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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
adm nistration and thus is useful for prevention or
tr eat menf ~BISHYPEFTVRREEREELY) BYREPINE c{ @ BRYND D
simlar disordemErpicant toNTaTermed i airesamMahi ch are
useful for producing the conmpound. DESCRI PTI ON OF THE
RELATED ART Acyl coenzyne A chol estero
acyl transferase (ACAT) is an enzyne which catal yzes
the synthesis of cholesterol ester fromcholestero

and pl ays an i npor r j bol i sm of

chol esterol and ité§%§gﬁéﬂéﬁ%ﬁ#1#ﬂ?ﬁNngéﬁive or gans.

Al t hough many of conventional ACAT inhibitors serving
as anti-hyperlipidem a agents or anti -
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recent Studi es, regressi on of 8 Januar

ac?lfﬁéh@féf&é@skﬁcﬁﬁp'uﬁ@ﬁ §§alsa&ﬁpﬁf§€¥hﬁfbﬁeand thus is
achi eved by preventing foamcell formation of .

us8BGL 0pBAgEBevRE €bn %aytﬁea&ﬁanf obe h?pé@ﬂ@i d & Of
foci of arteriosclerosis. Specifical

arteci opoBgeodes) vet s0aM gel dbsdniieed, Sdd eto intermediates
chol esterol esters therein as fatty droplets) are

whblisesivedus@ful for producing the compound.
DESCRIFTION OF THE RELATED ART

Acyl coénzyme A cholestercl acyltrénsferase (ACAT) is
an enzyme which catalyzes the synthesis of cholestercl 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 lewvel, such agents
disadvantageously have side effects such as intestinal
bleeding, intestinal disorder, diarrhea, and liver disorder.

According to recent studies, regression of



a focus of atherosclerosis. It has been reveal ed that

the formation of macrophage-derived foamcells is @JanuanyZDO?

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 vascular wall. Thus, the activity of ACAT on the
anrascw sarl. ewaldi snifglati eeve s dlsosepeeltati do be achieved by

arteriosclerosis (Exp. Mdl. Pathol., 44, 329-339
pr@r@@@ﬁpg'A@@@rmedglﬁorwhénoanOACmﬁcmnDhbmesn whhichi pday a

esterification of cholesterol on vascular walls, free
keghalodst dinolfonmatise sfofedii pivasterdosedkirosesl.s. The

stored free chol esterols are renoved by high- density
Specidpcatidivh (P Pragedes ived Soes ckd lisi whichestpse

transport by HDL) and then netabolized. Thus, such an
chadarteneti isistter sc dhaeiax gecfedtivodrapilsits) are observed in

accunulatlon of cholesterol esters at lesion sites of
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1530 1): 111-122 As ~described above, an ACAT
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s has been con red to have direct
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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
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
inhibitor can be expected to inhibit accumulation of
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 considered to have direct
anti-arteriosclerosis effect.

Previously, after extensive studies focusing on a

prediction that a compound which selectively inhibits ACATs




(XN-Y-(CHZ) I -N N-(CH2)- Z-Cl1 -N-Ar (CH7)m (A)

(wherein Ar represents an aryl group which may 8 January 2007

optionally be substituted, cc 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
presemt eohoviasculas wallntak@rtivas Prevan;s magrgphpges from

and n is an integer of 1 to 3),, a salt thereof, or a
trapsiareing inec Eompotmbl vrmavieSSaYe ap|aRySEtive or

inhibits ACATs present in the artery wall and thus is
tha%@mvta@ agwfev@h%. et oFloghbeEpels | T Rredicing

erlipidem.a or arteriosclerosjs (Internatlona
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described in Internati onal Patent Publlcat|on
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bel ow and a salt thereof was found to have high
thACAT inhibitory activity

bilit tofrﬁbter and hi
@Ed/ex\ﬁl N gyl (Chhlar TRiceT BgiEal effect in a
ety of a nodels. 3 1 8 January 2007 Although
conpound ot her conpounds disclosed in

Internat{ aI Patent Publ i cati on WD98/ 54153 exhi bi t

REFELh CBF <EPPETBRCL oBoal P Leale S LLONSY SR Ly e
subﬁthﬁggdu3|ng human |iver mcrosones reveal ed that

ésé conpounds are rapidly

CL

represents a divalent residue of benzene, pyridine,
cyclohexane, or naphthalene which may optionally be
substituted, X represents NH, an oxyden atcem, or a sulfur
atom, Y represents a sulfur atom or the liké, Zz 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 in
the artery wall and thus is useful as a preventive or
therapeutic agent for hyperlipidemia or arteriosclerosis
(International Patent Publication W098/54153).

Amcng 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 unigque

pharmacological effect in a variety of animal models.




met abol i zed and thus only snmall percentage of
unchanged conpounds remains in human |iver nicrosoSelanuary 2007
Therefore, |ow blood concentration of these conpounds
has beconme of concern. Moreover, on the basis of a
recent knowl'edge that, fromthe mechanismof drug
interaction, a drug having higher safety is produced
from conmpounds havi ng hi gher metabolic resistance, a
Althepghndompeing B jhand netiagol tenpesids ahtecles ddnem
liver mcrosone is desired. However, it has been
Intorss tiérral vBabert f Piloll catbon | HPP 8l bbameshilit excellent
agai nst netabolism of conpound (B) while maintainin
phergapehdoindl bef eyt eptbeibuted cleo AFpbuREh B tongseffect
many functional groups which are generally readily
innenapel 5 zeekParinenhy peyherned, Iand! Eheses famdiikra liver
groups are believed to be essential for productlon of
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i stance, i n_hunman ver m.crosone, i bits good
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concentrati nd. unefpected
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meéﬂgﬂyg 1&rﬁ?c£§t§§£§¥&€§f Q gp&g ﬁ%@fgg higher safety is

concen
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, againét 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, gnd these functicnal groups
are believed to be essential for production of the

pharmacological effect.
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SUMMARY OF THE INVENTION




AUC (area under curve of blood concentration-tine),

and higher oral absorption, although this pyridine8January 2007

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

a preventive or_ therapeutic agent for hyperlipidema
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acconpl i shed based on these findings. Accordingly, the
pepfekBafl PHVERELIBR pFedigesvith, an aim to obtain a compound
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(1?t§HB8£ geig%oﬁégehfégg} B5loo& ggﬁéeﬁ%?ﬁé?%ﬁ {Cmax), higher
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({trifluoroethoxy)pyridine compound represented by formula

(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 piperazine

compound represented by formula (2}:




The present invention also provides a pyridine
conpound represented by fornula (4): rCF3 O WN i 8 January 2007
CH3 (4) O -CF3 (wherein Rl represents a hydrogen
atom a chloroacetyl group, a bronoacetyl group, or
an iodoacetyl group) or a salt thereof. The present
i nvention al so provides 2,4-bis(2,2,2-
trifluoroethoxy)-6-nethyl-3-nitropyridine. The
present invention SO provides N-[2,4-bis(2,2,2

| udioet hoxy)f 6- hyl pyridin-3-yl]-2-[4-(2-
h @ y h)é ' in-1-yl]acetam de. The present

eptl @gh al so provides a nedicine containing a
conmpound represented by the above formula (1) or a
salt thereofipps an active ingredient. The present
invention al so provides use of a conpound represented

y the above fornula (1) or a salt thereof for
(WB%&E:& ftg Jaele%@entmea P EdErdeR fedit i N Bl BIqHiew ddeom) or

d for January 2007 treating

a §P g§5F8F05|s conpri si ng adni ni stering a conpound
rep g;ented b the abgve fornul a

1). or a salt,
t he SfPFﬁsﬁﬁ eFPéIE’-P 8Maftodht Pr‘?%é%iéﬁnﬁoBHHl?HeoFompound
n vent ectively inhibits ACAT
re%?%é%ﬁgégnggr?gry (gf'has excel lent stability
agains% netabolisnlln human |iver m crosone,
/—CF3
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(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-
trifluorcethoxy)-6-methylpyridin-3-yl]-2-[4- (2-
hydroxyethyl)piperazin-l-yl]acetamide.

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

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




exhi bits good oral absorption, and thus is useful as
preventive or therapeutic agent for hyperlipidenia @rJanuary 2007
arteriosclerosis. BRI EF DESCRI PTI ON OF THE DRAW NG
Fig. 1 shows stability agai nst netabolism of conpounds
(la), (Ib), and conpound (B) (hydrochloride) in human
l'iver mcrosones. DETAI LED DESCRI PTI ON OF PREFERRED
EMBODI MENT(S) The conpound (1) of the present
LIEAFdAgi 8ATRASORCLSIPEEBur SPTPEASINE ofnhRkEhgroNg or
two fluorine atons on the benzim dazol e r|ng and _
COH‘&@PH& tepresensed, by §bpoebpBRyfogMBLPs (h Phea salt
yridine ring. No conpounds having this unique
th@ﬁ@ﬁfcép apr GEEBFE1NGs aBEBAtdescri bed in I nternationa
Pateg@e Publlcatlon W98/ 54153. The present invention
i nclFéGeSTREVRG 180 RS the PESﬁﬁBEné@Vﬁﬁ&l@al ﬁ@leCthElY
, th reof, 7 8 January 2007 1-CF3_0
in é 1

CH3 N
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stcggllty agalnst metabolism in human liver microsome,
exhibits good oral absorption, and thus is useful as a

preventive or therapeutic agent for hyperlipidemia or

arteriosclerosis.
BRI®F DESCRIPTION OF THE DRAWING

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

microsomes.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENT (S)

The compound (1} of the present inventicn has a
structural feature of having one or two f£luorine atoms on the
benzimidazole ring and having two 2,2,2-trifluoroethoxy
groups on the pyridine ring. No compounds having this unique
chemical structure has been described in International Patent
Publication W098/54153.

The present invention includes the following two

compounds and salts thereof.



FN\-CF3 (ib) Exanples of the salt of conmpound (1)

of the present invention include inorganic acid sal 8slanuary 2007
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 ates, pantothenates, tannates,

et hanedi sul f onat es, ben&Emesul f onat es,

p-t ol uenesul f onat es | ut amat es, aspart ates,

trifluoroacet te and gl uconates. The

0

o-uoﬁnd (1) priesent % nvention or a salt
aHet ®e @ormof a solvate. No particul ar
I Mtlon i s i nposed ‘0RFshe sol vate, so far as the
solvate does n@A adversely affect. the ACAT
inhibitory acti | y, and the solvate may be forned
t hrough addition of a solvent which is enployed in
t he process of produgffﬁh or purification such as
wat er or al cohol. A sol vate, a hydrate is
preferred. T s éh, of the present invention
FIRY_Re proﬁgggd i 3, for exanple, the follow ng
u&:—t-$6h~/ JBnu@ry 2007 process. Cl HO CF3 0}
F'CSE3N0 CF3 0214 C° N%e3 N N CH3 H2N o CH3
-CF3 ' -CF3 ((@})(6) (7) OCF3 10 X2 "W\N C3

Examples of the salt of compound (1) of the present
invention include inorganic acid salts such as hydrochlorides,
sulfates, nitrates, phosphates; and organic acid salts such
as methanesulfonates, maleates, fumarates, citrates,
butyrates, lactates, tartrates, ascorbates, malates,
mandelates, salicylates, pantothenates, tannates,
ethanedisulfonates, benzenesulfonates, p-~toluenesulfonates,
glutamates, aspartates, trifluoroacetates, paﬁoates, 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, so far as the solvate
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 alccochol. As a solvate, a hydrate is preferred.

The compound (1) of the present invention may be

produced through, for example, the following production




0 O-CF3 (3) H X I,~ NsHSulfonylation H( NR
HO~N RY " JNR(ICa) Fi NS ~N YOX (8) (9) 8dJanuary 2007
(11) XF I N>-SH O (crs)2 (10a) (]) Phosphorus
conmpound r CCF3 Deprotection F Hr~NH (3) FH( NON
CH3 X, NS~ N Tp. X~ 1 Nrg",N 0 OCF3 30 (2) (1)
(wherein R represents a protecting group, Y represents
an al kyl group or an aryl sul fonyl group, X1
proep¥esents a hydrogen atomor a fluorine atom X2
represents a chlorine atom a bromne atom or an

igdi ne aton, ,%g?ergfl cal kP e
chl oro-6 t hyl opyri di ne (5) gact ed
ozﬁ-{f\-@ﬁaz 2-trifluor oef’ﬁ%#ﬁ to thereby pr?&m_

& npound (6). The n|tr0ngf|=pup of conpound ( cksS
re(g)uced to produce conpound (7). Conpound (:73) is then
reacted with halqggnodcetic acid or a reactive
derivative ther f to thereby produce conpound (3).

