Description Breast Cancer Resistance Protein (BCRP)

I nhi bitor Technical Field The present invention
relates to a breast cancer resistance protein (BCRP)

i nhi bitor. Background Art Serious problens associ ated
wi th cancer chenotherapy include intrinsic resistance
to an anticancer drug, which invalidates the effect

of the anticancer drug fromthe beginning of cancer

t herapy, and devel opmeMeSSFr it ed resistance to an
anticancer drug (i.e., reduction of the effect of the
drug, which is caused by |ong-term conti nuous
adn%pistration t hereof) . Overconmi ng such
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to i nprovenent of the performance of cancer
chenot herapy, and thus attenpts have been made to

Tecglucgga e ri ous resi stance mechani sns.
artfcul afry, expression of a drug transporter, which

actively transports . an anticancer drug out of cancer
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Particularly, P-glycoprotein, which is a drug
transporter discovered in the 1970s, and is encoded by

Bac%g OQ@EHAQ ne, has been considered a potent target
fecule of a 1 mul ti drug-resi stance-overcom ng agent,
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invalidates the effect of the anticancer drug from the
beginning of cancer therapy, and development of acquired
resistance to an anticancer drug (i.e., reduction of the
effect of the drug, which is caused by long-term continuous
administration thereof). Overcoming such anticancer drug
resistance has been envisaged to lead to improvement of 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 drug 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.

Particularly, P-glycoprotein, which is a drug

transporter discovered in the 1970s, and is encoded by an

MDRI gene, has been considered a potent target molecule of a



transporter other than P-glycoprotein is also
associated with an anticancer drug resistance
mechani sm and demand has arisen for devel opnent of a
resi stance-overconi ng agent which targets such a drug
transporter. Under such circunstances, there was
discovered in 1998, breast cancer resistance protein
1 QgRP%, E is a drug transporter belonging to a
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view of the foregoing, demand has arisen for
156ateveE omentodd) ja BERP has a structure including only one
ATP-binding cassette, which differs from that of P-
glycoprotein or another drug transporter, which has two ATP-
binding cassettes. BCRP is intimately involved in the
mechanism of resistance to a topoisomerase I inhibitor (e.g.,
irinotecan hydrochloride (CPT-11) or topotecan) or to a
topoisomerase II inhibitor (e.g., mitoxantrone). 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
of a camptothecin derivative (e.g., CPT-11 or 7-ethyl-10-

hydroxycamptothecin (SN-38: active metabolite of CPT-11)),

which is rarely excreted extracellularly by P-glycoprotein



inhibitor, which is envisaged to exhibit the effect of
overcom ng anticancer drug resistance that is not
overcome by a conventional resistance-overcom ng
agent, and to inprove the bioavailability of an
anticancer drug. Htherto, a variety of P-glycoprotein
i nhi bitors have been devel oped for the purpose of
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been reported, and such inhibitors have been considered to
exhibit unsatisfactory BCRP-inhibiting effect, demand has
arisen for a drug which exhibits more potent BCRP-inhibiting
effect (see Mol. Cancer. Ther. 1, 427-434 {2002)).
Incidentally, some diphenylacrylonitrile derivatives have
been reported to exhibit anticancer effect (see J. Med. Chem.
41, 3022-3032 (1998). However, a diphenylacrylonitrile
derivative exhibiting anticancer-drug-resistance-overcoming
effect or BCRP-inhibiting effect has not yet been known.

An object of the present invention is to provide a BCRP

inhibitor.

Disclosure of the Invention
With an aim to attain the above object, the present

inventors have screened a variety of compounds through use of



I nhi bitor containing, as an active ingredient, a

di phenyl acrylonitrile derivative represented by the
following formula (1) or a salt thereof: R RR RR
R N R R (1) [wherein, each of 8 Rs, which are the
same or different from one another, represents a

hydr ogen aton1 a hydr oxyl group, a nitro group, an
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formula (1) or a salt thereof:

thli

{wherein, each of 8 R's, which are the same or different from
one another, represents a hydrogen atom, a hydroxyl group, a
nitro group, an amino group, an acetylamino group (-NHCOCH;
group), a cyano group (-CN group), a formyl group (-CHO
group}, —-COOR; (R; is hydrogen or C1-C4 alkyl), -0O{(CH:},COOR,
(n=1-7: R; is hydrogen or C1-C4 alkyl), -OOCCH,CH,COORs (R3 is
hydrogen, C1-C4 alkyl, or glycopyranosyl), a Cl-C8 alkoxy
group, a Cl1-C4 alkyl group, a halogen atom, a Cl-C4 alkoxy

Cl-C4 alkoxy Cl1-C4 alkoxy group, a C2-C8 acyloxy group, a C2-



enhanci ng agent. The present invention al so provides
an anticancer drug containing the aforenentioned BCRP
inhibitor, and an anticancer drug which can serve as
a substrate for BCRP. Brief Description of the
Drawi ngs Fig. 1 shows the |evel of resistance of
A549/ SN-38-4 cell line to SN-38 (A) or to

[ 2 shows_the results of RT-PCR
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anticancer drug which can serve as a substrate for BCRP.

Brief Description of the Drawings

Fig. 1 shows the level of resistance of A549/SN-38-4
cell line to SN-38 (A} or to mitoxantrone (B).

Fig. 2 shows the results of RT-PCR analysis of
expression of mRNAs of various drug transporters in A549 cell
line and A549/SN-38 cell lines.

Fig. 3 shows the results of real-time RT-PCR
quantitative analysis of expression of mRNAs of BCRP (A) and
MRPZ2 (B) in A549 cell line and A549/SN-38 cell lines.

Fig. 4 shows the amount of SN-38 (A) or SN-38-
glucuronide (B) accumulated in A549 cell line and A549/SN-38-
4 cell line.

Fig. 5 shows the effect of a diphenylacrylonitrile

derivative (compound 1} in overcoming SN-38 resistance (A)



of SN-38 in MCF-7 cell line. Best Mddes for Carrying
Qut the Invention Using resistance-overcom ng effect
as an index, the present inventors have screened a
variety of conmpounds on a cancer cell |ine whose
anti cancer drug resistance had been inparted by BCRP
and have found that the di phenylacrylonitrile
derivatives represented by fornul a %%% exhi bi t st{on
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Using resistance-overcoming effect as an index, the
present inventors have screened a variety of compounds on a
cancer cell line whose anticancer drug resistance had been
imparted by BCRP, and have found that the
diphenylacrylonitrile derivatives represented by formula (1)
exhibit strong BCRP inhibiting action.

In formula (1), specific examples of the C1-C4 alkyl
groups denoted by R include methyl, ethyl, n-propyl,
isopropyl, and n-butyl group; with methyl and ethyl being
particularly preferred. Specific examples of the C1-C8
alkoxy groups include methoxy, ethoxy, n-propoxy, 1isopropoxy,
and n-butoxy group; with methoxy, ethoxy, and n-butoxy being
particularly preferred. Specific examples of the halogen

atom include fluorine, chlorine, bromine, and iodine; with



tetraacetyl gl ucopyranosyl. Specific exanples of the
C2-C8 hal ogenoacyl oxy groups include a Br(CH2) 7000-
group. Specific exanples of the glycopyranosyl group
i nclude R-D- gl ucopyranosyl, a-naltosyl,
R-maltotriosyl, and p-D 2-deoxy-

2-am nogl ucopyranosyl; with R D gl ucopyranosyl
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pref‘ér%(gd. (£eo 1@(: )%xagng es VXP tﬂ@ —Y&(C}ﬁzj’)a}lhOORz group (n=1-
7} include -OCH»COOCzHs, -0(CH,)2CO0CzHs, and -0 (CH:)sCOOCzHs.
Specific examples of the -OOCCHCH,COOR; group include -
0OOCCH,CH,COOCH3, —-OOCCH;CH,COOC;Hs, and -OOCCHzCH,COO-
tetraacetylglucopyranosyl. Specific examples of the C2-C8
halogenocacyloxy groups include a Br(CH;)+COO- group. Specific
examples of the glycopyranosyl group include pB-D-
glucopyranosyl, P-maltosyl, B-maltotriosyl, and B-D-2-deoxy-
2-aminoglucopyranosyl; with B-D-glucopyranosyl, PB-maltosyl,
and P-maltotriosyl being particularly preferred.

The aforementioned diphenylacrylonitrile derivatives
may form pharmacologically acceptable salts through addition
of, for example, sodium, potassium, or a hydrochloride, and
such pharmacologically acceptable salts also fall within the
scope of the present invention. The diphenylacrylonitrile
derivatives may exist as solvates, and such sclvates also
fall within the scope of the present invention. Moreover,
the diphenylacrylonitrile derivatives may have isomers, and

such isomers and mixtures containing any of the isomers also



[wherein, Xl in ring A represents a hydrogen atom a
hydr oxyl group, a hal ogen atom a nitro group, an
am no group, an acetylam no group (-NHCOCH3), a C2-C8
acyl oxy group, a nethoxyethoxymethoxy group, or a
G -C8 al koxy group; X2 represents a hydrogen atom a
hydr oxyl group, a Cl1-C8 al koxy group, a hal ogen atom
a nitro group, an am no group, an acetylam no group
fall( WNHODOHIhe aTPeC® facifieoBr afiediip, invention.
nethoxyethoxynethoxy rou nmet hyl enedi oxy group,
alﬁlonﬁ1pﬂ6@ﬂriﬁdnmﬁ géﬁﬁéﬁﬁﬁ%ﬁ%ﬁfﬁﬁﬁ%ﬁﬁ&?%ﬂcﬁn a
hydr oxyl group, acyl oxy group, a Cl1- C8 al koxy
dlpwmcwmm@@d%tdﬁﬁl‘@ﬁwq ok S gr RIS S UH Shri %feoup,
an acetylam no group (-NHCOCH3), a cyano group, a
follfoprimd Ipravpl g -GHD): - 000R1 (Rl=hydrogen atom 8 O -C4
al kyl group), -Q(CH2)nCOOR2 (n=1-7: R2=hydrogen atom
d-C4 al kyl group), -OOCCH2CH2COOR3 ( R3=hydrogen atom
a-c4  al kyl,
(2)-2-(3, 4- dlneth9$y phenyl ) - 3- (4- hydr oxy- phenyl ) -
acrylonitrile, ( ycopyranosyl group), a C2-C8
hal ogenoacyDg O [
phosphate group” (-@P(O (OH)2) and a salt thereof, a
sul fate group H and a salt thereof, a
gl ycopyr anosgl d(g grat of the ester, a
phosphat e ester oft a gl copyran yl group and a salt
thereof, a sulfatéﬁ-‘ topyranosyl group and

) ¥ group, Yl inring B
represents a hydrogen atom Ja C2i1Z8 acyl oxy group, a
trifluoromethyl group, or ayC -C8 al koxy group; Y2
represents a hydrogen atom A hydr oxyl group, a C2-C8
acyl oxy (la)
[wherein,

X, in ring A represents a hydrogen atom, a hydroxyl
group, a halogen atom, a nitro group, an amino group, an
acetylamino group (-NHCOCH3}, a C2-C8 acyloxy group, a
methoxyethoxymethoxy group, or a C1-C8 alkoxy group;

X, represents a hydrogen atom, a hydroxyl group, a Cl-C8
alkoxy group, a halogen atom, a nitro group, an amino group,
an acetylamino group (-NHCOCHs), a C2-C8 acyloxy group, a
methoxyethoxymethoxy group, a methylenedioxy group, or a Cl-
C4 alkyl group:;

X; represents a hydrogen atom, a hydroxyl group, a C2-C8
acyloxy group, a Cl-C8 alkoxy group, a halogen atom, a nitro

group, an amino group, an acetylamino group {-NHCOCH3s) , a

cyano group, a formyl group (-CHO), —-COOR; (R;=hydrogen atom,



group, a net hoxyet hoxymet hoxy group, -000R1
(R1=hydrogen atom O -C4 al kyl group), -Q(CH2)n000R2
(n=1-7: R2=hydrogen atom Cl1-C4 al kyl group),

- 000CH2CH2COOR3 ( R3=hydrogen atom d -C4 al kyl,
(2)-2-(3, 4-di met hoxy- phenyl ) - 3- (4- hydr oxy- phenyl ) -
acrylonitrile, a glycopyranosyl group), a C2-C8

Cl+ad cgkeinghoyt@xy) gr-ebpCHA ntsxdRyl énedi-Gxy Rgrlopgro@en atom,
phosphate group (-OP(O (OH)2) or a salt thereof, a

C1-std fally Yrowupuy), CTBHHAHE008E t (RIvdTefogem atom, Cl-C4
gl ycopyranosyl group and a salt of the ester, a

allghlos phalt 2 et ef - dimet lyd ye-opyeanbsy3d - ¢4 oupd ety -haay 1) -
of the ester, a sulfate ester of a glycopyranosyl

acyoupl andle, salglyfophearssel , geoup), a C2-C8
pi peri di nopi peri di nocar bonyl oxy group, or a d-C8
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represents a hydrogen atom, a hydroxyl group, a C2-C8 acyloxy
group, a methoxyethoxymethoxy group, -COOR; (Ry=hydrogen atom,
C1-C4 alkyl group), -O(CH)nCOOR, (n=1-7: Rpy=hydrogen atom,
Cl-C4 alkyl group), —-OOCCH,CH;COOR; (Rs=hydrogen atom, C1-C4
alkyl, (2)-2-(3,4-dimethoxy-phenyl)}~3~(4~-hydroxy-phenyl)-
acrylonitrile, a glycopyranosyl group}, a C2-C8
halogencacyloxy group, a methylenedioxy group, a phosphate
group (-OP (0O} (CH),) or a salt thereof, a sulfate group (-
0S0O3H) or a salt thereof, a glycopyranosyl group and a salt
of the ester, a phosphate ester of a glycopyranosyl group and
a salt of the ester, a sulfate ester of a glycopyranosyl
group and a salt of the ester, a

piperidinopiperidinocarbonyloxy group, or a Cl-C8 alkoxy

group].



salt thereof, a sulfate group (-OSG3H) or a salt
thereof, a piperidinopiperidinocarbonyloxy group, or
a net hoxyet hoxynet hoxy group, Y1 in ring B represents
a hydrogen atom a trifluoronethyl group, or a
met hoxy group; Y2 is a hydrogen atom a hydroxyl
group, a nethoxyethoxynethoxy group, an acetoxy
group, or a nethoxy group. Ring Ais preferab
mokB- at BarELCYBELYt DEBACETRE. COMNRONNE pg Acrguaa (1a)
nmono-substituted ring, substitution referably occurs
at Xt hgr ring A ks 4a p%%‘ihf@%fhn akemsi A \Eﬁiﬂr?XYh HrPRR, an
case of a di-substituted ring, substitution preferably
acef@xBcglipdPat 2t heloggn agom. aoP13r9 JdpesPr i 8As2MARE PROUP.
the case of a tri- substltuted ring, substitution
an prefetabBipoogtore ATNHEREHS) 4'%Ip%sm$tQﬁ%ﬂ RAPB is
preferably a nono- to tri-substituted ring. Wen ring
Bt st & drohedse®eRi @ beRd @.h@drgawétgreppona BF@F@F&bEVOHP:
occurs at the 4-position; and simlarly, in the case
an fhexyi JEBRt i 2t BEACFPRY, g§95§t|FuPPéﬁg6PeF§Ple? nitro
occurs at the 3,4- positions; ,and in the case of
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t he 3, 4, 5- 03|t|ons t he conpounds
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ansifs HEL PRSI FERIONEL AR ep
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thereof, a phosphate ester of a glycopyranosyl group and a
salt of the ester, a sulfate ester of a glycopyranosyl group
and a salt of the ester, a phosphate group (-0P(0) (OH).}) or a
salt therecf, a sulfate group (-0S0s3H) or a salt thereof, a
piperidinopiperidinocarbonyloxy group, or a
methoxyethoxymethoxy group,

Y; in ring B represents a hydrogen atom, a
trifluoromethyl group, or a methoxy group;

Y, is a hydrogen atom, a hydroxyl group, a
methoxyethoxymethoxy dgroup, an acetoxy group, or a methoxy
group.

Ring A is preferably a mono- to tri-substituted ring.
When ring A is a mono-substituted ring, substitution

preferably occurs at the 2-, 3- or 4-position; and similarly,

in the case of a di-substituted ring, substitution preferably
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hydr oxyphenyl, 4-hydroxy- 3-et hoxyphenyl,
4- br onophenyl , 2- fluorophenyl, 3-fl uorophenyl,
4-fl uorophenyl, 2,3- difluorophenyl,
2, 4-difluorophenyl, 2,5-difluorophenyl, 2,6-
di f 1 uor ophenyl, 3, 4-difl uorophenyl,
3,5-di fl uorophenyl, 2,3,4-trifl uorophenyl,
2,3,5-trifluorophenyl, 2,3,6- trifluorophenyl,
occ@rd, SttEhé| poBophendt, Gr43p5trppbubiophRenghd in the case
4-ni trophenyl, 3-nitrophenyl, 2-nitrophenyl,
of a&-tyansphehytuted- aimaophehytitataannpphéaypbly occurs at
4- et hoxycar bonyl phenyl, 4- chl oro-3-nitrophenyl,
the 23ffubrposihionsphenyl, 3-ethoxy-4- nitrophenyl,
4- OOCCH2CH2COOCH3- phenyl , 4- 000CH2CH2COOC2H5- phenyl ,
4-BimggBuéepprafespbplieaynond-hfdr §%Xy-3ukistisphedyring.
11 3, 4- net hyl enedi oxy- 6-ni t rophenyl , , ,
Whei3 Bigd nBt hoxgphengtsuldspituhpdosyhgphenpptitution
4-0-mal totriosyl -phenyl, 2-ethoxy-5- nitrophenyl,
preBengli Hx9cqunst abpheayf T PEsttiiehe- Qndhwméiwwnyp? the
3-fl uor o- 4- met hoxyet hoxynet hoxyphenyl , 3-
case¢ | 9bra-4ingdbekyphbagl ringorpapstolgf2ophengferably occurs
4-fornyl phenyl , 4-acetoxy- 3-ettoxyphenyl, | ,
at hacet bryPestfLeRrephesl inatheceperpPipe- pRéayhbstituted
. 3-net hoxy-4- OP(0) (ONa) 2- phenyl, 4 OP(Q) (OH)2-phenyl,
ring, n%‘tllﬂ%ikiltﬁtW(‘O?{@]‘-&E@BEEWFFUES atetPrany ﬁoaﬁeﬁ#,‘cmn&
ésé§95§€%gggégmgﬁggﬁéClég@%é%%t%geg¥lfoimula {(la) of the
4- (p-D-gl ucose-6. - OP(Q 2) - phenyl_,
oresenb ot BRSHE ARt ¢ bRRERyMEARD A Pl HOEGESZ Rt FpReAPPERST
. _and s, _ring_B, _an f the faol Low : C o
viedpotnbihayRners| T1A9 4%0 AP hBLy plignyl - Loving: 4
.D-trjmetho - hydr,oxyphenyl , 4-
hyd%éf%é&éé%ggxgn%%ﬁggggégﬁéyi’4?acetoxyphenyl and
- | Se st L] : ovizd : _
ST P G T S S

met¥s Qfﬁ?%?ﬁ@@ﬂ&x?ﬁﬁeﬁ§§!ugegydéﬁQQQ33H%Eho§?EHQHQQ§,3,4;
particularly preferred ones include the fol ['ow ng
dihydroxyphenyl, 3-hydroxy-2-methoxyphenyl, 3,5-dimethyl-4-
hydroxyphenyl, 4-hydroxy-3-ethoxyphenyl, 4-bromophenyl, 2-
fluorophenyl, 3-fluorophenyl, 4—fluorophenfl, 2,3-
difluorophenyl, 2,4-difluorophenyl, 2,5-difluorophenyl, 2, 6-
"difluorophenyl, 3,4-difluorophenyl, 3,5-difluorophenyl,
2,3,4-trifluorophenyl, 2,3,5-trifluorophenyl, 2,3,6-
trifluorophenyl, 2,4,5-trifluorophenyl, 3,4,5-trifluorophenyl,
4-nitrophenyl, 3-nitrophenyl, 2-nitrophenyl, 4-cyanophenyl,
4-aminophenyl, 3-aminophenyl, 4-methoxycarbonylphenyl, 4-
chloro-3-nitrophenyl, 2-fluoro-5-nitrophenyl, 3-ethoxy-4-

nitrophenyl, 4-00CCH,CH,COOCH3—-phenyl, 4-00CCH,CH,COOC,Hs~

phenyl, 4-B-D-glucopyranosylphenyl, 4-hydroxy-3-nitrophenyl,
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compounds:
(2)-2-(3, 4-di net hoxy- phenyl ) - 3- (4- hydr oxy- phenyl ) -
acrylonitrile;
4-[(Z2)-2-cyano- 2- (3, 4-di net hoxy- phenyl ) -vi nyl ] - phenyl
[1,4']Dbipiperidinyl-1"-carboxyl at e;
4-1(2) - 2-cyano- 2- (3, 4- di net hoxy- phenyl ) - vi nyl ] - phenyl
acet at e; ‘

3, 4-{d £y Y Sy ald i et hroxivt phisingh y 1 3- 3 44 (Qimet hexyplempky nbth-
hoxy) - phenyl]-acrylonitrile;

mal (B y P-{18ery Ui netfhona/k iphienid 3y B=KiBethykls okye Preayty= 12

acrylonitrile; .

nityPhenyB, 43 diyrrdrexyd phthyPybenyd. nydf bx9L prenyl ) -
acrylonitrile;

hydz(czyylzg)zhegmyhr d¥ et woxg= pHiealngx ge taoRyHe BRy% BPR8RKbKy 3 ph
enyl)- acrylonitrile;

£lugR)=8=K gluowymyen vky - HhehyP) (ONe bR hdkyt PHEREHNY L/
acrylonitrile;

4-aqyory(3; athprEheRy! phéngrFr ¥y 33 nfHrex9PBeREt hoky- ph
enyl)- acrylonitrile;

00C (@2)2BE3pheay ket RoRgbrsayiyOF-(C4-(RVar ex5L 8 EL di Ast hyl
- phenyl)-acrylonitrile; -

oP (Q)Zlf ())Iil (‘&fflwlnft%ﬁ‘i&ﬁkﬁﬁé\hﬁ7Q%£Qb£%)ﬁ6ﬁ?-eﬁl-yﬂydr oxy- phe
nyl)- acrylonitrile; ,

acet7}aminaphenwb: pheAlTP-2legogeab PRy (BHighsh jRhenyl, 4~
acrylonitrile; ,

OSOHM B2 a-ri st oy Hhidiya ) uaRgen ¢ i Rptda)yphenyl,
acrylonitri]e; - .

20 G5l B ERGE Ry P s AIRGEP 53 ARERG PRy PO ¢ °°

rinélé?;any of the following: 4-n-butoxyphenyl, 3,4-

dimethoxyphenyl, 3,4,5-trimethoxyphenyl, 4-hydroxyphenyl, 4-

methoxyethoxymethoxyphenyl, 4-acetoxyphenyl and 3,5-bis~

trifluoromethylphenyl; provided that compounds in which rings

A and B both being 4-hydroxyphenyl are excluded. Among such

compounds, particularly preferred ones include the following

compounds:

(Z) -2~ (3, 4-dimethoxy-phenyl) -3~ (4-hydroxy-phenyl) -
acrylonitrile;
4-[(Z)-2-cyano-2- (3, 4-dimethoxy-phenyl) -vinyl] -phenyl

[1,4" )bipiperidinyl-1’-carboxylate;
4—[(Z)—2—cyano—2—(3,4—dimethoxy~phenyl)—vinyl]—phenyl
acetate;
(Z)—Z—(3,4—dimethoxy—phenyl)—3—[4—(2—methoxy—ethoxymethoxy)—
phenyl]-acrylonitrile;

(2)-2- (3, 4-dimethoxy-phenyl) —-3- (3-hydroxy-phenyl) -

12



(2) - 3-(4- hydroxy-phenyl)-2-(3,4,5-tri met hoxy-phenyl) -
acrylonitrile;
(2) -2, 3-bis-(4-hydroxy-phenyl)-acrylonitrile;
(2)-2-(3, 4-di met hoxy- phenyl ) - 3- (4- hydr oxy- phenyl ) -
acrylonitrile, sodiumsalt;
(2)-2-(3, 4-di net hoxy- phenyl)-3-(4-fl uoro-phenyl) -
acrylonitrile;

acryl9nixyid.e4- di met hoxy- phenyl ) - 3- (4-ni tro- phenyl) -
acrylonitrile; 13

(Z2) B @:lfrq—aiimefﬁhm{m@ernhlehy:tj (B=Hydsaiorngnehyt ) -
acrylonitrile; ’

acryldr{id)riZleyano- 2- ( 3, 4- di net hoxy- phenyl ) - vi nyl ] - benzoni
trile;

(2) D) ¢B-4-2 radiiduorhehehlt 3= A(Iaydrar et e prersirgny L) -
acrylonitrile;

acrlOnBePlet- di f | uor o- phenyl ) - 2- (3, 4- di met hoxy- phenyl ) -
acrylonitrile; ,

(2) 3 ¢ B Bhifasiorrhgmehy T 3= 03 (4 Aiwe HeR PGB FREhYT ) -
acrylonitrile;

acryl®rBtxBler di f | uor o- phenyl ) - 2- (3, 4- di met hoxy- phenyl ) -

acrylonityile; B 1) -

(2) 122) [3-4-31 Buefi §oxiorRRmMEh T § - 53 1 BY AL o ¥re? AR YR BREnpR§LY
acrylonjtrile,;

acrygnbtyBler di met hoxy- phenyl )-3-(2, 3, 4-tri fl uor o- phenyl
)- acrylonitrile; 5 s 3

(2) 122 (o { RO R RNy Y LR80T 1 T OIS Bk |
) -, acr IoQgtrile' .

phery) ) 22¢RyIoRf et hoky - pheny! ) - 3- (2, 3, 6-tri f 1 uor o- phenyl

2y 25— ST YL QML & Dhenyl) -3- (3-ethoxy-4-hydroxy-phenyl) -
acrylonitrile; |
(Z)—3—(4—bfomo—phenyl)—2—(3,4—dimethoxy—phenyl)—
acrylonitrile;

(%) -2- (3, 4-dimethoxy-phenyl) -3~ (3-fluoro-phenyl) -
acrylonitrile;
(Z)—2—(4—butoxy-phenyl)—3—(4—hydroxy—phenyl)—acrylonitrile;
(Z)—3—(4—hydroxy—phenyl)—2—(3,4,5—trimethoxy—phenyl)—
acrylonitrile;

{7)-2,3-bis- (4-hydroxy-phenyl)-acrylonitrile;
(Z)—2—(3,4—dimethoxy—phenyl)—3-(4—hydroxy-phenyl)—
acrylonitrile, sodium salt;
(Z)-2-(3,4-dimethoxy-phenyl) -3~ (4-fluoro-phenyl) -
acrylonitrile;
(Z)-2-(3,4~-dimethoxy-phenyl) -3~ (4-nitro-phenyl) -

acrylonitrile;
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(2)-2-(3, 4-di net hoxy- phenyl )-3-(2,4,5-trifl uoro-phenyl
)- acrylonitrile;
(2)-2-(3, 4-di met hoxy- phenyl )-3-(3,4,5-trifluoro-phenyl
)- acrylonitrile;

(2)-3-(2,6-difluoro-phenyl)-2-(3, 4-di met hoxy- phenyl) -
acrylonitrile;

(2)-2-(3, 4-di net hoxy- phenyl) 3 (3-ni tro-phenyl) -
(2 —acrﬁldn@umab@oxy¢phenyl) -fluoro- ﬁ% %H

(2)-3-(4-am no- phenyl)-2-(3, 4-d|nethoxy-phenyl)-
acrydemyltarilter;i | e; et hyl

4-1 (%%M&&%%@%@S} r}])%xe%lyplheqyllr?ilv]l—rB/e!rlionitrile:
Z) -2-cyano- 2- (3, 4- dlnethox en [1-
{(Z )—@e%?o?g&—ehg/luoro p(henyl 4ycP1 tX'lo)x er]yl)—
(2)-2- (3 4- di met hoxy- phenyl)-3-(2-n|tro-pheny|)-
crydemyiltorittadi | e;

Z)-3-(4-chloro-3-nitro-phenyl tho hen
—|(3)“) ?acqg-ﬂldivﬁqqqq é)helnyl _p - gl é? cflmeﬁhoxy x]y b y

(2)-2-(3, 4-di met hoxy-phenyl ) -3-(2-fl uoro-5-nitro-pheny
acry%0n¥ﬁﬁ%mentrlle

(Z) (2a,c,5r )dlgﬂtdtltqr%ecg ggxeynfhenél— 2 cél"lrﬁeti%)xyy pl‘péltl pypheny

(2) - 2- cyano- 2- ( 3, 4- di met hoxy- phenyl ) -vi nyl ] - phenyl
acryﬁﬁﬁﬁﬂrl%ﬁm0|nate

R i SR Sl ey £ PRLPOXY- BLEOVh 2 YL By PR
bIS {4 £ Z) - 2- cyano-2-(3,4-d|nethoxy-phenyl)—V|nyI]-ph

acrgiRApit ci nat e;

(Z)—3—(3,5—difluoro—phenyl)—2—(3,4—dimethoxy—phenyl)—
acrylonitrile;
(Z)—2—(3,4-dimethoxy—phenyl)—3—(2,3,4—trifluoro—phenyl)—
acrylonitrile;
(Z)—2~(3,4—dimethoxy—phenyl)—3—(2,3,5—trifluoro—phenyl)—
acrylonitrile;
(Z)—2—(3,4—dimethoxy—phenyl)—3~(2,3,6—trifluoro—phenyl)—
acrylonitrile;
(Z)—2—(3,4—dimethoxy—phenyl)—3—(2,4,5—trifluoro—phenyl)—
acrylonitrile;
(Z)—2~(3,4—dimethoxy—phenyl)—3—(3,4,5-trifluoro—phenyl)—
acrylonitrile;
(Z)—3—(2,6—dif1uoro—phenyl)—2—(3,4—dimethoxy—phenyl)—
acrylonitrile;
(Z)—2~(3,4—dimethoxy—phenyl)—3—(3—nitro-phenyl)—

acrylonitrile;
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(2)-2-(3, 4-di met hoxyphenyl ) - 3- (4- Q D- gl ucopyr anosyl phe

nyl)- acrylonitrile;

(2)-2-(3, 4-di met hoxy- phenyl ) - 3- (4- hydr oxy- 3-ni tro- phen

yl)- acrylonitrile;

(2)-2-(3, 4-di net hoxy- phenyl )-3-(6-nitro-benzo[ 1, 3] di ox

ol -5- yl)- acrylonitrile (2)-3-(3,

4- di met hoxy- Ehen g4 ( 2- met hoxy- ethoxxnﬁthoxy)- 15

) -BhdAypRinerpheny s ¢zyimetgoxy-phenyl}-

4- di met hoxy- phenyl ) - 2- (4- hydr oxy- phenyl ) -
acryaenyksaiteri| e;

Z)-2-(3,5-bis-trifluoronethyl-phenyl) - 3- dr. Qx h
ethYénﬁHTi(éérQréﬁapp|29(3 dlm%thgxy %h%nylg % 1927~ P
(E)-2-(3, 4-di met hoxy- phenyl ) - 3- (4- hydr oxy- phenyl ) -

phenaawyréﬁﬁtatpé
Z)-2-(3, 4- di met hoxyphenyl 4- R—nalto | - phenyl ) -
methéé%ﬂré&ﬁtrﬁrgyano 2y%3 y 1met OXy- phen —vg QX—)

(2)-2-(3, 4-di net hoxy- phenyl ) - 3- (2- et hoxy-5-ni tro- pheny
benzpﬁieacrylonltrlle
3,.4- di met hox henyl ) - 3- ((3- hydr oxy-4-ni tro- phen
rg3 ééﬁ9m§ﬁppgg|@h£ngl % )2 ngtroyp% ﬁ% %‘ P
;Z §3 4- di met hoxyphenyl )-3-(4-Q mal totri osyl - phenyl
acry OnéGF RERitrile;

B2 et oy phem ) G AR g anhe

é % 3 bIS (3, 4-di met hoxy- phenyl )-acrylonitrile,;
acrydonitrdd€ini no- phenyl ) - 2- ( 3, 4- di net hoxy- phenyl ) -

5% %”'ﬁltlif' R AR S TSN
acrylonltrlle,

(Z)-2-(3, 4~dimethoxy-phenyl) -3~ (4-ethoxy-3-nitro-phenyl) -
acrylonitrile;
4-{(2)-2-cyano-2- (3, 4-dimethoxy~phenyl)-vinyl]-phenyl methyl
succinate;

-[(Z)-2-cyano-2- (3, 4-dimethoxy-phenyl) -vinyl] -phenyl ethyl
succinate;
bis-{4-{(2)-2-cyano-2- (3, 4-dimethoxy-phenyl)-vinyl]-phenyl}
succinate;
(Z)—2—(3,4fdimethoxyphenyl)—3—(4—B—D—glucopyranosylphenyl)—
acrylonitrile;

(z)-2-(3, 4-dimethoxy-phenyl)-3- {4-hydroxy-3-nitro-phenyl) -
acrylonitrile;
(Z)—2—(3,4~dimethoxy—phenyl)—3—(6—nitro—benzo[l,3]dioxol—5—
yl)-acrylonitrile;

(2)-3-(3, 4-dimethoxy-phenyl)-2-[4-(2-methoxy-ethoxymethoxy)-
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et hoxymet hoxy) - phenyl | - acrylonitrll _

(2)-2-(3, 4-di net hoxy- phenyl)-3-(3-f oro-4-hydroxy-phe

nyl)- acrylonitrile;

nono- (4-[(Z2) - 2-cyano- 2- (3, 4-di net hoxy- phenyl )-vinyl]-p

henyl } sodi um phosphate; 4-[(Z)-I-cyano-2-(3,

4- di net hoxy- phenyl ) -vi nyl ] phenyl 16 acet ate;

(2)-2-(3, 4-di net hoxy- phenyl ) - 3- (4-fornyl - phenyl) -
phenadﬂybamwﬂphﬂérile,

Z) -1 -cyano- 2- (3, 4- di met hox henyl ) - vi nyl ] - 2- et hox
[éhéﬂyhléeéh@gggphenyl) -2- (4yhgdra§y)Ph y ]
4 [ (2)-1-cyano- 2- (3, 4-di net hoxy- phenyl) - V|nyI]-2-quor
acrydongheryle;acet ate; 4-[(Z2)-2- cyano 2-(3, 4,
5-trinmet hoxy- phenyl) V|nyI] phenyl acet et hyl _
2) 2B, [E D2 £ o A TOERORy "By ARTyI Fheny D)
phenoxy] - hept anoat e;
acrydonidjrillegyano- 2- ( 3, 4- di met hoxy- phenyl ) - vi nyl ] - pheny
8- brono-oct anoat e;
E) -C2) (B-43Lizethephamanyd 33 W-dyRReaRsEM ) - acryl o
nitrile, hydrochloride;
acrwhﬂniqﬂmqqig 2- cyano- 2- ( 3, 4- dlnethoxy phenyl)-vinyl]-2
- - met hoxy- phenyl } sodlun1 hos

|Oh -
Z) 1RomiG3 {440 i) e xeppd R L |ﬂ1§tar%&>aﬁiﬂhé°rﬂﬁr)¥]\)i nyl ]-p
henyl } phosphate
acr%ﬁﬂﬂﬁqﬁﬂ 2) - 2- cyano 2 (3 4- di met hoxy- phenyl ) -vinyl]-2

S S e e
acrylonltrlle;
(Z)—Z—(3,4—dimethoxy—phenyl)—3—(3—hydroxy—4—nitro-phenyl)—
acrylonitrile;
(Z)—2-(3,4—dimethoxypheny1)—3—(4—B—maltotriosyl—phenyl)—
acrylonitrile;
(Z)—2—(3,4—dimethoxy—phenyl)—3—(3—fluoro—2—hydroxy—phenyl)—
acrylonitrile;-
(Z)-Z,3-bis—(3,4—dimethoxy—phenyl)—acrylonitrile;
(Z)—3—(3—amino—phenyl)—2—(3,4—dimethoxy—phenyl)-
acrylonitrile;
(Z)—2—(3,4—dimethoxy—phenyl)—3—[3-fluoro—4—(2—methoxy—
ethoxymethoxy) -phenyl]-acrylonitrile;
(Z)—2—(3,4—dimethoxy—phenyl)—3—(3—fluoro—4—hydroxy—phenyl)—
acrylonitrile;
mono~{4—[(Z)—2—cyano—2—(3,4—dimethoxy-phenyl)—vinyl]—phenyl}
sodium phosphate;

4-[(Z)-1-cyano—-2-(3, 4-dimethoxy-phenyl)-vinyl]phenyl
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acet am de;
(2)-2-(3, 4-di net hoxyphenyl ) - 3-[ 4- (6- phospho- p- D
gl ucopyr anosyl ) - phenyl]-acrylonitrile; sulphoric acid
nmono{ 4-[ (Z) - 2- cyano- 2- ( 3, 4- di met hoxy- phenyl ) -
vinyl ] -phenyl }ester triethylamoniumsalt; 17
(2) -2-(3, 4-di net hoxyphenyl ) - 3-[ 4- (6- phospho- Q D-
gl ucopyr anosyl ) - phenyl ] -acrylonitrile sodiumsalt;
acet@Zp+2- (3, 4-di met hoxy- phenyl ) - 3- (2- hydr oxy- 5- ni tr o- phen
yl)- acrylonitrile,
(2) -@2)(324¢ S imeghoarholenyhe mpr) (43 LeAmlg& e it r o- pheny
[)- acrylonitrile; :
acry(lonizride4- di met hoxy- phenyl) - 3- (3- hydr oxy- 4, 5- di et hox
y- phenyl)-acrylonitrile; and . _ _
4- [ (g2)-12-cyane-dirfet Hodimstdapy) PReny iy ariewils 25 S Hheéhox
y- phenyl)-acrylonitrile. The di phenylacrylonitrile
phengdr iarsttiakes (1), or salts thereof, of the present

i nvention may, for exanple, b repar.ed t.hrpt e
4-1 (ﬁdHlmW@@lee?ac(ﬁ:&-%W?&?&XYRP?@HP%%CW%Y&] F@o &gﬂ“}glﬁ H

*] ~/ R RRRRORR (3) (2) (1) (wherein R has
phemye aszgf@ bfgani ng as descri bed above). That is, a

- Qb o Loaehoa B R Vo PHE BkP T el
aceézte;

ethyl 7—[4—[(Z)—2—cyano~2—(3,4—dimethoxy—phenyl)—vinyl]—
phenoxy]-heptanoate;
4—[(Z)—l—cyano—Z—(3,4—dimethoxy—phenyl)—vinyl]—phenyl 8-
bromo~-octanocate;
(Z)—B—(3—amino—phenyl)—2—(3,4—dimethoxy—phenyl)—acrylonitrile,
hydrochloride;
monﬁ—{4—[(Z)—2—cyano—2—(3,4—dimethoxy~phenyl)—vinyl]—2—
methoxy-phenyl} sodium phosphate;
mono—{é—[(Z)—2—cyano~2—(3,4—dimethoxy—phenyl)—vinyl]—phenyl}
phosphate;
mono—{4—[(Z)—2—cyano—2—(3,4—dimethoxy—phenyl)—vinyl]—Z—
methoxy-phenyl} phosphate;
N—[3-[2—cyano—2—(3,4—dimethoxy—phenyl)—vinyl]—phenyl]-
acetamide;

(Z)—2—(3,4—dimethoxyphenyl)—3—[4—(6—phospho—B—D—
glucopyranosyl)—phenyl]—acrylonitrile;

sulphoric acid mono{4—[(Z)—2—cyano—2—(3,4—dimethoxy—phenyl)—

vinyl])-phenyl}ester triethylammonium salt;
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di phenyl acrylonitrile derivative (1). However, when
the target conpound is a diphenylacrylonitrile
derivative (1) in which Ris a hydroxyl group, an
R-protect ed benzal dehyde (2) and an R-protected
benzyl cyanide (3) (wherein the protective group nmay
be, for exanple, a nethoxymethoxy group, a 18
nmet hoxyet hoxynet hoxy group, a methylthi onet hoxy group,
(2) @- (Bta-ahycridmenandnody) grdu; (G rieaisdoy et hoxy
group, a benzyloxy group, a trinmethylsilyl _group,
glu@rpyrdrersyl )bmfwrm]{ﬂmaﬁﬂ@iquﬂl@@l%rmu%rséﬁs bj ect ed
~ to a condensation reaction, foll owed Ey removal. of 1)-
(2) el Hrétadiord thoxgthsny Wi ¢ e B TR g e
preferably carried out in the presence of a base such
acryomsioni ke jal koxi de, sodi um hydroxi de, or potassium

hydr oxi de. Wien sodi um al koxi de_is qulqyed _the 1) -
(2) contiensal it deactanyy) par f O BT A B XTI ¢

sol vent, such as nethanol or ethanol, at between room
acrykompkfailee and reflux tenperature, whereas when

sodi um hydroxi de is enpl oyed, the condensation
(2) 12abti briise ‘H@?*b‘rwiﬁ) b3 SSTRERTORY T u?é‘t%‘%leﬁ% 3

and an inert solvent, such as nethylene chloride or
PheQYﬂbT@$6Y%?n%F¥%ﬁ%;dﬂ%Sernary anmoni um salt or a

simlar conpound bein dded t hereto,  After [,on
(2) o4 EotreAgRe LS YRR SR, The RURbRyY Bt ot SRCyRo<Y

group is eanedl The renoval is preferably achieved
phe%¥lh9ﬂ?5¥£%?§t?h fhe presence of, for exanple,

hyd L ori id Lfuci ' et id

CofhenasarranTEchi B b F PREAvARRTERC AT qorhrzate

th b | d h h
thet gt gy R e Ryl BEetae F R T PR b csoace or 5 cht aryet

pres¥88asn PALLAILHD £621 BRDnGOLcRLREbAUBLAYEE-

R

R R
CN R CN
R R R R R
+ ——
H ; R
R R R
R O R R

(3) (2) (1)

(wherein R has the same meaning as described above) .

