2, 4- Bl S( TRI FLUOCROETHOXY) PYRI DI NE COVPOUND AND
MEDI CI NE CONTAI NI NG THE SAME FI ELD OF THE | NVENTI ON
The present invention relates to a 2, 4-

bi s(trifluoroethoxy)pyridine compound whi ch exhibits
strong inhibitory action against acyl coenzynme A
chol esterol acyltransferase (ACAT) upon ora
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DESCRIPTION OF THE RELATED ART

Acyl coénzyme A cholesterol acylt:énsferase (ACAT) is
an enzyme which catalyzes the synthesis of cholesterol ester
from‘cholesterol and plays an important role in the
metabolism of cholesterol and its zbsorption in digestive
organs. Although many of conventional ACAT inhibitors
serving as anti-hyperlipidemia agents or anti-
arteriosclercosis agents act on ACAT in the small intestine or
the liver to decrease blood cholesterol level, such agents
disadvantageously have side effects such as intestinal
bleeding, intestinal disorder, diarrhea, and liver disorder.

According to recent studies, regression of




formati on of macrophage-derived foamcells is 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 el evated, and
chol esterol ester has accunul ated on the vascul ar
wal | . Thus, the activity of ACAT on the vascul ar wall
m ght have a close relation to arteriosclerosis (Exp.
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arteriosclerosis (Exp. Mol. Pathol., 44, 329-339 (1986)).

Accordingly, when an ACAT inhibitor inhibits
esterification of cholesterol on vascular walls, free
cholestercl will be stored in wvascular 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
inhibitor can be expected to inhibit accumulation of
cholestercl esters at lesion sites of arteriosclerosis
(Biochim. Biophys. Acta. 2001 15, 1530 (1): 111-122). As
described above, an ACAT inhibitor which inhikits ACAT
present on vascular walls has been considered to have direct
anti-arteriosclerosis effect.

Previously, after extensive studies focusing on a

prediction that a compound which selectively inhibits ACATs



(CH2)m (A) (wherein Ar represents an aryl group which
may optionally be substituted, represents a dival ent
resi due of benzene, pyridine, cyclohexane, or
napht hal ene which may optionally be substituted, X
represents NH, an oxygen atom or a sulfur atom Y
represents a sulfur atomor the like, Z represents a
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solublllty to water and high ACAT inhibitory activity

xh|b|t udrahe har | Hgi cal effect in a
(512 nG%%%sq?ég gﬁﬁugh compound (B) and
er conpou&ﬁéyglsclosed in International Patent
Publlcanygn W98/ 54153 exhi bit excell ent
phar macot' gi cal effect attributed to ACAT inhibitory
(wELEEEL At Ny éﬁt&?&ﬁtseéﬁeét n&fo r&@f@ﬁdméf YptiOnally be
usT ng Hureh TTVer i Croso reveal ed that™ these
suEQﬂP@E@Q& are rapidly netabollzed and thus only small
percentage of unchanged conpounds remains in human
et~ m crosonme. Therefore, |ow blood concentration
t hese conpounds has becone of concern. Mboreover,
t he basis of a recent know edge that, fromthe

represents a divalent residue of benzene, pyridine,
cyclohexane, or naphthalene which may optionally be
substituted, X represents NH, an oxydgen 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 oI the
compound or the salt selectively inhibits ACATs present in
the artery wall and thus is useful as a preventive or
therapeutic agent for hyperlipidemia or arteriosclerosis
{International Patent Publication WC98/54153).

Among the compounds described in 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 unique

pharmacological effect in a variety of animal models.



mechani sm of drug interaction, a drug having hi gher

safety is produced from conpounds havi ng hi gher

net abol i c resistance, a conpound havi ng hi gher

nmet abolic resistance in human liver microsone is

desired. However, it has been considered very

difficult to inprove stability, against netabolism

of conmpound (B) while _nmaintaining i&f ACAT jnhi bitory
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to be essentjal_for production of the  pharmacol ogic
phagmaqlogical 9ELest \piig)L dst%n%cpé“re“gun@hw%fﬁect
. THE INVENTION 4 In view of the forgoing, the present 1
in 3R b s FERRT TR DRt Qi ehst B eV ST BELRY t g Liver

.aimto obtain QﬁPoungq whi ch has i nproved netabolic

M1 G SR GBS TTP HRARITT | VeSS CHBRORRIS ekt bt 712 Ghbd

oral absorptio and provid hi gh bl ood
me GRLRET 4 H6h, LT ThY pat bl S e t Sandt (ER AR g,

bis&%rifluoroethoxy% ri dji ne conpound represent
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blgggcggﬁégﬁ{€§t£g§3§%’tgé Qeéompounds has become of concern.
Moreover, on the basis of a recent knowledge that, from the
mechanism of drug interaction, a drug having higher safety is
produced from compounds having higher metabolic resistance, a
compound having higher metabolic resistance in human liver
microsome is desired.

However, it has been considered very difficult to
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

are believed to be essential for production of the

pharmacological effect.
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AUC (area under curve of blood concentration-tine),
and higher oral absorption, although this pyridine
conmpound has |ower solubility to water as conpared
with those of conmpound (B). In addition, the present
i nventors have found that these conpounds exhi bit
hi gh ACAT inhibitory activity and thus are useful as
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AUC (area under curve of blood concentration-time), and
higher oral absorption, although this pyridine compound has
lower sclubility 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 invention
has been accomplished based on these findings.

Accordingly, the present invention provides a 2,4-

bis(trifluoroethoxylpyridine compound represented by formula

(1}
f_CF3
0
1 -ca
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«! —CFs

(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 piperazine

compound represented by formula (2):



O RI-N-{\ i)-CH3 (4) 0 CF3 (wherein Rl represents a
hydrogen atom a chl oroacetyl group, a bronpacetyl
group, or an iodoacetyl group) or a salt thereof. The
present invention also provides 2,4--bis(2,2,2-
trifluoroethoxy)-6-nethyl-3-nitropyridine. The
present invention also provides N-[2,4-bis(2,2,2
trifluoroethoxy)-6-nethyl pyridin-3-yl]-2-[4-(2-

hydr oxyet hyl ) pi ﬁgin-l-yl]acetanide. The present
droviides a nedicine containing a

Fi_nventitbn al so
cun M by the above formula (1) or a
158 ereof as an active ingredient. The present

i nvention al so provides use of a conmpound represented
by the abovqafornula (1) or a salt thereof for
produci ng a drug. The present invention also provides

net hod, for 6 treating arteriosclerosis, conprisin
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(wherein R' represents a hydrogen atom, a chloroacetyl group,
a bromoacetyl group, cor an icdeoacetyl 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-
trifluorocethoxy)-6-methylpyridin-3-yl1]-2-[4-(2-
hydroxyethyl)piperazin-li-yl]acetamide.

The present invention also provides a medicine
containing a compound represented by the above formula {1) or
a salt therecf as an active ingredient.

The present invention aiso provides use of a compound
represented by the above formula (1} or a salt thereof for
producing a drug.

The present invention alsc provides a method for



arteriosclerosis. BRI EF DESCRI PTI ON OF THE DRAW NG
Fig. 1 shows stability agai nst netabolism of conpounds
(1a), (Ib), and conpound (B) (hydrochloride) in human
liver mcrosonmes. DETAILED DESCRI PTI ON OF PREFERRED
EMBODI MENT(S) The compound (1) of the present
i nvention has a structural feature of having one or
tmo_fluorine,atoFB on the benzimdazole ring and
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ridine ring. No conpounds having this unjque
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inhibits ACAT present on artery walls, has excellent
stability against metabolism in human liver microsome,
exhibits good oral absorption, and thus is useful as a
preventive or therapeutic agent for hyperlipidemia or

arteriosclerosis.
BRIEEF DESCRIPTION OF THE DRAWING

Fig. 1 shows stability against metabolism of compounds
{la), (1lb), and compound (B} (hydrochloride) in human liver

microsomes.
DETAILED DESCRIPTION OF PREFERRED EMBCDIMENT (S)

The compound (1} of the present invention has a
structural feature of having one or two fluorine atoms on the
benzimidazeocle ring and having two 2,2,2-triflucroethoxy
groups on the pyridine ring. No compounds having this unigue
chemical structure has been described in International Patent
Publication W028/54153.

The present invention includes the following two

compounds and salts thereof.



CON"-CF3 (1b) Exanples of the salt of compound (1)
of the present invention include inorganic acid salts
such as hydrochl orides, sulfates, nitrates,
phosphat es; and organic acid salts such as
met hanesul fonates, mal eates, fumarates, citrates,
butyrates, lactates, tartrates, ascorbates, nal ates,
mandel at es, salicyl at es, pant ot henat es, tannates,
et hanedi sul f onat es, Qgﬁg%hesulfonates,
p-toluenesulfonates utanates, aspart at es,
trifluoroacet ;ﬁw , and gluconates. The

N't Nl p Bent i nvention or a salt

Ccﬁmd (1)
Q)f—s@y"\ﬂ C{grm of a solvate. No particul ar

Mtion is |nposed ofifthe solvate, so far as the
solvate does qga)adversely affect. the ACAT
inhibitory activity, and the solvate may be forned
t hrough addition of a solvent which is enployed in
t he process of prodqg”ﬁ%ﬁ or purification such as
wat er or al cohol . sol vate, a hydrate is

preferred éhe nd, dp, of the present invention

F e pro Epﬁgﬁg , for exanple, the follow ng
duetson” ss\_g HO-CF3 2N NCH3 C (5) O

M2 el f N-(~ CH3

(1b)

Examples of the salt of compcund (1) of the present
invention include incrganic acid salts such as hydrochlorides,
sulfates, nitrates, phosphates; and organic acid salts such
as methanesulfonates, maleates, fumarates, citrates,
butyrates, lactates, tartrates, ascocrbates, malates,
mandelates, salicylates, pantothenates, ltannates,
ethanedisulfonates, benzenesulfonates, p~toluenesulfonates,
glutamates, aspartates, trifluorcacetates, pamoates, and
gluconates.

The compound (1) of the present invention or a salt
thereof may take the form of a solvate. No particular
limitation is imposed on the solvate, sc¢ far as the solwvate
does not adversely affect the ACAT inhibitory activity, and
the solvate may be formed through addition of a solvent which
is employed in the process of production or purification such
as water or alcohol. As a solvate, a hydrate is preferred.

The compound (1) of the present invention may be

produced through, for example, the following production
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) )]
(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 iodine atom)

Specifically, 2,4-dichloro-6-methyl-3-nitropyridine (5)
is reacted with 2,2, 2-trifluoroethanol, to thereby produce
compound (6). The nitrc group cf compound (6) is reduced to
produce compound (7). Compound (7) is then reacted with
halogenoacetic acid or a reactive derivative thereof, to

thereby produce compound (3).



4-SH N (10a) FNH xF 1%1>-S z (I Qo) Phosphorus
conpound NS ~ NH (3) FN XL - N-CF3 (2) (1) (wherein
R represents a protecting group, Y represents an
al kyl group or an aryl sul fonyl group, X1 represents a
hydrogen atomor a fluorine atom X2 represents a
chlorine atom a bromne atom or an iodine atom
Speci fical l 2, 4-di chl or o- 6- et hyl - 3- nltropyrldlne
(5)SeParakg YedamP%ReEaél@et?FFPH%}OE?%BHBPd {8 Whose
t hereby produce conpound (6),.. The_nitro group
am%%ﬁnﬁﬁﬁﬁp(Qﬁs|%e?%dQ%%Ee$%edp%%d%%%f%%ﬁ%%ﬁ%% ?Q)PrOduce
npound (7) is then reacted with hal ggenoacetic, acid
COT&E’O%nﬁieé%h VR eF PRRR R {%brje%fre%te‘i‘h‘é’r%y pF]EbH%Jce

ound H O CF3 H r-NT1f NI gH?
derlv tfve sf&a tc produce compoun 11). Alternatively,

compound (11) may be produced through reaction cf compound
(8) with a thicl derivative (10a)} oxr (10b) in the presence of
a phosphorus compound. Compound (2) 1s produced through
deprotection of the protecting group (R} of compound (11).

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

Accordingly, the abecve compound (2), compound (4)
represented by formula {(4) below and the above compound (6),
which is 2,4-bis(2,2,2-trifluoroethoxy)-6-methyl-3-
nitropyridine, are useful as intermediates for producing the

compound (1) of the present invention.

/—CF3
O

H —
R1~NQCH3 @

o
\~CF;

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

Each step of the above reaction scheme will next be
described.

The reaction of 2,4-dichlcro-é-methyl-3-nitropyridine
(5} with 2,2,2—trifluoroethanol is carried out in a solvent

(2,2,2-trifluorcethanol or a solvent mixture therecf with

10



NN>S"N 00 9 Separately, a piperazine ethanol
conpound (8) whose am no group has been protected is
sul fonyl ated to produce conpound (9), and conpound
(9) is reacted with a thiol derivative (10a) to
produce conmpound (11) . Alternatively, conpound (11)
may be produced through reaction of conpound (8) wth
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temperature) .

