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THE | NVENTION The present invention relates to a 2,4

D SLe Tl or et hoxy) by di e compound Wl e o SR

chol esterol acyltransferase (ACAT) upon oral 166166
adm nistration and thus is useful for prevention or

t r eat meft? TR LY RRES BOXY )R YR D B | GMROUND AND
simlar disordeMEDIGDNEt QONDAENTNGI @HESSAMRI ch are

useful for producing the conpound. DESCRI PTION OF THE
RELATED ART Acyl coenzynme A chol estero

acyl transferase (ACAT) is an enzyne which catal yzes

the synthesis of cholesterol ester fromcholestero

and plays an inpor r Ee ' bol i sm of

chol esterol and itg?gggog thﬁ ﬁﬁsﬁpggéﬁive or gans.

Al t hough many of conventional ACAT inhibitors serving
as anti-hyperlipidem a agents or anti -
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effects such as In a I'ng, 1ntestina
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achi eved by preventing foamcell formation of _
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foci of arteriosclerosis. Specifically,
arfteaiopdgeoddld,vest faamieal Id SoMtedy , Stai® to intermediates
chol esterol esters therein as fatty droplets) are
whdlebefared useful for producing the compound.

DESCRIPTION OF THE RELATED ART

Acyl cdénzyme A cholesterol acylt:énsferase (ACAT) 1is
an enzyme which catalyzes the synthesis of cholesterol ester
from.cholesterol and plays an important role in the
metabolism of cholesterol and its absorption in digestive
organs. Although many of conventional ACAT inhibitors
serving as anti-hyperlipidemia agents or anti-
arteriosclerosis agents act on ACAT in the small intestine or
the liver to decrease blood cholesterol level, such agents
disadvantageously have side effects such as intestinal
bleeding, intestinal disorder, diarrhea, and liver disorder.

According to recent studies, regression of

\

LT

*G00002*

| el



a focus of atherosclerosis. It has been reveal ed thag January 2007

the formation of macrophage-derived foamcells is

closely related to the progress of the lesion. In

addition, 'at the arteriosclerosis |lesion site, the

activity of ACAT on the vascular wall has been

el evated, and chol esterol ester has accunul ated on

the vascular wall. Thus, the activity of ACAT on the
ayherubarlesbbim fhtihpee aecliosexpecaedomiot be achieved by

arteriosclerosis (Exp. Mdl. Pathol., 44, 329-339
p{q%m;}ngAé@@mdr:ﬁéﬂy,fommhian a€Amacnhpbiages,i whilbht play a

esterification of cholesterol on vascular walls, free
kevioreseeinl farmptpenspér édciinofastticaionallerosiiss. The

stored free chol esterols are renmoved by high-density
Spepbptedeili, (MBEyoPhagerderssptds foamt hellisvdwhichvstose

transport by HDL) and then metabolized. Thus, such an
chghgstenpilbesbpreahhpeeérpast dtty dnhpbets) are observed in

accumul ation of cholesterol esters at |esion sites of
a afPerfFosE| aEBsresclpreehbm B dphybesiet evombad 18hat the

1530 (1): 111-122). As described above, an ACAT
fOHRR B PBr OhnRaRrPRARERr deREXTd pPaBeRelen +asEhPgely related

wa) | s has been caonsjdered . 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
choiesterol will be stored in vascular wall cells. The
stséed free cholestérols 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
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(A) (wherein Ar represents an aryl group which may 8 January 2007

optionally be substituted, A represents a divalent

resi due of benzene, pyridine, cycl ohexane, 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
presegite Bov@scrliag aalils @g@r thug RIS veRtshmacToRhages from

and n is an integer of 1 é? a salt thereof, or a
tragisforaisg tpdo cfg%?ﬁb sefite & eactnliﬁe‘i%ﬁtlve or

|nh|b|ts ACATs present |n, the artery wall and thus is

tds agandy & P ter iasedrenRiid whigéhPreucing
h perlipidenia or arteriosclerOSis I nternatiopa
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beIomrand a salt thereof wa found to have hi gh
I|t to /__\er and h|§% ICAT i nhibitory activity
d/ XN z)li (EHdnm%:cﬂ" RThal effect in a
variety of a nodel s. 3 8 January 2007 Al t hough
compound ) and ot her conpounds disclosed in
Internat# aI Pat ent Publication v098/54153 exhibit

(w%%%:%l&lrie rkt efl:% r%%%%s(n) QHnC mstflf f&%u&?‘tvh{ { dally be

ory e erimen er ornme
qﬁ$€”ﬂﬂfe disi ng human Iiver nicrosones.revealed t hat
ese congounds are rapidly

represents a divalent residue of benzene, pyridine,
cyclohexane, or naphthalene which may optienally be
substituted, X represents NH, an oxygen atom, or a sulfur
atom, Y represents a sulfur atom or the like, Z represents a
single bond, 1 is an integer of 0 to 15, m is 2 or 3, and n
is an integer of 1 to 3), a salt thereof, or a solvate of the
compound or the salt selectively inhibits ACATs present in
the artery wall and thus is useful as a preventive or
therapeutic agent for hyperlipidemia or arteriosclerosis
(International Patent Publication W098/54153).

Among the compounds described in International Patent
Publication W098/54153, a compound represented by formula (B)
below and a salt thereof was found to have high solubility to
water and high ACAT inhibitory activity.and exhibit unique

pharmacological effect in a variety of animal models.



met abol i zed and thus only small percentage of

unchanged conpounds remains in human |iver nicrosom January 2007

Therefore, |ow blood concentration of these conpounds

has beconme of concern. Moreover, on the basis of a

recent know edge that, fromthe mechanismof drug

interaction, a drug having higher safety is produced

from conpounds havi ng hi gher netabolic resistance, a
Algbepeincarpaung hilhendredirs i eonrindsardes ¢ o srfmin

liver mcrosone is desired. However, it has been
Indensiaddioah lv atan fRukiicatolon MRS 4k abiexhipit excellent

agai nst netabolism of conmpound (B) while naintainin
phiarganoApdinti biafdiactefd et ibwigf £ difuntni B it ey effect
_many functional groups which are generally readily _
inrerdyol iszeeApetingig mepitind Bhovikeedsingthemn liver

groups are believed to be essential for production of
MG SPfr RH DR dhadf fidrgse GEPAINgs RIN-IRN 3

NSVNI 0OS CCNCH 3 _(B) SUMARY OF THE | NVENTION 4
meg-ahaisd 2oy thys BrlY oftd he ROTRATRES the Hresahged
inventors have perfarned extensive studies w.th ai m
CHP IR rreanwh%ouh&mmﬁ ch Yifs TP QRRRRE retihsgEtore,  Low

resjstance in human |iver
lood concentration o% these compounds has become of concern.

Moreover, on the basis of a recent knowledge that, from the
mechanism of drug interaction, a drug having higher safety is
produced from compounds having higher metabolic resistance, a
compound having higher metabolic resistance in human livex
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, and these functional groups
are believed to be essential for production of the

pharmacological effect.
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SUMMARY OF THE INVENTION



m crosone, exhibits good oral absorption, and provid

s
hi gh bl ood concentration, and unexpectedly have fougJa"“arY2°07

that a 2,4- bis(trifluoroethoxy)pyridi ne conpound
represented by formula (1) shown bel ow has hi gher

bl ood concentration (Crax), higher AUC (area under

curve of bl ood concentration-tine), and higher ora
absorption, although this pyridine conmpound has | ower

sol dB IMitey 1of vidiee rE g igirartdie R49s aiHo SEVHD kD AR
(B). In addition, the present inventors have found

pet é’trme@héé‘éeékﬁ*ﬁ&ﬁd%lo@ﬂﬁ piithiagh 3d@tq MR b3 compound

activity and thus are useful as a preventive or_,
whilledr AFSUIP Tayas esPPHyseriaSHitiéice ¢n human liver
arteriosclerosis. The(fresent i nvention has been ;
MigEOSAS! s e hided 9999 KEdd AR Oac AL dehdrigh
present invention provides a 2,4-
bLigios) 1Gomosidradtiiesiey AR ISP SR Hoh F aspricddnt dddly @ 274~
formul M O FCF3 N(')-- CH \ ~N N ~ -g' ~-
big) 6 3¢ IerqetheRy) p(ylr)lcfl(r?/aq St rreeareesse%ﬂ'\@dasby formula
fluorine atomaor a _hydro at or .a salt thereaqof .
(U A o RIP G2 RS YRS ST e el LRty higher
gpe resent. invention also ovi de i .per azi
AU o slie SRS Hy I (g L on tie) , and
higher oral absorption, although this pyridine compound has
lower solubility to water as compared with those of compound
(B). In addition, the present inventors have found that
these compounds exhibit high ACAT inhibitory activity and
thus are useful as a 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

(L) :
—CF.
o 3
B o
N YN 0
“-CF
Xl 3

)
(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):



8 January 2007 F Hr NH N NJ 7{1 \' N (2) (wherein

X1 represents a hydrogen atomor a fluorine aton) or8January 2007
a salt thereof. The present invention also provides a

pyri di ne conpound represented by formula (4): '-CF3

O R-NCH3 (4 NO \-CF3 wherein Rl represents a

hydrogen atom a chl oroacetyl group, a bronpacetyl

group, or an iodoacetyl group) or a salt thereof. The

present invention so provides 2,4-bis(2,2,2-

grif uo thoxy)[é?L hyl - 3-nitropyridine. The

pr~ o provides N-[2,4-bis(2,2,2
ég__ oxy) - 6 nethylpyr|d|n 3-yl]-2-14-(2-
ydroxy hyl ) pi perazi n-1-yl ]Jacetam de. The present
I nvention aI§§ provi des a nedi cine containing a
conpound représented by the above fornula (1) or a

salt thereof as an active ingredient. The present
(WhiepkR off d1eRF gsenhislas hyslrasfern afoWpeund  Tlemigentaddm) or
- by the above fornmula (1) or a salt thereof for
a p¥dciRrecHir ug. The present invention al so provides

a net hod for _ ) i o
The present invention also provides a pyridine compound

represented by formula (4):

/—CF3
)

R1—H—QCH3 4)

0
\-CF,

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

The present invention also provides 2,4-bis(2,2,2-
trifluoroethoxy)—6—methyl—3—nitropyridine.
| The present invention also provides N-[2,4-bis(2,2,2-
trifluoroethoxy)-6-methylpyridin-3-yl]-2-[4-(2-
hydroxyethyl)piperazin~l-yl]acetamide.

The present invention also provides a medicine
containing a compound represénted 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



6 8 January 2007 treating arteriosclerosis,

conpri sing adninistering a conpound represented by tﬁelanuary 2007

above formula (1) or a salt thereof in an effective

anount. The conpound (1) of the present invention

sel ectively inhibits ACAT present on artery walls,

has excellent stability against netabolismin human

l'iver mcrosone, exhibits good oral absorption, and
tltemtslm% m@moa@l@row@veﬂ@m@@xng hedmpbeusteragegna

for erlipidema or arteriosclerosis. BRIEF

%ﬂm@bw DRAVENG #Fheve 1ferwba st hbi it § salt
agalnst nmet abol i sm of conpounds (la), (lb), and

theypindr (B) ¢hiReotye orheledtin human |iver
m crosones. DETAI LED DESCRI PTI ON OF PREFERRED

EVBCEP/ERISYUnghél todpoting pirgsentt heventsent selectively

i nvention has a structural feature of having one or
inkiP ¥ 19 AGAR RESPERN bR her t genzvad Hazohes r engehhent

having two 2,2, 2-trifluoroethoxy groups on the '
StARIH RS 39S e baRplies Haviwean ht 5vemi plerosome,

cheni cal structure has been described in Internationa
exppihts et st ﬁb%@@vsq%sandrh%hw es@neseEybne s on

i ncludes the follow n ounds and, salts

PRRETRGI Ve 2B Sherapse b%ﬁgan*cp b hyper}irgdenia ®F

ar% riosclerosis.
BRIEF DESCRIPTION OF THE DRAWING

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

nmicrosomes.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENT {S)

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

The present invention includes the following two

compounds and salts thereof.



FNOON -CF3 {l a) ¢c-CF3 O H F H~N-N N CH3
rS~N~OOF a'-CF3 (1b) Exanples of the salt of8January2007
compound (1) of the present invention include

i norganic acid salts such as hydrochl ori des,

sul fates, nitrates, phosphates; and organic acid salts
such as net hanesul fonates, nal eates, fumarates,
citrates, butyrates, lactates, tartrates, ascorbates,
mal at es, rmandel at es, éaﬁﬁmylates pant ot henat es,

t annat es, et hanedi suP onat es, benzenesul f onates,

p- toluenesulf at tes, aspartates,

ftr oroacetr/n /Qﬁbéﬁé;?L%maand gl uconates. The
);Ldsf(&\)f"' t h@ pPesent invention or a salt

t'- eof may take the f O1Gfs0f a sol vate. No particul ar
limtation is i sed on the solvate, so far as the
solvate does n aadversely affect. the ACAT

inhibitory activity, and the solvate may be forned
t hrough additi-on of g/3@Fvent which is enployed in

t he process of prod ion or purlflcatlon such as
wat er or aI a hydrate is
F f red. ou (1) of t he present invention
bp—s for exanpl e, the follow ng
MNtion 8 8 January
(1b)

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, pamoates, and
gluconates.