—9-—-8Janoery y2 far atel y, a piperazine ethanol
conpound (8) Whos‘_

(3)
J:j:rSH

(10a) NR
Yo"v'@R x1:@N"S'\'N

Sulfonylation
—————

£NR
Ho™~N-

(® @ (1)

HO/"CFa
Deprotection FH N(‘NH 3 Fah NN O
- -8 ! _— 'FS/\’N‘) 0 ¢
X1 N 1 N “-CF3

@ ' D
(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 ilodine atom)

Specifically, 2,4—dichlﬁro—6—methyl—3-nitropyridine {5)
is reacted with 2,2,2-trifluoroethanol, to thereby produce
compound {6). The nitro group of compound (6) is reduced to
produce compound (7}. Compound (7} is then reacted with
halogencacetic acid or a reactive derivative thereof, to

thereby produce compound (3).




am no group has been protected is sulfonylated to

pr oduce
with a thiol

conpound (9),

and conpound (9)
derivative (10a) to produce conpound

i s reacted 8 January 2007

(11) Al ternatively, conmpound (11) nmay be produced
t hrough reaction of conpound (8) with a thio
derivative (10a) or (10b) in the presence of a
phosphorus conpound. Conpound (2) is produced through
depPEPEErited Yot at RAPErOresEi £ hgnedp coRposhdc dfpouhdse
(11). The conpound (1) of the present invention is
amppgddgeedr breokgenr pEeteehedf iphsulhasydbtafngd produce
conmpound (2) with conpound (3). Accordingl the
COQB@VédCd ouRBI( Zrmresagolfd ea)reaéﬁﬁdsymtédabyhlol
ormul a (4) below and the above conmpound (6), which
deFéVQtAvsué pa) §9tPFPﬂHS?o€9HBQ9?d61ﬁéQhyLA “ernatively,
ni tropyrldlne are useful as intermediates for

COBPBHRET g 1Y hBavc BRpBEAAUECET SRrPHEhpFesshi oRneEnEPBROUNA
wh
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fgg#ggﬁcwﬁéﬁ%hﬁoﬂg)gégagggtggsggn%rlgv%%%ggﬂt1g]é%gduced
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 (6),
which is 2,4~bis(2,2,2~trifluoroethoxy}-6-ﬁethyl—3—
nitropyridine, are useful as intermediates for producing the

compound (1) of the present invention.

/—CF3
@

H —
R"—N‘QCHa @

o
\~CF3

{(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-dichloro~6-methyl-3-nitropyridine
(5) with 2,2,2~trifluoroethanol is carried out in a solvent

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

10




di met hyl f ormam de (DWMF), tetrahydrofuran (THF),

di met hyl sul foxide (DVBO), etc.) in the presence of 8aJanuary 2007
base (e.g., an alkali nmetal carbonate such as

pot assi um car bonate or sodium carbonate; an al kal

nmet al hydroxi de such as potassi um hydroxi de or sodi um
hydr oxi de; or an alkali netal hydride such as sodi um

hydri de, potaSS|un1h¥dr|de or lithium hydride) for 5

dipgthylieuramacer 6BMF1 enpetashyereduranl (¥HF) engerathyé
g referablé for 15 to 20 hours at ref |ux
sui éppéigt WPHPO) Thetreduéhi bReoPresapeanat(8)bpge (e.g., an

ﬁreferabl performed through one of the foll ow ng )
alkaddcreba r€§6ppaﬁ§? FPFh ?édE@Fﬁéﬁlﬂﬁr69§h°E§EeoPraS°dlum
sul fur- containing,reduction a%ent such as sodi um,
C?HPPHPEﬁFtén &oHrdh BaEpLgRYIE §F9ﬁ1SH9Hr8§eH§EPFﬁHBm
rogen sul fide, éﬁreductlon t hrough use

aor hyd
hYﬂEPéﬁ dgo Fa?ﬂﬂﬁ{:}mr EEE}EP?‘ Cagent a‘%uéﬁkéélzmﬁ*éaluhﬁﬁrlde

sughase " ShOdPBGBHAT HIE: r BAEEEPbIT BURFLOR (PF TLthfln
hYﬁ%@?@gﬁgrb’écﬁ 24 REBBRoRtinbP St oE FBREF S ChreTrp, SbLUR

te%ggkﬂru%%ngggﬁl §%§geo%§|o§gggéh?8 §§B%§|?B rﬁngFhe

react for 10 mnutes to 2 hours. The
teg% %ggﬁo%?reactlon (ii) is carried out by, for

exape® edﬁ'%ﬁ% V29 60 anoﬁd(%§)1%”Pge§gk¥§ﬂka§HEEo?ﬁed

an al co suc as et I SOpropano

th#6ligh eﬁeao@1ﬁh@rsoiﬂb%§ﬂ5 r@&u&@i@ﬁ 2pdcanyn ot Rggse
solvents and allow ng the solution to react for

reAluBYE8A tArdfghouss 8¢ 8 581#PCcohBaifeng! PBGLEERTon agent
(ii), an acid such as hydrochloric acid or sulfuric 11

su8hJapuabdidR0dithebdi Ry B@d@dﬂegunfla@9e§§@ium The

catal ytic reduction
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
exanple, 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. In the

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

11



reaction (iii) is performed by dissolving conpound (6

in a solvent such as dioxane, acetic acid, nethanol January 2007

et hanol, or isopropanol or a solvent mxture t her eof

and allowing the solution to react in the presence of

a catal yst such as Raney nickel, palladium carbon,

pal | adi um hydroxi de, or palladium black under

hydrogen for 30 m nutes to 12 hours at 0 to 50C,
acpgefayabry afged3dnpagessary -3 Horreatalybben reduction

' tenperature. Exanples of the hal ogenoacetic acid to be

regstdopnn (1idaciponehifernednbyudéspr)vingl ggepound (6) in a
chl oroacetic acid, bronpacetic acid, and iodoacetic

SOA¥ERt EX&RpREsdbPXERE/ aéa@ﬂpveca@rumatha@oéf ghbanol, or
hal ogenoacetic acid include hal ogenoacetyl halide and

lsﬁBFSBéﬁBéc@F|é SRRYEREoBiXtprer ERabegt aeﬁpe&h@wemy the
reacted wi th hal pgenoacetyl halide. The reaction_ of

SO&BE&BGn&O(ffaﬁFthnhshsg@ﬁsaeéﬁ9|ofha|F@Eal§85aﬁwpbdas Raney

n a sol such _as
nlEEFBr.Héli ﬂ”ﬁwoFarh?netH;ﬁ?aeé§%?%yd59§%6ﬁrtPr|@allaélum

ol uene) in the presence of a base (such as N, N .
blaP%ePHQPgnhwﬂﬁegeprﬁ@Fh9PaﬁﬂﬁéteﬁyFPdi%ehours at 0 to 50°C,

St e
0
oS M BB Sl A"
el ERUE O g ayohyc ) spldenation ety

brémBQ@%EQQrHélﬁongﬂangédoégeﬁ? t§c a. : Exanples of the

al kyl'sul fonyl'afion or aryl's ony ation January
reQQQZveoﬁeﬁlﬂhﬁﬁﬁézbﬁetﬁéhﬁﬁ@bg@ﬂ&@@@ﬁﬂc(§%1a31nclude

perfornmed in a solvent (such

ha&@@bﬁb@ceﬁylaﬁﬁlﬂﬂétéhﬁehalﬂgenoacetlc anhydrlde.
Preferably, compound (7) is reacted with halogenoacetyl
halide. The reaction of compound (7) with halogenocacetyl
halide is carried out, for example; in a solvent (such as
methylene chloride, chloroform, ethyl acetate, aéetonitrile,
or toluene} in the presence of a base (such as N,N-
dimethylaniline, triethylamine, pyridine, 4-
dimethylaminopyri&ine, 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
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



the presence of a base (such as triethylam ne,
pyri dine, N,N- diisopropyl ethyl ani ne, 8 January 2007
N, N-di net hyl ani | i ne, or 4 di net hyl am nopyri di ne)
through use of a sulfonyl chloride conpound, as an
al kyl sul fonyl ati on agent or a arylsulfonylation
agent, such as net hanesul fonyl chlori de,
benzenesul fonyl chloride, or p-tol uenesulfonyl
ofc il PLPgEGNe B hanedt eompountr dé)hésr peattomed 56Ca
The protectlng roup (R) of the amino group in
sodivisEitaAisHE e BiFa F:c@ eusdhyd) ageyabe, poot eceitpgitrile) in
groups enployed in peptlde synthesis. Preferred
the, Rrsises.Ccst °§y eéhbageotlétchngsgitsdpthivhemide, pyridine, N,N-
al koxycarbonyl groups_(such as beanonycarbonyI
dlésﬁpifOPN#@ﬁwllé@tlﬁwo%y&laﬁllé@ﬁyhylaﬁa faey-or 4-
xycar bonyl ) and a fornyl group. The reaction of
dl%’ ﬁHLlPQPY%FtiHnéénﬁaﬁﬁ&gblgﬁ? P§ acapifedyduchiprade
or acetonitrile) in the

Coﬁgéﬁgﬁee a& 83§¥1F§&gﬁnﬁgaﬁéP&ségeﬁFcﬁFbénate or
b t | h 18- 6
gty Bof 1888 BoBRE, oshithorperst lFESEBL fo0E) Chloride,
2 h t. 50 t C. I n Rout A
beﬁ%gkggagFég az.ﬁéogﬁﬂsh03%2§n€8aHanE§$§?eny%Qaefgafde for
t hi t 0a) th
30 meBufies "hP HRERBe BRI GsC bolnbana0 Exanpl s of t he
h hi t
Eng%%g %t%%%?g‘ﬁngﬁ U5 487, B e BR 8fiaPol Sﬁeiﬁams
plﬁ@@h@hﬂéngtﬁgﬁglaceﬁggggﬁn e@gﬁe% 2@9%980 a%?%&

or an 13 8 January oxy

emﬁ@ﬁlgéﬂt lﬁ?tﬁg?regcrirg't ﬁ?ﬁmﬂesf@l e?fefgr ed exan les o S

yl fumar am osp niumy
pro€8geh§. 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)
_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 I 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
bresence 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



In Route "b", the reaction is preferably perforned
t hrough any of the follow ng processes: (i) reactiofJanuary 2007
of conmpound (8) with thiol derivative (10a) in the
presence of a phosphi ne reagent and an azo reagent or
an ethyl enedi carboxylic acid reagent such as di net hyl
mal eate or N, N, N ,N -tetranet hyl fumaram de (Mt hod
A), (ii) reaction of conpound (8) with a thio
eth@ﬂ?@&ﬂﬂ@éf@@@ﬁ}lcnaché pragentesvth asphdsphbyilumeleate or
§|Ide reagent (Method B), and (iii) reaction of
oﬁpﬁﬂndt@8¥amﬁthYéfﬂma§ﬁméé¢rvéﬂﬁvﬁhpﬁpbpnﬂhmtMélde
presence of a phosphine reagent (Method C). <Met hod
reﬂgeﬂﬁﬁhod A may be performed through dissol ving
n&ound (8),,2a thiol derivative (10a), and a
ho

PhRREtEed enttPﬁ gearkaeni of §6ﬁ@@ﬁﬁb1¥dﬂﬁﬁ§0§med
zo reagent or_an_ ethyl enedi carboxylic_acid reagent
thifegat 8hvand BhrohPhdorhed RIQREaFeetsd féhckearbipn of
' on _or _nitrogen for 2 to 24 hours at O C to 100C,
CO’BPgFafiatSW mtﬁosménseravamfeo<@@@) Blahpr cBrepetfe of a
hg gghlne reaﬁ & | o ed in Method A include
p kY1 phBEHHFnB8“stEh 59 tridet y‘l”bh%%phl ne,
th h t .
<chy PR BREPARLLSs, heL ' EBAGBREE Bl imecny: medcace o
y SQb
% B S}%éé%ﬂﬁégﬁifES%ﬁ%%%“{ﬂ HEESraraLbntngl Anactlén of
I
A R B ospﬁgaléé‘i 50 1688 BéSence of

a %gaggﬁxn?cgﬁ? i&épPSQé&HEO?ﬁQ’cﬂﬁdgﬁéﬁaP{ﬁ%e'{ifﬁ) reaction of

anpl es of e azo reéagent 1 nc
rcoﬁﬁgﬁhﬁarbPXMhﬁﬁea(EﬁfQ& derlvatlve 10%%\1n the presence of

