Office de la Proprieté Canadian

Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2671949 C 2011/11/01

(11)(21) 2 671 949

(12 BREVET CANADIEN
CANADIAN PATENT
13) C

(86) Date de déepot PCT/PCT Filing Date: 2007/12/18

(87) Date publication PCT/PCT Publication Date: 2008/06/26
(45) Date de délivrance/lssue Date: 2011/11/01

(85) Entree phase nationale/National Entry: 2009/06/09

(86) N° demande PCT/PCT Application No.: JP 2007/001419
(87) N° publication PCT/PCT Publication No.: 2008/07/5462
(30) Priorité/Priority: 2006/12/18 (JP2006-340323)

51) ClInt./Int.Cl. COrD 40171/12(2006.01),
A6TK 31/4439(2006.01), A67F 1/00(2006.01),
A61P 1/04(2006.01), A67F 1/78(2006.01),
A61P 31/04 (2006.01)

(72) Inventeurs/Inventors:
ITO, MASAHARU, JP;
YAMAMOTO, MASAICHI, JP

(73) Proprietaire/Owner:
ARIGEN PHARMACEUTICALS, INC., JP

(74) Agent: RIDOUT & MAYBEE LLP

(54) Titre : AGENT ERADIQUANT HELICOBACTER PYLORI, AYANT UNE ACTIVITE INHIBITRICE SUR LA SECRETION

DE L'ACIDE GASTRIQUE

(54) Title: HELICOBACTER PYLORI ERADICATING AGENT HAVING INHIBITORY ACTIVITY ON GASTRIC ACID

SECRETION

H

(57) Abréegée/Abstract:

O—R
S

"\ (1)
H»—8—CH;
N

Disclosed are: a compound which Is stable in an acid, has an antibacterial effect against a bacterium Helicobacter pylori, can exert
a satisfactory level of an antibacterial effect when used singly, does not affect an enteric bacterium, has an antibacterial effect
against a bacterium resistant to an antibacterial agent, and has an inhibitory effect on gastric acid secretion; and a pharmaceutical
composition comprising the compound. Specifically disclosed are: a compound represented by the general formula (I) or a salt
thereof; and a pharmaceutical composition comprising the compound or the salt thereof: (see formula |) wherein R represents a
inear alkyl group having 4 to 8 carbon atoms, preferably 5 to 7 carbon atoms.

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191

B

.

'

e
ok [ [ f
RO . e s
. M "c'-'-.n:‘-:{\: .«me . m s
.
.

A7 /7]
o~




CA 02671949 2009-06-09

ABSTRACT

Disclosed are: a compound which is stable in an acid, has an
antibacterial effect against a bacterium Helicobacter pylori,
can exert a satisfactory level of an antibacterial effect when
used singly, does not affect an enteric bacterium, has an

antibacterial effect agalnst a bacterium resistant to an

antibacterial agent, and has an inhibitory effect on gastric
acid secretion; and a pharmaceutical composition comprising the
compound. Specifically disclosed are: a compound represented
by the general formula (I) or a salt thereof; and a

pharmaceutical composition comprising the compound or the salt

thereof:
O—R
=
N\> o on | (D)
—CHy
N SN
H

whereln R represents a linear alkyl group having 4 to 8 carbon

atoms, preferably 5 to /7 carbon atoms.
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DESCRIPTION

HELICOBACTER PYLORI ERADICATING AGENT HAVING INHIBITORY

ACTIVITY ON GASTRIC ACID SECRETION

Technical Field

(0001}

The present invention relates to a Helicobacter pylori
eradicating agent having also an excellent gastric acid

secretion inhibiting action.

