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ABSTRACT OF THE DISCLOSURE

The present 1nvention 1s directed to a 2,4-

bis(trifluoroethoxy)pyridine compound represented by formula

(1) :
/_CF3
O
N-C_ >—CH
)C[ =S o\_
) N CF;

(1)
(wherein X' represents a fluorine atom or a hydrogen atom) or
a salt thereof, and to a medicine containing the compound or
the salt as an active 1ngredient.
The compound has metabolic resistance 1n human liver
microsome, good absorbability upon oral administration, and

excellent ACAT 1nhibitory activity.

48



CA 02529207 2005-12-12

2,4-BIS (TRIFLUOROETHOXY) PYRIDINE COMPOUND AND
MEDICINE CONTAINING THE SAME

FIELD OF THE INVENTION

The present invention relates to a 2,4-
bis (trifluoroethoxy)pyridine compound which exhibits strong

inhibitory action against acyl coenzyme A cholesterol

acyltransferase (ACAT) upon oral administration and thus 1S

useful for prevention or treatment of hyperlipidemia,
arteriosclerosis, or similar disorders, and to intermediates

which are useful for producing the compound.

i e

DESCRIPTION OF THE RELATED ART

Acyl coenzyme A cholesterol acyltransferase (ACAT) 1s

an enzyme which catalyzes the synthesis of cholesterol ester

from cholesterol and plays an important role in the
metabolism of cholesterol and its absorption in digestive
organs. Although many of conventional ACAT inhibitors
serving as anti-hyperlipidemia agents or anti-

arteriosclerosis agents act on ACAT in the small intestine or

the liver to decrease blood cholesterol level, such agents

P
p—

disadvantageously have side effects such as intestinal

bleeding, intestinal disorder, diarrhea, and liver disorder.

e

According to recent studies, regression of
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arteriosclerosis foci per se 1is expected to be achieved by

preventing foam-cell formation of macrophages, which play a

[~

arteriosclerosis.

key role in formation of foci o:

Specifically, macrophage-derived foam cells (which store

cholesterol esters therein as fatty droplets) are observed 1n

a focus of atherosclerosis. It has been revealed that the

formation of macrophage-derived foam cells 1s closely related

—

to the progress of the lesion. In addition, at the

arteriosclerosis lesion site, the activity of ACAT on the
vascular wall has been elevated, and cholesterol ester has
accumulated on the wvascular wall. Thus, the activity of ACAT

on the wvascular wall might have a close relation to

arteriosclerosis (Exp. Mol. Pathol., 44, 329-339 (1980) ).

Accordingly, when an ACAT inhibitor inhibits

pr—

esterification of cholesterol on vascular walls, free

cholesterol will be stored in vascular wall cells. The

stored free cholesterols are removed by high-density

lipoprotein (HDL) from the cells to the liver (reverse

transport by HDL) and then metabolized. Thus, such an ACAT

P
p—

inhibitor can be expected to inhilibit accumulation o:

cholesterol esters at lesion sites of arteriosclerosis

(Biochim. Biophys. Acta. 2001 15, 1530 (1): 111-122). As
described above, an ACAT inhibitor which inhibits ACAT

present on vascular walls has been consilidered to have direct

anti-arteriosclerosis effect.

Previously, after extensive studies focusing on a

prediction that a compound which selectively inhibits ACATs

N
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1

present on vascular walls and thus prevents macrophages Ifrom

transforming into foam cells may serve as a preventive or

therapeutic agent for arteriosclerosis while producing

reduced side effects, the present inventors found that a

compound represented by the following formula (A):

X —\ Q4
@I )—Y—(CH)I-N_  N—(CHp),—Z—C—N—Ar
N \ /
(CH-)m

(A)

(wherein Ar represents an aryl group which may optionally Dbe

substituted,

represents a divalent residue of benzene, pyridine,

cyclohexane, or naphthalene which may optionally be

gritn,

substituted, X represents NH, an oxygen atom, or a sulfur

atom, Y represents a sulfur atom or the like, Z represents a

single bond, 1 is an integer of 0 to 15, m is 2 or 3, and n

]

is an integer of 1 to 3), a salt thereof, or a solvate of the

compound or the salt selectively inhibits ACATs present 1in

the artery wall and thus 1s useful as a preventive or

therapeutic agent for hyperlipidemia or arteriosclerosis
(International Patent Publication W098/54153).

