DESCRI PTI ON SCREENI NG METHOD Technical Field 5 The
present invention relates to a screening nethod for a
drug for the prophylaxis or treatnment of diabetes or a
nerve system disease. Specifically, the present
invention relates to a screening nethod for a drug
for the prophylaxis or tredP#RIPTPNJ| abetes or a
nerve system di sease, WhigdrheGRiRE M@SiodSi N 1D
ferrochel atase. The present 1 nvention noreover rel ates
to a ferrochel atase activator and a pharnmaceuti cal
agenteceaRPL] SHiRGq a ferrochel atase activator.
Background of the Invention 15 As one of the causes of
di*abet es Ope RIFENE IVERT §PR ceda@des EhroERBPeydofiethod for a

M t @zh@ndbt acHeS pkBOVLaxE 8l o £X%RkRenN YT BRLBMes or a nerve
docunent 1 (Science (2005) 307, 384-387) describes

t hat>¥EhE™ FLIfEShal iFFCOF 1A toe hohImgsebl| inveatsen relates to

i Nswl isBreesisd aBeRo@dr HYSFUNGLEOPOHLRAAGIBatd 6rRereatment
cells in type 2 diabetes. In 20 addition, non-patent

doc feflt2 {’%é’rmd}eﬂe BYSEHIdd§Rees, “EhBh GrPFises using
(R0Gkyradid Bibese4841Q- 484k aANGeMOARMPALLMvFOSHIBN s to a

3 (E\IAS %2002 99(23), .14807-14812) have, o
expeFit ABRt SN SEntwir V2t Rt 21h Gk PR Uit ACH (3FERENBPTRE 151ng
coulad fberashdlapesé adtikaeéor in the neurodegenerative
process caused by aging and 25 Al zhei mer' s di sease.
Ferrochel atase is present in mtochondria, and is an
enzpaektyhaindodvtikeSnkent{dn €., iron-porphyrin

conpl ex),to.__ vari gus protei by. catal yzin ,

ddor di nat$ o %o %i Qhoen Claﬁse%rogf 8&%?%?%& iO% ?ﬁeoglyFE?%rdlseases’
Mol ebobamaliitive o Sonigretsndmiad .isS¥nowdn. prod @@m@be, non-patent
200 1.t ondr.i i.n pr [ i gvol ved i

el e%%)%%%grn&nggg} nccehglztr)]éés)uéﬁﬁas%:g_t%?ﬁrg S 4 %&?i g]éas the
and abhermdlike, of atidlogbendmsolcvetld i causadicalliinr eash®dnce and

o0 b B, 0J%n LPULERDE o SLIOSTE! 2l2Re Bgpece | iy
f2anéeflohlcamnd npntpatcalt] dbamensddx (Bentliookna B fHoheverical

L SGHELES oL Pouten | SODEL A aSerd Yy ey ocumnt
and3afPNAS (2002) 99(23), 14807-14812) have experimentally shown
that lack of hem in mitochondria could be an important factor
in the neurodegenerative process caused by aging and
Alzheimer’s disease.

Ferrochelatase is present in mitochondria, and is an
enzyme that provides hem (i.e., iron-porphyrin complex) to
various proteins by catalyzing coordination of iron in
protoporphyrin IX (Cellular Molecular Life Sciences, vol. 57,
p. 1509-26, 2000). In mitochondria, since proteins involved in
electron transport chain such as cytochrome ¢ oxidase and the
like, catalase involved in radical treatment and the like
require hem, ferrochelatase is considered to play an important
role in mitochondrial function and intracellular redox control.

However, the relationship between ferrochelatase and
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approach of treating diabetes or nerve system di seases
by activating ferrochel atase is not known. Meanwhil e,

t he conpound represented by the fornmula (1) in s the
present specification is described as a conpound

having a neurotrophic factor production and secretion
pr offbtlvetgsacri nenrddegpaseaiti véodiipeatesl 16 WIR0E4£089368) an

k h '
ferr%@% ch b% ffbégyhg afﬂﬂkteg QL ﬁégﬁé S sgg§e§1by

atase activating action. 10 pa?ent ocunent
1: 9OLU0M/i0g98e5ravbslphasmtisdoetinerwit: Sci ence, vol .

307, p. %J}%%mo%ﬁ le,ZQ@é &&Q}Jﬂﬁt ?Qﬁréjs%%lﬂgﬁn%y %heT?Srmulpa (I) in

Journal of Biol ogical Chen1stry, vol
484%0e 4g£BENt 2B itdAaplrreris dodevdtrd 85 @r@@@@un%g@mng a

of BQ@I Qél fa%%quYOMctlloﬁ §9&1 e.s%%‘?cét?én m%iﬁ(fdfxctlon
St at es of rica, vo 14807- 14812,

20090 RasErGs dpemsntt he (FQRAMAY P33 fi:'fr)obi %%eweé bt S6 el known

by ther IMENLLRAnR@ ARs ObifeGhoOhe 1S SRI 88ERTath Y eXd 10
Is to provide an agent for the prophylaxis or

treatnment of di seases caused by abnormality (e.g.,

decpeash Bohmaat i1onhosfodyioseghondria, and a means of
developlng such a prophylactic or therapeutic a

t.
25 MR tERt SAPSHEGCt he PrGBFemsYFhe 3;97es%-nt38|4n3%—?vt FHOES

havgoe-graeat edodutefBSh Vernst Uduesal bf 8o BddiRANt chdnistry,
sol ve tgf above- menti oned problens and found a

cor ¥et-ati’n Bt wdenPdetiddsédhbt cO¥dndrial function

duenéﬁpa&%ﬁtem_ﬂ\eﬁefl’nD@l@c@bdﬁz@gzﬁ@iﬂ ¥hé Watidnal Academy of
getes g furt her %O conduc%ed |ntenS| e % udi es

é5nd TOHsIeE 8 ‘E*I'FeUBFE% M3 PRV BN ST L CA BT éf Yot ér P

pr esestt7-1aeent iznozrel ates to the following. 1) A

met hod of screening for a therapeutic drug for

di abetes 35 or a nerve system di sease, conprising

usi bipdlesnoehet athasenveridh The screening nmet hod of

the a one 1% sel ecting a

subs]fggncegs atbeag ?‘V% & gggro%‘ﬁ r&éf’ﬁse 3) A

ker r ochekat asgdcbif vet®presapt | ivegtdog anpaovndrovide an agent
for the prophylaxis or treatment cf diseases caused by
abnormality (e.g., decrease in function) of mitochondria, and

a means of developing such a prophylactic or therapeutic agent.

25 Means of Solving the Problems
The present inventors have conducted intensive studies in
an attempt to solve the above-mentioned problems and found a
correlation between decreased mitochondrial function due to
decreased ferrochelataée activity and diabetes, and further
30 conducted intensive studies and completed the present
invention.
Accerdingly, the present invention relates to the
following.
1) A method of screening for a therapeutic drug for diabetes

35 or a nerve system disease, comprising using ferrochelatase.
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represented by the formula: B (:A1 CG-X- Z ----Y-R

(I') whereinring Ais a 5-nmenbered aromatic

het erocycl e containing two or nore nitrogen atons and
optionally further having substituent(s); B is an
optionally substituted hydrocarbon group or an io
OptiZjn&hbysémﬂmﬁhhguméxhddebérthmymbbeegmenﬂionXdiS)ﬁicomprising

le\é%l %.nt Eﬁnoﬁn%} Cl HDC ﬁ;h%dr:%%a{: %qu ferrochEQ%tE%seen’

at o) orA aarlcqaiheaaahdsqy asmbsatcbmtcexi\paltkmg g omppox)ﬂd s a

bon%le%&egeglté/ual ent, opor%cgl ¢ hydrocarbon group; and
s an op Forarl I'y substituted cyclic group, an

optionally Bsubstitut ed am no group or an optionally
substi d acyl  group, or a salt thereof. 4) An

sg % —ufli ch i s associated with a

0 mtoc ondrlal functi in a tissue,

mist och rial encephal onmyopat hy, fibronyal gi a;

pancwf@a@rln wiiitadsi$ on Somembexsd ghfepatic ihstecoryrlssicagtaining
f argcohet AlAne A0 akbhs ard) oﬁ@i@lgﬂl#p%ﬁfrtlt)@ﬁ having

prop yl axi s or treatnment of anemia, conprising a

f er robRElbeeesaeti vator. 25 6) A nethod for the

pr ophylsax), St ochh €8 NBst OF i AR ?B?écﬂbd’f\ gh&hyY&r an
system di sease, which i s associafed with a decreased

Mot GErréABR e SPGHE%W‘H?‘Pdl heheXqaysedéc MAWchondri al

encegphal Qr’&'ﬁ%@temfanéﬂ@’c@%%ﬁﬁcaﬁﬁ@ﬁr%bc exhaustion
or steatohepatitis jn a mngnma

: rising
adnifnitét ePTngSan IReh f LW R/B %lfro@]ﬁ‘t%%'f Wéi‘erem R® is a

f er roehehat asemasti MatphibRalhe sﬁBBHEtlutedﬂallﬁleQ}zl&QQ
for the prophylaxis or treatnent of anema jn
mffs Eo‘iﬁﬂﬂY 8Fng HHARPELRANIGYGLAR RfFEchFhRn aﬁﬁ?ﬁf‘ﬁt and

Olfs ®'3i4 e egpbebmiase sapdd Maker &pclihe ghaidRlan Bptibeally
of a Eerrochel atase activator for the pr]gg%ctl on of an

agert PP b EY RS APOPRVALRPsObrant PELE AR Yo PUBP hbettee 8FY?

a neyreéap, sysStemnli seasecrwhi ch is associated with a

dec%saigdagent for the prophylaxis or treatment of diabetes or a
nerve system disease, which is associated with a decreased

20 mitochondrial functicn in a tissue, mitochondrial
encephalomyopathy, fikromyalgia, pancreatic exhaustion or
steatohepatitis, comprising a ferrochelatase activator.

5) An agent for the prophylaxis or treatment of anemia,
comprising a ferrochelatase activator.

25 6) A method for the prophylaxis or treatment of diabetes or a
nerve system disease, which is associated with a decreased
mitochondrial function in a tissue, mitochondrial
encephalomyopathy, fibromyalgia, pancreatic exhaustion or
steatohepatitis in a mammal, comprising administering an

30 effective amount of a ferrochelatase activator to the mammal.
7) A method for the prophylaxis or treatment of anemia in a

mammal, comprising administering an effective amount of a
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5 mtochondrial function in a tissue, mtochondri al
encephal onyopat hy, fibronyal gia, pancreatic exhaustion

or steatohepatitis. 9) Use of a ferrochel atase

activator for the production of an agent for the

prophyl axis or treatnent of anem a. 10 Effect of the

| nvefdrironhdlsd thget het Serteentagthiethnsdadf the present

i nventi.on, armaceut i cal ent for the pro l.axi s

o e lBRert R eRr o adre A IORR B hina R PRy i on ot an
m t cghandEdsa t@npbepitdevalioped. trEatbpecidfi dabbytes or a nerve
substance ebtained byt he sereening gehod;of . the,

present T nventioh I's usefuf °For & e pr ophyfjaX| s or

t rseatinephondria ldif seasiers howk nigi ssude cnetasdgndrial
mtochaondrjal f tign. in iSS nd.a di .

nssodt bl diveret e rbrel A EoRa R T kB pon o

si nceeatcheggatiirpsove mtochondrial 20 function by

pronpt i [ ' ctivatio :

fer :gécﬁg?a%ggae%?ggﬁélo#ﬁg%n %%gcﬁwv%ﬁ ?i Eaér %ﬁe]? aﬁgf‘g%mtlon of an
Descrdepti dor dfhet heophwient sonr Theatvenemt ehenbe.

present invention is explained in 25 detail in the

foll owi ng. The present invention provides a screening

met Hddeot af tdeudnventicme prophyl axis or treatnent of

di abet es . v [ '

Somet i s SEB Gur At e e e oE e Pt hod BF Tk °
pr e S¥REMpARAErHcadngersp deoirt Foalnspphy hex 30 ogckpegiinggt of a

et hpdeQfe t £ RUEBENELATENE E QN £ ARG BE83 58] &Gl BE déveloped.
substance that activates ferrochel atase. Mre

_sﬁecﬁPPFéﬁifFéyl,er_t Heswt@éﬁﬁn@bfr?éﬁlﬁédbbft%écﬁ?%m method of
i Vel PRe &ML LSS Bn 1BCHBRIINGoLefROThebal AS8 s or
together wwth a porphyrin, which is a substrate )

t hereSRtneRy of ai Jhieate sBewing gndprrepsses Retochendpbeh

in thecpissencs anskabsence @fscastesissifsbangsin 4 Bicrease
conparing a ferrochel atase activity in the presence of

t he 17t EBF RifbdPahle RAdWh 817 rifcAeR AaXevach sAhypripial

t he ARsense byobrbher 1rRsths UPSiditeeon COf HeheBY i At i&kation of

t est substance that increases a_ferrochel atase
ferrochelatase present in mitochondria.

Detailed Description of the Invention
The content of the present invention is explained in
25 detail in the following. -

The present invention provides a screening method of a
drug for the prophylaxis or treatment of diabetes or a nerve
system disease (hereinafter to be sometimes abbreviated as the
screening method of the present invention). Specifically, the

30 screening method of the present invention comprises selecting
a substance that activates ferrochelatase. More specifically,
the screening method of the present invention comprises
a) incubating ferrochelatase together with a porphyrin, which
is a substrate thereof, and a divalent metal ion in a buffer

35 both in the presence and absence of a test substance;
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5 activity, conpared to the ferrochel atase activity in

the absence of the test substance, as a substance

that activates ferrochel atase. Exanples of the

por phyrins to be used for the above- nentioned

screeni ng net hod include protoporphyrin X io

deut el opopphyng ry fieesoporiplipee naandithein itke pOksence of the

these.. REOLODOLPAYERN, | X .18 oAL lel.abLe. « FtgymRhenOfansence

the val en be use
abovefﬁéwi¢@ﬁédﬂ$@ﬁé@ﬂ¢ng met hod i ncl ude di val ent

I ron ﬁ%éféctﬂg %%Q@'éuﬂéﬁénégdtﬁé% khgfﬁség: t?@?fbchelatase

e.
dlvafe 1 ron Zlnc 1s 1on1s prerera hese
di vahentvifpet aci:omms;dn‘aoy e lﬁsedoqhﬁelat—hée fasrtyvefy in the

r adi %%C%DSfa&@%%@%Séiﬁ’staﬁéé‘”pése% QEbé&%é&%B&E dQ@ivates

be used for the above-nentioned screening net
i ncl teferophesatdadr-ochl oric acid (Tris-HC1) buffer

phosphat eEQH}E fe(s %thﬂQ%OIIJPK9Il éq%optboésédq%oPu{ﬂ@rab'o%e—

20 generally 0, "preferab
| ncubenry l@ﬁerissw@@rlam R thedf &R eapr%mqrmenﬁ ol%40C

f?& ééﬁ%éfoBo %hyfg% hﬁeééﬂ&%@ﬁ§§£ﬂ3énﬁb9Hé Oik.- &% Q%Ese,

In the present specification, the activity of
ferrB@Héﬂﬁ%ﬁ%%ﬁﬁ%éﬁs1%&”§€FF§P%? of producing a

por phyr i ngx2rp GaMBkeXhd IARPaRePO MMM No@Nd Bediyad et the
netal (e.g., an activity to produce grotohene from

pr otmwprwne% sRaeening wat%?ﬁ ipFoRye divelaetiviay zinc

of fesd ochshat ase 6A O MBASUr oF, théde, GXQAPEE: i¥8hNEr zinc
an anount of divalent netal jon incorpaorated in 30 a

pé?p%@ﬂl%? Pﬁefﬁﬁiﬁﬁétl(ﬂ?eéﬁn?&ﬂa¥§Ptp%ﬁﬁﬁ+yﬂpﬁscTﬁﬁﬂ bgyused in
and the fobhker asdabibatipe Eaﬁé‘cdgadey can be
quantified accordi ng tobuggetho known

ee,
for exanpF&3 B PoubraPdresi bl &g Bard §mt§‘?r§}°°ve mentioned
vol . Séﬁﬁﬁnlhb méthod. ibEARb G825 - ﬁMﬂ%échBﬁth a01d (Tris—-HC1)

305- 290 “TORYURRAS R Ae U8 AdkS oy aNBI B WndheaRetter is

am)ug’nénalfaldyvamem snef greifepabncor.poratad in a
porphyrin_is used as_an ind usi

, a metho o
adi of sot SPEIRREIGR TSGREEE | bk REAPUATGAC ABCHF 0, to 20°C
whi cor about 0.1 - 12 hr (preferably about 0.1 - 2 hr).

In the present specification, the activity of

ferrochelatase means an activity of producing a porphyrin

25 complex from a porphyrin and a divalent metal (e.g., an
activity to produce pretoheme from protoporphyrin IX and a
divalent iron).

The activity of ferrochelatase can be measured, for
example, using an amount of divalent metal ion incorporated in

30 a porphyrin, a preduction amount of porphyrin complex and the
like as an index.

Each index can be gquantified according to a method known
per se (see, for example, The Journal of Biological Chemistry,
vol. 259, No. 2, p. 5678-5682, 1984; and Zoku-seikagaku-

35 jikken-koza, 8, blood (I), p. 388-390, Tckyo-Kagaku-Dojin}.
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conprises quantifying an anmount of the radioi sotope s

i ncorporated in a porphyrin, can be enployed. In

addi tion, when ferrochel atase produces hem the

amount of hem may be quantified by a pyridine
henochrome nethod. Furthernore, when zinc ion is used
as arah exhepiemtheh aommantethatlvedapt irgitrd ion incorporated
measy NG 8l NG 635G L0 A Specldd.c L uanescence, due

to zi'nc o porphyrin conpl'ex formati on can be

enpl vydiahisBospex@npgl. e, *’Fef*) tdwe acdsealgfntzinatal ion, which
pr ot I rin 1 X, citati engt.h . 405 -
20 Soatats Ml sBinded WELARE TR e et be
usedindfrporat et dduet porpramiont caf bpoephlavied . coimpladgifsen,

usedwl?e% fggré el)g’tagte ercorﬁgég ljlsﬁn t .[1]_88 p&ﬁ&.{}}eﬁ;.b?olﬁeﬁlatnﬁagnbe

fluorescence due to I'S porphyrin conp
can pamedsed el sApyt hdirex berathmme nwatteldengibrtdrdmnohe, when

fluoggacenge; wayelength, ;suhLaple yay ,e!%gl%ngtﬁ%&ggoﬁsrising

sel ected according to the kind of porphyrin .
usedneasdring athdncasesofimpprosppoirfphyfiwenegcefnpe due to zinc

e%@%ﬁhyr?ﬂ ll(aﬁt EQ a\‘@\éﬁl %{l‘gtblg @Iﬁlpflr%nzéd' 41??1% @Q%lgﬂﬂe, in

a fluorescence 20 wavel engt 620 - 640 rim can

usedthd waphechilrdvie- peptinswelyser d&ni Ay srEtiietiion wagstength

substange -thad hingheasas WhhesEHId0cRel BlRse 8E1990 bX can be
by not |ess than about 20% preferably not |ess than

aboudse30% Whfsy @ PFeYuFtaBryamapst PESROTINIA I AIPI5H04S used as
as CHMabRY, (9 de@east i M kel foidhgrin ShRRBSEele I8 to the

test substance, can be selected as a substance that '
att | RAPEITLRrFOPREK af 2TV IPRCF L PROBPRT HISSs e A% tHE excitation

usedydvr1tRgt PraseRhe | AMBIHk OB cdTRY v Cerdy i, Ok 8ifkble
derived froma cell (e. spl enocyte, nerve  ce

9., .cell, )
gl i IAEAPRItRfErelEi el ctar| acqaFaLBe vt thRekiificfl Porphyrin
cel lto 3@ Lasgelrdmnsn €& lcasepdlerdRbp&aiHyriapit halodrabxample,

cell, goblet cell, endothelial_ cel snmoot_h scl e
col 140 g GBSt VP PERGaYL F Ty 6ottt Tharpotyt ersscence

| prunoeykRgtle.«F G20Berophagesant teebkedB cell, natural
killer cell, cel |, neutrggg
i

eosinophiF?1H§%%%9Y%?“H§ﬁ8??? %%P?g?%%%gééér?df??e?ubStance
synostaal 1i3br&sdds, thbofdlirocyéeatds@naectetity bgtembllest, than
oS! SHELASh oy IR R, UGG g " SOTLOL re gpreraniy
st ematellessrtizanedbucedls, t hereofphrofl wardme activity in the

25 absence of the test substance, can be selected as a substance
that activates ferrochelatase.

The ferrochelatase to be used in the present invention
may be a protein derived from a cell (e.g., splenccyte, nerve
cell, glial cell, pancreatic P cell, myelocyte, mesangial cell,

30 Langerhans’ cell, epidermal cell, epithelial céll, goblet cell,
endothelial cell, smooth muscle cell, fibroblast, fibrocyte,
myocyte, adipocyte, immunocyte {(e.g., macrophage, T cell, B
cell, natural killer cell, mast cell, neutrophil, basophil,
eosinophil, monocyte, dendritic cell), megakaryocyte, synovial

35 cell, chondrocyte, bone cell, ostecblast, osteoclast, mammary
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bl ooded animals (e.g., human, nouse, rat, guinea pig,
hanster, rabbit, sheep, goat, sw ne, bovine, horse,

bird, cat, dog, s nonkey, chinpanzee) or any tissue in

whi ch these cells are present [e.g., brain or any

portion of brain (e.g., olfactory bulb, anygdal oid

nucl elsnd besal hmrgbrate hiippecanjpuisyl thadl amrsa corresponding
hypo re ot I bl,0 _

Cere%%g%é%%#? céﬁﬁ %¥3%0§E %ép £$?E£ C%lgt%)éF%%%? of warm
pancbb@csiedkadneyls l{ever, hlmlagonradlset,hyabl juinea pig, hamster,

gal | bl er ro dr I skj.

nuscFé%quna? %@ tro%ht%@?ﬁhaﬁgﬁ#ggt%?géaf?thfg%Ft' dog,

i Nt emerikfy, ahtnmargek) i ot estyi hé§sudlisowhies Sdlesehealls are

t hy I Ny a d,.-p a

bl og%lsespe?lgst?gte ?’ggtﬁlc& uhy é%%l%pogcgﬁlgpqg é o tfactory
bonebujoi Wy%@ll%@ur:ﬂss@e basiad| geaflizs rhmeb@ampus, thalamus,
peri ﬁ%g]lamlllgl %QEB.]CQI]’CO%SXf %ercﬁqhgl %%%EEQ b(,eerebellum)
used 1n the present Invention may be also a chenICaIIy

synt $reidiade PR otheIPAPBY S 8 ,p e PBR ¢l s PaNRESATe kidseng dver,

C%I | gdd e thiAOR, abh@ﬂbﬁa\éﬁf&m b&Ié &hRabi Veldtent81and, skin,
ferrochel’atase to be used in the present invention

may BEAer etBibi HAREL PHOESTANZD Rﬁﬁﬁﬁuéédgtn/large intestine

trangforsmnt | td2dHeed widh @eé&éﬂ eh@a@@"%hyﬁé&'rgbr%en,
base sequence_ t hat encodes an amino acid sequence

t he FEMeOdhRrRnSdand, SfedPhrEabdivpre Ialfosltﬁéer testlclef

ferroehgl, apaseerta, bacrssed bBne} %ﬁrtessmpds@venééw lskeletal
a protein conprising an _am no acid 25 sequence the

S HMEBIC EubREEIANGIT - t B 33198 ¢ Hae AATAaCER AFase to be

SeqUESHE i8heM® giesSEQ 1M¥eN@io? 8Mpaoadsd G &aazume.yof
human ferro el at ase shown by GenBank accessi o

NuNbBFEIRRE B0 BAGF S0 AT hBTOSTs SAREPaF 3Pt Hél%%r?e cell-free

am nigr=acil gt S usaeemn. a&ltbﬁla’ifﬂvﬁeraCtlﬁb %&USﬁﬁﬁaibeﬂﬂto be
an_anj no 30_sequence._havin

horm‘IS%gG{/ 181[\%%&&65?6% JcII"eﬁgign WePer antSFoRhBTR 836(9“"”‘

oo Mxrceluchoriey @r ekensbdynaalhoiht AMces wiMte a nucleic acid

partlcularl referabh% %Esgt 95W or _nore, and, %DSt .

pr ef & 2By 2 BHSUECHE8E G SOSH R PRIHCNEC IR Fauence o

sequencéeshamheﬂa¢a§EQ ID NO 2 can be nentloned

Her e, the hoerg%. exam O? {haé f%.rroc %? I dentl Caled in

am no aC|é TS ues SHaSi M ars am no d ues

to atHe @vestmtpmnwgnammasaalnrammduemprnmbearbwuno acid

25 sequence the same or substantially the same as the amino acid
sequence shown by SEQ ID NO: 2 (amino acid sequence of human
ferrochelatase shown by GenBank accession number: NM 000140).

As the “substantially the same amino acid sequence” as
the amino acid seqﬁence shown by SEQ ID NO: 2, an amino acid

30 sequence having a homology of about 70% or more, preferably
about 80% or more, mcre preferably about 90% or more,
particularly preferably about 95% or more, and most preferably
about 98% or more, with the amino acid sequence shown by SEQ
ID NO: 2 can be mentioned. Here, the “homology” means a ratio

35 (%) of identical amino acid residues and similar amino acid
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al i gnnent where two am no acid sequences are aligned
using a mathematical al gorithmknown in the technical
field (preferably, the algorithm considers

i ntroduction of gaps on s one or both sides of the
sequence for the best alignnment). "A simlar amno

aci deshBags tanadhi enedebdimaamigosagid aesidues in the best
phy%‘lgﬁﬂlﬁéﬂtc%el?é% €Ro %n.%lasg’er{cré%r ggg Alqsdnlég us;Lng a
ami no "acids classified under e“sane grou

ar ofathenaiiiosd abedwddhinPleowTrip, tﬁ@/riyechahmha&mddam no
Zg' derb Al Ap1heUend la%ggl@%%@'c)ons@ﬁlﬂ?é i %rggu@& gs ogfs?%s on

n), basic am no aci acidi
aéi @8 (@ hoths E}defamfnéhaﬁ%enam RF éhehy@ﬁfo@ﬂlggmmm A
g éersm%m Andoag Ne ﬁsw@ NPk, aa&rzﬁahgvfaﬁ%m&hgfn

, Ser, Thr t). Substitution
si nPﬁ&?lOCdiﬁ%aho@we@l%&p@@ta@El% fgxe;ﬁeoﬁoutqialdgeammo

t he aphenativpe; of ed Skt €id daine® grm&pngﬂzﬂ Uld L& oRELNO amino
acid substitution). Specific exanpl'es of constitutive

ani A613%| FheubE¥p4 thYré)n 2 @heb¥F ousing acide Pékevher, Ile,

tiechBicalpdiizel gnidndcans SCrRBeA, IHAsYRriRYS acids (Lys,
docunents (see,  for exanple, Bow e et al. , Sci ence,

247! i%oéﬂsislec%%g@j“}no AFIAEME By A5P) + henide Asideikpving a

SeqHeAE®S/ 1 Grihe (Hee§ehr) SPRChHI CAlHOAs CAMYiIRG a small side-
cal cul at ed under the fol | ow ngpcondl tions (an

expEBEHt | GitVvalty So%0; TRapdeh) e APPSWELRT iRl PY ySuch similar

BL OtiulMb? ;acfiidbt £f idipect &8 FR)o USvBOnE JHARBE OOy t$e0phébtype of
al gorithm NCBI BLAST ](_Natl onal Center for

B oPEEHHS ddy® 1 nfSPREL FoH %5 2BLR? @qige groH fityhdeRt -  Specific
Seaegdmpllesl pf Asmsatihetied Wlhbhmfdﬂsubﬂﬁiﬁfﬂlbﬁl E]ﬁe td¥rious

Al 0F | Pl aAe R T D dgoP R [ALEE U 2P GREcHigep, in various

AcadOCUItfémlts Usde, For 584313 7HEcwilOBY) alt hescAlegoe| tdum: 1306-

IS i r d in NBLAST and XBLAST program (version
;Qf(:% @%ﬁhf et al., 30 Nucleic Acids Res., 25:

3[389 340210@1&9@@ )o]f thheanalr@oabidhmeqieﬁcﬂ bedtha present

Nee 444- 4 197

[th%a gori % m i S Iﬁ%g@r)éplorugfaeﬁd eﬁe“&ﬁ&"gﬁ@" %?n‘?c}ﬁdltlons
CCGlapfanpareapaok agéhe + Hd:abgos |atrlerraﬂdb@mrd bmeltrix

Weﬁﬁﬁ%z '\/H]lt%rrln (g?') és:.x}t}'&:l_ﬁ&&lg n%}) or $n algorithm
algorithmis |ncorp r at 3 gram version

2. ol)]C%ﬁ@ﬁSTs bﬁitpan@l Fenttlea @QI:Blgytechnology Information

25 Basic Local Alignment Search Tool). As other algorithm for

determining the homology of amino acid sequence, for example,
the algorithm described in Karlin et al., Proc. Natl. Acad.
Sci. USA, 90: 5873-5877 (1993) [the algorithm is incorporated
in NBLAST and XBLAST program (version 2.0) (Altschul et al.,
30 Nucleic Acids Res., 25: 3389-3402 (1997))], the algorithm
described in Needleman et al., J. Mol. Biol., 48: 444-453
(1970) [the algorithm is incorporated in the GAP program in
GCG software package], the algorithm described in Myers and
Miller, CABIOS, 4: 11-17 (198B) [the algorithm is incorporated
35 in ALIGN program (version 2.0) which is a part of the CGC
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sequence al i gnment software package], the algorithm
described in Pearson et al., Proc. Natl. Acad. Sci.

USA, 85: 2444-2448 (1988) [the algorithmis

i ncorporated in the FASTA programin GCG software
package] and the |like can be nentioned, and they s
canscheeptefArngbhhyntisedrvara mickbbalr, wihe. aMpseithm described
pr ef erabl the "substantjall]y _the sane i No, aci B

P GOeREER 4, e 5 aci M Sk AEA e i Rg arP T aeatT3iee
of (labeut [tHRYmogoninthe, ipr eierrabkytabdut tBOWARTATPregram in
nor, r ef er abl bout _90%.0r re rticul arl

pr é;?g'r a%f@waﬁgoa%(c?ac?e&%]gn%hset lﬁr %f%arrgb eymg %lu neé&%%?%cri they
norcen betgreferaninosad dn segméenee whown by SEQ I D NO

2. "The proteln-Daying §H§S*Is%%gg%'&j}’altlhetﬁén%n?e"%ﬂi’ cid
acid sequenceé™ as an’anm no aci sequeﬁ'ce Shown by %%C?

| DsN@uece’t éers amiproteid femenconpriisgsan identity of

tiall ] i h
SyRLA0 el L Rbe. s cellag dhcnel dyecdugges daLic
NOpr2fensiel t habuha¥) s obsthert,i akkyichardanerefiralably akgut

Ctgcyi t [ [ an.;am [ ;
B ot pReRE B AHE (EYVRE SRR TP AP AR aqo
" swsgnants a@bloyntihie FQMEDANRI iy of 20 activity" neans
an actl Wdp E;go%ﬂg%%%iﬁg p&féﬂ%@égwafﬁ”%@xsarﬁé Qi hbeacid
af orenenti oned porphyrin and a dival ent netal. The
" S IfieSanEs alasy an hanisigrac yd adsauenceedingnt RgtSEhdD NO: 2

aClde¥blh €5 Ahee: AUHt! Bbhyel st BEL SR 1266 Ol BAMY, amino
the "protein conprisi n% substantially the ~ 25 sane
Hmassdagsiescquendde prereruaBilonadsaifcadfidigeauepce shown

Pr @guego arPRIRhYT | ShC @RBE Efas WhbSFak5128aYi ¥l eftbet Quality
that of a  "protein conprising the amno acid sequence
shGin2ByLSED PP 2 \ICLSID HifeFerPrishe PEVAILNY 3CRE Sequence
actdnvivh Yoy eegbep idf erent  (e.g., within the range of

about 0.01- to about 100-fold, 30 rgr,ef erably about . ¢

0.1- to HBouRCEOTIYI'd I nbie "SrEFERAbIAL bl SHesIuRBLY ©

Abautidifpl theans HOMRRLCOY o Beo@Edd W byrhytite complex

"protein conprising am.no aci d,ésequence shown by SEQ

| DERER T (BB ARtk a e T B T o PATALE Y debal . The

usegdubBtdig aplesend sadé Uil Ofesisahabcthdaestitoties are

SXAR1fraA RO ELL SRTPTT ST NG

Accordingly, the “protein comprising substantially the

25 same amino acid sequence” preferably has an activity to
produce a pérphyrin complex, which is equivalent to that of a
“protein comprising the amino acid sequence shown by SEQ ID
NO: 2%, However, the level of the activity may be different
{e.g., within the range of about 0.01- to about 100-fold,

30 preferably about 0.1- to about 10-fold, more preferably about
0.5- to about 2-fold, as compared to the actiwvity of the
“protein comprising amino acid sequence shown by SEQ ID NO:
2.”) .

In addition, the ferrochelatase to be used in the present

35 invention also includes, for example, a protein cemprising

9



9 (1) an am no acid sequence shown by SEQ I D NO 2,

except that one or two or nore (e.g., about 1-50,

preferably about 1-30, nore preferably about 1-10,

nore preferably about 1-5) amino acids have been

deleted; s (2) an am no acid sequence shown by SEQ I D

NQ( , axaepio thad scamenoe 4hswnoby NEBE I®eNg ,2 alkauept that
referabl abo it 1-3 r pre 0

9 BECLRL 0 Yo PO oL Sy or g rSLELELY, ShOML 130,

bemradpledfer(aB)Lyaaibcam ﬂelaclmbrseguﬁmbibom\hy 1SEQ 4nDno

NO. t ha Q ,one or two or nore (e.g., about
?(f%d pr &t € eéggljg 4 loel]ctmi 30, nore preferably about

x 1@) mrmlpmefaexauqquaboutshbwﬁ) bansBiD IDad d<2 ,haweept that

b
NG BB Bt - Sone st i o Har v S dbotr
1 5@r6ppe¢f@rrablly Fyowt 11180 moréspreferapi gf &rvatll y-aboutino

1- Jagmgoﬂae‘reogggg %%{e% about 1-5) am no acids have

been substitute ot her amino acid(s); or (5) an

am (@ aeiahrigeqaeht esanitienhe |$10ancbﬂtﬁﬂﬁh§[DoMpt fer egfept that
Andnpaying,subshand '@'E ! u%aifﬁsa,uglrgergé LAGbYL 130,
as a protein conprisi the am no aci d sequence shown
by "SEE) $13INOab2DY aI_bouFtleiielort e respbsterabl 4l agouthéd-ghmino

quali by RfvaebhyiiYsertfBans as defined above.
Accordi ngly, the above-nentioned deletion, addition,

i ndér t forrnigghaeiqd eusAnNes FheVE oI & IBNO % Rer e8¢eRif that

thenanbnG.aCchd ReRd (&0gbe ki 1agd v rxfeyaml@f Lusht ialsg,
on the activi ti of ferfochel atase. 2 the proteins
¥

HngopepRTfEsaBeE AWEI LT H04 Ff@rﬁr@‘s%ﬁﬁrabébeftkioﬁlitcér?brﬁmlno

t hachab therdpbadi Gases+the Nyt BFRd NI 8MdRI(s) ; or
term nus) and the right end indicates the Ctern nus

(cdrhoyamipgr AFlSPAuaRed M IiAE 1D & KembbrAioFpFaRT§ e

of apaphiieig ee6sEIRIRODy S Eaﬁef@fﬂqebe&;ﬂta@&&vusy%s a
for the screening nethod of the a%;)resent |nvent|

{ hBTELEHT MORREL Ry BHSaRyisT AHLE AYBEPFe YrpmpbY SEQ ID NO:

#- @00 Hered €itd DO AL (x1CP0Ne ;sanie gid e W oEQN)v ik~
as R.jn_the abO\{jovrrentl oned

an__ester (- . Here,
esTERRS £5cHes1ng ﬁbove. Accordingly, th e-mentioned

deletion, addition, insertion, substitution and a combination
thereof of the aminoc acid need to be gualitatively
uninfluential on the activity of ferrochelatase.

25 For the proteins and peptides described in the present
specification, the left end indicates the N-terminus (amino
terminus) and the right end indicates the C-terminus (carboxyl
terminus), according to the common practice of peptide
designation.

30 For ferrochelatase used for the screening method of the
present invention, the C~terminus may be any of a carboxvyl
group (-COCH), a carboxylate (-CO0"), an amide (-CONH,) or an
ester (-COOR).