The compound (1) of the present invention or a salt
thereof may take the form of a solvate. No particular
limitation is imposed on the solvate, 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 alcohol. As a solvate, a hydrate is preferred.

The compound (1) of the present invention may be

produced through, for example, the following production



rocess. CI HO CF3 0}~CF3 0 CFg 02N *CH3 02N \ 2
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proepsesents a protecting group, Y represents an al kyl
group or an arylsul fonyl group, X1 represents a
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Phosphorus compound

HO/‘CF3
Deprotecbon oa 3) i NN 2-CHs
E N
~N YWe~NS O 0
xJi:[ S — XJCEN" S “CF;

@ ' ¢y
(wherein R represents a protecting group, Y represents an
alkyl group or an arylsulfonyl group, X' represents a
hydrogen atom or a fluorine atom, X2 represents a chlorine
atom, a bromine atom, or an iodine atom)

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

thereby produce compound (3).

CH3
CH3 C OCF3 CF3 (5) (6) (7) O CF3 X2~~-(\ CH38 January 2007



is reacted with 2,2,2-trifluoroethanol, to thereby
produce conpound (6). The nitro group of conpound (8)yJanuary 2007
is reduced to produce conpound (7). Compound (7) is
then reacted with hal ogenoacetic acid or a reactive
derivative thereof, to thereby produce conpound (3).
9 8 January 2007 Separately, a piperazine ethano
conmpound (8) whose ami no group has been protected is
sul feRareRlYo PprotReeazteempetinaned)compaurdnpdlndhose
(9) is reacted with a thiol derivative (10a) to
anpiTEY (0 Wo ot RE YL Lo ateathak s varJfonbapedno (rugduce
may be_ produced through reaction of conmpound (8) with
COPRAHNS 4 \aid oo d of ) 1oh)rear ke piesenceh b9l
a phosphorus_ conpound. Conpound Sé% I S produced ,
demrtgive delfak e iRPHICe HOTRGIEt { Wy gr &l qERatdfvely,
conpound (11). The conmpound_ (1) of the present
ConRAHd ol ¥ PRORR RF OGN FRER i BpAGEiemeof compound
t hus- gbt ai ned conmpound (2) with conpound (3).
(8dc it iyl i hedmeiat TehmpotiR) (29, {(t¥hotindtie)presence of

a m€%)$ mgtﬁ%i{ﬁ.l ia (oAﬁl)pokl)ngV\(/Za}ndlst %%O%%\g% through
ARSI e e SR oS [P a9 gppound (11).
P oL 10,40, SOPPRUDE () SLeLbec PLERERLIAVER'  Bucea

SRR 0 B OO UL A HLOLAUAOND) i
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-methyl-3-

nitropyridine, are useful as intermediates for producing the

_ compound (1) of the present invention.

/—CF3
O

R1—H—QCH3 €Y

o
\~CF;

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

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

The reaction of 2,4-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



Each step of the above reaction scheme wll| next be
descri bed. The reaction of 8 January 2007
2,4-dichloro-6-nmethyl-3-nitropyridine (5) with
2,2,2-trifluoroethanol is carried out in a solvent
(2,2,2-trifluoroethanol or a solvent m xture thereof
with 10 8 January 2007 di net hyl f ormam de (DVF),
tetrahydrofuran (THF), dinmethyl sulfoxide ﬁ DVBO) ,

diggethy ] Fopmanines PME of tet Falsedrelgran ofTHE) kaflimethyl
net al carbonate such as, potassi um carbonate or sodi um

SWroiig et DMFO R k&t T - hell thg dposFRCS R asPpdeassi gm an
hydr oxi de or sodi um hydroxi de; or an, al kali_ netal

alfiadr deetakicr BRORBER LTHER R F RO L BT HAB| CATIPYR F 8leoT ofodium
I|th|un1 hydride) for 5 to 24 hours at room
Rﬁﬁﬁ#?ﬂmw%ﬁt%ﬂk%ﬁ}Lﬁ?tﬁ%n%%¢%?ﬁ¥%e(%?%?e?%b??t?%?lﬂ%
to 20 hours at ref lux tenperature)._ The, reduction

%)Sq%lwelpbéqhawyd%er%r%dalﬁ%bﬁﬁt%ehwrlde
Syeh o{:%%%e ES0e o AR ST By RElR L | b bbghbun
DA Rerteh 1§ GO 61 HgaFogeh ST CRIPET RS uTEake FRluX
ek dbsd n B e £ SRS, FEPNE S 5 "E B NER . 20 PF TNy

eduction under hydrogen. The reduction
te agE%%$§ { is perforned by, for exanple, dissolving

coanH drégg?tﬁpﬁ g|¥gﬁ oﬁggc(§§ 1%339598938#ﬁtPerf0Fmed

et haho aqueous

tr?ro%ﬁ Wi & OBE af Rk ”Eoif&b‘fﬁé 0P @9€P1 on apslaéu% ng(jifhe

m xture to react for 10 mhutes to 2 hours
rédﬁ%%&éﬁ"%ﬂf%@&hoﬂsé'éf éssﬁﬁfﬁfEQOHH$1§¥n fPEduction agent

exanpl e, dissolving conpound (6) in a solvent such as
siidh A £0dWHi B Uethionite, sodium sulfide, sodium
hydrogensulfide, or hydrogen sulfide, (ii) reduction through
use of a metal-containing reduction agent such as zinc¢, iron,
or tin (II) chloride, or (iii) catalytic reduction under
hydrogen. The reduction reaction (i) is performed by, for
example, dissolving compound (6) in a solvent such as
isopropanol, ethanol, or THF, adding at 80°C an aqueous
solution of a sulfur~containing reduction agent, and allowing
the mixture to react for 10 minutes to 2 hours. The
reduction reaction (ii) is carried out by, for example,
dissolving compound (6) in a solvent such as an alcohol (such
as ethanol or isopropanol), acetic acid, or a mixture solvent
of water and any of these solvents and allowing the solution
to react for 30 minutes to 24 hours at 0 to 100°C. 1In the

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

11



as ethanol or isopropanol), acetic acid, or a m xtur

solvent of water and any of these solvents and %January2007

allowing the solution to react for 30 mnutes to 24

hours at 0 to 100C. In the reaction (ii), an acid

such as hydrochloric acid or sulfuric 11 8 January

2007 acid may be added if necessary. The catal ytic

reduction reaction (iii) is performed by dissol ving
agihpeandb ¢ 63dded ol £ seegemfaslich Hxe diahdne i aceedection

- acid, nethanol, ethanol, or_-isopropanol or a solvent

reAGELAR (hb%bo%sam@r5?¥%ﬁﬂnaytﬁé55% ViR ofOMBopRdct 6) nin a
the presence of a catal yst such as Rane ni ckel

sqkﬁ¢%%u%%@%a@%oﬁl°§@m¢ad@9ﬂ¥h9d?6k¢deme%haaaﬂraanﬁpol/ or
bl ack under hydrogen for 30 minutes to_12 hours at

1§QP¥RR?n°br%¥e?a%?§V$%F BHXhi Rt BRe¥08 ﬁBﬂréléPW#BSHFhe

nper at ur e. anpl es of the hal ogenoacetic¢c acid to be
Scaﬂslé‘al% te ela%%%nlw e CoRBBERE® ( § PnerbaLyst such as Raney
| o oace | c.,acid, bronpac i é acid, .and |odoacet|i )
nJa PALUBCRRRON, bR L 91 R PYAFPTEdEr PRePalladium

halogenoacetlc acid include hal ogenoacet hal i de _and o
b*%ﬁ%g%%%%%e?Y@r%%%QdF?€e30 PiREERADFY, 1%0%%BEﬁQaF7? tg 50°C,

RGN (54wt nRFaR é%tn%acét6?119%a?FT'J%o%Iia%ts'wﬁ?s%fcure-

out, X €, LN ent such hyl en
chloF% pf %ngo %?n?gé ©5c8 afe ace on%FrPFS% lnr

r%Q ﬁﬁ)wi@PtQSmﬂéﬁﬁgnﬁ??oinélgééecﬁ%&f@a@%t%%“%c1d,

lanrTine - triet am ne, pyri

bldélﬁ@w&@m erar' @eloe%ageey&rséié'n apgj[ége)ofoe

mnutes to 5 hours at 0 to 50C pr y for
rééb@ibe”&@ﬁi@§t§&e05% éﬂ@tH§§b§eﬂéa69EP8UQQ1&11%c§ﬁ881
a pi perazi ne ethanol conpound (8) be perforned -

hé v @eba Eoty e h@llﬁéhéﬁ@gMalogenoacetlc anhydride.
Preferably, compound (7) is reacted with halogenocacetyl
halide. The reaction of compound (7) with halogenoacetyl
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-
dimethylaminopyridine, or 4-pyrrolidinopyridine) for 10
minutes to 5 hours at 0 to 50°C, preferably for 10 to 60
minutes at 0°C.

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

In Route “a”, alkylsulfonylation or arylsulfonylation
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al kyl sul fonyl ation or aryl sulfonylation) or Route "b"
(through reaction of a phosphorus conpound). |n Rout & January 2007
"a", al kylsulfonylation or arylsulfonylation 12 8
January 2007 of a piperazine ethanol conpound (8) is
performed in a solvent (such as DVF, THF, et hyl
acetate, or acetonitrile) in the presence of a base
ésuch,as triethylamne, pyridine, N N
OHi & sHPPopyEERayEbhrRel someanndt h§) ahbl PAEfoomed in a
dinethylaninopyridine% t hrough use of a sul fonyl
s@hYoRrt deSuelnpduPME, aHEn atRylsarebayeat ponaggénnisrile) in
a arylsul fonylatjon agent, such as nethanesul f onyl
tQ%I%W?%%Pceb%%z%n%§ﬁﬁf fyFhcapobrdethptamine, pyridine, N,N-
-tol uenesul fonyl chloride for 30 mnutes to three
dﬁbi@%‘—”%l?YbE%Y%@i@%nerheN piodéeethylarblpner) oof 4the
am no group in _piperazi ne ethanol conpound (8& na{ be
dipetectamrepvibdinghptbyeddhnupeppfde syhfpeyischloride
Preferred exanples of such _protecting groups include
CARIBLarbdrdt ytbvipsui EorKlakIOReAIGRBXYEarboNyI ,
2 -trichl oroethyl oxycarbonyl, and tert - )
a%%f%‘@%%ﬁ% F71 91 aPHORES oPHigh §F GRPChARESH bERRYbncbioride,
compound. (9 i t.h. conpound_ (10 is carried out_ in a -
oGRS ENey (S eatbfantatFpayt thiRade for
3(gresence of baseaésuch as $otasséyn1carbonate or

IR T BN &S © HANES cataf y&? ?QUch as 18- crown-6)

o ALy A b AETRE B S8 i,
iR REERAADE SRATOHqEOPIUNY K Dlobdt LR rouos

T e e o e o 1 dd'Bs such
protecting groups include alkoxycarbonyl groups (such as
benzyloxycarbonyl, 2,2,2-trichloroethyloxycarbonyl, and tert-
butoxycarbonyl) and a formyl group.

The reaction of compound (9) with compound (10a) is
carried out in a solvent (such as DMF, DMSO, or acetonitrile)
~in the presence of a base (such as potassium carbonate or
sodium carbonate) and a catalyst (such as 18-crown-6) for 1
to 5 hours at room temperature to 100°C, preferably for 1 to
2 hours at 50 to 80°C.

In Route “b”, a piperazine ethanol compound (8) is
reacted with a thiol derivative (10a) or (10b) in the
presence of a phosphorus compound.

Examples of the phosphorus compound includé phosphine

reagents employed in Mitsunobu reaction; phosphorous reagents

containing such a phosphine reagent and an azo reagent or an
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reagents enployed in Mtsunobu reaction; phosphorous
reagents containing such a phosphi ne reagent and an8January 2007
azo reagent or an 13 8 January 2007
et hyl enedi carboxylic acid reagent such as di net hyl
mal eate or N, N, N, N -tetranethyl fumaram de; and
phosphoni umylide reagents. |In Route "b", the
reaction is preferably perforned through any of the
eﬁrurl@wdﬁgcaprrhmésbie@,:aqig reagenonswth zeonpowathy8)maleate or
with thiol derivative (10a) in the presence of a
N dh3SptY et ¢ tezaestth whitbear 2iebde cagjedit Plapsphoniun ylide
et hyl enedi carboxylic acid reagent such as di et hyl
repgeai® or N N, N, N -tetranet hyl fumarami de (Met hod
A, ii%Areaction of compound (8) with a thio
der i Vatkeete 102/ i Bhe heepeesences oprebepabdpheartarmed
ylide reagent (Method B), and (iii) reaction of
thamgpgumnY 9T it 2o ewingepreegsses { 10b) Feaghéon of
- presence of a phosphine reagent (Method C). <Mt hod
COmPNBIFokP A Wil b e} &R REdR EhroubhOal skl thageresence of a

conpound (8), a thiol derivative (10a), and a
P%{)@b’rﬁ‘%e‘f? 0% 3 F2RACEFIFERLI Verd? addi ng an
zo, reagent .or an, eth,#enedicarbox lic acid reagent
etk S GHP 1Y 0 1 Pt A5 reUeh 38Rt TeRgS maleate or

N .of _nitrogen f 2 10 24 hours at _0C o.gOOC .