Background Art

[0002]

Gastritis, gastric ulcer and duodenal ulcer are diseases

which develop as a result of complicated entanglement of factors

such as stress, genetic predisposition and lifestyle habit. 1In
recent years, attention is being paid to the bacterium
Helicobacter pylori (H. pylori) as one of the principal causes.
Since the success of Warren and Marshall in the.isolation and
culture of spiral-shaped bacteria fromgastric biopsy specimens
in 1983, vigorous research has been carried out on the
relationship between the subject bacteria and gastritis,
gastric ulcer, duodenal ulcer and gastric cancer. As a result,

p—

the infection rate of Helicobacter pylori (H. pylori) 1is

reported to be such that while the positive rate in normal

stomach was about 4%, the positive rate was as high as about

83% for chronic gastritis, about 69% for gastric ulcer, about
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92% for duodenal ulcer, and about 51% for non-ulcer dyspepsia
syndrome (see Non-Patent Document 1). Furthermore, infection
by the bacterium Helicobacter pylori is strongly correlated to

the incidence rate of gastric cancer, and 1in 1994, the

International Agency for Research on Cancer of the WHO declared

the bacterium Helicobacter pylori as a carcinogen indicating

a strong causal relationship.

[0003]

The mainstream of the treatment for gastritis, gastric
ulcer, duodenal ulcer and the like has been represented by
symptomatic therapy, inwhich gastric acid secretion inhibitors
which inhibit gastric acid secretion, such as HZ blockers and
proton pump inhibitors, and mucosal protective agents are

utilized for the purpose of improving subjective symptoms such

as epigastric pain, and accelerating the healing of gastric
ulcer. However, it is reported that even though the lesions

are temporarily healed by these drugs, if the treatment 1is

stopped, about 80% of the patients have a relapse within one
vear (see Non-Patent Document 1). On the other hand, 1t is also

reported that when Helicobacter pylori bacteria are eradicated,

the one-year recurrence rate was 10% or less for duodenal ulcer,

and the rate was low also for the case of gastric ulcer (see

Non—-Patent Document 2).

[0004]

Currently, as a method for eradicating Helicobacter

pylori bacteria, treatment is carried out, such as by using a

proton pump inhibitor (PPI) in combination with antibacterial
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agents such as amoxicillin and clarithromycin, in large

quantities over one week or more, and 1n some cases, adding

metronidazole thereto. However, administration of

antibacterial agents in large quantities also causes

‘disinfection of useful bacteria in the intestine, and as a
result, there 1s concern for adverse side effects such as loose

stool, diarrhea and taste disturbance, glossitis, stomatitis,

abnormality of hepatic function, and hemorrhagic enteritis, as

P

well as the possibility of promoting the emergence of

methicillin-resistant Staphylococcus aureus (MRSA).

[0005]

To date, a large number of patent applications have been

filedwith regard to pyridine derivatives, for the applications

as antiulcer agents, gastric acid secretion inhibitors,
antlbacterilial agents against Helicobacter pylori bacteria, and

the like (see Patent Documents 1 to 8). However, there is not

found any compound which combines an anti-Helicobacter pylori
action and a gastric acid secretion 1nhibiting action in a well
balanced manner, and 1s capable of eradicating Helicobacter

pylori bacteria, when used as a sole agent.

[0006]

Furthermore, a compound having an anti-Helilicobacter

pylori action 1in vitro and a gastric acid secretion inhibiting

action has been discovered (see Non-Patent Document 3).

However, 1in a Helicobacter pylori-infected model using

Mongolian gerbil, which is considered to reflect human

infection by Helicobacter pylori bacteria, the effectiveness
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could not be verified, and development of the agent has been

abandoned.

[0007]

In spite of such extensive efforts as described above,
triple therapy 1is still widely practiced at present, for the
eradication of Helicobacter pylori bacteria. The reason 1s
that proton pump inhibitors such as omeprazole, lansoprazole

and rabeprazole, and clarithromycin are all extremely unstable

in acid, and it is difficult with amoxicillin to exhibit

antibacterial activity under acidic conditions. That 1s,
there was a need to administer large quantities of the
aforementioned acid-labile antibiotic substances, while
gastric acid had been strongly inhibited by proton pump
inhibitors which were administered as an enteric preparation.