The reduction of compound {6) 1s preferably performed
through one of the following reduction reactions: (i)
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, iron,
or tin (II) chloride, or (iii) catalytic reduction under
hydrogen. The reduction reaction (i) is performed by, for
example, dissolving compound (6} in a solvent such as
isopropanol, ethanol, or THF, adding at 80°C an aqueous
solution of a sulfur-containing reduction agent, and allowing
the mixture to react for 10 minutes to 2 hours. The
reduction reaction (ii) is 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. 1In the

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

11



descri bed. The reaction of 2,4-dichloro
-6-nmethyl-3-nitropyridine (5) wth
2,2,2-trifluoroethanol is carried out in a solvent
(2,2,2-trifluoroethanol or a solvent m xture thereof
with 10 di nmet hyl formam de (DMF), tetrahydrofuran
(THF), dinmethyl sulfoxide (DMSO), etc.) in the
presence of a base (e.g., an alkali netal carbonate
ac%d?ﬁ%sb%o%‘é‘é%@ ubh R BOTBREY or E6diqFrh edrisotBicHpn

al kali netal hydroxide such as potassium hydroxide or
reaGet n hjyjd% bxi e kO HL Al kA #2 %%?%erh‘%d??lﬂ%ou%@c hohsin a
sodi um hydri de, potassium hydride, or |ithium
solNRRT dBYCR oS 59k X 3E hrfF &L AF ?Q&ﬁnt%ﬁ&kﬁ%ﬁﬁreEFBanolr or
., reflux tenperature referably for 15 to_20_ hours a
L SERFIRAROL Chbeh at o G TR L SHE L Sreer ool ey Fae
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so Pebt ek En Fosst  hherhe pE SRR e L (Tl Rbtothdl a5 Raney
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en sul fide reduction t use a

hyd i h f
bl%é¥a¥@%%%t%Yﬂ¥%%e?eﬁ%él%%h@%@%ﬁ?ssﬁ%hyéggg?ﬁ%,aFrgnFo 50°C,
pre eE'ng'k%rCQbQ$' GeeQ b1 CRALALYLL Goh edUelion, e

under ydr ogen. TTon ?l) i'S

e reduction reactio
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-contarning reduction agent, and allowing fhe
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reduction reacflon (11) s carried out by, for
reSX8IPL Cder H560LY1 59 @@@Dﬂgnggéﬁaae@tﬁcsg&ysninéyﬁaeas

an al cohol (such as ethanol i sopropanol ), acetic
ha 86k 8no8kc By M KAV 8e SRhNERE1ogenoacetic anhydride.
Preferably, compound (7) is reacted with halogencacetyl
halide. The reaction of compound (7) with halogencacetyl
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.

Synthesié of compound {11} from a piperazine ethanol

cempound {8) may be performed through Route “a” (through
alkylsulfonylation cor arylsulfonylation) or Route “b”

{through reaction of a phosphorus compound).

In Route “a”, alkvlsulfonylation cr arylsulfonylation

12



of water and any of these solvents and allow ng the
solution to react for 30 mnutes to 24 hours at 0 to
100C. In the reaction (ii), an acid such as
hydrochloric acid or sulfuric 11 acid nmay be added if
necessary. The catalytic reduction reaction (iii) is
perfornmed by dissolving conpound (6) in a solvent
such, as di oxane, acetic acid, nethanol, ethanol, or
ofj 3 oBtBPEABI B © R EBPYeRPMAPREGr 68t héF ebeT AAEMaL] 6 Ag
the solution to react _in the presence of a catalyst '
SOSYERL asS®aReys W EkelHF pafthyl uprebrben, Oparralpoitrile) in
hydr oxi de, or palladium black under hydrogen for 30
Ehfi HGEe’ED 95 RobRscafSBcho250Eriephit 8pabFy Pyrigdne, N, N-
.mnutes to 3 Eours at_room tenperature. Exanples of
dl%ﬁ‘épﬁ%%g%ﬁw i acl Nt O BRCLELA hinEealEi 6 Wi th
.coEgOEnd,é7% inélude chl oroacetic _acid,_. bronpacetic
dine ity LAt BYbACERPL BRFquIExRRpI @ of SthEonYeachigeide
derivgtive of tﬂg ralfgenOﬂcetic aci d_include
COPRYYYRBNoAT By 2hEY TR SRV HAF b3 NBYEEREI @ afhydri de.
Pr ef erabl conpound (7) is reacted with .
=R LSRRl ar ST RA be LoiR rEaReEBR UL EApBhnab 9y ide,
Lth h noacetyl . ;halide i arried,out, fo . :
oot SlePdl PRRDRAGEI ka0t st R alo TRk RET LA kb Ehraiae for
chl or of or thyl acetate cetopifrile, or toluene)
307 LRGP r B ke s faubasat (Auth 48N, N
di y LLj tri yl.am ne, rodine, 4- .
digg%%y#%ﬁ#%ggngdpkgpgoéﬁzlgﬁng¥iéﬁ%ggygé Pﬁefnfor
| 30r 2 51 AUt f
PLYOr a0 Bor eeo D, RRbouR Bl onal Cpe BEELELEELYS §E T,
10V 08T 821 PEL €L HANQ L t EOEPOUNG (B f
em?h?%ugh Rbgt% "a” (%%rough alkylgﬁ¥$%%3ﬁggﬁgﬁg%?§p such
prof¥teihd ofybabs O c Pha&OMI BoxPcarbonyl 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)
~in the presence of a base (such as potassium carbonate or

sodium carbonate) and a catalyst (such as 18-crown-6) 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) is
reacted with a thiol derivative (10a) or (10b) in the
presence of a phosphorus compound.

Examples of the phosphorus compound includé phosphine
reagents employed in Mitsunobu reaction; phosphorous reagents

containing such a phosphine reagent and an azo reagent or an

13



(through reaction of a phosphorus conpound). In Route

a", alkylsulfonylation or arylsulfonylation 12 of a
pi perazi ne et hanol conpound (8) is perfornmed in a
sol vent (such as DMF, THF, ethyl acetate, or
acetonitrile) in the presence of a base (such as
triethylanine pyridine, N, N diisopropylethylam ne,

N, N-di net hyl ani | i ne, or 4- dinethyl am nopyri di ne)

eth il SRRl eV hi G UEF oRyF SeBeRE | TaCh cofpeLRathys maleate or
al kyl sul fonyl ation agent or a arylsulfonylation

N, Bgdnt N stiehf aae Hey hAwea tirodg %%%o?h%%Phonlum ylide
benzenesul fonyl chloride, or p-tol uenesul f onyl

rea@fdkfde for 30 ninutes to three hours at 0 to 500C.
The grotectln of the am nqg group i

pipé a?PHESet EnthgoﬁﬁéﬁﬁaOFS}snﬁyeﬁﬁrBPéVeéﬁFﬁ@rmed
|oyed in eptlde synthesis. Preferred
g€|@§y2$f Y ?@tPGn@ré?%ﬁﬁ%srn&%deeaCtlon of
| k h b b
coxgp%&gxc?;g oo E P DR Bohs e Rhitt ok Bh8°P¥esence of a
but b | . Th t f
Ph TN %Srf%s”%#tﬂnﬁo%o%%é‘yfa%éé’ﬁfsorc%#FZS oot in a

acetonitri,le

oL ERR H B TaE Tendh aeo bt aSar inr carbhbpel ghaTeate ox
N,?%ﬁ‘?ﬁ1céég9 é@ﬁyf?&mgrgﬁggéyzﬁa%ﬁgg gslébbgfreacglon of

OUTS room ure

CoBf LRI 100112y A RUES, LD 19,800, LGB enco o
a ﬂﬁ& ﬂoﬂb%@ %9§ﬁévﬁﬁé§§n£1Qﬁ%t95g(égg aﬁ?eﬁh§ ﬁeaction of

presence phospnorus compoun
coﬂﬁ@§ﬁ@oﬁ§§ &Pﬁpognghi8§|3g919g9§95'@fObfe§HeEB§ presence of

enpl oyed Iin Mtsuncbu reaction; phosphorous reagents
a phosphine reagent {(Method C).
<Method A>

Method A may be performed through dissolving compound
{(8), a thiol derivative (10Ca), 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 phosphine reagent emplioyed in Method A
include trialkylphosphines such as trimethylphosphine,
triethylphosphine, tripropylphosphine, triisopropylphosphine,
tributylphosphine, triisobutylphosphine, and
tricyclochexylphosphine, and triaryliphosphines such as
triphenylphosphine, and diphenylphosphinopolystyrene. ZAmong

these compounds, trimethylphosphine, tributylphosphine, and

14



cont ai ni ng such a phosphi ne reagent and an azo reagent
or an 13 et hyl enedi carboxylic acid reagent such as
dimethyl maleate or N, N,N ,N --tetranethyl fumaram de;
and phosphoniumylide reagents. In Route "b", the
reaction is preferably perforned through any of the
follow ng processes: (i) reaction of conpound (8)
with thiol derivative (10a) in the presence of a
£ Wrhriphi i sRbaEht 2 Bh P e 9768 ¢ eagent  or  an
et hyl enedi carboxylic acid reagent such as di net hyl
mal BAREP bes QAL NN | AEQ t B2 apRE hi ¢ Linde afd geh et hod
4ﬁ§ (iji) reaction of conpound (8) with a thiol ,
22Qfe G X8 A0 a)PEAP k hel pt 'esetitel o, N pHeR brohf efmamnide)

|ide reagent (Methqod B), and (iij). reaction of

(TR (o) s Ao G RGN 10B0T bt hel -
resence of, a phosphi ne reagent (Method C). <Met hod

2z QL S/EY ST Al SRS PRY e FRATESE & hi ) i 3D| b fgftmethyl-

SR By PP P, H 0 by o s

endfO AEEHRE Pl a TR ERES: SRV LEELY AEePE M ea.
it f 2.t 24 t 0C t 100C, .
o R 05 PO Pladii e Fal TehR ol B bPLavEr inglude

h i ne, reagent_enpl oyed. j n Met hod A% i ncl ude
DM PRy | BHOSRAT neRS SUERE st {71 ot T T PRORPAT nescetone, ethyl
ac Eé@épygéﬁgéﬁgyr%%}éféﬁ%%&%%émoféiﬁéﬁ%, chloroform, and
ri1sopropyl phosphine, ributyl phosphi ne, .
ne {1 SODULY PROSPNT Do, n okl | U Oftiey| RIQSBRIdIE o,
tr¥ary phosphi nes suéﬁﬂgs S¥i pheryl phdsphine. dnd
ac&tpheny] phosphinopel ysiyr efes AP, LHES e, COMPOHPASy1ar1y
tri met hyl phosphi ne, tributyl phosphi ne, and
preferred.
<Method B>

Method B may be performed through dissclving compound
(8), a thiol derivative (10a), and a phosphonium yiide
reagent in a reaction solvent, and allowing 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 in
Method B include alkanoylmethylenetrialkylphosphorane,
alkanoylmethylenetriarylphosphorane,
alkoxycarbonylmethylenetrialkylphosphorane,
alkoxycarbonylmethylenetriarylphosphorane,
cyanomethylenetrialkylphosphorane, and

cyancmethylenetfriarylpheosphorane. Examples of the trialkyl

include trimethyl, triethyl, tripropyl, triisopropyl,
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14 1 triphenyl phosphine are preferred. Exanples of the
azo reagent include diethyl azodicarboxyl ate (DEAD)
1,1 -azobi.s(N, N-di met hyl formam de) (TMAD), 1, 1' -
(azodi carbonyl) dipiperidine (ADDP), 1, 1' -

azobi s(N, N-di i sopropyl f or mam de) (TIPA) and
1,6-dinmethyl- 1, 5, 7- hexahydro 1, 4,

7-tetrazocin one . then1 di et hyl
tr%a%ey%ar%aay$%@%tygfp%@@.%a+%y¢9o%$%yﬁrr c@i the

of the reaction solvent to_be enpl oyed |nclude
tr#@FYld}%ﬁ%%%e %Eé@%%?Y%l@%d %%@?%%% %%%StﬁE%@%ne

eth acetate, benzene, chl orobenzene, tol uene,

B et at Sy R Lo s CE PRy TaE. DR BRECPRBRY BHFadding
T F, d t tril
i ar IS St P ety | o, TRE BERLE oA e Ner hpative
forned th Vi d (8).
15%lo¥ 8 $3é%$rﬂﬁ?&%%§ougﬁagésﬁﬁ%é%ﬂﬁncoﬁf§$Pageée%ceaof a

ti t
é%?ﬁ??th%53b¥§§§?dﬁﬂaZ$ St SRS YEMR% K0S ent 15 pthe

rehour s at %ﬁ tenperature to 120C, preferably at 80C
e?% 100 %ﬁples of the phosphonlun1yllde reagent

Q%ﬁg ?hy%ﬁ r?a?ﬁ@ﬁ # Sm halide reagent employed in

altanoy A osphorane,
on 2L ORI VAEDSHE, BEVLADREPAOL ELs Blpnponhonton naside,

%Qﬁgﬁé{QﬁDY£P?£P¥ ?ES %hosp HhHQPPQEa”e

yanonet enetr or ane, ahd

(a E¥GD EF%QM& etRl 2y ¥£PQP§9DBﬁ§Q£hoE¥éﬁph§§l8& the
tria ude rimethyl”, friethyl, tripropyl,
(aik&iéQPﬁQﬂyimethyl)trlarylphosphonlum halide,
(alkoxycarbonylmethyl) trialkylphosphonium halide, and
{alkoxycarbeonylmethyl) triarylphosphonium halide.

Among the above phosphonium halide reagents,
{cvanomethyl}trialkylphosphonium halide and
{cyanomethyl}triarylphosphonium halide can be prepared
through reaction of a correspeonding 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

triarylphosphine include the compounds listed in relation to

Method A. Among them, itrimethylphosphine, tributylphosphine,
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15, Atributyl, triisobutyl, and tricyclohexyl.