-azobls(N N- di et hyl f or mam de)

a éhéspﬁ@ﬁ@dré§58ﬁ8y|ﬁ@tﬁb@etbdlne (ADDP) 1 1" -
<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 :eact 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 employed in Method A
include trialkylphosphines such as trimethylphosphine,
triethylphosphine, tripropylphosphine, triisopropylphosphine,
tributylphosphine, triisobutylphosphine, and
tricyclohexylphosphine, and triarylphosphines such as
triphenylphosphine, and diphenylphosphinopolystyrene. Among

these compounds, trimethylphosphine, tributylphosphine, and

14



azobi s(N, N-di i sopropyl f or mam de) (TIPA) and
1,6-dimethyl- 1, 5, 7-hexahydro-1, 4, 6, 8 January 2007
7-tetrazocin-2, 5-dione (DHTD). Anong them di et hyl
azodi carboxylate is particularly preferred. Exanples
of the reaction solvent to be enpl oyed include DV,
THF, di oxane, acetonitrile, nitronmethane, acetone,
ethyl acetate, benzene, chl orobenzene, tol uene,
trdphshyiphasphalie asehprefercatiori de. Ampng them DVF,
THF, di oxane, and acetonitrile are preferred, and DVF
and EXAEPAEE Qérth@uﬁéﬂlYeaSﬁétennééudeN@@hﬁdYB> Met hod
B.may be perforned through dissolving compound (8), a

aZPH%F‘rG@W%F?véDF&@b) 1ahi-azphss NoNT dimethiefornanide)
reagent in a reaction solvent, and allow ng the
(TYAPYt i dnlf o (a7edétatnoBY L hAERDHPOF 1A Re 0§BADPr 2,15~ 12
urs_at room tenperature to 120C, preferably at 80C
aZPB-'L:-zéHcN ExARpPESP B TorBaBhE8 bho6RT B y| 78 t eBpdimethyl-
ncl u
L, Snﬁaﬁé %559Flgn gr%TF?FEﬁ%%%h%r%n%“dh‘Pne (DHTD) .  Among

hor ane,

thg%?%&?ﬁ%x?i G éf%ﬁ%@gﬁ?%ﬂ bﬁo@%m%arlm preferred.
oy ALERBBROEE: PhaRopbhS ﬁhg?iﬁgngaﬁa be employed include

o R, o
ac&fété°p589¥én ﬁlgﬁgﬂg%%egQ07t%; tyéh%o¥%£prm, and

frirsobufy ahd tricyc exyl

meﬁﬁyﬂéb{é am{ﬂ&m ARy rrand %ﬁhe%ﬁﬁpolovl%&dg &€ .ang

ernatively, this reaction may Be per’f orme
acédhngriia ihe ﬁﬁ@ﬁét@é‘ds%ﬂ&%}w al@%&f‘cularly

hi ol derivative (10a) With a phosp onlum
prég@ggga_ln the presence of a
<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 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,
c¢yanomethylenetrialkylphosphorane, and

cyanomethylenetriarylphosphorane. Examples of the trialkyl

include trimethyl, triethyl, tripropyl, triisoprocpyl,

15



base, to thereby produce a.phosphoniumylide reagent
in the reaction system Exanples of the phosphoni ufJanuary 2007
hal i de reagent enployed in this reaction include
(cyanonet hyl )tri al kyl phosphoni um hal i de,
(cyanonet hyl )tri aryl phosphoni um hal i de,
(al kyl car bonyl net hyl ) tri al kyl phosphoni um hal i de,
(al kyl car bonyl met hyl ) tri aryl phosphoni um hal i de,
tribugdly cArboapbREN Y| PR AFRGVEhOBEKTAI U Rs @fdthe
(al koxycar bonyl et hyl )tri aryl phosphoni um hal i de. Anong
trﬂﬁéyébévglﬁﬁésEﬁéﬁh@ﬁwﬁaﬁpéedﬁéagéﬁﬂ§01YStYr@ne
(cyanonet hyl ) tri al kyl phosphoni um hal i de and
(cyéﬁ&ﬁé Hyﬁﬂwar§%5ﬁ0§@ﬁ6§ﬂeﬁuWawua@ Psf LR&MELepar agding
th h reactlon of a corresp ondln? hal ogenat ed
ingt o FEFLLED RPLNeRteoFPBRBBREI 1§ tPPQIRyFBh@épﬁ?ﬁévatlve

triar hosphi ne, respectively (Tetrahedron, Vol.
(1§?? tgs%sﬁhsﬁghonéeﬁlya L¢ReTBEHBR réﬁgEHFsPEﬁﬁeBEe of a

th h t
badPea éi?ﬁsr% Ry PEGF oL PkBRgERRBDARnEL SR RgRachE( hnathe

correspond trial kyl phosphi ne or trlarylphosphlne in
regChilhh) gvs hﬁﬁn Exanpl es of the trlalkylphosphlne

and kﬁﬁPlgrl?%ykﬁgoﬁgh%ﬁﬁoﬂﬂﬁmug §$ £0BAHE empioye in

o, R AP T
R L G e o e

(aﬁkyaeafbaﬁyQHEEHyh)k995m991£96§¥hon9ﬁﬁtMgllﬁéop'Ony'
butyryi. Anbng them ~acetyl and propionyl are

(aBk ﬁ@é&BQnylﬁé&HPh?%r@Br&Eﬁh@EﬁﬁéﬁlﬁﬁoﬂﬁlP&ethe
oxycar bonyl hal onet hyl

(alkoxycarbonylmethyl)trlalkylphosphonlum halide, and

(alkoxycarbonylmethyl) triarylphosphonium hélide-

Among the above phosphonium halide reagents,

{cyanomethyl) trialkylphosphonium halide and
{cyanomethyl)triarylphospﬁonium halide can be prepared
through reaction of a corresponding halogenated acetonitrile
with a corresponding trialkylphosphine and triarylphosphine,
respectively (Tetxrahedron, 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
é similar manner.

Examples of the trialkylphosphine and the

triarylphosphine include the compounds listed in relation to

Method A, Among them, trimethylphosphine, t;ibutylphosphine,
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i ncl ude net hoxy, ethoxy, propoxy, and butoxy. Anong

them nmethoxy, ethoxy, and butoxy are preferred. 8dJanuary 2007

Preferred exanpl es of the hal ogen atom i ncl ude

chlorine, brom ne, and iodine. Exanples of the base

i ncl ude organi c bases such as triethylam ne,

N, N-di i sopropyl et hyl am ne

%,4-diazabic cl o[ 2, 2, 2] oct ane ( DABCO), .
ang §raphenkileperbping, erannsesicrrede ppBULrimathylphosphine
. 1, 5-di,azabi cycl o[ 4, 3, 0] nona-5-ene (DBN); and inorganic
1spReEsiSHERTAY BBEASETAR-carbonate, sodium carbonate,

cesiun1cgrbonate l'ithium carbonate, [ithium

di | EEFFBYFFantdEneand kapeyds HiRTRe REnbhRY PEPYRFdepasibed
2L K AR g AR OOREE K R AP REOBDEBY AnRaBEY AncBABAGEY km and
Ll L T EI  —

mx B BR O FoF PR LkP FrelRaSE BRoxanLoRTRRTO By Hepsomethyl
inBEQRETEe kY, PPFRosEt e pRPEY oo urPErer dena fiiem,
me e e S B eR e By ST AR Rilo "ader L vat | ve

1 ' ' t] | .
G BEPLeRREar eRANREETOL WU H, Ik, E0R\ LATLESe, Fhlprine,
bréhi QW NgnfeassiQe_ of the sol ution under argon or

nitrogen for 2 to 48 hours at roomtenperature to

100&xampl ebep @bty eabaB88Ci h01488C rganic bases such as
triethylamine, N,N-diisopropylethylamine,
l,4-diazabicyclo[2,2,2]octane (DABCO),
1,8-diazabicycle[5, 4, 0lundeca-7-ene (DBU),‘
and 1, 5-diazabicyclo[4,3, 0lnona~5-ene (DBN);
and inorganic bases such as potassium carbonate, sodium
carbonate, cesium carbonate, lithium carbonate, lithium
diisopropylamide, and potassium hexamethyldisilazide. Anong
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 particularly

preferred.
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Exanpl es of the phosphi ne reagent enployed in Mthod

i ncl ude trial kyl phosphine and tri aryl phosphi ne, Wh|§Manuary2007

are described in relation to Method A Specific

exanpl es include trinmethyl phosphine,

triethyl phosphi ne, tripropyl phosphi ne,

triisopropyl phosphine, tributyl phosphi ne,

triisobutyl phosphine, tricycl ohexyl phosphi ne,
<Metihsise &yl phosphi ne, and di phenyl phosphi nopol yst yrene.
Anmong them trinethyl phosphine, tributyl phosphine, and
tri a?ﬁgtﬁn)qqgﬁogmy agegfmrgfe@r rt@(;oua}qld issolving compound

t ri met hyl phosphi ne and triphenyl phosphine are
(Saar@1&@P@ﬂ|¢e§#€ﬁéﬂW@d(lﬁﬁértﬁnélad@hpﬁab@@é teodpnfRyn 2

be produced t hrough the nethod described in the

r RSSO PR TGRS AN PR a POV LPSREROYCRUBRI BatpgAOR to

%ﬁ?8/54153 or, .t hrough a nethod according thereto. The
Methog) Adéppy 8t 819906Fa€§&0ea§¢|yh@essﬁyaa@@duﬂﬁ@ﬁ1ﬁﬁ§0n or

t hi ol derlvatlve | 0a). The deprotection reaction of
nitTREsINdOr1E) tPs 4FePrurifedt FRPBUGRTRCRASWASNEChAEOTG,
acco%gance wth the tecting group, for exanple,

PEhESEGH Yhidr S0ySi 59 f@ﬁ&btlon etc. The reaction of
car FHONRIEE B s RS a2kt SO () detioa ¢
1n%§%§%r¥g gg@g}%ﬁo@%&iﬁ%’ﬁﬂ' %EQ%ggﬁgpgégﬂ HdeVBﬁFh are

arbona SSi drogencar
aeR¥ds 9gang r?@ﬁ@%&bn!%oaméehxank. (§%§81 dffé Helude
acetonitrile, or a mxtire sol vént er ane
BRS80S B oM Lo B Mo,

trﬁQ%@brb@?@%h@%ﬁh@neAlE%&B@Eg!ﬁhﬁsphﬁﬁecOnpound (1) of
the present inhvention nmay be produced through a

trPhieeBss vebhbRehi aact k@A cyclohexylphosphine,
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 thiol derivative (10b) can easily be produced from the
thiol derivative (10a).

The deprotection 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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schenme descri bed bel ow. Specifically, 1-(2-
hydr oxyet hyl ) pi perazine (12) is reacted with a 8 January 2007
hal ogenoacet am de conpound (3) to thereby produce
conmpound (13), and conpound (13) is reacted with a
thiol derivative (10a) or (I Qb) in the presence of a
phosphorus conpound. O CF3 (~NH (3) ~N~-IfNCH3 HO ~N
HO---N'j 00 C(12) F3 (13) ,-CF3 (10a) or (10h) H
asOprHtAsNiBNCEEBOnELE, NsSGdNIR OabboinaPhosphbrasium
conpound x' N~ CF3 -0) (wherein X1 has the sane
hypeadengagbodetenedrabodaym Thdrpgavchshopktebnpouadsolvent
(12) with conmpound (3) is carried out in accordance
(sichhaa PMEmodHEF proaeetpplitsipeunar gplnikivreceapvent of
gZ). The reaction of conmpound (13) with a thiol
wageri 9afi eBY pfoihese c2OBENLE) cafPred 6@t 3Pnhours at room
accordance with the reaction of conmpound (8) with a
temheohtdeei vat BOEC( IOugTeralbfjor THY sto i 2Wileetes athatoom
compound (13), which is N[2,4-bis(2,2,2 19 8 January
tempgF¥atPERF| uor oet hoxy) - 6- net hyl pi ri di ne-3-yl]-2-[4- (2
hydr oxyet hyl) pi_peradi ne-1-yl ] acetam de, is useful as
s SEES LS kBgi saalepﬁédcd%oeﬁd the) PEESERE
in@EE§§8£ mggv gtﬁggduced through a process of the reaction

scheme described below. Specifically, 14(2—
hydroxyethyl)piperazine (12) is reacted with a |
halogenocacetamide compound (3} to thereby produce compound
(13), and compound (13) is reacted with a thiol derivative

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

O/—CFa
H =
r~NH () = NN O
Ho"\fN-.) ) o HO’\’N‘/. 8] OL
CF3
(12) (13)
r~CFs
g
(10a) or (10b) ' H =
> U A U T Ak
Phosphorus compound o I;IFS'\‘N‘) ° ek,

M

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

The reaction of compound (12) with compound (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 (10b) 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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I solation and purification of the compound (1) of the

present invention may be performed through any 8 January 2007

suitabl e conbination of washing, extraction,

recrystallization, any types of chronmatography, etc.