Among the compounds described 1n International Patent

Publication W098/54153, a compound represented by formula (B)

=

below and a salt thereof was found to have high solubility to

water and high ACAT inhibitory activity and exhibit unlque

gy,

pharmacological effect in a variety of animal models.
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Although compound (B) and other compounds disclosed in

International Patent Publication W098/54153 exhibit excellent

pharmacological effect attributed to ACAT inhlibitory effect
in animals, experiments performed in vitro using human liver
microsomes revealed that these compounds are rapidly
metabolized and thus only small percentage of unchanged

compounds remains in human liver microsome. Therefore, low

blood concentration of these compounds has become of concern.
Moreover, on the basis of a recent knowledge that, from the
mechanism of drug interaction, a drug having higher safety 1is
produced from compounds having higher metabolic resistance, a
compound having higher metabolic resistance in human liver
microsome 1s desired.

However, it has been considered very difficult to

g

improve stability, against metabolism, of compound (B) while

maintaining its ACAT inhibitory effect, since compound (B)

has many functional groups which are generally readily

metabolized in living organisms, and these functional groups

o~

are believed to be essential for production of the

pharmacological effect.

SUMMARY OF THE INV.

L*]

NTION
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P

In view of the forgoing, the present inventors have

performed extensive studies with an aim to obtain a compound
which has improved metabolic resistance in human liver

microsome, exhibits good oral absorption, and provides high

blood concentration, and unexpectedly have found that a 2,4-

bis(trifluoroethoxy)pyridine compound represented by formula

(1) shown below has higher blood concentration (Cmax), higher

AUC (area under curve of blood concentration-time), and

higher oral absorption, although this pyridine compound has

lower solubility to water as compared with those of compound

(B). In addition, the present inventors have found that

these compounds exhibit high ACAT inhibitory activity and

thus are useful as é preventive or therapeutic agent for
hyperlipidemia or arteriosclerosis. The present inventilon
has been accomplished based on these findings.
Accordingly, the present invention provides a 2,4-

bis(trifluoroethoxy)pyridine compound represented by formula

(1) :
/_CF3
O
R~ -cH
. H K\N/\Cn) Yoy 3

(1)
(wherein X' represents a fluorine atom or a hydrogen atom) or

a salt thereof and a method for producing the compound or the

salt.

The present invention also provides a plperazine

compound represented by formula (2):
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(2)

(wherein X' represents a hydrogen atom or a fluorine atom) or

a salt thereotf.

The present invention also provides a pyridine compound

represented by formula (4):

/—CF3
O

H pr—
R’-—N{/\FCH3 (4)
N

O
“—CF,

(wherein R' represents a hydrogen atom, a chloroacetyl group,
a bromoacetyl group, or an iodoacetyl group) or a salt
thereof.

The present invention also provides 2,4-bis(2,2,2-
trifluoroethoxy)-6-methyl-3-nitropyridine.

The present invention also provides N-[2,4-bis(2,2,2-
trifluoroethoxy)-6-methylpyridin-3-vyl]-2-[4-(2-
hydroxyethyl)piperazin-l-yl]acetamlde.

The present invention also provides a medlcine
containing a compound represented by the above formula (1) or
a salt thereof as an active 1ngredient.

The present invention also provides use of a compound

represented by the above formula (1) or a salt thereof for

producing a drug.

The present invention also provides a method for
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treating arteriosclerosis, comprising adminlistering a

compound represented by the above formula (1) or a salt

=

thereof 1in an effective amount.

The compound (1) of the present invention selectively
inhibits ACAT present on artery walls, has excellent

stability against metabolism 1n human liver microsome,

exhibits good oral absorption, and thus is useful as a
preventive or therapeutic agent for hyperlipidemila or

arteriosclerosis.

