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Description BCRP/ABC& Inhibitor 5 Technical Field

[ 0001] The present invention relates to a breast
cancer resistance protein (SCRP/ ABCR) i nhibitor
Background Art 10 [0002] Serious problens associ ated
wi th cancer chenotherapy include intrinsic resistance
to an anticancer agent, which invalidates the effect
of the anticancer agent fromthe beginning of cancer
therapy, and devel opnentpaf..acqyined 15 resistance to
an anticancer agent (i.e., reduction of the effect of
the drug, which is caused by | ong-term continuous

adm ni stration thereof). Overcom ng such resistance to

BORB AxBUCer Tagebisohas been envisaged to lead to

I mprovenent in the performance of cancer

chenot herapy, and thus attenpts 20 have been nmade to

el uci dat e vari ous resi stance nmechani sns.

Taghnie@laFigldexpressi on of a drug transporter, which

@g*%ﬁely transports an anti cancer agent out of cancer
t her eby reducing the amount of intracellular

ul at | dered. t o pl
por i b EgrEt, ﬁnvmwﬁ e EpOR EeA S, et
ﬁ%é¥é%%%9%°%§g€elﬁn (P ’igg%ﬁﬁt6§ a drug
in e

transporte I Scovere s and i s encoded by
pHePBlinglagene, has been considered a potent target
nol ecul e of a rmultidrug-resistance-overconi ng agent,

iooed this protein

Serious problems associated with cancer chemotherapy
include intrinsic resistance to an anticancer agent, which
invalidates the effect of the anticancer agent from the
beginning of cancer therapy, and development 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 MDRI1
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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
of a resistance-overcom ng agent which targets

Jahat AL s ALid, J&ﬂﬁ%&%ﬁr a $9:é0003 Jdnd ?Jol%léﬁme of a

ciréunst ances, re was drscovered,” in br east

£ARE8EuY O8d SLANGR RSB BFRgerd S& szﬂel Q@L ABpXB:
mNK R, o?§ABCP) which is amdrug %?anspg}ter bélonglrzﬁn

chQs8s GrosP- M ichtansecabl adplvdP yndimantdeastee agents
(ABC) transporter 15 superfam|y" to which

hRvihy codpf Hmint allemibeloagsu¢sesedNand Rattdon Dochapigmns.
1). BCRP has a structure including only one .
HA¥evET ndl hdrasadsen graghpthy defueida Mltaﬁatthef agilcancer
gl ycoprotein or another ABC transporter, which has two

agept B?WWQ%WWBW‘P% Re\RIRIYESAn ORhERe sole

DRRF 7 L PR Rot ERA M QB GrBE0 ERF- 1) or
d&ggfééﬁéﬁg) %‘% %eEQBQEﬁQQﬁé dln r e EtQB éﬁ ar ets

or t6 nnlecu eta ge erapeu

ﬂgygeﬁqigl thrand i matinib). Nbanwhlle BCRP
been é1u0|da ed to exhibit substrate specificity

[8boglj fferent fromthat of P-glycoprotein, since BCRP

does not act on, for exanple, paclitaxel or

Vi nondet | sech whii xdunissaneesr, etbdrbywle gy sopvertein, irankP 98,

BCRP is involved in excretion 2 of a canptothecin
bneasisivatamaer( gegistepTe 1nrofein etBERE, 1@1s0 called ABCGZ,

dr oxyc thotheC|n (SN-38: active netabolite of

M@%q-qg)ABC ), which is a drug transporter belonglng 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
resistance to a topoisomerase I inhibitor (e.g., irinotecan
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
ari sen for devel opnent of a BCRP inhibitor, which is

&Y A ?‘éo%ﬂ EXRI QL JNa &f T@Ch Of «B¥EI LMl Nl ety 1-10-

anti can agent resistance that IS not overc by

. bl Qaéhgcfﬁs(éﬁiy%Q?aﬁfg%eoﬂéﬁﬁbéiﬁﬁg,oﬁﬂmiTtﬂl),
i'mprove-the bioavallability of an anticancer agent.

wHid@04k bhireheréterddedRxArhespl ul &r Dy &5 @eylycoprotein
resi stance to 15 anticancer agents, a variety of

f3egl YWoopPatent Doxunmitors .have dbdit ideyeBeBedhasnbeen
contrast, only a few reports have been given for BCRP
Jugdesitedr §0 bedinvrel vashdrt &dei Ahnbiabign Qfcttben is not
satisfactory. Therefore, continuous efforts have been

hiegeraddaRéd eF o P indte erildyt POBIBEREETRhiBSRECespagent
th i bit P i.nhi b
(EEE BRR RAF R TS B eror or B PERUF B SPRc FRRBSGHPTC
Gl FEDLO1 Sen, QoI SAALLERL 982 MO LRlDRGUTERh s on

rogen and anti - est rgen

@%&mesgéa t&NNP4ePitRel BrEsee obk&w@cﬁa&lgDaﬁwsaﬁcer

The present inventors also found 25 that

afg!eQV.O pek ds{sea: Ra=enti sDasuNBRérdomarsy & convent ional
di phenyl acrylonitrile derivative (see Patent Docunent

r2ibaunce poteritorBAgP aigehichi dndytacimmmyves tideanwhi | e,
regarding acrylonitrile derivatives having a
Hiepwrdéylel 1Lty iafg anaangArhnantergerRfent activated by

CYP1B1
.[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 saﬁisfactory. 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

anti cancer agent effect. Patent Docunent 1: WO

2004/@@&%@%6 ;or%gﬁm 5?5% Bhi2ri VO &00A/R16%248aving a

Pat ent cunent 6 Pat ent Docunent 4:
it eAolbyd8336-Nan- Rat et ibaeadERNhgdnt Ri@tivaliell byAcedipl
Sci . A, 1998, 95: 15665-15670 15 Non- Pat ent
eeumantn?: DéaMERTt R9S. andi999;-1 HfoxpPRrd4Ghibitor
Non- Pat ent Docunent 3: J. din. Oncol., 2002, 20:
(Z33n2966cuhiont: PAt drtveDbeanenepdrtéd| . Howaver, Theere have
2002, 1: 417-425 Non-Patent Docunent 5: Ml . Cancer
rffarvepf beep0BeptehEn aErYNSR PEi batdeicareive Baving . a

. Cancer, 2004, 108: 146-151 20 D sclosur
h%ﬁ?yskl‘ibr%’d}%ﬂgﬂtcél GESERVER BY 3 RE ﬁpm}é‘g‘tlgbﬁor' an

5 h
000 OELE S SEPASREN o) NSO Sskfle, and an
a{g%g%sEégcf%g%gﬁl%qln@%ﬂcangér @és}ﬁtl fe&rfe%%' ving the

| ens an attenpt t ol ve the
2k QLeMBALLANGD 10T ) eBa/bBE234 present inventors have

carried out screening of conpounds by use of cancer
raekhs wbteheave awguiovedoaptizancer drug

Patent Document 3: WO 99/40056

Patent Document 4: JP-A-7-48336

Non-Patent Document 1: Proc. Natl. Acad. Sci. USA, 1998, 95:
15665-15670

Non-Patent Document 2: Cancer Res., 1999, 59: 5938-594¢6

Non-Patent Document 3: J. Clin. Oncol., 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

[c006]

In an attempt to solve the aforementioned prdblems, 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
has been acconplished on the basis of these findings.

00 thupbfOrd Ml calrd " BIENLCI LA O ROANLERSs by

nmprising, as an act gr edl ent

o%%)ﬁh@@ktééifs d&fllc\hahhvfe aegu%@@taﬁ&mn%ewamg
1): (E or 15 [0008] [wherein

s@&neé aﬂﬂo@aa rmpe%e;@késamuarmngm Fainthehat
ot her represents a hydrogen atom Art represents a
agir9upns ek eTé edef inam iaen gephesgnoep oy rde ésdhveingy
formulas (2) to (4): 20 [0009] OCHS fIR7 (2) OCH3 N
fegpmuda [1{ 4¢xhiirl GotenieBERR RhHntRY, asitiien - arhe
identical to or different from 5 o
inventors have also found that these acrylonitrile

derivatives exhibiting BCRP inhibitory action include novel
compounds. The present invention has been accomplished on
the basis of these findings.
[o007]

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

acrylonitrile derivative represented by formula (1):

A2 Ry

X
Ry Ar!
(1) (E or Z)

[oo08]
[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]
OCHj
& NOCH, RSNT NP A
@ 3) @)
[0010]

(wherein R, and Rg, which are identical to or different from



each other, each represent a hydrogen atom a hal ogen
atom 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); 5 Ar 2
represents an aromati c hydrocarbon group having a
condensed ring which may be substituted by a hal ogen
atom or a group selected from anong the groups

r.enr ed 5 )ar 0011
<A §I§§§£ eh -rfe?’%%ﬁg ﬁkgﬁﬁ%&/e]"ggté’[m'( é) i“(‘%g( X (8)
oBaa( Qb d Ol a&wg% FsZNNp (11) (12) (13)
(14) (15) 10 [001 (mhereln R3 represents a

hydr Ageepﬁé@ént@rhrpby@ganaha@m( as \rlfordi depm, aot aNeY; and
al kyl group, a |lower al koxy group, a halogen atom a
ni t r 8y greamyeseatsebhitydudbgery latpmowg, aalbwerrallfyl group) ;
hydroxyalkyl group, an aromatic hydrocarbon group- -

5  whi cArhresepdeseats subsrenaleint hysroRREPRS) IFH R VRES &
which are identical to or different from each other,

C@H@ﬁ“?%‘%r%t‘”@%ﬂ‘ﬁﬁg@ﬁ %Mﬁl%q%af gl Rgfogeh c?tfﬁm' or
whi ch have substituent, a |ower drox
“gPEtl NG T i D, S GoRERREEL Y nave

formulas (8) to (15):

[0011]
NCRRs ST AR XNa AR NNTHR N2 R,
T 713 =7 \ oy
(‘s) ko) KNJ k”) KN) R/s)
®) ©) ' (10)
@ - . Ry @
0 B0 w0 €
7 . ~ ~ 4
(1) 12 (13) (14) (15)
10
[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
15 hydroxyalkyl group, an aromatic hydrocarbon group which may

have a substituent, or NRs(Rg);

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

20 group, or an arcmatic hydrocarbon group which may have a
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6 substituent or heterocyclic group; Rs and R6 nmay
form with their adjacent nitrogen atom a

het erocyclic ring which nmay have a substituent; and

t he hydroxyl group of the |ower hydroxyal kyl group or
the heterocyclic ring substituted by a 5 hydroxyl
group or a |ower hydroxyal kyl group may form an ester
bond with a phosphoric acid group or a salt thereof or

smog@ia?er?tgvclr Qfegwo@gmc A ,V%saaﬁ&bf@ﬁt ey Rbim Rdvith

represen a hydrogen ato a lower alkyl gfoup, a

tRBEPYLa P QUR WIiGBgBRYa b8 E & diRSoctuent, rOhg avibiRie Yay
group; ~ 10 X repreSents a carbon atom CH, or a

hAvE I 908t iddienl; OMhdethé Niagd g Aribspant oklyg erovatom
Xis not a nitrogen atom; and A, R' R9, and RO have

hiyGeospaEcyrie ayrougs oas t Hef heteeroatiic) ring aubsfituted by a
thereof. 15 The present invention al so provides an

hpgeekyt @roupy ercenilayer ebydreed kiyd SWCHRt PR|ntRMm an
agent (hereinafter referred to as "an agent for

e8ueF oty gt Pc BROEPRATERIACIBITEIBNEE" T BFLan iEgERt ©F

ot B B e 2P POGh LB L SnguRe HrEpesEy 0"
e . gt .

Conpit 2breSghel SELRIE Sl o Lot WHE O,

f | c b4 fy kVeosla ar&ad ;
p?%§¥go . fﬁ%@ﬂc%‘ﬁ¥¥oﬂé$é 4 &urigiicviadhkYeopra #1 group

e present invention also provides an

ant i gapgEFe RGRRY 2 cAPBOSI AtaN, at airnengithégen atom,

af orenenti oned acrylonitrile 25 derivative or a salt
ptberdel Wt aheanii tansero:agent asomchX serxels asigrogen

BCRP substrate. The present invention also provides
atgm) pfartdche

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 anticancer 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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7 aforementioned acrylonitrile derivative or a salt
thereof for the production of a BCRP inhibitor, an
agent for overconming anticancer agent resistance, or
an agent for potentiating anticancer agent effect. 5
The present invention also provides a nethod for the
treatnent of cancer which. has acquired drug

resi stance by the nediation of BCPR, characterized in

4 eﬂéﬁ%igﬁgaogcf§iqﬂﬂﬁ¥¥ie AP QLEiGL I 9 4 &1t thereof for
aro

rementioned acrylonitrile derivative or a salt

e Rfauct@oh 09438 ONG i@ i €0RP OsM dsgdiaPrRse ttedcbiiing

formula (1), the conpounds represented by the
dmlicemiceg hoentl edisamiee Baveh aganpoimdpotEatisatihe
present invention provides an acrylonitrile
ggriiceaceveagept estfdad by fornula (1a): 15 [0014] Are
CRI R2 Ar' (1 a) (Eor Z) [0015] [wherein one of Rl
and Fher ppeeseht SNEERYSiab agesupranddeher HiH\A for the

represents_a hydrogen atom 20 Arl represents ro
trsadesg PFoﬂ%mgﬂtwaﬁsmgmaﬁééﬁaﬂ é—”&%ﬁagce "By the
A3 6D ol (Uias b0 IR 58 el (Bhofhces
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 (la):

[oo014]

AR Ry

X
Rs Arl
(1a) (E or Z)

foo15]

[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):

[oole6]
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[0017] (wherein R7 and R8, which are identical to or
different from each other, each represent a hydrogen
atom a halogen atom 5 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);
Ar 2 represents an aromati c hydrocarbon group havi ng
.a condensed ring which nay be substituted by a

hal ogen atom or 10 a group sel ected_from anong the
ar esent e ryul as (15): [0018]

1 j R3a Rib ¢, r| - ae R % 3F \S-

0 Nn&o (5) &SN {) RA (W (10) a RBN /R
R4 @(11) (12) (13) (@4) (15) (0019]4 15 (R31
represents a hydrogen atom (Arl is a group represented
logi7iormula (3) or (4)), a lower alkyl group, a | ower
al koxy group, a halogen atom a nitro grou

,_a
(BeK9LB uRf &gl Rgr oilpLc at%@é@%}@@&%cpauof)igfr%sptaﬁrom
aromatj c hydrocarbon group 9 which may be substituted
CBFRAOREF o CHOUT B AR AR nBYSFRARR Srom. NRSPARETSD 3™
regéﬁsents hydrogen atom a |ower al kyl group, a
o O%T?d?@“@ of5°"Rhal ogen atom a nitro group, a 5

et hx! pUbiadutle 04 Ry BehOWEbm VA QINALK Bl ol OBR NRS} and
Ry represents a hydl;ogen 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):

[o018]
N N—
ST 3R TR Ra @\/ Rs SR o7 BRae SN et
~ A
k8/> ktf) E\N¢J ¢ Z\E L\N/) Rfﬁy)
5) 6 o
%) © R:s (9
x@ \/I/j@m N_Q, AN N-0g,
X > N T 7
A\A Rgé& & NaN I Z~0 Q\é)
(11) (12) (13) (14) (15)
[0019]

(Rs» 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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hydr ocar bon group which nmay be substituted by an am no
group, or NRs (R6) ; R3e represents a hydrogen atom
(Arl is a group represented by formula (3) or (4)),
an oxygen atom (as N 10 oxide), a |lower alkyl group, a
| ower al koxy group, a halogen atom a nitro group, a
met hyl sul f anyl group, a | ower hydroxyal kyl group, an
aromati ¢ hydrocarbon group which may be substituted

A ' g i nO p Rehinol
Vgéb 3%3E§g,5gg§F9§% %éﬁggggnggggpﬁﬁgfﬁgen1§fogfoup'
AN NX¥gen atom (as N-oxide), a lower alkyl group, a
| ower al koxy group, a halogen atom a nitro group, a
met h,s WhdprdengcOEPhydaodémed tdiy,drotpakkyhlgydugprowdn a
aromati ¢ hydrocarbon group which may be substituted
Imwean adkorg growp, DrhalRGERGpLoR) &onbrch Re;oughi @h are
identical to or different fromeach other, each

nedydsudfanyhygrogen atloverabydneryal iyl Trowp aphpepmatic
ngy have a substituent, a |ower_ hydroxyal kyl groyp, . or
hRTRCEHRPT cIRYER o PbMagr &8p SHRP ht%%/f?r@zéna amino group,
substityent or heterocyclic group; R5 and R6 may

Fore B'th their adj acent 25 nitrogen atom a

het |iG L f tit . and
he Ry eRrEosnSt Aok e M dart 84 R o or
¢cReherqcys! fSrding @ybski tdh ¢d By & @BWn 8= N-

gfoup or a lower hydroxyal kyl group may Torm an ester

J2Qad) , Wat DoRe PNOBPROIGrOURG € FEREP HTkds ahioudhesehtlogen
or with an acyl group which may have a substituent;

alRémr, e pr asend sgrodpy,drroget hafleml fanybverow kyd lgwewp, a

5 phenyl group which may have a substituent, or a
hiydmpylagkplipgroup, an aromatic hydrocarbon group which may
be substituted by a nitro group or an amino group, or

NRs (Re) ;

each of Rag, Rie, and Ryr 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(R¢);

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
heterocyclic group; Rs and Re 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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X represents a carbon atom CH, or a nitrogen atom
provi ded that when A is an oxygen atom X is not a
nitrogen aton); and A R7, R8, and R9 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

ggt.lgn aBE:O¥| ggxﬁela c%&faﬁ% . Cglrou%SrB?m td.noréster bond

I'ni Nng~ a conpound “represénte formula (1la) or

v 138kt phBSpRoFi @ngh iy RARLBRESULI a1t YrraseRRt @R @ith an

carrier. e present invention also provides use of a
#£9Pewbdp WeDEeSent ety af etpBtac¢em); or a salt
thereof, for producing a drug. 20 Effects of the
| nvem; i oeprdfR0Q] aAbydrdgay 4ot hes prresentlkplegtdanm, a
the BCRP inhibitory effect of the acrylonitrile
rhenylapireep ovhirls alay thayeesf sehatibientoomy a benzyl group;
BCRP-rel ated resi stance to an anticancer agent. In 25
addi & SRPTERRNET fe @ HONaAC]R i EBncet & Qe atom,

ncer. cells in which B

t CRR i, .
 FERVARRG) ERRE RA Aoaged e RRYEER PETBN(Y dredot @ nitrogen

Furthermore, according to the present invention, 11
10 Val?ability of an anticancer agent is envisaged to

be anhanced, LARURNG R LRI O¥REEMakThdd@s defined
performance of cancer chenotherapy. Brief Description
a®bvthe &F a0 thelr@021]

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 compouhd
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. In
addition, the effect of an anticancer agent with respect to
cancer cells in which BCRP ig intrinsically expressed can be

potentiated. Furthermore, according to the present invention,

i1
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[Fig. 1] G aphs show ng action of sonme conpounds of
the present invention on SN 38 resistance of
P388/BCRP cells. (Fig. 2] A graph showi ng the SN 38
accumrul ati on pronoting action of sone conpounds of
the present invention in 10 K562/ BCRP cells. Beat
Modes for Carrying Qut the Invention [0022] Exanples
of the aromatic hydrocarbon group having a condensed

A ' U b 0 :
LRI T P 5k B B p8a LR S0
cBh¥hc8d OURS: 4 19RE Glof K fpBosmd®s iMalHed@eraphhliite of cancer

ant hracenyl, and phenanthryl. Exanples of the hal ogen
cAbpsthyrakr ch the aromatic hydrocarbon group of Ar 2

may be substituted include a fluorine atom a chlorine
Bart.efl) Desx iyt diomd ioiffe the obrawigg 0023] Exanpl es of the

| oner al kyl group represented by R3, R3a to R f, R4,
[6P2RD in formula (1) include linear or branched- chain

Cl to C6 al kyl groups. Specific exanples includ
[(Feghyt! @®iamfs s -OHFBEW?&%&%@H“E‘? &H&Pﬁpﬁé?y?g e

A3Ee SR el S AR
B 5 5 T, S8, Loy A sty oob
a0k O4RSor SRE TompoBXaaPb £ nd QAR n¥e L ROXNt 1 64 hoXY,

n- pr opoxy, 1 sopropoxy, and n-butoxy. of these,
KBE: hoowp ice1particularly preferred. Exanples of the

hal ogen atominclude a fluorine atom a 5 chlorine
BasbNodedrinr Caraying Guntl the iDoieneianhom
[0022]

4 Examples of the aromatic hYdrocarbon group having a
condensed ring which may be substituted by a halogen atom
represented by Ar? in formula (1) include C10 to Cl4 aryl
groups. Specific examples include naphthyl, anthracenyl, and
phenanthryl. Examples of the halogen 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 Ri, Raa
to Rse, Re, Or Ry in formula (1) include linear or branched-
chain Cl1 to C6 alkyl groups. Specific examples inclﬁde
methyl, ethyl, n-propyl, isopropyl, and n-butyl. Of these,
methyl is pafticularly preferred.

Examples of the lower alkoxy group represented by R;,

Rss tO Rse, Ry, or Rg include linear or branched-chain Cl to Cé
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Exanpl es of the | ower hydroxyal kyl group represented
by R3, or R3a to R3f include |inear or branched-chain
Cl to C6 hydroxyal kyl groups. Specific exanpl es

i ncl ude hydroxymnet hyl, hydroxyethyl, and

1- hydroxypropyl. O these, hydroxynethyl 10 is
particularly preferred. Exanples of the aromatic

hydr ocar bon group represented by R3 or R3a to Rat

& P I T S

eﬂghﬁmeéhfhéﬁﬂﬂﬁhb%hBXQrOéﬁﬁ&ﬂﬁ H-PHpBZyTRY s88ropoxy, and

substituted 15 include an anm'no group and a nitro
ngbQHBxy SPegi khesexan@tesky i3 pade iaubatIpphesfd rgroup

and an am nophenyl group. [0024] Exanples of the

gr ouBxayp W off tthe phéngengaoop Rblvee abdélsabsnétated a
i ncl ude hal ogen atons and | ower al koxy groups. 20 The
chaboyen attam andhronéne o™ al Kk pry I‘l@gﬂnﬁa@§°‘f‘ he s ane

nmeani ngs as defined_in relation tQ 00251 Exa

of tEEamples <ff e éPUGE ’mi ?FCY?a];)(YHa\g Oé%P LEBEETT
and whi ch I I

Ror O e et Renaf T Ieg o LeB4EI RY| PE O G50 F?%SL?QG&

hgaﬁgg¥%%ﬁ§ ﬁM& %Bdggﬁﬁec%%aj§§%ﬁ§lﬁgagﬁglg§%u dro¥¥methyl,
b h{c%éé&r@@h )J/ﬁ dallkﬁ&ar SFOUPEE SRESE | 116/ EEaTRke syl

am no, t yl am no, n-propyl ari no,

ik SpRromlRAIRO prey¥el-epa opyl ani no, di met hyl am no, and
di et hyl am no. ?he | ower hydroxyal kyl group represented

by RexatipRés arfd the hhemat bersthydrduatibonagironpgreppesented
whi ch may have a substituent
by Rs or Rs. to Rss include C6 to 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 Rs.

[0025]

Examples of the lower alkyl group which may have a
substituent and which is represented by Rs or Rs include
linear or branched-chain Cl to C6 alkyl groups. Examples of

the group by which the lower alkyl group may be substituted

include Cl to C6 alkylamino groups and di{Cl to Cé
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have the sane neanings as defined in relation to R3.

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 peri di no, norpholino, imdazolyl, and pyrrolidinyl.

Exanpl es of the heterocyclic ring which may have a

asllk?it) LEREt oAb 6B ARy b tRTRE fheMike Adhy&mino,

w.th their “adjacent nitrogen atom i ncl ude

RN ahb b Nen - profazalieo, 19seyrbsh Nitind, pekicdbpeopylamino,

pyrim di ne, piperazine, norpholine, indole,

dieezhyi dazed e, arhenzpyhg2aménoand qui nol i ne. Exanpl es

of the group by which these heterocyclic rings nmay be

subsfheul eder nordiecya lirydr gxohp grepiesdndwer byl Ry|or Re and

tg;sups, and | ower hydroxyalkyl.q;oups. These groups
arphet saiy PP arERerngsouR wichaRvabave. & fFepsbituent

Exanpl es of the substitusné,N@iLRG) i.ncl,ude_an_am no

h@WGHE?eaS%W?WRQﬁﬂ¥%%SnGSg ghired A NIRRT PRefRafol ami no

N BRI I%S Gl A RGOV 5L (N Oy BRBEROCE] 2"

oS - sugeinat cveli
FebishlR eI by spponnss e

naYE A &I 1 O (e hatBkBeLE&th Nth HHURdIng . Ldsgay el i no
group, a 4-hydroxypi peridino group, a phosphate ester

- efthmplds hirth axepipigeirdz oy Dr optipearidiacs ambrphel b, a

nonosucci nate of a 4-hydroxypi peridino group, a 4
imbhydyperard pyrgrdagdingl 4- et hanol pi perazi no group, a

5 phosphate ester of a 4-ethanol pi perazino group and a
sal t Examples of the heterocyclic ring which may have a
substituent and which may be formed from Rs and Rg with their
adjacent nitrogen atom include pyrrolidine, 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 hydroxyalkyl groups. These groups have the same

‘meanings as defined above.

[0026]

Examples of the substituent NR;(R¢) include an amino
group, a dimethylamino group, an N-methyl-ethanolamino group
(-N(CH;) CH,CH,OH) , 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;3) CH,CH;0H) , a pyrrolidino group, a piperidino group, a
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t hereof, a nonosucci nate of a 4-ethanol pi perazi no
group, and an N, N,N -trinethylethyl enedi am no group (
N (CH3) CH2CH2N (CH3) 2) . [0027] 10 The hydroxy
group in the | ower hydroxyal kyl group represented by
R5 or R5, and the hydroxy group-in the hydroxyl group
or the | ower hydroxyal kyl group by which the

het erocyclic group may be substituted, the

rg%;ﬁ{dio.%%l S o8houp 41‘%&%@@&%@8&@8 Ay RV D phbebhat

J/acent nitrogen ato may 15 form an ester bond W|the
SHRIOTIA! @ -8LeLPx@PhigeSdind Bebapfand@ra Wdit aheaepk, a
group which may have a substituent. [00281 Exanples
Wndi-cdepkegodup 4 NotdideyEipbei@8nd oywsup alekanrol y
groups. Specific exanples include fornyl, acetyl, 20
nEroplgiperamihonytoumng urethapblpberagiowp dypuphi eh
the acyl group may be substituted include di-I|ower
rildephafenestgr otps? ivtENeaPHRABIFIRP clipd R WiRehangglt
have a substituent; N-I|aqwer alkglc banoyl .groups

SRHerERImaf MERRSUCSHIRdS Odeft 2-SKEARYRY ino group, and

al kyl car banoyl _.groups;. and.N-heterocycljc 25 carbanoyl
B PN En e s TR AR IO b ol T phat | ¢

' iyng. The | ower al kyl group has the sane
Iﬁ@%ﬁ?ﬁgxgéhg%$?ﬁgd above. 15 Exanpl es of the group by
Mhyiogh the phenyl carbanoyl group, the N-Iower
al kyl car banoyl group, or the N, N-di-I| ower
al kylter bgaeyky ofep My the subhseti hydeskyaicdyldegraup
| ower al kyl am no groups such as a net hyl am no group
rapetearnbeét by | RyriomoRgy cupl téed hgtidrbayweg ek vilra rhitygo

groups such as a
hydroxyl group or the lowex hydroxyalkyl group by which the

heterocyclic group may be substituted, the heterocyclic group

formed from Rs; and Rg 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 aéyl 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-lowexr 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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di et hyl am no group and a di propyl am no group. Exanples
of the N-heterocyclic carbanoyl group which may be
substituted by an aliphatic heterocyclic ring include
N- pi peri di nocar bonyl groups each substituted by
pyrrolidine, 10 piperidine, piperazine, or a simlar
heterocyclic ring. Exanples of the acyl group which
may have a substituent include a dinethylam noacetyl

gr oUpPexAnp1UsebRY L ADT SRSIH ARIHIREAERE Y PR A Bénoy1
group, a diethylam nhopropyl am nocar bonyl propi onyl
SFOWP, thel X-UbeERYA B TIRRRRRIyANHREGE] RONWHY apNoay lower
group, a 4- piperidinopiperidi n-1-yl-carbonyl group,
&Ny lcadbapoper goowme phge hedisnblsty butad bmylygiteopi doykr
group. [0029] The acrylonitrile derivatives of the
plrlgsientinongeatpensu@d amp ethyphntpocErrur &indy an
acceptable salts thereof, and these salts also fal
slitHianifpe 9seepe ¥4 tHe L1oWese ALKY hYBIRG GFFOUPE §HFReds 2
of the salts include_inorganic_salts such as

RARTYERMGPPIBEOUR (#7517 SPEPPYARBLC FPPBhosphat es:

| kal_j t al t i i
al't andish of PHS R SRR iRl e h AR L S RSP R
@52;5% %Ggst?§?a§§' %ﬁﬁghgegc 988 SovA1i¢ $ahhSinclude

h "as p- uenesul fonates, nethanesul™fonates,

rf)—;_ﬂl?;ﬁg‘iainoéééﬁ%ﬂiﬂlt Qfroub® aBen! 36bat Bsutcl®yCpyRoUNdgine,

present invention may be present in the form
pivesdliiake physhradid)e, Breahpdnales ladtsarodyallicwicihgn

the scope of the present invention. The acrylonitrile
der i \Extampéssobf t tee praadegroupyvwhichmagpyhave jansbbdeituent
i somers thereof, and each of these isonmers and
include a dimethylaminoacetyl group, a
diethylaminocethylaminocarbonylpropionyl 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-

toluenesulfconates, methanesulfonates,'fumarates, succinates,
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m xtures of, the isoners also fall within the scope of
the present invention. [0030] O these, nore

preferred are the foll owi ng compounds 10 and salts:
(2)-2-(3, 4-di met hoxy- phenyl ) -3-(5-nitro-thiophen-2-yl)

- acrylonitrile (Conmpound 1),
(2)-3-(5-brono-thiophen-2-yl)-2-(3, 4-di net hoxy- phenyl)

- acrylonitrile (Conmpound 2), 15

drfd ~Bidarad. ”Orﬁé"c%&liu%ﬂn%sybk né A AnretinoXKe PEBEWAY be

- acrylonitrile (Conmpound ,

Iﬁl@sé%rd It tdMebBAXYE mtﬁmat)e 3npErptPer i dine- hyytatdd ofiso
en-2- yl)-acrylonitrile (Conpound 4) or a

tyxlr adhihani ehacsdopsaldf threpeetehCompoemdti i) , TRO
(2)-2-(3, 4-di met hoxy- phenyl ) - 3- (5- nor phol i n-4-yl -thi op
drerploniph)lecdyt bvitivdse qfColpopndsayt invention may
(2)-2-(3, 4-di met hoxy- phenyl) - 3-[ 5- (4- hydr oxy- plper|d|n
incipide lﬁﬁl“@ﬁﬁe’ﬁh?r%@ - &%y earht |%h%%ﬁ;ﬁ9§ﬁ&56?n r a

hydrochloric acid salt _thereof 0
ff(lzstuzeesoﬁl ehﬁef%ﬁwﬁJm 241 {él‘fl% -ﬁ% 5&%?10& RYI 7%
et@ynt lnvggllthlophen yI} acrylonitrile (Conpound

#%bo% (3, 4-di net hoxy- phenyl ) - 3-[ 5- (4- net hyl - pi per azi n-
yl'y 17 thiophen-2-yl]-acrylonitrile (Conpound 8) or

a hydroehkoki Croasi ghsltralihah-80f hé COAPNIG gl Zbmpounds
(2)-2-(3, 4- dlnethoxy phenyl ) -3-{5-[4-(2- hydroxy-ethyl)
andispekazi n-1 -yl ]-thiophen-2-yl}-acrylonitrile

(Conmpound 9), a 5 hydrochloric acid salt thereof
(ZCorpdand-dipethkoxy-phenyl) -3- (5-nitro-thiophen-2-yl) -
acrylonitrile (Compound 1),

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

(Z) -3~ (5-amino-thiophen-2-y1l)-2-(3,4-dimethoxy-phenyl) -
acrylonitrile (Compound 3),

(2) -2-(3,4-dimethoxy-phenyl) -3- (5-piperidin-1-yl-thiophen-2-
yl) -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-[5—(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),

