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AbbreviationS

AcOH, aceticacid

ALA, 5-aI血 olevulinicacid

AIR, attenuatedtotalreflection

BOPP, boronatedprotoporphyrin

BSA, bovineserumalbumin

COSY, corrdatedspectroscopy

CH2Cl2･ dichloromethane

CHCl3･ Chloroform

CLSM, confocallaserscannlngmicroscope

DMSO, dimethylsulfoxide

DMEM, Dulbecco'smodifiedEagle'smedium

DPBF, 1,3-diphenylisobenzofuran

ESIITOFmass, electron-spraylDniヱationtimel0f-flightmass

Et20, diethylethe-r

FAtlmass, fastatombombardmentmass

FCS, fetalcalfserum

FoscarLTM, meta-tetral1ydroxyphenylchlorin

302･ grOundstatemolecuhroxygen

HBr, hydrobromicacid

Hユ0, water

HCl, hydrochloricacid

HOMO, highestoccupiedmolecularorbital

Hp, hematoporphyrin

HpD, hematoporphyrinderivalives

HPLC, high-pelformanceliquidchromatography

HRMS, highresolutionmassspectrometry

IRspectra, infra-redabsorptionspectra

ISC, inlersystemcrosslng

LD50, thelethaldoseto50%ofthepopulation



LogP, partitioncoefficient

Lutrin◎, ,Antrin⑳,motexafinlutetium

MeOH, methanoI

NaOH, sodium hydroxide

Na2SO4･ SOdium sulfate

NaOMe, sodiummethDXide

NaliCO3･ SOdiumhydrogerLCarbonate

NMR, nuclearmagneticresonance

NPeG, mono-L-aSpa吋lchlorine6

PBS, pbosphatebu飴redsaline

Pc, phthaTocyanines

PDT photodynamicmerapy

PhotochloP, hexyletherofpyropheophoribided

Photosens, chloro-aluminumsulfonatedphthalocyanine

PpIX, protopolphydn

PurlytinTTvT, tinethyletiopt]rpurin

1o2･ Slnglctoxygen

QOL qualityoflife

RPITLC, reversedphasethinlayerchromatography

m-THPC, 5,10,15,20ltetr鴫is(3-hydroxyphenyl)chlorin

m-THPP, 5,10,i5,20-tetrakis(3-hydroxyphenyI)porphyrin

THF, tetrahydronA)ran

TPPS. tetraphenylporphyrintetrasulfonicacid

TPPS4, tetrasodilJmtetraPhenylpoIPhinesulfonate

TPPs, tetrapheymylporphyrins

TPCs, tetrapheynylchlorins

VisudyneTM, benzoporphyrinderivative-monoacidringA

Xcytrin◎, mDteXaringadolinium

Zn(OAc)2･2H20, zincacetatedihydoratE

BF,･OEt2･ borontrifluoridedimetylethercomplex
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Chapter1
PhotodynamicTherapy
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Ill.CancertreatmelltS

Medicalscienceisprogressingbyleapsandbounds,howeveroneinthreeissaidtobcdeathby

cancerinmortalityrate.Wh ileearlycancerdiagnosticteclmologyorsurgicaltreatmenthasbeenprogressed

inrecentyears,theeffectivetreatmentforcancerhasbeennotfoundyet[1-6].Thecancertreatmentscan

beclassifiedintooperativetreatment,endoscopetreatment,radiotherapy,lasertreatment,thermotherapy,

chemotherapy,endocrinetherapyandim unotherapy(Table1-1)[6].Inaddition,thecombinedtreatment

isalsoperfomed.Chemotherapy,endocrinetherapyandimmunotherapyareappliedforthemedical

treatmentofmetastatictumor.Operativetreatment,endoscopetreatment,radiotherapy,lasertreatment

andthermotherapyareusedforthemedicaltreatmentforearlycancerl6LInphDtOdynamictherapy

(PDT),photosensitizersgeneratereactivesingletoxLygen(.02)whichareabletodamagetumorcells･

Becausephotosensitizerstendtoaccumulateintumortissl)eSratherthaninnormaltissues,PDTcan

potentiallydestroyunwantedtissueSe一ectivelyl1-4,7]･Photosensitizer,whichisadministratedtothe

patientusuallybyinjection,ishamlessandhasnoeFectoneitherhealthyorabnormaltissue･Wh en

light(oftenfromalaser)isdirectedontotissuecontainingphotosensitizers,howevEちthephotosensitizers

areactivatedandthetissueisrapidlydestroyed.ThenPDTcandestroytheabno-altissueselectively

bycarefulirradiationoflight.T丘istreatmentisexcelleEltalsofromthepointofqualityoflife(QOL).

Ill.I)lmtodynamictherapy(PDT)

1-2-1.HL-Storyl114,a-12]

PhototherapylSgenerallyconsideredtohaveonglnatedtoFinsenwhotreatedLupusvulgaris,aO

tubercularconditionoftheskinwithirradiationuslngaCarbonarclampequlPPedwithheat-filterin

1890'S.ThehistoryofPDTwasoldandRaabfoundoutthefatality-effecttoparameciumcandatum

ehTlenbeT･gbycombinationuseofacridinedyeand]jgTlth1900,TappelTlerandothersreportedeosin

dye,Sunlightandlamplighthavemadetumornecrosesin1903･PolicarddiscoveredtheaWlnityof

porphyrintocancercellsin1924.Hediscoveredthatthecancerofhumanandlaboratoryanimals

emittedfluoreSCenCebyirradiationwithWoodlight.Hepointedoutthattheendogenousporphyrin

producedbybacteriainfectionaccumulatedincancercellsandemitsredfltlOreSCenCe･Figgeetal･

reportedtheaffinityofhematoporphyrin(Hp)invariousmousecancercellsin19481HoweveEthe

canc即･diagrLOSisuslngtheseporpl1yrinderiyaLivesdidIlOtattractmuchattention･Theitechnologyof
JI

cndoscopediagnosisprogressedinthe1960'sIConsequently,peoplecametohavetheconcernabout
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Table1-l Cancertreatment

treatment tumors

l.bperativetreatment brain tumor, tonguecancer, pharyngealcancer, esophageal

cancer, stomachcancer, coloncancer, livercancer, biliary

tractcarcinoma, spleencancer, lungcaJICer, malignanttumor,

eosinophilicgranulomaofsofttissue, Skincancer, lymphoma,

breastcancer,cervicalcancer,cancerofuterinebody,ovarian

cancer, prostateglandcancer, thyroidglandcancer, endocrine

glandtumor

2.endoscoptreatment esophagealcancer,stomachcancer,bladdercarcinoma,adrenal

tumor

31radiotherapy braintumor,pharyngealL:anCer,nasalcavltyCancer,eSOPhageal

cancer,coloncancer,spleencancer,lungcancer,Skincancer,

HDdgkin disease. cervicalcancer, cancerofruterinebody,

testicular tumor, bladdercarcinoma, thyroid gland cancer,

tOngtleCancer

4.lasertleatment

5･the-otherapy

6Ichemotherapy

braintumor,oralpharyngealtumor,cervicalcancer(earlycancer)

bmintumor, oralpharyngealtumor, eosinophilicgranulomaof

softtissue,cervical-cancer(earlycancer)

braintumor, nasalcavllycancer, eSOPhagealcancer, spleen

cancer, lungcancer, malignanttumor, eosinophilicgranuloma

ofsofttissue,Skincancer, Hodgkin-disease, leukemia,breast

cancer,cervicalcancer,cancerofuterinebody,ovariancancer,

prostateglandcancer,testictllartumor,bladdercarcinoma,renal

cELnCer,thymidglandcancer,infantilecancer

7･endocrinetherapy breastcancer,cancerofuterinebody,prostateglandcaJICer

B･immunotherapy renalCancer,maligTlantmelanoma,lymphoma,leukemia
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fluorescencediagnosisofcancer.LipsonandBaldesreportedhematopoIPhyrinderivatives(HpD)which

werepreparedbythe･treatmentOfHpivilhltSO4inaceticacidatro_omteTnPeraturelnessHpDwere

amixtureCOntaininghydroxyethyl(vinyl)dellterOPOrPhyrinasamainingredient.Hydroxyethyl(vinyl)-

deuteroporphyrinshowedphotocytotoxicityhigherthanHpD.Lipsonetal.performedlocaldiagnosis

forhumanbronchllSCancerandesophaguscancerbyHpDin1961.Thisexperimentwasthefirst

applicationtothediagnosisandmedicaltreatmentofcancerbyHpD.Howeveちitwasnoteffectiveto

diagnoseearlycancer,becausefluorescencefromdyewashardlydistinguishfrompnvatefluorescence

andexcita(ionlight.In1966,Lipsonetal_firstlydemonstratedthemodem"photodynamictherapy"by

useofHpD,inwhichcancercellsweredestructedbyiITadiationwithlight.Doughertyetal.performed

PDTtreatmentusingXenonlampafteriJljec【ionofHpDin1975.Theyreportedthatonlycancercells

couldbedisappearedsclcctivclywithoutdestroyingnOrmalcellsITheclinicaltestuslngPOrPhyrin

derivativesandwhitelightwasextensivelystudiedbymanyresearchers･In1980'S,totallynewlight

source,i.e.,"lightamplificationbystimulatedemissionofradiation(Laser)"wasdeveloped.Alotof

studyonphotodynamictherapytlSingHpDandla与erhadbeenperformed･Ontheotherhand,novel

photosensitizerswerealsosynthesiZ:edtoimprovethePDTtreatment･Severalfirstgeneration

photosensitizersincludingrosebengal(Roysteretal･,1988;Huangetat･,1989;Correntetal一,1989)and

dihematoporphyrinether/est呂r(packeretal.,1984,Obanaeta1.,1996)weredeveloped.Howeverthey

wereinappropnaLefortheclinicalusebec刑lSeOfeitherprolongedcutaneousphotosensitivityresulting

fromslow-rateexcretionorlowpllOtOdynamicactivity.Recently,Sakataetal.synthesizedawater-

soltlblephotosensiti2:erATX-S10withalongerabsorptionwavelength,greaterabsorptioncoeFICient,

lowerskhphotosensitivity,strongerphotooxygenationactivitiesandalowervalueofLD50即akajimaet

al･,1992,1995)ascornparedtothefirstgenerationphotosenositize,sITheagentspossessingthese

advantagesareiClassifiedassecondgenerationphotosensitizers.Thesecondgenerationphotosensitizers

llnderclinicaltrialare5,10,15,20-tetraQ,-1lydroxyphenyl)porphyrin(berenballrnetalL,19B6),chloro-

aluminiumsulfonatedphthalocyanine(Milleretal.,1991;Pallikarisetal.,1993iKlimanetalJ994;

Tsilirnbarisetal.,1994),benzoporphyrinderivative(Schmidt-ErfurthetalJ995;MilleretalJ995;

Krameretal.,1996;Husainetal.,1996),tinethyletiDPurPmin(Baumaetal.,1996;Solimaneta1.,1997;

Peymanetal.,1997),monoIL-aSPartylchlorine6(Morietall,1997),5,10,15,201tetra(m-

hydroxyphenyl)chlorin(Bonneteta1.,1989.1995,and1999),5-aminolevulinicacid(Kennedyetal･,

1990,1992and1996),hejiyletherofpyropheophorbidell(Potteretal･,1999,Hendersonetal･,199/7,
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Pandyeta1.,1996),boronatedprotoporphyrin(Tibbittseta1.,1999,Kahleta1.,1990,Spizzirrieta1.,

1996),motcxafinllltCium(Youngcta1.,1996,Woodbumetal.,1998,Rocksonetalり1999,Grossweiner

etal･,1999)rNow,photosensitizerstohavehightumorselectivityhavebeendevelopedasthirdgeneration

photosensitizers,PhotofrinOisanonlyphotosensitizerapprovedinJapanin1994.Theresearchand

developmentoflaserequipment(lightsource)andphotosensitizer(drug)havebeenactivelymadein

eyerycountryin血6WOrld.

1-2-2･Mechanismsofphotodynamictherapyl1-3,9-16]

ThePDTtreatmentisc?Friedoutinthefollowingsteps(Scheme1-1).Atfirst,thesolutionof

photosensitizerslqeCtStOthediseasedpartofpatient.Thetumorcellsareallowedtoaccumulate

photosensitiZerS.InsomeCase,theconcentrationofphotosensitizersinthetumorcellsbecomehigher

thanthatinnormalce11Sin24-72hafterinjection,Thediseasedpartisirradiatedwithanappropnate

doseofvisiblelight(600-800nm).Inthetumorcells,theactivationofthephotosensitizersand

cellsoccurswithin12to18A.After2-3weeksnecrosisofthetumorcellstakesplace,

(i)administ柑tiQnOfphotose血 tkers (ii)photoirTadiation (ji主)lleCrOSisoftulTlOrS

ScllemeIll

112-3･PhotochemEIsEryofphoLodynarrlictherapyl113,9-16]

Inphotodynamictherapy(PDT),photosensitiz即.generatesreactivesingletoxygenCOB)whichare

abletodamagetumorCells.ThephotochemicalreactionthatgeneratesIOっfromgroundstateoxygenis

shownbytheJablonskidiagram(Figure1-1).Thephotosensilizerisirradiatedbylightoftheproper

wavelength(i･e･,600-800mm)toexcitedsingletstates(S.)(A),Thephotosensitizercanrelaxbackto
㌔

thegroundstatebyemittingafluorescentphoton(B)ortoexcitedtripletstatesbywayofintersystem

∫



Figure1-1Jablonskidiagramshowingthevariousmodesofexcitaitionandrelaxatiollinaphotosensitizer

(e･g.,porphyrinderivatives):(A)excitation;(B)fluorescence;(C)illterSyStemCrossing;(D)

phosphorescence;(E)non-radiativetransferofeneI苫ytO10,;(G)intemalconversiDn･

crossing(ISC)(SlうTl)(C)IFromtripletexcitedstates(Tl)thephotosensitizercanrelaxbacktothe
groundstatebyemi ttingaphosphorescentphoton(D)ortransferringene喝ytOan0thermoleculebyway

ofaradiationlesstransition(G).As oneoftheradiationlesstransition,inaddition,thephotoseIISitizer

canalsoloseenergytTIOugh thecoIIisionswithothermolecules(E)･InoxygenatedenvironmFntSthe

chromophorereadilytransfersitsenergytogroundstatemolecularoxygenCO2)toproducesingletojiygen

(102)whichcanreactswithoI苫anicsubstrates･Thetdpletstateofphotosensitizereasilyinteractwith30,

because302hasaunlque,tjpletgroundstateandlowllyingexcitedstatesIThetransitionbetweentriplet
toslngletstatesin30,requlreS92kcal･mol-1,whichcorrespondstoawavelengthof1274nm･Thus

relativelylowenergylSneededtoproduce102･Therearetwomechanismsbywhichthetripletstate

Type-Ipbotoreaetions

hv 02 021

･p-.一旦- 3pア マ p-i pS s+

Type-IIphotoreactions

仙 302 102
1｡_旦+ 3p,上之 . p

Figure112TypeIandTypellphotoreactions.photosensitizer(lP)isinasingletgroundstate;3P.isin

atripletexcitedstate;Sisasubstratemolecule,p-isreducedphotosensitizermolecule;S+isanoxidized

substratamolecule;oxygenmoleculePOB)istripletgroundstate,02~isthe･superoxideanion,p-isthe

oxidizedphotosensitizer,302istripletgroundstate02,102is02inaslngletexcitedstate･
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photosensitizercanreactwithbiomolecules;theseareknownastheTypeIandTypeIIreactions(Figure

1-2).IrlType Ireactions,theexcitedphotosensitizers(3F)canreactdirectlywithorganiccompounds

(S)byelectronexchangetoproducean oxidizedcompound(S+)andreducedphotosensitizer(p-)in

hypoxicenvirollmentS･Thereducedp-canreactwith02tOProducesuperoxideanions(02L)whichcan

thenfom thehighlyreactivehydrDXylradical(OH●).rrhe3p'Canalsoproducesuperoxideanions(02~)

whichcanthencreatehydroxylradical(OH')･Theseradicalsattacktumorcellsasdescribedbelow On

theotherhand,itiswell-knownthatTypeIIphotoreactionsdominateinPDTaction.Thisreaction

producestheelectronicallyexcitedandhighlyreactivestateOf.oxygenknownas102･Directinteraction

ofthe3p'withmolecular302resultsinthedeactivationofpholosensitizerandtheformationoflO2･The

photodynamiceWectdependsonthe102quantumyield(denotedas亀)ofphotosensitizers･If.02generates

onlyfromtripletstateofthephotosensitizers,亀mustbelessthantripletquantumyield(QIT),Oxygen

moleculesareVeryefficientquenchersfortripletstates,hence,QAValuesareOftennotfarfrom4IT･TheQA

valuesforsomeorganicandBottlepOrPhyrinoidsarelistedinTable1-2.PDTtreatmentusuallyrequ汀eS

Table1-2 )02quantumyields(中A)valuesofphoLosensiLiェers

i
l
o
.
-3

0
.
-5

0
.
-1

棚

は

脚

〇
一
-6

0
.
-5

m

は

〇
一
-2

o

groups photosensitizers solvent

G即leral acridine benzene

benzoJ)henone benzene

eosinY

8-methoxypsoralen

me血yleneblue

rosebengal

rosebengal

H20

三

言

Porphyrins poTPhyrins CCl4

hematoporphyrins McOH

TPP benzene

Zncomplex benzene

PhthalOcyanines(Pc) MgPccomplex C6H5N

sulphonatePcoト

C1AIcomplex HユO

Cucomplex H20

zncomplex H,Eo
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the亀valuesoverO･3･ThevalueslistedinTablel12aresatisfactoryforPDTtreatmentinalmost

compoundsquoted･ThealuminiumannLinephLhalOcyaninededvativeslistedhaveappreciableQAValues

(cat0･4),thecorrespondingcopper(ⅠⅠ)complexhasa4'AValueofzero･

I-2-5,Photosensilizersl114,9-10,12-18]

InPDTtreatment,PhotosensitiZlerSShouldmeetseveralcriteria:(1)chemicalpurity(2)tumor

selectivity(3)fastaccurnulationintalSettissuesandrapidclearance(4)activationatwavelengthswhich

reachesdeepercells(600-800nm)(5)high photocytotoxicityand(6)nodarktoxicity･Porphyrins,

purpu血S,benzoporphy血S,chlorinsandbacteriochlo血sarethemosttlSefulphotosensitizersforPI)T

treatments,althoughotherclassesofporphyrinDidessuchasphthalOcyanines,naphtalOcyanines,and

texaphyrinsarealsoused･Porphyrimskeletons(i,e.,porphyrins,purpurins,bcnzoporphyrins,chlorins

andbacteriochlorins)haveQ.bandofabsorptionmaximaintheredregionoftheelectronicabsorption

spectrumandgenerate102efficiently･Redabsorptionmaxima(600-800nm)allowactivatirlglightto

reachdeepertumorcells(Figure1-3).Porphyrinskeletonisgenerallyplanar-aromaticstructurecomposed

offわursym metricLallyarrangedpyrrolunitslinkedbymethinebridges･Ontheotherhand,texaphyrins

llaVethreepyrrohmitsandphthalocyaninesandnaphtalocyaninesare)inkedbya2:Onebridges,while

thesephotosensitizersarephnar-aromaticmoleculesandhavesimilarphotophysicalpropertiesas

porphyrinskeletoncompounds.Porphyrins,chlorinsaJldbacteriochlorinsareallfullyconjugated,but

chlorinshaveonepyrrolicdoublebondreduced(i.e.,dihydro-porphyrins)alldbacteriochlorinshavetwo

1

2

つJ

4

0

n
U

nU

(U

l

tl

tj

一･･上

90
trPt]Tu
LStld
JL #,G藍 hT

naphthalocyanine(-770nm)

/(:1630-n-:-ibc=ri3C-h1-onT nJ一一一

phthalocyanine

chlorin (-730nrn)
ト670nm)

+,ST''pDqhyrinQI(-630run)

500 600 7qn 800
人/mll

FigureI-3Photochelnicalpropetiesofphotosensitizersandtransmissionoflightintissues..ノ
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Porphyrin chlorin bacterioch]orim

Figurel14.Structureofporphyrinnng,chlorinnngandbacteriochlorinnng･

pyrrolicdoublebondsreduced(i.eりtetrahydro-porphyrins)(Figure1-4).Hence,porphyrins,chlorins,

andbacteriochloTinshave22-,20-,and18-melectronsjntheirpc･rphyrinskeletons,inwhichsimilarnng

currenteffectoccurs.Allporphyrinskeletongroups(i.e.,Porphyrin,chlorin,andbacteriochlorin)havea

strongabsorptionband(E-2x105M~1･cm~l)aboutat400nmcalledtheSoretband.HoweverSoretband

isnotusefulforPDTtreatmentsincebluelightcannotreachthedeepertumorcel1sIHpncetheqband

between600-800TlmiLqllSedforPl)Ttreatment,althollgh thebandhasrelativelyweakabsorpt10n.

