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(57) Abstract: Disclosed is a compound
having a structure analogous to a firefly
luciferin. More specifically disclosed
is a heterocyclic compound which can
emit light at a wavelength different from
a wavelength at which natural firefly
luciferin can emit light. The heterocyclic
compound is represented by general
formula (I). In the general formula, Ry,
R, and R; independently represent H
or a C4 alkyl; X and Y independently
represent C, N, S or O; and the length of
the olefin chain moiety represented by
"n" may be altered to a desired length.
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[0002]

[0003]

[0004]

Bl =
WOz 5—CEDHRMAEE
w2 E

AFERE, REILLL T VEUBEEZET HILEMICET L, LY
MICIE, AFHRAIE, RAOKRAILILS T D EFRGLIRABRRTHELT
HERRLEMICET 5,

PS5 4001

REILILY T Y

EE, EPENERB LI UVHROARIEAZTER SN, AHRIEFROIEX
AEFENTETVS, CAITHL, FEERTICLIHRESRDLOATNS,
BRIZDFAA—DUTDRHOOBRERME, BHELUVRERBOES EH
FOTRELHKELTWD, IEAE, BOMERLZEICHT HEALER
1 EDFEImFM ISR T - O DFHFMAEINICHR S TS, Fi-
. FHAEROES(IZHE D, FUERES L USRS CREMB TN
ZEEMNERIZEET > TS,

BED &SI, REILEMFELRIE. BADELFEICEL. RIDEL
CIRNF—ZRIZERT DI ENTEDREVDRTNS, £, £EHFE
KD TFHRBRRLEATDS,

CORFIVEYMHFENIE, RAEETHILL T UNFELEBERILL I
S—EDERATIEERIET D EICE>THRERET S ENMNTLNS
o CORIGTIE, BRAEBENRABRANTTT/OVZYUB (ATP) &
SV 2RI T AL I LAFY (Mg2+) DFEETT, 7T7=JILE (AM
Pit) Sh T, EHBEEETHEITTVILRAEFEEIh DS, RIZ, Th
NERIESNTRILAFO R ERY, BIRILF—BRIEMTHD
DEXER ) ANEEBEING, FARELG DA FEE/ VIE, DELEAS
JORUEZRERFEERHEL, B/ 724 VARE1EERELLS,
EHICINMBETO M AEL T, D7 A URmBE 1 BEERKEL LS, £/
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[0005]

[0006]

[0007]

[0008]

T oA VBE 1 EERENSDREKE, FBETHDIESNATWVE, —A.
DT A VEpE 1 EEREMORKE, ERETHY. ChHKREILD
RETHLIESNTWS, Ff-, BRAEOERMIE, XL T &
menbd,

EERDESIT, BABMESNFREICELS. FEVRALDOD S FHRIBOEZRAN
HEATWD, CNoDEFEIL. REILEMELRZFALI-ZIKIIHT-5
HAMHENEG L DEENSRFTEEN TS, LML, REIILEMHELEED
RAMHFARE, ERELENIBERLICERENEATNSO, —i
[TE 208 (BR) AL oORERREIBRATHLIMN, EXFILEY (B
B) Qo7 TO—FEFEECDLEL, HIC, BAEBEOBKRERET-
&I GEBEL FEOHEBARARILEELEAEFTELLAL,

BT, BABRFRBIBEMCE > TRMAHBTEZICEMDDHLT
CEFYRERBEEDRRIEMRAREGA LI-FEAAZEM AR T4
L L, BAEERENILL D) OTHLHZEICERT S, HE. XAD
RBABEETHEIDERDILL T UL, FRARTI/BTHID—VRTA
UNBERENTWVAEN, D—LRTA VL, FEICHETH D,

EMEXAREFALEZZBRLO—XERKIR

ZIMREHAT L5012, EHZIALE-BRERIIBEVNTE, ZBRE LN
RHODoMTWD, COFH, RERICFIATE 2ZFMHOKREEE, BE
WAANEELL, T, ERRNEBERICSTOIARTEH, ERERAELV D
RERADESHVBA-ABEBEEZETDEVSBEAN L, FERLIEHM
HBNEFENRTWS, &AL ZEREAETFALLHAEICE, EHEL TS
50 nmUTEE~650 nmlLEEORRIIH-5FENEET HIZHM
HOEBEINBEIENEELL,

WE. RPILEMELRO-OORAEE L L TAFRARADDITE, O
CODDEXBERELDEENFET S, CNLDEBEORESLIURED
MImDERIE. LTI PORDFR (9480 nm) ERFILRDKRE
(#9613 nm) THD, Thbldk, TAAFTHAMSAFARETHY ., &S
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[0009]

[0010]

ftEhThd, £, BEREXERZAALLLYREROFERELMH

(96 30 nm) A, WEHMMomETREINTWS, LML, ChoDH
HEREITTLELS, EARRORES FUREOAHDERED & 574 SR
[ZIE, BEWEENRAENS,

EMREAREFALEFBLERBRLOBFRKOE ZLTITRT
1. 7AOAA#: Chroma—Luc :#613nm (GEREFXHL1)

CORE, EAVIAVFR (Vv I E—FMIL) OEAZEERELUX
RERFIEXEEZFRALI-RTHS,

2. BEHHE %K) Mul tiReporter Assay Syst
em—Tripluc:f630nm (FEHEHEXHE2)

CORIT, BERFEREABRISSIUORAREARILEAEEZAALIR
Thd, BEEXILL T S5—F (SLG, RREXERES550nm) | &
BHENXILLTITS—F (SLO, 580nm) BLUFRBRELILS T S5—
£ (SLR, 630nm) DBOILL IS5 —CEEGEFEFERALTRLES
FEETWS, ChiF, BUARNABESZAOEABZIRZIAL TV S,
3. BERE 72/ #9610 nm (FFEFXHN1)

ChiE, Loz UBEERERRLTLS,

4. JOAHL: Chroma—Luc #1480 nm (FEHFHFXHLS)

CORIE, CLOTIPUBLUIE VATV —EEFALE
RTHD,

5. ATTO® :: VIRZILEYRLE 460 nm (GERHXHE4S)

TLUT SV UVRBEESLUIIRENNILL Tz S—EERALERTH
%o

Fl, KFRAEL S, FHEXH2(ZH0T, LT VEBILEYEEH
TLTWE, IMoDEERIE. LT D ERBDERERET HLEY
THD
B SCER Bl 2007—-09 16 95504
Rk - ERRABAE2007.1166878/8TLy kb
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[0012]

[0013]

R XHR : TOAFHREHFZODS 2007 12. 16
M2 : Upload vol. 79, 2005 p 1-—10,
Toyobo Biochemicals for Lifescien
ce 20062007 p4—67.
ERFXHI : TRAF#HREHFAODS 2007 12. 14
EHHNXEL . 7 —#EHRAD52008—-2009 p 247
FEEDERR
RAMNERL XS LT HRE
ERLEIKRICEHA . AFKRAE, R ILEMRBARICENT, RALKE
IVERAEBLUND, LELGRARRTREETIEEZREI S LEBME
5, Tz, AFEHEI, RMEICERTEIENTELIEEERHI S LE
BH#ET D, Thbb, RARKRIILELAEELY LGRS ERLEARRILE
MREAZODEEZIRU TS LEBEMET S,
RAZTRRTL-ODFE
LRFBEEBEMRI AL, HEHARDKER, RAERZILELEETHLHIL
VI UDERIE, BREERICEELTHLREAEZE LTHERT S E
FRWELE, &, RRO7z/—ILEBEDOLL Tz oFT7Z) BT
B5ILIT&Y, BARREZIRSEBDIIENTELEZRVVELT, &5
2. LEEOESZILIN-REEERICEVNT, AL 71 VHEBERORIZEE
FTHIEITKY, BABRREERTEIENTEDILER LIz, Th
SOMRIZEY ., AEAZTHT HITE-T=,
AERAE, UTO—RK I DEZIRILEMERET S
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X
~ /:]/COOR3
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R{R,N
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[0019]

[0020]

[0021]

Ri. R:BEURIE, ZNEFNMILTHEREC _,FTILFILTHY,

XBLVYIE, FREFNMILTC, N, SFEEIFOTHY.

nid, 0, 1, 2F7IE3ThH%.