(Z)-z-(3,4-dimethoxy—phenyl)-3-[5—(4—methyl—piperazin-l-yl)-'
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met hanesul fonic acid salt thereof (Conpound 59), a 1/2
sulfuric acid salt thereof (Conmpound 100), a sulfuric
acid salt thereof (Conmpound 101), or a nitric acid
salt thereof (Conpound 102), 10

(2)-2-(3, 4-di net hoxy- phenyl ) -3-{5-[ (2-di met hyl am no- et
hyl ) - net hyl -am no] -t hi ophen-2-y1}-acrylonitrile
(Cbnpound 10) or a hydrochloric acid salt thereof

n L
TR L 57 ACBASRE S SCTRPHRE b e Y oSS

.alc d BaeRheRaRedt } (RN a34 yl') phosphate (Conpound

or a 15 sodiumsalt thereof (Conmpound 17),

amn@- ((B5 4 5alhedncaeyanrend) ¢ 3 - 45 diaet hayamengchyv) Ayl

]- thiophen-2-yl}-piperidin-4-yl) succinate (Conpound
pli®eraria-1spl) tirhisgiteri-Re yd ¢ a¢Cphpoiind 1%7)(Compound 9), a
(2)-2-(3, 4-di met hoxy- phenyl )-3-(5-nitro-furan-2-yl) 20
nn@ppbbhptxcl@cxdlﬂﬁﬁﬂumbergpf (Compound 14), a

(2)-2-(3, 4-di met hoxy-phen 3- (5- hydr oxy- net hyl - furan
meghapesubfeyi o rqid |Séll(toG¥*569ﬁE| mpoun 597, a

&&fgrl§?T§%%L%ﬁ%g%ﬁ%Fgggnylﬁﬂgﬁ%ﬂdé&} kgépsgg%u¥ g s&ia
‘?§§5§E§§°{b§ aC|d salt thereof (Cbnpound 23) 18

4-"di met hoxy- phenyl ) - 3- (5- pi peri di n-1-yl -furan

(2%- YLX3 BCH YheHH bl TR ehGONPOUS- A sdimethylamino-ethyl) -
(2) - (3 4- di met hoxy- phenyl ) - 3- (5- nor phol i n-4-yl -furan

me2hyll } ames Y wnidptiene 2( Gopaungdl@n)triSe (Compound 10) or a
(2)-2-(3, 4-di net hoxy- phenyl ) -3-[5-(4- hydroxy-pi peridin
hy@rpthloric acid salt thereof (Compound 15),

mono- (1-{5-[(Z) -2-cyano-2- (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-cyanc-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),

(2) -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-

vl] -acrylonitrile (Compound 21},

(2) -3~ [5-(3-amino-phenyl) ~-furan-2-yl] -2- (3, 4-dimethoxy-

phenyl) -~acrylonitrile (Compound 22) or a hydrochloric acid

salt thereof (Compound 23),
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furan-2-yl]-acrylonitrile (Conpound 26),

(2)-2-(3, 4-di net 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-hydroxy-ethyl)
- piperazin-l-yl]-furan-2-yl}-acrylonitrile (Conpound
28) or a hydrochloric acid salt thereof (Conpound

()2 0 R R S BPATASIES A R SR 27 Y-
%éfylééﬁg@ggnchggwuﬁdhy grochloric acid salt thereof

Compound 31 or a nethanesul fonic acid salt

thereofs, @C@ﬁﬁ@ﬂﬁgxﬁgﬁhenyl 3- (5-morpholin-4-yl-furan-2-yl) -
(2)-2- (3 4- di met hoxy- phenyl) 3 pyridin-4-yl-acrylonitr

adwridniaxide (Conpownt 533
(2)-2-(3, 4-di net hoxy- phenyl) 3-pyridin-3-yl- acrylonltr

{3)e-2(Gonpdimet Bayy whenyiydBodBh 4 F by deewy wilnerifdneadryl) -

Compound . 20 36)
%gyungyla éFﬁﬁ%%@kWﬁﬁﬁbdﬂQWPQDPG %8t hoxy- pyri di n- 3-yl
&y a%{qu'gg.;é'@gg;%ygg) s AnlurPSi onl G et 4y -
ks %od' ”Eiho% 3Ry b9 Mo I Aodhq By E
h bhy3- (1H | -2-yl I
%#%E%a&% ?%b%%%%nd 355 or abhydsocth:rg a0|g ;a?fry °
teneqh , ¢ Carpouisky Shed1) -3 - {5- [4- (2-hydroxy-ethyl) -

(2)-2- (3 4' - di met hoxy- phenyl)-3-(3H i m dazol -4-yl) -

mAeerheint 1 E] {Gomound 14hcrylonitrile (Compound 28) or a
(2)-3-(3-benzyl - 2- net hyl sul fanyl - 3Hi m dazol -4-yl)-2-(

a4 oshdpmit haxid peelty [Dheaerfl dAPrperd (Conpound 42)

(2) -2~ (3, 4-dimethoxy-phenyl) -3-pyridin-4-yl-acrylonitrile
(Compound 30), a hydrochioric acid salt thereof (Compound 31),
or a methanesulfonic acid salt thereof (Compound 32),
(Z)-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 hydrochloric 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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(2)-2-(3, 4-di net hoxy- phenyl ) - 3- (4- net hyl - 2- phenyl -t hi a
zol -5- yl)-acrylonitrile (Conpound 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 (Compound 45) or a hydrochloric acid salt thereof
(Conpound 47),

(2)-2-(3, 4-di et hoxy- phenyl ) -3-{5-[(2-di met hyl am no- et
hwlo) - 15 net hyl -am no] -furan-2-yl}-acrylonitrile
(Conpound 48) or a hydrochloric acid salt thereof

( CBipDufid 4493 methoxy-phenyl) -3- (3H-imidazol-4-yl} -

nono- (1- 51£(Z - 2-cyan- 2- ( 3, 4- di met hoxy- phenyl ) - vi nyl ]
- APHYIRRIETY ?-%Fﬁ@PPﬂﬁnghlyl) succi nate (Conmpound 51)

or sadj |t e 4 20 JA909: (3, 4-
(120 TSR 2 pb DY S R TP R N Al 0TV 0S: 13,4

f 4§ Advrnyl pndtiyds-hdi-prdridni 1BhocRiiad( 4onpound 52) or
a sodiumsalt thereof (Conpound 53),

( T3} 2+ b dimethbuy aphdnyil) -3 2 {4 -Iethphl ne t syl pheiaAoL-5-
acrylonitrij%ﬁéCbnEound 54), 25

(B L-acrzlenihinidensRgipmeryy 1 2- t hi ophen- 2-yl -acryl oni t
rile und. 55), Cas itrile
B R e e R e P S e el
M tdSGpotfla 4450BROENGPRch1oric acid salt thereof (Compound
1-[5-T(2)-2-cyano- 2- (3, 4-di net hoxy- phenyl )-vinyl]-thio

pten- 2- yl]-pi peridin-4-yl
N- ( 2- di et hyl ami no- et hyl ) - succi nanat e hydrochloriq
a@ﬁki3sé¥t41@3@ﬁ§bgﬁyrgyypylg-2—pyridin-z- -acrylonitrile

Ll opbi A 3 O8N AfebodnfL RS NR0Y BRAMWSLbEY L dotBAR
47) .
(Z)-2-(3,4-dimethoxy-phenyl) -3-{5- [ (2-dimethylamino-ethyl} -
methyl-amino] ~furan-2-yl}-acrylonitrile {(Compound 48) or a
hydrochloxric acid salt thereof (Compound 49},
mqno—(l;{s-[(Z)-2—cyano-2~(3,4~dimethoxy~phenyl);vinyllw
furan-2-yl}-piperidin-4-yl) succinate (Compound 51) or a
sodium salt thereof (Compound 58),
wono- (1-{5-[ () -2-cyano-2- (3, 4-dimethoxy-phenyl) -vinyl] -
furan-2-yl}-piperidin-4-yl) phosphate (Compound 52) or a
sodium salt thereof (Compound 53),
(2) -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},

(%) -3- (3, 4-dimethoxy-phenyl) -2-thiophen-~ 3-yl-acrylonitrile
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yl]-pi peridin-4-yl

N- ( 3- di et hyl am no- propyl ) -succi nanate hydrochloric

acid salt (Conmpound 61),

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

phen-2- yl]-piperidin-4-yl dinmethylam no-acetate

p-tol uenesul fonic 10 acid salt.(Conpound 62) or a

hydrochl oric acid salt thereof (Conpound 104),

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

phen-2- yl]-piperidin-4-yl

[1,4']Dbipiperidinyl-1"-carboxylate hydrochloric acid

sa(ICbmzé@mﬂpBﬁJ)nd 63), 15

pﬂgﬁs[ %r agg?g g(l |(f]3 Bwtﬂgéyhgﬁé’nﬁh?%ﬁ] vihet o

4 9}[& lﬂ@ixp%r 9'1@%? éie't)ﬂ 14198 0adih Y. &l inamate
rochloric acid sa ound 64)

( ByaPodhdpdid et haady- pdmip_\ptu)d FO i noI in-4-yl-acrylonit

rile (Conpound 65),
( 2y [3: Ya&h z%r[%flm 20R eﬁ-@wh%f(-shw&ﬁ WEHSX yEheRhs 2

(S LD IDOUNG BBt st spwapyty oopppanate
oln arodﬂlbrﬁ&ra)ék@ruaurcl kGonbSareungd 67),

(Z)-2-(3, 4-di net hoxy- phenyl)-3-(1-net hyl -1 H i ndol - 3-yl
) 1285-aldeyt Dreivend+ 2 (B Cordimatlbxysphenyl) -vinyl] -thiophen-2-

(yh 3 bengwgr o %ééfthyé. m%)éct—%.fggat.tgoéy &.uenZlef :[é( lon
- defd s%ﬁkof&mgmlsbp c?r )él ])xyd’%:oﬁglé‘ﬁ@' RRidQXYe RipePYD -

acrylonitrile (Conmpound 70),
( Eyerdpdoedziot4) i, azol - | -yl - 3- (3, 4- di met hoxy- phenyl ) -
acrylonitrile

(¥y15r ldéhz%ﬂcﬁ?%ﬁT%3(§t41§1PSEQPW¥‘H¥RW¥5%yvﬁﬂ¥%hyW51°QE?3ﬂ%on

i&i Jﬁiperidin-4 -yl [1,4']1bipiperidinyl-1’-carboxylate
hydrochloric acid salt (Compound 63),
1-[5-[(2)-2-cyano-2- (3, 4-dimethoxy-phenyl) -vinyl] -thiophen-2-
yll -piperidin~-4-yl 4-[1,4’]bipiperidinyl-1’-yl-4-oxo-butylate
hydrochloric acid salt (Compound 64),

(2) -2~ (3,4-dimethoxy-phenyl) -3-quinolin-4~yl-acrylonitrile
{Compound 65),

{Z) -3-benzo [b] thiophen-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),

(2) -2-(3,4-dimethoxy~-phenyl) -3~ (1-methyl-1H-indol-3~-yl) -
acrylonitrile (Compound 68),

(z) -3-benzofuran-2-yl-2-(3, 4-dimethoxy-phenyl) ~acrylonitrile

{Compound 69),
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(Conpound 72),

(2)-3-(2-chl oro-6-net hoxy-quinolin-3-yl)-2-(3,4-dineth
oxy- phenyl)-acrylonitrile (Conpound 73),

(E) - 2- benzot hi azol - 2-yl - 3- (3, 4-di met hoxy- phenyl )- 10
acrylonitrile (Conmpound 74),

(2)-3-(2, 3-di hydro-benzoi uran-5-yl)-2-(3, 4-di net hoxy-p
henyl )- acrylonitrile (Conmpound 75),

(2)-2-(3, 4-di met hoxy- phenyl )-3-[5-(4-tl uoro-phenyl)-is
oxazol - 3-yl]- acrylonitrile (Compound 76), 15
(2)-2-(3,4-di met hoxy- phenyl ) - 3- [ 5- ( 4- met hoxy- phenyl ) -

| BXadoi2- shlyqr]o aeinplont 3yl ﬁPe?'((@ofr[ﬂiﬂ\ﬁ‘élh"W)'P enyl) -

'%55i45554 Hgthog%dpﬂsnyl) -qui nol i n-2-yl -acryl oni t

(Zh;Bzib%nsmx%Qoﬁ-m&hﬂ% ﬂmlmekh&cyapuéﬂyﬁ pyridin-2-y
|- 20 acrylonitrile (Cbnpound ,

(erﬂqnztcma)r(cor@qmﬂhWy qui noI | n-3-yl)-2-pyridin-3-y
| - acr

(575 2‘02“6 RS b Tar B Cae - A B RREGYY) -3 F BB et

trile (Conpound 81), 25
)-%—(Z-SE%oro 6- met hoxy- qui nol i n-3-yl)-2-thi ophen- 3-

yHZ)eﬂyxykcmmdrbkkfmq&ﬁbwaxqumﬁbxaz)a yl) -2- (3, 4-dimethoxy-
(EL 2-benzotri azol - gI-S (2- chl or o- 6- net hoxy- qui nolin
- Bheayl) 2ecxylenitaidsi {Fempeurddipound 83),

(?}y—?z)-%ggé&th'qlagofl P/lyrj égh'é)zdi%glﬂggﬁ Shéﬁi}ﬂ)‘oxy qui nol i n

acr
(Z&rﬂ_‘cﬁyﬁi‘ﬂen'(aowwﬁdmﬂ)n()l in-4-yl-acrylonitrile

(Cbnpound 5 85),

(2)-3-(2,3- dihydro -benzofuran-5-yl) -2- (3, 4~dimethoxy-phenyl) -
acrylonitrile (Compound 75),

{Z) -2- (3, 4-dimethoxy-phenyl) -3- [5- (4 -f£luoro-phenyl) -isoxazol-
3-yl] -acrylonitrile (Compound 76),

(z) -2-(3,4-dimethoxy-phenyl) -3- [5- {4-methoxy-phenyl} -
isoxazol-3-yl] ~acrylonitrile (Compound 77},

(2) -2~ (3, 4~dimethoxy-phenyl) -3-quinolin-2-yl-acrylonitrile
(Compound 78),

(Z) -3- (2~chloro-6-methoxy-quinolin-3-yl) -2-pyridin-2-yl-
acrylonitrile (Compound 79),
(z)-3—(2~chloro~6-methéxy-quinolin-3~yl)-2-pyridin-3-yl-
acrylonitrile (Compound 80),

(E} -3~ (2~chloro-6-methoxy-quinolin-3-yl) -2-thiophen-2-yl-
acrylonitrile {Compound 81),

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

(E) ~2-benzotriazol-1-yl-3-{2-chloro-6-methoxy-quinolin-3-yl} -
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(2)-2-pyridin-3-yl-3-quinolin-4-yl-acrylonitrile
(Conpound 86),

(E)-3-qui nolin-4-yl-2-thiophen-2-yl-acrylonitrile
(Conpound 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

: n

é(éé)glls %ﬂg%b]@ oplhnedn 8g’)yl 2- benzot hi azol -2-yl -acryl o

(#)ta - hié%%ﬂ“éuyiiﬂniz chloro-6-methox inolin-3-y1) -
(2) 3&%gﬁ%gfuran 2-yl - 2- éenzofuran 3-yl - agii?Bnltrlle Y
ddzementingi®é) {Compound 84),
(E) - 2- benzot hi azol -2-yl -3-(1-net hyl -1 Hindol -3-yl) -
QEFWF@yrﬁdihez{jxnﬁxgmﬂmogzp;4zgl—acrylonitrile {Compound
(Z2)-3-(10-chl oro-ant hracen-9-yl)-2- (3, 4-di net hoxy- phen
88)).- acrylonitrile (Conpound 93),

&5rpfg§§%4 dlnﬁ%ggé£wgggg¥£)43yfaggryEgﬁTgrllél(88& é&gh

) - 2- (3, 4- di net hoxy- phenyl ) - 3- phenant hren-9-yl -acryl o
|Vrile 25 (Conpound 95),

ﬂ %&y@g& § Q%Eégflgge hgl;yac@gﬁraﬂlmney' J:o.hmld

pip | am no- acet at e

npound 103), a p- 23 toluenesul fonic acid salt
thereof (Conmpound 96), or a hydrochloric acid salt
(zheseghih&onporHifl -EO%hiophen-3-yl-acrylonitrile (Compound
1-[5-[(2)-2-cyano- 2- (3, 4-di net hoxy- phenyl )-vinyl]-thio
gphen- 2 yl]- plper|d|n 4-y1 diethyl -carbamat e ( Conpound
97),
(B es {o(e;z;o Polishirprhens 34y i Aethbogheshenyly 2erHy PPt ri b
h 2-
(ngpound 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 91),

(E) -2-benzothiazol-2-yl-3- (1-methyl-1H-indol-3-yl) -
acrylonitrile (Compoﬁnd 92),
(Z)—3—(10-chloro—anthracen—9—yl)—2-(3,4-dimethoxy—phenyl)—
acrylonitrile (Compound 93},

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

* (Compound 94),

(Z)-2-(3,4-dimethoxy-phenyl) -3-phenanthren-3-yl-acrylonitrile
(Compound 95),
1-[5-[(Z)-2-cyano-2- (3, 4-dimethoxy-phenyl) -vinyl] -thiophen-2-

yl]l-piperidin-4-yl diethylamino-acetate (Compound 103), a p-

23



yl]-piperidin-4-yl N (2-diethylam no-ethyl)-Nnethyl-
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 ( Conmpound
99). [0031] The acrylonitrile derivatives of the
present invention and salts thereof nmay be produced

t-(o;b %%@Pé}‘%ig 0 %atﬂe tﬁlfegteb?w(&gmﬂcﬁﬁﬁ '%QDSSPGQE

a 3 20 [ 0034
O A0 ool o () 200031

1Wher @ izh - AL cyais- A & hawambhaosﬁnphmnlmmya$ -tef opiesh -2 -
above). SpeC|f|caIIy, t hrough condensati on between an
yirlopa et i dah dehyd el ety lecat baiha be d( Compsmdati’e ,
acetonitrile (17) or 5 (18), an acrylonitrile
5 delS-ide) va- ¢4ang- 2ot (¥, i-Bimeshoky-phestiioed iy et hiophen-2-
speci fically, condensation between an aromatic

vlldetpesigin)4and 15, R-GlethRoIPHRASBHNEY an -8 tRE Yy

succinamate hydrochloric acid salt (Compound 98), and

Arl

1-[5-[(Z)-2-cyano-2- (3, 4-dimethoxy-phenyl) -vinyl] -thiophen-2-
v1l] -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)

Afg
AZCHO + NG~ A — NCj\A

(16) an (1-1)

r1

[0033]
Scheme (B)

20 [0034]
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yields an acrylonitrile derivative (1-1), whereas
condensati on between an aromatic acetonitrile (18) and
3,4 10 di net hoxybenzal dehyde (19) vyields 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.
l§ rgigh condensati on between a heterocyclic

&conitrile (18) and a qui nol i necar boxal dehyde (19),

(%Fléar@‘iﬁyhgmatxtd |26-2dgE ¥t he Esdrde defBMSRE aBl QHEHEREE above) .

rough condensati on between a

benzospLephenecsf baxabdghydendedsation between an aromatic
benzof ur ancar boxal dehyde, or an i ndol ecar boxal dehyde

alB8hyde and) aohetienoeyd bn arenainid radercni8yilen(17) or
acrylonitrile derivative (1-2) can be produced.
(18036kn Fheybonidensat demiventveohlil) mefl@radl gan be
carried out in the presence of a base such as sodi um
paPRugede, M@ @Wzgfh%%bm d@ndcﬁn%&tlggspﬁwmr%% de.

Wh di | k (e

aﬁeﬁgﬁﬁgnéféne%@e? B WL LS I e R
th t h I

vigAE B8 et 1f de?%x%éw%eﬁe ) it 10

o84k g59¥8“(8%é§§:n?a%"QEBMgglcti@ééﬁﬂ¥k¥¥i@tNQ@) and 3,4-

reac ronis orned in a solvent mxture of water

d@ﬁ@tﬁ@x&ﬂéﬂiaﬁ&gﬁya@ (199 Ughe B8s Nt ydsnenchiroledgepivative
chloroform with a quaternary 5 ammonium salt or a

(3-py L ar conpound bei ng added thereto. [0037] The
acrylonitrile derivatives each having a

Alternatively, through condensation between a
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 quinolinecarboxaldehyde (19), 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 condengation reaction is preferably carried out 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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heterocyclic ring of the present invention or salts
thereof 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,
enul si gn ru el ixir, . qr e ' fa
1S ERES 1 0Gr g%’/%?fg%aat 6 5 dl'%gg gﬁ%rgﬁnﬁ%%arrgf ,bgﬁz@ﬁ:éas when
. i o Akt IF038hction is

%(dg‘%g{ glgdgpkgﬁghhlég cgr \r@?g'i E?Fuggﬁwat eaFt- sol ubl e

cahahi deso1 Rid0es3eohar bdegat@nthnd an inert solvent,
pol ysaccharides, such as mannitol, |actose, and
SARM BaNmegRY &0 NHIpAIdenatrech26rsbbar) evidd kubusesynary
such as hydroxypropyl cellul ose, hydroxypropyl nethyl
anelontiues salancr netsinileel compeendvwermg anssdr fhayehnd
poorly water-soluble cellul oses, such as crystalline
[®#3/70] ose, a-cellul ose, cross-Ilinked
car boxynet hyl cel | ul ose. sadi u and derj vatives

therE@F;aESY%%?%?I%%%dFHFHGtg%BSp%%? VIREHE Bsol ubl e
I id h hyd )
TkRagehan H58y oSl 25 lUALOXPLON, ShAitlcr chereos
u%&ykgpgg&iﬁkfé§¥éd ¢ and dejivatiMes126 thergdfivatives or
ter-absorbi ng and poorly water-sol uble guns, such

S t@URhaLabk Cnay D AERNWEHA) 2 GhEEREIMIAT.cadl¢ acceptable
erivatives tHhereof; cross-linked vinyl polyners,

Seh e@S seh Yy Y1 di gperisohpdang, ot ras sexddigdedt, and may be
pol yacrylic acid and salts thereof, 5 cross-Iinked
ugeldyvhnyhe afonaf poliphpdtdzgethyd prstdreds praparat o
derivatives thereof; and nol ecul ar aggregate (e.

shichbosenpywier nigrlutiisinds capaeheds PHEBIFH pi gmgﬂ'aion,

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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chol esterol. [0039] 10 Wen the conpound of the

present invention exhibits ow solubility, the

compound may be subjected to solubilization. Exanples

of the solubilization technique include techniques

whi ch are generally applicable to drugs, such as a
technique in which a surfactant (e.g., a

pol yoxyet hyl ene al cohol ether, 15 a pol yoxyet hyl ene

@%% eé%?(WAte§-§BEQ£%?@%QQ¥i;ﬁ%&ggéwgﬁef~soluble gums, such

yoxyet hyl ene sor n acyl ry 1s added to the
£OMRM RGabidNd e Ba LM K URnE MR Q¥ bREnRaMAT M RIikkeives
pol'ymer (e.g., polyethylene glycol). If desired,
there> ArRy:rbeseMphrye dvidydlr pcdyaspke, sach ecd palyerihet
formng a soluble salt of the 20 conpound, or a
pyechiiiigioaef, orrdss Al kel gadtylcayeicoapbdmhdysalise tbereof,
cyclodextrin or a simlar material. A solubilization
exasildasedapobev ippt oprdaiod! y peéverdeeKyet itlc iedapeey late,
with the target acrylonitrile derivative or a salt

Kb ASFRVaFaYes] thesedh: At e lerulep AERTCIHIS Uer8ry
BCRP effect, th d of th t { i
CRP DA YRS b R gSHED 75y DBV RS SRE) cancer

%%%t%%g&stance, and an agent for 27 potentiating

anti cancer "agent effect. The BCRP inhibitor may be

l.gyed as an agent for overcomi ng anticancer agent
resi stance for a cancer which has acquired

BCRPimedl ahedcohs&insd ¥ & HehpbeugbnBdihviest 1d iexhiblitanlow
anti cancer drug. 5 Meanwhile, the BCRP inhibitor nmay

ded wiiph eyedtas esm@mgent nker bepstbivdtadd rg aatliubaideation.
agent effect for a cancer which intrinsically
Exaprdssest BORP soldiwidiizsition| backeiaie inalpde techniques
which are generally applicable to drugs, 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 écyl 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.
[0040]

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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an anticancer drug. No particular limtation is

i nposed on the target anticancer drug on which the
agent for overconing 10 anticancer agent resistance or
agent for potentiating anticancer agent effect

contai ning, as an active ingredient, the BCRP

i nhi bitor of the present invention, acts, so long as
the anticancer drug can serve as a substrate for BCRP

Pt acipa! O AU Sl SUED-AN A BRABCINAIMEEOr may

t opol somer as bitors such as
He iRPhesan afysh oy irde! eRErddulagtdmea Imicabohbbat
SNFg§§ gﬁd topo?%%gn top0|sonerggg Il |nh|b|to?s
FHiGRtanch toxadtdair whdxar hbi Chtqu et GURE-akediated
bi santrene, and etoposide; antifolates such as
metikdtnegatkrowgid adnliedetteatapgeei mp 2httilvenggsuticeg .
drugs such as gefitinib and imatinib. Notably, no
Mearwihddiear the nBCRR mhubgtpﬁfpmgﬁdb%rﬁmnﬂ@WRSaﬁal pgent for
SO Iong as it has the sane anticancer re3|stance%%$

ROIf’P&P;éP BeRPAnt IGOWEr PHENGoSETBF 1Y BORBICHRR Fﬂ'l
SRR B Yl RTGH Afftrss
FnfiRhheh il Y Bt P R TRk B P2 Lfand on

t%% Qar Eeaﬁ%fgéﬂégy ﬁr% Ooﬂgwﬁgcﬂfkﬂb ARl Q@Eabbércomlng
preferably 500 ng to g. No particular limtations

a®it@ chAPes eyt tﬂ%;%lsﬁ:ahb@ bet aget aforaidteantatifdgug
and the BCRP inhibitor, and the preferred ratio

avigicefceén apant dafeetwicbhtainingxaplae akttive tiypeedient,
an anticancer drug or inhibitor to be enployed. Wen,

ther BERANPeibitdmotfethn Pyﬁﬁééhl%ﬁYQﬂ?%Q?reﬁﬁFéyeﬁoa%ong as
an anticancer drug, the ratio by wei ght of the
tgﬁtpggﬁ@%@cqﬁlgfug can serve as a substrate for BCRP or 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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to the BCRP inhibitor is preferably 1:1 to 1:500,
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 exanpl es, which should not be construed as 15
limting the invention thereto. [0043] Exanple 1:
Production of an acrylonitrile derivative having a

NELEr %agg{)ggeﬁéa “aggglngl%%u &l'giégehgg %, é%/acz]lﬂcrtﬁglfﬁki BPePlrably

aniorie i nat ed I ¢ al dehyde

%%t %p \ﬂ.@sﬂadgl.ed NeOp@rE 861 &F 11mtabnd Bakogssedad on the
eterocyc

I ¢ al dehyde, and an amine (3 eq.) was added
Aa@ ibhBetv8aRt & -addidehcee! akuy &eRdiKd BTRP tihibixdur eand
was stirred for several ten mnutes to one day. After
tiRObirafertbe 2016 xanieswds extoaddreck witth,clfbor ekampie,
The organic | ayer was washed with brine and dried
tinee typedpiinas iftdtcanaehy drageor IMeiksidiarefo Rgsemployed.
evaporated to dryness. The reside was 29 purified b
Wieni; c oy exmp 1AM igHPeFeE8Hr BERYOCR RS érl?yem?i%f}’ £5 an
conmpound of interest. [ 0044] Production _step_2:
FpLRBacRy Yy dh Jﬁ&éﬁsgﬁ Bﬁg%létf v%‘iir?hes aé‘f‘&?rﬁ?? T gpeud
pol ycygl.L¢ arommti c al deh 3 4- dine xybenzyl
tf&&ﬁ?dgEEEUTQﬁéﬁ%ﬁgf 63q§f¥g$r%§9%§%ﬁ%€$%q%%B86Iycyclic
p%&%qghigrly preferably 1:1 to 1:100, more preferably 1:1 to
J: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 eg.) 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 anhydratef

The solvent was evaporated to dryness. The reside was
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al dehyde derivative and 3, 4-di net hoxybenzyl cyani de
were 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 dissolution. Separately, 1 to 2 eqs. of
sodi um et hoxi de was wei ghed and dissolved in ethanol,
and the solution was added dropwi se portion by

ﬂ%%!ff%ﬁ Egd ?ié%g%%kaﬁBﬁﬁegh§ &gﬁéfﬂﬂ%§h t%5tﬁb¥éﬂ§e

was stirr an 1 ce coo ature to

ﬁf@i& Qchﬁﬁaggglégeang@yg%& conpl eti on of reaction;

wat er was to the reaction m xture, and et hano
was4gvaporated to dryness. The mxture was extracted
with chloroform and the organic |ayer was washed
\wiriddulbkior, step | Dnwetktipddryi Agepvef @hdodiagmhosubéaveen
anhydrate. The solvent was evaporated to dryness. The
aresetde waspplydfileid leyrogakicaat@ehyds e 3, 4-

chr omat ogr aphy and recrystalllzed fromethanol, to
dimetapyyoonay ﬁ apffound of interest. [0045] 25

R b DS oot Brangthe %r SERRRAYromat s

i.d&ﬁe{? SORRVERNG 7 50 - G SRS oyaftioBvexe
piaded TR Doxuhansal Aoy dentfos RAACRILIA dherbeact af,

noI was added thereto. A calciumchloride

cfaqggumaéh%f@&@ adide0 whlte 2t £aEHSH , t@Nthd heaBtskyr andvashe
stirred in the reactor for dissolution. Separately, 1

nigtdrequas of t Hrisatliinmcekhoxsdeonasomel igised uaidn .

di ssolved in ethanol, and the solution was added
sepepatsky porl tiore Bgsporti endien t ¢heabiciee wasr @paghegd and
solution. The mi xture was stirred at room

dissolved in ethanol, and the solution was added dropwise
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

Equiamounts (eq.) of an aromatic acetonitrile
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tenperature. After conpletion of reaction, water was
added to the reaction m xture, and ethanol was
evaporated to 10 dryness. The m xture was extracted
with chloroform and the organic |ayer was washed
with brine, followed by drying over sodiumsulfate
anhydrate. The sol vent was evaporated to dryness. The
residue was purified by silica gel columm

&{;re gi%tl%%r QBHV aEdd:[rﬁé“kao%ﬁgJeln:zé&ge Qm @éf@rcmacetdo in a

a co |nte est

fé’ar&dﬁct Xel:] §Eﬁ§n§1 J)@é hetiel) Bkeptof @préde_esaw 8Rloride

between heterocyclic acetonitrile and

il Qladsnacakbpxal geyrte, reactor, and the mixture was stirred
benzot hi ophenecar boxal dehyde,

irendef weantar bbonl disdgaeition. 28epaddiedyar Bokal dedgsie of
Equi amounts (eq.).of a heterocyclic acetonitrile
stetiiwmethexided wae aralahade aadr fiaspleedeie giihased i ang the
reactor. Through_ the same procedure as enpl oyed in
sPGdERt af 38R FTQRWIRGY PRIEIGN CBWRRIIG VY FontBFegPove-

RieRrrat é‘giﬁgﬁ%ﬁ Py FLEERES Gl (e RbPoRe
47
tf%%%rfla?ggi ]Af_[ Qo )%])c/)mggéggﬁ %Pr%eoafctlon, water was added

ed“t%%h§e gt¥+# ﬁEKﬁﬂf@“ %Eh!@tﬁgﬁapowggiéaaporated to
-Nltrot | ophene- 2- carboxal dehyde (3.14 g) was 5

gasedrid i x@1d=divaBt 8RKYLENHY lwitharhder68obd, Bnd the
through Method A (production step 2), to thereby
otigehd ct hayéarged wauhedueti thybelide, 5861 ImywedB by%xrying 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.
[0046]
(Production step 3: Method B) Step of condensation between
heterocyclic acetonitrile and quinolinecarboxaldehyde,
benzothiophenecarboxaldehyde, benzofurancarboxaldehyde,‘or
indolecarboxaldehyde

Equiamounts (eq.) .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
yielded.