P叩 hyrinsexhibitQlbandwithmaximumabsorptionwavelength(Amx)ofabout630nm,whilech王mins

andbacteriochlorinshaveqbandswithA ofabout650nmand710nm,respcctivcly.Chlorinsandmax

bacteriochlo血ShavestrongerQlbandthanthatoflmrPhyrinsIThedifferenceinQlhandofelectronic

absorptionspectracanbeexplainedbyunstablizationofhighestoccupiedmolecularorbital(HOMO〕

duetoreductionofpyrTOIeunitsinthePOrPhyrinskeletonl2].MostporphyrinoidESexhibitshighly

efficient102Producingability･Theporphyrinoideswhichisapprovedorunderclinicaltrialisbriefly

reviewedasfollows(Figure1-5):

(1)HemaLoporphylinderiyatives(HpD,Photofh㊥,PhoLosan㊨)

Theabsorpt10nmaximumwavelengthofPhotofrin@is630nminPBS.ThePDTtreatmentis

appliedviaintravenousinjectionof2mgn(gfollowedbyasubsequentirradiationwithlight(630±3nm)

atthelightdose(200-300J/cm2)in48AafterinjectionTheresidualphotosensitivityusuallylastsfor

30daysafterinjection.TilePhotosensitizerhasbeeninvestigatedfonlSeagainsteSOPhagealcanceraJld

endobronchealCancer.Thepmifiedoligohematoporphyrinderivative(PhotosanO)hasalsobeenusedfor

PDTtreatment.rrhisphotoseI)Si(izershowsaveryexcellentPDTeffecttoskincancer,

9



H2NJL c.BH HOヱC C02H

HO2c c02H
(1)HematoIX'TPhyrinⅨ (2)5-Aminolevuli'licacid(Leyulan砂) protoporphydnlX(PpIX)

SOヨH

(3)TctrasodlllmtetraPhenylporphineSulfonatE(TPPS4)

HO2G

1
(5)HcxylcthCrOfpyrophcophDlbid亡-a

(HPPH,Photochlor⑳)
(6)TineLhyle山)purpu血

(snm ,ptlElytinTM)

R1O2c c02Ra
tg)BenzopoIPhyrjnderivative-mor10addringA

cBPD-MA,yerteporfin,VisudyneTht)

(4)rlLビlEL-TBhahyd10XyPhenylcllloJin

(m-THPC,FoscaJlrIW,TeTnOpOrfiJl)

(7)nor)0-L-aSPaftylchlorine6

(NPe6)

(9)Chloro-aluminumsulfonatedphthalOcyaJline

(CASPc,PhotosEnS)

OH

(10)Texaphyringroups

(Lu-TEAMoLexafinluteliu]n.Antlill◎/LuLLiJIOpL'lJITM(M=Lu),al-dmotexaRJ一gadoli11iuJTl.Xcytrin◎(M=Gd))

Figurcl･5Theporphyrinoideswhichareapprovedorunderclinicaltrial.
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(2)51Aminolevulinicacid(Levulan@)

5-Aminolcvulinicacid(ALA)is~notphotoscnsitizcrs,isaprecursdrforendogenousprotoporphyrin

Ⅸ (PPIX)inbiosynthesis.SothatthePDTtreatmentusi'ngLevulan⑳iseonceptional1ydifferentfrom

theconventionaltreatment.Inthetreatment,thisproduct(i.e.,PpIX)ShowsanexcellenteWectasa

photosensitizer.ThePOTtreatmentisappliedviaintravenousinjectionof30mgnEg,whiletheoraldrug

is60mgn(ifollowedbyasubsequentirradiationwithWood'slight(635nm)ill24hafterinjection･The

photosensitizerhasbeeninvestlgatedforuseagairlStbladdercancerphotodiagTIOSis,acmeandhairremoval.

(3)Tetrasodiumtetraphenylporphinesulfonate(TPPS4)

Tetrasodiumtetraphenylpoq)hineslllfonate(TPPS4)isasyntheticpophyrinwithhighpotencyof

photosensitization.Eventhoughearlyreportsindicateditsneurotoxicity,glrtherstudyrevealedthatits

neurotoxicitycomesfom imperfectpmificationprocedures.ThePDTtreatmentisappliedviaintravenous

injectiollOf75LLg/mLofPBSfollowedbyasubsequentirradiationwithlight(630nm)in24hafter

Injection.However,thelowpotencyofphotosensitizerwerefound.

(4)meta-Tetrahydroxyphenylchlorin(m-THPC,FoscanTM,Temoporfin)

meta-Tetrallydrox.yphenylchlorin(FoscanTM)exertseFICaCiousPDTtreaLmenlwithverylowdrug

(aslittleas0,Imgkg~1)andlowlightdoses(aslowas10J･cm12),whichmeans100-foldmoreactivethan

PhotofdA歯.ThephotosensitizErhasbeeninvestlgatedfortlSeinesophageal,lung,1aryngeal,thoracic

andskincancers.PhaseIIIclinicaltrialsofFoscanTMhavebeguninEuropeandtheUSagainstheadand

neckcancers.TheabsorptionmaXinlumWaVeilengthofFoscanTMis652nminmixtureofwater,

polyethyleneglyco1400andethanol(5:3:2).Thetimebetweenintravenousinjectionandirradiationis

96hotlrS,FoscanTMhasshortclearancetiTTleOf20daysafter･injection.Thereasonsbehindthis

exceptionallyhighactivityarenotfullyunderstand.

(5)HexylOtherofpyropheophorbide-a(Ⅰ廿PH,PhotochloⅠ厨)

TheabsorptlOnmaximumwavelengthofPhDtOChloI曲is665nm･Thephotosensitizerhasbeen

investlgatedforuseinobstructiveesophagealtumors,earlystageesophagealcanceちSkincancer,and

locallyrecurringbreastcancerontheChestwallfollowlngmaSteCtOmy･Theuseofthephotosensitizers

canavoidthelong-lastingphotosensitivitysuchasPhoto丘ih@.Undertypicalcondition,thePDTtreatment
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isappliedviaintravenousinjectionof03mgn(gwithasubsequentirradiationwithmonochromaticlaser

light(660nm)atthelightdoseof2J/cm2.Theresidualphotosensitivityusuallylastsfor28daysafter

Injection.

(6)Tinethyletiopurpmin,(SnET2,PurlytinTM)

ThePDTtreatmentisappliedviaintravenousinjectionof0.8-1.6mg瓜gfollowedbyasubsequent

irradiationwithmonochromaticlaserlight(660nm)in24hafterirljection･TheresidualphotoserlSitivity

usuallylastsfor30daysa,fterinjection.Thephotosensitizerhasbeeninyestlgatedforapplicationin

manydifferentfieldsincludingoncology,dermatology,ophthalmologyandcardiology.

(7)mono-L-aSpa叫･lchlorine6(NPe6)

ThePDTtreatmentisappliedviaintravenouL"nJeCtiDnOfO･5-3･5mglkgfollowedbyasubseqtlent

iJTadLiationwithmonochrornaticlaserlight(664mm)in4hafterinjection･Thephotosensitizerhasbeen

investiga･tedforuseagainstadenocarcinomaofthebreast,basalcellcarcinomaandsquamollSCell

CarClnOma.

(8)B巳nZ:OPOrPhyrinderivative-monoacidringA(BPD-MA,yeZteporfin,VisudyneTM)

ThePDTtreatmentisappliedviaintravenousinjectionof0.2-0.5mgJkgfollowedbyasubsequent

irradiationwithmonDChromaticlaserlight(690nm)in30-150rnina洗erinjection･¶1ePhotosensitizer

hasbeeninvestlgatedforuseagainstage-relatedmaculardegeneration,Skincancel;PSmiasis,arterial

reslenosis,rheumatoidarthritisandautoimmunedisorders.

(9)Phthalocyaninegroups(Photosensetc)

Chloro-aluminumsulfonatedphthalocyanine(CASPc,Photosens)andsilicon-basedphthalocyanines

Pc4,Pc10,Pc12andPc18)areanewgroupofsyntheticphotosensitizerswhichoarestillunderinvestigation.

Thesesubstancesareactivatedabout700nmlightwhichpenetratesdeeperintotissuesthan630nm

lighLhadiatiolltimescantlSewithinseveralminllteS(inophthalmology)upto3h(inoncology).Inthe

caseofPhotosens,ThePDTtreatmelltisappliedviaintravenousinjectionofO･5-1.5mg/kgfollowedby

asubsequentirradiationwithrnonochromaticlaserlight(675nm)atthelightdoseof150-600J/cTTf.

ThephotosensitizerhasbeeninvestlgatedforuseagalnStSkincancez;breastcancerandoropharyngcal
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Cancer.

(10)TeXaPhyringroups(Lu-TenMotexafinlutelium,An trin⑳/LutrinOptrihTMandMotexafingadolinillm,

Ⅹcyt血◎) r

Texaphy血shasbeeninvestlgatedforuseagainstbreastcanceEThisphotosensitizerCanbeexcited

bylongerかavelengthlight(720-760nm)toirradiatedeepertumorcells.Motexafinlutetium(LutrirP,

AntrinO)andmotexafingadolinium(Xcytrin@)arestillunderclinicalresearch.Lutrin@hasabroadpeak

between720and760nm(centredat732nm)intheelectronicabsorptionspectrum.ThePDTtreatment

isappliedviaintravenousinjectionof0.6-7.2mglkgfollowedbyasubsequentirradiationin2-4h

afterhJeCtion.Itisexpectedthatthesephotosensitizerscanbeapplicabletoatheroschrosis,subcutaneous

metastasesofmalignantmelanoma,Kaposi'ssarcomaandepithelialskin甲nCer.

Today,SeveralnextgenerationphotosensitiZlerShavebeenactivelydevelopedtoenablethemto

accumulateintargetedtumortissueselectively.BOPP(boronatedprotoporphyrin),ATX-S10,chlorophyu

derivatives,porphycens,antracens,purpmins.hypericin,hypocrellinandbrominatedrhodaminesare

examinedonphaseIIIIclinicaltrialsofPDTtreatment.

1-2-6,GlycocoTU-ugatedpoTPhyrinderivativesl(1)-(38)]

EventhOtlghsecondgenerationphotosensiti7,erSexertshigtlPhotocylotoxicltyforPDTtreatment,

theymustbeimprovedthetumorselectivitytoavoidsideeffectsuchasphotosensitivitiy【2-4].Forthis

reason,thedevelopmentofthirdgenerationphotosEnSitizerswhichhavehigh accumulationintumor

tissueischallenglngfieldinPDTstudy.OneofthepromislngStrategleSisconjugationofmolecular

recognlt10nelenlentSSuCllaS.Sugarunit.HerlCe,theglycoconJugatedporphyrinderiVativeshavebeen

synthesizedasthirdgenerationphotosensitizersnotonlytoimprovewater-solubilitybutalsototake

advantageofthebiologicalactivityofthesugarunit.Synthesisofglycoconjugatedporphyrinderivatives

andevaluationofitsphotocytotoxicityhasbeenreportedsince1990(FigureI-6日(l)]･Most

glycoconjugatedporphyrinshaseitherstmctureoftetraphenylporphyrin【(1)-(4),(7)-(13),(15)-

(17),(19),(21),(23)-(28),(30)-(32),(34)]orprotoporphyrinIXl(5)-(6),(14),(20),(32),(35)].Asveryrare

exLanlPles,glycoconJugatedporphyrlnSWitllStructureOftetraphenylporphyrindinerhasbeenalso

synthesizedl(21),(25)].TheseglycoconJ-ugatedp叩 hyrinsarecムmbinedwithmostmonosaccahamides
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(e.g.,D-glucose,D-galactoseandD-glucosamine),disaccaraides(e.gリmaltoseandlactose)[(8),(10)-

(12),(14),(21),(23),(26)landoligos聖caraidegroupsl(30),(31)]･Inaddition,theglycoconjugated

porphyrinshavingnotonlysugarunitsbutalsoalkylchainwithvariouslengthhasbeensynthesizedto

giveitamphiphilicpropertiesl(2),(7),(ll),(12),(14),(15),(21),(23),(25),(26),(30)-(32)].

Glycoconjugatedchlorinsandbacteriochlo血shavebeenalsoreportedsince1997[(14)]･These

photosensitizeraregenerallysynthesizedbymeansofdiimidereductionl(18),(37),(38)】or1,3-dipolar
㌔

cycloaditionl(33)],Zhengetal･reportedtosynthesisofglycoconjugatedpurpu血imidesl(29)LAlthough

alotOfglycoconJugatedporphyrinderivativeshavebeensynthesized,thesugarunite鮎ctontheir

phamlaCeuticalnatureandphotocytotoxicityforPDTtreatmentisnotstudiedsystematicallyanditis

stillnotfullyunderstood.
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LIB.ObjectaTldoutlineofthethesis

Inthisstudy,glycoconjugatedtetrapheynylporphyrins(TPPs)andtctrapheynylchlorins(TPCs)were

synthesized,andthesugaruniteffectonpharrnaceuticalnatureandphotocytotoxicitybyHeLacells

wereinvestlgatedforthesephotosensitizers.Theoutlineofthethesisisasfollows:

Inchapter2,glycoconJugatedporphyrinsweresyElthesizedbyamodificatiollOfLindseymethodir)

thepresenceofZn(OAc)2･2H20asatemplate･Theresultingzincporphyrinsreadilyaffordthe

corresponding丘ee-basepoll-hyrinsinmoderateyieldupontreatmentwithHCl,eveninthecaseofmeta-

substitutedglycocon]ugatedpoIPhyrins.Theversatilityofthismethodforthesynthesisofpara-and

fneta-SubstittltedglycoconJugatedporphyrinswasexaminedwithD-glucose,J)-galactose,I)-Xyloseand

I>arabinose.AllofglycoconJugatedporphyrinshavebeencharacterizedbylHand13CNMR,electronic

absorptlOn,IR,ES1-TOPandFABmassspectra.

Tnchapter3,tllehydr叩hobicityparametersofglycoconjugatedporphyrinswereestimatedbyShake-

Flaskmethodandreversedphasehigh performanceliquidchromatography(RPIHPLC).Inaddition,

bindingequilibriumofsomeglycoconjugatedporphyrinstobovineserurnalbumin(BSA)werealso

studiedbyfluorometriCtitration.TheseglycocoqugatedporphyrinsweresubjectedtotesHhecellular

uptakebyHeLacellsandthephotocytotoxicityz'nvflro.Thesecelll】1arllPtakebehaviorandphotocytotoxity

werediscussedonthebasisofhydrophobicity,bindingpropertiestoBSAandphotochemicalstudyin

aqueousmediasuchascytoplasmforthesephotosensitizxBrs.

Inchapter4,glycoconJugatedchlorinsweresynthesizedbymeansoftheWhitlockmethodwith

dlimidereductionandpmifiedbyreversedphasethin1ayerchromatography(Rp-TLC)･Theversatility

ofthisITlethodforthesynthesisofpara-aJldmeta-substitutedglycoconJugatedchlorinswasexamined

withD-glucose,D-galactose,D-XyloseandD-arabinose.AllofglycoconJugatedchlorinshavebeen

characterizedbylHNMR,ElectronicabsorptlOn,IRandESI-TOPmassspectra.

Inchapter5,thehydrophobicityparametersofglycoconJugatedchlorinswereestimatedbyShake-

Flaskmethodandreversedphasehigh performanceliquidchromatography(Rp-HPLC).These

glycocon]ugatedchlo血 swereSubjectedtotestthecellularuptakebyHeLacellsandthephotocytotoxIClty

illVifro･Thesecellulafuptakebehaviorandphotocytotox-1CltyWerediscussedonthebasisof

hydrophobicity,andphotochemicalstudyincytoplasmandaqueousmediaforthesephotosensitizers.

Finally,Chapter6summarizedtheresultsofthesys【ematicstudyofglycoconJugatedporphyrins
し

andchlorinsforPDTphotosenSitizers･
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Chapter2
SynthesisofGlycoconjugatedPorphyrins
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2_1.Introduction

meso-tetraphenylporphyrin(TPP)issynthesizedbycondensationbetweenpyrroleandbenzaldehyde

u血gRothemund-Adlermethod[1-310rLindseymethod[1-3】.TheRothemund-Adlermethodusesa

relativelysmallvolumeofsolvents(propiomicacid)andshortreactiontime.Howeverthismethod

requiresllarShcondition(hightemperatureover150oC)andaffordsquitE:lowyield(lessthan20%).Ill

theLindseymethod,ontheotherhand,thereactionconditionisquitemildandyieldisrdativelyhigh

(over45%).Glycoconjugatedporphyrinshavebeensynthesizedgenerallyfromglycosylated

benzaldehydewithpyrrolebymeansoftheLindseymethod[4-9].TheLindseymethodauordsrelatively

lowyieldinthecondensatiorlDfm-substitutedglucosylatedbenzaldehydeandpyrrolel4,6],presumably

becauseofsterichindrimCeOfthesugarmoiety.Metalionsarefrequentlyusedasa"template"forhardly

constructedmoleculessuchasphthalocyanine【10].ThischapterdescribesaZnヱ+ion-templated

condensationtothesynthesisofglycoconJugatedporphyrins.Theresllltingzincporphyrinsreadily

affordthecorrespondingfree-baseporphyrinsinmoderateyieldupontreatmentwithHCl,eveninthe

caseof5,10,15,20-tetrakisl3-(2,3,4,6-tetra-0-acety1-β-｡-glucopyranosyloxy)phenyl]porphyrin.The

versatilityofthismethodforthesynthesisofpara-aJ)dme比 トSubstitutedglycoconJugatedporphyrins

wasexaminedwithD-glucose,D-galactose,D-XyloseandD-arabinose.Allofphotosensitizershavebeen

cha_racterizedbylHaJld13cNMR,electronicabsorption,IR,ESI-TOFaJldFABmassspectra.

2･2.ResultsandDiscussions

2-211.Synthesisofglycoconjugatedporphyrins

¶leglycoconjugatedbenzaldehydes4werepreparedaccordingtotheliterature(Scheme2-1)[7,ll】.

Theperacetylated1-bromoglycopyraLnOSides3aand3dwereprepared舟omsugarlaandld,respectively,

andacetylbromidewith56%and82%yields･Ontheotherhand,theperacetylated1-

bromoglycopyranosides3band3Cwerepreparedfromperacetylatedsugar2band2C,respectively,and

HBrwith83%and87%yields.TheglycoconJugatedbenzaldehydes4werepreparedfromp-orm-

hydroxybenzaldehydeandperacetylated1-bromoglycopyranosides3accordingtotheHalazysorKnorrs

methodsinca.50%yield.GlycoconJugatedporphyrins5weresynthesizedasshowninScheme212.

