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Toctymuia B pegaximic 24.12.95 r.

CHHTe3HpOBaHbI CETMEHTHPOBAHHLI OMKIrOYPeTaH, COREP AWM HA KOHIAx rRGKOK HENONAPHOM LENH
TNOJPHEIE PPArMEHTE Ha OCHOBE 2-MUNPOKCAGEH3ENMIEHOBOTO POR3BOHOrO 4-cynuthadufoanunuEa, a
TAKKE MOJCILHAIC a30METHHCOEpXAHUE coeMMHEEHAS. VICCnenoBanbl 2EKTPONHBIE CTIEKTPE! NOTIOme-
HUA ¥ TIOMHHECUSHINY CHHTeINPOBAHELIX COS\MRERHY; YCTAHOBNEHO BIHAHEE CTPYKTYPBI COE/IMHEHMmY
THna o6pasua (pacTBOp, TBEPABIH CNO%) Ha ONTUNECKHe CBOKCTBA. [Tokasano, 9T0 CIEKTPh! TOTNOIICHAS
H NIOMHHECUCHIMA OMTATOYPETAHA ONpPEefeNAIOTCE Er0 MONEKYNAPHON CTDYKTYPOH; TAHHOE COSHHEHHE
ABIIAETCA OPraHM1EecKEM JIOMEHOGOPOM co CpefHed KBaHTOBOH 3 EKTHRHOCTLIO HITYYEHUA. '

B cea3m ¢ pasBETHEM BCCIENOBAHEE IO MOJNEKY-
ASIPHOH ¥ OHOMOJEKYIAPHOH 3IEKTPOHAKE CYMECT-
BEHHO BO3PAcTacT MHTEPEC K H3YIEHAIO PH3HYecKnX
CBOBCTE aMPHAPIILHBIX COEAWHERWH, HAXOXICHIIO
KOppENsSmud MEeXTY MONESKYIAPHOH CTPYKTYpOR =
CBOMCTBAMH 3THX COeEHCHAN, COINaHmrio Ea HX OCHO-
Be 27eMeHTOB MOJEKYISAPHOH 3MeKTpommkd [1-3].
3TO CTEMYNMHUpYeT pa3BHTHE HCCAEAOBaHME B 061ac-
TH CHHTE3a B B3yICHEA CBOUCTR (pyHKIROHAIAIHpPO-
BaHHEIX aM(pEPHILHLIX COSMHHEHAH, CPeNR KOTO-
prIx COJBINOA HRTEPEC HPENCTABIAIOT pa3pabaThi-
BaeMblc HaMz OmamkepHble IIAB ommroMepkcro
muna [4, 5]. B yacTHOCTH, GonpmmEe BO3ZMOXHOCTH
A BBEfACHA] (PYHKUHONAILHEIX TPYIN pa3aayHon
XAMAYECKON HPHPONL]I OPEACTAaBISIOT OHAHKEpHLIE
TIAB Ha OCHOBE CETMEHTHPOBAHHBIX ONHIOypeTa-
HOB (OY). DTd coeHHEHNA CONEPXAT B CROEM CO-
CTaee I’KSKKE HENOJAPHBIE lJeA A XECTKHE HonAp-
HR€ rpynoel Ha KOHLAX Lenef, 9To obyciIoBIRBaeT
PaslEypd B MEXMONEKYNIPHBIX B3aHMONEACTRASX H

MOIEKYNAPHBIX KoneGamrax [6], IlosTomMy mpa BBe-
ICHE® B COCTAB CCTMERTRpOBaEHEIX OY XpoModo-
POB MOXHO OKHRaThL NPOSBICHAS TEMH COSJUHECHA~
SMH XapaKTePHbBIX OOTHYECKHX CBOHCTB.

B macrosmet paGoTe cuETESHPOBAHEI COeNHNe-
HEs1, COlepXaMHEe B KayecTBe XpoMogopa a30METH-
HOBBIC IPYNNBL COSHMHERHE |, cerMeRTHPOBaHHLIH
QY Ha ero ocHose, u cocpurerre I, mogempyiomee
KoHNeBok ¢iparmenT OY, obimme dopMynsl Koro-
PBIX HMEIOT BH]
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OIITUYECKHME CBOVICTBA CEIMEHTMPOBAHHOI'C OJIMTOYPETAHA

KpoMe Toro, Hamm nmpoBeeHO CpPaBHMTENLHOE HcC-
CNefIOBAHKE CIIEKTPOB NOIJIOMICHMA U JIOMBHeCIeH-
IMH [OTYYEHHBIX COCNMHCHHME.

BKCIIEPUMEHTAJIBHAS YACTD

Hcxomusi 4-cananununeHaMHHO O30y b a-
mup (I) monyyannm mo cnegyomei Mmetonuke. K 23.7 ¢
4-amuHOGeH30J1Cy Tb(haMINa, PACTBOPEHHOTO IIPY Ha-
rpesarmEm B 160 M ciBpTa, nprbaenana 16.8 r ca-
JTHIEIOBOTO anbaeruja. PacTeop BEIAep:RuBany Ipa
50-60°C B Teuenne 1 u. IIpm oxnakaesHn 10 KOM-
HaTHO® TeMIepaTypsl BLIIANATK KPHCTANIELL SKel-
TOrO 1lBeTa, KOTOPhIE NEPEKPUCTANTA3OREIBANH U3
cnupTa. Beixong 97%. T, = 211-212°C.

Haiigeno, %: N 19.27: C11.4].
HJ‘ISI. CHHI'_JNZO:;S
BIYHCITEHO, 0! N 10.14; C 11.60.

N-(canmununesamunohernnencynbgo)-N'-pe-
HEIMoverrHY (1I) crHTE3NpOBaIH CIeRyIomuM 06pa-
zoM, 1.3 r coepunenns | cuenmsany ¢ 1.3 v TpEaTRI-
aMAHA H OOJTY4EHHYI0 CMECh pacTBopsutd B 10 M Bo-
Ol 1pu HeGoaBLIOM HarpeBanud. K monyvueHmaoMy
OPAaHXEBOMY PacTBOPY CONM coefaHenws I Hocue ox-
JaXKIeRns MpubaBsiIA NpH NepeMenmrBanpu 0.6 r
pacTpopa (eHmNImIoNMMaHATa B 2 MJI aneTOHA, MpH
3TOM pacTBOp NpHOOpeTan XenTylo okpacky. [Tocie
HENPONOIXKHTEILHOTO BIIEpXXKUBAHAS IIpH KOMHAT-
HOl1 TeMIlepaType pacTBOp YNapHBAIH KOCYyXa, H Cy-
XO# OCTaTOK NEPEKPHCTANNIA3ORBIBAIA HECKOIBKO
paz m3 cimpTa. Brixan 76%. T, > 230°C.

Hafgeno, %: " N 10.51; C7.90.
Ansa CyoH | 7N30,5
BBLIYACIEHO, %! N 10.63; C8.10.

OY cuHTeznpoBang no Meropuke [7] B gBe cTa-
-puy. CHavana B3amMOIEHCTRAEM ONHIOOKCHIPOIIA-
nmeurnukoaa (M = 2300) c iBYKpaTHRIM MOJILHEIM N3~
OBITKOM TOMYANEHAHHICIUAHATa (CMECE H3OMEDUB
2,4- 1 2,6- B'cooTHomerHuH 65 : 35) nprm 100°C noxny-
dany mIouHaHATHRIH mpenonmmep ¢ M = 2700. Ha
BTOpOH craguu 11.5 r H30uEAHATHOIQ NPEUOTHMEDA,
pacteopenHoro B 10 Mn fuokcana, obpabarbmanm
pacteopoM 2.4 T coemunennd I B omecu 5 Ma IMPA
4 2.5 mn TpustTAnamuia. [Toce okonyamms ak3oTep-
MHYECKOM peakIn o0pasoBaBIMANCS XeITHIA pac-
TEOp ynapHEald AoCyXa B IONVEeHHOE BellIeCTBO nie-
peocaxnany HECKOJIBKO Pa3 A3 CHEPTOBOFO PACTBO-
pa Bopoit. Berxon OY cocrasmn 94%, ero MM no
RauaeiM UTOK pasna 3470.

Ins crekTpalbHLIX HCCNENOBAHMN CHHTE3HpO-
BaHHEBIE BellecTBa PACTBOPAIN B CIIAPTE M U3 MOMy-
4eHHBIX pacTBOPOB (POPMHMPOBANH TBEPABLIE CIIOH Ha

BLICOKOMOIEKYITAPHBIE COEIJUHEHUSA  Cepus B
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Kd
3

k 1
300 400
A, HM
Prc, 1. CnexTp nornomeHns pacTEOpOB COeRMHe-
it 1 (1), I1 (2) u OY (3) & crmpre. Kd — ontudeckan |
nnotHocts (K — XoadbnimenT noromenns, d —
TOMINRHA 06pa3ua).

KBapIEBOH IIOJOXKeE; TONIMUEA ILUIEHOK HAXONRW-
nmace B npefenax 10-50 mxMm. TInenxn coegurenmi I
u II mMenu KpHCTAINWYECKYIO CTPYKTYpPY, a OY —
amopdayo. ChoexTpsl MOrMOLICHAS H3MEPSIH Ha
ABYXJIVHeBOM cIekTpomerTpe Tuma 356 (“Hitachi”,
Anonus). CoexTphl TIOMAHECTIEHITAN PETACTPHPORA-
IIH c TOMOIOEI0 $OTO3IeKTPAYecKo YyCTaHOBKH, CO-
3MaHHOH Ha Gase Mmomoxpomatopa SPM-2 (“Carl
Zeiss™”, Jena, T'IP). Bo30yxXueHHe MOMAHECIIEKIHAY
IPOBOMHANHA NMOX yraoM 43° Kk o6paslly, HCIONb3yA
PTYTHYIO NaMIly B (PHIBTP, OPOIYCKaIOIAY H3TyIe-
HMe ¢ INTEHOM BonEk 365 mM. MHTeHcABROCTE MIoMH-
HECIEHIIMY ONpEfENsiIE C YYEeTOM CNeKTPANbHOU
YYBCTEATEILHOCTH YcTaHOBKH. [Ipm 3TOM peabcopb-
IO | paccesHUe CReTa He YYATHIBANH, TaK KaK HC-
cAexoBaHAe NPOBOIENE HA TOHKHAX nileHKax. Bee A3-
MEpEeHHA COeKTPOB NOTIICINEHAs | JTIOMAHCCIEHITHE
BLINONMHIM Ha BO3AYyXe. 3a 3TO BpeMs B cilexTpax
JIOMARECHERUHY He 0DHAPY>KESHO XHEMIIeCKIX HiMe-
HeHmi o6paznoB noj peicTeaeM Y P-uanydeHwms.
JIroMuHecneHmEo HaGaogany npe 300 m 77 K.

PE3VYJIBTATEI N UX OBCYXIEHHWE

Kax BrpHO 13 npuBefeHHOR hopMynsl, OY mMeeT
B CBOEM COCTaBe M'MOKYIO HENOISPHYK 9acTh, 00pa-
30BAHHYIO OJMTOOKCHIIPOIMWISHITAKQNEM, Ha OO0RK
KOHIIAX KOTOPO# pacmonoxeHbl KeCTKHE NONApHEbIe
CErMeHThI, COIEpXXAIlHe a30MECTHHOBEIE IPYIbL
Ne 12
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CHEBHOCTS NKOMHHECUCHUNHU.

CrekTpRI'MOrIOLUEHHAS PACTBOPOR B CTAPTE (KOH-
ueHTpames 102 MO»/1) i TEEPABIX INIEHOK CHHTE3H-
POBaHHBIX cOoelMHEHHH NpHBenensl Ha pEc. 1 m 2a.
CrpyKTypa cliekTpa NOriole us NpaKTAYEcKH OfA-
HaKOBa BO BcexX cinydasx. CoexkTp cocTouT B3 Tpex
mojoc npu 235, 260-265 u 340 1M cooTBeTCTBEHHO,
HHTEHCHBHOCTE KOTOPHIX NafaeT C POCTOM [JIAHbI
BONHBLI. HabnronaeTcsa TONBKO YCEIEHHE HOTNOLIe-
HEg B 061acTi 235-340 uM npm nepexofe OT coexn-
Hennit | u [I Kk OY u HesHawmTENLHOE CMEMEeHHe M0o-
JOC B AMUHHOBONHOBYIO 061acTh. AHaNOrHYHBIC H3-
MEHEHHs XapaKTePHEI {7 TBEPABIX IIEHOK (pYc. 2a),
TOJIBXO IIPH NEePEX0le OT PACTBOPOE K IUIeHKaM HH-
TEHCHBHOCTD II0JIOC TIOHEXAETCS B ~3 pasa B CeKTp
CMeIlaeTca B IJIMBHOBOJHOBYIO OfmacTh Ha 10 HM.
B cmexTpe nornonienng nnerky OV moABnsSeTes Ho-
BaA MOJIOCca ¢ MAKCHMYMOM 240 M. OTMETHM TaKKe,
yro OV, HaneceHHLIH MeXaHHYEecKHM cnoco6oM Ha
KBapUEBY1O TONNOXKKY, HMEET IOJOCH IOTTIOMEHAS,
COBNagarolye IO MONOXKEHUIO € MOXOCAMHA COENHHE-
nes 11 :

Bonee cymecrpeHHRBIe H3MeHEHAS HaBMIOTAIOTCA
B CIEKTpax JioMuHecueHnwn (pac. 26). Ilpr nepexo-
ne ot coenunenui [ v I & OY usmensetcs cTpykTypa
CIIEKTPOB U B 4 pa3a YEeTHYUBAETCH HHTEHCHBHOCTD
nonoc. ITonock! TIOMUHECHSHUAN 3HAYRTENLHO 6O-
jiee IAPOKKeE IO CPABHEHMIO C HOJIOCAMHA MOLJIOIE-
Hud. B cnexTpe NMIOMHHECUEHIHH coegHHeHus | Ha-
GIrORal0TCd ABE IONOCHM ¢ MakcHMymamd 590 w
570 uM cooTBeTcTBeHHO. [TOHRKEHAE TeMIIEPaTYphI
no 77 K npaBOofAT K CMEIISHKIO NONOC NTIOMHAHECl e -
IFH B ANTEHHOBOJHOBYIO obaacTk Ha 50 HM B K yBe-
JIMHEHUIO FHTEHCHBHOCTH THOMHUBECHEeHIME IOYTH B
4 pasza. Bonnme sHaYEHMA NOXYIUMPAHLI TTONOC JFO-
MHHECLEHINH, CTOKCOBOTO CIBHra CIEKTPa MOrJo-

MCHA H JIOMHARECUSHUMH, IO-BHAUMOMY, MOTYT
GEITE OKa3aTeNbCTEOM 3KCHMEPHOM IPHPOALI HO-
TOCEI H37yYeHus. DKCHMEPHI B HCCAENOBAHHBLIX €O-
eOHHEeHIIX EMEIOT CMEMIaHHYIO NPHPOAY, TAK Kak
ABIIOTCA DE3yJNLTATOM B3aWMONEHMCTBHA BO3GYXK-
AEHHEBIX H HEBO3OYXKNCHHRIX Monekya. [Toxoca mo-
MEHecueHiuR y OY mupe, yeM y coegurennd IL. Jro
CBHUIETELCTBYET O TOM, YTO AaKHasd nonoca obyc-
JIOBJIEHA MEXKMONEKYAAPHEIMHE U BHYTPAMONEKYNIAp-
HBIMKM KONe6aHusAMY, HaGop KoTopbx B QY cymecr-
BeHHO mmpe. Takm 06pa3om, OITHEECKHEE CIEKTPEI
IOrJIOHNICHHA H JIOMHEHECIICHIINA ONpENEeIsaIOTC s B
[EPBYI0 OYepelk MONEKYILAPHOl cTpykTypot OV,

ITony4erHble pe3yAbTaThl NOZBONSIOT 3aKIIO-
YHTh, YTO CHHTE3HPOBAHALIN amM¢prpunbEerd OY c
EOHICEBIMHA 230METHHOBBIME hparMeHTaMA SBIIeT-
¢ OpTraHAYECKHM JIOMHHO(OPOM co cpefHel KBaH-
TOBOH 2((PEeKTHBHEOCTLIO W3NydeHns. Takoe amdu-
unpHOE CoeIEHEHAEe, BEPOSTTHO, HAPSY € BO3MOX-
HOCTBIO HCHONL30BaHAS B KauecTBE MOTEIBLHOTO
COEHHEHAS IS MONEKYJIAPHON 3JEKTPOHHKHE MO-
XEeT MPeNCTaBIATL BHTEPEC B B KaUecTBe JIIOMAHEC-
LIEHTHOH METKH IIPH H3Y4CeHAR PasIHIHLIX Gronoru-
YECKHX CTPYKTYP B MOJEKYIAPHOH GHOJOIHA B Me-
OAUKHE.
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T
-,thical Properties of Segmented Oligourethane
with Azomethine Terminal Fragments

M. V. Kurik*, V. V. Shevchenko**, V. A. Shrubevich**, and L. 1. Tsikora*

=Insritute of Physics, National Academy of Sciences of Ukraine, pr-Nouke46, Kiev, 252028 Ukraine

w* Institure of Macromolecular Chemistry, National Academy of Sciences of Ukraine,
Khar'kovskoe shosse 48, Kiev, 253160 Ukraine

Abstract—Segmented oligourethane containing polar fragments based on 2-hydroxybenzylidene derivative of
. sulfanilamide at the ends of a fiexible nonpolar chain and model azomethine compound were synthesized. Elec-
tronic absorption spectra and luminescence spectra of the synthesized compounds were studied. The state of the
sample (solution, solid layer) was demonstrated to affect the optical properties. It was found that the absorption
and luminescence speetra of oligourethane are controlled by its molecular structure. The synthesized compound

is an organic luminophore with moderate quantum efficiency.
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QUINOLINE AND QUINAZOLINE
DERIVATIVES INHIBITING PLATELET-
DERIVED GROWTH FACTOR RECEPTOR
AUTOPHOSPHORYLATION AND
PHARMACEUTICAL COMPOSITIONS
CONTAINING THE SAME

This application is a 371 of PCT/JP96/03229, filed Nov.
5, 1996.

FIELD OF THE INVENTION

The present invention relates to novel quinoline deriva-
tives and quinazoline derivatives having an inhibitory action
against abnormal cell growth and to their pharmaceutically
acceptable salts. More specifically, the present invention
relates to novel quinoline derivatives and quinazoline
derivatives having an inhibitory action against autophospho-
rylation of the platelet-derived growth factor receptor and to
their pharmaceutically acceptable salts.

BACKGROUND OF THE INVENTION

Growth factors such as insulin, the epidermal growth
factor and the platelet-derived growth factor (hereinafter
referred to as PDGF) have an important role in cell growth.
In particular, PDGF is known to be a powerful cell growth
factor related to the control of cell growth and division (Cell
46, 155 (1986)). However, in diseases or pathophysiological
situations such as leukemia, cancers, psoriasis, glomerular
nephritis, organofibrosis, atherosclerosis, restenosis after
percutaneous coronary angioplasty or bypass surgery and
rheumatoid arthritis, abnormal production of PDGF or
PDGF receptor occurs at the pathophysiological sites, and
abnormal cell growth is observed at the pathophysiological
sites in such diseases. Namely, this is an excess of cell
growth signals associated with overproduction of the PDGF
or PDGF receptors. Thus, it is necessary to suppress cell
growth signal transduction to improve these pathophysi-
ological situations.

In one trial, it was reported that abnormal cell growth in
pathophysiological situations was suppressed by adminis-
tration of an anti-PDGF antibody (J. Exp. Med. 175, 1413
(1992)); however, there are problems such as in vivo sta-
bility and methods of administration as a therapeutic agent
because the anti-PDGF antibody is a protein molecule.

On the other hand, in cells, PDGF is known to bind to the
PDGF receptor to activate tyrosine kinase present in this
receptor. This receptor tyrosine kinase relates to intracellular
signal transduction via autophosphorylation of the receptor
itself and plays an important role in cell growth. In patho-
physiological situations, this intracellular signal transduc-
tion is considered to be excessive. Therefore, inhibition of
PDGF receptor autophosphorylation can be considered as
another possible strategy to suppress cell growth signal
transduction.

Examples of suppressing cell growth using the PDGF
receptor autophosphorylation inhibitors, which are low
molecular weight compounds, are described in the literature
(Cancer Research 54, 6106 (1994); Proc. Natl. Acad. Sci.
USA. 92, 2558 (1995)). Therefore, PDGF receptor auto-
phosphorylation inhibitors could be useful in many diseases
such as leukemia, cancers, psoriasis, glomerular nepbhritis,
organofibrosis, atherosclerosis, restenosis after percutaneous
coronary angioplasty or bypass surgery and rheumatoid
arthritis,

Examples of previously known PDGF receptor autophos-
phorylation inhibitors include 3-arylquinolines (J. Med.
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Chem. 37, 2627 (1994); J. Med. Chem. 37,2129 (1994) and
Publication of Japanese Patent Laid-open No. 94/507643),
3-arylquinoxalines (Cancer Research 54, 6106 (1994)), and
4-pyridyl-2-arylpyrimidines (Proc. Natl. Acad. Sci. USA.
92, 2558 (1995)).

However, as far as the present inventors know, com-
pounds which have a structure in which an aryl group or
heteroaryl group is bonded to position 4 of the quinoline
backbone or quinazoline backbone via one oxygen atom,
sulfur atom or carbon atom and which have a PDGF receptor
autophosphorylation inhibitory activity are not known.

Furthermore, as to previously known quinoline
derivatives, {4-[(7-chloro-4-quinolinyl)oxy]phenyl}(4-
fluorophenyl)methanone is described in Publication of
Examined Japanese Patent Application No. 89/246263. This
known compound is used as a fungicide, and there are no
reports as to its PDGF receptor autophosphorylation inhibi-
tory activity.

Furthermore, 4-arylquinoline derivatives are described in
J. Med. Chem. 14, 1060 (1971), Acta Chim. Hung 112, 241
(1983), Publication of Examined Japanese Patent Applica-
tion No. 88/51375, German Patent No. 3101544, Publication
of Examined Japanese Patent Application No. 89/246263,
and U.S. Pat. No. 3,936,461. These known compounds are
each reported as an antihypertensive agent or intermediate
for its production, agent to prevent harmful organisms
(preservative), plant growth control agent, fungicide or
anti-angina agent, respectively, and there are no reports as to
their PDGF receptor autophosphorylation inhibitory activ-
ity.

Consequently, the development of novel compounds hav-
ing the PDGF receptor autophosphorylation inhibitory activ-
ity would be of great industrial benefit.

A major objective of the present invention is to provide
novel compounds having the PDGF receptor autophospho-
rylation inhibitory activity.

DISCLOSURE OF THE INVENTION

As a result of intensive studies to attain the abovemen-
tioned objective, the present inventors found that com-
pounds having a structure in which an aryl group or het-
eroaryl group is bound to position 4 of the quinoline
backbone or quinazoline backbone via one oxygen atom,
sulfur atom or carbon atom best serve the objective, and thus
came to complete the present invention based on this find-
ing.

Namely, the present invention is to provide quinoline
derivatives and quinazoline derivatives represented by the
following formula (I), and pharmaceutically acceptable salts
thereof:

m

Q
<
R0
Ny
y
R0 N

{wherein R, and R, are each independently H, C,—Cs-alkyl,
or R, and R, together form C,-C;-alkylene, and W is CH or
N, 1. when W is CH,

(a) X is O or S, and Q is a phenyl group represented by

. formula (ID):
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NO,, OH, NH,, halogens, Cl—C4-a1kyl, cyclic (C4-Cyp)
alkyl, C,~C,-alkoxy, C,~C,-alkoxycarbonyl, C,~C,-
alkylenedioxy, C,~C,- alkylammo di-(C,—C,- alkyl)ammo
C,~C,-alkylamido, triflioromethyl, C,—C,-alkylthio,
phenyl, phenoxy, phenylthio phenyl(C,—C,-alkyl), benzoyl
and C,-C,-acyl;

substituted benzoyl: a bdnzoyl group substituted by 1to 3
groups selected from the gﬁoup consisting of CN, NO,, OH,
NH,, halogens, C,—C,-alkyl, cyclic (C —Cm)alkyl C,—C,-
alkoxy, C,-C, alkoxycarbonyl C,—C, alkylenedloxy,
CJ—C4-alky1arnino, di-(C,~C,-alkyl)amino, C,-C,-
alkylamido, trifluoromethyl, C,—C,-alkylthio, phenyl,
phenoxy, phenylthio, phenyl(C, C4 alkyl) benzoyl and
C,—C,-acyl.

The compounds represented by formula (I) may be acid
addition salts and base adldition salts thereof. The com-
pounds of the present invention include these addition salts.
Further, the compounds ofi the present invention, including
these addition salts, include hydrates thereof.

Examples of the acid addition salts include salts with
inorganic acids such as hydrochloric acid, sulfuric acid,
phosphoric acid, hydrobromic acid and nitric acid, and salts
with organic acid such as maleic acid, fumaric acid, malic
acid, oxalic acid, tartaric lacid, succinic acid, citric acid,
acetic acid, lactic acid, methanesulfonic acid and

. p-toluenesulfonic acid.

Further, examples of the base addition salts include salts
with alkaline metal compounds (e.g., sodium hydroxide and
potassium hydroxide), salts with alkaline earth metal com-
pounds (e.g., calcium hydroxide and magnesium
hydroxide), ammonjum salts and salts with organic bases
(e.g., triethylamine, ethanalamine).

Further, when these addition salts are used as drugs, the
acids and bases nalurally have to be pharmaceutically
acceptable.

Representative examples of the compounds of formula ()
of the present invention are shown in Table 1. They are
preferred embodiments of compound groups.
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II. Methods of producing compounds of the present inven-
tion

Compounds of the present invention can be synthesized,
for example, according to the methods described below.
However, it should be understood that methods of producing
compounds of the present invention are not limited to these
methods.

Although all of the compounds of the present invention
are nove] compounds which are not described in the
literature, they can be produced using known chemical
techniques. Further, the raw materials used for the produc-
tion may be commercially available or synthesized by
customary methods, if necessary. For example,
4-chloroquinoline derivatives can be synthesized by various
known methods. For example, the method described in Org.
Synth. Col. Vol. 3, 272 (1955) and Acta Chim. Hung. 112,
241 (1983) can be used. Many quinoline derivatives used in
Examples hereinafter can be produced according to the
following reaction scheme:

o) 0
RO
EtO OFt
+ —
NH, EtO
o) 0

R,0

EtO OEt
R0 Heating
—_—

R,0

Tz
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O 0
R,0
. OEt Hydrolysis
—
R,0 N
[¢] O
R;0
OH Heating
————
R,0 N
o]
R;0.
Chlorination
R0 g
Ct
R;0
AN
Z
RO N

4-Chloroquinazoline derivatives can also be synthesized
by various known methods. For example, the methods
described in Dai Yuki' Kagaku (Comprehensive Organic
Chemistry), Vol. 17, 150, edited by Kotake, Asakura Shoten
(1967) can be used. Many quinazoline material compounds
used in Examples hereinafter can be produced according to
the following reaction scheme:

(o]
R;O COOH )J\
HoN H
Heating
RO NH,
(o}
R0
NH. Chlorination
J
R,O N
Cl
RO
\N
P
R,O N

General methods of praducing compounds of the present
invention will be explained as follows:

1. Compounds of formula (I) wherein Q is represented by
formula (1), formula (1) or formula (IV)
a. Synthesis of a compouhd wherein X is O:

A compound of formula (I) wherein X is O is produced by
condensation of an aryl compound or heteroaryl compound
having a hydroxyl group with a 4-chloroquinoline deriva-
five.

b. Synthesis of compounds wherein X is S:

A compound of formula (I) wherein X is S is produced in

the same manner as described for a compound wherein X is
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O, by condensation of an aryl compound or Ztcr ryl

compound having a thiol group with a 4-chloroquinoline
derivative.

2. Compounds of formula (I) wherein Q is represented by
formula (V) wherein both j and k are 0

a. Synthesis of a compound wherein X is O:

A Friedel-Crafts acylation reaction is carried out with
phenol with a protected hydroxyl group by an appropriate
protecting group in the presence of a Lewis acid (e.g., rare
earth trifluoromethanesulfonate, in particular, scandium (I1I)
triffuoromethanesulfonate or ytterbium (III)
trifluoromethanesulfonate) described in literatures (e.g., J.
Chem. Soc., Chem. Commun., 1157 (1993); Synlett, 1157
(1994)) to obtain an acylated compound. Next, the protect-
ing group of the hydroxyl group of the acylated compound
Is removed, and the resultant compound is reacted with a
4-chloroquinoline derivative or 4-chloroquinazoline deriva-
tive at a temperature between 80 and 200° C., preferably
between 130 and 180° C. in no solvent or in the presence of
an appropriate polar solvent for 1 minute to 5 hours,
preferably for 10 minutes to 1 hour to obtain the target
compound.

0 (e}
A/U\Cl or \A -0
Lewis acid
PTO
o}
A Deprotecting
————— e
PTO
0 E
R,0
1 A \W
P
HO' R;O N
o]
A
Q
R;0
\W
P
Ry,O N

[In the formulas, A, R,, R, and W are defined as described
above, E is a leaving group (e.g., halogen, methanesulfonate,
p-toluenesulfonate or trifluoromethanesulfonate, preferably
chlorine), and PT is a protecting group (e.g., methyl or
methoxymethyl)].

b. Synthesis of a compound wherein X is S:

For example, an acylthiophenol derivative can be synthe-
sized by the following method described in the literature
(Org. Syn. 51, 139 (1971)). Namely, an acylphenol deriva-
tive which can be synthesized as described in a. above is
reacted with N,N-dimethylthiocarbamoylchloride to synthe-
size an O-aryl-N,N-dimethylthiocarbamate derivative. This
derivative is heated (for example, at 200~300° C.) so that an
S-aryl-N,N-dimethylthiocarbamate derivative with rear-
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ranged oxygen and sulfur is formed in situ, which is then
treated under alkaline conditions to yield the corresponding
acylthiophenol derivativel Next, in the same manner as
described for producing a' compound wherein X is O, or in
a polar solvent (c.g., N,N+-dimethylformamide), the acylth-
iophenol derivative is reacted with a 4-chloroquinoline
derivative or 4-chloroquinazoline derivative with sodium
hydroxide at a temperaturg between 80 and 150° C. to obtain
the target compound.

o] ' S
A Me,N cl
HO
S
MezN
0
1% A Alkaline
———r e .
Me,N S
o) E
RO
A Ny
J
HS R0 N

R,0

R0

[In the formulas, A, Rl, R,, W and E are defined as
described above].

c. Synthesis of a compound wherein X is CH,:

A compound represented by formula (I) wherem X is CH,
can be synthesized using the method described by R. Cutler
et al. (J. Am. Chem. Soc| 71, 3375 (1949)). In the present
method, a 4-chlorpquinoline derivative or
4-chloroquinazoling derivative is added to
4- bromophenylacctomtr11¢ sodium salt in an appropriate
organic solvent (e.g., tolu¢ne) then refluxed, and the diaryl-
substituted acetonitrile so| obtained is isolated and purified.
The purified preduct is dissolved in an acidic solvent (e.g.,
aqueous sulfuric ac1d)and\ refluxed for 1-20 hours to obtain
a 4-(4- bromobenzyl)qumqhne derivative or said quinazoline
derivative. Next, using the method of J. K. Stille et al. (J.
Org. Chem. 48, 4634 (1983)) the 4-(4-bromobenzyl)
quinoline derivative or sand quinazoline derivative is reacted
with alkyllithium in an appropriate solvent (e.g.,
tetrahydrofuran) to form|an organic lithium compound in
situ. Trialkyltin chloride is then added to yield an organic tin
compound, and the resultipg compound and an acid chloride
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are refluxed with heat in an appropriate organic solvent (e.g.,
chloroform) in the presence of a catalytic amount of a
palladium complex (e.g., bis(triphenylphosphine)palladium
(IT) chloride) to produce the target compound.

E Br
R0
=N w NC
Base
P
R,0 N
Br
NC. O
Acid
RO
1
N w
/
R0 N
] Br
Alkyllithium
RG R"38nCl
1 —————-
x* W
Z
R,0 N

Cl A

—_——

Pd Complex

8_‘
o]

R,0

R;0
Ny
y
R0 N

[In the formulas, A, R;, R,, W and E are defined as
described above, and R" is methyl or butyl].

3. Compounds of formula (I) wherein Q is represented by
formula (V) wherein B is O, and jis 1 and kis 0, or j is O
and kis 1

a. Synthesis of a compound wherein X is O:

A 4-chloroquinoline derivative or 4-chloroquinazoline
derivative is reacted with nitrophenol in an appropriate
solvent or no solvent to synthesize a 4-(nitrophenoxy)
quinoline derivative or said quinazoline derivative. The
resulting derivative is then stirred in an appropriate solvent
(e.g., N,N-dimethylformamide) in the presence of a catalyst
(e.g., palladium hydroxide/carbon) under a hydrogen atmo-
sphere to obtain the 4-(aminophenoxy)guinoline derivative
or said quinazoline derivative. The resulting derivative can
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be amidated using carboxylic acids or their derivatives to
produce the target compound according to known methods.
Further, its N-alkylamides can be produced by reaction with
an alkyl halide in an appropriate solvent (e.g., N,N-
dimethylformamide) in the presence of a base (e.g., sodium
hydride).

Further, analogously, & 4-(carboxyphenoxy)quinoline
derivative or said quinazoline derivative can be obtained by

42

reacting a hydroxybenzoic acid ester with a
4-chloroquinoline derivative or 4-chloroquinazoline
derivative, followed by acid or base hydrolysis. The result-
ant derivative can be amidated using an alkylamine or
arylamine to produce the target compound according to
known methods. Further, its N-alkylamides can be produced
by the abovementioned method.

E
NO
R0 = ’
Ny HO—— |
J >
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R,0 N
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= :
rd I o] o] 0
(@) \
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-continued
COOR
= |
o/\
Hydrolysis
RO XN —_—
W
J
R0 N
COCH
7 l
o/\
R,O
Ny
y
R,0 N
COOH
= |
o/\
ANH,
—_—
R0 _ 5 Amidation
p
R,0 N
0]
A
s N
H
O/ |
—_——
~x Alkylation
O
R; X "
J
RO N
0
A
e I N
o/\ R
R;0.
Ny
p
R;0O N

[In the formulas, A, R,, R,, W and E are defined as sp
described above, and R is methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, s-butyl or t-butyl.]

b. Synthesis of a compound iwherein X is S:

A 4-(aminophenylthio)quinoline derivative or said
quinazoline derivative is obtained by reacting a
4-chloroquinoline derivative or 4-chloroquinazoline deriva-
tive with aminothiophenol in an appropriate solvent or no

55

solvent. The resulting derivative can be amidated using
carboxylic acids or their derivative to produce the target
compound according to known methods. Further, its
N-alkylamides can be produced by reaction with an alkyl
halide in an appropriate solvent (e.g., N,N-
dimethylformamide) in the presence of a base (e.g., sodium
hydride).

E
NH
R0 = :
Xw L
) HS
F
R0 N
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-continued

RO

NH
= 2
o} o} 0
s !
N or or
A OH A cl A
\ 2

46

(6]

w

J

RO N

N A
T T
S/\ | O
N w

J

R,0 N

7
$7& e
RO Ny
Ry0 N)

[In the formulas, A, R, R,, W, E and R are defined as
described above.]

c. Synthesis of a compound wherein X is CH,:

A compound represented'by formula (I) wherein X is CH,
can be synthesized by the method described by R. Cutler et
al. (J. Am. Chem. Soc. 71,3375 (1949)). In this method, a
base (e.g., sodium hydride) is added to aminophenylaceto-
nitrile with a protected amino group (c.g., by a benzyl group)
in an appropriate organic solvent (e.g., toluene), a
4-chloroquinoline derivative or 4-chloroquinazoline deriva-
tive is added, and the mixture is refluxed. The diaryl-

R,0.

R0

Amidation

40

Alkylation
—_—

substituted acetonitrile so obtained is isolated and purified,
then dissolved in an acidic solvent (e.g., aqueous sulfuric
acid) and refluxed for 1-20 hours, and then the protecting
group is removed to obtain a 4-(aminobenzyl)quinoline
derivative or 4-(aminobenzyl)quinazoline derivative. The
resulting derivative can be amidated using carboxylic acids
or their derivative to produce the target compound according
to known methods. Further, its N-alkylamides can be pro-
duced by reaction with an alkyl halide in an appropriate
solvent (e.g., N,N-dimethylformamide) in the presence of a
base (e.g., sodium hydride).

E "
N(PT'
/ I ( )2
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w NS
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-continued
NPT’
/ l ( )2
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1 \W
P
Ry0 ‘ N
'NH,
| o] o] o]
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P
R0 N
R
|
F NTA
<
RO Ny
P
R0 N
40
[In the formulas, A, R,, R,, W, E and R are defined as
described above, and PT" is a protecting group (e.g., benzyl
group.] ‘ -continued
- 4. Compounds of formula/(I) in which Q is represented by = T ~a
formula (V) wherein both j and k are 1 P l
| X o
a. Synthesis of a compound wherein B is O: 50 KO Xy
. | P
A compound wherein Biis O can be produced by reacting R0 N
one of the abovementioned intermediates with an isocyanate
derivative or carbamate ‘derivative according to known ss
methods.
[In the formulas, A, R;, R,, W and R are defined as
- NH, described above, and X is O, S or CH,,.]
L l 0 60
X /“\ b. Synthesis of a compound wherein B is S:
R0 N ANCO or AN OR
w H A compound wherein B is S can be produced by reacting
) 65 one of the abovementioned intermediates with an isocyanate
R0 N

derivative or thiocarbamate derivative according to known
methods.
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NH
“ l ?
X/
ANCS
RO L,
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)
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X/\ s
RO Ny
y
R,O N

{In the formulas, A, R,, R, and W are defined as described
above, and X is O, S or CH,.]
¢. Synthesis of a compound wherein B is NCN:

A compound wherein B is NCN can be produced accord-
ing to the method described by H. J. Petersen et al. (J. Med.
Chem. 21, 773 (1978)).

In this method, the compound obtained in the abovemen-
tioned a. is refluxed in the presence of a triphosphorus
compound (e.g., triphenylphosphine), a base (e.g.,
triethylamine) and carbon tetrachloride in an appropriate
organic solvent (e.g., methylene chloride) to produce the
corresponding carbodiimide, and then the carbodiimide is
reacted with cyanamide to obtain the target compound.
Alternatively, the target compound can be produced by
reacting the compound obtained in the abovementioned b.
with cyanamide in the presence of a condensation reagent
(c.g., dicyclohexylcarbodiimide) and a base (e.g.,
ethyldiisopropylamine) in an appropriate organic solvent

10

15

20

25

30

35

50

Salts of the quinoline derivatives or quinazoline deriva-
tives obtained by the methods of the abovementioned 1-4
can be produced by general methods which are convention-
ally used to produce salts.

III. Use of compounds of the present invention

Intracellular signal transduction mediated by growth fac-
tor receptor autophosphorylation is involved in various
pathophysiological situations including neoplastic or other
abnormal cell growth. Since quinoline derivatives and
quinazoline derivatives of the present invention and their
pharmaceutically acceptable salts have an inhibitory activity
on platelet-derived growth factor (PDGF) receptor
autophophorylation, they are expected to be useful as a
therapeutic agent to treat various diseases which are caused
by abnormal cell growth generated by PDGF receptor auto-
phosphorylation due to an excessive amount of PDGF (e.g.,
leukemia, cancers, psoriasis, glomerular nephritis,
organofibrosis, atherosclerosis, restenosis after percutaneous
coronary angioplasty or bypass surgery and rheumatoid
arthritis).

Pharmaceutical compositions which contain compounds
of the present invention as an effective component, namely
medicinal compositions, can be administered to human and
other animals either orally or non-orally (e.g., intravenous,
intramuscular, subcutaneous, rectal or endermic
administration). Accordingly, medicinal compositions
which contain compounds of the present invention as an
effective component are prepared into a suitable dosage
form depending on the method of administration.

Examples of oral preparations include tablets, capsules,
powders, granules and syrups, and examples of non-oral
preparations include injections, rectal agents, oily supposi-
tories and aqueous suppositories.

These various pharmaceutical preparations can be pro-
duced using ordinally excipients, disintegrating agents,
binding agents, lubricating agents, coloring agents, diluents
or release controlling agents.

Examples of excipients are lactose, glucose, corn starch,

(c.g., cther). sorbitol, and crystalline cellulose; examples of disintegrat-
T
X o
RO N ‘ 1) PPhj, CCly, base
w 2) HyNCN
) No N
Ry0 N 7 | ~Na
x/\ NCN
RO Ny
. p
7 \”/ A R,0 N
X | s
X H,NCN
Condensation reagent, base
R,0 gent,
g \w
P
R,0 N

[In the formulas, A, R;, R, and W are defined as described
above, and X is O, S or CH,.]
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ing agents are starch, sodium alginate, gelatine powder,
calcium carbonate, calcium citrate and dextrine; examples of
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bonding agents are dimethylcellulose, polyvinyl alcohol,
polyvinyl ether, methycellulose, ethylcellulose, gum arabic,
gelatine, hydroxypropylcellulose and polyvinylpyrrolidone;
examples of lubricating agents are talc, magnesium stearate,
polyethylene glycol and hydrogenated vegetable oils.

Further, the abovementioned injectable agents can be
produced by adding buffering agents, pH controlling agents,
stabilizing agents or the like, if necessary.

Contents of the compounds of the present invention in the
medicinal formulations vary depending on their dosage
form, but they are generally between about 0.5 and 50% by

- wight, preferably between hbout 1 and 20% by weight of the
total. ‘

The particular dose forieach individual patient is deter-
mined as a function of ape, body weight and sex of the
patient, type or severity of the disease to be treated. For
example, a daily dose of bietween 1 and 100 mg/kg of body
weight, preferably between 1 and 50 mg/kg of body weight,
is administered one or more times.

EXAMPLES

The present invention isjillustrated in greater detail by the
following Examples and Test Examples. The numbers in
parentheses at the end of ltitle compound in the Examples
correspond to the compound numbers given in Table 1.

Example 1 (Reference Example)
6-Methdxy-2-naphthol

Potassium carbonate (1.244 g) was added to a solution of
commercially available 2,6-dihydroxynaphthalene (961 mg)
in N,N-dimethylformamide (100 ml), and the admixture was
stirred at room temperaturg for 30 minutes. Dimethy] sulfate
(1.14 ml) was slowly added dropwise to the mixture and the
resulting mixture was further stirred at room temperature
overnight. The reaction mixture thus prepared was neutral-
ized with a 2N HCl solution and then partitioned between
water and ethyl acetate, and the ethyl acetate layer was dried
with aphydrous magnesium sulfate. After removing the
solvent by distillation under reduced pressure, the resulting
residue was purified by column chromatography on silica
gel (eluting with chloroform/ethyl acetate) to obtain 307 mg
of the title compound (yield: 29%).

'H-NMR (CDCl,, 90 MHz): 5 3.89 (s, 3H), 7.00~7.18 (m,
4H), 7.53~7.70 (m, 2H) |

Mass spectrometry datai(FD-MS, m/z): 174 (M*)

Exiample 2

6,7-Dimethoxy-4-(d-methoxy-2—naphlhyloxy)
' quinoline [12]
4-Chloro-6,7-dimethpxyquinoline (75 mg) and
6-methoxy-2-naphthol (174 mg) obtained in Example 1
were mixed and stirred at 180° C. for 30 minutes, and the
reaction mixture was then purified by thin layer chromatog-
raphy on silica gel (eluting with hexanc/acetone (2/1)) to
obtain 71 mg of the title cbmpound (yield: 59%).
*H-NMR (CDCl,, 90 MHz): § 3.96 (s, 3H), 4.07 (s, 3H),
4.08 (s, 3H), 6.53 (d, J=5.71 Hz, 1H), 7.18~7.36 (m, 3H),
7.56~7.91 (m, 5H), 8.50 (br, 1H)
Mass spectrometry data (FD-MS, m/z): 361 (M")

Example 3
6,7-Dimethoxy-4-(2-naphthyloxy)quinoline [10]

4-Chloro-6,7-dimethoxyquinoline (45 mg)'and commer-
cially available -naphthol (144 mg) were mixed and stirred

10

15

20

25

35

40

45

50

55

60

65

at 180° C. for 2 hours, and the reaction mixture was then
purified in the same manner as described in Example 2 to
obtain 45 mg of the title compound (yield: 68%).
'H-NMR (CDCl,, 90 MHz):  4.05 (s, 3H), 4.06 (s, 3H),
6.52 (d, J=5.28 Hz, 1H), 7.27~7.61 (m, 6H), 7.75~8.00 (m,
3H), 8.50 (br, 1H)
Mass spectrometry data (FD-MS, m/z): 331 (M*)

Example 4

6,7-Dimethoxy-4-(7-methoxy-2-naphthyloxy)
quinoline [13]

4-Chloro-6,7-dimethoxyquinoline (89 mg) and commer-
cially available 7-methoxy-2-naphthol (209 mg) were mixed
and stirred at 180° C. for 30 minutes, and the reaction
mixture was then purified in the same manner as described
in Example 2 to obtain 59 mg of the title compound (yield:
41%).

'H-NMR (CDCl,, 90 MHz): 8 3.92 (s, 3H), 4.05 (s, 3H),
4.07 (s, 3H), 6.54 (d, J=5.49 Hz, 1H), 7.10~7.24 (m, 3H),
7.49~7.91 (m, 5H), 8.49 (d, J=5.49, 1H)

Mass spectrometry data (FD-MS, m/z): 361 (M*)
Example 5 (Reference Example)

5-Methoxy-1-naphthol

Using commercially available 1,5-dihydroxynaphthalene,
the synthesis and purification were carried out in the same
manner as described in Example 1 to obtain the title com-
pound (yield: 28%).

'H-NMR (CDCl,, 90 MHz): 6 4.00 (s, 3H), 6.79~6.89 (m,
2H), 7.30~7.48 (m, 2H), 7.69~7.90 (m, 2H)

Mass spectrometry data (FD-MS, m/z): 174 (M*)
Example 6

6,7-Dimethoxy-4-(5-methoxy-1-naphthyloxy)
quinoline [11]

4-Chloro-6,7-dimethoxyquinoline (85 mg) and
5-methoxy-1-naphthol (67 mg) obtained in Example 5 were
mixed and stirred at 180° C. for 20 minutes, and the reaction
mixture was then purified in the same manner as described
in Example 2 to obtain 19 mg of the title compound (yield:
14%).

'H-NMR (CDCl,, 90 MHz): § 4.04 (s, 3H), 4.08 (s, 6H),
6.31 (d, J=5.27 Hz, 1H), 6.83~6.92 (m, 1H), 7.34~7.61 (m,
4H), 7.75 (s, 1H), 8.20~8.29 (s, 1H), 8.43 (brs, 1H)

Mass spectrometry data (FD-MS, m/z): 361 (M*)

Example 7

6,7-Dimethoxy-4-(4-indolyloxy)quinoline [17]

4-Chloro-6,7-dimethoxyquinoline (112 mg) and commer-
cially available 4-hydroxyindole (200 mg) were mixed and
stirred at 180° C. for 30 minutes. The reaction mixture was
neutralized with saturated aqueous sodium hydrogen car-
bonate and then partitioned between water and chloroform,
and the chloroform layer was dried with anhydrous magne-
sium sulfate. After removing the solvent by reduced-
pressure distillation, the resulting residue was purified by
thin layer chromatography on silica gel eluting with
chloroform/ethyl acetate (3/1) to obtain 51 mg of the title
compound (yield: 32%).
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*H-NMR (CDCl,, 90 MHz): § 3.95 (s, 3H), 3.96 (s, 3H),
6.08~6.13 (m, 1H), 6.35 (d, J=5.28 Hz, 1H), 6.83~6.93 (m,
1H), 7. 29~7.45 (m, 5H), 7.62 (s, 1H), 8.40 (d, J=5.05 Hz,
1H)
Mass spectrometry data (FD-MS, m/z): 320 (M*)

Example 8

6,7-Dimethoxy-4-(3,4-ciimethoxyphenoxy)quinoline
(8]

4-Chloro-6,7-dimethoxyquinoline (90 mg) and commer-
cially available 3,4-dimethoxyphenol (187 mg) were mixed
and stirred at 180° C. for 30 minutes, and the mixture was
then purified by column chromatography on silica gel elut-
ing with hexane/acetone tol obtain 26 mg of the title com-
pound (yield: 19%). ‘

'H-NMR (CDCl,, 500 MHz): § 3.87 (s, 3H), 3.93 (s, 3H),
4.05 (s, 3H), 4.06 (s, 3H), 6.45 (d, 1=4.9 Hz, 1H), 6.75 (dd,
J=2.4Hz, 9.2 Hz, 1H), 6.75/(d, J=2.4 Hz, 1H), 6.93 (d, J=9.2
Hz, 1H), 7.42 (s, 1H), 7.57 (s, 1H), 8.48 (d, J=4.9 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 341 (M*)

Example 9

6,7-Dimethoxy-4-(6-duinolyloxy)quinoline [15]

Using 4-ch10r0-6,7-dimbthoxyquinoline (90 mg) and
commercially available 6-hydroxyquinoline (176 mg), reac-
tion and purification were carried out in the same manner as
described in Example 8 to|obtain 62 mg of the title com-
pound (yield: 46%). !

'H-NMR (CDCl,, 500 MHz): 8 4.05 (s, 3H), 4.06 (s, 3H),
6.56 (d, J=5.5 Hz, 1H), 7.44~7.62 (m, 5H), 8.13 (d, J=8.5
Hz, 1H), 8.22 (d, J=9.2 Hz, 1 H), 8.53 (d, J=4.9 Hz, 1H), 8.94
(d, J=4.3 Hz, 1H) |

Mass spectrometry data (FD-MS, m/z): 332 (M*)
Exaﬁple 10

6,7-Dimethoxy-4-(3-ﬂirorophenoxy)quinoline [4]

4-Chloro-6,7-dimethoxyquinoline (100 mg) and commer-
cially available 3-fluorophenol (0.20 ml) were mixed and
stirred at 180° C. for 30 minutes. The reaction mixture was
neutralized with saturated aqueous sodium hydrogen car-
bonate and then partitioned between water and ethyl acetate,
and the ethyl acetate layer was washed with brine and then
dried with anhydrous sodium sulfate. After removing the
solvent by reduced-pressure distillation, the resulting resi-
due was purified by column chromatography on silica gel
eluting with hexane/ethyl acetate and then with chloroform
to obtain 125 mg of the title compound (yield: 94%).

'H-NMR (CDCl,, 500 MHz): 3 4.04 (s, 3H), 4.06 (s, 3H),
6.56 (d, J=4.9 Hz, 1H), 6.93 (d, J=9.2 Hz, 1H), 6.95~7.05
(m, 2H), 7.39~7.45 (m, 1H), 7.47 (s, 1H), 7.50 (s, 1H), 8.53
(d, J=4.3 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 299 (M*)

Example 11

6,7-Dimethoxy-4-(3-hydroxyphenoxy)quinoline [5]

4-Chloro-6,7-dimethoxyquinoline (300 mg) and commer-
cially available resorcinol ‘monoacetate (0.835 ml) were
mixed and stirred at 180° C. for 30 minutes, The reaction
mixture was neutralized with saturated aqueous sodium
hydrogen carbonate and then partitioned between water and
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ethyl acetate, and the ethyl acetate layer was washed with
brine and then dried with anhydrous sodium sulfate. After
removing the solvent by reduced-pressure distillation, the
resulting residue was crystallized with chloroform to obtain
37 mg of the title compound (yield: 9%).

*H-NMR (CDCl,, 500 MHz): 3 4.01 (s, 3H), 4.02 (s, 3H),
6.48 (t, J=2.4 Hz, 1H), 6.59 (d, J=5.5 Hz, 1H), 6.77 (dd,
J=2.4Hz,7.3 Hz, 1H), 6.82 (dd, J=2.4 Hz, 8.6 Hz, 1H), 7.33
(t, J=7.9 Hz, 1H), 7.39 (s, 1H), 7.47 (s, 1H), 8.40 (d, I=5.5
Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 297 (M*)

Example 12
6,7-Dimethoxy-4-(4-bromophenoxy)quinoline [7]

4-Chloro-6,7-dimethoxyquinoline (1.00 g) and commer-
cially available 4-bromophenol (115 mg) were mixed and
stirred at 180° C. for 40 minutes. The reaction mixture was
neutralized with saturated aqueous sodium hydrogen car-
bonate and then partitioned between water and chloroform,
and the chloroform layer was washed with brine and dried
with sodium sulfate. After removing the solvent by reduced-
pressure distillation, the resulting residue was purified by
column chromatography on silica gel, eluting in sequence
with hexane/acetone, chloroform and chloroform/methanol,
to obtain 1.20 g of the title compound (yield: 76%).

'H-NMR (CDCl,, 500 MHz): 4.04 (s, 3H), 4.05 (s, 3H),
6.48 (d, J=4.9 Hz, 1H), 7.08 (d, J=8.5 Hz, 2H), 7.43 (s, 1H),
7.51 (s, 1H), 7.58 (d, J=8.5 Hz, 2H), 8.51 (d, J=4.9 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 359 (M*), 361
M*+2)

Example 13

6,7-Dimethoxy-4-(2-methoxyphenoxy)quinoline [1]

4-Chloro-6,7-dimethoxyquinoline (102 mg) and commer-
cially available 2-methoxyphenol (0.5 ml) were mixed and
stirred at 150° C. for 8 hours. The reaction mixture was
neutralized with saturated aqueous sodium hydrogen car-
bonate and then partitioned between water and ethyl acetate,
and the ethyl acetate layer was washed with brine and then
dried with sodium sulfate. After removing the solvent by
reduced-pressure distillation, the resulting residue was puri-
fied by column chromatography on silica gel eluting first
with hexane/ethyl acetate and then with chloroform/
methanol to obtain 76 mg of the title compound (yield:
54%).

'H-NMR (CDCl,, 90 MHz): 8 3.78 (s, 3H), 4.05 (s, 3H),
4.05 (s, 3H), 6.31 (d, J=5.3 Hz, 1H), 6.9~7.4 (m, 4H), 7.42
(s, 1H), 7.63 (s, 1H), 8.45 (d, J=5.3 Hz, 1H)

Mass spectrometry data (FAB-MS, m/z): 312 (M*+1)

Example 14

6,7-Dimethoxy-4-(3-methoxyphenoxy)quinoline [2]

4-Chloro-6,7-dimethoxyquinoline (103 mg) and commer-
cially available 3-methoxyphenol (158 mg) were mixed and
stirred at 160° C. for 9 hours. The reaction mixture was
neutralized with saturated aqueous sodium hydrogen car-
bonate and then partitioned between water and ethyl acetate,
and the ethyl acetate layer was washed with brine and then
dried with sodium sulfate. After removing the solvent by
reduced-pressure distillation, the resulting residue was puri-
fied by chromatography on silica gel eluting with hexane/
ethyl acetate to obtain 29 mg of the title compound (yield:
52%).
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'H-NMR (CDCl,, 90 MHz): & 3.82 (s, 3H), 4.04 (s, 3H),
4.05 (s, 3H), 6.53 (d, J=5.3 Hz, 1H), 6.7~6.9 (m, 3H), 7.35
(1, J=7.0 Hz, 1H), 7.43 (s, 1H), 7.54 (s, 1H), 8.50 (d, J=5.3
Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 311 (M*)
Example 15

6,7-Dimethoxy-4-(4-methoxyphenoxy)quinoline [3]

4-Chloro-6,7-dimethoxyquinoline (103 mg) and commer-
cially available 4-methoxyphenol (286 mg) were mixed and
stirred at 150° C. for 6 hpurs. The reaction mixture was
neutralized with saturated laqueous sodium hydrogen car-
bonate and then partitioned between water and ethyl acetate,
and the ethyl acetate layer Wwas washed with brine and dried
with anhydrous sodium sulfate. After removing the solvent
by reduced-pressure distillation, the resulting residue was
purified by column chromatography on silica gel eluting first
with hexane/ethyl acetate and then with chloroform/ethyl
acetate to obtain 2.21 g of the title compound (yield: 88%).

'H-NMR (CDCl,, 90 MHz): & 3.85 (s, 3H), 4.05, (s, 3H),
4.05 (s, 3H), 6.41 (d, J=5.3 Hz, 1H), 6.97 (d, ]=9.5 Hz, 2H),
7.14 (d, 1=9.5 Hz, 2H), 7.43 (s, 1H), 7.58 (s, 1H), 8.46 (@,
J=5.3 Hz, 1H)

Mass spectrometry data (FAB-MS, m/z): 312 (M*+1)

Example 16

6,7-Dimethoxy-4-(5-quinolyloxy)quinoline [14]

4-Chloro-6,7-dimethoxyquinoline (50 mg) and commer-
cially available 5-hydroxyquinoline (50 mg) were mixed and
stirred at 170° C. for 10 miputes. The reaction mixture was
ncutralized with saturated aqueous sodium hydrogen car-
bonate and then partitioned between water and ethyl acetate,
and the ethyl acetate layer was washed with brine and then
dried with anhydrous sodium sulfate. After removing the
solvent by reduced-pressure distillation, the resulting resi-
due was purified by thin layer chromatography on silica gel
eluting first with hexane/ethyl acetate (1/1) and then with
chloroform/methanol (50/1) to obtain 47 mg of the title
compound (yield: 64%).

* H-NMR (CDCl,, 90 MHz): 6 4.06 (s, 3H), 4.07 (s, 3H),
6.35 (d, J=5.3 Hz, 1H), 72~7.5 (m, 3H), 7.68 (s, 1H),
7.7-8.4 (m, 3H), 8.46 (d, J=5.3 Hz, 1H), 8.49 (dd, J=1.76
Hz, 417 Hz, 1 H)

Mass spectrometry data (FD-MS, m/z): 332 (M*)
i
Exafnple 17
6,7-Dimethoxy-4-(1-naphthyloxy)quinoline [9]

4-Chloro-6,7-dimethoxyquinoline (97 mg) and commer-
cially available 1-naphthol (340 mg) were mixed and stirred
at 150° C. for 8 hours. The reaction mixture was neutralized
with saturated aqueous sodium hydrogen carbonate and then
partitioned between water and ethyl acetate, and the ethyl
acetate layer was washed with brine and then dried with
anhydrous sodium sulfate. After removing the solvent by
reduced-pressure distillation, the resulting residue was puri-
fied by column chromatography on silica gel eluting first
with hexane/ethyl acetate (3/1) and then with chloroform/
methanel (100/1), and further purified by thin layer chro-
matography on silica gel eluting with hexane/ethyl acctate
(1/1) to obtain 57 mg of the title compound (yield: 40%).
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"H-NMR (CDCl,, 90 MHz): § 4.05 (s, 3H), 4.05 (s, 3H),
6.32 (d, J=5.3 Hz, 1H), 7.2~7.6 (m, SH), 7.74 (s, 1H),
7.8~8.0 (m, 3H), 8.35 (d, J=5.3 Hz, 1H)
Mass spectrometry data (FD-MS, m/z): 331 (M*)

Example 18

6,7-Dimethoxy-4-(5-indolyloxy)quinoline [16]

4-Chloro-6,7-dimethoxyquinoline (1.0 g) and commer-
cially available 5-hydroxyindole (1.19 g) were mixed and
stirred at 150° C. for 1.5 hours, The reaction mixture was
neutralized with saturated aqueous sodium hydrogen car-
bonate and then partitioned between water and ethyl acetate,
and the ethyl acetate layer was washed with brine and then
dried with anhydrous sodium sulfate. After removing the
solvent by reduced-pressure distillation, the resulting resi-
due was purified by column chromatography on silica gel
eluting in sequence with hexane/ethyl acetate, chloroform
and chloroform/methanol, to obtain 898 mg of the title
compound (yield: 63%).