BR1I.

[T
LS
-,

ESCRIPTION OF THE DRAWING

Fig. 1 shows stability against metabolism of compounds

(1a), (1lb), and compound (B) (hydrochloride) in human liver

microsomes.

DETALL!

R

D DESCRIPTION OF PR

<1
]
[*
e,
A
=
O
=]
=<

BODIMENT (S)

The compound (1) of the present invention has a

structural feature of having one or two fluorine atoms on the

benzimidazole ring and having two 2,2,2-trifluoroethoxy

groups on the pyridine ring. No compounds having this uniqgue

chemical structure has been described 1n International Patent

Publication W098/54153.

The present invention includes the following two

compounds and salts thereof.
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(1b)
Examples of the salt of compound (1) of the present

invention include inorganic acid salts such as hydrochlorides,

sulfates, nitrates, phosphates; and organic acild salts such

as methanesulfonates, maleates, fumarates, citrates,
butyrates, lactates, tartrates, ascorbates, malates,

mandelates, salicylates, pantothenates, Tannates,

ethanedisulfonates, benzenesulfonates, p-toluenesulfonates,

glutamates, aSpartates, trifluoroacetates, pamoates, and

gluconates.

The compound (1) of the present 1nvention or a salt

gh—
S

thereof may take the form of a solvate. No particular

limitation is imposed on the solvate, so far as the solvate

does not adversely affect the ACAT inhibitory activity, and

gy,

the solvate may be formed through addition of a solvent which

is emploved in the process of production or purification such

as water or alcohol. As a solvate, a hydrate 1s preferred.

e

The compound (1) of the present i1nvention may be

produced through, for example, the following production
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process.
/"CF3 /‘CF3
o HO" "CF3 O O
OQNQCH3 — O2NQCH3 — HQN§I\]\CH3
0
- -CF3 “~CF3
(3) (6) (7)
—~CF
0O 3
N-C )-CH
e T x2’\rr \I\"l 3
O 0o
-CFj
(3)
Fane N
—SH
X1 N
Sulfonylation | H NR
" NR Y " NR (10a) F N)_S,\/N(:/
——rree—Y — ——— ,
Ho ™~ N+~ yo~N/ X1 ~FN

(8) (9) (11)

O/-CF3
| H )=
Deprotection . H "~ NH (3) - H AN N Ny CHj
NS S, )._S/\/N\/ —————— ,)_S’\/N\/ O 0
1 \"CF3
x* N X N

(2) (1)
(wherein R represents a protecting group, Y represents an
alkyl group or an arylsulfonyl group, X' represents a
hydrogen atom or a fluorine atom, X° represents a chlorine
atom, a bromine atom, or an l1odine atom)
Specifically, 2,4-dichloro-6-methyl-3-nitropyridine (95)

is reacted with 2,2,2-trifluoroethanol, to thereby produce

compound (6). The nitro group of compound (6) 1s reduced to
produce compound (7). Compound (7) 1s then reacted with

halogenoacetic acid or a reactive derivative thereof, to

thereby produce compound (3).
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Separately, a piperazine ethanol compound (8) whose
amino group has been protected is sulfonylated to produce
compound (9), and compound (9) is reacted with a thiol
derivative (10a) to produce compound (1l1). Alternatively,

compound (11) may be produced through reaction of compound

N

(8) with a thiol derivative (10a) or (10b) 1n the presence oI

a phosphorus compound. Compound (2) 1s produced through

. o~

deprotection of the protecting group (R) of compound (11).’

The compound (1) of the present invention 1s produced
through reaction of the thus-obtained compound (2) with
compound (3) .

Accordingly, the above compound (2), compound (4)

represented by formula (4) below and the above compound (06),

which is 2,4-bis(2,2,2-trifluoroethoxy)-6-methyl-3-

nitropyridine, are useful as intermediliates for producing the

compound (1) of the present i1nvention.

