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Description BCRP/ABC& Inhibitor 5 Technical Field

[ 0001] The present invention relates to a breast

cancer resistance protein (BCRP/ ABC&) i nhibitor

Background Art 10 [00021 Serious probl ens associ ated

wi th cancer chenotherapy include intrinsic resistance

to an anticancer agent, which invalidates the effect

of the anticancer agentDEsemiphéonbegi nning of cancer

t herapy, and devel opment of acquired 15 resistance to

an anticancer agent (i.e., reduction of the effect of

the drug, which is caused by | ong-term continuous
BCRHARRCSEr anhdhithsreof ). Overcomi ng such resistance to

anti cancer agents has been envisaged to lead to

I mprovenent in the performance of cancer

chenot herapy, and thus attenpts 20 have been nmade to
Te@hﬂéFaétgi9iﬁious resi stance mechani sms.

Particularly, expression of a drug transporter, which
[08BLively transports an anticancer agent out of cancer

cells, thereby reducing the anount of _intracellul ar

accuhfl REPSANGT InVRBLAPHg reile tedn$icdér O a8 TpICaPCat
important role, in such.a_ 25 resis%ance mechani sm
repl gF9REpr BYRFRIN| ABLRP{ PBGRAY , TRALEATPE -a dr ug
transpo&ter di scovered in the 1970s and is encoded by
BagkaxPtd 4Thene, has been considered a potent target
Ormlicule of a rmultidrug-resistance-overcon ng agent,
[0€Pate this protein
Serious problems associated with cancer chemotherapy
include intrinsic resistance to an anticancer agent, which
invalidates the effect of the anticancer agent f£rom the
beginning of cancer therapy, and develcpment of acquired
resistance to an anticancer agent (i.e., reduction of the
effect of the drug, which is caused by long-term continuous
administration thereof}. Overcoming such resistance to
anticancer agents has been envisaged to lead to improvement
in the performance of cancer chemotherapy, and thus attempts
have been made to elucidate various resistance mechanisms.
Particularly, expression of a drug transporter, which
actively transports an anticancer agent out of cancer cells,
thereby reducing the amount of intracellular accumulation of
the drug, is considered to play an important role in such a
resistance mechanism.

P-glycoprotein, in particular, which is a drug

transporter discovered in the 1970s and is encoded by an MDR1
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causes cross-resistance to a plurality of anticancer
agents having different chem cal structures and
action nechani sms. 5 However, it has been gradually
el uci dated that the anticancer agent resistance
mechani sm cannot be anal yzed on the sole basis of
P-gl ycoprotein, and demand has ari sen for devel opnent
gend, daeshetmncendvéereni ageagent wWarghttupderyle of a
anot her drug transporter. 10 [0003] Under such .
muli FEOnEt eeeest ander evernsoni Bg oveeRE, PhNTOOBhisppraEeIn
cancer resistance protein (BCRP, also called ABC®X,
caugds FoABORSigkreee B0 deligrathhgpoft @Rt bepBRAGr nggents
to a group which is called "ATP-binding cassette .
haviABC)d1 § Eemepetk t @renieal per Faatuyes tandhpehion mechanisms.
P-gl ycoprotein al so bel ongs (see Non- Patent Docunent
HowgvelBCRA: Haas doaen ugrafea] he| etiratddhey BRat the antilcancer
ATP- bi ndi ng cassette, which differs fromthat of_ P-
agefty ot bt AL O rmPlA TR 1 ABNEPBNRPorEREYZRAI R RBS FRbS
ATP- binding cassettes. BCRP is involved,in the
ba st fni BT B COrPER1 Rt aMee FMANY 0P sdFeFERelPr
inhibitor (e.g., irinotecan QXdrpchIoride CPT-llg or
AeYRRRTREN) O 1D LT HPAROFEP BEECPTING R Bt oF Rt gl gtargets
m_toxantrone), or to a nolecule-targeting therapeutic
anqi Ry (Cgr.lﬂﬁ,tﬁaé?*?ﬁ’?’ﬁ'??ffand i matini b). Meanwhile, BCRP
ha% been el uci dated to exhibit substrate specificity
[0 i fferent fromthat of P-gl ycoprotein, since BCRP
does. not exanpl Iaclitax

VI RITE PHED. G EHREEa EREr o BT Ry " SERTETERY, HRlo%%:
or ST AR et L 4L 000 2838, SEIBLOLLFELR nncos,
MX%%.?&J%%&@&W ,t ovglt_]fci nié Sal_\l' c%?ug a’S}éP{&pSF{&? %éignging to a
group which is called “ATP-binding cassette (ABC) transporter
superfamily” to which P-glycoprotein also belongs (see Non-
Patent Document 1). BCRP has a structure including only one
ATP-binding cassette, which differs from that of P-
glycoprotein or another ABC transporter, which has two ATP-
binding cassettes. BCRP is involved in the mechanism of
regsistance to a topoisomerase I inhibitor (e.g., ilrinotecan
hydrochloride (CPT-11) or topotecan), to a topoisomerase II
inhibitor (e.g., mitoxantrone), or to a molecule-targeting
therapeutic drug (e.g., gefitinib and imatinib). Meanwhile,
BCRP has been elucidated to exhibit substrate specificity
different from that of P-glycoprotein, since BCRP does not
act on, for example, paclitaxel or vincristine, which is

excreted by P-glycoprotein, and BCRP is involved in excretion
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which is barely excreted extracellularly by

P-gl ycoprotein (see Non-Patent Docunent 2). In

addi ti on, BCRP has been 5 suggested to be involved in

the limtation of the bioavailability of an orally

adm ni stered anti cancer agent (see Non-Patent

docunent 3&. In view of the foregoing, demand has
ofapj cemptorhaein| dpndratsvea (BCRBP: i ARITbiltorr Whethyli-40-

envi saged to exhibit the effect of overcom ng
hydrexraaseEotbeagBni SNedpst aﬁééVﬁhaﬁta§0Aétteo@ér €8Fe 1By -

a conventional resistance-overcon ng agent, and to .
Wh%ﬁbrb%eb@ﬁélyb?éﬁVﬁFP@b?KFF?C@ﬁ1Hﬁa§gV|gﬁngeﬂlﬁﬁéﬁFOtEln
[00041 Hitherto, in an attenpt to overcone resistance

(s¢p Non- Bﬁ??%ﬁn@@?u@@€ﬁt§) -a Tard @it uen p-BESR op ot eeen
i nhi bitors have been devel oped. In contrast, only a
SUFEAFERPOEP SPRAVBVOBERA gRvERE biMBERPIPRNPEI £BFs, and
the reported inhibitory _action is not satlsfactory
bl@%%?é%%?éllEﬁn?fn%%u@réiiﬁrF@mlﬁé§EeE@@naﬁﬁaéaF8€r agent
devel op_nore effective BCRP inhibitors. 20 Exanpl es of
(SeRNeBNPBLFAS SRAFBERF ng) BCRP? |‘fﬂ'f?%|‘{‘%r'i}1%c$% °%$ch
have heretofore reported.include n FTIC (Fuy enorgi n
def@nﬁelmam%e?séggm LB E o Ene b CRS lgbﬁlﬁaaeﬁf which
and anti- _estor see Non-Pat ent .Docunent
18 PV EhP3ETH % }QB# PE\]P% ntt %Eﬁnﬁﬁt O'é?rc?ﬂénér é&gﬁFamer
i nventors t Q € E é ? 1
ag%‘&uﬁ%%’cs‘ﬁn%%d %a d%%hléﬂ |3¥?§F8‘H?t Y18 8?“’?8 f‘%‘a
% t ent ment 2% g pot ent BCRP Fgg|b|tory
e Jc%‘i%lﬁce O‘K/%Ja%%’r’il% 49%Y rd‘?"ﬁ‘a Qr y"BhPY T

erivat.i ves havin geteroc clic ring, an anticancer
bi EEH P Pl Gt L oA SR 88K Ll
[0004]

Hitherto, in an attempt to overcome resistance to
anticancer agents, a variety of P-glycoprotein inhibitors
have been developed. In contrast, only a few reports have
been given for BCRP inhibitors, and the reported inhibitory
action is not satisfactory. Therefore, continuous efforts
have been made to develop more effective BCRP inhibitors.
Examples of the compounds exhibiting BCRP inhibitory action
which have heretofore reported include an FTC (Fumitremorgin
C) derivative (see Non-Patent Document 4), estrogen and anti-
estorgen (see Non-Patent Document 5}, and novobiocin (see
Non-Patent Document 6). The present inventors also found
that a flavonoid (see Patent Document 1) and a
diphenylacrylonitrile derivative (see Patent Document 2) have

potent BCRP inhibitory action.
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(see Patent Docunent 3), and 12-1i poxygenase i nhibitor
(Pat ent Docunent 4) have been reported. However, there
have 5 never been reported an acrylonitrile derivative
having a heterocyclic ring which can serve as a BCRP
i nhibitor, an agent for overcom ng resistance to
anti cancer agent, and an agent for potentiating
antMeanwbnlagenegérﬁe@g apavéanibsédrederivappves having a
2004/ 069233 10 Patent Docunment 2: WO 2004/ 069243
hepareaycboe urbng . 3an\WD10Dra0088 apanengcbbrakert by: CYP1Bl
JP- A-7-48336 Non-Patent Docunent 1. Proc. Nat|. Acad.
(seej PaUsAt DOOBNenS: 3) 15888- 1B6¥HPPBYSBR2PAL RRibitor
Docunent 2: Cancer Res., 1999, 59: 5938-5946
(PR PaRefEnERE utbnkaBe eer FAPOLRES) . HpeRieT pothere have
2943-2950 Non-Patent Docunent 4. Ml . Cancer Ther.
neygpobean wapoupesd Rpnd Py LARLDEELREARTSYaRAYS ’éﬁﬁ&@ﬁ a
Ther., 2003, 2: 105-112 Non-Patent Docunent_6:;
hegeregyiebic Dbod, whbgh gaB- E‘S’I‘erESDas%FBEuPéthlFﬁé' an
I nvention Problens to be Sol ved by the Invention
ag‘f‘@'@o%‘ir,ﬂ@v%‘f%‘&%n%fr?%sb‘?’é‘é%n‘fo AoEhtrBReFoapgnt, and an
provide drug  for, inhibit g a breast c?gcer
ag?%%l%?%h%%t%?B%%th?B@ﬁPica 98 MBIRE T BFE86Fvi ng t he
Pr obl ens $00061 ILn an atéﬁggg to solve the
PateRl hent %%Edlpr%%l%ﬂ%4/ A present inventors have

paEhf Sonttrrione Reate PedS 8 Peancer arug.

Patent Document 3: WO 99/40056

Patent Document 4: JP-A-7-48336

Non-Patent Document 1: Proc. Natl. Acad. Sci. USA, 1998, 8§5:
15665-15670

Non-Patent Document 2: Cancer Res., 19%9, 59: 53538-5946
Non-Patent Document 3: J. Clin. Oncel., 2002, 20: 2943-2950
Non-Patent Document 4: Mol. Cancer Ther., 2002, 1: 417-425
Non-Patent Document 5: Mol. Cancer Ther., 2003, 2: 105-112
Non-Patent Document 6: Int. J. Cancer, 2004, 108: 146-151
Disclosure of the Invention

Problems to be Solved by the Invention

[0005]

An object of the present invention is to provide drug
for inhibiting a breast cancer resistance protein (BCRP).
Means for Solving the Problems
[0006]

In an attempt to solve the aforementioned problems, the
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resi stance t hrough BCRP expression, and have found
that acrylonitrile derivatives represented by the
following 5 fornula (1) exhibit potent BCRP inhibitory
action. The inventors have also found that these
acrylonitrile derivatives exhibiting BCRP inhibitory
action include novel conpounds. The present invention
praasnbeenvantonpl havedcanriefecbisESTeENiRgs € Lf cREPRYEAS by
10 [0007] Accordingly, the present invention provides
usg nEaki BeLode Wbkphi bawg, agguakedcfrié CRAGREIPEHE,
an acrylonitrile derivative represented by fornula
regiytange /thppugRoBARP expregsspny) andshpygo§pupdhsretn
one of R _and R2 represents a cyano group and_the
acpyheRlEsptesearsvat hyasogeRr &E6R:ear ng EpeedOptovwang
group selected fromanong the groups represented by
forgrhal a3 (exhibitapoteonpt[BERY) inh OFYORASiRE- N T
o (2) (3) (4 [OOlO% (wherein R7 and R8, _whi.ch are
inygehereallay® ofS@i fPeRentlrFoRlegeeBERYSPREFT 1dGch

represent a hydrogen atom . a haLogen atom or l.ower
deg}R%Ryv%§o%§§1b1tlng BCRP inhibitdry action include novel

compounds. The present invention has been accomplished on
the basis of these findings.
f0007]

Accordingly, the present invention provides a BCRP
inhibitor comprising, as an active ingredient, an

acrylonitrile derivative represented by formula (1):

A% R

X
Rs Ar'
(1) (E or Z)

[0008]
[wherein one of R; and R; represents a cyano group and the
other represents a hydrogen atom;

Ar' represents a group selected from among the groups

represented by formulas (2) to (4):

[0009]
OCHs
ZNOCH, RN NP A
@ (3) 4
[0010]

{(wherein R, and Ry, which are identical to or different from
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A represents an oxygen atom a sulfur atom or NR9;
and R9 represents a hydrogen atomor a | ower alkyl
group); 5 Ar 2 represents an aromatic hydrocarbon
group having a condensed ring which may be substituted
by a hal ogen atom or a group selected from anong the
groups represented by fornulas (5) to (15): [0011] N~
eadh qhex) Feach wrepresenls ARYErSgen oM~ A belpgen Ntom,
(10 (5) (6) (7) (8) R4 (9 XX/ RNOMM "ARa N7N
or Nv lovwem )alkeyy (98yuri14) (15) 10 [0012] (wherein R3
represents a hydrogen atom an oxygen atom (as N
oxideyepreseme? Al kYXYFRBUPLOE. | Bnerl ALK oxyoYr 0dp, NBe; and
hal ogen atom a nitro group, a nethylsul fanyl group
a | RnEiePIs Sadi0 8y AIMEHOIHD A OP ardo ey RAdRble FH50HP) i
group, which may have a substituent, or NRS(R6); RS ‘
andPR6 T SRFSEP e AT ERAMER1q B AFFRAe T FHO M EdEh 2
ot her, _each represent a hydrogen atom. a | ower al kyl
congeRFe W B iy HaveRy Reudibsiuehited Pywerhalogen’atom, or
hydr oxyal kyl 20 group, or an aromati c hydrocarb
3 HHR IHH SRETRIVATONS i TTo WMt T r%%%?%@!}wi c

codh iR [ Y[Ry form wh

[0011]
'\l\’r /\,\\ Ra \'\h )\'\ Rs I/\ R ~i AR \'\,]_/\\,Ha \ﬂ'_\)ﬂgg
1 _—h3 7 \ 7 \ Qf \
Kg) ko) ILWA KE) (\N/) Rfé)

/“/x
1)
fo\/\g
\ \/
s
.F/g
.
\ /
o
/=
o
3

(1) (12) (13) (14) (15)

[0012]
(wherein R; represents a hydrogen atom, an oxygen atom (as N-
oxide), a lower alkyl group, a lower alkoxy group, a halogen
atom, a nitro group, a methylsulfényl group, a lower
hydroxyalkyl group, an aromatic hydrocarbon group which may
have a substituent, or NRs5(Rg) ;

Rs and Rg, which are identical to or different from
each other, each represent a hydrogen atom, a lower alkyl
group which may have a substituent, a lower hydroxyalkyl

group, or an arcmatic hydrocarbon group which may have a
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their adjacent nitrogen atom a heterocyclic ring
whi ch may have a substituent; and the hydroxyl group
of the | ower hydroxyal kyl group or the heterocyclic
ring substituted by a 5 hydroxyl group or a | ower
hydr oxyal kyl group may forman ester bond with a
phosphoric acid group or a salt thereof or wth an
sulegdyll tuprdu P mHiste rRsy hhie FreubstRs @@t ReRAayepEsentdth
a hydrogen atom a lower alkyl group, a  phenyl gﬁpup
thegy afirgeHavel reddstdteaentd Reter ozl C g b, whieh ynay
represents a carbon atom CH or a nitrogen aton1
havs Gy tiHatenhe e | dheydusiaenl SN oF stiptlever
nitrogen aton); and A R7, R8, and R9 have the sane
hy dwRasR laITHRiR ol thdrDgresYal kal finhet ot i gstathoy a
resent invention also provides an agent for
hy QRasrtlo ATRPR &3 & ARV s JIEH FRfG et Fr g pay form an
(hereinafter referred to as "an agent for overcom n
estg iRAUKE 6 Wy shtPRIBAVT &) FrHP et F3ft thereof or
potentiating the effect of an anticancer agent

withh Geidrath FrTHt sMedt TR & gemst oruop-/
potentiating anti cancer agent effect” whi_ch _agent
P epr e e e e 1 Ky G, a
afarenentioned .acrylqQnitrile .derjvative or a salt
phetyl EHOUPT A RAY T | DS SO P Hovi ot dreneyl group;
antj cancer agent conposit,jon ggﬁtaining%t@e
af ot g FrAONT rF T 25 HerfV &t i Vet orIER A P
t her epof .and an anti.cancer_ agent ich _serves_ as a
DTl Y AT The LRI ay T Tn %1 5 5o dostrogen
cdise of(%he 7 aforenentioned acrylonitrile derivative
atdB ia®E/t thereof for

A, R;, Ry, and Ry have the same meanings as defined
above)] or a salt thereof.

The present invention also provides an agent for
overcoming resistance to an antlcancer agent (hereinafter
referred to as "an agent for overcoming anticancer agent
resistance") or an agent for potentiating the effect of an
anticancer agent (hereinafter referred to as "an agent for

potentiating anticancer agent effect"), which agent comprises,

as an active ingredient, the aforementioned acrylonitrile

derivative or a salt thereof.

The present invention also provides an anticancer agent
composition containing the aforementioned acrylonitrile
derivative or a salt thereof and an anticancer agent which
serves as a BCRP substrate.

The present invention also provides use of the
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t he production of a BCRP inhibitor, an agent for
overcom ng anticancer agent resistance, or an agent
for potentiating anticancer agent effect. 5 The
present invention also provides a nethod for the
treatment of cancer which has acquired drug resistance
by the nediation of BCPR, characterized in that the
afgpehedt tonpdi sesylabhiniseedengvaheval orefeRpilénéhereof for
acrylonitrile derivative or a salt thereof. 10 [0013]
thanprgduteliennpbuddBCRBpieBéhi barbyanopFaNE FQ¥ ovgecoming
conmpounds represented by the follow ng fornmula (I a)
anpieanevs| agevhpoandstanfas, orhanppgseht fprveAtEBRiating
provi des an acr¥lon|trlle derivative represented by
aﬂ¥b¢%ﬁ¢%¥(@§§nt1% feot4] Arz~ CR R Arl (1 a) (E or
g0015] [wherein one of R and R2 represents a
cya'ﬁ egPBaECRAdIPHENt PReP L ERPPESHAES Sach)8EHGEN LoKoDE
20 Arl represents a group sel ected from anong.the
tr@%{ﬂ%%t ? p%%%%euhbghfgiﬁuﬁsgumdt gred) reFE)éEGPCS by the
(2) OCHS Re N (3) A (4) 0017% (wherein R7 and
mecﬂeeatwcﬁf aPEFR derRREAFEEBLBRdI T ERght TRFoRpthod comprises

administering the aforementioned acrylonitrile derivative or
a salt thereof.
[0013]

Among the compounds represented by formula (1), the
compounds represented by the following formula (la) are novel
compounds. Thus, the present invention provides an
acrylonitrile derivative represented by formula (1la):

foo14]

Afj:?1
Rs Ar’
(1a) (E or Z)
[0015]
[wherein one of R; and R; represents a cyano group and the
other represents a hydrogen atom;
Ar' represents a group selected from among the groups

represented by formulas (2) to (4):

[oo1l6]



each other, each represent a hydrogen atom a hal ogen
atom 5 or a |lower al koxy group; A represents an
oxygen atom a sulfur atom or NR9; and R9 represents
a hydrogen atomor a |ower alkyl group); Ar 2
represents an aromati c hydrocarbon group having a
condensed ring which may be substituted by a hal ogen

at oCH,10 a gro sglected fro | A 903@? gr oups

' ' / OJ ao NR4 S
( 4 (9) X N®R4 iD RB~NI /R7 NNE
(71 ) (12) (13) (14) FﬁS) [0019] 15 % a represents a
hydrogen atom (Arl is a group represented by fornula
{Oqgé]or (4)), a lower alkyl group, a |ower alkoxy
group, a hal ogen ato a nitro group, a nethyl sul fanyl
(WhRkRA? Rm d ' hY8i6 yélr?yIldﬁpg&ﬁ?laﬁoarg&rﬁtliféerent from
hydr ocar bon group 9 which may _be substituted by a
eagh t?“d’@ﬁomﬁﬁ%? EHPERFRRE of 0BPAT OPPI NRSPRE) & h@%ogen atom,
represents,.a hydrogen atom a |ower alkyl group, a
5 OT |HuEVeT IDXPHF oTPPURY hal ogen atom a nitro group, a 5

met hyl sul fanyl group, a | ower hydroxyal kyl grou
ar PR S RGHT S AR HORY GPOUPCRRY LR REYTBE 8hHBti bt e and

by an ami no grou )
DY Rs represe ts‘é hydrogen atom or a lower alkyl group);

Ar® represents an aromatic hydrocarbon group having a
condensed ring which may be substituted by a halogen atom, or
10 a group selected from among the groups represented by

formulas (5) to (15):

[0018]
7 nR fr ;\Hb NS 7 vwRsy N_\\R N_\\Raf
L AR 3 A & LA A o D %
s 0 7 N RS
®) (6) & (g (10)
7) ® 4 (9
AN N—Q
) BRI ) O O
KA Rg"N & N\\N Z~d &
(1) (12) (13) (14) (15)
[0019]
15 (Raz represents a hydrogen atom (Ar* is a group represented by
formula (3) or (4)), a lower alkyl group, a lower alkoxy

group, a halogen atom, a nitro group, a methylsulfanyl group,

a lower hydroxyalkyl group, an aromatic hydrocarbon group
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or NR5(R6); Ric represents a hydrogen atom (Arl is a

group represented by fornmula (3) or (4)), an oxygen

atom (as N 10 oxide), a lower al kyl group, a | ower

al koxy group, a halogen atom a nitro group, a

met hyl sul fanyl group, a | ower hydroxyal kyl group, an

aromati ¢ hydrocarbon group which may be substituted
whbghamai't be grbepibrtad hmi AongEsE@pITEONPNRS ERGRMINEs group,

each of R3a, Rae, and Rif represents a hydrogen atom
or alRs Beygen atom (as N-oxide), a lower alkyl group, a

| ower al koxy group, a halogen atom a nitro group, a

met Ry SfRreREntg eufly dupdeswert awdraox iy |2 e oupg T . &

aromati ¢ hydrocarbon group which may be substituted
lowgr adllakrodyPuip, 3oRaNRSERGRLODY RSNARACRELOWRICAR ar e

identical to or different fromeach _other, each )
melpt 84bhengl hgapegendal 6WErahvewexyailkyll greup. @R egpomatic

may have a substituent, a | ower_ hydroxyal kyl group, or
hydrcarbRaRi erayear sEarBoRayr BApSHRFEAtHEFINRVe 28 amino group,

substituent or heterocyclic group; R5 and R6 may
or{¥Rs{Rali’t h their adjacent 25 nitrogen atom a

heterocyclic ring which may have a _ substituent; and

t heRy FEREASSFSUF SIS hy fox ¢ & Ry 9*FPoup or

the heterocyclic ring substituted by a hydroxyl 10
re@?%%%“%?dabYogﬁFmﬂéﬁr6§$aPKyK4g$ou6¥nﬁ§y%8pnﬁﬁﬁme§?§rN'
oxb0f, 3 LB PHORBIOTLS Bl ¢ LOUR 05,832k ST £0hacgen
e eSSl SRR S el Bl = g @
hy§$$§%%%ﬁ§gf§ﬁ?u§,rERrE%SHE ig ﬁ%&?gga%ggg]ggguPo%hﬁch may
be substituted by a nitro group or an amino group, or
NR5 (Rs) ;

each of Raa, Rsz., and Ris represents a hydrogen atom, an
oxygen atom {as N-oxide)}, a lower alkyl group, a lower alkoxy
group, a halogen atom, a nitro group, a methylsulfanyl group,
a lower hydroxyalkyl group, an aromatic hydrocarbon group
which may be substituted by an amino group, or NRs(Rs);

Rs and Rg, which are identical to or different from each
other, each represent a hydrogen atom, a lower alkyl group
which may have a substituent, a lower hydroxyalkyl group, or
an aromatic hydrocarbon group which may have a substituent or
heterocyelic group; Rs and Rg may form, with their adjacent
nitrogen atom, a heterocyclic ring which may have a

substituent; and the hydroxyl group of the lower hydroxyalkyl

group or the heterocyclic ring substituted by a hydroxyl

10
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provi ded that when Ais an oxygen atom X is not a
nitrogen aton); and A, R7, R8, and RO have the sane
nmeani ngs as defined 10 above)] or a salt thereof. The
present invention also provides a drug conprising, as
an active ingredient, a conpound represented by
formula (la) or a salt thereof. The present invention
gralusoopr avidesrahpiaerpeelyicglroupsmeynposint egnester bond
contai ning a conmpound represented by fornula (la) or
withsal phosphevicaadid phavpacsuti salkytheteptaprewith an
carrier. The present invention also provides use of a
acybnpoond whiphewent baveyaf gphakatyraFior a salt
t hereof, for producin a drug. 20 Effects of the
| annt:rQ@rre%@m@]aA@x%r@%@ aeomheaptevent alkyvéngrenp, 2
the BCRP inhibitory effect of the acrylonitrile
pheeylvareve whighsapy hAEeesf S@Bﬁtl*é%}éﬂé@n@r a benzyl group;
BCRP-rel ated resistance to an anticancer agent. In 25
add¥t FeBresRBtEf ReERTBPNAALERYi EHncOr AgSATTRIGER atom,
respect to cancer cells in which BCRP_ is i
PreviiAedstiar| yherphesse@ncakysen pbPBnt Fat-8dROt & nitrogen
Furt hernore, according to the present invention, 11
atgnbavairfability of an anticancer agent is envisaged to
be enhanced, leading to inprovenent in the .
perﬁorﬁ&n&@ro@ﬂ@aﬁbegaVEhEﬁﬁtﬁépﬁpV?aﬁﬁpgﬁ BEs ST EE6N
of the Drawngs 5 [0021] [Fig. 1] G aphs show ng
abgge] bnobf 2 sBkt coRPbERAs of the

The present invention also provides a drug comprising,
as an active ingredient, a compound represented by formula
(la) or a salt thereof.

The present invention also provides a pharmaceutical
composition containing a compound represented by formula (la)
or a salt thereof and a pharmaceutically acceptable carrier.

The present invention also provides use of a compound
represented by formula (la) or a salt thereof, for producing
a drug.

Effects of the Invention
[0020]

According to the present invention, the BCRP inhibitory
effect of the acrylonitrile derivative or a salt thereof can
overcome BCRP-related resistance to an anticancer agent. 1In
addition, the effect of an anticancer agent with respect to
cancer cells in which BCRP is intrinsically expressed can be

potentiated. Furthermore, according to the present invention,

11
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present invention on SN-38 resistance of P388/BCRP

cells. [Fig. 21 A graph showi ng the SN 38

accurul ati on pronoting action of sone conpounds of

the present invention in 10 K562/ BCRP cells. Best

Modes for Carrying Qut the Invention [0022] Exanples

of the aromatic hydrocarbon group having a condensed
bigd e i chi tmyobeams st i canesc byoenhal vgerviasaged 150 be

represented by Ar 2 in fornula (1) include C10 to Cl4

entmmnydedy olgrd 1r8peled finproremers 1mciielcoempprngnce of cancer
ant hracenyl, and phenanthryl. Exanples of the hal ogen

chematthdranthi ch the aromatic hydrocarbon group of Ar 2
may be substituted include a fluorine atom a chlorine
BrigfRemrintiondhehe drawimgs 0023] Exanpl es of the
| oner al kyl group represented by R3, R3a to R3f, R4,
[0G#1JR9 in formula (1) include |linear or branched- chain
Cl to C6 al kyl groups. Specific exanples include
[Figbt iyl | Cramhis smw%ﬁctr%%m%p%@me FRMPRRRES| oF c}he
these, 25 nmethyl is particularly preferred Exanpl e
pretﬁeltthelrr%l% Mysl\gr-’cﬁrpr%b?%%?ﬁ e by> £/ BERY ?%118
or R8 include |inear or branched- phar n Cl t

{FJ@ 21]2 ng@g@h géﬁ:cqug%{ &%@%g}gplb]aqlrtkw% Qromotlng

groups SpeC|f| c exanpl es i ncl ude net hox et ho
At oG SSIRPEGE Sk 1 B B Lot
hoxy is particularly preferred. Exanples of the
K56r?a}’%@?e% Iorffinclude a fluorine atom a 5 chlorine

et SRR o (R (O G BV ERERTRd by

[co22]

| Examples of the aromatic hydrocarbon group having a
condensed ring which may be substituted by a halcocgen atom
represented by Ar® in formula (1) include C10 to Cl4 aryl
groups. Specific examples include naphthyl, anthracenyl, and
phenanthryl. Examples of the halcgen atom by which the
aromatic hydrocarbon group of Ar® may be substituted include
a fluorine atom, a chlorine atom, and an iodine atom.
[0023]

Examples of the lower alkyl group represented by Rz, Raa
to Rie, Re, Or Ry in formula (1) include linear or branched-
chain Cl1 to C6 alkyl groups. Specific examples include
methyl, ethyl, n-propyl, isopropyl, and n-butyl. O0Of these,
methyl is pafticularly preferred.

Examples of the lower alkoxy group represented by Rj,

Ria £O Rie, R;, or Rg include linear or branched-chain Cl to Cé6
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R3, or R3a to R3f include |inear or branched-chain C
to C6 hydroxyal kyl groups. Specific exanpl es include
hydr oxynet hyl , hydroxyet hyl, and 1-hydroxypropyl. O
t hese, hydroxynethyl 10 is particularly preferred.
Exanpl es of the aromati c hydrocarbon group represented
by R3 or R3a to R3f include C6 to Cl4 aryl groups.

all@pecidrauperampl @S tindadey phemiiy okl napdiepy| . Specific

Exanpl es of the group by which the aromatic
exdwyulrar aitboiudy ok IR3GMRYe Heoxnb st i RXRREKYE | #ePreROAYl, and
am no group and a nitro group. Specific exanples
n-nedxpde & Enithesshe meit hexau - sa i ran carliaydyh @1A L egrssh.
[0024] Exanples of the group by which the pheny
gr cEparRdlemyof behs st oger et Phclngtudal agé <a¥m aRgm. a
| oner al koxy groups. 20 The hal ogen atom and the | ower

chlgiiog afFrdup hReonie s, midhi HysiediRei3FHel- i n
relation to R3 0 0251 Exanples of_the | ower alky
gr U @ %%ytm%v%Pﬁﬁrs@ﬁ@¥@¥ﬁ%%¥ykn@rﬂhPcﬁeP§esentEd by
represented by R5_or R6 include 25 |inear or
RsrbPén@hedﬂtﬁﬁﬁnlﬁFlP@eC%lﬁﬁﬁylOﬁrBHB§ChE§aﬁBFé§ 6 tPhE®
by et YR EE GRS 4o SROP o P g S ToF Gt pRrdomecy.
e L bl S
b L It T
BB S0 e o el o e
kgr%a %Ef'quxéﬂbgeﬁﬁéiSEet86R§o Cl4 aryl groups. Specific
examples include phenyl and naphthyl. Examples of the group
by which the aromatic hydrocarbon group R; may be substituted
include an amino group and a nitro group. Specific examples
include a nitrophenyl group and an aminophenyl group.
[0024]

Examples of the group by which the phenyl group R, may
be substituted include halogen atoms and lower alkoxy groups.
The halogen atom and the lower alkoxy group have the same
meanings as defined in relation to Rz.

[0025]

Examples of the lower alkyl group which may have a
substituent and which is represented by Rs or Rg include
linear or branched-chain Cl1 to €6 alkyl groups. Examples of

the group by which the lower alkyl group may be substituted

include Cl to Cé alkylamino groups and di(Cl to Cé
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Exanpl es of the heterocyclic group represented by R5
or R6 include alycyclic or aromatic heterocyclic
conmpounds each having at |east one hetero atomin the
ring. Specific 10 exanpl es include piperazinyl,
pi peridi no, norpholino, imdazolyl, and pyrrolidinyl.
Exanpl es of the heterocyclic ring which may have a
alkybsaninengrands whi e well b eefampdes f ¥red drRitiRplamino,
with their adjacent nitrogen atominclude ,
ethytanindi ne;prapdbasiac. 15SpREPHY hallipPpefyalApropylamino,
pyrim di ne, piperazine, norpholine, indole,
dimerby hewanol eanBe@zpyREzaNencand qui nol i ne. Exanpl es
of the group by which these heterocyclic riings may be
subZhet gpeari h¥fuasyalkydr x9HPgr60peseBher &Yk§s ©r Re and
groups, and | ower hydroxyal kyl  groups. These groups
the a9Eondel ¢ AREIDOCAERAR NGECHR WeiFReBaybBa¥e a[ §bggituent
Exanpl es of the substituent NR5(R6) include an am no
ha@?og%? B20¢ BERYLRAP ndS gRehpredni N FELATL OB R&nBE ani no
group (-N(CH3)CH2CH20H), a Ehosghate ester of ag
N- nBXAYPles ef hbhsl BRFRECGYEUPC( IRPEPSFERSERSBLFdaky Bs ©OF

nonosucci nat e _.of an

' I h f, , .
Re¢ Sﬁq@&%ﬂe;@?ﬂ%%% ag't;cglgjap}‘.l(c W%W@@p%pnds each

Ui di ’ : i di .a 14 hol |
ha{BApAE ol 92 Ry Aty B BEF P ar Kol BUPRC at BRBS pHEt e : BAS er

f 4- hyd i di d It th f
exaER b et e RS of LRCHA R RY bxyBIREF LT RO: gPEEBRCRLHO

i A B ha & 2sver oL 4 aTLe hanol pi per azi no. group and &

4 cPRRNBERF peF aE o Br Bt angc rifly which may have a
substituent and which may be formed from Rs and Re¢ with their
adjacent nitrogen atom include pyrrclidine, imidazole,
pyridine, piperidine, pyrimidine, piperazine, morpholine,
indole, benzimidazole, benzpyrazole, and quinoline. Examples
of the group by which these heterocyclic rings may be

substituted include a hydroxyl group, lower alkyl groups, and

lower hydroxyvalkyl groups. These groups have the same

‘meanings as defined above.

[0026]

Examples of the substituent NRs(Rg) include an amino
group, a dimethylamino group, an N-methyl-ethanolaminoc group
{-N(CH;) CH,CH,0H) , a phosphate ester of an N-methyl-
ethanolamino group (-N(CH;)CH;CH,OH) and a salt thereof, a
monosuccinate of an N-methyl-ethanolamino group (-

N (CH.) CH,CH,0H) , a pyrrolidino group, a piperidino group, a
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an N, N, N -trinethyl et hyl enedi ami no group ( N (CH3)
CH2CH2N (CH3) 2) [0027] 10 The hydroxy group in the
| ower hydroxyal kyl group represented by R5 or R6, and
t he hydroxy group in the hydroxyl group or the | ower
hydr oxyal kyl group by which the heterocyclic group
may be substituted, the heterocyclic group forned
mofpbmi REoagdoRs , wit A-hdrexydiRecatinbt 65gUR . akophogRpate
15 forman ester bond with a phosphate group or a salt
estherebfa érhyirpxypineyidgnouprabbchAndag Ravé ghereof, a
substituent. [0028] Exanples of the acyl group
mohpghgdéngtiet 0T C8 #olEArox¥yRARBIyAgREUPEOUBpedi fic
exanpl es include fornyl, acetyl, 20 propionyl,
meFay bRjPeranineugEPuyl . aTheehobp LBy PREPERNCHhETOHPY| &
group may be substituted include di-lower alkylamno
phgeBlipse PREAYI €hr BafiD§FREREeLBIPREREANRRYTREPe2Rd & salt
substituent; N-Iower alkyl carbanoyl _groups whi ch may
thaxoefa 3uBSRPPUERLNAtR REdR- foReRABPRPI-BEFBEABY ITOUP., and
groups. and N—heterocXcIic,25,carban0y| gr oups whi ch
anyNpl’ shBsveE by atByl aneatrPhaPi 9TOHBt érocyclic ring.
The | ower al kyl group has the sanme neaning as defined
N (gBo\ECHgNEHmsles of the group by which the
henyl car banoyl group, the N-I1ower al kyl carbanoyl
[0§?3hp, or the N,N-di-lower alkyl carbanoyl group may

e Sbshyged Lhcluds.o Lot ol krbanlig. g ues e
regratohERa by TR or el e by Gl AR
hydroxyl group or the lower hydroxyalkyl group by which the
heterocyclic group may be substituted, the heterocyclic group
formed from Rs and Rs with their adjacent nitrogen atom, may
form an ester bond with a phosphate group or a salt thereof
or with an acyl group which may have a substituent.

[0028]

Examples of the acyl group include Cl to C8 lower
alkanoly groups. Specific examples include formyl, acetyl,
propionyl, malonyl, and succinyl. The group by which the
acyl group may be substituted include di-lower alkylamino
groups; phenylcarbamoyl groups which may have a substituent;
N-lower alkylcarbamoyl groups which may have a substituent,
N,N-di-lower alkylcarbamoyl groups; and N-heterocyclic
carbamoyl groups which may be substituted by an aliphatic
heterocyclic ring. The lower alkyl group has the same

meaning as defined above.
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Exanpl es of the N-heterocyclic carbanoyl group which

may be substituted by an aliphatic heterocyclic ring

i nclude N piperidinocarbonyl groups each substituted

by pyrrolidine, 10 piperidine, piperazine, or a

simlar heterocyclic ring. Exanples of the acyl group

whi ch may have a substituent include a

di nBrapbasenodcehyl ggpenpbyawhich the phenylcarbamoyl

di et hyl am noet hyl am nocar bonyl pr opi onyl grou
gr@upthyhanﬂnbpwgpyaéhyh@eab@mﬁyﬁpgéguﬁnyprgFB@pN H-d&-lower

di et hyl am nophenyl am nocar bonyl propi onyl group, a 4-
allyperrbanopl perpdp nnayybe canbehyFugpaupnc Hdeaaglower

I di nopi peridin-I-yl-carbonyl propionyl group
alﬁﬁga@}nqhﬁrgﬁp§l%ﬁ?hrﬁﬁead@?FbﬁzﬁWé§°oﬂrPHE BRdsaht

invention 20 may form pharnmaceutically acceptable
etByl BinAcYEORP; afddt AbsEOWEH| pEKAIEB1NG| BTRIPR| AUFReds 2
_scope of the present invention. Exanples of the salts
dieHay LmineorganP c28d| 2 sISNERPEEAMEDEr SERMBr i des,
sul fates, nitrates, and phosphates; alkali_  neta
sal E¥amninsaefsbheulr E%F%OSHSIEJ& GREPARPYA s§°uﬁswhlch
al kal i ne earth pet al sali as caIC|unlsaIt an lud
ma el STt SRt e %Ylda’arﬁ hpBdsir aiebfrecls hca§1B9 fnclude
t ol uepesul f onat e met hanesul .
N- E%ﬁ&%?h%’c%%ca{ 2K} 95%?a?e§a0£rha‘%%ﬁb5 Eé@ 51!’ PXErohdme'
res i nvention, may be reseg E £ 3}

PiRRTY %%e(hQHP%T%ilneTh%rhﬁdFé?é aﬁl B eFSFVC FhFﬁnghe
scope of _the Er ﬁent I_.nvention g acry gngtr tituent
derF¥&TPVEE Bf Hhe ﬁFX eﬁFoPﬁvgﬂfF n"igy 28 S Ac P 85

her g f these jsoners and
lnﬁf&%%r%s Eﬂ%l?@bﬂ%?ge ¥sodtar¥  witthin the scope of

die@hylam1noethylamlnocarbonylpropionyl group, a

diethylaminopropylaminocarbonylpropionyl group, a

diethylaminophenylaminocarbonylpropionyl group, a 4-

piperidinopiperidin-1-yl-carbonyl group, and a 4-

piperidinopiperidin-1-yl-carbonylpropionyl group.

[0029]

The acrylonitrile derivatives of the present invention
may form pharmaceutically acceptable salts thereof, and these
salts also fall within the scope of the present invention.
Examples of the salts include inorganic salts such as
hydrochlorides, sulfates, nitrates, and phosphates; alkali
metal salts such as sodium salts and potassium salts;
alkaline earth metal salts such as calcium salts and

magnesium salts; and organic acid salts such as p-

toluenesulfonates, methanesulfonates, fumarates, succinates,
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present invention. [0030] O these, nore preferred
are the follow ng conpounds 10 and salts:
(2)-2-(3, 4-di met hoxy- phenyl ) - 3- (5-ni tro-t hi ophen-2-yl)
- acrylonitrile (Conmpound 1),
(Z2)-3-(5-brono-thi ophen-2-yl)- 2 (3,4-dinethoxy-pheny|)
- acrylonitrile (Conpound 2),
an@Z}aSt€5€an1ﬁEhQFWQm@@#@@Ey¢§ Qh?3QME@$m%th@¥9nbh@®ym§y be
- acrylonitrile (Conpound 3),
pregynp. (8, ahej fermowy- pReMGLE- dhydrptperi dipe 1bydraheppalso
hen-2- yl)-acrylonitrile (Conmpound 4) or a
fahydvdEhler theagraprsapt thﬁep§@ﬁep€oﬁaaﬁﬁ§1?m) D=
(Z)-2-(3, 4-di_met hoxy-phen C% 3- (5-norphol i n-4-yl-thiop
ACHE OQItVF}ea@?VFBﬁFFV?EeO% RBogkgssnt invention may
(2)-2-(3, 4-di nmet hoxy-phenyl ) -3-[5-(4-hydroxy-pi peridin
1nCiU§P)lSPﬁ?65hEHEQE9f} aeﬁyﬁaﬁhtPﬁ|EhFéSnﬁaeﬁeré)aBﬁ a
drochloric acid salt_thereof (Conpound 12),
ml% ros (8L ALBE N EABRY S pREATI faél{BlF{lénhffaﬁoﬁ?OBFh?If) the
et hyl - am no] -t hi ophen-2-yl}-acrylonitrile (Conpound
pr9§ent invention.