'H-NMR (CDCl,, 90 MHz): 8 4.05 (s, 3H), 4.07 (s, 3H),
6.42 (d, J=5.3 Hz, 1H), 6.5~6.7 (m, 1H), 6.9~7.6 (m, SH),
7.67 (s, 1H), 8.44 (d, J=5.3 Hz, 1H), 8.55 (br, 1H)

Mass spectrometry data (FD-MS, m/z): 320 (M*)

Example 19

6,7-Dimethoxy-4-(3-methoxyphenylthio)quinoline
[117]

4-Chloro-6,7-dimethoxyquinoline (50 mg) and commer-
cially available 3-methoxybenzenethiol (77 mg) were mixed
and stirred at 180° C. for 30 seconds. Purification was
carried out in the same manner as described in Example 18
to obtain 72 mg of the title compound (yield: 100%).

"H-NMR (CDCl,, 90 MHz): & 3.79 (s, 3H), 4.01 (s, 3H),
4.03 (s, 3H), 6.84 (d, J=4.8 Hz, 1H), 6.9~7.5 (m, 6H), 8.45
(d, J=5.1 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 327 (M*)

Example 20

6,7-Dimethoxy-4-(4-methoxyphenylthio)quinoline
[118]

4-Chloro-6,7-dimethoxyquinoline (50 mg) and commer-
cially available 4-methoxybenzenethiol (63 mg) were mixed
and stirred at 150° C. for 5 minutes. Purification was carried
out in the same manner as described in Example 18, and
further crystallization with chloroform gave 80 mg of the
title compound (yield: 100%).

'H-NMR (CDCl,, 90 MHz): 5 3.88 (s, 3H), 4.03 (s, 3H),
4.05 (s, 3H), 6.60 (d, J=4.8 Hz, 1H), 7.15 (d, J=8.7 Hz, 2H),
7.38 (s, 1H), 7.39 (s, 1H), 7.52 (d, J=8.8 Hz, 2H), 8.39 (d,
J=5.1 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 327 (M*)
Example 21 (Reference Example)

4-Bromo-1-methoxymethylphenol

Commercially available 4-bromophenol (17.3 g) was dis-
solved in N,N-dimethylformamide (90 ml), to which sodium
hydride (2.64 g) was added while cooled in ice. After stirring
at room temperature overnight, chloromethyl methyl ether
(835 ml) was added, and the admixture was stirred for a
further 1 hour. The reaction mixture was partitioned between

g
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water and cthyl acetate, and the ethyl acetate layer was dried
with anhydrous magnesium sulfate. After removing the
solvent by reduced-pressure distillation, the resulting resi-
due was purified by colump chromatography on silica gel
eluting with hexane/acetong to obtain 18.25 g of the title
compound (yield: 84%).

'H-NMR (CDCl,, 90 MHz): 8 3.46 (s, 3H), 5.13 (s, 2H),
6.91 (d, J=9.2 Hz, 2H), 7.38 (d, J=9.2 Hz, 2 H)

Mass spectrometry data (FD-MS, m/z): 216 (M*), 218
M*+2) ‘

Example 22 (Reference Example)

4-Tri-n-butyltin-1-methoxymethylphenol

4-Bromo-1-methoxymethylphenol (15.99 g) obtained in
Example 21 was dissolved in anhydrous tetrahydrofuran (20
ml), the solution was added to commercially available
magnesium powder (1.97 g) under argon, and a drop of an
iodine solution in anhydrous tetrahydrofuran was added to
the solution to start the reaction. When magnesium disap-
peared and the temperature q‘af the reaction mixture returned
to room temperature, commiercially available tri-n-butyltin
chloride (23.99 g) dissolved in tetrahydrofuran (10 ml) was
added slowly dropwise. The reaction mixture was stirred at
room temperature for 4 hou*s and then partitioned between
5% aqueous ammonium chloride and chloroform. The chlo-
roform layer was dried witﬂ anhydrous magnesium sulfate
and the solvent was then jremoved by reduced-pressure
distillation to obtain 31.39 g of the title compound (yield:
100%).

'H-NMR (CDCl,, 90 M}iz): 8 0.80-1.65 (m, 27H), 3.48
(s, 3H), 5.17 (s, 2H), 6.91~7.42 (m, 4H)

Mass spectrometry data (FD-MS, m/z): 428 (M*+1)

Example 23 (R%ferencc Example)

4-Hydroxyphenyl 4-triﬁuoromethylpheny] ketone

4-Tri-n-buty1lin-l-melh‘bxymethylphenol (1.282 g)
obtained in Example 22 |and commercially available
4-(trifluoromethyl)benzoyl ¢hloride (626 mg) were dis-
solved in chloroform (5 ml), commercially available bis
(triphenylphosphine)palladium (II) chloride (8 mg) was
added, and the admixture was refluxed for 5 hours. The
reaction mixture was partitioned between water and ether,
the ether layer was washed iwith saturated aqueous potas-
sium fluoride, and the ether|layer obtained by partitioning
with brine was dried with anhydrous magnesium sulfate.
The residue (1.028 g) obtained by removing the solvent by
reduced-pressure distillation was dissolved in tetrahydrofu-
ran (2 ml), water (5 ml) and 6 N aqueous hydrochloric acid
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(12 ml) were added, and the admixture was refluxed for 4.5 -

hours. The resulting reaction mixture was partitioned
between brine and ether, and| the ether layer was dried with
anhydrous magnesium sulfa‘ie. After removing the solvent
by reduced-pressure distilla ion, the resulting residue was
purified by column chromatography on silica gel eluting
with hexane/acetone to obtaif 348 mg of the title compound
(yield: 30%). ‘

Mass spectrometry data (FD-MS, m/z): 266 (M*)
Example 24
(4-Trifluoromethylphenyl){4-[(6,7-dimethoxy-4-
quinolyl)oxy]phenyl}methanone [29]

4-Chloro-6,7-dimethoxyquinoline (81 mg) and
4-hydroxyphenyl 4-trifluoromethylphenyl ketone (288 mg)
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obtained in Example 23 were mixed and stirred at 180° C.
for 20 minutes, and the reaction mixture was then purified by
thin Jayer chromatography on silica gel eluting with hexane/
acetone (2/1) to obtain 98 mg of the title compound (yield:
60%).

'H-NMR (CDCl;, 500 MHz): § 4.03 (s, 3H), 4.06 (s, 3H),
6.68 (d, J=4.9 Hz, 1H), 7.29 (d, J=8.5 Hz, 2H), 7.46 (s, 1H),
7.47 (s, 1H), 7.78 (d, 1=7.9 Hz, 2H), 7.91 (d, J=7.9 Hz, 2H),
7.94 (d, J=9.2 Hz, 2H), 8.59 (d, J=4.9 Hz, 1H),

Mass spectrometry data (FD-MS, m/z): 453 (M*)

Example 25 (Reference Example)

4-Hydroxyphenyl 4-methylphenyl ketone

4-Tri-n-butyltin-1-methoxymethylphenol (1.282 g)
obtained in Example 22 and commercially available
4-toluoyl chloride (464 mg) were dissolved in chloroform (5
ml), commercially available bis(triphenylphosphine)
palladium(II) chloride (8 mg) was added, and the admixture
was refluxed for 8 hours. The reaction mixture was parti-
tioned in the same manner as described in Example 23 and
the resulting ether layer was dried with anhydrous magne-
sium sulfate. The residue (967 mg) obtained by removing
the solvent by reduced-pressure distillation was dissolved in
tetrahydrofuran (0.5 ml), water (4 ml) and 6 N aqueous
hydrochloric acid (10 ml) were added, and the admixture
was refluxed for 7 hours. The reaction mixture was treated
in the same manner as described in Example 23 to obtain
271 mg of the title compound (yield: 34%).

Mass spectrometry data (FD-MS, m/z): 212 (M*)
Example 26

{4-[(6,7-Dimethoxy-4-quinolyl)oxy]phenyl }(4-
methylphenyl)methanone {30]

4-Chloro-6,7-dimethoxyquinoline (89 mg) and
4-hydroxyphenyl 4-methylphenyl ketone (248 mg) obtained
in Example 25 were mixed and stirred at 180° C. for 10
minutes, and the reaction mixture was then purified in the
same manner as described in Example 24 to obtain 118 mg
of the title compound (yield: 74%).

'H-NMR (CDCl;, 500 MHz): 8 2.45 (s, 3H), 4.03 (s, 3H),
4.06 (s, 3H), 6.65 (d, J=5.5 Hz, 1H), 7.27 (d, J=8.6 Hz, 2H),
7.30 (d, J=7.9 Hz, 2H), 7.46 (s, 1H), 7.49 (s, 1H), 7.74 (d,
J=7.9 Hz, 2H), 7.91 (d, J=8.5 Hz, 2H), 8.57 (d, J=4.9 Hz,
1H)

Mass spectrometry data (FD-MS, m/z): 399 (M*)

Example 27 (Reference Example)

3-Chlorophenyl 4-hydroxyphenyl ketone

4-Tri-n-butyltin-1-methoxymethylphenol (1.282 g)
obtained in Example 22 and commercially available
3-chlorobenzoyl chloride (525 mg) were dissolved in chlo-
roform (5 ml), commercially available bis
(triphenylphosphine)palladium(I) chloride (8 mg) was
added, and the admixture was refluxed for 7 hours. The
reaction mixture was partitioned in the same manner as
described in Example 23, and the resulting ether layer was
dried with aghydrous magnesium sulfate. A portion (1.563
g) of the residue (1.914 g) obtained by removing the solvent
by reduced-pressure distillation was dissolved in tetrahy-
drofuran (1 ml), water (7 ml) and 6 N aqueous hydrochloric
acid (17 ml) were added, and the admixture was refluxed for
8 hours. The reaction mixture was treated in the same
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Manner as described ip Example 23 1o obtain 313 mg of the
title compound (yield: 22%).

Mass spectrometry data (FD-MS, m/z): 232 (M%)

Example 28

(3-Chlorophenyl){ 4-[(6,7-dimethoxy—4—quinolyl)
oxy]phenyl}methanone [31]

4-Chlor0-6,7-dime[hoxyquinoline
3—chlorophenyl 4-hydroxypheny1 ketone 279 mg) obtained
in Example 37 were mixed and stirreq at 180° C. for 29
minutes, The reaction mj
manner as described ip Example 24 15
title compound (yield: 40%).

'H-NMR (CDhcy,, 500 MHz): § 4.05 (s, 3H), 4.01 (s, 3H),
6.71(d, J=55 Hz, 1H), 7.31 (d,J=85 Hz, 21H), 7.51 (s, 1H),
7.69 (s, 1H),7.94 (4, J=8 5 Hz, 2H), 812 (s, 1H), 7.37~8.03

4H)

3

(89 mg) and

Mass Spectrometry data (FD-MS, m/z): 419 (M%)
Example 29 (Reference Example)
4-L-Butylphenyl 4-methoxypheny1 ketone

To commercially available nitromethane (5 ml) were
added commercially availab]e anisole (541 mg), commer-
cially available 4-t-butylbenzoy1 chloride
commercially avaijable scandium(1IT) trifluoromethane.
sulfonate i

. After removing
the solvent by reduced-pressure distillation, the resulting
residue wag purified by column chromalography on silica
gel eluting with hexane/acetope to obtain 862 mg of the tile
compound (yield: 64%).

Mass Spectrometry data (FD-MS, m/z): 268 (MY
Example 30 (Reference Example)

4-t-Butylpheny1 4-hydroxyphenyl ketone

4-[-Butylphenyl 4-methoxypheny1 ketone (862 mg)
obtained ip Example 29 was dissolved ip N,N-
dirnethylformamide (35 mi), sodium thiomethoxide (562
mg) was added, and the admixture wag refluxed for 3 hours
under argon. The reaction mixture Was partitioned between

(s, 9H), 6.92 (g,
I=8.5 Hz, 2H), 7.49 (4, J-g ¢ Hz, 2H), 772 (4, 3279 w1,
, 2H)

Mass Spectrometry data (FD-MS, m/z): 254 (M%)
Example 31

(4-[-Butylphcnyl){4-[(6,7-dimelhoxy-4-quinolyl)
oxy]phenyl}methanone [32]

4-Chloro-6,7—dime[hoxyquinoline (341 mg) ang 4-t-

butylphenyi 4-hydroxypheny1 ketone (775 mg) obtained i
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"H-NMR (CDCL,, 500 MHz): 8 1.38 (s, 91), 4,04
4.06 (s, 3H), 6.65 (J, =5 5 Hz, 1H), 7274, .86
7.45 (s, 1H), 7.50
J=8.6 He, 2H), 7.94"(q
1H)

(s, 3H),
Hz, 2H),
(s, 1H), 7.52 (d, J=8.5 Hz, 2H), 778 (4,

, J=8.6 Hgz, 2H), 8.57 (d, J=4.9 Hz,

Mass Spectrometry data (FAB-Ms, m/z): 442 (M*+1)
Example 32 (Reference Example)

title compound (yield: 34%).

'H-NMR (CDcl,, 500 MHz): § 3.99 (s, 3H), 6.98 @,
J=8.5Hz, 2H),7.40 (1, J=7.3 Hz, 1H),7.48 (t, J=7.3 Hg, 2H),
7:65(d, J1~7.3 Hz, 2H), 7.7 (d,J=8.6 Hz, 2H), 7.85 (d,J=85
Hz, 2R), 7.87 (d, J=9.2 Hz, 2RH)

Mass Spectrometry data (FD-MS, m/z): 288 M%)

Example 33 (Reference Example)
4-Biphenyl 4-hydroxyphenyl ketone
4-Biphenyl 4-methoxyphenyl ketone (267 mg) obtained

in Example 32
(20 ml), sodjum thiomethoxide

'H-NMR (CDCL,, 3 6.91 (d, J=8.5 Hz, 2H),
743 (1,1=7.3 Hg, 1H), 7.52 (dd, J=7.3 Hz, 7.9 Hz, 211), 7.70
(d, J=8.5 Hy 2H),7.75 (d, J=7.9 Hz,2H) 7.77 (4, 3279 Hz,

, 2H

(FD-MS, m/z): 274 MY
Example 34

{4-[(6,7-D1'methoxy-4-quinolyl)oxy]phenyl}(4-
biphenyl)methanone [33]
4-Chloro-6,7-dimcthoxyquinoline
4-biphenyl 4-hydroxypheny1 ketone (79
Example 33 Wwere mixed and stirreq at 180° C. for 30
minutes. The reaction mixture Was purified by thip layer
chromatography on silica ge] cluting with chloroform/ethyl
acelate (10/1) to obtajp 50 mg of the titje compound (yield:
37%).

'H-NMR (CDCL,, 90 MHz): § 4.11 (s, 3H), 4.14 (s, 3H),
6.74 (d, J=5.3 Hz, 1H), 7.30~8.09 (m, 15H), 865 (d,J=53
Hz, 1H)

Mass Spectrometry data (FAB-Ms, m/z): 462 (M*)

Example 35 (Reference Example)

(65 mg) ang
mg) obtained i

4~Meth0xypheny1 2-naphthy] ketone

(10 ml) were
g), commer-

nitromethane
anisole (1.08]

To commercially avajlabje
added commercially avajlaple
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Hz, 1H), 7.27 (s, 1H), 7.28 (s, 1H), 7.47 (d, 1=8.5 Hz, 2H),
7.86(d,J=8.5Hz, 1H), 7.88 (d, J=8.5 Hz, 1H),7.90 (d,J=8.5
Hz, 2H), 8.58 (d, J=4.9 Hz, 1H)
Mass spectrometry data (FD-MS, m/z): 403 MhH

Example 43

{4-[(6,7-Dimethoxy-4~quinolyl)oxy]pheny1}(phenyl)
methanone [39]

4-Chloro-6,7-dimethoxyquinoline (91 mg) and commer-
cially available 4-hydroxybenzophenone (243 mg) were
mixed and stirred at 180° C. for 30 minutes. The reaction
mixture was purified in the same manner as described in
Example 31 to obtain 38 img of the title compound (yield:
24%). ‘

'H-NMR (CDCl,, 90 MHz): 8 4.03 (s, 3H), 4.05 (s, 3H),
6.66 (d, J=5.3 Hz, 1H), 7.31~7.99 (m, 11H), 8.57 (d,1=53
Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 385 (M")
Example 44 <Reference Example)

3,5-dimethoxy toluene

Commercially available orcinol (5.77 g) was dissolved in
acetonitrile (200 ml), dimethy! sulfate (8.47 ml) and potas-
sium carbonate (12.3 g) were added, and the admixture was
refluxed for 2.5 hours. Thereaction mixture was poured into
ice water and partitioned ith chloroform, and the chloro-
form layer was dried with anhydrous magnesium sulfate,
The solvent was removed| by reduced-pressure distillation,
and the resulting residue was purified by column chroma-
tography on silica gel eluting with hexane/ethyl acetate (5/1)
to obtain 5.04 g of the title compound (yield: 82%).

'H-NMR (CDCl,, 500 MHz): 8 2.30 (s, 3H), 3.76 (s, 6H),
6.30 (s, 1H), 6.37 (s, 2H)

Example 45 (Reference Example)

2,6-Dimethoxy-4-methylphenyl 4-methoxyphenyl
ketone

3,5-Dimethoxy toluene (1.00 g) obtained in Example 44
was dissolved in anhydrous tetrahydrofuran (10 ml), com-
mercially available 2.5 M n-butyllithium-hexane solution
(2.90 ml) was added at -45° C. under nitrogen, and the
admixture was stirred for B hours. Commercially available
4-methoxybenzoyl chloride (1.23 g) was dissolved in tet-
rahydrofuran (10 ml), and the resulting solution was added
slowly to the admixture at +45° C. The reaction mixture was
stirred at room lemperaturz for 1 hour and then partitioned
between water and chloroform. The chloroform layer was
dried with anhydrous magpesium sulfate, the solvent was
removed by reduced-presslllre distillation, and the resulting
residue was purified by column chromatography on silica
gel eluting with hexane/cthyl acetate (5/ 1) to obtain 384 mg
of the title compound (yie d: 20%).

'H-NMR (CDCl,, 500 MH?z): 8 2.40 (s, 3H), 3.69 (s, 6H),
3.85 (s, 3H), 6.43 (s, 2H), 6.89 (d, J=9.2 Hz, 2H), 7.82 (d,
J=9.2 Hz, 2H)

Example 46 (Reference Example)

2,6-Dihydroxy-4-metl‘4ylphenyl 4-hydroxyphenyl
ketone

2,6-Dimethoxy-4-methylk)heny1 4-methoxyphenyl ketone
(321 mg) obtained in Example 45 was dissolved in anhy-
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drous methylene chloride (10 ml), commercially available
boron tribromide (349 ml) was added slowly while cooled in
ice, and the admixture was stirred at room temperature
overnight. The reaction mixture was poured into ice water
and then partitioned with ethyl acetate. The ethyl acetate
layer was washed with brine and then dried with anhydrous
magnesium sulfate. The solvent was removed by reduced-
pressure distillation, and the resulting residue was purified
by column chromatography on silica gel eluting with
hexane/ethyl acetate to obtain 87 mg of the title compound
(yield: 68%).

'H-NMR (CDCl,, 500 MHz): 6 2.16 (s, 3H), 6.16 (s, 2H),
6.79 (d, J=8.6 Hz, 2H), 7.56 (d, J=8.5 Hz, 2H)

Example 47

(2,6-Dihydroxy-4-methylphenyl){4-[6,7-dimethoxy-
4-quinolyl)oxyJphenyl}methanone [42]

4-Chloro-6,7-dimethoxyquinoline (61 mg) and 2,6-
dihydroxy-4-methylphenyl 4-hydroxyphenyl ketone (100
mg) obtained in Example 46 were dissolved in diethylene
glycol dimethy! ether (0.5 ml), and the solution was stirred
at 170° C. for 20 minutes. The reaction mixture was parti-
tioned between saturated aqueous sodium hydrogen carbon-
ate and chloroform, and the chloroform layer was washed
with brine and then dried with anhydrous magnesium sul-
fate. The solvent was removed by reduced-pressure
distillation, and the resulting residue was purified by column
chromatography on silica gel eluting with chloroform/
methanol (100/1) to obtain 32 mg of the title compound
(yield: 27%).

'H-NMR (DMSO, 500 MHz): 8 2.18 (s, 3H), 3.90 (s, 3H),
3.95 (s, 3H), 6.20 (s, 2H) 6.68 (d, J=4.9 Hz, 1H), 7.32 (d,
J=9.2 He, 2H), 7.42 (s, 1H), 7.43 (s, 1H), 7.82 (d, J=8.6 Hz,
2H), 8.54 (d, I=5.5 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 432 M*+1)

Example 48 (Reference Examples)

6,7-Dimethoxy-4-(4-nitrophenoxy)quinoline

4-Chloro-6,7-dimethoxyquinoline (1.84 g) and commer-
cially available 4-nitrophenol (3.42 g) was mixed and stirred
at 170° C. for 50 minutes. After cooling to room temperature
in air, aqueous sodium hydrogen carbonate was added to the
reaction mixture, and the admixture was extracted 3 times
with ethyl acetate, and the ethyl acetate layer was washed
with brine and then dried with anhydrous sodium sulfate.
The solvent was removed by reduced-pressure distillation,
and the resulting residue was purified by column chroma-
tography on silica gel eluting with chloroform/methanol to
obtain 4.54 g of the title compound (yield: 89%).

"H-NMR (CDCl,, 500 MHz): § 4.01 (s, 3H), 4.06 (s, 3H),
6.69 (d, J=4.9 Hz, 1H), 7.27 (d, J=9.1 Hz, 2H), 7.37 (s, 1H),
7.47 (s, 1H), 8.32 (d, 1=9.1 Hz, 2H), 8.62 (d, J=4.9 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 326 (]

Example 49 (Reference Example)

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline

6,7-Dimethoxy-4-(4-nitrophenoxy)quinoline (1.00 g) was
dissolved in N,N -dimethylformamide/ethyl acetate (30
ml/15 ml), 10% palladium hydroxide-carbon (69 mg) was
added, and the admixture was stirred at room temperature
under hydrogen for 17 hours. The reaction mixture was
filtered using Celite. The filtrate was washed with brine and



6,143,764

65

then dried with anhydrous sodium sulfate. The solvent was
removed by reduced-pressure distillation to obtain 799 mg
of the title compound (yield: 88%).

"H-NMR (CD;0D, 500 MHz): § 4.00 (s, 3H), 4.00 (s,
3H), 6.47 (d, J=5.5 Hz, 1H), 6.82 (d, J=8.6 Hz, 2H), 6.96 (d,
J=9.2 Hz, 2H), 7.32 (s, 1H), 7.62 (s, 1H), 8.36 (d, J=5.5 Hz,
1H),

Mass spectrometry data (FD-MS, m/z): 296 (M*)

Example 50

N-{4-[6,7-Dimeth0xy-4-quinoliny1)0xy]phenyl} -3-
pyridinecarboxamide [61]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (57 mg)
and commercially available nicotinic acid (37 mg) were
dissolved in N,N-dimethylformamide (2 ml), 1-ethyl-3-(3"-
dimethylaminopropyl)carbodiimide hydrochloride (79 mg)
was added, and the admixture was stirred at room tempera-
ture for 5 hours. The reaction mixture was partitioned
between water and ethyl acetate, and the ethyl acetate layer
was washed with brine and then dried with anhydrous
sodium sulfate. The solvent was removed by reduced-
pressure distillation and the resulting crystallized product
was washed with ether to dbtain 47 mg of the title compound
(yield: 61%).

'H-NMR (CDCl,, 500 MHz): 8 4.05 (s, 3H), 4.06 (s, 3H),
6.49 (d, J=4.9 Hz, 1H), 7.22 (d, J=8.6 Hz, 2H) 7.42 (s, 1H),
7.47(dd, J=4.9,7.9 Hz, 1H), 7.56 (s, 1H), 7.77 (4, 1=9.2 Hz,
1H), 8.26 (d, J=8.5 Hz, 2H), 8.49 (d, J=4.9 Hz, 1H), 8.79 (d,
J=3.7 Hz, 1H), 9.13 (s, 1H)

Mass spectrometry datq (FD-MS, m/z): 401 (M™)

Example 51

N-{ 4-[(6,7-Dimethoxy-4-quinolinyl)oxy]phenyl}-(3,
4-dimethoxyphenyl)carboxamide [62]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (56 mg)
and commercially available 3,4-dimethoxybenzoic acid (60
mg) were dissolved in N,N-dimethylformamide (2 ml),
1-ethy1-3-(3'-dimethylamﬁnopropyl)carbodiimide hydro-
chloride (81 mg) was added, and the admixture was stirred
at room temperature for 22 hours. The reaction mixture was
partitioned between water| and ethyl acctate, and the ethyl
acetate layer was washed| with brine and then dried with
anhydrous sodium sulfate. The solvent was removed by
reduced-pressure distillation, and the resulting residue was
purified by column chromatography on silica gel eluting
chloroform/acetone (10/1)!to obtain 7 mg of the title com-
pound (yield: 8%). |

*H-NMR (CDCL,, 500 MHz): §3.87 (s, 3H), 3.87 (s, 3H),
4.06 (s, 3H), 4.07 (s, 3H), 6.48 (d, J=5.5 Hz, 1H), 6.63 (d,
1=8.5 Hz, 2H), 7.18 (d, J=9.2 Hz, 2H), 7.34 (m, 2H), 7.43 (s,
1H), 7.55 (s, 1H), 7.57 (s, 1H), 7.76 (d, J=8.6 Hz, 2H), 8.48
(d, J=5.5 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 460 (M*)

Exémple 52

N- {4-[(6,7-Dimethoxy-4-quinolinyl)oxy]phenyl}-
cyclohexanecarboxamide [63]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (52 mg)
and commercially available cyclohexanecarboxylic acid (46
mg) were dissolved in N,N-dimethylformamide (2 ml),
1-ethy1-3-(3'-dimcthylamihopropyl)carbodiimide hydro-
chloride (84 mg) was added, and the admixture was stirred
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at room temperature for 22 hours. The reaction mixture was
then purified in the same manner as described in Example 51
to obtain 45 mg of the title compound (yield: 64%).

TH-NMR (CDCl,, 500 MHz): 6 1.30 (m, 2H), 1.56 (m,
2H),1.73 (m, 2H), 1.85 (m, 2H), 1.97 (m, 2H), 2.26 (m, 1H),
4.05 (s, 3H), 4.05 (s, 3H), 6.43 (d, J=5.5 Hz, 1H), 7.14 (4,
1=8.5 Hz, 2H), 7.36 (s, 1H), 7.42 (s, 1H), 7.55 (s, 1H), 7.63
(d, J=8.5 Hz, 2H), 8.47 (d, J=5.5 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 406 M*)

Example 53

N-{4-[(6,7-Dimethoxy-4-quinoliny1)oxy]phenyl}-2-
furancarboxamide [64]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (55 mg)
and commercially available 2-furancarboxylic acid (32 mg)
were dissolved in N,N-dimethylformamide (2 mi), 1-ethyl-
3-(3'-dimethylaminopropyl)carbodiimide hydrochloride (91
mg) was added, and the admixture was stirred at room
temperature for 22 hours. The reaction mixture was then
purified in the same manner as described in Example 51 to
obtain 35 mg of the title compound (yield: 48%).

"H-NMR (CDCl,, 500 MHz): § 4.04 (s, 3H), 4.05 (s, 3H),
6.49(d, 1=4.9 He, 1H), 6.57 (dd, J=1.8,8.7 Hz, 1H), 7.20 (d,
J=8.6 Hz, 2H), 7.28 (d, J=7.9 Hz, 1H), 7.42 (s, 1H), 7.51 (s,
1H), 7.56 (s, 1H), 7.77 (d, 1=9.2 Hz, 2H), 8.35 (s, 1H), 8.49
(d, J=5.5 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 390 M

Example 54

N-{ 4{(6,7-Dimethoxy-4-quinolinyl)oxy Jphenyl}-3-
thiophenecarboxamide [65]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (54 mg)
and commercially available 3-thiophenecarboxylic acid (44
mg) were dissolved in N,N-dimethylformamide (2 ml,
1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydro-
chloride (82 mg) was added, and the admixture was stirred
at room temperature for 31 hours. The reaction mixture was
then purified in the same manner as described in Example 51
to obtain 41 mg of the title compound (yield: 55%).

'H-NMR (CDCl,, 500 MHz): 8 4.02 (s, 3H), 4.04 (s, 3H),
6.46 (d, J=5.5 Hz, 1H), 7.17 (d, J=8.6 Hz, 2H), 7.38 (m, 1H),
7.55 (d, J=1.2 Hz, 1H), 7.56 (s, 1H), 7.73 (d, J=8.6 Hz, 2H),
8.05 (dd, J=1.2,3.1 Hz, 1H), 8.37 (s, 1H), 8.47 (d, J=5.5 Hz,
1H)

Mass spectrometry data (FD-MS, m/z): 406 MY

Example 55

N-{ 4-[(6,7-Dimethoxy-4-quinolinyl)oxy]phenyl } -(4-
nitrophenyl)carboxamide [66]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (110 mg)
and commercially available 4-nitrobenzoic acid (100 mg)
were dissolved in N,N-dimethylformamide (4 ml), 1-ethyl-
3-(3'-dimethylaminopropyl)carbodiimide hydrochloride
(176 mg) was added, and the admixture was stirred at room
temperature for 22 hours. The reaction mixture was then
purified in the same manner as described in Example 50 to
obtain 126 mg of the title compound (yield: 77%).

'H-NMR (DMSO-d,, 500 MHz): 8 3.94 (s, 3H), 3.95 (s,
3H), 6.49 (d, J=5.5 Hz, 1H), 7.29 (d, J=9.2 Hz, 2H), 7.39 (s,
1H), 7.52 (s, 1H), 7.93 (d, J=9.2 Hz, 2H), 8.21 (d, }=8.6 Hz,
2H), 8.39 (d, J=9.2 Hz, 2H), 8.48 (d, J=5.5 Hz, 1H), 10.7 (s,
1H)
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Mass spectrometry data (FD-MS, m/z): 445 (M")

Example 56

N- {4-[(6,7-Dimethoxy-4-quinolinyl)oxy]pheny1} -
(N,N-dimethylaminophenyl)carboxamide [67]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (51 mg)
and commercially available 4-(dimethylamino)benzoic acid
(44 mg) were dissolved in N,N-dimethylformamide (2 ml),
1-ethyl-3-(3'-dimethylaminopropyl)carbodiimide hydro-
chloride (83 mg) was added, and the admixture was stirred
at room temperature for 16 hours. The reaction mixture was
then purified in the same manner as described in Example 51
to obtain 7 mg of the title compound (yield: 10%).

"H-NMR (CDCl,, 500 MHz): & 3.06 (s, 6H), 4.05 (s, 3H),
4.06 (s 3H), 6.48 (d, J=4.9 Hz, 1H), 6.71 (d, J=8.6 Hz, 2H),
7.17 (d,3=8.5 Hz, 2H), 7.4 (s, 1H), 7.57 (s, 1H), 7.74 (d,
J=8.5 Hz, 2H), 7.81 (d, J=9.2 Hz, 2H), 7.94 (s, 1H), 8.49 (q,
J=5.5 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 443 MH
Example 57

N-{4-[(6,7-Dimethoxy-4-quinolinyl)oxyp henyl}-(4-
acetylphenyl)carboxamide [68]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (54 mg)
and commercially available 4-acetylbenzoic acid (46 mg)
were dissolved in N,N-dimethylformamide (2 ml), 1-ethyl-
3~(3'-dimethylaminopropyl)carbodiimide hydrochloride (87
mg) was added, and the ‘admixture was stirred at room
temperature for 22 hours. The reaction mixture was then
purified in the same manner as described in Example 50 to
obtain 43 mg of the title compound (yield: 53%).

"H-NMR (DMSO-d,, 500 MHz): & 2.66 (s, 3H), 3.94 (s,
3H), 3.95 (s, 3H), 6.48 (d, J=4.9 Hz, 1H), 7.28 (d, J=9.2 He,
2H), 7.39 (s, 1H), 7.52 (s, 1H), 7.94 (d, 1=9.2 Hz, 2H), 8.10
(m, 4H), 8.48 (d, J=5.5 Hz, 1H), 10.6 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 442 MH

Example 58

N-{4-[(6,7-Dimcthoxy—4-quin0linyl)oxy]phenyl}-(4-
butylphenyl)carboxamide [69]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (54 mg)
and commercially available 4-butyl benzoate (54 mg) were
dissolved in N,N-dimethylformamide (2 ml), 1-ethyl-3-(3'-
dimethylaminopropyl)carbodiimide hydrochioride (85 mg)
was added, and the admixture was stirred at room tempera-
ture for 22 hours. The reaction mixture was then purified in
the same manner as described in Example 51 to obtain 65
mg of the title compound (yield: 78%).

'H-NMR (CDCl,, 500 MHz): § 0.95 (t, J=7.3 Hz, 3H),
1.38 (m, 2H), 1.64 (m, 2H), 2.69 (t, J=8.0 Hz, 2H), 4.05 (s,
3H), 4.06 (s, 3H), 6.48 (d, J=5.5 Hz, 1H), 7.19 (d, J=9.2 Hz,
2H), 7.30 (d, J=8.6 Hz, 2H), 7.42 (s, 1H), 7.57 (s, 1H), 7.75
(d, J=8.6 Hz, 2H), 7.82 (d, J=8.6 Hz, 2H), 8.03 (s, 1H), 8.49
(d, J=5.5 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 456 (M*)

Example 59

N -{4-[(6,7-D1'methoxy-4-quinolinyl)oxy]phenyl}-(4—
aminophenyl)carboxamide [70]

{4-[(6,7-Dimelhoxy-4;-qu1'noliny1)oxy]phenyl}-(4-
nitrophenyl)carboxamide (100 mg) was dissolved in N,N-
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dimethylformamide/ethyl acetate (9 ml/5 ml), 10%
palladium-carbon (69 mg) was added, and the admixture
was stirred at room temperature under hydrogen for 22
hours. The reaction mixture was filtered using Celite. The
filtrate was then distilled under reduced pressure to remove
the solvents, and the resultant residue was purified by
column chromatography on silica gel eluting chloroform/
acetone to obtain 85 mg of the title compound (yield: 91%).

'H-NMR (DMSO0-dj, 500 MHz): 3 3.94 (s, 3H), 3.95 (s,
3H), 5.75 (brs, 2H), 6.46 (d, J=4.9 Hz, 1H), 6.61 (d, J=8.6
Hz, 2H), 7.22 (d, J=9.2 Hz, 2H), 7.39 (s, 1H), 7.52 (s, 1H),
7.73(d, J=8.5 Hz, 2H), 7.89 (d, J=9.2 Hz, 2H), 8.46 (d, J=5.5
Hz, 1H), 9.90 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 415 (M*)

Example 60

N-{4-{(6,7-Dimethoxy-4-quinolinyl)oxy Jphenyl}-4-
pyridinecarboxamide [71]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (53 mg)
and commercially available isonicotinic acid (45 mg) were
dissolved in N,N-dimethylformamide (2 ml), l-ethyl-3-(3'-
dimethylaminopropyl)carbodiimide hydrochloride (98 mg)
was added, and the admixture was stirred at room tempera-
ture for 62 hours. The reaction mixture was then purified in
the same manner as described in Example 51 to obtain 22
mg of the title compound (yield: 31%).

'H-NMR(DMSO-d,, 500 MHz): § 3.94 (s, 3H), 3.96 (s,
3H), 6.48 (d, J=5.5 Hz, 1H), 7.29 (d, J=9.2 Hz, 2H), 7.39 (s,
1H), 7.52 (s, 1H), 7.88 (d, J=4.3 Hz, 2H), 7.92 (d, J=8.5 Hz,
2H), 8.48 (d, J=4.9 Hz, 1H), 8.80 (d, J=4.3 Hz, 2H), 10.6 (s,
1H)

Mass spectrometry data (FD-MS, m/z): 401 (M*)

Example 61

N-{4-{(6,7-Dimethoxy-4-quinolinyl)oxy Jphenyl}-2-
thiophenecarboxamide [72]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (50 mg)
and commercially available 2-thiophenecarboxylic acid (46
mg) were dissolved in N,N-dimethylformamide (2 ml),
1-ethyl-3-(3'-dimethylaminopropyl)carbodiimide hydro-
chloride (99 mg) was added, and the admixture was stirred
at room temperature for 62 hours. The reaction mixture was
then purified in the same manner as described in Example 51
to obtain 37 mg of the title compound (yield: 54%).

'H-NMR (CDCl,, 500 MHz): § 4.02 (s, 3H), 4.04 (s, 3H),
6.46 (d, J=5.5 Hz, 1H), 7.11 (m, 1H), 7.17 (d, J=8.6 Hz, 2H),
7.40 (s, 1H), 7.55 (m, 1H), 7.56 (s, 1H), 7.73 (d, J=8.5 Hz,
2H), 7.73 (m, 1H), 8.38 (s, 1H), 8.48 (d, J=4.9 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 406 M%)

Example 62

N-{4-{(6,7-Dimethoxy-4-quinolinyl)oxy Jphenyl}-4-
biphenylcarboxamide [73]

6,7-Dimcthoxy-4-(4-aminophenoxy)quinoline (52 mg)
was suspended in triethylamine/methylene chloride (3 ml/2
ml), commercially available biphenylcarbonyl chloride (80
mg) was added, and the admixture was stirred at room
temperature for 25 hours. Aqueous sodium hydrogen car-
bonate was added to the reaction mixture, and the resulting
admixture was extracted with ethyl acetate. The cthyl acetate
layer was washed with brine and then dried with anhydrous
sodium sulfate. The solvent was removed by reduced-
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pressure distillation, and the resulting residue was purified
by column chromatography on silica gel eluting with
chloroform/acetone and further by washing resulting crys-
tals with acetoneto obtain 9 mg of the title compound (yield:
10%).

'H-NMR (DMSO-d,, 500 MHz): & 3.95 (s, 3H), 3.95 (s,
3H), 6.48 (d, J=5.5 Hz, 1H), 7.28 (d, J]=9.2 Hz, 2H), 7.40 (s,
LH), 743 (t, J=7.3 Hz, [lH), 7.50~7.53 (m, 3H), 7.77 (d,
J=7.3 Hz, 2H), 7.85 (d, J=8.6 Hz, 2H), 7.96 (m, 2H), 8.08 (d,
J=8.5 Hz, 2H), 8.48 (d, J=4.9 Hz, 1H), 10.4 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 476 (M*)

Example 63

N-{ 4-[(6,7-Dimethoxy-4-quinolinyl)oxy]phenyl} -(4-
butoxyphenyl)carboxamide [74]

6,7-Dimelh0xy-4-(4-aminophenoxy)quinoline (52 mg)
was suspended in triethylamine/methylene chloride (B ml2
ml), commercially available 4-butoxybenzoyl chloride (0.07
ml) was added, and the admixture was stirred at room
temperature for 30 hours. The reaction mixture was then
purified in the same manner as described in Example 62 to
obtain 34 mg of the title compound (yield: 41%).

'H-NMR (CDCl,, 500 MHz): & 0.99 (1, J=7.3 Hz, 3H),
1.52 (m, 2H), 1.80 (m, 2H), 4.03 (m, 2H), 4.04 (s, 3H), 4.05
(s, 3H), 6.47 (d, J=4.9 Hz, 1H), 6.95 (d,7=9.2 Hz, 2H), 7.18
(d, 1=9.2 Hz, 2H), 7.46 (s, 1H), 7.57 (s, 1H), 7.74 (d, J=9.2
Hz, 2H), 7.86 (d, J=9.2 Hz, 2H), 8.10 (s, 1H), 8.49 (d,J=4.9
Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 472 MH
Example 64

N -{4-[(6,7-Dimethoxyh4-quinolinyl)oxy]phenyl}-(4-
bromophenyil)carboxamide [75]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (52 mg)
and commercially available 4-bromobenzoic acid (78 mg)
were dissolved in N,N-dimethylformamide (2 ml), 1-ethyl-
3-(3'-dimethylaminopropyl)carbodiimide hydrochloride
(102 mg) was added, and the admixture was stirred at room
temperature for 17 hours. The reaction mixture was then
purified in the same manner as described in Example 51 to
obtain 43 mg of the title compound (yield: 52%).

"H-NMR (CDCl,, 500 MHz): § 4.07 (s, 3H), 4.07 (s, 3H),
6.53(d, J=5.5 Hz, 1H), 7.22 (d, J=9.2 Hz, 2H), 7.37 (s, 1H),
7.50 (s, 1H), 7.62 (s, 1H), 7.65 (d, J=8.6 Hz, 2H), 7.84 (d,
J=8.6 Hz, 2H), 7.86 (d, J=8.6 Hz, 2H), 8.41 (d, J=5.5 Hz,
1H) 3

Mass spectrometry data (FD-MS, m/z): 478 (M*), 480
M*+2) ;

Example 65

N- {4—[(6,7-Dirneth0xy-4-quinolinyl)oxy}phenyl} -(4-
methoxycarbonylphenyl)carboxamide [76]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (100 mg)
and commercially available monomethylterephthalic acid
(130 mg) were dissolved in N,N -dimethylformamide (4 ml),
1-ethy1-3-(3'-dirnethylamﬂnopropyl)carbodiimide hydro-
chloride (227 mg) was added, and the admixture was stirred
at room temperature for 18 hours. The reaction mixture was
then purified in the same manner as described in Example 51
to obtain 99 mg of the titl¢ compound (vield: 64%).

'H-NMR (CDCl;, 500 MHz):  3.98 (s, 3H), 4.06 (s, 3H),
4.06 (s, 3H), 6.49 (d, J=4.9 Hz, 1H), 7.22 (d, ]=9.2 Hz, 2H),
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7.43 (s, 1H), 7.56 (s, 1H), 7.76 (d, J=9.2 Hz, 2H), 7.97 (d,
J=8.6 Hz, 2H), 8.18 (d, J=8.6 Hz, 2H), 8.49 (d, J=5.5 Hz,
1H)
Mass spectrometry data (FD-MS, m/z): 458 (M*)

Example 66

N-{4-[(6,7-Dimethoxy-4-quinoliny1)oxy]phenyl}-2-
pyridinecarboxamide [77]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (50 mg)
and commercially available picolinic acid (42 mg) were
dissolved in N,N-dimethylformamide (2 ml), 1-ethyl-3-(3'-
dimethylaminopropyl)carbodiimide hydrochloride (123 mg)
was added, and the admixture was stirred at room tempera-
ture for 19 hours. The reaction mixture was then purified in
the same manner as described in Example 51 to obtain 38
mg of the title compound (yield: 56%).

'H-NMR (CDCl, 500 MHz) § 4.06 (s, 3H), 4.06 (s, 3H),
6.49(d, J=5.5 Hz, 1H), 7.23 (d, J=8.6 Hz, 2H), 7.43 (s, 1H),
751 (m, 1H), 7.58 (s, 1H), 7.89 (d, J=9.2 Hz, 2H), 7.94 (m,
1H), 833 (d, J=8.0 Hz, 1H), 8.50 (d, J=5.5 Hz, 1H), 8.64
(dd, J=1.8, 4.9 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 401 (M*)

Example 67

N-{4-[(6,7-Dimethoxy-4-quinolinyl)oxy]phenyl}-(4-
hydroxycarbonylphenyl)carboxamide [78]

{4-[(6,7-Dimethoxy-4-quinoliny1)oxy]pheny1}-(4-
methoxycarbonylphenyl)carboxamide was dissolved in
methanol (3 ml), 33% aqueous potassium hydroxide (1.5ml)
was added, and the admixture was stirred at room tempera-
ture for 2 hours. The reaction mixture was washed 2 times
with ethyl acetate, and the water layer was neutralized with
dilute hydrocholoric acid and extracted 2 times with chlo-
roform. The chloroform layer was dried with sodium sulfate,
and the solvent was then removed by reduced-pressure
distillation to obtain 34 mg of the title compound (yield:
45%).

'H-NMR (DMS0-d,, 500 MHz): 4 3.93 (s, 3H), 3.94 (s,
3H), 6.47 (d, J=5.5 Hz, 1H), 7.28 (d, J=9.2 Hz, 2H), 7.39 (s,
1H), 7.51 (s, 1H), 7.92 (d, J=9.2 Hz, 2H), 8.07 (s, 4H), 8.47
(d, J=5.5 Hz, 1H), 10.5 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 444 (M*)

Example 68

N-{4-[(6,7-Dimethoxy-4-quinolinyl)oxy]
phenyl}cyclopentanecarboxamide [79]
6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (53 mg)
and commercially available cyclopentanecarboxylic acid
(66 mg) were dissolved in N,N-dimethylformamide (2 mb),
1-ethyl-3-(3'-dimethylaminopropyl)carbodiimide hydro-
chloride (110 mg) was added, and the admixture was stirred
at room temperature for 17 hours. The reaction mixture was
purified in the same manner as described in Example 51 to
obtain 35 mg of the title compound (yield: 50%).
'H-NMR (CDCl,, 500 MHz) 3 1.64 (m, 2H), 1.81 (m,
2H), 1.91 (m, 4H), 2.75 (m, 1H), 4.04 (s, 3H), 4.04 (s, 3H),
6.4 (d, J=4.9 Hz, 1H), 7.13 (d, 1=9.2 Hz, 2H), 7.45 (s, 1H),
7.55 (m, 1H), 7.65 (d, J=8.6 Hz, 2H), 8.47 (d, J=5.5 Hz, 1H)
Mass spectrometry data (FD-MS, m/z): 392 (M*)

Example 69
N-{4-[(6,7-Dimethoxy-4-quinolinyl)oxy]
phenyl}adamantanecarboxamide [81]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (51 mg)
and commercially available adamantanecarboxylic acid
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(110 mg) were dissolved in N,N-dimethylformamide (2 mb),
1-ethy1-3-(3'-dimethylaminopropyl)carbodiimide hydro-
chloride (107 mg) was added, and the admixture was stirred
at room temperature for 15 hours. The reaction mixture was
purified in the same manngr as described in Example 51 to
obtain 13 mg of the title dompound (yield: 17%).

'H-NMR (CDCl,, 500 MHz): 3 1.82 (m, 6H), 2.00 (m,
6H), 2.13 (m, 3H), 4.05 (s, 3H), 4.05 (s, 3H), 6.44 (d, J=4.9
Hz, 1H), 7.15 (d, J=9.2 Hz, 2H), 7.42 (s, 1H), 7.55 (m, 1H),
7.64 (d, J=9.2 Hz, 2H), 8.46 (d, J=4.9 Hz, 1H),

Mass spectrometry data (FD-MS, m/z): 458 M

Exarmple 70

N -{4-[(6,7-Dimethoxy-A-quinolinyl)oxy]phenyl}-(4-
acetoxyphenyl)carboxamide [80]

6,7-Dimethoxy-4-(4-amﬂnophenoxy)quinoline (110 mg)
and commercially availablg 4-acetoxybenzoic acid (207 mg)
were dissolved in N,N-dimethylformamide (6 ml), 1-ethyl-
3-(3'-dimethylaminopropj/l)carbodiimide hydrochloride
(223 mg) was added, and the admixture was stirred at room
temperature for 7 hours. The reaction mixture was then
purified in the same manndr as described in Example 51 to
obtain 123 mg of the title compound (yield: 72%).

*H-NMR (CDCl,, 500 MHz): 8 2.35 (s, 3H),4.06 (s, 3H),
4.06 (s, 3H), 6.49 (d, J=4.9 Hz, 1H), 7.21 (d, 1=9.2 Hz, 2H),
7.25 (d, J=9.1 Hz, 2H), 7.43 (s, 1H), 7.56 (s, 1H), 7.73 (d,
J=9.2 Hz, 2H), 7.87 (s, 1H), 7.93 (d, J=8.6 Hz, 2H), 8.50 (d,
J=5.5 Hz, 1H), !

Mass spectrometry data (FD-MS, m/z): 458 (M*)
Example 71

N-{4-[(6,7-Dimethoxy-4-quinolinyl)oxy]phenyl}-2-
(6-acetoxynaphtliyl)carboxamide [82]

6,7-Dimethoxy-4-(4-amipophenoxy)quinoline (51 mg)
and commercially available 6-acetoxy-2-naphthoic acid
(121 mg) were dissolved in N,N. -dimethylformamide (2 ml),
1-ethy1-3-(3‘-dimethylamimopropyl)carbodiimide hydro-
chloride (124 mg) was added, and the admixture was stirred
at room temperature for 13 hours. The reaction mixture was
then purified in the same manner as described in Example 51
to obtain 66 mg of the title) compound (vield: 75%).

'H-NMR (DMSO-d,, 500 MHz): § 2.38 (s, 3 H), 4.03 (s,
3H), 4.05 (s, 3H), 6.49 (d, J=5.5 Hz, 1H), 7.20 (d, J=9.2 Hz,
2H), 7.30 (dd, J=2.4, 9.2 Hz, 1H), 7.42 (s, 1H), 7.57 (m, 1H),
7.61(d,J=1.8 Hz, 1H), 7.81(d, J=9.2 Hz, 2H), 7.86 (d, J=8.6
Hz, LH), 7.89 (d,J=9.2 Hz, 1H), 7.94 (d, J=8.6 Hz, 1H), 8.38
(s, 1H), 8.49 (d, J=4.9 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 508 (M™)

Example 72

N- {4-[(6,7-Dirnethoxy-4-quinolinyl)oxy]phenyl} -(4-
hydroxyphenyl)carboxamide [83]

N-{4-[(6,7-Dimethoxy-4-quin0linyl)oxy]phenyl}-(4-
acetoxyphenyl)carboxamide; (103 mg) was dissolved in
methanol (4 ml), 35% aquedus potassium hydroxide (2 ml)
was added, and the admixture was stirred at room tempera-
ture for 5 hours. The reaction mixture was partitioned with
ethyl acetate/water, and the gthyl acetate layer was washed
with brine and then dried with anhydrous sodium sulfate.
The solvent was removed by reduced-pressure distillation,
and the resulting crystals were washed with ether to obtain
77 mg of the title compound (yield: 82%).
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TH-NMR (DMSO0-d,, 500 MHz): & 3.94 (s, 3H), 3.95 (s,
3H), 6.46 (d, J=4.9 Hz, 1H), 6.87 (d, J=8.5 Hz, 2H), 7.24 (d,
J=9.2 Hz, 2H), 7.39 (s, 1H), 7.52 (s, 1H), 7.87 (d, J=8.6 Hz,
2H), 7.90 (d, J=9.2 Hz, 2H), 8.47 (d, J=5.5 Hz, 1H), 10.1 (s,
1H)
Mass spectrometry data (FD-MS, m/z): 417 (M*+1)

Example 73

N- {4-[(6,7-Dimeth0xy-4-quinolinyl)oxy]phenyl} -2-
(6-hydroxynaphthyl)carboxamide [84]

N-{4-[(6,7-Dimethoxy-4-quinolinyl)oxy]phenyl}-2-(6-
acetoxynaphthyl)carboxamide (47 mg) was dissolved in
methanol (4 ml), 35% aqueous potassium hydroxide 2 ml)
was added, and the admixture was stirred at room tempera-
ture for 5 hours. The reaction mixture was then purified in
the same matter as described in the Example 72 to obtain 37
mg of the title compound (yield: 86%).

TH-NMR (DMSO0-d,, 500 MHz): & 3.95 (s, 3H), 3.95 (s,
3H), 6.49 (d,J=4.9 Hz, 1H), 7.18 (m, 1H), 7.20 (s, 1H), 7.27
(d, J=8.6 Hz, 2H), 7.39 (s, 1H), 7.53 (s, 1H), 7.80 (d, J=8.5
Hz, 1H), 7.92~7.98 (m, 4H), 8.47~8.48 (m, 2H), 10.0 (brs,
1H), 10.4 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 467 (M*+1)
Example 74

N-(4-Methoxyphenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolinyl)oxy Jphenyl }urea [43]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (53 mg)
was dissolved in toluene (3 ml) with heat, 4-methoxyphenyl
isocyanate (0.2 ml) was added, and the admixture was
refluxed with heat for 30 minutes. The separated crystals
were filtered and washed with toluene to obtain 54 mg of the
title compound (yield: 68%).

'H-NMR (DMSO0-d,, 500 MHz): § 3.72 (s, 3H), 3.94 (s,
3H), 3.95 (s, 3H), 6.44 (d, J=4.9 Hz, 1H), 6.87 (d, J=8.5 Hz,
2H), 7.19 (d, J=9.2 Hz, 2H), 7.37 (d, J=8.5 Hz, 2H), 7.38 G,
1H), 7.52 (s, 1H), 7.58 (d, J=8.5 Hz, 2H), 8.46 (d, J=5.5 Hz,
1H), 8.50 (s, 1H), 8.73 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 445 MY

Example 75

N-(4-Fluorophenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolinyljoxy Jphenyl }urea [44]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (54 mg)
was dissolved in toluene (3 ml) with heat, 4-fluorophenyl
isocyanate (0.2 ml) was added, and the admixture was
refluxed with heat for 70 minutes. The separated crystals
were filtered and washed with toluene to obtain 38 mg of the
title compound (yield: 48%).

'H-NMR (DMSO-d,, 500 MHz): § 3.94 (s, 3H), 3.95 (s,
3H), 6.4 (d, J=4.9 Hz, 1H), 7.12 (m, 2H), 7.19 (m, 2H),
7.38 (s, 1H), 7.47 (m, 2H), 7.51 (s, 1H), 7.59 (d, J=9.2 Hz,
2H), 8.45 (d, J=5.5 Hz, 1H), 8.72 (s, 1H), 8.79 (s, 1H)

Mass spectrometry data (FD-MS, m/z ): 433 (M*)

Example 76

N-(4-Bromophenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolinyl)oxy Jphenyl }urea [45]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (52 mg)
was dissolved in toluene (3 ml) with heat, 4-bromophenyl
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isocyanate (0.2 ml) was added, and the admixture was
refluxed with heat for 50 minues. The separated crystals
were filtered and washed with toluene to obtain 56 mg of the
title compound (yield: 64%).

H-NMR (DMSO-ds, 500 MHz): 3.94 (s, 3H), 3.95 (s,
3H), 6.44 (d, 1=5.5 Hz, 1H), 7.19 (d, J=9.2 Hz, 2H), 739 (s,
1H), 7.45 (m, 4H), 7.51 (s, 1H), 7.59 (d, ]=9.2 Hz, 2H), 8.46
(d, J=5.5 Hz, 1H), 8.86 (s, 1H), 8.86 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 493 (M), 495
M*+2)

Example 77
N-{4-[(6,7—Dirnethoxy-4-quinoliny1)oxy]phenyl}-N’-
(4-nitrophenyl)urea [46]

6,7-Dimethoxy-4-(4-aminophienoxy)quinoline (103 mg)
was dissolved in toluene (10 ml) with heat, 4-nitrophenyl
isocyanate (366 mg) was added, and the admixture was
refluxed with heat for 60 minpites. The separated crystals
were filtered and washed with toluene to obtain 141 mg of
the title compound (yield: 88%).

'H-NMR (DMSO-d,, 500 MHz) 8 3.94 (s, 3H), 3.95 (s,
3H), 6.45 (d, J=5.5 Hz, 1H), 7.23 (d, 1=8.6 Hz, 2H), 7.39 (s,
1H), 7.51 (s, 1H), 7.62 (d, J=9.2 Hz, 2H), 7.71 (d,J=9.2 Hz,
2H), 8.20 (d, J=9.2 Hz, 2H), 8.46 (d, J=5.5 Hz, 1H), 9.08 (s,
1H), 9.49 (s, 1H)

Mass spectrometry data (FDO-MS, m/z): 460 (M™")

Example 78

N-(4-Butylphenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolinyl)oxyJphenyl}urea [47]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (50 mg)
was dissolved in toluene (3 ml) with heat, 4-butylphenyl
isocyanate (0.2 ml) was added, and the admixture was
refluxed with heat for 26 minutes. The resulting residue was
purified by column chromatq‘graphy on silica gel eluting
with chloroform/acetone (10/1) to obtain 36 mg of the title
compound (yield: 45%).

'H.NMR (CDCL,/CD;0D, 500 MHz): 8 0.93 (m, 3H),
1.35 (m, 2H), 1.57 (m, 2H), 2.57 (m, 2H), 4.06 (s, 3H), 4.06
(s, 3H), 6.49 (m, 1H), 7.14 (m, 4H), 7.33~7.62 (m, 6H), 8.39
(m, 1H)

Mass spectrometry data (FD-MS, m/z): 471 (M™)

Example 79

N-(4-aminophenyl)-N'+{4-[(6,7-dimethoxy-4-
quinolinyl)oxyJphenyl}urea [48]

N-{4-[(6,7-Dimethoxy-4—q‘uinolinyl)oxy]phenyl}-N'-(4-
nitro)phenylurea (111 mg) was dissolved in N,N-
dimethylformamide (7 ml),l 10% palladium hydroxide-
carbon (100 mg) was added, and the admixture was stirred
at room temperature under |hydrogen for 22 hours. The
reaction mixture was filteredjusing Celite. The filtrate was
washed with brine and then idried with anhydrous sodium
sulfate. The solvent was removed by reduced-pressure dis-
tillation to obtain 66 mg of the title compound (yield: 63%).

'H-NMR (DMSO-d, 500 MHz): & 3.94 (s, 3H), 3.94 (s,
3H), 4.74 (brs, 2H), 6.43 (d, J=4.9 Hz, 1H), 6.52 (d, 1=8.6
Hz, 2H), 7.08 (d, J=8.6 Hz, 2H), 7.16 (d,J=9.2 Hz, 2H), 7.38
(s, 1H), 7.51 (s, 1H), 7.55 (d, J=9.2 Hz, 2H), 8.14 (s, 1H),
8.45 (d, 1=4.9 Hz, 1H), 8.61 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 430 (M™)
Example 80
N-(4-Acetylphenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolinyl)oxyJphenyl}urea [49]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (51 mg)
was dissolved in toluene (3 ml) with heat, 4-acetylphenyl
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isocyanate (210 mg) was added, and the admixture was
refluxed with heat for 20 minutes. The resulting residuc was
purified by column chromatography on silica gel eluting
with chloroform/acetone (10/1) to obtain 50 mg of the title
compound (yield: 64%).

IH-NMR (CDCL,/CD;0D, 500 MHz): 8 2.59 (s, 3H),
4.07 (s, 3H), 4.07 (s, 3H), 6.50 (d, J=5.5 Hz, 1H), 7.17 (d,
J=8.5 Hz, 2H), 7.36 (s, 1H), 7.58 (s, 1H), 7.58 (d, J=8.5 Hz,
2H), 7.60 (d, 1=8.5 Hz, 2H), 7.94 (d, J=8.5 Hz, 2H), 8.40 (d,
J=5.5 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 457 (M*)

Example 81

N-{4-[(6,7-Dirnethoxy-4-quin01iny1)0xy]pheny1}-N'-
(4-phenoxyphenyljurea [50]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (53 mg)
was dissolved in toluene (3 ml) with heat, 4-phenoxyphenyl
isocyanate (0.2 ml) was added, and the admixture was
refluxed with heat for 30 minutes. The resulting residue was
purified by column chromatography on silica gel eluting
with chloroform/acetone (10/1) to obtain 55 mg of the title
compound (yield: 60%).