Thecondensationsof4withpymolewereconductedusingBF3･OEl之inthepresenceofZn(OAc)2･2H20l

A此eradditionofBF,･OEt2tOinitiatethecondensation,thereacLiol"1ixtureslowlybecamepalered,

indicatingchelationwithZn2'ion.Thissuppressedtheformationofpolymericby-products(a,g,,
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Glycopyranosyl(a)

HO OH
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Galactopyranosyltb)

XyZopyranosyl(C)
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::AA ･cBr
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Aロコl■-()･･lBr
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p-orm･hydre)xybcnzBtdehyde

qulnOllne.r.I.,15mIn

p-orm･rtydrE)xyben2aldehyde

TBAB.CトセCbl5%NaDH(aqI
r･1･.3days

f>DrrI7-hyd｢oxybenzardehyde

TaAB,CH2Cl2/5%NaOH(aql
r.t..15h∫s

p10rm-hydroxyben王aldBhyde
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pIOrI77･4C
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sqar節用ユA
p-orm-4a-d
(R=Ac) Ar

pIOrm-5a･d
(R≡Ac)

Jiii

Ar

F>Or〝ト6a-d
(R=H)

Ar

p10TrrL由J
(R=三日)

ReagentsandConditions:i)BFa･OEt2,Zn(OAc)2･H20,CHCra,r.t.,24h;thenchloraniI.reflux-1h･
ii14MHCl,CHCl3,ili)NaOMe.THF(orCHCI3-MeOH)

(Aオ ー-Porphyrin

Subst紬｣tionPosition

Typ̀∋sofGlycopyranosy】Groups
para-SUbstituted meta-Substftuted
(denotedasp-) (denotedasrrr)

a:ローg山cose
R=Aefor4-5andT
R=Hfor6and8

b:D-galactose
R=Actor4,5and7
R=HforGand8

C:D-Xylose
ReAcfor4.5and7
R=Hbr6and8

d:D-arablnose
R=Acfor4,5and7
R=HforGand8

Scheme212
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oligopyrroles)attheporphyrinogenformationstage.Theoxidationoftheporphyrinogenwithp-chlorarlil

gavezincporphyrins5in53-93%yield.neyieldofzincporphyrin5dependsontheamountofZinc

acetateused.Inordertosynthesizethezincporphyrin5,hence,thelargeexcessamountofzincacetate

wasusedtosllPPreSStheformationof丑･ee-basepoq)hyrjn.Thedetailedconditiononthesynthesisofthe

glycoconJugatedporphyrin5wasslightlydependsontheglycocoqugateJdbenzaldehydeused.The

amountofBF3･OEt2andp-chloranilwasdeterminedbyrepeatlngtrial･TheZn2+ionin5waseasily

removedbywashingwith4MHCltogivethefree-baseporphyrins7in36-86%yield(Table2-1)AFor

thesynthesisofporphyrins7,however,theexcessamountofzincacetateredtlCedtheoverallyield,

probablyduetothecarefulpurification.Porphyrins7wereeasilyobtainedbydemetalationwith4M

HCl.TheZn2+ioJItemplatestraLegyimprovedtheyieldabotlt3-foldinthecaseof5,10,15,20-tetrakisl3-

(2,3,4,6-tetra-0-acety1-β-D-glucopyranosyloxy)phenyl]porphyrinl4,6]usingmodifiedLindseymethod

insplteOftheadditionalstep.DePrOteCtionof5and7wascarriedoutuslngNaOMeinTTJForjna

mixtureofMeOHandCItC)之[4-9l,IEventually,16deacetylatedglycoconjugatedporphyrins6alld8

wereobtainedinmoderateyield.AllglycoconJugatedporphyrinswereconfm edbylHand13cNMR,

ESI-TOFandFABmass,IR,andelectronicabsorptionspectroscopy.Thepurityofallphotosensitizers

was>95%asevaluatedbyHPLCusinganoctadecylsilyl-supportedsilicagelcoluITln.

Tat)Leill SynthesisofglycoconJugatedtetraphenylporphyrins7

yield/%

BF310El2 BF3･OEt2/Zn2+

yield/%

BF,･OEt2 BF,･OE12/Zn2+

p17a 53.2q 64 p17c

mlTa 26.Oq 68 m-7e

p-7b 20b 62 plTd

m17h 57 m17A

64

86

36

37

打Kohataet.al.Bull,Chew.Soc,Jpn･1994,67,668-679･ boulmi et･allJl0rg･Chem･1995,

60,155411564,
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2-2-2_ElecITVniL.abJurPtL.OnJPeCITla0/glyc(ノL10njElguLedporphyrEns

n eabsorptionoflongerwavelengthlightisoneoftheimportantperformancesforPDTdrugsLThe

electronicabsorptionspectraofglycoconjugatedporphyrinswererecordedinDMSO(Figure2-1)IThe

maximumabsorptionwavelength(An拡)andmolarextinctioncoefficient(E)arelistedinTable2-2and2-

3.Thefree-baseporphyrins7alld8hareastrongSoretband(SometimescalledasaBband)atca･420

nmandfourweakQbandsatca･520nm(qv),550(Qm),600(Q｡),and650nm(Q.)withetioporphyrin-

1ikeshape [1,4,6,8,12-14】owingtotheD2hSym metry･Thezincporphyrins5aI)d6showtheelectronic

absorptionspectraoftypicalmetalloporphyrins,i.e.,astrongSoretbandatca･430nmandtwoweakQ

bandsatca･560nm(Q｡)and600nm(QI)OwingtotheD｡hSymmetryl12114】.BothSoretandQbands

ofmeEa-substitutedporphyrinsshiftedtowardshorterwavelength(i.e.,blueshift).thanthoseofpara-

substitutedporphyrins.And,bothSoretbandsofZlincporphyrinsshiftedlongerwavelength(i･e･,red

shift)thanoneoffree-basepoIPhyrins.ElectronicabsorptionspectrameasuredinDMSOdidnotdepend

onthestLgarunitattached･TheQ.band(630mm)ofporphyrirlderivativesisknDWntObeusefulforthe

PDTtreatmentbecauseofitsskincellpermeabilityll,4,14]･
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Figure2･1Electronicabsorptionspectraofp-Sa(solidline)andm-Sa(brokenline)(a),p-7a(solidline)

andml7a(brokenline)(b)inCDCも･
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Table2-2 Electronicabsorptionspectraldataof7andS

んax/nm(eXIOL4/M~1･cm-1)
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517(1.75) 552(1.03) 591(0.53) 648(0.56)

518(1.74) 555(1.17) 594(0.54) 647(0.67)

513(1.79) 547(0.59) 587(0.49) 643(0.37)

514(2.05) 548(0.96) 589(0.76) 644(0.54)

517(1.59) 553(0.97)

517(1.75) 553(1.18)

513(1.67) 548(0.68)

515(1.81) 548(0.68)

517(1.61) 555(0,87)

517(1.61) 555(0.88)

513(1.61) 553(0.39)

513(1,51) 553(0.38)

517(1.67) 555(0.93)

517(1.58) 555(0.85)

514(1,55) 550(0_57)

515(1.80) 550(0.71)

593(0.49) 648(0.52)

593(0.56) 649(0.65)

589(0.54〕 646(0.39)

589(0.55〕 645(0.43)

593(0.36) 648(0.43)

593(0.87)｣ 648(0.44)

589(0,40〕 6i3(0.29)

589(0.41) 643(0.30)

594(0.43) 648(0.50)

594(0,34) 648(0.41)

589(0.42) 646(0.27)

589(0.55) 645(0.41)
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Table2･3 Electronicabsorptionspectraldataoffand6

Atnax/nm(EX104/M-1･cm11)
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2-213.NMRspectraofglycoconjugatedporphyrEns

Figure2-2showstherepresentativelHNMRspectraofzinc(印5,10,15,20-tetrakis[4-(2,3,4,6-tetra-

O-acety1-β-D-arabinopyranosyloxy)phenyl]porphyrinb-Sd),zinc(II)5,10,15,20-tetrakisl4-(β-D-

arabinopyranosylojiy)pheElyl]porphyrinb -6d),5,10,15,20-Ietrakisl4-(2,3,4,6-tetra-0-acety1-β-D-

arabinopyranosyloxy)phenyl]Porphyrin(p-7d)and5,10,15,20-letrakisl4-(β一D-arabinopyranosyloxy)-

pllenyl]porphyrin由一Sd).Allphotosensitizerswerefullyassignedusing2DNMRtechnique(COSYand

HMQC).¶1epeakduetoP-Pyrroleprotonarefoundaround8-9Ppmforallglycoconjugatedporphyrins･

ThepeaksattributabletothephenylprotonsarerangedfromA_1to710ppm･Afterdemetalation,the

characteristicpeakattribtltabletotheinnerprotonappearsatca,-2･9ppmforfree-basecompoundp-7d

andp18J,Figllre2-3showsthe13cNMRspectraofpl5d,p16d,p-7dandpl8d.hthe13cNMRspectra

ofallporphyrins,thecharacteristicpeaksforporphyriIlnngWerefoundat150･47,132･06and120･46

ppmwhichcanbeassignedtoαPosition,β-pyrroleandmesopositions,respeCtively･hthecaseofm-5

andml7,HMQCspectraindicaledthatthepeaksowingtoacetylgroupsweredividedintotworegions,

i.e･,2･1-210ppmand1.5-1.3ppm(Figure2-4)【6LⅥlisisplausiblycausedbyatropisomericformsof

meta-substitutedporphyrins･AllglycoconJugatedporphyrinswerefairlycaracteriZedbylHand13C

NMRspectroscopy,

ゴア
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Figure2･21HNMRspectraofp-Sd(a)andp-7d(C)inCDCt,andp-6d(b)andp一名d(d)inDMSO-d6･
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Figure2-313cNMRspectraofp-Sd(a)andp-7d(C)inCDCl,andp-6J(b)andp-8d(d)inDMSO-d6･
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FiglJrC2･4HMQCspectruJnOfTTll5ainCDCも(a)anditsexpandedspecLruZn(b)
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2-2-4･ESI-TOFmassspectraofglycoconjugatedpoTPhyT-ins(peaandp-Sc)

Figure2-5showstheelectroll-SPrayiomizationtime-of･flight(ESI-TOP)massspectroscopyofp-8a

andp-3cinMeOH,InESI-TOPmass,porphyrinsaweredetectedaslM+Na]+speciesinthepositive

rnode･Theresultsobtainedbythismeasurementagreecloselywithcalculatedisotopepattem.

1350 1355

m/Z

1230 1235

m/Z

Figllre2-5ESLTOFmassspectraofp-Sa(a)andp-臥.lM+Na]'specieswerefound.
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2-2-5.IRspectraofgLyL･OLlUnjugaledpoTPhyrE'ns

TYleirlfra-redabsorptlOnSPeCtraOfglycoconJugatedporphyrinswererecordedtlSingArRinstrument

伊igure2-6).nLebandassignmentsandwa,vent]mbers(cmll)arelistedinTable2-4,2-5,2-6,2-7,2-8,2-

9,2-10and2-ll.Allporphyrinsshowabsorpt10ninthereglOnSfrom3000to2900cnTlduetoC-H

stretchinthephenylring(vc_H)andthepyrroleringβ-carbon(vc.TH)(Figure2-6)[14-16]･haddition,

thecharacteristicabsorptionfortetraphenylporphyrinwasfoundat66615cmrlduetoDutl0f-planeCIH

bendinginthephenylring(op8C.H)forallglycoconjugatedporphyrins[14-16ユ･Allpara-substituted

porphyrinsshowonepeakaround1600cmJlduetoC=Cstretch(vc=C)andC=Nstretch(vc=N)inthe

porphyrinring(Figure2-6a,bandd)[14116].Ontheotherhand,thetopofthispeakwassplittedinall

meta-substitutedporphyrins,(Figure2-6C).Thismayreflectthattheporphyrinringisdistortedinthe

meta-substitutedporphy血S.Inthecaseofacetyhtedphotosensitizers,allzincporphyrinsSarldal1free-

baseporphyrins7ShowabsorptionarPtmd1490cm~Land1470cmll,respectively･duetoasymmetricCIも

ben中1g(8as,CH,)intheacetylgroups(Figure2-6aandb)[14-16]･haddition,allzincporphyrinsSand

鮎e--baseporphyrins7showabsorptionarol]nd1750cm-land1370cm~lduetosymmetricCIもscissoring

(vc:O)andC-0-C托 Stretching(vc_0_cH3),respectively(Figure2-6a-cH14-16]･Afterdeprotection,the

absorptionbandattributabletOtheacetylgrmpdisappearedcompletely,andthenhugeabsorptiondueto

0-Hstretch(V｡H)ofalcoholgroupsemergesaround3380cI廿Iforalldeacetylatedporphyrins6and8

肝igllre2-6d)[14-16],
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FigtJre2-6rRspectraofp-Sa(a),p-Ta(b),〝ト7a(C)andp-Sa(d)･
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Tab)C2･4 IRspectraldataofplSo

assignmentb p-5a

vNtI 3800-3300

Va.C-H

2959.16

2934.09

vsE.H 2844.38

2279.17

vcd 1755.44

ve4 1604.97

vc-N 1523.95

1508.52

8時C.., 1491.16

Vc=C,Vc=N

85.cm 1368.66

1339.73

～ vc瓜C耶 1224.95

VcAC713

ip8cH 1068.69

1038.79

Rinfdeform･ 997･32

907.62

op8cl1(叫

■m ■■

3800-3300

2982_32

2932.16

2864.64

1751.58

1605.93

1523.g5

1507.55

1491.16

142g.43

1369.63

1339.73

1224.95

1179.61

1125.60

1077.37

997.32

954.88

916.30

853.60

810.20.

799.59

734.97

plSc

3800_3300

3036.33

2939.g7

2862.71

2338.97

1755.44

1605.93

1524.91

1507.55

1491.16

1430.39

1370.59

1339.73

1224.95

1178.65

1121.74

1071.59

1039.76

996.35

p-5d assl釘ImentC

3800-3300 vNrt

Vc.H

2923,48

2g50▲17

1747.72

1605.93 vc式,Vc訓

1524.91

1506.59

1493.09

1429.43 vc≠N,6ccN

1371･55 vc48C,IH

1339･73 8cp･H

1223.98

1169.00

10日7.98

1047･47 8C,-.1,VC4

996.35 vc_C,vc_C

798.63

TE(.ing)

905.69

876.75

853.60

810.20

798.63 798.63

734.97 735.93

700.25

666.49 666.49 666.49 666.49

598.97

425.36 425.36

406.07

413.78

425,36

OAIRmethod. bElllJ'iricalassignmentfrom Caugheyetal[16]. TYleabbreviationsareas

follows:ip,inplane;op,Outofplane;a,aSymlTletric;A,symmetric;p,pyrroleβ-carbon(Cp). 亡

AssignmentsaremadefrontnOrmalcoordinateanalysisof18Eubands[16J.

､
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Table2-5 1Rspectraldataof∽-5α

assignmentb

VNll

Va.C-H

Vs,C-fl

Vc=o

Vc=C

m-Sa m15b m-5c

3800-3300 3800-3300 3800-3300

2927.33 2926.37 2923.48

2呂48.24 2B48.24 2850,17

2364.05

1756.40 1751,58 1752.54

1600.15 1600.15 1605.93

1583.75

1502.73.

1431.36 1432.32

136g.66 1370JS9 1370.59

1338.76 1337,80

1223,98 1221,09 1223.98

TT卜5d assignmentc

3800-3300 vNH

292151 vcIH

2848.24

1747.72

I600.15 vc=DVc剖

8as,仁HS

Vc=C,Vc=N

85,cr,,

Ve_0-cH3

VcIO-CH3

ip8cH

Ringdefom.

op8C｡tAu)

7t:(血g)

1479.58

143232 vc=N,8ccN

1371･55 vc=C･8cp-冗

8cp-ll
1221.09

116032

1124.64

1041.69 1077.37 1071.59 1087.98

1041･69 1048･44 6C,-H,Vc式

1001.18 1(X】1.18

954,88

935.59 935.59

820.81 819.85

796.70 795.73

735.93

721.46

702.17

666.49 666.49

417.97

967.42 937,52

877.72

Vc_C,Vc七

7tCH

819.85 丁【CH

802.49 795.73

734.97

721,46

666.49 666.49

413.78

aAIRmethod. bEmpiricalassignmentfromCaugheyetall16]. Theabbreviationsareas

follows:ip,inplane;op,Outofplane;a,asymm etric;S,symmetric;p,pymoleβ-carbon(Cp). c

Assignmentsaremadefromnormalcoordinateanalysisof18Eubandsl16].
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Table2･6 IRsf肥Ctraldataofp-60

assimmentb D_Ga D_6b assIgnmentc

VoH

Vc-H

pl6c p-6d

3387.41 3382.59

2965_92

2924.07 2916.72

2359.23 2364.05

3363.30 3383.21

2924.44 2923.48

2g47.28

2363.09

2341.87

1604.97 1604.01 1604.97 160497

1522.99 1522.99

150735 1505.62 1504.66 1505.62

vC式,Vc=N 1406.28 1401.46 14nn.49 1400.49

1338.76 1339.73 1338.76

1227.84 1227.84 1226.88 1226.88

117g.65 1177.69 1177.69

1142.00

1072.55 1074.48

Ringdeform. 997.32 996.35

opScf.tA.1)

7Ttring)

iil

889.29

796.70 797.66

666.49 666.49

425.36 429.21

413.78

409.92

1071.59

1039.76 1047.47

998.28 998.28

949.09

913.41

895.08

870.97

796.70 795.73

772.58

718.57

666.49 666.49

425.36 421.50

413.78 413.78

Vc=CナVc=N

vc=N,5ccN

acp_i.

8cp-H,Vcd:
Vc_C,VC_亡

O丘TRmethod. bEmpiriCalassignmentfrom Caugheyetall16]. Theabbreviationsareas

follows:ip,inplm e;op,outofp)ane;a,asymmetric;S,symm etriC･,p,pyrroleFLcarbDn(Cp), C

AssignmentsaremadefromnormalcoordinateaTlalysisof18Eubands[16]･
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Tab)e2･7 IRspectraldataofm-60

assigTlrElentb tn-6a

voH 3380.66

va.C_H 2924.80

VもC_H 2846.31

m-6b

3398.02

2923.48

2846.31

2370.SO

1602.08

m-6d asslgnmenF

332P.86 V｡H

2912,87 vc_H

2364.05

2340.90

1598.22 vc=C,vc剖

1425.57 vc=N,8ccN

1349･37 6C,IH

1165_15

142.5.57

1349.37

1165.15

1073.52

1044.58 8epIH,Vcj:

VcやVc_C

922.09

7tCH

877.72 7tCH

797.66

666.49

428.25

409.92

m-6C

3365.23

2917.69

2844.38

2362.12

1600二15vc< 1599.18

Vc=N

aN_H 146g.97

vc-亡,Vc=N 1425.57

1353.23

1580.86

1477.65

1439.07 1422.67

1339.73 1336.83

1251.95

1181.54

Vc_o

ip呂cH 1071.59 1073.52

Ringdeform. 919.19

op8cH(Au)

795.73

7T(.ing)

666.49

421.50

413.78

1039.76

999.25

931.73

892.19

820.81

794.77 795.73

720.50

666.49 666.49

425.36 425.36

406,07 406.07

aAIRmethod,AEmpiricalassignmentfrom Caugheyetalr16l. Theabbreviationsareas

follows:ip,inplane;op,Outofplane;a,asymmetric;a,symm etric;p,pyrroleβ-carbon(Cp)･ C

Assignmentsaremadefromnormalcoordinateanalysisof18Eubands[16].
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Table218 IRspectraldataofp-70

assignmentb p-7a

vNH 3800-3300

V乱.C一H

z959.16

2866.57

Vs.C-rr

p-Tb p-7c p-7d assJgnmentC

3800-3300 380〔ト 3300 3800-3300 vNH

3037.29

2982.31 -2925.41 2923.48

2868.50 2850.17 2847.28

2706.46

2535.74

2522.23

2347.65 2350,55 2363.09 235I.5I

2119.06

vc=｡ 1755.44 1755.44 1755.44 1748.68

vc=C 1605.93 1606.90 1605.93

1580.60

8N_H 1507.55

8BLqCH, 1473.80

VcEC,Vc=N

8S.cl13 1368.66

1226.88

vc_o_cft3 1180.58

Vc_oICH3

1558.67

1506.59 1503.70

1472.83 1473.g0

1429.43

1370.59 1370.59

1225-91 1223.98

1179.61

1165.15

1125.69

ip8C1{ 1068.69 1078.34 1071.59

1039.76

Ringdeform･ 982･85

967.42

907.62

op8cH(Au)

847.82

803.45

7C(,hg) 735193

666.49

425.36

409.92

1041.69

993.46 992.50

982.85

967.42 967.42

916.30

899.90 877.72

847.82

804.41 801.52

735.93 734.97

666.49 666.49

621.15 421.50

413.78

Vc｣1

1605.93 ve式,Vc=N

1505.62

1473.80

vc=N,8ccN

I371･55 vc=C,8C｡_f-

1225･91 8ep-ll

1169.00

1088.95

1048･44 8epIH,Vc<

1025.29

993.46 vc_C,vc_C

966.45

873.86 7tCH

7CCH

803.45

736.90

666.49

aAR method.iEmpiriCalassignmentfromCaugheyetal【16]. TTleabbreviationsareas

follows:ip,inplane;op,Outofplane;a,asymmetric;S,symmetric;p,pyrroleβ一Carbon(Cp). 亡

Assignmentsarcmadefromnomalcoordinateanalysisof18E｡bands[16】.