Specific production of various such derivatives and

analytical results will next be described.
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Orange crystals MS(APCI, nlz):316(M- 10

1H NVR(CDC13) 8: 7. 93(1H,d, J=4.4),7.56(1H,d, J=4.4),7. 43(
I H 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-thi ophen-2-yl)-2-(3, 4-di met hoxy- 15

phenyl )-acrylonitrile (Conpound 2)
@;%rinothiophene-z-carboxaldehyde (381.ng) was
Sideénsed with 3,4 di met hoxybenzyl cyani de (355 ny)

ﬂﬁ%g%gg?ﬁgw?fh% AZ—((pj dﬁ‘ﬂ'ﬂ%e o§freﬁhgﬁgyl)t-% t(BQh§Q¥O-

ar get uct leld:” 35

5 ! 349
Siplibrpel] el Yl

7. 2161NiddodR2ophdhdd)2 -£alBokH1 dedyde 2)3 408 1Mad, J=2. 2
), 6.90(1H,d, J=8.5),3.96(3H,s),3.93(3H,s) 25 [0049]
dendeunstdonmiof 3,4-dimethoxybenzyl cyanide (3.54 g} through
(2)-3-(5-am no-thi ophen-2-yl)-2-(3, 4-di net hox
Mstrbagll h- dpygduriian IséiepcéhpOGﬁdt@?r@é%’ BRdeu eltfteei%t
ng). was di ssolved in ethanol (25 nL), and cal cium
9§ﬁﬁBFFdéYH$¥@dr%W%‘¥ﬂ3§ R§) -and zinc powder (2.55 g)
were added to the solution, followed by stirring for 2
RS Eﬁ&%?aﬁ% | ux. The reaction mxture was

Hgbgg 2 cgf%&%ﬂtratlon by use of a celite pad, to

enove zi'nc powder, and the solvent was

@gg@% D %&gﬁq@ogggag;gsigvﬂm@%&uwweqsbm .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)

[o048]

Production of (2Z)-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 (CDC1.)8:7.41(1H,s),7.31(1H,4,J=4.2),

7.21(1H,dd,J=2.2,8,5),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)

[00491]

Production of (Z)-3-(5~amino—thiophen—2—yl)—2—(3,4—dime;hoxy-

phenyl) -acryleonitrile (Compound 3)
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(hexane-ethyl acetate), to thereby yield the target
product (yield: 35 ng, 12% . 10 Yell ow sh brown
crystals MS(HSI, m z):287( MtH) +

1H NVMR(EDC13) 5: 7. 37(1H,s), 7. 14(I1 H,d, J=3.9),

7.13(1H,dd, J=2.4,8.3),7.04(1H,d, J=2.4),6.88(1H,d, J=8. 3

)
?51?(1? d, % 3.9),4.34(2H, brs), 3.94(3H,s), 3. 91(3H, s)
ro
(2)- PgLH 9u?%%§3m§heﬁslgl§sfgv 1n.3¥haﬁol (25 mL),
ade tah opl ncl%lcﬂ'ﬁdéa glatél €35 GRAP U AhcTBERYER (2.55

e procedure as enp rodu ion step 1, an

PAMRec"REgEN €erinedd1uerbal Pesl dbwed (B @2 igringsfab 2
|ntroduced i nt o 5-bronot hi ophene- 2- car boxal dehyde (764

He)s ub@ethesfhyk yi €hd reaction mixture was subjected to

5- pi peridin-1-yl-thi ophene-2-carbal dehyde (yield: 500

fiij tré4%n Mheuge aducededipeppaddi ve |thdreby remove zinc

t hi ophene- 2- car bal dehyde (293 ng) was condensed wi th

pRvderdi m@h@a@tﬁeﬂz«gﬂntcyaﬁu gEapoBEt 8t mrd@&ﬁswef%‘d A

production 25 ste , .to thereb ield the

rﬁﬁéé&étw%§|Eﬁ¥9f¥?ﬁBbW95115§§ yel \%ﬁ#&ﬂﬁ'&?ﬁ?ﬂﬁ% %phy
ESI

(FRERR CHRS) o 60 1H78) ST parses prowues

(%%ggll-l_,;gdmg'l 2 2 )8 5),7.04(1H,d, J=2.2),6.87(1Hd, J=8.5

Y@l@é@lbhdbﬁmé)n Dry3t3463H. s), 3. 90(3H, 5) , 3. 29-3. 43(4H. m

.76(6H, m [0051] Production of

M@ZESZ ﬁzzﬂ-zbfmwMQxy phenyl ) - 3- (5- nor phol i n- 4-

H-NMR (CDC15)8:7.37(1H,s),7.14(1H,d,Jd=3.9),

7.13(1H,dd,J=2.4,8.3),7.04(1H,4,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, s)

[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-1l-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 {(yvield: 279 mg,
53%) .

Yellow crystals
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yl -.thi ophen-2-yl)-acrylonitrile (conpound 5) Through
the procedure as enployed in Production step 1, 10 an
am ne noi ety derived from norpholine (523 ng) was
i ntroduced into 5-bronot 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
ng, 45% . The produced 5-norpholin-4-yl-

pehyde (172 ng) was condensed with

. o
%gﬁﬁﬁg%Q?%éP§§@§%%n2y| cyani de (154 ng) through Mt hod

_ Nel) . t by_yi & d the target
B R 8 S5 Een gy R 2 AN B g o
NRCEShH, Bhzy=357 (M), 7.02Q1H, 4, J=2.2) ,6.87(1H,d,J=8.5),
"'H- NMR(CDC13) 8: 7. 38('1H, s), 7. 24( 1H, d, J=4. 4)
6. 064 Hadd -4 =2) 23 S 8)317,.80561blpd38, 2) , B. BB(3LH3d 48-8) 3) ,
6. 08(1H,d,J=4.4),3.95(3H,s),3.91(3H,s), 3.83-3.88(4H, m
1.6031286368B30MH, m [0052] 25 Production of
(2)-2-(3, 4-di met hoxy- phenyl ) - 3-[ 5-(4- hydr oxy-
%9544 i di n- 1-yl ) - t hi ophen-2-yl]-acrylonitrile (Conpound
6) Through the procedure as enpl oyed i Productiog .
RetogHE Lotaat af2 hd 1 AoPEPS BERY vBRPHY i3 - (>-orpholin-4-
-hydro i perjdine (3.0 In ced into
S8 G PORBL R bhEhe S B G ) o 1o
t her el -(4- [ h G051 1y 1 D=3 40 n =
car barhac e ftrbai3 s 8RRl Ot oY nediilcReRnpse 2.
Y dE@XRYPhESEEFi dlsrliudd) FiBioRBePRo Psar balxdelyy deakl. 27
g) was condensed wth 3, 4-di net hoxybenzyl cyani de
ihtrB6ugddat Doy gh-bididted ophéne oplucd imsxelidehyde, (882 mg),

thereby yield the target

to thereby yield S5-morpholin-4-yl-thiophene-2-carbaldehyde
(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,

Yellow crystals

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

'H-NMR (CDC15)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-1i-y1)-thiophen-2-yl] -acrylonitrile (Compound 6)

Through the procedure as employed in Production step 1,
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product (yield: 1.09 g, 50%. Yellow crystals 10
MB(ESI, m z): 371( MtH) *

1H NMR(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, n), 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),

5 8 ho TR0 L0003 ELgOEL LB tathe (3,03 ) vas

SiacaBt Dyt o a8 Bedmd e %?B@ﬂezzybirﬁ6ﬁéﬂdﬁﬂﬁdé lie.91 g},
(Conpound 7) 20 Through the procedure as enpl oyed in

Y @tleeEboNyS6BP 5 (4 -Hy@idkpeiper edin deryMed Hiophene -2 -
N- et hyl et hanol am ne (2.25 g) was introduced into

daribaddehpie plehet@: cansogal dehyde ’J(hb @rodg):edtﬁ (4-
thereby yield 5-[(2-hydroxy-ethyl)- | -am nc] -
TM@IOWEQEte@mbh'I}d]éW@GOWIEEEdz 9@110 efs@% (17R& g) was
produc
GQDFFE-SHQdVbRI?/ a%ﬂ%mer%@wbegﬁ%o?ﬁ%%h@ﬂéwzgé aFBﬁ‘P‘éﬂh
d 4- di

2 EfHRRgR E% [ 38R ot RO b ST SRestapast

t he ta t duct | d
pfbgucg t“é%/;&)y %ro?n%é %r%yzt’al s {\/%?Esllor?ﬂg;: S%I((I?/H-I—D'

%&Q 7.35(1H,s),7.21(1H,d, J=4.2 5

Y%e':ﬂilzgHde§2283)7)03(1H(JZZ)6)87(1Hd\183

ME.(ESI,m/z) : 371 (M+H) *
5. 91(1H d, J=4.2),3.94(3H,s), 3. 92(2H, g, J=5. 6) , 3. 90( 3H, s

1, NV 2N 7 S 6,53, Y503k E) d Lo 88(4H, t , J=5. 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 (2Z)-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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[ 0054] Production of

(z)-2-(3, 4-di met hoxy- phenyl )-3-[5-(4-nmethyl- 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

5- br onot hi ophene- 2- car boxal dehyde (3.82 g), to

S e BrSaael LIRS PR R Tk b oatced

é§4 éﬂggggk 1pi perazin-1-yl)- thlophene 2- car bal dehyde
I%b S condensed with 3, 4-di net hoxybenzyl

pﬁy@ﬂhﬁﬁle zzsgﬁ+ﬁhwough Met hod A (production step
2), to thereby yield the target product (yield: 2.47

g nERYW@DCc20 sYel bswwushs OF AITe( 16T, S Tak s2) ,
MS(ESI, m z): 370( MtH) !
mazwmn( 6DCI32 52 78 37X IH,03) (1B, 220 £8; &) J€=487491H d,J=8.3),

713(1Hdd3228527041Hd322) 87(1H d,J=8.5
3 91 (1H,d,J=4.2) 94 (3H, ) 92 (2H,q,J=5.6) ,3.90(3H, s},

04(1H d_J=4.4 H, 3..90( 3H, 33-3.37 4H
3 56)8Hy trd=5. %é%:ﬁf}% (fb%g)(lsﬁ%}ﬁ[tw%sﬁ Ypr oducti(on 2?;
(3 4- di met hoxy- phenyl )-3-{5-[4-(2- 36
'ﬁé%% xy-et hyl) - pi perazi n-1-yl ] -thi ophen-2-yl}-acryl on

ﬁrrdd'j_.} 8%?08190%5‘)0' 29-)(3T|11r—‘&i%t§13§y%9&%¢1‘)"—e3 A5 qunheyag: -

ducton st ep 1 an am ne” nol ety derived from

pkp@ra%&ﬁzwﬁfi h@impr(elrx&l ) -¥esy18ni it rducethpoaha 8)
5-"br onot hi ophene- 2- carboxaldehyde (3.82 g), to thereby

yi el dhzolidh( Enéysiravameateyls) epbpeyadi tn Ipndduction step 1,
t hi ophene- 2- car bal dehyde (yield: 3.22 g, 67%. The

Fr egicedmoiety derived from l-methylpiperazine (6.01 g) was
introduced into 5-bromothiophene-2-carboxaldehyde (3.82 g),
to thereby yield 5- (4-methyl-piperazin-1-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%).

Yelléwishvorange 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,dd4,J=2.2,8.5),7.04(1H,d4,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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5-[4- (2- hydroxy-ethyl)-piperazin-I-yl]-thi ophene-2-
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, nf z):400( M+H)

1H NMR(CDC13) 8: 7. 37(1H,s), 7. 23(1H d,J=4.4), 15

g Ger g e E g, ?ngﬂg%z o PRl hdodeine

&@&F%S ZH m, 2, 65-2. 70(4H , 2. 60- 2. 65( 2H, rr) 2 57(1
0056] Production of

(2) - ZtrIdhd e ABt bogYedheNds) ety 2in ZBroduction step 1,
di met hyl am no- et hyl ) - met hyl - am no] - t hi ophen- 2-yl }-
aclaylioei motbey (danpod dErtd) 1Tplpegazinesreordddi7e8asg) was
enpl oyed in Production step 1, an anine noiety

iderrioged efir o, N onativispiphnet ayf:@maa}ﬁwde( 63182¢gy) -
was i ntroduced into 5-bronothi ophene-2 25

warbexrabyeyaid (3: B @- hYﬁ&OE{Me?‘éBx/fl%%}RFrsaz[lezl yli-
di met hy| th | - t hi b
téq'#%@ h §~‘-mé3%’re %sé?yé’eﬁy%eﬂ%"hg‘%% g a8 P8 fbea

|%‘yz()2 hg’ﬁ 3l"aggﬂ{]r?f)) lﬂwllpo éﬁ% 2° ga]r baklljt?&]heéle (22 12 9g)
agﬂggesg/gt% U 3t domehaxy DDy |5 ommn@%he;; Bdnzyl

Phrou pro uctlon step 2), to thereby

a\ga%!laet he . 5ar getniieildlechitiehd(plo@@ hior323@p. 25, to
Il ow sh brown oil MS(ESI,m z): 372(NHW

thid MR CDELR) She . Mg, SroddcR2(FieIdI=1.52) g, 49%).

Yellowish orange crystals

MS(ESI,m/z) :400 (M+H)"*

'H-NMR (CDC13)8:7.37(1H,s),7.23(1H,d,J=4.4),
7.13(1H,dd,J=2.2,8.3),7.05(1H,d,J=2.2),6.88(1H,d,J=8.3),
6.05(1H,d,J=4.4),3.95(3H,s8),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)
[0056]

Production of (Z)-2-(3,4-dimethoxy-phenyl)-3-{5-[(2-
dimeth?lamino—ethyl)—methyl—amino]-thiophen-z—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

(yvield: 3.26 g, 77%). The produced 5-[(2-dimethylamino-
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7.11(1H,dd, J=2.2,8.3),7.03(1H,d, J=2.2),6.87(1H,d, J=8. 3
). :
5.86(1H,d,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-piperidin-I-

yl -t hi ophen-2-yl)-acrylonitrile hydrochl oride

Q Lafi A Helr rhe a4 S
R B, AR s P A e, e
dcldHska @5€hoi & L] tRByBehay1aBfashdOr of ofMg) 3 tikpugh
were added to the mxture, to ?hereby di ssol ve the
MERHOH @ (Pheaset bh aitepnD)St ikbr eHefdby OpiBld etperakyger
for 1 hour, and the solvent was evaporated to
phroduess . (yThedr esi 2zuey wa%3uspended i n hexane- et hyl
acetate, 20 and the solvent was evaporated to dryness,
Yed|lowwistt byownhetbughly drying, to thereby yield the
target product (yield: 235 ng, 946). Yellow crystals

S iEy Y SERHMEHCL+H) S 25
JMSTEID S LATU 9) L AR Sy,

77.'51)%(111-1','%8’, 322:9)e B8 A 1 dula8s2}. 5 Jo (1, B, o3594( 3H
3 R6Rlas) =3, 20.9, G oo 2o, B0(#Hhord o903, 66 2

Producti on
3(.2)o-(3n( 8) 42 dssredhaxyrahenyb) 38 6@; £ A- hydr oxy-
pi peridin-1-yl)-thiophen-2-yl]-acrylonitrile
flopdrzochl ori de  (Conpound 12) 5 O 1IN Hydrochloric acid
(3.0 nL) was added to Conpound 6 (100 nmg), and
Produttédnvwaf ef2) -2 ni3), 4 -déwebhexy i plenyd0 A7) (5-pirgridin-1-

chl oroform (5 nL) were added to the m xture, to
yﬂhépégyhen-z-yl)—acrylonltrlle 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-HCl+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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di ssol ve the m xture. The solution was stirred at room
tenperature for 1 hour, and the sol vent was evaporated
to 10 dryness, followed by thoroughly drying, to
thereby yield the target product (yield: 95 ng, 870).
Yel | om sh orange powder MS(ESI,nfz):371( M HC1+H)'
1H-NNR(DNBC>d6)5:8.32(IH,s),7.89(1H,s),7.40(IH,d,J:4.4

)
goojsgngszo) 7.08(1H, dd, J=2.0,8.5), 7. 00(I H, d, J=8. 5

25(1H, d, J=4. 4) , 4. 82(1 H, d, J=3. 9), 3. 83(3H, s),,

H 78| LB
) s st sy s 6 i

AU hon-91) -thiophen-2-yl] -acrylonitrile hydrochloride
(2)-2-(3, 4-di met hoxy- phenyl ) -3-[5-(4-net hyl -
fuicmpoandnib} yl ) -t hi ophen-2-yl]-acrylonitrile -
hydrochl ori de (Conpound 13) 0. 1N Hydrochloric acid
(14. 9@ .AY) Hydsoeltiewi e adehPgdufdmly (&HRGRHA fter Compound 6
di ssolution, and purified water_ (10 nL) was 25 added
{190t RE) s ofbei BWELF G GREGTDY Sshit r i AepiAnItIdhe (30 mb),

SRR Lo iy AR core
ditdoehde P40 Dy B0 10 JEIL MR 3095:R0"HE room

t;%fgy&%lﬁgé 17 Mle'aﬁgs(Z?ﬁlﬁéﬂ&‘t] Wfasl)ev i}orated to

dkyne@s, followed by thoroughly drying, to thereby yield the
6.16(1H,d, J=4.1),3.95(3H,s), 3.92(3H,s), 3.86-4. 00(2H, m

target product (yield: 95 mg, 87%}).
3.65-3.78(2H,m, 3.48-3.60(2H, ), 2.98-3.11(2H, m, 2. 86(3
Yid13pwifB06ginge powder
MS (ESI,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,d,J=2.0),7.08(1H,dd,J=2.0,8.5),7.00(1H,d,J=8.5),
6.25(1H,d4,J=4.4),4.82(1H,d,J=3.9),3.83(3H, 8),
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—pheny1)—3—[5—{4—methyl~
piperazin-1i-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%).

39



10

15

20

25

Production of (Z2)-2-(3,4-dinethoxy-phenyl)-3-{5-[4-(2-
hydr oxy- et hyl ) - pi perazin-1-yl]-thi ophen-2-yl}-acryl on
trile 10 hydrochloride (Conmpound 14) O 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

hi | zed ereby yield the target product
Y%&qgﬁas SQﬁﬁ%%g§§%é%gb Yellomnsh or ange pgmdef
M¥§§§? ﬁ?é ) MHCI+H ' ' H NVR(CDC13) 5:

1 1H d, J=4.1),

%»ﬁh@& a&»&dos—z 25 BiiB)s) 7 054 Hhida)F22 2)) 6. 89( LH, d, J=8. 3
7601860 EHd, 9=A. 2)8 .8)Q5-. 4515028, 7)2 32 0K B4, (SH, 8,928 3H, 5)
, 3.90-4.05(2H,m, 3.65-3.83(4H, M, 3.05-3. 25(4H, m
6[.06@1H, & Betich)i ,@n 96H(3H, s) , 3.92 (3H, s) 3 86-4.00(2H,m),
(2)-2-(3, 4-di met hoxy- phenyl )-3-{5-]
3d|6ﬁef3h713é2ﬁ1ﬁ@ & MBI P ﬁ@t(ﬁélrménﬂ? G mlo(aﬁfeﬁ)zzyﬁ? (3B55)

acrﬁlonltrlle hydr ochl ori de (Conmpound 15) O 1N
échl oric acid (3.0 nL) was added to Cbnpound 10

%@88&'69%’&) S s tg:{HEEhéé o) e 0y
o%ég Ve &ﬁ%%%%zﬁ?—I 21§0£H1dﬂﬂﬁﬁ@%gﬁ%éﬁ%@%%ﬁﬁltrlle

?mgeeﬁ§gfgbg(x¢3ﬁgaﬁﬁa 1kol  owed by thoroughly drying,
o thereby yieldthe target product 5 (yield: 100 ng,

919 o .10r Bp@Eo @M aMBEESL 3 08 ZgL B A{dMidddedHre® Compound

9 (500 mg) for dissolution, ahd purified water (10 mlL) was
added to the solution, followed by stirring at room
temperaturé 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)"

1H-NMR (CDC15)8:7.39(1H, s),7.22(1H,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
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1H NVMR(CDC13) 5: 7. 38(1H,s), 7. 21(1H,d, J=4. 1),

7.13(1H,dd, J=2.2,8.3),7.03(1H,d, J=2.2),6.88(IHd,J=8.3
), 10
6.09(1H,d,J=4.1),4.00-4.06(2H, M, 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 net hoxy-

n&.ﬁeméké Xa&%%]t‘(é *Eh%%%%t%ﬁg%' }teg | P 6\}1 d‘is)éblve the

ate oun npoun (400 ng) and

&%eZ 2rfd Is%hheaeﬁt Q¥é)sti¥}9§ﬁ|&‘¥ eebhorbigé eatlilr&or 1
g) were dissolved in pyridine (4 nl), and the

kUt hAd YRS sdlivdedwak E0apbiLrRErtsd Wremnkss, 2fohbowsd by
Af t er conpl eti on of reaction, nmethanol was added to 20

thbeoughly i diyirgt wee thbeokbpweitlehy e roanggtf prodact
m nutes. The solvent was evaporated to dryness, and
(vheldesidengvaLl¥urified by silica gel colum
chromat ogr aphy (ethyl acetate hexane =7 : 13), to
OpRBgebpoyi®r d 1-{5-[(Z)-2-cyano-2- (3, 4-

di met ho phen ).-VvinyL]-thi ophen-2-yl}-piperidin-4-yl
Mgi(ES5gm (Xé’ B o- et hyl) phosphate (yield: 694

11%1@5?«29513&5 FLORET 7 araErdege 1

t I
IStz el sen st e o)

cdos3ehvedria, 16) sSQlovanbenbil My £3 (95 (81, 0f, 3pyuisine) and
acetic acid (4 1) Zi nc powder (353 ng) was added to

3t he-sokoit2:0/m) faolllsq\aﬁdsb)yz 80 (3 ] $g 2at88r(GENE)

tenperature for 4 hours. Insoluble zinc 5 powder was

[oeaB¥ed through filtration, and an | RC748(NH4') resin
g) was added to the flltrate fol | owed b% stirring

P%Pdﬁééh@@eﬁ%éﬁﬁFuﬂé -fBr [48) n? nEy a0 - RelSi- Ao BLMFRERET 2l
phenyl)—v1nyl]—thlophen-z-yl}-plperldln—4—yl) phosphate
(Compound 16)

Compound 6 (400 mg) and bis(2,2,2-trichloroethyl)
phosphbrochloridate (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
thé reaction mixture, followed by stirring 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-[(2)-2-cyano-2-(3,4-
dimethoxy-phenyl) -vinyl] -thiophen-2-yl}-piperidin-4-yl bis-
{2,2,2-trichloroc-ethyl) phosphate (yleld: 694 mg, 90%).

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

phenyl) -vinyl] -thiophen-2-yl}-piperidin-4-yl bis-(2,2,2-
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renoved through filtration, and the sol vent was
evaporated to dryness. The residue was washed w th
et hanol, -to thereby 10 yield the target product
(yield: 195 ng, 80% . Yellow sh brown powder
MS(ESI, M z):449(MH) - "H NVR(DMSO) 8. 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,9),

HichRhot eI Mo 828 ool o Yod UL B) .

51380 i xd53e 9) 5 [RO6 I @Hﬁé'@ﬂdoicetlc acid (4:1).
nmono- (1-{5-[(2Z) - 2- cyano-2-( 3, 4- di net hoxy- 20

AN yowaernyb §3 tiid O phen addel} tpi phe i sbnatdior,) followed by
phosphate sodiumsalt (Conmpound 17) Purified water
s(tli@rihy wasraddetenme@oureuidrlé (d@0s. ngnspdubde inc
suspension. An | RC748(Na) resin (2 g) was added to
povdeguwpenseneved othuovsdh By lsraEieRg ard rafpRRC748 (NHs ) .
tenperature 25 After dissolution of startin

negtsyr i(AfLsg) r@%?rﬁﬁﬂ$4n§FbFP§Ifl%@ﬁa?%nmﬁﬂﬂ} “ﬁ%b&éhStlrrlng

filt t dth t t ed d
Ao dGEBA RS e (it nr BIPHORRr o HeRA DS, B perial vas

24 ‘(%%gfat ﬁ§1¥?8%1§ ﬁﬁ%%gSQ)ld el Lowialt %%W@vaswsﬁed to
d#?‘n@yg( D2f) & vbshubHuss PaHHd Hribn) ©4hdho8., 680 SeHOLeHTF

yEieS.@( %htedtal t)prbdifert4. (%él&l mes. rﬁgh(swa) 3.63(3H, s)
, .42- 2H, m, 2.69-3.01(2H m, 1.92(2H m,
Yﬂalﬁ%wl sE9K>2qumil’)powder

MS(ESI,m/z) :449 (M-H)"

- NMR (DMSO)3:1.71-1.77 (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),
4.27-4.30(1H,m),6.28(1H,d,J=3.9),7.01(1H,d,J=8.8),
7.08(1H,dd,J=2.0,8.3);7.16(1H,d,J=2.0),7.91(1H,s),
8.58(1H,d,J=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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[0064] Production of

mono- (1-{5-[(2)-2-cyan-2-(3, 4-di net 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
stirring under ref lux for 2 hours. After 15

coRlet td O ha Lywas added to the
t?e cgl%kgaﬁgﬁt( e,‘%opfgheg bggs%lrring for 30

vE1INASh BPEwS PRIy Was evaporated to dryness, and
the resi due was extracted with chl orof orm and

MUuEst, adz et £9 (M-Ehea4@ngani ¢ | ayer was dried over
sodi um sul f at e anhydrate, and the sol vent was
lgvRRR(B0ed : 2013 (Lulranes.9.0 (THe dr, @sk deie, e v stsgdHwind h
hexane, to thereby vyield the target product (yield:
52 BB (A, 49504 - LYed 1 G 4p ORd e, mMep £8% (3H.5): .86 SBNBH) =)

} H- NMR(CDC13) 5: 7. 36(1 H, s), 7. 22&1H d, J=4, %, 25
324238146 §2H g0, 2 69 5)- 07 (BHe mhy 4. 912l F2 @H¥ 1H, d, J=8. 5

) _

85358 B2 5% 1), 5. 02-5. 04(1H, n), 3. 94(3H, s), 3. 90( 3H, S)
(00 3150-3. 55(2H, ), 3. 25-3. 32(2H, ), 2. 69- 2. 72(2H, ), 43
9098415 67(2H, M), 2. 00-2. 05(2H, n) . 1. 83- 1. 89( 2H, m)

: Pro ' foie_ - - -adi -
P%%)g ﬁg]:%‘gﬁ 4‘%?“%%110%-{5%[&2/ ()2 AT S furans oy

pheil) ) 2¢O dHildpehConpolingi g&}idin-4-y1) succinate
5-Nitro-2-fural dehyde (1.41 g) was condensed with 3, 4-

(dotpbhnaybenzyl cyanide (1.77 g) through Method A
(production step 2), to thereby yield the target
prodGQmp@ym®|@;(Zﬁp|ng) was dissolved in pyridine (2 mL),

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 taxget_product (yield: 212 mg, 95%).

Yellow powder

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

'H-NMR (CDC13)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,s),

3.50-3.55(2H,m) ,3.25-3.32(2H,m),2.69-2.72(2H,m),
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2.99.). Orange crystals 10 M5(APCI, n z): 300(M -
1H NVMR(CDC13) 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] 15
Producti on of
(2)-2-(3, 4-di net hoxy- phenyl ) - 3- (5- hydr oxy-
nmet hyl - furan-2-yl) - acrylonitrile ( Conpound 20)
5- Acet thyl: 2of yr ondensed
2 64hS 82&%? ’ho%obgn?éﬁsﬁ %29%@”%%(5? rough

%gpd A (production step 2) to thereby yield the
target product 20 (yield: 726 ng, 85%. Orange
pebiSEel Sn MS(E&Fl-2m1(2) 22844t iibxy-phenyl) -3~ (5-nitro-furan-
1H—NNR(CDC13)8:7.26(1H,s),7.22(1H,dd,J:2.4,8.5),
27yl1P¢ddh il ciETrille’ (@84hbL0d JED). 4) , 6. 91(1H, d, J=8.5), 25
6.48(1H,d, J=3.7),4.49(2H,d, J=6. 3), 3. 85(3H, s) 3. 80(3 ,s
) [Beﬂﬂﬁré#ZNﬁnﬁaL@¢hyﬁe (1.41 g) was condensed with 3,4-
(Z)-2-(3, 4-di net hoxy-phenyl )-3-[5-(3-nitro-
dpmehboyyienmi- Zygridgc (¥t 'ﬁu%h%foee&r%ﬁh dz&) (production

sseésaNirte{q‘iphe” Sty PAEJHnFG (R g CPHEBUGK. A hotf A9

B;gductlon step 2), to thereby yield the target
product 5 (yield: 1.85 g, 986). Yellomﬁsh_orange

oggxééaééysggggAPCI,niz):376(h0

MS (APCI,m/z) :300(M)"

1H-NMR (CDC13)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 (2Z)-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) "~

1H-NMR (CDC13)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)
[0067]

Production of (Z)-2-(3,4-dimethoxy-phenyl)-3-[5-(3-nitro-
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' H NMR( CDC13) 8: 8. 61( 1H, t, J=2. 0), 8. 17( 1H, dd, J=2. 0, 8. 1),
8.16( 1H, dd, J=2.0, 8. 1), 7. 64(1H, t, J=8. 1), 7. 31(1H,s), 10
7.30(1 H, dd, J=2. 2, 8.5), 7. 16(1H, d, J=3. 7), 7. 15(| H, 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-

%‘%ﬁc am%@@%lkhh%&%g &Htr dleet gg%omgggﬂﬁd%% (15 00 g)
to fogm ﬂmwh@ﬂylffaﬁfmeu (0> 47 ghsasnasigad tath

the suspension, followed by stirring at room
1 erpeinRitioxybehz¢l Beaitsde THeB T @@ot khpotyk tEtthad R
subjected to filtration by use of a celite pad, and
{heodettiitom padpwas, was hidtemabyh ya@ldhkheotarget Trpduct
filtrate (acetic acid-chloroformsolution) was
it atledSt 6, dP§Ress. The residue was purified by
silica gel colum chronatography

CHPREENSRYGFS21% 0 thereby yield the target

*ﬁ%ﬁ%gfr ¥§ség? %ﬁ;bzg; 249 . YeIIo:/c;y:tals 25
l#twg%ﬁéﬂ ' '4% 141 -8?1"’8—%%_&3@38 557](3_ 951‘(21 ‘&Fy :8le. B), 45
fl%%ﬂ-ﬁd@ ,323.8) 8 61f557 G OB, Me31979 344 8u,3)93(3H, s)

0069 Productlon of
1 Ao QH, ad( I=20k N9 phenyile (ifygn=3-yb ] 721 B4, J=2.2),
di met hoxy- phenyl)-acrylonitrile hydrochl oride
1.Canpeydd J23) 7) 56 ANV IEehIS0r Becoackd, £13. 3. I (3Hias
added to compound 22 (117 ng), and purified water (30
o¢e8lacetonitrile (30 nL), and chloroform (5 L) were

added to the n1xture to therebx
Production of (Z)-3-[5-(3-amino-phenyl)-furan-2-yl]-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
suspension, 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(ESI,m/z):347{(M+H)"

'H-NMR (CDC13)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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di ssol ve the m xture. The solution was stirred at room
tenperature for 1 hour, and the sol vent was evaporated
to i 0 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, 96% .

Yel | owi sh br ovvn povvder 15 MS(ESI, m z):347( M HC1+H)

2 N QV50:98) 96 e B0 14 T30 b Bt 99 ok, 3 H

goosﬁ%lm J=7. 9) 7.35(1H, d, J=2.2),7.22-7. 28(3H, M,
('1H, d, J=3.7), 7. 09( 1H, d, J=8. 8), 3. 87(3H, s), 3. 82(3H, s

ﬁrocM?:Q:Z.Q)h P E’EdeCHD(B-Qfmlno -phenyl) -furan-2-yl] -2-(3,4-
(2)-2-(3, 4-di met hoxy- phenyl ) -3-(5-pi peridin-|-

JmdHoXy—Bhehy1 peaytproditidia o GydpodhtioRide THrapginthas)
procedure as enployed in Production step 1, an am ne
woleuyJﬁEﬁwdedchlonlp|¢mﬂd(ﬁané'@mﬂzsag)a@@%d to Compound

i ntroduced into 5-brono-2- furaldehyde (875 o),

2helldly g3 , y pef dosr bt drd iwHter]-(p0- m&?anafzefc%ﬂlﬁ‘&ll&&nﬂ% mk)

| d: 650 7399 . Th d
af‘ﬁgp%ﬁ’éﬂr&ifﬁrlﬂ §F- ‘f‘Id)r affes asis g‘rghfﬂa% MR G Ep LS e TRy

FHRRIgR WBERBIFATHr odUE PORCELEh B ey by ey

tem%ettr%]q:gl%gwg%gsfcﬁrﬁ&%/ %sgi( 1 Osggveﬁg Wras QAR ated to
AR CDRI3) 2 i bl 1Hsddudpénded- ﬁ) ﬂe}&'ﬂel@tﬁyi =dcdtate,
6.94(1H,s),6.87(1H,d, J=8.5), 6. 84(1H,d, J=3. 4),
and4nbHsd1de3t dyas. &ﬂe(é’diaﬁ:)ad:% t%ﬁﬁyh6$s3 37}333"4'15( Bt M
t‘:h_oroughly drying, to thereby yield the target product
(yield: 124 mg, 96%).