IH-NMR (CDCl,/CD,0D, 500 MHz): & 4.46 (s, 3H),
4.46 (s, 3H), 6.51 (m, 1H), 6.98~7.62 (m, 15H), 8.40 (m,
1H)

Mass spectrometry data (FD-MS, m/z): 507 o™

Example 82

N-(4-Isopropylpheny1)-N‘-{4-[(6,7-dimethoxy-4-
quinolinyl)oxyJphenyl}urea [51]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (51 mg)
was dissolved in toluene (3 ml) with heat, 4-isopropylphenyl
isocyanate (0.2 ml) was added, and the admixture was
refluxed with heat for 26 minutes. The resulting residue was
purified by column chromatography on silica gel eluting
with chloroform/acetone (10/1) to obtain 70 mg of the title
compound (yield: 90%).

1H-NMR (CD,0D, 500 MHz): 8 1.18 (d, J=6.7 Hz, 6H),
2.82 (m, 1H), 3.97 (s, 3H), 4.01 (s, 3H), 6.37 (d, J=5.5 Hz,
1H), 7.04 (d, J=8.5 Hz, 2H), 7.11 (d, J=8.5 Hz, 2H), 7.25 (d,
1=8.5 Hz, 2H), 7.26 (s, 1H), 7.38 (s, 1H), 7.41 (d, J=9.2 Hz,
2H), 7.54 (s,1H), 7.82 (s, 1H), 8.03 (s, 1H), 8.42 (d, J=5.5
Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 457 (M")

Example 83

N-(4-Trifluoromethylpheny!)-N'-{4-{(6,7-
dimethoxy-4-quinolinyl)oxy]phenyl jurea (52}
6,7-Dimcthoxy-4-(4-aminophenoxy)quinolinc (53 mg)
was dissolved in toluene (3 ml) with heat,
4-trifluoromethylphenyl isocyanate (0.2 ml) was added, and
the admixture was refluxed with heat for 10 minutes. The
separated crystals were filtered and washed with toluene to
obtain 77 mg of the title compound (yield: 88%).
1H-NMR (CDCl;, 500 MHz): & 4.05 (s, 3H), 4.05 (s,3H),
6.52 (d, J=5.5 Hz, 1H), 7.18 (d, J=9.2 Hz, 2H), 7.36 (s, 1H),
7.56 (s, 1H), 7.59 (d, J=8.6 Hz, 2H), 7.62 (d, J=8.6 Hz, 2H),
7.63 (s, 1H), 8.40 (d, J=5.5 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 483 (M*)
Example 84
N-(4-n-Butylpheny})-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxylphenyl}urea [147]

6,7-Dimethoxy-4-(2-aminophenoxy)quinoline (56 mg),
which was obtained, analogously to Example 49, by reduc-
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ing 6,7-dimethoxy-4-(2-nitrophenoxy)quinoline obtained in
the same manner as describad in Example 48, except that
2-nitrophenol was used in place of 4-nitrophenol, was dis-
solved in toluene (3 ml) with heat, 4-n-butylphenyl isocy-
anate (0.2 ml) was added, and the admixture was refluxed
with heat for 30 minutes. The resulting residue was purified
by chromatography on silica gel eluting with chloroform/
acetone (10/1) to obtain 45 mg of the title compound (yield:
50%). ‘

'H-NMR (CDCl,, 500 MHz): § 0.89 (t, J=7.3 Hz, 3H),
1.30 (m, 2H), 1.52 (m, 2H), 2,50 (m, 2H), 3.90 (s, 3H), 3.93
(s, 3H), 6.22 (d, J=4.9 Hz, 1H), 6.87 (d, J=7.3 Hz, 1H),
6.96~7.01 (m, 4H), 7.15 (brs, 1H), 7.28~7.31 (m, 4H), 8.12
(brs, 1H), 8.26 (d, J=4.9 Hz, 1H), 8.58 (d, J=7.9 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 471 (M™)

Example 85

N-(4-n-Butylphenyl)-N'-{3{(6,7-dimethoxy-4-
quinolyljoxyJphenyl}urea [91]

6,7-Dimethoxy-4-(3-aminophenoxy)quinoline (51 mg),
which was obtained, analogously to Example 49, by reduc-
ing 6,7-dimethoxy-4-(3-nitrofihenoxy)quinoline obtained in
the same manner as described in Example 48, except that
3-nitrophenol was used in place of 4-nitrophenol, was dis-
solved in toluene (3 ml) with heat, 4-n-butylphenyl! isocy-
anate (0.2 ml) was added, and the admixture was refluxed
with heat for 50 minutes. The resulting residue was purified
by chromatography on silica gel eluting with chloroform;/
acetone (10/1) to obtain 26 mg of the title compound (yield:
32%). ‘

'H-NMR (CDCL,, 500 MHz): 60.89 (t, J=7.3 Hz, 3H),
1.30 (m, 2H), 1.52 (m, 2H), 2.51 (m, 2H), 3.95 (s, 1H), 4.00
(s, 1H), 6.49 (d, J=5.5 Hz, 1H), 6.81 (d, J=8.0 Hz, 1H), 7.04
(d, J=7.9 Hz, 2H), 7.2~7.30 (m, SH), 7.37 (s, 1H), 7.51 (s,
1H) 7.84 (brs, 1H), 8.24 (brs, 1H), 8.43 (d, J=4.9Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 471 MY

Example 86

N-n-Butyl-N'-{4-{(6,7-dimethoxy-4-quinolyl)oxy]
phenyl}lurea [139]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (51 mg)
was dissolved in toluene (3 ml) with heat, n-butyl isocyanate
(0.2 ml) was added, and the admixture was refluxed with
heat for 14 hours. The resulting residue was purified by
chromatography on silica gel eluting with chloroformy/
acetone (10/1) to obtain 31 mg of the title compound (vield:
46%). ‘

'H-NMR (CDCl,, 500 MHg): 8 0.93 (1, J=7.8 Hz, 3H),
1.37 (m, 2H), 1.53 (m, 2H), 3.28 (m, 2H), 4.04 (s, 3H), 4.04
(s, 3H), 5.04 (brs, 1H), 6.44 (d, J=5.5 Hz, 1H), 6.98 (brs,
1H), 7.11 (d, 1=9.2 Hz, 2H), 7.41 (s, 1H), 7.43 (d, J=9.2 Hz,
2H), 7.55 (s, 1H), 8.46 (d, J=4.9 Hz, 1H)

Mass spectrometry data (FI)-MS, m/z): 395 Mh

Example 87

N-{4-[6,7-Dimethoxy-4-qiuinoly1)oxy]phenyl}-(4-
trifluoromethylphenyl)carboxamide [157]

6,7-Dimethoxy-4-(4-aminoﬁ:henoxy)quinoline (53 mg)
and commercially available 4-triftuoromethanebenzoic acid
(102 mg) were dissolved in N,N-dimethylformamide (3 ml),
1-ethyl-3-(3'-dimethylaminopropyl)carbodiimide hydro-
chloride (102 mg) was added, 4nd the admixture was stirred
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at room temperature for 14 hours. The reaction mixture was
partitioned between water and ethyl acetate, and the ethyl
acetate layer was washed with brine and then dried with
anhydrous sodium sulfate. The solvent was removed by
reduced-pressure distillation and the resulting crystallized
product was washed with ethyl acetate to obtain 32 mg of the
title compound (yield: 38%).

*H-NMR (CDCl,, 500 MHz): & 4.04 (s, 3H), 4.05 (s, 3H),
6.48 (d, J=4.9 Hz, 1H), 7.22 (d, J=8.5 Hz, 2H), 7.41 (s, 1H),
7.55 (s, 1H), 7.76 (d, }=8.5 Hz, 2H), 7.76 (d, J=8.6 Hz, 2H),
8.02(d, J=7.9 Hz, 2H), 8.13 (brs, 1H), 8.49(d, J=5.5 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 468 (M*)

Example 88

N-{4-[6,7-Dimethoxy-4-quinolyl)oxy Jpheny1}-(4-
cyclohexylphenyl)carboxamide [158]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (52 mg)
and commercially available 4-cyclohexylbenzoic acid (109
mg) were dissolved in N,N-dimethylformamide (3 ml),
1-cthyl-3-(3'-dimethylaminopropyl)carbodiimide hydro-
chloride (110 mg) was added, and the admixture was stirred
at room temperature for 14 hours. The reaction mixture was
then purified in the same manner as described in Example 51
to obtain 54 mg of the title compound (vield: 64%).

'H-NMR (CDCl,, 500 MHz): § 1.25~1.86 (m, 10H), 2.55
(m, 1H), 4.01 (s, 3H), 4.03 (s, 3H), 6.46 (d, J=5.5 Hz, 1H),
7.16 (d, J=8.5 Hz, 2H), 7.27 (d, J=7.9 Hz, 2H), 7.39 (s, 1H),
7.55 (s, 1H), 7.75 (d, J=9.2 Hz, 2H), 7.83 (d, J=8.6 Hz, 2H),
8.46 (d, J=5.5 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 482 (M*)

Example 89

N-{3-[6,7-Dimethoxy-4-quinolyl)oxy]phenyl}-(4-t-
butylphenyl)carboxamide [159]

6,7-Dimethoxy-4-(3-aminophenoxy)quinoline (54 mg)
and commercially available 4-t-butyl benzoic acid (102 mg)
were dissolved in N,N-dimethylformamide (3 mt), 1-ethyl-
3-(3'-dimethylaminopropyl)carbodiimide hydrochloride
(106 mg) was added, and the admixture was stirred at room
temperature for 6 hours. The reaction mixture was then
purified in the same manner as described in Example 51 to
obtain 29 mg of the title compound (yield: 35%).

*H-NMR (CDCl,, 500 MHz): § 1.34 (s, 9H), 4.01 (s, 3H),
4.04 (s, 3H), 6.55 (d, J=4.9 Hz, 1H), 6.97 (d, J=7.3 Hz, 1H),
7.29~7.68 (m, 7TH), 7.8 5 (d, I=7.9 Hz, 2H), 8.48 (d, J=<4.9
Hz, 1H), 8.59 (brs, 1H)

Mass spectrometry data (FD-MS, m/z): 456 (M*)

Example 90

N-{3-[6,7-Dimethoxy-4-quinolyl)thio Jphenyl }-(4-t-
butylphenyl)carboxamide [160]

6,7-Dimethoxy-4-(3-aminophenylthio)quinoline (62 mg)
and commercially available 4-t-butyl benzoic acid (109 mg)
were dissolved in N,N-dimethylformamide (3 ml), 1-ethyl-
3-(3'-dimethylaminopropyljcarbodiimide hydrochloride
(112 mg) was added, and the admixture was stirred at room
temperature for 25 hours. The reaction mixture was then
purified in the same manner as described in Example 51 to
obtain 54 mg of the title compound (yield: 57%).

'H-NMR (CDCl,, 500 MHz): 61.31 (s, 9H), 4.00 (s, 3H),
4.01 (s, 3H), 6.83 (d, J=4.9 Hz, 1H), 7.20~7.9 9 (m, 9H),
8.06 (m, 1H), 8.39 (d, J=4.9 Hz, 1H), 8.60 (brs, 1H)
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Mass spectrometry data (FD-MS, m/z): 472 (M*)
Example 91

N-{4-[6,7-Dimethoxy-4-quinolyl)thio Jpheny1} -(4-
butylphenyl)carboxamide [161]

6,7-Dimethoxy-4-(4-amindphenoxy)quinoline (62 mg)
and commercially available 4-butyl benzoic acid (104 mg)
were dissolved in N,N-dimethylformamide (3 ml), 1-ethyl-
3-(3'-dimethylaminopropyl)carbodiimide hydrochloride
(117 mg) was added, and the admixture was stirred at room
temperature for 21 hours. The reaction mixture was then
purified in the same manner ds described in Example 51 to
obtain 21 mg of the title compound (yield: 22%).

*H-NMR (CDCl,, 500 MHz) 8 0.94 (t, ]=7.3 Hz, 3H),
1.38 (m, 2H), 1.63 (m, 2H), 2,69 (t, J=7.9 Hz, 2H), 4.03 (s,
3H) 4.05 (s, 3H), 6.72 (d, J=49 Hz, 1H), 7.30 (d, J=7.9 Hz,
2H), 7.39 (s, 1H), 7.42 (s, 1H), 7.57 (d, J=8.5 Hz, 2H), 7.78
(d, 1=8.5 Hz, 2H), 7.81 (d, J=7.9 Hz, 2H), 8.08 (s, 1H), 8.42
(d, J=5.5 Hz, 1H) ;

Mass spectrometry data (FD-MS, m/z): 472 (M*)

Exam]ﬁ)le 92

N-{4-[6,7-Dimethoxy-4-4 uinolyl)oxyJphenyl}-N'-
(4-methoxythiophenyl)urea [163]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (53 mg)
was dissolved in toluene (3 ml) with heat,
4-methylthiophenyl isocyanate (0.2 ml) was added, and the
admixture was refluxed with heat for 8 minutes. The sepa-
rated crystals were filtered and washed with toluene to
obtain 62 mg of the title comh:)ound (yield: 76%).

'H-NMR (DMSO-d,, 500 MHz): 2.4 (s, 3H), 3.94 (s,
3H), 3.95 (s, 3H), 6.44 (d, J=49 Hz, 1H), 7.19 (d, J=9.2 Hz,
2H), 7.23 (d, J=8.5 Hz, 2H), 7,38 (s, 1H), 7.44 (d, J=9.2 Hz,
2H), 7.52 (s, 1H), 7.58 (d, J=8.,6 Hz, 2H), 8.46 (d, L=4.9 Hz,
1H), 8.70 (s, 1H), 8.79 (s, 1H) Mass spectrometry data
(FD-MS, m/z): 461 M*) |

Example 93

N-(3 -Ethoxycarbonyljp henyl)-N'-{4-[(6,7-
dimethoxy-4-quinolyl)oxyIphenyl}urea [164]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (53 mg)
was dissolved in toluene (5 ml) with heat,
3-ethoxycarbonylphenyl isocyanate (284 mg) was added,
and the admixture was refluxed with heat for 1 hour. The
resulting residue was purified by column chromatography on
silica gel eluting with chloroform/acetone (10/1) to obtain
18 mg of the title compound (yield: 20%).

'H-NMR (CDCl,, 500 MHz): 1.38 (m, 3H), 3.98 (s, 3 H),
4.05 (s, 3H), 4.3 5 (m, 2 H), 6.45 (d, J=5.5 Hz, 1H), 7.12 (d,
J=9.2 Hz, 2H), 7.40 (s, 1H), 7.47 (d, J=9.2 Hz, 2H), 7.47 (d,
J=8.6 Hz, 2H), 7.58 (s, 1H), 7.96 (d, J=9.2 Hz, 2H), 8.05 (s,
1H), 8.17 (s, 1H), 8.47 (d, J=5.5 Hz, 1H)

Mass spectrometry data (FID-MS, m/z): 487 (M*)
Examp)jle 94
N-(4-Chlorophenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxyJphenyl}urea [165]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (52 mg)
was dissolved in toluene (5 ml) with heat, 4-chlorophenyl

isocyanate (0.2 ml) was added, and the admixture was
refluxed with heat for 1 hour.| The separated crystals were
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filtered and washed with toluene to obtain 43 mg of the title
compound (yield: 55%).

'H-NMR (DMSO-dg, 500 MHz): § 3.94 (s, 3H), 3.95 (s,
3H), 6.44 (d, J=5.5 Hz, 1H), 7.20 (d, J=9.2 Hz, 2H), 7.32 (d,
J=8.5 Hz, 2H), 7.38 (s, 1H), 7.49 (d, J=9.2 Hz, 2H), 7.51 (s,
1H), 7.58 (d, J=9.2 Hz, 2H), 8.46 (d, J=4.9 Hz, 1H), 8.83
(brs, 1H), 8.83 (brs, 1H)

Mass spectrometry data (FD-MS, m/z): 449 (M*), 451
M*+2)

Example 95

N-(2-Isopropylpheriyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxyJphenyl}urea [166]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (44 mg)
was dissolved in toluene (5 ml) with heat, 2-isopropylphenyl
isocyanate (0.2 ml) was added, and the admixture was
refluxed with heat for 80 minutes. The resulting residue was
purified by column chromatography on silica gel eluting
with chloroform/acetone (10/1) to obtain 14 mg of the title
compound (yield: 20%).

'H-NMR (CDCl,, 500 MHz): & 1.21 (m, 6H), 3.21 (m,
LH), 4.04 (s, 3H), 4.04 (s, 3H), 6.42 (m, 1H), 6.63 (m, 1H),
7.09~7.55 (m, 11H), 8.46 (m, 1H)

Mass spectrometry data (FD-MS, m/z): 457 (M*)

Example 96

N-{4{(6,7-Dimethoxy-4-quinolyl)oxy Jphenyl}-N'-
phenylurea [167]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (51 mg)
was dissolved in toluene (5 ml) with heat, phenyl isocyanate
(0.2 ml) was added, and the admixture was refluxed with
heat for 50 minutes. The resuiting residue was purified by
column chromatography on silica gel eluting with
chloroform/acetone (10/1) to obtain 21 mg of the title
compound (yield: 41%).

*H-NMR (CDCl;, 500 MHz): 8 4.04 (s, 3H), 4.04 (s, 3H),
6.61 (m, 1H), 7.05 (m, 1H), 7.36~7.44 (m, 10H), 7.99 (s,
1H), 8.31 (s, 1H), 8.36 (m, 1H)

Mass spectrometry data (FD-MS, m/z): 431 (M*)

Example 97

N-{4-[(6,7-Dimethoxy-4-quinolyl)oxyJphenyl}-N'-
(2-nitrophenyl)urea [168]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (83 mg)
was dissolved in toluene (8 ml) with heat, 4-nitrophenyl
isocyanate (370 mg) was added, and the admixture was
refluxed with heat for 40 minutes. The deposited crystals
were filtered and washed with toluene to obtain 58 mg of the
title compound (yield: 45%).

'H-NMR (DMSO-d,, 500 MHz): & 3.94 (s, 3H), 3.95 (s,
3H), 6.46 (d, J=5.5 Hz, 1H), 7.22 (m, 1H), 7.23 (d, J=9.2 Hz,
2H), 7.38 (s, 1H), 7.51 (s, 1H), 7.62 (d, J=9.2 Hz, 2H), 7.71
(m, TH), 8.11 (m, 1H), 8.31 (m, 1H), 8.46 (d, ]=5.5 Hz, 1H),
9.62 (s, 1H), 9.96 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 460 (M*)

Example 98
N-(2-Aminophenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxy Jphenyl}urea [169]

N-{4-[(6,7-Dimethoxy-4-quinolyl)oxy Jphenyl)-}-(2-
nitrophenyljurea (42 mg) was dissolved in N,N-
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dimethylformamide/ethyl acetate (12 ml/6 ml), 20% palla-
dium hydroxide-carbon (70 mg) was added, and the
admixture was stirred at room temperature under hydrogen
for 3 hours. The reaction mixture was filtered using Celite,
after which the filtrate was washed with brine and then dried
with anhydrous sodium sulfate. The solvent was removed by
reduced-pressure distillation | to obtain 39 mg of the title
compound (yield: 100%). |

'H.NMR (DMSO-dg, 500/ MHz): 8 3.94 (s, 3H), 3.95 (s,
3H), 4.77 (br s, 2H), 6.44 (d, J=5.5 Hz, 1H), 6.58 (m, 1H),
6.75 (m, 1H), 6.85 (m, 1H), 7.18 (d, J=8.5 Hz, 2H), 7.34 (m,
1H), 7.38 (s, 1H), 7.52 (s, 1H), 7.58 (d, J=9.2 Hz, 2H), 8.29
(s, 1H), 8.46 (d, J=4.9 Hz, 1H), 8.92 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 430 M%)

Example 99

N—{4—[(6,7-Dimethoxy-4-quinoly1)oxy]pheny1} -N'-
(3-nitrophenyljurea [170]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (83 mg)
was dissolved in toluene (6 ml) with heat, 3-nitrophenyl
isocyanate (384 mg) was added, and the admixture was
refluxed with heat for 40 minutes. The resulting residue was
purified by column chromatography on silica gel eluting
with chloroform/acetone (10/1) to obtain 44 mg of the title
compound (yield: 34%).

'H-NMR (DMSO-dg, 50
3H), 6.43 (d,J=4.9 Hz, 1H),
2H), 7.47 (d, J=8.6 Hz, 2H)
(s, 1H), 8.31 (s, 1H), 8.46

Mass spectrometry data

MHz): 8 3.99 (s, 3H), 4.04 (s,
7.10 (d, J=9.2 Hz, 2H), 7.38 (m,
7.57 (s, 1H), 7.81 (m, 2H), 8.19
d, J=4.9 Hz, 1H), 8.59 (s, 1H)
FD-MS, m/z): 460 (M*)

Example 100

N-{4-{(6,7-Dimethoxy 4-quinolyl)oxy Jphenyl}-N'-
octylurea [171]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (51 mg)
was dissolved in toluene (3 ml) with heat, octyl isocyanate
(0.2 ml) was added, and the admixture was refluxed with
heat for 2 hours. The resulting residue was purified by
column chromatography on silica gel eluting with
chloroform/acetone (10/1) to obtain 32 mg of the ftitle
compound (yield: 41%).

'H-NMR (CDCl;, 500 MHz): 6 0.87 (m, 3H), 1.26~1.30
(m, 10H), 1.53 (m, 2H), 3.27 (m, 2H), 4.03 (s, 3H), 4.03 (s,
3H), 5.04 (m, 1H), 6.44 (d|J=5.5 Hz, 1H), 6.97 (s, 1H), 7.10
(d, J=8.6 Hz, 2H), 7.41 (s, 1H), 7.42 (d, J=8.6 Hz, 2H), 7.55
(s, 1H), 8.46 (d, J=4.9 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 451 (M")

Example 101

N-(3-Aminophenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxyJphenyl}urea [172]

N-{4-[(6,7-Dimethoxy-4—quinolyl)oxy]phenyl}-N‘-(3-
nitrophenyl)urea (28 mg) was dissolved in N,N-
dimethylformamide/cthyl acetate (5 ml/2.5 ml), 20% palla-
dium hydroxide-carbon (97 mg) was added, and the
admixture was stirred at room temperature under hydrogen
for 3 hours. The reaction mixture was filtered using Celite,
the filtrate was washed with brine and then dried with
anhydrous sodium sulfate. The solvent was then removed by
reduced-pressure distillation to obtain 13 mg of the title
compound (yield: 51%).

IH-NMR (CDCl,, 500 MHz): 3 4.02 (s, 3H), 4.03 (s, 3H),
6.41 (m, 1H), 6.41 (d, J=5.5 Hz, 1H), 6.61 (m, 1H), 6.90 (s,
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1H), 7.05 (m, 1H), 7.09 (d, J=8.5 Hz, 2H), 7.40 (s, 1H), 7.43
(m, 1H), 7.47 (d, J=8.5 Hz, 2H), 7.55 (s, 1H), 8.03 (s, 1H),
8.44 (d, J=5.5 Hz, 1H)
Mass spectrometry data (FD-MS m/z): 430 (M")

Example 102

N-Allyl-N'-{4-[(6,7-dirncthoxy-4-quinolyl)oxy]
phenyl}urea [173]

6,7—Dimethoxy-4-(4-aminophenoxy)quinoline (50 mg)
was dissolved in N,N-dimethylformamide (5 ml), allyl iso-
cyanate (0.2 ml) was added, and the admixture was stirred
at 80° C. for 15 hours with heat. Water was added to the
reaction mixture, the admixture was extracted 2 times with
ethyl acetate, and the organic layer was washed with brine
and then dried with anhydrous sodium sulfate. The solvent
was removed by reduced-pressure distillation and the result-
ing residue was purified by column chromatography on
silica gel eluting with chloroform/acetone (10/1) to obtain
61 mg of the title compound (yield: 96%).

IH-NMR (CDCl,, 500 MHz): 8 3.90 (m, 2H), 4.03 (s,
3H), 4.03 (s, 3H), 5.12 (d, J=10.4 Hz, 1H), 5.23 (d, }=1.77
Hz, 1H), 5.62 (s, 1H), 5.88 (m, 1H), 6.41 (d, J=4.9 Hz, 1H),
7.08(d, J=8.5,2H), 7.39 (s, 1H), 7.44 (d,]=8.5Hz,2H),7.54
(s, 1H), 7.75 (s, 1H), 8.44 (d, J=5.5 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 379 (M")

Example 103

N-{4{(6 /7-Dimethoxy-4-quinolyljoxylphenyl}-N'-
(1-naphthyljurea [174]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (50 mg)
was dissolved in toluene (5 ml) with heat, 1-naphthyl
isocyanate (0.2 ml) was added, and the admixture was
refluxed with heat for 20 minutes. The resulting residue was
purified by column chromatography on silica gel eluting
with chloroform/acetone (10/1) to obtain 41 mg of the title
compound (yield: 52%).

1H-NMR (DMSO-dg, 500 MHz): 8 3.95 (s, 3H), 3.95 (s,
3H), 6.45 (d,J=5.5 Hz, 1H), 7.21 (4, J=9.2 Hz, 2H), 7.38 (s,
1H), 7.48-7.65 (m, TH), 7.92~8.15 (m, 3H), 8.46 (d, J=4.9
Hz, 1H), 8.80 (s, 1H), 9.20 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 465 (M™)

Example 104

N-(2-Biphenyl)-N'- {4-[(6,7—dimethoxy-4-quinolyl)
oxy Jphenyl}urea [175]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (52 mg)
was dissolved in toluene (5 ml) with heat, 2-biphenyl
isocyanate (0.2 ml) was added, and the admixture was
refluxed with heat for 30 minutes. The resulting residue was
purified by column chromatography on silica gel eluting
with chloroform/acetone (10/1) to obtain 56 mg of the title
compound (yield: 64%).

'H-NMR (CDCl,, 500 MHz): 8 3.97 (s, 3H), 4.04 (s,3H),
6.35 (d, J=5.5 Hz, 1H), 6.96 (s, 1H), 7.40 (d, J=9.2 Hz, 2H),
714~739 (m, 11H), 7.54 (s, 1H), 7.89 (brs, 1H), 8.08 (d,
1=8.6 Hz, 1H), 8.33 (d, J=5.5 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 491 M*)

Example 105

N-(4-Ethylpheny!)-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxylphenyl}jurea [188]
6,7-Dimethoxy-4-(4—aminophenoxy)quinolinc (51 mg)
was dissolved in toluene (5 ml) with heat, 4-ethylphenyl
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isocyanate (0.2 ml) was added, and the admixture was
refluxed with heat for 90 minutes. The resulting residue was
purified by column chromatography on silica gel eluting
with chloroform/acetone (10/1) to obtain 42 mg of the title
compound (yield: 56%).

'H-NMR (CDCl,, 500 MHz): § 1.18 (m, 3H), 2.58 (m,
2H), 3.99 (s, 3H), 4.02 (s, 3H), 6.39 (d, I=5.5 Hz, 1H), 7.07
(d, J=9.2 Hz, 2H), 7.11 (d, J=7.9 Hz, 2H), 7.25 (d, J=8.5 Hz,
2H), 7.40 (s, 1H), 7.42 (d, J=8.5 Hz, 2H), 7.55 (s, 1H), 7.60
(s, 1H), 7.81 (s, 1H), 8.43 (d, J=4.9 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 443 (M*)

Example 106

N-Benzoyl-N'-{4-[(6,7-dimethoxy-4-quinolyl)oxy]
phenyl}urea [189]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (52 mg)
was dissolved in toluene (5 ml) with heat, benzoyl isocy-
anate (0.2 ml) was added, and the admixture was refluxed
with heat for 50 minutes. The resulting residue was purified
by column chromatography on silica gel eluting with
chloroform/acetone (10/1) to obtain 11 mg of the title
compound (yield: 15%).

'H-NMR (CDCl,, 500 MHz): 3 4.06 (s, 3H), 4.07 (s, 3H),
6.49 (d, J1=4.9 Hz, 1H), 7.20 (d, J=9.2 Hz, 2H), 7.43 (s, 1H),
7.54 (m, 2H) 7.58 (s, 1H), 7.65 (m, 1H), 7.71 (d, J=9.2 Hz,
2H), 8.04 (d, J=7.9 Hz, 2H), 8.50 (d, J=5.5 Hz, 1H), 9.53 (s,
1H), 11.04 (s, 1 H)

Mass spectrometry data (FD-MS, m/z): 443 (M*)
Example 107

N-Ethoxycarbonyl-N'-{4-[(6,7-Dimethoxy-4-
quinolyl)oxyJphenyl}urea [190]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (52 mg)
was dissolved in toluene (5 mll) with heat, ethoxycarbonyl
isocyanate (0.2 ml) was added, and the admixture was
refluxed with heat for 15 minutes. The resulting residue was
purified by column chromatography on silica gel eluting
with chloroform/acetone (10/1) to obtain 20 mg of the title
compound (yield: 28%).

'H-NMR (CDCl,, 500 MHz):  1.37 (t, J=7.3 Hz, 3H),
4.10 (s, 3H), 4.17 (s, 3H), 4.31 (g, I=7.3 Hz, 2H), 6.70 (d,
J=6.1 Hz, 1H), 7.20 (d, J=8.6 Hz, 2 H), 7.64 (s, 1H), 7.72 (d,
J=0.2 Hz, 2 H), 8.12 (s, 1H), 8.50 (d, J=6.7 Hz, 1H), 10.08
(s, 1H)

Mass spectrometry data (FD-MS, m/z): 411 (M*)

Example 108

N-{4-(6,7-Dimethoxy-4-quinolyl)oxy Jphenyl}-N'-
(2-methylphenyl)urea [56]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (51 mg)
was dissolved in toluene (5 m]) with heat, 2-methylphenyl
isocyanate (0.2 ml) was added, and the admixture was
refluxed with heat for 15 minutes. The resulting residue was
purified by column chromatography on silica gel eluting
with chloroform/acetone (10/1) to obtain 61 mg of the title
compound (yield: 82%).

'H-NMR (CDCl,, 500 MHz): § 2.20 (s, 3H), 4.00 (s, 3H),
4.03 (s, 3H), 4.31 (q, J=7.3 Hz, 2H), 6.40 (d, J=5.5 Hz, 1H),
7.05-7.20 (m, 6H), 7.39 (s, 1H), 7.42 (d, J=8.5 Hz, 2H),
755, (s, 1H), 7.60 (d, J=7.9 Hy, 2H), 7.80 (s, 1H), 8.45 (d,
J=5.5 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 429 (M*)
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Example 109

N-{4-{(6,7-Dimethoxy-4-quinolyl)oxy Jphenyl}-N'-
(3-methylphenyburea [55]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (51 mg)
was dissolved in toluene (5 ml) with heat, 3-methylphenyl
isocyanate (0.2 ml) was added, and the admixture was
refluxed with heat for 15 minutes. The resulting residue was
purified by column chromatography on silica gel eluting
with chloroform/acetone (10/1) to obtain 41 mg of the title
compound (yield: 56%).

'H-NMR (CDCl,, 500 MHz):  2.32 (s, 3H), 4.02 (s, 3H),
4.04 (s, 3H), 6.43 (d, J=5.5 Hz, 1H), 6.93 (d, J=7.3 Hz, 1H)
7.10~7.22 (m, 6H), 7.41 (s, 1H), 7.44~7.47 (m, 3H), 7.56 (s,
1H), 8.46 (d, 1=5.5 Hz, 1H)

Mass spectrometry data (FD-MS m/z): 429 (M)

Example 110

N-(2-Fluorophenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxyJphenyl }urea [60]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (51 mg)
was dissolved in toluene (5 m!) with heat, 2-fluorophenyl
isocyanate (0.2 ml) was added, and the admixture was
refluxed with heat for 15 minutes. The resulting residue was
purified by column chromatography on silica gel eluting
with chloroform/acetone (10/1) to obtain 54 mg of the title
compound (yield: 73%).

TH-NMR (CDCl,, 500 MHz): 8 4.01 (s, 3H), 4.04 (s, 3H),
6.44 (d, J=5.5 Hz, 1H), 6.97~7.04 (m, 2H), 7.10~7.12 (m,
3H), 7.42 (s, 1H), 7.49 (d, J=9.2 Hz, 2H), 7.57 (s, 1H), 7.73
(s, 1H), 8.17 (m, 1H), 8.35 (s, 1H), 8.48 (d, J=5.5 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 433 (M*)

Example 111

N-{4-[(6,7-Dimethoxy-4-quinolyl)oxy Jphenyl}-N'-
propylurea [194]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (54 mg)
was dissolved in N,N-dimethylformamide (3 ml), propyl
isocyanate (0.2 ml) was added, and the admixture was
stirred at 80° C. for 24 hours. Water was added to the
reaction mixture, the admixture was extracted 2 times with
ethyl acetate, and the organic layer was then washed with
brine and dried with anhydrous sodium sulfate. The solvent
was removed by reduced-pressure distillation and the result-
ing residue was purified by column chromatography on
silica gel eluting with chloroform/acetone (10/1) to obtain
59 mg of the title compound (yield: 84%).

"H-NMR (CDCl,, 500 MHz): & 0.93 (m, 3H), 1.55 (m,
2H), 3.24 (m, 2H), 4.02 (s, 3H), 4.02 (s, 3H), 5.47 (1, J=5.5
Hz, 1H), 6.41 (d, J=4.9 Hz, 1H), 7.08 (d, J=8.5 Hz, 2H), 7.39
(s, 1H), 7.43 (d, J=9.2 Hz, 2H), 7.55 (s, 1H), 7.60 (brs, 1H),
8.44 (d, 1=5.5 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 381 (M*)

Example 112

N-{4-{(6,7-Dimethoxy-4-quinolyl)oxy Jphenyl}-N'-
(4-phenylcarbonylphenyl)urea [195]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (54 mg)
was suspended in toluene (5 ml), triphosgene (53 mg) was
added, and the admixture was refluxed with heat for 20
minutes. 4-Aminobenzophenone (85 mg) was added to the
reaction mixture, and the admixture was refluxed for 1 hour
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with heat. After the addition|of aqueous sodium hydrogen
carbonate, the reaction mixture was extracted 2 times with
ethyl acetate, and the organi¢ layer was then washed with
brine and dried with anhydrous sodium sulfate. The solvent
was removed by reduced-pressure distillation and the result-
ing residue was purified by column chromatography on
silica gel eluting with chloroform/acetone (10/1) to obtain
19 mg of the title compound (yield: 21%).

"H-NMR (CDCl,, 500 MHz): 8 4.01 (s, 3H), 4.04 (s, 3H),
6.44 (d, J=4.9 Hz, 1H), 7.12 (4, J=9.2 Hz, 2H), 7.41 (s, 1H),
7.46~7.80 (m, 12H), 8.14 (s, 1H), 8.30 (s, 1H), 8.47 (d,J=55
Hz, 1H) ‘

Mass spectrometry data (FD-MS, m/z): 519 (M*)

Example 113

N-Hexyl-N'-{4-[(6,7-dimethoxy-4-quinolyloxy]
phenyl}urea [196]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (52 mg)
was dissolved in N,N-dimethylformamide (3 ml), hexyl
isocyanate (0.2 ml) was added, and the admixture was
stirred at 60° C. for 15 hours. After the addition of water, the
reaction mixture was extracted 2 times with ethyl acetate,
and the organic layer was ther) washed with brine and dried
with anhydrous sodium sulfatelj. The solvent was removed by
reduced-pressure distillation, nd the resulting residue was
purified by column chromatdgraphy on silica gel eluting
with chloroform/acetone (10/1) to obtain 63 mg of the title
compound (yield: 84%). ‘

'H-NMR (CDClL,, 500 MH#): 5 0.85 (m, 3H), 1.25~1.47
(m, 6H), 1.50 (m, 2H), 3.26 (q, d=6.7 Hz, ZH), 4.02 (s, 3H),
4.02 (s, 3H), 5.68 (brs, 1H), 6.40 (d, J=5.5 Hz, 1H) 7.07 (d,
J=9.2 Hz, 2H), 7.39 (s, 1H), 744 (d, J=9.2 Hz, 2H), 7.55 (s,
1H), 7.94 (s, 1H), 8.43 (d, J=4.9 Hz, 1H)

Mass spectrometry data (FIb-MS, m/z): 423 (M*)

Exampile 114
N-(5 -Indanyl)-N‘-{4-[(6,7;-dimethoxy-4-quin01y1)
oxy Jphenyl}urea [197]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (51 mg)
was suspended in toluene (5 ml), triphosgene (54 mg) was
added, and the admixture was refluxed with heat for 12
minutes. 4-Aminoindan (36 mg) was added, and the admix-
ture was refluxed with heat for 36 minutes. After the addition
of aqueous sodium hydrogen carbonate, the reaction mixture
was extracted 2 times with ethyl acetate, and the organic
layer was then washed with brine and dried with anhydrous
sodium sulfate. The solvent jwas removed by reduced-
pressure distillation and the restilting residue was purified by
column chromatography on silica gel eluting with
chloroform/acetone (10/1) to|obtain 13 mg of the title
compound (yield: 16%).

'H-NMR (CDCl;, 500 MHZ): & 2.04 (m, 2H), 2.82~2.86
(m, 4H), 4.01 (s, 3H), 4.03 (s, 3H), 6.40 (d, J=5.5 Hz, 1H),
7.03 (m, 1H), 7.08 (d, J=8.5 Hz, 2H), 7.13 (m, 1H), 7.32 (s,
1H), 7.40~7.57 (m, 6H), 8.44 (d, J=4.9 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 455 (M*)

Example 115

N-(3,4-Dimethoxyphenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyljoxy Jphenyl}urea [198]
3,4-Dimethoxyaniline (42 mg) was dissolved in toluenc
(5 m), triphosgene (24 mg) wis added, and the admixture
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was refluxed with heat for 22 minutes. 6,7-Dimethoxy-4-
(4-aminophenoxy)quinoline (52 mg) was added, and the
admixture was refluxed with heat for 18 minutes. After the
addition of aqueous sodium hydrogen carbonate, the reac-
tion mixture was extracted 2 times with ethyl acetate, and
the organic layer was then washed with brine and dried with
anhydrous sodium sulfate. The solvent was removed by
reduced-pressure distillation and the resulting residue was
purified by column chromatography on silica gel eluting
with chloroform/acetone (10/1) to obtain 15 mg of the title
compound (yield: 18%).

'H-NMR (CDCl,, 500 MHz): & 3.84 (s, 3H), 3.85 (s, 3H),
4.01 (s, 3H), 4.04 (s, 3H), 6.43 (d, J=4.9 Hz, 1H), 6.75~6.80
(m, 2H), 7.10 (d, J=9.2 Hz, 2H), 7.16 (s, 1H), 7.38 (s, 1H),
7.41 (s, 1H), 7.45 (d, J=8.5 Hz, 2H), 7.56 (s, 1H), 7.59 (s,
1H), 8.46 (d, I=4.9 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 475 (M*)

Example 116

N-(3,4-Ethylenedioxyphenyl)-N'-{4-[(6,7-
dimethoxy-4-quinolyl)oxylphenyl }urea [199]

3,4-Ethylenedioxyaniline (80 mg) was dissolved in tolu-
ene (5 ml), triethylamine (0.5 ml) and then triphosgene (50
mg) were added, and the admixture was refluxed with heat
for 1 hour. 6,7-Dimethoxy-4-(4-aminophenoxy)quinoline
(52 mg) was added, and the admixture was refluxed with
heat for 100 minutes. After the addition of aqueous sodium
hydrogen carbonate, the reaction mixture was extracted 2
times with ethyl acetate, and the organic layer was then
washed with brine and dried with anhydrous sodium sulfate.
The solvent was removed by reduced-pressure distillation,
and the resulting residue was purified by column chroma-
tography on silica gel eluting with chloroform/acetone (10/
1) to obtain 62 mg of the title compound (yield: 74%).

'H-NMR (DMSO-d,, 500 MHz): & 3.94 (s, 3H), 3.94 (s,
3H), 4.19~4.21 (m, 4H), 6.43 (d, J=4.9 Hz, 1H), 6.74~6.78
(m, 2H), 7.09 (s, 1H), 7.17 (d, J=9.2 Hz, 2H), 7.37 (s, 1H),
7.51 (s, 1H), 7.56 (d, J=8.5 Hz, 2H), 8.45 (d, J=4.9 Hz, 1H),
8.47 (s, 1H), 8.69 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 473 (M*)

Example 117

N-Methyl-N-{4-[(6,7-dimethoxy-4-quinolyl)oxy]
phenyl}-N'-(4-methoxyphenyl)urea [200]

Formic acid (0.13 ml) was added to acetic anhydride (0.27
ml), and the admixture was stirred at 60° C. for 2 hours. A
solution of 6,7-Dimethoxy-4-(4-aminophenoxy)quinoline
(303 mg) in tetrahydrofuran (8 ml) was added to the reaction
mixture, and the admixture was stirred at room temperature
for 45 minutes. After the addition of aqueous sodium hydro-
gen carbonate, the reaction mixture was extracted 2 times
with ethyl acetate, and the organic layer was then washed
with brine and dried with anhydrous sodium sulfate. The
solvent was removed by reduced-pressure distillation and
the resulting residue was purified by column chromatogra-
phy on silica gel eluting with chloroform/acetone (10/1) to
obtain 327 mg of 6,7-dimethoxy-4-(4-
formylaminophenoxy)quinoline.

6,7-Dimethoxy-4-(4-formylaminophenoxy)quinoline
(317 mg) thus obtained was dissolved in tetrahydrofuran ©
ml), lithium aluminum hydride (181 mg) was added, and the
admixture was stirred at room temperature for 2 hours. After
the addition of aqueous ammonium chloride, the reaction
mixture was extracted 2 times with ethyl acetate, and the
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organic layer was then washed with brine and dried with
anhydrous sodium sulfate. The solvent was removed by
reduced-pressure distillation [and the resulting residue was
purified by column chromatbgraphy on silica gel eluting
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with chloroform/acetone (10/1) to obtain 239 mg of 6,7- 5

dimethoxy-4-(4-methylamindphenoxy)quinoline.

6,7-Dimethoxy-4-(4-meth}haminophenoxy)quinoline (49
mg) thus obtained was dissolved in toluene (5 ml) with heat,
4-methoxyphenyl isocyanate| (0.2 ml) was added, and the
admixture was refluxed with heat for 12 hours. The resulting
residue was purified by column chromatography on silica
gel eluting with chloroform/acetone (10/1) to obtain 47 mg
of the title compound (yield:|51%).

‘H-NMR (CDCl,, 500 MHz): 8 3.38 (s, 3H), 3.77 (s, 3H),
4.05 (s, 3H), 4.06 (s, 3H), 6.14 (brs, 1H), 6.59 (d, J=5.5 Hz,
1H), 6.82 (d, J=9.2 Hz, 2H), 7.21 (d, J]=9.2 Hz, 2H),7.29 (d,
J=9.2 He, 2H), 7.44 (d, 1=8.6|Hz, 2H), 7.45 (s, 1H), 7.52 (s,
1H), 8.55 (d, J=5.5 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 459 (M™*)

Example 118

N-Methyl-N-phenyl-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxy Jphenyl}urea [201]

6,7-Dimethoxy-4-(4-amindphenoxy)quinoline (72 mg)
was suspended in toluene (7 ml), triphosgene (52 mg) was
added, and the admixture was refluxed with heat for 3 hours.
N-Methylaniline (0.05 ml) jwas added to the reaction
mixture, and the admixture was refluxed for 1 hour with
heat. After the addition of aqueous sodium hydrogen
carbonate, the reaction mixture was extracted 2 times with
ethyl acetate, and the organic layer was then washed with
brine and dried with anhydrous sodium sulfate. The solvent
was removed by reduced-pressure distillation and the result-
ing residue was purified by column chromatography on
silica gel eluting with chloroform/acetone (10/1) to obtain
48 mg of the title compound (yield: 46%).

"H-NMR (CDCl,, 500 MHz): & 3.37 (s, 3H), 4.04 (s, 3H),
4.04 (s, 3H), 6.32 (brs, 1H), 641 (d, J=4.9 Hz, 1H), 7.07 (d,
1=9.2 Hz, 2H), 7.37~7.53 (m, 8H), 7.54 (s, 1H), 8.45 (d,
J=5.5 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 429 MY

Example 119

N-Methyl-N-(4-methoxyphenyl)-N'-methyl-N'- {4-
[(6,7-dimethoxy-4-quinolyl)oxy Jphenyl}urea [202]

N-(4-Methoxyphenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxy]phenyl}urea (99 mg) was dissolved in N,N-
dimethylformamide (3 ml), spdium hydride (42 mg) was
added, and the admixture was stirred at room temperature
for 20 minutes, methyl iodide (0.03 ml) was added, and the
admixture was stirred at the same temperature for 1 hour.
After the addition of aqueoys ammonium chloride, the
reaction mixture was extracteqi 2 times with ethyl acetate,
and the organic layer was then|washed with brine and dried

with anhydrous sodium sulfate] The solvent was removed by

reduced-pressure distillation a‘pd the resulting residue was
purified by column chromatography on silica gel eluting
with chloroform/acetone (10/1% to obtain 91 mg of the title
compound (yield: 87%). |

'H-NMR (CDCl,, 500 MHz): § 3.23 (s, 3H), 3.24 (s, 3H),
3.75 (s, 3H), 4.05 (s, 3H), 4.06 (s, 3H), 6.27 (d, J=5.5 Hz,
1H), 6.69 (d, J=8.5 Hz, 2H), 6.81 (d, J=9.2 Hz, 2H), 6.89 (d,
J=9.2 Hz, 2H), 6.91 (d, J=9.2 Hz, 2H), 7.42 (s, 1H), 7.51 (s,
1H), 8.53 (d, J=4.9 Hz, 1H)
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Mass spectrometry data (FD-MS m/z): 473 (M*)

Example 120 (Reference Example)
3,4-Dichlorophenyl 4-methoxyphenyl ketone

To commercially available nitromethane (10 ml) were
added commercially available anisole (1.081 g), commer-
cially available 3,4-dichlorobenzoyl chloride (2.095 g) and
commercially available ytterbium(IIT) trifluoromethane-
sulfonate (620 mg), and the admixture was stirred at 60° C.
for 8 hours. The reaction mixture was partitioned between
water and chloroform, and the chloroform layer was then
dried with anhydrous magnesium sulfate. After removing
the solvent by reduced-pressure distillation, the resulting
residue was purified by column chromatography on silica
gel eluting with hexane/ethyl acetate to obtain 270 mg of the
title compound (yield: 10%).

'H-NMR (CDCl,, 500 MHz): & 3.90 (s, 3H), 6.98 (d,
J=9.2 Hz, 2H), 7.56 (s, 1H), 7.58 (d, J=1.8 Hz, 1H), 7.79 (d,
1=9.2 Hz, 2H), 7.84 (d, J=1.8 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 280 (M%) 282
(M*+2)

Example 121 (Reference Example)

3,4-Dichlorophenyl 4-hydroxyphenyl ketone

3,4-Dichlorophenyl 4-methoxyphenyl ketone (235 mg)
obtained in Example 120 was dissolved in dichloromethane
(2 ml), a solution of 1.0 M boron tribromide in dichlo-
romethane (7 ml) was added while cooled in ice, and the
admixture was stirred at room temperature for two days. The
reaction mixture was then poured into ice water and parti-
tioned between water and chloroform. The chloroform layer
was dried with anhydrous magnesium sulfate. After remov-
ing the solvent by reduced-pressure distillation, the resulting
residue was purified by column chromatography on silica
gel eluting with hexane/ethyl acetate to obtain 173 mg of the
title compound (yield: 77%).

'H-NMR (DMSO0-d,, 500 MHz): 3 6.91 (d, J=8.5 Hz,
2H), 7.62 (dd, J=1.8, 8.6 Hz, 1H), 7.68 (d, J=8.5 Hz, 2H),
7.80(d, J=7.9 Hz, 1H), 7.85 (d, J=1.8 Hz, 1H), 10.55 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 266 (M™), 268
(M*+2)

Example 122

{4-[(6,7-Dimethoxy-4-quinolyl)oxy]phenyl }(3,4-
dichlorophenyl)methanone [177]

Under argon, 3,4-dichlorophenyl 4-hydroxyphenyl ketone
(154 mg) obtained in Example 121 and
4-dimethylaminopyridine (77 mg) were added to xylene (5
ml), and the admixture was stirred at room temperature for
3 hours. 4-Chloro-6,7-dimethoxyquinoline (129 mg) was
added, and the admixture was refluxed with heat for 21
hours. The reaction mixture was partitioned between satu-
rated aqueous sodium hydrogen carbonate and chloroform,
the chloroform layer was then dried with anhydrous mag-
nesium sulfate. After removing the solvent by reduced-
pressure distillation, the resulting residue was purified by
thin layer chromatography on silica gel eluting with hexane/
acetone (2/1) to obtain 81 mg of the title compound (yield:
31%).

'H-NMR (CDCl,, 500 MHz): § 4.03 (s, 3H), 4.07 (s, 3H),
6.68 (d, 1=5.5 Hz, 1H), 7.28 (d, J=8.5 Hz, 2H), 7.46 (s, 1H),
7.47 (s, 1H), 7.60 (d, J=8.5 Hz, 1H), 7.66 (dd, J=1.8, 8.6 Hz,
1H), 7.90 (d, J=9.2 Hz, 2H), 7.91 (d, J=1.8 Hz, 1H), 8.60 (d,
J=4.9 Hz, 1H)
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Mass spectrometry data (FD-MS, m/z): 453 (M™), 455
(M*+2)

Example 123 (Reference Example)

4—(4-Hydroxybenzoyl)benzonitrile

4-Tri—n—buty1tin-1-methoxymethy1phen01 (1.282 g)
obtained in Example 22 and commercially available
4-cyanobenzoyl chloride (497 mg) were dissolved in chlo-
roform (5 ml), commercially available bis
(triphenylphosphine)palladium(ll) chloride (8 mg) was
added, and the admixture was refluxed with heat for 11
hours. The reaction mixture was partitioned in the same
manner as described in Example 23, and the resulting ether
layer was dried with anhydrous magnesium sulfate. After
removing the solvent by reduced-pressure distillation, the
resulting residue (859 mg) was dissolved in tetrahydrofuran
(2 ml), water (5 ml) and 6 N aqueous hydrochloric acid (12
ml) were added, and the admixture was refluxed with heat
for 4 hours. The reaction mixture was partitioned between
brine and chloroform, and the chloroform layer was then
dried with anhydrous magnesium sulfate. After removing
the solvent by reduced-pressure distillation, the resulting
residue was purified by chromatography on silica gel eluting
with hexane/ethy! acetate to obtain 250 mg of the title
compound (yield: 37%).

'H-NMR (DMSO-d,, 500 MHz): 66.91 (d, J=9.2 Hz, 2H),
7.67(d, J=8.5 Hz, 2H), 7.80 (d,J=7.9 Hz, 2H),8.01(d, I=8.6
Hz, 2H), 10.57 (s, 1H)

Mass spectrometry data (FD-MS m/z): 223 (M)
Example 124

4-{4-[(6,7-Dimethoxy-4-quinolyl)oxy]
benzoyl}benzonitrile [178]

Under argon, 4-(4-hydroxybenzoyl)benzonitrile (230 mg)
obtained in Example 123 and 4-dimethylaminopyridine (138
mg) were added to xylene (5 ml), and the admixture was
stirred at room temperature for 1 hour. 4-Chloro-6,7-
dimethoxyquinoline (230 mg) was added, and the admixture
was refluxed with heat for 20 hours. The reaction mixture
was partitioned between saturated aqueous sodium hydro-
gen carbonate and chloroform, and the chloroform layer was
then dried with anhydroug magnesium sulfate. After remov-
ing the solvent by reduced-pressure distillation, the resulting
residue was purified by chromatography on silica gel eluting
with hexane/ethyl acetat¢ and then by thin layer chroma-
tography on silica gel eluting with chloroform/ethyl acetate
(5/1) to obtain 199 mg of the title compound (yield: 47%).

IH-NMR (CDCl,, 500 MHz): 3 4.03 (s, 3H), 4.06 (s, 3H),
6.68 (d, J=5.5 Hz, 1H), 7.29 (d, J=8.5 Hz, 2H), 7.45 (s, 1H),
7.46 (s, 1H), 7.82 (d, J=7.9 Hz, 2H), 7.90 (d, J=8.6 Hz, 2H),
7.91 (d, J=8.5 Hz, 2H), 8.60 (d, J=5.5 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 410 (M*)

Example 125 (Reference Example)
4-Methoxypheny! 2-methylphenyl ketone

To commercially avajlable nitromethane (10 ml) were
added commercially aviilable anisole (1.081 g), commer-
cially available 2-methylbenzoyl chloride (1.546 g) and
commercially available ytterbium(III) trifluoromethane-
sulfonate (620 mg), and the admixture was stirred at 60° C.
for 7 hours. The reaction mixture was treated in the same
manner as described in Bxample 120 to obtain 1.679 g of the
title compound (yield: 74%).
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Mass spectrometry data (FD-MS, m/z): 226 (M*)

Example 126 (Reference Example)

4-Hydroxypheny! 2-methylphenyl ketone

4-Methoxypheny! 2-methylphenyl ketone (1.660 g)
obtained in Example 125 was dissolved in chloroform (10
ml), a solution of 1.0 M boron tribromide in dichlo-
romethane (29 ml) was added while cooled in ice, and the
admixture was stirred at room temperature overnight. A
solution of 1.0 M boron tribromide in dichloromethane (15
ml) was further added, and the admixture was stirred at room
temperature for 2 days. The reaction mixture was then
treated in the same manner as described in Example 121 to
obtain 1.501 g of the title compound (yield: 96%).

IH-NMR (CDCl,, 500 MHz): & 2.30 (s, 3H), 6.87 (@,
1=8.5 Hz, 2H), 7.22~7.29 (m, 3H), 737 (td, J=1.2, 7.3 Hz,
1H), 7.73 (d, J=8.5 Hz, 2H)

Mass spectrometry data (FD-MS, m/z): 212 (M*)

Example 127

{4-[(6,7-Dimethoxy-4-quinolyl)oxy]pheny1}(2-
methylphenyl)methanone [180]

Under argon, 4-hydroxyphenyl 2-methylphenyl ketone
(1.334 g) obtained in Example 126 and
4-dimethylaminopyridine (845 mg) were added to xylene
(15 ml), and the admixture was stirred at room temperature
for 1 hour. 4-Chloro-6,7-dimethoxyquinoline (1.406 g) was
added, and the admixture was refluxed with heat for 23
hours. The reaction mixture was partitioned between satu-
rated aqueous sodium hydrogen carbonate and chloroform,
and the chloroform layer was then dried with anhydrous
magnesium sulfate. After removing the solvent by reduced-
pressure distillation, the resulting residue was purified by
chromatography on silica gel eluting with hexane/ethyl
acetate and then with chloroform, followed by thin layer
chromatography on silica gel cluting with hexane/acetone
(2/1), to obtain 1.258 g of the title compound (yield: 50%).

'H-NMR (CDCl;, 500 MHz): 8 2.37 (s, 3H), 4.02 (s, 3H),
4.06 (s, 3H), 6.65 (d, J=4.9 Hz, 1H), 7.23 (d, J=8.6 Hz, 2H),
7.25~7.35 (m, 3H), 7.39~7.42 (m, 1H), 7.45 (s, 1H), 7.46 (s,
1H), 7.91 (d, J=8.5 Hz, 2H), 8.57 (d, J=5.5 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 399 (M*)

Example 128

{3-[(6,7-Dimethoxy-4—quinolyl)oxy]
phenyl}phenylmethanone [181]

A mixture of 4-chloro-6,7-dimethoxyquinoline (112 mg)
and commercially available 3-hydroxybenzophenone (297
mg) was stirred at 170° C. for 10 minutes, the reaction
mixture was then purified by thin layer chromatography on
silica gel eluting with hexane/acetone (2/1) to obtain 126 mg
of the title compound (yield: 65%).

1H.NMR (CDCl;, 90 MHz): 3 4.4 (s, 3H), 4.05 (s, 3H),
6.53 (d, J=5.3 Hz, 1H), 7.34~7.88 (m, 11H), 8.53 (d, J=5.3
Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 385 M)

Example 129 (Reference Example)

2-Furoyl 4-hydroxyphenyl ketone

4-Tri-n-butyltin-1-methoxymethylphenol (1.282 g)
obtained in Example 22 and commercially available 2-furoyl
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chloride (392 mg) were dissolved in chloroform (5 ml),
commercially available bis(triphenylphosphine)palladium
(I) chioride (8 mg) was added, and the admixture was
refluxed for 11 hours. The reaction mixture was partitioned
in the same manner as described in Example 23, and the
resulting ether layer was dried with anhydrous magnesium
sulfate. After removing the solvent by reduced-pressure
distillation, the resulting residue (662 mg) was dissolved in
tetrahydrofuran (2 ml), water (5 ml) and 6 N aqueous
hydrochloric acid (12 ml) were added, and the admixture
was refluxed for 3 hours with heat. The reaction mixture was
treated in the same manner as described in Example 123 to
obtain 218 mg of the title compound (yield: 39%).
"H-NMR (DMSO-d,, 500 MHz): 8 6.76 (dd, J=1.2, 3.1
Hz, 1H), 6.91 (d, J=8.5 Hz, 2H), 7.33 (d, J=3.1 Hz, 1H), 7.87
(d, J=8.5 Hz, 2H), 8.06 (d, J=1.2 Hz, 1H), 10.39 (s, 1H)
Mass spectrometry data (FD-MS, m/z): 188 MY

Example 130

2-Furoyl-{4-[(6,7-dimethoxy-4-quinolyl)oxy]
phenyl}methanone [182]

Under argon, 2-furoyl 4-hydroxyphenyl ketone (205 mg)
obtained in Example 129 and 4-dimethylaminopyridine (146
mg) were added to xylene (3 ml), and the admixture was
stirred at room temperature for 1 hour. 4-Chloro-6,7-
dimethexyquinoline (244 mg) was added, and the admixture
was then refluxed with heat for 20 hours. The reaction
mixture was partitioned between saturated aqueous sodium
hydrogen carbonate and chldroform, and the chloroform
layer was dried with anhydrous magnesium sulfate. After
removing the solvent by reduced-pressure distillation, the
resulting residue was purified by chromatography on silica
gel eluting with hexane/ethyl acetate and then with
chloroform, followed by thin layer chromatography on silica
gel eluting with chloroform/ethyl acetate (5/1), to obtain 192
mg of the title compound (yield: 47%).

*H-NMR (CDCl,, 500 MHz): 8 4.03 (s, 3H), 4.07 (s, 3H),
6.63 (dd, J=1.8, 3.7 Hz, 1H), 6,65 (d, J=5.5 Hz, 1H), 7.28 (d,
1=8.5 Hz, 2H), 7.32 (d, J=3.7 Hz, 1H), 7.47 (s, 1H), 7.48 (s,
1H), 7.73 (d, J=1.8 Hz, 1H), 8.14 (d, J=9.2 Hz, 2H), 8.58 (d,
'J=5.5 Hz, 1H)

Mass spectrometry data (FIj)-MS, m/z): 375 (M*)
Example 131 (Reference Example)
4-Methoxyphenyl 3-1ﬁethylphenyl ketone

To commercially available! nitromethane (5 ml) were
added commercially availablel anisole (541 mg), commer-
cially available 3-methylbenzoyl chloride (773 mg) and
commercially available scandium(IIl) trifluoromethane-
sulfonate (49 mg), and the admixture was stirred at 60° C.
overnight. The reaction mixtire was partitioned between
water and chloroform, and the chloroform layer was dried
with anhydrous magnesium sulfate. After removing the
solvent by reduced-pressure distillation, the resulting resi-
due was purified by column chromatography on silica gel
eluting with hexane/acetone to obtain 635 mg of the title
compound (yield: 56%).