éz 2- (3, 4-di met hoxy- phenyl ) - 3-[ 5- (4- met hyl - pi per azi n-
[0 éi) 17 thi ophen-2-yl]-acrylonitrile (Conmpound 8) or
hloric acid salt thereo
(288" 58380 fiar RoRyeh Rerist S35 55P4 203 hyargFompRyPsis
Cg era2|n | -yl]-thi ophen-2- yI} acrylonitrile
an? ﬁEB Bhd 9), a 5 hydrochloric acid salt thereof

(zE%%gggU%adéééFh§x¥?§£Q%9f?ygt? |G peLd RaLLntnenegh,
acrylonitrile (Compound 1),

(Z) -3-(5-bromo-thiophen-2-yl)-2-(3,4-dimethoxy-phenyl) -
acrylonitrile (Compound 2),

(Z) -3-{5-amino-thiophen-2-yl)-2-(3,4-dimethoxy-phenyl} -
acrylonitrile (Compound 3},
(Z)-2-(3,4-dimethoxy-phenyl) -3- (5-piperidin-1-yl-thiophen-2-
yvl) -~acrylonitrile (Compound 4) or a hydrochloric acid salt
thereof (Compound 11},

(Z)-2-(3,4-dimethoxy-phenyl)-3- (5-morpholin-4-yl-thiophen-2-
yl) ~acrylonitrile (Compound 5},
(Z)—2—(3,4-dimethoxy—phenyl)—3-[5n(4—hydroxy—piperidin—l—yl)—
thiophen-2-yl] -acrylonitrile (Compound 6) or a hydrochloric
acid salt thereof (Compound 12),
(Z)-2-(3,4-dimethoxy-phenyl) -3-{5- [ (2-hydroxy-ethyl) -methyl-
amino] -thiophen-2-yl}-acrylonitrile (Compound 7},

(2} -2-(3,4-dimethoxy-phenyl) -3-[5-(4-methyl-piperazin-1-yl} -
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sul furic acid salt thereof (Conpound 100), a sulfuric
acid salt thereof (Conpound 101), or a nitric acid

salt thereo

f (Conpound

102),

10

(2)-2-(3, 4-di met hoxy- phenyl ) -3-{5-[ (2-di met hyl am no- et
| -am no] -t hi ophen-2-yl}-acrylonitrile
0) or a hydrochloric acid salt thereof
thidpnpouddylb)acrylonitrile (Compound 8) or a hydrochloric
nmono- (1-{5-[ (Z) - 2- cyano- 2- ( 3, 4- di met hoxy- phenyl ) - vi nyl
acid $h1bph@ﬁr@0§l}Cgmp@um@|h3h yl) phosphate (Cbnpound
16) or a 15 sodium salt thereof iCbnp

hyl)- met hy
(Conpound 1

Zhn&o(%:4{@1m¢tyognghﬁ@yél(3 45di
-yl'}-piperidin-4-yl) succinate

]- thiophen-2

ﬁgﬂﬁo&ydﬁﬁéﬁyﬁyhvﬂhy|
npound

pingyasinal -ybli thierrent ey bbf 2¢CohpBURELES) | éOmpound 9), a

meéhggé%uféé@

saft%%€%§¢?§3

hydrochlorl
(Ceoyeynd 5l

z><zay§<43aoif
me?gyfzgm

- fur

mono- (1-{5-{(Z) ~2-cyano-2-

2- (3, 4-di nmet hox henyl
hYéﬁﬁgm%@ﬁ%¢|¢%1@c%ﬁ%%u

e{gy

dlnethox

y¢o®¢%¢|¥ CB%%
(2)-2-(3, 4- dlnethoxy-phen

Su%ﬁﬁ%ﬂcy¢?1%0$%1%nF¥?¥$%f

h
a83§h§%v$¢?féli

3 (5-nitro-furan-2-yl) 20
a

(Compound 14),

) - 3- ( 5- hydr ox nethyl ran
BEnb ﬁ@?mpoung

)38 (2B] Lro-phepylAcf U g

a12

C&%%g%ﬁélgﬁi o@égd4sgige£ﬂe§¥of

c acid salt thereof (Conpound 23) 18
H1nethoxy phenyl ) - 3-(5-pi peridin-1 -furan

lﬁ@"t’%%lx%ﬁgﬁécﬁﬂp? B ﬁ%o%%}:wlamimc’rﬁ};%xl) :

ylonltrl

ol drfbemsg’ %h%cﬁ%%w%n%arwar5&*9@5051&% Aol o =
hydroghforlc 5%&5 gaita€ﬂ¥£gg£trbomp un&pQEPd 26),

(3,4-dimethoxy-phenyl) -vinyl] -

thiophen-2-yl}-piperidin-4-yl) phosphate (Compound 16) or a

sodium salt thereof

(Compound 17),

mono- (1-{5-[(Z) -2-cyano-2- (3, 4-dimethoxy-phenyl) -vinyl] -

thiophen-2-yl}-piperidin-4-yl) succinate (Compound 18) or a

sodium salt thereof (Compound 57),

(Z)-2-(3,4-dimethoxy-phenyl)-3- (5-nitro-furan-2-yl) -

acrylonitrile (Compound 19),

(Z)-2-(3,4-dimethoxy-phenyl) -3- (5-hydroxy-methyl-furan-2-yl) -

acrylonitrile (Compound 20),

(Z)-2-(3,4-dimethoxy-phenyl) -3-[5- (3-nitro-phenyl) -furan-2-

yl] -acrylonitrile
(Z)-3-[5-(3-amino-phenyl)

phenyl) ~acrylonitrile

salt thereof

(Compound 21},

-furan-

(Compound 23),

18

2-y1]-2-(3,4-dimethoxy-

(Compound 22) or a hydrochloric acid
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(2)-2-(3, 4-di met hoxy- phenyl ) - 3-[ 5- (4- net hyl - pi per azi n-
| -yl)- furan-2-yl]-acrylonitrile (Conpound 27) or a
hydrochloric acid salt thereof (Conpound 29), 10
(2)-2-(3, 4-di net hoxy- phenyl ) -3-{5-[4-(2- hydr oxy-et hyl)
- piperazin-l-yl]-furan-2-yl}-acrylonitrile (Conpound
28) or a hydrochloric acid salt thereof (Conpound
(Z502; (3,4-dimethoxy-phenyl) -3~ (5-piperidin-1-yl-furan-2-yl}-
(2)-2-(3, 4-di net hoxy- phenyl )-3-pyridin-4-yl-acrylonitr
acrykoni ConpeundoBppund B¢drochl oric acid salt thereof
(Conpound 31), 15 or a nethanesulfonic acid salt
(Z1 her édf 4 t Compbhagy3phenyl) -3- (5-morpholin-4-yl-furan-2-yl) -
(2)-2-(3, 4-di et hoxy- phenyl) 3-pyridin-4-yl-acrylonitr
aciyeonitovkide (CCopponfd233),
(2)-2-(3, 4-di net hoxy- phen pyri di n- 3- yI-acronnltr
(Z} t2- (2 CHnPobuaEhayy - BheﬁYFaid?odﬁl‘éﬁrBYéé'PE}YsﬁllPeFﬁé‘lléofl -y1) -
(Conpound 20 36),
furay-2-y3] aa@ribeRoky i pRehGPIPSUPE.- AEY hoxy- pyri di n- 3-yl
L- acrylonltrlle (Conpound 35) or a h{drochlorlc aC|d
2Rt 3tﬁe@é@$tbgﬁﬁpghﬁ6yé?)3—[5 (4-methyl-piperazin-1-yl) -
fué@% gzgftgﬁg%gﬁ%ggg%}?hen%ompoug%r595no% ¥|h§%2%2%9522c
(2) (3, 4-di net hoxy- pheny g 3-(1Hpyrrol -2-yl)-acrylo
ach@t???% t??%ﬁ%%uﬁgo@g?uﬁg 2%hydrochl oric acid salt
t here

(21 25+ 55 (5 A G RRPKExFIBRERY T - 457 8 (A BUSEPIY-FERYL) -
oiposdalist %%%fyfuﬁgﬁ@% RyHLTRERNGPRSFEL R g 4SBTRR R 28) oF
oy 57310515 Bt Rosy. PRERSTY- SCPAPRERAyY P03 phenyl - hi a
pré—?3,4-d1methoxy—phenyl)—3—pyr1d1n-4—yl—acrylonltrlle
(Compound 30), a hydrochioric acid salt thereof (Compound 31),
or a methanesulfonic acid salt thereof (Compound 32),
(Z2)-2-(3,4-dimethoxy-phenyl) -3-pyridin-4-yl-acrylonitrile N-
oxide (Compound 33),
(Z)-2-(3,4-dimethoxy-phenyl) -3-pyridin-3-yl-acrylonitrile
{Compound 34} or a hydrochloric acid salt thereof (Compound
36),
(Z)-2-(3,4-dimethoxy-phenyl) -3- {6-methoxy-pyridin-3-yl) -
acrylonitrile (Compound 35) or a hydrochleoric acid salt
thereof {Compound 37),
(2)-2-(3,4-dimethoxy-phenyl) -3-pyridin-2-yl-acrylonitrile
(Compound 38), |
(Z)-2-(3,4-dimethoxy-phenyl) -3- (1H-pyrrol-2-yl) -acrylonitrile

(Compound 39) or a hydrochloric acid salt thereof (Compound
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yl)-acrylonitrile (Conmpound 43),

(2)-3-(3, 4-di net hoxy- phenyl ) -2-pyridin-3-yl-acrylonitr

ile (Compound 44) or a hydrochloric acid salt thereof

(Conpound 10 46),

(2)-3-(3, 4-di net hoxy- phenyl ) -2-pyridin-2-yl-acrylonitr

ile (Conmpound 45) or a hydrochloric acid salt thereof
40[ Compound 47),

(2)-2-(3, 4-di net hoxy-phenyl)-3-{5-[(2- dlnethylan1no et
(ZhyP) {3 15-denayhoap pbenyll ad- 23§ imadpgPdnitivil) e

(Conpound 48) or a hydrochloric acid salt thereof
actgonpdondlgo)Compound 41),

mono- (1-{5-[ (Z) - 2-cyano- 2- ( 3, 4- di met hoxy henyl Vi ny
(2] =3t B abenzyl F2pnpehydenliapyy - §Hcémﬁ§ﬂéoicﬁnwéuna “BPy 4-

or a sodiumsalt thereof (Conpound 58),
dimehboxy-pBenyl) - ch-fyéﬂ@lizr(téeﬂGPF@PH@S@yéBI}IenyI) vi nyl

L- furan-2-yl}-piperidin hos hat e (Conpound  52)
(Z r2a 336d@@ﬁ€§b@¥¥rﬁb¢@w—)(éor%oﬁlﬁﬁ Bay2- phenyl-thiazol-5-

iS br ono- f ur an- 2- yI)-2 (3, 4- di net hoxy- phenyl ) -

ylbcwrﬁ PREEF &1 CORPBOAENG4E3) 25

( % 3- (3, 4-di net hoxy- heny % 2- thlophen %Iom
(Z} 1 3(@Dﬁﬁ@gﬁaoggyphenyl -pyridin-3- yl acry itrile

e i e bapen 8l 26 1aRReR Er¥iedE (E3hpbuna

1-[5-[(2)-2-cyano- 2- (3, 4-di met hoxy- phenyl )-vinyl]-thio
46hhen- 2- yl]- pi peri di n-4-vyl

2-di et hyl ami no-eth u00|na e .h roc ric
(Zbc§d(éaﬁfdg@%ﬁbaﬁﬁapg%?}l pyrl gL on ¥9 ry onitrile

C%ﬂéﬂuééz%§f 8¥S£?p§g ogﬂ}ggggtggéé ghigyk%e¥ég¥lhc%gbound
y%(S di et hyl am no- propyl ) - succi nanat e

(Z)-2-(3,4-dimethoxy-phenyl) -3-{5- [{2-dimethylamino-ethyl) -
methyl-amino] -furan-2-yl}-acrylonitrile (Compound 48) or a
hydrochloric acid salt thereof (Compound 49),
mono-(1;{5—[(Z)—2—cyano~2—(3,4—dimethoxy—phenyl);vinyl]—
furan-2-yl}-piperidin-4-yl) succinate (Compound 51) or a
gsodium salt thereof (Compound 58),
mono- (1-{5-[(Z) -2-cyano-2- (3, 4-dimethoxy-phenyl) -vinyl] -
furan-2-yl}-piperidin-4-yl) phosphate ({(Compound 52) or a
sodium salt thereof (Compound 53),

(Z) -3- (5-bromo-furan-2-yl) -2- (3, 4-dimethoxy-phenyl) -
acrylonitrile (Compound 54),

(E) -3-(3,4-dimethoxy-phenyl) -2-thiophen-2-yl-acrylonitrile
{Compound 55},

(Z)-3-(3,4-dimethoxy-phenyl) -2-thiophen-2-yl-acrylonitrile
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hydrochl oric acid salt (Cbnpound 61),
1-[5-[(2) -2-cyano- 2- (3, 4-di net hoxy- phenyl )-vinyl]-thio
phen-2- yl]-piperidin-4-yl dinethylam no-acetate
p-tol uenesul fonic 10 acid salt (Conmpound 62) or a
hydrochl oric acid salt thereof (Conpound 104),
1-[5-[(2) -2-cyano- 2- (3, 4-di net hoxy- phenyl )-vinyl]-thio
(Cohemad 56) - piperidin 4-yl
[1,4']bipiperidinyl-1'"-carboxylate hydrochloric acid
1- b5t f (4 Cobpoyemo 63) {3 16-dimethoxy-phenyl) -vinyl] -thiophen-2-
1-[5-[(Z)-2-cyano-2- (3, 4-di net hoxy- phenyl)-vinyl]-thio
vibheiperigli-ptper¥dia-digthylamino-ethyl) - succ1namate
4-[1, 4" ] bi pi peridinyl-1'-yl-4-oxo-butylate
hydweleiobdit be | ac b i g bal { Compppeding0 b4)
(2Z)-2-(3, 4-di met hoxy-phenyl ) - 3-qui nol i n-4-yl -acryl onit
1-[51 B(Z )X Congioume $5§3 , Rodimethoxy- phenyl) -vinyl] -thiophen-2-
(Z) - 3-benzo[ b] t hi ophen- 3-yl - 2-( 3, 4- di met hoxy- phenyl ) -
ylkmp%@Qﬁﬂ@¥m1%—xtmeb%ﬂ@l%%ngaman propyl) -&uccinamate
é# (3, 4- dlnethoxy henyl ) % -met hyl -1 H benzi m daz
hy 0@31%3Ca%¢3ﬂ0$ﬁ3f?| mm%%u Y 67),
Z)-2-(3, 4-di net hox henyl l1-methy| -1 Hin m
§525 %éT%ﬂ%Yﬁ@?T?E Cg : %h@g§ pheny¥ ~vinyl] - hloghen 2-

(2) - 3-benzof uran- 2- yI dlnethoxg gheng i acrg f?
YlkT9¥9e¥¥§ﬁﬁﬂﬁﬁ¥P6@3 @hylamlno acetat oluenesulfonic
aCJ)d %éf@[{lﬁ%tﬁ C]UI nol i n- 3- %b%roclgforlgl gg}goégighgﬁgreof

) 2- benzothlazol 1- yI 3 (3, 4- di net hoxy- phenyl ) -
AU 1M e (Conpound 71), 5

fﬁr[ﬁ benzofuran 39%94 dlmé€h§§§mgh ¥ P Xyi] Cﬂ! Hen-z-

yl]—p1per1d1n—4~yl [1,4" ]bipiperidinyl-1' -carboxylate
hydrochloric acid salt (Compound 63},

1- [5-[(Z) -2-cyano-2-(3,4-dimethoxy-phenyl)} -vinyl] -thiophen-2-
yl] -piperidin-4-y1l 4-[1,4']bipiperidinyl-1’-yl-4-oxo-butylate
hydrochloric acid salt (Compound 64),
(Z)-2-(3,4-dimethoxy-phenyl}-3-quinolin-4-~yl-acrylonitrile
(Compound 65) ,

(2} -3-benzo[blthiophen-3-yl-2-(3,4-dimethoxy-phenyl) -
acrylonitrile (Compound 66},
(Z)-2-(3,4-dimethoxy-phenyl) -3- (1-methyl-1H-benzimidazol-2-
yl) -acrylonitrile (Compound 67},
(Z)-2-(3,4-dimethoxy-phenyl) -3- (1-methyl-1H-indol-3-y1} -
acrylonitrile (Compound 68},

(Z) -3-benzofuran-2-yl- (3, 4-dimethoxy-phenyl} -acrylonitrile

(Compound 69),
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(Z2)-3-(2-chl oro-6-nethoxy-quinolin-3-yl)-2-(3,4-dinmeth
oxy- phenyl)-acrylonitrile (Conpound 73),
(E) - 2- benzot hi azol - 2-yl - 3- (3, 4- di net hoxy- phenyl )- 10
acrylonitrile (Conpound 74),
(2)-3-(2, 3-di hydro- benzof uran-5-yl ) -2-(3, 4-di net hoxy-p
henyl)- acrylonitrile (Conpound 75)

(Z{ Z}= 22(3h3101§lprrﬁtlht}§?§l¢liphén;€) =3-[(B~ (14dﬂm9§h@><wh§h?pyll)s
oxazol - 3-y|]-acry|on|trlle (Compound 76), 15

acryjonitgiledigenpoydphéhyl ) - 3- [ 5- (4- net hoxy- phenyl ) -
I soxazol -3-yl]-acrylonitrile éCbnEound 77)

(E] Z3-bepzonhgaaet hdxylphedyt #-3148 h@?{ynpéemflécr yl oni t
rile (Conpound 78),

acyy}onitpi gl 6FBUBOHBENG.Y - qui nol i n-3-yl)-2-pyridin-2-y
|- 20 acr%Ionltrlle éCbnpound 79% ,

(2] 73 -Be2oEUr 3R 03 6Y et hbRy% gdi w8 naxg-phenyl hyprgyhoniyrile
| - acr%lonltrlle (Conpound 80),

c?@ﬁo@n 272ht or o- 6- nethoxy qU|noI|n 3-yl)-2-thi ophen- 2-
acr lonitrile npound %
{23 827 %ﬂF%r% %ehﬁ?ﬁﬁxguhﬁ?% PrAs glir? 53¢ ArgpmeRbexy-

acrylonitri

ph %ylb B ﬁ%%???%fbiéc?ggmgo?ﬁg ﬁ?bro 6- met hoxy- qui nol i n
EkEﬁy%£%%%&€f%¥a§a#-%iy?-%é( :ggngBQ%YﬁaPﬁay}-quino|in
nitri un 4),
ac¥%§g%15§$f 8 LriLg E mpo )

YRR blin-4-yl-acrylonitrile

(2} 5 BEE ?h?%gagyve%zaﬁ?ﬁ%?.% WL 12360 gf o PRy -phenyL) -

acé§%€%ﬁtrlle (Compound 75),
(Z)-2-(3,4-dimethoxy-phenyl) -3- [5- (4-fluoro-phenyl) -isoxazol-

3-yl] -acrylonitrile (Compound 76),

(Z2)-2-(3,4-dimethoxy-phenyl) -3- [5~ (4 ~-methoxy-phenyl) -

isoxazol-3-yl] -acrylonitrile (Compound 77),
(Z)-2-(3,4-dimethoxy-phenyl) -3-quinolin-2-yl-acrylonitrile
(Compound 78),
(Z)-3-{(2-chloro-6-methoxy-quinolin-3-yl}-2-pyridin-2-y1-
acrylonitrile (Compound 79},

(Z) -3-(2-chloro-6-methoxy-gquinolin-3-yl) -2-pyridin-3-yl-
acrylonitrile (Compound 80),

(E) -3-(2-chloro-6-methoxy-quinolin-3-yl) -2-thiophen-2-y1-
acrylonitrile (Compound 81),
{Z)-3-(2-chloro-6-methoxy-quinolin-3-yl)-2-thiophen-3-yl-
acrylonitrile {Compound 82),

(E} -2-benzotriazol-1-y1l-3-(2-chloro-6-methoxy-quinolin-3-yl) -
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86), (E)-3-quinolin-4-yl-2-thiophen-2-yl-acrylonitrile
(Conmpound 87), 10
(Z)-3-quinolin-4-yl-2-thiophen-3-yl-acrylonitrile
(Conpound 88),
(E) - 3-benzo[ b] t hi ophen-3-yl -2-thi ophen-2-yl -acrylonitr
ile (Conmpound 89),

aciF)eBibenke| bfothpoph@n83} yl - 2- benzot hi azol - 2-yl -acryl o
nitrile 15 (Conpound 90),

(E] 23 -lBehzozbiazah-2-yl =2- b%nfzblfarfanﬁSm?th@éYyﬁ‘éthim@ yl)-
( Conpound 91),

acxigoglehQQth¢®m@©quy$4B (1- nethyl-lkklndol 3-yl)-
acrylonitrile (Conpound 92),

(Z) B -By¥idieh? orb- &nq%%@@bhn94yY} acrglanit it foxFOpReHnd

- yl)- acrylonitrile (Conpound 93),

85) Z) - 2- (3, 4- di net hoxy- phenyl ) - 3- napht hal en- 2-yl - acryl on

itrile géCbgyound 94)
(Z) 23 =pyvyidip nﬁ%h%x§ub%%%ym743¥bh@ﬁ5ﬁ%ﬁ?éﬁr91§l!QemyPBnd
nitrile 25 (Conpound 95),
861+ [5-[(2)-2-cyano- 2- (3, 4- dlnethoxy phenyl)-vinyl]-thio
(then 2- yl]-piperidin-4-yl diethylam np-aceta

ChTpsti 1035 Y & p- tlzlso%%e%ez [ AGRY LORLE L Lg) { Compound

t hereof (Conpound 96), or a hydrochlorlc acid salt
87} her eof (Cbnpound 105)

<Z>ph£nqé15 Hoet T 3140@&%%‘? ArraTa SRR ?%L]rﬁ%%ﬁ%%md
97), 5
88, ES [ (2)-2-cyano- 2- (3, 4-di net hoxy- phenyl)-vinyl]-thio

(E)K{]e-gb%z]l%%/h%/] %fc?éﬂ%rbﬂ%fgi’l\g nié]ilh%hen 2-yl-acrylonitrile

(Compound 89),

(E) -3-benzo [b] thiophen-3-yl-2-benzothiazol-2-yl-acrylonitrile
(Compound 90) ,

(Z)} -3-benzofuran-2-yl-2-benzofuran-3-yl-acrylonitrile
{Compound 921},

(BE) -2-benzothiazol-2-y1l-3-(1-methyl-1H-indecl-3-yl) -
acrylonitrile (Compoﬁnd 92),
(Z)—3—(10-chloro—anthracen—9—yl)—2—(3,4~dimethoxy—pheny1)—
acrylonitrile (Compound 93),

(Z)-2-(3,4-dimethoxy-phenyl) -3-naphthalen-2-yl-acrylonitrile
(Compound 24),
(2)-2-(3,4-dimethoxy-phenyl) -3 -phenanthren-9-yl-acrylonitrile
(Compound 95),
l—[5—[(Z)—2—cyano—2;(3,4-dimethoxy—phenyl)—vinyl]~thiophen—2—

yl] -piperidin-4-yl diethylamino-acetate (Compound 103}, a p-
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succi namat e hydrochloric acid salt (Conpound 98), and

1-[5-[(2)-2-cyano- 2- (3, 4-di net hoxy- phenyl )-vinyl]-thio

phen-2 yl]-piperidin-4-yl

N- (4-di et hyl am no- phenyl )-succi namate 10 ( Conpound

99). [0031] The acrylonitrile derivatives of the

present invention and salts thereof may be produced
tolheneghlfbnicerahgl salhethesepdwilRgmpenbdi 8R!} schEnd

(A) or (B): 15 [0032] Schenme (A) Are Ar2CHO + NCMArl|
hyficdghlori¢eicid7yatt therpof33fFomphrend LBF) .20 [ 0034]

Ar? CN Are"CN + Arl1CHO "Are (18) (19{ (1-2) 24
1-[8038%2) -2wherePn2Af B, AndinethokdveheR¥Ll S aendAntRgeprhen-2-

as defined above). Specifically, through condensation
ylbepipernidhnat owht féethydefpybapaby sFOPRIONNENE AN

aromatic acetonitrile (17) or 5 (18), _an . )

5 1-&eryKBhi2reyanderi vat fvaipethpxyropenyy) cypnyel -thiophen-2-

groduced.lwbre specificallg, condensat i on between_an
vlhrehperedangéhyleNe 18y danahylandnasehbyybelzPEtEYani de

(17) vyields_an acrylonitrile derivative 1-13,
sugpépanate hydrochloric acid salt (Compound 28), and

1-[5-[(Z) -2-cyano-2- (3,4-dimethoxy-phenyl) -vinyl] -thiophen-2-
yl] -piperidin-4-yl N-{4-diethylamino-phenyl) -succinamate
10 {Compound 99} .
[0031]
The acrylonitrile derivatives of the present invention
and salts thereof may be produced through, for example the

following reaction scheme (A} or (B):

15 [0032]
Scheme (A)
Al'g
APCHO + NG~ AT Nc:leﬂ
(16) (17) (1-1)
[0033]
Scheme (B}
20 [0034] |
| ArR__CN
Ara/\CN + Ar'CHO —» \|[Ar1
(18 (19) (1-2)
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condensati on between an aromatic acetonitrile (18) and

3,4 10 di net hoxybenzal dehyde (19) yields an

acrylonitrile derivative (1-2). Aternatively,

t hrough condensati on between a polycyclic aromatic

al dehyde (16) and 3, 4-di net hoxybenzyl cyanide (17),

an acrylonitrile derivative (1-1) can be 15 produced.
[0ThEbugh condensation between a heterocyclic

acetonitrile (18)_ and a quinolinecarboxal dehyde (19),
(wherednr 3rbrand i Ae’ derveydihie esqne 2jezaings afodageged above) .

Al so, through condensati on between a )

benz@pd¢ bpheabtar boedwehygendensation between an aromatic

benzof ur ancar boxal dehyde, or an indol ecar boxal dehyde
al@aleydeo(aal erhéigioenél ae arendhierpretensirigg (17) or

acrylonitrile derivative (1-2) can be produced.
(13D03sh agnelenhtshiat denivahtVeonlrd) pPef étaBl ycan be

carried out in the presence of a base such as sodi um
profikesd de, Maxsi IRA L Il ki dRONIRTTYE ERE | REF R 3 de.

When sodi um al koxi de is_ enployed, the condensation
arepakif onlishpdef 6 hbdend Ant-AFRBRBPIYLSBRVENEY2RAER (17)

_as nethanol or ethanol, at between_ 25 ice _cooling
viebdpernt af ey ARl E el Le uRer ivpbieul & LineBEE SRAen

sodi um hydroxi de i s enpl oyed, the condensation
CORGERPR HHON SPEPERPERr ABIRTATAT $6) SEREORTEFaE Of ShafBf 3:4-

.and an jnert_so] vent, uch a.neth IenﬁPch oride.or. £
QiERYBPBYBPRTS HRERVES qih? b KAPYOS BRmORTURPBAFELoF gorivative

sim |l ar conmpound bei ng added thereto. [0037] The
(13%}ylonitrile derivatives each having a heterocyclic

ring,of the,present,inovention af sahts bheLedh o

polycyclic aromatic aldehyde (16) and 3,4-dimethoxybenzyl
cyanide (17), an acrylonitrile derivative {1-1) can be
produced. Through condensation between a heterocyclic
acetonitrile (18) and a gquinolinecarboxaldehyde (12), an
acrylonitrile derivative (1-2) can be produced. Also,
through condensation between a benzothiophenecarboxaldehyde,
a benzofurancarboxaldehyde, or an indolecarboxaldehyde (19)
and a heterocyclic acetonitrile (18), an acrylonitrile
derivative {(1-2) can be produced.

[0036]

The condensation reaction is preferably carried ocut in
the presence of a base such as sodium alkoxide, sodium
hydroxide, or potassium hydroxide. When sodium alkoxide is
employed, the condensation reaction is performed in an

alcoholic solvent, such as methanol or ethanol, at between
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may be adm nistered as is. Alternatively, the

derivatives or 10 salts thereof may be mxed with a

pharmaceutically acceptable <carrier such as a

di spersing aid or an excipient, and may be wused in

the formof an injection or a peroral preparation

such as powder, solution, capsules, suspension,
icenubslbng teywpepaterexand gedhuketempekhtureabivbegeas when

troches, or |enpnade. 15 These products may be . .
sopiepahgdrorideghsacuphoradi onhe aendedsatfop3gpaction 1s

Exanpl es of such a carrier include water-soluble
penbovsedchar adeslvehtgosatohar pfeyatgrdand an inert solvent,

pol ysacchari des, such as mannitol, |actose, and
sudexasanetgelener ehhgradewarerh2oredpunl ewéEhl gl gyasernary

such as hydroxypropyl cellulose, hydroxypropyl nmet hyl
ampehiunosalt apd fAechpiles| Fampsendnheand aéééﬁbthgrﬁﬁe-

poorly water-sol uble cellul oses, such as crystalline
[0@2¥] ul ose, a-cellul ose, cross-linked

car boxynet hyl cel l ul ose sodi um and derivatives

t heFB6f acrBlanti 6ridBs 6EBLNgLaNESp66F Ly PRYESH- Sol ubl e

pol ysaccharides, such as hydroxypropyl starch
he paFPEXGALE hYLNGt Af chRecPEEEENF| ARYENEEQPCRT SfyFgsbhereot

ggglopectin, pectin, and derivatives 26 t erggf;, £
mayigbera@Bisi BF AE=EndS pdsr | YU TR 5bY oY e eSHERtives or
as gum arabi c, tragacanth gug} glgconannan” aﬂg fabl
salefi VAEF9es MeKePBoMIXERo¥SIR AKBARVIRTFUpOFFers 2CCceptabre
such as golgvinyl, ggrrolidong, cross-|inked c d mav be
cappt§acFYFRcAact dIARBCE SIS £hEr BOf 2P58EF ORISR Frk 8l Y
I yvinyl al cohol, polyhydroxyethyl nethacrylate nd
us el 9t 19 eLOPREPBors AMACHb!BBuPAr 2abGFEharePLsogration
sufh PRSOR)AL T M 80, L1 LIS, 346085 BR23RNRLLR! deflidsion,
syrup, elixir, granules, pills, tablets, troches, or lemonade.
These products may be prepared through a conventional method.
[0038]

Examples of such a carrier include water-soluble
monosaccharides, oligosaccharides, and polysaccharides, such
as mannitol, lactose, and dextran; gel-forming or water-
soluble celluloses, such as hydroxypropyl cellulose,
hydroxypropylmethyl cellulose, and methyl cellulose; water-
absorbing and poorly water-soluble celluloses, such as
crystalline cellulose, a-cellulose, cross-linked
carboxymethylcellulose sodium, and derivatives thereof;
water-absorbing and poorly water-soluble polysaccharides,

such as hydroxypropyl starch, carboxymethyl starch, cross-

linked starch, amylose, amylopectin, pectin, and derivatives
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[0039] 10 when the conpound of the present invention
exhibits low solubility, the conpound may be
subjected to solubilization. Exanples of the
sol ubi i zati on techni que include techniques which are
generally applicable to drugs, such as a technique in
which a surfactant (e.g., a pol yoxyethyl ene al coho
therpef; wstarpsbygoxpenbypradepacylveyeser -godubdiet gims, such
acyl ester, or a polyoxyethylene sorbitan acyl ester)
asj gumdaedbio, t heagarpoiind gumanglacosenniague 288 Ideyiigtd ves
wat er - sol ubl e_pol yner (e.g. pol yet hyl ene gl ycol ). If
thesepfedcroner inkgdbuinmpl BPaYMers, Saghnpie podyvinyl
technique for formng a soluble salt of the 20
pPyrsapodade. oﬁrQSﬁeéhﬁgadeppévaﬁémlﬁga§léﬂ atﬂﬁir gpadts thereof,
conpound by use of cyclodextrin or a simla
cragsetinkedapsdyubnyilzat reRolt eé’ﬁﬂriﬁf&ﬁférﬁﬁy’%@yl methacrylate,
appropriately selected in _accordance with the target
andcAgrovrEivee BBepreativandr mglesidarnapgsedat6o46)-9-25
By virtue of a potent inhibitory BCRP effect, the
lipoapBandterming bFEé@ﬁt ?HVEnP?loQ§Hhﬁél€ﬁﬁiBFQd as
an agent_ for overcomi ng anticancer agent resistance,
chghgs ﬁrﬁbent for 27 potentiating anticancer agent
effﬁ The BCRP i nhibitor may be enployed as an
t for overcon1ng antlcancer agent resistance for
a ca cer ich has BCRP- nedi,ated _.resi s

v BAgh 5B RPEPPEPROA OF DEnDAREFE inde <Aigh 5% 1Bits low
Sﬂﬁ%ﬁiﬁh%r =hSrentpari Smg'}ﬁ BEafobi SE5e, o pedibi g gtion.
AT BF 1471 GUP SERLPE b1 £9 LR BRCERLERSnGEr BRg CoRbLques
whfghtégglgénergligtégﬁlaéa Tgoggdd%ﬂgs, such as a technique
in Which a surfactant (e.g., a polyoxyethylene alcohol ether,
a polyoxyethylene acyl ester, a sorbitan acyl ester, or a
polyoxyethylene sorbitan acyl ester) is added to the compound,
and a technique employing a water-soluble polymer (e.g.,
polyethylene glycol). If desired, there may be employed, for
example, a technique for forming a soluble salt of the
compound, or a technique for forming a clathrate compound by
use of cyclodextrin or a similar material. A solubilization
technique may be appropriately selected in accordance with
the target acrylonitrile derivative or a salt thereof.
f0040]

By virtue of a potent inhibitory BCRP effect, the
compound of the present invention can be employed as an agent

for overcoming anticancer agent resistance, and an agent for
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the target anticancer drug on which the agent for

overcom ng 10 anticancer agent resistance or agent for

potentiating anticancer agent effect containing, as

an active ingredient, the BCRP inhibitor of the

present invention, acts, so long as the anticancer

drug can serve as a substrate for BCRP or its anal og.
poEsahphbingf antithanaeanapeanceffactg i At vBERB5inhibitor may

t opoi sonerase | inhibitors such as irinotecan
behgupbeiedr REeATPFISRE ( fOT| P¥EHEPHBBDI fALISRNGEY ANt
t opot ecan; top0|sonerase I'l inhibitors such as

repisbraner 6at, 2 daneeubrbiah BagnsFabiErA, BERSaRefdased
and etoposide; antifolates such as nethotrexate; and
regpibanfre- tbF@Eﬂhnng@n#ﬁéFéEégﬂl@fdﬁﬁg§n§&€ﬁn§§r drug.
gefitinib and imatinib. Notably no particul ar
Meﬁﬂﬁh%é@roﬁh?SBCBBoéébl@htPﬁemBEPReaﬁEPéQYegoasléﬁga§§nt for
It has the sane anticancer resistance as that of BCRP.
PoLE0RIFt TG FBELCBNCRReABERP PAREBEt 6PToR CRECHLe¥BALCh
invention. 25 may be appropriately determned in
mEEEB?H‘aﬁEEY\Aﬁ‘RreFE?S gsgﬁpﬁed EXBLRARSNILOW, SERGAREIVILY to
nmet hod or the synptom of a, 1?atlent The dai |
anf IRt HAARAGFt F 4T pr Ry A % Ao h%r%amposed on
preferably 100 to.10 g, pa fer .
th%oﬁaﬁ%eFogﬁﬁlﬁan pﬁFFECBPaW£ i EF'%ﬁEnE gognﬁﬁgggomlng
rati o_between an antlcanc ru nd, the.BCRP
anFﬁﬂ?B??BraQ%ﬁB r?ﬁéSE?EFErPEdaFEP ErgeiePﬁla ing

ccordance w

anah?%eaﬁ£e?gﬁ?agé££eFEh?ngs%hﬁagbeasnéﬁoﬁsﬁ1V€mﬁnﬁredient
end ShoGE TR S| L4 SESERD ByLantl bl on TRERXC0o8 ong s
th%n%ﬁfggﬁgé%%ragug canh§e§ggpa%nhlgh%8£r5§ep%ggeﬁﬁﬁ%yor its
analog. Examples of such an anticancer drug include
topoisomerase I inhibitors such as irinotecan
hydrochloride/CPT-11 (active metabolite: SN-38) and
topotecan; topoisomerase II inhibitors such as mitoxantrone,
doxorubicin, daunorubicin, bisantrene, and etoposide;
antifolates such as methotrexate; and molecule-targeting
therapeutic drugs such as gefitinib and imatinib. Notably,
no particular limitation is imposed on the BCPR analog, so
long as it has the same anticancer resistance as that of BCRP.
[0041]

The dose of the BCRP inhibitor of the present invention
may be appropriately determined in accordance with, for
example, the administration method or the symptom of a

patient. The daily dose for an adult is preferably 1 mg to
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particularly preferably 1:1 to 1:100, nore preferably
1:1 to 10 1:10. Exanple [0042] The present
invention will next be described in nore detail by way
of exanples, which should not be construed as 15
limting the invention thereto. [0043] Exanple 1:
Production of an acrylonitrile derivative having a
10 het enorgcpireferaglyPLodunygi ba fep. 1parhtir:t;élae*t1yoﬁr@ﬁferably
am ne into a halogenated 20 heterocyclic al dehyde
500aner teas0 added¥a rax rieuctar 1xmm s hefogbrpeeed on the
heterocyclic al dehyde, and an amne (3 eq.) was added
ratpothetweencenranthdencesf fuxgcandi thenBCRPhénhilkigeg, and
was stirred for several ten mnutes to one day. After
theoprehgrrederabiai xeuteswhs agepadeaaewthhchEBrorsaRpLe,
The organic |ayer was washed with brine and dried
theveypeodf uan sait heenankydrugeor FRBibdFeEntonkRs employed.
evaporated to dryness. The reside was 29 purified by
when| i ax geramplamithrehaceyr BpAYochborhdpeh§ eVPéPaeQ as an
conpound of interest. [0044] (Production step 2:
anwm@e;z\) desgp bRechABRASAY| BR1BBEWeEN TS QPBﬁﬁPPEEGr drug
ycyclic aromati c al dehyde and 3, 4- dlnethoxybenzyl
tOc?%%l Boimb#Blhes f%qpfegﬁréhlﬁrgnﬁtFe &r 3 BBPycycllc

aromati c. al dehyde der|vat|ve and 3,4-dineth x¥ gqyy
paggéﬁyg%r%ﬁr%referably 1:1 to 1:100, more pre a 1:1 to

1:10.
Example
[0042]

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

[0043]

Example 1: Production of an acrylonitrile derivative having a
heterocyclic ring

{Production step 1) Introduction of amine into a halogenated
heterocyclic aldehyde

Water was added to a reactor in which a halogenated
heterocyclic aldehyde, and an amine (3 eqg.) was added to the
reactor. Under reflux conditions, the mixture was stirred
for several ten minutes to one day. After cooling, the
mixture was extracted with chloroform. The organic layer was
washed with brine and dried over sodium sulfate anhydrate.

The solvent was evaporated to dryness. The reside was

29



10

15

20

25

placed in a reactor, and ethanol was added thereto. A
10 calciumchloride tube was attached to the reactor
and the mxture was stirred in the reactor for
di ssolution. Separately, 1 to 2 eqs. of sodium
et hoxi de was wei ghed and dissolved in ethanol, and
the solution was added dropwi se portion by portion to
put héieddve- pi bpaa edesotolinon. ciihemasogirapbve Wasthereby
stirred at about an ice cooling tenperature to a
viekd | axconppendt of einpgrestconpl eti on of reaction,
wat er was added to the reaction m xture, and ethano
[O@¥es] evaporated to dryness. The mixture was extracted
with chloroform and the organic |ayer was washed
(Pypdicbidmestepl 2 ovdathyd dbyi Agepvef condernpahkicnl patween
anhydrate. The solvent was evaporated to _dryness. The
arenst HueoVeBOPYIEYE1 6@ dyoBatieacdehydeunnd 3, 4-
chr omat ogr aphy and recrystallized fromethanol, to
dimelererybeyrel dogaed®pound of interest. [0045] 25
(Production step 2: Method B) Step of condensati on
bet R@ehamanbhdt (€datePbnpr RFEMERYC OF Polycycllc aromatic
3, 4- dlnethoxybenzaldthde Egui amounts (eg.) g
alqpleyiee i deBEGRbHYE el 33 %‘F‘?‘&%‘E’W@eﬁﬁﬁl by8ni88 were
. _ 3, 4-di net hoxybenzal dehyde were pl ace g a1 reactO(A
Plaffr et hahof SHEECRARAC t RERRRDL ¥agaPefitth ERPEFFEe
tube was_attached to the reactor, and t ture was,
Ca%‘ﬂ‘ﬂ‘?e‘ahl‘?ﬁl‘@%et?}é%c‘t’%’? Fhraghedor it Fof. r%@ﬁﬁ?ﬁt ey the
to 2 . of /5 sodjum et hoxi de wa
MiFED I Ved THIEFRANLE , LARAE ERECOROF B 5205RL 8 RaeR

seiBULEE, PELOD DY POLL! S0 0y e BUONE-  RLRRIEHea ana
%ﬁggergtggeet gﬁgi C&HR'@hé°Qo9ut58%0%58”ad&%&e&r%%%ise
portion by portion to the above-prepared solution. The
mixture was stirred at about an ice cooling temperature to a
reflux temperature. After completion of reaction, water was
added to the reaction mixture, and ethanol was evaporated to
dryness. The mixture was extracted with chloroform, and the
organic layer was washed with brine, followed by drying over
sodium sulfate anhydrate. The solvent was evaporated to
dryness. The residue was purified by silica gel column
chromatography and recrystallized from ethanol, to thereby
yield a compound of interest.
[0045]
(Production step 2: Method B) Step of condensation between
aromatic acetonitrile and 3,4-dimethoxybenzaldehyde

Equiamountsg (eqg.) of an aromatic acetonitrile
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to the reaction m xture, and ethanol was evaporated to
10 dryness. The m xture was extracted with chl oroform
and the organic |ayer was washed with brine, foll owed
by drying over sodium sulfate anhydrate. The sol vent
was evaporated to dryness. The residue was purified
by silica gel colum chronatography and

derecaysval danded, 4:r@nm%thfambens@l@ﬁbyéﬁywaseypéﬁ@e@ in a
conmpound of interest. [00461 (Production step 3:

rejgtdod EdeEQ@a@¢lc@@ﬂe@@@@ﬁoﬁhﬁé@VEen-Arﬁﬁkﬁkﬁmmﬂhkprlde
acetonitrile and qui nol i necar boxal dehyde,

tubreizat W biphehed ak 9 okde deagdeor, and the mixture was stirred
benzof urancar boxal dehyde, or 20 indol ecar boxal dehyde

in Eeie arer@ter (Ber ) dbssalweien oc\RANar ket bnit ri¢ & egs. of
derivative and an al dehyde derivative were placed_in a

sod e t erhoqHieughs t Feishdd précessrelw’dehp| 8yBanph, and the
"Production step 2: nmethod B," a conpound, of interest

solfgisionswas eéﬁfé%t.g EpRRYiFe PPHELERIBY BPryAPRoLe &hghabove-
derivatives and analytical results will_next be

PreRared prluzion oo FAe W iGiF gitirred at room
(2)-2-(3, 4-di met hoxy- phenyl )-3-(5-nitro-

temm%%z ﬁf)tearcﬁﬂnmettﬂ% C(fod?ﬁfcﬂﬁﬁd’ri) water was added

5- Nltrothlophene - car boxal deh
to ClRieh A WP MO SR methox 15%%9 t %@%n?‘gép?éa%ﬁdgyo

dr%%?%g? @%%E%&u@eé%gﬁﬂumtl( or}:ézlsedie %1%1 rﬁjlol Lhe e:?r&/, and the
orégﬁq]eié§ Stﬁgg washed with brine, followed by drying over
sodium sulfate anhydrate. The solvent was evaporated to
dryness. The residue was purified by silica gel column
chromatography and recrystallized from ethanol, to thereby
yield a compound of interest.
[CO46]
(Production step 3: Method B) Step of condensation between
heterocyclic acetonitrile and quinolinecarboxaldehyde,
benzothiophenecarboxaldehyde, benzofurancarboxaldehyde,.or
indeolecarboxaldehyde

Equiamounts {(eqg.) .of a heterocyclic acetonitrile
derivative and an aldehyde derivative were placed in a
reactor. Through the same procedure as employed in
"Production step 2: method B," a compound of interest was
yvielded.

Specific production of various such derivatives and

analytical results will next be described.
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MS( APCl, mf z): 316(M - 10

1H NVR(CDC13) 6: 7. 93(1H,d, J=4.4),7.56(1 H,d, J=4.4),7. 43(

1H, s),

7.30(1H,dd, J=2.0,8.3),7.12(1H,d, J=2.0), 6.94(1H,d, J=8. 3

), 3.97(3H,s),3.95(3H,s) [0048] Production of

(2)-3-(5-brono-thiophen-2-yl)-2-(3, 4-di net hoxy- 15
[0ptenyl ) -acrylonitrile (Conpound 2)

5- Br onot hi ophene- 2- car boxal dehyde (381ng) was
Produnctehse do { h) 824(@1ﬂedrmﬁwhemyyphewﬁh)dé (3581mg9-

through Method A (production step 2), to thereby
thy¢mﬁ@ht1ﬁ¥lhﬁ@@tYl@mbUntle(9¢@¢EDU@@91hg 511) 20

Slightly yellow crystals MS(APCI, m z): 349(

1H Wm@;apnemfawa,;boxaedellma j&412) g} was

7.21(1 H dd, J=2.2,8.5),7.10(1H,d, J=4.2),7.08(1H d, J=2. 2
cor%)deré@e?wqw 193 JeglbyetthoeyRensyl comnsiesi3 - 56 ghogbyough

roduction o
Met(t®)d A ( a:mﬁmtiw o@tr@n 2} y| jootharabyi e hdxibe target
phenyl ) - lonitrile ound 3) 32 Conpound 1 (316

PIQQHCWﬁ§Y%ﬁ ol 49 m%feﬁh%gg (25 n), and cal cium

chl oride di hydrate (132 ng) and zi nc powder (2.55 Q)
Orapge HREP1® the solution, followed by stirring for 2

hours under reflux. The reaction m xture was subjected
MS {RPEL i %k st 1oH1by use of a celite pad, to thereby

renove zinc powder, and the solvent was evaporated_to

H-MRASDE L The? - ?éélﬂu@ e - ﬁhr?fﬁé&iﬁyds?Fﬁcé gér43{1H,s),
col unmm_chr omat ogr aph hexane- eth acet te) 0

7 SRR T 0 P L e gt (B it 1t18)a. 5% ),

3.97(3H,s8),3.95(3H, s)

[0048]

Production of (Z)-3-(5-bromo-thiophen-2-yl)-2-(3,4-dimethoxy-

phenyl) -acrylonitrile (Compound 2)

5-Bromothiophene-2-carboxaldehyde (381 mg) was

condensed with 3,4-dimethoxybenzyl cyanide (355 mg) through

Method A {(production step 2), to thereby yield the target

product (yield: 359 mg, 51%).