N &7 LSl e oAy i da e MF @RS Alunpfil Brackion of

0 f e,y t. e ed | t hod i ncl ude

C#ﬂhéﬁ&ylﬁﬂo?@ﬁ?ﬁé@lgﬁéﬁydgeng%ﬁ%%§lEﬁ%%%h%ﬂeghe presence of

atﬂ'ﬂc%sg}%mgﬁ!ﬂ? }ééé)ér?PyLﬁ%]ﬂ?&E'é])e’ .and (iii) reaction of
tr11°'sopropyl phosphine, Fi but yI phosphi ne, _

cdrpd P UL RIASPNL N Gl LIVAYELONEXOA PR PEADSor B0Ehce of
triaryl phosphines such as “trip enyl phosphi ne, a

a Prhaivi b osply dopolwst s gne) . Among

<Method A>

Method A may be performed through dissolving compound
(8), a thiol derivative (10a), and a phosphine reagent in a
reaction solvent, adding an azo reagent or an
ethylenedicarboxylic acid reagent thereto, and allowing the
mixture to react under argon or nitrogen for 2 to 24 hours at
0°C to 100°C, preferably at room temperature to 80°C.

Examples of the 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. ZAmong

these compounds, trimethylphosphine, tributylphosphine, and
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t hese conpounds, trinmethyl phosphi ne,

tri butyl phosphi ne, and 14 8 January 2007 8 January 2007

tri phenyl phosphi ne are preferred. Exanples of the azo

reagent include diethyl azodicarboxyl ate (DEAD)

1,1' -azobi s(N, N-di net hyl f ormam de) (TMAD),

1,1 - (azodi car bonyl ) di pi peridine (ADDP), 1,1'-

azabi s(N, N—dllsopropylfornanlde) (TIPA), and
triphenweilgRh iNe BRI G ORGERRERD- 1, 4, 6,

7-tetrazocin-2, 5-dione. (u4n% . Amnng them diethy

azod$%%ﬁRk&§l%feth% p2e t Teagent yinebyde rdet e Anpl es

of the reaction solvent to be enpl oyed include DV,

WC%%&&W@ QcEEP L i1l TRk hafed ine e phEornanide)
- eth acet at e, benzene chl or obenzene, tol uene,

(TR r'of]Ur]m ErPAIRARARAE TRl nenRPRRem 1 DM
THF, diaoxane, and acetonitrile are preferred, and DVF

azghy sl hér%llp%qmwlaﬁcrmarwrc& ler {ERPR )l L B@-mw@wl—
L DR bl B bR TS Shons
reSr?‘ut#% Pl 4 ERE Rt i e ot Srban i ohun %Pfrzew@d

o e 8 s SRl g%%:spcaﬁwmc?frseaaseb o %Fhctuae

I d t hod |nclu
Dlﬁlwﬁa'l%}af}l ne]t% I\{{es:erfetarclea A ﬁlosdhora pmethane, acetone, ethyl

%%ﬁcﬁw e‘%ﬂ]]%{%%%%?r@s penoer'ancehloro form, and

mé%ﬂ@@&%ﬁ?&gﬂﬁﬁ!Qﬁ;hybﬁpﬁﬁgkﬂ%ﬁlpﬁﬁ%phqg%nedloxane, and

cyanonet hyl'enetri al sphof ane,

acorpnEting el éﬂﬁﬁ’émp@{cﬁﬁﬁ{F BRRPIES e NG ticularly
trialkyl inclu trlnethyl triethyl, triprop

prdidsaei.opyl ,

<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,
alkdxycarbonylmethylenetriarylphosphorane,
cyanomethylenetrialkylphosphorane, and

cyanomethylenetriarylphosphorane. Examples of the trialkyl

include trimethyl, triethyl, tripropyl, triisopropyl,
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15 8 January 2007 tributyl, triisobutyl, and
tricycl ohexyl. Exanples of the triaryl include 8 January 2007
tri phenyl and di phenyl pol ystyrene. Alternatively,
this reaction may be performed by adding in the
reacti on solvent, conpound (8) and a thiol derivative
(10a) with a phosphonium halide reagent in the
presence of a base, to thereby oduce a phosphoni um
t BARWeY ke dginits At ar@ctwwgﬁgb@m'l Exdrmpdl et athdhe
phosphoni um hal i de reagent enployed in this reaction
t ig id el nehdfo st gy} aang | FMOHP Y BlaY Fefe -
(cyanonet hyl )trijaryl phosphoni um hal i de,
(al I3} e mRRiT okY hyFh i | ﬁ?ﬂgtmsrpﬁbnb%npﬁafoa@ed by adding
(aIkylcarbonylnethyl)trlarylphosphonlun1hal
iy dihé SR ATy | TREFSH Y 4 rGAMRUGH 0 EHh AR AR hﬁhnr@b depbvative
(aIkoxycarbonylnethyl)trlarylphosphonlun1hal|de Anong
(44%0 apdve rﬁiﬁﬁﬂfmwmw SERpFRRt in the presence of a

( anonet %trlal osphonlun1hallde and
%‘;y/ frﬁyﬁ sis TR I eY B beeyeiplar by the
t hrough re t|on of a correspondi ng hal ogenat ed _
reahih (9™ with a correspondlng trlalkylphosphine
and |ar ho i ectlvel Tet rahedron, V
Sk T ]ééer chifamat cBipived in

ano % gﬁi?ﬂg‘fml‘gfac y%néer%b% %lﬂg}’::ossaigrhllgn halide,
Slﬁllaﬁ &anner fié?%éﬁﬁgﬁgwﬁmhéi%é%g?LzlBhgggh:ﬂz "
RS i e |1
(AT PR BRRPSRIARL) L DY HROGSRN A6 611,

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

Among the above phosphonium halide reagents,
(cyanomethyl) trialkylphosphonium halide and
(cyanomethyl)triarylphosphonium halide can be prepared
through reaction of a corresponding halogenated acetonitrile
with a corresponding trialkylphosphine and triarylphosphine,
respectively (Tetrahedron, Vol. 57, pp. 5451f5454, 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
triérylphosphine include the compounds listed in relation to

Method A. Among them, trimethylphosphine, tributylphosphine,
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8 January 2007 and triphenyl phosphine are preferred
and trin%thylphosphine is particularly preferred. 8January 2007
Exanpl es of the al kanoyl group of the above-descri bed
al kanoyl hal onmet hyl i nclude fornyl, acetyl, propionyl,
and butyryl. Anong them acetyl and propionyl are
preferred Exanpl es of the al koxy group of the
OX) carbonylhalonethyl i ncl ude met hoxy, ethoxy
'ﬁ Rixdne o P ¥ HERT T edet %@%ytrémﬁ*észylphﬁaphlne

. _but oxy, areﬁgieferred Preferred exanpl es of the
lquﬂ %% orine, bromne, and iodine.

g$les of th base |nclude organi c_bases such as
tri

ey e I\FIP\Fd‘?JrE%‘PBby‘FE?‘I‘WI%ﬁr ke above-described

1%4 dl%‘%)@% gﬁ%‘ﬁn Dér?aecco%@eb) PRpRionyl, and
b@s@/gl gﬁll cyc g?@gﬁggjgoggggl‘)%aanélrnor argfl’ecd.

Ces' e Cﬁqﬂ}ﬁa&?k%hﬁ%%ﬁ a%i%%%%g%re?rm%omethyl

car%og%ére“&”cmrh.% O SRR A i, S ot S0 Chen,
mell?\iqﬁqgg?lt tsle(y)ép(rjdo 3 @Ie%l?n{n erf %]fregg%lflfﬁ?tar bonate are

SR RS
brIzeNe addVRo HYRO acetonitrile, and proplonrtrlle

W th proplonltrlle being particularly preferred. 17 8

JanuBampAY of the base include organic bases such as
triethylamine, N,N-diisopropylethylamine,
l,4-diazabicyclo[2,2,2]octane (DABCO),
1,8-diazabicyclo[5,4,0Jundeca-7-ene (DBU),
and 1, 5-diazabicyclo(4,3,0]lnona-5-ene (DBN);
and inorganic bases such as potassium carbonate, sodium
carbonate, cesium carbonate, lithium carbonate, lithium
diisopropylamide, and potassium hexamethyldisilazide. Among
them, N,N-diisopropylethylamine, potassium carbonate, lithium
diisopropylamide, and potassium hexamethyldisilazide are-
preferred,
and N,N-diisopropylethylamine and potassium carbonate are
particularly preferred.

Preferred examples of the solvent for reaction include

dioxane, THF, toluene, benzene, DMF, DMSO, acetonitrile, and
propionitrile, with propionitrile being particularly

preferred.
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<Met hod C Method C may be perforned through
di ssol vi ng conpound (8), a thiol derivative (10b), 84January2007
and a phosphine reagent in a reaction solvent sinmlar
to that enployed in relation to Method A and all ow ng
reaction of the solution under argon or nitrogen for
2 to 48 hours at roomtenperature to 100C, preferably
at 60C to 100C. Exanpl es of the phosphi ne reagent
MR P in Method C include trial kyl phosphi ne and
triaryl phosphi ne, which are described in relation to
Met HEREI0d SpfBpY | BeeRakpPEReinEhgagh dissolving compound
trimet hyl phosphi ne, triethyl phosphi ne, _ .
(84 g ot Phodpht vt iver {1 Mhr opyf phoBBAFRBLINe reagent in a

tributyl phosphine, . triisobutyl phosphine, i
r%?’ay%gofﬁ%&w%o%bwh@? Lo rF%%nwaggggﬁi #B, rghgtion to
di phenyl phosphj nopol ystyrene. Anpbng them |
MEHE hy TR R bH GRS FPAEE yPbHRE pRhRes o Liliion under argon or
triphenyl phosphi ne are preferred, and .
N}t TR MyE Yo% phe N8 aheur s r @ hhePS pheBPAT ABUER eto 100°C,
ticularlg referred. The thiol derivative (10a) nmay

p%%??ﬁ%ﬁﬁ%éﬁ t 6hdﬁ’ﬂﬁ5pcnetrod describeg in the
‘ : . 5 AR
ST L R, D vy
SLER A I
f&@eihétﬁ%f% e n T RUIN & Knavn éli‘%nﬁ;l&ioldeé Nnclude
accordance Wi th the protecting grodp, for exanple,

t & T MG S0l i5d S, tffgt&%di@%s%ﬁe T Egﬁ%ﬁf‘&ﬁiz%g%%hine,

t he thus-obtal ned conmpoun ound
tSRdd héspREn ) eeLNGEt PipRodasenésuch 18 8
§¥b%¥%§ ? ' §i%on§?§ "

January 7 as potassium car , sodi um
tcial e e, piped st &N tricyclohexylphosphine,

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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hydr ogencar bonat e, or sodi um hydrogencarbonate) in a
sol vent (such as DVF, THF, or acetonitrile, or a 8 January 2007
m xture solvent of water and any of these solvents),
for 5 to 30 hours at room tenperature to 50C
preferably for 10 to 20 hours at room tenperature.
Alternatively, the conpound (1) of the present
i nvention may be produced through a process of the
ag qariaoni us chrpRoriRiser | Hedli el ewrbSpetef i pafaysinm( 2-
Y%Sroxyethyl)plpera2|ne (12) is reacted with a
et ele eonpodhdn (lydregenerehynpretuse a solvent
npound (13), and conpound (13) is reacted with a
(ﬁuﬂmla%ewk‘/at'r%, ¢n0agelerniinblei no¥ he Ip%éE‘éﬁ@eSQ?LV@nt of
phosphorus conmpound. O CF3 r~NH (3) (N--'Tfq CH3
waigs Mg ey oF bhese golventsna)iqr p-oE33f1bayprgrat room
(10b) OcH3 N F ~S-1NON 0 O Phosphorus compound x1N
témpadrat8r¢ 1jo $0ibr gineXrady tive sldhearedhibmpes at room
defi ned above). The reaction of conpound (12) with
CRUPRIRIFCE3) is carried out in accordance with a
met hod of produci ng conpound &} from conpound §2) .
The %%E%FP6F18Fl¥onﬁBﬁnBOTR%Yn {h) athtBe BERFGREI ve

r | rr| i.n rdan h :
'@Q% }éﬁl Opge Srg uce dtﬁ%%ugh acggoggsgeo¥AEﬁetrgaction

scheme described below. Specifically, 1-(2-
hydroxyethyl)piperazine (12) is reacted with a
halogenoacetamide compound (3) to thereby produce compound
{(13), and compound (13) is reacted with a thiol derivative

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

/—CF3
NH ©)) _ /\N/\TH‘OCH"
Ho~N./ ~ Ho~NS O
\'CF3
(12) (13)
/'CF3
(10a) or (10b) R pN'\TH{\:—»CHs
. F H ~N. O o
Phosphorus compound XJCENH; “CF,