Mass spectrometry (FD-MS; m/z): 226 (M*)
Example 132 (Reference Example)

4-Hydroxyphenyl 3-methylphenyl ketone

4-Methoxyphenyl 3-methylphenyl ketone (603 mg)
obtained in Example 131 was dissolved in dichloromethane
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(3 ml), a 1.0 M boron tribromide-dichloromethane solution
(11 ml) was added while cooled in ice, and the admixturc
was stirred at room temperature for 22 hours, after which the
reaction mixture was treated in the same manner as
described in Example 121 to obtain 316 mg of the title
compound (yield: 56%).

'H-NMR (DMSO0-d,, 500 MHz): 6 2.38 (s, 3H), 6.89 (d,
J=8.6 Hz, 2H), 7.37~7.47 (m, 4H), 7.65 (d, J=8.6 Hz, 2H),
10.42 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 212 ™M

Example 133

{4-[(6,7-Dimcthoxy-4-quinolyl)oxy]phenyl}(3-
methylphenyl)methanone [183]

Under argon, 4-hydroxyphenyl 3-methylpheny! ketone
(307 mg) obtained in Example 132 and
4-dimethylaminopyridine (194 mg) were added to xylene (5
ml), and the admixture was stirred at room temperature for
1 hour. 4-Chloro-6,7-dimethoxyquinoline (324 mg) was
added, and the admixture was then refluxed with heat for 23
hours. The reaction mixture was treated in the same manner
as described in Example 122 to obtain 262 mg of the title
compound (yield: 45%).

'H-NMR (CDCl, 500 MHz): § 2.44 (s, 3H), 4.03 (s, 3H),
4.06 (s, 3H), 6.66 (d, J=4.9 Hz, 1H), 7.27 (d, ]=8.6 Hz, 2H),
7.38(1,J=7.3 Hz, 1H), 7.41 (d, J=7.3 Hz, 1H), 7.46 (s, 1H),
7.49 (s, 1H), 7.59 (d, J=7.3 Hz, 1H), 7.64 (s, 1H), 7.93 (d,
1=8.6 Hz, 2H), 8.57 (d, J=5.5 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 399 (M*)

Example 134 (Reference Example)

4-Hydroxyphenyl 4-nitrophenyl ketone

4-Tri-n-butyltin-1-methoxymethylphenol (1.282 g)
obtained in Example 22 and commercially available
4-nitrobenzoyl chloride (557 mg) were dissolved in chloro-
form (5 ml), commercially available bis
(triphenylphosphine)palladium(Il) chloride (8 mg) was
added, and the admixture was refluxed with heat for 23

‘hours. The reaction mixture was partitioned in the same

manner as described in Example 23, and the resulting ether
layer was dried with anhydrous magnesium sulfate. After
removing the solvent by reduced-pressure distillation, the
resulting residue (1.047 g) was dissolved in tetrahydrofuran
(4 ml), water (5 ml) and 6 N aqueous hydrochloric acid s
ml) were added, and the admixture was refluxed with heat
overnight. The reaction mixture was treated in the same
manner as described in Example 123 to obtain 398 mg of the
title compound (yield: 55%).

'H-NMR (DMSO-d,, 500 MHz): & 6.92 (d, J=8.6 Hz,
2H), 7.69 (d, J=8.6 Hz, 2H), 7.89 (d, J=8.5 Hz, 2H), 8.36 (d,
J=8.5 Hz, 2H), 10.62 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 243 M)

Example 135

{4-((6,7-Dimethoxy-4-quinolyl)oxy]phenyl H4-
nitrophenyl)methanone [184]

Under argon, 4-hydroxyphenyl 4-nitrophenyl ketone (370
mg) obtained in Example 134 and 4-dimethylaminopyridine
(204 mg) were added to xylene (5 ml), and the admixture
was stirred at room temperature for 1 hour, 4-Chloro-6,7-
dimethoxyquinoline (340 mg) was added, and the mixture
was then refluxed with heat for 23 hours. The reaction
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mixture was treated in the same manner as described in
Example 130 to obtain 238 mg of the title compound (yield:
36%).

'H-NMR (CDCl,, 500 MHz): § 4.63 (s:3H), 4.07 (s, 3H),
6.69 (d, J=4.9 Hz, 1H), 7.29 (d, J=8.5 Hz, 2H), 7.44 (s, 1H),
747 (s, 1H),7.93 (d, J=9.2 Hz, 2H), 7.96 (d, J=8.5 Hz, 2H),
8.37 (d, J=8.5 Hz, 2H), 8.60 (d, J=5.5 Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 430 (M*)

Example 136 (Reference Example)

4-Hydroxyphenyl 3,4-methylenedioxyphenyl ketone

4-Tri-n-butyltin-1-methoxymethylphenol (1.282 g)
obtained in Example 22 and commercially available pipero-
nyloyl chloride (664 mg) weﬂe dissolved in chloroform (5
ml), commercially available bis(triphenylphosphine)
palladium(IT) chloride (8 mg) was added, and the admixture
was refluxed with heat overnight. The reaction mixture was
partitioned in the same mannelr as described in Example 23,
and the resulting ether layer was dried with anhydrous
magnesium sulfate. After rem$ving the solvent by reduced-
pressure distillation, the resulting residue (1.030 g) was
dissolved in tetrahydrofuran (2 ml), water (5 ml) and 6 N
aqueous hydrochloric acid (12 ml) were added, and the
admixture was refluxed with heat 10.5 hours. The reaction
mixture was treated in the same manner as described in
Example 123 to obtain 212 mgof the title compound (yield:
29%). |
'H-NMR (DMSO-d, 500 MHz): $ 6.15 (s, 2H), 6.88 (d,
1=8.6 Hz, 2H), 7.04 (d, J=7.9 Hz, 1H), 7.21 (d, J=1.2 Hz,
1H), 7.24 (dd, J=1.8, 7.9 Hz, 1H), 7.62 (d, J=9.2 He, 2H),
10.34 (s, 1H) !

Mass spectrometry data (Flj-MS, m/z): 242 (M)
Examplk 137

{4-[(6,7-Dimethoxy-4-quinolyl)oxy]phenyl}(3,4-
methylenedioxyphenyl)methanone [185]

Under argon, 41rhydroxypheny1 3
4-methylenedioxyphenyl ketdne (202 mg) obtained in
Example 136 and 4-dimethylaminopyridine (112 mg) were
added to xylene (2 ml), and the admixture was stirred at
room temperature for hour. 4-Chloro-6,7-
dimethoxyquinoline (187 mg) was added, and the admixture
was refluxed with heat for 20 hours. The reaction mixture
was treated in the same manner as described in Example 124
to obtain 135 mg of the title compound (yield: 38%).

'H-NMR (CDCL,, 500 MHz): § 4.04 (s, 3H), 4.06 (s, 3H),
6.09 (s, 2H), 6.64 (d, J=4.9 Hz, [lH), 6.89 (d, 1=7.9 Hz, 1H),
7.26 (d, J=8.5 Hz, 2H), 7.38 (d, J=1.8 Hz, 1H), 7.41 (dd,
J=1.8, 7.9 Hz, 1H), 7.46 (s, 1H), 7.49 (s, 1H), 7.88 (d, J=8.5
Hz, 2H), 8.57 (d, 1=4.9 Hz, 1H)

Mass spectrometry data (FDIMS, m/z): 429 (M™)
|
Example 138 (Refekence Example)
3-Trifluoromethylphenyl 4{methoxyphenyl ketone

To commercially available Aitromethane (10 ml) were
added commercially available anisole (1.081 g), commer-
cially available 3-(trifluoromet yDbenzoyl chloride (2.086
g) and commercially available ytterbium(IIl) trifluo-
romethanesulfonate (620 mg), and the admixture was stirred
at 60° C. overnight. The reaction mixture was treated in the
same manner as described in Example 120 to obtain 719 mg
of the title compound (yield: 2 %).
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'H-NMR (CDCl;, 500 MHz): § 3.91 (s, 3H), 6.99 (d,
J=9.2 Hz, 2H), 7.60~7.64 (m, 1H), 7.80~7.83 (m, 1H), 7.82
(d, I=8.5 Hz, 2H), 7.93~7.94 (m, 1H), 8.01 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 280 M)
Example 139 (Reference Example)
3-Trifluoromethylphenyl 4-hydroxyphenyl ketone

3-Trifluoromethylphenyl 4-methoxyphenyl ketone (657
mg) obtained in Example 138 was dissolved in N,N-
dimethylformamide (35 ml), sodium thiomethoxide (411
ml) was added, and the admixture was refluxed with heat
under argon for 7 hours. The reaction mixture was treated in
the same manner as described in Example 33 to obtain 454
mg of the title compound (yield: 73%).

'H-NMR (CDCl,, 500 MHz): § 5.85 (s, 1H), 6.94 (d,
J=9.2 Hg, 2H), 7.62 (t, J=7.3 Hz, 1H), 7.78 (d, 1=9.2 Hz,
2H), 7.83 (d, J=7.3 Hz, 1H), 7.93 (d, J=7.3 Hz, 1H), 8.01 (s,
1H) ’

Example 140

(3-Trifluoromethylpheny!){4-[(6,7-dimethoxy-4-
quinolyloxy Jphenyl} methanone [186]

Under argon, 3-trifluoromethylphenyl 4-hydroxyphenyl
ketone (432 mg) obtained in Example 139 and 4-chloro-6,
7-dimethoxyquinoline (363 mg) were dissolved in diethyl-
ene glycol dimethyl ether (10 ml), and the solution was then
refluxed at 160° C. for 11 hours. The reaction mixture was
partitioned between saturated aqueous sodium hydrogen
carbonate and chloroform, and the chloroform layer was
dried with anhydrous magnesium sulfate. After removing
the solvent by reduced-pressure distillation, the resulting
residue was purified by chromatography on silica gel eluting
with hexane/ethyl acetate and then by thin layer chroma-
tography on silica gel eluting with chloroform/ethyl acetate
(5/1) to obtain 204 mg of the title compound (yield: 28%).

'H-NMR (CDCl,, 500 MHz): 3 4.03 (s, 3H) 4.07 (s, 3H),
6,69 (d, J=4.9Hz, 1H), 7.30 (d, J=9.2Hz, 2H), 7.47 (s, 2H),
7.66 (t, 1=7.9Hz, 1H), 7.87 (d, J=7.9Hz, 1H), 792 (d, J
=9.2Hz, 2H), 8.00 (d, J=7.9Hz, 1H), 8.08 (s, 1H), 8.60 (d,
J=4.9Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 453 M%)

Example 141 (Reference Example)

4-Cyclohexylcarbonyl-1-methoxybenzene

To commercially available nitromethane (5 ml) were
added commercially available anisole (0.5 ml), commer-
cially available cyclohexanecarbonyl chloride (0.63 ml) and
commercially available ytterbium(IIl) trifluoromethane-
sulfonate (288 mg), and the admixture was stirred at 60° C.
for 3 hours. The reaction mixture was partitioned between
water and chloroform, and the chloroform layer was washed
with saturated aqueous sodium hydrogen carbonate and
brine and then dried with anhydrous sodium sulfate. After
removing the solvent by reduced-pressure distillation, the
resulting residue was purified by chromatography on silica
gel eluting with chloroform to obtain 517 mg of the title
compound (yield: 51%).

'H-NMR (CDCl,, 500 MHz) & 1.21~1.88 (m, 10H),
3.19~3.25 (m, 1H), 3.87 (s, 3H), 6.93 (d, ]=9.2Hz, 2H),7.94
(d, J=9.2Hz, 2H)

Mass spectrometry data (FAB-MS, m/z): 219 (M*+1)

Example 142 (Reference Example)
4-Cyclohexylcarbonyl-1-hydroxybenzene

4-Cyclohexylcarbony1-1-methoxybenzene (517 mg)
obtained in Example 141 was dissolved in N,N-

o
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dimethylformamide (20 ml),| sodium thiomethoxide (538
mg) was added, and the admixture was refluxed with heat for
1 hour under argon. The reaction mixture was partitioned
between water and éthyl acetdte, and the ethyl acetate layer
was washed with brine and then dried with anhydrous
sodium sulfate. After removing the solvent by reduced-
pressure distillation, the resulting residue was purified by
chromatography on silica gel luting with hexane/acetone to
obtain 487 mg of the title compound (yield: 93%).
"H-NMR (CDCl,, 500 MHz): § 1.23~1.88 (m, 10H),
3.19~3.25 (m, 1H), 6.06 (brs, 1H) 6.89 (d, J=8.6Hz, 2H),
7.90 (d, J=8.6Hz, 1H) ’
Mass spectrometry data (F

-MS, m/z): 204 M
Example 143

4-Cyclohexylcarbonyl 1-[(6,7-dimethoxy-4-
quinolyloxy Jhenzene [187]

Under argon, 4-cyclohexy carbonyl-1-hydroxybenzene
(273 mg) obtained in Example 142 and 4-chloro-6,7-
dimethoxyquinoline (100 mg) \were dissolved in dicthylene
glycol dimethyl ether (0.2 ml), land the solution was refluxed
at 160° C. for 30 minutes. The reaction mixture was parti-
tioned between saturated aquedus sodium hydrogen carbon-
ate and chloroform, and the chloroform layer was washed
with brine and then dried wit anhydrous magnesium sul-
fate. After removing the sglvent by reduced-pressure
distillation, the resulting residue was purified by chroma-
tography on silica gel cluting with hexane/acetone and then
with chloroform/methanol to|obtain 58 mg of the title
compound (yield: 33%).

'H-NMR (CDCl,, 500 M
3.24~3.29 (m, 1H), 4.03 (s,
J=5.5Hz, 1H), 7.24 (d, J=8.5H
1H), 8.05 (d, J=8.5Hz, 2H), 8.

Mass spectrometry data (F

z): & 1.21~1.93 (m, 10H),
H), 4.06 (s, 3H), 6.60 (d,
, 2H), 7.45 (s, 1H), 7.47 (s,
5 (d, J=5.5Hz, 1H)

-MS, m/z): 392 (M*+1)

Example 144 (Reference Example)

2-Trifluoromethylphenyl 4 methoxyphenyl ketone

To commercially available nitromethane (10 ml) were
added commercially available |anisole (1.081 g), commer-
cially available 2-(trifluoromet yDbenzoyl chloride (2.086
g) and commercially available ytterbium(IIf) trifluo-
romethanesulfonate (620 mg), and the admixture was stirred
at 60° C. for 6 hours. The reaction mixturc was partitioned
between water and chloroform, abd the chloroform layer
was then dried with anhydrous magnesium sulfate. After
removing the solvent by reduced-pressure distillation, the
resulting residue was purified by chromatography on silica
gel eluting with hexane/ethyl acetate to obtain 1.402 gof the
title compound (yield: 50%).

'H-NMR (CDCl,, 500 M
J=9.2Hz, 2H), 7.37~7.39 (m, 1H), 7.60~7.63 (m, 2H), 7.75
(d, J=9.2Hz, 2H), 7.73~7.78 (), 1H)

Mass spectrometry data (FDMS, m/z): 280 MY

2): 3.88 (s, 3H) 6.93 (d,

Example 145 (Reference Example)

2-Trifluoromethylphenyl 4 hydroxyphenyl ketone

2-Trifluoromethylphenyl 4-m thoxyphenyl ketone (1.402
g) obtained in Example 144 was dissolved in N,N-
dimethylformamide (15 ml), sodium thiomethoxide 877
mg) was added, and the admixture was refluxed with heat for
4 hours under argon. The reaction mixture was treated in the
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same manner as described in Example 33 to obtain 1.050 g
of the title compound (yield: 79%).

'H-NMR (CDCl,, 500 MHz): & 5.88 (s, 1H), 6.87 (d,
J=8.5Hz, 2H), 7.37~7.38 (m, 1H), 7.58~7.63 (m, 2H), 7.71
(d, J 92Hz, 2H), 7.76~7.78 (m, 1H)

Mass spectrometry data (FD-MS, m/z) 266 M*)

Example 146

(2-Trifluoromethylphenyl){ 4-[(6,7-dimethoxy-4-
quinolyloxy Jphenyl} methanone [35]

Under argon, 2-triftuoromethylphenyl 4-hydroxyphenyl
ketone (959 mg) obtained in Example 145 and
4-dimethylaminopyridine (484 mg) were added to xylene (7
ml), and the admixture was stirred at room temperature for
1 hour. 4-Chloro-6,7-dimethoxyquinoline (805 mg) was
added, and the admixture was then refluxed with heat
overnight. The reaction mixture was treated in the same
manner as described in Example 130 to obtain 899 mg of the
title compound (yield: 55%).

'H-NMR (CDCL,, 500 MHz): § 4.01 (s, 3H), 4.06 (s, 3H),
6,67 (d, J=5.5Hz, 1H), 7.22 (d, J=9.2Hz, 2H), 7.42 (s, 1H),
7.42~744 (m, 1H), 745 (s, 1H), 7.62~7.68 (m, 2H),
7.80~7.81 (m, 1H), 7.87 (d, J=8.6Hz, 2H), 8.58 (d,J=5.5Hz,
1H)

Mass spectrometry data (FD-MS, m/Z): 453 MY

Example 147 (Reference Example)
4-n-Butylphenyl 4-methoxyphenyl ketone

To commercially available nitromethane (10 ml) were
added commercially available anisole (1.081 g), commer-
cially available 4-(n-butyl)benzoyl chloride (1.967 g) and
commercially available ytterbium(IIl) trifluoromethane-
sulfonate (620 mg), and the admixture was stirred at 60° C.
for 6 hours. The reaction mixture was treated in the same
manner as described in Example 120 to obtain 863 mg of the
title compound (yield: 32%).

‘H-NMR (CDCl,, 500 MHz): 6 0.95 (1, J=7.3Hz, 3H),
1.38 (tq, J=7.3, 7.3Hz, 2H), 1.64 (quint, J=7.3Hz, 2H), 2.69
(t, J=7.3Hz, 2H), 3.89 (s, 3H), 6.96 (d, J=9.2Hz, 2H), 7.27
(d, J=8.6Hz, 2H), 7.69 (d, J=8.6Hz, 2H), 7.82 (d, J=9.2Hz,
2H) . '

Mass spectrometry data (FD-MS, m/z): 268 M)

Example 148 (Reference Example)
4-n-Butylphenyl 4-hydroxyphenyl ketone

4-n-Butylphenyl 4-methoxyphenyl ketone (863 mg)
obtained in Example 147 was dissolved in N,N-
dimethylformamide (50 ml), sodium thiomethoxide (563
mg) was added, and the admixture was refluxed with heat for
7 hours under argon. The reaction mixture was treated in the
same manner as described in Example 33 to obtain 787 mg
of the title compound (yield: 96%).

'H-NMR (CDCl,, 500 MHz): 8 0.95 (t, J=7.3Hz, 3H),
1.38 (1q, J=7.3, 7.3Hz, 2H), 1.64 (septet, J=7.3Hz, 2H), 2.69
(1, J=7.9Hz, 2H), 6.35 (s, 1H), 6.92 (d, J=8.5, 2H), 7.28 (d,
J=7.9Hz, 2H), 7.69 (d, J=8.6Hz, 2H), 7.7 (d, J=8 5Hz, 2H)

Mass spectrometry data (FD-MS, m/z): 254 M*)

Example 149

(4-n-Butylphenyl){4{(6,7-dim ethoxy-4-quinolyl)
oxy]phenyl}methanone [40]

Under argon, 4-n-butylphenyl 4-hydroxyphenyl ketone
(727 mg) obtained in Example 148 and 4-chloro-6,7-
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dimethoxyquinoline (639 mg) were dissolved in diethylene
glycol dimethyl ether (10 ml), and the solution was then
refluxed with heat at 180° C. for 10 hours. The reaction
mixture was partitioned between saturated aqueous sodium
hydrogen carbonate and chloroform, and the chloroform
layer was then dried with anhydrous magnesium sulfate.
After removing the solvent by reduced-pressure distillation,
the resulting residue was purified by chromatography on
silica gel eluting with hexane/ethyl acetate and then with
chloroform, followed by chromatography on silica gel elut-
ing with hexane/acctone tp obtain 400 mg of the title
compound (yield: 32%).

H-NMR (CDCl, 500 MHz) 6 0.95 (t, J=7.3Hz, 3H), 1.38
(1q,J=7.3,7.3Hz, 2H), 1.62~1.68 (m, 2H), 2.71 (1, J=7.3Hz,
2H), 4.04 (s, 3H), 4.07 (s, 3H), 6.65 (d, J=4.9Hz, 1H), 7.26
(d, J=8.5Hz, 2H), 7.31 (d, J=7.9Hz, 2H), 7.46 (s, 1H), 7.49
(s, 1H), 7.76 (d, J=7.9Hz, 2H), 7.92 (d, J=8.5Hz, 2H), 8.58
(d, 1=5.5Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 440 (M*-1)
Example 150 (Reference Example)

3-Fluorophenyl 4-methoxyphenyl ketone

To commercially available nitromethane (5 ml) were
added commercially available anisole (541 mg), commer-
cially available 3-fluorobenzoyl chloride (793 mg) and com-
mercially available scandium(IHl) triffuoromethanesulfonate
(49 mg), and the admixture was stirred at 60° C. for 3 days.
The reaction mixture was |partitioned between water and
chloroform, and the chloroform layer was then dried with
anhydrous magnesium sulfate. After removing the solvent
by reduced-pressure distilldtion, the resulting residue was
purified by chromatography on silica gel eluting with
hexane/acetone to obtain 385 mg of the title compound
(vield: 51%).

Mass spectrometry data (FAB-MS, m/z): 231 (M*+1)

Example 151 (Reference Example)

4-Hydroxyphenyl B-fluorophenyl ketone

3-Fluorophenyl 4-methpxyphenyl ketone (580 mg)
obtained in Example 150 was dissolved in dichloromethane
(5 ml), a solution of 1.0 M boron tribromide in dichlo-
romethane (23 ml) was added while cooled in ice, and the
admixture was stirred at room temperature for 3 days. The
reaction mixture was treated in the same manner as
described in 121 to obtain |402 mg of the title compound
(yield: 74%).

H-NMR (DMSO-d,, 500 MHz) 6.91 (d, J=8.5Hz, 2H),

7.44~7.49 (m, 3H), 7.57~7
2H), 10.51 (brs, 1H)

Mass spectrometry data
Exan

{4-[(6,7-Dimethoxy-4
fluorophenyl)

61 (m, 1H), 7.68 (d, J=8.5Hz,
FAB-M S, m/z): 217 (M*+1)
nple 152

~quinolyl)oxylphenyl})(3-
methanone [176]

Under argon, 4-hydroxyphenyl 3-fluorophenyl ketone

(373 mg) obtained
4-dimethylaminopyridine (2]
ml), and the admixture was

in Example 151 and
32 mg) were added to xylene (5
stirred at room temperature for

3 hours. 4-Chloro-6,7-dimethoxyquinoline (386 mg) was

added, and the mixture was
hours. The reaction mixture
rated aqueous sodium hydrg

then refluxed with heat for 21
was partitioned between satu-
gen carbonate and chloroform,
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and the chloroform layer was then dried with anhydrous
magnesium sulfate. After removing the solvent by reduced-
pressure distillation, the resulting residue was. purified by
chromatography on silica gel eluting with hexane/acetone
and then with chloroform, followed by thin layer chroma-
tography on silica gel eluting with chloroform/ethyl acetate
(5/1), to obtain 484 mg of the title compound (yield: 70%).

'"H-NMR (CDCl,, 500 MHz): 8 4.04 (s, 3H), 4.07 (s, 3H),
6.67 (d, J=4.9Hz, 1H), 7.28 (d, J=7.9Hz, 2H), 7.31~7.33 (m,
1H), 1.46 (s, 1H), 7.47 (s, 1H), 7.48~7.53 (m, 2H),
7.59~7.61 (m, 1H), 7.93 (d, J=8.6Hz. 2H), 8.59 (d, J-5.5Hz,
1H)

Mass spectrometry data (FD-MS, m/z): 403 (M*)
Example 153

N-{4-[(6,7-Dimethoxy-4-quinazolinyljoxy Jphenyl)-
N'-(2-methoxyphenyl)urea [113]

6,7-Dimethoxy-4-(4-aminophenoxy)quinazoline (100
mg) was dissolved in toluene (10 ml) with heat,
2-methoxyphenyl isocyanate (0.36 ml) was added, and the
admixture was refluxed with heat for 40 minutes. After
removing the solvent by distillation, the resulting residue
was purified by column chromatography on silica gel eluting
with chloroform/methanol (100/1) and then with
chloroform/acetone (5/1) to obtain 112 mg of the title
compound (yield: 75%).

'H-NMR (DMSO-d,, 500 MHz): & 3.90 (s, 3H), 3.98 (s,
3H), 3.99 (s, 3H), 6.90 (t, J=7.9Hz, 1H), 6.96 (t, ]=7.9Hz,
1H), 7.03 (t, J=7.9Hz, 1H), 7.23 (d, J=9.2Hz, 2H), 7.39 (s,
1H), 7.55 (d, 1=9.2Hz, 2H), 7.57 (s, 1H), 8.15 (d, J=7.9Hz,
1H), 8.25 (s, 1H), 8.55 (s, 1H) 9.44 (s, 1H)

Mass spectrometry data (FD-MS m/z): 446 (M*)

Example 154

N-{4-(6,7-Dimethoxy-4-quinazolinyl)oxy Jphenyl}-
N'-(3-methoxyphenyl)urea [114]

6,7-Dimethoxy-4-(4-aminophenoxy)quinazoline (100
mg) was dissolved in toluene (10 ml) with heat,
3-methoxyphenyl isocyanate (0.36 ml) was added, and the
admixture was refluxed with heat for 40 minutes. After
removing the solvent by distillation, the resulting residue
was purified by column chromatography on silica gel eluting
with chloroform/methanol (100/1) and then with
chloroform/acetone (5/1) to obtain 31 mg of the title com-
pound (yield: 21%).

'H-NMR (DMSO-d,, 500 MHz): 8 3.74 (s, 3H), 3.98 (s,
3H), 3.99 (s, 3H), 6.56 (d, J=7.9Hz, 1H), 6.96 (d, J=7.9Hz,
1H), 7.15~7.25 (m, 4H), 7.38 (s, 1H), 7.53~7.60 (m, 3H),
8.55 (s, 1H), 8.76 (s, 1H) 8.81 (s, 1H)

Mass spectrometry data (FD-MS, m/z) 446 (M*)

Example 155

N-{4-{(6,7-Dimethoxy-4-quinazolinyl)oxy phenyl}-
N'-(4-methoxyphenyl)urea [99]

6,7-Dimethoxy-4-(4-aminophenoxy)quinazoline (81 mg)
was dissolved in toluene (5 ml) with heat, 4-methoxyphenyl
isocyanate (0.29 ml) was added, and the admixture was
refluxed with heat for 40 minutes. The separated solid was
filtered and washed with toluene to obtain 60 mg of the title
compound (yield: 49%).

'H-NMR (CDCl,, 500 MHz): & 3.79 (s, 3H), 4.06 (s, 3H),
4.07 (s, 3H), 6.48 (s, 1H), 6.64 (s, 1H), 6.91 (d, J=9.2Hz,



2H), 7.20 (d, J=8.6Hz, 2H),
1H), 7.47 (d, J=9.2Hz, 2H),

07
7.27 (d, J=8.6Hz, 2H), 7.32 (s,
7.55 (s, 1H), 8.60 (s, 1H)

Mass spectrometry data (FAB-MS, m/z): 447 (M*+1)

Example 156

N-{4-[(6,7-Dimethoxy-4-quin azolinyl)oxy]phenyl}-

N'-(2-fluoroph

6,7-Dimethoxy-4-(4-ami
mg) was dissolved in t

enyl)urea [116]

nophenoxy)quinazoline (100
oluene (10 ml) with heat,

2-fluorophenyl isocyanate (D.30 ml) was added, and the
admixture was refluxed with heat for 40 minutes. The

separated solid was filtered

and washed with toluene to

obtain 96 mg of the title compound (yield: 66%).

'H-NMR (DMSO-d,, 500

MHz): 6 3.98 (s, 3H), 3.99 (s,

3H), 7.00~7.04 (m, 1H), 7.13~7.17 (m, 1H), 7.23~7.27 (m,
3H), 739 (s, 1H), 7.54~7.57 (m, 3H), 8.10~8.20 (m, 1H),

8.55 (s, 1H), 8.65 (s, 1H), 9
Mass spectrometry data (I

26 (s, 1H)

‘D-MS, m/z): 434 (M*)

Example 157

N-(4-{(6,7-Dimethoxy-4-

quinazolinyl)oxy Jphenyl)-

N'-n-butylurea [220]

6,7-Dimethoxy-4-(4-aminophenoxy)quinazoline (100
mg) was dissolved in toluene (10 ml) with heat, n-butyl
isocyanate (0.29 ml) was afded, and the admixture was

refluxed with heat for 40
solvent by distillation, the re
column chromatography

chloroform/acetone (5/1) to
pound (yield: 56%).

'H-NMR (DMSO-d,, 500

minutes. After removing the

sulting residue was purified by
on silica gel eluting with
obtain 75 mg of the title com-

MH?z): § 0.90 (t, =7.3Hz, 3H),

1.28-1.46 (m, 4H), 3.09 (g, J=6.7Hz, 2H), 3.97 (s, 3H), 3.99

(s, 3H), 6.23 (brs, 1H), 7.14

d, J=9.2Hz, 2H), 7.37 (s, 1 H),

7.47 (d, J=9.2Hz, 2H), 7.55 (5, 1H), 8.53 (s, 1H), 8.58 (brs,

1H)
Mass spectrometry data (K

Examy
N-{4-[6,7-Dimethoxy-4-
tert-butylphenyl)q

6,7-Dimethoxy-4-(4-aming
and commercially available
mg) were dissolved in NN
1-ethyl-3-(3'-dimethylaming

chloride (106 mg) was added,

at room temperature for 6 h
mixture was purified in the
Example 51 to obtain 29 mg
35%).

D-MS, m/z): 396 (M*)
ple 158

quinolyl)oxy Jphenyl}-(4-
arboxamide [213]

phenoxy)quinoline (54 mg)
4-tert-butylbenzoic acid (102
{-dimethylformamide (3 ml),
propyl)carbodiimide hydro-
and the admixture was stirred
ours, after which the reaction
same manner as described in
of the title compound (yield:

*H-NMR (CDCl,, 90 MHz): (1.36 (s, 9H), 4.05 (s, 3H),

4.08 (s, 3H), 6.48 (d, J=5.3H
(d, J=5.3Hz, 1H)
Mass spectrometry data (F

Examp

2, 1H), 7.1~8.1 (m, 11H) 8.49
D-MS, m/z): 456 (M*)

le 159

N-(4-[(6,7-Dimethoxy-4-quinolyl)oxy Jphenyl)-N-
methyl-(4-t-butylphenyl)carboxamide [156]

N-(4-[6,7-Dimethoxy-4-

quinolyl)oxy]phenyl)-(4-t-

butylphenyl)carboxamide (100 mg) obtained in Example

158 was dissolved in N,N

dimethylformamide (3 ml),

6,143,764
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sodium hydride (10 mg) was added, and the admixture was
stirred at 0° C. for 1 hour, methyl iodide (31 mg) was added,
and the admixture was stirred for a further 3 hours. The
reaction mixture was purified in the same manner as
described in Example 51 to obtain 48 mg of the title
compound (yield: 46%).

'H-NMR (CDCl,, 90 MHz): 5 1.28 (s, 9H), 3.54 (s, 3H),
4.04 (s, 3H), 4.05 (s, 3H), 6.32 (d, J=5.3Hz, 1H), 7.0~7.3 (m,
8H), 7.42 (s, 1H), 7.50 (s, 1H), 8.47 (d, 1=5, 3Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 470 (M*)

Example 160

N-(4-t-Butylphenyl)-{4-[(6,7-dimethoxy-4-quinolyl)
oxy Jphenyl }carboxamide [155]

4-[6,7-Dimethoxy-4-quinolyl)oxybenzoic acid (54 mg)
and commercially available 4-tert-butylanitine (102 mg)
were dissolved in N,N-dimethylformamide (3 ml), 1-ethyl-
3-(3'-dimethylaminopropyl)carbodiimide hydrochloride
(106 mg) was added, and the admixture was stirred at room
temperature for 6 hours, after which the reaction mixture
was purified in the same manner as described in Example 51
to obtain 29 mg of the title compound (yield: 35%).

'H-NMR (CDCl,, 90 MHz): 8 1.34 (s, 9H), 4.03 (s, 3H),
4.06 (s, 3H), 6.57 (d, J=5.3Hz, 1H), 7.2~8.1 (m, 11H), 8.55
(d, J=5.3Hz, 1H)

Mass spectrometry dada (FD-MS, m/z): 456 (M*)

Example 161 (Reference Example)

2- (6, 7-Dimethoxy-4-quinolyl)-2-(4-bromophenyl)
acetonitrile

Commercially available 4-bromophenylacetonitrile (4.3
g) was dissolved in toluene (10 ml) and the temperature was
lowered to 0° C., after which sodium hydride (1.0 g) was
added, the temperature was raised to 50° C., and the admix-
ture was then stirred for 1 hour. Next, 6,7-dimethoxy-4-
chloroquinoline (2.2 g) was added, and the admixture was
stirred for 15 hours, after which water was poured and the
mixture was extracted with ethyl acetate. After drying with
anhydrous sodium sulfate and removing the solvent by
distillation, the resulting residue was purified by column
chromatography on silica gel eluting with hexane/ethyl
acetate (2/1) to obtain 850 mg of the title compound (yield:
22%).

"H-NMR (CDCl,, 90 MHz): 8 3.66 (s, 3H), 3.80 (s, 3H),
5.40 (s, 1H), 6.74 (s, 1H), 6.9~7.4 (m, 6H), 8.54 (d, J=4.6Hz,
1H)

Mass spectrometry data (FD-MS, m/z): 382 (M*), 384
M*+2)

Example 162 (Reference Example)

6,7-Dimethoxy-4-(4-bromophenylmethyl)quinoline

2-(6,7-Dimethoxy-4-quinolyl)-2-(4-bromophenyl)
acetonitrile (850 mg) obtained in Example 161 was dis-
solved in 60% aqueous sulfuric acid (5 ml), and the solution
was refluxed with heat for 1 hour and then poured into a
container with ice and aqueous ammonia. The solution was
neutralized with hydrochloric acid and extracted with meth-
ylene chloride. After drying with anhydrous sodium sulfate
and removing the solvent by distillation, the resulting resi-
due was purified by column chromatography on silica gel
eluting with chloroform/methanol (100/1) to obtain 260 mg
of the title compound (yield: 33%).




99
"H-NMR (CDCl,, 90 MHz): & 3.90 (s, 3H), 4.02 (s, 3H),
431 (s, 2H), 6.9~7.5 (m, TH), 8.63 (d, J=4.4Hz, 1H)
Mass spectrometry datal (FD-MS, m/z): 357 (M*), 359
M*+2) |

Example 163 (Reference Example)

6,7-Dimethoxy-4-(4-tri%n-butylstanniophenylmethyl)
quinoline

Under argon, 6,7—dime&hoxy-4-(4-bromopheny1methy1)
quinoline (250 mg) obtained in Example 162 was dissolved
in tetrahydrofuran (4 ml), land the solution was cooled to
-78° C., a solution of 2.5 n-butyllithium in hexane (0.3
ml) was added dropwise, and the admixture was stirred for
1 hour. An solution of tri-n-butyltin chloride in tetrahydro-
furan (1 ml) was then added dropwise, and the admixture
was stirred at -78° C. for 2 hours. After adding water,
extracting with ethyl acetate and drying with anhydrous
sodium sulfate, the solvent was removed by distillation, and
the resulting residue was pprified by column chromatogra-
phy on silica gel eluting with hexane/ethyl acetate @BG/Dto
obtain 85 mg of the title compound (yield: 22%).

'H-NMR (CDCl,, 90 M z): 8 0.7~1.6 (m, 27H), 3.88 (s,
3H), 4.02 (s, 3H), 4.34 (s,|2H), 7.0~7.5 (m, 7H), 8.63 @,
J=4.6Hz, 1H)

Example 164

uinolyl)methyl]phenyl](4-t-
butylphenyl)methanone [162]

6,7-Dimethoxy-4-tri- -butylstanniophenylmethyl)
quinoline (82 mg) obtained in Example 162, commercially
available 4-t-butylbenzoyl ¢hloride (31 mg) and a catalytic
amount of commercially available bis(triphenylphosphine)
palladium(I) chloride were|dissolved in chloroform (3 ml),
and the admixture was stirred for 15 hours under reflux with
heat. After the addition of water, the admixture was
extracted with methylene chloride, and the organic layer was
washed with brine and saturated aqueous potassium fluoride
and then dried with anhydrous sodium sulfate. After remov-
ing the solvent by distillation, the resulting residue was
purified by thin layer chromatography on silica gel eluting
with hexane/ethyl acetate (2/1) to obtain 6 mg of the title
compound (yield: 10%).

'H-NMR (CDCl,, 90 MHz): & 1.36 (s, 9H), 3.91 (s, 3H),
4.03 (s, 3H), 4.45 (s, 2H), 7.0~7.9 (m, 11H), 8.66 (d,
J=4.4Hz, 1H)

Mass spectrometry data (FAB-MS, m/z): 440%+1)
Example 165

N-(4-Fluorophenyl)-N'-(4-{(6,7-dimethoxy-4-
quinolyl)oxyJphenyl)thiourea [203]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (100 mg)
was dissolved in toluene (10 ml) with heat,
4-fluorophenylthio isocyanate (52 mg) was added, and the
admixture was refluxed with heat for 24 hours. After remov-
ing the solvent by distillation, the resulting residue was
purified by column chromgtography on silica gel eluting
with chloroform/methanol (100/1) to obtain 32 mg of the
title compound (yield: 21%).

'H-NMR (DMSO0-d,;, 500 MHz): & 3.93 (s, 3H), 3.95 (s,
3H), 6.50(d, J=4.9Hz, 1H), 7.15~7.25 (m, 4H), 7.40 (S, 1H),
7.47~1.50 (m, 3H), 7.59 (d,. ]=8.6Hz, 2H), 8.50 (d, J=5.5Hz,
1H), 9.80 (brs, 1H), 9.84 (brs, 1H)
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Mass spectrometry data (FAB-MS, m/z 450 (M*+1)

Example 166

1-(4-Fluorophenyl)-2-cyano-3-{4-{(6,7-dimethoxy-
4-quinolyl)oxyIphenyl} guanidine [204]

N-(4-Fluorophenyl)-N'-(4-[(6,7-dimethoxy-4-quinolyl)
oxyJphenyl)thiourea (33 mg) obtained in Example 165,
dicyclohexylcarbodiimide (31 mg) and a catalytic amount of
diisopropylethyl amine were dissolved in methylene chlo-
ride (10 ml). To this solution, a solution of cyanamide (16
mg) in THF (1 ml) was added, and the admixture was stirred
at room temperature overnight. After removing the solvent
by distillation, the resulting residue was purified by column
chromatography on silica gel eluting with chloroform/
methanol (100/1) to obtain 34 mg of the title compound
(yield: 99%).

'H-NMR (CDCL,, 90 MHz): 8 4.03 (s, 3H) 4.05 (s, 3H),
6.50 (d, J=5.1Hz, 1H), 6.8~7.6 (m, 10H), 8.52 (d, J=5.3Hz,
1H)

Mass spectrometry data (FD-MS, m/z): 457 (M*)

Example 167

N-(2-Fluorophenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyloxy]phenyl }thiourea [205]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (100 mg)
was dissolved in toluene (10 ml) with heat,
2-fluorophenylthio isocyanate (0.05 ml) was added, and the
admixture was refluxed with heat for 24 hours. After remov-
ing the solvent by distillation, the resulting residue was
purified by column chromatography on silica gel eluting
with chloroform/methanol (100/1) to obtain 66 mg of the
title compound (yield: 42%).

'H-NMR (CDCl,, 90 MHz): 3 4.03 (s, 3H) 4.05 (s, 3H),
6.53 (d, J=5.3Hz, 1H), 7.1~8.0 (m, 10H), 8.53 (d, J=5.1Hz,
1H)

Mass spectrometry data (FAB-MS, m/z): 450 (M*+1)

Example 168

1-(2-Fluorophenyl)-2-cyano-3-{4-[(6,7-dimethoxy-
4-quinolyl)oxy Jphenyl} guanidine [206]

N-(2-Fluorophenyl)-N'-(4-[(6,7-dimethoxy-4-quinolyl)
oxyJphenyl}thiourea (42 mg) obtained in Example 167,
dicyclohexylcarbodiimide (37 mg) and a catalytic amount of
diisopropylethyl amine were dissolved in methylene chlo-
ride (10 ml). To this solution, a solution of cyanamide (20
mg) in THF (1 m]) was added, and the admixture was stirred
at room temperature overnight. After removing the solvent
by distillation, the resulting residue was purified by column
chromatography on silica gel eluting with chloroform/
methanol (100/1) to obtain 41 mg of the title compound
(yield: 99%).

'H-NMR (CDCl,, 90 MHz): § 4.04 (s, 3H), 4.06 (s, 3H)
6.53 (d, J=5.3Hz, 1H), 7.1~7.6 (m, 10H), 8.47 (d, J 5.3Hz,
1H)

Mass spectrometry data (FD-MS, m/z): 457 (M*+1)

Example 169

N-(2-Methoxyphenyl)-N'-{4-{(6,7-dimethoxy-4-
quinolyl)oxylphenyl} thicurea [207]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (100 mg)
was dissolved in toluene (10 ml) with heat,
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2-methoxyphenylthio isocyapate (0.05 ml) was added, and
the admixture was refluxed| with heat for 24 hours. After
removing the solvent by distillation, the resulting residue
was purified by column chromatography on silica gel eluting
with chloroform/methanol (100/1) to obtain 78 mg of the
title compound (yield: 50%}.

'H-NMR (CDCl,, 90 MHz): 5 3.86 (s, 3H), 4.04 (s, 3H),
4.05 (s, 3H), 6.52 (d, J=5.3Hz, 1H), 6.9~8.1 (m, 10H), 8.52
(d, 1=5.1Hz, 1H)

Mass spectrometry data (FAB-MS, m/z): 462 (M*+1)

Example 170
N-(2-Methylphenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyloxy Jphenyl}thiourea [209]
6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (80 mg)
was dissolved in toluene (10 ml) with heat,
2-methylphenylthio isocyangte (0.04 ml) was added, and the
admixture was refluxed with heat for 24 hours. After remov-
ing the solvent by distillatjon, the resulting residue was
purified by column chromatography on silica gel eluting
with chloroform/methanol ([L00/1) to obtain 31 mg of the
title compound (yield: 26%).

'H-NMR (CDCl,, 90 MHz): 2.38 (s, 3H), 4.03 (s, 3H),
4.04 (s, 3H), 6.50 (d, J=5.3Hz, 1H), 7.1~7.8 (m, 10H), 8.50
(d, J=5.3Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 445 (M*)

Example 171

N-(3-Methylphenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxy Jphenyl)thiourea [211]
6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (81 mg)

was dissolved in tolu

ene (10 ml) with heat,

3-methylphenylthio isocyanate (0.04 ml) was added, and the

admixture was refluxed wi

h heat for 15 minutes. After

removing the solvent by distillation, the resulting residue
was purified by column chromatography on silica gel eluting
with chloroform/methanol (100/1) to obtain 66 mg of the
title compound (yield: 55%).

'H-NMR (CDCl,, 90 MHg): 8 2.40 (s, 3H), 4.03 (s, 3H),
4.05 (s, 3H), 6.52 (d, J=5.1Hz, 1H), 7.1~7.8 (m, 10H), 8.51
(d, 1=5.3Hz, 1H)

Mass spectrometry data (FD-MS m/z): 445 (M™)

Example 172
1-(2-Methylphenyl)-2-cyano-3-{4-[(6,7-dimethoxy-4-
quinolyl)oxy]phenyl}guanidine [210]

N-(2-Methylphenyl)-N'-{4-{(6,7-dimethoxy-4-quinolyl)
oxylphenyl}thiourea (24 mg) obtained in Example 170,
dicyclohexylcarbodiimide (45 mg) and a catalytic amount of
diisopropylethyl amine were dissolved in methylene chlo-
ride (7 ml), to which a solution of cyanamide (28 mg) in
THF (1 ml) was added, and the admixture was stirred at
room temperature overnight. After removing the solvent by
distillation, the resulting residue was purified by column
chromatography on silica gel eluting with chloroform/
methanol (100/1) to obtain 18 mg of the title compound
(yield: 76%).

'H-NMR (CDCl,, 500 MHz): 8 2.36 (s, 3H), 4.03 (s, 3H),
4.04 (s, 3H), 6.46 (d, J=5.5Hz, 1H), 7.30~7.45 (m, 9H), 7.50
(s, 1H), 8.49 (d, J=4.9Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 453 (M*)
Example 173
1-(3-Methylphenyl)-2-cyano-3-{4-[(6,7-dimethoxy-
4-quinolyl)oxy]phenyl}guanidine [212]

N-(3-Methylphenyl)-N'-{4-[(6,7-dimethoxy-4-quinolyl)
oxylphenyl}thiourea (18 mg) obtained in Example 171,
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dicyclohexylcarbodiimide (35 mg) and a catalytic amount of
diisopropylethyl amine were dissolved in methylene chlo-
ride (6 ml), to which a solution of cyanamide (23 mg) in
THF (1 ml) was added, and the admixture was stirred at
room temperature overnight. After removing the solvent by
distillation, the resulting residue was purified by column
chromatography on silica gel eluting with chloroform/
methanol (100/1) to obtain 19 mg of the title compound
(yield: 95%).

'H-NMR (CDCl,, 500 MHz): & 2.38 (s, 3H), 4.03 (s, 3H),
4.04 (s, 3H), 6.48 (d, J=5.5Hz, 1H), 7.10~7.45 (m, 9H), 7.51
(s, 1H), 8.48 (d, J=5.5Hz, 1H)

Mass spectrometry mass (FD-MS, m/z): 453 (M*)

Example 174

4-Hydroxyphenyl 3-trifluoroxyphenyl ketone
(Reference Example)

4-Tri-n-butyltin-1-methoxymethylphenol (1.3 g) obtained
in Example 22 and commercially available
4-(trifluoromethoxy)benzoyl chlorobenzoyl chloride (674
mg) were dissolved in chloroform (5 ml), commercially
available bis(triphenylphosphine)palladium(Il) chloride (8
mg) was added, and the admixture was refluxed overnight.
The reaction mixture was partitioned in the same manner as
described in Example 23, and the ether layer was dried with
anhydrous magnesium sulfate. After removing the solvent
by reduced-pressure distillation, the resulting residue (2.0 g)
was dissolved in tetrahydrofuran (4 ml), water (5 ml) and 6
N aqueous hydrochloric acid (15 ml) were added, and the
admixture was refluxed for 8 hours. The reaction mixture
was partitioned between water and chloroform, and the
chloroform layer was dried with magnesium sulfate. After
removing the solvent by reduced-pressure distillation, the
resulting residue was purified by column chromatography on
silica gel eluting with hexane/ethyl acetate to obtain 2.1 g of
the title compound.

Mass spectrometry data (FD-M S, m/z): 282 (M™*)

Example 175

(4-Triftluoromethoxyphenyl){4-[(6,7-dimethoxy-4-
quinolyl)oxyJpheny!}methanone [284]

4-Hydroxyphenyl 3-trifluoroxyphenyl ketone (581 mg)
obtained in Example 174 and commercially available
4-dimethylaminopyridine (277 mg) were added to xylene
(20 ml), and the admixture was stirred at room temperature
under argon. After 1 hour, 4-chloro-6,7-dimethoxyquinoline
(460 mg) was added, and the admixture was refluxed with
heat for 24 hours. The reaction mixture was partitioned
between saturated aqueous sodium hydrogen carbonate and
chloroform, and the chloroform layer was then dried with
anhydrous magnesium sulfate. After removing the solvent
by reduced-pressure distillation, the resulting residue was
purified by chromatography on silica gel eluting with
hexane/ethyl acetate and then with chloroform, followed by
thin layer chromatography on silica gel eluting with
chloroform/ethyl acetate (5/1), to obtain 470 mg of the title
compound (yield: 49%).

'H-NMR (CDCl,, 500 MHz): (4.03 (s, 3H) 4.07 (s, 3H),
6.66 (d, J=4.5Hz, 1H), 7.28 (d, J=8.5Hz, 2H), 7.35 (d,
J=8.7Hz, 2H), 7.46 (s, 1H), 7.47 (s, 1H), 7.89 (d, J=8.5Hz,
2H), 7.92 (d, J=9.2Hz, 2H), 8.59 (d, J=4.5Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 469 (M*)

Example 176

4-Methoxyphenyl 4-iodophenyl ketone (Reference
Example)

To commercially available nitromethane (10 ml) were
added commercially available anisole (1.08 g), commer-
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cially available 4-iodobenzoyl chloride (2.67 g) and com-
mercially available ytterbium(III) trifluoromethanesulfonate
(620 mg), and the admixture was stirred at 60° C. overnight.
The reaction mixture was partitioned between water and
chloroform, and the chlorofdrm layer was then dried with
anhydrous magnesium sulfate. After removing the solvent
by reduced-pressure distillation, the resulting residue was
purified by column chromatpgraphy on silica gel eluting
with hexane/ethyl acetate t9 obtain 722 mg of the title
compound (yield: 21%).

Mass spectrometry data (FD-MS, m/z): 338 (M*)

Example 177

4-Hydroxyphenyl 4-iodobheny1 ketone (Reference
Example)

4-Methoxyphenyl 4-iodophenyl ketone (722 mg)
obtained in Example 176 was dissolved in dichloromethane
(20 ml), a solution of 1.0 M boron tribromide in dichlo-
romethane (9 ml) was added while cooled in ice, and the
admixture was stirred at room temperature overnight. The
reaction mixture was then pdured into ice water and parti-
tioned between water and chlproform. The chloroform layer
was dried with anhydrous magnesium sulfate and the solvent
was removed by reduced-prejsure distillation. The resulting
residue was purified by column chromatography on silica
gel eluting with hexane/ethyl acetate to obtain 380 mg of the
title compound (yield: 55%).|

'H-NMR (DMSO-d,, 500 ) Hz): 8 6.89 (d, J=8.6Hz, 2H),
7.44 (d, J=8.5Hz, 2H), 7.65 (d, J=8.6Hz, 2H), 7.92 (d,
J=8 5Hz, 2H), 10.47 (s, H) |

Mass spectrometry data (FiAB-MS, m/z): 325 (M*+1)

Exam&)le 178
{4-[(6,7-Dimethoxy-4-quinolyloxy phenyl} (4-
iodophenyl)methanone [285]

Under argon, 4-hydroxyphenyl 4-iodophenyl ketone (380
mg) obtained in Example 177|and 4-dimethylaminopyridine
(158 mg) were added to xylene (11 ml), and the admixture
was stirred at room temperature. After 2 hours, 4-chloro-6,
7-dimethoxyquinoline (262 mg) was added, and the admix-
ture was refluxed with heat oyernight. The reaction mixture
was partitioned between saturated aqueous sodium hydro-
gen carbonate and chloroform), and the chloroform layer was
then dried with anhydrous magnesium sulfate. After remov-
ing the solvent by reduced-pressure distillation, the resulting
residue was purified by chromatography on silica gel eluting
with hexane/ethyl acetate and then with chloroform/ethy!
acetate, followed by thin layer chromatography on silica gel
eluting with chloroform/ethyl acetate (5/1), to obtain 459 mg
of the title compound (yield: |77%).

'H-NMR (CDCl,, 50 MHz): 8 4.03 (s, 3H), 4.07 (s, 3H),
6.66 (d, J=4.9Hz, 1H), 7.27 (d, J=7.6Hz, 2H), 7.46 (s, 1H),
747 (s, 1H), 7.5 4 (d, 1 8.6Hy, 2H), 7.88 (d, J=7.9Hz, 2H),
7.90 (d, J=8.6Hz, 2H), 8.58 (d, J=5.5Hz, 1H)

Mass spectrometry data (FD-MS m/z): 511 (M*)

Example 179

4-Methoxyphenyl 4-bromophenyl ketone
(Referencg Example)

To commercially available nitromethane (10 ml) were
added commercially available anisole (1.08 g), commer-
cially available 4-bromobenzoyl chloride (2.20 g) and com-
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mercially available ytterbium(III) trifluoromethanesulfonate
(620 mg), and the admixture was stirred at 60° C. overnight.
The reaction mixture was partitioned between water and
chloroform, and the chloroform layer was then dried with
anhydrous magnesium sulfate. After removing the solvent
by reduced-pressure distillation, the resulting residue was
purified by column chromatography on silica gel eluting
with hexane/ethyl acetate to obtain 1.65 g of the title
compound (yield: 57%).

'H-NMR (CDCl,, 500 MHz): 8 3.89 (s, 3H), 6.97 (d,
J=8.6Hz, 2H), 7.62 (d, J=1.8Hz, 2H), 7.62 (d, J=1.8Hz, 2H),
7.80 (d, J=9.2Hz, 2H)

Mass spectrometry data (FD-MS, my/z: 290 (M*), 292
M*+2)

Example 180

4-Hydroxyphenyl 4-bromophenyl ketone (Reference
Example)

4-Methoxyphenyl 4-bromophenyl ketone (1.65 g)
obtained in Example 122 was dissolved in dichloromethane
(20 ml), a solution of 1.0 M boron tribromide in dichlo-
romethane (23 ml) was added while cooled in ice, and the
admixture was stirred at room temperature overnight. The
reaction mixture was then poured into ice water and parti-
tioned between water and chloroform. The chloroform layer
was dried with anhydrous magnesium sulfate and the solvent
was removed by reduced-pressure distillation. The resulting
residue was purified by column chromatography on silica
gel eluting with hexane/ethyl acetate to obtain 1.34 g of the
title compound (yield: 85%).

'H-NMR (DMSO-d,, 500 MHz): § 6.90 (d, J=8.5Hz, 2H),
7.61 (d, J=8.5Hz, 2H), 7.66 (d, J=8.6Hz, 2H), 7.74 (d,
J=8.5Hz, 2H), 10.46 (brs, 1H)

Mass spectrometry data (FD-MS, m/z): 276 (M*), 278
M*+2)

Example 181

{4-(6,7-Dimethoxy-4-quinolyl)oxy]phenyl} (4-
bromophenyl)methanone [286]

Under argon, 4-hydroxyphenyl 4-bromophenyl ketone
(1.182 g) obtained in Example 123 and
4-dimethylaminopyridine (573 mg) were added to xylene
(37 ml), and the admixture was stirred at room temperature.
After 30 minutes, 4-chloro-6,7-dimethoxyquinoline (954
mg) was added, and the admixture was refluxed with heat
overnight. The reaction mixture was partitioned between
saturated aqueous sodium hydrogen carbonate and
chloroform, and the chloroform layer was then dried with
anhydrous magnesium sulfate. After removing the solvent
by reduced-pressure distillation, the resulting residue was
purified first by chromatography on silica gel eluting with
chloroform/ethyl acetate and then by thin layer chromatog-
raphy on silica gel eluting with chloroform/ethyl acetate
(5/1) to obtain 1.574 g of the title compound (yield: 79%).

'H-NMR (CDCl,, 50 MHz): 3 4.05 (s, 3H), 4.66 (s, 3H),
6.66 (d, 1=4.9Hz, 1H), 7.27 (d, 1=8.6Hz, 2H), 7.46 (s, 1H),
747 (s, 1H), 7.65 (d, J=7.9Hz, 2H), 7.70 (d, J=8.5Hz, 2H),
7.90 (d, J=8.6Hz, 2H), 8.58 (d, J=5.5Hz, 1 H)

Mass spectrometry data FD-MS, m/z): 463 (M*), 465
(M++2)

Example 182

{4(6,7-Dimethoxy-4-quinolyl)oxylphenyl }[4-(N-
methylpiperazino)phenyl]methanone [287]
Under argon, 4-hydroxyphenyl 4-bromophenyl ketone
(232 mg) obtained in Example 180 was added to toluene (5
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ml), and commercially available N-methylpiperazine (61
mg), sodium t-butoxide (67 |mg ), bis (triphenylphosphine)
palladium(II) chloride (7 mg) were further added, and the
admixture was stirred at 100° C. for 17 hours. The reaction
mixture was partitioned between brine and chloroform, and

the chloroform layer was then dried with anhydrous mag-

nesium sulfate. After rem
pressure distillation, the re
thin layer chromatography
chloroform/methanol (10/1)
compound (yield: 22%).
*H-NMR (CDCl,, 500 N
J=5.5Hz, 4H), 3.41 (t, J=5.5
3H), 6.63 (d, J=4.9Hz, 1H),
J=8.5Hz, 2H), 7.45 (s, 1H),
2H), 7.87 (d, J=8.6Hz, 2H),
Mass spectrometry data (

Exam

{4{(6,7-Dimethoxy-4
morpholinopheny

ing the solvent by reduced-
Iting residue was purified by
on silica gel eluting with
to obtain 53 mg of the title

fHz): & 2.37 (s, 3H), 2.58 (,
Hz, 4H) 4.04 (s, 3H), 4.06 (s,
92(d, J=9.2Hz, 2H), 7.2 5 (d,
7.51 (s, 1H), 7.81 (d, J=8.5Hz,
8.56 (d, J=4.9Hz, 1H)
FD-MS, m/z): 483 (M*)

iple 183

quinolyl)oxy Jphenyl}[4-
1Jmethanone [288]

Under argon, 4-hydroxyphenyl 4-bromophenyl ketone
(232 mg) obtained in Example 180 was added to toluene (5

ml), and commercially av
sodium t-butoxide (67 m|

ailable morpholine (52 mg),
g), bis (triphenylphosphine)

palladium(II) chloride (7 mg) were further added, and the
admixture was stirred at 100° C. overnight. The reaction
mixture was partitioned between brine and chloroform, and

the chloroform layer was th
nesium sulfate. After remo|
pressure distillation, the res|
thin layer chromatography
chloroform/ethyl acetate (5/
compound (yield: 14%).

en dried with anhydrous mag-
ving the solvent by reduced-
plting residue was purified by
on silica gel eluting with
1) to obtain 32 mg of the title

'H-NMR (CDCl,, 500 MHz): & 3.34 (1, J=4.9Hz, 4H),

3.88 (t, K=4.9Hz, 4H), 4.04

(s, 3H), 4.07 (s, 3H), 6.64 (d,

J=5.5Hz, 1H), 6.92 (d, J=9.2Hz, 2H), 7.26 (d, J=7.3Hz, 2H),

7.83 (d, J=9.2Hz, 2H), 7.8
J=5.5Hz, 1H), 7.49 (s, 1H),

7 (d, J=8.5Hz, 2H), 8.56 (d,
751 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 470 (M*)

Exam

(4{{6,7-Dimethoxy-4
pyrrolidinopheny

Under argon, 4-hydroxyp
(232 mg) obtained in Examp
ml), and commercially av
sodium t-butoxide (67 m
palladium(IT) chloride (7 mg
admixture was stirred at 10!
mixture was partitioned betw
the chloroform layer was th

ple 184

quinolyl)oxy]phenyl)[ 4-
1Jmethanone [289]

henyl 4-bromophenyl ketone
le 180 was added to toluene (5
ailable pyrrolidine (43 mg),
g), bis (triphenylphosphine)
r) were further added, and the
0° C. overnight. The reaction
een brine and chloroform, and
en dried with anhydrous mag-

nesium sulfate. After removing the solvent by reduced-
pressure distillation, the resnlting residue was purified by

thin layer chromatography

on silica gel eluting with

chloroform/ethyl acetate (5/1) to obtain 45 mg of the title

compound (yield: 20%).