Here, as R in the above-mentioned ester, a Ci.s alkyl

35 group such as methyl, ethyl, n-propyl, isopropyl and n-butyl;
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35 group such as nethyl, ethyl, n-propyl, isopropyl

and n-butyl; 10 a C3_8 cycl oal kyl group such as

cycl opentyl and cycl ohexyl; a C6_12 aryl group such

as phenyl and a-naphthyl; a phenyl-Cl1_2 alkyl group

such as benzyl and phenethyl; a C7_14 aral kyl group
SuchaagEaﬁyal@ﬁmﬁﬂhyfmﬁﬂsﬁca|&ykgﬁﬂeﬁ@nﬁﬂmhnaScﬁtkbhexyl, a
naphthylnethyl a pival oyl oxymet h ro and t

| i ke“canhel 958ER. SWKeAST HE e PB%%%&PEEEYhasa éi’henyl C1-2
car boxyll group (@h as mafzbmxg{matpel)ane*ﬂhﬂidlat Con bealkgl group
on the Ctermnal, one in ch the carboxyl group is

ami d¥HBY 25 2o St arEPPFRY |C§*2af“y&y]1 GTPHRI Tfdd 3F n®t he

f er noghehgl asenytlo beplsddyiloxrrehpl egentp; andettid dike can be
In this, case, as the ester, the above-described C

tern1n51 ester and the Ilke for exanple, can be used.
FurthernDWBentHNE ferreutababtas ehasoabeatisegli gréde (or a
preseanrtbox T"é‘ '0” ﬁdf’% neludes a,prot &l ’%g‘é‘ﬂfﬁﬁ n.tge

am no gro ern hal am no- aci

t hereofch( ehg. qanh@khloqwqu@ ip esuidia¢ydi sr prsoeecfan bﬁ also

Py PLES c{ Hgdg{r%’%e( ‘EeQrdchglgﬂ—&f eVhe QQHRLSHE ﬁaf%sent
cl’e6 ano such as a group or an ace
grouplvealmdomhe Ihi Ke)s caser oatselt&nev\hetreeq,n thhealpueedpbpalbed C-
0 Ut AR ] SElACandiE 14 S PrACEUNDIC C©ERVAOGJ,
VIVO een converted to Ut'ar ¢ aci

prot ei n wHer&iarmares Uit |ftenemhe(letgse taOHe uspg ignthe present
am N3yl ALd ThORRRAIC, BEAUAn feiliiOkfo ULOUR: gBoup of
guani di no group and the Ilke on an amno acid side

cheai the H- th@nmﬂleém@ jasigr mw@dtb?remf (8pProprathfenine

pr ot £cdiidng) W OYR ot Ecfed b@’ g:lpﬁ)t%%}ﬁn@r%ps Wehy as aacd? acyl

Cl_6 al kanoyl group such as a forny roup or an

acetJAoUgr suph 2safdst Heanpré)suc één? g PFOHReiof an acetyl
sucm@a Whatd ichecalked @ pgéﬁ/&iqpm&ﬁéih tMi fbedasndl

sugar ain bound thereto, and t i ke. The

fer rg)léﬁéfné’tl%s’@stlé‘uﬁe Whes in Rqﬁ’é’uﬁﬁ‘és@htﬂiﬂﬁ"%‘?ﬁ iinvigp, has

My Rend cpatdHald ESpéﬂ'ﬁ)@_;la§ar{1ﬂﬁgtc§§ id Jreselhbiherein a
above-nmentioned partial am no acid sequence of

f er roRErEEeRe (gna r silbst ARt &1 PERR - ol Miytagple
act igtiduy, asn fBido0eh§t@lgse. gudniaipbegralp sHehtantkal on an

peptide ' Nl ddS 3 BEPLY 98 ERMMIStNEe is protected by an
appropriate protecting group (e.g., a Ci-¢ acyl group such as a

25 Ci-g alkanoyl group such as a formyl grcocup or an acetyl group,
and the like), a conjugated protein such as what is called a
glvcoprotein, which has a sugar chain bound thereto, and the
like.

The ferrochelatase to be used in the present invention

30 may be a partial peptide as long as it has the above-mentioned
partial amino acid seguence of ferrochelatase and
substantially the same gquality of activity as ferrochelatase.
Examples of such partial peptide include a peptide comprising
the 55th - 423rd aminc acid sequence of SEQ ID NO: 2 {i.e.,

35 mature reqgion of human ferrochelatase). Here, the
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the 55th - 423rd ami no acid sequence of SEQ ID NGO 2
(i.e., 35 mature region of human ferrochel atase).
Here, the 11 "substantially the sane quality of
activity" neans as defined above. The ferrochel at ase
to be used in the present invention nmay be in a free
f ormuwistansaditly Exanpresgodlistyckisattisrigyi nedarde as defined
physDi %Ieogi cally acceptable salts with acids or bases,
and ﬁhyéi ol ogically acceptable acid addition salts are
parti cul @ah¢ yfeprefeebilaee Exdmpluesdoin tithe pcéskraddinteoinion
sal p.ncl ude | t (th Ln ani i . Q.
hydéagcﬁ o’lHLIIcal é%lgg, fo p 8I§p%o%l%'ac?ﬁ?“%ﬁggréﬁrsgﬁhcs%%ﬁsd,
sul ingliude aphwd)iocl opicdlltysafoemiabieos gbrd wifki alsidsery. bases,
acef | ' f ' ' i.Q0nC. 3 aGl. [
o i P LR AR AP LEBPaadititn LAY Ee
ci tnardiguiaklvmeick Eexadild, dikalrpdéeacid thhenazol @addétikn salt
met, I ic. aci d, ls£oni ¢, aci and otk i d
TIPSR AL B SincRgRRen Sl B%’Cgp'r’egggﬁjéq febne peic
celdhsphori® acigs ueginobronec dvdde- gekiammibedcid), or salts
War@t_lﬁl 89&%6‘3@5% S(emﬁ.‘?l aE@ctiIE_o?cﬂﬁ, HQhEL MNacid, propionic
purification known per “se. Specifically, the . .
f eracochefenase eard h@aprepared byurobgenrzingagtaric acid,
tissyeipracel ka1 of Aiwar &Mi‘&?%%?rﬂéﬁbic%d,

r

separating and purifying a soluble fraction b
Wé% B

ChrrReBEF Bitnes snenRsddanphasd dpoand the like.

chromat ogfa Y robdl £%60aRge ARCOPRINAREY, Ftf bRk tdells or
chr omat ogr%grl%éand the |ike. The ferrochel atase can

¥l d558%pr d2RREoUE P RFIPRSD YakRoWPSiEpt fRfgrals by a

Sy nih@shSoMiked: n The-iret hoth0knpeptpdde ssyNispest sid@Yy, the
be any of, for 25 exanple, a solid phase synthesis

pr FEELECRAF TR SE (s d’epﬁéé%ar'“éﬂfﬁﬁfh}é%‘il@eﬁﬁéé E &2 L¥Rgpe or

i S,cealdest redaphobBidicgain i@ 1pr adtcatharly i CONGRNBLAYFHENg a

artia eptide or am no acids capabl e, of
Cormabbaf Fipthet el FhRar Gersehitn T Pe g RAga-phase

fordhrefnatédthphel | 1B alkchgn@n \-hpbRtesdiapgy gr offint be
resﬁ%t an% %%%uct CE%‘ Sg,ga‘ve. As exanpl es of the
cormBif§ =¥ YnidthddS ot “tondensation and
el i m nat Tion fefrrbbie: jptatectamaglgboby, priddeca@tdtedsding to
deﬁ%&hgeﬁgptide synthesis method.
The method of peptide synthesis may be any of, for
25 example, a solid phase synthesis process and a ligquid phase
synthesis process. That is, a desired protein can be produced
by condensing a partial peptide or amino acids capable of
constituting the ferrochelatase and the remaining portion, and
eliminating any protecting group the resultant product may
3¢ have.
As examples of the commonly known methods of condensation
and elimination of the protecting group, the methods described
in (1) to (5) below can be mentioned.

(1) M. Bodanszky and M.A. Ondetti, Peptide Synthesis,

35 Interscience Publishers, New York (1966}
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in (1) to (5 below can be nentioned. (1) M Bodanszky
and M A Ondetti, Peptide Synthesis, 35 Interscience
Publ i shers, New York (1966) 12 (2) Schroeder and

Luebke, The Peptide, Acadenic Press, New York (1965)

(3) Nobuo lzumya, et al.: Peptide Gosei-no-Kiso to

Ji kkeéh)] Sqhubkfshethdjukbkaiz GheCoep(ite75)caden(i4) Press, New
Har uaki, Y; 19|6g? and Shunpei Sakaki bara: Sei kagaku

Ji kken Tanpakushi t su no Kagaku |V, 205 (1977)
(5) Har d\éﬂQHOYéjammaleat alzok Bepyideulfione honKdiikat su, Jikken,
Vol . ,dh 1 s 1R gpgi,q@ar@égkhggl Sp10Rgb!l i shed by Hirokawa

Shoten. The ferrochel atase thus obt ai ned can be _
i sol 4t bdiagmaks | vaidoei pnedippal kyrdwkipars f iSeatpomku Jikken

met hpd,, Nor %Qﬂﬁékusﬁlfcgﬁ rachelakase;, capsal s he

pr oduced by culturing a transfornmant having t he
nucl ébt HRguakéntuidimag Sane Zokantyasehanate fgihagsu, Vol. 14,

puri byhingieas{eERQaRe! ahigsenkrony tihe eblai firdequl ture.
is The nucleic acid that encodes ferrochel atase may be

DNA or RUke ErrrpchRAzFE dhirhetiaiand &b peefephisigf and

]iaﬁfhf@@db§rl@rknohh MGl eke1 &¢I tABY. be a
doubl e-strand, or si nIID strand. The doubl e-strand

may be a ¥ousreetst Paﬁﬂ%@%ﬁtﬁse FEROP IS raRget FIdALY

or acﬂIQﬁﬂ%N@ BybrddbsrokRahhen6356 Qﬁefhﬁﬁleibngéfﬁ encodlng same,
strand, it may be a sense strand (i.e,, codlng strand
d

or aMArEPEEAs %taflgnﬂm(ﬁfyéng ﬁo‘??%&&bﬁbatsatsrea 5 tﬂ§
t he &h¥xieegodungira.ferrochel at ase genom ¢ DNA, cDNA

derived from an cel | exa | en nerve

01 Vo1 TBF ReSE et Tnef < SRbrc TR ﬁﬁaa%eemay be DNA
nesammuRNA ce£:? ﬂﬁé/ham%ﬁhh@ms, éﬁﬂllsfﬁﬁéfﬁﬁaﬁmk oed |,

eplt ce ot he C , fihro st

PP Siiedon e ERISLERCIR paf el fbdy R St ighy, oF single-
nacr spteage, T'hecdbbblé»sctehhd mat Weab dkdd}:llertﬁdr{dednBBA, a

cel | utr , ophi 0
dend?ll ed g@‘ﬁakarryogﬁgséﬁ B % ng%ﬁ e Sase of a
claa)nsztrmﬂyét esxaMnetcndaj be aOsemteecslnlraJsd (mst. eoodacﬂsig, strand)

e Sk SPRSLEENE PR b o1 2
As the DNA encoding a ferrochelatase, genocmic DNA, cDNA

derived from any cell [for example, splenocyte, nerve cell,
glial cell, pancreatic B cells, myeloid cell, mesangial cell,

25 Langerhans’ cell, epidermal cell, epithelial cell, endothelial
cell, fibroblast, fibrocyte, myocytes, adipocyte, immunocyte
(e.g., macrophage, T cell, B cell, natural killer cell, mast
cell, neutrophil, basophil, eosincophils, monocyte, dendritic
cell), megakaryocyte, synovial cell, chondrocytes, bone cell,

30 osteoblast, osteoclast, mammary cell, hepatocyte or
interstitial cell, or a corresponding precursor cell, stem
cell, cancer cell and the like, blood lineage cells] of warm-
bloeded animal (e.g., human, mouse, rat, guinea pig, hamster,
rabbit, sheep, goat, swine, bovine, horse, bird, cat, dog,

35 monkey, chimpanzee), or any tissue where such cells are
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cell, cancer cell and the like, blood |ineage cells]
of warm bl ooded animal (e.g., human, nouse, rat,
gui nea pig, hanster, rabbit, sheep, goat, sw ne,
bovi ne, horse, bird, cat, dog, 35 nonkey, chinpanzee),
or any tissue where such cells are 13 present (e.g.,
br grasait aleygporkiﬂaan of ebr;aipnrteorg of okbdactErg., bulfyctory
| oi d nue asal gan pac.
RS SR h R TEE i (IR et BE AR ey cpptanas,
cohygw;haiem;bl asuhj:btlaéngact ayucdenebealdrghrabowinyekal medulla

'Ogﬁmtgaoc eiequenulnat?emtpﬁahoPo% Pyt anen, 1%egdgfaeteral

nucl eus F&stm  subs spi nal
hypophysmtamsnomhlatpamml@ag, kaldamezy{n, | swestant gaaidira)l ,

th%ﬁ?ﬁ&’l c%%lcilé%qu)%%E/SlQorEeco%Efxo‘%an%qggzgalkl (@E}d liver,

nmusc astrol ntésti nal trac
| apgeadnttégrphe, gaéﬂralladqlermebpmet)arrIQWoo@jdnﬁe@éegland skin,

he h n?ggé lLa ne
pe?ll[l%) leér a?iﬂ‘é?oo%cgtgg’rgP% ergllﬁ cfbgel pr ogt Jélrtné%tl '
t estetl entevaiye) ,plbé@@ﬁt‘afssﬁﬂ-erfﬁl%artboﬁbyml}%l gpleen,
?dtﬁgﬁéh& RIYE gf&ﬂa tBQf%?ﬂema§Y5ﬁJH§' Be£¥#%é%ﬁq Ef@bd cell,

e can nent 1 oned enom cC DNA an
enéé@l$frm‘—efrei:ia@%1r@eat agérba@lap%tarlslteéuw megey yjoint,

amph éégjtéggﬁg(m§Q31EQn t BOG KNAWNDREarRe thEOlike can be
exanpl e, Pol yner ase Chai n éeactl on (hereinafter to be

abBPBVIEEd as "PCR net hod”) or Reverse

Tf anscr 'PPb@ﬁ@mP&%NA( Bes edpiaf LREodigPe-abbiRMahed &% also
"RT- PCR net hod"), using genom c DNA fraction or total

IRNAE of L HARRAY PRI TAROpREGRIERT 28P 1 BRTBPR known per se, for

abeygngmnt |P@!Dﬁ§}e1€é%|e| bhéﬁﬁ%a@ﬁl@h t@RRkahLiter to be
Al ternatively, or cDNA encodi ng

fePP’BJ&%Véaéﬁﬁs%sc ﬁ:R QFEIEPdé'é EFo‘?'Fevc?ra?Ec“&F?ﬂsr?&lPBa%e PCR

met etk Iagwar pes b‘éeabfaﬁévﬁ)taﬁpé@ “RTC@LRMNe thiodP ) aquﬁng
hybri di zat i on_net hod thod and the_like,

Y e R RO of AL R | SrpAaNE s Ibe Fisposs

sb Ngeih it abBtO-renttibhéd|@1Vgei Bue asf s agmenatef
gegggw or total Fﬁ)\@sor ggﬁkg%r aaredf fjr:rocheﬂg__alSe can
abBYESTRATLT By ITEMEF 1S 52, SRPETT (S TEE-TRS
foalédﬂebel idlbaégt morbl&ngntyo a:fmebaodeknc@mh@ge s@l am dxample,
cosm t. H %EQ in
feﬁp crH’eloa]ft %ggqueaqﬁ%ﬁ é\z/atnlont H‘Qgh 0 base sequcgnn%l Bhe like,
shéwom b:;heSE,@udarﬁld\l(DNAll(mg@r seqeiNic d ibfarypgrepgred by
25 inserting, into a suitable vector, a fragment of genomic DNA
or tctal RNA or mRNA prepared from the above-mentioned
cell/tissue. The vector to be used for the library may be any
of bacteriophage, plasmid, cosmid, phagemid and the like.
As the DNA encoding a ferrochelatase, a DNA having the
30 base sequence shown by SEQ ID NO: 1 (base sequence of nucleic
acid encoding the aminc acid sequence of human ferrochelatase
shown by SEQ ID NO: 2), a DNA encoding a protein having a base
sequence hybridizing to a complementary strand sequence of the
base sequence shown by SEQ ID NO: 1 under high stringent

35 conditions and having substantially the same quality of
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acid encoding the am no acid sequence of human
ferrochel atase shown by SEQ ID NGO 2), a DNA encoding
a protein having a base sequence hybridizing to a
conpl enmentary strand sequence of the base sequence
shown by SEQ ID NGO 1 under high stringent 35
condittivang asmdhbaaf@gamubsbm pabtyid hempairei gl ahiet ¥mino
of _ 14 activit s the r ti gned roteln
corfSri’s TR ?rheeyéslﬁ?%% amg gfggq&enge?shom By* SESGH O
NOp2d(ibe eprotahenet f avdnt provopqupbgduce e (ahdh&melvfaﬂent iron),
prof o hyrin | X.and a,divalent iron), and the |ike
can Cg%rgn J|‘kc53né:an Re lTsenFu?n%SkA capabl e of hybridi zing
vm th t helUsaihgl eNBncaraplestf antbrddfuencerioh tine doapéementary
y I n h n
con ?{; ?‘gn%p chd%fs'%%r%%g ]ﬁqél%nggd\lr%wg} bﬁ‘pééggg% hg:1
basmdeequegic sthavgeny: a:OhdJ'micmgsy ip¢lebouttcB08samplenna eDNA
pr 0 0 r r f bl y t
Ooa:ﬁ%%g%}?g%e%p%rst/é:%epg?l%vﬁr f%rtg%ﬁ)l%ggo %%A)Ho?% °or
rmm@ret, ortéferabdyealyaquent eors mova., bngE@rcaﬁﬁmlylabout 80%
Yo OfpdiE HAZA S 5§ . to th
speC| ?c%tl orﬁggﬁ el’ig?%ﬁ%]%t% u]Er)f%JI@{r3 9‘t%he ?qﬁre O ©
corrgisei éﬁ@uer(CanSbwe@nfaﬁE@rﬂ/&?puelz 10; gaps are

al | owed; H(grgdlto%&' 352 t‘hi1 F% SsdRkAbe S CAY e%he ﬂres‘@n%rmt ch

score = usi n P scori ng %orl t hm NCBI
BLAFECL Rbga oiwal ceerheeﬁafl@@ Hie6t é@ﬁ%lfé’gy ol g PR tions

Basiae, E%@éta{%bﬂ%ﬁk Sedp £hyafQokie a‘ﬁo%aeffllterm = ON;
algorlthmvvlth ich to determ ne the honol ogy of %

Badwtciettritcs, 11 Hel HEFBR oFfP€arcut atisdhdaf gl'éﬂ“lotlﬁﬁi’ ofcoring

t hey 1389V e Qo NELAE A NAF] A1 126EHE SLGURNE S0 €ihBRogy
preferably used in the_ sanme manner. The h}'/brl di zat| on

caﬁnﬁer@@'ﬂf%‘r Fagibylosatet hsmmerbwre s Teelbr ASmetiidd

analiggeusni harat @mcfrprtoed@mﬂnﬁneatmtmelogﬁ&qr ltbédbééé

Mol ecul ar Cl oni n%F 2nd ed Sanbr ook et al

ol B g s BTG, CPIa st SOaRySRAANB e | FReabaye-

LomEREEbRdd mdnal Al eetididy Yafiate @re@cbeblis@@ehoin the

the hybridi zation accordi ng to the instructions of

t h€=8Ct BTHED - manuf acturer's protocol. Preferably, the

hybri di zeid Obeddi 28 iohacdn e patfemder bhi §mexhbingesiun per

Condltlonsmethod analogous thereto, for example, a method
described in Molecular Cleoning, 2nd ed. (J. Sambrcok et al.,

25 Cold Spring Harbor Lab. Press, 1989) and the like. A
commercially available library can also be used for the
hybridization according to the instructions of the attached
manufacturer’s protocol. Preferably, the hYbridization can be
carried out under high stringent conditions.

30 High-stringent conditions refer to, for example,
conditions involving a sodium salt concentration of about 19
to about 40 mM, preferably about 12 to about 20 mM, and a
temperature of about 50 to about 70°C, preferably about 60 to
about 65°C. 1In particular, a case wherein the sodium

35 concentration is about 19mM and the temperature is about 65°C
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30 High-stringent conditions refer to, for exanple,
conditions involving a sodiumsalt concentration of

about 19 to about 40 mM preferably about 19 to about

20 MM and a tenperature of about 50 to about 70C,
preferably about 60 to about 65C. In particular, a
caseiwherediemretie Botieunk3blDh6etlig airttonah Seaghaut rdfimdte the
and the. tenperature i.s about. 65C 15 is preferred. .
TosE IR TRES Fh the R £ SoH S3cTry padcl e EREOpsiately
condrbamnisict ohebdalitn candestinagdostef mybméyidntion solution,
appr Lat.el.y. changing the sali concentration of ..

nybr a5 2tk Lo SrEat REabuity BRspe dtrtdplacion, prove
t enpéemitur, e pupbebe fc anseatatats onybpddlbet soi ergthjon time,
nunbggléﬁchhég?}égy%%’oPy$%$Hynéa§| i%%?c%ésllntlEgﬁperature,
salt concentration of washing”solution, was |ﬁg

t enperdtilreelikand the i ke. The DNA encodi ng

ferrochel SEui S . fet

havi ng  ha pacis etheasfs WekotERass " | iNTARE bt

I ts a¢frdchelarasmtbNAohavimchghegoafe sehvenararmsiobh dudéd@ 1D
an} "gb. (€ Gr i@%ﬁeéé%arﬂ%?e@r %&ho%@é‘%ﬁerotgéf_i%rtm-
sheep, goat, sw ne, bovine, horse, bird, cat, dog,
nmonkelgodeghpnipadz €€) 9- THeOUBRA réfat wwioeeasiq hbamster, rabbit,

ferrochel aase, AyidePabdddle, h-HEPYIAE thAr egbqcanhiey,
cloned by anplifying it by the PCR method using a
synt BRIRENBRRA) pri mer having a portion of the base

sequence hat pENGedeSchliidd PLEI #b QbcREP AR oPTa Phartial
hybri di zi ng DNA i ncorporated in an appropriate

exprRYiies theredt cep e |divepd doDNAPL L AgHishtl toby the PCR

synthetio leﬁn% hats yeRsrodes pRAl Briid heRiy o Berefdd 8 the
region of the ferrochel atase protein. The .

hy brP#fi&, SEABRREAITFIBE BREIBSnERE RECLROR % Afpltdde o by
met hiegbridesend s i AcMdacukar 1:00NbaBgropidtedexpression
(ibid.) and the i commerci al |y avail abl e

ke. _A
|| brigroatio st ssech st ASATERRE Oy BYPHheaci B that encodes

agcos Pargibh dhecHenshtibed irefsoRfofl he2be RIIUEAStAHLHrELein.
pr ot acol ched t hereto. The base sequence of_ the

R e e e e e SRS
se, damedriasdtire MODAchPaPCRoABLHODNd Be. Ganped shipldx like.
et hlgddom%rergzzl?a 1@“%2{1%&‘1‘3};&& %anmeg sood b%alslsgd for the
hybridization according to the instructions of the
25 manufacturer’s protocol attached thereto.

The base sequence of the DNA can be converted according
to a method known per se, such as the ODA-ILA PCR method, the
Gapped duplex method, or the Kunkel method, or a method based
thereon, using a commonly known kit, for example, Mutan“tsuper

30 Express Km (TAKARA SHUZO CO. LTD.), Mutan™-K (TAKARA SHUZO CO.
LTD.) and the like.

The cloned DNA can be used as is, or after digestion with

a restriction endonuclease or addition of a linker as desired,

depending on the purpose of its use. The DNA may have the

35 translatiocn initiation codon ATG at the 5’ end thereof, and
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t hereon, using a commonly known kit, for exanple,

Mut anTX- super 30 Express Km ( TAKARA SHUZO CO. LTD.),

Mut anTM K ( TAKARA SHUZO CO. LTD.) and the Iike. The
cl oned DNA can be used as is, or after digestion with
a restriction endonucl ease or addition of a linker, as
destieed ransdepenrt BgoPreddoa PAR PSR 6f TAGS atiSehe Tie cBNA
may_.have the 35 translation jinitiation codon ATG at .
{heESEeghy hERRor At L9 TS L FALISSEROR T og e0atH Lo
TAA topGAcatn s A@nabe t &led bendsirdgher eeftablleesgnthetic DNA
traQ%%%tion initiation codons and translation stop
co C4h be added by using a suitable synthetic DNA
adapt or . The Therrbehe Detasleat-as ea loan bal seeferefr bparecthsbyrming a
tr q?ossftogfqlcg na ex%ggésivgnt breggorexcor S%hfrg%g‘.%%t glgove—mentioned
contai ni ng the above-ment I onéd en ing
f ermuc kekatiase feandclotilatewat i gl tchétbdtdingetdhe obtained
t ransf or-man a rdi.n thad, k e[ _se.
agtnr;ﬁng’gg% gr%tHe%? g% éls bts%? a%c“g%hggb]én%\g%e? o%e’t he 10
screeni ngxagtllvedodf thhdept es@rt angeent itgn usad| tme the

ept | ._prot.ein, ept . di : tati
g e R T L R e s
extraceiandneipepkifie; coapdundeSermaytdtaiomopepduct, cell
su s n SLANGES 1 FuNC e URM ABEC1 1 e,
ob?%ﬁ%ggﬁbfg%ﬁg g%?%%#?néﬁnet gﬁgng T's the pr esent e

i nvanst itbase areypbentreelagubetdndasy or okprvod gekstances.

POr Py T T 83 FAITRHEX ol AB-Re PRI AN SHENBL BN method of

nmetal (e.g., activity to produce protohene from

pr JthspErpRGHE AnVRNBIRD FandPyeRatet aPr HLVItY arpiseiuce a
US%@%geiﬁ efdnpebg! AlAse BEEHPMALAN and | diRg160 WY (e.g.,

"t he substance obtai ned bé t'hé screening 20 nethod of
t he PriedEnt e MFeAtFRProkAleme Frory BERRRrR g in 1X and a

actdixahaht CORMMI, NE ALHOBROEEKE () 3 BEL-TRRBLLARS lc01b&tor.
abbrevi ated as the ferrochel atase activator of the

predeihe falimtirgn ddea syepeanse CBFMNGRPYoERR ISR sERING

B Git0e8 BEMHN phbi &GN aRGEL B orANEn8 URP| @S ocREL AtRMFet O
vari ous Erotelns (f' ., proteins involved in the

el AT SRTPT HTESEHPIvh LORPe R e “cHED TGRS I8 f5se
ancthdptevibtde asCohal mse oty te@ kbtiwafiogabf the present

t|’%§£ﬁgggggﬁ ;gqgrggﬁgé?c %erm.
Ferrochelatase produces hem in mitochondria, and supplies

25 hem to various proteins (e.g., proteins involved in the
electron transport chain such as cytochrome c oxidase and the
like, catalase involved in radical treatment). Therefore, a
ferrochelatase activator improves mitochondrial function by
activating the proteins involved in the electron transport

30 chain by promotion of hem supply to the proteins and the like,
while promecting the hem supply to catalase, whereby the
intracellular redox contreol activity can be improved. Here,
examples of the mitochondrial function include substrate

channel function, glycolipid metabolism, energy production

35 (e.g., ATP production), regulation of apoptosis, Ca-buffering
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ferrochel atase activator inproves mtochondria

function by activating the proteins involved in the

el ectron transport 30 chain by pronotion of hem supply

to the proteins and the |ike, while pronoting the hem
supply to catal ase, whereby the intracellular redox

cont fohclaem whdyticadike- i nproved. Here, exanples of

the m tochendej i b ba .
funct] on. oyEe 15 i act OF A LHEE WM B ochib i ition can
(e.g;mp¥$ME phedusttonn) , fumgpileat inprigfedabppthesipgfhology when
Ca- bH££ dﬂlgn Eé%éﬂé@cglﬁgk4¥1q Egﬁélla%ﬁ.cgguﬁlso 1mprove the
ferrochel atase acti vat or the pr'esent i nvention can

i nf)ré’lﬂécqlh@lﬁelmfoﬁbs?lllﬁmﬂdtquﬁtﬁ npditcadreychdse a peripheral
pat hol ogy. wiien ad hsvact a@aﬁ fhBaghes aTﬁ%vechte' Pﬁ)ch%@gtase

can also inprove the s glycolipid netabolismwhen it
act | oAt FedenRest dhseprppettalinventsiere isuehfertivieyéer aﬂrﬂe

the bidghy1Ehys, ot heohersachel at @f»seeas@cghmtr@r a0fie LN sed
present invention is effective for the prophyIaX|s or

t r cabhetfthopfir ha difsegs éor Hawithg blitfeer ediss@, examples of the

;4 oghondr ab1 fdNGhiOoprdih the LiSS YRt HOF &heekaliPh et g.,
of the 1o tissue include the brain"and each part of

t he BFEAGTorE. Bulb, AadpbeiA BB evamBfraloidaraliEd e g ppocampus,

basat gk, ahy i tPROSAIPUSerebPal s ex NYRRAN AL 3RS ngata,
cerebral cortex, medulla obl gngat a, cerebellun)

spi nSFTRELG i (WAL YO hn @1t St e ALaRrdm Gitemach, pancreas,

Ki dnzydnéy,ve;vezgogaﬂadx hoHyebeld gd i, galldl-addef .bdN@arrow,
| and, skln muscl e, |ung

marr o f a
o St e WieglS) Mynihe @e s bR dieR s ina et
i Nt eséiqe) labd;é)ﬁdltbéeﬁﬁlﬁi,, slmaaltmtetshyﬁws,, Hpbaefsssel, heart,

subngndi bul ar. gl and, r al ood prost at e
tes?fh?m'gva? 1 ’aEBH@ A#%PZ?ESQ ﬁﬁ?mepe%ﬂﬁqﬁfﬁﬁ gplood,
SkelpﬂdﬂtaﬁusciéSﬁiﬁd b#ﬁryl keacéwtanaddiéiwy, bohe, artlcular,
decr 0 n1tochondr|al unction.,is .a state n

ot AR R ISR e biPa Bt RS B2
aboutit&@¥pndoid guefeiabliys aottatwsbovivan nebontéréd6G¥an about
of t abov tioned mtochondri al unction a

conpéalff%e’d gern%rlgl t ﬁg Torit rggfm %’pegl P%:’al oy & ?ﬁegerably not
ferrmnﬂﬁetaaas&qu¢tﬁoaxcnf ¢hetébpwm%msatdoneasmunamhundxmal

can Aedisgl 100hRg 05 IR AEL Py bhealent of a

di sease OMAng a ecr eased gl function in
a tissue Specifically, the ferrochelatase activator of the present

25 invention can be used for the prophylaxis or treatment of a
disease showing a decreased mitochondrial function in a tissue
(e.g., diabetes, nerve system disease, mitochondrial
encephalomyopathy, fibromyalgia, chronic fatigue syndrome).
Here, the diabetes includes type 1 diabetes, type 2 diabetes,

30 gestational diabetes and the like. 1In addition, the nerve
system disease means abnormality, disorder or injury of the
brain, spinal cord, autonomic ganglion, central nervous system,
peripheral part, cranial nerve, spinal nerve, plexus and the
like. Specific examples thereof include amyotropic lateral

35 sclerosis retinitis, pigmentosa, cerebellar degeneration,
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(e.g., diabetes, nerve system di sease, mtochondria
encephal onyopat hy, fibronyal gia, chronic fatigue
syndrone). Here, the diabetes includes type 1

di abetes, type 2 diabetes, 30 gestational diabetes and
the like. In addition, the nerve system di sease neans
abnératicynegiopetter wruzopptipic ehithenulrigiln, ssiinvalis,
cor gh 241,apo r

perlﬁ%era g$§a%gﬁg%%g#Mﬁg?€% %%I?%g¥ n21§%§£§ exus
andH‘FH:elngFPlkeChCS{?@GI Bchlmprpheef tﬂmméef symbﬂqme and the like.
any gl fa%ﬂ'ﬂ?l!aﬁt &Rk BPe SELA 9§é So ehbMid iS5 Eggﬁﬁrﬁi%ﬁse
cerebel | ar degeneratlon etlc neur o
nieu@bﬁcﬁatlnpbu%murﬁnﬂmplaeds‘em% rlggﬁsdue Aloz kehper -thepepy -
senil e d@Hemchamﬁarﬁ@%e@recysﬂélsd%aée,aéiti%ltegteﬁ the present
chor ea, schlzophrenla Down' s syndronme and the

In Hention, cHpEeEri e alegdpfes the Ph@ph@a@é&‘»s%t@eﬂmem of
di S@aﬁ%o§d§£5&f laRCh pgle, @ﬁgﬁ%tah)ﬁeéggagé?ne mi + K& B 159
cancer therapy. In addition he ferrochel at ase

act FHAtaPn 0Pt tthéippeselft- 9- i rRAHITCOR1 G AFhENSBI PR used

forstdhecheppiaxis or treatnent of a disorder of an
organ show ng a decreased mtochondrial function of a

tissue (BUEtHeIFRREr eHIE ERFERFELBR2SE Fupplies hem to

Sta&h@@@@ﬁimtlﬁ$b FERFIIMRILAPE £ d%t@@@téﬁNU@OGH§|§ﬂé§%ﬁt
Iles hemto henng obin, the ferrochel at ase

act 6F°%flﬁl%§eBF% t The RESRNYOR¥1S Qs EFERTTAE Phe?
pr oplyeag¥i Saled b@ad NRitire@be din dheCREE iGAUEEhbdWY Fe.qg.,
decrease in the hemin the body (e.qg. Is anem a).
§pé€ﬁ?ﬁé exanpl es of the substance obtained by the

cr eeni ngpéteiﬂi@deﬁim;tm bfeamwtsubeuameé @nthﬂ@éwd@ ahe

ound, sen y the fornul a
(RS g SSRGS A o b S ntn e R SRafdE & Combouna
hetmraeyehie=d @yt ahsi figmulld or nore nitrogen atons and
optionally further having substituent(s); Bis an
optional | y¥substituted hydrocarbon group or an
opt i y substituted heterocyclic group; 25 Xis a

di val ept noncyclic hydrocarbon group;
A] X—1 Y——Rq )

20 wherein ring A is a S5-membered aromatic heterocycle containing
two or more nitrogen atoms and opticnally further having
substituent(s);

B is an optionally substituted hydrocarbon group or an
opticnally substituted heterocyclic group;

25 X is a divalent noncyclic hydrocarbon group;

Z is -0-, ~-8-, -NR®*-, -CONR?*- or -NR’CO- wherein R? is a
hydrogen atom or an optionally substituted alkyl group;
Y is a bond or a divalent noncyclic hydrocarbon group: and
R! is an optionally substituted cyclic group, an optionally

30 substituted amino group or an optionally substituted acyl

group, or a salt thereof.

In the formula (I), examples of the “5-membered arcmatic
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Zis -0-, -S, -NR2-, -CONR2- or -NR2CO- wherein R2 is

a hydrogen atomor an optionally substituted al kyl

group; Y is a bond or a divalent noncyclic hydrocarbon
group; and Rl is an optionally substituted cyclic

group, an optionally 30 substituted am no group or an

opt i balattoryslibstertuatiednacywo ogroene notragsalatomh&redfthe “5-
Int X f d

ar on@?nﬂeq:re glﬁlﬁ I{lcjlet%_locc?lc gPAC tlgl (r:]rgr%altn\%gggm O?C more nltrogen
ni t r agews amdneptmnatlhe fﬁrthmnhewauh @ubpattiuent (s)” for ring A
het et ocy.cd.e | e a
optlonaj%/"f;]I faur[}her I’Ilg\%l %%&saﬁégtl 1%’e’v"lr?ft %E?Q nt%m{%’ % a

i ngl ngeg £obshbhbteirad aseomhattive hetmygteoqumaapm rhysmes
as a,s, ¢dn ns t g

ot ome B doah ald S+ DA Rar bk SRoP LA 1 20 netero
cont ateishgeleored firemern oxagensasal et edl furomtan and a

OXY g8k AR afomul fur atom and a nitrogen atom

Speci fic ‘exanples of the " rrenbered aromatic _

het er ocyclséeclél%@#?aplﬁﬁwg?ft ®oe or> wereened raggaat ke disgerocycle
i ngl H&@caﬁm?ze&&,or RYEQZAlEo Q%aaddoﬂém ﬁmcltdaea%moqe,
triazole razol e rings gl 1k O these,
pyraEb*Fan°18xa@I¥%%1@IZ@let htrrbidlldétié‘lﬂ@r tFllP'éﬁJeﬁfe tSﬁHaZOle rings
tetrazol@el 1 NGS. ape ﬂ@geerﬁg’f@aol%ndoﬁa&wﬂgl ethifddidzole,

i's artlcularl% referable The "5-menber ed

ar on*éﬂat?q%ét p d&%lréze%%t%nﬁ?n@r‘% Bedpraldsire apflt § qyggzole

at omsinP Rkl paat ikl Nerere@abaéns 1 or 2
substituents at substitutable position(s). Exanples of

stth  subZPPt UNTETPRESH R R2RhiT RREFTAFEM e Fentaining two or

opt i@cshasl |n)it§bl§)§{ idtgined odidhaCey antgEeUfbntdins 1 or 2
optio l)% supsti tuted het egicycl i.c.20

Pt | SRty SEES At GEEHE T eneS GUGHonS opElgHmes,of such

subsgitdttiedeneriaapiite 0 Gflogsh £, 08al dptismasly taiftedituted
an no l%rou and the like.

oty e Bal G, e el I REER N icqa peteramsaie

flzcuogrcn@,, ehl et in@al by csubze i anted ogipexAtglp, 28in optionally
dr ocar baon [

of or BN EoREn hestRor 8 Gy o th rarehbhpaErHiss amino
gr ougtoupnehddehean iski phati ¢ hydrocarbon group, an
alicyclic hyg'rxeo%arrégggtgs oelé:gflcatlon, examples of the “halcgen
atom” include fluorine, chlorlne, bromine and iodine atoms.
25 .. Examples of the “hydrocarbon group” in the afcrementioned
“opticnally substituted hydrocarbon group” include an
aliphatic hydreocarbon greup, an alicyclic hydrocarbon group,
an aromatic hydrocarbon group, an aromatic aliphatic
hydrocarbon group, an alicyclic aliphatic hydrocarbon group
30 and the like.

