same conditions. 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 aqueous 10 solution of sodium hydrogen carbonate and extracted
with ethyl acetate. The organic layer was dried over anhydrous magnesium

sulfate; filigred and goncentrated. Theresidus waspurified by silica gel o,
column chromatography (elution solvent: heptane/ethyl acetate) 15 to obtain
the titfe 26mporind (805 mlyjgdeldn85t1%) msxadight yellowHfoanedHat 60°C
NMR%4OOMHZ, CDC13?ASppm; 2.26(3H, s), 2.30-2.38(1H, m% 4.01(2H, dd,
J=4, 15Rzy, £1802H, oI IT80) "2 TR o} J24F 10k A 38(2A ) °

4.46(2bbfd; Imge 20148H7), A:62(2H,dd\ l=2:A8HZ), BnREAH; L J=8H12),
7.15-7.23(2H, m), 7.42-7.50(1H, m), 7.56-7.66(1H, m), 8.37(1H, d, J=8Hz).
(Fe) Y22 2-bistiivoroafetiyl-173digxan-5led by silica gel

e N R £ gt
(10:1) 620 s} sekationn 510f the 2¥(44((2,2-kis(fluaremethyhd, 3-dioxan-5,
yield: 60.6%) as a yellow oil.
'H NMR(400MHz, CDCls)dppm; 2.19(3H, s), 2.26-2.36(1H,
10 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, dd, 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-
15 vyl)methoxy)-3-methylpyridin-2-yl)methanol
[0175]

[Formula 63]

[0176]
The 4-((2,2-bis(fluoromethyl)-1,3-dioxan-5-
20 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,

25 methanol (10 ml) and a 5N aqueous sodium hydroxide



yl)methoxy)-3-methylpyridin-2-yl)methyl)thio)-1H- benzimidazole (305 mg,
700 Rmol) obtained in the step (7d), a toluene/methanol (10:1) (5 ml)
solution of 3- chloroperbenzoic acid (167 mg, 630 1mol as the content 10
was regarded as 65%) was added dropwise at -50C to - 60C for 5 minutes in
a nitrogen atmosphere. The mixture'was 3tifred for 2 hours in the same

condifigng: ;1 thesreacion mixturey & safyratacbaqueeus solutions of spdium
hydrogen carbonate was added and the 15 resultant mixture was extracted
with ethykacetatengdreadrganic layes wasidded Oves antydrdws: sodiimre
sulfate, filtered and concentrated. The residue was purified by silica %el
columifi ShroRETSGraphy (N Silica° gbF Biitith LeRentrathyf = Petreen

acetate/methanebto-0htain-2Q the title-campound (215 #mg.yield: 68%) as a
light yellow foam. MS m/e (ESI) 452(MH)', 474(MNa)' (7f)
2((de 222 bis(flasromethy| )t Bedioxaprsanhydrous magnesium

yI)meérl]lcP%y -3-meth eyrried(gln-Z- I meetr% I uelf'n I}j— 7,118 -Sbe(:;puzeimvivdaszole
sodium sat‘iSiﬁ]#lﬁrmul’a gé AYe) é%%a?ll\l% é%ﬁszﬁ% 16 an ethanol (10
ml) selutioniofthe2-§(4- (2, 2bis(fuaromettybod3:digxapH5-yl)eethoxy)-3-
solvent: heptane/ethyl acetate, ethyl acetate/methanol)
to obtain the title compound (385 mg, yield 23.6%) as a
10 vyellow 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(1lH, bs),
15 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]

20 [Formula 64]

[0178]
To a tetrahydrofuran (dehydrated) (20 ml)

solution of the (4-((2,2-bis(fluoromethyl)-1,3-dioxan—



methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole (215 mg, 476 Rmol)
obtained in the step (7e), a 1IN aqueous sodium hydroxide solution (476 |,
476 Rmol) 10 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 mixturel¥hemixture was ultrasonically

treated. g@ﬁjm@‘@n@ﬁwta@t solid yas, collacted by, filivatinnin A 13 gitragen

atmosphere. The solid was dried under reduced pressure to obtain the title
compbund (I93lmgoYyisldn85.6%)Esa fighbyeéllow solid. tH NVR(400Mtz,
DMSO-d6)S pm 2 17%—?]? J 2.18-2.28(1H 3.84-3.94(2H, m)

4.06-43812H 1 L 5%%%?%%1 B195E35 4 50(2H

J= 47&'2)&9%&(25" wh J=4Addiz), 4:83}Hs &, Jrd2H7) -6.8056:90(3H; i),
6.94(1H, d, J=8Hz), 7.38-7.48(2H, m), 8.27(1H, d, J=8Hz). (Example 8)
25((FAdethgled-(2X2q50PyFe 3-didxarr2 2 tpge- was stirred for 1.0

yI)et 0X yr|d|n 2y| meth Nsu fln IH- be Z|m azoles dium salt 0183]
sthoxyp YUY bepeazole o9 s I0LES

(2 pr@pydehaajjexaafzzylﬁaaata&ae[owﬁl mg, 1.27 mmol) was added
and stirred at room temperature for 10 hours. The
reaction mixture was poured into a saturated aqueous

10 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)

15 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(2H, dd, J=4, 12Hz), 4.38(2H, s), 4.46(2H, dd, J=2,

20 48Hz), 4.62(2H, dd, J=2, 48Hz), 6.79(1lH, d, J=8Hz),
7.15-7.23(2H, m), 7.42-7.50(1H, m), 7.56-7.66(1H, 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-

25 Dbenzimidazole



[Formula 68] 1l p [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 toluenesulfonic acid monohydrate (272 mg, 1.58 mmol)
was stirred at room temperature for 22 hours. After 15 completion of the
reaction, triethylamine (881 I, 6.32 mmb}) was added to the reaction mixture
which was thgpn-gencentrated. The residue was purified by silica gel column
chromatography (elution solvent: heptane/ethyl acetate) to obtain the title
compoumdn(515 g yield: 20 80.5%) as a light yellow oil. iH NMR(400MHz,
CDC13)Sppm; 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 - 120 1.90(2H, m), 2.82(2H, s), 3.87-4.06(4H, m),

4.15(2H, q, J=7Hz). (8= :Propfyl-l -digxan-2-yl)ethanol [0187] 5
B ofuran (@ehydrated) (30 ml)
Naceatate (2.5 g, 25.4 mmol)
ride (

[Formula 69] O O OH [018 atetrahyc
solution of the ethyl (2-propyl-u,,3-dioxa /

obtained in the step (8a), lithium 10 aluminum hyd 578 mg, 15.2 mmol)
was added

[0180]
To a toluene/methanol (10:1) (20 ml) solution
5 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 pmol) obtained in the step
(7d), a toluene/methanol (10:1) (5 ml) solution of 3-
chloroperbenzoic acid (167 mg, 630 pumol as the content
10 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 aqueous solution
of sodium hydrogen carbonate was added and the
15 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
20 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-



portionwise under ice-cooling and stirred for one hour under ice cool. To the
reaction mixture, water (0.6 ml), a 2N aqueous sodium hydroxide solution
(0.6 ml), and water (1.8 ml) were sequentially added and the 15 content was
filtered through celite. The filtrate was concentrated under reduced pressure
to obtain the title compound (4.4 g, yield-894%), which was a crude

prodyct, as a;light yellow gil. iH NMR(400MHz, CDC13)Sppm; 0.97(3H, t,
J=7Hz), 1.22- 20 1.42(4H, m), 1.82-2.00(4H, m), 3.78-3.96(4H, m), 3.96-

4.08(2H, m)[ {86)L2,3-dimethyl-4-(2-(2-propyl-1,3-dioxan-2- yl) ethoxy)pyridine
1-oxide 121 - 0189] [Formula 70] [0190] To a dimethylsulfoxide (20 ml)
solutioh BB e (5-(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-gi lpyitiineg 1-g%ide (3:19 g, 20.2 mmol) 10 was
added and the mixtureﬁ@ﬁ.’!}kr@om;\l urs. After cooled to room
temperature, the mixture waldaconcenixs d under/redwced pressure. The
residue was purified by silica gel column chromatography (NH silica gel,
elution solvent: heptane/ethyl acetate, 15 ethyl acetate/methanol) to obtain

the title com
5 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)

10 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

15 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-d¢)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,

20 J=8Hz), 4.37(1H, d, J=12Hz), 4.50(2H, d, J=47Hz),
4.58(2H, d, J=47Hz), 4.81(1H, d, J=12Hz), 6.80-6.90(2H,
m), 6.94(1H, d, J=8Hz), 7.38-7.48(2H, m), 8.27(1lH, d,
J=8Hz) .

(Example 8) 2-(((3-methyl-4-(2-(2-propyl-1,3-dioxan-2-



(3.9 g, yield: 52.2%) as a light yellow oil. iH NMR(400MHz, CDC13)Sppm;
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,
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- ¥} &thoxy)pyridin-2-yl)methanol 122 -
[019¥}1F8€HU§?XE¥@§EEN 9192y Th€ny1) sulfinyl) 18-

2,3-dimethyl-4 propyl-1,3-dioxan-2- 5 yl)ethoxy)pyridine 1-oxide (3.9 g,
13.2 wenel)robfainede irsthel steps@c) was mixed with acetic anhydride (16
ml). The mlxtg % was stirred at 90C for 2 hours. After cooled to room
temperature h&téaction mixture was concentrated under reduced pressure.
To thesN-residue,smethanol (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’agd the residue was
separated by use of a sat rate,g salie solut 15 ethyl acetate. The
organic layer was dried §rous tggr?é%su@te filtered and
concentrated, and the re ~f3- ied by silica gel column
chromatography (elution solveH?L heptari\é ethyl acetate, ethyl
aéetate/meth%%é) lto obtain the title compound

(8a) Ethyl (2-propyl-1,3-dioxan—-2-yl)acetate

[0185]

[Formula 68]

o

[0186]

10 A mixture of ethyl 3-oxohexanocate (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

15 completion of the reaction, triethylamine (881 pul, 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:

20 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-



20 (1.69 g, yield: 43.3%) as a yellow oil. iH NMR(400MHz, CDC13)Sppm;
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(2H, t, J=7Hz),
4.65(2H, s), 6.77(1H, d, J=8Hz), - 123 - 8.29(1H, d, J=8Hz). (8e)
2-(((3-methyl-4-(2-(2-propyl-1,3-dioxan$:0 —

yhethoxy)pwidin:2-yhmeshythio)s3H-benzimidazole {0193] 5,[Formula 72) H
N [0194] To a tetrahydrofuran (dehydrated) (30 ml) solution of the
(3-methyE45(2-(2-propyl-1,3-dioxan-2- yl)ethoxy)pyridin-2-yl)methanol (445
ml, 1.5% mmol) 10 obtained in_the step (8d) and triethylamine (1.05 ml, 7.55
mmol) S FiethRanésifoiy chigride (210 2278 i1y Was added dropwise
under ice-cqaling7in a nitrogen atmosphere and the mixture was stirred for
one hour in the same conditions. To the reaction mixture, 15

2 meléapivbeénzinfidazole (227 mg, 1.51 mmol) was added and stirred at
room temperature for 3 days. The reaction mixture was poured into a
saturated aqueous solution of sodiumrogen carbonate and extracted
with ethyl acetate. The organic layer @ried over 20 anhydrous
magnesium sulfate, filtered and concéntrated.Clthe residue was purified by
silica gel coldthA®!

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 stirred for one hour
under ice cool. To the reaction mixture, water (0.6
ml), a 2N aqueous sodium hydroxide solution (0.6 ml),
and water (1.8 ml) were sequentially added and the

15 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-

20 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



chromatography (elution solvent: heptane/ethyl acetate, ethyl
acetate/methanol) to obtain the title compound (417 mg, yield: 64.6%) as a
light yellow foam. - 124 iH NMR(400MHz, CDC13)Sppm; 0.96(3H, t, J=7Hz),
1.35- 1.47(2H, m), 1.76-1.88(4H, m), 2.22(2H, t, J=7Hz), 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, s),
6.82(1H, d, JF8kkz), 5 7.14-7.24(2H, m), 7.50-7.62(2H, m), 8.35(1H, d,
J=8Hz). (8f) 2-(((3-methyl-4-(2-(2-propyl-1,3-dioxan-2-
yl)ethoxgpyridin-2-yl)methyl)sulfinyl)-IH- benzimidazole [0195] 10 [Formula
73] N [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-yl)methyl)thio)-lH;bQ‘ﬂ}@a(ole 15 (417 mg, 975 Rmol)
obtained in the step (8e), a toluenefmethanol (10:1) (5 ml) solution of 3-
chloroperbenzoic acid (233 mg, ol as the content was regarded as
65%) was added dropwise at a tetpperature of -50C to -60C for 5 minutes in
a 20 nitrogen atmosphere. The reaction mixture was stirred for 2 hours in the
same conditions. To the reaction mgdure, a saturated aqueous solution of
sodium hydrogen carbonate was added, which was extracted with ethyl
acetate. Aftétot'%?eoérganic layer was

To a dimethylsulfoxide (20 ml) solution of
5 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)
10 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,
15 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-
20 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



- 125 concentrated, the residue was purified by silica gel column
chromatography (NH silica gel, elution solvent: ethyl acetate /methanol) to
obtain the title compound (311 mg, yield: 71.9%), as a light yellow foam. 5 iH
NMR(400MHz, CDC13)Sppm; 0.95(3H, t, J=7Hz), 1.34- 1.47(2H, m),
1.70-1.88(4H, m), 2.17(3H, s), 2.20(2H1£2J=7Hz), 3.82-3.92(2H, m),
3.92-4.00(2kHy m), #.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), 10
8.30(1Fedpdx8HZ) 1(89g) 2-(((3-methyl-4-(2-(2-propyl-1,3-dioxan-2-
ylethoxy)pyridin-2-yl)methyl)sulfinyl)-1H- benzimidazole sodium salt [0197]
15 [Formula 74] Na N [0198] To an ethangl (6 ml) solution of the 2-(((3-
methyl-4-(2-(2-propyl-1,3-dioxan-2-yl) ricin-2-
yl)methyl)sulfinyl)-1H-benzimidazole (311 mg, 701 Rmol) 20 obtained in the
step (8f), a 1N aqueous sodium hy solution (701 I, 701 Rmol) was
added at room temperature aROsti r one hour. The mixture was
concentrated and the residue was dissolved in ethanol. After diethyl ether
was added tatle2golution, the 25 solution was ultrasonically treated. The

generated - 126 solid was collected by filtration in a nitrogen
The 2,3-dimethyl-4-(2-(2-propyl-1,3-dioxan—-2-

5 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

10 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

15 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

20 (1.69 g, yield: 43.3%) as a yellow oil.
'H 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(2H, t, J=7Hz), 4.65(2H, s), 6.77(1H, d, J=8Hz),



atmosphere, and the solid was dried under reduced pressure to obtain the
title compound (283 mg, yield: 86.7%) as a light yellow solid. 5 1H
NMR(400MHz, DMSO-d6)Sppm; 0.87(3H, t, J=7Hz), 1.26- 1.38(2H, m),
1.48-1.64(2H, m), 1.67-1.74(2H, m), 2.12- 2.20(2H, m), 2.16(3H, s), 3.81(4H,
t, J=7Hz), 4.07(2H, t, J=7THz), 4.38(THd3J=13Hz), 4.79(1H, d, J=13Hz),
6.82-6.90(2HH; m), 6.91(H,\d, J=8Hz), 7.36-7.50(2H, m), 10 8.25(1H, d,
J=8Hz). MS m/e (ESI) 466(MNa)". (Example 9)
2-(((4¢(9-diexadpirof8t3inon4r-yloxyj-Fropyl-1, 3-dioxan-2-
met%lﬁzridin-z%l methy/)sulfin {)-1H-benzimidazo_|e sodium salt. 151[0199]
[FormfUlA%/5]1 3 B M TES NN NE6280] (845 2, 2-Himethi it 5-4tKan-5-ol
[0201] 20 [FaymuHa 76] OH oxo 127 - 0202] To a diethyl ether (150 ml)

solution of 2,2-
5 [Formula 72]

N O Oﬁz
@[N\*S_@ AN
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)

10 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,

15 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 aqueous
solution of sodium hydrogen carbonate and extracted
with ethyl acetate. The organic layer was dried over

20 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.



dimethyl-1,3-dioxan-5-one (15g, 0.115 mol), lithium aluminum hydride (4.38
g, 0.115 mol) was added at 0 to 5 8C for one hour in a nitrogen atmosphere.
To the reaction mixture, water (4.2 ml), a 5N aqueous sodium hydroxide
solution (4.2 ml), and water (12.8 ml) were sequentially added dropwise at 0
to 10C. The mixture was dried over anhydrous sodium sulfate, filtered and
10 congerirated sider redused gressure to.qbfain the title ;compound (14.2
g, 93.4%) as a colorless oil. iH NMR(400MHz, CDC13)Sppm; 1.44(3H, s),
1.46(3H4 8) 2R, 75-2.95(1H,1r),83.5453.56(1HZ nd)2 BZH4-3t79(2H] i), ,
4.05-4.10(2H, m). 15 (9b) 5-(benz oxy)-2,2-%ri1 etheyl-1,3-dioxane [0203]
[Formzulééﬁ%"ﬁ 'O o%ézqg 'I%%@,N-Iafrhe r;/}f Fr%a?'riji&%H(ZdB)ml) solution
20 of the 2(2+dimethyl=1;,3-dioxan-5reb(r,. 14, 0.954 mak) ohtaingddn the step
(9a), sodium hydride, in oil (2.81 g, 0.064 mol as the content was regarded
a8 55%) as- adided at0C and>stirred. 2AREr benzylbrémide (12,9 8 dz208
mol) apd ferabyylammoniym,(ofide £220 119,29 0001, mol) were added at
the same temperature to the - 1 mlxtﬁre, the mixture was stirred at room

tempenatarar dar 15 houis: \Watar) was igdesh tortheyrepctian mixture, which
was then extracted with ethyl acetate

benzimidazole

[0195]

10 [Formula 73]

H N
[0196]
To a toluene-methanol (10:1) (30 ml) solution
of the 2-(((3-methyl-4-(2-(2-propyl-1,3-dioxan—-2-

yvl)ethoxy)pyridin-2-yl)methyl)thio)-1H-benzimidazole

15 (417 mg, 975 umol) obtained in the step (8e), a
toluene/methanol (10:1) (5 ml) solution of 3-
chloroperbenzoic acid (233 mg, 878 Mmol as the content
was regarded as 65%) was added dropwise at a
temperature of -50°C to -60°C for 5 minutes in a

20 nitrogen atmosphere. The reaction mixture was stirred
for 2 hours in the same conditions. To the reaction
mixture, a saturated agqueous solution of sodium
hydrogen carbonate was added, which was extracted with

ethyl acetate. After the organic layer was



three times. Organic layers were combined, washed five 5 times with water
and once with a saturated saline solution, dried over anhydrous sodium
sulfate, and filtered. After NH silica gel was added, the resultant mixture was
concentrated and purified by silica gel column chromatography (elution
solvent: heptane, 10 heptane/ethyl acetaté=9/1, 4/1, ethyl acetate) to obtain

the title compound. (6.5.q, S4-2%) as.a.golorless il IHNMR(400MHZ, |
CDC13)Sppm; 1.40(3H, s), 1.45(3H, s), 3.50-3.56(1H, m), 3.77(2H, dd, J=7,

12Hzy3.962dhddn a5 dr4phHINH. 58(2H 2s)y 7128 138(5H, my.l(@eht :
2-(benzyloxy)propane-1,3-diol r{)OZOS]%EFormuIa 7811 HO 70 _HOT [0206] 20
To aﬁw%%ﬁén%lc frif) SB1GHBAS the 52 (Behzyoxy) 2, S-Himethy i3 didkane
(6.5 g, 29.24mmaj) obtained indhe step {9b), PEOWEX(1).50M=%8 (59) was

added and stirred at room temperature. After 2 hours, the reaction mixture
was filferBdmnd 8diicentraet: tho25abtdinthé ditle Compolind) (5.0 g3 93.8%)

522 ComgEn, 10 SlH MMBOOMLE, CoOOISRBI S0 S )
7.29-740(5H, m).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),
10 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]

15 [Formula 74]

[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)

20 obtained in the step (8f), a 1IN aqueous sodium
hydroxide solution (701 pl, 701 pmol) 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

25 solution was ultrasonically treated. The generated



5 (9d) 7-(benzyloxy)-5,9-dioxaspiro[3.5]nonane [0207] [Formula 79] O"JO
PO [0208] To a round-bottom flask containing a benzene 10 (50 ml) solution
of the 2-(benzyloxy)propane-1,3-diol (5.0 g, 27.4 mmol) obtained in the step
(9¢), cyclobutanone (2.33 ml, 30.6 mmol), and p- toluenesulfonic acid
monohydrate (100 mg, 0.53 mmol), & refltixtooling tube equipped with the

Deans3tark water 15,separatoryyas aftached, The mixtyre wasdnder

refluxed for 2 hours. To the resultant mixture, triethylamine (0.4 ml, 0.72
mmob wassatded arhthecinixtere ias'condentratethtobtain aceride
product. The crude product was purified bg silica gel colgmn 20

chrorhafogiaphy (R Siida Yet, Slution SoNeht Weftané  Reptineréthyt

acetage=9/1) tq obtainitheditle compeund .3 g, yield: 98.2%) as a light
yeIIovy oil. iH NMR(400MHz, CDC13)Sppm; 1.70-1.79(2H, m), 2.20- 2.29(4H,
), 3.44-8'50(4FOHY 3.683D69(1PRA); 28 392H, dd, J=AHEIMZ), - 26—

4.58(2H, o) LOTLL SO(CH, ). £ 190 98) 54 ApasBipI3Singyany o
2.20(2H, m), 2.16(3H, s), 3.81(4H, t, J=7Hz), 4.07(2H,
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),
10 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.

15 [0199]

[Formula 75]

[0200]

(9a) 2,2-dimethyl-1,3-dioxan-5-o0l
[0201]
20 [Formula 76]

OH

X -



[0210] 5 To a methanol (269 ml) solution of 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 10 purged with
nitrogen and insoluble matter was remdvet by filtration. The filtrate was
concentrategotgy@tﬁain a crude product. The crude product was purified by
silica gel column chromatography (NH silica gel, elution solvent: heptane,
heptane/ethyl acefate=5H)do!blobtdie the tilé compewid (342 glyield -
88.2%) as a colorless oil. iH NMR%FOOMHZ, C ClS)EPpm; 1.72-1.82(2H,
. b :

m), 221231 (@R, m)“2 7123 BB(THF bi), $750-3.56(1H."m),’ 3. 715 3-78{2H,

m), 3:93r3:98(RH: 1) 2091445, 9 dioxaspirald bnen-7-wex¥k2:3- 0 to
dimethylpyridine 1-oxide - 131 - 0211] [Formula 81] O-P O O N [0212] To a
dimethyl férnhaniide 130} Bofutioh-6P Bthe2s 19edipkaspiro[3T5]gran-7-ol

CL500 LATASNAneG L (S, s Pl 91366
hydroxide solution (4.2 ml), and water (12.8 ml) were
sequentially added dropwise at 0 to 10°C. The mixture
was dried over anhydrous sodium sulfate, filtered and

10 concentrated under reduced pressure to obtain the title

compound (14.2 g, 93.4%) as a colorless oil.
"H NMR (400MHz, CDCls)8ppm; 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).

15 (9b) 5-(benzyloxy)-2,2-dimetheyl-1,3-dioxane

[0203]

[Formula 77]

o

To a N,N-dimethylformamide (200 ml) solution

[0204]

20 of the 2,2-dimethyl-1,3-dioxan-5-0l1 (7.1 g, 0.054 mol)
obtained in the step (%a), 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,

25 0.001 mol) were added at the same temperature to the



added at room temperature. The mixture was stirred at room temperature for
50 minutes. After 4-chloro-2,3 10 dimethylpyridine 1-oxide (1.84 g, 11.7
mmol) was added thereto, the mixture was stirred at 80C for 2 hours. The
reaction mixture was concentrated and dimethylsulfoxide (30 ml) was added
thereto and stirred at 80C. After 12 hodrs® sodium hydride, in oil (587 15 mg,

13.5 mmel as the cantent was regarded;as.ag%)was added 1o the reaction

mixture and stirred at 80C. After one hour, the reaction mixture was
concéntrated> amduthe -resithieewasgpurifietkby siticahgelcolumion

chroma}ggraphy NH silica eé,helution solventa ethyl 20 acet?te, ethélt
acetale/ethanoler1) 1 obtaif tHe Stitté eompodhid (2.66Y ViélaT 62 4vs) as

a light yellaw: oileitd NMREAQOMHZ; ERC 13)S P ik 6rda82(2EHRY, five
2.24(3H, - 132 s), 2.27-2.32(4H, m), 2.54(3H, s), 3.85(2H, dd, J=6, 12Hz),
A707(2HIeR, IEBR 194 2294 SOTEHY ) 6-62¢EMrdt3€7R2),1826(1H, d,

o TR IR T, ot R
The 4=(5,0<diodaspxafSs2]nom-5-ylaxyy-2431 was added, the resultant
mixture was concentrated and purified by silica gel

column chromatography (elution solvent: heptane,

10 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)&ppm; 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,
15 J=4, 12Hz), 4.58(2H, s), 7.28-7.38(5H, m).
(9¢c) 2-(benzyloxy)propane—-1,3-diol
[0205]

[Formula 78]

Ho/j/o\/©

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® 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



10 dimethylpyridine 1-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 OC. After
triethylamine (656 1, 4.71 mmol) was added, the 15 mixture was stirred for
one hour and stirred at room temperattire’for another one hour. After stirred
at 50¢; for 2 hours, the reaction mixture was concentrated and the residue
was purified by silica gel column chromatography (NH silica gel, elution
solvehtt etHil(20 Gicetatefsptare=1i3).3T6 the obfain&d produdt, Trhetiianol
(30 ml) and_a55N %qéueous s%giugn hydgoxide_:4so|u%on (2.244 En7l él.Z mmol)
were Qdded, ahd'the? teactior rifxture Was'stirred at fdom températur® for
one hpuroAsatyraigd agueous solution of ammonium - 133 chloride was
added to the reaction mixture to adjust the pH of the solution to about 9 and
thereaftédy conCentraie@x¥he YeSultamtresiduewas extfacied with ethyl
acetate thre ) 'r@g?. Organic layers were 5 combined, washed with a
saturated saline solution, dried over anhydrous sodium sulfate, filtered and
concemtratediteo otstain the title compound (630 mg, yield: 49.6%) as a light
yellow oil. iH NMR(400MHz, CDC13)Sppm; 1.2Z-1.85(2H, m), 2.08(3H, 10
S), 2.26-2.35(4H, m), 3.85(2H, dd, J=6, 12Hz 1(2H, dd, J=4, 12Hz),

4.38-4.44(1H, m), 4.68(2H, s), 6.7 7o Hz), 8.31(1H, d, J=6Hz). (9h)
2-(((4-(5,9-dioxaspiro[3.5]non-7ggf<§/;/_

[0208]

To a round-bottom flask containing a benzene

10 (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

15 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

20 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),

25 3.92(2H, dd, J=4, 12Hz), 4.58(2H, s), 7.27-7.39(5H, m).



methylpyridin-2-yl)methyl) thio)-1H-benzimidazole 15 [0215] [Formula 83] O
O N_SIN NH [0216] A tetrahydrofuran (20 ml) solution of the (4-
(5,9-dioxaspiro[3.5]non-7-yloxy)-3-methylpyridin-2- 20 yl)ymethanol (630 mg,
2.37 mmol) obtained in the step (99) and triethylamine (0.66 ml, 4.74 mmol)
was stirred at -10C. After 10 minutes, rhéthanesulfonyl chloride (2751, 3.56
mmol) yvas added af the same tempgratyre 7 134 and the resultant mixture
was stirred in the same conditions for 30 minutes. To the reaction mixture, a
saturated aq@edys solution of sodium hydrogen carbonate was poured. The
reaction mixture was extracted with 5 ethyl acetate twice and organic layers
were EoriBiHed, Washed with a saturated saline solution, dried over
anhydrous sodium sulfate, filtered angygoncentrated. Dichloromethane (30
ml) was added to the residue to make a solution, and thereafter, 2 10
mercaptobenzimidazole (354 mg, 236 mmol) was added at room
temperature. Furthermore, triethylafhine(0.493 ml, 3.54 mmol) was added,
and additionally, methanol was add @ ntil 2-mercaptobenzimidazole was
dissolved.

[0210]

5 To a methanol (269 ml) solution of 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

10 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

15 obtain the title compound (3.42 g, yield: 88.2%) as a
colorless oil.
'H NMR(400MHz, CDCls)dppm; 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).

20 (9f) 4-(5,9-dioxaspiro[3.5]non-7-yloxy)-2,3-

dimethylpyridine l-oxide



After the reaction mixture was stirred at room 15 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 20
compound (690 mg, yield: 73.6%) as a WHite solid. iH NMR(400MHz,
DMSO-d6)Sppm; 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(2H, dd, J=2, 12Hz), 4.44-4.48(1H, m), 4.68(2H, s),
6.97(1Hedpdx6HY),) 7.07-7.13(2H, m), 7.37-7.50(2H, m), 25 8.21(1H, d,
J=6H2z). (9i) 2-(((4-(5,9-dioxaspiro[3.5]non-7-yloxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)-1H-berai zole [0217] - 135 - [Formula
84] X-PONO\ SIN NH [0218] To g tolyene (30 ml)/methanol(3 ml)
solution of the 2-(((4-(5,9-dioxaspirof3.5]nmon-7-yloxy)-3 5
methylpyridin-2-yl)methyl)thio)-1 imidazole (290 mg, 0.73 mmol)
obtained in the step (9h), a toluen Vmg hanol (10:1) solution of
3-chloroperbenzoic acid (174 mg, 0.85 mmol as the content was regarded as
o)

[0212]
To a dimethyl formamide (30 ml) solution of
5 the 5,9-dioxaspiro[3.5]nonan-7-0l1 (1.68 g, 11.7 mmol)
obtained in the step (%e), 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-
10 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
15 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
20 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)8ppm; 1.76-1.82(2H, m), 2.24(3H,



65%) was added at -70C in a nitrogen atmosphere. After 10 the mixture was
stirred 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 combined and dried 15 over&hhydrous sodium sulfate, filtered

and concentsated. The siesidue waspurified by silicasgel, golumn s,
chromatography (NH silica gel, elution solvent: ethyl acetate, ethyl
acetatétethahol=0(1 ), Fragtiofs3contaiirng the tledcorbpotindmwas
collected bé/%use of 20 ethyl acetate and concentrated. After diethyl ether

was added Slthe reslaué “the Soivaitwasdistilled '6ff “to obtain the title

composid (280 m gy vieldx262%)as .a white sohd.sx136 3H NMR(400MHz,
DMSO-d6)Sppm; 1.60-1.70(2H, m), 2.15(3H, s), 2.12-2.25(4H, m),
373-881{2H i) BlO84.06(244,F he); 4144-4.49(1H, m), 4.70(1H, d, J=14Hz),
4.78(1H, d, [%;2]543142), 6.97(1H, d, J=6Hz), 7.25-7.32(2H, m), 7.56- 5 7.70(2H,
m), 8.19(1H, d, =%HZ). (9)) 2-(((4-(5,9-dioxaspiro[3.5]non-7-yloxy)-3-
methylpyrigin:2-ydymethyl)sulfinyl)-1H-benzimidazole sodium salt [0219] 10
[Formula85] 0 NpNS11

[0214]
The 4-(5,9-dioxaspiro[3.5]non-7-yloxy)—-2,3-

10 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 ul, 4.71 mmol) was added, the

15 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

20 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



N 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 1N aqueous sodium hydroxide solution (0.56 ml, 0.56 mmol) was
added at room temperature. The mixtuté Yvas stirred for one hour and then

concentrated; After the asidugwag subjected .to azeetropic distillafion with

ethanol twice, it was 20 suspended with diethyl ether, the resultant solid was
collected yHfiltratiohearebdried to obtaimctbettitie om powrd £E36¢mg, yield:
91%) as a white solid. iH NMR(400 MHz, DMSO-d6)Sppm; 1.60-1.70(2H, m),

2.13 S137 3 TR m), 252(3HE ) 3 74-3BICH iy 3.66408(2R, M)

4.37(dHh ¢h Izd3HZ) 4424 S0 (Hd.am), 48p(1H; d,)=d3HZ). 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) 299@RiTethyl-425:9- trioKaspirdfs. Sliaidet-Sadmethex)pyidin-2-

yDmethyspifny)- 1t Hhenimigazele sedium sab (0221 [Eormula g6 O
concentrated to obtain the title compound (630 mg,
yield: 49.6%) as a light yellow oil.

'H NMR(400MHz, CDCls)8ppm; 1.77-1.85(2H, m), 2.08(3H,

10 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

15 [0215]

[Formula 83]

[0216]
A tetrahydrofuran (20 ml) solution of the (4-
(5,9-dioxaspiro[3.5]non-7-yloxy)-3-methylpyridin-2-
20 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 pul, 3.56 mmol) was added at the same temperature



Na 10 [0222] (10a) 1,5,9-trioxaspiro[5.5]undec-3-ylmethanol [0223] [Formula
87] HO~ 15 O O 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 20 monohydrate (268 mg, 1.41 mmol) and benzene
(68.3 ml) was refluxed in a round bottohd flask equipped with a cooling tube

and Degn-Stark for,6 haurs. After cooled Jtosroom tempgerature trigthylamine
(2 ml) was added to - 138 the reaction mixture and the mixture was
concentratedi oTise fesidaie was pueified Bositica get eolumn chiromategraphy
(silica gel: 200 elutlon solvent: he tane heptane/ethyl acetate= 1/1 1/3) to
obtai e S cBRBGUNG (3805 STold 62 696} s & aicrieds o T °

NMR(V%DDOMHJIMSOrﬂ@&@BI& :1961774&%(15}13 M) 3.3t 3424 Wk n
3.49-3.57(4H, m), 3.65(2H, dd, J=7, 12Hz), 3.86(2H, dd, J=4, 12Hz),
456(2HRTLI=BIRER 1D (10B)2, Raimethyiaia 3 Bveioxaspire]S: Sunderda-

ylmetxpgéxéocyr%glj@%léoéiggd %411[ ql}i”ea é%]lution, dried over
anhydrous sodium sulfate, filtered and concentrated.
Dichloromethane (30 ml) was added to the residue to
make a solution, and thereafter, 2-

10 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

15 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

20 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(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-(((4-(5,9-dioxaspiro[3.5]non-7-yloxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole

[0217]



O 000 0][0225] 15 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 20
stirred at room temperature for 30 minutés ima nitrogen atmosphere. To the
mixtu g%,oz%rg,mqog%?, dimethylpyridine 1-oxide (2.6 g, 16.5 mmol) was

added, the mixture was stirred at 60C for 2.5 hours. After cooled to room
temperature, the reaction mixture was - 139 conegnfrated. The residue was
purified by silica gel column chromatography (@H ilica gel: 200 g, elution
solvent: heptane, heptane/ethyl acetate=1/1 yl acetate, ethyl
acetate/methanol=10/1) to obtain the 5 title compound (3.38 g, yield: 66.2%)

as a pale yellow gum. iH Nt@ﬁ) MSO-d6)Sppm; 1.78(2H, t,
J=SHz), 1.85(2H, t, J=SHz ; 2.13(3H, s), 2.35(3H, s),
3.52-3.60(4H, m), 3.80(2H, d 12Hz) 10 4.04(2H, dd, J=4, 12Hz),
4.11(2H, d, J=7Hz), 6.97(1H, d, J= 7Hz), 8.08(1H, d, J=7Hz). (10c)

(3-methyl-44(4.5,94trioxaspiro[5.5]undec-3- ylmethoxy)pyridin-2-yl)methanol

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 (%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

10 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

15 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

20 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.



[0226] 15 [Formula 89] O"y'O /1 HO ~N O 0227] The 2,3-dimethyl-4-(1,5,9-
trioxaspiro[5.5] undec-3-ylmethoxy)pyridine 1-oxide (3.31 g, 10.7 mmol)
obtained in the step (10h) was 20 mixed with acetic anhydride (30 ml, 331
mmol). The mixture was stirred at 85C for 1 hour and 55 minutes. After
cooled to a room temperature, the reacti®f mixture was concentrated. To the

residug, methaneh(s0, miapda A aaueoussodiumhydraxide soltitipny(30

ml, - 140 150 mmol) were added and the mixture was stirred at room
temperatute for-cne hodi, The reactioh-mixtuke iwas congehtrated andihe
residue was separat%d between water and ethyl acetate. The organic layer
was Washed 5'twice with & 1N aqtedtis sbdidin HydroXide solution, drie
over gahydroys magnesium sulfate; filtered, and sconcentrated to-obiain the
titte compound (1.97 g, yield: 59.5%) as a brown oil. iH NMR(400MHz,
DMS0-d6)Sppm™ 1, 78(2H t1¥=SHz),J10%E.85(2H, t, J=SHz), 2.09-2.20(1H,

m), 2. s),, 3,50-3.62(4H, m), 3.82(2H.dd, J=6, 12Hz), 4.05(2H, dd,
J=4, 16'3%(2)“'2 4&&&%,(5’?:&71#35{,614%%3% 2ﬁj,%’d,5ji=né)ﬂz§ 2@9%7%,% J=6Hz),
6.97 (dhkk 6y IspHz) 1 8-22{IH) de t}56H2Z2)a1finyl) ~-1H-benzimidazole
sodium salt
[0219]

10 [Formula 85]
LO/
o O

N 9 |\
SEtes
N N

Na

[0220]

To an ethanol (20 ml) solution of the 2-(((4-
(5,9-dioxaspiro[3.5]lnon-7-yloxy)-3-methylpyridin-2-
yl)methyl)sulfinyl)-1H-benzimidazole (230 mg, 0.56

15 mmol) obtained in the step (9i), a 1N aqueous 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-d¢)dppm; 1.60-1.70(2H, m), 2.13-



15 (10d) 2-(((3-methyl-4-(1,5,9-trioxaspiro[5.5]undec-3-
ylmethoxy)pyridin-2-yl)methyl)thio)-IH-benzimidazole [0228] [Formula 90]
O~O NOO O\I\-S\ENN H[0229] 20 To a dichloromethane
(dehydrated) (20 ml) solution of the (3-methyl-4-(1,5,9 trioxaspiro[5.5]
undec-3-ylmethoxy)pyridin-2-yl)methand? (1726 g, 4.07 mmol) obtained in the

step (10¢) and tisthylamingsel. 13 ml, 8.14 mmeh), methanesulfonyl - 141
chloride (4731, 6.11 mmol) was added dropwise at 1C to 4C for 20 minutes

in a nitréger dtmosphére. TMheél  mikture-was stirred: for-40 Afinutes, innthe
same cgnditions. The reaction mixture wa poured into a 5 saturated

aqueéds 3btiorsf doditit ﬁydlﬁo'gggezn_ Sarbonate, The ac?ugéld% i{dyé?’ ‘was
extragteghwith dichloromethape, Qrganic layersiwege comined, dried over
anhydrous sodium sulfate, filtered and concentrated. The residue was mixed
with 2 BBafietcaptobenrzimidazor (595 thy( B:96 fnmol). The mixture was

stirred in methanol 355 I)Jat room temegﬁlture for 17 hOUES and 45 minutes.
1 8 tol JIR L 4 urs
NH s?nﬁéog%‘ﬁ%@ﬁ,\,ag] ndec=3-ylmetnoxy)pyridin

yl)methyl)sulfinyl)-1H-benzimidazole sodium salt
[0221]

[Formula 86]

10 [0222]
(10a) 1,5,9-trioxaspiro[5.5]undec-3-ylmethanol
[0223]

[Formula 87]
HO/\W:f\O
15
@

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

20 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



added to the reaction mixture and the mixture was concentrated. The
residue was subjected to silica gel 15 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 wasSurther 20 purified by silica gel
column, chramatography (silica gek 15,9, glution,solvent: heptang/ethyl
acetate=50/50, 25/75, ethyl acetate, ethyl acetate/methanol=10/1). The
obtaifnée oilemasisaspendedin hexdney condentrateel tocobtaimthe title
compound 25 (994 mg, }/ie,ld;,56.8%)lqs a colorless foam. iH NMR(400MHz,
DMSO 46T i%g(zﬁjt,lj%H%f 1.8503H7t, 7281422.26-2756(1H, m),
2.22(8kb S)n 3,52: 3B 1), 3.82(2 28d 156, 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 09-7 162 H; PR, 7238-7(83@&H Yor) Y B225(1H, 40, °F2612), 4 2562 (AH RE§).
(10e) 2__L-£((3-methyl-4-(1,5,9-trioxaspiro[5.5]undec-3- 5
ylmet%oxy)pyridin-z-yl)methyl)sulfinyl)-lH- benzimidazole [0230] [Formula
91] 010 MROI3DIH=zS NMYdHds ) Sppm; 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(1H, t, J=5Hz).
10 (10b) 2,3-dimethyl-4-(1,5,9-trioxaspiro[5.5]undec-3-
ylmethoxy)pyridine l-oxide
[0224]

[Formula 88]

| (0]
NS
N+
|
o
[0225]
15 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
20 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



[0231] 10 To a toluene (30 ml)-methanol (3 ml) solution 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 15
chloroperbenzoic acid (528 mg, 1.99 mhi5l as the content was regarded as

65%)w3s added dropwise at :65¢ 4L 5, qunyies: inia fitrpgen atmgsphere.

The mixture was stirred for 55 minutes in the same conditions. To the
reactionlmixtureyrasaturgtetbaguddiis solution gf20 sbdiurn hyerogenn

carbonate was added. The organic layer was dried over hydr9 s sodium

a
sulfatt filtsfed and-coREentrated: Theresidue #/a E"|c1>:uer|:fileﬁ1 by Silica &Y

colump shreraatography (N siiea-galhdd & elution solveMiain the
dichloromethane, - 143 - dichloromethane/methanol=10/1). The fractions

cntaliiihgtheditiosmripoanddvere golidcded Wit éthyt sacetate angel low
concentI%ated. After diethyl ether was added to the residue, the solvent was
distilléd off to 5 obtain the title compound (725 mg, yield: 71.7%) as a pale
grayist splid. (it BIAR (400Mblza DNSO-A6) Sppe HL,. 78(2H -5 9=HHz),
1.85(2H, t, J=5Hz), 2.05-2.21(1H, m), 2.14@3, s), 3.48-3.62(4H, m),
3.81(2H° uB=6" 1217314 b5 (310 da2 16941 17Hz7), 4:15(0H!d, I=7Hz2),

4.71(3Hs ¢ J5l14Hz), 4.8061H, doJ714H7), 6.99(H, & J=6K17) ;2 26-736(2H,
m), 7.58-7.72(2H, br), 8.23(1H, d, J= HZ).
10 4.04(28, 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]

15 [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

20 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 aqueous sodium hydroxide solution (30 ml,



(10f) 2-(((3-methyl-4-(1,5,9-trioxaspiro[5.5]undec-3-
ylmethoxy)pyridin-2-yl)methyl)sulfinyl)-IH- 15 benzimidazole sodium salt
[0232] [Formula 92] O~O NUOO N _S Z N\ Na [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)sulfinyh)-iHt benzimidazole (708 mg, 1.55
mmol) gbtained,in fbe step(hoe),a N aqyeous,sodjum hydrpxide selution
(1.54 ml, - 144 1.55 mmol as the concentration was regarded as 1.004M)
was added atrgamademperaturecardd thermixturé svas aoncentrated.uFlse
residue was subjected to azeotropic distillation with ethanol twice. After the
residdlé was’5 SURpenaed itk dFé%ﬁyF&%?FﬁltPé%%nisceé?ri‘/rt?é:aet%d?eatﬁ“ e
allowgd e stand, thersuperpatantdiguid mas, rgmeved: JThis Washing Brcess
was repeated further twice. The residue was dried under reduced pressure
to> obtaircthetitid compd Ui @35 MR ield: 85 Asrasa 10 whitesolid. iH
MR(OMHz, DMSQJ0IS0, 2 0CH Ji5HR). B0 4 SHHR)

concentrated to obtain the title compound (1.97 g,

yield: 59.5%) as a brown oil.
'H NMR(400MHz, DMSO-ds)dppm; 1.78(2H, t, J=5Hz),

10 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(1lH, d,
J=6Hz) .

15 (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/\W:fxo
N
©:N>_S SN
H

20 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



3.50-3.62(4H, m), 3.78-3.87(2H, m), 4.05(2H, dd, J=4, 12Hz), 4.14(2H, d,
J=THz), 4.40(1H, d, J=I3Hz), 15 4.78(1H, d, J=I3Hz), 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)- $¥ilbenzimidazole sodium salt 20

[OZBZgh[ﬁﬂrMa 9@9]11908(. Nsrhlnd\i )NQva[92§§]jed dropwise at 1°C
(Ila)(2,2-dimethyl-1,3-dioxan-5-yl)methanol - 145 - 0236] [Formula 94] HOXO

o/l/ [623%TA mixtube ofh 2alnyesoxymethyl)tt 338 prepanediot{4.09 §,38.5

mmol ,,a%etone 130 ml, 1768 fmmolpoand 70%5perchloric acid (1.37 g, 9.55
mmol) WaS 'Stin&F af fodh T8miperature 1o 21 Hours. After TiE'PH of the

reactioppidyre was agjustedwithsoneepntrated ,aguelis anmania to 9, the
reaction mixture was 10 concentrated. The residue was purified by silica gel
5 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-

10 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

15 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

20 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 o0il was suspended
in hexane, concentrated to obtain the title compound

25 (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=5Hz), 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,



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. 15 1H NMR(400MHz, DMSO-d6)Sppm; 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(11:1, J=5Hz). (lIb)

2,3 54timethylpysidine 1-0xde [0238]20 [Formuia 95}:0- [9239) To,3: 5,
dichloromethane (dehydrated5 (150 ml) - 146 solution of a 2,3,5-collidine
(11.0qy, 9G=8immol)] 3° Thloropétienzoic acid 624.85%, (@314 mmol as the
Com?é]t v5va%egarded:a§1 65%) was added at 1C in a nitrogen atmosphere.
The Mixture fvas &tirfed while thé 5°femperatur® was gradually raised to room
temperafuie for 135 heurs; After thegeaction mixtye was . concepirated, the
residue was purified by silica gel column chromatography (NH silica gel: 200
grelutibie sbRent Pepaierethyl asetiie256/50f ethil lacetate, 10 ethyl
acetqge/rr%el%\agolzogoell) to obtain a crude product of the title compound as a
pale yeﬁflow oil. After the crude product was diluted with ethyl acetate and a
saturated aqueaus solution of sodium hydrogen carbonate, the mixture was
concentrated. The residue 15 was purified by silica gel column

chrom&tography {NH
O/\W:fxo
A\
©:N>_S SN
H
[0231]
10 To a toluene (30 ml)-methanol (3 ml) solution
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-

15 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 agqueous solution of

20 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,



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. 20 iH NMR(400MHz, DMSO-d6)Sppm;
2.15(3H, s), 2.23(3H, s), 2.27(3H, s), 6.97(1H, s), 7.99(1H, s). (llc)
2,3,5-trimethyl-4-nitropyridine 1-oxide 02407 [Formula 96] N+ 1N i 0- 25

[0241] ; 347, The 2,3, 8drimethylpyridine 1yoxide (11.0,9,. 802 ;mmol)

obtained in the step (lIb) was mixed with sulfuric acid (34.1 g, 348 mmol).
After fumiregi nitnig acid (5:50. mlc2B8Ryumd|)was addetkdiopwise to thisiy L
mixture at room temperature, the mixture was stirred at. 80C for 9 hours. The
reactioremixtiré Was-c05iel 16 2fsm teftiperatire and ther&aftér Patired into
ice. The,obtaipedragueoussselutionavas extracteghwith chlaroferm othree o
times. Organic layers were combined and dried 10 over anhydrous

magriggigmisiifate Hiltdre doamb cortehtrateddo obigihthe title’Gompdund
(13.6§i‘lgield: 93.1%)S%S_La ellow solid. iH NMR(400MHz, DMSO-d6)Sppm;
2.16(3H. %) 2. 20(3H, S, 236(3H, s), 8.35(1H, S).

'H NMR(400MHz, DMSO-ds)dppm; 1.78(2H, t, J=5Hz),
1.85(2H, t, J=5Hz), 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]

\
©:N>_S N
Na

[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,



15 (lid) 4-chloro-2,3,5-trimethylpyridine 1-oxide [0242] [Formula 97] CI r N,
0- [0243] The 2,3,5-trimethyl-4-nitropyridine 1-oxide 20 (13.4 g, 73.6 mmol)
obtained in the step (11c) was added to acetyl chloride (80 ml, 1,125 mmol)
at -30C in a nitrogen atmosphere. The mixture was stirred at -30C to room
temperature for 4 hours and 20 minutes.“After the reaction mixture was

concentatedy the residye was =148, subjeeted to silica,gel colump oo 4y,

chromatography (NH silica gel: 300 g, elution solvent: heptane,
heptamefethyliadetdte=650/50; wthyiradetate, athylt aeetatefmetharrol=10/1) to
obtain fractions containing a 5 pure_product of the title compound and .
fractiGng CORtAfing a crtidd 6r% R ot Hietitfe Rofpotnd: rie frattioRd
containing i crude praguct of cthentitle eampoundawas concentrateduENga s
residue was suspended in ethyl acetate and the resulting 10 precipitate was
cSllecednsrfiledtiont wadhethwith céthgt acetHis apendietiyl ethertr-6btain

e TR L A LR At e e
saturatetbagdeous d bssaldtion of spdivia Sy dragen cachanrater driedaaver
twice. The residue was dried under reduced pressure to
obtain the title compound (635 mg, yield: 85.4%) as a
10 white solid.
'H NMR(400MHz, DMSO-ds)dppm; 1.79(2H, t, J=5Hz),
1.85(2H, t, J=5Hz), 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),
15 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

20 [0234]

[Formula 93]

[0235]

(11la) (2,2-dimethyl-1, 3-dioxan-5-yl)methanol



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 20 (Lot 3,
2.69 g) as a pale brown solid. The fractions containing a pure product of the
title compound were concentrated. Thelré3idue was dissolved in chloroform,
washed with gosatyrated aqueous solution of sodium hydrogen carbonate,
dried 25 over anhydrous sodium sulfate, filtered and concentrated to obtain
the titl€ compourith (Lot C, 6.56 g) as a pale white solid. The yield of the
obtained title compounds of - 149 - 3 lots was 85.7% in total. Lot A: iH
NMR(400MHz, DMSO-d6)Sppm; 2.24(3H, s), 2.35(3H, s), 2.39(3H, s),
8.25(1H, s). Lot 3: iH NMR(4OOMH-ZQ15NE;OG6)Sppm; 2.24(3H,s), 5
2.35(3H, s), 2.39(3H, s), 8.25(1H, s). Lot'C: iIH"'NMR(400MHz,
DMSO-d6)Sppm; 2.24(3H, s), 2.35(3H, 3)92.39(3H, s), 8.25(1H, s). (lie)
4-((2,2-dime[t5|¥gly%édioxan-5-yl)methoxy)-2,3,5- trimethylpyridine 1-oxide 10
[0244] [Formula 98] O---CO N* 0- [0245] To a dimethylsulfoxide (50 ml)
solution of 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 to 9, the reaction mixture was

10 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.

15 'H NMR(400MHz, DMSO-dg¢)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]

20 [Formula 95]

[0239]

To a dichloromethane (dehydrated) (150 ml)



the (2,2-dimethyl-l,3-dioxan-5-yl)methanol (4.78 g, 15 32.7 mmol) obtained in
the step (lia), 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 20 2,3,5-trimethylpyfidine 1-oxide (Lot C, 4.50 g, 26.2
mmol) ohtained ipdhe step (kd).was added and the mixiyre;was stirred at
60C for 8 hours and 10 minutes. After cooled to room temperature, the
reactionLmixture b4 500 wasaconcefitratédgThe Yesidueowas purifiedcloy sitica
gel column chromatograpgg (NH silica gel: 300 g, .elution solyent: heptane,
heptaaiethyt abetate2t/1° 113, Vé?ﬁylaacde‘?gtea}%t%y?a&@ta?efﬁ%tﬂ%%% £10/1)
to 5 abtainstheditle compound (506 g.yield:68.6%) as a1 yellaw oil. iH
NMR(400MHz, DMSO-d6)Sppm; 1.33(3H, s), 1.36(3H, s), 2.05-2.13(1H, m),
2 4(BPRRFr2UTAZHYSE H32([BR1,. &Y, 3F75386(HHT ADNAIGIRR, dle 04,
12Hz), 8.07(1H, .10 s). (lif) (4-((2,2:dimethyl-1,3-dioxan-5- é)methoxy)-&S-
ey sl [5o48] TForacr 50] BBk o N 16 (6347
The 4-{2:2-cimethyl,1,8rdioxar-biue 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
crude product was diluted with ethyl acetate and a
saturated aqueous solution of sodium hydrogen
carbonate, the mixture was concentrated. The residue
15 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.
20 'H NMR(400MHz, DMSO-ds)dppm; 2.15(3H, s), 2.23(3H, s),
2.27(3H, s), 6.97(1H, s), 7.99(1lH, s).
(11lc) 2,3,5-trimethyl-4-nitropyridine l-oxide
[0240]

[Formula 96]

25 [0241]



yl)methoxy)-2,3,5-trimethylpyridine 1-oxide (5.06 g, 18 mmol) obtained in the
step (lie) was mixed with acetic anhydride (50 ml, 529 mmol) and the mixture
was stirred 20 at 85C 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 hirhotf) were added to the residue and

the mixture was stirred 8t soam.tempenagure for 30,2151 minutes; The

reaction mixture was concentrated and the residue was separated between
waterBdnad etinyl lacetater iThe organicdayeewasWashed sithiaddN agusous
sodium ri}iydromde solutl n twice and dried over anh%drous 5 ma neS|um

sulfate* fiftéfed aRd c%n&e%tr%ltgdt obtaCthe titlé contpou {503 'g; yidia:

59.6%)-ag a groyun rQil. iHNMR400MHzZ, DMSQ- @@)@ﬁmelﬁ(%ﬁ),
1.37(3H, s), 2.05-2.16(1H, m), 2.20(6H, s), 3.82(2H, dd, J=6, 12Hz), 10
3386/(2H B 8Hz) r2 QR (2FMEelr JEUr ¢ 2 H) 4 BILEMT & WI6 HA)L Bro8( 144 t,

% 56 gwﬁe?hlgyng in fg%%nzet(é%%lzoi %mitrf]gglml; 3agclj% a[%%ﬁ%??[&orﬁula

100] OeOXepdrSiNiH: [8249) heratetrahydsofuraa (1bdul)isadutiorpéthe
obtained aqueous solution was extracted with chloroform
three times. Organic layers were combined and dried

10 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(1H, s).
15 (11d) 4-chloro-2,3,5-trimethylpyridine 1l-oxide
[0242]

[Formula 97]

C

=
NS
N+
|
o]
[0243]
The 2,3,5-trimethyl-4-nitropyridine l-oxide
20 (13.4 g, 73.6 mmol) obtained in the step (llc) 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



(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 (lIf) and triethylamine (500 |,
3.58 mmol), methanesulfonyl chloride (208 I, 2.69 mmol) was added
dropwise at 1C to 3C for 15 minutes in a nitrogen atmosphere. The reaction
mixture was - 152 stirred for 1 hour and %% minutes in the same conditions.