'H-NMR (CDCl,, 500 MHz): & 2.05~2.08 (m, 4 H),

3.38~3.41 (m, 4H), 4.04 (s

, 3H), 4.06 (s, 3H), 6.57 (d,

1=9.2Hz, 2H), 6.62 (d, J=4.9Hz, 1H), 7.24 (d, J=8.6Hz, 2H),

7.45 (s, 1H), 7.52 (s, 1H), 7

82 (d, J=9.2Hz, 2H), 7.84 (d,

J=8.5Hz, 2H), 8.55 (d, J=4.9Hz, 1H)
Mass spectrometry data (FD-MS, m/z): 454 (M*)
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Example 185

4-[(6,7-Dimethoxy-4-quinolyl)oxy Jphenyl }[4-
y
piperidinophenylJmethanone [290]

Under argon, 4-hydroxyphenyl 4-bromophenyl ketone
(232 mg) obtained in Example 180 was added to toluene (5
ml), and commercially available piperidine (51 mg), sodium
t-butoxide (67 mg), bis (triphenylphosphine)palladium(II)
chloride (7 mg) were further added, and the admixture was
stirred at 100° C. overnight. The reaction mixture was
partitioned between brine and chloroform, and the chloro-
form layer was then dried with anhydrous magnesium
sulfate. After removing the solvent by reduced-pressure
distillation, the resulting residue was purified by thin layer
chromatography on silica gel eluting with chloroform/ethyl
acetate (5/1) to obtain 75 mg of the title compound (yield:
32%)).

'H-NMR (CDCls, 500 MHz): 6 1.68 (brs, 6H), 3.38~3.39
(m, 4H), 4.04 (s, 3H), 4.06 (s, 3H), 6.63 (d, J=4.9Hz, 1H),
6.89 (d, J=8.6Hz, 2H), 7.25 (d, J=8.5Hz, 2H), 7.45 (s, 1H),
7.52 (s, 1H), 7.80 (d, J=9.2Hz, 2H), 7.86 (d, J=8.6Hz, 2H),
8.56 (d, J=4.9Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 468 (M*)

Example 186

N-(2-Methoxy-4-biphenyl)-N'-(4-[(6,7-dimethoxy-4-
quinolyl)oxy]phenyl urea [222]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (52 mg)
was suspended in toluene (5 ml), after the addition of
triethylamine (1 ml), triphosgene (52 mg) was added, and
the admixture was refluxed with heat for 2 minutes
2-Methoxy-4-biphenylamine (103 mg) was added to the
reaction mixture, and the admixture was refluxed with heat
for 13 minutes. After the addition of aqueous sodium hydro-
gen carbonate, the reaction mixture was extracted 2 times
with ethyl acetate, and the organic layer was then washed
with brine and dried with anhydrous sodium sulfate. The
solvent was removed by reduced-pressure distillation, and
the resulting residue was purified by column chromatogra-
phy on silica gel eluting with chloroform/acetone (10/1) to
obtain 89 mg of the title compound (yield: 98%).

'H-NMR (CDCl,, 500 MHz) 8 3.67 (s, 3H), 4.00 (s, 3H),
4.04 (s, 3H) 6.44 (d, J=5.5Hz, 1H), 6.86 (d, J=8.5Hz, 1H),
7.10 (d, J=8.6Hz, 2H), 7.21~7.37 (m, 4H), 7.43 (s, 1H) ,
7.53~7.59 (m, 5H), 7.79 (s, H), 8.41 (s, 1H), 8.48 (d,
J=4.9Hz, 1H), 8.53 (d, J=2.4Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 521 (M*)

Example 187

N-(2,6-Diisopropylphenyl)-N'-{4-[(6,7-dimethoxy-
4-quinolyl)oxyJphenyl}urea [223]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (54 mg)
was suspended in toluene (5 ml), after the addition of
triethylamine (1 ml), triphosgene (53 mg) was added, and
the admixture was refluxed with heat for 8 minutes. 2,6-
Diisopropylaniline (0.05 ml) was added to the - reaction
mixture, and the admixture was refluxed with heat for 15
minutes. After the addition of aqueous sedium hydrogen
carbonate, the reaction mixture was extracted 2 times with
ethyl acetate, and the organic layer was then washed with
brine and dried with anhydrous sodium sulfate. The solvent
was removed by reduced-pressure distillation, and the
resulting residue was purified by column chromatography on
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silica gel eluting with chloroform/acetone (10/1) to obtain
69 mg of the title compound (yield: 76%).

'H-NMR (CDCl,, 500
2H), 4.03 (s, 3H), 4.04 (s, 31
6.42 (d, J=5.5Hz, 1H), 7.08

V[Hz): (1.26 (m, 12H), 3.39 (m,
H), 6.09 (brs, 1H), 6.28 (brs, 1H),
(d, J=8.5Hz, 2H), 7.2 6 (m, 1H),

7.29~7.40 (m, 5H), 7.53 (s, 1H), 8.46 (d, J=4.9Hz, 1H)

Mass spectrometry data

Exa

(FD-MS, m/z): 499 (M™*)
mple 188

N-(2-Chloro-4-nitrophdnyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxy]phenyl}urea [224)

6,7-Dimethoxy-4-(4-ami
was dissolved in toluene
nitrophenyl isocyanate (15

nophenoxy)quinoline (104 mg)
(10 ml) with heat, 2-chloro-4-
mg) was added, and the admix-

ture was refluxed with heat for 10 minutes. The separated
crystals were filtered and then washed with toluene to obtain

172 mg of the title compol

und (yield: 100%).

H-NMR (DMSO-d,, 500 MHz): § 3.94 (s, 3H), 3.95 (s,

3H), 6.46 (d, J=5.5Hz, 1H
1H), 7.51 (s, 1H), 7.62 (d,
(m, 1H), 8.46 (d,J=5.5Hz,
9.85 (brs, 1H)
Mass spectrometry data
M*+2)
Exal
N-(3-Chloro-2-metl
dimethoxy-4-quinol
6,7-Dimethoxy-4-(4-am
was dissolved in toluene
methoxyphenyl isocyanate

admixture was refluxed v
resulting residue was purific

, 7.24 (d, J=9.2Hz, 2H), 7.38 (s,
J=8.6Hz, 2H), 8.23 (, 1H), 8.35
H), 8.57 (m, 1H), 8.84 (brs, 1H),

(FD-MS, m/z): 494 (M*), 496

mple 189

hoxyphenyl)-N'-{4-[(6,7-

yDoxy Jphenyl}urea [225]

nophenoxy)quinoline (58 mg)
(5 ml) with heat, 3-chloro-2-
(0.1 ml) was added, and the
vith heat for 22 minutes. The
d by column chromatography on

silica gel eluting with chloroform/acetone (10/1) to obtain

75 mg of the title compou

nd (yield: 80%).

*H-NMR (CDCl,, 500 MHz): 8 3.73 (s, 3H), 4.02 (s, 3H),

4.05 (s, 3H), 6.47 (d, J=5.5}
(d, J=8.5Hz, 2H), 7.4 3 (s,
(s, 1H), 7.81 (s, 1H), 8.16-
1H)
Mass spectrometry data
(M*+2)
Exa
N-(2-Chloro-6-me
dimethoxy-4-quinol
6,7-Dimethoxy-4-(4-am
was dissolved in toluene

Hz, 1H), 7.01~7.06 (m, 2H), 7.15
1H), 7.52 (d, 1=9.2Hz, 2H), 7.57
18.19 (m, 2H), 8.50 (d, J=5.5Hz,

(FD-MS, m/z): 479 (M*) 481

mple 190
hylphenyl)-N'-{4-(6,7-
yDoxyJphenyl}urea [226]

nophenoxy)quinoline (52 mg)
(5 ml) with heat, 2-chloro-6-

methylphenyl isocyanate (0.1 ml) was added, and the admix-
ture was refluxed with heat for 17 minutes. The separated
crystals were filtered and then washed with toluene to obtain

61 mg of the title compou

nd (yield: 74%).

'H-NMR (DMSO-d,, 500 MHZ): 2.2 8 (s, 3H), 3.94 (s,

3H), 3.94 (s, 3H), 6.43 (d,
2H), 7.20~7.36 (m, 3 H), 7
J=9.2Hz, 2H), 7.98 (s, 1H)
1H)
Mass spectrometry data
(M*+2)
Exa
N-(3-Chloro-6-met
dimethoxy-4-quinol
6,7-Dimethoxy-4-(4-am
was dissolved in toluene

J=4.9Hz, 1H), 7.18 (d, J=9.2Hz,
38 (s, 1H), 7.52 (s, 1H), 7.59 (d,
, 8.45 (d, I=5.5Hz, 1H), 9.03 (s,

(FD-MS, m/z): 463 (M*) 465

mple 191
hoxyphenyl)-N'-{4-[(6,7-
yDoxyJphenyl}urea [227]

nophenoxy)quinoline (52 mg)
(5 ml) with heat, 3-chloro-6-
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methoxyphenyl isocyanate (111 mg) was added, and the
admixture was refluxed with heat for 29 minutes. The
resulting residue was purified by column chromatography on
silica gel eluting with chloroform/acetone (10/1) to obtain
84 mg of the title compound (yield: 100%).

"H-NMR (CDCl,, 500 MHz): 4 3.60 (s, 3H), 3.99 (s, 3H),
4.05 (s, 3H), 6.46 (d, J=4.9Hz, 1H), 6.69 (d, J=8.5Hz, 1H),
6.90 (m, 1H), 7.11 (d, J=9.2Hz, 2H), 7.4 2 (s, 1H), 7.5 3 (d,
J=8.5Hz, 2H), 7.58 (s, 1H), 7.82 (s, 1H), 8.32 (m, 1H), 8.48
(d, J=5.5Hz, 1H), 8.52 (s, 1H)

Mass spectrometry data (FED-MS, m/z): 479 (M™), 481
M*+2)

Example 192

N-(4-Chloro-3-nitrophenyl)-N'-{4-[(6,7-dimethoxy-
4-quinolyl)oxy Jphenyl}urea [228]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (52 mg)
was dissolved in toluene (5 ml) with heat, 4-chloro-3-
nitrophenyl isocyanate (224 mg) was added, and the admix-
ture was refluxed with heat for 8 minutes. The separated
crystals were filtered and then washed with toluene to obtain
125 mg of the title compound (yield: 75%).

'H-NMR (DMSO-d,, 500 MHz): & 3.93 (s, 3H), 3.95 (s,
3H), 6.46 (d, J=4.9Hz, 1H), 7.21 (d, J=8.5Hz, 2H), 7.38 (s,
1H), 7.51 (s, 1H), 7.60 (d, J=8.5Hz, 2H), 7.65 (s, 1H), 7.67
(s, 1H), 8.31 (s, 1H), 8.46 (d, J=4.9Hz, 1H), 9.01 (s, 1H),
9.27 (s, 1H)

Mass spectrometry data (FD-MS m/z): 463 (M*) 465
(M*+2)

Example 193
N-(2,4-Dichlorophenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxyJphenyl}urea [229]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (53 mg)
was dissolved in toluene (5 ml) with heat, 2,4-
dichlorophenyl isocyanate (115 mg) was added, and the
admixture was refluxed with heat for 20 minutes. The
separated crystals were filtered and then washed with tolu-
ene to obtain 74 mg of the title compound (yield: 85%).

H-NMR (DMSO-d,, 500 MHz): 8 3.94 (s, 3H), 3.95 (s,
3H), 6.45 (d, J=4.9Hz, 1H), 7.22 (d, J=8.6Hz, 2H), 7.39 (s,
1H), 7.40 (m, 1H), 7.51 (s, 1H), 7.59 (d, J=9.2Hz, 2H), 7.62
(m, 1 H), 8.21 (d, J=9.2Hz, 1H), 8.40 (s, 1H), 8.46 (d,
J=5.5Hz, 1H), 9.56 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 483 (M*)

Example 194

N-(2,6-Dichlorophenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxyJphenyl}urea [230]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (52 mg)
was dissolved in toluene (5 ml) with heat, 2,6-
dichlorophenyl isocyanate (125 mg) was added, and the
admixture was refluxed with heat for 12 minutes. The
separated crystals were filtered and then washed with tolu-
ene to obtain 81 mg of the title compound (yield: 96%).

*H-NMR (DMSO-d,, 500 MHz): 3 3.94 (s, 3H) 3.94 (s,
3H), 6.43 (d, J=5.5Hz, 1H), 7.14~7.20 (m, 2H), 7.32 (dd,
J=7.9, 7.9Hz, 1H), 7.38 (s, 1H) 7.51~7.54 (m, 3H), 7.60 (d,
J=9.2Hz, 2H), 8.23 (s, 1H), 8.45 (d, J=5.5Hz, 1H), 9.09 (s,
1H)

Mass spectrometry data (FD-MS, m/z): 483 (M™)

Example 195

N-{4-[(6,7-dimethoxy-4-quinolyl)oxyJphenyl)-N'-
[1-(1-naphthyl)ethylJurea [231]
6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (54 mg)
was dissolved in toluene (5 ml) with heat, 1-(1-naphthyl)
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ethyl isocyanate (0.05 ml) wts added, and the admixture was
refluxed with heat for 100|minutes. The resulting residue
was purified by column chromatography on silica gel eluting
with chloroform/acetone (10/1) to obtain 65 mg of the title

compound (yield: 72%). |

'H-NMR (DMSO-d,, 50 MHz): 8 1.55 (d, J=6.7Hz, 3H),
3.93 (s, 3H), 3.94 (s, 3H), 4.62 (m, 1H), 6.39 (d, J=4.9Hz,
1H), 6.79 (s, 1H), 7.11 (d] J=9.2H z, 2H), 7.36 (s, 1H),
7.49~758 (m, 7H), 7.83 (m, 1H), 7.94 (m, 1H), 8.17 (m,
1H), 8.42 (d, J=5.5Hz, 1H)| 8.52'(s, 1H)

Mass spectrometry data (FD-MS, m/z): 493 (M*)

Exait\};le 196

N-(2-n-Butylphenyl)-N'-(4-[(6,7-dimethoxy-4-
quinolyl)oxyJphenyl}urea [232]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (119 mg)

was suspended in toluene
triethylamine (2.4 ml), triph
the admixture was refluxed

(12 ml), after the addition of
sgene (133 mg) was added, and
with heat for 2 minutes. 2-n-

Butylphenylamine (0.13 ml) was added to the reaction

mixture, and the admixture
minutes. After the addition

was refluxed with heat for 10
of aqueous sodium hydrogen

carbonate, the reaction mixture was extracted 2 times with
chloroform, and the organic layer was then washed with

brine and dried with anhydr
was removed by reduced

ous sodium sulfate. The solvent

pressure distillation, and the

resulting residue was purified by column chromatography on
silica gel eluting with chloroform/acetone (4/1) to obtain
130 mg of the title compound (yield: 69%).

TH-NMR (DMSO-d,, 500
1.32~1.40 (m, 2H), 1.50~1
2H), 3.93 (s, 3H), 3.94 (s
6.98~7.02 (m, 1H), 7.12(7,
2H), 7.51 (s, 1H), 7.58 (s
7.71~7.75 (m, 1H), 7.89 (s, 1
(s, 1H)

MHz): § 0.92 (1, J=7.5Hz, 3H),
57 (m, 2H), 2.59 (t, J=8.9Hz,
3H), 6.44 (d, J=4.9Hz, 1H),
17 (m, 2H), 7.19 (d, J=8.9Hz,
1H), 7.59 (d, J=8.5Hz, 2H),
H), 8.46 (d, J=4.9Hz, 1H), 9.11

Mass spectrometry data (FD-MS, m/z): 471 (M*)
Example 197
N-(3-Ethoxycarbonylphenyl)-N'-{4-[(6,7-

dimethoxy-4-quinoly

)oxy Jphenyl}urea [233]

6,7-Dimethoxy-4-(4-aminpphenoxy)quinoline (131 mg)

was dissolved in toluene (10
of triethylamine (2 ml), trip

ml) with heat, after the addition
hosgene (213 mg) was added,

and the admixture was refluxed with heat for 2 minutes.

Ethyl 3-aminobenzoate (0.1
mixture, and the admixture
minutes. After the addition

ml) was added to the reaction
was refluxed with heat for 7
of aqueous sodjum hydrogen

carbonate, the reaction mixture was extracted 2 times with
cthyl acetate, and the organjc layer was then washed with

brine and dried with anhydr

us sodium sulfate. The solvent

was removed by reduced-pressure distillation, and the

resulting residue was purified

by column chromatography on

silica gel eluting with chlorpform/acetone (10/1) to obtain
214 mg of the title compound (yield: 100%).

'H-NMR (CDCl,, 500 M
4.02 (s, 3H), 4.05 (s, 3H), 4
J=5.5Hz, 1H), 7.13 (d, J=9.
7.48 (d, J=9.2Hz, 2H), 7.5 6
7.80 (d, J=7.9Hz, 1H), 7.90

Mass spectrometry data (1

Exam

N-(2,3-Dichlorophenyl)
quinolyl)oxy]p

Hz): 5 1.36 (1, J=7.3Hz, 3H),
36 (g, J=7.3Hz, 2H), 6.45 (d,
2Hz, 2H), 7. 8~7.45 (m, 4H),
(s, 1H), 7.75 (d, J=7.3Hz, 1H),
(s, 1H), 8.48 (d, J=4.9Hz, 1H)
FD-MS, m/z): 487 (M*)

ple 198

N'-{4{(6,7-dimethoxy-4-
henyl}urea [234]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (52 mg)

was dissolved in toluen

e (5 ml) with heat, 2,3-
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dichlorophenyl isocyanate (0.05 ml) was added, and the
admixture was refluxed with heat for 20 minutes. The
reaction solution was purified by column chromatography
on silica gel eluting with chloroform/acetone (10/1) to
obtain 84 mg of the title compound (yield: 100%).

'H-NMR (CDCl,, 500 MHz): 6 4.00 (s, 3H), 4.05 (s, 3H),
6.45 (d, J=5.5Hz, 1H), 7.11~7.17 (m, 4H), 7.41 (s, 1H), 7.53
(d, J=9.2Hz, 2H), 7.57 (s, 1H), 7.91 ( s, 1H), 8.22 (d,
J=8.5Hz, 1H), 8.48 (d, J=5.5Hz, 1H), 9.12 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 483 (M*)

Example 199

N-(2,4-Dichlorophenyl)-N'-(4-[(6,7-dimethoxy-4-
quinolyloxy Jphenyl}urea [235]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (58 mg)
was dissolved in toluene (5 ml) with heat, 2,4-
dichlorophenyl isocyanate (93 mg) was added, and the
admixture was refluxed with heat for 20 minutes. The
reaction solution was purified by column chromatography
on silica gel eluting with chloroform/acetone (10/1) to
obtain 69 mg of the title compound (yield: 73%).

'H-NMR (CDCl;, 500 MHz): (4.04 (s, 3H), 4.06 (s, 3H),
6.47 (d, I=4.9Hz, 1H), 6.98 (d d, J=2.4, 8.5Hz, 1H), 7.19 (d,
J=8.5Hz, 2H), 7.25 (s, 1H), 7.29 (s, 1H), 7.39 (s, 1H), 7.43
(s, 1H), 7.52 (d, J=8.5Hz, 2H), 7.56 (s, 1H), 8.40 (d,
J=2.4Hz, 1H), 8.50 (d, J=4.9Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 483 (M*)

Example 200

N-(3,4-Dichlorophenyl)-N"-[4-[(6,7-dimethoxy-4-
quinolyl)oxyJphenyl}urea [236]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (51 mg)
was dissolved in toluene (5 ml) with heat, 3,4-
dichlorophenyl isocyanate (102 mg) was added, and the
admixture was refluxed with heat for 8 minutes. The sepa-
rated crystals were filtered and then washed with toluene to
obtain 71 mg of the title compound (yield: 84%).

'H-NMR (DMSO-d,, 500 MHz): 8 3.94 (s, 3H), 3.95 (s,
3H), 6.44 (d, J=4.9Hz, 1H), 7.14~7.24 (m, 2H), 7.34 (m,
1H), 7.38 (s, 1H), 7.50~7.52 (m, 2H), 7.59 (d, J=9.2Hz, 2H)
7.88 (s, 1H), 8.46 (d, J=4.9Hz, 1H), 8.92 (s, 1H), 9.00 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 483 (M*)

Example 201

N-(3,5-Dichlorophenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxyJphenyl}urea [237]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (53 mg)
was dissolved in toluene (5 ml) with heat, 3,5-
dichlorophenyl isocyanate (76 mg) was added, and the
admixture was refluxed with heat for 8 minutes. The sepa-
rated crystals were filtered and then washed with toluene to
obtain 75 mg of the title compound (yield: 87%).

'H-NMR (DMSO-d, 500 MHz): & 3.93 (s, 3H), 3.94 (s,
3H), 6.44 (d, J=4.9Hz, 1H), 7.15 (s, 1H), 7.20 (d, J=9.2Hz,
2H), 7.38 (s, 1H), 7.51 (s, 1H), 7.54 (s, 1H), 7.54 (s, 1H),
7.59 (d, J=9.2Hz, 2H), 8.46 (d, J=4.9Hz, 1H) 9.00 (brs, 1H),
9.07 (brs, 1H)

Mass spectrometry data (FD-MS, m/z): 483 (M*)
Example 202
N-(4-Chloro-2-nitrophenyl)-N'-{4-[(6,7-dimethoxy-
4-quinolyl)oxy]phenyl}urea [238]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (123 mg)
was dissolved in toluene (12 ml) with heat, 4-chloro-2-
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nitrophenyl isocyanate (172 mg) was added, and the admix-
ture was refluxed with heat for 14 minutes. The separated
crystals were filtered and then washed with toluene to obtain
174 mg of the title compound (yield: 85%).

‘H-NMR (DMSO-d,, 500 MHz):  3.94 (s, 3H), 3.95 (s,
3H), 6.46 (d, J=4.9Hz, 1H), 7.23 (d, J=7.3Hz, 2H), 7.39 (s,
1H), 751 (s, 1H), 7.62 (d, J=7.3Hz, 2H), 7.79 (d, J=9.2Hz,
1H), 8.14 (s, 1H), 8.35 (d, J=9.2Hz, 1H), 8.46 (d, J=5.5Hz,
1H), 9.62 (s, 1H), 10.0 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 494 (M*), 496
M*+2)

Example 203

N-(2-Amino-4-chlorophenyl)-N'-{4-[(6,7
-dimethoxy-4-quinolyl)oxyJphenyl}urea [239]

N-(4-Chloro-2-nitrophenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxyphenyl}jurea (158 mg) was dissolved in
chloroform/methanol/water. (10 ml/70 ml/5 ml), sodium
thiosulfate (1.01 g) was added, and the admixture was stirred
at 60° C. for 37 minutes. The reaction mixture was extracted
2 times with chloroform, and the organic layer was then
washed with brine and dried with anhydrous sodium sulfate.
The solvent was removed by reduced-pressure distillation,
and the resulting residue was purified by column chroma-
tography on silica gel eluting with chloroform/acetone (10/
1) to obtain 33 mg of the title compound (yield: 22%).

'H-NMR (DMSO-d, SOE MHz): § 3.94 (s, 3H), 3.95 (s,
3H), 5.09 (brs, 2H), 6.43 (4, J=4.9 Hz, 1H), 6.57 (m, 1H),
6.78 (d, J=2.4Hz, 1H), 7.17 (d, }=9.2Hz, 2H), 7.34 (d,
J=8.6Hz, 1H), 7.38 (s, 1H)‘ 7.51 (s, 1H), 7.57 (d, J=8.5Hz,
2H), 7.77 (s, 1H), 8.45 (d, J=4.9Hz, 1H), 8.89 (s, 1H)

Example 204

|
N-{4-[(6,7-dimethoxy-4-quinolyl)oxyphenyl}-N'-
(2-pyridinecarbonyl)urea [240]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (75 mg)
was dissolved in toluene (7/ml) with heat, after the addition
of triethylamine (1.4 ml), triphosgene (201 mg) was added,
and the admixture was refluxed with heat for 1 minute.
2-Pyridinecarboxamide (102 mg) was added to the reaction
mixture, and the admixture was refluxed with heat for 3
hours. After the addition|of aqueous sodium hydrogen
carbonate, the reaction mixture was extracted 2 times with
ethyl acetate, and the organic layer was then washed with
brine and dried with anhydious sodjum sulfate. The solvent
was removed by reduced-pressure distillation, and the
resulting residue was purified by column chromatography on
silica gel eluting with chlofoform/acetone (10/1) to obtain

86 mg of the title compoun

d (yield: 77%).

*H-NMR (CDClL,, 500 MHz): & 4.06 (s, 3H), 4.06 (s, 3H),

6.49 (d, J=4.9Hz, 1H), 7.20
7.57 (s, 1H), 7.59 (m, 1H),
1H), 8.28 (d, J=7.9Hz, 1H),
1H), 10.1 (brs, 1H), 10.7 (&

Mass spectrometry data

d, J=9.2Hz, 2H), 7.4 3 (m, 1H),
7.71 (d, J=9.2Hz, 2H), 7.97 (m,
8.50 (brs, 1H), 8.68 (d, J=4.9Hz,
rs, 1H)

FD-MS, m/z): 444 (M*)

Example 205

N-(3-Chloro-4,6-dime
dimethoxy-4-quinoly
6,7-Dimethoxy-4-(4-ami
was dissolved in toluene
dimethoxyphenyl isocyanat

thoxyphenyl)-N'-{4-[(6,7-
Doxy Jphenyl}urea [241]
nophenoxy)quinoline (54 mg)

5 ml) with heat, 3-chloro-4,6-
e (76 mg) was added, and the
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admixture was refluxed with heat for 18 minutes. The
reaction solution was purified by column chromatography
on silica gel eluting with chloroform/acetone (10/1) to
obtain 93 mg of the title compound (yield: 100%)

'H-NMR (CDCl,, 500 MHz): 8 3.76 (s, 3H), 3.87 (s, 3H),
4.02 (s, 3H), 4.05 (s, 3H), 6.46 (d, J=5.5Hz, 1H), 6.49 (s,
1H), 7.13 (d, J=8.5Hz, 2H), 7.20 (s, 1H), 7.42 (s, 1H), 7.50
(d, J1=8.5Hz, 2H), 7.57 (s, 1H), 7.59 (s, 1H), 8.12 (s, 1H),
8.48 (d, }=5.5Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 509 (M*), 511
M*+2)

Example 206

N-(4-Chloro-2-methylphenyl)-N'-{4-[(6,7-
dimethoxy-4-quinolyl)oxy]phenyl jurea [242]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (55 mg)
was dissolved in toluene (5 ml) with heat, 4-chloro-2-
methylphenyl isocyanate (90 mg) was added, and the admix-
ture was refluxed with heat for 26 minutes. The separated
crystals were filtered and then washed with toluene to obtain
69 mg of the title compound (yield: 80%).

'H-NMR (DMSO-d,, 500 MHz): & 2.26 (s, 3H), 3.94 (s,
3H), 3.94 (s, 3H), 6.44 (m, 1H), 7.18~7.20 (m, 3H), 7.25 (s,
H), 7.38 (s, 1H), 7.51 (s, 1H), 7.59 (d, J=9.2Hz, 2H), 7.87
(m, 1H), 7.99 (s, 1H), 8.45 (m, 1H), 9.15 (s, 1H)

Mass spectrometry data (FD-MS; m/z): 463 (M*), 465
M*+2)

Example 207

N-(2-Chloro-3-methylphenyl)-N'-{4-[(6,7-
dimethoxy-4-quinolyl)oxy]phenyl }urea [243]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (52 mg)
was dissolved in toluene (5 ml) with heat, 2-chloro-3-
methylphenyl isocyanate (0.2 ml) was added, and the admix-
ture was refluxed with heat for 12 minutes. The reaction
solution was purified by column chromatography on silica
gel eluting with chloroform/acetone (10/1) to obtain 30 mg
of the title compound (yield: 37%).

'H-NMR (CDCl,, 500 MHz): 62.28 (s, 3H), 4.00 (s, 3H),
4.03 (s, 3H), 6.41 (d, J=4.9Hz, 1H), 7.09~7.15 (m, 4H), 7.37
(s, 1H), 7.39 (s, 1H), 7.42 (d, J=8.5Hz, 2H), 7.55 (s, 1H),
7.61 (s, 1H), 7.72 (s, 1H), 8.44 (d, J=5.5Hz, 1H)

Mass spectrometry data (FD-MS, m/z) 463 (M*), 465
M*+2)

Example 208

N-(3-Amino-4-chlorophenyl)-N'-{4-[(6,7-
dimethoxy-4-quinolyl)oxy]phenyl }urea [244]

N-(4-Chloro-3-nitrophenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxyJphenyl}urea (100 mg) was dissolved in
chloroform/methanol/water (5Sml/15ml/3ml), sodium thio-
sulfate (358 mg) was added, and the admixture was stirred
at 60° C. for 20 minutes. The reaction mixture was extracted
2 times with chloroform, and the organic layer was then
washed with brine and dried with anhydrous sodium sulfate.
The solvent was removed by reduced-pressure distillation,
and the resulting residue was purified by column chroma-
tography on silica gel eluting with chloroform/acetone (10/
1) to obtain 39 mg of the title compound (yield: 41%).

'H-NMR (DMS0-d¢500 MHz): & 3.94 (s, 3H), 3.95 (s,
3H), 5.30 (brs, 1H), 6.45 (d, J=5.5Hz, 1H), 6.64 (m, 1H),
7.02 (m, 1H), 7.06 (d, J=8.6Hz, 1H), 7.20 (d, J=9.2Hz, 2H),




1
7.39 (s, 1H), 7.52 (s, 1H), 7
J=4.9Hz, 1H), 8.56 (s, 1H),

13
57 (d, J=8.6Hz, 2H), 8.47 (d,

8.73 (s, 1H)

Mass spectrometry (FD-MS, m/z): 465 (M*+1)

Example 209

N-(3-Methoxypropyl)-N'-{4-{(6,7-dimethoxy-4-
quinolyl)oxy Jphenyl}urea [245]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (51 mg)
was dissolved in toluene (5 ml) with heat, after the addition

of triethylamine (1 ml), triph
the admixture was refluxe

sgene (54 mg.) was added, and
d with heat for 2 minutes.

3-Methoxypropylamine (0.05 ml) was added to the reaction

mixture, and the admixture
minutes. After the addition

was refluxed with heat for 12

of aqueous sodium hydrogen

carbonate, the reaction mixture was extracted 2 times with

ethyl acetate, and the organ
brine and dried with anhydrg

c layer was then washed with
us sodiuvm sulfate. The solvent

was removed by reduced-pressure distillation, and the

resulting residue was purified
silica gel eluting with chlor
51 mg of the title compound

by column chromatography on

vform/acetone (10/1) to obtain

(vield: 72%).

'H-NMR (CDCl,, 500 MHz): & 1.82 (m, 2H), 331 (s,
3H), 3.39 (m, 2H), 3.50 (t, J+4.5Hz, 2H), 4.03 (s, 3H), 4.04

(s, 3H), 5.65 (brs, 1H), 6.4

4 (d, J=4.9Hz, 1H), 7.10 (d,

J=8.7Hz, 2H), 7.4 1~7.55 (m, 4H), 7.55 (s, 1H), 8.46 (d,

J=5.5Hz, 1H)

Mass spectrometry data (FD-MS, m/z) 411 (M*)

Example 210

N-(2-Methoxyethyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxy]phenyl}urea [246]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (52 mg)
was dissolved in toluene (5 ml) with heat, after the addition

of triethylamine (1 ml), triph
the admixture was refluxe
3-Methoxyethylamine (0.05
mixture, and the admixture
minutes. After the addition

psgene (54 mg) was added, and
d with heat for 3 minutes.
ml) was added to the reaction
was refluxed with heat for 8
of aqueous sodium hydrogen

carbonate, the reaction mixture was extracted 2 times with

ethyl acetate, and the organj
brine and dried with anhydro

c layer was then washed with
us sodium sulfate. The solvent

was removed by reduced-pressure distillation, and the

resulting residue was purified
silica gel eluting with chlorg
63 mg of the title compound

*H-NMR (CDCL,, 500 Ml
(m, 4H), 4.03 (s, 3H), 4.03 (
J=5.5Hz, 1H), 7.87 (d, J=8.5
J=9.2Hz, 2H), 7.55 (s, 1H),
1H)

Mass spectrometry data (I
Exam

N-(4-[(6,7-Dimethoxy-4
(2-pyridylme

6,7-Dimethoxy-4-(4-amin

by column chromatography on
form/acetone (10/1) to obtain
(yield: 91%).

Hz): & 3.36 (s, 3H), 3.36~3.53
5, 3H), 5.81 (brs, 1H), 6.43 (d,
Hz, 2H), 7.40 (s, 1H), 7.45 (d,
7.92 (s, 1H), 8.45 (d, J=4.9Hz,

"AB-MS, m/z): 398 (M*+1)
ple 211

~quinolyl)oxy Jphenyl)-N'-
hylyurea [247]

ophenoxy)quinoline (52 mg)

was dissolved in toluene (5 ml) with heat, after the addition

of triethylamine (1 ml), triphg
the admixture was refluxe
2-Pyridylmethylamine (0.05
mixture, and the admixture
minutes. After the addition

sgene (54 mg) was added, and
d with heat for 2 minutes.
ml) was added to the reaction
was refluxed with heat for 12
of aqueous sodium hydrogen
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carbonate, the reaction mixture was extracted 2 times with
ethyl acetate, and the organic layer was then washed with
brine and dried with anhydrous sodium sulfate. The solvent
was removed by reduced-pressure distillation, and the
resulting residue was purified by column chromatography on
silica gel eluting with chloroform/acetone (10/1) to obtain
76 mg of the title compound (yield: 100%).

'H-NMR (CDCl,, 500 MHz): & 4.00 (s, 3H), 4.01 (s, 3H),
4.58 (d, J=5.5Hz, 2H), 6.39 (d, J=5.5Hz, 1H), 6.66 (m, 1H),
7.05 (d, J=9.2Hz, 2H), 7.18 (m, 1H), 7.34 (d, 1=7.9Hz, 1H),
7.39 (s, 1H), 7.45 (d, J=9.2Hz, 2H), 7.54 (s, 1H), 7.66 (m,
1H), 8.40 (brs, 1H), 8.43 (d, J=5.5Hz, 1H), 8.47 (d, J=4.9Hz,
1H)

Mass spectrometry data (FD-MS, m/z) 430 (M*)
Example 212

N-[(4-tert-Butylphenyl)methyl]-N'-{4-[(6,7-
dimethoxy-4-quinolyl)oxy]phenyl}urea [248]
6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (50 mg)
was dissolved in toluene (5 ml) with heat, after the addition
of triethylamine (1 ml), triphosgene (55 mg) was added, and
the admixture was refluxed with heat for 2 minutes. (4-tert-
Butylphenyl)methylamine (0.05 ml) was added to the reac-
tion mixture, and the admixture was refluxed with heat for
12 minutes. After the addition of aqueous sodium hydrogen
carbonate, the reaction mixture was extracted 2 times with
ethyl acetate, and the organic layer was then washed with
brine and dried with anhydrous sodium sulfate. The solvent
was removed by reduced-pressure distillation, and the
resulting residue was purified by column chromatography on
silica gel eluting with chloroform/acetone (10/1) to obtain
23 mg of the title compound (yield: 28%).

H-NMR (CDCl,, 500 MHz): 8 3.99 (s, 3H), 4.01 (s, 3H),
4.38 (d, J=5.5Hz, 1H), 5.81 (brs, 1H), 6.38 (d, J=4.9Hz, 1H),
7.02(d, J=9.2Hz, 2H), 7.20~7.40 (m, 7H), 7.52 (s, 1H), 7.64
(s, 1H), 8.40 (d, J=5.5Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 485 (M*)

Example 213

N-(4-{(6,7-Dimethoxy-4-quinolyl)oxy Jphenyl)-N'-
(3-pyridylmethyl) urea [249]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (52 mg)
was dissolved in toluene (5 ml) with heat, after the addition
of triethylamine (1 ml), triphosgene (56 mg) was added, and
the admixture was refluxed with heat for 2 minutes.
3-Pyridylmethylamine (0.05 ml) was added to the reaction
mixture, and the admixture was refluxed with heat for 12
minutes After the addition of aqueous sodium hydrogen
carbonate, the reaction mixture was extracted 2 times with
ethyl acetate, and the organic layer was then washed with
brine and dried with anhydrous sodium sulfate. The solvent
was removed by reduced-pressure distillation, and the
resulting residue was purified by column chromatography on
silica gel eluting with chloroform/acetone (10/1) to obtain
71 mg of the title compound (yield: 93%).

'H-NMR (DMSO-d,, 500 MHz): & 3.93 (s, 3H) 3.94 (s,
3H), 4.34 (d, J=5.5Hz, 2H), 6.40 (d, J=4.9Hz, 1H), 6.72 (t,
J=6.1Hz, 1H), 7.12 (d, J=9.2Hz, 2H), 7.3 5 (m, 1H), 7.37 (s,
1H), 7.50 (s, 1H), 7.53 (d, J=9.2Hz, 2H), 7.72 (d, J=7.9Hz,
1H), 8.43~8.46 (m, 2H), 8.53 (s, 1 H), 8.7 3 (s, 1H)

Mass spectrometry data (FD-MS, m/z) 430 (M*)

Example 214

N-{4-{(6,7-Dimethoxy-4-quinolyl)oxy Jphenyl}-N'-
4-pyridylmethyl) urea [250]
6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (52 mg)
was dissolved in toluene (5 ml) with heat, after the addition
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of triethylamine (1 ml), triphosgene (53 mg) was added, and
the admixture was refluxed with heat for 2 minutes.
4-Pyridylmethylamine (0.05 ml) was added to the reaction
mixture, and the admixture was refluxed with heat for 12
minutes. After the addition of aqueous sodium hydrogen
carbonate, the reaction mixture was extracted 2 times with
ethyl acetate, and the organic layer was then washed with
brine and dried with anhydrous sodium suifate. The solvent
was removed by reduced-pressure distillation, and the
resulting residue was purified by column chromatography on
silica gel eluting with chloroform/acetone (10/1) to obtain
40 mg of the title compound (yield: 54%).

'H-NMR (CDCl;, 500 MHz): 4.01 (s, 3H), 4.03 (s, 3H),
4.43 (d, J=5.5Hz, 2H), 5.97 {m, 1H), 6.40 (d, J=5.5Hz, 1H),
7.08 (d, J=9.2Hz, 2H), 7.20 (d, J=5.5Hz, 2H), 7.38 (s, 1H),
7.42 (d, J38.6Hz, 2H), 7.54 (s, H), 7.81 (s, 1H), 8.42 (d,
J=5.5Hz, 1H), 8.49 (d, J=6.1Hz, 2H)

Mass spectrometry data (FD-MS, m/z): 430 (M*)

Example 215

N-{4{(6,7-Dimethoxy-4-quinolyl)oxyJphenyl}-N'-
[(4-dimethylaminophenyl)methyl Jurea [251]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (51 mg)
was dissolved in toluene (5 ml) with heat, after the addition
of triethylamine (1 ml), triphosgene (55 mg) was added, and
the admixture was refluxed with heat for 2 minutes.
(4-Dimethylaminophenyl)methylamine (104 mg) was added
to the reaction mixture, and the admixture was refluxed with
heat for 12 minutes. After the addition of aqueous sodium
- hydrogen carbonate, the reaction mixture was extracted 2
times with ethyl acetate, and the organic layer was then
washed with brine and dried with anhydrous sodium sulfate.
The solvent was removed by reduced-pressure distillation,
and the resulting residue was purified by column chroma-
tography on silica gel eluting with chloroform/acetone (10/
1) to obtain 12 mg of the title compound (yield: 15%).

'H-NMR (DMSO-d, 500 MHz): (2.87 (s, 6H), 3.93 (s,
3H), 3.94 (s, 3H), 4.18 (d, J=5.5Hz, 2H), 6.40~6.43 (m, 2H),
6.70 (d, J=9.2Hz, 2 H), 7.1 3 (d, J=8.6Hz, 2H), 7.14 (d,
J=8.6Hz, 2H), 7.37 (s, H), 7.51 (s, 1H), 7.52 (d, J=9.2Hz,
2H), 8.44 (d, J=4.9Hz, 1H), 8.57 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 472 (M*)

Example 216

N-{4-[(6,7-Dimethoxy-4-quinolyl)oxy Jphenyl}-N'-
(3,5-dinitrophenyl) urea [252]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (54 mg)
was dissolved in toluene (5 ml) with heat, 3,5-dinitrophenyl
isocyanate (81 mg) was added, and the admixture was
refluxed with heat for 20 minutes. The reaction solution was
purified by column chromatography on silica gel eluting
with chloroform/acetone (10/1) to obtain 53 mg of the title
compound (yield: 57%).

"H-NMR (DMSO-d,, 500 MHz): 3.94 (s, 3H), 3.95 (s,
3H), 6.46 (d, J=4.9Hz, 1H), 7.24 (d, J=9.2Hz, 2H), 7.39 (s,
1H), 7.51 (s, 1H), 7.64 (d, J=8.5Hz, 2H), 8.42 (s, 1H) 8.47
(d, J=4.9Hz, 1H), 8.77 (s, 1H), 8.77 (s, 1H), 9.21 (s, 1H),
9.73 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 506 (M*+1)

Example 217

N-(Cyclohexyl)-N'-{4-[(6,7-dimethoxy-4-quinolyl)
oxy]phenyl}urea [253]
6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (200 mg)
was dissolved in toluene (5 ml) with heat, cyclohexyl
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isocyanate (340 mg) was added, and the admixture was
stirred with heat at 80-90° C. for 30 minutes. After the
addition of water, the reaction mixture was extracted 2 times
with ethyl acetate, and the organic layer was then washed
with brine and dried with anhydrous sodium sulfate. The
solvent was removed by reduced-pressure distillation, and
the resulting residue was purified by column chromatogra-
phy on silica gel eluting with chloroform/acetone (10/1) to
obtain 210 mg of the title compound (yield: 74%).

'H-NMR (CDCl,, 500 MHz): & 1.11~1.22 (m, 2 H),
1.34~1.46 (m, 2H), 1.56~1.66 (m, 2H), 1.68~1.78 (m, 2H),
1.96~2.05 (m, 2H), 3.64~3.73 (m, 1H), 4.05 (s, 6H), 4.58 (d,
J=7.9Hz, 1H), 6.36 (s, 1H), 6.46 (d, J=4.9Hz, 1H), 7.13 (d,
J=8.6Hz, 2H), 7.42 (d, J=8.6Hz, 2H), 7.42 (s, 1H), 7.56 (s,
1H), 8.48 (d, J=4.9Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 421 (M™)

Example 218

N-(3, 4-Difluorophenyl)-N'-(4-[(6,7-dimethoxy-4-
quinolyl)oxy]phenyljurea [254]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (50 mg)
was dissolved in toluene (5 ml) with heat, after the addition
of triethylamine (1 ml), triphosgene (55 mg) was added, and
the admixture was refluxed with heat for 3 minutes. 3,4-
Difluoroaniline (66 mg) was added to the reaction mixture,
and the admixture was refluxed with heat for 20 minutes.
After the addition of aqueous sodium hydrogen carbonate,
the reaction mixture was extracted 2 times with ethyl
acetate, and the organic layer was then washed with brine
and dried with anhydrous sodium sulfate. The solvent was
removed by reduced-pressure distillation, and the resulting
residue was purified by column chromatography on silica
gel eluting with chloroform/acetone (10/1) to obtain 63 mg
of the title compound (yield: 83%).

'H-NMR (CDCl,, 500 MHz): 64.03 (s, 3H), 4.06 (s, 3H),
6.45 (d, J=5.5Hz, 1H), 6.96~7.02 (m, 1H), 7.02~7.10 (m,
1H), 7.11 (d, J=8.5Hz, 2H), 7.41~7.45 (m, 2H), 7.48 (d,
J=8.6Hz, 2H), 7.5 8 (s, 1H), 7.72 (s, 1H), 7.74 (s, 1H), 8.44
(d, J=5.5H z, 1H)

Mass spectrometry data (FD-MS, m/z) 451 (M*)

Example 219

N-(2,4,5-Trifluorophenyl)-N'-{4-{(6,7-dimethoxy-4-
quinolyl)oxyJphenyl}urea [255]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (50 mg)
was dissolved in toluene (5 ml) with heat, after the addition
of triethylamine (1 ml), triphosgene (55 mg) was added, and
the admixture was refluxed with heat for 3 minutes. 2,4,5-
Trifluoroaniline (75 mg) was added to the reaction mixture,
and the admixture was refluxed with heat for 20 minutes.
After the addition of aqueous sodium hydrogen carbonate,
the reaction mixture was extracted 2 times with ethyl
acetate, and the organic layer was then washed with brine
and dried with anhydrous sodium sulfate. The solvent was
removed by reduced-pressure distillation, and the resulting
residue was purified by column chromatography on silica
gel eluting with chloroform/acetone (10/1) to obtain 58 mg
of the title compound (yield: 73%).

'H-NMR (DMSO-d,, 500 MHz): & 3.94 (s, 3H), 3.95 (s,
3H), 6.45 (d, J=5.5Hz, 1H), 7.24 (d, J=8.6Hz, 2H), 7.40 (s,
1H), 7.52 (s, 1H), 7.59 (d, J=8.6Hz, 2H), 7.62~7.70 (m, 1H),
8.17~8.25 (m, 1H), 8.48 (d, J=4.9Hz, 1H), 8.76 (s, 1H), 9.23
(s, IH)
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Mass spectrometry data (FD-MS, m/z): 469 (M*)

Example 220

N-(2,4,6-Trifluorophenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyloxyJphenyl}urea [256]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (50 mg)
was dissolved in toluene (5 ml) with heat, after the addition
of triethylamine (1 ml), triphosgene (55 mg) was added, and
the admixture was refluxed with heat for 3 minutes. 2,4,6-
Trifluoroaniline. (75 mg) was added to the reaction mixture,
and the admixture was refluxed with heat for 20 minutes.
After the addition of aqueous sodium hydrogen carbonate,
the reaction mixture was extracted 2 times with ethyl
acetate, and the organic laydr was then washed with brine
and dried with anhydrous sodium sulfate. The solvent was
removed by reduced-pressure distillation, and the resulting
residue was purified by coldmn chromatography on silica
gel eluting with chloroform/acetone (10/1) to obtain 37 mg
of the title compound (yield; 47%).

'H-NMR (DMSO-d,, SOOLMHZ): 8 3.94 (s, 3H), 3.95 (s,
3H), 6.4 3 (d, J=5.5Hz, 1H), 7.2 0 (d, J=8.6Hz, 2H), 7.29 t,
J=8.6Hz, 2H), 7.39 (s, 1H), 7.52 (s, 1H), 7.58 (d, J=8.6Hz,
2H), 8.07 (s, 1H), 8.46 (d, J=5.5Hz, 1H), 9.14 (s, 1H)

Mass spectrometry data (ED-MS, m/z): 469 (M*)

Examiple 221

N-(2,3,4-Triﬂu0rophenyl‘ -N'-{4-{(6,7-dimethoxy-4-
quinolyl)oxyJphenyl}urea [257]

6,7-Dimethoxy-4-(4-aminpphenoxy)quinoline (50 mg)
was dissolved in toluene (5 ml) with heat, after the addition
of triethylamine (1 ml), triphosgene (55 mg) was added, and
the admixture was refluxed with heat for 3 minutes. 2,3,4-
Trifluoroaniline (75 mg) was|added to the reaction mixture,
and the admixture was refluxed with heat for 20 minutes.
After the addition of aqueouss sodium hydrogen carbonate,
the reaction mixture was extracted 2 times with ethyl
acetate, and the organic layer was then washed with brine
and dried with anhydrous sodium sulfate. The solvent was
removed by reduced-pressure distillation, and the resulting
residue was purified by column chromatography on silica
gel eluting with chloroform/acetone (10/1) to obtain 18 mg
of the title compound (yield; 23%).

'H-NMR (DMSO-d,;, 500 MHz) 8 3.94 (s, 3H), 3.95 (s,
3H), 6.44 (d, J=4.9Hz, 1H), 7.23 (d, J=8.6Hz, 2H),
725~733 (m, 1H), 7.39 (s, 1 H), 7.52 (s, 1H), 7.59 (d,
1=8.6Hz, 2H), 7.85~7.92 (m, 1H), 8.47 (d, J=5.5Hz, 1H),
8.73 (s, 1H), 9.21 (s, 1H)

Mass spectrometry data (HD-MS, m/z) 469 (M*)

Example 222

N-(2,5-Dimethoxyphenyl)-N'-{4-{(6,7-dimethoxy-4-
quinolyl)oxyJphenyl}urea [258]

6,7-Dimethoxy-4-(4-aminpphenoxy)quinoline (56 mg)
was dissolved in toluene (5 ml) with heat, after the addition
of triethylamine (1 ml), triphosgene (66 mg) was added, and
the admixture was refluxed with heat for 3 minutes. 2,5-
Dimethoxyaniline (102 mg) was added to the reaction
mixture, and the admixture Was refluxed with heat for 10
minutes. After the addition of aqueous sodium hydrogen
carbonate, the reaction mixture was extracted 2 times with
ethyl acetate, and the organic layer was then washed with
brine and dried with anhydrous sodium sulfate. The solvent
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was removed by reduced-pressure distillation, and the
resulting residue was purified by column chromatography on
silica gel eluting with chloroform/acetone (10/1) to obtain
81 mg of the title compound (yield: 90%).

‘H-NMR (CDCl,, 500 MHz): 8 3.68 (s, 3H), 3.78 (s, 3H),
4.02 (s, 3H), 4.05 (s, 3H), 6.46 (d, J=5.5Hz, 1H), 6.53 (dd,
J=3.1,8.5 Hz, 1H), 6.76 (d, J=9.2Hz, 1H), 7.13 (d, J=9.2Hz,
2H), 7.4 3 (s, 1H) 7.52 (d, J=9.2Hz, 2H), 7.55 (s, 1H), 7.5
7 (s, 1H) 7.78 (s, 1H), 7.91 (d, J=3.1Hz, 1H), 8.49 (d,
J=4.9Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 475 (M™")

Example 223

N-(3,5-Dimethoxyphenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxyJphenyl}urea [259]
6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (53 mg)
was dissolved in toluene (5 ml) with heat, after the addition
of triethylamine (1 ml), triphosgene (101 mg) was added,
and the admixture was ref luxed with heat for 4 minutes.
3,5-Dimethoxyaniline (62 mg) was added to the reaction
mixture, and the admixture was refluxed with heat for 13
minutes. After the addition of aqueous sodium hydrogen
carbonate, the reaction mixture was extracted 2 times with
ethyl acetate, and the organic layer was then washed with
brine and dried with anhydrous sodium sulfate. The solvent
was removed by reduced-pressure distillation, and the
resulting residue was purified by column chromatography on
silica gel eluting with chloroform/acetone (10/1) to obtain
85 mg of the title compound (yield: 100%)).

'H-NMR (CDCl, 500 MHz): 8 3.73 (s, 6H), 4.00 (s, 3H),
4.03 (s, 3H), 6.18 (s, 1H), 6.42 (d, J=5.5Hz, 1H), 6.60 (s,
1H), 6.60 (s, 1H), 7.09 (d, J=8.6Hz, 2H), 7.40 (s, 1H), 7.45
(d, J=8.6Hz, 2H), 7.56 (s, 1H), 7.68 (s, 1H), 7.85 (s, 1H),
8.45 (d, J=5.5Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 47 5 (M™*)

Example 224

N-(2,3-Difluorophenyl)-N'-{4{(6,7-dimethoxy-4-
; quinolyl)oxyphenyl}urea [260]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (50 mg)
was dissolved in toluene (5 ml) with heat, after the addition
of triethylamine (1 ml), triphosgene (55 mg) was added, and
the admixture was refluxed with heat for 3 minutes. 2,3-
Difluoroaniline (51 mg) was added to the reaction mixture,
and the admixture was refluxed with heat for 20 minutes.
After the addition of aqueous sodium hydrogen carbonate,
the reaction mixture was extracted 2 times with ethyl
acetate, and the organic layer was then washed with brine
and dried with anhydrous sodium sulfate. The solvent was
removed by reduced-pressure distillation, and the resulting
residue was purified by column chromatography on silica
gel eluting with chloroform/acetone (10/1) to obtain 60 mg
of the title compound (yield: 79%).

'H-NMR (DMSO-dg, 500 MHz): 3 3.94 (s, 3H), 3.95 (s,
3H), 6.45 (d, J=4.9Hz, 1H), 7.02~7.08 (m, 1H), 7.11~7.19
(m, 1H), 7.23 (d, J=9.2Hz, 2H), 7.39 (s, 1H), 7.52 (s, 1H),
7.59 (d, J=9.2Hz, 2H), 7.94~7.99 (m, 1H), 8.47 (d, J=4.9Hz,
1H), 8.78 (s, 1H), 9.25 (s, 1H)

Mass spectrometry data (FD-M S, m/z): 451 (M*)
Example 225
N-(3,5-Difluorophenyl)-N'-{4-{(6,7-dimethoxy-4-
quinolyl)oxylphenyl}urea [261]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (50 mg)
was dissolved in toluene (5 ml) with heat, after the addition
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osgene (55 mg) was added, and
with heat for 3 minutes. 3,5-
added to the reaction mixture,

and the admixture was refluxed with heat for 20 minutes.
After the addition of aqueous sodium hydrogen carbonate,

the reaction mixture was

extracted 2 times with ethyl

acetate, and the organic layer was then washed with brine
and dried with anhydrous sqadium sulfate. The solvent was
removed by reduced-pressure distillation, and the resulting
residue was purified by column chromatography on silica

gel eluting with chloroform/
of the title compound (yield,
'H-NMR (DMSO-d,, 500
3H), 6.45 (d, J=4.9Hz, 1H),
(m, 4H), 7.39 (s, 1H), 7.52
8.47 (d, 1=4.9Hz, 1H), 8.99

acetone (10/1) to obtain 49 mg
64%).

MHz): 8 3.94 (s, 3H), 3.95 (s,
6.75~6.83 (m, 1H), 7.16~7.26

s, 1H), 7.59 (d, J=8.6Hz, 2H),

(s, 1H), 9.12 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 451 (M*)

Exaniple 226

N-(2,3,6-Trifluorophenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxy]phenyl}urea {262]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (50 mg)
was dissolved in toluene (5 ml) with heat, after the addition
of triethylamine (1 ml), triphosgene (55 mg) was added, and
the admixture was refluxed with heat for 3 minutes. 2,3,6-
trifluoroaniline (53 mg) was added to the reaction mixture,
and the admixture was refluxed with heat for 20 minutes.
After the addition of aqueous sodium hydrogen carbonate,
the reaction mixture was extracted 2 times with ethyl
acetate, and the organic layer was then washed with brine
and dried with anhydrous sodium sulfate. The solvent was
removed by reduced-pressure distillation, and the resulting
residue was purified by column chromatography on silica
gel eluting with chloroform/acetone (10/1) to obtain 30 mg
of the title compound (yield: 38%).

*H-NMR (DMSO-d, 500 MHz): & 3.93 (s, 3H), 3.94 (s,
3H), 6.44 (d, J=5.5Hz, 1H), 7.15~7.25 (m, 3H), 7.33~7.44
(m, 2H), 7.52 (s, 1H), 7.59 (d, J=8.6Hz, 2H), 8.41 (s, 1H),
8.46 (d, J=4.9Hz, 1H), 9.18 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 469 (M*)

Example 227

N-(2,6-Diftuorophenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxy Jphenyl}urea [263]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (50 mg)
was dissolved in toluene (5 ml) with heat, 2,6-
difluorophenyl isocyanate (104 mg) was added, and the
admixture was refluxed with heat for 30 minutes. The
separated crystals were filtered and then washed with tolu-
ene to obtain 57 mg of the title compound (yield: 74%).

'H-NMR (DMSO-d,, 500 MHz): & 3.94 (s, 3H), 3.95 (s,
3H), 6.44 (d, J=4.9Hz, 1H), 7.13~7.25 (m, 4H), 7.28~7.38
(m, 1H), 7.39 (s, 1H), 7.52 (s, 1H), 7.59 (d, J=9.2Hz, 2H),
8.15 (s, 1H), 8.46 (d, J=5.5Hz, 1H), 9.09 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 451 (M*)

Example 228
N-(2,5-Bis(trifluoromethyl)phenyl]-N'-{4-[(6,7-
dimethoxy-4-quinolylJoxy Jphenyl}urea [264]

~ 6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (50 mg)
was dissolved in toluene (5 ml) with heat, after the addition
of triethylamine (1 ml), triphpsgene (55 mg) was added, and
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the admixture was refluxed with heat for 3 minutes. 2,5-Bis
(trifluoromethyl)aniline (79 mg) was added to the reaction
mixture, and the admixture was refluxed with heat for 20
minutes. After the addition of aqueous sodium hydrogen
carbonate, the reaction mixture was extracted 2 times with
ethyl acetate, and the organic layer was then washed with
brine and dried with anhydrous sodium sulfate. The solvent
was removed by reduced-pressure distillation, and the
resulting residue was purified by column chromatography on
silica gel eluting with chloroform/acetone (10/1) to obtain
30 mg of the title compound (yield: 32%).

*H-NMR (DMSO-d,, 500 MHz): & 3.94 (s, 3H), 3.95 (s,
3H), 6.45 (d, J=4.9Hz, 1H), 7.24 (d, J=9.2Hz, 2H), 7.40 (s,
1H), 7.52 (s, 1H), 7.60~7.66 (m, 3H), 7.95 (d, J=7.9Hz, 1H),
8.38 (s, 1H), 8.46~8.52 (m, 2H), 9.70 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 551 (M*)

Example 229

N-(2,4-Dimethoxyphenyl)-N'-{4{(6,7-dimethoxy-4-
quinolyl)oxylphenyl}urea [265]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (51 mg)
was dissolved in toluene (5 ml) with heat, after the addition
of triethylamine (1 ml), triphosgene (72 mg) was added, and
the admixture was refluxed with heat for 3 minutes. 2,4-
Dimethoxyaniline (60 mg) was added to the reaction
mixture, and the admixture was refluxed with heat for 11
minutes. After the addition of aqueous sodium hydrogen
carbonate, the reaction mixture was extracted 2 times with
ethyl acetate, and the organic layer was then washed with
brine and dried with anhydrous sodium sulfate. The solvent
was removed by reduced-pressure distillation, and the
resulting residue was purified by column chromatography on
silica gel eluting with chloroform/acetone (10/1) to obtain
44 mg of the title compound (yield: 53%).

"H-NMR (CDCl,, 500 MHz): 8 3.74 (s, 3H), 3.80 (s, 3H),
4.03 (s, 3H), 4.05 (s, 3H), 6.44~6.51 (m, 3H), 7.06 (s, 1H),
7.12(d, J=9.2Hz, 2H), 7.43 (s, 1H), 7.49~7.51 (m, 3H), 7.57
(s, 1H), 7.86 (d, J=8.6Hz, 1H), 8.48 (d, J=5.5Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 475 (M™*)

Example 230

N-(2-Chlorophenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxyJphenyl}urea [266]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (52 mg)
was dissolved in toluene (5 ml) with heat, 2-chlorophenyl
isocyanate (0.05 ml) was added, and the admixture was
refluxed with heat for 30 minutes. The reaction solution was
purified by column chromatography on silica gel eluting
with chloroform/acetone (10/1) to obtain 64 mg of the title
compound (yield: 81%).