Examples of the aliphatic hydrccarbon group include a
linear or branched C;-35 aliphatic hydrocarbon group,
specifically, an alkyl group, an alkenyl group, an alkynyl
group and the like.

35 Preferable examples of the alkyl group include a Ci_1g
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an aromati c hydrocarbon group, an aromatic aliphatic
hydr ocarbon group, an alicyclic aliphatic hydrocarbon
group 30 and the lIike. Exanples of the aliphatic
hydr ocarbon group include a |inear or branched Cl1_15
al i phatic hydrocarbon group, specifically, an al kyl
gr apylapralkenyh gs Mhylan @Hﬂgﬂnﬁbrogfolumsambmhe butyl,
re a t he
kﬁesog?i%gf J O%QE%I al nF butoyl('lirj 8 a_JLdS).(Lso \“ryQL e{]ﬁoPentyl
prdknﬁthyiganyipyh¢XiﬁJtybphexgﬂabaty+¢1mﬁhhyhht§&l, 2, 2-

tle;c%lﬁk% ?lbuﬁ@ﬁmhé'fld %%@Eﬂiéﬁqylne?p xguﬁ'b%%bu}}eﬁtyl, octyl,

2, Zlondllnedmlb@nyl th% 13kdi net hyl butyl, 2-ethyl butyl,
hept yl , I a .
%@gﬂgrabl é%&%%léﬁé%g nell kéﬁvi Egﬁ%lqulude a Csap

Pref erabl e exanp eny grou
C2 #lrengl karoypie grouEssgthemsl .etlhpnybenyl, pf operpgnyl, 2~
2 Rlc@BGY] +p hyl_ eny ut gn
TR S S Y G I i o S e e T
2- pekreayyl, d-pentemll, 24P?I§rﬁﬂe'ﬁyl3 pentenyl, 4-pentenyl 4-

mtﬂ&hyﬁ-w&%m 1Ih1%¥c@§¥t b lﬂa%ﬁpyl 53 Jygfagmy' 1-heptenyl,

1- hept enyl octeny I ke. " Pr
exaTPFESnLE arbethe Kyikglk group include a C2 10 al kynyl

group SUEh: 23281 8YdWmp1ds REORKBY L1 kZi AT GPY llnclude Cz-10

bu%ényl 2-butynyl, 3-butynyl, 1-pentynyl, entxn ?
KB yEHRAUP ﬂu‘ﬁérﬂsy ﬁ‘yhyn%rhéxyman% h%xsgﬂmﬂyny 1-

3- axeynyl , 2¢buhﬁ YNY13-bRt INY LpedeI8RL Y8 bentynyl, 3-

1-oct¥nyl and the like, npl es of fhe alicyclic

Ky &CBEE Pon ‘gPetpY el ﬂjd}ée’éyné’ét uf RTYIL - uhTERYPHL ed? -
C3 nk2yali CVBGJhlerxMT QCAEPOM S, OPoct ywRECHAH Gald Yika.

cycl oal kyl roup, a_cycl oal keny| gr
cycl oal n§F ot ﬁﬁ%FXQ%%CIPKé&OqQIEP@r%Hﬂq? include a

eX&;ﬁBhE&téﬁ oh:hﬁn@anﬁjr@alahy(tg Qr@mydl(ibuﬂﬁir%c%b_on tfroup,
cyebgal L0 Sushogr, CXCLOBT P YR UL
zb! cyclodxadithhe pindup b)ncscymieoELZka 2] octyl,
b1 cycl ol F TP RGBT ey G FAS L ATBYFL Sroup include a o
bi ¢y clyoldaBxyl] deoyp =amrtt tbecitdlopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, cycleooctyl,
bicyclo[2.2.1)heptyl, bicyclo[2.2.2]octyl, bicyclo[3.2.1]octyl,
25 bicyclo{3.2.2]nonyl, bicyclo[3.3.1]lnonyl, bicyclo[4.2.1]lnonyl,
bicyclo{4.3.1]decyl and the like.
Preferable examples of the.cycloalkenyl group include a
Ci-10 cycloalkenyl group such as 2~cyclopenten-1l-yl, 3-
cyclepenten-1-yl, 2-cyclohexen-1-yl, 3-cyclohexen-1-yl and the
20 like.
Preferable examples of the cycloalkadienyl group include
a C4-10 cycloalkadienyl group such as 2,4-cyclopentadien-1-yl,
2,4-cyclohexadien-1-yl, 2,5-cyclohexadien-1-yl and the like.
Examples of the aromatic hydrocarbon group include a Cgy4

35 aryl group. Preferable examples of the aryl group include
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Pref erabl e exanpl es of thecycl oal kenyl group include a
C3-10 cycl oal kenyl group such as 2-cycl openten-1-yl,

3- cyclopenten-1-yl, 2-cyclohexen-|-yl,

3-cycl ohexen-1-yl and the 30 like. Preferable
exanpl es of the cycl oal kadi enyl group include a C4-10
cyqﬁ&a@kadmaghﬂhygrcnqih&mmh phed&néhﬁy&u(m@enhphﬁhyi I-yI

%%}ggg adl an¥Jhyailnd %he 101)6<C| 0 %gll eg LS h¥3nl¥? naphechyl

€ aromatic hy rocar bonh fgrodp
| ncﬁrlsﬂdeha EGceldlre 35redieykb be oup‘he F%naa‘legablhze mewabpl esridgfally
th 0 | 21.-phen hth nt hr
phgﬁgﬁ%th ,l%%ge%%$¢#¥%s %f {b art y %ﬁéx dh %y%r&foup
[5i chlGﬂet¢mﬂM§r0ph@ﬂyﬂ»anapﬁuhyhkeand the l'i ke are

preferab Y,
saturate%éhﬁgg ge?é&%ﬁ%éggﬁ'aﬁ%a9§ tla(%skégﬁﬁﬁﬁgfgdgrouP
ar yincgpdepa rhincinpte t 8¢ midmdbehde iypidrangribdre grbke.

e_ar t | phatjc, 0
nerade s s Aronante B Bharhce i aa o gr ot ene
spédikei-cal |y, an aral kyl group, an aryl al kenyl group

and the pféﬂ%%abig &a%%é 19%a0PL B8,10h 088 @alkyla ¢,y
N sl ey’

group include a C7-13" ara group “su enzy
phéveikyl  answensieh @Gybenzﬂap@bhw‘mlhyphemmww |

an%abh%h&i&%%hyﬁreEéHéﬂghﬁyfﬁﬁﬂpkﬁé pixd.he aryl al kenyl
group include a | al kenyl group such as

styryl afeeferable @amméeﬁmh@samlat%nahwu ¢nclude a
al icRhatd:618YHERRAIGRER, WiRWP as| 6} 4R Wl 31 k1 cyclic

al i phati c hydrocarbon group specifically a
Eycl oal KsaloReF Gf S, aél‘&wl&aPkWt%ﬂtRéanr%HBn P uP
thankik@e Prceferaabkocexamligsafc tiarsysdeal kybab Kyl

group i ncl ude a 13 cycl oal kyl al kyl . group such
assgﬁgﬁgﬁﬁqﬁiy|ﬁe§¥ﬁhoalkg§%ﬁe%}rgﬁyygﬂ:ﬁypycloalkylalkenyl

cy@teppnhxiﬁhéhyikecyclopentylethyl

S L T TN L AR e

donel ogles @Y%Oéﬁyﬂwkﬁhldtybbﬁl kedty lasgEQE el 18t IR ,
CycﬁSEéé;Qﬁﬁiﬁgﬂyf éﬁﬁxgpéﬁ%fl %L§§fnaé§clopentylethy1

cycC
cyclohexylmethyl, cyclohexylethyl and the like.

Preferable examples of the cycloalkylalkenyl group

include a Cs-13 cycloalkylalkenyl group such as
25 cyclopropylethenyl, cyclopentylethenyl, cyclchexylethenyl and
the like.

The above-mentioned “hydrocarbon group” optionally has 1
to 3 substituents at substitutable position(s). Examples of
such substituent include a halogen atom, nitro, oxec, Ci-3

30 alkylenedioxy, an optionally substituted aromatic heterocyclic
group, an optionally substituted ncnaromatic heterocyclic
group, an optionally substituted amino group, an optionally
substituted hydroxy group, an optionally substituted mercapto
group, an optionally substituted acyl group and the like.

35 Examples of the C;-; alkylenedioxy include methylenedioxy,
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the |i ke. The above-nenti oned "hydrocarbon group"
optionally has 1 to 3 substituents at substitutable
position(s). Exanples of such substituent include a
hal ogen atom nitro, oxo, Cl1_3 30 al kyl enedi oxy, an
optionally substituted aromatic heterocyclic group,
an opthyrmalekyoswbrstd the edikewonar omati ¢ het erocyclic

: I by
o oub, S SBLLEORLL A0S L DIE APl o e

subst‘Pmmmlher@mttgtug(mwgomahl@ptat@mawg&l@uIgsbm'Utleidtiude a
acyl cgr .

al kyFen%ﬁogg%%%%ug}gh 3{%%1 ene%mt%% REE%&%YQ}JE greup

et hyFenedindry . arsd rtlne ¢q>rksé:1tEXam)Iaé:9m@fb¢$1ieieSap@rﬂmri @tom, 1
het eEQClycHe't%rQr Qélééjc% fﬁ?Bﬁ'aQP%&géjerg%H tgtﬁglfur atom

aromati ¢ heterocyc |c group” I nclude
7- rreﬁ%raednﬁnmf@y@ltpm ardrrattiechaernomat el et egrouplis group.

cont .@k&}hpﬁ%s 88 {HdNFuC08 STtk PG, ALORE,DE] deSuf A RNARde a
atom to 4 hetero atoms sel ected from an oxygen

at onﬁJf%PPS @Ptained bm capErnsafien ofersuahobr drvd 7amepiagd
anpnpbidc et er okl € m@mcyc%gg%ﬁﬁ W iaestfrséfﬁ:%_red ring

aromati c "heterocyclic group inclu a group obtained
by cBARIHSART on BT 2sDEhrBIent gt gnsre #HEPREL RO TABAORY & i°C

ar on@drise riaat §£x99€)é%hlt§119£1{?gu RnWi £ & 62 PEbeed R n;glke
cont ai ni ngal or nitrogen at ons, a benzene ri ng a

5- menber eif??f’d)léoﬁi‘%ﬂ‘ eﬁgoén%h%uﬁaﬁam%%ﬁﬁetaﬁ@c&%c group”

|1 keincidel enapl qeeyaymi-asirgh, tflasurgnpnra@ﬂl%nyl (e g., 2-
het erocycl.i c_group" _i ncl ude fu (e
34§ uf K’/ﬁvny 1 neififenyd) g pyradys f‘?ngeny? P%‘“t%lenéﬂ?y“dyl 4-

yr'ﬁy&ldyi ) . py ATRMEhEY | (e %‘DYE+§§Hlmléznﬂm%rMdyyﬁlmldlnyl 5-

Dy | g6 %prﬁf@ﬁmy&? soriigartiin eeg!  3-Pyridazing,
3- pyd+mladidayinyl)4- pyfaﬂawlnyb)g Py-pgkayiny1¢, gpyrrolyl (e.g.,
- pyFERIEI L A BREET Y pye=aiiBY | friazstyl 15 10
Zea nirmhamloyyl, L—iint dazal wil, 451miﬂaiazglyls)—1minyzza]zﬂ)yl
xa Bl of' s A BRI tearaPdp 9. Sebweriyy
i sox@zacﬂqlh/l féugazoEydaxa(Elg’l Q—cbiuzaiplyla od:athl;a]z)ol yl,
J;é Al X'gi, lthsi%%‘i?fo'ey ., 9895320 ¥, Cefliazo1yl, 5-
thiazolyl), isothiazolyl, oxadiazeolyl (e.g., 1,2,4-oxadiazol-
25 5-yl, 1,3,4-oxadiazol-2-yl), thiadiazolyl (e.g., 1,3,4-
thiadiazol-2-yl}, triazolyl (e.g., 1,2,4-triazol-1-yl, 1,2,4-
triazel-3-yl, 1,2,4-triazol-5-yl, 1,2,3-triazol-~1-yl, 1,2,3~-
triazel-2-yl, 1,2,3-triazol-4-yl), tetrazolyl (e.g., tetrazol-
1-yl, tetrazol-5-yl), quinolyl (e.g., 2-quinolyl, 3-quinolyl,
30 4-quinolyl), quinazolyl ({e.g., 2-quinazolyl, 4~quinazolyl),
quinoxalyl (e.g., 2-guinoxalyl), benzofuryl (e.g., 2-
benzofuryl, 3-benzofuryl), benzothienyl (e.g., 2-benzothienyl,
3~benzothienyl), benzoxazolyl (e.g., 2-benzoxazolyl),
benzothiazelyl (e.g., 2-benzothiazolyl), benzimidazolyl {(e.g.,
35 benzimidazol-1-yl, benzimidazol-2-yl), indolyl (e.g., indol-1-
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25 5-yl, 1,3, 4-oxadi azol -2-yl), thiadiazolyl (e.g.,

1,3,4- thiadiazol-2-yl), triazolyl (e.g.,
1,2,4-triazol-1-yl, 1,2,4- triazol-3-yl,

1,2,4-triazol-5-yl, 1,2,3-triazol-1-yl, 1,2, 3-

triazol-2-yl, 1,2,3-triazol-4-yl), tetrazolyl (e.g.,

t et r akolindblyB-yllet A8z bhddrofl), (eud-noliitifdezgl,-3-y1), 1H-
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pyrrol@l 2, 3-b] pyrazinyl (e.g.,
1Hpyrrol o] 2, 3-b] pyrazin-2-yl), |Hpyrrolopyridinyl
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), d%b@ipyéub@%leutedlk#ohak@l@gtqwhétﬂwcu% nggou)ﬂ"

1H s imdazo[4,5-c]pyridin-2-yl), 1H i m dazopyrazinyl
(e. ginclyde ppy dd:i’o[ZIme“kEﬁWr BORPRYFLYF) NORFLOFA] h?IhEterOCYChC

| SoqtAR) ﬁbntafﬁﬂhﬁooéﬁdﬁﬁﬁéoEMﬁstﬂEﬂﬁéﬁéhé@HMSaB@EYEas carbon

benztrlazol | and the |ike. Exanples of the ,
" non&rJhrat ° hHethet6EQ c T WSy PBLFPLSSF IrpR an ¢xygen atom, a

" opt s@rmld yeswbsid bUhﬁQrd@@ﬂaaeémt lagdhgt BIReY ebh&romatic
u include a 5- to 7-nenbered nonocyclic

SIFCr¥Chtt &6y cl |Ee<amg+%m 5 icbhe a‘?‘%ﬁeﬁg?oﬁ%r%aﬁéc
consmeﬁs.tblcpgl:ad gBubeshéifsiecar iy abbMnel b§ dotRirRB@ion of

atons sel ec fro 0 en atom [.fu t om and

I TiT e bt ofmeRTaL el MEeavrorarRar piatis heferotydllc

het egoaychvii €h gf GHpenteRp Iréfg oforithenf hig ed or:roaaﬁﬂfm:tgieﬁ atoms,
het erqcyclic group_include. a oup obt ai ne

nondbrteiEens S B s 8ot Be B R g pne, sulfur aton

nenmaarahwheclhiet.erocyclic group with a 6- merrbered ring
cont ai ni ng loor nitro en atons, . Onaf_enz o, & o
5- menber ed” 7t ng contal T ng Sne-"Sul f'a7 S 2 thyﬁe

| i kegrdpéf énablde exan@lﬂs_ngi {de. ,néﬁayzcntaudu:nyl) '

het 3% 33%%&8& XA ) (e %pbekg% n%% ?Zr rl%!)fpgmgélr'x Ie}]%g))g, , morpholino),
nnrrﬁﬂﬂqmnyphﬁkﬁqyl (eoy phdhiosyrpholino), piperazinyl (e.g., 1-

25 piperazinyl), hexamethyleniminyl (e.g., hexamethyleneimineQI—
vl), oxazolidinyl (e.g., oxazolidin-3-yl), thiazeclidinyl (e.g.,
thiazolidin~3-~yl), imidazolidinyl (e.g., imidazolidin-3-yl},
imidazelinyl (e.g., imidazolin-1l-yl, imidazolin-2-yl),
oxazolinyl (e.g., oxazolin-2-yl), thiazeclinyl (e.qg.,

30 thiazolin-2-yl), oxazinyl {e.g., oxazin-2-yl),
tetrahydrofuranyl, azepanyl, tetrahydropyridinyl {(e.g.,

1,2, 3, 6-tetrahydropyridin-1-y1), dihydrcbenzofuranyl,
dioxolanyl, dithioranyl, dioxothiazolidinyl, dioxcoxazolidinyl
and the like.

35 The above-mentioned aromatic heterocyclic group and
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t hi onor phol i nyl (e.g., thionorpholino), piperazinyl
(e.g., 1- 2s piperazinyl), hexanethylenimnyl (e.g.,
hexanet hyl enei m ne-1 yl), oxazolidinyl (e.g.,
oxazolidin-3-yl), thiazolidinyl (e.g.,
thiazolidin-3-yl), imdazolidinyl (e.g.,

i M deewd jodiehi - QHtPrOCY¢ﬂkﬁagobhmydpt@englly have 1 to 3

imd , I :
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di oxgoxazoli dianyl , A hheald k&e 3pydhe

above- menti oned ar onat i C heterocyclic group and 24

nonar onat E¥ametesr eéyehs ¢ ok bopalopm sohatitptigdvening grgup”

subsiitgat sn %ml%bghwgsﬂoa*eh@nm% hbABL ) EXAR 831,084 by a

such_ substituent include nitro, "hydroxy, am no, 0xO,
a hafegedl atlomroum) % CahkALkepyl oapy 3 Ubsoi eyaledlyl group,

1,405 3, h@I%&%a@k&m g@o% 6 %3} ky %6&%)[ gpbi onakhYiy1

substi t ut hal ‘ogen at ons
(e ggroué’heﬁy‘Fl)l-’laﬁ%lylt 19& OHP K&t aEi@Sﬁ%%fYéf gEPeR, eaCh optionally

opt}h,ﬁﬂallgl ¥usstastibhtt®d am no group” include an am no
group optionally nmono- or di-substjtuted by a Cl-lo

al kyl gr oﬂﬁre'a eéémﬁbe%lq{feﬁw Grioupt kg @ﬁoi@' &pap Galkepy L

gr oUproup) 8; A3cHOLsukyoal ke, cgtpgclsaGinld @féﬂp, Cos aryl
rou(fré) a C7 13 ar aI Kk I roup, a Cl 13 acyl group.o

EPyFn rqjdﬁ ?Qﬂq&PF&u q“£h0ﬁ@ exempllfled as the
SubSThﬁdieﬁﬁfﬁan gHeﬁﬁ” diX&ﬂE|Eﬁpﬂﬂbnhhﬁy(gbbLelﬂuﬁéd hydrocarbon

0 10 al ken up 10 cycl alk rou
B o AT SRR L 505 O CRBF AP Tos |  Tg b i B
C7 13 ar aEkg(rhpl@I:souf) tHeC bh?dEem&iﬁﬁenéﬂGImisl id:ﬁ]d g&Sup henclude

hydr.ocar bon tiona t ut ed

o SR OB & e iR oY JUDBH g ioned

f o ‘tdpetmhmgl;AsubExamﬂeeISaoﬁl tdmmf’oretﬁﬁenad:pln@do(iﬁz i3
acyl__agr.Qu ncl ude, t |f|ed asthe

o BBl TSN b da s AT ap PRIy Subetiehy sy co
acylia @rrmlpbarlirdmrlacw 19 aoal}akyls—capbezﬁﬂ,abl—yof ofi—myeknbered

Cl r | koxy-car 14
aryﬂa@g@%ﬁ ylfeét ?:E;Q%%l Yar aFl%bﬁ? lélair ny:f bbog% mberEd_ non-aromatic
6- nereseredyclyl-carbonyl and the like.

25 ' Here, preferable examples of the C;.ip alkyl-carbonyl
include acetyl, propionyl, butyryl, iscbutyryl, valeryl,
isovaleryl, pivaloyl, hexanoyl, heptanoyl, octanoyl and the
like.

Preferable examples of the Cj_¢ alkoxy-carbonyl include

30 tert-butoxycarbonyl and the like.

Preferable examples of the Cgj4 aryl-carbonyl include
benzoyl and the like.

Preferable examples of the Cy.13 aralkyl-carbonyl include
benzylcarbonyl, phenethylcarbonyl and the like.

35 Preferable examples of the 5- or 6-membered aromatic

25



aromati c heterocyclyl -carbonyl, 5- or 6-nenbered
non-aromatic heterocyclyl-carbonyl and the like. 25

Here, preferable exanples of the Cl1_10 al kyl - car bonyl

i nclude acetyl, propionyl, butyryl, isobutyryl,

val eryl, isovaleryl, pivaloyl, hexanoyl, heptanoyl,

oct aheytremutlyhecattokel Prafudeabheylexahphes efrrtheylcarbonyl,
Cl—GtﬁL&]%(l{ 28RN Xk;glfg?&w%%boﬁg 1t 'tEHtPj?%%“ bonyl

and t Pre e e exanp e Co_14
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pyr i ayPRArisohgteEaRYCiRe 979, cPPETfiBrer e tarpPagstituents of

t he @heo“oﬁilgﬁﬂtﬁy‘%ﬁb@@f&&yéanﬁ #focarbon roup” exemplified as
het erocycl yl - carbonyl include tetrahydrofuryl carbonyl

and the suwatikaents ghprng d&f (e hreremitifghegimidazolyl,

hat ek eas ¥d 1Al OMPriIGh HOE ar @H@tiﬂceh%&srpféff@rhglgrOUp
exenpllfleagasﬁfﬂe subgtltuents of the "optionally

subst i t ut dGRFdroeaf bER Fewy ‘exerierytdaie t heto
subsby&mk%o@rddmgcém %Cl&ﬁﬁ&ny@yg ks, cl.pd dagol (]:{ﬁoup, Cr-13
lo triazoly pyrimdinyl and the |jke are preferab
Theséri’}kyfo IEPYEA QrodsyicerayP aPkeh§iergRoYp, 9xssP pay have 1
cycl eal dK,y|pr@If6rl£blyC3 &3 Z,y%hlﬁa{:i(tﬁféﬂtsgéﬂ%bs@@;dﬂa}ﬂ_fey|

Cr 1 aral k gr.ou

grou p nd

Dt oPaartioie b tradp R, S11tng bt S ians dBt bed ', halogen
subshtdmient §; 3taluisydny apteodsl Posubsoiiskd Exanples

of t subst tuent i-nclude a hal o

en_.at aCl o
2l ky PS50 BT oralty SUBEY) PHT 8 OBy 24 Y3 RS dgRd by 2
atonse & rﬁloﬁemldmmy ghpdyex@pt hoad, | gmsnddStal Cul edl Kyt shl fonyl
to 3 halo en QhQWFk hydroxy, nitro, amno, a Cl_6
al ky P St Gy "and the like. 20 As for the
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group, an alkenyloxy group, a cycloalkyloxy group, a
cycloalkenyloxy group, an aryloxy group, an aralkyloxy group,
an acyloxy group, a heteroaryloxy group and the like, which
25 aré‘each opticnally substituted.

Preferable examples of the alkoxy group include a Ci-ip
alkoxy group such as methoxy, ethoxy, propoxy, isopropoxy,
butoxy, isobutoxy, sec-butoxy, tert-butoxy, pentyloxy,
isopentyloxy, necpentyloxy, hexyloxy, heptyloxy, nonyloxy and

30 the like.

Preferable examples of the alkenyloxy group include a C;-
10 alkenyloxy group such as allyloxy, crotyloxy, 2-pentenyloxy,
3-hexenyloxy and the like.

Preferable examples of the cycloalkyloxy group include a

35 Csz.10 cycloalkyloxy group such as cyclocbutoxy, cyclopentyloxy,
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group, an al kenyl oxy group, a cycl oal kyl oxy group, a
cycl oal kenyl oxy group, an aryloxy group, an aral kyl oxy
group, an acyloxy group, a heteroaryl oxy group and
the |like, which 25 are each optionally substituted.
Preferabl e exanpl es of the al koxy group include a
Cl_1ovcEHesyyoyy cupl sbehlide .net hoxy, et hoxy, propoxy,
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3- p%@gyl giy V‘% gé;g ];H(Syri m di nyl oxy,

1,2,4-tri ahelaﬁbv¢kmawtzumédthbkdxj<@roﬂ$maalkenyloxy group,

abov ed, al koxy u X
cyol GTEgn KID5G: Sl CHRRAERY i, LPysgrove:
g#o %2 L kgozy wwboxwmupgrwlwnyhgtmprahmy group may

het q{a%rxl 9§y3,grpgg?e%y 1 or 2, substituents at substitutable

position(s). Examples of the substituent include a halogen
atom, a Ci-g alkyl group opticnally substituted by 1 to 3
halogen atoms, a Ci-¢ alkoxy group optionally substituted by 1

25 to 3 halogen atoms, hydroxy, nitro, amino, a Cij-¢ alkylsulfonyl
group and the like can be mentioned.

As for the “optionally substituted mercapto group”,
examples of the “substituted mercapto group” include an
alkylthio group, an alkenylthioc group, a cycloalkylthio group,

30 a cycloalkenylthio group, an arylthio group, an aralkylthio
group, an acylthio group, a hetercarylthio group and the like,
which are each optionally substituted.

Preferable examples of the alkylthio group include a Cjij
alkylthio group such as methylthio, ethylthio, propylthio,

35 isopropylthio, butylthio, isobutylthio, sec-butylthic, tert-
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have 1 to 3, preferably 1 or 2, substituents at

substitutable position(s). Exanples of the

substituent include a halogen atom a Cl_6 al kyl

group optionally substituted by 1 to 3 hal ogen atons,

a Cl 6 al koxy group optionally substituted by 1 25 to

3 habwgeitharenesntiyidhory, indpareylahigmo, ne@p@itBlthio, hexylthio,

al kvhadthonyh, (ghguenddthenti kacgan be nentioned.  As

or the ™optional I'y substituted nercapto group"”,
exanpl es &Fefaeableybsamrlased nehe adkenygliduy” groe delude a

an @_{gygimrpﬂ%%pgr al ke tarﬂF_ 1&(3-1%%@& lthio, 2-

cycl oal kyl t hi'o group, 30 a cycl oal keny e} oup, " an
ary | RHI G gL b dnharenydibipi and ghsuplkan acyl thio
group, a betesoanvl tRig, 1G-0up ﬂ(@c&gﬁoéiﬂgﬂthimﬁﬂp‘aﬁﬁclude a

each optional |y substituted. Preferable éxanples o
t he %#—kyFY‘Fﬂi%‘léﬁ’éUblq REPUBeSUEICEs| eyclabkyy i i gr oup

_SUCf‘bﬁﬁo?EBEyiﬂﬂlioQ, c SR O i PIRRY LRI 0 ke35 _
i sopropylthio, butylthio, isobutylthio, sec-butylthio,
tert- 27 BHEJARAMLE, cpemlpet Af othd sypepriNennilphico group include

neoRe;ub tdiQ caRX 1thii 6, grh@Ptubh i 2 -8RV tRneNthic, 2-
the li ke, Preferable exanples of the al kenylthio group

i ncl GfeCae* ey fdig| RRG AL 8k Yr oup such as al lyl thio,

crotyl t hi oreferabpenéeingihi o Q¥ i ig@odPdiddi@de a cqy,
like. Preferabl e exanples of the cycloal kylthio group _.

| ncl AR RO CBOHE EPER G PPPERTThiGr oIRGB tALe and €AY Like.

c¥cl ObEt yl?félféhablgl)/@:ka?@ﬂﬁfslybf hit, aﬁ&ﬁiﬁ&?ﬁ}é: ifﬁ@l &Ealude a
the like. Pre abl e exa es of t clo enylthio
gFoup n%lfal}d(gaggjoo agréggl%)@‘a/&so ?ﬁ%@ﬁﬁ%ﬁﬁr o‘%ﬁ’@ﬁéy%ﬁ&ﬁ'

as Zwaphthopestirgnyhidiand 2hecyieahexenyl thio and the

i ke. Preferabl e.exanples of _the arylthi o group

i ncl ude agf%ﬁeﬁl%lgr?ﬁn‘%}%ﬁgsg?%tfg‘esﬁgﬁi%opﬁgﬂw fjcgude a Coos
naphktdniithhe oxramg sheh laske. C,-Praafkgl atd tboeyathpl @ yrofipt he. g. ,
ar al L-0. gr i ncl.ude a 15 C7 . aral kyl t hi £ oup

S HEEBEE S BBl AR A et G AR LR fma
and tthee likke. Preferabl e exanples of the acylthio

S . Loch B, g 301 I ASEGUR BRI B, Bl incruao o

br ofi-ohg| THIGBbeBed yIOAoEEBL G Tesbuby Tyl thiboyraurd such as 2-
pyridylthio, 3-pyridylthio, 2-imidazolylthio, 2-
pyrimidinylthio, 1,2,4-triazol-5-ylthio and the like.

25 The above-mentioned alkylthio group, alkenylthioc group,
cycloalkylthioc group, cycloalkenylthio group, arylthic group,
aralkylthio group, acylthio group and hetercarylthic group may
have 1 or 2 substituents at substitutable position(s).

Examples of the substituent include halogen atom, a C;g alkyl

36 group opticnally substituted by 1 to 3 halogen atoms, a Ci¢
alkoxy group optionally substituted by 1 to 3 halogen atoms,
hydroxy, nitro, amino, a Ci-s¢ alkylsulfonyl group, oxo and the
like.

The acyl group of the “optionally substituted acyl group”

35 is, for example, a group represented by the formula: -COR?, -
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20 the like. Preferable exanples of the heteroarylthio
group include a 5- to 7-nenbered nonocyclic

het eroaryl thi o group such as 2- pyridylthio,
3-pyridylthio, 2-imdazolylthio, 2- pyrimdinylthio,
1,2,4-triazol-5-ylthio and the Iike. 25 The
abov@f@%uma alHEPR hi-eogt' Bl L . a kerBl=Ohil6RYrioap,1, -CO-

cycl kil thio grasn, _eychaal kae?%lai‘@:’.rp R@ré’ﬁﬁ’ dRsaéé’é {ReOsame or

group, af al ylthio’ group, acylthro group a
het et bfeylenhi angreegh hmya hiydvegdn @toR, sabstdricgenbsn giroup or

subsg &%@thcﬂ%?'g&bgg( SR+ a]ﬁ%q{méﬁ?ﬁ&{alﬁpeféllﬁpsdt hbt&Ncycle

inclu hal ogen atom a
opt i B thyersbdh ithet éd:lﬁtgﬁn]; pyo-Fuksitégeredirbwsprhar®] agom and

al koxys %fx‘%ngn oﬂdn@nawayaﬁ&’%t | £t @ﬁie bé’ange 59 §lf@r%g€nand each

at ons, roxy, nitro, amno, a al kyl sul f onyl
gr oups aomda%lert & om} |4<é1ydm@a@km ggpénpmbfa hgeerocyclic

"optiangl | ¥rsplsiid lﬁbe@pggaﬂlalgryOQB a’s%ﬂtac.’ogér@-rcontalnlng
exanpl e, ‘a group r%gresent ed the fornul a - COR4,

28 Or3teReCYC Sp ARG thGORILth P@m@@cpntemtmgeﬁqkwmd the
(RS {ke - CO NR4aR5a, -CS-NR4aRsa - SO2- NR4aR5a wherein
R4 and R5 are the sanme or different and each

hydr ogen EE®RR1oE RYdFetarberoeHas gFovr rf@treF‘Locﬁcl iR~ or R”

gr OUfhcitdiea ik 425 @Bhp PNElGY o § OF i ahlg}akgémﬁl §r§up” of the
together, with the ad£acent oxo-substi t ut ed hosP or us

at om AHdONEWLY SEPGERT HishbyIFecAThoR REQUR SXFRRIEHRE as the

or dslfﬁs&&eaén@m)fe@mg A.s a hydrogen atom a
hydr ocar bgn group or. a heterocyclic %{)oup or R4a a

a opti onaf| q‘r&FﬁF%"‘hugtrPBﬁe FFREEF AP g 2 ﬁéflferac}é‘ylkl%mup' a
ltoEeztzhﬁrawt%riylt b?ofp}ﬁj aceglgdo ﬁybl@ﬁdylat;emp wjﬁlbhellg&used
I Ke a es of the " rocar ou
Ria B REab T HRIFUBLE hL ek AT PRaip AEELRRALY Tused with C,
" hy dip ocyprllvan kgi@ Wpretbratbyy phepyl ondhlyyrsithsinyll it ®tbhenylyl) ;

hydro rbon " exe I|f s the substituents of

ring ?*s :Fﬁ‘i(y;y%rouc?a }b g % s preferably a C1_10

abckyl groﬂpampitesflﬂmeal“lhyngftocg,rdlup geo@3 ¥0r rR* R°, R™ or R™®

oyl ol RSPl ot Luse il B eRRE,

cyclmﬂielrangcxm @freuabé:senpﬂleﬁyéd adi hizdr milsdényénts of the

blph%HXhXLZIIY substituted hydrocarbon group” exemplified as the
substituents of ring A.

25 The heterocyclic group is preferably thiazolyl, ocxazolyl,
isothiazolyl, isoxazeolyl, pyrazolyl, pyridyl, pyrazinyl,
benzoxazolyl, benzothiazolyl, benzothiadiazolyl, quinolyl,
isoquinolyl, pyrrolidinyl, piperidinyl, piperazinyl and the
like.