®

(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 reactién
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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of conpound (8) with a thiol derivative (10a) or
(10b). This indicates that conpound (13), which is 84January 2007
N-[2,4-bis(2,2,2 19 8 January 2007
trifluoroethoxy)-6-nethylpiridine-3-yl]-2-[4-(2-
hydr oxyet hyl ) pi peradi ne-1-yl J]acetam de, is useful as
an internediate in producing conpound (1) of the
present invention. Isolation and purification of the
t iddnipirae Thgx vk - §-tree thyy et dipgedt Y bir 2raf/4 be2 -
performed through any suitable conbination of
hyehms yeEh ekt Heesahine ebrykl atetamiden, ianysefybess odn
. chromat ography, etc. The acid-addition salt may be
ITgrmRER thridughr edwoing neomeewed. (Res? St bireepresent
_metabolismin human [iver mcrosone was studied in
Injantelors g. 1 shows the remmi ning percentage of the
unchanged conpound 30 minutes after incubation. As
showrSotat iy, and pwhrpbleati®) ¢hythechtmpded (Whs of the
found to exhibit a renaining percentage of 16%
PLARSHa sl EH oAl 3 %) PhaRer FOUTRA t Bh et anY ehiki ke

rcentages of 27% and conmpound (Ib) exhibited even
AL Bhvet i 7P I ErorfEA O L ©206 TS LA LL 1 gafeion,  any

SRR LG (et 1 hall it AEOpOOK Bp salt may be
o5 RT IR |7 SR T nave dranai | cal ly

m or et el o ne BRSO LhARGr | PR Rhr e Shisgrosome was
T (A o S 3hBud e st beehftate of

tﬂ_léﬁvﬁﬁfcﬂa{}?g[’éci t@émlfggc}lr%c?r@@% dBs dAYr oGl rdd8)y  as shown
us, the conpoun 1) of the present 1 nvention was
iraMiEl pat esbrigoliay e(d oW ke dakididy) UReD A@ld to exhibit
a remaining percentage of 16%, whereas compound {la) was
found to exhibit remaining percentages of 27%, and compound
(1b) exhibited even higher remaining percentage of.  62%. That
is, the compounds of the present invention exhibit higher
remaining percentage than that of compound (B)
(hydrochloride). Therefore, the compound (1) of the present
invention was found to have dramatically improved metabolic
resistance in human liver microsome.

In addition, solubility to water was studied. As shown
in Table 3, the solubility to water of compound (1) of the
present invention is much lower than that 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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admi ni stration. 20 8 January 2007 However, data 8 January 2007
obt ai ned through an oral adm nistration test in nmale
and female rats have reveal ed quite different
results. Contrary to our expectation, the conpound (1)
of the present invention was found to exhibit two to
three fold blood concentration (Crmax) and two to four
fol d AUC val ue as onpared with the case_where
conpoeReveR) @ﬁ?ﬂr@EEP@P?@thﬁﬁggheﬁﬁlByé& a@ﬁéﬂéﬁSFétlon
t he conmpound (1) of the present invention has bee
tegknbn Babeerd hemelpi GREs brYe rapselpdi gniks different
conpared with conpound (B) (hydrochloride). In
%%i‘gf £% on COREAR TN Hi DI W )ﬁ’%RﬁcitxﬂttJ;Pr\’Nastré% Lfb‘?r%oqrﬁi (1) of
vitro. As shown in Table 1, the c
%@e%%%%entny%ﬁ%mBhom@ga?oﬁﬂen@ot%x%?BFPls E%Poﬁa Rpxge fold

|nh|b|tory acth|t¥ eqU|vaIent to that of c ound
blegd (%@%E%%ﬁ¥%v%a%) Crypg) a%%@etVEsEPt§°Fﬁefegag6ﬂﬁdvalu¢ as
t t t ACAT .
érﬁ%%wéﬁ E%?SE??s'eSﬁﬁéréEFQrﬁé?{sn@hZP?oﬁﬁgaﬁaﬁﬁ‘mmda was
rﬁ?B%?% i g g[rl} net abo |ctd_¥e5|st ance |( | nﬁdtlh‘?lg‘#eegsr%ﬂt
di

ENEASEERA &?%%tnaef tipiedo Bt s Lt ober PP
aéQféﬁPfgﬁ gsaggﬁﬁa%%& w§¥ReEB%B%Q§H1?B?héhgdroch%orlde)

0ScCl er oS € compoun resén

L nvepy 88019?%8” A@A‘%ekhﬁ%l@l%g LaRL BL r%a@%'tgﬂléﬁdm

t hus |s use és an~ prevent or ther peutlc

I I
b, f or L f&&gé 1 PIERM Qo o;%lh?cﬁ' PEC!&F 0SS present

cerV|ca rterioscl er

1§@é§@i8ﬂa§§§|ﬁéuﬁﬁsﬁéd@ﬁhlbﬁﬁhﬁnbﬁroﬁérﬂtﬁ@alﬂﬂlbltory
i schem c enteropathy, coronary arteriOsclerosis,

adePRLDgCckguOSaSendr ter that! efotbmpoentr 98¢l €npdrschloride) .
mal i gnant
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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21 8 January 2007 nephrosclerosis, acute nesenterlc:aJanuaryzoo7
vascul ar occlusion, chronic intestinal angina,
ischemc colitis, aortic aneurysm or
arteriosclerosis obliterans (ASO. Wen the conpound
(1) of the present invention is used as a drug, the
compound (1) or a salt thereof can be formed, either
singly or in conmbination with one or nore
NEFHETTREIR TP b | CEcr e s ke eher vesgular gocchnsion, chronic
excipient, a binder, and a diluent), into a dosage -
lﬁﬁﬁ&ﬁkﬂﬁﬂ1Qﬁg%aﬂﬁeﬂ%ﬁhem%®s®¢bst1§raﬁ@¥%€c pofdEYSN, Or
i njections, or suppositories. Such a drug preparation
ArAT RS ProRTEY Ak BIRFARGoWMSAEt hods.  For exanpl e, a
drugﬂg&;paratlon for oral adm nistration my
pro Bye f eempP@rd nflt hef cBhponraseny éﬁvenélon is used
present invention with one or nore suitable carriers
asg reldithdy e exeringt (Suchr a3 st hf chhenrahi ¢on, ber formed,
| act ose; a binder such , as sodi um

kfé}%wm el Hul G tha R 0%y bR 0Py E cRF I BPERe: a

P S 1 A PGP A RS, Faf L e,
t fl

TR LI S| P A B

[ stered, . ei thr orall

£ | nvent .
c p°a%®§ wraftg: b tr RS S P BRS1 <OF pF aPRYF BhoT Les-
5% el AN A0 LhEC B OBEhrLANEDNT Of L) ok Rown methods.

or examr e age, *sex,

Fosﬁ/r@! dl%g)éhﬁ L?%eﬂle%éaraﬂ? ﬁ‘a'fJﬂ( 8’9&? :Qémlgfs :ﬁﬂ:lon may

conpou esent invention for an a

bé%&ﬁé&ﬂééﬁ ¥ 0 P0R ?rﬁﬂgréghﬁoénéo(gpoofgthghﬁresent
nmpound (1) is prefe rab
invention with one or more suitable carriers including an
excipient such as starch, mannitol, or lactose} a binder such
as sodium carboxymethylcellulose or hydroxypropylcellulose: a
disintegrant such as crystalline cellulose or calcium
carboxymethylcellulose; é 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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8 January 2007 adninistered once a day or two or 8 January 2007
three tinmes a day in a divided manner. EXAMPLES The

present invention will next be described in nore
detail by way of exanples, which should not be
construed as |limting the technical scope of the

i nvention. Production Exanple 1 Production of
5, 6-di fl uoro- 2- mer capt obenzi m dazol e: _ '
admEn BF ERTRR 00BChi &1 8aNi PENEVP50Y5threg3tdBesnsl fayadn a
di ssolved in acetic acid (100 nL) and concentrated
dhVEHBE NP R@T acid (2.3 nL), and while the mxture was
vigorously stirred in an ice bath, zinc powder (6.91
g, 105.6 mmvol) was added thereto over 10 m nutes. The
resultant mxture was stirred for 20 m nutes at the
same tenperature and the®¥®FPLES0 nminutes at room
tenperature. Further, zinc powder (1.20 g, 18.35
nol ) was added thereto over 5 mnutes at the sane
te ature, and,the resultant m xture was stirred
for SberPrabeltal nVRBE SaHe R omBPAEUPE. CFRETABEEL fonTOTe
m xt ure was_copcentrated under reduc ressure, and
gt L Ry W %ﬁse%%%PiaFrzgalaPtﬁhaaﬁgoﬁgtseﬁuFavéarued as
icarbonate,. followed by filtration through use of
1%2&?'%3 g%% (37 ?%f%? ﬁﬁép%x?#agﬁgdlﬁY?ﬂ &%POroform
P{gﬁhépf%ﬁr§§gﬁéléa¥er was washed with saturated
rine. e pr

uct was dried over sodiumsulfate

pAORYLE L6 o AN 858gf9889§35é§%§g3ﬁ9g§§n%gﬂg@&g?;eQB 8

pressure, to thereby yie

3 _ b il ' | vedai t
Januay g B98TyoFher 59§g$g§g%§§§xgb§sg 2d3a008 5@8?5 was

m.), and pot assi nt hat € ( 15.

dP8s@bvaaoin ¥estPEdLLid (100 ml) and concentrated
hydrochloric acid (2.3 mlL), and while the mixture was
vigorously stirred in an ice bath, zinc powder (6.91 g, 105.6
mmol) was added thereto over 10 minutes. The resultant

| mixture was stirred for 20 minutes at the same temperature
and then for 130 minutes at room temperature. 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 under reduced

pressure, to thereby yield a brown oil (4.73 q).
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thereto, followed by reflux for 14 hours. The reacti @Uanuary 2007
m xture was concentrated under reduced pressure, the
residue was extracted with ethyl acetate - 1-nol/L
hydrochl oric acid, and the organic |ayer was washed
with saturated brine. The product was dried over
anhydrous sodium sul fate and then concentrated under
reduced pressure, and the residue was crystallized
f r oieh It forod hévamedissr i vrd eby gfdnp 5, 6200 mL), and
di fl uor o- 2- mer capt obenzi m dazole (5.58 g, total yield

Pog-Begs iamn Qr g3l v #ardrd trowde - 7 Prabd UjE 4 26n mdanplwa added
Production of 1-tert-butoxycarbonyl-4-[2-(5, 6-

theiratgor disddawadidrolref hux Hia) dihyiqupiser dhiengeactdon
solution of 1-tert-butoxycarbonyl-4-(2

T LEFAATEX YNEtsh A OTSi Erdi ate WdeqD kpdwsed Phafsiurd n e residue
(100 nL), while stirring in an ice-bath,

wagsy iegtiacfchevith sghyl g tenml)-mol/L hydrochloric acid,
4-di met hyl ami nopyri di ne (200 , 1.64 mol), and

angle tthen SE Gy | L aifi o rade "(aﬁhﬁ?g\,’lts‘la.sﬁéiqﬁﬁﬂ%d vaiige.  The
sequentially added. The tenperature of the m xture was

PRl ¥ TS PYUSF OB A0 TRk

was _.stirred for 50 mnufes. The reactjon m xture was
cORPRRARFY WP REHIIRT RiP IR TortbhiahR SRR Was
crré/%%%ﬁ.ﬁ%z’percgs fjorngic}ijrg:%;[:{fec}s : d—- ¥ War}sﬁ,gl’tsos Q:lhveerdeblyn yql\g:l_d 5,6-

.5.-6-di fluorq- 2- mer.capt.ohenzj ni dazol 5.Q0.q,, .26..8
dl%r%%lo)q:l,o &?agr[ae%s‘iza %b&fr ol?]na d;a .%4858’,5%6%{’5%05%1}1 )Sfle&h 21%) as

a %%Jﬁﬁgﬁgﬁﬁgggﬁﬂkﬁy’ 1.92 mol ) were sequentially added

nuar’y 2007 solution, followed by
Pfgddegfgi1gyéﬁ%§ Eﬂutes at 80C. The reaction mxture

was concentra der reduced pressure, and the
PriofRicdURMas AUt drtehUty:auaybddyica gel- @glgtm
difluorobenzimidazol-2-ylthio)ethyllpiperazine:

To a solution of l-tert-butoxycarbonyl-4-(2-
hydroxyethyl)piperazine (7.40 g, 32.13 mmol) in THF (100 mL),
while stirring in.an 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 dissolved 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