That is, a benzaldehyde (2) and a benzyl cyanide (3)
are subjected to a condensation reaction, to thereby yield a
diphenylacrylonitrile derivative (1). However, when the
target compound is a diphenylacrylonitrile derivative (1) in
which R is a hydroxyl group, an R-protected benzaldehyde {(2)
and an R-protected benzyl cyanide (3) (wherein the protective

group may be, for example, a methoxymethoxy group, a
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The di phenyl acrylonitrile conpound of the present
invention may be adm nistered as is. Alternatively, so
long as the effects of the present invention are not
reduced, the diphenylacrylonitrile conpound may be
mxed wwth a carrier 19 which is generally enpl oyed
for drug preparation, such as a dispersing aid or an
exci pient, and may be used in_the

me t hiopjyedhiosi 61t ha Xye BE AP p@eﬂﬁﬁ&yﬁﬁﬁlgﬂﬁﬁhggyégﬁ8ﬁ€ér

solution, a capsule, a suspension, an eq&%%l a
t e t reyuydy opar anatLioxivr gr@U@naﬁulCé/Cl&PﬁﬂHY me yet‘-lfroélp'
troche, or a | enpbnade. Exampl es of such a carr|§;
benziydeyd @ rRaPer 2s &r&meéwﬁdéé{éaéﬁé{r ISP/
ol i gosacchari des, and pol ysacchar. des uch
but yshimettily ] Sidorlesy, EedRlexdtiCarr g st ﬁ:n &Or\%nsatlon

sol ubl e cel |l ul oses, such _as hydrogxﬁgi cellukpse
reaqtymmx;fmld@weﬁﬁeﬁyylre@mq}l Sde,thsn eﬁivﬁ el 9WSsE:;
wat er - absorbi ng and poorly water - e celluu9s

sUdte szondenpsttalan feadiian ose Pit eelﬁ Y@arrie

cross-1inked carboxyneth | cel |.ul ose .sadi QPQ
the gEsanqy e théasst %ﬁr Sé)é%d’r“b aﬁd‘ 5?%o‘ydoor Y

hydr“a%?{%s°o2r2§>'@§sapﬁ%'é¥sa%°%qar' i o, SR BRaltl ek s

Fi'n starch,

e 2o AR e P pS‘SﬁSdeﬂé%%%fﬂéofF B &

nwaram
é%dﬁ%dér§§2¥Q4kﬁs me%%%ﬁﬁ?;ﬁﬁag% Vi ﬁglqggﬁgﬁgf%?n
roonb ch a%Vﬁi VIQ%& fﬁ I eré§4§58 JhdKEDs when sodium

S& sa ts cross-1inked

'hyd ﬁ%g?¥%é%hgﬁgﬁ%%fthygﬁg&?e XYEL hydn el heet yh al &, pe 2hdlrmed

cul ar aggregate (e.g.

l 'hspcfof\p{ﬁg x{uﬁg’{ﬂﬂg 34 R dSer SHEh &S PhosPhes L hE, agdch as
0

methylene chloride or chloroform, with a quaternary ammonium

in

salt or a similar compound being added thereto.

After completion of condensation reaction, the hydroxy-
protective group is removed. The removal is preferably
achieved by hydrolysis in the presence of, for example,
hydrochloric acid, sulfuric acid, acetic acid, p-
toluenesulfonic acid, or trifluorocacetic acid. Also, the
benzyloxy group is preferably deprotected through catalytic
hydrogenation in the presence of a catalyst such as palladium
carbon, or platinum oxide.

The diphenylacrylonitrile compound of the present
invention may be administered as is. Alternatively, so long
as the effects of the present invention are not reduced, the

diphenylacrylonitrile compound may be mixed with a carrier
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When the di phenylacrylonitrile conpound of the present
i nvention exhibits |low solubility, the conmpound nay be
subj ected to solubilization. Exanples of the
solubilization 20 techni que include techniques which
are generally applicable to drugs, such as a
technique in which a surfactant (e.g., a

pol yoxyet hyl ene al cohol ether, a polyoxyethélene c%g a
whichstier genaradili eaplaygd &okefrugr PEeRErGS*PEr hylEfle
sorbitan acyl ester) is added to the . he form
dispeirplieny kadr piroaint exicd péeipousdd Bay e tScFhilqudhe
enpl oyi ng a water-sol ubl e polyner (e.g., polyethylene
of agl yoglertibndesi pe®eroare PFEPBE e SYER 0r2 pobidel; a
exanpl e, a technique for formng a soluble salt_ of th%n
soludiiphenyl seypldsit B IS8SPEMFIERd, 207 SRS qie F6HP-
formng a clathrate conpound by use of c clodextg N -de
elixdrr,a asigmanad e, mat @vildl . aA tSEIEHI i3 506 e GHniTquE R -
be appropriately selected in acco dang§ wth t X
t dirgate 1disp e Euedy v GiETi% lrtfolﬁ-ﬁ{ﬁnv&ﬁ She
i nhi bitor nmay be enpl oyed as an ag%ic ncer - .
mOHQﬁaﬂyha§§d§ﬁané%LkﬁR§QQEEQﬁ}Qﬁﬁﬂﬂa PR Tidss such
has acquired BCRP-nedi at ed resistance t.hr &%p
. . ) — ter-
as madwidiodtr AEEOTT AW AT RerIHr %r%n(,ﬂ? i 18 “the
BCRP i nhi hitor ma <§§ enpl opyed as a
SOl%ﬁ#ﬁ(ﬁ%ﬁ%ﬁ“ﬁ*ﬁ@-é%% tq§iﬁgﬁgéﬁﬁf2ﬁﬁi% TS ncer
whi ch originally expresses BCEE r¥ﬁg?dgé&£&i+§%¥ water-
hy Ay HaRH €h¥¥uF%iiq %ﬁﬁkﬂanrtﬁ% particul ar
limtatiops are inposed % e L 988 | canerragrug
absqoing ARG PFfdery %ﬁr%égg g%ce-oveﬁ%on1hg agent or
anticancer-drug-effect - nci ng It £oPLQai ning the
cry &R inthid5h lﬁgﬁfkﬂgzﬂﬁfiﬁgh?%gr%gle%t, S0 ?ong as
the ant o540 S SO VEn@Sady i SMPSTE L enépeo BLRP
Car?ﬁﬁ%%éﬁ%#ﬁégﬁﬂﬁy:%g #g?érrbd to as BCRP
water—-absorbing and poorly water-soluble polysaccharides,
such as hydroxypropyl starch, carboxymethyl starch, cross-—
linked starch, amylose, amylopectin, pectin, and derivatives
thereof; water-absorbing and poorly water-soluble gums, such
as gum arabi, tragacanth gum, glucomannan, and derivatives
thereof; cross—-linked vinyl polymers, such as polyvinyl
pyrrolidone, cross-—linked polyacrylic acid and salts thereof,
cross—1linked polyvinyl alcohol, polyhydroxyethyl methacrylate,
and derivatives thereof; and molecular aggregate (e.g.,
liposome)-forming lipids, such as phosphorlipid and
cholesterol.
When the diphenylacrylonitrile compound of the present

invention exhibits low solubility, the compound may be

subjected to solubilization. Examples of the solubilization
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substrate) . Exanples of such an anticancer drug

i ncl ude topoisonerase | inhibitors such as irinotecan
21 hydrochl ori de/ CPT-11 (active netabolite: SN 38) and
t opot ecan; topoi sonerase Il inhibitors such as

m t oxantrone, doxorubi cin, daunorubicin, bisanthrene,
and etoposide; and antifolates such as nethotrexate.
The dose of the BCRP inhibitor of the pre Ent licable
techhmqeatﬂnaludaytﬁéhapﬁusﬁrWaﬂéhyaaét@Fﬁﬁﬁéz ¥napp-ica
accordance with, for _exanple, the adm nistratio
to dmegkedsorht ke syhpcbmieReainpybileht 2 ?Héféﬁitla?tdzl?ég" a
for an adult is preferably 1 ng_.to 1 % Mre . 1 oster
polypxyhéhaﬁbyeleécﬁgoﬂoereﬁg 5appﬁaeﬁgﬁﬁy BF8Fe ALY © ’
500 ng to 10 g. No particular limtations a etinpos g
a soghithe acyii 6SEefweed anPRAYPEYREEY16PGg SRNEHE §E&
inhibitor, and the preferred ratiq varies in d. and a
esteadcdisdadeednitoh theodiokamylecr YRS 1 e Sof Offy OUna
anticancer drug or inhibitar to belgﬁplo%ed. When,
8% & °o

techméﬂuéxﬁﬁﬁﬂ@yipﬂiﬁoﬁ@@&ﬁ“ﬁ?&ﬂ&ﬁ%1ﬁq . yed as

po e tarad e ISe A Pt B WBhayg o
csxanpie. fr SREPABEL 0% GORITS oTAR BRI S

di ph%@&cﬂpgr&}gxgai% 15.?@ oﬁglylpglépngﬁg ?Qor;l ga(r_j yd, eﬁ&'lr%;{%d eS rfeosre nft orming a
cla tl(f%;/a?tgaf kco@%@_ogﬁ% %ﬁ% )}f;?epn'ﬁog‘# Scid)sc%:?c{g Zf&ﬁ‘lyi d?%d;(f:e _é‘- similar
a3 ) S ROLHETLIEa om hechBguenaRy: Py RET R 2
selected in accordance with the target diphenylacrylonitrile
compound.

The BCRP inhibitor may be employed as an anticancer—
drug-resistance-overcoming .agent for a cancer which has
acquired BCRP-mediated resistance through administration of
an anticancer drug. Meanwhile, the BCRP inhibitor may be
employed as an anticancer-drug-effect-enhancing agent for a
cancer which originally expresses BCRP and exhibits low
sensitivity to an anticancer drug. No particular limitations
are imposed on the target anticancer drug of an anticancer-
drug-resistance-overcoming agent or anticancer-drug-effect-
enhancing agent containing the BCRP inhibitor as an active
ingredient, so long as the anticancer drug can serve as a
substrate for BCRP (hereinafter may be referred to as BCRP

substrate). Examples of such an anticancer drug include

topoisomerase I inhibitors such as irinotecan
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i F?;yyg [1,4']gi?gpirgdinyl-l'-carboxylate 3

- - 2-cyano- 2- (3, 4- di et hoxy- phenyl ) - vi -

acetate 22 4 P yi)-vinytl- phenyl
(2)-2-(3, 4-di net hoxy- phenyl ) - 3-[ 4- ( 2- net hoxy-
et hoxynet hoxy) - phenyl ] -acrylonitrile 5
(2)-2-(3, 4-di net hoxy- phenyl ) - 3- ( 3- hydr oxy-
phenyl)-acrylonitrile 6

hydrbZhldr(isled CATmathdegtpNenpetabolitieydsdky 8) and
phenyl)-acrylonitrile 7 , .

topottBrazr( obodisvaerasy- BheAyin)ibd-tozsh p#cdx po3 i toxantrone,
nethoxy-phenyl)-aqrylonipriIe 8 .

doxorApisif3, ladineyibdaimhédpantirenes. @nceigRpside; and
_phenyl)-acrylonitrile 9

ant i(f2)-a2-e(3, sl et mebpoiiy@nAe-3- ( 3- hydr oxy- 2
met hoxy- phenyl )-acrylonitrile 10 . .
( Dhe-d@et-afl Mt BGRPHERIYL Y R hyldiogrest invention
di met hyl - phenyl )-acrylonitrile 11 .

nay (@) SPHREiditrhhSetamenad - EEAREy With, for
hydr oxy-phenyl)-acrylonitrile 12

exaIr(pZ)eull%-t(f_YE; m_rcll;m;lll?fé?am)ar?%%t,m%i et Hky SRS QT @
acrylonitrile .

patiEmt I2 (T§31,64fjléilﬁ:§t HoRy- RENGD) 24Udd. fiSuBFr&ESsHé r}?y ) 1 mg to
acrylonitrile 14 .

10 QPR PR B (- b 0§y 91 1Y Preterely
acrylonitrile 15 , _ : -

500 (g -t (UQ Hydr %y PEfrdiyLas (lsl,méf,téi-ttlrolnr?etahr(?xyl-mpoSed on the
phenyl)-acrylonitrile 16 d t BCRP, inhibitor, and

rat{g)hotwrel sa AU PHERYT ) 248 FRenf e 1 & ’

the preferred ratio varies in accordance with, for example,
the type of an anticancer drug or inhibitor to be employed.
When, for example, irinotecan hydrochloride is employed as an
anticancer drug, the ratio by weight of the anticancer drug
to the BCRP inhibitor is preferably 1:1 to 1:500,
particularly preferably 1:1 to 1:100, more preferably 1l:1 to
1:10.

Table 1 shows some specific examples of
diphenylacrylonitrile derivatives which may be employed in

the present invention.

Table 1
Compound Chemical Name
1 (Z)—2—(3,4—dimethoxy—phenyl)—3—(4—hydroxy—
phenyl)-acrylonitrile
5 4—[(Z)—2—cyano—2—(3,4—dimethoxy—phenyl)—vinyl]—
phenyl [1,4']bipiperidinyl—l’—carboxylate
3 4—[(Z)—2—cyano—2—(3,4—dimethoxy—phenyl)—vinyl}—
phenyl acetate
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17 (Z)-2-(3, 4-di net hoxy- phenyl ) - 3-(4-hydroxy

phenyl)-acrylonitrile sodiumsalt 18
(2)-2-(3, 4-di et hoxy- phenyl ) - 3- (4-fl uor o- phenyl ) -
acrylonitrile 19
(2) - 2- (3, 4-di et hoxy- phenyl ) - 3- (4-ni tro- phenyl ) -
acrylonitrile 20
\ &) Fz’y—"2—"{ﬂeél‘&i&%(étﬂwiﬂhéiﬂriM{Jw(ph@@tﬂhdxy—
acryllonitril e 21 ko
A 1{Z egh9n¥Q§£59¥S)QE§€Q¥}L73C¥Ylonlt¥lle o
lge?& RTINS 8N %,ff—dfrhei;ﬁé)?f—tﬂﬁ’é\ﬂyf] TV 3y Yo xy-
(2)-3-2BenvH) 1Ry eRhErd S - 2. (3_4-dinpthexy
heny| JZbc?yldnt tdimethoxn Zphenyl ) -3- (2-hydfoxy-
Z) - 3t¥Redy tl facoy bephenyl §- 2- (3, 4- di et hoxy
pheny Jzpe2y|®nitdiheth@dy-phenyl) -3~ (4-hydroxy-3-
('2) - 3t h@eBodi fbliern 9t pheayy)edit Bidedi met hoxy-
phenyl ]z pCEY 9Ny 181 h@a2Sxy-phenyl) -2- (3, 4-dimethoxy-
fE)'3'é§eéy9}i£8999éﬁb€gyié-2-(3,4-dinethoxy-
peny s AT Y9 LA hErh6Ry-phenyl) -3~ (3-hydroxy-2-
o) -3} {3/ 55 . DB G
IR R g i AL L
() - 2} (3) 22ai et ROXYC bRERYT PSRV E) 322 FrPYFGSFST ™ =~
pheny ,Lastpy%ﬁphﬁﬁgapvac¥y§on1{ri§b r#isre
i%)-z-@@)42dﬂﬁeﬁhé% ephexyrphenys) 335 ErefPagYod 23
bheny| hydepyyonhepylle-aggylonitrile
'é ) - 2} (2) 43di(Arebhoxg-phenyl) 3= (13, 3 -6imeithogyrghenyl) -
eny| xeagiphanrtidiel e 30
22)-2 () 42di(BpUhaxephery-bhang2) 435-(Briffluggrgphenyl) -
Aeny| heagnyherictinkl e
14 (Z)—2—(4-butoxy—phenyl)-3—(4—hydroxy—phenyl)—
acrylonitrile
(Z)—3—(4—hydroxy—phenyl)~2—(3,4,5—trimethoxy—
15 s
phenyl)-acrylonitrile
16 (Z)—2,3—bis—(4—hydroxy—phehyl)—acrylonitrile
17 (2) -2- (3, 4-dimethoxy-phenyl) -3- (4-hydroxy-
phenyl)-acrylonitrile sodium salt
18 (Z)—2—(3,4—dimethoxy—phenyl)—3—(4—fluoro—phenyl)—
acrylonitrile
19 (Z)—2—(3,4~dimethoxy—phenyl}—3—(4—nitro—phenyl)—
acrylonitrile
50 (Z)—2—(3,4—dimethoxy—phenyl)—3—(2-fluoro—phenyl)—
acrylonitrile
4—[(Z)—2—cyano—2—(3,4—dimethoxy—phenyl)—vinyl]—
21 s
benzonitrile
(Z)—3—(2,3—difluoro—phenyl)—2—(3,4—dimethoxy-
22 s
phenyl)-acrylonitrile
23 (Z)—3—(2,4—difluoro-phenyl)—2-(3,4—dimethoxy—
phenyl)-acrylonitrile
24 (Z)~3—(2,5—difluoro—phenyl)—2—(3,4—dimethoxy—
phenyl)-acrylonitrile
(Z)—3—(3,4—difluoro—phenyl)—2—(3,4—dimethoxy—
25 s
phenyl)-acrylonitrile
26 (Z)—3-(3,5—difluoro—phenyl)—2—(3,4—dimethoxy—
phenyl)-acrylonitrile
(Z)—2—(3,4—dimethoxy—phenyl)-3—(2,3,4—trifluoro—
27 s
phenyl)-acrylonitrile
28 (Z)—2—(3,4—dimethoxy—phenyl)—3—(2,3,5—trifluoro—
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31 (2)-2-(3, 4-di net hoxy-phenyl )-3-(3,4,5-trifluoro-
phenyl)-acrylonitrile 32
(2)-3-(2,6-difluoro-phenyl)-2-(3, 4-di net hoxy-
phenyl)-acrylonitrile 33

(2)-2-(3, 4-di net hoxy- phenyl ) -3-(3-nitro-phenyl) -

acryl

onitrile 34

( 7\
L)
acr \/I

34 anthnos phenyl iz 2r{ 8 4= i met hoxy-phenyT ) -

11 (

Vi nyl R

§zhr%;ﬁig§;p¥@§qpqﬁ¥mgq&&¥1bhen (43, 6-trifluoro-

met hvl

;L (Z

3 nyl

)ezafgﬁuﬁ»4rqzme¢mnxmnph&@y§he%y %.4,5-trifluoro-
|ptbenzbat@&cBylonitrile

(2)-2F
%%ryl

() 42 d{ 7pd hoxye phenytphEay Ry nBt (3, phenyrjfluoro-
o ddhyl p-B8rylonitrile

(Z)=3r C@'@éoaﬁaﬂflﬁ@r@hﬁnah§12 £3(3; draehbobyxy—
?@?nx é g&§¥ OQ i £1i Plle
p@en§ * S “h”i;ﬁgﬁﬁﬁ%% Lhent?) L5UPBORPtBbIpRenyl) -
(2) - QCHY Rﬁfﬁ% _nhonul\ 3 etheey :
@eny }thﬁylénPWFPPepﬁﬁ yi)=2* T3 gt NePnBky Bhenyl) -
4-[ (2)agrpyandtpitg 4- di met hoxy-ph
g@thy eshy¢|maté(z2 2-cyano-2- 3 4- dlmgthoxy—thegyﬁiz
[ (Z) v2agyanph@no8yl-diabehexy- phenyl ) -vinyl]l- phenyl
et hyl | ggeBynatie [43) -2-cyano-2- (3, 4~ dimethoxy—phenyl)=
%?§954vﬁﬁ§liﬁbéﬁéﬂat3 (3, 4-di net hoxy- phenyl ) -
eRYl(R, qugehBahex44phenyl 2-nitro-phenyl) -
£2)-2 ég? 418hTetLhexy- phenglf 3- 54)R- ( Preny
ik T”%byﬂEH MR- @QBXEQBLbhbh%l 4%-(3,4-dimethoxy-
62) - 21 E ény lnet OtynRRenyl) - 3- (4- hydroxy 3
39 (Z)-2-(3,4-dimethoxy- phenyl)-3-(2- fluocro—5-nitro-
phenyl}-acrylonitrile
40 (Z)-2(3, 4-dimethoxy- phenyl) - (4-ethoxy-3-nitro-
phenyl)-acrylonitrile
41 4-[{Z)-2-cyano-2-(3,4- dimethoxy—phenyl)—vinyl]—
phenyl methyl succinate
42 4—[(Z)—Z—cyano—z—(3,4—dimethoxy—phenyl)—vinyl]—
phenyl ethyl succinate
- bis—(4—{(Z)—2—cyano—2—(3,4—dimethoxy—pheny1)—
43 . .
vinyl]-phenyl) succinate
44 (Z)-2- (3, 4-dimethoxy-phenyl) -3~ (4-p-D-
glucopyranosylphenyl)—acrylonitrile
45 (Z)—2—(3,4—dimethoxy—phenyl)—3—(4—hydroxy—3—
nitro-phenyl)-acrylonitrile
46 (Z)—2—(3,4—dimethoxy—phenyl)—3—(6—nitro—
benzo[l,3]dioxol-5-yl) acrylonitrile
47 (Z)-3- (3, 4-dimethoxy-phenyl) -2-[4 - (2-methoxy-
ethoxymethoxy) -phenyl]- acrylonltrlle
(2} - (3,4—dimethoxy—phenyl)—2—(4—hydroxy—
48 :
phenyl) —acrylonitrile
49 (2)-2-(3,5-bis-trifluoromethyl- phenyl)-3-(4-
hydroxy-phenyl) - —acrylonitrile
(E) -2- (3, 4-dimethoxy-phenyl) -3- (4-hydroxy-
50 .
phenyl)-acrylonitrile
51 (Z)—2—(3,4—dimethoxyphenyl)—3—(4—B—maltosyl—
phenyl)-acrylonitrile
52 (Z)—2—(3,4—dimethoxy—phenyl)—3—(2—ethoxy—5—nitro~
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nitro-
(2)-2-

phenyl)-acrylonitrile 46
(3, 4- di net hoxy- phenyl )-3-(6-nitro-

benzo[ 1, 3] di oxol -5-yl)-acrylonitrile 47

(2) - 3-

(3, 4-di net hoxy- phenyl ) -2-[ 4- (2- met hoxy-

et hoxynet hoxy) - phenyl ] -acrylonitrile 48

(2)-3-

(3 4- dlnethoxy phenyl) 2- (4- hydr oxy

pheny

{ D\ o)

PREEYTIHEEALE c91c

NS
Bydro
(E)-2

e TYU%L)'§'§éiox -4-
g égéﬂ Eﬁpﬁil\liﬁgh? V P g§ o i

i

aﬁﬁé ng %l ﬁ hudrnvu

XzacEyKBnﬁtdnmethsgyphenyl) (4~ B maltotriosyl-
21 pBedAvydl) rathokyphenylg- 3- (4-a- naltosyl

hen
2)-%

Yzacpylkonataihethb2y-phenyl) -3- (3-fluoro-2-
h3afodiyTBhBAYY) PRERY bn3ti2iet hoxy-5-nitro- 24

pieTy

h7ebYROP LI5S, - afmethox sphenyl)-acrylonitrile

\L)'Z
Biitro

—3”' SNV =3 (3, I ¥ i xy-phenyl) -
AN R o

Unhnnul\

(Z).-2
==

pheny
(2)-2

YZherylanfr At Pethg=y- phehylh 3o 52 FTa0Th4-
mgthoayﬁﬁtha%vmﬁﬁhﬁﬁwv—Qhﬁ@yﬁ|HApxyAOnltrile

(4

(\iZph@nyPB) 4adiFeehpryrpenyd) -3- (3-fluoro-4-
ByursxysphedymﬁfhgxylgﬁeﬁWHﬂeacrvIonltrlIe 57

i

t3daninmonbényl[ ) z2 -3 c4adior@t-HOx B-—phawyhpxy-
Dphehiyll@-$8nyl]-phenyl) phosphate

7)-2
t ho

@3 [4z9-meEDaxy-pheByl)-d3mehblycrbedy12—vinyl] -
(ﬁhghggxgggtggéy) phenyl]-acrylonitrile 59

(Z) =21 420REEQ”8é% PHERY bRt ) L3UQuaFh rmy 1 -phenyl ) -
ﬁydro<gcggﬁgx £r§gryfon|t¥ #
4-1{(Z)-1-cyano-2- (3, 4-dimethoxy-phenyl}-vinyl]-2-
63
ethoxy-phenyl acetate
4-{(2)-1-cyano-2- (3, 4-dimethoxy-phenyl})-vinyl]-2-
64
fluoro-phenyl acetate
4-1(2)-2-cyano~-2-(3,4,5-trimethoxy-phenyl} -
©5 .
vinyl]-phenyl acetate
ethyl 7-[4-[(2)-2-cyano-2-(3,4-dimethoxy-phenyl) -
66 )
vinyl]-phenoxy] -heptancate
-[(2)-1-cyano-2- (3, 4-dimethoxy-phenyl) -vinyl] -
67
phenyl 8-bromo-octanoate
68 (Z) -3- (3-amino-phenyl) -2~ (3, 4-dimethoxy-phenyl) -
acrylonitrile hydrochloride
69 mono (4-{ (2) -~2-cyano—-2- (3, 4-dimethoxy-phenyl) -
vinyl]-2-methoxy-phenyl) sodium phosphate
70 mono (4-1[ (Z) ~2~-cyano-2- (3, 4-dimethoxy-phenyl) -
vinyl]-phenyl) phosphate
71 mono {(4-{ (2) -2-cyano-2- (3, 4—-dimethoxy-phenyl) -
vinyl]-2-methoxy-phenyl)} phosphate
N-{3-[(Z2)-2-cyano-2- (3, 4-dimethoxy-phenyl) -
72 . .
wvinyl]-phenyl]-acetamide
73 (Z)-2-(3, 4-dimethoxy-phenyl) -3~ [4~ (6-phospho-f-D-
glucopyranosyl) -phenyl]-acrylonitrile
sulphoric acid mono (4-[(Z}-2-cyano-2-(3, 4~
74 dimethoxy-phenyl)-vinyl]-phenyl) ester
triethylammonium salt
75 (2)-2- (3, 4-~dimethoxy-phenyl) -3-[4- (6-phospho-f-D-

glucopyranosyl)-phenyl]-acrylonitrile sodium salt
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60 Sodi um nmono(4-[(Z2)-2-cyano-2- (3, 4-di met hoxy-
th?%;)[V|nyl]-phenyl) phosphate 61

- -1 - cyano- 2- ( 3, 4- di net hoxy- phenyl ) -Vinyl] -
acetate 62 P a yi1- pheny!
(2)-2-(3, 4-di et hoxy- phenyl ) -3-(4-fornyl - phenyl ) -
acrylonitrile 63 ) ( P o

7H Ma@) £ Ofljﬁ%e‘n’t%{%ﬂﬁ’éwylﬂnewez TWABE Ay 25—
l”rQ/

N
-
N
N

Jh“;"\:r\‘/\l Ahonyvl ) o i P

130
Ot@mq3'ﬁ ]d‘f%twy “phenyl) =37 {4- f’l"ga."d ~Fnitro-
PigereBm Y I B ¢ net hoxy- phenyl ) -
| (pheny(3 doel atet g etilyenyl) - 3- (3-hydroxy-4, 5-
[diﬁeéhdxyﬂphéhjfﬂ¢b¢hy&m¢mmylb©envl)
[ Phenoyy] s heptanast ¢-plodnyl) -3- (4-hydroxy-3, 5-
4 Z)aﬂm@m%r{&aﬁmé@wmm@hfml) vinyl] phenyl
O ono-octanoate 638
(2) - 3- (3-am no- phenyl ) - 2- (3, 4- di met hoxy- phenyl ) -
acrylonitrile hydrochl oride 69
X Hmﬂﬁﬁ?f E(Z)tﬁ cyang 2- F; 4- di met hoxy- phenyl)
Vi ny met hoxy- phenyl ) sodi um phosphat e
rr&m(zpr[e(%ntz IR ion ?%b.%tﬁg& %Se‘%i“r%ed in more
vinyl]- phenyl) phosphate

det§€€2y|4f§@%£1ﬁigvgﬁg. Iﬁ:gigﬁg?g&ggﬁﬂégvﬁ)qonstrued as

llml\'\ﬁf@ [t( " léw@)mﬂy‘?ép e;C(r}}%]2 tg:f ‘met hoxy- phenyl ) -

Exant% 21] (IO 5 %ﬁgﬁﬂﬁﬂl&nﬁr}y?iwkc&n %J.Slp%od%lziarative
TR ﬁge_@gno_gi_%%fgmgnagmgmwI PBOT & nebdi zed

from a raw material having a hydroxyl group (a benzaldehyde

—INLT DX N

> B AT PR
W\./C-r—|3|—:)—|cl-—1:,—
SRRSO 0

o N

derivative or a benzyl cyanide derivative), firstly, the
hydroxyl group was protected through the below-described
protection process; subsequently, the resultant product was
subjected to a condensation process; and finally, the
protective group was removed through a deprotection process.
When a raw material having no hydroxyl group was employed,
the raw material was subjected to the condensation process
without being subjected to the protection process.
(Production process 1) Process for protecting hydroxyl group

of a benzaldehyde derivative or benzyl cyanide derivative
X X
HO > MEMO
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74 di et hoxy- phenyl ) -vinyl ] - phenyl ) ester
triethylamoniumsalt 75
(2)-2-(3, 4-di met hoxy- phenyl ) - 3-[ 4- ( 6- phospho- p- D-
gl ucopyranosyl)-phenylJ-acrylonitrile sodiumsalt 25
76 (2)-2-(3, 4-di net hoxy- phenyl) - 3- (2- hydr oxy- 5-
?E;ro-phenyl)-acrylonitriIe 77

-2- (3, 4-di net hoxy- phenyl ) - 3- (4-f] - 3-.Ni -
DREnGHD acFYRON 111 digg = e thotyetabihdeiylre
(2)-2-(3, 4-di net hoxy- phenyl ) - 3- (3- hydr oxy-.4, 5-
((jilﬁeﬁhéﬁﬁlﬁﬁﬁéﬁyl")a-sééllyl 6‘n%€?nizﬁér% ¢ Feritative or
Z) - 2- (3, 4- di et hoxy- phenyl ) - 3- ( 4- hydr oxy-

benzﬁﬂnﬁUﬁBk?BpH§ﬁ9V?té%ﬁyEéﬁ'PﬁiPe y§%§ﬁ§ eér$H§ Présent

invention will _ next be descrijbed, i.n _nore Fﬁéa££a9¥ion

oS SRR AT L
vessgt anpheryrsepyFins erF e P e S0
oosserhad v chtal e M B M R
on e hVRyaFaty 0 HL Stprstécved Ehroligh the - O
s 25| QLISSET Lhe BEGLOGY OB PLACEAS., SWSB o hR,
or PSS A P 18 PSR I IR grou
numb%%&ﬁ%%?%@ﬂaVi?gepgag¥gonélcgﬁgﬁgm“@ﬁlggﬁheygﬁbe tvae

i'al was subj ecfed to the condensation process

profioth M ALEs ALl neneer,
genéyg%i%n of hydrogen, 2-methoxyethoxymethyl chloride was
added in an amount depending on the hydroxyl group number
(e.g., 1 equivalent (OH-basis) for the case where the
hydroxyl group number is one, or 2 equivalents for the case
where the hydroxyl group number is two). Subsequently,
diisopropylamine was added in an amount stoichiometrically
equivalent to that of the added 2-methoxyethoxymethyl
chloride. The resultant mixture was refluxed under heating
for two hours, with a calcium chloride tube being provided on
the reaction vessel. After the resultant product was cooled,
insoluble matter was removed through filtration. The
resultant tetrahydrofuran solution was concentrated to
dryness under reduced pressure. The thus-concentrated
product was partitioned between chloroform and brine. An

aqueous sodium hydroxide solution was added to the thus-

obtained chloroform layer, and the resultant mixture was
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of a benzal dehyde derivative or benzyl cyanide

derivative X/ X HO MEMO 26 X=-CHO -CH2CN MEM =

nmet hoxyet hoxynethyl In a reaction vessel, a

benzal dehyde derivative or benzyl cyanide derivative

havi ng a hydroxyl group was dissolved in

tetrahydrof uran under stirring. The reaction vesse

was i ce-cool ed, and sodi um hydride (content: 60% th
part suspeeded The gid9uMen tgradthrl A 5o ER dedlY §Th Was difotd Wi

dependi ng on the hydroxyl group nunber (e.g., %iz
wateBqtvvak entBhe Gl drasiann flayaehavan i ypkrev§hegnhydrous

hydr oxyl group nunber is one, or 2.4 equivalents for
sodithesuhSetaheardt beehydpoggntgrbag tAuAB¥PEFS PREFT.

Thereafter, a calciumchloride tube was _provided on
reduthé peastina.véysateans tef ThhifetIdh €P1WHenerati on

of hydrogen, 2-nethoxyethox§nethyl chl ori de was add%dd
chronatagrapbynt tdepehdsngopaenhsakedr BEPAUGLoUR SnGHEFCtE

(e.g., 1 equivalent (OHbasis) for the case where Ehe _
to ehutioryWighobpxanalbehlpgospEm &P ?hé86P$8F8hts%?%r bg

case where the hydroxyl group nunber is. two). :
obtaSubdefjuention wasi SopESpYEaReEhe ﬁastéﬁ&s&yiﬁkg%daﬁ8uﬁ%ly

stoichionetrically equivalent to that of the added
prodaciret hoxyet hoxynet hyl  chloride. The resultant mxture

was refluxed under heatin far t hour s ]
(Proguréiam é’ﬁpéﬁﬁéezt)ub%r%%?gﬁ 3309?%“@8118#1?%243%22%??0%
vessel . After the resultant product S;.c0p| -
benz?ﬁ@@hﬁ@ﬁedﬁﬁﬂV§F1%§sapgnﬂvé&nfﬁ oﬁaﬁ%%qﬁjggéﬁkﬁtLﬁ%a
resul tant tetrahydrofuran solution was concentrated to
dryness under reduced pressure. The thus-concentrated

product was partitioned between chl orof ormfand bri ne.
An R R
CN R CN
R R R R R
+ —_—
H R

R R R

R 0O R R

Process A: A benzaldehyde derivative and a benzyl cyanide
derivative, in stoichiometrically equivalent amounts, were
placed in a reaction vessel, and ethanol was added to the
container. Subsequently, a calcium chloride tube was
provided on the container, and the derivatives were dissolved
in the ethanol under stirring. Separately, metallic sodium
was weighed in a container containing n-hexane, the sodium
was gradually added to a container containing ethanol, and a
calcium chloride tube was provided on the container. After
the sodium was completely dissolved in the ethanol, the

resultant sodium ethoxide solution was added to the
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aqueous sodi um hydroxi de sol uti on was added to the

t hus- obtained chloroformlayer, and the resultant

m xture was 27 partitioned. The resultant chl orof orm

| ayer was washed with water tw ce. The chl orof orm

| ayer was dried over anhydrous sodiumsulfate, and

then concentrated to dryness under reduced pressure.

By nmeans of silica gel colum chronatogra h t he
aforemestdomesh treacdd g5 dRsae vas TBEbfF8eféd ntg‘ él‘taﬁ Folf®®

wi th hexane/ chl oroformto chloroform The thus-
reflobtedl fod fabaotti mmﬁ@kbroncé”hﬁm?é&ertot%lﬁenfswt;% 8 d

an oily product. (Production procesiﬁéi Process of ded
mixteord ersatdasd skt Pl HREAH AkS v & f e

benzyl cyanide derivative RCNRCNRR RR R + g |
to the Wixgrer HolRWR If@&Prliﬁf@%‘éa]A ofa it U

derivative and a benz cyani de derivati d
evapss tebosdd e g1 9dn |RF£%?ﬁreaﬂD dhes k e\ﬁé‘\r[@anﬁ &&84 S

a reaction vessel, and ethapol was ded to_the

was @t ame ShrleRrnt G 1'&/10%{3%%?%?}}51 5 ve HUdE WES

provi ded on the contai ner, and erlvatlveé vere
addﬁﬂwﬁﬂﬂﬁhﬁithQﬁTQﬁP%ﬁ¢EﬁQHCQ%RE9 rTiNg s Separd ely,
metal lic sodium was wej hed ai_ner__cant I ng
resplipkadel X T HeE SRR AT st P e uaI F&? %ﬁlesd Steéx’lo‘ré‘taéd1

h 1 QB VRS, BIGh  Sh-The ton: REHEow s Phete Bl i
followecfobrrpll‘:e 1t]_ya€ig’1§_9| \ﬁedsn{arilt %%no%nhca%cg ’SJ.th%a gel for
column chromatography was added to the resultant filtrate,
followed by shaking and filtration. The solvent was removed
throﬁgh evaporation under reduced pressure. The resultant
product was dissolved in ethanol, and an appropriate amount
of activated carbon was added to the resultant solution. The
resultant mixture was subjected to filtration by use of a
celite pad, and the filtrate was concentrated. The thus-
precipitated crystals of a diphenylacrylonitrile derivative
were subjected to filtration under reduced pressure. This
procedure was performed three times, and the resultant
crystals were separated. The thus-precipitated crystals were
recrystallized from isopropanol twice. The resultant
crystals were washed with hexane, and then dried.

Process B: A benzaldehyde derivative and a benzyl cyanide
derivative, in stoichiometrically equivalent amounts, were
placed in a reaction vessel, and these derivatives were

dissolved in methylene chloride. An aqueous solution (10 to
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resul tant sodi um et hoxi de sol uti on was added to the 28
af orenenti oned reaction vessel. The reaction m xture
was refluxed for about one hour. Thereafter, the
reaction mxture was cooled to roomtenperature, and
water was added to the m xture, followed by renova
of ethanol through evaporation under reduced
pressure. The resultant residue, was p rtition%g

20 mbet afeRodhnBr BYBFR¥AAE BLi- Re B! | W8 SwASdeHdd8d TS t he
t hus-separated chloroform | ayer, and the_ resultant

. y :
resupiantir 60OWaE1par t REPBAeH L tithBethyd tEdpstyagmoniun
chloroforn1|a¥er was dried over, anhydrous sodi um ‘
chlogibraté/5 eal) ond@LBPWER P¥asitdhr LAIsRal [FOQRp GifPsFature
silica gel for_ colum chromato raghE was agged to ipe N
for feyyl baprsti|RfheEs, copplebhed By ERakFhghanghe resuitan

filtration. The solvent was repoved through
reacgygpomakireurasr drdgdc 84 pr é@%ldrdé.ouﬁhéqdég’ﬂ\ Flfate, and
product was dissolved  in ethanol, agg an %%Pro ri.ateOf
thenggypaecter et fvatedtdefport WRFd &Y CONHE T ESH
solution. The resultant nixtére was sub%ec%eg t9 from
the fipirateon Bye uEeSBE ANt EPFLEUHaleSahG tNE AT EFEte
_ was concentrated. The thus- precipitated crystals of a
isopgPpREAYI-acryl onitrile derivative were subjected to

filtration under .reduced pressure, Thi ceqdupg_was
(ProBFt g PR PRRGE O/melr SREC: RE" 1 SHEPLRet B8y SraPE
were separated. The thys-.precjpitat crystals were
ProtF&&Pﬁs%&P WA %ﬁﬁﬁ%qngg%Pgﬁ%%% tﬁ%éﬁie'The resul t ant
crystals were washed wi th hexane, and then dried.
Process B: A benzal dehyde derivative and a benzyl
cyani de derivative, in stoichionetrically equival ent

anounts, were placed in a reaction vessel, and these
derivatives were '

A diphenylacrylonitrile derivative having a protected
hydrox?l group was dissolved in ethanol, and a small amount
of concentrated hydrochloric acid was added to the resultant
solution, followed by stirring for a whole day and night.

The thus-precipitated crystals were separated under reduced
pressure. The resultant crystals were recrystallized from
isopropanol.

Next will be specifically described production of
diphenylacrylonitrile derivatives and the results of analysis

thereof.
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29 20 L) of sodium hydroxide (1.2 eq.) was added to
the resultant solution, along with
nmet hyl tri octyl ammonium chloride (1/5 eq.), followed
by stirring at roomtenperature for four hours. After
conpl etion of reaction, the resultant reaction
m xture was dried over anhydrous sodium sul fate, and
then subjected to filtration, followed_by
Produchéent pat i(8n—8f (3t KedimetharePhery Y esallfant residue
was recrystallized from isopropanaol. (Production
hydrprypbssy3) aPrydesd tradedd pPBPEEEng 'Jan O+ prot ect ed

di phenyl acrylonitrile derivative / R/ | R HO
Chg diveiresmylla@mpugniots id-@Ydeoryaenze Wﬁhyﬁgewiw S
protected hydroxyl %roup was di ssol ved in %ghanol, 4.4

was pn@tecsedl byameenPl ef NeshesNetROSy™ e hdPiEd 9%5eild? -
‘was added to the resultant solution, follqye% b& b

g) ist pecpnganee wikkol @T@MACAA@INPERCESSTHd + o Thereby

thus-precipitated crystal s were separated _under . .
prodpggy ée@etb‘@@é@‘ipé.xm%hpé‘é@l%ﬁtld@?v&eal (2" r g, yield:

recrystallized from isopropanol. Next wll|. be
80%) g pebie| LAPPyDHRLEFF Bel-BPORUEY T bhogmethoxybdiizaldehyde

o BRSSO L derl (A ES A L S5l
Y

B R e B R S
dimethoxyphenyl}-3-[4- (2-methoxy—ethoxymethoxy} -
phenyllacrylonitrile (29.1 g, yield: 86%). Separately, 2-
methoxyethoxymethyl chloride (4.1 g), which had been prepared
in a manner similar to that described above, and 3,4-
dimethoxybenzyl cyanide (3.4 g) were subjected to
condensation in accordance with process B of (production
process 2}, to thereby produce {z)-2-(3, 4-dimethoxy-phenyl) -
3-[4- (2-methoxy-ethoxymethoxy}-phenyl]acrylonitrile (5.2 g,
yield: 73%). The thus-produced {Z}-2- (3, 4-dimethoxy-phenyl} -
3-{4- (2-methoxy-ethoxymethoxy)-phenyl]-acrylonitrile (10.2 q)
was subjected to deprotection in accordance with (production
process 3), to thereby produce the target product (6.22 g,

yield: 74

o0

).