*H-NMR (CDCl,, 500 MHz) 8 4.01 (s, 3H), 4.05 (s, 3H),
6.46 (d, J=4.9Hz, 1H), 6.98 (d d, 1=7.3, 7.9Hz, 1H), 7.14 (d,
J=8.6Hz, 2H), 7.26 (dd, J=7.3, 7.9Hz, 1H), 7.31 (4, J=7.9
Hz, 1H), 7.43 (s, 1H), 7.52 (d, J=9.2Hz, 2H), 7.57 (s, 1H),
7.57 (s, 1H), 8.24 (d, J=7.9Hz, 1H), 8.37 (s, 1H), 8.50 (d,
J=5.5Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 449 (M*) 451
M*+2)

Example 231

N-(3-Chloropheny!)-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxy Jphenyl}urea [267]
6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (52 mg)
was dissolved in toluene (5 ml) with heat, 2-chlorophenyl
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isocyanate (0.05 ml) was added, and the admixture was
refluxed with heat for 30 minutes. The reaction solution was
purified by column chromatography on silica gel eluting
with chloroform/acetone (10/1) to obtain 72 mg of the title
compound (yield: 93%).

'H-NMR (CDCl,, 500 MHz): § 3.98 (s, 3H), 4.03 (s, 3H),
6.41 (d, J=4.9Hz, 1H), 6.99 (d, J=7.9Hz, 1H), 7.09 (d,
J=8.5Hz, 2H), 7.16 (dd, J=7.9Hz, 7.9Hz, 1H), 7.23 (d,
J=8.6Hz, 1H), 7.38 (s, 1H), 7.42~7.44 (m, 3H), 7.56 (s, 1H),
8.13 (s, 1H), 8.14 (s, 1H), 8.44 (d, J=5.5Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 449 (M*) 451
M*+2)

Example 232

N-(2,3-Dimethoxyphenyl)-N'-{4-{(6,7-dimethoxy-4-
quinolyl)oxy Jphenyl}urea [268]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (52 mg)
was dissolved in toluene (5 ml) with heat, after the addition
of triethylamine (1 ml), triphosgene (74 mg) was added, and
the admixture was refluxed with heat for 3 minutes. 2,3-
Dimethoxyaniline (0.05 ml) was added to the reaction
mixture, and the admixture was refluxed with heat for 11
minutes. After the addition of aqueous sodium hydrogen
carbonate, the reaction mixture was extracted 2 times with
ethyl acetate, and the organic layer was then washed with
brine and dried with anhydrous sodium sulfate. The solvent
was removed by reduced-pressure distillation, and the
resulting residue was purified by column chromatography on
silica gel eluting with chloroform/acetone (10/1) to obtain
83 mg of the title compound (yield: 100%).

'H-NMR (CDCl,, 500 MHz): (3.72 (s, 3H), 3.84 (s, 3H),
4.02 (s, 3H), 4.05 (s, 3H), 6.46 (d, J=5.5Hz, 1H), 6.62 (d,
J=7.9Hz, 1H), 7.05 (dd, J=8.5, 8.5Hz, 1H), 7.13 (d, 1=9.2Hz,
2H), 7.43 (s, 1H), 7.54 (d, J=8.6Hz, 2H), 7.58 (s, 1H), 7.85
(d, J=8.6Hz, 1H), 7.88 (s, 1H), 827 (s, 1H), 8.50 (d,
J=5.5Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 475 (M*)

Example 233

N-(4-Hydroxyphenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyloxy Jphenyl}urea [269]

N-(4-Benzyloxyphenyl)-N'-{4-[(6,7-Dimcthoxy-4-
quinolyloxy]phenyl}urea (228 mg) was dissolved in N,N-
dimethylformamide/ethyl acetate (15 ml/20 ml), after the
addition of triethylamine (4 ml), 20% palladium hydroxide
(1.18 g) was added, and the admixture was stirred at room
temperature under hydrogen for 15 hours. The reaction
mixture was filtered using Celite, after which the filtrate was
concentrated, and the resylting residue was purified by
column chromatography: on silica gel eluting with
chloroform/acetone (10/1) ito obtain 188 mg of the title
compound (yield: 100%).

'H-NMR (DMSO-d,, 500 MHz): 3 3.98 (s, 3H), 3.9 9 (s,
3H), 6.60 (d, J=5.5Hz, 1H), 6.68 (d, J=8.6Hz, 2H), 7.21 (d,
1=8.5Hz, 2H), 7.22 (d, J=8.5Hz, 2H), 7.47 (s, 1H), 7.60 (d,
1=9.2Hz, 2H), 7.61 (s, 1H), 8.58 (s, 1H), 8.59 (s, 1H), 8.98
(s, 1H), 9.03 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 431 (M*+1)

Example 234

N-(4-Acetoxyphenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxy Jphenyl}urea [270]
N-(4-Hydroxyphenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxy]phenyl}urea (47 mg) was dissolved in meth-
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ylene chloride (6 ml), after the addition of triethylamine (2
ml), acetic anhydride (0.5 ml) was added, and the admixture
was stirred at room temperature for 15 hours. After the
addition of aqueous sodium hydrogen carbonate, the reac-
tion mixture was extracted 2 times with ethyl acetate, and
the organic layer was then washed with brine and dried with
anhydrous sodium sulfate. The solvent was removed by
reduced-pressure distillation, and the resulting residue was
purified by column chromatography on silica gel eluting
with chloroform/acetone (10/1) to obtain 35 mg of the title
compound (yield: 68%).

'H-NMR (CDCl,, 500 MHz): 8 2.31 (s, 3H), 4.01 (s, 3H),
4.04 (s, 3H), 6.43 (d, J=5.5Hz, 1H), 7.01 (d, J=8.6Hz, 2H),
7.11 (d, J=9.2Hz, 2H), 7.26 (brs, 1H), 7.32 (d, J=9.2Hz, 2H),
7.40 (s, 1H), 7.45 (d, J=9.2Hz, 1H), 7.56 (s, 1H), 7.5 6 (brs,
1H), 8.46 (d, J=4.9Hz, 1H)

Mass spectrometry data (FD-M S, m/z) 473 (M*)

Example 235

N-(3,4,5-Trimethoxyphenyl)-N'-{4-[(6,7-dimethoxy-
4-quinolyl)oxy]phenyl}urea [271]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (52 mg)
was dissolved in toluene (5 ml) with heat, after the addition
of triethylamine (1 ml), triphosgene (66 mg) was added, and
the admixture was refluxed with heat for 2 minutes. 3,4,5-
Trimethoxyaniline (76 mg) was added to the reaction
mixture, and the admixture was refluxed with heat for 19
minutes. After the addition of aqueous sodium hydrogen
carbonate, the reaction mixture was extracted 2 times with
ethyl acetate, and the organic layer was then washed with
brine and dried with anhydrous sodium sulfate. The solvent
was removed by reduced-pressure distillation, and the
resulting residue was purified by column chromatography on
silica gel eluting with chloroform/acetone (10/1) to obtain
76 mg of the title compound (yield: 87%).

'H-NMR (CDCl,, 500 MHz) & 3.81 (s, 6H), 3.83 (s, 3H),
4.02 (s, 3H), 4.05 (s, 3H), 6.44 (d, J=4.9Hz, 1H), 6.69 (s,
2H), 7.12 (d, J=9.2Hz, 2H), 7.41 (s, 1H), 7.41 (brs, 1H), 7.48
(d, J=8.6Hz, 2H), 7.57 (s, 1H), 7.58 (s, 1H), 8.47 (d,
J=4.9Hz, 1H)

Mass spectrometry data (FD-MS, m/z): 505 (M™)

Example 236

N-(2,4-Difluorophenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxy Jphenyl}urea [272]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (100 mg)
was dissolved in toluene (10 ml) with heat, 2,4-
difluorophenyl isocyanate (120 ul) was added, and the
admixture was refluxed with heat for 30 minutes. The
separated crystals were filtered and then washed with tolu-
ene to obtain 128 mg of the title compound (yield: 84%).

'H-NMR (DMSO-d, 500 MHz): 8 3.94 (s, 3H), 3.95 (s,
3H), 6.46 (d, J=4.9Hz, 1H), 7.03~7.10 (m, 1H), 7.22 (d,
J=9.2Hz, 2H), 7.28~7.35 (m, 1H), 7.39 (s, 1H), 7.52 (s, 1H),
7.59 (d, J=9.2Hz, 2H) 8.05~8.12 (m, 1H) 8.47 (d, J=5.5Hz,
1H), 8.52 (s, 1H), 9.15 (s, 1H)

Mass spectrometry data (FD-MS, m/z) 451 (M*)

Example 237

N-(2,5-Difluorophenyl)-N'-{4-{(6,7-dimethoxy-4-
quinolyl)oxyJphenyl}urea [273]
6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (100 mg)
was dissolved in toluene (10 ml) with heat, 2,5-
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difluorophenyl isocyanate (120 gl) was added, and the
admixture was refluxed with heat for 30 minutes. The
separated crystals were filtered and then washed with tolu-
ene to obtain 132 mg of the title compound (yield: 87%).

'H-NMR (DMSO-dg, 500MHz): § 3.94 (s, 3H), 3.95 (s,
3H), 6.46 (d, J=5.5Hz, 1H), 6.80~6.87 (m, 1H), 7.23 (d,
J=9.2Hz, 2H), 7.2 7~7.33 (m, 1H), 7.40 (s, 1H), 7.52 (s, 1H),
7.59 (d, J=8.6Hz, 2H), 8.03~8.08 (m, 1H), 8.47 (d, J=5.5Hz,
1H), 8.78 (s, 1H), 9.27 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 45 1 (M*)

Example 238

N-(4-Amino-2-chlorophenyl)-N'-{4-[(6,7-
dimethoxy-4-quinolyl)oxy Jphenyl}urea [274]

N-(4-Chloro-3-nitrophenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxy]phenyl)urea (150 mg) was dissolved in chloro-
form/methanol/water (10 ml/13 ml/3 ml), sodium thiosulfate
(501 mg) was added, and the admixture was stirred at 60° C.
for 50 minutes. The reaction mixture was extracted 2 times
with chloroform, and the organic layer was then washed
with brine and dried with anhydrous sodium sulfate. The
solvent was removed by reduced-pressure distillation, and
the resulting residue was purified by column chromatogra-
phy on silica gel eluting with chloroform/acetone (10/1) to
obtain 48 mg of the title compound (yield: 34%).

'H-NMR (DMSO-dg, 500 MHz): 8 3.94 (s, 3H), 3.94 (s,
3H), 5.14 (brs, 2H), 6.43 (d, J=4.9 Hz, 1H), 6.51 (m, 1H),
6.65 (d, }=2.5Hz, 1H), 7.17 (d, J=9.2Hz, 2H), 7.38 (s, 1H),
748 (d, 1=8.6Hz, 1H), 7.51 (s, 1H), 7.56 (d, J=8.5Hz, 2H),
7.83 (s, 1H), 8.45 (d, J=5.5Hz, 1H), 9.10 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 464 (M.), 466
(M*+2)

Example 239

N-{4-{(6,7-Dimethoxy-4-quinolyl)oxy Jphenyl}-N'-
[2-ethoxycarbonylphenyl]urea [275]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (100 mg)
was dissolved in toluene (10 ml) with heat, after the addition
of triethylamine (1 ml), triphosgene (100 mg) was added,
and the admixture was refluxed with heat for 2 minutes.
Ethyl-2-aminobenzoate (84 mg) was added to the reaction
mixture, and the admixture was refluxed with heat for 2
hours. After the addition: of aqueous sodium hydrogen
carbonate, the reaction mixture was extracted 2 times with
ethyl acetate, and the organic layer was then washed with
brine and dried with anhydrous sodium sulfate. The solvent
was removed by reduced-pressure distillation, and the
resulting residue was purified by column chromatography on
silica gel eluting with chloroform/acetone (10/1) to obtain
86 mg of the title compound (yield: 52%).

'H-NMR (DMSO-d,, 90 MHz): 8 1.37 (t, J=7Hz, 3H),
3.94 (s, 3H), 3.94 (s, 3H), 4.38 (q, J=7 Hz, 2H), 6.4 7 (d,
J=5Hz, 1H), 7.1~8.1 (m, 9H), 8.38 (d, J=9Hz, 1H), 8.47 (d,
J=5Hz, 1H), 9.92 (s, 1H), 10.10 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 487 (M*)

Example 240
N-(2-Methylthiophenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxy]phenyl}urea [276]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (131 mg)
was dissolved in toluene (13 ml) with heat, after the addition
of triethylamine (2.6 ml), triphosgene (152 mg) was added,
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and the admixture was refluxed with heat for 2 minutes.
2-Methylthioaniline (0.11 ml) was added to the reaction
mixture, and the admixture was refluxed with heat for 10
minutes. After the addition of aqueous sodium hydrogen
carbonate, the reaction mixture was extracted 2 times with
chloroform, and the organic layer was then washed with
brine and dried with anhydrous sodium sulfate. The solvent
was removed by reduced-pressure distillation, and the
resulting residue was purified by column chromatography on
silica gel eluting with chloroform/acetone (4/1) to obtain 29
mg of the title compound (yield: 14%).

'H-NMR (DMSO0-d,, 500 MHz): 8 2.50 (s, 3H), 4.00 (s,
3H), 4.00 (s, 3H), 6.51 (d, J=5.5Hz, 1H), 7.08~7.15 (m, 1H),
7.25~7.35 (m, 3H), 7.45 (s, 1H), 7.48 (d, J=7.9Hz, 1H), 7.58
(s, 1H), 7.67 (d, J=8.5Hz, 2H), 7.99 (d, J=7.9Hz, 1H), 8.24
(s, 1H), 8.53 (d, J=5.5Hz, 1H), 9.61 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 461 (M*)

Example 241

N-[3,5-Bis(trifluoromethyl)phenyl]-N'-{4-{(6,7-
dimethoxy-4-quinolyl)oxy]phenyl}urea [277]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (50 mg)
was dissolved in toluene (5 ml) with heat, after the addition
of triethylamine (1 ml), triphosgene (55 mg) was added, and
the admixture was refluxed with heat for 3 minutes. 3,5-Bis
(trifluvoromethyl)aniline (116 mg) was added to the reaction
mixture, and the admixture was refluxed with heat for 20
minutes. After the addition of aqueous sodium hydrogen
carbonate, the reaction mixture was extracted 2 times with
ethyl acetate, and the organic layer was then washed with
brine and dried with anhydrous sodium sulfate. The solvent
was removed by reduced-pressure distillation, and the
resulting residue was purified by column chromatography on
silica gel eluting with chloroform/acetone (10/1) to obtain
54 mg of the title compound (yield: 58%).

'H-NMR (DMSO-d,, 500 MHz): 8 3.93 (s, 3H), 3.94 (s,
3H), 6.45 (d, J=5.5Hz, 1H), 7.23 (d, 1=9.2Hz, 2H), 7.39 (s,
1H), 7.51 (d, J=9.2Hz, 2H), 7.62 (d, J=9.2Hz, 2H), 7.64 (s,
1H), 8.15 (s, J5.5Hz, 2H), 9.13 (s, 1H), 9.43 (s, 1H)

Mass spectrometry data (FD-M S, m/z): 551 (M™*)

Example 242

N-(3-Chloropropyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxyJphenyl}urea [278]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (50 mg)
was dissolved in toluene (5 ml) with heat, after the addition
of triethylamine (1 ml), triphosgene (55 mg) was added, and
the admixture was refluxed with heat for 3 minutes.
3-Chloropropylaniline (66 mg) was added to the reaction
mixture, and the admixture was refluxed with heat for 20
minutes. After the addition of aqueous sodium hydrogen
carbonate, the reaction mixture was extracted 2 times with
ethyl acetate, and the organic layer was then washed with
brine and dried with anhydrous sodium sulfate. The solvent
was removed by reduced-pressure distillation, and the
resulting residue was purified by column chromatography on
silica gel eluting with chloroform/acetone (10/1) to obtain
26 mg of the title compound (yield: 37%).

'H-NMR (DMS0-d,500 MHz): & 1.87~1.94 (m, 2H),
3.20~3.27 (m, 2H), 3.69 (t, J=6.1Hz, 2 H), 3.93 (s, 3H), 3.94
(s, 3H), 6.29 (t, J=6.1Hz, 1H), 6.41 (d, J=5.5Hz, 1H), 7.14
(d, J=9.2Hz, 2H), 7.38 (s, 1H), 7.50~7.5 5 (m, 3 H), 8.46 (d,
J=4.9H z, 1H), 8.61 (s, 1H)
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Mass spectrometry data (FD-MS, m/z 415 (M*)

Example 243

N-{5-{2-(4-fluoro)phenoxy]-pyridyl}-N'-(4-[(6,7-
dimethoxy-4-quinolyl)oxyJphenyl}urea [279]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (53 mg)
was dissolved in toluene (5 ml) with heat, after the addition
of tricthylamine (1 ml), triphosgene (58 mg) was added, and
the admixture was refluxed with heat for 4 minutes.
5-Amino-2-(4-fluoro)phenoxypyridine (95 mg) was added
to the reaction mixture, andthe admixture was refluxed with
heat for 19 minutes. After the addition of aqueous sodium
hydrogen carbonate, the reaction mixture was extracted 2
times with ethyl acetate, and the organic layer was then
washed with brine and dried with anhydrous sodium sulfate.
The solvent was removed by reduced-pressure distillation,
and the resulting residue was purified by column chroma-
tography on silica gel eluting with chloroform/acetone (10/
1) to obtain 74 mg of the title compound (yield: 79%).

'H-NMR (DMSO-d,, 500 MHz): § 3.94 (s, 3H), 3.95 (s,
3H), 6.44 (d, J=5.5Hz, 1H), 7.0 (d, J=8.5Hz, 1H), 7.12~7.2
4 (m, 6H), 7.38 (s, 1 H), 7.5l (s, 1H), 7.59 (d, J=9.2Hz, 2H),
8.01 (d, J=8.6Hz, 1H), 8.19 (d, J=2.4Hz, 1H), 8.46 (d,
J=4.9Hz, 1H), 8.77 (s, 1H), 8.89 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 526 (M)

Exaqnple 244

N-{4-{(6,7-Dimethoxy-4-quinolyl)oxy Jphenyl}-N'-
(3-dimethylaminophenyl)urea [280]

6,7-Dimethoxy-4-(4-ami
was dissolved in toluene (5

nophenoxy)quinoline (52 mg)
ml) with heat, after the addition

of triethylamine (1 m1), triphosgene (55 mg) was added, and
the admixture was refluxed with heat for 3 minutes.

3-Dimethylaminoaniline (6

mixture, and the admixture
minutes. After the addition

carbonate, the reaction mix

) mg) was added to the reaction
was refluxed with heat for 12
of aqueous sodium hydrogen
ture was extracted 2 times with

ethyl acetate, and the organic layer was then washed with
brine and dried with anhydrous sodium sulfate. The solvent

was removed by reduced
resulting residue was purifie
silica gel eluting with chlo
72 mg of the title compoun

'H-NMR (CDCl,, 500 M

rpressure distillation, and the
d by column chromatography on
roform/acetone (10/1) to obtain
d (yield: 89%).

Hz) 8 2.92 (s, 6H), 4.0 (s, 3H),

4.03 (s, 3H), 6.41 (d, J=4.9Hz, 1H), 6.48 (d, I=8.6Hz, 1H),

6.56 (d, J=9.2Hz, 1H), 6.88
7.14 (dd, J=7.9, 8.5Hz, 1H)

(s, 1H), 7.08 (d, J=9.2Hz, 2H),
7.35 (s, 1H), 7.41 (s, 1H), 7.45

(d, J=9.2Hz, 2H), 7.55 (s, 1H), 7.67 (s, H), 8.45 (d, J=4.9Hz,

1H)
Mass spectrometry data

Exan

N-(2-Hydroxyphenyl)

FD-MS, m/z): 458 (M)
nple 245

N'-{4-[(6,7-dimethoxy-4-

quinolyl)oxy Jphenyl}urea [281]

6,7-Dimethoxy-4-(4-amin
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2-Aminophenol (77 mg) wa
and the admixture was refll
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organic layer was then washed with brine and dried with
anhydrous sodium sulfate. The solvent was removed by
reduced-pressure distillation, and the resulting residue was
washed with chloroform and filtered to obtain 86 mg of the
title compound (yield: 56%).

"H-NMR (DMSO-d, 500 MHz): & 3.94 (s, 3H), 3.95 s,
3H), 6.45 (d, J=4.9Hz, 1H), 6.73~6.88 (m, 3H), 7.20 (d,
J=8.6Hz, 2H), 7.39 (s, 1H), 7.52 (s, 1H), 7.59 (d, J=8.6Hz,
2H), 8.03~8.08 (m, 1H), 8.19 (s, 1H), 8.47 (d, J=5.5Hz, 1H),
9.46 (s, 1H), 9.95 (s, 1H)

Mass spectrometry data (FD-MS, m/z) 431 (M*)
Example 246

N-(3-Hydroxyphenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxyJphenyl}urea [282]

6,7-Dimethoxy-4-(4-aminophenoxy)quinoline (115 mg)
was dissolved in toluene (12 ml) with heat, after the addition
of triethylamine (2 ml), triphosgene (113 mg) was added,
and the admixture was refluxed with heat for 2 minutes.
3-Aminophenol (73 mg) was added to the reaction mixture,
and the admixture was refluxed with heat for 10 minutes.
After the addition of aqueous sodium hydrogen carbonate,
the reaction mixture was extracted with chloroform, and the
organic layer was then washed with brine and dried with
anhydrous sodium sulfate. The solvent was removed by
reduced-pressure distillation, and the resulting residue was
washed with chloroform and filtered to obtain 95 mg of the
title compound (yield: 60%).

'H-NMR (DMSO-d,, 500 MHz): 8 3.94 (s, 3H), 3.95 (s,
3H), 6.35~6.42 (m, 1H), 6.44 (d, J=4.9Hz, 1H), 6.77~6.85
(m, 1H), 6.98~7.08 (m, 2H), 7.20 (d, J=8.6Hz, 2H), 7.39 (s,
1H), 7.52 (s, 1H), 7.58 (d, J=8.6Hz, 2H), 8.47 (d, J=4.9Hz,
1H), 8.57 (s, 1H), 8.73 (s, 1H), 9.31 (s, 1H)

Mass spectrometry data (FD-MS, m/z): 431 (M*)

Example 247

N-(3-Hydroxycarbonylphenyl)-N'-{4-[(6,7-
dimethoxy-4-quinolyl)oxy]phenyl}urea [283]

N-(3-Ethoxycarbonylphenyl)-N'-{4-[(6,7-dimethoxy-4-
quinolyl)oxy]phenyl}urea (190 mg) obtained in Example
197 was dissolved in methanol (3 ml), 35% aqueous potas-
sium hydroxide (5 ml) was added, and the admixture was
stirred at room temperature for 30 minutes. After removing
methanol by reduced-pressure distillation and neutralizing
using dilute hydrochloric acid, the separated crystals were
filtered to obtain 67 mg of the title compound (yield: 38%).

*H-NMR (DMSO0-d,, 500 MHz): & 3.94 (s, 3H) 3.95 (s,
3H), 6.45 (d, J=5.5Hz, 1H), 7.20 (d, J=8.6Hz, 2H),
7.38~7.65 (m, 7H), 8.13 (s, 1H), 8.46 (d, J=4.9H z, 1H), 8.88
(s, 1H), 8.97 (s, 1H)

Mass spectrometry data (FD-MS m/z 459 (M*)

Test Example 1

As for pharmacological action of the compounds of the
present invention, inhibition of PDGF receptor autophos-
phorylation was studied using cultured rat mesangial cells
which are known to have the PDGF receptor.

1. Cultivation of rat mesangial cells

Kidneys were taken out from Wistar-Kyoto rats
(purchased from Charles River Japan, Inc.), and the glom-
eruli were isolated by the sieving method (Nephron, 22, 454
(1978)). The glomeruli were cultured in RPMI 1640 medium
(hereinafter referred to as the medium) containing 10% fetal
calf serum (hereinafter abbreviated to FCS) at 37° C. in an
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incubator in an atmosphere cqntaining 5% carbon dioxide.
The glomerulus-derived adhesive cells were subcultured
several times to obtain mesangial cells. The mesangial cells
subcultured more than 5 passages were used for the assay.

2.Evaluation of PDGF receptor autophosphorylation inhi-
bition

microtiter plates and then cultured in the medium containing
10% FCS for 2 days. When the cells were grown to about
3x10* cells per well, the medium was changed to the
medium containing 0.5% FCS, the cultivation was contin-
ued for another 3 days, and then cell growth was arrested.
The culture medium was removed, the adhered cells were
washed with 500 ul of the 'tnedium, and 250 pul of the
medium containing 0.1% bovine serum albumin (hereinafter
abbreviated to BSA) was then| added. A test drug dissolved
in 1.38 ul of dimethy! sulfoxide (hereinafter abbreviated to
DMSO) was added to this culture medium, and the admix-
ture was incubated at 37° C. for 1 hour. Recombinant human
platelet-derived growth factor BB chain (hereinafter abbre-
viated to PDGF-BB) was dissolved in the medium contain-
ing 0.1% BSA, 25 ul per well|of the solution was added at
final 50 ng/ml, and the incubation was continued at 37° C.
for 10 minutes. The medium was removed, the cells were
washed with 500 4l of phosphate-buffered physiological
saline (pH 7.4) (hereinafter abbreviated to PBS), and 50 ul
of lysis buffer (Tris-buffered physiological saline, pH 7.4,
containing 1% Triton X100, 2 mM sodium orthobanadate,
and 1 mM cthylene-diamine-tetraacetic acid disodium
(bereinafter abbreviated to EDTA) were added. The cells
were allowed to stand at 4° C.|for 30 minutes for lysis, and
the resulting solution was thorqughly admixed with an equal
amount of Tris-buffered physiological saline containing 1%
sodium dodecyl sulfate (hereinafter abbreviated to SDS). An
aliquot (20 ul) of the solution| was subjected to SDS elec-
trophoresis on 7.5% polyadcrylamide gel. After the
electrophoresis, proteins in the gel were electrically trans-
ferred to a PVDF filter, which was then subjected to Western
blotting using monoclonal antibodies against phosphoty-
rosine. Bands of PDGF recepfor (molecular weight: about
180 Kda) which were autophosphorylated due to the addi-
tion of PDGF-BB were quantitated by a densitometer. Auto-
phosphorylation rates for individual wells with drugs were
calculated by setting measuements for PDGFE receptor
autophosphorylation in the wells without drugs in the pres-
ence and absence of PDGF-BB as 100% and 0%, respec-
tively.

The mesangial cells were Ieded in 24-well flat-bottom

PDGF receptor autophospharylation inhibition rates were
obtained at a series of different concentrations of individual
test drugs, from which regression line formulas were deter-
mined to calculate PDGF receptor autophosphorylation 50%
inhibition concentrations (ICj,

The compounds of the present invention showed the
PDGF receptor autophosphorylation 50% inhibition concen-
trations (IC4s) of less than 100 zM.

As for representative examples of preferred compound
groups of the present invention, ftest results for PDGF
receptor autophosphorylation 50% inhibition concentrations
(ICses) in mesangial cells are shown in Table 2.
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TABLE 2

ICs, (M) for
PDGF receptor

autophosphorylation
Compound No. inhibition
2 0.44
(6) 0.45
® 0.10
(16) 0.05
29) 0.80
32) 0.30
(43) 0.005
(44) 0.006
(45) 0.014
(46) 0.021
47 0.043
(49) 0.018
(50) 0.067
(51) 0.009
(52) 0.03
(53) 0.010
(54) 0.003
(55) 0.003
(56) 0.004
57 0.006
(58) 0.002
(59) 0.004
(60) 0.004
(63) 0.40
(66) 0.13
(67) 0.11
(68) 0.44
(69) 0.05
(74) 0.34
75 0.18
(79) 0.34
54 0.023
(113) 0.004
(114) 0.004
(131) 0.003
(133) 0.007
(135) 0.043
(138) 0.014
(139) 0.005
(163) 0.005
(165) 0.010
(166) 0.011
(167) 0.004
(168) 0.006
(169) 0.004
(170) 0.018
(172) 0.010
173) 0.016
(174) 0.002
(175) 0.006
(188) 0.006
(189) 0.011
(190) 0.021
(192) 0.004
(194) 0.014
(195) 0.079
(196) 0.031
(197) 0.010
(198) 0.011
(199) 0.003
(200) 0.004
(220) 0.009
(224) 0.087
(225) 0.047
(226) 0.011
(227) 0.073
(228) 0.055
(229) 0.037
(230) 0.034
(231) 0.019
(232) 0.018
(233) 0.013
(234) 0.024
(235) 0.043
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TABLE 2-continued

1C5, (uM) for
PDGF receptor

autophosphorylation

Compound No. inhibition
(236) 0.055
(237) 0.075
(238) 0.016
(239) 0.005
(240) 0.15
(241) 0.018
(242) 0.018
(243) 0.014
(244) 0.009
(245) 0.006
(246) 0.013
(247) 0.009
(248) 0.063
(249) 0.041
(250) 0.017
(251) 0.036
(253) 0.007
(254) 0.007
(255) 0.015
(256) 0.004
(257) 0.007
(258) 0.007
(259) 0.005
(260) 0.002
(261) 0.010
(262) 0.002
(263) 0.004
(265) 0.005
(266) 0.001
(267) 0.15
(268) 0.007
(269) 0.008
(270) 0.006
(271) 0.004
(272) 0.003
(273) 0.005
(274) 0.036
(276) 0.005
(278) 0.003
(279) 0.029
(281) 0.012
(282) 0.008
(283) 0.002
(288) 0.024
(289) 0.032
(290) 0.055

Test Example 2

Effect on nephritis associated with mesangial cell growth
in rats

Groups of 6 Wistar-Kyotp male rats (7 weeks old, pur-
chased from Charles River Japan, Inc.) were used. OX-7
(prepared according to Pathol. Int., 45, 409 (1995)), a
monoclonal antibody against anti-rat Thyl.1, was injected
intravenously into the tails of rats at a dose of 1.2 mg/kg to
induce glomerulonephritis associated with mesangial cell
growth and extracellular matrix accumulation. A test drug
suspended in a vehicle, a 1% aqueous cremophor solution,
was administered orally 2 times a day starting one day after
an OX-7 injection for 8 consecutive days. On day 9, when
pathological changes in jglomeruli became markedly
apparent, the rats were sacrificed and anatomized under
anesthesia with ether, and left kidneys were taken out and
fixed in formalin. The kidneys were embedded in paraffin
and then sectioned thinly, and the sections were stained with
a periodic acid-Schiff’s reagent. The 20 glomeruli were
arbitrarily selected for individual specimens thus prepared,
and pathological sclerotic changes were scored as follows:

0: No pathological sclerdtic changes were observed in
glomeruli. :

6,143,764

10

15

20

25

30

35

40

45

50

55

65

130

1: Pathological sclerotic changes were observed in less
than 25% of glomeruli. 2: Pathological sclerotic changes
were observed in 25-50% of glomeruli.

3: Pathological sclerotic changes were observed in
50-75% of glomeruli.

4: Pathological sclerotic changes were observed in
75-100% of glomeruli.

Average scores for sclerotic change of individual speci-
mens were calculated to quantify the degree of glomerular
sclerosis. Average scores of glomerular sclerosis for indi-
vidual specimens of rat groups administered with the drug
were compared with those for control groups administered
with the vehicle only to calculate glomerular sclerosis
inhibition rates (%). The significance of differences was
determined by the Dunnet method after testing homosce-
dasticity according to the Bartlett method.

Glomerular sclerosis inhibition rates (%) for the com-
pound number 32 are shown as follows:

Glomerular sclerosis Significance of

Dose inhibition rate (%) difference
10 mg/kg 11.7 p <005
30 mg/kg 10.2 p <005

100 mg/kg 13.7 p <001

From the results above, it was shown that the compound
number 32 has an effect in inhibiting pathological sclerotic
changes of glomeruli in nephrosis associated with mesangial
cell growth.

Test Example 3

Antitumor activity

1. Antitumor effect of the compound number 43 against
mouse leukemia cells (P388)

The compound number 43 exhibited the following effect
on prolonging survival of mice injected with tumor cells.

P388 cells (1x10° cells), mouse leukemia cells obtained
from ATCC, were inoculated intraperitoneally into CDF,
mice (obtained from Japan SLC, Inc.), and then the test
compound was administered intraperitoneally for 9 consecu-
tive days at the dose of 100 mg/kg. The drug-treated animals
survived longer than control animals by 130%.

2.Antitumor effect of the compound number 43 against
human glioma cells (GLO7)

The compound number 43 exhibited an antitumor effect in
the nude mice human tumor xenograft model, a model which
reflects clinical effect, as follows.

Human glioma, GLO7 (obtained from the Central Insti-
tute for Experimental Animals), was transplanted into nude
mice. When the tumor had grown to a volume of about 100
mm?, the nude mice were divided into several groups of 4
animals so as to equalize the average tumor volumes of each
group. The test drug was administered orally to animals in
experimental groups 2 times a day for 14 consecutive days
at 100 mg/kg, and the vehicle was administered to control
animals. The tumor growth inhibition rate (TGIR, %) was
calculated from the equation: TGIR=(1-Tx/Cx)x100, in
which Cx is the tumor volume in the control mice and Tx is
the tumor volume in the drug-treated mice, on day X, when
the initial tumor volume at the time treatment was com-
menced is set 1. During the test period of about 4 weeks, the
maximum TGIR value was 76%, and thus an excellent
antitumor effect was observed.

From the results above, the compound number 43 was
revealed to have an antitumor activity.
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3.Antitumor effect of the compounds of the present inven-
tion against human glioma (GLO7) TABLE 4
Each compounds exhibited an antitumor effect in the nude Tumor growth
mice human tumor xenogroft model, a model which reflects s mth?}l;;’,n;)te
g
clinical effect, as follows.
. ; Cell Tu 43 58
Analogously to 2, human glioma cells, GLO7 (obtained o oo “3) 8
from the Central Institute for Experimental Animals), was COLA colon b8 5
. s St-4 stomach 78 86
transplanted into nude mice. When the tumor had grown to 10 127 lung 83 %6

a volume of about 100 mm?,the nude mice were divided into
several groups of 4 animals so as to equalize the average
tumor volumes of each group. The test drug was adminis-
tered orally to animals in experimental groups once a day for
9 consecutive days at 50/ mg/kg, and the vehicle was
administered to control animals. The tumor growth inhibi-
tion rate (TGIR, %) was |calculated from the equation:
TGIR=(1-Tx/Cx)x100, in which Cx is the tumor volume in
the control mice and Tx isithe tumor volume in the drug-
treated mice, on day X, when the initial tumor volume at the
time treatment was commerced is set 1. Results are shown
in Table 3. ;

15

20

The results above revealed that the compounds of the
present invention had antitumor effect on various types of
tumors.

Test Example 4
Effect on collagen-induced arthritis in mice

9-10 male DBA/IINCrj mice (9 weeks old, purchased
from Charles River Japan, Inc.) were used. An emulsion
consisting of 5 ml of 0.3% bovine collagen type 1I (K-41,
Collagen Gijyutsu-kenshukai, Japan), 15 mg of Mycobac-

terium tuberculosis H37Ra (obtained from Difco Labs.), 2.5
TABLE 3 25 ml of physiological saline and 7.5 ml of Freund’s incomplete
phy: gl
Tumor growth adjuvant (Difco Labs.) was prepared, and then injected
inhibition rate subcutaneously at the base of the tail (0.1 ml/animal) 2 times
Compound No. (TGIR, %) at 3 week intervals to induce arthritis. A test drug suspended
(44) 78 in a vehicle, physiological saline containing 10% each of
(s 68 30 cremophor and DMSO, was administered intraperitoneally
gg gg for 16 consecutive days, beginning one day before the
7 64 second injection of the emulsion. Swelling of four legs,
(58) 57 characteristic of the onset of arthritis, was investigated every
(59) 82 - day.
(165) 70 35
(168) 56 Effect of the compound number 43 on the incidence (%)
g;gg gg of collagen-induced arthritis is shown as follows:
(191) 50
(194) 59
(225) 58 20
(227) 78 Number of
(229) 81 mice with
gﬂgg ;Z Dose arthritis/total mice Incidence (%)
(237) 74 Vehicle only 7/10 70
(242) 62 10 mg/kg 1/9 1
84512 B 5 100 mg/kg 0/10 0
(255) 86
(260) 52
(262) 87 The results shown above revealed that the compound
(264) 63 % number 43 suppressed the incidence of collagen-induced
(267) 65 arthritis
(272) 84 )
Possible Industrial Use
4. Antitumor effect of compounds numbers 43 and 58 ) ) . .
against various tumor cells ss  Since the compounds of the present invention have inhibi-

In the same manner as described in 2, various types of
tumor cells (obtained from the Central Institute for Experi-
mental Animals) were transplanted into nude mice. When
the tumor had grown to a volume of about 100 mm?, the
animals were allocated to several groups each consisting of
4 animals so as to equalize the average tumor volume of
each group. Test drugs were administered intraperitoneally
to animals in experimental igroups once a day for 9 con-
secutive days at 100 mg/kg| and the vehicle was adminis-
tered to control animals. The resulting tumor growth inhi-
bition rates (TGIR) are shown in Table 4.
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tory activity on abnormal cell growth, more specifically
PDGF receptor autophosphorylation inhibitory activity, they
are useful for treating numerous diseases such as leukemia,
cancers, psoriasis, glomerulonephritis, organofibrosis,
atherosclerosis, restenosis after percutaneous coronary
angioplasty or bypass surgery and articular rheumatism.
Therefore, the compounds can benefit greatly in treating
humans and other animals which need these treatments.

What is claimed is:

1. A quinoline derivative, or a pharmaceutically accept-
able salt thereof, wherein the derivative is represented by the
following formula (I):
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RO

R0

wherein R; and R, are e{ach independently H, C,~C.-
alkyl or together form Ql—C3-a1kylene,

wherein W is CH,

wherein X is O, S or CH,,

wherein Q is a group represented by the following for-
mula (III), (IV) or (V):|
|

(L

)

g
/N (Ry')m
| ®
Il<5 ‘ TS
NJi

wherein m is 1, 2 or 3, |
wherein each R,' is independently OH, C,—C;-alkyl or
C,~C,-alkoxy, ;

wherein Y and Z are each‘independently N or CH,

wherein R, is H, C,—Cs-alkyl or C,—C,-acyl,

wherein j and k are each i‘ndependcntly Oorl,

wherein each Ry is indepj:demly H or C,~C,-alkyl,

wherein A is C,-Cg-alkyl, C,~Cs-alkenyl, cyclic

(C3-C,p)-alkyl, C,—C,-alkoxycarbonyl, phenyl,
naphthyl, furyl, thienyl,| benzoyl, substituted benzoyl,
C,—C,-acyl,ora5-or 6-membered monocyclic or 9- or
10-membered bicyclic beteroaryl group,

wherein the heteroaryl groiup has 1 or 2 nitrogen atoms,

wherein B is O, S, NH, NCN, NR or NOR,, and

wherein R is Cl—CS-alky]l,

with the proviso that if X @s CH,, then Q is not a group

represented by the formula (1II) or (IV).

2. The derivative, or pharmaceutically acceptable salt
thereof, according to claim 1) wherein the heteroaryl group
has another heteroatom selected from the group consisting
of N, O and S.

3. The derivative, or pharmaceutically acceptable salt
thereof, according to claim 1, wherein, if A is alkyl, aryl or
heteroaryl, then A has 1 to 5 substituents selected from the
group consisting of CN, NO},, OH, NH,, halogen C,~C,-
alkyl, cyclic (C3-C,) alkyl, C,~C,-alkoxy, C,—C,-
alkoxycarbonyl, C,~Cs-acyl, C,~Cs-acyloxy, C,-C;-
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alkylenedioxy, C,—C,-alkylamino, di-(C,;~C,-alkyl)amino,
CO,H, CONH,, N-(C,—C,-alkyl)amido, N,N-di-(C,~C,-
alkyl)amido, C,—C,-alkylamido, trifluoromethyl, C,-C,-
alkylthio, phenyl, substituted phenyl, phenoxy, substituted
phenoxy, phenylthio, substituted phenylthio, phenyl(C,~C,-
alkyl), substituted phenyl(C,—C,-alkyl), pyridyl, pyrazinyl,
pyrimidinyl, pyridazinyl, pyrrolidinyl, piperidinyl,
piperazinyl, homopyperazinyl, morpholinyl, quinolyl,
quinazolinyl, benzoyl, substituted benzoyl and C,~C,-acyl.

4. The derivative, or pharmaceutically acceptable salt
thereof, according to claim 1, wherein X is O or S, and Q is
a group represented by the formula (II) or (IV).

S. The derivative, or pharmaceutically acceptable salt
thereof, according to claim 4, wherein X is O.

6. The derivative, or pharmaceutically acceptable salt
thereof, according to claim 1, wherein Q is a group repre-
sented by the formula (V).

7. The derivative, or pharmaceutically acceptable salt
thereof, according to claim 1, wherein R, and R, are each
independently C,—Cs-alkyl, Q is a group represented by the
formula (V), j and k are each O, and B is O, S or NOR,.

8. The derivative, or pharmaceutically acceptable salt
thereof, according to claim 2, wherein R, and R, are each
independently C,—Cj-alkyl, Q is a group represented by the
formula (V), jis 0, k is 1, and Ry is H or methyl.

9. The derivative, or pharmaceutically acceptable salt
thereof, according to claim 1, wherein R, and R, are each
independently C,—C;-alkyl, Q is a group represented by the
formula (V), jis 1, k is 0, and Ry is H or methyl.

10. The derivative, or pharmaceutically acceptable salt
thereof, according to claim 1, wherein R, and R, are each
independently C,—Cs-alkyl, Q is a group represented by the
formula (V), j and k are 1, and each Ry is independently H
or methyl.

11. The derivative, or pharmaceutically acceptable salt
thereof, according to claim 1, wherein X is 0; R, and R, are
methyl; Q is a group represented by the formula (V); j and
k are each independently 0 or 1; Ry is H; A is C,—C-alkyl,
cyclopentyl, cyclohexyl, cycloheptyl, allyl, C,-C,-
alkoxycarbonyl, phenyl, naphthyl or benzoyl; and Ry is
methyl.

12. The derivative, or pharmaceutically acceptable salt
thereof, according to claim 11, wherein, if A is alkyl, aryl or
heteroaryl, then A has 1-5 substituents selected from the
group consisting of OH, CO,H, fluoro, chloro, bromo, iodo,
nitro, amino, di-(C,~C,-alkyl)amino, ethylenedioxy,
acetoxy, methylthio, C,-C,-alkoxycarbonyl,
trifluoromethyl, C,~C,-alkyl, C,—C,-alkoxy, pyridyl and
phenyl.

13. The derivative, or pharmaceutically acceptable salt
thereof, according to claim 1, wherein the derivative is:

6,7-dimethoxy-4-(1-naphthyloxy) quinoline,

6,7-dimethoxy-4-(2-naphthyloxy)quinoline,
6,7-dimethoxy-4-(5-methoxy-1-naphthyloxy)quinoline,
6,7-dimethoxy-4-(6-methoxy-2-naphthyloxy)quinoline,
6,7-dimethoxy-4-(7-methoxy-2-naphthyloxy)quinoline,
6,7-dimethoxy-4-(5-quinolyloxy)quinoline,
6,7-dimethoxy-4-(6-quinolyloxy)quinoline,
4-(4-indolyloxy)-6,7-dimethoxyquinoline, or
4-(5-indolyloxy)-6,7-dimethoxyquinoline.

14. A quinoline derivative, or a pharmaceutically accept-
able salt thereof,

wherein the derivative is represented by the following

formula (VI):




R,0

R,0

wherein W is CH,

e
A

7
o~

V4
€

%)

\

wherein R, and R, are each independently C,—C;-alkyl,

and

wherein A is methyl, et
isobutyl, s-butyl, t-butyl
cyclohexyl, cyclohept
thienyl, pyridy! or pyrin
15. A quinoline derivative
able salt thereof, according
alkyl, aryl, or heteroaryl,
selected from the group cons
iodo, cyano, hydroxy, n
dimethylamino, diethy
dibutylamino, trifluoromef
isopropyl, butyl, isobutyl, s-4
Propoxy, isOopropoxy, morpH
and butoxy.
16. A quinoline derivative
able salt thereof,
wherein the derivative is
formula (VII):

/
A
O
RO
= W
Py
R,0 N

wherein W is CH,
wherein j is O and K is 1,
wherein R, and R, are ead
wherein Ry is H or methy

hyl, propyl, isopropyl, butyl,
pentyl, isopentyl, cyclopentyl,
yl, phenyl, naphthyl, furyi,
nidinyl.

or a pharmaceutically accept-
to claim 14, wherein, if A is
then A has 1-5 substituents
isting of fluoro, chloro, bromo,
itro, amino, methylamino
lamino, dipropylamino,
hyl, methyl, ethyl, propyl,
utyl, t-butyl, methoxy, ethoxy,
olino, pyrrolidino, piperidino

>

or a pharmaceutically accept-

represented by the following

(VID)

Rs Rs

I NY N\&A

O

orjis]andkisO,
h independently C,—Cs-alkyl,
, and

wherein A is methyl, ethyl, propyl, isopropyl, butyl,

isobutyl, s-butyl, t-butyl,
cyclohexyl, cyclohept

pentyl, isopentyl, cyclopentyl,
yl, phenyl, naphthyl, furyl,

thienyl, pyridyl or pyrimidinyl.

17. A quinoline derivative,
able salt thereof, according
alkyl, aryl, or heteroaryl,

or a pharmaceutically accept-
to claim 16, wherein, if A is
hen A has 1-5 substituents

selected from the group consisting of fluoro, chloro, bromo,

iodo, cyano, hydroxy, n
dimethylamino, diethy
dibutylamino, triflucromet

tro, amino, methylamino,
lamino, dipropylamino,
hyl, methyl, ethyl, propyl,
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isopropyl, butyl, isobutyl, s-butyl, t-butyl, methoxy, ethoxy,
propoxy, isopropoxy and butoxy.

18. A quinoline derivative, or a pharmaceutically accept-
able salt thereof, wherein the derivative is represented by the
following formula (VIII):

(VD)

TS TS
N. N.
F T \A
I
o]
R0 Ny
)
RO N

wherein W is CH,

wherein R; and R, are each independently C,~Cs-alkyl

each Ry is independently H or methyl,

wherein A is C,—Cg-alkyl, C,—C,-alkenyl, cyclopentyl,

cyclohexyl, cycloheptyl, C,-C,-alkoxycarbonyl,
phenyl, naphthyl, furyl, thienyl, benzoyl, acetyl,
pyridyl, pyrimidinyl, pyrrolidinyl, piperidinyl,
piperazinyl, homopiperazinyl or morpholino,

wherein B is O, S, NH, NCN, NR, or NOR, and

wherein Ry is methyl.

19. A quinoline derivative, or a pharmaceutically accept-
able salt thereof, according to claim 18, wherein, if A is
alkyl, aryl or heteroaryl, then A has 1-5 substituents selected
from the group consisting of halogen, cyano, CO,H,
CONH,, hydroxy, nitro, amino, C,-C,-alkylamino, di-
(C,—C,-alkylamino, C,~Cs-acyloxy, C,—Cs-acyl, C,—C,-
alkylthio, trifluoromethyl, C,-C;-alkyl, C,-C,-alkoxyl,
C,—C,-alkoxycarbonyl, N-(C,~C,-alkyl)amido, N,N-di-
(C,-C,-alkyl)amido, C,—C,-alkylamido, ethylenedioxy,
phenyl, phenoxy, substituted phenyl, benzoyl, pyridyl,
pyrazinyl, pyrimidinyl, pyridazinyl, quinoly! and quinazoli-
nyl.

20. A quinoline derivative, or a pharmaceutically accept-
able salt thereof,

wherein the derivative is represented by the following

formula (IX):

3

(X)
(
N N.
@/ T ~a
\\ [e]
J
R,0 Ny
p
R0 N

wherein W is CH,

wherein R, and R, are each independently C,~Cs-alkyl,

wherein each Ry is independently H or methyl, and

wherein A is C,—Cg-alkyl, C,~C,-alkenyl, cyclopentyl,
cyclohexyl, cycloheptyl, C,-C,-alkoxycarbonyl,
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phenyl, naphthyl, furyl, thienyl, benzoyl, acetyl,

pyridyl, pyrimidinyl,

pyrrolidinyl, piperidinyl,

piperazinyl, homopiperazinyl or morpholino.

21. A quinoline derivative,

or a pharmaceutically accept-

able salt thereof, according to claim 20, wherein, if A is
alkyl, aryl or heteroaryl, then A has 1-5 substituents selected

from the group consisting

of halogen, cyano, CO,H,

CONH,, hydroxy, nitro, amino, C,—C,-alkylamino, di-
(C,—C,-alkyl)amino, C,—C;-4cyloxy, C,~Cs-acyl, C,~C,-

alkylthio, trifluoromethyl,

C,—C,-alkoxycarbonyl, N-(
(C,—C,-alkyl)amido, C,~C,
phenyl, phenoxy, substitute

,—Cs-alkyl, C,—C,-alkoxyl,
C,—C,-alkyl)amido, N,N-di-
ralkylamido, ethylenedioxy,
d phenyl, benzoyl, pyridyl,

pyrazinyl, pyrimidinyl, pyridazinyl, quinolyl and quinazoli-

nyl.
22. A quinoline derivative,
able salt thereof,

wherein the derivative is
formula (X):

R0

RO

wherein R, and R, are eac]

or a pharmaceutically accept-

represented by the following

&)

h independently C,—Cs-alkyl,

wherein Ry is each indepdndently hydrogen or methyl,

and
wherein A is C,-Cs-alky

1, cyclopentyl, cyclohexyl,

cycloheptyl, allyl, C,-C,-alkoxycarbonyl, phenyl,

naphthyl or benzoyl.
23. A quinoline derivative,
able salt thereof, according t
alkyl, aryl or heteroaryl, then 4
from the group consisting o
bromo, iodo, nitro, amin
ethylenedioxy, acetoxy, methy
trifluoromethyl, C,-C,-alkyl,
24. The derivative, or pha
thereof, according to claim

methyl, and each Rs is H.
25. A quinoline derivative,
able salt thereof, wherein the d
following formula (XI):

or a pharmaceutically accept-
o claim 22, wherein, if A is
A has 1-5 substituents selected
f OH, CO2H, fluoro, chloro,
o, di-(C,-C,-alkyl)amino,
1thio, C,~C,-alkoxycarbonyl,
pyridy! and phenyl.

rmaceutically acceptable salt
22, wherein R; and R, are

or a pharmaceutically accept-
erivative is represented by the

(XD

=
AN
(@)
R,0.
1 \W
P
R,0 N

wherein R, and R, are each independently C,~C;-alkyl,
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wherein each Ry is independently H or methyl, and

wherein A is C,—Cs-alkyl, cyclopentyl, cyclohexyl,

cycloheptyl, allyl, C,~C,-alkoxycarbonyl, phenyl,
naphthyl or benzoyl.

26. A quinoline derivative, or a pharmaceutically accept-
able salt thereof, according to claim 25, wherein, if A is alkyl
or aryl, then A has 1-5 substituents selected from the group
counsisting of OH, CO,H, fluoro, chloro, bromo, iodo, nitro,
amino, di-(C,-C,-alkyl)amino, ethylenedioxy, acetoxy,
methylthio, C,~C,-alkoxycarbonyl, trifluoromethyl, C,—C,-
alkyl, C,-C,-alkoxy, pyridyl and phenyl.

27. The derivative, or pharmaceutically acceptable salt
thereof, according to any one of claims 1, 11, 13, 14, 16, 18,
and 20, wherein the derivative is:

(4-n-butylphenyl){4-[(6,7-dimethoxy-4-quinolyl)oxy]

phenyl}methanone,

(4-t-butylphenyl){4-[(6,7-dimethoxy-4-quinolyl)oxy]

phenyl}methanone,

(4-trifluvoromethylphenyl){4-[(6,7-dimethoxy-4-quinolyl)

oxyJphenyl} methanone,

(4-t-butylphenyl){4-[(6,7-dimethoxy-4-quinolyl)methyl]

phenyl}methanone,

N-{4-[(6,7-dimethoxy-4-quinolyl)oxy]phenyl}-

cyclohexanecarboxamide,

N-{4-[(6,7-dimethoxy-4-quinolyl)oxy]phenyl}-(4-

nitrophenyl)carboxamide,

N-{4-[(6,7-dimethoxy-4-quinolyl)oxy]phenyl}-(N,N-

dimethylaminophenyl)carboxamide,

N-{4-[(6,7-dimethoxy-4-quinolyl)oxy]phenyl}-(4-

acetylphenyl)carboxamide,

N-{4-[(6,7-dimethoxy-4-quinolyl)oxy]phenyl}-(4-n-

butylphenyl)carboxamide,

N-{4-[(6,7-dimethoxy-4-quinolyl)oxy]phenyl}-(4-

butoxyphenyl)carboxamide,

N-{4-[(6,7-dimethoxy-4-quinolyl)oxy]phenyl}-(4-

bromophenyl)carboxamide,

N-{4-[(6,7-dimethoxy-4-quinolyl)oxy]phenyl}-

cyclopentanecarboxamide,

N-(4-n-butylphenyl)-N'-{4-[(6,7-dimethoxy-4-quinolyl)

oxyphenyl}urea,

N-(4-t-butylphenyl)-N'-{4-[(6,7-dimethoxy-4-quinolyl)

oxy Jphenyl}urea,

N-(2-trifluoromethylphenyl)-N'-{4-[(6,7-dimethoxy-4-

quinolyl)oxy]phenyl}urea,

N-(3-trifluoromethylphenyl)-N'-{4-[(6,7-dimethoxy-4-

quinolyl)oxyJphenyl}urea,

N-(4-trifluoromethylphenyl)-N'-{4-[(6,7-dimethoxy-4-

quinolyl)oxyJphenyl}urea,

N-(2-methoxyphenyl)-N'-{4-[(6,7-dimethoxy-4-

quinolyl)oxyIphenyl}urea,

N-(3-methoxyphenyl)-N'-{*-[(6,7-dimethoxy-4-quinolyl)

oxy Iphenyl}urea,

N-(4-methoxyphenyl)-N'-{4-[(6,7-dimethoxy-4-

quinolyl)oxy Jphenyl}urea,

N-(2-fluorophenyl)-N'-{4-[(6,7-dimethoxy-4-quinolyl)

oxylphenyl}urea,

N-(3-fluorophenyl)-N'-{4-[(6,7-dimethoxy-4-quinolyl)

oxy]phenyl}urea,

N-(4-fluorophenyl)-N'-{4-[(6,7-dimethoxy-4-quinolyl)

oxy lphenyl}urea,

N-(4-acetylphenyl)-N'-{4-[(6,7-dimethoxy-4-quinolyl)

oxyJphenyl}urea,
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N-{4-[(6,7-dimethoxy-4-quinolyl)oxy]phenyl}-N'-n-
propylurea,
N-n-butyl-N'-{4-[(6,7-dimethoxy-4-quinolyl)oxy]
phenyl}phenylurea,

{4-[(6,7-dimethoxy-4-quinolyl)oxy]phenyl}[4- 3

morpholinophenyl]methanone,

{4-[(6,7-dimethoxy-4-quinolyl)oxylphenyl}[4-

pyrrolidinophenyl]methanone,

{4-[(6,7-dimethoxy-4-quinolyl)oxy]phenyl}[4-

piperidinophenyl]methanone,

N-(2,4-dichloropheny])-N'-{4-[(6,7-dimethoxy-4-

quinolyljoxy]phenyl}urea,

N-(3,4-dichlorophenyl)-N'-{4-[(6,7-dimethoxy-4-

quinolyl)oxy]phenyl }urea,

N-(3,5-dichloropheny})-N'-{4-[(6,7-dimethoxy-4-

quinolyl)oxy]phenyl}urea,

N-(4-chloro-2-methylphenyl)-N'-{4-[(6,7-dimethoxy-4-

quinolyl)oxy]phenyl}urea,

N-(3-amino-4-chlorophenyl)-N -{4-{(6,7-dimethoxy-4-

quinolyl)oxy]phenyl}urea,

N-{4-[(6,7-dimethoxy-4-quinolyl)oxy]phenyl}-N'-(2-

pyridylmethyl)urea,

N-(3,4-difluoropheny])-N'-{4-[(6,7-dimethoxy-4-

quinolyDoxy]phenyl}urea,

N-(2,4,5-trifluorophenyl)-N'-{4-[(6,7-dimethoxy-4-

quinolyl)oxy]phenyl}urea,

N-(3-chlorophenyl)-N'-{4-[(6,7-dimethoxy-4quinolyl)

oxy Jphenyl}urea, or

N-(4-hydroxyphenyl)-N'

oxy Jphenyl}urea.

28. A pharmaceutical composition comprising a pharma-
ceutically acceptable carrier and the derivative, or a phar-
maceutically acceptable salt thereof, according to claim 1.

29. A pharmaceutical composition comprising a pharma-
ceutically acceptable carrier and the derivative, or a phar-
maceutically acceptable salt thereof, according to any of
claims 1, 14, 16, 18, 20, 22, and 25 in an amount effective
in inhibiting platelet-derived growth factor receptor auto-
phosphorylation.

30. A pharmaceutical composition comprising a pharma-
ceutically acceptable carrier and the derivative, or a phar-
maceutically acceptable salt thereof, according to any of
claims 1, 14, 16, 18, 20, 22 and 25 in an amount effective in
treating tumors.

31. A pharmaceutical composition comprising a pharma-
ceutically acceptable carrier and the derivative, or a phar-
maceutically acceptable salt thereof, according to any of
claims 1, 14, 16, 18, 20, 22 and 25 in an amount effective in
treating psoriasis.

32. A pharmaceutical composition comprising a pharma-
ceutically acceptable carrier and the derivative, or a phar-
maceutically acceptable salt thereof, according to any of
claims 1, 14, 16, 18, 20, 22 and 25 in an amount effective in
treating atherosclerosis.

33. A pharmaceutical composition comprising a pharma-
ceutically acceptable carrier and the derivative, or a phar-
maceutically acceptable salt thereof, according to any of
claims 1, 14, 16, 18, 20, 22 and 25 in an amount effective in
treating restenosis after percutancous coronary angioplasty
or bypass surgery.

34. A pharmaceutical composition comprising a pharma-
ceutically acceptable carrier and the derivative, or a phar-
maceutically acceptable salt thereof, according to any of
claims 1, 14, 16, 18, 20, 22 and 25 in an amount effective in
treating glomerulonephritis

{4-[(6,7-dimethoxy-4-quinoly?)

140

35. A pharmaceutical composition comprising a pharma-
ceutically acceptable carrier and the derivative, or a phar-
maceutically acceptable salt thereof, according to any of
claims 1, 14, 16, 18, 20, 22 and 25 in an amount effective in
treating organofibrosis.

36. A pharmaceutical composition comprising a pharma-
ceutically acceptable carrier and the derivative, or a phar-
maceutically acceptable salt thereof, according to any of
claims 1, 14, 16, 18, 20, 22 and 25 in an amount effective in
treating leukemia.

37. A pharmaceutical composition comprising a pharma-
ceutically acceptable carrier and the derivative, or a phar-
maceutically acceptable salt thereof, according to any of
5 claims 1, 14, 16, 18, 20, 22 and 25 in an amount effective in
treating articular rheumatism.

38. A pharmaceutical composition comprising a pharma-
ceutically acceptable carrier and the derivative, or a phar-
maceutically acceptable salt thereof, according to any of
claims 7 and 14 in an amount effective in inhibiting platelet-
derived growth factor receptor autophosphorylation.

39. A pharmaceutical composition comprising a pharma-
ceutically acceptable carrier and the derivative, or a phar-
maceutically acceptable salt thereof, according to any of
claims 10, 18, 20, 22, 24, and 25 in an amount effective in
treating tumors.