48



Table2-9 TRspectraldataofm-r

_assignmentb m17a m17b

vNH 3800-3(氾 3800-3300

va.e_rI 2947･59 2937I94

2852.10 2860.78

vsJ:_H 2360･19 2360･19

2339.94

vc幻 1758.33 1751J58

vc=C 1599.18 1599.18

8N_〟

8眠印3 1473,80 1472.83

vc式,Vc=dI 1431.36 1431.36

as.cH3 1368.66 1369▲63

vc_UーCH3 1227.84 1220.12

vc_O_cH3 116032

1125.60

ip8cH 1076.41

1041.69

Ringdeform. 978,03

954,84

920.16 923.05

op呂cEI(叫

802.49 815.99

m17C

3800-3300

2924.44

2850.17

2346.69

1756.40

1601.ll

1577.96

1523.95

1479.58

1432.32

1371.55

133g.76

1224.24

ml7d asslgllmentC

3800-3300 vNl1

2921.55川 vc_H

2852;10

2359.23

1748.68

1600.15 vC式,Vc甜

1468.01

1432.32 vc=N,8ccN

I371･55 vc=C,8cp-I.

Bcp-H
l220.12

1221.09

1185.40

1071.59 1088.95

1042.65

1002.14

935,59

877.72

821.78

i049I40 6C,-H,Vc=c

Vc-C,Vc-C＼

TCCH

B01.51 TECH

1C(nng) 734.97 735.93

701.21

666.49 666A9

445▲61

411.85

796.70

734.97

721.46 734.97

7〔沿.25 666.49

666.49

413.78

aAIRmethod.bEIT)Piricalassignmentfrom Caugheyetal【16]. Theabbreviationsareas

follows:ip,inplane;Op,OutOfplane;a,asym metric;S,symmetric;p,pyrrolep-carbon(Cp). C

AssigllmentSaremadefromnormalcoordinateanalysisof18E.bandsl16].
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Table2･10 IRspectraldataofp-8q

assi卯menビ p瑠a p18b

V｡H 3379.70 3378.73

Va,C-冗

vs.C_H 2889･72 2882.0〔)

2360.19 2363.09

vcd 1604.97 1604.0l

aN_H 1502.73 1502.73

8N_H 1473.80

VCJ:,Vc甜 1400.49 1401.46

p-Sc pjd asslgnmentC

3382.59 3382.59 V｡H

2968,81 vc_ll

2モi96.47 2915.76

2360,19 12351.51

1604.97 1604.97 vc-C,vc;N

1503.70 1505.62

1472.63 1471.87

1407.24 140仇49 V亡輔,8ccN

1398.56

1350･34 134息41 8cpIH

1227.84 1226.88

1177.69 1177.69.

1101.49 1070.62

i037月3 6cp-H,VC式

992.50 1011.79 vc_C,vc_C

966.45 966.45

949.09

896.04 丁【CH

846.85 870.00 7CCH

796.70 795.73

730.15 771.62

729.18

666.49 666,49

425.36 425｣36

413.78

409.92

1230.73 1229.77

1178.65

ip8cH 1073.52 1073.52

Ringdefom1

967.42 967.42

op8cH(Au)

796.70 795.73

7T(,ing)

666.49 666.49

429.21 429,21

413.78

403.17

aAn method, AEmpiricalassigTLment丘omCaugheyetal[16]. Theabbreviationsareas

follows:ip,inplane;op.Outofplane;a,asymmetric;S,symmetric;p,pyrrolep-carbon(Cp)･ c

AssignlnentSaremadefromnormalcoordinateanalysisof18Eubandsl16].
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Table2111 1Rspectraldataofm-SQ

assignmentb mja mjh

v｡[1 3374.87 3382.59

V孔C_H 2975･56

2923.48

m謁c m-Sd asslgnmentr

3377.77 3383,55 voH

2914.8CI vc.ll

2915.76

vs.C-H 2878･14 2846･3I

2359.23 2361▲16

vc=c 1599.18 1601.ll

vc=N 1577.96

8N_H 1478.62

vc=C,vc=N 1425.57

1336.83

1253.88

1468.01

1430.39

1349.37

1242.31

1206.62

1183.47 1178.65

vc_｡ 1155.50 1136.21

ip6cH 1070,62 1081.23

Ringdefom. 1α)1.18

951.02

932.70 917.26

opacH(A..) 874･82

819.85

7t(dng)

794,77 798.63

776.44

719.54

666.49 666.49

425.36 425,36

406.07 406.07

1587.61 1597.25 vc式,Vc=N

1473.80

1427.50 1438,11 vc=N,8ccN

1349.37

1260.63

1235,56

1205.66

1178.65

11〔泊.52

1038.79 1070.62

1039.76

919.19

777.41

721.46

666.49 666.49

429,21 421.50

413.78 406.07

6C,IH

acFH･Vc=c

Vc_C,Vc_C

AAJRmethod. bEmpiricalassignmentfromCaugheyelal[16]. Theabbreviationsareas

follows:ip,inplane;op,Outofplane;a,asym metric;S,symmetric;p,pyrroleβ-carbon(Cp). C

Assignmentsaremadefromnormalcoordinateanalysisof18Eubandsl16].
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2-3.Sllmmary

Thirty-twoglycoconJugatedporphyrinsweresynthesizedbyamodificationofLindseymethodin

thepreserlCeOfZn(OAc)2,2H20asatemplate,andfullycharacterizedbylHand13cNMR,tiS1-TOPand

FABmass,IRandelectronicabsorptionspectroscopy･TheZn2'iontemperatestrategyImprovedthe

yieldabout3-foldinthecaseof5,10,15,20-tetrakis[3-(2,3,4,61tCtra10-acctyl-p-D-

glucopyranosyloxy)phenyl]poq)hy血 (抑-7a),Inaddition,free-baseporphyrins7wereobtainedalmost

quantitativelybydemetaratiDnOfcorrespondingzincporphyrin5precursorwith4MHCl.Thisprovides

anefficientmeanstopreparewidevarietyofglycoconJrugatedporphyrins,whichcallbeusedasaprecursor

forglycoconjugatedchlorinshavingsimilarstructurestotetrakis(3-hydroxyphenyl)chlorin,i･e･,FoscarPI

InelectronicabsorptlOnSPeCtrOSCOPy,thefree-baseporphyrins1and8haveastrongSoretbandatca･

420rtmandfourweakQbandsatca.520,550,600aJld650nmwithetioporphyr血･IikBShape.Thezinc

porphyrins5and6showtheelectronicabsorpt10nSPeCtraOftypICalmetalloporphyrins,i･e･,astrong

soretbandatca.430nmandtwoweakQbaふdsatca.560and600nm.TheQlband(about630nm)of

porphyrinderivativesisknOwntobeusefulforthePDTtreatmentbecauseofitsskincellpermeability･

Allporphyrins7andShaveaQlbandatca･650nmwhichisalmostsameasthatofFoscan@andislonger

thanthatofPhotofdn亀.HEnCetheporphyrins7and8arepotentialPDTdrugslntermsOftheavailability

ofthelongwavelengthregioJlforexcitation.

2･4.Experimentals

nMalen'aL.FandMeasurements

IHNMRspectrawererecordedonBrukerAVANCE800(800MHz)(NationalFoodResearch

Institltte),BrukerDRX600(600Mllz)(NationalFoodResearchTnstitute),JEOLJNM-AL400(4OO

MHz)(NaraWomen'sUmiversity)andVARIANGEMm 2000(300MHZ)(NaraWomen'sUniversity)

instruments.NMRasslgnmeintappearsWithfollowlngabbreviations;"P"isporphyrinrlng,"R"is

saccharideresidue,and"Ar"isaromaticgrouporbridgingphenylenegroupbetweenPandR.Electronic

absorptionspectraindimethylsulfoj(ide(DMS0)wererecordedonaJASCOV1570spectrophotometer

(NaraWomen'sUniversity).aspectrawererecordedonFmR-89COJASCO(OsakaPrefecbralCollege

ofTeclmology)usinganATR-500/MinsLrument.Massspectrainmetha110lwererecordedonJMS

TIOOLCJEOL(NaraWomcnナsUniversity),JEOLJMS-700(NaraInstituteofScienceandTechnology)

andJMSl100LCJEOL(NationalFoodResearchInstitute)instruments_Thepurityoftheacetylated
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compounds5and7wasestimatedbyliquidchromatography(SHIMADZU,CLASS-VPvet5･02system)

(NaraWomen7sUniversity)equippedwithasilicagel-ODS(Kanto,MightysilRP-184･6m叫 x200

rrm)じ01umn弧daUV-Tisdetector(SPD-MIOAVP)usingMeOIII/III20 =8/2asaneluent･ncpmity

ofthedeacetylatedcompounds3wasdeterminedbyhighperformanceliquidchromatography(HPLC,

HITACHI,L-6(泊0)(OsakaPrefecturalCollegeofTechEIOlogy)eqllippedwithanoctadecylsilyl-bounded

silicagel(HITACHI,HITACHIGEL4mm¢×150mm)Columnandadiodearraydetector(Hm CHI

L-4000)usingacetonitrile/water=l/lasaneluent.

2-4-I,GlucopyranosylatedCoTnPOunds(a)

2,3,4,6-TetTla-0-acetyl-cr-D-glucopyruno5ylBromL'de(3a)

PTDCedureA:1,2,3;4,6-penla-0-acetyl-a-D-glucose(2518g,66･1mmol)and30%HBr/AcOIII

(300mi･)werestirredforIhinroomtemperature･After1h,thesolutionwasaddedtoCHq (600mL)L

Thesollltionwaswashedwithicewater(600mLx2),LqaturatedcoldNaHCO,(aq)(600 mLx2)and

driedoverNa2SO4･Thefilteredsolutionwasevaporatedtodrynessandpureproductwascrystal一ized

fromCH2Cl2倍t20togiveawhitesolid(17･7i,64･9%)I

procedureB:AnhydrousD-glucose(39g,236mm ol)andacetylb;0品de(98mL,577mmol)were

stirred.TbismiⅩturewasstirredfor12hinicewaterbath.After12h,theSOlutionwasaddedEら0(390

mi･).Thesolutionwaswashedwithicewater(400mi･x2),saturatedcoldNaHCO,(aq)(400mLx2),

anddriedoverNa2SO41Thefilteredsolutionwascvaporatcdtodrynessandpureproductwascrystallized

BomCH2C12/Et20togiveawhitesolid(53g,56%).lHNMR(CDC㌧7300･07MHz):8(ppm)≡6-62

(1H,d,3J=3.9Hz,1-R),5.57(1H,t,3J=9.3MHz,3-良),5,17(1H,t,3J=L10.05MHz,4-R),4.85(lH,dd,

3J=10.2Hz,2J=3.9Hz,2-R),432(2H,m,61R),4.13(1H,dd,3J=12.6Hz1,2J=2.1Hz,5-R),2.10,2.08,

2･07,2.05((3H,S,Mc)×4).

4-(2.3,4.6-TeEra-0-actyL-Plo-glucopyranosiL叩 JbenEaEdehyde(p4ET)

pIHydroxyenzaldehyde(1.5g,12mm ol),quinoline(15mL)and3a(10.1g,25mmol)werestirred･

Silveroxide(Ⅰ)(5.8g,25rnmol)wasaddedtothestirredsolution.Thismixttlrewasstirredfor15minat

roomtemperature.Tothesolutionwasadded25%aceticacid(aq)(100mL),amdthenwasstirredfor1

hinicewaterbath.Thereactionmixturewasfiltered,andresultingsolidwaspouredinhotMeOH(150
1

mL)･Ti1einsolublesilveroxidewasremovedbycelitefiltration.TILEfiltraLewasevaporatedtodryness
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aLldcrudeproductwascrystallized丘omhotMeOHtogiveawhitesolid(2･7g,50%)11HNMR(CDC㌔,

300.07MH2:):8(ppm)=9.94(lH,S,,aldehyde),7.86(2H,d,3J=6.6Hz,2ふArH),7.01(2Il,d,3J=6.9

Hz,3,5-AI耳),5.33(2H,m,1,2IR),5.16-5.24(2H,m,3,4-R),4.30(1Il,dd,3J=12,6Hz,2J=5.1Hz,6-

R),4.18(lH,dd,3J=12,3Hz,2J=2_4Hz,6-R),3.94(lH,m,5-R),2.10,2.08,2.07,2.05((3H,S,Me)x

4).

3I(2,3,4,6-Tetra-0-aco,i-PID-gLucopyTanOSiloxy)befLZaldehyde(m4a)

nesimilarprocedtlreforp-4awasappliedLOm-hydroxyenZaldehyde(1.5g,12mmDl)and3a

(10･1g,25mmol)togivem-4aasalightyellowsolid(3･4g,63%)llHNMR(CDC1,,300･07MHZ･)=8

(ppm)≡9.99(lH,S,aldehyde),7.61-7.58(lH,m,2-Am)77.52-7,47(2H,m,5,6-ArH),7.29-7.25

(lH,m,4lArH),5.30(2H,m,1,2-R),5.20-5.12(2H,m,3,4-R),4.24(2H,m,6-R),3.94(1rT,TTl,5-R),

2.ll,2.10,2.07,2.05((3H,S,Me)x4).

Zz'nc(II)5,10,15,20ltetrakisl4イ2,3,46-1etra-0-aceo,I-Plo-glucopyranosyl叩 )phenyl]po.lPhyrim(p15a)

p-4a(1･9g,3･9mm ol),pyrrole(0･27HILL,3･9mmol)anddryCHCも(430mL)werestirredwithAr

Rushingfor30min･BF3･OEt2(0･2mL,0･10mm ol)andZn(OAc),･2H20(3･8冒,17mmol)wereadded,

andthemixturewasstirredfor24hatroomtemperatt]re.TothesolutioJIWasaddedchloranil(0.73g,2.9

mmol),andthewholewasrenuxedfor1Tl.TTleSOll]tiDnWasevaporatedunderreducedpressure.The

crudeproductwaspmifiedbycolumIIChromatogTaPhy(silicagel,CHCもノacetone(15Iト 8/l));followed
ノノへ

byrecrystallizationfromCHCLrEtOHtDgivep-5a(1･1g,yield87%)asaredsolid･Purity(HPLC):

>99%･1HNMR(CDCも,600･13MHz):8(ppm)=8･89(8H,S,β-P),8･12(8H,d,3J=8･7Hz,2,6-Ar),

7.38(8H,d,3J=臥4H乙,3,5lAr),5.48-5.42(12H,m,I,2,3-R),5.30(4H,I,3J〒9.6Hz,4-R),4.40(4H,

dd,3J=123Hz,2J=5.4Hz,6lR),4.31(4H,dd,3J=123Hz,2J=2.4Hz,6-R)I4,06(4H,m,5-R),2.21,

2･11,2･10,2･09((12H,S,Me)x4)･13cNMR(CDC1,,75･46MHZ･):6(ppm〕≡170,80,170･49,169･65

(COx3),156.63(4-Ar),150.45(α-P),137.88(1-Ar),135.47(2,6-Ar),132.09(P-P),120.39(mesoIP),

114.99(3,5-Ar),99.18(1-R),72.81(3-R),72.23(5-R),71.29(2-R),68.35(4-A),62.04(6-R),20.70,

20･65,20p55,20.52(Mex4)･ESI-HRMS(m/a)=lM+NaJ+calcdforCIOOHl00N｡0.oZnNa,208315103;
found,2083.5117.
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zinc(II)5,10,15,20-fetrakt'.fl3-(2,3,4,6-tetra-0-ac叫,I-p-D-glucopyranosylolyJphenyl]pol･Phyrin(m15a)

Thesimilarprocedureforp-5awasappliedtom-4a(1,2g,2.4mrnol)togivem-5aasaredsolid

(0.89g,93%)IPmity(HPLC):9611%.IHNMR(CDCち,300･07MHz:):6(ppm)=8･97(8H,br,β-P),

7.97-7.85(8H,m,2,6-Ar),7.72-7.62(4H,m,5-Ar),7.47-7.21(4H,m,4-Ar).5.40-5.25(12H,m,

1,2,3-R),5.20-5.25(4H,m,4-R),4.25-4.12(4H,m,6-R),4.12-4.00(4H,m,6-R),3.89-3,77(4rT,

m,5-R),2･16-1･99+r･53-134(48H,m,Me)･13cNMR(CDC㌧,75･46MHz):8(ppm)-170156,

170.37,169.52(COx3),155,32(3-Ar),150.ll(α-P),144.37(1-Ar),132,17(β-P),129.90(5-Ar),

127,67(61Ar),122.93(4-Ar).12039(meso-P),116.31(2-Ar),99.20(1-R),72.65(3-R),72.00(51R),

71.21(2-R),68.20(4IR),61.87(6-R),20.57,20.44,20.38,19_83(Mex4).ESI-HM S(m/Z)=【M+Na】+

CalcdforC100HIOON.0.oZnNa･2083･5103;found･2083･5090･

5,10,15･20-Tetrakz'sl4-(2･3,4･6ltetra10-aceyI-β-D-glucoFyranOSyLaTy)phenyl]porphyrや(p-7a)

p-4a(1･9g,3･8mmol),pyrrole(0･27mL,3,8mmol)anddryCHCt(430TTIL)werestirredwithAr

flushingfor30min･BF,･OEt2(0･06InL,0･48mm ol)andZn(OAc)212H20(215g,llmmol)wereadded,

andthemixturewasstiJTedfor24hatroomtemperature.Tothesolutionwasaddedchloranil(0.44蛋,1,7

mmol),andthewholewasrefluxedfor1h.Thesolutionwaswashedwith4MHCl(100mLx3),

distilledwater(100mi･x2)andsaturatedNaHCO,(aq)(100mLx2)iThesolutionwasdriedover

Na,soヰ,andthesolventwastakenoffunderreducedpressure･Thecrudeproductwaspurifiedby

columnchromatography(silicagel,CHCち/acctonc(15/1-8/1)),followedbyrccrystallizationfrom

CHC13JEtOHtogivep-7a(1.2g,64%)asaredsolid.Purity(HPLC):99.7%.1Hand13cNMR

SPeCtrumOfp-7awasagreedwiththeliteraturel4,6,81.

5･10,15,20-Tetrakt'sl3-(2,3,4,6-telraI0-ac吋IIPID-glucopynmosyloxyjphenyLIporphyrL'n(m-7a)

Thesimilarprocedureforp-7awasappliedtoml4a(1.2g,2.4mmol)togivem-7aasaredsolid

(1･3g,68%)･Ptmity(HPLC):>99%.1Hand13CNMRspectrumofm_-7awasagreedwiththeliterature

[4,6,8].