Pale yellow crystalline powder, MS (APCI, m/z }: 282
(MH*), 'H-NMR (DMSO-dé6) & 3.80 (3H, s), 3.85 (3H, s), 6.83(Z2H,
d, J=9Hz), 7.05 (1H, 4, J=9Hz), 7.20(1lH, dd, J=2Hz, 9Hz},

7.27(14, d, J=2Hz), 7.80(1H, s}, 7.82(2H, d, J=9Hz)}
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g) in accordance wth (production process 1), to
thereby produce 4-net hoxyet hoxynet hoxybenzal dehyde
(33.5 g, yield: 80%. The thus-produced

4- met hoxyet hoxynet hoxybenzal dehyde (21.0 g) and

3, 4-di et hoxybenzyl cyanide (17.7 g) were subjected
to condensation in accordance with process A of
(production process 2), to thereby produce (2)-2-(3,4-
di met hoxyphenyl ) - 3-[ 4- ( 2- net hoxy- et hoxymnet hoxy) -

phenyl Jacrylonitrile (29.1 g, yield: 86 tel
Prodauctisnhedy drtd @n&—waw%rﬁ%é-(%nffdsogm%ﬁ%ﬁ vitlyl] -

been prepared in a manner similar to t at des j@
phenaioVd, 4n® i ipe didienHody b&pARo szrﬁede IR

subjected to condensation in accordance wi th process

B @) (dor cictdigre thsrrasdenyy) -3 ol4her eby produce
(2)-2-(3, 4-di net hoxy- phenyl) -

hydmm@mtww@wm O‘HH%n]y)l 1 638 i 1319 &
(5 g, yield: 73%. The thus- 95 H §5
plpe(IZ)dlzlo(P&p@@qfi@CtQ?df Bpheffther ide (0.23 g)

B g el e
Jsu dttorddrice
for_ﬁgkgg}froductlon J%%&;?Si§%%| to t ere%%lp%OQ%%%tl%%

resucl%qzxq}?%:%r(ﬁ%%g?ﬁrg(@%%P é%%dc% ‘2%5»??1%_}-(2%#@ 'ml), and

thejd‘éﬁz plt_af:e?%(ﬁﬁ_?d% ]\;flg%%)]?_y %Qf(é'uafdglllca
o2 s gé’vawibvg?r%%? S{ﬁe‘%“ ﬁ%%’% SRR BRiST
ther[(e]ZFiyA'éJ (%P%perﬂh . yéb%t gﬁcﬂg&% &. ﬁ@ogpoy{@lé) 79%)

Qyﬂ%gfé‘fdf VAT yégm,t Nig e Aﬁ@ﬁp%ﬂg 1) 49628ug)) andi-NMR
- pIp prp

_ nopi p r|d|nocarbonyl chloride (0.23 g) were
omH S8 %d 47 (3m, m), 1.75(2H, m), 2.49(SH, m), 2.85(1

br.t), 3.01(1H, br.t), 3.71 (1H, m), 3.79 (3H, s), 3.84 (3H,

were dissolved

s), 4.03(1H, br.d), 4.17(1H, br.d), 6.89(2H, d, J=9Hz), 7.07
(1H, 4, J=8Hz), 7.26(1H, dd, J=2Hz, 8Hz), 7.27(2H, d, J=8Hz),

47.33(1H, d, J=2Hz), 7.91(2H, d, J=8Hz), 7.95(1lH, s)

Production of 4—[(Z)—2—cyano—2—(3,é—dimethoxy—phenyl)—vinyl}—
phenyl acetate (compound 3)

Compound 1 (0.28 g) was acetylated with acetic
anhydride and pyridine in accordance with a customary method,
to thereby produce the target product (0.30 g, yield: 95%).

White crystals, MS (APCI, m/z ): 324 (MH'), 'H-NMR
(CDC1s) 82.33(3H, s), 3.93 (3H, s), 3.96 (3H, s}, 6.92(2H, d,

J=9Hz), 7.14 (1H, d, J=9Hz), 7.20(1H, d, J=2Hz}, 7.25(1H, dd,
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in pyridine (5 m), and the resultant solution was
stirred for a whole day and night. After conpletion
of reaction, the resultant reaction m xture was added
to water (200 m), and the thus-precipitated product
was purified by nmeans of silica gel chromatography
enpl oyi ng a chl orof ornf met hanol system to thereby
produce t he target product (0.38 g, yield: 79% . Pale

J=2Hpel |8 Jor yst40 6LHNS JAPGI8Y WM )d, JF78IEMH4), ' H NWR
(DI\/SOdG) S 1.47(3H, m, 1.75(2H, m, 2.49(5H, nm,

2.85(IH, br.t), 3.01(IH, br.t), 3.71 (1H, m, 3.79

(3H s), 3.84 (3H, s), 4.03(1H, br. dz 4. 17(1H,

Producidion & B(DH; 2| 3 Jakae thony phany L ;3 JEHEs Tmethoxy-
7.26(1H, dd, J=2Hz, 8Hz), 7.27(2H, d, J=8Hz)

ethox BEtthex ), ~Reny) | -aoonioM tal lg= 8?121}?01?“@5‘%% s)
Producti on of
4-TH) t Dt by apempoynd J4@F et pdwgeshény Fhe viAYReRsphiay|
acetate (co(g;?ound 3) Compound 1 (0.28 g) was

progasest yiei &k tHeeteE CAMPRYREde: and pyridine in

accordance with a customary nethod, , to
pr%@h@;mhkowa(f@fé%%%%dd‘é%yéﬁf’@ér 0/ gi &f dgsést i MR
crystals, M5 (APCI nm z : 324 (NH4) H-NI\/R C%S

(DM @B 3H,3 A0 (3,03 )33 - 29 , (ZHoet( 3 8%3) 9%{ t

T=8 R b (4159 4. 39 o%é 95%%9 3;722 E AT
J—9}(@?H§ %Y perh ‘?hoifs%ﬁehy?l)z% 14 (i‘dhetjhzﬂz’dSHZ)’
7.2 e Corbothl at- B bifoet (1 ¢hE Conasatar o’ 710z

7 959[ ess for production of conpound 1. Pale yellow

: ’ta? MS (APCI, miz ): 370 (MH), '"H NWMR
(DI\/ISOdG) S 3.40(3H, s), 3.56 (2H, t, J=8Hz), 3.84
(2H, t, J=8Hz), 3.88 (3H, s), 3.92 (3H, s), 5.35(2H,

prodlet PoB 7 2Hz -2~ (3, 4-dimethoxy-phenyl) -3~ (3-hydroxy-
phenyl)-acrylonitrile (compound 5} ‘

The hydroxyl group of 3-hydroxybenzaldehyde (1.5 g) was
protected by use of 2—methoxyethoxymethyl'chloride (1.4 g) 1in
accordance with (production process 1), to thereby produce 3-
methoxyethoxymethoxybenzaldehyde (2.0 g, yield: 76%). The
thus-produced 3-methoxyethoxymethoxybenzaldehyde (1.9 g} and
3, 4-dimethoxybenzyl cyanide (1.6 g) were subjected to
condensation in accordance with process A of {production
process 2}, to thereby yield a methoxyethoxymethoxy form
(hereinafter will be referred to as an “MEM form”) of the
target product. Subsequently, the protective group was

removed from the MEM form in accordance with (production

process 3), to thereby produce the target product (1.2 g,
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J=9Hz), 7.14 (1H, d, J=8Hz), 7.28(1H, dd, J=2Hz, 8Hz),
7.29(2H, d, J=BHz), 7.40(1H, d, J=2Hz), 7.92(2H, d,
J=8Hz), 7.99(1H, s) Production of
(2)-2-(3, 4-di met hoxy- phenyl ) - 3- ( 3- hydr oxy-
phenyl )-acrylonitrile (conpound 5) The hydroxyl group
of 3-hydroxybenzal dehyde (1.5 g) was protected by use
of 2-net hoxyet hoxynethyl chloride (1.4 g) in

yielatcot®tf@ance with (production process 1), to thereby
produce 3- net hoxyet hoxynet hoxybenzal dehyde (2.0 g,
yiRdbe y6bhow Jhestahlbnerpduded, MS (APCI, m/z )T 282
3- nethoxyethoxynethoxybenzaldehyde (1.9 g) and

(MH'3,,4- di-NERhaRyBerDg) 6Basde 3¢L. &)g) Imd7e @}bj eted td (Z2H,
condensation in accordance with process A

, (Profiutii ondd préedss, 3Hzto Thetf ebiHyi @ dJ'aSHZ)-' 7.25-

met hoxyet hoxynet hoxy form (herelnafter will be

7.37 &fter retet i WMEM fF A, 03) the target product.
Subsequently, the protective group was renoved from
the MEM formin accordance with (production process

to thereby roduce the target product 2 RE&
Proopucetzepnzm% (ZPade %dT%W%‘F}?@EE\TP?%Ybb\A%Ie {%@Cr

Mz ): 282 (M), H-NI\/R(DI\/SOdG) 53.82 (3H, s),
pheyB7-3@ryle)itsiby (opppownd @l g9 (1H, dd, J=BHz,

ﬁ;% g éy%{gé%gggg@%éugg? hggroxybenzg§8ehygerl§p8ing was
Pro?ﬁﬁﬁéﬁ§§%§4§%gﬁ%Pfﬁ%%g?gg%%%%ﬂﬁ§%§@¥¥£ ﬁ%ﬁ?%&?? éroup
e i e
e BB RN S5 e 1Y,
thuylprodugghﬁz ﬁhoxyethoxymethoxybenzaldehyde (2.0 g} and
3, 4~dimethoxybenzyl cyanide (1.7 g) were subjected to
condensation in accordance with process A of ({production
process 2), to thereby yield an MEM form of the target
product. Sﬁbséquently, the protective group was removed from
the MEM form in accordance with {(production process 3}, to
thereby produce the target product (1.4 g, yield: 52%).

Pale yellow crystalline powder, MS (APCI, m/z ): 282
(MH*), H-NMR (DMSO-dé6) & 3.81(3H, s), 3.85(3H, s), 7.87(1lH,
dd, J=8Hz,1Hz), 7.92(1H, Br.s), 6.93(1H, dt, J=7Hz,1Hz),

6.97 (1H, dd, J=7Hz,1Hz), 7.07(1H,d, J=8Hz), 7.22(1H, d,
J=2Hz), 7.31(1H, dt, J=7Hz,1Hz), 7.87(1H, dd, J=8Hz,2Hz),

7.93(1H, s)

Production of {Z)-2-(3,4-dimethoxy-phenyl}-3-{4-hydroxy-3-
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t hus- produced 2- et hoxyet hoxynet hoxybenzal dehyde (2.0
g) and 3, 4-di net hoxybenzyl cyanide (1.7 g) were
subjected to condensation in accordance with process
A of (production process 2), to thereby yield an MEM
formof the target product. Subsequently, the
protective group was renoved from the MEMformin
accordance with (production process 3%, to thereby
methez popiceny he-aar geonproiuet (¢emgogndyiel d: 52984 . Pal e
yel l ow crystalline powder, M5 (APCl, mz );: 282
( hie) hydkbAiyR (DVBD- d6) 46hgdgorgH3-Bpthaxybeggaldphyde
7.87(1H, dd, J=8Hz,|Hz), 7.92(19, Br.s%, 6.9351?, dt,
(1.4J)gVHEabHeyote6tod( oy, uad, of=2rpethexyephoZy ALY -
J=8Hz), 7.22(1H, d, J=2Hz), 7.31(19, dt, J=7Hz, | Hz)
chlo7i82(19,7dd) In8mzcerdynce7wdsh1dprefluptsancPrafess 1)
(2)-2-(3, 4-di met hoxy- phenyl ) - 3- (4- hydr oxy-3- 34
to thetbbxypphdnge) 3ameyhorvtAirl e (compound 7) The
hydr oxyl group of 4-hydroxy-3-net hoxybenzal dehyde
methezyatgyxumstboayb@néa{éyhugé df - 8- fet WALy =h§%%ﬂeth§?e
chloride (1.7 g) in accordance with (produ tionld hvd
thusppoedysed) 3-meghpkErAnfesradyeENe X Behbprypenzalaenyce

met hoxyet hoxynet hoxybenzal dehyde (0.8 g, vyield: 319
({0.8THe anéug,éréé@§§§o§ybenzyl é%ani%e (096 %) were &

e
(Proghet{ pPoRuerean Bl ocsls CBETaY eichy y B BEAED The
taraBLopEeEHFS  groupe SERERT oV ERST PO FRe ENPF ok ['3°
remogEaaseen: ne% MPel plodlct o Te Bt yiaTy: (RETsg I Ton
process 3}, to thereby produce the target product (0.5 g,
yield: 518%).

Pale yellow crystals, MS (APCI, m/z }: 312 (MH"), ‘H-NMR
(CDC1s) & 3.92(3H, s), 3.96 (3H, s), 3.99 (3H, s), 5.94(1H,
s), 6.90(1H, d, J=8Hz), 6.96(2H, d, J=8Hz), 7.12 (1H, s),

7.22(2H, overlapping m), 7.33{(1lH, s), 7.73(1H, s)

Production of (Z)~3—(3,4—dihydroxy—phenyl)—2—(3,4—dimethoxy—
phenyl)-acrylonitrile (compound 8)

The hydroxyl groups of 3,4-dihydroxybenzaldehyde (2.0
g) were protected by use of 2-methoxyethoxymethyl chloride
(3.6 g) in accordance with {production process 1), to thereby
produce 3,4—bis(methoxyethoxymethoxy)benzaldehyde (3.6 g,
yield: 89%). The thus-produced 3,4-

bis (methoxyethoxymethoxy)benzaldehyde (3.5 g) and 3,4-
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Pal e yellow crystals, M5 (APCl, mz ): 312 (MN,
"HHNVR (CDC13) S 3.92(3H, s), 3.96 (3H, s), 3.99 (3H,
s), 5.94(1H, s), 6.90(1H, d, J=BHz), 6.96(2H, d,
J=8Hz), 7.12 (1H, s), 7.22(2H, overlapping m,
7.33(1H, s), 7.73(1H, s) Production of

(2)-3-(3, 4-di hydroxy- phenyl)-2-(3, 4-di net hoxy-

phenyl)-acrylonitrile (conpound 8) The 0X gr oups

dlm@?h@Y@%Wdr%%&?zaq yHe D S‘-&) %t,%é; %t ect ed

by use of 2-nethoxyethoxynethyl chl or| de “)b
condgisc tdatt d Wadr QR g FIREE B lg oh

produce 3, 4-bi s(net hoxyet hoxynet hox%/g be z deh 43 6
ProGess yilel dio gUvRLebthey ik -3t JHUE o rge

bi s( met hoxyet hoxymnet hoxy) benzal dehyde @ £
PrOEch nELRERBERENY /c B BELE G WP psm Lo 2igy £rom

condensation in accor dance vvlth 8{ cess A of

e gfﬁ}?ﬂzﬁiﬁeta& pr oduct ub e ue ?ﬁf%%cmjsgrﬁo
e Rkt AR L R
ol S rite rar 675, grel u:h8eod | 4EF) lEryeft bR
(DchméG)s)s 585 (i, ). “VH%%( TS GE RS
ST N N N R
S”ﬁLfﬁ%&V£b%§ﬁ§[§i%%f onlfrsry%% g%éguﬁédg?x¥hé-

hydr oxyl group of 2-nethoxy-3-hydroxybenzal dehyde
(2.0 g) was protected by use of 2-nethoxyet hoxynet hyl

erofLOLUA% 315, 9 |, REARRIRNCR, W o By oS Rptrony-
metﬁbéblBﬁ%ﬁWﬁf“%%%?i%%ﬂﬁ?lD@XY%@ﬁﬁééﬁgebyde

The hydroxyl group of 2-methoxy-3-hydroxybenzaldehyde
(2.0 g) was protected by use of 2-methoxyethoxymethyl
chloride (3.6 g) in accordance with (production process 1},
to thereby produce 2,4—bis(methoxyethoxymethoxy)benza;dehyde
(4.5 g: quantitative yield). The thus-produced 2,4-
bis (methoxyethoxymethoxy)benzaldehyde (4.0 g) and 3,4-
dimethoxybenzyl cyanide (2.2 g} were subjected to
condensation in accordance with process A of (production
process 2), to thereby yield an MEM form of the target
product. Subsequently, the protective group was removed from
the MEM form in accordance with {production process 3), to
thereby produce the target product (2.5 g, yield: 67%) .

Yellow crystals, MS (APCI, m/z ): 312 (MH"), 'H-NMR

(DMSO-d6) & 3.32(3H, s), 3.80 (3H, s), 3.84 (3H, s), 7.05(2H,
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(4.5 g: quantitative yield). The thus-produced 2, 4-
bi s( met hoxyet hoxynet hoxy) benzal dehyde (4.0 g) and 3, 4-
di met hoxybenzyl cyanide (2.2 g) were subjected to
condensation in accordance with process A of
(production process 2), to thereby yield an MEM form
of the target product. Subsequently, the protective
group was renoved from the MEMformin accordange
m}, Wieh (pHpddd:i on2Peoc8Be)3)7-28 (LHer€byJpiBalice 't A8 (1H/
target product (2.5 g, yield: 67%. YeIIom;crﬁst%Is,
dd, WS2HAPCBHzI 27)4931H, (KM, ) 7-7TA{ANR S| pMBO3GéyHs or .S
3.32(3H, s), 3.80 (3H, s), 3.84 (3H, s), 7.05(2H, 36
m, 7.24 (1H, dd, J=2Hz, 8Hz), 7.28 (1H, d, J=2Hz),
7.38(1H dd, J=2Hz, 8Hez), 7.49(1H <), 7.76(1H s), . o
Prodfc8668Hp b 23 ) 2-PRedudinefheky-phenyl) —3- (4-hydroxy=3,
(2)-2-(3, 4-di net hoxy- phenyl ) - 3- (4- hydr oxy- 3, 5-
dimedhyékpybnphénybryéenytéﬁﬂ?rHp@mp@éﬁﬁoéﬁd 10) The
hydr oxyl group of 3,5-dinethyl-4- hydroxybenzal dehyde
(Ih3 Hyowes vir atrestce® thyd /dseligre thy Yéihoxyet hoxynet hyl
chloride (3.4 g) in accordance with dgg{oducti%nz_
hydrprobesgalfiehydet HarSby) pedu®ed °F S5 G hEhy 1S4 2
nethmnyerbbasmat b eh b rie BV (& AdtordRlt AR

e T S O S -
nethorechradnetronprcede By 3 e oy st FOen e
e e S el S SRRl Pl oo
(2. 0p e : naiéw.td;?rbe a3 rotr%‘?yt#:tﬁliczt%’q( 103;58%&?1%3%1 5df9q5t7"£7]6%.@ e
subj%%ltle%wt%r %Sotn%]esﬂs ahésl o(ria‘%q ’aﬂ&&én@é%ﬂ%roé&@'@ of
{(production process 2), to thereby yield an MEM form of the
target product. Subsequently, the protective group was
removed from the MEM form in accordance with (production
process 3), to thereby produce the target product (1.5 g,
yield: 57%).

Pale yellow crystals, MS (APCI, m/z ): 310 (MHY) , 'H-NMR
(CDCls) & 2.30(6H, s), 3.92 (3H, s), 3.95 (3H, s), 6.89(2H, d,
J=8Hz), 7.12 (lH, s), 7.20(1H, dd, J=2Hz, 8Hz), 7.27(1H, d,

J=8Hz), 7.56(2H, s)

Production of (Z)—2—(3,4—dimethoxy—phenyl)—3—(3—ethoxy—4—
hydroxy-phenyl)-acrylonitrile (compound 11)
The hydroxyl group of 3-ethoxy-4-hydroxybenzaldehyde

(2.0 g) was protected by use of 2-methoxyethoxymethyl
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(CDC13) S 2.30 (6H, s) , 3.92 (3H, s) , 3.95 (3H, s)
6.89 (2H, d, J=8Hz), 7.12 (1H, s), 7.20(1H, dd,
J=2Hz, 8Hz), 7.27(1H, d, J=8Hz), 7.56(2H, s)
Producti on of
(2)-2-(3, 4-di met hoxy- phenyl ) - 3- ( 3- et hoxy- 4-
hydr oxy- phenyl )-acrylonitrile (conpound 11) The
hydr oxyl group of 3-ethoxy-4-hydroxybenzal dehyde (2 O
chlorg)derasl [ afjedirechdnondenad v2-tHet et Hobahet fRFessy 1)
chloride (1.5 g) in accordance with (production
to thrmees prhjuce @B-tdigrasty 4r oduce 3- et hoxy- 4-
met hoxyet hoxynet hoxybenzal dehyde (2.8 g, |elq; 919
me thdbhes tidwsrgtodudethzaldehyde (2.8 g, yiel 91%) . e
3- et hoxy- 4- net hoxyet hoxynet hoxybenzal dehyde (2.8 3&
thus-goeb8)edli Irettoesbehzyd theyere deoy gt g x feerzal ldehyde
subj ected to condensation in accordance with process A
(2.8 of) drpt ciubtdioe trocdsenzyl evRridg eby- i@l dVehe MEM
formof the target product. Subsequently, t he
subj ariot@ctd \epngtengs Ween  Fenaveel 43R t bt W%?ﬁ?ﬂh
accordance with (production process 3), %herebé
(projuadice piEcess gt/ p’¢@d‘£ﬂ%‘#r‘€1ﬂ3$l@1d %e‘ﬂ%”f %}& af e
yellow crystals, M5 (APCl, nmlz )
targqiCoRIBjucE 1. Sybzigauen tjagrshe ?@zte(%ﬁ%"%)‘jr%u%é”a(%H

,  4.22(2H, d, J=8Hz) 2H, dd,
remo%e@aiachm é:he P@Ebsk@rm7llila%%§dﬂm§_‘é%é5‘ Efﬁg‘(“ifiﬂoﬁd
J=2Hz, 8Hz 7.32(1H,
proces it i %%)%1?61(?1?3! spfﬁd‘b%%th%héﬁW?gzpf%éﬂc%i fet Box
phen ﬁ% acrylonitrile (conmpound 12)
ylelq B?% benzal dehyde (2.0 g) and 3, 4-di met hoxybenzyl

cleby ot o P Bt BT LT SR o

(CDCl3 her%%%B%rOdece—BHz), 3.92 (3H, s), 3.95 (3H, S),

4.22(2H, d, J=8Hz), 6.90(2H, dd, J=2Hz, B8Hz), 6.96(2H, d,
J=8Hz), 7.11 {(1H, d, J=2Hz), 7.22(1H, dd, J=2Hz, 8Hz) ,

7.32(1H, s}, 7.72(2H, d, J=2Hz)

Production of (Z)-3-(4-bromo-phenyl)-2-(3,4-dimethoxy-
phenyl)-acrylonitrile {compound 12)

4-Bromobenzaldehyde (2.0 g) and 3, 4-dimethoxybenzyl
cyanide (1.9 g) were subjected to condensation in accordance
with process A of (production process 2), to thereby produce
the target product (2.9 g, yield: 78%).

Yellow crystals, MS (APCI, m/z }: 346 (MH*+2), 344 (MHY)
lH-NMR (CDCl;) & 3.93 (3H, s), 3.96 (3H, s), 6.92(2H, d,
J=9Hz), 7.26 (2H, overlapping m), 7.35(1H, s}, 7.59(2H, d,

J=9Hz), 7.73(2H, d, J=9Hz)
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the target product (2.9 g, yield: 780). Yellow
crystals, Ms (APCI, mz ): 346 (MH+2), 344 (MH)
1H- NVR (CDC13) S 3.93 (3H, s), 3.96 (3H, s), 6.92(2H,
d, J=9Hz), 7.26 (2H, overlapping m, 7.35(1H, s),
7.59(2H, d, J=9Hz), 7.73(2H, d, J=9Hz) 38 Production
of (2)-2-(3, 4-dinethoxy-phenyl)-3-(3-fluoro-
phenyl )-acrylonitrile (conmpound 13)
3- Fl uor obenzal dehyde (2.0 g) and 3, 4-di nmet hoxybenzyl
cyanide (2.9 g) were subjected to condensation in
Prodantioratande (Mi-t2r (F oabignet hufx yprtsnict )i oir ptobexry) |
to thereby produce the target product (0.7 g, yield:
pherkB%-aRat leonyigitiove cromtrtwd NS)(APCl, mz ): 284
(M), 1IHNWR (CDC13) 6 3.93 (3H, s), 3.96 (3H, s),
6. DA Mihr aherdzd B yde 7(210 (AH, arid, 3 J&ofpme ghappybenzyl
7.24(1H, d, J=2Hz), 7.27(1H, dd, J=2Hz, 10Hz),
cyarA.Bd8((H,9 9)), werk2 (] ettt ed ZgHcondgpgat ool HrCoqffance
J=8Hz, 14Hz) Production of
with Dreedss Rutaokyiphedyd)ian (MregriF oxgL phehytereby produce
acrylonitrile (conmpound 14) 4-F¥droxybenzy| cyani de
the (Gane) mreductr hobudanel¢b37 19%) were dissolved in
di met hyl f ormam de (100 nlL), and_ potassiu ar atg
(Paley) yebbowdaers tal s hal esBPF&nt ™/ &ol at %% (‘Qgﬁ rondg MR
by heating at 80C for one hour, to thereby allo
(cDGleacHi 8n9Bo (BHaceed. 3ALGer(3Eomset iorP2ofl Hir éjactq=gr9,HZ) ’

7.1 haf V. e TR AGGHARE) el ah By aRetarkr s’ (E A
ltant ethyl acetate._| dri
B e

thus-concentrated product was purified by use of a
dde?T?%%!g%ﬁﬁﬁblunn enpl oyi ng hexane/ et hyl acetate

Production of (Z)—2~(4—butoxy~phenyl)—3—(4—hydroxy—phenyl)—
acrylonitrile (compound 14}

4-Hydroxybenzyl cyanide (5.0 g) and l-bromobutane (5.7
g) were dissolved in dimethylformamide (100 mL), and
potassium carbonate (6.2 g) was added to the resultant
solution, followed by heating at 80°C for one hour, to
thereby allow reaction to proceed. After completion of
reaction, the resultant reaction mixture was cooled, and then
partitioned between brine and ethyl acetate. The resultant
ethyl acetate layer was dried over anhydrous sodium sulfate,
and concentrated. The thus-concentrated product was purified
by use of a silica gel column employing hexane/ethyl acetate
(4 + 1), to thereby produce 4-butoxybenzyl cyanide (5.1 g,

yield: 70%). The thus-produced 4-butoxybenzyl cyanide (2.0
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(4 : 1), to thereby produce 4-butoxybenzyl cyanide
(5.1 g, yield: 70%. The thus-produced 4-butoxybenzyl
cyanide (2.0 39 g) and the
4- et hoxyet hoxynmet hoxybenzal dehyde (2.2 g) produced
in the production process for conpound 1 were
subj ected to condensation in accordance with process A
of (production process 2), to thereby yield MEM
g) drok rhhef 4-we tharNREhpReRidox ¥piseh s Y4e &%31 g
protective group was renoved fromthe MEMformin
prodastsst dian dereni e Ayt ol tR AT e 557 s SCAPORA thef Ty
produce the target product (0.7 g, vyield: 239%. %Qle
subjyet i esly toy yeanden et omdit  adEeRdRPrge WY bh)Progess A of
(MH), "HNWR (DVBO-d6) S 0.94(3H, t, J=10Hz)
(produpl{izm prases 2 J=loMAheneln (pield@m 8 joypypy the
4.00(2H, t, J=lOHz), 6.88(2H, d, J=9Hz), 7.03 (2H d,
targeioediuc e ( SMbsgduentipn) the PICRGCi)Ve AR MEY,
J=9Hz) Production of , . .
remqvad 3ty Hykk OMEM phFy | H0 2RUENEe | HhtRosproduction
phenyl)-acrylonitrile (conpound 15
Process 530Tr | et HesHen Z9F ORI ee (fﬁ%g@& BhAIRRE 42-7 9/
. et hoxyet hoxynmet hoxybenzal dehyde (2.0 g) produced in
viekdye 23tbducti on process for conpound 1 were subjected
condensation in ?gcordanc

e T
00 0GB WHE. REHIOREO B - BONENET o S0 H Lcodr danes”
sextf el hiAe AT R2E Gr i bt aty OUETY o S042F, 5F
G O AR G s R
J=2§EPA {?#E(PH,Jg}?F¥28ZZQ§?(&H'J§bHZY'82(2H' d, J=12Hz)

Production of (Z)-3-(4-hydroxy-phenyl)-2-(3,4,5-trimethoxy-
phenyl)-acrylonitrile (compound 15)

3,4,5-Trimethoxybenzyl cyanide (1.9 g} and the 4-
methoxyethoxymethoxybenzaldehyde (2.0 g) produced in the
production process for compound 1 were subjected to
condensation in accordance-with process A of (production
process 2), to thereby yield an MEM form of the target
product. Subsequently, the protective group was removed from
the MEM form in accordance with (production process 3), to
thereby produce the target product (1.2 g, yield: 413%).

Yellow crystals, MS (APCI, m/z ): 312 (MH"), YH-NMR
(CDC1s) & 3.89 (3H, s), 3.93 (6H, s}, 6.06(1H, br.s), 6.84 (24,

s), 6.94 (2H, d, J=12Hz), 7.39(1H, s), 7.82(2H, d, J=12Hz)
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40 Production of

(2) -2, 3-bis-(4-hydroxy-phenyl)-acrylonitrile

(conpound 16) 4-Hydroxybenzyl cyanide (4.3 g) and 2-
met hoxyet hoxynet hyl chloride (4.1 g) were subjected to
reaction in accordance with (production process 1), to
t her eby produce 4-net hoxyet hoxymet hoxybenzyl cyani de
(5.4 g, yield: 750). The thus-produced

4- met hoxyet hoxynet hoxybenzyl cyanide (2.1 g) and

4- met hoxyet hoxynet hoxybenzal dehyd 2. du
Produstiles Soddorion prsdds m&roe%ﬁgvéfﬁw Rt e

subj ected to condensation in accordance with process A
(comgfoundridduct i on process 2), to thereby yield an MEM
formof the target product. Subseqyﬁntly, t he

gﬁ?ﬁ?ﬁﬁﬁfgﬂaf?ﬁbtg?ﬁgtif?gx%dlﬁigess g;NENLf?Lg1|n
metﬁ?ﬁﬁfﬁf}ﬂbihaﬁrdﬁt 4L g, WeTR o Y 94998 Jet,_f,};l o
reacquRD?mfdﬁync@ 6"18‘571“‘(194“81‘3‘5}”‘1@72—&1‘))' %essgb( 1'|—|)
ther;ebzyg(gg:}q) 9nglze) 53(1H%—gm] 9%xybenz(3}1 cydnide (5.4 g,
Ylel%ﬁéﬁ§ﬁ§3agF$FnﬁkPF %@pg%ﬁ¥ g%% P%‘npoun&mT$Foxybenzyl

Cyardibo s dl A eh ?m%\%m%#ﬁs Sk g fal L. 2.0
) R Rae 1o R bkt %Qﬁér"o‘r‘f‘&“ﬁ’%‘l’”ﬂ e
subﬁéc'str rdoq:% at Jom., ‘é&WeJﬁt uce%‘?cé eﬁf‘éﬂaﬁ{ro&é& UAeof

ncentra e pressure, and

prc%c{ﬁucf‘t fon egﬂﬂ%#@%%% cry éaéﬁeﬁl\?é ¥§§P@r;§ﬁ Q@‘Eﬁhfgfhghof the
ra n owed by recrystallization,
target product. Subsequently, the protective group was
removed from the MEM form in accordance with (production
process 3}, to thereby produce the target product (1.1 g,
yield: 49%).

Pale yellow-green crystals, M5 (APCI, n/z ): 238 (MHY),
lH-NMR (DMSO-d6) & 6.87 (1H, d, J=9Hz), 6.89(1H, d, J=2Hz,

9Hz), 7.53(1H, d, J=9Hz), 7.67(1H, s), 7.79(2H, d, J=9Hz)

Production of (Z)-2-(3,4-dimethoxy-phenyl)-3-(4-hydroxy-
phenyl) -acrylonitrile sodium salt (compound 17)

Compound 1 (281 mg) was dissolved in ethanol. An
aqueous solution of sodium hydroxide {in an amount
stoichiometrically equivalent to that of compound 1} was
added to the resultant solution, followed by stirring at room

temperature. The resultant mixture was concentrated under
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to thereby produce the target product (270 ng, yield:
90% . Pale yellow crystals, Ms (APCI, mz ): 280
(M Na+), 1H NWR (DMSO-d6) S 3.76(3H, s), 3.82(3H, s),
6.19(1H, d, J=9Hz), 6.96(1H, d, J=9Hz), 7.05(1H, dd,
J=2Hz, 9Hz), 7.11(1H, d, J=2Hz), 7.41(IH, s),
7.58(1H, d, J=9Hz) Production of
(Z)-2-(3, 4-di met hoxy-phenyl )-3-(4-fl uoro-

redyehyesmrnd orand i e (dohporrrcigitated crystals were
4- Fl uor obenzal dehyde (620 g%% and 3, 4-di net hox benzgl.

sepayine &l et {1880y g 1 Mer &t seib %kPWQﬂm%wKﬁﬁ@%w$E%ﬁ1%F tion,
accordance w th process A of (production proces 2% o

to tioetdiey apyodrotiudee targehrpee ngwo(@gozngg@; e U -
72% . Slightly yellow crystals, M5 (APCl, niz &: 283 |
(MPale yeklowReYvBciBY, 6M3. 0BPST @§? 3:98pap(Mga ), TH-
6.92(1H, d, J=9Hz), 7.11 to 7.18(2H, , 7.13(1H d,

NMR J @20+ d &) 25(3LH 6 kY, Js32HZ3 . 8 D, s).ag%-lin?(%ljr, %, gf-oHz) .
to 7.90(2H, m Production of

6.9¢ P)H2-d3, &= Wakt hoxy pHEnyRY. 397384 ¢ PR2), 7.11(1H, d,
phenyl )-acrylonitrile éconpound 19;

J=2Hz Ni t 7 obkh¥R dehydé- ?F6bH g} and®B%A- di met hoxybenzy!
cyani de (890 ng) were subjected to condensation in
accordance wth process B of (production process 2),

Prow8oy om PhntE ) kP obr SAYerarey TRESTRBS > s H3uE B
phedybbasEy o SESHEY, (CaBP9eRS( 1) 0. Jore), 7. 32(1H

5. 2P BDT DR EBOF MG G OpRIRs 210 3 a-Ghimt T benzy1
cyabfhnibBatpd] TREPOUABISHNLL S2(£oblidftation in accordance
with pryorigbenzaldeyds,(630,"B) 2045304, ditkRihrEbengybduce
the target product (1.02 g, yield: 72%).

Slightly yellow crystals, MS (APCI, m/z ): 283 (M}, ‘H-

NMR (CDCls) & 3.93(3H, s), 3.96(3H, s), 6.92(1H, d, J=9Hz),
7.11 to 7.18(2H, m), 7.13(1H, d, J=2Hz), 7.25(1H, dd, J=2Hz,

9Hz), 7.39(1H, s), 7.84 to 7.90(2H, m)

Production of (Z)—2—(3,4—dimethoxy—phenyl)—3—(4—nitro—
phenyl)-acrylonitrile (compound 19)

4-Nitrobenzaldehyde (760 mg) and 3, 4-dimethoxybenzyl
cyanide (890 mg) were subjected to condensation in accordance
with process B of (production process 2), to thereby produce
the target product (1.31 g, yield: 85%).

Slightly yellow crystals, MS (APCI, m/z ): 310 (M), -

NMR (CDCls) 6 3.95(3H, s), 3.98(3H, s), 6.95(1H, d, J=9Hz),
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cyani de (880 ng) were subjected to condensation in
accordance wth process A of (production process 2),
to thereby produce the target product (562 ng, vyield:
40%9 . Slightly yellow crystals, Ms (APCl, mz ): 283
(M), "H NWR (CDC13) S 3.94(3H, s), 3.97(3H, s),
6.93(1H, d, J=BHz), 7.11 to 7.18(1H m , 7.17(1H, d,
J=2Hz), 7.23 to 7.29(1H, 7.29(1 d, J= :

7. 17908, . IFAe )7, A5G 1Hy ,rgdw. eB(H% gH,ZOg séﬁﬁm S
8.25(1H, m Production of

8 . 0 4(2H,2)d 2 -T5PaiT0 -2 -8 - B UCH meth ok heny | ) - vi nyl | -
benzonitrile (conpound 21) 4-Cyanobenzal dehyde (1.97
g) and 3, 4-di met hoxybenzyl cyanide (1.80 g) were

rocess

bj d d ' ' d it h
A L e
target product (3.33 g, yield; 77%. Slightly yellow
phenyrlstag ey Le AP | (GAmPgundo® M), *H NWR (CDCL3) 5
3. 95(3H, , 3.97(3H 6.94(1H, .d =8Hz
7 e uprehenatgstvae b3 M, Shdor T -G1DT hor TR
. 7.75(2H, d, J=9Hz), 7.95(2H, d. J=9 Pr oduct i
cyangide {180 (5 318 14 COHOLARH Y 2P F AT hEChoky. S Pdance
w1 t1D R4 1ch Sbn e GURGEST SRR waly 3tq thereby produce
di neth b | id 532 bj ected t
the dn TN h Ceortince ot in B8Eese A of oo
d ' 2 .t t ly—
PSR 8Ty RS oS Pulto SOo B LRI TUCF  aps! AHOP
tals, APCl | m : , CRCledh
NMR g %S‘éﬁﬁ()g 4] I¥§)9(4 @%7(’% b 3Zc:)9,7 é%&i@ Gd%QM )OF’ 20
7.1%;%{&%?&89139?%TV)’7714?1ﬁ9 4. 28L2Hy) M 77338611, 20d1H, m),

7.29(1H, dd, J=2Hz, 8Hz), 7.37 to 7.45(1H, m), 7.66{(1H, s),

8.20 to 8.25(1H, m)

Production of 4—[(Z)—2—cyano—2—(3,4—dimethoxy—phenyl)—vinyl]—
benzonitrile (compound 21)

4-Cyanobenzaldehyde (1.97 g) and 3,4-dimethoxybenzyl
cyanide (1.80 g} were subjected to condensation in accordance
with process A of (production process 2), to thereby produce
the target product (3.33 g, yield: T7%) .

Slightly yellow crystals, MS (APCI, m/z ): 290 (M), ‘H-
NMR (CDC1ls) & 3.95(3H, s), 3.97(3H, s), 6.94(lH, d, J=8Hz),
7.16(1H, d, J=2Hz), 7.30(1H, dd, J=2Hz, 9Hz), 7.43(1H, s},

7.75(2H, d, J=9Hz), 7.95(2H, d, J=9Hz)

Production of (Z)—3—(2,3—difluoro—phenyl)—2—(3,4—dimethoxy—

43



9Hz), 7.62(1H, s), 7.95 to 8.01(1H m Production of
(2)-3-(2,4-difluoro-phenyl)-2-(3, 4-di net hoxy-
phenyl )-acrylonitrile (conmpound 23)
2,4-Difluorobenzal dehyde (142 ng) and 3,4
di met hoxybenzyl cyanide (177 ng) were subjected to
condensation in accordance with process B of
(production process 2), to thereby produce the target
phenpnddact (@4 irhg,i Leyi (glogpozmsy 229 i ghty yel | ow
crystals, M5 (APClI, niz : 301 (M), 1H NWR (CDC13)
S B. BAFRum)oben GG YLy (B89 DA 1H n),
6.93(1H, d, J=8Hz), 6.98 to 7. 04(1H, m, 7 15(1H, d,
dimelr@ptabenzy l28yER i did, (SB2ome) siede SUSRY dﬁo 8.21
to 8.28(1H, m Production of

condeZ)sa3-ieD, 5rdiadasgidstsiteril th RHaes it hogroduction
phenyl) acrylonitrile (conmpound 24)

proc®ss B/l dor dharaitanpsaiqel Ye gaggrl Pypduct (813 ng,
di met hoxybenzyl cyanide (1.77 g) were subjected to 44
vielebnddiigati on in accordance with process A of

DRI (0 ol i et AL TS G %H@’%éﬁ out | 009" n-
t al APCl, mz): M
NMR g(rcgir(lgmsﬁsy 9& @Hesﬁ)é? 98 §§(r(1ﬁ )fd6 ?%P&Iy E’C%cé]*tzg
7. 14( 2H, 7.16 1 7. 30 J
7. 179‘9:23( 5?12]?1-? S gt? ti) %ﬂﬁ“ (J]ga]ogluc’tlgoé:z of 2tz

oHz phanm%r%'%'m 15 e A (it o Tt oy

3, 4- D'fluorobenzaldehyde (426 ) and 3,4
di met hoxybenzyl cyanide (532 ng) were subjected to

Pro c{: ntolgﬂ'i?tfog& L at:foéf dﬁ‘fﬁl&é hp1%ﬁ’§f)s-s2£‘ ﬁ’fi} —dimethoxy-
phenyl)-acrylonitrile {compound 23)

2,4-Difluorobenzaldehyde (142 mg) and 3,4-
dimethoxybenzyl cyanide (177 mg) were subjected to
.condensation in accordance with process B of (production
process 2), to thereby produce the target product (94 mg,
yield: 31%).

Slightly yellow crystals, MS (APCI, m/z ): 301 (M), 'H-
NMR (CDCls) & 3.94(3H, s), 3.97(3H, s}, 6.88 to 6.94(1lH, m),
6.93(1H, d, J=8Hz), 6.98 to 7.04(1H, m), 7.15(1H, 4, J=2Hz),

7.28(1H, dd, J=2Hz, 8Hz), 7.57(1H, s), 8.21 to 8.28 (1H, m)

Production of (Z)-3—(2,5—difluoro—pheny1)—2—(3,4—dimethoxy—
phenyl)-acrylonitrile (compound 24)
2,5-Difluorobenzaldehyde (1.42 g) and 3,4-

dimethoxybenzyl cyanide (1.77 g) were subjected to
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process 2), to thereby produce the target product (780
nmg, vyield: 86%. Slightly yellow crystals, M (APCI
mz ): 301 (M) , "H NWR (CDC13) S 3.94(3H, s),
3.96(3H, s), 6.93(1H, d, J=8Hz), 7.13(1H, d, J=2Hz),
7.25(1H, dd, J=2Hz, 8Hz), 7.21 to 7.29(1H, m,
7.32(1H, s), 7.57 to 7.62(1H, in), 7.71 to 7.78(1H m
Producti on of _
condeR)sad-i(03, Sadisfdaserdarytee niil th prR;essdifmatfhofgroduction
phenyl)-acrylonitrile (conmpound 26)
procdss Di)f,| wer dhenzélydenadimdel . Y ¢arast prpduct (2.20 g,
di met hoxybenzyl cyanide (1.77 g) were subjected to
yielend&®ati on in accordance with process A of
(production process 2), to thereby produce the tar%et1
praddigtt (2. il kpw o ws th 150%S WBPSHi ghtFy) yebPbw 1, "H-
crystals, Ms (APCl, mlz 301 (M) , 1H NWR (CDCl3) S
NMR 3.CRA(13H, 6S}B. 98.(9H( 3k) ,SE.96.(84,t o) 6. G1PBH1Hm) 4, J=9Hz),
6.93(1H, d, J=9Hz), 7.13(1H, d, J=2Hz), 7.27(1H, dd,
7.070%2H7 . 1BI2H, . 3514 (3, F. 3530z 7, 45(A( 1Fy d, J=2Hz,
Production of (Z2)-2-(3,4-dinmethoxy-phenyl)-3-(2, 3, 4-
9Hz)t,r i ¥ Hfot1dL,pheny| ) -BErye ohi $8 (1% (®bnmpound 27)
2,3,4-Trifluorobenzal dehyde (160 ng) and 3,4
di met hoxybenzyl cyanide (177 ng) were subjected to
condensation in accordance wth process_B, of . 3
Produstioiduetdonl 2 rbeedst 291t %%OJE%E%%@YH@%TJ&% fRAipaTREY
product (90 ng, . yield: 309%. §Iight|y yel | ow
pherslistag ey 1oy tabed | (GRUPJUNE1§o4 M), " H NWR (CDCL3) S

3.94(3H, s), 3.97(3H, s), 6. 1H, . d = ), 7.05to

7. 3_Lr4§11ilﬂf WQrC?b%%aff?elagfd§=éa§§, ng) 26{‘%&8 'Héd, J=2Hz,
dimgﬁggiyggégﬁfkkyggidg'?§3£om§)0%é%gtsﬂﬁjected to
condensation in accordance with process A of {(production

process 2), to thereby produce the target product (780 mg,

yield: 86

o@

).