40. A pharmaceutical composition comprising a pharma-
ceutically acceptable carrier and the derivative, or a phar-
maceutically acceptable salt thereof, according to any of
claims 10, 18, 20, 22, 24 and 25 in an amount effective in
treating leukemia.

41. A pharmaceutical composition comprising a pharma-
ceutically acceptable carrier and the derivative, or a phar-
maceutically acceptable salt thereof, according to any of
claims 10, 18, 20, 22, 24 and 25 in an amount effective in
treating articular rheumatism.

42. A method for treating a tumor comprising adminis-
tering to a patient suffering from a tumor an effective amount
of a quinoline derivative, or a pharmaceutically acceptable
salt thereof, wherein the derivative is represented by the
following formula (I):

—
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R,0
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R,O N

wherein R, and R, are each independently H, C,—Cs-alkyl
or together form C,—Cj-alkylene,

wherein W is CH,

wherein X is O, S or CH,,

wherein Q is a group represented by the following for-
mula (II), (IIT), (V) or (V):
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-continued
am
7 R
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/ S Ya/
(v)
Ry
\ N
| =2
/ \/\4\(113’)111
V)
Ry Rs

wherein m is 1, 2 or 3,

wherein each R, is independently CN, OH, halogen,
C;-Cs-alkyl, C,—C,-alkoxy or C,—C,-acyl,
wherein each Ry' is independently OH, C,—Cs-alkyl or
C,—C,-alkoxy,
wherein Y and Z are each independently N or CH,
wherein R, is H, C,~Cs-alkyl or C,—C,-acyl,
wherein j and k are each independently 0 or 1,
wherein each Ry is independently H or C,-C,-alkyl,
wherein A is C,—Cg-alkyl, C,—Cs-alkenyl, cyclic
(C5-C,o)-alkyl, C,-C,-alkoxycarbonyl, phenyl,
naphthyl, furyl, thienyl, benzoyl, substituted benzoyl,
C,—C,-acyl, or a 5- or 6-membered monocyclic or 9- or
10-membered bicyclic heteroaryl group,
wherein the heteroaryl group has 1 or 2 nitrogen atoms,
wherein B is O, S, NH, NCN, NR4 or NOR, and
wherein R, is C,~Cs-alkyl,
with the proviso that if X {s CH,, then Q is not a group
represented by the formula (II), (III) or (IV).
43. The method of claim 42, wherein the tumor is neo-
plastic. 3
44. A method for treating psoriasis comprising adminis-
tering to a patient suffering from psoriasis an effective
amount of a quinoline derivative, or a pharmaceutically
acceptable salt thereof, wherein the derivative is represented
by the following formula (1):

6)]

Q
6
R,0
Nw
J
R0 N

wherein R, and R, are each independently H, C,—C.-
alkyl or together form C,~C;-alkylene,

wherein W is CH, !

wherein X is O, S or CH,,

wherein Q is a group represented by the following for-
mula (II), (III), (IV) or (V):
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wherein m is 1, 2 or 3,

wherein each R; is independently CN, OH, halogen,
C;—Cs-alkyl, C,—C,-alkoxy or C,—C,-acyl,

wherein each R;' is independently OH, C,-Cs-alkyl or
C,-C,-alkoxy,

wherein Y and Z are each independently N or CH,

wherein R, is H, C,~Cs-alkyl or C,~C,-acyl,

wherein j and k are each independently 0 or 1,

wherein each R; is independently H or C,—C,-alkkyl,

wherein A is C,~Cg-alkyl, C,—Cs-alkenyl, cyclic

(C3-Cyg)-alkyl, C,-C,-alkoxycarbonyl, phenyl,
naphthyl, furyl, thienyl, benzoyl, substituted benzoyl,
C,~C,-acyl, or a 5- or 6-membered monocyclic or 9- or
10-membered bicyclic heteroaryl group,

wherein the heteroaryl group has 1 or 2 nitrogen atoms,

wherein B is O, S, NH, NCN, NR, or NOR, and

wherein Ry is C,—Cs-alkyl,

with the proviso that if X is CH,, then Q is not a group

represented by the formula (I1), (III) or (IV).

45. A method for treating atherosclerosis comprising
administering to a patient suffering from atherosclerosis an
effective amount of a quinoline derivative, or a pharmaceu-
tically acceptable salt thereof, wherein the derivative is
represented by the following formula (1):

69)

Q
e
R,0
Ny
)
R,0 N

wherein R, and R, are each independently H, C,—C;-alkyl
or together form C,~C,-alkylene,

wherein W is CH,
wherein X is O, S or CH,,
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wherein Q is a group represented by the following for-

mula (ID), (ITT), (IV) or (V):

(I

()

/

\

S IS
Y
)
Ry
\ N
l/\/k/\(RS')m
I'{S l|25 V)
AP
T

wherein m is 1, 2 or 3,

wherein each R, is independently CN, OH, halogen,
C;=Cs-alkyl, C,~C,-alkoxy or C,~C,-acyl,

wherein each R,' is independently OH, C,—Cs-alkyl or

C,-C,-alkoxy,
wherein Y and Z are eachindependently N or CH,
wherein R, is H, C,~C;-alkyl or C,—C,-acyl,
wherein j and k are each independently 0 or 1,
wherein each Rj is indepepdently H or C,—C,-alkyl,
wherein A is C,—Cg-alkyl, C,~C,-alkenyl, cyclic

(C5~Cyp)-alkyl, C,~C,-alkoxycarbonyl, phenyl,

naphthyl, furyl, thienyl, benzoyl, substituted benzoyl,

C,—C,-acyl, or a 5- or 6-nembered monocyclic or 9- or

10-membered bicyclic lﬂeteroaryl group,

wherein the heteroaryl groPp has 1 or 2 nitrogen atoms,
wherein B is O, S, NH, N‘FN, NR, or NOR,, and

wherein R is Cl—Cs-alkyIF

with the proviso that if X is CH,, then Q is not a group
represented by the form#la (II), (II1) or (IV).

46. A method for treatinglrestenosis after percutaneous
coronary angioplasty or bypass surgery comprising admin-
istering to a patient suffering |from restenosis after percuta-
neous coronary angioplasty or bypass surgery an effective
amount of a quinoline derivative, or a pharmaceutically
acceptable salt thereof, wherein the derivative is represented
by the following formula (I):
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J
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wherein R, and R, are each independently H, C,-C,-alkyl
or together form C,—C;-alkylene,

wherein W is CH,
wherein X is O, S or CH,,
wherein Q is a group represented by the following for-

mula (IT), (IIT), (IV) or (V):

(m

()

tv)

4%

oo

wherein m is 1, 2 or 3,

wherein each R; is independently CN, OH, halogen,
C,;-Cs-alkyl, C,~C,-alkoxy or C,~C,-acyl,

wherein each R;' is independently OH, C,—Cs-alkyl or
C,—C,-alkoxy,

wherein Y and Z are each independently N or CH,

wherein Ry is H, C,~C;-alkyl or C,—C,-acyl,

wherein j and k are each independently 0 or 1,

wherein cach Ry is independently H or C,—C,-alkyl,

wherein A is C,—Cs-alkyl, C,~Cs-alkenyl, cyclic
(C5-C,p)-alkyl, C,—C,-alkoxycarbonyl, phenyl,
naphthyl, furyl, thienyl, benzoyl, substituted benzoyl,
C,-C,-acyl, or a 5- or 6-membered monocyclic or 9- or
10-membered bicyclic heteroaryl group,

wherein the heteroaryl group has 1 or 2 nitrogen atoms,

wherein B is O, S, NH, NCN, NR, or NOR, and

wherein Rq is C,—Cs-alkyl,

with the proviso that if X is CH,, then Q is not a group
represented by the formula (I1), (III) or (IV).
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47. A method for treating g
administering to a patient suffe

5

lomerulonephritis comprising

ring from glomerulonephritis

an effective amount of a quinoline derivative, or a pharma-
ceutically acceptable salt thefeof, wherein the derivative is

represented by the following

R,0

\ /

R,0

formula (I):

®

wherein R, and R, are cach independently H, C,—Cs-

alkyl or together form C
wherein W is CH,
wherein X is O, S or CH,,
wherein Q is a group repr

1

—C;-alkylene,

sented by the following for-

mula (ID), (III), (IV) or (V):

x
| —®om
>

(I

(1

1 Rm

)

l/\/\/\// T~(®;)m

wherein m is 1, 2 or 3,
wherein each R, is indepe
C,—C;s-alkyl, C,-C,-alkos
wherein each R;' is indepe
C,-C,-alkoxy,

W)
Rs

I NQj\rN\&A

B

ndently CN, OH, halogen,

<y or C,—C,-acyl,
ndently OH, C,—Cs-alkyl or

wherein Y and Z are each independently N or CH,

wherein R, is H, C,—C,-alk
wherein j and k are each ind

wherein each Ry is indepeng
wherein A is C,~Cj;-alky

(C5-C,p)-alkyl, c,-C,

naphthyl, furyl, thienyl, by
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with the proviso that if X is CH,, then Q is not a group
represented by the formula (I1), (IIL) or (IV).

48. A method for treating organofibrosis comprising
administering to a patient suffering from organofibrosis an
effective amount of a quinoline derivative, or a pharmaceu-
tically acceptable salt thereof, wherein the derivative is
represented by the following formula (I):

M

Q
o
R,0
Ny
P
R,0 N

wherein R, and R, are each independently H, C,—Cs-
alkyl or together form C,~C,-alkylene,

wherein W is CH,

wherein X is O, S or CH,,

wherein Q is a group represented by the following for-

mula (II), (IIT), (IV) or (V):

(Im
AN
| T (R3)m
F
am
= x
: 7 (Rs)m
7§/Kyf z
v
R4
\ N

v

\/ , NQJ\”/g N\){A
/\

wherein m is 1, 2 or 3,

wherein each R; is independently CN, OH, halogen,
C,—-Cs-alkyl, C,-C,-alkoxy or C,~C,-acyl,

wherein each R;' is independently OH, C,—C,-alkyl or
C,—C,-alkoxy,

wherein Y and Z are each independently N or CH,

wherein R, is H, C,—Cs-alkyl or C,—C,-acyl,

wherein j and k are each independently 0 or 1,

wherein each R, is independently H or C,—C,-alkyl,

wherein A is C,-Cg-alkyl, C,-Cj-alkenyl, cyclic
(C5-Cyp)-alkyl, C,-C,-alkoxycarbonyl, phenyl,
naphthyl, furyl, thienyl, benzoyl, substituted benzoyl,
C,—C,-acyl, or a 5- or 6-membered monocyclic or 9- or
10-membered bicyclic heteroaryl group,

wherein the heteroaryl group has 1 or 2 nitrogen atoms,

wherein B is O, S, NH, NCN, NR, or NOR4 and
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wherein Ry is C,—Cs-alkyl
with the proviso that if X {s CH,, then Q is not a group

represented by the formula (IT), (IIT) or (IV).

49. A method for treating leukemia comprising adminis-
tering to a patient suffering| from leukemia an effective
amount of a quinoline derivative, or a pharmaceutically
acceptable salt thereof, wherein the derivative is represented
by the following formula (I):

6y
Q
X/
R0
R,0 /\N/'

wherein R, and R, are cach independently H, C,~C;-
alkyl or together form C|-C,-alkylene,

wherein W is CH,

wherein X is O, S or CH,,

wherein Q is a group reprosented by the following for-
mula (ID), (III), (IV) or (

uy

(I

)

V)

A ’

wherein m is 1, 2 or 3,

wherein cach R, is independently CN, OH, halogen,
C;-Cs-alkyl, C,—C,-alkoxy or C,—C,-acyl,

wherein each Ry' is independently OH, C,—Cs-alkyl or
C,-C,-alkoxy,

wherein Y and Z are each independently N or CH,

wherein R, is H, C,~Cs-alkyl or C,—C,-acyl,

wherein j and k are each independently 0 or 1,

wherein each R; is independently H or C,—C,-alkyl,

wherein A is C,—Cg-alkyl, C,—Cs-alkenyl, cyclic
(C5-Cyp)-alkyl, C,~C,-alkoxycarbonyl, phenyl,
naphthyl, furyl, thienyl, benzoyl, substituted benzoyl,
C,—C,-acyl, or a 5- or 6-membered monocyclic or 9- or
10-membered bicyclic heteroaryl group,

wherein the heteroaryl group has 1 or 2 nitrogen atoms,
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wherein B is O, S, NH, NCN, NR or NORg, and

wherein Rg is C,~Cjs-alkyl,

with the proviso that if X is CH,, then Q is not a group

represented by the formula (II), (IIT) or (IV).

50. A method for treating articular rheumatism compris-
ing administering to a patient suffering from articular rheu-
matism an effective amount of a quinoline derivative, or a
pharmaceutically acceptable salt thereof, wherein the
derivative is represented by the following formula O:

m

Q
e
R;0.
Ny
J
R,0 N

wherein R, and R, are cach independently H, C,—Cs-
alkyl or together form C,~C;-alkylene,

wherein W is CH,

wherein X is O, S or CH,,

wherein Q is a group represented by the following for-
mula (II), (ILT), (IV) or (V):

/G(Ra)m
P

(W]

/

(I

)

wherein m is 1, 2 or 3,

wherein each R; is independently CN, OH, halogen,
C—Cs-alkyl, C,—C,-alkoxy or C,—C,-acyl,

wherein each R;' is independently OH, C,—Cs-alkyl or
C,-C,-alkoxy,

wherein Y and Z are each independently N or CH,

wherein R, is H, C,—~Cs-alkyl or C,~C,-acyl,

wherein j and k are each independently 0 or 1,

wherein each Rs is independently H or C,—C,-alkyl,

wherein A is C,—Cs-alkyl, C,-C,-alkenyl, cyclic
(C5~-C;p)-alkyl, C;-C,-alkoxycarbonyl, phenyl,
naphthyl, furyl, thienyl, benzoyl, substituted benzoyl,
C,—C,-acyl, or a 5- or 6-membered monocyclic or 9- or
10-membered bicyclic heteroaryl group,

Ei8 8}3%
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wherein the heteroaryl group has 1 or 2 nitrogen atoms, C,~C,-alkoxy, C,-C,-alkoxycarbonyl, Cl—CS-acyl,. Cl—CS.-
wherein B is O, S, NH, NCN, NR; or NOR,, and acyloxy, C,—C;-alkylenedioxy, Cl—C4-a1kylammo,lkdi-
wherein Ry is C,~Cy-alkyl, (C4~C,-alkyl)amino, CO,H, CONH,, N-(C,—C,-alkyl)

. . A . amido, N,N-di-(C,~C,-alkyl)amido, C,—C,-alkylamido,
with the proviso that if X is CH,, then Q is not a group s trifluoromethyl, C,~C,-alkylthio, phenyl, substituted
represented by the formula (I1), (III) or (IV). phenyl, phenoxy, substituted phenoxy, phenylthio, substi-

51. The method according to any one of claims 42-50, tuted phenylthio, phenyl(C,~C,-alkyl), substituted phenyl

wherein the heteroaryl group has another heteroatom (C,—C,-alkyl), pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl,

sclected from the group consisting of N, O and . pyrrolidinyl, piperidinyl, piperazinyl, homopyperazinyl,
52. The method according to any one of claims 4240, 10 morpholinyl, quinolyl, quinazolinyl, benzoyl, substituted

wherein, if A is alkyl, aryl or heteroaryl, then A has 1 to 5 benzoyl and C,~C,-acyl.

substituents selected from the group consisting of CN, NO,,

OH, NH,, halogen C,-Cs-alkyl, cyclic (C5-C,) alkyl, ¥ ook k¥ %
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ABSTRACT
ET-18-0-CH; (1-O-octadecyl-2-O-mathyl-sn-glycero-3-phos-
phocholing) is an antiproliferative agent, blocking the growth of
cancer cells both in vitro and in vivo, However, there is contro-
versy regarding the mechanism leading to its antiproliferative
ffects. CoA-independent transacylase (CoA-IT) Is an enzyme
that remodesls arachidonate between specific phospholipid do-
nor and acceptor molecules in a variety of mammalian calis.
ET-18-0-CHg was found to be a potent inhibitor of CoA-IT
(ICs0, 0.5 pM), and kinetic analysis revesled that its inhibition
was competltive with the lyso-phospholipid substrate. The goal
of the current study was to explore the connection between
inhibltion of CoA-IT and antiproliferative effects using several
structurally distinct inhibitors of CoA-IT. ET-18-O-CHg4 and
other inhibitors of CoA-IT were found to inhibit cell prolifsration
and thymidine incarporation into the DNA, as well as to induce

|
|
|
i
|
L
|
i
|
i
|

apoptosis in human HL-80 monogytic lsukemia cslis. The
mechanism of apoptosis induced byil:‘l’-1 8-0-CH, appeared to
be different from that induced by tumor necrosis factor: tirs
former failed to activate NF-xB, whereas tumor necrosls factor
did. Cleser examination of the pharmacology of apoptosis in
this model revealed that compounds that were structurally re-
lated to CoA-IT inhlbitors, but lackad CoA-IT inhibitory activity,
also failed to induce apoptosis. In addition, compaunds that
inhiblted other enzymes that participate in arachidonic acid
metabolism, cyclooxygenase, S-lippxygenase and phospho-
lipase A, did not induce apoptosis. Taken together, these
results demonstrate that inhibition of CoA-IT can be linked to
blockade of proliferation and the inductlon of apoptasis In
HL-60 celis.

There is extensive literature on the effects of alkyl-lyso-
phospholipids on cell proliferation and cancer. One of the
most studied compound is ET-18-O-CH,. This compound,
along with other alkyl-lyso-phospholipids, has been shown to
decrease cell proliferation of leukemia, carcinoma and sar-

.coma cell lines (Andreesen et al., 1979; Modolell et al., 1979;

%serdel et al., 1981; Hoffman et gl., 1984; Morris-Natschke et
al., 1986; Brachwitz et al., 1387; Lu and Arthur, 1992a). This
effect on proliferation appears to be selective, as these com-
pounds do not block proliferation of noncancerous cells, such
as normal bone marrow cells, neutrophils and skin fibro-
blasts (Hoffman et al., 1984; Verdonck et al., 1990; Langen et
al., 1992). The mechanism of action of these antiproliferative
alkyl-lyso-phospholipids remains elusive. It is thought that
the actions ascribed to ET-18-O-CHg are due to the parent

Beceived for publication October 24, 1995.
 Thiz work was supported in part by Naticnal Institute of Health Grants
Al24985 and AI28771.

compound itself, as little cellular| metabolism of ET-18-O-
CH, is observed (Wilcox et al., 1987; Lu et el., 1993). & -
though structurally similar to platelet-activating factor,
these compounds do not appear to| act through the receptor
for platelet~activating factor, because antagonists of this
receptor do not block the antiproliferative effects of alkyl-
lyso-phospholipids (Workman et af., 1991). Other potential
mechanisms for the antiproliferative effects of alkyl-lyso-
phospholipids have been describeg: inhijbition of phospha-
tidylinositol-phospholipase C with decreases in inositol-phos-
phate formation (IC,,, ~40 pM)|(Powis and Phil, 1994);
alteration of membrane-associated| enzymes such as protein
kinase C and Na,K-adenosine triphosphatase (Zheng et al.,
1990; Hoffman et al., 1992); decreases in acyl-CoA acyltrans-

ferase activity (ICgq, ~80 pM) (H

errmann and Neurnann,

1986); and decreases in phospholipid metabolism (Modolell ez

ol., 1979; Herrmann, 1985; Boggs

et al., 1995b). However,

there are reports of a lack of correlation between decreases in

ABBREVIATIONS: ET-18-C-CH,, 1-O-octadecyl-2-O-methyl-sri-glycero-3-phosphocholine; CoA, coenzyme A: g

oA-IT, coenzyme A-indepan-

dent transacylase; GPC, sn-glycero-8-phasphocholing; BSA, bovine serum albumin; 1-alkyl, 1-O-alkyl; 1-alkenyl, 1-O-alk-1‘-enyl; DMSO,

dimethylsulfoxide; HEPES, 4-(2-hydroxyethyl)-1-piperazinsethanssulfonic acid; AA, arachidonic acid, 5=8-11-14
5-lipoxygenase; PLA,, phospholipase Ag, TNF, tumor necrosis factor a.

slcosatetrasnolc acid; 5-L0,

956




03/10/05 08:58 FAX 6144473542 CAS DDS 003
B
‘ 532
yes 8
1996 PN CoA-T Inhibitors and Apoptosis .~ 957

phospholipid metabolism and the sensitivity of different cell
lines to the blockade of proliferation (Lu and Arthur,
1992a,b). Also, the concentrations of alkyl-lyso-phospholipids
necessary to inhibit the above-mentioned cellular events are
bigher than the antiproliferative effects (3-10 £ M). In addi-
tion, other compounds which inhibit these enzymes are not
themselves antiproliferative (Daniel et al., 1987).

CoA-IT is an enzyme responsible for the movement of
arachidonate between phospholipid molecular species of in-
flammatory cells. CoA-IT removes arachidonate from the
sn-2 position of l-acyl-containing phospholipids, such as
1-acyl-2-arachidonoyl-GPC. It then transfers that arachido-
nate to a suitable lyso-phospholipid acceptor, such as 1-alkyl-
2-ly50-GPC and 1-alkenyl-2-lyso-sn-glyeero-8-phosphoeth-
anolamine (Kramer and Deykin, 1983; Chilton et al., 1983;
Sugiura et al., 1987). This activity is selective for 20 carbon
fatty acyl groups and is thought to be the mechanism by
which inflammatory cells move arachidonate into specific
phospholipid pools before its release (Winkler and Chilton,
19938, 1995; Snyder i al., 1894; Chilton ez al., 1998),

Because ET-18-0-CHyj is structurally similar to one of the
substrates of CoA-IT, 1-alkyl-2-lyso-GPC, we examined the

ility of ET-18-O-CHy to block CoA-IT activity. This com-

d was found to be a potent and competitive inhibitor of
CoA-IT activity. As expected, ET-18-O-CH, also induced ap-
optosis in HL-60 cells, but not in K562 cells, by a mechanism
distinct from that of TNF. Other structurally distinet inhib-
itors of CoA-IT shared antiproliferative and apoptosis prop-
erties with ET-18-0-CHj. Taken together, these studies re-
veal that inhibition of the enzyme CoA-IT by compounds such
as ET-18-0CH, may represent an important mechanism
leading to apoptosis.

Materials and Methods

Materials. 1{["H]alkyl-2-lyeo-GPC (30-60 Ci/mmol) was pur-
chased from New England Nuclear (Boston, MA). Common labora-
tory chemicals were purchased from Sigma Chemieal Co. (St. Louia,
MO). 1-alkyl-2-lyso-GPC was purchased from Biomol (Plymouth
Meeting, PA). Silica gel G plates were acquired from Analtech Inc.
(Newark, DE). Essentially, fatty acid-free BSA was obtained from
Calbiochem (San Diego, CA).

Compounds. ET-18-0-CH, was obtained from Biomel and was

ade as g 100 mM stock in CHCL,, then diluted in RPMI-1640

>16,000) before addition to cell suspensions. The following com-
pounds were made by the Department of Medicinal Chemistry,
SmithKline Beecham (King of Prussia, PA): SK&F 98625 {diethyl
743,4,5-triphenyl-2-0x0-2,3-dihydro-imidazol-1-yl )heptane-phospho-
nate}, SK&F 98628 {diethyl 7-(1,4,5-triphenyl imidazol-2-yloxyhep-
tane phosphonate}, SK&F 98414 {5-(3,4,5-triphenyl-2-0x0-2,3-
dihydroimidazol-1-yDvaleric acid), SK&F 98416 {ethyl 6-(1,4,5-
triphenyl imidazol-1-yloxylhexanoate}, SB 202718 {2-[2-[3,5-
bis(trifluoromethyl)phenylJureidol-4-triflusromethylphenoxyl-5-
(1,1-dimethylpropyl)benzenesulfonamide}, SB 203847 {2-[2-(3,5-
bia(trifluoromethyl) phenylsulfonamidol]-4-trifluoromethyl-
phenoxylbenzoic acid sodium salt}, zileuton and SK&F 45905 {2-[2-
[8-(4-chloro-3-trifluoromethylphenyl)ureido]-4-trifluoromethy! phe-
noxy]4,5-dichlorobenzene sulfonic acid}. Indomethacin was from
Sigma. Arachidonyl-triflucromethyl ketone was purchased from
Cayman (Ann Arbor, MI). These compounds were made as stocks
(5-100 mM) in DMSO and were diluted in DMSO to provide final
concentrations, with DMSO concentrations ranging from 0.1 to 1%.
TNF (Sigma) was made as stock in distilled water and diluted to
provide the desired concentrations.

Preparation of cells. HL-60, U937 and K562 cells were obtained
from the American Type Culture Collection and were grown in
RPMI-1640 media supplemented with 10% BSA at 37°C, 5% CO,.
Cells were seaded in T-flasks at 0.03 to 0.08 x 10° cells/m] and wera
used for experiments at 0.5 to 0.6 X 10° celle/ml. The cell concentra-
tion at the time of drug exposure was found to be an important
parameter (Fujiware et al., 1994),

Proliferation and apoptosis. The functional status of cells was
mezsured in several waya. First, call viability was assessed by the
ability of the cells to exclude irypan blue stain. Proliferation was
determined in one set of experiments as the number of viable cells
per flask gver time.

A second, more sensitive and quantitative method was to measure
DNA synthesis, by using the incorporation of [*Hlthymidine into
newly formed DNA as the index of synthesis. In thege assays, HL-60
cells were treated with various concentrations of compounds or ve-
hicle and were kept in cell culture for different lengths of time (1-3
days). Celis were then giver a pulse of [*Hjthymidine (1 pCi), then
were removed from the culture 24 hr later, washed 2 times with PBS
and then were treated with 0.2 N NaOH for 30 min, followed by the
addition of 15% trichloroecetic acid for 2 hr. The total sample from
each well was filtered through GF/C Watman glass microfilters
under vacuum and was washed 8 times with 5% trichloroncetic acid.
The incorporation of [*Hlthymidine into DNA bound to the filter was
determined using liquid scintillation spectroscopy.

Another method, measurement of DNA fragmentation, deter-
mines not only the amount of cell death, but also provides insight
into the mechanism of death. When cella undergo programmed call
death or apoptosis, but not necrosis, cellular DNA is broken down
into oligo-nucleosomal fragments, which can be discerned on gels
(Kerr et al., 1994; Majno and Joris, 19965; Squier et al., 1996). Cells
were treated for various times (3-24 hr) with different concentra-
tions of compounde or vehicle. The washed eells wers lysed by resus-
pending them in 200 ul of cold, sterile detergent buffer (10 mM
Tris-HC], pH 7.5, 1 mM EDTA and 0.2% Triton X-100) and were
incubated on ice 30 min. Cellular protein and RNA were enzymati-
cally degraded by incubation with 75 ug/ml of RNAse A for 1 hr at
37°C, then 200 ug/m) of Proteinase K and 0.5% sodium dodecy)
sulfata (final) for 1 br at 37°C. An internal standard of DNA was
added during the cell lysis and its recovery was used as a confirma-
tion of efficient eatraction of cellular DNA fragments, The zamples
were extracted twice with an equal volume of cold, buffer-aaturated
phenol, once with phenol-chloroform-isosmyl aleohol (25:24:1, v/v)
and once with chloroform, then NaCl (300 mM final) end cold ethanol
were added, the solution was vortexed ard let stand overnight.
The ethsnol wss removed and the samples and DNA bp standards
(Sigma) were run on a 1% agarose gel with TBE buffer with ethidium
bromide (in millmelar: Tris, 45, pH 8.0; barie acid, 45; and EDTA, 1).
The DNA was visuslized under UV light (UVP Gel Documentation
system) and the size of the DNA fragments were noted by compari-
son to MW standards,

A final method for measuring apoptosis i= to quantitate the
amount of broken DNA fragments using a fluoreseent end-labeling
method (Gorczycz ef al., 1993; Chapman et al., 1995), a system used
in the ApopTag kit from Oncor (Gaithersburg, MD). In brief, the
enzyme terminal deoxynucleotidyl transferase extends the DNA
fragments with digoxigenin-containing nucleotides, which are then
detected with a antidigoxigenin antibody carrying fluorescein to
allow detaction by flucrescence (494 nm excitation and 523 nm emis-
sion). Propidium iodide is used as a counter stain to measure
total DNA content. Flow cytometric anslysis was done on a Becton-
Dickinson (Rutherford, NJ) FACScan instrument using CellQuest
software,

CoA-IT activity. CoA-IT activity was measured as described
previously (Winkler et al., 1991) in a total volume of 100 ul. Micro-
somes from HL-60 cells (512 ug of protein) from a 100,000 X g 60
min centrifugation (Winkleret al., 1991) were diluted in PBS with 1
mM ethylene glycol bis(B-aminoethyl ether) N, N'-tetraacetic acid to



03/10/05

08:58 FAX 6144473542 CAS DDS

958 Winkler et al.
the desired protein concentration. The reaction was initiated by the
addition of 1-[*Hialkyl-2-lyso-GPC (0.1 uCi/tube) and 1 1M final cold
1-alky)-2-lyso-GPC in assay buffer with 0.25 mg/ml of fatty acid-poor
BSA The reaction was allowed to proceed for 10 min at 37°C, The
reaction was stopped, the lipids were extracted (Bligh and Dyer,
1959) and materials from an aliquot of the chloroform extract were
separated by TLC in chlorcform-methanol-acetic acid-water (50:25:
8:4, v/v) and were visunlized by radiozeanning (Bioscan, Washington,
D.C.). The product, 1-[*H]alkyl-2-acyl-GPC, was then scraped and
quantified by liquid scintillation spectroseopy.

The effects of ET-18-0-CH, on the kinetics of the CoA-IT reaction
were also examined. Various concentrations of ET-18-0-CH; (0-15
M) were mixed with various comcentrations of substrate 1-alkyl-2-
lyso-GPC (0.01-3 ¢ M). Microsomes from U937 cells containing
CoA-IT activity were added and the reaction was allowed to proceed
for 8 min at 87°C. The amount of product formed was determined as
deseribed above and was not more than 5% of added substrate at any
concentration. Analysis of the results was performed using the
method of Cleland (1979). It is important te note that these mecha-
nistic studies with ET-18-0-CH; were performed by using CoA-IT
activity from microsomes of U837 cells, whereas the proliferation
studies were done in HL-60 cells, ET-18-0-CHj, is presumed to block
CoA-IT activity by the same mechanism in the two different cell
lines.

NF-xB electrophoretic mobility shift assay. Cells were

aated with compounds as described previously and extracts of
nuclear proteins were prepared as follows: cells were lysed (10 mM
HEPES, pH 7.9; 1.5 mM MgCly; 10 mM KCI; 0.5 mM dithiothreitol;
and 0.1% nonidet P40, on ice for 10 min), vortexed and microfuged for
10 min. The nuclear pellet was resuspended (20 mM HEPES, pH 7.9,
23% glycerol, 1.5 mM MgCl, 0.42 M N=Cl, 0.2 mM EDTA, 0.5 mM
dithiothreitol and 0.5 mM Phenylmethylsulfonyl flucride), incubated
at 4°C for 15 min and microfuged for 10 min_ The supernatant fluid
was collectad and used for the assays. The electrophoretic mobility
shift assay was performed using an oligonucleotide probe containing
the NF-«¥B consensus sequence (6'-AGTTGAGGGGACTTTC-
CCAGGUC-3') (Santa Cruz Biotechnology, Santa Cruz, CA). The DNA
binding reactions were performed at 27°C for 30 min in 3 volume of
25 ul, which contained 10 pg of nuclear protein, (.5 ng of **P-
radiolabeled probe (2.5-10 x 10* cpm, T4 Kinase method, GIBCO,
Grand Island, NY) and 5 ul of binding buffer (final concentrations:
10% glyeerol, 10 mM HEPES-NaOH, pH 7.9), 4 mM Tris - C], pH 7.9,
60 mM KCI, 1 mM EDTA, 1 mM dithiethreitol, 5 ug of poly (dI-4C)
« poly(dI-dC) and 800 ug/m] of BSA). After the binding reaction, the
samples were subjected to electrophoresis in buffer (100 mM Tris, pH
8.0, 90 mM borate and 1 mM EDTA) using 4% native polyscrylamide
gels. The results were visuzlized by auto radiographic analysis, with

films exposed for 1 to 3 days.
. Protein analyeis. Protein concentrations were determined using
the method of Bradford (1976), with reagents purchased from Bio-
Had (Hercules, CA).

Statistical analysis, Differences between treatments were ana-
lyzed by two-tailed Student's ¢ test (figs. 3 and 4) or by analysis of
variance with Scheffe F test (figs. 7 and 8), with statistical sipnifi-
cance taken to be P < .05.

Results

Effect of ET-18-0-CH; on CoA-IT activity, ET-18-O-
CH, is structurally zelated to the 1-ether-2-]lyso-phospholip-
ids used as arachidonate ecceptors by the enzyme CoA-IT.
Recause ET-18-OCHg contains a nonhydrolyzable O-methyl
group at the sn-2 position, we postulated that this compound
would act as a “dead end” inhibitor of CoA-IT activity. To test
this hypothesis, the effects of ET-18-O-CH; on CoA-IT activ-
ity were determined in HI-60 microsomes by measuring the
acylation of 1-(3Hlalkyl-2-lyso-GPC to form the product,
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Fig. 1. Effect of ET-18-0-CH4 on CoA-T activity. Microsomes from
HL-80 cells were incubated with the Indicated concentrations of ET-
18-0-CHj for 10 min. CoA-T activity was then measured as described
under “Materials and Msthods." These data ars the means = S.0. of
triplicate determinations and are representative of thres experiments.
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Fig. 2. Kinetics of ET-18-0-CH, Inhibition of CoA-IT activity. Micro-
somes from U937 cells were incubated with the indicated concenira-
tions of ET-18-0-CH, and 1-alkyl-2-lyso-GPC as described under “Ma-
terials and Methods." Tha quantities of product produced in ths
reactlons were determinad. A double-reciprocal plot of 1/velocity (1/V)
vs. 1/jsubstrate] (1/S) is shown.

[*H]1-alkyl-2-arachidonoyl-GPC. The results (fig. 1)-showed
that ET-18-O-CH; was a potent inhibitor of CoA-IT activity
with an IC,q of 0.5 uM and complete inhibition was observed
at 8 pM. To explore further the interaction of ET-18-0-CH,
with CoA-IT, kinetic analysis experiments were performed
using CoA-IT enzyme in U937 cell microsomes. These data
(fig. 2) revealed that ET-18-0-CHj inhibited CoA-IT activity
in a manner that was best fit by a model of competitive
inhibition. The apparent K, of the substrate was 0.19 £ 0.01
uM and the K, of ET-18-0-CH, was 1.9 = 0.9 pM. These
results show that ET-18-0-CH, is interacting with CoA-IT in
a specific and predictgble manner and that the inhibition of
CoA-IT was not caused by a nonspecific effect, such as a
detergent effect on the microsomal membranes.

Effect of ET-18-0-CH; and other CoA-IT inhibitors
on cell proliferation. As described in the Introductory sec-
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Fig. 3. Effect of ET-18-0-CH,, SK&F 45905 and SK&F 98625 on
HL-80 cell proliferation. HL-60 cells were ireated st time 0 with the
indicated concentrations of compounds and the number of viable calls
was determined by trypan biue exciusion after 24 and 48 hr. These
results are the means = S.D. of triplicate determinations and ars
representative of three experiments. “P < .05 compared to vehicle.

tion, ET-18-O-CH, has been shown to block the proliferation
of cancer cells. The findings that ET-18-0-CH, 15 a potent
inhibitor of CoA-IT raised the guestion of whether other
structurally different CoA-IT inhibiters would influence pro-
liferation in a manner comparable to ET-18-O-CH,. We have
developed recently two structurally distinet elasses of CoA-IT
inhibitors, SK&F 98625 and SK&F 45905 (Chilton et al.,
1995). Figure 3 illustrates the effects of two concentrations of
ET-18-0-CH,, SK&F 98625 and SK&F 45905, on the prolif-
eration of HI-60 cells at 24 and 48 hr. These experiments

CoA-IT Inhibitors and Apoptosis -
1007
i
80 B 24hr
2 a8 hr

B 72nr

50 pM

SK&F 45905

! 126 uM
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|

DNA Synthesis (% Control)

i

ET-18-DCHS

Fig. 4. Effect of ET-18-0-CH,, SK&F 45505 and SK&F 88825 on DNA
synthesis in HL-80 cells. HL-80 colls wers treated with various concan-
trations of compounds or vehicle. Twenty-faur hours before harvesting
the cells, they were given a pulse of FH]thyn{idlne. At the indicated time -
palnts, the cells were harvested, washed, lysed and the amount of *H
incorporatad into DNA was measured as described undar “Materials
and Methods.” Thess resuits are the means = S.D. of triplicate deter-

minations and are rapresantatlve of three experiments, P < .05 com-

pared to vehicle. i

| .

were done with cells in culture in the presence of 10% fetal
bovine serum. Because of critical differences batween the in
vitro CoA-IT assay and the cellular alssays, in terms of pro-
tein binding of compounds and cell pbnetrat-ion, higher con-
centrations of compounds were needed to produce cellnlar
effects, and direct comparison between the potency of com-
pounds under these two conditions is }]')rublematic. Consistent
with previous studjes, ET-18-0-CH, reduced the number of
HL-60 cells in culture in a dose- and time-dependent manner
(fig. SA). In addition, two other structurally different CoA-IT
inhibitors, SK&F 98625 and SK&F 45306, blocked the in-
creases in cell numbers in a comparai]le fashion to ET-18-O-
CH, (figs. 3, B and C). All three inhibitors caused a delayed
loss of cell viability that was observed between 24 and 48 hr
(data not shown). K562 cells are reported to be much less
sensitive to a]kyl-lyso-phospholipid-si(Tidwell et al., 1981).
Similar to HL-60 cells, ET-18-0-CH; ¢caused a concentration-
dependent inhibition of K562 cell broliferation, with de-
creases of 43, 71 and 96% seen at 5, Llo and 20 pM, respec-
tively. However, in contrast to HI1-60 tells, K662 cells did not
die in response to ET-18-OCHj, even|at high concentrations
(96 pM).

To confirm the antiproliferative effects of the CoA-IT in-
hibitors, the synthesis of new DNA was monitored by
[PHlthymidine incorpoxation. The restlts depicted in figure 4
show that all three inhibitors of CoA-IT, ET-18-O-CH,,
SK&F 98625 and SK&F 45905, can l d a fime- and concen-

i
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Fig. 8. Effect of ET-18-OCHy on DNA fragmentation in HL-80 and
K562 cells. HL-60 and K562 cells were treated with the Indlcated
concentration of ET-18-OCH, and DNA fragmentation was determined
after 24 hr as described under “Materials and Msthods.” Control is
vehicle treatment; —, intermal standard fragment.

tration-dependent reduction in DNA synthesis. Together,
these data reveal that, in addition to sharing the capacity to
block the enzyme CoA-IT, ET-18-0-CH,, SK&F 938625 and
SK&F 45905 all attenuate the growth and viability of HI-60
calls.

Effect of ET-18-0-CH4 and other CoA-IT inhibitors
on cellular apoptosis. A major mechanism that has been
demonstrated to reduce cell numbers is the induction of pro-
grammoed cell death or apoptosis (Bergamaschi et al., 1994).
The induction of apoptosis has been proposed to be respon-
gible for much of the inhibition in HI~60 cell numbers ob-
served after treatment with ET-18-O-CHg (Mollinedo ef al.,
1993). The next group of experiments were performed to
determine if other CoA-IT inhibitors would also instigate
apoptosis. Apoptosis was determined in these studies by ex-

fragmemtation by flow cytomstry. HL-60 tells were treated with vehicie,
50 uM 45905 or 25 uM 98625 for 24 hr. DNA fragmentation was
measured by flow cytometry as described under “Materigis and Meth-
ods.” The control cells wers treated with and without terminal deoxy-
nucleotidyl transferase (TdT) to assess npnspeclfic fluorescence. Areas
waere sot on the control cells to excludg > 98% of the cells from the
apoptotic windows, and then the drug-treated cells were analyzed. The
number shown Is the percentage of cells falling into the apoptotic
window. The results are representative from three expsriments, The
means = S.E. were 1.1 + 0,59, 4.2 + 0.88, 12.8 + 3.1%,23.4 + 7.9"and
54.8 + 18.5" for Conirol: 493058, 24 hy; and 98625, 6 hr and 24 hr,
respectively. *P < .05 compared to vehlcle. FL, fluorescent.

Fig. 7. Analysis of SK&F 45905 (45905)Fnd SK&F 98825 (98625) DNA

amining internucleosomal DNA filasgmentation patterns be-
fore and after treatment with CoA{IT inhibitors. HIL-60 cells
treated with ET-18-0-CHj; (6 uM),[SK&F 98625 (50 uM) and
SK&F 45905 (50 pM) for 24 hr all|showed a pattern of DNA.
“ladder” fragmentation (fg. 5). DNA ladder formation in
HI-60 cells depended on the dose of the CoA-IT inhibitor,
occurred within 3 hr and was maximal 24 hr afier treatment
with CoA-IT inhibitors. In contrpst to HL-60 cells, DNA
fragmentation from the leukemid cell line K562 was not
affected by ET-18-0-CH, treatmept, even at concentrations
as high as 96 uM for 24 hr (fig. 6)] Again, K562 cells did not
die in response to ET-18-OCH,, ¢ ing the selectivity of
ET-18-OCH,, for sensitive cells.

Another method to measure agoptosis is the use of flow
cytometry 10 quantitate DNA frggmentation in individual
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TABLE 1
Ability of compounds to inducs apoptosis in HL-60 cells

For In vitro assays, CoA-IT activity has performed as described under "Materials and Methods" and remaining data are from Referancek: Zileuton (Carter et al., 1981);
Indomethacin {Shen, 1983); SB 203347 (Marshali at al., 1995); AA-CF4-ketone (Street er al., 1893); and GoA-IT inhibitors (Haldar er al., 1894; Winkler €T &/., 1995). For
cellular essays, HL-80 cells were treated with tha indicated coneentration of compaund for 24 hr and DNA fragmentation was measurad as dascribed under “Materials
and Methods.” Higher concentrations of compounds wera used for the cellular assays because of the prassnce of serum prateins.

Gompound Structure In vitra 1Gey for GoA-T: In vitro Gy of: Eiwlar e "K‘p”:;‘;’s‘i:f
M
i
/c T~ (CHi
ET-18-0-CH3 : 0.5 uM 6 Yes
e
HC o)
€—0-P—0 —CH,CH
o
0 &,
il
N/\ o
SK&F 45905 5‘/0 8 uM S0 Yes
° iogel
&
EF
N, ,(E F
SB 202718 50 VN - Inactlve at 50 uM 50 No
A(g [i F F F
FF
SK&F 98625 = . 9 uM 50 Yes
VWY
o =

.&F 98628 ; ( 12 uM s0 Yes
L )

SK&F 98414 Inactive at 50 M 50 No

SK&F 98416 u Inactive at 50 uM ‘50 No
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Continued
Sompaund Structure in vitr (Cg, for CoA-IT: In vitro 1Cag of: Gell%aox;‘ gtuuy "}&]u:;iggi:f
"
°, - v
il
SB 203347 AN - Weakly active (23 pM) 14 kDa PLA: 0.5 uM 50 No
r
AA-CF,-ketone inactive at 50 pM 85 kDa PLA;: 1 uM 10 No
Indomsthacin o Inactlve at 10 uM COX: 0.5 pM 1 No
CQHC
CHCOOH
&, CH,
/ oH
Zilsuton /( Imactive at 50 pM 5-LO: 2 uM 10 Na
HN o

cells, measuring the incorporation of detectable nucleotides
into the fragments with fluorescein-labeled antibody. Such
analysis confirms that both SK&F 45905 and SK&F 98625
induce DNA fragmentation in a time-dependent fashion and

.that SK&F 98625 is more efficacious in this regard, produe-
ing a higher percentage of cells with increased DNA fragmen-
tation than SK&F 45905 (fig. 7). The reason that SK&F
98625 is more efficacions than SK&F 45905 is not known. In
the in vitro assay against CoA-IT, they have similar potency.
Because the compounds have different structures, it is diffi-
cult to compare an in vitro effect to one that occurs inside the
cell, due to differences in the ability of compounds to parti-
tion into lipids from the aqueous phase and to enter intra-
cellular compartments.

Effect of other inhibitors of lipid metabolism on ap-
optosis, Previous studies in our laboratory have demon-
strated that treatment of neutrophils with CoA-IT inhibitors
can indirectly block the mobilization of AA and formation of
eicosanoids (Winlder et al., 1995). The next group of experi-
ments in this study examined whether other more direct
inhihitors of AA metabolism would induce apoptosis in HL-60
cells. Inhibitors of two phospholipase A, isotypes as well as

§-LO and cyclooxygenase were ex
determined by the presence of DN
these experiments are shown in
interesting compound, as it inhibi
and has effects on CoA-IT only
tions (23 pM). Because of a righ
tion-response curve due to incre
this compound does not inhibit Co
{Marshall et al., 1996). If the com;
trations high enough to block Cd
apoptosis. However, due to limitati
and exposure to DMSO, higher cqg
used.

Three important findings derivé

mined and apoptosis was
“ladder=.” The results of
ble 1. SB 203347 is an
s 14 kDa PLA, at 0.5 M
much higher concentra-
d shift in the concentra-
ed protein concentration,
-IT activity in intact cells
ound was used at concen-
A-IT, it may then induce
ons of compound solubility
ncentrations could not be

d from these experiments

are: 1) apoptosis is not caused by i

ibitors of 5-L.0, cyclooxy-

genase, 14 kDa PLA, or 85 kDa FLA,; 2) CoA-IT inhibitors
with widely divergent structures (ET-13-O-CHg, SK&F
45905, SK&F 98626 and SK&F 88628) induce apoptasis; and
3) close structural analogs of CoA-IT inhibitors (SK&F
202718, SK&F 98414 and SK&F 98416), which lack the
ability to inhibit CoA-IT, also lack the capacity to cause
apoptosis.
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NF-kB activation by CoA-IT inhibitors. Recent inves-
tigations have implied that NF-«B activation can have a role
in mediating the effects of TNF-induced apoptosis (Machleidt
et al., 1994; Singh and Aggarwal, 1995; Majno and Joris,
1995). To determine if CoA-IT inhibitors ecan utilize this
pathway, the capacity of ET-18-0-CH; and TNF to activate
NF-xB was examined by an electrophoretic mobility shift
assay. Nuclear extracts from TNF-stimulated HL-~60 and
K562 cells showed the presence of proteins that recognize
and bind to the consensus sequence for NF-xB proteins (fig.
8A). This process was blocked completely by the addition of
excess unlabeled competitors. In contrast, ET-18-0-CH,
failed to activate NF-«B proteins in HI-60 or K562 cells (fig.
8B). These data suggest that the mechanisms which lead to
apoptosis may be different for CoA-IT inhibitors and TNF.

Discussion

There is growing evidence that treatment of animals with
ET-18-0-CH4 and other alkyl-lyso-phospholipids can reduce
the size of tumors (Berger and Schmahl, 1987; Scherf et al.,
1987: Hilgard et al., 1988). In addition, ET-18-0-CH; has

wn some efficacy in the treatment of patients suffering
leukemias and carcimomas (Berdel et al., 1982; An-
dreesen and Munder, 1983; Andreesen, 1988). At the cellular
level, ET-18-0-CHg has been shown to have selective toxic
effects against transformed cells, like HL-60 cells, but nat
other “normal” cell such as neutrophils, fibroblasts and K562
cells (Tidwell e ¢l., 1981; Hoffman et al., 1984; Chabot et al.,
1989; Mollinedo et al., 1993; Diomede et al., 1994). It has been
proposed that ET-18-0-CH, influences two processes to black

CoA-IT Inhibitors dnd Apoptosis
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increases in cell nu:mbers; the first is tp attenuate the rate of
cell proliferation and the second is to induce cellular apopto-
sis. As outlined in the Introductory [section, ET-18-0-CH,
provided to cells in vitro is known td inhibit several signal
transduction pathways. However, beqause the signal trans-
duction pathways that control cell proliferation and apopto-
gis are not well understood, the modé¢ of action of ET-18-O-
CH, is equivocal.

In the last 10 years, several labordtories have character-
ized an enzyme, CoA-IT, that moves grachidonate in a CodA-
independent manner from specific atachidonate-containing
phospholipids to specific lyso-phosphblipid acceptors within
inflammatory cells. Based on the strfictural similarities he-
tween ET-18-0-CH, and the “natura)’ lyso-phospholipid ac-
ceptors for CoA-IT, the capacity of this compound to block
CoA-IT activity was tested in cell microsomes. ET-18-0-CH;
was a potent inhibitor of CoA-IT with fan ICg, of 500 nM. Our
laboratory has reported recently tjvo distipet structurel
classes of CoA-IT iphibitors; these ¢lasses are iypified by
SK&F 98625 and SK&F 45905 and hiave an ICgq in a micro-
gsomal assay of 3 and 6 M, respectively (Chilton et al_, 1995).
ET-18-0-CHj is therefore a more potgnt inhibitor of CoA-IT
than the above-mentioned compoundg and represents a third
structurally distinct class of CoA-IT inhibitor.

The finding of ET-18-0-CHg as a CoA-IT inhibitor raised

the interesting question of whether hlockage of CoA-IT rep-
resented a major step that affects the growth of HL-60 cells.
To test this hypothesis, the three strycturally distinct inhib-
itors of CoA-IT were provided to HLA
az well as DNA synthesis were mes

0 cells and cell growth
kured. I{ was reasoned

Fig. 8. Effect of ET-18-OGH, and TNF on gctivation of NF-x8 in HL-60 and K362 colls. Extracts of nuclear proteing from HL-60 and KS62 celis
wara examined in a slectrophoretic mobility shift assay, as detailed under “Materials and Methods,” In which spedific binding of protein to the
sequenca is indicated by the retardation of the movement of the radioactive material through the gel. A, lane 1 is grobe alone. HL-60 cells and
K562 cells were vehicle- or TNF-treated (100 U/8 min) and extracts run in the abssnce or presence (+~cold) of excess unlabaled probe (200 x).
B, the time (minutes) after treatment with ET-18-O-CHg (6 uM) is indicated. P, probe alone with no celi protein; +, in the presence of excess

unlabeled probe (200x) added to determine selectivity. The results are represertativa of two experiments,
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that, although each of these inhibitors are not total selective
for CoA-IT (each have distinct profiles for the inhibition of
other enzymes), they share inhibition of CoA-IT as their
unifying feature. All three inhibitors of CoA-IT blocked
HI-60 cell numbers and new DNA synthesis. These data
suggest that some cellular event that is regulated by CoA-IT
activity in HL-60 cells is critical to controlling cell numbers.

Recently, ET-18-0-CHy has been revealed to induce apo-

Winkler et al.

ptosiz of HL-60 cells (Mollinedo et al., 1993). If inhibition of -

CoA-IT by ET-18-0O-CH, has a role in apoptosis, then other
CoA-IT inhibitors would be predicted to also instigate apo-
ptosis. The current study showed that hoth SK&F 98625 and
SK&F 45905 also caused apoptosis of HL-60 cells, as deter-
mined by DNA ladder formation and by flow cytometry anal-
ysis. To assure that something about the chemical structures
of SK&F 98625 and SK&F 45905 other than their capacity to
inhibit CoA-IT was not causing apoptosis, close structural
analogs (not CoA-IT inhibitors) were tested. These latter
compounds did not induce apoptosis, suggesting that one of
the key processes regulated by CoA-IT is cellular apoptosis.

ET-18-0-CHg appears to have two separable effects on cell
proliferation and induction of apoptosis. HL-60 cells treated
with ET-18-0-CH, appear to undergo both processes,

hereas in K562 eells only proliferation is blocked by ET-18-
O-CHj;. A recent paper by Boggs et al. (1995a) lends support
to thie notion. They showed that ET-18-0-CH, could black
both proliferation and cause cell death in a mouse macro-
phage cell line. However, addition of exogenous lyso-phos-
phatidylcholine attenuated cell death, but had no effect on
inhibition of cell proliferation, suggesting that two mecha-
nism mey be involved. Additionally, the relative resistance of
K562 cells to undergo apaptosis has slso been seen after
treatment with the anticancer agent etoposide (Ritke et al.,
1994).

There is strong evidence for 3 relationship between levels
of free AA and proliferation in some cell systems. For exam-
ple, tumor-promoting phorbol esters stimulate the release of
AA from cellular phospholipids, leading to increased eico-
sanoid synthesis (Daniel ef ¢l., 1987). In addition, there is a
striking increase in eicosanoid concentrations found in hu-
man mammary tumors, compared with control tissue or be-
nign tumors (Nigam et al., 1985; Vergote et al., 1985), and AA
addition to the media is required for the growth of some
mastocytoma cell lines (Butcher et al., 1993). Finally, block-

.age of eicosanoid production with enzyme inhibitors of cyclo-

oxygenase and/or 5-LO has been shown to stop proliferation
of gastric tumor cells, mammary tumaor cell lines and HL-60-
leukemia cells (Lee and Ip, 1992; Najid et al., 1992; Denizot
et al., 1993). Very recent studies in our laboratory suggest
that CoA-IT inhibitors cen:indirectly block AA release by
preventing arachidonate “loading” into critical phospholipid
pools (Winkler et al., 1995). Therefore, it was possible that
CoA-IT inhibitors were inducing spoptosis by blocking AA
release and .subsequent eicosancid generation. To address
this question, selective inhibitors of AA release or metabo-
lista were provided to HIL-60 cells. Inhibitors of AA metabo-
lism did not cause apoptosis of HL-60 cells, suggesting that
levels of free AA acid or eicosanoids are not controlling this
event.

It may be that the arachidonate remodeling itself is influ-
encing apoptosis. It has long been recognized that many
“pancer” cells contain high levels of 1-ether-linked phospho-

4010

lipids (Snyder alnd Waod, 1968, 19
colleagues (1989) have shown that

‘CH, correlates with the ether lipi

lines. Extending these studies to
they showed that there is a clinie
sponse to treatment and the size
lipid pools in leukemia cells (Chaly
that blocking CoA-IT prevents the |
linked phospholipid pools. Eviden
from experiments showing that
98625 block the movement of arac]

1-alkenyl-containing phospholipidg

addition, there is csome data to s
reduce the movement of arachido;
lipid pools (Lu and Arthur, 1992b}.

9). Moreover, Chabot and
usceptibility to ET-18-0-

content of leukemia cell
uman leukemic patients,

correlation between re-
f 1-alkyl-linked phospho-
ot et al., 1990). It may be
oading of AA into 1-ether-
ce to support. this comes
SK&F 45905 and SK&F
hidonate into 1-alkyl- and
(Chilton et al., 1995). In
st that ET-18-0-CHj can
ate into specific phospho-

Because these pools are

larger in cam:er cells, CoA-IT inhi
dramatically cancer cell growth.

A major question that remai
CoA-IT and perhaps AA remodelin
tion of apoptosis? Several studies|
activation can be achieved by num
in HL-60 and U937 cells (Machlei
study confirms that TNF activate
18-0-CH; does not affect N¥-«B
exact role of NF-«B activation i
determined, one study found a
NF-xB activation and cell prolif
1994), and the current studies s
may influence apoptosie by an
nism.

In summary, ET-18-0O-CH, ha

itors may influence more

is: How does blocking
translate into the induc-
have shown that NF-<B

rous agents, such as TNF
et al., 1994). The current
NF-xB. By contrast, ET-
activation. Although the
apoptosis has not been
of correlation between
ation (Chaturvedi et al.,
ggest that ET-18-0-CH,
-xB-independent mecha-

long been recognized to

block cell prowth of cancer cells by an unknown mechanizm.
We have found: ET-18-0-CH, to be a potent inhibitor of the
enzyme CoA-IT. Two other structhrally distinet CoA-IT in-

hibitors also attenuated cell gro
induced apoptosis, whereas other
lism had no effect on apoptosis.
AA orchestrated by CoA-IT may b
ulates cancer cell growth and p
resents a new therapeutic target i
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%;UANTITATIV E STRUCTURE-BIODEGRADABILITY STUDIES: AN
STIGATION OF THE MITI AROMATIC COMPOUND DAT:(‘BASE
L

J.C. DEARDEN and M.T.D. CRONIN

School of Pharmacy and Chemistry,

Liverpool John Moores University

Byrom Street, Liverpool L3 3AF, UNITED KINGDOM

1. Introduction

Risk 15 a funchon of both intrinsic hazard and exposure. Knowledge of the persistence
of compounds in the environment is thus of prime importance in the assessment of risk;
clearly, therefore, ability to predict persistence ( or lack of persisience, i.e.
biodegradability ) can be of great help in this respect.

Some years ago we obtained a 240 compound data-set of biodegradability data, in
the form of 5-day BOD ( biological oxygen demand ) values ( as % ultimate
degradation ), measured using acclimated sludge; the data were supplied by the U.S.
Environmental Protsction Agency Laboratory in Duluth, MN, They had not been
determined there, but had been carefully screened for consistency of determination.

We broke the data down into chemical classes, and searched for quantitative
structure-biodegradability relationships ( QSBRs ) with a range of relevant physico-
chemical and structural parameters. One parameter that appeared 1o be significant was
the modulus of the difference of atomic charge across one of the bonds in a molecule;
this parameter was selected because of its potential to mode] the strength of a bond. For
example, we found [1] the following QSBER for a series of 11 phenols:

BOD=0.998 x 103 AlS Ic.o + 2.108 ¢))
n=11 r=0991 s=4.04

However, it should be pointed out that the CINMIN program used to calculate
atomic charges was not a standard program, and it has not been possible to reproduce
these results using programs such as MOPAC. This must cast some doubt on the
universal applicability of the results. We remain convinced, however, that a parameter
that reflects bond strength should be able 1o contribute 1o the modelling of
biodegradability.

We also found [1] that 5-day BOD values correlated well with electrophilic super-
delocalisability ( SE ). For example, for alcohols we found a good correlation with SE

on the carbon to which the hydroxyl group was attached:
93

W.J. G. M, Peijnenburg and J, Damborsky (eds.), Biodegradability Prediction, 93-104.
D 1996 Kluwer Academic Publishers. Printed in the Netherlands.
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BOD = 0.093 SE - 3.163

n=19 r1=0981 s=430

The superdelocalisabilities were calculated for energy-minimised molecnles using
MOPAC.

‘We have also carried out work [2] on the correlation of biodegradability with molecular
commectivity indices, as have Boethling and co-workers {3.4]. For a series of 20
alcohols, we found a good correlaton with the difference of third-order simple and
valence-corrected molecular copnectivities:

BOD = 12.40 (3% - 3%") + 0.52 3)
n=20 r=0952 s=7.67

Clearly the size and shape of molecules can play an important role in their bio-
dogradability, and several workers have reported QSBRs involving steric parameters
{5]. We observed [6] a correlation between BOD values and the Sterimol substituent
Jength L for halogenated hydrocarbons:

BOD=829L-1.187 4)
a=9 r=0976 s=4.12

We further observed a good correlation of BOD values of alkanes with accessible
surface area { ASA ):

BOD = (0.0996 ASA + 0.055 &)
n=12 r=1.000 s=027

These parameters did not correlate well with the biodegradability of polar
compounds, and indeed such correlations would not be expected.

More recent work from our laboratory [7] has investigated the application of
Comparative Molecular Field Analysis (CoMFA) 1o the correlation of biodegradability.
This technique investigates the steric and electrostatic fields sensed by a probe at
different points within a three-dimensional grid within which the molecules are aligned.
No multiple linear regression-type QSAR equations are produced, but correlation
coefficients indicate the degree of fit. We examined a number of different data-sets, and
reasonable 1o good fits were obtained for all except a senes of phenols. For example,
for a series of 20 alcohols, an 12 of 0.980 ( and cross-validated (CV) 12 of 0.724 ) was
obtained, with 74.7 % steric and 25.3 % electrostatic contribution to biodegradation.