Exanples of the triaryl include triphenyl and

di phenyl pol ystyrene. Alternatively, this reaction my

be perforned by adding in the reaction sol vent,

conmpound (8) and a thiol derivative (10a) with a

phosphoniun1halide reagent in the presence of a base,

% t her eby. produce a phosphonium ylid_ e reagent in

he™ TRRERY 10 $9/818fn SEX AnPF ESTBPL hen BhbSpReRpukphosphine

hal i de reagent e loyed in this reaction include

15(?@%&&ﬁ&ﬁ?§h¥t?? %9¥%%osphoniun1 halide

riary hos honi um hali

At é%na?ﬁy%¥kep Ry URBRPRBNE BEnabRERrdescribed
al%%#%%L@%@%ﬁ% it ot i %%?§¥R£¥gﬁg£§%%§ ﬂg$$a%nyhnn%%d
R el
Ex T RO OT ot | SHE Gy RORERr cBb o oL ﬁ%%i%%ﬁﬁ?%ﬁ{ﬁgfomethvl
mgf%‘%o%%‘?ﬂ'%%os%‘ﬁh%éyf oé’ré@%@%?f 2y B DAERE e,
ne o e R ot BOL TR X R PEShBT g

pre rrespon |ng

59@9&98&0&&%@5 ngo%' S SANROI AP yadt e & e,

correspondlng ["phosphi ne

b 5h Exanpl es of the trlalkylphosphlne
t the trlarféphosphlne i ncl ude the conpounds |isted

TSI b CABUBEE er G L1 pases such o
triethylamine, N,N- dllsopropylethylamlne,
1l,4-diazabicyclo[2,2,2]octane (DABCO),
1,8-diazabicyclo[5, 4, 0lundeca-7-ene (DBRU),
and 1, 5~diazabicyclo[4, 3, 0]nona-5-ene (DBN) ;
and inorganic bases such as potassium carbonate, sodium
carbonate, cesium carbonate, lithium carbonate, lithium
diisopropylamide, and potassium hexamethyldisilazide. Among
them, N,N-diisopropylethylamine, 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 particulariy

preferred.
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"l and triphenyl phosphine are preferred, and
trinmethyl phosphine is particularly preferred.
Exanpl es of the al kanoyl group of the above-descri bed
al kanoyl hal onmet hyl i nclude fornyl, acetyl, propionyl,
and butyryl. Anong them acetyl and propionyl are
preferred. Exanples of the al koxy group of the
al koxycar bonyl hal onet hyl i ncl ude net hoxy, ethoxy,
<MpEBPEXy> and butoxy. Anong them nmethoxy, ethoxy, and
but oxy are preferred. Preferred exanples of the
haIM@éhoﬁtSnﬁﬁﬁcPBdEeéﬁPSWPﬁethIBPaﬁlﬁéSSSAHlPSdFﬁ@pound
npl es of the base include organic_bases such as
8%ru 8t F@F‘aﬂn ABT LKA N UF| é%B]PbpyP%ghw ghPRBhine reagent in a
dlazag cIo% i 21octa e. (DA gﬁ%
reﬁcélapaia VEYEI BEBLAAE] EﬂdE 3t7e’@ﬁ BBUI" ZRyation to
5-di azahi c and in
MebhSachaatt, SLIpOtALSF SHEEATBoR tghgségaHHOEaPﬁgﬁgt ardon o
cesi um carbonate, |jthiumcarbonate, lith
anFP@SErS%?I%nFﬂe48aH8u56t3§sF9ﬁFh§?§ﬁ§Fﬁ§PHPsFPa%P@éL

% N—dllSO&Jopylethylan1ne pot assi um
pr%E?B HéYeatlﬁPH?uﬁ? W Sopr opyl ani de, and pot assi um

hex neth |dISI| i de.ar ref rre .
N, N? %p?opylgﬁﬁyphos glgnd %o g%glu NﬁgnéPeMgFEOd ¢

ingépagCgkgégxyggﬁggghﬁﬂe Eraf et ed ggﬁgggggng Bgen are

olven ninc uene,

degﬁgéﬁgﬁ’iﬁm@el MG %Seh8EhBE'h?|a§§9c1P{ pé§€%§1%% include

propionitrile berng particu pre erre
trimethylphosphine, triethylphosphine, tripropylphosphine,

triisopropylphosphine, tributylphosphine,
triisobutyiphcsphine, tricyclohexvlphosphine,
triphenylphosphine, and diphenylphosphinopolystyrene.

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

The thiol derivative (10a) may be produced through the
method described in the above-mentioned International Patent
Publication W098/54153 or through a method according thereto.
The thicl derivative (10b) can easily be produced from the
thiol derivative (10a).

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

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

compound {3) is carried out in the presence of a base (such
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| <Method C Method C may be perforned through
di ssol ving conpound (8), a thiol derivative (10b),
and a phosphine reagent in a reaction solvent sinmlar
to that enployed in relation to Method A and all ow ng
reaction of the solution under argon or nitrogen for
2 to 48 hours at roomtenperature to 1000C,
preferably at 60'C to 100' C. Exanpl es of the phosphine
as eyt L EWApTaYeend ke Mt PO CRRePhges, Potassium
trial kyl phosphi ne and tri aryl phosphi ne, which are
hydeade R GrECP R Fel a® ¥ 0P bR HOEO AN SpERPRR EC bxhiph e30lVent
i nclude_ trinmethyl phosphine, triethyl phosphi ne,
(59¢h pr o Py PhosPhi net a????%b%?bb?tp%Bs%hmhéFure solvent of
tributyl phosphine, trijsobutyl phosphine,
Wa??¥c?%%o%%&y?ﬁh%%%ﬁ?n%?lv??Fﬁxen§?BhésEﬁiﬁ@,h%HHS at room
di phenyl phospbi nopol ystyrene. Anong t hem
tenpperet By phosphite PrefHABADpHEspHihe:o aft) hours at room
tri phenyl phosphine are preferred, and
teT??ﬁ%?ﬂ fphosphi ne and triphenyl phosphi ne are

e AR E R Bt PRI SughhEnEoRErhAa (dbasri LBg PRecrED
inabove-nentio Sd Interg t L onal ﬁatent CPuin%aE%onre ion
W?@%T%%l@%yog (P 3 TRFRBa At cBrAFRY tRErer. <=1t

. . . 10 .
schifng) SGErF LA Bt 40a) SR B e PO Teact i on of
ny§O0ROUDA,§ Fh) L g apertored sLhrougbea kppunamethod in

accor dance the pr ting “group, for exanple,
v BB DY btk ST P oct e Lol TcBheouna

(18R T 584 O4hpbinkhe1By €$ENcE.0ta RESE £SHENG18derivative

(L0a) or {(10b) in the presence of a phosphorus compound.

—CFa
L0
rNH 3) - "N /\:TNQCHC”
HO’\"N‘) ) o HO’\’N‘/J o OLCF
3
(12) (13)

O/-CFa

{10a) or {10b) H )=

» E H ﬁ:TAEN v

Phosphorus compound XJII,\]" s ¢k,

(M

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

The reaction of compound (12) with ccmpound (3) is
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 (LOb) is carried out in accordance with the reaction
of compound (8} with a thiol derivative (10a) or (10b). This

indicates that compound (13}, which is N-[2,4-bis(2,2,2~
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as pot assi um carbonate, sodi um carbonate, potassium
hydr ogencar bonat e, or sodi um hydrogencarbonate) in a
solvent (such as DMF, THF, or acetonitrile, or a

m xture solvent of water and any of these solvents),
for 5 to 30 hours at room tenperature to 50'C
preferably for 10 to 20 hours at room tenperature.
Alternatively, the conpound (1) of the present

ErihlieeE e @R eraY) e e o ihipegh 8l brotkss (8t the
reaction _schene described bel ow. Specifically, 1-(2-

hy GiRAF oY hyP I B Pt i k- (A D3 CeseRbdet ebS vitsfal as an

. hal ogenoacet anm de_conpound (3) to thereb% produce

10 et © (43) P T iec Eodporer¢ad) (15 ¢kakhedPirtent

. thiol derivative (10a) or (10b) in the presence of a

INHFRsHOr us compound. 0 r-CF3 r'~NH H 0---, N --J (12)
(3) H~ r~ N---1f N\~CH3 Ho--,-N--J 0 0, CF3 (13
(1055007 E£2BLFE PUEFSICAL IO RE~ThS. epmrOpBY () - RF the
f1l r - -~ N-- Ph hor ys, compound N ' CF3

present ££§%ntion éag ge pe?%grmeg thrgEgh any sg{%able

" combination of washing, extraction, recrystallization, any

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

produced through a routine method.

Resistance to metabolism in human liver microsome was
studied in 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 remaining 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
is, the compounds of the present invention exhibit higher
remaining 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 invention is much lower than that cf compound (B)
(hydrochloride). Thus, the compound (1} of the present

invention was anticipated to have low absorbability upon oral

adnministration.

20



(1) (wherein X1 has the sanme neaning as defined
above) The reaction of conpound (12) with conpound (3)
is carried out in accordance with a nethod of
produci ng conpound (1) from conpound (2) . The
reacti on of conpound (13) with a thiol derivative
(10a) or (10b) is carried out in accordance with the

reacti on of conpound, (8) th a thiol ative
( LOBYWBY ¥ 1085 L2 q%F@lﬂ?ﬂa%%ﬁPaghtﬁatoea aéﬁan%§§§atlon
which is N-[2,4-bis(2,2,2 I trlf|Uf 8etho§¥)

test. h%t%@}%l Qﬁlﬁ%ma nyts aYg r%gea ed qui different

dr oxyet hyl eradlne acetam de, is use
e XY DY ‘?ﬁ]&actolrﬂj’buﬂg“?ﬁ‘}“&fo‘ijﬁ!e B ot
resent . inpventj on IsoI tion f t o of t he
%oﬂﬁ%%%% (51760 Che 57 ebeh PO arRHER FoBig oo °tnkd€ ro1a
erforned t nblnatl

bl héhff%@ce%%?ﬁi:?%ﬁg%?éﬁr %F‘r’ﬁ;é SR 5 913%‘&5‘%%% as
coB BB %ﬁpgﬁahCaS?Fﬂ??ﬁ%‘:%%?ﬁ%ah&' e
em€§?¥%9 eﬁ?Puqag'?%%%%gﬁﬁﬁﬁfngngkrceh% g’ ég?ﬂe
1n§%ﬁ9f@g?Ha%pﬂggﬁngcﬁgoﬂlQgﬁgé) %Ls F%Qﬁ#gﬁ&£°§raf5

conpoun rrde

abéﬁyggléﬁ gxhL. b, % {ﬁarﬁﬂﬁh”&$ﬂ88§£§ E?gﬁgggrééﬂﬁorlde).

€as conpoun ) was exhi r emai ni ng

per fNLAges; ah 2£é%TaEHhEBEES 635 ?%t?xnbgigﬁﬂdﬁgﬁnin

hi gher “remai ni'hg per cent age o

vi ERBPOUNAS 1084 e, PFES f{ltl ' n%:k‘?ét] &mbtd) rBJ‘gthe present

remai ni ng percent age of ‘conpoun
invention was found to exhibit a strong ACAT 1nh1b1tory

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

The above results the compound (1) of the present
invention exhibits strong ACAT inhibltory activity comparable
to that of compound (B), higher metabolic resistance in human

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

absorption

indicate that the compound (1) cf the present

invention is useful as a preventive or therapeutic agent for
hyperlipidemia or arteriosclerosis. |
The compound (1) of the present invention has an
excellent ACAT inhibitory action and thus is useful as an
preventive or therapeutic drug for, for example,
hyperlipidemia, arteriosclerosis, cervical or cerebral
arteriosclerosis, cerebrovascular disorder, ischemic
cardiopathy, ischemic enteropathy, coronary arteriosclerosis,

nephrosclerosis, arteriosclerotic nephrosclerosis, malignant
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(hydrochloride) . Therefore, the conpound (1) of the
present invention was found to have dramatically
i nproved netabolic resistance in human |iver
m crosone. In addition, solubility to water was
studied. As shown in Table 3, the solubility to water
of conpound (1) of the present. invention is nuch
| ower than that of conpound (B) (hydrochlorjde) . ,
nemHiEs Ckheo Thrpoadat § Me I Edrel preaedilar mem Pohohaschronic
~anticipated to have | ow absorbability upon ora
IntRiwh Mat rakg e, 205 FvikversoHat 45 ob @ hed 3BRSUEFancT
oral admnistration test in male and female rats have
artevieeteleiRrie it ems (B3Wits. Contrary to our
expectation, the conpound %1& of the gresent , )
i nvEReR ohh fasorewed t b1 bxPF bFRet RESEBNEhtRBERBfGR 15 used
bl ood concentratioqﬁéChax) and two to four fold AUC
253 Hel%s TRONTRFRAIAE t kL ¥ et casedWhetrekenbotay @) formed,
. (hydrochl oride) was enployed. Therefore, the conmpound
el{ﬁ%roﬁl@%%yp?%s%%tco FehtTon HAS2hRBA AEKAOWF edged to

DS e BER b1 TS oD s oL F BASACRT- § nhi Bt GROTELeRt,
. i Vi died i [ . As in Table 1

OLTRE ¢ AU L BT 1 P eRenPS 2R Rventh of GRaSF ohAaLets,

Cato xhibitaa ftroqg ACAT inhibgtgrg activit%P tories
%%%f%%1e%¥ Pl e RatP B e bihotdS T B PRy df DeRTR P B8} y

sufhe AT SERLKFuiF, SRIPRUOA Lot LRECBIESEbn metnoos,

B . ¥
rof SPAATLE ¢ Arthot- o COMPOUnto(Oheol AARIRIELAEPLLR no

e PEBEAEEL B, (SRR Ol Pl SEBREOLRny P ERLE: B cent
infSnBi Pk eNEPL | ¥8e 06 tREFAPEYL L S 28R rE O s including an
excipient such as starch, mannitol, or lactose} a binder 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 silicic acid.