Yellowish brown powder

MS (ESI,m/z) :347 (M-HC1+H) N

14-NMR (DMSO-d¢)6:7.88 (1H,s) ,7.75(1H,brd,J=7.9),7.63 (1H, brs) ,
7.53(1H,t,Jd=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)
[0070]

Production of (Z)-2-(3,4-dimethoxy-phenyl)-3- (5-piperidin-1-
yvl-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
yield 5-piperidin-1-yl-furan-2-carbaldehyde (yield: 650 mg,
73%) . The produced 5-piperidin-1-yl-furan-2-carbaldehyde

(179 mg) was condensed with 3,4-dimethoxybenzyl cvanide (177
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1.61-1.72(6H, m [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

t hereby 15 yield 5-norpholin-4-yl-furan-2-carbal dehyde

r%% %&Qbu& M%Ey?d3§9? rQ e tAl dgEEgdz), to theﬁfby yield

nDrpho fur -carba (137

%‘}&-Bﬁuétdf(ﬁéﬁ h%)obﬁrgzyhosyam de (135 nm)
through Met hod A (production sfep 2), to thereby yield

dhedealcgobepioduct (yield: 102 ngy, 40%. 20 Yel |l ow
crystals MS(ESI, mz):341( M+rH)'

BHENVRGZBCL 33 6 (T« HY( 1H, dd, J=2. 2, 8. 5)
7.05(1H, d, J=2. 2),

§-8BRIEDE),) 6 8813 HLHI, IL8T=5). 26 883( 1H, 85 1, §)J=2.2)
5.20(1H, d, J=3.7) . 3. 94(3H,s), 3 91(3H 5) , 3, 82-3. 86(4H m
6. 942(51H383763812%&Hi¢ﬁ §.307 5] 84PLBdR et T orf of

et 5, TR AR SO T M By

h _t he procedure as enpl oyed in Production
?%p 95383 ne noi ety derived from

gnﬁﬁgroxyplperldlne (1.52 g) was introduced into
brono- 2-fural dehyde (875 ng), to thereby 5 yield

BdoticRY 8 08Y - P pes i @i ki) hbuyaphengry {l @ehisdeholin-4-
(yield: 660 ng, 68% . The produced

B~ (Fhrayidp oxy) phaerlidhindiley (Yohpoand 22%)ar bal dehyde
(390 ng) was condensed with 3, 4-

Through the procedure as employed in Production step 1,
an amine moiety derived from morpholine (523 mg) was
introduced into 5-bromo-2-furaldehyde (350 mg), to thereby
yield 5-morpholin-4-yl-furan-2-carbaldehyde (yield: 138 wg,
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)"
1H—NMR(CDC13)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,d4,J=3.7),3.94(3H,s8),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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di met hoxybenzyl cyani de (354 ng) through Method A
(production step 2), to thereby yield the target
product (yield: 458 ng, 10 650) Orange crystals
NB(ESI m z) : 355( M+H) +

H-NNR(CDClS)S 7.13(1H, dd, J=2. 2, 8 3),7.05(1H,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)

gingh s G967 Efka. 45733 AN 492" Reiicidhe)

(2)- zﬂﬁﬁnﬂﬂﬁtﬂﬁt?ﬁéﬁe&ﬁﬁﬁﬂdé -edplloyed- iRt Bybdud¥ion step 1,
pi perazin-1-yl)-furan-2-yl]-acrylonitrile (Conpound

&7 )amfieo gt et hedr beatl rora 9 -ewakoxediper Rioductli.er g) was

step 1, an am ne noiety derived from

Intmsidudedi petazb nerdrio-03 fgraddehydat (®d8ioex) .i ritco thereby

5- br ono- 2-fural dehyde (602 ng), to thereby yleld

E%qlﬁ-#etHyhYﬁ?%éYzEﬁRﬁ?E@ﬂﬁrlfuﬂénf2r%%w%nﬂ hyde

éyleld 447 ng, 671). The g ‘i , s
‘%E?ﬁ?lm%fp%§a&1nTPe L* ?d?Qﬁ rﬁiﬁ%ﬁ%ﬂ§593¥ﬁ938ef%gﬁP“1'

th id
et S s T R N S G G
&l‘*%%%%ﬁ%ﬁ%? %ﬁ%@%ﬁﬁnﬁ% %&%%%%’%é’% % pr3lécion

HR CE51§ﬁ5&e37 ield the target product (yield: 458 mg,
(pNHdezzs}%)y 05(1H, d 922, 2) Y J

éi;rQS(lH s), 6.87(1H, d, J 8.5),6.83(1H,d,J=3.7),
5.28(1H,d,J:3.7),3.94(3H,s),3.90(3H,s),3.41-3.48(4H,n)
Qrange crystals
MS(ESI,m/z) :355 (M+H)"
'H-NMR (CDC1:)8:7.13 (1H,dd,J3=2.2,8.3),7.05(1H,d,Jd=2.2)},
6.94(1H,s),6.87(1H,d,J=8.3) ,6.83(1H,d4,Jd=3.7),
5.28(1H,d,Jd=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)-z—(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-
yl) -furan-2-carbaldehyde (388 mg) was condensed with 3,4-

dimethoxybenzyl cyanide (355 mg) through Method A (production
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2.50-2.56(4H,m, 2. 35(3H,s) [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

1- pi perazi neethanol (3.91 g) was 15 introduced into
5- brono- 2-fural dehyde (1.75 g), to thereby yield

Tarue achyce 3 8 01 205, R e B oddced B 71 ™
*ﬁ%féx&-ethyl)-piperazin-l-yI)-furan-Z-carbaIdehyde

eh 154 g vs¥@ss condensed with 3, 4-di met hoxybenzyl
cyani de {888 ng) 20 through Method A (production step

MB)(EStomy her Bhy (MemI*d the target product (yield:
1.32g, 690). Yellow sh brown oi

YEES|CDa1z) 6 38414, €4, J=2.2,8.5),7.05(1H,d,J=2.2),

1H NVR( CDC13) 8; 7. 14( 1H, dd, J=2. 2, 8.5), 7. 05(i H, d, J=2. 2) ,
625956 1566 L+ s%? ELEB R PRSA5) =8 - 83 (B a3 -d)3=3. 7),

5.28(1H,d,J=3.7),3.94(3H,s), 3.90(3H,s),,3.63-3. 2H,
5,-28é522§3.3=2133(74?H?3m9,42(.3 8-5&?%8?%&’%:13’43’)-[43635]4% CHOM
Pr.qd j f

2('%?55?%5?%1"3?)n’92t‘h305x FRoRenyl ) - 3- [ 5- (4- et hyl -
[Bbggﬂazin-l-yI)-furan-2-y|]-acry|onitriIe

hydrochl ori de (Conpound 29) 5 0. 1N Hydrochloric acid
th3akchidn VoS efided (9 4Campetneky HhdrdAq 38X sEqn- (2-

di ssolution, and purified water (5 nL) was added to
nyaeocspl et hyel), - figldrawed - byy3}! § furarg- 2atyljeanrylonitrile
(Compound 28) |

Through the procedure as employed in Production step 1,
an amine moiety derived from l-piperazineethanol (3.91 g) was
introduced into S5-bromo-2-furaldehyde (1.75 g), to thereby
yield 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 (produétion 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,d4,J=8.5),6.82(1H,d,Jd=3.7},
5.28{(1H,d,J=3.7),3.94(3H,s),3.90(3H,s8),3.63-3.69(2H,m),

3.42-3.48(4H,m),2.58-2.68(6H,m}
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tenperature for 30 mnutes. The reaction m xture was
| yophilized, to thereby yield the target product
(yield: 109 10 ng, 99% . Yellow sh brown powder
MS(ESI, m z): 354( M HC1+H)
1H NMR(CDC13) 5: 7. 16( 1H, dd, J=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), 15
5.41(1H,d,J=3.7),3.94(3H,s),3.91(3H, s), 3. 85-3. 95(4H, m
%.50-3.58(2H,n),2.97-3.08(2H,n),2.86(3H,s) [ 0076]
1504, &ction of
u]% ti3n%s ]ﬁ' ['%)[ @X(y_% F&h%l'i}ﬁle):héxﬁyﬁh&&ﬁ)dnid[s (4-methyl-
acry onrtri
ioR¥EZAhDECRT Poxat @qlcaci 1@&1ﬂiﬁﬂéxnyay@@adomua@
dlnethoxybenzyl cyanide (3.54 g) through Method A
&nﬁ@@uﬁalgg)step 2), to thereby yield the target
product (yield: 3.36g, 63%. Slightly yellow crystals
25 NE(EBlHyﬁzqcﬁ&ﬁﬁﬂm+ﬁpid (3.1 mL) was added to Compound
1H NVR(CDC13) 5: 8. 73(2H, d, J=6. 3), 7. 69( 2H, d, J=6.
27, 3600HNS) , oR irsdgtien, 4<‘=wedsal:))lll?lfllve(dlP’(aateaf—z‘5491L 5eRs

- 6.95(1H, d

qid@éugplghgoégfatlon, &ollg&eg §$(§¥1r31n4:0077

t%@%?FG&P#?lF %%PyhhftbnpounEQBQf%guﬁe1%?8
St Tt St o

mg209981) were added the m xture, to thereby dissolve
the n1xture

Yellowish brown powder

MS(ESI,m/z) :354 (M-HC1+H)"

1H-NMR (CDC1;)8:7.16(1H,dd,J=2.2,8.5) ,7.05(1H,d4,J=2.2),
6.98(1H,s),6.89(1H,d,J0=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—yl-
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 target product
(yield: 3.36g, 63%).

Slightly yellow crystals

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

lH-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,d,J=2.4),
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The solution was stirred in the dark at room
tenperature for 4 hours, and the sol vent was
evaported to dryness. The 10 resi due 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: 333 ng, 98%.
Yel | owi sh orange powder 15 MS(ESI, m z):267( M HCL+H)

' O- d6) 5, 8 H,d,Jz5.,4), 8, 20(3H, brs),
67-.94‘6%,33/5:‘1%2%)? fgé{%ﬁ,)dg,'fgé%f% 5),7.15(1H. d, J=8. 5

e 7 .88(3H,5),3.85(3H,s) [0078] 20 Production of

%5- - (3, 4-di net hoxy- phenyl ) - 3-pyridi n-4-yl -
BSAbh bk e (Fp hanssildierahex{ Conpopmnd ainmplyl-
Aqueous net hanesul fonic acid solution (10. m.) was
A94adnt @ r CoaPREMELED driGe MUpmpoatd @) fied water (10
nm.) and acetonitrile (5 nL) were added to the m xture,
to 25 .tuleHplyocdhseoiweadike (r2xtumb) Whe ablag iton Cempound
stirred in the dark at roomtenperature for 3 hours,
Hnd30emgd) vand mwsifiedapetared2t onldr ek gcetpaitrile (20
resi due was suspended in nethanol, 51 and the_ sol yent

wiels WeFapefaed e HrgESs, CPOFRBRARY 1St GHRI JAxture.

T%%'s%?‘;{%g@évpaesr«%bﬁy%%ﬁ&ﬁ BRge a0 P benbbktllre for
ESL. m 7) - 267 '

4 gﬂﬂ?ﬁ( A 3%9&?%%%?%%?%?%@ 35 SYE=52e. &%, 2

i ) ded in hexane-ethyl acgetate, and the
%{S}E{F%H?V S TR S0 Bdd 9=2. 0 8.3 7. 14(TH, d, J=8. 3

‘Jolvent was evaporated to dryness, followed by thoroughly

drying, to thereby yield the target product (yield: 333 mg,
98%) .

Yellowish orange powder

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

18-NMR (DMSO-dg) 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 (2)-2-(3,4-dimethoxy-phenyl) -3-pyridin-4-yl-

acrylonitrile methanesulfonate (Compound 32)

0.1-mol/L Aqueous methanesulfonic acid solution (10.0

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

' ml) 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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3.87(3H,s),3.83(3H,s),2.40(3H,s) [0079) 10 Production
of (2)-2-(3, 4-dinethoxy-phenyl)-3-pyridin-4-yl-
acrylonitrile N oxide (Conpound 33) Conpound 30 (266
ng) was di ssolved in anhydrous dichl oronet hane (50
M.) . mchl or oper oxybenzoic acid (266 ng) was added
dropwi se to the solution under stirring in an 15 ice
bath. The m xture was stirred for about 15 m nutes

snslery, eg;rog% whi,ch %‘?%pc&fa%e@% tRaRSneEs 2 SEPRRAEhY

prOV| oon argon. The m xture was

i erk20g) t&MBRAY §iefal bRveda byets tdddduag

or 3 ours. The reaction "mxture was extracted with

ppidfd .edswakgr, amgl) chl orof orm 20 The organic |ayer
was washed with brine, and the washed organic |ayer
ekl aviishd cewege sedysiralsul f at e anhydrate. The sol vent
was evaporated to dryness. The residue was purified
M (BS1.ind/2) géb 7 ¥t €HaFOshtBhat ogr aphy
(chloroformnethanol), to thereby yield the targ
gﬁrwadwwr@)é 9285 (2Hy, d.019)- 828 - Y8 PBwA cf 518 § 22<1H s).

1 %Ee’é?é Mf?é{&w G723 5. 35 B4 LA I8 3)
LR R B s
E£§Q§025?2 glnethoxy-phenyl)-B-pyridin-3-y|- 5

meIdlc@Rihr bEe (£ Compaund B34kt BoRyE pHémgrar bavalidehydeyl -
(2.14 g) was condensed with 3, 4-di met hoxybenzyl

ayranionie 31 54ANg)x 1de olpmpahdod3 A

Compound 30 (266 mg) was dissolved in 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 (thoroform—methanol), to
thereby yield the target product (yield: 265 mg, 94%). |
Yellow crystals '
MS (ESI,m/z)283 (M+H)*

H-NMR (CDC1;)8:8.23(2H,4,J=7.3),7.79(2H,d,J=7.3),
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(production step 2), to thereby yield the target
product (yield: 4.79 g, 90%. 10 Slightly yellow
crystals MS(ESI, m z):267( MtH) +

1H NVR(CDC13) 5: 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, n), 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
8 1P o {i f _

12785 58350 b Fosly: Doy =4 (ebdbhsky T2 )

¥ 3yk) 3 C rd)l8 6 §ﬁ°§d35)
éé'-gl\?b@hﬁgd J E3p)a/?l %?@h'g{:ga% béc;xal dggyde ?411 ng) was

nsed wi th 3, 4-di met hoxybenzyl cyanide (532 np)

through 20 Method A (production step 2), to thereby
Biudttibe bar g8l -2 prondueti meyheke:-pB&My Iy 3 -96A)idin-3-y1-
Slightly yellow crystals MS(ESI, n z):297( M+H)'
el NIRAEDCLE) SCSnEdaBl 4801H, m), 8. 42(1 H,s), 7. 34(1H, s),
25 .

7. 25@rmyerdd3ngcar1®0>§)ldﬁhh@@| H2d 14=9) 2ya$ axremsg¢l¥ath

:{ (‘5’0‘812}“8?:? %;Iy}g)%gyfg;(;ag)fls e (39E 3?) S%hroug?h( :ﬂélt%)od A

é’#&%ﬁ??i F{é r'o c':ﬁ:lD g&ﬁ%é%’c gr%%cllij n 3{1 3 %a}ggef Nproduct

(Ii%%r%thélo% ac:ééi,)(Zl 0 mL) was added to Conpound 34
& g), purlfled water (40 nL), acetonitrile (50

dﬁa)g»htl? and16h! orpfiyim (1 nL) were added to the

m Xt ur €, to t hereby di ssolve the m xture. The sol ution
MBSt iy epd2én(the *dark at room tenperature for 3

hours, and the sol vent was

1H-NMR (CDC15)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,d,J=8.3),3.98(3H,S),3.95(3H,S)

[o081]

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%).

Slightly yellow crystals

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

1H—NMR(CDC13)5:8.4O—8.45(1H,m),8.42(1H,s),7.34(1H,s),

7.25(1H,dd,J=2.2,8.5),7.13(1E,d,J=2.2),6.92(1H,d,J=8.5),

6.85(1H,m),4.00(3H,s),3.97(3H,s8),3.93(3H, s)

[0082]
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evaporated to dryness. The precipitated crystals were

thoroughly dried, to thereby yield the target product

(yield: 10 550 ng, 970). Yellow crystals

MS(ESI, M z):267(M HC1+H)' 1H NVR(DVBO d6)5:9.12

(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
5 .

.4), 1
hoRioh e Adad S Fa 2 O T b ALy I 3R s 3. 92

tion o
- (: 3,4+ di :Hgﬁﬁ- I e oXY-
a%%&?éﬁgﬁg}ig)&g%ry oﬁ???%?ébﬁégégggﬁgﬁide ( Conpound
37)  PakNgbMdoeebd Gad ¢20200mnl) wvamsaditdedot Qompound
Compound 20 35 (50 ng), and purified water (8 nL) and
3aC 00 gl | caf® piy)ifiwer @aadded4 b anlbhe aviettamierite (50 mL),
t hereby di ssove the m xture. The solution was stirred
and chéodaf&rmt (I odm twemperdtadet® orhe singure, Sadthaesby
sol vent was evaporated to dryness. The  precipitated
dispoilapsthermixtigiougBhy splddion yashetdbyeyi i oths dark
. _ o
e car gel Produet 18 122, MHha O sorYRd:OBONCer

e)%rgpgl;:/g gys 190 d&?}?ﬂess' s6.3( "}'Elé dpf]e: czip4i)t’a§:'e§5 (:H?Jsgglé :xgef"’e 8.8
cfodhofyd deedl e MG I Sl Bt S s By e

5%@0% ] ¢%sfroduction of
Z)-2-(3, 4-di net hoxy- phenyl ) - 3-pyridi n-2-yl -
vaanwkoni{&tdBs (Conpound 38) 2-Pyridi necar boxal dehyde

(2.14 g) was condensed with
MS (ESI,m/z) :267 (M-HC1+H)*

- 'H-NMR (DMSO-dg) 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),
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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3, 4-di met hoxybenzyl cyanide (3.54 g) through Method A
(production step 2), to thereby yield the target
product 10 (yield: 3.77 g, 719 . Slightly yell ow
crystals WMS(ESI, mz):267( MtH) '

ﬁthwR(CDG 3)5:8.73-8.77(1H, M, 8.01(1H,d,J=8.3),7.81(1
7.57(1H,s),7.36(1H,dd, J=2.2,B.5), 7.31(1H,dd, J=4.9, 7. 8)

- %gﬂﬁiPM%ojdsi%? 63 bW 1% Tr2r 243 - 8y 35 QB (I 52 4843l s
233[@918? PEOQPC“&'%‘ ,dd,J=2.2,8.5),7.08(1H,d,J=8.5),

oxy-pHenyl) Z35(1H pyrrol - 2-

')"&z a6f Wl g0kt 8§ | ¢ s(?ﬁjip n@. 38)3H,s),3.81 (3H,
rr% |'é-2- carb%xa de deH 951 ég aas dISgO|62d in 20

Ebdgu]oronethane (50 nm.), and di-t-butyl dicarbonate
(2.40 g), 4-dimethoxyam nopyridine (61 ng), and
Hrddidrybanbhie (£ )1-D41(3)4 - dises hadsteghenyl hed gutnidion2-yl-
foll owed by stirring at room tenperature for 30
arinylicad trihe é@@m@nnndmﬁﬁ)evaporated to dryness and

the residue was purifjed S|I|ca
chr M@ @gﬁ&ﬁ%é%éﬁb@ﬁ%ﬂﬁ%ﬂy t'G -Lhef b\}a’f/l‘é‘?'{:g]elnsﬁ?t it

%d?%lmg%hgglﬁélg%ﬁ]c L@E&&n@%ﬁ {}:Batsi &Y ghrou&h %’?etglodci
Gruneaghup bl 2l AR BoH 18 T, e Rrosyer
$Hkgggh3 betgmubf&(productlon step 2), to thereby

t he tar get product (yield: 300 ng, 24% . Yellow

\Wohen O v /B{ &9l 2b3(M
1H- NVR{ CDC13) 8: %fﬁ;?ia(allH bﬁs) i 7.28(1H, s),

ME (B3l b/ dyl ; 362(12418.73) ,

7.05(2H, m, 6.90(1H,d, J=8.3),6.63-6.68(1H m,

1H-NMR (CDC15)8:8.73-8. 77(1H m),8.01(1H,d,J=8. 3) 7.81(1H,m),
7.57(1H,8),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 q)
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 yieid t-butyl 2-

. formyl-pyrrole-l-carboxylate (yield: 1.95 g, ca. 100%). The

produced t-butyl 2-formyl-pyrrole-1l-carboxylate (976 mg) was
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6.32-6.36(1H, M, 3.95(3H,s), 3.92(3H,s) [0086] 10
Producti on of

(2)-2-(3, 4-di met hoxy- phenyl ) -3-(1H pyrrol -
yl)-acrylonitrile hydrochl oride (Conpound 40) 0. 1N
Hydrochloric acid (4.3 nL) was added to Conpound 39
(100 ng), and acetonitrile (20 n.) was added to the

m xture, to thereby dissolve the mxture. The solution

qemsed Wik8dsi B_ {ime%vé(s@xelvzgq E}/Eﬁﬂ@@r 44 Gnd)Ofheodgh

ours, and the sol vent to dryness The
PR apedauet YSh akSeperg tt'?ﬁﬁ:ﬂlé%@by PLé R, tHO target
thereby yield the target product (yield: 100 ng,
B28QuctYahliendposwlermg0 MH)ESI , nl z) : 253( M HC1- H) -
1H NVR( DVBO- d6) 5: | 1. 38(1H, brs), 7. 63(1H, s), 7. 02- 7. 17(5H
Ye)low @o8e6. 32(1H, m), 3. 83(3H,s), 3. 79(3H,s) [0087]
Producti on of

MSQESZ-@SZA apAsM Xy - phenyl ) - 3- (3H-i mi dazol - 4- 25

)-acrylonitrile (Conpound 41

@(@)«Ru(ﬁp@g@@ @eaﬁbb&abmws(égsshgy WL GHehed 8-3)
{1916k 0 (o5 DRl SEaR35F - SP LR M oty 19 ¢ he
é%’ﬁ%ﬁ%&ﬁg@f (§/ @ig,&) .@9«3%02@- Slightiy yellow

Eld-é-BMIYR(DI\/BOdG)8 12 5(1H, brs) 7.86(1H,s),7.75(1Hd,J=3

ﬂro&&k'ﬂoﬂ dF2(2) + 7~ (BdldiddrdzRy 2081 )/~ DA HHpgrda8 - 2-

), 3.84(3H,s),3.79(3H, s)

yl) ~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-HC1-H) "

'H-NMR (DMSO-d¢) 8:11.38 (1H,brs) ,7.63 (1H,s) ,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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[0088] Production 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 f anyl ) - 1H-i m dazol e- 5- car bal dehyd
e (465 ng) was condensed with 3, 4-di net hoxybenzyl
cyani de (354 ny) through Method A (production step

her I t | o
%r’ocg%%agﬁ " bk gwdcoo i kgg&%@agfy& tgageec ?—i) obddc
ggggﬁfyggcg§)51§%g4(1H s),7.40-7.30(3H, M, 7.14-7.10(2H
.19l 9e135@. goady) , 6. 94( 1H, d, J=1.0), 6. 83(1H, d, J=8. 5
ng(zﬁ(II,Wd)Jz%a\)J;IS).*ZS( 2H,s),3.89(3H,s), 3.84(3H,s),2.72
(3H,s) 20 [0089] Production of
(—IZNMR(I()I@s@-dti) ﬁelho&ylfpmmaw y7-.86(2Hpel hy| 72(1H, d,J=3.9),

| -thi I tril Co d 43
it a5 S nre sl RO ey
was cond nsed 3 4- di met hoxybenzyl cyani de(354 np)
32§4ﬁﬁﬁoﬁgh3h%% R (production step 2), to thereby

the target product (yield: 667 ng, 920). Yellow
[pvu? r 57 MB(ESI, n z): 363( MtH)

pr'aLdNM@QSPCéE) 07,8 26038 1286 B md e RE( hb, Ry 48~ {mbdA 364 -4 -

y7_L) ~%5((iHaddnae@n&ﬁ»p@enzflﬂ,se@fwoﬂﬂ&ﬂ)e 6. CQRpblind, 4=8.
3.97(3H,s),3.94(3H,s),2.65(3H,s) 5 [0090]

ProducBeanybﬁz (methylsulfanyl)-1H-imidazole-5-carbaldehyde

(2)-3-(3, 4-di net hoxy- phenyl ) -2-pyri din-3-yl -

@6ty hghi vas | eorfdeargeoumd th4p, 4 - dlmethoxybenzyl cyanide (354

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

the target product (yield: 723 mg, 92%).

Yellow powder |

MS (ESI,m/z) :392 (M+H)"

1H-NMR (CDC15)8:8.24 (1H,s) ,7.40-7.30(3H,m),7.14-7.10(2H, m},

6.99(1H,dd4,Jd=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,s8),2.72(3H, s)

[oog9gl

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-5-carbaldehyde (407 mg)

was condensed with 3,4-dimethoxybenzyl cyanide (354 mg)

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

target product (yield: 667 mg, 92%).

Yellow powder

57



10

15

20

25

3-Pyridineacetonitrile (1.18 g) was condensed with
3, 4- di net hoxybenzal dehyde (1.66 g) through Method B
(production 10 step 2), to thereby yield the target
product (yield: 1.96 g, 74P6). Slightly yellow
crystals MS(ESI, m z):267( MtH)

" H NMR(CDC13) 5: 8. 91( 1H, d, J=2. 7), 8. 61( 1H, dd, J=1. 5, 4. 9),

15

oy 1 7%4(1H, d, J=2.2),7.49(1 H, S), 7. 36- 7. 41(
”%"A,%%I:“‘%.g gg%%f*cﬁ)\]:s. 5),3.98(3H.s), 3.96(3H.s) [0091]
13 hon, gf - ) ,7.49-7.44 (3H,m) ,
R e R A B
7aekyhanals rie. 4 Gorpqunda4oy, 20722 Pyy jdliasgasetion=st5) g
(1.18 g) was condensed with 3,4- di net hoxybenzal dehyde
3(.»7668HgY¥) | hr puQEH it RoE5B3Upebducti on step 2), to
thereby yield the target product (yield: 2.06 g,
[PP9P] Slightly yellow crystals 25
MS(ESI, m z): 267( M+H) ' ) ,
PrdNmRi e B) 68361038 265 Mok ipxg- Rt ) s 2 -PYyadingd 1uly

a?%%?P?EHE}%:‘é?OI‘}PQ%F, $4»8(1H, m), 6. 96(1 H, d, J=8. 3), 58

3.98(3 3. 96 [ Q0 i f ,

(o) o Petlatneristiahen THE o8 Of il Wrldensed wich 3,4-
AL £d 5g0. ion

e A

s€28021D) £ WhHicssohukil @nthanga et fdrediuegt epyiédany. g6 g,
was added to the solution, followed by stirring at

72@DM

.8lightly yellow crystals

MS(ESI,m/z) :267 (M+H) * |
H-NMR (CDC1,)8:8.91(1H,d,J=2.7) ,8.61(1H,dd,J=1.5,4.9},
7.92-7.97(1H,m),7.74(1H,d4,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)*
JH-NMR (CDC13)8:8.61-8.65(1H, m),8.41(1H,s),7.73-7.81(3H,m),

7.52(1H,dd4,J=2.1,8.3),7.28(1H,m),6.96(1H,d,J=8.3),

58



10

15

20

25

tenperature for 20 mnutes. The reaction m xture was

| yophilized, to thereby yield the target product
(yield: 224 10 ng, 99% . Yell ow powder
MS(ESI, m z): 267( M HC1+H)

} H NMR(DVSO- d6) 5: 9. 04(1H,d, J=1.7),6. 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),

15

7 H.d,J= 7.60(1H, dd, J=2.2,8.5),7.17(1 H d, J=8.5
3)9EQ§£{8§€3%[%3?9§!§’2)(3H s) [0093] Production of

[Q)g)92 - (3, 4-di net hoxy- phenyl ) - 2-pyri di n-2-yl -
acrylonitrile hydrochl oride (Conpound 47) 20 O 1N

piAkdEENbRT £ E0i-3 (4, & -Bhhe ¥RSx ARt 110 -Boppoiain - #5y1-
(100 ng), and acetonitrile (20 nL) was added to the

aliryt ohet ri e thelrelohidirddel Yeomdmwurmd »t6dr e. The sol ution
was stirred in the dark at roomtenperature for 1

hour 9 . aNdHydeochslginignacids (8vapoklatwed Beldgdy fesSommapignd
preci pitated crystals 25 were thoroughly dried, to :
16héRBBYG) efQF 1HESLARGEPN pr VB RUTIE S yaterp (pynl) was
990). Yell ow powder 5 ES|,m z):.267( M HC1+H)'
a@ﬁ@ﬂwﬁ%m%%lg%s-%s ‘%‘(’ﬁ | .%f(ls‘ﬁ, %’fﬁg%fﬁ-?. 98(

t%‘.w%%%iﬂflae, 8 20 PIBRESE: o TS TERC IR (AT 9255, 8. 3
Lyoghilieetly o therely YR9R3 170% IS PEogarsn ) o s pd
mg3Hp &y . 5 [00941 Production of
%Z)-Z-(3,4-dinethoxy-phenyl)-3-{5-[(2-
vdi 1&% hybwedqdno- et hyl ) - met hyl - ami no] - f uran-2-yl }-acryl on
Mgt(gzlsll,em/z) :267 (M-HC1+H)*
H-NMR (DMSO-d¢) 8:9.04 (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,4,J=8.5),
3.85(3H,s),3.82(3H,s)
[0093]
Production of (Z)-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 solution 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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(Conpound 48) Through the procedure as enployed in
Production step 1, 10 an ami ne 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-1-yl)-furan-2
car bal dehyde (yield: 1.18 g, 60% . The produced
5- (4- net hyl - pi perazin-1-yl)-furan-2-carbal dehyde

+ 15 with 3, 4-di met hoxybenzyl
NgﬁE%§dg}%ﬁa%%Pg?q?ﬁégggh Met hod A (production step 2),

C | | rgeat d (i ,
*Benr B o 1 e PRl B R g PRy 20 Gy
71 NMVR( EDE18)H: % . H2((1H, adaam P, B. &8 (1%, A8( Tpdo Je23 )2,)
6.92(1H,s), 6.86(1H,d, J=8.5),6.83(1H,d, J=3.7),
724360 A M6, F=B.87)7,.2.)94( 2B BY, 3, B 3H,,$). 88.(8B( &H, ¢, §=(BH) s)
), 3.07(3H,s),2.56(2H,t,J=3.7),2.31(6H,s) [00951 25
[Poedlcti on of (2Z)-2-(3,4-dinethoxy-phenyl)-3-{5-[(2-

di met hyl am no- et hyl ) - met hyl - am no] - furan 2&% % acrylon
Pregurelomyeli odhi-@ri(de 4 SoAPERGREY 48)e186 ) 031 (2

demgﬁgig%ﬂ%f S S Mt SN R R

(E@ %p to the solution, followed by stirring at
GORP I ature for 20 mnutes. The reaction mxture

157 Fob U0 et horh LU s e sk saetanoss o
an amine moiety derived from N,N,N’-trimethylethylenediamine
(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-yl) -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) ¥

1H-NMR (CDC13)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)

[o095]

production of (Z)-2-(3,4-dimethoxy-phenyl)-3-{5-1[(2-
dimethylamino—ethyl)-methyl-amino]—furan—z—yl}—acrylonitrile

hydrochloride (Compound 49)
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MS(ESI, m z): 356( M HC1+H) + ' H NMR(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(1Hd, J=8.5),6. 70(1H,d, J=3.7),
5.24(IH,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 (2)-2-(3,4-dinethoxy-phenyl)-3-{5-[4-(2-
15

hydr L] f V4

yar e rocmmcxgwﬁgzald}d Agl 5 Hﬁf‘”wa?s WdaRCHY eBinbbiind

l e or | npoun drochloric acid

4(811(4%4'\4@;) WeSr @%Eﬂ&l@ﬂ”pgﬁadpuﬁﬁfié@-@a%k fieb mL) was

di ssolution, and purified water (20 nL) was added to
dda%dsQbuth@nsoiﬁﬁidwvﬂidlloﬁédrbyngtf&rﬂngomm2@oom
tenperature for 20 mnutes. The reaction m xture was
Heyperakiizedfot 2@ heirelresyi eTlik treadtdiogeniptode cras
(yield: 404 ng, 90% . Yell owi sh brown powder
LyepEslLimed) : 3844an4dr+pjieldoghe target product (yield: 400
1H NMR(CDC13) 5: 7. 16(1 H, dd, J=2. 2, 8.5), 7. 05(1H, d, J=2. 2),

g,980FHN:; s) , 689(IHdJ85) 677(IHdJ37)

J=3.7), 4, 05-4.12(2H, ), 3. 94(3H, s), 3. 91( 3H,
Yﬂ%é’%’lghg%r <9, 3. 49§2H?) 3. 18(3 22)(2H n)( S)

Nﬁg%%}] Prg #%%993“@§a%o 2- (3, 4-di met hoxy-
1%@%% ) AN it BB hhy Y (A B SPRER T

eR¥hi(dlNg) (¢ g8-)11, BOEesBECENT O (B D=3de) (1. 13 g) was
added to the sol ution,
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 (2)-2-(3,4-dimethoxy-phenyl)-3-{5-[4-(2-
hydroxywethyl)—piperazin—l—yl]—furan~2—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
Eemperature 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)"
IH-NMR (CDC13)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,4,0=3.7),

5.41(1H,d,J=3.7),4.05-4.12(2H,m) ,3.94(3H,s),3.91(3H, s),
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foll owed by stirring under ref lux for 2 hours. After
conpl etion of reaction, nethanol 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 chlorof orm and
purified water. The organic |ayer was dried over
sodiun1su|fate anhydrate and the sol vent was
v, The jesi y washed with
%éﬁgﬁg% ﬁgf ¥§§§§ )eﬁdlfhé ?gSgef product (yi el d:
939 ). YeIIOM/pomder MS(ESI, m z): 453( M H) -
NR(DNBC»G 1.64-1.66(2H, m,1.87-1.89(2H,m,2.08-2.1
ﬁ&éﬁﬂld@lon 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
phen)yl)20 i3y 82 ( Sukan); 218618 1Hin) 4 Sy BO (i, 7),
6.96(1H,d, J=3.4),
(CDPoHdd 531¥8. 5), 7. 09(1 H, dd, J=2.0,8.5), 7. 16(1H, d, J—2 0
), 7.46(1H,s) [0098] Productlon of
ono-QompRSNE( 25 - $8RY 4RD- 5E3 J4SgrhEeRoky- Pszrsldme (4 mL) .

phenylg-V|ny§LE5uraﬂ §1¥é£(§ggerld|§ﬂ ygg Ah %%H%Elon,
hl {0y hasph

I%ﬁ%zrfeé PREarad e refieRafal TS Ay

m}ét% ?; %Aéﬁf&r Al PARLE CHRET 4MEE dPTere rBAUESen

er conp eti1on ‘eaction, net hanol was added to
ﬂl@&lﬁ%amfb@ﬂo%étw est:erﬁ'n@*"@@rbyo Shimtitdr). f Ohe38olvent

m nutes. 5 The solvent was evaporated to dryness, and

vdie svapbiiecdaso quyriddsedaby shei easpdhe oglsumxtracted with
chromat ogr aphy (ethyl acetate hexane =7 : 13), to
diierelfprpn ehd gufBEiqd/wazeryanthe-grPgapic layer was dried

et

over sodium sulfate anhydrate, and the solvent was evaporated

to dryness. The residue was washed with hexane, to thereby
yield the target product (yield: 954 mg, 93%).
Yellow powder
MS (ESI,m/z) :453 (M-H) "~
1H-NMR(DMSO)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,J=3.7), 6.96(1H,d,J=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—z—yl}—piperidin-4—yl) phosphate
{(Compound 52)

Compound 26 (383 mg) and bis(2,2,2-trichloroethyl)
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di met hoxy- phenyl ) -vinyl | -furan-2-yl}-piperidin-4-yl

" bis- (2,2,2-trichloro-ethyl) phosphate (yield: 663 ng,

88% . 10 The produced

1-(5-[(2)-2-cyano- 2- (3, 4-di net hoxy-
phenyl)-vinyll-furan-2-yl}-piperidin-4-yl bis-(2,2,2-
trichloro-ethyl) phosphate (376 ng) was dissolved in a
solvent m xture (5 nL) of pyridine and acetic acid

P%S}F%xiogﬁ’éhpgicfgg@ee r %15%%2 gﬂ?%e@@sdggggﬂréda itrl1 %bzridine (4

“ILI) ¢ é.