10008]

Patent Document 1: JP-A No. ©61-50979

Patent Document 2: JP-A No. 3-173817
Patent Document 3: JP-A No. 5-247035
Patent Document 4: JP-A No. 59-181277
Patent Document-S: JP-A No. 7-69888
Patent Document 6: JP-A No. 3-48680
Patent Document 7: JP-A No. 2-2098089

Patent Document 8: JP-A No. 58-39627

Non-Patent Document 1: Martin J. Blaser: Clin. Infectious

Disease, 15;386-393, 1997

Non-Patent Document 2: Graham D.Y., et al.: Ann. Intern.

Med., 116;705-708, 1992
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Non-Patent Document 3: Thomas C. Kuehler, et al., J. Med.

Chem. 1998, 41, 1777-1788

——

Invention

Disclosure of the

Problems to be Solved by the Invention

[0009]

The present invention provides a novel pharmaceutical
composition for preventing and/or treating diseases involving
Helicobacter pylori bacteria and/or diseases involving gastric
acid secretion, which is effective in the prevention and/or
treatment of Helicobacter pylori bacteria—-assoclated diseases
and also acts specifically against Helicobacter pylori bacteria,
and which does not exert an action on intestinal bacteria, while
being stable against acid and having a gastric acid secretion
inhibiting action; and a compound or a salt thereof, which 1s

useful as an active i1ngredient for the composition.

Means for Solving the Problems

[C010]

The inventors have conducted a search for a compound which

satisfies the following conditions, as a goal:
1) To be stable against acid; 2) to have satisfactory

antibacterial action against Helicobacter pylori bacteria; 3)

to act specifically against Helicobacter pylori bacteria, while

not exerting an action on intestinal bacteria; 4) to exhibit

effects even on those bacteria which show resistance to the

antibacterial agents used in the treatment of Helicobacter
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pylori bacteria-associated diseases; 5) to have a gastric acid
secretion inhibiting action; and 6) to exhibit a bacteria

eradicating effect in an animal model for infection by

Helicobacter pylori bacteria, when used as a sole agent
(Hirayama et al.; J. Gastroenterol., 1996. 31, (Suppl. 9),
24-8) .

As a result, the inventors found a family of compounds
which are stable in acid, have a strong anti-Helicobacter pylori
activity with an MIC of 0.1 ug/ml or less, do not have an action
on the bacteria indigenous to human being, exhibit an

antibacterial action specifically against Helicobacter pylori

bacteria, exhibit effectiveness even against bacteria

resistant to antibiotics such as clarithromycin, which 1s

#

clinically widely used in the eradication of Hellicobacter

pylori bacteria, and also offer specific operating effects in

combination with a gastric acid secretion inhibiting action.

The inventors of the present invention also found that the

relevant compounds exhibit an eradicating effect 1n a

Helicobacter pyloric bacteria-infected animal model when used

as individual agents. Based on these findings, the inventors
completed the present invention.

[O011]

Specifically, the present invention relates to a pyridine
derivative represented by formula (I) or a pharmacologilcally
acceptable salt thereotf:

[0012]
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[ Chemical Formula 1]

0—R
/
NN (1)
| >—8—CH—\\
Z >N N
H
[0013]

wherein R represents a linear alkyl group having 4 to 8 carbon

atoms.

The present invention also relates to a pharmaceutical
composition including the pyridine derivative represented by
the above formula (I) or a pharmacclogically acceptable salt
thereof, and more particularly, to a pharmaceutical composition

including a pyridine derivative represented by the above

formula (I) or a pharmacologically acceptable salt thereof, and

a pharmaceutically acceptable carrier.

e
b

Furthermore, the present i1nvention relates to a use of

the pyridine derivative represented by the formula (I) or a

pharmacologically acceptable salt thereof, for the production

of a preparation for preventing or treating a disease involving

Helicobacter pylori bacteria and/or a disease involving gastric

acld secretion.

The present invention also relates to a method for
preventing or treating a disease 1nvolving Helicobacter pylori

bacteria and/or a disease involving gastric acid secretion, the
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method including administering an effective amount of the

pyridine derivative represented by the formula (I) or a

pharmacologically acceptable salt thereof, to a patient having

a disease involving Helicobacter pylori bacteria and/or a

disease involving gastric acid secretion, or a patient having

a risk of contracting the disease.