/~CF3
O

H —
R1—-NQCH3 (4)

O
—CF,4

(wherein R' represents a hydrogen atom, a chloroacetyl group,

a bromoacetyl group, or an 1odoacetyl group)

Fach step of the above reaction scheme will next be

described.

The reaction of 2,4-dichloro-6-methyl-3-nitropyridine

(5) with 2,2,2-trifluoroethanol 1s carried out 1n a solvent

(2,2,2-trifluoroethanol or a solvent mixture thereof with

10
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dimethylformamide (DMF), tetrahydrofuran (THEF), dimethyl

g—
—

sulfoxide (DMSO), etc.) 1n the presence ot

a base (e.g., an
alkali metal carbonate such as potassium carbonate or sodium
carbonate; an alkali metal hydroxide such as potassium

hydroxide or sodium hydroxide; or an alkali metal hydride

such as sodium hydride, potassium hydride, or lithium

hydride) for 5 to 24 hours at room temperature to reflux

temperature (preferably for 15 to 20 hours at reflux
temperature) .
The reduction of compound (6) 1s preferably performed

through one of the following reduction reactions: (1)

reduction through use of a sulfur-containing reduction agent

such as sodium dithionite, sodium sulfide, sodium

hydrogensulfide, or hydrogen sulfide, (ii) reduction through

use of a metal-containing reduction agent such as zinc, 1ron,

or tin (II) chloride, or (iii) catalytic reduction under

hydrogen. The reduction reaction (1) 1s performed by, for
example, dissolving compound (6) 1n a solvent such as
isopropanol, ethanol, or THF, adding at 80°C an adqueous
solution of a sulfur-containing reduction agent, and allowlng

the mixture to react for 10 minutes to 2 hours. The

reduction reaction (ii) 1s carried out by, for example,

dissolving compound (6) in a solvent such as an alcohol (such

as ethanol or isopropanol), acetic acid, or a mixture solvent

of water and any of these solvents and allowing the solution

to react for 30 minutes to 24 hours at 0 to 100°C. In the

reaction (ii), an acid such as hydrochloric acid or sulfuric

11
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acld may be added if necessary. The catalytic reduction
reaction (11ii) is performed by dissolving compound (6) in a
solvent such as dioxane, acetic acid, methanol, ethanol, or
lsopropanol or a solvent mixture thereof and allowing the
solution to react in the presence of a catalyst such as Raney
nickelf palladium carbon, palladium hydroxide, or palladium
black under hydrogen for 30 minutes to 12 hours at 0 to 50°C,
preferably for 30 minutes to 3 hours at room temperature.
Examples of the halogenoacetic acid to be used in
reaction with compound (7) include chloroacetic acid,
bromoacetic acid, and iodoacetic acid. Examples of the
reactive derivative of the halogenoacetic acid include
halogenoacetyl halide and halogenocacetic anhydride.
Preferably, compound (7) is reacted with halogenoacetyl
halide. The reaction of compound (7) with halogenoacetyl
halide is carried out, for example, in a solvent (such as
methylene chloride, chloroform, ethyl acetate, acetonitrile,
or toluene) in the presence of a base (such as N,N-
dimethylaniline, triethylamine, pyridine, 4-
dimethylaminopyridine, or 4-pyrrolidinopyridine) for 10
minutes to 5 hours at 0 to 50°C, preferably for 10 to 60

minutes at 0°C.

Synthesis of compound (11) from a piperazine ethanol
compound (8) may be performed through Route “a” (through
alkylsulfonylation or arylsulfonylation) or Route “b”
(through reaction of a phosphorus compound).

In Route "“a”, alkylsulfonylation or arylsulfonylation

12
* Trade-mark
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J—

of a piperazine ethanol compound (8) 1s performed 1n a

solvent (such as DMF, THF, ethyl acetate, or acetonitrile) 1n

g—

the presence of a base (such as triethylamine, pyridine, N,N-

dilisopropylethylamine, N,N-dimethylanlline, or 4-
dimethylaminopyridine) through use of a sulfonyl chloride
compound, as an alkylsulfonylation agent or a

arvlsulfonylation agent, such as methanesulfonyl chloride,

benzenesulfonyl chloride, or p-toluenesulfonyl chloride for
30 minutes to three hours at 0 to 50°C.