The acid-addition salt may be produced through a

routi ne method. Resistance to nmetabolismin human

|iver mcrosone was studied in vitro. Fig. 1 shows
trihéupsraihirny ) péroethadeivfidinke3untéhadgéd-¢dnpound 30

m nutes after incubation. As shown in Fig. 1,
hYééﬁﬁa@ﬁay@Bplpﬁyad@@ﬁréryaépcaasmﬁdandlsouegﬁub|as an

renalnLn% percentage of 16% whereas conpound (la) was
infgyRrgdiatexhnbrrodiringi agmpenndntayesfothe7preandt

ound (Ib) exhibited even higher remaining

lnﬁéggéﬁpage of 62% That s, the conpounds of the

present invention exhibit hi gher remai ni ng percent age

thaﬁSPﬁ§F1@P é@ﬁpﬁuﬁafespt1eny@¢o@hﬁoﬁp@@pun¢héaéf@fethe

ound é of the present _invention was found

Pr?éeﬂav HPBE& PCEPVyan5?6§@Hmﬁ€tBBBPPEh AR¥| Seaheblen

lLiver _mcrosone. Ip addition, solubility to

| Coﬁbﬁésﬁtaﬁ& ofuHPERings SKbHACTiRNTaBFET¥StRbbIZation, any
%LEE?:Ih¥9§gﬁ§%%g$%§£rCgﬁan%ﬂﬁig%%vféﬂ%gﬂﬁﬁg{%§§¥¥ may be
pr&ﬁﬁgé cghgaggﬁaﬁt;@gggpégﬁ?gga§9und (1) of the_present

rAVEnti on ve | ow absorbability
.2 200
e ReBifentd L BLES g%sta?naaﬁnﬁ%t‘i‘@?gsrowsg?om was
t
-IBLERRI IERLS G DR UL R Sl g o

it A e s b
1nfpi§.AM§ ¥8hH6uAd (B) {hydrochloride} was found to exhibit
a remaining percentage of 16%, whereas compound (la) was
found to exhibit remaining percentages of 27%, and éompound_
(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 of compound (B)
{hydrochloride). Thus, the compound (1) of the present

invention was anticipated to have low absorbability upon oral

administration.
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conpared with the case where conpound (B) 8January2007
(hydrochl ori de) was enployed. Therefore, the conpoun
(1) of the present invention has been acknow edged to
have hi gher oral absorption as conpared w th conmpound
(B) (hydrochloride). In addition, ACAT inhibitory
activity was studied in vitro. As shown in Table 1,
the conpound (1) of the present invention was found
to @QW?Hﬁ?radéﬁﬁoﬁ§tA€R$dlﬁhrﬁpﬂbrﬁn a&gilyvpgpinistration
equival ent to that of conpound (B) Xdroch[orlde%
te$ﬁe1§b§@éeré§élf§mﬁﬁé ééﬁﬁobﬁ&e(l?vﬁﬁ eHeqpibsedt Tferent
i nvention exhibits strong ACAT inhibitory activity
‘ reééﬁf&ér aft @ LEJLY hiee M c%‘?ﬁ)%%%tj(%}f W%}h‘é?mﬁféé%%oﬂ)c of
reS|stance in human |iver m crosones than th
th Eoﬁﬁﬁﬁﬁa (B?Veﬁﬁéoﬁl@ﬁsoﬁapndaEgoﬁﬁPﬁBﬁtlFHPCE?et?Hﬁ? fold
npound present invention is usefu

b153 CﬁP@@BEFF%éOBr Fﬁé?‘épéﬂ?l EWageft Tpgr fold AUC Value as
coBPRERg BiEBerre! FOGRL MBREASCRROUBIc AP el EVaEAT: éllde)
oS ¥t hod o Mmoo AU
in@bhEbBSEnE: B2eE: 2EBpEhTR0aER,f Srﬁgr’%‘l)?agher.g Bk ¢
B R A L S T

nep&ﬁ°§@ﬁﬁ%ﬁ%b§ Aﬁﬂbigﬂﬁﬁbi%$r§ A@@E@&%yﬁggg studied in

. nephrosc erosi $, “acut e nésenteri ¢ vascu OCCl usl1 on,

vigReoNi £ é%ﬁ%tiﬁafaﬁi‘&'ﬁa thS %Efﬂ&urﬁ?l iy 8 Asfo) é\Mp&esent

aneurysm or arteriosclerosis terans (

ianﬁt@@HpQHQdf6&hd0EotEﬁhﬂbﬁﬁeatstBEﬁEtAQﬂTl§nN§@ﬂto§§
a drug, the conpound (1) or a salt thereof can

actoried, eqfliyAeEnsi AEl ¥hat bE eefipblalil 0B) Wk PdOHEh Dbride) .
nore .

The above results

the compound (1) of the present
invention exhibits strong ACAT inhibitory 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) of 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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phar macol ogi cal | y acceptable carriers (e.g., an 8 January 2007
excipient, a binder, and a diluent), into a dosage
formsuch as tablets, capsules, granules, powders,

i njections, or suppositories. Such a drug preparation

can be produced through known nethods. For exanple, a

drug preparation for oral adm nistration my be

produced by formul ating the conpound (1) of the
nephegealerpatent bontei mbsentevicnvascyuatrabtelgatoner shronic

i ncluding an excipient such as starch, mannitol, or
infgatésal anginderisdeemigsceddilimy aortic aneurysm, or

car boxynet hyl cel | ul ose or hydroxypropyl cel | ul ose: a
argesinsegransisuehlateranst 4REPhe cel l ul ose or cal ci um

car boxynet hyl cel | ul ose; a |l ubricant such as talc or

magheshuirhescenparad éi) aof| sRabPrespntnprBenbgoageat used

such as light anhydrous silicic acid. The drug of the
asSppedEnd: i RRenePBROIBd adit nPEt ar édltefhpateobrapnyber formed,

.parenterally, but oral admnistration is preferred.
elEB@é BinghE BF ugoFoRRENpEERRNYIERVERE| R BPFfers

de ending,on for exampl e, bodg,meight, age, sex,  or
PhgyﬁﬁFaﬁP bFathy pareRheblgheadEipTSdb8eTof theexCiplent, a
pr esent inventign for aﬁgadult
C

o1f§RFearRg 3 £o1860 ke, L b o cHaABRGe 5LPE DR S ThepLSts,
cof PRI gt Bl BB 580 B SeP RN o R Shepotgeioe-
sy O §E0 BABEL e RAVEL g INEGRLESA L ANAD kot AL choc.
ro AR LB B85 RIPALUEE 25 L L0 APE nobton nay
be produced by formulating the compound (1) of the present
invention with one or more suitable carriers including an
excipient such as starch, mannitel, or lactose} a binder such
as sodium carboxymethylcellulose or hydroxypropylcellulose: a
disintegrant such as.crystalline cellulose or calcium
carboxymethylceilulose; 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
depénding on, for example, body weight, age, sex, or sympfom
of the patient. The daily dose of the compound (1) of the

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

preferably 5 to 200 mg. The compound (1) is preferably
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Production of 5, 6-difluoro-2-mnercaptobenzi m dazol e:
4, 5-Difluoro-2-nitroaniline (5.75 g, 33.03 mol) 8 January 2007
di ssolved in acetic acid (100 nL) and concentrated
hydrochloric acid (2.3 nL), and while the m xture was
vigorously stirred in an ice bath, zinc powder (6.91
g, 105.6 nmmol) was added thereto over 10 m nutes. The
resultant mxture was stirred for 20 m nutes at the
adgdd StaRsst aGee 2@ Ay Fetwoopr13breienfidesan deaymin a
tenperature. Further, zinc powder (1.20 g, 18.35
d od Wadingdded thereto over 5 minutes at the same
tenperature, and the resultant m xture was stirred
for 30 mnutes at the sane tenperature. The.reaction
m xture was concentrated under_ reduced pressure, and
“the residue was neutral i Ze8MEE$H aqueous saturated
bi carbonate, followed by filtration through use of
Celite. The filtrate was extracted with chloroform

and t he organic |ayer was washed w th saturated
o S VR Lot sy b dn more

d %ﬂéﬁgf?gftew% ?fht@?%%?iﬁnéfegf ﬁf ug i n@id% 35);15’2‘%'1%01 as
007
LAY BT T oM Bl ety eyl ot hane

Pﬁﬁ?ﬁ?@ eaqded thereto fol |l oned by reflux for
e reactlon m Xxture was concentrated under

@%m%np 025 $i62 ﬁllo&%s Sind &asrﬁ%@%os&&qgaﬁg égh

acetate - L "hydroc ric aci

orgwg‘bd@a%m-\eﬁmnm iheSalsural gd Bri pe. mﬁts&) was
product was dried over anhydrous sodiut sul’fate and

dilsheN veerneeRlbiatied awnder 108dHesd sRHessHEEn t#RE clihe
resi due was crystalllzed from chl or of orm hexane, to

hydieicehyriicelad ia, G2 .0 kiyor and- waRtaPtABeRZ k. dazRkLs

(5.58 g, total yield 91% as
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 foér 130 minutes at room temperature. PFurther, 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 aqueous saturated bicarbonate,
followed by filtration through use of Celite. 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 undér reduced

pressure, to thereby yield a brown oil (4.73 q).
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a pale brown powder. Production Exanple 2 Productio

of 1-tert-butoxycarbonyl-4-[2-(5, 6- rBJanuaryZODT

di fl uor obenzi m dazol - 2-yl t hi 0) et hyl ] pi perazine: To a

solution of 1-tert-butoxycarbonyl-4-(2

hydr oxyet hyl ) pi perazine (7.40 g, 32.13 mol) in THE

(100 nmL), while stirring in an ice-bath,

triethylamne (4.36 g, 43.09 nmol),

4- dChet hybam nopywadi desé00edyginlethlanmdl ¥20andL), and

met hanesul fonyl chloride (7.40 g, 38.76 nmol) were
posegaduni reyhptdedindhe (ebpébagur 28025 timeohi xvas eaddsd

allowed to return to roomtenperature, and the m xture
thepetost fetbdwedrbgOoraf huresor Thé hewrsi orfhe xtasas: iwas

filtrated, and the filtrate was concentrated under
mlx’é@n@e‘da@r congertrahedrendgneroduced spoesedren OV residue

(200 n.), and, at room tenperature,
wag exiraftiedovitheethpl opentrhe dazbteol AL Jaygrockbogie acid,

mol ), potassi um carbonate (8.64 62.51 mmol ), and
an@stlé?o%%nz-sobamr W29 oWARDES We\%é %@ﬁ%@t@c&bw%deahe
the 24 8 January 2007 _solution, followed

Pr%&??Fl%@Sf@Fl9@ ﬂVﬁEt%@h&@rﬁﬁﬁiSQQéume%%%f%ﬁenﬁ&@uFQﬁn

was_con ed under reduced pressure, and the

t
C°‘P%§?EE@‘%W§ 5§§?¥f¥% u?ﬁﬁiolaﬁﬁsgﬁlf?caa@%W%mm%ldue was

orgRbaTEL 894 PR B o ERdnoBeRee o B 1 SeteY o e 1o 5, 6
dl?f?é???%%%%%é%%ﬁégggF1%1§§z?§re?g géeld total yield 91%) as

i zol -2-ylthio)ethyljpiperazine (7.26
d g#iéﬁé#d gég§a§§ colorless crystals. np: 192. 3-193. 0C

pg,&&@(g%:E 6112976, 2836, 1672, 1475, 1427(cm1).
TR RIR 40%%@,‘% 13) S 1.50 (9H, s), 2.51-2.68 (4H,

Pr&duction of l-tert-butoxycarbonyl—4-[2-(5, 6-

difluorobenzimidazol-2-ylthio)ethyl]lpiperazine:

To a solution of l-tert-butoxycarbonyl-4-{2-
hydroxyethyl)piperazine (7.40 g, 32.13 mmol) in THF (100 mL),
while stirring inran ice-bath, triethylamine (4.36 g, 43.09
mmol), 4—dimethylaminopyridine (200 mg, 1.64 mmol), and
methanesulfonyl chloride (7.40 g, 38.76 mmol) were
sequentially added. The temperature of the mixture was
allowed to return to-room 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 dissclved in DMF (200 mL), and, at room
temperature, 5,6-difluoro-2-mercaptobenzimidazole (5.00 g,
26.86 mmol), potassium carbonate (8.64 g, 62.51 mmol), and

18-crown—-6 (500 mg, 1.92 mmol) were sequentially added to the
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2.94 (2H, t, J = 5.4 Hz), 3.28 (2H, t, J = 5.4 Hz),

3.45-3.65 (4H ). 6.85.7.62 (2H m. Example 1 °dJanuary2007

Production of 1-[2-(5, 6-difluorobenzi m dazol -

yl thi o)ethyljpiperazine tris(trifluoroacetic acid)

salt: Under stirring in an ice- bat h,

1-tert-but oxycarbonyl -

[ 2-(5, 6- dlfluoroben2|n1dazol 2- yIthlo)ethyIJplperaZ|ne
sol7t26n, gfolBowednpwl jtivasinddédrt B0tmifLtues caked €. The

acid (50 nL) over 15 mnutes and dissolved. After the
reafkioR enhAEIbR WSt FPREENTTBF I OuRipHt E3JUARYGIPERSFIRY and

with ice, ether (100 nL% and _ hexane (100 m.) were
th%dﬁﬁalﬂﬁ§r@@6 Pﬁﬁaf%ﬁé BERBEN cP Yt aR sYCheF *IEBR | ect ed

through filtration. The_crystals were recrgstalllzed
ChF?%ﬂ?%gﬁ%H%Y é?hé%catﬁe%h%¥8b9fyh%¥@nﬁ [ 2acetone = to

if’ o I('?l'?% (PRRRest atre Geraraibi£oq of S s LBEERG " EbhSr snexane,
8 J 0
tolk 353912§é@f$§frﬁgr§ b%gﬁﬁycgg§%£¥%7g ?222§36 1671,
484 ( ) 78
o G M IR, 8. v

689 %P%ﬂrgg (2Hy 0L, gProduction Exanpl e 3
1 .~ or obenzi mi dazol - 2-yl thi o) et hyl] -
mp4 é?né g?g i ne:

1311EP§F¥'3QG P¥¢B°X gshyl ) pyper azype 142?*c§20?'°

uor o- nercaptoben2|n1dazo
1y £ I 6 0
11/ Nﬁ#)(%&§%§26|s 64 r?P%be gyl a ”62(5% 3.6g %@H

in‘pro |oﬁ| fle (50 n),

2. gﬁg??ﬁ9t6y|beWEtBYHEPPSBthlWﬁﬂloﬂld@ £6580 9z) 283045 3.65

(4H, m), 6.85-7.62 (2H, m).