For 20 linear alkylbenzene sulphonates, 2 = 0.913 and CVrZ = 0.761, with the
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degradation being 100 % controlled by steric factors, This technique is generally

applicable only to congeneric series, otherwise the alignment problems are very
difficult.

2. The MITI Aromatic Compound Biodegradation Data-Base

We have recently obtained, courtesy of Dr. W.J.G.M. Peijnenburg, the biodegradation
data for 240 aromatic compounds determined by MITI. The data-set comprised mostly
compounds with a single aromatic ring, but there were 17 compounds with two
aromatic rings and 10 compounds with three aromatic rings. There were no fused-ring
compounds in the data-set, with the exception of two anhydrides. Substitution patterns
were extremely varied, with numbers of substituents up to six per ring: there was a
considerable number of chlorine-containing compounds. Molecular weights ranged
from 78 ( benzene ) 10 959 ( decabromod:phenyl ether ). Four compounds were sodium
salts; these were treated as the corresponding acids. A few compounds were indicated as
being mixtures of isomers; in such cases the most appropriate isomer was used. Three
compounds could not be handled by the software that we used; they contained
respectively iodine, tin and silicon. ‘

For each compound, the data supplied were: ID number, CAS number, molecular
structure, molecular formula, molecular weight, % BOD ( biological oxygen demand )
at 7 days, % BOD at 14 days, induction time to 5 % BOD, % BOD at 10 days after 5 %
BOD, maximum biodegradation rate, test period, and % BOD at the end of the test. 122
of the compounds showed some biodegradation, whilst 138 did not (i.e. % BOD at end
of test was zero ). In a few cases replicate results were given; in such cases the first
result was used, for consistency with the other data.

2.1 METHODS

For each compound a large number of descriptors was calculated, Log P values were
calculated using CLOGP for Windows; for the few compounds for which CLOGP was
unable to calculate a value because of missing fragments, values were calculated using
ProLogP or, in one case, MicroQSAR. Molar refractivities were calculated using
MEDCHEM ver. 3.55. For the calculation of molecular orbital properties, molecules
were constructed and energy-minimised in COSMIC, and then MOPAC ver. 7.0 was
used to calculate heat of formation, EHOMO ( energy of the highest occupied
molecular orbital ), Ef tyMo ( energy of the lowest unoccupied molecular orbital ) and
dipole moment. MOLCONN-X was used to calculate a large number of topological
indices, including molecular connectivities up o tenth order, electrotopological indices
and information contents. The method of Fujita et al. [8] was used to determine the
hydrogen bond donor and acceptor abilities of each molecule, and the method of Yang
et al. [9] to determine the number of donor and acceptor hydrogen honds that each
molecule was capable of forming. Statistical analysis was carried out using MINITAB
ver. 10.1.

22 RESULTS AND DISCUSSION
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Virwally all of the QSAR work carried out 1o date on biodegradability has been done
on congeneric series of compounds, in which mechanisms of biodcgradation might be
expected 1o be reasonably consistent. The present data set is extremely diverse, and a
priori one would not expect 10 find good QSAR correlations. This was indeed found to
be the case with the MITI data-set. There were 79 compounds for which all ( or most )
of the measured biodegradability end-points were given. Step-wise regression showed
that the best correlation that could be obtained with final BOD values was:

BOD = - 28.2 3XV - 0.00193 IRy, - 0.184 HeatForm + 71.0 (6)
n=79 12(adj)=0.180 s=233 F=672

where 3%V = third order valencc-corrected path molecular connectivity, Igon =
Bonchev index, and HeatForm = heat of formarion.

It is, of course, probable that considerably better correlations could be obtained if
single chemical classes were examined, but we were concerned here to determine
whether the data would allow of a reasonable prediction of biodegradability across a
wide range of chemical classes, using a single regression equation. Clearly that was not
the case. Similarly poor correlations were obtained with all the other biodegradabilizy
end-points: 7-day BOD, 2 = 0.122; 14-day BOD, 12 = 0.255; tme to 5 %
biodegradation, 2 = 0.232: % BOD at 10 days after 5 % BOD, 12 = 0.153; maximum
biodegradation rate, r2 = 0.229.

It. may be noted here that in general there is not a particularly high correlation
between the biodegradability end-points, as Table 1 shows. The high correlation
between 14-day BOD and final BOD is because many of the compounds had achieved
their final BOD by 14 days.

TABLE 1. Correlation matrix ( r ) berween biodegradability end-points

7-d BOD 14-d BOD T3 % 10-day Rmax
14-dBOD 0.771 o
TS5 % -0.751 -0.719
10-day 0.792 0.873 -0.618
Rmax 0.546 0.497 -0.459 0.491
Final BOD  0.634 0.878 -0.610 0.868 0.372

At this point in our analysis we observed a number of errors in the MITI data-base.
One example will serve to illustrate these; for 3-nitrophenol, the 7-day BOD ( 63 %)
and the 14-day ROD ( 65 %) values were both considerably higher than the final BOD
value of 46 %. It may also be noted that in some instances where replicate BOD values
were given for a compound, the replicate value differed considerably from the original

r

b
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determination; for example, for 3-nitrobenzq*c acid the two reported final BOD values
were 0 % and 12 %.

In view of this, and because of the lack of quantitative correlation of the
biodegradability end-points, we decided to investigate whether any of the parameters
that we had generated could distinguish between readily and non-readily biodegradable
compounds. The former we defined as those compounds with a final BOD greater than
50 %, and the lauter as those with a final BOD of less than 20 %. The number of
compounds with final BOD values between 20 and 50 % was only 15, although one
compound ( CAS no. 60628-17-3 ) had replicate final BOD values of 14 and 25 To; we
included it as a non-readily biodegradable coiapound. Step-wise regression indicated
that three parameters, namely heat of formation, sixth order chain molecular
conncctivity and the total topological index based on electrotopological state indices
(the last two being obtained from MOLCONN-X ), were important in modelling final
BOD. Discriminant analysis on the 222 compounds, using these three parameters,
yielded 172 correct predictions, i.e. a 77.5 % cormrect prediction rate. Of these, there
were 117/160 ( 73.1 % ) correct predictions for non-readily biodegradable compounds,
and 55/62 ( 88.7 % ) correct for readily biodegradable compounds. Whilst these
prediction rates are reasonable, they nevertheless leave something to be desired, and so
we cxamined which groups of compounds were outliers. Phosphorus-containing
compounds were the most obvious in this respect, and a highly substituted fluorine
compound ( CAS no. 346-10-1 ) was observed to have an extremely influential effect;
these compounds ( which included that mentioned earlier with CAS no. 60628-17-3 )
were therefore removed from the data-set to give some improvement in the prediction
rate. For the 210 compounds remaining, there were 114/150 ( 76.0 % )comect
predictions for non-readily biodegradable compounds, and 53/60 ( 883 % ) correct
predictions for readily biodegradable compounds; the overall correct prediction rate was
therefore 167/210 ( 79.5 % ). Cross-validation vielded 113/150 ( 75.3 % ) correct
predictions for non-readily biodegradable compounds and 52/60 ( 86.7 % ) correet for
readily biodegradable compounds, with an overall correct prediction rate of 165/210 (
78.6 % ). Figure 1 shows the discrimination cbserved for the 210 compound data-set.

The heat of formation of a compound is a measure of its stability, and hence wonld
be expected 1o reflect the ability of the compound to biodegrade. TETS2 is a
topological index which is the sum of ajl path terms computed with E-state values [10];
it contains both electronic and topological information, but, being a newly-derived
index, has not yet been fully evaluated. It is believed to relate to, inter alia, the
compactness of a molecule. Sixth order chain molecular connectivity represents
cssentially the number of substitients on an aromatic ring, with high values of ChainS6
indicating fewer substituents. Figure 1 clearly shows that readily biodegradable
compounds generally have high ChainS6 values, and one would expect that the morc
substituents on an aromatic ring, the less readily should the compound biodegrade. It is
pleasing that as few as three readily calculated parameters are ablc to give good
discrimination between readily and non-readily biodegradable aromatic compounds
with widely diverse substituents.
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HeatForm
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Figure 1. Discrimination between readily (+) and non-readily (o) biodegradable compounds (
HeartForm = heat of formation, TETS2 = total topological index based on elecrotopological stare
indices, ChainS6 = sixth order chain molecular connectivity )

Table 2. CAS numbers, final BOD values and physico-chemical properties of compounds nsed in
this analysis

CAS number Final Heat of Chain 6 TETS2

BOD Formation

(kcal mol™)
71-43.2 400 22.028 0.1250 2.8967
108-88-3 100.0 14.423 0.1021 3.7304
100-42-5 53.0 38.719 0.1021 4.4407
99-87-6 83.0 -2.600 0.0833 60944
98-51-1 520 -3,978 0.0833 6.5193
100414 39.0 8.678 0.1021 44299
98-87-3 90.0 3182 0.1021 43682
100-44-7 71.0 6.919 0.1021 4,0774
103-844 69.0 -13.785 0.1021 443210
104-42-7 62.0 -56.560 0.0833 10.2502

95-534 34.0 : 17.713 0.0833 4.2441
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60-12-8
96-09-3
104-51-1
536-60-7
100-52-7
98-86-2
118-90-1
131-11-3
84-61-7
85-68-7
1459-93-4
131-17-8
120-61-6
121-51-5
100-21-0
536-66-3
85-44-9
94-36-0
552-30-7
1726-23-4
495-69-2
65-85-0
119-68-6
62-23-7
552-16-9
87-20-7

74.0
90.0
64.0
77.0
85.0
0.0
44.0
67.0
83.0
70.0
56.0
63.0
24.0
90.0
86.0
96.0
89.0
60.0
55.0
65.0
46.0
83.0
45.0
94.0
95.0
87.0
81.0
91.0
85.0
66.0
67.0
94.0
93.0
69.0
81.0
99.0
82.0
84.0
78.0
75.0
89.0
85.0
84.0
96.0
88.0
g1.0
85.0
85.0
62.0
100.0
830

-61.046
13.499
19.557
-20.976
-22.237
-28.853
-36.366
-66.582
-64.368
-65.678
-15.814
-21.290
-18.849
-59.913
-59.195
-50.196
-37.736
-58.074
-16.254
-16.506
-17.420
-38.288

-2.181
-28.248
-67.595
-35.265

18.269
-15.034
47736

-8.916
-14.988
69521

-137.333

-178.537

-110.660

_128.823

-83.961

-143.006

-156.798

-144.634

-85.482
-68.834
-31.435

-14B 639

277.264

-100.676

-61.976
59,805
-55.332
-57.503
-118.109

0.0833
0.1921
0.1021
0.1021
0.1021
0.0833

0.0680"

0.0833
0.0833
0.0833
0.1021
0.1021
0.1021
0.0833
0.0833
0.0833
0.0680
0.0833
0.0833
0.0833
0.0833
0.0556
0.0556
0.1021
0.1021
0.1021
0.1021
0.1021
0.0833
0.1021
0.1021
0.0833
0.0833
0.1021
0.0833
0.0833
0.0833
0.0833
0.0833
0.0833
0.0833
0.1021
0.1021
0.0833
0.0680
0.1021
0.1021
0.0833
0.0833
0.0833
0.0833
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s
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6.1738
4.7743
41024
4.6712
2.8405
3.5102
4.3271
1.9427
1.9070
2.3202
4.4085
5.0795
6.8248
3.6106
4.0848
5.8127
8.2197
3.8270
4.7196
4.9145
2.8290
2.5716
4.3044
-3.4687
5.3352
4.2937
5.8385
5.1292
5.6787
3.7031
3.7503
4.8199
5.9474
10.5007
12.2276
6.3923
6.8795
6.5230
3.2081
4.2001
6.1882
9.1486
11,9686
9.1099
95852
6.1007
4.1335
5.5683
3.7476
5.7653
49636
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69-72-7
100-47-0
140.294
98-11-3
1300-51-2#
115-86-6*
15205-57-9*
1330-78-5*+
1330-78-5%«
122-40-7
618-41-T#
98.83-9
95-63-6
108-67-8
526-73-8
28106-30-1
535-77-3
105-05-5
141-93-5
1321-74-0
25321-09-9
108-50-7
108-86-1
95-49-8
106-43-4
95-50-1
541-73-1
1712-70-5
106-37-6
98-15-7
87-83-2
87-61-6
108-70-3
120-82-1
95-94-3
118-74-1
608-93-5
634-66-2
98-08-8
102-47-6
100-61-8
579-10-2
91-66-7
121-69-7
103-69-5
95-80-7
95-64-7
55-78-3
122-394
26603-23-6
74-31-7

88.0
63.0
§7.0
§7.0
86.0
90.0
79.0
28.0
37.0
SL.O
22.0
0.0
18.0
0.0
0.0
0.0
Q.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
7.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
14
1.0
0.0
1.9
0.0
0.0
7.1
1.0
0.0
0.0
0.2

-106.842
53.383
46.694

-97.075

-139.089

-140.218

-104.387

-158.872

-163.251

-25.253
-21.515
32.463
-0.098
-0.677
1.220
25.390
-2.834
-4.709
-4.661
55.452
-12.480
14.810
26.758
7918
7.121
9.220
8.199
25.247
32.026

-140.453

47.058
4.197
2.228
2.930

-1.874

-7.822

-4.940

-0.600

-134.366
-5.300
26.702
-1.076
21.541
32.363
17.994
15.398

6.129
10.178
SB.4X8

-43.836
91.657

0.0833
0.102]
0.1021
0.1021
0.0833
0.1021
0.1021
0.0833
0.0833
0.1021
0.1021
0.1021
0.0630
0.0680
0.0680
0.0833
0.0833
0.0833
0.0833
0.0833
0.0833
0.1021
0.1021
0.0833
0.0833
0.0833
0.0833
0.0833
0.0833
0.0833
0.0370
0.0680
0.0680
0.0680
0.0556
0.0370
0.0454
0.0556
0.1021
0.0680
0.1021
0.1021
0.1021
0.1021
0.1021
0.0680
0.0680
0.0680
0.1021
0.0833
0.1021

3.2946
3.9994
4.5141
6.1908
6.3828
27.3580
22.1709
31.5726
31.4299
8.2887
4.7563
3.2439
3.6159
5.6244
5.6144
6.1971
6.1004
6.2203
6.2331
6.1497
7.7169
3.4256
3.6653
4.2127
4.2663
3.6624
3.8133
5.7634
4.4633
8.1972
7.6061
3.6587
4.0119%
3.9030
3.7376
1.7108
29044
3.4390
8.2994
4.6483
4.5374
5.2858
7.1427
5.5464
3.2343
4.6623
5.1913
5.1386
11.3147
23.9307
21.2088



108-45.2
108-44-1
611-21-2
622-37-1
696-44-6
95-51-2
95-76-1
95-82-9
554-00-7
95-69-2
634-93-5
1477-55-0
103-83-3
88-74-4
59-09-2
100-01-6
89-63-4
98-95-3
88-72-2
99-08-1
99-95-0
88-73-3
100-00-5
25154-54-5
610-39-9
118-83-2
99-54-7
102-06-7
98-544
99-71-8
1806-26-4
25154-52-3
5510-99-6
96-76-4
128-37-0
732-26-3
4130-42-1
101-53-1
67557-76-0
120-71-8
101-84-8
591-27-5
156-434
62-44-2
346-10-1*
&8-75-5
100-02-7
91-23-6
100-17-4
555-03-3
119-33-5

2.0
1.0
1.0
2.0
0.0
2.7
0.0
0.0
0.0
0.0
0.0
22.0
20
0.0
0.0
00
0.0
33
0.5
2.0
0.8
82
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
30
0.0
4.3
0.0
0.0
0.0
0.0
Q.7
63
0.0
0.0
84
1.0
0.0
43
0.0
0.0
1.0
a0

19.135
16.851
20.706
10.427
16.825
13.129
11.800
6.288
6.293
5.843
0.072
14.953
26.509
26.125
27.909
21.694
16.331
26.105
18.939
17.805
17.292
23.863
19.284
33.141
30.538
-128.507
15.112
114.507
-40.457
-45.396
-76.637
-83.486
-64.103
-56.296
-59.138
-65.606
-63.357
-2.060
-39.365
24,084
23.593
-24.030
-22.076
-56.976
-476.510
-20.163
-19.549
-9.585
-13.449
-11.381
-27.609

0.0833

0.0833

0.0833

0.0833

0.0833

0.0833

0.0680
0.0680
0.0680
0.0680
0.05s6
0.0833

0.1021

0.0833
0.0833

0.0833

0.0680
0.1021

0.0833
0.0833
0.0833

0.0833

0.0833
0.0833
0.0680
0.0680
0.0680
0.1021

0.0833
0.0833
0.0833
0.0833
0.0680
0.0680
0.0356
0.0556
0.0556
0.1021
0.0833
0.0680
0.1021
0.0833
0.0833
0.0833
0.0680
0.0833
0.0833
0.0833
0.0833
0.0833
0.0680

3.8791
42850
54894
6.2443
54977
3.7024
3.9434
3.9542
3.9512
4.6650
3.7195
5.3587
5.9811
2.8185
2.9270
3.2963
3.4248
3.2178
3.8216
3.8549
3.9259
2.83682
3.2425
4.9541
6.3450
12.8858
3.0826
11.6025
5.0281
5.4647
73271
7.9916
8.0938
6.21335
6.4651
8.7923
7.3681
10.4433
10.4016
5.6133
10.9806
3.057s
5.5998
68836
$9.0480
3.8454
1.9265
2.8586
4.1996
3.8770
43638
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2042-14-0 0.0 -23.372 0.0680 2.3913

2581-34-2 0.0 -25.889 0.0680 2.4465
542854 6 0.0 -24.768 0.0680 2.9709
51-28-5 0.0 -8.779 0.0680 6.6198
97-52-9 0.0 -14.933 0.0680 3.6874
96-56-8 0.0 -10.940 0.0680 4.2078
95-57-8 0.0 -26.627 0.0833 2.6693
106-48-9 2.0 -29.302 0.0833 3.1398
108-43-0 0.0 -29.208 0.0833 3.0165
95-56-7 0.0 -14.595 0.0833 3.2925
106-41-2 0.0 -17.545 0.0833 3.4832
591-20-8 0.0 ) -16.933 0.0833 34334
59.50.7 0.0 -36.210 0.0680 3.8056
615-74-7 00 - -34.308 0.0680 3.3721
1570-64-5 0.0 -36.525 0.0680 3.7843
§7-65-0 0.0 .32.186 0.0680 2.3766
95.77-2 0.0 -34.640 0.0680 29063
120-83-2 0.0 -33.137 0.06R0 2.6095
576-24-9 0.0 -33.931 0.0680 2.0873
583.78-8 * 5.0 -33.242 0.0680 2.3302
591-35-5 0.0 -35.381 0.0680 2.8982
95-95-4 0.0 -38.237 0.0556 2.4830
609-85-2 0.0 -27.482 0.0556 43718
30171-80-3 0.0 -10.958 0.0556 9.4844
58-90-2 7.0 41.677 0.0454 1.8011
1836-77-7 0.0 12.559 0.0833 8.6537
120-52-5 0.0 50,504 0.1021 19.7024
103-504 0.0 4.290 0.1021 11.1262
80-43-3 0.0 25.153 0.1021 17.1826
96-69-5 1.9 -75.994 0.0556 18.5044
117-81-7 43.0 , -215.809 0.0833 12.0389
3648-21-3 36.0 -182.559 0.0833 10.2913
26761-40-0 420 246,382 0.0833 13.7313
134-62-3 0.0 -13.900 0.0833 6.7786
98-73-7 0.0 -86.580 0.0833 6.1189
118-91-2 5.6 -66.762 0.0833 3.7789
121-82-6 0.0 -56.141 0.0833 4.4563
603-11-2 0.0 -136.242 0.0680 10.6118
91-15-6 3.3 87.699 0.0833 4.4901
623-26-7 0.0 86.143 0.0833 49026
626-17-S 0.0 86.162 0.0833 '4.7756
1897456 0.0 72.086 0.0370 1.4318
58-19-7 0.0 -50.818 0.0833 7.2016
88-44-8 0.0 -105.907 0.0680 7.2467
127-68-4# 0.0 -90.405 0.0833 9.4963
88-53-9 0.0 -115.916 0.0556 6.9987
946-30-5% 0.0 -92.167 0.06%0 10.3243
330-55-2 0.0 -11.030 0.0680 7.5466
330-54-] 0.0 -9.652 0.0680 6.5388
24019-054 0.0 -21.302 0.0680 20.1781

2655-14-3 1.0 : -60.739 0.0680 7.8530
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3766-81-2 10 65,010 0.0833 5.8373
2631-40-5 0.0 -58.812 0.0833 8.1476
644.97.3* 0.0 -28.527 0.1021 5.1768
1241-94.7+ 2.0 -216.584 0.1021 24.0259
60628-17-3% 14.0 -188.863 0.1021 22.5740
26967-76-0% 0.0 -193.57 0.0833 37.1672
2597-03-7% 0.0 -144.500 0.1021 13.7624
122-14-5* 0.0 -132.895 0.0680 11.4238
2104-64-5= 3.0 67.154 0.0833 17.0437
80-54-6 8.0 -44 034 0.0833 7.8748
3319-3]1-1 4.2 -335.422 0.0680 14.7004
3886-69-9 6.0 15.62] 0.1021 4.3026
782-74-1 0.0 75.952 0.0833 12.4101
1163-19-5 0.0 99.015 0.0370 18.8227
87-86-5 1.0 44715 0.0370 1.1598
36065-30-2 2.9 §.700 0.0556 8.7279
50-31-7 0.0 -75.048 0.0556 2.9728
10541-83-0 14.0 -67.225 0.0833 5.6621
938-10-2 0.0 -46.954 0.1021 6.3724
961-11-5* 0.0 -220.597 0.0556 10.7600
14816-18-3% 30 -64.576 0.1021 14.6704
1460-02-2 0.0 -32.100 0.0680 11.7982

“indicates phosphorus compound or highly influcntial compound which was removed
# sodium salt; treated as undissociated acid
+0- and p-tricresy! phosphates respectively, although same CAS number given

3. Conclusions

Multiple linear regression analysis of 79 aromatic compounds found to be biodegra-
dable in the MITI test did not produce satisfaciory correlations. However, discriminant
analysis based on three calculated parameters ( onc from MOPAC 7 and two from
MOLCONN-X ) gave good discrimination between readily and non-readily biode-
gradable compounds, with an overall correct cross-validated prediction rate of 78.6 %.
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Abstract ) /

Monoclonal murine anti-pesticide antibodies were produced by in vitro immunisation (IVI) of cultured splenocytes with
the pesticides sulcofuron and flucofuron. The majority of both anti-flucofuron and anti-sulcofuron antibodies obtained were
of the [gM isotype, rather than IgG. When used in an indirect enzyme-linked immunosorbent assay (ELISA), the antibodies
bound to plate coating antigens which incorporated haptens that mimicked moieties present within the immunising pesticide.
The antibodies exhibited a high degree of specificity, with the degree of cross-reactivity related to the structural similarity
between the hapten present|in the plate coating antigen and the moieties present within the immunising pesticide. These
results indicated that antibodies specific to both sulcofuron and flucofuron had been produced by IVI. Synthesis of both
hapten analogues and immunogens as required for methods based on in vivo immunisation was avoided, whilst antibody
production was also comparatively more rapid than traditional methods and minimised animal discomfort.

Keywords: In vitro immunization; Pesticide; Monoclonal antibody

1. Introduction ' technically demanding than methods such as high
performance liquid chromatography (HPLC) and gas

Immunoassays such as the enzyme-linked im- chromatography-mass spectrometry (GC-MS). In ad-
munosorbent assay (ELISA) have been reported for dition, ELISAs which have used monoclonal anti-
many pesticides (Wratten and Feng, 1990). When bodies (MAbs) have often shown both a high degree
developed, ELISAs are cheaper, more rapid and less of specificity and an ability to detect sub-part per

billion ( wg 17') concentrations of the target analyte
(Hammock et al., 1986; OTA, 1988). Consequently,
ELISA methods have proved suitable for monitoring

* Corresponding author. both environmental and food matrices for pesticide

0022-1759 /96 /$15.00 Copyright © 1996 Elsevier Science B.V. All rights reserved.
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Fig. 1. Structures of the pesticides (1) sulcofuron and (2) fluco-

furon.

residues (Van Emon
1992).

Sulcofuron and flug
ingredients of the com
tions Mitin FF HC and
Switzerland), respectiv

et al., 1989; Morgan et al.,

ofuron (Fig. 1) are the active
mercial mothproofing formula-
Mitin N (Ciba-Geigy, Basle,
cly. Entry of these compounds

into aquatic ecosystems occurs as a result of either
direct discharge, or indirectly within the effluents of
sewage treatment works (Zabel et al., 1988). Within
the European Community, monitoring of freshwaters

in areas where wool o
cessed is necessary in

I wool-based textiles are pro-
order to ensure that the rele-

vant Environmental Quality Standards (EQS) are

maintained (Directive

76 /464 /EEC). For sulco-

furon and flucofuron the current EQS values are 25

png 17! and 1 pg 1-

. respectively. Although re-

versed-phase high performance liquid chromatogra-
phy (HPLC) can detect sulcofuron and flucofuron in

freshwaters when prese
17" (Standing Commi
method is not specific
prone to interference,

nt at concentrations of 0.1 ug
tee of Analysts, 1991), the
for the target analytes and is
particularly when matrices

more complex than water are analysed (Antoine,

1994). The developm
screening both environ

ent of ELISA methods for
mental and food samples for

these analytes was therefore considered desirable.
Low molecular weight compounds such as the

pesticides sulcofuron 2
regarded as being non-

nd flucofuron are generally
immunogenic but capable of

acting as haptens when coupled to larger, immuno-

G.A. Bonwick et al. / Journal of Immunological Methods 196 (1996} 163-173

genic carrier molecules (Leskowitz, 1972). Anti-
pesticide antibodies for use in ELISAs are produced
by the immunisation of animals with synthetic ‘anti-
gens (immunogens) which consist of the pesticide
molecule covalently linked (conjugated) to a larger
immunogenic carrier molecule such as protein. An
additional small molecule might also be incorporated
into the immunogen between the hapten and carrier
to act as a spacing group and thus improve immune
recognition of the hapten (Harrison et al., 1990).

Inspection of the structures -of svicofuron and
flucofuron suggested that both compounds were not
only too small to be immunogenic, but also unsuit-
able for covalent bonding to carrier proteins. In order
to obtain antibodies against these compounds by in
vivo immunisation, it would prove necessary to syn-
thesise suitable hapten analogues and then conjugate
these to immunogenic carrier molecules. This strat-
egy has been demonstrated successfully for other
pesticides such as permethrin (Stanker et al., 1989).

Bonwick et al. (1994a) demonstrated that for some
haptens it may be possible to avoid the complex and
time consuming synthesis of hapten analogues. In-
stead of an analogue, an easily conjugated hapten
molecule which mimics a similar moiety within the
target molecule is used (hapten mimic). For example,
anti-hapten mimic antibodies were raised against 3-
phenoxybenzoic acid (PBA) and dichlorovinyl cyclo-
propane carboxylate (CPA) which subsequently ex-
hibited binding to the corresponding phenoxybenzyl
alcohol or dichlorovinyl cyclopropane carboxylate
moieties within the pesticide permethrin. Through
use of the anti-hapten mimic antibodies an ELISA
was successfully developed for environmental moni-
toring (Bonwick et al., 1994b).

The compounds 3.4-dichloroaniline (DCA) and
5-amino-2-chlorobenzotrifluoride (ACBT) are both
easily conjugated to carrier proteins and also mimic
moieties present within the pesticides sulcofuron and
flucofuron, respectively (Fig. 2). Consequently, im-
munisation of rabbits or mice with conjugates that
contained either DCA or ACBT would be expected
to result in the production of anti-DCA or anti-ACBT
antibodies. Use of these anti-hapten mimic antibod-
ies in an appropriate ELISA format should then
permit quantification of sulcofuron and flucofuron.

This strategy for the raising of antibodies against
sulcofuron and flucofuron was, 1&0weyer, not
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Fig. 2. Structures of the hapt

the earlier permethrin

Ci

Cl

en mimics (1) DCA and (2) ACBT.

LISA development study. In

favoured by us followi%:g observations made during

this study, in which the hapten mimics PBA and
CPA were used to produce polyclonal rabbit antisera,
it was found that serum antibody titres suitable for

use in the permethrin

ELISA were only obtained

between 6 and 9 months after immunisation had

commenced. A similar
also required for mice,

period of immunisation was
in order to obtain antibody

titres significantly greater than those of the pre-im-
mune sera and thus signal that hybridoma production
could commence (unpublished data). A more serious
problem which was encountered, however, was that
the administration of immunogens which contained

CPA frequently resulte
nised animals (unpublis
methods based on the i
cultured splenocytes

d in the death of the immu-
hed observations). Therefore,
1 vitro immunisation (IVI) of
ere considered rather than

conventional in vivo immunisation procedures. Fur-
thermore, any problems associated with immunogen
toxicity and consequent animal suffering would be
avoided.

Since the first dempnstration of IVI of mouse
splenocytes and the subsequent production of mouse
monoclonal antibodies | (Hentgartner et al., 1978),
this technique has also been used for the production
of antibodies against haptens such as dinitrophenol
(DNP), trinitrophenol (TNP), benzo[alpyrene and
digoxin (Borrebaeck, 1983, 1986; Schilizzi et al.,
1992). When compared to in vivo immunisation
procedures, IVI has the advantages that smaller
amounts of immunogen are required (nanogram as
opposed to milligram quantities) and that the produc-
tion of antibodjes is more rapid (4 or 5 days as
opposed to several months). Furthermore, antibodies
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may be obtained in circumstances where in vivo
immunisation cannot be safely undertaken such as in -
the production of human antibodies (Borrebaeck,
1986). The main disadvantage is that the antibodies.
produced are predominantly of the IgM isotype,
rather than those of the more desirable IgG isotype.
This is because the length of time for which the
splenocytes are cultured following immunisation is
not sufficient for an immunoglobulin class switch
(IgM to IgG) to occur. Although extended culture
time would allow this switch to occur, this is offset
by the poor survival of the splenocytes {De Boer et
al., 1987; Moller and Borrebaeck, 1988). Reviews of
the IVI method have been presented by Reading
(1982) and Borrebaeck (1986, 1988, 1989).

The aims of this study were first, to determine
whether antibodies could be obtained against the
pesticides sulcofuron and flucofuron using IVI meth-
ods; second, to examine the nature of any antibodies
obtained and third, to observe the performance of the
antibodies when incorporated into indirect competi-
tive ELISAs for the quantitative analysis of sulco-
furon and flucofuron. A modified IVI method
(Dougherty et al., 1987) was performed in which the
unconjugated pesticides sulcofuron and flucofuron
were introduced into splenocyte cultures stimulated
by the addition of a mitogen. The splenocytes were
subsequently fused with mouse myeloma cells to
give hybridoma cultures which were then cloned
using standard methods to produce monoclonal anti-
pesticide antibodies.

2. Materials and methods

2.1. Reagents

The pesticides sulcofuron (5-chloro-2-(4-chloro-2-
(3,4-chlorophenyl)) phenoxyureidobenzene
sulphonate) and flucofuron (N, N'-bis(4-chloro-3-tri-
fluoromethyl)phenyl urea) were provided by the Na-
tional Rivers Authority (Yorkshire and Northumbria
region). The hapten mimics 5-amino-2-chlorobenzo-
trifluoride (ACBT) and 3,4-dichloroaniline (DCA)
used for production of ELISA plate coating antigens
were obtained from the Aldrich Chemical Co. (Gil-
lingham, Dorset, UK). The structures of DCA and
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ACBT are shown in Fig. 2. Dichlorovinyl dimethyi-
cyclopropane carboxylate (CPA) was synthesized by
B. Lygo, University of Salford. All other reagents
were obtained from Sigma Chemical Co. (Poole,
Dorset, UK) unless specified otherwise.

Stock solutions of the pesticides were made up in
dimethyl sulphoxide (1 mg ml™') whilst stock solu-
tions of ACBT and DCA were made up in dimethyl
formamide (20 mg m]™"'). All stock solutions were
stored in the dark at 4°C. Aqueous solutions of
ACBT and DCA (0.1% w/v) were prepared by the
dropwise addition of stock solution (5 ml) to distilled
water (95 ml) immediately prior to use.

2.2. Cells and media

Murine myeloma cells (P3 X 63-Ag8.653) for fu-
sion with in vitro immiimised splenocytes were raised
in Dulbecco’s modified Eagle medium (DMEM)
buffered with 20 mM Hepes (Hyclone Europe,
Cramlington, Northumbria, UK) and supplemented
with 2 mM glutamine (Integra Bioscience, Cramling-
ton, Northumbria, UK) and 1 mM sodium pyruvate
(Integra Bioscience) | (DMEMI1 medium). The
DMEM1 medium was|also supplemented with fetal
calf serum (FCS, Hyclone Europe) to give a serum
content of 10% (v/v) (DMEM1 /FCS10). DMEM2
medium for hybridoma growth was produced by the
addition of oxaloaceti¢ acid (1 mM), pyruvic acid
(045 mM) and insulin (0.2 U mI~!) to DMEM
medinm, as directed by|the manufacturer (OPI media
supplement, Sigma). | Ewing Sarcoma Growth

medium (ESG, Integra
glatamine (2 mM) wers

Splenocytes for use
were prepared immedia
of the procedure. §
BALB /c mice spleens
by passage through a
DMEM1 medium (10
washed three times by
min) with fresh DMEM
pended in DMEM1 /FQ

Splenocyte feeder ce
were prepared 24 h bef
spleen was disrupted by

Bioscience) (1% v/v) and
also added.

in an in vitro immunisation
tely prior to commencement
1x-week-old,
were removed and disrupted

non-immune,

stainless steel screen into
ml). The. splenocytes were
centrifugation (500 X g, 5
1 medium and finally resus-

S10 medium.

Is for hybridoma production

ore use. A BALB /c mouse

passage through a stainless

steel screen into DMEM1 (10 ml). A crude removal
of large debris from the splenocyte preparation was
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performed by sedimentation (2 min) within a conical
tube. Splenocytes and media were carefully re-
moved, resuspended in DMEMI1 /FCS10 medium
(100 ml), dispensed (50 wul well™') into 96-well
culture plates (Costar) and incubated (37°C, air) until
required for use. i

A thymocyte conditioned medium (TC medium)
was prepared from the thymus of 6-week-old, non-
immune, BALB /¢ mouse. The thymus was dis-
rupted by passage through a stainless steel screen
into DMEMI medium (10 ml). The thymocytes were
washed three times by centrifugation (500 X g, 5
min) with DMEM 1 medium, resuspended in DMEM 1
supplemented with 20% (v/v) FCS
(DMEM1 /FCS20) to give a cell concentration of
1X 10° cells ml™' and then incubated (37°C, air).
After 48 h, the thymocyte culture was centrifuged
(500 X g, 5 min) and the supernatant carefully re-
moved, filter sterilised (0.22 wm filter), then stored
at —20°C.

2.3. In vitro immunisation

Bacterial lipopolysaccharide (1.0 mg) dissolved in
DMEM1/FCS10 (1 ml) was added to freshly pre-
pared splenocytes in DMEM1 /FCS10 (10 ml, 1 X
107 cells ml™!) in a 75 cm? flask (Costar). Immedi-
ately prior to use, stock solutions of sulcofuron and
flucofuron were diluted with dimethyl sulphoxide to
give working solutions with final concentrations of
10 ng mi™’. An aliquot (20 wl) of a working
pesticide solution was added to a splenocyte culture.
TC medium (10 mi) was added to the splenocyte
culture and the mixture incubated (37°C, air). After 4
days the splenocytes were recovered and washed
three times by centrifugation (500 X g, 5 min) with
DMEMI medium.

2.4. Hybridoma generation

Hybridomas were produced by mixing in polethy-
lene glycol (PEG 1500) using standard methods
(Harlow and Lane, 1988). The ratio of in vitro
immunised splenocytes to 653 myeloma cells was
approx. 2:1 as recommended by Borrebaeck (1983).
The resulting hybridomas were resuspended in
DMEM?2 /FCS10 medium, dispensed in two 96-well
plates (100 1 well™!) and incubated for 24 h (37°C,



air). DMEM2 /FCS10 Supplemented with hypoxan:
thine (2 X 104 M, aminopterin (8 X 107 M) and
thymidine (3.2 x 10=5 pp) was used to replace 50%
of the media within the wells. After a further 96 h
incubation (37°C, air) another 50% media change
Wwas performed with DMEM?2 /FCS10 medium sup-
plemented with hypoxanthine (1 x jg-4 M),
aminopterin (4 x 107 M) and thymidine (1.6 x
107> M),

2.5. Hybridoma Screening

Hybridoma Supematants were screeped for the
presence of antibodies using an indirect ELISA.
Supernatants (50 #l well ™) were added to an Im-
mulon I microtitre plate (Dynatech Corp., Chantilly,
VA, USA) and incubated overnight at 4°C. Super-
natants were removed by aspiration and the plates
washed three times with PBST (0.05% (v /V) Tween
20 in phosphate buffered saline (PBS, pH 7.2)). then
blocked (1 h, 37°C) with blocking buffer (3% (w /v)
dried non-fat milk (MarveL, Premier Brands UK Ltd.,
‘Knighton Adbaston, Stafford, UK) in PBS; 100 ul
well™')." After blocking, goat anti-rabbit peroxidase
(1,/5000 dilution in PBST; 50 ul well~ ') was added.
After incubation (1 h, 256°C) the plate was washed

(five times, PBST), substrate solution was added

(2',2»azino-bis~3-ethylbenzthiazoline—6~sulphom’c
acid (ABTS); 100 sl well™") and the product ap.
sorbance measured at a wavelength of 405 nm.
Hybridoma supernatanis’ were alsg screened for
anti-pesticide antibodies through use of an indirect
ELISA. Microtitre plates were coated with a bovine
serum albumin (BSA)~hapten conjugate, in which the
hapten mimicked a moiety present within the origi-

nal immunising pesticide. Anti-sulcofuron antibodies

ACBT-BSA was used ‘for anti-flucofuron antibody
detection. The microtitre plate surfaces were initially
coated with BSA and then either ACBT and DCA
were coupled to the immobilised BSA with glu-
taraldehyde, using a modified method of Fujiwara
and Kitagawa (1993). In all ELISA screening of
hybridoma Supernatants, a positive result was indi-
cated by an absorbance value at 405 nm which
exceeded the mean absorban¢e of the negative con-
trol by 2 SDs.
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Two methods of coating with BSA were exam-
ined; either wet coating in which BSA adsorbed onto
the microtitre plate surface from a buffer solution, or
dry coating in which the buffer solution was evapo-
rated to leave a BSA residue on the microtitre plate
surface. Dry coating was performed by the addition
of BSA solution to each wel] (I mgml~!in PBS: 50
ml well™) of 3 96-well microtitre plate (Immulon
1) which was then dried onto the plate by incubation
at 37°C. When dry, an aqueous solution of glu-
taraldehyde (0.25% w /v) was added (50 wl well™")
and the plate incubated (37°C, 2 h). The glutaralde-
hyde solution was then discarded and replaced by an
aqueous hapten solution (0.]% W/v, 50 ul well ™),
After overnight incubation at 4°C, the hapten solu-
tion was discarded and the plate blocked (1 h, 37°C)
with blocking solution (100 w1 well ™). The biock-
ing solution was discarded and the plate washed five
times with PBST. Wash buffer was then discarded
and the microtitre plate stored at 4°C untj] required.

Wet coating was performed in a simijlar fashion
and involved addition of BSA (2 mg ml™! in car
bonate buffer 50 mM. pH 9.0; 50 I well™!) and
subsequent overnight incubation (4°C). Excess solu-
tion was removed by aspiration and the haptens were
coupled using glutaraldehyde as described for the
dry coating procedure, above.,

The uniformity of both the wet and dry coating
methods was examined by performing an indirect
ELISA on cach type of plate and determining the
percentage coefficient of variation (CV). The per-
centage CV value for a plate was determined thys:

standard deviation of plate
CV(%) = —— 7Pk X 100
mean absorbance of plate

The specificity of the antibodies within the hy-
bridoma culture Supernatants was examined by an -
evaluation of their binding to additiona] conjugates,
also immobilised on the microtitre plates by drying.
The two conjugates selected for use as plate coating
antigens consisted of either the hapten CPA coupled
to BSA (CPA-BSA) or the hapten 3"-phenoxybenzoic
acid (PBA) coupled to BSA (PBA-BSA). Both con-
Jjugates incorporated a sjx carbon spacing group (6-
amino hexanoic acid, 6AHA) between the hapten
and carrier protein molecules; the synthesis of these
compounds, as well as the plate coating protocol, are
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Fig. 3. Structures of the hapten-spacer conjugates (1) PBA-6AHA
and (2) CPA-6AHA.

described by Bonwick et al. (1994a). The structures
of the CPA-6AHA and PBA-6AHA hapten-spacer
conjugates are illustrated in Fig. 3.

Hybridoma culture supernatants (50 wl well™!)
were incubated for 1 h at 37°C. In addition,
DMEM?2/FCS10 medium (50 ul well ') was in-
cluded on the microtitre plates as a negative control,
whilst non-specific binding was assessed using both
pre-immune mouse sera and a hybridoma culture
supernatant containing murine monoclonal anti-
Taenia antibody (50 ul well™!, antibody raised
against Taenia saginata coproantigens and provided
by J.C. Allen, Dept. of Biological Sciences, Univer-
sity of Salford, UK). The remainder of the indirect
ELISA protocol was performed as described by Bon-
wick et al. (1994a). ABTS was used as the enzyme
substrate and product absorbance was measured at a
wavelength of 405 nm.

2.6. Cloning

After a further 7 days a 50% media replacement
was performed with DMEM?2 /FCS10 medium sup-
plemented with hypoxanthine (1 X'10°* M) and
thymidine (1.6 X 107° M) (DMEM2-HT). Addi-
tional 50% media replacements with DMEM2-HT
were performed at least every 7 days, the frequency
dependent on colony growth. Supernatant media from
visible colonies were tested for the anti-pesticide
antibodies by an indirect ELISA. Cells in ELISA
positive wells were cloned by limiting dilution using

96-well plates with splenocyte feeder layers as de-
scribed by Harlow and Lane (1988). ELISA positive
clones were isolated and expanded to 24-well plates
then 75 cm® flasks with DMEM2 /FCS 10 medium.

2.7. Hybridoma antibody isotyping

Murine monoclonal antibodies produced by the
hybridomas were isotyped by Quchterlony double
diffusion (Ouchterlony, 1949). The procedure was
performed as directed by the manufacturer (The
Binding Site, Birmingham, UK).

2.8. Indirect competitive ELISA

The inhibition of MAb binding to immobilised
conjugatc by free pesticide in solution was con-
ducted as described by Bonwick et al. (1994a) for
the assay of permethrin. Both sulcofuron and fluco-
furon were first dissolved in methanol and the solu-
tions were introduced into the ELISA to give a final
methano! concentration of 10% (v /v).

3. Results
3.1. Antibody detection

Splenocytes immunised in vitro with flucofuron
were successfully fused and a total of 192 culture
plate wells were seeded with hybridomas. After 15
days, hybridoma colonies were observed in 37 wells
of which 36 (97.3%) contained supernatants that
tested positive for mouse immunoglobulin and 20
(54.1%) contained polyclonal antibodies that bound
to ACBT-BSA. As ACBT mimicked a moiety within
the flucofuron molecule, those supernatants that
bound to ACBT-BSA were considered to contain
anti-flucofuron antibodies.

Hybridomas produced from splenocytes immu-
nised in vitro with sulcofuron were also seeded into
192 culture plate wells. After 15 days, hybridoma
colonies were observed in 48 wells of which 47
(97.9%) contained supernatants that tested positive
for mouse immunoglobulin and 41 (85.4%) con-
tained polyclonal antibodies that bound to DCA-BSA.
As DCA mimicked a moiety ‘within the sulcofuron
molecule, those hybridoma supernatants which tested
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Fig. 4. Non-specific binding during the indirect ELISA of hy-
bridoma supernatants. Anti-flucofuron (AF) and anti-sulcofuron
(AS) both diluted 1/32, mouse anti-Taenia (AT) and mouse
pre-immune serum (PI) undiluted. Omission or inclusion of goat
anti-mouse peroxide indicated by —PX or +PX, respectively.
Values presented are means of five observations.

positive were considered to contain anti-sulcofuron
antibodies.

Controls included in the ELISA of the hybridoma
supernatants showed that non-specific binding by the
goat anti-mouse peroxidase contributed little to the
final absorbance values obtained. Similarly, there
was little evidence of binding to either ACBT-BSA
or DCA-BSA by the mouse anti-Taenia antibody,
whilst hybridoma supernatants from both the fluco-
furon and sulcofuron immunisations also failed to
bind to plates coated with BSA alone. These obser-
vations helped confirm that anti-pesticide antibodies
were present within the hybridoma supernatants and
that the positive ELISA results were due to binding
to the haptens within the plate coating antigens,
rather than the BSA carrier protein. Despite the
structural similarity of the haptens, little cross-reac-
tivity in binding to the plate coating antigens was
observed at the dilution used (Fig. 4).

Hybridoma supernatants from both the flucofuron
and sulcofuron IVIs which had tested positive for the
presence of antibody were used to examine the uni-
formity with which the microtitre plates were coated
with antigen. Wet coated microtitre plates gave CV
values of 10.9% and 11.5% for ACBT-BSA and
DCA-BSA, respectively, whilst CV values of 5.6%

and 4.9% were obtained for microtitre plates dry
coated with ACBT-BSA and DCA-BSA, respec-
tively. The lower CV values recorded for the dry
coated plates indicated that a more consistent and
uniform coverage with antigen had been achieved in
comparison to the wet coated plates. On the basis of
these observations it was decided that all subsequent
ELISA tests would make use of dry coated microtitre
plates.

Hybridoma cultures which tested positive by
ELISA were frozen, with the exception of F2A8
(anti-flucofuron) and S2BS5 (anti-sulcofuron). Cloning
of F2A8 by limiting dilution resulted in 23 colonies
of which 19 (82.6%) tested positive by ELISA.
Isotyping of the immunoglobulins showed that anti-
bodies of the the IgM isotype had been produced by
18 clones and antibodies of the IgG2A isotype had
been produced by a single clone. Although cloning
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Fig. 5. Binding of monoclonal anti-flucofuron (F2A8/1/A4-B3)
to hapten-BSA conjugates. Values presented are means of six
observations + SD.
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of S2B5 gave a total of 31 colonies, only 17 (54.8%)
tested positive by ELISA. Isotyping of the immuno-
globulins showed that all the clones had produced
antibodies of the IgM isotype.

The binding of monoclonal anti-flucofuron
(F2A8/1/A4-B3) and monoclonal anti-sulcofuron
(S2B5/1/C3) antibodies to a range of conjugates
was examined using an indirect ELISA. Both the
F2A8/1/A4-B3 and S2B5/1/C3 antibodies
showed poor binding to the CPA-BSA conjugate
over the range of hybridoma supernatant dilutions
examined. In contrast, both MAbs showed good
binding with conjugates which possessed a hapten
that most closely mimicked a moiety present within
the original immunising pesticide (Fig. 5 and Fj g. 6).

The performance of both MAbs when incorpo-
rated in an indirect competitive ELISA was subse-
quently examined. In these assays, the original im-
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Fig. 6. Binding of monoclonal anti-sulcofuron (S2BS /1/G3) to
hapten-BSA conjugates. Values presented are means of six obser-
vations + SD.
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Fig. 7. Indirect competitive ELISA of flucofuron with monoclonal
antibody F2A8/1/A4-B3 and of sulcofuron with monoclonal
antibody S2B5/1/C3. Values presented are the means of six
observations + SD.

munising pesticide was included as the inhibitor.
Binding of the monoclonal F2A8/1/A4-B3 to the
ACBT-BSA conjugate was not inhibited by fluco-
furon, even when present at concentrations of 1 g
17", Similarly, the binding of $2B5/1/C3 to the
DCA-BSA conjugate could not be inhibited by sul-
cofuron at the same concentration (Fig. 7).

4. Discussion

The fusion of mouse myeloma cells with spleno-
cytes immunised in vitro with the pesticides fluco-
furon or sulcofuron resulted in hybridomas which
secreted polyclonal anti-flucofuron and anti-
sulcofuron antibodies, respectively. This was con-
firmed by the binding of these antibodies to conju-
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gates that contained haptens which mimicked moi-
eties present within the original immunising pesti-
cides. Monoclonal antibodies (MAbs) were subse-
quently obtained from these cell lines and, as ex-
pected from the short initial splenocyte culture pe-
riod, the majority were of the IgM isotype.

The monoclonal anti-flucofuron (F2A8/1 /Ad-
B3) and anti-sulcofuron (S2B5/1/C3) antibodies
showed very specific binding with conjugates in
which the haptens mimicked moieties within the
original immunising pesticide. The limited cross-re-
activity which was observed reflected the structural
differences between the haptens within the conju-
gates and the moieties present within the immunising
pesticides. Thus, the least cross-reactivity was ob-
served with conjugates that contained CPA, the hap-
ten most structurally dissimilar from the moieties
present within either flucofuron or sulcofuron. These
results reflect those obtained from a previous study
in which the performance of anti-hapten mimic anti-
bodies have been examined (Bonwick et al., 1994a).
It is considered that these latter observations further
confirm that both anti-sulcofuron- and anti-
flucofuron-specific MAbs were successfully pro-
duced.

Although both MAbs showed a high degree of
specificity when binding to various immobilised con-
jugates was examined, a similar target specificity
was not observed when these antibodies were used in
an indirect competitive ELISA. Neither the
F2A8/1/A4-B3, nor the S2B5/1/C3 antibodies
were inhibited from binding by the original immunis-
ing pesticide, even when present at 1 mg ml~". It is
thought that this was due to the combined effects of
a high solid phase epitope density (due to the dry
coating of the antigen onto the microtitre plate) and
the properties of antibodies of the IgM isotype.
Multi-specific, low affinity interactions would be
favoured and would negate the inhibitory effects of
the pesticides (Borrebaeck, 1989).

The objective of developing imunoassays for the
pesticides sulcofuron and flucofuron has not yet been
achieved. However, this is primarily considered to be
the product of incomplete immunoassay method de-
velopment rather than a problem associated with the
in vitro immunisation procedure. It is thought that a
functional quantitative assay based on antibody cap-
ture can be obtained if the microtitre plate coating

method is modified to give a lower epitope density
whilst retaining coating uniformity. New conjugates
in which the haptens ACBT and DCA are bound to
BSA via an adipic hydrazide spacing group are
under development, and should permit microtitre
plates to be coated using more traditional methods
known to provide acceptable plate coating uniform-
ity. Further screening of the other MAbs generated
during this study is in progress to assess whether any
of them have characteristics more desirable than
those already observed. The incorporation of the
antibodies obtained so far into alternative assay for-
mats wiil also be examined, in order to obtain func-
tional immunoassays for flucofuron and sulcofuron.

The IVI method conducted during this present
study has since been repeated using a different un-
conjugated pesticide, to further examine the proper-
ties of the antibodies obtained in relation to hapten
structure, and the prospects of obtaining greater pro-
portions of IgG isotype antibodies. Imitial results
have shown that this method is also capable of
generating anti-permethrin antibodies, many of which
have exhibited differing specificities for the two
moieties (PBA and CPA) within the permethrin
molecule (in preparation). An extension of this IVI
method to the generation of antibodies against some
common food additives is also in progress. Overall,
this method appears suitable for the rapid generation
of antibodies against pesticides such as sulcofuron
and flucofuron and other toxic low molecular weight
compounds, and as a means of minimising laboratory
animal suffering.

The mechanism by which the splenocytes were
immunised and stimulated into producing the anti-
pesticide antibodies was not revealed by these re-
sults. It is not clear whether the immune response
elicited in vitro was due to the presence of the free

-pesticides alone, or whether interaction with the"

other media components was involved. During the
IVI procedure both sulcofuron and flucofuron were
introduced into the growth medium as free pesticides
and it is likely that under such conditions these
lipophilic molecules became associated with the pro-
teins present within the growth medium, possibly
through hydrophobic interactions. Although covalent
bonding had not occurred, the proteins would now
act as carrier molecules. This situation would then
have similarities with previous observations in which



172 G.A. Bonwick et al. / Journal of Immunological Methods 196 (1996) 163173

the addition of antigenic proteins (scheleppers) to
purified Forsmann material permitted an immune
‘response in vivo without covalent bonding (Land-
steiner and Forstmann (1928), cited in Leskowitz,
(1972)).

The majority of the anti-pesticide antibodies se-
creted by the hybridomas were of the IgM isotype.
Increased proportions of hybridomas secreting IeG
have been reported where splenocytes have been

obtained from pre-immunised: mice (in vitro boost,
" IVB; De Boer et al., 1989), or where cartier-specific
T helper hybridomas have been introduced into the
splenocyte culture (Schilizzi et al., 1992). In these
studies, however, immunisation made use of hapten-
carrier conjugates and would therefore not be of use
for this IVI method, in which conjugates were not
used. Additional work is considered desirable in
order to improve the proportions of IgG secretors
obtained by this method. This might be obtained
simply by an increase in the immunisation period
prior to fusion with the myeloma cells, in order to
maximise the number of splenocytes in which a class
switch to IgG production has occurred.

The advantages of this method are primarily re-
lated to the speed and number of hybridomas which
can be generated, and the ability to dispense with
hapten analogue synthesis and immunogen produc-
tion. Furthermore, only small (nanogram) quantities
of antigen are required which is advantageous where
only small amounts have been purified. An addi-
tional potential use of this technique is as a rapid
source of mRNA for-the preparation of recombinant
antibodies. This latter approach has been recently
examined by us and has provided immunoglobulin
heavy and light chains within 3 days of the initial
splenocyte immunisation (unpublished observations).
It is considered that under ideal conditions, recombi-
nant antibodies could be prepared in under 2 weeks
from the initial IVI,
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Como resultado del examen de fondo, realizado con fundamento en el articulo 45 de
la Decision 486 de la Comision de la Comunidad Andina, se le comunica:

Documentos esﬂzudiados:

@ capitulo descridtivo, folios 10 a 118;

@ capitulo reivindi}catorio, folios 705 a 746;

4 1° examen de fprma, folios 161 a 163;

®respuesta al 1° ﬁexamen de forma, folios 167 y 168;

#2° examen de forma, folio 699:;

@ solicitudes de Iais cuales se reivindica prioridad y la traduccién exigida, folios 338 a
698; |

@ solicitud del examen de patentabilidad, folios 701 y 702.
®Examen Art-46, fohos 747 a 749;

@ Respuesta al e>¢amen Art-46, folios

Objeto de la invehcién:

El titulo de la ln\AenC|on “UNA SAL FARMACEUTICAMENTE ACEPTABLE, DE
ACUERDO CON [DIFENILUREAS SUSBSTITUIDAS CON w-CARBOXILO COMO
INHIBIDORES DE RAF QUINASA”

Tienen como objeto los compuestos derivados representados con una formula
Markush con significados indefinidos.

El campo de la invencion, segun la Clasificacion Internacional de Patentes: A61K
31/40/ 31/17
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Claridad de la solicitud:

En el articulo 30 de la Decision 486 de la Comision de la Comunidad Andina se
establece: “Las reivindicaciones definirén la materia que se desea proteger
mediante la patente. Deben ser claras y concisas y estar enteramente sustentadas

por la descripcién”,

Las reivindicaciones 1,con sus relacionadas, 37, 38 con sus relacionadas, no
son claras, y no se puede realizar ninguna busqueda, porque su alcance es
ilimitado; las reivindicaciones son excesivamente amplias y especulativas,

porque se coloca una formula Markush general y luego a esa formula general,

se coloca para cada sustituyentes otra formula Markush, y luego se da a cada
porcién un significado mediante una caracteristica deseada, basado en un

’ modalismo molecular que cubre cualquier molécula que tenga un nucleo urea
sustituido con “ciclicos”, porque dicho medelismo no comprenden ninguna
porcién fija como sustituyente, y ademas cuando se nombran sustituyentes se
hacen de una manera ambigua, designandolos solo por una propiedad que se
desea que tenga el sustituyente, tal como por ejemplo “donde L es una
estructura ciclica de 5 o ¢ miembros...”, “M es un grupo enlazante que tiene al
menos un atomo”, “L'-contiene 0-4miembros del grupo que consiste de
nitrégeno, oxigeno y azufre, ...”, “B una unidad estructural sustituida o no
sustituda hasta arilo triciclico o heteroarilo con al menos una estructura ciclica
de s miembros..”, “arilo”, “heteroarilo” estas definiciones como propiedades

. deseables, son términos ambiguos e inaceptables en las reivindicaciones,
porque solo con cada sustituyente designado de esa manera ambigua,
comprende un nimero indefinido de estructuras, y sise sigue con las posibles
combinaciones por cada uno de los otros sustituyentes, podremos ver cuan
especulativo es, y por lo tanto inaceptable en las reivindicaciones. Realmente
no hay una estructura representativa de los compuestos reclamados, que se
pueda considerar que delimita inequivocamente el alcance de las
reivindicaciones, por lo cual no puede ser considerado que satisface el
requerimiento de claridad Y que este perfectamente definida Ia materia para la
cual se solicita la proteccién mediante patente, tal como lo establece el articulo
30 de la Decisién 486 de Ig comision de la Comunidad Andina.
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-Evaluacién de la Unidad de Invencion:

Esta solicitud de patente comprende mas de una invencion o un grupo de
invenciones no relacionadas entre si, de manera que se integra un Unico
concepto inventivo conforme al articulo 25 de la Decision 486 de la Comisién
de la Comunidad Andina.

Para el presente caso se conforman multiples invenciones, de acuerdo al
significado concreto que se le de a los grupos sustituyentes de A y B
respectivamenté, porque el nucleo de urea no es nuevo, y se conforma la
unidad inventiva con la o las caracteristicas técnicas especiales, o sea, las
caracteristicas nuevas e inventivas que se aportan al estado de la técnica y que
ademas se deben conservar en todas las reivindicaciones esas mismas
caracteristicas especiales. Por ejemplo se deben agrupar toda las que B tiene
un significado Unico, concreto e inequivoco, con A variable pero con
significados concretos y que estén basados en la descripcién. En otro grupo
donde el significados de A es Unico, concreto e inequivoco y el significado de B
variable pero con significados concretos y basados en la descripcion.

Excepciones de Patentabilidad:

El articulo 20 de la Decision 486 de la Comisién de la Comunidad Andina establece
en su inciso d) que no seran patentables: “los métodos terapéuticos o quirdrgicos
para el tratamiento humano o animal, asi como los métodos de diagnéstico aplicados
a los seres humahos 0 a animales”.

Las reivindicaciqnes 58 a 62 reclaman un método para tratamiento del cuerpo
humano o animal, el cual incluye la administracién de una composicion farmacéutica
que contenga algitin compuesto de la solicitud, por lo tanto estan inmersas bajo el
alcance del articulo 20 de la Decisién 486.

En cumplimiento del articulo 45 de la Decision 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta dias
contados a partir de la fecha de notificacién de la presente comunicacién. En caso
de no dar respuesta al presente requerimiento, o si a pesar de la respuesta
subsistieran los impedimentos para la concesion, se denegara la patente.



Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2 literal e), del
capitulo quinto del tigulo/psimero de la circular Gnica No. 10 de 2001.
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El anterior requerimiento fue notificado por fijacién en lista, de fecha
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