30 The heterocycle formed by R? and R® together with the
adjacent oxo-substituted phosphorus atom and two oxygen atoms
is, for example, a 4- to 7-membered heterocycle containing, as
a ring constituting atom besides carbon atom, an oxo-

substituted phosphorus atom and two oxygen atoms, and

35 optionally further containing 1 or 2 hetero atoms selected
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a C7_13 aral kyl group and the like. 20 Exanples of the

"heterocyclic group"” for R4, R5, Rd4a or Rsa include

aromatic heterocyclic group and nonaronatic

heterocyclic group exenplified as the substituents of

the "optionally substituted hydrocarbon group”

exenﬁtéﬁia@doa§géﬁuatomubstﬂﬁﬂmegés @fort BAG d\suaﬁu}hamom,and the

heterocycl c group_ is prefera t hi.azol yl Lyl oo

i sot tan aéz/ol )g/P gllfgloxgﬁ% P%1 rtgjl)hzeyolhylter y¥éll§ fretude %-oxide

pyr azi yd- dlobephmsghzohyéﬁ Zyanzde+ﬂ,&zakyi¢xaphosphorane, 2~

benz adi azol q y Lyl

pyrrg%mcfs ?]Jyé} gllyydro grn% clloxa% gjlﬁeyﬁng the iL ]&e

305 The hetfeeotly:dire)génrwd:abyum ImuirRSytb&getfbemew lsh R* and

the padj t .0 t p u 0 t

oxygen g Eﬁserig?uf%%%eégﬁﬁﬁgm'HQQRQ%LI%t&Lﬁg% %g ¥§%mple, a

het ebocyxc|7enenr @dnnhgrogsi—canta higingohst ¢tanyichg atromining,

besi Qgsa Cj:@. Ogorgsttol%t Oa?%%m Bg%gciést ld*,ta?go ha%%?thog S’J.east one

atom and t oxygen atofs. and optlon

cont i Hiqugnlatem,2 andt epoi s iy %@tél@nreqon@mnGMaw 2 hetero

0%y O8fr Al o2l 80k, FhRBLANE Gy SUl L el LAY e
Specific exanp es o0 terocyc e include

2 oxirHg-oggn3atgu dj Bygﬁﬁﬁgbéh|¢ﬁgmples of the nitrogen-containing

2- oxﬁék%f% cgecHdEﬁﬁﬂg l@ﬂ?me, "imidazolidine, pyrazolidine,

oxi de-4, 7- di hydro-1, 3, Z2- di oxaphosphepi ne and fhe' Ti ke.

s Th@%PQﬁlﬁﬂagerP%R?ﬁﬁé%@ﬁﬂwgmﬁé el gy clrBionyEReding Fuh the

and 1 Rsa together with the adjacent nitrogen atomi s,

for exanple, a 5- to 7-nenbered nitrogen-containing

hét er ocycFBe cafitlaidhPHE, mavadiae r} @ SoRepF HiHUeAYS attom

beSléhﬁbﬂlﬁhbsmuéﬂﬁaahtfﬁnds@aStEéHM§1eBl&f(ﬂm%nsaﬁéﬂmtuaﬁd include
optlonalh¥wfurther contalnlﬁg hetero lo atons

sel ect e LY PRI OBRY G oSS uEe N dr CRrbREARET 0onS, Cig

ni t rogeskyabpi of¥iakepadctexadpbes @b thealogen atoms, a
nltro en-cont ai ni n het er ocycl e |nclude %ﬂ'rolldlne

ENG ﬁ*éom'p%lgfisf i RHGTEXY r e GPHECTilg PR ner -
Wpﬂmgmeutwlmmh@mﬁe and the 11Ikeke is The acyl

group may hé&ﬁ%%ﬂ%o 3asulbst|%u@bes gybstltg 3?%% 1

posi ti on( §F | 882G %°h8&% s PF? et Hrhe b TRY Ly

al kytampixyonatd nbasohs] i thilbed rbymdy 1, oC3 1 hall kgkrcabonsl (e.q.,

Cl—ﬁacetyl, propionyl, butyryl, isobutyryl, valeryl, isovaleryil,
pivaloyl, hexanoyl, heptanoyl, octanoyl), C:;io alkenyl-carbonyl

25 (e.g., crotonoyl), Cs.ip cyclecalkyl-carbonyl (e.g., ‘
cyclobutanecarbonyl, cyclopentanecarbonyl, cyclchexanecarbonyl,
cycloheptanecarbonyl), Ci.ip cycloalkenyl-carbonyl (e.g., 2-
cyclohexenecarbenyl), Ce-14 aryl-carbonyl {(e.g., benzoyl, 1-
naphthoyl, Z-naphthoyl), Ci.1;3 aralkyl-carbonyl (e.q.,

30 benzylcarbonyl, phenethylcarbenyl), aromatic
heterocyclylcarbonyl {e.g., nicotinoyl, isonicotinoyl), non-
aromatic heterocyclylcarbonyl (e.g., pyrrolidinylcarbonyl,
piperidinocarbonyl), Ci¢ alkoxy-carbonyl (e.g., methoxycarbonyl,
ethoxycarbonyl, propoxycarbonyl, butoxycarbonyl, tert-

35 butoxycarbonyl), Cg-14 aryloxy-carbonyl (e.g., phenyloxycarbonyl,
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al koxy optionally substituted by 1 to 3 hal ogen at ons,
a halogen atom nitro, hydroxy, am no optionally
nono- or di 20 substituted by Cl1 6 alkyl, and the

i ke. Preferable exanples of the acyl group include
fornmyl, carboxyl, carbanoyl, thiocarbanoyl, C1_10

al kyrha{mahbom/;}cla(reogyl , @584 wrallaynﬁ}@mwrb?rb;wf] eyl , ]

i sobu val er i.soval e ival.o exanoy,
Bt A G R S D RV S G TR
crotamkyﬂl%ptiﬁhalmycyaﬂxm@ kyte carshoayltentg. selected from a
cyclo@ytanecarbon aﬁ%Pgenta

A R Ch s SO

cycl&he%ﬁnecaﬁbonyl
cyxlmnﬂhWénytbammybongﬁhKNEagbamdyl cythetteXenebamdyanyl ),

CE IASRUCSAIIDN, (5. 8o0r KOO got D900 D0 on,

ar bonyr
benzgﬂuﬁanbnmqﬁhylphebﬁmdyﬁbcam¢nmfybr diaf @hat &tkyl optionally

net oL 9SYSLILERLRO, (oo 0ol O b amont (o0,

i soni cotino non- arona eterocy
(e. gpethwythxﬁqaibny¢yiarb@hylthlqmapbammﬂh1oca:$u3nyy;—carbamoyl

CL_ 6

ethoxeEa a?éghiﬁgﬁggg%%éﬁﬁéér% F9&¥?%i ?cé%%?amoﬁl Br

35 W@%ycwmymtmos@e 187-ar ylr@klyylcmabbwy@yl( gegg;
pherBQnQ)deéf _y{!L) Q%QQ}E)E a(}é%ﬁ%bo(%y%) n% 'hl)ﬁycarbamoyl)

ar al kyl oxy- car ony1 enzy
pherfetiyd dsent Harwl }Jromm@- Jor I@ﬁﬂﬂ(Y@ﬁUBflraflkylethylsulflnyl)

opt Icqqglalmyﬁgmd 811 ggo&’p subgti tmﬁsﬁffﬁg}ledeéﬁmﬂfonﬂ

en at om an al koxy- car bonyl) - car baroy
(%f é% 1 SRRy feurlbdfoyl , Reeryleakisarsy! (mono- or di~Ci-10
d|nfgﬂmyh9§ﬁ5§%ﬁgﬁb grdypegbyléﬁﬁﬂignﬁyimlng a ring (e.g.,

et hy] net hyl car banoyl , propyl ca
t ri f4ig6FBEtRlpEERP RIS R RY -PhBFOd|dH}€$PBOQﬂhQ@pSphono,

Opt|d¥%ﬂk§}phdﬂ¢h§ﬁé;LEJ@ngy—ﬂ-ﬂiQ aloxaphosphlnanyl), mono- or
hal ogens) -t hi ocar banoy hi ocar banoy

o bR Mg HLones 1 She - Her b by o8 of (i LgJens) -
phemuleandamop. ). , Getf1eUtEa Y| =eayDAMC(E) Gand the like.

cycl oprop Icarbann ¢7_13 aral kyl -carbanpyl (e.g.,
benzyl car %&f%8 PR BEPE S H%ﬁﬂywp(eog‘the optionally

met Hmyeﬁtbﬂﬂohéﬁe%ocf}bilif@ @Adﬁpl"seugilmpl%lfllgﬂoam t(h? g.
met I N t Yyl SU | a Su on

T ool et of M Rt todk: Roraei gt L Eie ¥ffz‘1
aryl“slel:émwcme @rqumhenytrwlaffeayrhe)ntl(oﬁeaoa" or

rﬁEng (e gTheI lﬁg:gPo O%ﬁ'lgngr&fp‘)‘i opéferagay ar]; oarzmlyg group

opticnally fused with a benzene ring (e.g., pyrrolyl,
imidazolyl, pyfazolyl, oxazolyl, isoxazolyl, thiazolyl,
isothiazolyl, oxadiazolyl, thiadiazolyl, triazolyl,
tetrazolyl) and the like.

30 The above-mentioned heterocyclic group opticnally has 1
to 3 substituents at substitutable position(s). Examples of
the substituents include an optionally substituted aliphatic
hydrocarbon group, an optionally substituted alicyclic
hydreccarbon group, an optionally substituted aromatic

35 hydrocarbon group, an optionally substituted aromatic

31




di met hyl phosphono; di et hyl phosphono;
di i sopropyl phosphono; di butyl phosphono;
2- oxi de-1, 3, 2- di oxaphosphi nanyl), nono- or di-(Cl_6
al kyl optionally substituted by 1 to 3 hal ogens) 20
sul famoyl (e.g., nethylsul fanmoyl, ethylsulfanoyl) and
t he hetkeocydiXanptes,ohint figr ichet ey aoyelti Eutgrd upha odmdthie
"optional l .Substitute eteroc C|IC rou
exetlr?ﬁ leﬂocé%l ﬁoupéu!%sg {1 eﬁt% F ngo’A (lppntclon gty
t hosebexenpleidf iethasgrbhe, éYhebEI@WYI Su}ggnlmftedfhydmxy
af of ementl onedt)Ré a %_5 -Srll.'lli‘JeStl%“:u%rlgCIXC| I C ?I‘OILI opticonall
pr eferam y' y an Paz0 Y gr oup ¥ onaﬁclay us dlp\/vl th & Y
benzehetxﬁuuyd(ecgﬂ,grpyprcﬂgd 5lkylnn£§zoky1 , oy radothd like.
oxazol yl, 0Xaz.o 1,820L t 0 p
oxadi azol yelnsé %; rlld:)/llazo%P %t r%’(gjz%}f tI§L% H%gfrééa\z{% ?I%roélﬁd’
t he “Rilkeycl3@ Hh@rQﬂambennﬁwﬂqunenHtﬁﬂr@m@tyaﬂhydrgc@mnpn group”
opt i,enal l w u qggﬁyi I p
posi ? i gljﬁ S)O%Ex&aljbp Sﬁb%s&b&%teks% t%latﬁel Egn |OE%F%%2 gg:r? nR
opt ) en*aiqrwléubsmkpamxtedeélalphtath;c hygldpogdrdyorguplimnd

D oBLional LicLUES yel vd Bp@r GHua
R i e e e S A
gr olippsarexsppi bhiedd psstiyst’ lwdre@amnaﬂb@” 3t the
heteBH@&Bﬂ 1§ gg&BH%ltﬁgeénHyd}Bég£Bbﬂ§%anﬁiLgﬁg%pllflEd as the
nonaromati c heterocyc I c ‘group, a hal ogen om
ni t EBPSHipiieshal ¢& risgbBtit ut ed anlno group, an
opti onal IpgagHbst idiutrd HyO¥Yent@URhe arhl%hh@f@'l’l)bﬂrocarbon
substituted nercapto group, an optionally s
§E|bgf?‘fmtredaéé‘;‘/}’dg‘rcoBizidr@f‘ri?o%l AP eBROX\RTOBRBI @Nd
t hehﬂ(dﬂ_‘&zarbﬁﬁr@ro@'a'i'm:ﬁﬁeoﬁ:h&\g@ ex@hbPPAtdL as the
hydrocarbon gro i cyclic hydrocarbon_ group" and

'ar off&t ¥ td tHyaF o oS 56A & Hﬁ%ﬁ‘“alb\‘ Sﬂl?étlw‘t%ﬁaﬁwcarbon

subgtbiph edeabl Phiald 6s hM;H @aggbﬁ_rue&rcg ugt the eph anal ¥ye
substltuted al i cyclic hydrocarbon group”

o pBP By LB T G LB BRI, MRRBCSH BoRShLbtion are

|zmchuﬂ@aﬁtlﬂeaeaﬂgermmfécad Ase tMi@be AysH GLBEDOTLIGILAURS
of the nal Iy substituted hydrocarbon group"
exeﬁﬁ?#?ﬁ%& Ya T%éy substituents of ring A Exanples
of the sulkaihpleenris aﬁeth@miahépnﬁ@hbshyﬂﬂﬁﬁaabcmatmﬁ

grOggiéréé%kaCgcgégipbydréx;op 1onéy’ougub§% ut%&ogggéfgmatlc
heterocyclic group” include those exemplified as the

25 substituents of the “optionally substituted hydrocarbon group”
exemplified as the substituents of ring A.

Examples of the “halcgen atom”, “optionally substituted
aminc group”, “optionally substituted hydroxy group”,
“opticnally substituted mercapto group”, “optionally

30 substituted acyl group” and “Ci-3 alkylenedioxy” include those
exemplified as the substituents of the “optionally substituted
hydrocarbon group” exemplified as the substituents of ring A.

Examples of the “optionally substituted hydroxy group”,

“optionally substituted mercapto group” and “optionally

35 substituted amino group” exemplified as the substituents of
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hydr ocar bon group” include those exenplified as the

"substituent” of the "optionally substituted

hydrocarbon group” exenplified as the substituents of

the ring A. The position of substitution and the

nunber of substitution are 20 not particularly

i mtead aThechuihehosd suhpliitidd Gz ke freteradits bf the
a s of th 0 nal | substltuted 0

ot or SO ERReE o S5 GRES GROT S SUBGY] CAPBRLL Lot 8o the
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substit ut gd méﬂﬁ%@mml rewpstl%%aalwdx%@a%oﬂ hfmup" nd
substituents of ring A The substituent of rin iS

ptief EPREPYa &HY &b‘i‘)%h@l‘t}%ﬁ hetexasicili it Py dEDe béﬁose

gr OldkeniDl €1 &Y %fsetﬁbl%@t%ué&salolfykln@rpp@@e Bsdeb- 1I4€re, the
aryl group, a C7_13 aral kyl group_and the Iike,

subStFGERTOVE FPHY A .télepa?l?frlaﬂaéwy ‘B%SéfléP’é%fF ylyairocarbon

Cl- Gyroabkyls greuprbPlefer abl yydmhildpitdrbbg 4+KR) or an
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p3r ap@ug of i e “opﬂi?diha(llltyl Qﬂﬁéﬂl)tuhé&lﬂbg:el:o@f/cﬁic group” is

substltue sel ect ed oma C - al kyl group, a

B FEAPSPO T ot S e reronT G| S Ebup

(pref er abByiChrératiyly ghoop)ionds1yheubsaptuoadldrpmatic

SUb%tyldtrggzgr oxydgrrgggrc?ro%nguragtfonaaqy substituted aromatic
heterocyclic group.

25 B is more preferably an opticnally substituted Ce-14 aryl
group, an optionally substituted 5- to 7-membered monocyclic
aromatic heterocyclic group and the like. Preferable specific
examples of B include a Cg-14 aryl group (preferably phenyl) and
a 5- to 7-membered monocyclic aromatic heterocyclic group

30 (preferably furyl, thienyl, pyridyl, pyrimidinyl)}, each
optionally having 1 to 3 substituents selected from C;-s alkyl
cptionally substituted by 1 to 3 halogen atoms, Ci-g alkoxy
optionally substituted by 1 to 3 halogen atoms and a halogen

atom.

35 B is particularly preferably a Cgi4 aryl group
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is "optionally substituted heterocyclic group” for B
those exenplified as the substituents of ring A are
used. Here, the hydrocarbon group of the "optionally
substituted hydrocarbon group” is preferably an
alicyclic hydrocarbon group or an aromatic
hydr ¢eeefzorbdy opipenylln epididniadhy hdweingetehaloymehi et @0
groupy fgﬂéﬁﬁl ophrgqﬂglycﬁﬁbstltuted het erocyclic
group 'S Féfera an aromati c heterocyclic group.
Bis pref é"rlabl‘sil*mieopt noratdlycshfytdceubend gnogptit fer X may be
nydr 96AL0R 0P PHR:: 20 L?' q0ald Y S UPREALIESE g1y et
aromatic heterocyclic gro B S mor prefera
an5ohw¢ﬁﬂﬁﬂrb9ns%p%¥%t@F@dwﬂﬁbi45@ﬁqﬂategr@mpnmahurated
opti onall t 5r, pqﬁp
aromatic ﬁ??ﬁ?%%i%#.gg%réﬁﬁgé%% t e%PSge B $¥g%% rlgrouP
specii¢ligideeRdipa e top l Boliatdlcubed zpagberg QWQHP"grd@ptlcularlyr
(prefeqiabhynphenyly) igngia h§dr$c9ar%oﬁegpﬁfr?%xg989fﬁ’feld' Below is
aronmatic heterocyclic group 30 (preferably furyl,
t hi ePALePPLedyl, pyrinidinyl), each optlonally
hayi t;toaﬁk_yQétlg nt scgel ected,f,rom alk _
optrgﬁglf; supitrtuted by 1 91 3(ha) gen g%%ﬁ% C%h%)Q'

r

al koisH2) pptrdﬁ%#ﬁyrsu%%%{rutéﬂﬂbyfm HECHR o g A bats -
and a:rh@iﬂsvg)ezn ate ,3eub L5 PFU %LrlcﬁFl )Ly QIEc?ft@{elaF?!Lﬂe
| ONna

C6- 14_ar group 33 prefer 0

havi ) ﬁa? bEBHY &0 m e (gpr'e’r'%[ii‘é}é y FFépFﬁngHaft o-r%(.CXfﬁheCH%H-r
" di vatmRteraneret, coRy<imceragn , gL oHiH-CatcX- MRy HReH -CH,-CH,-
l'i near or gr nched as Iong as, . it is a noncyclic

divateént * rﬁm&&ﬁ%@ﬁldﬁ Bptik&nd may be saturated or

unsat ur at gHe C@Exanpbﬁyﬂemb theomplis¥ak epdt NEACY Cfd6n and a Z
hydrpcargg i nclude "divalent aliphatic

hydro R* % Particularly, a divalent Cl1_3
aI|phatlcThgdkn@anbﬁﬂ1gmﬁyplﬁx&ﬁﬂkb&hﬂﬂxb@temprﬁj preferably

pren?[aghg'l%ﬁ%, ZCCiiﬁeqxakxlen ?p éfefég?%h§¥ﬁegc%?gﬂﬂg—, -

( BHXH= 'ZJH— anc@ GH2) 18ke. - BHi{ @Yk ieul afl ( CsfeZahly- ~CH=CH- and

(CH(QE?% - (CH2) 2C (CH3) 2-, - (CH2) 3C (CH3) 2-
and'% ﬁe) (2) C2_6 alkenylene (e.g., -CH=CH,
- CH2- CH=CBH i3 --O-CHBY2- GNREH FCONR?- or -NR%CO- (R? is a hydrogen

atom or an optionally substituted alkyl group).
In the optionally substituted alkyl group for R?, the
25 alkyl group is, for example, a Cij-¢ alkyl group. The alkyl
group may have 1 to 3 substituents. Examples of the
substituents include a halogen atom, Cj;.¢ alkoxy optionally
substituted by 1 to 3 halogen atoms, hydroxy, nitro, aminc and
the like.
30 R? is preferably a hydrogen atom or a Ci;s alkyl group,
more preferably a hydrogen atom.
Z is preferably -CONR?- (R?* is as defined above), more

preferably -CONH- (in the present invention, the carbon atom

(C) of —-CONR?*~ is bonded to X, and a nitrogen atom (N) is
35 bonded to Y).




-CH=CH CH2-CH2- 1s CH2- and the like) and the |ike.

The C2_9 al kenyl ene enconpasses both an E formand a Z
formthereof. The "dival ent noncyclic hydrocarbon

group” is preferably Cl_4 alkylene, C2_4 al kenyl ene,

nor e pref &xabples C2the -diGH2 Rt Inonc3@ 1 CHRGHrcandbdheyroup for

ey HdiSaRati LAY BRheL Ay, ST A atpe,
a hydrogenr iatmmferaahy mpﬂuonnabtyClsquIaﬁtcylaneedmatdxypreferably a
grou heo I, Qnal |y, _subst | t¢ L kyl gr

%nd %ll kyl%fg{f?éup I(SC% ’?or rtéga dﬁéi, L C% gg %Ilcula”:ly
grbu@refﬁx@béykqlbongnoup may have 1 to 3 substltuents

Exanpl es of .t cli%upfgjﬁgg %%mi:ﬁe g%gla?apagu%g@Etl?ée%ncycllc

Cl 6 al koxy optiona substit ut
at onsrounydrfoxyR' mEt rftpr aramplandn Bhecy}'qlke: hﬁ@rmrbsn group,

pr ef £ aeﬂlc%a@ {5' gggr@cgno rg{l a —a@of?tgg:}/% o= a%FQcycllc group,

nore prefera roge IS pre
Cmoqamma@ca@e@erwmhabgv@p amdr ghe prigeer abl y

-?p\ll—l- (i ﬁewebo fpenl dENERAL hOfL rgc'ﬁccw&l%a%%mg&%” ang

- 1S to X, and a nitrogen atom
35 burrkEatis hﬁ)drO%rB@arQﬂoe@”oinqlh@edtb@ﬁ*eewemhb d gs the

hydf%r%@ﬁrﬂér@‘t‘;‘%oﬁ?(” ont'h%Cl‘ &rﬁ%? %ﬁ{lth}t_é@qqy@%ocarbon
t he aforenenti oned Y is preferably bond or Cl1-

al kyF e ﬁﬁ?@%{féﬁér%l%heasu%?ﬂdiuenm@f ripgig)y 2-

-(CH2) 3-  apghing biekene YalrsmRedd 'rﬁéle%él)’cll% BE&heT %QBY
a bond. The cyclic group of the "optionall

s%st?"tﬂ?trg{ﬂa%%lhi%er@ﬁﬁ}ﬁ'c FEPUR %n§lU¢%rtf@isnﬁ¥%nplaﬁled as

al i oy isepbydresasben ’rgfeOUBth_&l.’hla@oBﬁlt.)é@ld&‘tgﬁoﬁﬁiﬂb@ﬁrbon
grou an aromat.i G het er ocycl 1 C lgtr ou a nonaromati c

het € IEﬁi‘?‘}"cl PEeRIGGpeARe tHRe” FIREE Br ot ERAnB1 es of
the "alicyséisydidr geaudar gi’:@ﬂﬂ:abaﬁ}dan "@tABBE1 Dy partially
I.ncl ude t hose ex i fied

hydr ocar bon t he,
My FOAEPEER o oA bHe (RAREERALY IPRenBL: | TaaoindenyL)

hydr®carhofycloalkyl group {(preferably cyclopropyl, cycleobutyl,
cyclopentyl, cyclohexyl, cyclcheptyl, cycloocctyl), a Ci-ap
cycloalkenyl group (preferably cyclohexenyl), a 5~ or 6-
membered aromatic heterocyclic group coptionally fused with a
benzene ring (preferably furyl, thienyl, oxazolyl, thiazolyl,

25 isoxazolyl, imidazoiyl, pyrazclyl, pyridyl, pyrazinyl, indolyl,
quinolyl, isoquinolyl, benzéthiadiazolyl), a 5- or 6-membered
ncnaromatic heterocyclic group optionally fused with a benzene
ring (preferably pyrreolidinyl, tetrahydrofuranyl, thiazolinyl,
oxXazolinyl, thiazolidinyl, oxazolidinyl, dioxolanyl,

30 piperidinyl, piperazinyl, morpheolinyl, thiomeorpholinyl,
dihydrobenzofuranyl, coxodihydrobenzooxzazolyl) and the like.
The cyclic group is more preferably a Cg.q4 aryl group, and
phenyl is particularly preferable.

The “cyclic group” for R! optionally has 1 to 4

35 substituents at substitutable position(s). Examples of the
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group” exenplified as the substituents of ring A
Exanpl es of the "aromatic heterocyclic group"” and 1s
"“nonaronmati c heterocyclic group” include those
exenplified as the substituents of the "optionally
substituted hydrocarbon group” exenplified as the
subsﬂkﬂuentsmnﬁﬂpﬂu@aA The cyclic group is preferably

ggth ?gly partially saturated C6-14 aryl group
(pre erably phenyl, dihydroindenyl), 20 a C3-10

cycldaldkpl group (preferably cycl opropyl, cyclobutyl,
cyckgp%g % cycl ohexyl, cycl oheptyl, cyclooctyl), a

délkenyl group (preferably cycl ohexenyl), a
5 o) Gwangnbered aromatic heterocyclic group

optignal Ly, { egt&$th a benzene ring (preferably
fu ryI t hi enyl’, "oxazol yl, thiazolyl, 25 isoxazolyl,

i nlﬁaz@hylalﬁx}ﬁazéiqﬂy (ﬁyﬂrchmethpy¢%ﬁﬁuﬁyw, ¢¢hkﬂa¢bdloxy);

- qui pgl ¥hypbSAQUi nol yl, benzot hi adi azolyl), a 5- or
6- menbered "nonaromatic heterocyclic group optionally

fus€d i Ehs lbehzerrir oPhgorgrlet enast i usperiar ilditay B,

Ioetm;l}x;d&@éwsa@xhecééa azghi nyl , oxazolinyl,
t hi azol i di nyl, oxazolidinyl, dloxolanyl 30

pi p?e[l'iaépﬁ%l atigmp eh oyl cm%hghﬂsn%,lkoxy, amino optionally

tr”ﬁUH%Lpbﬁldﬂﬁéhbstfﬂﬁﬁ@&r9 egﬁﬂ@%QEééﬁﬂ(s selected from Cj_¢
oxodi hydr obenzooxazol y % and the like. The cyclic

gr GUYitsambria-ep ek ey siryony oot 4 - araﬂln@p olﬂfjthwmof

pheil)’rlethﬁliiﬂrnbl CHéA Y 1mRh 6] enﬁﬁ kQ1ardiiR, " S¥&hLG, 1Y Ak Pro,
for optlonallg has 1 to Substituents at
{

BubSOVELEapIaEIpeLT t3 on( Y. G‘E}Fé\‘PBF%‘% Fgrmphac heferocyclic
subgloubueals, | Bl sty 1oxaidi, :’.z%)da%gyl,(%ayﬁé%npxy

(5 a n at.om

al l%?% i oy f@l@dl Zr?ggﬁyl‘é‘"ﬁé‘&%i]y t&tﬁ?F%Hélm BXy3vls

(7)py(tal‘nb@iﬁyj}4) obsiori:hl@ll ﬁuﬁiﬁﬁyﬂutgﬂw 10pbi ®naldsitituents

ﬁubsg_ ut $ yl1o %itltusngi iele %9 [oggé%amoyl

alSSGERTET ot yHF ¢ OX¥ 188 HHY it

optananal _k yalkoxy- carbonyl, an aromatic fused heterocyclic group
{e.g., benzimidazolyl, benzopyrazolyl, benzothiazolyl,
benzooxazolyl, benzotriazolyl, quinolyl, indazolyl) optionally
substituted by 1 to 3 substituents selected from Ci¢ alkyl,
hydroxy-Ci-¢ alkyl, carboxyl, carbamoyl and C;-¢ alkoxy-carboriyl;

25 a 5- or 6-membered nonaromatic heterocyclic group (e.g.,
tetrahydrofuryl, morphelinyl, thiomorphelinyl, piperidinyl,
pyrrolidinyl, piperazinyl, dicxothiazolidinyl,
dioxooxazolidinyl, oxodihydrooxadiazolyl, dioxoimidazolidinyl,
dioxopiperazinyl, dioxidethiomorpholinyl) optionally

3¢ subpstituted by 1 to 3 substituents selected from Ci.¢ alkyl,
hydroxy-Ci-¢ alkyl, carboxyl, carbamoyl and Cj.s alkoxy-carbonyl;
a nonaromatic fused heterocyclic group (e.q.,
oxodihydrobenzooxazolyl, tetrahydrobenzothiazolyl) optionally
substituted by 1 to 3 substituents selected from Ci-¢ alkyl,

35 hydroxy-Ci-¢ alkyl, carboxyl, carbamoyl and Ci.s alkoxy-carbonyl;
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nono- or di-substituted by substituent(s) sel ected
fromCl 6 alkyl and C1_6 al kyl -carbonyl (e.g., am no,
nmet hyl am no, di net hyl am no, acetyl am no,

but yryl am no, isobutyrylam no, 1ls isovalerylamno); a
5- or 6-nmenbered aromatic heterocyclic group (e.g.,

t hi azed fHoxyDXx@zalpy! ¢, isrﬁld@z;g)wérbqwnazml plono- or di-Cio1g
oxad I t.hi adi azoly tetrazolyl

oy Hor Bhort P seiroRar [0 SYEei T A 478y 4 %o 3
subSimdUMgmpBosphﬁneetétbﬁhyiﬁhéﬂgﬁbmﬂ kgl jsdpradpeXxyrdsbhono;
al k ca bann n

o PR ot S 6 r e RRR e erY Y rgapeer?
(e. gpticredzy nsudatdkyted tt@nampryqsamhyﬂl- o:behzctiala]z)qﬂlyl

opt AT e TRE oY oty Lot e dubt 11 JRREPhenk
selsﬁi&yieﬁrtwnMIb  Badbgsd atomychxmmpxglaﬁﬁzﬂxkyhlkoxy—carbonyl

car g@:}% l!rblél dﬁac@x‘%)égm ”ftj ﬁg%é"iﬁ%%% Earé’l‘?{ﬁky%éa?rgb%’mgyl,

nonar o erocyclitc group
t et dmﬂgﬁma}zﬂoylnoephdlmemwlcamawwiprmqubarbamoyl

%;pﬁfﬂ iu@ﬂﬁsthi %%FB&%é#dnyketﬁ%%ya'gébgyiathylcarbamoyl 2-

I oxot hi azol | oXooxaz
ox ol dnpeiy o bxesditexgk yiordilog ohyd adakeing vt mya- hydroxy 1-

di %&?EQZ}&A&W}&&%&%‘%&EE&E@ PRBLLI ”yér]) aQPEL 9, #ni’—

30 substitute t'uents sel ected ¥
Cl_® =Ry L onty@rlé@y Gubstatwiad byat btﬁ(ya subatb@mgzls

andsézhc@eélBfBH/oﬁﬁigﬁﬁmdy ha®odiHaakeq L‘%l&9§e§5d Ci-¢ alkoxy

het erocyclic grou ., oxodi hydr obenzooxazol yI',
tet Fat¥ydr B’B%‘?‘b%éia Bﬁlﬁ%ﬁyl )“eéﬁ‘?$§6?}ilﬁpb’§'cal”sktﬂ§§ﬁ'ﬂt ut ed by 1
to ts?rlﬂl!l%t:blﬁéﬁﬁ}tl%héﬁyﬁﬁr%gm&ﬁﬂm tdnb- %ﬂ‘)dlv—c;)’% aralkyl—

hydr oxy- Cl1 al car boxyl, carbanoyl and

kfiﬂaba@av’b‘o?gnmna%y FUOFEBBREAT Srobipte & sebst Citents

al kst a borstl am@né "BAQonRI1 Himohb=! &r Bl-k¥bitituted by Cie
phosphonoﬁ%roup optlonally formng_a ring

G R PRSETHBASY t BB ShoAbRY ], PYeSid dna c,q

§H laspwxgpyéﬁw@ph@aog Behbl VdHBRBPRDNGhenethylcarbamoyl,
i de- oxaphosphi nanyi ); carbanoyl s

opt J&Wémawglﬁm%a& %M no; nono- or di-Cl-6

al mthoagtmwlpﬁaﬁém@abhybmutut ed by 1 to 3

substl uents S % halo n at.om dr

and T O ErRy SHOtHYAr DRt Y

et h;dl@@ehamm/ Imondi- nait hw—ca.g Wbulfm@nhytparmyhio; Ci-6

?tr P%lllkngtrg %Car ba g:%]ﬁ& Byll:'ocn%{rlt;)a&qglallklyg—carbonyl; mono—- or

netdnemﬁarahgﬂlytmﬂmamadbarmygi., Phenylcarboxamide); Ce-14
arylthio {e.g., phenylthio}; 5- or é-membered aromatic
heterccyclethio (e.g., triazolylthio, tetrazolylthio)
optionally substituted by Ci.¢ alkyl; Ce.114 arylsulfinyl (e.q.,

30 phenylsulfinyl); 5- or 6é-membered aromatic
heterocyclylsulfinyl (e.g., triazolylsulfinyl,
tetrazolylsulfinyl) optionally substituted by Cig alkyl; Cs14
arylsulfonyl (e.g., phenylsulfonyl); and 5- or 6-membered
aromatic heterocyclylsulfonyl (e.g., triazolylsulfonyl,

35 tetrazolylsulfonyl) opticnally substituted by Ci-¢ alkyl:
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hydr oxy- 1- met hoxycar bonyl - et hyl car banoyl , 2-hydroxy-| -
nmet hoxycar bonyl - propyl car banoyl ) ; nono- or di-C6-14
aryl - carbanoyl optionally substituted by 1 to 3
substituents selected fromoptionally hal ogenated

Cl1_6 alkyl and Cl1_6 al koxy 15 (e.g., phenyl carbanoyl,

met hox ypReny lavalbahigyll group optionally substituted by 1 to 3

trifl QnEL fyd phenyl car banoyl'); nono- or di-C7-13
ar al kichI%Jre car%inoyl optionally substituted by 1 to 3

subé%f?)t Fent sirydellect-ed pheoyd Jawphbdonptlivosabs i tnsed- bprl to 3

bﬁ% Ltuted, by C1-6 alkyl, optionally hal ogenated
hydr oxy and Cl1-6 20 al koxy-car bonyl (e.g.,

bsénﬁw)C§mamy|lkybm¢gphylbarsmﬁpy¢uted by 1 to 3 substituents
di ngshylagi P%?%ZMEE:@%&@@XJWand hydroxy;

nethoxycarbony%ghene yl car banoyl
tri fldorofet 4y @ﬁ%@¢¥ﬁﬁ'@éﬁ@@ﬂ%¢ hstefearnlic aptioralby,

hal ggena n 2 1 u
1l e iy 1 . Atk B o

Cl_Ebstiypentr @eﬁwtecimﬁar@m prhalggemsaten, Ci-s alkyl, and Cs

& Ydryaar @oc}ampdl%ngg %ptleﬁspw Cs%gemme%e);y 1% halogen
arylthio (e.g., phenylt - or 6-nmenbefed aromatic

het®8€ycl ethio (e.qg., trlazolylthlo tetrazol yl t hi o)

Optalmablnyl §léb_?kbk§/Lﬁﬁﬂlpb}épgdr@lél{ké’ubs@u%éd by 1 to 3
arylsulfin henyl sul finyl); 5-
ﬁ%ﬁﬁéﬁ@ﬂégﬁbﬁﬁ??%ta% F@Pocyclylsulflnyl (e.g

trlaab@ﬂybén”éﬂoﬁy|a 54(ﬂrr@ZﬁémﬂéiéhféfBﬁéle?ﬁé@%Eﬂc&ﬁllc group
sul fonyl (e

substitute -6 al kyl; C6-14 g
FhelfyPoul fBHAS Lanaeasdiyi o Sbire el BYEHEIG: ofadiazolyl,
hetweriaayeiylayl toiyioie, Jretddzoaz0] YhysulihonYbyridBdinyl)

tetr zoI If optionally substituted by ClL 6
al & A0 8 JC%*’ b fd%ﬂ Ky FulF Gy eBpe i Fgd from Cie

s ubﬂﬂclytL utre;oﬂﬂwyiclt_g) A kyl al mmxglprmarb(aﬁeﬁ %rdlél_aradkoxy-
ha|°%§8?ug’gf 4 a8 'E‘allt%;caléligi‘g%ﬁ%f‘tﬁ%"e’&ﬁ B | S?--g-'
Euﬂ!@t’l[lllniCiakCﬂyll b@z&p&ub&dﬂﬂuehéﬁzotsﬂaeﬁlﬁﬂ, fHeBBbexazolyl,
g L TR S RN o
i mld&eo} yE!L)bS@ptu@It&I Isyelecrltmi iftrtotn eCh - by.al]cylp }a(droxymcl - alkyl,
2 ﬁgﬁ%&ﬁﬂt %ﬁﬁ&?&ﬁe%nﬁ" ;m; aallﬁgzlq?-gceanrbao%g —6 al %(-yme’mbered
nonaromatic heterocyclic group (e.g., tetrahydrofuryl,

25 morpholinyl, thiomorpholinyl, piperidinyl, pyrrolidinyl,
piperazinyl, dioxothiazolidinyl, dioxooxazolidinyl,
oxodihydrooxadiazolyl, dioxoimidazolidinyl, dioxopiperazinyl,
dioxidethiomorpholinyl) opticnally substituted by 1 to 3
substituents selected from C;¢ alkyl, hydroxy-Ci¢ alkyl,

30 carboxyl, carbamoyl and Ci¢ alkoxy-carbonyl; and a nonarcmatic
fused heterocyclic group (e.g., oxodihydrobenzooxazolyl,
tetrahydrobenzothiazolyl) opticnally substituted by 1 to 3
substituents selected from C;¢ alkyl, hydroxy-Ci.¢ alkyl,
carboxyl, carbamoyl and C;-¢ alkoxy-carbonyl;