Example 1

Production of 1-{2-({5,6-difluorobenzimidazol-2-

ylthio)ethyl]piperazine tris(trifluorcacetic acid) salt:
Under stirring in an ice-bath, l-tert-butoxycarbonyl-4-

[2—- ({5, 6~difluorcbenzimidazol~2-ylthio)ethyl]lpiperazine (7.26

g, 18.22 mmol) was added to trifluorocacetic 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-difluorobenzimidazol-2~ylthio)ethyl]piperazine

tris({trifluorocacetic acid) salt (9.58 g, vield B82%) as a pale

vellow powder.
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was added thereto, followed by stirring for 1 hour
92C under argon. The reaction m xture was all owed ?%JanuaryZOO?
cool and then poured in water (100 ni), followed by
extraction with chloroform (100 nmL x3). The organic
| ayer was washed with saturated brine and then dried
over anhydrous sodiumsulfate, and the product was
concentrat ed under reduced pressure. The crude
mppr ddlcE-Wid8.8fystal l i zed from acetone-ether, to
thereby vyield
TR1{RBr{5, 8441+ | 8BR6beRZARY dB48B. 21V Lhi b}8EhYERTA~
. fornyl pi perazine (1.78 g, yield 78% as a yell ow
HOMRt e400MEz, gaddierds)nP: 2978603108. OCOHR (KBr B.4f 12H, t,
3441, 2825, 1648, 1476, 1431, 1363. 'H NMR ( DMSO- d6):
J 52738 Baly 7:53 42, 1tkry =294@ Hoh 8,79 £2Hp ) H7),
2.69 (2H, _t, J. =7.0 Hz), 3.23-3.38 (4H, m, 3.41
PrpgpctionjExampperg)  7,38-7.58 (2H, m), 7.97 (1H, s),
1%.8 26 8 January 2007 ,%1H S), M5 (mz) :_ 326 ih%),
Prg BcFi@B)ofE}aﬁ%ré526p¢6 tEprehepgimidazol-2-ylthio) ethyl] -
4_%-¥2-é5 67-di f| uorobenzi m dazol - 2-
PERY

LPRYRFPIBer azi ne:
1-12- gég-§;ff Eirzgngsnig z 5-2- lthio etgyii-4
forky BrButaarie-py FEC8D) it edaStaiSot o 7ot
w250k L9, 308 AN DSOSl a5, 2o (2 5107
mm&?)pogﬁa 3'%é?§g5akg§?ﬁ§?éﬁiﬁe ?@?6§e§$;ﬁ§902h§5ffewere

was concen uced press , an

di§§§ge@aeﬁnaﬂﬁegiaﬁﬂgkpggOgsw@ﬁL ddedy thereto,

owed by sfTrring m nutes at room

cyhBOREERLUELimd PRy $PhYSPho N e £5BYSd vHdes §edEes mmol)

pressure,
was added thereto, followed by stirring for 1 hour at 92°C

under argon. The reaction mixture was allowed to cool and
then poured in water (100 mL), followed by extraction with
chloroform (100 mL x3). The organic layer was washed with
satupated brine and then dried over anhydrous sodium sulfate,
and the product was concentrated under reduced pressure. The
crude product was crystallized 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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and the residue was purified through silica gel Co'Qf@hnuaryZOOT

chr omat ography (chlorof orm: saturated
amoni a- ret hanol = 100:3), to thereby yield

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

yl t hi o) et hyl ] pi perazine (1.40 g, yield 90% as a brown

oil. IR (KBr) cm1: 2925, 2853, 1664, 1602, 1478,
1435, 1364. i H NWR (CDC13) S 2.61-2. 82 (4H, m, 3.00

(1€2#), .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 (mz): 298

MS (fm)z) 7032400Y°) . Fréd Uda0on Exanpl e 4-Pr oductl on of
2,4-bis(2,2,2-trifluoroethoxy)-6-nethyl -
EX@W@l%p%rldlne 2, 4-Di chl oro- 6- et hyl - 3- nltropyridine
(30 144.9 nnDI was di ssolved in
PrCZdIZC’QlQIP i #§ ubr bet handt di PhrrahenZui dazo B-Zanuar y
007 potassium carbonate (50 g, 361.8 mmol) was added
'Yl?%%@b@%hy¥bp+3%k@2b%erefIux for 21 hours. The reaction

m Xt ure was luted with water,_and then su%$ecteg to
N -

ext +aé¢T bnr ﬁﬁthlEﬁFﬁP%?é%%%dqﬁ%lo?g&%?%l? Yhhs

washed with, sat d brine a t hen )
TormRbRARRE S L u sﬁﬁf%{ -4 M@m)ed*a% ‘Fﬁ‘faztl? drethanol

(28 ]y D P PR Lot T gTie Trh P a9 fa b
sofyt 405 ol oMt Rey SehnBing RS LY AIOUE A | LyoyllP
cegBaataff, nlf %#ﬁ%ﬁ”ﬂ&xﬁ%@ﬁ cghchrfieimaer
re@a gﬁ I( §*21rce gﬂgzgeﬁ%@é@ éﬁﬁh&y_@% r&t%% added

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-methanol =
100:3), to thereby yield 1-[2-(5,6-diflucrobenzimidazol-2-
ylthio)ethyllpiperazine (1.40 g, yield 90%) as a brown cil.
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)—G—ﬁethyl—B—
nitropyridine:

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

mmol) was dissoclved in 2,2,2-trifluoroethanol (250 ml), and
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Found: C, 35.94; H 2.45; N, 8.49 Exanple 3
Producti on of ™ 8 January 2007
3-am no-2,4-bis(2,2,2-trifluoroethoxy)-6-
met hyl pyri di ne:
2,4-Bis(2,2,2-trifluoroethoxy)-6-nmethyl-3-nitropyridin
e (45.00 g, 134.7 mol) was dissolved in isopropano
300 m), and a solution of sodiumdithionite (78.00
PO&?SM&HO amydonaite (W&t & G300 Smimnolds wagdeddeletbeueto,
under stirrin% at 80C. 15 mnutes after starting of
fodpevieshdy a1etlaxs dlogt i28n hetirsedi Tihe et bon tRitler&owas
0, 94.8 mol) in water (51 nL) was added to the
dl& d6d o thi xekes, rod hden Bubieateds taf egtreciionngith
of the reaction, a solution of sodiumdithionite
chdproferg- 63he ohadNici hayar evas stasgdviestaderinrated
the reaction nmixture and 28 8 January 2007 then
bripe, ppg foen graesuoder Anhydrenspredivn eplfakeri dallowed
4 ol /L %gueous sul furic acid éZOl m.) was_added to
DYt REPFERLTASHOR XPGPE, TeGCEReBYBY S¥EPY  ERgtheFeBy vield

i nut t _90C., _After the reactio i xture was . .
2, B Pada Do 22051 £ RGNS - CatrORYA - 350 CROpYRAGine
dded t her.e der cooling with_ice, _fallowed by
(4§fg§r?ﬁgngﬁ%3§qﬁ$n3Fe§.p?ﬁs VSE&?Woﬁoﬁ%gture was
Qié5t d '%b wat er and then extracted with chloroform
PThd <o §gﬁL fayer was washed with saturated brine and

IRthg@r)qr59%20V%&&gnh;gg%usé%96iugségtfiggs frahhqued by

concentrati-oh ander uéed préssure!

lHlﬁ%ﬁ'gjﬁ’bﬁﬂgﬁ?ﬂecr:é%@;ﬁéf 22%0° GRCT¥5 Al e O, 5 < 7.7

hexan

Hz@ 8082, 4281, SG2, 3, 2- B &f kUor ogt Baxy) gb- get hyl pyri di ne
Z??E.Ql 3, yigfdaéOWG as pgfegygﬁlg%ﬁneggles. np:

E15Reht531§CahR1(KBE) as3¢53i,FAdL), 2968, 1603, 1505,
1456 (cnil).

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

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

2,4-Bis{(2,2,2-trifluoroethoxy)-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 mmol) in
water (300 mlL) was added thereto under stirring at 80°C. 15
minutes after starting of the reaction, a solution of sodium
dithionite (16.50 g, 94.8 mmcl) in water (51 mL) 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 nmixture and
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"H NWVR (400MHz, CDCl13) 6: 2.34 (3H, s), 3.66 (2H, b
s), 4.39 (2H, q, J =8.0 Hz), 4.79 (2H, g, J = 8.6
Hz), 6.35 (1H, S). Elenmentary analysis as
C10H10F6N202. 0. 55H20: Cal cul ated: C, 38.24; H, 3.56;
N, 8.92 Found: C 37.96; H 3.19; N, 8.94 Exanple 4
Producti on of
2-brono-N-[2,4-bis(2,2,2-trifl uoroethoxy)-6-
theet Ayl pyeddifnr3i9] havetasi dA LN N-dImetdlyl@nidi necaction, 4
(20.46 g, 168.8 mml) was added to a solution of
mo3/hnagoe@ns- b fRr2c2acidf (20t ovl.hoxgy- 8dded to the
nmet hyl pyridine (42.29 g, 139.0 nmol) in
redcthbor miethare E600028d8bJastiaryiAg0Torni3). mhiukest ke 90°C.
m xture was stirred under cooling with ice, a
Afteruthenrefchbionomtstyrebvani dblewed 780 geodli2. 38%madneous
in dichloronethane (100 nL) was added thereto, ‘
anfenl awéd6Bymbt i weEngdfed thenthatesdeThecobinyiwhth ice,
m xture was diluted wth water and then extracted
fohiereenbyr stbrrinThEcsr danminutager s easHdeminixture
saturated brine and then dried over anhydrous sodi um
wagyftareeds yLrBweatey ebdceheRratxbrathaerwikaekebaroforn.
Thgressure. The thus-obtajned crystals were-

cOFGRPF| 124AT( Vam UAPBPGS b1 FYheaBREITed PRERRLyRd then
arfpd, SvRE snBYErers, 503t PRbErbe: nEabloBe Nyl pyri di
coffsdrtRR, BINES f3dulReloriefide ) Bl T Sh R Rrn
crgRidieiifte, 1ARgLERTL 2 od IR REDIMEY SRy yiena 5

amg?gﬁzﬂthig1292?2§t§iEﬁﬁorgeéﬂo£§fL6§$eth§iﬁ§E£&{Beb(32.91

g, yield 80%) as pale yellow needles.

's January 2007

mp: 53,5-53.8°C
IR {KBr): 3453, 3314, 2968, 1603, 1505, 1456 (cm™}.
"H-NMR {400MHz, CDCls) 8: 2.34 (3H, s), 3.66 (2H, br. s),
4.39 (2H, q, J = 8.0 Hz), 4.79 (2H, q, J = 8.6 Hz), 6.35 (1H,
s}.
Elementary analysis as CioHioFeN020.55H,0:

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

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

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

methylpyridine {42.29 g, 139.0 mmol) in dichloromethane (600
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El emental |y anal ysis as Cl12H11Br F6N2C3 Cal cul at ed: L,
55000 11 5.6t N 655 Founde G 3413 H 2 66. 1§ danuary 2007
6.65 Exanple 5 Production of
2-[4-[2-(5, 6-difluorobenzi m dazol - 2-
yl thi o) et hyl ] pi perazin-1-yl]-N[2,4-bis(2, 2, 2-
trifluoroethoxy)-6-nethyl pyridin-3- yI]acetanide
(conmpound Ib): 1-[2-(5,6-D fluorobenzi m dazol -

Lyl t Hlo) e Myt puieters ned retsitred Ituutexao:emhmg:wdi)th ice, a
salt (4.00 g, 6.25 nmol) and potassi um car bonate

so{giiog nﬁob;omeaeesngbmmuaey(zao‘iB di s3é2vRadmmnl) in
acetonitrile (100 nL) and water (30 nL) Wile the

disblorpeathasestippedllindes addtdngheiehoi cBollowed by
2- brono- N-

stipring| §pp, 20onippieser ddtchdaACHB.are iy G dias 3tiluted
,yl]Jacetam de (2.20 g, 5.22 mmol) was added thereto

Wl%bewa‘isr anduteen grErachpdrat th echlorotormxt dihe wagranic
allowed to return to roomtenperature, and the

laypkiire Washedi¥ibh Fafurateddorine Taed chlterdrien over

% sctlon m.xture was diluted with water and then
anx

FAePelOM R SR 57bF or Aol iPiedripdntencenerat ipry under

d with saturated brin and then dried over
re R BHESSuES! ore s O A AP St BifBeat | on

re Ry S tah I e P i Bhr R b St e?#%%?%&ﬁ%ﬁsﬁ%%@ o 2-
R e (1 TS hﬁ%%mf%%%%%% o a3
yl &QJF%E%P%Q} E?éafg %’l o&f@f@ e@y glcgfllg Zsr %?ﬁec%,]ﬁs

uoro I m daz plpera

2
mpéi%?%:%?£§%?lgiyoroethoxy)-G-nethyIpyridin-3-y|]acetam
TR tger (3. 9450, yoshd D499, apsdy paj gy yeld pyg pQUser .