ZL-nc(II)5,10,15,201tetrakisl4イβ-D-glucopyranojyl叩 )phenyl]parphyn･n(p-6a)

p-5a(0.25g,0.12mrnol)wasdissolvedinTHY(30mL).Tothesolution,sodiummethoxidewas
l

addeduntilpf79･ThismixtureWasStirredfor24hatroomtemperature,then25%aceticacid(aq)was
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addedtoneutralizeit.ThesolvelltWasevaporated,andtheCrudeproductwaspmifiedbygelfiltration

onaSephadexLH-20⑳columneltltedwithmethanol,Theso一ventwasevaporated.nlePreCIPltateWas

washedwithwaterandlyophilizedtogivep-6aasapurpleredpowder(0.15g,94%)iPurity(HPLC):

>99%･lHNMR(CD,OD,300107MHz):8〔ppm)=8183(8H,S,P-P),8･10(8H,d,3J=8･4Hz,2,6-Ar),

7.49(8H,d,'J=8,4Hz,,3,5-Ar),5.26(4H,d,3J=4.5Hz,i-R),4.01(4H,dd,3J=1.8Hz,2J=12.0Hz,

6-R),3.80(4H,ddナ3J=5.1Hz,2J=ll.7Hz,6-R),3.69-3.48(16H,rh,2,3,4;5-R).1HNMR(DMSO-

d6,3∝I･07MHz):8(ppm)=8･81(8H,冒,β-P),8･08(8H,d,3J-8･1Hz.2,6lAr),7･44(8H,d,3J=7･8Hz,

3,5lAr),5.51(4H,a,3J=5.iHz,21ROH),5.21(4H,rn,2-R),5.21(4H,br,I-R),5.ll(8H,br,3,41ROH),

4.88-4.64(4H,m,6-Roll),3.80(4H,m,6-R),3.62-3.42(20H,m,2,3,4,5,61R).13cNMR(DMSO-

d6,75･46MHz):8(ppm)≡157154(4-Ar),149p95(α-P),136･62(1-Ar),135143(2,6-Ar),131･95(β-P),

120.24(meso-P),114,52(3,5-Ar),loo.97(1-R),77.54(3-R),77.02(5-R),73.77(2-R),70.10(4-良),

61･09(6-R)･ESI-HRMS(In/Z)=[M-H】~calcdforC68H6,N.024Zn,1387▲3437;follnd,1387･3391･

Zz'nc(II)5,10.I5,20-teETILZkE'sl3-(Plo-glucopyraT10Syl叩 )phenylJpoIPhyrin(m一血)

Thesimilarprocedureforp-血wasappliedtoml5a(91mg,43.7pmol)togivem-6aasaredsolid

(5410mg,89%)･fhrity(HPLC):>99%･lHNMR(CD30D,6弧 13MHz):6(押m)=8190-8184(BH,

m,β-P),7.95-7.85(呂H,Ill,2,6-Ar),7.68-7.64(4H,m,5-Ar),7.53-7.49(4H,m,4-Ar),5.22-5.20

(4H,m,1-R),3.82-3.Bl(4H,m,6-R),3.68-3,66(4H,m,6-R),3.56-3.43(12H,m,2,3,5-R),3.39

(4H,m,4-R),lHNMR(DMSO-d6,300.07MH21):a(ppm)=8.84(8H,m,β-P),7.81-7.79(呂H,rn,2,6-

Ar),7.73-7.70(4H,m,5-Ar),7.51-7.48(4H,m,4-Ar),5.42(4H,d,3J=4.2Hz,2-ROE),5.19(4H,m,

3or4-ROE),5.ll(4H,m,1-R),5.01(4H,br,3or4-ROE),4.60(4H,m,6-ROH),3.82(4H,d,2J=12.0

Hz,6-R),3,67(4H,dd,3J=5.4Hz,2J=13.2Hz,6-R),3.62-3.31(16H,m,2,3,4,5-A).13cNMR

(DMSO-d6,75･46MHz):a(ppm)=155･12(3-Ar),149･60(α-P),144･41(1-Ar),132･06(β-P),128187(5-

Ar),127.84(6-Ar),122_79(4-Ar),120.22(meso-P),115.48(2-Ar),1(刀.85(1-R),77.31(3-R),76.85(5-

R),73172(2-R),69･95(4-R),60･91(6-R).ESI-HRMS(m/Z)=lM+H]+CalcdforC6BH6gN402JZn,

1389.2845;found,1389.2853.

5,10,15,20-7Tetrakisl4I(β-D-glucopyranosyloLW)phenyllporphyrL'n(pぜa)

Ti1eSimilarprocedureforp-6awasappliedLop-7a(203mg,102トmOl)togivep-8aasaredsolid

(123mg,91%).Purity(HPLC):96%.1Hand13CNMRspectrumofp-8awasagreedwiththe
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literature[4,6,8].

5,10,15,20-Tetrakisl3イβ-D-glucopyrlanOSyl叩 )phenyl]porphyrin(m一叫

Thesimilarproccdurcforp-6awasappliedtotnl7a(510mg,255LLmol)togivem-ぬ agaredsolid

(325mg,96%).恥rity(HPLC):98%･1Hand13cNMRspectrumofm-Sawasagreedwiththeliterature

l4,6,8]･

2-4･2.GalactopyranosylatedCompounds(a)

2,3,4,6-TeEra-0-aceyllDEID-galactopylDnOSylbTDmL'de(3b)

1,2,3,4,6-penta-0-acety l-α-D-galactose(10.3g,26.4mmol)and25%HBr/AcOH(50Ⅰ止.)were

stirredfor1hinroomtemperature･After1h,thesolutionwasaddedCHCti(600mL)IⅥlEsolutionwas

washedwithicewater(200nlL冗2),saturatedcoldNaHCO3(aq)(200mLx2),aLnddriedoverNa2SO4･

nefilteredsolutionwasevaporatedtodrynessandpureproductwascrystallizedfromCTtC12lEt20to

givewhitesolid(9･Og,833%)AlHNMR(CDC1,.3tX)･07MHz):古(押m)=6･70(171,d,3J=3･9Hz,1-

R),5.52(lH,d,3J=33MHL,4-R),5.41(1H,dd,3J=10.5MHz,2J=3.00Hz,3-R),5.06(1H,dd,3J-

10.5Hz,2J-3.9Hz,21R),4.49(1H,t,3J-5.4Hz,5-R),4.15(2H,m,6-R),2.16,2.12,2.07,2.02((3H,

S,Me)×4).

4-(2,3,4,6-Tetra-0-acolt-Plo-galactopyranosil叩 )benZaldehyde(p4b)

p-Hydroxybenzaldehyde(1r5g,12mmol)wasdissolvedintothemixLtureOfCIもC12(14mi･)and5

%NaOH(aq)(20mL).Tetrabutylammoniumbromide(0.66g,2.0mmol)wasaddedtothesolutionwith

slirring･TothesolutionwasaddedCftCl2SOlutiorL(8InL)of3b(3,5g,8･4mmol)･ThemixLurewas

stirredfor2daysatroomtemperature.ThesolutionwaswashedwithNaOH(aq)(5%,20mLx3),

sahratedNaHCO,(aq)(20mLx1),water(20mLx1).AfterdryingoverNa2SO｡,thefiltratewas

evaporatedtodrynessandgivecolorleSL"il(2･3g,41%)･lHNMR(CDCち,300･07MHz):8(ppm)=

9･94(1日,S,aldehyde),7.86(2H,d,3J=6.9Hz,2,6-ArH),7,14(2H,d,3J=6.9Hz,3,5-ArH),5.56-5.48

(2H,m,4,3-R),5.21-5.13(2H,m,1,2IR),4.24-4,15(3H,m,5,6-R),2.19,2.09,2.08,2.03((3H,S,Me)

×4).
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3-(2,3,4,6-Tetra-0-acOl-β-D-galactopyTlanOSEl叩 )benzaldehyde(rn4b)

Thesimilarprocedureforp-4bwasappliedtofTZ-hydroxyenzaldehyde(l15g,12mmol)and3b(3･6

g,8･6mmol)togivem-41)ascolorlessoil(2･2g,39%)･lHNMR(CDCh,300･07MHz):8(押m)≡9193

(lH,S,aldehyde),7･62-7･57(1H,m,2-Ar灯),7-57-7151(2H,m,6,5-ArH),7･32-7･25(lH,rn,41

Ar耳),5.57-5.41(2H,m,4,3-R),5.18-5.12(2H,m,1,2-R),4,27-4.04(3H,rn,5,6-R),2.20,2.08,

2,06,2.03((3H,S,Me)x4),

Zfnc(II)5,10,15,20-1etTlakisl4-(2,3,4,6-teEraI0-aceD,LID-D-galactopyranosylo町)phenyl]poTPhyn'n(p15b)

Thesimi1arprocedurefork-5awasappliedtopl4b(33g,6.9InmOl)togivep-5basaredsolid(1･4

g,53%)･Pmity(HPLC):>99%･lHNMR(CDCち,300107MHz･):8(ppm)=8･81(8H,S,β-P),8･13(8H,

d,3J=8.6Hz,2,6-Ar),8.74(8H,d,3J=8.日k,3,5-Ar),5.86(4H,m,4-R),5.33(8H,m,1,3-A),4.62-

4.56(4H,m,2IR),4_28-4.08(12H,m,5,6-R),2.27,2.23,2.20,2.04((12H,S,Me〕×4),13CNMR

(CDCも,75･46MHz):8(ppm)=170･51,170･32,169･69(〔ox3),156･57(4-Ar),150･39(α-P),137･81/

1(I-Ar),135.44(2,6-Ar),132･02(P-P),120.31(meso-P),114.92(3,5-Ar),99･57(1-R),71.10(5-R),70･87

(2-R),68.72(3-A),66.86(4-A),61.34(6-R)†20.70,20.65,20.55,20.52(Mex4).ES I-HRMS(m/Z)≡

[M+NaycalcdforCIO.H.｡氾N40.｡ZnNa,2083･5103;found,208315083･

ZL-nc(II)5,10,15.20-tetTlakL'sl3-(2,3,4,6-Eetra-0-acetyLIP-D-galactopyranosyl叩 Jphenyl]pofPhyrin(m-5b)

Thesimi1arprocedureforp-5awasappliedtom-4h(2.1g,4,4nmol)togivemlSbasaredsolid

(1･6g,72%)IPurity(HPLC):96･9%.lHNMR(CDC13,600･13MHz):8(ppm)=8･95(8H,br,β一P),

7.91-7.88(8H,m,2,6-Ar),7.68-7.64(4H,m,5-Ar),7.44(4H,m,4-Ar),5.59-5.57(4H,m,4-R),

5,42-5,40(4H,m,1-R),5.34-~5.32(4H,A,3lR),5.14-5.12(4H,m,2-R),4･14-4･Ol(12H,m,5,6-

R),2･15-2･00+1･37-1128(48H,m,Me)I ljCNMR(IjMSO-d6,75･46MHz)=8(ppm)=170138,

170.28,169.62(COx3),155.40(3-Ar),150.17(tx-P),144,25(1-Ar),132.25(β-P),129.81(5-Ar),

127.72(6-Ar),122.70(41Ar),120,55(mesoIP),116.33(2-Ar),99.80(llR),71.10(SIR),70.79(SIR),

68.68(2-R),66.89(4-R),61.40(6-R),20.72,20.50,19.71(Mex3).ESI-HM S(m/Z)=【M+Na】+Calcd

forCl00HIOON.04DZnNa,208315103;found,2083･5110,

5,10,15,20-TeTrakisl4-(2,3,4,6ltetTla-0-aceyi-β-D-galacEopyranOSylo叩)phenyl]porphyrim(p-乃J

nesimilarprocedureforp-7awasappliedtop-4t)(1･5g,3.12mmol)togivep-7basaredsolid
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(0.98g,62%).fbrity(HPLC):>99%LIHand13cNMRspectrumofp-7hwasagreedwiththeliterature

l4,6,8]1

5,10,15,20-TetTTakllsl3イ2,3,4,6-tetra-0-acetyl-Plo-galactopyranoSyloxy)phenyT]PoIPhyrin(ml7b)

ThesimilarprocedureforplTawasappliedtom-4b(0.6g,i.6mm101)togivem-Tbasaredsolid

(0.69g,57%),Pmity(HPLC):98%･1HNMR(CDCL300･07MHz):8(ppnm)=8･89(BH,br,P-P),7･95

-7.84(8H,m,2,6-Ar),7･73-7.62(4H,m,5-Ar),7.50-7.42(4H,m,4-Ar),5.68-5.54(4H,m,4-R),

5.54-5.38(4H,m,3-氏),5･38-5.20(4H,m,1-R),5.20-4.93(4H,m,2-R),4.16-4.04(12H,m,5,6-

R),2･17-2･01+1-29-1-22(4gH,m,Me),12･88(2H,br,MI)A13cNMR(CDC13,75-46MHz):a(ppm)

=170.37,170.27,169,60(COx3),155･45(3-Ar),150.13(α:P),143.54(I-Ar),131･42(β-P),129.84(5-

Ar),127.85(6-Ar),122.59(4lAr),119.52(mesoIP),116.59(2-Ar),99.76(I-R),71.ll(5-R),70.76(3l

R),66.64(2IR),66.87(4-R),6l.40(61R),20.68,20.49,20.43,19.62･(Me光4).ESI-HRMS(m/21)=lM-

H]-calcdforCl｡｡HmN.0.0,1997･5992;follnd,1997･5996･

Zl'nL･(IIJ5,10,15,20-1etrakE'sl4I(PID-galactopyranosyl叩 )phenyl]PoTPhyrin(p-め)

Thesimilarproce血reforp-6awasappliedtop-5b(510mg,245LLmOl)togivep-6hasaredsolid

(306mg,90%)IPurity(Ⅰ廿LC):>99%.lHNMR(CD30D,300･07MHz):8(ppm)≡8184(8H,S,β-P),

8.10(8H,d,3J=8.4Hz,2,6-Ar),7.49(8H,d,3J=8.4Hz,3,5-Ar),5.20(4H,d,3J=7,8Hz,1-R),4.02-

3･80(20H,m,2,4,5,6-R),3･74-3･70(4I1,m,3-R)I1IINMRPMSO-d6,300･07MHz):8(ppm)=8･81

(8H,S,β-P),8.08(8H,d,3J=臥4Hz,2,61Ar),7.45(8H,d,3J=8.1Hz,3,5-Ar),537(4H,d,3J=5_1Hz,

2lROH),5.ll(4H,d,3J=7.5Hz,1-R),4.99(4H,d,3J=5.4Hz,3-RO斤),4.77(4H,m,6-ROH),4.63

(4H,d,3J=4.5Hz,4-ROE),3.83-3.77(12H,m,4,2,6-R),3.77-3.63(8H,m,6,5-R),3.63-3.50(4H,

m,3-R)･13cNMR(DMSO-d6,75146MHz):8(ppm)=157･64(4-Ar),149･95(α-P),136154(1lAr),

135･43(2,6lAr),131.93(β-P),120.25(mesoIP),114.57(3,5-Ar),101,66(1-R),76.00(5-R),73.71(3l

氏)I70179(21R),68･56(4-R),60181(6-R)IESI-HM S('rdz)-lM-HIcalcdforC6SH67NP ,.Zn,1387.3437;

found,13873418.

ZE.nc(Ill5,10,15,201tetrakisl3-(β-D-galaclopyranosylodphenyl]po'phyrL'n(m一曲)

Thesimilarprocedureforp16awasappliedtomlSb(77mg,37.0LLmOl)togivem16hasaredsolid
【

(462mg,90%)･purity(fIPLC):98%･lHNMR(CD,OD,300･07MHz)‥8(ppm)-8･87(BH,br,P-P),
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7.96(4H,br,2-Ar),7.60(4H,m,6-Ar),7.81(4H,m,5-Ar),7.56(4H,m,4-AT),5.17(4H,d,3J=7.5Hz,

1-R),3･93-3･87(8H,I一l,2,4-R),31:87-3.71(BH,m,6-R),3･71-3･59(8H,m,3,5-R)LtHNMR

(DMSO-d6,300107MHz)=8(ppm)=8184(8H,br,P-P),7･83-7,72(8H,m,2,6-Ar),7･72-7･61(4H,m,

5-Ar),7.49-7.47(4H,m,4-Ar),5.28(4H,d,3J=4.8Hz,2-ROH),5,13(4H,d,3J=6.6Hz,1IR),5.01

-4.72(4H,d,3J=2.7Hz,3-ROH),4.58-4.52(8H,m,4,6-ROH),3.73-3.32(24H,m,2,3,4,5,6-R).

)3cNMR(DMSO-d6,75･46MHz):8(ppm)=156･15(3-Ar),149･62(cc-P),144･39(1-Ar),131･95(β-P),

128.79(5-Ar),127.81(6-Ar),122.68(4-Ar),120.27(meso-P),115.69(2-Ar),101.40(1-R),75.70(5-R),

73･58(3lR),70179(2-R),68･27(4-R),60･44〔6-R).ES l-H R MS(mlz)=[M-HrcalcdforC細H67N4024Zn,

1387.3437;found,1387.3433.

5,10,15,201Tetrakisl41(P-D-galactopyllanOSyloxyJphenyl]porphyrin(p｣紬)

Thesimilarprocedureforp-6awasappliedtop-7t)(257mg,123LLmOl)togivepl8basaredsolid

(142_mg,87%).Pmity(HPLC):>99%.1HandlユCNMRspectrumofp-8bwasagreedwiththe

literaturel4,6,8].

5,10,i5,20-Tetrakisl3I(PID-galactopyranosyLo叩)phenyL]porpkyriTl(a-Sb)

!Thesimilarprocedureforp-6awasappliedtom-7t)(172mg,86.1LLmOl)togivem-8basaredsolid

(86,8mg,76%)･Purity(Ⅰ℡LC):>99%.IllNMR(CD,OD,300LO7MHz):8(ppm)=8･92(8H,br,β-

P),7.97(4H,br,2-Ar),7.85(4H,m†6-Ar),7.67(4H,m,5-Ar),7.57(4H,m,･4-Ar),5.17(4H,d,3J=7.5

Hz,1-R),3.93-3.87(呂H,m,2,4lR),3.71(8H,m,6-R),3.65-3.58(8H,m,3,5lR).1HNMR(DMSO-

d6,300･07MHz):8(ppm)=8,89(8H,br,β-P),7189(4H,br,2-Ar),7,82(4H,br,6-Ar),7･73(4H,m,5l

Ar),7.51(4H,m,4-Ar),5,29(4H,d,3J=4.8Hz,2-ROH),5.14(4H,d,3J=7.5Hz,1-R),4.88(4H,d,3J

=5.4Hz,3-ROET),4,55-4.53(SH,m,4,6lROH),3.68(8H,br,2,4-R),3.64-3.44(16H,m,3,5,61R),-

2･97(2H,br,NH),13CNMR(DMSO-d6,75･46MHz):8(ppm)=156135(3-Ar),142･74(α-Pand1-Ar),

131.56(β-P),128.71(5-Ar),128.24(6lAr),122.65(4-Ar),119.94(meso-P),116.26(2-Ar),101.23(1-

R),75.700(5-R),73,53(3-R),70.68(2-R),6834(4-R),60.51(6-R).ESI-HRMS(ln/Z)=【MIHIcalcd

forC6BH69N4024,1325･43027;found,1325･43041
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214-3.XylopyranosylatedCompounds(C)

2,3,4-Tri-0-acetyl-a-DIXylose(2C)

SodiumaceLaLe(310g,35･8mmol)andAc20(36InL)werestilTedin130OCID-Ⅹylose(5･Og,3313

mmol)wasaddedcarefullytothemixture･Afterdissolvingcompletely,reactionsohtionwascooledto

roomtemperature.Thesolutionwaspouredllntoicewater(150g),andthenwasstilTedfわrovernight.

ThefilteredsolidwascrystallizedfromhotMeOHtogiveawhitesolid(5･61g,53%).1HNMR(CDCち,

300,07MHz)･･8(rpm)=5.72(lH,d,3J=6.6Hz,1-R),5.57(1H,t,3J=8,4MH乙,3-R),5.05(1H,t,3J=

6.6MHz,2-R),4.98(1H,m,5-R),4.16(lH,dd,3J-ll.7Hz,2J=4.8Hz,5-R),3.53(lH,dd,3J=12.0Hz,

2J=8.4Hz,5-R),2.12,2.07,2.06((3H,S,Me)×3).

2.3,4lTri･0-acelyl･cc-D-XylopyrunosylbT10mide(3C)

Thesimi1arprocedurefor2hwasappliedto2C(5･O蛋,15･7mm ol)and30%HBr/AcOH(25mL)to

give3caswhitesolid(4-6苦,87%)ilHNMR(CDCも,300m MTJz)二呂(ppTTl)=6･59(1H,d.3J=3･9Hz,

1lR).5.57(1H,t,3J=9,6MHz,3-R),5,04(1H,m,4-R),4.78(1H,dd,3J=9.8Hz1,2J-3.9Hz,2-R),4.06

(1H,dd,3J-ll.1Hz,2J-63Hz,5-R),3,88(1H,t,3J=ll.1Hz,5-R),2.26,2,13,2,09((3H,S,Me)×3).