After Zsmercapiobenzimigazole (271 mg,1,8 -mreel was-added, the mixture

was stirred at room temperature for 64 hours and 20 minutes. The reaction 5

mixtuse Wiasiseparatéd betweehwthyhacetateand ehasatarated agqueous

solution of sodium hydrogen carbonate. The organic Iager was dried over
A

anhydigus™ ATaghesiunt StiFae it nd ‘cdhtehtrated °Thé Te%idue was

purified by.silica.geheolymn d@chromaiggraphy:(silica; gek 30-g.-elutiony a
solvent: heptane/ethyl acetate=42/58, 22/78, ethyl acetate) to obtain the title
cEmpourel @429t yidldt59. 704 &S o eokoriess foadn SFRNMRFO0MHZ,

DMSOQ-d6)Sppm; 1.33(3H, s). 1.36(3H, s), 15 2.05-2.16(1H, m). 2.20(3H, s),
e A e, Sk R e e e
12Hz), 4.69(2H, s)e09+/A16(2hsmyohAdi ADO42H, 681),d8 18(bks)x (Bh)

2-(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)- 20 .
3,5-dihethyiyridiA DY BHEEh P SUIT M- Amid 326l (o850 Was

suspended in ethyl acetate and the resulting

10 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

15 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

20 (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

25 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



[Formula 101] O---COX N>S NN H [0251] - 153 To a toluene (20
ml)-methanol (2 ml) solution of the
2-(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-
3,5-dimethylpyridin-2-yl)methyl)thio)-IH-benzimidazole (424 mg, 1.03 mmol)
obtained in the step (llg), a 5 toluene (1}hf)-methanol (1 ml) solution of 3-

chlorgperbenzoic agid (246.mg, 0.927 mmol as the content was regarded as
65%) was added dropwise at -65C for 5 minutes in a nitrogen atmosphere.

The rhixture: wadistitted 46045 mirniteSirithésame eoAditiohs. Fb,10 the
reaction mngj[ure, a satzu.r%tgetﬁg)aqueous olution of sodium hydrogen

carbohate Was added ant the mixtlte Was® Extractdd with ethyl acetate. The

organig layer was diied oyenanhydrous-sodispp.sulfate; filtesed and
concentrated. The residue was purified by silica gel 15 column
cBromatoyfapihy INH 3iliéd gett 26 §; efitioh( Sdlvent: dichloromethane,

dichlaromethane mgp =10/1). ractions containi e title
com&%%nc‘i%t were ggﬁecteéﬂv(\jntgéihﬁggéeﬁacétéo%%n éor%égr{t]gg}g'd. To'the
residue 3diethy| 29) ether sgasadded, Thexssuklingsprecipitate was collected

by filtration and washed with diethyl ether to obtain the title comPound (5274

Ing,ykﬁagélﬁm%}%SZ—dlmethyl—l,3—dloxan—5—yl)methoxy -2,3,5-
trimethylpyridine l-oxide

10 [0244]

[Formula 98]

[0245]
To a dimethylsulfoxide (50 ml) solution of
the (2,2-dimethyl-1,3-dioxan-5-yl)methanol (4.78 g,

15 32.7 mmol) obtained in the step (lla), 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-

20 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



a white solid. iH NMR(400MHz, DMSO-d6)Sppm; 1.32(3H, s), 1.36(3H, s),
25 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(1H, d, J=14Hz), 4.79(1H, d, J=l4Hz), 7.26-7.33(2H, m),
7.60- 7.70(2H, m), 8.18(1H, s). - 154 (lli)
2-(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methbxy)-

3,5-dimethylpyridins2;ydmethylsulfing)-iz bgnzi igﬁz@heeao@gnm@ §9252]
5 [Formula 102] O---COX O\INN>_S N Na[0253] To an ethanol (10 ml)
solutionlofahé2e{((4h{(2r-dirpetntd , 3 8i0xan-5ey ) methox3)<B,5,

dimethﬂg ridin-2-yl methylg(sulfinyl)-lthenzimid/azoﬂe 10 (274 r%r;%_,{)ﬁl%
mmol} ObtaidSin the Stép (M) & IN AGHS5US soditm IdisRide sdldtion
(635 k 03638 ol astheeoneentiationwascegarded as1L004M) was
added at room temperature and the mixture was concentrated. The residue
was subijeétedtiocaZzedticpic distitlation (B5 Withdethahol tvices Aftetr the 2
residue Wwas sus ended in diethyl ether, the mixture was ultrasonically
treated and concentrated to obtain the title compound (260 mg, vyield:
90.3%})1 asrrwhitersolid. DMSO-ds ) dppm; 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(lH,
10 s).
(11f) (4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3,5-
dimethylpyridin-2-yl)methanol
[0246]

[Formula 99]

15 [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

20 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



iH NMR(400MHz, DMSO-d6)Sppm; 1.33(3H, s), 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(2H, dd,
J=4, IHz), 4.39(1H, d, J=I3Hz), 4.75(1H, d, J=I3Hz), 6.81-6.91(2H, m), 7.40-
7.48(2H, m), 8.23(1H, s). - 155 (Example 12)
2-(((4-((2,2-dimethyl-1,3-dioxan-5- ~ 151 -

yhmethexy)-3-methylpyridin-2:yhmethyhsulfiny)- - henzimidazale.sodium,
salt [0254] 5 [Formula 103] O:'~C 0/0 SN N Na [0255] (12a)

4-((2 2edinvethyl+ 4 3-dieana5ad) methoxy ) 2y3-tdimethyllpyridine d<sxidée .
[0256% 10 <LFormuIa 104] O Cf i O-%OZS?] To a dimethyl sulfoxide (30 rru:g
solutidR of & (2 2-difethy ", 3-8i0%aR%S5 Y hethanol (5379522 A miol)
separafglybtainedinthe-samgimanngragin 4o thestep{Hayingxample 11,

sodium hydride, in oil
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-ds)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, 12HzZ),

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).
(11lg) 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 u1l,
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



(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 - 156
dimethylpyridine 1-oxide (3.03 g, 19.2 mmol) was added, and the mixture
was stirred at 60C for 3 hours and 20" rhittutes. After cooled to room

temperatyre, thereaction mixtyre was,gopgentraigd, fhe residue was 5
purified by silica gel column chromatography (NH silica gel: 250 g, elution

solventrrethyliacetate Aéthyl acetatetmetivartolz 10/ddeobtaiflthe titte 1.8

compound (3.84 g, yield: 74.8%) as a pale brown solid. iH NMR(400MHz,
OMSEIA6)SHth: THE(H, 511 3500, §),10 Z00°2.19(0%, fi)-5.12(3H, 9),

2.33 Bl 3 (ARH0dd6d=0012H2), 3197 (R ddcd=4, 12iH2), 4082H.d,
J=7Hz), 6.94(1H, d, J=7Hz), 8.05(1H, d, J=7Hz). (12b)
(4 ((202-dirmethyl 2t 3sdiBran B9l RriteRy) -3t methylpyidire2 4Minéthanol 15

[0258 iForm la 10%]80 0.0/l Hg). ZN LQT)25
) on -

9] .The
4-((2,2-diméthyl-1 3 dioxan-5-ylimethoxy)-2. 3-dimethyipyndine 1-oxide (3.84

0, 14420 snmnod). obtaired rythel stepa(la) was mixed witheacetic, anhyekide
(50 ml, 530 mmol). The mixture was stirred
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
colorless foam.
'H NMR(400MHz, DMSO-ds)dppm; 1.33(3H, s), 1.36(3H, s),
15 2.05-2.16(1H, m), 2.20(3H, s), 2.28(3H, s), 3.81l(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) -
20 3,5-dimethylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole

[0250]

[Formula 101]

[0251]



at 85C for 1.5 hours. After cooled to room temperature, the reaction mixture
was concentrated. To the residue, methanol (50 ml) and a 5N aqueous
sodium - 157 hydroxide solution (20 ml, 200 mmol) were added and the
mixture was stirred at room temperature for 2.5 hours. The reaction mixture
was concentrated and the residue was!partitioned between water and ethyl

acetate. The 5 orggnic, laygr yas washedwith a 1N, aqueous §9divgy it 1 on
hydroxide solution twice, dried over anhydrous sodium sulfate, filtered and

conceritrated to-adbtain-the2titte cGorapbund (2 34 g oyietd: 577 29b)cas axorown
solid. jH NMR(400MHz, DMSO de)Sppm; 1,31(3H, 5). 1.34(3H, s), 10
2.03-2 TA(TH Y L REEH S, 4 e SHA T PeBET 4d A2

12Hz),44.102H1, d. 337z} 1. 5&(:%%&&@@)—5&'2%4 BHAH, t1dgoHizh 6.95(1H,
d, J=6Hz), 8.22(1H, d, J=6Hz). (12c)
25(((4te(2@@|ﬁnéﬂhylﬂl 3idXai-SlylYrhetHoxyyB-us-on of 3-

meth ridin-2- meth thio H zimidazole, {0260 [For a106]O O
%9%/ C‘)’?‘olé% dic c?ron? ﬁgn%ez(—é yd]%atedn} gml) 20

SOMUGBHﬁdhe(4d§2£é@mmﬂhy|&é3dﬂ»&ﬂw5s added dropwise at -65°C
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 agueous 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

15 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

20 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),

25 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).



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 1, 5.78 mmol) was added dropwise at a temperature of 1C to -
158 4C for 10 minutes under nitrogen atmosphere. The mixture was stirred
for one hour and 25 minutes in the sameé tonditions. The reaction mixture
was poured iBto, dsaturated agueus solulionl;sadiua hyqoana ) -
carbonate. The aqueous layer was extracted with dichloromethane. (\Srganlc
layers wereicombinedy diiedn over anhydrous) sediammsulfate] filtered and
concentrated, The residue was mixed with 2- mercaptobenzimidazole (586
mg, 326 MM AR] e 10HIRufS Was stirred in methanol (20 ml) at room
temperature; fors2 hours and 40 minutes. NH silica gel (15 g) was added to
the reaction mixture, which was then concentrated. The residue was
stbjetted ®siticaOgeél column chromatography (NH silica gel: 20 g, elution
15 solvent: heptane/ethyl acetate=1/1, 1/3, ethyl acetate) to obtain a mixture
of the title compound and 2- mercaptobenzimidazolg. The mixture was further
purified by silica gel column chromatography (silica gel: 30 g, elution solvent:
heptane/ethyl 20 acetate=50/50, 25/75, ethyl acetatg) o obtain the title
compound (771 mg, yield: 5Q.1%) ass § foam. iH NMR(400MHz,
DMSO-d6)Sppm; 1.31(3.3}!-(@4 . 2:03-2.15(1H, m), 2.20(3H, s),
3.76(2H, dd, J=6, 12Hz), N 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

10 (274 mg, 0.638 mmol) obtained in the step (11lh), a 1IN
aqueous sodium hydroxide solution (635 ul, 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

15 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),

20 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(1H, 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).



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), 7.35-7.51(2H, br), 8.23(1H, d, J=6Hz), 12.60 (1H,
hr s). (12d) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3 - 159 -
methylpyridin-2-yl)methyl)sulfinyl)-IH-benzimidazole [0262] [Formula 107] O
IN/1O~ \ISNN HJ[0263] 5 To atokrehe (45 ml)-methanol (5 ml) solution

of the 2:((d=((2.2rdimethy|- 1.:3-ioxan-§:yIm&thoxy)s _qi oxan-s-
3-methylpyridin-2-yl)methyl)thio)-IH-benzimidazole (766 mg, 1.92 mmol)

obtaiyed i the ste)p-(L20) Fatolened {0.52mi) i mettiauyd)) (.8 fril) solutivirof 3

10 chloro ,erb%nzoic acid (459 mg, 1.73 mmol as the content was regarded
as 6595) whL'sdded Aroiisa ™ at=65C for 5 minutes in a nitrogen

atmosphere; Jhwymixture was stirred in the same conditions for one hour
and 20 minutes. To the reaction mixture, a saturated aqueous 15 solution of
s&diubf pydrdgent édrbonate was added. The aqueous layer was extracted
with ethyl acetate and chloroform (three times). Organic layers were
combined, dried over anhydrous sodium sulg)gle\,EI@red and concentrated.

The residue was purified by silica /T/
@N\%@fﬁ °
N N
Na

[0255]
(12a) 4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-2,3-
dimethylpyridine l-oxide

[0256]

10 [Formula 104]
O/\Ij\o
fﬁ oA
|
ll\l+
o

[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 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-



20 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, - 160 - yield: 86.2%) as a light brown foam. iH NMR(400MHz,
DMSO-d6)Sppm; 1.31(3H, s), 1.34(3H,19)° 2.03-2.12(1H, m), 2.12(3H, s),

3. 75@'1_'[1\@19}’19I9 g‘%ﬁ@e 319%(@1_&edd( 3J‘[f]3 3&"'21)9 421:]111(1%H W‘Asﬂélébed,
4.69(1H,54d,J I4Hz) 4.78(1H, d, J=14Hz), 697(1H, d, J= 6Hz)

7.24-Z184(2kk M) JL874. W@@Hstmyr&QOéIHéd J=B#z)3 (h@e¥s and 20

2-(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy
methJibyRETE2- yl)%ﬁéﬁyl)%ﬁﬁmy% bE‘r%z% z%?eras o $dif10 [0264]

[Formwad08},0Q: NGOl QAY/ oSN N- Na {0265}, To.ansethanal {10 ml)
solution of the 2-(((4- ((2,2-dimethyl-1,3-dioxan-5-y|)methoxy)-3- 15
methylpyidied-ymethyDsalfifsd)-Hrbenzimidagdi: (6882 ATY, 1(66 nmimblica

o 11 358 U381 saunpus sty e s .
acetate/methanol=10/1) to obtain the title compound
(3.84 g, yield: 74.8%) as a pale brown solid.

'H NMR(400MHz, DMSO-ds)dppm; 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,
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

15 [0258]

[Formula 105]

The 4-((2,2-dimethyl-1,3-dioxan-5-

[0259]

yl)methoxy)-2,3-dimethylpyridine l-oxide (3.84 g, 14.4
20 mmol) obtained in the step (l12a) 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



at room temperature and the mixture was concentrated. 20 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 - 161" farHertwice and the residue was dried

under,te hpressure: 9,00t the tide gompaund, (/01 mgyield;, 96.526)
as a white solid. iH NMR(400MHz, DMSO-d6)Sppm; 1.32(3H, s), 1.34(3H, s),
5 2.04%18¢EH w3, 27(3HJ sy t3.72<31812empt B.08(2H, dd 533 uk2Hz),

4.10(2H, d, J=7HZ<2,§I‘_1I.3,8)%H, d, J=|3HZI¢; 4.76(1H, d, J=I3Hz), 6.80-6.89(2H,
m), 6.94(T52G IEHY) 750 4302155 3?@.?%3ﬁﬁ?d?nf= 5). 105 (EXAmple
13) 24{£(4-2 9-diexasRiro[B2loan’ ymeathaxy)-3c hyl acetate. The

5-dimethylpyridin-2-yl)methyl)sulfinyl)- 1H-benzimidazole sodium salt [0266]
[Fornfl@r09} G 20 104> Rhed:NING 5 0267 43ay sodium

5ﬁyd%?%?@??&%5¥¥¥H€3@Q“%Q§@%L 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),
10 2.03-2.14(1H, m), 2.10(3H, s), 3.76(2H, dd, J=6, 12HzZ),
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-
15 methylpyridin-2-yl)methyl)thio)-1H-benzimidazole
[0260]

[Formula 106]
O/N\[ixo
el
N>_S SN
H

To a dichloromethane (dehydrated) (20 ml)

[0261]

20 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



[0268] [Formula 110] HOXO [0269] 20 A mixture of 2-(hydroxymethyl)-1,3 -
162 propanediol (5.58 g, 52.6 mmol), cyclobutanone (3.69 g, 52.6 mmol),
p-toluenesulfonic acid monohydrate (550 mg, 2.89 mmol) and benzene (92.9
ml) was refluxed in a round-bottom flask equipped with a cooling tube and 5
Dean-Stark for 8 hours and 35 minutesl After the reaction mixture was
cooleghto raom temperature, frigthylamine (L mi) was.added to the, reaction
mixture and the mixture was concentrated. The residue was purified by
silicarget cohamrn chrematographyr(silica 10gel:a300 g etutiomtsaivent: the
heptane, heptane/ethyl acetate=1/1). The fractions containing the tjtle
compoUiid Wers ¢oitedRd with 2tfiyl Hcetatd Eﬁ&télornece%ftfa@%%ﬁ% re8idtie
was disselveddn diethyl,ether apdthen the mixtireiwas ¢onegatrated to
obtain 15 the title compound (6.08 g, yield: 73.1%) as a pale yellow oil. iH
NMR 4000 PELE DM SOLE67SPERIE 1.581S68 (24, aY,LE.88t a7 FIH: 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,%ﬁé§i058@%é%%ﬂjft\ﬁ%ﬁ? lﬁuﬁﬁférs were doéklgég, 4rlég
4-(5,9-diaxaspiipfs. Slror-daylarethaxy 2 &3, 5¢ trimethydpwidine 1-oxide [0270]

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 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

15 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

20 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, 12HzZ),

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), 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-



[Formula 111] to 163 - 0271] To a dimethylsulfoxide (20 ml) solution of the
5,9-dioxasprio[3.5]non-7-ylmethanol (2.20 g, 13.9 mmol) obtained in the step
(13a), sodium hydride, in 5 oil (524 mg, 13.1 mmol as the content was
regarded as 60%) was added at room temperature. The mixture was stirred
at room temperature for 45 minutes in & itrogen atmosphere. To the

mixtuge,4-chlor Pi%’%ni'zt—rgﬂi%‘iﬁé/’&w igine 1:axide (Lok G, 494 8: 41,3 mmol)

10 obtained in the step (lid) in example 11 was added, the mixture was
stirred at 600 f8r22 hours and 50 minutes. After cooled to room temperature,
the reaction mixture was concentrated. The residue was purified by silica
gel cAluRfA"Bhrbmatography (NH silica gel: 100 g, 15 elution solvent:

heptane, heptane/ethyl acetate=I/1, ethyl te~ethyl

acetate/methanol=20/1) to obtain the title gompound £1.97 g, yield: 59.4%)

as a brown oil. iH NMR(409MHzg, DMS pp®; 1.60-1.71(2H, m), 2.07-

20 2.22(5H, m), 2.12(3H, @ 16)3H6.s (3H, s), 3.74(2H, dd, J=7,

12Hz), 3.78(2H, d, J=7Hz), .QK?H, dd, J=4, 12Hz), 8.05(1H, s). (13c)

(4-(5,9-dioxasprio[3.5]non-7-ylmethoxy)-3,5- dimethylpyridin-2-yl)methanol

25-164 -

[0263]

5 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 (1l2c), a toluene
(0.5 ml)—methanol (0.5 ml) solution of 3-

10 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 aqueous

15 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

20 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,



0272] [Formula 112] ~OO O * HO "N [0273] The
4-(5,9-dioxasprio[3.5]non-7-ylmethoxy)- 5 2,3,5-trimethylpyridine 1-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 85C for 1.5 hours.
After cooled to room temperature, the fédttion mixture was concentrated. To

10 th9 resigdueg m@tggngg(zdo M)Jggd@rgwna%%%s sodium hydroxide

solution (20 ml, 100 mmol) were added and the mixture was stirred at room
temperatiifR for MBI Finuiess OFbe réaption Mmikiurdtivas contedttafed and the

residue vg\)/a%partltloned bet\/gg%g water and eth¥l agetate. The 1 o:%anlc
Wi dri

layer Was washad With X 2N aqlieblts sodiun hyaltéxitle Shlution, dried buer

anhydrous magnesium —sylfates filtered and comceatrated o pbtain 4be title
compound (1.69 g, yield: 85.7%) as a brown oil. iH NMR(400MHz,
DMSO-d6ySgipia) 1.60-1570(BH, ¥n), 2508520 2.25(5H 1), 2.18(6H5),,

3.75(2H, dd, J=6, Hzé, 3.83 _,_p, =7Hz), 3,95 =4, 12H:

4.50( Hz,gd,7J=3§§|ﬁ% 4. )7(1H,'%?=S'H7g,(§§4&h,s.!%1§ 1 B

2-(((4¢(=93diaxasprio] 8 BlnondAybnathoxy)-8;54 oxan-5-y1) methoxy) —3-

dimethylpyridin-2-y|)methy|{thio)-IH-benzimidazoIe 165 - 0274]
methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole
sodium salt

10 [0264]

[Formula 108]

) O

1
cuc SRl

Na

[0265]
To an ethanol (10 ml) solution of the 2-(((4-
((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3-

15 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.

20 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



[Formula 113] O~-COO* N ~\1\~S\N N H [0275] To a dichloromethane
(dehydrated) (15 ml) and 5 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 gl, 3.06 mmol),
methanesulfonyl chloride (178 1, 2.3 mm6&f was added 10 dropwise at 1C to

4C fop 10minutesina Qifogen. aAmosRNErs, Jhe mixiwre was. stirgd 1o 50

minutes in the same conditions. The reaction mixture was poured into a
saturatetsaqueots sohutiviroftsadiumt hydrogero casharate. The aguecus
layer was extracted wijth 15 dichloromethane. Organic layers were combined,
dried “8ver anRydroul sddiufsdifate, filtered and concentrated. The residue

was mixeghwith @nmercaptobenzingisiazole (235 mg, 156 mmol)and the
mixture was stirred in methanol (20 ml) at room 20 temperature for 2 hours

aﬁq 30- tmdtes3 NHE silieargel - (5( éﬁwg%)adtifed ?cr?(}es fie‘é’éiiorjﬁmixture,
Colunn ShiOAISeYaPRy (G162 50 30 5. St 168 48Ksht Refiandethy
acetade=42/68329/78, ethylln, d, J=13Hz), 6.80-6.89(2H, m),
6.94(1H, d, J=5Hz), 7.39-7.47(2H, m), 8.28(lH, d,
J=5Hz) .
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/\(\o
oD

[0269]

20 A mixture of 2-(hydroxymethyl)-1,3-



acetate) to the title compound (507 mg, yield: 77.9%) as a colorless foam. iH
NMR(400MHz, DMSO-d6)Sppm; 1.60-1.71(2H, m), 2.08- 5 2.22(5H, m),
2.19(3H, s), 2.28(3H, s), 3.76(2H, dd, J=6, 12Hz), 3.84(2H, d, J=7Hz),
3.95(2H, dd, J=4, 12Hz), 4.69(2H, s), 7.06-7.19(2H, m), 7.37-7.56(2H, br),
8.18(1H, s), 12.60(1H, hrs). (13e) ~ 162 -

2_‘(((4%({5383?{-8&@%“0([’53:@§08;7_'¥m%thmi')_3;5_'c§7globutanone (3.69 g,
dimethylpyridin-2-yl)methyl)sulfinyl)-IH-benzimidazole [0276] [Formula 1%4]

0---CDO8 820, NpNt 102775 To @ toluene {20 mil)ohetheamot (2 F5) mg,

solution_15 of the 2-(((4-(5,9-dioxasprio 3.5§jnon-7éylmethox )-3,5-
dimehy TR Doy BBt AR A L B e S48 MG E 1 o)
obtained #ythe stepn(13d)s R telens-tla mhtnethanal (1 mal) sehdiomef

3-chloroperbenzoic acid (280 mg, 1.05 mmol as the content was regarded as

65%) PG wastadded dropwisevats-65CiforS Minutessin a hitfsgerthe

atmosphere. The mixcture was stirreﬁ in thce same_conditions for 55 minutes.
Teaction miXturé was cooled [e]

roo? temgFra ure
To the reaction mixture, a saturate agueous solution sodium hydrogen

carbanaie +rkpi/aasaddedl The apixideawas extracted sithi ethyhi xt ure
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 title
compound were collected with ethyl acetate and
concentrated. The residue was dissolved in diethyl
ether and then the mixture was concentrated to obtain
15 the title compound (6.08 g, yield: 73.1%) as a pale
yellow oil.
'H NMR(400MHz, DMSO-ds)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),
20 4.56(1H, t, J=5Hz).
(13b) 4-(5,9-dioxasprio[3.5]non-7-ylmethoxy)-2,3,5-
trimethylpyridine l-oxide
[0270]

[Formula 111]



acetate. The organic layer was dried over anhydrous sodium sulfate, filtered
and concentrated. The residue was purified by silica gel column
chromatography (NH 5 silica gel: 20 g, elution solvent: dichloromethane,
dichloromethane/methanol=20/1). The fractions containing the title
compound were collected with ethyl acktate; and concentrated. To the
residue, diethy] sether was added and then the mixture was concentrated 10
to obtain the title compound (445 mg, yield: 86.1%) as a colorless foam. iH
NMR(400MHz, DMSGxd8)8ppimy 1s60-10Z0(2H, (AY, 2106- 2:23(GHMp L
2.14(3H, 18(3H, s), 3.67-3.82(4H, m), 3.93(2H, dd, J=4, 12Hz

4.70(TRF 3%'92%'%%1%&17%&%.4?&?3%@5}? 9042 17y ﬂ58).173.78(2H,

m), 8431, SHE@3N:2-({@-n2-diexasprio3)5]nenAi-yimethoxydrs,5+ n
dimethylpyridin-2-yl)methyl)sulfinyl)-IH-benzimidazole sodium salt 20 [0278]
[Fornfuila 145 ‘OnCO0* Ni'SON a8 N& {0279} Totai thassly10al)as

i e e
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)

10 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,

15 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-ds)dppm; 1.60-1.71(2H, m), 2.07-

20 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(1H, s).

(13c) (4-(5,9-dioxasprio[3.5]non-7-ylmethoxy)-3,5-
dimethylpyridin-2-yl)methanol

25



(445 mg, 1.01 mmol) obtained in the step (13e), a 1IN aqueous sodium
hydroxide solution (1.01 ml, 1.01 mmol 5 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 susfénded with diethyl ether, the
mixture was;giiraspnically 10 treated and concentrated to obtain the title
compound E420 mg, yield: 89.7%) as a white solid. iH NMR(400MHz,
DMSCEdBYSppmM] 148-1.70(2H, m), 2.07- 2.25(5H, m), 2.19(6H, s),
3.68-3.82(4H, m), 3.94(2H, 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(}H, s). (Example 14)
2-(((4-(((4R)-2,2-dimethyl-1,3-dioxola A—C

yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfin{d)-1H- benzimidazole sodium
salt [0280] 20 [Formula 116] SO O CN N OO Na[0281] (14a)
4-(((4R)-2,2-dimethyl-1,3-dio ethoxy)- 2,3-dimethylpyridine

1-oxide [0282] - 169 - [Formula 117] 0~..1 O
[0273]

The 4-(5,9-dioxasprio[3.5]non-7-ylmethoxy) -

5 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

10 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

15 organic layer was washed with a 2N aqueous 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-ds)dppm; 1.60-1.70(2H, m), 2.08-

20 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(1H, s).

(13d) 2-(((4-(5,9-dioxasprio[3.5]non-7-ylmethoxy)-3,5-

dimethylpyridin-2-yl)methyl)thio)-1H-benzimidazole



I 0- [0283] To a dimethylsulfoxide (48 ml) solution of the
((4R)-2,2-dimethyl-1,3-dioxolan-4-yl)methanol (4.87 5 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
1-oxide (4.8 g, 30.5 mmol) was added, lthe mixture was stirred at 60C for 2
hours. After 3 6aeled to room temperature, the reaction mixture was
concentrated under reduced pressure. The residue was purified by silica gel
colunii chromatdgraphy (NH silica gel, elution solvent: ethyl
acetate/methanol) to obtain the title compound (10.5 g, yield: 136%) as a

yellow 15 oil. iH NMR(400MHz, CDClB)SpM s), 1.45(3H, s),
2.21(3H, s), 2.54(3H, s), 3.93(1H, dd, J=6,8Hz) 48%’}‘ dd, J=5, 10Hz),
4.07(1H, dd, J=5, 10Hz), 4.17(1H, dd, ), 4748(1H, quint, J=6Hz), 20
6.65(1H, d, J=8Hz), 8.15 -N=8H?z). (14 )

(4-(((4R)-2,2-dimethyl-1, n-8>"SN
yl)methoxy)-3-methylpyridin-2-yhmethanol [0284] [Formula 118]-170-0 0O
~0

[0275]
To a dichloromethane (dehydrated) (15 ml) and

5 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 ul, 3.06 mmol),
methanesulfonyl chloride (178 pl, 2.3 mmol) was added

10 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

15 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

20 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



HO I N [0285] The 4-(((4R)-2,2-dimethyl-1,3-dioxolan-4-
yl)methoxy)-2,3-dimethylpyridine 1-oxide (10.5 g, 41.5 mmol) obtained in the
step (14a) was mixed with acetic 5 anhydride (20 ml). The mixture was stirred
at 80C for one hour. After cooled to room temperature, the reaction mixture
was concentrated under reduced pressi#e. To the residue, methanol (40 ml)
and a5\, agueoys sodiumpydrexide.solution {294nl) yweresadded 10 and the
mixture was stirred at room temperature for 1.5 hours. The reaction mixture
was congentrated @ndhihet residueawas paditidned betweer adsatirated)
saline solution and ethyl acetate. The organic layer was dried over
anhy@ud mAgResiiin suffale, filtered and 15 concentrated and the residue
was purifiegkby siliga-gelpealiinan chsematageaphy. (elytien splvent: ethyl
acetate/methanol) to obtain the title compound (3.77 g, yield: 41.9%) as a
yéllow ofl2 id NMR(408MHZ, EDC3)Spph® (BA1(3H, sy 1/46@H, $)3.20

25(a0 ) 3500, o0y b, 40 IS0, i, o

J=5, 10HZ) 1H,d 2), 4 quint, J=6Hz),'4.65(2H, s),
4.84(1btg by )4 6581(A, d5)J=8Hz); 829(A K1, IF8HZ). (14C). 56 (24,
2-(((4-(((4R)-2,2-dimethyl-1,3-dioxolan-4 - 171 -
ymethaxy)23-hidthytpyridin-22yl§thethyl)thio): benzimidazole [0286]

(13e) 2-(((4-(5,9-dioxasprio[3.5]non-7-ylmethoxy)-3,5-
10 dimethylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole
[0276]

[Formula 114]

N 9T

LA
N N
H

To a toluene (20 ml)-methanol (2 ml) solution

[0277]

15 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%)

20 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



[Formula 119] N ~(O N N OO H 5[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 10 (4.15 ml, 29.8 mmol), methanesulfonyl
chloride (1.73 ml, 22.4 mmol) was add&# dropwise under ice-cooling in a

nitrogen.atmaspherer gndithe mxture, was,stireed for 1.5 fours, iy the same

conditions. The reaction mixture was poured into a saturated aqueous
solutiensdfagoeiumTh®s hydoegerr caconate endiextrdctedewith Bthylacstate.
The organic Iager was dried over anhydrous magnesium sulfate and the

solveRt WAL distitdd of Frem the"ObtaiRed TRSdUE 3-8, the Vield ot 4 e
crude,pEpduct: 77%). 1@ partion-af 1219 (3.62mmel) was-takenand 204

dissolved in ethanol (20 ml), and 2- mercaptobenzimidazole (598 mg, 3.98
mmolj Was adeed : theteto afidtheé PRixBrEIwas stifveehdtoroons témperature

for 14.hours. The reaction mixture red into a_saturated aqueous
AR 5 XIUre yaspurea inf W d
SO|UtIOﬁC§f tﬁgos%%%ur%nﬁy/ r%aeﬁn-oig? c/grlz)onate gngre%((fralc?éﬁ with ethyl
acetatenthe narganic tayerwas deedover andyerods nagresiuit isudfats, 1
filtered and concentrated. The residue was purified by silica gel column

chnnﬁ&ﬁiﬁéﬁhy?ﬂ@i§m8§entfated- To the residue, diethyl

ether was added and then the mixture was concentrated

10 to obtain the title compound (445 mg, yield: 86.1%) as
a colorless foam.
'H NMR(400MHz, DMSO-ds)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),

15 4.78(1H, d, J=14Hz), 7.25-7.34(2H, m), 7.58-7.70(2H,
m), 8.18(1lH, s).
(13f) 2-(((4-(5,9-dioxasprio[3.5]non-7-ylmethoxy)-3,5-
dimethylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole
sodium salt

20 [0278]

[Formula 115]

(0]
orCO><>
74
N N
Na

[0279]

To an ethanol (10 ml) solution of the 2-(((4-



5 gel, elution solvent: heptane/ethyl acetate) to obtain the title compound
(580 mg, yield: 41.6%) as a light yellow foam. iH NMR(400MHz,
CD30D)Sppm; 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, 10 8Hz), 4.32(1H, dd, J=5, lIHz), 4.40(1H, dd, J=4, lIHz),
4.52-4.60(1H, m), 4.75(2H, s), 7.25(2H184d, J=3, 6Hz), 7.39(1H, d, J=8Hz),

7.53(2H, dd, )53, 9{5&2)0?67&}!#@% ABHD(L4D) 3, 5-
2-(((4-(((4R)-2,2-dimethyl-1,3-dioxolan-4 15

yl)methoxyp)h3-hoethitpyrickin-2Ly rretinl )sulfidyl-H- béAzipsidazoled[©0288%
[Formula 12{%4H N /OVO [0289%20,To a toluene-methanol (310:1) §22 ml)
solution” f e 22 (THR)-2, 2Rt 123 didkolghsh. (15e) & 1N
ymethexyde3-methyipyridiandsyhanethyl)thio)Jh- benzimidazole (38Qumeg, 1.5

mmol) obtained in the step (14c), a toluene-methanol (10:1) (11 ml) solution
0P3 -a57 3 fehGroperbénz6ie Brid 353 P9g. 7283 mnd! d5thé) cortentdias

regarged, a5 65%) was added digpuise 21800 -6C for S minutesn a
nitrogen atmosphe

. was conce
e. The mixiure was stirred in the same condition for 3
hoursrieTodbe deactianr mixitiecasaturated egegpssaelutian 10fzsadium
hydrogen carbonate was added and extracted with ethyl acetate. The

orgarﬁé%eert\ﬁ3§%6n€§ﬁﬁﬁted After the residue was suspended

with diethyl ether, the mixture was ultrasonically
10 treated and concentrated to obtain the title compound
(420 mg, yield: 89.7%) as a white solid.
'H NMR(400MHz, DMSO-ds)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,
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]

N p O_Z
(:[ %Sﬁ —\
Na N / ?><?

(l4a) 4-(((4R)-2,2-dimethyl-1,3-dioxolan-4-yl)methoxy) -

[0281]

2,3-dimethylpyridine l-oxide

[0282]



and the residue was purified by silica gel column chromatography (NH silica
gel, elution solvent: ethyl 10 acetate/methanol) 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. 15 {P4e)

2-(((4&(&@%}1@5@-9@ thyl-;,S-dioonan-4- - . _
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H- benzimidazole sodium
salt [0290] [Formula 121] SO O_)\ CCN N QO Na 20 [0291] To an ethanol
(6 ml) solution of the 2-(((4- (((4R)-2,2:dimeth{-1,3-dioxolan-4-yl)methoxy)-3-
methylpyridin-2-yl)methyl) sulfiny erRimidazole (330 mg, 822 Rmol)
obtained in the step (14d), a 1N - 1¥4 aqueous sodium hydroxide solution
(8221, 822 Rmol) was added at roon’?‘_temperature and the mixture was
stirred for 30 minutes. After the mixtufe was concentrated and diethyl ether
was added residue, the mixture was ultrasonically treated. The
generated solid was collected by filtration in a nitrogen atmosphere. The
solid was dried under sedueed Hyressum- o abtain she tijfle compavnd ¢314
mg, yield:
the ((4R)-2,2-dimethyl-1,3-dioxolan-4-yl)methanol (4.87
5 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
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 a yellow
15 oil.
'H NMR (400MHz, CDCls)d&ppm; 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(1H, dd, J=5, 10Hz), 4.07(1H, dd, J=5, 10Hz),
4.17(1H, dd, J=6, 8Hz), 4.48(1H, quint, J=6Hz),
20 6.65(1H, d, J=8Hz), 8.15(1H, d, J=8Hz).
(14b) (4-(((4R)-2,2-dimethyl-1,3-dioxolan—4-
yvl)methoxy)-3-methylpyridin-2-yl)methanol
[0284]

[Formula 118]



90.2%) as a light yellow solid. 10 iH NMR(400MHz, DMSO-d6)Sppm;
1.30(3H, s), 1.36(3H, s), 2.19(3H, s), 3.80(1H, dd, J=6, 8Hz), 4.02-4.14(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=3, 6Hz),
8.36(1H, d, J=6Hz). 15 (14f) Optical isohér (short in retention time) of 2-
(((4-(((4R)-2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)-3-
methylpyridin-2-y|)methyl)suIfinyI)-IH-b%)zivm' zole [0292] [Formula 122] N~
OO/NOO HH 20[0293] To a toluenge (d rated)(0.5 ml) and water
(2.73 1, 95.9 1mol) mixed solution of e ((%E‘a
(((4R)-2,2-dimethyl-1,3-dioxola oxy)-3-
methylpyridin-2-yl)methyl)thio)-1H-benzimidazole (84 - 175 mg, 218 Rmol)
obtained in the step (14c), L(+)-diethyl tartrate (32.9 |, 192 Rmol) was added
and stirred a© 59T for 15 minutes in a nitrogen atmosphere. Titanium (V)

isopropoxide (28.3.], 95,9 Rmol) was added to the 5 reaction mixture and
stirred for further oneehour!.q( A%te)r thé Teaction mixturé waslgf){g%adnon ice,

N,N- diiseprapylsthylasinei@3w4 |, 1192 1molpwasadded and . eugenel . 5

hydroperoxide (121 |, 654 Rmol as the content
mmol) obtained in the step (l4a) was mixed with acetic

5 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

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, filtered and

15 concentrated and the residue was purified by silica gel
column chromatography (elution solvent: ethyl
acetate/methanol) to obtain the title compound (3.77 g,
yield: 41.9%) as a yellow oil.

"H NMR (400MHz, CDCls)d®ppm; 1.41(3H, s), 1.46(3H, s),

20 2.5(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(1H, dd, J=6, 8Hz),
4.49(1H, quint, J=6Hz), 4.65(2H, s), 4.84(1lH, br s),
6.71(1H, d, J=8Hz), 8.29(1H, d, J=8Hz).

(l4c) 2-(((4-(((4R)-2,2-dimethyl-1,3-dioxolan-4-



was regarded as 80%) was added dropwise in a nitrogen 10 atmosphere and
stirred at OC 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 15 séi{ent was distilled off under reduced
pfes%%‘l?m@ﬁo%%ﬂd‘é‘iﬁ&@,sneliﬂﬁ'ﬁq by silica, gel.colimn ghromatagraphy
(NH silica gel, elution solvent: ethyl acetate/methanol) to obtain the title
compoemdifdEimee lyeld: 51.4%) as a light yellow foam. This compound 20
was converteod igé’o a sodium salt in accordance with the operation below and
confirmed fdr the structure. (149) Sodium salt of an optical isomer (short in
retentien time)s0f2-4((4-(((4R)-2,2-dimethyl-1,3-
dioxolan-4-yl)methoxy)-3-methylpyridin-2 25
yl)methyl)sulfinyl)-IH-benzimidazole 176 - 0294] [Formula 123] 0 0-, OO /N
61~ Na[0295] To an etha
retention time) of 2-(((4-((( ,
3-dioxolan-4-yl)methoxy)-3-methypyridin-
yl)methyl)sulfinyl)-IH-benzimidazole (45 mg, 112 1mol)

5 [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

10 (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 aqueous solution of sodium

15 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

20 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 aqueous solution of the sodium hydrogen



obtained in the step (14f), a 1N aqueous sodium hydroxide solution (112 |,
112 Rmol) was added at room 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 filtration in a nitrogen‘atmosphere. The 15 solid was dried

under.requced pregsyre 10 obtaip fhe; title &Q@HO%Q%QIQ, yigld: 46.4%)
as a light yellow solid. iH NMR(400MHz, DMSO-d6)Sppm; 1.30(3H, s),
1.35(8Hy3),1 2. 1HBtt, SY28.8D(1EK day =64 8kiz) r4:02-4A(8H i), 20
4.37(1H1d, J=I3Hz) 4.42gH, uint, J=5Hz ’4'79(1HT d, J:I3I—,JI2%, 6.83(2H,
dd, 323 RS '6 030115 328k 5 Ao ol 3=a 6R) o8 AR,

J=6Hg),HPLEy (Gonditions) celumiy GHIRALCEL ORH fnanyfactyred by -
177 Daicel Chemical Industries Ltd.)(0.46 cm4X25 cm), eluant:
héxaf&fethanGIELPT (o), Fow rafec DI al/AfiRy Detectio: L)V {252 pim)i n

(Anal %is res (%ts): retentiondti e; 31.6 minut% 5 ia%tg eomericlexcggs:
020%de. (L4h) Optcal 6bre (brg i Fiterton ey or2. =~ = -0
((4-(((8R)2: 2 sdimethyl-1,3-dioxolan-4-yl)methoxy)-3-
methylpyridin-ZbyI)methyI)squinyI)-IH-benzimidazole [0296£ 103[Formula 124]
H N OZ0Q™MR (400MHZ, CD;0OD)Oppm; 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,
10 8Hz), 4.32(1H, dd, J=5, 11Hz), 4.40(1H, dd, J=4, 11Hz),
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-
15 vyl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole

[0288]

[Formula 120]

[0289]

20 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

(14c), a toluene-methanol (10:1) (11 ml) solution of 3-



[0297] To a toluene (dehydrated)(1.0 ml) and water (3.5 gl, 194 Rmol)
solution of the 2-(((4-(((4R)-2,2-
dimethyl-1,3-dioxolan-4-yl)methoxy)-3-methylpyridin-2 15
yl)methyl)thio)-IH-benzimidazole (170 mg, 441 Rmol) obtained in the step
(14c), D-(-)-diethyl tartrate (66.6 |, 389 Rot) was added and stirred at 50C

for 15, minutes ina furegen aimogphere, To 1he feagtian mixture, tianium
(IV) isopropoxide (57.3 gl, 194 Rmol) 20 was added and stirred for further
one hows. After thiedreastion ‘Mixture wds @dofecbpniiee, NN-50°C to -

diisop6r8p lethylamine (67.6 1,,389 11mol) was added to the reaction mixture

and cumeng derOBéchlxtiﬁg (245% 1132 R0l A5 TRE oAt was Fegarded

as 80k wasadded 178, dropwiserberetadnapifragesatresphers.and the
mixture was stirred at OC to room temperature for 17 hours. A saturated
aguedas sbiutictreftsediuii kydichers carbonatec®as attieebtostheeketion

mituge and.$ extrasied with ety agelale. Afler the aragnic layer was fired
over sodium sulfate’and the solvent was distilled off under reduced pressure.
The residue=wag1 puritied by silicagebeolainin: chegraatagrapby ( Md-h sitigacd
gel, elution solvent: ethyl acetate/methanol) to obtain 10 the title compound

(104 Y yidIa: 58579h) as'E fightyeflof foam. 5FHis Corfifound Wi converted

into a.sediym sAltipiaccardance with the opertions pelgwand .confirmed

for the structure. (14i) Sodium salt of the optical isomer (long in

10 acetate/methanol) 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.

15 (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]

20 [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 1IN



15 retention time) of 2-(((4-(((4R)-2,2-dimethyl-1,3-
dioxolan-4-yl)methoxy)-3-methylpyridin-2-
yl)methyl)sulfinyl)-IH-benzimidazole [0298] [Formula 125] N~ O O-' ~ S CCI
N O~O Na 20 [0299] To an ethanol (3 ml) solution of the optical isomer
(long in retention time)of 2-(((4-(((4R)-2124 —

dimethyl:d 3-dioxolan:4-y)methoxd-3methylpyridin2-1 , 822 umo1)
yl)methyl)sulfinyl)-1H-benzimidazole (104 mg, 259 Rmol) - 179 obtained in
the steps(ld)cd 14N agoeous suckumat hydroxide Sotutiornk(25%1, 259 Rmol)
was added at room temperature and the mixture was stirred for 30 minutes.

After tHe hhixttire Was ConeeRtrated ahd disthl EtHars-Was atfded to the

residuenthenmbduerwasy ulftasanjcalbt keategh I heigenerated:solid was
collected by filtration in a nitrogen atmosphere. The solid was dried under
reducebpressuré b6 obtainthe tité cortpountd (9% My, yield2 9996) ad Bdight

N e

J=I13HZ) + 4 AR(A Hs Guiintp JeblZ), 4179(H] idy J=i3Ha), 16:82:6,88(2Hem)ced

6£x“%§ggég§gkgg’zg%gin the title compound (314 mg, yield:
90.2%) as a light yellow solid.

10 'H NMR(400MHz, DMSO-dg¢)&ppm; 1.30(3H, s), 1.36(3H, s),
2.19(3H, s), 3.80(1H, dd, J=6, 8Hz), 4.02-4.14(3H, m),
4.37(1H, d, J=14Hz), 4.43(1H, quint, J=6Hz), 4.79(lH,
d, J=14Hz), 6.83(2H, dd, J=3, 6Hz), 6.93(1H, d, J=6Hz),
7.42(2H, dd, J=3, 6Hz), 8.36(1lH, d, J=6Hz).

15 (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]

20 [0293]
To a toluene (dehydrated) (0.5 ml) and water
(1.73 pul, 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



15 7.46(2H, m), 8.26(1H, d, J=6Hz). HPLC: (Conditions) column:
CHIRALCEL OD-H (manufactured by Daicel Chemical Industries Ltd.)(0.46
cm4X25 cm), eluant: hexane/ethanol=4/1 (v/v), flow rate: 0.3 20 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

isomey(long ¢ ﬁ&%“%@@ﬁ%é& 2r({(4{© 2 dimethylz}, 3-dioxang 23, ny 1
2-yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-IH- benzimidazole - 1ySO -

0300} prornaila 1063 O''™M10, SINN UNa[0304F (484 Optical isomerfong in
retenU%Q tlme?r2 of 2-5 %g (5 5-dimethyl-1,3-dioxan-2- % ethox;g1
methyIpyTidif-2-yijmet fsuﬁflﬁfﬂ) il—%%ﬁzﬁiﬁﬂazgﬁo% 62f[Formuid 127 o

N()Clﬂ§\h£§55ropox1de (28.3 pul, 95.9 umol) was added to the
5 reaction mixture and stirred for further one hour.

After the reaction mixture was cooled on ice, N,N-
diisopropylethylamine (33.4 pl, 192 umol) was added and
cumene hydroperoxide (121 pl, 654 umol as the content
was regarded as 80%) was added dropwise in a nitrogen

10 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

15 solvent was distilled off 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 (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-dimethyl-1,3-
dioxolan-4-yl)methoxy)-3-methylpyridin-2-

25 vyl)methyl)sulfinyl)-1H-benzimidazole



H [0303] 10 A toluene (dehydrated)(2.8 ml)-water (1.4 1, 0.0777 mmaol)
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 (Ia) to
(le) of Example 1 15 and D-(-)-diethyt tdrffate (47 LLI, 0.275 mmol) was
stirred at 50, for,30 minutes in a nitrogen atmosphere. Toluene
(dehydrated)(1.2 ml) was further added to the mixture, which was stirred for
30 mihttesunithel8&8me - 181 conditions. Titanium (IV) isopropoxide (37 |,
0.125 mmol) 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 50. 2%1 mmolbwas added to the mixture, the
resultant mixture was stlrr nynute coollng After cumene
hydroperoxide (360 I, 1. 95 ot RS th nte t r@garded as 80%) was
added dropwise at an inner temp¥rature oN 2or 5 minutes, the 10
mixture was stirred at an inner temperature of OC to 3C for 4 hours. After the
reaction wasderninated by a saturated aqueous solution of sodium
hydrogen carbonate, ethyl acetate and water were added thereto. The

aqueous layer se%a?éh faadtractédWith 8yt 15°ac&at& TORRNIE Hyers
were compbiped washed with .water,a S@ﬂ'ﬁ@teg saline splution, gried oyer

anhydrous sodium sulfate and concentrated. T
dimethyl-1, 3-dioxolan-4- yl)methoxy) -3-methylpyridin-2-
yl)methyl)sulfinyl)-1H-benzimidazole (45 mg, 112 pmol)
obtained in the step (14f), a 1IN agueous sodium
hydroxide solution (112 pl, 112 pmol) was added at room
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 filtration in a nitrogen atmosphere. The
15 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(1H, dd, J=6, 8Hz), 4.02-4.14(3H, m),
20 4.37(1H, d, J=13Hz), 4.42(1H, gquint, J=5Hz), 4.79(1lH
d, J=13Hz), 6.83(2H, dd, J=3, 6Hz), 6.93(1H, d, J=6Hz),
7.42(2H, dd, J=3, 6Hz), 8.26(lH, d, J=6Hz).
HPLC:

(Conditions) column: CHIRALCEL OD-H (manufactured by



obtained residue was purified by silica gel column chromatography (NH silica
gel, elution solvent: ethyl 20 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. 1H NMR(400MHz,
DMSO-d6)Sppm; 0.69(3H, s), 1.11(3H,'s)/ 2.13(3H, s), 3.48(2H, d, J=IIHz),

3.58(gH; d. 9=HHZ),:25 4.08(2k . J54H2) 1 4,681k donlmd M) 4, 77(1H, d,
J=14Hz), 4.83(1H, t, J=4Hz), 6.97(1H, d, J=6Hz), 7.24- 7.32(2H, m),

7.58-2 6 2H; n); 822014 rdynd=6H7)l HPLO: - 182w Conditioris)olumn:
CHIRALCEL OD-H (ma,nufactured%/ Dalcel Chemical Industries Ltd.)(0.46
cm4xX2s j; it hexanelethdrs=4/ (viv), flow rate: 0.6 mi/min,

Detection: 14V {2544u0) b dAnalysis resuwlts) retentian tisne:i18:9minutes,
enantiomeric excess: 87%ee (15b) A sodium salt of the optical isomer (long

in° retertipretine)of 29((K(SsS-dirhelaa-1,3-dioxan-2-
yI)me ql%%) -meth%pyrldln -2- yI Tet%yl)lsulflré\élgrlﬁtl%g bceln%émldatzoie [0304]
[Formu a 128 O'N
R)-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 ul, 194 umol) solution of the 2-(((4-(((4R)-2,2-
dimethyl-1,3-dioxolan-4-yl)methoxy)-3-methylpyridin-2-
15 yl)methyl)thio)-1H-benzimidazole (170 mg, 441 umol)
obtained in the step (1l4c), D-(-)-diethyl tartrate
(66.6 M1, 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 pl, 194 pmol)
20 was added and stirred for further one hour. After the
reaction mixture was cooled on ice, N,N-
diisopropylethylamine (67.6 pnl, 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



[0305] To an ethanol (3 ml) solution of an optical 15 isomer (long in
retention time) of the 2-(((4-((5,5
dimethyl-1,3-dioxan-2-yl)methoxy)-3-methylpyridin-2-
yl)methyl)sulfinyl)-IH-benzimidazole (200 mg, content: 88.9%, 0.428 mmol)
obtained in the step (15a), a 1IN aqueoti$Ssodium hydroxide solution (428 |,

0.428;mmol) 20 was added; 3t room temperatiye and the.mixiyre yas stirred

for 10 minutes in the same conditions. After the mixture was concentrated
and ethanohwas atldeditor ¢ke zésidtie, the mixtureavas sabjectedto 17
azeotropic distillation and suspended with diethyl ether. The - 183

suspeTsibh wad ultrasoricaly fesfedand atdwed to” stand e SUpERHiANt

liquidawas semavedand thensthe, residue-was diiedito.ebtain thetitle
compound (145 mg, 77.4% yield) as a light yellow solid. 5 iH NMR(400MHz,
DMSExd6YSHisM; B68(36E 8y, 11 A9¢3ATS), 2MEHSH, S)e3 48{2H1d, J2iHY),

3.58(2H, d, J=lIHz), 4.06(2H, d, J=4 4.37 d, J=I3Hz), 4.80(1H, d,
oo e b Ry Rl & TS RN SRR
7.39-d 46(2H) ¢d), 825 (died, J=6Hiz)e AO0HPE G {€oNnditiens)coldma: was

CHIRALCEL OD-H (manufactured by Daicel Chemical Industries Ltd.)(0.46
cmAX2E ¢in) S@lfantS hexaRefSthafBr=41T (GAY AW TS 108 ififinif 11 ca

Detecfion: WV (294,nm), 19{Analysis, esults): iatentian time; 18- 4Jninutes,,

enantiomeric excess: 87.4%ee

10 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

15 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]

20 [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)



specific rotation: a,"=_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
20 yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-IH- benzimidazole [0306]
[Formula 1291 O'0 0 S N N Na [0307] - 184 (16a) Optical isomer (short in
retention time) of 2- (((4-((5,5-dimethyl-1/3-dioxan-2-yl)methoxy)-3-

methylpyridinsg-yimethysulfinyp: kHsbenzimidazole . [2308] & [Fermula 130]
O'-0, O SN N H[0309] A toluene (dehydrated)(4.0 ml)-water (1.41, 0.0777

mmol) suispensmnsofl 2+(((d=((5 Zdiéthypa934mol) was added at room

dioxan-2-yl)methoxy)-3-methyl yridin-2-y9meth¥9thio) 10 1H-benzimidazole
(250%%? .éié%ﬁﬁuﬁfgbﬁﬁﬁé “%ﬁﬁge as stirred for 30 minutes.