The present invention also relates to a method for

producing the pyridine derivative represented by the formula

(I) or a pharmacologically acceptable salt thereof, the method

including reacting a compound represented by the following

formula (I1):

(0014 ]
[Chemical Formula 2]
X—N
I »—sH (D)
~ N
H
(0015}

with a compound represented by the following formula

(ITT) :
[0016]
[Chemical Formula 3]
O—R
X
(Im)

S

XH,C~ "N
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[0017]

wherein R represents a linear alkyl group having 4 to 8 carbon

atoms; and X represents a halogen atom.

The present invention also relates to a compound

represented by the formula (III) described above.

(0018 ]

The present i1nvention may be described in more'detail,
as follows.

(1) A pyridine derivative repre’sented by- the formula (I)
or a pharmacologically acceptable salt thereof.

(2) The pyridine derivative according to (1) above or a

pharmacologically acceptable salt thereof, wherein'R in the

formula (I) 1s a linear alkyl group having 5 to 7 carbon atoms.

(3) A pharmaceutical composition including the pyridine
derivative according to (1) or (2) above or a pharmacologically
acceptable salt thereof, and a pharmaceutically acceptable
carrler.

(4) The pharmaceutical composition 'according to (3) above,
wherein the pharmaceutical composition is intended to prevént
or treat a disease involving Helicobacter pylori bacteria
and/or a disease involving gastric acid secretion.

(5) The pharmaceutical composition according to (4) above,
wherein the disease is gastritis, gastric ulcer, duodenal ulcer,
non-ulcer dyspepsia syndrome, gastric MALT lymphoma, gastric
hyperplastic polyp, digestive system cancer or pancreatitis
resulting from hypergastrinemia caused by Helicobacter pylori,

an i1nflammatory bowel disease caused by Helicobacter pylori,
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or gastric cancer after endoscopic resection of early gastric
cancer.

(6) The pharmaceutical composition according to any one
of (3) to (5) above, further including another gastric acid
secretion inhibitor and/or an antibacterial agent as an active
ingredient.

(7) Use of the pyridine derivative according to (1) or
(2) above or a pharmacologically acceptable salt thereotf, for
the production of a preparation for preventing or treating a

disease involving Helicobacter pylori bacteria and/or a disease

involving gastric acid secretion.

(8) The use according to (7) above, wherein the disease

is gastritis, gastric ulcer, duodenal ulcer, non-ulcer

dyspepsia syndrome, gastric MALT lymphoma, gastric
hyperplastic polyp, digestive system cancer or pancreatitis

resulting from hypergastrinemia caused by Helicobacter pylori,

an inflammatory bowel disease caused by Helicobacter pylori,
or gastric cancer after endoscopic resection of early gastric
cancer.

(9) The use according to (7) or (8) above, wherein the
preparation for preventing or treating a disease involving
Helicobacter pylori bacteria and/or a disease involving gastric
acid secretion further includes another gastric acid secretion

inhibitor and/or an antibacterial agent as an active

ingredient.

(10) A method for preventing or treating a disease

involving Helicobacter pylori bacteria and/or a disease

10
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involving gastric acid secretion, the method including
administering an effective amount of the pyridine derivative
according to (1) or (2) above or a pharmacologically acceptable
salt thereof, to a patient having a disease 1nvolving
Helicobacter pylori bacteria and/or a disease involving gastric
acld secretion or having a risk of contracting the disease.
(11) The method according to (10) above, wherein the
disease 1s gastritis, gastric ulcer, duodenal ulcer, non-ulcer
dyspepsia syndrome, gastric MALT lymphoma, gastric

hyperplastic polyp, digestive system cancer or pancreatitis

resulting from hypergastrinemia caused by Helicobacter pylori,

an inflammatory bowel disease caused by Helicobacter pylori,

C

or gastric cancer after endoscopic resection of early gastric

Cancer.