The drug of the present invention is administered
either orally or parenterally, but oral administration is
preferred.

Dose of the drug of the present invention differs
depending on, for example, body weight, age, sex, or symptom
0f the patient. The daily dose of the compound (1) of the

present invention for an adult is typically 1 tc 500 mg,

preferably 5 to 200 mg. The compound (1) is preferably
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hyperli pidem a or arteriosclerosis. The conpound (1)
of the present invention has an excellent ACAT
inhibitory action and thus is useful as an preventive
or therapeutic drug for, for exanple, hyperlipidem a,
arteriosclerosis, cervical or cerebral
arteriosclerosis, cerebrovascul ar disorder, ischemc
ca rdlopata |scheglc enteropath¥ coronary

ad%FPéF 6SEFePBSFs® ﬁ@pﬁFo§UPe968|greﬁrFépﬁésél@ﬁﬁtﬂe a

hrooscl erosi s, malignant 21 nephrosclerosis, acute

dlﬁé &ft BAPBeYascul ar occl usion, chronic intestina
angina, ischemc colitis, aortic aneurysm or
arteriosclerosis obliterans (ASO). Wen the conpound
(1) of the present inventj '%%gsed as a drug, the
conpound (1) or a salt t L&¥an be fornmed, either
singly or in conbination with one or nore
phar macol ogi cal | y acceptable carriers (e.qg., an

For Msuaresraprees: bl eél%%%tr b Id%t 2o age nore

el EckeNay, 85 EHRRRTSHCT i SPEDaR 25 oP el Ao -
1 S R, PR A, %rc%%ﬁig?oﬁ%%hﬁﬁv B I,

prgﬁgﬁ%ébn EggﬁB&EOQ MAth one or nore SU|tabIe carriers

ng an ~éexci pient such as starch, mannitol, or

Prbﬁﬁk?ﬁ%n @Ean%eH1§ﬁﬁgroa§ —sadi-u oben21 1dazole

car boxynet 'ul’'ose or rox propylcellulose: a

di SIantse@ﬁef%oSrwz—%sit%ﬁlt ql i€ sCelsl Y, 098 @3 GaluG)URas
carboxynethylcellulose a lubricant such as talc of

diBBeneeuR skearal gciar @obl awgbihil ¥ohiRheyhRaagent

such as |ight anhydrous silicic acid. The drug of the
hyBresenbrigveetiionzi.s ady, nastei@dle 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. Further, 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 agueous saturated bicarbonate,
followed by filtration through use of Celite. The filtrate
was extracted with chlorofeorm, 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 oil (4.73 qg).
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either orally or parenterally, but oral adm nistration
is preferred. Dose of the drug of the present
invention differs depending on, for exanple, body
wei ght, age, sex, or synptom of the patient. The
daily dose of the conmpound (1) of the present
invention for an adult is typically 1 to 500 ny,
preferably 5 to 200 . The compound (1) referably
22 Hawi breveredl ofee al#a9lvedt wo %Fh@%@%e ¥5%e@Lhrd%9d
in a divided manner. EXAMPLES The present invention
PO TS LR~ Beh AR bR | b 0P e I deti 45 Byl 1S added
exanpl es, whi ch shoul d not be construed as Ilimting
thf%lh%t‘? eckt kared doper S L ihel hveht ReHE S pr Jlsctisgetion
anpl e 1 Production of
ml%?%?%hW@%Kﬁ%ﬁ%ﬁ?ﬁﬁ%%ﬁﬁ{ﬁ%ﬁ&?n¥%%%%@%'Pressurer the residue
5-Di fluoro-2-nitroaniline (5.75 g, ; 03 nmol ). wa
Wa%n ST 3L d nWJa"cfét%hréJc. AT Ve n1) L Hifett Rorestseh ke LC acid,
rochloric acid le the m xture was
ar@i%zﬁ o‘tﬂé?%ﬁjs?llr% |‘ﬁa%n %%lée%a‘t’hthz%EU%E\%%r bygngq The
was added. thereto_ pver ni nut e The
ordiadh vt Thrsd e SHSroeH TOiUD R ES Mot e

f 130
COI?CZ%%%%*&"%?“%%%& oo nr < Bobeier 112075, T18t a6 vas
ded t t 5 t
e TURPRE B ot Ghd T het o BRI ARESNT 1 U crHe LY o Eh 5 6-

_dlfﬂﬁ?ég-mgésg Blplhe sme Lerppeatyre, Ihe.feaeli@Nry) as

ed under reduc pressur and
B e MBS Ced by Tl rati on through use of
pr&@hdtfon THEafbldrat e
Production of 1l-tert-kbutoxycarbonyl-4-[2-(5,6-
difluorobenzimidazol-2-ylthio)ethyl]lpiperazine:

To a solution of l-tert-butoxycarbonyl-4-(2-
hydroxvethyl)piperazine (7.40 g, 32.13 mmol) in THEF (100 mL),
while stirring in an ice-bath, triethylamine {(4.36 g, 43.09
mmol), 4—dimethylaminopyridine (200 mg, 1.64 mmecl), and
methanesulfonyl chloride (7.40 g, 38.76 mmol) were
sequentially added. The temperature of the mixture was
allowed to return torroom temperature, and the mixture was
stirred for 50 minutes. The reaction mixture was filtrated,
and the filtrate was concentrated under reduced pressure.
The residue was dissolved in DMF (200 mlL}), and, at room
temperature, 5,6-difluoro-2-mercaptobenzimidazeole (5.00 g,
26.86 mmol), potassium carbonate (8.64 g, €2.51 mmel), and

18~crown-6 (500 mg, 1.92 mmol) were sequentially added to the
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was extracted with chloroform and the organic |ayer
was washed with saturated brine. The product was

dri ed over sodiumsulfate anhydrate, and then
concentrated under reduced pressure, to thereby yield
a brown oil (4.73 g). 23 | The brown oil was dissol ved
in ethanol (200 nlL), and potassium O ethyl xant hate
(15.75 g, 98.25 mmol) was added thereto, follomed by

solpdfiane florl hoavebdrys. sW#re%ci%n% E RPN vis © he
concentrat ed under reduced grgg , the resi due g
reaGa o e W TH W hyFOReR Bt e 1UNETT LSS r%‘??%urer an

nriait 1%‘%3%%%\8%??%@5' A oyl SR OUe GB um
e CHETREY AU We 95 é@éme”d?%%%ned““d HE2HR o

11 i | U R e Wbt o oy b (53 B TaRaTepReFghenane,
0 BURERY oh G 11T EFL CBO b ST O 40T 2 Chote

b -Ih
dlﬁiﬁ?ﬁ? On%ﬁ%%d%%af %u¥%§%%% o%ﬁ%?¥él§%?§£fﬁén?7 2%0 yield
h 7.40 g, 32.13 |
/%0%gﬁ%§i y%%g%p8£ %#??ﬁé in ag i ce- batET'D ) in THE

mp4 %?%e?h@?%h?ﬁégy??d?he4?288 ngvna)64 mmol ), and
IR”@C@?W%‘H} nyb9’§€" OEE% (1649, 91498, 764570k "yer e

sequenti al 'y added tenperature of the m xture was

lﬂ%hwgﬁd»ﬁ{i etdﬂ sfoe%bemﬁr ature, and>tRe mgxt upe,

rredfor m nut es e reactlon mxturevva
2.6l {pated, JanStﬁ‘eHEUtBaEQ \Wag, cencgnir gt edupnges . 45-3. 65

reduced pressure.
{(4H, m), 6.85-7.62 (2H, m).
Example 1
Production of 1-[2-(5,6-diflucrobenzimidazol-2-
ylthio)ethyl]lpiperazine tris(trifluorocacetic acid) salt:

Under stirring in an ice-bath, l-tert-butoxycarbonyl-4-

[2- (5, 6-difluorobenzimidazol-2-ylthio)ethyl]lpiperazine (7.26
g, 18.22 mmol) was added to trifluorcacetic acid (50 mL} over
15 minutes and diésolved. After the mixture had been stirred
for 10 minutes under cooling with ice, ether (100 mL) and
hexane (100 mL) Qere added thereto, and the formed crystals
were collected through filtration. The crystals were
recrystallized from ethanol-ether, to thereby yield 1-[2-
(5, 6-difluorcbenzimidazecl-2~-ylthio)ethyl]piperazine
tris{trifluorcacetic acid) salt (9.58 g, yield 82%) as a pale

yellow powder.
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The residue was dissolved in DMF (200 nL), and, at

room tenperature,

5, 6-di fl uoro- 2- mer capt obenzi m dazole (5.00 g, 26.86

nunol ), potassium carbonate (8.64 g, 62.51 mmvl), and

18-crown-6 (500 ng, 1.92 mmol) were sequentially added

to the 24 solution, followed by stirring for 90

m nutes at 80C. The reaction mxture was concentrated
mpUnH%¥-¥eh®%e%%bressure and the residue was purified

through silica gel col um chronato (S|I|ca ge
IR2GPY) * hdkahe 29aket0hd?= %4ﬁ3t0161 %ﬁe 6@0 uct

was c%§§talllzed from acet one- ether-hexane

H'tl‘ﬁ@le i1 Herdcl b oy dar Bosg! 1407 2- 63020 (28, ¢,
d 7.26
4.yt ok en§/§1 al0R01 br 1858 21Gsthl o B hi Teh #)-

. Ci |v§z) 3061, 2976, 2836, 1672, 1475,
r43ss %:‘Pﬁll Sty (400MHz, CDC13) 5: 1.50 (9H, s),

Pr %%&%t%ogs £4£L%£%&§ g-i E%OE%bf%%iﬁlﬁe?OE?%BYgﬁéﬁo ethyl]-
e.1 Production o

- ﬁ f%yggl%eﬁ?% %roben2|n1dazol 2 ylthio)
et hyLLpLagtazlne_hrhaCtLihyorgagetleipei i 8!k -

Unde ring'In

mm%ai?géﬁggé %%?% g%ﬁ#ﬁ?ﬁa%o?bin f?h %ﬁyl}plpe?a2|he

/v 26 ditogsriflugrg
mmé%lﬂ ?%% %%? 3€r %%tﬁ?gﬁ@ggsan% %%s%ol%gd aﬁ? f Yhe®
dlggéiﬁéé Dﬂdg?@ﬁfoﬁibEifg (58T mft0, Myt es under cooling
I ce her (100 nL) and hexane (100 nmlL) were
cy@ﬁ@@@tﬁ?fﬁ?iﬁetﬁ@ﬂpﬁ@@pﬁ@ﬁﬂﬁﬁ §6&§&é'§6 #erg, cokl gchRdl)

through filtration. The crystals were recrystalllzed
wakr9auehhanota et hefp1 1 Qwthernebyryi el A 1eb2-1 hour at 92°C

under argon. The reaction mixture was allowed to cool and
then poured in water (100 mL), follcocwed by extraction with
chloroform (100 mL x3). The organic layer was washed with
saturated brine and then dried over anhydrous scdium sulfate,
and the product was concentrated under reduced pressure. The
crude product was crystailized from acetone-ether, to thereby
yield 1-[2-(5,6-difluorobenzimidazol-2~ylthio)ethyl]-4-
formylpiperazine (1.78 g, yield 78%) as a yellow crystalline
powder.

mp: 197.0-198.0°C

IR (KBr) cm™': 3441, 2825, 1648, 1476, 1431, 1363.