35 (14) Cis alkylthio optionally substituted by 1 to 3
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lo aryl (e.g., phenyl) optionally substituted by 1 to
3 hal ogen atons; (13) a Cl1_6 al koxy group optionally
substituted by 1 to 3 substituents selected froma

hal ogen atom a 5- or 6-nmenbered aromatic heterocyclic

group is (e.g., thiazolyl, oxazolyl, imdazolyl,

pyr azobyit:,tumadi atzhslcytled fidn adbazat y-metbéazblaybratic
tetraz d yrimdi I ption

subsﬁ ?u¥c%m§¥ su%stlgﬁén% q?el%c?L%y%rgrliﬁé%¥l

alkytett@zhhyiy ﬁnriﬁyibkerlmmmnbmkylOPU;anbbh&nﬁubahdtuted by Ci-¢

ClL 6 romati ¢ fused heterocyclic
grou6§% andz% E # %gfﬁ]yl benzopyrazol yl ,

benzdflhl azsthyaryltwetmzd)@»@zobyenoxxbenpotwesljm wlbstltuted by 1

qui naly 0 optionally substituted by 1 to 3
subs?gt%éﬁ?g%%é %%%%H fromCl 6 al kyl, hydroxy-Cl 6

alkyH16)(ﬁﬂﬂmgxypthnﬂi@anmgno—anq qm;qpngmkguged;@yb@ny|alkyl
a 5- ol
(e. g %et rahydf gr?e )}’?Q‘ﬁ %mhlﬁﬁﬂ?i}learrﬁ% 4G, @5LAUR,,

nmor phol1 nyl ,
t hi oﬁl@e*'phdlamyp, gfifydmpghyisminpy rppstavdpmpyno, dibutylamino);

pi per; I di,pyk; -
e ghi%ﬂs’x%ﬂ?%&z‘g?l—ﬁ BERV1RL] op I RETRY SR -CoBYAs

di oxspPyieitaedyPy Cielb 03 Hat KE ofror FREFPRSAORESBY I BHAO y

subsBhgtﬂ§q%hggpﬁogdhé%hﬁ§gg§k%tuents selected from Cl_6
al yI, hydroxy- Cl car boxyl, carbanmoyl and

C1_6 (af k ddapccaPbdiyiCa- saﬁbkx&-ﬁaﬁ}a?ﬁﬁidiecop¥w@aly substituted

het ebgcyo‘dd &, 0pPa 819 1 @xadi bykiaheBZpoxaaekYtd from a
tetra drobenzothlazolg i optlonally substi t ut ed by 1
¥

t §% 3halogat AtaBNt -6 L E¥E GoF Fom BKogYarsgponyl (e-d

hydr gyt f3lnfinal kyéxanogaaml trgaimraﬁwatmdu% BN-acetyl-N-
al koxy- car bonyl ; 14) C1 %|thl0 optionally

subsP?FQﬁ%ﬁTlﬁﬁ 1pqq}a lu?ﬁ?&ﬁ?ﬁé??¥ rsel ected froma

5- OktRoXBJHRIBEEF PpABhY Tamiel er ocycl i c group (e.g.,

o Y G o LS g late v

ang aofmdn@g%nraﬁgnme g. (1&deﬁﬁy1ﬁhdﬁpﬂoﬁby d#&=tylphosphono;

T T R N

by Cﬁlﬁx&ﬁﬂq¢bhlﬁ§ngi,, aWIno met hyl am no,

dIﬁEHEgJEHﬂs alkyi[Eér%onyf)optlonally substituted by 1 to 3
halogen atoms;

25 (21) Ci-¢ alkyl-sulfinyl opticnally substituted by a 5- or 6-
membered aromatic heterocyclic group (e.g., thiazolyl,
oxazolyl, triazolyl, tetrazelyl, pyridyl, pyrimidinyl)
optionally substituted by C;.s alkyl:;

(22} Ci1-5 alkyl-sulfonyl optionally substituted by a 5- or 6-

30 membered aromatic heterocyclic group (e.g., thiazolyl,
oxazolyl, triazolyl, tetrazolyl, pyridyl, pyrimidinyl)
cptionally substituted by Cj.¢ alkyl;

(23) Cs-10 cycloalkyl-carbonyl optionally substituted by 1 to 3
halogen atoms;

35 (24) Ce.14 aryl-carbonyl (e.g., benzoyl) optionally substituted
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di et hyl am no, ethyl nmet hyl am no, propyl am no,

di butylam no); 1o (17) phosphono-Cl_6 al kyl am no
optionally nmono- or di- substituted by O |o alkyl
(e.g., phosphononet hyl am no,
d|ethylghosphononethylan1no) (18) nono- or di-Cl1_6
al kyPYcaripoxahrfedespetensai |y substituted by 1 to 6,

prefepeply, 1 40:13y1sebsidntiestsicehect adbdremas 3 1 to 3
halo%en ;¥6%1 C1 g al kylngndB%H 6 alﬁoxy cérbony%@ £

(e. gP2lo%eBFPAF no, hexanoyl ani no,

trlf'QQTQﬁ@ﬁtéﬁyﬂmbgQalﬁ&ﬁ@@eEXEBJﬂyl”?ényla@EQPylcarbonyl)
pent af | uor opr opi onyl

et hoRYeEraryI 5‘1‘%%%?%&%&) to 3 f@logeq myiidssor
di - C1210 @alkyh kehpsphesg, 0puRoePll0RabL Y 2R hopMi NEA 3

ring % ., di met hyl phosphono; di ethyl phosphono;
d||sB %ﬁ%¥1658§%h0n0 di but yl phosphono; 2-oxi de-1, 3, 2-

d'OX@BmpsiﬂﬂoﬂaﬁHﬁéMbeega)aﬁgha@1@|ﬁéﬂer@@?@&&ﬂ”carbonyl (e.g.,
optlgnally substj tut ed y halo%en at ons;

(21) TEECH aPRY T SHCRF RO Joppwsh%xrwréa % t%éanws/a
510OEuﬁhtﬂﬁ&ﬁb&rﬁyiG@QOﬂfﬁyﬂ; heterocyclic group (e.g.,

thia triazol tet azol yl rid

oy KR 171 1T S Piety DRt B By OB B gARohYL (e-5-
( 22) t@ﬂraﬁlyallrkyﬂlr@ll)f Op@/iorﬂpﬂ.yOMEltﬁtﬁubﬁtb)i at gdainyia

- ere tic heter cycll rou

Ce. o 30, (FabaROTL oBGLEAIS! moDF ciFo T SERARAS Ry, Cus alkyl
pyrldgdg ,pyarhambyﬂylﬁlmenMyloaabémoyiubstltuted by Cl.6

al y cIo I rhon I optlona
Sllj ut%;g%f%mej%l Je’oneh ].Iyy sulgsat t EO%J%LFltuent

0gen° 4t
ar yI S@Jafct!t@dyfrcére agbr dmerﬁz—m;etnpenqs:t |aarnahtsy: Smbstand:;utlacb group

39 b en
ar al Ky'l éarg ?(% opt ?%;n y' su"g)izggaéédt%rafo%%lﬂ pyridyl,
hald@@WﬂaﬁenBl)Gﬂ@}OEﬁtmﬂsabytltule@abkehyda@hybonylCls alkyl

(e. 9¢ tyggiﬁg&ﬁgnyé%g§§%ggéip ¥ substituted by 1

to 3 ogen ato Xy- car bonyl
oﬂtlﬁﬁﬁlFyasuﬁ@@krln&%jCBbenxhihso bl ogehentwimycarbonylthio,

phenethyloxycarbonylthio) optionally substituted by 1 to 3
halogen atoms;
(33f C1-¢ alkoxy-carboxamide (e.g., tert~butoxy carboxamide);
(34) Cg-14 aryl-sulfonyl (e.g., phenylsulfonyl) optionally

25 substituted by 1 to 3 haiogen atoms;
and the like.

The substituent of the above-mentioned “cyclic group” is
preferably a Ci.¢ alkyl group optionally substituted by 1 to 3
substituents selected from

30 a 5- or 6-membered aromatic heterocyclic group (e.q.,
thiazolyl, oxazolyl, imidazolyl, pyrazolyl, oxadiazolyl,
thiadiazolyl, triazolyl, tetrazolyl, pyridyl, pyrimidinyl)
optionally substituted by Ci.¢ alkyl; an arcmatic fused
heterocyclic group (e.g., benzimidazolyl, benzopyrazolyl,

35 benzothiazolyl, benzooxazolyl, benzotriazolyl, guinclyl,
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(28) 5- or 6-nenbered aromatic heterocyclyl -carbonyl

(e.g., furoyl, pyrrolylcarbonyl, pyridylcarbonyl)

optionally to substituted by C1_6 al kyl; (29) 5- or

6- menber ed non-aromati ¢ heterocyclyl -carbonyl (e.g.,

tetrahydrofuroyl) optionally substituted by Cl1_6

alkyhdaidm&ﬁ C@@ﬁﬁﬁmayﬂy(ﬁnﬂsiﬂahtgﬁIﬁ@noxEOHlkyl, a 5- or 6-
anny

St i th ed 1
d| ma % TE8r BARdY rsa%l ?Ei’}/ocsylfllflan%y?u p(t ‘8na f§trahydrofuryl,
sub@tbmhﬂl&dyby thiomo2pkeibistyilt upiterisiéhelt @d;rﬁ:bmm:amy‘i,
rgﬁgp c_het.eroc cl rou
ﬁhgxazﬁfxﬁkh ?m%zg?ny¥ OlOf(gzo ﬂll& glﬁ [,
pglr Dm@hyyltyomuaanayly Cslmtmidﬁmilbynm @1akkgipea;mdiny1,

5?‘%9%¥%h5§§P%mFoxyy£gr HDP?%HFSF¥5€%£U€%gD¥§hﬂ—g%lkyl; a

bent!WImcy@ar@mﬁum halgkyl) phes@tdngl oxywapbnyhalliyo)orming a
t ; (33
o5 LAY S BB S kot Boiohopapshere: (59
car Bohemmraey 1PhosRpIpnes- dﬂbuayyphwhbonylﬁoeuge 1,3,2-
|
E@e@yé}ga%fagﬂﬂir)an S L o(Ea &i&(é?séﬁﬂ%&it uérfod C O]%yqtsﬁléfonyl.

al ogen"at ons ubst it uent
above- neAsi trred Op@y@miﬂclyg sebptitutedpaming gbbyra «0d 6

al kydn1QiQuP1 QL IHARRL LYo B WRSE | g it o e
subst it L(J)ent ?Dselbect ed Pf r %%%O(B%&% gér!'r(lipi r're%lf%sreegxémphflm

ar obatihe REPErigawerF cofyrtdep "t ipnally hyubssliyrted hydrocarbon

oxagup, ekohstazokbyl as p&fﬁaéeby&m%@dwzr%}él A are used.
thiadi azolyl, triazolyl, tetrazol

Byrim di Ryl PapEsbdm §ns%§tqn?a¥féoﬁ®§t€§meeda|cwﬂlc &oup,

ar afidid gréesemhlyhat € ocxeli %ﬂﬁlﬁugpl(&egably phenyl)
benzi m dazol yl , benzopyrazol benzot hi azol y!I ,

ben%dﬁ&%msubs&h%w éafoFyF a1yl nBFSHP opggonally
i ndeazﬁtyhhatétptuyoma’cd:w SHpstitwdrRd by1&k B ak&w a 5-
or 6- red nonar omati ¢ heterocycljc group ( ,
tet‘—‘f a5ny8Fo ere?ro?iﬂ?@itrlﬁyli‘eteﬂ?f% ﬁgPPﬂy €.g. ,
pi petiiadbbyl , cpgé&bmizlﬂllwldazopylp,eWthlfMyl, oxadlazolyl
ny

o bl gl 8 i

d| mgxﬁuopelaglmlstltman(b@ethk GIdyphodr Rtbha©pd ifaBakl y
Settletrgggc lc.y g%ug ?el.@{l,;bgnzimidazolyl, benzopyrazolyl,
benzothlazo;yl, benzoxazolyl, benzotriazolyl, quinolyl,

25 indazolyl) opticnally substituted by Ci-¢ alkyl; a 5- or 6-
membered nonaromatic heterocyclic group (e.g., tetrahydrofuryl,
morpholinyl, thiomorpheolinyl, piperidinyl, pyrrolidinyl,
piperazinyl, dioxothiazolidinyl, dioxooxazolidinyl,
oxodihydrooxadiazolyl, dioxoimidazolidinyl, dioxopiperazinyl,

30 dioxidethiomorpholinyl) optionally substituted by Ci;-¢ alkyl; a
(mono- or di-Cj-jp alkyl)phosphono group optionally forming a
ring {e.g., dimethylphosphono; diethylphosphono;
diisopropylphosphono; dibutylpheosphono; 2-oxide-1,3,2-
dioxaphosphinanyl); Ci¢ alkylsulfinyl; and C;-¢ alkylsulfonyl.

35 The optionally substituted cyclic group for R! is
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(rmono- or di-Cl_10 al kyl ) phosphono group optionally

formng a ring (e.g., dinethylphosphono;

di et hyl phosphono; di i sopropyl phosphono;

di but yl phosphono; 2-oxide-1,3,2 zo di oxaphosphi nanyl);

Cl1 6 alkylsulfinyl; and C1_6 al kylsulfonyl. As the

" opt PoRER1aPlyupsTraun edresiandedr byiptheaidrmiiiogt i onal |y
substituted acyl group"” for Rl, those exenplified as

the substituegpts of the "optionally substituted
y'—exgfpl i fied as the substituent of

ring A axe uséd. 15 Rl is preferably an optionally
substitutéd cyclic group, nore preferably a C6_14

aryl "Besip Cpteferdboyophiempilly Bpttibemahayinyisabipt bitusdt (s) ;
by CI Gsabkybndic@UR @Pfd1QRR! hync B4Rt fd R BY%n Iyt Q3 and Rr?
substituents selected froma 5- ‘or 6-nenbered aromatic

het et DAFLIPPELGRDYYY EebEtitWEd: ffek GIfpHP exaoloptionally

i M dagied thltwt By M R2@inbyc PXadirazp] Vis prihladiazol yl,

triazolyl, tetrazolyl, pyridyl, pyrimdinyl) X

opti onal | fi‘ss%%tqltvetyléat HPACYChlalikidrocarberr gigppcior ¥, those
f usedxeriati €t 08 Y4 ithie0k P8t Joned &N 2L AT BZRINYK oned.
benzopyrazeol yl, benzat hi azol benzoxazol y

| y ’
benzot ri aZol¥i PTHEETRAIW & E%m?{ fFaZot YA HKYEERF orfEdney preferably
Sudsh iﬁdﬂfﬂgd—ﬁ%{m:(ﬁc@:) ky - (@H§-3—05nc6-tht€!9t[fblesf] .eg . |
nonar oma el erocycCl 1 ¢, grou e.g. etranydror uryl,
nor phol i ngﬁ? fﬁﬂqbﬁ%rﬁ%%liﬁi??,gk#ﬁﬂﬁaﬂayn§qfther having
SyrrﬁﬂbSﬁiﬁréﬁﬁ(ﬂﬂ"peﬁﬁzm3¥t,gdfcéﬁﬁ¥©ﬂalﬁé:ﬁﬂd@YEarresponding to
I 0XQ0XazZol | Al A oxodal rooxadi azol yl ,
di oxaior 8%%‘?“?%1\/1&‘2?? a%‘%%d%i BEYU h9F, R30
di oxi det hirbeoripholEbayb )isoptre oeeddly subshirbrbett bydedcdrbon

al kyl. no-..or. di-Cl 1D, al kyl.) ghosphqno up ,

o#t( i%lnn | |(§£'I?Tjg‘?rrﬁb%§ Benzeiigy ?é?’é%l%rﬁﬁ’éfh‘iﬁot;}ﬁi}g{;ﬂbﬁ&rtlally

di etdndsphospddin@s-10 divicdoplkemd phosphidy cyclopropane,

di b nQ,. .2-0xi.de-1, 3, 2- .di oxaphosphj nanyl

i T e e T S i R

opt i eMvdlbbgtandist Co-ut eyctyel ienmegrpupfdrablRlcyslohkene), a 5-

pr ef b iy the for a: - ElLTII

A HR o SRR ol Bt T R

hetvitig oshese towenpls) ;thivzols, dsosadobe, dndiwabent pyrazole,

non 1146 - bon ; 3 S . .

Pt Al s L dBae A U o L) AlacTine 2 {dbdiineline,
benzothiadiazole) optiocnally fused with a benzene ring, a 5~

or 6-membered non-aromatic heterocycle (preferably pyrrolidine,
tetrahydrofuran, thiazoline, oxazcline, thiazolidine,

25 oxazolidine, dioxclane, piperidine, piperazine, morpholine,
thiomorpholine, dihydrobenzofuran, oxodihydrobenzooxazole)
optionally fused with a benzene ring and the like. The above-
mentioned ring is more preferably C¢-14 aromatic hydrocarbon,
and benzene is particularly preferable.

30 The above-mentioned ring may have 1 to 3 substituents at
substitutable position(s). Examples of the substituents
include a halogen atom, a C;.s alkyl group optionally
substituted by 1 to 3 halegen atoms, a Ci;-¢ alkoxy group
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substituted heterocyclic group, is preferable. As the

di val ent noncyclic hydrocarbon group for Y, those
exenplified as the aforenmenti oned X can be nenti oned.

Y is preferably a bond or Cl_4 al kyl ene, nore
preferably 10 a bond, -CH2-, -(CH2)2-, -(CH2)3- and

t hé’HtiiR@alﬂSh@ubEhfgttd:fect hg !ring bpwgmalaltymé utchehe like.

having gubshis EUSPté] %QIoﬁgﬂl ! f%ﬁ%”@'é%ﬁ;ogEbQ » for

corresponding to FemBnt rone
f o RInCITHe Ehege fememp)l+@qgk eﬁetlablsyzlbselﬂlﬂeraxsonﬁt fige

hy d, s r I € e
o%@@éﬁﬁ&ly ﬁbgtiELtEB Bl &L AR PH StF%eTp%%fleg ai)th

di hydroi nden) optionally partia
Cy AUEaF kEiRn tEp PESf BiEb Py d?@ﬁ@éﬂ@pdhéhe tyrtisizat ane,

CYGhBRent @ney hEYQEQHQKQBegréaﬂM @? p§ﬁgﬁc%ﬁde those

cycl ooctane), C3_ 10 cycl oal kene (prefera
cyEreRekbhe ag Bhe subet ipiardscdrt ar ormibi-c heterocycle

(preferaﬁﬂéferHB?@,eQQQPEQé<H¥1%ﬂ% “6?%%8%%@1 L0229k Grea acyl

I soxazol e dazol e, pyrazole, pyri |ne pyrazi ne,
i ndGPEP” q’iﬂrnS i e 1URS gy AATEPK Ik, 9T ez 6t hisddpay ofazponyl; a

QPleRat lor used, \Wal Ry PRBEESK, I 1%9 @péo%auy forming a
6- nenber ed non-aromatic heterocyc preferably

pyFr-BFi 6 1fe diBtYDAHPRPSRRAN, d@ﬁﬂbﬁ@(ﬂhloﬁléhoréﬁeazol i ne,

t huangpldjmphaépr@w, Obiﬂiﬂﬁph%ﬂi‘&l@ngroﬂ&@fﬂ di pe,
ﬁgra2|ne phaol i ne,  thi onorphol.ine,

BFSUERES DR rofaabﬁwﬁoseﬁ%aalfomstwﬁpenw |ajinos

fu&eﬁlowdm da- bgpmmglntmaaﬁgltbﬁtldn&elymﬁas%b.@u@ed by 1 to
s nore preferaply 06 14 aromatic

nent i d.ri ng i
TRy ra@ésre‘bl ents e i5Ehed qngapa?i/%%ﬂ kPR fvereraml Ci-s
30th@xyHmw¢een§&nqaaged methglaaybdiama , let Wy Farbamoyl,

e L A
aIbybpzﬂamrpamgﬂiAJmahfyuofnﬂa&y&ta&ﬁﬂmoby,1 to 3 hal ogen

o Bl hebp PR A, Bl st st

zbopthxﬁuﬂrbymsy&mna—hydemkyxmyheghmxymarboﬁyl4§%opymbamhamoy1 ;

PSS R LGSR, SR B B e P o

as3t$nbsn;tsah$ﬁ|aa;entsd(ﬁrom|ngtihndiiannékﬁgaﬁﬁté@EC1e alkyl

;Igg & EXkoﬁyjq%tbtUtﬁﬁén§§E§£é%ﬁ¥C|Icmé%ﬁgﬂ%phenylégibamoyl
trifluoromethylphenylcarbamoyl), mono- or di-C;-13 aralkyl-

25 carbamoyl optionally substituted by 1 to 3 substituents
selected from amino opticnally monc- or di-substituted by Cig
alkyl, optionally halogenated C;.¢ alkyl, hydroxy and Cig
alkoxy-carbonyl (e.g., benzylcarbamoyl, phenethylcarbamoyl,
dimethylaminobenzylcarbamoyl,

30 methoxycarbonylphénethylcarbamoyl,
trifluoromethylbenzylcarbamoyl); sulfamoyl; optionally
halogenated mono- or di-C;.¢ alkylsulfamoyl; C;.g alkylsulfinyl;
Ci-¢ alkylsulfonyl; Cj-¢ alkyl-carbonyl; 5- or 6-membered
aromatic heterocyclylsulfinyl (e.g., triazolylsulfinyl,

35 tetrazolylsulfinyl) opticnally substituted by Ci-g alkyl; Ceg1a
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exenplified as the substituents of ring A. Preferable
exanples of the "optionally substituted acyl group”

for R3 include a carboxyl group; Cl.6 al koxy-carbonyl;

a 10 (mono- or di-Cl_13 al kyl) phosphono group

optionally formng a ring (e.g., dinethyl phosphono;

di edtrigdlsphdsphone; g- di prsopiepyfplydsphdbnojr 6-membered arcmatic
di e 2-0xj de-1, - di ox osphi nanyl ) ;
ca?ﬁbga%%%@gp | gﬁgﬁﬁ¥PsLeb§t'ftﬁ%%&ogyg%ﬁ)nogﬁ’m)no- or

di - Citwzal kiguldenbahoydt iope i bnaluby t $ulpstd byt €de byl k{1t oand
15 3, syhgtituents selected froma hal ogen atom

hydroxy and Cl1_6 al koxy-carbonyl (e.g.,

net hyl cafbantydtioee iy cabbbiyded adylretdopbt afdarrdyls

di etfnd I t I y. . 4 _ampt

ot oy e B Lo LS St [ daf BarasyTiuia: ~SOmR', ~SOR! or
net jcarWmvpiet Rylbedr Bampgl the same or different and each is
2- hy 1@ ¥gdn NRLROX | garb '

2- hydrygggygl - gt hbxi?gﬁ%g%h%?ggw%aﬁgngy %(J;:ocyr%ﬁg- greupy
or #d 86 ar4l Br ylavcapBaroyketepedisnial bygsiitsst Witk ethebpdiacent

10 0:3-8UBStid4ent |
haloogenat edl Cl g lzlf&k%h%gﬁga%‘ifpghgl %oi%%% én atoms.

. Yy Gl y - 9.,
pheny| caf BaneytiometioRybeictiyitedr sapypiroup” for R’ is
trigd-4orenatiny bPELMARI G BRI, L s B 197 ofll 5 Ghohd- or di-
aral kyl 25 carbanoyl optionally substituted abyll to 3
subst? tUAtd PhLRNORPBE PR RPARP - Lop EPBAEIT ¢ HbRD- (019 -/

di -EubshiisHeahbyo CHibthdl didsphoRs ) Qﬁ@lsb%rng@%l%%gﬁﬁ&%;

Cl;ﬁ’?‘;’}’al k¥I , hydroxy and C1-6 _al koxy-carbony Se. g.,

BertoyP EXTRIAREPo iteRELAS T o Baffbgraphosphinany)

di mﬁt hyl Hd‘ﬁﬂwblﬁﬂéh)ﬁMﬁblé@mﬂb,thgo‘l‘optionally substituted

met hoxycar hanyl phenet car bapoyl , .

tr itt}e%ﬁ\é?%‘fétlﬁygg%%yIfE\ér%aﬁBQj]r‘)‘%/e QuPT aP\A-MeBReFRh ATCpatic

hlallimlgenclameﬂ irro@mcupo r(edF k ,Cllt_lﬁlafabkyil S laéfaagpyi o iid8zo0lyl,

a sul fi.nyl ; 1 sul.fonyl; Cl

a1 EyrE et ieodyTe Sfereat i GifrelyL, tetrazouy,

hetgrodyl] yysimidimdl) ¢ eay.aroinat &z fudeduhétenteyc3be group

tetrazol yl sul.fi nyl ptionally s tituted by C

ol 5T S BRI iR Y, BB PbR )

5- benzéexmmoiigl e bemzotai awliet giolglly| sndf-enyh) f €a G-~ or

tria I tetrazaol yl sul fonyl tionall
637 y

subst (lgljtné{uétléﬁ3 Eéjﬁ%lﬂr@téf krf/efat;ergﬁgcﬂt% @rﬁ‘l& e?é)'sg "The

" opet omidry feupst moupkol aoptl, ghbmrphotimdl,i piperidinyl,

25 pyrrolidinyl, piperazinyl, dioxothiazolidinyl,
dioxcoxazolidinyl, oxodihydrooxadiazolyl, dioxcimidazolidinyl,
dioxopiperazinyl, dioxidethiomorpholinyl); and a nonaromatic
fused heterocyclic group (e.q., oxodihydrobenzooxazolyl,
tetrahydrobenzethiazelyl), which are each optionally

30 substituted by 1 to 3 substituents selected from C; alkyl,
hydroxy-Ci-s alkyl, carboxyl, carbamoyl and Ci_g alkoxy-carbonyl.

Among these, a 5- or 6-membered aromatic heterocyclic
group (e.g., thiazolyl, oxazolyl, imidazolyl, pyrazolyl,
oxadiazolyl, thiadiazelyl, triazolyl, tetrazolyl, pyridyl,

35 pyrimidinyl), an aromatic fused heterccyclic group (e.q.,
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preferably a group represented by the formula: -S02R4,

-SOR4 or -PO3R4R5 wherein R4 and R5 are the sane or
different and each is a hydrogen atom a hydrocarbon

group or a heterocyclic group, and R4 and R5 may form

a heterocycle together with the adjacent io0

0XO0- $mhstmidﬂaaiybhCbHﬂthySaiﬁkyh,aﬂ@hidmhllXQIMﬂO abﬁﬂaoxazolyl,

The "opt | naII ubst.i t d . r for
partlcﬁ'3€ ﬁfﬁargier%ﬂﬁ yﬁgg ??%éh'ﬁOny? K Or qo-membered
( mon@oneromi t-i cChe i calyley L & pjmphoao; or maprﬂmdr@Wakhwl

g?é?hgggﬁosp (gh%ﬁﬁ%gggofqy1 Lg:%% QﬁﬂyiS pyrrolidinyl,

dibumybphﬁﬁwﬁﬁimodléqubudeeﬂgdinzld|dmaﬂd@aspwﬂndanyn).

Pr ef th L.y, st .t .
R B gt
aron&lttpslddetétl@mecgfmhl@ygroupu(c@ gre dachagptidnally substituted
oxazely zo | yl, oxadi azol yl,

thia%&ago Eﬂhg?rlé%%TgfggégﬁghzolyI 20 pyridyl,

pyri m di nylrrye carpeursiaebresanded hfettéweoéymmlca dibdups preferably
(&49a r gb c%g} i azpl yl,
bgﬁzgoxazolyl %éﬁ%%%ﬁfgﬁgfy N gﬁ?%%h§| E &%b %?iﬁ a

ered nonar omati c heterocycllc gr oup

(e.q. rahydr of uryl , phol i nyl, thionorpholinyl,
pi perd di nyk, 25 pyrroI|d| D per Z|nyI

di oxdt hifaz @l-i-dicayl 7 —eiyexpoxgzol d (n
oxodi xadi azol yl, di [ 'dazolldlnyl

di oxo

glpera2|nyl d|0X|deth|onDrphoI|nyeg and a L
nonal ﬁ%ﬁ%Q:rlFas%cFQ1étér@ﬁﬂhﬂrﬁé FrWFs Leehgferocycle containing

oxodic by ds O kerzopxazRky! atdre! hahyskakenz oy hiazaky! ﬁavmg
whi ch are each optionally 30 substituted by 1 to

subsfPPYEftienséfect ed from C1-6 al kyl, hydroxy- Cl 6

alikyB, lgaxb@pyionga@bamydlt@madmy&o@bkm -&R0POSY lan
thes a 5- aor 6-nenbered aromatic heterocyclic

groung%P lYtﬁ??ﬁﬁﬂtVFedd%ﬁf%P9¥°1%9ﬁ963%%4yI
pyr axoiyla dmxa@htamhyyclidwngdr@dﬁbbh gfdsup'a}zol yl,

fusel firrocyeTt S oug Phkg, oF M bR iaaEoryis =
bensz&ta@s@lytomkh&naﬁthﬁfﬁﬂﬁayﬂy &Hﬂ%l@ﬁﬁﬁédﬂdlkyl group;
DSIZ9L A Y B4 ISLY b BOOBEALY! o8 B £ioon ox <
tetrahvaﬂem&unamq&qllcnhy¢ﬂudarbyh gﬁdﬁp@worpholinyl,
pipebifu'EY&ingyggé¥ohgifylfurther having substituent (s); and
R® is an optionally substituted acyl group or an optionally
substituted heterocyclic group.
25 Preferable examples of the compound represented by the
formula (II} include the following compounds.
[Compound A}
A compound wherein
ring A is an imidazole, pyrazole, oxadiazole, thiadiazole,
30 triazeole or tetrazole ring (preferably pyrazole ring), each of
which may have 1 or 2 substituents selected from a Ci-ig alkyl

group, a Ceig4 aryl group and a Cy_13 aralkyl group (preferably
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5 pi perazinyl, dioxothiazolidinyl, dioxooxazolidinyl,

oxodi hydr ooxadi azol yl, di oxoi m dazoli di nyl,

di oxopi perazi nyl, dioxidethionorpholinyl), which are

each optionally substituted by Cl1_6 alkyl, are
preferable. The conpound represented by the fornul a

(1) Ci-s grkeflegadlp); 10 a conpound represented by the
fol |l owi ng, for a (11): B (:;Ac -X-27Z =--Y)-YrR3_(I

%) wher & ST 1 sRonerishelg i uhapriyt) o Bl o -
het semvyreide mowet i licngromand cohe rce ynil i ¢ agenpat ornsfeantly

opt i | : er iNg . substituyent(s): 15 B.i,s an
opthﬁgpléhgﬁggpi?H?Z%yﬂyé?gég%%%]qgfo%%h%f%aHEECh

opt Pprednay 1gulyst ilt tbed hetsenbesymis cedeoumy] fXoimsCas alkyl
di v RONC ' rLb r : [,S. -.0-,. -5-,

P En gt B AP, 88 P Bine A i oy
at ofporonagn lppsilsalt hied dhstli tat Bdadbkyh grogpan@G Yialogen
and a iffer ' 0
A B Ry G aBan b St B s e
opt PNz 1y Uk ey halhd ngesudben t(peaf¢xdblvadduoRRe gtom) ;
ap optiorakLy-substi agyl gn a tiqnal _
sﬂbstituted H%t%?%%%%#%ﬁqﬁrg%ﬁfQE%Hg%g?%ra°?§ %xanﬁ%géy
of ¢Hee s congbimd areprigséhtiegabyiqierly oprafiegaply )-CH=CH-;

i ncl ude tzh§sf—qj,de@M %e‘%@ﬁpoﬁmgé-ai gé'f@ﬂé‘@dab%lveé a carbon
conpound wherein ring A is an imdazole, pyrazole,

oxadFdy de, of MRz dlsebonded 4o Bz sl Gr nE BERIEFOREOM (N) is

ri nSor(d@ardef:Er‘@b'xﬂér_@)’ﬁﬁ@ﬁ'r%bi%/ngjomﬁgch of  which may
have 1 or 2 substituents selected froma Cl1 10 alkél 4
ond, -

gt oup, a¥Ch® 1% PP Ofrlowp 2ARAL 0775 ATEERT RO B Gu
(pred.er ablat,) 45 oel-6cmh kY pakeuR)TarByl SrérdBnld Adnd;
group (preferably £hen [) or a 5- to 7- nmenbered

nonocycl ¢ & anBtrE Heler RYIILPEE KRS PpRETEban| § bond, -

f urgt,~, thi@anyl- opyri@yh,-:pyri mdinyl), each of which 5

optionally,has 1 to 3 substituents selected fromCl 6

al kyl is a C¢-14 aromatic hydrocarben (preferably, bemnzene)

20 optionally having 1 to 3 substituents selected from a halogen
atom, a C;.¢ alkyl group optionally substituted by 1 to 3
halogen atoms and a Cj;-¢ alkoxy group optionally substituted by
1 to 3 halogen atems; and

R® is a carboxyl group; Ci-¢ alkoxy-carbonyl; a (mono- or

25 di-Ci-10 alkyl)phosphono group optionally forming a ring (e.qg.,
dimethylphosphono; diethylphosphono; diiscopropylphosphono;
dibutylphosphone; 2-oxide-1,3,2-dioxaphosphinanyl); carbamoyl
optionally substituted by aminc; mono- or di-Ci.¢ alkyl-
carbamoyl optionally substituted by 1 to 3 substituents

30 selected from a halogen atom, hydroxy and Ci.s alkoxy-carbonyl;
monc- or di-Cg¢-19 aryl-carbamoyl optionally substituted by 1 to
3 substituents selected from optionally halogenated C;-¢ alkyl
and Ci-g alkoxy; mono- or di-Cq.;3 aralkyl-carbamoyl optionally
substituted by 1 to 3 substituents selected from amino

35 optionally mono- or di-substituted by C;-¢ alkyl, optionally
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optionally substituted by 1 to 3 hal ogen atons, Cl_6
al koxy optionally substituted by 1 to 3 hal ogen atons
and a halogen atom nore preferably a C6-14 aryl
group (preferably phenyl) optionally having a hal ogen
aton1(preferab|y fluorine atom; 10 X is Cl_4 al kyl ene
or lopeapkenyTienal kitbr divsrereras Fis THRxy- cE QMR-

OfCOs\IﬁEQH 1; p@fsﬂllo%hﬂ;Iwamagaﬂ@nbhr&no%ﬁ%mz i s

- ereln is as défined above a car On at om
(C) 2oy Lty lis CMn@Jéﬁflﬁelﬁemdnd Casrativdgehfomom CNy
I s abgndedrbony @Drgkl¥u%gﬁﬁé£%d/arggg%t Hgée¥b&§b§§ﬂ§ulflnyl

bond or C1 4 a k | ene; nore preferabl
- e~ BFM%@A{Q)‘SBJ—ﬂ%t Fé&%%qulﬁldﬁ@e'wébl P&l deAdY

Y1 sipsaibaney CHy @Lﬁaﬁ%ﬁé' ene; a@mﬁlﬁ&?@% ably. at bond,
'S arona iC

hyoﬁft?é’dﬁsahf?rp‘zfléfve%ﬁ y,orbérfz%%)redzer%mm@nm ly
havhdtgsrbcy@lﬁlsﬁilliﬁhyi uanLs, serealedi biommgihal ogen
tom i roup opt| onal Iy substituted aggf
to tsetrl‘?éP %Je*ﬂl]gto{}iﬁf% dtitqnet e WPREX T dtoly Gpt icdialfy
s it riet pkeﬂeﬁablylci 9 A kyak0Uesh AL OBB (maRd B3 dS-d
car%%yxli g al kox¥ carbaonyl; a (mpno- or 25
oP ‘F%ﬁf‘i)nﬁh%‘b%ﬁé’tg %%Fplyoﬁpiﬂmﬁ |ay 83 nihg -a
g'rﬁl“@ehglphOSﬁhﬁﬁbhyﬂigﬁ$§gbfﬁﬁbhoﬁbﬁhﬁmﬁéa@Q§9fE§Hbsphono,
i ro ono [ Y. sphono
S RO RIERED TG ook EHE P 3 i inggpninanyL)
optﬂ(lm@bhydmbstltut ed by am no; nono- or di-Cl-6
gl kyl - cgrbarm I O‘FJ%I onaIIy substituted by 1 to 3