4･(2,3,4-Tri-0-acetyl-p-D-叩lopyranosylo町)benzaldehyde(p4C)

p-Hydroxybenzaldehyde(4･7A,38mmol)wasdissolvedintothemi xtureofCIもCL,_(70miT)alld5

%NaOH(aq)(70mL).rretrabutylamm oniumbromide(I.2g,3.8mmol)wasaddedtothesolutionwith

stirring･TothesolutionwasaddedCH2C12SOlution(10mL)of3C(8･5g,27mm ol)IThemixturewas

stirredfor15hatroomtemperature.ThesolutionwaswashedwithNaOH(aq)(5%,70mLx3),

saturatedNaHCO,(aq)(70mLx1)andwater(70mLx1)･AfterdryingoyerNa2SO.,thefilteratewas

evaporatedtodrynessandtheresiduewascrystallizedfromCIもC12侶t20togivewhitesolid(2･lg,21

%)･lHNMR(CDC㌧,300･07MHz)=8(ppm)=9･91(1H,S,CHO),7184(2H,d,3J=8･4Hz,2,6-Ar),7.ll

(2H,d,3J=8.7Hz,3,51Ar),5.32(1H,d,3J=4.8Hz,1-A),5.25-5.18(2H,m,2,3IR),5.00-4.99(lH,rn,

4lR),4･22(lH,dd,3J=4.2Hz,2J=12.3Hz,5-R),3.59(lH,dd,3J=6.6H21,2J=ll.7Hz,5-R),2.08(9H,

S7MC)･13cNMR(CDCも,75･46MHz):8(pprn)=190･94(CHO),169,94,169･48(COx2),161･18(4-

Ar),131L68(1-Ar),131.67(2,6-Ar),116.72(3,5-Ar),97.39(1-R),69.96(3-氏),69.48(2-良),68.09(4-R),

61168(5-R),20.55,20.65(Mex2).
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3-(2,3,4-TriI0-aceo,I-p-D-JEylopyranosyl叩 )beIIZaldehyde(m4C)

Thesimilarprocedureforp-4cwasappliedtom-hydroxybenzaldehyde(4.3g,35mmol)and3C

(6･1g,19mmol)togivem-4C(0･99g,14%)･lHNMR(CDC㌔,300.07MHz):8(ppm)=9･99(1H,S,

CHO),7.60(lH,m,21Ar),7.57-7.46(2H,m,6,5-Ar),7,29-7.25(lH,m,4-Ar),5.29-5.17(3H,m,

1,2,3-R),5.06-4.99(lH,m,4-R),4.24(lH,dd,3J-4.8Hz:,2J-12.3Hz,5-R),3.59(lH,dd,3J=7.8Hz,

2J=12･3Hz,5-R),2･12(3H,S,Me),2110(6H,S,Mex2).L3CNMR(CDC㌧,75146MHz)=8(ppm)=

191･75(CHO),169･98,169･49(COx2),157,12(1-Ar),130･39(3,5-Ar),125.2g(6-Ar),123.40(41Ar),

116.91(2-Ar),98.ll(トR),70.34(3-R),69.83(2-氏),68.231(4-良),61.78(5-良),20.62(Me).

ZE'nc(II)5,10,15,20-tetrakisl4-(2,3,41tri-0-ac叫,I-p-D-XyEopyranosyloxy)phenyl]poTPhyrL'n(p15C)

Thesimi1arprocedureforp一言aWasappliedtop-4C(i,0g,3,1mmol)togivep-5casaredsolid(1,3

i,84%),Purity(HPLC):>99%･lHNMR(CDq,300･07MHz):8(ppm)≡8196(BH,SナP-P),8･14(8H,

d,3J=8.7Hz,2,6-Ar),7.39(8H,d,3J=8,4､Hz,3,5-Ar),5,54(4H,t,3J=6.0H乙,2-R),5.39-5.37(8H,

m,1,3-R),5.15(4H,m,4-R),4.43(4H,dd,3J-4.8Hz,2J-12.3Hz,5IR),3.73(4H,dd,3J=7.8Hz:,2J

=123Hz,5-R),2･22,2117,2113((9H,S,Me)x3)･13CNMR(CDC1,,75146MHz):8(ppm)≡170･22,~~＼

170.09,169.72(COx3),156.40(4-Ar),150,47(α-P),137.64(1-Ar),135,53(2,6lAr),132.07(P-P),

-120･47(meso-P),114.91(3,5-Ar),98,63(1-R),70,76(3-R),70.25(2-R),68.54(4-R),62.04(5-R),20.76,

20･72(Mex2)･Fastatombombardment(FAB)-HRMS(m/Z)≡[M]+Calcdf♭rCaBHS.N4032Zn,1772･436;

found,1772.4304▲

Zinc(II)5,10,15,2011etrtZkisl31(2,3,4Itri-0-acetyl-p-D-qlopyranosylop]phenyI]potphyrin(ml5C)

Thesimilarprocedureforp-5awasappliedtom-4C(15g,3.9mmol)togiveml5casaredsolid

(1･6g,84%)･Pmity(HPLC):>99%LIHNMR(CDC1,,300AO7MIJz):8(pprn)=呂･97(8H,br,β-P),

7.93-7.87(8H,m,2,6-Ar),7.68(4H,m,5-Ar),7.43(4H,m,4-Ar),5.38(4H,m,2-氏),5.25(8H,m,1,3-

氏),5.05(4H,m,41R),4.26(4H,m,5-R),3.57(4H,m,5-R),2.12,2.06,2.04((9H,S,Me)×3).13CNMR

(CDCl,,75･46MHz):8(ppm)=170･07,169196,169･59(COx3),155･03(3-Ar),150･14(α-P),144･37

(1-Ar),132.14(β-P),129.76(5-Ar),127.67(6-Ar),123.16(4-Ar),120.42(meso-P),116.09(2-Ar),

98.63(1-R),70.58(3-R),70.09(2-R),68.36(4-R),61.81(5IR),20.59(Me).fABIHRMS(m/Z)=【M]十

calcdforC毛玉HB.N40,2Z11,1772･436ifound,1772･4303･
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5,I0,15,20-Tetrakisl4-(2,3.4-lriI0-aceol-PID-XylopyraT"Syloq)phenyl]Porphyrin(plTc)

¶leSimilarproccdurcforp-7awasappliedtop-4C(284mg,738トLm01)togivep-7casaredpurple

solid(202mg,64%)IPurity(liPLC)=>99%･LHNMR(CDC1,,800･03MHz):8(ppm)-8･85(gH,br,

β-p),8･13(BIl,d,3J=Sp7Hz,2,6-Ar),7･39(SH,d,3J=8･4Hz,3,5lAr),5･53-5･55(4H,m,1-恥 5.40

_538(8H,m,2,3-R),5.1 7 -5.15(4H,m,4-R),4:44(4H,dd,3J=4.5Hz,2J=ll.9Hz,5-R),3.74(4fI,

dd,3J=7.6Hz,2J=1119Hz,5-R),2･23,2.18,2･14((9H,S,Me)×3),一2･815~t2H,br,NH)･13cNMR

(cDC1,,75･46MHヱ):8(ppm)=170･22,170･11,169･73(COx3),156･55(4-Ar),136･99(a-Pand1-Ar),

135.71(2,6-Ar),130.10(β-P),119.45(meso-P),115.02(3,5-Ar),98.58(1-R),70.752(31R),70.24(2I

R),68152(4-R),62･04(5-R),20171(Me).FABIHRMS(m/Z)=[M+H]十CalcdforCBSH87N.032,1711･52979;

found,1711.53108.

5,10,I5,20lTetrakL-sl3I(2,3,4-tri-0-aceoEIPID-XyEopyranosyI叩 JpheflyLIporphyrL'n(m-7C)

Thesimilarprocedl】reforp-7awasappliedtom-4C(882mg,2.32mmol)togivem-71:asared

purplesolid(854mg,86%)APmity(HPLC)=>99%･UV-vis(DMSO):Lmax(nm)(EXloll/M-1rcm-1)≡

420(41･2),514(2･72),549(l･46),589(1,28),644(1109)IlHNMR(CDCも,300･07MHz)=8(ppm)-

8.B8(8H,S,β-P),7,94(4H,m,2-Ar),7.87(4H,m,6-Ar),7.68-7.43(8H,m,4,5-Ar),5.38(4H,m,2-R),

5.25(SH,m,I,3-A),5,05(4H,m,4-R),4.26(4H,m,5-R),3.57(4H,m,51R),2.10,2.06,2,04((9H,S,

Me)×3),-2187(2H,br,NH)I13cNMR(CDCも,75･46MHz):8(ppm)-170･10,169･98,169･60(?0×

3),155.16(3-Ar),143.65(α-P, 1-Ar),132.20(β-P),129.83(5lAr),128.25(6lAr),12312(4-Ar),119,48

(meso-P),116.28(2-Ar),98.66(l-R),70.59〔3-R),70.28(2-R),68.3g(4-R),61.86(5IR),20.61(Me).

FAB-HRMS(mJz)≡PI+H]'CalcdforC8晶 ,N.0,2,1711･52979;folmd,1711･52702･

Zinc(II)5,10.15,20-tetrakisl4-(β-D-呼lotopyranosyloxy)phenyI]porphyrL'n(pJc)

TiLeSimilarprocedureforp-6awasappliedtop-5C(201mg,i13umol)togivep-6casaredpuTPle

solid(141mg･98%)IPurity(HPLC):>99%･1HNMR(CD,OD,300･07MHz)=6(ppm)=8･81(811,S,

β-P),8･05(8H,d,3J=8.4Hz,2,6-Ar),7.37(紺,d,3J=8.7Hz,3,5-Ar),5.18(4H,d,3J=7.5Hz,llR),

4･06-4･00(8H,m･5-R),3･76-3,43(12H,m,2,3,4-R)IlHNMR(DMSO-d6,30107MHz):呂(ppm)-

BL82(8H,S,β-p),8.10(8H;br,2,6-Ar),7.45(8H,br,3,5-Ar),5.54(4H,br,2or4-ROB),5.23(BH,br,1-

R,31ROH),5･17(4H,br,2or4-ROE),3.91(8H,br,5-R),3.91-3.58(12H,m,2,3,4-R),13cNMR
l

(｡MSO-d6･75･46MHz)‥8(ppm)-157･20(4-Ar),149･94(α-P),136167(I-Ar),135144(2,61Ar),131･90
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(β-P),120.20(mcso-P),114.56(3,5-Ar),101.26(1-R),76.88(3-R),73.56(2-R),69.78(4lR),66.12(5-

R)IFAB-HRMS(ln/Z)=[M]'calcdforC6.H㌔ 402OZn,1268･30869;found,126畠･30900･

Zl'TZC(II)5,10,15,20-tetrakisl3-(β-D-叩lolopyTlanOSyloxy)phemyl]porphyn'n(m-Gc)

Thesimilarprocedureforp-6awasappliedtoTn-5e(183mg,103LlmOl)togivem16casaredpurple

solid(120mg,92%),Pmity(HPLC):95%･lHNMR(CD,OD,300･07MHz):8(ppm)=8･88r(8H,S,β-

P),7.94-7.87(8H,m,2,6-Ar),7.70-7.65(4H,m,5-Ar),7.51-7.49(4H,m,4-Ar),5.15(4H,d,3J=

7･5H21,llR),3･94-3･89(4H,m,5-R),3･63-3136(16H,m,2,3,4,5-R)･1HNMR(DMSO-d6,300･07

MHz):8(ppm)=8,81(8H,S,β-P),7.79(BH,br,2,6-Ar),7.70-7.67(4H,m,5-Ar),7.48-7.45(4H,m,

4-Ar),5.47(4H,br,2-ROH),5.14(8H,br,1-A,3-ROE),5,05(4H,m,4-ROE),3.82-3,66(4H,Ill,5-R),

3･51-3･17(16H,Trl,2,3,4,5-R)A13CNMR(DMSO-d6,75146MHz):6(ppm)=155.88(3-Ar),149･57(α-

P),144.36(1-Ar),132.01(β-P),12B.81(5lAr),127.82(6-Ar),122.82(4lAr),120.22(meso-P),115.79

(2-A.r),101.42(1-R),76.65(3-R),73.56(2-R),69.65(4-R),65.94(5IR).fab-HRMS(m/21)-lM]'

calcdforC64H㌔ 4020Zn,1268130869;found,1268130957･

5,10,15,20-Telrakisl4I(PID-1ylolopyTanOSyloJy)phenylIporphyn'n(pBc)

Thesimilarprocedureforp-6awasappliedtop-7C(118mg,68･9rnmol)togivep-Scasaredsolid

(78･1mg,94%)･Purity(HPLC):98%･1HNMR(CD,OD,3弧07MHz):8(ppm)=8･85(8H,br,β-P),

8.10(8H,d,3J=8.4Hz,2,6-Ar),7.48(8H,d,3J=8.4Hz,3,5-Ar),5.24(4H,d,3J=7.2Hz,1-R),4.ll-

4･05(4H,m,5-R),3･81-3･51(16H,m,2,3,4,5IR)･1HNMR(DMSO-d6ナ300･07MHz):a(ppm)=8･86

(8H,S,β-P),8.14(8H,m,2,61Ar),7.52-7.43(8H,m,3,5-Ar),5.24(4H,d,3J=7.2Hz,1-R),5.77-4.80

(12H,m,2,3,4-ROB),3.90(4H,d,3J=6.3IJ7.,5-R),3.77-3.34(16H,m,2,3,4,5-R),-292(2HナbちNH).

13cNMR〔DMSO-d6,75･46MHz):8(ppm)=157･61(4-Ar),135･64(cc-Pand1-Ar),135･09(2,6-Ar),

131.18(P-P),119.94(meso-P),114･91(3,5-Ar),101･24(1-R),76.86(3-R),73･55(2IR),69.74(4-R),

66･15(5-R)AFAB-HRMS(ITJz)≡[M+Hl+CalcdforC6.H6,N.020,1207140302;follnd,1207･40263･

5,10,15,20-指tTlakisl3-(P-D-叩Lotopyranosyloxyjphenyt]Porphyrim(m-Sc)

TheSimilarprocedureforp-6awasappliedtoml7C(105mg,61.31一mlOl)togivem-8casa(67.3

mg,91%)･Purity(HPLC):95%･1HNMR(DMSO-d6,300･07MHz):8(ppm)=乱88(呂H,br,P-P),7.85

(8H,m,2,6-Ar),7･77｣771(4H,m,5-Ar),7･56-7･46(4H,m,4-Ar),チ17(4H,d,3J=6･9Hz,1-R).3･75
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～3.73(4H,m,5-R),3･73-3･25(16H,m,2,3,4,5-R),-2196(2H,bENH)I13cNMR(DMSO-d6,75･46

MHZl):8(ppm)=156.12(3-Ar),124･80(α-P,1-Ar),131･77-(β-P),128･76(5-Ar),128･27(6-Ar),122･82

(4-Ar),119･91(mcso-P),11635(2lAr),101145(i-R),,76十64(3-R),73･46(2-R)ナ69･65(4-R)I65･99(5-

R).FAB-HEMS(m/Z)=lM+H]+calcdforC6.H6凡 020,1207･40302;found,1207.40359･

244.ArabinopyTanOSylatedCompounds(a)
～

2,3,4-Tri-0-acetyl-a-D-aT･abinopyTVnOSyLbroITu.de(3d)

AnhydrousD-arabinose(615g,43mmol)andacetylbromide(31mL,177mmol)wereSti汀ed･This

mixturewasstirredfor2-3Ainicewaterbath･After2-3h,thesolutionwasaddedCHCも(100mL)･

Thesolutionwaswashedwithicewater(150rnLx2),saturatedcoldNaHCO3(aq)(150mi･I2),and

driedoverNa2SO.lThefilteredsolutionwasevaporatedtodrynessaJldpureprodl]CtWasCrystallized

fromCH2C12侶t20togiveawhitesolid(12ど,82%)IlHNMR(CDCも,300107MHヱ):8(ppm)=6,71

(lH,d,3J=3.6Hz,I-R),5.41(2H,m,3,4-R),5.09(2H,ddd,3J=13.2MHz,3J=13.2MHz,3J=ll.4

MHz,2J=3.9MHzl,2-R),4.22(1H,d,3J=13.2Hz,5IR),4.13(1H,dd,3J=13.5Hz,2J=1,8Hz,5-R),

2.16,2.13,2.ll,2.05((3H,S,Me)×4).

4I(2,3,4-Tn--0-acyl-β-D-nabinopyranosflop)benzaldehyde(p44)

Thesimihrprocedureforp-4bwasappliedtop-hydroxybenzaldehyde(2.2g,18mmol)and3d

(4･Og,12mmol)togivep-4dascolorlessoil(1･9g,43%)A1HNMR(CDCち,3m07MH21):8～?pm)=

9･93(1H,S,CHO),7.86(2H,d,3J=8.4Hz,2,6-Ar),7.13(2H,d,3J=8.4Hz,3,5-Ar),5ー45(1H,dd,3J=

6･OHz,2J=8.1Hz,3-R),5,43(lH,br,4-R),5.24(1H,d,3J=6.0Hz,1-R),5.20(lH,dd,3J=3.6Hz,2J

=8･7Hz,2-R),4.13(1H,dd,3J=4.5Hz,2J=12.6Hz,51R),3.80(lH,dd,3J=2.4Hz,2J=12.6Hz,5-

R),2･15,2112,2･10((3H,S,Me)×3)･13CNMR(CDC1,,75･46MHz):8(ppm)=190･70(CHO),169196,

169L83,169.22(Co光3),161.01(4-Ar),131.57(1-Ar),131.26(2,6-Ar),116.38(3,5-Ar),9734(1-R),

69･09(31R),68.28(2-R),66.47(4-R),62.25(5-R),20.33,20,20,19,13(Mex3).

3イ2･3,4-Tri-0-a叫,I-p-D-arabinopyranosiZ叩 )benzaldehyde(m-4d)

Thesimilarprocedureforp-4bwasappliedtom-hydroxybenzaldehyde(2.2g,18mmol)and3d

(4･Og･12mmol)togivem-4dasco)Orlessoil(1,4g,32%)iIHNMR(CDCも,300,07MHヱ):8(ppm)-1

9･96(1H,S,CHO),7.58-7.44(3H,m,2,5,6lAr),7.27(1H,m,4-Ar),5.42(lH,m,3IR),5.32(1H,m,4-
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R),5.16(lH,rn,1,2-R),4.10(1H,dd,3J-4.2Hz,2J=12.9Hz,5-R),3.78(1H,dd,3J=2.1Hz,2J=12.6

Hz,5-R),2.13,2･09,2107((3H,S,Me)x3)I13cNMR(CDCも,75r46MHz):a(ppm)=191･67(CHO),

170.14,170.01,169.36(〔ox3),157.02(1-Ar),130.19(3,5一山),125.07(6-Ar),123.21(4-Ar),115.41

(2-Ar),98,19(1-R),69.40(3IR),68.52(2-R),66.79(4-R),62.55(5-R),20.47,20.36(Mex3).

Zinc(II)5,10,15,20-tetrakisl4-(2,3,4-trL--0-ac叫･l-PID-WabinopyranosyloxyJphenylIpoTPhyrin(FlSd)

nesimi1arprocedureiforp-5awasappliedtop-4d(2.9g,7.6mm 01)togivep-5dasaredsolid(1,6

g,63%)IPtmity(HPLC)‥96%･1HNMR(CDCち,300･07MHz):8(ppm)=8185(8H,S,β-P),8･14(呂H,

d,3J=8.4Hz,2,6-Ar),7.41(呂H,d,3J=8.7Hz,3,5-Ar),5.58(4H,dd,3J=6.3Hz,3J=8.7Hz,3-R),5.44

(8H,m,1,4-R),5.15(4H,dd,3J=9.0Hz,2IR),4.32(4H,dd,3J=3.6Hz,2J=ll.4Hz,5-R),3.96(4H,

d,3J-11･4Hz,5-R),2128,2･24,2117((9H,S,Me)×3)･13cNMR(CDC1,,75･46MHz):8(ppm)=

170.53,170.40,169.77(COx3),156.47(4-Ar),150.47(α-P),137.62(1-Ar),135.50(2,6-Ar),132.06

(P-P),120.46(meso-P),114.89(3,5lAr),9臥87(i-R),69.88(3-R),69.09(2-R),67.25(4-R),62.96(5-

R),20･83,20,65(CH,x2)･FAB-HRMS(mJ2:)=[M]'CalcdforC8寒HR｡N40,,_Zn,17721436;found,

1772.4337.