'H-NMR (400MHz, CDCls) &: 2.43 (3H, s}, 4.02 (2H, s), 4.42
(2H, q, 0 = 7.9 Hz), 4.78 (2H, g, J = 8.5 Hz), 6.47 (1lH, s),
7.49 (1H, br s).
Elementally analysis as ClenBrFsNzo;.;

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

Found: C, 34.13; H, 2.66; N, 6.65
Example 5
Produc‘tion of 2-[4~[2-(5,6-difluorobenzinidazocl-2~
ylthio)ethyl]piperazin—l;yl]-N—[2,4~bis(2,2,2—
trifluorcethoxy)-6-methylpyridin-3-yllacetamide (compound
ib}:

1-[2-(5, 6-Difluorobenzimidazol~2-
ylthio)ethyl]piperazine tris(trifluorcacetic acid) salt (4.00 "

- g, 6.25 mmol) and potassium carbonate {31.26 mmol) were
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np: 191-192C IR (K13r): 3275, 1686, 1604, 1591, 150%
(cm 1) ' H NVR (400MHz, DMBO-d6) 6: 2.38 (3H, s), % January 2007
2.42-2.62 (8H, m, 2.67 (2H, t, J =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 (1H, br.s) Elenentally
anal ysis as C25H26F6N6(35 Cal cul ated: C, 46.73; H
digs08yeN, 1n3a08toRdundleC{126.85) #pd4wakerN(322mby. While
Production Exanple 5 31 8 January 2007 Production of
ths- BplbraoR- wescaptsbedzimnildazopbeling with ice, 2-bromo-N-
4-fluoro-2-nitroaniline (8.00 g 51.22 mmol ) was
[2dksbopvedZi A ﬁ@@ﬁéﬁgroenngmT ~BAGhYbPyridin-3-
Ealladlun}carbon powder (0.80 g) was added thereto,
v1i areéamddey (2t 2Pr Bng5t 82 BMOohbuW3sapddedntherpee aoves 15
under hydrogen atnosphere. The reaction m xture was
-mippkepat eBhe aperperafire raf cchfdnixlohee Mamtald afierto
reduced pressure. The residue was purified by colum
reEHEBNaPogPaPhy ST BFERERT el 2880THe RéxhnEe @@ﬁy?tlrmd for

acetate—lq%%totherebél%éeldabrovvn oi | 5_ g
15y pePgSggof e nfet B ownt R | T R3s 5Ty, mwatuzrzeﬁf?oﬁ) e ed with

wa%e%f%b*ﬂigheﬂa%‘ch 2Bee mgeé”%%om?f?"t adigidupanic layer

thereto

wabhFaEbe berhoRERyN R, b et 280y tE8 . ARHE oy anhyarous
sogﬂu}nhg{l%%g@sd eheishoy sggcws LELE Ve Lol Luxed.

ure was conc

e URSEE TS BLASU R, LB E ey 8L 10 B 1 o

chPE%808raphlY|(s2€8EA §eT 150 g, hexane : acetone = 4:1 to
2:1 to 1:1). The thus-cbtained crystals were recrystallized
from chloroform-hexane, to thereby yield 2-[4-[2-(5, 6-
difluorobenzimidazol-2-ylthio)ethyl]piperazin-1-yl1]-N-{2, 4-
bis{2,2,2-trifluorocethoxy)-6-methylpyridin-3-yllacetamide
(3.04 g, yield 91%) as a pale yellow powder.
mp: 191~-192°C
IR (KBr): 3275, 1686, 1604, 1591, 1509 (cm™).
lH;NMR (400MHz, DMSO-ds) O: 2.38 (3H, s)} 2.42-2.62 (8H, m),
2.67 {2H, t, J = 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, g, J = B.8 Hz), 6.91
{(1H, s), 7.47 (2H, m), B8.77 (lH,.s), 12.82 (1H, br.s)
Elementally analysis as CzsHzeFaNgO3S

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

Found: C, 46.55; H, 4.12; N, 12.94

Production Example 5
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2:1), to thereby yield
5-fl uoro-2-nercapt obenzi m dazole (5.93 g, yield 79(%January2007

as -a brown powder. Production Exanple 6 Production of
1-tert-butoxycarbonyl -4-[2-(5-
fl uor obenzi m dazol - 2-yl t hi o) et hyl ] pi perazi ne: -
1-tert-But oxycarbonyl - 4-(2- hydr oxyet hyl ) pi perazi ne
(6.00 g, 26.05 mmol ) was dissolved in THE (36 nL), and
Prodiet hyh adf ne—{ BudBo ¢ 188 G ot z fmiatzole:
di met hyl am nopyridine (159 ng, 1.30 mmol) were added
t heflef bu030-8-Uhhuasyli 2007 (8ndergcodl g mmeh) ives a
_solution of nethanesul fonyl chloride (3.58 g, 31.25
digpelyednimHEetitane) Wae0 aufded and op¥ seallrdhegn-carbon
m xture. The resultant mixture was stirred for 1 hour
pow@ert hend?i 9l reaeddded theretos rieklewed orelerimedor 4
under reduced pressure. The residue was dissolved in
-hogps gooreen . tempeea e sendey dnydeeIen | deepsrhere oofbe
tenperature, 5-fluoro-2-nmercaptobenzi mdazole (4.82 g,
reagtEen bt YUrporas sF bht safeonand (B oty t st o mamol ),
and 18-crown-6 (688 qga 2.60 nmol) were se%%gntially

CORGHRET #be¢ handeh| TRAGrE AE S FIEF ¢ s diNCafe SHIEU e Swas
StLITr for hours at, 80C. The, reaction m xture was
Pu’éblﬁ%:%ﬁt -‘ét%%lf‘ﬂm‘ae?h’F%TPj%’é%%lra%‘?%séiﬁje%C%rﬁ%&ti‘? Pagiexane :
added t he_resjdue, fallowed b xtraction wt
etBff iedfatdre FHE Groumre Ty ortoad Stiint bat nlb- 67 g,
ig@%e§8§ d saturated brine, and then dried over
Y18n ydr ous sodium sulfate, followed by concentration

“”dﬁﬁerﬁﬁgﬁﬁdoifrf§g§%ﬁ%w$ 58Sl @p [4ddfdq in

through sirlica ge chromat ogr ap siTica g€

0. e AIMC SRR A Coliitndided o0 d g
53 E %5 glg&n%i Hofpbendhdt dggot s s Y1 £ Qs Wy PiPERAZI NG three
hours. Pétassium O-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 yield 5-fluoro-2-mercaptobenzimidazole {(5.93
g, yield 79%) as a brown powder.
Production Example 6
Production of l-tert-butoxycarbonyl-4-[2-(5-
fluorobenzimidazol~2-ylthio)ethyl]lpiperazine:
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 thereto.
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yield 73% . 1H NVR (400MHz, CDC13) 8: 1.49 (9H, s),

2.63 (4H, t, J = 4.9 Hz), 2.94 (2H t, J = 5.9 Hz) 8January2007
3.29 (2H, t. J = 5.9 Hz), 3.58 (4H, t. J = 4.9 Hz)
6.93 (1H td, J = 9.2, 2.5 Hz), 7.19 (1H, dd, J =

9.2, 2.5 Hz), 7.40 (1H, dd, J = 9.2, 4.9 Hz). Exanple

6 Production of 1-[2-(5-fluorobenzi m dazol -2-

ylthi o) ethyl ] pi perazine tris(trifluoroacetic acid)
Undatrt cooB3ng dathatyge2087soVitient of fhethaaestl foayl d

(17 nmL) was stirred under cooling with ice,
chletede- Bt BRYgar Bongb-AmpP) (b THF (2 mL) was added

fl uorobenzi m dazol - 2-yl t hi 0) et hyl ] pi perazi ne (6.50 g,
drépwi8e htpoihewasxbdded tThe heesaclithrdyerix3Mm maestdmted

di ssolved thereto. The tenperature of the m xture was
foal Lolhedrt endr ehennfibtrabadi eapaér biver 1 L anate heas

m xture was stirred for 30 mnutes. Thereafter, ether
conpdnherind wederaddducetiepeessurand Tte masidhe orated

was col lected through filtration. The collected
dipeedued WasTMESKHAE Wi h dithiere Ehﬁt&ﬂ%@ﬁ%P%uWﬂﬁjSFlrred at

[ 2-(5-fl uorobenzi m dazol - 2- yIthlogethyI pi perazi ne
ropp| SERPErRGBEBacBriféuaEpdy-sarcapiobenz gnigaepte9ddy 82 g,

as a brown powder. np: 127.7-129.3C IR (KBr): 3143
283é§2mm2#31 P??8951¥$4¢ar@8€6t%cﬁ?1?0 q++§ﬁm9% and

O d6) 8: 3.29-3.47 (8H, ?E), 3.48
)

18F@fowg gz(égﬁ mg, 3 606m@o wegeogeéggpt%algy_a@g%d to the
soif i‘lﬁ?y 25035k s FantansBLin o) L prEA teT of Bours

atEéﬁgg Prg%%ﬁ%éﬁg%ﬁg%gﬂrgzﬁﬁstﬁpgf@pﬁgpfpg;under reduced

pressure, and 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 1—tert;butoxycarbonyl—4-
[2—(5—fluorobenzimidazol—2—ylthio}ethy;]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, £, J = 4.9 Hz), 6.93 (1H, td, J = 9.2, 2.5 Hz), 7.19 (1H,
dd, 7 = 2.2, 2.5 Hz), 7.40 (1H, dd, J = 9.2, 4.9 Hz).

Example 6

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

yilthio)ethyllpiperazine tris{trifluorcacetic acid) salt:
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f or nyl pi perazi ne:
1- Fornyl - 4- (2- hydr oxyet hyl ) pi perazine (1.20 g, 7.6 8 January 2007
nmol ), 5-fl uoro-2-nercapt obenzi m dazole (1.28 g, 7.6
nmol ), and diisopropylethylamne (3.93 g, 30.4 mol)
was di ssolved in propionitrile (50 nL), and
cyanonet hyl tri nmet hyl phosphoni um iodide (7.39 g, 30.4
nmol ) was added to the mxture, followed by stirring
f orwhiheutrafl92thandeicangbd. (Themkbagas ont Bdr&d under
January 2007 m xture was allowed to cool and then
copbimedvinl ol oat et - {400-)oxyodtlovedl bd- EXt f2ct i on
with chloroform (100 nL x3). The resultant organic
flieyebenatnivbdahet- iy htishe Letivet] bipeweaabe (heP dyi el - 08
over anhydrous sodium sul fate, followed by
mmebhcens radden tndehe radid eaVer e3@ unnuiipe andiddissolved
product was crystallized from acetone-ether, to
theheteby Tlicelibmpgratiigre of the mixture was allowed to