The protecting group (R) of the amino group in
piperazine ethanol compound (8) may be protecting groups
employed 1n peptide synthesis. Preferred examples of such
protecting groups include alkoxycarbonyl groups (such as

benzyloxycarbonyl, 2,2,2-trichloroethyloxycarbonyl, and tert-

butoxycarbonyl) and a formyl group.

The reaction of compound (9) with compound (10a) is

carried out in a solvent (such as DMF, DMSO, or acetonitrile)
1n the presence of a base (such as potassium carbonate or

sodlium carbonate) and a catalyst (such as 18-crown—-o6) for 1

to 5 hours at room temperature to 100°C, preferably for 1 to
2 hours at 50 to 80°C.
In Route “b”, a piperazine ethanol compound (8) 1s

reacted with a thiol derivative (10a) or (10b) in the
presence 0of a phosphorus compound.

Examples of the phosphorus compound include phosphine
reagents employed 1n Mitsunobu reaction; phosphorous reagents

contalning such a phosphine reagent and an azo reagent or an

13
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ethylenedicarboxylic acid reagent such as dimethyl maleate or

N,N,N',N'"-tetramethylfumaramide; and phosphonium ylide

reagents.

In Route “b”, the reaction 1is preferably performed

p—

through any of the followlng processes: (1) reaction of

compound (8) with thiol derivative (IOa).in the presence of a
prhosphine reagent and an azo reagent or an

ethylenedicarboxylic acid reagent such as dimethyl maleate or
N,N,N',N'-tetramethylfumaramide {(Method A), (il) reaction of

compound (8) with a thiol derivative (10a) 1in the presence of

a phosphonium ylide reagent (Method B), and (111) reaction of

compound (8) with a thiol derivative (10b) in the presence of
a phosphine reagent (Method C).
<Method A>

Method A may be performed through dissolving compound
(8), a thiol derivative (10a), and a phosphine reagent in a
reaction solvent, adding an azo reagent or an
ethylenedicarboxylic acid reagent thereto, and allowing the

mixture to react under argon or nitrogen for 2 to 24 hours at

0°C to 100°C, preferably at room temperature to 80°C.
Examples of the phosphline reagent employed in Method A

include trialkylphosphines such as trimethylphosphine,

triethylphosphine, tripropylphosphine, triisopropylphosphine,

tributylphosphine, triisobutylphosphine, and
tricyclohexylphosphine, and triliarylphosphines such as
triphenylphosphine, and diphenylphosphinopolystyrene. Among

these compounds, trimethylphosphine, tributylphosphine, and

14
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triphenyvlphosphine are preferred.

Examples of the azo reagent include diethyl

azodicarboxylate (DEAD), 1,1’-azobis(N,N-dimethylformamide)

(TMAD), 1,1’-(azodicarbonyl)dipiperidine (ADDP), 1,1"-

azobis (N,N-diisopropylformamide) (TIPA), and 1,6-dimethyl-

1,5, 7-hexahydro-1,4, 6, 7-tetrazocin-2,5-dione (DHTD). Among

them, diethyl azodicarboxylate 1s particularly preferred.
Examples of the reaction solvent to be employed include

DMF, THF, dioxane, acetonitrile, nitromethane, acetone, ethyl

acetate, benzene, chlorobenzene, toluene, chloroform, and
methylene chloride. Among them, DMF, THF, dioxXane, and
acetonitrile are preferred, and DMF and THF are particularly
preferred.

<Method B>

Method B may be performed through dissolving compound
(8), a thiol derivative (10a), and a phosphonium ylide

reagent in a reaction solvent, and allowlng the solution to

react under argon or nitrogen for 2 to 12 hours at room

temperature to 120°C, preferably at 80°C to 100°C.