Zinc(JI)5,10,15,20-tetrakisl31(2,3,4-Eri-0-aceyl-PIE-WabinopyrafWSytOW)phenyl]PorphyrEn(m15dJ

Thesimilarprocedureforp-5awasappliedtom-4d(1･7g,4.3mmo】)togivem-5dasaredsolid

(1･1g,60%)･Pmity(HPLC):>99%･lHNMR(CDC七,300･07MHz):8(ppm)=8･97(SH,br,β-P),

7.90(gH,m,2,6-Ar),7.67(4H,m,5-Ar),7.43(4H,m,4-Ar),5.54(4H,m,3-良),5.34(8H,m,1,4-氏),
∫ヽ

5.16(4H,m,2-R),4.12(4H,m,5-R),3.73(4H,m,5-R),3.44-3.40(4H,m,5-R),2.ll,2.09,2.03((9H,

S,Me)x3)･13CNMR(CDCも,75･46MHz):8(ppm)-170･40,170125,169･60(COx3),155･19(3-Ar),

150.17(α一P),144.30(1-Ar),132.15(P-P),129-69(5-Ar),127.65(6-Ar),123.09(4-Ar),120.49(meso-

P),116,07(2-Ar),98.95(1-R),69.80(3-R),68.98(2IR),67,05(4-R),62.81(5-R),20.72(Me).Ⅰ乱B-

HRMS(m/21)IlM]'CalcdforCBPB.N4032Zn,1772･436;found,1772･43031

5,10,15.20-TetrakEIsl4-｢2,3,4-Eri-0-dcetyりヲ-D-arabinopyrmosylo叩Jphenyl]Porphyyin(p-74)

Thesimilarprocedureforpl7awasappliedtopl4d(2110g,532mmol)togivep-Tdasaredsolid

(0･63g,36%),Purity(HPLC):>99%llHNMR(CDC13,300･07MHz):a(ppm)≡8月5(SH,S,β-P),

8.14(呂H,d,3J=8.4Hz,2,6-Ar),7.41(8H,d,3J-8.7Hz,3,5-All),5.58(4H,dd,3J=6.3Hz,3J=8.7Hz,
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3-R),5.44〔8H,m,1,4-R),5p15(4H,d,3J=9･OHz,2-R),4･32(4H,dd,3J=3･6Hz,2J=11･4Hz,5-R),

3.96(4H,dd.2J=11･4Hz,5-R),2･28,2･24,2L17((9H,S,Me)×3),-2･82(2H,br,NH)･13CNMR(CDCも,

75.46MHz):呂bpm)-170.53,170.41,169.77(Co光3),156.61(α-Pand1-Ar),136･96(4-Ar),135168

(2,6-Ar).131･12(P-P),119･47(meso-P),115･02(3,5JAr),98L84(1-R),69･88(3-R),69LO9(2-R),67･23

(4IR),62196(5-R),20･88,20･85,20･68(Mex3)･FAB-HRMS(m/Z)=【M+H]'CalcdforC紹H包丁N4032,

1711.52979;found,1711.53042.

5,10,15.20-TelTlakisl3-(2.3.4-tri-0-aceo,I-p-D-arabinopyranosyEoxyjphenyl]parphyrin(m-Td)

Thesimilarprocedureforp-7awasappliedtom14d(I,62g,41mmol)togivem-7dasareddish

purplesolid(493mg,37%)･nlrity(HPLC):>99%･lHNMR(CDC1,,300･07MHz):占(ppm)≡8･88

(8H,S,P-P),7･95(8H,m,2,6-Ar),7･68(4H,m,5-Ar),7･48(4H,m,4-Ar),5･70(4H,t,3J=8r7Hz,3-R),

5.37(旦H,m,1,4-R),5.16(4H,m,2-R),4,16(41寸,rn,5-R),3･79(4H,m,5-R),2.14,2.09,2.06((9H,S,

Me)×3),-2･78(2H,br,NH)I13cNMR(CDCち,75･46叩Hz):6(ppm)=170･27,170･12,169,52(COx

3),155.16(3-Ar),143.51(OEIPand1-Ar),131.21(β-P),129.63(5-Ar),127.75(6lAr),123,ll(4-Ar),

119.42(meso-P),116.27(2-Ar),98.86(1-R),69.69(3-R),68.85(2IR),67.05(4-R),62.81(51R),･20.62,しJA

20･44,20･30(Mex3)･FAB-HRMS(m/Z)=[M+H]十CalcdforCBaHBTN40 32,1711･52979;found,
1711.52918.

Z,'flC(II)5,10,i5,20-tetrakisl41(β-D-ar･abinopyranosyLaT)phenyl]Porpkyrin(pd)

Thesimilarprocedureforp-6awasappliedtop-5d(106mg.59.8prnol)togivep-6dasaredsolid

(74･3mg,98%)･Purity(HPLC)=99%･1HNMR(DMSO-d6,300･07MHz):8(ppm)=8･81(8H,S,P-P),

8･09(8H,d,3J-8.4Hz,2,6-Ar),7.42(BH,a,3J-8.4Hz,3,51Ar),5.39(4H,a,3J=4.8Hz,2-ROH),5,19

(4H,d,3J=6.9Hz,llR),4.95(4H,d,iJ=5.4Hz,3-ROE),4.76(4H,d,ヨJ=3.9Hz,4-RON),3.92-3▲89

(4H,m･5-R),3･81(12H,br,2,4,3-R),3･60(4H,br,5-R)･13CNMR〔DMSO-d6,75･46MHz):8(ppm)=

157･28(4-Ar),149.94(α-P),136.56(1lAr),135.48(2,6-Ar),131.88(P-P),120.20(lTleSO-P),114.61

(3.5lJh),101.32(llR),73.OIT(3-R),70.83(2-R),68.06(4-R),66.27(5-R).臥 B-m S(m/Z)=D4+Na]+

calcdforC64H的N4020ZnNa,1291･29846;found,1291･29604･

Zt-nc(II)5.10,i5,20-tetrakisl3-(PIP-arabinopyranosylawjphenyl]porphyrEn(mJd)
■

Thesimilarprocedureforp-6awasappliedtom-5d(100mg,56.叫 mol)togivem-6dasaredsolid
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(67.3mg,96%).nlrity(HPLC):99%llHNMR(CD,OD,300･07MHz):8(ppm)=8･86(8H,S,P-P),

7.92(4H,bl･,2-Ar),7.87-7.84(4H,ITl,16-Ar),7.69-7.64(4H,m,5-Ar),7.52-7.49(4H,m,4-Ar),5.13

(4H,d,3J=712Hz,I-R),3･96-3134(20H,m,2,3,4,5-R)･lHNMR(DMSO-d6,300･07MHz):8(ppm)

=8.83(8H,S,β-P),7,81(BH,br,2,6-Ar),7二73-7.6B(4H,m,5lAr),7.49-7.46(4H†m,4-Ar),5.53-

4.54(12H,br,2,3,4-ROH),5.13(4H,d,3J=6.6Hz,1-R),3.76-3.17(20H,m,2,3,4,51R).13CNMR

(DMSO-d6,75.46MHz):8(ppm)=155･96(3-Ar),149L63(a-P),144139(1-Ar),132･05(β-P),128･70(5-

Ar),127.84(6lAr),122.84(4-Ar),120.30(meso-P),115.88(2-Ar),101.39(1-R),72.78(3-R),70.78(2I

A),67･93(4IR),66･07(5-R)･FAB-HRMS(ml21)≡[M+NaycalcdforC64H6｡N4020ZnNa,1291129846;

found,1291.29759.-

5,10,15,20-7TetrakEsl4I(P-D-arabinopyTlanOSy]叩 )phenyl]Porphyrim(pBd)

Thesimilarprocedureforpl6awasappliedtop-Td(86mg,50,2InmOl)togivep-Sdasaredsolid

(58,1mg,96%)Ifhrity(HPLC):99%.lHNMR(CD,OD,300.07MHz):8(ppm)≡8･89(8H,a,β-P),

8.ll(8H,d,3J=8.7Hz,2,6-ArH),7.51(8H,d,3J=8.1Hz,3,5-Ar),5.21(4H,d,∃J=6.0Hz,1IR),4.ll

-3177(20H,m,2,4,3,5-A)･lHNMR(DMSO-d6,300･07MHz):8(押m)=8.87(gH,S,β-P),B･14(8H,

d,3J=8.1Hz,2,6-Ar),7_45(8H,d,3J=8.4H21,3,5-Ar),5,41(4H,br,2-ROE),5.21(4H,d,3J=7.2H乙,

llR),4,98(4H,m,3-ROH),4.77(4H,m,4-ROE),3.92-3.50(20H,m,2,3,4,5-R),-2.92(2H,br,NH).

13CNMR(DMSO-d6,75･46MHz):8(ppm)-157･72(4-Ar),135･67(α-Pand1-Ar),134･96(2,6-Ar),

131.80(β-P),119.99(meso-P),114,98(3,5-Ar),101･26(1-R),72･93(3-R),70･75(2lR),68.08(4-R).

66･33(5-R)IFAB-HRMS(m/Z)≡[M+H]'CalcdforC6.H6が402｡,1207･40302;follnd,1207･40339･

5,10.I5,20-Tetrakisl3-(旦D-arabinopyranosyl叩 )Phenyllpo,phyrLln(mlSd)

Thesimilarprocedureforp-6awasappliedto〝卜7d(72mg,42,0mm ol)togivem-8dasaredsolid

(49･7mg,98%)IPurity(打PLC):>99%LIHNMR(CD30D,300･07MHz):8(押m)=8･91(8H,br,β-

P),7.94(4H,br,21Ar),7.85(4H,m,61Ar),7.70(4H,m,51Ar),7.56(4H,m,4lAr),5.13(4H,d,3J=7.2

Hz,1-R),3･94-3･84(12H,m,2,4,5-R),3･69-3･63(8H,m,3,5-R).lHNMR(DMSO-d6,300･07MHz):

8(ppm)=8.89(8H,S,β-P),7･84(4H,br,2-Ar),7･74(4H,br,6-Ar),7･60(4H,m,5-Ar),7･49(4H,m,4l

Ar),5.30(4H,d,3J=4.5Hz,2-ROH),5.14(4H,d,3J=7.2Hz,1rR),4.87(4H,d,3J=5.4Hz,3-ROH),

4.67(4H,d,3J=4.2Hz,4-Roll),3.71(呂H,m,2,51R),3,66-3.50(12H,m,3,4,5-R),-2.98(2H,bl;NH).

13cNMR(DMSO-d6,75･46MHz):8(ppm)-156117(3-Ar),142177(cK-Pand1-Ar),131･46(β-P),
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128.65(5-Ar),128.21(6-Ar),122.81(4-Ar),119.98(meso-P),116.39(2-Ar),101.26(I-R),72.75(3-R),

70.73(2-R),67･87(41R),66･04(5-R),FAB-HRMS(nl/Z)≡【M+H]'calcdforC6.H63N4020,1207･40302;

found,1207AOllB.
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311.Introduction

Inphotodynamictherapy(PDT),photosenSitizersgeneratereactivesingletoxygenCOB)whichare

abletodamagetumorcellsLll6]･Hencethe}quantumyieldoflO2generationisfundamentalperformance

forphotosensitizers･HoweverthephotodynamiceDTecLdependsonnotonly102generationabilitybut

also(1)cellularuptake,(2)subcellularlocalizEltionand(3)aggregationpropertiesincytoplasm.Cellular

uptakegenerallydependsonhydrophobicilytopassthrough ahydrophobiccellmembranel7,8]･

HydrophobicityofpharmaceuticalsisusuallycharacterizedbyapartitioncoeFICient(LogP)between

waterandn-octanol[9].Zhengetal.investigatedtheimportanceDflipophilicitytothephotodynamic

effectforpurpurinderivativesl10],OJltheotherhaJId,thewatersolubleporphyrinderivativecomplex

withserumalbumin,whicha陀InOStabundantproteinsofbloodplasma,topenetrateillthecellmembranes

l7,8,11]･Itwasrepor【edthat(bovineorhpman)serumalbuminhastwodistinctivebindingsites,usually

calledassiteIandsiteIIlll].FluorescenceenergytransferexperimentindicatesHeInatinandother

porphyrinderivativesbindsinthevicinityofTrpl214inhllmanSerumalbumin･Rosenbe唱erandMargalit

reportedthatthebindingconstantsofhematoporphyrinderivativeswhosephotocytotoxicitywasdiscovered

byLipsonandSchwartzin1960sl1,12,13].Thebindingtoserumalbuminshouldphyanimportantrole

tocellu)aruptakeespeciallyforlesshydrophobicporphyrins,whilehydrophobicporphyrinsstrongly

interactswithcellmembranel13]･ThePhotody-miceffectisalSohighlydependentonthelocalization

incyloplasm[14-20].Photosensiti2:er島usuallydistributesinplasmamembrane,mitochondriaandin

somecaseslysosomesl14120]･Inaddition,photosensitizerstlChasporphyrinderivativestendstomal;e

anaggregationform inCyloplasml21123],Theseaggregationformsreducesthefluorescencelifetime

and102quantumyieldsl21]todimimi hIkephotocytotoxicity.

hchapter2,theautl10T-designedandsynthesizedglycoconjugatedporphyriTIS(Chart3-1).Inthis

chapter,thehydrophobicityparametersofglycoconjugatedpoIPhyrinswereestimatedbyShake-Flask

methDdandreversedphasehighperformanceliquidchromatography(Rp-HPLC).Inaddition,binding

equilitmiumofsomephotosensitizerstobovineserumalbtlmin(BSA)werealsostudiedbyfluorometric

titration.TheseglycoconJugatedporphyrinsweresubjectedtotestthecellularuptakebyHeLacellsand

thephotocytotoxicityinvitro.Thesecelluhruptakebehaviorandphotocytotoxicitywerediscussedon

thebasisofhydrophobicity,bindingpropertiestoBSAandphotochemiCalstudyinaqueousmediasuch

ascytoplasmforthcsephotosensitizers.
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TypesoFGlycopyranDSylGrDUPS (denotedasp-) (denotedasm-)

zl:D･glucos8
R=AcfDr5.7
RとHfor6.8

b:D･garactose
R=AcIDrS.7
R=Hfor6.8

C:D･xylose
R=Aclor5.T
A-HforG.8

d:D-arab;nDSC
R=Ae1prS,7
RとHfor6.8

/I
=二二′二-=こ,,､oR//A

Chart311

3･2.ResullsanddisctLSSion

3-2-llHyd'DFhobicl'oIParametersOfac叫,latedglycoconjugaEedpo'phyrin35and7

LogPvalueshavebeenlユSualIydeterminedbytheconventionalShake-Flaskmethod.Howeveち

thismethodrequlreStracequantitativeanalysis,whichi岳diFICultforhydrophobicorhydrophilicspecies

and/orstronglyaggrEgatlngSpecies.An alterrlativemethodisreversedphasehighperformanceliquid

chrolnatogTaPhy(Rp-HPLC)[24-26],TllePartitionratiocanbecorrelatedwiththecapacityfactork'.

Figure3-1ShowstypicalchromatogramsobtainedbyRP-HPLC･Undertheexperimentalconditions

used･thechromatogramsandretemiontimes(ER)oftheacetylatedglycoconiugatedporphyrjns5and7

wereindependentOfsampleconcentrationintherangefrom1toOAOILLMIHence,valueobtainedshould

73



l p-5b p- p-Sa C

l LJ

0 10 20 30 40 50

tR/min

Fjgure3-1Chromatogramsofp-5onRp-HPLC･

bethoseOftliemorLOmericfom oftlleglycoconJugatedporphy血S.Thisrepresentsanadvantageofthe

Rp-HPLCmethodovertheShal:e-Flaskmethod.Thecapacityfactork'canbecalculatedbymeansof

thefollowingequation,hwhichtRandEoaretheretentiontimeofthephotosensitizersandthedeadtime,

respectively.AgoodlinearrelationshipbetweenLogk'andLogPwasfoundasfollows,whereaandb

areconstantsforagivenHPLCsystem.Pyhdinel9],benzaldehydel25],quinolinel25】,chlorobenzene

_0.8 -0.4 0.0 0.4

LoBk'

Figure312CalibrationcurveofLogPversusLogk'.
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a d b c

i_7blTで 7

b 也 a c

a C

4 5 6 7 8

Logf'

Figurc3･3SummaryOfLogPvaluesof5and7･

[9],benzophenone[25],diphenylaminel25]andbipheqyl[25]wereusedasstandardstocalibrateour

I廿LCsystem.Figure3-2illustratesthecalibrationcurl/e,WhichshowsgoodlineantyofLogPvalues

againstLogk'ValuesITheLogPvaluesoftheporphyrins5and7weredeterminedonthebasisofthe

calibration.Figure3-3summarizestheresults.TheLogPvaluesrangedfrom十4.8to+7.8,sothatmost

ofthephotosensitizersarelesshydrophobic(Table3-1)･ThehydrophobicityincreasesintheorderofpI

S<m-5<p-7<ln-7foreverysugarunitattached.TheZn2'ionclearlyreducesthehydrophobicity(5<

Table3-1 Retentiontimes(tR)andLogPvaluesofSand7

慧

4
･
-1

6
･
15

4
･
-9

6
･
｡3

5
･
41

6
･
-.

5

慧

4
･
8｡

慧

莞

慧

compounds tlJmin

p-5a 30.g6

p-51) 18.23

plSc 42.20

p-Sd 16.84

m-Sa 39.32

m-5b 25,46

m-5C 75.72

抑-Sd 34.17

九

m

爪

m

r･;

l

l

p

〟

〟

i

m

34.85

34.50

95.66

39.23

38.35

m-7t) 97.15

fn-7C 15.11

m17d 68.81

10.09

9.97

29.43

ll.48

ll.20

29.90

47.05

20.89

5.86

5.85

712

6.02

5.99

7.24

7,82

6.79

ak'-(lR-to)/Eo･ Thetovaluewasdetemi nedas3.14minu'singurasil. bLogP-2,90Log

k'+2･84,calibradoncurveisshown inFigl3-21
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7)･Inaddition,thesugarunitsatmetapositionarelesseffectivetogainhydrophilicity,probablydueto

theintramolecularinteractionbetweenviCinalsugartlnits.TTltereStingly,gl1lCOPyranOSylgroups(a)seem

tonegatethechracteristicsoftheporphyrinringtOkeeptheLogPvaluesconstant.

3-212･HydTDPhobl'cioTp-ameterSOfdeaceo,laEedglycoconjugatedporphyrinspiandp-3

Thepartitioncoefficients(LogPvalue)ofmonomericformofdeacetylatedglycoconjugated

porphyrinsp-6andp-S(C=0.00695L血Ⅰ)betweenphosphatebufferedsaline(PBS)an(レ トOCtaEIOIwere

detemi nedbytheconventionalShake-FlaskIneLhodl9,27-29].AftereqtlilibratingbetweenPBSwithn-

octanolfor18h,theconcentrationofphotosensitizersineachphasewasdetemhedbytheHPLCsystem

equippedwithUVIVisdetectorat420nm.¶leaverageLogPvallIeSOfsixreplicateexpe1jmentlqranged

允om-0.66t0-0.74,henceallphotosenSitizersarehydrophilic(Table3-2),Becauseofthela樗eStandard

deviation,however,theSllake-FlaskmethodisnotsuitabletoclarifythediFerencesinLogPvalues

betweehglycoconjugatedporphyrins.Theextremelylowconcentrationcondition(C-0.00695PM)was
requiredtomeasuretheconcentrationbecauseofstronglyaggregatingtendencyofglycoconJllgat占d

porphyrins.Thismaycausethelowslgnal-tO-noiseratioandthelargestandarddet,iation.The

hydorophobicityofporphyrinsp-6andp-8wasalsodetemi nedbytheRp-HPLCInethod.Chromatogram

ofporphyrinsp-6andp-8wereindependentDfsampleconcentrationintherangefrom0.1to0.01LtM

undertheRp-HPLCconditionused･TheretentiontimetRref)ectLqthenatureofthemonomericform of

thesephotoseJISitizers･ThetRValuevariesrangedfrom5,84to6150minandreflectsthehydrophobicity

(lipophilicity)ofporphyrinsp-6andplB･TheorderoftRValueindicatesthehydrophobicityincreasesin

Tab)C3･2 LogPvaluESandRp-HPLCretaintiontine(tR)of6andS ,

ShakeFlaskmethod

二王DgPa
-0.74±0.05

-0.71±0.03

-0.70±0.03

-0.70±0.03

-0.71±0.03

-0.71土0.02

-0,69±0.06

_0.70±0.02

compnunds

p-Ga

pl6b

p-6c

p-6d

p-Ba

pjb

p-Sc

p-Bd

Rp-HPLC

ER/min
5.88

5Jg4

6.19

6.10

6.18

6.16

6.50

(1.42

aTheLogPvalueofdeaCetylatedglycoconJugatedporphyrinswasdetemi nedafterincubation

forlBh･Thevaluesrepresentthemeans±S･d･ofsixreplicateexperiments.
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theorderofp-6<p-aregardlessofthesugarunitattached･Inaddition,theporphyrinshavingxylopyranosyl

(C)andarabinopyranosyl(A)groups(i息,pentos?groups)showedhigherhydrophobicitiesthanthoseof

glucopyranOSyl(a)andgalactopyranosyIO')groups(i･e･,hexosegroups)ITheordersofhydrophobicity

ofglycoconJugatedphotosensitizerscanbedeterminedeasilybyRp-HPLCmethod,evenlhoughthe

shake-Flasknlethodishardlyperformed.