24



chromat ography (silica gel 200 g, hexane : acetone =g january 2007
8:1to 1:1). The product was crystallized from
acet one- et her-hexane, to thereby yield
1-tert-butoxycarbonyl --4-[2-(5, 6-
di fl uor obenzi m dazol - 2-yl t hi 0) et hyl ] pi perazine (7. 26
g, yield 68% as colorless crystals. np: 192. 3-193.0C
IR (KBr) : 3061, 2976, 2836, 1672, 1475, 1427 (cm 1)
soLMENvR , (zf@cquvedcm @tBrm%oﬁqgh‘PO §1)1n12t63>1 2t &0 (34H The

m,  2.94 (2H t, J = 5.4 Hz), 28 (2H, t, J. = 5.4
regetion X EE WagH, CQﬁcethlsaate;d emezﬁ rerﬁ}uceaal?ﬁﬁ%sqrer and
Production of 1-[2- 6- di fl uqrobenzi m dazol -

thy mesg)eten WasHipEr zﬁ% i‘thw{ql} i 54 Wi st .%Olaleiua)

salt: Under stirring in anlce hat h,
chgcpgﬁxmgﬁﬁgy@ clridoria -apl 200 hexane : acetone = 8:1 to

[2 (5,6- dlfluoroben2|n1dazol | t hi o) et zin

10, 2oty xSt tﬂi]dléoel‘icb bR |7 R ¢ et hexane,

aci.d 0 nlL) over nut es and diss d ter the
tomg& Yhald ek = sft‘?’ﬁgl?i“ LY AP sﬁ/ﬁ tr° ool i ng

h h, 00 d (100 ni. .
oLl S ST o SR i g g v
A G R e, el

6- di nzi m dazol - 2-yl t hi 0) et hyl ] pi per azi ne
mptrl :{T%U%T(ggcetl c acid) salt (9.58 g, yield 82% as

I’?ﬁ%z‘e’mfdgc,lo W% r28§§’4%76]ﬁ%o g2 TR 1671,

R, (o 49%%?) 870580, PR OF) 297 468, ¥y,

290 Ha, 8 7L 42y, 3.28 (2H, t, J = 5.4 Hz), 3.45-3.65

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

Example 1

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

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

[2- (5, 6-difluorobenzimidazol-2-ylthio)ethyl]lpiperazine (7.26

g, 18.22 mmol) was added to 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{trifluoroacetic acid)'salt (9.58 g, yield 82%) as a pale

yellow powder.
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. Producti on Exanple 3 Production of 8 January 2007

1-[2- (5, 6-di fl uorobenzi m dazol - 2-yl thi o)ethyl] -

4-f ornyl pi per azi ne:

1- Fornyl - 4- ( 2- hydr oxyet hyl ) pi perazine (1.11 g, 7.0

mol ), 5, 6-difl uoro-2-nercaptobenzi m dazole (1.30 g,

7.0 mol), and diisopropylethylamne (3.62 g, 28.0

nmol) were dissolved in propionitrile (50 nmL), and
nRy ahbhe? h{42 r et hyl phosphoni umi odide (6.80 g, 28.0

nnnl% was added thereto, followed bﬁ stirring for 1
THo{FBE) : 928 7 und2 6 ar §6h2, ThE83eakbibn HA&EulE ds

all owed to cool and then poured in water (100 ni),

"He-OMBo v WH Zox (M1 i t B - 78hBo? 6 61 Ai¢ 100, n-£9) (2H, t,

The Q%%Enic Iager was washed with saturated brine and
r e

J theh- arielr olerl ahfdrbusIsBd?uh B2l £ af /6 ARH/ tRE-

roduct was concentrated under reduced pressure. The
'Pﬁbékﬁﬁiﬁ%d%%Qmﬁk% rystallized from acetone-ether, to

POt tlon of 1T 062 0hBnST i Ghuprobenini 4 ephyRy vhthio) ethyl] -
R R A Dt T 9 40 0 b R (Kor) e 1.

oo 3 FEERy) 103 te-04Pryy 88y IR Eer AEL AR R L TRRG 0N o
ool (376-dgysrds kB eadediede i adib1 O 1 8a80q, 7.0
mii)s g fafRetbr S B ghging (18 282 g 128 Hmo1 PARere
dilsdPr &S 61 i ;]Saédi,'%[&bfﬂfﬂré dag®lw®¥y, and

yl t hi o) et hyl erazi ne:
cyanomethyltrimethylphosphonium iodide (6.80 g, 28.0 mmol)
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
satu;ated 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

(ZH’ t, J= 7.0 HZ), 7,38_7|58 (2H’ m), 7.97 (lH, S), 12.8
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1-[2-(5,6-D fl uorobenzi m dazol -2-ylthio)ethyl]-4 8 January 2007

fornyl pi perazine (1.70 g, 5.2 mol) was dissolved in

nmet hanol (20 nlL), and 12N hydrochloric acid (2 L)

was added to the solution, followed by stirring for

18 hours at room tenperature. The reaction m xture

was concentrated under reduced pressure, and

sat urat ed anmoni a- net hanol was added thereto,
(Mtb|9)owed by stirring for 5 minutes at room

tenperature. The solvent was renoved under reduced
MSr@yFirie, 32@nd t he 148sild@@)was purified through silica

geI col uim chromat ography (chl oroform: saturated

@-wethanol = 100:3), to thereby yi el d
4 6-di fl uorobenzi m dazol -

Pxa Ufﬁtd)oéﬂﬂﬁ]lm It 624 %@%fll‘wcgbel}ﬁ%?bd@%pé 2% a brown

oil. IR (KBr) cm1l; 2925, 2853, 1664, 1602, 1478,
yll%@@)qtiaallplmwf(m 3) 2.61-2.82 (4H, n) , 3.00

(2H, t 3 16

(2H, 11(23(5 & uir 513rc7b%zmhéaz?lzr? chmg%@}l

t QA B 58 501119 | G ek HRA ). Shaie hppeabved 18 hethanol
Pl P GG ) 1 M e

2-
sSpfForo kR 065%”0 tf]—‘%g(%%%r?éﬁ A8 B e

1
s b AL R i
t
S, DLt e

0 U SRSl N 159 |§@$1.er1rf1<¥" f@i‘\ESi mpa{u@@m&@tf@ém on

under reduced pressure, hereby yield
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-difluorobenzimidazol-2-
ylthio)ethyllpiperazine (1.40 g, yield 90%) as a brown oil.
IR (KBr) cml: 2925, 2853, 1664, 1602, 1478, 1435, 1364.
'H-NMR (CDC13): & 2.61-2.82 (4H, m), 3.00 (2H, t, J = 4.8 Hz),
3.10 (4H, t, J = 4.8 Hz), 3.16 (2H, t, J= 4.8 Hz), 7.16-7.42
(2H, m).
MS (m/z): 298 (M"), 70 (100).
Production Example 4
Production of 2,4-bis(2,2,2—trifluoroethoxy)—6—ﬁethyl—3-
nitropyridine:

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

mmol) was dissolved in 2,2,2-trifluoroethanol (250 mL), and
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2,4-bis(2,2,2-trifluoroethoxy)-6-nethyl - 3- nltropyrlchguanuary2007
e (45.40 g, yield 94% as a pale yellow solid. np:
72.8-73.2C IR (KBr) : 3432, 3111, 2975, 1610, 1585,
1535 (cm1). "H NWR (400MHz, CDCl 3) 5: 2.50 (3H, s),
4.49 (2H, q, J =7.7 Hz), 4.85 (2H, q, J = 8.3 Hz),
6.53 (1H, s) . Elenentally anal ysis as CLOH8F6N2O4
Cal cul ated: C, 35.94; H, 41; N, 8.38 Found: C,
Pgsagalum carhgnafe 45899, Eﬁé#pﬁem@oﬁaouaét@a@aﬁ thereto,

3-amn 4-bis(2,2,2-trifluoroethoxy)- 6-
fﬁ%gﬁypgypydgﬁglux for 21 hours. The reaction mixture was

4-Bis(2,2,2-trifluoroethoxy)-6-nethyl-3-nitropyridin
délur-aé poth, Water7 ARel Fheas Sip3estedd ton & ERCEBamoM1th
and a solution of sodiumdithionite (78.00

élomé%mmm?l}e i %rgwa%%rl%g@o e %%h%d@atbhé%%ated
under stlrrlng at 15 mnutes after starting

brheer eqet tHRN §r§8ﬂuPW8ﬁ éphgéapHﬁlSaﬁﬂﬁmoﬁuﬂéaGfﬁ ggllowed

ter (51 nl) was added to,  th

bgeSEPFsﬂtﬁPHBPeu &t A Fiucfé RERGBBECaf Lor t%éﬁpiyngleld

t | f sod i t hi oni t
20410483 264+ °9ﬁr§p§3eﬁw§é?6(§%thg§” e LAgREY i gine

(3°4D2RCT L3Ry Ky and 28,8 January 2007 then

4 -gpl [L.,aqygous sul furic acid (201 nL) was added to
m?heggegcgg 2 ﬁixture fol lowed by stirring for 30

TR RBES . a5499C. 31?‘86%9‘7@‘9 h@26L1 9881 ngg% VI’?E\A&

al l'owed'to co ol @baquebus afmonr a

stlrr|L é 30 nlnﬂc%pll %ﬁ I%Zﬁ o 9d @%P by J=17.7

tes he reaétl n1xture Vast
ndj | Uh@dsw(bﬁ wat ey ang hey)exir gst edgwi th chlorof orm

Elementally analysis as C;oHgFe¢N204

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-triflucroethoxy)-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 mL) 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 mmol) 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 mL) was added to the reaction mixture and
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The organic |ayer was washed with saturated brine an
then dried over anhydrous sodium sul fate, followed @January2007
concentration under reduced pressure. The
t hus- obtained crystals were recrystallized from
hexane, to thereby yield 3- am no-2,
4-bis(2,2,2-trifluoroethoxy)-6-nethyl pyridine (32.91
g, yield 8022 as pal e yell ow needl es. np: 53.5-53.8C
then (KBrpred 1@3&MHUQ©%8 Mgey, crggd etiqns qicmegction, 4
1H NVR (400MHz, CDC 3) 5: 2.34 (3H, s), 3.66 (2H, br.
neg)/L agmpyrsulfugic acid 301 mLygwgasHdded Jte €he
Hz), 6.35 (1H, S). Elenmentary analysis as
raap&Hanehﬂ{P@r65F@QilOWEmchya$éﬂrrtng380243okmiﬁu56s at 90°C.

N, 8.92 Found; C, 37.96; H 3.19; N, 8.94 Exanple 4
AffeyqUdis gieagtion mixture was allowed to cool, 28% aqueous

2-brono-N-[2, 4-bis(2,2,2- trlfluoroethoxy) 6-
AMRATHA plté .IﬁLB Wa 3 rddet deerete NI eRt FOP LAY wkth ice,
(.20. 46 168, I%Omas added to a solution of
f@%ﬁ%g&y 45*5}@(@@ ¥ r39 1k hoxyjhes reaction mixture
th d 42. 29 139.
W IR TR Chtde (Se: 2818 %%a‘?%/t?%)%‘?ed 5t g} erefRm.
t t d d J
r;,“ b B o et AN AL e g nen

9 ARE BTt P hg To O FR e, THESTERc on
céﬂﬁn%ﬁier%f%} dlllllléjé drecw,légdvgrtee% L?rnéj ”&%n rac ?:[aﬁ.ned

orm he or gani aye was was

h
P Gk ee“g‘?lt’%'chﬁygtggﬁﬁ%%tﬂd?‘??ﬁéﬁ%@%y@#e uceeggy Wleld 3-
arfiifHI £-bi §¥3}53§Lf¥§fﬁﬁ5¥béfﬁ§ﬁﬁiSGNﬁgéhylpyrldlne (32.91

g, yield 80%) as pale yellow needles.
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 CioHi10FeN202°0.55H,0:
| Calculated: C, 38.24; H, 3.56; N, 8.92
Found: C, 37.96; H, 3.19; N, 8.94
Example 4
Production of 2-bromo-N-[2,4-bis(2,2,2-trifluoroethoxy)-6-
methylpyridin-3-yl]lacetamide:
N,N-Dimethylaniline (20.46 g, 168.8 mmol) was added to
a solution of 3—amino—2,4—bis(2,2,2-trif1uoroethoxy)— -

methylpyridine (42.29 g, 139.0 mmol) in dichloromethane (600
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recrystallized from chl orof orm hexane, to thereby 8 January 2007
yield 2-
bronmo-N-[ 2, 4-bis(2,2,2-trifluoroethoxy)-6-nethylpyrid
n-3- yl]acetam de (50.25 g, yield 85% as colorless
needl es. np: 152.8-154.0C IR (KBr): 3250, 3053, 1677,
1597, 1541, 1456 (cm1). 'H NWR (400MHz, CDO 3) 5:
2.43 (3H, Sg-, 4.02 (2H, s), 4.42 (2H q, J = 7.9 Hz),
mly .7gWhaie eJméxguseHzlﬁs StarredHungler cpodgn@lMithr ice, a
s) . El ement al | y anal ysis as Cl2H11Br F6GN2O3
SOéaafelmrat% brongrayl pronige N8 6/39, Flthd mmol) in
34.13; H, 2.66; N, 6.65 Exa 5 Production of
dlflﬂ(lﬁr[ozw(télasmﬂ%mﬁemsn&ﬂm _thereto, followed by

| t hi o) et hyl ] pi perazi n-1- N-[2,4-bis(2,2,2-
St%/ rlrfli%rfd’é% Hd*{:yl)l%lq?ét hylrg‘?r reRFTIOoN pa&stas M’@S diluted
, ound [2--( -Di f| uor gbenzi m dazol -
ht aPd h?m dabg%} aezstrréqtrq%(wlrm | okt aah@) organic
la?ya?lft 4. 00 %h% gt) g and, pot assi ur&g@}rqt}ggﬁgfﬁd over
nixaofﬁ’”' h SR RO S g sBah e G Fat Lo undex
o etrspre iTPFuspgsm&wngdﬁgﬁwﬁs}ﬁ HeRes-
0 d t
r@@r]ﬁ%%&al AL f%*el%m%o PRt e Theatine Vit 2-
R T T A
t I St
VISR %ﬁ“’%?o?% A H B SIS it
washed guitdy saturated brine and then dried over

anhy rous
IR (KBr): 3250, 3053, 1677, 1597, 1541, 1456 (cm™) .