Subst i t uents T30 &t%8d from a hal ogen atom hydroxy
and Cl_6img koxyp- earimmdwhpleInpyrazolexhoxﬁﬁgiﬁole, thiadiazole,

ar yl ~gapbamyl, nal | bstltut by 1 %o 3
substitoents sg?g% (glc? frrl Jie%ﬁ%l? 9%?58] ' @d) o eFeh of
al kyplichanzly Gavé al d:ao)a/,summuemtsdeseﬁkt]aa from a Ci-10 alkyl
ar r'&ﬁ gr‘pam)ll 0 %b al ly l§ubst|t ted by 1 {?%’g
Sugétl lents §é¥@% g ﬁ?oﬁ%aﬁ1no L3555 3&bﬁ§¥?@ ggerably
«@r(d%-éhbgkmnuugdfby Cl-6 al kyl, optionally 46
hal ogenag Gle6. alk % JMS Ye A4 E% 19i
b - —
alkox (ra'lbonyl614 % a ,?% Tiona qylée f%& to 7
9¥erI|m°@90601Jaﬂ rayrp%wcam;mromclacagszs Ulpke fgtably
Cliﬁnghkyﬂﬁﬂ&ﬂggnyiyrfg}LG pilil %FhﬂﬁfHWSOQXFh &t Wich
ered aronatlc heterocyc
opticnally has 1 to 3 substltuents selected from C;¢ alkyl
25 opticnally substituted by 1 to 3 halogen atoms, C;-5 alkoxy
optionally substituted by 1 to 3 halogen atoms and a halogen
atom; more preferably a Cg¢.1q4 aryl group (preferably phenyl)
optionally having a halogen atom (preferably fluorine atom);
X is Cy4 alkylene or C;.4 alkenylene; more preferably -
30 CHy-, -(CHz)z- or -CH=CH-; particularly preferably -CH=CH-;
% is ~CONR?- wherein R? is as defined above, a carbon
atom (C) of -CONR?- is bonded to X, and a nitrogen atom (N) is
bonded to Y; more preferably -CONH-;

Y is a bond or C;-; alkylene; more preferably a bond, -

35 CHz-, -(CHz)z- or -(CH:)3-; particularly preferably a bond;

47



s (e.g., triazolylsulfinyl, tetrazolylsulfinyl)
optionally substituted by C1 6 alkyl; C6_14

aryl sul fonyl (e.g., phenylsulfonyl); or 5- or
6- menbered aromatic heterocyclylsul fonyl (e.g.
triazolylsul fonyl, tetrazolylsulfonyl) optlonally

subst it ut’edSby J@inCB oal Ryk ;alzelape e mpref prafdngbCl- 6 bond, -

suI fﬁﬁ% ar di-C1_10 al kyl ) phosphono
group optio azlly form hy’aring (e.g..
di net hyl phosphéaoe; agrmahid plydsphorien (preferably, benzene)
dii [ ong;

2 S e s pnr ey 2Py (hssEla, grom 2 patogen
@orﬁi@mndavﬁheﬁr @ilkytignpuR PBtEMaliivdaniedta tupgd dnolleto 3

OXE}%&%&QL tc;n@ ana%"é & alﬂéieya?}lj o&pél%h%?ﬁygls%b%ltﬂguted by

(preferably pyrazol e rlng y have
or 12t§uletl¢JtC{9@ﬁt staweendd froma Cl_l1o al kyl group,

a 6_14 ﬁIME 9r5“”%ra@dméhﬂ;éeasafﬁﬁﬂéﬁﬁlhQ{ clic group
(pref erabl 20 ClI-6 al kyl group) ; s a Cé’

gr ol§p 9¢ pr BREFZEBYY - phesayler lﬁl@aqudh PW@@{ Oxadlazolyl,

ﬁort@quehago@lo rreﬂ&zdl@tler eaquzloqygr 0;)5&&1(19& efﬁrﬂmmmyl) ; an
furyl, thieny pyri m di each of whic

0 ptalrQFi‘éF Iy %@dlg‘?@r@"gﬁ%ﬁ‘f | TRt ée selre @?E%ilmfd@liﬁpé‘ll 6

al Fb)éhz@@y%dl?mm bahhsh ks uted bBMzéo;JaQo%yhmt%ih%etrlazolyl
atons, Cl 6 a otlonally substltutedb l1to3

ha|%@ﬁl%oﬁ§daﬁaf¥al HaPogerP™ 2rBRTLH%e nam%@%?y a

CB hldeabyycldicoypols! @f. gt Ablet RRGAYS uryaPt hOAMd N ny1,

havi ng a haIQ en atom (preferably fluorine atom; X |

Jél_ﬁ‘lginﬁmk&}é Bt PATAR kYR é’ﬁérom@yﬁre?ﬁ%zﬁny 30

C}{Bigiffﬁiiﬁb21dﬁﬁyl(]diskboxéﬁﬁl%%ﬂh@lﬂwdﬁgﬂ%ﬁﬁdﬁ?@h%&lazolyl,

- . c Z 1S - CY rein i s, as defined above

anPBSWI%Z&H%\'Y% o PRSP BBded to X and a

ni tdnagemtﬂ{m(:bl)oiﬁlylb)ﬁ)n(dﬁ(h henYtondie pueddmhalkyocyclic
mor e preferably

al_k
a ﬁ&ﬁ&f’ (e‘§5 Cﬁﬁoglq’yﬁéﬁﬁ?’?o X{Léﬂ) 3-; particularly
Pr ezkeralbfq/ro@ebenm;a&myl) ] Svi’ﬂ.cbomﬂe Osracﬁl _ﬁt:a:ide;lugne

m)r eBB£ etr %6k¥4far oita %S%lté’reggﬁr %5% ?rofnaigf‘ ;%C'_Hyl

behzdne$y ClG alkyl, carboxyl, carbamoyl and C;.¢ alkoxy-carbonyl;
more preferably a 5- or 6-membered aromatic heterocyclic group
(e.g., thiazolyl, oxazolyl, imidazolyl, pyrazolyl, oxadiazolyl,

25 thiadiazolyl, triazolyl, tetrazolyl, pyridyl, pyrimidinyl), an
arcmatic fused heterocyclic group {(e.g., benzimidazolyl,
benzopyrazolyl, benzothiazolyl, benzooxazolyl, benzotriazolyl,
quinolyl, indazolyl), or a 5- or 6-membered nonaromatic
heterocyclic group (e.g., tetrahydrofuranyl, morpholinyl,

3¢ thiomorpholinyl, piperidinyl, pyrrolidinyl, piperazinyl,
dioxothiazolidinyl, dioxooxazolidinyl, oxocdihydrooxadiazolyl,
dioxecimidazolidinyl, dioxopiperazinyl, dioxidethiomorpholinyl),
which are each opticnally substituted by Ci-s alkyl.
[Compound C]

35 diethyl [4-({(2E)-3-[5-(4-fluorophenyl)-1l-methyl-1H-
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optionally having 1 to 3 substituents selected froma

hal ogen s atom a Cl1_6 al kyl group optionally
substituted by 1 to 3 halogen atons and a Cl1_6 al koxy
group optionally substituted by 1 to 3 halogen atons;
and R3 is a 5- or 6-nenbered aromati c heterocyclic

gr dtFazees 4nyllehpazdigpeyl bxmirs!) Vﬁnzymnghwe [hereinafter

Py rafekYhes %a@bagﬁéaématé@ AJ"“%QM&HW' (a) {l azol yl

tetrazolyl yrimdinyl); an aromatic fused

het er ocy@fi’)c%ﬂ 6ui§(2( é"@lox%@nﬁr Hazoliyin-5-
'yqqﬂMEﬁ?KﬂﬁHenyP?ﬂ?iﬂ5h|@Zﬁidﬁropggﬁ%$¥xﬁaﬁgkﬂkl 1H-pyrazol-4-

benzotri azolyl, ui nol ¥ I ndazol

6- ﬁ@ﬁ’éé%]cﬁlﬁéiﬁal{}éﬁﬁ%n@f ﬁ?étfé?rﬂt%yew ctcgbsuﬁbl?fee‘gated as
t etrahydraf upyly ; morpholinyl, 15 thi onorpholinyl,

pi peri di nyl, p rrolldlnyl plpera2|n yl,

di oxot hi &0l iy (4 -TdreXerhersal r §rmglinyl-1H-pyrazol-4-y1]-N-
OXquhYﬁliﬁﬁﬁ%Qb@zfﬂgﬂmethﬁlfBH@n@l@@@ﬁyﬂdﬁhﬂ¥l[here1nafter

di oxopﬁg}{ler azin di oxi det hi onor phol i nyl) ; or a

noIFAFGeEs © tPué%dal}]Péteé’lléE%Iaisc “ca%wd( dcy”

pxodi hydrahenzoexazah ibrogihryat L aly emz%wa%@wlm -N-
whi ch ?re each otlonaII{\; substltu by

subSil Lt 288 Eet 8 thy bR ey %?Wamldﬁym%@ﬁneit%r

al lsy;lnemadéomgybe Adideanaydd ard “Qama[ﬁ)lﬁnldk(?éiy” car bonyl ;

nore prefe ed ar

het er ocy%ﬂ t@‘ E; Bﬁp {(Eg ;9_ —ﬁllejég o*x'ﬁlz‘?ﬂ%ﬁ) 1H-pyrazol-4-
i rriydadeaplw, eﬁy?B}Za)dlﬂo,)béhXﬂﬂldl] @hebyﬂatéﬁgéhéft;ﬁﬁé@ ¥bmetimes
Ltriazolyl, tetr r yyim diny an
romag l%bﬁfé’aaﬁee‘fg\éo §§’f(ﬁ’°dmér cSﬁf) Ye. g.

benzi m dGQZEDI—W-[S etz apysazolyy b ; 1-bmguh1£a-zpqimlzpl—4—y1]——mn
benzo zol zotri i ndazol yl),
or% g)@ metéy%e%ogrdgaxﬂaﬁgr%h&?lz%ﬂ ér ocyclic group
(ey@)metkﬂhﬂahydwkﬁagrahgm;dandhpheﬂnaﬁ¢bx 8@netimes to be

th Linyl ,w lye, rrolidinyl
GBEPLAALINYL 1~ RLBELAG Byl YT OL I di Ny

pi perazi ny di oX i"dihyl, dloxooxazolldlnyl
20x0di hy dﬁr%dxlid[f&z(dJHybgenZJdu@bacph’rlj-a@@Iev:blthhenyl] [ - (4~

cach optreneh [V et ey BB gt el The flfarcer
C] s8Bedingshyp be abbreviated as “compound (g)”];

f
Lérg{zglzﬁ)zﬁ %g?%gﬂ Ifg'%% %ﬂ%no)ibenzypsf %ﬁ ?ﬁ/ﬁé?d ~4-yll-N-
[ héfel HW#SU%WD m‘éhxld pbennbmwamaéb dsiere bnptherd

A3kohétimes to be abbreviated as “compound ¢h}”];

(2E) -3-{5- (4—-fluorophenyl)-1-methyl-1H~-pyrazol-4-yl]-N-
{4-[bydroxy(2-pyridinyl)methyl]lphenyliacrylamide [hereinafter
sometimes to be abbreviated as “compound (i)”];

(2E) -3~ [5- (4-fluorophenyl}-l1-methyl-1H-pyrazol-4-yl]~N-

30 [4-(4-morpholinylmethyl)phenyljacrylamide [hereinafter
sometimes to be abbreviated as “compound (j}”]:

(ZE) -N-{4-[(ethylsulfonyl)methyl]lphenyl)}-3-[5-(4-
fluorophenyl)-1-methyl-1H-pyrazol-4-yl]acrylamide [hereinafter
sometimes tc be abbreviated as “compound (k)*]; and

35 (2E) -3-[5- (4-flucrophenyl)~l-methyl-1H-pyrazol-4-y1]-N-
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(2E)-N-{4-[ (2, 4-di oxo0-1, 3-t hi azol i di n- 5-

yl ) met hyl ] phenyl } - 3-[ 5- (4-f | uor ophenyl ) - 1- net hyl - 1H py
razol -4- s yl]acrylam de [hereinafter sonetines to be
abbreviated as "conpound (b)"];
(2E)-3-[5-(4-fluorophenyl)-1-nethyl-1H pyrazol -4-yl]-N
- [ 44 (LB dazodadiayb ret-iny ) ¥ pineliyphEaet jd cnvildmide

[he lféfg%g%laer sQpeLipEs fopRe.ghhrsviated as nSAmRPYRG ;|

(2E) 3- [ Bs( 4-$4 jordphernpipputd megdrgisel Hepyavazbk - ZenpiulaN(I), a
ﬁé&&chgéﬂll ¥J:g§§é?;\¥)ll% f]bn%l ]sa Eé&é}@b‘ig Examgleas of

[herel nafter tinmes to rev ated as "conpo
(@)sqch @ﬁéﬁhymclude salts with inorganic base, a salt with

[ 4- él{éa%@: gaéé- @EEQ¥£ v'v:ﬂt(hz lhgi“ lc) a(l:ﬂi,pyar %é@l: »é‘lth organic

yl ] prop- 2- enoyl } am no) benzyl ] phosphate [ herel naf
son®tidres sakbt twdthebablbt ovi at:{,f‘{ijlca@lm@@nw{%én@e?hq llke

( 2E) 3 [ )§ré§efe{}:ﬂ%r 99&%)@5) o% é@ltt@ylw:LJc}H' rgégic 4’333@@] J_N:lude

4-dioxo-1,3-thiazolid
yI )?ﬁs’t i paﬁ#wa}lacpwamsaéoﬁm E?Ialalﬁft@?taé"?éﬁﬁml?@é: gad the

be 18kbravialad as-tgomRunds{f )sukh 29 caleium salt

(2E) - N-[ 4- (1H benzi mi dazol - 1-yI net hy[ ) phenyl | - 3- [é (4-

f | VERBIFRENY| J2 it gBehie IHkpy ranblalanynqmy Fan@‘@@nlum salt
[ hesl Rkt efke SONBtiMes to be abbreviated as "conpound

§ 9L | Brpsenanis: snHuHeR) o1 Sty I GrpRELE| bags, Hpckide

{fe et by | surbenyl anmiehyt E ey bhaes Y IpdRt dene, piceoline,

Lherel nafter 25 sonetines . to be abbreviated as
%0 &aT+B&1 diethanolamine, triethanclamine,

( 2;3:%;.[15%@12&11@@9nmﬁnyillgaeﬁzymthy%ehéﬁl?maé loénc{'r-t)’hle] 1dke.
4 ro e acr am d
hor el nafEor R e e CE e Ty BUT bt AER e G B Lace
(1)8dLts with ?ydrochlorlc Ffli hydrobrﬁélc acid, |nifrlf]aijd
2E 4 ophenyl) - 1- pet - Qyrazol -4-yl]-
S 25 AreisnBr PR TS b ety Fi St e de
Echer ei nabtreferaddmetxamgd esoobesaAhibr evilat@daasc "adrpaonatude

(TR ) SRPHE Aty PRREL L ni GHgrpReqao acia,
f | ubmeyh enydid, 1o|sm1hryla:c1bl, pyataclcdayid,amaybaeatsd, citric

( k)é:ﬁ%ldnagléc?%]gu%ongtéi nesaltlg QCJ.Qab%eragf\{énaetseuq.fgnlc c%?und
( 2Ber@ehBsUtdnligoarophe rpyltplilemmﬂlﬁbnﬂ_ﬂap-}ldazmdi -they L1 kN
i 44?2 ( 1P§efer§>%é8| %)%Tplfsy?g et F] p enﬁa}sécr y iéjrcr)l gid
include salts with arginine, ly51ne, ornithine and the like.
Preferakle examples of salts with acidic amino acid
include salts with aspartic acid, glutamic acid and the like.
A compound represented by the formula (I) or a salt
30 thereof [to be sometimes abbreviated as compound (I) in the
present specification] can be produced according to a method
known per se. Examples of such method include the method
described in WO 2004/039365 or a method analogous thereto and
the like.

35 The compound (I) may be used as a prodrug. A prodrug of

50



[ hereinafter sonetinmes to be abbreviated as "conpound
(1)"]. As a salt of a conpound represented by the

formula (1), a pharmacologically acceptable salt is
preferable. Exanples of 5 such salt include salts with

I norgani c base, a salt with organic base, a salt wth

i NehgasbpR@Hd (IR reaht Wi ddhppuganidpabaei of eisgl tomtdrted
basi c_or acidic a(n' no,agi d and_the |i k%. Pr ef er abl e,
ex&fpFRe PSP s\ Wi AT forGanr tohatE rReTude“Yar kat'
netgakt sad tacauc hers. sadet mrﬁaalphysp@kaﬁs:bmm:@ailttlandm hae
io._lLike; al ne earth netal caIC|um

satdvi ﬂ%d’r? e aﬁdccf“}?émflak%ap%% ]é‘lurﬁlrﬁ1 Ay eted to
awmnalu@mgﬁﬂnﬁ (Bhquhﬁehzjmatlereifﬂaﬁﬂoa emedthesnof

Sa! L V‘%},}%ﬁoggﬁg't ?I 2?:?%6?%1%(1 %ggabfe d)fsbe n? converted fg the

tri Py col’i
et kanpbaid na,) di etshapdl ahs m:: tdm@tth:agelsamm@md, etc.

d| Cc cI ohe am di benzyl e d a the
| PESuRy G AP S 3T e B e S Bn09
acmdbnacttnmﬁe ansSahire wtrbhp hydlcomhcbmd dIactd,an acylation,

omc aci n|tr| aci.d, quurl n
I 9801005 86! gho bl G et d o oul LULbEabldopiained by
of ssialjestimd Ianoargam gragp din wohpelend Jdbt sowdnt h for m c
acid d, -
aci eaon&? l%t"il&ll a%a%ﬂ[!a?:ﬁ ggé{§lﬂﬁBGCargd+{?’i'é'tfon,

OXali ¢ acid, el c acl citric
acirgthglretioioel a&rdioxnéem'cfi -vé ) gethrpetivankewy ¥adAieer aci d,

be%%ggmp Gn@idonp n%ﬂ&qasmé@mst@&ad and the

er apl e exa s of "'salts with basic am no
:ampdvaiupmllq;fd@e?,bﬂis‘:Wt andrtgirhrhetyiardppe; OSTPATRHE

andihendd ke sugf&ft%habg e RHRANR! &5 isakdioMnbih(1) to an

acidic amno acid include saltS Wwth aspartic acid,
gl BCakpEioni @lkntpiiee. | PhesphoRyEskmsuRd PRIESEnt @ by 2

t h%oﬁBBM dpkhlndd 534 §ﬁb{ec§gnbh§r}?yq{ro&§ogf@1§Qﬁe&blﬁ&ﬁmd

abbrevi ated as conpound in_th pr esent
spedi f Fe T GRECE¥ERT 158 ppadtited 1 attdl-dPREPIP YA 2t Rod

HNQPWRa PEY1 238 on EX AN 1851 8f 1 i) C RunBEed ibAE] éthLBEJ.On and
met hod ‘described in WD 2004/ 039365 or a netho

an & HgEREl FREPEE T PP IRE) ¢ 35 Gﬁﬁl@oa%w&ﬁﬁanf‘i‘ s

MasuBgetiSH aScartt:@dr YeoupA ipr edkphrefl (150co an
esterification or amidation (e.g., a compound obtained by
subjecting a carboxy group in compound (I) to an ethyl

25 esterification, phenyl esterification, carboxymethyl -
esterification, dimethylaminomethyl esterification,
pivaloyloxymethyl esterification, ethoxycarbonyloxyethyl
esterification, phthalidyl esterification, (5-methyl-2-oxo-
1,3-dioxolen-4-yl)methyl esterification,

30 cyclchexyloxycarbonylethyl esterification and methylamidation)
and the like. Any of these compounds can be produced from
compound (I) by a method known per se.

A prodrug for compouﬂd (I) may also be one which is
converted into compound (I) under a physiological céndition,

35 such as those described in IYAKUHIN no KAIHATSU (Development
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the conpound (1) neans a conpound capabl e of being
converted to the conpound (1) with a reaction due to
an enzyne, an gastric acid, etc. under the
physi ol ogi cal condition in the [living body, that is,

a conmpound capabl e of being converted to 5 the
comﬁowmérmadeuumaalenzynﬂLnp mad idat borjoreetllies) qn,163-198,

hy S bl e of being
coﬂ%g?géh ¢ %gRoﬁ% gR@gE€1§ﬂ%@ hydrol ysis etc. due
to gastric &ﬂﬂui;oeICa cAmppuodimyy bé tarledndifH Janmayotope

be conpgyndq b&%lnﬁg b uQ&? %lng 1 am no group
[ Ound (f? to’an acy a i on, y1at|on or
phosphorytEMhanmo¢e,gxm@@uoénpmunﬂyohéaumedrb@e or hydrate.

SUbJ ecti 'P!?aaf}er%oca? al%%patlz 1&&8:”9089 kgel )prggerﬁn invention is

ei cosanoyl ati on
perﬁqﬂeaﬁihmcuﬂddoaylauphammaQQHtumaﬂhybmébaxKQOh obtained by

4- Wl a <At
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‘”“éﬂa@ﬁgc5ﬁbé¥§ﬂ ecting a hydroxy group in conpound
to an acetylatlon pal m toyl ati on, propanoyl ati on,

20 pi val by | rEmmacoketiciad )y aatasptabledafiraeFdn various organic
al ¥y Il%f@ghﬁ:n@argiéeetslaxgéﬂmbmmromm alde@nks @

conpound Obt ai ned by subjecting a carboxyl” group in
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{05 prebbyht dorD%adi dive3 sdcpXad %npﬂ'eyéﬁwf&hh'ﬂ an antioxidant, a
esterification, 30 c cIoheH¥ jﬁxcarbonyleth
farisd

estEHPFRR B ERLE Bnyan Jrﬁdu?ﬁ% 35 RECCHRFY-
of tIwesepﬁgnarabmdSexamplbe ¢f atieceteigiem: Coarpeendattdse,

a _met ho knomn r se. A . prodrug for c ound (1
Thy ST EG b BRE AL e O 0 RdfRer PERF Tt GoLOTaaaRg 197oR
undextalmuncmyetaglinﬂ cedhaiddeQn j ow-3dutssttd butgesd t hose
%&%&Q§§£fopylcéf}»igge?oso JJ$K£§%Léxyme hofgnﬁlulose, gum
arabic, pullulan, light anhydrous silicic acid, synthetic
aluminum silicate, magnesium alumino metasilicate, xylitel,
sorbitel, erythritol and the like.
Preferable examples of the lubricant include magnesium
30 stearate, calcium stearate, talc, colleidal silica,
polyethylene glycol 6000 and the like.
Preferable examples of the binder include gelatinized
starch, sucrose, gelatin, gum arabic, methylcellulose,
carboxymethylcellulose, sodium carboxymethylcellulose,

35 crystalline cellulose, sucrose, D-mannitol, trehalose, dextrin,
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51 of Pharmaceuticals), Vol.7, Design of Ml ecules,

p. 163-198, Published by H ROKAWA SHOTEN, 1990. In

addi tion, a conpound may be | abeled with an i sotope

(e.g., 3H "4C 35S 1251 etc.) and the like. s

Furt hernore, conpound (1) nmay be anhydride or hydrate.
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|y _use as _ap eutical conposition
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| s Jdgbparmticyoumntdricibsachh lvelosed.caEkanpliesingf thdelike.

CarriersPréfg%%Hﬁg Egéngf th%b5$f§HHt P&Iﬁggﬁwater for

d|S|ntegrant or soll pr epar ati ons; vent
soll@hﬁptm: ssbspendiingengemolutismi @mczhﬁlg agenylene

S h i rep eTeES
gfl?'Eol %y’e?%};?&%ghﬂz%l, Qubfle PEPREALIANS BDhe oi1,

F fion of a preparation, a 20
pr @ﬁéﬁaﬁ%ﬁﬁi addi and/dheudhkaas a preservative, an

ant i oxi dgfirera8n1€ YRRk c?f %\Px%eé&ﬂﬁﬁléﬁgré rh%c'l'ulﬁ@ can
be used as necessary. Preferable exanples of th

ex@Cpyertyiane aiecqlacPsseylangc #oEe0L DOTRARRTSIL, trehalose,

D'i@hQYicﬂenﬁ%ﬁ@écrbtﬁﬁﬁbﬁt'ﬁyr%ﬁﬂlﬁéﬁgﬂﬂéne,dﬂ%ﬁkb@erol
crystalline cellulose, |owsubstituted

Ry dFORYPAUIFMERE | (AAGEEN SHRHBREE ar LY REHIAEN | BPEEE

JURalaEplite, BUbiud akethtghincaBhydrows silicic acid,
syntheti¢c .alunnumsilicate, magnesium al um no

net asi | i RTETARYE TGP Les (hith| SURRPARRY e ndndne e

I i kertReefnr abte @(&lﬁpheﬁwﬁle&:h@néwméanéodlmﬁﬂ ugeryl
I g?| um .30 stearate, calciums
co

e te
B SAPFE amaaw%mnl@nacb%?&ﬁ 18 arbzehenion
Zoi kaloPid&d ebahtecrendnpl esiqfidehegbrdeden wédstd@rate and the
| ni,ze

Ol L1 e osBLPLE ln el a8y, 2Lt L ABLC
capboyyimtlpyteel iddnesesodium carboxymethylcellulose,
methylcellulose, hydroxymethylcellulose, hydroxyethylcellulose,
hydroxypropylceliulese and the like; polysorbates,
25 polyoxyethylene hydrogenated castor oil and the like;
Preferable examples of the iscotonizing agent include
sodium chloride, glycercl, D-mannitol, D-sorbitol, glucose,
xylitol, fructose and the like.
Preferable examples of the bufferihg agent include buffer
30 such as phosphate, acetate, carbonate, citrate etc. and the
like.
Preferable examples of the soothing agent include
propylene glycol, lidocain hydrochloride, benzyl alcohol and
the like.

35 Preferable examples of the preservative include
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35 crystalline cellul ose, sucrose, D nmannitol,

trehal ose, dextrin, 52 pullulan,

hydr oxypr opyl cel | ul ose, hydroxypropyl net hyl cel | ul ose,

pol yvi nyl pyrrolidone and the |ike. Preferable exanples

of the disintegrant include |actose, sucrose, starch,

c ardzmaprebéryicaekeb Ul dskyrobatanalm $enzyl alcohol, phenethyl

car th | lul.ose, croscarnel | ose sodi sodi um
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hydr oxypFPopidrablle udomeles| pfhtheaphydrdusnsi inclicleasutfite,

Ca'a@d&?b&@é hopat g and Lt he |ike. Preferable exanples of

the sol vent 1nclude water for i njection, saline,

Ri nger' sPeofanabdn, exdmpdhel of prhepybbmeanto igtiwdd aqueous
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t hélosal gbend Zer Eopdhddalds Ypblopetlhyl ehengl §eofigod Coler Blue

Prapyl ene, gl yeak . - maaRkLole 1LAENRLOS@., 5, PEDAY;

benzoat e, Vet har}oi:, )Dt- ??lsamﬁnoerrettaﬁgn@é)i(%o?eét ero lfwfssalt of

t r itéehaherarnéoneddiawrearfndater sddirim sdtturaledye (e.q.,
oG_ug) dc iu t i ke.,

%r ?} era ‘IS% ex§£§+€of h?? €il!f h%ﬁ&gégn%f%qaégﬁtdl}engllﬁﬁé

sur f act afteiSgehlasexeary| ¢F itbehavrstamienelnsbiieuspccharin

| 2tk um S W iRk 8 ss L@t Igr h, cfPIHIORKQPE ONiBaREhfh, '(f%ekfw'ghd the

benzal koni um 20 chl or’i de, benzet honi um chl ori de,

gl y¢&Fol nonostearate and the |ike; hydrophilic

pol ymer miigipias #PIthe A¥badd ¢8RAl of the aforementioned
ﬁg%\g nyl pyr.rol i done, sodi um carboxynet hyl cel | ul ose,

FEETTHG8e, CHRASOX PR L ALLES | WadsBreparations such as
hydapxyet ilcceblny as®l i RyeH10x¥BIOPY |zahh il @8 naBgriteg

i ke: _pol ysorbates, 2 ol yoxyet hyl ene hydr ogenat ed
ca§la8}g1fﬁ 'Iy cﬁ'ﬁaui%e(ﬁnicglé.gm%rsé’%@r Sé‘léxa%’pﬁré%gcaﬁﬁu%ﬁ)e

| satranizé Ngoagen! triehdpesysodi e dilon] i Sespedlsi 68 Md the
Dgg?n[tol D- sor bi t ol | ucqse, xylitol,, fryctose
and thie T1E2 B e &l abl PHamBPesS st ehet BIRTEPPnEE 9/
agenbcutwiande butfdarriondoisiteaheASupiospbaieh, deetah@cular
carbopate.  cit ate e%g. aa]gd t.hg .Iikg. .Preferabl e : 1
exaT s Br ¢He" SSLHPHY: ngBRE T Hel udSiP prfpiRE externa
gl peepardtiicdoc ¢ ny.hy deendl qrdegeratienyybiatmaioktany,
suppository (e.g., rectal suppcsitory, vaginal suppository),
pellet, nasal preparations, pulmonary preparation (inhalant),
25 eye drop and the like. These preparations may be a release
controlled preparation (e.g., sustained-release microcapsule)
such as an immediate-release preparation, a sustained-release
preparation and the like.
The content of “a substance obtained the screening method
30 of the present invention” or “compound (I)” in the above-
mentioned pharmaceutical composition is, for example, 0.1 -
100 wtk.
The production methods of an oral preparation and a
parenteral preparation are specifically explained in the

35 following. The oral preparation is produced by adding, for
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the like. 35 Preferable exanples of the preservative

i ncl ude 53 paraoxybenzoates, chlorobutanol, benzyl

al cohol, phenet hyl al cohol, dehydroacetic acid,
sorbic acid and the |ike. Preferable exanples of the
antioxi dant include sulfite, ascorbate and the I|ike.
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wder,” troche, rup, enul $ion,” suspension
anﬁrﬁhﬁiOSEuk@extnmm paﬂekﬁhﬁmﬁﬁnbrépakattéﬁﬁ; F@ghegkum

I NEECLiAR, (8afeiund Qe SUPSU, a'&Sﬁ?k’éldaﬂJ 868100, polyethylene

i ntravenous | nj ection, | nt'ramuscul ar [ nj ec I on,

i g} 2@ i608REaANG fipectih todithp aFiTTe spgzeddenty rand

pféaﬁﬁéﬂésQBn(ﬁbihrngd€ﬁéﬁﬂlﬂ@h§garat'0” oi ntnent etc.),
supposi tory g., rectal suppository, vagina

15upposi t1or §¥< ltw | 8B, OFRls BFeBREHHCA PBNDe SOREBR LY 2

Pr gpeksY ik@Bwh i gialsankdyx ta{% 93&@ SHORrapds kN khketaste,
These preparations nmay ?ease control |l ed

pr BpERS GR2EENG OF §H§*Eaa’t1??éidr?%?ae%?s€°ﬁ%?%ca5§?ﬁ%l)es of the

suaba@ﬁlgaagéﬁfreﬂmhaer&ll@aﬁe poBpRrat i(8lg. A cellulose
sust aj ned- release reparation and the |iKe. The

coRFETR-SoPRERA AT t BRERA Tt APnRT S ﬁépgﬁ%lﬁﬂgmﬁ%’%ar%&hc

280a6id tdtpopPreSENID, i ﬁ&ﬁlﬁ\idr@ﬂlcoéc1d3m6llﬁﬁbx( Is)" in the
abov nentio ed p ar ceuti ah conposition is, for
exg qupﬁpgy ulosep thalate,

hydroxypropylmethylcelluloseacetatesuccinate,
carboxymethylethylcellulose), gastrcosoluble polymers (e.g.,
pelyvinyl acetaldiethylamincacetate, amincalkylmethacrylate
25 copolymer E), agueous polymers (e.g., hydroxypropylcellulose,
hydroxypropylmethylcellulose), water insoluble polymers (e.d.,
ethylcellulose, aminocalkylmethacrylate copolymer RS, ethyl
acrylate or methacrylic acid methyl copolymer), wax and the
like. For coating, plasticizers such as polyethylene glycel
30 and the like; and light shielding agents such as titanium
oxide, diiron trioxide and the like may be used together with
the above-menticned coating agents.
Injection is produced by dissolving, suspending or
emulsifying an active ingredient in an agueous soclvent (e.g.,

35 distilled water, physiological brine, Ringer’s solution) or an
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The production nethods of an oral preparation and a
parenteral preparation are specifically explained in
the 35 following. The oral preparation is produced by
addi ng, for 54 exanple, an excipient (e.g., |actose,
sucrose, starch, D mannitol, xylitol, sorbitol,
eryiﬂeabtﬁbus mmysbﬁ¢I191@ cetrdadtadee oiigyMChamhymM1me301l
silicic acid di si
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mxture. 15 In addition, an oral’ preparafion may be
cowédbbyl@rswé@h@d edimm parlicpléion, tSI@élplurﬂpmiQ:@taf :

m%'lpgtﬁﬁeenteaaifcol eﬁ%gﬁyfen(‘eoaib&gl orD—ﬁlHﬁltlﬂcQLedtrehalose,
rel eaSe coating t he” coating age
i néengel é?ﬁr@roaéepoﬁtﬁmpér (iganigenstiliapse clazleetséﬁéol

phk&%&@ﬁéhoﬂiﬁﬁhécféﬁdlﬁmaeéfdeaEQ|YEGHiuh;cBEQJEE§nyh§pendlng
20 acid copolyner D, methacrylic acid copolyner

¥y d86RYHr G- rre?‘hli/ﬁaé%lapﬁl PdpRehareayltriethanolamine,

hy @baxyRrx meshyiael | ulospacriatesitachiat £id, lecithin,
carboxynethy ethflcellulose) gastrosol ubl e polyners
(ebgnzalkey Tider aPeR PP AT i Cat de e dlycerol

amaaak&ambhaﬁdyd@t eiRd; aReeb Hfhdfl)olﬁﬂé@lé%ch as
pol yner s & drox¥g opy! | ul ose,
hy&PéX\}H}YJpﬁ ﬁB‘P‘F&I oer ’r’t)E‘wP)Yrr%"é’rneifn%‘F’c}Bﬂ‘ e
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nhﬁa al kyl E l.ate c cP éner RS, %th acryl ate
or PREE AT C I Ot HYS CEREF P MESe and 1 he
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gl yc g nd the like; and ht shi el,
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maptbeilisedst ggeq herhumahhserum albumin), soothing agents (e.q.,
25 propyleﬁe'glycol, lidocain hydrochloride, benzyl alcohol},
preservatives (e.g., paraoxybenzoates, chlorobutanocl,
benzalkonium chloride, benzyl alcohol, phenethyl aleohol,
dehydroacetic acid, sorbic acid) and the like may be used.
External preparation is preduced by processing an active
30 ingredient intoc a solid, semisoclid or liquid composition. For
example, the above-mentioned solid composition is produced by
using the active ingredient as it is, or adding an excipient
(e.g., lactose, D-mannitol, starch, crystalline cellulose,
sucrose), a thiékener (e.g., natural rubbers, cellulose

35 derivative, acrylic acid polymer) and the like thereto, mixing

56




t he above-nentioned coating agents. Injection is
produced by di ssol ving, suspending or enulsifying an
active ingredient in an aqueous solvent (e.g., 35
distilled water, physiological brine, R nger's
solution) or an 55 ol eagi nous solvent (e.g.,
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2J'£ﬂ“éﬁu§9nﬁﬁgﬁéﬂ Ofls gaﬂerally about 0.05 - 500 mg/kg body
weight, preferably about 0.5 - 100 mg/kg body weight, as a
single dose cof ™“a substance obtained by the screening method
of the present invention” or “compound (I)*¥, which is the
active ingredient. This amount is desirably administered in
30 one to 3 portions a day.