Slightly yellow crystals

MS(APCI,m/z) :349(M)"

"H-NMR (CDC13)8:7.41(1H,s),7.31(1H,d,J=4.2),

7.21(1H,dd,J=2.2,8f5),7.10(1H,d,J=4.2),7.08(1H,d,J=2.2),

6.90(1H,d,J=8.5),3.96(3H,s),3.93 (3H, s)

[0049]

Production of (Z)-3-(5-amino-thiophen-2-yl)-2-(3,4-dimethoxy-

phenyl) -acrylonitrile (Compound 3)
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(yield: 35 ng, 12% . 10 Yellow sh brown crystals
MS(ESI, n z) : 287( MtH)

1H NVR(CDCl 3)5:7.37(1H,s), 7.14(1 H d, J=3.9),

7.13(1 H,dd, J=2.4,8.3),7.04(1H,d, J=2.4),6.88(1H,d, J=8.3

)
6. 13(1 H d,J=3.9),4.34(2H, brs), 3. 94(3H, s), 3. 91(3H, s)
15 ¢O050n®r bd3tfongbfwas dissolved in ethanol (25 mL),
(2)-2-(3, 4-di et hoxy- phenyl ) -3-(5-pi peridin-|-
ang|cahi DpherhRoyide adilyydratei (232 Cogpoamd 2indhpougar (2.55
the procedure as enployed in Production step 1, an
g) aere adied ytoertheesoivioheopi piel teved (hyostgyrwag Hor 2
i ntroduced into 5-bronot hi ophene-2-carboxal dehyde (764
houngg , under t hef Bby. yiTled reaction mixture was subjected to
5- pi peridin-1-yl-thi ophene-2-carbal dehyde (yield: 500
f1ihgratioh  biThesprofive eee bl e peadldi ko 1tereby remove zinc
t hi ophene- 2- car bal dehyde (293 ng) was condensed wi th
powgler, dimdt Hoxybehz§it cyani Yeapobat ag) te i bYRRsfet NOtE A
(production 25 step 2), to thereby yield the target
repr@aricias \wer f iod Pyysil5ey-941 %ﬁlm ehyeparednaphy

MS(ESI, m z): 355( MtH) ' .
(hqwm@mc% PRt 1H3) tireply HHeJd4thy target product

7.12(1H,dd, J=2.2,8.5),7.04(I H d,J=2.2),6.87(1H,d, J=8.5
(yagld: 35 mg, 12%).

6. 06(1 H, d, J=4. 2) , 3. 94%3H, s),3.90(3H,s), 3. 29- 3. 43( 4H, )
Yellowigh gerawyste¥$§Lls 0051] Production of

2)-2-(3, 4-di met hoxy- phenyl ) - 3- (5- nor phol i n- 4-
MS§$£¥HF%%%E%§§(%T§LacrylonitriIe ( Compound 5)

'H-NMR (CDC13)8:7.37(1H,s),7.14(1H,d,J=3.9)},
7.13(1H,dd,J=2.4,8.3),7.04(1H,d4,J=2.4),6.88(1H,d,J=8.3),
6.13(1H,d,J=3.9),4.34(2H,brs),3.94(3H,s),3.91(3H, s8)

[0050]

Production of (Z)-2-(3,4-dimethoxy-phenyl)-3-(5-piperidin-1-
yl-thiophen-2-yl)-acrylonitrile (Compound 4)

Through the procedure as employed in Production step 1,
an amine moiety derived from piperidine (1.02 g) was
introduced into 5-bromothiophene-2-carboxaldehyde (764 mg),
to thereby yield 5-piperidin-1-yl-thiophene-2-carbaldehyde
(yieldﬁ 500 mg, 64%). The produced 5-piperidin-1-yl-
thiophene-2-carbaldehyde (293 mg) was condensed with 3,4-
dimethoxybenzyl cyanide (266 mg) through Method A (production

step 2), to thereby yield the target product (yield: 279 mg,

Yellow crystals
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Through the procedure as enployed in Production step

1, 10 an amne noiety derived from norpholine (523

ng) was introduced into

5- br onot hi ophene- 2- car boxal dehyde (382 ng), to

thereby yield

5- nor phol i n-4-yl -t hi ophene- 2- car bal dehyde (yield: 176
MS(BSIAbYE) : TBB (MeBilliced 5- nor phol i n-4-yl -

t hi ophene- 2- car bal dehyde (172 ng) was condensed with
H-3MR (COali 18t hogylierz gl , Cyari(dd, G1544mg) ,t hr ough Met hod
A (production step 2), to thereby yield the target
7. b2 Otcdd (g2l a; 845)n@ 04158y d, T¥al PowbcBYSiLHL &, J=8.5)

MS(ESI, ml z):357(MtH) " 20
6.OGKLMF@CEEES?B;3:3861Hh§);3:2@65H,§)3342&)§.43(4H,m),
7.14(1H,dd, J=2.2,8.3),7.05(1H,d, 2. 2), 6. 88(1H,d, J=8. 3),
1.6008( 166t Jmn. 4), 3. 95(3H, s), 3.91(3H, s), 3. 83-3.88(4H, m
, 3.28-3.33(4H, m [0052] 25 Production of
[09%31 2- (3, 4- di net hoxy- phenyl) 3 [ 5- (4- hydr oxy-
pi peridin-1- ylz t hi ophen- 2 -acrélonltrlle ( Conpound
Prejuqhieughit hd p?oééd‘ér@l@@ BapyopeaYh) PFodécf“PBHhOhn 4-
step 1, 34 an am ne_noiety_ derived from
vl 4t1hy@zp1@§9p?- pEH] daﬁéy%gneerg}emgompﬁtmédé&ed into
5- br onot hi ophene- 2- car boxal dehyde (
t heTBBYuUghe Bespmcei%ifex%. BE‘PFL&’;Yﬁdl Iy %%ﬂ&ﬁﬁé’ﬁe s5ep L.
car bal dehyd ield: 1.36 g The produced 5-(4 5
anh%%%%%y%?b%FYd%ﬁrFV?@)fFﬂWoﬂﬂEﬂEO%lEErﬁg?aeﬁgg WEE 27

condensed w i met hoxypenz
1nz&0@%03§ %HF%uﬁherE?EBHOEP?B?oauEF¥gﬂX§¥§6g¥a? {§e2 ma),
togggégg Y &fé?dthemggé ilnprOdEC£hS¥pﬁene cgrgaldehyde
(yield: 176 mg, 45%). The produced 5-morpholin-4-yl-

thiophene-2-carbaldehyde (172 mg) was condensed with 3,4-

dimethoxybenzyl cyanide (154 mg) through Method A (production

step 2), to thereby yield the target product (yield: 46 mg,
15%) .

Yellow crystals

MS(ESI,m/z) :357 (M+H)"

'H-NMR (CDC14)}8:7.38(1H,s),7.24 (1H,d,J=4.4),
7.14(1H,d4d,J=2.2,8.3),7.05(1H,d,2.2),6.88(1H,d,J=8.3),
6.08(1H,d,J=4.4),3.95(3H,s),3.91(3H,s),3.83-3.88(4H,m),
3.28-3.33(4H, m)

[0052]

Production of (Z)-2-(3,4-dimethoxy-phenyl) -3-[5- (4-hydroxy-
piperidin-1-yl) -thiophen-2-yl] -acrylonitrile (Compound 6)

Through the procedure as employed in Production step 1,

34



10

15

20

25

Yell ow crystals 10 MS(ESI, m z): 371( MtH)
1H NVR(CDC13)8: 7. 36(1H,s),7.22(1H, d, J=4. 4)
7.13(1H,dd, J=2.2,8.3), 7. 04(1H,d, J=2.2),6.87(1H,d, J=8.3

)
6.04(1H,d,J=4.4),3.88-3.98(1H, m, 3. 94(3H,s), 3. 90( 3H, s)
, 3.60-3.67(2H m, 3.14-3.22(2H m, 1. 98-2.06(2H m,
an1aminggmeig8y2demivefl0088h 4Phyduyckypaveridine (3.03 g) was
(2)-2-(3, 4-di met hoxy- phenyl ) - 3-{5-[ (2- hydr oxy-
inproguyedeinyp- Anbnokothiophenes2ycprherpléghyeie 1.91 9),
(Conmpound 7) 20 Through the procedure as enployed in
topPEbauebyorietepst (4 -BHABATHE 1Eﬁrfé€19tndérwédggﬂ@mhene -2-
N- met hyl et hanol anmine (2.25 g) was introduced _into
casbpi @ Yﬁeoéheﬁédz-éaﬁéogalgéﬁyde The mrogyced oS- (4-
thereby yield 5-[(2-hydroxy-eth I)-nethyl-anino#-
hy@ﬁ@@ﬁnén@rzdéar%avaéhgaéoPéﬁéﬁd."ggfbﬁégebzé?.( he7 g) was
produced 25 , ,
condepsedywi bRy 3 et hGiyeRBPKYPERAY AoFYRRILEOFhdhe 98- Gar fRFauInL
ehyde §682 ng%ﬁmas condensed with 3 4-dLnethoxybenz§I
Meghani He (PESAUCHEPIL AEBRGR) MeEROBRATERY ol EL Fok St EFETCE
%%, to thereby yield 35 the target product (yield: 300
pragucbabyieley ahglocPysP8Fs - MS(ESI, nf z) : 345( MrH)
1H NMR(CDC13) 6: 7. 35(1H,s), 7. 21(1H,d,J=4.2), 5
Yeylay gRyaba3s2. 2, 8. 3), 7. 03(1H, d, J=2. 2), 6. 87( 1H, d, J=8. 3

MS%E%&(T#Ebfﬁlhﬁﬁfﬁéf94(3H,s),3.92(2H,q,J:5.6),3.90(3H,s

3.56(2H,t, J=5. . . =5.
1H%ﬁ%ﬁﬁﬁDCf3)827136(lg{b?,7?8%?1%1H%J22(£?2t’J > 6)

7.13(1H,dd,J=2.2,8.3}),7.04(1H,d,J=2.2),6.87(1H,d,J=8.3),
6.04(1H,d,J=4.4),3.88-3.98(1H,m),3.94(3H,s),3.90(3H,s),
3.60-3.67(2H,m),3.14-3.22(2H,m),1.98-2.06(2H, m},
1.68-1.78(2H,m)
[0053]
Production of (Z)-2-(3,4-dimethoxy-phenyl)-3-{5-[(2-hydroxy-
ethyl) -methyl-amino] -thiophen-2-yl}-acrylonitrile (Compound
7)

Through the procedure as employed in Production step 1,
an amine moiety derived from N-methylethanolamine (2.25 g)
was introduced into 5-bromothiophene-2-carboxaldehyde (1.91
g}, to thereby yield 5-[(2-hydroxy-ethyl)-methyl-amino] -
thiophene-2-carbaldehyde (yield: 991 mg, 53%). The produced
5- [ {2-hydroxy-ethyl) -methyl-amino] -thiophene-2-carbaldehyde
(682 mg) was condensed with 3,4-dimethoxybenzyl cyanide (654

mg) through Method A (production step 2), to thereby yield
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Producti on of
(2)-2-(3, 4-di net hoxy-phenyl)-3-[5-(4-nethyl- 10
pi perazi n-1-yl)-thiophen-2-yl]-acrylonitrile (Conmpound
8) Through the procedure as enployed in Production
step 1, an amne noiety derived from
1- et hyl pi perazine (6.01 g) was introduced into
thé- bapget hpopliene- 2ydeiboxaldemgde2¢3)82 g), to
t hereby yield 5-(4-nethyl-piperazin-1-yl)-thi ophene-2
Ordbgearbwbtehgde (yield: 3.71 g, 881). The produced
5-(4-net hyl - piperazin-1-yl)-thi ophene-2-carbal dehyde
MS(BSI0mg¥) wads (BeHdénsed with 3, 4-di net hoxybenzyl
cyanide (1.77 g) through Method A (production step
TH-2JMR teDA e Beby 3pi(aHd st hg .rar(@et, d, gr-ad@0t, (yiel d: 2. 47
g, 670). 20 Yellow sh orange crystals
7. wg@Eg;dﬂjg;zgzo@N@pbv 03(1H,d,J=2.2), 6 87(1H d,J=8.3),
1H NMR(CDC13) 6: 7. 37(1H,s), 7. 22(1H, d, J=
5. 91130} & deld 32D, 2, 8458 H7 50431 P24 2H=g, §F56687@1ﬁ0d3¥ﬁ§)5

),
3.86020 1, d=9=4) 4% ; 359313 s} - 8398H3H, IF53633- 3. 37(4H, m)
25 2.53-2.58(4H, m, 2. 36(3H,s) [0055] Production of

[0@§§12 (3, 4- di net hoxy- phenyl )-3-{5-[4-(2- 36
d th 1-yl ] -t hi ophen- 2-
pre pééﬁézl%@a%é%hﬁ'zs)%?ﬁr%a@ﬁ&ﬁgypio%%e%ﬂee e BpEL-
in Production step an a rived from
PlREB?EéFa%uﬁéérEBHBPhF? 81vgy - ﬁFﬁgéuéE&mPﬁP8d 8)
5-b t hj oph 2- car boxal deh 82
5 cFRRbh PR Pes Eanaty eaef)agy% T G el Sy o,

angg%g gg@glet§a&2%£925yg o&y&e%%th§1%§p%ka%§%£ (Eh%l g) was

1ntr£§uée nE8X¥-§ro¥okhEBBE2%é' La¥bhibhi 1%182 g),
to thereby yield 5—(4—methyl—pipérazin-l—yl)—thiophene~2—
carbaldehyde (yield: 3.71 g, 88%). The produced 5-{(4-methyl-
piperazin-1-yl)-thiophene-2-carbaldehyde (2.10 g) was
condensed with 3,4-dimethoxybenzyl cyanide (1.77 g) through
Method A (production step 2), to thereby yield the target
product (yield: 2.47 g, 67%).

Yelléwish orange crystals

MS (ESI,m/z) :370 (M+H) "

'H-NMR (CDC13)8:7.37(1H,s) ,7.22(1H,d,J=4.4),
7.13(1H,dd,J=2.2,8.5),7.04(1H,d,J=2.2),6.87(1H,d,J=8.5},
6.04(1H,d,J=4.4),3.94(3H,s),3.90(3H,s),3.33-3.37(4H,m}),
2.53-2.58(4H,m) ,2.36(3H, s)

[0055]

Production of (Z)-2-(3,4-dimethoxy-phenyl)-3-{5-[4-(2-
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car bal dehyde (1.85 g) was condensed with

3, 4- di met hoxybenzyl 10 cyanide (1.37 g) through Method

A (production step 2), to thereby yield the target

product (yield: 1.51 g, 490). Yellow sh orange

crystals MS(ESI, nlz):400( M+H)

1H NVMR(CDC13) 6: 7. 37(1H,s), 7. 23(I H, d, J=4. 4) 15
hydrdﬁfiétﬂﬁlﬂ-ﬁlﬁeBaZ}n?leﬁélktulgpnen)26Y8§6@Hrﬁ19ﬁ8tglle

), 6.05(1H,d,J=4.4),3.95(3H,s),3.91(3H,s),3.67(2H M,
(Cem§3u3d38(4H n),2.65-2.70(4H,n),2.60-2.65(2H,n),2.57U

H m [0056] Production of

(2) TRx¢Bgh- dhﬁepho%ydphenys)egp%@¥?@2ln2@roductlon step 1,

di met hyl am no- et hyl) - met hyl - am no] - t hi ophen- 2-y %
anaamihenneiete @Qbhﬁgﬁnﬂrqm)1Tﬁiﬁaghziﬁéeﬁhé@@éuﬁ 84 g) was

enpl oyed in Production ste an am ne_noi ety
1n@©¢du@@dfiaﬁehﬁhbnpm@thhépg9n@rHypéﬁbaxakﬁﬁéYdFG (338g) 9)

was introduced into 5-bronothiophene-2 25
to chirporay dehgde $3[82(gyhydsorrepbbylyretpesapip-1-yll-

di met hyl am no- et hyl ) - met hyl - am no] - t hi op hene 2-carbal d

thipplgene ¢y ertbaBdobyge 77@&1dThé 20Huckds) - The produced
5-[(2-di net hyl am no 37 ,
5‘&‘%h§/ 2)byidr ey - abiind] -PLEPOpREHB- 27 Eé?bé%@ﬁ%é‘e(é.‘lz 9)

condensed wth 3, 4- dlnethox%benz czaaLde &1.7% 1
Caﬁ?a¥%$%ﬂﬁﬁ (kk?ﬁoﬂ)AW%ﬁrﬁﬂﬂé?Pﬁﬁ sWéb 2% ; A gHREFREY PERZY
yield the tar roduct §¥I8|d . 32@%. 52 e
vt Roui 113 Br GuncBTD ugRe\Esh ot ) (B¥2 wﬁgﬂon P °

1H—NNR(CDC13 8:7.34(1H, s% 22 } 1% 4, 2% 98
therehy | Y& )he ot g5t 7PB( LR q (JL819), 6 8% (Pu, 87518, 3
YGRIOWlSh orange crystals
MS(ESI,m/z) :400 (M+H)"
M-NMR (CDC13)8:7.37(1H,s),7.23(1H,d,J=4.4),
7.13(1H,d4d,J=2.2,8.3),7.05(1H,d,Jd=2.2),6.88(1H,d,J=8.3)},
6.05(1H,d4,J=4.4),3.95(3H,s),3.91(3H,s),3.67(2H,m),
3.33-3.38(4H,m),2.65-2.70(4H, m} ,2.60-2.65(2H,m) ,2.57 (1H, m)
[005E]
Production of (Z)-2-(3,4-dimethoxy-phenyl)-3-{5-[(2-
dimethylamino-ethyl) -methyl-amino] -thiophen-2-yl}-
acrylonitrile {(Compound 10)

Through the procedure as employed in Production step 1,
an amine moiety derived from N,N,N’-trimethylethylenediamine
{6.13 g) was introduced into 5-bromothiophene-2-
carboxaldehyde (3.82 g), to thereby yield 5-[(2-

dimethylamino-ethyl) -methyl-amino] -thiophene-2-carbaldehyde

(yield: 3.26 g, 77%). The produced 5-[({(2-dimethylamino-
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5.86(1Hd,J=4.2),3.94(3H,s),3.90(3H,s), 3.48(2H,t,J=7.1
), 10 3.10(3H,s),2.56(2H,t,J=7.1),2.30(6H,s) [0057]
Producti on of
(2)-2-(3, 4-di net hoxy- phenyl ) - 3-(5-pi peridin-|-
yl -t hi ophen-2-yl)-acrylonitrile hydrochl oride
(Conpound 11) 0. 1N Hydrochloric acid (7.0 nL) was
ethytibemé ohCbrpaoind] 4thsophRegend) caghdlgehiyficed2waken) was
(30 nL), acetonitrile (30 nm.), and chloroform (3 ni)
congepsaddedthos t ﬁednmﬂthméythDZYheﬁE’b?ldQI d3olVegt hehrough
m xture. The solution was stirred at room tenperature
Methed 1Ahtprodantionestepveht hastbeapbyavéaldothe target
dryness. The residue was suspended i n hexane- et hyl
prodecht éyiebdand- 2hegsoB¥eht was evaporated to dryness,
followed by thoroughly drying, to thereby yield the
Yelbeyeshppvewatoifyiel d: 235 ng, 946). Yellow crystals
MS( ESI 2};% 355(M HC1+H)' 25
M5ﬂ$$$mm« 33 MFHB7(1H, s), 7. 23(1H, brs),
7.13(1 H, dd, J=2.0, 8.5),
H'NMqun¢ku§ 7. 0% (BHgF{ 1. 82J2H., ) J64180 1H, brs), 3. 94( 3H

7. %19b%8@ﬂs§ % %083387?4@ﬁﬁiH1d7§‘§ 80¢ a8 R 1E: B0 1868/ 2
Pr oduct
58571545 cesJa4d?he% Ry EhBhy?) 28PE. Eh AydBSR £ 9=T-1)
peridjn % t hi gphen- 2- ylé acr onltrlle
3-ﬁ98?%cﬁ]o¥r%é (2H onpoliny’ 12)3 6H1 Hydr ochl oric acid
3.0 nmL) was added to Conpound 6 (100 ng), and
[Oéﬁ?lfled water (5 nmL), acetonitrile (30 nL) and

oo GAUCLELS" P Y51, AR LR XV ol Bt
1SE${é§§ at2 yquacrylonltrlle hydrochloride (Compound 11)
0.1N Hydrochloric acid (7.0 mL) was added to Compound 4
{226 mg), and purified water (30 mL), acetonitrile (30 mL),
and chloroform (3 mL) were added to the mixture, to thereby
dissolve the mixture. The solution was stirred at room |
temperature for 1 hour, and the solvent was evaporated to
dryness. The residue was suspended in hexane-ethyl acetate,
and the solvent was evaporated to dryness, followed by
thoroughly drying, to thereby yield the target product
(yield: 235 mg, 94%).
Yellow crystals
MS{(ESI,m/z) :355(M-HCLl+H)"
1H—NMR(CDC13)8:7.37(1H,S),7.23(1H,brs),7.13(1H,dd,J=2.0,8.5)-,
7.04(1H,d,J=2.0),6.87(1H,d,J;8.5),6.15(1H,brs),3.94(3H,S),

3.90(3H,s),3.30-3.37(4H,m),1.72-1.80(4H,m),1.60-1.68(2H, m)
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tenperature for 1 hour, and the solvent was evaporated
to 10 dryness, followed by thoroughly drying, to
thereby yield the target product (yield: 95 ng, 870);
Yel | owi sh orange pomder MS(ESI, mz): 371(M HC1+H)"
1H NVR( DMSO- d6) 5: 8. 32(1H, s), 7. 89(IH s),7.40(1H d, J=4. 4
, 15
[0¢d59B(1H,d, J=2.0), 7. 08(1H, dd, J=2.0,8.5), 7. 00(1H,d, J=8.5
), 6. 25(1H d,J=4.4), 4. 82(1H d, J=3.9), 3.83(3H, s),
Pr@dwv;iacbnsqt 3({BB-3- 78(4#ﬂme’sh5@¥3pbel(lﬂrl)w§ éSegéshyé(fgxy—
, 1. 80-1.90(2H, n) 1. 45-1.57(2H m L0059]
plpmnu@@mrbﬂybf thiophen-2-yl1] acrylonltrlle ydrochlorlde

(2)-2-(3, 4-di net hoxy- phenyl ) - 3-[5- (4- net hyl -
(Conpeundi h2)l-yl ) -t hi ophen-2-yl]-acrylonitrile
hydr ochl ori de iCbnpound 13) 0. 1N Hydrochloric acid
(140 91K Hydmechdardct actdmbduAdmly Wsgoaggpds §p Compound 6
di ssolution, and purified water (10 nLg was 25 added
(199 mak sﬁm@tp@ﬁlfiéﬁl@%E@rb&5s$L}r|ﬁ@e pnipgine (30 mb),
tenperature for 1 hour. The reaction m xture was ‘
anq yekproteEm (fonbhe¥ehy §7eFa tRethargaktpredutp thereby

(yield: 546 pg, 99% . 39 Yell ow sh orange powder

dinEp st , Hre ) MBFOEIe Hciﬂma SORHLINR(ECIRY B-7ed at room

38(1H,5),7.21(1H d, J= %
tewqﬂeﬁw-*%ldfgnzl ohguy)y arn SEhR §oYvent) wgsgeyapegaged. §°
drsenel%su H et baved) by oapspiglly. d5Y3RIs) 03, BBEESHY( ¥LLHf the
targes ROFIOH, 18138 3568921 RF) 2. 98-3. 11(2H, n), 2. 86(3

% 0060 Prodq&tlon of
Yet RWwhs TP RBXYE phenyl ) - 3- {5- [ 4- ( 2-
EST, m/z :371 (M-HCLl+H) "
'H-NMR (DMSO-d¢) 8:8.32(1H, s} ,7.89(1H,s),7.40(1H,d,J=4.4),
7.16(1H,d4,J=2.0),7.08(1H,dd,J=2.0,8.5),7.00(1H,d,J=8.5),
6.25(1H,d,J=4.4) ,4.82(1H,d,J=3.9),3.83(3H, s},
3.77(3H,s),3.68-3.78(1H, m),3.50-3.60(2H,m),3.08-3.18(2H, m),
1;80-1.90(2H,m),1.45—1.57(2H,m)
[0059]
Production of (Z)-2-(3,4-dimethoxy-phenyl)-3-[5-(4-methyl-
piperazin-1-yl)-thiophen-2-yl]-acrylonitrile hydrochloride
(Compound 13)
0.1N Hydrochloric acid (14.9 mL) was added to Compound

8 (500 mg) for dissolution, and purified water (10 mL) was
added to the solution, followed by Stirring at room

temperature for 1 hour. The reaction mixture was lyophilized,

to thereby yield the target product (yield: 546 mg, 99%).
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hydr oxy- et hyl ) - pi perazin-1-yl]-thi ophen-2-yl}-acrylon
trile 10 hydrochloride (Conpound 14) 0. 1N
Hydrochloric acid (13.8 nL) was added to Conpound 9
(500 ng) for dissolution, and purified water (10 ni)
was added to the solution, followed by stirring at
roomtenperature for 1 hour. The reaction m xture was
Yelyophsh i @emhge Ibowdet hereby yield the target product
(yield: 540 ng, 990). Yellow sh orange powder
MS M ESh/ =) 23 7400 BEHEINH) '
1H NMR(CDC13) 5: 7. 39(1H,s), 7. 22(1H,d, J=4. 1),
Iy -RMES(dTid1d 018 J723 2 BH 3% ) 7708 K HiddJS242) ) 6. 89( 1H, d, J=8. 3
), 20
7. %6 (6] ¢ dT9242 29 , ) 0B- A5 (B 2, Fiy 2 3295§3$\9é}H3d9Qf%H,3§)
, 3.90-4.05(2H, m, 3.65-3.83(4H, m, 3. 05- 3. 255
6. 1@053;dp&@@ubx‘bn9@f3H s),3.92(3H,s),3.86-4 0(2H m) ,
(2)-2-(3, 4-di met hoxy- phenyl ) -3-{5-[( 2-
3. g bt T [ 286 mbo- 2t 48t - Rt By I hn? n®§ - @hlbbwénmt g1 86 (38, s)
acrylonitrile hydrochl oride (Conpound 15) 0. 1N
[O¢®®¥ochloric acid (3.0 nL) was added to Conpound 10
(100 ng), and purified water (5 and acetonltrlle
Prcq@lcw@omqf mb?ﬁb-%mﬁ%d‘ltfélm%h%m evib-ehereb
di ssolve the mxture. The solution was stirre .
hy rerr t ek ateiRe¥s in- 1 nphl - tRhePheR-<or ¥ ?G%@Oﬂltrlle
evaporated to dryness, fol | owed by thoroughly drying,
hyqepenkoriie v rmewrd t 3 bet product 5 (yield: 100 ny,

1|—|—%\M’&i %@T%;%ﬁgov\gg% 18€ éé 5 1518 TIHEG Gen [i:%ed to Compound

9 (500 mg) for dissolution, and purified water (10 mL) was

added to the solution, followed by stirring at room

temperature for 1 hour. The reaction mixture was lyophilized,

-]

to thereby yield the target product (yield: 540 mg, 99%).
Yellowish orange powder
MS (ESI,m/z) :400 (M-HC1+H)"
"H-NMR (CDC1;)8:7.39(1H,s),7.22(1K,d,J=4.1),
7.16(1H,dd,J=2.2,8.3),7.05(1H,d,J=2.2},6.89(1H,d,J=8.3),
6.16(1H,d,J=4.2),4.05-4.15(2H,m) ,3.95(3H,s),3.92(3H, s),
3.90-4.05(2H, m),3.65-3.83(4H,m),3.05-3.25(4H, m)
[0061]
Production of (Z)-2-(3,4-dimethoxy-phenyl)-3-{5-[(2-
dimethylamino-ethyl) -methyl-amino] -thiophen-2-yl}-
acrylonitrile hydrochloride {(Compound 15)

0.1N Hydrochloric acid (3.0 mL) was added to Compound

10 (100 mg), and purified water (5 mL) and acetonitrile (5

40



i0

15

20

25

7.13(1H,dd, J=2.2,8.3),7.03(1H,d, J=2.2),6.88(1H,d, J=8.3
), 10
6.09(1H,d, J=4.1),4.00-4.06(2H n, 3.95(3H,s), 3. 91(3H, s)
, 3.24-3.30(2H,m, 3.18(3H,s),2.90(3H,s), 2.88(3H,s)
[0062] Production of
mono- (1-{5-[(2) - 2-cyano- 2- (3, 4-di met hoxy-
mLpheayt ) addey | et thephtxt ey} } £pi peeirdbn-digeplve the
phosphate is (Conmpound 16) Conpound 6 (400 ng) and
midis(e, 2,The rdadhitdraoetvad )st iphosp gy oshimortiekpergtaumsey for 1
g) were dissolved in pyridine (4 nL), and the
howso] Wndnthassslivenedvas evaperanpdr boudeyhess? fadlpyed by
After conpletion of reaction, nethanol was added to 20
theheuglely t doyimg xt Ue et hévebpvsie bg thereanget oprgduct
m nutes. The sol vent was evaporated to dryness, and
(vidkdr es0@urgma®l%purified by silica gel colum
chromat ogr aphy (ethyl acetate hexane =7 : 13), to
Oramage ebywyeel d I-{5 [(Z) 2-cyano- 2-( 3, 4-
di met hoxy- phenyl ) -vin -t hi ophen-2-yl }-pi peridin-4-yl
MSbE%IQE/%E 27%(Mrﬂ%h+%¥o ethyl ) phosphate (yield: 694
ng, 90% . The produced
YH-NMBRSOA) B @y&&élﬂ £3, 4- aiﬁéﬁh@x9 4.1)

th h 2- di
7 1 el 24 m'%ﬁf’%?&sé%%ﬁ) e %rgsdwaysmag

di ssolved in sol vent n1xture yr |ne nd
o elfcdartr vl a0 e il @@@%Wﬁ L hekae
t he sol ution, wed by stlrrln

3. %Aen%)e?%\f%ﬁem)fo? J48 ﬁ%%r% ' 7 ndBrB1 8 z?n%sgB%O%er was
reaned through filtration, and an I RC748(NH4+) resin
[09463] ) was added to the filtrate, followed by stirring

e St P SERERL T 7 AT ) TR SRR
phen ofgiﬁdﬁf thiophen-2-yl}-piperidin-4-yl) phosphate
(Compound 16)

Compound 6 (400 mg) and bis(2,2,2-trichloroethyl)
phosphorochloridate (1.64 g) were dissolved in pyridine (4
mL)}, and the solution was stirred at room temperature for 2
hours. After completion of reaction, methanol was added to
the reaction mixture, followed by sgtirring for 30 minutes.
The solvent was evaporated to dryness, and the residue was
purified by silica gel column chromatography (ethyl acetate :
hexane = 7 : 13), to thereby yield 1-{5-[(Z)-2-cyano-2-(3,4-
dimethoxy-phenyl) -vinyl] -thiophen-2-yl}-piperidin-4-yl bis-
(2,2,2-trichloro-ethyl) phosphate (yield: 694 mg, 90%).

The produced 1-{5-[(Z)-2-cyano-2-(3,4-dimethoxy-

phenyl) -vinyl] -thiophen-2-yl}-piperidin-4-yl bis-(2,2,2-
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dryness. The residue was washed with ethanol, to
thereby 10 yield the target product (yield: 195 ny,
800). Yellowi sh brown powder MS(ESI, m z):449(M H) -
"H NVMR(DMBSO) 5: 1. 71-1. 77(2H, m, 1. 96- 1. 99(2H, m ,
3.23-3.28(2H,m, 3.50-3.56(2H, M, 3. 77(3H, s), 3. 83(3H, s),
15 4.27-4.30(1H, m,6.28(1H d,J=3.9),7.01(1H,d, J=8.8),

tr VclBOddk ddhyil. Ph8sBha7e 16385, ug)=Rag) dIseelteds)in a
8.58(1H,d,J=3.9) [0063] Production of

solpaot (MifBufé Z)5 2mbyanb- eyt Bdindi apdhaggtigoacid (4:1).
phenyl ) -vinyl]-thi ophen-2-yl}-piperidin-4-yl)

Ziphosphder (308 mal swhs ddadotadthe) splptirad halépwed by
(10 m.) was added to Conmpound 16 (100 ng) to form

st sushefsdonrodn tRayasENayer et né (Rogyswasingprledle gzinc
the suspension, followed by stirring at room .

powdgmperat urenopsd Athseudh sEol trabhonf andr anngRC748 (NH, )
materials, resinous material was renoved through o

reqint LI ah, vancanedsopvehe hbirevapofaleavandey stirring
reduced pressure, to thereby gield the 42 target

at proRcEeReER Hure 08oF3 0 osdputese| |REF SHPWT JIFF PotRiervwas
MS(ESI, ml z) : 449( M 2Na+H) -

rempy /R oyl 7 18t 1L k9N 6. 3¢ 1HEE, Ie2VeRteves- 6VaBPIALed to

, 5
GGk A1 ReSiue 0% WIS 1Lt RIS , SHHELY

,_ . 3.42-3. 45( 2H, 2.69-3,01(2H ,1.91-1,92(2H m,
yiq}@7ta§5@?ggé;np$%@%g? (ylelé: 131 mg, 806?.( m

Yellowish brown powder

MS{(ESI,m/z) :449 (M-H)"
lH—NMR(DMSO)S:l.71—1.77(2H,m),1.96—1;99(2H,m),
3.23-3.28(2H,m),3.50-3.56(2H,m),3.77(3H,s),3.83(3H,s},
4.27-4.30{(1H,m),6.28(1H,d,J=3.9),7.01(1H,d,J=8.8),
7.08{(1H,dd,3=2.0,8.3),7.16(1H,d,J=2.0),7.91(1H, 8),
8.58(1H,d4,d=3.9)

[0063]

Production of mono- (1-{5-[(Z)-2-cyano-2-(3,4-dimethoxy-
phenyl) -vinyl] -thiophen-2-yl}-piperidin-4-yl) phosphate
sodium salt (Compound 17)

Purified water (10 mL) was added to Compound 16 (100
mg) to form suspension. An IRC748(Na) resin (2 g) was added
to the suspension, followed by stirring at room temperature.
After dissolution of starting materials, resinous material
was removed through filtration, and the solvent was

evaporated under reduced pressure, to thereby yield the
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Producti on of
mono- (I -{5-[(2)-2-cyano- 2- (3, 4-di met hoxy- 10
phenyl ) -vinyl]-thi ophen-2-yl}-piperidin-4-yl)
succinate (Conpound 18) Conpound 6 (200 ng) was
di ssolved in pyridine (2 nL), and succinic anhydride
(270 ng) was added to the solution, followed by
tasget rpngdundefvieldl ukO4omg2 BbBars. After 15
conpl eti on of reaction, methanol was added to the
Yel bawisbnbravxt peedefol | owed by stirring for 30
m nutes. The solvent was evaporated to dryness, and
MS {B2T rredt Hues Wé-2MarBtied with chl orof orm and
purified water. The organic |l ayer was dried over
'H-30W U038k ¥ald (aHhyds &t €0 (3HdAt He2s8) vénBOwas 75 (3H, m) ,
evaporated 20 to dryness. The resi due was washed with
5. %@kh%ed Jo4 t heréb95-4i @B §1Hna) ¢ ar 62 (3Pr 8dudt 6 BYPEI ) -
212 , 95% . Yell ow powder MS(ESI, niz) 469 Mwﬂ
3. a%¢$m$§6%ﬁn@b 2 76 363 144 %H7m22%1?ﬂd139a 3§, m
7. 13(1H dd, J=2.2,8.5), 7, 04(1H,d, J=2.2), 6. 87(1H d, J=8.5
1.97- .59 {2H, m)

6.05(1 H d, J=4.1),5.02-5.04(1H m, 3. 94(3H, s) , 3. 90(3H s)
{0064 50-3.55(2H, ), 3. 25-3.32(2H, M, 2. 69 2.72(2H, m, 43

Pr‘?@a@éﬁ@? %I?q%n(%f&-z 1025 252 Qand: 2875 14 83 Gl By -

phgp%45 é&9£4gkgﬁigy%¥%phen%hnalaéyl tro fggagﬁcc1nate

5-Ni trp-2-fural dehyde (1.41 g) was condensed with 3, 4-
(Copret x%% nzyl cyanide (1.77 g) through Method A

éf&@agﬁt%§$e§3§§§%2%%?tgﬁég rele%ES'QntB§rE LA8Y (2 moy,
and succinic anhydride (270 mg) was added to the solution,
followed by stirring under reflux for 2 hours. After
completion of reaction, methanol was added to the reaction
mixture, followed by stirring for 30 minutes. The solvent
was evaporated to dryness, and the residue was extracted with
chloroform and purified water. The organic layer was dried
over sodium sulfate anhydrate, and the solvent was evaporated
to dryness. The residue was washed with hexane, to thereby
yield the target_product (yield: 212 mg, 95%).

Yellow powder

MS(ESI,m/z) :469(M-H) "

'H-NMR (CDC15)8:7.36 (1H,s),7.22(1H,d,J=4.1),
7.13(1H,dd,J=2.2,8.5),7.04(1H,d,J=2.2),6.87(1H,d,J=8.5},
6.05(1H,d,J=4.1),5.02-5.04(1H,m) ,3.94(3H,s),3.90(3H, 8),

3.50-3.55(2H,m),3.25-3.32(2H, m},2.69-2.72(2H,m),
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Orange crystals 10 MS(APCI, nlz): 300(M -
1H NMR(CDC13) 6: 7. 53(1H,d, J=3.9) 7. 46(1H, d
7.36(1H,s),7.32(1H,dd, J=2.4,8.3), 7. 13(1H,
6. 95(1H, d, J=8. 3), 3. 97(3H, s),3.95(3H,s) [
Producti on of
(2)-2-(3, 4-di net hoxy- phenyl ) - 3- (5- hydr oxy-
2. dvetthyd 7 (2H am- 22 y0 ) -2ce 5 [ 2Him) i 1 83 Conpd (2, D)
5- Acet oxynet hyl - 2- f ur al dehyde (505 ng) was condensed
[omiglh 3, 4-di net hoxybenzyl cyanide (532 ng) through
Met hod A (production step 2), to thereby yield the
Prdadurgetorpraiiutt) - 20(3 y4 eftine 72exyngphased ) - &r Ahgeitro-furan-
crystals. MS(ESI, mz):284(MH)-
2 - ilH--NVROORELR) 5t I 26¢ambeynd. P2 | H, dd, J=2. 4, 8. 5),
7.12(1H,d,J=3.7),7.09(1 H d, J=2.4), 6. 91(I H, d J=8.5), 25
6. 4B{NH; vy I=3C 7ya Uddioyde a,ue:s.gﬁ wagseoniensedgnibhy 3.4+
) [0067] Production of
dinehh@ayigsnezid merawide phenyT )Ii- T@Q@%.M@@OMA (production
phenyl)-furan-2-yl]-acrylonitrile ( rrg
stesn (B~ Ni&e dprrrshy kel afhe 15 099g) e Ié%*ﬁdésﬁé%adw gh Mg,
3, 4- di mret hoxybenzyl cyani de (889 ng) through Method A
2. 9(*{))roduct| on step 2), to thereby yield the target
product 5 (yield: 1.85 g, 986). Yell ow sh orange
Oraftgpstaysstadt APCl , ml z) : 376(M

LH NVR(CDCL3) 8 8 61(1H,t,J=2.0), 8. 17(1H dd, J=2.0, 8. 1),
MS (APCI,m/z)

,J=3.9),
d, J=2. 4),
0066] 15

IH-NMR (CDC14)8:7.53(1H,d,J=3.9)7.46(1H,d,J=3.9),

7.36(1H,s),7.32(1H,dd,J=2.4,8.3),7.13(1H,d,J=2.4),

6.95(1H,d,J=8.3),3.97(3H,s),3.95(3H, s}

[0066]

Production of (Z)-2-(3,4-dimethoxy-phenyl) -3- (5-hydroxy-

methyl-furan-2-yl) -acrylonitrile (Compound 20)
5-Acetoxymethyl-2-furaldehyde (505 mg) was condensed

with 3,4-dimethoxybenzyl cyanide (532 mg) through Method A

(production step 2}, to thereby yield the target product

(yield: 726 mg, 85%).

Orange crystals

MS (ESI,m/z) : 284 (M-H) "

'H-NMR (CDC1,)8:7.26 (1H,s) ,7.22(1H,dd,J=2.4,8.5)},
7.12(1H,d,J=3.7),7.09(1H,d,J=2.4),6.91(1H,d,J=8.5),
6.48 (1H,d,J=3.7) ,4.49(2H,d,J=6.3),3.85(3H,s),3.80(3H, s)
[00671

Production of (Z)-2-(3,4-dimethoxy-phenyl)-3-[5-(3-nitro-
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8. 16( 1H, dd, 0,8.1),7.64(1H t,J

J=2. 8.1),7.31(1H s), 10
7.30( 1H, dd, J=2. 2, 8.5), 7. 16(1H, d, J

3.7),7.15(1H, d, J=2. 2

)
7.00(1H,d,J=3.7),6.94(1H,d, J=8.5),3.99(3H,s), 3.94(3H, s
) [0068] Production of
(2)-3-[5-(3-am no-phenyl)-furan-2-yl]-2-(3, 4-
ph@mﬁ%ihﬁuyaphényl)=a@ry{@nitrﬁﬂ@ (Comipound 22) 15
Acetic acid (300 nL% was added to Conpound 21 (1.00 g)
to PolAr¥ispenbeorl) fnnEupanddr -038. 47 yRSwaerEedeec ¢ith
the suspension, followed by stirring at room
3, 4 efpeebhorebenryl crenide TR89r maet FBHOHPRt YpEhpds A
subjected to filtration by use of a celite pad, and
(predueelpheshad dhs WashBET@PYhY26lehtBrofdrAEtTRECUCE
filtrate (acetic acid-chloroformsolution) was
(YeobhPorht@d ¥o AByhess. The residue was purified by
silica gel colum chromatography
Yellpybehf oFanaet REidF31St o thereby yield the target

Msﬁé§ggféﬁég;§%%%¥iﬁﬁbpg' 240). Yellow crystals 25
... 1H- NVR(CDC13 5:7.24-7.2§é2H m,7.18-7.23(3H m,
H-NMRA(COIG 19) 98 - 6 (¥HoB( TrRa0) =8 - 9 (8Hod N-d,-§=8.-8) , 45

6 . T LBt Syt ?%);116%?75? 2 OBEIEL Ty 34 9763, 91435 93(3H )
1 AR e s e A b 02 21
7 QO bbb st 4 r 26 s o B Pt oBE NPT B

[OQ%%% acetonitrile (30 nL), and chloroform (5 nL) were
d to the mxture, to thereby dissolve the

prdUXE M S JPe(SPLPLEON Yag, BhLT pREndY) LR8Mhn-2-y1] -2- (3, 4-
dimethoxy-phenyl) -~acrylonitrile (Compound 22)

Acetic acid (300 mL) was added to Compound 21 (1.00 g)
to form suspension. Zinc powder (3.47 g) was added to the
guspension, followed by stirring at room temperature for 4
hours. The reaction mixture was subjected to filtration by
use of a celite pad, and the celite pad was washed with
chloroform. The filtrate (acetic acid-chloroform solution)
was evaporated to dryness. The residue was purified by
gilica gel column chromatography (chloroform-methancl), to
thereby yield the target product (yield: 184 mg, 24%).
Yellow crystals
MS{ESTI,m/z) :347 (M+H) "

'H-NMR (CDC15)8:7.24-7.28 (2H,m) ,7.18-7.23(3H, m),

7.14(1H,d,J=2.4),7.08(1H,d,J=3.9),6.92(1H,d,J=8.8},
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tenperature for 1 hour, and the solvent was evaporated
to 10 dryness. The residue was suspended in
hexane-et hyl acetate, and the solvent was evaporated
to dryness, followed by thoroughly drying, to thereby
yield the target product (yield: 124 ng, 969%. _
Yel | owi sh brown powder 15 MS(ESI, nfz):347(M HO +H) "

6. 1K NWRADIVE®: db) 6 8588( bBI(3}, 1) 75( 2A,(BHA ) +2..9B,(3H63( 1H
, brs), ‘

[0T68B(IH t,J=7.9),7.35(1H,d, J=2.2),7.22-7.28(3H, m,
7.17(1H,d,J=3.7),7.09(1H,d, J=8.8), 3.87(3H,s), 3.82(3H, s
Prpduf0030] 020 (B edudbi-dA-afhino-phenyl) -furan-2-yl] -2-(3,4-

(2)-2-(3, 4-di met hoxy- phenyl ) -3-(5-pi peridin-|-
diywéthoxmrApBeny)) ascyyoant tirli ée( Bydpoghd oz4yleTHComgRunke 23)
procedure as enployed in Production step 1, an am ne
moi et ¥NdByidvedhiiporcprpéd dBnd (L) 2ag§) agged to Compound
i ntroduced into 5-brono-2-fural dehyde (875 ng), to
22t ket ebypgPs gndl gusipipdr watar1{y0- Ml anagetonbsrddyd80 mb),
(yield: 650 n?, 730). The produced .
an@- phperp8pmm1{§| mbur gare- edAbdl §ehjhe MLXrYrRy) tRashereby
condensed with 3, 4-di met hoxybenzyl cyanide (177 46 ng)
dishpbught et ndytprepr chetsokiiep 935 $birfededy yPeld
the target product (yield: 100 n%, 30% . Orange
tegpgsabnse ﬂBFESIPﬁP?):QBg(W@ﬁ)SO yent was evaporated to
1H NVR(CDC13) 5: 7. 13(1H, dd, J=2. 2, 8.5), 7. 05 1H,d,J:2.2%
drpnegs 1H Be Fevidus drasgsugpendad 11 dhaxangyethyl acetate,

5.24(1H,d,J=3.4),3.94(3H,s),.3.90(3H, s), 3. 37- .42%4§,n)
and t&gﬁqoiquFGWFﬁ)evaporated to dryness, followe v

thoroughly drying, to thereby yield the target product
(yield: 124 mg, 96%).