Slightly yellow crystals, MS (APCI, m/z ): 301 (M), lg-
NMR (CDCls) 8 3.94(3H, s}, 3.96(3H, s}, 6.93{(1H, d, J=8Hz),
7.13(1H, d, J=2Hz}, 7.25(1H, dd, J=2Hz, 8Hz), 7.21 to 7.29(1H,

m), 7.32(1H, s), 7.57 to 7.62(1H, m), 7.71 to 7.78(1H, m)

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

phenyl)-acrylonitrile (compound 26)
3,5-Difluorobenzaldehyde (1.42 g) and 3,4~

dimethoxybenzyl cyanide (1.77 g} were subjected to

condensation in accordance with process A of (production

. process 2), to thereby produce the target product (2.10 g,

yield: 69%).
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Production of (Z2)-2-(3,4-dinmethoxy-phenyl)-3-(2, 3, 5-
trifluoro-phenyl)-acrylonitrile (conpound 28)
2,3,5-Trifluorobenzal dehyde (320 ng) and 3,4
di met hoxybenzyl cyanide (354 ng) were subjected to
condensation in accordance with process A of
(production process 2), to thereby produce the target
product (536 ng, vyield: 84%. Slightly yellow
cryisitgitsly MelJARCIGrysa)s, 31D (ng .2 NVR $EDCES) + s H-
3.95(3H, s), 3.97(3H, s), 6.94(1H, d, J=8Hz), 6.95 to

NMR 7(COB(LH, 6n¥, 97 (I8¢ 1), d3.972BH) , sy,sﬁ(ﬁm tdd6. 932k, m),
46 8Hz), 7.56(1H, s), 7.71 to 7.77(1H qz Productlon

6 . 9301 H,Z)ck, 2-JDHR o it TobH. ip Hbnyd =28 ) (2 B, %L(1H, dd, J=2Hz
trifluoro-phenyl)-acrylonitrile (conpound 29)

8Hz)2, 3, B2M1iH,| wr.oben¥alttehlde (320 Wy) and 3, 4
di met hoxybenzyl cyanide (354 ng) were subjected to
condensation in accordance with process A of
(production process 2), to thereby produce the target

Proguraddirat B4 g~ (3 %t m@mxmhww el oty 4-

crystals, M (APCI mz 319 ' NMR (CDC13) S
trl@l@n(osmhegyyl 3 3% ant)rlJee 9&%%@01&Idﬂb}r|z) 6.93 to
6. 99( 1H, 7.17(1H, d 2Hzl 7. 17(1H, d, ]=2Hz)

7 21»83,tfb T/rlz%l(qwomnzazl%fmﬁ 16

07‘“%&(?&19 d4*g= 2Hz
Pr oducti on of

dlme(tz)Qwh(eslwld.%&% phehyrgL 3“’6(% gSepected to
condi Sh0- eSS LT e eormautt Bouctson

pro%%a”%?ﬂ%&boin”c%r%?éi‘(?é%oiﬂéﬂﬁ'%’t P BB (46 no,
yieﬁéggﬂ%%f{gg ngfocess 2), to thereby produce the target
Slightly yellow crystals, MS (APCI, m/z }: 319 (M), 'H-
NMR (CDCls) & 3.94(3H, s), 3.97(3H, s), 6.94(1H, d, J=SHz),
7.05 to 7.14(1H, m), 7.15(1H, 4, J=2Hz), 7.29(1H, dd, J=2Hz,

8Hz), 7.52(1H, s}, 7.93 to 8.02(1H, m)

Production of (Z)-2-(3,4-dimethoxy-phenyl)-3-(2,3,5-
trifluoro-phenyl)—acrylonitrile (compound 28)

2,3,5-Trifluorobenzaldehyde (320 mg) and 3,4-
dimethoxybenzyl cyanide (354 mg) were subjected to
condensation in accordance with process A of (production
process 2), to thereby produce the target product (536 mg,
yield: 84%).

Slightly yellow crystals, MS (APCI, m/z ): 319 (M), 'H-
NMR (CDCls) & 3.95(3H, s), 3.97(3H, s), 6.94(1H, d, J=8Hz),

6.95 to 7.05(1H, m), 7.16(1H, d, J=2Hz), 7.31(1H, dd, J=2Hz,
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yield: 26a). Slightly yellow crystals, M5 (APCl, mz

): 319 (W, "H NWR (CDC13) S 3.94(3H, s), 3.97(3H

s), 6.93(1H, d, J=9Hz), 6.99 to 7.06(1H, m, 7.14(1H

d, J=2Hz), 7.28(1H, dd, J=2Hz, 9Hz), 7.51(1H, s),

8.07 to 8.16(1H, m Production of

(2)-2-(3, 4-di net hoxy- phenyl)-3-(3,4,5- 47

trifluoro-phenyl)-acrylonitrile (conpound 31)
8Hz)3, 4, S6IriH,| wor,0bkridal wehyde’ (160 ™) and 3, 4

di met hoxybenzyl cyanide (177 ng) were subjected to

condensation in accordance with process B of

(production process 2), to thereby produce the target
Produradiat B0 Fy:2- {3 e -dlimeggox BipkgryY ) V&t w0~

crystals, M5 (APCl, mz ): 319 (M), "H NWR (CDC13) 5
triRl@Bthhe)yl)3- 08¢ BNy ri ke 9gtarpownd J29Hy) |

7.11(1H, d, J=2Hz), 7.25(1H, s), 7.26(1H, dd, J=2Hz,

9Hz) 3, 67T UBf Lo FolbeE ¢l deh e 08830 BA) opnd 3/ 4-

(2)-3-(2,6-difluoro-phen I)-2-(3,4-dinethox¥-
dim¢ﬂhﬂg&bemxyylcvﬂmid¢e(%%%ﬂ%%hn@eBQ)SUbjeCte to

2, 6-Di fl uorobenzal dehyde (284 ng) and_3, 4 )
conaiémes hioxy bsn ¢ ceydande 352 REPCARs 2 sobj drTeduebion

condensation in accordance with process A of
pro¢egodiict i on thebekEsPpyduse Fhgr %993Foaﬁ8§uFﬁe‘?é?g%?'

product (358 ng, vyield: 40%. Slightly yellow
viekdysi@tks, M5 (APCl, mz ): 301 (M), 1H NWR (CDC13) S

3.94(3H s), 3.96(3H, s). 6.93( L J59He), ~-6. 9810 1
7 Db ghb Yue PN ST 1oTAbE . ) BREY: W Ir( i
J=2Hz, 9Hz), 7.32(1H, s), 7.33 to .7.42( ~

NMR Pt @efeiet)i én 3o 422503, @--cﬁ%}hoﬁ-'phérﬁ}%l-}g? &l TP

6.93 to 6.99(1H, m), 7.17(1H, d, J=2Hz), 7.17(1H, 4, J=2Hz),

7.18 to 7.26(1H, m), 7.27(1H, s), 7.32(1H, dd, J=2HzZ, 8Hz)

Production of (Z)-2-(3,4-dimethoxy-phenyl)-3-(2,4,5-
trifluoro-phenyl)-acrylonitrile (compound 30)

2,4,5-Trifluorobenzaldehyde (160 mg) and 3,4-
dimethoxybenzyl cyanide (177 mg) were subjected to
condensation in accordance with process B of {production
process 2), to thereby produce the target product (80 mg,
yield: 26%).

Slightly yellow crystals, MS (APCI, m/z ): 319 (M), H-
NMR (CDCls) & 3.94(3H, s), 3.97(3H, s}, 6.93(1H, d, J=9Hz) ,
6.99 to 7.06(1H, m), 7.14(1H, d, J=2Hz}, 7.28(1lH, dd, J=2Hz,

9Hz), 7.51(1H, s), 8.07 to 8.16(1H, m)

Production of (Z)-2—(3,4—dimethoxy-phenyl)—3—(3,4,5—
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phenyl)-acrylonitrile (conmpound 33)
3-Ni trobenzal dehyde (3.02 g) and 3, 4-di nmet hoxybenzyl
cyani de (3.54 g) were subjected to condensation in
accordance 48 with process A of (production process
2), to thereby produce the target product (6.01 g,
yield: 970). Yellow crystals, Ms (APCI, mz ) : 310
(M) , IHHNWR (CDC13) S 3.95(3H, s), 3.98(3H, s),
t ri fB.u@AcHghethy 1)=gtdz)y Lo txA(leH, (aprmeramdy)31)7 31( 1H, dd,
J=2Hz, 9Hz), 7.49(1H, s), 7.68(1H t, J=8Hz)
8.2 74,19 T ik, uakeatien z ke h gie ) (1 €0 3ug ) Hend qéid = 3= Hz,
2Hz, 8Hz), 8.56(1H, t, J=2Hz) Production of
dimetBo3Aehzant myaphatey| )LD @8])4-viRRetHExpcted to
phenyl)-acrylonitrile (conmpound 34) Conpound 1 880
condey)s atdiordi igs glomr dancr etitd WA e O%o@ﬁi‘é‘?%‘zétslon
added to the resultant solution, and the resulta&é
procuise We Was t@taremd Hrrdyesurtipurar ITheP ot e Washd
concentrated to dryness under reduced pressure,
yielfdsl |Ildtwed by purification by use of a silica gel

colum, to thereby produce the target produc 760- 1o
nfliglet iy wSbhow SFFRER Sy MNP ol BF Ist Bl &, Fi/sg%gpg‘lq," H

mz ): 281 (M4), 1H NVR (CDCL3) S 3.91(3H s), .

NMR 3(CIB{B#, Os B, 98.(3H¢ 28) , d 3 - 6dRFy , S)a. S0PRH 1 Hd, T=dafiz)
7.11(1H, d, J=2Hz), 7.20(1 dd, . J= y 1498

7-117(.12‘9§ 1, &j2Hz) 75 Q%E:Uo*}f( ggm?-%%&ﬁ%%t?%h%%z%%hy?HZ)’
4-1(2) - 2-cyano- 2- (3, 4- di net hoxy- phenyl ) -

7-4&YH£f]Z%®€H§x9TLacétate kconpoﬁﬁdpSS)yC%npound 1 (281

ng) and et hyl chloroacetate (245 ng) were dissolved
in acetone, and potassium carbonate was added to the

| t ant ti L1 - i )
prodifer ot halt beti [t i ST EPsovphe LN GaPi3} At 8enethoxy

pheJJ }I§%£§anf%¥gle {(compound 32)

2,6-Difluorobenzaldehyde (284 mg) and 3,4-
dimethoxybenzyl cyanide (354 mg} were subjected to
condensation in accordance with process A of (production
process 2), to thereby produce the target product (358 mg,
yield: 40%).-

Slightly yellow crystals, MS (APCI, m/z ): 301 (M), 'H-
NMR (CDCls) & 3.94(3H, s), 3.96(3H, s), 6.93(1H, d, J=9Hz) ,
6.98 to 7.05 (2H, dd, m), 7.17(1H, d, J=2Hz), 7.31(1H, dd,

J=2Hz, 9Hz), 7.32(1H, s), 7.33 to 7.42(1H, m)

production of (Z)-2-(3,4-dimethoxy-phenyl)-3-(3-nitro-
phenyl)-acrylonitrile ({(compound 33)
3-Nitrobenzaldehyde {3.02 g) and 3,4-dimethoxybenzyl

cyanide (3.54 g} were subjected to condensation in accordance
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49 insoluble matter was renoved fromthe m xture. The
resultant filtrate was concentrated to dryness under
reduced pressure, followed by recrystallization, to
t hereby produce the target product (124 ng, yield:
34% . White crystals, Ms (APCI, mz ): 368 (MH),
"HNVR (CDC13) S 1.32(3H, t, J=7Hz), 3.93(3H, s),
3.96(3H, s), 4.30(2H, q, J=7Hz), 4.68(2H, .s),

with6 pa2(chids & QU=gRrduEtdgmrasesi=giy) toy theraRy groduce
J=2Hz), 7.24(1H, dd, J=2Hz, 9Hz), 7.36(1H, s),

the T.a88(e2HprbdutOHA . 0 artuctiiedid (of et hy |
4-[(2) - 2-cyano- 2- (3, 4-di met hoxy- phenyl )- _ 1
vimgomerm@lchfﬁaomga)m/{kthyl 3/34(3 f 8F dy! bBRYYEt e
(1.64 g) and 3, 4- dinmethoxybenzyl cyanide (1.77 ¢

(CDoARY e5sBbpB¢BEd b, GoRdéRBat sdn O 2&d&Hr ddncd=RFEEN-

process B of (production rocess 2), to there
7.10rdduch tJ’F@Hza)r:ge”t-?p]rUdbctC?C{ro.ﬁz%Z,r Fe 'd:h‘f?.‘b‘%)/g/l_praﬁ)er

yel l ow crystal s, NB'gAPCI, mz ): 323 (M), N
7.64(ABG13), S=BRA(3H - F) (11, gyécg,H’k}:SWzG_:gwel_fl}g,’ MR 33 (1H,

6.94(1H, d, J=9Hz), 7.16(1H, d, Q:ZFF), 7.30(1H, dd,
ddd,J=pHHz 913Hz, BHB(AH - S&1H7 9Ty " J=oHz),

8.12(2H, d, J=9Hz) Production of

(2)-2-(3, 4-di net hoxy- phenyl)-3-(2-nitro-

henyl)-acrylonitrile (conmpound. 37) e _

Produad arbtshz ety &7 E Ry e Rl 327 3 Fet HBRReRT Y

cyanide (1.77 g% wer e suggggtgg to condensation in
PherieleorREREER D I T h! Br bc¥ROM At 3 thr oduct i on process 2),

to_thereb 0 50 the tar odyc i2928id. zi

yicrmsosndy VPG mal akes BFoopLrae I pRbE 2 aphay, ine
powégé) Qé)addéé to the resultant solution, and the resultant
mixture was stirred for four hours. The mixture was
concentrated to dryness under reduced pressure, followed by
purification by use of a silica gel column, to thereby
produce the target product (760 mg, yield: 95%}).

Slightly yellow crystais, MS (APCI, m/z ): 281 (MH"),

ly-NMR (CDCls) & 3.91(3H, s}, 3.95(3H, sy, 6.71(24, d, J=9Hz),
6.90(1H, d, J=9Hz), 7.11(1H, d, J=2Hz}, 7.20(1H, dd, J=Z2Hz,

8Hz), 7.29(1H, s), 7.75(2H, d, J=9Hz)

Production of ethyl [4—[(Z)—2—cyano—2—(3,4—dimethoxy—phenyl)—
vinyl]-phenoxy] -acetate {compound 35)

Compound 1 (281 mg) and ethyl chloroacetate (245 mg)
were dissolved in acetone, and potassium carbonate was added
to the resultant solution, followed by reflux for three hours.

The resultant mixture was subjected to filtration, and
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NVR (CDC13) 6 3.95(3H, s), 3.97(3H, s), 6.95(1H, d,
J=9Hz), 7.19(1H, d,. J=2Hz), 7.33(1H, dd, J=2Hz, 9Hz),
7.62(1H, br t), 7.78(1H, br t), 7.93(1H, s), 7.94(1H,
d, J=8Hz,), 8.24(1H, d, J=8Hz) Production of
(2)-3-(4-chl oro-3-nitro-phenyl)-2-(3, 4-
di met hoxy- phenyl)-acrylonitrile (conpound 38)
4- Chl or o- 3- ni trobenzal dehyde (557 ng) and 3,4
i nsodiubaiech meyienz ya sc yamoded SI2mghevrls tans-eclfhg rgsultant
condensation in accordance with process B of _
£ilthpteducts congendogeded?)to (O witsse M daTodiRee Gate REGSFe
product (372 ng, vyield: 36%. Pale yellow crystals,
fol IMB(CESly, macz st addd zZauian),, toriaereyemeesiuas 3hgstagoet
s), 3.97(3H, s), 6.95(1H, d, J=9Hz), 7.14(1H, d,
prodbe2Hz(12 47 i@Q( Meldd, IRz, 9Hz), 7.38(1H, s),
7.66(1H, d, J=9Hz), 8.15(1H dd, J=2Hz, 9Hz), ,8.
d,Wh i}=2 Hz)y Rraoduc tNon(ARCT, m/z ): 368 (MH), “H-
(2)-2-(3, 4-di net hoxy- phenyl )-3-(2-fl uoro-5-
(CDOlish r 8- phanyB}, aty yTeiHel i | 8. P8dAPourd, 38y 96 (3H, s).
2- Fl uoro-5-ni trobenzal dehyde (8 and 3,4
4. 30di2%bt hox yIrhzi, Al 081, 89 mf - eFdisubj ebt @i to 698 (21

condensation in accordance with proce B.o
d, Jastductd o (BrocbssTBHZ ko et E]c@' p‘i‘i’du‘éze&i%’e ?%Zr)g’et
product (24 né; yi el d: 150/?. 51 Pal e yell ow crystals,
7.30BHARD, WSS §2H, 38 {RMYZ)  HENVR  (CDCL3) 6
3.95(3H, s), 3.98(3H, s), 6.95(1H, d, J=9Hz),
7.18(1H, dd, J=2Hz), 7.31(1H, d, J=9Hz), 7.34(1H, d,

Pro§;%g¥B¥Lé%ﬁ%§¥g§ﬁg§}gtﬁf%%—%¥§§é;5L(ggg*dgﬁgtgoxﬁtghenyl)—

R

vinyl}-benzoate (compound 36)
~Methyl 4-formylbenzoate (1.64 g) and 3,4-

dimethoxybenzyl cyanide (1.77 g) were subjected to
condensation in accordance with process B of (production
process 2), to thereby produce the target product (0.97 g,
yield: 30%).

Pale yellow crystals, MS (APCI, m/z }: 323 (M), 1H-NMR
(CDCls) & 3.94(3H, s}, 3.95(3H, s), 3.97(3H, s), 6.94(1H, d,
J=9Hz), 7.16(1H, d, J=2Hz), 7.30(1H, dd, J=2Hz, 9Hz), 7.46(1H,

s), 7.92(2H, 4, J=9Hz), 8.12(2H, d, J=9Hz)

Production of (Z)—2—(3,4—dimethoxy—phenyl)—3—(2—nitro—
phenyl) —acrylonitrile (compound 37)

2-Nitrobenzaldehyde (1.51 g) and 3, 4-dimethoxybenzyl
cyanide (1.77 g) were subjected to condensation in accordance

with process A of (production process 2}, to thereby produce

50



Producti on of
(2)-2-(3, 4-di net hoxy- phenyl ) - 3- (4- et hoxy- 3-
nitro-phenyl)-acrylonitrile (conpound 40)
4- Et hoxy- 3-ni tr obenzal dehyde (586 ng) and 3,4
di met hoxybenzyl cyanide (532 ng) were subjected to
condensation in accordance with process B of
(production process 2), to thereby produce the target
the pegdigdt PEegmaly, 2 -yid%eldd: Yd@}]@d Yé 3 ow or ange crystals,
MS (ESI, mz ): 354 (M), 'H NMWR ((Ixns) 1 5 §H1
t YeJSTmrior anags (@RS teyl s 3 M5 (BHC ) m/ 24 27( @ H-
J=7Hz), 6.94(1H, d, J=9Hz), 7.12(1H, )
NMR ACDE(LbH, 5d3. I50BH)  s7. 28( TH(3Hd, S)J=2§12959Hi) d7. 32PHH -

7. 19&212;,3@141%12;2 @7 33(1)H %d%es(l%zqd oy 4. 64, br t)

4-1(Z2)-2-cyano-2 4 dlnethox heny vi nyl ]
7. 78fdtthy P15 doi r?at9e3(( npdund’ 49[ r‘?d”sfl '30 rﬁg’l)oﬂaﬁél d/
succi ni ¢ aci d nononet hyl ester chlorlde (44 L) were
J=8Hfi)ssol ved in pyridine (1 mL), followed by stirring
for a whole day and night. After conpletion of
reaction, the resultant reaction mxture mas

eroc s oy i L byt e AP 5 -

n SR A LRI
et etk 6o 3 B e Iebre,

dmesshf?%vtbea Lyt @W@%&ﬁ%é%Ht%%‘s“

condf i S G i TR0, e, it

procAé'Js( ZQ)-’Z @é’%gek(y?’ p‘l‘f&ﬁlﬁ@é hoxy - 9&‘1@@(&’1& JpYodYdt - (372 mg,

yield: 36%) .

Pale yellow crystals, MS (ESI, m/z ): 343 (M-H'), 'H-NMR
(CDCls) & 3.95(3H, s), 3.97(3H, s), 6.95(1H, d, J=9Hz},
7.14(1H, d, J=2Hz), 7.29(1H, dd, J=2Hz, 9Hz), 7.38(1lH, s},
7.66(1H, d, J=9Hz), 8.15(1H, dd, J=2Hz, 9Hz), 8.23(lH, d,

J=2Hz}

Production of (Z)-2-(3,4-dimethoxy-phenyl}-3-{2-fluoro-5-
nitro-phenyl)-acrylonitrile (compound 39)
2-Fluoro-5-nitrobenzaldehyde (85 mg) and 3,4-
dimethoxybenzyl cyanide (89 mg) were subjected to
condensation in accordance with process B of (production
process 2), to thereby produce the target product (24 mg,

yield: 15%).
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phenyl ethyl succinate (conpound 42) Conmpound 1 (50
nmg) and succinic acid nonoethyl ester chloride (51 L)
were dissolved in pyridine (1 nL), followed by
stirring for a whole day and night. After conpletion
of reaction, the resultant reaction m xture was
concentrated to dryness under reduced pressure,

fol Lowed b fi G2 )
CRPO B R =S i B o et Lyst%nﬁm
to thereb duce the t 7
Cchg))/gB P B (bl Fel;\?ve& §-C 5$é9em Rocrs Thig & ¥ ife)
CDCL3)

7.184 28 ddgHzT)-ZHzi o7t %,(f’ 1aad dy2 gm@@zém 7%%%%1&3} Jr2uz,
9Hz 3 37 3H1;713)1§(1H%0%%'1}HZ ad” #"?fl(z%mﬂ@& ?}%%(1@ 0@

7 20(1H dd, J=2r, k). 7.40(1H, s), 7, 90(2H d,
dd, g=gHAy Bfduction of

bIS {4-[(2)-2-cyano- 2- (3, 4-di met hoxy- phenyl ) -
vi nyl ] -phenyl} succinate (conmpound 43) 53 Conpound 1

. q . d' ohl ori
erodhirtyfil a1 g %@Mﬁ S o - ipbced
nltrpe ae?ng/n]t reg&l’%‘fr}le{r W&g M 4®action, the

ion mxture concentrated to dryness

unfler, £ EQUESH, DL ASSUL &1 0Lk hOWeds BYmglIr dkd cardon by

ica ge romat ogr aphy enpl oyi ng a

dlmrﬁcct}loo{e\%g ig}dlm%%;}?g%e St’/§5frﬁlg)t Oyetdes@bye Pfedues t he

yi el d: 98/@ Pal e yel | ow

&k GX1 duct
concge\r{}/%&:?l@ ’\?(féscogf?‘;‘(%ﬁﬁ@g\.?{ﬁﬂé) 93:6? 6H.~£\IB/?S)% 3 g%i%Huc dlon

D | tHe 284 Akt dprda®tk) (425 mg,
pro‘;]fsgswﬁz’ri to %gﬂlb’g plgoﬁg) éfﬁ(ﬁ%)dp? 91(4)H d,
ylel‘]d‘:g"ga%

Yellow-orange crystals, MS (ESI, m/z ): 354 (M), lH-NMR
(CDCls) & 1.52(3H, t, J=7Hz), 3.95(3H, s), 3.97(3H, s},
4.27(2H, g, J=T7Hz), 6.94(1lH, d, J=9Hz), 7.12(1H, d, J=2Hz},
7.16(1H, d, J=9Hz), 7.25(1H, dd, J=2Hz, 9Hz), 7.34(1H, s),

8.16(1H, d, J=2Hz), 8.26{1H, dd, J=2Hz, 9Hz)

Production of 4—[(Z)—2—cyano—2~(3,4—dimethoxy—phenyl)—vinyl]—
phenyl methyl succinate {compound 41)

Compound 1 (50 mg) and succinic acid monomethyl ester
chloride (44 pL) were dissolved in pyridine {1 mL), followed
by stirring for a whole day and night. After completion of
reaction, the resultant reaction mixture was concentrated to
dryness under reduced pressure, followed by purification by

means of silica gel chromatography employing a
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Production of (Z2)-2-(3,4-dinethoxyphenyl)-3-(4-p-D

gl ucopyr anosyl - phenyl )-acrylonitrile (conpound 44)
Compound 1 (1.71 g) was dissolved in acetone, and a-D
acet obr onogl ucose (10.0 g) and potassi um car bonat e
(3.57 g) were added to the resultant sol ution,
followed by boiling/reflux for a whole day and ni ght

under V|gorous stirring. The resul tant m xt.yr e .,was
chlog@fjosavas thanal Systiegh, ta &?’( #hs&%arﬁe

matter. The thus- flltered pr oduct mas mashed Wi th
prodgtstor $oms avd elidke POt t he above- obt ai ned

filtrate, and the resul tanf m xtur nt ngt ed
t d’aﬁreme%lsl%orém%@d%e&sp{%% /e Zrh%?é@@ﬁant #
resi due was purified by neans of silica_gel —¢H
NMRmmMﬁmmt6@r&bh9ﬂenﬁﬂoyﬂnéHar eHEOr of oP A1 ABE hefol Y= 0HZ/
system The thus- purlfled pr S _Susp
THZ ) androi methanti 93 &t 28% r\ﬂ ‘%@ %'d ﬁq*p'
to the resultant suspensi Io d stir
J=814 nr oo 4 Ertbertt vFe o FP%]h{Jﬁ% 2?‘/}1%/\/&3 'édé]% frp dds
t he resultant reactlo e, ;an m xture was
I=2H7eut§HR )i z el 4 Wi & orfnéegx(@#i{n r“gsélﬁg(sul fonic
acid-+H type) . The resin was reaned t hr ough
filtration, and the m xture was concentrated to

Proih%ﬁﬁ%ié%Fqﬁrbgﬁﬁé'Hgfgieglrlca 8*$8ﬁ§gﬁg¥o%$%%l “vinyll-
e R i N
ﬁ#é@%éQﬁ% ; g§®2%§y£$%d gﬁé%lnlé4§&%%)?gpb%Fh 19ﬁ§§er
hlqﬁﬂéglt%lj%k Qﬁggil 4€éé&aiﬂjgy§légé%gkﬁd§L)J =661 owed
by %%%%%%ﬁ% f%rJ§d€§§ﬂ$*dg%(i%f7%%%ht7 Q9 et EhmpEOHD)n of
reaction, the resultant reaction mixture was concentrated to
dryness under reduced pressure, followed by purification by

means of silica gel chromatography employing a

chloroform/methanol system, to thereby produce the target

og

).

Pale yellow crystals, MS(APCI, m/z):410(MH"), ‘H-

product (73 mg, yleld: 90

NMR (CDCls) 81.29(3H, t, J=7Hz), 2.75(2H, dd, J=6Hz, 8Hz) ,
2.91{(2H, dd, J=6Hz, 8Hz), 3.93(3H, s), 3.97(3H, s}, 4.20(2H,
dd, J=7Hz, 14Hz), 6.92(1H, d, J=9Hz), 7.14(1H, d, J=2Hz},
7.21(2H, 4, J=9Hz), 7.26(1H, dd, J=2Hz, 9Hz), 7.40(1H, s),

7,90(2H, d, J=9Hz)

Production of bis-{4-[{2)-2-cyano-2- (3, 4-dimethoxy-phenyl)-

vinyl]-phenyl} succinate {(compound 43)
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J=2Hz, 9Hz), 7.29(1H, d, J=2Hz), 7.86(1H, s), 7.90(2H,
d, J=9Hz) Production of
(2)-2-(3, 4-di met hoxy- phenyl ) - 3- (4- hydr oxy- 3-
ni tro-phenyl)-acrylonitrile (compound 45) The hydroxyl
group of 4-hydroxy-3-nitrobenzal dehyde (500 ng) was
prot ected by use of 2-nethoxyethoxynmethyl chloride
(374 mg) in accordance with (production process 1)
@ dupRAakY 1T @il eey)amEM farimy(16 6B aig, o 1yids d(2070% were
The resultant MEM form (255 ng) and

dissdldredi Mot Ryeloanzy | (Icydni, degolIPHRAEY Wi S dtfed
to condensation in accordance with process B of
wholE@Rduetidomighicesaf2pr tomphetébp prodgestizps t

2- (3, 4-di met hoxy- phenyl ) - 3- [ 4- (2- net hoxy- et hoxyrret hoxl}/d
resylt3m Nitdamtplenyl i< @aorey |wes tcrqn@er(tﬂ&’}iﬁ% P eHporder
The thus 55 produced

reducBd ek Armh neftdﬂokym:hénylgumi[mq@i%t%@eans of silica

et hoxymet hoxy) - 3- ni tr o- phenyl ] - acr onltrlle (
gel V@R onsthjectEdy toneleqy i@ |<dhlcv1fp%% tws@gm: to

(production process 3), to thereb produce é@{get
themodymtod ¥ the yaedel BoRGuctyel?OvEr attRe! ry%

MS (APCI, mfz 327 (MH), 1H NMWR 1 4
S)PéBe9Y¢B¥D£s¢rységh§iHﬂS&Eld—@FéCDg 3)¥3r1 % &ﬁﬂ CDC1s)
J=2Hz), 7.27(1H, dd, J=2Hz, 9Hz) 28(1H _d, 3059@2

53. 05 @B{1H) 5)3. B OBHLH) AcB - I&04H, )6 %2 B34 ¢

J=2Hz 10. 77(1H, _s) _Productign f
114 Zyc e ot Hd? By - S-BEhy (7026 (2, ad a=2rt,

benzo[ 1, 3] di oxol - acr.yl | e (conmpound 46)
9Hz B N?t‘lllbb? erghal 7 (%}éézlﬁg) dan éﬁﬂdi met hoxybenzy!|

cyani de (177 ng) were subjected to condensation in
accordance wth process B of (production process 2),

to thereb roduce
Production o¥ ? Z(3,4-dimethoxyphenyl) -3 - {4-B-D—

glucopyranosyl—phenyl)—acrylonitrile (compound 44)

Compound 1 (1.71 g} was dissolved in acetone, and o-D-
acetobromoglucose (10.0 g) and potassium carbonate (3.57 g)
were added to the resultant solution, followed by
boiling/reflux for a whole day and night under vigorous
stirring. The resultant mixture was subjected to filtration,
to thereby remove insoluble matter. The thus-filtered
product was washed with chloroform and mixed with the above-
obtained filtrate, and the resultant mixture was concentréted
to dryness under reduced pressure. The resultant residue was
purified by means of silica gel chromatography employing a
chloroform/methanol system. The thus-purified product was
suspended in anhydrous methanol, and 28% NaOMe was added

dropwise to the resultant suspension, followed by stirring at
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the target product (124 ng, yield: 350). Pale yellow
crystals, Ms (ESI, miz ) : 354 (M), "HHNWVR (CDCl1l3) 5
3.94(3H, s), 3.96(3H, s), 6.21(2H, s), 6.94(1H, d,
J=9Hz), 7.17(1H, d, J=2Hz), 7.28(1H, s), 7.30(1H, dd,
J=2Hz, 9Hz), 7.72(1H, s), 7.88(1H, s) Production of
(2)-3-(3, 4-di net hoxy- phenyl ) - 2-[ 4- ( 2- net hoxy-
et hoxymet hoxy) - phenyl ] -acrylonitrile (conpound 47) The
roomhyemmeya tgreugost U-hyunsserbeNz2{iPr cyani a@deéatesté?
was protected by use of 2-nethoxyethoxynethyl chlori.de
resu(l24nd? regktilonardortdaroe aaid HhepMgatart oY asT sl adyized
to thereby 56 produce an MEM form (24,39 g, yield;
with5%%) lonFrexcheswle ares IVEM s¥ldapi@ 2 cigigi gﬁ&e% The
3, 4- di met hoxybenzal dehyde (16.62 g) were subjected to
resigondengEmoned it ety ahicet 5 tierpr gawk Lhe gpixrture was
(production process 2), to thereby produce the ta

rge
congemdchadted (£29 drYTg s s/ WIdRT FIERUCToh|RE SRt Ry cﬁ%ﬂétoa?%f by
MS (APCI, mz ): 370 (MH), 1HNWR (I%;Fms S 3. 39(3H,
purig)i @ et & y3 BHEH cmsibliap 98 T ,OG%E B GEHY 19
s), 3.97 (3H ), 5.31(2H s), 6 92(1H d, ~J=8Hr)
a chiorp fomm/me thpegiy ) syStegay 159 e prodgy the ‘target
7.38(1H, s), 7.58(1H,_d, J=9Hz), 7.69(1H, d, J=2Hz)

produdducqd oo yield: 26%)
2) - 3- (3, 4- di met hoxy- phenyl )= 2- (4; hydr oxys.+. 1
e (ST G BB Bttt 04 T § M e Fae
f Co d 47 (18.45 d.i
N1k, GRSt & AmATH it denicht G on obels Y7 Vo TFaiahy 335 (1K,

d h t d 8. _ kel d; 9 .
£, Gt iyt Bk e (Ree (il 5 P pse i e
3 .94 3.97 6. 90
oo, BT PR el o, SRS g
J=7}ZZ)3,4(';I'.'_839(SPH, d, J=9Hz), 7.18(2H, d, J=9%Hz), 7.25(1H, dad,
J=2Hz, 9Hz), 7.29(1H, d, J=2Hz), 7.86(1H, s}, 7.90(2H, d,

J=9Hz)

Production of (2)-2-(3,4-dimethoxy-phenyl)-3-{4-hydroxy-3-
nitro-phenyl)-acrylonitrile (compound 45}

The hydroxyl group of 4-hydroxy-3-nitrobenzaldehyde
(500 mg) was protected by use of 2-methoxyethoxymethyl
chloride (374 mg) in accordance with (production process 1},
to thereby produce an MEM form (605 mg, yield: 70%). The
resultant MEM form (255 mg) and 3,4-dimethoxybenzyl cyanide
(177 mg) were subjected to condensation in accordance with
process B of (production process 2}, to thereby produce (Z)-
2—(3,4~dimethoxy—phenyl)—3—[4—(2—methoxy—ethoxymethoxy)—3—

nitro-phenyl]~-acrylonitrile (153 mg, yield: 40%). The thus-
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7.54(1H, d, J=9Hz), 7.67(1H, d, J=2Hz) Production of
(2)-2-(3,5-bis-trifluoronethyl-phenyl)-3-(4-
hydr oxy- phenyl ) -acrylonitrile (conpound 49)
4- Met hoxyet hoxynmet hoxybenzal dehyde (420 ng) and 3,5
bi s(trifluoronethyl)phenylacetonitrile (506 ng) were
subj ected to condensation in accordance with process A
of (production process 2), and the resultant product
produasds 1 78 uB-dSt dd cismeddsrotedemort )i -ddedPadrd o%ivi n
(production process 3), to thereby praoduce the target
e thopyoeidoxyl 23 -wg, t royirdiery L7@cr Bard trdiisow 1é% &9 &2
M5 (ESI, mfz 356 (M H), 1H NWR (CDC],SQ 66. 96( 2H,.
subjigcted) to7 deprayechiony igy eRgordiance gy, (Pfﬂ%ﬁlon
8.06(2H, s) Production of
proqems 2)(3,t4 dihestehokRYsBigA Yy tangrl ggpduct (72 mg,
phenyl)-acrylonitrile (conpound 50) Conpound 1 (100
vielly) GR&9 -di ssolved in acetonitrile, and the resultant
sol ution was subjected to hotoreactipn by I%%da 1y
hi L sresian erer e 52 1 anpTs THEP G s UM ant © réact 116h 1
m xture was concentrated to dryness under redyced_
NMR pi@sul ed 3§88 1(8%edsby puPifPlat Fdn By dddiof da &iPPEA”

el _colum,_ to there r c et et Jpr 1
7'1§k%HwF%FdF%%¥@y.W%ﬂgpﬁéfﬁganyV§¥ §%&ﬁ8(i%§§gﬁ%7%ﬁ
;282 (MH), 1H 1 5.3, 73 : H,
3-sil) G- &) deres {0 b Y SR ° SR An
d, J= 7,00(1H, dd, J=2Hz, 8Hz), 7.10(2H, d,
J=2HJZ:)QII—|z1‘)2()t_!1)77. @&’1 ) s) Production of ) (
(2)-2-(3, 4-di met hoxyphenyl ) - 3-(4- R nmal t osyl -
phenyl)-acrylonitrile (conmpound 51) Conpound 1 (224
prode 185 S S8 ¥ad 4 M 4SS0 AYh & PY) -3- (6-nitro-

benzo[1l,3]}dioxol-5-yl)—acrylonitrile (compound 46)

6-Nitropiperanal (195 mg) and 3, 4-dimethoxybenzyl
cyanide (177 mg) were subjected to condensation in accordance
with process B of (production process 2), to thereby produce
the target product (124 mg, yield: 35%).

Pale yellow crystals, MS (ESI, m/z }: 354 (M), 1H~NMR
(CDC1ls) & 3.94(3H, s), 3.96(3H, s), 6.21(2H, s), 6.94(1H, d,
J=9Hz), 7.17(1H, d, J=2Hz), 7.28(1H, s), 7.30(1H, dd, J=2ZHz,

9Hz), 7.72(1H, s), 7.88(1H, s}

Production of (Z)-3-(3,4-dimethoxy-phenyl)-2-[4-(2-methoxy-
ethoxymethoxy)-phenyl]-acrylonitrile {(compound 47)

The hydroxyl group of 4-hydroxybenzyl cyanide (26.63 g)
was protected by use of 2-methoxyethoxymethyl chloride (24.42

g} in accordance with (production process 1), to thereby
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acet obrononmal t ose (2.23 g) and potassi um carbonate
(468 ng) were added to the resultant sol ution,
followed by boiling/reflux for a whole day and ni ght
under vigorous stirring. The resultant m xture was
subjected to filtration, 58 to thereby renove

i nsol uble matter. The thus-filtered product was
washed with chl orof ormand m xed wi_th the above-

produbeainedEN [fornt d24and Ohe YA8IE!t 0t mi xTuF eF wagl tant MEM
concentrated to dryness_ under reduced pressure. The
formr ¢8@l-Lang) r esiddde 4mgmef§@pwﬂo@aw@;ldﬁ§é(ﬁ*§ da%sifi?i 81 g&re
chr omat ogr aphy enpl oying a chl orof or mi_net hanol of
subj spsedmtoTkendensapdors iled A OFRNCRad’t L OFENEES P

anhydr ous net hanol, and 28% NaOwe was added . dropw se
(producthienr ex@iceast 2dusendihér ebo IHI%&%&%& TProeg &Foduet

roomtenperature for 0.5 hours. Water was added to the
(29.718s @t aittldsadtli®dn mixture, and the nixture was

neutralized wth an ion-exchange resin, ( fQRbG  1p_

adiaddoyailsyy cryiiel gedth ﬂ/%%cf'erﬂﬁzed) tht o gﬁﬂi?, HoNMR

filtration, and the m xture was concentrg eg tg 86 (2H
(CDCAnyndss. 3RRH, redudedSpEesdup@ (2Hol Moned - % © - !

i fication b fosil] t h
o BRSSP o B, S L pnapn
duce the t t d i eld: 279, , Pal
oo L AN (358 DV LA 2T Fel
NVR( DVBO- d6) . 53. 11(1H, - t... J=9 28(1H, S =4Hz,
7-381@% '3978)15(83étf&s§€}' 33.‘8%{%& H’E%@@%%ssg%ﬁ , ZJ)ist),
5.00(1H, d, J=3Hz), 7.07(1H, d, J=9Hz), 7.18(2H, d,
J=OHz), 7.25(1H, dd, J=2Hz, 9Hz), 7.29(1H, d, J=2Hz),

rodigthit s ) (iR s T A gt yarony”
pher Y S ANPNYL e ATy PSS s (p@POUNd 52)

The protective group of Compound 47 (18.45 g) was
removed in accordance with (production process 3), to thereby
produce the target product (8.38 g, yield: 60%).

Pale yellow crystals, MS ({(APCI, m/z ): 282 (MH"Y, 'H-NMR
{(CDC1ls) & 3.94(3H, s), 3.97(3H, s), 6.90(1H, d, J=9%Hz),

6.92 (1H, d, J=8Hz), 7.33(1H, dd, J=2Hz, 8Hz), 7.34(1H, s},

7.54(1H, d, J=9Hz), 7.67(1H, d, J=2Hz}

Production of (Z)—2—(3,5—bis—trifluoromethyl—phenyl)—3—(4—
hydroxy-phenyl)-acrylonitrile (compound 49)
4-Methoxyethoxymethoxybenzaldehyde (420 mg) and 3, 5-
bis (trifluoromethyl)phenylacetonitrile (506 mg) were
subjected to condensation in accordance with process A of

(production process 2}, and the resultant product was
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2- Et hoxy-5-ni trobenzal dehyde (390 ng) and 3,4
di nmet hoxybenzyl cyanide (354 ng) were subjected to 59
condensation in accordance with process B of
(production process 2), to thereby produce the target
product (319 ng, vyield: 45%. Yellow orange crystals,
M5 (ESI, mz ): 354 (M) , 1HNWR (CDC13) 5 1.52(3H,
t, J=7Hz), 3.95(3H, s), 3.97(3H, s), 4. 24(2H, Qo 4
subjéctiz) tob deprbiecdior=gr peeprgenty Wi thydggpuction
7.17(1H d, J=2Hz), 7.30(1H_dd, J=2tz, Obp), 7.70(1H
procelss 38.2%01hedeby) eaiagducerihe §argEtHPred Cj::’o’(lllg% mg,
Producti on of
yiel@Z) 1203, 4- di met hoxy- phenyl ) - 3- ( 3- hydr oxy- 4-
ni tro-phenyl)-acrylonitrile (conmpound 53 Th&q _Qro
griaipe ofe Bidw drpetal i tFobdnzal det {6 '3{ wa
protected by use of 2-nethoxyethoxynethyl chloride
(cDAQ) 586 g¥6 i AHackor dahce7wh? hllpr sducti 8A (pHocéss 1) P (2H,
to thereby produce an MEM form (0.97 g, yield: 95%
br .dfhe 8 +&si@R-art) MEM f orm (944 ng) and
3, 4-di met hoxybenzyl cyanide (673 ng) were subjected
to condensation in accordance with process B of

duct i 2),.to . th d - _
Prohiq 3 ah i ethody phet RO ROy ot HaR et by
) -4- nitro-phenyl]-ecr | oni rgée (515 ny, yield: 34%.
pherHe 13RI ddutey (compound 50)
(2)-

2\ P V335192823 Aitrile, an
i hoky] FO0 YT B Ehod o ke B Fosrd EEb g 2
bj ect to d tecti ' ' Use
the (TRaticH oS PoRetar & i) Friued o pRaaRREsaqiion by
duct (267 , i.eld: 9 . I I ,
ot FHER FP P sl BT S0, L RS AR
mixé reawgg(é%%céﬁtrgtgé(g$tdf&né§@kgﬁder reduced pressure,

followed by purification by use of a silica gel column, to

I
gM—NMR

thereby produce the target product (41 mg, yield: 41%).