For example, the dose of the ferrochelatase activator of
the present invention for oral administration to an adult
patient with diabetes or nerve system disease, mitochondrial
encephalomyopathy, fibromyalgia, chronic fatigue syndrome,

35 pancreatic exhaustion, steatohepatitis or anemia, showing a
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exanpl e, the above-nentioned solid conposition is
produced by wusing the active ingredient as it is, or
addi ng an excipient (e.g., lactose, D-mannitol,
starch, crystalline cellul ose, sucrose), a thickener
(e.g., natural rubbers, cellul ose 35 derivative,
acrogdreaaed thipokcyoed)iadandubhbeidn ke & hersete, I&)@dmgraSEy
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be mafapr o ftat-ek yrfiehbiband A6eRL AR i bR ¢d1® usHl] €ehe same
of admipistration, adm nistration route, target

di SERSEIYMBEDRLATETPRL 1Htdeut THe &6§%P1b‘?z°ctﬁéln

énehﬁmﬁ:hﬂit'cﬁaasen afld ¥BéOFatef wkbe WeaseBta idbreRbl Ofrdily.
to 25 an adult patient is

m ni stration.
gentd) af 13 HH6uTTF GRPISBER! 16 kP o8y omheigise, pentobarbi cal
pr ahefsa}hﬂsyiaab@nm d21%ne WP rﬁ@llk:@ecb&&)bmvﬂieg Mear8st@ allow
e do ubst.ance obt.ai ne % t he screening

et o%ingmfnatﬁ%n;)rgg%?ﬂ 5%y 8RtTn copf MEonpsaher (a5

whiseparstdadhéromcibeveatngrediente eltirdacan@inbrefared, and

2ge§..h£apéflro%gnlgtl_assteeragglvﬂy, cytochrome ¢ oxidase activity and
protein concentration were determined.
(3} The ferrochelatase activity was measured by reference to
the method of RONG GUC et al. (Journal of Chromatography, vol.
566, No. 2, pp. 383-396, 1991). The spinal cord lysate was

30 diluted with Tris-HCl buffer (pH 7.6) containing 0.001% Tween
80 and 50 or 100 mmol/L zinc acetate and added to a 96 well
plate (fluoro B plate, Dainippon Pharmaceutical Co., Ltd.) for
fluorescence measurement at 180 pL/well. Then, 0.5 or 1 pmol/L
of protoporphyrin IX (ICN, catalog No.: ICN102757) was added

35 to the well plate at 20 uL/well to start the reaction. The
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30 one to 3 portions a day. For exanple, the dose of

the ferrochel atase activator of the present invention

for oral admnistration to an adult patient with

di abet es or nerve system di sease, mtochondria

encephal onyopat hy, fibronyal gia, chronic fatigue

sy madnetidb ofantheginot opaheiistinony wiseatabepat iiinédDitely

ane howi, n decreased m toch ndrlal nct i

e o2l Vel cor b FEASTRET oM S 0E VIRR B et RS ho

\/\ElaglhExcptraeil@nabh\yeJadmgmtm of 24&5 Am anyl kg fhodyespeinght |

as S ubs ance tained by the

scF@%%F%ﬁ?é% 3 59 fm}he resen fﬁeéﬁ PB?FCEd%e cdused by the

‘scapotheh ol $0, ml/mmc:bml shd hstaatt of eehiengeadiiemt wadhi s

a i.Lab d er r
ng:légg:egecp%%sgg éﬁ: th% gge etnI ﬁ@g?}%?(?%n%géexp s%% g act
lagddeteﬁnd ithe f@rndeEﬁetdaﬁMangltgmy'eﬁercaltha@ed per

Exgnplkes, which are not to be construed as

limtative. Exanple 1: Evaluation of ferrochel atase

actlidvi Tye aygochyens i orddasoxiciaset mokisvineysined using

B I§RLOZARC LNo A U LK %g) sggfﬁg' o

st rcgpt ozot ocin £é‘lmgma % %&1 3 ti gﬁT\ER/zéX%nJa(é%t&é(gmg ko

maltée SpriugRls of CHIFA Kidparthel meajunamgnthealusd Wagetorzegted

| nguced & %ﬁgt§§otéﬂﬁ Eﬁguﬁﬂﬂdfo%hgghf§éﬂgré§%¥gdi 2P to the

at one or two nonths after streptozotocin

adFPAFSITRIisERLGRr douSalculte Sheecyterpepnenshoxhgase

peateivRd, Wekhetdsihe streptozotocin 20

adm nistration, and the rats were used as a contro
Broup. (BAPlthd $haws fBrefannscaelarseo 2ERbY HobRBHyCYtochrome

undepx PeHeoRat bi i) inanestheshari v spahiN&oMStissue
refluxed fromthe heart to allow exsanguinati on.

ThERET#He 28pPRAI T d TEAR 5 hee §EBTPRAFO oS Eh AT BYS FFadion -

t heneatusnerdchl SSiR1e@X i Atie WAB1HI AN A8anBittindard Neviation
ferroc Iatase act|V|S¥ cytochronme c oxidase activity

an8® Brot'& ncchit Yn TREFE- det er mi ned. (3) The

sderrochaaptiase @ivsvihy ﬂ&&o&ﬁéﬁiﬁa@é Byt 1 eftgr aRgectdchrome
"the net Jour

CnPoREITaFaRRyLVUSl o He “Hde oo Spigal qome véusty
Thexspactalatcows nopthbef @G the streptozotocin administration.
The numerical values in the Table show meantstandard deviation
of n=8 (n is the number of rats).
25
Table 1
One month after induction of diabetes by streptozotocin

normal rat streptozotocin induced
diabetic rat

ferrochelatase
activity (Em 590 6.50 + 0.47 5.07 + 0.37 ##
nm/mg protein)

cytochrome c oxidase
activity (units/mg 146.1 + 10.4 134.2 + 11.2

protein)
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30 diluted with Tris-HO buffer (pH 7.6) containing
0.001% Tween 80 and 50 or 100 nnol/L zinc acetate and
added to a 96 well plate (fluoro B plate, Dainippon
Phar maceutical Co., Ltd.) for fluorescence
measurenent at 1BO L/well. Then, 0.5 or 1 pnol/L of
pr é¢ttopet phiyFilcant Xi{feNencatm) egrdlt : (J<ONbdQ2757) was
ad(}e 352to the well plate at 20 L/vveII to start the
reaction” The 5B production of zinc-protoporphyrin IX

waSwieasitrhed aif tee diratuet yon afft @i abdieesb3r bt péptidietocin
reaction or over time by, 3y i ng t

vel engt h of 405 nm and gﬁéﬂeuglragscengéetre QO?&(&;#‘% kﬁguced
590 nm The change of fluorescence cause
reaction for 20 mn fromthe start of the reactlon vvas
corr éereaklrdsdédseon the protein anbunt of the tissue
ext rativitgdd&s, 52hd t he %-&BrbchdiSat ase &c®7 vi tOy 7@atk#
cal cunghecdppeeint i ssue. (4) The cytochrone ¢ oxi dase
activity was neasured using io Cytochrome ¢ Oxi dase
Aﬁsaﬁ thﬁ(q& gna CYTO- OX1) according to thg manual of
t he ki e rrea ure \ e, corr e

Ogl rf R ?%e gt%l gsugﬁzz?xt rac]sﬁ)agdedpfalSO ?ﬁ
re ¢ TR X8 % )to cal cul ate the cytochrone c

?é??gcsnléﬁm%%éa\éﬁtac 1%\% f%fljc;e; yc§t%%ﬁl$l?g(:‘?§o Ic;‘;();lvaalsgc

activity in the rat-derived spl nal cord tissue

extract zat.gn h fr S Qzot Oc

adni ni st r%a ?oﬁl l%gor}x]ul%;g“ Scal é/’éﬁ%l%(%éc FY hc%ri*gfﬁi gpinal
shesrdreanstarmzntd déveénttinen stoéptrozotenin sadrieiatrdieion
JPfsﬁ&Fe%) é@ Jfﬂ'c%ngﬁ s LN, T %”%%hf?]&e"’l%%aa&téc‘@f ty,
and cyt OChrOME ¢ OXi dase ActTVi rat-derive
sphwalondar d temianey ’emala!ctieateataﬁo agpfAthstHer ogtédterome c

st seRl22040¢c] 4 adm ni stration. The nunerical val ues

in the Tabl e show neanstandard deviation of n=8 (n is

t he nunBeérisfclesrsfromTapdpl & ma@eevepntdiakbtée rat-derived
| NERIG10800G A ARt Aonits SkEEP'GROLREL o ARER, Al

st rept ozotoci n induc
15 administration showed a significant decrease in the

ferrochelatase activity and cytochrome ¢ oxidase activity.
The above results show that, in the rat with
streptozotocin-induced diabetes, the ferrochelatase activity
decreases prior to a decrease in the cytochrome ¢ oxidase
z¢ activity, which is caused by the induced diabetes. This shows
a possibility that a decrease in the ferrochelatase activity
is involved in the onset of diabetic complications in

streptozotocin-administrated diabetic rats.

25 Example 2: Evaluation of ferrochelatase activity, cytochrome c
oxidase activity and mitochondrial ATP production activity in
Wistar Fatty rat
(1) Using Wistar Fatty rat and Lean rat (TAKEDA RABICS, 7-

week-old), liver crude mitochondrial fractions were prepared.
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di abetic rat ferrochelatase activity (Em 590 6.50

0.47 5.07 t 0.37 ## nning protein) cytochronme c

oxi dase activity (units/ng 146.1 t 10.4 134.2 t 11.2
protein) 59 ##: significant difference by t-test

(p<0.01). Table 2 Two nonths after induction of

di abbet eSrugie $iv<e1pmdzot:bmhdrianofnad:tjrca)ts streptrepetedibused on

i nd [ ' f chel at ase tIVI y (Em
povieche St BPSLLG [fton S 59 LAl ASS, SGLLALY of

cyt Bevwionear, oxddasSe achp viEtZ3®415@9,95199m3 2Af1;66 7

by’ C-Fe RS B, BRERFLIMET, ofd B BRC i Vely TSRS 1o
rat ngeriasedenpiaiald, eod ¢ dtotehel inam Huoabgerattehen 2 mL of

St BREAZOLOGI f Q‘?rmlp.tsélétﬁatésqiﬂnghfm\ﬁ%d & %an%ﬁg%' f@i‘é HCL

decrease in the terroc tase activity, but
t endlehiedr PEWArY deomedsle meankgiumn hrifll@?ytlé@hrlor‘&emmol/L

OX'Qfgﬁaf%&t Méﬁé%ldg35bs3féﬁ§§‘hEEQW‘TQH&ﬁ/% EP? (Qﬁﬁﬁprepared.

di abetic rat-derived sp Ford” at two’ mon
t heTR% rieypdzbiersl momsgenritieni(8t 2 atlilowashbpmat ignated,

$h gﬁéﬁﬂﬁéﬂbege&ﬂ' FRBegk N Hihe aﬁgr{}%cgﬁk n@Clh Vi tr&i was
and tochrome c oxi dase aCt|V e a ove resul tS

show Ipgttedi ang Halrcger e rdfreed ol 6ePh-dsidméed The

di abetLnedt PeedBiikacbelal %%%péﬁ&éd/ 11ty 0. 616Gl @FSEer A & (180
to a- decrease in the cytochrome ¢ oxidase 20 activity,

whi BFP/E SHGERIE byt Wett Ad Bebas o b ehasphatie Susfeiept 4- 5.
POSS0 bind1Vy. thdiplesautleShBASGel N1t 17/Er EOENEl BLASEI fuged at

act t is involved in the onset of diabetic
n%% é%??oﬁ%ﬂlﬁ?d the obtained precipitate was suspended in
buffer B (0.5 mL) toc give a crude mitochondrial fraction.
Using the crude mitochondrial fraction, the ferrochelatase
activity, cytochrome ¢ oxidase activity, atractyloside-
sensitive mitochondrial ATP production activity and protein
20 concentration were examined.
{3) The ferrochelatase activity was measured by reference to
the method of RONG GUO et al. (mentioned above). The above-
mentioned crude mitochondrial fraction was diluted with Tris-
HC1 buffer (pH 7.6) containing 0.01% Tween 80 and 100 pmol/L
25 zinc acetéte and added to a 96 well plate for fluorescence
measurement at 180 pL/well. Then, 1 pmol/L of protoporphyrin
IX was added to the well plate at 20 pL/well to start the
reaction. The preoduction of zinc-protoporphyrin IX was
measured immediately after the start of the reaction or over
3p time by determining at an excitation wavelength of 405 nm and
a fluorescence wavelength of 590 nm. The change of
fluorescence caused by the reaction for 20 min from the start
of the reaction was amended based on the protein amount of the
crude miteochondrial fraction added, and the ferrochelatase

35 activity was calculated per mitochondria.
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streptozotoci n-adm nistrated di abetic rats. 25 Exanple

2: Evaluation of ferrochel atase activity, cytochronme c

oxi dase activity and m tochondrial ATP production

activity in Wstar Fatty rat (1) Using Wstar Fatty

rat and Lean rat (TAKEDA RABICS, 7- week-old), Iliver
crudé) nfheoochoadriale fr asidanss ankiel iy epareehsurgd (12)ng

Cru t r ti e, pr.epa

bas ol o T rahed ob Bl W ban sy, o8 (ARErRlyar of the
Joukhhl dhe massireheyly valge, w25 Rmepded BX0pD 09, tHOIPptein

ALLSEnt ©%S @ng %ﬂ@@ Q5 v SAacap] tﬂ‘gc@ xghfdc{e%t ’tPt bige

i ver (about ng) was separate
| Fvé?a%@r%'g@hatlerqrn agdnthq)fcytbelﬁtcetre A ¢RD@RIETEcLLVity was

pot agsbuimrel 9Lt A8 toefofimld.L Tris-HCL buffer pH 7.5,
mol /L magnesi um chloride, 1.8 mol /L disodi um

aderﬁéélw i Lachisephat BIP PrafBr1iorERTAI Vs wesepea ek ed

Thept sddlonl 'tM@rmJ&%BQGE'Qi@Lf( & Bofllae WAS frﬁ@}‘&tloggét%ve .
lo centrifuged at 600 gx3 mn, and the supernatant

(1. Bh#iPowgsmerioiareet éﬁu%@lFaFlﬁmrléénﬁicﬁ}g’@dwa@ 100-fold
15000106k gk o &nﬁerg@t el PREGIGY LAl & aascEUaPadedo

, buf f e sucr
pot Sgst?%ﬁﬁeﬁhgsﬁﬁ%tférb%ff%rooél-moyL Sfélwwrpphosphate' 0.1%

NBgBEEiriMse P4 18Rmi A, Mool /EDTA) unC gt kdfHeged . 865 kol /1.
15000gx3 n. and the obt ai ned g)r eci pitate was

susPertddYi At e e (0. BURLJL (g phpvEeteElutastc acid, 1

i tﬂﬁckmdhla@élcf: r2GHh OBont 48 NG dNecer Hé‘:@teﬁ‘ﬁlﬁ%hﬁ)@%ﬂﬁ'm of
fraction, the ferrochel atase activity, f\fytoc r ome
&

ki B ALPPIAY yasaffdRd | Beridermepsityfifer C (10 L)

i t oatteridd hal 0 ATRmpL oL Ut ROR @ed iaddey 66 dtaret ehd A0
conce({ratl on were exam ned. (3) . The ferrochel at ase

act PYRTSFTHER TRESSAPRY By CPEFEFA&HERD t BPT (et WY §f of ATP
R%ﬁﬂ@eménalrea@ﬁaﬁt {onadiabpvE)eTMThenBlaent Cell

ne de m t.ochondr raction di |uted .
o e R PRPRRR b L SRR Yo bbb Sassidon
80 mirdureOtpnpiench2Ehe imeacatet atamdanhe aldﬁeqbrbduatjgﬁl amount
vvel dad! f enc Jreasur e nt, at
gL/ sf)rr@a%%f:@d’ JHLi'é) Pf L P g%:ro 8p%rP%lhyrldﬁcr?§(sed gue to the
add@UratO@yﬂhemﬂelalddptmre hats 28t piateel &s ttthesairtctHleside

rea§gﬂ§1%1v;Tﬁiﬂ% ﬂgH&Eié¥1AQE nggﬁcgﬁgﬁcg%kﬂ%Q¥rlnwﬂféﬂM%gs

amended based on the protein amount of the total liver
25 homogenate measured separafely, to calculate the atractyloside
sensitive mitochondrial ATP production per tissue.

Table 3 shows the ferrochelatase activity, cytochrome c
oxidase activity and atractyloside sensitive mitochondrial ATP
production activity of the crude mitbchondrial fraction of the

30 Wistar Fatty rat- or Lean rat-derived liver. The numerical
values in the Table show meantstandard deviation of n=5 - 6 (n

is the number of rats).
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nmeasured i medi ately after the start of the reaction
or over 30 tine by determ ning at an excitation

wavel ength of 405 rimand a fluorescence wavel ength
of 590 rim The change of fluorescence caused by the
reaction for 20 mn fromthe start of the reaction
wasT#tended based on the protein anmount of the crude
m tochondrial fraction added, and the ferrocheEL %t ase
35 activity was calculated per mtochondria

The c%t oghiorre Cc oxi dase activity was neasured u3| ng

;% gase Assay I§| §o ACCOr, gl ng to.f g basb;gsaé#

of ? v Yt nmeasur errent val'ue vvas anen
on Q’?@‘gpPB?%E?W amount of the crude mitochondri al
fraction added to the s reaction m xture, and the
cytoahebpene Oxixtase: activity was cal cul ated per
m toahendyi aunitdymdhe m t cechondr4 al3.ATP predsicéd an17.05
actgnatkynwas nmeasured based on the nmethod of Rolf
Wbomet al. (mentioned above). The above-nentioned
crude mtochondrial fraction was 100-fold io diluted
V\/lt“HtE? PRAr @l #6PL thereof was col | ected, and 80 0 gL

f HOCPEF a&&ﬁffé‘flfs 0. BPE YN P10%05di unf- 0163 £ 0.0046#
pyrB‘(Hﬁ s%?%f“@ P84 bovi ne serum al bumin, 1 mol/L

F -" l?lcﬁl?& Qéﬁ?g‘leﬁtcﬁr}% %&cr‘-at §LP< 050 £ L rral eic

acid) containing or not containing 50 nol/L of is

atractyl osi de S ded. Further rmre buf fer L)

cont ai ni ¥y & §\ﬁlaﬁﬁ’6l Homg Falifp 34ashe fefetfer 6‘15‘?%#5%1

AT rapedstucifi @her Bedr @8riAfd ffrroﬁlemiééeﬁaftn FhOty él&trrknowed a
ATP  nmeasurenent. reagent Titer oTM

B b TR B F g TALERyhe o He a1 s

addﬁﬂatbyldﬁideeaémsxnivEOmﬂioﬁhmhﬁriéﬂ(Hmwnﬁhodﬁﬁtlon activity.

re and e ATP roductl on .anpun asur ed.
el 200 S ATocRioteS HRlaltr die ipBEY AR HRSa
Bt mﬂthsltcb@aaddatde@uremas eShenaticed assiltes suggests a
atr i.de.. s itV ho i al ATP roducti pn
ac %%E?llxl; \m/I tﬁagnt%e én%g%ce réggdfunct e %érJo e&Sﬁs in
andilstanfFatity retal d deeredfs Rontigenatrecnkelsitasd activity

od d t
SRR thebiked Bl Uont g e AL B a0 Lt
t héhﬁml&tﬁﬁ%rtat‘als@ cacetvef ydiabpteghimoWéstar Fatty rats.

15

Example 3: Evaluation of ferrochelatase (FeCh) activity

(A. Preparation of human-derived ferrochelatase)

(Al. Construction of expression vector encoding mature region
of human Ferrochelatase (FeCh))

20 Using human FeCh gene (Invitrogen) as a template, PCR was
performed using the following primer 1 (SEQ ID NO: 3) and
primer 2 (SEQ ID NO: 4). Pyrobest DNA polymerase (TAKARA SHUZO
CO., LTD.) was used for the PCR, and extension reactions were
performed under the conditions of (I) 95°C 1 min, then (2) 30

z5 cycles of 96°C 15 seg, 60°C 30 sec, 72°C 80 sec, then (3) 72°C

for 7 min. After the reaction, the amplification product was
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oxi dase activity and atractyl osi de sensitive

m tochondrial ATP production activity of the crude

m tochondrial fraction of the ao Wstar Fatty rat- or

Lean rat-derived liver. The nunerical values in the

Tabl e show neanstandard deviation of n=5 - 6 (n 1is

t he imgedpeed afnttabSR-BloatTabt oD Leani taideys) and cloned. The

ferrochel atase activity,.(Em 590 .18. . 59 . 5

0 BEE e P PBLE 1 SUPSThTONTh 8] dds8 doliqi §o reeover
(uniinskmgye@ 20ratenil. 32hd 85 ddthenily . B5e pnoé¢diean) into the Bam
m t rial. ATP.pr ction activity 0..0264 0.0025,

0. oTe G btk of M Ay MGbtL g Wivectn ereaRen

disf frercént epBA 3t b esfeqhp<OcOb)ng B Asotsirciweéan Nussitag and His-
Tablg 3 rude, m i,al raction of ..th ,
Tvardes e Y, o SPPRAY oFart Siblidl Blot Mrure region
si grishitbahi3deenéas edin reeidwsiechel at ase activity

andgﬁhégq y(ls%ﬁi ds I&gn%t ive mtochondrial ATP
pro

uctron actirvity. [I'n addition, the cytochrone c
oXi daseAAEITARMIGTad trvaghaoeit-aagitocé®rmendy toward a

6CcLeaser Jharabeye,d.esylts suggests a possibility
?lha{p thern%tgc%ond?\ll al ?Juncti on decreases in Wstar

Fat oy ~r BAFAACGT CHRET HPECTECTHE TCETERAGNS aBhse activity
is involved in the decreased mtochondrial function,
which then |leads to the onset of diabetes in Wstar
Fat t{{}2r aBXPTrepsips i Nas3HiEydleGht { o460 ) f retsdimeiat ase

(Fe@rhaetdmiat ¥o1{)A- Preparation of human-derived
ferrochel atase) (Al. Construction of expression vector

éficodi ng Thit GFBEPEYiVnVesioh pFaAS Ferdehb| eereideucted in the

(FeGBye-dbrdsbnaa Mimaa s Py RBRd (14by EELEEM-A8 8oli BL21
tenmpl a erformed using the follow ng

_ ge, PCR was p ) , ,
prlﬁBF h ?qgg@tpgﬁr&?llgﬂsgﬁatagene) to give an expressicn strain.
This was precultured in LB medium (200 ml) containing
Ampicilin {50 pg/ml) at 30°C overnight, and incculated to M9
20 medium (3 L) containing 50 pg/ml Ampicilin and 15 g/L Casamino
acid. The medium after inoculation was cultured in a jar
culture apparatus DEX-2562 (Able) at 37°C, 400 rpm with
aeration to reach Klett 500 KU, IPTG (Isopropyl-f-D-
thiocgalactopyranoside) was added te a final concentration of 1
25 mM and the induction culture was performed at 25°C for 3 hr.
The culture was centrifuged at 6000 rpm for 15 min to collect

the cells, which were preserved at -80°C.

(A3. Purification of human FeCh)
30 The cells obtained in the above-mentioned A2 were
suspended in Blue column Buffer (10 mM Tris-HCl1l (pH 8.1), 0.5
M NaCl, 10% Glycerol, 1% Triton X-100, 5 mM 2-Mercaptoethanol
"~ {2-ME), 250 ml) containing Protease Cocktail {Complete, EDTA-
free; Roche). The suspension was ultrasonicated (Insonator

35 201M; KUBOTA CORPORATION) for 3 min (30 sec: ON, 30 sec: OFF),
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primer 2 (SEQ ID NGO 4). Pyrobest DNA pol ynerase
(TAKARA SHUZO CO., LTD.) was used for the PCR and
extensi on reactions were perfornmed under the
conditions of (1) 95C 1 mn, then (2) 30 25 cycles of
96C 15 sec, 60C 30 sec, 72C 90 sec, then (3) 72C for

7 %ﬁltﬂﬂl@édtm 1r2©actt;sm fo&hgom | Eh@ah\ilﬂp ¥, 06l 43 ss01ved
was, 63 inserted into pCR-Bl unt II-TODO(InV|tr en

and | Yife dUPTHAtaght P n‘keodE SRRER Y ARas Thegestatn tsﬁ)lutlon

Bol wid andrXhegdd b 120oVepm EsSserd adnf r.ﬂ@ﬂ@ﬂbsprgﬂ%ltate
ragnen relnsetedlntothe Bam_ Hi / Xho site of
T |91 3PRY

; Ve dm) BLie ffremgnPekisitedsP ohtls \'?aét%Jralyzed
pETé@aJlrﬂ?‘thEEﬁlﬁ enaadi Bhgffaerpr(ﬂ)tE}l verh DgNUS - Fag @nd fication
H s- attached t N term nal of the human FeCh
l\/tat‘iﬂji’%h HYPonCY (RS Q%%P%mendl?%wcﬁésPaﬁ%"s])ence) was used.

prITﬁyopbag$E114ﬁlubK)TéBoH5 30 ml) was filled an a column,

AATTTA a aa aacc ri

(SR D RO Y R P A Rt e A

-3 d(ﬂ&;e&xmm @fas Qipffgl.‘l&dHl wfftke Gha{Hing4dB)h W50t AL Nof Blue
e a e _ex sSSl1on v r.

e RREC RS IR RECdHe™ Mpo e R b o

wasTlrJnst—rH@diud:ﬂﬁ g0 Esﬁrl’rerﬂaﬂil,alﬁ%lﬂ;lyﬁlez?ﬂ:l (BE3odium Cholate,

Co { | Strat hi i on

ﬁ@%ﬁ@ IThg _{u%e%gﬁ:ur Jé)%sglw%%e an E)ég!;?e%gbz%ncentrated

strain. i s was precu am
m )bscmittabmltg:aAnpnc(\FwaS@sﬂ-w/ MiyaatieSRE) o\mrihinght reacted

o 7V AR £ 8 QandeRpRREL WD BlotRtAd Mg

o t ¥oviager ul |cdnawasmmﬂHtLar%ajg i nAftgrarthectdd uxleavage,

a v (&) re wa
o o pay Ch A ord okaBta L M ARed Lt bl migcee ves

t hi VgaIradt Hpy r3@nvsh ga)d \magsa@lcté@ugb an fampgly column to remove
CONGRAhYt 4 QY %r&ngél m™Mand the & ' £y GHist YEGVEP using

performed at 25C for hr.  ‘The culture
certiirrRgeRe kRt 189 0P rwbrm&@f%ﬁﬂ)toNéonF%dlountihesing 5 ml

seldss 0. Wit Gfy 36T &Y @8 ehie di-at i kihcat i
of human FeChS@SO The cel | sa%bfg?%ggr%ﬁéd Ut bCRL I

abdRideat P AR \iBt Erigrpler®@Ed?i 4 BOuE %dﬂaﬂhﬂ 10%
Bufdigicetd D, MY ThisodiGl100H £ Jv 1Ri®azole, 5 mM 2-

Mercaptoethanecl), and the sample was applied and the column
was further washed with Binding Buffer. Through fraction and
25 wash fraction were collected, concentrated by ultrafiltration
(VivaSpin-20; Vivascience) to 10 ml, and the buffer was
exchanged to the final buffer (10 mM Tris-HC1 (pH B.1), 150 mM
NaCl, 10% Glycercl, 1% Triton X-100, 5 mM 2-ME) using NAP-25
(Amersham). As a result of protein quantification (CBB method;
30 Pierce), the total protein amount of about 8 mg of human FeCh
was obtained. After dilution of purified human FeCh protein
(total protein amount 1.15 pg) with an equivalent amount of
SDS-Sample Buffer (containing 2-ME; Daiichi Pure Chemicals),
the mixture was heated at 95°C for 3 min, applied to SDS-PAGE
35 (10-20%; DRC) and stained with Coomassie. From the results of
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M NaCl, 10% d ycerol, 1% Triton X-100, 5 nmM

2- Mer capt oet hanol (2-ME), 250 ml) containing Protease
Cocktail (Conplete, EDTA- free; Roche). The suspension
was ul trasoni cated (lInsonator 35 201M KUBOTA
CORPCRATION) for 3 min (30 sec: ON, 30 sec: OFF), 64
centspd-wged, athel 2000t ¢ PMAsf @B+ AR dldN Lo akd L) 2864 was
di ssolved in the supernatant to 40% saturation. The
obt ai ned solution was centrifuged at 12000 rpm for 20

min, mndlebhﬁrd@rreeﬁ‘al pftm@ocﬁ@aﬂasesawﬁdwyn Bl ue col um
Buffer 9 %?\f and dial yzed agai nst Blue col um
(178§ TSR

Buf f er Pﬁr‘@fﬂtaseoﬁcwﬁtﬁr Eat iR SURPE HPB|pd erence to

Ty orea k£ hAKTHAP RDNE c(d%hal:napr a(tBke0§l§cbﬁ1%)1tY\@§edisedThe human
Toyo ea%éAF Bl ue %Tosoh was filled in a

col Uiy "PERY iT5FA %lbejﬁttaﬁel@f? egf 1B @Bprfapentioned A

Buf fvers dahﬁitdméoodf@i@mdhsaf@—elcmﬂsuﬂﬁ%ﬁl ifed. 7A~f)t @bntaining
vvas of . Blue.lo ¢olum Buffer

adsor be ered“ugg fRd AU rEaNE 0 TR b il ?;Hl—fbis}(ﬁflfi added
8. 1)to &. 56 MGN&Cblaﬂé)%ﬂuySﬁerEMplai:% Sodlinippeh obldraceBtical

f t Il ected
cjé’nc%eom’ ra’f‘g"é %JB’ gf‘f racp%ggtsrqe\égrl?vg%gsgc %@) pL/well. Each

v | Vagc ceng@)nd Qa9 agld doﬁ\@.ﬁﬁx&ﬁd(l_?\éﬁéﬁlegﬁhsﬁédr’l\%prﬁo pmol/L with
r a | | ate I ge
n%l%ea\g/g&ﬁ?u h@go cPtb %%?er %rﬁ (grg) 398 welﬁ at 20
St r e/ awl i nlﬁgﬁtﬂdseo(fl\mt&gﬁﬁ):pmla&rﬁdﬁedas awdieaheO the well

m Xt yr. S for 30 mn and passed ou
enp yliaggfﬂ%rm tgt ef‘re‘ltc)i\/ %%%’ﬁ ﬁg‘leafpe 'I'*I”‘?Ponﬁqa’r’? pgﬂ%‘ﬁxmn of
tHe zdneaneet cPagrhesin dkovaes ruf@rsnged Hrnﬁireapaﬂé@ afitng Hie
(2 HroarfEr $8M-co Vi RSN E MY UERNG P il orfhQf; Q1 o

>4, the colum was equil |brate ﬁl f)rﬁ
BI n&#ﬁgtm%warqlﬁwwf S4HChm( ikl 7a éf)lur:»ﬁeﬁzd’vlcbla@hvelength
10%£GEyE I 1% 0 I 5
2- QI\7|:eEr captq{ggt hIar%(?d)E#%%gf )%% g%mn%%%%%rgglé% ghe g e vas
t he PEEFeFRPd WASheWr ISR vetRedndi {3 BinddPerpcBudf éi), and
THr o4eh 44 aski oA gBoyeshrhs afet(al Vﬁesv‘&fee s%gtaheﬁ{ 8lpie 4.

concentrated by ultrafiltration
v38e| BmsE)iced ahues, innghe Aabbefhew magn+et>a@nlan@eaav1atlon
tO biientd N@l iBUEHEmuLdOr 'O TebsotilertRi 8. 1), 150 mM
NaCl , 10% d ycerol, 1% Triton X-100, 5 nM 2- ME) usi ng
NAP- 25 (Arersham). As a result of protein
quantbfé cpati on (CBB nethod; 30 Pierce), the total

protein anbunt of about 8 rP of human FeCh
25 errochelatase activity

(Em 590 nm)
contrel group 0.37?10.010
compound (a) (3 pM) 0.609+0.008 ¥
compound (1) (3 uM) 0.655+0.009 *

## : significant difference by t-test (p<0.01).

As is clear from Table 4, it was shown that compound (a}

30 and compound (1) have a FeCh activation capability.

Example 4: Evaluation of cytochrome ¢ oxidase activity in high
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was obtained. After dilution of purified human FeCh
protein (total protein anbunt 1.15 g) with an

equi val ent anount of SDS- Sanpl e Buffer (containing
2-ME; Daiichi Pure Chemicals), the mxture was heated
at 95C for 3 mn, applied to SDS-PAGE 35 (10-20% DRC)
and @mgpaedtmatthqumisgleel Fromthe results of

SDS— purity was e t.ed .t o he abo %

(B. asur%rtr;glﬁtvegf %?errog z%a Hd&%4ctt B] 3§ #I%%’G was

f er rasheped dse lagt ghudosenwds qiasBrete bgodneﬁeai endéetoo’ s

he above- menti
Themﬁurmn gé)COITEI nant errocheltgi AR i ﬁﬂ?h ¢lls
aliowddmehed drred» A0’ Avds uslingittbe 5@ﬁbﬁf@|ddiumﬁd’reTpﬂ.StéﬂCbn a 96

buf H L C 1% Tween, 80 10
n:JTDFq}%Elg nCt a%é{j ?Pé%l&hgg%)o%egalgla%edeh ata &gle%.}?ned
pl armed{ fh utsrso cBapded ;0 Daglrnlqipx@nsé’haﬂfa(gém |Ezajle| Modlfled

. f f 160
Eacl’?u%?c%oorfggﬁ% &?rsﬁl%é nﬁgnt%oagéhn% gv\gé iRl F@ﬂl’i"o
30 merpeundg tlg) pheccarmwed neht ivepedddad fasd, tlad-edddedl ture
1,9 Qas hcéﬁ?élnu@E \Q(Fgl The DL Ad- f%Ee ;rﬁ)éxﬁp%%B h%%ff%rmed

I X was added to pl ate at

t hewllé‘é‘é‘ﬁ dﬁlnflh@ofm%l@sicﬁbrﬁf@f CQISPtzundc {pr ot pdephyntrol
X yasypeasured i mediately after the start of the

reactl on and over tinme by determ ning at an.

excitt it Thsh mpgien otat Wisfaudsi nrehhdancbenbratsicanbeffer (20

vavehenat rri@t oL Gu¥Fer! Pu add t o 9158 B ose, 0. ngg/mL

experinment as the above was performed W t hout usin
2onpotrEa) Paburaddwsétad Wak) added at0 la8ad./asliheo the well

conpl gte 9ra@kdpthd e srashl §8s 1@ rshowWtataqTah c?%vé a dde

nuneri cal vaI ues in the Tabl e show neanst an
devPEEYEH@L6F n=8 (n is the number of measurenents).

Tabl(®) 4r12b plar eohglcatias qn@cshh:uatw51n@Em é&.ﬂ:e@?@ dsDNA
con roI g 0,3770. 010 _ conpoun é
oo Lonpbienaciar &’éosm %7é§ 0. @@91 gaedyas an

2$| gmdiéx edntell frhedence My Eyt:ﬁﬁiroﬁn@<@ &&HasééaéQVLty was

cl egr frorr?egagéfngdf thlet C)Y\{:aoschﬁ:gr?tgm c toxa:lLtdagg I?sos%?r k:u('?l (Sigma
CYTOC-0X1)} modified to fit a 96 well plate protoccl. The
aforementioned cell homogenate (40 pl) was added toc an assay
buffer (20 mmol/L Tris~HC1l buffer pH 7.6, 120 mmol/L potassium

25 chloride) (185 plL), and equilibrated by vortex. Reduced

‘cytochrome c (0.4 mM, 25 pL) was added to start the reaction.

The time-course changes in the absorbance were measured by

determining the absorbance at 550 nm at a delta soft kinetic

mode once in 15 sec for 6 min from immediately after the start
30 of the reaction. The cytochrome ¢ cxidase activity was

calculated as an absorbance change rate in 5 min from 1 to 6

min. The cytochrome ¢ oxidase activity of each well was

amended by the content of DNA in the cell homogenate.