(12) The method according to (10) or (11) above, wherein

administering an effective amount of the pyridine derivative
according to (1) or (2) above or a pharmacologically acceptable
salt thereof, and concurrently further administering another
gastric acid secretion inhibitor and/or an antibacterial agent

as a further active agent.

(13) A method for producing the pyridine derivative

represented by the formula (I) or a pharmacologically

acceptable salt thereof, the method including reacting a

compound represented by the above-described formula (II) with

a compound represented by the above-described formula (III).

(0019]

(14) A pharmaceutical composition including the pyridine

11
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derivative according to (1) or (2) above or a pharmacologically
acceptable salt thereotf.

(15) The pharmaceutical composition according to (14)
above, intended for the eradication or bacteriostasis of
Helicobacter pylori, and the inhibition of gastric acid
secretion.

(16) The pharmaceutical composition according to (14) or
(15) above, including only the pyridine derivative according
to (1) or (2) above or a pharmacologically acceptable salt
thereof, as an active 1ngredient.

(17) The pharmaceutical composition according to any one
of (14) to (16) above, further including another gastric acid
secretion inhibitor and/or an antibacterial agent as an active
ingredient.

(18) An anti-Helicobacter pylori agent including the

pyridine derivative according to (1) or (2) above or a

pharmacologically acceptable salt thereof.

(19) A gastric acid secretion inhibitor including the
pyridine derivative according to (1) or (2) above or a

pharmacologically acceptable salt thereotf.

(20) A prophylactic or therapeutic agent for a disease
or condition involving Helicobacter pylori and/or gastric acid
secretion, including the pyridine derivative according to (1)

r-lv
V.

or (2) above or a pharmacologically acceptable salt thereotf.

(21) The prophylactic or therapeutic agent according to
(20) above, wherein the disease or condition 1s gastritis,

gastric ulcer, duodenal ulcer, non-ulcer dyspepsia syndrome,

12
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gastric MALT lymphoma, gastric hyperplastic polyp, or gastric
cancer after endoscopic resection of early gastric cancer.

(22) A prophylactic or therapeutic agent for a disease
or condition involving Helicobacter pylori, including the novel
pyridine derivative according to (1) or (2) above or a
pharmacologically acceptable salt thereof.

(23) The prophylactic or therapeutic agent according to
(21) or (22), wherein the disease or condition 1s digestive

system cancer or pancreatitis resulting from hypergastrinemia

caused by Helicobacter pylori, or an inflammatory bowel disease

caused by Helicobacter pylori.

- Effects of the Invention

[0020]

The pyridine derivative or a salt thereof of the present
invention not only has an excellent anti-Helicobacter pylori
bacteria action, but also is extremely stable in acid so‘that
the compound is not decomposed even in the presence of gastric
acid and exhibit effectiveness. Furthermore, the compound
also has a gastric acid secretion inhibiting action, has a
specific eradicating action against Helicobacter pylori

bacteria when used as a sole agent, and 1s useful as a

prophylactic and/or therapeutic drug for various diseases

involving Helicobacter pyloril bacteria or various dilseases

assoclated with excess gastric acid secretion, for example,

gastritis, gastric ulcer, duodenal ulcer, non-ulcer dyspepsia

syndrome, gastric MALT lymphoma, gastric hyperplastic polyp,

13
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gastric cancer after endoscopic resection of early gastric
cancer, digestive system cancer or pancreatitis resulting from
hypergastrinemia caused by Helicobacter pylori, inflammatory
bowel diseases caused by Helicobacter pylori, or the like.

F

The pyridine derivative and salts thereof of the present

invention are characterized in that the compounds can be used
as prophylactic and/or therapeutic drugs effective for these

diseases, particularly when used as a sole agent.

Brief Description of the Drawings

[0021]
Fig. 1 is a graph showing the results of a stability test

for a compound of the present invention and a compound of

Comparative Example in an acidic hydrochloric acid solution (pH

2). The vertical axis of Fig. 1 represents stability (residual

o\°

ratio) (%), while the horizontal axis represents time elapsed

(minutes) .