fl uor obenzi m dazol - 2-yl t hi o) et hyl ] - 4-f or nyl pi per azi ne
returg7ty, rogctemsengtase a MrGvEDS rYEXERTe N Honeierred for
np: 173.0-175.0C IR (KBr) cm 1: 3435, 3051, 2953,
30mimutesqg Thiesatveme ethpy AR (BVMGOS 6jer B Adsieq Shereto,
ang| the ool Fyingd e ael fapbeq thioust {uffratidas e
coftpetan yodictmgs agpehnalof (ARSH, i PigstY spke1d 1-
123 Byr 8o obereehdrie Hasor Lo §F  ru Lo foe TRt iR azi ne:
g L W R
br§§é2§g§%3¥éfg’nt), 12N hydrochloric acid (2 nL) was
mp: 127.7-129.3°C
IR (XBr):3143, 3032, 2731, 1789, 1747, 1660 {cm ™).
'H-NMR (400MHz, DMSO-de) 8: 3.29-3.47 (8H, m), 3.48 (24, t, J
= 6.6 Hz}, 3.62 (2H, t, J = 6.6 Hz}, 7.03 (iH, £, J = 9.0 Hz),
7.32 (1H, 4, J = 9.0 Hz), 7.48 (1H, dd,-J = 9.0, 4.4 Hz)},
9.36 (2H, br}, 13.76 (3H, br).
Production Example 7
Production of 1-[2-(5-fluorobenzimidazol-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 mmol) was dissolved
in propionitrile (50 mi), 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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followed by stirring for 18 hours at room tenperat ur
The reaction mxture was concentrated under reduceéﬁdanuaFVZOOT
pressure, and saturated ammoni a- net hanol was added
thereto, followed by stirring for 5 mnutes at room
tenperature. The solvent was renoved under reduced
pressure, and the residue was purified through silica
gel colum chromat ography (chloroform 35 8 January
mi200%e wabuaaledednboncasheahdnoher YO8}, inoo thateby (100
yield 1-[2
nL{ b- fblboebénkzinedarzatt Pey| vhi) e hytrd o per ¢ henk 123B8. The
g, yield 81% as a brown oil. IR (KH) cm1: 3059,
. re@92¥anpP8eBganbeclayen2yais@eshdd4qiti4egturatediNprine and
(DVMBO-d6): S 2.30-2.45 (4H, nm), 2.62 (2H, t, J = 6.8
thep) dr2eg7oval, aphydreud godiym guddateH fellgwedah
Hz), 6.90-6.98 (1H, m, 7.23 (1H, dd, J = 9.5, 2.5
congyntraggop1unde§dregueeg Bredsgrey) ThﬁgqqﬁqQ pqggpct was
élOO) Exanpl e 8 Producti on of
crstaiizze ﬁFQ@réE@ﬁ@PﬁT@B@%¥;2tO thereby yield 1-[2-(5-

yl t hi o) et hyl ] pi perazin- 1- % LZ 4-bi s(2, 2, 2-
flpprePabréBEABZYY - ﬁé?hypg? byt h-4-feymbpsbetrzine (1.87 g,

und | a) [ 2- (5-Fl uor pbenzi m dazol - 2-yl t hi 0)
yléi%ngﬁﬁ?péﬁailFEOWFrF§¥?F?$%h%?o%€§??E aci d) salt

, 11.12 mmol ) and 2-
mpbréﬁ% ﬁrﬁ§5403$s(2 2,2-trifluoroet hoxy)-6-net hyl pyrid

el B SRR, Sl ST o BT
sl g L, SN B P B R, -

5. DOERET S, 20 o408 o) Yom2asd (AN, 300
(2, t, J= 7.0 Hz), 6.87-6.98 (1H, m), 7.23 (1H, br s), 7.39
(1K, br s), 7.97 (1H, s), 1l2.6 {(lE s).
MS (m/z): 308 (M"), 140 (100).
Example 7
Production of 1-[2-(5-fluorobenzimidazol-2-
ylthio)ethyl]lpiperazine:
1-{2~{5-Fluorocbenzimidazol-2~ylthio)ethyll}l—-4~-
fofmylpiﬁerazine {1.80 g, 5.8 mmol) was dissolved in methanol
{20 L), 12N hydrochloric acid (2 mlL) 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 sclvent was

removed under reduced pressure, and the residue was purified

through silica gel column chromatography (chloroform :
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with ethyl acetate. The organic | ayer was washed w
saturated brine and then dried over anhydrous sod|utsh‘mnua'w2007
sulfate, followed by concentration under reduced
pressure. The residue was purified through silica ge
col um chr omat ography (chloroform: nethanol = 50:1).
The thus-obtained crystals 36 8 January 2007 were
recrystallized fromacetone-ether, to thereby yield 2
satfigafed(suhbudaobenaand dazol 02: 3] t hto) ehayehpi peebdih=[2-
1-yl]- N
(5f 2lvyobpbenz 2nddarpltBoybehbhokgihpl pibgt pyinei 6l 333 g,
yl]acetam de (4.72 g, yield 71% as pale brown prismns.
yiepd &8%)Oa§8Q bEDWEEQK F): 3282, 2824, 1509, 1413,
1272, 1166 S% "H NVR (400MHz, CDCl13) 8: 2.41
IR ( $KBr}) cnd, 663-025 1 3%, rﬁ815:2 PR 21692, j148%, 114#&'% 1408.
3.25 (2H, t, =51 Hz), 3.29 (2H, s), 4.41 (2H, q,
TH-NMR g DMS-Q-)QIGM- 1 2249 2q451] (4H3. BILiZ 2 . 6. ABH, (_tH J¥F, 6.8
6.93 ng = 0. O 2. % 7.10-7.56 % T%
Hzg, 28- 1H<§§I ’EB 74 =(;‘t|—F3 E?-)s) EPerbtkar §r adar y&i s Ba)
C25H2 | cul at 48.08; H, 4. 36;
6.94- §698Féi'1ﬂd mb Z 238 (Hiv ﬁdssJ N, 918 34- 5éiﬁ>mp|’é ¥ (14,
Produc g %2 4-bis(2,2,2-trifluoroethoxy)-6-
dne hyI y rd ] 2-[4-(2- hydroxyethyl)plpera2|n | -

Msy 1](180 %Sa%ﬂ) (2;hverggyet hyl) pi perazin (1.95 g,

[2,4-bis(2,2,2-trifluoroethoxy)-6-nethyl pyridi
Exgﬁﬁﬂg ]acetam de (5.00 g, 12.5 mmol) were dissol ved

eebugERYELE b eaL10- Tkl oo kot apgLamapconat e (22
yl%ﬁ§o§5£ﬁ§f?p§8érazin-l-yl]—N—[2,4—bis(2,2,2—
trifluoroethoxy)-6-methylpyridin-3-yllacetamide (compound
la):

1-{2-{5-Fluorcbenzimidazol-2-ylthio) ethyllpiperazine
tris(trifluoroacetic'acid} salt (6.92 g, 11.12 mmol) and 2-
bromo~N-[2,4-bis(2,2,2-trifluorcethoxy)-6-methylpyridin—-3-~
vllacetamide (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 mkL)
was added to thé reaction mixture, followed 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 : methanol = 50:1}. The thus-obtained crystals
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five hours at roomtenperature, and the reaction
m xture was diluted with water, foll owed by 8 January 2007
extraction with ethyl acetate. The organic |ayer was
washed with water and saturated brine and dried over
sodi um sul fate anhydrate, followed by 37 8 January
2007 concentration under reduced pressure. The
resultant residue was purified through silica ge
wegel uanryhtalbiogdafhon ddebvehepehiyesel venthereby yield 2-
amoni a- sat ur at ed nethanol/chlorofornF1/20) to
[4rharébyfinerdbanpinidaregl222ypthio) ethyl]piperazin-l-yl]—N—
trifluoroethoxy)-6-nethylpyridin-3- 1 2-[4-(2-
[Zhgdbbsiydt By Ry prpétagracthgkyhretaate PSIH@l@“3y|eld
91% as, colorless crystals. 1H NVR (CDC13) 6: 2.42
vliaretamide 48.328g, (BHeld)71%) 57s(pale broyn prisngy)
3.17 (2H s), 3.63 (2H, t, J =5.3 Hz), 4.41 (2H, q,
mpJ 88, @— ? 7% 75 (2H q, J = 8.5 Hz), 6 A7 (1H, s),
8.38 E % ng 10 Productlon -1
IR {FBE 5. %%8%zd'??ﬂor 5@%2|%4H%2012§2 Ples (cm ).

1 yIthlaQH8g¥ erazin-1-y N-[2,4-bis
C%£n@th§k6}rﬂéﬂn 3}yl Pa ér%n?@e(gﬂ m),
2. &ﬁoggﬁu Es(gb UTdSE)?r9°E5aEE§Sp@er§ 5.1 Hz), 3.29 (2H,
%;'ér%t i?ﬁtyf‘ﬁ?%?razﬁﬁbhﬁ' yr%ekgm s (? o5 %52
8
Toh) 8 83, 4K PSE, 2 UG cgpLoSIAL T 072pb (85t
g. Q@r?lﬁl§§o|ygdlhnﬁghhkbglgpthylfornan1de (170 nL), and

under cooflin di et hyl azodicarbonate (40%

El%énﬁgwegﬁﬁggyyg& Czlsi-lz-?i fikoss25. 3 mmol) vas added
dropw se to the m xture owed by

Calculated: C, 48.08; H, 4.36; N, 13.46

Found: C, 47.98; H, 4.38; N, 13.31
Example 9
Production of N-[2,4-bis(2,2,2-trifluoroethoxy)—-6-
methylpyridin—B—yl]—Z—[4?(2—hydroxyethyl)piperazin—l-
yllacetamide:

1-{Z2-hydroxyethyl)piperazin (1.95 g, 15.0 mmol}) and 2-
bromo-N-[2, 4-bis (2,2, 2-trifluoroethoxy) -é~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 extractioh 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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stirring for 1.5 hours at the same tenperature. To th

reacti og m xture, ethylacetate and 1 gl /L of tB‘Fanuary 2007
hydrochloric acid were added, and aqueous | ayer was

separated. The 0 38 8 January 2007 separated. The

organic layer was further extracted with 1 nol/L

hydrochl oric acid. The aqueous | ayer was conbi ned and

cohBEnf st AN AL Xt HEQ YRS Btkabized By SOl UMtant residue
hydroxide (1 nol/L), followed by extraction with

waStBytiaceatBrodhe 019381 et YOI uMRS-HBSHELL M- Phy
water and saturated brine and then dried over

(dPEYEH OHG SOUvamt subbiabeiat oht omedey concentration
under reduced pressure. The residue was purified

me t RERUONcBl b 680 gt 1 £2b UMo chiiepaib Py aphy (develapi g, 2, 2-
sol vent; chloroform: anmoni a-saturated nethanol =
trifudyoetoxyhesehycyyeb@ridin-3-y1]-2-[4- (2~
2-[4-[2-(5, 6-difluorobenzi m dazol - 2-
hyatdhyelley byb]pe peraz+b-11 yadetNahPdd- bbs{@, &, 2yield: 91%) as
trifluoroethoxy)-6-nethyl pyridin-3-yl]acetam de (4.9
coforlysel dry®0alls% as colorless crystals. Test Exanple
1: Test for ACAT inhibitory activity in J774A cells
'"H-NMRG eridls) (8x1054eelBr/ wel | ) 2wese2seededHpnmp, 24 9@l k24,
pl ate and i ncubated for 24 hours in DVEM (10%-BS, 500
t,Ly.= AfsefzlepBatémedl, wet h a- few(pédiumJ = 5.3 Hz), 4.41
25- hydroxychol esterol (10 g/nL) and ACAT i nhi bitor
(2kfinal Tcongehtiat i oh: 79, (20,99, td 10865 ndE) L) 6 wkfel(lH, =),
added thereto, followed by incubation for 18 hours.
8.8t etHmalhidy with 0.9% sodi umchloride, the |ipid
was extracted with hexane-isopropanol (3:2) (250 M)
Exapelehe®  with hexane-isopropanol (3:2) (250 L) again,
The extracts were conbi ned, and the sol vent was
Pr@@%%p%@p qﬁe2fh@§[2—(5,6—dlfluoroben21mldazol—2—

ylthio)ethyllpiperazin-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)-€é-methylpyridin~-3~yl]-2-
hydroxyethylpiperazin-l-yl acetamide (4.0 g, 8.43 mmol), 5,6-
difluoro-2-mercaptobenzimidazele (5.8 g, 31.2 mmol) and -
triphenylphosphine (7.8 g, 29,7 mmecl) 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 mmel) was added dropwise to the mixture, fcllowed by
stirring for 1.5 hours at the same temperature. To the
reaction mixture, ethylacetate and 1 mol/L of hydrochloric

acid were added, and agqueous layer was separated. The
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obt ai ned chol esterol ester (CE) was quantified thro
the fluorescent enzyne assay. The cells from\/\hich%‘?anuaryz007
the lipid had been extracted were subjected to
protein assay (mcro BCA 39 8 January 2007 assay), to
t hereby determ ne the anmount of CE per ng of protein.
Froma CE production ratio of the test conpound wth
respect to that of the control, 1C50 (concentration of
sepdeateapountt iomjdiitd Need%uwefs Ghnifmeduetxtor)k haas with 1
calculated at N=4. The results are shown in Table 1.
mo ASL shetbochldabt eadid. t IThe ruminds dwer amrs (ddojb werde and
confirmed to have high ACAT inhibitory activity.
thdabtsult ACATmi vbhibetwascalivalizdd 7dA sedisn B@iooxide (1
Compound (la) 87 Conmpound (ib) 75 Conpound (B)HCI 59
mo Tk} , ERahpbeed: bfeskxtomchidmbeitl stlapl | acsgtae hufe
liver mcrosone In accordance with Table 2 descri bed
- orpehbw, lapekRBas (MAEREH rejehevat enganyssemravedthoine and
and 16% human serum al bum n were added to 0.1 nol/L
‘thphodphedeobatf anhygrpds 45odiumdsal Satet i Hal bewed thst
compound (100 pM in acetonitrile (0.01 nL) was added
conhenér@tl¢heundarureduagdppée$ﬁ@uﬁaté@e1ﬁﬂ6¥§qﬁrﬂﬁ%m
in a warmbath at 37C, and human |iver mcraos
PUFP@EEEDtPENMHPLFVEPCﬂ1QﬁifxméﬁﬂnLG@IOm%tOQE?Phﬁr&@%E?loPlng
of GENTEST) was added thereto, followed b a|iOMAPg
soﬂ-@aei:r oRDEBFOSOTH ALREEORHAZSAERAR bR HRaEaes 0:3), to

endbLguol, (0 25,9} ,uas goLlepted, gggnl;nysaggfsﬁion

ylthioc)ethylipiperazin-1-yl]-N~[2,4-bis{2,2,2~
trifluoroethoxy)-6-methylpyridin-3-ylljacetamide (4.9 g,
yield: 90.1 %) as colorless crystals.
Test Example 1: Test for ACAT inhibitory activity in J774A
cells