Table 5 and Table 6 show the cytochrome c oxidase

35 activity of high glucose-treated HepG2 cell treated with a
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30 and conmpound (1) have a FeCh activation capability.
Exanpl e 4: Eval uation of cytochrone c oxidase activity
in high 66 glucose treated Hep& cell (1) Human liver
cancer cell-derived cell |ine Hep& was passaged in

| ow glucose (1 g/L) Eagle Mdified Dul becco's Medium
supptenenthad \Aﬂl‘tehnﬂu@%:fc%ﬂakraﬁ@é@ ne &ﬁéﬁfﬁbl@@esﬁ&bl S Sd
adj ug Q si ng .t he sane medi um were ate
on a %ag“qstt % em% g it uf dSobae mrgther t"I’Ee‘*"ens
afor’emdoneﬂl thedcumpavasi)changed to hi gh gl ucose
(4.5 g/L) Eagle Mdified Dulbecco's Medium

suppl enented with 5 g/nL transferrin, conpound (a) or
conptam@ 61) was added and the cell culture to was
conti nued for 3 days. The same HPe“ ment

performed without using cOMpSTREEAF Sﬁbdacsc?rrﬁ%h‘ﬂlt(yl)
as the control group (2) (Eh@tzﬁr)qdj BERYRS di scarded,
cel T hono n._buffer (LU Mot b I—I\.,J. ut,quf
pH 7.6, O. 19_ spucrose 0.5 ng/ 1‘91_%4%46'0

n- dodecympcﬂkrﬂ rtabtaslmhe) was added 0at7512@ ddael | to

the,yvell he m Xture_was—uttrasontcated—t
i ve o dB Lo e oC 3y The [ORRS CARtor P Reins) -
measured using PicoGeen dsDNA Quantitation Kit
(MolggylLag Probes P-7589), and used as an 20 index of
cell nunber. The cytochrone c oxidase activity was
det er mi ned usi ng t he Cytochronedhroxntdasexilasayadditvity
(Sigma CYTOC-OX1) nodified Loflt a wel |l plate

pr ot-ecel-—TFhe—aforenenti one PRSP genate (40 L)

ﬂ)

was added aoptapl azxway buffer (20 mol / b. T43£0. @3

buf f er M;i%ugd é_%o (gn'%{L pot assi um 25 CB%G’ gﬁ?ﬂ (185

L), hv’ vartex Reduce one ¢

(0. 4: nmgmlsfllg)anmmatedce s WAl i 4Me He@BClpam.025The

ti me-course changes in the absorbance were neasured by
determ ning the absorbance at 550 nmat a delta soft
Kfneti c Hfodé ehear ifgonsTalwe forn® Tabief 6pneompound (a) and

[ WWEQM§66ﬂdV(Qﬁtfﬁcféygeatfﬁé é}gogﬁréégaé’g %A%?wacllv1ty of

cytochronme ¢ oxi dase activit calcu
absBFEGh & dharkde rRPEe inesHlhE nsqworrhat ta @mpriind FEvéng a

cyt 66 RiF QIR 16t 9% %%Qv@giéﬁ'cta%agilfﬂp @c‘é@bé}té’@%ytochrome c

oxidase,
20
Example 5: Evaluation of anti-diabetic action in Wistar Fatty
rats
Lean rats in the same lot as the male Wistar Fatty rats
{26 to 27-week-old; TAKEDA RABICS, lot0402) were used. Blood
25 samples were ccllected from Wistar Fatty rats in the morning
under non-fasting, and glycosylated hemoglobin % value (GHB%)
and plasma component were measured. GHB% was measured by Tosoh
automatic glycohemoglobin analyzer HLC-723GHbV AlcZ.2. The
Plasma component was measured by Beckman Synchron system CX5
30 delta. The rats showing a GHR% value of not less than 7.5% and

a high PG value were divided into 2 groups. For one group, a
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amended by the content of DNA in the cell honpgenate.
Table 5 and Table 6 show the cytochrone c¢ oxi dase 35
activity of high glucose-treated Hep& cell treated

with a 67 conmpound. The numerical values in the

Tabl es show neanstandard deviation of n=4 (n is the
nunbespefsiwl bs c@ﬂﬁﬁhﬂd(%&lhkﬁhen@@ﬁﬁo@ﬂ@ﬁendﬂﬁ@aﬁbﬁpéund

ro ,O0xi dase actjvjt uni ts/ nt rol

ot o 0 R A *0AT S S BB R ¢85k S bsao) b OF
Si gmofnpmam:t (di) £ f 20 enceghbyod¥ [Weighs) twest ofpxly Oﬁﬁﬁlnlst@red
Tabl e 6 ochrone C OXIdaS ctivit
cont Br s 00T #6050 iRy Py FAFjehed shodp, o.53
059900088 rdethslgerﬁ]fulcaat sditfienenge dryy1W;| ddraims steséd in
(p_5£Q.0 r{ 1 S ear fr Tabl e and Ta
corrf%gan%’515 ea)r“agﬁgis’ caélrf‘EBE%% a(sl)%rl];]e %?%tarsgdgfﬁ%p "b% e day of
cyt cohpbsisicn oXi Uesedadhivitatioh, Hep®2oodl sampllee were
abo w th C n haV| n
fer\régélagﬁétéaégggrgt i &gf F%%g c‘"gapa i gfy actrgr\]/eatrgs?ults are shown
cyt dohFfdne J . chedaSEermlEﬁahpdsse i thEealakdts shoef

t | C tar Fafty .ra Lean rat
D e e A A Bt S st o Pty Fariibeobf grate) -
27-week-ol d; TAKEDA RABICS, |ot04Q2) were used. Bl ood
25 sapples were collected fromWstar Fatty rats in
t he norning under non-fasting, and gl ycosyl at ed
henogl obin % val ue (GHB%  dndcgbusatect bepoakeinvyrdue (%)
measur €d. GHB% was b@a§grm€b¥2g OfPfL: AULOTRTT Canount of

gl ycohenogl obi n anal yzer 2. The
Pl asma conponent mlfri@égete@tl bydBedietmat Bynchr orrhange

system. CXp g”g},u%el tag, ghg dal's show ng, § GB% valye Qf 5 -

not ngpsout Iglar(ll) 5% and
n
8.2 + 0.5 6.9 + 0.4 * -1.3 £ 0.3 *
{10 mg/kg)

*: significant difference by Williams test (p<0.025).
15
As is clear from Table 7, compound {l) shows a clear
action to decrease GHb % value and it was confirmed that a
compound having an FeCh activating action has a superior anti-
diabetic action.
20
Example 6: Evaluation of anti-diabetic action in ZDF rat
Male ZDF rats (5-week-old, Charles River Japan) were
reared while allowing free~-feeding of both diet and water. As
the feed, a standard laboratory diet (MF; Oriental Yeast Co,
25 Tokyo, Japan) and a mixed diet {the aforementioned standard
laberatory diet containing 0.03% of compound (a)) were used.
After acclimation rearing for 1 week, the body weight and
glycated hemoglobin were measured, and the ZDF rats were
divided into 2 groups (8 rats/group) such that the measurement

3 values became uniform at 8 weeks of age. For the control group,
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a high PG value were divided into 2 groups. For one
group, a 68 suspension of conpound (1), obtained by
suspendi ng conmpound (1) in 0.5% aqueous

met hyl cel | ul ose sol ution, (dose of conmpound (1): 10
ng/ kg body weight) was orally adm nistered repeatedly

oncerad dayrdnhntdOné@ytank9¥q tl%o@&ﬁ@fy AHiQYPwa d P%eP, and for
aquequs net hyl ceI | ul ose ;solution was orally

admi Tics CEPRANh (3t RASRAET Rinkf@r IT ARy (i ferqsationed

contrigkdga 0P waNgiheh da¥mof wee®BPLEtAN tof 16 heks of age.
adm ni stratjon, the bl ood sarrpl es were collected

agai n, ahd SR eS8 ur ERE TPRE 1RSAHR dNaft heRg measured.

in Tadel eas wEhe PesmRId Gal 4Vvadtigsabe, the tabhe Shewrler
meanst andard d VI ion . of n - én i s.the nunber_, of
rat ST FEDIE é/]ce&sﬁpa?e@%éﬁﬁg VATV PR ) divided by

bef ar _Gndrugcefmf bertih uWgiapofhdd OhtaRémdld sheat il@Naddition, the

adm |str i on ch control qrou .3 .3.7.7. 0.2
OB !GP depRaRlanH 4R oy I5RER Py 4Re o] ingage ana
(10 i/ kgptent Slfgmﬂpcﬁhaﬂt (ah fifretreoRia Wikt] ans test

(p: 50.02 is clear from Table )

oy o2 Rt ds 58t ot B ampeats’ o B bl s oo geptn eron
was thenfat rmedit hatn aisiegnpaundnhayi ag aanmlEeﬁulant The blood
activa action has, a_su erl or nt| di abe

act i \c‘éiln{Dh %arzsxgre?er‘r&d EVal UHt |agﬁ 0 é’r%tasmal a

act Ic@ntrmlﬂa%lbatwadVMIESZﬂFed ats- 2(5°0Aﬁﬁk1b|nfé,asﬁhaﬁérﬂﬁ The
R' v &o%@ @co\gﬁgfﬁv\ae{lzggg é’g]sluﬁ%da!e}léowblgcpr%fale%gknrgatic
Iab@naitmeyc dBetkafavi- Co@itent dhy¥east @dA)25 Tokyo,

Japan) ang, 3 mLxed digh {14y & gg@gggrﬂ&gﬂeﬁnﬁ%@gg{a@?g

| aborat ory et corit ai ni ng compou
usedeviaticey) a€cthedDFonat edr LAgwédes Dineek, washéSBod23. 10

We' &GPdﬂ”ﬂ:r %éﬁcéérﬁc‘io'fﬂel P oppz LAGWef £, 7IB@SHI /dLarEQ 19%01)

rats were divided gr oups rats/gr
Sucﬁoghghe1q@@pwgg§d@énﬁﬁmlnlstratlon group (dose: 20 9 mg/kg
20 body weight). The compound (a) administration group showed

significantly lower blood glucose levels than the control
group.
From the above results, it was confirmed that a compound

having an FeCh activating action has a superior anti-diabetic

25 action.

Example 7: Evaluation of hemoglobin increasing action
(1) After acclimation rearing for 1 week, female Crj:
CD(SD) IGS rats (5-week-old) were divided into 2 groups (10

3p rats/group).
(2) For one group, a suspension of compound {a), obtained by
suspending compound (a) in 0.5% aqueous methylcellulose
solution, was orally administered at 10 ml/kg body weight/day
(dose of compeund (a): 600 mg/kg body weight/day) once a day.

35 For the other group, 0.5% aquecus methylcellulose solution was
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30 val ues becanme uniformat 8 weeks of age. For the
control group, 69 the aforenentioned standard

| aboratory diet was given, and for the conpound (a)

adm ni stration group, the aforenmenti oned m xed diet

was given from8 weeks of age to 19 weeks of age. At

16 weehs, 0Ladis ckhes 10090

rreasureg ghgtra&é a\(/)\c/e(rig Iﬁie/?\ir%g ¥2we ratt\gﬁ%é & tpﬁ same

t ot aflanalﬁﬁumncbﬁlseée@$ ddeecimtadiegdber. i n a can _set to

PaCHAAL IS Hokk Aothillf scfa O LAKED A%l BE ] Yonastions,
food intake per rat. In addition

conpéendata)vargs festied If&tfe%IO fhromendiet o oliol atlalkcedands

the &ANLeRL qfroﬁogp@%oﬁ\ﬁai %rttaﬁ gla%%d adbfloa Jc%lﬁgctlon
16 weeks of age, noreover, drawn fro

t he viegeetl al FEVEPATEMA ﬁ@khé‘@hrqhﬁ?magahh ant] th)%lgiﬁdahﬂood cell

The dhaed hé@mbm’a%e%sﬁ@wﬁ@oﬁeeﬁ%tleﬂd ;Jbe b3S M rage
after centrifugation was Ereserve at -20C unti

meas§leRtetd Crié hepasgabinlicds hreval hmgdwmmasbyed The

a biregher: cale aHbLRNBL] €4 Pe anal 'Yﬁ@rnugngggcga['@@a@gggtﬁf the
Shyncron CXSA). As a result, the blood glucose |e

(RedRbLantha"d megptstandany SIViEReoPDF rat at 16 weeks
of age was 652.823.10 ny/dL for the control group,
and 271.736.5 ng/dL (P <0.001) for the conmpound (a)
ameﬁ‘Pé?r%ltl on group (dose: 20.9 ng/kg 20 body :
weifght). The conpeineitad ad{&netééfﬁél@@meamxﬁhﬁmd(pg
significantly | ower, bl ood dl ucose Ievels t an the

coftrol group. [Fidrh EREMGaHAVE resul t g,
conf i rrred that 3 gg@pmr)d haV| ing an FeCh a_ct|va1 i ng
O 1 ert-or—anttrdi-abetie F5—act++-et-

Exar‘f'BPErIC;l EPEP at | bITHEE hemotA-9Bi nt | ncrdadttt apt 18n620-4
(1) cAmpeunchdedi nati on rearijng for 1 \Eek, femal e| Crj:
u

E Art

IBPOGS rats (|5- Vi3l d)| weretldisvi detls iI#oQ72 @2OUPSC. 5*

(1QmgBlgsdatys/ grqup) . (2) Far one gro a suspensi on
f d
0 Gon@%ﬁ%ggét n%%;fakgg% %?yow%f \0g: CPp'EBgHE‘g’) (a)

|n05%aque se “solutron orally
adm ni stered at 10 rr1/kg body wei ght/day (dose of

genpound AA)is &0 Mgrke ROA% W,e'tEHH /cgﬁﬁaurﬂqq%)aa&%istration

group showed a significant increase in the hematocrit,

hemoglobin concentration and MCH. No significant increase was
observed in the red blood cell count. The above results show a
possibility that compound (a) activated ferrochelatase in

20 hematcpoietic tissues and activated hem synthesis.

Industrial Applicability
Using the screening method of the present invention, a
pharmaceutical agent for the prophylaxis or treatment of
25 diabetes or nerve system diseases caused by abnormal
mitochondria can be developed. In addition, the substance
obtained by the screening method of the present invention can
also be used as a ferrochelatase activator as an agent for the

prophylaxis or treatment of not only diabetes and nerve system
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35 For the other group, 0.5% aqueous nethyl cel | ul ose

solution was 70 orally adm nistered at 10 m/kg body

wei ght/day in the same nmanner, and used as the

control group. (3) After 4-week adm nistration under

free feeding conditions, the rats were fasted for 20
ddsdathe mttolaésd))lcﬂﬂrérvvaSseaml hesteicitkdomi thelecreased

?22%%%&%?#1 B en o5 S Hhat e, s ERT Sadial
coumcehemrn@patbyheimgbmbﬂgmncbnchrrm ifahjqund yhTHbme) ,

(o S 0met S oos ol by PRl oli) il sl e R scn o
ndnérisent iﬁalguespamr::tdaae1¢oeﬂwaiselgnovsumanB¢;atdaud)
deV'F@E'tHQrmo Eab(%gﬁlﬁlfb%%a % 315%??@(&80% lt§n h%%rlﬁ,%rng g method of
gr o@bem?@sienatzlsv_eqtlm 3@n4be191se@ ds = GRpoUTItE 1RS¢ 600

779 * * ,day)

TSI 5o 1A 00 IR B P e, o
As Fddsepees qaﬂéﬁﬁhbldécseaim hewnmpeund anemia) .

(:) - adni nﬂﬁtsr %b Tat3QUPs SuwadoA asﬁ&%ﬁtc Lication No.
increase in ematocrit, henpg n concentratio

and Zwﬁrlﬁm@u éhlﬂ @@nﬂapmr@aéénwteebgwwé&n aoeﬁb the
red cBLeOGk L&)l wﬁi)émtare-rhﬁcc?ﬁ@fgtégsiﬂ 51 ghowa F this
possibility that conmpound (a) activated ferrochelatase

i n ZefpesRdcopoletddditienuad lapdbb@atiared insahding patent

synuBeshénts)| RANSE{Hed iAPRId ¢RRLbht ysple!%hf‘gca;ﬂ%n are hereby
screeni ng net hod of the present invention,

fhatRECERRGACSA E@éﬁFlFo?n¥4ﬁ?tﬁP6dﬁyPﬁ%ﬁ§e%ﬁetreaInEnt
of 25 di abetes or nerve system di seases caused by
abngrnmal m tochondria can be devel oped. In addition,

t heSEARR SN LESEHIE ai ned by the screening net hod of t he
pregentsdiieanhjofettaa 20c@7he bsEhag2arxt

ferrochel atase activator as an agent for the

prophyl axis or treatnment of not only di abetes and
nerve system
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71 di seases but al so ot her diseases associated wth
decreased mtochondrial function in a tissue (e.g.,

m t ochondri al encephal onyopat hy, fibromnyal gi a,

chronic fatigue syndronme), and disorder of organ with
decreased mtochondrial function of 5 tissue (e.g.,
pancreati c exhaustion, steatolggamktis). Furthernore,

t he substance obtained by the screening nmethod of the
present invention can be used as a ferrochel atase

act i vatrometbodmfagentefiixig tfoe prihEnspaxt Sc airugr €at enkbetes

of | seases_caused decreased hem (e.d. nem.a)..

To Tht & BR5Te CANTER MLofibla Rt r e e Fap SRR CRT ke case.
Nos  2006-197483 filed in Japan (filing date: July 19,
2006) , e nt.ent | i.ch.are Jncorporated in ful

ner & h B PRF S BeBled Ve LG A ERRPE AbE st lditng 4
publ sw=ttirons fhatclagtivgtgmatfentoclddauaeat s) descri bed

in the present specification are hereby 15

incorporated in their entireties by reference.
Sequende feir sot¢hrj aPEFe sartdenitng eeddrdding a compound
200707 ains 1. A nethod of
s%?é%ﬁ%%%gﬁ%%gégi%é%a%euLﬁ%'drug for diabetes or a
nerve system di sease, conprising using ferrochel at ase.

5 2. The sc%eening nmet hod of claim 1, conprising

sel ecting substance that activates ferrochel at ase.
chel atase activator conprising a conpound

p;&se ted by the formya: B CGX- Z--Y-R (!)
wher ki nftri Rg A& TS & 5-ebered ar éhati ¢ het erocycl e
cont aMi 15 two or nore nitrogen atons and

optionally further having substituent(s); Bis an
optiognally substituted hydrocarbon group or an
opt iI"BFEFLY SHKsH L6t 2P HErbPERY AncBagi e UlRtexoFgcke containing
disv alvenbr Y @ik e byl rACAEPA WRYBhally further having
substituent(s);
B is an optionally substituted hydrocarbon group or an
optionally substituted heterocyclic group;
X is a divalent noncyclic hydrocarbon group;
20 2 is -0-, -5-, -NR®*-, -CONR’- or -NR’CO- wherein R® is a
hydrcgen atom or an optionally substituted alkyl group;
Y is a bond or a divalent noncyclic hydrocarbon group; and
R' is an optionally substituted cyclic group, an optionally
substituted amino group or an optionally substituted acyl

25 group, or a salt thereof.

4. An agent for the prophylaxis or treatment of diabetes or a
nerve system disease, which is associated with a decreased
mitochondrial function in a tissue, mitochondrial

3¢ encephalomyopathy, fibromyalgia, pancreatic exhaustion or

steatohepatitis, comprising a ferrochelatase activator.
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20 Zis -0-, -S, -NR2-, -CONR2- or -NR2CO- wherein R2

is a hydrogen atomor an optionally substituted al kyl
group; Y is a bond or a divalent noncyclic hydrocarbon
group; and Rl is an optionally substituted cyclic

group, an optionally substituted am no group or an

opt i onénl ggsnibsiort thedapylyla2bs groupeatvers &l énemia,

t her i 44 r | axi s or treatnent

e din g Zf%gé‘?%eglas?%?e%‘p%éggé, which is
associated with a decreased mitochondrial function in

a t 'ésﬂemefﬂg@%gngﬁé agro%ﬂ EQ&J@%@I Qggé)tg?etnqyof diabetes or a
fi bromyal gia, pancreatic eXhalst i on or

stedi*gNepaY+iams digeapei sihaghald essochated adgh a decreased
aCthﬁﬁbeﬁondﬂg%lsfuggkfﬁ$eQB Eofigéyé,pﬁQP oAl $a Pl

treatnent of anemia, conprising a ferrochelatase

act iangesha lanyorarby hobi bromyahaispr ephyrestiis erhaustion or
trealBBbniatdicaRel £, HarRa1 S NGHFEs SHS LMl SEASH

which is a(géaoci ated wi th a decreased (?n t ochonar i g-ig .

f un@&ftEARt e @mergsuet anifesepenrlatase activator to the mammal.
encephal omyopat hy, fibromyal gi a, pancreatic exhaustion

or steatohepatitis in a manmal, conprisin o
adni’ni 8t B8RS dRT €Y eEePRELaURE breatests o6 eletasen a
act inkahel , tnies BIMRImi ni d0eringAafBLPAGHiOE dSunt of a

prophyl axis or treatnment of anema in . a manmmal,
conprr PR Lid@cRi dFeivatgrake dffee@aiyel anount of a
ferrochel atase activator to the mammal . 15 8. Use of a
ferrochel at ase aactivator for the production of an

dgefir ¥oF hé EFﬁﬁ?ﬁ}e&ﬁtésﬁra‘iW8E%n’f°1th8i BRRAYE igp of an
a nepeéRt SYStR freaRgaxi Whe€ i destassodrategdhdtdd o0& a nerve
decreaged m t ochondria) function in a tissue,

mi t S¢RbRArdES25Enc Sy Rty et BridmfaPgreeased
panefieathendihaustrearionr i20a sdigadheheppiddhbidrtal Use of
erro haejltatase activator for, theﬁlgroduqtio of an

a f A
age P FB Y HY OBP bty ITARr S gt 19 Pe aPARTES A CaRitiRig tion or
'2b sSEELEINCEtLEST] NG

9. Use of a ferrochelatase activator for the production of an

agent for the prophylaxis or treatment of anemia.
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<110> Takeds Pharmaceuti cal Conpany Limted <120>
Screeni ng Met hod <130> 091099 <150> JP 2006-197483
<151> 2006-07-19 <160> 4 <170> Patentln version 3.3
<210> 1 <211> 1272 <212> DNA <213> Hono sapi ens
<220> <221> CDS <222> (1)..1(1272) <400> 1 atg cgt
tea etc ggc goo aac atg get gag goo ctg cgo goo gag
ggc 48 Met Arg Ser SeqUENCE Y.ISTING Asn Met Ala Ala Al a
Lau Arg Ala Ala Ay 1 5 10 15 gtc ctg ate ego gat cog

t; t Dag 96 Val L _
(G102 elep PGPS oo oy L1, 0 g val o

0,25 30 tgg agg tgg sag too ggt goo got goo
Gggogog"rﬁf'é'"éc’@%@@e gas 144 Pro Trp Arg Trp Lys Ser

Ala Ala Ala Ala Ala Val Thr Thr GQu 35 40 45 sea
99802:0891@39 goo cog at goo no cot ass gtt one cog cog
aag 192 Thr Ala Gn Hs Ala Gn Sly Ala Lys Pro G n
&0 dP 20959 M83ys 50 55 60 agg sag cog aaa act gga
a(1b1y t 20080748 a sea atg gga gga cot gas 240 Arg Lya
Pro Lys Thr Sly lie Lou Met Leu Asn Met Sly Sly Pro
G18095470 75 80 act Ot gga gat gtt coo goo ttc Ot
ctg age oto tto ttg gee ago 288 Thr Lou Sly Asp Val

H30 S Patel€ln Gdtstdiua, Ar g Lou Phe Lau Asp Arg 2 85 90
95 gao oto atg sea Ot cot att Gag sat sag otg goa CGoa
t&qo}at? gao 336

211> 1272

<212> DNA

<213> Homo sapiens

<220>
<221> CDS
<222> (1)..(1272)

400> 1

atg cgt tea cte ggo goa aac atg got gop goo otg cgc goc goE gEC 48
Met Arg Ser Leu 6ly Ala Asn Net Ala Ala Ala Leu Arg Ala Ala Gly '
1 5 10 15

gte ctg cte cgo gat cog ctg gea tec age age teg agg gto tet cam 86
Val Leu Lev Arg Asp Pro Leu Ala Ser Ser Ser Trp Arg Val Cys GIn
20 25 30

ocod tge age ter aag toa get goa got gea gog goo Eto mooc aca gaa . 144
Pro Trp Arg Trp Lys Ser Gly Ala Ala Ala Ala Ala Val Thr Thr Glu
3 40 45

goa goc ocag cat gos vag ggt goa maa cot caa gt caa cog cag aag 192
The Ala @ln His Ala GIn Gly Ala Lys Pro &in Val Gin Pra Gln Lys
50 : 55 60

agg aag ccg aas act gra ata tta atg ota aac alg gga ggo cot gaa 240
Arg Lys Pro Lys Thr Gly tle Leu Net Leu Asn Met Gly Gly Pro Glu
65 10 748 B0

act ctt gga gat gtt cac gac titoc ott ctg aga oto ttc ttg gac cga 2688
Thr Leu Gly Asp Val His Asp Phe Leu Leu Arg Leu Phe Lau Asp Arg




Asp Lou Met Thr Lau Pro Ile G n Asn Lys Leu Ala Pro
Phe Ile Ala 100 105 110 sea ago cgs ace coo sag att
CO0 gag cog too ago agg att gga ggc 384 Lys Arg Arg
Thr Pro Lys Ile Gn QQu Gn Tyr Arg Arg Ile Sly Sly
116 120 125 gga too ccc ate aag eta tgg act tea sag
cag gga gag ggc atg gtg 4324, Sly Ser Pro Ille Lys Ile
Trp Thr Ser Lys Gn Sly u Sly Met Val 130 135 140
aag otg otg gg gaa ttg too glxg sea sea goo_gcat coo
sea too tat 4 Lys Lou Lou p Gu Lou sef?Pro Asn

T Q Hs Lys TIyr Tyr 145 150 155 160 att an
tE{" %;ﬁ{) ohp & it pog fat SEotagon e Boats togas 396
gatP 52EMat T ey P bionflp Agpy Lygaleuftin ProoPheolilaTAla G u
Gu Alall g u Gu 165 118 175 at g gaglHge gat ggc
eta gaaagg -get att got ttc sea cag tat coo 676 Het

Chag oot CORs fproShar daguattl era/gag dMgatdol dgcAbgy StegghhgzcG N 384
This MigoArESThriB® 130! lectly G lactiagTyrt Ava Ar@Ol ldo@IyBEe Ago

~ago arelthta eat goo att2ot oo aga 624 {ggn Tyr Ser Cys
Ser Thr Thr Sly Ser Ser Lau Asn Ala Ile Tyr Arg 195

s%@ ;ﬂ&&oﬁctagg ﬁgt g%t%fg &E%E%a;% rg;“@o t@%a}ﬁ 432
¢ 29Praga e Lyd% 31 g
Lys f3go Thr BHet ‘Eysg rpr§e¥ L¥ rdlplﬁg L EE 3 goo
agg tgg ccc aca oat coo ate etc etc cag tgc ttt goo

t rg. Trp Pro Thr H's Hs Lau Lou lle
f ¢ 9{’;&%:43@“&?@?%% ioncen i i G, oo

9 Ctg gao' c f"'gt ba&” oFt '8hq'a 5o dibe Ligdygdyr gt g

Ile Lau Ly§ u Lou Asp Hil83phe Pro Lou 6@ Lys
Arﬁg Ser Qu Val 245 250 255 gte Ot ctg ttt tot got
(? Ei:é:tBt“ggét% ehs gat 66t §ia 20n @os gea gom ablGaa Wag | | €528
6% Bbnhesdre Ave Vel Bisero Law Tir 61NG1u $6a [UalBlValy M Ar g
260 265 - 2706f%ga gao oaa t4¥0 act eag gag gyE ago goo
act gto 'One sea Etc atg 864 fly Asp Pro Tyr Pro G n
€t gagagSgat pbm ot gadvage N atty setVelc Mot osk tat coa 576
Met Giu Arg Asp Gly Leu Glu Arg Ala lle Ala Phe Thr Gln Tyr Pro

180 185 190

cag tac age tege too aco aca EEo agc age tta aat goc att tac aéa 624 ‘
&In Tyr Ser Cys Ser Thr Thr Gly Ser Ser Leu Asn Ala [le Tyr Arg
185 + 200 205

tao tat aat caa gte gza cgr aae cec acg atg aag tgg age act att 672
Tyr Tyr Aen Gin Val Gly Arg Lys Pro Thr Net Lys Trp Ser Thr |lle
210 216 220

gac age teg cce aca cat cac cto otc ate cag tge tit goa gat cat 120
Asp Arg Trp Pro Thr His His Leu Leu Ile 8In Cys Phe Ala Asp His
225 230 235 240

att cta mag gea ctg gac cat tft ocd ctt geg aag aga ago
gag gte 768
lle Leu Lys @lu Leu Asp His Phe Pro Leu Glu Lys Arg Ser Glu Va!
245 250 255

Etc att ctg ttt tot pot cao tos otg coo atg tot gty gto aac aga
816
Val [!e Leu Phe Ser Ala His Ser Let Pro Met Ser Val Va! Asn Afg
260 265 » 270

BEC gao ooa tat cot cag gag gte age goc act gto taa aaa gte at
E 864
Gly Asp Pro Tyr Pro @in 8lu Val Ser Ala Thr Val Bin Lys Val Met



275 280 285 gas an otg gag too tgc sac coo tac cga otg
gtg tgg oaa too aag 912 du Arg Lau GQu Tyr Cys Asn
Pro Tyr Arg Lau Val Trp G n Ser Lys 290 295 300 gtt
ggt cca atg coo tgg ttg ggt cot caa ace gac gas tat
etc aaa 960 Val Sly Pro Met Pro Trp Lou SIly Pro Gn
Thr Asp Qu Ser lie Lys 305_310 315 320 ggg Ot tgt
gag agg ggg agg sag sat atedctc ttg gtt cog ate gee
1008 SI_)/ Lau Cys Gu Arg Ay Arg Lys Asn lie Lau Lau
Val ProZisie Ala 325 3380335 ttt ace #f gam oat att
gas acg otg tat gag ctg gac ate gag too 1056 Phe Thr
Sean dggpotidi sagl tee touaaBheool tas, cghyetgGitg tagucadsizol aag G u 912
Ty BrOLaddBluSH@ CyisOAsnCPra Tiirt Argt leudWi) ROGIGaSertigis gga
gtt gpma sac ate agayggga get 1104 4r G n Val Lau Al a
Lys Au Cys Sly Val Qu Asn Ile Arg Arg Ala 355 360

daCdte La
Lt aralo o

Lys Ala O gtf},cat
t'ea coo ate cog T0a-aao gag ct gt too aag cd ctg
ace 00, Val His Ser Hs G.n Ser Asn GI u Lou Cy,
ﬁﬁ {g <Xe g5k, g o, SE A 96 SOURIE BIE $ cogf00
¥ Ll Ovgi Hubee YyiArgilysisn M\gd—*ﬁd@“d@ﬂ aaallp 31248
Lou Ser Cys F28 Lau Cys Val n Pro Val Cys$3drg G u

Thr Lys Ser 405 410 415 tto ttc ace ago cag cog ctg
tid ace ZEt mahavakleit Han #Seroif tut @ap dtewgad 2Gc ga@ e 2 1056
Fhe [Thr A28 Asp Hig > | PRITu Tht Leu Hyrd s dpisches [a400Ty2 Not
Arg Ser L#40SIy Ala Asn M4 Ala Al a Ala:jsou Arg Al a
Ala Sly 1 5 10 15
tot caa git tta goc aag gag tgt gega git gaa sac atc aga aga get 1104
Ser Gln Val Leu Ala Lys Glu Cys Gly Val Glu Asn [le Arg Arg Ala

355 360 365

gag tet ctt aat gga ast cca ttg tic tect aag goo otg goc zac tte 1152
Glu Ser Leu Asn Gly Asn Pro Leu Phe Ser Lys Ala Leu Ala Asp Leu
310 375 380

gte c::rt toa oas atoc oag toa-mac gag otg tgt too aag cag ctg acc 1200
Val His Ser His lle GIn Ser Asn Glu Leu Cys Ser Lys Gln Leu Thr
385 380 385 400

otg age tet cop otc tgt gto sat cot gto tgo agg gag act aaa toc 1248
Leu Ser Cys Pro Leu Cys Val Asn Pro Val Oys Arg Giu Thr Lys Ser
405 410 415

ttc tto acoc agc cag cag ctg tga 1272
Phe Phe Thr Ser BiIn Gin Leu
420

1> 2
211> 423
<212> PRT
<213> Homo saplens

<400> 2

:Ict Arg Ser Leu Gly Ala Asn Met Ala Ala Ala Leu Arg Ala Ala Gly
8 10 15



4 Val Leu Lou Arg Asp Pro Lou Ala Sur Ser Ser Trp Arg
Val Cys Gn 20 25 30 Pro Trp Arg Trp Lys Sur Sly Ala
Ala Ala Ala Ala Val Thr Thr Uu 35 40 45 Thr Ala G n
Hs Ala Gn Sly Ala Lys Pro Gn Val Gn Pro Gn Lys
50 55 60 Arg Lys Pro Lys Thr Sly lie Leu Met Lou Asn
Mt Ay Sly Pro Uu 65 70 745 80 Thr Lou Ay Asp Val
H s Asp Phe Lou Lou Arg Lau Phe Lou Asp Arg 85 90 95
Asp Lou Met Thr Lau Pro Ile Gn Asn Lys Lou Ala Pro
Phe lie Ala 100 105 110 Lys Arg Arg Thr Pro Lys lie
o] UIuG'nTr lle Sly S 115 120 125 Sly
St’:] SURE T @'ELK@ ?’I"eLBPr glarrﬁn-r Sarr Se_ryirpe\nt GilyCysl Gind y
Val 13% 135 140 Lys &ou Lou Asp G udlou Ser Pro
Asn Thr Ala Pro His In Tyr Tyr 145 150 155 160 Ile
Sly Phe Arg Tyr Val H's Pro Lou Thr Uu Qu Ala lla
WPro THpUArEGErpliA@ Sef6GIyNefta KaUAIAT a BRI YTHeOFhr Wiy Ar g
Ala |1e3s5Al a Phe Thr G4p Tyr Pro 180 485 190 G n Tyr
Sur Cys Sur Thr Thr Sly Ser Sur Lou Asn-Ala Ile' Tyr
Arg 195 200 205 5 Tyr Tyr Asn G n Val Gly Arg Lys
11l e 5 Arg
'Flj;hg gﬁ?oﬂlflﬂmlsl-&’lﬁ q_lﬁrhlf Ata Lg& Ijrlo I&]VQI@g F|25 BIR,
Hs 225 230 235 2 IIe Lou Lys Tlu Leu Asp HIS Phe
Pro Lou Qu Lys Arg Ser Au Val 245 250 255 Vval lIle
s, . Ser Lou Pro Net Sur Val Val Asn
5'-"28’6”3@5%‘7@4 (i) Aoy b iy et @y fiRoo o S
82 Thr Vval ys Val Net

Thr Leu 6ily Asp Val His Asp Phe Leu Leu Arg Leu Phe Leu Asp Arg
85 90 95

Asp Leu Met Thr Leu Pro Ile GIn Asn Lys Leu Ala Pra Phe Ile Ala
' 100 105 110

Lys Arg Arg Thr Pro Lys lle Gin Glu Gin Tyr Arg Arg 1le Gly Gly
115 {20 125

Gly Ser Pro lle Lys 1le Trp Thr Ser Lys GIn Gly Glu Gly ¥et Val
130 135 140

Lys Leu Leu Asp Glu Leu Ser Pro Asn Thr Ala Pro His Lys Tyr Tyr
145 150 155 160

lle Gly Phe Arg Tyr Val His Pro Lev Thr Glu Glu Ala I]s Glu Glu
165 170 176

Met @lu Arg Asp @)y Leu Glu Arg Ala lie Ala Phe Thr Gln Tyr Pro
180 186 190

@In Tyr Ser Cys Ser Thr Thr @Gly Ser Ser Leu Asn-Ala |le Tyr Arg
165 200 | 205




275 280 285 flu Arg Lou Au Tyr Cys Asn Pro Tyr Arg
Leu Val Trp G n Ser Lys 290 295 300 Val Gy Pro Net
Pro Trp Leu:.ely Pro Gn Thr Asp flu Ser Ile Lys 305
310 316 320 fly Lou Cys GQu Arg Gy Arg Lys Asn lle
Lou Lou Val Pro Ile Ala 326 330 335 Phe Th r Sur Asp
Hs Ile flu Thr Lou Tyr Au Lou Asp Ile Au Tyr 340
345 350 Sur Gn Val Lou Al&a Lys flu Cys Ay Val flu
Asn Ile Arg Arg Ala 355 360 365 du Sur Lou Asn Ay
Asn Pro Lou Phe Sur Lys Ala Lou Ala Asp Lou 370 376
380 Val H's Sur Hs Ile Gn Sur Asn Qu Leu'C,ys Sur

Twsryﬁ»\@n la%l thra%%é L§?Q=r§%r 4P TLPE%., Ihr @!ﬁ Zgg

410 415 Phe Phe r Ser G n G n eu 420 <210> 3
<211> 35 <212> DNA <213> Artificial <220> <223> PCR

%‘m‘mira%%ﬁ% ia%i&éﬁ%%iﬁ’%x > g e s 2 "

20> <223> P@&prinmer <40023

Ile Leu Lys Glu Leu Asp His Phe Pro Leu Giu Lys Arg Ser Glu Val
245 250 255

Val lle Leu Phe Ser Ala His Ser Leu Pro Met Ser Val Val Asn Arg
260 265 270

Gly Asp Pro Tyr Pro Gin Giu Val Ser Ala Thr Val Gln Lys Val Met
275 280 285

@lu Arg Leu Blu Tyr Cys Asn Pro Tyr Arg Leu Val Trp Gln Ser Lys
290 295 300

Val 6ly Pro Met Pro Trp Leu.-Gly Pro GiIn Thr Asp Glu Ser [le Lys
305 310 315 320

Gly Leu Cys Glu Arg Gly Arg Lys Asn Ile Leu Leu Val Pro {le Ala
325 Jan 335

Phe Thr Ser Asp His Ile Glu Thr Leu Tyr Glu Leu Asp Ila Glu Tyr
340 345 350

Ser GIn Val Leu Ala Lys Giu Cys Gly Val Glu Asn lle Arg Arg Ala
355 360 365

Glu Ser Leu Asn Qly Asn Pre Leu Phe Ser Lys Ala Len Ala Asp Leu
370 376 aso

Val His Sar His 1le Bin Ser Asn Glu Leu Cys Ser Lye Gin Leu Thr
385 300 385 400



aat aact cga gtcacagotg ctggctgg-tg aagaa 35

Leu Ser Cys Pro Leu Cys Val Asn Pro Val Cys Arg Glu Thr Lys Ser
405 410 415

Fhe Phe Thr Ser Gln Gln Leu
420

210> 3

211> 35

<212> DNA
{213> Artificial

{2200
<223> PCR primer

<400> 3
. aatttagatc tggtgeasaa cctcaagtic azceg 35

210> 4

Q211> 35

<212> DNA

Q13 Artificial

220> ,
<223> PCR primer

{400> 4
aataactcga gtcacagotg ctggeterte asapaa 35