Examples of the phosphonium ylide reagent employed 1n

Method B include alkanoylmethylenetrialkylphosphorane,
alkanoylmethylenetriarylphosphorane,
alkoxycarbonylmethylenetrialkylphosphorane,
alkoxycarbonylmethylenetriarylphosphorane,
cyanomethylenetrialkylphosphorane, and
cyanomethylenetriarylphosphorane. Examples of the trialkyl

include trimethvl, triethyl, tripropyl, triisopropvl,

15
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tributyl, triisobutyl, and tricyclohexyl. Examples Or the

triaryl include triphenyl and diphenylpolystyrene.

Alternatively, this reaction may be performed by adding
in the reaction solvent, compound (8) and a thiol derivative
(10a) with a phosphonium halide reagent in the presence of a
base, to thereby produce a phosphonium ylide reagent in the

reactlion system.

Examples of the phosphonium halide reagent employed 1in
this reaction include (cyanomethyl)trialkylphosphonium halide,

(cyanomethyl) triarylphosphonium halide,

(alkylcarbonylmethyl)trialkylphosphonium halide,

(alkylcarbonylmethyl) triarylphosphonium halide,
(alkoxycarbonylmethyl) trialkylphosphonium halide, and
(alkoxycarbonylmethyl) triarylphosphonium halide.

Among the above phosphonium halide reagents,
(cyanomethyl)trialkylphosphonium halide and
(cyanomethyl) triarylphosphonium halide can be prepared
through reaction of a corresponding halogenated acetonitrile
with a corresponding trialkylphosphine and triarylphosphine,
respectively (Tetrahedron, Vol. 57, pp. 5451-5454, 2001).
The other reagents can be prepared through reacting a .
corresponding alkanoylhalomethyl or alkoxycarbonylhalomethyl
with a corresponding trialkylphosphine or triarylphosphine in

a similar manner.

Examples of the trialkylphosphine and the
triarvliphosphine include the compounds listed 1n relation to

Method A. Among them, trimethylphosphine, tributylphosphine,

106
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and triphenvlphosphine are preferred, and trimethylphosphine

is particularly preferred.

g,

Examples of the alkanoyl group of the above-described

alkanoylhalomethyl include formyl, acetyl, propionyl, and

butyryl. Among them, acetyl and propionyl are preferred.

F

Examples of the alkoxy group of the alkoxycarbonylhalomethyl

include methoxy, ethoxy, propoxy, and butoxy. Among themn,

methoxy, ethoxy, and butoxy are preferred.

.

Preferred examples of the halogen atom include chlorine,

bromine, and 1odine.
Examples of the base 1nclude organic bases such as
triethylamine, N,N-diisopropylethylamine,

l,4—-d1azabicyclo2,2,2]octane (DARCO),

1,8-d1azabicyclo[5,4,0]undeca-7-ene (DBU),

and 1, 5—-diazabicyclo[4,3,0]lnona-5-ene (DBN);

and 1norganlic bases such as potassium carbonate, sodium
carbonate, cesium carbonate, lithium carbonate, lithium
diisopropylamide, and potassium hexamethyldisilazide. Among
them, N,N-dilsopropylethylamine, potassium carbonate, lithium
diisopropylamide, and potassium hexamethyldisilazide are
preferred,

and N,N-diisopropylethylamine and potassium carbonate are

particularly preferred.

Preferred examples of the solvent for reaction include

dioxane, THF, toluene, benzene, DMF, DMSO, acetonitrile, and

propionitrile, with propionitrile being particularly

preferred.

17
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<Method C>

Method C may be performed through dissolving compound
(8), a thiol derivative (10b), and a phosphiline reagent in a
reactlion solvent similar to that employved in relation to

Method A and allowing reaction of the solution under argon or

nitrogen for 2 to 48 hours at room temperature to 100°C,

preferably at 60°C to 100°C.

P

Examples of the phosphine reagent employed i1n Method C

include trialkylphosphine and triarylphosphine, which are
described 1in relation to Method A. Specilific examples include
trimethylphosphine, triethylphosphine, tripropylphosphine,
triisopropylphosphine, tributyliphosphine,
trii1sobutylphosphine, tricyclohexylphosphine,
triphenylphosphine, and diphenylphosphinopolystyrene.