F-. AFEHIE, Ry, RyBLIURMENEFNMILTHERIEC,_,7
ILEILTHY., XBNTHY, YHASTHY., LITnHO, 1, 2FFIE
3TH5H. LREFRILEME LI TOAELIEFRET 5,

S5, AEAF., R BEURMENENAFILTHY., RMBHTHY
 XDBINTHY., YNSTHY, HKITnAO, 1, 2FIE3THS. L
HEFRRILEMEETOAREGIEZIRET 5,

SHIT, RERAIL, nHO0, 1FEEF2THS. LEEERREEME-E
ZORREIEERIET 5,

Ft-. AFERX, LEDIELEVMEATPEEIUMg 2t EHIZED, BAR
HOE=-H0Fxy FZRET D,

T, XREHE, LEPERARBRIL LTIz —FERGIEIIREL,
ZEEPHODREAERETIIRECLE2ET. BARBEAZERHTS
FBADOFHE

AEADLEMLY ., RERBEARFILEABEGUND, LEEELERT
RAETHEENMREEIND, F-, FARAQILEWITELY ., RARKRZILHE
HEELYILEBIPEAERIIVEPRAROBENRH NS,
RAEZERT H-HODREDHE

AFERAE, UTO—M&K I
[1k3]

X
Q /;j/COOR3
ny
R{RyN

DERIRLEMEIRET B,
J:EE_EQEU:}'D\L\—Cs R1~ RZB;UR3'¢~ %h%ﬂiﬂﬁbeif:liC
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14 TILFILTHEIENTED, BERELTODIDEL D GEETILEILIL,
EHEICEEEZRIFTAREEMENEEZ 5N D,

[0022] ABAMZEIZEWT, TC,_,7ILFIL)] EVWSHER. 1~4RZFFETFES
CMNMEHRELEAIRETILFILE, EZAFATFIL, TFIL, n—T0
Ell. 4V=TREIL, n=TFIL, 41VY=TFI, sec—TFILELY
tert—JFILEWND, RIS, TC,—CsTFILFILL £V AL, 1
~3RFFFEESOHMEHRFLEOEETILXLE (E2E AFIL
 IFLEREEFAY-TOEL) B,

[0023] LEEDESIT. ReMC_,FIFILTH>TEHLLNI EIF, HEETHN
FBRBICEINTEENTELTHAD, I RE. KEHABESITKDH LR
Bk 2 121, AFKBADEEVMDORFAHIET HHANAMP TH DI
D7 1) VELIEEMN, REIILEMRAROEB LG YBLIERINRSA
T,

[0024] EE—MERIIBENT, XBLUYIE, FhFAMILTC, N, SFEI&E
OTHBIIENTESL, XBELUYDATORFMNC, N, SFEIFOTH
STHLWNWI LIE, BEETHNEBRBICHETEIIENTEDLTH A5,
e ZIE AFERELICL D LERBHHXH 2 ICRBASI-ELZDILLT Y
DELUEEMICIE. ARBADLEMERET EHANELDATARFTH
BT VEUEEYN, RELEMREARDOEE LY BIHERNT
ShTWa,

[0025] ERE—MKITBEWNT, Tnl ELTRESNIAL T« VEHELIE, FIED
RSICEFTHENTED, T, ZOA LT« VHEBIDESEFELE
BAHIEITKY, BRARREELSELIZIENTES, FEZXEFE. n=00D
aE. RADIL T VEYLEERDAA5 nmDBERDENLETET S
o Tz, n=10H/E, RADILL TV EFIEFRL 56 56 nmDEKRE
DEXEEHET D, £, n=20FE. KROILY Tz ) EYIRERD
680 NmMDABDELEFT S, HIC, n=3LLEDFESE, 680 nm
DFRBORLELY LREROFNEFELLODRRETETSEEZOND,
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[0026]

[0027]

[0028]

[0029]

[0030]

AEMEICENT, NRE] &@F, BEEOERXRRITOVTEREINSE
B, TOBRKEREEKRT D, IEXIEL, DAFILTZYDBELL T
THLONDHENLANT ML () &, RTICEELEELIIT, 8&E445
NmMmBRKREEEETOHRLARY MLERTH, KAMETIE, BIZT445
nmDEXEFETHEREEIND,

EEEDEBY., —BRX T OEEME. RAEKRFIIILELEETHDHILL D
T UEHBLT, KIBICBRRIESN-BEEET 5,

—DDERKRICEWNT, FRHADILEMIE. UTO—MKT I
[{k4]

N
O~<T
MezN S

CAFINTFTZN =T BT

COOH

DERBEEEYTH D, CDILEYIE, READILL 7))V EYLERER®D
680 nmDFEDHENERTT S,

—DDERRIZHE T, XEFADILEWIE, ULTO—K T 1 1

[1E5]

N COOH
% j
/©/\/<S
MezN

CAFNT=)o—E/ VBN T
DEZFRILEMTH D, COILEMEI. RARDILL Tz EEFEFERLS6
5nmDERBOHELEFT S,

—DDERIZTHENT, AEHADLEMIE. UTO—HKKX 1V

[1L.6]

N COOH
Y
S

DAFNTZI BN T
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DERRELEYTHD, COLLEME. RADILL Tz )V EYILERRED
445 nmDEBEBROEXLZTET B,

[0031] LRAHRBADILEMIZIE. TOENEENS, MRl L& ARBADLLE
MZBENT, ZEEVOVTIAIDEIMNEEEHHT S ENTELHES
[COAEESIND,

[0032] Mg EWSRJITIK, BEE., RILKFRE, I VILKEE, BREE, A)LT
7IUBE, ) Bk, THEE. BREEE, HMHER. VT UEE. YEE. EFER. Lav
B, T LAV, LB, BRE. IV, REEFH. YUTIE. vM1KE
Bs, NEBR, RTTVUUER. JILAI VB, ZFRINSXUEE, A2 VALK
VB, TAVDRILKRVEE, p— FILIZVRIILKRVEE, B FILEE, anN\Y
B, FUJILAOEBELUVESEMIR L TEFSETHLZTOMMD &
SEBHBE(EIARBLEOVTADIE, FEX I DLEVOEENE
MTHEIEE., FILAVERIETILH ) TEEE, & ZIEKEET YD
In, KEEIEH U DL, KBIEALSDLZDOMD LS HEKIER L DIELE
EERCE

[0033] AHEBADILEME, =& R IELLTOEMBI 1 ITFHEEH L -FIRICHE > THER
TEHENTED, FYHFHMGFIEE. TROEEMICESHL THD, EiE
FlIICIE, " BXITDRBEURLMBENEFNAFILTHY., RAHTHY
NN 2THEIDAFILTZ) VEDILEYMDERFIEEEHL TH D,
HIZIE, FBMEELTHERD A —CAFILT I/ VOFI I TILTER
BEDTILTE FEEFERL, DULRMEXIUAFLU M) Iz ZUAKRR T+
FUERIBSETIFILNIRTILRERS. RWT, TOITFILITXTILEK
ZKEIES U LKBBERPTHILRF D IUKRIZERT S, —A. D—TX
TA—S—b)FILILEYMZERILKER, 1, 4 -V XY UBRPTRIG
SET, AFINIZRATILHFEEZEERLTELS, RWT, TOAFILTATIULK
EFAILREVILEREERGESET, 72 FREERT S, RVWT, D7 S
FAZE R T ZIRR T4 UAF O RBLU MY TLADAZDRILKY
BREKDICEL>TRILSETHERREZBRESE., F7V I HEEDS, XL
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[0034]

[0035]

[0036]

T, FPIVURDAFILIRATIVRD EMEOEBREICER L TRHEDIE
EMERSD,

LEETHNIE, RiBIURZFENEBRE L EZTHMZ -FBMEN S
Bt L C. EWEH 1 ERAFZDOFIEIZ&L>T, D=V RTAU—S—FJFIL
HEDAFILIRATIMKEDRIGIZEY, RETHILEMEERTHEMN
TEDELETHEMILETHAI, £, RBRODIREIIEWNT, F7V UK
DAFIVIRATILBAERMEOIXATILICERT S L&Y, MIETBHR,
EAETHILEMER/RDIENTELTH A5, oI, HIEMELIEEREH
FTRAIFLIRTIVEDA LT 4« VBB DRSS EEETTH_EICKY.. —
RIICBVWTHEDREDnZ2HTHILEMERDLILENTELTHA S,

AERADLEME, BFARRLLTIIS—HE, ATPELUMg 2+ DHFAE
FTRHRITHRMIT DI EITE ST, EARRILIG T S—FITEYBRIELTH
KI5, ARADLEYME. ERTRAREL LTHATRETHIN, BE
[CTIEC T, ZRMDOREABEFEEHELETHERALTL LWL, XEADILE
I, ATPELUMg2+EHIZHxF Y FELTIREET S EELTES, FT:
cFYMIE, ZOMOFEAEEOCEN Lo HICHRLZBREEDHDH &
1L TEDH, TBIT, FEADIEEME. ATPELUMg 2t & HIZKRFEBAD
LEMEEY G o HICHHE L-SAEEEBMERAF+ Y & LTRHBT
525 TED,

R IEMEARIE, KERTHID T, BAKEEREESMHAFEELTL
TH&W, ERE T TILAOEEE, BB L UOTRGENEFELT
WTH&W, ZEADILEMERARICIEAT 2568, FEERAAREES
H5=HICIF. 1 uMUEDRAEEEDRETHERASINSZENFERLL, =
EAFB UMLLETHERASNS, £ BARDpHIE, 4~10, FFEL
KIE6~8THAHACENBEESTNEHN, BIZRES AL, BEIIELT,
pHEXREILSESHDIT, VVBEAYIL, NIRIEE, J)208&T
HEPESKHLEDBEEBERZFERATHIIENTES,

F-. FRADILEWIE., REILEXLBRILS T 7—ERERLRICENT
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[0037]

[0038]