Fig. 2 is a graph showing the results of a test for the

antibacterial activity (MIC) against Helicobacter pylori

bacteria based on the presencé or absence of oxidation of the

F

thioether group of the compound of the present invention and

of the compound of Comparative Example, and the difference 1in

the number of carbon atoms of the alkyl group in the alkoxy group

—

at the 4-position of pyridine. The vertical axis of Fig. 2

represents MIC (ug/mL), while the horizontal axils represents

the number of carbon atoms of the alkyl group. The black circle

mark in Fig. 2 (dark blue in the original diagram) indicates

14
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the case of SH-form, while the grey circle mark (red in the

original diagram) 1indicates the case of SO-form.

Best Mode for Carrying Out the Invention

[0022]

The 1nventors of the present invention have conducted an

investigation in detail on

2—-(4-alkoxy-3-methylpyridin-2-ylmethylthio)benzimidazole

compounds and sulfinyl derivatives thereof, and obtained the

following findings. It was found that there are offered highly

r

emarkable operating effects such as that: (1) In a sulfinyl
derivative, the activity against Helicobacter pylori bacteria
has an MIC of 3.0 ug/mL, and although the derivative shows the
activity to a certain extent, the derivative is extremely

unstable against acid (see Table 1 and Fig. 1); (2) when the

P

number of carbon atoms in the alkoxy group is 4 to 8, and

preferably from5 to 7, the activity against Helicobacter pylori

bacteria is remarkably excellent, and the MIC is reduced to 1/3

to 1/10 (see Table 2 and Fig. 2); (3) in the case where the carbon

atom at the a-position of the alkoxy group is forming a branched
chain, that 1s, 1in the case where the alkoxy group is an isoalkoxy

group, the activity against Helicobacter pylori bacteria is

extremely lowered (see Table 3 and Table 6); (4) the compound

of the present invention exhibits a potent antibacterial

activity against clarithromycin-resistant strains and
amoxiclllin-insensitive strains (see Table 4); (5) the compound

of the present 1nvention 1s not recognized to have an

15
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antibacterial action against various Gram-negative bacteria
and Gram-positive bacteria (see Table 5); and (6) the compound

of the present invention exhibits a gastric acid secretion

inhibiting effect (see Table 7).

As the result, the compound of the present invention 1s

=

equivalent to or better than the triple combination of

omeprazole + amoxicillin + clarithromycin, which is widely

utilized over the world as a therapy for eradicating

Helicobacter pylori bacteria, and particularly, the compound

of the present invention has an effectiveness equivalent to or

better than that of such triple combination therapy, even when
used as a sole agent. Furthermore, the invented compound
exhibits a specific antibacterial activity against
Helicobacter pylori bacteria, and exhibits an antibacterial

action against the bacteria that are insensitive or resistant

to amoxicillin and clarithromycin. Further, the compound has
a gastric acid secretion inhibiting action, 1s also extremely
stable against acid so that the compound 1s not decomposed even

in the presence of gastric acid, and offers highly excellent

operating effects fromclinical aspects. These characteristic

operating effects originate from the point that the methylthio

moiety is not in the form of a sulfinyl group 1n an oxldilzed

state, but in the formof thiocether, and the point that the alkoxy
group at the 4-position of the pyridine ring 1s a particular
alkyl group.

Furthermore, the pyridine derivative represented by the

above-described formula (I) or a salt thereof of the present

16
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invention 1s a novel compound which 1s not disclosed in the
literature.
[0023]

R 1n the formula (I) of the present invention is a linear
alkyl group having 4 to 8, and preferably 5 to 7, carbon atoms.

As for the linear alkyl group according to the present invention,

an n—-alkyl group 1s preferred, and there may be mentioned an
alkyl group which is -CH,—-R' (wherein R' represents a linear
alkyl group having 3 to 7, and preferably 4 to 6, carbon atoms),
and 1s not branched at the a-position of the alkoxy group. As
for preferredalkyl groups, an n—-butyl group, an n-pentyl group,

an n-hexyl group, an n-heptyl group, an n-octyl group and the

like may be mentioned, and as for more preferred alkyl groups,

an n-pentyl group, an n-hexyl group, and an n—heptyl group may
be mentioned.