Yellowish brown powder

MS (ESI,m/z) :347 (M-HCL+H) "

14-NMR (DMSO-d4)d:7.88(1H,s),7.75(1H,brd,J=7.9),7.63 (1H,brs),
7.53(1H,t,J=7.9),7.35(1H,d,J=2.2),7.22-7.28(3H,m),
7.17(1H,d,J23.7),7.09(1H,d,J=8.8),3.87(3H,S),3.82(3H,S)
[0070]

Production of (Z)-2-(3,4—dimethoxy-phenyl)—3—(5—piperidin—1—
yl-furan-2-yl)-acrylonitrile (Compound 24)

Through the procedure as employed in Production step 1,
an amine moiety derived from piperidine (1.28 g) was
introduced into 5-bromo-2-furaldehyde (875 mg), to thereby
yvield 5-piperidin-1-yl-furan-2-carbaldehyde (yield: 650 mg,
73%) . The produced S5-piperidin-1-yl-furan-2-carbaldehyde

(179 mg) was condensed with 3,4-dimethoxybenzyl cyanide (177
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[0071] 10 Production of
(2)-2-(3, 4-di net hoxy- phenyl ) - 3- (5- nor phol i n- 4-
yl -furan-2-yl)-acrylonitrile (Conpound 25) Through the
procedure as enployed in Production step 1, an am ne
noi ety derived from norpholine (523 ng) was
i ntroduced into 5-brono-2-fural dehyde (350 ny), to
mgl hehebygii 5Mytebd B- fprptott hon- gtepuRan- 2oc shbakebghydeld
(yield: 138 ng, 380). The produced
thé- nerphol pnedugt - {utahd2- taPbadeRPde - (137 ng) was
condensed with 3, 4-di net hoxybenzyl cyanide (135 ng)
Orahgeughysesahad A (production step 2), to thereby yield
t he target product (yield: 102 ng, 40%. 20 Yell ow
MS CESEimS B) : MBPESHHN z) : 341( M+H) !
1H NMR(CDC13) 5: 7. 14(1H, dd, J=2. 2, 8.5), 7. 05(1H, d, J=2. 2),
TH-eMI6(CIN 1s) 567883 1HHddd=8= 5)2688201H QSJiﬁ A, I= 2.2)
5.29(1H,d,J=3.7),3.94(3H, s) 91(3H,s), 3. 82-3. 86(4H|ﬂ
6.94 (PH, 8) 39- @7@7(14@ Ay [@b7§}84rba dePFan4df
(Z) 2- (3, 4-di nmet hoxy ﬁhenyl 5- (4- hydroxy- 47
5. 3% bR @i Hi=1- ¢ ) 3 8 4Ry Ba 3@K5Hoﬁ !t Bi P& -ECAp8HnE) -
26) Through t he procedure as enployed in Production
1. @%eb 12 (@H,Bhi ne noiety derived from
4 hfdroxyplperldlne (1.52 g) was introduced into
ono- 2-fural dehyde (875 ng), to thereby 5 yield
5 (4- hydroxy-pi peridin furan:- 2- catr bal dehyde .
Pr?@g%¢aon6%§ ﬁg %8@% 4Tﬂé%ﬁ%ga§¥eah§nyi —3—q5-%orpholln—4—
(4 hydrox% 8 gerldln- - furan % Ealdehyde (390
Ny aRse chhbe §EHlRPfFr% G?WB?HBQy dhzyl cyani de

(354h¥g&g£h gggrBEEHSQeAaépé%SE%§ES in Production step 1,
an amine moiety derived from morpholine (523 mg) was
introduced into S5-bromo-2-furaldehyde (350 mg), to thereby
yvield 5-morpholin-4-yl-furan-2-carbaldehyde (yield: 138 mg,
38%). The produced 5-morpholin-4-yl-furan-2-carbaldehyde
(137 mg) was condensed with 3,4-dimethoxybenzyl cyanide (135
mé) through Method A (production step 2), to thereby yield
the target product (yield: 102 mg, 40%).

Yellow crystals

MS (ESI,m/z) :341 (M+H) "

'H-NMR (CDC1,)8:7.14 (1H,dd, J=2.2,8.5) ,7.05 (1H,d,J=2.2) ,
6.96(1H,s),6.88(1H,d,J=8.5),6.82(1H,d,J=3.7),
5.29(1H,d,J=3.7),3.94(3H,s),3.91(3H,s),3.82-3.86(4H,m},
3.37-3.42(4H,m)

[0072]

Production of (Z}-2-(3,4-dimethoxy-phenyl) -3- [5- (4-hydroxy-
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step 2), to thereby yield the target product (yield:

458 ng, 10 6506). Orange crystals

MS( ESI, m z) : 355( MtH)

' H NMR( CDC13) 5: 7. 13(| H, dd, J=2. 2, 8.3), 7. 05(1 H, d, J=2. 2),

6.94(1H,s),6.87(1H,d, J=8.3),6.83(1H,d, J=3.7), 15

5.28(1H,d,J=3.7),3.88-3.96(1H m, 3. 93&3H s), 3.90(3H, s)
piper3dyn-3- Biztzﬁuﬁynsﬁslis QQFYF-IOﬁjttIl ZCQEPQHnﬁ) 26)

1.63-1.73(2H, M [0073] Production of

(2) ThrpBga- BhrephegzpdplenyF) eBployed- Apt Rypduggion step 1,

pi perazin-1-yl)-furan-2-yl]-acrylonitrile (Conpound
anzalylrrﬁr@ggﬁtYh@eﬁiLﬁ@@dﬁr@maé BRBreyrERipgrp éaect(ﬁoﬁ2 g) was

step 1, an amine noiety derived from
ln&rﬁ@tlﬁwipm%@a%rhéom ésfljya\%ﬂ@hyﬁﬁt r8daced) inte thereby

5- brono- 2-fural dehyde (602 ng tao thereby ield
Y1€1@45né%h@Ydﬁ?ﬁﬁrﬁipﬁridyﬂy1fﬁ?bnfﬁr€§rBapaé Fdeebgde

. 447 7% . The produced 5-
(Y{-@fl‘liret £99 - rﬁsapeis%z? n- |They|srq<m%ﬁ¢25cé4ﬂav%w§saepm%%ldln 1-
was condensed with

% ? t hox g2é yanllgllt .

y113 @riﬁy%fﬁ%m@td%y%d ;“1\9@p uREF oficRge ?@ﬁ yjthi 3.4

aigghSyYo Ci@éw &g?}g%?é E-’»S%s@ gcfl#% SheliefRRst X' dproduction
1 5

SCEF b 11£9) R RS U pl 57 éaég%#*ao 237y telat 2he ng,

655) 28(1H. d, J=3. 7), 3. 94(3H, s) , 3. 90( 3H, s) , 3. 41 3. 48(4H, m)
2.50- 2. 56( 4H, m), 2. 35(3H, s)

Orange crystals

MS (ESI,m/z) :355 (M+H) "

'H-NMR (CDC13)8:7.13(1H,dd,J=2.2,8.3) ,7.05(1H,d,J=2.2},

6.94(1H,s),6.87(1H,d4,J=8.3) ,6.83 (1H,d,J=3.7),

5.28(1H,d,J=3.7),3.88-3.96(1H,m},3.93(3H,s),3.90(3H,s),

3.77-3.82(2H,m),3.15-3.23(2H,m),1.97-2.05(2H,m),

1.63-1.73(2H,m)

[0073]

Production of (Z}-2-(3,4-dimethoxy-phenyl)-3-[5-(4-methyl-

piperazin-1-yl)-furan-2-yl]-acrylonitrile (Compound 27}
Through the procedure as employed in Produétion step 1,

an amine moiety derived from l-methylpiperazine (1.03 g} was

introduced into 5-bromo-2-furaldehyde (602 mg), to thereby

yvield 5-(4-methyl-piperazin-1-yl)-£furan-2-carbaldehyde

(vield: 447 mg, 67%). The produced 5-(4-methyl-piperazin-1-

yv1l) -furan-2-carbaldehyde (388 mg) was condensed with 3,4-

dimethoxybenzyl cyanide (355 mg) through Method A (production

48



[0074] 10 Production of
(2)-2-(3, 4-di net hoxy- phenyl)-3-{5-[4-(2-
hydr oxy- et hyl ) - pi perazin-1-yl]-furan-2-yl}-acrylonitri
|l e (Conpound 28) Through the procedure as enployed in
Production step 1, an amne noiety derived from
i - pi perazi neethanol (3.91 g) was 15 introduced into
stdp b2 pnoc@- thewtlehyteld 1t76 gdrged phededy yyeedd: 215 mg,
5-[(4-(2- hydroxy-ethyl)-pi perazin-1-yl)-furan-2-
30%hrbal dehyde (yield: 1.37 g, 610). The produced
5-[(4-(2-

Yehy@woayYthy$) pi perazi n-1-yl)-furan-2-carbal dehyde
was condensed with 3, 4-di net hoxybenzyl

(1.12
MSC@%hlmé;X83@4ﬁ@#HQO t hrough Method A (production step
2), to thereby yield the target product (yield:
1H- Mg:DCGQ‘)@ 7Yek K oili €8, B=dwA, 8i B) , 7.05 (1H,d,J=2.2),
5_|§ESI : 384( MrH) '
6.9 Nmbcﬁsl%j 811?,@4@&% §=83 P18, &) J73 0B 1H, d J=2.2),
25 6.96(1H, s), %élH d, J=8. 5 , 6.82(1H, d, J=3.
5. %SQE(&CFLI%%-—FB) 7?) 934LE€3$J? s¥: % 5o/ o) o3 ; 81 63- @Sééf(‘zlﬂ)n)
3.42-3 48(4H 1), 2. ,58: 2. 68(6H, M 49 [0075]
2. $?D%u%@(%% B, 2.3
-2-(3, 4- dlnethoxy phenyl) 3-[5-(4-net hyl -
{OQW razin- I-yI) furan 2-yl]- acrylonltrlle

Prh drgchlorlde ound 2 %% 1h F%g gchkorlc ?gld
Bt IRy Shs! %’dd%d of CHHPBAY 280¢a5h) mij) { Pors
by EHR B thY bh: gLl bif fw%@—%f?/} beReeEhgarrore
(Céégoéﬁhn1nytes The reaction m xture was

Through the procedure as employed in Production step 1,
an amine moiety derived from l-piperazineethanol (3.91 g) was
introduced into 5-bromo-2-furaldehyde (1.75 g), to thereby
yvield 5-[(4-(2-hydroxy-ethyl}-piperazin-1-yl}-furan-2-
carbaldehyde (yield: 1.37 g, 61%). The produced 5-[(4-(2-
hydroxy-ethyl) -piperazin-1-yl}-furan-2-carbaldehyde (1.12 g)
was condensed with 3,4-dimethoxybenzyl cyanide (888 mg)
through Method A (production step 2), to thereby yield-the
target product (yield: 1.32g, 69%).
Yellowish brown oil
MS (ESI,m/z) :384 (M+H) "
'H-NMR (CDC1,)8:7.14 (1H,dd,J=2.2,8.5),7.05(1H,d,J=2.2),
6.96(1H,s),6.87(1H,d,J=8.5),6.82(1H,4,J=3.7),
5.28(1H,d,J=3.7),3.94(3H,s),3.90(3H,s),3.63-3.69(2H,m),

3.42-3.48(4H,m) ,2.58-2.68 (6H, m)
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| yophilized, to thereby yield the target product
(yield: 109 10 ng, 991). Yell ow sh brown powder
MS(ESI, m z):354(M HC1+H)' 1H NVR(CDC
13)8:7.16(1H,dd, J=2. 2, 8. 5), 7. 05(1H,d, J=2.2),
6.98(1H,s),6.89(1Hd, J=8.5),6.77(1H d,J=3.7), 15
5.41(1H,d,J=3.7),3.94(3H,s),3.91(3H,s), 3. 85-3. 95(4H, m
[0975B. 50-3.58(2H,m,2.97-3.08(2H, m, 2. 86(3H,s) [0076]
Producti on of
PrédheRi B, df dil bt hoxy, phahyeihexpyphdhpl 4=+ {5- (4-methyl-
acrylonitrile (Conmpound 30) 20
pigePyrini hegd) bownhdedyde] (2civlghituaileohwensehlairife
3, 4- di met hoxybenzyl cyanide (3.54 g) through Method A
(C@mpodudt?@h step 2), to thereby yield the target
product (yield: 3.36g, 631) ightly yellow crystals
25 N/ISQ.ESHyde;hZGr(L%&B?ldlK-B NI!/R(“@%CWaS added to Compound
13)8:8.73(2H,d,J=6.3), 7. 69(2H d, J=6.3),
277(860 1kg5) farscl%awa@tyelz, 4a13d85>urzli¥(éqlwat9‘r"2 (3)mL) sas
6.95(1H,d,J=8.8),3.97(3H,S), 3. 95(3H,s) , [0077]
ad@¢@dg@ttbﬁ @@lutlon, ollowed by stirring at Troom
(Z)-2-(3, 4-di net hoxy- ghenyég 3-pyridin-4-y :
tempeyRbWrer £0E RYJREEREDF} d I}Q:d?ﬁﬁtﬂﬁmborsl“}l%t‘é)r‘il\“’as
Hydrochloric acid (12.4 nlL) was added to Conp Q ig
lyeBbbliggd. afe pUeTEPBEIY at t](1?5tﬁf?E§T35nHr8@EF5n| Yip
(20 L) were added the m xture, to thereby dissolve
mgt h@%# xture. The solution was stirred in the dark at

roomtenperature for
Yellowish brown powder

MS (ESI,m/z) :354 (M-HCLl+H)

1H-NMR (CDC1;}8:7.16 (1H,dd,Jd=2.2,8.5),7.05(1H,d,J=2.2),

6.98(1H,s),6.89(1H,d,J=8.5),6.77(1H,d,J=3.7),

5.41(1H,d,J=3.7),3.94(3H,s),3.91(3H,s),3.85-3.95(4H,m),

3.50-3.58(2H,m),2.97-3.08(2H,m),2.86(3H,s)

[0076]

Production of (Z)—2—(3,4—dimethoxy—phenylf—3—pyridin-4—y1—

acrylonitrile (Compound 30) |
4-Pyridinecarboxaldehyde (2.14 g) was condensed with

3,4-dimethoxybenzyl cyanide (3.54 g) through Method A

(production step %), to thereby yield the ﬁarget product

(yield: 3.36g, 63%).

Slightly vyellow crystals

MS(ESI,m/z):267 (M+H)"

*H-NMR (CDC1,)8:8.73(2H,d,J=6.3),7.69(2H,d,J=6.3),

7.36(1H,s),7.31(1H,dd,J=2.4,8.8),7.17(1H,d4,J=2.4),
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4 hours, and the solvent was evaported to dryness. The
10 residue was suspended in hexane-ethyl acetate, and
the solvent was evaporated to dryness, followed by
thoroughly drying, to thereby yield the target
product (yield: 333 ng, 98%. Yellow sh orange powder
15 MS(ESI,m z):267(MHCL+H)' ' H NVR(DMSO- d6)5: 8. 94
6.92K1H,d75-4) 88, 209(¢3BHbES) 3,. 95 (3H, s)
7.46(1H,d, J=2.2),7.39(1H, dd, J=2.2,8.5),7.15(1H,d, J=8.5
[0d7713.88(3H,s),3.85(3H,s) [0078] 20 Production of
(2)-2-(3, 4-di net hoxy- phenyl ) -3-pyridi n-4-yl -
Praduyt dant of | ¢ZhethdResubifivnbhexyCphpowdd -32py0idinpkryl-
Aqueous net hanesul fonic acid solution (10.0 nL) was
acagtieditoilenppdndcBlot266 rngpmpanddpdiifi ed water (10
m.) and acetonitrile (5 nL) were added to the m xture,
t o 251Nh8ydbpchileosdkvectife (F2xBumé) Wae sdided &9 wegpound
stirred in the dark at roomtenperature for 3 hours,
30ando0hegsol gedt puasfiedapatared2bomiy ypadsacghenitrile (20
resi due was suspended in nethanol, 51 and_the sol vent
mLhawereapddadetheomdryness, thoFhekelyYbfiserdiveuFhrymixture.
drying, to thereby yield the target product (yield:
Thg@5gohytionoyas veriskedhibr BRgedeElisffl yoom temperature for
MS(ESI, m z): 267( M CH3SQ3H+H)
4 hepxmR(DVBC-H8) 6ot ventowed, §¥apreytedasp2Aryngss.-g) The 2
2(1H, s), .
re$§@5§1W9a,gaépevé?dsgvlhﬁaaFﬁfztbyé.ef??aiﬁe|ﬁ?&,ibﬁ.s

1, 3.87(3H,s),3.83&3H,s),2.40(3H,s{
solvent was evaporated to dryness, followed by thoroughly

drying, to thereby yield the target product (yield: 333 mg,

Yellowish orange powder
MS (ESI,m/z) : 267 (M-HCL+H)"
1H-NMR (DMSO-d¢) 8:8.94 (2H,d,J=5.4),8.20(3H, brs},
7.46(1H,d,J=2.2),7.39(1H,dd,J=2.2,8.5),7.15(1H,d,J=8.5),
3.88({3H,s),3.85(3H, s)
[0078]
Production of (2Z)-2-(3,4-dimethoxy-phenyl) -3-pyridin-4-yl-
acrylonitrile methanesulfonate (Compound 32)

0.1-mol/L Agqueous methanesulfonic acid solution (10.0

mL) was added to Compound 30 (266 mg), and purified water (10

mlL) and acetonitrile (5 mL) were added to the mixture, to

thereby dissolve the mixture. The solution was stirred in
the dark at room temperature for 3 hours, and the solvent was

evaporated to dryness. The residue was suspended in methanol,
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[0079] 10 Production of
(2)-2-(3, 4-di net hoxy- phenyl ) -3-pyridi n-4-yl -
acrylonitrile N oxide (Conpound 33) Conpound 30 (266
ng) was di ssolved in anhydrous dichl oronet hane (50
mL). m chl oroper oxybenzoic acid (266 ng) was added
dropwi se to the solution under stirring in an 15 ice
andathe FThévangt wre w¥epsrptedd thodrabests 15 otilewess by
under argon which was fed by neans of a separately
thprovpbés Pakiven i thedehyt yigdgotheThangion prodng:
returned to room tenperature, followed by stirring
(vigdd3 RBArwg.TRE%Peaction nixture was extracted wth
&grified wat er and chl oroform 20 The organic | ayer
YehASwineBhegangenckyEkeélsand t he washed organic | ayer
was dried over sodium sul fate anhydrate. The sol vent
MSWBSTeMapor afedMt 6HeP9aedE.” The resi due was purified
.. by silica(%fl col um chr omat ogr aphy
H{0¥R 67163 @1 ) 9o PhAAJRH, Ay I=6t- 81 8by? 5(i28l, ¢ .1+ -t8dr.Fet22 (1H, 5) ,

product (yield: 265 , 940). 25 YeIIOM/cr%staIs
7‘&E6E§P§ Z?EQé(KMﬁﬁ*l ,dd,J=2.0,8.3),7.14(1H,d,J=8.3),

1H NVR( CDC 3&2: 8.23(2H,d, J=7.3),7.79(2H,d, J=7.3), 52
3975018 ad; 32239, 8) 3% $0268F1A)S), 7. 13(1H, d, J=2. 4),

6.94(1H, d, J=8.3), 3. 97(3H,s), 3. 95(3H,S) [ 0080]
[0B/3Huct i on of

e QERGE R PFI G2 B SuRa Sy ERoRy L PHFRELAr BoRAF A8 v -
R T ot Sl e (W
2)’c5%péﬂ%&89¥ X&g%dm%?ew%%r%ﬁ%s%&%%%pﬁn anhydrous
dichloromethane (50 mL). m-chloroperoxybenzoic acid (266
mg) was added dropwise to the solution under stirring in an
ice bath. The mixture was stirred for about 15 minutes under
argon which was fed by means of a separately provided balloon
filled with argon. The mixture was returned to room
temperature, followed by stirring for 3 hours. The reaction
mixture was extracted with purified water and chloroform.
The organic layer was washed with brine, and the washed
organic layer was dried over sodium sulfate anhydrate. The
solvent was evaporated to dryness. The residue was purified
by silica gel column chromatography (chloroform—methanol), to
thereby yield the target product (yield: 265 mg, 94%). |
Yellow crystals
MS (EST,m/z) 283 (M+H) "

H-NMR (CDC1,)8:8.23 (2H,d,J=7.3),7.79(2H,d,J=7.3),
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(yield: 4.79 g, 900). 10 Slightly yellow crystals
MS(ESI, M z):267(MtH) ' -
1H NVR(CDC13) 6: 8. 83(1 H,d, J=2.4),8.64(1H,dd, J=1.5, 4.9),
8.44-8.48(1H, m,7.40-7.45(2H, m, 7. 30( 1H, dd, J=2. 0, 8. 3),
7.16(1H,d,J=2.0), 6.94(1H,d, J=8.3), 3.98(3H,s), 3.95(3H, s
) 15 [0081] Production of

7.3 12, ¢S, d=2li 428 hdky? phehyH) s B, {61kl Hodyd=2.4),
pyridin-3-yl)-acrylonitrile (Conmpound 35)

6 . B4 Ve hdxJ=3-Dyr3d d® héETHr bxal 88hydes{ 411 ng) was
condensed with 3, 4-di net hoxybenzyl cyani de (532 np)

[0e$®bugh 20 Method A (production step 2), to thereby
yield the target product (yield: 850 , 960).

Pr@fughtoy el (o2t 9%t@+@imws(lw,-m@w£g7@ MBMridin-3-yl-
1H NVR(CDC13) 6: 8. 40-8. 45(1H, m), 8.42(1H,s), 7. 34(1H, s),

acpplonitrile (Compound 34)
7.25(1H,dd, J=2.2,8.5),7.13(1H,d, J=2, 2),6.92(1H,d, J=8.5
), 36PB5idiiayaubonpbielyds. §2¢ 24 g), Ba93pgndepsed with
[0082] 53 Production of

3, 4 AP ipetioayieray hokyepheény (3 - 32 pgt i Bhrcagl Method A
acrylonitrile hydrochl ori de (Conpound 36% 0. 1IN

(PFryneePRrseeRc? b (2a. BhatFoYia¥l addebl e o EHABbUREOTIGE
(500 ), and purified water (40 nL), acetonitrile (50

(Y%ﬁ§@=ng-%%dgc Qfbform (1 nL) were added to the
mxture, to thereby dissolve the m xture. The sol ution

SLIGRt LY i Y REPY ¥ HeE 5Pk at room tenperature for 3

urs, and the solvent was evaporated to dryness. The

M3 gé)%%iwif)at%w Bt al s were

IH-NMR (CDC1,)8:8.83(1H,d,J=2.4),8.64(1H,dd,J=1.5,4.9),

8.44-8.48(1H, m),7.40-7.45(2H,m) ,7.30(1H,dd,J=2.0,8.3},

7.16(1H,d,J=2.0),6.94(1H,d4,J=8.3),3.98(3H,s),3.95(3H, s)

[0081]

Production of (Z)-2-(3,4-dimethoxy-phenyl)-3-{6-methoxy-

pyridin-3-yl)-acrylonitrile (Compound 35)
6-Methoxy-3-pyridinecarboxaldehyde (411 mg) was

condensed with 3,4-dimethoxybenzyl cyanide (532 mg)} through

Method A (production step 2), to thereby yield the target

product (yield: 850 mg, 96%).

Silightly vellow crystals

MS(ESI,m/z) :297 (M+H)~

1H~NMR(CDC13_,)8:8.4O-8.45(lH,m),8.42(1H,S),7.34(1H,S),

7.25(1H,dd,J=2.2,8.5),7.13(1H,d,Jz2.2),6.92(1H,d,J=8.5),

6.85(1H,m),4.00(3H,s),3.97(3H,s),3.93(3H,s)

[0082]
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thoroughly dried, to thereby yield the target product
(yield: 10 550 ng, 97% . Yellow crystals
MS(ESI, m z): 267( M HC1+H)
1H NVR(DMSO- d6) 8: 9. 12( 1H, brs), 8. 80( 1H, brd, J=4. 8) ,
8. 65(1H, brd, J=8.3), 8. 14(1H,s), 7.88(1H, m, 7. 40(1H, d, J=2
.4), 15
PrddBet et ddf J£2) 428(3) 4 7di8éthodyJeBeBY 1 3-88p3H1g)1n33831-
(3H,s) [0083] Production of
acty)er:{ 8] e dnydrhckyophday K FospoBndedhdxy-
pyridin-3-yl)-acrylonitrile hydrochl ori de (Conpound
37) 0. ON1Ny#lydebihkdei scadi d21200mk) ) wigs agdged top Compound
Conpound 20 35 (50 ng), and purified water (8 niL) and
34 atebonnyti | endsput}fiedreabgded4fonthe Argtopatride (50 mL),
t her eby di ssove the m xture. The solution was stirred
andincihherdfekmaf 1 r8bin venperddadet PoEheampgtnge. ahe thereby
sol vent was evaporated to dryness. The precipitated
digegbval sheerbxtwse oudily whiddon jvahetlebir§d ety Blse dark
the target product (yield: 55 ng, .980). Yell ow powder
atNEQQEHFﬁ?ﬁ??@gq¥ﬁ4ﬁﬂﬁ+$bhogﬂsf and the solvent was
1H—NNR(DNBC>d6)S:8.63%}H,d,J=2,4),8.35(1H,dd,J=2.4,8.8
evqporated to dryness. he precipitated crystals were
7.33(1H,d, J=2.2),7.25(1 H, dd, J=2.2 8.5%,7.08(IH, ,J=8.,5,
thgrough by (drieds=Bo syhareRy svi e} d3the( P-Efg)%FspgﬁegéﬁFs)(Yleld=
0084] _5 Production of
55% 29 2-28%4- di net hoxy- phenyl ) - 3- pyri di n- 2- yI -
acrylonitrile (Conpound 38) 2-Pyridinecarboxal dehyde
Yelboh ,cHyst@dScondensed with 3, 4- di et hoxybenzy!

Ms%¥§£i3?2§?2?4(&2Héfiﬁygh Method A
11-NMR (DMSO-d¢) §:9.12(1H,brs) ,8.80(1H,brd,J=4.8),
8.65(1H,brd, J=8.3),8.14(1H,s),7.88(1H,m),7.40(1H,d,Jd=2.4),
7.32(1H,dd,J=2.4,8.5),7.13(1H,d,J=8.8) ,3.88(3H,s),3.83(3H, s)
[0083]
Production of (Z)-2-(3,4-dimethoxy-phenyl) -3~ (6-methoxy-
pyridin-3-yl) -acrylonitrile hydrochloride (Compound 37)

0.1N Hydrochloric acid (2.0 mL) was added to Compound
35 (50 mg), and purified water (8 mL) and acetonitrile (8 mL)
were added to the mixture, to thereby dissove the mixture.
The solution was stirred in the dark at room temperature for
4 hours, and the solvent was evaporated to dryness. The
precipitated crystals were thoroughly dried, to thereby yield
the target product (yield: 55 mg, 98%).
Yellow powder

MS (ESI,m/z) :297 (M-HC1+H)"
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(production step 2), to thereby yield the target

product 10 (yield: 3.77 g, 71%. Slightly yell ow

crystals WMS(ESI, m z):267( MtH)

1H NVR(CDO 3)6:8.73-8.77(1H, n), 8. 01(1H,d, J=8.3), 7. 81(1

Hm,

7.57(1H,s),7.36(1H,dd, J=2.2,8.5),7.31(1 H dd, J=4.9, 7. 8)
'y -NMED(DMSO-d6) 8:8.63 (1H,d,J=2.4) ,8.35(1H,dd,J=2.4,8.8),

7.23(1Hd,J=2.4),6.94(1H,d, J=8.3),3.96(3H,S), 3. 94(3H, s
7.33 ({®085)=Produet 29h1Bfdd, J=2.2,8.5),7.08(1H,qd,J=8.5),

(2)-2-(3, 4-di net hoxy- phenyl ) - 3- (IFLp rrol - 2-

7.92)1rmcd yTeRni 8y 3 e9f Coipound. 89Y3H, s) ,3 .81 (3H, s)

Pyrrol e- 2- car boxal dehyde (951 ng) was dissolved in 20
[o@s£hl oromet hane (50 nlL), and di-t-butyl dicarbonate
(2.40 (g), 4-dinethoxyam nopyridine (61 ng), and
Produet hyh anf neZ )42 043 g3 - diwee choxdephenyl he3spYaifdR-2-v1-
foll owed by stirring at room tenperature for 30
acryhon EsriThe (Sohpewrd was8) evaporated to dryness, and
the residue was purified by silica columm 25
chraangldpnyc@@hpsabﬂ@hwﬁe 8- ﬂﬁeggbya§|§P6d€n§§§yW1th
2- fornyl-pyrrole-1-carboxylate (yield: 1,95 g
3, 4108igetreybenpadliceveridat (B-54 9) through Me hO
2- fornyl-pyrrole | - carboxyl ate (976 ng
(proddented sFen 3) 4- a@n’éltl%ﬁlybem?itdcy Ri H@rggéspﬁﬁsiuct
through Met hod A (production step 2), to thereby
(vige®fd 3 hé7t%rget®) product (yield: 300 ng, 24%. Yellow
powder 5 MS(ESI, m z):253(MH) -
Slq$h¢&F«IEki@73C§Y$E%%ﬁ brs), 7. 28(1H,s),
7.15(1H,dd, J=2. 2, 8. 3)
MS(?E%];(IMFM?@%tf’lH d J=8.3),6.63-6.68(1H ),
6. 32- 6. 36S 3. 9583H s) 3 92 3H )
'H-NMR (CDC1;)5:8.73-8.7 (1H,4,3=8.3),7.81(1H, m},
7.57(1H,s8),7.36(1H,dd,J=2.2,8.5),7.31(1H,dd,J=4.9,7.8)},
7.23(1H,d,J=2.4),6.94(1H,d,J=8.3),3.96 (3H,s),3.94(3H, s)

[0085]
Production of (Z)-2-(3,4-dimethoxy-phenyl)-3-(1H-pyrrol-2-
yl) -acrylonitrile (Compound 39)

Pyrrole-2-carboxaldehyde (951 mg) was dissolved in
dichloromethane (50 mL), and di-t-butyl dicarbonate (2.40 g),
4-dimethoxyaminopyridine (61 mg), and triethylamine (1.01 g¢)
were added to the solution, followed by stirring at room
temperature for 30 minutes. The solvent was evaporated to
dryness, and the residue was purified by silica gel column
chrmatography (chloroform), to thereby yield t-butyl 2-
formyl-pyrrole-1-carboxylate {(yield: 1.95 g, ca. 100%). The

produced t-butyl 2-formyl-pyrrole-l-carboxylate (976 mg) was
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[0086] 10 Production of

(2)-2-(3, 4-di net hoxy- phenyl)-3-(1H pyrrol - 2-

yl)-acrylonitrile hydrochl oride (Conpound 40) 0.1N

Hydrochloric acid (4.3 nL) was added to Conpound 39

(100 ng), and acetonitrile (20 nL) was added to the

m xture, to thereby dissolve the m xture. The sol ution
copdengg§dsviithed, #ndimetbaxkbanzydorvaaiper d88bembor thrsugh

hours, and the solvent was evaported to dryness. The
Mephedi bl tareductigst aEspwé) e £RoFbBEYRPY dirdd, the target

thereby yield the target product (yield: 100 ny,
proguyt VELedd: pdRBema202#8) ESI, m z) : 253( M HC1- H) -

1H NVR( DMSO- d6) 8: 11. 38(1H brs) 7.63(1H,s),7.02-7.17(5H
Yelhpw pewggre. 32(1H, m, 3.83(3H,s), 3. 79(3H,s) [0087]

Producti on of
M56§§12m(8)42§3ﬁ¥tﬂbxy phenyl ) - 3- (3Hi ni dazol - 4- 25

yl)-acrylonitrile (Conmpound 41)

H-4‘(1‘§§Lq]?ﬁ]eba\ﬁoﬁec?ér(ﬂ;ﬁxbméh?dé8((2§5Sﬁng)7 WS 1Eofideds@d 2, 8.3) ,

wth 3, 4- dlnethox%benzyl cyani de (532 3 t hr ough
7. Re{ BBd ) © 580 (B odudtPon) skep32f; ?615n% eby yleld t he

ro uct 1099 . Slightly yell ow

6. %%mge%G %%(fEéﬁn%)(?ﬁs% fv?rH?ng (3B, 1 NVR( DVBO- d6) 6: 12. 5

é F%brs) 7.86(1H,s), 7.75(1H,d,J=3.9),

[08865(1H d, J=2.2), 7. 18(1 H, dd, J=2. 2, 8.5), 7. 04(1 H, d, J=8. 5

Pr%duct184(sgl%% 3 7?§3H 8}mégﬁgx -phenyl) -3- {1H-pyrrol-2-

vl) ~acrylonitrile hydrochloride (Compound 40)

0.1N Hydrochloric acid (4.3 mL) was added to Compound
39 (100 mg), and acetonitrile (20 mL) was added to the
mixture, to thereby dissolve the mixture. The solution was
stirred in the dark at room temperature for 2.5 hours, and
the solvent was evaported to dryness. The precipitated
crystals were thoroughly dried, to thereby yield the target
product (yield: 100 mg, 88%).
Yellow powder
MS(ESI,m/z) :253 (M-HCLl-H)"
'H-NMR (DMSO-d¢) &:11.38 (1H,brs) ,7.63(1H,s8),7.02-7.17(5H,m) ,
6.28-6.32(1H,m),3.83(3H,s),3.79(3H,s)
[0087]
Production of (Z)-2-(3,4-dimethoxy-phenyl)-3-(3H-imidazol-4-
yl) -acrylonitrile (Compound 41)

4 (5)-Imidazolecarboxaldehyde (285 mg) was condensed

with 3,4-dimethoxybenzyl cyanide (532 mg) through Method A
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Producti on of _

(2)-3-(3-benzyl - 2- et hyl sul fanyl - 3H i m dazol -4- 10

yl)-2-(3, 4-di net hoxy- phenyl )-acrylonitrile (Conpound

42)

1- Benzyl - 2- (et hyl sul fanyl ) -1 H-i m dazol e- 5- car bal dehyd

e (465 ng) was condensed with 3, 4-di net hoxybenzyl
(prydwnt e 3s4ep ng) - t he oblghray hpdle Ad( phedberveh Breguct

2), to thereby yield the target product (yield: 723
(Yhgld929§ . ma5 ¥e¥) ow powder MS(ESI, nf z):392( MrH)'

1H NMR(CDC13) 3: 8. 24(1H,s),7.40-7.30(3H, m, 7. 14-7. 10(2H
Sl@g@ply vellow powder

6.99(1H, dd, J=2.2,8.5),6.94(1 H d,J=1.0),6.83(IHd,J=8.5
Ms;ESI,m/z):256(M+H)*

6.78(1Hd,J=2.2),5.23(2H,s),3.89(3H,s), 3.84(3H,s),2.72
H-RR DMSPGi) 508D} 5 PrBdRES) ot - 86 (1H,8),7.75(1H,d,J=3.9),
%Z)-Z-é3,4-dinethox -ghenyl)-B-(4-nethyI-2-
7. SheHy1 A Frazdl - - Y ) IRCRGI B2 L 71 F eb| COnBbGHe: da§=8-5) .
4- Met hy| - 2- phenyl -], 3-t hi azol e- 5- car bal dehyde (407 np)
3-%ﬁ§3%oﬁhe%s£%(%%tﬁ)3,4-dinethoxybenzyl cyani de( 354 ng)
25 through Method A (production step 2), to thereby

[093%1 d the target product (yield: 667 ny, 92%. Yellow
wd 57 SI,m 1363 ' .
P PRI 55 8 B O6S B OREBL By me By fagyl -3H-imidazol-4-
7.49-7.44(3H, , , .
Y1 o5f3d a%%fﬁ%%?l%ﬁét@}?%éziﬁf}ﬂ%a@ﬁ}?-%. §SPERPUNY =425

%}oaﬁ%gﬁ %T%flt%é§ﬁ§f§hf%a§y??§fﬁL%%idgzé9g991carba1dehyde
G ore TR hAY ) 5 BT o pBaRe gt Fypgias (354
mgf]tﬁ%%&@hw@@tﬁg@qfnﬁggo&ﬁé@ign4§tep 2), to thereby vyield
the target product (yield: 723 mg, 92%).

Yellow powder |
MS{(ESI,m/z):392 (M+H)"
'H-NMR (CDC15)8:8.24(1H,s),7.40-7.30{(3H, m),7.14-7.10(2H, m},
6.99(1H,dd4,J=2.2,8.5),6.94(1H,d,J=1.0},6.83(1H,d,J=8.5),
6.78(1H,d,J=2.2),5.23(2H,s),3.89(3H,s),3.84(3H,8),2.72(3H, s8)
foos9g] |
Production of (Z)-2-(3,4-dimethoxy-phenyl}-3-(4-methyl-2-
phenyl-thiazol-5-yl)-acrylonitrile {(Compound 43)
4-Methyl-2-phenyl—1,3—thiazole-E—carbaldehyde (407 mg)
was condensed with 3,4-dimethoxybenzyl cyanide (354 mg)
through Method A (production step 2), to thereby yield the

).

o

target product (yield: 667 mg, 92%

Yellow powderxr
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di met hoxybenzal dehyde (1.66 g) through Method B
(production 10 step 2), to thereby yield the target
product (yield: 1.96 g, 7499) Slightly yellow
crystals WMS(ESI, m z):267( MtH)
1H NMR(CDC13) 5:8.91(1 H,d,J=2.7),8.61(1 H dd, J=1.5, 4.9),
15

MS (EQR-/ D7 (368 Y+H).74(1H, d, J=2.2),7.49(1H,s), 7. 36-7. 41(
2H, m, 6.95(1Hd, J=8.5),3.98(3H,s), 3.96(3H,s) [0091]

H-PMrduodlohdof . 06-8.00 (2H,m) , 7.56 (1H, s), 7. 49 7.44 (3H,m)
(2)-3-(3, 4-di net hoxy- phenyl ) - 2-pyri di n- 2-

7 . 2Rt obd 1742 &2 (Compolnd?® 457, @0T22 MY i @i fie ’e%t@rﬁﬁﬁb
(1.18 g) was condensed with 3,4- di net hoxybenzal dehyde

3. 90{B6 ). 3 T D(fh Nethoth Eﬂfép'iibductl on step 2), to
thereby yield the target product (yield: 2.06 g,

[OOm)) . Slightly yeIIOM/crystaIs 25
MS(ESI, m z): 267( MrH) '

Pradii (NMRE 3§%): 63 613 & SIS gxg: BAgRL k)2 70781 Fig13 3¢l -

acquszziﬂridlep JeGompaurgd 4408 1H, m), 6. 96( 1H, d, J=8. 3), 58
3.98(3H,s),3.96(3H, S% 0092] Productlon of
(2)3 PYBLAL P HRE FORY %hi%y (1.38 g} ¥rA-goyfensed with 3,4-
~acrylonitrile hydrochlorlde ( Conpound 4%%3 ﬁ@r
cungifotortelaehe s o) Shash s o AU heroduet o
(20 for dissolution, and purified_water

stame) abr e e L e T aiat t frisdai 96 o

4;£on1 tenperature for 20 mnutes. The reaction m xture
Was

Slightly yellow crystals

MS (ESI,m/z) :267 (M+H) "
'H-NMR (CDC1,)6:8.91(1H,d,J=2.7),8.61(1H,dd,J=1.5,4.9),
7.92-7.97{(1H,m),7.74{(1H,d,J=2.2),7.49(1H,s),7.36-7.41(2H,m)},
6.95(1H,d,J=8.5),3.98(3H,s),3.96(3H, s)
[0091]
Production of (Z)-3-(3,4-dimethoxy-phenyl)-2-pyridin-2-yl-
acrylonitrile (Compound 45)

2-Pyridineacetonitrile (1.18 g) was condensed with 3,4-
dimethoxybenzaldehyde (1.66 g) through Method B (production
step 2), to thereby yield the target product (yield: 2.06 g,
77%) . |
Slightly yellow crystals
MS(ESI,m/z) :267 (M+H) "
1I-NMR (CDC1,)8:8.61-8.65(1H,m) ,8.41(1H,s),7.73-7.81(3H,m),

7.52(1H,dd,J=2.1,8.3),7.28(1H,m) ,6.96(1H,d,J=8.3),
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| yophilized, to thereby yield the target product
(yield: 224 10 ng, 990). Yell ow powder
MS(ESI, m z):267( M HC +H)
1H NVR( DMSO- d6) 8: 9. 04(1H,d, J=1.7),8. 71(1H,dd, J=1.5,5.1
), 8.33-8.38(IH m,8. 16(1Hs),7.76(1H dd, J=5.1,8.1),
15
3.98 VB 1), 03 J=R(2H, §) 60( 1H, dd, J=2.2,8.5),7.17(1 Hd, J=8.5
), 3.85(3H,s),3.82(3H,s) [0093] Production of
[0} 3- (3, 4- di met hoxy- phenyl ) -2-pyridin-2-yl -
acrylonitrile hydrochl oride (Conpound 47) 20 0. 1N
Pré§uir oo opf ¢ (Bt 3 (2. 4- dlyeWagxvdeleenyd) COMPYURdings-yl-
(100 ng), and acetonitrile (20 nm.) was added to the
acyyenierile hpdrepylertdel (eompeund x¢@te. The sol ution
was stirred in the dark at roomtenperature for 1
hou? ; Lndydhechierjenacids (8vapsbht ¥ast 8ddefneesCompeund
precipitated crystals 25 were thoroughly dried, to
44 t [RA@BYIYi & dhesekwigben praddceurifiedqvagy fp, mL) was
990). Yel |l ow powder 59 MS(ESI, m z):267( M HC1+H)
addeq M(%@@E?@@Gﬁ%l%@(%ﬁ-l, By, 8t WY IR 3T 7reom 7. 98(

1H ), , ,

tem%@&%@,@%.%@ st est d They qPack sy IR =2aF 8. 3

1Y(27£§}A%3(3'144?‘@Id,9‘%4'?18e,3?‘?1213} ekl the, baeIsy Rreticl, fyields 224
(3FL§? 5 [0094] Production of

mg ( AL ( 3, 4- di met hoxy- phenyl ) - 3-{5-[ (2-

di nmet hyl am no- et hyl ) - net hyl - am no] -furan-2-yl }-acryl on
Yel oy |ROWIHpound” 48)

MS(ESI,m/z):267 (M-HC1+H)"
'H-NMR (DMSO-d¢) 5:9.04(1H,d,J=1.7),8.71(1H,dd,J=1.5,5.1)},
8.33-8.38(1H,m),8.16(1H,s),7.76(1H,dd,J=5.1,8.1),
7.70(1H,d,J=2.2),7.60(1H,dd,J=2.2,8.5),7.17(1H,d,J=8.5),
3.85(3H,s),3.82(3H,s)
[0093]
Production of (2Z)-3-(3,4-dimethoxy-phenyl)-2-pyridin-2-yl-
acrylonitrile hydrochloride (Compound 47}

0.1N Hydrochloric acid (4.1 mL) was added to Compound
45 (100 mg), and acetonitrile (20 mL) was added to the
mixture, to thereby dissolve the mixture. The sclution was
stirred in the dark at room temperature for 1 hour, and the
solvent was evaporated to dryness. The precipitated crystals
were thoroughly dried, to thereby yield the target product
{(yield: 112 mg, 99%).