 BEROBILBRICE>DTHEASEDIZENTES, LV T75—FE, 1
FHAYHERZIL (Photinus pyralis) BEUHER (R
ailroad worm) GTEDELADEYILEEESNTEY., T b
DWThEERT S ELHTED, ERATREGRBRIEERICE, L2 EER
JAAYFRLINY Tz S5—E, AVAETREINLY TS5 —EELUVT
SEVERE/ AXITI—EREEED,
AFEADILEMERAEB LT IEMRLE, FARICTITUY A LA (
CoA) . EOVVEFLEIMgAAY (Mg2+) EETIHE. TORL
MEEEINSENILENT NS, LEzA->T, ThboZHRNAEFRILO T
T—ERARORENIERFNE LTRRTEHIIENTES, CNoDILEYD
HAIERMBIL, BRRIZEITHCoA, EOYUEEREIMg 2+DEEN
ZRENE UMBEICEWTHEETHY . BEEDEMICILI-A>THERSA
5 ENFBLNTLNS,
RAINEMBEAREZRE  BBICERT 5-O121F, BROKFERHLEL
TTI M—HREABHERT LI, BAERELSEDIIENEETHD
o TERIE, RAILEMEARICE T EHADRELIZIE. MgAFUDE
MTHd. BARICMgAFUNERT DL, UbEAN-T-EDRAZHHIF
SNBESITHEABBNEIRT S, HIZ. EQYDESLIUMg A4 Un%
RRICHETDHE, BRABFVKRECELRT S, ThDE, RARELRNSE
OLOTBEELEAY, BAEHICHLTRKBEOED ) VBELUMg 11>
AEBETIIBEDHENAEHT, BFIZIEENY, ThhEShTTS
—HRENEEEINE, Mg F VEHDIGE, RARDOM g FVREN
0. 5mMEULIZEVNT, BEAREILNENEETHY ., MgA/ T UDRE
DEMIZLEzA>THEREINE, T F—HRALHEERT 50T, 1=
ERETOuMRIE, IFFELCIE 100 MR EDEEDED Y VEET T R
COLEBFESIEDIIENTED, £z, EQYVEBEMgA AL EDEIE
(£, BELTHIDEELL, EOYUEBTITRIULIE, KEEMEND
DD, CNEFERATDIEICEY, FOYVEELUMg T EFNFHO
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[0039]

[0040]

[0041]

BEICHIETHIENTES, Thbld, BHBESIVIEOHRETREXR
[CHETEENTE D, ERATARELEMgIBICE, MBI IRV LEELY
BIES TR O LG EDBEBEBIE, BVICHRY I R0 LR EDBHKERE
FEL, EOYVEREICEK., TRUTLBLUVAVIDLGEDTILA)ERE
EDE, BRITIIT RV TLELVALDDLBEEDTILA) LEEREED
B, SR ELDEEED. Chold, KBERKRETRAERICEDTH &L,
Fl. BRICHTHEEEEEL T, ZARDp HIE, 2~101245&
[ZEHDZEMIFELLY,

AREADLLEME, EERERICHTLIEBE LTHEALTH L, LFEH
FiE. ARHEOLEYERIL L TERIEMEER L. COBERIEYMO S EY
NAEIREDORATELHEDEICK>TELD, BEIX, 1-&ZIEDMSO
FTt—TrFTH)VLEFERALTERBIESESZ EICE>THEITSHE
HIENTED, LFERAEDZE. RIILEVRARIIBETIHR ALY LE
BEOEAVEEI LS,

AREADLEMET. EYMFHRERHEIIBTH5RLEZHE LTHAT S
CENTED, IR PE/B. RURTF R, 3RV EBEBLURE
REXEEBTEE-OIERTIENTED, FEFADELEVE L ODY
BITHEEIEI-ODOFRIE, YEFHICANMTHD, &2, KERBADIE
EME, LEBICANMOFEEFEALT. BEHOMEDOHILRFIIILEES &
U7/ EICHLTHESEDIIENTED,

F-. AFEADILEME, BRABREORKICL>THRARRILI T 5—
TEMZRET S EZFALEAE BREICRRATEIZIENTES, 1-&
ZIE, ARBADILEME. LEDESIBHEARRILS T 5 —FEDRIGIC
BLEFBETTRIEEE S, RNT, ZILEUNSDERERET S, =&
ZIE WO TS —CEBFEEALMEBRELEEMICHN L TEAFEHADIE
BMERETBHIEICKY., 1 VERICEBIT2EEMNEGTFE X210 E
DHEREGEFXAE BRETEENTED, FEADLEME. TAhETILE
HARKBERETRASIBEHIENTES, LEzA->T, BHOILEMEHER
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[0042]

[0043]

[0044]

THIELITEY, BHOBEMICLDIRAEERBTFIAE MBEHTHIEMNTE
%, Tz, BEPEEETHIFIEABTRIEEZET 5120, HEEEELS
Lo LIz T, AFEADILEMDS B, REREDHRAXEEHT HILEMII.
ERNESIZHRDO-OIZERATH S,

AFEADLEMIZEY . EREDESIZ445 nmDERERLBERKEFT
FRIL565 nmDEKRB, 512680 nmDFBREENERINS, =
No—EDEUKREERICELY, XOIFEBTHARGBDHEALZRZILILY
7)) VERAKRTERTES, £z, COmMRBIIHES450nm&YHiE
BRUBRL650nmEYLREREFREE. BMEORIILEYHEART
FELBEM->-RAKRREHTH S,

LFEDOELY ., FRADELEMICKHRNAE, XDIFEETHSRGBIC
5T d. XDIFEBEHEAEDLEDLICEY, HoWIEAEBLI &
MNTEBZIENAMTHD, LEA>T, SEBICHIET 2HELEREDILE
MEMAEDLEDIZEIZEY, BEROBIADRNER/DIIENTES, i
. BRBICHET ARAEERDILEDERAEEDERICE >TEALRRIL
DI T—EERERHEI AL EFIALEAE - RBEICFALRGE,
DHERELT, SREDZTNETNDERAOEEICLE L-BRADEALNELN
BTHH5, LE=A>T, BTon=HADEANS, SRBDZTLTNDOH
KDEBEZRFICHETHIENTEDLTHAS, Tz, T2 EEH
WT. MEDREZZALTAEL, RETEHELELETEDLTHA S,

RELILS Tz EYBERR 500 nmlAT) THRATIERE
BlE, BAAIDUSTDRBREXT /U (GFP) [ZIRILX—HBEH
ARETH D, COEIBIRLF—BEIZEY., BREDGFPALENE (1
520nm) ARfEhd, CORXEHEZFERALT, GFP/RAFRIL
VI S—HERMERA VNNV EIZEDBRET (Bioluminescen
ce Resonance Energy Transfer) BELR%F
BRTAHIIENTES, BRETERERERICELY, BADEZ U\ VEFRR
BB L VERFREDNA A A A =D TR S, 12EZXIE. GF
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PEREFLBRILCITIS—EHMBEIUNRNIVBEENREI N BETOwY VY
RIENLTVHRETREINDIGE, MEX VAV ENTOEY VST
2L, GFPOBRBHRANBHINDG, H(T, BMEX /Y ENTO
YU ERITAHE, RAEEOFRELNRESIAD, LIAH>T, %
FIRREICE DT, BEF VNNV EBEEZ IO YD VI T HBROREEICOW
TONA A A A=V TNAREILHE D, Flz, FVNRIEDRES S UR Y
NRIBEOBEIIKEBDONAF A A =D T H0EEIZE D, SBIT, 2D
BORARICHELGHEEOAMTOCRADNAF A A—=DICFIATEEELT
Eb, Tz, FUNVE RNV EROBEERFEZHRT 5-DICFIA
THZEMNTED,
SE Tt 451

[0045] LITOEEHICENT, RFEAZERMWICHAL TH SN, AFEHRE, =
NS DOFEBEIZRE SN BT TIEALY,

[0046] 1) HBAWMB L VRIEEE

p HAIE : ERMMKASHE p HEBRMKUN I VEFERALTAE LT,

Ffz, pHA—R2&ELT, ESHHE P H - ITONMETER F—23 %
FERALTAE L.