OUDS . dNS0 APhR 2 1SRG rrBAVEIET r ¥EIS et 8Eure for 2
ugﬁ Flﬁﬁt?é\tl onc%pa“%(?zasﬁglrﬁm\dl\f%(Nl{—MM resin Eul:? g?r

HARS saddeek d:0 dp 1k bhabe, rédtd e d nlet hahbllr wlg added to
roomtenperature for 30 m nutes. Resinous material was
theneeadt i bn ongbedid t riatlilomedntdyt deimoingefiorndd minutes.
evaporated to 20 dryness. The residue was washed with
Teichapdivent owad ereiporayed got feynaggetanst ddgcregifae gvas

192 ng, 82% . Yell ow sh _brown powder
DVBLESEANPY) sUBEagel column chromatography (ethyl acetate :

ol (OO 5 1 65,3, T2(0H 1) 1,98 4 SPAML3,243,3, -

meBndid SFAEy Slicblad 2P S S0 81
(%0888]1’6&%%%%%? ~iant§1 O)) ' Eh%é{oi’xé{'cg 5P Gedt it 8363
NMONO-rhk- ﬁ?écﬁu‘@d 2r CyAN- (&) (3-4y8hses hoxys —'dimethoxy—

phenyl)-vinyl]-furan-2-yl}-piperidin-4-yl) phosphate
phedim vsayl] {(Cammoung133piberidif i @d/ Watier- (€10, Bt)

was added to Conpound 52 (96 ng) to form suspension.

Al chRE¥4 84 tNayy1 ) adiasphatg) (A@6 wadewhs glisspdved in a
suspension, followed by stirring at_roomtenperature,
solvent mixture (5 mL) of pyridine and acetic acid (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 added 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
yield the target product (yield: 192 mg, 82%).

Yellowish brown powder

MS (ESI,m/z) :433 (M-H)~

14 NMR (DMSO)&:1.68-1.72(2H,m) ,1.93-1.99(2H,m) ,3.24-3.30(2H,m),
2.60-3.63(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,dd,J=2.0,8.5),7.15(1H,d,J=2.0),7.44 (1H, s)

63



10

i5

20

25

After dissolution of starting materials, resinous

material was renoved through filtration, and the

sol vent was 10 evaporated to dryness, to thereby yield

the target product (yield: 93 ng, 9606). Yell ow sh

brown powder MS(ESI, m z):433( M 2Na+H) -

1H NVR(D20) 8: 1. 50-1.53(2H, m,

1.87-1.91(2H, M, 2. 96-2.99(2H, m, 15

@. %%-]3. 66(2H, M, 3. 64(3H,s), 3. 66(3H,s),4.04-4.06(1H ),
.3I(1H,d, J=3.7),6.64(1H,d, J=3.9),6.69-6.72(2H, m,

-é%g?%%?%%ﬁéékLﬁgngL %*b?%?~boé99ﬁoEﬁDdyﬁiidymthoxy—

r ono- f ur an- 2- (3, 4-di met hoxy- 20

el L vagyy] opitdn £ 1IGomeurddabi)4-yl) phosphate sodium
5- Bronp- 2-fur al dehyde (350 ng) was condensed with 3, 4-
giet(conpbendyss cyani de (354 ng) through Method A
(production step 2), to thereby yield the target
pr odFetrifyedl wat&S68( My, mL)g4@p. added| tghonpgrad §a (96 mg)
crystals M5(APCI, m z): 334‘57M+H) + .
EOHIRIVR( EBERSY S 23PRHIBYT 8 ()1 Yepiy=d27y) ¥as added to
7.22(1H, dd,J=2.2,8.5),7.08(1H d, J=2,2),6 91(1H d, J=8.5
bhe S§SBEPILOR; Jﬁ_%“m;esi &5 %H%j‘}%? 3 Y ]t%f‘@feﬁf—“m-
Producti on. of . . . . .
AP35 SSGLATHRR 1P EHP) POt R R e ousg material
rylonitgi 2- Thi GRIeNkhE | e
R L e b OO AT e

kR3PS rT8rat b 0aghddd had Bhereby yield the target product
(yield: 93 mg, 96%).
Yellowish brown powder
MS(ESI,m/z):433 (M-2Na+H) "~
1H-NMR(D:())5:1.50—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,s),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)vwas condensed with 3,4-
dimethoxybenzyl cyanide (354 mg) through Method A (production
step 2), to thereby yield the target product (yield: 558 mg,
84%) .
Slightly yellow crystals
MS (APCI,m/z) :334 (M+H)"*

1H-NMR (CDC1;)8:7.23(1H,s),7.22(1H,d,3=3.7),
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’3n6nél(ﬂ§t

(production step 2), to thereby yield the target
product (yield: 262 ng, 48e). 10 Yellow crystals

MS( APCl , ml z) : 272( M+H) +

1H NMR(CDC13) 5: 7. 64(1H,d, J=2.0),7.31-7.36(2H,m, 7. 31(1
Hs), 7.28(1H,dd,J=1.2,5.1),7.07(1H,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

';é%Vﬁ ?fl?% 2gggdun§%3é%)g %hlop gﬁgggg%%ﬁitrfls)'

t d t hoxybenzal dehyde
E%%églﬁgh ?ﬁ?oﬁgﬂﬁggfﬁﬁ%%% goggpégdigflon step 2), to

tohengby yield the target product (yield: 354 ng,
65% . Slightly yellow crystals MS(APClI, m z):272( MH) "
P&HdNNEﬁﬁEKﬁB)ES?— H6(3, M -did=2hOky 7Tpbé&fyiH, @d thidpher-Byyl-

a%réﬂ(:hb:ltddld xeguEumd, B538( 1H, s) , 7. 35( 1H, dd, J=1. 4, 5. 1)
7. 33@-Fhégrheneaser @yl teide( iP|46 B3l WS FaAenses) vaths

e {«%%?%3265 Pro%&aé'?’?g §9Y; Wty Method B

e e R e e

) to Compound 18 (104 5 ng) to form
&iséghs?ggﬁmgnqﬁﬁ 748(Na) resin (2 g) was added to

vehgopuspeasipn, followed by stirring at room
tenperature. After dissolution of starting materials,
MSEAPRoS/ AR £72 @b+H) *
1H-NMR(CDC13)5:7‘64(1H,d,J=2.O),7.31-7.36(2H,m),7.31(1H,S),
7.28(1H,dd,J=1.2,5.1),7.07(1H,dd,J=3.7,5.1},
6.92(1H,d,J=8.5),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(1H4,dd,J=2.9,5.1),7.38(1H,s),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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was renoved through filtration, and the solvent was
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)5:1.42-1.48(2H,n), 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(3

%"R%“(Cta% oF. ey b P s e ARy o oS R
—v1§ 59 éhf@ﬁﬁéﬁiﬂ—yi}8§&§ékﬂdﬂn£h£plf7dﬁ&blhhaé

101 ] Productlon of
gomiam( balb- [ ¢&pdusy dW- 2- (3, 4- di met hoxy-

phenyl)-vinyl]-furan-2-yl}-piperidin-4-yl) succinate

sodi truriZ@edawat¢Cotobumd %8F Rddefli td Gwmrmrun@l @8} 04

was added to Conpound 51 (101 rrg%adto form sus ensi on,

mE [TRCEGZENaYSPeRsiPR-2 {4 WRE74R re§inhd2 g) was added

suspension, followed by stirrin roon1tenpgratur

taF e gUERBNSEPHN THALIGVEF: PYgS erﬁ%@st nogly frgReTrature.
terial 25 was re vedt filtratio

ARG A saale Bon i Aea toboargrastald o Aol phEfpiar
e 96 v %gl&l ow

m;a% teﬁ g%g( @’%1?8#‘; )flj%:é‘%l't\:/gﬁﬁ aflg tl’?e”sc) ve

eﬁa@&@é@&qg driscls 5262t ey 68t d1 F AiH tilrgét 3prdadde

@1éQd2 4b6% 2ty Mo42)91- 2. 98(2H, m), 3. 25-3. 33(2H, M), 3. 56( 3

Hs), 5 3.59(3H,s),4.68-4. 76(1H m,5.10-5. 12(1H nm,

Y&144wopd8det, m) ., 6. 56- 6. 57(3H, M [ 0105]

MS{ESI,m/z):463 (M-Na)~

lH-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 temperatqre.
After dissolution of starting materials, resinous material
was removed through filtration, and the solvent was

evaporated to dryness, to thereby yield the target product

(vield: 96 mg, 921%).
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Production of (Z2)-2-(3,4-dinethoxy-phenyl)-3-{5-[4-(2-
hydr oxy- et hyl ) - pi perazi n-1-yl]-thi ophen-2-yl}-acryl on
trile 10 met hanesul fonate (Conpound 59)
Met hanesul fonic acid (81.6 L) and ethanol (10 nL) were
added to Conmpound 9 (500 ng), and the m xture was
heated for dissolution (external tenperature: 70C)
The solution was returned to roomtenperature,
é%M% W% Stirring overnight. 15 The precipitated
crys "6t e recovered through filtration, and the

M@ggypmgq)0@g§QQL§amere washed sequentlally wWth a
sna | ‘amount of et hanol and hexane. The crystals were

gﬁmm.qr.@@da.BQ(iﬂﬂ,ﬂﬁ)e,QY.ssel—@.dzt(bﬂ bRy e 17 .eduet, m) ,
ylel 530 ng, 85% . 20 Yellow crystals M

1 BRI - 2d4z) (2400§ M CHBSO3HHAH , m) ,3.25-3.33(2H, m) ,3.56(3H, s),
1H NVR( DMSO- d6) 8: 7. 98( 1H, s) , 7. 45(1H d,J=4.4),7.19(1H,d

3 B3N, 5),4.68-4.76 (1H,m), 5. 10-5.12 (1H,m),

7. A1(1H dd. J=2.2, 8.5), 7. 02(1Hi.d, J=8.5), 6. 42(1H, d, J=4. 4
§ 44-6.49(2H,m) ,6 .56~ 57(3H m)

3. 83(3H, s), 3. 78(3H, s), 3. 75- 3. 83(4H, n), 3. 57- 3. 64(2H, ),
09155 3. 40(6H m,2.30(3H S), [0106] Production of

S TS o
e B 9 sshaagate e
HERIHAHRNE Fo Bt T [ Esndcharisp) and

2-chl or o- 4, 6-di net hoxy-1, 3,5-triazine 5 (105 ng) and

N- metMadhamepliokbnec (£6id ) (sue ke paildend t eclidreols ol10t mbh, were
followed by stirring for 30 minutes with ice coollng
RBideske Guoe Aohpound N di Etthyiget hphénelde amd Flaiqegyras) heated for
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:
530vmg, 85%) . |
Yellow crystals '

MS(ESI,m/z) :400 (M-CH,SO;H+H)*

1H-NMR (DMSO-dg) 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) -
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and N-net hyl nor pholine (110 L) were added to the

m xture, 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% . Yel |l ow powder
MS(ESI, m z): 569( M HC1+H)

N AR )%@?@5381%%1%5?‘25 éﬂ%%‘f‘x% 1)1

e)ght?f%( N R A R A R TR B T S ) 90(3H

s), %@u§d5§§ 2th49 , %)3%% 4362360 Ma 3R et hFlerE, M
3.05-3.17(6H M), 2. 65-2. 69( 2H, m) , 2. 66- 2. 59( 214, M), 20

ch102-2e12{ @Hnm) , Tarly 22.chlo2bl- 1) 6 1d BBethS@(-2EH3nFrtriazine
1.39(6H,t,J=7.3) [0107] Production of

(105 mb( Zhnd - My An(cE phodinet ko yulphemype) added to the

vi nyl ]-thi ophen-2-yl]-piperidin di et hyl am no
S@Bupnépyliohlﬁwﬁduﬁﬂaﬁ§1ﬁ¥éﬁ§cﬁ@6r$%én%ﬂggﬁﬁowh6h6i§e

Conmpound 18 (235 n?) was di ssoved in_nethyle
coplléongde SYoEGERE LindN, N~ dlethylethylenedlamlne (85 pL)
3,5:-triaz

aﬁ@i&lfﬁégﬂ%%m‘?%hoxélﬁ? Wl e %aaed'eaﬁeff?l R
Fed1baLs bfysélt tyﬁgpml Egn%@@iam £ 39 meayg PSme

sequen Iy, I 'an no- propane

soRdeNe 9§§r§4453ﬂ¥ﬁg& Re GijRedsd, Ve adedstgubhRas

m xture, foll owed 5bysUrer at room tenperature
plieh £14d eyr$i1He g2l veltmn Webravauayriohs (HALy-MeEs) , to

and the residue was purified by silica gel colum
thbkrebhut pixhbmhe CHCE3tMpORiluct o(yieldebs87 mg, 95%) .
Yellow powder

MS (ESI,m/z) :569 (M-HC1+H)"*

"H-NMR (CDC13)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-yl] -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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yield the target product (yield: 279 ng, 90% . Yellow
powder 10 MS(ESI, m z):583( M HC1+H) "

1H NVR(CDC13) 8: 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

é’OS(lH d, J=8.5),4.96-5.00(1H, m, 3.94(3H,s), 3.90(314,5
%gi ?‘3 @ggggltg%%énﬂqrf 6%%2 ﬁ&g? BE %,)ng.tié%%% ﬁ‘fs gg%(z Fg-lgllngl ion,
1 13¢ Zv%dlgg,igl% {%grf% 410%eHBb1 Ind3edr HY Fhinites.

(1) Production of

%Ellg Cﬁaﬁﬂa£%6ﬁ§r4ldbﬂaﬁﬁﬂfﬂb¥ﬁﬁﬁb&ﬁb'(3@ pL) and N-
V|nyI -t hi ophen- 2-yI -plperldln 4-y1

iRk BAbNn&C el B qufompednddded xd (t1g) miasure, followed
di ssolved in pyridine (100 nL), and
by Ntdirmehbyd gl yadm t(@lpﬂag)lrwaﬁoadh’ém@a heles%I sRivent
followed by stirring at roomtenperature for 1 hour.
wesh sygReretsd e tdesssupngnhe &ﬁ%%#l&few RUTHFIGRA Y
added 25_to the m xture, fol]o b [ der
SidfiCax TP CIIUMh SREOMAACEERPRY ?%‘#30 8¥* g%t?n'beﬁf eby
ve rat ed Lo S. | or of orm
Y(ng& ?rk? Q%EEWB‘%CP (fh%% 3@18 reﬁsjfydﬁgg 90%t he mixture
f@%iowﬁégﬁgeﬁﬁth water three times. The pH of the
aqueou ayer was checked by use of a pH testpaper,

N@qgsgdmﬁ§;e@bjgmzhdqu§+mnth I N agueous hydrochloric
acid e organic |ayer was dried over sodiumb5

15 iRt ep@nNhy o ad @ 118nd ,tthe 73ehiyen; 7 ves(ayano=at.ed, t o
dryness. The resi due was purified by silica ge

7cABUAH, Gy DRI D .BOhY - 0¢CHE1E, FHeX atle)6 - A70 1HhEr b9 - 1) .
yleld the target product (yield:
6.05(1H,d,J=8.5),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,Jd=7.3)
[0108]
(1) Production of 1-[5-[(2)-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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3.48 g, 76% . Yell ow powder 10 MS(ESI, m z):456( M+H)'
"H NMR(CDC13) 5: 7. 36(1H,s),7.22(1 H d,J=4.1),
7.13(1H,dd, J=2.2,8.3),7.04(IHd,J=2.2),6.87(1Hd,J=8.5

)
6.05(1 H,d,J=4.1),5.03-5.09(1 H, m, 3. 94(3H,s), 3. 90( 3H, s)
3 54-3.60(2H, M), 3. 24-3.30(2H, M), 3. 19(2H, s), 2. 37(6H, ),

%IUCZ %ng7§l%g| m}ttuz.ges v}asg %%Heﬂ? w:L{:lQI\Qa%]el( %)hree times.

Ion o

t I
3 b A ooy i o«

hanhnQ- 28 AlSt &l o Uokvesewuth onmtfy{<agpound
62) 2 Con'pound 6 (370 ng) was dissolved 1 n toluene
Hy@rondh)l oriandeNi N- dihee blrghal ¢f cl aydyy dvase ldhrdeddevé s 490dium
ng) and p- toluenesul fonic acid nonohydrate (380 ng)
sndifetaddetlydvatde ambluis solveot| vaedegpandted g dryness.
under ref lux for 5 hours. The solvent was evaporated
The depadys, vam P iass Du6idasa 28 e ¥y by cRpEpgBaprhy

I h t h CHCl
&Ha SRS 80 SPGIGET. (VLR dhg gy BToRc v e
er %)%/Bg)s (ESI, m z):456( M+H) '
R 5: 7 94(1H, S),7.49(4H,d, J=7. 8),

1@%‘#3{%@% 23 2) 7.12(4H,d, J=7.8), 7. 09( 1H, dd, J=2. 2, 8. 5

MS (ESI,m/z) : 45 (M+H) *
7.00(iH d 3=8.5) . 6.32(1H d, J=4. 1), 5. 09-5. 12(1H, ) , 4. 26

Y 2hs)epd15)5:7.36 (1H,s) , 7.22 (1H,d, J=4.1) ,

3. 83(3H, S) , 3. 78(3H, s), 3.51- 3. 55(2H, m,3.31-3.37(2H, m,
721890 BHIS) J22 20,(8613)s)7,-24A2H24 08€ 22 )€ 18 77AQ-HL A3 €8 HE )
6[.(())%](-9%{,6.,J=4 .1),5.03-5.09(1H,m) ,3.94(3H,s),3.90(3H,s),
3.54-3.60(2H,m),3 .24_3‘. 30(2H,m),3.19(2H,s),2.37(6H,s8),
2.02-2.07(2H,m),1.83-1.91(2H,m)

[0109] |
(2) Production of 1-[5-[(Z)-2-cyanc-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 monoflydrate (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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Producti on of
1-[5-[(2)-2-cyano- 2- (3, 4-di met hoxy- phenyl ) -

vi nyl ] -t hi ophen-2-yl]-piperidin-4-yl

[1, 4" 3bi piperidinyl-1"- 10 carboxyl ate hydrochl ori de
(Conpound 63) Conpound 6 (2.00 g) was dissolved in
pyridine (50 nmL), and

1- chlorocarbonyl 4- pi peri di nopi peridine (2.50 g) was

AT, o' o) St 1
?Pkﬁﬁ3ggsé€§stlrrlnq _%g?ﬁ$ﬁ§§%“PQn”th§gF§e%{JW%QJ,

EVEPAAIE A= undﬁrvrfﬂu@@dimsﬁ%ur €. 08NdH| e, T+E,dus) ,
was extracted w th chl orof orm and purified water. The

DF QAN d, ayer 5Ya6. Biz { B, D\ .90dBunpsal 2 B anhyidRat(eR, s) ,
and the solvent was evaporated to dryness. The residue
neEs (B0, 158G BYSBABH | g f5101A .SSHPH, mteB aBe; 3 37 (b by
yield the tar%et product (yield: 974 ng 3099 . YeIIow
. SVBRESP (pH 2} 55HAMHOEARR m) ,1.78~1.82 (2H, m)
' H NMR(CDC13) 5: 7. 37(1H,9), 7. 22(1H d, J 4.4), 25
A9 H, dd, J=2. 0, 8. 3), 7. 04(1H, d, J=2.0), 6. 87(I H, d, J=8. 3

REESICEoR, SE4Laf5 2L 66 2 HEP Ay 3 SaCHIE O SRy
Vs"'né’su 'tgi?ﬁﬁe 2gyb-pipppidingd-yloI1,.4 ISipiperidinyi o1’ -

Ahte h drochlorlde {Compound 63)
2 01- 5'06(2HY ,1.83-1.85(4H m, 1. 60-1. 61(4H m, 1. 45(4

H m cd@pblhli QFOQU@Olgwlwﬁs dissolved in pyridine (50 mL),

| -[5-[(2)-2-cyano-2- (3, 4-di net hoxy- phenyl ) -

ationyll-ehil biropheibeRy 4 4 ~giigeeriddnepdpgridine (2.50 g) was
4-11,4" ] bi piperidinyl- 5 1' -yl -4-0ox0-butyl ate

addedo &l cheago%mwrﬁpléwegowoaﬁarww Pwrg)re\foégx for

di ssol ved in net hyl_ene chlorlde_

D DONEr o -2 TGP 6%y OB, 8T Sr??"?%\’zc?rhe denael was aaged 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 (CDC13)8:7.37(1H,s8),7.22(1H,d,J=4.4),
7.13(1H,dd,J=2.0,8.3),7.04(1H,d4,J=2.0),6.87(1H,d4,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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(448 ng) and N-net hyl norpholine (258 L) were added to
the solution, followed by stirring with ice cool ong
for 30 10 m nutes. Subsequently,

4- pi peri di nopi peridine (429 ng) and

N- et hyl nor phol i ne (430 L) were added to the m xture,
followed by stirring at roomtenperature for 17 hours.
The sol vent was evaporat ed to dryness, and the

e o B Tl e
ﬁ)ﬁi’% Yel | ow powder NS( = m z): 621( " HCL+H) '
‘ (CDC13) 8:7.38(1H,s),7.22(1 H d, J=4.4),

%@oh%wogdoe =2- 5 8; @), -2-Q4ehb-6- 1524 A i fiethibdHpthedys) 3

98 ( LHhdogEdn 4 - 1. 10Qiped4 dib-1) y3. £4(BH ‘Jhidigef3tisyl-
3.50-3.56(2H, M, 3. 26-3.32(2H, M, 3. 00- 3. 06(2H, M ,

12 .-50-2 - 62¢1nmty@atbSﬁ?dld@h@@ﬁidr (CemPauyd (&4, n) ,
1.65-1.70(4H, m, 1. 42-1. 55(414, 50112 25 Production
of (ZPmpoEBdAldi FetHoG)- m%n@llfse ﬁﬁ@nbﬂluf?ﬁwmeﬂe
acrylonltrlle ( Conpound _65) 4- Quinol i ecarbo al

qhygg ﬁ@ éb §§¥az1ne

Melon dais & SRR~ $26 3340 b
G5, g&iﬁ%m% UAAELION. 8y BT QML LR £8 e
SR EA T A % B e
maHQS%FFicfubsqufnt1§7(lFPéperldanle?%;?lgf({ﬁ?ﬁjmg) and
N-methylmorpholine (430 pl) were added to the mixture,
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)"
1H-NMR (CDC13)8:7.38(1H,s),7.22(1H,d,J=4.4),
7.13(1H,dd,J=2.4,8.3),7.04(1H,d4,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(11H,m},1.95-2.04(2H, m),1.87-1.920(4H,m),
1.65-1.70(4H,m),1.42-1.55(4H, m)
{o112]
Production of (Z)42—(3,4-dimethoXy—phenyl)—3—quinolin-4-y1~
acrylonitrile (Compound 65)

4-Quinolinecarboxaldehyde (500 mg) was condensed with
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7.61-7.65(1H, M, 7.39(1H, dd, J=8.5,2.3), 7. 25(1H, d, J=2. 3)
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 (Conpound 66)

Benzo[ b] t hi ophene- 3- car boxal dehyde (200 ng) was

condensed with 3, 4-di net hoxybenzyl cyani de (218 ng)

b AR o
ﬁdﬁ&w\g C%}éi%{)?ésﬁsz)g/ggtﬁl Se@e%%/g%@@i%ﬁ'ﬁe targ7et roduct

&hell: 882 mg, 52%).
ST2(iH, sy, 1243-7. 51( 2H, n) 7.32(1H, dd, J=2. 3, 8. 5),

P"él%OQlaBildeéﬁy@alﬁs 96( 1H, d, J=8.5), 3. 99(3H s), 3. 95(311,
s) [0114] Production of

MSAESZ, 13z 4+ 3l 410Xy - phenyl ) - 3- (1- et hyl - | H
benZ|n1dazoI 2-yl)-acrylonitrile & ound 67) 25

I£ mmcmﬁosan% behA mi-da2ol. & - @Q @H%aJW&s‘S)o@n&é?r{éEds):

7I\71§19H&H & S DA o R e 8y 5510 Pt ey & dt he
S?;pgr(fﬂég)}%{%r%(%ﬂeg%ogﬁgﬁ@ 39305 (3 &, ¥ebl 9y
sx'é'gglyg( ng.—l{’[)&: E.?%‘(EH?% 16, g% (Fu 3H(1H s),

[62244i H d, J=2.3), 6. 94(i H, d, 308 5),3.98(3H,s), 3:95(3H, s
), 3. 89(3H a) [0115]
Production of (Z)-3-benzol[b]lthiophen-3-yl-2-(3,4-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, 92%).

Pale yellow crystals

MS (APCI,m/2z) :322 (M+H) "

'H-NMR (CDC1,)6:8.56 (1H,s) ,7.93(1H,4,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,s),3.95(3H, s)

[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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Producti on of

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

i ndol -3-yl)-acrylonitrile (Conpound 68) 10

1- Met hyl i ndol e- 3- car boxal dehyde (200 ng) was condensed
wi th 3, 4-di net hoxybenzyl cyani de (223 ng) through

Met hod A (production step 2), to thereby yield the
target product (yield: 292 ny, 73% . Pale yellow
crystals 15 MS(ESI,n z):319( M+tH)'

19- NMR(CDC13) 8: 8. 29(1H,s), 7. 78(1 H,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 n,

7. {6iElp; B&P-293)938) 03( 1H, d, J=8.5), 3. 98(3H, s), 3. 93(39, s

3H, s 2 [0116) Product| on of
(Zﬁ%ﬁ#’z"&ifﬁ - 2-(3, 4- di met hoxy- phenyl ) -

ac,rlg/ 5QRI 4 1 l. 824 ound 69) 2-Benzof urancar boxal dehyde
(16 drrg) /\r/vz;s coﬁggﬁsed with 3, 4-di met hoxybenzyl

CYannee(cp20.) sew)sd-h smigla, dethoed (4,25, '(medmu«mnm)s.t ep
2), to thereby yleldthetarget product ield: 265
5 ng? - 24434, Q. ¥aR | Dwbe P Sl s T84 2O IS A?it'ls’r'r?z%/ @HGT)MH—I)

1 13)8: 7. 65( 1H, br d, J=7.S), 7. 55( 1H, br
d%%é 2 7. 48( 1H, br

S) [64.186- 7. 42(2H, m), 7. 31(1H, dd, J=2.4,8.5), 7.29(1H, br
dJ78)717(1HdJ24)694(IHdJ85%) 5
3.B3est oy of oW 3R ), 4¢BImethoxprrbgnxt i gn (fmethyl-1H-

( Zj?ndolgg --y(fl.h -gcrroylgni qu.lllen (C?’on%lo?mg 6%? 4-

10 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%).

Pale yellow crystals

15 MS(ESI,m/z):319(M+H)"
1H-NMR (CDC13)8:8.29(1H,s),7.78(1H,d,J=8.0) ,7.74(1H, 8},
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,d,J=8.5),3.98(3H,8) ,3.93 (3H, 8),
3.91(3H, ).

20 fo1l6]

Production of (Z)-3-benzofuran-2-vl-2-(3,4-dimethoxy-phenyl)~
acrylonitrile (Compound 68)

2-Benzofurancarboxaldehyde (166 mg) was condensed with
3, 4~-dimethoxybenzyl cyanide (201 mg) through Method A

25 (production step 2), to thereby yield the target product
(yield: 265 mg, 77%).

Yellow crystals
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5crysted

di met hoxy- phenyl)-acrylonitrile (Conmpound 70)

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 ng)
through Method A (production step 2), to thereby
yield the target product (yield: 311 ng, 85%. Pale
yellow crystals MS(ESI, m z)2351(MH)" 15

1H NVR(CDC13) 5: 8. 87(1H, s), 8. 05(1H, br

d, J=8.0), 7.96(IH, br

d,J=8.0),7.83(1H,s),7.84-7.89(1H m, 7.61-7. 66(1H|ﬁ
7. 37$1H d,J=2.2,8.5),7.22(1H,d, J=2. 2), 6. 98(1H, d, J=8. 5)
, Mg P@:‘F—'@W@)M‘i%@ﬁﬁ s) [01181 20 Production of

nzot.r a di met haxy-
o TR 0. 31 44 (b Sipbifia T 7B A b @, 3-8.3),
3, 4: 43 (AR B3y berwsahdesten( 2191 (T, qwpas-angensed w th
1H benzotriazol e-1-acetonitrile (200 ng) through

Me? Hesd 18, by pu@dum) i BNLBLEPA. D=2 . )0 6t Bt @b, §+%i5d. t he

tar%% 8roduct gyleld 133 mg, 34% . white
'Red Bﬁ%'sé MS(ESI, ml z) : 307(M+H)' 75 0

1%&5@\@,&%13) 8:8.15(1H, br d, J=8.5), 7. 90( 1H, br

Ii_lﬁ%(dﬁ;blti’sdn 3£ 60) L1l (2 ER202 i HR - S&NH2RY3 B-47- 7. 51(
7. diaethot Phesyy) -8eEylopi boileH (Bonpegnd)70). 00(3H, s) , 3. 99
3H, S t

(543 eeiibhdls B hOPHE BouBtachyae (200 m) yas

10 ACEAHIRALd ik €h (mnagwtﬁo:zaaen%yﬂ dafBd L b e ab slelngde

15

20

25

(106 ng) was condensed with
Method A (production step 2), to thereby yileld the target

product (yield: 311 mg, 85%).