After the mixture was concentrated and diethyl ether
5 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 (99 mg, yield: 90%) as a light yellow

10 solid.
'H NMR(400MHz, DMSO-ds)dppm; 1.30(3H, s), 1.35(3H, s),
2.19(3H, s), 3.80(1H, dd, J=6, 8Hz), 4.02-4.14(3H, m),
4.37(1H, d, J=13Hz), 4.42(1H, quint, J=5Hz), 4.79(lH,
d, J=13Hz), 6.82-6.88(2H, m), 6.93(1H, d, J=6Hz), 7.38-

15 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$x25 cm),
eluant: hexane/ethanol=4/1 (v/v), flow rate: 0.3

20 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—

25 2-yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-

benzimidazole



same manner as in the steps (la) to (le) of Example 1 and L-(+)-diethyl
tartrate (47 gl, 0.274 mmol) was stirred at 50C for 10 minutes in a nitrogen
atmosphere. Titanium (IV) isopropoxide (37 I, 0.125 mmol) was 15 added
and the resultant mixture was stirred for one hour in the same conditions.
After cooled to room temperature N,N-8iSopropylethylamine (35 I, 0.201
mmol) was agdgg to the mixture, and the resultant mixture was stirred for 15
minutes under ice-cooling. 20 After cumene hydroperoxide (360 I, 1.95 mmol
as thd Fecamteht wastregarded 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 OC to 3C for 4 hours. After the reagtion was terminated by a -
185 saturated aqueous solution of sodium bfd?qag carbonate, ethyl
acetate and water were added theret8. h q@g%ayer separated was
extracted with ethyl aceta nigilay rs Were co bined, washed with 5
water and a saturated sali on, triedover anhydrous sodium sulfate
and concentrated. The obtainedNesidue was purified by silica gel column
chromatography (NH silica gel, elution solvent: ethyl
acetate/methanol=1/0-4/1 gradient). Desired fractions 10 were concentrated
to obtain thé ?iﬁgjcbmpound (208 mg, content: 90.9%, yield: 72.7%) as a
light brown foam,; iEhNMR(400MHz,,DMSO:d6)Snpm;,068(3H, sk L.11(3H,
s), 2.13(3H, s), 3.48(2H, d, J=IIHz), 3.58(2H, d, J=IIHz), 4.08(2H, d, J=4Hz),
4B8(1H( ¢ 0+1AMA) 1 AaFT{YH d, 3-dioxan-2-y1l)methoxy) -3—

methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole
[0302]

[Formula 127]

N
H
[0303]
10 A toluene (dehydrated) (2.8 ml)-water (1.4 ul,
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
15 and D-(-)-diethyl tartrate (47 pl, 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



15 J=14Hz), 4.83(1H, t, J=4Hz), 6.97(1H, d, J=6HZz), 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
cm4X25 cm), 20 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%0e6,(16b) A sadiym, salf of the optical ispmers
(short in 25 retention time) of 2-(((4-((5,5-dimethyl-1,3-dioxan-2-

yl)methoxy)-3~nse thydimdidim-2-y e etleyd)sulfimyd )4 H< thernzimida zole f0810] -
186 - [Formula 131}0"'0%? \N N Naﬂg):%llj]‘t To an ethanol (3 mll) sdolution of
the opfidal®iomer shott in YetSRtioh RE) of tRE2-((@(t55- 8°° = =°

dimethykd, 3-gigxan:2imethoxy)3-methypydgdinr2thylamine (35 ul,
yl)methyl)sulfinyl)-1H-benzimidazole (206 mg, content: 90.9%, 0.451 mmol)

obtaifed i1 tiE'Step (E6R)2AN &quédEs Boditm hydidxide Soldtici (451 |,

R e e L L
After cumene hydroperoxide (360 pl, 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

10 mixture was stirred at an inner temperature of 0°C to
3°C for 4 hours. After the 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 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

20 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),

25 4.08(2H, d, J=4Hz), 4.69(1H, d, J=14Hz), 4.77(1H, 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:



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 15 allowed
to stand. The supernatant liquid was removed and then the residue was
dried to obtain the tite compound (126l%g, 63.9% yield) as a light yellow

solid. i NMR(400WHz, DMSO-d6) 3pprti;0.68(3H, (§h 1L B3RS 3¢ 7(3H,
s), 3.48(2H, d, J=liHz), 3.58(2H, d, J=IiHz), 20 4.06(2H, d, J=4Hz), 4.36(1H,

d, J=D3Ke}14.80etH cd,l JEASHA) r 483 (LEK t,) JE4H2), BuP826.87(2H, m),
6.93(1H, d, q=6Hr§), 7.37-7.4({5&%@, ml%, 8.2IZ$1H, d, J=6Hz). HPLC;
(Conditid8) oftiAn CHTRATCEL OD-H (ahufactifed BYS 187 Daicel
Chemjicalhindustiies Lid. XQ.46:¢mdX25 sm), eluant: hexane/ethanol=4/1
(v/v), flow rate: 0.6 ml/min, Detection: UV (254 nm) (Analysis results):
reétentidi aibe 1 E5 Baninuies,: Srenanticrerit exeessS88.0%es ispecific
rotatio%%,tzlﬁé:%?%G.69%%:8%.5, E1OH (Example 17) Sodium salt of an
opticeﬁ |somerl?sﬁort in"retention time) of 2-(((3-methyl-4-(1,5,9-
trioxaspip|5.b)undec:3-Waethoxy )pyadisp2ildhl isomer (long in
yl)methyl)sulfinyl)-1H-benzimidazole sodium salt [03121 [Formula 132] O~O
hlilé@tentlon time) of 2-(((4-((5,5-dimethyl-1,3-dioxan-2-

yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
10 Dbenzimidazole

[0304]

[Formula 128]

[0305]
To an ethanol (3 ml) solution of an optical
15 disomer (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 1N
aqueous sodium hydroxide solution (428 ul, 0.428 mmol)
20 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



\IS~ NN Na[0313] (17a) Optical isomer (short in retention time) of 2- 15
(((8-methyl-4-(1,5,9-trioxaspiro[5.5]undec-3
ylmethoxy)pyridin-2-yl)methyl)sulfinyl)-IH- benzimidazole [0314] [Formula
133] O~O NiOO \WS NN H-188-0315] To a toluene (dehydrated)(1.5
ml)-water (1.47 |, 81.5 Rmol) solution dfthe2-(((3-methyl-4-(1,5,9-

t”OXa§9§ E%§BHH“%€§?G§%¥Q%@HP¥Q?Hyzé%eated and allowed to .
yl)methyl)thio)-1H-benzimidazole (300 mg, 679 Rmol) separately obtained in

the samethannénasdesoribedhint the steps (10a)ten(20dy ob Exaniple 1t0)e

L-(+)-dietjg%l tartrate (51.2 1, 299 Rmal) was adde({ and the mixcii:ure was
stirred &t BOC 1075 mihates inca Ritrégeh 10%tmdspher& ™ ritdhium (1 ™9
isoprapoxide(40:14) 136 Rmohwasadded and the resultant mixture was

stirred for further one hour. After cooled on ice and N,N-

5 'H NMR(400MHz, DMSO-dg¢)dppm; 0.68(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), 4.37(1H, d, J=13Hz), 4.80(1H, d,
J=13Hz), 4.83(lH, 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).

10 HPLC:
(Conditions) column: CHIRALCEL OD-H (manufactured by
Daicel Chemical Industries Ltd.) (0.46 cm$x25 cm),
eluant: hexane/ethanol=4/1 (v/v), flow rate: 0.6
ml/min, Detection: UV (254 nm)
15 (Analysis results): retention time: 18.4 minutes,
enantiomeric excess: 87.4%ee
specific rotation: af55=—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-
20 yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole
[0306]

[Formula 129]

[0307]



diisopropylethylamine (37.8 |, 217 11mol) was added, and cumene
hydroperoxide (376 |, 2.04 mmol as the 15 content was regarded as 80%)
was added dropwise in a nitrogen atmosphere, the mixture was stirred at 0C
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 20 gcetate; The grganiclayer was dded over sodiym, sylfate, the

solvent was distilled off under reduced pressure. The obtained residue was
purifigd by-silica gel coltnnlchromatograga? (IVH ) sikcahgely etition solvent:
ethyl acetate/methanol) to obtain the title 25 compound (256 mg, yield:
52.45%) 25 & A YEIONE Foark: TF NMIRCAOOMHY, CECTZSPP L B5(2H, ¢
J=5Hz), 2.01(2Hs 1, J=5Hz), 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, - 189 d, J=14Hz),
483(1FRENIEa4HEA ) 6.77(1H, d, J=6Hz), 7.26-7.40(2H, m), 7.50-7.80(2H,
br), 8.32(1H, d, J=6Hz). (17b) A sodium salt of the optical isomer (shortin 5

retention time) of 2-(((3-methyl-4-(1,5,9- O/\(O
trioxaspiro[5.5]undec-3-ylmethoxy)pyridin-2 Oﬁ(;l/
yl)methyl)sulfinyl)-1H-benzigi Ieﬂ%or la 134 O~O NU\/ 00\
\
N>_ SN

SN

[0309]
A toluene (dehydrated) (4.0 ml)-water (1.4 ul,

0.0777 mmol) suspension of 2-(((4-((5,5-dimethyl-1,3-
dioxan—-2-yl)methoxy)-3-methylpyridin-2-yl)methyl)thio) -

10 1H-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 pl, 0.274 mmol) was
stirred at 50°C for 10 minutes in a nitrogen atmosphere.
Titanium (IV) isopropoxide (37 pl, 0.125 mmol) was

15 added and the resultant mixture was stirred for one
hour in the same conditions. After cooled to room
temperature N,N-diisopropylethylamine (35 ul, 0.201
mmol) was added to the mixture, and the resultant
mixture was stirred for 15 minutes under ice-cooling.

20 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



N Na 10 [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 Rmol) 15 obtained in the
step (17a), a 1N aqueous sodium hydrbXide solution (559 I, 559 11mol) was

added gt rogm. femperatuce swhich wasstireds ior39, pinuigs, After the

mixture was concentrated and diethyl ether was added to the residue, the
mixture was eltrasonidatly 20 treated.aFve generatedrsoliebwas collectstbby
filtration in a nitrogen atmosphere. The solid was dried under reduced

pressUPe t5 SBtAIRtheHiiE OB (147 g Vs '52°89%) s S Hight
yellow 90 = solid AELNMR(A0OMHE z,, DMS Q68 )}SRRIM; datdBa(4Eh m),
2.08- 2.23(1H, m), 2.18(3H, s), 3.50-3.62(4H, m), 3.76- 3.84(2H, m), 4.02(2H,
dd, J¥atEPHNY. 21 2H vd 8% 9L 7H) 1A S H MY el 9u4 3Rz} e4. 81(¢EH, d,
J=13Hz), 6,80- 6.92&ngu m), 6,93(1H, d, J 7.38-7.48(2H, m), 8.25(1H,

d, nglr-]lzﬁﬁﬁf?:: SF T Clzgl?jlgfzi)f&ﬁab%ﬂ (manufactured by

ong}tloﬁs column:

10 DaicekChemiealsindustriessL e 0 76 amX 25 can) aelgant:co 1 umn

hexane/ethanol=4/1 (v/v), flow rate: 0.6 ml/min, Detection: UV (254 nm)
chromatography (NH silica gel, elution solvent: ethyl
acetate/methanol=1/0-4/1 gradient). Desired fractions

10 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(1lH, d,

15 J=14Hz), 4.83(1H, t, J=4Hz), 6.97(lH, 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$x25 cm),

20 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

25 retention time) of 2-(((4-((5,5-dimethyl-1,3-dioxan-2-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole

[0310]



(Analysis results): retention time: 29.6 minutes, enantiomeric excess:
85.8%ee 15 (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] 20 [Formula 135] O~O N/ OO
\S\01:N N Na [0319] (18a) Opticalisdmer {long in retention time) of 2-

(((3- n’L%gyllnélg .2 9rtyioxaspiro[5.5]undec-3 - 191 -
ylmethoxy)pyridin-2-yl)methyl)sulfinyl)-1H- ben2|m|dazole [0320] [Formula

136] OO NOO \SNN H5[0321] To a tolu @ehydrated)(l 5 ml)-water
(2.35 [, 74.8 Rmol) solution of 2-(((3- methy13

N>_§ - |
N o« N

Na

[0311]
To an ethanol (3 ml) solution of the optical
isomer (short in retention time) of the 2-(((4-((5,5-
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 (16a), a 1N
aqueous sodium hydroxide solution (451 ul, 0.451 mmol)
was added at room temperature and the mixture was
10 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
15 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),
20 4.06(2H, d, J=4Hz), 4.36(1H, d, J=13Hz), 4.81(1H, d,
J=13Hz), 4.83(lH, t, J=4Hz), 6.79-6.87(2H, m), 6.93(1lH,
d, J=6Hz), 7.37-7.46(2H, m), 8.25(1H, d, J=6Hz).
HPLC:

(Conditions) column: CHIRALCEL OD-H (manufactured by



trioxaspiro[5.5]undec-3-ylmethoxy)pyridin-2-
yl)methyl)thio)-1H-benzimidazole (150 mg, 340 Rmol), 10 which was
separately obtained in the same manner as described in the steps (10a) to
(10d) of Example 10, D- (-)-diethyl tartrate (51.2 gl, 299 Rmol) was added
and the mixture was stirred at 50C for 5%iinutes in a nitrogen atmosphere.

Titanium (V) isppropoxide (44-2:13 L 150 Rmal) was adged-and the resultant

mixture was stirred for further one hour. After the mixture was cooled on ice,
N,N-diisopropylethdamite (39.d11=224 Rwicl) wasladded,cand ¢umene
hydroperoxide %88 l, 1,02 mmol as_the content was regarded as 80%) was
addelt Y5 dropWiss i afitrbgeh atfiosphiere, the mixture was stirred at 0C

to rooaiemperature fan 7 Hourse Aller 8o saturated agueons,seftion of
sodium hydrogen carbonate was added to the reaction mixture, the reaction

mixtueé 2 1PORNFES  extracedswith BtRyistcetate. The organic layer was dried

over sodium sulfate, the solventwas distilled off under ed pressure.
The oﬁﬁgﬁ\%}dl Cfegi%E%tV\llgg 'pu(gllzfied bi/%slelgc'agggl)c cc?lugm' é%((:#llﬁr%matography

(NH siliza:gel, €lutign selvent: ethyt acetate/methanal) i ohtain tbaditle in
compound (68 mg, yield: 43.7%) as a light yellow foam. iH NMR(400MHz,
CDCISISPpmP 18538 t23=5H2) o1&y { J=sHz) 2712-2.22(1H, m),

2.21(3H; Ska3; 95%-?@(%%%%@33%81%@%&@{953?'1}81‘!?)24-06‘4-26(4"" m),
4.65(1H, d, J=14Hz), 4.83(1H, d, J=I4Hz), 6.79(1H, d, J=6Hz), 7.28-7.42(2H,
i), 7:50-780(2H), or), B.88(LH,1d,-benzimidazole sodium salt

[0312]

[Formula 132]

\
@N* .
Na

[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]



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)-IH-benzimidazole [0322] [Formula 137] O~O N 10/ OO
\S\\I NN Na 20 [0323] To an ethanol (10 ml) solution of the optical isomer
(long in retention time) of the 2-(((3-metiA-4=
(1,5,9-trioxaspirpfs.5]undec-3-ylmethoxy)pyridin-2-
yl)methyl)sulfinyl)-IH-benzimidazole (68 mg, 149 1mol) - 193 obtained in the
step (18a), a 1N agoeaussbdiun hydioxide sedution. (149 ), -14-Rmol) wés
added atr om._temperature, which was stlrred for 30 minutes. After the

mixtté ﬂ/valeCL)Sn&L tratedLand Hidth§retht was's Sdsd tb” the reStdue the

mixture Wasyltrasonically. ieated. Thesesitantsplidiwas gollected by
filtration in a nitrogen atmosphere. The solid was dried under reduced

pfessutke s obtainttheditiel Eobspauid (36 Mg, il 549894 &% #Tight yellow

solid. 10 |H 40 MHZ DMSO 6)Sppm; 1.77(2H, t, J=6Hz), 1.83(2H, t,
J= 6HZ§%§6§ ? %&% ngé manger as g%sgrgbeé in

the steps 10a) to (lOd) of Example 10, L-(+)-diethyl
tartrate (51.2 ul, 299 umol) was added and the mixture
was stirred at 50°C for 5 minutes in a nitrogen

10 atmosphere. Titanium (IV) isopropoxide (40.1 pl, 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 pnl, 2.04 mmol as the

15 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

20 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

25 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=5Hz), 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(1lH



3.50-3.60(4H, m), 3.76-3.86(2H, m), 4.02(2H, dd, J=4, 12Hz), 4.11(2H, d,
J=7THz), 4.37(1H, d, J=I3Hz), 4.81(1H, d, J=I3Hz), 6.85(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). HPLC:
(Conditions) column: CHIRALCEL OD-H (manufactured by Daicel Chemical
Industries Ltd.)(0.46 cm4X25 cm), eludrt? hexane/ethanol=4/1 (v/v), flow

rate: Q.6 20 mimin, Detection: UV (254 nm))(Analysjs fgsults): retention time:
36.7 minutes, enantiomeric excess: 36%ee (Example 19) Sodium salt of an
optical igémer {longfiin metentionirmie B of 2H((4=((2,2-elimethyi-1,8-dioxan-5-
25 yl)methoxy)-3,5-dimethylpyridin-2-yl)methyl)sulfinyl)- 1H-benzimidazole
[03241:ﬁ1HoZr?n'ula 138] - 194 - O---COK N>/O N S~ N Na [0325] (19a)
Opticab isgmer (ong imretentiopimerob2tical isomer (short in
(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3,5-
dimethglisyridin2-yhrthyfsulfiryl-1 Hpehzimitazéle® 5[0326] [Formula

139]trioxaspiro[5.5]undec—B—ylmethoxy)pyridin—Z—

yl)methyl)sulfinyl)-1H-benzimidazole
[0316]

[Formula 134]

10 [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)

15 obtained in the step (l17a), a 1IN agqueous sodium
hydroxide solution (559 pl, 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 title

compound (147 mg, yield: 54.8%) as a light yellow



O~-COK Sa\lIN\NN H [0327] A toluene (dehydrated)(2.22 ml)-water (2.3
[, 0.228 mmol) solution of the 2-(((4-((2,2-dimethyl 10
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 thé%teps (lla) to (llg) of Example 11 and
D-(-)-diethyl tartrate (80.6 I, 0.471 mmol) was stirred at 15 50C for 10
minutes in a nitrogen atmosphere. Titanium (IV) isopropoxide (63.2 1, 0.214
mmol) ivagiaddedrsid thEsesdltadbmintute Waslstifed for furthe? ohe-hour
in the s me c¢ conditions, Af er the mixture was cooled 195 to room

températire 2hd"™N,N- %Iu%odrg’o%ylesthylamm% 59% 17034 r‘nn%olg Was added,

the resuitant mixture was cooled da 0G-After cumenesydreperoxide (611 1,
3.31 mmol as the content was regarded as 80%) was added 5 dropwise for 5
minut&s 'A20C td 2, the mikturemwasz stirréd &t 0C to € for 33 HBUrs and 85

mlnutbes?]Q A nltrdge@ %@Pﬁphere éft%a satL}ra.JI%d @qyg?yg S0 utlon of

sodium ydrogen carbonate was added to the reaction mixture, tﬁe mixture
was extracted with etyddo)acetate. The organic layer was dried over
anhydrous sodium sulfate, filtered, and concentrated. The
HPLC:
(Conditions) column: CHIRALCEL OD-H (manufactured by
10 Daicel Chemical Industries Ltd.) (0.46 cmdx25 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
15 (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-
yvl)methyl)sulfinyl)-1H-benzimidazole
[0318]

20 [Formula 135]

\
@N* .
Na

[0319]
(18a) Optical isomer (long in retention time) of 2-

(((3-methyl-4-(1,5,9-trioxaspiro[5.5]undec-3—-



residue was purified by silica gel column chromatography (NH silica gel: 20g,
elution solvent: dichloromethane, dichloromethane/methanol=20/1). The 15
fractions containing the title compound were collected with ethyl acetate and
concentrated to obtain the titte compound (388 mg, yield: 84.4%) as a
colorless foam. iH NMR(400MHz, DMSE-H6YSppm; 1.32(3H, s), 1.36(3H, s),

2.02- ﬂ%@!ﬂ@;E%)y 16(3H, 9). 2:30(3H, ), 3./12Q 3:85(f. m), 4.00(2H, dd,
J=4, 12Hz), 4.70(1H, d, J=I4Hz), 4.79(1H, d, J=14Hz), 7.26-7.34(2H, m),

7.59-k&70(2H ) 084 8(1H, s). HPLC: (Conditions) column: CHIRALPAK

AD-H (manufagc):%red by 25 Daicel Chemical Industries Ltd.)(0.46 cm4X25
cm), eluant: \exane/ethanol=1/1 (v/v), flow rate: 0.6 ml/min, Detection: UV

(254 npy(Anedysis sesults): 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-dimethyl-1,3-dioxan-5- yl)methoxy)-3,

5-dimethylpyridin-2-yl)methyl)sulfinyl)- 5 1B%Efi\m[i)dazole [0328] [Formula
140] O--COK EN S N Na [0329]

\
@N* N

H

5 [0321]

To a toluene (dehydrated) (1.5 ml)-water (1.35
ul, 74.8 Mmol) 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 Mdmol),

10 which was separately obtained in the same manner as
described in the steps (10a) to (10d) of Example 10, D-
(-=)-diethyl tartrate (51.2 ul, 299 umol) was added and
the mixture was stirred at 50°C for 5 minutes in a
nitrogen atmosphere. Titanium (IV) isopropoxide (44.2

15 pl, 150 pmol) 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 pl, 1.02
mmol as the content was regarded as 80%) was added

20 dropwise in a nitrogen atmosphere, the mixture was
stirred at 0°C to room temperature for 7 hours. After a
saturated aqueous solution of sodium hydrogen carbonate

was added to the reaction mixture, the reaction mixture



To an ethanol (10 ml) solution of the optical 10 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)-IH-benzimidazole (379 mg, 0.882 mmol) obtained in the
step (19a), a 1N aqueous sodium hydrbxfde solution (878 LLI, 0.882 mmol

as the 15> concentrationwas regafded as1,004M)was added at room.

temperature and the mixture was concentrated. The residue was subjected
to azeetsopicidistiltation withiethanolfEhe resideeswassuspeaded in diethyl
ether, ultrasonically treated, concentrated to obtain the 20 title compound

(365 Mg Vield=91%7%) A3 vhite Sbife B RMIREA00MHES DME®-88)Sppm:
1.33(3bls Sk 3663Hp ) 1 2.0812,43(3kh 10): 2,20(3kb18)R-21(3H, ), 3.76-
3.88(4H, m), 4.00(2H, dd, J=4, 12Hz), 4.38(1H, d, J=I3Hz), 4.75(1H, d,
J2I3HA)r 6T81-6 VTR m)NY7.40 L 197 97147(2Humi)e 8. 230 s) : HPLIT:L
(Conditions) column: CHIRALPAK AD-H (manufactured by Daice] Chemical
e SR e Ry e
rate: 916 ral{mirs, .Detectiona UM (254 ne1)1(@Anatysis results): retention time:
17.0 minutes, enantiomer excess: 94.9%ee specific rotation:

a,27.48-78BY(EBBZE(GR 10 geRdmple 80) Sdditm sHTCEFan optital 2H

isomer (short,in, retentiontime) of;2-(((#-(2,2-dimethyl:l,3-dioxan-5-75 (45,

yl)methoxy-3, 5-dimethylpyridin-2-yl)methyl)sulfinyl)-

10 m), 3.89(2H, dd, J=4, 12Hz), 4.06-4.26(4H, m), 4.65(1lH,
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/\W:fxo
A\
@N* SN
Na

To an ethanol (10 ml) solution of the optical

20 [0323]

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)



1H-benzimidazole [0330] 15 [Formula 141] O---COK /19, SN 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 20 198 - 0332]
[Formula 142] O---COK 0/N N \ I S H {3333] A toluene (dehydrated)(2.96

mh)-water,(3,09 3., Q1L 24nmol) selufion.ofithe 2-((4:((2.25imgthyl-
1,3-dioxan-5-yl)methoxy)-3,5-dimethylpyridin-2

yl)methylithio)dtH dyenrirmidazolé {581 mdg 4 2.48wmmoly aseparately abtamed
in the same manner as_described in_the steps (}Iag BOE%II@ of Example 11 and
L-(+) 1O EBH taftratd (168 176 529 minsl) wad stirfed At "SGE for 5ifutes

in a nitregen Atmesphere.cHtaNiuA-ated and diethyl ether was
5 added to the residue, the mixture was ultrasonically

treated. The resultant solid was collected by
filtration in a nitrogen atmosphere. The solid was
dried under reduced pressure to obtain the title
compound (36 mg, yield: 54.8%) as a light yellow solid.

10 'H NMR(400MHz, DMSO-d¢)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(1lH, d, J=13Hz),
4.81(1H, d, J=13Hz), 6.85(2H, dd, J=3, 6Hz), 6.93(lH,

15 d, J=6Hz), 7.42(1H, dd, J=3, 6Hz), 8.26(1lH, d, J=6Hz).
HPLC:
(Conditions) column: CHIRALCEL OD-H (manufactured by
Daicel Chemical Industries Ltd.) (0.46 cm$x25 cm),
eluant: hexane/ethanol=4/1 (v/v), flow rate: 0.6

20 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-

25 yl)methoxy)-3,5-dimethylpyridin-2-yl)methyl)sulfinyl) -
l1H-benzimidazole

[0324]

[Formula 138]



(IV) isopropoxide (84.4 1, 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 15 temperature and N,N-diisopropylethylamine (79.7 I, 0.458 mmol)
was added, the resultant mixture was cooled to OC. After cumene
hydroperoxide (816 |, 4.42 mmol as thé ¢éntent was regarded as 80%) was
added dropwise for 10 minutes at OC to 1C, the mixture was stirred 20 for 3
hours and 10 minutes in the same conditions. After g saturated aqueous
solution of sodium hydrogen carbonate was d toxthe reaction mixture,
the mixture was extracted with ethyl acetat ?‘?ﬁg@a ic-199 layer was

dried over anhydrous sodium sulfate, dfi ~énd concentrated. The residue
was purified by silica gel Shrg

raphy (NH silica gel: 20g, elution
solvent: dichloromethane, 5%ic gometha /methanol=20/1). The fractions
containing the title compound were collected with ethyl acetate and
concentrategOtQZ%Qtain the title compound (498 mgq, yield: 81.1%) as a
colorless foam. IH'NMR(400MHz, DMSO-d6)Sppm; 1.32(3H, s), 1.36(3H, s),
10 2.029412(dH,im),12 1643Hy ), 1226(3H, $)3=74-13:84(4Hs m)o 4.00(2H,
dd, J=4, 12Hz), 4.70(1H, d, J=14Hz), 4.79(1H, d, J=l4Hz), 7.26-7.34(2H, m),
7.58- A FO2H 2m 8 BT ERY §). MPLEL °X5 {ConditidhR) Rotimns CHIRALPAK

AD-Hy(manuiaciyred iy, Daigel Ghemicakindustries Lid:)046 emax2s em),

5 [0326]

@.

[Formula 139]

[0327]
A toluene (dehydrated) (2.22 ml)-water (2.3
ul, 0.128 mmol) solution of the 2-(((4-((2,2-dimethyl-
10 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 (1lla) to (llg) of Example 11 and D-(-)-
diethyl tartrate (80.6 nl, 0.471 mmol) was stirred at
15 50° for 10 minutes in a nitrogen atmosphere. Titanium
(IV) isopropoxide (63.2 pl, 0.214 mmol) was added and
the resultant mixture was stirred for further one hour

in the same conditions. After the mixture was cooled



eluant: hexane/ethanol=I/I (v/v), flow rate: 0.6 ml/min, Detection: UV (254
nm) (Analysis results): retention time: 14.6 minutes, 20 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)- #benzimidazole 25 200 - 0334]

[Formuja 143 Q0K /N0 \is Ny N Na 03301 To.an & 420 18l ¢

solution of the optical 5 isomer (short In retention tlme) of the 2-(((4- ((2 2-
dimethyl- 103-@@<am5lyl)memoa@t)1®5 dimethylpyridiat mixture was

2y|)meth sulfiny IH benzimidazole (480 mg, 1.12 mmol) Tbtamed in the
step &%O g ﬁ\?a ueous Soditint HyerExide: cﬁﬁ%ﬁﬁdﬁ iht, 1. 18 thmiol s

the 1%§@I‘C§QU@HQ”&/&S%%<E%8W&§ 2%4:004M) wassadded at reeRled
temperature and the mixture was concentrated. The residue was subjected

toazeawepicdistitation Withuetfariol. Phe residie was suspended invdrethyl

eﬂ“”btirred at 0°C to 7°C for 3 hours and 35 minutes in an

nitrogen atmosphere. After a saturated aqueous
solution of sodium hydrogen carbonate was added to the
reaction mixture, the mixture was extracted with ethyl

10 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

15 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-

20 3.85(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), 7.59-
7.70(2H, m), 8.18(1lH, s).

HPLC:
(Conditions) column: CHIRALPAK AD-H (manufactured by

25 Daicel Chemical Industries Ltd.) (0.46 cmdpx25 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,



the suspension was ultrasonically treated, concentrated 15 to obtain the title
compound (447 mg, yield: 88.4%) as a white solid. iH NMR(400MHz,
DMSO-d6)Sppm; 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=I3Hz), 4.74(1H, 20
d, J=I3Hz), 6.82-6.90(2H, m), 7.40-748(2A, ™M), 8.23(1H, s). HPLC:

(Conditigns) salumn: CHIRALPAK AD-H (manufactured by - 201 Daicel
Chemical Industries Ltd.)(0.46 cm4X25 cm), eluant: hexane/ethanol=l/I (v/v),

flow rat€0.65 admin, SetectidntbY (@54imm) (Apalysis results):iretention
time: 14.4 minutes, .5 enantlo erlc gxcess: 95.4%ee L013_316] (Exam Ie 21)

2- (((4r€6tfatd18xasrjﬁ?‘oe[4 ﬁae 8- -((2,2-dimeth Y ox

yimethoxy)-8r®ethylpyrdin: 2yhmeatbyhsulfinyh-1b: henzimidazele sadium
salt 10 [0337] [Formula 1441000 N -tD N Na [0338]

5 1H-benzimidazole
[0328]

[Formula 140]

[0329]
To an ethanol (10 ml) solution of the optical

10 disomer (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 agqueous sodium
hydroxide solution (878 pl, 0.882 mmol as the

15 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

20 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-



(21a) 6,10-dioxaspiro[4.5]dec-8-ylmethanol [0339] 15 [Formula 145] HoTo
OI:D [0340] The same procedure as in the step (7a) of Example 7 was
repeated using 2-(hydroxymethyl)-1,3- propanediol and cyclopentanone to
obtain the title - 202 compound (2.8 g, yield: 87%) as yellow oil. iH NMR(400
MHz, CDCI3)Sppm;1.51-1.55(1H, m), 1182- 1.72(4H, m), 1.83-1.94(4H, m),

3.73-3.80{4bk; M),y 3.99(2H dd, J54, 12 Hz). 5 (21b) 2-(((4-(6,10-dioxaspiro
[4.5]dec-8-yImethoxy)-3- methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole
sodiuf®salt [0341] [Formula 146] O O 10 \N-SO N N, Na 10 [0342] The

same procedure as in the steps (6h) t of Exam Ie 6 was re eated using
6,10- 9068x§§p|%ﬁﬂ%}d%@ﬂ]ﬁyﬁnetﬁ%lﬁ%éﬁznea i tﬁ W a(%i%\f %S oBtain

the title, compaung (180 mehdatalries 1.td.) (0. 46 cmdx25 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=0.5, 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) -
l1H-benzimidazole

[0330]

15 [Formula 141]

[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

20



15 yield:8.1%) as a light yellow solid. iH NMR(400 MHz, DMSO-d6)Sppm;
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, d, J=13 Hz),
4.80(1H, d, J=13 Hz), 6.83(2H, 20 dd, 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 Fiz). (Example 22)
2-(((4-(5,9-digxaspiro[3.5]non-7-
ylmethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H - 203 - benzimidazole
sodiunt salty0343} JFormula 147] O 01 \ N Na [0344] 5 The same
procedure as in the steps (21a) and (21b) of Example 21 was repeated using
2- (hydroxymethyl)-1, 3-propanediol and cyclobutangne to obtain the title
compound (265 mg, total yield: 6.2%) as a Iig@@g solid. 10 1H NMR(400
MHz, DMSO-d6)Sppm;1.58-1.70(2H, m), 2.06- 2. , m), 2.17(3H, s),

3.66-3.76(2H, m), 3.86- 3.96(2H, m), 4. - J=6 Hz), 4.37(1H, d, J=13
Hz), 4.79(1H, d, J=13 Hz){6.85

Hz), 6.93(1H, d, J=6 Hz),
7.44(2H, dd, J=3, 6 Hz), 8.26(AH\d, =6 13VHz). (Example 23)
2-(((4-((2,2-diethyl-1,3-dioxan-5-H

[0333]
A toluene (dehydrated) (2.96 ml)-water (3.09
5 Ml, 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 (1lla) to (llg) of Example 11 and L-(+)-

10 diethyl tartrate (108 pl, 0.629 mmol) was stirred at
50°C for 5 minutes in a nitrogen atmosphere. Titanium
(IV) isopropoxide (84.4 upl, 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

15 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 Wl, 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

20 for 3 hours and 10 minutes in the same conditions.
After a saturated aqueous solution of sodium hydrogen
carbonate was added to the reaction mixture, the

mixture was extracted with ethyl acetate. The organic



yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H- benzimidazole sodium
salt [0345] 20 [Formula 1481 N>-Sp N Na N 0~ 204 - 0346] (23a)
(2,2-diethyl-1,3-dioxan-5-yl)methanol [0347] [Formula 149] HO-~-O O 5
[0348] The same procedure as in the step (7a) of Example 7 was repeated
using 2-(hydroxymethyl)-1,3- propanediol >and 3-pentanone to obtain the title

compound, (1,5 9, yields46%).as.alight yelow ol 10 iE,NMR (400 MHz,
CDCI3)Sppm;0.87(3H, t, J=7 Hz), 0.88(3H, t, J=7 Hz), 1.46-1.51(1H, m),
1.70(2H] ge 9=, HB)d1 I8(2En gy ItZHz), BiF03:88 @k, m$s3.96x Af1G@H,
m). (23b) 2-£(i(4-((2,2-diethyl-1,3-dioxan-5-yl methoxe-fS- 15 _
methyipyfidin-23Ifndtyfstitihy iR Bahimidazdle’ Sodidm sdit [6349]

[Formuwag 180]\NQ on solvent: dichloromethane,

5 dichloromethane/methanol=20/1). The fractions
containing the title compound were collected with ethyl
acetate and concentrated to obtain the title compound
(498 mg, yield: 81.1%) as a colorless foam.

'H NMR(400MHz, DMSO-d¢)dppm; 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=14Hz), 4.79(1H, d, J=14Hz), 7.26-7.34(2H, m), 7.58-
7.70(2H, m), 8.18(1lH, s).

HPLC:

15 (Conditions) column: CHIRALPAK AD-H (manufactured by
Daicel Chemical Industries Ltd.) (0.46 cm$x25 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,

20 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

25



Na N T-\ [0350] 20 The same procedure as in the steps - 205 (6b) to (6f) of
Example 6 was repeated using (2,2- diethyl-1,3-dioxan-5-yl)methanol
obtained in the step (23a) to obtain the title compound (164 mg, total yield:
9.7%) as a light yellow solid. 5 iH NMR(400 MHz, DMSO-d6)Sppm;0.80(6H,
t, J=7 Hz), 1.63(2H, q, J=7 Hz), 1.70(2F) Y, I=7 Hz), 2.01-2.12(1H, m),
2.18(3H, s),13:5973.80(2H, m), 3.94-4.20(2H, m), 4.12(2H, d, J=7 Hz),
4.37(1H, d, J=13 Hz), 4.81(1H, d, J=13 Hz), 6.84(2H, dd, J=3, 6 Hz),
6.92(1Hedndxé HZR 10 7.42(2H, dd, J=3, 6 Hz), 8.26(1H, d, J=6 Hz).
(Example 24) 2-(((3-methyl-4-((1-methyl-2,6,7-
trioxabicyclo[2.2.2]oct-4-yl)methoxy)pyridin-2-
yl)methyl)sulfinyl)-1H-benzimidazole sodlum salt %{] 15 [Formula 151] C
Nr O 0O (y xo iVa NJ/ [0352] (24a)

(1-methyl-2,6,7-trioxabicyclo[2.2 2]octo4 | anol [0353] 20 [Formula
152] AOOH OO N
S,

N *
Na

[0335]
To an ethanol (10 ml) solution of the optical
5 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 aqueous sodium
hydroxide solution (1.12 ml, 1.12 mmol as the
10 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
15 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(1H,
20 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



[0354] - 206 A mixture of pentaerythritol (15 g, 110 mmol), triethyl
orthoacetate (20.2 ml, 110 mmol), and p-toluenesulfonic acid monohydrate
(947 mg, 5.5 mmol) was stirred at 100C for 30 minutes. The temperature of
5 the mixture was further raised to 130C and the mixture was stirred for 30
minutes. To the reaction mixture, triethgfdmine (1.53 ml, 11 mmol) was

added and.the: reagtion mixtyre was concanyaigds Fhegsidueyyas purified
by silica gel column chromatography (elution 10 solvent: heptane/ethyl
acetaté tonobtaire e title tbempouhd(8(5 gy yield:148.286) as allight yellow
solid. iH NMR (400 MHz, CDC13 ppm; 1.47(3H, s), 3.46(2H, d, J=4 Hz),
4.02(BH S5 ?*ze,ﬁ-‘:d%ﬁ]%thﬁﬁ-zg-rﬁe{h?/i-z,6,7 15

trioxabigyclef2: 2. 2JegiA-yhmethexypyrigine 1rexide 4[0355] fRewaula 153] O
[ OHO N [0356] To a dimethylsulfoxide solution (30 ml) of 20 the

(BEmeéthgh2 B ratogabicye®t2. 222 oékasy)methanol (4.5 g, 28.1 mmol)
obtained in t[lb%§ p (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
mixturex4reblero22,8 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/\(\o
7
- £L) 0
K
N\ N
Na

[0338]
(2la) 6,10-dioxaspiro[4.5]dec-8-ylmethanol
[0339]

15 [Formula 145]

HO/\((;%

[0340]
The same procedure as in the step (7a) of
Example 7 was repeated using 2- (hydroxymethyl)-1,3-

propanediol and cyclopentanone to obtain the title



- 207 dimethylpyridine 1-oxide (3.99 g, 25.3 mmol) was added, which was
stirred at 60C for 3 hours. After cooled to room temperature, the reaction
mixture was concentrated under reduced pressure. The residue was purified
by 5 silica gel column chromatography (elution solvent: ethyl
acetate/methanol) to obtain the title compéund (7.46 g, yield: 81%) as a

yellow gif, ikt NMiR{4Q0 MH 191[?101%)7’56%@51;%01@!3% $),12-20(3H, s),
2.54(3H,s), 3.77(2H, s), 4.15(6H, s), 6.53(1H, d, J=6 10 Hz), 8.14(1H, d, J=6
Hz). (ﬁﬂc)w(am@@hwm((m@@wl&gml 51-1.55(1H, m), 1.62-
trloxablc,ycloz 22]oct4 methoxy)pyridin-2- y| methgnol 0357J 15

[Formuld154{ (3" o d‘\ 1O 03581 A Hitute of °

2,3-dimethyb4-((kmethyla?,6:2- tiioxabicyclo[2.2.2]oct-4-yl)methoxy)pyridine
1- oxide(6.4 g, 22.8 mmol) obtained in the step (24b) and 20 acetic anhydride
(20 miywask stirled At 80C for dhexhork TAftér oot roohtemperatute,

the reac;g on, mixture was concen tl d un(ge §uc59 pressure To
reS|due gndf{é% mI) an51 té]\ifae)que%)usnsyo ium hydrOX| é%afuth;n (a0
ml) wa&addedsamd the mixture

[0341]

[Formula 146]
O/N\[i\o
H‘ij D
SN

10 [0342]
The same procedure as in the steps (6b) to

(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

15 vyield: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, d, J=13 Hz), 4.80(1H, d, J=13 Hz), 6.83(2H,

20 dd, 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-



- 208 was stirred at room temperature for 15 hours. The reaction mixture
was concentrated and ethyl acetate was added to the residue. The mixture
was washed with a saturated saline solution. The organic layer was dried 5
over anhydrous magnesium sulfate, filtrated, and concentrated. The
resultant residue (solid) was washed™ with’diethyl ether and collected by
filtratign, 19, btain the title compaynd (1.5 g, yield: 28.7%) as a yellow solid.
10 iH NMR(400 MHz, CDC13)Sppm; 1.50(3H, s), 2.04(3H, s), 3.80(2H, s),
4.15(6H, s),4.8582H, s), 4.77(1H, hr s), 6.60(1H, d, J=6 Hz), 8.29(1H, d, J=6
Hz). (24d% Z-SZ(%-methyl-4-((l-methyl-2,6,7-

trioxablQYIB[272. 2foct-4-yl)methoxy)pyridin-2- 15
yl)methyl)thio)-IH-benzimidazole [0359] [Formula 155] Nrs -o [0360] To a
tetrahydrofuran (dehydrated, 20 ml) 20 solutioq of
(3-methyl-4-((I-methyl-2,6,7- trioxabicyclo[2.2.2]oct-4-
yl)methanol (0.37 g, 1.32 moI)NobtaiB j
(0.368 ml, 2.64 mmol), ne§u_lfgfnyl h
added - 209 dropwise in~apitregen atiospNere at 1C to 4C. The resultant
mixture was stirred under the saiggg conditions

[0344]

5 The same procedure as in the steps (21la) 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.

10 'H NMR (400 MHz, DMSO-ds)Oppm;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, 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(lH,
d, J=6 Hz), 7.44(2H, dd, J=3, 6 Hz), 8.26(1H, d, J=6

15 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]

20 [Formula 148]



for 1.5 hours. Further, 2-mercaptobenzimidazole (204 mg, 1.52 mmol) was
added to the mixture and stirred at 5 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. 10 iH
NMR(400 MHz,,GPC13)Sppm; 1.50(3H, s), 2.27(3H, s), 3.80(2H, s),
4.15(6H, s), 4.38(2H, s), 6.65(1H, d, J=6 Hz), 7.15-7.21(2H, m),
7.36-TH8{2H( 1), -8I35(H, 1d, 1 J36HDx {24€)-24({(Betretinygli4-((1-methyl-2,6,7
15 trioxabiC)ﬁﬁlogl%.Z.2]oct-4-yl)methoxy)pyridin-2-

yl)methyl)su ﬁy)-]lH-benzimidazoIe [0361] [Formula 156] NrOO0CO /HNO
[0362] 20-hQa atoluene-methanol (10:1) solution (20 ml) of the
2-(((3-methyl-4-((1-methyl-2,6,7-
trioxabicyclo[2.2.2]oct-4-yl)methoxy)pyridin-2-
yl)methyl)thio)-1H-benzimidazoleg mg, 556 Rmol) obtained in the step
(24d), a toluene-methanol (10:1) - 21Q  solgtion (5 ml) of 3-chloroperbenzoic
acid (133 mg, 0.5 mmol as the conten® egarded as 65%) was added
dropwise in a nitrogen atmosphere at -50€ to -60C for 5 minutes and the
mixture was stirred under the same

5 [0348]

The same procedure as in the step (7a) of
Example 7 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.

10 '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-

15 methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole
sodium salt

[0349]

[Formula 150]

[0350]

20 The same procedure as in the steps



5 conditions for 3.5 hours. To the reaction mixture, a saturated agueous
sodium hydrogen carbonate 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 10 by silica gel column
chromatography (NH silica gel, elution&ohvent: ethyl acetate/methanol) to

obtain ¢he title ggmpoynd:(143 Mg, yield:59 °8la€é<!ﬂ995§&§||9¥¥ foam. iH
NMR(400 MHz, CDC13)Sppm; 1.50(3H, s), 2.17(3H, s), 15 3.76(2H, s),

4.12 (6 S)yA.68(BHsidp3=14 Ha)) 1Ot EHod, 3514 HEA660(LHE ds U=
Hz), 7@0- 7.38(2H, m), 7.47-7.56{1%1H, m), 7.76-7.86%H, m), 8.30(1H, d, J=6
Hz), L208{1HChF§) 1280 2:7(3 methy T4 P gthy -2 6, 790 totes

trioxabieycla[262.249ct-A-yAhmethaxy Jpyridin 25011 d .
yI)melthyI)squinyI)-IH-benzimidazole sodium salt [0363] [Formula 157] Nr O
0>0 N NYR[0BE4]MER,1 DS andeth@ion (8 nil) seluticn ofthe 21((3-

methyl-4-((l-methyl-2,6,7-trioxabicyclof[2.2.2]oct-4- _
yI)meXtHgééy %{id%’-fyl)mgtﬂ%sarfin{)/f)%ﬁ- bEnzimidazolé (143 mg, 3537
Rmokhpptained ipihe siep 5.(24€),.a AN agueoys sodim yaraxidersglution
(3331, 333 11mol) was added at room temperature and the mixture was

stirred fordEhofrs. The miturd was! 18, 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),
10 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]

15 [Formula 151]
NP 0P
C[N‘*S_}j Sk
\ \
Na NZ o

[0352]
(24a) (l-methyl-2,6,7-trioxabicyclo[2.2.2]oct-4-
yl)methanol

[0353]

20 [Formula 152]

oY~ OH
o7 0

[0354]



concentrated and the residue was dissolved in ethanol. Thereafter, diethyl
ether was added to the solution, 10 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. iH
NMR(400 MHz, DMSO-d6)Sppm; 1.33&H, s), 2.19(3H, s), 15 3.92(2H, s),

4.04(6H, s), 4.35(1H, d, I512 Hz), 482(LH, d:)5151H2); 8.82-6:8/3H, m),
7.42(2H, dd, J=3, 6 Hz), 8.26(1H, d, J=6 Hz). (Example 25)

2-(((4»(dg5 dioxaspird[$l5]andec8setate (20. 2 ml 110 mmol), and

ylmethoxy)-3-methylpyridin-2-y)methyl)sulfinyl)-IH- 20 benzimidazole sodium
L B0 RO TSBI RO 5 T RNRE: J006] (3825 - ARoL)

1,5-dipxaspirefs.sfundecr3oAmethangb- zizu&ﬁﬂ [FeemulaLa9kHRr= Q¢

[0368] The same procedure as in the step (la) of 5 Example 1 was repeated

uSingt2¢hydroxyhtettiyl- 1£ 37 proFarediskand eyélbhexarohe tocobtait e

tile cormpound (2.26.9, Vigld: 83%) a5 a light yellow oil. . ; o1y 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

10 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-

15 trioxabicyclo[2.2.2]oct-4-yl)methoxy)pyridine l-oxide

[0355]

[Formula 153]

{0
X5
N
O
[0356]
To a dimethylsulfoxide solution (30 ml) of
20 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-



iH NMR(400 MHz, CDCI3)Sppm;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)-IH-benzimidazole sodium salt [0369] 15
[Formula 160] 0~0 N N~-S N Na [0376]° The same procedure as in the

steps4(Bh) {9, (Bf), 0f Example 6. was repeged using 5,551 was added,
dioxaspiro[5.5]undec-3-ylmethanol obtained in the step 20 (25a) to obtain the

title comipdund: €128 mg; ¢dtal tyiefC8.494) as ladight yelldbirsolid:c2E31 iEo
NMR(400 MHz, DMSO-d6)S l[.l)m;l.30-1,48(6H, m), 1.64- 1.76(4H, rr%[)[
2.06-2 ABLLHETR 283N, s?? 3. 755 B H ) 3706403 CRI Ty 4 T1EH,

d, J=0kBr 4:44(HHdadpd=l3 iz, 4.88{dHy &5 313 K2) 6,90 56 88(3K, m),
7.47(2H, dd, J=3, 6 Hz), 8.25(1H, d, J=6 Hz). (Example 26)
23«4&«2%;@"ﬁ@ﬂnﬁq}gqmbﬁgﬁgm@tography (elution solvent:

{g‘}égﬁiy@e%‘é/'&y&de")'%é)é'PIQ%W')sc”o'ﬁ%%'%‘%H{ henzimidazole sodium salt
(7.46 g, yield: 81%) as a yellow oil.
'H NMR (400 MHz, CDCls)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
10 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]

15 [Formula 154]
7
OO/%
X o
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
20 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



[Formula 161] O 114 0 O-C >< 1 a N [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-ol obtained in the step (9a) to obtain the title
compound (530 mg, total yield: 18%) as a light yellow solid. iH NMR(400
MHz, DMSO-d6)Sppm; 1.34(3H, s), 1.40{8H; s), 2.23(3H, s), 3.79(2H, dd,

J=3, 12 H27), 4,12(2H, dd, 20.J73,12 H2) .4 3HLH, 85 I513,H2), 11
4.46-4.54(1H, m), 4.82(1H, d, J=13 Hz), 6.86-6.94(3H, m), 7.42-7.48(2H,

n0 SﬁEKQEﬁQhJmﬁxﬂzyQEwaﬁuﬁedﬁgntrated and ethyl acetate was
2- (((4 4 dloxasplro dec 8-ylox
methy ?&n S-yijifietiy 1J')JSUH‘|nyI) TADERZIMiAS-818S T4 S8dilrh Saft

[O3Tﬂaﬁﬁyaﬂg@]§gﬂf$gl4%f%®¥%ﬂ0374h5(8z%bnlc layer was dried
1,4-dioxaspiro[4.5]decan-8-ol [0375] [Formula 163] HO

5 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
yvellow solid.

10 '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(1lH, 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-

15 vyl)methyl)thio)-1H-benzimidazole

[0359]

[Formula 155]

N o) O
3L

[0360]
To a tetrahydrofuran (dehydrated, 20 ml)
20 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



[0376] The same manner as in Example 9a was repeated 10 using
1,4-cyclohexanedione monoethylene ketal to obtain the title compound (2.6
g, yield: 79%) as a light yellow oil. iH NMR (400 MHz, CDCI3)Sppm,;
1.53-1.71(4H, m), 1.77- 1.93(4H, m), 3.75-3.85(1H, m), 3.93-3.96(4H,m). 15
(27b) 2-(((4-(1,4-dioxaspiro[4.5]dec-8-yfdx)-3
methylpyriglin:2-y)methyDsulfinyl)-IH-hengimidazole sodium sak - 215,
0377] [Formula 164] O-O O-N_O S NN Na[0378] The same procedure
as in tee steps1(6l) tat 5 6f)wofExdample8 was! eepadtedusing dedditions

dioxasgirog4.5]decan-8-ol obtained in the step (27a) to obtain the title
compotind (230" Total Jigid"7 306y d5°4 fight yelrd\e €blidfi NMR 400

MHZz /3MSQ-6)SppN; L b L3HS8H, 19),td 7{3kk 10:5) 38 66dHDd at
4.35(1H, d, J=13 Hz), 4.62-4.68(1H, m), 4.79(1H, d, J=13 Hz), 6.84(2H, dd,
Jégnggm'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.

10 '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(1H, 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-

15 trioxabicyclo[2.2.2]oct-4-yl)methoxy)pyridin-2-

yl)methyl)sulfinyl)-1H-benzimidazole
[0361]

[Formula 156]
N O\ O O
@[N‘*S_}j ok
H N / \\O

[0362]

20 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 Hmol)

obtained in the step (24d), a toluene-methanol (10:1)



6.97(1H, d, J=6 Hz), 7.43(2H, dd, J=3, 6 Hz), 8.23(1H, d, J=6 Hz). (Example
28) 2-(((4-(2-(2,2-dimethyl-1,3-dioxan-5- 15
yl)ethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-IH- benzimidazole sodium salt
[0379] [Formula 165]~ O O N S N Na 216 - 0380] (28a)
2-(2,2-dimethyl-1,3-dioxan-5-yl)ethanol?}#381] [Formula 166] O~ HO~O 5

[03824 Jﬁ@g&(}e@n%£§o g}l)§gl}ﬂ@&g @ﬁo%'nzoic acid (133 mg, 0.5
(hydroxymethyl)butane-1,4-diol (3.4 g, 28.3 mmol) obtained in accordance

with theahethod describedirt JiMed:Eheni3D(9,1636)1642(19873J

p-toluenesulfonic. 10 acid monohydrate (244 mg, 2.83 mmol) was added at
roomdfeorﬁb“éfﬁu%é‘aﬁd%érrﬁ&?u%eavtv@ggs%}?ree%efo?t15_I§8u?s.%?‘o_t?w% feaction

mixtuge i{riethydamine (894 |2 33 rrmphavas added andhthe mixtusgiras
concentrated. The residue was purified by silica gel column 15

chromatography telttivnsolvéstiheptarslethyt acetate}on mixture, a

saturated aqueous sodium hydrogen carbonate 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
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.
'H NMR (400 MHz, CDCls)dppm; 1.50(3H, s), 2.17(3H, s),
15 3.76(2H, s), 4.12(6H, s), 4.63(1H, 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(1lH, m),
8.30(1H, d, J=6 Hz), 11.05(1H, br s).
(24f) 2-(((3-methyl-4-((l-methyl-2,6,7-
20 trioxabicyclo[2.2.2]oct-4-yl)methoxy)pyridin-2-
yl)methyl)sulfinyl)-1H-benzimidazole sodium salt
[0363]

[Formula 157]
40P
E:[N\>_‘Q’\—>=> oK
N \Y
Na NZ o

[0364]



to obtain the title compound (1.0 g, yield: 22%) as a light yellow oil. iH
NMR(400 MHz, CDC13)Sppm;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, 20 J=4, 12 Hz). (28b)
2-(((4-(2-(2,2-dimethyl-1,3dioxan-5-yl)ethoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)-1H-b&hZimidazole sodium salt [0383] 25

[Formula 167] 2175 0, al\:3 3N Na Q384L The-saperocgduse a5 3 the
steps (6b) to (6f) of Example 6 was repeated using 2-(2,2-dimethyl-

1,3-dioxany3-yethanolcsiitainet) i thetstep28ay o badlitain theotitte-4 -
compound (58 mg total %%qu: 2.0%) as_a Ii();ht Xellow solid. iH NMR(400

MHz,‘DMEO" A08(EH,S)) TF43H) &Y 164 723H, m),

1.83-1 921k )z 21 L6(BH: 5)n ;5% 33 632t ) M)p8:83(2Hl, dd, Jrd, 16dd2),
4.06(2H, t, =6 10 Hz), 4.38(1H, d, J=13 Hz), 4.75(1H, d, J=13 Hz), 6.85(2H,
dd, J436 Hz)26101 (2 #1120 I=65H2), P4 B2H 0 g 9=80 6142)0'8.26AH Hd, - J=6

HZ)'@%ﬁ“ﬂ%@i%gk%é«gdégﬁﬂQ%Zﬁégﬁ temperature 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,

10 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-ds)dppm; 1.33(3H, s), 2.19(3H, s),

15 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-

20 Dbenzimidazole sodium salt

[0365]

[Formula 158]

o/\Co
o8 o) U
=N,
N\
Na

[0366]

(25a) 1,5-dioxaspiro[5.5]undec-3-ylmethanol



trioxabicyclo[2.2.2]oct-4-yl)methoxy)-3-methylpyridin- 15
2-yl)methyl)sulfinyl)-IH-benzimidazole sodium salt [0385] [Formula 168] NHS
O NNa N O [0386] (29a) (1-ethyl-2,6,7-trioxabicyclo[2.2.2]oct-4 - 218 -
yl)methanol [0387] [Formula 169] HOB 2U 0 0 [0388] 5 The same manner
as in Example 24 was repeated using triethyl orthopropionate (15 g, 110
mmol) to obtgi the title compound (14 g, yield: 73%) as a light yellow oil. iH
NMR(400 MHz, CDCI3)Sppm;0.96(3H, t, J=7 Hz), 1.71(2H, 10 q, J=7 Hz),
3.47(2Hodndx4 H2y U.02(6H, s). (29b)
2-(((4-((I-ethyl-2,6,7-trioxabicyclo[2.2.2]oct-4-
yl)methoxy)-3-methylpyridin-2-yl)metiyNsulfinyl)-IH- benzimidazole sodium
salt [0389] 15 [Formula 170] ~~~ N Ojg—%@

O

[0368]
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)dppm;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]

7
N ) >0
S
N, N
Na

[0370]
The same procedure as in the steps (6b) to
(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.