Pale yellow crystals, MS (APCI, m/z }: 282 (MH*), 'H-NMR
(CchbCls) & 3.73(3H, s), 3.90(3H, s), 6.71(2H, d, J=9Hz),
6.86(1H, d, J=8Hz), 6.87(1H, d, J=2Hz), 7.00(1H, dd, J=2Hz,

8Hz), 7.10(2H, d, J=9Hz), 7.20(1H, s)

Production of (Z)—2—(3,4—dimethoxyphenyl)—3—(4—B—maltosyl—
phenyl)-acrylonitrile {(compound 51)

Compound 1 (224 mg) was dissolved in acetone, and a-D-
acetobromomaltose (2.23 ¢g) and potassium carbonate (468 mg)
were added to the resultant solution, followed by
boiling/reflux for a whole day and night under vigorous

stirring. The resultant mixture was subjected to filtration,
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60 7.16(1H, d, J=2Hz), 7.321(1H, dd, J=2Hz, 9Hz),
7.37(1H, s), 7.52(1H, dd, J=2Hz, 9Hz), 7.56(1H, d,
J=2Hz) , 8.12(IH, d, J=9Hz) Production of
(2)-2-(3, 4-di mret hoxyphenyl ) - 3- (4- p-
mal totri osyl - phenyl )-acrylonitrile (conpound 54)
Conmpound 1 (791 ng) was dissolved in acetone, and a-D
acet obronmomal totriose (11.1 g) and potassi um_carbonate
to Yexkeby gemire dudsihke it tassul £hst togisadildhered
followed by boiling/reflux for a whole day and night
prodinderwad goried it remprofiec and kit e Wit &hgsabove-
subjected to filtration, to thereby renove insol uble
obtarmedrf i tthusaid | the gt sptbtiic Mip NSt GRr¢entrated
chlorof ormand m xed with the above- obtained _
to diyness einderl TeRUCRS DERTIUTR xt N WS WdRdntesicye was
to dryness under reduced pressure. The resultant

pur ¥t dliendeearpure f  ebl by riehsClofoi o garRey employing a
e B T L8 B o ST I vas

anhydrous net hanol, and 28% NaOwe was added dropw,s
suspender HesHEMORHSPRRATRM - {BMF onol NFOLT | Y17 g e
o SO STPELSL e L010. 5 ol oy U o VS 3°0R0SL by o
rooRS L 2E%s YA B S exchapa 1 coln LAl N G
ool HAEL S0 200 L1 Tt 0 VBB SEDEGPL I FhEiBerarzea
BB SALLO0 oo, O 30 08, 9oL 6 LAl 2P e
o BT B B SENTL 20 oo 4 B e
concentrated to dryness under reduced pressure, followed by
purification by means of silica gel chromatography employing
a chloroform/methanol system, to thereby pfoduce the target
product (195 mg, yield: 27%).

Pale yellow crystals, MS (ESI, m/z): 604 (M-H'), ty-

NMR {DMSO-d6) 83.11 (1H, t, J=9Hz), 3.28(1H, dd, J=4Hz, 10Hz),
3.81(3H, s), 3.86(3H, s), 5.05(1H, d, J=8Hz), 5.092(1H, d,
J=3Hz), 7.07(1H, d, J=9Hz), 7.18(2H, d, J=9Hz), 7.25(1H, dd,
J=2Hz, 9Hz), 7.29(1H, d, J=2Hz), 7.84(1H, s), 7.89(2H, d,

J=9Hz)

Production of (Z)—2—(3,4—dimethoxy—phenyl)—3—(2—ethoxy—5—
nitro-phenyl)-acrylonitrile (compound 52)
2-Ethoxy-5-nitrobenzaldehyde (390 mg) and 3,4-

dimethoxybenzyl cyanide (354 mg) were subjected to
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NVR(DVMSO- d6) 63.07(1H, t, J=9Hz), 3.25(1H, dd, J=4Hz,
9Hz), 3.81(1H, s), 3.86(1H, s), 5.02(IH d, J=4Hz),
5.06(1H, d, J=8Hz), 5.09(1H, d, J=4Hz), 7.08(lH, d,
J=9Hz), 7.18(2H, d, J=9Hz), 7.24(1H, dd, J=2Hz, 9Hz),
7.31(1H, d, J=2Hz), 7.89(IH, s), 7.91(2H d, J=9Hz)
Producti on of
(2)-2-(3, 4-di net hoxy- phen
condﬁyélaéwnpHénﬁpf%@ﬁg?%n #}“1 é’rf?%&r?ﬁog’né?%sé}’r?ﬁ%lcmn

hydr oxyl gro of 3-fluoro-2-hydro enzal dehy 0
procleg)s @gg E%otigéftféé’yby’fﬁéém&f éieng‘ﬁﬁ&é& 3 ﬂ%w( ng)

chl oride (500 ng) in accordance with (product|on
vielgrodess -1), to thereby produce an MEM form (660 ny,

y|eld 729% The resultant IVE, rm (650 _
3,Y&ld; %WWS% rﬂf aﬁre squbii%iét'edH NMR

to condensation in accordance wth ?roce§§
(CDC@pto@ubt$%h3%ro%es%=@§z o3tﬁ%t%%y Bt oddic ??

e 2y 5 B DA B :f;vzyorﬁ:tsfxy t?%tt%
t hus ro

7. 19 GF > s et ol Bingid- i?%“?lu%{rz rp 1O (LM, 8)
th 1 670
. 29e] i) SR e o Tl 1 o nce i th

(product|on process 3), to therey produce the target
product (140 ng, yield: 29% . Pale yellow crystals,

Prod AT ar - s Do 55 o R se(an
o oedfy Sl [ S0

'ﬁ‘t%l n\}t 4 I)gl E%%o@p 30%" lg—éﬂy?’dffo ?‘@tﬁﬁﬁ(ﬁ’o@@ﬁﬂaldehyde

npoun )" 3, 4-Di net hoxybenzal dehyde

(O.éﬂ-é¥)ﬁgsfﬂ¥%é%d%ed by use of 2-methoxyethoxymethyl
chloride (0.50 g) in accordance with {production process 1),
to thereby produce an MEM form (0.97 g, yield: 95%) . The
resultant MEM form (944 mg) and 3,4-dimethoxybenzyl cyanide
(673 mg) were subjected to condensation in accordance with
process B of (production process 2}, to thereby produce (2)-
2-(3,4—dimethoxy-phenylj—3—[3—(2-methoxy—ethoxymethoxy)—4—
nitro-phenyl]-acrylonitrile (515 mg, yield: 34%). The thus-
produced (Z)—2—(3,4—dimethoxy—phenyl)—3-[3—(2—methoxy—
ethoxymethoxy)—4—nitro—phenyl]—acrylonitrile (350 mg) was
subjected to deprotection in accordance with (production
process 3), to thereby produce the target product (267 mg,
yield: 97%).

Yellow-orange crystals, MS (ESI, m/z ): 325 (M-H), ‘g-

NMR (CDC1ls) & 3.95(3H, s), 3.97(3H, s), 6.95(1H, d, J=9Hz) ,
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di met hoxybenzyl cyanide (1.07 g) were subjected to

condensation in accordance with process A of

(production process 2), to thereby produce the target

product (1.75 g, vyield: 89%. Pale yellow crystals,

M5 (APCl, mz ): 326 (MH), "HHNWR (CDC13) S 3.93(3H

s), 3.95(3H, s), 3.97(3H, s), 3.98(3H, s), 6.91(1H

d, J=9Hz), 6.93(1H, d, J=9Hz), 7.13(1H, d, J:ZHZQJi
7. 1670130 H, BRH=21L 30HAH, AB5IHEHS) SHElae(hd ! gl s) -

J=2Hz, 9Hz), 7.67 (1H, d, J=2Hz) Production of
7.5 Q1 3-dB- alri it pHaail ) - -8 W didet Freslz) » 8-12(1H, d,

phenyl)-acrylonitrile (conmpound 57) Conpound 33 (1.80
J=9HRY) was di ssolved in acetic acid. Zinc powder was

added to the resultant solution, and the resultant

m xture was stirred for four hours. The m xture was

concentrated to dryness under reduced pressure,
produtt iowe b by(Z)ptd+ €3 chtdiome hoxmehetyh s3t (£2Bgel

colum, to thereby produce the target“géogéﬁi (1.30
mal gt et vit - 18oeny1 PR @ XA b B § st GPRPOWRY ( ., mz)

. 281 (M+), "HNWR (CDC13) S 3.81(2H, brs), 3.93(3H,

s)CoBpOtdH §J91 6ngh(1as dhgaolyedign afptoppy)and o-D-

6.92(1H, d, J=9Hz), 7.13(IH d J=2FB% 7'15bt8 (1.11
acetphugmepabjotmiost 1{i1 gl glogpd Potagtiyp GafPYRsEg -

9Hz), 7.26 to 7.28(1H, .. 7-34(1H, s)_63, Produgction
9) 4 I9EG A0 Gt HOALE B s S5pnc  Font G ad By

net hoxy- et hoxynet hoxy) - phenyl ] - acr nitrile nd
boi%ﬁggﬁ%%&}&%r §|ag$%%%eg?ayyaid n1¥£ uﬁ&ék v£889889

. 3-fluorq-4-hydr benzal dehyde _ (3,92 refect£dion,

stingiide. gho BATIEAT A2 Rl S Gt £ion

ccordance w th. (pr i ce )ehud Of i EeL £y
ro RERRE Sardem oR A beREe BE P e T
product was washed with chloroform and mixed with the above-
obtained filtrate, and the resultant mixture was concentrated
to dryness under reduced pressﬁre. The resultant residue was
purified by means of silica gel chromatography employing a
chloroform/methanol system. The thus-purified product was
suspended in anhydrous methanol, and 28% NaOMe was added
dropwise to the resultant suspension, followed by stirring at
room temperature for 0.5 hours. Water was added to the
resultant reaction mixture, and the mixture was neutralized
with an ion-exchange resin (sulfonic acid-*H type). The
resin was removed through filtration, and the mixture was
concentrated to dryness under reduced pressure, focllowed by
purification by means of silica gel chromatography employing

a chloroform/methanol system, to thereby produce the target

de

product (368 mg, yield: 17%).
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resultant MEM form (4.98 g) and 3, 4-di net hoxybenzyl
cyanide (3.87 g) were subjected to condensation in
accordance with process A of (production process 2),
to thereby produce the target product (6.55 g, yield:
78% . Pale yeIIom;crystaIs, M5 (APCI, nmlz ): 284 (M
CH20CH2CH20CH3) , ' H- NMR (CDC13) 8 3.38(3H, s), 3.56 to
3.60(2H, m, 3.87 to 3.91(2H_m, lyp_
3Ped(aeldpy EroFtaS dMS J1ERT) m/%%lz %1%"%%2»%)
7.24(1H, dd, J=2Hz, 8Hz), 7.30(1H,_ t,

NMR (DMSOCH4) 83, 07.(58¢ 1K, daoHat2ms . 26HdH, 7ld60(J)I|4IHde9HZ)’
J=2Hz, 12Hz) Production of

3.81((2/, 2503, 4- &Grfé%oﬁy-rp#en%?l (LH3. Ga. fFifdiag-ra.0- 06 (1H, do

hydr oxy- pheny acr \ onltrll co ) 0
J8H@8(6§'@(§’dﬁw&% tred?t@(dé‘p gﬁeg{wgﬁ% PR, a,
accordance with (product|on pr cess by
J=9Hghoddo@! e Gshgel-25tod Gtz (4, 44 gL 3%/ A thbg{}a% Paite
yell ow crystals, NS (APCl, mz ): 298 (MH), 1H NWR
s), (GG @HeoshDYWH) 93(3H s), 3.96(3H, s), 6.93(1H d,

J=8Hz), 7.01(1H, t, J=9Hz), 7.12(1H d, J=2Hz),
7.22(1H, dd, J=2Hz, 8Hz), 7.32(1H, s), 7.51(1H, dd,

erodpeiio i s S e fﬁﬁ'lf%%%ﬁ Dby o

et e e AT B0 GOy 80) Corpound
ettt f‘s‘?}??ﬁ%tﬁ? ow%z{ﬁouér) L#0g SebyYh 00z cenya

(ot B TGRS R Feell Ca prRRlar g e

enl R0 LIS Mral e acd BEaLiesul LAOL (SELUAL eRoNasruBebedl)

and the thus-obtained

to thereby produce an MEM form (660 mg, yield: 72%). The
resultant MEM form (650 mg) and 3, 4-dimethoxybenzyl cyanide
(500 mg) were subjécted to condensation in accordance with
process A of (production process 2), to thereby produce (Z})-
2—(3,4—dimethoxy—pheny1)—3—(3—fluoro—z—methoxyethoxymethoxy—
phenyl)-acrylonitrile (680 mg, yield: 58%). The thus-
produced (Z)—2—(3,4—dimethoxy—phenyl)—3—(3~fluoro—2-
methoxyethoxymethoxy—phenyl)—acrylonitrile {670 mg) was
subjected to deprotection in accordance with (production
process 3), to therey produce the target product (140 mg,
yield: 29%).

Pale yellow crystals, MS (APCI, m/z ): 300 (MH*), ‘H-NMR
(CDC1s) & 3.93(3H, s), 3.96(3H, s), 6.92(1H, d, J=9Hz}, ©6.93
to 6.99(1H, m), 7.12 to 7.17(1H, m),7.18(1H, d, J=2Hz),

7.30(1H, dd, J=2Hz, 9Hz), 7.80(1lH, s), 7.93{1H, d, J=8Hz)
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aqueous | ayer was freeze-dried, to thereby produce the

target product (112 ny, yield: 97% . Pale yell ow

crystals, Ms (ESI, mz): 360(M2Na+H ), 1H NVR(D20O

53.71(3H, s), 3.75(3H, s), 6.88(1H, d, J=8Hz),

6.99(1H, d, J=2Hz), 7.07(1H, dd, J=2, 8Hz), 7.22(2H,

d, J=8Hz), 7.43(1H, s), 7.70(2H, d, J=8Hz) Production

of 4-[(2)-1-cyano-2-(3, 4-di net hoxy-phenyl) -

vi nyl ] phenyl acetate (conpound 61) Cbnpound 48 (1.41

g) was acetylated with acetic anhydr| q pyridine
Produrtdedorcdanded w3k ssustr d]rré’r%m‘-ﬂ%torﬁd’ n"t her eby

produce the target(yroduct (1.52 g, yleld. 949 . Wite
acrygropsittalid.e MSqmERgn 324 (MH), 'HNWR (CDCL3)

FEENN DRI P S

7.42(1H s), 7.67(2H J=okz), 7. 7U(1H. d, J=2He)
dimegmhoprdnay lorexgnide (1. 07 g) wére subjec ed'td

(2)-2-(3, 4- dlnethoxy henyl ) - 3- (4 for

qﬂf&am)mholrrwcﬁﬁ%ql@ e&aﬁ% 6F (production

4- Di ethoxynethyl ben al 4.16 and
proghifethoxylfenZiic & 5%(9 5@%)‘:%? s%?%%?é o> 9

. _condensation in accordance with process A of
yieldy cﬁﬂﬁh1on process 2), to thereby produce
(Z (4 d et hox

4CH¥%E?ﬂ%xyMihé% ?} é%{ylcnl 2P, M?6 51H PR
CD(?J@d%ephg;gﬁgtnﬁ The GhysyProduced dfhr,3s), 3.98(38, ),
6. 95{‘1‘3&‘“3 Ziddr ére%‘ﬁe%(ha%el”éfléﬂé‘?rybOEJBMH' eq( 13841z) ,

and Wwat er and

7. 2{@11{ urd e afif’ﬁé"er§azf‘dd‘?d3$@1ﬁhesfeSW§@anEOHatI 0a2Hz,

owed by StTirrin to thereby produce t he target
r d: 82% . Pale yellow crystals, M
9HZPA%% nﬁ- &, Ggedh ), 1H NMR

Production of (Z)-3-(3-amino-phenyl)-2-(3, 4-dimethoxy-
phenyl)-acrylonitrile (compound 57)

Compound 33 (1.80 g) was dissolved in acetic acid. Zinc
powder was added to the resultant solution, and the resultant
mixture was stirred for four hours. The mixture was
concentrated to dryness under reduced pressure, followed by
purification by use of a silica gel column, to thereby
produce the target product {1.30 g, yield: 80%).

Pale yellow crystals, MS (APCI, m/z ): 281 (MH'), 1H-NMR
(CDC1ls) & 3.81(2H, brs), 3.93(3H, s}, 3.96(3H, s}, 6.75(1H,
ddd, J=1Hz, 2Hz, 9Hz), 6.92(1H, 4, J=9Hz), 7.13(1H, d, J=2Hz),
7.15 to 7.19(1H, m), 7.23(1H, d, J=9Hz), 7.25(1H, dd, J=2Hz,

9Hz), 7.26 to 7.28(1H, m), 7.34(1H, s)
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(CDC13) S 3.95 (3H, s) , 3.98 (3H, s) , 6.95 (1H, d,
J=9Hz) , 7.17(1H, d, J=2Hz), 7.32(1H, dd, J=2Hz,
9Hz), 7.48(1H, s), 7.97(2H, d, J=9Hz), 8.02(2H, d,
J=9Hz), 10.06(1H, s) Production of
4-[(Z2)-1-cyano- 2- (3, 4-di net hoxy- phenyl ) -vinyl] -

2- et hoxy- phenyl acetate (conmpound 63) Conpound 11
(1.30 g) was acetylated with acetic anhydride and
pyridine in accordance with a customary nmethod, to

t hereby produce the target product (1 19 a
b ORI O ANEL 4207t b - AR BHeR L) S50 THjoo-4- (2

IHNVR (CDC13) S 1.44(3H,_t, J= 7FE
meth@xyﬁgﬂhggymethgxgj@yhééml qukgq1§f1 {%BMpéaﬁd 58)
6.93(1H, d, J=9Hz 7.11 13
Jﬂré)hydzozﬁ(lmr%ua e fllswzq 4- W@Q*We%éagdﬂde
8Hz), 7.37(1H, s), 7.69(1H, 2Hz) 66 Producthp of
(3.9 [()Z)as W&’ﬁ@—czle(@kmdﬁ%t% ‘%ﬂw‘izﬂﬁ%ﬂ

2-fl uoro- phenyl acetate_ (compound oun
Chlo(lllei) P- Ahay) adidt \AGKAIRTh e |(:p")°a‘ﬁﬁ Cfrbep%%%ess 1)

B TGP L
e S A L S B A e
(3.8 97% %Qr%)supj%%”éﬂﬁ zéﬂxﬁ? HEeids ! r(lg%_ﬁéjrd%nég%)uth
proqer%%dﬂc?qz%;%ﬁ?oggétldn M rocdsd BH £ G0 nd78bY pldlBde the
tarqf iAo ity o w %t o (ebiborntl b5 Compound 15 (1. 20

e 35S ST R e s 2o e
cr, o AHSSH OF, AL 9k PrOAKSY) (- 3273553(3})" elf: 938%.to 3.60(28H,
m), 3.87 to 3.91(2H, m), 3.93(3H, s), 3.96(3H, s), 6.92(1H, d,
J=8Hz), 7.12(1H, d, J=2Hz), 7.24(1H, dd, J=2Hz, 8Hz), 7.30(1lH,
¢, J=9Hz), 7.31(1H, s), 7.56(1H, dd, J=2Hz, 9Hz), 7.60(lH, dd,

J=2Hz, 12Hz)

Production of (2)-2-(3,4-dimethoxy-phenyl)-3-(3-fluoro- 4—
hydroxy-phenyl)-acrylonitrile {(compound 59}

Compound 58 (6.00 g) was subjected to deprotection in
accordance with (production process 3}, to thereby produce
the target product (4.44 g, yield: 96%).

Pale yellow crystals, MS (APCI, m/z ): 298 (M-H), -
NMR (CDC13+CDsOD) & 3.93(3H, s), 3.96(3H, s), 6.93(1H, d,
J=8Hz), 7.01(1H, t, J=9Hz), 7.12(1H, d, J=2Hz), 7.22(1H, dd4,

J=2Hz, 8Hz), 7.32(1H, s), 7.51(1H, dd, J=2Hz, 9Hz), 7.69(1H,
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VWhite crystals, M5 (APCl, mz ): 352 (MH), 1H NWR

(CDC13) 8 2.34(3H, s), 3.89(3H, s), 3.94(6H, s),

6.87(2H, s), 7.22(2H, d, J=9Hz), 7.43(IH s),

7.91(2H, d, J=9Hz) Production of ethyl

7-14-[(2) - 2-cyano- 2- (3, 4-di net hoxy-

phenyl ) - vi nyl ] - phenoxy] - hept anoat e (conpound 66)

Compound 1 (200 ng) was dissolved in dinethyl
dd, sifdixi de2Hz)and anhydr ous pot assi um car bonat e was

added to the resultant solution, followed by stirring

at roomtenperature for one hour. Thereafter, ethyl

7- br onohept anoate (169 ) was added 67 to the
ProduﬁimqnuﬁfrﬁoaQntﬁ-Eﬁﬁﬂ{%%£Yﬁ&91%é(%w&r%%m$?%ﬁﬁyﬁﬁkﬁnyl)'

pot assi um car bonate was separated through filtration,
vinynid piteny¥lesigdiam Bhasphate wecomeried $Hto i ce water.

Hydrochloric acid was added to the resultant m xture

sCempreendd] st l@hangbHied Bisapdvedennt ﬁEhﬁ?Qinur &°as

subjected to extraction wth chloroform twice. The
sodiak ie = e grat ordedyer Wae romishkdn i FRMBH AR and

then dried over anhydrous sodi um sulfatel. Tf}g s.odci um
follanqdiky velsl SekRg at@d 1hriRighs fi 1TSS EHy Hrd-ure

resultant filtrate was ¢concentrated to dr]\éness 8n?§én the

conGeath i Prie’d sIFEe s DI 1y BT eRr yRE QPP L L | ORS
resune GO Wt |G o geal B Wt e T el Gint
so1dtl ke acASier 1 SPuEf Lt pycer E g Sybporatned
B
progidti iy mdf Mo fa: J59EEN L 0P e oty Y 36(1 H
2??% 8?%;%"52(353}%?%%? gt K%%f"gﬁgfﬁ;f) R R A -
NMR {D,0) &3.71(3H, s), 3.75(3H, s}, ©6.88(1lH, d, J=8Hz),
6.99(1H, 4, J=2Hz), 7.07{1H, dd, J=2, 8Hz), 7.22(2H, d,

J=8Hz), 7.43(1H, s), 7.70(2H, d, J=8Hz)

Production of 4-[(Z)-1l-cyano-2-(3,4-dimethoxy-phenyl)-
vinyl]lphenyl acetate (compound 61}

Compound 48 (1.41 g) was acetylated with acetic
anhydride and pyridine in accordance with a customary method,
to thereby produce the target product (1.52 g, yield: 94%}) .

White crystals, MS (APCI, m/z ): 324 (MH'), 'H-NMR
(cDCls) & 2.33(3H, s}, 3.95(3H, s), 3.98(3H, s), 6.93(1H, d,
J=8Hz), 7.18(2H, 4, J=9Hz), 7.35(1H, dd, J=2Hz, 8Hz), 7.42(l1H,

s), 7.67(2H, d, J=9Hz), 7.71(1H, d, J=2Hz)
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phenyl 8-bronp-octanoate (conmpound 67) Conpound 1
(1.41 g), 8-bronpoctanoic acid (1.78 g), and

p-tol uenesul fonic acid (1.90 g) were dissolved in
toluene, and the resultant solution was refluxed for
10 hours. The resultant solution was concentrated,
and then purified by neans of silica gel columm

chromat ography, to thereby produce the tﬁrg t %%QQUCt
Prod8tigngofyil8) d2-34% - déBebhpE yyeheswLd ryst'dr£oF

(APCI, mz ) : 486 (NH4), "HHNVR (CDC13) 6 1.35 to
phen¥15566Hylopittiz4 t(eomp@2LAHS2) , 1.84 to 1. 92(2H,

m, 2.59(2H, t), 3.42(2H, t), 3.93(3H, s),c§.96_(3H,

s Yi-D6.e3BoKmed h yi=gigriza lpebace, (4,19 -DHARd 2/19( 2H,

d, J=OHz), 7.26(1H dd, J=2Hz, OHz) 7 41(1H s),
dimePho@ybenzyl cyagkgl Floddcdioiegre subjected to

(Z) - 3-(3-am no- phenyl)-2-(3, 4-di net hoxy- .
condehenaydipnadny laesiomdanseh RrSGess (e SHpol@BHt1on

Compound 57 (500 ng) was suspended in, hydrochl gric _
procasisd 2)(1.tp e‘&.e)r,ebamnrﬂdzucm d)?dﬁé—ahgd’d&c%qu?ﬁﬂe? hé’clvvelre

added to and dissolved in the resul tant, usgfqﬁi%g.
phenpre T2esid i netdsety ah eR W e WAL D rated t

dryness under reduced E%ess %EL f ol | one
r

vieldsciBpftal | That FBRSPEOHHERED 3adééd%ehé‘%¥‘a(?§$€1yl‘
eherbpa o P R e (B S5 £S5 b e
diss?l’zrgp:(gca%?n( Frtidial S )"v'fat.d/é_%grfﬂzi%’ srgl:%%y alidwere
adde;; P Dy Sf0 U oS, Ao PAGHED BY ddeidr 861 Heo
eSS R Pt o ol 2

69)_ COMpOpNs, 74, 449 00) u¥asapE$S0hy gd) i n26k hamat ), angNMR
(CDCls) & 3.95(3H, s}, 3.98(3H, s), 6.95(1H, d, J=9Hz),
7.17(1H, d, J=2Hz), 7.32(1H, dd, J=2Hz, 9Hz), 7.48(1H, s},

7.97(2H, &, J=9Hz), 8.02(2H, d, J=SHz}, 10.06(1H, s)

Production of 4—[(Z)—l—cyano—2—(3,4—dimethoxy—phenyl)—vinyl]—
2-ethoxy-phenyl acetate (compound 63)

Compound 11 (1.30 g) was acetylated with acetic
anhydride and pyridine in accordance with a customary method,
to thereby produce the target product (1.19 g, yield: 81%).

White crystals, MS (APCI, m/z ): 368 (MH'), 'H-NMR
(CDCls) & 1.44(3H, t, J=7Hz), 2.34(3H, s), 3.94(3H, s),
3.97(3H, s), 4.16(2H, g, J=7Hz), 6.93(1lH, d, J=9Hz)}, 7.11(1lH,
d, J=8Hz), 7.13(1H, d, J=2Hz), 7.26(1H, dd, J=2Hz, B8Hz},

7.31(14, &, J=2Hz, 8Hz), 7.37(1lH, s), 7.69(1H, d, J=2Hz)
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sodi um et hoxi de was added to the resultant sol ution,
followed by stirring for 12 hours. The resultant

m xture was concentrated to dryness under reduced
pressure, and then dissolved in water. The resultant
sol ution was washed wth 69 ethyl acetate, and the
resul tant aqueous | ayer was freeze- dried, to thereby
produce the target product (130 ng, yield: 98%. Pale
yell ow crystals, M5 (ESI, nlz): 390(M 2Na+H ), 'H

NVR(D20) 83.64(3H, s), 3.67(3H, s). 3.69(3H . }
Prod@cg3nHofd 4- [J((:?@ FA)-CYerg7eTH 3 ¢~ C’?}Ffﬁi%}?"(ﬁ H?f(%’ﬁ) Jgrvi
J=2, 9Hz), 7.14(1H, dd, J=2, 9Hz), 7.36(1H, d,
2-flpegiarphepvioepatade (Foapetnd #4)° 3=2Hz) Production of

nono- (4-[(2) - 2- cyano- 2- ( 3, 4- di et hoxy- phenyl ) -, .
viGaagowtemA ) { lohds phate g %)“chﬁekh-p%%%%li (100
ng) and 4- (di met hyl am no) pyrj di ne (. )
anhydirssts) ol Ry THeBhi i ﬁCqufﬁ%‘CL% ,Vslgﬂhr%]h%‘#e{c:"g% e
-10C. Subsequently, carbon tetrachl ori 17]. . by
to tdianedpr ARARIIR IR e 9 FLSO‘{/%% Q%a%% (%’o }?jhéelc}” W)
resultant solution, and th e nt_ni Xt ur - -
G5 Frad Tor ol Phaah St ahertar TArCTa Bl Shbonn (o
(117 L) was added to the m xtuyr fol | owed
), SNV HGDESe) 18 ol S5 at tor S cHRBPB Bhe 91 o7 St i Sh
0.5 M potassi um di enpho S d 4o giber),
6.93 &dln tntIT R 4gﬁhﬁgQﬁ%ré?'£ﬁ¥ﬁ%§hm@h%%ggﬁhn?h %thy?)
cetate. The resultant. o I C e stgoncent il ed) ,
7'2fbm'dr‘§’ne‘g"s de %g’du%é%gg%’ss%?éﬁf%\?l 1(:)g/ed byk I
(ficatior of silica gel chronatography
7‘7£@’0y %’g g"nmg%'l of@?%’rsm nmet hanol system The
thus-purified product was dissolved in
di chl or onet hane, and bronotri net hyl sil ane was

Production of 4—[(Z)—Z—cyano—Z—(B,4,5—trimethoxy—phenyl)—
vinyl]l-phenyl acetate (compound 65)

Compound 15 (1.20 g) was acetylated with acetic
anhydride and pyridine in accordance with a customary method,
to thereby produce the target product (1.27 g, yield: 93%).

White crystals, MS (APCI, m/z ): 352 (M-H), lH-NMR
(CDC13) & 2.34(3H, s), 3.89(3H, s), 3.94(6H, s), 6.87(2H, s},

7.22(2H, d, J=9Hz), 7.43(1H, s), 7.91(2H, d, J=9Hz)

Production of ethyl 7—[4—[(Z)—2—cyano-2—(3,4—dimethoxy—
phenyl)—vinyl]—phenoxy]—heptanoate {(compound 66)

Compound 1 (200 mg) was dissolved in dimethyl sulfoxide,
and anhydrous potassium carbonate was added to the resultant
solution, followed by stirring at room temperature for one

hour. Thereafter, ethyl 7—bromoheptanoate (169 mg) was added
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added to the resultant solution, followed by stirring
at 0OC for two hours. After conpletion of reaction,
wat er was added 70 to the resultant reaction m xture,
and the m xture was stirred for one hour. The
resultant m xture was washed with ethyl acetate, and
the resul tant aqueous | ayer was freeze- dried, to

t her eby produce the target product (103 |eId
to BEresBdlanty @ipdwiGy &l Lo ieEdte %g The

M H H  NVR( DMSO- d6) 83. 81 3H
pota%s@g{n%]_ma@on\p&:@gﬂas s;ep)zzg{aiq_qa ( Cﬁ%—lzg Jgﬂ(za)tl_&o 'and the

7.30(2H, d, J=8Hz 7.31(1 d, J2Hz 7. .
reswltggéupflld:rajggpﬁa;s %&éq:_lbrh cbfice wateéer. %Sy(d]i:'alchﬁ) ric

nono-{4-[(Z)-2-cyano-2-(3, 4- dlnethoxy hen

acid/inas Ja %t%%w%r@wt%%w? %%ﬁ%g A§just the
PH'éggyﬁggd ;ﬂgé%ﬁvéﬁl?ﬁgg%gédg$gfg? ) ?grandpgﬁéébn
o ki TR S
washgl wiih rogRor A6 HitR 3t %‘ﬁﬁ?%%?t%nsﬁ’%*f%@nzg%é%e

wor ELESEAR, CLLEL) o e 1 LI LU ol 96t on
and ;tgtg%glré)%ul‘f%tl\%ﬁ tas %UQ%%LEXHEQQEP?PQEpPBt 8r éss under

iron mxture, and then

d th eth
redw%%fpg\%méslé%%teﬁ?+ &e&a]g g@?g&@§ﬂhiQQElBﬁgaBthhereby

ryn ss under reduced

pro %ﬁ(:egs %ng%g%%a\gﬁgogﬂcﬁurbﬁbcﬁﬁ' oglgid means of silica

oyl n I or of or mf met hano

Y SR sTE p ILsR DUELRLEd P Rk ouasn d) saoueat o T
et PebBE, ) 654! LAt oL ut k.09, f Ol | o¥ede By skbiBHNIm®] OC 46
to 1.55(2H, m), 1.63 to 1.71(2H, m), 1.78 to 1.86(2H, m),
5.32(2H, t, J=THz), 3.93(3H, s), 3.96(3H, s), 4.02(2H, t,
J=7THz), 4.13(2H, q, J=THz), 6.91(1H, d, J=9Hz), 6.95(2H, d,
J=9Hz), 7.13(1H, 4, J=2Hz), 7.23(1H, dd, J=2Hz, 9Hz), 7.36(1H,

s), 7.85{2H, d, J=9Hz)

Production of 4—[(Z)—1—cyano—2—(3,4—dimethoxy—phenyl)—vinyl]—
phenyl 8-bromo-octanoate {compound 67)

Compound 1 (1.41 g), 8-bromooctanoic acid (1.78 g), and
p-toluenesulfonic acid (1.90 g) were dissolved in toluene,
and the resultant solution was refluxed for 10 hours. The
resultant solution was concentrated, and then purified by

means of silica gel column chromatography, to thereby produce

oo

the target product (0.72 g, yield: 34%) .
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71 for two hours. After conpletion of reaction, water
was added to the resultant reaction m xture, and the
m xture was stirred for one hour. The resultant
m xture was washed with ethyl acetate, and the
resul tant aqueous | ayer was freeze- dried, to thereby
produce the target product (119 ng, yield: 85%. Pale

yel l ow crystals, Ms (ESI, mz 390(I\/H—I- 1
VR DVEE He)w 63 81l@ks , 995 BAREY MY %)) ! 3388%(5@ JH-NMR
7.08(1H, d, J= 9Hz) 7.26(1 H, dd, J=2Hz, 9Hz)

(CDCTL53361H. 38, td=2Ha} (6H7. #2( 1M, 74, to= @Hﬁ? 2H, 48) 111 -84, to
J=2, 9Hz), 7.66(1H, d, J=2Hz 7. 93 Produgtj on

1. 921N 18- ,[22-<:539ah?di,2 )3, 42 i AEtthox h‘é 3‘%4 % $8" 3w,

phenyl ] - acet am de (conpound 72 ound
s), Vias9 htEly |t etF M2 atekd E:lH:arﬂ)‘vyd?Tng%z md;p%/é F%il’ne in
accordance with a customarg nmet hod to ther,g Yo (2H. d
T=9H% odut e § Hdl t et TpHbBuCIET 48 hofl {18t o) g4hy0 (2H, d.
Slightly yellow crystals, M (ESI, n12 ) 323 (M),
J=9H# NWR (CDC13) S 2.21(3H, s), 3. 93(3H, s), 3.96(3H,
s), 6.92(1H, d, J=9Hz), 7.14(1H, d, J=2Hz), 7.25(1H,
dd, J=2Hz, 9Hz), 7.40(1H, t, J=8Hz), 7.41(lH, s),

Prog#gééégﬂﬁgrg%) g 61(§$gngrggeny§)o%(%gl4br3%ethoxy—
phety b TRopy abES1 1= PRERSTFERET §oni ¢ PP RLotbbund 73)
BRI 04 19000 A1 248 BRI SEbPUL b0t aci
L BRI 1R A PR el R o anc
dlssgfvegSU|t€Q rggﬁiﬁgﬂtngégﬂéﬁ51on The resultant
reaction mixture was concentrated to dryness under reduced
pressure, followed by recrystallization, to thereby produce
the target product (550 mg, yield: 97%).
Pale yellow crystals, MS (APCI, m/z }: 486 (MH"), 'H-NMR
(DMSO-d6) & 3.82(3H, s), 3.86(3H, s), 7.09(1H, d, J=SHz},
7.21(1H, brd), 7.28(1H, dd, J=2Hz, 9Hz), 7.36{1H, d, J=2Hz},

7.49(1H, brt), 7.60(1H, brd), 7.64(1H, brd), 7.96(1H, s)

Production of mono~{4—{(Z)—2—cyano—2-(3,4—dimethoxy—phenyl)—
vinyl]-2-methoxy-phenyl} sodium phosphate (compound 69)
Compound 71 (119 mg) was dissolved in ethanol, and
sodium methoxide was added to the resultant solution,
followed by stirring for 12 hours. The resultant mixture was
concentrated to dryness under reduced pressure, and then

dissolved in water. The resultant solution was washed with

69



was concentrated to dryness under reduced pressure,

followed by purification by neans of silica ge

chr omat ogr aphy enpl oyi ng a chl or of or m et hano

system The thus-purified product was dissolved in a

pyridi ne-acetic acid (4 : 1) solvent m xture, and

zi nc powder (140 ng) was added to the resultant

solution, followed by stlrrlng for t ours. B
ethydomgledtiten oncr dher TesultRe éé?metoélrﬁmqfaé’ V6P euzree

was concentrated to dryness under reduced @éﬁesure 14:
driefdg| [towddie e Yp PEOKUES: ithe hR e g, 'yleld:

chr omat ogr aphy enpl oyi ng a chloroforninethano
8%)system to thereby produce the target product (83 ng,

%%%Meoloqu Pal e yel | ow cré%gt al ?IE‘B/I—F BEE%(I‘@E%@_]‘H §)’

4.98(1H, d, J=THz 7051HdJ9Hz 7.14(2H
NMR { £§9Hz§3 B423AAHsS) 23Id3 ﬁitﬁéq SOHZ P 6?‘?5(1% % §3éi|§)

85(1H, s) 7.88(2H, d, 9 u 0 f
3—9}@)Irpr§orﬁc &bi ¢ rrtﬂgﬂ?ﬁﬁl? '[ (72)02%1?%/' n%? “%35’4[‘9}9 o 7-14 015,
di met hoxy- phenyl ) -vin I}
dd, et KHZmoni A 1kl I (%P und (7339‘% rgund 13580 &
nq was suspended in chloroform (10 nL), and
J=2h7lj ethylam ne (516 L) and sul fur trioxide-pyridine
conpl ex (588 ng) were added to the resultant
suspension fol | oned by stirring for two hours. After

Proqﬂ letuﬁgénédhcg t¢g§e1 ;%Li%n%n er r%%ﬂ%é%henyl)

: res u fallo | by 73 means of
vin §5I§Qﬁ o ograg(éf#{/ﬂ1 oy?ﬂg a

f m 1 e
C*Erog foo%gﬂog‘eg@@qg%ﬁyéﬁe% taltee@gbapgﬁgﬂygel ghge (5

mg) Cré/rtaA1Ssol\§re(cF81n arl]gégonlépj%evl' %éﬂsﬁﬁ’i\“" and then cooled

to -10°C. Subsequently, carbon tetrachloride {171 uL) and
diisopropylethylamine (129 ulL) were added to the resultant
solution, and the resultant mixture was stirred for 0.5 hours.
Thereafter, dibenzyl phosphite (117 pL) was added to the
mixture, followed by stirring for 12 hours. After completion
of reaction, 0.5 M potassium dihydrogenphosphate was added to
the resultant reaction mixture, and then washed with ethyl
acetate. The resultant organic layer was concentrated to
dryness under reduced pressure, followed by purification by
means of silica gel chromatography employing a
chloroform/methanol system. The thus-purified product was
dissolved in dichloromethane, and bromotrimethylsilane was
added to the resultant solution, followed by stirring at 0°C

for two hours. After completion of reaction, water was added
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"H NMR(CDC13) 51.29(9H, t, J=7Hz), 3.18(6H, dd, J=7,
15Hz), 3.86(3H, s), 3.90(3H, s), 7.01(1H, d, J=9Hz),
7.27(2H, m, 7.39(2H, d, J=9Hz), 7.69(1H, s),
7.90(2H, d, J=9Hz) Production of
(2)-2-(3, 4-di met hoxyphenyl ) - 3-[ 4- (6- phospho- P-
D- gl ucopyranosyl ) - phenyl ] -acrylonitrile sodi umsalt
(conpound 75) Conpound 73 (83 ng) was dissolved in
to técharshltant reeditimmethdxirde wash ddgedirdylfe was
resultant solution, followed by stirring for 12
stirredr SorThmer sulrt.anThei xesnétaas voHEEAer ¥esdwaghed with
dryness under reduced pressure, and the resultant
ethyflr adiedtatwas adics $dley et sul teatteraqUESRLS daqrafas freeze-
sol ution was washed wth ethyl acetate, and the
dridusobmimdy aqeebies |Hyertarsett prodie | 3 Mg, yield:
t hereby produce the target product (81 ng, yield:
80%)20% . Pale yellow crystals, Ms (ESI, n12) : 522
(M2Na+H ), '"H NWMR(D20) 53.53(3H, s 58(3H E&[
3.86ld el gmerbelapmsy (ESL, gufaH  3§0 (47871
J=7Hz), 6.60(1H, d, J=9Hz), 6. 70(1H d, J 2Hzg7
NMR @MBL(AHG) dd,. 8142k, sOHz)3 - 86 (R4, 218,) d,7 SOt ob(°Hg) -
s), 7,43(2H, d, J= 9Hz) Pr oducti on of 1H, 4
7. 25 @H 2B, 4=BHeet HELE)-phbmA §25. (. Hfidgl. 57+ 31 '
nitro- henyl)-acryl on|tr|Ie (co nd 76) 74 The
J=2H@)dr 075(yﬂ8 grbupsof -3 o 2 n%) %&Denzal dehyde (1.00
g) was protected by use of 2 nmet hoxyet hoxymnet hoxyl
chloride (0.75 g) in accordance with (production

prodidh ien asgrone-(Fbif 1z aﬁi °€%‘§§£”@E¥l%%g§ﬁ&% bfleny1) -
VlnlfU%%rf%%@%ﬂ%/éﬁpz%wa ce{\?msf(f](g@%r%\%&egﬁ JeCt -
(PEOGUELLE™ PEPEES F) anb04 L RSLALYNPIOAlYRS) £)§}1d1ne
mg) were dissolved in acetonitrile (700 uL), and then cooled
to -10°C. Subsequently, carbon tetrachloride (171 uL) and
diisopropylethylamine (129 uL) were added to the resultant
solution, and the resultant mixture was stirred for 0.5 hours.
Thereafter, dibenzyl phosphite (117 pL) was added to the
mixture, followed by stirring for 12 hours. After completion
of reaction, 0.5 M potassium dihydrogenphosphate was added to
the resultant reaction mixture, and then washed with ethyl
acetate. The resultant organic layer was concentrated to
dryness under reduced pressure, followed by purification by
means of silica gel chromatography employing a
chloroform/methanol system. The thus-purified product was

dissolved in dichloromethane, and bromotrimethylsilane was

added to the resultant solution, followed by stirring at 0°C
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2- (3, 4-di met hoxy- phenyl ) - 3-[ 2- ( 2- met hoxy- et hoxynet hoxy

)-5- nitro-phenyl]-acrylonitrile (330 ng, yield: 40%.