J774 cells'(2x1.05 cells/well) were seeded on a 24-well
plate and incubated for 24 hours in DMEM (10%FBS, 500 pL).
After replacement with a new medium, 25-hydroxycholesterol
(10 pg/mL) and ACAT inhibitor (final concentration: 0, 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—isoprdpanol (3:2) (250 pL} and then
with hexane-isopropanol (3:2) (250 ulL) 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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m nutes after the start of reaction, followed by
extraction . The anount of the test conpound was
determi ned through HPLC. 40 8 January 2007 Resi dual
per cent age of the unchanged conmpound after 30 mi nutes
was cal cul ated based on the follow ng equation: peak
area after 30 minutes/peak area at O mnute) x 100.
The results are shown in Fig. 1. As is shown in Fig.
asday) cotpotineselfy aje becnihd) thermueort | ¢ ek trehane of
drastically inproved netabolic resistance in human
protein. mikros @l rabpsced mtie cdhpdiend &E8) compound
(hydrochl oride). Table 2 Conposition of the reaction
with xteseeot Hontimatiefrthe ceosonel ( 110He) (ForaAntrgeion of
m crosone (POOLED): 0.05 <containing 1 mof protein in
the. osmpound 1NRE NADRH $eYenbr @l i merdyct o) serut¢alsulated
containing, in 0.25 nL thereof, 0.25 2 ng of
at R¥mteot i nani de- adeni ne di nul eot de, oxidized form
type, nmL 2 ng of D-glucose 6- hos hat e d| sodi um and
0. 8ThAI Le6R1§EuaBSes owﬁoé}ah?ﬁ@ ﬁ drits e gy, lable 1,
Hurran serum al bum n 1 nol / L Phosphat e
thyuEeprPoRpFs7 (13) 0304 k15) TR B FORT LERTD! ) A Ofh4 W3 ACAT
. compound (100 0.01 nL Total 1 nL * Extraction
inBiBeEaEYe2F5LBAER  sanpl e, gl ycine buffer (pH 10, 1.0
n.), an internal standard substance (0.1 ni), and
Tahledt - putyl et hyl

8 January 2007

ACAT inhibitory activity: J774A cells: ICs (nM)
Compound (1a) 87
Compound (1b} 75
Compound {B)-HCI 59

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
aibumin 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 (POCOLED HUMAN LIVER MICROSOMES, Lot. No. 20,
product of GENTEST) was added thereto, followed by allowing
reaction for 30 minutee in a warm bath at 37°C. An aliquot
(0.25 mL) was collected from the reaction mixture O 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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ether (5.0 nL) were added. The mi xture was shaken f
10 mnutes and then centrifuged at 2,500 rpm for
m nutes, and the organic |ayer was collected. Test
Exanple 3 Solubility test (Japanese Pharnmacopoei a
Solution I) 41 8 January 2007 Each test conpound was
di ssolved in acetonitrile to forma 100M sol uti on, and
the solution was added to Japanese Pharmacopoei a
ReSbflugl opetcentdge mi 1060unghanged| cpurrundhefter 30
resultant solution was stirred for 10 m nutes, and an
nimbtegsovas (¢ahtylamsd ppased ¢mtohantehletitoredqudllamd peak
then passed through a 0.2-mfilter (HLC DI SK 13,
areat @f fevl yeminkbes tpexlhgakes kKabus itutkel sya)00 The
filtrate (0.5 nL) was subjected to the extraction
proébduresuliadarfeshavaninoFighel . t &t icorfimi adig. 1,
determ ned through HPLC. The results are shown in
comppheds. (18) stetn(ih) Tépre Sonfhyrpduiel 12w ca‘mrstlcally
~conpound (Ib) were found to have a Iomer solubility
lmﬁ@‘é@ﬁp‘ﬁ?%@lbw%ﬁ Faaisbinednpouigrgp)liver microsome as
(hydrochl oride). Based_on the above-descri bed | ower
CO%%%siwwh EHEPRBRS 0 (Rl ( BY ¥R HPESERE - i nvent i on
were expected to have | ow absorbability upon oral
Teblidi ni stratl on. Table 3 Sol ubili ty Japanese

comgap o e b of o s SRBBEHRS sk °°

83’ January 2007

Humsh' et m@rdgbﬁfequwmjﬁf)e extraction was perforned in a Q.05
ORBIRIngS1 Md 8f pidfein in 0.05 mL mL
NRS{NADPH regenerating system) solution:
containing, in 0.25 mL thereof, 0.25
2 mg of B-nicotinamide-adenine dinuleotide, oxidized form type, r}1L
2 mg of D-glucose 6-phosphate disodium, and
0.8 unit of glucose 6-phosphate dehydrogenase
16% Human serum albumin 0&125
0.1 mol/L Phosphate buffer (pH 7.4) 0.5
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 mL) 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

Selution I)
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that of the test on netabolic stability in human li%ﬁjanua 2007
m crosone. Test Exanple 4 Oral administration test i ry
rats Each test conpound was dissolved in a 0.01N
hydrochl oric acid solution, and the sol ution was
perorally 42 8 January 2007 admnistered to male or
female rats at 10 ng/5 nL/kg. Blood sanples (0.25 nL
each) were collected 30, 60, 120, 180, 240, and 360
m nEkeR aékercedlpoundt wasi dbssdbeedolhestetiohl boile to
sanpl es were centrifuged for 5 mnutes at 4C and 9, 000

fofm 40100faer €9YuPLERAr &nPl BSEBsSRIPL®S . wdHeadied Mo Japanese
sanpl es were stored at -30C before neasurenent. The

Phsamptesoats eSobubjent Edtd ofvire &xif@@tne/mprockbdiiat, The
and plasma | evels of the test conmpound were

regelbant nedlubionghat GBI MS] Tde 10 esimtbesr earshoam ahiquot
Table 4. As shown in Table 4, conpound (la) and

(Lcohpowasd plafedeirtdoemdindeekhomi tulbé ghind Tnax passed
hi gher AUC (area under curve) as conpared wth

throupouado ( Byum ( hytter h(BECRISK codf i wari eng/ $dltent, Kanto
conpound (la) and conpound (1lb) have good

Kagpkar babushi lub@hSﬁgEL A fiisitmtioon Cad H@dnﬁﬁ‘rsed
with co ound (B) (hydrochloride). ,Table 4

subhgFrhes bgnﬁaﬁtﬁﬁytl% BT P gedTEsm| @I}datthﬁma@lquat of the
Femal e rat . Conmpound | a 418 3411 22 306 Conpound |b

teé‘i4¢9@8@“€@ W33 debapRiRed (Bruorer BBC 4167 12 148 (10

" 0o, PoBibie, ath. evecTaPhREE ES TP SRAAH Fhne 5,
compound (la) and compound (1b) were found to have a lower
splubility 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
microscme.
Test Example 4 Oral administration test in rats

Each test compound was dissolved in a 0.01N

hydrochloric acid solution, and the solution was perorally
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that of the test on stability against nmetabolismin

human |iver mcrosonme. As conpared with the corrpour?d‘lanuaryzow

(B) described in International Patent Publication

W98/ 54153, the conmpound (1) 43 8 January 2007 of

the present invention was found to exhibit excellent

stability against netabolismin human |iver m crosone

and high ACAT inhibitory activity. Although the
admebnpstededloohal & her pfemeht ravenitt oh0has/$ ankrkg. Blood

solubility to water as conpared w th conpound (B)
sabydso¢hl B6i tB) each) ewbir bi tsl hootedod@) absorptj oB@S 240,

indicated in the oral adm nistration test in rats.
andhgpefoientebeatbapoadmitiFt ot idme. prifsentol ligntent ikdwod

IS expected to have excellent bioavailability in
safipbagswerd4c8ntiahbagyd 2007 5Whahutes chiai 4l drsd 9,.008 g, to

2,4-bis(trifluoroethoxy)pyridine conpound represented
theyebyr putnatd) pl &sEE3sakpNe €H3 THe-FINEM@ @anplds @GR e

(1) (wherein X1 represents a fluorine atomor a
sthyddogen—-adttinbafora s futdmenenf . TRBe Aampdesi were

containing, as an active ingredient, thereof, a
subpapbefdter thesaktrafbi ebf PEBCRdRr ¢ od 9 @lasmal levels of

The nedi cine as described in claim2, which is a
the test compound were determined through LC/MS/MS. The

results are shown in Table 4. As shown in Table 4, compound
(la) and compound (ib) were found to exhibit higher Cmax and
higher AUC (area under curve) as compared with compound (B) .
(hydrochloride), confirming that compound (la) and compound

{1b) have good absorbability upon oral administration as

compared with compound (B} (hydrochloride).

Table 4
Cmax (ng/mL}) AUC (png-min/mL)
Male rat Femalerat | Malerat | Femalerat
Compound (1a) 418 3411 22 306
Compound {1b) 614 2836 55 393
Compound (B)-HCI 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 microsome.

As compared with the compound (B} described in

International Patent Publication W098/54153, the compound (1)
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preventive or therapeutic agent for hyperlipidem a
and/or arteriosclerosis. 4. A nethod for producing BaJanuaryZOOT
conmpound or a salt thereof as recited in claim1l,
conprising reacting a piperazine conpound represented
by formula (2): FHNHs X1 N (2) (wherein X
represents a fluorine atomor a hydrogen atomj wth a
pyri di ne conpound represented by formula (3): /-CF3 0
of HhaZ2pfesert HBnvah & waLF3ourdd)td S8 dlaintasyc 200t
(wherein X2 represents a chlorine atom a brom ne
stalvDhitpragainsdi metalbeh)sm 5in Avpraoer Bzveie tionmpeone and
represented by formula (2): F HCNR\ NN Xl 14- N
higlR)ACAMhiEnkeinl Kiry epriebeitt w. a Afllthonighe tdtcomoppoand (1) of
hydrogen atom) or a salt thereof.
the present invention has lower solubility to water as

compared with compound (B) (hydrochloride), it exhibits good
oral absorption as indicated in the oral administration test
in rats. Therefore, the compound (1} of the present
invention is expected to héve excellent bicavailability in

humans. -
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6. A pyridine conpound represented by fornmula (4):

rCF3 O RI-N, CH3 (4) N O \-CF3 (wherein Rl 8 January 2007
represents a hydrogen atom a chloroacetyl group, a

bronpacetyl group, or an iodoacetyl group) or a salt

thereof. 7. 2,4-Bis(2,2,2-trifluoroethoxy)-6-nethyl-3-
nitropyridine. 8.

N-[ 214-bi s(2,2,2-trifluoroethoxy)-6-methyl pyridi n-3-

What]i2- ¢Haipedlyds bxyet hyl ) pi perazin-1-yl]acetani de 9.

- A medi ci ne conposition conprising a conpound or a salt
t het eofA a3, 4dei s e} hlugegehhohd ¥ isharasmeshsginehl |y
acceptable carrier therefor. 10. Use of the conpound

repeesepteddbynferaihi 1(bk:a salt thereof for the
manufacture of a nmedicine. 0 46

O/"'CF3

H ==
Fﬁﬁksﬂ,@?@%
- N CF;
1)
(wherein Xt 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
F
OB
X! N
@)

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

with a pyridine compound represented by formula (3):
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8 January 2007

(wherein Xx? represents a chlorine atom, a bromine atom, or a
iodine atom).

5. A piperazine compound represented by formula (2):

H (\NH

F
JOR S
x N

@

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

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

/~CF3
O

R‘—n@—cm @

Q
~CF;

{(wherein R' represents =z hydrogen atom, a chlorcacetyl group,
a bromoacetyl group, or an iodoacetyl group) or a salt
thereof.

7. 2,4-Bis(2,2,2~triflucroethoxy)-6-methyl-3-
nitropyridine.

8. N-{2,4-bis(2,2,2-triflucrocethoxy)-6-methylpyridin-3-
yl]—2—{4-(2~hydroxyethyl)piperazin—l—yl]acétamide

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 for the manufacture of a medicine.
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