Among them, trimethylphosphine, tributylphosphine, and
triphenylphosphine are preferred, and trimethylphosphine and
triphenylphosphine are particularly preferred.

The thiol derivative (10a) may be produced through the
method described in the above-mentioned International Patent
Publication W0S98/54153 or through a method according thereto.
The thiol derivative (10b) can easily be produced from the

thiol derivative (10a).

The deprotection reaction of compound (11) is performed
Chrough a known method 1in accordance with the protecting
group, for example, through hydrolysis, reduction, etc.

The reaction of the thus-obtained compound (2) with

compound (3) 1s carried out in the presence of a base (such

18
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as potassium carbonate, sodium carbonate, potassium

hydrogencarbonate, or sodium hydrogencarbonate) 1n a solvent

(such as DMF, THF, or acetonitrile, or a mixture solvent of

water and any of these solvents), for 5 to 30 hours at room

temperature to 50°C, preferably for 10 to 20 hours at room
temperature.
Alternatively, the compound (1) of the present

invention may be produced through a process of the reaction

scheme described below. Specifically, 1-(2-

hydroxyethyl)piperazine (12) 1s reacted with a
halogenoacetamide compound (3) to thereby produce compound

(13), and compound (13) 1s reacted with a thiol derivative

pa—

(10a) or (10b) in the presence of a phosphorus compound.

O/"'CF;;
H )=
HO™~-N/ ' Ho~N< Q0
3
(12) (13)
/—CF3
0
(10a) or (10b) H =
_ — - § I\,I/*N’\gN \ CHs
Phosphorus compound 1 N'>'S’\’ ~ O\_C,:a

(1)

(wherein X' has the same meaning as defined above).

The reaction of compound (12) with compound (3) 1s

carried out in accordance with a method of producing compound
(1) from compound (2).

The reaction of compound (13) with a thiol derivative
(10a) or (10b) 1s carried out 1n accordance with the reaction
of compound (8) with a thiol derivative (10a) or (10b). This

indicates that compound (13), which i1is N-[2,4-bis(2,2,2-
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trifluoroethoxy)-6-methylpiridine-3-yl]-2-{4-(2-
hydroxyethyl)pilperadine-l-yl]acetamide, 1s useful as an
intermediate in producing compound (1) of the present

invention.

Isolation and purification of the compound (1) of the
present invention may be performed through any suitable
combination of washilng, extraction, recrystallization, any

pre=e

types of chromatography, etc. The acid-addition salt may be

produced through a routine method.

Reslistance to metabolism 1in human liver microsome was

studied 1in vitro. Fig. 1 shows the remaining percentage of

the unchanged compound 30 minutes after incubation. As shown

in Fig. 1, compound (B) (hydrochloride) was found to exhibit

a remalning percentage of 16%, whereas compound (la) was

found to exhibit remaining percentages of 27%, and compound
(1b) exhibited even higher remaining percentage of 62%. That
1s, the compounds of the present 1nvention exhibit higher

y—

remalning percentage than that of compound (B)

(hydrochloride). Therefore, the compound (1) of the present

invention was found to have dramatically improved metabolic

resistance in human liver microsome.

In addition, solubility to water was studied. As shown

in Table 3, the solubility to water of compound (1) of the
present i1nvention 1s much lower than that of compound (B)
(hydrochloride). Thus, the compound (1) of the present

1invention was anticlpated to have low absorbability upon oral

adminlstration.
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However, data obtained through an oral administration

test in male and female rats have revealed quite different

results. Contrary to our expectation, the compound (1) of

the present invention was found to exhibit two to three fold

blood concentration (Cmax) and two to four fold AUC wvalue as

compared with the case where compound (B) (hydrochloride) was
employed. Therefore, the compound (1) of the present
invention has been acknowledged to have higher oral
absorption as compared with compound (B) (hydrochloride).