'H-NMR (DMSO-d6): 82.38 (2H, t, J = 5.1 Hz), 2.44 (2H, t, J =
5.0 Hz), 2.69 (2H, t, J= 7.0 Hz), 3.23-3.38 (4H, m), 3.41

{24, t, J= 7.0 Hz), 7,38-7.58 (2H, m), 7.97 (1H, s), 12.8
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(5, 6-difluorobenzi m dazol - 2-yl t hi 0) et hyl ] pi perazi ne
tris(trifluoroacetic acid) salt (9.58 g, yield 82% as
a pale vyellow powder. 25 rap: 141.2-142.90C IR (K3r):
3417, 3026, 2749, 2483, 1671, 1484 (cm1l). 1H NMR
(400MHz, DVSO-d6) 6. 2.78-3.26 (10H, m , 3.49 (2H, t,
i =7. 2 H) , 7. 51 (2H, t, i =9. O Hz) , 8 76
}§2H, m Production Exanple 3 Production of

(1H _9)2. ~5, 6-di f | uor obenzi m dazol - 2-yl t hi o) et hyl | -

4-f or nyl pi per azi ne:
MSI(m%ﬁMWFﬁﬁf(@gﬁydﬁ6%yéﬂﬁﬁﬁ)piperazine'(l.ll g, 7.0

nmol ), 5, 6-di fl uor o- 2- ner capt obenzi rai dazole (1.30 g,
Examml€ ol ), and dii sopropyl et hyl amine (3.62 g, 28.0

mol ), were_ dissolved (n_ propionitri] 50 , and
Rr QRO 194 (31 CT HA DTSRG AR B G2 S 650 g, - 28. 0

nnpl? was, added thereto, followed by stirring for 1
YL HWR) SR O R P]IREY %Y gon.  The reaction mixture was

oL1 PUBS 18,690l B0 DD POULES, 17 uoLELo (400, 1)

o MBS BL 18 Mo UL P LSS B, F Ao
o QR AL 19504 T A g THE e
= LIFEARY Hfed Beebi g ofon 1 Rl 0w
B ILRLE S LS Bm R (59 B9 IR nae:
reéé?%g;%%%%E%%Qésgn%%%gEﬁ)%@%?i%é?%&%afﬁ@%ﬁ%ﬁng%QQGQéded
thereto, followed by stirring for 5 minutes at room
temperature. The solvent was removed under reduced pressure,
and the residue was purified through silica gel coluﬁn
chromatography {(chloroform : saturated ammonia-methancl =
100:3), to thereby yield 1-[2-(5,6-diflucorcbenzimidazol-2-
ylthio)ethyllpiperazine (1.40 g, yield 90%) as a brown oil.
IR (KBr) cm™': 2925, 2853, 1664, 1602, 1478, 1435, 1364.
'H-NMR (CDCls): & 2.61-2.82 (4H, m), 3.00 (2H, t, J = 4.8 Hz),
3.10 (4H, t, J= 4.8 Hz), 3.16 (2H, t, J= 4.8 Hz), 7.16-7.42
(2H, m).
MS (m/z): 298 (M), 70 (100).
Production Example 4
Production of 2,4~bis{2,2,2—trifluoroethoxy)—6—ﬁethyl—3-
nitropyridine:

2,4-Dichloro-6-methyl-3-nitropyridine (30 g, 144.9

mmcl) was dissolved in 2,2,2-trifluoroethanol (250 ml), and
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5.0 Hz), 2.69 (2H, t, J = 7.0 Hz), 3.23-3.38 (4H m,
3.41 (2H, t, J =7.0 Hz), 7,38-7.58 (2H, m, 7.97
(1H, s), 12.8 26 (IHs) . Mo (mz) : 326 (M') , 140
(100) Exanple 2 Production of

1-[2- (5, 6-di fl uorobenzi m dazol - 2-

yl t hi 0) et hyl | pi per azi ne:

1-[2-(5,6-Difl uorobenzi m dazol - 2- yIthlo)eth I1-4
poF%FﬁiPﬁlEéFEQPﬁEe(i59ogg 38128 BPY ) wi §5d?9§8ﬁv§€eFﬁt°f

met hanol m.), and_ 12N hydrochloric acid (2 nlL)
fO%AgWgaan F@fﬁﬁé f@SIaﬁleﬁurﬁolI%W%dr%ﬁcE&?Wrm%%FWQﬁ was

iﬁ 8urs g room nperature, ., The reaction m xture
dijdedohds t}“éF@HfuﬁB@r theaggekdepredshPee*frgction with

at ur.at ed a ni a- net h was adde hereto
ChiSFPSREH by &% i PTIHYF o a?@?nWﬁﬁeﬁ@éh é obhr “saturated

brﬁﬁ%@%ﬁatgﬁ Bnd RS PYETABENEEORar FPACHT ARbEghoe: FpLhoved
aﬁﬁsﬁﬁa-ﬁsFﬁaﬂéﬁngféorﬁﬁu%ﬁécgkéﬁ%ﬁ%é?]EPd%heregy vield
:%%;S?é?'gt%%#3@ﬁ§§”2gﬁk 950555 put aaBég caevaLfB6n
4%8 91382K§?)%?gkéafé%cﬁéiégggéi%§6éail aim o s

2 Jo=4 8 H) . 3.10 (4H t, 1 AP ,
) I% FE €1 =438 r&) 7. 16- 7(42 (2H, . NB)(ni

RZXK§r¥ 93@3@“”%1117 99630 Qkq1oProdusti 983Exanpls 4

uction

ngﬁﬁ%ogyrﬁ%g éé¢£lgﬁig%gggx kH %gth lﬁ%tr rﬂdiHe= 17

Hz§30408514449 ¢, 7 = 8.3 Hz), 6.53 (1H, s).
Elementally analysis as CioHgFsN20,

Caliculated: C, 35.94; H, 2.41; N, 8.38

Found: C, 35.94; H, 2.45; N, 8.49
Example 3
Production of 3-aminoc-2,4-bis(2,2,2-trifluoroethoxy)-6—
methylpyridine:

2,4-Bis(2,2,2-trifluorcethoxy)-6-methyl-3-nitropyridine
(45.00 g, 134.7 mmol) was dissolved in isopropanol (300 mL},
and a solution of sodium dithionite (78.00 g, 448.0 mmel) in
water (300 mL) was added theretc under stirring at 80°C. 15
minutes after starting of the reaction, a solution of sodium
dithionite (16.50 g, 24.8 mmol) in water (51 nL) was added to
the reaction mixture. Further, 25 minutes after starting of
the reaction, a solution of sodium dithionite (11.10 g, 63.8

mmol) in water (51 mlL) was added to the reaction mixture and
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mol ) was di ssolved in 2,2,2-trifluoroethanol (250

m.), and 27 potassium carbonate (50 g, 361.8 mol) was

added thereto, followed by reflux for 21 hours. The

reaction mxture was diluted with water, and then

subj ected to extraction with chloroform The organic

| ayer was washed with saturated brine and then dried

over anhydrous sodium sul fate, followed by .
th%ﬁnﬁ%#ﬁ?%@iE@ru%@éﬁlm%ﬁ%%edﬁﬁﬁé§é@M&Phﬁi%ﬂ%ﬁébfﬁﬁqykﬁnr 4

2 4-bis(2,2,2-trif!uoroethoxg -6-nmethyl -3-nitropyridin
noly/L (amiemny. Syl BrEl 04051 Gs (& %a{rﬂe) yier$ ordd i B :

72.8-73.2'C IR (KBr): 3432, 3111, 2975, 1610, 1585,
rea®&35on ap afuraH AVRL ¢dedMpi?, sthctdngeior, BO naputsyp, at 20°C.

4.49 (2H, q, J =7.7 Hz), 4.85 (2H, g, J = 8.3 Hz),
Ateenatie Hreagt ieh JRRE AT T yWahat yPecast C19r8Fand®y adueous

Calculated: C 35.94; H 2.41; N, 8.38 Found: C,
amre@n gy (460 gk was gdded Bxahpte 4R@pbdtiett brd of Lth ice,
foﬁ%%ﬁ%?&?%i%F?%?ggézfgrt§6f$¥§£€géhoﬁ%%e%eaction mixture

wad el 8 2 oL oot o) Lo et il 2o (LoPuTL 60D,
ond B fLe 2 208, 8,501 0100, of oL AL honi £ (18,08,
or RECheSE! HRPR-B; 9GO oML e ik Shapling oL
oot dn e Bfbred PO aiEE, SR ePatlfinipp
cr{iie LSS PRCHP 6 0L Whob 0k 50D SLLNROLLEy vien -
amite-5 eaChi N2 M XS UL £ 8o roethoxy) —6-methylpyridine (32.91
g, yleld 80%) as pale yellow needles.
mp: 53.5-53.8°C
IR {KBr): 3453, 3314, 2968, 1603, 1505, 1456 (cm™).
"H-NMR {400MHz, CDCls) 6: 2.34 (3H, s), 3.66 (2H, br. s),
4.39 (2H, q, J =‘8.0 Hz), 4.792 (2H, g, J = 8.6 Hz), 6.35 (1H,
s) .
Elementary analysis as CioHigFeNz0:°*0.55H,0:

Calculated: C, 38.24; H, 3.56; N, 8.92

Found: C, 37.96; H, 3.19; N, 8.94
Example 4
Productiocn of 2-bromo-N-[(2,4-bis(2,2,2-trifluoroethoxy}-6-
methylpyridin-3-yl]acetamide:

N, N-Dimethylaniline (20.46 g, 168.8 mmocl) was added to
a solution of 3—amino—2,4—bis(2,2,2—trif1uoroethoxy)~6~

methylpyridine (42.29 g, 1392.0 mmol) in dichlorcmethane (600
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28 then stirred for 10 m nutes. After conpletion of
reaction, 4 nol/L aqueous sulfuric acid (201 nL) was
added to the reaction mxture, followed by stirring
for 30 mnutes at 90C. After the reaction m xture was
all onwed to cool, 28% aqueous ammonia (360 nL) was
added thereto under cooling with ice, followed by
stirring for 30 mnutes. The reaction m xture was

mLi | Gidd witire WeEd i rgn dash &1t 1608 céd Tnviqa 1dmdo mefidy hce, a
The organic | ayer was washed with saturated brine_ and

SO }ePn df § el FieaCalnhy RIS R dl 4fn &l Tat £42 131 Tkl by
.concentration under reduced pressure. The

dighlrprEiare (Pt fVamraldedrjReat o zeto Hramed by
hexane, _to thereb ield. 3- , , _

ST L Wl ofar b%%(lﬁl,rz‘?/tz%/ft ri G0 rGRAGRP TE-XFRRy Meyr icdilveed
.1%%2. 91 g, yield 800@ as_ pal e, yel | ow needl es. np: .
wigh ater gnd i ®Br§xhT 1wl chbgrotappg, Mwpmrganic
1456 (cm1).. . 1H-NWVR (400 ,. CDC13 . 2.34 (3H, s),
13%9.%6”%52#5‘ eddylth £ lzaz%gd?rane_— %f}% fipsn #%d(cz%ﬁr
J =8.6,Hz), 6.35 (1 . Elementary anal ysis a
aniear et o et et Ly Coc oo Yo *afer

reé@égéﬂﬁiag'3%%U5ﬁ%pﬁﬁﬁﬁsiggég%néé é%fg%al§ d%§%1

<o e PEIPNLR, S50 & BT OO MO Erpny iena o-
or R0 5, 100, B B Yo SR B, EALIGAI, i3
yl%%%%%?Lgﬁéi%g%%%gel&@BQ) Mol )oidriess needles.
mp: 152.8-154,0°C
IR (KBr): 3250, 3053, 1677, 1597, 1541, 1456 (cm™).
'H-NMR (400MHz, CDCls) &: 2.43 (3H, s), 4.02 (2H, s), 4.42
(2H, g, §d = 7.9 Hz), 4.78 (2H, g, J = 8.5 Hz), 6.47 (1lH, s),
7.49 (1H, br s).
Elementally analysis as Ci1:H;1BrFN.Os

Calculated: C, 33.%90; H, 2.61; N, 6.59

Found: C, 34.13; B, 2.66; N, 6.65
Example 5
Production of 2-[4-[2-{5,6-difluocrobenzimidazol-2-
ylthio)ethyl]piperazin—l;yl]—N—[2,4—bis(2,2,2—
trifluoroethoxy)-6-methylpyridin-3~yljacetamide (compound
1b):

1-[2-(5,6~Difluorobenzimidazol~2-
ylthic)ethyllpiperazine tris(trifluorcacetic acid) salt (4.00

g, 6.25 mmol) and potassium carbonate {31.26 mmol} were
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I mL). While the m xture was stirred under cooling
wth ice, a solution of bronoacetyl brom de (28.73 g,
142.3 mmol ) in dichloronethane (100 nL) was added
thereto, followed by stirring for 10 m nutes. The
reaction mxture was diluted wth water and then
extracted with chloroform The organic |ayer was
washed with saturated brlne and then drjed

di g5l P dus soEf LrR St 5% e 19 B1 Mot By WebREeht) by fhile
engerelur LEEy G FEERER L ST L ELY
y

12 b hee {y%e%- bFLELu0roe thety ioF GREHRYIRYBLFRRRIT pyr i di

v1 hadarde 35012128 1828 cthed | ey 24bed c G858E0 TRYar 1

oS5 S P SR TS

re%*)lrna?%nﬁﬂ?% PoTRRLRpaFe: a%“‘él%ﬂ(iﬁl%%%%}{ﬁ%nwas S%lffed for

o955 Fheda S0 Wl B SPHHE I Yrtuted with

wag?%4a£§ ﬁeg]%%%%ggégﬁeQEkﬁagﬁg?g ﬁogm (éNEE£KganlC layer

v R EHORORE K B AP 25 80 e amharons

<ol gUELRHb) PEIEL gL Lo LLueroacag: e hcea
prks3dugb MPld WeL €480 was purified through silica gel column
chromatography (silica gel 150 g, hexane : acetone = 4:31 to
2:1 to 1:1). The thus-obtained crystals were recrystallized
from chloroform-hexane, to thereby yield 2-[4-[2-(5,6-
difluorcbenzimidazol-2-ylthio)ethyl]piperazin-1-yl]-N-{2, 4-
bis{2,2,2-triflucroethoxy)-6-methylpyridin-3-yl]acetamide
{3.04 g, yield 91%) as a pale yellow powder.
mp: 191-192°C
IR (KBr): 3275, 1686, 1604, 1591, 1509 (cm™).
'"H-NMR (400MHz, DMSO-ds) &: 2.38 (3H, s), 2.42-2.62 (8H, m),
2.67 {2H, t, 0 = 6.7 Hz), 3.30 (2H, s), 3.40 (2H, t, J = 6.7
Hz), 4.82 (2H, g, J = 8.8 Hz), 4.90 (2H, q, J = 8.8 Hz), 6.91
(1H, s), 7.47 (2H, m), 8.77 {1H,'s), 12.82 (1lH, br.s)
Elementally analysis as CzsHzgFgNs035