Yellow powder
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Through the procedure as enployed in Production step

1, 10 an amine noiety derived from

N, N, N -trimethyl ethyl enediam ne (3.06 g) was

i ntroduced into 5-brono-2-fural dehyde (1.75 g), to

t hereby yield 5-(4-nethyl-piperazin-I-yl)-furan-2

car bal dehyde (yield: 1.18 g, 60% . The produced
MS BESB-mpEthy267 pilpdChzih- 1- yl ) - f ur an- 2- car bal dehyde

(1.18 g) was condensed 15 with 3, 4-di net hoxybenzyl
H-opaDMsA-H:06: §) 68 hs0aglilNenhod . AL( pHoducTi. 68-8t 8B (2}, m) ,
~to thereby yield the target product (yield: 2.06 g,
7. 950 H, ¥el+dws sh7 bT @WeH ofl | T=RBP EST ; &f £} H 388 ({43 0, 829) .

1H NVMR(CDC13) 5: 7. 12(1H, dd, J=2. 2, 8.5 ,7.05$1H,d,J:2.2),
7.453 O 144l 57 =5 B6{ 14, d7 IEB (B, &, 838 1H) o3 J&8(FH,s),3.83(3H, s)

5.16(1H,d,J=3.7),3.94(3H,s),3.90(3H,s),3.53(2H,t,J=7.0
[0994] 3. 07(3H, s), 2. 56(2H,t,J=3.7), 2. 31(6H,s) [0095] 25

Producti on of (Z)-2-(3,4;dinethoxy-phenzlé- -{5-%(2-
Prefuet Hot apf nbZ et Ayl 3 - hed e thekvioPhery hh- :iﬁ}lé Tyl on

itrile hydrochloride (Conpound 49) 60 0.1 L
dim@ﬁhxkﬁmkﬂ¢t¢%%Yh)(@9&%&%¢3m%ﬁ%1aﬁ@%@“t%‘I%%b%ﬁﬁﬂloﬂBtrlle

(404 ny) for dissolution, and purified water (20 ni)
(Cqmﬁpuggd%@)to the solution, followed by stirring at

roomtenperature for 20 m nutes, The reaction mxture

wasTBrPYHRhE e ZRHOCeBUEAef LRI BVt hR PEPYRFLAPBABEEP 1.
an %Eg’#%tgg%éﬁ%%ggl th?I\\ITVl I?’h-géfr%@tﬁgfggﬂylenediamine
(3.06 g) was introduced into 5-bromo-2-furaldehyde (1.75 g},
to thereby yield 5- (4-methyl-piperazin-1-yl)-furan-2-
carbaldehyde (yield: 1.18 g, 60%)  The produced 5-(4-methyl-
piperazin-1-y1l) -furan-2-carbaldehyde (1.18 g) was condensed
with 3,4-dimethoxybenzyl cyanide (1.06 g} through Method A
(production step 2}, to thereby yield the target product
(yield: 2.06 g, 96%).

Yellowish brown oil

MS (ESI,m/z) :356 (M+H) "

'H-NMR (CDC1,)8:7.12(1H,dd,J=2.2,8.5),7.05(1H,d,J=2.2},
6.92(1H,s),6.86{(1H,d,J=8.5),6.83(1H,d,J=3.7},

5.16 (1H,d,J=3.7),3.94(3H,s),3.90(3H,s),3.53(2H,t,J=7.0),
3.07(3H,s),2.56(2H,t,J=3.7),2.31(6H, s)

[0095]

Production of (Z)-2-(3,4-dimethoxy-phenyl)-3-{5-[(2-
dimethylamino-ethyl) -methyl-amino] -furan-2-yl}-acrylonitrile

hydrochloride (Compound 49)
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1H NVR( CDC13) 8: 7. 11( 1H, dd, J=2. 2, 8. 5), 7. 02( 1H, d, J=2. 2) ,

10 6.91(1H,s),6.88(1H,d,J=8.5),6.70(1H,d, J=3.7),

5.24(1H,d,J=3.7),4.03(2H,t,J=7.3),3.94(3H,s),3.91(3H, s

), 3.44(2H,t,J=7.3),3.11(3H,s),2.89(6H,s) [0096]

Production of (Z2)-2-(3,4-dinethoxy-phenyl)-3-{5-[4-(2-

15

hydpoxii- Byfiybrhpoperaacad ()R] 5f mLanwasyppdaér oo fompiound

| e hydrochloride (Conmpound 50) 0.1N Hydrochloric acid
48(1408 my) fax didedlubiconpsnddpruz8ffadovagprf R0 wmh) was

di ssolution, and purified water (20 nm) was added to
addqe SQIUheOﬁplﬁbLbnweﬂObyowﬁﬂrangtarrnaQnﬁEOroom

tenperature for 20 mnutes. The reaction m xture was
tempepathreefiort 20t hénvbgsyi eTke tyeackgetmirbaietwas

(yield: 404 ng, 90%. Yell owi sh brown powder .
1y@§%§§;zg¢z)tggm@gxebg+ygeld25he target product (yield: 400

1H NMR(CDC13) 6: 7. 16(1 H, dd, J=2. 2, 8.5), 7. 05(1H, d, J=2. 2),
mg 6. 88F)NH, 5), 6. 89( 1H, d, J=8.5), 6. 77( 1H, d, J=3. 7) ,

5.41(1H,d, J=3.7),4.05-4.12(2H m, 3. 94(3H s), 3.91(3H,s)
Yellogysly, bm@ngm?‘sﬁrem 3.49(2H,s), 3.18-3.22(2H m

0097] Production

MS (b, 42 ] 535 ¢ = %Céy%ho 2- (3, 4- dlnethoxy-

... phenyl)-vinyl]-furan-2-yl}-piperidin-4-yl) succinate 5
ﬂ@ﬁhéﬂﬁﬂd §1Y . thhpBufig. Q62(8@© ﬁ@)7mﬁ§(éH$§®PV8d20n

ridine and succinic anhydride (1.13 g) was

6. gﬁ&%%f% '%h%8§L$u@r6n8 >} oft 60D gr?r??ng under ref
| ux for 2 hours. Aﬁ%

5.24(1H,d,J=3.7),4.03(2H,t,J=7.3),3.94(3H,s),3.91(3H, s},

3.44(2H,t,J=7.3),3.11(3H,8),2.89(6H, s)
[0096]
Production of (Z)-2-(3,4-dimethoxy-phenyl)-3-{5-[4-(2-
hydroxyuethyl)—piperazin—l—yl]—furan—z—yl}—acrylonitrile
hydrochloride (Compound 50)

0.1N Hydrochloric acid (11.8 mL) was added to Compound
28 (410 mg) for dissolution, and purified water (20 mL} was
added to the sclution, followed by stirring at room
temperature for 20 minutes. The reaction mixture was
lyophilized, to thereby yield the target product (yield: 404
mg, 90%).
Yellowish brown powder
MS(ESI,m/z) :384 (M-HC1+H)*
'H-NMR (CDC13}6:7.16 (1H,dd,J3=2.2,8.5),7.05(1H,d,J=2.2)},
6.98(1H,s),6.89(1H,d,J=8.5),6.77(1H,4,J=3.7),

5.41(1H,d,J=3.7),4.05-4.12(2H,m),3.94(3H,s),3.921(3H,s),
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conpl etion of reaction, methanol was added to the
reaction 10 m xture, followed by stirring for 30
m nutes. The solvent was evaporated to dryness, and
the residue was extracted with chl orof orm and
purified water. The organic |ayer was dried over
sodi um sul fate anhydrate, and the sol vent was
3.20apoPat6H, mp 03dh§ridEss) TRelBedi-dGd2Was)washed wit h
hexane, to thereby 15 yield the target product (yield:
[00321ng, 93s). Yellow powder MS(ESI, m z):453(MH) -

1H NVR( DVBO) 5: 1. 64- 1. 66(2H m,1.87- 1.89(2H, m), 2.08-2.1
Prafeetripn of mono-(1-{5-[(2)-2-cyano-2-(3,4- dimethoxy-

2.34-2.39(2H, m, 3. 21- 3. 28(2H m,3.59-3.62(2H m, 3. 77(3
pheng}) 20031 B2f kALY 24y86- BiREEiBiny 45Y80( SHCEina%eT) |
6.96(1H,d, J=3.4),
(Cqmpopudlalb 8.5),7.09(1H,dd, J=2.0,8.5),7.16(1H,d, J=2.0
), 7.46(1H,s) [0098] Producti on_of
noneoPRopsd| §) {808y EHd- Ea€3645§9%€?ﬁ0%y—Pygldlne (4 mL),
phenyl )-vinyl]-furan-2-y é pi peri din-4-yl) phosphate
an@cﬁﬂﬁggnac5gy E@ﬁﬁ@ﬁn&lzé (gQgWﬁﬁ)agﬁgd to the solution,
bis(2,2,2-trichloroethyl) 62 phosphorochloridate
fol4oead gpy wek T8 BEoMEaT | RepyErdERE R4DOREF - a%%t%%e
solution was stirred at roomtenperature for 2 hou
CO@P%%Fl%%n%ﬁe¥F%ﬂtanreﬁ%FP6H°1n@ﬁﬁaﬁ@ﬁe@a§oaaaédI?BCtlon
the reaction m xture, followed b¥gst|rr|n
0

mixte estoblawedsBY vehi rHaBIeiap t@&ln{%egryn@%‘g sghgent

t he residue_was urified b lica
Wa%h?'ﬁ?ﬁ‘%@?%‘ﬂhﬁo(@FW?Sﬁce?’&%ethﬁe%ﬁﬁggue7wa51§§’ctr?8te‘i with
chfﬁ?er Ry RRCRIT S L YP AV CPEY anti 3SR TR e 4197 dried
over sodlum sulfate anhydrate, and the solvent was evaporated
to dryness. The residue was washed with hexane, to thereby
yvield the target product (yield: 954 mg, 93%).
Yellow powder
MS(ESI,m/z) :453 (M-H)"
'H-NMR (DMS0)8:1.64-1.66(2H,m) ,1.87-1.89(2H,m},2.08-2.13(2H,m),
2.34-2.39(2H,m),3.21-3.28(2H,m),3.59-3.62(2H,m),3.77(3H, s},
3.82(3H,s),4.86-4.88(1H,m),5.60(1H,d,JdJ=3.7}, 6.96(1H,d,J0=3.4),
7.00(1H,d,J=8.5),7.09(1H,dd,J=2.0,8.5),7.16(1H,d,J=2.0},
7.46 (1H, s)
[0098]
Production of mono-{1-{5-[(Z)-2-cyano-2-(3,4-dimethoxy-
phenyl) -vinyl] -furan-2-yl}-piperidin-4-yl) phosphate
(Compound 52)

Compound 26 (383 mg) and bis(2,2,2-trichloroethyl)
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(2,2,2-trichloro-ethyl) phosphate (yield: 663 ng,
881). 10 The produced
1-{5-[(2)-2-cyano- 2- (3, 4-di net hoxy-
phenyl ) -vinyl]-furan-2-yl}-piperidin-4-yl bis-(2,2,2-
trichloro-ethyl) phosphate (376 ng) was dissolved in a
sol vent m xture (5 nL) of pyridine and acetic acid
phodpidrocHioriganedel(l( 853ghyyeunasdagddedved thepyridine (4
solution, followed by 15 stirring at roomtenperature
mLf pradd hobe ssolnsbbnbkveszehitrrpdwder reaw tenpesdture for 2
through filtration, and an IRC748(NH4") resin (11 g)
howas . adddtet canldiian avle, réatt bved mstikanelk ivgs added to
roomtenperature for 30 mnutes. Resinous material was
the eneyediohrolyghuiel t fallovwednlyt BEisipenfoRad0 minutes.
evaporated to 20 dryness. The residue was washed w th
Thet fahotnt t vas hevabyrayed| got deynarget apfodhet regidng: was
192 , 820). Yellow sh brown powder
punkiESt, Y 251433 \Wef) - column chromatography {ethyl acetate :
'H-NNR(DNBC»S:1.68-1.72(2H,n),1.93-1.99&2H,n),3.24-3.3
he¥%g§tﬁo7 o513), to thereby yield 1-{5-[{Z)-2-cyano-2-(3,4-
_3.60-3.63(2H,n%,3=77 3H,S),3.82(3?,8),4.2714.30(1HIﬁ,
dime gapayy phgngl 7yvengh| 1F18an=3-¥} } 6Pape¥iddndgys) bis-
7.08(1H, dd J:2.0,8.5;,7.15(1H d,J:Z.O),7.44(IH,s% §?
(2{@0@9§r1¢m%gggt¢%hy% phosphate’ (yvield: 663 mg, 88%).
nmono- (I -{5-[ (2).-2-cyano-2- (3, 4-di net hoxy- _,
phehy#) PEPAYFEs Ejr%:iiw 1 ﬁFb’@PPc’i?ﬁ?ﬁJ?’I‘)ilﬁ‘ﬁ?i?ﬁf‘fgfe

sodium ,salt (Conpound_53) .5 Purified er 0 )
Ph%glha\aﬂelay%b-%%%u%aﬂsg-%%%shnf%-ﬁ?ﬁ%éagéeﬁ??an.
{1 BV bl FORBRERFEL(F TF1 ) At FoBir CeNyERallr &
sofﬁéiﬁiégﬁ§8£gti nof skarting, materkals, (f&SLAGYS (4.1).
Zinc powder (353 mg) was added to the solution, followed by
stirring at room temperature for 4 hours. Insoluble zinc
powder was removed through filtration, and an IRC748 (NH,")
resin (11 g) was addéd to the filtrate, followed by stirring
at room temperature for 30 minutes. Resinous material was
removed through filtration and the solvent was evaporated to
dryness. The residue was washed with ethanol, to thereby
yvield the target product (yield: 192 mg, 82%).
Yellowish brown powder
MS (ESI,m/z) :433 (M-H) "
H-NMR (DMS0)$:1.68-1.72(2H,m) ,1.93-1.99(2H,m) ,3.24-3.30(2H,m) ,
3.60-3.63(2H,m),3.77(3H,s),3.82(3H,s),4.27-4.30(1H,m),
5.58(1H,d,J=3.7),6.96(1H,d,J=3.4),6.99(1H,d,J=8.5),

7.08(1H,44,J=2.0,8.5),7.15(1H,d,J=2.0),7.44(1H, =)
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~was renoved through filtration, and the solvent was 10
~evaporated to dryness, to thereby yield the target
product (yield: 93 ng, 96% . Yellow sh brown powder
MS(ESI, m z): 433( M 2Na+H) -
1H NVR(D20) 5: 1. 50-1.53(2H,n), 1.87-1.91(2H, m), 2. 96- 2. 99
(2H, m, 15
[0B9%B- 3. 66(2H, m, 3.64(3H,s), 3.66(3H,s),4.04-4.06(1H m,
5.31(1H,d,J=3.7),6.64(IH d,J=3.9),6.69-6. 72(2H, n),
Pré&ddst o8 161 Hnopo 6 (B4(3H[ $F) -RoepanoPRodact r damgEhoxy -
(2)-3-(5-brono-furan-2-yl)-2-(3, 4-di met hoxy- 20 .
phnghy+?iazly+5ur@nf2eY@%bnﬁpﬁﬁﬂd$ﬂ)4-Yl) phosphate sodium
5- Brono- 2-fur al dehyde (350 ng) was condensed with 3, 4-
sa i meEoropgybedtizy3) cyani de (354 ng) through Method A
(production step 2), to thereby yield the target
pr oButifigfievatess581agml) gway 28depi Rt Fpmperngws2 (96 mg)
crystals MS(APCI, m z): 334( MtH)' .
to 1P INVRECERF 807 2 F M HRG748 ¥ ep 1x3(%)9) s added to
7.22(1H,dd, J=2.2,8.5),7.08(1H,d,J=2.2),6.91(I H d, J=8.5
thg suspengiend, feBleyed by(SHLEY1BIOREIFPSY LEHREIpture.
Producti on of ,
ALy -BLEso U ot AbxFLPREEYY) MBLERiBpRent oSy ROUS material
acrylonitrile (Conpound 55) 2-Thiopheneacetonitrile
wag Zﬂﬁnwdmﬁéﬂé‘éﬂagﬁé%ﬁr@%%ﬁn' 32rddFhet ASxyBBhz ¥P8ehyde

ER RO N e O .
(yield: 93 mg, 96%).
Yellowish brown powder
MS {ESI,m/z} :433 (M-2Na+H) -
1H—NMR(DZO)8:1.50—1.53(2H,m),1.87-1.91(2H,m),2.96—2.99(2H,m),
3.53-3.66(2H,m),3.64(3H,s),3.66(3H,8),4.04-4.06(1H,m),
5.31(1H,d,J=3.7),6.64(1H,d,J=3.9),6.69—6i72(2H,m),
6.78-6.81(1H,m),6.84 (1H, s)
[0100]
Production of (Z)-3-(5-bromo-furan-2-yl)-2-{(3,4-dimethoxy-
phenyl) -acrylonitrile (Compound 54)

5-Bromo-2-furaldehyde (350 mg).was condensed with 3,4-
dimethoxybenzyl cyanide (354 mg) through Method A {production
étep 2), to thereby yield the target product (yield: 558 mg,
84%} .
Slightly yellow crystals
MS (APCI,m/z) :334 (M+H) "

'H-NMR (CDC15)8:7.23(1H,s),7.22(1H,d,J=3.7),
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(yield: 262 ng, 48% 10 Yellow crystals
MS( APCl , ml z) : 272( M+H)
1H NVMR(CDC13) 5: 7. 64(1H,d, J=2.0),7.31-7.36(2H m, 7. 31(|
Hs), 7.28(IHdd,J=1.2,5.1),7.07(IH dd,J=3.7,5.1),
6.92(1H,d,J=8.5),3.97(3H,s),3.95(3H,s) 15 [0102]
Producti on of '
7.32ZY18,;48, =2 268 hoxy7 ph@hyh) d2JtRi 3phens3{§H,d,IJ=8.5),
acrylonitrile (Conmpound 56) 3-Thi opheneacetonitrile
6. $R4BH ng) Twais7 cohdensed, st t B- 93 (3HdEhet hoxybenzal dehyde
(332 ng) through Method B 20 (production step 2), to
[0ibhEl eby yield the target product (yield: 354 ng,
650). Slightly yellow crystals MS(APCl, nz):272( M-H) "
Pra¢icthivin (GDCIB) - B+ (7, 4 6dmetthpxy;phenylpy2-ghiophen-2-yl-
55(1H,dd, J=1.4,2.9), 25
acTy Uof ity dbe J£@ompeung ¥588( 1H, s), 7. 35(1H, dd, J=1. 4, 5. 1)

7. 33¢ Thi eghgroaoeBOD) tBide( ((RAE, med. wps3condspsey yish
(3H,s) [0103] 65 Production of

3, hehbme thgTEYhega baekEde- £203, UIY; HBERegy- Method B

phenyl ) -vinyl]-thi ophen-2-yl}-piperidn-4-yl)
(PEe@erh®e ST A sPt thesdpbunycs?) thar FrrgRtwRFBAUCE
(10 m) was added to Conpound 18 (104 5 ng) to form
(YEesPendfdMI At RC748(Na) resin (2 g) was added to
t he suspensjon, followed by stirring at room
Yelkopetarrals After dissolution of starting materials,
esi nous material  was renoved through filtration, and

M {RECTdh{eht 2 Ga ki)
*H-NMR (CDC1;}6:7.64(1H,d,J=2.0),7.31-7.36(2H,m) ,7.31(1H, s),
7.28(1H,dd4,J=1.2,5.1),7.07(1H,dd,J=3.7,5.1),
6.92(1H,d,J=é.5),3.97(3H,S),3.95(3H,s)
[0102]
Production of (Z)-3-(3,4-dimethoxy-phenyl) -2-thiophen-3-yl-
acrylonitrile (Compound 56)

3-Thiopheneacetonitrile (246 mg) was condensed with
3,4-dimethoxybenzaldehyde (332 mg) through Method B
(production step 2), to thereby yield the target product
(vield: 354 mg, 65%).
Slightly yellow crystals
MS (APCI,m/z) :272 (M+H) "
H-NMR (CDC1,)8:7.66 (1H,d,J=2.0),7.55(1H,dd,J=1.4,2.9),
7.40(14,d4d,J=2.9,5.1),7.38(1H,s8),7.35(1H,dd,J=1.4,5.1),
7.33(1H,dd,J=2.0,8.0),6.92(1H,d,J=8.0),3.97(3H,s),3.95(3H, s)

[0103]
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evaporated to dryness, to thereby yield the target
product 10 (yield: 102 ng, 94% . Yell ow powder
MS(ESI, m z): 469( M Na) -

1H NVR(D20) 8: 1. 42-1.48(2H,n), 1.64-1. 70(2H, m), 2. 28-2. 32

(2H’IT)!
2.39-2.43(2H,n),2.72-2.78(2H,n),3.05-3.10(2H,n),3.52(3
Préfigytidd of mono- (1- {5-[(2)-2-cyano-2-(3,4-dimethoxy-
3.62(3H,s),4.65-4.73(1H m 5. 67(1H d,J=3.4),6.45(I H d,
Phénﬁll}vlnﬁlBchlembeﬂ- }SBQEEEdeHS49Y1? @EGEHM§FG
[0104] Production of
sofbno- §31§5{fommpoandyano- 2- ( 3, 4- di met hoxy-
phenyl ) -vinyl]-furan-2-yl}-piperidin-4-yl) succinate
sodPunif2edsuptetCodponhd B8F RAEefi &6 wemerundo 18 )(104
was added to Conpound 51 (101 to form suspension.
mg Ant ¢ REFUB( sAFPERILAN( 2 Af) xﬁﬁﬁééﬁhﬁﬂ ¥@simel2 g) was added
suspension, followed by stirring at room tenperat ure.
tOA@h@rSESE@@FhPﬂonf@¥1§Wﬁ¢tbﬁgsﬁﬁféiPﬁl§t Fesmnsgyperature.
material 25 was renoved through filtration, and the
Af%%rv@hﬁsﬁbgtl@Vaﬁﬁr5?@Ht¥69dW?ﬁ€§éalFo rREfBEYSymafgrial
t he target oduct i ield: 96 919% . 66 Yel |l ow
waﬁomg@@ve uﬁpzfl %E?R@RH an "the solvent was

1H NVR(D20) 6:.1. 44- 1. 52( 2H 12
ev%gprﬁfé t% dryness, té thg}eby yleld gge ggrget proguct

2. 45( 2H, 2 91-2. 98(2H, m), 3. 25- 3. 33(2H, ), 3. 56( 3
Y*F%? 503 Bg( 3 :4.68-4.76(1H ), 5.10-5.12(1H ),
6, 44-6. 49(2H, n . 6 56- 6. 57( 3H, n) [0105] Production of
Ye%%§W29?§ T di met hoxy- phenyl ) - 3-{5-[ 4- ( 2-

MS(ESI,m/z) :469 (M-Na) "

TH-NMR (D,0}8:1.42-1.48(2H,m) ,1.64-1.70(2H,m} ,2.28-2.32(2H,m),
2.39-2.43(2H,m),2.72-2.78(2H,m),3.05-3.10(2H,m),3.52(3H,s),
3.62(3H,s),4.65-4.73(1H,m),5.67{(1H,d,J=3.4),6.45(1H,d,J=8.1),
6.59-6.61{2H,m) ,6.83 (1H,d,J=3.9),7.03(1H, s)

[0104]

Production of mono-(1-{5-[(Z)-2-cyano-2-(3,4-dimethoxy-
phenyl) -vinyl] - furan-2-yl}-piperidin-4-yl) succinate sodium
salt (Compound 58)

Purified water (10 mL) was added to Compound 51 (101
mg) to form suspension. An IRC748(Na) resin (2 g) was added
to the suspension, followed by stirring at room temperature.
After dissolution of starting materials, resinous material
was removed through filtration, and the solvent was
evaporated to dryness, to thereby yield the target product

(yvield: 96 mg, 91%).
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hydr oxy- et hyl ) - pi perazin-1-yl]-thi ophen-2-yl}-acrylon
trile 10 nethanesul fonate (Conpound 59)
Met hanesul fonic acid (81.6 L) and ethanol (10 nlL) were
added to Conmpound 9 (500 ng), and the m xture was
heated for dissolution (external tenperature: 700
The solution was returned to roomtenperature,
YelbbWwopewdby stirring overnight. 15 The precipitated
crystals were recovered through filtration, and the
MS{BEOver ed:46§sMaNs) wer e washed sequentially with a
smal I amount of ethanol and hexane. The crystals were
TH 4N Cupgh I8y 1deited,. SRd 2Hh e e By 6Bi-al. 0 2t (28, ar, @3 lpR2odddi2H, m) ,
(yield: 530 ng, 85%. 20 Ybllom1crystals
2. MBCESESFRH) mi0B( ML CRIBSBREHN) 3 .25~ 3.33(2H,m),3.56(3H,s),

LH NVR( DVBO. d6) 8: 7. 98(1H, 5) , 7. 45( 11, d, J=4.4), 7. 19(1H,d
3.53£2H2¥) 4.68-4.76{1H,m),5. 10 5 2(1H m),

7.11(1H, dd, J=2. 2, 8. 5) 7. 02(1Hd, J=8.5), 6. 42(1H, d, J=4. 4
6. §4 6.49(2H,m) , 6. 56 57(3H m)

3.83(3H,s),3.78(3H,s),3.75-3.83(4H, M, 3. 57-3.64(2H, M,
[02858. 25-3. 40(6H, m, 2. 30(3H s), [0106] Production of
1-[5-[(2)-2-cyano- 2- (3, 4-di net hoxy- hen¥ g
Pr@@ﬁ?F}OFhPSpﬁéh 2= yﬁ} pﬁb@?FHPﬁY4P9PnY 30 a-
N- (2-di et hyl am no- et hyl)-succi nanate hyd chlor&d C
hy@tgﬁﬁoeﬁayébypesﬁﬁaaha 18Y%é3§ hEpbags 247 4doRcEY LR ETL e
nmet hyl ene chl ori de § and
meéh%HP%PéfﬁnGtﬁlﬁEPﬂB 9“@ 5-triazine 5 (105 nm) and

N- net hyl nor phaol i ne (66 L) mere added to the solutl
fo|M@ﬁéanB9u§€PPﬁpn30ﬁér (8@ -fi HIY e80i efhpEel 46 |Pﬁ@ were

2afEtot Py FREPRHBR! e (00ME) - WBPE BAdoR TEUE R "ARaRESS o7
dissolution {external temperature: 70°C). The solution was
returned to room temperature, followed by stirring overnight.
The precipitated crystals were recovered through filtration,
and the recovered crystals were washed sequentially with a
small émount of ethanol and hexane. The crystals were
thoroughly dried, to thereby yield the target product (yield:
530 mg, 85%). |
Yellow crystals

MS(ESI,m/z) :400 (M-CH3SO3;H+H) "

H-NMR (DMSO-d4)8:7.98(1H,s),7.45(1H,d,J=4.4),7.19(1H,d,J=2.2},
7.11(1H,dd,J=2.2,8.5),7.02(1H,d,J=8.5),6.42(1H,d,J=4.4),
3.83(3H,s),3.78(3H,s),3.75-3.83(4H,m),3.57-3.64(2H,m),
3.25-3.40(6H,m),2.30(3H, s},

[0106]

Production of 1-{[5-[(Z)-2-cyano-2-(3,4-dimethoxy-phenyl} -

67



10

15

20

25

followed by stirring at roomtenperature for 17 hours.
The 10 sol vent was evaporated to dryness, and the
residue was purified by silica gel colum
chr omat ogr aphy (CHC13- MeOH), to thereby yield the
target product (yield: 287 ng, 95%. Yell ow powder
MS(ESI, m z):569(M HC1+H) © 15
viny&NwEbinpneysz7y6®(m&pﬁri¢ia7eimlsﬂ 122d¢ eHhgtlaminey
7.13(1H,dd, J=2. 2, 8. 3),7.04(1H,d, J=2. 2), 6. 87§1H d,J=4.1
etyyl) “succinamate hydrochlorlde (Compound 60

6. 05(I H,d, J=8.5Hz), 4. 96-5. 00(1H, m , 3. 94(3H, s), 3. 90( 3H,

s), cogpsong. 56(2ﬂ3ﬁ)mg)3gag ¢3€§H1WFd3125m3t y@@ﬂen)

3.05-3.17(6H,m, 2.65-2.69(2H, M, 2. 56-2.59(2H, M, 20
choppde. 120 2rLm , and722¢chleze; ﬁ)61d838$h96yzm Ay 5-triazine

1.39(6H,t,J=7.3) [0107] Production of
(105[@g[(ZydchwathEm@sphoaﬁnethéﬁy#bheﬁ§r? added to the

vinyl ] -thi ophen-2-yl]-piperidin-4- N- ( 3-di et hyl am no
sopat ppapyf§l Qﬂﬁﬁnhﬁa?ElﬁyaﬂacﬁPBr?éemééﬁﬁﬁéuWétél}ce

Compound 18 (235 ng) was di ssoved in nethylene
00@h1@g+ckﬁuﬂsﬁgqﬂgtlyyuN N-diethylethylenediamine (85 ML)

2-chl oro-4, 6-di net hoxy-1, 3, 5-triazine (105 ngé 68 and
an¢+memﬁphw%m9hﬁh©héne6611? Mb}ewgaaeadﬂédtﬁ@ EuligRUTE,
followed by stirring with ice coollng ?r 30 nut es.
fo%%%@%ﬂu%ﬁt?ElrFFﬁEd?Etﬁ?Pmltng?ﬁﬁFH p SBaﬁganHrE) The
ﬁ$ nmet hyl nor phol.i ne %110 Lé g ﬂged to.t
S0 %?Er%asf% FBREYEEADGO st YRERG. afPPob tEﬁﬁé?H?uW@s
17 hours,, The s eva orate
pughhi %ebxfe%wh%amggfpﬁ??wamﬁy’om@ PrEabhe TeBRimeom . €0
chromat o0 p 0 by ield e
SRR b BRUCRe (57 POt Bregt despar 2o¥ fal B8
Yellow powder
MS(EST,m/z) :569 (M-HC1+H)*
'H-NMR (CDC1;)8:7.60(1H,m),7.37(1H,s),7.22(1H,d,J=4.1),
7.13(1H,dd,J=2.2,8.3),7.04(1H,d,J=2.2),6.87(1H,d,J=4.1),
6.05(1H,d,J=8.5Hz) ,4.96-5.00{1H,m) ,3.94(3H,s),3.90(3H,s),
3.50-3.56(2H,m),3.39-3.43(2H, m),3.25-3.31(2H,m),
3.05-3.17(6H,m) ,2.65-2.69(2H, m) ,2.56-2.59(2H,m),
2.02-2,12(2H,m),1.97-2.01(2H,m) ,1.83-1.90(2H,m),
1.39(6H,t,J=7.3)
[0107]
Production of 1-[5-[(Z)-2-cyano-2-(3,4-dimethoxy-phenyl})-
vinyl] -thiophen-2-vy1] -piperidin-4-yl N-(3-diethylamino-
propyl) -succinamate hydrochloride (Compound 61}

Compound 18 (235 mg) was dissoved in methylene chloride

(10 mL), and 2-chloro-4,6-dimethoxy-1,3,5-triazine (105 mg)
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Yel | ow powder 10 MS(ESI, m z):583(M HO +H) "

1H NVR( CDC13) 5: 7. 60( 1H, m) , 7. 37( 1H, s) ,

7.22(1H,d, J=4. 1),

7.13(1 H dd, J=2.2,8.3),7.04(1H,d, J=2. 2), 6.87(1H,d, J=4. 1

)
6.05(1 H, d, J=8.5), 4. 96-5. 00( 1H, m) , 3. 94(3H, s), 3. 90( 3H, s)

and N3m&0h31lh6f2hbhind. 366 3un3( Relra) a8de8- 8o3theHspintibn,
3.05-3.17(6H,m, 2. 65-2.69(2H, M, 2. 56- 2. 59(2H, M ,

foklowe@. bp(gHinyingovighoiceHcapling3feroppominptes.
1.39(6H,t,J=7.3) [0108] (1) Production of

Subsé¢GuéZ)y 2- Bydndi @t hB] 41 dB néi Aukyophenphiie 204 WL) and N-
vi nyl ] -thi ophen-2-yl]-piperidin-4-yl

me dhyenbyphal noe acel at pL. Cowpoanadd@ed3t30thy masture, followed
di ssolved in pyridine (100 nl), and

by Ne WL 8T Heg hyt gr gernt€BPeBagyr@asorddédhesrehe Bt 3o brent
followed by stirring at roomtenperature for 1 hour

WA BETRREREFS, tp- dBYReassupRdnyhechPsifiug Fas4BuEY fhad PY
~added 25 to_the mxture, followed by stirring under

sitiea| gl feplypn ﬁ%ﬁ@@?t%$¥%PhEoﬁSH€¥$tN?Qﬁ)ré%%t?%ﬁfeby
,the solvent was evaporated to dryness. Chl|oroform

vigehdothe) tavegehdaeadnstt hE1ebdi e27 AuBY  aRl®t he mixture
was washed with water three tines. The pH of the

YeLIPW RR¥FeYer was checked by use of a pH testpaper,
g@? adjusted to 4 io 5,with I N aqueous hydrochloric

MS G5 . ARk R YRATECLEEr was dried over sodium 5
sul fate anhydrate, and the vent _was evaporated . to

lemﬁﬁﬁﬁﬁﬁls)ﬁh%-?%éiau@)m523aighf?éd7b§2éﬂﬁr9anérl)r
7 SRS T opT 8P o IS, erete) e b9 ekl ),
6.05(1H,d,J=8.5),4.96-5.00(1H,m),3.94(3H,s),3.20(3H, s},
3.50-3.56(2H,m),3.39-3.43(2H,m),3.25-3.31(2H,m},
3.05-3.17(6H,m),2.65-2.69(2H,m),2.56-2.59(2H,m},
2.02-2.12(2H,m),1.97-2.01(2H,m) ,1.83-1.920(2H,m),
1.39(6H,t,Jd=7.3)
[0108]
(1) Production of 1-[5-[(Z)-2-cyano-2-(3,4-dimethoxy-phenyl) -
vinyl] -thiophen-2-yl] -piperidin-4-yl dimethylamino-acetate
Compound 6 (3.70 g) was dissolved in pyridine (100 mL),
and N,N-dimethylglycin (5.15 g) was added to the solution,
followed by stirring at room temperature for 1 hour.
Subsequently, p-toluenesulfonyl chloride (9.43 g) was added
to the mixture, followed by stirring under reflux for 12
hours. After completion of reaction, the solvent was

evaporated to dryness. Chloroform (800 mL) was added to the
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Yel | ow powder 10 MS(ESI, m z):456( MtH)
1H NVR(CDC13) 5: 7. 36(1H,s), 7. 22(1H,d, J=4. 1),
7.13(1H,dd, J=2.2,8.3), 7. 04(1H,d, J=2.2),6.87(1H,d, J=8.5

)
6. 05(1H, d, J=4. 1), 5. 03-5. 09( 1H, m) , 3. 94(3H, s), 3. 90( 3H, s)

re3iduve 3. 800 2Ehe) mB8xpurs. ga¢2waahed. w9thHwe 2. BIteH, simes.
15 2.02-2.07(2H, M, 1.83-1.91(2H, M [0109] (2)
Therpduefi bhe ofquecus layer was checked by use of a pH
| -[5-[(2)-2-cyano-2- (3, 4-di net hoxy- phenyl ) -
testpgpert hiophadi Rsyeq- pbpértdi h-¥iph 1N agueous
di met hyl am no-acetate p- toluenesul fonate (Conpound
hy@pycRbohapaehd. 6 T8y Prapnias ayes ofae iy Fed gbrhesodium
(80 nm.), and N, N-dinethylglycin hydrochl oride (140
Suhﬁﬁt%n@n%yd¥%tﬁen@éﬁlFbﬁl§0éﬁﬁﬁtnﬂﬁéh?HﬁEPéaFSQOtﬁgﬁrYneSS-
were added to the solution,_followed by stirring
TheingR? 19es | XS fRRr 5EhedrBY Fheica 09@énFOi(ia@nevﬁﬁ@waF@araPhY
to dr ness, and the residue was 25 purified by silica
(CHgls ds%ane Johrichathsgralphy ey et Profusepiyield:
eId the target product (yleld 38 ng, 7.7%. Yellow
%%v@eﬁ 9% MS(ESI, m z): 456(MH—|)
H-NNR(DNBC»S 7. 94(1H s),7.49(4H,d, J=7.8),7.43(1H,d, J=
Ye%lqy powder

(LHd, J=2,2) 7. 12(4H d, J=7.8) , 7. 09(1H dd, J=2.2, 8.5

MSZﬁSI m/z): 456(

H Eg&f&#ﬁ%@)s 52;(1H ng 22(1H 1)3 =4

s E e O %Séeﬁ o 81 hsactare ) e e9did; dosoh B
AOHDlaPrOguet 000000 00 (it k1 2s38 RBAGH 250 (F.9).

3.54-3.60(2H,m),3.24-3.30(2H,m) ,3.19(2H,s),2.37(6H, s8),

09:5.12(1H m), 4. 26

--.]

)]

2.02-2.07(2H,m),1.83-1.91(2H,m)
[0109] |
(2) Production of 1-[5-[(Z)-2-cyano-2-(3,4-dimethoxy-phenyl) -
vinyl] -thiophen-2-yl]-piperidin-4-yl dimethylamino-acetate p-
toluenesulfonate (Compound 62)

Compound 6 (370 mg) was dissolved in toluene (80 mL),
and N,N-dimethylglycin hydrochloride (140 mg) and p-
toluenesulfonic acid monoﬁydrate (380 mg) were added to the
solution, followed by stirring under reflux for 5 hours. The
solvent was evaporated to dryness, and the residue was
purified by silica gel column chromatography (CHCl;-MeOH), to
thereby yield the target product (yield: 38 mg, 7.7%).

Yellow powder
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vi nyl ] -thi ophen-2-yl]-piperidin-4-yl [1,
4' ] bi pi peridinyl-1'"- 10 carboxyl ate hydrochl ori de
(Conpound 63) Conpound 6 (2.00 g) was dissolved in
pyridine (50 nL), and
1- chl or ocar bonyl - 4- pi peri di nopi peridine (2.50 g) was
added to the solution, followed by stirring under ref
MSKB&Ifwyrz)24R6UMsH) After conpl eti on of reaction,
met hanol was added to 15 the reaction m xture,
TH - e Yby: Stdar (limngs ) o . 40( 4H nutes? . 8)THE. £l Mverd , Iveds. 1) ,
evapor at ed under reduced pressure, and the residue
7. Wasldxdrdeked) Wt h2dhHodofef nBand - PAKiLH. 8d ., iaker. 8 - Fihe
organi c |l ayer was dried over sodiumsulfate anhydrate
7.0061Eha, $oBvEht 6WA2s (éHagodated) t b - 8PyRedd.(1Hma) »dsR@U8H, s) ,
was 20 recrystallized fromethyl acetate, to thereby
3.§36B4d, 8he3. ?&K@Btsbrédﬁét3(§5é25 mYy73 - Ag-3380) 2Hya) | ow
powder MS(ESI, % 565( M HCl +
2-&%%@1@%563,3 (2HOSY 2. 962201 W) d1328-2) 8248H, m)
[0;155(1H dd, J=2.0,8.3),7.04(1H,d,J=2.0),6.87(1H,d, J=8.3

6.05(1Hd,J 4% 4. 90 94(IH . 3. 94( 3H, SL 3. 90( 3H, S%
Productlon of 1— ~cyano-2-(3, 4-dimethoxy-phenyl

3.48-3. 54 2H, 3. 25 3. 34( 2H, 2. 74 2H 2.,42- 3
v1m¥%@ thioéhennz -y1iT- plpergdlnn) TLlplper%d?n§ -1’ -

2.01-2. 06(2H 1. 83- 1. 60 1 61( 4H, 1.45(4
cawﬂ%ylﬁq(llﬂﬁgf@aheﬁ@ﬁ é%ompo hd’ 63) (anm. (

;AR A B i
and AR PR PHEe d:lm%u-'ﬂﬂp%ﬁ} frB5aRa: 4871 16058) Tha¥as
ad%e%ﬁf%Y%ﬁa' b e et i
2 hourt hy| r(J"Pcreohoclolnpp e(t21508n Lgf V?eraecgldgr?d rEetlliahr?ol was added to
the reaction mixture, followed by stirring for 30 minutes.
The solvent was evaporated under reduced pressure, and the
residue was extracted with chloroform and purified water.

The organic layer was dried over sodium sulfate anhydrate,
and the solvent was evaporated to dryness. The residue was
recrystallized from ethyl acetate, to thereby yield the
target product (yield: 974 mg, 30%).

Yellow powder

MS{ESI,m/z) :565 (M-HC1+H}"

'H-NMR (CDC1;)8:7.37 (1H,s) ,7.22(1H,d, J=4.4),
7.13(1H,dd,J=2.0,8.3),7.04(1H,d4,J9=2.0),6.87(1H,d,J=8.3},
6.05(1H,d,J=4.4),4.90—4.94(1H,m),3.94(3H,S),3;90(3H,S),

3.48-3.54(2H,m),3.25-3.34(2H,m),2.74(2H,m) ,2.42-2.53(7H,m),
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solution, followed by stirring with ice coolong for 30
10 m nutes. Subsequently, 4-piperidinopiperidine (429
ng) and N nethyl norpholine (430 L) were added to the
m xture, followed by stirring at roomtenperature for
17 hours. The solvent was evaporated to dryness, and
the residue was recrystallized fromethyl acetate, to
2. ahez eby (3H gh)d, T h@3 15. 8Bl 4@tmpr bdeet 1 (g éfH; mi, 3745 (4H, m)
98% . Yell ow powder MS(ESI, nfz):621( M HC1+H) "
[0 NMR(CDC13) 8: 7. 38(1 H,s),7.22(1H,d, J=4. 4),
7.13(1H, dd, J=2. 4, 8. 3) 7.04(1H,d,J=2.4),6.87(1H,d, J=8.3
Prgdu@dion of 1- {5-[(Z -2-cyano-2-(3,4- dlmethoxy phenyl)-
6.05(1H,d, J=4.4),5.00-5. 04(I H m, 3. 94(3H, s), 3. 90(3H, s)
vinyl]s—tsmcaﬂm@%mlwmesi@mzﬁm 3- 00- 8’ bépwﬁyldmyl-
2.50-2.72(11H,m,1.95-2.04(2H,nm,1.87-1.90(4H, m,
1’ZWIE%]pxmxbutyﬁaﬂﬁ4@YQIQEMM$¥h§e[O@Q@?OUQQ &t bduct i on
of (2)-2-(3, 4-di nmet hoxy-phenyl)-3-quinolin-4-yl -
acr@¢@@@¢¢dlb8(t%n%@u%% €& lﬁﬁphﬁﬁﬁné@aWBé%ﬁﬂééﬁyde
(500 ng? was condensed Mﬁth 72 3, 4-di met hoxybenz
ChgaIel 1B hg) Sy SUGALAER oS 2 BREEL oA 81 bFiazine
2), to thereby yield the target product (yield: 522

(440 mE2 PN Phiee Yy oorehrgbizg s (258 uL) were added to the
MS(ESI, m z): 317

solmwn( éscﬁ @%.W(%Hm@ﬂ. witly H6¢ 1FPA1988. 59T 83B7(

m-’-rw@yi( 1HSYPFegUSntLYg7 AT IPeFIAINOPAPEL NG 14434 mg) and

N- rZetGI}yl?mc?J?p(lg-oqll?ie 7(4339 0( 1p|t_£)ddwe‘]re8 aS&c%ec% )¢ tg g]:?é 1r|r_1|1>(gt{1rg 3)

followed by stirring at room temperature for 17 hours. The

solvent was evaporated to dryness, and the residue was

recrystallized from ethyl acetate, to thereby yield the

target product (yield: 1.37 g, 98%}.