The thus- produced

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

et hoxynet hoxy) - 5-ni tro-phenyl]-acrylonitrile (200 np)

was subjected to deprotection in accordance with

(production process 3), to thereby %roduce t he targel joq
for pmsdiOULEE7 AfLeryconglesson o¥el Faf! 6Pé‘ngé’a&e§st 3Ps.

MS (ESI, mz ): 327 (MH), (.CDC13 S Q%SH
to td)e @S@H{t{ﬂﬂt $eadion fHXtdlreJ'-@-‘i%? theZ 1(1

J=2Hz), 7.32(1H, dd, J=2Hz, 9Hz), 1H, d,
stirzegs(fon ofe rewms( 1fhegdesylippt @Hﬁ‘) § lr@(slﬂaséle'azhlth

J=2Hz) Production of freeze-
ethy(lz)acg-t(aia& dinbt Hux yEgHeHAY t BRI UCTBISE Was

ni tro-phenyl)-acrylonitrile (conpound, 7
drieflFltifortdier el rossies detsy de? (D r?%ﬁd % gl}° mg, yield:

di met hoxybenzyl cyanide (532 ng) were subjected to
85%)condensation in accordance with process B of

bRl v b gy sh bt M0sE Sy aval | o Bringe + T
IR S @S SH %)L Gib7(BH, 3180 BIOS(IH, dr DGLORGy S+ -08 (1K,
@, &en i (aH THa, 49=ofe 050 o 555%1% 1R e
7. 4%;234}%(1{'3 ijrd%xﬁﬁét ﬁjgsz( g ehyﬁ’{i"dhm 'OQ roxy7466(lH, 4,
3285k oty GHaupt bt SCL%?Q;H'S (Smf’ﬁg‘x’yéiﬁzy‘ﬁehyde
(1.00 g) was protected by use of 2-
Production of N—[3—[2—cyano—2~(3,4—dimethoxy—phenyl)—vinyl]—
phenyl]-acetamide (compound 72)

Compound 57 (50 mg) was acetylated with acetic
anhydride and pyridine in accordance with a customary method,
to thereby produce the target product (48 mg, yield: 84%).

Slightly yellow crystals, MS (ESI, m/z }: 323 (Ma*), ‘H-
NMR (CDCls) & 2.21(3H, s),3.93(3H, s), 3.96(3H, s), 6.92(1lH,
d, J=9Hz), 7.14(1H, 4, J=2Hz), 7.25(1lH, dd, J=2Hz, 9Hz},

7.40(1H, t, J=8Hz), 7.41(1H, s), 7.52(1lH, brd), 7.61(2H, brd),

8.01(1H, brs)

Production of (Z)—Z—(3,4—dimethoxyphenyl)—3—{4—(6—phospho—B—
D—glucopyranosyl)—phenyl]—acrylonitrile (compound 73)
Compound 44 (100 mg) and (2,2,2-trichloroethyl)

phosphorochloridate (256 mg) were dissolved in pyridine (2
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met hoxyet hoxynmet hyl chloride (0.70 g) in accordance
W th (production process 1), to thereby produce an
MEM form (1.40 g, yield: 95%. The resultant MEM form
(1.45 g) and 3, 4- di nethoxybenzyl cyanide (1.00 Q)
were subjected to condensation in accordance with
process A of (production process 2), to thereby
produce (2)-3-]3, 4-di met hoxy- 5

mL) eatkbxhe HEE e i yIQ Rk W (%thr%%eft%x‘iﬂ%h%%%%

- acrylonitrile (1.60 |eId 71 e
Aftqqugp%%kﬁﬁkgﬁjq@érq&ctf%ny the resu Qtant reaction mixture

vos o b AR TR R e

subj ected to deprotectlon |n acc nce
by Rprbbicatinnh prodeeans)ol 1ot %%%r%%@ bt Ogﬂ%p?%rget

duct (0Q.74 | d: 569 . ht | Il

empjgi%lg(%gi(c}g’@qm( ‘rzt} (W iim %%ﬁ)rlfled
Proguap (Was U 3%019‘%‘; 1. @7%313111“3 éJa‘%ﬁiﬁ% a/‘?i%(ﬁ:::d??’

J=2Hz 7.24(1H, dd, J=2Hz, 9 7. 27 1H 72
501"?612*9(1‘)13}%‘“%6)(7%“%630%&?%‘1’3&%? "Hlao w8/ (Hb H20daZtH) ene

dj met hoxy- ph 4- -

resmé}#emwlbw’eq”& R e R T T
Aft? roﬁ%%'aboug?gzgéég%droxytgeo¥egufF£H9X¥Q§8§§BgeﬂYQ@ure

use

wa55§%$gé%etho Xynet g%¥§gégr'%§e£lrggﬁggd gréggﬁfganféllowed

CtIO ereb pro uce an

by zg%r M EOLIL3, 40, feci] JEﬁoxyﬁenzygggyéﬁ?ﬁégeg?’% form
emp 15 ¥ g b &6 gg%f& #RO0ERS8L1 9PstBmacesr gg@g@bgnybbo duce

roduction process 2), to there

th pg adet 3( 53 dhget hoxyad- (8s)
© oxyetﬁaxy%etﬁoxy)aghgnyl] 2- (3 4- dlnethoxy phenyl)
B Pale yellow crystals, MS (ESI, m/z): 522 (MH"), 'H-
NMR (DMSO-d6) 83.80(3H, s}, 3.83(3H, s), 4.98(1H, d, J=THz),
7.05(1H, d, J=9Hz), 7.14(2H, d, J=9Hz), 7.22(1H, dd, J=2Hz,

9Hz), 7.29(1H, &, J=2Hz), 7.85(1H, s), 7.88(2H, d, J=9Hz)

Production of sulphoric acid mono-{4-[(Z)-2-cyano-2-(3,4-
dimethoxy-phenyl)-vinyl]-phenyl} ester triethylammonium salt
{compound 74)

Compound 1 (100 mg) was suspended in chloroform (10 mL),
and triethylamine {516 pL) and sulfur trioxide-pyridine
complex (588 mg) were added to the resultant suspension,
followed by stirring for two hours. After completion of
reaction, the resultant reaction mixture was concentrated to

dryness under reduced pressure, followed by purification by
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acrylonitrile (3.53 g, yield: 65%. The thus-produced
(2) -3-
[ 3, 5-di net hoxy- 4- ( 2- net hoxyet hoxynet hoxy) - phenyl ]-2- (3
, 4- di met hoxy- phenyl)-acrylonitrile (0.35 g) was
subjected to deprotection in accordance with
(production process 3), to thereby produce the target
product (0.25 g, yield: 90%. Slightly yellow
meaner pat &lid,iaws o P&xrqmai)oqr@my(m 1oYifi§ aNVR( CDCL3)
63.93(3H, s), 3.97(3H, s), 3.97(6H s),. 6.92 (1H_d .
chlokodieryn/ e Lol sv's tREp HAR tﬂez-’zi%,P%Cﬁucﬁ 4§ F2GE
J=2Hz, 9Hz), 7.32(1H, s) Exanple 2: Establishnment of
prod8n-38tlredsimetarti 4849 L/d) - 1ine Human non-small cel |

| ung cancer A549 cell |ine was_ subcult at . 5% A

arkb BY oyl ars ec1of s o2 Ham 165 FEDL me‘ﬂ? b %ﬁﬂ‘%‘u fﬁ%‘jﬁ %) d

FBS, 100 U/ nL of penicillin, and 100§%{rrL of __
H-NMRHEPCABY 0d . A 098 FBS/ HEFTEZ Fr 13) 18 (& 38dr o375t ahtti2) -

A549 cell 77 lines were sel ected, by _subcul turl h
3.868UD Gold 319l &) okl Ui For Lua? Tt hs it | et

concentration of SN-38 contained in._th i was
7.39 [WhedbeITHA stepwt S mefiner (sgo (?%’ 1%’ %%n% )
Subsequently, the resultant SN 38-resistant A549 cell

lines were subjected to cloning by neans of |imting
dilution, to thereby establish six c 9n

d, SN 38- A
Produss kamm £ AbA9 Zel 3 47dHee Hhen PPy 13t &Z?Esi g’%?(%?x%]i’% P
3: Anticancer drug sensitivity. of . Ab49/ 38 a
DGl N e AP LS Ta ¢t MO LEEL Cpodpfinl S8 85 (compoun
A549/ SN-38-1 to 6 was suspended in 10% FBS/ Ham s
75) F- 12, and the resultant suspension was inocul ated

5 Saf T TR B LS 0RS  Shpp gt 5%
sodfﬁ%iﬁ§¥E§§igéu@aéna&ggﬁF§§/fﬁg1§e5ﬂigaﬁéosblution,
followed by stirring for 12 hours. The resultant mixture was
concentrated to dryness under reduced pressure, and the
resultant product was dissolved in water. The resultant
solution was washed with ethyl acetate, and the thus-obtained
aqueous layer was freeze-dried, to thereby produce the target
product (81 mg, yield: 90%).

Pale yellow crystals, MS (ESI, m/z): 522 (M-2Na+H'), -
NMR (D,0) 83.53(3H, s), 3.58(3H, s), 3.86(1lH, dd, J=6Hz, 12Hz),
4.01(14, m), 4.97(1H, d, J=7Hz), 6.60(1H, d, J=9Hz)}, 6.70(1H,

d, J=2Hz}, 6.81(1H, dd, J=2Hz, 9Hz), 6.94 (24, 4, J=9Hz),

7.06(1H, s), 7,43(2H, d, J=9Hz)

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

nitro-phenyl)-acrylonitrile (compound 76)
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was added to each of the wells, followed by culturing
at 5% CO2 and 37C for 48 hours. After conpletion of
culturing, the nunber of viable cells was counted by
use of a viable cell counting reagent [TetraCol or ONE
(trade nane), product of Sei kagaku Corporation]
according to the attached instruction manual. Table 2
and Fig. 1 showthe sensitivities of the A54 I

| e v richiey Ls it oABY GYESI—BY oMY 19 HEL R SIFA IsiRb Yde

anti cancer drugs. "1C50" corresponds to the
(1. 060K3 e masatiron egft edap Yamisiec ffc ér T $Yeth P3P *3dos
inhibition of cell growh. "Relative yesistance

chlovaldge"(0i.§ Solgt ailme dpp rdiadicdi i trhel AIGSHICHGN HFocess 1),
A549/ SN-38 cell line by the | C50 for th ﬁS%&ﬁéel
to thiemebyTheoghest én MY dora i Ve Y dst vaite, - t h8e
hi gher 78 the | evel of acquired resistance. Th ide
resuAS49/tSNERS foal (5fedig)esdiichid dr P FRAUPETRA %6t (oY
resistance to SN-38 and mtoxantrone, mhicq§%§§ BCRR
(3545 migst mestres SURISIGE S8 AR i OIS HERN AIFERHE I Iy
23456 ICBOC%/_HL (Rel ative resist ncek\)/al uedsgés ) -
pro@sFEL P @ 2Aroind:iry PIrEsFlo. 1P P 259 7
(7.7) (7.7) (7.4) Paclitaxel 0.0049 0.009 —5_
- (30 o i R SO0 T B Y (R § e ) -5
~(1.2) (1.4) Eoposide 0.90 0.27 0.80,1,6,3.D 2. . -
ni tyeyEenyil lo)aqry g {4 e (%37‘? ng, 1¥l%}‘ip|% - e thus
prodjﬁsde]a 1(62' )5—21—5(' 31, —7diome]tE}iogx}—6phSenyl) ~-3-[2~ (2-methoxy-
ethoxymethoxy)—5—nitro—phenyl]—acrylonitrile (200 mg) was
subjected to deprotection in accordance with (production
process 3}, to thereby produce the target product (87 mg,
yield: 55%}.
Yellow-orange crystals, MS (ESI, m/z ): 327 (M-H), lg-
NMR (CDCls) & 3.95(3H, s), 3.96(3H, s}y, 6.97(1H, d, J=9Hz},
7.31(1H, d, J=2Hz), 7.32(1H, dd, J=2Hz, 9Hz), 7.49(1H, d,
J=9Hz), 7.85(1H, s), 8.38(1H, dd, J=2Hz, 9Hz), 8.49(1H, d,

J=2Hz)

Production of (Z)—2—(3,4—dimethoxy—pheny1)—3-(4—fluoro—3—
nitro-phenyl)-acrylonitrile {compound 77}
4-Fluoro-3-nitrobenzaldehyde (507 mg) and 3, 4-
dimethoxybenzyl cyanide (532 mg) were subjected to
condensation in accordance with process B of {production
process 2}, to thereby produce the target product (485 mg,

yield: 30%).
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(0.8) (0.9 (0.8) (0.9) (0.9 (0.9) 5-Fluorouracil
2.1 4.31.30.690.91 1.7 1.0 (2.0) (0.6) (0.3) (0.4
(0.8) (0.5) Gentitabine 0.0090 0.0039 0.0053 0.0040
0. 0032 0.0040 0.0040 (0.4) (0.6) (0.4) (0.4) (0.4
(0.4) Doxorubicin 0.10 0.19 0.14 0.12 0.22 0.057 0.049
(1.9 (1.4) (1.3) (2.3) (0.6) (0.5) thwdn(:Oll
0.13 0.11 0.0029 0.15 0.11 O. 047 (1 2) é% Qﬁ ﬁ) 13-
(1e4}ow1003ng0. aYYSERARDI ¥S 4 ERF Zah 9
A549/ SN- 38 cel | line RT-PCR was perforned for B
NMR a0BCyZi g 3196 @thr edsi @119(7f(3HTRI\34\rof6a9 (g 4, J=9Hz),
transporter in the A549 cell line, i X E%% SN— 8
7.14¢EH} @i nés2Hahd RuAfhlBr eddt Ea%gér Y7 def I g,

which is known to express BCRP. Th t al
7.41é¥Hraddede9Hﬁrcépﬁé?by8u§é 5P QnBENiﬁexPPac? ggﬁlH’ dd,

reagent [|SOGEN (trade name), product of N ppon Gene
J=2Hgp. JHEYd.], and RT-PCR was performed by use of an

RT- PCR reagent [Ready To Go RT-PCR Beads (trade

nanme), product of Anmersham pharmacia biotech] and a
thermal cycler [iCyc

ade a1 yREoduct -
ProdBroi RADPE é@éo?d|§g4fglpéékgﬁya8 blﬁgtrﬂgtl g%o &ual5
_ gtotal RNA: 0.5 sul t ant Pgﬁ pisQduct was
dime DEF§EP§8nY%é‘éFg§9P %5?3§| cﬁgpﬁse of “2% agar ose
gel, and the st ai ni eth| wn brom de,
f dPrORYE IO Y, eﬁ%@?ﬂb %%f—§¥§r G+ a tranS|IIun1nator

I d p
om0 S O R TR S e

R ts (t 1 ¢
methgrq e NoR LY o il ST, & AR Gt A
(proﬁﬁg%{opagj%g%‘é%t qfy Appl il BirRSyHRARle 36 MUEM NGO (1.40

g, yield: 95%). The resultant MEM form (1.45 g) and 3,4~

dimethoxybenzyl cyanide (1.00 g) were subjected to

condensation in accordance>with process A of (production
process 2), to thereby produce (7)-3-[3, 4-dimethoxy-5- (2~
methoxyethoxymethoxy)—phenyl]—z—(3,4—dimethoxy—phenyl)—
acrylonitrile (1.60 g, yileld: 71%) . The thus-produced (Z)-3-
[3,4—dimethoxy—5—(2—methoxyethoxymethoxy)—phenyl]—Z—(3,4—
dimethoxy-phenyl)-acrylonitrile (1.60 g) was subjected to

deprotection in accordance with (production process 3), to

).

oo

thereby produce the target product (0.74 g, yield: 56

1
Slightly yellow crystals, MS (APCI, m/z):342 (MH"), “H-

NMR (CDCls) 83.93(3H, s}, 3.95(3H, s), 3.96(3H, s), 3.98(3H,
s), 6.92(1H, d, J=9Hz), 6.97(1H, d, J=2Hz), 7.13(1H, d,

J=2Hz), 7.24(1H, dd, J=2Hz, 9Hz), 7.27(1H, d, J=2Hz), 7.29(1H,

S}
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instruction manual, for quantitative analysis (total
RNA: 0.1 g). PCR priners corresponding to BCRP, MDR1,
MRP1, MRP2, MRP3, and G3PDH (endogenous control gene)
wer e designed on the basis of the follow ng known
NMRNA base sequences (accession Nos. AF098951,
AF016535, L05628, U63970, AF009670, and M33197),
respectively. Fig. 2 shows the results of the RT-PCR,
and Fig. 3 shows the results of the real-tine RT PCR

Expressi on of BCRP was remarkably |ncreased |n & 5_
Produict i oAb 4d SI%)38 —cldl,14-d imes horey ddRyardd W
of the A549 <cell line. In contrast, no S|gn|f|cant

dlmetHHXyﬁyhﬂny&xyaaﬂxiﬂnmﬂrhhﬁtfﬁ?@RﬁRﬂ ofdexpr essi on of
MRP2 (whose substrate is SN-38, which is also a BCRP
Sulisd rragdoset veseran et MeADYERKY~ 4 Pie and the
A549/ SN- 38 cell lines. Meanwhile, no (9 i ficant

di meditfchayemoe Mish wtss et i) tes [REFeRFed hreski oh oF
the other drug transporters between, the A64 cel |. th

me tHdxnes Gk et AU g Bic ef 1 - §7 k. I RGO TIRRTE 4

suggest that BCRP is involved in t antic drug
(pradsi tstemqer aeedrant lsm of E#@F%@ﬂgPﬁﬁé%@Fc%?qﬂéﬁn %rm 3.40

Through 80 the above RT-PCR_anal SIS ¥ﬁ§e53'9§1 _
g, BRI wad4 ¥ oundhien reswe banra At Gt @1

line. In.addition to the studles on ex% 953'98 of the
dlm%#hﬂxyhﬁnZY#mﬁN%ﬁ{@FtP%n%ﬁo? efgre %&?& <57 on"of

t opoi soner ase- | oi songer ase- |
Condw%ns%%d?‘é‘éo%@g%%n‘gl fEarars b STt Foduftion

t opoi sonerase-1 activit mas ugi n si,S40fo-
ProgRgs fhki akat Foare 6??% uc?b g ??hgrgiﬁgFgeng (

obt ai ned dat sLing, that t e RLELDShaRE 1)
met??ﬁ%ﬁ%&ﬁ?Yﬁegﬁ% Egg%%ﬂ%e Edra Erégwggancg %echgnlsm

49/ Ue g S Mis c8d (z)-3-
S AR A AT St A54aﬂ]/%s Appud
[3, 5-dimethoxy-4- (2—methoxyethoxymethoxy) -phenyl]-2-(3,4-
dimethoxy-phenyl) -acrylonitrile (0.35 g) was subjected to
deprotection in accordance with (production process 3}, to
thereby produce the target product (0.25 g, yield: 90%) .
Slightly yellow crystals, MS (APCI, m/z):342 (MH"), 'H-

NMR (CDCls) 83.93(3H, s), 3.97(3H, s), 3.97(6H, s), 6.92{lH, d,
J=9Hz}, 7.13(1H, d, J=2Hz), 7.22(2H, s), 7.24(1H, dd, J=2Hz,

9Hz), 7.32(1H, s)

Example 2: Establishment of SN-38-resistant A549 cell line
Human non-small cell lung cancer A549 cell line was
subcultured at 5% CO, and 37°C by use of a Ham’s F-12 medium

containing 10% FBS, 100 U/mL of penicillin, and 100 pg/mL of

streptomycin (10% FBS/Ham's F-12}. SN-38-resistant AS549 cell

7.



38 cell line The A549 cell line or the A549/ SN-38-4
cell line (4 x 106 cells/n) was suspended in 10%
FBS/ RPM 1640 (1 nmL), and an SN 38 DMSO sol ution (1
RL, final concentration: 300 ng/nL) was added to the
resul tant suspension, followed by incubation at 37C
for 60 mnutes. Thereafter, centrifugation was
performed (2C, 1,400 x g, 1 mn), and the resultant ,
1ineSUp@reatanecheas bensubdllitve-iogoltde PBY Iwss ddddds 4 2
the thus-precipitated cells, and the cells were
medifes Espe ned moniérse wh,i 1feo lthewse e rdaratrionu ¢t i 3&c,
1,400 x g, 1 min) for washing of the cells. This
conteashidd rpithee tiedd unasia spamicrarse hdgdl R SERYBvied Tiprer (4
addition of PBS (375 RL) and sonication of the cells.
to 1T0 dvealresubtbatquehk lyontbat sesudseninsN-6875 °REF taRE
10% zinc sulfate solution (15 RL) were added, and the
2549 esill1t dnilned xteuree sl esttiad &b Tl B dPpyreans o

centrifugation (2C, 12,500 x g, 5 mn), and collegti

1 imiafirtdhelBitsigper rat diterethe el kbt e%ltz’éo‘:]s‘?fb%(ill ré:\bﬁ?aﬁl
was di spensed in a white 96-well mcroplate for

resifdtmnre A ednt disiasy (ARAM TN (290 wel 1), and
then the anobunts of SN-38 and an SN 38-gl ucuronide
contained in the supernatant were neasured by use of

a mcroplate fluoroneter [ SPECTRA nma GE B
Exanyede: mame)canred Stisf s WF BehY 5 Yoé%%e%h% N%‘%{gé%‘?' 38

excitation wavel ength 380 nm emi ssion wavel ength 560
cellhmMisN 38-gl ucuroni de: excitation wavel ength 370 nm

arBantABA9 Tt FabehFuP re2BBuR! SPFoR AP’ SR 30 Engt he S
s BT 0 el ) E0F- 140 LLAS FESULLE PR obBpension
wasﬁfﬁgég?g§§&4i§§$|algggwéflagggkoﬁigte, followed by
culturing at 5% COz and 37°C overnight. Thereafter, a
solution of an anticancer drug in 10% FBS/Ham’s F-12 (50 uL)
was added to each of the wells, followed by culturing at 5%
C0, and 37°C for 48 hours. After completion of culturing, the
number of viable cells was counted by use of a viable cell
counting reagent [TetraColor ONE (trade name), product of
Seikagaku Corporation] according to the attached instruction
manual. Table 2 and Fig. 1 show the sensitivities of the
A549 cell line and the six A549/SN-38 cell lines to various
anticancer drugs. “ICs¢” corresponds to the concentration of
an anticancer drug required for 50% inhibition of cell growth.
“Relative resistance value” is obtained by dividing the ICso

for an AS549/SN-38 cell line by the ICso for the AS549 cell

line. The greater the relative resistance value, the higher
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the

that of SN-38 accunulated in the A549 cell line. The
results support that BCRP is involved in the
anti cancer drug resistance nmechani smof the

A549/ SN-38 cell lines. In contrast, virtually no
SN- 38-gl ucuroni de was detected in both the A549 cell
l'ine and the A549/SN-38-4 cell line, indicating that

gl ucuronidation is not involved | n the a t caéncerlldrlu s
riesiest ant e opeieed stes Bdante: 6.7 ce *

di phenyl acrylonitrile derivative in overco
2%$|an?|ne

exh @t edneert drwkp r by steere ofs kskop e 88- Nt

The effect of a di phenylacrylonitrile derivative on

mi t BCRP: etk atveul almt 2 canBeRP dr s Feate¥ance was st udi ed

by use of the human | ung cancer A549/ SN- 38-4 cel

line, which had acquired anticancer drug resistance

t hrough BCRP expression. 82 The human | ung cancer A549
ceTébleng or the A549/SN-38-4 cell |ine was suspended

n. 100, CNHCG/ Ll

H—10%FBSHHants—F12,—and—tHhe resul t ant suspensi on

AnfA £3NGEEUl at @daiont o a 96- wel | m crpocrﬂ%(tséq 3%l | owed by

A5

c@gring at 5%CC2—-and 376

ok
<l

£ 163 e
FP||Q/RO I/mnll\ Th reaft ? 4%& @ 5,

t o107 urDo/ruulb F12

solution (25Chky u@/@ﬂt aining a a di phenyl acrylonitrile
derivative gRel8Ni3® oesisiteorentiedne)was added to

sn-3@ach of theowelds, 6o0l2 owed Wy ulBuri fglat 5/ 0-10
"~ "and 37C for 48 hour $9-2Af t ef” é(bﬂpl‘@tﬁbn (gf uIB é &g,o 0071
pacltihexeinber 6f 094%bl - Q&8 0 Wd< cdls gid By°p
TetraCol or ONE accof#ifig t & tﬁe t4° N
Etoppaadal . Fi gl-8%showk: % e e ‘f a]{
di phenyl acryl oni tri

(% 2)g Ee 1
CisrdggiBom ng SR 58 re%% er é’% 'Velé‘i npqqng )1'5”9 16.8

resi stan

(7.4)

trécgl on {?04)
7)

—

1.1)

ancg, @  mMd.@xant@QBg  (0.9) (0.9)
3) shPV§ theo$§|-38 0.b&si sthamce 1.0

oryourac ci.e

5 Fl and Tab%e3
EPEoiing effect of;epch of.dyhe t@sped (0.4) (0.8)  (0.5)
Gemcitabine 0.0090 0.0039 0.0053 0.0040 0.0032 0.0040 0.0040
(0.4) (0.6} (0.4) (0.4) (0.4)  (0.4)
Doxorubicin 0.10 0.19% 0.14 0.12 0.22 0.057 0.049
(1.9)  (1.4) (1.3) (2.3) (0.6)  (0.5)
Mitomycin C 0.11 0.13 0.11 0.0029 0.15 0.11 0.047

(1.2) (1.1} (0.3) (1.4) (1.0) {0.4)

Example 4: RT-PCR analysis of A549/SN-38 cell line

RT-PCR was performed for analyzing the expression of

MRNA of a drug transporter in the A549 cell line, the six

A549/SN-38 cell lines, and human breast cancer MCF-7 cell

line, which is known to express BCRP. The total RNA was

extracted from cells by use of an RNA extraction reagent

[ISOGEN (trade name), product of Nippon Gene Co., Ltd.], and

RT-PCR was performed by use of an RT-PCR reagent [Ready To Go

RT-PCR Beads {(trade name), product of Amersham pharmacia

biotech] and a thermal cycler [iCycler {trade mane), product
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di phenyl acrylonitrile derivatives, which is
represented by EC30. "EC50" corresponds to the
concentration of a diphenylacrylonitrile derivative
required for 50%reduction of the relative resistance
value. The relative resistance value is obtained by
dividing the 1C50 (i.e., the concentration of an
anti cancer drug required for 50% inhibitigon of cel

of BEPoRRR) RoecorHanasig/ SReagiiacher APsETHGtiPRe MPESE!
for the A549 cell line. The greater the relative

(tote@sRERanteSvphle, The heghbtanhePTRVRIOGRC hcYasr egbiected
resistance. The results reveal that each of the

to ediephenphaceghieniyr bse oderity 30PFES Sediilni PLDhSER
effect of overcoming the SN-38 resistance or .

stainiinoxaithorshiediugy %ﬁ@@iélﬁrt (e lAonsisRysgiefeqtdiqn by use
line. Wen the concentration of the 83 .

of aditp;ﬁe-ﬁ)itlléﬁmyll’l@ﬁioﬁ-’r-i | éndeffvhirhe FaRFSEMERREFHE Was
range suc that the derivati

por tamegancnooy b3 roesigis RIS Tovan creen

concentrati on- dependent rmanner

th . :
RT'PéFf]PB@ﬁWe@@ﬁyI(&ﬁﬁatdﬁ Py \Pgﬂ%tpg%f BPrddsd Rjosystens]
affect growth of the A549 [_Ji
and A55GQYRNSS- @e@qtqqnnéyﬂﬁﬁrgedp@iuiﬁsgﬂgb&ed;f thegds peme)

iphe%ylacrylonitrile derivative ..of the e§§§§%ached
[ anticancer

prod%.wem RN ORI ERC
r

s SRS EB0E BTSN R o
pug) . PCR primers corresponding to BCRP, MDR1, MRP1, MRPZ,
MRP3, and G3PDH (endogenous control gene) were designed on
the basis of the following known mRNA base sequences
(accession Nos. AF098951, AF016535, 1.05628, U63970, AF009670,
and M33197), respectively. Fig. 2 shows the results of the
RT-PCR, and Fig. 3 shows the results of the real-time RT-PCR.
Expréssion of BCRP was remarkably increased in all the six
A549/SN-38 cell lines, as compared with the case of the Ab49
cell line. In contrast, no significant difference was
observed in the level of expression of MRPZ (whose substrate
is SN-38, which is also a BCRP substrate) between the A549
cell line and the A549/SN-38 cell lines. Meanwhile, no
significant difference was observed in the level of
expression of the other drug transporters between the A549
cell line and the A549/SN-38 cell lines. These results
suggest that BCRP is involved in the anticancer drug

resistance mechanism of the A549/SN-38 cell lines. Through
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0.020 4 0.079 5 0.021 6 0.098 7 0.025 8 0.035
0.028 10 0.023 11 0.047 12 0.28 13 0.013 14
.047 15 0.023 16 0.098 17 0.018 18 0.0063 19
.019 20 0.053 21 0.022 22 0.022 23 0.048 24
.0073 25 < 0.005 26 < 0.005 27 0.047 28 0.011 29
.10 30 0.041 31 0.015

eoNoNoNeR(eNiv]

the above RT-PCR analysis, expression of BCRP was found in

the human breast cancer MCF-7 cell line. In addition to the
studies on expression of the aforementioned drug transporters,
expression of topoisomerase-I, topoisomerase-I1, Bcl-2, Bax,
or IkBo was studied by means of western blotting, and
topoisomerase-I activity was studied on the basis of DNA
relaxation reaction. However, there were not obtained data
suggesting that these proteins are involved in the anticancer

drug resistance mechanism of the A549/SN-38 cell lines.

Example 5: Amount of anticancer drug accumulated in A549/SN-
38 cell line

The A549 cell line or the A549/SN-38-4 cell line (4 x
10% cells/mL) was suspended in 10% FBS/RPMI1640 (1 mL), and
an SN-38 DMSO solution (1 pL, final concentration: 300 ng/mL}
was added to the resultant suspension, followed by incubation
at 37°C for 60 minutes. Thereafter, centrifugation was

performed (2°c, 1,400 x g, 1 min}, and the resultant

supernatant was removed. Ice-cooled PBS was added to the

thus-precipitated cells, and the cells were resuspended

therein, followed by centrifugation (2°C, 1,400 x g, 1 min)

for washing of the cells. This washing procedure was

performed again, followed by addition of PBS (375 upL) and

sonication of the cells. To the resultant cell sonicate,

methanol (375 pL) and 10% zinc sulfate solution (15 uplL) were

added, and the resultant mixture was stirred, followed by

centrifugation (2°C, 12,500 x g, 3 min) and collection of the
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32 0.15 33 0.019 34 0.079 35 0.37 36 0.20 37
0.085 38 0.037 39 0.027 40 0.15 41 0.041 42 0.038
43 0.12 85 44 0.024 45 0.13 46 0.58 47 0.053 48
0.013 49 0.20 50 0.094 51 0.045 52 0.024 53 0.048

8402326 55 0.015 56 0.016 57 0.037 58 0.033 59

supernatant. The thﬁs—collected supernatant was dispensed in
a white 96-well microplate for fluorescence intensity
measurement (200 p/well), and then the amounts of SN-38 and
an SN-38-glucuronide contained in the supernatant were
measured by use of a microplate fluorometer [SPECTRA max
GEMINI XS (trade name), product of Molecular Devices] (SN-38:
excitation wavelength 380 nm, emission wavelength 560 nm; SN-
38-glucuronide: excitation wavelength 370 nm, emission
wavelength 430 nm}, to thereby calculate the amount of
intracellular accumulation of SN-38 and the glucuronide. As
is clear from the results shown in Fig. 4, the amount of SN-
38 accumulated in the A549/SN-38-4 cell line 1is about 1/5
that of SN-38 accumulated in the A549 cell line. The results
support that BCRP is involved in the anticancer drug
resistance mechanism of the A549/SN—38 cell lines. 1In
contrast, virtually no SN-38-glucuronide was detected in both
the A549 cell line and the A549/3N-38-4 cell line, indicating
that glucuronidatioh is not involved in the anticancer drug

resistance mechanlsm.

Example 6: Effect of diphenylacrylonitrile derivative in
overcoming anticancer drug resistance of A549/SN-38-4 cell
line

The effect of a diphenylacrylonitrile derivative on
BCRP-mediated anticancer drug resistance was studied by use
of the human lung cancer A549/SN-38-4 cell line, which had

acquired anticancer drug resistance through BCRP expression.
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60 0.064 61 0.024 62 0.11 63 0.024 64 0.010 65
0.20 66 0.71 67 0.065 68 0.048 69 0.13 70 0.24

71 0.29 72 0.028 73 1.0 74 >1.0 75 >1.0 76 0.82
77 0.30 78 0.053 79 0.017 Exanple 7: Effect of

di phenyl acrylonitrile derivative in enhancing
sensitivity of MCF-7 cell line to anticancer drug The

effect of a diphenylacrylonjtrijle derjyvatj
e Sorsst g arbesnekerhusell L % HEALPBRuEE o
. studied by use of human breast caneer MCE- 7. cel
ling iwes siskénded khowh0® 8EBE 0HRRpF ebs %CR?’H?BF%%dr%‘fltant

3763-3770 (2002)). The MF-7 cell |ine.
Sus e 3096 PSS REVMPABIRT CantP T hea T SETFELh M LaBBAEFons gt

i noculated into a 96-well_ mcroplate, fallowed
by culturing at 5% CO:; and 37°C overnight (2 X\T% cells/50

pL/well). Thereafter, a 10% FBS/Ham’s F-12 solution (25 pL)
containing a diphenylacrylonitrile derivative and SN-38 or
mitoxantrone was added to each of the wells, followed by
culturing at 5% CO, and 37°C for 48 hours. After completion
of culturing, the number of viable cells was counted by use
of TetraColor ONE according to the attached instruction
manual. Fig. 5 shows the effect of the diphenylacrylonitrile
derivative (compound 1) in overcoming SN-38 resistance or
mitoxantrone resistance, and Table 3 shows the SN-38
resistancé overcoming effect of each of the tested
diphenylacrylonitrile derivatives, which is represented by
ECso. “ECs¢” corresponds to the concentration of a
diphenylacrylonitrile derivative reduired 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 drug required for 50%
inhibition of cell growth) for the A549/SN-38-4 cell line by
the ICso for the A549 cell line. The greater the relative
resistance value, the higher the level of acquired resistance.
The results reveal that each of the diphenylacrylonitrile
derivatives exhibits potent effect of overcoming the SN-38
resistance or mitoxantrone resistance of the A549/SN-38-4

cell line. When the concentration of the
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by culturing at 5% CO2 and 37C overnight (3 x 103
cells/50 L/well). Thereafter, a solution of a
di phenyl acrylonitrile derivative and SN-38 in 10%
FBS/ RPM 1640 (25 L) was added to each of the wells,
followed by culturing at 5% CO2 and 37C for 48 hours.
After conpletion of culturing, the nunber of viable
cel s was counted by use of TetraCol or ONE according
di phiea yilke ratltoadited lienstenictatdy evdiaddls Widhlia £hshggige such
change in the sensitivity of the MCF-7 cell line to
thatSKha8 deativelt icleamge r dagnesadded antigancer drug resistance
di phenyl acrylonitrile derivative, by use of |C50
in a( icomcentira tdoncelepeatdent afarei138 teyuired for 50%
inhibition of cell growmh) . The results reveal that
dipheaohl aafry ltchd trdsitee diadi iptegrijdeaqrss ofe tdde e el j3k&isates
enhances the sensitivity of the MCF-7 cell line to _.
growsh 3§ tWeemI4fe caddndeime anidbriheg AGAS/SN-38-4 cell line.
di phenyl acrylonitrile derivative falls wthin the _
The ramyd tsuchiddest tthe tdditiey atirhensmmoeson el She ggerivative
sensitivity in a concentration-dependent manner, the
of tdieplperadeady yilrorantridre derikids RC apd JoERr fjtes the
affect growh of the MCF-7 cell line. The results
anticigggest diig nafe s R M £3399ni €912 deri vative of
the present invention inhibits BCRP, and enhances the
sensitivity of cancer cells to an anticancer drug. 87
Tabl e 4 Conpound Conpound concentration (g/m,) 0 0.1
1.0 SN-38: 10.50 (g/nL) 1 0.021 0.010 0.0048 3 0.012
0.011 0.0026 4 0.011 0.0083 0.0023
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5 0.014 0.015 0.0042 6 0.020 0.015 0.010 7 0.017
0.013 0.0041 8 0.022 0.026 0.010 9 0.027 0.012
0.0060 11 0.012 0.0032 0.0032 13 0.016 0.0066 0.0058
Exanpl e 8: Effect of diphenylacrylonitrile derivative
In overcom ng anticancer drug resistance of human BCRP

transduced nmouse | eukem a P388 cell |ine Muse

| eukem a P388 cell line or human BCRP transduced P388
celdblga ne (P388/BCRP cell line, obtained from

Vocht lea=a, .

pto;—The—Carcer Chenot herapy Center of

Comp ese %%%g%g??Sﬁ fgéﬁ%?ncer Resear ch) was

suspended ?HCIGHLEBSF 640, and the resultant

WO~ ds Wk

B s s s W W W W W WWWWWNRNNROoMPDNNDNDNNDNE P 2= e
WNEFOWO-2TAOSRWNEPOOU®DLIOMS WNE OWO NGO WD = O

suspensi onE@@s (gdodlated into a 96-wel | nicroplate
(1 x 104 celbs5150 L/well). Thereafter, a solution of
a di phenylacaylonitrile derivative and SN-38 in 10%
FBS/ RPNl 16400£85 .tL) was added to each of the wells,
foll oned by gybturing at 5% CO2 and 37C for 48 hours.
After conppephbon of culturing, the nunmber of viable
cells was oy ed by use of TetraCol or ONE according
to the atgagg d instruction manual. The results are
shown in F[¢ E. Each of the tested

diphenylachpg itrile derivatives exhibited potent
ef fect of ng?éoning the SN-38 resistance of 88 the
P388/ BCRP BePB3line. In contrast, the

di phenyl acPyP8ditrile derivative did not affect the
sensitivity.88 the P388 cell line to SN-38. The
results déndnsStrate that the di phenylacrylonitrile
derivati veoob4tihe
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present invention has. BCRP-inhibiting effect. Exanple
9: Effect of diphenylacrylonitrile derivative on
mul ti drug resistance of MES-SA/ Dx5 cell |ine Human
uterine cancer MES-SA cell line or MES-SA/Dx5 cel

i ne which had acquired nultidrug resistance through
over expression of P-glycoprotein [Cancer Res. 45,
4091- 4096 (1985)] was suspended in 10% FBS/ DVEM and
the resultant suspension was inoculated into a

12 96=wet ui&lay'aie, fortowed— by culturing at 5% CO2
and 37C owa ght (3 x 103 cells/50 L/well).

45 Thereafter’ & solution of a di phenyl acrylonitrile

46 derivative® pacl i taxel in 10% FBS/ DVMEM (25 L) was

47 added to @e¥ of the wells, followed by cul turing at

48 5% CO2 and®-@YE for 48 hours. After conpletion of

49 culturing,0tXe nunber of viable cells was counted by

50 use of Tetta@®or ONE according to the attached

51 instruction tmhual. Table 5 shows the effect of each

52 oOf the tespeghdi phenylacrylonitrile derivatives on

53 Mhultidrug gegsistance by use of EC50. "EC50"

t4 CoOrrespondg $@'the concentration of a

cs di phenyl acgyppaitrile derivative required for 50%

56 reduction gf he relative resistance value. The

57

results reye d that when the concentration of the
di phenyl acfy gitrile derivative falls wthin the
S8 range enpl oy é for the test, the derivative does 89
59 not affecttHepaclitaxel resistance of the MES-SA/ Dx5
60 cell 1ine9-PR%addition, the di phenyl acrylonitrile
61 derivativeOpBf4 se did not affect growmh of the MES-SA
62 cell line 8nlilthe MES- SA/Dx5 cell line. The results

63 indicate tRaPZ2éhe diphenylacrylonitrile derivative of
64 the presenp.Phlention does not act on P-glycoprotein,
65 and has BCRP28pecificity.