NNa N O [0390] The same manner as in Example 24 was repeated using
(1-ethyl-2,6,7-trioxabicyclo[2.2.2]oct-4- yl)methanol obtained in the step (29a)
to obtain the 20 title compound (145 mg, total yield: 1.7%) as a light yellow
solid. - 219 iH NMR(400 MHz, DMSO-d6)Sppm;0.86(3H, t, J=7 Hz),
1.59(2H, q, J=7 Hz), 2.19(3H, s), 3.92(2H13s); 4.04(6H, s), 4.35(1H, d, J=13

Hz), 482k £ e’ﬁ%ﬁzﬁzmﬁs%@a?)%gﬁﬂqmioz-f‘.%%'ﬂ@ fd, 473, 6 Ha).
8.26(1H, d, J=6 5 Hz). (Example 30

2-(((3tmethyl4-(29(2-raettiyt-d, 3dioXan®-, 2.18(3H, s), 3.73-
yl)ethox yridin-2-yl)me%yl S Ifin%?l-lH- benzimidazole sodium salt [0391]
ép %ZT _%'I%f?)é )

10 [Formals 1717N'0°0 Or) N=$6'N&'N- [032]'(30a) 7~ ##'
2-(2-methyl-k3-dioxan-2syhethanel {0398] [Rormuwasl72])0 06HE.15 [0394]

The same procedure as in the steps (8a) and
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
Crp£ 357
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 (9%9a) to

o\

obtain the title compound (530 mg, total yield: 18%) as
a light yellow solid.
'H NMR (400 MHz, DMSO-ds)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(1lH, d, J=6 Hz).
(Example 27) 2-(((4-(1,4-dioxaspiro[4.5]dec-8-yloxy)—-3-

methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole



(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)Sppm;1.49(3H, s), 1.91(2H, t, J=6 Hz), 1.90-2.40(2H, m),
3.00(1H, t, J=6 Hz), 3.80 220 - 4.06(6H, m) (30b)
2-(((3-methyl-4-(2-(2-methyl-1,3-dioxan2+ ~
yl)ethoxy)pyridin-2-yl)methyl)sulfinyl)-IH- benzimidazole sodium salt 5 [0395]
[Formula 173] O O N~S Na N- [0396] The same procedure as in the steps
(8c) to (8g) drExdmple 8, was repeated using 2-(2-methyl-1,3- 10
dioxan-2- roQethanol obtained in the step (30a) to obtain the title compound
(113 r[an %/ 19ield?2. 5%) as a light yellow solid. iH NMR(400 MHz,
DMSO-d6)Sppm;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), 154.11(2H, t, J=7 Hz), 4.3 , d, J=13 Hz), 4.79(1H,
d, J=13 Hz), 6.82-6.92(2H, m), 6.90(1H, d, iﬁ 38 7.48(2H, m),
8.24(1H, d, J=6 Hz). (Example 31) 2-(((4- (2 <dioxaspiro[3.5]non-7-

yl)ethoxy)-3-methylpyridin-2-yI methygs -IH- 20 benzimidazole sodium
salt N\>_s Sy
Na

[0374]
5 (27a) 1,4-dioxaspiro[4.5]decan-8-0l
[0375]

[Formula 163]

HO,

[0376]
The same manner as in Example 9a was repeated
10 wusing 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).
15 (27b) 2-(((4-(1,4-dioxaspiro[4.5]dec-8-yloxy)—-3—
methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole

sodium salt



- 221 - 0397] [Formula 174] N O OO NNa N [0398] The same manner as in
Example 28 was repeated 5 using cyclobutanone to obtain the title
compound (80 mg, total yield: 0.8%) as a light yellow solid. iH NMR(400
MHz, DMSO-d6)Sppm;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), 3:8%2HM,dd, J=4, 11 Hz), 4.06(2H, t, J=7
10 Hz), 4.38(34 ¢, J=13 Hz), 4.78(1H, d, J=13 Hz), 6.85(2H, dd, J=3, 6 Hz),
6.90(1H, d, J=6 Hz), 7.43(2H, dd, J=3, 6 Hz), 8.26(1H, d, J=6 Hz). (Example
32) 2{({(@={1y3=didoxdn-2-ylmethoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole 15 sodium salt [0399]

[Formula 175] N O O NNa N [0400] (32a) 2-( eﬁ’zsdoxy)methyl)-1,3-dioxane
20 [0401] - 222 - [Formula 176] Of o
0

(:[N\>—('s') g
N N
Na
[0378]
The same procedure as in the steps (6b) to
5 (6f) of Example 6 was repeated using 1,4-
dioxaspiro[4.5]decan-8-0l obtained in the step (27a) to
obtain the title compound (230 mg, total yield: 7.3%)
as a light yellow solid.
'H NMR (400 MHz, DMSO-dg¢)®ppm;1.57-1.94(8H, m), 2.17(3H,
10 s), 3.87(4H, s), 4.35(1H, d, J=13 Hz), 4.62-4.68(1lH,
m), 4.79(1H, d, J=13 Hz), 6.84(2H, dd, J=3, 6 Hz),
6.97(1H, d, J=6 Hz), 7.43(2H, dd, J=3, 6 Hz), 8.23(lH,
d, J=6 Hz).
(Example 28) 2—-(((4-(2-(2,2-dimethyl-1,3-dioxan-5-
15 vyl)ethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt
[0379]

[Formula 165]



[0402] A mixture of benzyloxyacetaldehyde (3.6 g, 24 mmol),
1,3-propanediol (5.2 ml, 72 mmol), triethyl 5 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 |,
4.8 mmol) was added, which was concehrated. The residue was purified by
10 silica gelgplygin chromatography (elution solvent: heptane/ethyl acetate)
to obtain the title compound (2.9 g, yield: 58%) as a light yellow oil. iH

NMR (403: MRz, (CDC1B)8ppny,1-22AH tp3=7 Hz)y 2)4H220(1H, m),
3.49(2H, d, J=4 Hz), 3.80(2H, dt, J=2, 12 15 Hz), 4.14(2H, dd, J=5, 11 Hz),
4.59(2H, s),'476tH, t, J=4 Hz), 7.20-7.42(5H, m). (32b)
1,3-dioxannd-yimethanol [0403] [Formula 177]HO 0 O 20 [0404] To a
methanol (50 ml) solution of the 2 - 223 - ((benzyloxy)methyl)-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 stirr oom temperature in a
hydrogen atmosphere for 2 days. fibn mixture was filtrated by
celite and washed with ethyl acetate. Thereatfter, the solvent of the

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 mmol) was added at room
temperature and the mixture was stirred for 15 hours.
To the reaction mixture, triethylamine (394 pul, 2.83
mmol) was added and the mixture was concentrated. The
residue was purified by silica gel column

15 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,

20 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]

25 [Formula 167]



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. 10 iH
NMR(400 MHz, CDC13)Sppm; 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; J25Hz). (32¢)
2-(((4-(1,3-dioxan-2-ylmethoxy)-3-methylpyridin- 15

2-yl)methyl)sulfinyl)-IH-benzimidazole sodium sa 405] [Formula 178] N O
O o NN E N [0406] The same procedure as in the steps (6b) to 20 (6f) of

Example 6 was repeated using 1,3-dioxan?2 yimethanol obtained in the step
(32b) to obtain the title co ungd (4 g,ltotal yield:10%) as a light yellow
solid. iH NMR(400 MHz, D -dB)S nE-33-1.42(1H, m), 1.84- 25
1.98(1H, m), 2.16(3H, s), 3.74-3.§,¢_(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(1§bé%?l=6 Hz), 7.42(2H, dd, J=3, 6 Hz), 8.25(1H, d, J=6 Hz). 5
(Example 33) 2-( (J3-methyl-4-((2-methyl-1,3-dioxan-2-
yl)methoxy)pyridine2eylyaethyhsutinyl-tHa benzimidazeote-sediuem satio

(6f) of Example 6 was repeated using 2-(2,2-dimethyl-
1,3-dioxan-5-yl)ethanol obtained in the step (28a) to
5 obtain the title compound (58 mg, total yield: 2.0%) as
a light yellow solid.
'H NMR (400 MHz, DMSO-ds)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,
dd, 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 0

[0386]

(29a) (l-ethyl-2,6, 7-trioxabicyclo[2.2.2]oct-4-



[0407] [Formula 1791 N O O-YO -S/N Na N 10 [0408] (33a)
(2-methyl-1,3-dioxan-2-yl)methanol [0409] [Formula 180]~ f1 HOJ 0 [0410]
15 The same procedure as in the steps (32a) and (32b) of Example 32 was
repeated using 1-benzyloxy-2- propanone to obtain the title compound (1.51
g, total yield: 37%) as a light yellow oil %H NMR (400 MHz, CDC13)Sppm;
1.43(3H) 80.:1,9253-20(2H, 20 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 - 225 -
yl)methoxy)pyadint2-yl)methyl)sulfinyl)-1H- benzimidazole sodium salt [0411]
[Formula 181] N O O~ O }-S bN N Na 5 [0412] The same procedure as in
the st[e%%r(%%J} P 167!

HO?Q%O\

0

[0388]

5 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,
10 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]

15 [Formula 170]

O

Cr- =3

Na N o)

[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

20 title compound (145 mg, total yield: 1.7%) as a light

yvellow solid.



(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%) 10 as a light yellow solid. iH NMR(400 MHz, DMSO-d6)Sppm;
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, d, J=13 Hz), 4.80(1H, d, J=13H2), 6.84(2H, dd, J=3, 6 Hz),

6.98(Li i) bl 2sml: 4215?«1@@(19 P& mld 68'@'%&? 25(1H.4, 936 H2).
(Example 34) 2-(((3- methyl -4- (2 5, trlmethy -1,3-

dioxah-2/lethoxy)pyrdind2-yl)methyl)stlfingl), 1H-~ benzimidazoleisddiuit,

salt [0413] 20 [Formula 182 N O 0 0 N Na N [0414] - 34a
2-(2,5 Bltrifri géyﬁ’s E_jiroxan S.yhettanol® f0418] [Formula 15%}1’ 130 YHO

[0416] .5 Thessame, procedure asdn the-steps (8a))and .(8b) of Examples8
was repeated using ethyl acetoacetate, and 2,2-dimethyl-1,3-propanediol to
5 Hz).
(Example 30) 2-(((3-methyl-4-(2-(2-methyl-1,3-dioxan-2-
yvl)ethoxy)pyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0391]

10 [Formula 171]

N ,,O O O/—>
GOt

Na N=

[0392]
(30a) 2-(2-methyl-1,3-dioxan-2-yl)ethanol
[0393]

[Formula 172]
0 0
HO/\X

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-



obtain the title compound (7.3 g, total yield: 55%) as a light yellow oil. 10 iH
NMR(400 MHz, CDC13)Sppm; 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-diéXan-2- 15
ylethpxyywidinz2-yl)methyl)sulfinyl)-1H- benzimidazole sodium salt [0417]
[Formula 184] / OO:X\ N O 6.// Na [0418] 20 The same procedure as in the
steps (BB o 16f) (oBExamiplé 6Awas répeatsthusing, 3-@27xan—-2-
(2,5,5-trimethg/l-1,3-dioxan-Zéx(I)ﬁt)hanol obtained jn the step (34a) to obtain
t total

he tifle LoMISGUNE ITdE My, Jigkd¥7-25¢) as & Yight vBllow solid. iH
NMR{400, MHz,-DMSO-d6)Sppna-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),
433(2H, t, J93#2), 4.38(1H, d, =13 Hz), 4.78(1H, d, J=13 Hz), 6.84(2H,
dd, J:g,?ar%zl)aal ;LH, d, J=6 Hz), 7.42(2H, dd, J=3, 6 Hz), 8.25(1H, d, J=6

Hz). 10 (Example 35) 2-(((3-methyl-4-(2-(6-methyl-5,7-

dioxaspiro[2.5]oct-6-yl)ethoxy)pyridin-2-

N O o Oq
L
Na N=
[0396]
The same procedure as in the steps (8c) to
(8g) of Example 8, was repeated using 2-(2-methyl-1,3-
10 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-ds)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),
15 4.11(2H, t, J=7 Hz), 4.38(lH, d, J=13 Hz), 4.79(1lH, 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-

20 Dbenzimidazole sodium salt



yl)methyl)sulfinyl)-1H-benzimidazole sodium salt [0419] [Formula 185] N O
O- O O Na N 15 [0420] (35a) 2-(6-methyl-5,7-dioxaspiro[2.5]oct-6-yl)ethanol
[0421] [Formula 186] 0 0 HO ~~ [0422] 20 The same procedure as in the
steps (8a) and (8b) of Example 8, was repeated using ethyl - 228
acetoacetate and 1,1-bis(hydroxymethyléyclopropane) to obtain the title
compound (£,9 gy fotal yield: 36%) as a light yellow oil. iH NMR(400 MHz,
CDCI3)Sppm; 0.38(2H, t, J=6 Hz), 5 0.62(2H, t, J=6 Hz), 1.54(3H, s),
1.96(2Hetmi=6 HIZ) 4 B.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-yl)ethoxy)pyridin-2- 10

yI)methyI)squinyI)-IH-b@qjiﬂgiol@s diu t [0 Q/!srmula 187] N
y—8 S
Na N

[0398]
The same manner as in Example 28 was repeated
5 using 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(1lH, d, J=13 Hz),
6.85(2H, dd, J=3, 6 Hz), 6.90(1H, d, J=6 Hz), 7.43(2H,
dd, 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]



i N Na bN// [0424] The same procedure as in the steps (6b) to 15 (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. iH NMR (400
MHz, DMSO-d6)Sppm; 0.34-0.50(4H; m¥4.46(3H, 20 s), 2.18(3H, s),
2.22(2H, 1,56, Hz)¢3.45(2H, d, J=Il Hz), 3.76(2H, d, J=Il Hz), 4.16(2H, t, J=7
Hz), 4.39(1H, d, J=13 Hz), 4.78(1H, 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). - 229
(Example 36) 2-(((4-(2-(2-(methoxymeth%?qjioxan-2-

[finyT)-

yl)ethoxy)-3-methylpyridin-2-y y)€D benzimidazole sodium salt
[0425] 5 [Formula 188] N O CCNp [0426] (36a)
2-(2-(methoxymethyl)-1,3-dioxan-2-yl)ethanol [0427] [Formula 189] HOO O~
[0402]
A mixture of benzyloxyacetaldehyde (3.6 g, 24
mmol), 1,3-propanediol (5.2 ml, 72 mmol), triethyl
5 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 ul, 4.8 mmol) was added,
which was concentrated. The residue was purified by
10 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)dppm;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
15 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/\g J

20 [0404]

To a methanol (50 ml) solution of the 2-



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(400
MHz, CDC13)Sppm; 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); ¥62(2H, s), 3.76-3.84(2H, m), 3.90-

4.04(4H, ), (368), 2:((dn(2r(2-(methaxymethy|),1 3-dioxan-2 20, 1

yl)ethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-IH- benzimidazole sodium salt
[0429} 280 efFamulacl 90]dy (B2 ON-) Np NalN40430] Jdrdosame’60
procedure as in the ste%ﬁ éGb}lto (6%) of Examgle 6 was repeated using 2-(2
5 (mEtHOXYIRRRVITT3-dikan 2-yethahs! dbtairad i fie Step (38a) to

obtain the ditle :Gorapeund (304 g total: vielehn£0%0)as alightyellowrselid.
iH NMR(400 MHz, DMSO-d6)Sppm; 1.50-1.70(2H, m), 2.16(3H, s), 2.20(2H,
t, I=7rH2¥13.20(3H ¥ 35 2@ H  T5) 1 103.80-PYOMH 1), AT0D(PRISESIET Hz),

ST S P I S .
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.

10 '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-

15 2-yl)methyl)sulfinyl)-1H-benzimidazole sodium salt

[0405]

[Formula 178]

< —O“QO

Na }J / R
[0406]
The same procedure as in the steps (6b) to
20 (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
yvellow solid.
'H NMR (400 MHz, DMSO-ds)dppm; 1.33-1.42(1H, m), 1.84-

25 1.98(1H, m), 2.16(3H, s), 3.74-3.84(2H, m), 3.98-



d, J=6 Hz). (Example 37) 2-(((4-((1-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] N}
Oc'(O NaN O O [0432] 20 (37a) Methyl cyclopropanecarboxyimidate
hydrochloride - 231 - 0433] [Formula1$20-V__IINH HC1 [0434] To a

solutigngixiure g5 cycloprepangcarhonitrile, (15 g, 224mmal), diethyl ether
(200 ml), and methanol (10 ml), hydrogen chloride was injected under
ice-caal)and the mixturée wak=stifted , attragoi 2&mpedatufe Jor &7 Hwurs. After
the solv§51t of the reactéon mixture Was g distilled off %lndgr reduced 0

pressure, diethylethar Was“ddded {6 tHe residue Gty genéfated sdlid was
collected hysfiltration under nitrogen atmosphere to obtain the title compound
(29 g, yield: 95.5%) as a light yellow solid. iH NMR(400 MHz,
DMSOEd6YSPIsm S 1)106-1 Q4(aHnehf2l06- ( (2-methyl-1, 3-dioxan-2-

yvl)methoxy)pyridin-2-yl)methyl)sulfinyl)—-1H-
benzimidazole sodium salt
[0407]

[Formula 179]

§Y
CO- 5 Y

\ (o]
Na N /

10 [0408]
(33a) (2-methyl-1,3-dioxan-2-yl)methanol
[0409]

[Formula 180]

10 O><¥

[0410]

15 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,

20 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-



15 2.38(1H, m), 3.99(3H, s), 10.8(1H, hr s), 12.1(1H, hr S). (37b)
(trimethoxymethyl)cyclopropane [0435] [Formula 193] 0- 20 [0436] To a
n-hexane (75 ml) solution of methyl cyclopropanecarboxyimidate
hydrochloride (17.4 g, 128 - 232 mmol) obtained in the step (37a), methanol
(25.9 ml, 640 mml) was added and the?rixttre was stirred at room

temp9rﬂt%etfg%§f ; 84 Theammanium, ehlaride; pregipitated was removed
e filtr

by filtration and ate 5 was concentrated under reduced pressure to
obtaiben ciude prodectafdhentitkeaddmpound (7.5 g, yield: 40%) as a light
yellow oil. iH NMR(400 MHz, CDC13)Sppm; 0.47-0.56(2H, m), 0.58- 0.67(2H,
m), 0.84-0.94(1H’ ), 3.29(9H, s). 10 (37¢)
(1-cycloprapyl=2,6gA-trioxabicyclo[2.2.2]oct-4- yl)methanol [0437] [Formula
194] 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)

N P 0

s = Q

\ 8/

\
\a N /

N

5 [0412]
The same procedure as in the steps (6b) to
(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%)
10 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, d, 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,
15 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]

20 [Formula 182]
N O O 0]
OO A X
\ \\ (e}
Na N /

[0414]



obtained in the step (37b) to obtain the title compound (11.9 g, yield: 95%)
as a light yellow oil. 20 iH NMR(400 MHz, CDC13)Sppm; 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-((I-cyclopropyl-2,6,7-
trioxabicyclo[2.2.2]oct-4-yl)methoxy)-3-Atéthylpyridin- 25

2-yhmethy)sulfipy)sIHsbepzimidazole sadiym salf - 233 1 0439}, (Formula
195]0 O N g Na N O [0440] The same procedure as in the steps (24b) to

5 (24f) of EXarhplel 24 was repeated using (1-cyclopropyl-
2,6,7-trioxabic cloé%.2.2]oct-4-yl)methanol obtained in the step (37c) above
to obt%lFiﬁ]fﬂlél%i%elcon%pound (147 mg, total yield: 3.2%) as a light yellow
solid. iH NMR(400 MHz, DMSO-d6)Sppry; 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,W(2H, dd, J=3, 6 Hz), 8.27(1H, d,
J=6 Hz). (Example 38) 2-(((4-((1-&%I0butyl-2,6,7 15
trioxabicyclo[2.2.2]oct-4-yl)methoxy)-3-methylpyridin-

[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, 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-

15 vyl)ethoxy)pyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0417]

[Formula 184]
N O (0] 0]
@‘)—S\_}iy :><
N \ (@]
Na N /

[0418]
20 The same procedure as in the steps (6b) to (6f)

of Example 6 was repeated using 2-



2-yl)methyl)sulfinyl)-1H-benzimidazole sodium salt [0441] [Formula 196] N O
O O N NaNJ/ O [0442] 20 (38a) (1-cyclobutyl-2,6,7-trioxabicyclo[2.2.2]oct-4
- 234 - yl)methanol [0443] [Formula 197] HO--0 0 [0444] 5 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 lightyellow off, JH,NMR(40Q;MHz, CDCI3)Sppm; 1, 10:2,30(7 - M),
3.47(2H, 10 s), 4.03(6H, s). (38b) 2-(((4-((I-cyclobutyl-2,6,7-

trioxabicycioler?. 2]@@(94 -‘yhbmethexy)-8methytpyridinmpound (196 mg,

2- yI)methgll)squm -IH- bgn2|m|dazole sodium salt [04451 15 [Formula 198]
NHS a light yellow sol

'H 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) 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]
OO -4

N N\ O\)V

Na N

15 [0420]
(35a) 2-(6-methyl-5, 7-dioxaspiro[2.5]oct-6-yl)ethanol
[0421]

[Formula 186]

-

0.0

[0422]
20 The same procedure as in the steps (8a) and

(8b) of Example 8, was repeated using ethyl



The same procedure as in the steps (24b) to (24f) of Example 24 was
repeated using (1-cyclobutyl- 2,6,7-trioxabicyclo[2.2.2]oct-4-yl)methanol
obtained in 20 the step (38a) above to obtain the title compound (56 mg,
2.3%) as a light yellow solid. - 235 iH NMR(400 MHz, DMSO-d6)Sppm,;
1.60-1.86(4H, m), 1.94- 2.07(3H, m);249%¢3H, s), 3.92(2H, s), 4.05(6H, s),

4.33(1H. 4, J= ,4.83(H, 4,17 o . ) ol3824-48(2H,
m), é%z%(fH% dé—%i%él)ﬂzé;n% %léljarqﬁp%e(S %ﬁ(%%@%%%{%%%%fﬁahg@

yl)ethoxy)-BamethyIpyridin-2ytymethyl)salfinyd),IH: Benzimidazole $odiurmsalt
[0447] [Formula 199] OC\Q N O/N N. Na 10 [0448] (39a) Ethyl
(2-ethiyI-T- 3 tioXSAh Y-y Hhtetate [0449] [Formula 200] Off/ ~--O [0450] 15

A mixtyrenof ethyl 30xopentano@sHts; 90344 (mmmol), ethydene glycol (10.8 g,
174 mmol), triethyl orthoformate (5.14 g, 34.7 mmol), and p-toluenesulfonic
5 0.62(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-yl)ethoxy)pyridin-2-
10 vyl)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 (6b) to

15 (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-ds)dppm; 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 Hz),

4.39(1H, d, J=13 Hz), 4.78(1H, 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).



acid monohydrate (598 mg, 3.14 mmol) was stirred at room temperature
overnight. To the reaction mixture, 20 heptane and ethyl acetate were added
to dilute - 236 solution, which was washed with water. The organic layer
was washed with a saturated saline solution, dried over magnesium sulfate,
filtrated and the filtrate was concentratéd Under reduced pressure. The 5

residye was disselvedin heptans_and spbiected 1o NH, 1silica geljgalump 5

chromatography (elution solvent: n- heptane/ethyl acetate=1/0-10/1) to obtain
the titfe ) eompeaund {3185 gy yield: i58.9%)-a3 colorless)ail: 1H NVR(400-MHz,
CDC13)Sppm; 0.94(3H, t, J=8 Hrzr% 10 1.27(3H, t, J=7 Hz), 1.83(2H, q, J=8
Hz), f.%%éﬁi}%ﬁz%%-ifﬁ(ﬂﬁ ). 4.15(2H, g, J=7 Hz). (39b)
2-(2-ethyl-1,3dioxplan-2-yl)ethanol [0451] [Formula 201] OO HO 15 [0452]
To a tetrahydrofuran (50 ml) suspension of lithium aluminum hydride (800
my, 20 2rmbl), B8N (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 20 temperature
for one hour and 30 minutes and cooled on ice. Tl;oergafter, water (0.8 ml), a

15% aqueous sodium h i, soltion (0B IR ang water (2.4 ml) were
sequentially added to th uﬁQg?gc_éool. OO
Na N / \
[0426]

(36a) 2-(2-(methoxymethyl)-1,3-dioxan-2-yl)ethanol
[0427]

[Formula 189]

N
0.0
HO/%O\

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 'H NMR (400 MHz, CDCls)&ppm; 1.58-1.70(1H, m), 1.80-
1.96(1H, m), 2.03(2H, t, J=6 Hz), 2.86(1lH, 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-

20 vyl)ethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-

benzimidazole sodium salt

[0429]



Magnesium sulfate was added to the mixture and 25 filtrated through silica
gel. The filtrate was concentrated under reduced pressure to obtain the title -
237 - compound (2.76 g, 92.1%) as an oil. iH NMR(400 MHz, CDCI3)Sppm,;
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), 3.96-4:05(2H, m). 5 (39c)
2-(((Brmethyl4-(2«8-propyl-1,3-dioxolan-2-
yI)ethoxy)pyridin-Z-yBmethyl)sulfinyl)-lH- benzimidazole sodium salt [0453]
[Formula 202] Ono O N~ N Na 10 [0454] The same procedure as in the

steps (3c) to (3h) of Example 3 was bepeate usi hloro-2,3-
dimethylpyridine 1-oxide &;—ggnyl- 3- |o>m‘\éw§:§) yl)ethanol to obtain
the title compound(422 mug,-6 thsteps: as a lightyellow solid. iH
NMR(400 MHz, DMSO-d6)SppnND.87(3k4, J=8 Hz), }.64(2H, 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, gﬁ%ﬂ), 4.80(1H, d, J=13 Hz), 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]

The same procedure as in the steps (6b) to

(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, 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(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]
N O 0 o)
Sho e O
N_ \ O
Na N /
(0]

20 (37a) Methyl cyclopropanecarboxyimidate hydrochloride

[0432]



(Example 40) 2-(((4-((2-ethyl-1,3-dioxolan-2-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-IH - 238 - benzimidazole
sodium salt [0456] [Formula 203] O0 of N O ~N N Na [0457] 5 (40a)
2-oxobutyl acetate [0458] [Formula 204] O Am O [0459] A mixture of
1-bromobutan-2-one (10 g, 66.2 10 mméb), potassium acetate (7.8 g, 79.4
mmol), and N, Ns dimethylformamide (50 ml) was stirred at room temperature
for 5 days. Water was added to the reaction mixture and extracted with
diethylrethen twide€.2The organic layers were combined and washed 15 with a
saturated saline solution, dried over magnesium sulfate, and filtrated. The
filtrate was concentrated under reduceg-pressure to obtain the title
compound (8.24 g) in the form of We with N,N-

HC1
[0434]
To a solution mixture of
5 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
10 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-ds)dppm; 1.10-1.24(4H, m), 2.06-
15 2.38(1H, m), 3.99(3H, s), 10.8(1H, br s), 12.1(1lH, br
S) .
(37b) (trimethoxymethyl)cyclopropane
[0435]

[Formula 193]
X
O/

20 [0436]
To a n-hexane (75 ml) solution of methyl

cyclopropanecarboxyimidate hydrochloride (17.4 g, 128



dimethylformamide. 20 1H NMR (400 MHz, CDC13)Sppm; 1.10(3H, t, J=7
Hz), 2.14(3H, s), 2.45 (2H, q, J=7 Hz), 4.66(2H, s). - 239 (40b)
(2-ethyl-1,3-dioxolan-2-yl)methyl acetate [0460] [Formula 205] O Ov [0461]
5 A mixture of 2-oxobutyl acetate (4 g) obtained in the step (40a), ethylene
glycol (7.82 g, 126 mmol), triethyl orthaféfmate (3.73 g, 25.2 mmol) and

p-tolyenesyilfgpic.acid mepohydrate (479499, 2.5¢. Mmmolywas Stisreg at
room temperature overnight. To 10 the reaction mixture, water and ethyl
acetatd Werel added, andgrartitioned.eThe agueousdayertwaseeéxtractebm

againtwith ethyl acet%lte. TheSor anic la ers were combined, dried over
magnesitiR sitts ahd” fitrated™Fhe filtrafe RS LbRERNTrALEd thder reduced

15 prgssurgs e tesidue was.dissalved insheptanesthyh acetaterand rate
subjected to NH silica gel column chromatography (elution solvent:
n-heptafiefchylc atetdtesg20r10571) tslobtiin ke titlercorhpoahd i g, yield

o2 3985250 AUANR(100 iz CREIISPR 9 S2IA L 7 1R
(2-ethyd-1331digxelane2-yhmethanol
'H NMR (400 MHz, CDCls)dppm; 0.47-0.56(2H, m), 0.58-
0.67(2H, m), 0.84-0.94(1H, m), 3.29(9H, s).
10 (37¢c) (l-cyclopropyl-2,6,7-trioxabicyclo[2.2.2]oct—4~
y1l)methanol
[0437]
[Formula 194]

N

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



[0462] 25 [Formula 206] - 240 - HO--">-, O 0463] 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 5 (10 ml) was stirred
at room temperature for 6 hours and 50 minutes. The reaction mixture was
concentrated under reduced pressure,“«thylacetate was added to the
residue, which,was subjected to NH silica gel pad filtration. The filtrate was
concentrated under 10 reduced pressure to obtain the title compound (0.75 g,
71.5%Y asmoolerléssoil. iH NMR(400 MHz, CDC13)Sppm; 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-l%—%lean-z-yl)methoxy)-s-

methylpyridin-2-y|)methyl)®t: ;2 gb%_zug sodium salt [0464]
a 465]
Na N

idgzol
[Formula 207100 N O of o
(0]

[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-ds)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, 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(1lH, 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 o] o
Cr e

[0442]

20 (38a) (l-cyclobutyl-2,6, 7-trioxabicyclo[2.2.2]oct-4-



The same procedure as in the steps (3c) to - 241 (3h) of Example 3 was
repeated using 4-chloro-2,3- dimethylpyridine 1-oxide and
(2-ethyl-1,3-dioxolan-2- yl)methanol to obtain the title compound (355 mg, 6
steps: 9.6%) as a white solid. 5 iH NMR(400 MHz, DMSO-d6)Sppm; 0.87(3H,
t, J=8 Hz), 1.74(2H, q, J=8 Hz), 2.17(3F5%),73.87-4.00(4H, m), 3.96(2H, s),
4.39(1H, f. J513H2), 4.80(1H, d, =13 Hz), 6.84-6.91(2H, m), 6.94(1H, d,
J=6 Hz), 7.41- 7.47(2H, m), 8.25(1H, d, J=6 Hz). 10 [0466] (Example 41)
2-(((4-(2-(2-etA31,3-dioxolan-2-

yl)ethox %—B-meth Ipyridin-2-yl)methyl)sulfinyl)-4- methyl-1H-benzimidazole
sodiuﬁé WT&&G‘}]%% [Formula 208] OCIO N OJ N N Na [0468] The same
procedure as in the step (39c) was repeated using
4-chloro-2,3-dimethylpyrigine-4-pXide._and

2-(2-ethyl-1,3-dioxolan-2-ylyet except that 4 20
methyl-IH-benzimidazole-2-thiol obtained in the step (54a) of Example 54
was used instead of 2- mercaptobenzimidazole in the step (39c) of Example
39-242 [0444]

5 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)dppm;1.70-2.30(7H, m), 3.47(2H,
10 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]

15 [Formula 198]

N O o) O
Crp-€ )53
Na N / \\\O

[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
20 the step (38a) above to obtain the title compound (56

mg, 2.3%) as a light yellow solid.



to obtain the title compound (490 mg, 6 steps: 27%) as a white powder. iH
NMR(400 MHz, DMSO-d6)Sppm; 0.85(3H, t, J=8 Hz), 1.62(2H, g, J=8 Hz),
2.05(2H, t, J=7 Hz), 2.17(3H, s), 5 2.45(3H, s), 3.83-3.92(4H, m), 4.07(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}37.24(1H, d, J=8 Hz), 8.25(1H, d,
J=6 Hz).\0469h d QkExample42) Zs(((d:((2refwl-L, 3djaxanseryhmethoxy)-
3-methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole sodium salt [0470]
[Forniula 2081 010 ;NN Na( 35 [04)7,1] $42&) 2Foxcbutyldbdrizadtie [04.72]
[Formulg 2110%10 0O [Oﬂ?g] 20 A mixture of 1-grom(_)b$\tlan-2-on6e 78._2 g,47.7
mmol), soditifti behzdate (7.56'g, 524 Mol and NN S 243 -
dimethyformmamide (72 mb - was stired atyroom, iemperature fok 3ihours and
45 minutes. Diethyl ether

5 (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]

9
0/\\>%;//
be
CLyS
Na

(39a) Ethyl (2-ethyl-1,3-dioxolan-2-yl)acetate

10 [0448]

[0449]

[Formula 200]

[0450]

15 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,

20 heptane and ethyl acetate were added to dilute



was added to the reaction mixture and the mixture was washed with water
and a saturated saline solution, 5 dried over magnesium sulfate, and filtrated.
The filtrate was concentrated under reduced pressure to obtain the title
compound (9.5 g, quantitatively) as a light brown oil. iH NMR(400 MHz,
CDC13)Sppm; 1.13(3H, t, J=7 Hz), 10 2384(2H, q, J=7 Hz), 4.89(2H, s),

7'43'2041%3%1[?))’w%‘?gﬁ7%1wagﬂl)e<§'%'&l%@@rm)' (ﬁ?@) organic
(2-ethyl-1,3-dioxan-2-yl)methyl benzoate [0474] [Formula 211] O 15 [0475]

A mixtasesof 2eoxobutyldsenzgdte {5 95 126- anedl)s 413propanediob(5.94 g, 78
mmol), triethyl orthoformate (3.85 (I;f26 mmol) and p-toluenesulfonic acid

monohytirate (448 Mg 2536 Mimdh WaS Stirrett at 20 FSom tentpsrature for 3

hoursrand 30-minutes- Falhe+ reaction mixture.ethybacelate anddiethyl o
ether were added and the mixture was washed with water and a saturated

saline sehdion. The crgamic IEsr Wad drednevensodivuhi sakate &nd Filtrated.
The fisltlrziltle was 244 goncentrated under r)eidurieeg pressure, The re_sidnu_e
was dissolved in heptane?et%yfacetatg ]fja.g an subjecteci) to?\lnﬁ silica gel
colunma sheeraatagraphy {etution= spbventy ntheptanetethyhacetatez12/4) to

obtain the 5 title compound (4.33(?, 65.5%) as a colorless viscous
compound (3.85 g, yield: 58.9%) as colorless oil.

I°3

'H NMR (400 MHz, CDCls)dppm; 0.94(3H, t, J=8 Hz),
10 1.27(3H, t, J=7 Hz), 1.83(2H, q, J=8 Hz), 2.65(2H, s),
3.89-4.03(4H, m), 4.15(2H, q, J=7 Hz).
(39b) 2-(2-ethyl-1,3-dioxolan-2-yl)ethanol
[0451]

[Formula 201]

9
H o/\></

15 [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

20 temperature for one hour and 30 minutes and cooled on
ice. Thereafter, water (0.8 ml), a 15% agueous 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

25 filtrated through silica gel. The filtrate was

concentrated under reduced pressure to obtain the title



oil. iH NMR(400 MHz, CDC13)Sppm; 0.98(3H, t, J=8 Hz), 1.63- 1.87(2H, m),
1.89(2H, q, 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- 10 8.09(2H, m).
(42c)(2-ethyl-1,3-dioxan-2-yl)methanol [0476] [Formula 212] HO O O [0477]
15 A mixture of (2-ethyl-1,3-dioxan-2-ylfméthyl benzoate (4.33 g, 17.3
mmol)pgtassium carpopatey#.9%9,35.9,mmal), tetrahydrofuran (50 ml),
and water (20 ml) was stirred at room temperature for 11 hours. A 5N
aqueolisNe6Hium0 20dhydroide sdbwtion (2 fil) Mas addedfo the mixture,
Whichlw S stirred at room temperafure for 7 hour§5and ther21 m%thanol 1gSO ml)
was added theret, Which'tas stirred atfodrh tdrperatureor 4 'nidurs™ The

reactipns mixturevas concentratedsunder redugedipressuie. Ethyl 25 acetate
was added to the residue and insoluble matter - 245 was removed by
filtratioh? TheHiltrate’ west ephcénttateF uRderidducet grezsatéThe residue

was dissolved in heptane/ethyl acetat suhjected to, silica gel column
chror‘?{aﬁ)oegtrégw )(gl{l%%)%lsnoI?eﬁt?%nﬁ%%gt{la%e %t lyrf‘Y’:\czataltgzﬂl-:%1/1) to
obtain¢he titledeampounsb(@:35 g 82.9%) as a colorless oil. iH NMR(400

MHz, CDC13)Sppm: 0.89(3H, t, J=8 Hz), 1.52-
3eym: 0-89( )

[Formula 202]

o
o/\></
 §0)
A
Na

The same procedure as in the steps (3c) to

10 [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
15 steps: 25%) as a light yellow solid.
'H NMR (400 MHz, DMSO-ds)dppm; 0.87(3H, t, J=8 Hz),
1.64(2H, gq, 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(1lH, 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-dioxolan-2—

yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-



1.60(1H, m), 1.83-1.95(4H, m), 3.58(2H, d, J=6 Hz), 3.86-4.01(4H, m). 10
(42d) 2-(((4-((2-ethyl-1,3-dioxan-2-yl)methoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)-IH-benzimidazole sodium salt [0478]
[Formula 213] O O O N N Na 15 [0479] The same procedure as in the steps
(3c) to (3h) of Example 3 was repeated #18ing 4-chloro-2,3- dimethylpyridine

1-oxide and (Z-sethyl-1,3-digxgn-2=5 yhmethanol to obtain the title compound
(305 mg, 6 20 steps: 9.6%) as a solid. iH NMR(400 MHz, DMSO-d6)Sppm,;

0.83(3H, t, JX8 5z), 1.51- 1.71(2H, m), 1.83(2H, g, J=8 Hz), 2.15(3H, s),
3.79- 3F.94%4H, m ,03.15(2H, s), 4.45(1H, d, J=13 Hz), 4.78(1H, d, J=13 Hz),
6.93-7° 00(3R Ty 7.04(1H, d, J=5 25 - 246 Hz), 7.45-7.52(2H, m), 8.26(1H,

d, J=5 Hz). [6480] (Example 43) 2-(((4-(2-(2;(%%}1Qxymethyl)-l,3-dioxo|an-
2-yl)ethoxy)-3-methylpyridin-2-yl)methyl)su in%\-jﬂ- 5 benzimidazole sodium
salt [0481] =

Crp b

N N
Na

[0457]

5 (40a) 2-oxobutyl acetate

[0458]

[Formula 204]

/J\O/\jr/\\

)

[0459]
A mixture of l-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 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.

20 'H NMR (400 MHz, CDCls)dppm; 1.10(3H, t, J=7 Hz),

2.14(3H, s), 2.45 (2H, g, J=7 Hz), 4.66(2H, s).



[Formula 214] Ono O O~ NJOJN N Na [0482] (43a)
2-(2-(methoxymethyl)-1,3-dioxolan-2-yl)ethanol 10 [0483] [Formula 215] O
HOOD [0484] The same procedure as in the step (39a) and (39b) of
Example 39 was repeated using methyl 4 15 methoxyacetoacetate to obtain
the title compound (5.3 g, 2 steps: 50%)°ds a colorless oil. iH NMR(400 MHz,

CDCI3)3pPmy 2012, §, 3=5 H7) 2 74-2. §Q§%¢%@a3§§é%5't§) 3.42(3H,
s), 3.74-3. 80(2H br), 4.01-4.06(4H, m). 20 (4

2-(((4-(2-(2- (m@@@dxymethyl) -1,3-dioxolan-2 - 247 -
yI)ethox -3- metr%q% ridin-2-yl)methyl)sulfinyl)-IH- benzimidazole sodium salt
[0485] fFdbhuta >{Oro CNOJNN

o]

Ao
]

[0461]

5 A mixture of 2-oxobutyl acetate (4 g)
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

10 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

15 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%).

20 'H NMR (400 MHz, CDCls)dppm; 0.93(3H, t, J=7 Hz),
1.73(2H, gq, J=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]

25 [Formula 206]



Na 5 [0486] The same procedure as in the steps (5d) to (5h) of Example 5
was repeated using 4-chloro-2,3- dimethylpyridine 1-oxide and
2-(2-(methoxymethyl)-1,3- dioxolan-2-yl)ethanol to obtain the title compound
(312 10 mg, 5 steps 3.9%) as a light yellow foam. iH NMR(400 MHz,
DMSO-d6)Sppm; 2.10(2H, t, J=7 Hz), 24%(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(1H, d, J=13 Hz), 4.76(1H, d,
J=13 Hz), 6.81-6.88(2H, m), 6.9261F-&, 3=6 Hz), 15 7.40-7.46(2H, m),
8.26(1H, d, J=6 Hz). (Example 44) 21\(/((?-((2-(fluoromethyl)-l,3-dioxan-2-
yl)methoxy)-3, 5-dimethylpyridin-2-yl) methyl)sulfinyl)- 1H-benzimidazole
sodium salt - 248 - 0487] [Formula 217] F O OOJ JOJ N N Na [0488] (44a)
(2-(hydroxymethyl)-1,3-dioxan-2-yl)methyl 5 benzoate [0489] [Formula 218]

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

5 (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

10 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(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-yl)methoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole
sodium salt

[0464]

[Formula 207]

o <o
N Ojjo\j
oy,
N
Na

The same procedure as in the steps (3c) to

20 [0465]



O HOO 00\ [0490] To a pyridine (200 ml) solution of 10 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 154rganic layer was taken out and the
aquequs aysr was extracted with gthyl acetate; Theorganic layers were
combined, washed with a saturated saline solution, dried over magnesium
sulfate] madHilfrated. Tihvee filtratei was xohcehtratéd Unded redwesd pressure.
The - 249 residue was susPended in n- he tane/eth Iacet te (1/1 and
msolﬁ’k}lémrﬁﬁffépw]as r%rr?c?vedlﬁytfﬁ]t?atifolﬁ: The Of‘?ﬁ'gfle wa conc% trated and

dissolmed,ig.ethyk acetate; Sitica gekwasadded to the resultant 5 solution,
WhICh was concentrated, and subjected to silica gel column chromatography

(€lutioh SBRAEIHO A- %@ta@é@’%ﬂ‘rﬂ@é@t@ﬁé 81184245~ 191 --Lof1 J e obtain a
mlxtu{e %\Q g) cont ngng 3) hyg %?"Y % ngog{opsél znéo%%% 43% a V\Shlte
05 y-

solid.” 10 mlxtuqe of the mixture g) ¢ontaining 3-hydrox oxopropyl
benzaates 123rprepanadivd (A.9,324mlJg%29 mmol) trievhylrorthpformate
(0.428 ml, 2.58 mmoal), and p-toluenesulfonic acid monoh}/drate (44.5 mgq,

0. 234Hﬁ1)rm|§ widks Stirted Z roB températtire for #d4y4? 41-

7.47(2H, m), 8.25(1H, d, J=6 Hz).
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]

9
O/\>§/
.30
©:N\>_é \NI
Na

[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



15 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 40C 20 overnight. Two
reaction mixtures were combined, watef “and ethyl acetate were added, and
the organig jayer was t@lﬁ@@@%ﬁ@@{aamw@yﬁgwa@ dried over o) 45
magnesium sulfate and filtrated. The filtrate was concentrated under
reducedipressuperthe residue was dissolved in 25 n-heptane/ethyl acetate
(2/1) and toluene and subjected tosilica gel column chromatography (elution
solvent: ‘H-heptane/&tiy| ébééf)a&géé%wd o§t‘ag|r§ ﬂ% titl’ cgr:ngpgsznd’ (4.2 g). -
250 iH NMBRHAOQMHZsCRG13)Sppm 2k 58:2.042Hs 1), 372(2kbsS). ) ,
3.92-3.99(2H, m), 4.05-4.13(2H, m), 4.66(2H, s), 7.41-7.48(2H, m),

756-7 60(1Fim)s B.02-807H, a0} (4ap)y 4.07(2H, t, J=7 Hz),
(2-(fluor yl)-1,3-dioxan-2-yl) yl.benzopate 5]0491] [For 1910
-0 17 TOAG21 15 5 tland (100 iy eatatorgr (o ForErEHEES
(hydroxymethyl)-4,3+8liaxgn-2;yljmethyt benzoate( (4176410 156.8:18 mmol),
1,8-diazabicyclo[5.4.0Junedec-7-ene (8.43 ml, 56.4 mmol) was added, cooled

on ice ahd  hBnafluorG=Fbtitanestifonyt Enlotide’5206 Ml; 28.2

[0469]

10 (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§ 0
A\
©:N>_ SN
Na

(42a) 2-oxobutyl benzoate

15 [(0471]

[0472]

[Formula 210]
C/\H/\
[ :] o)

20 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-



mmol) was added. The mixture was stirred under ice- cool for 15 minutes,
and at 40C for 20 hours, and 15 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 througtf dilica gel, and then, 20 the filtrate

was coneentrated. The rasiduewas \ sybjected twicg tg;silica.gel column

chromatography (elution solvent: n-heptane/ethyl acetate=4/1) to obtain the

title coampouredt: (2.22 R ryieldh 4614630 iH NIMR(400MHz, TRCLI)Sppmer
1.63-1.74(1HO,l @,1.89 - 251 2.01(1H, m), 3.93-4.01(2H, m%, 4.05-4.13(2H,
m), 488AY°GL47 HYS, ABB(2H0Y, SE5 LY A2 TIPS oS

7.54- 6A K, M) 18.038:082H, M) s444€)ated saline solution,
(2-(fluoromethyl)-1,3-dioxan-2-yl)methanol 5 [0493] [Formula 220] FOO OOH

[CA94) A Asixteive of (2 flaioihe i)t & Brdioxam-2-Lylynetisg benZeate (2.22
9, 8-7&5%»1”‘%'2@%%%3%‘%'11@8 19.mD) and a IN-aqueous sodium fydroxide
solution ( 37 ml) was stirred at room temperature overn?g:ht. Ammonium
chloridletwas agiged-torthe reactionmaixtyre; whichuwas concentraied.aEhe
residue was suspended in tetrahydrofuran and ethyl acetate, and then
magnesitith 15 Stiffate'Wwas added and the mixture was stirred for 5

'H NMR (400 MHz, CDCls)dppm; 1.13(3H, t, J=7 Hz),
10 2.54(2H, g, 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]

15 [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

20 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



minutes. After NH silica gel filtration was performed, the filtrate was
concentrated to obtain the titte compound (1.17 g, 89.3%) as a colorless
liquid. iH NMR (400 MHz, CDC13)Sppm; 1.65-1.75(1H, m), 1.85- 20 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- Wyiethoxy)-3,
5-dimethylpyridin-2:ymethysulfinyds 1H-benzinmidazele sodiumy salt 25.-
252 - 0495] [Formula 221] F OOJ 'N N Na [0496] The same procedure as in
the stépss(id)wed 5i(ig)eitExampie- b was repedted Using ¥-ehldre2:,3&<ted
trimethylp ridinﬁ 1-oxide and fﬁluor}?methéll -1,3- dioxan-2£y,l)methanol to
obtaif th&'fitl& ‘conTfodnd (331 MY, B $RPRF 1956748 a \elidWw' Sdlid. iH
NMRA00, MHZ, RMSQ+d6)Spom;,L. 61-1742H: m): 2.22(3bh:10:5)225(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
HZ), £ 75{BHCEMI2IBIH Y, -6.819%6.88(2H 5/)27.30-7A6(RIH: #8), BL2EAH, S).
(0497];

'H NMR (400 MHz, CDCls)dppm; 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-
10 8.09(2H, m).
(42c) (2—ethyl-1,3-dioxan-2-yl)methanol
[0476]

[Formula 212]

HO >

o O

S

[0477]
15 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 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 reaction
mixture was concentrated under reduced pressure. Ethyl

25 acetate was added to the residue and insoluble matter



15 (Example 45) 2-(((4-((2-(fluoromethyl)-1,3-dioxolan-2-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-IH- benzimidazole sodium
salt [0498] [Formula 222] OF OJ N 1JO\~J N~ N Na 253 - 0499] (45a)
(2-(fluoromethyl)-1,3-dioxolan-2-yl)methanol [0500] [Formula 223] F~pOH O
5 [0501] The same procedure as in thesteps (44a) to (44c) using

dihydroxyacetane exseptthat.ethylene obyeol was used insiead of

1,3-propanediol used in Example 44 to obtain the title compound (543 mg,
total donyield: 18.8%)uiHI&IMR{400 MHRrrEDCTLEZ) Sppel 718X 1 Ha br),
3.66(2H, d, J=2 Hz), 4.06(4H, s), 4.37(2H, d, J=47 Hz). S45bg
2-(((4@(1@-8@%8?8%% )ﬂf‘g, _Ialeje gﬁ/_Jz_acetate and “subj€cted to

xol

ymethax)=3-saethylpytigin-2.yimethyl)sipiny)-d Hrk> henzimidazole, -
sodium salt
5 heptane/ethyl acetate=2/1—1/1) to obtain the title

compound (2.35 g, 92.9%) as a colorless 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).

10 (42d) 2-(((4-((2-ethyl-1,3-dioxan-2-yl)methoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole
sodium salt

[0478]

[Formula 213]
s LI~
N
©:N>_ SN
Na

The same procedure as in the steps (3c) to

15 [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

20 steps: 9.6%) as a solid.
'H NMR (400 MHz, DMSO-ds)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(1H, d, J=13 Hz), 6.93-7.00(2H, m), 7.04(1H, d, J=5

25



[0502] [Formula 224] O F O of N N Na [0503] The same procedure as in
the steps (3c) to 20 (3h) of Example 3 was repeated using 4-chloro-2,3-
dimethylpyridine 1-oxide and (2-(fluoromethyl)-1,3 - 254 -
dioxolan-2-yl)methanol to obtain the title compound (140 mg, 6 steps 8.2%)
as a light yellow solid. iH NMR(400 MHz4DMSO-d6)Sppm; 2.20(3H, s),

3.95-4.05(4H, ym) 74 49(2Y, dy J=2H2); 4,38(14, k13 §iz), 4.48(2H, 54,
J=47 Hz). 4.83(1H, d, J=13 Hz), 6.81-6.88(2H, m), 6.96(1H, d, J=6 Hz),

7.39-7.46(2H) #8)) B.27(1H, d, J= 6 Hz) [0504] (Example 46)
2-(((4 5 5- dlfluor

d ]
yI)me ﬁpsl et i/lp%yné?g% )}Ifmt(e%hy(ﬁ“suthl[1 YRS BEALintioazore dSdiait
salt [05Q3]) trormaHa 225]0'+15 0QHR NQ B -Ci Naet N Nasu1 finy1) -18-

5 Dbenzimidazole sodium salt
[0481]

[Formula 214]

o
o)
5 )
(L
Na

[0482]
(43a) 2-(2-(methoxymethyl)-1,3-dioxolan-2-yl)ethanol
10 [0483]

H /\X/
O ~

[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-



[0506] 15 (46a) 2,2-difluoropropane-1,3-diyl diacetate [0507] [Formula 226]
O O F F [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 - 255 4 days. The reaction mixture was diluted with
ethyl acetate, which was cooled on ice? andthen a saturated sodium

bicarbanate, solytion was added and the;orgaic. Jayen was daken put,The

organic layer was washed 5 twice with water, dried over magnesium sulfate
and fiktratechiThe filtrateasiasconeéntrated under reduced pressure to obtain
the title com[pound (10.92 g, 91.6%). iH NMR(400 MHz, CDC13)Sppm,;
2.13(6H, s),'4.35(4H, t, J=12 Hz). 10 (46b) 2,2-difluoropropane-1,3-diol
[0509]d6ermula 224;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% sodium methoxide methanol settion (32.2 g, 167 mmol)
was stirred at room temperature for 2 hours, O o

O

5 1)

Lyt
Na

5 [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

10 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(34H, 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(lH,
d, J=13 Hz), 6.81-6.88(2H, m), 6.92(1H, d, J=6 Hz),

15 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) -

lH-benzimidazole sodium salt



DOWEX 50W-X8 (100-200 mesh, H form) was added to the reaction mixture
to adjust pH to 5. The mixture was 20 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. #f& residue was dissolved in ethyl 25
acetate andfijtrated through glass fiber filter paper. - 256 The filtrate was
concentrated under reduced pressure to obtain the title compound (5.3 g,
84.9%Y.cHINMR{400 MHz, CDC13)Sppm; 2.07-2.20(2H, br), 3.92(4H, dt,
J=1, 12 Hz). 5 (46c) 2-((benzyloxy)methyl)-5,5-gdifluoro-1,3-dioxane [0511]
[Formula 228] O F F [0512] A mixture of Zﬁyoropropane-l,&diol (2 10
g, 8.9 mmol), benzyloxyacetaldehyde (1.34 g;8.9 mymol), p-toluenesulfonic
acid monohydrate (154 mg, 0.81 mmol) afd t e (20 ml) was heated
under reflux by a condenser, eq%pp%p i an-Stark apparatus for one
hour. The resultant mixtu s}itrgd a J;od 15 temperature overnight and
then the reaction mixture wag egncentrated under reduced pressure. The
residue was dissolved in ethyl dttate and silica gel was added thereto. The
resultant mi>[<%u4rgSv§/as concentrated to

(44a) (2-(hydroxymethyl)-1,3-dioxan-2-yl)methyl
5 Dbenzoate
[0489]

[Formula 218]

O

Ho/o>(o\o)j\©
L

[0490]
To a pyridine (200 ml) solution of
10 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
15 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



dryness and subjected to silica 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)Sppm; 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, - 257 - J=5 Hz),
7.21-7.40(5H, m). (46d) (5,5-difluoro=1,3%dioxan-2-yl)methanol [0513]

[Formula Ze] HQsTs QFeFa2d 09141 Ajuixture of 2H({henzyloxy)methyt);5,5-
difluoro-1,3-dioxane (930 mg, 3.81 mmol), 20% palladium hydroxide (353

mg), and ethylcdcatate (B0 ) wess stiredvnd hydrogerratmospheréhat room
temperature 10 for 4 hours and 25 minutes. The reaction mixture was

filtratdd antrthe filftate VA EorcErtrated tnder Sfedifced Bresstive to obtain

the title ceRNOUNG (572 M 3597 #%) a8 e0lpress ik iH NMR(400 MHZ,
CDC13)Sppm; 3.72(2H, d, J=5 Hz), 3.78- 15 3.90(2H, m), 4.16-4.23(2H, m),
4B9(2PLEIen HAh {4Be) 25((@((SSBLifficte-1, 3idiokaR-22 gl aréthexy)-3-

methylpytidin-Zy)methyhsullinyl:1H-benzimidazqle, sodium salt 109131
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.