Calculated: C, 46.73; H, 4.08; N, 13.08

Found: C, 46.5h; H, 4.12; N, 12.84

Production Example 5
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di ssolved in acetonitrile (100 nL) and water (30 nL)
Wiile the solution was stirred under cooling wth
ice, 2-bromo-N [2,4-bis(2,2,2-trifluoroethoxy)--6
--methyl pyridin-3 yl]acetam de (2.20 g, 5.22 mmol )
was added thereto over 15 mnutes. The tenperature of
the m xture was allowed to return to room

nperature, and the mxture was stirred for 15
SR T HAIOT G e FUHAR I F AU E 44 i | ut ed

with water and then extracted with chloroform The

ChEn o1t £ over Sevyious sout o ST (o e ¢
et B i UG T Sebiad St
po“f%lfrl” :’lgf 2U ¢ SI C er Cﬁ?clértj Ch&gﬁﬁ%*@f )¥Jtrbg for 4
hmﬁ%ﬁ%%@%%@?ﬁ : ned FTh bl Gndspierd “*ne
reag#%?#(ﬁéghéEﬁd%%il é%%%%én1da(ﬂgf filtrate was
S Al T S
puﬁﬁ%?@h'%%%ch@éé&éﬁ? %%gf‘%ﬁ&, 199, (G -
et}igﬁ {@ta‘]t 7]7.(3H Eoﬁ%f%& %_Zglc\i] 3;%]:4%%283?& %Oé]'p d,

d sggh J—88Hz)691 (1Hs)747(2Hn)
yi ﬂgl? (1H s), 12.82 (1H, br.s) Elenentally analysis as

CooMEErSES, o kg (£SO i3 A
etﬁéﬁﬂik 150 mL), and potassium O-ethylxanthate (8.60 g,
53.65 mmql) was added thereto, followed by reflux for three
hours. Potassium OC-ethylxanthate (1.43 g, 8.92 mmol) was
further added thereto, and the mixture was refluxed for 2
hours. The reaction mixture was concentrated under reduced
pressure, and the residue was purified through column
chromatography (silica gel 150 g, hexane : ethyl acetate =
2:1), to thereby yvield 5-fluoro-2-mercaptobenzimidazole (5.93
g, vield 79%) as a brown powder.
Production Example 6
Production of 1l-tert-butoxycarbcocnyl-4-[2-(5-
fluorobenzimidazol-Z~-ylthio)ethyllpiperazine:
l-tert-Butoxycarbonyl-4- (2-hydroxyethyl)piperazine
(6.00 g, 26.05 mmol) was dissolved in THF (36 mL}, and |

triethylamine (3.43 g, 33.90 mmol) and 4-

dimethylaminopyridine (159 mg, 1.30 mmol) were added theretoc.
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I Production of 5-fluoro-2-nmercaptobenzi m dazol e:

4-fluoro-2-nitroaniline (8.00 g, 51.22 mml) was

di ssol ved in methanol (100 nL), and 10%

pal | adi um carbon powder (0.80 g) was added thereto,

followed by stirring for 4 hours at room tenperature

under hydrogen atnosphere. The reaction m xture was

filtrated, and the filtrate was concentrated_ under
Undeyuceel pressifl. 1 he @eg@aﬁ%lﬂﬁsofp@?th@%%8%§f%%Yhnn

chronato raghy (silica gel 15 hexane ethy

chhei@ate(2- 2943, $b- ?ﬁem@%§)y%%lﬂﬁ5 b? ok oW@S(@d%%d
yield 880). The brown oil (5.64 44. 72 mol ) was
drepysseved Fhe BiREREE- (:Eﬁﬁrﬁssu Rxﬁ%ﬁﬁﬁﬁﬁnwas stirred

0- et hyl xanthate (8.60 g,
fo¥h%r%@6r @%ﬂ|Bm%@ E%lFE?F%Q'f%?dtﬁ?%efyﬁBE?Ee was

PotaSS|un1C>eth | xant hat.e 1 43 8.92 Mo
copgehhErtaddend %ﬁeF%@Bceane ?ﬁ%ﬂﬁ?xtdmﬁawaﬁﬁ% ﬁlr%ﬁa

dlaiéé%eﬁgﬁﬁf:éw pSacghfe, e s l%ﬁ%@iﬁ””?ﬁtﬁdreﬁed at
rb%%ilﬁﬁlﬂperah%a@ Fg\%g—”g%aﬁﬁchko}'e%@Fg%d@F%% (4.82 g,
28 55 M85 Shir Bohae 58%‘?‘35'5?? SEeEkandPeds Brolictin of nd

l-tert car bopyl.-4- -
18fFu robenilﬁgdagblazkgl §eWﬁyF]Be%%?%El%%1Y added to the

o Shhy, YRR LD AL LP B 3
attéb(%hyH%@ reéé%%? 1€%gggowgﬂpk%ﬁégg‘%ated undg& geduced

hyl am nopyri ) Wer € a
prbBeLELO. 234 water was added to the residue, followed by

extraction with ethyl acetate. The organic layer was washed
with water and saturated brine, and then dried over anhydrous
sodium sulfate, followed by concentration under reduced
pressure. The residue was purified through silica gel column
chromatography (silica gel 150 g, hexane : ethyl acetate =
2:1 to 1:1 to 1:2), to thereby yield l-tert-butoxycarbonyl-4-
[2—(5—fluorobenzimidazol-Z—ylthio}ethyl]piperazine (7.28 g,
yield 73%).

'H-NMR (400MHz, CDCls) &: 1.49 (9H, s), 2.63 (4H, t, J = 4.9
Hz), 2.94 (2H, t, J = 5.9 Hz), 3.29 (2H, t, 0 = 5.9 Hz), 3.58
(4H, t, J = 4.9 Hz), 6.93 (14, ©d, J = 9.2, 2.5 Hz), 7.19 (1H,
dd, § = 9.2, 2.5 Hz), 7.40 (1H, dd, J = 9.2, 4.9 Hz).

Example 6

Production of 1-[2-(5-fluorobenzimidazol-2-

ylthio)ethyl]lpiperazine tris(trifluoroacetic acid} salt:
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Under cooling with ice, a solution of nethanesulfonyl
chloride (3.58 g, 31.25 mmol) in THE (9 nL) was added
dropwi se to the mixture. The resultant m xture was
stirred for 1 hour and then filtrated, and the
filtrate was concentrated under reduced pressure. The
residue was dissolved in DM (90 nL) . Wile the
solution was stirred at roomtenperature
5 fwmvolc% or ket atRingd e ol B/ (RLRMyS sbhrpgd under
), potassium carbonate (5.40 g, 39.07 mmwl), and
coqlsutq OVirI6 ¥®B8 et B AT JakRey Setjuktit 121 1y added
to the solution, and the resultant m xture
£LuQu R eRF Aoy 32 Mota s L it t BRI YRR 10 ml &t eft I s’ - 08
concentrat ed under reduced_wgﬁessure and wa

er. was
nnekdedr § FIIRA redi i, 24 0T 19V BY MK Rtd é&%%olved

ethyl acetate. The organic | ayer, was mashed MAth
thegr’e? - addes FEIPATEFUSE Rd, thvd RIS "EF GdPwed
anh drous sodlun1sulfate owed, b concentr on

religerte eRRd erpﬁ%%%%%er ﬁfégr%%?dﬁﬂex e pu??f?‘gt'red tor
3o R1S000, 2 L S5l M LG S (1AL oo,
an%Zt?%eé?ﬁ%?y %%g? %%ég?ogiﬁ? %lo?%n%y?$p|p%F5%F%%P The
co% $F§%§ Egle|d4%§§©wa%h NRbéﬁEé%ﬁgE Cgé%géﬁgéb% ﬁ?eld 1-
2315 tHordb 85 %ﬁ{? SGIER Abi a a s T
trgggﬁ%%glg % %eé EE%61%)4QT%%FI1§d50J 1g1d49ggrtés a

fon 0 [ hor obehs! i dazo

br%g#Pbgggéfyl]plpera2|ne tris(trifluoroacetic acid)
mp: 127.7-129.3°C
IR (KBr):3143, 3032, 2731, 1789, 1747, 1660 {cm™').
'H-NMR (400MHz, DMSO-dg) &: 3.29-3.47 (8H, m), 3.48 (2H, t, J
= 6.6 Hz), 3.62 (2H, t, J = 6.6 Hz), 7.03 (iH, t, J = 9.0 Hz),
7.32 (14, 4, 3 = 9.0 Hz), 7.48 (1H, dd, J = 2.0, 4.4 Hz),
9.36 (2H, br), 13.76 (3H, br).
Production Example 7
Production of 1-12-(5-flucrobenzimidazol-2-ylthio})ethyl]-4~
formylpiperazine:

1-Formyl-4- (2-hydroxyethyl)piperazine (1.20 g, 7.6
mmol), 5-fluoro-2-mercaptobenzimidazole (1.28 g, 7.6 mmol),
and diisopropylethylamine (3.93 g, 30.4 mmecl) was dissolved
in propionitrile (50 mL), and cyanomethyltrimethylphosphonium
iodide (7.39 g, 30.4 mmol) was added to the mixture, followed

by stirring for 1 hour at 92°C under argon. The reaction
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While trifluoroacetic acid (17 nmL) was stirred under
cooling with ice, 1l-tert-butoxycarbonyl-4-[2-(5-

fl uorobenzi m dazol - 2-yl t hi 0) et hyl ] pi perazi ne (6.50 g,
17.08 nmmol) was added to the acid over 30 m nutes and

di ssolved thereto. The tenperature of the m xture was
allowed to return to roomtenperature, and the

m xture was_stirred for 30 mnutes. Thereafter, ether

mi YT X e WP AdER (CRNEr 1D, thamdPY s ot HeP 1R (100

was col l ected through filtration. The_ collected

mLihy obferkt OWRG %s%farw%%twe?h ¢olerefery) (1@Pm4.-x3) - The

[ 2- (5-fl uorobenzj m dazol - Ith| eiet hylgg erazi_ne
rew}%ﬁ‘hGPJF%%%C%%Y%raV&M)W %h%d( pt0s u%%‘? gbge and

b wd : 7-129 IR 43,

th%%s%ﬂ%ézgqm‘@e ?@@ﬁfﬁms i bw(tcmf St E TR T

DMVSO- d6 5 2 ﬁ%ﬁ LdJ 6%1t
co¢E§nt§a EO%2¥P @r re @E ssgr@s ( qru\F_pgy ct was

8 H dd
crbs%%lhl%&§ £§O%6a??£9n%r?9hﬁ§ 7%0(§¥€£ %%%dbcf?oﬁ5-
7 Product

flEQfQB%%Z+¥h8?6% t2 0% Bhig) eshyt ﬁ.a§%¥%¥%?%a€f321ne (1.87 g,

for perazin
v g Bl hE | Pt O, R AR BV R T hH AR A2 IR (1. 20 g, 7.6
m’n , uog 0- 2- ner capt obenzi nm dazol e (1. 28 g, 7.6
J@ O'%\i% §C$s

P opropyl et hyl ami ne (3.93 g, .4 mmol )
I5) | 0
IR?@%%%LE?%Y? SR OB OBy Bl ke aﬁ§’83 146
de h t fol t
for ]?1%%? a % %r%efzﬁ;r)d&dgrfThéorjea |on ngjk{lrkg g

5.Mﬁﬁz?l'9‘!‘@§ foncop! gnd *i'?@nHEPPfg‘?zQDEQB,E\B'{@ﬁ, (400 3,42
(2H, t, J= 7.0 Hz), 6.87-6.98 (l1H, m), 7.23 (1H, br s), 7.39
(1B, br s), 7.97 (1H, s), 12.6 {(lE s).
MS (m/z): 308 (M"), 140 (100).
Example 7
Production of 1-[2-(5-fluorobenzimidazocl-2-
ylthio)ethyl]piperazine:
1-[2~{5~-Fluorobenzimidazol-2-ylthio)ethyli-4-
formylpiﬁerazine {(1.80 g, 5.8 mmel) was dissolved in methanol
(20 mL), 12N hydrochloric acid (2 mL) was added thereto,
followed by stirring for 18 hours at room temperature. The
reaction mixture was concentrated under reduced pressure, and
saturated ammonia-methanol was added thereto, followed by
stirring for 5 minutes at room temperature. The solvent was
removed under feduced pressure, and the residue was purified

through silica gel column chromatography (chloroform :
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m.), followed by extraction with chloroform (100 nL
x3). The resultant organic |ayer was washed wth
saturated brine and then dried over anhydrous sodi um
sulfate, followed by concentration under reduced
pressure. The crude product was crystallized from
acetone-ether, to thereby yield 1-[2-(5-

quorobenZ|n1dazoI 2- yIth|o |']1-4-fornyl pi per 'ne
Saf(qr%be% ane Rt A YGRS & J%Wkrry*é? a"FIF‘“%%g ovford 1-
173 0-175,0C IR KBr cm1: 3435, 3051,
5 m&scéaszohé h{ R DR IR 2185, B8 1249
, 4 (2H, t, J 5.0 Hz), 2.70 (2H t,
Yl%m 871 I—E§ asb%%w% 28l (aH 'm, 3.42 (2H t,

IR%%B:;,%%Z&H%%;%H@% %321%(,]\;%2(%21?802,30%% ]ﬂd’r 1408.