Pale yellow crystals

MS (BSI,m/z) :351 (M+H)*

*H-NMR (CDC15)5:8.87 (1H,s) ,8.05 (1H,br &,0=8.0),7.96 (1H,br

d,J=8.0),7.83(1H,8),7.84-7.89(1H,m),7.61-7.66 (1H,m),

7.37(1H,d,J0=2.2,8.8),7.22(1H,d,J=2.2),6.98(1H,d,J=8.5) ,

3.99(3H,8),3.96(3H, s)

foi1s8]

Production of (E)-2-benzotriazol-l-yl-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

(yield: 133 mg, 34%).

White crystals (colorless)

MS (ESI,m/z) :307 (M«H)*

75 ©
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benzof uran- 3-acetonitrile (100 ng) through Method B
(production step 2), to thereby yield the target
product 10 (yield: 110 ng, 57t). Wiite needles
(colorless) MS(APC, m z):306(MtH) +

1H NMR(CDC13) 5: 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, 6..95(1H, d,

9 9 P t
Yrindcactd SR iiohe B Lokl Pr e
&333411@1 gt howwﬁe@ydréz anr vl .epiyr sk@mf}@mﬂmﬁﬂ%)l (1H,m),
2- Chl'or'o- 6- met h oxy- 3- qU|noI|necarboxaIdehyde (500 ny)

201 anasi @ denseds e 1 he 3 Adi, e hexyhenzyd (3m,a0i,de 96401, s)
ng) through Method A (production step 2), to thereby
folad the target product (yield: 784 ng, 91%.

Slightly yel |l ow powder MS(ESI, m z): 381( MtH) +
BreduvRAODCRE) 8Z 8- zggqmcg)uranggcﬂra (e e sél“veté@eflfHPbsmyl) -
7.44(ZH,dd,J=2.9, 9. 3) 36(1H dd, J=2.2,8.5),7.22(1 Hd
quyygpltrli (Compound 7

L L P B

en?l g§5?5$0n|§gtﬁaﬁaﬁﬁil%% $89 gﬁgéggﬁlMethod B |
?ﬁd@c@kﬂ"éwﬁ%ﬂ e dftholarmlaves, oaan gl

benzot hi azol'eacetonitrile 0 nmg) th thod B
(RleQducthonmg) eprL). to thereby yield the target

pr oduct

White needles (colorless)

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

*H-NMR (CDC13)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),6u95(1H,d,J=8.5),

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

[0120]

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

(3,4-dimethoxy-phenyl)-acrylonitrile (Compound 73)
2-Chloro-6—methdxy—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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(yield: 330 ng, 899.). Yell ow powder 10
MS(ESI, n z) : 323( MtH) ~
1H NVR(CDC13) 5: 8. 18( 1H, s), 8. 05-8. 08(1H, m, 7.89-7.92(I H

, M,
7.83(1H,d,J=2.2),7.50-7.55(2H,n), 7.40-7. 44(1H, m,
6.97(1H,d,J=8.5),3.99(3H,s),3.98(3H,s) [0122] 15
Producti on of

3- di hydr o- benzof uran--5-yl)-2-(3, 4-
%%%%?ﬁ%%y-phenyl)-acrylonitriIe (Conmpound 75)
2o>1 hydr obenzof ur an- 5- car boxal dehyde (150 ng) was
condensed with 3, 4-di net hoxybenzyl cyani de(180 ngy)
PRt onVRiEh ) A2 {p&gbsiiiziolsbepl2} - (3 p4 tdiaveabyxy -
yield the target 20 product (yield: 154 ng, 500).
Pledriyoly feewyd pn i VBl ARSI Gonpur@0 ¢ M H) *
1H NVR( CDC13) 5: 7. 93( 1H, br v ,
S)’7;;ﬁg{pamgpyegygggzq;qqhxﬁq|qqpé)mg) was condensed with

7.22(1H,dd,J=2.2,8.4),Z.12(1H,d,J=2.2%,6.91 1H d, J=8.5
3-bqa;othlazoleacetonltrlle {200 mg) thfough Method B

.85(1H,.d, J=8.5),4.66(2H,t,J=8.7 .96(3H,s),3.92(.3H. s
fi?m‘é‘.%(’?H??—? )=%). 7)F T 7%%8%&&?‘% orf-igfet product
27 (3,4-di me y- phenyl)-3-[5-(4-fl uoro-
éﬁ%ﬁy')éﬁéoggZoéggfyl]-acrylonitriIe ( Conpound 76)
ﬁgﬁﬁﬁfngﬁgphenyl)-isoxazole-3-carboxaldehyde (200 np)
was condensed with 3, 4-di met hoxybenzyl cyanide (185

MEEST , yz0ugbs Metdmod A (production step 2), to thereby

yield the target product (yield: 150 ng, 41% . Yellow

'HOWMRNCDC1;)5:8.18(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

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

Yellow powder

MS (APST,m/z) : 308 (M+H)*

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

7.22(1H,dd4,J=2.2,8.4),7.12(1H,4,Jd=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),

3.29(2H,t,J=8.7)

[0123]
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MS(ESI, ml z): 351( MtH) '
1H NI\/R( CDC13)6 3.95(3H, s), 3. 98(3H, s)
6. 95(1H,d, J=8.5), 10
7.18-7. 24(3H n) 7.35(1H,dd, J=2.3,8.5),7.44(1H,s), 7. 59(
1H,s), 7.87(2H,dd,J=2.5,9.5) [0124] Production of
(2)-2-(3, 4-di net hoxy- phenyl ) - 3-[ 5- (4- net hoxy-
phenyl ) -i soxazol -3-yl]-acrylonitrile (Conpound 77) 15
= { vb) 7k Sp> -3-C dehyde, A -
A e SRy o R e R Tl o Y o
}%ﬁgéym)lsoua&@mgh 9@1 hagh-A ddaredyuet i(@Bmsber 2)s) O
hereby yield the "~ target product (y|eId 127 ny,
36a) .5 -Yel drawocpovreny 20- MafESlo18-28)-c3686MkHiehyde (200 mg)
1H NVMR(CDC13) 6: 7. 81(1H,d, J=9.4),7.59(1H,s),7.37(1 H,s),
wa 8 x{ciideshdbed=21 Ph 83 5 - Fined(tbtyibeh=z21 2¢yan 0dd 241,88, 1g9. 4
), 6.95(1H,d,J=8.5),3.97(3H,s),3.95(3H,s), 3. 89(3H, s)
qmngggh.g@tpp@dacﬁp{pdqﬁtlon step 2), to thereby yield the

(2) - (3 4- di met hox phenyl) 3- gU|noI|n 2-yl -
ATt MEOEICE (LhRPdUNP 782485 nol i necar boxal dehyde

s condensed with 78 3, 4-di net hoxybenzyl
{éiiﬂWj Oﬁg%g ny) through Method A (production step
%CE%GW 2??&%‘%&2?? ?/rs?% pﬁ?f;“:?,legywhﬁ'vd 252
BR3Pt P ié)%%%dﬁ’&%
7.18-7.24(3H,m),7.35(1H,dd,J=2.3,8.5),7.44(1H,s),7.59(1H, s),
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):BGB(MH—I)+

'H-NMR (CDC1;)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-
acryvlonitrile (Compound 78)

2-Quinolinecarboxaldehyde (200 mg) was condensed with
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7.74-7.80(1H, m,7.58-7.62(1H m, 7. 43(1H, dd, J=2. 2, 8. 3),
7.29(1H,d, 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 oro-6-net hoxy-qui nolin-3-yl)-2-
pyridin-2-yl-acrylonitrile (Conpound 79)

2- Chl or o- 6- net hoxy- 3- qui nol i necar boxal dehyde (222 ny)
was condensed with 2-pyridi neacetonitrile (118 ng)

bV ERRIP GBI Clag o7 Rrdhon g 207
(?ﬂcﬁﬂfc!dxo}ﬁeglzgﬁl 304 %@'&ex‘@@E?heﬂéz%}iéZ@éMéﬂ) '_Froduct
H NVR(CDC13) 5: 8- 883(1H, s), 8. 875(1H, s), 8. 71-8. 74(1H m

Gyﬁaid: 252 mg, 63%).
7.94(1H,d,J=9.1),7.83-7.87(2H, m, 7. 46(I1 H,d, J=2.8,9. 1),
YeRow/ pd@tadk, n), 7. 21(1H,d, J=2.8),3.97(3H,s) [0127]
Pr oducti on of
MSAEST- 7 2¢ B b6 (M-S et hoxy- qui nol i n-3-yl) - 2-
pyridin-3-yl-acrylonitrile SCanound 80) 25 '
‘H-MR 6EBCH) BeB hdX Y18 Gul1folS) nBcaBldRafl déh§ o) {( 222 nm)

condense ridineacetonitrite gﬁ18 ny)

t

B dagna e ot B T BHEE: fon -6 8p 476 (8 tHer cby

Y43 Db o R P i 0 . 8

T I e N TR e R Te N el

[619%G1H,d, J=9.0),7.44-7.50(2H, m, 7. 21(1H,d, J=2.7), 3. 97

(3H,s) [0128]

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

pyridin-2-yl-acrylonitrile (Compound 792)
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

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,3,J=9.1),7.83-7.87(2H,m},7.46(1H,d,J=2.8,9.1),

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-3-yl-acrylonitrile (Compound 80)
2-Chloro-6-methoxy-3-quinolinecarboxaldehyde (222 mg)

was condensed with 3-pyridineacetonitrile (118 mg) through

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

(E) - 3-(2-chl oro-6-net hoxy- qui nol i n-3-yl) - 2-

t hi ophen-2-yl -acrylonitrile (Conpound 81) 10

2- Chl or 0- 6- met hoxy- 3- qui nol i necar boxal dehyde (222 np)
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

a%%ﬁ(é%%? %5]}5'2%’5(75354”7"223&25(5’”” '3) 7.79(1H s),

S Whhddadsl. 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, dd, J=3.
Me &S, m/z3: 966 itk$)* 20 [ 0129] Producti on of
(2)-3-(2-chl oro-6-net hoxy-qui nolin-3-yl)-2- thi ophen-
B-WMrACDY1QBI: bL 0B €18 Goyparing 8284 (1H, s) ,
2- Chl or 0- 6- et hoxy- 3- qui nol i necar boxal dehyde (222 ng)
8V ([@dinddnded- % 4 9 3-8 HoPhdTdaBendndt 02 {Jé'l(sl)zs ng)
through 25 Method B (productlon ste to th by
%9&(& ReIE&r fbt 7 - PF ot R (28 mel d - Zéfgﬂré J=8230/"6) 57(am, )
SII% ly yellow crystals 80 MS(ESI, nlz):327( M+H)'

(CDC13) 5: 8. 78(1H, s), 7. 92( 1H, d J=9.1),7.85(1H, s),

Pf"%’%’(%ﬁgg(%yz@ G ey A ezt e

R%F9e5291r§5¥§&oﬁlﬁéif% Q%o?@bgﬁﬁ §1yret hoxy-

olin-3-yl)-dacrylonitril npound 83)
2-Chloro-6-methoxy-3-quinolinecarboxaldehyde (222 mg)

qw

was condensed with 2-thiopheneacetonitrile (123 mg) through

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

product (yield: 301 mg, 92%).

Pale yellow crystals

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

'H-NMR (CDC1,)8:8.77(1H,s),7.92(1H,4,J=9.3) ,7.79(1H, s),

7.50(1H,dd,J=1.2,3.7),7.44(1H,d4d,J0=2.7,9.3),

7.42(1H,dd,J=1.5,6.6),7;18(1H,d,J=2.7),7.14(1H,dd,J=3.7,5.1),

3.96 (3H, s)

[0129]

Production of (Z)-3-(2-chloro-6-methoxy-quinolin-3-yl)-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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2- Chl or 0- 6- et hoxy- 3- qui nol i necar boxal dehyde (111 np)
was condensed with 1H benzotriazol e-1-acetonitrile (79
ng) 10 through Method B (production step 3), to
thereby yield the target product (yield: 129 ny,

71% . \White powder MS(ESI, m z):362( MtH)
1H-NNR(CDC13)8:8.85(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(1HJﬂ,

7 1 1( 1H, dd, J= 2 8,9.3),7.24(1H,d, J=2.8
@ééﬁéI g?éﬁ.kbﬁ}%{gﬁa( Product i on of > ( )

1hEi\rMﬁ1€§@Z3%hba¥@kn¥ s 7392(@}5:'&' L9 8y rmtéwm A0
qui nol'in-3-yl)-acryl onltrl (Cbnpoun 84)

2-1ehl7arre< Gapmel hpxee 37 .8 (20, maca&boml dehyde g, ]911) ng)
was condensed with 2-benzot hi azol eacetonitrile (87 np)
1Hedigh avBeR o8 B3 (37 Gdlct)i on step 3), to thereby yield
the target product (yield: 148 ng, 78% . 25 Yell ow
[<9r1_\;3§t]al s MB(ESI, mz):378( MtH)'

1H NNR%CDClS) ZWS 99(1H 8. 65( 1H, s) 1H d, J 21
EFORCR007. G5 BFL 19 IS IGROLFL I} 1 4l FIsra e thony -
7..22(1H, 98 3H.,.s 013 ductlon of
ok lBy? %%ﬁ igﬁﬁa %8)(ﬁgﬂ VA 5&§Erylonitrile
(Comao ) ) S
Condencagenst WeHiag f@%&?éﬁ%?%?‘%‘g’%ﬁ%%%’ (18ng)
w%@rgéﬁaeﬁgé@QHnﬁiGﬂf@@%&b&?ﬂazole l-acetonitrile (79 mg)
through Method B (production step 3), to thereby yield the
target product (yield: 129 mg, 71%).
White powder
MS (ESI,m/z) :362 (M+H)*
'H-NMR (CDC1;)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,J=2.8,9.3),7.24(1H,d,J=2.8),
3.99(3H, s)

[0131]

Production of (E)-2-benzothiazol-2-yl-3-(2-chloro-6-methoxy-

quinolin-3-yl)-acrylonitrile (Compound 84}

2-Chloro-6-methoxy-3-quinolinecarboxaldehyde (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,d4,J=8.1),
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step 3), to thereby yield the target product (yield:
138 ngy, 5499) . 10 Slightly pink crystals

M5( ESI, nml z): 258( MtH)

"H NVR(CDC13) 8: 9. 22(1H,s),9.06(1H,d, J=4.4),8.72-8.74(1

Ha n')a
8.21(1H, d, J=8. 3),8. 10(1H,d,J:8. 3),7.96(1H, d, J=4. 4)

7.60-7.83(2H, M), 7. 75-7. 82(1H, 1), 7. 62-7. 67(1H, n) . 15
(2%8 79@%&%“&?)7&99%3k1(Eﬁoﬁvcﬁ'@@ Pf52 (28, m) ,

2-pyridin-3-yl-3-quinolin-4-yl- acrylonltrlle

1.cemmavadsss) 7 4L uwgal, ggcar boxal dehyde (157 ng) was
condensed with 20 3- pyrldlneacetonltr|le (118 np)

tohseagh Method B (production step 3), to thereby
yield the target product (yield: 76 mg, 29% . Wite

movdtert 1 oVBOESI 7 M2 py2586nkRy y1-25quinolin-4-yl-

1H NVR(CDC13) 8: 9. 08( 1H, d, J=4. 6), 9. 07( 1H, d, J=2. 4),,
a@ryAODMEYide 1{GupeBndg 857 ( 1H, s) | 8. 23( 1H, d, J=7. 8)

8.09(1H, ddd, J=1.7 8(1H,d, J=8.5

7. 916IQu&ngiﬁn%ﬁaﬁbQ§§lﬂe§ﬂﬁpH(ﬁ% 7m%h_wa eﬁfed with
7.49(1H, dd, J 134 odust

2(@¥?§£&BF%%$??P§% eé(%g E%éngé ggacry BnilPFPfigction

8 |
chﬁde éeg m%%ﬁéﬂ§¥gagggﬂg%§;gg?§%|t <ﬁﬁu%%§§1@§h "238 ng,
sihlagough Method B (production

Slightly pink crystals
MS(ESI,m/z) :258 (M+H) "
1H-NMR (CDC1;)8:9.22(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,Jd=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-quinolin-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,

White powder

MS (ESI,m/z) :258 (M+H)*

1H-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,d4,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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step 3), to thereby yield the target product (yield:
175 ng, 67% 10 Slightly yellow crystals .

"MB(ESI, ml z) : 263( MrH)'

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(| H, m)

70k S B 1, SRR 3. BT o (ALY T2

: {@g(%}lquanthnS%yi 2- t hi ophen- 3 yl - acrylonitrile

(Conpound 88) 4- Qui noI i necar boxal dehyde (157 ng) was
candgnsed with 20 3-thi opheneacetonitrile (123 ng)

t hrough Method B (production step 3), to thereby
Brcetudttiba bAr X - rauductl iy keld:- 2 8dhhapher8yl-Yel | ow
powder MS(ESI, nfz):263(MH)' 25

addyNREEDELS) SCommBBMdaH 8T J=4. 4) , 8. 20( 1H, d, J=S. 4), 8. 09(

1H, 8), .

7. 98(4rﬂuan918nﬂ§anbcgﬁlﬂffhé’d$—4127 BIYy gas LRIsignged with
%Qﬁ%&eépgg as?t nltrl g}ulé% %g?géﬁﬁkggh ﬁg%ﬂg%ﬂﬁ hproductlon
%%% ﬁ&ﬁe zo bi%%%ﬁgﬁ%ﬁgggé%'@aEQéQQ&Eﬂﬁ%ﬁyWymeld 175 mg,

zo[ b]thl ophene- 3- car boxal dehyde (81 ng) was 5
condensed with 2-thi opheneacetonitrile (62 ng) through

Jalhedy B pswausidrensstep 3), to thereby yield the
target product (yield: 40 ng, 309%.
MS (ESI,m/z) :263 (M+H)*
1vH—]L\I.TMR(CDCl_o,)S:9.03(1I-I,C1,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{(14,m),7.53(1H,d44,J=1.2,3.7),7.45(1H,dd,J=1.2,5.1),
7.16(1H,dd,J=3.7,5.1)
[0135]
Production of (Z)-3-quinolin-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,
31%) .
Yellow powder
MS (ESI,m/z) :263 (M+H) "
'H-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, 8}
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Yel | ow powder MS(ESI, m z):26S( MrH) + 10

1H NMR(CDC13) 8: 8. 55(1 H,s),7.91-7.93(1H, m,

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,dd, J=1.2,5.1),7.11(1H,dd, J=3.7,5.1) [0137] 15
Producti on of

(E) - 3-benzo[ b] t hi ophen-3-yl - 2-benzot hi azol -

@1‘3%‘? ylonitrile (Conmpound 90) ‘
enzo[b]thiophene 3- car boxal dehyde (81 ng) was

mrdensed - G203 éahsﬁﬁ&&mﬁmd-@h@ﬁh@n -yl-
t hr ough N@tho B (production step 3), to thereby

avrelidni beilar gesmpahdpmsaguct (yi el d: 111 nmg, 699% .

Yel | ow powder MS(ESI, m z): 319( MtH) +

1H NBROZDCEBY 51 Golgd{eHs -sprdo88 d¢hwle 8(8M (rh, brs

d,J=8.2), 8.06(1H, br

c@n@emsggi Wit - thge(opﬂqem‘-wesgnvtns@(@r(% mg)5through Method

7.43-7.52(2H m %0138 Product i on

B(iPISdB‘éWz?}? uFEER 2ly| 9. Esﬁ%?sorwléi ;Hhes&arget product

acr l.oni 6%3 npound 91) 2- Benzof urancar boxal dehyde
ﬂg)4 gt ddrised with benzof uran-3-acetonitrile

Ygég Q%éo$££ ugh Method B (production step 3), to
yiéld the target product 5 (yield: 110 ny,

ME(MT, m)Ye) | 5% pavger  MS(ESI, nf z) : 319( MeH) +

1H~-NMR (CDC13)8:8.55(1H,s),7.91-7.93(1H,m),

7.89(1H,d4d,J=1.2,7.3),7.67(1H,s),7.49(1H,dd,J=1.2,7.9),

7.46(1H,d4,J=1.2,7.9),7.42(1H,dd,J=1.2,3.7),

7.34(1H,dd4,J=1.2,5.1),7.11(1H,dd,J=3.7,5.1)

[0137]

Production of (E)-3-benzo[b]lthiophen-3-yl-2-benzothiazol-2-

vli-acrylonitrile (Compound 90)
Benzo[b]thiophene—B-cafboxaldehyde (81 mg) was

condensed with 2-benzothiazoleacetonitrile (87 mg) through

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

product (yield: 111 mg, 69%).

Yellow powder

MS (ESI,m/z) :319(M+H)"

1H-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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1H NMR(CDC13) 8: 8. 06(1H,s), 7.92-7.96(1H, m, 7. 66( 1H, br
d, J=7. 8),

7.58(1Hs),7.56-7.60(2H, m,7.47(1H,s),7.38-7.45(3H,m,
10 7.28-7.32(1H, m [0139] Production of

(E) - 2- benzot hi azol - 2-yl -3-(1-net hyl -1 H i ndol - 3-
yl)-acrylonitrile (Conpound 92)

1- Met hyl i ndol e- 3- car boxal dehyde (79 ng) was condensed

1 it h 2-hen [ I etonitrile (87 ng) through
aﬁ%??%élEflﬁirégﬁgPﬁéﬁ g?gp 3), to thereby yield the
target h@hd: ) wiel LenaeryElerwith
VB( E%I ],3%(‘2 : 31a&%%%glg%ﬁ;dgg(739%)
béhz OMRARCLY R tIn36k1e s ) 78. RO Hhrdugh. H3tBo@7| H M),
7.90-7.94(1H,m), 7.86-7.90(1H m, 7.48-7.53(I H m,
(Prddudt 4&{ Hiep 33. 9563thsyeby Gi4dld Rhedtetrgen mfoduct
(Z)-3-(10-chl oro-ant hracen-9-yl)-2-(3,4- 25
(diekfhokyo plenyl7kIacryl onitril e (Conpound 93)
| 0- Chl or 0- 9-ant hr al dehyde (500 ng) was condensed with
Yglhowi pRidfdxybenzyl cyani de (368 ng) through Method A
85 éﬁro uction stip 2), to thereby yield the target
MS( Bt 2) 3@ W+Hlee ny, 56%. Yel | ow powder

R N

738850, 20y 76 - S0 RHMLT AT (4H.5) 17, 38-TAS G,
272854 W 3. 2), 7. 02( 1H, d, J=8.5), 4. 01(3H, s), 3. 99(3H, s
)

[0139]

Production of (E)-2-benzothiazol-2-yl-3-(l-methyl-1H-indol-3-

vl) -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,)5:8.56 (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)

[o140]

Production of (Z)-3-(10-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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[0141] Production 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 wi th 3,4- di net hoxybenzyl cyanide (567
ng) through Method A (production step 2), to thereby;
yield the target product (yield: 872 ny, 86%. 15

Yel | ow powder MS(APSI, nfz):316( M-H)'

ARG S el D O

g,i%aﬁlH,;glgIn:[ 2.2598. 5), 7. 20(1H, d, J=2. 2), 6. 94(1 H, d, J=8. 5
S, 20 3..99(3H s), 3. 94(3H,s) [0142] Producti on of

Yied)lowr {gaw&eﬂl met hoxy- phenyl ) - 3- phenant hr en- 9-
yl -acrylonitrile (Conpound 95) Phenant hrene-9-al dehyde

MIABGsayh/ wasscoiMienNsed with 25 3, 4-di net hoxybenzyl

cyani de (214 ng) through Method A (production step

1H}NMR0Cmdilal)§b§' &1 1) &, et &) gét 2p Baludt, 8 -Opi(@Hdd., 278.5) ,
, 63% . 86 Yell ow powder §APSI mﬂq) 366§ "2*

7. WNN/R?@:D’GiG&B%Sﬁ?Flﬁld%:I?) 8 B 26(

73 3??&%90&' F212)2)7 -P2ddHgdgIr8 1l P13 Sl 2RP g Y

[%1921 7.68(2H,m, 7. 40( 1H, dd, J=2. 4, 8. 3), 7. 28( 1H, d, J=2. 4)

-99(1H,d, 3=8.3),4.00(3H,s),3.97(3H,s) [0143]

Production of (Z)-2-(3,4-dimethoxy-phenyl)-3-naphthalen-2-yl-
acrylonitrile (Compound 94)

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) "
IH-NMR (CDC13)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,d4,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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Producti on of

1-[5-[(2)-2-cyano- 2- (3, 4-di met hoxy- phenyl ) -

vi nyl ] -t hi ophen-2-yl]-pi peridin-4-yl

di et hyl am no-acetate p- 10 tol uenesul fonate (Conpound

96) Conpound 6 (480 ng) was dissolved in toluene (100
nL) and N, N-di ethyl glycin sodiumsalt (296 ng) and
- toluenesul fonic acid nonohydrate (490 ng) were

?Qﬂﬁ$”§>§k% solution, followed by stirring under ref
UX ours. The 15 solvent was evaporated to
Fﬁgﬁsnvggd3gaQM;ﬁ 4 due was purified by silica ge
um chr omat ogr aphy (CHC13- MeOH), to thereby yield

’t}i‘lmabﬁ@l:,)w edyot 1fyh erLh . 93378 m(1§7d73@=7 g)\¥ed |2®wWaiH, s),
powder NMS(ESI, m z):484( MtH)'
a4 H NIR(, BYBOL5 27, 9469 +§ )2 ('21-149'()414,70, I=76 &H,M)43( 1H, d, J
=4.1),
7- 6137(71H8d231+@) 2740 qn(m J=2=%.8) 37, 0028 HHW . J=2.2)8. 5
%1 7.00(1 H d, J=8.5 32(1H,d, J=4.1),5.09-5. 12(1H, m),
%&ﬂ%ﬂmdsf 8-83(4H 3598?8@3ﬁ7é?H3551 3. 55(2H, m),
. 31-3.37(2H m, 3. 22(4H, q, J=7.1), 2. 29(6H, s), 2. 02- 2. 06(
!, 25 1.78-1.82(2H,m, 1.21(6H,t,J=7.1) [0144]

t.i

é? %%ﬁ% 2% Qgcyaﬁs &(%) s2-C ano- ﬁoiy pH%H§ Sho§¥ phenyl)

hlx gbgﬂgﬁﬂz% e'}.%llﬂl ;}1yalgtﬁ§mﬁlnﬁ>acaéeﬁaﬁs p-

npoun oun (15 was di'ssol ved in
&w&iedlle@alésénaté (C&ﬁfbuﬁide@éw carbanoyl chloride (55
nyg) was added to the 5 solution, followed by stirring
undercampbuhtdxef 048@ dpunves dAkkeldvednph etolorersf (100 mL),
reacti on, nethanol was added to the reaction m xture,
gl NoWedibyhyiglydimg foskiugOsplhul @86 M and p-

toluenesulfonic acid monohydrate (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/2z) :484 (M+H)"

1H-NMR (DMSO) 8:7.94 (1H,s),7.49(4H,d4,3=7.8),7.43(1H,4,J=4.1}),
7.17(1H,d,J=2.2),7.12(4H,d4,3=7.8),7.09(1H,dd4,J=2.2,8.5),
7.00(1H,d,J=8.5),6.32(1H,d,J=4.1),5.09-5.12(1H, m),
4.26(2H,s),3.83(3H,s8),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,J=7.1)

[0144]
Production of 1-[5-[(Z)-2-cyano-2-(3,4-dimethoxy-phenyl) -
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sol vent was evaporated to dryness, and the residue was
extracted with 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 ny,
21.3% . Yellow powder 15 MS(ESI, m z):470( MtH) *

1H NVR(CDC13)43: 7.37(1H,s),7.23(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

' )vin.-]Q%ﬁiébﬁén1§4z#)Sﬁﬁﬁﬁiiﬂiﬂ743#i Riethyl-carbamate
, S)

3.74(3H s), 3. 90(3
3 (@@udubd (204, m) , 3. 30- 3. 39(6H, M), 2. 01-2. 08(2H, M), 20

1.83-1. 91(2H,2/,1- 14(6H,t,J=7.1) (0145) Productijon of
1- [ 5-9oppyumd @y 4A59-19), 2adi AeHOSIpABDYYidine (1 mb),

vi nyl ].-t hi.ophen- 2-yl ].-pi_peri din-4-yl

e ek RrRERRRd Y RRaR Tl e sdsspg ke
hygh ﬁtshprﬁdiqp(vgem%m&%%am eENg: 1r( BORFS).
was di ssoved in nethylene chloride (10 nL), and

2 mfdrotompl.efb1 8hnet hesaection, Sedthanpl neas 2R4edyo tded

N- et hyl nor phol i ne (129 t% were added to the sol ution,
g@:acslbowidthye st fo¥liavgdwby hetigaingofen @O Bimageres. The
m nutes. Subsequent]|y, .
RERE TR SREEHERT SPhGTERas afrfche G855 B
'&,ﬁ@?wyé 3 RROLA NS dedkn b RIS £2086rhded .t RO £
folTowed by stirring at roomtenperature for 17 hours.

Theoed W venéd Verevepotat ad fatedsynebsteansnd e
residue was purified by silica gel colum

coluest ogsapryrCEHEI3tNeDmesse THsereBiaNs &13f t he

. ) 0
gggg;été¥iggggtf§gg %EQYl5§52€g%é,796©ﬁhereby yvield the

target product (yield: 40.6 mg, 21.3%).

Yellow powder

MS (ESI,m/z) :470 {M+H) "

H-NMR(CDC1;)8:7.37(1H,s),7.23(1H,d,J=4.4),

7.13(1H,dd,J=é.2,8.5),7.04(1H,d,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),3.920(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 98)
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 pL) were added to the solution,

gg °©
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Yel | ow powder MS(ESI, ml z):583(M HCL+H)" 10

2H NMR(CDC13) 5: 7. 60(1H, m, 7. 37(1H, s), 7. 22( 1H, d, J=4.
7.13(1H,dd, J=2.2,8.3),7.04(1H,d, J=2. 2), 687(1HdJ
), 6.05(1H,d, J=8.5Hz),4.96-5.00(1H n), 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.i7(6H M, 3. 13(3H,s), 2. 65-2. 69(2
Hm, 15

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) [0146] Production of
1?[351&&@ o §'¥ﬁr}:1%g( %néhdié@%@lYn@rﬁiybb minutes.

vi nyl | -t hi dphen-2-yl | -piperidin--4-yl

Ns(8shinetnnylanm nudlgehpmwwnaetﬁytetmaéw@mmd@ﬁ@ HL).
99) Conpound 18 (500 ) was dissoved in nethyl en
Chn@rmtmgthylmpwﬁgpllaﬁd 215 pL) were added to the mlxture,

2-chl oro-4, 6-dj ne ni%ﬁtrlazme% a‘f
M%}dempmﬁrﬁ@g( Cibgrao BepbeRgnas it dne
d e
DEOLTHRC Y Sl Eh?%f‘é‘?%?#@?f%ﬂ%ﬁiﬁe%?ﬁ e (200

LpuBae eaNogred shyilcangah okd n( 2hborpd fogwapky atitisds tHedHle to
m Xt ure, ol lowed by stirring at roomtenperature for
1Fhérehysyidht the 89rsel wnedughs (whalgor 802 d™-0 7§F Y ness,
and the residue was purified by silica gel colum

orrit 88¥dFhy (CHCL3-McOH), to thereby yield the

y\%%ﬁ‘g‘#‘ ﬁfgf%%%_}%l\ﬁ%%rszz ng, 49% . Yellow powder 5

H?f M\{B (FG1D.5 . €01k M 30).37(48(IH M 2d+dn A}, J0-430¢ 2H, d, J

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

1)
=4.

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),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)

[06146]
Production of 1-[5-[(2)-2-cyano-2-(3,4-dimethoxy-phenyl) -

vinyl] ~thiophen-2-yl] -piperidin-4-yl N- (4-diethylamino-
phenyl) -succinamate (Compound §9)

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 pL) were added to the golution,
followed by stirril‘lg with ice cooling for 30 minutes.