66 0.71
67 - 0.065
68 0.048
69 0.13
70 0.24
71 0.29
72 0.028
73 1.0
74 > 1.0
75 > 1.0
76 0.82
77 0.30
78 0.053
79 0.017

Example 7: Effect of diphenylacrylonitrile derivative in

enhancing sensitivity of MCF-7 cell line to anticancer drug
The effect of a diphenylacrylonitrile derivative on the

sensitivity of cancer cells to an anticancer drug was studied

by use of human breast cancer MCF-7 cell line, which is known
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Tabl e 5 Conpound Resi stance overcomng effect EC5

0
(g/m) 1 >1.0 2>1.0 3>1.0 4>1.0 5>1.0 6
>1.0 7>1.0 8>1.0 9>1.0 10>1.0 11 > 1.0
12 >1.0 13 >1.0 14 >1.0 15> 1.0 16 > 1.0

Exanpl e 10: Effect of diphenylacrylonitrile derivative
on anount of anticancer drug accunul ated in

BCRP- expressing cell line The P388 cell |
to eRPEBLBCRERFE!(Bloiode 501 ¥ 7607 3704 | &/442)) or TBR 2{4%/%:2?7%1 !
cell line (3 x 106 cells/nlL) was suspended in 10%

lineFBS@RBMEp@@@e@limLﬂp%aﬁ@SdREMﬁyﬁégy|égyy| &5 tant
der[vatlve and SN-38 (final 90 concentration: .500
suspegiston werse iaddad ated Hatcesu/demtel 1 nicroplate,” followed
by culturing at 5% CO; and 37°C overnight (3 X 10® cells/50
pL/well) . Thereafter, a solution of a diphenylacrylonitrile
derivative and SN-38 in 10% FBS/RPMI1640 (25 pL) was added to

each of the wells, followed by culturing at 5% CO, and 37°C

for 48 hours. After completion of culturing, the number of
viable cells was counted by use of TetraColor ONE according
to the attached instruction manual. Table 4 shows change in
the sensitivity of the MCF-7 cell line to SN-38, which change
is caused by a diphenylacrylonitrile derivative, by use of
ICso (i.e., the concentration of SN-38 required for 50%
inhibition of cell growth). The results reveal that each of
the tested diphenylacrylonitrile derivatives enhances the
sensitivity of the MCF-7 cell line to SN-38. When the
concentration of the diphenylacrylonitrile derivative falls
within the range such that the derivative enhances the SN-38
sensitivity in a concentration-dependent manner, the
diphenylacrylonitrile derivative per se does not affect
growth of the MCF-7 cell line. The results suggest that the
diphenylacrylonitrile derivative of the present invention
inhibits BCRP, and enhances the sensitivity of cancer cells

to an anticancer drug.
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suspensi on, followed by incubation at 37C for 60

m nutes. Thereafter, centrifugation was perforned
(2C, 1,400 x g, 1 mn), and the resultant supernatant
was renoved. |ce-cooled 10% FBS/ RPM 1640 was added to
the thus-precipitated cells, and the cells were
resuspended therein, followed by centrifugation (2C,
1,400 x g, 1 mn) for washing of the cells.

Th[iesb]xms%i ng procedure was perforned again, followed

€H L; of—of—PBS—{ 38751t _ang .sqni of t he
COH*E%VV% J99QBBQQHJEﬁﬂ~§ﬂ££—4ﬁ§i+£g§;ﬁﬂb HUI (375
L) and 10%zq nc sulfate sdladtion (15 n.\ mm ol

and the reswyn-a9d: 10:%t Y@/ MBS St rred fol | owed by
centrifugatipmpA2C, 12,500 0010 5 m n) artl. @0l ecti on

of intracel Q&7 accunul at(? ?of SN— 38 A8 6835| ear
1 fromthe res@l®E2shown in {037, o
3 diphenylacry0odlérile deri v%t 9/66(# thp nr B8RP
i nvention i ncreases the anpunt of accunul ati on of
SN-38 in the P388/BCRP cell line. In addition, as is
clear fromth egk QWR  h BnFitgi18, deievative in
Exalﬂ?gﬁe%yl]g]g#?/f:gn?%rlaﬁghgn?:ﬂvat Yve of the present
L nvention | DCLEASes tl éeeeeftaafcea@ﬁ_ummu ®TRAOf
OVG%‘RP%%ngna?EISF/g@? d 8 [ine. The results suggest that

h Cﬁ)éhﬂe&n&él bgsderiat v@eof the present
tran%@‘ég%?oﬁgé%gl nhi bits BCRP, and increases the anopunt

of Mblkhagelhikah raseumdiat nameoformmanti caeRR tmngruced

; of the superqpa@nt. The thus-orcol | ected supsriig ant
was di spense(g'd n a white 96; wﬁjég, m cropl ag 03

4 fluorescence i ]téensnty measyirgnent (200 ph/oed2), and

5  then the anoln f SN—SSC edlnthe 0 SgHo@r nat ant

6 was neasured by Use of a m ate fluorogeses

7 (SN 38: exci ¥ a?1 bn wavel en 0O nm ems

8 wavel ength 560024 nm, to the cal cul ate fhgog unt

9

1

1

P388 cell line (P388/BCRP cell line, obtained from Yoshikazu
Sugimoto, The Cancer Chemotherapy Center of Japanese
Foundation for Cancer Research} was suspended in 10%
FBS/RPMI1640, and the resultant suspension was inoculated
into a 96-well microplate (1 x 10° cells/50 pL/well).
Thereafter, a solution of a diphenylacrylonitrile derivative
and SN-38 in 10% FBS/RPNI1640 (25 ul) was added to each of
the wells, followed by culturing at 5% CO: and 37°C for 48
hours. After completion of culturing, the number of viable
cells was counted by use of TetraColor ONE according to the
attached instruction manual. The results are shown in Fig. 6.
Fach of the tested diphenylacrylonitrile derivatives

exhibited potent effect of overcoming the SN-38 resistance of
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Exanpl e 11: Effect of diphenylacrylonitrile derivative

in overcomng anticancer drug resistance in vivo.

Groups of six-week-old fenmale CDF1 mce, each group

consisting of 5 mce, were enployed. The P388 cel

line or the P388/BCRP cell line (1 x 106 cell s/ nouse)

was i nplanted into the peritoneal cavity of each of

the mce. Fromone day to 10 days after the tunor
the PBBISAMACGRA e lla lidiephedpl gepfradiyr th8 derivative and

i rinotecan hydrochloride (CPT-11) were_ adm nistered
diphiemtylageniltoddalille sieed etddie bt RiRst ofe

adm ni stration: 10) Before adm nistration, the 1t
sensditpheryl adt yiheniR3§8 ecader i Mgt Vi@ v i ssdPfed S48

suspended in saline or in a mxture of gﬁhanol,. £ the
demqus tymhyee tth te i1 ZDVPher bl a &Y YRIndol £t 2§ Fee 8D ©

(trade name), product of Tokyo Kasej Kogyo Co.,
predernd. [invendt 5% Iyl cHERP(iatthidniol Imihveht 8% 5% gl ucose =

5:5: 900 57.5: 87.5), and CPT-11 was di ssol ved

in saline. Merely the solvent was adm nistered to

mce in the control group, In order,io gvaluaEEVéhgn
Exargrite timdvt edte@f AirnY R phekyr bt Y1 onferiy2

derivati ve, sumnvalrateTVCéO rgs.cghmlﬂedfrom
mul i wg g Siat tanss of Nihe $ReF2 ¥4 mice by use

of the following fornula, Surviv i ate T/ N % /pkRe

né%%m%%rw¢%%}n%a9%n%?rnwﬁé'génc?ﬁ 5%88t85cgéé%8f’§

(the mean, surviyal days of mce.in : (s [WalV]a}}
cell e g9t els RaR P ESoLr 6T MO PR abr s Gange SAgOHS

The results reyeal that the di ? agLyl opktriyh81-4096
OVeRfRIRRAF T IR} o‘1“'£ ‘tyhii%?%@é%%ef%vﬁe@ lﬁg#i ﬁ%%‘ébi ts'BCRP i n

vi vo, and exhibits the,  ef DREMOVERGOFhRIresultant
(19%%%fé%%%e?u%ﬁ?ﬁF?és%%t%%Eegggy ’
suspension was inoculated into a 96-well microplate, followed
by culturing at 5% CO; and 37°C overnight (3 x 10% cells/50
nL/well) . Thereafter, a solution of a diphenylacrylonitrile
derivative and paclitaxel in 10% FBS/DMEM (25 uL) was added
to each of the wells, followed by culturing at 5% CO:; and
37°C for 48 hours. After completion of culturing, the number
of viable cells was counted by use of TetraColor ONE
according to the attached instruction manual. Table 5 shows
the effect of each of the tested diphenylacrylonitrile
derivatives on multidrug resistance by use of ECso. “ECs0”
corresponds to the concentration of a diphenylacrylonitrile
derivative required for 50% reduction of the relative
resistance value. The results revealed that when the

concentration of the diphenylacrylonitrile derivative falls

within the range employed for the test, the derivative does

89



Tabl e 6 Conpound Dose (ng/kg/day) Survival days T/C
Conpound CPT-11 Mean S.D. (U 1 100 20 19.4 y1.1 162
3 100 20 19.8 0.8 165 5 100 20 19.2 1.1 160 7 100
20 20.0 0.7 167 8 100 20 19.2 0.8 160 11 100 20
19.4 0.5 162 13 100 20 20.6 0.9 172 16 100 20 19.2
8 ? %88 ?oLYent 0 20 14.6 0.5 122 Solvent 0 0 12.0
abl e 7 Conpound Dose / kgl da Sur

not @GEfecl/ CheCoauiurich=CHT- I].elswé%g qf( . %%}%%I,

18.8 0.8 145 68 100 20 18.8 2.9 145 Sol vent Q .20
linel2. 8n @ddif8onSolhendiphenydagrylopited leTgard vgtive per
Compound Dose (ng/ kg/day) Survival days T/C Co n
se GRT-il MefectS. oWt @0 oo M5 28p e bl gling a %% MES-
20 19.0 2.3 142 Solvent 0 20 12.8 0.4 9 Sol vent O

SA/Ik5 el ]l (.55 e00 The3 resarkiise ipglicate that the

diphenylacrylonitrile derivative of the present invention

does not act on P-glycoprotein, and has BCRP specificity.

Table 5

Compound Resistance
overconing effect

ECsq (pg/mL)

1 > 1.0
2 > 1.0
3 > 1.0
4 > 1.0
5 > 1.0
6 > 1.0
7 > 1.0
8 > 1.0
9 > 1.0
i0 > 1.0
11 > 1.0
12 > 1.0
13 > 1.0
14 > 1.0
15 > 1.0
16 > 1.0

Example 10: Effect of diphenylacrylonitrile derivative on
amount of anticancer drug accumulated in BCRP-expressing cell
line

The P388 cell line or the P388/BCRP cell line (1 x 10’
cells/mL), or the MCF-7 cell line (3 X 10° cells/mL) was

suspended in 10% FBS/RPMI1640 (1 mL), and a

diphenylacrylonitrile derivative and SN-38 (final
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The follow ng ingredients were nixed together, and the
resultant mxture was forned into tablets. Table 9
Compound 1 100 ng Lactose 100 ng Potato starch 39 ny
Mcrocrystalline cellulose 30 ng Synthetic alum num
silicate 30 ng Calciumstearate 1 ng Total (for one
tablet) 300 ng The diphenylacrylonitrile derivative of
t he present | nvention, which exhi bits BCRP-i rl:hi hiting
concefritett, i cran 50y avaete BERR: mstfiaf & drits TR Ay
resistance. In addition, the diphenylacrylonitrile
suspderdivat,i o ldarweahhan ceculde iafif et Bt Caf oantolc idates -
drug on BCRP-expressing cancer. Furthernhore, the
Therdaftanyl asmtonitgdt iomderds adnkormred efiiCsaded 4% * 97 1
~ inprove the bioavailability of an anticance ug,
mln)andmcb.ﬁhmrml&@fpeﬁﬁmmﬁé@l%fw%%n%%?o%%‘imﬂ#& &Rpled
94 Cainms 1. A breast cancer resistance protein
10% iFHE R 64bmas mddpd 450 drhacthve PreF Hat ented ool s,

o P G o oot e SR EPEETERNST O
centrifugation (2°C, 1,400 x g, 1 min) for washing of the
cells. This .washing procedure was performed again, followed
by addition of PBS (375 pL) and sonication of the cells. To
the resultant cell sonicate, methanol (375 pL) and 10% zinc
sulfate solution (15 pL) were added, and the resultant
mixture was stirfed, 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
(SN-38: excitation wavelength 380 nm, emission wavelength 560
nm), to thereby calculate the amount of intracellular
accumulation of SN-38. As is clear from the results shown in
Fig. 7, the diphenylacrylonitrile derivative‘of the present
invention increases the amount of accumulation of SN-38 in
the P388/BCRP cell line. In addition, as is clear from the
results shown in Fig. 8, the diphenylacrylonitrile derivative
of the present invention increases the amount of accumulation

of SN-38 in the MCF-7 cell line. The results suggest that

the diphenylacrylonitrile derivative of the present invention

91



R R (1) wherein, each of 8 R's, which are the sane
or different fromone another, represents a hydrogen
atom a hydroxyl group, a nitro group, an anno
group, an acetylam no group (-NHCOCH3 group), a cyano
group (-CN group), a fornyl group (-CHO group), -COORL
(R1 is hydrogen or Cl1-C4 alkyl) , -O (CH2) COOR2
(n=1-7: R2 is hydrogen or Cl-C4 al kyl),
inhib DOCGBRRPR COBR31 (®Be i sehythogenount- of igfkprellular
(Z)727(334-d|nethoxy-phenyl)-3-(4-hydroxy-pheny|)-acry
accuhwhationi¢ €, anragtycepgeundsyy¥) , a Cl - C8 al koxy
group, a Cl1-C4 al kyl group, a halogen atom a C-C4
al koxy d-C4 al koxy O -C4 al koxy group, a C2-C8 -
acyl oxy group, a C2-C8 hal ogenoacyl oxy group, Q. .
Exanpbéhyl engffexy gfodpphanwﬁﬁrwééﬂéﬁé‘tlﬁr?l dgrdypriye o
phosphate group (i.e., -OP(O (OH)2) or a salt
overtbteirof anhisahtaredgnoupegiiséance. @GO3H)Vr a sal t

thereof, a glycopyranosyl group or a salt thereof
phosphat e festigrwekkaogidy feppi&nsdfir Br66p 6PC ggPPpa

of the ester, a sulfate ester of a gl
consgsbmpqoﬁfa5saﬂ?e:OwggeoeﬁPlpﬁgdestEg?ygggérgggiy&ine or

pi peri di nopi peri di nocarbonyloxy group. 2. The .
the PRBBBBCBP seddrdiing tld ¢l A0MCEL WERaIFet HEAS COMptinG
ol b bE LA, (D e, oBresoht o ot e fo | Pblidone dey
. or C

to 10 days after the tumor implantation, a
diphenylacrylonitrile derivative and irinotecan hydrochloride
(CPT-11) were administered intraperitoneally once a day
(total number of administration: 10). Before administration,
the diphenylacrylonitrile derivative was dissolved or
suspended in saline or in a mixture of ethanol,
polyoxyethylene (20) sorbitan monooleate [Tween 80 (trade
name), product of Tokyo Kasei Kogyo Co., Ltd.}, and 5%
glucose (ethanol/Tween 80/5% glucose = 5 : 5 : 90 or 5
7.5 : 87.5), and CPT-11 was dissolved in saline. Merely the
solvent was administered to mice in the control group. In
order to evaluate the antitumor effect of the
diphenylacrylonitrile derivative, survival rate T/C (%} was
calculated from the survival days of the tumor-implanted mice
by use of the following formula.

survival rate T/C (%) = (the mean survival days of mice

in the treated group) + {(the mean survival days of mice in

the control group) x 100
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NYL ~~B Y2YJ (la) wherein, X1 inring A

represents a hydrogen atom a hydroxyl group, a

hal ogen atom a nitro group, an anmi no group, an

acetylam no group (-NHCOCH3), a C2-C8 acyl oxy group,

a met hoxyet hoxymet hoxy group, or a C-C8 al koxy

group; X2 represents a hydrogen atom a hydroxyl

group, a Cl1-C8 al koxy group, a halogen ato anitro

grihup, resu HnS nor gr supwn ain Bl §% afi nds geBEps - The

(-NHCOCH3), a C2-C8 acyl oxy group, a . . _
resuiBt meretdioxshest Hdxy dirheny baeey Fen Bheb] oxge i brbt voret

a Cl-C4 alkyl group; X3 represents a_hydrogen atom a
the hyrsmntl oo ien CRICHiteyBORE §rovpvoa and caxhlRbky the

group, a halogen atom a nitro group, an am no group,
effeart acetonamdomi gy oupt { CNMSOCHI UY ar e§5hRbaBFBup, a

formyl group (-CHO, -000RlL (Rl=hydrogen atom Cl-C4

alkyl 0 96 o group), -Q(CH2)nCOOR2 (n=1-7:

R2=hydr ogen atom Cl-C4 al kyl group), -OOCCH2CH2COOR3

( RBadhyelr @gen at om Cl1-C4 al kyl ,

Comyagd y gas [ IRRYaRETy! ) Sk DA BXysPIemyio - acry

- Qadk a

=€ f oSV rou
hal oqenm%@q?oﬁi’g rrétlﬂlgﬁﬂngd$n9y grnup(’o)a
1 phosphate0@roup (-CGO(0) (OH) 12)4atndialsalt 1 eof |
3 a sulfatgp@roup (-C5BH and agsal &+ thereof, &65
5 al ycopyrf@@syl groupzand a sahbkh%rfgfl, a phosqhat e
ester of’ ~a gl ycopyéénosyl groap and_a_salt of; the
7 ester, at®%lfate est®r
8

of a gPyLopyPadosyl group and
a salt of0®he ester20a 19.2 + 0.8 1

11 100 20 19.4 + 0.5 162
13 100 20 20.6 + 0.9 172
16 100 20 19.2 + 0.4 160
Solvent 0 20 14.6 + 0.5 122
Solvent 0 0 12.0 + 0.7 100
Table 7
Compound Dose (mg/kg/day) -Survival days T/C
Compound CPT-11 Mean + S.D. (%)
57 100 20 18.8 + 8 145
68 100 20 18.8 + 2.9 145
Solvent 0 20 12.8 + 0.4 98
Solvent 0 0 13.0 £ 1.2 100
Table 8
Compound Dose (mg/kg/day) Survival days T/C
Compound  CPT-11 Mean + S.D. (%)
60 100 20 20.2 + 0.8 151
69 100 20 19.0 + 2.3 142
Solvent 0 20 12.8 + 0.4 96
Solvent 0 0 13.4 + 0.5 100
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pi peri di nopi peri di nocar bonyl oxy group, or a
nmet hoxyet hoxynet hoxy group, Y1 in ring B represents a
hydrogen atom a C2-C8 acyloxy group, a
trifluoronmethyl group, or a C-C8 al koxy group; Y2
represents a hydrogen atom a hydroxyl group, a C2-C8
acyl oxy group, a nethoxyet hoxymet hoxy group,
- COOR1( R1=hydrogen atom Cl1-C4 al kyl group) , -0
Exanp@e2)12nCOOR2 (n=1-7: R2=hydrogen atom Cl-C4 aIkyI
group), -OOCCH2CH2COOR3 ( R3=hydr ogen gt C%
alThd | follow1ng ingredients were mixed together, and the
(2)-2-(3, 4-di met hoxy- phenyl ) - 3- (4- hydro
residnts M w7 S PRSI G s s Cocp )
hal ogenoacyl oxy group, a nethylenedloxy group, a
phosphate group (-OP(0) (OH)2) or a salt thereof, a
sulfate group (-OSC8H) or a salt thereof, a
gI@QQkWr%nosyl group and a salt thereof, a phosphate

cOmpéqﬁa Pf —a grycopyranosyl—gpgUupgand a salt of the
es a sulfate ester of goglﬁgopyranosyl group and

Lac%&%?ﬂt of. the ester

Pot gﬁ?%ﬁ?gﬁhger|P#ﬂgcarbonyggx%ggroup, or a Cl1-C8

Micraqass§t fhi bi ccord to cl
Syniftlriet A Y HRI B npbihaR b th Bl 2 I(2)g s amd

ot

Calgigpt exled ety t he f ol | owing Mormila(la): o 97 X2
TotaB MoMong (abety) X1 C Y3OONRIB 1 Y2 %(i

The diphenylacrylonitrile derivative of the present
invention, which exhibits BCRP-inhibiting effect, can
overcome BCRP-mediated anticancer drug resistance. In
addition, the diphenylacrylonitrile derivative can enhance
the effect of an anticancer drug on BCRP-expressing cancer.
Furthermore, the diphenylacrylonitrile derivative is
envisaged to improve the biocavailability of an anticancer

drug, and to improve the performance of cancer chemotherapy.
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‘(la) wherein, X1 inring A represents a hydrogen

atom a hydroxyl group, a halogen-atom a nitro

group, an am no group, an acetylam no group

(-NHCOCH3), a C2-C8 acyl oxy group, a

nmet hoxyet hoxynet hoxy group, or a Cl-C8 al koxy group;

X2 represents a hydrogen atom a hydroxyl group, a
Clai@ls C8 al koxy group, a halogen atom a nitro group, an

acetylam no group (-NHCOCH3), a C2-C8 acyl oxy grou

a ﬁcet hox%let hé%?ﬁﬁt hG)@le@rrouﬁfeSJaSWCF@l eHﬁ’é‘é’JF%k? gFBBE}bltor

- al kyl sents,a h
Con G oy G BUPC A Co T RO oty o b Y (e py TR T ri e
derfﬂA%EQQ9¥éﬁ¥bséﬁ@@&Oﬂﬁntﬁéof%lﬂoﬁhh Of%&ﬂﬂ@a (@7 F B0salt
oup, an acetylam no group , a cyano gr oup,
ther@dornyl group (-CHO, -000Rl1 (Rl= hydrogen atom Cl-C4
al kyl group), -0(CH2)nCOOR2 (n=1-7: R2=hydrogen atom
Cl-C4 al kyl  group), -OOCCH2CH2000R3 ( R3=hydr ogen
atom Cl-C4 aRkyl,
(2)-2-(3,4-dipet ha
lonitr fie
hal ogenoacy

phosphatg
gr

y- phenyl ) - 3- (4- hydr oxy- phenyl ) -acry
opyranosyl group), a C2-C8
group, a nethyl enedi oxy group, a
-OP (0) (OH) 2) and a salt thereof,
OCSBH) and a salt thereof, a 0 98 0
) d a ralt thereof, a phosphate
" group and a salt of the
a gl ycopyranosyl group and

a sul fat
glycopyranosy
ester of gg
ester, a sulf
a salt of the ester,
plperldlnoplperldlnoca bonyl oxy group, or a

met hoxyet hoxymet hoxy gﬁoup, Y1 inring B represents a
hydrogen atom a C2-C8 acykoxy group, a

trifluoronmethyl group, or a Cl-C8 al koxy group; Y2
whernraipr esanths od HiyRITogerh iattomrea thypds axgl oyl e zed2 -f@m one

another, represents a hydrogen atom, a hydroxyl group, a nitro
group, an amino group, an acetylamino group (-NHCOCH3 group),

a cyanc group (—-CN group), a formyl group (-CHO group)}, —-COOR;
(Ry is hydrogen or C1-C4 alkyl), -O{(CHz),COOR, (n=1-7: R; is
hydrogen or C1-C4 alkyl)}, —OOCCH,CH,COOR3; (R3 is hydrogen, Cl1-C4

alkyl,

(Z2)-2-(3,4-dimethoxy-phenyl)-3- (4-hydroxy-phenyl)-acrylonitr

ile, or glycopyranosyl), a C1-C8 alkoxy group, a C1-C4 alkyl group,
a halogen atom, a C1-C4 alkoxy C1-C4 alkoxy Cl-C4 alkoxy group,

a C2-C8 acyloxy group, a C2-C8 halogenoacyloxy group, a
methylenedioxy group, a trifluoromethyl group, a phosphate group
(i.e., —OP(0O) (OH),) or a salt thereof, a sulfate group (i.e.,

-0S03H} or a salt thereof, a glycopyranosyl group or a salt

thereof, a phosphate ester of a glycopyranosyl group or a salt

of the ester, a sulfate ester of a glycopyranosyl group or a salt



acyl oxy group, a nethoxyet hoxynet hoxy group, -00CR1l
(Rl=hydrogen atom Cl-C4 alkyl group) , -0 (CH2)
nCOOR2 (n=1-7: R2=hydrogen atom Cl-C4 al kyl group),
- OOCCH2CH2COOR3 ( R3=hydrogen atom d -C4 al kyl,
(2)-2-(3, 4-di met hoxy- phenyl ) - 3- (4- hydr oxy- phenyl ) -acry
lonitr ile, a glycopyranosyl group) , a C2-C8

of thal agenoacydoxy pipdapidanopeplyliededicaxypbagroupxy ayroup.
phosphate group (-OP(O (OH)2) or a salt thereof, a
sulfate group (-OSG8H) or a salt thereof, a

: %Z?pﬁiﬁ”“y'qﬂ@pﬁ%ﬁgggﬁréﬁﬁ%‘ St PSS ene
comp%%}ne 1o g%f %to%{n%ater 1°f;18 gLycaruranasyly o RuPe8Rdowing

fordyﬂgHQIBpoplperldlnocarbonyloxy group, or a d-C8
al koxy group. 4. The inhibitor according to claim 2,

which is the conmpound represented by the fornul a
(la), wherein, X1 inring Ais a hydrogen atom a
hydr oxyl group, an acetoxy group, a hal ogen atom a
nitro group, an amknNo group, an acetylam no group
(-NHCOCH3), or a ngthoxy group; X2 is a hydrogen atom
a hydroxyl gPgup Koxy group, an ethoxy group
an acet oxy group | ogen atom a nitro group, an
am no group, an am no group (-NHCOCH3), a
r(adrEZ)hyI group; 099 0 X3 is
a hydrogen atom a axyl grougg an acet oxy group,

a met hoxy group, a : lnitro group, an

am no group, an agﬁ%ylan1nogg{oup (- NHCOCH3), a

met hyl enedi oxy group, a gkycopyranosyl group and a
salt thereof, a phosphate esfer of2 a gl ycopyranosyl
group and a salt of the esteyr, a sulfate ester of a
gl ycopyranosyl group and a salt of the ester, a
phosphate group (-OP(O (OH)2) or a salt thereof, a
sul fate group (-

(la)
wherein,

¥X; in ring A represents a hydrogen atom, a hydroxyl group,
a halogen atom, a nitro group, an amino group, an acetylamino
group (-NHCOCH3), a C2-C8 acyloxy group, a methoxyethoxymethoxy
group, or a Cl-C8 alkoxy group;

X, represents a hydrogen atom, a hydroxyl group, a Cl1-C8
alkoxy group, a halogen atom, a nitro group, an amino group, an
acetylamino group (-NHCOCH3), a C€2-C8 acyloxy group, a
methoxyethoxymethoxy group, a methylenedioxy group, or a Cl1-C4
alkyl group;

X3 represents a hydrogen atom, a hydroxyl group, a C2-C8
acyloxy group, a C1-C8 alkoxy group, a halogen atom, a nitro group,
an amino group, an acetylamino group {(-NHCOCH3), a cyano group,

a formyl group (-CHO}, ~-COOR; (Ri=hydrogen atom, Cl-C4 alkyl
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or a salt thereof, a piperidinopiperidinocarbonyl oxy

group, or a nethoxyethoxynethoxy group, Y1 in ring B

is a hydrogen atom a trifluoronethyl group, or a

met hoxy group; Y2 is a hydrogen atom a hydroxyl

group, a nethoxyethoxyne,thoxy group, an acetoxy

group, or a nmethoxy group. 5. The inhibitor according
groupd ,cl abACB;) WEPQR: | $nthe7 : c Gppbuyd agspr eseaned Wy-Ghealkyl

formul a % & wher ei n, Xl inring Ais a hydrogen
gro%&on]'#J AR EAC O Rsup, (Berhackicsgn  gRbap; aqﬁﬂQ@enalle

o1 350, £ R B TN s e P e

ile aBOQR éog¥g596%&lg QBE a geéPoég H59H4 eng@%yﬁb@@xﬁroup, a

up, acet oxy rou ‘a hal'ogen ato

metlr@l'l@madlca{y geetuyl, amm&:eggsmr@e (arNHEOCHB)P, (8 2) and a salt
net hyl enedi oxy group, or a methyl group; X3 is a

thereedr,ogen awbiate hydeaxyl (-grdishl) aandced oxdplgr omﬁmere@f a
nmet hoxy group, a hal ogen aton] a nitro group, an am
91y cHRaRno st S8R b gidtp 2 EN"—E%EJ—B? pRosphate eSter of

a gl??%?%#%@f%%ﬁ*%g%%%gghﬁa?e %ygqu QPO%%Hé¥%Mu) Ega%ﬁ ester

1T f ydopyranos

of %rOH@yQBEyQa%@s 10f fhRiestela & S%lﬁﬁte o8St @he ObsRer, a
gl yCopyr anosyl group and a salt of the ester, a

pipeptiesipitatie e KD OcgrivopyoRP( O ( OHy2bueor, a saltor a
thereof, a sulfate group (-OSG3H) or a salt thereof,

me t hg yieddrddinedgipey | g meear bonyl oxy group, or
eihogyetperret bocy group, 8, 0. g B s o budhonen
grouﬁ% 3 @%ﬁ¥%ﬁ%&éﬁ&@%yf 8¥858Xy 9501 B alkoxy group;

Y, represents a hydrogen atom, a hydroxyl group, a C2-C8
acyloxy group, a methoxyethoxymethoxy group, -COOR; (R;=hydrogen
atom, C1-C4 alkyl group}, —O(CHz)nCOOR; {(n=1-7: Ry=hydrogen atom,
Cl-C4 alkyl group)}, =-00CCH,CH,COOR3; (Rsz=hydrogen atom, Cl-C4
alkyl,
(Z2)-2-{(3,4-dimethoxy-phenyl) -3- {4~hydroxy-phenyl)-acrylonitr
ile, a glycopyranosyl group), a C2-C8 halogenoacyloxy group, a
methylenedioxy group, a phosphate group (-OP({0O) (OH):,) or a salt
thereof, a sulfate group (-0S03H) or a salt thereof, a
glycopyranosyl group and a salt thereof, a phosphate ester of
a glycopyranosyl group and a salt of the ester, a sulfate ester
of a glycopyranosyl group and a salt of the ester, a

piperidinopiperidinocarbonyloxy group, or a Cl1-C8 alkoxy group.

3. The inhibitor according to claim 1, wherein the
compound of the formula (1) is represented by the following

formula (la):
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nmet hoxyet hoxynet hoxy group, an acetoxy group, or a

met hoxy group. 6. The inhibitor according to any one
of clains 2 to 5, which is the conpound represented
by the forrmula (la), wherein, ring Ais selected from
t he group consisting of 4-hydroxyphenyl,

2- hydr oxyphenyl ,

4- pi peri di nopi peri di nocar bonyl oxyphenyl ,

4- acet oxyphenyl, 4-nmet hoxyet hoxynet hoxyphenyl

4- hydr oxy- 3- net hoxyphenyl , 3, 4-di hydr oxyphenyl ,

3- hydr oxy- 2- net hoxyphenyl ,

3, 5-di et hyl - 4- hyd 3xypheny|,

4- hydr oxy- 3- efdhoxyphenyK; 4-bronophenyl,

| uor ophenyl orophenyl, 4-fluorophenyl,
dlfluorophen‘ R, 4-di f| uor ophenyl ,

di fl uor ophenyls di(Elg¢gryophenyl

di f 1 uor ophenyl 3 |d|fluorophenyl

4-
6-

2-f
2, 3-
2, 5-
3, 4-
2, 3,
2,3
3,4
2-n
3-a

trlfluoropheﬁﬁl 2 ‘¥ﬂuorophenyl
trlfluorophepy4 rifluorophenyl,
, 5-trifluorophenyl, 4- phenyl , 3- nltrophenyl
i trophenyl, 4- cyanophenyl 4- éﬁznophenyl
m nophenyl , 4-net hoxycar bgnyl phenyl ,
4- chl or o- 3- nltrophenyl 2-f|ubro-5-nitropheny|,
3- et hoxy-4-nitrophenyl, 4-00CCH2CH2COOCH3- phenyl ,
4- OOCCH2 CH2 COOC2H5- phenyl
4- 0- D- gl ucopyr anosyl - phen%ﬂa 4- hydr oxy- 3- ni trophenyl ,
3, 4- nmet hyl enedi oxy- 6-ni trophenyl
%?%Pﬁlnethoxyphenyl 4- p- mal t osyl - phenyl |
t.ot S L., 0 191
4 BBk Lot BS¥bpRRSaYo £ IR S NI ORRTHe 1 BLou,
a héiédéﬂﬂdtdhiﬁﬁfﬁﬂﬁ&ﬁfﬁwwﬂﬁlh@%y@@ﬁn&lgroup, an acetylamino
3-fl uoro-4-hydroxyphenyl, 4-fornyl phenyl,
group dcdHEOOCHE et Add b gyl akagetopy - 3-M¢ thpsphthgkymethoxy

4- O0C( 7Br - ph | 4 2-ph |,
group, Orqga 1- éBpafﬂgxy grogg,(o) (OH) pheny

X, represents a hydrogen atom, a hydroxyl group, a C1-C8
alkoxy group, a halogen atom, a nitro group, an acetylamino group
(-NHCOCHj3), a C2-C8 acyloxy group, a methoxyethoxymethoxy group,
a methylenedioxy group, or a Cl-C4 alkyl group;

X3 represents a hydrogen atom, a hydroxyl group, a C2-C8
acyloxygroup,eaCl—CSalkoxygroup,eahalogehatom,eanitrogroup,
an amino group, an acetylamino group (-NHCOCH3), a cyano group,
a formyl group (~CHO), -COOR; (Rj=hydrogen atom, C1l-C4 alkyl
group), -0(CH;)nCOOR; (n=1-7: Rp=hydrogen atom, Cl-C4 alkyl
group) , -Q0OCCH,CH,COOR3 (Ry=hydrogen atom, Ci-C4 alkyl,
(Z)-2-(3,4-dimethoxy-phenyl) -3~ (4-hydroxy-phenyl)-acrylonitr
ile, a glycopyranosyl group), a C2-C8 halogenoacyloxy group, a
methylenedioxy group, a phosphate group (-OP(0) (OH):) and a salt

thereof, a sulfate group (-0S03H) and a salt thereof, .a
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3- met hoxy- 4- OP(0) (OH) 2- phenyl , 4-acetyl am nophenyl
4- OS03H N (C2H5) 3- phenyl, 4- (P-D-glucose-6" -OP (0)
(OH) 2) -phenyl, 2-hydroxy-5-nitrophenyl and
4-fluoro-3-nitrophenyl; and ring Bis selected from
t he group consisting of 4-n-butoxyphenyl, 3,4-dine
t hoxyphenyl, 3,4, 5-trimet hoxyphenyl, 4-hydroxyphenyl,

glydbpptdroxyel hpxgupetdrok yphenyt , tie seef pxgyphlengbhahd ester of
3,5-bis-trifluoronethyl phen with the proviso_that

a glyicegy TANGRY 1B 9EO8 8N bat %aﬁth@/ rfés@/ﬁﬁv‘érﬂnr a puljgte ester

antl ancer-dr U% resi st ance-ov rcom nﬁ I}t %E‘le ester a
!

of  Znt {9 Hﬁ&&yﬁﬂQ?-%kféEilghhéﬁb cOnt aining;: ~as
plp%?&&%ﬁéﬁ& L gégP%e3§h8x9'phenylagﬁﬁbon'tr'leor a

vative as e cri n“any one of claims 1 to 6

metHYx e 88btyhdeneef . gBoudn anticancer drug containing
the diphenylacrylonitrile derivative as described in

any;oie ningchareprds¢nt8 arhadsapent hepwef @ @AdC8nacyloxy
anti cancer_ drug which can serve as a substrate for
grOLmrea%ttJ@:Ja%é@r%%\tgyénaéotipm gitn 2 &1 Gde kexry group;

FoNPoLPRESPEPRGI 8 L1T5rCR kPt ReRUSFEny TG 0hvR B2 C
acyl%xnggon,Cd Net'ﬁox@e(t]r‘)oxymethoxy group, -COOR; (Ri=hydrogen
atom, C1-C4 alkyl group), -0 {(CHz)nCOOR; {n=1-7: Ry=hydrogen atom,
Cl-C4 alkyl group), -OOCCH;CH,COOR; {Rs=hydrogen atom, C1-C4
alkyl,
(Z)-2-(3,4-dimethoxy-phenyl) -3- (4-hydroxy-phenyl)-acrylonitr
ile, a glycopyranosyl group), a C2-C8 halogenoacyloxy group, a
methylenedioxy group, a phosphate group {-OP(0) (OH):} or a salt
thereof, a sulfate group (-0SO3H) or a salt thereof, a
glycopyranosyl group and a salt thereof, a phosphate ester of
a glycopyranosyl group and a salt of the ester, a sulfate ester
of a glycopyranosyl group and a salt of the ester, a

piperidinopiperidinocarbonyloxy group, or a C1-C8 alkoxy group.

4. The inhibitor according to claim 2, which 1is the
compound represented by the formula (la), wherein,

X1 in ring A is a hydrogen atom, a hydroxyl group, an acetoxy
group, a halogen atom, a nitro group, an amino group, an
acetylamino group {-NHCOCHs}, or a methoxy group;

X, is a hydrogen atom, a hydroxyl group, a methoxy group,
an ethoxy group, an acetoxy group, a halogen atom, a nitro group,
an amino group, an acetylamino group (-NHCOCH3), a methylenedioxy

group, or a methyl group;
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wherein, each of 8 R's, which are the sane or
different fromone another, represents a hydrogen
atom a hydroxyl group, a nitro group, an am no
group, an acetylam no group (-NHCOCH3 group), a cyano
group (-CN group), a formyl group (-CHO group), -000RL
(R1 is hydrogen or Cl1-C4 al kyl), -0(CH2)nOOOR2 (n=1-7:
R2Xssls laytdydgenear athmCia &l i 93y 1 QACCHY,CHRCACRB ofR3group,
i s hydrogen, d-C4 alkyl,

a methppxy. gZoupgi ﬁe%b&?eah%ma %I{J&Irﬁ/&rrwrpﬁ@nw)mscgyoupr

T b o TN AL
gly@%&&%@é?@n&% %ﬁlf’& Wé’r@é?lma pRofBnEBe ester of

ogenoacyl oky’ group. a
a glifebhylrenedaxyreiguandaat 41t lapriometdyte gr aupuldate ester

phosphat e group i.e., -OP (0)(OH)2) or a salt
of atbéy@@@ynanmﬂyﬂa@etgﬂnu@KKa ealt o@SCBH) eotea,sal phosphate
t her eof , chopyranos oup or a salt thereof, a
groupndsHRA el BF & T VPR EmRSYIa GRadR Gt % S {(~0SOsH)

or ag?ggg tbllae%gégr? S“'5{‘%@@%@%82181%0&%‘%% %%SQQ group, or

a mdtREL A MO Rerh gk pogashpgnyl oxy group, for the
manufracture of a breast cancer resistance protein
i nibit ofind ® idse Bedebdiengatomgl ai tx 9f lubevmenhifegroup,
conmpound of the fornmula (1) is represented by the

or af gldtdwixiy Jioewmi a (la): 0 103 0 X2 X3 XI Al X2 (E or

Z) X Yl C WB Y2
Yo a hydrogen atom, a hydroxyl group, a

methoxyethoxymethoxy group, an acetoxy group, or a methoxy

group.

5. The inhibitor according to claim 3, which is the
compound represented by the formula (la), wherein,

X3 in ring A is a hydrogen atom, a hydroxyl group, an acetoxy
group, a halogen atom, a nitro group, an amino group, an
acetylamino group (-NHCOCH3;), or a methoxy group;

X» is a hydrogen atom, a hydroxyl group, a methoxy group,
an ethoxy group, an acetoxy group, a halogen atom, a nitro group,
an acetylamino group ({-NHCOCH3;), a methylenedioxy group, or a
methyl group;

X3 is a hydrogen atom, a hydroxyl group, an acetoxy group,
a methoxy group, a halogen atom, a nitro group, an amino group,
an acetylamino group (~NHCOCH;), a methylenedioxy group, a
glycopyranosyl group and a salt thereof, a phosphate ester of
a glycopyranosyl group and a salt of the ester, a sulfate ester

of a glycopyranosyl group and a salt of the ester, a phosphate
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YI (la) wherein, X1 inring A represents a hydrogen
atom a hydroxyl group, a halogen atom a nitro
group, an am no group, an acetylam no group
(-NHCOCH3), a C2-C8 acyl oxy group, a
nmet hoxyet hoxynet hoxy group, or a Cl-C8 al koxy group;
X2 represents a hydrogen atom a hydroxyl group, a
groug -{ al k@y) gr oupa sa bl dygereaf pra sulnfdre graoup, (-&H03H)
anrno group, an acetylam no_group (-NHCOCH3), a C2-C8
or aaéylléx‘yhgregé, a Pt AbSyRORORS K CASRFFRNY LKy group, or
edi ox roup, or a d-C4 alkyl group; X3
a méghﬂ%g% %X%W%Eg?ﬁéeﬂrSPgﬁr a hydroxyl group, a C2-C8
aCWIOfM ﬁgﬁﬁ”ﬁ i% glhgér% QX% +GHQUR, + &4 @@hgggﬁe%%9q1g§oup,
ni tro group, — an oup, an acetyﬂanrno group
or d- Jgraugyano group, a fornmyl group (-CHO,
- COOR1 =hydrogen atom Cl1-C4 al kyl group),
- OYeH2) COOR2 ( hytixpgeR2=hydpogen at ohydfexl al kgdoup,  a
group), -OOCCH2CH2COOR3 ( R3=hydrogen atom d -4
metﬁgwgqthoxymethoxy group, an acetoxy group, or a methoxy
Z) - 2- (3, 4- di net hoxy- phenyl ) - 3- (4- hydr oxy- phenyl ) -acry
9X°UYRnitr ile, a glycopyranosyl group), a C2-C8
hal ogenoacyl oxy group, a nethyl enedi oxy group, a
phosphate group (-OP (0) (OH) 2) and a salt 0 104 O
t hey.eofrheaisul bate rgaeuwp (G850 aand cnesalft dlkameof?, to 5,
a glycopyranosyl group and a salt thereof, a
whighdsphheecespenndf reprgbgnopyranosyd fglmmplaar{dad saberein,

of the ester, a sulfate ester of a glgcqu g
ringfotip %Cat%%lftreértFﬁeg%%‘ﬂIérconaf"lStl“ of"4-hy

2= hf) erl Ino ipeﬁl 8%%59%%8 Y Aoy 1oxyphen 1,
PR R o BpesuRbeny

xynet y group, ring epr es

4~ aJ@%H%&ﬁ%bﬁ§Pﬂl4am@%h@§y@@ﬂd%@hethoxyphenyl,
4-hydroxy-3-methoxyphenyl, 3,4-dihydroxyphenyl,

r%xyphenyl,

3-hydroxy-2-methoxyphenyl, 3,5-dimethyl-4-hydroxyphenyl,
4-hydroxy-3-ethoxyphenyl, 4-bromophenyl, 2-fluorophenyl,
3-fluorophenyl, 4-fluorophenyl, 2,3-difluorophenyl,
2,4-difluorophenyl, 2,5-difluorophenyl, 2,6~-difluorcophenyl,
3,4-difluorophenyl, 3,5-difluorophenyl, 2,3,4-trifluorophenyl,
2,3,5-trifluorophenyl, 2,3,6-trifluorophenyl,
2,4,5~-trifluorophenyl, 3,4,5-triflucorophenyl, 4-nitrophenyl,
3-nitrophenyl, 2-nitrophenyl, 4-cyanophenyl, 4-aminophenyl,
3-aminophenyl, 4-methoxycarbonylphenyl, »
4-chloro-3-nitrophenyl, 2-fluoro-5-nitrophenyl,
3-ethoxy-4-nitrophenyl, 4-00CCH,CH,COOCH3-phenyl,
4~-00CCH,CH,COOCsHs—phenyl, 4-B-D-glucopyranosyl-phenyl,
4-hydroxy-3-nitrophenyl, 3,4-methylenedioxy-6-nitrophenyl,
3,4-dimethoxyphenyl, 4—B¥maltosyl—phenyl,
4-B-maltotriosyl-phenyl, 2-ethoxy-5-nitrophenyl,
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group, a trifluoronethyl group, or a C-C8 al koxy
group; Y2 represents a hydrogen atom a hydroxyl
group, a C2-C8 acyl oxy group, a methoxyet hoxymet hoxy
group, -COOR1(Rl=hydrogen atom Cl1-C4 al kyl group),
-0(CH2) n0O0OR2 (n=1-7: R2=hydrogen atom Cl-C4 al kyl
group), -OOCCH2CH2COOR3 (R3=hydrogen atom Cil-C4
3-hyaldogy-4-nitrophenyl, 3-fluoro-2-hydroxyphenyl,
(2)-2-(3, 4-di et hoxy- phenyl ) - 3- (4- hydr oxy- phenyl ) -acry
3-f£ljusrmard mq@owgﬂy@éwe§h9§yph§ﬂd&p) a C2-C8

hal oge | ox rou nmet hyl ene |oxy group, a
3-£1n0d<h :hy%ﬁ?%éb% %¥£(O? EoEn y% % d'salt thereof, a
4- G @ﬁ% L %'x t3*l%r1%%f

a g yégéyranosy §% rou thg géggltythereofngﬁgﬁgéphate
4-0RS{AI, ) 9B r-Bhahytopyarasyl (anouphamd1g salt of the
ester, a sulfate ester of a glycopyranosyl group and

3-mex el - OFOR (1B) €8 ps-plaenyl, 4-acetylaminophenyl,

pi peri di nopi peri di nocar bonyl oxy group, or a Cl-C8
4- OS&IaHoNngHQ)Lqul”@DleSéab[én@d@h‘gc‘t)%ecﬁarﬁ?@o WREp el pphenyl,

A G S e ) LS G Pk
rlngzﬁ 1>§I sghecggdl\lfﬁ)ﬁ{?ch &r&h@coﬁ’%@ir&q Xlalp- Bh@gx@phenyl,

represents a hydrogen atomj a hydroxyl group,
3, 4-dimethoxyphenyl, 3,4, 5-trimethoxyphenyl, 4-hydroxyphenyl,

4-methoxyethoxymethoxyphenyl, 4-acetoxyphenyl and
3,5-bis-trifluoromethylphenyl;

with the proviso that rings A and B are not both 4-hydroxyphenyl.