140 (1 gq le 7 Productlon of N
-0 (B3R obni-m0ad2 BP- 245y Mo -62 (2, £, J = 6.3
et

HZ’(sh%F%ﬁ E%Ben 1m7daz%rgzﬂ§7]th?o§9 {1t gd = ©.8 Hz),
6. %r@t%y% Pﬁ%amﬂm)gl%go g%lr%%hl c9\g§1d (isﬁfv?ﬂaé@ (1H,

é r g fPIIomed by stlrrlng for 18 hours at
h%é ture The reaction m xture was

c tr der e d pressure, and saturated
M3 %EF [F 50 e d o 24 thereto, followed by

Ex§$¢ié'§g for 5 mnutes at roomtenperature. The
vent was renoved under reduced pressure, and the

préﬁéaéysnweﬁ Qufhfgﬁd (sLRIQYEbLShEEGRag8b1 colum
romat ogr aphy (chloroform: 35 saturated

T S her o aasol 2041 Ui o) ot by T o1 bet azi ne.
y thlo)ethyl]plpera2|ne (1.33
tr9fluorocethoxy)-6-methylpyridin-3-yllacetamide (compound
la):

1-[2-(5-Fluorobenzimidazol-2-ylthio)ethyl]lpiperazine
tris{trifluorcacetic acid) salt (6.92 g, 11.12 mmol) and 2-
bromo-N-[2,4-bis{2,2,2~trifluocroethoxy)-6-methyipyridin-3-
yllacetamide {(4.50 g, 10.59 mmol} were suspended in
acetonitrile (90 mL), and potassium carbonate (5.85 g, 42.33
mmol) was gradually added to the suspension. The mixture was
stirred for 5 hours at room temperature, and water (100 mL)
was added to the reaction mixture, follcowed by extraction
with ethyl acetate. The organic layer was washed with
saturated brine and then dried over anhydrous sodium sulfate,
followed by concentration under reduced pressure. The

residue was purified through silica gel column chromatography

(chloroform : methancl = 50:1}. The thus-obtained crystals
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yield 81% as a brown oil. IR (KBr) cm1: 3059, 2947,

2815, 1626, 1602, 1482, 1444, 1408. |H NMR ( DVBO- d6)

© 5 2.30-2.45 (4H, m), 2.62 (2H, t, J = 6.8 Hz), 2.67
(4H, t, J = 4.8 Hz), 3.39 (2H, t, J = 6.8 Hz),

6. 90- 6. 98 (1H in), 7.23 (1H, dd, J = 9.5, 2.5 Hz),
7.39 (1H, =8 8, 4. 9 H). MB(mz) : 280

npl e 8 Production

weée_lvl[glecfrzysi%af} O%%b%ﬁ%ﬁ%%meze G2 8 thereby yield 2-
e T S R ettt b e e il B fadraein-1-va1 v
J%%ﬁ&é?%ﬂ o1 &Ry o oae ey Rk e ©

ylﬁ%%@fﬁi? (3, W BREa T L or s AR B AR R 1 |

i n- 3- % Lacet n1de (4.50 g, 10.59 mmol ) were suspended
mo i 8kt bietFiG e (90 nL), and potassiun1carbonate

TR BEh) 32 T RS A b7 okl Lt | 120 1018 FBd “at
e 4@%2” t@%ﬁ[ 8L ot oned ﬁgm Lt PoRo-ar o &Pfyi ™

d-wit
BETRE e (hem 91 el buor 2hnyarous” sBar ukt SurFat o0 29 (28,
f | t
fglé,l%’%fg R AR e i 30 .

ﬁhrgpat@gggphyH (EH'Oﬁoioénb geshapol = ?@*d 56 ey, m),

hus-o talned crystals 36 were recrystal[1zed from

8. @@efﬂﬁesﬁthfﬁ;lﬁo (ihergpysyield 2-
[4 (S-f1uorobenzi m dazol - 2-yl t hi o) et hyl | pi perazin-1

EledédtdNy analysis as CosHprFeNgOsS: o
[2,4-Dbis(2,2 % trlfluoroethoxy)-6-nethy|pyrldln-3-
Calculated. C, 48.08; H, 4.36; N, 13.4¢6
Found: c, 47.98; H, 4.38; N, 13.31
Example 9
Production of N-[2,4-bis(2,2,2-trifluoroethoxy)—~6=-
methylpyridin-3-yl]-2-[4-(2-hydroxyethyl)piperazin-1-
yllacetamide:
1-(2-hydroxyethyl)piperazin (1.95 g, 15.0 mmol) and 2-
bromo-N-[2,4-bis(2,2,2-trifluoroethoxy)-6-methylpyridin-3-
yllacetamide (5.00 g, 12.5 mmol) were dissolved in
acetonitrile (30 ml), and potassium carbonate (2.25 g, 16.3
mmol) was added to the solution. The mixture was stirred for
five hours at room temperature, and the reaction mixture was
diluted with water, followed by extraction with ethyl acetate.

The organic layer was washed with water and saturated brine

and dried over sodium sulfate anhydrate, followed by
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yl]acetam de (4.72 g, yield 71% as pale brown prisns.
np: 182.0-182.7'C IR (KBr). 3282, 2824, 1509, 1413,
1272, 1166 (cm1 | H NWVR (400vHz, CDC13) 8: 2.41 (3H,
s), 2.66-2.91 (84 m, 2. 97 (2H, t, J =5. 1 HZ) ,
3.25 (2H, t, J =5. 1 Hz) , 3.29 (2H, s) , 4.41 (2H
g J =8. 0 Hz) , 4.75 (2H, q, J = 8.5 Hz) , 6.45

Cor&@?;#l?lg ur?d?’%r( !Zlgleq&cg_@%fp;ei%s&]ae( 1Qheoge)§3ultan]t residue
El emrentary anal ysis as, C25H27F-7 Cal cul ated: C,

wa g gt £ +P<¥4tf336@3/$1p 3kl Eohine nﬁl@%mawgﬁa /N,
13.31  Exanple 9 Productjon of

(deye bopi By s¥ l‘ée%ttr?W%}%e%%B’%Wt%d

me ] S GEO AT ) TES TS e Ye R PE) BB 32, 2, 2
trb?%%r%%%%‘!b* %z%e*zh%lﬁ’ﬂ +%]6F%'é¥%$<§/j %‘ &t hyl pyri di
ny Qe aedoht b PPar S atralyy Padlririle) b Targonar ot faes)

was added to the solutlon The m xture

Cog%gfg??r?ﬁgs#%} “five hours at roon1tenperature and

H”‘ AT of it hoot oy Soet Ar 602 hE 1t P 'ygﬁe‘i’zﬂ
Wais_ mgs%egnxgu?fa e5H an% sa§u5$t§ b %neJ ang grﬁgg

over 50 anhy ate 37°8

ﬁongengratgoa ypder s eduosg. PGessuL g Ehﬁzyesgla@nm, s),

sidue was purified through?silica gel col um
8.§Qr@ﬂﬁ;og§g9py (devel opi ng sol vent: ammoni a- sat ur at ed

Example 10

Production of 2-[4-[2-(5,6~-difluorcbenzimidazol-2-
ylthio)ethyl]piperazin-1-yl]-N-{2,4-bis(2,2,2-
trifluoroethoxy)-6-methylpyridin-3-yl]acetamide (compound
1b) :

Under argon atmosphere, N-{2,4-bis(2,2,2-
trifluoroethoxy)-6-methylpyridin-3-yl]l-2-[4-[2~ (5,6~
difluorobenzimidazol-2~ylthio)ethyl]piperazin-l-yl]acetamide
(4.0 g, 8.43 mmol), 5,6-diflucoro-2~-mercaptobenzimidazole (5.8
g, 31.2 mmol) and triphenylphosphine (7.8 g, 29,7 mmol) were
dissolved in N,N-dimethylformamide (170 mL), and under
cooling with ice diethyl azodicarbonate (40% w/v toluene
solution, 11.0 mL, 25.3 mmol) was added dropwise to the
mixture, followed by stirring for 1.5 hours at the same
temperature. To the reaction mixture, ethylacetate and 1

mol/L of hydrcchloric acid were added, and aquecus layer was
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met hanol / chl orof orn¥1/20) to thereby yield
N-[2,4-bis(2,2,2--
trifluoroethoxy)-6-nethylpyridin-3--yl]-2-[4-(2-
hydr oxyet hyl ) pi perazi n-1-yl]acetanm de (5.40 g, vyield:
919% as <colorless crystals. '"H NWVR (CDC13) S: 2.42
(3H, s) , 2.48-2.82 (8H, m , 2.57 (2H, t, J:53
Hz), 3.17 (2H, s), 3.63 (2H t, J = 5.3 Hz),

seq@tbtef. J Theg ogdap)ic 4agsr( pas durfhery esitmf)cte@l ith 1
(1H, s), 8.38 (1H, br. r'i) Exanpl e 10 Production of

mo PLT &Y@f{@@]ﬁifﬂ%@@be hemiagatesisp layer was combined and

yIthl&ethyl]plperazm N-[2,4-bis(2,2,2-
the rré$wbl Vet Holg)ure W%t%i//ﬁ)ly 7R RB- §A> HeptBydFeeide (1

(conpound 1b): Under argon atnosphere
mo$¢%p,4f%4gqge@ by extraction with ethyi acetate. The

trifluoroethoxy)-6-nethylpyridin-3-y
or grii ok BPRAZVAF daFdreR-With hialer h@ﬂllf]lp% ‘1[*%%{%‘5 1b§/+1]1%cand
th@geénafw ué?%rza%y%w%b%ﬁgimmda%r%t%s Bolowag By
O SRBFGELOT (MR RE o Rt “%%?aéﬁva% (B g Wﬁ%%er
ouf SPLRC Yk 8, 128 L, 2200L 88" BROALE, LAOIM Y ceveroping

mxture, .foll

SofBERE: 2t RECaRR | BHBEPATLrS mf%t?ﬁe PEAEROE, ot 3,
LD I P B
55 CERD P QPR e e e g g a1 ol
exbg gEsulion 7 Efcﬁy?@?r%%st3592;?%32%%&5%4 L
yigﬁayl9§9§t%5easTE810rless crystals.
Test Example 1: Test for ACAT inhibitory activity in J774A
cells

J774 cells (2x10° cells/well) were seeded on a 24-well
plate and incubated for 24 hours in DMEM {10%EFBS, 500 pnL).
After replacement with a new medium, 25-hydroxycholesterol
(10 pg/mL) and ACAT inhibitor (final concentration: O, 107°
to 107° mol/L) were added thereto, followed by incubation for
18 hours. After washing with 0.9% sodium chloride, the lipid
was extracted with hexane-isopropanol (3:2) (250 pL) and then
with hexane-isopropanol (3:2) (250 pL) again. The extracts
were combined, and the solvent was removed. The thus-
obtained cholesterol ester (CE) was quantified through the

fluorescent enzyme assay. The cells from which the lipid had

been extracted were subjected to protein assay (micro BCA
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organi c | ayer was washed with water and saturated
brine and then dried over anhydrous sodium sul fate,
foll owed by concentration under reduced pressure. The
residue was purified through silica gel colum
chr omat ogr aphy (devel opi ng solvent; chloroform:
ammoni a- sat urated nethanol = 100:3), to thereby yield
2-[4-[2-(5, 6-di fl uorobenzi m_dazol - 2-
as5AYhi et R petazHing | o quounthief £B per mg of
trifluoroethox%?-6-nethpryridin-3-y|]acetan1de 4.9
profeiy elfFom@ FRpradusdlish eedisr vt dihe thsd nd
1. Test for ACAT inhibitory activity in J774A  cells
wigymeseats {oxamst &f | ' Saefeytrete Seedddopreataacigm of
plate and incubated for 24 hours in DVEM 100FBS&POOl ted
the yconpgyre FrintblelRmt OF t Pt & heF AdFuhqt) was calculate
25- hydroxychol esterol (10 g/ nlL) and ACAT i nhi bitor
at fFhal concentration: 0, 10-9 to 10-5 nol/L) were
added thereto, followed by ipncubatjon for . 18 hours.
AftqéPemé§ﬁF§155mP¥ﬁ ’éh‘é‘%‘s%’aiﬁﬁ?gﬁl i d%s DR i Fable 1,
was extracte it h hexane-i sopropanol : 250
th PRI § hhedd o FRbp7Ehan n?é?%g(é%oﬁ%‘fe a%%ﬁ%.m”
. T@ﬁBextractﬁ. Mﬁre conbi ned, and the sol vent was
in Vet Fhe'Yhu¥: obtai ned chol esterol ester (CE) was
ugntified through the fluorescent enzyne assay. The
ﬁﬂ@%ﬁls fromwhich the |ipid had been extracted were
subj ected to prjot ei ACATSIAKIbItEHE ACVRGA J2P4 8811 )ICsd M)
ClRRaY etermine the anount of CE ggr ng of protein.

neachloat + A e o o £ + 1o + - L)

T O P otgCtTT o1 att U Ol et CUITpuOUITU VLTI

anmlpet(ll?)o that{ of the control, | (‘Rﬁy( concentration of |

Canmoupd @bl i nhi bi ti ng 50% of CE pr3®uction) was
calculated at N=4.