*H-NMR (400MHz, CDCl;) &: 2.43 (3H, s), 4.02 (2H, s), 4.42
(2H, q, J = 7.9 Hz), 4.78 (2H, q, J = 8.5 Hz), 6.47 (1lH, s),
7.49 (1H, br s).
Elementally analysis as ClﬂhlBerbO3

Calculated: C, 33.90; H, 2.61; N, 6.59

Found: C, 34.13; H, 2.66; N, 6.65
Exémple )
Production of 2-(4-[2-(5,6-difluorobenzimidazol-2-
ylthio)ethyl]piperazin—l;yl]-N-[2,4—bis(2,2,2—
trifluoroethoxy)-6-methylpyridin-3-yl]lacetamide (compound
1b):

1-[2~(5, 6-Difluorobenzimidazol-2-
ylthio)ethyl]piperazine tfis(trifluoroacetic acid) salt (4.00'.

g, 6.25 mmol) and potassium carbonate (31.26 mmol) were
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sodium sul fate, followed by concentration under
reduced pressure. The residue was purified through 8 January 2007
silica gel colum chronmatography (silica gel 150 g,
hexane : acetone = 4:1 to 2:1 to 1:1). The
t hus- obtai ned crystals were recrystallized from
chl or of orm hexane, to thereby yield 2-[4-[2-(5, 6-
di fl uor obenzi m dazol - 2-yl t hi o) et hyl ] pi perazin-1-yl]-N
dqs§amved in acetonitrile (100 mL) and water (30 mL). While
bis(2,2,2-trifluoroethoxy)-6-nethyl pyridin-3-yl]acetam
thaso (& ih gyasyi st idedgunden qad kiye | wiovh poveler?-lmpomo-N-
191-192C IR (KBr) : 3275, 1686, 1604, 1591, 1509
[2(1('..4TT\-hZ|i)s. (nglml(memw"r@tmmqmngj
2.42-2.62 (84 m, 2.67 (2H, t, J =6.7 Hz), 3.30 :
yi(lagetamide 4@ (2H 9.t ,5 P2 udl) hpds ad@d (erefo Jover 15
8.8 Hz), 4.90 (2H -q, J = 8.8 Hz), 6.91 (1H, s), 7.47
mirpHesy) , Toe7reppgragyrel 2 f82hel Mixurs) welse@ddoaleldy to
anal ysis as C25H26F6N6(BS Cal cul ated: C, 46.73; H
refps 9 nemgenmARREWG, G Ehenigtpre \Was Bigrred for
Production Exanple 5 31 8 January 2007 Production of .
liihqqﬁﬁ%}_gh@§@@§§@§beﬁ@ﬁwg@gg5ﬁ@p mixture was diluted with
-fluoro-2-nitroaniline (8.00 qi was

wadisds Arfed-hsh et Heafdted 160- S ,lérflfa‘ﬁzqztr@n%mlﬁe organic layer
al | adi um car.bon owder (0. 80 s added f{hereto,

wdRp VAR B S8 3 R GT BF IRo e Aeeb Gih kgt (fahydrous
ScU5] AH LT SRR et 3L ALY S 08
oA HERE, PASROUS s e L85 PE B8 LU Y SO covumn
C Vi eraj:to%\%p]ﬁf)tsfﬂé§%eelby1§/d e&’d I9e>parr9em: oa'clet(o§'ie67= 94:1 to
2:1 to 1:1). The thus-obtained 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—trifluoroethoxy)—6—methylpyridin—3—yl]acetamide
(3.04 g, yield 91%) as a pale yellow powder.
mp: 191-192°C
IR (KBr): 3275, 1686, 1604, 1591, 1509 (cm™).
H-NMR (400MHz, DMSO-d¢) 8: 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, T = 6.7
Hz), 4.82 (2H, q, 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)
Elementally analysis as C;5Hz6FgNgO3S

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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The brown oil (5.64 g, 44.72 mmol ) was dissolved in

et hanol (150 nlL), and potassi um 0-et hyl xanthate (8. 60 8January 2007

g, 53.65 mml) was added thereto, followed by reflux

for three hours. Potassium O ethyl xanthate (1.43 g,

8.92 mmol) was further added thereto, and the m xture

was refluxed for 2 hours. The reaction m xture was

concentrated under reduced pressure, and the residue
Priggiiqiuory iafd &ﬁhmﬁmwammwe( silica

gel 150 g, hexane : eth acetate = 2:1), to thereby

yi el4& BLyanordo-rpl ey Jdtfén(z& MYazol Bl ( g@nng) wael d

79% as_a brown powder. Production Exanp le 6
dipsedyed d Gfetilatfb?rlt BROmIdar ravely | 1O [pzal(lsadlum carbon

fl uor obenzi m dazol - (glthlo)ethyl] I perazi ne:
ponides (B0 a)csasorpide ity par s hering for 4

(6.00 g, 26.05 mmol) was dlssolved in THE (36 niL), and
hOtwnSetartylrmnhete(r@ezr@fglresslrwr d}rqﬁﬁal ptmosphere. The

di met hyl am nopyri di ne (159 qg 30 mmol ) wer e added

n

L a3cdridiro Mz Wy &) afffarft d@Fidﬁﬁilﬂk}Wﬁ%q?|Wﬂ§ a
solutlon of nethanesulfonyl chl oride_ (3.58 31.25
CORRANE o SFHENCER Tt s ch A SWopwi 88 £6SiREe was

The resul tant m xtur tirred . for ur
PR RS (R A H RS G A Idorthiattrane
er_r ced pressur.e. ,The residu di ssol ved
R sttt St T TS g L LY R oS o
@hure, 5- fluoro 2- mer capt obenzi m dazol e (4.82 g,
yjfgﬂgginﬂnl) potassiun1carbonate (5.40 g, 39.07 nmol ),

2t SR S P o A Pl o R
ettddd 1 1 18RO e G b SRR AT W 68,
concentrated under
53.65 mmol) was added thereto, followed by reflux for three
hours. Potassium 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]piperazine:
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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pressure, and water was added to the residue, follo
by extraction with ethyl acetate. The organic |ayer
was washed w th water and saturated brine, and then
dri ed over anhydrous sodiumsulfate, followed by
concentration under reduced pressure. The residue was
purified through silica gel colum chromat ography
(silica gel 150 g, hexane : ethyl acetate = 2:1 to
UnBelr tapdlit)g wicch hierebya ys@l wt ilon esf -niveit oaayesu biboryy 1 4-
(2-(5-fluorobenzi m dazol - 2-yl t hi o) et hyl ] pi per azi ne
chlar2i®iey, (3 yokelg 73P425 IdhdNVR {1 OONMHz (9 GO 3yaH:add<dd
(9H, s), 2.63 (4H, t, J =4.9 Hz), 2.94 (2H, t, J =
dropvigd t3. 120 (RiktureJ The Feidr)ltadtcsHixiae tWwas) stirred
4.9 Hz), 6.93 (1H, td, J =9.2, 2.5 Hz), 7.19 (1H
fadd,1 hou. dhd Xemzfilirated lHnddshe £t vatel wasy) .
Exanpl e 6 Production of 1-[2-(5-fluorobenzi m dazol -
cofadntatery | Jrpigersedwneed rpsés sufe uolTbec atesd dusi Was
salt: 33 8 January 2007 VWhile trifluoroacetic acid
difsisokgd was ¥F r (20 iader Ydddla ipenisod utden was stirred at
1-tert-butoxycarbonyl -4-[2-(5-
rofam drIteetza i tkiz 03 = DLy X i e ¥sA R e ainida 16l $0( 4, 82 g,
17.08 nmol) was added to the acid over 30 m nutes_ and
28y 6 gl ¢ 1Bl piumrhea Fleopatat (P A OfI1 he nQZ(tIml Wasand

allowed to return to roomtenperature, and th

187G Nakt 8t inded f OF ms@l}nm%ssew@?@aﬂw adqerrto the
hexane re added. theretpo,, and the solid. f
ST | A AL EoRE T e A 2ot Tt fpf 2 hours
duct was washed with ether, to thereb I é--
%gﬁqfﬁ fFBSrBBéﬁEFﬁPdﬁiﬁFuﬁeyWFﬁlS?BFﬁ9F¥B¥E§rHB f& reduced

eslssl,(g‘“ fa'u%J r atgezt'lvga aCIg&eéat t( 19 Pesgdugl e]{‘cgjlf w@d by

I own po
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)ethyl]piperazine (7.28 g,

yield 73%).

'H-NMR (400MHz, CDCls) &: 1.49 (9H, s), 2.63 (4H, t, J = 4.9
Hz), 2.94 (2H, t, J = 5.9 Hz), 3.29 (2H, t, 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).

Example 6

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

ylthio)ethyllpiperazine tris(trifluoroacetic acid) salt:
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: 127.7-129.3C IR (KBr) :3143, 3032, 2731, 1789,
1747, 1660 (cm1). 1H NVR (400MHz, DMSO d6) 6:
3.29-3.47 (84, m, 3.48 (2H, t, J 6.6 Hz), 3.62 (2H
t, J =6.6 Hz), 7.03 (1H, t, J =9.0 Hz), 7.32 (1H
d J=9.0H), 7.48 (1H, dd, J = 9.0, 4.4 Hz), 9.36
(2H br), 13.76 (3H, br). Production Exanple 7
Producti on of
1- [ KB |uorbDhemzdadelazola@ig|  hi ollet hyad -4tirred under
fornyl pi perazine: .

coblRargmpi-th (iZehy dr-dhepet iy Y e dodmel (4~ PO~ 65~ 7. 6
nmol ), 5-fl uoro-2- ner capt obenzi m dazole (1.28 g, 7.6

fhunﬁ@henzmmidﬁZQ&nQTM%MhﬁdﬂﬁthﬁlﬁpiEﬁEE%%ﬂeEKﬁ45QnﬁM)17~08
was di ssolved in propionitrile (50 n), and

mmpdanovest ldded st il rssisharvarm 39 d@mrdetqsr 3yl [disgmplved
nmol ) was added to the mxture, followed by stirring

tHeagretb holheat egpEragane @ﬁgane THes tlage tMagn ad4 ogred to
January 2007 mxture was allowed to cool and then

refowred-d MRt IP{UTDITRY) ,and| Fhadtl By ek tWagt3ohrred for
with chloroform (100 nL x3) The resultant organic

3Q Wigrutgss wIbREGaliter /s sthedt b hiskergnderehedldad ddpereto,
over anhydrous sodium sul fate, followed by

art%mtsr%dormmm wae%lﬁ%]dlep%%%u‘#érom tilkpption. The

AR e ey pasy crdsied VIR ER0E, A0 net by yield 1-

[% AT nz‘ﬁﬁrge’?%lz’%@a e Lot o pLpeg 2zl ne
t%%tgg%noi %%3 KR %%R(J?%\%b%@) ie§§5%%%)(2ﬁ .

Hz) 244(2H t, J = 5.0 H), 2.70 (2H,
b’{dwrbpovg’g‘b , 3.22-3.38 (4H, m, 3.42° (2H t, J =

mp7:' Olﬁ)7_162§73°% 98 (1H, m, 7.23 (1H, br s), 7.39

IR (KBr):3143, 3032, 2731, 1789, 1747, 1660 {(cm™).