Subsequently, N,N-diethyl-1,4-phenylenediamine (209 pL} and

N-methylmorpholine ‘ (215 pl) were added to the mixture,

followed by stirring at room temperature foxr 17 hours. The

<]
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7.17(1H,d,J=2.2),7.09(1H,dd, J=2.2,8.3),7.00(I Hd, J=8.8

), 6.57(2H,d,J=8.8),6.27(1H,d,J=4.1),4.91-4.95(1H m

3.83(3H,s),3.78(3H,s),3.44-3.49(2H, m, 3. 25- 3. 30( 6H, 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

(z)-2-(3, 4-di net hoxy- phenyl)-3-{5-[ 4-(2-

hyd{oxy-ethyl)-piperazin-l-yI]-thiophen-2-y|}-acry|on

trile 15 1/ 2 sulfate -l

S P SacripapiesBtn pp BERARE, it chel 1BBs s
Q. - n 0 ;

p@géghggggg %{%ﬁ%§ﬂ9@1 Ao Puiir Oh P Bhat P gne (BlgiinvoH) , to

I Ssol ution (external” teénperature:
t%@@ébfyfelé QIHY itaRqWRS pFedtEn ey 1€l d:0Qm2t REPes st ur e,
and allowed to 20 stand overni ght. The precipitated
velysiapswaer e recovered through filtration, and the
recovered crystals were washed sequentially with a
MSHBBL, mhpurdl oM+’ i fi ed wat er and hexane. The
crystals were thoroughly dried, to thereby yield the
B MRt COsHo idict - (181, &) - 3660 fib, @al=4.0009)-3048H, d,J=8.5) ,

Yel | ow sh_orange crysta

7(Egg}ﬁ1qéqigﬂgowpepgﬁé§653+#£%.2,8.3),7.00(1H,d,J=8.8),
(1L B ENBO 49) 1y 7,950 1K 51, T3 4% 144, 35428) o 18(1H ¢
l _é )1

3;8§9§§f2f¥5:y%%3%5§??%aZ49§§§§¥éh;%ﬁ§35b563356%&hgmﬂf4-4

333 3178 3hi- @) 68(RAH ,50(4H, m,
=S TR 45908 S Sao, S 1

1( &) (&u (8, F=dligyet hoxy- phenyl ) - 3- {5-[ 4- ( 2-

hydr oxy- et hyl ) - pi perazi n-1-yl ] -t hi ophen-2-yl }-acryl on
[oravE

Production of (Z)-2-(3,;4-dimethoxy-phenyl)-3-{5-[4-(2-
hydroxy-ethyl) -piperazin-1-yl]l -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,S0,+H) "

H-NMR (DMSO-dg)8:7.95(1H,s),7.43(1H,d,J=4.4),7.18(1H,d,d=2.2),

S0
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sul fate (Conmpound 101) O.1-nol/L Sulfuric acid (12.70
m.) and purified water (12.30 nlL) were added to
Compound 9 (500 ng), and the mi xture 10 was heated
for dissolution (external tenperature: 90C). The
solution was returned to roomtenperature, and all owed
to stand overnight. The precipitated crystals were
recovered through filtration, and the recovered

ﬁ;ﬂﬁ&ﬁ' a"Werse yashsd 7 3QqUANGT ALd Yo Wi %setmrral k-anpynt

Urifred wat'er and ‘hexane. 15 The crystal's were
e '@@R@Hg@é)@ dyd @ﬁi é)o at.Berebys yie)h thes-basgeaupapgduct
/<). Yel | owi sh orange crystals M
2( EgLanbg}GH%)}o (M H2SO4+H)" ' R- NMR(DMSO- d6) 3: 7. 95( 1H,
5), 7.43 (1H,d,J=4.4),7.18(1H,d,J=2.2), 20
[6126(I H, dd, J=2.2,8.5),7.01(I Hd, J=8.5),6.35(1H,d, J=4. 4
), 3. 83(3H s),

PROABEBEDS ) OB, 6D--2-98( 2rdiyethaer piwawam Ay {5- [4- (2-
2.83-3.07(6H m, [0149] Productjon of X
hy2r0§ytgtmy%ﬂ1ﬁaﬂﬁ§e¢lﬁhény%b -ghijaphen-2yyig -acrylonitrile

dr oxy-eth i.perazin-1-yl]-thiophen-2-yl}-acryl oni
SP#F‘EG ﬁ?‘?‘?é;?‘%“f fpound 102) 0.1-mol /L Nitric acid

(12 70, Tl ROCLRY A N8 o1z 3 fih2 3h ks ¥OES warer
(?-Egggg“éprwéi—‘es%‘ad‘éﬁ' £8 éSﬂé{S&Eﬂ@b t @RE Y U 8hd 9988 ‘mixture

olution was returned to roomtenperature, and

wak! Q¥eLad Or oS tARGAVEH Bh Ot AR I0FReoRhalied : Csy<hal SThe

were recovered 5 through filtration, and the recovered
selyBiath avazmrmaﬂmbddtoseqmmmémgdr;awmh andnallowesd U
of purified water and hexane.

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: 564 mg, 91%).

. Yellowish orange crystals

MS (ESI,m/z) : 400 {(M-H,S0,+H)*

1H-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,d8d,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-1-yl] -thiophen-2-yl}-acrylonitrile
nitrate (Compound 102) |

0.1-mol/L Nitric acid (12.70 mL) and purified water
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The crystals were thoroughly dried, to thereby yield

the target product (yield: 530 ng, 91% . Yellow

crystals 10 MS(ESI, m z): 400( M HNO3+H)

1H NVR( DMSO- d6) 8. 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(1 H dd, J=2.2,8.5),7.02(1H,d, J=8.5
, 6. 42(1H d,J=4.4),5. 42(1H br

éf%%i‘*@édfﬁ}é yadded S lconpqund 3 4303 g and) the mixture
O% gﬁe][a(tf) gggt glggsgilt%lozp cf|GXte %1/ 1F:) rg%eri'ature. 90°C) . The

ST ilort RiaaPRePa2ndd | tdi R @bﬁpérdture, and allowed to
di et hyl am no-acetate (Conpound 103) Conpound 6 (3.70

Hartb Hvairasghved The pyecdpheatddergtgtals?2@eandrecovered
N, N-di et hyl gl ycin sodiumsalt (7.66 g) was added to
theugdolfiftoatiém) | owkdHey recoverad exystooin were washed

tenperature for 1 hour. Subsequently,
geausintdaddy RoRly| 2 o] @@oegusf glyuw’sl%l efer; gnfphexane.

m xture, followed by sti d f

ULy sApL8r VEERADE #%Wh[}FYI Azig rg{\? ‘f*h%reﬁo& Vg%&%\ﬂé‘éle

25 t d . Chl f
R0 BRER s Vit 1) THe' PEET due. and the i xt ure

Q@%ﬁcﬁﬁ%ﬁﬁg £ Lh water three tines. The pH of the

aqueous Fayer was checked by use 92 of a pH

MEESRRGY) @G@(Muhﬂg%hgﬁ to 4 to 5 wth 1IN aqueous

hydrochloric acid e organic |ayer was dried over

150fH MmOl 436 €9 By 3 s)and oBhense) YENS vas d, J=4.4) ,
evaporated to dryness. The residue was purified by

wido (a3, gelr=2 o2 unn. IZWanwﬁogFapﬁyS55XC}nmEL¥h%hﬁéﬁ 50
t her eby ylf|d the target product S ield: 3.62 )
GHy@(lH 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)

T0150]

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 forll 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. Chloroform (1,000 mL)} was

added to the residue, and the mixture was washed with water '

three times. The pH of the aqueous layer was checked by use
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Yel | ow powder MS(ESI, m z): 484(MtH)'
" H NMR(CDC13) 8: 7. 36(1H,s), 7. 22(1 H,d, J=4.6), 10
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=4.4),5.03-5. 07(1 H, m), 3. 94(3H, s), 3. 91(3H, 5)
3.52-3.58(2H, ), 3. 34(2H, s), 3. 25- 3. 31(2H, ), 2. 67(4H, q, J

)

%170% ;5—1 é:.?(sfaaﬁ%ri %156. a%‘jdl(sé:ﬁd tol40r7?6?-l Wlth lN aqueous
§H§gkh13§18r9g9&t'Q%eoerganlc layer was drled over sodium
[-15-[(2)-2-cyano- 2- (3, 4-di met hoxy- phenyl ) -
QﬁIBHﬂeWQﬁhQEBQBeZ ahd -tHePoleRtdwis evaporated to dryness.
di met hyl am no- acetate hydrochl oride (Conpound 104)
Hidareaidue wh) pundi AN bydrsddhkar gel ano i & hrpmagpgraphy
added to Compound 62 (150 ng), and the m xture was
t@tladHéwane RO tdi §éﬁ@lmbyovr1(eb&tmmaiarig@f¢pémtiu¢‘é (yield:
fﬁfz The solution was returned to room tenperature,
3ifE &1 Gréd-to stand overnight. The precipitated
crystals \éyere recovered through filtration, and the
’?eé)éWePé’H EFyst als were recrystallized from

opan t.hereby yield the target product
}J@&%& %? gsig\g 48. 6% Yel | ow powder

%‘&“ﬁ%&f@é@@?éﬁ%ﬁ?ﬂ W B8 et 9 1)

7.-153akbaddadz22 28 &)3)7. 6404614, 8-372) 2.4 @8 &HodsJ58, 5
éngRGkHdeéEé4ﬁ)5Ehik%a@ﬂliﬁlﬁ)n),349nL3H”$)93193(3H,S)

R 52962EB$H 355 JHDERHE) 0, 3525 - 31 GH 21, 13- 63.(0H( 6HUsT; 1) .
25 022 9220%(%}21(131;_' rl’)821 1889-01(2%61({1)2H1 '7((; o1s %]-7 1)

[0151]

Production of 1—[5—[(Z)—2-cyano—2—(3,4~dimethoxy—pheny1)—
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 yield the target product (yield: 78.7
mg, 48.6%). |
Yellow powder

MS (ESI,m/z) :456 (M-HCL1+H)"

93



i0

15

20

25

Producti on of

1-[5-[(2)-2-cyano- 2- (3, 4-di met hoxy- phenyl ) -

vi nyl ] -t hi ophen-2-yl]-piperidin-4-yl

di et hyl am no-acetate hydrochloride (Conpound 105) 10

| sopropanol (10 nmL) and 12N hydrochloric acid (59 L)

wer e added to Conmpound 103 (338 ng), and the m xture

was heated for dissolution (external tenperature:

180 oL uti S . Q,r9pm t enper at ure,

gn%l(ggajéﬁ%f lg : EZ?%%’@%O’V%?%%&E?Q' %h‘é' g}r)'eci pi tated

£I5503, 9aVBLe . 5 esovered4 (15, thoopgh) fé )49 @, ang=ans) ,

the recovered crystals were recrystallized from

é Sopnenanoks . 1p, 3 ey-ahy 7(inal, o) t heod 6319et) , 3pLAdast s) ,

(yield: 254.5 ng, 70.0% . Yell ow powder

AVB(ESH, s 2} - 3843 MIHCHEH)', 3.26-3.31(2H,m),3.02 (6H, s},

1H NVR(CDC13) 8: 7. 38(1H,s), 7. 22(1H, d, J=4. 6) ,

27.04R1H2d@H JED, D, 88 9. 96.(88( mH, d, J=2. 2), 6. 88( 114, d, J=8.

5), .6.07(1H,d, J=4.5),5.10-5.15(.1H m), 3. 95( 3H,

%%1,532’.191( 2H, s),

P%q%\% Hef) o8 22 s [6&()2—5"—%%@ 39( ¢4t &éi’mzet%x%LEﬁégyf’)z-(
2 8-.1 : m. atf Ao

N e T R e e S S O i -

YRR 881 & a(ESpRInd 248) SN-38-4 cel | s 94 The effect

of the conmpounds of the present invention on

BCRP-regdi-ab&foBNti £ MINeanagedll hpsrSEEI:a Iagiat Yeh eglr)

by use of the human [ ung cancer A549/ SN-38-4 cells

wesee addedr nat ¢onsiuruboBcdB B0 20061 /t0eo A3 Furehvah

had acquired 5 anticancer agent resistance through

hBGRRdefpredsssmiutilve (RutranndlingenRenatiurR54§0¢@) 4 sThe

the A549/SN-38-4 cells were
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 isopropanol, to thereby yield the target
product (yield: 254.5 mg, 70.0%).

Yellow powder

MS(ESI,m/z) :484 (M-HC1+H)*

H-NMR (CDC13)8:7.38(1H,s),7.22(1H,d4,J=4.6),
7.14(1H,dd4,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,s),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 A549/SN-38-4 cells
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suspended in a Ham's F-12 nedi um cont ai ni ng 10% FBS,
100 UnL of penicillin, and 100 g/ nL of streptonycin
(10% PBS/Haml's F-12), and the resultant suspension

was i noculated into a 96 10 well mcroplate (2 x 103
cells/50 L/well), followed by culturing at 5% CO2 and
37C overnight. Thereafter, a 10% F8S/ Hanlis F-12
solution (25 }a) containing each of conpounds 1 to

102 of the present invention and SN-38 was added to
each of the wells, followed by culturing at 5% CO2

and 37€hé arffé8t 1&f htier sompdiirels odnphetpresemf invention on
culturing, the nunber of viable cells was counted by
ugéwfm@waél@%@mceﬁmqmr?%wémc W#%tfrt&éé%rbymee

LBttt el PP Serath AP AN 161 GRURANLS " Tabl es
Iﬁ?erdha%lg%i h& E‘S.E_{OIQfW(ﬁ @654 )9(%' 94200 tyhl® BQa acquired

derivatives In overcomng S resi stance, which i's

r@mm&beda@htE@ée1sta%E§éStheomg1em@dexpzms¢snen The
concentration of an acrylonitrile derivative required

f ownBOIungdemtdeanAbio adidsr of athiey @5184F% 13 Endecbtuaere

The rel ative resistance value is obtalned b i Vi
tﬁéssreeéied(ﬁrnea Baphg Eorc 8REFET | GREGF1 2% &ﬁ%aﬁF? ge?%m

req red faqr % i.n |b ti.on 9]
Brsi§REN 0 258y e, b 4B bt (LA ket
(mrze Nt aha Gald $reultrtd tsaaiaaﬁsﬁdﬁe whel aldeateqi ﬁitmaess-
95 val ue, the higher the |evel of acquired resistance.
Thral mésteplaaee (2 evaal etdkltlbAS0 eagwedl) t Heldompduiwds of
the present invention exhibits potent effect of
(ﬂﬁéﬁ:@éiﬁilfhgﬁtt & SR 384 BTG svarmighsr tTHherRBAbraN380%

TS/ Bar et dpT oy #ho o enee gl el F Sghfiunas
AS548 el dr gheVbreatnd ARdSHSNm38nd ©elds geewkdbded to each
of the wells, followed by c¢ulturing 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 acrylonitrile
derivatives in overcoming SN-38 resistance, which is
represented by ECss. ™“ECs0” 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 A543

cells (parental cells). The greater the relative resistance
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were not affected. This suggests that the
acrylonitrile derivative of the present invention
inhibits BCRP, and therefore overconmes the anticancer
agent resistance of cancer 10 cells or potentiates
sensitivity of cancer cells to the anticancer agent.
[0154] [Table 1] Conpound Effect of overcom ng
resistance ECSO (ng/m) 16 2 130 3 32 4 12 5 13

va148 t?hég%io%xe‘lz5 th2 48velOof 2oqulikr-P rebdsb8ncd3 3Be
14787 15 2 19 14 20 490 21 20 22 13
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 potentiates sensitivity of cancer cells to the

anticancer agent.

[0154]
[Table 1]
Compound Effect of overcoming resistance
ECsp (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
18 14
20 490
21 20
22 i3
23 58
24 34
25 13
26 75
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23 58 24 34 25 13 26 75 96 27 200 28 120 29 420

[ 01551 97 [Table 2] Conpound Effect of overcom ng

resi stance 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

27 ‘ 200

28 120

29 420
[0155]
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45 50 46 100 47 30 50 110 51 510 54 36 56 37 59
61 61 44 [0156] 98 [Table 3] Conmpound Effect of
overcom ng resistance EC50 (ng/nL) 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

[Table 2]
Compound Effect of overcoming resistance
ECso (ng/mL)
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
47 : 30
50 110
51 510
54 36
56 37
. b9 61
61 44
[0156]
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77 110 78 77 79 6 80 19 82 78 83 190 85 230 86
120 87 46 88 70 [0157] [Table 4] Conmpound Effect of
overcom ng resistance EC50 (ng/nL) 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

[Table 3]
Compound Effect of overcoming resistance
ECso (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 77
79 : . 6
80 19
82 78
83 190
85 230
86 _ 120
87 46
88 70

[0157]

[Table 4]

Compound Effect of overcoming resistance
ECsp (ng/mL)

90 460
91 520
92 41
23 280
95 ' 8
96 120
97 78
98 100
99 63
100 12
101 13
102 17
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[0158] Exanple 3: Effect of overcom ng anticancer
agent resistance of human BCRP gene-transduced nouse
| eukem a P388 cells Muse | eukem a P388 cells or human
BCRP gene-transduced 5 P388 cells (P388/BCRP cells)
(see JP- A-2003-063989) were suspended in 101

FBS/ RPM 1640 cont ai ni ng 2-nercaptethanol (50 M, and
the resul tant suspension was added to a 96-wel |

Qﬂ%{gﬁpl ate (1 x 104 cells/50 L/well). Thereafter, a

o]l ution of each of Conmpounds 1, 14, 21, 31, 39, and

119 . t Be£PEESEN ot d R hgNaARtcated8 ddentOkesistance
FBS/RPNI 1640 (25 L) was added to each of the wells,

d0Iewad BeY pCibhel t Mithsiu e mE08e ansuidshGd @3848chdlss.
After conpletion of culturing, the nunber of viable
cel | somae teukéweil B3 ek eedflsTetr hGohwr BCNE geace trdnaguced

to the manufacture's instruction manual. The 15
B3@8ulced lar éP3SRRCRM q&ild.s)1 (seachP oh-3HB 10630889) were
conpounds _ of ;he &resent i nvention, exhi bited gogﬁnt
sarsperdeds 1pyEP s IMHRPMINE4@NCIRER L-INT A rsePEfEhanol (50
P388/ BCRP cells, but did not . affectas%re }ensi %i Vi t¥

1Y .t BRApEBE FRIULLAn; SNSBSPSLRR WS adisd I& ¢ dRrtrite

derivative did nqt aftfe pro).iferatign 0..P388
“E‘é’lrlogfftﬁm S’SIJE)CRﬁeEiF? éo iwselgrér'mns ?a‘%ae%etlﬁatg t he
lani LEI i ' heq pr Nt3qi nwent kay haso
BEHEIOH b p e e e b P2 0 P, PEnof
tHd LrdEuge F BSvSTANGE 2o BNras MIRl opeanss/minTicaos dos el

human | eukem a K562 cells Human | eukem a K562 cells or
walsnaadheORt o geaeh tofandduced1s K561 bavdds HKSBALMDRNG at 5%
cells) (see Mutat. Res., 1998, 401: 133- 100

CO, and 37°C for 48 hours. After completion of culturing, the
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 gene-
transduced human leukemia K562 cells

Human leukemia K562 cells or human MDR1 gene-transduced

K562 cells (K562/MDR cells) (see Mutat. Res., 1998, 401: 133-

100
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20

141) were suspended in 10% FBS/ RPM 1640, and the

resul tant suspension was added to a 96-wel |

mcroplate (1 x 103 cells/50 L/well). Thereafter, a
solution of paclitaxel and each of the Conmpounds
listed in Tables 5 and 6 in 10% 5 FBS/ RPNl 1640 (25 L)
was added to each of the wells, followed by culturing
at 5% C2 and 37C for 72 hours. After conpletion of
1C4li|gt %;ekggfu&%%ﬁx&‘ 1 ‘é*B%?kﬁMfféi@ WaS tHRURLESH] Bant
use o et raCol or

according to the nanufacture's

I,nst [.O Eag_]&@g | @3 . 11Q epf ect
éc}{g%eeg%gggfa? e tes(% et %c?%l gﬁ??%iﬁ% e\ﬁg\é;te(i ves on

dalitd diougr,y sl Bf aneReb¥atiter Ofa EAMLichCo®" paclitaxel and
corresponds to the concentration of an acrylonitrile
et Wit tve Cceappureis fldrstef0%r Balobes dn agid ©hanr @Pati ve
resi stance value. As a result, nost of the

FES/\RPOILE40| €23 eulivatisvesidefl theegrtesEhithes wedlent fohlowed
do not affect the paclitaxel resistance of the

Y5 6YIVDRIBG| 25,59 (£ Qdanei HHC iREN 72 hBO¥EhceREFETi on of

donmieiintt oF Sl S, R YSehat 57 Wiy Lhe L g

KB _ TG, e derivative
Bl ) o8 of e Al he I T e and

ce I ndi cates that the

n%%&%%%@h&éiéeiﬁgﬂédqﬂédﬁﬁmaﬁu&h? A93e8t 5 HANEHtd W the

oes not act on P-glycoprotein, and has hi gh BCRP
3ol bgi t¥en [O460le 1REtEdabbeybinGonmpeuerEivbetvesfon

overcom ng resistance EC50 (ng/nmL) 1 >5000

multidrug resistance by use of ECsp. “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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3 >5000 4 >5000 5 >5000 6 >5000 14 >5000 17 >5000
1g >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 Effect of overcom ng resistance

[Table 5]
Compound Effect of overcoming resistance
ECso (ng/mL)

1 >5000
3 >5000
4 >5000
5 >5000
6 >5000
14 >5000
17 >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
3¢ >5000
40 >5000
41 >5000
42 >5000

[0161]

[Table 6]

Compound Effect of overcoming resistance
ECso (ng/mlL)

43 >5000
44 >5000
45 ' >5000
46 >5000
47 >5000
52 >5000
53 >5000
55 4 >5000
56 >5000
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EC50 (ng/ L) 43 >5000 44 >5000 45 >5000 46 >5000

47 >5000 52 >5000 53 >5000 55 >5000 56 >5000 5
102 [0162] Exanple 5r Effect on anmount of anticancer
agent accunul ated 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%
b' BS/ RPM21640 (1 mL) (5 x 106 cells/nL), and SN 38 and
each of conpounds 1, 39, and 46 of the present
invention (final concentration: 500 ng/nL) were added
tqdotbe] resul tant suspension, followed by incubation
at 37C for 30 mnutes. 10 Thereafter, centrifugation
wisapeld GrnEELecicon] anemt of, ARtigANeEr agepy Fecumulated
resul t ant sugernatanilmas renoved. |ce-cooled PBS

coRt By PS5 BSE K85 Added to the thus-pelletized

cell's, zean peng | de DM
centr i?su%a?ia%%g %%ha%»ﬁ%%%%ﬂél m n)qu?%? I%V\g/g\s%ﬁi ﬁg st he

cek$sz/etiRpscyrshi nged Irprpceder @ssas) pesteo rsupsdeadsd rip
foll owed by addi'ti on of PBS é250 L) and sonication of
t hex crHs/ePMTE40hd1rebul {Samt 18tldells/mL), and SN-38 and

each of Compounds 1, 39, and 46 of the present invention
(final concentration: 500 ng/ml) were added to the resultant
suspension, followed by incubation at 37°C for 30 minutes.
Thereafter, centrifugation was performed {(2°C, 1,400 x g, 1
min) , agd the resultant supernatant waé removed. Ice-cooled
PBS containing 1% BSA was added to the thus-pelletized cells,
and the cells were resuspended, followed by centxifugation
(2°C, 1,400 x g, 1 min) for washing the cells. This washing
procedure was performed again, followed by addition of PBS

(250 pL) and sonication of the cells. To the resultant cell

sonicate, methanol (250 pL) and 10% zinc sulfate solution (10
pL) 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 pL/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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soni cate, nethanol (250 pL) and 10% zinc sulfate
solution (10 L) were added, and the resultant m xture
was stirred, followed by centrifugation (2C, 12, 500 x
g, 5 mn) and 20 collection of the supernatant. The
thus-col l ected supernatant was di spensed in a white
96-well mcroplate for fluorescence intensity

nmeasur enent (200 L/well), and then the anmount of

AV 38 Hatakngd H‘%? ][‘f SitRe %{&g&%flgb\égfrlé'%rv%%ﬁv%{oﬁ Lhe

use of "a m cropl at uor one RA max

e dddademREK) on PLAMM R tMal aaBLAt OBVic@ntu168KoRBof SN-

excltation wavel ength 380 nm em ssion wavel ength 560
FWin et REBEPECRE A SLIAL eTh heortusY, athe akbanel bfil ar
accumul ation of SN-38. 103 As is clear fromFig. 2,
ddmmadiaylioni bfi §1¢- 3w riiny athiev&56R thkls plsmmttalneedlsbnin
i ncreased the anmobunt of accumul ation of SN- 38 in the
WERY BCRP batll ot |besspexpasssethwaanpimtuafly unaffected.
accunul ation of SN-38 in the K562 cells (parental

Tl $PopRsts Gtk LIBCREWASNASE Iheetc ek tiedCe etngEe

i rtual |, ffected. . Thi ts that th
St P GE sl B 25! Satlitad S goune o
i_nhi_bi CRP ' h f
AL AR S Ll T E

d&}y@%] 10 Exanple 6: Effect of overcom ng anticancer
agent resistance in vivo Human col on cancer HCT116

E%%g?ieoﬁ:Bﬁf%é@@nﬁfkﬁ@ﬁiﬂﬂﬁﬁg ahEdlddifcelddgent resistance
( 116/ BCRP cells) (obtained fromDr. Yoshi kazu

iougiiRt o, The Cancer Chenot herapy Center of Japanese

15 Foundation for Cancer Research) were transpl anted
subc@hmaaoqelgn(éhncemO@EE@ﬂEsbellanrn@@ﬁ%ﬁgqn§~ﬁﬁénsduced
ﬁcg%g%ngglls (HCT116/BCRP cells) (obtained from Dr. Yoshikazu
Sugimoto, The Cancer Chemotherapy Center of Japanese
Foundation for Cancer Research) were transplanted
subcutaneously (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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regi on of each of 6-week-old BALB/c nmale nude mce (5
m ce/ group) . When the tunor volune as estinmated from
1/ 2ab2 (a: longer tunor diameter, b: shorter tunor

di aneter) reached 20 about 150 to 200 mmB, each of the
conmpounds 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

Puddise MBahRY AGUER 858 didlcostdU Bl StEAL I ) P

: e conpoun the 1nvehition was 25 dissolVed In
Pi‘yééé)|d%@s%&kre%aEhn§h9£iéibga.a'.dal><tslé'1&nef. el ANQlent was
pol yoxyet hyl ene (20) sorbitian nonool eate [ Tween 80
$bTSe i hd speedicto 04 dedew® IKageupKogyo e dalyt d1] from
and 5% 104 gl ucose (ethanol/ Tween 80/ 5% gl ucose = 5 :

- the $frt afida@Iniddravabondi ssdahwed waspbysiugpamd dlirom each
saline. A solvent was solely admnistered to a .

5 rers ragld gedgpedOnandetituprf gewwthhénbilifiqy ratio IR

adm ni stration, a tunor was extirpated fromeach 5
£ )c &agn dleké v §He §romnthe Hee HiavEmog PERRRIPRMI bi ti on

ratio IR (9 s . derived fr the foll owi ng equati on:
Fe0r Gt RSB LT Ab PR K310 aver age. tumor
wei ght of ea 1. 0] td r L. r
e ShvSroBokindl SPLa B Bo6¥ SbibsayRcAl LU/
AL BuhBD 631 Sn @MWk SorliS 1S o2LERY L1 068 TaBhes deanih
, e acrylonitrile derivatives t he present

10 dRVeHdwanini PAbbés BGERRA & sS0akNi¥i ¥DeaXhiidi tTdiles 7 and 8,
ef fect of overcom ng resistance to anticancer agent. -
HH¥ Gdlryldhi f Fabé edetiviatdnesl aft ede Conpoemid Dosmtion
(rmg/ kg/ day) Tunor weight (g) IR

inhibit BCRP also in vivo, exhibiting effect of overcoming
resistance to anticancer agent.

[0164]

15 [Table 7]

Transplanted Compound Dose (mg/kg/day) Tumor weight (g) IR
cancer cell Compound CPT-11 MeanzS.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 0.6710.18%*  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 1.3120.20
*¥p<0.01: significant difference with respect to solvent+CPT-11 (HCT116/BCRP)
(Dunnett's test)

105



10

cancer cel

| Compound CPT-11 MeanS.D. (/o)
1.210.17 12.3 25 10 0.710.11** 48.8 HCTi 16/ BCRP 31

12.5 10 0.740.06** 46.6 25 10 0.670.18** 51.1 Sol vent
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:

23 12.5 10

significant

difference with respect to sol vent +CPT-11

( HCT116/ BCRP)

(Dunnett's test) 105 [0165]

ngaégépl anted Dose (ngy/kg/day) Tunor weight (g) IR
anc

r cell

%I?al'fiel@ 0.870.18 31.7 25 10 0. 830. 08*
. 790. 1&

*

**P<0. 01:

Conpound Conpound CPT-11 MeanS.D. (%
35.0 14 12.5 10
37.7 25 10 0.700, 10** 45 1 HCT116/ BCRP 32
plranganted. 7§8 ég*;; 40. Bose (mgykg/day) 10Tumen\yeight (g)
saancera®il12. oT808

[ Tabl e 8]

IR

HCT116/BCRP

9@opipousd. 7CPF-110 0. 6Mean¥S.D.47. 7 (%)
Sol vent 0 10 1.1®%0.10 13235 0 0 11®70. 15 *RB8:008 31.7
significant di bgerence ¥ th resp83E008* 35.0
sol vent +CPT IT {4 ACTIIG/{HGRP) (DUett s pgokd.14* 37.7
10 0.7040.10** 45.1
32 10 0.7540.24** 40.8
10 0.5210.11** 59.0
46 10 0.79+0.21* 37.7
10 0.67+0.07** 47.7
Solvent 10 1.10+0.10 13.3
0 1.2740.15

*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]

[Table 9]
Compound 1 100 mg
Lactose 100 mg
Potato starch 39 myg
Microcrystalline cellulose . 30 mg
Synthetic aluminum silicate 30 mg
Calcium stearate 1 mg
Total (one tablet) 300 mg
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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 ngy Calciumstearate 1 ng Total (one
tablet) 300 ng 106 Cains [1l] An anticancer agent
conmposition for cancer which has acquired drug

ance by the nediation of BCRP, conprising an
anti cancer agent which serves as a BCRP substrate and
an acrylonitrile derivative represented by fornula

f R
et e aésﬁ%ngeey%ﬂsn 6ABeRRALERE . DEnEanr s Hsands has
d { ts I f
5 d%g“gq 305 o, G DY SRS (DT 4y
ébm i 1 g a% anticancer agent which serves as a BCRP

substrate and an acrylonitrile derivative represented by

formula (1):

Ar? R,

I
Rg Al’1

1) (E or Z)
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):

OCHg
ZNocH, RANT NP A
(2 ®)

wherein Ry 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 NRy;
and

Rg 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
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R7 / OCH3 RS N/ \A (2) (3) (4) wherein R7 and RS,
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

sul fur atom or NR9; and RO represents a hydrogen
atomor a |ower alkyl group; Ar 2 represents an
aromati ¢ hydrocarbon group having a condensed ring
ajRMeh ey BECYRbSEILEGTEd BY o RACGGetRe1E7OFP&t om or
a group selected fromanpng the _groups represented by
rf?é?%ﬁﬁﬁg%e(% Yt 6OFT .assr@> £q Fﬁé%mé R350flRa ~ R ~
IS (5) (6) (7) (8 R4 (9) (10) to RN~ ~R7 N\ ~ cc>
R4 N (11) (12) (13) (14) (15) wherein R3 represents a
hydrogen atom an oxygen atom (as N-oxide), a |ower

roup, ower al koxy gro ha n at om
B o arT AN e g\

al%¥g

nigY ey & oup akfigt hyl gl Rapy| gpoun, : s ~
h;gép%yalky$\ oup, tﬁ:agbn%tic rocarQon roup;ﬂ&%/)
mhi@ﬂ may have a substiiuent, or MR5(R6) ; N5 and R6,1O
whi are i déftical tomr different from pgagd) ot her (19
each represent a hydrogen atom &)1 ower

x—@ \/!/j\/j/m N_Q SN N-Op,

~~ . Ny ~L ™~

LHA RgéN Z NQN E:;;I:;> (\f»
(11) (12) (13) (14) (15)

wherein R3 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(R¢);

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 heterocyclic 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 group or a

lower hydroxyalkyl group may form an ester bond with a
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al kyl group which may have a substituent, a |ower

hydr oxyal kyl group, or an aromati c hydrocarbon group
whi ch may have a substituent or heterocyclic group; R5
and R6 may form with their adjacent nitrogen atom a
het erocyclic ring which may have a substituent; and

the hydroxyl group of the | ower hydroxyal kyl group or
the heterocyclic ring substituted by a hydroxyl group
PHPsRhord e R CHYdOERYRI Y] 2gBdd rdp teeEmOn Wédterbery L
with a 108 phosphoric acid group or a salt thereof or
IPPR HR1SQYMaYgPENS RhiSer Sty UsaFé a substituent: R4
represents a hydroge tom a |lower alkyl gr a
bhong BroEsS Rkt cnnhy dhaUnacsaber Fr uetier 6y XLnaRsyP:
group; . X represents a_carbon ato 14, or . a nitrogen

2R PBRTY 1RG0 el ikt TANeR RS & SHOSRygER rom® R PENZY
nat a nitrogen atom and A, R7, R8, and R9 have the
gsgﬁg’neanings as defined above; or a salt thereof.