[0047] ®AEHEIE (m. p. ) : YamamotoftEmode IMP—2%H
LTAIE, BEEIRHWETH S,

[0048]  FHRABIRAARY bL (I R) : EGEMEREHFT-7307— ) T X
FHNDAAEFEFERAL T, FAlZ (KBr) | B&E (CHC | 3. CHy
OH) ICKYBIEZIToTz, AIEMEF. KB (ecm-) TEREL, 4H.
WA LRURIE, b r &RELT=,

[0049] "HERBKEEREXARY ML ('H NMR) : BRAEF#HELambda—
27 0BEE (270MHz) ZEALTAELZ, “"H NMR GHERE
B, RIEBRE) - ST IHILLTME KROH, ZEE REUHE
BEH) 7 ELBEELI=. TZALLVTHMME (6) T ESIAFILLSY (6
=0) ZREELELL, ppTHREL. BEENL. s (B . d (=
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[0050]

[0051]

[0052]

BiR) .t (ZEH) . g (BEH . m (BERHOIVITERICEL ST
DUFII) TRERL, BLEWSTFILIE, br&iElliz, REVEATES (
J) &, HzTRE LT,

CRHBAREBARY L (13C NMR) : BAEF#HE Lambda
—270HEKE (67. 8MHz) ZHEALTRAEL=, “'3C NMR (
AIERRES, AERE)  STIALVTME (BEE) 7 ERELI. &
SANLDTME (8) [F. TRIAFILYZY (6= 0) ZAMEELL
. PPMTREL, BEEME. s (B8 . d (ZEH) . t (ZER
)« a (HE#) THRRLI

BEARYI ML (MS)  BRAEFHHIMS -6 00 HEEENITE %
AW, EFEEE (ET1, 1FUEIRILF—:70 eV) ITKYBRIEL
e BABFHHEIMS—T100LCETOFEENHETAccuTOF
ZRAWL, ILY bOYRTL—AF24kiE (EST) ITKVBIEL, BH
 EEOREERBFEAR250C, VT4 X1EE80C, =—FILE
EF2000 V., YYHL2XEE10 V., F#UIT4R1EE85 V.
FTVI4R2FEES VELF, YUOTIUERIFA 2 Ta—2a VETHITY
CHE1Ou Il /minélt, “MS (RIER) m. 2z HBEH (HExiH
E) 7 LEEHLT:

LEREARE BASAHMAED I P—100 0BEREH#FEAL TAIE LT,
KRG, FRUDLZUT, LILEAGRASZXEZIL (P10Xx100mm
) EEALR, AEBERBETHY., T2 I OEBIEDFEHETH S,
FREFNDIKR, LIKIZTDOWT “D or L : [a] 228 AFE GEE
AERE) ” LREHELT.

2) YO TS T 4—

SWMAEBI OIS 74— (TLC) :E. Merck#&ENDTLC
TJL—+bt, YUASTILE0F,5, (Art. 5715) E&0. 25mm%{&
AL, TLCLOILEYMDKRHEFIUVES (254 nmHSLME365n
m) BLURBEIBLIZITNBALTRBIEEZLEITE>TITo 1z, &
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[0053]

[0054]

[0055]

[0056]

[0057]

BEIELTEp —7=RT7ILTER (9. 3m1) LEEE (3. 8m 1) %
IR/—J)L (340m 1) ITHEMAL, =ME (12. 5m 1) ZHMLED
DzEFERAL,

STHRAEEI OIS S74— (PTLC) : E. Merck#tE#HDTL
CTL—bt, YUNSTIL60F,54, (Art. 5744) EE0. 5mm#%H
WEM, HBHWNIE. Mer c kHEDOBEIOT NI ZT74—RYUNT
JJBOGF, 54 (Art. 77830) #20cmx20cm DHASRTL—
FEIC. BE1. 75mmIlHELE-L0EFERALTIT> T

DYUNATFNAS LY AR NI S T4—  E. Mer c kHE;DLYHTIIL
BO0F,s5, (Art. 7734) #FRALTIToT.

3) EAREME

REBHERDANE, AEEHEZLEP27—RICREERERL T2
o BB~4°CTIE, kK, 4~—90°CTlE, RARBR-TEL2EAESE
LTAW:, REZOHEAROEIZIE, BNREKICTRRER, BKRE
FRUDLEREEKREI IR VLEMASZ ETITo>1-, RIGEDF
MEBIETIT o3 DITDONTIE, FILH/ BAESHEB A 4 oK HslE7
YIN—Z4FIR120B NAFLIKEAFOTBBE7/N\—54 1
RA400 OH AG%fERALT-, BROBEREEI. TREL—2—D
BET (20~30mmHg) , A—2)—INKRL—F2—Z2FERALTT-
f-o RMEDBEDOBRER. BABRBTHAL- IV TE2EBSEE
ZRYT W 1mmHg) #FEALTITo>1z, BEDRESLIEETHRIELT
LTI,

4) BHE

EEBKE, TRNOTYvIRFERARHEGS — 2 0 0B ABKHERE
FEALTEBB LU A ORBUEBLI-HLOEFER LT,

MLID, A3/ =)L, TR/ =L, 4AVTANR/—)L, VAR (ZY
TRSERBIS U0 N, N=DAFIRILLTI R, 2—-T2/ V0,
ERIEENASHEDERAERARKEEF-IFRBEEEELF2 55—
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[0058]

[0059]

[0060]

—JR (4A) #FEALTEBESETHERALE,

NMRBIERABEE, UFICRTELEDEZDEFAN-, CDC1,: IS
OTEC Inc. &8 99. 7 ATOM%D, O. 03% TMS, C
D;OD: ISOTEC Inc. 8 99. 8 ATOM%D (~0. 7
ATOM%'3C) ., 0. 05% TMS,

EEGI1—1  TFILIXATILEDERK
[1k7]

CHO CO,Et
/@/\/ (carbethoxymethylene)trithenylphosphorane /O/\/\/ 2
'
\N Toluene \N

I reflux l

A—DAFILTFEI/VUFEYITFILTER (104mg, 0. 592
mmo |) ZFILIY (9m ) ITEBESHE, AR EFIAFLURNIT
IZINERRTAZY (621. 6mg, 1. 78mmo |) #M%Z4. 5
BEREMBLEFR LT, RIGEEMEBA LIz, K (50m 1) #mz. Bk
IFIL (3x50m ) THHL., AREELEKRET )V LTHREE,
BEEMELI-, BoNBREZL ATV ASLIATINI S T4— (2
ATI192g AXHU—EEETTFIL (3:2) } ITTHEL, TFILT
ATFIE (144mg, 99%) #HBEKELTE,

EHEFI 1 —2 : HILRFIILEDER
[1.8]

N _CO,Et N _COH
/@/\/\/ 1M NaOH /@/\/\/
SN i-PrOH Y

| rt. I

FEIFILIRTIE (235mg, 1. 08mmo |) Z4VY70OF
IWFIILA—IL (Tm 1) [THEBSE. 1 MKEIET T LKBR (4m |

4mmo | ) ZMAt-, ERTI AWK LI-E. 1 MIEEZFERAL TH
MLf-. ENITK (BO0Om 1) ZMA, BFEETFIL (83X 50m | ) THH
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L. B¥EFEKFKEST ) OLTERE, BEREIT AENILEXTIILE
(187. 1Tmg, 58%) NEBERKELTELNT-,
EHEH 1 —3  AFILTRATILIDER

[1£9]
H,N.__,COOH 4 M HCl in 1,4-Dioxane H,N_ _,COOMe
7: MeOH - Wi
STrt r.t. STrt

D—YATA2—S—FUFILILEYH (497mg, 1. 37mmo |
) BAR/—IL (60m 1) ITHMBEESHE, 4 NiEEKEFE 1, 4—-UFF%
HUBRK (4m 1) #MAt-, EET1 8AMER L%, B4 33
fE IRA400 OH AG ZHRHWTHML, BEZEIL. §5h
BRRERERB LIz, BEEZUATLASLPOINIZT740— {1
ATI4A4. Og ;  ANFHU—BEEETTFIL (2: 3) | ITTHEL, *FIL
IXTILT (421mg, 81%) #EFHEBHKELTHE-.

AFILZATIL
IR (neat) 3381, 3317, 1739, 1595cm-

1

TH NMR (27 O0MH z, CD;OD) :62. 46 (1H, dd

J=7. 1, 12. 4Hz), 2. 58 (1H, dd, J=5

8, 12. 4Hz) , 3. 11 (1H, dd, J=5. 8, 7
1TH=z) , 3. 65 (3H, s) , 7. 19—7. 32 (9H,
comp |l ex) , 7. 32—7. 42 (6H, comp | e x)

3C NMR (67. 8MH z, Cbh,OD) :837. 37 (t),

52. 62 (q) , 54. 42 (d) , 67. 86 (s) , 127.
87 (d), 128. 97 (d) , 130. 64 (d) , 145. 8
2 (s), 174. 98 (s)

[0061] ZEMEHI1—4 7= RKDER
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[0062]

[1£10]

0 COMe

N _-COH 1, EDC, DMAP NN N/k\
/O/\/\/ D > :
MF Trt
NN NN S

r.t

AFITATFILET (147mg, 0. 387mmo ) N, N—:
AFIHBILLT I RBER (4m 1) ITTILTUEEKT. HILRFIILE (
81. 4mg, O. 375mmo ) [ BE1—IF/IL—3— (3—TH
FILTE/TAEL) ALKRDAZERK (181mg, 0. 944mmo |
) L A—UAFALFTE/EYDY (1083mg, 0. 845mmo |) &
Mz, ZET1 8KMEIEH L. RIGEEMIZK (100m 1) ZWA, ¥
IFILT—TIL (3Xx100m ) THHL, AREZEKREST )L
THREE, BEEHBLz. BONEREEZL VAL ATLIAI LIS
11— (PUBTFLI12g  AFHU—FFBIFIL (3:2) } ITTHEL
72K (158mg, 73%) ZHEEMBKELTE-:.