Yellow powder

MS (ESI,m/z) :621 (M-HC1+H)"

"H-NMR (CDC15)6:7.38(1H,s),7.22(1H,d,J=4.4},

7.13(1H,dd,J=2.4,8.3),7.04(1H,d,J=2.4),6.87(1H,d,J=8.3),

6.05(1H,d,J=4.4),5.00-5.04 (1H,m) ,3.94(3H,s),3.90(3H,s),

3.50—3.56(2H,m),3.26—3.32(2H,m),3.00—3.06(2H,m),

2.50-2.72(114H,m},1.95-2.04(2H,m) ,1.87-1.90(4H, m)},

1.65-1.70(4H, m),1.42-1.55(4H, m)

[0112]

Production of (Z)-2-(3,4-dimethoxy-phenyl)-3-gquinclin-4-yl-

acrylonitrile (Compound 65)

4-Quinolinecarboxaldehyde (500 mg) was condensed with
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6.98(1H,d,J=8.5),4.00(3H,s),3.97(3H,s) 10 [0113]
Producti on of
(Z) - 3-benzo[ b] t hi ophen-3-yl -2- (3, 4-di net hoxy-
phenyl)-acrylonitrile (Conmpound 66)
Benzo[ b] t hi ophene- 3- car boxal dehyde (200 ng) was
condensed with 3, 4-di net hoxybenzyl cyani de (218 np)
3, 4 hd bnghhodgbekrbdepapdedibbiongst epronght Yethedeby
yield the target product (yield: 365 ng, 920). Pale
(pyefilopienystads2) MStAPChenehy: g2eltkthe target product
1H NVMR(CDC13) 8: 8. 56( 1H, s), 7. 93(1 H, d, J=7.3), 7. 89(1H,d, J
(yiglQd), K529 mg, 52%).

7.72(1H,s),7.43-7.51(2H, m, 7. 32(1H, dd, J=2. 3, 8. 5),
Pa$¢2E%1¥P@,gEQ$B§}6.96(1H,d,J:8.5),3.99(3H,s),3.95(3H,s

) [0114; Production of
MS (E§1 pn(B) 43 HY7 MtHbXy- phenyl ) - 3- (1- met hyl - | H
L benzi m dazol -2-yl)-acrylonitrile (Conpound 67) 25
PiI@%hﬂﬁyﬂeiﬁf@rﬁﬂlan@Lﬁ#éaibhé 2200Hng) Jwds S¢oRdOASEH, s) ,

W th 4- di met hoxybenzyl cyanide (221 t hr ough
7. %%fh%déﬂg 8 pPbdlic®7 bhtstep=4)5)16- ?ﬁe?ggi }ﬁemﬂ 't he
tar roduct 73 |eId 369 ng Pa e Xellow
7. hyoraF CLENB €513 % 15 307 AL :

6.

1H—NN§SCDC13%6 7. §§(3H9§(|Flg¥ 7. 37§|H s) 7 32-7.39(4H

gﬁ(lH d,J=2.3),6.94(1H,d, J=8.5),3.98(3H,s), 3.95(3H, s
[0313 3. 89(3H s) [0115] Production of

Pré&%etlég éfdlnEtthgng ?byéﬁigbﬁ ngtth-_(B 4-dimethoxy-

phenyl) -acrylonitrile (Compound 66)

Benzo [b] thiophene-3-carboxaldehyde (200 mg) was
condensed with 3,4-dimethoxybenzyl cyanide (218 mg} through
Method A (production step 2), to thereby yield the target
product (yield: 365 mg, 922%).

Pale vellow crystals

MS (APCI,m/z) :322 (M+H)"

'H-NMR (CDC1,;)8:8.56 (1H,s) ,7.93(1H,d,J=7.3),7.89(1H,d,J=7.3),

7.72(1H,s),7.43-7.51(2H,m),7.32(1H,dd,J=2.3,8.5),

7.20(1H,d,J=2.3),6.96(1H,d,J=8.5)},3.99(3H,8),3.95(3H, s8)

[0114]

Production of (Z)-2-(3,4-dimethoxy-phenyl)-3-(1l-methyl-1H-

benzimidazol-2-yl}-acrylonitrile (Compound 67)
1-Methyl-2-formylbenzimidazole (200 mg) was condensed

with 3,4-dimethoxybenzyl cyanide (221 mg} through Method A

(production step 2), to thereby yield the target product
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i ndol-3-yl)-acrylonitrile (Conmpound 68) 10
1- Met hyl i ndol e- 3- car boxal dehyde (200 ng) was condensed
wi th 3, 4-di nmet hoxybenzyl cyani de (223 ng) through
Met hod A (production step 2), to thereby yield the
target product (yield: 292 ng, 73% . Pale yellow
crystals 15 MS(ESI, m z):319( M+H)
(vief dVRE €BDCE8) 698%29(1H, s), 7. 78(1H,d, J=8.0), 7. 74( 1H, s),
7.31-7.36(1H, M ,7.37-7.42(1H m,7.22-7.28(3H m,
PaYe18€1Hpd, JrgsBal8. 93(1H, d, J=8.5), 3. 98(3H,s), 3. 93(3H, s
), 3.91(3H,s) 20 10116] Producti on of
MS (E$IZmbzhzadR0lMnER- y| - (3, 4- di met hoxy- phenyl ) -
acrylonitrile (Conmpound 69) 2-Benzofurancarboxal dehyde
TH-66( any) 1 0ds 7c 88d@nged LHi, th , 73 3Z-(dHmst hGxpBez @9 (4H, m) ,
cyanide (201 ng) through Method A 25 é roduction step
7.23% (1Hodt BePeBy . §i 8L 4LHRE. FaPgbl - pr 88USH: S} yBeP&:(3H65)
ng, 779 . Yellow crystals 74 NMS(APCI, nf z): 306( M+H)
3. 4R 13)5: 7. 65(1H, br d,J=7.8),7.55(1H, br
d,J=8.3), 7.48(1H, br
[0535%. 36-7.42(2H, m, 7. 31(1H,dd, J=2.4,8.5), 7.29(1H, br
d,J=7.8),7.17 IH,d,J:2.4),6.94(IH,d,J=8.5§, 5
Produgy 8pn spL 3 (94 3H(3) 41 81aeFhopyophenydn -4 (1-methyl-1H-
. éz -3-(2-chloro-quinplin-3-yl)-2-(3,4-
ingp het Nk - PRERYPTL BEL YR oAFPRPPERECBRADOUNd 70)

1-Methylindole-3-carboxaldehyde (200 mg) was condensed
with 3,4-dimethoxybenzyl cyanide (223 mg) through Method A
{(production step 2}, to thereby yield the target product

(yield: 292 mg, 73%).

oY

Pale yellow crystals
MS{(ESI,m/z) :319 (M+H)}"
'H-NMR (CDC1l,)8:8.29(1H,s),7.78(1H,d,J=8.0),7.74(1H, s},
7.31-7.36(1H,m),7.37-7.42(1H,m),7.22-7.28(3H,m)},
7.16(1H,d,J=2.3),6.93(1H,d4,J=8.5),3.98(3H,s),3.93(3H, 8),
3.91(3H, s
[0116]
Production of (Z)-3-benzofuran-2-yl-(3,4-dimethoxy-phenyl) -
acrylonitrile {(Compound 69}

2-Benzofurancarboxaldehyde (166 mg) was condensed with
3,4-dimethoxybenzyl cyanide (201 mg} through Method A
{production step 2), to thereby yield the target product
(yield: 265 mg, 77%).

Yellow crystals
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2- Chl or o- 3- qui nol i necar boxal dehyde (200 ng) was 10
condensed with 3, 4-di net hoxybenzyl cyani de (185 np)
t hrough Method A (production step 2), to thereby
yield the target product (yield: 311 ng, 85%. Pale
yellow crystals MS(ESI,mz):351(MtH)' 15 1H NVR(CDC
13) 8: 8.87(IH,s),8.05(1H, br d,J=8.0),7.96(1H, br
MS §ADES, 0)z7: 886K M) 7.84-7.89(IH m, 7.61-7.66(1 H m,
7.37(1H,d,J=2.2,8.5),7.22(I H,d, J=2.2),6.98(I H, d,J=8.5)
TH-NMB( QU8 3HSs Y . 8596H3Hrs), [6718) , 7265RA8d ket dod=6f. 3) ,
(E) - 2- benzot hi azol -1 -yl - 3- (3, 4-di met hoxy-
7. pBERY| praet yTobbt Vi 2 (2@oMpodndltil.dd, J=2.4,8.5},
3, 4- Di mret hoxybenzal dehyde (210 m;;;2 was condensed with
7. 3% bEnbBt di dz0t 8 | Tatel bl ey TFE- €206 - A§) LHEhflodgh-5) .
Met hod B (production step 2), to thereby yield the
3-?%ﬁ%t5br%d§%(31{2§) (yield: 133 ng, 34%. Wite
crystals (colorless) MS(ESI,mz):307(MH)"' 75
[O]H-&INI\/R(CDCI 3)8:8.15(1H, br d, J=8.5),7.90(1H, br
d, J=8,5), , .
Prodigatipf s§f 7{ B An 3, IBDov  quEneFinep ¥l hy27 (3747, 51(

1H, , . .
dif??i&ﬂ%&ﬁﬁ%?laz%zz 2@re}oplontin 4C9mBOBRA47RY(3H, s), 3. 99

3H,. S 01191 5, Producti f
(2) 220 BhEGT T GRinOY1BSEraPRRa A KORy (BABNPE - vas

cof ke ) VHER R ohTRHERH T R B b BTG A 3 LAG: B { FF gush

Meéﬁgg ﬁgzpig Sggbogbéggg 5%, to thereby yield the target

product (yield: 311 mg, 85%).

Pale yellow crystals

MS (ESI,m/z) :351 (M+H)"

'H-NMR (CDC15)8:8.87 (1H,s) ,8.05(1H,br d,J=8.0),7.96 (1H,br

d,J=8.0),7.83(1H,s),7.84-7.89(1H,m),7.61-7.66 (1H,m),

7.37(1H,d,J=2.2,8.5),7.22(1H,d,J=2.2),6.98(1B,d,J=8.5),

3.99(3H,s8),3.96(3H, s)

[c118]

Production of (E)-2-benzothiazol-1-y1-3-(3,4-dimethoxy-

phenyl) -acrylonitrile (Compound 71)
3,4-Dimethoxybenzaldehyde (210 mg) was condensed with

1H-benzotriazole-l-acetonitrile (200 mg) through Method B

{(production step 2), to thereby yield the target product

o

(yvield: 133 mg, 34%).
White crystals (colorless)

MS(ESI,m/z) :307 (M+H) "

75



10

15

20

25,

(production step 2), to thereby yield the target

product 10 (yield: 110 ng, 57.). Wite needles

(colorless) MS(APC, m z):306(MtH)

1H NVR(CDC13)8: 7. 97(1 H,s),7.90-7.94(1H, m, 7. 69(1H, d, J=

2.0),

7.57(1H,s),7.56-7.58(1H, m, 7. 35-7.43(3H, m, 6.95(1H,d, J
TH-IB)GDC 1L 8389963 MHS pr3d96E8HES), 7. 00Z0E, bRr dduetsi.én , of

(2)-3-(2-chl oro-6-net hoxy-quinolin-3-yl)-2-
7.83(1Hds heT hoRy1iBhényr2- atr §I 6AFVr FFé1EODIMPBuAd-73p1 (1H, m) ,

2- Chl or o- 6- net hoxy- 3- qU|noI|necarboxaIdehyde (500 no)
7.20 (WHsddofdended- bl t B- 3941Hi dedhBx§behz (P (8¥am) dé - PAGBH, s)

ng) through Method A (production step 2), to thereby
[0yi®ld the target product (yield: 784 ny, 91% .

Slightly yell ow powder MS(ESI, m z):381( MtH)'
Pro@ERRpitO0t 3] 8) 82 7RenEpERran e3¢ YH-4- §294 3511me8294><m §$1eny1) -

7.44(1H dd, J=2.9,9.3),7.36(1H dd, J= 2] 2,8.5),7.22(1H,d
acgg@og}trlle (Compound 72)

7.19(1H,d,J=2.9),6.97(1H,d, J=8.5),4.00(3H,s),3.97(3H, s

), 376- %l%rbpwyenge Q?e]wdpr 4406t mgh Bps condensed with

(E) - 2-benzot hi azol - 3, 4- di net hox %
beppeiyranadryfF %*ﬁ‘P]P%H’é Buiﬂa) 72§1r@u9 Method B
3,4-D nethoxybenzaldeh de was condensed wi.th

(PRORRRE LRI BOP edtet BA P‘?r%bxfzme ) TBRr bagHEMePREEUAT
roducti on steg § to thereby yield the target
(Ylp&ofauc% O@Feld/*5830 ny, 89%).

White needles (colorless)

MS (APCI,m/z) :306 (M+H)*

*H-NMR (CDC15)8:7.97(1H,s) ,7.90-7.94(1H,m) ,7.69(1H,d,J=2.0),

7.57(1H,S),7.56—7.58(1H,m),7.35-7.43(3H,m),6p95(1H,d,J=8.5),

3.99(3H,s8),3.96(3H,s)

f0120]

Production of (Z)-3-(2-chloro-6-methoxy-gquinolin-3-yl)-2-

(3,4-dimethoxy-phenyl) -acrylonitrile {Compound 73}
2-Chloro-6-methoxy-3-quinolinecarboxaldehyde (500 mg)

was condensed with 3,4-dimethoxybenzyl cyanide (400 mg)

through Method A (production step 2), to thereby yield the

target product (yield: 784 mg, 91%).

Slightly yellow powder

MS (ESI,m/z) :381 (M+H)"

'H-NMR (CDC1,}8:8.78(1H,s),7.93(1H,d,J=9.3)},7.82(1H, s),

7.44(1H,dd,J=2.9,9.3),7.36(1H,dd,J=2.2,8.5),7.22(1H,d,J=2.2),

7.19(1H,d,J=2.9),6.97(1H,d,J=8.5) ,4.00(3H,s),3.97(3H, 8),
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Yel | ow powder 10 MS(ESI, m z): 323( MtH)
1H NVR(CDC13) 8: 8. 18(1H, s), 8. 05- 8.
08(1H, m,7.89-7.92(1H m
7.83(1H,d,J=2.2),7.50-7.55(2H,n), 7.40-7.44(1 H, m,
6.97(1H d,J=8.5),3.99(3H,s),3.98(3H,s) [0122] 15
Producti on of
3.PZ)38B,62, 3-di hydr o- benzof uran-5-yl)-2-(3, 4-
di met hoxy- phenyl)-acrylonitrile (Conpound 75)
[0223] Di hydr obenzof ur an- 5- car boxal dehyde (150 ng) was
condensed with 3, 4-di net hoxybenzyl cyani de(180 ny)
Profivobihn NEt KBY-A-Pprnedbbinsalstepla’ - (Bo4tHamebpoxy-
yield the target 20 product (yield: 154 ng, 50%.
phyaylbonapswdenit wslaPSronpepndodeimH)
1H NVR(CDC 3) 8: 7. 93( 1H, br _ _
s), ?.85Pimeghgxybengadyehnyde( |(42d) mg) was condensed with
7.22(Ithd,J:2.2,8.4g,?.12&lH,d,J:2.2),6.91(IH d,J=8.5
2-penggthiazoleacetonitrile (200 mg} through Method B
6.85(1H,d,J:8.5£g4.66(2H,t,J:8.?)

3.96(3H, s), 3. 92(3H, s
; 70[ bhespby7YPRéAUERFORaEREt Product

(pyodugt 2o 26t €pJ
(Zl-Z-§3,4-dinetpoxy-phenyl)-3-[5-(4-f|uoro-
(YpReRY| 3P sBXaz®P¥B-yl | -acrylonitrile (Compound 76)

5- (4- Fl ugor ophenyl ) -i soxazol e- 3- car boxal dehyde (200 np)
YeddheWcBAWERSed with 3, 4- di met hoxybenzyl cyanide (185

5 thyough Met hpd A (production step 2), to thereby
MSEE%de(ﬁL’3?%ﬁﬂéﬁpproduct (yield: 150 ng, 41%. Yell ow

... bowder M5 ESI,niz%:SSlgNHH)
H-NMR (CDC13)6:8.18(1H,s),8.05-8.08(1H,m),7.89-7.92(1H,m),

7.83(1H,d,J=2.2),7.50-7.55(2H, m) ,7.40-7.44(1H,m},

6.97(1H,d,J=8.5),3.99(3H,s),3.98(3H, s)

[0122]

Production of (Z)-3-(2,3-dihydro-benzofuran-5-yl)-2-(3,4-

dimethoxy-phenyl) -acrylonitrile {(Compound 75)
2,3-Dihydrobenzofuran-5-carboxaldehyde (150 mg) was

condensed with 3,4-dimethoxybenzyl cyanide (180 mg) through

Method A (production step 2), to thereby yield the target

preduct (yield: 154 mg, 50%). |

Yellow powder

MS (APSI,m/z) :308 (M+H)} "

'H-NMR (CDC1.)8:7.93(1H,br s),7.55(1H,d,J=1.6,8.4),7.34(1H,s),

7.22(1H,dd,J=2.2,8.4),7.12(1H,d,J=2.2),6.91(1H,d,J=8.5),

6.85(1H,d,J=8.5),4.66(2H,t,J=8.7}),3.96(3H,s),3.92(3H,s),

2.29(2H,t,J=8.7)

[0123]
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1H NVR(CDC13) 5: 3. 95(3H, s), 3. 98(3H, s),
6.95(1 H d,J=8.5), 10
7.18-7.24(3H, m, 7.35(1H,dd, J=2.3,8.5),7.44(1 H,s), 7. 59(
1H,s), 7.87(2H,dd,J=2.5,9.5) [0124] Production of
(2)-2-(3, 4-di met hoxy- phenyl ) - 3-[ 5- (4- net hoxy-
phenyl ) -i soxazol -3-yl]-acrylonitrile (Conpound 77) 15
Preduatienhofyphengt X 3i 4odamerbogdycphboyal déhyde (@2d0uoro-
mg) was condensed with 3, 4-di met hoxybenzyl cyanide
PhQQYh)ng?oxﬁﬁﬁéughYNEthG@YAOOpt@d&@t|6ﬁm§péﬁd276)to
thereby yield the target product (yield: 127 nyg,
36%p- 4feFﬂ@wr9§m@w126wsecESPl@i-z)-cmpmalll)iehyde (200 mg)
1H NMR(CDC13) 6: 7. 81(1H,d, J=9.4),7.59(1H,s), 7. 37gIH s),
wag gendenged wrth 8, §ydymeghomyhenzylopyandde2i185I%g) 4
6.95(1H,d, J=8.5),3.97(3H,s), 3. 95%3H S), 3.89(3H,s)
th¥gqgg]Mggh@ﬁoauépr@ﬁugplon step 2}, to thereby yield the
(2)-2-(3, 4-di et hoxy- phenyl ) - 3- qui nol i n-2-yl -
taéﬁ??lﬁﬁ@@??Fe Y€§ﬁ§6u25078¥ 24861 mol i necar boxal dehyde
£200 was condensed wth 78 3, 4-di met hoxybenzyl
Ye %%HlE%W@QQS ng) through Method A (production step
to thereb¥ yield the target product (yield: 252
Msh%SIs@,é%) Yol t¥wHbowder 5 |v5( ESI mz) 316(|\/H-H)+

1H NVR(CDC13) 5: 8. 27( 1H, d, J | H, d, J=8.
H@\Tl‘%(@m]d)ﬁ -85 (3188 1A; 8:8 J58 é) 7.(28¢ ﬁHJs)B 5)
7 Ja 7423 095 TH ™ 1555 o020 B 1) 7930 1 99,057 3 59%)1;1,5),

7.87(2H,dd,J=2.5,9.5)

[0124]

Production of (Z)-2-(3,4-dimethoxy-phenyl)-3-[5-{4-methoxy-
phenyl) -isoxazol-3-yl] -acrylonitrile (Compound 77)

5- (4-Methoxyphenyl) -isoxazole-3-carboxaldehyde (200 mg)
was condensed with 3,4-dimethoxybenzyl cyanide (174 mg)
through Method A (production step 2), to thereby yield the
target product (yield: 127 mg, 36%).

Yellow powder

MS(ESI,m/Z):363(M+H)+

'H-NMR (CDC15)8:7.81(1H,d,J=9.4),7.59(1H,s),7.37(1H, s),
7.35(1H,dd,J=2.2,8.5),7.19(1H,d,J=2.2),7.01(2H,d,J=9.4},
6.95(1H,d,J=8.5),3.97(3H,s),3.95(3H,s),3.89(3H, s)

[0125]

Production of (Z}-2-(3,4-dimethoxy-phenyl)-3-quinolin-2-yi-
acrylonitrile (Compound 78)

2-Quinolinecarboxaldehyde (200 mg) was condensed with
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7.29(1Hd,J=2.2),6.96(1H,d, J=8.3),3.99(3H,s), 3.96(3H, s
) 10 [0126] Production of
(2) - 3-(2-chl or o- 6- net hoxy- qui nol i n-3-yl)-2-
pyridin-2-yl-acrylonitrile (Conpound 79)
2- Chl or 0- 6- et hoxy- 3- qui nol i necar boxal dehyde (222 np)
was condensed with 2-pyridi neacetonitrile (118 ng)
3, 4 hdbmghhotBb&kehibdcBanpdedi22bomgst ebr@)ght HethedeBy
yield the target product (yield: 311 ng, 979%.
(pBbightignystepw2 Ly ysoatber&ByERLeifizFhe226NE)' product
1H NMVR(CDC13) 5: 8.883(1H,s), 8.875(1H,s),8.71-8. 74(1H, m
{(yiePd: 252 mg, 63%).
7.94(1H,d,J=9.1),7.83-7.87(2H,nm, 7.46(1H,d, J=2.8,9.1),
YeZ1@B-goRe¢tH m), 7. 21(1H, d, J=2.8), 3. 97(3H,s) [0127]
Producti on of
MS (E5I3n(2) chlofB+B} et hoxy- qui nol i n-3-yl ) - 2-
pyridin-3-yl-acrylonitrile (Conpound 80) 25
*H-NMB B B-26 3Bt RBX §H3dqdFA0F) nécaBadKakddr$de) (222 ny)
was condensed with 3- g yridineacetonitrile (118 np)

8- 1hibhgh Jﬁ%t%bd788§bi dott foR=8t &p- @)76ﬂéHtﬁéreby

ield the target groduct (yield: 251 @@
%T?esmrétral 57;\@@59 3¢ netz%wﬁ@o(w 33,5222
H—NNS%FDCl?& =2. 4) %1 s)
7. 39 G Ay, e 32, 8 %%;Hsao% 8- é’z(irﬁﬁ%?’ 6%(%H9§)(3H s)
7.95(1H, d, J=9.0), 7. 44-7.50(2H, ), 7. 21(I H, d, J=2. 7) , 3. 97
[0¥2%] s) [0128] Production of

prddatidd P PhP- 9 TR DOXY U 8

etﬂoxy thnolln 3-v1) -
pyridin-2-yl-acrylonitrile (Compound 79}
2-Chloro-6-methoxy-3-quinolinecarboxaldehyde (222 mg)

was condensed with 2-pyridineacetonitrile (118 mg) through

Method B (production step 3), to thereby yield the target

o

product (yield: 311 mg, 97%).

Slightly yellow crystals

MS(ESI,m/z) :322 (M+H) "

'H-NMR (CDC1;)6:8.883 (1H,s),8.875(1H,s),8.71-8.74(1H, m),

7.94(1H,4,J3=92.1),7.83-7.87(2H,m),7.46(1H,d,J=2.8,92.1)},

7.35-7.39(1H,m),7.21(1H,d,J=2.8),3.97(3H, s)

[0127]

Production of (Z)-3-(2-chloro-6-methoxy-gquinolin-3-yl}-2-

pyridin-B—yl—acrylonitrile {Compound 80)
2-Chloro-6-methoxy-3-quinclinecarboxaldehyde (222 mg)

was condensed with 3-pyridineacetonitrile (118 mg) through

Method B (production step 3), to thereby yield the target

79



10

15

20

25

t hi ophen-2-yl -acrylonitrile (Conpound 81) 10
2- Chl or o- 6- net hoxy- 3- qui nol i necar boxal dehyde (222 ny)
was condensed with 2-thi opheneacetonitrile (123 ny)
through Method B (production step 3), to thereby
yield the target product (yield: 301 ng, 92% . Pale
yellow crystals 15 MS(ESI, m z): 327( M+H)
pra¢udivR(CDELR) 8281 7wg1H/8%) 7. 92( 1H, d, J=9. 3), 7. 79(1H, s) ,
7.50(1H,dd, J=1.2,3.7),7.44(1H,dd, J=2.7, 9. 3),
Whitd2¢aybdall 9=1.5,6.6), 7. 18(1H,d, J=2.7), 7. 14( 1H, dd, J=3.
7,5.1), 3.96(3H, s) 20 [0129] Productlon of
MS(Eﬁlsm(Z}ch2bt%+B)nethoxy qui nol i n-3-yl)-2-
t hi ophen-3-yl-acrylonitrile (Conpound 82)
H- 220G Ord-65net DBXYH3dqTiFAok) n8caridKalsdehyde (222 ng)
was condensed with 3- thlopheneacetonltrlle (123 )
8. Thfbhghd. 251 Metho?) BB (PP odue? i &1, 8l ep - 8% (1HoS{ her eby
yield the target product (yield: 273 ng 83:%
7. %K@htdﬂv@l@bﬁc‘%s?aﬁ@ ’WB(ES?l&iIi) 3J7EMEH) 8- 97 (3H, s)
1H NVR(CDC13) 3: 8. 78(1H,s), 7. 92(1H,d, J=9. 1),
[O28K(1H, s),
7.72-7. 75(1H, n% 46 7. 48(2H m,7.44(1H, dd, J 1)
Prqdq%tmnooﬁ =bE B3 3( @6%131-%9 T\@&%feawp%ane#an yl) -2
(E)- benzotrlazol l-y &2 chl or o- 6- nethoxy-
thjqcewlh%mt% Bt wsrsé%?m%m%?u eoreaipdufd) 83)

2-Chl or o- 6- nethox 3- qui nol i necar boxal dehyde (11
2-Chloro- metgo q qulnolgnecarboxal%ehy& %2gg)mg)

was condensed with 2-thiopheneacetonitrile (123 mg) through

Method B (production step 3), to thereby yield the target

product (yield: 301 mg, 92%).

Pale yellow crystals

MS(ESI,m/z) :327 (M+H)"

'H-NMR (CDC15)6:8.77(1H,s),7.92(1H,d4,3=9.3) ,7.79(1H, ),

7.50(1H,dd,J=1.2,3.7),7.44(1H,dd,J=2.7,9.3),

7.42{(1H,dd,J=1.5,6.6),7.18(1H,d,J=2.7),7.14(1H,dd4,3=3.7,5.1),

3.96 (3H, 8)

[0129]

Production of (Z)-3-(2-chloro-6-methoxy-quinolin-3-yi}-2-

thiophen-3-yl-acrylonitrile (Compound 82)
2-Chloro-6-methoxy-3-quinolinecarboxaldehyde (222 mg)

was condensed with 3-thiopheneacetonitrile (123 mg) through

Method B (production step 3), to thereby yield the target

product (yield: 273 mg, 83%).

Slightly yellow crystals
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was condensed with 1H benzotriazole-l-acetonitrile (79
mg) 10 through Method B (production step 3), to
thereby yield the target product (yield: 129 ny,
710). White powder MS(ESI, nlz):362(MH)'
1H NVR( CDC13) 6: 8. 85(1H, s), 8. 21(1H, d, J=8. 3), 8. 36( 1H, s),
15 8.00(1H,t,J=9.3),7.98(1H,t,J=9.3),7.69-7.73(1H m,
MS (ESB ¥/ B57(32 W+H) 51( 1H, dd, J=2. 8, 9. 3), 7. 24( 1H, d, J=2. 8)
, 3.99(3H,s) [0131] Production of
‘H- -(ER (201033 2 5t 81l 28 OLH2sY | 7392zlﬁhﬂoﬂe%lr)ret?heﬁymze
guinolin-3-yl)-acrylonitrile (Conpound 84)
7. 72 -Chl tr 0L1-et hok§= B- 48 2181 mhe€ at H6XAl @@hgﬁ% £1211ig)
was condensed with 2-benzot hi azol eacetonitrile (87 ng)
7. ¥t Bhgh M2 hod B IpfBuRt i on step 3), to thereby yield
the target product (yield: 148 ng, 780). 25 Yellow
[0E¥9ktals MS(ESI, m z):378( M+H)'
1H NVR(CDC13) 8: 8.99(1H,s),8.65(1H,s), 8. 17(1H,d, J= %
Praiuct iggn w@s%@rr%bern%tm@a@# rrfy’l 73262 VC]BWQ‘PI‘ ﬁ)‘me hoxy-
7.22(1H,d,J=2.7),3.98(3H,s) [0132] Production of
quirggLEn vy T@czrﬁylo@lw%@ ?ptnpwndsa%br yl oni t r| | e
( Conpound 85% %I nol i necar boxal deh i157
contie TR ER i ¢ Hne %Yl%l‘ﬁ%’&%%%bﬁ????f @Xf‘ @Qh}fﬁ? (111 mg)
t hr ou hl\/bthodB( roduction step 3), to th f
wag iR §eq Eﬂ FFieFO @4%ﬁQpe1%8aﬁ%tonltr1 e’ (79 mg)

through Method B (production step 3}, to thereby yield the

target product (yield: 129 mg, 71%).

o\

White powder

MS(ESI,m/z) :362 (M+H)"

'H-NMR (CDC13)8:8.85(1H,s),8.21(1H,d,J=8.3),8.36 (1H, s),
8.00(1H,t,J=9.3),7.98(1H,t,J=9.3),7.69-7.73(1H, m),
7.53-7.%57(1H,m),7.51(1H,dd,J3=2.8,9.3),7.24(1H,d4,J=2.8),
3.99(3H, s)

[0131]

Production of (E)-2-benzothiazol-2-yl-3-{2-chloro-6-methoxy-
quinolin-3-vyl)-acrylonitrile (Compound 84)

2-Chloro-6-methoxy-3-guinolinecarboxaldehyde (111 mg)

was condensed with 2-benzothiazoleacetonitrile (87 mg)

through Method B (production step 3), to thereby yield the
target product {(yield: 148 mg, 78%).

Yellow crystals

MS (ESI,m/z) :378 (M+H) "

'H-NMR (CDC1;)8:8.99(1H,s) ,8.65(1H,s) ,8.17(1H,d,J=8.1),

8l



10

15

20

25

54%) 10 Slightly pink crystals MS(ESI, n z):258( M+H)
"H NMR(CDC13) 5: 9. 22(1H,s),9.06(1H,d, J=4.4),8.72-8.74(1

Hln,)l
8.21(1H, d, J=8. 3), 8. 10( 1H, d, J=8. 3), 7. 96( 1H, d, J=4. 4)

7.80-7.83(2H,m,7.75-7.82(1H, M, 7.62-7.67(1H, m, 15
7.38-7.41(1H, m [0133] Production of
7.30)7 29py2E dhh, B-95-3- qUi{ bl mh; 2. §6-7abRyRBairi | e
(Compound 86) 4- Qui nol i necar boxal dehyde (157 ng) was
7.2d0tEnded=n Th, 3 298 833y#] di neacetonitrile (118 ny)
t hrough Method B (production step 3), to thereby
[0332]1 d the target product (yield: 76 mg, 290) . Wite
powder MS(ESI, mlz):258(MrH)' 25
PradeivRe 3)%)QQﬂBYH¥ﬁEHJZﬂYB)3QQG¥PQLPG 4=y14)
8.74(1H,d,J=1.6,4.8),8.27(1H,s), 8. 23(1H,d, J=7. 8),
aCEM%EEHF¥HH@ JquHDQﬂd 1), 7. 98(1H d, J=8. 5) 82
7.91(1H,d, J=4.8),7.80-7. 84& 7.64-7.68(1H._m,
7. 4@(Qmﬂﬂglana0@r%oa§1@@hg ¢ (PPddugl i WASorondensed with
(E)-3-quinolin-4-yl-2-thi ophen-2-yl- 5 acrylonitrile
qm%wnutw%oﬂh%d&%&%?%ﬁ?d’éetﬂmw Ryfpigduction
condensed wth _2-thi opheneacetonitrile (123 L
StQmhrblug M MR (ot ctfhl%nta%&x%% B‘de‘%ttl(féF% ¢: 138 mg,
4y)leld the target product (yield: 175 ng,
Slightly pink crystals
MS(ESI,m/z) :258 (M+H) "
"H-NMR (CDC1:}6:9.22(1H,s) ,9.06 (1H,d, J=4.4) ,8.72-8.74 (1H,m},
8.21(1H,d,J=8.3),8.10(1H,d,J=8.3),7.96(1H,d,d=4.4),
7.80-7.83(2H,m),7.75-7.82(1H,m),7.62-7.67(1H, m),
7.38-7.41(1H,m)
[0133]
Production of (Z)-2-pyridin-3-yl-3-quinclin-4-yl-
acrylonitrile (Compound 86)
4-Quinolinecarboxaldehyde (157 mg) was condensed with
3-pyridineacetonitrile (118 mg)} through Method B (production
step 3), to thereby yield the target product (yield: 76 mg,
29%) .
White powder
MS (ESI,m/z) : 258 (M+H) *
"H-NMR (CDC1,)8:9.08 (1H,d,J=4.6),9.07(1H,d,J=2.4),
8.74(1H,d,J=1.6,4.8),8.27(1H,s),8.23(1H,d,J=7.8),

8.09(1H,ddd,J=1.7,2.4,8.1),7.98(1H,d,J=8.5},
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67% . 10 Slightly yellow crystals

MS(ESI, n z) : 263( MtH)

1H NVR(CDC13) 5: 9. 03(1H, d, J=4. 4), 8. 20(1H, d, J=8. 5), 8. 03(
1H, s),

7.99(1H,d,J=8.5),7.89(1H,dd, J=0.9,4.4),7.78-7.82(1H m

7.§163H7d6J%4th)77863?18&@@HJm1,2;34?7;684551H)dd,J:1.2
,5.1), 15 7.16(1H,dd, J=3.7,5.1) [0135] Production of

- 7.4ZJ1B,qdi Hetdi B, 3. ¥} - 2-t hi ophen-3-yl - acrylonitrile

(Conpound 88) 4- Qui nol i necar boxal dehyde (157 ng) was
[0EdhHensed with 20 3-thi opheneacetonitrile (123 ny)
t hrough Method B (production step 3), to thereby
Progfetdioneof affet 3 protnel inyf evd-28thiagrhesidyvl-Yel | ow
powder MS(ESI, nfz):263(MH)' 25
acu¥l pIVREICDEE 3 Gompoard H d) J=4. 4) , 8. 20( 1H, d, J=8. 4) , 8. 09(
1H, s), i
7. 98¢ Qpigol igeagarbogzl Aehyde=412y moyewasggepAspped with
7.61-7.65(IH,n),7.50(1H,sg,7.49(1H,s) 83 [0136] ,
2 - Frieplkepepcefonitrile (123 mg) through Method B’ (production

(E) - 3- benzo[ b] t hi ophen- 3- I-2-thiophen-2-¥I- ,
St%&r%lon?@r?h%rﬁﬁﬁnﬁb%%@ @%g target product (yield: 175 mg,

Benzo[ b] t hi ophene- 3- car boxal dehyde (81 ng) was 5
67%bndensed with 2-thi opheneacetonitrile (62 ng) through

Met hod B (production step 3), to thereby yield the
S1ighlybY WbbedtSTYSTat®: 40 ny, 30s). Yell ow powder

MS (EST,m/z) :263 (M+H) "
iH—NMRkCDCl3)5:9.O3(lH,d,J=4.4),8.20(1H,d,J=8.5),8.03(1H,S),
7.99(1H,d,J=8.5),7.89(1H,dd,J=0.9,4.4),7.78-7.82(1H,m),
7.63-7.67(1H,m),7.53(1H,dd,J3=1.2,3.7),7.45(1H,d4,J=1.2,5.1},
7.16(1H,dd,J=3.7,5.1)
[0135]
Production of (Z)-3-quinoclin-4-yl-2-thiophen-3-yl-
acrylonitrile (Compound 88)

4-Quinolinecarboxaldehyde (157 mg) was condensed with
3-thiopheneacetonitrile (123 mg) through Method B (production

step 3), to thereby yield the target product (yield: 81 mg,

Yellow powder

MS (ESI,m/z) : 263 (M+H) "

1H-NMR (CDC1,)8:9.03(1H,d,J=4.4),8.20(1H,d,J=8.4),8.09(1H, s),
7.98(1H,d,J=8.4),7.87(1H,d,J=4.4),7.76-7.82(2H,m),

7.61-7.65(1H,m),7.50(1H,s) ,7.49(1H, s)
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MS(ESI, M z):268(MtH)" 10
"H NVR(CDC13) 6: 8. 55(1H,s), 7.91-7.93(1H, m,
7.89(1Hdd,J=1.2,7.3),7.67(1H,s), 7.49(1H,dd, J=1.2,7.9)
, 7.46(1H,dd,J=1.2,7.9),7.42(1H,dd, J=1.2,3.7),
7.34(1H,dd, J=1.2,5.1),7.11(1H,dd, J=3.7,5.1) [0137] 15
Producti on of
[01®51 3- benzo[ b] t hi ophen- 3-yl - 2- benzot hi azol - 2-
yl -acrylonitrile (Conmpound 90)
Pr@dugoi ot f ophkne-Bepapbokbhdephen-g8ylng)y thasphen-2-y1-
condensed with 2-benzot hi azol eacetonitrile (87 ny)
acryitoughrihet keampoypdoddeti on step 3), to thereby
yield the target 20 product (yield: 111 ng, 6996).
Yel BenzpbriichionBerst 3nrayboxadfphyde (81 mg) was

1H NMR(CDC13) 5: 8. 89(1H, s), 8. 60(1H,s), 8. 11(I H, br
copydgnsed)witly Psfhipppeneacetonitrile (62 mg) through Method

d, J=7.8),7.91-7.96(2H, ), 7. 53- 7. 58( 2H, mgl 25
B puaduyctoensh§P F0138BP tPpoebXtYbaléfthe target product
(Zi-S-benzofurap-Z-yl-2-benzofuran-3-y| 84
(Y391 oh? tPF1 e29Ebnpound 91) 2- Benzof ur ancar boxal dehyde
(73 mg) was condensed with benzofuran-3-acetonitrile
Yel¥ow BywEeF ough Met hod B (production step 3), to

her eb ield the target product 5 (yield: 110 nyg,
MS %ﬁ%f.myz’vﬁf%%v% er MS(ESI, nfz):319( MrH)"

LH NVR(CDCL3) 5: 8. 06(1H 's) 7. 92, 7. 96(1H m), 7. 66( 1H, br
. 1-7.93(1H,m},

"H-IMRLEDHL:) 0: 8. 55 (1H, 8) , 7.5 (
7.89(1H,dd,J=1.2,7.3),7.67(1H,s),7.49(1H,dd,J=1.2,7.9),

7.46(1H,dd,J=1.2,7.9),7.42(1H,dd,J=1.2,3.7),
7.34(1H,d4d4,J=1.2,5.1),7.11(1H,dd,J=3.7,5.1)

[0137]

Production of (E)-3-benzo[b]thiophen-3-yl-2-benzothiazol-2-
yl-acrylonitrile (Compound 90)

Benzo [b] thiophene-3-carboxaldehyde (81 mg) was
condensed with 2-benzothiazoleacetonitrile (87 mg) through
Method B (production step 3), to thereby yvield the target
product (yield: 111 mg, 69%).

Yellow powder

MS (ESI,m/z) :319(M+H) "

'H-NMR (CDC1;)8:8.89(1H,s),8.60(1H,s),8.11(1H,br d,J=8.2},
8.06 (1H,br d,J=7.8),7.91—7.96(2H,m),7.53—7.58(2H,m).
7.43-7.52(2H m)

[0138]

Production of (Z)-3-benzofuran-2-yl-2-benzofuran-3-yl-
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7.58(1H,s),7.56-7.60(2H, M, 7.47(IH,s),7.38-7.45(3H,n),
10 7.28-7.32(1H, m [0139] Production of
(E) - 2- benzot hi azol - 2-yl - 3- (1- net hyl -1 Hi ndol -
yl)-acrylonitrile (Conmpound 92)
1- Met hyl i ndol e- 3- car boxal dehyde (79 ng) was condensed
15 with 2-benzot hi azol eacetonitrile (87 ng) through
acivel dmit Bl 1€ ptCoedimh 3tkp 3), to thereby yield the
target product (yield: 157 ng, 99% . Yell ow powder
VS( ERentefusastasbpxalaghyde (73 mg) was condensed with
" H NVR( CDC13) 6: 8. 56(1H, s), 8.50(1H,s), 8.03-8.07(1H m,
beryz @0a7a94y 134 e o171 96l e 90"(-‘1Hn91) 7hugagh ¢ kD) B
7.33-7.45(4H,m, 3. 95(3H,s) [0140] Production of
(P Fug: (- SRR r b anthrideerelsy yyie bd (gha-tgpget product
di met hoxy- phenyl)-acrylonitrile (Conpound 93)
(vl dhl b¥®-m9 ant Hflal dehyde (500 ng) was condensed with
3, 4- di mret hoxybenzyl cyani de (368 ng) through Method A
Yek%PWpﬂQﬁ@%ﬁlon step 2), to thereby yield the target
r oduct | el d: 466 ng, 560). Yell ow powder
M8 Iomlzw 9 %d( MeH) ' 5
1H—NM%KIX13) :8.61(2H,d, J=8.5), 27(1H s) 8.09(2H,d, J
—ﬂngpD013)8 8.06(1H,8),7.92-7.96(1H,m), 6(1H,br d,J=7.8),

7 62-7. 68 7 55 7. 6l 7.48(1H, dd, J=
76 G Lo Bl D6 T Rb(hy b ALbLiE s %ﬁ%m L CE ST RO

7.28—4.32 JH,m

[0139]

Production of (E)-2-benzothiazol-2-yl-3-(l-methyl-1H-indol-3-
yl)-acrylonitrile (Compound 92)

1-Methylindole-3-carboxaldehyde (79 mg) was condensed

with 2-benzothiazoleacetonitrile (87 mg) through Method B

(production step 3}, to thereby yield the target product
(yield: 157 mg, 99%).