10 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.

15 Another mixture consisting of the mixture (4 qg)
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

20 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

25 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).



20 [Formula 230]O*"/OOF NIF N~N Na [0516] - 258 The same
procedure as in the steps (Ic) to (Ig) of Example 1 was repeated using
4-chloro-2,3- dimethylpyridine 1-oxide and (5,5-difluoro-1, 3-dioxan-
2-yl)methanol to obtain the title compound (375 mg, 5 5 steps: 22.7%) as a
white powder. iH NMR(400 MHz, DMS®=2d6)Sppm; 2.19(3H, s),
4.00-428(6H0 ). 438Uk T3 H12), 4830 H 8, F515442) 24731, L
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)3 104Exappler 7)yR-(((4~(25(242-timethylxD), 3-diokolan=4- s) ,
yl)ethox il-s-me hylpyridin-2-yl)methyl)sulfinyl)-5- methyl-1H-benzimidazole
Lociuf Lot 0877 Tomtia 250] Gah AT G N N 1 Oaa] (40
54neqndﬁ$+b@ﬂZHmEEQQM%gH$B¥—Kﬁﬁuﬂioxan—Z—yl)methyl benzoate

5 [0491]

[Formula 219]

[0492]
To a toluene (100 ml) solution of (2-
(hydroxymethyl) -1, 3-dioxan-2-yl)methyl benzoate (4.76
10 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
15 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,
20 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)dppm; 1.63-1.74(1H, m),1.89-



[Formula 232] N -SH N H [0520] 20 First, 3-amino-4-nitrotoluene (6.3 g,
41.4 - 259 mmol) and 10% palladium carbon (900 mg) were suspended in
methanol (70 ml) and the mixture was stirred in a hydrogen atmosphere for 3
hours. The reaction vessel was purged with nitrogen and a catalyst was
removed by 5 filtration and washed witl¥ethanol. To the reaction mixture,

carbon disylfide (20 m)) was adged,and,he mixtyre wasstired, at room

temperature for 5 days. After the reaction mixture was concentrated, diethyl
etherdva$ &ddeddo the4@sithue. Thecgenérated sotid T0-wastollected by

fiItrati%)n té) OZthain the title com ourllgI (6.1 9, ieﬁ%:_89.g%o) was optained as a
light yellowstiid" i NME@00 MY DNISO-d6)sppm’ 2'33(@Hs),

6.90-6 £32H( 2m) £ T QO LHe €5 yT8-HZ)3 19i[0224] £47h)) met hanol
2-(((4-(2-(2,2-dimethyl-1,3-dioxolan-4-
ylethoxy)-3tAedyIpyridin-2-yl)methyl)sulfinyl)-5- methyl-1H-benzimidazole
sodiumg%lrtn[qu%@]o [Formula 233] O

[0494]
A mixture of (2-(fluoromethyl)-1,3-dioxan-2-
yl)methyl 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 was added to the reaction mixture,
which was concentrated. The residue was suspended in
tetrahydrofuran and ethyl acetate, and then magnesium
15 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-
20 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) -
lH-benzimidazole sodium salt

25



1,0 S N Na [0523] The same procedure as in the steps (le) to (Ig) of
Example 1 was repeated using 5-methyl-IH - 260 - benzimidazole-2-thiol (309
mg, 1.88 mmol) obtained in the step (47a) and
(4-(2-(2,2-dimethyl-1,3-dioxolan-4- yl)ethoxy)-3-methylpyridin-2-yl)methanol
(501 mg, 1.88 mmol) to obtain the titte €@mpound (118 mg) as a white 5
solid. Note thai §lg operation of solidifying the title compound was performed
as follows. Ether was added to the residue and ultrasonic wave was applied
to theFesultdat midture. The obtained suspension solution was allowed to
stand and then the supernatant 10 was remgved. These operations were
repeated twice. The resultant precipitate p& ubjected to aspiration to
dryness to obtain the title compound. iH ZZ}O MHz, DMSO-d6)Sppm;
1.27(3H, s), 1.33(3H, s), 1.96-2.04(2H,%n), 2:38(3H, s), 2.36(3H, S), 3.59(1H,
15t, J=8 Hz), 4.04-4.14(3H, @), 621¢ , m), 4.37(1H, dd, J=4, 13 Hz),
4.80(1H, dd, J=2, 13 694 =8/Hz), 6.92(1H, d, J=6 Hz), 7.22(1H,
s), 7.31(1H, d, J=8 Hz)~&"28(1H, d, J=8'Hz). [0524] 20 (Example 48)
2-(((4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-4-
methoxy-lHLBéﬁéil“nidazole sodium salt

The same procedure as in the steps (lc) to

5 (1lg) 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,

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 Hz), 4.75(1H, d,
J=13 Hz), 6.81-6.88(2H, m), 7.39-7.46(2H, m), 8.21(1H,
S) .

[0497]

15 (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]

0O F
XSeke
Cry il
Na



[0525] [Formula 2341 O O~-CO N _S N N Na 261 - 0526] (48a)
4-methoxy-IH-benzimidazole-2-thiol [0527] [Formula 235] O b N\~-SH N
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 vesset was purged with nitrogen 10
and a catalyst ysas removed by filtration. To the reaction mixture, carbon
disulfide (15 ml) was added and the mixture was stirred at room temperature
overnight Triethylamine ¢henh) was added tosthe aredactioh) mitoreyavhich was
stirred at 50C for 3 hours. 15 After the reaction mixture was concentrated,
methanol (i %)ISJ %hd diethyl ether (20 ml) were added to the

[Formula 223]

F/(?(O\OH
N,

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 vyield: 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-
15 Dbenzimidazole sodium salt
[0502]

[Formula 224]
o/\7<2;F
Q\/)
N8 X
©iN>— SN
Na

The same procedure as in the steps (3c) to

[0503]

20 (3h) of Example 3 was repeated using 4-chloro-2,3-

dimethylpyridine l-oxide and (2-(fluoromethyl)-1,3-



residue. The generated solid was collected by filtration to obtain the title
compound (950 mg, yield: 88.6%) as a light orange solid. 20 1H NMR (400
MHz, DMSO-d6)Sppm; 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)methéxy)-3-

methylpytidinsg-yimethyDsuliiny])-4-methoxy:H 1,262 s benzimidazole
sodium salt [0530] [Formula 236] \x/ 0\>-S N Na [0531] 5 The same
proceduté asoin thessteps (k)16 ) (lgsobExaniple dewaswepeatetl using

4-methoxy-IH- benzimidazole-2-thiql (260 mg, 1.44 mmol) obtained i
accordHar@é\R\}\fl’ltﬁ%thDéHrﬁ(att@c%lS of ﬁfé%f%b“ (4r8g]a)2§ﬁ% fa-5)7 = 55405 (4n,
((2,2-dimethyi-d3dioxan-b=yl)methoxy) <3 10mmethylpwidin:2-y) methanok

(350 mg, 1.31 mmol) to obtain the title compound (326 mg) as a white solid.
i NMR (460 MHZ) DMSO3d6YSppm; 1:38{3R2 &), £.36{314, £8I26 HZ)) -

200 U1, 2009 S0 MG 250G AT
6.33(tikh) d, J=8 Hz), 6.74(1H, t, J=8 Hz), 6.94(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]
(0]
O/\Wi;J/F
o)
N O o
@\HQ@ F
N N
Na

15 (46a) 2,2-difluoropropane-1,3-diyl diacetate

[0506]

[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



7.05(1H, d, J=8 Hz), 8.27(1H, d, J=6 Hz). [0532] (Example 49)
2-(((4-((5,5-dimethyl-1,3-dioxan-2 20
yl)methoxy)-3,5-dimethylpyridin-2-yl)methyl)sulfinyl)-
5-(trifluoromethyl)-1H-benzimidazole sodium salt - 263 - 0533] [Formula 237]
4 FFOO FN_S NN Na[0534] (49a)° -

S-(trifluoromethyhlH-benzimidazale:2-thiol »,[0535] [Farmyla 2381 F i F N
> SH N H [0536] A mixture of 4-amino-3-nitrobenztrifluoride (7 g, 34

mmoB c&0%: palladiunhcadrornch3qy) and 10anethanot ({20 ml) swasistired in

a hydro%en atrkg].()sghgre fgr 5 haurs, The reactiog vesse(lngg purged with
nitrogeh and a datalyet WS réifoved By fiftatsh e o € organic

layer was taken out. The organic layer was washed

5 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).

10 (46b) 2,2-difluoropropane-1,3-diol
[0509]

[Formula 227]

HO™><" 0H

[0510]
A mixture of 2,2-difluoropropane-1,3-diyl
15 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
20 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

25 acetate and filtrated through glass fiber filter paper.



the reaction mixture, carbon disulfide (30 ml) was added and the mixture
was stirred at room temperature 15 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 50C overnight. After the reaction miXtife was concentrated, the residue

was 2Q, putified by, silica gel.column chromatography (silica s %Q%SQQJL%)OCQ
elution solvent: ethyl acetate/ heptane=1/3-37/3. When Ethyl

acetatdtheptanér=7/3j al httleoammum of methanoBwa%@added to the elution

solvent) to obtain the title compou (5 |eId 5 71.4%) as a white solid.
T N0 ML, TR RJSOIRHT (i 8: 304, o (oo gy o
7.45(3H, dyJ=8 Hz),4:2.86(1H, hr s) [0537] (49b)
2-(((4-((5,5-dimethyl-1,3-dioxan-2-yl)methoxy)- 10
3,%-difﬁéﬂh&l;%rri@ﬁﬁ@lwﬁ@sty{wwﬂﬁﬁw) -5 (friflioforetRylj-1H-BenzZimidazole
sodium salt ]] [Formula239] FO O FF NN N Na [0539] 15 The same
procedure as in the steps (le) to

[Formula 228]

[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 stirred at room

15 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

20 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(1lH, t,



(Ig) of Example 1 was repeated using 5-
(trifluoromethyl)-IH-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 20
dimethylpyridin-2-yl)methanol (176 mg,3.626 mmol) to obtain the title

compound (104 mg) asa lightyellgyy solid. Note that when the title
compound was solidified, heptane (10 ml) and diethyl ether (2 ml) - 265

were aéided did bittrasonicaly-freatett. dHANMR(A0DMEHZ DIVISO-d6)Sppm;
0.70(3H, s), 1.10(3H, s), 2.20(3H, s), 2.21(3H, s), 3.48(2H, d, J=Il Hz),
3.57(2H, d, 1211H2), 3.82(2H, d, J=4 Hz), 4.76(1H, t, 5 J=4 Hz), 7.14(1H,
dd, J5208H2)a7H5H1H, d, J=8 Hz), 7.77(1H, 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] O ~( 'Hof)\g\j(y N Na
(0]
F

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 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-

15 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]

20 [Formula 230]

Y )
cp
Na

[0516]



[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-yImethoxy)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 (104%,&2-mercaptobenzimidazole was

added to the reacfipn mixture,and further 2 equivalgnts,of tdethylaming was

added. The mixture was stirred at room temperature for 2 days. - 266 iH
NMR(AGO MHz FBM80<06) Sppm 181302034 (2H] ny), 8-56-10.60(2H 3m),
3.24(2H, d, J=12 Hz), 3.99(2H, t, J=4%Ij_|fgfzi)’ 4.08(2H,d, J=12 H?, 4,94(1H, t,
J=4 F) 6 85 S BR(SH M) 6°52(1R, T 1L3; 6 42 FABRH, dd =55 6
Hz), 8.3¢{1Hedndn6 H2)o (Example B4) 2:({4ri(2:2ivethyl-L 3digyolan-4-
yl)methoxy)-3-ethylpyridin-2-yl)methyl)sulfinyl)-IH- benzimidazole sodium salt
[05431t 20 $ForMula®24 BFO> OO 7= RPWNEN - Na [0544] (5la)

2-metyigyridinsg-yhirflugiomethangsalfonate s 5y o), 4.00-4.25 (68,
m), 4.38(1H, d, J=13 Hz), 4.83(1lH, 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]

15 [0518]
(47a) S5-methyl-1H-benzimidazole-2-thiol
[0519]

[Formula 232]

N
L

N

H

[0520]

20 First, 3-amino-4-nitrotoluene (6.3 g, 41.4



[0545] [Formula 242] F FO FS O N 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 - 267
(31 ml, 222 mmol) was added in a nitrogeh atmosphere at 1 to 3C. The

mixtuge was stirged dor 13 hours ahd 20 Joiputes yhilp ralsing espended
temperature to room temperature. The reaction mixture was washed twice 5
with a i Nragbeows sodium hydeoxidersolutiornt, driedvevers anhyehitodus sadium

sulfate, filtrated and concentrated to_optain the title compound (34.3 g, Xield:
96.19%Y 35 B ol i NMR (406 MHZCBMS0-d6y5pm< 2:54(3H; %%,e

7.44- 22 (3 10 M); 90796 MhB.56:8.69(1HHr M)a B:moved by
2-methyl-3-((trimethylsilyl)ethynyl)pyridine [0547] [Formula 243] N [0548] 15
FﬁSL@?ﬁﬁﬁﬁﬂh@ﬂdﬁpgﬁﬁaShed with ethanol. To the reaction

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
yvellow solid.
'H NMR (400 MHz, DMSO-dg¢)dppm; 2.33(3H, s), 6.90-6.93(2H,
m), 7.00(1lH, d, J=8 Hz).
15 [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]
20 [Formula 233]

o

0]
0]

y 30)
\©[N\>_S SN
Na

[0523]
The same procedure as in the steps (le) to

(1g) of Example 1 was repeated using 5-methyl-1H-



trifluoromethanesulfonate (34.3 g, 142 mmol), trimethylsilylacetylene (30 ml,
212 mmol), bis(triphenylphosphine)palladium (I1) chloride (10.0 g, 14.2
mmol), and copper (l) iodide (2.75 g, 14.4 mmol) 20 were dissolved in
N,N-dimethyl formamide (150 ml). Thereatfter, triethylamine (43 ml, 309
mmol) was added in a nitrogen atmosptféteat room temperature to the

mixtuge. The mixiwedvas fhen stiregdfor, 3 hqurss (expthermig reagtion,took
place). The reaction mixture - 268 was separated by ethyl acetate and a
saturated ageeous ‘annwomiurtichioride, soldtior andlinselkible substance-

was remov}eld%}/ ﬂlgrgtion. The oroganic_layer of the filtrate Wgs Washeld gvé/ice
with & SATUFAREE Aqiebis Bramtforitih nbrtacsolation, drdd ovdr -
anhydrits) magngsidasulfate; filtrated anchconcentiateddo abfain the title
compound (22.6 g, yield: 84.1%) as brown oil. iH NMR(400 MHz,
DMSErd6YSppiio 025D sYhe 57YSH28Y,07, ZX( 1F Hel DEBL BIHEN . 79(1H,

dd, J=2, 8 Hz), 10 8.43(1H, dd, J=2, 5 H?). (5 ethvl-2-methviovridi
[054933[E%szg%m§22]n§l( V(?S%éjefgz&ﬁ‘gte, )-?n(se'gﬁél- Sws,y. methylpyndine

((trimetiydsil)ethyryipwidine (226 ¢,1119 samod) wasdisselveddbied to
tetrahydrofuran (dehydrated)(200 ml). To the mixture, tetrabutyl ammonium
ﬂuoﬂ&g?w$esultant mixture. The obtained suspension
solution was allowed to stand and then the supernatant
10 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,
15 t, J=8 Hz), 4.04-4.14(3H, m), 4.21-4.26(1H, m),
4.37(1H, dd, J=4, 13 Hz), 4.80(1lH, dd, J=2, 13 Hz),
6.69(1H, d, J=8 Hz), 6.92(1H, d, J=6 Hz), 7.22(1lH, s),
7.31(1H, d, J=8 Hz), 8.28(1lH, d, J=6 Hz).
[0524]
20 (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



tetrahydrofuran solution) (150 ml, 150 mmol) was added. 20 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 - 26% twice with a saturated aqueous
ammonium gRloride solution, dried over anhydrous magnesium sulfate, and
distilled by a rotary evaporator. To the obtained fraction, 10%

palladidf¥d carbore (900 mg) ivas addedsb bestizrethinca hydrogen
atmosphere at room temperature for 2 hours. The reaction mixture was
filtrated thrégaﬁ ynhydrous magnesium sulfate and cerite. To the filtrate,
10% palagdium/caron (810 mg) was added and the mixture was stirred in a
hydrogen atmosphere at 10 room temperature for 4 hours. The reaction
mixture was filtrated through anhydrous magnesium sulfate and celite and
thereafter the filtrate was concegntrated to obtain the title compound (7.25 g,
yield: 51.1%) as a colorless et H NMR(400 MHz, DMSO-d6)Sppm;
1.16(3H, t, J=8 Hz), 2.45(3 600, 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 1-oxide [0551] 20 [Formula 245] N O-

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 (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.
15 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.
20 'H NMR (400 MHz, DMSO-ds)dppm; 3.86(3H, s), 6.74(1lH, d,
J=8 Hz), 6.75(1H, d, J=8 Hz), 7.05(1lH, 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-



[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 - 270 the content was regarded as 65%) was added in a
nitrogen atmosphere at ice-cooling temperature. The mixture was stirred at
room temperature for 90 hours. To the4®action mixture, a saturated aqueous
sodiug p hydrogen carbgnate salytion was added. The aqueous layer was
extracted twice with dichloromethane and three times with chloroform. The
organic layer83wére combined, dried over anhydrous magnesium sulfate,
filtrated and concentrated. The residue was purified 10 by silica gel column
chromafogPapRy %éié&a gel: 100 g, elution solvent: heptane, ethyl
acetate/methanol=10/1) to obtain the title compoung/(7.35 g, yield: 89.6%)
as a reddish solid. iH NM%(4OO MHz, DMZ&O-d ; 1.14(3H, t, J=8 Hz),
15 2.35(3H, s), 2.64(2H, q,]J=8 Hz)o7. 4(2H, m), 8.10-8.16(1H, m).
(51e) 3-ethyl-2-methyl-4<@§ﬁ?ﬂr§e 1-oxide [0553] [Formula 246] N+ 20
[0554] While cooling a m Qf 3-e methylpyridine 1-oxide (7.35 g,
53.6 mmol) and sulfuric acid (287 g, 231 mmol) in an ice bath, fuming nitric

[0531]

5 The same procedure as in the steps (le) to
(1g) 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-

10 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-ds)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),
15 4.35(1H, d, 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, d, J=8 Hz), 8.27(1lH, d, J=6 Hz).
[0532]
(Example 49) 2—-(((4-((5,5-dimethyl-1,3-dioxan-2-
20 yl)methoxy)-3,5-dimethylpyridin-2-yl)methyl)sulfinyl) -

5-(trifluoromethyl)-1H-benzimidazole sodium salt



acid (3.64 ml, 87.9 mmol) was added dropwise, which was - 271 stirred at
80C for 8 hours. The reaction mixture was cooled to room temperature and
then poured into ice. The obtained agueous solution was extracted three
times with chloroform. The organic layers were combined, 5 dried over
anhydrous magnesium sulfate, filtrated%ht toncentrated to obtain the title
compound (3,33 g, Yield: 34.5%) as yellow solid. iH NMR(400 MHz,
DMSO-d6)Sppm; 1.21(3H, t, J=7 Hz), 2.45(3H, s), 2.80(2H, q, J=7 Hz),
7.88(1Hedndx7 K2)/110 8.36(1H, d, J=7 Hz). (51f)
4-chloro-3-ethyl-2-methylpyridine 1-oxide [0555] [Formula 247] ClI N. [0556]
15 First, 3-ethyl-2-methyl-4-nitropyridine 1- oxid 37 g, 18.5 mmol) was

added to acetyl chloride (20 ml, 281 mmo)).ira\nitrggen atmosphere at
-30C. The mixture wa stirred at -30 to 0C for 3®ours. After the reaction
mixture was concentrated the 20 regidu partitioned by chloroform and
a saturated aqueous sogQ § nate solution. After insoluble

substance was removed byTiltragion, the aqueous layer was extracted twice
with chloroform. The organic layers were combined and dried over

anhydrous - 272
[0534]

(49a) 5-(trifluoromethyl)-1H-benzimidazole-2-thiol
5 [0535]

[Formula 238]

[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) was
added and the mixture was stirred at room temperature
15 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

20 purified by silica gel column chromatography (silica



magnesium sulfate, filtrated and concentrated. The residue was purified by
silica gel column chromatography (NH silica gel: 100 g, elution solvent:
heptane, heptane/ethyl acetate=50/50) to obtain the 5 title compound (2.10 g,
yield: 66.1%) as a yellow oil. iH NMR(400 MHz, DMSO-d6)Sppm; 1.10(3H, t,
J=8 Hz), 2.42(3H, s), 2.77(2H, q, J=8 K2)} 7:41(1H, d, J=7 Hz), 8.16(1H, d,

J=7 Hz); (539 2-(((41((2 2sdlimethyl1,3-digxalan-4-y)methoxy)- 10
3-ethylpyridin-2- yl)methyl)sulﬂnyl) -IH-benzimidazole sodium salt [0557]

[Formhdat248}1-0 130> 044 . 0 \n & NENh b [05583 tE5 Tdetsarae procedure as

in the ste (10h of Example 10 and the ste i) of Exam le 11 was
repea]téaj%smg Hore3-EfRiE %tﬁvﬁﬁyf%l%%czl (Eégm ]éesc?nk tai%9hd

2-mercaptebenzimidazeleto let@lrt theditieeeropaand«1224ng, yield: :5.6%)
as a white 20 solid. iH NMR(400 MHz, DMSO-d6)Sppm; 1.07(3H, t, J=7 Hz),

13B0(3H; 4§, 1.85(3HWE), 2602L83(2H, m), 3.81(1H, t, J=7 Hz),
4.01- %9@@, IRZ-ATRH b AET 97U ™ 5725 592H. m)
6.95(1 ), 7.38
7.35¢( 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) -
10 3,5-dimethylpyridin-2-yl)methyl)sulfinyl)-5-
(trifluoromethyl)—-1H-benzimidazole sodium salt

[0538]

[Formula 239]

[0539]

15 The same procedure as in the steps (le) to
(1g) 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-

20 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)



- 273 - 7.49(2H, m), 8.29(1H, d, J=5 Hz). (Example 52)
2-(((4-((2,2-dimethyl-1,3-dioxolan-4-
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-5- fluoro-1H-benzimidazole
sodium salt 5 [0559] [Formula 249] O-,-"nO O-F~N O\, NN Na [0560]
(52a) 5-fluoro-1H-benzimidazole-2-thiok §6561] 10 [Formula 250] F N -SH N

H [0362].A mixture of 3.4;diaming+-fliuorobenzene (10 g, 79.3 mmol),

carbon disulfide (70 ml, 1164 mmol), and methanol (100 ml) was stirred at
room'tenip@ratire {65 88$ouis) e MintitesHAfter the rédotith milture
was concentrated, the residl%}e was suspended in hexane. The resultant

precipitate \v4s collected by ic

iitratidly and waghed With hexahé to obtain the
title compound 4, 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]
(Example 50) 2-(((4-(5, 7-dioxaspiro[2.5]oct-6-
ylmethoxy)pyridin-2-yl)methyl)sulfinyl)-1H-
10 Dbenzimidazole 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.



(13.1 g, yield: 98.2%) as a brown solid. 20 1H NMR(400 MHz,
DMSO-d6)Sppm; 6.90-6.99(2H, m), 7.06 - 274 - 7.13(1H, m), 12.58(1H, s),
12.61(1H, s). (52b) 2-(((4-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)-
3-methylpyridin-2-yl)methyl)sulfinyl)-5-fluoro-IH- benzimidazole sodium salt 5
[0563] [Formula 251] O~O F\N A S K% Na [0564] The same procedure

as in the,gign (18hyat ,E@E@B@d%pa%%%,th% step (L4h) ofExample, 14¢the
step 10 (5f) of Example 5, the steps (llh) and (lli) of Example 11 was
repediedWsing sobketél, 24c1Bro-2,3-JdiietHylpyridirte® 10kide, ade4 Hz),
5-f|uoro-IH-/%£nzimida_zo e-2-thiol4to o4btz%in thte titIe_coIan ounéi (82510 mg,
yield:41'49.§do 4s 8'white solld. Nofe that Methanol 15 W used s a solvent

instead of ethanael)n the same; opgrationas in the)step (bf) (34 NMR (4003,
MHz, DMSO-d6)Sppm; 1.29(3H, s), 1.30-1.40(3H, m), 2.17(3H, s), 3.80(1H,
dd, J£6 18 Hz)8400-4H.6(3H, Im), 4B37(1H, d, J=13 Hz), 4.42(1H, quint, J=6

Hz), 2Q.4,70-4.7 (J.y—(, ‘)’f 2-6.73 _%.m% 94(1H, d, J=5 Hz), ,

7 Gb T HEIH iy 735 A, 0 S o iR
yvl)methoxy)-3-ethylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0543]

10 [Formula 241]

[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



J=5 Hz). (Example 53) 2-(((4-(1,3-dioxan-5-ylmethoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)-IH-benzimidazole - 275 - sodium salt
[0565] [Formula252]/NO/~J \I _S~ NN Na [0566] 5 (53a)
1,3-dioxan-5-ylmethanol [0567] [Formula 253] 01 HOMO [0568] A mixture
of 2-(hydroxymethyl)-1,3- 10 propanediéf (3.06 g, 28.8 mmol), formaldehyde

dimetpylagefal (@ml, 102 mmol), lithim bromide (@880, 216,0WHe ot

p- -toluenesulfonic acid monohydrate (491 mg, 2.58 mmol), and
dichldromethdhe (détydrate) (s mipsvas stirred fop7 daysh After adding 0
trleth%{llamme (1 15 ml), the reaction mixture was concentrated. The residue

was PUriEd By SilitaTg erlacloﬁuﬁ% hForhalbsaphy Eilica geél®Too g, elution
solveptnpeptang;heptane/ethyl acetaterlii  163)4a Hbtainthe twice

5 with a 1IN aqueous sodium hydroxide solution, dried over
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
10 m), 7.90-7.96(1H, m), 8.56-8.60(1H, m).
(51b) 2-methyl-3-((trimethylsilyl)ethynyl)pyridine
[0547]

[Formula 243]

[0548]

15 First, 2-methylpyridin-3-y1l
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)

20 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



title compound (1.37 g, yield: 40.3%) as a colorless 20 oil. iH NMR(400 MHz,
DMSO-d6)Sppm; 1.76-1.86(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 Hz), 4.58(1H, t, J=6 Hz), 4.63(1H, d, J=6
Hz), 4.79(1H, d, J=6 Hz). (53b)
2-(((4-(1,3-dioxan-5-ylmethoxy)-3-methyfgyridin- 5

2-yl)m@@y@@gwé)éaH&@mﬁaé@s%u@n%a_lg [03691 IFarmula 2241 4 N
O ~J SNN Na|[0570] The same procedure as in the step (10b) of 10

Exampteddiand the steps:(IpUlcobExample 1dovas repeatettasing was
1,3-dioxan-5- Irgethanlol, 4-chloro-2,3- dimeth%/]:g ri(iiine 1-ox%de,hand
2-mefcaptob nPnidazole® t6 Ybtain the title’c %ou%ée(ﬁz? m§'Sield:

24.2%) asrawhitg solid.sha iH NMRL4QO MHz, PMSO-d6)SpRM:ous
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 SJ=7rpeR im0 ciH od 131 3 HA) £ 4 F5(1HE #eI=6W4E), 7, J=13 Hz),

e LN R L
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(1lH, dd, J=2, 8 Hz),
10 8.43(1H, dd, J=2, 5 Hz).
(51c) 3-ethyl-2-methylpyridine
[0549]

[Formula 244]

[0550]

15 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.

20 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



yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-4- methyl-1H-benzimidazole
sodium salt [0571] 277 - [Formula 255] O:'~-CO N O~ \I\~=S N N Na [0572]
(54a) 4-methyl-IH-benzimidazole-2-thiol [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“metRanol (70 ml) and which was stirred

in a hygrogen, 10 atmosphere o Shawrs, Thefeartion vesselwas purged

with nitrogen and a catalyst was removed by filtration. To the reaction
mixtuse,lcarbon, disulfide (30=ml)awasdadded madrtheimixtgrel wassstireediat
room temperature overni%ht. After the solvent was distilled off under 15

reducet’presstife “diethyl Sther walAded 5 the residils. THE gehefated

solid wascallacted by palladium/carbon (900 mg) was added and
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
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.

15 'H NMR (400 MHz, DMSO-d¢)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(1lH, dd, J=1, 5 Hz).
(51d) 3-ethyl-2-methylpyridine l-oxide

[0551]

20 [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



filtration to obtain the title compound (6.9 g, yield: 92.7%) as a light blue
solid. iH NMR(400 MHz, DMSO-d6)Sppm; 2.37(3H, s), 6.91(1H, t, 20 J=8
Hz), 6.94(1H, d, J=8 Hz), 7.00(1H, d, J=8 Hz) - 278 (54b)
2-(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)-4-metfi{I-iH- benzimidazole sodium salt
[0575] 2 [Earpula 25406 Q- A Q1 £58) NN N;Na. [0376].The same

procedure as in the steps (llg)- (lli) of Example 11 was repeated using
4-methyidfidg benzimidsazble-2-thiol areH@e ((Rj2-dirmetindda3+diexan 10e

5-yl)methoxy)-3-methylpyridin-2-yl)methanol to obtain the title compound
ooy g R Rty S RGN EFRRRSOIGE RS2 DS IS Spprm:

1.33(3Hl, shel 3643H: 8h RA06-2A4(1H, M) 2-21EH 3 u2AB(3Eb$)ud- 75 15
3.82(2H, m), 3.97-4.02(2H, m), 4.11(2H, d, J=7 Hz), 4.44(1H, d, J=13 Hz),
4377 (BHE0 921 393ER B85 EL H o, U DE7THZ)E 6. PSAR dd, Te7, BIHeY 16.95(1H,

d, Jz?al_{/zgt Z/igg(]é@’tg’a‘cjz;c%yZQW§bzeg(v]ith}q’ gizg}ﬁ%)r'omethane and
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: 89.6%) as
a reddish solid.

'H NMR (400 MHz, DMSO-ds)dppm; 1.14(3H, t, J=8 Hz),

15 2.35(3H, s), 2.64(2H, gq, 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]

20 [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



(Example 55) 2-(((4-((2,2-dimethyl-1,3-dioxan-5 20
yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-5- methyl-1H-benzimidazole
sodium salt - 279 - 0577] [Formula 258] O~O N~ N O S Na [0578] The
same procedure as in the steps (llg)- 5 (lli) of Example 11 was repeated using
5-methyl-IH- benzimidazole-2-thiol and 444((2,2-dimethyl-1,3-dioxan-

5-ylragthoxy)-3smethylpyridin-2-ymethanal ig obtain, the tifle.compoynd
(330 mg, yield: 35.6%) as a white solid. 10 iH NMR(400 MHz,

DMSE=d6)Sppm; 1B3(3tkmm)et 36(3H, s)d2106:2. raaredn)ﬂ,rz;mm .8),
2.36(3H,dg 3.75- 3.82(2H, m), 3.97-4.02(2H, m), 4.11(2H, d, J=7 Hz),
4.38(1EF PIE13799), AHTAE, § I3 RiY) "6 B9 i L zt%fﬁ) imes

6.95(3k o, Iz 723 (1Htd, 352,15 H2) 7,320 Hicch J =8 H2).8.29(1H, d,
J=6 Hz). (Example 56) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-
yRImetiaRy) -3 5edinsethyibyeidin-2egmeiiyh stiffirydf-e, filtrated and

S-flugrg-H:benzimidazgle sqdium salt Q979120 IFormyla 23950Q,
yield: 34.5%) as yellow solid.
'H NMR (400 MHz, DMSO-ds)dppm; 1.21(3H, t, J=7 Hz),
2.45(3H, s), 2.80(2H, g, J=7 Hz), 7.88(1lH, d, J=7 Hz),
10 8.36(1H, d, J=7 Hz).
(51f) 4-chloro-3-ethyl-2-methylpyridine 1l-oxide
[0555]

[Formula 247]

[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 -30°C.
The mixture was stirred at -30 to 0°C for 3 hours.
After the reaction mixture was concentrated, the

20 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



FAN, SN N Na 280 - [0580] The same procedure as in the steps (llg)- (lli) of
Example 11 was repeated using 5-fluoro-IH- benzimidazole-2-thiol and
(4-((2,2-dimethyl-1,3-dioxan 5
5-yl)methoxy)-3,5-dimethylpyridin-2-yl)methanol to obtain the title compound
(169 mg, yield: 33.7%) as a white solicZ i NMR(400 MHz, DMSO-d6)Sppm;

1.33(3Hy 5013631 8k £ 2:03 21431 H. )y 2520004, 3)y B216:3.87 (44, m), 10
4.00(2H, dd, J=4, 11 Hz), 4.38(1H, d, J=13 Hz), 4.74(1H, d, J=13 Hz),

6.65-6M(dkL My . PO7II7EH bm)s 7136F 43U H;anyn8i22(1H, S).
(Example 57) 2-(((4-(5,9-dioxaspiro[3.5]non-7-
) b8

yImethdxS)Byrdin Ly mEthyvsutf H- 15 B&nZimigazbie Soditn Saft

[0581] cfrarmula260] 512 QR #hQ INNNa {0588} 50) to obtain the
5 title compound (2.10 g, yield: 66.1%) as a yellow oil.
'H NMR (400 MHz, DMSO-ds)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) -
10 3-ethylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole
sodium salt
[0557]

[Formula 248]
A\
©[N>_S SN
Na

15 The same procedure as in the step (10b) of

[0558]

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

20 solid.
'H NMR (400 MHz, DMSO-ds)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-



20 (57a) 4-chloro-2-methylpyridine 1-oxide - 281 - 0583] [Formula 261] CI N
0- [0584] 4-nitro-2-picoline N-oxide (20 g, 130 mmol) 5 was added to acetyl
chloride (120 ml, 1688 mmol) in a nitrogen atmosphere at -25C. The mixture
was stirred at -30 to 5C for 4 hours and 15 minutes. After the reaction
mixture was diluted with ethyl acetate (dBéut” 150 ml) and chloroform (about

100 ml) sthe mixtyre was,1q concgntrated. ;The residue was purified by silica
gel column chromatography (NH silica gel: 200 g, elution solvent: heptane,

heptafistetinyl acétate275/25} 5030 2 25115 téthy-acétate cethybn—-4-
acetate/methanol=20/1) to ohtain the title compound §3.14 gi)as brown oil. 15
SimultanB6G81y7 4 cradd prodder (abiotlt 17 ¢) WaS -Btaised TR crude
product thus obtained was further. pssified-byssiliea gel column
chromatography (NH silica gel: 300 g, elution solvent: heptane,
héptane/ethif acetate=75/25, 40/60, 25/75, ethyl acetate) to obtain 20 the

title ¢ ound ( g) separately as brown oil. iH NMR(400 MHz,
Dmsgg]ﬁ%fggﬁm%g%s(m 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 O/\O(\O
=

20

Na
[0560]
(52a) 5-fluoro-lH-benzimidazole-2-thiol
[0561]

10 [Formula 250]

F N
Lo

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
15 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.

20 'H NMR (400 MHz, DMSO-ds)dppm; 6.90-6.99(2H, m), 7.06-



- 282 - benzimidazole sodium salt [0585] [Formula 262] O---CO~ O \\N N
N Na [0586] 5 The same procedure as in the step (10h) of Example 10 and
the steps (lIf)-(lli) of Example 11 was repeated using
4-chloro-2-methylpyridine 1-oxide, 5,9- dioxaspiro[3.5]non-7-ylmethanol
obtained in the same method as in thestép(13a), and 2 10

mercaptobenzimidazole te pbiajn the title.compeynd(274 mg, yield: 11.4%)
as a white solid. Note that in the same operation as in the step (llg), after 2-
mercaptobenzinidazold was-added oy the réactiork aixture; 1he meikturawwas

stirred at room temperature 15 for one dag/ and further 2 equivalent of
triethylahninaY ba&&d o the dicoRGHwas adted axd stifred dC56C ¥6r 8 hours
and 3%-minutesand at rRemigmyperature for 84 hours and 40 minutes. iH
NMR(400 MHz, DMSO-d6)Sppm; 1.64(2H, quint, J=8 Hz), 20 1.88-1.97(1H,
m), 2.13(2H[¢°9=8 Hz), 2.15(2H, t, J=8 Hz), 3.47-3.62(3H, m), 3.75-3.85(3H,

m). 4 A5(1H. d, J=12 Hz), 4.90(1H, d, J=12 Hz), 6.58(1H, d, J=2 Hz),
6.82(@,’(%%&?‘4":2%%%2), 6.84-6.91(2H, m), 7.42

O

O
gs:
F. N\ 9 4
\©:N>_S 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 (11lh) 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
15 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(1H, dd, J=6, 8 Hz), 4.00-4.16(3H,
m), 4.37(1H, d, J=13 Hz), 4.42(1lH, gquint, J=6 Hz),
20 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



- 283 - 7.48(2H, m), 8.31(1H, d, J=6 Hz). (Example 58)
2-(((4-(6,10-dioxaspiro[4.5]dec-8- ylImethoxy)pyridin-2-yl)methyl)sulfinyl)-IH-
benzimidazole sodium salt 5 [0587] [Formula 263] O---COKD N-ON S N
Na [0588] The same procedure as in the step (10h) of Example 10 and the
steps (IIf)-(lli) of Example 11 was 10Tepéated using
4-chlarg;2;methyjpyridine 1-oxide, 6,10 dioxaspiro[4.5]dec-8-yImethanol
obtained in the same method as in the step (21a), and 2-
mercaptobenZirhifldazole to obtain the title compound(427 mg, yield: 15.6%)
as a white solid. 15 1H NMR(400 MHz, DMSO-d6)Sppm; 1.52-1.63(4H, m),
1.73- [f%iltﬁ,am%?fbs-l.gs(lH, 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), 0 d, J=3 Hz), 6.82 (1H,

dd, J=3, 6 Hz), 6.84-6.91(2H, m), 7.42-7.49 el/j,\éE:EBZ(lH, d, J=6 20 Hz).
dioxan-

nzimidazole sodium salt

(Example 59) 2-(((4-((2,2-bisg or@meltllny
5-yl)methoxy)pyridin-2-yl) I)s H8)-
N .

Na

[0566]
5 (53a) 1,3-dioxan-5-ylmethanol
[0567]

[Formula 253]

[0568]
A mixture of 2-(hydroxymethyl)-1,3-
10 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
15 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
20 oil.

'H NMR (400 MHz, DMSO-dg)dppm; 1.76-1.86(1H, m), 3.36(2H,



- 284 - 0589] [Formula 264] F O~O>CF 0'S N N Na [0590] The same
procedure as in the step (10b) of 5 Example 10 and the steps (lIf)-(lli) of
Example 11 was repeated using 4-chloro-2-methylpyridine 1-oxide, (2,2-
bis(fluoromethyl)-1,3-dioxan-5-yl)ymethanol obtained in the same method as
in the step (7a), and 2 mercaptobenzimid&zole to obtain the title compound
(326 10 mg; viglel; 12.5%) ag a white solid. iH NMR(4Q0MHZy g, 7-4
DMSO-d6)Sppm; 2.02-2.12(1H, m), 3.68- 3.78(3H, m), 3.90(1H, dd, J=7, 10
Hz), 3.9724.06¢2H8 (h)},4.40-4.65(61) m)26 G6(1H, di J=244z}]6.83- 6.92(3H,
m), 7. 43 .50(2H m) 8.34(1H, d, J=6 Hz). 15 (Example 60)
2- (((4 (1, bl ro da(splrof %dndec 3-
ylmethexy)pyridin-2ay)methyl)sulfinyl}-1i-hanzimidazole sodiump.salt[0591]
[Formula 265] ~ O~0/ ~/O S J

5 2-yl)methyl)sulfinyl)-1H-benzimidazole sodium salt

[0569]

[Formula 254]

g %J\%TQ
2T

Na

[0570]
The same procedure as in the step (10b) of

10 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.

15 '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, d, 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),

20 8.30(1lH, d, J=6 Hz).

(Example 54) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-
yvl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-4-
methyl-1H-benzimidazole sodium salt

[0571]



N Na 285 - 0592] The same procedure as in the step (10h) of Example 10
and the steps (lIf)-(lli) of Example 11 was repeated using
4-chloro-2-methylpyridine 1-oxide, 5 1,5,9-trioxaspiro[5.5]undec-3-yImethanol
obtained in the same method as in the step (10a), and 2-
mercaptobenzimidazole to obtain the title éompound(313 mg, yield: 7.1%) as
a whitg-solid.Notgsthat in the same operation as in the step (llg), after 2 10
mercaptobenzimidazole was added to the reaction mixture, the mixture was

stirred at room temperature for 86 hours and 3§?minutes and further 2
equivalents of triethylamine relative to thg alcohol yyas added and stirred at
50C for 10 hours and at roam fgmpera r 16714 hours and 30 minutes.

i O-d§)Sppns- 1 ,t, J=5 Hz), 1.81(2H, t, J=5 Hz),
1.91-2.02 (1H, m), 3.55(4/ 1, ‘N%S 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), 20
6.82-6.91(3I[—|O )2]7.43-7.49(2H, m), 8.33(1H, d, J=6 Hz). (Example 61)
2-(((4-(2,3-dihydro-1,4-benzodioxin-2-
yimethexy)-34metirylpyridin-24hmethyhsulfiayd-IHs benzimidazole sodium

salt 25 - 286 -
[0
N
S—SH

N
H

573]

5 [Formula 256]

[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-ds)dppm; 2.37(3H, s), 6.91(1H, t,

20 J=8 Hz), 6.94(1H, d, J=8 Hz), 7.00(1H, d, J=8 Hz)



0593] [Formula 266] O O NrQ 1 O N Na [0594] The same procedure as in
the steps (8c) to 5 (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. iH NMR(400 MHz, DMSO-d6)Sppm; 2.20(3H, s), 4.19(1H, dd,
J=7, 12 Hz), 4.30-4.34(2H, m), 4.38(1H &, I=5, 13 10 Hz), 4.46(1H, dd,

J=2, 12 1), 4.61-463(14H, m); 4,82(1H. dd ’33—%%%%}?'—2%%@%@%&@2) 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) 2x(¢(4= (1, dsdioRan-2ylmethexi)-B) sulfinyl) -4-methyl-1H-

methyl Xridin,—Z- I)meth%ll)sulfinyl -|IH-benzimidazole 15 sodium salt [0595]
[Forn%)azz]bmﬂﬁ{f@]ﬁ 028N NP !Nia [0596] (62a) 2-iodomethyl-1,4-dioxane
20 [0597] 283575

5 [Formula 257]

[0576]
The same procedure as in the steps (11lg)-
(11i) of Example 11 was repeated using 4-methyl-1H-
benzimidazole-2-thiol and (4-((2,2-dimethyl-1,3-dioxan-
10 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-ds)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-
15 3.82(2H, m), 3.97-4.02(2H, m), 4.11(2H, d, J=7 Hz),
4.44(18H, d, J=13 Hz), 4.77(1H, 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, d, J=8 Hz), 8.29(1H, d, J=6 Hz).
(Example 55) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-
20 vyl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-5-

methyl-1H-benzimidazole sodium salt



[Formula 268] 1I~O0) [0598] To an acetonitrile (420 mL) solution of 2-
(allyloxy)ethanol(14 g, 137 mmol), sodium hydrogen 5 carbonate (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. Thereaftér, the organic layer was washed
with an aquegys spdium 10 thiosulfate solution and a saturated saline
solution, dried over magnesium sulfate, and filtrated through a silica gel
columi pady aad2heé ffiltrate was concentrated to obtain the title compound
(26.5 g, yield 85%) as a yellow liquid. 15 1H NMR(400 MHz, CDC13)Sppm;

3.10(2H, d, J=8 Hz), 3.34(1H, dd, J=8, 13 H@(&gf&gs (6H, m). (62b)

2-hydroxymethyl-1,4-dioxane [0599] [Formula 26 O) 201[0600] To the
2-iodomethyl-1,4-dioxane W3 Amdf oitain&d'in the step (62a),

potassium acetate - 288 (6 838 YNI8-crown-6 (1.74 g, 6.58
mmol), and N,N-dimethylformamidie (220 mL) were added and stirred at
80C for 24 hours. To the reaction mixture, water was added and extracted
with ethyl agetates.]The

The same procedure as in the steps (11lg)-

5 (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.

10 'H NMR (400 MHz, DMSO-ds)Odppm; 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(1H, d, J=2

15 Hz), 7.32(1H, 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]

20 [Formula 259]



5 organic layers were combined and washed with water and a saturated
saline solution, dried 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 10 mixture was
stirred at room temperature for one hour®&8nd at 40C for one hour, and then
neutralized byadding triethylamine. The mixture was concentrated and the
residue was extracted with ether. Insoluble substance was filtered off, and
the filtrate was cofitentrated anvd d8thegeskluenwaspurifiensby silicagel

column _chromatography (silica gel: 500 ml, elution solvent: heptane/ethyl
ncetate 3%, 171, 011} 10 dbtainthe 16 SORTP0U (2 16 d, YIGHE 2796) as

colorlgss liguida 20:1E NMR(AO0 Midz, GDC13)Spam:3:4438-89@H, i) an -
(62c) 4-(1,4-dioxan-2-ylmethoxy)-2,3-dimethylpyridine 1-oxide [0601]
[Forniuld 2701 N 289)-- 06 G214 teltviersoldton of the 2uipydrexymetRyl-

1 4-diqu§1ne (2.%4 9, 19 mmol obtaiae(y éhe step (6612(9) aglg
' T tle A

4-chlono-3 A dimethylyiding 1-oxide (215 0. 5158 mmol) was Faardl o

140CwHocthessalttion, KOH (2 g, 34.8 mmol) was added in twice and the

resulrlant mixture was heated under reflux at the same temperature
H NMR (400 MHz, DMSO-dg)Oppm; 1.33(3H, s), 1.36(3H, s),
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(1lH, s).
(Example 57) 2-(((4-(5,9-dioxaspiro[3.5]non-7-
ylmethoxy)pyridin-2-yl)methyl)sulfinyl)-1H-

15 Dbenzimidazole sodium salt

[0581]

[Formula 260]

IO

N\>—SI(/) _ ‘
N N

Na

[0582]

20 (57a) 4-chloro-2-methylpyridine l-oxide



for 3 hours while removing water from the reaction system by use of a
Dean-Stark apparatus. To the 10 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%blvent: ethyl acetate/methanol=9/1 to
4/1) to 15 obtain {he title compound (2.9 g, yield: 77%) as a light yellow solid.
iH NMR(400 MHz, DMSO-d6)Sppm; 2.11(3H, s), 2.32(3H, s), 3.37-3.50(2H,
m), 3.58:8188(5H; M), 4.01-4.02(2H, m), 6.93(1H, d, J=7 Hz), 8.06(1H, d,
J=7 Hz). 20 (62d) 2-(((4-(1,4-dioxan-2-ylmethoxy)-3-methylpyridin-
2-yl)methyl)sulfinyl)-IH-benzimidazole $bdium salt [0603] [Formula 271] N O
UN 3 YNN Na [0604]-290 The s rocedure as in the steps (8d) to
(89) of Example 8 was repeated using the 4-(4-(1,4-
dioxan-2-ylmethoxy))-2,3-dimethylpyrit§|_ne 1-oxide obtained in the step (62c)
to obtain the title compound 5 (385 mg(,)total yield: 24%) as a white solid. iH
NMR(400 MHz, DMSO-d6)Sppm; 2.17(3H, s), 3.35-3.51(2H, m),
3.59-3.90(5H) ;) #.02(2H, hr s), 4.36(1H, d, J=12

4-nitro-2-picoline N-oxide (20 g, 130 mmol)
5 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

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 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

20 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-



Hz), 4.80(1H, 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(1H, 10 d, J=6 Hz). (Example 63)
2-(((4-(1,4-dioxan-2-ylmethoxy)-3,5-
dimethylpyridin-2-yl)methyl)sulfinyl)-IH-benzimidazole sodium salt [0605] 15
[Formula 272] ~ O~O _S N N Na [06G6]% The same procedure as in the

steps(62a) 10 462d) of Example.62 was repeated using 4-chloro-2,3,5-
trimethylpyridine 1-oxide to obtain the title compound 20 (355 mg, total yield:

18%) as a white38o0lid. iH NMR(400 MHz, DMSO-d6)Sppm; 2.18(3H, s),
2.21(3H,d, J=2 H@jfﬂ .29-3.82(9H, m), 4.36(1H, dd, J=2, 13 Hz), 4.75(1H,
dd, 15 T4 HA, 6%62(2H, dd, J=3, 6 Hz), 7.41(2H, dd, J=3, 6 Hz), 8.19(1H.

S). - 291 (Example 64) 2-(((4-(2-(2,2- dimethyl 1,3-dioxolan-4-
yl)ethoxy)-3-methylpyridin-2- yl)methyl)sulfln bg@mdazole sodium salt
[0607] 5 [Formula 273] OA-

Qe ﬁ

[0586]

5 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-

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 2-
mercaptobenzimidazole was added to the reaction
mixture, the mixture was stirred at room temperature

15 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-ds)dppm; 1.64(2H, quint, J=8 Hz),

20 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(1lH, d, J=2 Hz),

6.82(1H, dd, J=2, 6 Hz), 6.84-6.91(2H, m), 7.42-



ON NN Na[0608] 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 10 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. iH NMR(400 MHz8BDMSO-d6)Sppm; 1.25(3H, s),

1.31(3H,8),,1,99:2,04(2H, ), 2.37(3HS): 3,57(1H, t, J=8 H2), 15
3.98-4.26(4H, m), 4.36(0.5H, d, J=13 Hz), 4.37(0.5H, d, J=13 Hz),

4.78(05H13=E3 HZ)-4.780.5H, 1d),-JHk8 442 66719-658 @ am), 6.91(1H,
d, J= 6H%;737 7.47(2H, m? 8.26(11, d, J=6 Hz). (Example 65)
2- (((43’6@ Bty RY: dibxofan,a 3t thy 1) sulfin

yl)methoxy)r3-methylpyrigin 2wy lymethyl)sulfinyl)-IH- benzimidazole sodium
Salt [0609] [Formula 274] 292 - OO O ~>-NS N Na
[0587]

[Formula 263]

o) =
N>_§ - |
N N

[0588]
The same procedure as in the step (10b) of
Example 10 and the steps (11f)-(11i) of Example 11 was

10 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 (2l1la), and 2-
mercaptobenzimidazole to obtain the title compound (427
mg, yield: 15.6%) as a white solid.

15 '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 (1H, dd, J=3, 6 Hz),
6.84-6.91(2H, m), 7.42-7.49(2H, m), 8.32(1lH, d, J=6

20 Hz).

(Example 59) 2-(((4-((2,2-bis(fluoromethyl)-1,3-dioxan-
5-yl)methoxy)pyridin-2-yl)methyl)sulfinyl)-1H-

benzimidazole sodium salt



0610] (65a) 4-((benzyloxy)methyl)-2,2-diethyl-1,3-dioxolane [0611] [Formula
275] O 5[0612] To a tetrahydrofuran (30 ml) solution of DL- CC-O-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 10 the mixture was'stirred at the same temperature for
22 hours. Toytheyreaction mixture, a saturated aqueous sodium hydrogen
carbonate solution (5 ml) was added to adjust pH to about 8. The generated
precipifatenwas regdoved by filtration and the filtrate was 15 concentrated.
The obtained residue was purified by silica gel column chromatography (NH
silica gel, elution solvent: heptane/ethyl acetate:1/8 to 3'41 gradient). A
desired fraction was concentrated to obtain the fitle'¢gompound (2.77 g,
67.1% yield) as a 20 colorless oil. - 293 IFYNM O\MHz, DMSO-d6)Sppm;
0.75-0.83(6H, m), 1.46- 1.58(4H, m),53.41:3:90(2H, m), 3.52-3.58(1H, m),
3.96- 4.02(1H, m), 4.15-4@2\@54.4 2H, s), 7.24- 7.36(5H, m). 5 (65b)

(2,2-diethyl-1,3-dioxolan- Khano [0843] [Formula 276]

[0590]
The same procedure as in the step (10b) of
5 Example 10 and the steps (11f)-(11i) of Example 11 was
repeated using 4-chloro-2-methylpyridine 1l-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

10 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).