EfEBI1—5 : FTI)ADERK
[{E11]

N\ o Ph,PO, szo CO,Me
~ \
N C02Me CH2C12
| HN~§

7KK (43. 3mg, 0. 0751mmo |) DTHYAOAZUE
& (5m 1) [TPILTVFEAKRT, FITTZILRRAT4 A FD R (44
9mg, 0. 161mmol) . FYTILAOARRILKIEEEKY
(171, 0. 101mmo |) ZMA, BRT8ONEH L. RIT
BAMIZK (50m 1) #mz, #O00KILL (50ml) . EFBETFIL
(2x50m ) THEL., BREZEKFET ) VL TERE., HER
LIz, BOoN-REFZ,IWEBI)OT LI Z74— [20cmXx20cm
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[0063]

[0064]

[0065]

X0. 5mm 38 AFHU-EETFIL (1:1) } ICTHEL, 7

TIVUER (17. 6mg, 74%) EHBERKELTER.
CAFILTI/ISIVDFTIY Y

"H NMR (270MHz, CDCI,)

3. 00 (6H, s) , 3. 54 (1H, dd, J=8. 9, 1
1TH=z) , 3. 57 (1H, dd, J=8. 9, 1T1Hz) , 5.
17 (1H, t, J=8. 9H=z) , 6. 54 (1H, d, J=
15Hz) , 6. 65—6. 80 (4H, comp |l ex) , 6. 9

4 (1H, dd, J=8. 9, 15Hz) 7. 36 (2H, d,
J=8. 9Hz) ,

EHEF1—6 : DTUOREAEEDOER

[{E12]

AN N C02Me CO,H
~\ Y \_/ j’
mm

| S 10 mM NH4HCO3 agq.
35°C

FFZIIK (12, 7Tmg, 0. 0402mmo |) &, T4/ —JL
(2m 1) &1 0mMMREEKZRTZ VEZILKAR (6m 1) OEAERBIC
BESE. TLIVEHAKT, PEOTIHBIRTS—tE%MAz, 36
CT25KEER L&, REREMEZERAL, TORBEREEMBL T,
UK (10. 2mg, quant. ) ZERBEKELTET-.
DAFILT I/ DI VRBIEE
"H NMR (270MHz, CD,0OD)

§2. 98 (6H, s), 3. 54 (1H, d, J=8. 9Hz)
3. 57 (1H, d, J=8. 9Hz), 5. 19 (1H, t
J=8. 9Hz), 6. 47 (1H, d, J=15Hz), 6

70—7. 06 (5H, comp |l ex) , 7. 38 (2H, d,

J=8. 9Hz) ,



WO 2009/096197 20 PCT/JP2009/000376

[0066] ZEMEHI2—1 : 7 FKDER
[1£13]

1, EDC, DMAP x N)ﬁ
N\ CO,H > H
~N DMF N STrt

r.t.
I I

AFITRTIET (184mg, 0. 485mmol) DN, N—=
AFILRILLT Z RBER (5m 1) IZFZILITVFHEEAT. p—PAFILT S
JHEEEE (92, 1Tmg, 0. 482mmol) | BEE1—IF)L—3—
(B3=UAFIF7E/TOEL) AILRDALEF (196mg, 1. 02
mmo | ), 4—JAFILTI/EYDY (124mg, 1. 02mmo
1) ZMZA. EETAREE#HLE, RISEEMIZK (100m 1) ZmMx
EFERETFIL (3Xx100m 1) THHL, BREZEKEEST F)VLT
RIR%E., BERMEL-. BON-EREEZLVATILAZLIAI NI ZT4
— (VBTN 181 g  AFHU—EFEETFIL (1 : 1) } ITTHHREL.
FEIEAE (214mg, 80%) ZHBHMKELTHE,

[0067] CAFILFSI/E/IVDTEFR
'"H NMR (270MHz, CDCI,)

§2. 99 (BH, s), 3. 71 (3H, s), 4. 78 (1H

dd, J=5. 1, 7. 8Hz), 6. 05 (1H, d, J=
7. 8Hz), 6. 15 (1H, d, J=15Hz), 6. 66 (
1H, d, J=8. 6Hz), 7. 16—7. 40 (19H, co
mp |l ex) , 7. 53 (1H, d, J=15Hz) .

[0068] ZEMEHI2—2 : FF7TVUIEDERK
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[0069]

[0070]

[1E14]

O  COMe

N N COzMe
/@/\*H& Ph;PO, Tf,0 . /@/\_</ j’
~n ST CH,Cl, N s
|

I.t. |

ZEIKK (118mg, 0. 214mmol) OPHOOFR VAR (
10m 1) ITZILIVEEKT., P ITIZUARRT A 0FFIF (124
mg, O. 446mmol) ., FUTZILAOARZRILKAVEREKY (3
6Oul, 2. 14mmol) ZMA. ERTA40NEHL, RTES
K (50m 1) ZmMA, /80KRILL (50m 1) | BFEETFIL (2 X
50m|) THHL., AREE£8KRET ) VLTHEREER, BREREL:
o BONF-EEBEZHZLIOAI NI ZT4— (LUATILE2g ; NXHY
—EFEETFIL (1 : 2) }ICTHEL, FFYUUEK (44, 2mg, 7
1%) ZEBEKE LTHE-.

DAFIWTFE/E/IODFTI) &K

TH NMR (270MH z, CDCy)

§3. 00 (6H, s) , 3. 56 (1H, dd, J=9. 2,
11Hz) , 3. 58 (1H, dd, J=9. 2, 11Hz) ,
3. 83 (3H, s) , 5. 18 (1H, t, J=9. 2Hz) ,
6. 67 (2H, d, J=9. 5Hz) , 6. 91 (1H, d,
J=16Hz), 7. 07 (1H, d, J=16Hz), 7. 3

8 (2H, d, J=9. 5Hz) ,
EWHFl2—3 : B/ I RRAEEEOER
[1£15]

N pCO:Me N #COH
/@/\_{ j’ Esterasc from porcine liver /©/\__</ j’
N S EtOH SN S

10 mM NH4HCO3 aq. I
35°C
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[0071]

[0072]

[0073]

FFIIJUER (16. 3mg, 0. 059 1mmol) &, TR/ —)L
(2m 1) E10mMMREEKZFTVEZDJLKEBHER (8m 1) DREEAEIC
AR, PILIOFEKT, PEO I IFEIRTS—EZEmMAT-, 36
CT1 oM LI-E. REREMEZERAL, TORBEREEMBL T,
LUK (15. 2mg, quant. ) ZEEERKELTE-,

T/ IUGRRELES

"H NMR (270MHz, CD,0OD)

§3. 02 (H, s), 3.57 (1H, dd, J=8. 6, 1
1Hz), 8. 72 (1H, dd, J=8. 6, 11Hz), 5.
03 (1H, t, J=8. 6Hz), 6. 73 (2H, d, =
8. 9Hz), 6. 87 (1H, d, J=16Hz), 7. 24 (
1H, d, J=16Hz), 7. 45 (2H, d, J=8. 9H

z) o
EBHEFIS : DAFILTZY UBRENXEEDERK
[1£16]

D-Cysteine hydrochloride monohydrate

CO,H
\ N

\N N 1 M NaOH aq. Y y:

/ EtOH / s

80°C

4—DAFITFTEIARJZR)IL (103mg, 0. 706mmo |
) . D=YRATAUIERIE—KYW (37 1mg, 2. 12mmo |) *
IR/ =)L (4m ) ITHEESHE, PILTVEEKT. 1 MKEIEF U
LKB® (5m 1) #MZ. 80°CTSHMEEKRE Lz, RIGESWMIC1MIE
B (5m ) ZMABMMEICLEER, BEREL-. Son-BEFZEREAEL.
ABKTHELTEBIK (50. 9mg, quant. ) Z2EEEMKEL
THE-,

DAFIILT D) UBIEEEE

TH NMR (270MHz, CDCly,)

§3. 01 (6H, s), 3. 50 (1H, dd, J=9. 2
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11Hz), 3. 61 (1H, dd, J=9. 2, 11Hz)

5. 00 (1H, t, J=9. 2Hz), 6. 71 (2H, dd,
J=2. 4, 7. 0Hz), 7. 71 (2H, dd, J=2. 4
7. OHz)

[0074] EMEHI4—1 : AFILDRGEE (7 /—ILIEK1 3DER)
[1617]

N Pyridinium chloride N
fost - Lo
MeO S 200 °C HO S

HERD2 - F/ -6 - A FFIURVYFFP7Y—IL (6561. 7Tmg. 3

43mmo |) [, EYP=ZH9 L A54K (30. 6g, 265mmo
1) #Mzx, PILIVEEAKTT20°CITMBAL, BIEEY D= LEFfE
SE3ONMIEHLI-. RIGEEMERSA L&, 1MIEE (80m 1) %
Mz, BFEETFIL (4X60m|) THHELE, AHEZEKRESI D
LTER%, BERMELI., BonBEEZLUATILAZLYIOT RIS
J4— {(PUATIL8S g vOOFKRIIL-A22/—)L (10: 1)} IZT
BRL, 7z /—JLK13 (448. 8mg., 74%) #HBEKELTE
fzo EEH (213, 4g, 1. 12mmo |) ZEWRLT,
[0075] ZJ=x/—Jik13
mp 155—170°C decomp.
IR (film) 3178, 2225c¢cm™"
'"H NMR (270MHz, CD;OD) :87. 17 (1H, dd,
J=2. 6, 8. 9H=z), 7. 40 (1H, d, J=2. 6H
z), 7. 99 (1H, d, J=8. 9Hz)
8C NMR (67. 8MHz, CD;OD) :§107. 00 (d)
114. 29 (s), 119. 61 (d), 126. 58 (d), 1
8383. 91 (s), 1839. 01 (s), 147. 29 (s), 16
0. 32 (s)
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MS (EI)m/ z 176 (M*-, 100) , 124 (5) ,
[0076] EMHI4—2 K2 TUY (1) DERK
[1£18]

D-Cysteine hydrochrolide monohydrate

N N N aCOOH
e —— o S
HO S H,0 / MeOH o S S

H

r.t.