[0024]

More specifically, as preferred compounds according to

the present invention, there may be mentioned
2= (4-n-butyloxy-3-methylpyridin-2-yl)-methylthio]-1H
—benzimidazole;
2—[{(4d—-n-pentyloxy-3—methylpyridin-2-yl)-methylthio]-1
H-benzimidazole;
2-[(4d-n-hexyloxy-3-methylpyridin-2-yl)-methylthio]-1H
~benzimidazole;
2—[ (4d-n-heptyloxy-3-methylpyridin-2-yl)-methylthio]-1
H-benzimidazole; and

2-[(4-n-octyloxy-3-methylpyridin-2-yl)-methylthio]-1H

17
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-benzimidazole.

[0025]

Furthermore, as more preferred compounds of the present
invention, there may be mentioned

2-[ (4-n-pentyloxy-3-methylpyridin-2-yl)-methylthio] -1
H-benzimidazole;

2-[ (4-n-hexyloxy-3-methylpyridin-2-yl)-methylthio]-1H
-benzimidazole; and

2-[ (4-n-heptyloxy-3-methylpyridin-2-yl)-methylthio] -1
H-benzimidazole.

[0026]

The pyridine derivative represented by the formula (I)

F

or a salt thereof of the present invention can be produced by

reacting, as raw material compounds, a mercapto derivative

represented by the above-described formula (II) with a pyridyl

derivative represented by the above-described formula (III).

n the pyridyl derivative represented by the formula (I |') , X

is not particularly limited as long as it 1s a leaving group,

but as a preferred leaving group, there may be mentioned a
halogen atom. As for the halogen atom, chlorine, bromine,

iodine and the like may be mentioned.

The compound represented by the formula (III) 1s a novel

compound, and is useful as an intermediate for the production

P

of the formula (I) of the present i1nvention. The present

invention is to provide a compound represented by such formula

(I11).

This reaction is performed preferably in the presence of

18
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a base. As the base used in this reaction, there may be
mentioned, for example, alkali metal hydrides such as sodium.
hydride and potassium hydride; sodium alcoholates such as

sodium methoxide and sodium ethoxide; carbonates of alkali

metals such as potassium carbonate and sodium carbonate;
organlc amines such as triethylamine; and the like.
Furthermore, as the solvent used in the reaction, there may be

mentioned, for example, alcohols such as methanol and ethanol,

dimethylsulfoxide and the like. The amount of the base used
1n the reaction 1s usually an amount slightly excess compared
to an equivalent amount, but a large excess of base may also
be used. For example, the amount i1s about 2 to 10 equivalents,
and more preferably about 2 to 4 equivalents. The reaction

temperature is usually from 0°C to near the boiling point of

the solvent used, and more preferably, a temperature of about

20°C to 80°C may be mentioned. The reaction time can be

appropriately selected, but the time is usually, for example,

about 0.2 to 24 hours, and more preferably about 0.5 to 2 hours.

The target compound (I) produced by the above-described

reaction can be isolated and purified by conventional means such

as recrystallization and chromatography.

10027]

The pyridine derivative represented by the formula (I)

o

of the present i1nvention can be made into a pharmaceutically

F
—

acceptable salt by a conventionally used means. Examples of

such a salt 1includes hydrochloride, hydrobromide, hydroiodide,

phosphate, nitrate, sulfate, acetate, citrate, and the like.

19
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[0028]

The raw material compound represented by formula (III),

which is used in the production of the pyridine derivative

represented by the formula (I) of the present invention, can

be produced by the reaction process shown in the following.