[ 2] %QE% &ie%%%gr%r aa%%%o%o'g%%ih;ic?ﬂefo%fe i Z{l‘%ezrog\o@?li Gom,

has ire ug resistance i on

pBEEedC oML hDY AN;ANLLCAOCEL AgeRk, WA gt sgkves as

ubstrate and an acrylonitri erivative or a
n$akbgehhgteRl asqrecited in claiml, wherein R3is a
hydr ogen atom an oxygen atom (as N-oxide), a |ower

al kyl, 9RQUPR, 2 drvved, alakeXYhar Qilhe &cRRiOGRN a AP d
nitro group, a methyl sul fanyl group, a | ower

abBydeoxyal kykageodperasrar omatic hydrocarbon group
whi ch
[2] An anticancer agent composition for cancer which has
acquired drug resistance by the mediation of BCRP,
comprising an anticancer agent which serves as a BCRP
substrate and an acrylonitrile derivative or a salt
thereof as recited in claim 1, wherein

Rz is 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 nitro group or an amino group as a
substituent, or NRs(Rg):;

Rs and Rg 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
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may have a nitro group or an am no group as a
substituent, or NR5(R6); R5 and R6 each are a hydrogen
atom a lower alkyl group which nmay have a | ower
al kyl am no group or a di- |ower alkylamno group as a
substituent, a | ower hydroxyal kyl group, or an
aromati ¢ hydrocarbon group 109 0 which may have a
nitro group or an amno group as a Ssubstituent or

1y B8y Ny egPo it IR5 JFREPRE Ty MO JHAUP Bfeidr
%g%acent nitrogen atom @ heterocyclic ring which my
S uﬁ;’ﬂ&r ¥y L EFETREY S oW R ’kyls §PEups BRY Horm,

yd Ik I b h
i SR eoh Rl RSN gl e
roc %}c r|n %ybstltuted by dr ox H%%h c
AFEYS APk GG Y For @ st W 2
ap H%%%QO %g%r%%;{gl%‘i“@r% a galt sh%%g‘%% Nt Wathlgi e

as a su ueﬁt
h%ﬁrO%W 9B 'O%mtﬁ‘%m%%%%?k RS &B%@“ %. o
t,
R Sﬁ%,s%;ﬁ*ﬁ%ﬁ' g 8@?%”% o Basay P

lg&QQPhy@@oNyQQk§&0%¥%thma?a&%%%P$| @seuR W@d@“dﬁ%ﬁ a
have an alicyclic heterocycClic ring as a substituent,

pBbsphpirper kdi AoRirBek Yirng- kavhk tBeeuwRrf R4 WStR an acyl
hydrogen atom a | ower al kyl group, a phenyl group

gwBuphwiRRyYhhawe aakal ogenasakomsen tacheywern dal-kexyrgroup

as a substituent, or a benzyl group. [3] Use of an
adepyhanhbr gkeuger bvghevigletrdaseltl ghen@ofvhich may have
a lower alkylamino group or a di-lower alkylamino group
as a substituent, an N-lower alkylcarbamoyl group, an
N,N-di-lower alkylcarbamoyl group, an N-heterocyclic
carbamoyl group which may have an alicyclic heterocyclic
ring as a substituent, or 4-piperidinopiperidine-1-yl
group;

Ry is a hydrogen atom, a lower alkyl group, a

phenyl group which may have a halogen atom or a lower

alkoxy group as a substituent, or a benzyl group.

[3] Use of an acrylonitrile derivative or a salt thereof
as recited in claim 1 or 2 for the production of an
agent for inhibiting a BCRP, an agent for overcoming
anticancer agent resistance by which a BCRP is mediated,

or an agent for potentiating anticancer agent effect on
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as recited in claiml or 2 for the production of an
agent for inhibiting a BCRP, an agent for overcom ng
anti cancer agent resistance by which a BCRP is
medi ated, or an agent for potentiating anticancer
agent effect on 110 O cancer which has acquired drug
resi stance by the nediation of BCRP. [4] An agent for
over com ng antlcancer agent resistance by which a
BOREY ¥hedi HESd 3T A ST srepatematithdghe
antlcancer a ent effect on cancer which has acquired
G Hes ofa Fby the nediation of BCRP, which agent
conprises, as an active ingredient, an acrylonitrile
derivative or a salt thereof selected from anong

[gg %8%%???? gethox r@gﬁgxg)athXEhggg'égékk resistance
g%%ylgﬁﬁﬁrﬁﬁl$Ethoxed%£%gg or a%y%b%ﬂ%'%ﬁﬂ'potentiating

a%%hc%n%%r a%%%%t%%&%c&h%%yggn%erWH¥d% %é@ ‘acquired

acrylonit

%y%e%%s%a?xc%etb@/o}ﬁ%ep%%@ﬂa)t1%np36rf' %C@{'Pz Whlch agent

[onit

c@ébr%s@% 4a@'@%t%%%ﬁv%h%%ﬁkkdéeB%r'%Fna%ﬁﬁlonltrlle

acrylonitril

d@%Lv%t&3e4b@l&egaq&yta@%%b&)sélewt@@h%&z%rbhmng
acrylonitrile

(€222 6344ddm6eh6@&ypﬁ@a@1|%33p@¢u@®d414%mw
_ acrylonltr|l
abE&anbemagérlazol-I-yI-3-(3,4-dinethoxy-phenyl)-
(2)-2-(3,4-dimethoxy-phenyl)-3-pyridin-3-yl-
acrylonitrile,

(2)-3-(3,4-dimethoxy-phenyl) -2-pyridin-3-yl-
acrylonitrile,
(Z2)-3-(3,4-dimethoxy-phenyl)-2-pyridin-2-yl-
acrylonitrile,
(2)-2-(3,4-dimethoxy-phenyl)-3-pyridin-2-yl-
acrylonitrile,
(E)-3-(3,4-dimethoxy-phenyl)-2-thiophen-2-yl-
acrylonitrile,
(Z2)-2-(3,4-dimethoxy-phenyl)-3-quinolin-4-yl-
acrylonitrile,
(BE)~-2-benzotriazol-1-yl-3-(3,4-dimethoxy-phenyl) -
acrylonitrile,

(Z2)-2-(3,4-dimethoxy-phenyl)-3-quinolin-2-yl-
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acrylonitrile,

(2)-2-(3, 4-di net hoxy- phenyl)-3-quinolin-2-yl- 111
acrylonitrile,
(2)-2-pyridin-3-yl-3-quinolin-4-yl-acrylonitrile,
(E) - 3-benzo[ b] t hi ophen-3-yl -2-thi ophen- 2-yl -
acrylonitrile,

(Z2) -.3-benzof uran- 2-yl - 2- (3, 4- di net hoxy- phenyl ) -
ATt e,

% Zé)&'rtquqnermt hOXE}/ cf hlennoyllln nyalp hat chraJleonnlzt ly 1le,

3, 4- t, enyl ) enan 9-yl -
%'ﬁ%&%ntzﬂ I%QUS"[ 23n lcgnctekf 0&8@& k20\glpos| tion for
cancer t gg has acquired drug resistance by the
aﬁ§"|§¥ﬁoﬁ‘ "BCRP, conprising an anti cancer agent

G-ehiasryes a5 9 BORB. substrale and an.gary onitrile

rivative represent
Qyﬁgnl%kl@% or 2) mhereln one of R and R2 represents
yano group and the other represents a hydrogen

@ham- Arly IERL %&éyi QYR 56l tfh%lfé’ gthe
groups represé%te &ﬂ%oengas ( to (i?%? 12 Ra N/
ak%ylonitrile, and

(Z)-2-(3,4~-dimethoxy-phenyl) -3-phenanthren-9-yl-

acrylonitrile.

[5] An anticancer agent composition for cancer which has
acquired drug resistance by the mediation of BCRP,
comprising an anticancer agent which serves as a BCRP
substrate and an acrylonitrile derivative represented by

formula (la):

A2 Ry

X

Art

(1a) (E or Z)
wherein one of R; and R; represents a cyano group and the
other represents a hydrogen atom;

art represents a group selected from among the

groups represented by formulas (2) to (4):

112 °



(2) (3) A(4) wherein R~ and R8, which are identica
to or different fromeach other, each represent a
hydrogen atom a hal ogen 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; Ar 2 represents an aromati c hydrocarbon
group having a condensed ring which may be

substi_t UDEH; by a halegep~_atom or_a greup sel ected
f apong the gre piRsent ed rrul as (5) to
(18 ~ksa Rib | " ~bea R30\OI\L]H/l\VRa
s (@ (B§Hg 7) (8?8%2(5(3)9 (io) XRLQNOR “Al / Re
NL M7 NN a  (11) (12)7 (13) (14) (15) ‘wherein R3a

BRGSO AAEE G

\
I D ta |t
BB P ik a%ngro%a” Sy Pk, UL TO
I : b
e ey %LBE‘? lltO%%e PR e Sfin"Sr “an ani no

group, Qi ARAURS) ; Mﬁeﬁ;{% s A Mdmaec{uﬁﬁ Oy &Ry ;
| ower al' Kyl group, a l'ower al koxy group, a hal’ogen
adom a nitro group, a

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):

N N—
S o § N/) N kN) R{'S

e , N ~r “
Q RiéN Z Ns N I Z~0 \F
(11) (12) (13) (14) (15)

wherein Rz, 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
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nmet hyl sul fanyl group, a | ower hydroxyal kyl group, an
aromati ¢ hydrocarbon group which may be substituted by
an am no group, or NR5(R6); Rae represents a hydrogen
atom (Arl is a group represented by fornmula (3) or
(4)), an oxygen atom (as N-oxide), a |lower alkyl
group, a lower al koxy group, a halogen atom a nitro
group, a methyl sul fanyl group, a | ower hydroxyalkyl

MGESYP,S Vark 2aY3mettiodPhy dr é%%ﬁlygﬂrwa %WW'b@n

R L B B ST M5
g i ey e,
ydr Ses e tre Sentn 2 s & t??51%53%oe?%%anab%pgmupr
e P B RE% %Q%'Pt'%fgﬁ%gﬁn G0 e Yroup, =

m@%&%ﬁ%a&&‘i ﬁ%l at hat, e Py d %&aﬁﬁg})ﬂ é;azé%dr%%e”

group

a§BR§EHkuﬁﬁﬁgo@ar%W%r ﬂ&ﬁUQ%MQﬁKXE. EQP%MHQ%f%bted by

aromatic rocar bon group whi ch have

gugﬁghbuggbu% ket gioexgl i ¢ group; R5 114 0 and R6 may
form wth their adjacent nitrogen atom a

het eiRQC Vied ke $d i W I6{ PEYe May€or BABStid Uefrowhd
t he hydroxyl group of the | ower hydroxyal kyl™ group or

rbb@esaatt@aog)ﬁpc%@mumg (SYbsiy tuted Ry ®x@MOXHongr @D
or a |ower hydroxyal kyl group nay forman ester bond

Nwbklida) , phospheti e lagild ggooy e lawedl taltkeneefrarp, a
with an acyl
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(Rg);

each of Rig, R3e, and Rizr 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(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 aromatic hydrocarbon group

which may have a substituent or heterocyclic group; Rs
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group which nmay have a substituent; R4 represents a
hydrogen atom a | ower alkyl group, a phenyl group
whi ch nmay have a substituent, or a benzyl group; X
represents a carbon atom CH, or a nitrogen atom
provi ded that when A is an oxygen atom X is not a
nitrogen atom and A R7, R9, and R9 have the sane

nmeani ngs as defined above; or a salt thereof. [6] An
agkt Reafie¥r fagent Wééhp*é&?f—roﬁdﬂépeeéneéftrwmeahaﬁaglr a

ac ui red _drug .resi stance the nedi ati on of BCRP,
ARG a0 (B AV ans, A Ree e mrisorbe

htyﬁiéSt r tgggglq& 2}& f% o%gl Iye rdoexrylavlq{ti}lvegrogup Osraltthe
h%%ﬁgpg %&ﬁcdgq%%h%x %@@éh_%npyrl Jyoiyﬁ_group or a
l()%)re&:l g&%tréxgzlaﬁwo@go%?)e %l)) Y ALY ong with a

pglé)syrlai’f\ogﬁc a@'lﬁebli%% %t}e%yls)al% @f{ér%!orf %ry|w1t%115an acyl

acr oni t

g&%bp wh3ch: 9a@E%%%%yap@@@Qﬁléééﬂg'd'n 2-y

acrylonitri

(2)- %T(%eérgbgﬁtgoéyh95§8§5h 3t i di Rode¥ alkyl group,
acrylonltrl

a; gp;ei%gg???}?gpmhh@wm@ewv)e Zr thippphene?rty)! or a benzyl
gtélip2- (3, 4- di met hoxy- phenyl ) - 3- qui nol i n- 4-yl -

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 Rg have the same meanings as defined

above; or a salt thereof.

[6] An anticancer agent composition for cancer which has
acquired drug resistance by the mediation of BCRP,
comprising an anticancer agent which serves as a BCRP
substrate and an acrylonitrile derivative or a salt
thereof selected from among
(Z)=-2-(3,4-dimethoxy-phenyl)-3-pyridin-4-yl-
acrylonitrile,
(2)-2-(3,4~-dimethoxy-phenyl)-3-pyridin-3-yl-
acrylonitrile,

(2)-3-(3,4-dimethoxy-phenyl)-2-pyridin-3-yl-
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acrylonitrile,

(E) - 2- benzotriazol -1 -yl -3-(3, 4-di met hoxy- phenyl ) -
acrylonitrile,

(2)-2-(3, 4-di net hoxy- phenyl ) - 3- qui nol i n-2-yl -
acrylonitrile,
(2)-2-pyridin-3-yl-3-quinolin-4-yl-acrylonitrile,
(E) - 3-benzo[ b] t hi ophen- 3-yl - 2-t hi ophen-2-yl -
agEyyPBALELLPe,

%Z) 3-benzof uran- 2-yl - 2- (3, 4- di net hoxy- phenyl)
érﬁréﬁrér?F@ethoxy phenyl) -2-pyridin=2-yl

Z 3, 4- di met hoxy- phenyl ) - 3- napht hal en- 2-yl -
éE&}PB&FFFFFe and

) %2~ 3 4-.di hoxy-pheny ant

(ggr r? 9F@ggﬁ9fyug eSV n a@ ﬁPt? E der|vat|ve
yels g sa t hereof as recited in cIa|n15 or 6 for the
5F3 uctron Sf an agent for inhibiting a BCRP, an

B ent SO UERERPL Dl A8y 20 LR BRRERaaR0n o oot stance
g?%f@ﬁh@}hﬂ anti cancer agent effect on cancer which

ach|re "drug resistance by the nediation of BCRP

(EBloAp3agryt gothokl epdeniYALBYguohoa1 Rkt yhher eof
selected from anong

a&ggignigrﬂiglnethoxy phenyl )-3-(5-nitro-thi ophen-2-yl)
- acrylonltrlle

(£7)23pé&Rz8t 00Bz 6 i-0phens2+y| j-dihdrAosdyrphbayy)phenyl )
- acrylonitrile,

acrylonitrile,
(Z)-2-(3,4~-dimethoxy-phenyl)-3-quinolin-2-yl-

acrylonitrile,
(2)-2-pyridin-3-yl-3-quinolin-4-yl-acrylonitrile,
(E)-3-benzo[b]lthiophen-3-yl-2-thiophen-2-yl-

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

acrylonitrile,

(2)-2-(3,4-dimethoxy-phenyl) ~-3-naphthalen-2-yl-

acrylonitrile, and

(Z)-2-(3,4-dimethoxy~-phenyl) -3-phenanthren-9-yl-

acrylonitrile.

[7] Use of an acrylonitrile derivative or a salt thereof
as recited in claim 5 or 6 for the production of an

agent for inhibiting a BCRP, an agent for overcoming
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(2)-3-(5-am no-thi ophen-2-yl)-2-(3, 4-di net hoxy- phenyl)
- acrylonitrile,

(2)-2-(3, 4-di met hoxy- phenyl ) - 3-(5-pi peridin-I-yl -

t hi ophen-2-yl)-acrylonitrile,

(2)-2-(3, 4-di et hoxy- phenyl ) - 3- (5- nor phol i n- 4-yl -

t hi ophen-2-yl)-acrylonitrile,

(2).-2- (3, 4-di net hox henyl 4- hydr ox i peridin
ant}Cﬂn)cetrhlagﬁﬁén r@s{gs‘lptaé)@),/ey nlwthrﬁqg’e %CRP ylSp mpedlated

AR AN S Gy S

%mVF&%¥ g?gm-p(ﬁﬁ%wf £%§%y%maamn-
3,4 h h [)-3-{5-[4-(2-hyd th

m%éé %&g Og ?%§%10?¥|gpﬁ2¥ é yli agryfon|¥rr?éy cthvh)

(2)-2-(3, 4-di net hoxy- phenyl ) - 3-{5-[(2-di net hyl am no
117

ﬁghyA%1£§g9¥% ?@599& ﬁ%£89%§ﬂvg %E} ag&XEOEhEEbb%

nmet hoxy- phenyl’) - vi nyl

skleEQbBDQQBm a%bh pi peridin-4- y|) phosphat e,
nmono- (1-{5-[(2) - 2- cyano 2- (3, 4-di net hoxy- phenyl ) - vi nyl

k% @hlgpheal%exhbng@%%h@uw-%-yBLna%QQJ%Na%phen 2-y1) -
(2) - , 4- di met hoxy- phenyl )-3-(5-nitro-furan-2-yl)-

a@% xbamtkaubg
- 2- (3, 4-di net hoxy- phenyl ) - 3- (5- hydr oxy- et hyl - f ur an
23ylb -BebpbeRhtibbhen-2-y1)-2- (3, 4-dimethoxy-phenyl) -

(Z) 2- (3, 4-di met hoxy- phenyl )-3-[5-(3-nitro-phenyl)-
atupaon2tylileacrylonitrile,

(2)-3-[5- (3 am no- phenyl ) -furan-2-yl]-2-(3, 4-di met hoxy
(Z)-3-(5-amino-thiophen-2-yl)-2-(3,4-dimethoxy-phenyl) -
acrylonitrile,

(2)-2-(3,4-dimethoxy-phenyl) -3-(5~-piperidin-1-yl-
thiophen-2-yl)-acrylonitrile,
(Z2)-2-(3,4-dimethoxy-phenyl) -3~ (5-morpholin-4-yl-
thiophen-2-yl)-acrylonitrile,
(Z)-2-(3,4-dimethoxy-phenyl)~3-[5- (4-hydroxy-piperidin-
1-yl)-thiophen-2-yl]-acrylonitrile,
(Z2)-2-(3,4-dimethoxy-phenyl)-3-{5-[ (2-hydroxy-ethyl) -
methyl-amino]-thiophen-2-yl}-acrylonitrile,
(Z)-2-(3,4-dimethoxy—-phenyl)-3-[5~(4-methyl-piperazin-1-
yl)-thiophen-2-yl]-acrylonitrile,
(Z)=-2-(3,4-dimethoxy-phenyl)-3-{5-[4~-(2-hydroxy-ethyl) -
piperazin-l-yl]-thiophen-2-yl}-acrylonitrile,

(Z)-2-(3,4-dimethoxy-phenyl)-3-{5-[ (2-dimethylamino-
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phenyl )-acrylonitrile,
(2)-2-(3, 4-di met hoxy- phenyl ) -3-(5-pi peridin-1-yl-furan
- 2-yl)-acrylonitrile,
(2)-2-(3, 4-di et hoxy- phenyl ) - 3- (5- nor phol i n- 4-yl - furan
- 2-yl)-acrylonitrile,
(2)-2-(3, 4-di net hoxy- phenyl ) - 3-[5-(4-hydroxy-piperidin
- 1-yl)-furan-2-yl acrylonltrlle o
e(kylg pethyyrapine ytbh@H9P? %itﬁcﬁﬁiﬁ9It5Ib@ra2|n-
- I t
nppg? él (65200 harouonpheny Py 4o0 fhe taoru-Ryaruky - ELRYH -
- 1- f -2- I tril
B STVl rithoxy pReAsVH sohyEPRRRea. yi
ng55Y 3! zéEQIaﬁhé%ﬁstnsﬁanIﬁ; 39 B TR RERDBYY L b RiAY) ] -
% é |% |Ie g S
158502 aV i rREReR T bRy Y} a2 bPREPGFFol - 2-y1 ) -
I
00 e Ras P RRRRY ] 723 b RO ahIBR a2} L
?§§ §8¥§£%£%§yl 2-met hyl sul fanyl - 3Hi m dazol - 4-yl') - 2-
oy S TR bR RE L 02 b iR ey e Bk Fuen-
L I tril
2 21?Z?égéﬁdﬁ%gggﬁ%xgnLh;kyf) 3-{5-[(2- di met hyl ani no-
QIhyL}B”?IQYhe@Hb£9lpﬁéﬁgﬁy23¥|% @?LMi@Pblghéﬁ

nono- - 2-ctyano- 4-di met hoxy- p enyY)-vinyI
fhrahupap: L=yttypbRettdig; 4-yl) succinate,
(2)-3-[5-(3-amino-phenyl)-furan-2-yl]-2- (3, 4-dimethoxy-
phenyl)-acrylonitrile,

(2)-2-(3,4-dimethoxy-phenyl) -3-(5-piperidin-1-yl-furan-
2-yl)-acrylonitrile,
(2)-2-(3,4-dimethoxy-phenyl) -3- (5-morpholin-4-yl-furan-
2-yl)-acrylonitrile,
(2)=-2-(3,4-dimethoxy-phenyl) -3-[5- (4-hydroxy-piperidin-
l-yl)~-furan-2-yl]-acrylonitrile,
(2)-2-(3,4-dimethoxy-phenyl)-3-[5-(4-methyl-piperazin-1-
yl)-furan-2-yl]-acrylonitrile,
(Z2)-2-(3,4-dimethoxy-phenyl) -3-{5-[4-(2-hydroxy-ethyl) -
piperazin-l-yl]-furan-2-yl}-acrylonitrile,
(Z2)-2-(3,4-dimethoxy-phenyl)-3-pyridin-4-yl-
acrylonitrile N-oxide,
(2)-2-(3,4~-dimethoxy-phenyl) -3- (6-methoxy-pyridin-3-yl) -

acrylonitrile,
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nmono- (1-{5-[ (Z) - 2- cyano- 2- ( 3, 4- di nmet hoxy- phenyl ) - vi nyl
]- furan-2-yl}-piperidin-4-yl) phosphate,
(2)-3-(5-brono-furan-2-yl)-2-(3, 4-di net hoxy- phenyl ) -
acrylonitrile,
(2)-3-(3, 4-di net hoxy- phenyl ) - 2-t hi ophen- 3-yl -
acrylonitrile
é - 2- cyano- 2- ( 3, 4- di net hoxy- phenX %-vinyl]-
?hr%pﬁ n42dym?tb9§¥rpaﬁﬂyhlyﬁ (IH-pyrrol-2-yl)=
N- (2-di et hyl am no-et hyl )- succi namat e,
aQrY%OPfifli €cyano- 2- ( 3, 4- di net hoxy- phenyl ) -vinyl] -
t ph 2-yl]-piperidin-4-y
il T 8Pty ant RoBRraBsty L) Laceatahai dazol-a-y1) -
1-[5- - 2-cyano- 2- ( 3, 4- di net hoxy- phenyl ) -vinyl ] -
2V OpRERESTST) - pi per o - -

I']-piperidin-4-yl dinethylam no-acetat e,
9 L
s (272 R SRR ATt
2;8%2%? %0% pglgei Qréanlgéife]blplperldlnyl'l

%hﬁopkézz Bfuengsg-bRedyd) ngthQX%epngpyglpMégyhl

eh-2
-4- but yl at
t%k§%gﬂben¥9tp?ékgggﬁgﬁkﬁl - 2- (gxg drn%tﬁoiy phenyl) -
L - -
B L3 R P BRa ) 23! L1 e et

e@ﬁ?i%nh5939k ngh%ja§ﬁ¥599219lheacrylonltrlle
4- di met hoxy- phenyl )= 3- (I nethyl-lkklndol 3-vyl

mbnoanykgn|RZ Lercyano-2-(3, 4- dlmethoxy phenyl)-vinyl]-
(2)-3-(2- chloro qui nol i n- 3- yI) 2- (3, 4-di net hoxy- phenyl
fhran-2-yl}-piperidin-4-yl) succinate,
mono- (1-{5-[(2) -2-cyano-2- (3, 4-dimethoxy-phenyl) -vinyl]-
furan-2-yl}-piperidin-4-yl) phosphate,
(Z)=-3-(5-bromo-furan-2-yl)-2-(3,4-dimethoxy-phenyl) -
acrylonitrile,
(Z2)-3-(3,4-dimethoxy-phenyl) -2-thiophen-3-yl-
acrylonitrile,
1-[5-[(2)-2-cyano-2- (3, 4-dimethoxy-phenyl) -vinyl]-
thiophen-2-yl]-piperidin-4-yl N-(2-diethylamino-ethyl) -
succinamate,
-[5=-[(2)=-2-cyano-2-(3,4-dimethoxy-phenyl) -vinyl]-
thiophen-2-yl]-piperidin-4-yl N-(3-diethylamino-propyl)-
succinamate,
1-[5-[(Z2)-2-cyano-2- (3, 4-dimethoxy-phenyl)-vinyl] -

thiophen-2-yl]-piperidin-4-yl dimethylamino-acetate,
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acrylonitrile,

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

(2)-3-(2-chl oro-6-net hoxy-qui nolin-3-yl)-2-(3, 4-
di met hoxy- phenyl)-acrylonitrile,

(E) - 2- benzot hi azol - 2-yl - 3- (3, 4-di met hoxy- phenyl ) -
acrylonltrlle

1(1)5—:4 (22 3 &W&ﬂ&ﬁaﬂ}wl@wjp@% ) avdinvetloxy -
ph - tril
AT R om0 b i -
xaz I-3 yl]-acrylonitrile,
C(”‘f;)] s'lt&d. met hoxy- phenyl) 3- [ 5- (4- et hoxy- phenyl ) -
| ani t 120

103 32%2 2P P a\?%ﬁyn ERSSL ST 2y

trile '
%\2)0%16%\2%2:3“13:81 Shet oxy ~§di ol (%43 ])Hj)plfeﬁfylrdlléllynl-—&- y
yPEfag&%é ro 6 nmet hoxy- qui nol i n-3-yl)-2-t hi ophen- 2-

c I 1 il 4-dimeth h
%%)%3%%%%%[ gﬁgl%ph PhonIqU|noI| dlﬂﬁ) O%%I% gbheg 3-

aﬁ' ohylenitril e, _ _
(Ey- 2-benzotriazol - 1-yl - 3- (2- chl or o- 6- met hoxy- qui nol i n

(z) 32%! (B, acky herihbky & henyl) -3~ (1-methyl-1H-
(E) 2-benzot hi azol - 2- yl - 82 chl or o- 6- net hoxy- qui nol i n

bendihi Haaen yPorilh Haleylonitrile,
(2)-2-pyridin-2-y1-3-quinolin-4-yl-acrylonitrile,
(€E)23-(guidralime+doxly—2hiehiyap ker-(2—HetasryHloniitndd1e,3-y1) -
acrylonitrile,
(z)-3-(2-chloro-quinolin-3-yl)-2-(3,4-dimethoxy-phenyl) -
acrylonitrile,
(z)-2-benzofuran-3-yl-3-(3,4-dimethoxy-phenyl) -
acrylonitrile,
(Z)=-3-(2-chloro-6-methoxy-quinolin-3-yl)-2-(3, 4-
dimethoxy-phenyl)-acrylonitrile,
(E) -2-benzothiazol-2-y1l-3-(3,4-dimethoxy-phenyl) -
acrylonitrile,
(z)-3-(2,3-dihydro-benzofuran-5-yl)-2-(3, 4-dimethoxy-
phenyl)-acrylonitrile,
(Z2)-2-(3,4-dimethoxy-phenyl)-3-[5-(4-fluoro-phenyl) -
isoxazol-3-yl]-acrylonitrile,
(Z2)-2-(3,4-dimethoxy-phenyl)-3-[5- (4-methoxy-phenyl) -

isoxazol-3-yl]-acrylonitrile,
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(Z2)-3-quinolin-4-yl-2-thiophen-3-yl-acrylonitrile,

(E) - 3- benzo[ b] t hi ophen- 3-yl - 2- benzot hi azol - 2-yl -
acrylonitrile,

(Z2) - 3-benzof uran- 2-yl - 2- benzof uran- 3-yl -acrylonitrile,
(E) - 2- benzot hi azol - 2-yl -3-(1-net hyl -1 Hi ndol -3-yl) -
acrylonitrile,

Z)-3-(10-chl oro-ant hracen-9-yl) -2-(3,4-di net hoxy-
( ﬁéﬁy1é&qﬁh%ﬂqﬂﬂquqqgoxy—qulnolln—3—yl)—2—pyr1d1n—2—yl—
1-[5-[(,2) -.2- cyano- 2- ( 3, 4- di met hoxy- phenyl ) -vinyl] -
A &6%@5L?JfV]-piperidin-4-y| di et hyl am no- acet at e,

e R e T el e
SRR e 5y g e ho-enen -

e i S i e i E
YRF%%ggﬁg?ﬁﬁ%gﬁﬁﬁngagﬁ;P;?-ghccinanate. [9] A drug

(GBI (SI_RG1 3% -G _anuqlrn%cﬂﬁmy[@ 8]@2@&%&{-3&

salt thereof as recited’in clalimS8.

yRR3EIRA Wi itGal1 cconposi tion conprising a conpound or a
salt thereof as recited in claim8 and a

(Bhapmpeeuliteald s 1agesnt-ahl @ cH1d -6 dnkkhdse Pfirdb1in-
conmpound or a salt thereof as recited in claim8, for
3PKQQueichY 1andrud.1e]22
(E)-2-benzothiazol-2-yl-3-(2-chloro-6-methoxy-quinolin-
3-yl)-acrylonitrile,
(Z)~-2-pyridin-2-yl-3-gquinolin-4-yl-acrylonitrile,
(E)-3-guinolin-4-yl-2-thiophen-2-yl-acrylonitrile,
(2)-3-quinolin-4-yl-2-thiophen-3-yl-acrylonitrile,
(E)—3—benzo[b]thiophen—3—yl—2—benzqthiazol—2—yl—
acrylonitrile,
(Z2)-3-benzofuran-2-yl-2-benzofuran-3-yl-acrylonitrile,
(E)-2-benzothiazol-2-yl1-3-(l-methyl-1H-indol-3-yl) -
acrylonitrile,
(2)-3-(10-chloro-anthracen-9-yl)-2- (3, 4-dimethoxy-
phenyl)-acrylonitrile,
1-[5-[(Z)-2-cyano-2-(3,4-dimethoxy-phenyl)-vinyl]-
thiophen-2-yl]-piperidin-4-yl diethylamino-acetate,
1-[5-[(2)-2-cyano-2-(3,4-dimethoxy-phenyl)-vinyl]-

thiophen-2-yll-piperidin-4-yl diethyl-carbamate,
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1-[5-[(Z)-2-cyano-2- (3, 4-dimethoxy-phenyl)-vinyl]-
thiophen-2-yl]-piperidin-4-yl N-(2-diethylamino-ethyl) -
N-methyl-succinamate, and

1-[5-[(2)-2~-cyano-2-(3, 4-dimethoxy-phenyl)-vinyl]-
thiophen-2-yl]-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 8.
[10] A pharmaceutical composition comprising a compound
or a salt thereof as recited in claim 8 and a

pharmaceutically acceptable carrier.

[11] Use of a compound or a salt thereof as recited in

claim 8, for producing a drug.
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