Jx/—J)LKk13 (20. Omg, 0. 114mmol) . D-RTA
VIERE—KIN® (19. 7mg, O. 125mmo |) A8/ —)L: &
BK (2:1) (3. Om 1) ITBM@L, PITOFEAKT., kEHJIL
(17. Omg, 0. 123mmo |) ZMA, E&ET3I3 0ONMEIREHE L=,
RGEEMIZIMEREO. 2m | ZmMa, BEICLE®, BEERELE. &
phf-BEfRZEBAL, ZBKTHEELTHREILLLTZYY (1) (283,
5mg. 74%) ZERARBRELTH-.
[0077] &AL TZzzUY (1)

'"H NMR (270MHz, DMSO-—dg) :863. 66 (1H, d

d, J=8. 2, 11. 2Hz), 8. 67 (1H, dd, J=

9. 9, 11. 2Hz), 5. 40 (1H, dd, J=8. 2

9. 9Hz), 7. 06 (1H, dd, J=2. 6, 8. 9Hz)
7. 51 (1H, d, J=2. 6Hz), 7. 96 (1H, d
J=8. 9Hz) , 10. 24 (1H, br. s, OH)

38C NMR (67. 8MH z, DMSO—dg) :634. 5 (t),

78. 0 (d) , 106. 7 (d) 117. 0 (d) , 124. 8
(d) , 137. 1 (s) , 146. 1 (s) , 157. 8 (s)
159. 8 (s) , 164. 3 (s) , 171. 1 (s) ,

[0078] =Efefla—3 : LA 7DERK
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[0079]

[1£19]

D-Cysteine hydrochrolide monohydrate N-_4COOH
S

1 M NaOH aq. / EtOH
80°C

p-Y7/27x/—)L (229. 6mg., 1. 983mmo ), D-¥X
TA VERE—KI® (1. 73g. 9. 82mmo | ) 27IITUFEHK
T, BRLT2/—J)L (5. Om ) & 1MKE{EF I LKEBR (1
5. Om|) QEABRITEMESE., 80°CT 1 8SHEMEER Lz, RIE
BEEVERSR. BA A UXBMBEEERALTHRILE:, BIEZRIILES
Nr=B&ITK (80m 1) Mz, BFEETFIL (3 X 130m 1) THHL
f-o ARBEEKEES ) VLTRRER, BRERBEL. ELK (388.
2mg. 90%) #EBEMKL L THE.

K 7
mp 200—204°C decomp.

IR (film) 3066, 1652, 1583cm™'
TH NMR (270MHz, CD;OD) :63. 70 (1H, dd,

J=7. 9, 11. 5Hz) , 3. 76 (1H, dd, J=28.
9, 11. BHz) , 5. 23 (1H, dd, J=7. 9, 8.
9Hz) . 6. 85 (2H, d, J=8. 9H =z) , 7. 74 (2

H, d, J=8. 9H=z)

3C NMR (67. 8MH z, CDh,OD) :8§35. 95 (t) , 7
7. 97 (d) , 116. 53 (d) x2, 124. 48 (s) , 1
31. 80 (d) x2, 163. 00 (s) , 173. 94 (s)

174. 63 (s)
MS (EI1) m./ 2z 223 (M-, 44) 178 (100) , 1
37 (43), 119 (46)

Optical rotation:L: [a]l] 25 —1. 0600° (¢
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=1. 2000, CH,OH) . D: [al 2?22 +6. 6979° (c=0
7692, CH,OH) ,
[0080] EMEHISE—1 : TRATILE15DARK
[1£20]

)

HN \CCOOH 4 M HCl in 1,4-Dioxane H,N \CCOOMB

At

rt MeOH S

r.t.

S

D-YATA42-S-bFUFILELEH (932, 8mg, 2. 57mm
ol) ZAR/—JL (200m ) ITBMAREHE, 4 NiEbKkFR1, 4-2
AXHUBEK (10ml, 40mmol) #Malz, FET2BREEHRL
=%, BAAUKEBIEIRAL400 OH AGZEALTHMLI. #
JEZEAIL., Bont-BARERERELI-, BohEBEEZLYATILAS
LoOR IS 74— (VDT85 g AXHY -EFEETFIL (2 : 1
) = sOoOmiLh-A2/7—)L (10: 1)} IZTHEL, TRXATI/LET
5 (414. 6mg. 43%) #FHBMKME LTHT,

[0081] ITXTIIK15
IR (neat) 3381, 38315, 1739, 1595cm™ '
'"H NMR (270MHz, CDCl,) :682. 47 (1H, dd,

J=7. 7, 12. 4Hz) , 2. 60 (1H, dd, J=4.
8, 12. 4Hz) , 3. 20 (1H, br. dd, J=4. 8,
7. 7Hz) , 3. 65 (3H, s) , 7. 18—7. 31 (9H
comp |l ex) , 7. 40—7. 45 (6H, comp |l e x)
13C NMR (67. 8MH z, CDCly,) :636. 90 (t) 5
2. 16 (q), 583. 78 (d), 66. 83 (s), 126. 7

6 (d) x3, 127. 94 (d) x6, 129. 57 (d) X6
144. 51 (s) x3, 174. 18 (s)
MS (FAB) m./ 2z 378 (M+H-, 10) , 243 (100) ,
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[0082]

[0083]

EEFIS—2 . TEFILEK16DER
[1£21]

0O\ T oL O\
COOH CH,Cl, COOH

\j

p-EFOFIEERE (254, 2mg, 1. 55mmo |) ®¥4H 0N
ARUBR (20m 1) [2, EKEFEEZ (O. Em1, 5. 3mmo |) | 4
-UAFILTE/IEYDY (572 Omg, 4. 68mmo | ) #MAT-
o BRICTARMIER LR, REESYWICTMERE (40m 1) ZmMA.
o000 A% (1x50ml) | BFEETFIL (2xXx50m 1) THHLTL:
. ARBEBKREBI IRV LTIREER, RERBL-. Bonhf-%E%E
DOUATNAZLYIAR NI ZT74— (LU ATIN200g  AFHY - B
BBIFIIL (2:1) )} ICTHREL, 7FILHK16 (303. 4mg. 95
%) ZEERHMELELTHE

TEFILE16
mp 182—183%C

IR (film) 3050, 1743, 1680, 1630cm-’
TH NMR (270MHz, CDClgy) :62. 33 (3H, s),

6. 41 (1H, d, J=16. OHz), 7. 15 (2H, d

J=8. 7Hz), 7. 58 (2H, d, J=8. 7Hz)
7. 77 (1H, d, J=16. OHz)
TH NMR (270MHz, CD;OD) :62. 28 (3H, s),

6. 47 (1H, d, J=16. OH=z), 7. 14 (2H, d
J=8. 6H=z) , 7. 58—7. 64 (3H, comp |l e x)
13C NMR (67. 8MHz, CD,0OD) :620. 95 (q), 1
20. 99 (d), 123. 37 (d) x2, 130. 20 (d) x2

133. 86 (s) , 144. 18 (d), 153. 60 (s)
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[0084]

[0085]

170. 85 (s), 171. 23 (s)
MS (EI) m/ "z 206 (M*-, 14), 164 (100), 1
47 (20), 119 (12), 92 (14),
EfEHIS5—3 : T FK17TDEK
[{k22]

0
COOMe
Ao D 15, EDC, DMAP A HN
\ COOH j <

DMF
r.t \
Trt

IXTIKT15 (164. Omg, 0. 435mmo |) DN, N - A
FILRILLT 2 FE®R (80m 1) IZFZIITVERKT. ZEFILIK16 (
109. 4mg. 0. 53 1mmo |) [ EM1 -TF)L-3- (3-T4
FILFT 2/ TAEL) AILKRPAE R (252, 6mg, 1. 32mmo |
) A4 -DAFALTFTE/EYDY (166, 4mg, 1. 36mmo |) &
Mz, ZETARMBE# L. RIGEEWICK (100m 1) WA, T
FILT—TIL (3x180m ) THHL, BREZEKREST )L
THREE, BEEMBLZ. BONn-BREZL U ATLIOTI LT T T 14— |
DYATIN245g  AXHY -EFBETIFIL (2 1) } ITTHEL, 7=
FiEK17 (111, 4mg, 37%) ZEHEEBMKYME L TH,

7IRE17

IR (neat) 3282, 1763, 1743, 1662, 16
26 cm™!