Yellow powder

MS(ESI,m/z) :316 (M+H)"

'H-NMR (CDC1,)8:8.56 (1H,s) ,8.50(1H,s),8.03-8.07 (1H,m),
7.90-7.94(1H,m),7.86-7.90(1H,m),7.48-7.53(1H,m),
7.33-7.45(4H,m),3.95(3H, s)

fo140]

Production of (Z)-3-(l0-chloro-anthracen-9-yl)-2-(3,4-

dimethoxy-phenyl)-acrylonitrile {(Compound 93)
10-Chloro-9-anthraldehyde (500 mg) was condensed with

3,4-dimethoxybenzyl cyanide (368 mg) through Method A
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Producti on of

(2)-2-(3, 4-di net hoxy- phenyl ) - 3- napht hal en-2-yl - 10

acrylonitrile (Conmpound 94) 2-Naphthal dehyde (500 np)

was condensed with 3, 4- di nethoxybenzyl cyanide (567

ng) through Method A (production step 2), to thereby

yield the target product (yield: 872 ng, 86%. 15
(pedhovni powsieep AB( ARSI thezebB18{d#k#) the target product

" H NVR( CDC13) 6: 8. 27(1H,s), 8. 07(1 H, dd, J=1. 7, 8. 8),
(y¥7eBd: 7498 (8B¥, n§$%) 59(1H,s), 7. 51- 7. 58(2H, m),

7.32(1H,dd, J=2.2,8.5),7.20(1H,d, J=2.2),6.94(1H,d, J=8.5
Ye}low 2008399 (3H, s), 3. 94(3H,s) [0142] Production of

(2)-2-(3, 4-di net hoxy- phenyl ) - 3- phenant hr en- 9-
MSyAP%Erwléht1®®KM+%t%npound 95) Phenant hr ene- 9- al dehyde

(250 ng) was condensed with 25 3, 4-di met hoxybenzyl
*H-0pRAE 12848 ng) ( EHr@u@hBN@th8d2A(1EpB®dacOBdaHsde§ 8.5)

2), to thereby yield the target roduct é yi el d: 278

B

7. 4Ry; 7 688/42H ge) \%I$%m7p@%ﬁ%¥ mh&i (1ﬂ1§§ B(RmBY I -
1H Nl\/RéCDClS%S 8. 77 1H, d 8.70 d J=7.8), 8. 26(
7. 3154(131’} &2 1 M’HQPJHi %J789® g4 091 bRH. ) , 3799 (3H, 5)
7.76(2H, M, 5

[03743613 7. 68( 2H, m 7 40(1H dd, J=2. 4, 8.3), 7. 28(1H, d, J=2. 4)

, . 6.99(IH.d 00(3H,s),3.97(3H, s
Pt (dﬁf otZ) - —%3 4- démethgxy phényl))3 naphtialen 2-yl-

1- (2)-2-cyano- 2- (3, 4-di met hoxy- phenyl ) -
acry onltrgle (8empouné 94) y-phenyl)

2-Naphthaldehyde (500 mg) was condensed with 3,4-
dimethoxybenzyl cyanide (567 mg) through Method A (production

step 2), to thereby yield the target product (yield: 872 mg,

Yellow powder
MS (APSI,m/z) :316 (M+H) "
'H-NMR (CDC15)8:8.27(1H,s),8.07(1H,dd,J=1.7,8.8),
7.84-7.93(3H,m),7.59(1H,s),7.51-7.58(2H, m),
7.32(1H,dd,J=2.2,8.5),7.20(1H,d,J=2.2),6.94(1H,d,J=8.5)},
3.99(3H,s),3.94(3H, s)
[0142]
Production of (Z}-2-(3,4-dimethoxy-phenyl) -3-phenanthren-9-
yl-acrylonitrile (Compound 95)

Phenanthrene-9-aldehyde (250 mg) was condensed with
3,4-dimethoxybenzyl cyanide (214 mg) through Method A
(production step 2), to thereby yield the target product

(yield: 278 mg, 63%).
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vi nyl ] -thi ophen-2-yl]-piperidin-4-yl

di et hyl am no-acetate p- 10 tol uenesul fonate (Conpound

96) Comnpound 6 (480 ng) was dissolved in toluene (100

m.), and N, N-diethylglycin sodiumsalt (296 ng) and

p- toluenesul fonic acid nonohydrate (490 ng) were

added to the solution, followed by stirring under
Yelebwumowader5 hours. The 15 sol vent was evaporated to

dryness, and the residue was purified by silica ge
MSébPﬁﬁnméh}ohﬁﬁéﬂfﬁbhy (CHC13-MeOH), to thereby yield

the target product (yield: 237 ng, 37.7%. Yell ow
TH-POMRIEDNG() BSB . M7 L H4840MFEHB) , 8200 (1H,d,J=7.8),8.26 (1H, s},

1H NVR(DMSO) 8: 7. 94(1 H,s), 7.49(4H,d, J=7.8), 7. 43(1 H,d, J=
8.15431H,d,J3=1.2),7.99-8.02(2H,m),7.70-7.76(2H,m),

7.17(1H,d, J=2.2),7.12(4H,d,J=7.8),7.09(1H,dd, J=2.2,8.5
7.§3-776902H HnY, D=80 6}Hpd@7 P 4, 8=2) 1Y ; B8GOHEA1TE2HAN) |

4.26(2H,s), 3.83(3H,s),3.78(3H,s), 3.51-3.55(2H, m),
6-%9831318@&7%@}—?’}1')430@2%141—5!1; J??i%sttg(eH s), 2. 02-2. 06(

2H M, 25 1.78-1.82(2H, m,1.21(6H,t,J=7.1) [0144]
[0BtBHuct i on of

l-[5-[(2)-2-cyano-2-(3, 4-di nethoxg pheny I% 87 :
Prcvqiwt}mh@%pheﬁzlm %r%léﬂl‘ar% zﬁ yi-dide 9PX¥aPB§ﬁﬁﬂ-é-

npound 97) Cbn?ound 6 (150 was dj ssol ved i

Vl%@%ld?%%OEﬁe%tﬁ Y hnﬂlﬂﬁﬁ%ﬂymcérKén@?PtEKF6WFH@ ?Sgtate p-

ngy) was_ added to the 5 solutlon foll owed by stirring
Lol RRESTEEPRACE of COMPIERS . 90 It t er conpletlon of

reacti on, nethanol react ture

adde ' ,
o omaund . T9RP 89T oPemcairhatEga HhotouBpandiiSaL) .
angvapofgieghyfggygfgsgédg&g égft ?59 mgyaand P-

toluenesulfonic acid monchydrate (490 mg) were added to the

solution, followed by stirring under reflux for 5 hours. The

‘solvent was evaporated to dryness, and the residue was

purified by silica gel column chromatography (CHCl;-MeOH), to
thereby yield the target product (yield: 237 mg, 37.7%).
Yellow powder

MS(ESI,m/z) :484 (M+H)"

11-NMR (DMS0)&:7.94 (1H,s) ,7.49(4H,d,3=7.8) ,7.43(1H,4,J=4.1},
7.17{1H,d,J=2.2},7.12(44,d,J=7.8}),7.09(1H,dd4,J=2.2,8.5)},
7.00(1H,d4,J=8.5),6.32(1H,d,J=4.1),5.09-5.12(1H,m),
4.26(2H,s),3.83(3H,2),3.78(3H,s),3.51-3.55(2H,m},
3.31-3.37(2H,m),3.22(4H,q,J=7.1),2.29(6H,s),2.02-2.06(2H,m},
1.78-1.82(2H,m),1.21(6H,t,JI=7.1)
[0144]

Production of 1-[5-[{Z)-2-cyano-2-(3,4-dimethoxy-phenyl} -
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extracted wth chloroformand purified water. The
organic 10 | ayer was dried over sodiumsulfate
anhydrate, and the solvent was evaporated to dryness.
The residue was recrystallized fromethyl acetate, to
thereby yield the target product (yield: 40.6 ng,
21.3% . Yellow powder 15 MS(ESI, m z):470( MtH) °
vidyt NMRY GREia) 82 7y BV ( pHpey i dia3¢ il didenhy) -carbamate
7.13(1H,dd, J=2.2,8.5),7.04(1Hd,J=2.2),6.87(1H,d, J=8.5
(CQmPOund 97}
6.05(1H,d, J=4.4),4.93-4.97(1 H, m, 3. 74(3H, s), 3. 90( 3H, s)
: GOMB@Gn@4§2Kuﬁ? @gBOW@SS@@SEDhYeQ Om- QY@&@@Henﬂl o)
1.83-1.91(2H, m, 1. 14(6H,t, J=7. 1) £0145] Producti on of
and - QEemmygc@rhymmwlZChBOnldenéﬁﬁomg ptieaypjided to the
vinyl]-thi ophen-2-yl]-piperidin-4-yl
SOI@%E@@Jef@@l@m¢®obYe$hyrylmHnﬂvﬁ?r s@EtiNaffre2 hours.
hydrochl ori de (Conpound 98) 25 Conpound 18 (500 %
Aftyee @W@Bb%@@dmnoﬁe¥ﬁ®¢%héﬂchm%Fh@@01(W@Snﬁﬁ egnfo the
2-chl oro-4, 6-di net hoxy-1, 3,5-triazine (224 ng) and
rea¢ ey iRl | Fel {awed L]?Y\/\iéFérﬁélﬂgdfPB gAeMéBIGEPON, The
88 followed by stirring with ice cooling for 30
sokvenE ggas qxa@@ﬁ@@§@|9o dryness, and thé& residue was
N, N-di et hyl - N -neth Iethylenedlanlne (166 nL) an
exwah%wmwlbh%m:éo%m 5 Wb et et heTlaﬁ i
foll owed_by stirrin roomte ure for hoH
layigre WA AINERE ST e%% WAt B 3 ar ala'g@rasﬁd ?H@

resi due was urlfled by silica gel col umn
Sojc‘fﬁ%%‘f%%r \6%;50 GyRees i a5 dthe

reéég 1ze C%réXIgégy15g§e€gteT6O% thg?g Y yggfge£he

target product (yield: 40.6 mg, 21.3%).

Yellow powder

MS (ESTI,m/z) :470 (M+H) "

'H-NMR (CDC13)8:7.37 (1H,s),7.23(1H,d,J=4.4),

7.13(1H,dd,J=2l.2,8.5) ,7.04(1H,d4,J=2.2),6.87(1H,d,J=8.5},

6.05(1H,d,J=4.4),4.93-4.97(1H,m) ,3.74(3H,s),3.90(3H, s},

3.48-3.54(2H,m),3.30-3.36(6H,m),2.01-2.08(2H, m),

1.83-1.91(2H,m),1.14(6H,t,J=7.1)

[0145]

Production of 1-[5-[(Z)-2-cyano-2-(3,4-dimethoxy-phenyl) -

vinyl] -thiophen-2-yl] -piperidin-4-yl N-{2-diethylamino-

ethyl) -N-methyl-succinamate hydrochloride (Compound 28)
Compound 18 (500 mg) was dissoved in methylene chloride

(10 mL), and 2-chloro-4,6-dimethoxy-1,3,5-triazine (224 mg)

and N-methylmorpholine (129 * L) were added to the solution,
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MS(ESI, m z):583(M HC1+H)" 10
1H NMR(CDC13) 5: 7. 60(1H, m, 7. 37( 1H, s),
7.22(1Hd,J=4.1),
7.13(1H,dd, J=2.2,8.3),7.04(1H,d,J=2.2),6.87(IHd,J=4.1
), 6.05(IHd,J=8.5Hz),4.96-5.00(1 H m, 3.94(3H, s),
3.90(3H,s),3.50-3.56(2H, M, 3. 39-3.43(2H, m,
foBlased. BE( 2tinyiBg06iBhlIc6HeaPpl3ng3£8K, 8P, MisBL2S69( 2
Hm, 15
SuBs&Guensdy 2HINY - di6ghpl 1H( 2keiyledRy2e0efinmine (166 mL)
1.83-1.90(2H, M, 1. 39(6H,t,J=7.3) [0146] Production of
andl- FomgtEyl@oryhndine( 3225dnket Woxg- pAdagl Fo the mixture,
vi nyl ] -thi ophen-2-yl]-piperidin-4-yl :
foNL¢4edi byhgt dnrhog 20 paewytynpararnarafer( tgnpoung- The
99) Conmpound 18 (500 ng) was di ssoved in methyl ene
sothieot i des ¢taparytedngo dryness, and the regidue was
2-chl oro-4, 6-di met hoxy-1, 3,5-triazine (224 and
puni fieedybvios phbtangel 120181y GBremaigggaphyt HEHC1:-MeOH) , to
solution, followed by stirring with ice cooling for
thgpelhy nyitesd lees%gﬁaéemfpgl}wt (yield: 503 mg, 76%).
N, N- di et hyl - 1, 4- phenyl enedi am ne (209 nL) and
YeNLat RG¥ABF phol i ne (215 L) were added to the mixture,
followed by stirring af roomtenperature for 17 hours.
Msfﬂ%18®/§bFg%ﬁﬁMmﬁgléﬁbporated to dryness, and the
residue was purified by silica ?eh col umm
e

“HaRRRRGgr 8pRy 6 0 CHELB) MBORY (1Ho =)t HePely Hy e a4t-He -
target _product %yleld: 3%2 ng, §9e£ YeIIOM/gpmq%rl§
7.%@6 |§q1%726a7 NﬁpD?.O4 IH,d,J=2.2),6.87(1H,d,J=4. :
o 5 RIPIIR, |- 9104H o T AR, 9ol Tty - 30(2H 0.9

7. 17(1H d, J=2. : 1H, dd, J=2. .00(1H, d, J=8.8
3-39%3%5%%(%FE@:§légé¥§émg%?1ﬁéa?aii?iﬁ?%?91-2.95(1H.n,

3.25-3.31(2H,m),3.05-3.17(6H,m),3.13(3H,s),2.65-2.69(2H,m),

2.56-2.59(2H,m),2.02-2.12(2H,m),1.97-2_.01(2H,m),
1.83-1.90(2H,m),1.39(6H,t,T=7.3)
[014¢]
Production of 1-[5-[(Z)-2-cyano-2-(3,4-dimethoxy-phenyl) -
vinyl] ~thiophen-2-y1] -piperidin-4-yl N- (4-diethylamino-
phenyl) -succinamate (Compound 99)

Compound 18 (500 mg) was dissoved in methylene chloride
(10 mL), and 2-chloro-4,6-dimethoxy-1,3,5-triazine (224 mg)
and N-methylmorpholine (129 mL) were added to the solution,
followed by stirring with ice cooling for 30 minutes.

Subsequently, N,N-diethyl-1,4-phenylenediamine (209 mL) and

N-methylmorpholine (215 mL) were added to the mixture,

followed by stirring at room temperature for 17 hours. The
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3.83(3H,s),3.78(3H,s),3.44-3.49(2H, m, 3. 25-3. 30(CH, M,
10 2.57-2.60(4H, m,1.91-1.97(2H M, 1. 71-1. 74(2H, m,
1.03(6H,t,J=6.8) [0147] Production of
(2)-2-(3, 4-di net hoxy- phenyl)-3-{5-[4-(2-
hydr oxy- et hyl ) - pi perazin-1-yl]-thi ophen-2-yl}-acrylon
trile 15 1/2 sulfate (Conmpound 100) O.1-nol/L
soBmrituryas eevab¢mi3sd o drwnessi faird Waeeres{dgeeBasl)
wer e added to Conmpound 9 (500 ng), and the m xture
pumili drbdvyeds ¥ bicali 33bl eplwm (ekrenabdgrapper &U¢ e -MeOH) , to
90C). The solution was returned to roomtenperature,
theirebyl Viaked the 22 xyehdov@iaf ghivieThe pRechdi t 4P&H-
crystals were recovered through filtration, and the
Yeklowveowdexrystal s were washed sequentially with a
smal | amount of purified water and hexane. The
MS BSEtwd 3 vieke(M+br'oughl y dried, to thereby yield the
target product (yield: 560 ng, ca. 100% . 25 Yell ow sh
‘H-0MRAGODEE Y8t Al $1 (MB(E5l 7 ¢ 1H08( fF0. SH2BOAGHRH, d,J=8.5) ,
1H NVR DNBC>d6)6:7.9%§1H §},7.4351H,d,J:4.4 ,7.18&1H d
7.176H 3, J9-2) ,7.09(1H,dd,J=2.2,8.3),7.00(1H,d,J=8.8]},
7.10 1H,dd,J:2.2,8.§2 7.01(1H d, J=8.5 ,6.?5 I H d,J=4.4
6.57(2H,d, J=8.8) ,6.27{ H,d,J=4.1),4.91-4.95(1H,m},

3.83(3H,s),3. 78(3H,s), 3. 62- 3. 68( 2H, M, 3. 38-3, 50( 4H n),
.65 3 g 61 (4% (Diid 2 ORI bt 675230 Ter )

5 :
Z)-2-(3,4-di meth -ph [)-3-{5-[4-(2-

2. 08 G )L 15 et o TR 1 ¢ P GbhERIFEGTY « acr yl oni
trile sulfate (Conpound 101) O.1-nol/L Sulfuric acid

L. Q3 PHd 450 dtd purified water

[0147]

Production of (Z)-2-(3;4-dimethoxy-phenyl)-3-{5-[4-{(2-
hydroxy-ethyl) -piperazin-1-yl]-thiophen-2-yl}-acrylonitrile
1/2 sulfate (Compound 100)

0.1-mol/L Sulfuric acid (6.35 mL) and purified water
{(18.65 mL) were added to Compound 9 (500 mg), and the mixture
was heated for dissolution (external temperature: 90°C). The
solution was returned to room temperature, and allowed to
stand overnight. The precipitated crystals were recovered
through filtration, and the recovered crystals were washed
sequentially with a small amount of purified water and hexane.
The crystals were thoroughly dried, to thereby yield the
target product {(yield: 560 mg, ca. 100%).
Yellowish orange crystals
MS (ESI,m/z) : 400 (M-0.5H,80,+H)"

'H-NMR (DMSO-dg}8:7.95(1H,s),7.43(1H,d,J=4.4),7.18(1H,d,J=2.2),
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(12.30 nL) were added to Conpound 9 (500 ng), and the
m xture 10 was heated for dissolution (externa
tenperature: 90C). The solution was returned to room
tenperature, and allowed to stand overnight. The
precipitated crystals were recovered through
filtration, and the recovered crystals were washed :
7.BQGUEnidaI+& i & h5 h, Bl [1Bnduhts oF) per 35 &d. dadet - 4hd
hexane. 15 The crystals were thoroughly dried, to
3.sme1eb@ y3 eT@I(3Hhes) trget3 ppdRELIM] y3 eB 8- 35%Q(ﬁ§;m)
910). Yell ow sh orange crystals
2. NB(ESS HE)mU00( M H2SO4+H) !
1H NVR(DMSO d6) 8: 7. 95(1 H,s),7.43(1H,d,J=4.4),7.18(1H, d
[014&D. 2), 20
7.10(1H, dd, J=2. 2,8.5), 7. 01(1H, d, J=8.5), le d,J=4.4
Prgduciglcgg(cgﬁ 63) -2-{3,4-dimethoxy- phenyl) -3- [4-(2-
3.78(3H,s),3.62-3.68(2H, m, 3. 38- 50(4H n1
hY@rW?W@HP@PTm&Q} 1 prbluelri@phef-2-y1}-acrylonitrile
3, 4-di met hoxy- phenyl )-3-{5-[4-(2 25
SU}%&#Q»( Qﬂﬂ@@?dp1%%¥a2|n 1-yl]-thi ophen-2-yl}- acrylon
trile nitrate (Conpound 1021 0.1-nmol /L Nitrig
(120 7@-%}%@%@%%? it 64299 php. %@dnﬁ)lrx'k&@d water
added to Conmpound 9 (501 ny), and éhe m xture
(Lot Y OFe SR | o QRIRSHRAI D t ERRrae Ui candoppe mixture
The solution_was returned to roomtenperature, and
wa | hemirp tfPr Abgp biekon gifXteama brietmpetateseer y2tQ s The
were recovered 5t rou h filtration, and th(ﬁH ifovereg
SO eqTy | A e o e ATt THPFIA Wit fr o Lra £ L EWEY

of purified water and hexane The c tals wer

stanh HNFGHEREr i ed PG é’rteﬁelrpelﬁftﬁdelcd:ytsr%sl geet rp‘:“rcood‘ﬁc]ied
théghghd 1f§¥g{%%nglos "the recovered crystals were washed
sequentially with a small amount of purified water and hexane.

The crxystals were thoroughly dried, to thereby yield the

target product (yield: 564 mg, 91%).

. Yellowish orange crystals

MS(ESI,m/z) :400 (M-H,S0,+H)"

‘H-NMR (DMSO-d¢)8:7.95(1H,s)},7.43(1H,d,J=4.4),7.18(1H,d,J=2.2),
7.10(1H,dd,J=2.2,8.5),7.01(1H,d,J=8.5),6.35(1H,d,J=4.4),
3.83(3H,s), 3.78(3H,S),3.62—3.68(2H,m),3.38-3.50(4H,m),
2.83-3.07(6H,m)

[0149]

Production of (Z)-2-(3,4-dimethoxy-phenyl)-3-{5-[4-(2-
hydroxy—ethyl)—piperazin-l—yl]-thiophen—2—yl}-acrylonitrile
nitrate (Compound 102) |

0.1-mol/L Nitric acid (12.70 mL) and purified water
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Yel l ow crystals 10 MS(ESI, m z): 400( M HNO3+H)
1H NVR( DMSO d6) 5: 9. 67( 1H, br
s),7.98(1H,s),7.45(1H,d, J=4. 4),
7.20(1H,d,J=2.2),7.12(1H,dd, J=2.2,8.5),7.02(1H,d, J=8.5
), 6.42(1H,d,J=4.4),5.42(1H, br
s), 3.84(3H,s),3.79(3H, s),
(13. 75- BLB3¢drE md8e87t8. GafReunyl, 3. 2503, Bg) 6Hanyl ths mixture
[ 0150] Production of
wak- h&aféd) f3rcyhaselut Bod- (ereehnay- phepgkature: 90°C). The
vi nyl ] -thi ophen-2-yl]-piperidin-4-yl
sotliei byl wab noebeenadeto( CoapobaupebadFutenpanddadlegedoto
g) was dissolved in pyridine (100 nL), 20 and
stahd- dverhyygt yciThe @ieriridliat4d . Goyfja b svemrideegvered
the solution, followed by stirring at room
threnglr Bl Lksatopny ﬁn@rthesnbg@aaéﬁgl9¥ystals were washed
p-tol uenesul fonyl chloride (9.43 g) was added to the
segignpiallyoviohed Bpasli arpugtunfePurdfipgxwpbpriand hexane.
hours. After conpletion of reaction, the sol vent _was
ThQSCEV%bélat@@rﬁng@r@@ahéﬁddﬁﬁégsuF@.téﬁF@PﬁfBFﬁ%d the
(1,000 m) was  added to the resjdue, and the mixture
taggst vespddchi (hiahder53PnPge Pifes. The pH of the
aqueous | ayer was checked by use 92 of a pH
Yellavpapeftahfd adjusted to 4 to 5 with 1N aqueous
hydrochl oric acid. The ,organic |ayer was dried over
MSé%%?uﬁfzéuf@%f%‘%ﬂﬂyﬂﬁate, and the sol vent was
evaporated to dryness. The residue was purifie

IHTNMRQﬁﬂﬁﬂﬂdﬁéF8ﬂ%7éﬁﬁohﬁt6@F3pﬁ§(5H(€H6134ﬁé%§n%)5lﬁo4)'
SRR LSS, e HghaBronsts (¥l ohdhs (383 B o)
6.42(1H,d,J=4.4),5.42(1H,br s),3.84(3H,s),3.79(3H,s),
3.75-3.83(4H,m),3.57-3.64(2H, m),3.25-3.40(6H, m)

[0150]

Production of 1-[5-[(Z)-2-cyano-2-(3,4-dimethoxy-phenyl) -
vinyl] -thiophen-2-yl] -piperidin-4-yl diethylamino-acetate
(Compound 103)

Compound 6 (3.70 g) was dissolved in pyridine (100 mL),
and N,N-diethylglycin sodium salt (7.66 g) was added to the
solution, followed by stirring at room temperature fortl hour.
Subsequently, p-toluenesulfonyl chloride (9.43 g) was added
to the mixture, followed by stirring under reflux for 12
hours. After completion of reaction, the solvent was
evaporated under reduced pressure. Chlorocform (1,000 mL} was
added to the residue, and the mixture was washed with water '

three times. The pH of the agqueous layer was checked by use
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1H NVR( CDC13) 8: 7. 36(1H, s), 7. 22(1H, d, J=4. 6), 10
7.13(1 H,dd, J=2. 2, 8.5), 7. 04(1H, d, J=2. 2), 6. 87(I H,d, J=8.5

)
6. 05(1H, d, J=4. 4), 5. 03-5. 07(1H, m), 3. 94(3H, s), 3. 91(3H, s)

3.52-3.58(2H, M, 3. 34(2H,s), 3. 25-3. 31(2H, M, 2. 67(4H, q, J
of=&. p}, testpaper, and adjusted to 4 to 5 with 1N agqueous
2.02-2.07(2H, M, 1.82-1.90(2H, M, 1. 07(6H,t,J=7. 1)
hy@ﬁ@ﬁﬂ}oiScpagu@ct|Th3c¢rganlc layer was dried over sodium
1-[5-[(2)-2-cyano- 2- (3, 4-di met hoxy- phenyl ) -
su¥faye] anhydpaen, 2aptl] thepeplvent4wgp evaporated to dryness.
di met hyl ami no-acetate hydrochl oride (Conpound 104)
Thet haadflug Swas) pandfie® hydeséhrar telagpdupnrgchyopaeegraphy
added to Conpound 62 (150 ng and the m xture was
(CHeht giexane) 20-ali tehy ani gkt i diaresh @rediet (vield:
40C). The solution was returned to room tenperature,
3.@RAdgal To%kd to stand overnight. The precipitated
crystals were recovered through filtration, and the
Ye} b@BvRPEdSErystal s were recrystallized from
i sopropanol, to thereby yield the target product
MS §$£}E/2784%4 (MsHhy, 48.6%. Yell ow powder
NB(ESI 456(M-HC1+FD+ 93
HJMHNW 3Y83¢ (BH( $H, 4) 27, éﬁeﬁwwlaéh '1),

7.13 IH dd J 2 2 8 3 7 94 1H J 2 2 6 %8&1H
7. 3(1 5),7.04(1

6. 6 071§11H 2:]:4 1%'0313 0'7%]7_ %%’94?%&,3 S%’gi?%l(-ﬁ

$225 058 KM pthrd i 12865 1. betors L (FB18Y] 2pF bdAte 90?7 ),
-&%&ﬂ%&ﬁﬁ%ﬁﬁﬁ&ﬁ&ﬁwﬁtwﬁ%b

[Ogéffhylanino-acetate

bJ

B

Production of 1-[5-[(Z)-2-cyano-2-(3,4-dimethoxy-phenyl) -
vinyl] -thiophen-2-yl] -piperidin-4-yl dimethylamino-acetate
hydrochloride {(Compound 104)

Ethanol {5 mL} and 12N hydrochloric acid (28 uL) were

added to Compound 62 (150 mg), and the mixture was heated for

dissolution {(external temperature: 40°C). The solution was

returned to room temperature, and allowed to stand overnight.

The precipitated crystals were recovered through filtration,

and the recovered crystals were recrystallized from
isopropancl, to thereby vyield the target product (yield: 78.7
mg, 48.6%).

Yellow powder

MS (ESI,m/z) :456 (M-HCLl+H)™
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hydr ochl ori de (Conmpound 105) 10 I|sopropanol (10 nlL)
and 12N hydrochloric acid (59 L) were added to
Compound 103 (338 ng), and the m xture was heated for
di ssolution (external tenperature: 80C). The solution
was returned to roomtenperature, and allowed to
stand overni ght. The preC| pitated crystals were
HN8G0eE@Ed ) 5153 . Rl dHghR) £ 7I. 224 Hod, JaAd1d he recovered
crystals were recrystallized fromisopropanol, to
7-1hél1éb9dyﬂe4?d2t$\e3{a?g@%ﬂ%r‘éd@c? 2yi Bt 8 (égﬂdeJnﬁ 5)
70.0s). Yell ow powder MS(ESI I—Ig’ 484( +H) '
6. QT KRR Gt 3) B: - B8 THL 3 17, rzm 4 9H4sb)3 5, 27,
7141Hde2285}2I705(IH J22)6888I dJ85
3.89(2 55-3.61 25-3.31(2H,m) H,s8),

6 07(1H,d, I=4. 5) 5.10,5 15(1H m, 3. 95(3H 5), 3. 91(2H,5)
2.02 12(2H m), 96(

3. 91(3H,s), 3. 54- 3 60(2H, m, 3. 39(4H, q, J=7. 3), 3. 26- 3. 32(
[0D3R ]y,

2.07-2.12 8-1.96 48
Pr?fé%%}mzxé ﬂ% IE?}e%r %?nfan% i% (glﬁﬁ{%ﬁeﬁxcé?enﬂ)'
vixa?ﬂ%ﬁ%ﬁa%%ﬁﬂ%i% ofaat Sha25- ol Lpyta TR ellathee
CRP- di at { t t t udi ed
hygOGRLOT b ggﬁéﬁﬁgcﬁﬁ@?giﬂceiei\'sigi"%ﬁfsé'?i cell's

| nternatjonal Publication WD.2004/069233), whigh
hZS?aeﬁa%gﬁo' 150Zh pEbneeR AgnEYRESPELaRCE RRIBUGRD KL

oo P s, Dume. L coteer 2B Sl o
he B 10 g HESOr ok TBp Grp PP { LOODERER FibRe S0°c) 1 The

solution was returned to room temperature, and allowed to
stand overnight. The precipitated crystals were recovered

through filtration, and the recovered crystals were

recrystallized from isopropancl, to thereby yield the target

product (yleld: 254.5 mg, 70.0%).

Yellow powder

MS (ESI,m/z) :484 (M-HC1+H) "

'H-NMR (CDC15)6:7.38(1H,s),7.22(1H,d,J=4.6),
7.14(1H,dd,J=2.2,8.5),7.05(1H,d,J=2.2),6.88(1H,d,J=8.5),

6.07(1H,d,J=4.5),5.10-5.15(1H,m) ,3.95(3H,s},3.91(2H,s),

3.91(3H,s8),3.54-3.60(2H, m),3.39(4H,q,J=7.3),3.26-3.32(2H,m),

2.07-2.12(2H,m),1.88-1.96(2H,m) ,1.48(6H,t,J=7.3)
[0153]
Example 2: Effect of overcoming anticancer agent resistance

of AS49/SN-38-4 cells
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F-12), and the resultant suspension was inocul ated
into a 96 10 well mcroplate (2 x 103 cells/50
gbL/well), followed by culturing at 5% CO2 and 37C
overni ght. Thereafter, a 10% FBS/ Hamis F-12 sol ution
(25 L) containing each of Conpounds 1 to 51 of the
present invention and SN-38 was added to each  of the
wel Tee edfeshedf byR8urPUPPHE L Og%éezpﬁﬁéeg?clﬁéi?nﬁéon on
15 hours. After conpletion of culturing, the nunber of
BC%?aﬁ?@laE%@l%nﬁbgaﬁ%%%t%ﬂeBQ HE818FaRCE| WBFeSERALSd Dy use
counting reagent [TetraCol r ONE %t ademar k), product
of oiFh%eh%@%kluunz:o?%?%ﬁ e %180%%. ceblehésaet ached

sh h ff
In%%%#ﬁi%%’ﬂﬁ"?ﬁﬁ%a@mewv%@%ZQG%BS%WS%J%% Sgquired

resi stance, which is resented b
an%b?%%%%n%%e% ]E%%;%Eﬁ%%‘gt*?%’f?’éﬁh %%Rgnfﬁem%%h@eri |
0%
L
oGP AR M LU i s GG SRTRSPAES) A0 o
A549/ SN- 38- 4
of ?R%%ﬁrj:o} 1 {0 Seh ol O ot Bt g eﬁ;ﬁﬁ?p*e%ﬁ%nghﬁ 1 B fuan’ s
95
- #%)Se{ae %%5&?%@%%@?5?%%@%3 e e L DS
<L fhanl Ul R FERG e 4 20
4 38-4 h_ of
R LG e A e D
R T MR SR d&faf Compounds
1 SH99eStE dhat fé@er?t?r 116 Jé;d("}]h an&ie%ﬁy%")l§s of 3488 to each
Its P, an

pr esent | nve ion inhi
of the wells, followed by culturing at 5% CO; and 37°C for 48

hours. After completion of culturing, the number of viable
cells was counted by use of a viable cell countinglreagent
[TetraColor ONE (trademark), product of Seikagaku
Corporation] according to the attached instruction manual.
Tables 1 to 4 show the effect of each acrylomnitrile
derivatives in overcoming SN-38 resistance, which is
represented by ECs,. “ECsy” corresponds to the concentration
of an acrylonitrile derivative required for 50% reduction of
the relative resistance value. The relative resistance value
is obtained by dividing the ICs, (i.e., the concentration of
an anticancer agent required for 50% inhibition of cell
growth) for the A549/SN-38-4 cells by the ICs, for the A549

cells (parental cells). The greater the relative resistance
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therefore overconmes the anti cancer agent resistance of
cancer 10 cells or potentiates sensitivity of cancer
cells to the anticancer agent. [0154] [Table 11
Compound Ef fect of overcom ng resistance EC50 (ng/niL)
16 2130 332 412 513 610 7 39 8 45 9 46
10 120 11 49 12 58 13 33 14 87 15 200 19 14 20
valagy the dgighex 1ghe Jepwygl off appguired resistance. The

tests have revealed that each of the compounds of the present
invention exhibits potent effect of overcoming the SN-38
resistance of the A549/SN-38-4 cells. When each of the
acrylonitrile derivatives was solely employed in the absence
of SN-38, both A549 cell growth and A549/SN-38-4 cell growth
were not affected. This suggests that the acrylonitrile
derivative of the present invention inhibits BCRP, and
therefore overcomes the anticancer agént resistance of cancer
cells or poténtiates sensitivity of cancer cells to the

anticancer agent.

f0154]
[Table 1]
Compound Effect of overcoming resistance
ECso (ng/mL)
1 6
2 130
3 32
4 12
5 13
6 10
7 39
8 45
9 46
10 120
11 49
12 58
13 33
14 87
15 200
19 14
20 490
21 20
22 i3
23 58
24 34
25 13
26 75
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25 13 26 75 96 27 200 28 120 29 420 [0155] 97

[ Tabl e 21 Conpound Effect of overcom ng resistance
EC50 (ng/nmL) 30 20 31 37 32 28 33 520 34 58 35
190 36 120 37 120 38 60 39 37 40 75 41 280 42
220 43 160 44 56 45 50 46 100

27 200

28 120

29 420
[0155]
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47 30 50 110 51 510 54 36 56 37 59 61 61 44
[0156] 98 [Table 3] Conpound Effect of overcom ng
resi stance EC50 (ng/nmL) 62 62 64 53 65 11 66 37
67 100 68 11 69 43 70 11 71 13 72 11 73 11 74
21 75 17 76 2 77 110 78 77

[Table 2]
Compound Effect of overcoming resistance
ECse (ng/mL)
30 20
31 37
32 28
33 520
34 58
35 120
36 120
37 120
38 60
39 37
40 75
41 280
42 220
43 160
44 56
45 50
46 100
47 : 30
50 110
51 510
54 36
56 37
. b9 61
61 44
[0156]
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79 6 80 19 82 78 83 190 85 230 86 120 87 46 88
70 [0157] [Table 4] Conpound Effect of overcom ng
resi stance EC50 (ng/nmL) 90 460 91 520 92 41 93 280
95 8 96 120 97 78 98 100 99 63 100 12 101 13

102 17 5 99 [0158] Exanple 3: Effect of overcom ng
anti cancer agent resistance

[Table 3]
Compound Effect of overcoming resistance
ECse (ng/mL)

62 62
64 . 53
65 11
66 37
67 100
68 11
69 43
70 11
71 13
72 11
73 11
74 21
75 17
76 2
77 110
78 - T77
79 : é
80 19
82 78
83 120
85 230
86 120
87 46
88 70

[0157]

[Table 4]

Compound Effect of overcoming resistance
ECso (ng/mL)

20 460
91 520
92 41
93 280
95 ' 8
96 120
97 78
98 100
g9 63
100 12
101 13
102 17
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of human BCRP gene-transduced nouse | eukem a P388
cell s Mouse | eukem a P388 cells or human BCRP
gene-transduced 5 P388 cells (P388/BCRP cells) (see
JP- A- 2003- 063989) were suspended in 10% FBS/ RPM 1640
cont ai ni ng 2-nercaptethanol (50 M, and the resultant
suspensi on was added to a 96-well mcroplate (1 x 104
[0t®8] s/50 L/well). Thereafter, a solution of each of
Conpounds 1, 14, 21, 31, 39, and 41 of 10 the present
Examgbﬂt3onEéﬁacshpg80Vﬁrcg@1FBSﬁF$mmqeqer(Qsemﬁ)reﬁ&§tance
added to each of the wells, followed by culturing at
of SHUMGIPBERE 3= f branginged stonse el cubapiat PAR8oFells
culturing, the nunber of viable cells was counted by
useMotisgel enicomda BRES a@éésdpﬁghvwaﬂhgcﬁﬁhaﬁQErGFéﬂ§duced
i nstruction manual. The 15 results are_shown
P388 gbhs of P3 5%/ BEBP e@e LbRholRES 9P~ Afﬁ%°5r8§%H?9 Were
I nvention exhi bited potent effect, of overconln
SuSHEned o of GhCEE 6/ RPREL PABGPBORPLEePH 2 -BRFCaPheRBRnol (50
affect the sensitivity of the P388 ceIIs to SN-38. Use

uMbf awrd|ghacrsFehiant | eudeenshpnyvead adase hefacpe-well
proliferation of 20 P388 cells and P388/BCRP cells.
miqreRlafefrohbtX at &s aeidE A5k Hls{d’?%ﬂildm t FPPEedélFFat Pre
of the present |nvent|on as B effec
sofentor SExanpheoh. COMPREEdBnL mt 1 dPhy Sbsi S9antBlopl Of
human MDR1, gene- 25 transduced, human Ieubenla K562
the PFeSERATH Y SakER ARE6NCaf | S0t ORUREN/ REEL6E0 (25 uL)

d d 5 (K56 | | o
v fASAS HS Saq80a! o vable: 180T ITTOLE egéﬁésgﬁaadat 5+
COnRED T150aZ65. 8| PO Eroph LB (3o i0stof SEERRLEr RS, cne

number of viable cells was counted by use of TetraColor ONE
according to the manufacture's instruction manual. The
results are shown in Fig. 1. Each of the tested compounds of
the present invention exhibited potent effect of overcoming
the SN-38 resistance of the P388/BCRP cells, but did not
affect the sensitivity of the P388 cells to SN-38. Use of
sole acrylonitrile derivative did not affect proliferation of
P388 cells and P388/BCRP cells. This demonstrates that the
acrylonitrile derivative of the present invention has BCRP-
inhibiting effect.
[0159]
Example 4: Effect on multidrug resistance of human MDRI dgene-
transduced human leukemia K562 cells

Human leukemia K562 cells or human MDRI gene-transduced

K562 cells (K562/MDR cells) (see Mutat. Res., 1998, 401: 133-
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cells/50 L/well). Thereafter, a solution of paclitaxe
and each of the Conpounds listed in Tables 5 and 6 in
10% 5 FBS/ RPNI 1640 (25 L) was added to each of the
wells, followed by culturing at 5% CO2 and 37C for 72
“hours. After conpletion of culturing, the nunber of
viable cells was counted by use of TetraCol or ONE
14 abcwedé nguspenfied mmnlf&cFRBARBMLIAEEPuctndnthanygpultant
Tables 5 and 6 show the 10 effect of each of the
sutpshetioacwykoaddedl eoder bawedsmooroplatedlagx 10°
resi stance by use of EC50. "EC50" corresponds to the
cetbatent phfwehl bf drhawcraftond t rd |solderiomto b epaehitaxefl and
for 50%reduction of the relative resistance val ue.
cagl afriekeal €ompaesdsolishedacnyTohiefi PeaBdr Pvali 488 of
the present 15 invention do not affect the paclitaxe
FBSARPNI2fte 025t hB) Wa82adMRdcep| sachnofdihei allahehollowed
the concentration of the acrylonitrile derivative
byfahlsunindi att e €angadnpl§yderf g2 hoyas-esBiteke
acrylonitrile derivative per se did _not affect row h
complehEor5eD evltyrand. t hBeKBBPPROROEVLaPlenFsldE was
indicates that the acrylonitrile deriyvative

copreR@ney VR9eRfi BRACEBESABL OHEL 2BRCPLYNGcbBr gI"@it Ee and
ettt S0 BT 2pel (16! Lt 11601 105 LTable 2l one e
ef%eggogg egcﬁsggothg Eggggd acrylonitrile derivatives on
multidrug resistance by use of ECs. “ECs” corresponds to
the concentration of an acrylonitrile derivative required for
50% reduction of the relative resistance value. As a result,
most of the acrylonitrile derivatives of the present
invention do not affect the paclitaxel resistance of the
K562 /MDR cells. In addition, when the concentration of the
acrylonitrile derivative falls within the range employed for
the test, the acrylonitrile derivative per se did not affect
growth of the K562 cells and the K562/MDR cells. This
indicates that the acrylonitrile derivative of the present
invention does not act on P-glycoprotein, and has high BCRP
specificity.

[0160]
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5 >5000 6 >5000 14 >5000 17 >5000 18 >5000 19

>5000 20 >5000 21 >5000 25 >5000 26 >5000 27

>5000 28 >5000 30 >5000 31 >5000 32 >5000 33

>5000 34 >5000 36 >5000 38 >5000 39 >5000 40

>5000 41 >5000 42 >5000 [0161] [Table 6] Conpound

Ef fect of overcom ng resistance EC50 (ng/nL) 43 >5000
[Table 5]

Compound Effect of overcoming resistance
ECsy (ng/mL)
1 >5000
3 >5000
4 >5000
5 >5000
6 >5000
14 >5000
i7 >5000
i8 >5000
19 >5000
20 =5000
21 >5000
25 >5000
26 >5000
27 >5000
28 >5000
30 =5000
31 >5000
32 >5000
33 =5000
34 =5000
36 =5000
38 >5000
39 >5000
40 =5000
41 >5000
42 >5000
[0161]
[Table 6]
Compound Effect of overcoming resistance
ECsg (Ilg/mL)
43 >5000
44 >5000
45 >5000
46 >5000
47 >5000
52 >5000
53 =5000
55 =5000
56 ' >5000
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44 >5000 45 >5000 46 >5000 47 >5000 52 >5000 53
>5000 55 >5000 56 >5000 5 102 [0162] Exanple 5:
Ef fect on anount of anticancer agent accumulated in
BCRP- expressing cells K562 cells or human BCRP
gene-transduced K562 cells 5 (K562/BCRP cells) (see
JP- A-2003- 063989) were suspended in 10% FBS/ RPM 1640
[0¥62k) (5 x 106 cells/nL), and SN-38 and each of
Conpounds 1, 39, and 46 of the present invention
Ex{WpHR 5 ¢ OREEREF 200 oHIOWHD %5/%451%@%@@% oA ERemulated
resul tant suspension, followed by incubation at 37C
in fRFRBEFRTRELEIT 1€e Fher eaf ter, centrifugati on was
per f or med iZC 1,400 x ), and_the resultant
suplé$%t & 1%@%rrlé%%%dg@?%e%%rEaan@@@C%nK%ﬁ%. ﬁ@l&%
BSA was added to the thus- eIIetlzed cells, and the
K%@/r%C%r%ePe%)usb%ﬁeaP A %%ve‘a%%ﬁ*%bnww ugaEpgRded in
(2¢C 1,400 x g, mn) for ing the cells. This
0% FRFIEEL 4 Qi e Wb et i o Rad S giiln. oSl IS9P
addition of PBS (250 L nd_sopi cation of the cel]s.
cad the MM o1 Db 451L HEt HIRFC T BO TSI bR
0
(e A e sul fale solutf on (10 1), 0°L8a809Ed AL 08 ane

suspension, followed by incubation at 37°C for 30 minutes.
Thereafter, centrifugation was performed {(2°C, 1,400 x g, 1
min), and the resultant supernatant was removed. Ice-cooled
PBS containing 1% BSA was added to the thus-pelletized cells,
and the cells were resuspended, followed by centrifugation
(2°C, 1,400 x g, 1 min) for washing the cells. This washing
procedure was performed again, followed by addition of PBS
(250 puL) and sonication of the cells. To the resultant cell
sonicate, methanol (250 uL) and 10% zinc sulfate solution (10
HL) were added, and the resultant mixture was stirred,
followed by centrifugation (2°C, 12, 500 x g, 5 min} and
collection of the supernatant. The thus-collected

supernatant was dispensed in a white 96-well microplate for

 fluorescence intensity measurement (200 p[]/well), and then

the amount of SN-38 contained in the supernatant was measured
by use of a microplate fluorometer [SPECTRA max GEMINI XS
(trademark), product of Molecular Devices] (SN-38: excitation
wavelength 380 nm, emission wavelength 560 nm), to thereby

calculate the amount of intracellular accumulation of SN-38.
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foll owed by centrifugation (2C, 12, 500 x g, 5 mn)
and 20 collection of the supernatant. The
t hus-col |l ected supernatant was di spensed in a white
96-wel |l mcroplate for fluorescence intensity
nmeasur enent (200 */well), and then the anmount of
SN-38 contained in the supernatant was_neasured by
Asyse olearnfepopFage £l ubhendEeV1PBRECTRA AaX1CENINE RE Che
25 (trademark), product of Ml ecul ar Devices] &SthS:
presentainvantihancieAgense8othf aBrBS| 64 AeFElEAgERCS60E SN-
nm, to thereby calculate the anount of intracellular
38 ateuibeakF6R/BERBNCSS1s . 108 Agonisrasear e oyt of
the acrylonitrile derivative of the_ present invention ,
acenendaseant AE ENoadt 18f theckRfPafEdASO(PERENES L Fethe) 1n
K562/ BCRP cells. In contrast, the anount of -
whigkyRtRBt hafd BPESRESE ERPTRESRIGY2EeVLStPgalentapitected.
cells) in 5 which BCRP had not been expressed was
Thi/gr PUEPEHtanbRAECcERE. ACTKISNeHY &8t deFRYRLLKE OF the
acrylonitrile derivative of the resent invention
pr?ﬁﬁFBi%§VEmﬁ$PnahahFhéFaa§€§Pth@nﬁnﬁaﬁreaﬁes the amount of
. intracel lular accupul ati on_of an gmticancer a %nt.
intpaeet luisrsrarprelat 1Rt eft 2Bf 28 éF@BﬁFﬁgagﬁgicancer
agent resistance in vivo Human col on cancer HCT116
[0%8??5 or BCRP gene-transduced HCT116 cells
HCT116/ B cells) (obtained fromDr. Yoshikazu_ _.
Ex85 ok, ETRECCaRteP CREHBLNGr APy CANFEF P )R hRgsgtance
.15 Foundation for Cancer Research) were transpl anted
IsYb¥Ht aneously (3 x 106 cells/0.1 ni/nouse) to the

' i nal ' f - k-ol d / |
LRk, bSohot8eIER oSl 6L PP R ¢ opcuced

nud_ he™t anor
HcﬁfiéngéfgsfQﬁe%}ﬁg?QERP cells) (obtained from Dr. Yoshikazu

Sugimoto, The Cancer Chemotherapy Center of Japanese
Foundation for Cancer Research) were transplanted
gubcutaneously (3 x 10° cells/0.1 mL/mouse) to the inguinal
region of each of 6-week-old BALB/c male nude mice (5
mice/group). When the tumor volume as estimated from 1/2ab?
(a: longer tumor diameter, b: shorter tumor diameter) reached
about 150 to 200 mm’, each of the compounds of the present
invention shown in Tables 7 and 8 (6.3, 12.5, or 25
mg/kg/day) and CPT-11 (10 mg/kg/day)} were intravenously
administered once a day to the mice for seven days. For
administration, each of the compounds of the invention was
dissolved in physiological saline or in a mixture of ethanol,
polyoxyethylene (20) sorbitan monooleate [Tween 80

(trademark), product of Tokyo Kasei Kogyo Co., Ltd.], and 5%
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(a: longer tunor dianmeter, b: shorter tunor dianeter)

reached 20 about 150 to 200 nmB, each of the conpounds

of the present invention shown in Tables 7 and 8

(6.3, 12.5, or 25 ny/kg/day) and CPT-11 (10

ng/ kg/ day) were intravenously adm nistered once a day

to the mce for seven days. For admnistration, each
glotoshe (ebhpoohdIweent Be/Bhveatcosewas 525 &i ssfVedand CPT-

- physiological saline or in a mxture of ethanol,

11lpehgosiyeshyvedeip2onysorbroagannhodiagte L TRREVCBD was
(tradenmark), product of Tokyo Kasei Kogyo Co., Ltd.l,

sohady596mdnigraredetPethaABEr Phe6HOBD/- 5001 teds@éay Bl: from
5 : 90), and CPT- 11 was dissolved in physiol ogica

theaptast Afsafinénishzatisnl ehy tHERTNWEFepE irpaged from each
~control group. On the day 21 from the start  of )

miganpadsveaghed, antuhbe WHECEXETFPHANedNPidhtdgBh 510 IR
m ce and wei ghed, and the_tunpr growth inhibition

(%5} at?® @ﬁFlY@§ fasmdeRpy R 1L PHAPENEINBILERi'ng equati on
Tunor growth inhibition ratio IR (% _ (1 - average

TUpQHP T ABF BhinbiodhéRNadRt APstRat®dn=group / average
tunor wei ght of control group).x 100. ,The results 10

(1ar 2¥ABRAS] HUTRE| BE19hhnATgeaAl PAMEPASFIRFIAPTIEOEE 7
and 8, the acrylonitrile derivatives of the present

aveRdgnt FeRCT WALBhE BERPOBFESLI HTOIPY, *exAPpi tTig results
ef fect of oveg&oning stance to.anticance

pl

' t
2r¢03RAYT 18 [ALFE 7] *Ffafspl Ant off DhRBBURECBoSEDIeS 7 and 8,
/ kgl d T i ght R [, _Cao d
e SR U oSy S5t o8 gn5RETheSE s SamRREN
inhibit BCRP also in viveo, exhibiting effect of overcoming

resistance to anticancer agent.