15 (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]



HO~---~'0O [0614] To a methanol (40 ml) solution of the 4 10
((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 fogritemperature 15 for 16 hours. The
reaction vessed yvas purged with nitrogen and a catalyst was removed by
filtration through celite, and then, washed with methanol. The filtrate was
concentrated and @niedasnderredueedr pressure tolobtainethe (titlEo¢ompound

(1.593 g, 89.6% 20 yield lorl il. iH NMR(400 MHz, CDC13)S ;
O oL RIS L oA R X989 1o L G Tt AR BT AL

HZ), 3.55e3.64¢1Hs Mg 36-3184(2H: M) 14h0114:08(Lk e M), 420:4,28(1H,
m). - 294 (65c) 2-(((4-((2,2-diethyl-1,3-dioxolan-4-yl)methoxy)-
3 methyipyridinZ2yh Arethyl) Sulfinyhdgd-benzimiarole lscuitimissle [0615] 5

[Fom?:l}lllg‘ Zs7a7r;l|eogn)eg16asa|1\lsNiwatlL%Gls%]ep (10a), and 2-
mercaptobenzimidazole to obtain the title compound (313
mg, yield: 7.1%) as a white solid. Note that in the
same operation as in the step (llg), after 2-

10 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

15 14 hours and 30 minutes.

'H NMR (400 MHz, DMSO-ds)dppm; 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=12 Hz), 4.58(1H, d, J=12 Hz), 6.64(1lH, d, J=2 Hz),

20 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

25



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 10 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% vyield) as a light yéfléwsolid. iH NMR(400 MHz,
DMSO-d6)Sppiy;9.78-0.88(6H, m), 1.51- 15 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(05BHMd} 3=28Hz), 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- methylpyidia.2- ethyl)sulfinyl)-1
H-benzimidazole sodium salt [0617] [For jflla\g%\%ﬁ%S oOD \(~SNN
Na [0618] (66a) 2- ((benz@fmethpl) 619] [Formula 279] p
5 [0620]

Na
[0594]
The same procedure as in the steps (8c) to
5 (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(1lH, 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 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
15 sodium salt
[0595]

[Formula 267]
o
)
=
@[%ﬁ °
N N
Na

(62a) 2-iodomethyl-1,4-dioxane

[0596]

20 [0597]



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 140C for 2 hours and 10 further stirred at 150C
for 3 hours. After cooled on ice, a 2N aqueous sodium hydroxide solution
and ethyl acetate were added to therea¢tion mixture. An organic layer was
separgted,washed ayith 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, elyti ent. heptane/ethyl acetate=1/0 to
9/1 gradient). Desired fractions were ¢ongentrated to obtain the title 20
compound (3.01 g, 77.5% yield) as a light yellow oil. - 296 iH NMR(400 MHz,
DMSO-d6)Sppm; 3.45(2H, d, J=4 Hz), 3.74- 3.92(4H, m), 4.51(2H, s),
4.98(1H, t, JFA¥MF), 7.24- 7.38(5H, m). (66b) 1,3-dioxolan-2-yimethanol 5

[0621] [Formula 2 %] HOD&C[QG%%{%Q éne(tllilsggorln O%%§O|Utiog f22_-

((benzyloxy)methy )-1?§zd|oxo ane g, mmol obtained in the

step (668) ahove) patadivm hydsoxide 120wt %Y, Pdddiyhasisyosgearbon,
et (water I, SON[300 mg e alded and the iyt s e
g gy
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 agqueous sodium
10 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.
15 '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
@)
20 [0600]
To the 2-iodomethyl-1,4-dioxane (15 g, 65.8

mmol) obtained in the step (62a), potassium acetate



a hydrogen atmosphere at room temperature for 15 hours. The reaction
vessel was purged with nitrogen and a 15 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% vyield) as a light yellow if 20/iH NMR(400 MHz,

CDCISpPm; 18H L, B 5), 3866 3,(A(2H, M).73:88;4-H8¢4H 1) 5,014,
t, J=3 Hz). (66¢) 2-(((4-(1,3-dioxolan-2-ylmethoxy)-3-

methylpyridirm2 tyipméthytysulfiy) ¢ 2Hcbenzimigazoledsedium sakt 25 [0623]
297 - [Formuyla 28110 O. N O\ ~S N N Na [0624]. The same procedure as in
the s %582%16 t6 (aj) dedibet in EXample %ae T&pretihiliion perations was
not pefermeddn oxidation step-with.3rahlergperbenzeisacid) was repeated
using 1,3-dioxolan- 2-ylmethanol obtained in the step (66b) above to obtain
the tithe gefipouiitl (BL Wiy, ot 7128 yielt) as2ahedite Sdlidwater and

a saturated saline solution, dried 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

10 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

15 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.

20 '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]

D™



10 iH NMR(400 MHz, DMSO-d6)Sppm; 2.17(3H, s), 3.80-4.00(4H, m),
4.07(2H, d, J=4 Hz), 4.39(1H, d, J=13 Hz), 4.79(1H, 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). 15 (Example 67) 2-(((3-methyl-4-((2-methyl-1,3-dioxolan-2-
yl)methoxy)pyridin-2-yl)methyl)sulfinyl)-482 benzimidazole sodium salt [0625]
[Formula 282] 3,0 N_SDNS N Na 20[0626] - 298 (67a)
2-((benzyloxy)methyl)-2-methyl-1,3-dioxolane [0627] [Formula 283], O ~O
[0628] 5 A mixtureroftb-benzyloxyi2propandnei{4.94-gy Bk ymeioh)y 1 -

ethylene glycol EgIZO mI2 3?9 mmolﬁ triethyl orthoformate (5 ml, 30.1 mmol),
and p-tolu8ng&iitohid “aéid Mond yaﬁﬁg (136§ 6583 mmsl) Wadstirred at
room temperature for f1a-hourss T the reaction; 10 mixturex asatyratedy,

aqueous sodium hydrogen carbonate solution (20 ml) was added and the

mixtut® wagnmol) was heated to 140°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

10 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

15 obtain the title compound (2.9 g, yield: 77%) as a
light yellow solid.
'H NMR (400 MHz, DMSO-ds)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).

20 (62d) 2-(((4-(1,4-dioxan-2-ylmethoxy)-3-methylpyridin-
2-yl)methyl)sulfinyl)-1H-benzimidazole sodium salt

[0603]

[Formula 271]

)
=z
@%ﬁ °
N N
Na

[0604]



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 15 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 compourit? (5.67 g, 90.5% yield) as a

colorless oil. iH NMR(400 MHz, DM3Q-d6)Sppm; @%G@He& 33424, ),
20 3.85(4H, s), 4.51(2H, s), 7.22-7.38(5H, m). (67b)

(2-meltByl-1 S ditsatan-2- ﬁ)memmeﬁ)ﬁﬂg] {Formauleh284] HO-"( 0, 4— 299 -
O630]dTo a methanol (t100 mI) SQ 0%
((ben2yfo5G)mathijis matyl 1, 3- Iﬁﬁté}kélé)é’ 5975 mnfsi S6tained in

the step-(67a) above; palladispn bhydroxide, (20, wit.% iRd (dry Rasish@dund

carbon, wet (water max. 50%))(500 mg) was added and the mixture was
stirred 38 @ Aygdrogehaatmospliére ot TooRPtemperdtare 647 hours. The

reactllgp Mgﬁﬁlovgaﬁgurg%%%th 6r}|ér en anq:f\ %talys W%ST%egn?v%qp .

filtration 10 through celite, and t en, adhed WI'[ methario ltrate was
concentratedsana deiedunderreduced (pressuire 40 obtainathedjtleicomporind
(2.96 g 92 1% 8/|eld) asa Ilght green oil.
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(1H
10 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]

15 [Formula 272]
o)
O/_&o

N O T
S A
N N

Na
[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

20 (355 mg, total yield: 18%) as a white solid.

'H NMR (400 MHz, DMSO-ds)dppm; 2.18(3H, s), 2.21(3H, d,
J=2 Hz), 3.29-3.82(9H, m), 4.36(1lH, dd, J=2, 13 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(1lH, s).



iH NMR(400 MHz, CDC13)Sppm; 1.35(3H, s), 1.82-1.90(1H, 15 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]
20 [Formula 285100 ON /N N \~S™N&70632] The same procedure as in

the steps(4ih1o 4i) of ExampleA (3 reprecipiiation operation.wasnog

performed in oxidation step with 3-ch|’oroperbenzoic - 300 acid) was
repeatedassing (2-Methyt-1y3oioxclan-22-ymethamol bbtainedyn the Step
(67b) above to obtain the title compound (263 mg, total 12.9% yield) as a
light y&II&% Sofid 28 19 NIIR(48033H2, DMSO-d6)Sppm; 1.39(3H, s), 2.19(3H,
s), 3.88-4.00{4blym), 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=26 HA)o(Example’ 8) 2-(((4-((2S)-1,4-dioxaspiro[4.5]dec-2- 10
yImethoxy)-3-methy|pyridin-2-y|)methy|)suIfinyI)-IH-S?lzimidazole sodium
salt 0

AP

Sua
NS
N
Na
[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

10 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),

15 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-

20 yl)methoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-

benzimidazole sodium salt
[0609]

[Formula 274]



[0633] [Formula 286] OO O0\I N Ob - N N Na [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-chloroperbenzoic acid)
was repeated using (+)-1,4-dioxaspiro[4.5]decane- 2-methanol to obtain the
title compound (500 mg, total 20 16.8%7yield) as a white solid. iH NMR(400

MHz, DMSO-d6)Sppm; 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) , d, J=13 Hz), 4.38 - 301

4.46(1H, m), 4.77(0.5H, d, J=13 H 5HQ —13 Hz), 6.79-6.87(2H,
m), 6.94(1H, d, J=6 Hz) 26( H, d, J=6 Hz). (Example
69) 2-(((3-methyl-4-(2- (2 xo l&n 5

2-yl)ethoxy)pyridin-2- yI)methyI)é‘iﬂflnyI) IH- benzimidazole sodium salt [0635]

[Formula 287] OVO N~-N S N
[0610]

(65a) 4-((benzyloxy)methyl)-2,2-diethyl-1,3-dioxolane
[0611]

[Formula 275]

5 [0612]
To a tetrahydrofuran (30 ml) solution of DL-

0-O-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

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 filtrate was

15 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

20 colorless oil.



Na [0636] 10 (69a) 2-(2-(benzyloxy)ethyl)-2-methyl-1,3-dioxolane [0637]
[Formula 288] O p co [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
Saturaﬁe%ﬁﬁ'é@@b!spﬁ%'UWI%%G&WPCUW@:&% solutiqn (4Q mj) was
added and the mixture was extracted three times with chloroform (50 ml).
The orddaniéfayer)\was déieeBover @thydrous Sogiud -sulfaté, and, 3.96-
concentrated. The crude producgwas purified by 5 silica gel column
chrormatigtaghy (NH Siéa gl elutien Sdiveit- Haptane/ethy! dcetate=110 to
4/1 gradiept): Desired fractions were concentrated to obtain the title
compound (10.08 g, 80.8% yield) as a colorless oil. 10 iH NMR(400 MHz,
DMSOREB)Sppm2 1238 )11 .8612Fx 61 327 H2) BUS(HIAL =7 H2),
3.75-3.86(4H ]4.42(2H, S), 7.22-7.36(5H, m). (69b)
2-(.2-methy|-[1,§r-i ioxolan-2-ylethanol [0639]

[Formula 276]

HO/Y\O

e

To a methanol (40 ml) solution of the 4-

[0614]

10 ((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

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 vyield) 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).



15 [Formula 289] O p HO" [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 (69a), palladium hydroxide 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 temperatdre for 16 hours. The reaction vessel

was prged with pitrogen and a Latalyst wasyemaoved, by f%%%’% thyopgh

celite, and 25 then, washed with methanol. The filtrate was - 303
concentratedy Tierresultant yesidee was putified by) silicalgel Tolumazole
chromatography ]é silica gel, elution solvent: heptane/ethyl acetate=1/0-1/1-
0/1 gradient Dasired fractions were concentrated to obtain the title 5
compound (83 g5 $8.3% yield) as a light yellow oil. iH NMR(400 MHz,
DMSO-d6)Sppm; 1.21(3H, s), 1.73(2H, t, J=7 Hz), 3.40-3.50(2H, m),
375-386(@ML any, 4730(1H, t, J=5 Hz). (69c¢)
2-(((3-methyl-4-(2-(2-methyl-1,3-dioxolan-2- 10
yl)ethoxy)pyridin-2-yl)methyl)sulfinyl)-1H- b@mmole sodium salt [0641]

[Formula 290] OHO N \j\)j ‘<\
1 |
@EN\>_S 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

10 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-ds)dppm; 0.78-0.88(6H, m), 1.51-

15 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) .

20 (Example 66) 2-(((4-(1,3-dioxolan-2-ylmethoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)-1 H-benzimidazole
sodium salt

[0617]

[Formula 278]



~S N N Na|[0642] 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-chloroperbenzoic 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. iH
NMR(400 MHz, DMSO-d6)Sppm; 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 @@@% d, J=13 Hz), 4.75(1H, d,
J=13 Hz), 6. 77 6.89(2H, m), 6.92(1H, .35-7.49(2H, m),

=70 §od|u S It of an optical isomer of 2- 5
(((3-methyl-4-((2-methyl-1 oxglanes SN
yl)methoxy)pyridin-2- yI)methyI)sM#myl) -1H- benzimidazole [0643] [Formula

2911000 SN N Na 10 [0644] 2-(((3-methyl-4-((2-methyl-1,3-dioxolan-2-
[0618]

(66a) 2-((benzyloxy)methyl)-1,3-dioxolane
[0619]

[Formula 279]

5 [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

10 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

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). Desired
fractions were concentrated to obtain the title

20 compound (3.01 g, 77.5% yield) as a light yellow oil.



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 15 dissolved in water. To the solution, dichloromethane and a
saturated aqueous ammonium chloride solution were added. The aqueous
layer was extracted further with dichtoréffethane. The organic layers were

combigeghang, shiaghoveraphydros spdium sylfate and concentrated, 20, To

the resultant free form, a small amount of diethylamine was added and the
mixtube Wast8eparated byl HPLC {coluni¥:SCHIRALCEI=OD:H 2 cm@# X 25

cm (r7na uf%ctured by Daicel Chemical Industries, Ltd.), mobile phase:
hexane/ethansl/diéthylamine=80/20/0.1 - 305 (v/v/v), flow rate: 9 mi/min,

detectiony, 254, nmy Qo the,othey hand, agueous sodium hydroxide solution
(100 1) was placed in each of test tubes, in advance. A fraction of an optical

isemer havihg% short retention 5 time, and a fraction of an optical isomer
havingF% Ircr)nqrql reg%rbt'on time were separately concentrated and the residues
were separate?y Issolved in water. To each of the solutions,
dichloromethane and a saturated aqueous ammonium chloride solution were
added. The 10 aqueous layers were separgltely extracted further with
dichloromethane. The organic Iayefs/vv\e(é parately combined and dried
over anhydrous sodium sulfate and con rated. In the manner mentioned
above, a free form (59 mg) of the optical isomer having a short 15 retention
time and a ff@é 2arm (56 mq) of the optical

To a methanol (100 ml) solution of 2-
((benzyloxy)methyl)-1,3-dioxolane (3.01 g, 15.5 mmol)

10 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

15 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
yvellow oil.

20 '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

25 [0623]



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 20 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 aptical isomer having a long retention
time each as lightyellow solid. 25 1H NMR(400 MHz, DMSO-d6)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 o}
yl)methyl)sulfinyl)-IH-benzimidazole sodiumos/aIth@6 - (racemate). HPLC;
(Conditions) column: CHIRALCEL Op- ufactured by Daicel Chemical
Industries, Ltd.)(0.46 5 ¢ @ 25 ? hexane/ethanol=4/1 (v/v), flow
rate: 0.6 ml/min, detection: & ﬁzal nm). (Analysis results) The retention time
of a sodium salt of the optical isomer having a short retention time: 16
minutes, en%;ggqueric excess: 10 100%ee; and the retention time of a
sodium salt of the “optical isomer having a long retention time: 22 minutes,
enantiomeric excesse 100feee(Example &Y in the steps (4f) to
2-(((4-(2-((4R)-2,2-dimethyl-1,3-dioxolan- o . .
4-yl)ethexy 2 8HrEthy RSy ridin Z<giTrEthyIFs U RYIS-HP 1 5 PerZimeZaté 1o

S@muﬂééanot 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.

10 'H NMR (400 MHz, DMSO-ds)Oppm; 2.17(3H, s), 3.80-4.00(4H,
m), 4.07(2H, d, J=4 Hz), 4.39(1H, d, J=13 Hz), 4.79(lH,
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) .

15 (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]

NSei
@N%IS‘ N l
Na

20 [0626]



[0645] [Formula 292] O NN S N Na [0646] (71a)
2-((4R)-2,2-dimethyl-1,3-dioxolan-4-yl)ethanol 20 [0647] [Formula 293] O
HO 307 - 0648] A mixture of (R)-(+)-1,2,4-butanetriol (30 g, 283 mmol),
acetone (200 ml, 2724 mmol) and p- toluenesulfonic acid monohydrate (1.4
g, 7.36 mmol) was 5 stirred at room terdgérature for 16.5 hours. To the

reactippxtye, ietyjaming was.added anddhe, mixuie was sgngentrated,
uririe

The crude product was p d by silica gel column chromatography (silica
gel, elution $6kent: heptane/ethyl 10 acetate=1/0-1/1-1/3 gradient) . Desired
fractions were ¢ n%entrated to obtain the title compound (29.9 g, 72.3%
yield)%%”b%%&rlgs?s bil. iH NMR(400 MHz, CDC13)Sppm: 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).
( ) (@AO%
-

[0628]

5 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

10 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

15 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-ds)dppm; 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-yl)methanol
[0629]

[Formula 284]



(71b) 2-(((4-(2-((4R)-2,2-dimethyl-1,3-dioxolan-4-
yl)ethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-IH- benzimidazole sodium salt
[0649] 20 [Formula 294] O~ O ONS NN Na[0650] 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 obtaifitig picolyl alcohol; and a
reprecipitatipgopgration was not performed in oxidation step with
3-chloroperbenzoic acid) was repeated using 2-((4R)-2,2-dimethyl-1,3 5
dioxolan-4-yl)ethafiol ebteirtéd ire the $tEp (¥a)tolobtain the tile compound

(320 mgé total 8.5% ieldgyas ali h%l%lellowls%id.,iH NMR&4OO M%—(z,
DMSOUAESHPAL 28(3 b); 13030 &), L.OLi2GHE ), 2,475, 5),
3.57(3H, 3, dmb Hiz) 010 3 984 28(4Hham)4:36(Q. 24, did=ds3 Hgh14.34(QxaH,

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), 6IOLPK B19=6292)77.36PR.46{2H, P)S BS25@H, Gk i@ Hzyet (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
10 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)dppm; 1.35(3H, s), 1.82-1.90(1H,
15 Dbr), 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]

20 [Formula 285]

0]
0 (0]
N O = I\,J
N 1]
@[,\?—S SN

[0632]
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



(Example 72) 2-(((4-(2-((4S)-2,2-dimethyl-1,3-dioxolan- 15
4-yl)ethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H- benzimidazole sodium
salt [0651] [Formula 295]0-ON-SN S N Na [0652] 20 (72a)
2-((4S)-2,2-dimethyl-1,3-dioxolan-4-yl)ethanol - 309 - 0653] [Formula 296] O
HO~~" [0654] To (S)-(-)-1,2,4-butanetridi{30 g, 283 5 mmol), acetone (200

mi) and p-tolyenesufonic agid mopphysirate. (1,4 6, 7-36.mmal) were added

and the mixture was stirred at room temperature overnight. To the reaction
mixtuye, tnietihdamine ¥4 ab avasiadded andhed Mikturehwas concehntrated.
The residue was 10 purified bi%s%’l'ca el column chromatography (silica gel

350 g ‘Sfution soVERTESIRYT atetatelieptahe218/82-6/4) o obtairt the title
compoung: (3Q.219wyigkt: 73%) as a colorless oil.

5 'H NMR (400 MHz, DMSO-ds)®ppm; 1.39(3H, s), 2.19(3H, s),
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-((2S)-1,4-dioxaspiro[4.5]dec-2-
10 vylmethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt
[0633]

[Formula 286]

y 20 O
A\
©[N>_S SN
Na
[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-ds)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, d, J=13 Hz), 4.38(0.5H, d, J=13 Hz), 4.38-



iH NMR(400 MHz, CDC13)Sppm;1.37(3H, s), 1.43(3H, s), 15 1.83(2H, q,
J=6 Hz), 2.20(1H, t, J=6 Hz), 3.60(1H, t, J=8 Hz), 3.80(2H, q, 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)sififinyl)-IH- 20 benzimidazole sodium
salt 310506551 [Fprmula 2971 OA- 0 \ 5O N N, O Na [0656]Fhe same ; 5
procedure as in the steps (4f) to 5 (4]) of Example 4 (recrystallization was
perfoimed by. Usecofthieptanenin the stép bf obtainifep picolyl alcohol; and a
repregipéiltgtign operatign was not Cperfo_rgneHd in oxidation step with
3-ch|or'opef 8nzBit a id% V\fégrepéatga usir?d 2-((4S)-2,2-dimethyl-1,3 10
dioxola-4nyl)ethanel obtajined i the, step (72a) above, fo obfainthe:title: n -
compound (386 mg, total 10.1% yield) as a light yellow solid. iH NMR (400
MHz, DSB8 SpppvrE25(3H; ), 1S 1{3H,) $1 LE.00v2.05{2H, m), 2.17(3H,
2)33( %%"13&&5?0"1'@&%4&99%517{4'4 m), 4.37(0.5H, d, J=13 Hz),

[0635]

[Formula 287]

dﬁ§g
O/\X
4 300
@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 agqueous sodium hydrogen carbonate



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- 20
tetraoxaspiro[4.5]dec-8-yl)ethoxy)pyridin-2-
yl)methyl)sulfinyl)-IH-benzimidazole soditifn salt - 311 - 0657] [Formula 298] 0

00 QOM}II:QOQJ I&IONn\\i@ LQQ?B;L&E%@) lglr%lhwhe mixture wa
(8-methyl-1,4,7, 9 -tetraoxaspiro[4.5]dec-8- 5 yl)acetate [0659] [Formula 299]

O O € tokd0660F Amnixtarenetl3-dioxotane-2{2-diyldimdethanol I g,

29.8 mmol separat g obtained in the same manner as in the sth %4%
(4c), ﬁ{ﬁﬁyllace]tggg A8 (4G T 487 i)Y tHEth§1 SithotdPmate {

31.3 and concentrated. The crude product was purified by
5 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 (10.08 g, 80.8% yield) as a
colorless oil.

10 'H NMR (400 MHz, DMSO-ds)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]

15 [Formula 289]

dﬁ“g
Ho S

[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 (69a), palladium hydroxide

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 filtrate was



mmol), and p-toluenesulfonic acid monohydrate (163 mg, 0.856 mmol) was
stirred at room temperature for 3 15 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 sodififh sulfate and concentrated. The

crude_praduct was 20 purified by siica gel colymp chrom 99&%%(%'%3 -
312 gel, elution solvent: heptane/ethyl acetate=1/0-3/1-1/1 gradient).

desired fractionanas concentratedhts: optawithe tiIliel ¢om pmjhd SL46 'gcpn
50.0% eldéjfasa colorles oil. 5iH NMR(4OO Z %‘5%)
1.41(§ 75(5H"8)e %ﬁ%h asﬁei%bfzﬁ _j ]2_>HO? et )12
Hz), 3.84{4das)k{43b) 2r(8-methyl-L AL etraoxaspirgl4:aldec-8=yhathanol
10 [0661] [Formula 300] HO O of [0662] To a THE (40 ml) solution of methyl

(8 metipAaT diefragxaspiro[d.5]deéB-yhacetaté (8467 45.§"12.9 mmol)
obtain dggﬁw%ﬁe&ﬁna)}b@aug umlnu ?ﬁ (l%e (679 mg, 7]37 2 oI)
de C

was a and fhe mixturé'was stirre 01 room temperature for
3 hours7AHer thes reactiorewasierminated y-3.86 (45, m), 4.30(1

t, J=5 Hz).
(69c) 2-(((3-methyl-4-(2-(2-methyl-1,3-dioxolan-2-
10 vyl)ethoxy)pyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt
[0641]

[Formula 290]

[0642]

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 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
yvellow 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),



sequentially adding water (0.68 ml), a 2N aqueous 20 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, - 313 - 97.3% yield)*4*acolorless oil. iH NMR(400 MHz,
DMSQ-d6)Sppma 1. 23k, ), 1.84 (28 t.u)=d Hz)- 8344(2H, di.. 356, 7 Hz),
3.55(2H, d, J=12 Hz), 3.60(2H, d, J=12 Hz), 3.72-3.89(4H, m), 4.31(1H, t,
155 B FPacym (S maiie o8 Heiia a7 & T 29 Lo R,
tetracxaspirofd. 5decr8eylyethoxy)pyridin-2-
yl)methyl)sulfinyl)-IH-benzimidazole sodium salt [0663],10 lj;\FormuIa 301] O
00 IRV 1AL SUN'N N&T0664] The Samerocadlife a8in the steps
(4) to (4D-efExample 4 was repgated using 2:Ermethyl-
1,4,7,9-tetraoxaspiro[4.5]dec-8-yl)ethanol obtained in 15 the step (73b) above
to obtain e fitls cornpodid (298 Lnes total 151o%yiglt) akta white solid. iH
NMR(400 MH: ,al%/hseo-d6)8ppm; 1.38(3H, s), 2.11-2.20(5H,

[0643]

[Formula 291]
07,
(0]
SSek
Tl
\
@l\?—§ SN
Na

2= (((3-methyl-4-((2-methyl-1,3-dioxolan-2-

10 [(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
15 dissolved in water. To the solution, dichloromethane
and a saturated agqueous ammonium chloride solution were
added. The aqueous layer was extracted further with
dichloromethane. 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@ X 25 cm
(manufactured by Daicel Chemical Industries, Ltd.),

mobile phase: hexane/ethanol/diethylamine=80/20/0.1



m), 3.62(2H, d, 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), 20 4.77(1H, d, J=13 Hz), 6.80-6.87(2H, m),
6.90(1H, d, J=6 Hz), 7.38-7.45(2H, m), 8.26(1H, 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)ethoxdpyridin-2 - 314 -
yhmetylsulfiny)-{t4:penzimidazqle sodium salt. [0665].[Fosmula, 302] b, O v
OO /NO/Oj \\>-S\N N Na [0666] 5 The same procedure as in the steps
(4f) toNd))oftExamptel4 was egpeateddising 2y (B-methyl-solution (100
1,4,7,9- tetraoxas iro[4. L%ec -8- )ethanol obtalned in the step (73b) above
nd SUhetHJEIE LRItz Ble- fiof SBtAIE Tt the Steb (474 to obtain

the titte- 18:cosppeund {188 tngatotalsb24%0 yisld)gs 4 whitesolide dhk i on
NMR(400 MHz, DMSO-d6)Sppm; 1.38(3H, s), 2.09-2.20(5H, m), 2.34(3H, s),
362(2He, J32 [z PE6EH, & TI=1D 4 3277-B392@H ay i 490@2H ong

J6H o) dJ13H)475( J13H 6.67(1H, d, J=8 Hz), 15
5 0(1Ee 4 LB Mo T 20RH S Y Bt s, ey et TR
residues were separately dissolved in water. To each

of the solutions, dichloromethane and a saturated
aqueous ammonium chloride solution were added. The

10 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

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 isomer free forms was

subjected to the same operation to obtain sodium salt

20 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.

25 'H NMR (400 MHz, DMSO-ds)dppm; 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



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)-IH-benzimidazole sodium salt 20 [0667] [Formula 303] vI
u--0,0 O0Oj] SNN Na 315 - 0668] The same procedure as in the steps
(5d) to (5h) of Example 5 (a reprecipitatidh operation was not performed in
oxidatipn step with 3-chloroperbenzoic 5 acid) was repeated using
2-(8-methyl-1,4,7,9- tetraoxaspiro[4.5]dec-8-yl)ethanol obtained in the step
(73b) above and 42elloro-2-methylpyridine 1-oxide obtained in the step (57a)
to obtain the title com oun 60 mg total 20 2% ylel as a Whlte solid. 10
iH NMR(400 MHz,'D é’§§ﬁprﬁ 13 7505 3=7 Hz),

3.59(2Ha g 97 2UH2) 3:64F4H & Ik hlz)a 8. E&éu@%(@ﬂagn),ﬁbé%]dd .45
J=12 Hz), 4.54(1H, d, J=12 Hz), 6.71-6.90(4H, m), 7.37-7.48(2H, m),
8:32(THP & I=6 #¥), 15 (ExARple 76 = (€429 metHyl-1 58,10 Low

tetragxaspirofd.p1undes - YN OXIPYIdNGS- 554 nm) .

(Analysis results) The retention time of a
sodium salt of the optical isomer having a short
retention time: 16 minutes, enantiomeric excess:

10 100%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-

15 Dbenzimidazole sodium salt

[0645]

[Formula 292]

gus s
NS
N N
Na
[0646]
(71la) 2-((4R)-2,2-dimethyl-1,3-dioxolan-4-yl)ethanol

20 [0647]

[Formula 293]



yl)methyl)sulfinyl)-IH-benzimidazole sodium salt [0669] [Formula 304] O o
J---1/0 //NO OONSNNNa 20[0670] (76a)
2,2-bis((benzyloxy)methyl)-1,3-dioxane 316 - 0671] [Formula 305] 000
[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)dBove, 1,3-propanediol (54 ml, 747
mmol), triethyl; @gthoformate (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
mixture, a saturatéd agueous 1€-sddium hydiogont carbonate solutiorBand,

ethyl egggtate yere addgd. The oré;anic Iaby7e yas washed with water and a
saling SolUtiBRT Hried SVer snhydr8ul sodfurn * stiffste) ad cdhcentrated. The

obtained ¢rqde Product-was: purifiet by silicacgehcaumn chromategraphy 45
(silica gel, elution solvent: heptane/ethyl acetate=1/0-3/1 gradient). Desired
frActions W€ edneestratedecoistait the title £bnTpomir £1.7.46%,the

reaction mixture, triethylamine was added and the
mixture was concentrated. The crude product was
purified by silica gel column chromatography (silica
gel, elution solvent: heptane/ethyl
10 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)dppm; 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, guint, 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]

20 [Formula 294]

N>_§ |
NS
N N

Na

[0650]
The same procedure as in the steps (4f) to

(49) of Example 4 (recrystallization was performed by



71.9% vyield) as a light yellow oil. iH NMR(400 MHz, DMSO-d6)Sppm;
1.60(2H, quint, J=6 Hz), 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-dioxane-2,2-diyldimethanol [0673] [Formula
306] -/31177 - HO>0OH 06 741 To a ethyl acetate (200 ml) solution of 2,2-
bis((benzyloxy)methyl)-1,3-dioxane (174¢ g;53.2 mmol) obtained in the

step (/82) abaye, palladium fydraxide 2, 2Qut26 L, (dry;hasishon carbon,

wet (water max. 50%))(1.7 g) was added and the mixture was stirred in a
hydrogerratmospirerecatreons tempperdatuce for46 dours. Tdhe reaction vessel
was purged Wlth njtro gen and a cat:;g'/st was regmved bg flltratlon and then,

ethyl 10" 4G8tAE wja%hlr{g NAs 5B GEd ThE filtratl WAS PEoreahtrated to

obtain the fitlg Lompound £4.67s4.0 §723% (vighd) asa yvhite: solid.iHsNMR (400
MHz, DMSO-d6)Sppm; 1.58(2H, quint, J=6 Hz), 3.47(4H, d, J=6 Hz),
380(4Hx0I=6 HY) YA USRI © 1 180=6 Pl (7BC) mrethy(O- ﬁ?e‘lmgn 13%,8,10-

tetraoxaspirol3 plundec g-yhagetate, 06491 [Formula 307 QXQ s c14) as
a light yellow solid.

'H NMR (400 MHz, DMSO-ds)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),

10 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-((4S5)-2,2-dimethyl-1,3-dioxolan-

15 4-yl)ethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0651]

[Formula 295]

[0652]

20 (72a) 2-((4S)-2,2-dimethyl-1,3-dioxolan-4-yl)ethanol



0" O O 0 20[0676] A mixture of 1,3-dioxane-2,2-diyldimethanol - 318 (4 g,
27 mmol) obtained in the step (76b) above, methyl acetoacetate (4.4 ml,
40.8 mmol), triethyl orthoformate (4.6 ml, 27.7 mmol), and p-toluenesulfonic
acid monohydrate (160 mg, 0.843 mmol) was stirred at room 5 temperature
for 4.5 hours. To the mixture, a saturated “aqueous sodium hydrogen
carbonate spjytion and ethyl acetate were added. The organic layer was
washed twice with water and a saline solution, dried over anhydrous sodium
sulfateFandhedncéntrated. 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). Desired fragtions were concentrated to obtain
the titte compound (1.60 g, 24.1% yield)Pasta colorless oil. 15 1H NMR(400
MHz, DMSO-d6)Sppm; 1.39(3HH§)1\L58\D6)3(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-
yhethanol [O[%%75]4?0 [Formula 308] © HO O j 0 [0678]

To (S)-(-)-1,2,4-butanetriol (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 reaction mixture, triethylamine (4 ml) was added
and the mixture was concentrated. The residue was

10 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),

15 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(1lH, dd, J=6, 8 Hz),
4.27(1H, quint, J=6 Hz)
(72b) 2—-(((4-(2-((45)-2,2-dimethyl-1,3-dioxolan-4-
yl)ethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-

20 Dbenzimidazole sodium salt



To a THE (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 - 319 aluminum hydride (300 mg, 7.9
mmol) was added at OC and the mixture was stirred at OC to room
temperature for one hour. After the reattibnwas terminated by sequentially
adding water {853 ml), a 2N aqueous sodium 5 hydroxide solution (0.3 ml),
and water (0.9 ml), anhydrous sodium sulfate and celite were added thereto.
The mixtareawas itrated through a glass filter. The precipitate was washed
with ethyl acetate and 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 go/%entrated to obtain the
titte compound (950 mg, 67.0% yield) as agoloHeSs-61l. iH NMR(400 MHz,
DMSO-d6)Sppm; 1.24(3H, s), 1.53-1.63(2HA. 15 m), 1.78(2H, t, JI=7 Hz),
3.43(2H, dt, J=6, 7 Hz), 3. (89, m), 4.80(1H, t, J=6 Hz). (76e)
2-(((4-(2-(9-methyl-1,5,8,1 Xagpiro Jundec-9-yl)ethoxy)pyridin-2-
yl)methyl)sulfinyl)-IH-benzimidaz®te sodium salt 20 [0679] [Formula 309] O J
o~NO

[0656]
The same procedure as in the steps (4f) to
5 (47) 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-((4S5)-2,2-dimethyl-1,3-

10 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),

15 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-

20 tetraoxaspiro[4.5]dec-8-yl)ethoxy)pyridin-2-

yl)methyl)sulfinyl)-1H-benzimidazole sodium salt



N 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-chloroperbenzoic acid) was repeated using 2-(9-methyl-1,5,8,10-
tetraoxaspiro[5.5]undec-9-yl)ethanol obtained in the step (76d) above to
obtain the title compound (228 mg, 5total'11.4% yield) as a white solid. iH
NMR(400 MHz,4aMSO-d6)Sppm; 1.28(3H, 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),
6.72-680(dH] any; 7836- 7.47(2H, m), 8.32(1H, d, J=6 Hz). 10 (Example 77)
2-(((4-((2,2-dimethyl-1,3-dioxan-5-
yI)methoxy)-3-methy|pyridin-2-yl)methyl)suIW9-
dihydro-lH-[l.4]dioxino[2.3-f]benzimidazo?e sodig 0681] [Formula
310]00 CO/Nj\ ON apnls {%06 e same procedure as in the
steps (5f) to (5h) above @ gprégipiia tiﬁ geration was not performed in
oxidation step with 3-chlorsper nzoic

[0658]

(73a) Methyl (8-methyl-1,4,7,9-tetraoxaspiro[4.5]dec-8-
5 vyl)acetate
[0659]

[Formula 299]

[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 (4.9
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
15 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 with a saline solution, and dried over anhydrous
sodium sulfate and concentrated. The crude product was

20 purified by silica gel column chromatography (silica



acid) was repeated using (4-((2,2-dimethyl-1,3-dioxan 20
5-yl)methoxy)-3-methylpyridin-2-yl)methanol obtained in the step (12b) and
6,7-dihydro-IH- [1.4]dioxino[2".3":4.5]benzo[d]imidazole-2-thiol to obtain the
titte compound (137 mg, total 25.8% yield) as a light yellow solid. - 321 iH
NMR(400 MHz, DMSO-d6)Sppm; 1.32&H:, s), 1.35(3H, s), 2.03-2.14(1H, m),

2.16(3H, ,S'),e%-ZQi%-ﬁZ&%ﬁ'vg})t3-%}%9%@'@'1:@3)145[0@4%%&9?8—%%—1/1
4.14(3H,'s), 4.32(1H, d, J=13 Hz), 4.75(1H, d, J=13 Hz), 6.83(2H, s), 5

6.92(dkhdj 9x6)Hz),B.26HH o, J=6:Eiz) ofExample7&ntrated to
6-(((4-((2,2-dimethyl-1,3-dioxan-5- .
ymetRSY)E3-Mthy oyt 2 yipdathyiysuifingly-sef - 0% vield) as a
[1.3]diexQle[4 5f]kenzimidazole sodium salt [0683] 10 [Formula 311] O,0 O
N~S N Na [0684] (78a) 5,6-dinitro-1,3-benzodioxol [0685] [Formula 312] 0
N°O b{W@RiquG%F, DMSO-d¢) 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

10 [0661]

[Formula 300]
ke
HO \;1/0
(0]
o)

[0662]
To a THF (40 ml) solution of methyl (8-
methyl-1,4,7,9-tetraoxaspiro[4.5]dec-8-yl)acetate (3.46
15 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
20 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,



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 - 322 7C. The
mixture was stirred at room temperaturé ¥ér 30 minutes and heated under

refluxygverpight. The reactionmixture was; stirred under ice-cool and
tetramethylammonium nitrate (4.07 g, 29.9 mmol) and 5

trifluororethamnesulionic antsiritie 6108 mi,.29.Bmmal) ,weresadded thereto.
The resultant mi>gture was stirred _at 20C for 6 hours.SThe reaction {T}ixture
was ¢ooled 13’ room termperiture &ndt a Satifrated aguesus soditm = 727
hydrogenseasbonate selutionand igewere added., The , 1Q mixture was stived
and the organic layer was taken out. The aqueous layer was extracted with
ethyl Fgdetate. The organic layers were combined, dried over sodium sulfate,

magnesiu IIf ind filtrated by silica gel, The filtrate was concentrated to
obtain@cme%:iﬂg@?m%%ﬁh (?4.4)8? 5%83@%%%’2%[& s’gglid. iH NMR(400

MHz,:eb3) Sppnt; .27 A es); -31 (2 8)=< (@) idin-2-
1,3-benzodioxol-5,6-diamine [0687] [Formula 313] NH2 O:a NHZ 20 [0688]
yl)methyl)sulfinyl)-1H-benzimidazole sodium salt
[0663]

10 [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
15 the step (73b) above to obtain the title compound (298

mg, total 15.1% yield) as a white solid.

'H NMR (400 MHz, DMSO-ds)dppm; 1.38(3H, s), 2.11-2.20(5H,

m), 3.62(2H, d, 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),
20 4.77(1H, d, J=13 Hz), 6.80-6.87(2H, m), 6.90(1H, d, J=6

Hz), 7.38-7.45(2H, m), 8.26(1H, 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-



A mixture of 5,6-dinitro-1,3-benzodioxol (7.4 g, 34.9 mmol) obtained in the
step (78a) above, and 10% palladium carbon (containing 50% of water, 1.09
g), methanol (200 ml), and tetrahydrofuran (50 ml) was 25 stirred in a
hydrogen atmosphere for 3 days. The - 323 reaction mixture was filtrated
and the filtrate was concentrated to ob&dii a mixture (6.48 g) containing the
title compoung,as a yellay solidyiH NMR(A00 MHz, DMSQ;d6)Sppm;
4.10(4H, hr s), 55.67(2H,s), 6.23(2H, s). (78c)
5H-[1,3]dioxdl6fR5-flbenzimidazole-6-thiol [0689] [Formula 314] \-SH O N
H [069%] 10 The rgixture (6.48 g) containing 1,3- benzodioxol-5,6-diamine
obtain&d e stef (78b) above was dissolved in methanol (100 ml). To the
mixture, carbon disulfide (30 ml) was added and Eh@ mixture was stirred at
room temperature for one day. 15 The reagti ixtufe yvas concentrated

under reduced pressure. To the soliiiﬁ/wi;, e cetate was added and

filtration was performec#he-sotid Was Twashed by alai g tetrahydrofuran,
ethyl acetate and dilutedshy@ lofte-aciaiand insoluble substance was 20
collected by filtration, dried undes reduced pressure

[0666]

5 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

10 compound (188 mg, total 12.4% yield) as a white solid.
'H NMR (400 MHz, DMSO-ds)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(1lH, d,
J=13 Hz), 4.75(1H, d, J=13 Hz), 6.67(lH, d, J=8 Hz),

15 6.89(1H, d, J=6 Hz), 7.20(lH, 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

20 [0667]

[Formula 303]



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. iH
NMR(400 MHz, DMSO-d6)Sppm; 5.99(2H,s), 6.74(2H, s), 25 12.36(2H, hr
s). - 324 (78d) 6-(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)-5H- [113]dioxolo[4,5-flbenzimidazole
sodium salt [g@9%} 5 [Formula 315]O/N 0O .:aN N Na [0692] The same
procedure as in the steps (5f) to (5h) of Example 5 was repeated using
(4-((2,2-dimethyl- 18 dioxen- Em)mewmya»@ methylpyddiee2-yl)methiamol 10
obtained in the ste 12b) above and 5

[1, 3]df§x8|o[>f5Ef1bé“ Z|ren|dt’az%ale?6°¥ﬁ‘1r8|%l§tjatr?é: i thB %8 {78¢) 8oV to

obtaip the Htigcompound (34 7 omds tetal R1:9%0yield) as-a whitensolids iH
NMR(400 MHz, DMSO-d6)Sppm; 1.32(3H, s), 1.34(3H, s), 15 2.03-2.13(1H,

m, zalfai(gH 1).53 743 BIFPHU )3, 9533 @ﬂz@hyﬁolwgizﬁrd J=7 Hz),
4.30(1H, d, J=13 Hz) HdJ 5,82 6,89(2H, 5)
oo R e e TR AR IO R seep

2-(((4¢((22-dumethyl-d,3-dioxan-5r20-2 - methylpyrldlne l-oxide
yI)methoxy)pyrldln -2-yl)methyl)sulfinyl)-6,7-dihydro-
tained in the step (57a) to obftain the title compound
(860 mg, total 20.2% yield) as a white solid.

10 'H NMR (400 MHz, DMSO-d¢)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(1lH, d,
J=12 Hz), 6.71-6.90(4H, m), 7.37-7.48(2H, m), 8.32(1lH
d, J=6 Hz).

15 (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] /\/’/\J/
@[ % ﬁ J

(76a) 2,2-bis((benzyloxy)methyl)-1,3-dioxane

20 [0670]



1H-[1,4]dioxino[2,3-f]benzimidazole sodium salt - 325 - 0693] [Formula 316] ,
O/ CO\NNO/ ON Na [0694] (79a)
4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-N,N- 5
diisopropylpyridine-2-carboxamide [0695] [Formula 31710 O N\N O [0696]
A mixture of the 4-chloro-N,N 10 diisopfaSylpyridine-2-carboxamide (5 g,
20.8 mmol) ;ghtajned 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 asnnlthe3step (lla), potassium hydroxide (2.57 g, 45.8 mmol) and
toluene (50 15 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 aSatlrated sagfine solution, dried over
magnesium sulfate and filtratedl The,fRrat®vgas ntrated

[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 50°C
for 14.5 hours. To the mixture, a saturated aqueous
10 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
15 (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-ds)dppm; 1.60(2H, quint, J=6 Hz),
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-dioxane-2,2-diyldimethanol
[0673]

[Formula 306]



20 under reduced pressure and the residue was dissolved in - 326 -
toluene-heptane-ethyl acetate and subjected to NH silica gel column
chromatography (elution solvent: n- heptane/ethyl acetate=2/1-3 1/1). The
fraction containing a desired product was concentrated and the 5 solid
residue was washed with heptane and ééllected by filtration to obtain the title
compound (5.39 g, 73.9%) as a white solid. iH NMR(400 MHz,
DMSO-d6)Sppm;1.09(6H, d, J=7 Hz),ﬁ.\Z’;S(BH, s), 1.36(3H, s), 1.43(6H, d,
J=6 Hz), 2.02- 10 2.10(1H, m), 3.5353%B5(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)py#dinr2-yl)methyl)sulfinyl)-6,7-dinydro- 15
1H-[1,4]dioxino[2,3-f]benzimidazole sodium salt [0697] [Formula 318] O-O
CO/N O _S N ON Racfdedg)ass same(pldtetiure aalintthesae tmanner

as 2911 We.sieRs AR AN (N ta (M) (a feprecipliation. eperafion was it
performed in oxﬂatloﬁ/step 3- chloroperbenzoic acl )\%as repeateo?
usingb€E2,2ed in the step (76a) above, palladium hydroxide
5 (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
10 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,
15 J=6 Hz).
(76c) methyl (9-methyl-1,5,8,10-
tetraoxaspiro[5.5]undec-9-yl)acetate
[0675]

[Formula 307]
T_Lo
~
0 O}o
O

20 [0676]

A mixture of 1,3-dioxane-2,2-diyldimethanol



dimethyl-1,3-dioxan-5-yl)methoxy)-N,N- diisopropylpyridine-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
(373 m, total 40.8% vyield) as a white solid. 5 iH NMR(400 MHz,
DMSO-d6)Sppm; 1.30(3H, s), 1.33(3H,)8 1.82-1.95(1H, m), 3.53-3.73(3H,

m), 3.79-8.9L(3H, ) 4 Jh(4kl 8k 4-38(1H, d I12 4i7)) 404K, dyJ5l2r
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 (Exaniple 80) &-(((4414-dioxaspird[4dinon-6triethyl orthoformate

ylmethoxy)-3-me h%/lgyridin-z-yl)meth lsulfin Q-lH- benzimidazole sodium
2alt [0809] [Rormia 316101 016 NS N “NA° 15 [0700] (602 Methyl
1,4-diexaspirel4 dinonanybrearboxylate A4 01] iRermula320] QtrOrQom

5 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

10 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.

15 '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]

20 [Formula 308]

SO

[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



0702] 20 A reflux condenser equipped with a Dean-Stark - 328 water
separator was attached to a round bottom flask containing methyl
2-cyclopentanonecarboxylate (2 ml, 16.2 mmol), ethylene glycol (994 g,
17.8 mmol), p- toluenesulfonic acid monohydrate (139 mg, 0.73 mmol), 5 and
benzene (30 ml). The mixture was heatét’under reflux for 2 hours. To the

reaction mpyre., rigthylaming (02 mi) was.added, andthgmixiure,was, nq

concentrated and purified by silica gel column chromatography (elution
solvehticethyktOaeetate/reptanec 19, 101 t6 obtaiprtheditieecerpoeaintdo(2.12

g, yield 70.3%% as a colorless oil. iH NMR(400 MHz, CDC13)Sppm;
1.59-1°2(AR M), 17721981 aH" 77 2106-2 P81k ), "2 b3(1HYt, J=8 Hz),
3.70(3E$4.n3.8614.0644H; 1y 15d(80b) d..4-dioxaspirof4.4lner-S-yimethanal

[0703] [Formula 321] O O HO [0704] To a suspension of lithium aluminum
hydriélg I20¥636 nig,116.6anmdl) ih diethylcetier (3G mIY,dmeéthd) -
A A A G T L
NOOMThe mixture was filtrated through a glass filter. The
precipitate was washed with ethyl acetate and
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.
'H NMR (400 MHz, DMSO-dg)dppm; 1.24(3H, s), 1.53-1.63(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-(9-methyl-1,5,8,10-
tetraoxaspiro[5.5]undec-9-yl)ethoxy)pyridin-2-
yl)methyl)sulfinyl)-1H-benzimidazole sodium salt

20 [0679]

[Formula 309]
0
e
=
SusUS RN

DN

N N

Na

The same procedure as in the steps (5d) to

[0680]

(5h) of Example 5 (a reprecipitation operation was not



temperature for 3 hours. Water (0.6 ml), a 5N aqueous 25 sodium hydroxide
solution (0.6 ml), and water (1.8 ml) - 329 were sequentially added at OC to
the mixture and the mixture was filtrated. After water was added to the
filtrate and the organic layer was separated. The aqueous layer was
extracted three times with ethyl 5 acetate.’The resultant extract was dried

over sadipm.suifaie, concentraigdnder reduced pressure. and, puyified by

silica gel column chromatography (elution solvent: ethyl acetate/
heptane=l/4 24 ) towbidipdthes title confpoured (V.99 yiekl 724%) as a
colorless oil. 10 iH NMR(400 MHz, CDCI3)S pm; 1.51-1.92(6H, m), 2.11-
2.18(3%?%?)??@@32?895(511—?,]Blr‘)‘fj@.%é-@’?]?,)(ﬁﬁ MY 3.88- 4 0204H Th)“ (8oc)
2'(((43@]6ﬂ'd(io%@$piﬂ{é"\/gn@B'%NHE@I’hOéWé'Stitle compound (228 mg,
methylpyridin-2-yl)methyl)sulfinyl)-IH-benzimidazole 15 sodium salt [0705]
[Forniflas22]' 0 & 0MANO2N K N [0708] L THe same procedure as in the

steps: (14a)10, 60 (14¢) of framplesia was repqated using fhe 1.4 ¢4 (2g,
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).

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-f]benzimidazole sodium salt

[0681]

[Formula 310]

o“(\o
o) N gﬂ o’k
[O:@N% SN
Na
15 [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-
20 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.



dioxaspiro[4.4]non-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. - 330 Note that in the same process as in the step (14c),
methanol was used as a solvent instead of ethanol. iH NMR(400 MHz,
DMSO-d6)Sppm; 1.42-1.80(5H, m), 1.86222.01(1H, m), 2.15(3H, d, J=7 Hz),
2282 AR 4B) BET0RRUOM, W4 02 433K, 1) 4380 113
Hz), 4.77(1H, d, J=13 Hz), 6.79-6.8 (SH, m), 6.89(1H, dd, J=2, 6 Hz),
7.37-7 A6{2H, Td)( Bi25¢1H, &, -J~<6(Bfz). {Exampl®81)82 (2H, m), 3.92-
2-(((4-((3,3-dimethyl-1,5 dioxaspiro[5.5]undec-9-yl)axy)-3-methylpyridin-2- 10
y|)me‘t‘hﬁfshgﬁnyﬁ‘-m-%e%éiéi%az%re dodiulf Salt 07 %‘]”‘[‘rcofrﬁula‘};ﬁ IRARS
ON & NyNas[G798] B1# 3.3;dimethyl:h Sxdipxaspisa[b3]ungdecan-9-ol 15

[0709] [Formula 324] O: J" o HO
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]benzimidazole sodium salt

[0683]

10 [Formula 311]
O/«\[T\O
o N Qﬂ o/k
A\
<OKIN>_ Sy
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



[0710] To the suspension of lithium aluminum hydride (748 mg, 19.7 mmol)
in tetrahydrofuran (40 ml), a - 331 tetrahydrofuran solution of
1,4-cyclohexanedione mono- 2,2-dimethyltrimethylene ketal (3.9 g, 19.7
mmol) was added at OC. The mixture was stirred at room temperature for 3
hours. After water (0.7 ml), a 5N 5 aquedifs Sodium hydroxide solution (0.7

ml), apg watey, (2.1, mi),werg sequentially added a,0C 49 the mixiures dhes

mixture was dried over sodium sulfate, filtrated, concentrated under reduced
pressurepard punifieddnr silicangelrcalamnehromatogyaphy (€lwtion solvent:
10 ethyl acetate/ heptane=1/2, 1/1, 2/1) to obtain the title compound (3.6 g,
yield:"0T-264)°4s B o6 bil. M1 NIMFE(400NiHZz CDEL3)SHpM; 0.97(6H,

s), 1.81+L:-6QH.y M)nrle 441-86(2H.a1) 2.0462.14(2Hom), ZeR0(f#Hs ¢k I=4
15 Hz), 3.74-3.84(1H, m). (81b)

2((4- (3B dimetRiH 1B ioRdspifo]s BlamdeéDe (5.03 ml, 29.9 mmol)

{c'));’ﬁéfe%m[%%‘%%oﬁlf ;ic i%;gz]%'%g“ eg%ﬁ?%”r"%%m'tlyﬁ benzimidazqle sogium, salt
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

10 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

15 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,
20 [0688]
A mixture of 5,6-dinitro-1,3-benzodioxol (7.4
g, 34.9 mmol) obtained in the step (78a) above, and 10%
palladium carbon (containing 50% of water, 1.09 g),

methanol (200 ml), and tetrahydrofuran (50 ml) was

25 stirred in a hydrogen atmosphere for 3 days. The



N Na [0712] The same procedure as in the steps (14a) to (14e) of Example
14 was repeated using the 3,3 - 332 -
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 procéss as in the step (14b), 5 after acetic

anhydride was,added, 10 equivalents of. tiethylamine refative tq.pyidine

1-oxide derivative was added to perform the reaction. In the same process
as in thestep: (dc)dtetrahydroefuran was used asa 48olyentmstedc ohg

ethanal. 10 jH NMR(400 MHz, DMSO-d6)Sppm; 0.90(6H, s), 1.62-1.94(8H,
m), 2 T8(3H: ) 3 ZBTRATA0 928 H2) G 35(1H U 213 Hz), 4.70-4.78(1H,

br), 4181k, d.0d=1a1Hz) 06183 - 6, 88&(2H, M), 6094 H. 1k J=6, Hz),
7.39-7.46(2H, m), 8.23(1H, d, J=6 Hz). 15 (Example 82)
29((43(164-diBxaspird{45)deée-8-s) -

Imeth -3: Ipyridin-2-yl)methyDsulfinyl)-1H- benzimidazol di
yimetho Smeltylylidn yomethybsuliny el beremidagols sodum
[0689]

[Formula 314]

0 N
<OI>H>_SH

[0690]

10 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.

15 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

20 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-ds)dppm; 5.99(2H,s), 6.74(2H, s),

25 12.36(2H, br s).