TH NMR (27 OMH z, CDClg) :62. 32 (3 H, s)

2. 70 (1H, dd, J=4.8, 12. 4Hz), 2.7
8 (1H, dd, J=5. 4, 12. 4H=z), 3. 74 (3H
s), 4. 58 (1H, ddd, J=4. 8, 5. 4, 7.7
Hz), 6. 10 (1H, d, J=7. 7H=z), 6. 30 (1H

d, J=15. 7H=z) , 7. 12 (2H, d, J=8. 6H
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[0086]

z) , 7. 18—7. 31 (9H, comp |l ex) , 7. 37—7
41 (6H, comp |l ex) , 7. 52 (2H, d, J=
6Hz) , 7. 57 (1H, d, J=15. 7Hz)

8C NMR (67. 8MH z, CDClg) :621. 16 (q), 3
3. 94 (t) , 51. 20 (d) , 52. 74 (q) , 67. 00
(s), 120. 04 (d), 122. 09 (d) x2, 126. 9

4 (d) x3, 128. 04 (d) x86, 129. 00 (d) x2,

129. 49 (d) x86, 132. 38 (s), 140. 78 (d)
144. 27 (s) x3, 151. 77 (s), 165. 07 (s)
169. 25 (s), 170. 93 (s)

MS (FAB) m/z 566 (M+H™, 1), 243 (100)

Optical rotation :L: [a]l]'® —4. 3639° (
c=13. 946, CHCI,) . D: [a]l] ' 4+2. 1802° (c=
5. 3462, CHCl3),

EEFIS—4 : FFTIIAKT1 8DER

[1£23]
0
COOMe
COOM
CH,Cl, S
S\ r.t. AcO

Trt

FEKEK17 (44. 5mg,. 0. 078 7mmo |) OPHYOOAZY
BE (16m 1) [TFILTVFEEK[T, FJITIZIRR T4 oFFD R (
45. 6mg, 0. 164mmo |) , FUTILAOAR DR LR EEEK
W (50ul, 0. 297mmo |) ZMA, BERT457EE#HL-. R
FHEEMIZK (40m 1) M, y0AKRILL (1 Xx60m1) | BFEET
FIL (2x60m 1) THIEHL, ARELZEKREII ALV LTEERR
BERELE, RONRBEEZSIMERBIAT I TT74— [20cmX
20cmX0. 5mmX 48 ; AFYY -FBERIFIL (1: 1) |} [TTHE
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L. FZYIULIEK18 (19. Bmg. 82%) Z#EAREEKE LTE-,
[0087] FF7YVUJ2iK18

mp 118—121%C

IR (film) 1757, 1724cm™?

TH NMR (27 OMH z, CDClg) :6d2. 31 (3H, s) ,

3. 58 (1H, dd, J=9. 3, 11. 2H=z) , 3. 65
(1H, dd, J=9. 1, 11. 2H=z) , 3. 85 (3H,
s) . 5. 22 (1H, dd, J=9. 1, 9. 3H=z) , 7.
04 (1H, d, J=16. 1H=z) , 7. 12 (2H, d, J
=8. 6Hz) , 7. 13 (1H, d, J=16. 1H=z) , 7.

51 (2H, d, J=8. 6H=z) . '8C NMR (67. 8MH z,

CDClg) :621. 156 (q), 34. 64 (t), 52. 89 (
q) ., 77. 96 (d), 122 15 (d) x2, 122 42 (
d) . 128. 69 (d) x2, 132. 75 (s) , 141. 09
4 (d), 151. 66 (s), 169. 20 (s), 170. 01
(s), 171. 17 (s) . MS (EI) m/2z 305 (M*-, 4
4), 263 (88), 205 (100), 177 (69), 186
3 (15), 145 (87) . Optical rotation:L:

[a] 22 +9. 0924° (c=2. 9308, CHCl,) . D: [a
] 22—=10. 9198° (c=0. 4077, CHCIl3,) ,

[0088] =EMEHIS —5 : FBREUKAS DAERL
[{k24]

O/\—(N j’COOMe Esterase from porcine liver /©/\_<N j,COOH
/4 - 4
AcO S EtOH HO S

10 mM NH4HCO; aq.
35°C

FF7YJV)4EK18 (19. 6mg,. 0. 0642mmol) %, K TH/—
L (7Tm1) E1T0mMMERBKETZVEZDLKERE (28m 1) DREEEA
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RICEBSE, TILDVFEKT., LPEOT4HBHRIXTI—EEMA

f=o 35CT14KMIEHLI-E,. RGEEVZEREBAL, TOERERER

LT, A8 (18. Omg., quant. ) #&FEHERELTEE,
[0089]  #E{LlIA 8

mp 138—140C decomp.

IR (film) 3151, 1626, 1568cm-!

'"H NMR (270MHz, CD ;OD) :83. 52 (1H, dd,

J=8. 9, 10. 9Hz) , 3. 61 (1H, dd, J=28.
9, 10. 9Hz) , 5. 01 (1H, t, J=8. 9Hz) ,
6. 80 (2H, d, J=8. 9Hz) , 6. 91 (1H, d,
J=16. OH=z) , 7. 10 (1H, d, J=16. OH=z) ,

7. 42 (2H, d, J=8. 9H=z)

3C NMR (67. 8MHz, CD,OD) :636. 54 (t), 8
1. 19 (d), 116. 86 (d) x2, 119. 72 (d), 1
28. 00 (s), 130. 52 (d) x2, 143. 65 (d)
160. 70 (s), 171. 97 (s), 177. 53 (s)

MS (EI) m/z 248 (M+—H, 100), 204 (57)
177 (59), 163 (4), 145 (1)

Optical rotation:L: [a] 23 4+2. 2244° (c
=1. 2462, CH;OH) . D: [a] 28 —2. 36583° (c=0
4769, CHZ;OH) .
[0090] EMEHI6—1 : FEFILIEK1 9ODARK

[1£25]
Acy,O, DMAP N
\ > \
COOH CH,Cl, COOH
HO r.t. AcO

m-EFOX EER (1. 80g, 11. Ommo |) O OOAA
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[0091]

[0092]

VBR® (200m 1) 12, \|AKEFEE (4. OmI, 42mmo l) , 4 -2
AFILFRI/IEYDY (6. 70g, 54. 8mmo |) EMAf-, ERIC
TABREERLE, RIGEEMIZK (150m1) #mMx, /0044
> (1x100ml) | EFEETFIL (2x80m 1) THHEL:, BHEZ
BKFRET T ALV LTERE, BEREL, BohBEBEZI VAT
AZLoOR TS 74— (P UATIL200g ; AFYY -EFEIFIL (
2: 1) }ICTHREL, 7FEFILE19 (1. 28meg., 7 1%) #ERBKE
gm& LTH -,

TEFILET19

mp 140—142°C, IR (film) 3037, 1761, 16
87, 1631cm-!

"TH NMR (270MHz, CDCl;) :62. 830 (3H, s),

6. 44 (1H, br. d, J=15. 6Hz) , 7. 10—7. 3
5 (3H, comp |l ex) , 7. 71 (1H, br. d, J=1
5. 6Hz)

T NMR (270MHz, CD;OD) :82. 28 (3H, s),
6. 49 (1H, d, J=16. OHz), 7. 12 (1H, d
J=7. 4Hz), 7. 34—7. 46 (3H, compl ex)
7. 63 (1H, d, J=16. OH=z)
3C NMR (67. 8MHz, CD,0OD) :820. 91 (q) ,

21. 03 (d) , 122. 06 (d) , 124. 55 (d) , 12
126. 64 (d) , 130. 91 (d) , 137. 45 (s) , 1
44. 75 (s) , 152. 66 (s) , 170. 47 (br. s)

170. 99 (s)
MS (EI) m/z 206 (M*, 26), 164 (100), 1
47 (28), 119 (6), 91 (10),
EiEf6—2 : 7T FE20DEK
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[0093]

[1£26]
0
COOMe
\ 15, EDC, DMAP N HN‘S
COOH DMF
AcO r. t. AcO S\

Trt

IXTIKT5 (119. Omg, 0. 315mmo ) DN, N - A
FILRILLT 2 FER (60m 1) IZZIITVERKT. ZEFILIKT 9 (
133. Omg. 0. 645mmo |) . {EH1 -TFIL-8- (3-T4
FILTE/7OEL) ALARDAER (181, 2mg, 0. 945mmo
1) L 4-DAFILFTE/EYDY (197, 2mg, 1. 6 1mmo |)
EMAZ, ERT2HBEE®LEZ, RIGEEMITK (250m 1) WA, ¥
IFILI—TFTIL (4X200m ) THHL-, BAREZEKEERTI Y
VLTERE, REERMGLEZ, BoniBEEZ VIS LIOT NI ST 4
— {(LUATNL200g  AFHY -BEFEETIFIL (3:2) } | BIZHIE
BooOI rF574— {20cmx20cmx0. 5mmx 4 ; s007Rk
Wis - BFEETFIL (5 : 1) } ICTHEL, 72 FF20 (159. 3mg
. 89%) EAEBMKYE L TH-

732 KKk20
IR (neat) 3283, 1764, 1739, 1663, 16
24 cm1
'"H NMR (270MHz, CDCl,) :682. 831 (3H, s),

2. 70 (1H, dd, J=4. 8, 12. BHz), 2. 78 (
1H, dd, J=5. 4, 12. 5Hz), 3. 72 (3H, s
), 4. 75 (1H, ddd, J=4.8, 5. 4, 7. 9QHz=z
)., 6. 18 (1H, br. d, J=7. 9Hz), 6. 33 (1
H, d J=15. 6Hz), 7. 09 (1H, dt, J=2.
1, 7. 1Hz) , 7. 17—7. 41 (18H, comp |l e x)