[0164]
[Table 7]
Transplanted Compound Dose (mg/kg/day) Tumor weight (g) IR
cancer cell P Compound CPT-11 Mean+S.D. (%)
23 12.5 10 1.21+0.17 12.3
25 10 0.71+0.11%* 48.8
31 12.5 10 0.74+0.06%* 46.6
HCT116/BCRP 25 10 0.67+0.18%*  51.1
Solvent 0 10 1.20+0.15 13.2
0 0 1.38+0.35
Solvent 0 10 0.37+0.08 72.0
HCT116 0 0 1.31+0.20

**P<.01: significant difference with respect to solvent+CPT-11 (HCT116/BCRP)
(Dunnett's test)
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25 10 0.710.11** 48.8 ---------- e
-------------------------- HCT116/ BCRP 31 12.5 10
0. 740. 06** 46.6 25 10 0.670.18** 51.1 Solvent 0 10
1.200.15 13.2 0 O 1.380.35 HCT116 Sol vent 0 10
0.370.08 72.0 0 0 1.310.20 **P<0.01: significant
difference with respect to sol vent +CPT-11
[0L6Er116/ BCRP) (Dunnett's test) 105 [0165] [Table 8]
Transpl ant ed Dose (ng/kg/day) Tunor wei ght (g) IR
[Tglhheed] cel | Conpound Conpound CPT-11 MeanS.D. (% 13

lea%sgla?‘\geao 870.18 31.7 %%sé%n%/ﬁc%?g)/iz E%E&/leam htlgg) IR

egneer sgil 1 nemn 1o+ *Compeund (%)
.............. 13._.__._.125_____ 10._.._ 0.87i0.18 31.7
------------------- HCT12%/ BCRP 3206. 3 10 838034~ * 35.0
40.8 12.5 10 01520, 11¥¥15% 0 4610 ) & 10 0. 79+0 14% 37.7
37.7 25m%0—1 €5) bﬁ--—&é—(—)—- gtzi-val — ﬁ~f —m—%% 0?%]{13 3" jg é
* styni fica rence

H(gvlrit)lh@/ngspect to solvent3emr-11  (1¥1116/ BORAE0.117* 59.0
(Dunnett's tes 12.5 10 0.79+0.21% 37.7
25 10 0.6710.07** 47.7
Soivent 0 10 1.10+0.10 13.3

0 0 1.27+0.15

*P<0.05, **P<0.01: significant difference with respect to solvent+CPT-11
(HCT116/BCRP) (Dunnett's test)

[0166]
Example 7:

The following ingredients were mixed and tabletted.
[0167]

10 [Table 9]

Compound 1 100 mg

Lactose 100 mg

Potato starch 39 mg
Microcrystalline cellulose . 30 mg
Synthetic aluminum silicate 30 myg
Calcium stearate 1 mg
Total (one tablet) 300 mg

106



5 [0166] Exanple 7: The follow ng ingredients were
m xed and tabletted. [0167] 10 [Table 9] Conpound 1
100 ng Lactose 100 ng Potato starch 39 ng
M crocrystalline cellulose 30 ng Synthetic al um num
silicate 30 ng Calciumstearate 1 ng Total (one
tablet) 300 ng 106 Clains [1] A BCRP inhibitor
conprising, as an active iGigsaient, an acrylonitrile
derivative represented by fornula (1): | R2 Art (1)
[1] E ZrB@P Sindiidr i or orempe 1 R nanda Ran epreteat sngregapot, an
group and the other represents a hydrogen atont Ar'
acregpeeitniscadgriuptivkecepdeseonednbig fonaudRoUps -
represented by fornmulas (2) to (4): OCH3 MG/ \A (2)
R(3) ( 4)

R~ A
1) (E or Z)

wherein one of R; and R; fepresents a cyano group and the
other represents a hydrogen atom;
Ar' represents a group selected from among the groups

represented by formulas (2) to (4):

ﬁocHs T/D Ry ‘“f"TQ
& OCHg Ha-/‘\N = kJ‘\

@) @) {4)
wherein R, and Rg, which are identical to or different from
each other, each represent a hydrogen atom, a halogen atom,
or a lower alkoxy group;

A represents an oxygen atom, a sulfur atom, or NR,; and

Ry represents a hydrogen atom or a lower alkyl group;

Ar® represents an aromatic hydrocarbon group having a
condensed.ring which may be substituted by a halogen atom, or

a group selected from among the groups represented by

formulas (5) to (15):
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10 wherein R7 and R9, which are identical to or
different from each other, each represent a hydrogen
atom a halogen atom or a |ower al koxy group; A
represents an oxygen atom a sulfur atom or NR9; and
RO represents a hydrogen atomor a |ower al kyl group;
15 Ar 2 represents an aromati c hydrocarbon group
haV|ng a condensed ring which nay be substituted b

| f th _1ﬂ
o}lbs repf'\eS,ént edabg%‘p oo | & (z“s)3 [ﬁ? 10769L ’

R38R3/R3 w1 - N H N RN (5) (ByA7) (8RR

(95 (10) R@to \ N Ra/N I/ NN TO 1) (1200
(13) (14) (15) wher efd R3 repr@fents a gen atom
an oxygen atom (as N oxi de) ower aIkyI group, a

| ower al koxy group, a halogen atom a nitro group, a
nmet hyl sul fanyl group, a Iomer 5 hydroxyalkyl group, an

a{, oAt T group ' N—O
X ent%’ﬁt} e e
i oe al fereanf i : each ’/

represent a hydrogen atom™a | ower al kyl group whi ch
may h@de a sub§tdtuent, a I(®Ber hydr oxyldfkyl group(15pr
10 an aromatic hydrocarbon group which may have a

substituent or
wherein R; represents a hydrogen atom, an oxygen atom (as N-

oxide), a lower alkyl group, a lower alkoxy group, a halogen
atom, a nitro group, a methylsulfanyl group, a lower
hydroxyalkyl group, an aromatic hydrocarbon group which may

have a substituent, or NRs(Rs) ;

R; and R¢, which are identical to or different from each
other, each represent a hydrogen atom, a lower alkyl group
which may have a substituent, a lower hydroxyalkyl group, or
an aromatic hydrocarbon group which may have a substituent or
heterocyclic group; Rs and R¢ may form, with their adjacent
nitrogen atom, a heterocyclic ring which may have a
substituent; and the hydroxyl group of the lower hydroxyalkyl
group or the heterocyclic ring substituted by a hydroxyl
group or a lower hydroxyalkyl group may form an ester bond
with a phosphoric acid group or a salt thereof or with an
acyl group which may have a substituent;

R; represents a hydrogen atom, a lower alkyl group, a
phenyl group which may have a substituent, or a benzyl group;

X represents a carbon atom, CH, or a nitrogen atom,
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het erocyclic group; R5 and R6 may form wth their
adj acent nitrogen atom a heterocyclic ring which may
have a substituent; and the hydroxyl group of the
| ower hydroxyal kyl group or the heterocyclic ring
substituted by a hydroxyl 15 group or a | ower
hydroxyal kyl group may forman ester bond wth a
prohodphorhat adien gk olip @ oxgaen aheneok 8 Wpthaapitrogen
acyl group which may have a substituent; R4 represents
at@mhyalidgen atom a | ower al kyl group, a phenyl group
whi ch may have a substituent, or a benzyl group; 20 X
rephesknt Rea eadbBa baven Lioh, same amARiBgEnadt 8T 1268
provi ded that when A is an oxygen atom X is not a
abowé r ogera sabinthemecf A R7, R8, and RO have the sane
nmeani ngs as defined above; or a salt thereof. 5 [2] A
BCRP i nhi bitor conprising, as an active ingredient, an
acrylonitrile derivative or a salt thereof as, recited
[2] nA @BCREninhiMHdees FORPLIS IRy drogeh akohie sl BERfsRt: an
atom (as N-oxide), a 10 lower_alkyl group, a |ower .
acry ket g brapde Bl vl bgercat dnFaht %ﬁ??%%r%ﬁp?eﬁlted in
met hyl sul fanyl group, a |ower hydroxyal kyl group, an
claiwnht i ¥ReRRF®Ccar bon group which may have a nitro

group or an am no group as a substituent, or NR5 :
R5 Bmnd SRE* Bt Qs £ 4RUr GHR PRI A PBweTS aqll\'k#f@f, a

group.. 15 whi ch may_have a_| ower al kyl ami po. grou r a
LowRe | SWErL SFRYP ant nbOYFELRLESTE SEBYPY ( eRt ORoT oRer™r >

hydr oxyal kyl tic_hydrocarh

group, an aromatic hydrocarbon group which may have a nitro
group or an amino group as a substituent, or NRs(Re);

Rs and R¢ each are a hydrogen atom, a lower alkyl group
which may have a lower alkylamino group or a di-lower
alkylamino group as a substituent, a lower hydroxyalkyl group,
or an aromatic hydrocarbon group which may have a nitro group
or an amino group as a substituent or heterocyclic group; Rs
and R¢ may form, with their adjacent nitrogen atom, a
heterocyclic ring which may have a hydroxyl group, a lower
alkyl group, or a lower hydroxyalkyl group as a substituenf;
and the hydroxyl group of the lower hydroxyalkyl group or the
heterocyclic ring substituted by a hydroxyl group or a lower
hydroxyalkyl group may form an ester bond with a phosphoric
acid group or a salt thereof or with an acyl group which may
have, as a substituent, a di-lower alkylamino group, a

phenylcarbamoyl group which may have a lower alkylamino group
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or an am no group as a substituent or heterocyclic

group; Rs and R6 may form w th their adjacent

nitrogen atom a 20 heterocyclic ring which nay have a

hydroxyl group, a lower alkyl group; or a |ower

hydr oxyal kyl group as a substituent; and the hydroxyl

group of the | ower hydroxyal kyl group or the
Orhét@ioé?@ﬁrcalkﬁéaﬁmbgtEFQPEdaEyaaSHEGFé%yEn§FOGB Yrlgwer

| ower hydroxyal kyl group may forman_ester bond with
alliyprespaoevt 2506Ri dagr Bul-6i -&oyart adk¥learbgmnoywilt Froup,

an acyl group which ma have, as a substituent, a
OrdﬂﬂlEmb?t9¥R9Y§ﬁiﬁoC@FéaB0Y& gBRERy FRAFBaNBY| REvEup™n

whi ch K have a | ower al kyl am no_ group 109 or a
algevebher RarRYPaNThdCorone a8 & SUBSEREUBRE; an NI ower

al kyl car banoyl group, an N, N-di -1 ower alkylcarbanng

gr oBip, 1S ¢ Wﬁwme@mcml@&%aﬁ%ﬂ g9 BoP wht chifaY L

have an _alicyclic heterocyclic r|n as_a subsg tuent;
IrGURIWRECH %?Er%@%ﬁ %tBﬁ%OgePoﬁEPmaP yR §PBER, 2a < pRENGIOUP

group. whi ch may have a hal ogen aton1or a | ower al koxy

asg?oﬁﬁbsﬁét%egﬁbs?Ft%eh?nZB} 4rBERzyl group. [3] An

agent for overcom ng anticancer agent resistance or

10 an agent for potentiating anticancer agent effect,
[3ﬁh|ch agent_conprises,. as a actlve i ngredi ent

T 1507 GBSV GG RATOT MIer ResraTRes oF
anc%%%?st%ﬁ %ﬁtﬁ%ta%F£P%n?PE?%§%§§?{9%?5 STl

as recited d an anti anc

| [
ag%@%n‘fow\mﬁeaer%salasaagg&ﬁpmgﬁ%%%?aFe Hsfobeogf TgiLe
onitrile de vap Ly of
de?ﬁvg%%v e alniﬁ S? a%h%gﬁag% ﬁoﬁlgimagBE§P
[4] An anticancer agent composition comprising an
acrylonitrile derivative or a salt thereof as recited in
claim 1 or 2 and an anticancer agent which serves as a BCRP

substrate.

[5] Use of an acrylonitrile derivative or a salt thereof as
recited in claim 1 or 2 for the production of a BCRP
inhibitor, an agent for overcoming anticancer agent
resistance, or an agent for potentiating anticancer agent

effect.

[6] A method for the treatment of cancer which has acquired
drug resistance by the mediation of BCPR, the method

comprising administering an acrylonitrile derivative or a

110



i nhibitor, an agent for overcom ng anti cancer agent
resi stance, or an agent for potentiating anticancer
agent effect. 25 [6] A nmethod for the treatnent of
cancer which has acquired drug resistance by the
medi ati on of BCPR, the nethod conprising
adm ni stering an acrylonitrile derivative or a 110

saghl thehnepborsaserdtpdedni Alalmi i PXok-2. [7] An
acrylonitrile derivative represented by fornula (la):
Ar2~ R R21 At (1 a) (Eor Z) 5 wherein one of R
and R2 represents a cyano group and the other

[7} e e sxgitsl on Hyldh oy edeat o V¢ | reRipearied by gieogpula (1a):
sel ected fromanong the groups represented by
forpulas (2) to (4): CCH3 rli-e (2) CCH3 R8 M N (3)
(¢f 1dwherein R7 and R8, which are identical to or
di ffjerent from each other, each represent a hydrogen
ato a hal ogen atom or a lower alkoxy group; A
erreg@hts an oxygen atom a sulfur atom or NR9; and
RO Khﬁreséﬁt@razxydrogen atomor a | ower al kyl group;
15 Ar 2 represents an aromati ¢ hydrocarbon group

having a condensed.ring which may be substituted b
WhASS SeAnS! B Roran T SEHTEEFEETLa CHaTCA R e the

or ALO S,LSRLEESM o8, Yo L8 el () o (15)

Ar' represents a group selected from among the groups

represented by formulas (2) to (4):

Z OCHg HQ;/QN = I\A
(2) € (4)
" wherein R; and Ry, which are identical to or different from
each other, each represent a hydrogen atom, a halogen atom,
or a lower alkoxy group;
A represents an oxygen atom, a sulfur atom, or NRy; and
Ry represents a hydrogen atom or a lower alkyl group;
Ar® represents an aromatic hydrocarbon group having a
condensed ring which may be substituted by a halogen atom, or

a group selected from among the groups represented by

formulas (5) to (15):
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111 3a\ / 36 r Rsd//NRat S ON3c NNRaS (5
(6) (10) (7) (8) Ra (99 ~RNORa R /NN7 AN(11)
(12) (13) (14) (15) wherein R3a represents a hydrogen
atom (Ar' is a group represented by fornmula (3) or
(4)), a lower alkyl group, a |ower al koxy group, a
hal ogen atom a nitro group, a 5 nethylsulfanyl group

a | ower hydroxyal kyl group, an arorrat hydrocar
o avvhibﬂigéh be yﬂg§shtute ! 0\

.70 gro r NR5{] 6) #3b esent ydrogle‘4
atom a |OV\8I‘ al kyl Yggoup, a wer al k gr oup,
hé)ogen atdf) a nitr group, a 10 net hyl$ é)anyl
group, a lower hydrofgal kyl gr@dp, an aro t| c

hydr ocar bon group which may be substituted by an am no
group, or NR5(R6); Ric represents a hydrogen atom
(Arl s a graoup represented by formula (3) or (4)),

: gen a l kyl grcN:rgQR
@ koi% éﬁ tor‘h‘*-i;a iltFo gro\p
2 hyl sul f%nw group, aNs I~ hydro @ group,

aro tlc hydro rbon group ich may e substltuted
by albitro gro(u% or an am ﬂwgroup, or?lﬂhs (R6) ; (19

wherein Ri, represents a hydrogen atom (Ar* is a group
represented by formula (3) or (4)), a lower alkyl group, a
lower alkoxy group, a halogen atom, a nitro group, a
methylsulfanyl group, a lower hydroxyalkyl group, an aromatic
hydfocarbon group which may be substituted by a nitro group
or an amino group, or NRs(Rg);

Ry, represents a hydrogen atom, a lower alkyl group, a
lower alkoxy group, a halogen atom, a nitro group, a
methylsulfanyl group, a lower hydroxyalkyl group, an aromatic
hydrocarbon group which may be substituted by an amino group,
or NRs(Re) ;

Rsc represents a hydrogen atom (Ar' is a group
represented by formula (3) or (4)), an oxygen atom (as N-
oxide), a lower alkyl group, & lower alkoxy group, a halogen
atom, a nitro group, a methylsulfanyl group, a lower
hydroxyalkyl group; an aromatic hydrocarbon group which may
be substituted by a nitro group or an amino group, or
NRs (Re) ;

each of Rig, Ri., and Rar represents a hydrogen atom, an
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20 each of Rid, Rae, and R3f represents a hydrogen
atom an 112 oxygen atom (as N-oxide), a |lower alKkyl
group, a |lower al koxy group, a halogen atom a nitro
group, a nethyl sul fanyl group, a |ower hydroxyal kyl
group, an aromatic hydrocarbon group which may be
substituted by an am no group, or NR5(R6); 5 R5 and
oxygenwaten &re Ndenifehl solewedi plkyéngrPppm aaérwer alkoxy
ot her, each represent a hydrogen atom a |ower _al kyl
grgvpupa halesenagtadveaanitibst Bravht , aampeiigisulfanyl group,
hydr oxyal kyl group, or an aromatic hydrocarbon group
a hPven ?rﬁEY@15Y§u6§PPPueﬁP BFOMABL & BYEPFETEPBUFTOUP
R5 and R6 may form w th their adjacent 10 nitrogen
whiehnpay het eebeyériEedi By #Ai eR1RAYyIRAVR, aOF NRs 6) i
substituent; and the hydroxyl group of the |ower

hydRex3Rd I8d.  WEisilp g€ tifeitdicerlo b 9% Fiffgrent from each

substituted by a hgdroxyl group or a | ower
otheHr oXFEN kFFPERBERL nAYRYBFRIER e5PBr BohBWeRi phkYLl group
phosphoric acid group or a salt thereof or mﬁ h_an 15
whigh| M3y obpvan? cRUhal 1 hasBta QubSYFF UBKETORYALEYHERER  ©OF
a hydrogen atom | ower al kyl , group, henyl . gro
an Spr o el e Eoke Saper S ranh: vhifh ok, BerBrRoRhpat gtent ox
represents a carbon ato CH_ or. a nitr.ogen. at.om_ ..
he L OO Aot € HATOWRENRA T8 e BRYgdR B ol OF (ierid: agjacent
.nitro en 20 aton% and A%.R7 . R8, gnthQ haﬁevghe sane
ni REIFTRGREAD. dof RREBr OGkoYVES bing EBL TR HaYeBR e 8] An
sué%%%%@%#%%%%ﬁddgﬁéV§§a¥gxgi Srégﬁto%hE£8°50%8268§890xya1ky1
gréégé$%f§%$;$%$§£88§¥iEQGQXLQ'éﬁééﬁEL&EQatB&OBhEQa%a¥§i
group or a lower hydroxyalkyl group may form an ester bond
with a phosphoric acid group or a salt thereof or with an
acyl group which may have a substituent;

R, represents a hydrogen atom, a lower alkyl group, a
phenyl group which may have a substituent, or a benzyl group:
X represents a carbon atom, CH, or a nitrogen atom,
provided that when A is an oxygen atom, X is not a nitrogen

atom; and

A, Ry, Rg, and Ry have the same meanings as defined

above; or a salt thereof.

[8] An acrylonitrile derivative or a salt thereof selected

from among
(Z)-2-(3,4-dimethoxy-phenyl}-3-(5-nitro-thiophen-2-yl1}-

acrylonitrile,
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113
(2)-3-(5-brono- thlophen 2-yl)-2-(3, 4-di net hoxy- phenyl)
- acrylonitrile,
(2)-3-(5-am no-thi ophen-2-yl)-2-(3, 4-di net hoxy- phenyl)
- acrylonitrile, 5
(2)-2-(3, 4-di net hoxy- phenyl ) -3-(5-pi peridin-1-yl-thiop
(Zheh= £25- br@mgctbl©nh6ﬁr2eYé0 a- N?dﬁo@hﬁ@ih@xﬁcp egyily -
t her eof
aCFZJOQiFEiHedinEthoxy phenyl ) - 3- (5- nor phol i n-4-yl -t hi op
hen-2- yl)-acrylonitrile,
(2] 23 = £5 ¢ @nangr fei ek pReky) ¥ 23{ P54 ( diRgEREXY-BREBY AN
-1-yl)- 10 thiophen-2-yll-acrylonitrile or a
achydpathrdt€c acid salt thereof,
(2)-2-(3, 4-di net hoxy- phenyl ) - 3- {5 [(2- hydroxy et hyl ) -
(th yK3 ﬁn@h@?thﬁ¥ﬁpﬁﬁﬂﬂzli % éérypaﬁrﬁﬁﬂpe Y1 thi ophen-2-
§3 4- di et hoxy -ﬁhen yl 4- nethi -E pera2|n-
Yl} @?;Y ani kY bhheft 22y Ry duer ﬂeﬁFFr Fédppajt thereot,
ydrochloric acid salt thereof
Zkz% 53 (4 A1WPHRERBXHRBREAYT I - é5{'§°{f2h?%lﬁyérB}yt&lﬂyiﬂ?n 2-
- piperazin-l-yl]-thiophen-2-yl}-acrylonitrile, a
Y1 hyarbechPotFElléci d salt t hereof, a nethanesulfonic
acid salt t her eof sal,
(2Tt 614 aLUSE Ry cPBERHLL 3T Tor ik sbYaoqy RiRpFALR-1-v1) -
aci d saj t
th?(%l?h%n(% Xiﬂrﬁ‘éﬂ%%%%éﬁ?l or 32 BYFFICHI REL iy PEAnE2&E
%% nmet hyl - am no] -t hi ophen-2-yl }-acrylonitrile or a
th % %Chloric acid salt thereof 25

2{PE018 ot Qi AR SHBERY B 3 1o T2 ARtk cROeBY bl Y ieny -

amfggjygﬁfgﬁﬁent erf?facrylonltrlle,

(2)-2-(3,4-dimethoxy-phenyl)-3-[5- (4 -methyl-piperazin-1-yl}-
thiophen-2-yl] -acrylonitrile or a hydrochloric acid salt
thereof, |
(z)-2-(3,4-dimethoxy-phenyl) -3-{5- [4- (2-hydroxy-ethyl) -
piperazin-1-yl]-thiophen-2-yl}-acrylonitrile, a hydrochloric
acid salt thereof, a methanesulfonic acid salt thereof, a
1/2 sulfuric acid salt thereof, a sulfuric acid salt thereof,
or a nitric acid salt thereof,
(Z)-2-(3,4-dimethoxy-phenyl) -3-{5- [ (2-dimethylamino-ethyl) -
methyl-amino] -thiophen-2-yl}-acrylonitrile or a hydrochloric
acid salt thereof,

mono- (1-{5-[(Z) -2-cyano-2- (3, 4-dimethoxy-phenyl) -vinyl] -
thiophen-2-yl}-piperidin-4-yl) phosphate or a sodium salt

therecof,
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114
mono- (I -{5-[(2)-2-cyano- 2- (3, 4-di net hoxy- phenyl ) - vi nyl
]- thiophen-2-yl}-piperidin-4-yl) succinate or a
sodium salt thereof,
(2)-2-(3, 4-di et hoxy- phenyl )-3-(5-nitro-furan-2-yl)- 5
acrylonitrile,

moti @y { 2- {3; 44 4] et bpagophenyl ¥ -3insthodyoryenElhyvinydan
-2-yl)- acrylonitrile, .

thi@)hen{3;4l ﬁmﬁeph@kgﬁtiphenyﬂ) - 8upsipatai eroapReAyHy- FalLt
an-2- yl]-acrylonitrile, 10

th¢ZgoeBr [ 5- (3- ami no- phenyl ) - furan-2-yl]-2-(3, 4-di met hoxy
- phenyl)-acrylonitrile or a hydrochloric aC|d sal t

(Z} her éof4-dimethoxy-phenyl) -3~ (5-nitro-furan- 2-yl})-

(2)-2-(3, 4-di net hoxy- phenyl )-3-(5-pi peridin-I-yl-furan
acrplgpitriteylonitrile,

(2)-2-(3, 4-di et hoxy- pheny % - (5-norpholin-4-yl -furan
(Zl22y[§ 41@1%%F§©§ﬁrPh?D51 (5-hydroxy-methyl-furan-2-yl) -

l 2- (3, 4-di met hoxy- phenyl ) - 3-[ 5- (4- hydr oxy- pi peridin
acry 9$}tr¥h?an 2-yl]-acrylonitrile,

(2} 51 3 £ iR M BOgFy - BEPOV SR b7 (Pe (3¢ RACRgADBERY S r £ aran-2-
Ylf§§g9§?%£ﬂégfL%?L0XyZgheny|) 3-{5-[4-(2-hydroxy-ethyl)
(Zﬁy f@%ﬁ'§r$é %Cpgégg}f ¥H£ﬁgg%yl9?-Erkge40&1%ethoxy-
ohgHsL 2 ChyPBLRFOF e oﬁggﬂﬁgéwcﬁ?ﬁérgé? adyfl FRIEYIREGe,
<Z>(zt h?”?%”fﬂlﬁ?ﬁﬁ?ﬁix{}jhﬁﬁg@ 34 RRFAciny 1o dr SRR A YD) -

acryfonltrli
(z)-2-(3,4-dimethoxy~-phenyl) -3- (5-morpholin-4-yl-furan-2-yl) -
acrylonitrile,
(Z)-2-(3,4-dimethoxy~phenyl) -3- [5- (4-hydroxy-piperidin-1-yl} -
furan-2-yl] -acrylonitrile,
(z)-2-(3,4-dimethoxy-phenyl) -3-[5- (4-methyl-piperazin-1-yl) -
furan-2-yl] -acrylonitrile or a hydrochloric acid salt thereof,
(Z) -2-(3,4-dimethoxy-phenyl) -3-{5- [4- (2-hydroxy-ethyl) -
piperazin-1-yl] -furan-2-yl}-acrylonitrile or a hydrochloric
acid salt thereof,

(Z) -2- (3, 4-dimethoxy-phenyl) -3-pyridin-4-yl-acrylonitrile, a
hydrochloric acid salt thereof, or a methanesulfonic acid
salt thereof,

(z)-2-(3,4~-dimethoxy-phenyl) -3-pyridin-4-yl-acrylonitrile N-

oxide,
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(2)-2-(3, 4-di net hoxy- phenyl ) -3-pyridin-3-yl-acrylonitr
ileor a hydrochloric acid salt thereof,
(2)-2-(3, 4-di met hoxy- phenyl ) - 3- (6- met hoxy- pyri di n- 3-yl
)- acrylonitrile or a hydrochloric acid salt thereof,
5

(Z{ Z3-23(8; didenbokpxphph¥ay 3 -Bypydiar - ylypcayipnéficide or
ile,

a b2§rQCb30Hldiﬁ@@ﬁoﬁ?lbh§h9r?0£1(lkkpyrrol 2-yl)-acrylo
nitrile or a hydrochloric acid salt thereof,

(Z] Z3- 23 (8- AiwpHeOKBxPhpnEAY - 36 BRERARYAPEIifiprB-y1) -
acrylonitrile, 10

acryjomitBibeneyl a2hwdraghsariangrigHspAtdabsresty| ) - 2- (
3, 4- dlnethox%hphenyl) acrylonitrile,

(Z] 3= 23(3 diweRBOKBRPLPRERY T $-BYFAdABr Ryl 1o 2skuhpnitride.
zol - )-acrylonitrile

(Z( 3= 33(% @W?ﬁ%@ﬁﬁx?hﬁﬁ%%? - 41y PrarRiz2yrldcAfrydrpitrile
ile or 15 a hydrochloric acid salt thereof,

Or(%)hgdfgchlﬂFﬁEtﬁSXQ EﬁéﬁyFﬁeﬁeﬁﬁrldln 2-yl-acrylonitr
ile or drochlorjc acid_s

Z{z% 53 (4 ﬁliaﬁﬁlé@ﬁzxyhﬁﬂxﬁm 33¥51m§a&%€h9ﬂ1&m no- et

nmet hyl -am no] -furan-2-yl }-acrylonitrile or a
acﬁ?ﬁ?%%FFb}?c 20 acid salt thereof,

(2] 250 i alﬂéSZ%? et iRttt JLTethayophamb) i)

sal t

dlﬁ%ﬁgo%y $%e?¥% } "3CEYARBLET 1384 di met hoxy- phenyl ) - vi nyl
Lo%. ﬁ1§a€%meFﬁ8%¥ #Bgﬁ&g ) 0334 hePR9TRPBRLRRY 13 Eniaz01 -5 -

ylf—gcry£§n9£ Q?efuran 2-yl)-2-(3, 4-di met hoxy- phenyl ) -
(Z)-3-(3,4-dimethoxy-phenyl) -2-pyridin-3-yl-acrylonitrile or
a hydrochloric acid salt thereof,
(Z)-3-(3,4-dimethoxy-phenyl) -2-pyridin-2-yl-acrylonitrile or
a hydrochloric acid salt thereof,
(Z)-2-(3,4-dimethoxy-phenyl) -3-{5- [ (2-dimethylamino-ethyl) -
methyl-amino] -furan-2-yl}-acrylonitrile or a hydrochloric
acid salt thereof,

mono- {1-{5- [(Z) -2-cyano-2- (3, 4-dimethoxy-phenyl) -vinyl] -
furan-2-yl}-piperidin-4-yl) succinate or a sodium salt
thereof,

mono- (1-{5-[(Z) -2-cyano-2- (3, 4-dimethoxy-phenyl) -vinyl] -
furan-2-yl}-piperidin-4-yl) phosphate or a sodium salt
thereof,

(Z)-3- (5-bromo-furan-2-yl)-2-(3,4-dimethoxy-phenyl) -
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116 acrylonitrile,
(E) - 3-(3, 4-di net hoxy- phenyl ) - 2-t hi ophen-2-yl -acryl oni t
rile,
(2)-3-(3, 4-di met hoxy- phenyl ) - 2-t hi ophen-2-yl -acryl onit
rile,
1-[5-[(2) -2-cyano- 2- (3, 4-di net hoxy- phenyl )-vinyl]-thio
acyphbonPtBiyé ] - pi peri di n-4-yl
N- (2- di et hyl am no-et hyl)-succi nanate or a L
(EhyﬁfozhAfmimeam¢mysgh¢nyhbféothiophen—2—yl-acrylonltrlle,
1-[5-[(2)-2-cyano- 2- (3, 4-di met hoxy-phenyl )-vinyl]-thio
(Z phent 2,4 yidimetpexy dpnedyy) -2-thiophen-2-y -acrylonitrile,
N- (3-di et hyl am no- propyl ) -succi namate or a, .
1- bydf 6&ht or ¢yanet d- §3 4 -dheeelexy 4phenyl) -vinyl] -thiophen-2-
1-[5-[(2)-2-cyano- 2- (3, 4-di net hoxy-phenyl )-vinyl]-thio
Ylbmip@ri®11]l=%)"r}obrmdi(#di?thﬂlﬂ@m?rﬁﬁhﬁg) agefgigamate or a
p-tol uenesulfonic acid salt thereof, or a
hydwelelobdr ¢ | @chdi g bl Eherepdof ,
1-[5-[(2)-2-cyano- 2- (3, 4-di net hoxy- phen I)zvin¥IL-thio
1—bﬁeh(@l—%f?y@m®e¥f@$n4ndymethoxy—phenyl -vinyl] -thiophen-2-
i | -1'"-carboxylate or a 15

‘ £1,4']bi peridin C .
vl y@i@@ﬁigimt4axld%sé}td%ﬁ@pg%ﬁmlno—propyl)~suc01namate or a

1-[5-[(2)-2-cyano-2- (3, 4-di net hoxy- phenyl )-vinyl]-thio
hY@W@#ﬁ£Cr%¢]a%%%e?@%?nt3§§?°f'
4-[1,4' ] bipiperidinyl-1"-yl-4-o0xo-put te. or.a,_, .
1~ bl behi orPeaer & L4 ¢+ ¢l ppy phenydf-$1nPl) Feniophen-2-
(2)-2-(3 4-d|nethOf%égheng%th-qU|nolln-g:¥£-acr¥gggkgnic

yl}Tp%Qer n-4-yi d hyl o-acCetate, luen
actdleiibr taohebt M SRS hfaYbehib2i d dL TR DRty RREOYLY,

1- (8 pPa{ % AR by POEINLL 5l 1o RBLYY) b EBe 02k €Pfen-2-
1§ 20525 B S ToE oK PREYL )31 A1 OV e bbgobed e o
SR BEROLYI 8 1Y) 23 o et oxy- phenyl ) -acryl oni

1- ;_52 1 35{ 25 CL.95,9- 9Ui 904 1 83 R ¥h b x5~ pRedy e 164 ROAY - PRSBYhen-2-
yl]l -piperidin-4-yl 4-[1,4'lbipiperidinyl-1’-yl-4-oxo-butylate
or a hydrochloric acid salt thereof,

(Z) -2- (3, 4-dimethoxy-phenyl) -3-quinolin-4-yl-acrylonitrile,
(z) -3-benzo [b]l thiophen-3-yl-2- (3, 4-dimethoxy-phenyl) -
acrylonitrile,

(Z) -2-{3,4-dimethoxy-phenyl) -3- (1-methyl-1H-benzimidazol-2-
yl) -acrylonitrile,

(Z) ~2- (3, 4-dimethoxy-phenyl) -3~ {1-methyl-1H~indol-3-yl) -
acrylonitrile,

(Z) -3-benzofuran-2-yl- (3, 4-dimethoxy-phenyl) -acrylonitrile,

(%) -3- (2-chloro-quinolin-3-yl) -2- (3, 4-dimethoxy-phenyl) -
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117 acrylonitrile,
(E) - 2- benzot hi azol - 1-yl - 3- (3, 4-di met hoxy- phenyl ) -
acrylonitrile,
(2) - 2- benzof uran- 3-yl - 3- (3, 4-di met hoxy- phenyl ) - acryl on
itrile, 5
(2)-3-(2-chl oro-6-net hoxy-quinolin-3-yl)-2-(3,4-dineth
acrOXoniphemd,) -acrylonitrile
(E) - 2- benzot hi azol - 2-yl - 3- (3, 4-di met hoxy- phenyl ) -
(B)arHeamiduHilegol-1-y1-3- (3, 4-dimethoxy-phenyl) -
(2)-3-(2, 3-di hydro-benzof uran-5-yl)-2-(3, 4-di net hoxy-p
acthd)tril acryl onitril e,
(Z)-2-(3, 4-di met hoxy-phenyl )-3-[5-(4-fl uoro-phenyl)-is .
(ZXHQﬁhﬂnzdﬁqﬁQHiﬁﬁgmfﬂﬁt3j4fQimethoxy—phenyl)—acrylonltrlle,
(2)-2-(3, 4-di net hoxy- phenyl ) - 3-[ 5- (4- met hoxy- phenyl ) -
(2)i -soxErath1dnd J6 aurthaon tqiinglin s -yl) -2- (3, 4-diméthoxy-
(2)-2-(3, 4-di met hoxy- phenyl ) - 3-qui nolin-2-yl-acrylonit
phariyle, -acrylonitrile,
(Z)-3-(2-ch|oro-6-nethox¥-quinplin-3-y|)-2-pfridin-2-y
(E) -2 dempasiiiaddle; 2-y1l-3- 3,4-dimethoxy-phenyl) -
(2)-3-(2-chl oro-6-net hoxy-quinolin-3-yl)-2-pyridin-3-y
actyloehipiddtril e, 20
(E)-3-(2-ch|oro-6-nethoxy-quinolin-3-¥ll-2;thio hen-g-
(Zbﬁ&-QﬁquQﬂhydquQenzofuran—5—yl)-2—( ,4-dimethoxy-phenyl) -
(%2-3;(2;chloro-6-nethoxy-quinoIin-3-y|)-2-thiophen-3-
acxlomdyilhitril e,
oA RSy - 18 €105 SR ) 26L s
(E?-Z-benzoxhiazol-2-y1-3-(2-ch|oro-6-nethoxy-quinoIin
3-¥HL ALy i oht G i | e,

(Z)}-2- (3, 4-dimethoxy-phenyl) -3- [5- {4-methoxy-phenyl) -
isoxazol-3-yl] -acrylonitrile,

(2) -2-(3,4-dimethoxy-phenyl) -3-quinolin-2-yl-acrylonitrile,
(Z) -3- (2-chloro-6-methoxy-quinolin-3-yl) -2-pyridin-2-yl-
acrylonitrile,

(Z) -3- (2-chloro-6-methoxy-quinolin-3-yl) -2-pyridin-3-yl-
acrylonitrile,

(E) -3- (2-chloro-6-methoxy-quinolin-3-yl) -2-thiophen-2-yl-
acrylonitrile,

(Z) -3- (2-chloro-6-methoxy-quinolin-3-yl)-2-thiophen-3-yl-
acrylonitrile,

(E) -2-benzotriazol-1-yl-3- (2-chloro-6-methoxy-quinolin-3-yl) -
acrylonitrile,
(E)—2—benzothiazol-2—yl-3-(2—chloro—s-methoxy—quinolin—B—yl)-

acrylonitrile,
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118 (2)-2-pyridin-2-yl-3-quinolin-4-yl-acrylonitrile,
(2)-2-pyridin-3-yl-3-quinolin-4-yl-acrylonitrile,
(E)-3-qui nolin-4-yl-2-thiophen-2-yl-acrylonitrile
(Conpound 87), 5
(Z2)-3-quinolin-4-yl-2-thiophen-3-yl-acrylonitrile,
(E) - 3- benzo[ b] t hi ophen- 3-yl - 2-t hi ophen-2-yl -acrylonitr

(2 42;pyridin-2-yl-3-quinolin-4-yl-acrylonitrile,
(E) - 3- benzo[ b] t hi ophen- 3-yl - 2- benzot hi azol - 2-yl -acryl o

(Zni2+pyeidin-3-yl-3-quinolin-4-yl-acrylonitrile,
(Z) - 3-benzof uran- 2-yl - 2- benzof uran-3-yl -acrylonitrile,

(EYB -@: beniot H -azbt 2 21yl ophei - ey hydcr ¥l ¢onilet 1 Be y ( fompound
acrylonitrile,

87X Z)-3-(10-chl oro-ant hracen-9-yl)-2-(3, 4-di net hoxy- phen
yl)- acrylonitrile,

(Z X ~QuiBo Yinh 4rey hokytiphewpilyey) = 3-vibphe Al epiprileacryl on
itrile,

(EX 2 ~leri 8 Bb i veowioney= prishy? ) t 31 pplasan? hy £na 9ty onEryi be -
nitrile, 15

(E)1-3 Sodn 2 [0l yiwphen 3; Ul R e ReR b bReadr§-vi n@FTY%ﬂ%trllef
phen-2 yl]-piperidin-4-yl dlethylan1no acetate

(Z)p=3 SheReburdorg wl a%ﬂaea%wfu%@r%otr Cafrylonitrile,
hydrochloric acid salt_ther

(E)=2 Shenzytiplageho 2v 33 2l Jdﬂﬁ%‘%]%%(yl%hé%?i’} 3TRYIT-thio
phen- 2- yI] pi peridin-4-yl diethyl-carbamate, 20

acnylenitAalex cyano- 2- (3, 4- dlnethoxy phenyl)-vinyl]-thio

phen- 2- plper|d|n 4-y _
(zmzfa@e@@%@n O BE AP - e ¥Rl nyT {3 sticdi RakBPEY ophgnyt)
hydrochlorlc acid salt thereof, and
acqy%gp{?;g ©c cyano- 2- (3, 4- di met hoxy- phenyl ) - vi nyl ] - t hi o
hen- 2

%1131%T%§£ erldbﬂ%ﬁ?%% ) 23=RARE TR Len- EsyE9?C£yaon1trlle

TPy STy | O g TP i,
1-[5-[(2)-2-cyano-2- (3, 4-dimethoxy-phenyl) -vinyl] -thiophen-2-
yl] -piperidin-4-yl diethylamino-acetate, a p-toluenesulfonic
acid salt thereof, or a hydrochloric acid salt thereof,

1-[5- [(Z) ~2-cyano-2- (3, 4-dimethoxy-phenyl) -vinyl] -thiophen-2-
yl] -piperidin-4-yl diethyl-carbamate, |
1-[5-[(Z)-2-cyano-2- (3, 4-dimethoxy-phenyl} -vinyl] -thiophen-2-
yl] -piperidin-4-yl N- (2-diethylamino-ethyl) ~-N-methyl-
succinamate or a hydrochloric acid salt thereof, and

1-[5-[(2) -2-cyano-2- {3, 4-dimethoxy-phenyl) -vinyl] -thiophen-2-

yvl] -piperidin-4-yl N- (4-diethylamino-phenyl) -succinamate.

[9] A drug comprising, as an active ingredient, a compound

or a salt thereof as recited in claim 7 or 8.

118
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119 [10] A pharnmaceutical conposition conprising a
conpound or a salt thereof as recited in claim?7 or 8
and a pharnmaceutically acceptable carrier. 5 [11] Use
of a conpound or a salt thereof as recited in claim 7
or 8, for producing a drug. 120

[10] A pharmaceutical composition comprising a compound or a
salt thereof as recited in claim 7 or 8 and a
pharmaceutically acceptable carrier.

[11] Use of a compound or a salt thereof as recited in claim

7 or 8, for producing a drug.
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