[0029]

[Chemical Formula 4]

Production Method 1

NO, Cl R-OH O-R
CHCl (V) AC2O
)— T ] — Y
N~ NT l N
Y Y
O 0 5
(IV) (VI) ‘ (VII)
O-R
-R
Y SOCly/MeONa
X NaOH ‘ _
0 | ] - HO _ (1)
Y N/ N
o} (VID) ' C(X)
'0030]

First, a nitro compound represented by formula (IV) 1is

reacted with concentrated hydrochloric acid to produce a chlor

derivative (VI), and when this chlor derivative (VI) is reacted

P

with an alcohol derivative ROH (V) 1n the presence of a base,

an alkoxy derivative represented by formula (VII) can be

20
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obtained. As the base used in this case, for example, alkall

metals such as lithium, sodium and potassium; alkalili metal
hydrides such as sodium hydride and potassium hydride;
alcoholates such as t-butoxypotassium, propoxysodium,
ethoxysodium and methoxysodium; carbonates or hydrogen
carbonates of alkall metals such as potassium carbonate,
lithium carbonate, sodium carbonate, potassium hydrogen
carbonate and sodium hydrogen carbonate; alkalli metal
hydroxides such as sodiumhydroxide-and'potaSSiumhydroxide;
and the like may be mentioned. As the solvent used in the
reaction, there may be mentioned lower alcohols represented by

ROH, as well as ethers such as tetrahydrofuran and dioxane;

ketones such as acetone and methyl ethyl ketone; acetonitrile,

dimethylformamide, dimethylsulfoxide, and the like. For the

reaction temperature, an appropriate temperature from an
1ce-cold temperature to near the boiling point of the solvent

is selected. The reaction time i1s about 1 to 48 hours.

The alkoxy derivative (VII) thus obtained is heated to

about 80 to 120°C in the presence of acetic anhydride alone,

or with a mineral acld such as sulfuric acid or perchloric acid,

and thereby a Z2-acetoxymethylpyridine derivative represented

by formula (VIII) 1s obtained. The reaction time 1s usually

about 0.1 to 10 hours.

[0031]

Subsequently, a 2Z2-hydroxymethylpyridine derivative

represented by formula (IX) can be produced by subjecting the

compound (V ) toalkali hydrolysis. As for the alkalil in this
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case, there may be mentioned, for example, sodium hydroxide,
potassium hydroxide, potassium carbonate, sodium carbonate and
the like. As for the solvent used, for example, methanol,

ethanol, water and the like may be mentioned. The reaction time

is about 0.1 to 2 hours.

Subsequently, by halogenating the compound (IX) with a
halogenating agent such as a chlorinating agent like thionyl

chloride, a 2-halogenomethylpyridine derivative represented

by formula (III) can be produced. As for the solvent used, there
may be mentioned, for example, chloroform, dichloromethane,
tetrachloroethane and the like. The reaction temperature 1is

usually about 20°C to 80°C, and the reaction time 1s about 0.1

to 2 hours.

10032 ]

The compound of the present invention or a salt thereotf

aand

is stable against acid, and is capable of subjecting

Helicobacter pylori bacteria to eradication or bacteriostasis
even in the body of an animal which belongs to the mammalia

(typically, human being). That is, the compound of the present

inventionor a salt thereof iseffective as an anti—-Helicobacter

pylori agent.

The compound of the present invention or a salt thereof
can also inhibit gastric acid secretion in an animal which
belongs to the mammalia (typically, human being), in addition
to the aforementioned action. That 1s, the compound of the

present invention or a salt thereof 1s also effective as a

gastric acid secretion inhibitor.
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The present invention also provides a method for
subjecting Helicobacter pylori to eradication or
bacteriostasis in a mammal, and/or a method for inhibiting

gastric acid secretion, the method including administering an

effective amount of the compound of the present invention or

a salt thereof to a mammal 1n need of the method.

' The present invention also provides a use of the compound
of the present invention or a salt thereof for the production
of an anti—Helicobacter pylori agent and/or a gastric acid
secretion 1nhibitor.

[0033]

The present invention also provides a pharmaceutical
- composition combining an anti-Helicobacter pylori action and
a gastric acid secretion inhilibiliting action, the composition
containing the compound of the present invention or a salt

F

thereof as an active ingredient. The compound of the present

invention 1is characterized.by'providing an anti-Helicobacte<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>