7. 55 (1H, d, J=15. 6Hz)
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[0094]

[0095]

13C NMR (67. 8MHz, CDCl,) :621. 15 (q), 83
3. 88 (t), 51. 22 (d), 52. 72 (q), 66. 97
(s), 120. 61 (d), 121. 03 (d), 122. 94 (
d) . 125. 45 (d) , 126. 92 (d) x3, 128. 02
(d) x6, 129. 47 (d) x6, 129. 82 (d), 136
26 (s) , 140. 70 (d) , 144. 25 (s) x 3, 15
1. 01 (s), 164. 88 (s), 169. 31 (s), 170
88 (s)
MS (FAB) m/z 566 (M+H™, 1), 243 (100)
Optical rotation:L: [a]l 28 —3. 3299° (¢

=12. 254, CHCIl3) . D: [a]l 28 4+4. 1534° (c=7
9231, CHC I 3)
EEFHI6—3 : FFIYAE21DER

[1£27]
0
@_/—Ig ‘SCOOMe PhyPO, THO - N TCOOMe
> 4
CH,Cl /Ej\/ :
AcO S, it 2 AcO S
Trt

77X K&K20 (508. Tmg, 0. 898mmo |) OTYOOAZY
BR (10m 1) [T7LIVFEKTF, FUITIZIWRRAT 4 oF XD F (
758. Omg., 2. 72mmo |) , FUTILAOAR VR LR VEEEK
M (0. 70mi, 4. 16mmo |) ZMA, EERTOSAMEE®RLE. K
EEWITK (50) #MZ, 400K/LL (3Xx50m 1) THE LT,
BHELTEKRES b O LTERER, BERELE, Soh-RELZHSR
BEYIOT RS T574— {(20cmx20cmXx1. 75mmXx2#; A%
HU-BBIFIL (1:2) } ICTHEL, F7JU4EK21 (93. 6m
g. 36%) ZEGMKYME L THET .

FT7J) K2 1
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IR (neat) 1768, 17 43, 1633 cm!
TH NMR (27 OMH =z, CDClg) :62. 32 (3H, s) ,

3. 58 (1H, dd, J=9. 2, 11. 2Hz), 3. 65 (
1H, dd, J=9. 2, 11. 2Hz), 3. 82 (3H, s
)., 5. 22 (1H, t, J=9. 2H=z), 7. 06—7. 10
(3 H, comp |l ex) , 7. 21 (1H, m) , 7. 34—7

42 (2H, comp |l e x)

13C NMR (67. 8MHz, CDCl,) :621. 183 (q), 83
4. 65 (t), B52. 89 (q), 77. 99 (d), 120. 6
2 (d), 122. 85 (d) , 123. 23 (d) , 124, 91
(d), 129. 89 (d), 186. 60 (s), 141. 07 (
d), 151. 06 (s), 169. 27 (s), 169. 84 (s
), 171. 13 (s)

MS (EI) m/z 8305 (M*', 31), 246 (100), 2
04 (86)

Optical rotation:L: [a]l 2% +6. 2401° (c
=0. 6923, CHCl,) . D: [a] '® —5. 5608° (c=1
1538, CHC I3) ,
[0096] SEMEfI6 —4 : FBLEUAODERK
[1£28]

NTCOOMe Esterase from pocine liver N COOH
I:l — EtOH [:1 rwtr
\cO Z HO 7 N\g

S 10 mM NH4HCOQ; aq.
35°C

FF7J)K21 (38. 8mg, 0. 127mmo |l) &, TR/ —)L
(4m 1) E10OMMREBKZRTUVEZDLKEBR (16m 1) DEREHE
[CARESE, PILIVEEKT, LEOJIFEBERIRTS—EEMAT:
o 35 CT20HMiEMH L%, RIGEAWEERAL. TORERETRERE
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LT, K9 (34. 6mg. quant. ) EBERELTE-,
[0097] LUK

mp 163—165C decomp.

IR 3180, 1583, 1628cm™°*

TH NMR (27 O0MH z, CD;OD) :63. 54 (1H, dd,

J=8. 9, 10. 9Hz), 8. 63 (1H, dd, J=9.
2, 10. 9Hz), 5. 05 (1H, dd, J=8. 9, 9.
2Hz), 6. 79 (1H, ddd, J=1.0, 2.3, 7.
OH=z) , 6. 99—7. 23 (5H, comp |l e x)
8C NMR (67. 8MHz, CD;OD) :836. 53 (t), 8
1. 23 (d), 114. 66 (d) , 118. 12 (d) , 120

44 (d) 122. 89 (d) , 131. 02 (d), 137.
82 (s), 1483. 45 (d), 159. 13 (s), 171. 4
5(s), 177. 05 (s)

MS (EI) m/z 249 (M*-, 15), 204 (98), 14
5 (100) ,

[0098] =& 7
EMRILARY LD EIE
[0099] 1) AIELRE
=SREAEIOT I ZT714— (HPLC)
FoLYR-To/00—K(AHEDAgi lent 1100 se
riesHPLC ZERALR, EEORRE. TAVvHY—, 9+—48F
RoT, RZaFNAVT I8 — AT LAVIR—FAU R, BA4A—F
T LABHE, BARHSE, TS XT—Y3Y (PCRAVYIb,YIT) TH
o AWVEAZLEFTA IEETERKXSHECHIRALCEL OD
—RH (AE 0. 46cm, KX 15cm) THb,
[0100] p HEIE
YIS F — 2 3R A S REBRKFA 4 VEEEBRIEZERAL T
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[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]

[0108]

[0109]

[0110]

271

RAKTFERE

ATTOMKXEHE Luminescencer—PSN AB—220
O#%MEAL THIELT,

BIARY MIVAIE

AT TOMAESHHUMBREAHENLARY MILEBEAB—1850%FAL
THRIE Lz, BIELIEARY FILEETHREBRDOHEZHELIZANRY ML
THb

2) HME

BHKIE, MILLIPORE&MI I I i—RX12ahbiEKLESD
DEFEALE

AR/ =L, t —TE/—LE, ERIEERASHEOHRBEZERL
T=o

W7z 5—H (XKERFIILPhot inus pyralisHE)
. Sigmatt@llFz-lEProme g attEDBEHRAEFFAHLT-,

ATP—Mglt, SigmattEDILNDEHEALT.

) UBERREIRIE. MAMEIRRASHEAD) VBBKRZA Y DL - 12
KFNHM (F#k) & U VBETKERH VUL - 2K (FER) FEBHIKISES
L. pHZERAE L TR,

AVDLt - TEFRDFE, RRIEBRIERASHHOLDEERALT-,

ZBK, TEFZFULE, BRIEERASHEOTERAKIOT LT S
T4 —RBEEERALR,

U ZILA OFFERIG, FEMETERATHEDLD (Bl Z#ERALE

3) HKH

EERR
EEZ#EFXATHELERLz, BELLT, £EMEAXDAEDIZEIL
) UBEE®R (50mM, pH 6. 0) %, LERLATOERTt —
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[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

T2/ —ILEFERAL,

BERAK

Wox5—EE 1 ug uIZBHE5CTr i s—HC | #£E& (5
OmM, pHB8. 0) THERLIMZIFICLIz, ThERXA MY IBREL,
DEEZTOWMEFRL AW, GH. A by VBREI-80COAEE
[TRFLT=.

ATP -Mgia®k

ATP—MgZEMAKTHERLT-,

EMRILARY bIL

200 LRYRFLYFa—TAT, YVBHIILEER (0. 5M

pH 8. 0, 20u!l) #EHB®K (2. 5mM,  20pu 1) .
BRB®K (200 1) . ROWTATP—MgiE®& (10mM,  40u 1)
ZRELTHERERARY FLBIEZET o1z, BRBBEDEEE., 17 uMDE
DEFERAL, =1L, RRILLDTZYY (1) [F, 1. 7uM, 72z/
—ILBLLTzYUEF 170 uMOBEREZTNENERAL, £, #h
ARY FIVAIEDZAREREIE, 6 0 &L, =1ZL, REILLS T
(X, 5MTITo7t=

RERER

FRERKYERFEHADKRZILILL DY VBEUEITI, 1T 1HLUVIV
. 445nm, 565nmBELUE80nmDEXEELELDIEBETHSC
ENBLMNEG ST (1 EZSBEINLN) o —A. 72U UBETELGL,
7/ —IBORZILILL T ) VEUEICEL TIE, SR IEHLELE
Motz, Efz, BEK7ELUVELASIE, ZNEFN415nmES520n
MmDERERICELFTERH - (H2ZBBINLY)

—AH. DAFLTZ) VBRI M e —DELAKRE LUV T EFILTHELUAET
(. FEESGE Moz, LIz > T, EVRADELERETHIENTER
Mmot=,

B
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[0117]

[0118]

[0119]

ERXITI, I TIHLVIVOLEEYE, R1ITRLEEIIC, ENE
NER. ERESLUFBIIHE LTS, LIzA>T, XEHADKRZILIL
DO VEUMREERTAILICEY . XDOIRBTHEIRGBITHIET
BENE/BDIENTED, £f-. 450 nmEYLEEROEREG650
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