7. An anticancer-drug-resistance-overcoming agent or an
anticancer-drug-effect-enhancing agent containing, as an active
ingredient, the diphenylacrylonitrile derivative as described

in any one of claims 1 to 6 or a salt thereof.

8. An anticancer drug containing the
diphenylacrylonitrile derivative as described in any one of
claims 1 to 6 or a salt thereof, and an anticancer drug which

can serve as a substrate for breast cancer resistance protein.

9. Use of a diphenylacrylonitrile derivative represented

by the following formula (1) or a salt thereof:
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a hal ogen atom a nitro group, an am no group, an
acetylamno group (-NHCOCH3), a C2-C8 acyl oxy group,
a met hoxyet hoxymet hoxy group, or a C-C8 al koxy
group; X2 represents a hydrogen atom a hydroxyl
group, a C-C8 alkoxy group, a halogen atom a nitro
group, an acetylamno group (-NHCOCH3), a C2-C8

acyl oxy group, a methoxyet hoxynmet hoxy group, a

nmet hyl enedi oxy group, or a Cl-C4 al kyl group; X3
represents a hydrqogen atom a hydroxyl group, a C2-C8
acyl oxy 47,3 -C8 al koxy group, a hal ogen atom a
nitro grouq, q am no group, an acetyl am no group

(- NHCOCH3)L+~a c¥ano group, a fornyl group (-CHO,
-000R1 (Ri=hyfirog@n atom C1-C4 al kyl group),
-C(CHQ)nCOORaR(n:1-7: R2=hyglr ogen atom Cl1-C4 al kyl
group), - OOCCH2CH2COF R3=hydr ogen atom Cl-C4

al kyl , N

lonitr ile, a glycopyianosyl group), a C2-C8
hal ogenoacyl oxy group, Ra net hyl enedi oxy group, a
phosphate group (-OP (O (@ 2) and a salt thereof,

a sulfate group (-OSG3H) and a salt thereof, a
whergliycopycanosys Rfrouwhdnt arsathet hmnecfr da fleasphatfeom one
ester of 0106 0 a gl ycopyranosyl group and a salt of
anothieg e SESTE SETH faalhé’cé@t%?rn agfony gl PYEEPEAROSFIC U 0gpltro

and a salt of the ester

sroUrpg i &I}Wnoac%r%%%m%v%aPoaﬁ?ugr (NHCOCH group) ,
X rqu | It S a
a cy%&%rgg%%% q—%ﬁegggéﬁég %bgPr 1 I&ﬁ%Q(aCH%P@%SﬂH), COOR;

en-atom 1), roup,

(R, L& hvaeooret byl car-am,aDeyr) Cl-E8ca) K@OORYr qupl-Y2 R, is
represents a hydrogen atom a hydroxyl group, a C2-C8
hydragdroxy gt edp, a hkykl hox§efabxGHaIatdky (s duphydgogRn, C1-C4
Rl=hydrogen atom Cl-C4 al kyl group), -Q CH2)nCOOR2

alkyln=1-7: R2=hydrogen atom Cl1-C4 al kyl group),

(Z):éz¥%?§¥gf%%%E§&y—phenyl)—3—(4—hydroxy—phenyl)—acrylonitr
ile, or glycopyranosyl), a C1-C8 alkoxy group, a C1-C4 alkyl group,
a halogen atom, a C1-C4 alkoxy C1-C4 alkoxy Cl-C4 alkoxy group,
a C2-C8 acyloxy group, a C2-C8 halogencacyloxy group, a
methylenedioxy group, a trifluoromethyl group, a phosphate group
(i.e., -OP{0) (CH)2) or a salt thereof, a sulfate group (i.e.,
-0S03H) or a salt thereof, a glycopyranosyl group or a salt
thereof, a phosphate ester of a glycopyranosyl group or a salt
of the ester, a sulfate ester of a glycopyranosyl group or a salt
of the ester, or a piperidinopiperidinocarbonyloxy group, for

the manufacture of a breast cancer resistance protein inhibitor.

10. Use according to claim 9, wherein the compound of the

formula (1) is represented by the following formula (la):
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(R3=hydrogen atom d -C4 al kyl,

(2)-2-(3, 4-di net hoxy- phenyl ) - 3- (4- hydr oxy- phenyl ) -acry
lonit rile, a glycopyranosyl group), a C2-C8

hal ogenoacyl oxy group, a nethyl enedi oxy group, a
phosphate group (-OP (O (OH) 2) or a salt thereof, a
sulfate group (-OS3H) or a salt thereof, a

gl ycopyranosyl group and a salt thereof, a phosphate
ester of a glycopyranosyl group and a salt of the
ester, a sulfate ester of a glycopyranosyl group and
a salt of the est eg
pi peri di nopi peri di
al koxy groupXs3l2.
the conpound is

a
%carbonyloxy group, or a Cd-C8
se _aXgording to claim 10, wherein
one represented by the fornul a
(la), wherein, ring Ais a hydrogen atom a
hydr oxyl growp YE o@/Qup, a hal ogen atom a
nitro group, an am an _acetylam no group
(- NHCOCH3), or a n&t ; is a hydrogen atom
a hydroxyl group, f#n jup, an et hoxy group,
an acetoxy group, a hal oge a nitro group, an
ami no group, an acetyl am no Proupy - NHCOCH3) , a
met hyl enedi oxy group, or a-yethyl group; X3 is a
hydrogen atom a hydroxyl grolp, an acetoxy group, O
107 0 a methoxy group, a halogen atom a nitro group,
an am no group, an acetylam no group (-NHCOCH3), a
met hyl enedi oxy group, a dlydopyranosyl group and a
salt thereof, a phosphate ester of a glycopyranosyl
p and a salt of the ester, a sulfate ester of a

glngﬁ¥&%9ﬁfﬁlrgﬁ?ggﬁ?gg(%ﬁﬁ%%fo&%ntJFbﬁ?Eﬁﬁyd@oxyl group,

pho ate Tgroup or a salt thereof, "a

a halWde eitdmup (ridSBHrows, aasadhitbegeofip, aan acetylamino
pi peri di nopi peri di nocar bonyl oxy group, or a

grouret{ RUKYEChaXy netdinGs graldpx Wy riompri agunethexgehharggekhoxy

atom a trifluoronethyl group
group, or a Cl-C8 alkoxy group;

whe

X, represents a hydrogen atom, a hydroxyl group, a C1-C8
alkoxy group, a halogen atom, a nitro group, an amino group, an
acetylamino group (-NHCOCHs3), a C2-C8 acyloxy group, a
methoxyethoxymethoxy group, a methylenedioxy group, or a Ccl-C4
alkyl group;

X; represents a hydrogen atom, a hydroxyl group, a C2-C8
acyloxygroup,zaCl-CBalkoxygroup,eahalogenatom,éanitrogroup,
an amino group, an acetylamino group (-NHCOCHj3), a cyano group,
a formyl group (-CHO), -COOR; (Ri=hydrogen atom, C1-C4 alkyl
group), =0{(CHz)nCOOR; (n=1-7: Rpy=hydrogen atom, Cl-C4 alkyl
group), -OOCCH,CH,COOR; (Rs=hydrogen atom, C1l-C4 alkyl,
(z)-2-(3,4-dimethoxy-phenyl) -3- (4-hydroxy-phenyl}-acrylonitr
ile, a glycopyranosyl group), a C2-C8 halogenoacyloxy group, a

methylenedioxy group, a phosphate group (-OP(O) (OH)2) and a salt
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or a nmethoxy group; Y2 is a hydrogen atom a hydroxyl

group, a nethoxyet hoxynet hoxy group, an acetoxy

group, or a nethoxy group. 13. Use according to claim

11, wherein the conpound is the one represented by

the formula (1la), wherein, X1 inring Ais a hydrogen

atom a hydroxyl group, an acetoxy group, a hal ogen
theratodn a nsbwIBageouppowdm aAmORDsfnoupndam aedttyl dhemeocf, a

group (-NHCOCH3), or a nethoxy group; X2 is a hydrogen
glycapomane syldraosalp @by <8 FetHsae gf oud, Phw%%%%x?ster of

roup, an acetoxy gro al ogen atom a nif
@ oL§FEayrangyy c@fy*ﬁgﬁ?ﬂﬁp G REGoEg o & ShPrate ester
of HEtQXSSBE rgﬁ%s Tdﬁ an@etgylsgﬁQuDofXBthé ester, a

tom roxyl group, an acetoxy group, a

ipePRINROH é%%&lﬁbé@&@@ﬁﬁl@k?n] a ni greugroup, anoam no  a
PP group, 3%? acetylam no group (-NHCOCH3), a

me t hioetyleyti rengthaixyo gy ogpou, glycopyranosyl group and a
salt thereof, a phosphate ester of glycogyranogy
gréup“hh@l%gé%rﬁeﬁﬁe%%%t%sﬁé@Yd%Q%%Pf% gles Of “acyloxy

yCco 0 up, and a salt of th est 6l
groudies cor & RGTSIEE (1 Bk B PRy 27 Fof §Togh AGrbIr P
SPE*£§§F§%Q&Ht£ g£g§&&o%9n19§og 04 ﬁy§§bky§h§E§QE 4 c2-C8
pi péri di nopi peri di nocarbonyl oxy group, or
acy 1Bt hexyebhoaxmerhbex) teictime tHo s gtromng B—(EGOBl hRreebgénogen
atom a trifluoronmethyl group, or a nethoxy group; Y2
atom,sCa-G¢drldgengavom) ,aGydioxyIOQRolpT1a7: Re=hydrogen atom,
nethoxyethoxynetho ro an_acet ox roup,
Cl-Cethbkyl g§reup) rlzrgQ‘Jg%Haéﬁ%GP&Rﬁg ﬁﬁgraﬁé o i n§1-C4
%Q to 13, wherein
alkyl,
(Z}-2-(3, 4-dimethoxy-phenyl) -3- (4-hydroxy-phenyl)-acrylonitr
ile, a glycopyranosyl group), a C2-C8 halogenoacyloxy group, a
methylenedioxy group, a phosphate group (-OP(0O) (OH}:) or a salt
thereof, a sulfate group (-0SO3H) or a salt thereof, a
glycopyranosyl group and a salt thereof, a phosphate ester of
a glycopyranosyl group and a salt of the ester, a sulfate ester

of a glycopyranosyl group and a salt of the ester, a

piperidinopiperidinocarbonyloxy group, or a C1-C8 alkoxy group.

11. Use according to claim 9, wherein the compound of the

formula (1) is represented by the following formula (la):
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the conpound is the diphenylacrylonitrile derivative
represented by the fornula (la) or a salt thereof,
wherein, ring Ais selected fromthe group consisting
of 4-hydroxyphenyl, 2-hydroxyphenyl,

4- pi peri di nopi peri di nocar bonyl oxyphenyl ,

4- acet oxyphenyl , 4-nmet hoxyet hoxynet hoxyphenyl ,

4- hydr oxy- 3- net hoxyphenyl , 3, 4-di hydr oxyphenyl ,
3-hydroxy-2-nethox%ghenyl,

3, 5-di net hyl - 4- hydffexyphenyl ,

K, 4-Dbronophenyl,

orophenyl, 4-fl uorophenyl,

2, 4-di fl uor ophenyl ,

d
di fluoro y 65 dipfl ophenyl ,
di f 1 uor ogﬁenyl |l 3,5 |di($ldlﬂg)ophenyl ,
4-trifluorophenyl A t Li¥1 uor ophenyl ,
6-trifluorophe (? 2,A,§- rifluorophenyl,
, 5-trifluorophenyl, 4-ni{rophenyl, 3-nitrophenyl,
i trophenyl, 4-cyanopheny 4- & nophenyl ,
m nophenyl , 4-nmet hoxycar hgnyl phenyl ,
4-chl oro-3-ni trophenyl, 2-fltbro-5-nitrophenyl,
3- et hoxy-4-nitrophenyl, 4-00CCH2CH2COOCH3- phenyl ,
4- OOCCH2CH2COOC2H5- phenyl
4- 0- D- gl ucopyr anosyl - phenyllla) 4-hydroxy- 3-nitrophenyl,
3, 4- et hyl enedi oxy- 6-ni trophenyl
wher®iqdi met hoxyphenyl, 4-0-maltosyl - phenyl

4Rty oSyl phenl, 2oL NOXA S 0! PRSI group,
a h%?éqéﬂ”éféﬁpxgﬁﬁﬁ%&b%ﬁ%mp, an amino group, an acetylamino

uor o- 4-'met hoxyet hoxynet hoxyphenyl ;

groud flluaocishy ds ax-pieryyl dkf aiioygphanyéthoxyethoxymethoxy
4- acet oxy- 3- et hoxyphenyl, 4-acetoxy-3-fl uorophenyl,

groul OQC( GHX) Bi 8 phékgky 9TORPQ®) (OH) 2- phenyl,
3 chrpkecorboshohnypaen Bom, 2 RSLYATI" R w c1-co

alko4x_3; g;?fb%pgl éj%%sledg%ﬁ 9@%9?,(9@129%’8%%’, an acetylamino group

(-NHCOCH3), a C2-C8 acyloxy group, a methoxyethoxymethoxy group,

a methylenedioxy group, or a Cl-C4 alkyl group;

X3 represents a hydrogen atom, a hydroxyl group, a C2-C8
acyloxy group, a C1-C8 alkoxy group, a halogen atom, a nitro group,
an amino group, an acetylamino group (-NHCOCH3), a cyano group,
a formyl group (-CHO), -COOR; (R;=hydrogen atom, Cl1-C4 alkyl
group), -0(CHz)nCOOR; (n=1-7: Rp=hydrogen atom, Cl-C4 alkyl
group) , -00CCH,>CH>COOR3 {(Rs=hydrogen atom, Cl-C4 alkyl,
(Z)-2-(3,4~dimethoxy-phenyl) -3- (4-hydroxy-phenyl)-acrylonitr
ile, a glycopyranosyl group}, a C2-C8 halogenoacyloxy group, a
methylenedioxy group, a phosphate group (-OP(0) (OH);} and a salt
thereof, a sulfate group (-0SO3H) and a salt thereof, a

glycopyranosyl group and a salt thereof, a phosphate ester of
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2- hydr oxy-5-ni trophenyl and 4-fl uoro-3-nitrophenyl;
and ring Bis selected fromthe group consisting of
4- n- but oxyphenyl , 3, 4-di met hoxyphenyl ,

3,4, 5-trinmet hoxyphenyl, 4-hydroxyphenyl,

4- met hoxyet hoxynet hoxyphenyl, 4-acetoxyphenyl and
3,5-bis-trifluoronethyl phenyl; with the proviso that

a glicogs rAnady 1B galoaipnahdbat ha B+ hyfirtdxy plsemi,. a §61fbke ester
of the diphenylacrylonitrile derivative according to

of anygdrY@O@fynﬂrmavsl 9 gupuRt omch gal satliter €6f £HE £REST, 2
manuf act ure of

Plp%ﬁﬁq%ﬂﬂﬁﬁﬁe%&%bn?%§F§?8ﬁ&8X8verconlﬂﬁouggent or &h a

ant| ncer dr f enhanC|ng agent. 16. Use of a
mEthQ§ﬂ$ met$g¥§ &g énylacrylonltrlle derivative

aCQ?rghnglﬁQ §n¥e§P8385t§|é'H?deE@nlét@ﬁ,aaS©2LCB acyloxy
thereof and an anticancer drug ich can serve as a
groubss riat £f f oo rbmeadyl cancgr, resist@nees pabkeky fopup;
the manuf acture of an anti cancer drug. 17. A
di Phengpaesghtsi er hydrasenyative érha Eqry 1t gEpEEH 2 C2-C8
sel ect ed fron1the8grou% consi st.i n

acy oAy zQJz%urac df nBERBRSY SRS % y%]f%l%fl’- pheRYRY - acry
Rl_ii]?’?i(rf)gef ca?a%r%’ ZC](SC% %lﬁgt hgfﬁuﬁ)henﬁ% Cvf}znyc]ooﬁzergf;l 1o
Ro= h%hls%gér{ Lk bl@lp@ll gi pyh - §'roegnhoxydomad,CH,COOR;

2- cyano- 2- ( 3, 4- di net hoxy- phenyl ) - vi nyl ] - phenyl
(Ry=hgetratge=n atom, C1-C4 alkyl,

(2)-2-(3, 4-di net hoxy- phenyl) - 3-[ 4-( 2- net hoxy- et hox t .
'ﬁ%XV% D@éﬁ?FPO§§rF%@ﬁ“ﬁw1 {4-hydroxy- phe%yl)—ac%@%onlt

rllq rﬁtqf§§§§§¥£§%§§fyg9338¥[)a3c£—c§yﬁa o&eRhS %l%x@c ¥oup,
a me(éirz]rgll)%_n(e%l%x‘y JRLAX Yz PReAYHA TR §Folydr-w ¢Sy (Bl PoX¥rPh salt
thereof, a sulfate group (-0S0O3H} or a salt thereocf, a
glycopyranosyl group and a salt thereof, a phosphate ester of
a glycopyranosyl group and a salt of the ester, a sulfate ester
of a glycopyranosyl group and a salt of the ester, a

piperidinopiperidinocarbonyloxy group, or a C1-C8 alkoxy group.

12. Use according to claim 10, wherein the compound is
the one represented by the formula (la), wherein,

X; in ring A is a hydrogen atom, a hydroxyl group, an acetoxy
group, a halogen atom, a nitro group, an amino group, an
acetylamino group {(-NHCOCHs), or a methoxy group;

X, is a hydrogen atom, a hydroxyl group, a methoxy group,
an ethoxy group, an acetoxy group, a halogen atom, a nitro group,
an amino group, an acetylamino group {-NHCOCH3), a methylenedioxy
group, Or a methyl group;

X3 is a hydrogen atom, a hydroxyl group, an acetoxy group,
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acrylonitrile;
(2)-3-(3, 4-di hydroxy- phenyl ) -2-(3, 4-di net hoxy- phenyl ) -
acrylo nitrile;
(2)-2-(3, 4-di et hoxy- phenyl ) - 3- ( 3- hydr oxy- 2- net hoxy- ph
enyl)- acrylonitrile;
(2)-2-(3, 4-di net hoxy- phenyl ) - 3- (4- hydr oxy- 3, 5- di net hyl
a metplvedyy grbupacayhahotenl @om, a nitro group, an amino group,
(Z)-2-(3h4-dinethoxy-pheny&)-B-(B-ethox - 4- hydr oxy- phe
an agefyaangpgl gmquw | ¢ -NHCOCH3z), a methylenedioxy "group, a
o1yddiefartdapt SXYBNERY" 1~ 5 L2 ALKy, PRERNLLAGKY! Qb of
a glg@ﬁ'pgrhr(aﬁ%ﬁ{ gf_%u%“%%' b~ 238 4r i d IJBI0X Y BR8P @ster

of al(%)ly%'o(g;’yxl‘h‘rﬂjé'ﬂﬁlt hpotpheny la) <3 diydnexgsplenyk) paesphate
e;

onitr |
group _[(l(-Z)P @ )cyhan) 2 o3a 4s all tret horgo phemydy kfia tny | cdam zo1f1SO3H)
trile;

or 3y Epl3- thezeaifs | aorbephbAyRyPEPESidigoremRoRy - Isieh@AnC W, OF

crylon itrile,
a me(th%Y?‘éﬂl%{‘%‘P?eFBBi‘éS-8H8H§r) - 2- (3, 4- di met hoxy- phenyl ) - a

Crylon, Jighl€is a hya £ trifl thyl
(2)23(2 %ﬁ%iﬁfllusorao- Shemy: 3505 a2 di et hoxy-phenyl ) 2a B
or é”ﬁ@ﬂﬁbxyt@tbﬁ?;
(2)-3-(3,4-difluoro-phenyl)-2-(3, 4-di met hoxy- phenyl)-a
crylon i® 1Bl Ohiydricken atom, a hydroxyl group, a

Z)-3-(3,5-difl - phenyl ) - 2- (3, 4- di - -
metéﬁ%&@ﬁ#o$ymgrggggr%J%ngv%n a%%{%£¥n§§33§¥ eﬂsqglke%hoxy

-gr0§§%é§§(3igh?i??fg?xy'phenyl)-3-(2,3,4-trif|uoro-pheny
(2)-2-(3, 4-di net hoxy- phenyl )-3-(2, 3,5-trifl uoro-phenyl
)-acry

13. Use according to claim 11, wherein the compound is
the one represented by the formula (la), wherein,

X, in ring A is a hydrogen atom, a hydroxyl group, an acetoxy

group, a halogen atom, a nitro group, an amino group, an

acetylamino group (-NHCOCHs3), or a methoxy group;

X2 is a hydrogen atom, a hydroxyl group, a methoxy group,
an ethoxy group, an acetoxy group, a halocgen atom, a nitro group,
an acetylamino group (-NHCOCH3;), a methylenedioxy group, or a
methyl group;

X3 is a hydrogen atom, a hydroxyl group, an acetoxy group,
a methoxy group, a halogen atom, a nitro group, an amino group,
an acetylamino group (-NHCOCH3), a methylenedioxy droup, a
glycopyranosyl group and a salt thereof, a phosphate ester of
a glycopyranosyl group and a salt of the ester, a sulfate ester

of a glycopyranosyl group and a salt of the ester, a phosphate

group (-OP{0O) (OH),) or a salt thereof, a sulfate group {-0S0sH)
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lonitrile;
(2)-2-(3, 4-di net hoxy-phenyl)-3-(2,3,6-trifluoro-phenyl
)-acry lonitrile;
(2)-2-(3, 4-di met hoxy- phenyl )-3-(2,4,5-trifl uoro-phenyl
)-acry lonitrile;
(2) - 2- (3, 4-di met hoxy- phenyl ) -3-(3, 4, 5-trifluoro-phenyl

or a)sé&%)théﬁ&bﬁfld*ﬁiperidinopiperidinocarbonyloxy group, Or
(2)-3-(2,6-difluoro-phenyl)-2-(3, 4-di met hoxy- phenyl)-a

a methpkgyethosineghoxy group,

Z) - 2-(3,4-di_nmet hoxy- phenyl ) - 3- ( 3-ni - -

gi%¥iqé q;ng B is a gygroggn)ato$, alégfkfﬁ§¥g$gtﬁ§£y%£5up,

(%%—%[ 4- anm nQ- phenyl) - 2- (3, 4- di met hoxy- phenyl ) -acryl o
or anfel O(xye;greOtL}Pw

[ 4v] (£ -2- 6yareyén( Achdi ethiRspfenytday| nl | - phenox

y]-ace tate; nethyl
me t hé=yelhreyartoo 2y (Jrdudi mehhaxytphanyd nowd nyd 1 - bengbhoxy

€,
grou@Z)-Z[(3,4-dinethoxy-phenyl)-3-(2-nitro-pheny|)-acrylo

nitri e;

F%)-B-(4-chlpro;3-nitro-phenyl)-2-(3,4-dinethoxy-pheny

gcr g%q& LOLEEhy to any one of claims 10 to 13, wherein

(Z}¢2-(%, -d%ne% ox%-ﬁ%ean)}é-(fzfluoro-5-nitro-pheny
the lbrdund/lioNitnd | @i pRed}2aBrylonitrile derivative

(2)-2-(3, 4-di net hoxy- phenyl ) - 3- (4- et hoxy- 3-ni tro- pheny
reprelsaantted Wwnitei fermula (la) or a salt thereof, wherein,

~ 4-[(2) -2-cyano- 2- (3, 4-di met hoxy- phenyl ) - vi nyl ] - pheny|

rlngm@ﬂﬁyﬁel§@@é¥h§g@glthe group consisting of 4—hydroxy¥henyl,
2-hydroxyphenyl, 4-piperidinopiperidinocarbonyloxyphenyl,
4-acetoxyphenyl, 4-methoxyethoxymethoxyphenyl,
4-hydroxy-3-methoxyphenyl, 3,4-dihydroxyphenyl,
3-hydroxy-2-methoxyphenyl, 3,5-dimethyl-4-hydroxyphenyl,
4-hydroxy-3-ethoxyphenyl, 4-bromophenyl, 2-fluorophenyl,
3-fluorophenyl, 4-fluorophenyl, 2,3-difluorophenyl,
2,4-difluorophenyl, 2,5—difluorophenyl; 2,6-difluorophenyl,
3,4-difluorophenyl, 3,5-difluorophenyl, 2,3,4-trifluorophenyl,
2,3,5-trifluorophenyl, 2,3,6-trifluorophenyl,
2,4,5-trifluorophenyl, 3,4,5-trifluorophenyl, 4-nitrophenyl,
3-nitrophenyl, 2-nitrophenyl, 4-cyanophenyl, 4-aminophenyl,
3-aminophenyl, 4-methoxycarbonylphenyl,
4-chloro-3-nitrophenyl, 2-fluoro-5-nitrophenyl,
3-ethoxy-4-nitrophenyl, 4-00CCH,CH,COOCH3—-phenyl,
4-00CCH,CH,COOC,Hs-phenyl, 4-P-D-glucopyranosyl-phenyl,
4-hydroxy-3-nitrophenyl, 3,4-methylenedioxy-6-nitrophenyl,
3,4~-dimethoxyphenyl, 4-f-maltosyl-phenyl,

4-B-maltotriosyl-phenyl, 2-ethoxy-5-nitrophenyl,
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4-[(2)-2-cyano- 2- (3, 4-di net hoxy- phenyl ) -vinyl ] - phenyl
et hyl succinate;

bis-{4-[(2)-2-cyano-2-(3, 4-di net hoxy- phenyl ) -vinyl] - ph
enyl} succinate;

(2)-2-(3, 4-di met hoxyphenyl ) - 3- (4-0- D gl ucopyr anosyl phe
nyl)-a crylonitrile;

3- hy@%bX&44%ﬁkﬂhdﬁﬁéﬁyy, phenyhd r3-L4nhdooxphizmilt,r o- phen

)-ac rylonitri

3- f1@2y424($ffhhx&?thm&ymhéhnyP3908lm|tro benzo[ 1, 3] di ox
-5-y acrylonitr

3- fl@EFQ?ﬁﬁ?%ﬂQﬁﬁﬁRW%&¥lph%n§P¥mElPﬁeP§lnethoxy et hoxynet

h cr nitri
4 ac(e%)é%’ (g eghv) %y@} '%{ngr%m?§§PXE§henyIl)uofo(pilenn)yd% ‘oxy- ph
4- Odﬁ?ﬂ ) @fﬁﬁhgﬂyﬁr'heOP henyl,
3 4- di net hoxy-p enyI) § F4 hydroxy phenyl ) -acry
3 méﬂM@ﬁﬁF44dR%O (OH) ,-phenyl, 4-acetylaminophenyl,
(Z)-2-(3,4-dinethoxyphenyl)-3-(4-R—na|tosy|-phenyl)-ac
4-030gHeNI(CoHy)id-e@henyl, (B-D-glucose-6’-0P (O) (OH)2) -phenyl,

2- hm(d)r)ogﬁzr—( 3>;}4Jd%c:fqn§t$12§(¥ gQﬁ”X %luo&z %t Ql%_)(t)éophér};lo phecli]y
rlngélg)lszséfec rfé&?%%epgfwﬁ)co%s(l%wﬁ g)fyé—nﬂﬂ)&fgiQBﬁQnyl
3, 4%&&&4@%5@1 hoxyphenyt dndt kd= FoRBhy 0l i osylir phepibnyl,

)-acry lonitrile

ﬂnddﬂoi¥dﬁhdkyhémh@myyhphgmyIﬂ 3ceBollypbrenyZ- yrdt oxy- phe
nyl)-a crylonitrile; 113
3, 51@931P4EfkPQﬁ@ﬁ@h@X%Dbﬁ@ﬁ}P) 3-[3-fl uoro- 4- ( 2- met hoxy-

with tplgxgroxpfég%wa?t @Q%B%'zl anc[ %l a?Pé tnroltI Ebth 4-hydroxyphenyl.

15. Use of the diphenylacrylonitrile derivative
according to any one of claims 9 to 14 or a salt thereof for
the manufacture of an anticancer-drug-resistance-overcoming

agent or an anticancer-drug-effect-enhancing agent.

16. Use of a combination of the diphenylacrylonitrile
derivative according to any one of claims 9 to 14 or a salt thereof
and an anticancer drug which can serve as a substrate for breast
cancer resistance protein for the manufacture of an anticancer

drug.

17. A diphenylacrylonitrile derivative or a salt thereof
selected from the group consisting of
(Z)-2-1{3,4~dimethoxy-phenyl) -3- (4-hydroxy-phenyl)-acrylonitr
ile; |

4-f (2)~-2-cyano-2-(3,4-dimethoxy-phenyl)-vinyl]-phenyl
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(2)-2-(3, 4-di met hoxy- phenyl ) - 3- (3-fl uor o- 4- hydr oxy- phe
nyl)-a crylonitrile;
nono-{4-[(Z)-2-cyano- 2- (3, 4-di met hoxy- phenyl)-vinyl]-p
henyl } phosphat e;
4-[(2)-1-cyano- 2- (3, 4-di net hoxy- phenyl ) -vi nyl ] phenyl

acet at e;
[1,4(Zpiﬁi@%n&dﬁnyﬂ#&hwe@h@@yy)aee(4-fornyl-phenyl)-acryl
onitri e;

4~ [ (4] FeZryBreyaEmotD-4-31 ek hexvoRpe préhyVLnyildyPRenydt hox
y-phen vyl acetate;
acetgleiz) . 1- cyano- 2- (3, 4- di met hoxy- phenyl ) - vi nyl | - 2- f | uor

- phe Al ;
z)-9-RAENH - £ -3-[4- (2-methoxy-eth thoxy) -
(@) G A A B e TR R R ST
phen%hHJ%EﬁyﬂdﬁiﬂﬂfB@; _

-[4-[(2)-2-cyano- 2- (3, 4-di met hoxy- phenyl ) -vinyl ]-phen
(Z)—QXMBqM—dﬂMﬁﬁhﬂHyﬁpheny})—3—(2—hydroxy—phenyl)—acrylonitr
, 4-[(2)-1-cyano-2-(3, 4-di net hoxy- phenyl ) -vinyl] - phenyl
ilei8- br ono- oct anoat e;

(2) -SA R ARG AN 5 75 (3 42 9L TRV -0 AHM R 1) -
acrygﬁggﬁ%éJEQZ)-2-cyano-2-(3,ﬂ-dinethoxy-phenyl)-vinyl]-Z

y- phenyl } phosphat e;
(7) -eNG-, {1d-did)d 2o :0y-asee Ry { B- 4~ dBret-Hamy+ pbesyHpheriyiy)ldaqrylo

henyl} phosphat e;
nitridreoe- {4-[ (Z)-2-cyano- 2- (3, 4-di net hoxy- phenyl ) -vinyl]-2
-met ho xy-phenyl} phosphate;
(Z) —&—[(:if-r[‘l(—zﬁll@fémt@l%@yﬁl dP e e RBXGL BRI TS HRHY =i 1) -
acry{gkf¥%iféﬂl4 0
(2}~-2-(3,4-dimethoxy-phenyl) -3~ (4-hydroxy-3, 5-dimethyl-pheny
l)-acrylonitrile;
(z)-2-(3,4-dimethoxy-phenyl)-3-{(3-ethoxy-4-hydroxy-phenyl) -a
crylonitrile;
(Z) -2- (4-butoxy-phenyl)-3-{4-hydroxy-phenyl) ~acrylonitrile;
(Z)-3-{4-hydroxy-phenyl)-2-(3,4,5-trimethoxy~phenyl) -acrylon
itrile;
(Z)-2-(3,4-dimethoxy-phenyl)-3- (4-hydroxy-phenyl)-acrylonitr
ile;
4-[(Z)-2~-cyano—-2- (3, 4-dimethoxy-phenyl)-vinyl]-benzonitrile;
(7)-3-(2,3-difluoro-phenyl)-2- (3, 4-dimethoxy-phenyl) -acrylon
itrile;
(z)-3-(2,4-difluoro-phenyl)-2-(3,4-dimethoxy-phenyl) -acrylon
itrile;
(2}-3-(2,5-difluoro-phenyl) -2~ (3, 4~-dimethoxy-phenyl)-acrylon
itrile;

(Z}-3-(3,4-difluoro~phenyl)-2-(3,4-dimethoxy-phenyl)-acrylon
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et am de;

(2)-2-(3, 4-di net hoxyphenyl ) - 3-[ 4- (6- phospho- R-D- gl ucop

yranos yl)-phenyl]-acrylonitrile;

nmono{ 4-[ (Z) - 2- cyano- 2- ( 3, 4- di met hoxy- phenyl ) -vi nyl ] - ph

enyl}s wulfate;

(2)-2-(3, 4-di net hoxyphenyl ) - 3-[ 4- (6- phospho- R-D- gl ucop
itrgﬂ@mos yl)-phenyl]-acrylonitrile;

- 2- (3, 4-di et hoxy- phenyl) 3- (2- hydr oxy-5-nitro-phen
3ﬂﬁ¢%x5 dyikwpr¢rpbenyl -2-(3,4-dimethoxy-phenyl)~acrylon

2- (3, 4-di net hoxy- phenyl ) -3-(4-fl uoro-3-nitro-pheny
1tr¥5gacr ylonitrile;

1 A LTS RURTIAL 6 S
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(Z)-2-(3,4-dimethoxy-phenyl)-3-(2,3,5-trifluoro-phenyl)-acry
lonitrile;
(2)-2~(3,4-dimethoxy-phenyl)-3-(2, 3, 6-triflucro-phenyl)-acry
lonitrile;
(2)y-2-(3,4~dimethoxy-phenyl}-3-(2,4,5-trifluoro-phenyl)-acry
lonitrile;
(z)-2-(3,4-dimethoxy-phenyl)~-3-(3,4,5-trifluoro-phenyl) -acry
lonitrile;
(z)-3-(2,6~difluoro-phenyl)-2- (3, 4~dimethoxy-phenyl)-acrylon
itrile; .
(2)-2-(3,4-dimethoxy-phenyl) -3-(3-nitro-phenyl) -acrylonitril
e;
(Z)-3-({4-amino-phenyl)-2-(3,4-dimethoxy-phenyl)-acrylonitril
e;
ethyl
[4-[(Z)-2-cyano-2-(3, 4-dimethoxy-phenyl)-vinyl] -phenoxy] -ace
tate;
methyl
4-[(2)-2-cyano-2-(3,4-dimethoxy~-phenyl)-vinyl]-benzoate;
(Z)-2-(3,4-dimethoxy-phenyl)-3-(2-nitro-phenyl)-acrylonitril
e;
(Z)-3-(4-chloro-3-nitro-phenyl)-2-{(3,4-dimethoxy-phenyl) -acr
ylonitrile;
(2)-2-(3,4~dimethoxy-phenyl)-3-(2-fluoro-5-nitro-phenyl}~acr

ylonitrile;
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(2)-2-(3,4-dimethoxy-phenyl) -3~ (4-ethoxy-3-nitro-phenyl) -acr
ylonitrile;

4-[(2)-2~cyano-2-(3, 4-dimethoxy-phenyl)-vinyl]-phenyl methyl
succinate;
4-1(%2)-2~-cyano-2-(3,4-dimethoxy-phenyl)-vinyl]-phenyl ethyl
succinate;
bis-{4-[(Z)-2-cyano-2-(3,4-dimethoxy-phenyl)-vinyl]}-phenyl}
succinate;

(Z)-2-(3,4-dimethoxyphenyl) -3-(4-Bf-D-glucopyranosylphenyl) -a
crylonitrile;
(z)~-2-(3,4-dimethoxy-phenyl) -3~ (4-hydroxy-3-nitro-phenyl)-ac
rylonitrile;
(z)-2-(3,4~-dimethoxy-phenyl)-3-(6-nitro-benzo[l, 3]dioxol-5-y
l)-acrylonitrile;
(Z)-3-(3,4-dimethoxy-phenyl)-2-[4~(2-methoxy-ethoxymethoxy) -
phenyl]-acrylonitrile;
{(7Z)-2-(3,5-bis-trifluoromethyl-phenyl}-3-(4-hydroxy-phenyl) -
acrylonitrile;

(B} -2~ (3, 4-dimethoxy-phenyl) -3- (4-hydroxy-phenyl)-acrylonitr
ile;

(Z)-2-(3, 4-dimethoxyphenyl)-3- (4-B-maltosyl-phenyl) ~acryloni
trile;
(Z2)-2-(3,4-dimethoxy-phenyl)-3-{(2-ethoxy-5-nitro-phenyl) -acr
ylonitrile;

(2)-2-(3,4~dimethoxy-phenyl) -3-(3~hydroxy-4-nitro-phenyl) -ac
rylonitrile;
(Z)-2-(3,4~-dimethoxyphenyl)-3-({4-f-maltotriosyl-phenyl)-acry
lonitrile;
(z)~2-(3,4-dimethoxy-phenyl) -3~ (3-fluoro-2-hydroxy-phenyl) -a

crylonitrile;
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(Z)—2—(3,4—dimethoxy-phenyl)—3—[3—fluoro—4—(2—methoxy—ethoxy
methoxy)-phenyl]-acrylonitrile;
(Z)-2-(3,4-dimethoxy-phenyl)-3-(3-fluoro-4-hydroxy-phenyl) -a
crylonitrile;
mono-{4-[(%)-2-cyano-2-(3,4~-dimethoxy-phenyl)-vinyl]-phenyl}
phosphate;
4-[{Z}-1-cyano-2- (3, 4-dimethoxy-phenyl) -vinyl]phenyl
acetate;

(Z)-2-(3,4-dimethoxy-phenyl)}-3- (4d-formyl-phenyl) -acrylonitri
le;
4~[(Z)-1l-cyano-2- (3, 4-dimethoxy-phenyl)-vinyl]-2-ethoxy-phen
yl acetate;

4-[(Z)-1l-cyano-2-(3, 4-dimethoxy-phenyl)-vinyl]-2-fluoro-phen
yl acetate;
4—[(2)—2—cyano—2—(3,4,5—trimethoxy—phenyl)—vinyl]—phenyl
acetate;

ethyl
7-[4-[(Z)-2-cyano-2-(3,4-dimethoxy-phenyl)-vinyl]-phenoxy]-h
eptanoate;

4-[{%2)-1-cyano-2-{3, 4-dimethoxy-phenyl)-vinyl]-phenyl
8-bromo-octanoate;
(Z)-3-{3-amino-phenyl) -2~ (3, 4-dimethoxy-phenyl)-acrylonitril
ey

mono-{4-[ (%) -2-cyano-2~-(3, 4-dimethoxy-phenyl)-vinyl]-2
-methoxy~phenyl} phosphate;
mono-{4-[(Z)-2-cyano-2- (3, 4-dimethoxy-phenyl)-vinyl]-phenyl}
phosphate;

mono-{4-[(%2)-2-cyano-2-{3, 4-dimethoxy-phenyl)-vinyl]-2-metho
xy-phenyl} phosphate;
N-[3-[(Z)-2-cyano-2-(3,4-dimethoxy-phenyl)-vinyl]-phenyl]-ac
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etamide;
(Z)-2-(3,4-dimethoxyphenyl) -3~ [4- (6-phospho-f-D-glucopyranos
yl) -phenyl]~acrylonitrile;
mono{4-[(Z)-2-cyano-2-(3,4-dimethoxy-phenyl})-vinyl]-phenyl}s
ulfate;
(z)-2-(3,4-dimethoxyphenyl)-3-{4-(6-phospho-p-D-glucopyranos
yl) -phenyl]-~acrylonitrile;
(Z)-2-(3,4-dimethoxy-phenyl) -3~ (2-hydroxy-5-nitro-phenyl) -ac
rylonitrile;
(Z)-2-(3,4-dimethoxy-phenyl)-3-{(4-fluoro-3-nitro-phenyl)-acr
ylonitrile;
(7)-2-{3,4-dimethoxy-phenyl)-3- (3-hydroxy-4, 5-dimethoxy-phen
yl) -acrylonitrile; and

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

yl) -acrylonitrile.
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