Test Example 2: Test on metabolic stability in human liver
microsome

In accordance with Table 2 described below, an NRS
{(NADPH regenerating system) solution and 16% human serum
albumin were added to 0.1 mol/L phosphate buffer (pH 7.4),
and a solution of a test compound (100 pM) in acetonitrile
(0.01 mL) was added thereto. The mixture was pre-incubated
for 5 minutes in a warm bath at 37°C, and human liver
microsome (POOLED HUMAN LIVER MICROSCMES, Lot. No. 20,
product of GENTEST) was added thereto, followed by allowing
reaction for 30 minutes in a warm bath at 37°C. 2An aliquot
(0.25 mL) was collected from the reaction mixture 0 and 30
minutes after the start of reaction, followed by extraction’.

The amount of the test compound was determined through HPLC.
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The results are shown in Table 1. As shown in Table 1,
the conpounds (la) and (ib) were confirned to have
high ACAT inhibitory activity. Table 1 ACAT

i nhibitory activi : 3774A cells: 1C50 nM Conpound

(1a) 87 Conpound (ib)75 Conpound (B) HCO 59 Test

Exanpl e 2: Test on nmetabolic stability in hurmn l'iver

m crosone I n accordance with Table 2 descr bel
Rewwﬁspezwqeeg%%é%%%c%%%%mﬂq na t'n%rl Yo

human serum _ al bum n wer e_adde ’S’h‘a 1 nol/L hat e
mingigervaprralaylated, Pasedith i o?olalqvéjsl%g c% ofe: peak

00 tonitril 0.01 ni dded t
N LN LU ’ r%f‘rfﬁﬁ%k & 19 Qewgr m

bath at 37C, and hu nliver ( ED H
VRE W e owmo%zalg 5 RGaePEaR To. 1,
ere eacél on fo

h
cor@“%sw tg]st na%éwga]rkh)i FETH ﬁ%%}é%(ﬁ” ARG O poe Y
% vg J;_:ted fromtheere Ct% rlni‘xture ansdome as
1M ¢ sm%‘f%%‘? TRef ST T TARFC rbA Hl%% of Toved by

com e o Fr bt el SRS BRI et he

Tb&ghanged conmpound after 30 m nut es was cal cul at ed
a ed on the foll ow ng equation: peak area after 30

CohBlhSR PR & TR AhR B B a8 mBEahE S L @

Hufbg)liven ehiflosdmegPOCGLED): r med to have drastical ly 0.05
oRBIINES AR SPRotEin!ifH.@8 ailce in human liver nicrosong mL
NRSENADPH regenerating system) solution:
containing, in 0.25 mL thereof, 0.25
2 mg of p-nicotinamide-adenine dinuleotide, oxidized form type, r-nL
2 mg of D-glucose 6-phosphate disodium, and
0.8 unit of glucose 6-phosphate dehydrogenase
16% Human serum albumin On'ﬁis
0.44
0.1 mol/L Phosphate buffer (pH 7.4) mL
Acetonitrile solution of test compound (100 uM) Or.nOLI
Total 1mL

* Extraction procedure

To each sample, glycine buffer (pH 10, 1.0 mL), an
internal standard substance (0.1 mL), and tert-butyl methyl
ether (5.0 mlL) were added. The mixture was shaken for 10
minutes and then centrifuged at 2,500 rpm for 10 minutes, and
the organic layer was collected.
Test Example 3 Solubility test (Japanese Pharmacopoeia

Solution I)
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conpared with conpound (B) (hydrochloride). Table 2
Conposition of the reaction m xture of Human |iver
m crosone (1 nL) Human liver m crosone (POOLED): 0.05
containing 1 ng of protein in 0.05 nLnL NRS( NADPH
regenerating systen) solution: containing, in 0.25 nL
thereof,0.25 2 ng of O0-nicotinam de-adeni ne
di nul eoti de, oxidized formtype,nL 2 ng of D-glucose
6- pheshhbe et dremprwrd wae Ol 8sehvedoin ghgebeaitrile to
6- phosphat e deh dro enase 0.25 16% Human serum
fowrh bun G Csdluipl 9r, Pivod plhiae es bl eon (Wi 72dded 440 ndapanese
Acetonitrile solution of test conmpound (100 MO0.01 nL
Phayghataregia Txtaedh oh BP ob@Eura 100 @4ed/ Bangfkition. The
gl ycine buffer (pH 10, 1.0 %R% i nternal standard
regiyhs?aihce0 Yot 10M 2 s af TP - BOR yi 0 iRt hyFes ety 3%, @liquot
dﬁ% wer e added. The m xture mas shaken for 10 mnute
) tWeh Eje%‘f?@fjc@’é%i R DOERRC+ P Figbe 1@1% mﬁ%spa%%%g
the organic |ayer was collected. Test

EhSR g & i Qyztlé%tf%b’@%né‘é@cﬂﬁﬁfﬁa%%po‘@%erwlﬂﬁf%% | janto
e EROuS) oSl SOl d h oelnl iy o o
suﬁggﬁgeéo?%f a%n@gﬁgoe£§o§qg¥éég§uéelf)fcgrgﬁ%:g%%unt of the
test compound was determined through HPLC,

The results are shown in Table 3. As shown in Table 3,
compound (la) and compound {1lb} were found to have a lower
solubility as compared with that of compound (B)
(hydrochloride). Based on the above-described lower

solubility, the compounds of the present invention were

expected to have low absorbability upon oral administration.

Table 3
' Solubility: Japanese Pharmacopoeia solution I
: (pH 1.2) (ng/ mL)
Compound (1a) 562
Compound (1b) 422
Compound (B)-HCl : 12,500,000

* Extraction procedure

The extraction was performed in a manner similar to
- that of the test on metabolic stability in human liver
microsome.
Test Example 4 Oral administration test in rats

Fach test compound was dissolved in a 0.01N

hydrochloric acid solution, and the solution was percrally
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resultant solution was stirred for 10 m nutes, and an
aliquot (1 nL) was placed into an injection tube and
then passed through a 0.2-mfilter (HLC D SK 13,
wat er/ sol vent, Kanto Kagaku Kabushi ki - kai sya) The
filtrate (0.5 nL) was subjected to the extraction
procedure*, and the anmount of the test conpound was
determ ned through HPLC. The results are shown in

adrmigbl st Sredst @ Howke | or Tehel 8 ratonplouhl 194) Blhdkg. Blood
conmpound (I b) were found to have a lower solubility.

samgsl eonpared T teeehatWere combbrpeqd BJ0, 60, 120, 180, 240,
éggdrochloride). Based on the above-described | ower

andg of @binjrytes hal tohpalintii vt rahonr eddrft Gahidftissh blood
were expected to have | ow absorbability upon ora

saneldfivtrat¢ontrifape Bosod ublritys Japhitesed 9,000 g, to
Phar macopoei a solution | (pH 1(n g/ .n. Conpound

thenely s 62T oo URtR $1d) 920 £BHpo (FB)2 STACISERRS(RF, OFF &
Extracti on procedure The extraction was perforned in a

stomedert st 1Gbalprea mgapiranan t-estfhen spBPaBsl Were

Sy 4P BT SBF TR BFAELLE | R PGPS Eac P b BTG L ©F
et hoahredein. 2.0 GEN DycLochl ocic, Sl oy
e LETRLE LELT 2y e BL S 5P o0y PUBLE: (Ufoun
(1 3P0, ynutes afyer afm nisteation,  The, collegted blogd, ang
higher AUC (area under curve) as compared with compound (B)
(hydrochloride), confirming that compound (la) and compound
(ib) have good absorbability upon oral administration as

compared with compound (B} (hydrochloride).

Table 4
Cmax (ng/mL) AUC (ug-min/mL)
Male rat Female rat Male rat Female rat
Compound (1a) 418 3411 22 306
Compound (1b) 614 2836 55 393
Compound (B)-HCl 207 1167 12 148

(10 mg/kg-p.o.)

* Extraction procedure

The extraction was performed in a manner similar to
- that of the test on stability against metabolism in human
liver microscme.

As compared with the compound (B} described in

International Patent Publication W098/54153, the compound (1)
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sanpl es were centrifuged for 5 mnutes at 4C and 9, 000

g, to thereby prepare plasma sanples. The plasm

sanpl es were stored at -30C before neasurenent. The

sanpl es were subjected to the extraction procedure*,

and plasma | evels of the test conmpound were

determ ned through LC M5/ MS. The results are shown in

Table 4. As shown in Table 4, conpound (1la) and
of ddrparrbitb)ingnt fourths CBaXH i ¢ilyiert GHoelmnt

hi gher AUC (area under curve) as conpared with
st%@rﬂpld;moaqa)nst( Hyelradechl Jomi dig) hgemt | ¥hyelg tktosome and

npound g} and conpound (1b) have %Pod

hl‘ﬁbs%?fpe’%\blm i8i tpen artElviddim nﬁéttﬁwg@n as conwpaned (1

wi th conpound (B) (hydrochloride). Table 4 Crax
the Rysa9mUG TEER T 97 fhS MEWe R ot Jeltiflét%l"@ter as

rat Femal e-rat Conpound 1a418341122306 Conp
cow@%wm@% W (Byyd mlzbom@emmfs q&fel%vskggood

* Extraction procedure The extraction was

Or%]er?%kb?‘?ﬂa Fon calef |t §le hat RSkl test
. stability agai nst netabollsn1|n human i ver
in nﬁ’%t'r%so LS A Gimpdsd SHTPR IERe édnﬁd%ﬁ&le( B’)‘-’e&@%rl bed
) I nternational Pate Publ i c on W98/ 5415
m‘é%“r?ﬁo?fhdls( 1‘7}{91%%?5%% B eTECT hVht i P W 36 in
h exhi bit excellent stability against nmetabolismin
s n liver mcrosome and high ACAT inhibitory

activity. Al though the conpound (1) of the present

i nvention has lower solubility to water as
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conpared wi th conpound (B) (hydrochloride), it
exhi bits good oral absorption as indicated in the
oral adm nistration test in rats. Therefore, the
compound (1) of the present invention is expected to
have excellent bioavailability in humans.' 44 Wat is
clainmed is: 1. A 2,4-bis(trifluoroethoxy)pyridine CF3
O Hr-NIN\ ,~-CH3 N NS--~-NJ O0OON"-CF3 (1)
th@wkﬁeﬁ%ﬁ®@?¢eﬁresents a fluorine atomor a hydrogen
atonm) or a salt thereof 2. A nmedicine containin as
an hct Av& ridrdriéditentt L UOREEEHOX YA BYGH5GiTd COMPR
thereof as recited in claim1. 3. The nedicine as
repyEexet R v E2, (Which is a preventive or

t herapeutic agent for hyperlipidem a and/ or
arterioscl erosis. 4fTA nmet hod for producing a conpound

or a salt thereoﬁ g;s recited in claim1, conprising

reacﬁrng a CH;conpound represented by

:ZSEEEL% rein X1 represents a fluorine
a hydrogenLaEpn) with a pyridine conpound
represented Qﬁ formula (3):

(wherein X' represents a fluorine atom or a hydrogen atom) or
a salt thereof.

2. A medicine containing, as an active ingredient
thereof, a compound or a salt thereof as recited in claim 1.

3. The medicine as described in claim 2, which is a
preventive or therapeutic agent for hyperlipidemia and/or
arteriosclerosis.

4. A method for producing a compound or a salt thereof
as recited in claim 1, comprising reacting a piperazine

compound represented by formula (2):

H NH

e

@)

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

with a pyridine compound represented by formula (3):
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/-CF3 0 CH3 (3) 45 (wherein X2 represents a chlorine
atom a bromne atom or a iodine atom. 5. A
pi perazi ne conpound represented by fornula (2): (2)
(wherein X1 represents a fluorine atomor a hydrogen
atom) or a salt thereof. 6. A pyridine conpound
represented by formula (4): CF3 0 RL-N-{\ /-CH3 (4)
\-CF3 (wherein RL represents a hydrogen atom a
(Wt 30 2 e tBAPTHSENF-S 2 BrloHodcetdoTyr Gupr Brirgn atom, or a
~ 1odoacetyl group) or a salt thereof. 7. 2,4-Bis(2,2,2
lodin¢ fatifbet hoxy) - 6- met hyl - 3- nitropyridine. 8.
N-[2,4-bis(2,2,2-trifluoroethoxy)-6-nethyl pyridin-3 -
yl | 22- PR AR 9K 1IMAI B P r A $290 578G et mmmpd  (2) ¢
9. A nedicine conposition conprising a conpound or a
salt thereof as lpeskhed inclaiml and a
Fpha (ﬁ)l ogi cal | cceptable carrier therefor. 10.
3 t}hes(m&%ajlas recited inclaiml or a salt
Nepeofy for the manufacture of a nedicine.

T+

(@)

(wherein X' represents a fluorine atom or a hydrogen atom) or
a salt thereof.

6. A pyridine compound represented by formula (4):

/—CF3
O

RL—HQCH3 (4)

Q
“—~CF,

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

7. 2,4-Bis{2,2,2~-trifluoroethoxy)-6-methyl-3-
nitropyridine.

8. N-[2,4-bis(2,2,2-trifluoroethoxy)-6-methylpyridin-3-
y1l]1-2-[4- (2-hydroxyethyl)piperazin-l1-yl]acetamide

9. A medicine composition comprising a compound or a
salt thereof as recited in claim 1 and a pharmacologically
acceptable carrier therefor.

10. Use of the compound as recited in claim 1 or a
salt thereof feor the manufacture of a medicine.

11. A method for treating hyperlipidemia and/or
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11. A nmethod for treating hyperlipidem a and/or 46
arteriosclerosis, conprising adm nistering a conpound
or a salt thereof as recited in claim1. 47

arteriosclerosis, comprising administering a compound or a

salt thereof as recited in claim 1.
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