In addition, ACAT inhibitory activity was studied 1in

vitro. As shown 1in Table 1, the compound (1) of the present

invention was found to exhibit a strong ACAT 1inhibitory

activity equivalent to that of compound (B) (hydrochloride).

The above results the compound (1) of the present

invention exhibits strong ACAT inhibitory activity comparable

to that of compound (B), higher metabolic resistance 1n human

pa—

liver microsomes than that of compound (B), and high oral

absorptlion indicate that the compound (1) of the present

invention 1s useful as a preventive or therapeutic agent for

hyperlipidemlia or arteriosclerosis.

The compound (1) of the present 1nvention has an

excellent ACAT inhibitory action and thus 1s useful as an

preventive or therapeutic drug for, for example,
hyperlipidemla, arteriosclerosis, cervical or cerebral
arteriosclerosis, cerebrovascular disorder, ischemic

cardiopathy, i1schemic enteropathy, coronary arteriosclerosis,

nephrosclerosis, arteriosclerotic nephrosclerosis, malignant

21



CA 02529207 2005-12-12

nephrosclerosis, acute mesenteric vascular occlusion, chronic

intestinal angina, ischemic colitis, aortlic aneurysm, Or

arteriosclerosis obliterans (ASO).

P

When the compound (1) of the present invention 1s used

as a drug, the compound (1) or a salt thereof can be formed,

either singly or in combination wilith one or more

pharmacologically acceptable carriers (e.g., an exciliplent, a
binder, and a diluent), into a dosage form such as tablets,
capsules, granules, powders, injectlons, or suppositories.

Such a drug preparation can be produced through known methods.

For example, a drug preparation for oral administration may
be produced by formulating the compound (1) of the present
invention with one or more sultable carriers includling an
excipient such as starch, mannitol, or lactose; a blnder such
as sodium carboxymethylcellulose or hydroxypropylcellulose: a
disintegrant such as crystalline cellulose or calcium
carboxymethylcellulose; a lubricant such as talc or magnesium
stearate: or a flowability-improving agent such as light

anhydrous silicilc acaid.

The drug of the present invention 1s administered

either orally or parenterally, but oral administration 1is

preferred.

—

Dose of the drug of the present 1nvention differs

depending on, for example, body weight, age, sex, or symptom

of the patient. The daily dose of the compound (1) of the
present invention for an adult 1s typically 1 to 500 mg,

preferably 5 to 200 mg. The compound (1) 1s preferably
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administered once a day or two or three times a day 1in a

divided manner.

EXAMPLES

The present invention will next be described in more
detalil by way of examples, which should not be construed as
limiting the technical scope of the invention.

Production Example 1
Production of 5,6-difluoro-2-mercaptobenzimidazole:
4,5-Difluoro-2-nitroaniline (5.75 g, 33.03 mmol) was
dissolved in acetic acid (100 mL) and concentrated
hydrochloric acid (2.3 mL), and while the mixture was
vigorously stirred in an ice bath, zinc powder (6.91 g, 105.6
mmol) was added thereto over 10 minutes. The resultant
mixture was stirred for 20 minutes at the same temperature
and then for 130 minutes at room temperature. Fufther, zinc
powder (1.20 g, 18.35 mmol) was added thereto over 5 minutes
at the same temperature, and the resultant mixture was
stirred for 30 minutes at the same temperature. The reaction
mixture was concentrated under reduced pressure, and the
residue was neutralized with agqueous saturated bicarbonate,
followed by filtration through use of Celitef The filtrate
was extracted with chloroform, and the organic layer was
washed with saturated brine. The product was dried over

sodium sulfate anhydrate, and then concentrated under reduced

pressure, to thereby yield a brown o0il (4.73 qg).
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The brown oil was dissolved in ethanol (200 mL), and

potassium O-ethylxanthate (15.75 g, 98.25 mmol) was added

thereto, followed by reflux for 14 hours. The reaction
mixture was concentrated under reduced pressure, the reslidue
was extracted with ethyl acetate - 1-mol/L hydrochloric acid,
and the organic layer was washed with saturated brine. The
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