Na 20 [0714] (82a) 1,4-dioxaspiro[4.5]dec-8-ylmethanol - 333 - 0715]
[Formula 327] HO 0 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 moAdhydrate (200 mg, 1.05 mmol), and

benzeng (30 gli). The mixture yas heated ugdgr 10reflix for 3hotrs, Tothe
reaction mixture, trlethylamlne (181 [, 1.3 mmol) was added and the mlxture
was coridentrated dArtetrahydrefuran selutionnpi the Fesultant crude

substa?ﬁg was added to a ftetrah%drofuran 30 ml) suspensmn of lithium
aluminti 15 1R7dtde (1.31 g 345 Himoly & 6cS AfePthé fikture was stirred

at room tempggature for 7 hours, water (1.3 ml), a 5N aqueous sodium
hydroxide solution (1.3 ml), and water (3.9 ml) were sequentially added to
the mixerevdte0C L After dried over sodium sulfate, the 20 mixture was
filtrated. The filtrate was concentrated under reduced pressure and purified

by silica gel column chromatography (elutlorxf”wﬁﬁl‘@thyl

CII %ﬁ
© 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-f]benzimidazole-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-ds)dppm; 1.32(3H, s), 1.34(3H, s),
15 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-
20 yl)methoxy)pyridin-2-yl)methyl)sulfinyl)-6, 7-dihydro-

1H-[1,4]dioxino[2,3-f]lbenzimidazole sodium salt



acetate/heptane=1/2, 1/1, 2/1) to obtain the title compound (4.6 g, yield:
85.1%) as a colorless oil. 25 iH NMR(400 MHz, CDC13)Sppm; 1.20-1.33(3H,
m), 1.48 - 334 1.61(2H, m), 1.74-1.82(4H, m), 3.49(2H, t, J=6 Hz),
3.92-3.96(4H, m). (82b) 2-(((4-(1,4-dioxaspiro[4.5]dec-8-yImethoxy)-3-
methylpyridin-2-yl)methyl)sulfinyl)-1H-b&hzimidazole 5 sodium salt [0717]
[Formula 328]£337a0 N/ O~ \_S\N N Na [0718] The same procedure as
in the steps (14a) to 10 (14b) of Example 14 and the steps (7d) to (7f) of
Example 7#nwas repéated using the 1,4- dioxaspiro[4.5]dec-8-yImethanol
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. t in the same
process as in the step (14b), after acetic anhydride w dded, 2 equivalents
of triethylamine relative I\é—cc; de (feriyative” was added to perform
the reaction. iH NMR(4O %@)Si 21 1.23-1.55(4H, m), 1.65-

[0694]
(79a) 4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-N,N-
5 diisopropylpyridine-2-carboxamide
[0695]

[Formula 317]
OY\O
h@l@ O/i/
Y
0]
[0696]
A mixture of the 4-chloro-N, N-

10 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

15 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

20 under reduced pressure and the residue was dissolved in



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 - 335
- yloxy)pyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole sodium salt [0719]
[Formula 329] O-P O O N~O N5 N'N& G 0720] (83a)

4(5.9-dioaspirols Shan-Zexloxy N disapronylpyyiine:2-arhgxamide
[0721] [Formula 330] O-P O N YY O 10 [0722] The same procedure as in
the stepl(02c) of IExample 92hwas a¢peatadhysing 519dioxaspire{8t5]nonan-
heptane/ethyl acetate=2/1— 1/1). The fraction
containing a desired 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%)
as a white solid.
'H NMR (400 MHz, DMSO-ds)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-
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-dimethyl-1,3-dioxan-5-
yvl)methoxy)pyridin-2-yl)methyl)sulfinyl)-6, 7-dihydro-
15 1H-[1,4]dioxino[2,3-f]benzimidazole sodium salt
[0697]

[Formula 318]

O O

( Kj[ »éﬁr)(

The same procedure as in the same manner as

[0698]

20 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



7-ol 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. iH NMR(400 MHz, CDC13)Sppm; 1.12-1.31(6H,
d, J=6 Hz), - 336 1.74-1.82(2H, m), 2.24:2.34(4H, m), 3.45-3.63(IH, m),

3.72-3R7(1H, m), 3.90(2H,.4d. J=5; 12 Hz), 4.05- 4.15(2H, m), 4.36-4.44(1H,
m), 6.88(1H, dd, J=2, 6 Hz), 6.95(1H, d, J=2 Hz), 8.40(1H, d, J=6 Hz). 5 (6H

was rﬁﬂss@rigismcmo\v\%‘s,dmrﬂaﬁﬁé@mmh (theipeale of leH2O bontent at

(07291730 PormiCla $517 0P B HO N 0724] T 4 (ahyaiorCran (80

ml) selufignQf 4-{5;%dioxaspiro[3. 5]non -7-yloxy)-N,N-
diisopropylpyridine-2-carboxamide (1.69 g, 4.85 mmol) 15 obtained in the

step (83a)/hiHfGfh HiiminBs AydritReB52 Jméows mimol) was’ddéed at -6

Watet (055 oy 5K Sgeotis ot o éesr%f’u?%ﬁg‘}% SRR R

water4(1185 sal) were secpertip)lygddedi 2 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)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0699]

[Formula 319]

15 [0700]
(80a) Methyl 1,4-dioxaspiro[4.4]nonan-6-carboxylate
[0701]

[Formula 320]

[0702]

20 A reflux condenser equipped with a Dean-Stark



20 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 - 337 - 45.9%) as a white
solid. iH NMR(400 MHz, DMSO-d6)Sppih® 1765(2H, quint, J=8 Hz), 2.14(2H,

t, J=8 Hz).,2.23(2H .t J=8 H2). 3.1 1(@H dd,, 53, 13:H2), 3. 9%:4-062H, m),
4.44-4.49(3H, m), 5 6.82(1H, dd, J=2, 6 Hz), 6.96(1H, d, J=2 Hz), 8.25(1H,

d, J=6Hr)a (830)R (K4 (5,9-dioxaspiof3d.Simomg cplokyypyridie-2¢2 ml,
yI)metr%yI sulfin I%a-IH-benzimidazole sodium salt [0725%1 ]80 Formula 332] ~O
00 { 2SN NI [0728] THiE SAME procktiL e/ in'the st3Be (Oh) B (i) of

Example Swasuepeated Hsing thendn(pi®ate (139 mg, 0.73 mmol),
dioxaspiro[3.5]non-7-yloxy)pyridin-2-yl)methanol 15 obtained in the step

(83b)aasb etz 6bairt e Title - coripouRt(1O0eME2 thé tothPflield 8¢ B steps:

S T e Sl M D SR POERSR L o0 O
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.
'H NMR (400 MHz, CDCls)®ppm; 1.59-1.72(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 (80b) 1,4-dioxaspirof[4.4]non-6-ylmethanol

[0703]

[Formula 321]

HO

[0704]
To a suspension of lithium aluminum hydride
20 (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

25 sodium hydroxide solution (0.6 ml), and water (1.8 ml)



reaction mixture and stirred at room temperature for 25 20 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. - 338 iH NMR(400 MHz, DMSO-d6)Sppm; 1.56-1.70(2H, m), 2.04-
2.24(4H, m), 3.44-3.53(1H, m), 3.60-3.72(2H, m), 3.80(1H, dd, J=2, 13 Hz),

3.96(J K& J=2 Hz) 4 4l{1H, el 12 Hade 457 (LHL d, Jml2-Hz),,6;55(H, d,
J=3 Hz), 5 6.81-6.91(3H, m), 7.40-7.48(2H, m), 8.31(1H, d, J=6 Hz).

(Example-84 ¥ 2w§(&- (5, Ttdiexaspiro[2B]ect-6ater was added to the
ylmethox ridin-2-ygmethyl)sulfiréyl -5-fluoro-IH- benzimidazole sodium salt
10 [Oﬁ'}]&{%FmﬁfédS SFOPEFB" T F2¥50\ Y&\ RPRA [0728] (848)
2,2-digthexyethybbenzeate Q4295 Famua 334 Q [Prd0]etny1

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)®ppm; 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 1

O
OA@
%
N\yé(’)ﬁ
N N
Na

The same procedure as in the steps (1l4a) to

[0706]

20 (l4e) of Example 14 was repeated using the 1,4-
dioxaspiro[4.4]non-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.



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 30C. The mixture was stirred at room temperature for 167 hours and 50
minutes. After methanol and water - 339 were added to the mixture,
extraction with ethyl acetate was peffofmed- The obtained organic layer was
washgd,with 2 satyrated. aqueous ammanium chloride. sojutjon; satyrated
aqueous sodium hydrogencarbonate 5 solution, and a saturated saline
solutioat Adter drieds ovee dnhydrous inagnesiumtstdfate fthetimixtate was
concentrated under reduced ressure and Puri ied by silica gel colum
chromatdgraphy (ellition S6vents WEptane; ethyT %ubéy a(télphep%%meéll%&

Thereafter, 10, pwrificagionsay; silica get-column chromatographyt (elfion
solvent: heptane, ethyl acetate/heptane=1/100, 1/30, 1/10) was performed
a§ain’to’Gbtair? the title "¢ompotiAd {343, Yield D6.4%3 @sld light greedoil. iH

NMR&4Z§O M4-|Z/,7 %5:13 Spdpgi; 1é§4 6H6t,7]=_7 Hg),fzg& 1 32?8%% ),
3.72-3.82(2H m)q, 84021, d, J= ﬁg), 4:83(1H, 1. §2 ’H?}??. 5. .2&(@14,
m), 7&4-760(1H; my) 8.02:8:09(2kk o) (84h) 8.25(1H, d, J=6 Hz).
5,7-dioxaspiro[2.5{oct-6-ylmeth%ll benzoate [0731] 20 [Formula 335]00 \0'y
- (Example 81) 2-(((4-((3,3-dimethyl-1,5-

dioxaspiro[5.5]undec-9-yl)oxy)-3-methylpyridin-2-
10 vyl)methyl)sulfinyl)-1H-benzimidazole sodium salt

[0707]

[Formula 323]

oﬁk
(o
(@)
=
@“\H’C@
N N
Na

(8la) 3,3-dimethyl-1,5-dioxaspiro[5.5]undecan-9-0l

[0708]

15 [0709]

[Formula 324]

Nt

[0710]
To the suspension of lithium aluminum hydride

(748 mg, 19.7 mmol) in tetrahydrofuran (40 ml), a



/ 0 [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) - 340 - obtained in the step (84a) above, 1,1-
bis(hydroxymethyl)cyclopropane (15.6 g, 153 mmol), p- toluenesulfonic acid
monohydrate (2.64 g, 13.9 mmol), and*tdluene (100 ml). The mixture was
heated.under 5 refiux for 2 hours and.gooled to roonytemperature. To, the
reaction mixture, triethylamine (10 ml), ethyl acetate (100 ml), and silica gel
(50 g¥wiere addedy Tthel mixtuye was éericentia@ted and parifiedmhylsilica gel
column chromato(graphy é]elutio,n solvent: ethgl 10 acetate/heptane=1/30,
1/10)38Chtaihthe title dORpPBLAGTDS.8'G° yieTd 73°6%] ‘a8 ifjht yellow oil.

iH NMBR{#0Q MHzCBG13) Sppms0.32x0 392 ks 2)s 0(®8-706(2Ha M)y
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,
JE5 HAUTAT 1504872k R Fi52- 7558(H,am), (8.03-8.DD(2HN th) (82E)
5,7-di pir 2.5]oct-6- Irplethalno 0733] .[Formula,336] HO~~ Q Ou734]
o e A A e e il es)
mmobhebtainechindh@as dried over sodium sulfate, filtrated,

concentrated under reduced pressure, and purified by
silica gel column chromatography (elution solvent:

10 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

15 Hz), 3.74-3.84(1lH, m).

(81b) 2—-(((4-((3,3-dimethyl-1,5-dioxaspiro[5.5]undec-9-
yvl)oxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0711]

20 [Formula 325]

0]

=
N\>—éc’);(j
N N

Na
[0712]
The same procedure as in the steps (1l4a) to

(1l4e) of Example 14 was repeated using the 3,3-



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 O to 4C.
After the mixture - 341 was stirred at room temperature for 3 hours, a
saturated aqueous ammonium chloride solution was added to the mixture to
adjust pH to about 9. The mixture was tdhcentrated under reduced pressure

by abeyt the, o1amosint; of methangls £yl acetate, was added 19 the, residue

and the organic layer was separated. The aqueous layer was extracted with
ethyl aicetatecand(then sodivm chilonthe avas added 16 the obtaineddvdters
layer. The mixture was extracted with ethyl acetate and then 10 the Scl)grittganic

layerSer& ombinad and washed with d Satdrated safing sbititich. Sthig < -

organie ayernyas dried, overaahydroussmagnesiumrsuliate angdithen the
solvent was removed by distillation to obtain the titte compound (10 g, yield:
68.6%) hsa ectofless BN IS NMR 4009 Fz, EDEEB)SPFpmnts of

0.33-0.37(2H, 0.68- 0.72(2H, m), 1.87(1H, t, J=6 Hz), 3.28(2H, d, J=II
o), BaR(o, GH J, R, A TotHE A e 4 TR, oy T
(84d)24(§(4(hiddiovasgpir@@cn|oché- 20action. In the same process

ylmethoxy)pyridin-2-yl)methyl)sulfinyl)-5-fluoro-IH- benzimidazole sodium salt
[0735513[@6}”1&“3 S%W@-@@L,N@@ahydrofuran was used as a

solvent instead of ethanol.

10 'H NMR (400 MHz, DMSO-ds)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).

15 (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]
y 90 D
N\

©:>_S SN

(82a) 1,4-dioxaspirof[4.5]dec-8-ylmethanol

20 [(0714]



\N N Na|[0736] - 342 The same procedure as in the step (79a) of Example
79, the step (92d) of Example 92, the step (5f) of Example 5, and the steps
(9i) to (9j) of Example 9 was repeated using the 5,7-dioxaspiro[2.5]oct-6 5
ylmethanol obtained in the step (84c) above to obtain the title compound
(298 mg, the total yield of 5 steps: 14.1%} as a white solid. Note that in the
same operatign;as in the step (92d), ethanol was used instead of methanol.
In the same operation as in the 10 step (5f),
5-fluorB<dErbenziffidazole-2-thiol obtained in the step (52a) of Example 52
was used instead of 2- mercaptobenzimidazole. 1H NMR(400 MHz,
DMSO-d6)Sppm; 0.33(2H, dd, J3198 .%9(2H, dd, J=7, 8 Hz), 3.24(2H,
d, J=12 Hz), 3.92- 15 4.04(2H, m), 4.09(H[d, §=12 Hz), 4.43(1H, d, J=12
Hz), 4.50(1H, d, J=12 Hz), 4.94(1H, t, J=4 ¥2)/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). gﬁ;\g}ple 85) 2-(((4-(6,8-dioxaspiro[3.5]non-7 20
ylmethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-IH- benzimidazole sodium
salt [0737] [Formwar338]UQ 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 ml). The mixture was heated under

10 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

15 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 aqueous 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

20 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.

25 'H NMR (400 MHz, CDCls)dppm; 1.20-1.33(3H, m), 1.48-



\N~O N N Na [0738] - 343 - (85a) Cyclobutane-1,1-diyldimethanol [0739]
[Formula 339] OH OH [0740] 5 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 0C for 16 Hiinutes and 10 further stirred at

room tegmipesature for 15-minutes.  Fihe reaction was terminated by, adding
diethyl ether- water to the reaction mixture. The solution having precipitated
inorgénit’compounds was dried over anhydrous magnesium sulfate and the

solveng3 as 15 distilled off under reduced pressure tg obtain the title
compbugnv%)( 88 §' 100%) a8 2°C6IBHESS oil. ?ﬁ%mﬁ%@bﬁ‘ﬁww) 3T
CDCI3)Spppy 1 i+ -82(41 mak 199 196(3k mh 2-33(2H )z 3165(4H,
s). [0741] 20 (85b) 7-((benzyloxy)methyl)-6,8-dioxaspiro[3.5]nonane [0742]
[Fornfifld 340] Beb-P-b

[0717]

[Formula 328]

[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-



0 344 - 0743] A mixture of cyclobutane-1,1-diyldimethanol (2.88 g, 24.8
mmol) obtained in the step (85a) above, benzyloxyacetaldehyde (3.72 g,
24.8 mmol), p 5 toluenesulfonic acid monohydrate (214 mg, 1.13 mmol) and
toluene (70 ml) was heated under reflux for one hour while removing water
by a Dean-Stark apparatus. The reacti®fmixture was cooled to room

temperaiuts god; Kigthylaming (3,pl) \was added theretg. then,the, 18 solvent

was distilled away. The residue was purified by silica gel column
chromatbgraphky {silica gel: 200 g, elution solvent: ethyl acetate/
heptane=1/50-31/9) to obtain the title compound (3.8 g, yield: 48.7%) as a
white solid. &%E INMR(400 MHz, CDC13)Sppm: 1.54(2H, t, J=8 Hz),
1.90(2H, guint; I384Hz), 2.10(2H, t, J=8 Hz), 3.49(2H, d, J=4 Hz), 3.52(2H, d,
J=Il Hz), 4.00(2H, d, J=Il 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-ylmgthanol [0745] [Formula
341] 0C O OH O [0746] A mixture of 7-((benzyloxy)methyl)-6,8 25
dioxaspiro[3.5]nonane (3.8 g, 15.3 mmol) obgein

=

N\>—é9ﬁ
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)dppm; 1.12-1.31(6H, d, J=6 Hz),



- 345 the step (85b) above, 20% palladium hydroxide (800 mg), and ethyl
acetate (70 ml) was stirred in a hydrogen atmosphere overnight. The
reaction vessel was purged with nitrogen and a catalyst was removed by
filtration. 5 The filtrate was concentrated to obtain the title compound (2.0 g,
yield: 82.6%) as a white solid. iH NMRE4G0 MHz, CDC13)Sppm; 1.56(2H, t,
J=8 Hz)y [L.836LH o4 J=4) Hz) 1,9262H quint, 458 Hz),,2.10(2H, §,)=8,H2),
3.54(2H, d, J=II Hz), 3.60(2H, t, J=5 Hz), 10 4.02(2H, d, J=Il Hz), 4.56(1H, t,
J=4 Hz)70'24 87 (85d) 2+(((4698-tidkaspiro[3Sinon-7-yimethé&xyph3-

methylp ridin-2-yl)methy%) ulfinyl)-IH-benzimidazole sodium salt 15 [0748]
[Forrﬁlulg%(élzﬂ o N= O é_é'l%glﬁllﬁ’ N%[07 9% Hé saftie mJeIr%rferéasHizn)me

stepss(62¢) and £8d);tox(8) wassrepeated using-aicahol obtained in the 20
step (85c) above to obtain the title compound (198 mg, total yield 13.6%) as
a whité Bolig. SHNMR {40 MHE BMSOU6)SpphiPPsd (2H th JE8HRRak

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]

10 [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)

15 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

20 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



1.85(2H, quint, J=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, J=4 Hz), 4.38(1H, d, J=13 Hz),
4.76(1H, d, J=13 Hz), 4.86(1H, t, J=4 Hz), 6.83-6.85(2H, m), 6.92(1H, d J=6
Hz), 7.41-7.43(2H, m), 8.25(1H, d, J=6 Hz). 5 (Example 86)
2-(((4-(2-(5,5-dimethyl-1,3-dioxan-2-~ 337 ~
yhethpxy)-3ymethylpytidin=2-yhmethyl)sulfinyl)-1H- benzimidazole sodium
salt [0750] [Formula 343] O~O N N N Na 10 [0751] The same procedure as
in the BtepR(IE© Nig) of Biernple dowas répéatetiusingi5)5-difethyilzl 3-
dioxaé:e-z-ethanol (1.00 g, 6.24 mr?\%\lg to obtain_the title compound (138 mg,

0.31 MMGI) 4% a beige Sofitf. 15 iH NMR (400 MEZ° DMSO-de)Spsi: 29
0.68(3H3 5).11.09¢3H, §),93.96-207(2H, m), 216(3BH, s)o 3x4L(2k, d, J=II 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)3 4 ZH1HIY, IE13 HE),56)79-6 .88(2H mYl 6.96€LH.Zd, J=6 Hz) 1 H/
7.38-5.4@%@, 20 ), 8.25(1H, d, J=6 Hz). (Example 87)
2-(((4-(1,3-dioxolan-4-ylmethoxy)-3-
methylpyedine2yl)methy))sutfiinyatH:benzanidazele 7-yloxy) pyridin-2-

yl)methyl)sulfinyl)-1H-benzimidazole sodium salt
[0725]

10 [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
15 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
20 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.



sodium salt - 347 - 0752] [Formula 344] OO O--/ NN S N Na [0753] The
same procedure as in the steps (Ic) to 5 (Ig) 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. iH NMR(400 MHz, DMSO-d6)Sppm;
2.18(3H, s), 3.68-3.74(1H, m), 4.01(1H 12J=8 Hz), 4.06-4.17(2H, m), 4.33 10

4.43(2H bk A d §(Mﬂzd PTsd '#)y&ggﬁ (1H, Sk _4.944%H;5).. 8. 78-6.88(2H,
m), 6.93(1H, d, J=6 Hz 7.36-7.46 m), 8. 26(1H, d, J=6 Hz) (Example

88) SodinEalt of)an B)pﬁiéaBls@aXérf(shmvt,mB rétentiof2imdé) ofn) ,
2-(((4- ((g 2- dlmeth%l 1,3-diox an- 5 15

yI)me%ho 1115_15 § etﬁyﬁp’yn yl)m%tk?ﬁ)% Ifﬂnytly Hhehzimidazotd tH
[075Ad,[EQFMJ|§§)45]Q'5@K11N f'd//Ni‘iz Hz), 6.55(1H, d, J=3 Hz),

5 6.81-6.91(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-
yvlmethoxy)pyridin-2-yl)methyl)sulfinyl)-5-fluoro-1H-
benzimidazole sodium salt
10 [0727]

[Formula 333]

o)

oy
3o

Na

[0728]
(84a) 2,2-diethoxyethyl benzoate
[0729]

15 [Formula 334]

o)

[::T)ko/\w/O\//

0]

)
[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



S N N Na [0755] - 348 Another method of synthesis performed in Example
20 is described below. (88a) Optical isomer (short in retention time) of 2-
(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3,5- 5
dimethylpyridin-2-yl)methyl)sulfinyl)-IH-benzimidazole [0756] [Formula 346]
O~pK SN N H[0757] A toluene (4 mBSblation of 2-(((4-((2,2- 10

dimethyl-1,3-digxan-3-yimehaxy);3.5-dimetvipydding ¢ etny1
2-yl)methyl)thio)-1H-benzimidazole (500 mg, 1.21 mmol), zirconium(IV)

isoprepexidedsopropasiof complex (295 nodt diremmofeand layer was

N,N,N',N'- %) tetramethyl ‘2[ tartaramide (3 96 m% 1.94 mmol was stirred in
a 15 Hitfogeh Ahiosphere at40& for 8HE Nour ARG 8" $3idtiér Was cooled

to rO%ﬁ@%ﬂﬁ{QtlggtMutgdiS@W@h¥@mhﬁl@ (&1dr 2 PUPED Was
added and subsequently, cumene hydroperoxide (243 I, 1.32 mmol as the

cénterr Wes fidyarded a5 80%)wasaddeddiopaideition. After dried

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=1/100,
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)dppm; 1.24(6H, t, J=7 Hz), 3.58-

15 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]

20 [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)



20 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 - 349 layer was dried
over anhydrous sodium sulfate, filtrated*and concentrated. The residue was
purified by silica.gel.golump chromatography. (NH silica gel: 30 g, elution
solvent: ethyl acetate, ethyl 5 acetate/methanol 7:3, 1;1 gradient). The
fractibns (@omtamiyg e tifle compouneg were Collected withZethwb Bcetate and
concentrated to qbtain the title compound (328 mg, yield: 63%) as a

colorle®s 154 HPLE 101 Condiidivs) Sbibmn: CHIRACPAKCIA ™)/
(mangfactured by DajeelChemicallpdustiies, Lid H(Os46 cél X,28£M)
eluant: hexane/ethanol=3/2 (v/v), flow rate: 0.5 ml/min, detection: UV (254
nm). IS8T AmalYss resdlis) The retefifion 2iiné 017 Saiaes S exantiomerie®
excess: 99%ee, (88b) Sodium salt of an optical isomer. (shart in  retention
ey B0 2 (kB A BT 5 e A oy a) U
dimethydmatdin-2ryldmethyl)sidting)-1H enzmidazole ) [OVES [Rarmaula 347]

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.
'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-

15 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/\o(\ojv

[0734]

20 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 agqueous
sodium hydroxide solution (55.6 ml, 111 mmol) was added

at an inner temperature of 0 to 4°C. After the mixture



O--COK N NN Na[0759] - 350 The same procedure as in Example 20b
was repeated to form a sodium salt to obtain the titte compound (299 mg,
yield: 88%) as a white solid. HPLC 5 (Conditions) column: CHIRALPAK IA
(manufactured by Daicel Chemical Industries, Ltd.)(0.46 cm(p X 25 cm)
eluant: hexane/ethanol=3/2 (v/v), flow rafe: 0.5 ml/min, detection: UV( 254

nm). 10(Analysis resylts) Jhe relgption fime: 18,0 minyies, enantiomeric

excess: 99%ee. Specific rotation: a,22.4=+78.51 (c=0.5, EtOH). (Example
89) Sediumssaittiokam epticakbisonreryshortlinr 18aetentionitimeyof added
2-(((4- (2,C2-dimeth I-1,3-dioxan-5 6yl)methoxy -3, ,

5-dimety Pyt imethy Uyl LH-Benziibazole 7601 gt

348]g%ﬁa%o§dg${ﬂg@ed under reduced pressure by about the
5 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

10 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.

15 'H NMR (400 MHz, CDCls)dppm; 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-

20 ylmethoxy)pyridin-2-yl)methyl)sulfinyl)-5-fluoro-1H-

benzimidazole sodium salt
[0735]

[Formula 337]

[0736]



20 [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 - 351 -
dimethylpyridin-2-yl)methyl)sulfinyl)-IH-benzimidazole [0762] [Formula 349] O
--COOK NnO/XSNN H[0763] 5Ahixtare of 2-(((4-((2,2-dimethyl-1,3-

dioxan'S'yl)methoi(Mk?’sgﬁ@nﬁgwﬁp&l’ﬁig@'gé in the step (79a) of
yl)methyl)thio)-1H-benzimidazole (500 mg, 1.21 mmol) an

N,N, NN E)-4etia@metind- (B ctartafamide (396 agy 1 &. 22 mmbB i telpendis
ml) was dissolved b%/ heatingC 10 at 40C far 10 minutes, in a nitroge

atmoSphére "Hafitm trabutoxide 315 RE) 078 o)) Was'a 8‘%&?0 “the

mixtuge angfusthes stirednat thessame-temperaireofor ene beuk-After the
reaction mixture was cooled to room temperature, N,N-diisopropylethylamine
(90 |, 1Bre 5ol West added andsulsSetueritys cupteries Hyrlrepéroxide

e ST s e 5 00 e e gy
14.1%) as a white solid. Note that in the same
operation as in the step (92d), ethanol was used
instead of methanol. In the same operation as in the

10 step (5f), 5-fluoro-1H-benzimidazole-2-thiol obtained
in the step (52a) of Example 52 was used instead of 2-
mercaptobenzimidazole.

'H NMR (400 MHz, DMSO-ds)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-

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, 8 Hz), 8.37(1H, d, J=6 Hz).
(Example 85) 2-(((4-(6,8-dioxaspiro[3.5]non-7-

20 ylmethoxy)-3-methylpyridin-2-yl)methyl)sulfinyl)-1H-
benzimidazole sodium salt

[0737]

[Formula 338]

%}_é) _ |
N N

[0738]



hours. After a saturated aqueous sodium hydrogen 20 carbonate solution and
a saturated aqueous 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 - 352 column chroffatography (NH silica gel: 30 g,

elutiong solvent. ethyl.acetate, ethyl acetateimethanol 7:3, 1;1 gradient). The

fractions containing the title compound were collected with ethyl acetate and
concentratedotd3® obtain the title compound (206 mg, yield: 40%) as a
colorless foam. PI§C (Conditions) column: CHIRALPAK IA (manufactured
by Daic8r ERemical Ihdustries, Ltd.)(0.46 10 cm(p X 25 cm) eluant:
hexane/ethanol=3/2 (v/v), flow rate: 6.5 ml/min, detection: UV (254 nm).
(Analysis results) The retention timey&7.2 minutes, 15 enantiomeric excess:
90%ee. (89b) Sodium salt of an optjcalisomer (short in retention time) of
2-(((4-((2,2-dimethyl-1,3-dioxan-5- 9Hné&thoxy)-3,
5-dimethylpyridin-2-yl)methyl)sulfinyl)- 1H-benzimidazole 20 [0764] [Formula
350] O~OK [0740]

5 A tetrahydrofuran (50 ml) solution of diethyl
1,1l-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

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
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]
20 (85b) 7-((benzyloxy)methyl)-6,8-dioxaspiro[3.5]nonane
[0742]

[Formula 340]



N SN N Na[0765] The same procedure as in Example 20b was - 353
repeated to form a sodium salt to obtain the title compound (182 mg, yield:
84%) as a white solid. HPLC (Conditions) column: CHIRALPAK IA 5
(manufactured by Daicel Chemical Industries, Ltd.)(0.46 cm(p X 25 cm)
eluant: hexane/ethanol=3/2 (v/v), flow rafe* 0.5 ml/min, detection: UV (254
nm). (Analysigresults) 10 The retention time: 18.1 minutes, enantiomeric
excess: 89%ee. (Example 90) Optical isomer (short in retention time) of
2-(((4-((2,2-dimethyl+1i3dioxar-5-ygymethoxyy8;51 , 1-diyldimethanol
dimethglp%ridin-ZéyI)?ethylﬁulfin )-|[H-benzimidazole 15&0766] [Formula
351] 640X N&ard STPH [ LARDHEr MsthSd of synthesis Beformed
in Exaunple1 203 is-desariked below.. 72 ¢, 24.8 mmol), p-

5 toluenesulfonic acid monohydrate (214 mg, 1.13 mmol)
and toluene (70 ml) was heated under reflux for one
hour while removing water by a Dean-Stark apparatus.
The reaction mixture was cooled to room temperature and
triethylamine (3 ml) was added thereto, then the

10 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.

15 '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]
20 (85c) 6,8-dioxaspiro[3.5]non-7-ylmethanol
[0745]

[Formula 341]

[0746]
A mixture of 7-((benzyloxy)methyl)-6,8-

25 dioxaspiro[3.5]nonane (3.8 g, 15.3 mmol) obtained in



20 To a flask, (S)-(-)-2-(3,5-di-tert- butylsalicylideneamino)-3,
3-dimethyl-I-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 - 354 mixture was added to
a dichloromethane (3 mL) solution of 34> —

2-(((4: 42 2 dimpethyd; 1) 3-dioxan-5imethoXy) 3.3 nydroxide (800 mg),
dimethylpyridin-2-yl)methyl)thio)-IH-benzimidazole (500 mg, 1.21 mmol)
prepared int@anotherc#ask,cand then5 resalk nsixtureasas stieredvatrooam
temperature 1;10r 30 minutes. An aqgeous hydrogen\/peroxide squtionélSO )
was daded BY dividing the dount bf thé SBittion” into°15 tinfes (F'gFgér
time) fok 20 howrs and thes mixtureavas further stised dor 24 hours Aftera 1N
10 aqueous sodium hydroxide solution (3 mL) was added and the mixture
was stitfed for48 hours: s safurattd eou’ stdigihydrdgehtdgrbonate
solution and a .saturgted aqueous sgdium thiosulfate solution.were added to
e oS AT ther e o e Bty 16 vt gt Actate. The
orgartie layer(was dried over anlbydiousisadiunnsulfate] fikrated, and
concentrated. The residue was purified by silica gel column chromatography
(NH silids §éi'30 1, efatiori'édvent:” efifyi acetatet ethyi acétate/metidrdl 7:3,
1;1 20 gradieny), Thesfragtions cantajaing thetitle;compaund, wesecoliected
with ethyl acetate and concentrated to obtain the title compound (76 mg,
yield:4.5%) 28, colorlessifoam., 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
15 [0748]

[Formula 342]

0]

O

/\w/

0P
Na

The same manner as in the steps (62c) and

[0749]

(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.

'H NMR (400 MHz, DMSO-ds)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(2H, 4, J=10 Hz), 3.97(2H, d, J=10 Hz),



HPLC 25 (Conditions) column: CHIRALPAK IA (manufactured by Daicel
Chemical Industries, Ltd.)(0.46 cm(p X 25 cm) eluant: hexane/ethanol=3/2
(v/v), flow rate: - 355 - 0.5 ml/min, detection: UV (254 nm). (Analysis results)
The retention time: 19.9 minutes, enantiomeric excess: 45%ee. 5 (Example
91) Sodium salt of an optical isomer of 246 ~

(((3-methyl-4(1,5,9-trloxagpiro[5:Slndae-3y g1 4.76(1H, d,
ylmethoxy)pyrldln -2- yI)methyIjsqulnyI) IH- ben2|m|dazole ['0768] 10 [Formula
352] 0=+30HK)» 00 -NINa HO0769] @méletﬂhahol soRiion.odd 8bdium salt
(racem te) of 2-(((3- methyl -4- (1 B
trloxasr(}r f%%]u é dec-3- ﬁ%le‘thoxy%yrldfln?)é?l% , 8.25(1H, d, J=6

yl)methyl)sulfinyl)-IH-benzimidazole (192 mg) was prepared and separated
by HPLC (column: CHIRALCEL OD-H 2 cm(p X 25 cm (manufactured by
Daicel fiethical Shtdustries| 4:td 3; obiledshisser ethanditahesane=3/2, flow

rate: 3,0 miimin, detection wavelength: 254 M), 1) su1finyl) 18-
benzimidazole sodium salt
[0750]

[Formula 343]

10 [0751]
The same procedure as in the steps (lc) to
(1g) 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 'H NMR (400 MHz, DMSO-ds)Odppm; 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,
20 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



20 Immediately after fractions were obtained, a 1N aqueous 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 - 356 saturated aqueous
ammonium chloride solution. The organfc/layer of each of the fractions was
dried over aphydrous sodium sulfate, concentrated and subjected to
azeotropic distillation with diethyl ether. 5 The residue of the optical isomer
short i omreteAtor? fike was subjected to the same HPLC fraction, separation,
drying and concentration operations as mentioned above. The obtained
residue was purified by smcagelcmunn1chnﬁﬁaﬁiﬁ phy (NH silica gel 20 g,
10 elution solvent: dichloromethane, g)ic orepetharie/methanol=10/1).
Thereatfter, the same HPLG depa gtid , drying, concentration and
azeotropic distillation with dfe gfher as méintioned above were performed
to obtain a free form of the 15 opti¥al isomer (20 mg) short in retention time
as a colorless solid. The residue of the optical isomer long in retention time
was subjectedt®ithe same HPLC fraction, separation, drying, concentration,
and azeotropic 20 distillation with diethyl ether as mentioned above to obtain
a free form of the OpficF8EMer (EEHGFIoHy iR rétentidhtirie &5°a coforless

S@”d'(l-:l%h QH@QIQSI%M@%&%O@@&W@@d 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-ds)dppm; 2.18(3H, s), 3.68-3.74(1lH,
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(1lH, 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
retention time) of 2-(((4-((2,2-dimethyl-1,3-dioxan-5-

15 vyl)methoxy)-3,5-dimethylpyridin-2-yl)methyl)sulfinyl) -
lH-benzimidazole

[0754]

[Formula 345]

[0755]



subjected to the operation for converting into a sodium 25 salt in the same
manner as in the step (lli) 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 - 357 - as a colorless solid. 1H
NMR(400 MHz, DMSO-d6); With respeétto the sodium slats of both optical

isomers, the same, ghagt was, Qhigipedeas in the.case of ihe sdium salt
(recemate) 5 of 2-(((3-methyl-4-(1,5,9-trioxaspiro[5.5]undec-3-

yimethoxyjpyeidin-2iyl) sresioyl s finyd- 16+ benzimidazole. HPLC

(Condiéigns) column: CHIRALPAK OD-H 10 r%manufa,ctured,tl)%/ Daicel
ChemicafhdBieS Lta5(0'd6 (R 25 crmy Bftiant RexaRs/btivansi=4/1
(vIv), flow rates @5 mimin, detection: bs (280 yim ). LAnadysis: sesults) 15
With respect to the sodium salt of an optical isomer short in retention time,
the reténtsn ikt 36 hMindtes! Braitivmeric eikeess >898 0neersgecifiee
rotation: aD 573526+107.73 (c=0.32, 20 EtOH). With respect to the sodium salt
of an optical iIsomer long in retention time, the retention time: 44 minutes,

enantiomeniela 346]
o}
OTCO><
=
N\yéw
NS
N * N

H
[0757]
A toluene (4 ml) solution of 2-(((4-((2,2-

10 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

15 nitrogen atmosphere at 40°C for one hour. After the
solution was cooled to room temperature, N,N-
diisopropylethylamine (91 pl, 0.52 mmol) was added and
subsequently, cumene hydroperoxide (243 pl, 1.32 mmol
as the content was regarded as 80%) was added dropwise

20 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



excess: >98.0%ee. 25 specific rotation: aD21.1=-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 - 358 - benzimidazole
sodium salt [0770] [Formula 353] n~sp j=(O Na N 07- [07711 5 (92a)
4-chloro-N,N-diisopropylpyridine-2-carbokamide [0772] [Formula 354] CI Y

-TN N, Q {0431 Ehiony! chlaride,60yml, 823 mamal) was A0 diluted with

toluene (100 ml) and heated to 45C. To the mixture, N,N-dimethylformamide
(16 Ml 1207 awedl) avas added @ndethedresultant mixtinie svasstived i tleel
same conditions for one hour. To the mixture, picolinic acid (25 g, 203 rymol)

was addéd andthe T restiitiht mikite Wi Shiftéd Q80C t6-6ne hour and
20 miputes. Afterthe-reaction mixtyre wast seacentrated and

diisopropylamine (185 ml, 807 mmol)

5 acetate/methanol 7:3, 1;1 gradient). The fractions
containing the title compound were collected with ethyl
acetate and concentrated to obtain the title compound
(328 mg, yield: 63%) as a colorless foam.

HPLC
10 (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).
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-dimethyl-1,3-dioxan-5-yl)methoxy)-3,5-
dimethylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole
[0758]

[Formula 347]

[0759]



and acetonitrile (500 ml) were added to the residue, the mixture was stirred
at room temperature for 21 20 hours and 30 minutes. After the reaction
mixture was - 359 concentrated, the residue was separated with ethyl
acetate and water. The organic layer was washed with a saturated saline
solution, dried over anhydrous magnesitfh sulfate, filtrated and

concentrated. Thery Lesidie was purfied byssilicagel columB oy, as
chromatography (elution solvent: heptane/ethyl acetate) to obtain the title

compoewel(34d] g, yieldm63.69%6asma pale brownlisolidn i INMR{408 MHz,
DMSO-d6)Sppm; % 1(@6H, d, J=7 I-_|z)8 10 1.43(6H, d, J=6 Hz), 3.54-3.66(2H,
), 7RO 25, BB B Ty los6) it solla’
4-chloro-3-ethyl-NyN¥+ciisopropylpyridine-2- carboxamide [0774] 15 [Formula
355] N N 0[0775] To a tetrahydrofuran (dehydrated) (50 ml) solution of
ditsopropylamine (1C35 ¢ 133 simen! vbutylfthidrhRA56 Mhexane solution,

e 00 2 s e s it ST
for 3C:mynutess After the reaction
eluant: hexane/ethanol=3/2 (v/v), flow rate:
0.5 ml/min, detection: UV( 254 nm).
10 (Analysis results)
The retention time: 18.0 minutes,
enantiomeric excess: 99%ee.
Specific rotation: af2A=+78.51 (c=0.5, EtOH).
(Example 89) Sodium salt of an optical isomer (short in
15 retention time) of 2-(((4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy) -3, 5-dimethylpyridin-2-yl)methyl)sulfinyl) -
l1H-benzimidazole

[0760]

[Formula 348]

20 [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-



mixture was cooled to -70C, a tetrahydrofuran solution of the
4-chloro-N,N-diisopropylpyridine-2-carboxamide - 360 (2 g, 8.31 mmol)
obtained in the step (92a) above was added to the mixture and the resultant
mixture was stirred at -70C for 1.5 hours. To the reaction mixture, ethyl
iodide (798 |, 10 mmol) was added and®the resultant mixture was stirred at

-70C &9 QG fri3,,hows, T the reaction mixiure, a,SAMEAISD AGUEOUS, o) o

ammonium chloride solution' was added and extracted with ethyl acetate.
The organicllayeg was dried over anhydrous magnesium sulfate, filtrated and
10 concentrated. T@e residue was purified by silica gel column
chromatsgPaphy {elition solvent: heptane/ethyl acetate) to obtain the title
compound (1.9 g, yield: 85.1%) as a light yellow goltd./iH NMR(400 MHz,
CDCI3)Sppm;1.15(6H, d, J=7 Hz), 1.25(3H,oi/5_t<; z), 1.58(6H, d, J=7

Hz), 2.70-2.84(2H, m), 3.42-3.60(2H, 7R26(1H, d, J=6 Hz), 8.28(1H, d,
J=6 Hz). (92c) 4-((2,2-dim@C1"J\ -d@xa “5-jfl)methoxy)-3-
ethyl-N,N-diisopropylpyridi afbaxamide 20 [0776] [Formula 356] ill O
VN O N 0777] To a dimethylsulfoxide (20 ml) solution of

[0763]

5 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

10 at 40°C for 10 minutes in a nitrogen atmosphere.
Hafnium tetrabutoxide (315 pL, 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 ul,

15 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

20 carbonate solution and a saturated agqueous 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



the 4-chloro-3-ethyl-N,N-diisopropylpyridine-2 - 361 carboxamide (1 g, 3.72
mmol) obtained in the step (92b) above, oily sodium hydride, in oil (195 mg,
4.46 mmol as the content was regarded as 55%) was added at room
temperature. To the mixture, the (2,2-dimethyl-1,3 5 dioxan-5-yl)methanol
(598 mg, 4.09 mmol) obtained in Examplé (Ifa) was added and the mixture

was stitied gt 10pEhIEBRSLAIHIE fafl &P ihours, Ethyl acelatewqs ; added to

the reaction mixture. The mixture was washed twice with a saturate saline
solutienl Thetorganicy L0 dayeravas drigtyovercataydroustragnésiuns sulfate,
filtrated, and concentrated. The residue was washed with diethyl ether to

obtaiff 1RE 1it8 ‘ompdtiiid (520 "m} isia"36 9%} ds & figHt yetfow 88 R
NMR(AQQ MHdz,1CPCIA)Sppm; L 10¢1.22(QH o), 1,44 (3bh c15.8):149(3H, 9),
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),
3:86-3T8{2H, M 41'0L4.26(aR0 WY 6(ZPAHIY, J=6HZ), 8.82(11/sd2a)=6
Hz). @02%2 I(%-e(g,chcljirrgnethyl-l,3-dioxan-5-yl)methoxy)-3- 20

ethylpyri |n-2-y6metﬁahol [0778] [Formula357]00 o HO N [0779] To a
tetrahydrofuran (18mmt) solution of the

(Conditions) column: CHIRALPAK IA
(manufactured by Daicel Chemical Industries, Ltd.) (0.46
10 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,
15 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) -
l1H-benzimidazole
20 [0764]

[Formula 350]

[0765]

The same procedure as in Example 20b was



25 4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3-ethyl-N,N - 362 -
diisopropylpyridine-2-carboxamide (520 mg, 1.37 mmol) obtained in the step
(92c) above, lithium aluminum hydride (156 mg, 4.11 mmol) was added
under ice-cool and the mixture was stirred under ice-cool for one 5 hour. To
the reaction mixture, water (0.2 ml), a 2N Jaqueous sodium hydroxide
solutipn (0.2 mi)..and-water, (Q.6:mi}wers sequeptially added. Then,mixture
was filtrated through celite and the solvent was distilled off from the filtrate
underreducedipressuregt o aitl ethéanol €20 alysolutionadfithe residue,
sodium borohydride (51.8 mg, 1.37 mmol) was added and the mixture was
stirred at room terﬁgércature for one hour. A saturated saline solution was

added to the reaction, Jaidture, Hhe-mixiure wasrextragtedrwith ethyl acetate.
15 The organic layer was dried over anhydrous magnesium sulfate, filtrated,

afd coreenfratéd tedbkinkrérsle Preaacedf thedtithe eampounti(4560mePe
yield: 1J(p8°{9)?$ a Ii)ght yellow solid. iH NMR(400 MHz, CDCI3)Sppm;
1.09(31) 357 HZ) 1.43(3H, 20's), 1.49(3H, s), 2.14-2.22(1H, m), 2.52(2H,
g, J=7 Hz), 3.90(2Hpddl=5eck2 7)4108+4 22(4Bl, M)/ A 71@HwShate:
6.76(1H, d, J=6 Hz), 8.31(1H, d, J=6 Hz). (92¢)

2-(((42((2, P biMiéthyl LB i 5-yméthoxy) -

ethylpyridin-2-yl)mgthyhsulfinyl)-ld:henzimidazole 25 sodium salt - 363 -
0780]

10 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
15 [0766]

[Formula 351]
(0]
(o) =
.
* N

Another method of synthesis performed in

= _=Z

[0767]

Example 20a is described below.

20 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



[Formula 358] IN a N 0-/-- [0781] The same procedure as in the steps (6d), 5
(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 5ofid.*.0"iH NMR(400 MHz,

DMSQ:d6)3rPm:L0Z(BH 4t J57-H2) 1 33BHe $).1:35(3Hn8), 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, 8- 0£10-HZY, 4366k tchyI=13 Hz)i dFPAHd, \IetThbizy,) -3, 5-
680698(2H m), 6,93(1 15dJ6HZ 7,38-7.48(2H, m), 8281H d'SJG
ooy A B S s e L S st 1536

5(hnmﬁhWPYE@Wh%dd»“%@@@§HEWYDn another flask, and the
6,7-dihydro-IH-[1,4]dioxino[2,3-flbenzimidazole sodium salt 20 - 364 - 0782]
[#b”ﬁméqﬁﬁnmj{pqr@ @qﬁqESQ;ngqq¢¢ room temperature for 30

minutes. An aqueous hydrogen peroxide solution (150
Ll) was 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

10 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 aqueous sodium thiosulfate 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
chromatography (NH silica gel 30 g, elution solvent:
ethyl acetate, ethyl acetate/methanol 7:3, 1;1

20 gradient). The fractions containing the title compound
were collected with ethyl acetate and concentrated to
obtain the title compound (76 mg, yield: 15%) as

colorless foam.

HPLC
25 (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:



Na [0783] 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-dimethylpyridi®:2-yl)methanol monohydrate

obtained in, the, sameymanner 3s.inExample 10,96(5) to azeotropic distillation
with toluene, and 6,7- dihydro-IH-[1,4]dioxino[2',3":4,5]benzo[d]imidazole-2-

thiol, to obtain the thleedormpeund(895ang, total 61. 7% yield) as a white
solid. 1H NMR(400 MHz, DMSO d6)Sppm; 13 (3H, s), 1.35(3H, s), 15
2.00-2.13(1H, m), 2'T8(6H, 8" 3%0- %%(4# i é“éﬁluﬁeo%'(zH m), 4.14(4H,

s), 4.3hEkH,1dnl712 Hz) - 45 20(Ut ot J=12 H2), 6-82(2H s), 8.19(1H, s).
(Example 94) 2-(((3-methyl-4-(2-(8-methyl-1,4,7,9-

teirao@S@ﬂ@{@S?déc 8ogljethogy)pyrigin-2@ptical isomer of 2-

yI)me y quln 7dg]y o 14d|oxmo nzimidazole sodium
salt [o 8 ?Ia36 i H° LS 0y 1 %%]F a 0785] The

sameypmelduﬁ@ ﬁﬁyiﬁih&rﬁ&p&(?)d\)eﬂﬂqyl )sulfinyl)-1H-
benzimidazole
[0768]

10 [Formula 352]

\
©[N>_*S SN
Na

[0769]
An ethanol solution of a sodium salt
(racemate) of 2-(((3-methyl-4-(1,5,9-
trioxaspiro[5.5]undec-3-ylmethoxy)pyridin-2-
15 vyl)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).
20 Immediately after fractions were obtained, a 1N aqueous
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



(5h) was repeated using the 2-(8-methyl-1,4,7,9-
tetraoxaspiro[4.5]dec-8-yl)ethanol and 6,7-dihydro-IH 5
[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% vyield) as a
white solid. iH NMR(400 MHz, DMS0-88§Sppm; 1.39(3H, s), 2.05-2.23(5H,

10 m), 3.56-3- £3(4H, 1), 3. 753 334k, M) 4:02:4.22(6H.: BY), 4.31{dH, d,
J=13 Hz), 4.75(1H, d, J=13 Hz), 6.82(2H, s), 6.88(1H, d, J=5 Hz), 8.24(1H,

d, J=5 M0 i(Example 95) 24(4-(57-dioxaspirof2 Slocté-s dried over

Imeth )-3-methylpyridin-2-yl thylsulfinyl)-6,7 15 .
o BT PP ha ot ST SRSy e TG RHEh 381

0°-0Q. 2 & NoNa: [787] Thesasme precedure-as in thesteps (5f) to - 366
(5h) was repeated using the (4-(5,7-dioxaspiro[2.5]oct-
6<yImethoxy)-3-méthyigye i 2eyhethan sirdbtamediipeExanspleq2d} and

R O R

MHz, aM&Q+d6)Sppin;yQ.26-C.40(2HnaYn0:50-ion operations as
mentioned above. The obtained residue was purified by
silica gel column chromatography (NH silica gel 20 g,

10 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

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, concentration, and azeotropic

20 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

25 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



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), 10 4.33(1H, d, J=13 Hz), 4.76(1H, d, J=13
Hz), 5.02(1H, 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 (shortin 15
retention time) of 2-(((4-((2,2-dimethyl-£ 3/dioxan-5 yl)methoxy)-3,
5-dimethylpyrdin-2ylimethyl)sulfinyl)- 1H-benzimidazole [0789] [Formula
362] O~Ox \IN N N Na 20 [0790] (1) Optical isomer (short in retention time)
of 2-(([4NY(R, P4ditn ety - 113ielioxan-5-Yilmethee)<d;b- to the sodium
dimethi/lp ridin-2-y|%meth¥:%sull‘linyl)-lH-benzimidazole (429 mg, 1 mmol) was
dissofved ih SthaRal{0.85 mijHnd = 367° 5 1N Aquedlis sotfidrm Kydroxide

solutignddimbdl aumel) was added therete. Afterithe mixture Wasemate)
concentrated under reduced pressure and ethanol (0.85 ml) was added

therefd, tRe Miktureawhs tohicéhtratéed thder pediced 5 préssdrs—3-

Tetrahydrofuran (0,85.ml) was added, and, then. tert;hutylmethyl ether (8 ml)
was } e%toOX aglfey]fﬁe mixfuré c%ﬁ&y fw?ﬁg tur]br}é)l.t}After the mixture
benzimidazole.

HPLC
(Conditions) column: CHIRALPAK OD-H
10 (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)
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.
specific rotation: a555=+107.73 (c=0.32,
20 EtOH).
With respect to the sodium salt of an optical
isomer long in retention time,
the retention time: 44 minutes, enantiomeric
excess: >98.0%¢ce.
25 specific rotation: af5ﬂ=—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-



was allowed to stand at room temperature overnight, the generated
precipitate was collected by filtration to 10 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)-iH-Béfzimidazole 15 (490 mg, 1.14

mmol, gnantiomeric 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. AftdrdthéOmixture was concentrated under reduced pressure and
ethanooéo .98 mI) W s added 20 thereto, the mixture was concentrated under
reduckc pri%%?ure 1ms operation was repeated twice. After ethyl acetate (6
ml) was added, the title compound obtalned in the step (1) (lot A) was added
as a seed to the mixture. The mix g{v 8ncentrated under 25 reduced
pressure. After ethyl acetate ( e title compound obtained
in the step (1) (lot A) was added as a se e fixture, the mixture was
allowed to stand at room temperature for one hoz_and 368 13 minutes.
Ethyl acetate (2 ml) was further added to the mixture, the mixture was
allowed to stand at room temperature overnight. The generated precipitate
was coIIecté@ﬂbVﬁltratlon to obtain the title compound 5 (309 mg, yield

6Q%)(l9t B) as whitg crysfals (3) 70« %}%ﬁéﬁ’ﬁg)ﬁﬁﬁé%uw%égnﬁ@@al

isomer (short in retention tlme) of 2-((( dimethyl-1,3-
[0772]

[Formula 354]

Cc
hl@
Ty
]
[0773]
Thionyl chloride (60 ml, 823 mmol) was
10 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
15 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

20 hours and 30 minutes. After the reaction mixture was



dioxan-5-yl)methoxy)-3, 5-dimethylpyridin-2-
yl)methyl)sulfinyl)-IH-benzimidazole (4 g, 9.31 mmol), 10 a 1N 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, undgr reduced, 15, pressure, After this pperatiopwas
repeated twice, ethyl acetate (80 ml) was added to the residue, the title
compotmda(iet Bhdbtained in théwstep (Brwas ladded a8 seetstrystal drid the
resultant mixture was allowed to stand at room temperature overnight. After

20 all6Wel f5-fuittHet stard St At 4 ovemight, e pratisitdte Yenerated
was collected by filtration to ahtain-thestitle gampound, (1-1.g, yieldy26.9%)

(lot C) as light yellow crystal. Part of the solvent of the filtrate thus obtained
was distilietreffirtierredbiced 25/pressure. PhReé resdltant crystal, after it was

aIIoweg to stand at room égqggerature ﬁor 2 hpLgs

as collected by filtration
{0 bttt e HdiaR o] (T an SoddeBh osprate Pt Aferatey

crystalo- 369a (4) Taanethanot (1 s solutioniofgn ppéical:isemers (short in
retention time) of 2-(((4%22},2-dimethyl-l,3- dioxan-5-yl)methoxy)-3,
5-dinfetRgIp§ridirR2lyHimetAyl)sulfinyl)-IH-benzimidazole (200 mg, 0.466 5

mmo_'%Heﬁ\f’mii%@%riﬁﬁ%,ce%ﬁ:s@-&fﬁ")gﬁém? IN aqyegus ssodium hydroxide
solution (466 |, 0.466 mmol) was added at room temperature, and thereatfter,
fHe mixtépg 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]

15 [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

20 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



was concentrated under reduced pressure. After ethanol (10 ml) was added,
the mixture was concentrated under 10 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 aiff dissolved in ethyl acetate (4 ml)

and ethagol @ my). dn.fhenthe;tile,campoynd (ot D) ebtained in the, step

(3) was added as a seed and the mixture was concentrated under reduced
pressuideThe sesideienwas udisselvedtine2-pesparnel(0.4my and ethyl acetate

(4 ml) and then, the %Ig caoampound (kllot D) obtained in 20 the step (3) was
added 5574 S8ed’ Afte! éﬁlofv\(?é% {6 “stAR4 At roontempefatire; the mixture
was concentated cunder kpduced pressyre. Allerthe resptant mixturgnwas
dissolved in ethanol (0.2 ml) and ethyl acetate (3 ml), the title compound (lot
DY obtainetisiftheastiep 254(3) wras'added dtrednttempérature 45°a dewd 3
while, sfirring. In. abott 10.minutes, 4 precipitate started 1o emerge After
further stirred for about 10 minutes, the precipitate generated was collected
by filtsatiom 1 340cta obtaia the titleicompadnd {44 dngnyiekdk21%){let BEyias
white crystal. (5) Optical isomer (short in retention time) of 2-(((4-

((2,2-8lRBthyIee3 2i6xan-52) MeBicky)-3,8Y 6T was dried over
dimethylpyridin:2-yhmethy)sultinylyIi#-benzimidazola (340 mg, 0.792 mmol,
enantiomeric excess, 47%ee) was dissolved in ethanol (4.5 ml) at room
&ﬁnpeqﬂgﬁaandqﬁd. 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)®ppm;1.15(6H, d, J=7 Hz), 1.25(3H,
15 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(lH, d, J=6
Hz) .
(92c) 4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3-
ethyl-N,N-diisopropylpyridine-2-carboxamide
20 [0776]

[Formula 356]
0 0
14555t
A

To a dimethylsulfoxide (20 ml) solution of

[0777]

the 4-chloro-3-ethyl-N,N-diisopropylpyridine-2-



1N aqueous sodium hydroxide solution (792 RL, 0.792 mmol) was added
dropwise thereto. The mixture was 10 concentrated at 40C 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 aéifled to the mixture, the 15 mixture

was stirted, at foorm temperature, coliedted by filtration, and washed wigh
ethyl acetate (4.5 ml) to obtain the title compound (lot F) (230 mg, yield

64.3%p@a=za light yeHowisotidoideifiltrate wasisubjéétedto, tHe $amencl

operationttﬁ) obtain thettitle compound (lot 20&)}(47 mg, ield: 13.%% as a
light yellow Sofid ™ HPLC [EonditisHs) Colimn? CHIRRCPAK AD-A ="

(manufagtured by Daicel.Chamicaldndustries, L td.}(0246 16 ¥ 25 cm) 25
eluant: hexane/ethanol=I/l (v/v), flow rate: 0.6 ml/min, detection: UV 254 nm).
(Analysizxesuftsy Lonstine retenia tifite: ¥6.7 nittges, o371 R 1vpntidmeric

excess; J00neeq; Loy C; he refention ime; 7,2 mintes,  enantiomeric ..

excess: 100%ee; Lot D: the Fetention time: 16.8 minutes, 5 enantiomeric

excesssdD0%epckat ki ther eetention tiwarkd.0 minutes ; efantiomeric
exce%ﬁéggm?geéhe reaction mixture. The mixture was washed
twice with a saturate saline solution. The organic

10 1layer 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)®ppm;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(1lH, d, J=6
Hz) .