8 January 2007

'H-NMR (400MHz, DMSO-de¢) &: 3.29-3.47 (8H, m), 3.48 (2H, t, J
= 6.6 Hz), 3.62 (2H, t, J = 6.6 Hz), 7.03 (1H, t, 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 mL), and cyanomethyltrimethylphosphonium
iodide (7.39 g, 30.4 mmol) was added to the mixture, followed

by stirring for 1 hour at 92°C under argon. The reaction
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(1H, br s), 7.97 (1H, s), 12.6 (1Hs). M5 (mz) : 30
(M), 140 (100). Exanple 7 Production of %January2007
1-[2-(5-fl uorobenzi m dazol - 2- ylthio)
et hyl ] pi per azi ne:
1-[ 2- (5- Fl uor obenzi m dazol - 2-ylthio)ethyl]-4
fornyl-pi perazine (1.80 g, 5.8 mmol) was di ssolved in
nmet hanol (20 nmL), 12N hydrochloric acid (2 nL) was
migtidek twes et blowdad| toweeb byarsd | thémgodwred 8imoarwaher (100
roomtenperature. The reaction m xture was
migloncemt Yewed iy dextraduten widsschrborafermst @@ anedx3) - The
amoni a- met hanol was added thereto, followed by
- resuktamy doyasien ayes was rvomhednpetlatsreurgted brine and
sol vent was renoved under reduced pressure, and the
thmimmvmrammwomﬁrmi$ml:ga1'g%,| tol Lemed by
chronatography §chloroforn135 8 January 2007
cangentral er meediaed prageury; tlhea rruslsy pradurt was
1-[2- (5-fl uorobenzi mi dazol - 2- yIthlo)ethyI]plperaZ|ne
cqnsmlblze@uﬁwwa%t%eaemm o | therebxpriekdn I (2- (5~
3059, 2947, 2815, 1626, 1602, 1482, 1444, 1408.
flmmz@r( PNy L T 25@“3@@@537@# mrmzlmp%wme §1.87 g,
Hz), 2.67 (4H, t, 8 3.39 (2H t, J =
YJﬁelgik&‘i%) %S%%r%n(qwsmll#n%pw#rdd J = 9.5,
2.5 Hz) 1H dd, J =8.8, 4.9 Hz). M5 (mM2z) :
m%olﬁ‘\ng-ﬂfroo 100) Exanpl e 8 Production of

% lﬁff“b)z {I%;H Qég 55'3’{1 d?éFBNFEZE rpitE@8: 21503, 1446.
g Evﬁ@%t%?é%y’ SR A3yl assiands oy o

5.0 Hz), 2.70 (2H, t, J= 7.0 Hz), 3.22-3.38 (4H, m), 3.42

(2H, t, J= 7.0 Hz), 6.87-6.98 (1H, m), 7.23 (1H, br s), 7.39
(1B, br s), 7.97 (1H, s), 12.6 (1lE s).
MS (m/z): 308 (M'), 140 (100).
Example 7
Production of 1—[2—(5—fluorobenzimidazol—2—
ylthio)ethyl]piperazine:
1-[2-(5-Fluorobenzimidazol-2-ylthio)ethyl]-4-
fofmylpiperazine (1.80 g, 5.8 mmol) was dissolved in methanol
(20 mL), 12N hydrochloric acid (2 mL) was added thereto,
followed by stirring for 18 hours at room temperature. The
reaction mixture was concentrated under reduced pressure, and
saturated ammonia-methanol was added thereto, followed by
stirring for 5 minutes at room temperature. The solvent was
removed under reduced pressure, and the residue was purified

through silica gel column chromatography (chloroform :
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1-[ 2- (5- Fl uor obenzi m dazol - 2-yl t hi 0) ethyl ] pi perazin

tris(trifluoroacetic acid) salt (6.92 g, 11.12 mmol )%January2007

and 2-

bromo-N-[ 2, 4-bis(2,2,2-trifluoroethoxy)-6-nethyl pyrid

n-3- yl]acetamde (4.50 g, 10.59 mmol) were suspended

in acetonitrile (90 nL), and potassi um carbonate (5.85

g, 42.33 mmol) was gradually added to the suspension.
saleratied pmanarisa—reiranel forl® ndur statthewekby vield 1-[2-

tenperature, and water (100 nL) was added to the
(IdEdatqdwrben admirda 29 ot 3 oikleh 18) ebdtybiRingraning e h3d 9.

acetate. The organic |ayer was washed with saturated
Yigliche8ldnd ahen rovey Q)\/J)ér anhydrous sodi um sul fate,

fol | oned by concentration under reduced pressure. The

IR e6fBile s pdPitPied %fr od$d Ssi 1162 gl Gl UHAB2, 1444, 1408.

) chr omat ogr aphy %Chloroforn1: nmet hanol = 50:1). The

Ht-N&- dBM&OTal®) or psRaB8-3648 J4Huamy 28062 i@He t, J = 6.8
recrystallized fromacetone-ether, to thereby yield 2-

Hz)[,4-3 267 5(4H udi obdrizi 4 $a3e) ~ 23 433 hi et by | 7 ot per&AHk,
l-yl]-N

6{92?/“446?85(@1,1@, P i ti2dr BBIhEd) - 6-Tred tid p§re AL e-7-3° (1H,
| Jacetam de, (4.72 g, yield 71% as pale brown prisns.

ddy:J 188 P18 FEIR (KBr): 3282, 2824, 1509, 1413,

272 11 COH 400Mz, CDO3) S 2.41 (3H,
M%)(,_m’zz.)a*a%(gi&%)éw, 7r%,(l¥|\@.)§;7 (2H, t, J =)5.1 He) | (3 25

t,.d = 5.1 H), 3.29 (2H s), 4.41 (2H, q, J = 8
E’ga?‘g”l—%)ff 4.75 (2H,)q, 372 §% Hz)? 6. 45 ElH, 9 6 93

PUiyfon P 2 1 P Eta AR 2
A P e A 2P M B«
trifluorocethoxy)-6-methylpyridin-3-yllacetamide (compound
la):

1-[2~-(5-Fluorobenzimidazol-2-ylthio)ethyl]piperazine
tris(trifluoroaéetic'acid) salt (6.92 g, 11.12 mmol) and 2-
bromo~N—[2,4—bis(2,2,2—trifluoroethoxy)—6—methylpyridin—3—
yl]lacetamide (4.50 g, 10.59 mmol} were suspended in
acetonitrile (90 mL), and potassium carbonate (5.85 g, 42.33
mmol) was gradually added'to the suspension. The mixture was
stirred for 5 hours at room temperature, and water (100 mL)
was added to 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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Production of N-[2,4-bis(2,2,2-trifluoroethoxy)-6- 8 January 2007
nmet hyl pyri di n-3-yl]-2-[4-(2-hydroxyet hyl) pi perazin-1I -

yl ] acet am de: 1-(2-hydroxyethyl)piperazin (1.95 g,

15.0 nmmol ) and 2- :

bromo-N-[2, 4-bis(2,2,2-trifluoroethoxy)-6-nethyl pyrid

n-3- yl]acetamde (5.00 g, 12.5 mmol) were dissol ved

in acetonitrile (30 nm), and potassium carbonate (2.25

wefe I Ysht)igd Grieeo A e o HiRreRxtyield 2-
was stirred for five hours at_ roomtenperature, and
- [4e 7 i ol sa il dio L o 130 el i @ T Xakiekpe Faw A ywletly 1 ] -N-
by extraction with ethyl acetate. The organic |ayer
[ Zefs Rres Herd? it HE Infelk W e et lur et o T e 1 3t i ed
over sodium sul fate anhydrate, followed by 37 8
Yageanitn 7(4 cohc@ent ¥ idbn Iindeds rRakr F e Syikns -
The resultant residue was purified through silica ge
miio| Lfidr Chirehat 6gr aphy  (devel opi ng sol vent :
ampni a-sat urated net hanol / chl orof ormel/ 20) to,
IR Wiy yiddar A4 7030 AL, 1272, 11667 (cm'?) .
1 trifIuoroethox¥%%$-nE%hylp ridin-3-yl]-2-[4-(2-
H RO § G0Ny ppErLab  §t 12 Y1 ab¥lant lie 25662 1 y(@ia:m)
9 col orl St 1 (cpa 8:..2.4
2%’?‘2359 & 4h o B ?’%{l %%E@NN(R%H%%} F’é.'s%-” (2H,
Hz) 1, (2H s),_ H £, . 3 Hz)
Dot B P oYy Y E AT PE by e g s
H,<\S), 3 1 br-s) Pr i f
(1(5%'[ 45-)[')2-6('5%336-5%}?’I l';{odr’ob%nzidrzﬁ)%g?o1e§ %?Z) FOPUBIP R 28, m),

O bR Hoy 6 Tt A B 1 i - 1] acet am de
ENMAHAA arld)ysis as CpsHp7F/NgOsS:

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—[2,44bis(2,2,2—trifluoroethoxy)—6—
methylpyridin—3-yl]—2—[44(2-hydroxyethyl)piperazin—l-
yl]acetamide:

1-(2-hydroxyethyl)piperazin (1.95 g, 15.0 mmol) and 2-
bromo-N-[2,4-bis (2,2, 2-trifluoroethoxy)-6-methylpyridin-3-
yllacetamide (5.00 g, 12.5 mmol) were dissolved in
acetonitrile (30 ml), and potassium carbonate (2.25 g, 16.3
mmol) was added to fhe solution. The mixture was stirred for
five hours at room temperature, and the reaction mixture was
diluted with water, followed by extraction with ethyl acetate.

The organic layer was washed with water and saturated brine

and dried over sodium sulfate anhydrate, followed by
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Under argon atnosphere, N-[2,4-bis(2,2,2-
trifluoroethoxy)-6-nethyl pyridin-3-yl]-2- 8 January 2007
hydr oxyet hyl pi perazi n-1-yl acetamde (4.0 g, 8.43

mrol ), 5, 6- difluoro-2-nercaptobenzi m dazole (5.8 g,

31.2 mmol ) and triphenyl phosphine (7.8 g, 29,7 muol)

were dissolved in NN dinethylformamde (170 nL), and

under cooling with ice diethyl azodi carbonate (40%

R L S .
e i MR IR R oy ek Graaony

SR Yo TN LT 0,20, oy
SFLSATIAE B bY UR Y 12 PR o,
ool i eSO B s Lo T Dy o v,

- - _sat yrat rine then dried =
PSSR e B, St e 0 L s

c60pgepkEati-gasyfder reduced pressure. The residue was
purified through silica gel colum chromat ography

1 dawel apfd 29! venb; hi orgf orm, .. _ammpni a-sat urate
nethangﬁmgggoofs%fqgo(%erfgbyzyﬁgl2’ i)', 2‘%7 (2H,
t2-F4=[8: 6518) di Bl wor gbanzisyi dazek- 2, =

yl thi o) et hyl | pi per azi n-(-y?}-l\p[z,i-gi’sfz, 4 5.°:3 Hz), 4.41
(28} fguoroet Boryh=z6; met hyl pyhi dgn- 3- vl pageyam d ﬁg
- g, yield: 90.1 % as colorlesg crystals. Téét%Eﬁg Fg’ s)
8138 TexsH, flor. ACAT inhibitory activity in J774A cells

J774 cells (2x105 cells/well) were seeded on a 24-wel |
Example 10

Production of 2-[4-[2-(5,6-difluorobenzimidazol-2-
.ylthio)ethyl]piperazin—l—yl]-N—[2,4—bis(2,2,2—
trifluoroethoxy)—6—methylpyridin—3—yl]acetamide (compound
ib):

Under argon atmosphere, N-[2,4-bis(2,2,2-"
trifluo;oethoxy)—6-methylpyridin—3—yl]—2—
hydroxyethylpiperazin—l—yi acetamide (4.0 g, 8.43 mmol), 5, 6-
difluoro-2-mercaptobenzimidazole (5.8 g, 31.2 mmol) and |
‘triphenylphosphine (7.8 g, 29,7 mmol) were dissolved in N,N-
dimethylformamide (170 mL), and under cooling with ice
diethyl azodicarbonate (40% w/v:toluene solution, 11.0 mi,
25.3 mmol) was added dropwise to the mixture, followed by
stirrihg for 1.5 hours at the same temperature. To the
reaction mixture, ethylacetate and 1 mol/L of hydrochloric

ﬁ_acid were added, and aqueous layer was
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pl ate and i ncubated for 24 hours in DVEM (10%BS, 50
L). After replacenent with a new nedi um
25- hydroxychol esterol (10 g/ nL) and ACAT i nhi bitor
(final concentration: 0, 10-9 to 10-5 nol/L) were
added thereto, followed by incubation for 18 hours.
After washing with 0.9% sodium chloride, the lipid
was extracted wi th hexane-isopropanol (3:2) (250 L)
sepatateen Chehobgxsate- lagpropasofuf3hgy e25@actedgaiith 1
The extracts were conbi ned, and the sol vent was
moneMO\gdr ocEYe dihis -acalet.ai fbed ehliokestselalyeeswas CORbinas and
quantified through the fluorescent enzyne assay. The
thee ldess flrtamtwhd icdt uree Waspiadl Keddl zdsbdry esddiamt edvawaseide (1
subjected to protein assay (mcro BCA 39 8 January
ma00) , axddywed doyt erstac tdetre i e ¢ttty laraeattatof. CEhe
per mg of protein. Froma CE production ratio of the
origesti  drpsun dvasvivdshess peidth twattdratangd sdeingrmd girine and
I C50 (concentration of the conpound inhibiting 50% of
them phoduttawey amtsydeducul sadidim sgulNeat e Thieo kleangd Pwr e
shown in Table 1. As shown in Table 1, the conpounds
cqrieen trat {crb)unde e xehidedrmresshere Fbgh tAGATue was
inhibitory activity. Table 1 ACAT inhibitory activity
PB7Zed it Boughesoi higa Cifith st Sh B pHGRRY (1¢5veloping
75 Conmpound (B) HA 59 Test Exanple 2: Test on
sqisteitol | S LAEMF QIR y: | IR $3VEA LR ARt = 100:3), to

d i th Tap] crj bed bel ow, . R
DR e ot e <y A St e S 488 hoan

S .
yléﬂfg?ethyl]piperazin—l—yl]—N—[2,4—bls(2,2,2—

3 January 2007

trifluoroethoxy)-6-methylpyridin-3-yl]acetamide (4.9 g,
yield: 90.1 %) as colorless crystals.
Test Example 1: Test for ACAT inhibitory activity in J774A
cells

J774 cells (2x10° cells/well) were seeded on a 24-well
plate and incubated for 24 hours in DMEM (103FBS, 500 pL).
After replacement with a new medium, 25-hydroxycholesterol
(10 pg/mL) and ACAT inhibitor (final concentration: 0, 107°
to 10~° 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 uL) again. The extracts
were combined, and the solvent was removed. The thus-
obtained cholesterol ester (CE) was quantified through the
fluorescent enzyme asséy. The cells from which the lipid had

been extracted were subjected to protein assay (micro BCA
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al bum n were added to 0.1 nol/L phosphate buffer (pH.
7.4), and a solution of a test conpound (100 pM in8January2007
acetonitrile (0.01 nL) was added thereto. The m xture
was pre-incubated for 5 mnutes in a warm bath at
37C, and human liver mcrosone (POOLED HUVAN LI VER
M CROSOVES, Lot. No. 20, product of GENTEST) was
added thereto, followed by allowing reaction for 30
assayitesa rihenerymdsdermdne3tbe mnoamtgqedt CH peas oy of
was collected fromthe reaction mxture 0 and 30
protedites BEomrat 6B praducstonesetionoff sheokegtbgompound
extractions. The amount of the test conpound was
widdt eresipesd ther ddght 9 checa trsduarifFseobgonsert gagion of
per cent age of the unchanged conpound after 30 m nutes
thwasopgcsuichtieh ibedd ok Gheo &rﬂjmq@lcéqlm)i gfes gedculated
area after 30 minutes/peak area at 0 mnute) x 100.
-atThe4r.esults are shown in Fig. 1. As is shown in Fig.
1, conmpounds (la) and (I b) were confirmed to have
dr asEhe aresul s ethorgt abvl Fabkest st &fcSHowrhdiadable 1.
liver mcrosone as conpared with conpoupd (5{% )
thenwemrainsts dé)2) st e 0 )ootRFssi 7ot e d e eatg ity ACAT
., mxture of Humgn liver mcrosone (1 nL) Human liver
inhiQidHne IPEAEY 0.05 containing 1 ng of protein
in 0.05 mL nL NRS(NADPH regenerating system
TaBle Ltion: containing, in 0.25 nL thereof, 0.25 2 ny

of R-nicoti nam

le- adganeniibofyeRtivity: JP4A0EARY 1EQ! (M)

tvype 11 2o pf D g ucose 6- phospnagLe df sodi um_  and
_Eaﬁéop t]'a)f nlgll\nca g nhaocn ni-E AnE\lg?nﬂr\nnr\r\ 1404

0 T T T sl TP O A4 ‘PTIV Pllul. o upllyuu bellu\)c 2 /U
CompawdedIm al bumin 0.25 /

Compound (B)-HCI

59

Test Example 2:

Test on metabolic stability in human liver

nicrosome

In accordance with Table 2 described below, an NRS

(NADPH regenerating system) solution and 16% human serum

albumin were added to 0.1 mol/L phosphate buffer (pH 7.4),

in acetonitrile

(100 pM)

and a solution of a test compound

(0.01 mL) was added thereto. The mixture was pre-incubated

for 5 minutes in a warm bath at 37°C, and human liver

microsome (POOLED HUMAN LIVER MICROSOMES, Lot. No. 20,

product of GENTEST) was added thereto, followed by allowing

reaction for 30 minutes in a warm bath at 37°C. An aliquot

(0.25 mL) was collected from the reaction mixture 0 and 30
minutes after the start of reaction, followed by extraction’.

The amount of the test compound was dete:mined through HPLC.
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0.1 nol/L Phosphate buffer (pH 7.4) 0.44 nL

Acetonitrile solution of test conpound (100 M 0.01 8 January 2007

nmL Total 1 nmL * Extraction procedure To each sanple,

gl ycine buffer (pH 10, 1.0 nL), an internal standard

substance (0.1 nL), and tert-butyl nmethyl ether (5.0

m.) were added. The m xture was shaken for 10 m nutes

and then centrifuged at 2,500 rpmfor 10 m nutes, and
Resigualg asincdrdyage voefs the [wotheahgetestom®aanyd eafXer 30

Solubility test (Japanese Pharmacopoeia Solution I) '
ninlte s) arasaraa 120004 t eéh dda sass tore driyso uied. sl i sssplaftsichri in peak

acetonitrile to forma 100M sol ution, and the sol ution
anggs addded 30 nigpdesyeeadh @t Gtod aigeitiali on 410G o

forma 1000 ng/nmL solution. The resultant solution

was Bt rresii ¥ty apoe mhmdresin diidy anl al Agudts shbwa Jinndsig. 1,

placed into an injection tube and then passed through
coapeunda f(YalerancdHLGIDI Sterks cardtiamyesh|bpeftavekahtastically
 Kagaku_Kabushi ki - kai sya). The filtrate (0.5 nL) was
imprgvas e tadalde aasiEtanse pitodedare L i vy R egaimtas

of the test conpound was determ ned through HPLC. The
companess Wt empeunt Tl ety drRehieddde)n Tabl e 3,

conmpound (1a) and conpound (1b) were found to have a
Tab&)/"gr solubility as conpared with that of conpound

(B ,(h%d{ a_cl:ﬂhl ori de).. Basel?g on t hﬁ above-descri be
Cq tiorsg rgaction myxturg @b Slurean dyerCrosame i mL
HUm& TéromidtBédine tFOBEED :_t o have low absorbabilTity 0.05
EBR3irdnGt AYBrHrotdiRiH 8785 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.nL
2 mg of D-glucose 6-phosphate disodium, and
0.8 unit of glucose 6-phosphate dehydrogenase
16% Human serum albumin Orhzf
0.1 mol/L Phosphate buffer (pH 7.4) 0m4lf1
Acetonitrile solution of test compound (100 uM) Or'nOLl
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 coliected.
Test Example 3 Solubility test (Japanese Pharmacopoeia

Solution I)
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Tabl e 3 Solubility: Japanese Pharmacopoei a sol ution g January 2007

(pH 1(ng/ nL Conpound (la) 562 Conpound (1b) 422
Compound (B) HC 12,5001000 * Extraction procedure
The extraction was performed in a manner simlar to
that of the test on nmetabolic stability in human |iver
m crosone. Test Exanple 4 Oral admnistration test in
rats Each test conpound was dissolved in a 0.01N
hydrioedih ot e £t acompsohdt was, dhassol hedsbhubcehomasrile to
perorally 42 8 January 2007 admnistered to male or

fdeied elo@ns s1dldi o)/ Samd/ Kge &3 Do saNph £Sad@e@StdlJapanese
each) were collected 30, 60, 120, 180,' 240, and 360

Phimaaspad taerSaldm ivst T ate oforihe TO00 ey Adl bd@bdtion. The
sanpl es were centrifuged for 5 mnutes at 4C and 9, 000

regultttantt hey byl g epas es pl ased Sanpl @mimdheepl asmd an aliquot
sanples were stored at -30C before neasurenent. The

(Is anipll esa svarleacexdibi retcd eain t n dwet ot radbe cangr dvenuragsed
and plasma |l evels of the test conpound were '

thdedeyhm anedl. 2-hoouihl t€ VDG:-DI3e 13 esud t sr bs @l wdroyn Kamto
Table 4. As shown in Table 4, conpound (1la) and

Kagmipo Urabysiib) kirdeal s vahd (Theediilfinats oS @fex wasd
hi gher AUC (area under curve) as _ conpared wth

SRRl {B)the koAt 5o deYocednr ¢ rmiady tther amount of the
compound (la) and_conmpound_ (Ib) have good

teds FURRAYT Wap e b ER iR Hrseweh i BtGs  .conpared

w t h_compound (B hydrochloride). Table 4
ThenPesulté gré ghown gn Tabie 3. As shown in Table 3,

compound (la) and compound (1lb) were found to have a lower
solubility as compared with that of compound (B)
(hydrochloride). Based on the above-described lower
solubility, the compounds of the present invention were

expected to have low absorbability upon oral administration.

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

* Extraction procedure

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

Each test compouﬁd was dissolved in a 0.01N

hydrochloric acid solution, and the solution was perorally
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Cmax (ng/ mML)AUC (g mn/nmL) Male rat Female rat Mal
rat Female-rat Conpound la 418 3411 22 306 Compoun ng January 2007
1b 614 2836 55 393 Conpound (B)- HCl 207 1167 12 148
(10 ng/ kg p.o.) * Extraction procedure The
extraction was performed in a manner simlar to that
of the test on stability against netabolismin human
liver mcrosone. As conpared with the conmpound (B)
addeiscirs ttrackd nto Imetlex nat | Deved 1 Paterd #Fubl 0 ceg/ omL/kg. Blood
W98/ 54153, the conpound (1) 43 8 January 2007 of
sanipd g e®r25 indy eretdlon wease fooldedtoedx30 bi 60 ext20 ) end0, 240,
stability against nmetabolismin human Iiver m crosone
arah B 6 MingnAGHAT afitebidduinbstratign. ATheough ltdmked blood
conmpound (1) of the present invention has | ower
saap 1y lwdne teevat efugsd tonpamethwtdéd congfaurchd B), 000 g, to
(hydrochloride), it exhibits good oral absorption as
tHawbloatmepare hel asmd  satep hé st r Shicop Uesmta  sSamplstss were
Therefore, the conpound (1) of the present invention
s ticar ek petc t €30 100 bieefver ce xeelsueremeitoav @hkabatpl g si Were
humans., 44 8 January 2007 What is clained is:
subieefied the e rost PRsE oy re e erdwkrm o Gid Rlérﬁl@séﬁ"&is of

by formula (1): /-CF3 O _
thé test compound were determined through LC/MS/MS. The

resﬁlts are shown in Table 4. As shown in Table 4, compound
(la) and compound (1b) 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 ubon oral administration as

compared with compound (B) (hydrochloride).

Table 4
Cmax (ng/mL) AUC (ug-min/mL)
Male rat Female rat Male rat | 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 Publicéfion W098/54153, the compound (1)
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FHr "I N--g N~NCH3 )CXc>s (1) (wherein X1 8 January 2007
represents a fluorine atomor a hydrogen atom or a
salt thereof. 2. A nedicine containing, as an active
ingredient thereof, a conpound or a salt thereof as
recited in claim1l. 3. The nedicine as described in
claim2, which is a preventive or therapeutic agent
for hyperlipidema and/or arteriosclerosis. 4. A
o fméhleo ¢ rfesre nir dohueEnigican e dwnchdrtca esdld itb itth enewfl 1 east
recited in claim1, conprising reacting a piperazine
stebripadyd agepmede medthdol ifsor il dugn 1H vdiHmileroénd) and
Xi I NS (2) (wherein X1 represents a fluorine atom
high ACATdiodpemidtoory aatiitvi tay .pyRAldhpagboftpeundmpound (1) of
represented by fornmula (3): /-CF3 O H X2--yN/ H3 O
the breB3nt( Invim t8 amwear Y oREE7 so(wherldity X2 medreaserd s
a chlorine atom a bromne atom or a iodine aton).
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 have excellent biocavailability in

humans. -
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5. A piperazine conpound represented by formula (2):
FHrNHX X): N(2) (wherein X1 represents a 8 January 2007
fluorine atomor a hydrogen atom or a salt thereof.
6. A pyridine conpound represented by forrmula (4):
/--CF3 O RI-N N CH3 (4 O\-CF3 (wherein Rl
represents a hydrogen atom a chloroacetyl group, a
bronoacetyl group, or an iodoacetyl group) or a salt
Whefedsofclaimer 4B s(2, 2, 2-trifluoroet hoxy) - 6- et hyl - 3-
nitropyridine., 8. o
N[ 2, -4- Bi 8¢ 2-Riz-(triflyoroethexy) PYXHELRE SPRPARI3-
yl']-2-[4-(2-hydroxyet hyl ) pi perazi n-1-yl]acetam de 9.
reprgsgindiate korfessiulison ldonpri si ng a conpound or a salt
thereof as recited in claim1 and a pharnmacol ogi cal |y
acceptable carrier A#BBrefor. 10. Use of the conpound
as recited in clgiml or a salt thereof for the

manuf@ct ur e ieCHe. 0 46
SOl e I S il
peniER R

N CF,

X!
¢y

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

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

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

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

. compound represented by'formula (2):

peneet

x!
¢))

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

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

F H (\NH

SOk

@

(wherein %! represents a fluorine atom or a hydrogen atom) or
a salt thereof.

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

/—CF3
O

R1—HQCH3 4

o
\~CF;

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

7. 2,4—Bis(2,2,2—trifluoroethoxy)—6—methyl—3—
nitropyridine.

8. N-[2,4-bis(2,2,2-trifluoroethoxy)~6-methylpyridin-3-
yl]—2—[4—(2~hydroxyethyl)piperazin—l—yl]acetamide

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

10. Use of the compound as recited in claim 1 or a

salt thereof for the manufacture of a medicine.
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