(92d) (4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3—-
20 ethylpyridin-2-yl)methanol
[0778]
[Formula 357]
0’\(\0
S Lot

| 0

=

HO N
[0779]
To a tetrahydrofuran (10 ml) solution of the

25 4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3-ethyl-N, N-



Lot F: the retention time: 17.1 minutes, enantiomeric excess: 39%ee; 10 Lot
G: the retention time: 17.1 minutes, 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)ymethyl)sulfinyl)- 1H-benzimidazole (1)

2,3,54rimet x'&g% m;&m%ez[%%@m&@ 363N Q) 20{0793L 19
acetic acid (1.43 kg, 23.83 mol), 2,3,5- trimethylpyridine (1.43 kg, 11.80 mol)
was added over b mieuteseAfte? 45 mimates, al35%hydregen peroxide

solution 1,%8 k? 1461.2 mol)4was added dro Wisg over 30- 372 minutels, the
mixturd Was Stirréd at'Boc fo 05CBveIGRE T6 e réddtion mikture Sodium
sulfite, {220r@) was added, Thesreaction mixidre was-poigedr ko gmixture of
sodium carbonate (2.5 kg) and water 5 (12 L) and the mixture was extracted

with érisitoformio (.09l Xe4): The ofgaric erobiainetiOwasméoncentrated
unil crystal pregipiated. Toihe, precipiiale. nfiexans @,31) was added: The
resultant mixture was stlr?‘/e unéler |Ce-coollovern|ght. }116
(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
10 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.
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.
'H NMR (400 MHz, CDCls)dppm;1.09(3H, t, J=7 Hz), 1.43(3H,
20 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, d, J=6 Hz), 8.31(lH, d, J=6 Hz).
(92e) 2—-(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3-
ethylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole

25 sodium salt



10 resultant solid was filtrated to obtain a desired compound (1.53 kg). (2)
2,3,5-trimethyl-4-nitropyridine 1-oxide [0794] [Formula 364] NO2_ N 15
[0795] To 98% sulfuric acid (4.93 kg, 49.3 mol), 2,3,5-trimethylpyridine
1-oxide (1.38 kg, 10.1 mol) was added. After 97% nitric acid (1.44 kg) was
added dropwise thereto over 50 minuté$,the mixture was 20 heated at 85C
for 4 hours. Thgrgaction mixture was poured to a mixture of ammonium
hydrogen carbonate (10.6 kg) and water (9.0 L). The mixture was extracted
with ethiyracétate §3.0 L X 3). The obtained organic layer was concentrated
and dried under vacuum overnight 25 to obtain a desired product (1.50 kg). -
373 (3) 4-ch|oro-2,3,5-trimethylpyridine 1-oxide [0796] [Formula 365] ClI N+
0- [0797] 5 To 2,3,5-trimethyl-4+ -oxide (850 g, 4.67 mol), water
(400 g) and 36% concentrate@& % 1 69 kg) was added and

the mixture

[0781]
The same procedure as in the steps (6d),
5 (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

o\

obtain the title compound (159 mg, overall yield: 25%)
as a light yellow solid.

10 'H NMR (400 MHz, DMSO-ds)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

15 d, J=6 Hz), 7.38-7.48(2H, m), 8.28(1lH, 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]lbenzimidazole sodium
salt

20



was heated to 70C. To the mixture, N,N dimethylformamide (115 mL) was
added and then the 10 resultant mixture was heated to 100C. After
completion of the reaction, the reaction mixture was cooled to 20C and
poured into a mixture of potassium carbonate (1.40 kg) and water (7 L). The
mixture was extracted with chloroform 2.9 L X 3), the organic layer dried
over 15 sodi Ifate and concentrated. The obtained crude product was
stirred for 2 hours in a mixture of diisopropyl ether (500 mL) and n-hexane
(1.0 UFanduthereaftér, sucking filtration was performed. The obtained wet
product was dried under vacuum overnight 20 to obtain a desired product
(666.4 g). (4) 4-(2,2-dimethyl-1,3-dioxan-5-ylmethoxy)2,3,5- trimethylpyridine
1-oxide [0798] [Formula 366] - 374 - O---CO~ JJ-LQ%?Q A mixture of
4-chloro-2,3,5-trimethylpyridine 1-oxide (8407Q), o}
(2,2-dimethyl-1,3-dioxan- ﬂnok'?( d toluene (2.52 L) was
heated under reflux 5 while vi content. While azeotropical
dehydration was continued; po s,dﬁjm hydroﬂde (0.58 kg) was added to the
reaction mixture over 3 hours and 45 minutes, and azeotropic dehydration
was continu[eé:i7 é%r]Z.S hours. The mixture was cooled to 30C or less,

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(lH, s).
(Example 94) 2-(((3-methyl-4-(2-(8-methyl-1,4,7,9-
tetraoxaspiro[4.5]dec—-8-yl)ethoxy)pyridin-2-
20 vyl)methyl)sulfinyl)-6, 7-dihydro-1H-[1,4]dioxino[2,3-
flbenzimidazole sodium salt
[0784]

[Formula 360]



10 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 15 layers were combined, filtrated
through celite, and concentrated underfetuced 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 LO\/;/ 00] [Formula 367]
0O--COK HO N H20 [0801] To a mixture of4- (2, 2@%-1,3-&%%-5- 5
yl)methoxy-2,3,5-trimet ding Nmo kg) and.sodium acetate
ide(1.10 kg) was added

dropwise over 1.5 houre”Afl hours the mixture was heated at 80C for
4.5 hours and cooled to an inner temperature below 10 30C or less, allowed
to stand, and concentrated under reduced pressure. The obtained residue
was drssolve ethanol (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. Afterel5 stiereghatdeom éemperatute forsh howrs and 4

minutes,
(5h) was repeated using the 2-(8-methyl-1,4,7,9-

tetraoxaspiro[4.5]dec—-8-yl)ethanol and 6, 7-dihydro-1H-
5 [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-ds)dppm; 1.39(3H, s), 2.05-2.23(5H
10 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(1H, 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-
15 dihydro-1H-[1,4]dioxino[2,3-f]lbenzimidazole sodium salt
[0786]

[Formula 361]
O/\!/\OJV
(0]
OO
Na

The same procedure as in the steps (5f) to

[0787]



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 20
water (1.2 L). The obtained organic layer was filtrated through celite and
concentrated. To the residue obtainedditsopropyl ether (1.15 L) was added
at a roem temperatyre, and fydherwarm waters(45Gy 74, ob) wasadded..
After crystal precipitation was - 376 confirmed, the mixture was stirred at
25C for phreclidur: yAftér-heptanec(3. 6 d)was poured, themhixtbeawasd stirred
overnight. The mixture was further stirred under ice-cool for 5 hours and then
filtratgg‘?g%%?aiﬁ%jf/eﬁ‘é“vc\i/ Hystal-Td e yaffow crystal obtained,
diisopropylethek (3,8 1) was addeciand theymixtiie svas dissolved at50C.
After insoluble substance was removed by filtration, the mixture was
gfadudiiydoolédicand allowerrerstaid @S Coverdight T obtaiiéd 1D
crystaalswas Iilltr‘gl]tgd an Wagge with heptane (0.5 L) and dried by air to
obtain a desiret prc?dluct (6. g). (6)

2-(((442 pvdimethyl4 3-dinxam-6-y pmethoxy-3¢5-0 . 40 (2H, m), 0.50-
dimethyl g/ridin-2-¥l)methyl)thio)-IH-benzimidazoIe [0802] 15 [Formula 368] X
N~S Rl.lé) pH, 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

10 4.33(1H, d, J=13 Hz), 4.76(1H, d, J=13 Hz), 5.02(1H, 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
15 retention time) of 2-(((4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy) -3, 5-dimethylpyridin-2-yl)methyl)sulfinyl) -
l1H-benzimidazole
[0789]

[Formula 362]

20 [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



[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 20 (2.1 L X 5, 1.75L X 1). To the
concentrated product obtained, toluene (393 mL) was added to obtain a
toluene solution (921 g) of (4-(2,2-dimedtyl-1,3-

dioxan-gyymethoxy-3,3:gimethylpyddingg-ylimethanel. 374 Tq the felyene
solution of (4-(2,2-dimethyl- 1,3-dioxan-5-yl)methoxy-3,5-dimethylpyridin-2-
yl)methaneld845. 7 gecontent: BI79%, amount=5218 gad.855muol),rated

tetrag}/drofuranO&ZJGOg mL), toluene (669 g]L% 5 and triethylamine 2375'3 9,
3.709" R0l wefé “Seqidntialy Bduet'h & nitrdgen tmdsphiere. “five dffktire

was stifred whjlegoling.with dry ice/ethanol « Frery3Qpindtes aftec initiation
of cooling, methanesulfonyl chloride (254.9 g, 2.226 mol) was added 10
dfopwiseSer 42 - minaés aAfter esmpietior? of arepwisea additigrd the maixture

was stirred under cooling by.an jce bath. After about 1.5 hours,
e e B e oL s IS B ok
2.226- ol nwas paureddadhe mixiwre fon Zominuteszs:-and the mixiiterwas

stirred at room temperature for about 18 hours. To the reaction mixture,

tolueHé 13653 Oty wias BOaRSH ahd 202094 RIREGUSHURs Soditim Ay droxide
solutign{1852.4,9), and;fyrther H20 (2322 rab) were, added. I thisway,

extraction and separation were 20 performed. The organic layer was washed

fWiceakitlran 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

15 (490 mg, 1.14 mmol, enantiomeric excess: 98%ee) was
dissolved in ethanol (0.98 ml) and a 1IN agqueous 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

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 mixture. The mixture was concentrated under

25 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



20% w/w aqueous ammonium chloride solution (4174 g) and further washed
with H20 (4174 ml). The obtained organic layer was concentrated under
reduced pressure (40C) to obtain brown oil 25 substance (2.40 kg, containing
toluene 1446 mL, tetrahydrofuran 168 mL, calculated from 1H-NMR
spectrum). The brown oil thus obtained3%4s transferred - 378 to a

crystalization, coatainer, washed down with tojueng (F19 mlb), anddbe « o

mixture was stirred at room temperature. After 10 minutes, tert-butyl methyl
ethert{E34miuwas polured axduithe mbdurel Wasscbritimusushdb stirrecbat

roomttergperature. After 20,m}i1ntutes ﬁjrther tert-butyl methyl ett_‘her (127 mL)
was d0AEFTRAGTRE MiKTLPd WS continuGiidly stred atroont temperattre.

After 301minutes, fwther tertbutyhmethyhathen (266 mb) was-addedng
dropwise for 20 minutes, and the mixture 10 was continuously stirred at room

tempértira After: o mitfuté L firtier drdpwisé adaitioitéftert-butyl methyl

ether (322, was stated. Alter 8 minules, GVsiel preciplialion was, .,
confirmeéd. The dropwise addition was terminated in one hour and 20
minuteshdbtAfier theckastitant mixkire ava stirred-at ropm-dempeatature for
40 minutes, heptane (2348 mL) was added dropwise for one hour and 17

MinuesCEAd Te Hixfiire RAY stitred St RS0M témperdiute Gvernight. About
15.5 boyrs.after dropwise gdditien of .20 heptane, the crystal peacipitated

was subjected to

10 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

15 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

20 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

25 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.



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 (50C) to obtain a desired product. 25 Yield: 619.0 g, content:
96.5%, amount: 597.3 g, yield: 77.8% (amount base), HPLC purity: 98.0%
<HPLC analysis conditions (reactionch&tk, HPLC purity measurement and

quantifiGation)z; 349, Gelimn:oY MG-Pack Rro,¢ 18A3:302,(5 Jim, 4.6.4u0- X
150 mm 1.D.) Eluent: A solution (MeCN/20 mM AcONH4 ag.= 100/900
(v/v)),(Brsolatiom (MeCN200mM AcONEZ 2¢.£(800/200, 5w Hhow rated -

1.0 mL/min Detection: UV 254 nm_Oven temp.: 25C Sample temp.: 25C 10
GradiHt ESRaltion (TGS §31Toh COMES 0.0 HAING%-25 min/10056-30
min/ 100963001 yain{@%n4Q ) min/stop Rilw 48 Amin (2oGrude sodiuyy salt of
an optical isomer (short in 15 retention time)of
2J((Am2-dirrethyliPBedibRafB-9ffmethoxysse) » @ LN aqueous

> dimely gyl dmetysyliny)- tbepimgagols 0804 [Fomue
added at room temperature, and thereafter, the mixture
was concentrated under reduced pressure. After ethanol
(10 ml) was added, the mixture was concentrated under

10 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).

15 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

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

ml), the title compound (lot D) obtained in the step

25 (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



O -S" N Na 20 [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 - 380 (+)-tartrate, and
N,N-diisopropylethylamine used in the reaction was measured by the Karl
Fischer technique (total amount: 0.885°g)} ~

2-(((4: (2. 2rlimethyle L, 3cdioxan-5s¥DMEtRONY 45 g, yield 213%) (lot E)

3,5-dimethylpyridin-2-yl)methyl)thio)-1H-benzimidazole (580.3 g, content:

96.5%sanfourg: 560.9cg,11.354 mol), toluene (3864 mL), and H20 (2.81 g,

0.156 mol) were sequentially added in a nitrogen atmosphere and the
&

mixtufe wad St g Réathig at 6ot After s LOTRInUBS, didthyl (¢ 4-
L-(+)-tartrate{122:9.¢91 0596 mohk was,added with ig)yene £560 mL) to the

resultant suspension, and the bottle of the reagent was washed down. After
36 mihttes ndidsolaiidnwas confinhed L siedrtg minlte's] tieamiganiygzole

tetraisgpropoxide, (77,09 15 g, 0.271 mol) was .added and the hottle of the
reagort e okt e e ) Eh e Ssuant Mt was
stirred whilel heating a the.same( 4emperature fopahouenpetir&hend a
mixture was cooled to 8C and N,N-diisopropylethylamine with toluene (280
20 mEJwasisdied 6561047, 0/742° M85, aAd thén the’ 22 ML, 0.792

mmol) was added dropwise thereto. The mixture was
10 concentrated 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
15 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
20 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)
25 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,



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 8C for 25 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. Totheargapig layer, a 4% w/w aqueous - 381 sodium
hydroxide solution (2240 g) was poured and the mixture was stirred, and

allowed to stand. Th¢ aguedus faferwasseparated 10 chtainarn agueous
solution of an optical isomer (short in retention time) of 2-(((4 5

(2.2- Bty T S doxaRE ety 55-
dimethylpyridin-2-ymethyhsdfiny)-di-benzimidazole; extracted with the
agueous sodium hydroxide solution as a brown-yellow suspension. To
tolueE {P840TRE) the >sslation {2 F8Rg) of an optical isomer (short in 10
retention time) of 2-(((4-(2,2-dimethyl-1,3-dioxan-5- yl)methoxy-3,
5-dimethylpyridin- Egy rﬁétrlz%esuﬁﬁﬁ/ Ijldlﬁ%e%%“rﬁidaiz%?e% o ARES it the
aqueeus sodimrhydraxide solutiomzwas poured and the mixture was stirred.
To the mixture, a 20% w/w aqueous acetic acid 15 solution (400 mL), a 8%
aqueous NaOH sdititiof (56 ML), S4Rd a2094WhE aquéotis™deBticAcid

solutign (8L} were sequentiallyadded while stirring and pH was adjusted
to 8.64. The mixture was allowed to stand and separated, and the aqueous

leYyer was discardéchtTite 20ergartielayemwasmeashed withia 5% w/w
aquegggggyg%eric 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 vyl)methoxy)-3,5-dimethylpyridin-2-yl)methyl)sulfinyl) -
l1H-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



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) 25 1H-benzimidazole
(7.31 kg) (the content thereof: 567.7 g, 1.322 mol) as a brown-yellow
solution. To the toluene extraction sotutidrf obtained, a 28.3% methanol

solutign,pf.sodium methoxide (2436 g.5 38241.286me!) wassadded for one

minute while stirring at room temperature. Subsequently, to this solution,
tert-botyd methiyt ethef(1126 mte wascadded dropwiseodoul nsmutes,sand the
mixture was stirred at room 5 temgerature.,After 6 minutes, it was confirmed

that ¢ry/stalWad pred@pitated. The mixtare Was SoRtimtiousiy Sstirdt ft about

30 minutes.Furthermare, tedDutyl nethybether (849 mk) wasadded -
dropwise over 2 hours and 40 minutes and continuously stirred at room 10

temepadtré overfAight.cABot 13 hotrs aftek ety lmidthy Fether olasadded
dropwise, the crystal precipitated was -subjected. to .suction filtration, rinsed
with V}{o ugn%/tértf‘i’)utyl rﬁ%ﬁlﬁr&ﬁgﬁl&ﬁ %nru‘i%ilrﬂfﬁsaﬁésls dried with
vacuufos Abrmtuttesnthe weterystal thus ielitainediwvasdriechender
reduced pressure (40C) to obtain a desired product. Yield: 546.8 g, content:

101. PBSEMOLIME546 B ¢ 748 Hhe ‘Contehl WiRTediiddd as™T0%S ielhnt
90.9%(amaupt ,2Q.base), HRLC purity; 98.2%, gnaptiomericiexcess; 100%ee

10 resultant solid was filtrated to obtain a desired
compound (1.53 kg).
(2) 2,3,5-trimethyl-4-nitropyridine l-oxide
[0794]

[Formula 364]

15 [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

20 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

25 to obtain a desired product (1.50 kg).



<HPLC analysis conditions (reaction check, HPLC purity measurement and
quantification)> Column: YMC-Pack Pro C18 AS-302 (5 Jim, 4.6 mm X 150
mm 1.D.) 25 Eluent: A solution (MeCN/20 mM AcONH4 ag.= 100/900 (v/v)),
B solution (MeCN/20 mM AcONH4 aq.= 800/200 (v/v)) Flow rate: 1.0 mL/min
- 383 - Detection: UV 254 nm Oven temip.225C Sample temp.: 25C Gradient

conditign (time/B s0lution pengame%%gw@%;@ MiR/10096-30
min/100%-30.01 min/0%-40 min/stop RT= 14.1 min <HPLC analysis
conditions (éAdAtiomeric excess)> Column: DAICEL CHIRALPAK IA (4.6
mm X 250 mm "E)g) 10 Eluent: EtOH/MTBE= 150/850 (v/v) Flow rate: 1.0
mL/mif °D8ttion” UV 284 nm Oven temp.: 25C Sample temp.: 25C 15 (8)
Purified sodium salt of an optical isqner (short in retention time) of

2-(((4-(2,2-dimethyl-1,3-dioxan-5- yl)methoxy-3,
5-dimethylpyridin-2-yl)methyl)sulfiiy)y 1H-benzimidazole [0806] 20 [Formula
370] SN

(‘).
[0797]

5 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

10 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

15 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 vacuum overnight

20 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]



O-OK SN N Na[0807] To a crude optical isomer (short in retention time)
of sodium 2-(((4-(2,2-dimethyl-1,3-dioxan-5 - 384 yl)methoxy-3,
5-dimethylpyridin-2-yl)methyl)sulfinyl)- 1H-benzimidazole (536.8 g, 1.189
mol), ethanol (1074 mL) was added. The crude isomer was dissolved in
ethanol at room temperature. To the sofutfor; further 5 tert-butyl methyl ether
(1074 mL) was poured. The solution thus obtgined was subjected to suction
filtration through Hyflo Super-Cel bed Q_OJ@Q, ashed sequentially with
ethanol/tert-butyl methyl ether (1074 %mL/1 L) and tert-butyl methyl
ether (537 mL)), and 10 rinsed w ol/tert-butyl methyl ether (215
mL/215 mL). The filtrate obtained wag!transferred to a crystallization
container and washed down with etHa_moI/tert-butyI methyl ether (54 mL/54
mL) for full 15 transfer and started stf?ring at room temperature. Then,
tert-butyl methyl ether (1610 mL) was added dropwise for 6 minutes and the
mixture Was[%%%r]uously stirred at room temperature. After 11 minutes, tert-
butyl methyl ether (268 mL) was added dropwise for 2 20 minutes and the
mixture was continuausty stireds Aftenhone sninute,scrystahPrecipiaton was
confirmed.

l-oxide (840 g), (2,2-dimethyl-1,3-dioxan-5-yl)methanol
(688 g) and toluene (2.52 L) was heated under reflux
5 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,

10 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

15 1layers 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

20



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 25 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 température. - 385 About 22 hours after
dropwise additign pf tert-butyl methyl ether was completed, the precipitated
crystal was subjected suction filtration while spraying nitrogen, washed
sequéentialiyawith Bhanol/tert 5 butylmethyl 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 yitg | (531.10 g) was dried
under reduced pressure (50C) to obtaipr a desiggd product. 10 Yield: 419.6 g,
HPLC purity:99.4% <HPLC analysi irons (HPLC purity measurement
and quantification)> Column: YMC- Qckl Pr %18 AS-302 (5 Jim, 4.6 mm X
150 mm 1.D.) 15 Eluent: A solutior’ (M&CN/26 mM AcONH4 ag.= 100/900
(v/v)), B solution (MeCN/20 mM AcONH4 ag.= 800/200 (v/v)) Flow rate: 1.0
mL/min Detextion; UV 254 nm 20 Oven temp.: 25C Sample temp.: 25C

To a mixture of 4-(2,2-dimethyl-1,3-dioxan-5-
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
10 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
15 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
20 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



Gradient condition (time/B solution conc.): 0.01 min/0%-25 min/100%-330
min/100%-30.01 min/0%-40 min/stop 25 RT= 14.1 min [0808] (Production
Example 1) 2-(((4-((2,2-dimethyl-1,3
dioxan-5-yl)methoxy)-3,5-dimethylpyridin-2 - 386 -
yl)methyl)thio)-1H-benzimidazole [0809]'[Formula 371] “XX// O~ O~\ NN

N_ H Mr%é@) (éh(éz@iQ%‘%@%&é'Q%é‘ﬂWQWYQ&5ane‘ hour.
dimethylpyridin-2-yl)methyl methanesulfonate [0811] [Formula 372] "X/ OSO

N [0812]e10 (16 2adimethyltl, 3wdioxanB=ymethexy)xture was
3,5-dimethylp ridin-2-gl methanol (2.5 g, 8.35 mmol as the water content
was régardéd a7 28 )a’)hv%as d%seol\r?édgtiﬁrtgluweanse AR tREmisturehwas
subjegted twicedo-gzeotrgpicsdehydrationa Thedgsidue-wasdissolved i 15
tetrahydrofuran (30 ml). To the solution, triethylamine (2.33 ml, 16.7 mmol)
was agdedandalietal- To the yellow crystal obtained,

diisopropylether (3.5 L) was added 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

10 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]

15 [Formula 368]

[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

20 (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.



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 20 11.5 C for 2 minutes. The reaction mixture was
stirred - 387 for 13 minutes under the same conditions, diluted with ethyl
acetate and washed with a saturated aqu€ous sodium hydrogencarbonate

solution and a satyrated saling, sqlutions The Qroapic layes was;dried Qyer S
magnesium sulfate and filtrated through silica gel and the filtrate was

concéntbatedomrdersredlcedtpressure to-bbtairthedtittel compound (2.8 g,

93.3%%as ali ht orag%e SO|Id iH NMR%4OO MHz DMSO-d6 %Sp ]ﬁ<33(3H
&), LE1CHT G100 2,07 2:16(1H, 7). 293311, 8) 2 2605y 3223
3.81(2H; 6, M; 12:H2); 3:89625 402177 blgd oA 02(2H: sidi =4, 126HZr, )
5.29(2H, s), 8.24(1H, s). (Ib) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-
35- dﬁﬁéth%ﬁﬁfd?ﬁ@?l}ﬁ%tﬁ?ﬁtﬁi&) PH-BenZithideZole"$5$0813] [Formula
373] Oz-COX .N.NN »gho 814] Toa mlxture of (4 ((S anlmethy%l 3-dioxan-
5- yl)met oxyS”S % dimet yﬁpyrl in2- yi)met%yflzél met anesuffonate (500 mg,
1.39 mirehr2- was stirred while cooling with dry ice/ethanol.

From 30 minutes after initiation of cooling,
methanesulfonyl chloride (254.9 g, 2.226 mol) was added

10 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

15 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. 1In this way, extraction and separation were

20 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

25 substance (2.40 kg, containing toluene 1446 mnlL,
tetrahydrofuran 168 mL, calculated from 1H-NMR
spectrum) .

The brown o0il thus obtained was transferred



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 - 388 mixture
was concentrated under reduced pressure, and toluene and a 0.1N aqueous
sodium hydroxide solution were addedt6fthe residue and insoluble

substance was Jemaqued, by diltration. Ehe proanicjayerwas tgken out 5 and

the aqueous layer was extracted again with toluene. The organic layers were
combimediamwashéd Wwitti-a , satuvatedesaline- solativasdded oved sadiumon
sulfate, and filtrated. The filtrate was concentrated under reduced pressure.

The resitiie W8 dissolvdd T n'1o Peptarelettyt acetite’(1/1)and Subjetiéd

to silica gel rgolumnschromatography felutionsolvents 8-heptang(ethyh v
acetate=1/1-0/1) to obtain the title compound (549 mg, 95.5%) as a colorless
vidcoas bilr 4 NVIR(200 MHZPDMSO-E6)Spphe 1. 333 B) L 86 (BHr 8hels

2.05-2.16(1H, m), 2.20(3H, s), 2.28( ), 3.80(2H, dd, J=6, 12 Hz),
R R e A P L O e s Y
m), 70387 b 2k sm)p8iA{ Libh: §).1{084 5} 201 (Rrodustiondexaraple 2) e .
2-(((4-((2,2-dimethyl-1,3- dioxan-5-yl)methoxy)-3, 5-dimeth{lpyridin-2 P/I)
methﬁl%?ﬁB)-ﬁ%-%éﬂEﬁﬁiﬁazB}étt[bSiBfﬁiﬁr‘ B74yethyl ether 266

mL) was added dropwise for 20 minutes, and the mixture

10 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.

15 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

20 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.

25 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)>



N N H-389-0817] (2a) (4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy)-3,5-dimethylpyridin-2-yl)methyl 4- methylbenzenesulfonate 5
[0818] [Formula 375] O COX 00 N [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 g 684mp1ol) was added and the, mixtuge was stired gt
room temperature for 35 minutes. The mixture was further stirred for 10
minutesbunder ice-cool and p-toluenesulfonyl chloride 15 (1.09 g, 5.74 mmol)

was %dded Iit;IeAby Iit{le for one min% The re%ction mixtgre1 nga(sg%%rred at
room"tetriperatlire fort7 RBurd htl 40" miihuteSARY ditdted Wi

tetrahygrofuranzand then insalublevsulbstance was: 4empved by fiftsation. To
the filtrate, silica gel was 20 added, and the mixture was concentrated, and
subjetted td silica gel column chromatography (elution solvent:
n-hep}tﬁmvevlerth% ace}abe:rnjﬁ%g%obtain the title compound (1.00 g, 88%) as a
white solid. - 390"

Detection: UV 254 nm

Oven temp.: 25°C
Sample temp.: 25°C
10 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
15 retention time)of 2-(((4-(2,2-dimethyl-1,3-dioxan-5-
yvl)methoxy-3, 5-dimethylpyridin-2-yl)methyl)sulfinyl) -
l1H-benzimidazole
[0804]

[Formula 369]

20 [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-



iH NMR(400 MHz, DMSO-d6)Sppm; 1.33(3H, s), 1.37(3H, s), 2.03-2.11(1H,
m), 2.07(3H, s), 2.18(3H, s), 2.41(3H, s), 3.76-3.81(4H, m), 4.00(2H, dd, J=4,
12 Hz), 5.13(2H, s), 7.42(2H, d, J=8 Hz), 7.73(2H, d, J=8 Hz), 5 8.14(1H, s).
(2b) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-
3,5-dimethylpyridin-2-yl)methyl)thio)-1H:b&nzimidazole [0820] [Formula 376]

0" UK( +N N%@a@@?%ﬁ@ @1[WXM§£&5(£§%&%@H§}%}MH@3'Q%%n the
5-yl)methoxy)-3,5-dimethylpyridin-2-yl)methyl 4- methylbenzenesulfonate

(457 negp A0S M), 2= anercaptdbenzimidazdlef 158y, 105 mimol, and
15 tetrah¥drlofuran |§95 ml)? triethylamine (0.293 ml, 2.1 mmol) was added and
the mixtiré Wad'StiP&d at r66m t8mperature for 15 hours and 30 minutes. To

the reaction mixture, toluene andsa Ailuted agueous sedium -hydrexide xy -
solution were added and the organic layer was 20 taken out. The aqueous
layer vas extracted againdditr Zolieme tHhe oFdarsie tayerssnerenéembiied

o S g S st ok s
was disseolved in3891 m=heptane/athyl ecetatey(1/D). and subjected:te silica
sequentially added in a nitrogen atmosphere and the
mixture was stirred while heating at 60°C. After 6

10 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

15 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

20 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

25 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 agqueous



gel column chromatography (elution solvent: n- heptane/ethyl
acetate=1/1-0/1) to obtain the title compound (419 mg, 96.5%) as a colorless
viscous oil. 5 iH NMR(400 MHz, DMSO-d6)Sppm; 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=3, 2 Hz), 4.68(2H, s), 7.08-7.14(2H,

m), 7 381{p0REL B 8 7{ i, §)- 510 (3822 (Byoduction EXamplE 3): ne
2-(((4-((2,2-dimethyl-1,3- dioxan-5-yl)methoxy)-3, 5- dlmethylpyrldln -2-

yl)methyd)thic)- m%mmolen@&@d_@[@mmmaﬁﬂ] | OTSOxguied8N
N H 0824% §'3 hIorometh % é(%z ,2- dlmeth I-1,3-dioxan-5-
yl)methdxy %ﬁ%ﬁﬁﬁrddu [0825] 20 ot lﬁg%sisi?%---téénaﬂﬁ -392

- 082@LIQ@§0|Q§6§1&6 nah setution ob(M:(2i2n time) of 2-(((4
dimethyl-1,3-dioxan-5-yl)methoxy)-3,5-dimethylpyridin- 2 -yl)methanol (800

iy, 2(85 BT Higthylamiméi(@:3975-v1) methoxy-3, 5-

dimethylpyridin-2-yl)methyl)sulfinyl)-1H-benzimidazole
extracted with the agqueous sodium hydroxide solution as
a brown-yellow suspension. To toluene (7840 mL), the
solution (2.98 kg) of an optical isomer (short in
10 retention time) of 2-(((4-(2,2-dimethyl-1,3-dioxan-5-
yl)methoxy-3, 5-dimethylpyridin-2-yl)methyl)sulfinyl) -
1H-benzimidazole extracted with the aqueous sodium
hydroxide solution was poured and the mixture was
stirred. To the mixture, a 20% w/w aqueous acetic acid
15 solution (400 mL), a 8% aqueous 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
20 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) -
25 1H-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,



5 ml, 2.85 mmol) was added and the mixture was stirred in a nitrogen
atmosphere under ice-cool. Thionyl chloride (0.208 ml, 2.85 mmol) 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 utitfer ice-cool and washed with a
saturategsaqyeays sodium shydregenscarbonate solytion and:a saline .
solution. The organic layer was dried over sodium sulfate, and filtrated with
silicagednThefiftratetwas 15 concerrated underaeduced préssurento obtain
the title compound (0,837 g, 98%) as a light brown oil substance. iH
NMIREEG0 M2 OMSO S8 SPpHi- 1 5303, §j.11 49 (305 2 OBZA6TEH, m),
2.21(3Hk S}, 2.28(3H5$), H81Q2H. Mok IF6e 12432): 3:88RH .4, I=HH2),
4.01(2H, dd, J=4, 20 12 Hz), 4.76(2H, s), 8.19(1H, s). (3b)
25(((4t€(121?21€|ﬁfﬁéﬁﬁ/|-1,M@%arﬁ-wméﬁﬁ)xyj)t was confirmed that
3,5-dimethylpyridin-2-yl)methyl)thio)-IH-henzimidazole [0827] [Formula 379]
X R o e T & bt of B A o (5 TR 215
dimethyl-1:3-dicxan-snd)methoxy)3,5<imethylpytidineo (837 tag,t2.89 v 1

mmol), 2-mercaptobenzimidazole (419 mg,
methyl ether (7840 mL) was added dropwise over 2 hours

and 40 minutes and continuously stirred at room
10 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

15 dried with vacuum 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

20 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.)
25 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



5 2.79 mmol) 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'wastemoved by filtration, and then, the

organic laygr.was taken out. The aqueous layer was extracted again with
toluene. The organic layers were combined and washed with a saturated

salin@selutioand 5:dried@ver sodium sulfate, and filtrated. The filtrate was
concentrated L%nder rgdzljcgd pressure. The residue was dissolved in
n-heptafi/ethyFatetate (1/1) and subjected to silica gel column

chromatography (eltion: salvepi-heptane/ethyl acetater1/1-041) to obtain
the 20 title compound (980 mg, 84.9%) as a white foam. iH NMR(400 MHz,

DMSTL86 Spprn 133(3H 09> 86(BH,/3)) 02.052 . 06(1H, M 2:2603H, s),
2.28(3H ;é,tB.Sl(ZH, dd, J=6, 12 Hz), 3.86(2H, d, J=7 Hz), 4.01(2H, dd, J=4,
12 H2), X'68(2H, s), 7.08-7.14(2H, m), 7.38-7.50(2H, 25 m), 8.17(1H, s).
[0829 TéProductianExample 4) 2-(((4-((2,2-dimethyl-1,3-
dioxan-5-yl)methoxy)-3,5-dimethylpyridin-2 - 394 -

yhmethyiithic)PEH Senzimidszdlé B30T [RSmAGRE386] OXEBXR >

Column: DAICEL CHIRALPAK IA (4.6 mm X 250 mm I.D.)
10 Eluent: EtOH/MIBE= 150/850 (v/v)
Flow rate: 1.0 mL/min
Detection: UV 284 nm
Oven temp.: 25°C
Sample temp.: 25°C
15 (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) -
l1H-benzimidazole
[0806]

20 [Formula 370]

[0807]
To a crude optical isomer (short in retention

time) of sodium 2-(((4-(2,2-dimethyl-1,3-dioxan-5-



H [0831] 5 (4a) (4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-3,5-
dimethylpyridin-2-yl)methyl acetate [0832] [Formula 381] O--COK O N O
[0833] 10 4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)- 2,3,5-trimethylpyridine
1-oxide (10.5 g, 37.4 mmol) was dissolved in acetic anhydride (100 mL) and
the solution was stirred at 85C for 1.5 Rdrs: After the reaction mixture was

COHC%%%&h;%i%siguamstpyﬁ@%@ Ryi 1 silica gel QMM 1 £ 5 ny 1) -

chromatography (elution solvent: n- heptane/ethyl acetate=1/1-0/1) and a
desiréd fraetionmndszcorrcetfirgted to obtaitthetitle comipoumal(6(1 ¢7 4
50.4%éas a light yellow solid. iH NMR (400 MHz, DMSO-dG?S%)m; 1.31(3H,
s), 1.35(31°5) %%%4(3?&%)?5}6%5-2. SRS i 2. 1731952, 79(3H, - 395
s), 3.£8(2Hhcdd,ad=6, e HZ) 3 8842 .. I=7 2 A.00(2H: dd, IF4 12 4H2),

5.09(2H, s), 8.17(1H, s) (4b) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy)-

35-dirfthyipyridini=ihmeteyieio) IHBEnZimidaz6le° S{0834] [Fdrmula

382]§olution 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

10 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

15 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

20 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

25 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.



N H [0835] To a dimethylsulfoxide (10 ml) solution of potassium t-butoxide
(262 mg, 2.33 mmol) and 2 10 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 150C for 3 hout§and 10 minutes. After cooled to
room 15 temperatyye, the yeagtion mixture was dilyted withytqlugne and
washed with a diluted aqueous sodium hydroxide solution and a saturated
saliner solutiont; vdried bvgr sediven suifate; and filtrated tTiee fittratep wast ed
concentrated under reduced pressure. The residue 20 was subjected twijce to
silica gel tofimAThremat6graphy” (Elutidh solvedt: %}ﬁé‘pt‘ﬁlﬁ%}é{h%r aying
acetatex g de, obtaim the title.compeund (441 mge.:68.8%0)as atwhite foam.
1H NMR(400 MHz, DMSO-d6)Sppm; 1.33(3H, s), 1.36(3H, s), - 396
2:05-RUB(1FE Ty 2.20(3H, s). 228(BH) &), 31802 d,J=6, A HY),

). 7503 50, . SLLALIH Ly 5 (6536 (ESpormenial Edampte )
Inhibitﬁnylﬁj‘a‘ﬂ:t ofgastrie aeid secyeticn irnatdoghbavingsa Chrwni¢ gastdc
fIStljlawet crystal (531.10 g) was dried under reduced pressure
(50°C) to obtain a desired product.
10 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.)

15 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

20 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
25 RT= 14.1 min
[0808]
(Production Example 1) 2-(((4-((2,2-dimethyl-1,3-

dioxan-5-yl)methoxy)-3,5-dimethylpyridin-2-



(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 fistula. An experiment was
performed for 2 days. On the first day, Hiétamine (50 or 75 gg/kg/h) was
intravenoysly, administered,continuously for3 hours. During the histamine
administration, the gastric juice was collected every 20 minutes. One hour
after 20 initiafieAQf histamine administration, a test compound (which is a
compound prepared in Examples) suspended or dissolved in a 0.5%
methylcafiiiose sbldtion was administered at a volume of 0.1 mi/kg though
an indwelling catheter in the duodenum. The inhipi 25 effect of the test
compound against gastric acid secretion Ww@%during the 2 hours
after administration. On the second day (that is, 24 Rours after the
administration of the test cprfipe d), -39 hiktamine was intravenously
administered continuously D haurs: iKg the histamine administration,
the gastric juice was collected ewery 20 minutes and checked for
persistency of the inhibitory effect 5 against gastric acid secretion. After the
amount of th%%éﬂétric juice was measured, a sample of 0.5 ml of the gastric
juice was)titrated to pH 7;Q with 2 0,04 _mol/l spdiing hydroxide splutian. In
this manner, the

dimethylpyridin-2-yl)methyl methanesulfonate

[0811]

[Formula 372]
o o
B
\S/O N/

N

o 0

[0812]

10 (4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy) -
3,5-dimethylpyridin-2-yl)methanol (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

15 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

20 11.5 °C for 2 minutes. The reaction mixture was stirred



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 acid
secretion was evaluated based on the inhibitory rate (%) of gastric acid
secretion on the 15 first day. The inhibitoty effect (%) against gastric acid

secrefign was phiained inaecordance with the, fallowing equation. Whep,the
number of animals was 2 or more, an average value was obtained. The
inhibitoryyeffect agairstagastrie sloidl 20 secretiont(96 (AEBHYAX 100 [A]: The
gastric acid output (secretion amountF) for 20 minutes from 40 minutes after
initiat?oondlo?%igt%% e4HmRnStAth t0°0RE Holrdateri[B]7 Thegastric acid
output for; 2@ minLLes 25, fromenghpuriand 404ninkies aftesthever
administration of the test compound to two hours later. The persistency of
the irhilsiter§ ‘effect vagainst gastriciadid Sexdetion Wik evalbated Based oh -

398 the inhibitary rate (%) ggﬁéne%#aa?%@% acid,secrefion op the second day.
The persistency %’o? of in ibitory effect against gastric acid sécretion was
obtained in raceosdance avitothe-fallowing eqyation: 5¢hhe: petsistericy (%) of
the inhibitory effect against gastric acid secretion=(C-D)/C X 100. [C]: The
total &ATORIAT of gasttic acid output from the initiation of administration of

histamin@(@N400 MHz, DMSO-ds)Sppm; 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).
(1b) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy) -
3,5-dimethylpyridin-2-yl)methyl)thio)-1H-benzimidazole
15 [0813]

[Formula 373]

[0814]
To a mixture of (4-((2,2-dimethyl-1,3-dioxan-
5-yl)methoxy)-3,5-dimethylpyridin-2-yl)methyl
20 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



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 Number
effect against inhibitory Dose Compound of gastric acid effect against
(mg/kg, i.d.) animals secretion gastric atif (=) secretion Example 1 0.4 2 94

76 Exampled 0.8:2 10090, Example,2 0.2 3 83 p4 Fxamele2 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

Exaniplé 5:0.8 2:100:89 .Example50:4:284 61 B99=0838] [Fable:2on

Inhibitor%/ Persistency othumbe,rdeffect aogajnst iﬁlhikg)litory [k))o%e Comgound
of gagftericeaag%\?_%c%%g%inestres1 ue and 1nsoluble substance was

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 dissolved in n-

10 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-ds)dppm; 1.33(3H, s), 1.36(3H, s),

15 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]

20 (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]



(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 2 98 90 Example 10 1.6 1 100 87 Example 11 0.4 3 79 65
Example 11 0.8 3100 89 Example 12 0.8 1 100 86 Example 13 0.8 2 100
74 Example 19 0.4 4 13 -4 Example 190.84 82 56 Example 20 0.1 4 86
Example 20,Q.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 1.62: 88 @0 Exarmple 26the 1-100-80 &ample 27 1.6 1 100
92 Exam le 28 1.6 %94 77 Examrg%e 29161100 87 Example 301.61100

05 EXAMPIG 50°G b L 100°63 EXAmBIE 31164 100677 |

methylbenzenesulfonate
5 [0818]

[Formula 375]

LI
5© N

ZaaN

[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) 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

15 (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

20 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.



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 5 400 - 0839] [Table
3] Inhibitory Persistency of Number effect against inhibitory Dose
Compound of gastric acid effect against (mg/kg, i.d.) animals secretion
gastric acid (~) secretion Example 40 £:6%1 100 92 Example 40 0.8 1 99 66

Examglei 163 190.85,Fxamolest,0.81.60 72, Exaple 45,041 100 95
Example 47 1.6 1 100 87 Example 50 0.8 1 79 80 Example 51 1.6 1 100 83

Exaniplé 5221 611 100 817 ,Example83 ¢:8,1 9987 (Ekample 35 018 183 75

Examsple 56 Og ]384 74}lHEszinmpIe 5300 gHZ 9%33 JE:x4am9I2e %82 )0.8 29577

5.13(2H, s), 7.42(2H, d, J=8 Hz), 7.73(2H, d, J=8 Hz),
5 8.14(1H, s).
(2b) 2-(((4-((2,2-dimethyl-1,3-dioxan-5-yl)methoxy) -
3,5-dimethylpyridin-2-yl)methyl)thio)-1H-benzimidazole
[0820]

[Formula 376]

10 [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

15 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 aqueous sodium
hydroxide solution were added and the organic layer was

20 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



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
185 75 Example 81 0.8 196 70 Exanijlé 83 0.81 71 94 Example 850.8 1

100 86 £xample/86 08 1,100 75, E@Vlﬁ'eaﬁ?dos%% 100.92 [0840] 15 ca

(Preparation Example 1) Capsule 30.0 g of
2-(((4=€2,22dimethytiy3:dicxar-&pby (elution solvent: n-

yl)metho dlmeth ridin-2-yl)me sulfinyl)- 1H- ben2|m|dazole
sodlulﬁ%gg?ﬁz?el él‘lte%/fP %E‘F‘r%%l—t%) i\ O(?é% '&3% T §%f ethylellulose
(trade papginA0L Etegl,magutaciured Ry &%ﬁ@@lcai Co).and 16,2 g of
hydroxypropylcellulose (trade name: HPC-L, manufactured by Shin-Etsu

Chemigardio( 444. )Mﬁére aisseived firase d ot detydrated ethanobErhis) -
solutlgn Juas, afJgI , rr%509 12% % ﬁ,corgls%s}%re%%,N(S)QPage.llB%qg Igt,rade

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]
(Production Example 3) 2-(((4-((2,2-dimethyl-1,3-
dioxan-5-yl)methoxy)-3,5-dimethylpyridin-2-
yl)methyl)thio)-1H-benzimidazole

[0823]

15 [Formula 377]

[0824]
(3a) 2-(chloromethyl)-(4-((2,2-dimethyl-1,3-dioxan-5-
yl)methoxy)-3,5-dimethylpyridine

[0825]

20 [Formula 378]
0 o
jj/
Cl Z
N



manufactured by Freund Corporation) by use of a Wurster-type fluid-bed
coating granule machine (trade name: Multiplex, Pawlek) and dried to obtain
granules. Then, 48.6 g of ethylcellulose (trade name: 10 Etcel, Dow
Chemical Co.) and 291.9 g of hydroxypropylcellulose (trade name: HPC-L,
Shin-Etsu Chemical Co. Ltd.) were dissélved in dehydrated ethanol (6860
g). Further 136.8.g of magnesium stearate (manufactured by Marin Kiot) was
dispersed in this 15 solution to prepare a coating solution. The granules
(554.4 g) prepared abave was geatedbwith ) thecoatingn sofutioh-drid dried to
prepare coated ¢ raggles of in_ter_mediate-lag(er. Furthermore, 460.2 g of
hydrAyBrofyimethyl 30 Geltiss PRITAIALE (radk rafi o588, ‘ShinEtsu
Chemicah Goe Ld: ) and 43 Gngf dincetylatesh ymoreglyegtide (trade name:
Mybassett, manufactured by Quest International) were dissolved in a 80%
aguedis ethanonselutiony(d1194%ey). FuftHermore X423 g i 25 ale irddé n
name; Talc, manufactured by Matsumura. Industry) and.24.3 g-of titaniu
e T S R o B0 Mk s Te
dispersec rsthe ethared seldion ebtaired aboveobhesA402 coated grandles

of intermediate-layer (1031.7 g) were coated with the d(i%%ersiqn solution and
dried 6 cbtait efteriGEBatst granuies.oTo the éntéfic-coted braruesY s

(16038 9)- 2120 g Qi light apbydrous siigic agid (radenamesqy

10 reaction mixture was diluted with ethyl acetate under
ice-cool and washed with a saturated agqueous sodium
hydrogencarbonate solution and a saline solution. The
organic layer was dried over sodium sulfate, and
filtrated with silica gel. The filtrate was

15 concentrated under reduced pressure to obtain the title
compound (0.837 g, 98%) as a light brown o0il 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,
dd, J=6, 12 Hz), 3.88(2H, d, J=7 Hz), 4.01(2H, dd, J=4,

20 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]



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 by use of a
vessel-type mixer 10 (trade name: 2/5 L vessel-type mixer, manufactured by
Toys Packing) to obtain Compound A, whith was charged in capsules in an
amount of 1;mgfeapsule. (Preparation Example 2) Capsule Granules were
prepared in accordance with the 15 following recipe in the same manner as
in Preparation Examplemi-CompoundA Waslchlrargedhinloapsited i an

amount of 10 mg/capsule. 403 - 0841 éTabIe 4] Component Nonpareil 108
46501 &I Toredient 13F Compblid A 506/0 Ethyleaiidse £96.0' Hc-L
270.0 dntermediatesaygnEthylcellilose 40:8 HRPS1240.01 My tearate

112.5 External layer HP-55S 380.0 Mybassett 37.5 Talc 35.0
5 2.79 mmol) 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 agqueous layer was
extracted again with toluene. The organic layers were
combined and washed with a saturated saline solution,

15 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

20 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,
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,

25 m), 8.17(1H, s).

[0829]

(Production Example 4) 2—-(((4-((2,2-dimethyl-1,3-

dioxan-5-yl)methoxy)—-3,5-dimethylpyridin-2-



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 safer, is appropriately - 404
physicochemically stable, and thus can5é usefully used as a medicament,
especially therapeutic medicament;or; prophylactic medicament for
acid-related diseases or symptoms. 5 - 405 - The invention claimed is: 1.
2-(((4-((2,2-dirfethyl-1,3-dioxan-5- 5

yl)methoxy)-3,5-dimethylpyridin-2-yl) methyl)sulfinyl)- 1H-benzimidazole or a
Salt (1T A Lotium Salt of 2-(((4-((2,2-dimethyl-1,3-
dioxan-5-yl)methoxy)-3, 5-dimethylpyridin-2 10 0
yl)methyl)sulfinyl)-IH-benzimidazole. o/_<: ><

O
©iN>_S N
H

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

[0831]

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-ds)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,



10

15

20

- 395 -
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(1H, 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 aqueous 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-ds)dppm; 1.33(3H, s), 1.36(3H, s),
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- 396 -
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).
[0836]
(Experimental Example 1) Inhibitory effect of gastric
acid secretion 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 Hg/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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- 397 -
histamine was intravenously administered continuously
for 2 hours. During the histamine administration, the
gastric juice was collected every 20 minutes and
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



10

15

the inhibitory rate

on the second day.

(%)

- 398

against gastric acid secretion

The persistency

(%)

of inhibitory

effect against gastric acid secretion was obtained in

accordance with the following equation:

The persistency
against gastric acid secretion=(C-D)/C X 100.
[C]:

from the initiation of administration of histamine

(%)

the first day to one hour later).

[D]:

from the initiation of administration of histamine

the second day to one hour later).

of the inhibitory effect

The total amount of gastric acid output

(on

The total amount of gastric acid output

(on

(2) Results
[0837]
[Table 1]
Inhibitory Persistency of
Number effect against 1nh1blt01‘fy
Dose ) . effect against
Compound . of gastric acid . .
(mg/kg, 1i.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




- 399

[0838]
[Table 2]
Inhibitory Persistency of
Number effect against lnhlblto?y
Compound Dose. of gastric acid effect.agalr‘lst
(mg/kg, i.d.) . . gastric acid
animals secretion .
secretion
%) N
(%)
Example 6 0.8 1 100 89
Example 7 0.8 1 99 90
Example 8 0.8 1 100 88
Example 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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[0839]
[Table 3]
Inhibitory Persistency of
Number effect against 1nh1b1to?y
Compound DOS? of gastric acid effect.agalgst
(mg/kg, i.d.) . . gastric acid
animals secretion .
%) secretion
(%)
Example 40 1.6 1 100 92
Example 40 0.8 1 99 66
Example 41 1.6 1 100 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

(hereinafter referred to

(trade name:
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Etcel, manufactured by Dow Chemical Co.) and 16.2 g of
hydroxypropylcellulose (trade name: HPC-L, manufactured
by Shin-Etsu Chemical Co. Ltd.) were dissolved in 489 g
of dehydrated ethanol. This solution was applied to
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, 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% aqueous
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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coated granules of intermediate-layer (1031.7 g) were
coated with the dispersion solution and dried to obtain
enteric—coated granules.

To the enteric-coated granules (1603.8 qg),
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 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.



- 403 -

[0841]
[Table 4]
Component
Nonpareil 108 465.0

Main ingredient layer

Compound A 500.0
Ethylcellulose 135.0
HPC-L 270.0

Intermediate layer

Ethylcellulose 40.0
HPC-L 240.0
Mg Stearate 112.5

External layer

HP-558S 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, is appropriately
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physicochemically stable, and thus can be usefully used
as a medicament, especially therapeutic medicament or

prophylactic medicament for acid-related diseases or

symptoms.
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The invention claimed is:

1. 2—-(((4-((2,2-dimethyl-1, 3-dioxan-5-
yl)methoxy)-3,5-dimethylpyridin-2-yl)methyl)sulfinyl) -

lH-benzimidazole or a salt thereof.

2. A sodium salt of 2-(((4-((2,2-dimethyl-1,3-
dioxan-5-yl)methoxy)-3,5-dimethylpyridin-2-

yl)methyl)sulfinyl)-1H-benzimidazole.