3･2-3,BindingpTt}PertiesofdeacetylatedglycoconjugatedporphyrEmspJtoB且4

MostofthedeacetylatedglycoconJugatedpDrPhyrinsp-3mightboundsabundantproteinssuchas

serumalbuTnininit"I-tTOexperiments.Somewater-solllbleporphyrinscomplexwithserumalbuminto

penetrateincellularmembranesl30-33]･Hencebindirlgpropertiestoalbuminmayaqecttheinteraction

withcells.Thebindingbehaviorofporphyrinsp-8loBSAwasstudiedbyelectronicabsorptlOnand

爪uorescencespectrometIT･Eachphotosensitizers(a-5pM)wasstirredgentlywithvariousconcentration

ofBSA(C=0-35LADinPBSfor24hat37oC.Figure3-4andSISshowstheelectronicabsorptionand

fhorescencespectraofporphyrinsplSaafterequilibralionwithvariousconcentrationofBSA.Thepeak

areaofSoretbandofp-8aincreasedwithan increaseoftheconcentrationofBSA,andthispeakshows

360 380 400 420 440 460 480 500

人/､Ilnl

純 ure3･4Electronicabs.rpti.nspectra.fp-Sa(C=5LLM)inPBScontaining1%DMSO,inthe
､

presenceofI主SAat37oC.neBSAconcentrationrangedfrom0to2叫 M.
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FigtlreSISLuminescencespectraofp-臥(C=5LLM)inPBScontaining1%DMSO,inthepresenceof
BSAat370CrTheBSAconcentrationrangedfrom0to20uM･Le託-420nm.

abathochromicshiftfrom417to422nm(Figure314),Theporphyrinsp-8b-dshowedthesimilar

phot占chemicalbehaviorofp-8a.themaximumabsorptionwavelength(Lm弧)ofSoretbandofBSA-free

porf･hyrinsare417nm(p-Sa),416･5nm也-8t,),416nmQ,-Sc)and416･5nlnb-8d),whiletheLm弧Of
{

SoretbandofBSA-porphyrincomplcxesare422nmb一弘),422.5nmb -Sb),423nm(p-Sc)and423･5

nm(〟-Sd)LThefluorescencespectraforeachreactionmixturewererecordedfrom500to800nmusing

excitatioIIWavelengthofA incorrespondingBSAIPOrPhyrincomplex.Figure3-5showsthattheJna.1

fluorescenceintensltyOfp一名aincreasedwithanincreaseoftheconcentrationofBSA,andthemaximtLm

emissionwavelengthshowsabathochromicshiftfrom653to658nm.ThepoIPhy血sp-8b-Ashowed

thesimilarluminescencebehaviorofp-Sa.ThemaximumemissionwavelengthofBSA-freeporphyljns
J

are653nmbl8a),652.5nm(p-Sb),654nm(p-8C)and653.5nmblSd),whilethoseofBSA-porphyrin

cornplexesare658nmか-Sa),658nm(p-8b),658.5nmb-Bc)and659･5nm～,-8d).Figure3-6shows

thefluorescenceintensityasafunctionofBSAconcentration･TheplotcanbefittedwellwithLangmuir

isothermforsinglehigh-afFlnitybindingsite･Thenumberofbindingsiteperproteinnandtheequilibrium

bわdingconstantKaresummari21edinTable3-3.ThenandKvaluesvariedfrom0.41±0.04to1.57±

0.llandfrom(0.25±0.02)xlO6to(1.57±0･11)x106M~Iowingtosugarunitattached.Thenumberof
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Figure3･6Fluorometrictitrationofp-8(C=5ト血Ⅰ)inPBScontaining1%DMSOforp-8a(a),p-8b(b),

pTSc(C)andp一名d(d).nesolidcurvesarebest-fitwitheq.7.ThefittingparametersarelistedinTable
3-3.

Tab)e313 Theequilibriumconsta.ItsOfpl8(5卜M)bindingtobovineserum.albumin(BSA)at

37oCinP】】S

a Kxlけ6/M a×1016 abX10-6

a
b

e
d

穴
Y
OnY
00
OO

l

l

一

一

P
.
EL
P

EL

0.41±0.04 1.1±0.5 0.2±0.1 1.23±0.05

0.25±0.01 2.1±1.3 0.17±0.02 1.39±0.08

1.10±0.09 1.6±0.5 0 1.25±0,02

1.57±0.11 1.3±03 0.17±0.01 1.22±0.01
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bindingsite(n)ofBSAincreasesintheorderofp-8bくp-Sa<p-Sd<p-靴.Theporphyrinshaving

xylopyranosylandarabinopyranosylgh)ups(i･e･,pentosegroups)showcdthcgreaternumberofbinding

sitesthanthosehavingglucopyranosylandgalactopyranosylgroups(i･eりhexLSOSegroups),Figure3-7

ShowsthenvalueasafunctionoftRValue･TheAValueofporphyrinsp-8toBSAincreasedwithan

increaseoftRValue,ile.,hydrophobicily･Whilethenvalueofporphyrinsp-adependsonsugarunit

attached,nosignificantdifferencewasfoundinbindingconstantK.

6.1 6.2 6.3 6.4 6j 6.6

tTt/min

FigureSITTheplotsofnllmberofboundedporphyrins(n)asafunctionofretentiontimetROnRPI
HPLC.

3-2-4.Cellularuptakeofglycocoly'ugatedporphyrins

Thecellularuptal:eofal1glycoconJugatedporphyrinsbyHeLacellswasexamhedafterincubation

withphotosensitizers(C=5トIM)for24h.Afterincubation,however,theprecipitateswerefoundby

oplicalmiCroscopyinthecaseofal1acetylatedglycoCOnjugatedporphyrins5and7aJLdthedeacetylated

glycoconjugatedporphyrinsm-3candp-8b(Figure3-8).Sincetheprecipitateswerehardlyremoved

fromthewell,cellularuptakeofallporphyrins5,7,mlBeandp一番bcouldnotbEdeLermined･Theuptake

amountofphotosensitizerwasestimatedonthebasisofcalibrationdataforeachphotosensitizerin

80



Figure3･8ThepreclpltationofmlScobservedbyopticalmicroscopy･
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Figure3･9Calibrationcurveofthefluorescenceintensityversustheconcentrationof6((a)and(b)),8

((C)and(d))andTPPS(d).
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DMSO.Thegoodlinearitywasfoundbetweenthenuorescenceintensityandtheconcentrationineach

photosenSitizerasfollows,whereaandbareconstalltSforaglVenPlatereaderuslngeXCitationand

emissiollWaVCIengthsof430and635nm(Figure3-9)･Figure3-10showstherelativevalueofthe

cellularuptakeagainsttetraphenylporphyrintetrasulfonicacid(TPPS)asastandard･Allporphyrins6

andSshowedhigheruptakethanTPPS･Theorderofthecellularuptakeamountwasdetemi nedasp-8d

>p-8a>m-8a>m-Sd>p-6d>m-8b,p-Sc>m16d>m-6e>p-6C>m血 >p-6b>p-6a>m-6t)>m-8h

>TPPS.Ⅰnterestingly,p-8dshowedanuptake18-foldgreaterthanthatofTPPS.¶lePOq)hyrinshaving

xylopyranosyl(C)andarabinopyranosyl(A)groups(i･e･,hexosegroups)aremuchmoreeffectiveto

groups).Tillsmayreflectthelackofonehydroxymethylgroup･Inaddition,para-substitutedporphyrins

p-Sshowedhigheruptakethanmeta-substitutedonesm-S,andfree-baseporphyrins8showedhigher

uptakethancorrespondingZincporphyrins6･Thesedifferencesmightberelatedtotheshape ofthe

speciesinwater,namely･theglobularstructureofmeta-substitutedporphyrinsal1dthedimericfom of

zincporphyrinsl34]･Thesefindingsindicatethatglycopyranosylgroupsmodulatethehydrophobicity

parameter(Iipophilicity).

(
'
q

Jt!)冒
n
Otne
3億
td
n
ĝ
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Figure3･10TlleCellularuptakeof6and8byHeLace一lsafterincubationfor24h･Theva一uesrepresent

themean±S.d･ofthreereplicateexperiments･nevaluesform-3candplSbcouldnotbequantified
【

1xcauseofprecipitation.**Thevalueofp-3dwasstatisticallysignificantlyわく0.01)differentfromthat
ofp-Sa.
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3-2-5･Li'ghldose-dependenceoftheeHectofdeaceo,IatedglucosylatedpoIPhyrinpea

TTleaboveresultsindicateaunlqueeffectofthesugartLnitsontheinteractionwithHeLacells.A

verylnlereStmgquestionthenarises,namely,whetherthedifferenceshcellularuptakeofphotosensitizers

affecttheirphotocytotoxicity.Inordertoexaminethisissue,thephotocytotoxICltyOfp-Sa,p-8dand

TPPSwasassayedl'nvitrDIFirstofall,thephotocytDtOXicltyOfp-SawasexaTTlinedllSlngahalogeI1

lamp(looW,Å>500nm)andatllermOStatedstageinordertofindanappropriatelightdose.Figure3-

11showsthelightdosedependencyofthephotocytotoxicityofp-Sa･Thecellsurvivaldecreasedfrom

llO･5to17･9%asthelightdoseincreased,andthelethaldoseto50%ofthepopulation(LD,0)was

around16J/cm2.
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Figure3･11Lightdose-dependentphotocytoLoxicityofp-3ainHeLacells.b-8a]=5LLM.Thelight

intensityappliedwas24mW/cm2usingahalogenlamp(looW,A>500nm).Thepercentagecell

survivalwasdeterminedbyCellTiter-GloTWLuminescentassayafter24hincubation.TYleValuesrepresent

themeans±A.d.Dfsixreplicateexperiments.
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31216,Invitl10StudyofrelationshipbetweencellularuptakeandphotocytotoxEcity

Thecytotoxicityofdeacetylatedglycoconjugatedporphyrinsp-ぬ,p-SdandTPPStoHeLacellsin

thedarkwasexam ined.FigtLre3-12showsthepercentageofcellsurvivalafter48hincubationwithout

lightirradiation.Thesephotosensitizers(p-ぬ,p-SdandTPPS)showednocytotoxicityinthedark

(Figure3-12a).Thephotocytotoxicityofp-Sa,p-SdandTPPSwascxamincdwithHcLacells.The

aboveresultsshowthatthelightdoseof16J/cm2wasapproprlatetOexaminedifferencesof

photocytotoxicitybetweenp-Sa,p-BdandTPPS.Figure3-12bshowsthepercentagecellsurvivalafter

24hincubation.Photocytotoxicityofp-ぬ (36%)andp-Sd(28%)issignificantlyhigherthanthatof

TPPS(70%).Interestingly,theorderofphotocytotoxicityb-8d>p-8a>TPPS)seemstobeinaccord

withtheorderofcellularuptal;e.ThelowphotocytotoxLICltyOfTPPScouldthusbeattributabletothe

lowercelltlIaruptakeascoTTIPaT'edwithplSaandp-Sd.Thedifferenceinphotocytotoxicitybetweenp-

8dandp-8awassmall,eventhough thece11111aruptakeofp-Sdwasalmosttwiceasthatofp-8a.This

mayreflectsfromthedifferencesinaggregationstatesorinthesllbcellularlocalizationbetweenp-Sa

andp-8d.Thissuggestsotherfeahrebesidescellu)arI)Ptakeplaysanimportar)troleforphotodynamic

effect.
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Figure3-12Cytotoxicityinthedark(a)andphotocytotoxicity(b)ofp-Sa,p-8d,andTPPSin甲eLa

cells.lPhotosensitizer]=5PM･Thelightintensityappliedwas24mW/cniZusinga100Whalogenlamp
(ん>500nm).¶leperCentageCellsurviValwasdetemi nedbyCellTiter-GloTMLuminescentassayafter

48Aincubation.Thevaluesrepresentthemeans±S･d･ofofsixreplicateexperimerltS.辛Significant

difference,p<0.05.
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3-2-7.SpectTDSCOPicpropertiesofp-3aandp-βdinaqueousmedL-a

Porphy血derivativesarestronglyhydrophobicspeciesanditiseasytornalCeanaggregateinaqueous

mediastJChascytoplasml21-23].Itiswell-knownthaHheaggregationstatescausestheshorterlife-

timeoftheexcitedstatel21].Hence,oneofthereasonstomakedi鮎renceinphotodynamiceffect

betweenp-Saandp-8disaformationofaggregates･TheelectronicabsorptlOnandfluorescencespectra

ofdeacetylatedglycoconjugatedporphyrinsp-8aandp-8d(C=4.97pM)weremeasuredinvari011S

compositionofDMSOandPBStoinvestlgatetheeqectofaggregationstateonpholochemiCalProperlies

(Figure3-13,3-14andTab)e3-4,3-5)･Theporphyrinsp-8aandp-SdshowedstrongSoretband,which

istypicalSpectraofmonomericformofporphyriJlinDMSO(Figure3-13)[35]･Ontheotherhand,the

SDretbanddecreasedsignificantlyinPBS.TheSoretbandwidthofpISdisbroaderthanthoseofp-Sa･
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Figure3･13Electromicabsorptionspe ctraofp-ぬandp-8dinDMSO(a)andPBS(b)at37oC.
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TheSoretbandsofthesephotosensitizersshiftedtowardshorterwavelength･Thisresultssuggestthe

aggregat舌onfonnsofglycocoJugatedporphyrinsdependsonsugarllnitattachedATheaggregationforms

ofthesephotosensitizersareH-typestructure,i.e.face-to-facelt-Slackedaggregatesl22,36].Figure3-

14showsflt10rescencespectraofglycoconJugatedporphyrinsp-Saandp-8dinDMSOtlsingaexcitation

wavelengthsof430nmat37oC.nespectraldataarelistedinTable3-4.Therearenodifferencein

fluorescenceintensitiesbetweenmonomericformsofporphy血sp-8aandp-鮎1.Howeverthefluorescence

intensitiesofp-3awereabout51foldgreaterthanthoseofp-SdinPBS(Figure3-14andTable3-5).This

suggeststhatthephotochemiCalpropertiesofaggregatesand/OrthequantityOfrelllalnlngmOnOmeric

spe ciesaredifferentbetweenpoll)hyrinshavingglucopyranosylandarabinopyranosylgroups･

Table3･4 Electronicabsorptionandduorescencespecb-aldataofp-3aandp-写dinDMSOat

37oC.〟

Electronicabsorpt10nSPeCtra

んax(nm)
nuorescencespeetrab

ん｡aエ(nm)
Soret IV IⅢ Ⅱ Ⅰ (0,0) (0,1)

p-la 422 518,5 554 593.5 649 658 722

p-Sd 422 518.5 554 593 651 658 722.5

Ac=4.97叶M,b屯 =430nIr).

Table3-5 Electronicabsorp丘onandfluorescencespectraldataofp-Saandp-SdinPBSat

37oC.a

ElectronicabsorptJOnSPeCtra

Amx(nm)

Fluorescences

A..aA(nm)
Soret IV 工Ⅲ Ⅱ Ⅰ (0,0) (0,1)

p-8a 416 522 566 592 649L5 663 724･5

p-8d 406 525.59 563 594.5~ 651.5 664 725

dc=4.97pM, bんx=430nm

3-3.Summary

Thehydrophobicityparameter(LogP)ofglycoconjugatedporphyrinswasevaluatedbytheShake-

FlaskandtheRf-ⅠIPLCmethods.Rp-HPLCmethodisveryusefultoestimatetheorderofhydrophobicity

TheLogPv7aluesofacetylatedglycoconJugatedporphyrins5and7Wererangedfrom+4･8to+718,so

thatmostofthephotosensitizersarelesshydrophobic.Ontheotherhand,theLogPvaluesofdeac叫lated

glycoconlllgatedporphyriTISp-6andp-fSwererangedfrom-0･68t0-0･74,henceal一photosensitizerare
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hydrophilic･Zincporphyrins5and6exertedhigherhydrophilicltyregardlessofthesugarunitattached.

Theporphyrinshavinghexosegroupsaremorehydrophilicthanthosehavingpentosegroups,Theeach

sugal'ullitattachedhasunlqueElffectonthehydrophobicity.ThebindingequilibriumoftllePOrPhyrins

p-8withBSAwereinvestlgatedbymeansofmlOrOmetrictitration.TheaandKvaluesvariedfrom0.41

±0.04to1,57+_0.lland丘･om(0,25±0.02)×106to(1.57±0.ll)×106M~lowingtosugarunitsattached.

ThenumberofbindingporphyrintoBSA(a)incrElaSeSrnOnOtOnicallywithanincreaseofretentiontime

tROnRp-HPLC･Hencetheformationofglycocon.lugatedporphyrinsp-8-BSAcomplexissimply

drivenbyhydrophobicinteraction･Exceptform-8candp-8b,thecellularllPtakeofporphyrinsBand8

wasevaluatedinHeLacells,AllthesephotosensitizersshowedhighercellularuptakethanTPPS.The

uptakeamountofp-軸showedabout2-foldhighercellularuptakethanthatofp-Sa.Thephotocytotoxicity

ofp-8a,p-Sd,andTPPSwasexaminedwithHeLacells,uslngalightdosebf16J/cllf.These

photosensitizershadnocytotoxicityinthedark,buttheirphotocytotoxicityincreasedintheorderof

TPPS<plぬ<p18d.Howeverthedifferenceinphotocytotoxicitybetweenpjdandp-Sawassmallin

contrastwiththecellularuptakedifference.Theelectronicabsorpt10nandfluorescencespectraofthe

porphy血sp-8aaJldp一番dwerem e･d,SuredinDMSOandPBStoexplorethepho【ochemiCalbehaviorof

glycoconJugatedporphyrinsinaqueousmediasuchascytoplasm.nefluorescenceintensitiesofp-8a

wereabout51foldgreaterthanthoseofp-SdinPBS･nissuggeststhatthephotochemicalpropertleSOf

aggregatesand/orthequantityofremainingmoJIOmericspeciesarediqerentbetweenPOrPhyrinshaving

glucopyranosylandarabinopyranosylgroups,Itmaymakedifferenceinphot∝lynamiceffectinHeLa

cellsbetweenp-SaarLdp-Sd.

3･4･E叩erimcntaI

MaterlalsandMeasu柁mentS

MeasurefnentS

Electronicabsorptior)spectrawererecordedonaJASCOV-570Spectrophotometer(NaraWomen's

University).FluorescencespectrawererecordedonaJASCOFPl6300spectrofluorometer(NaraWomen's

University).Fluorescenceintensityandluminescenceintensityweredeterminedbyaplatereader

(SPECTRAFIuorPlus,TECAN)(NaraInstituteofScienceandTechnology).lmageanalysiswas

accomplishedwiththeCLSM(ModelLSM510,Zeiss)(NaraInstituteofScienceandTechnology).n e(

acetylatedphotosensitizers5and7wasestimatedbyliquidchromatography(SHIMADZU,CLASS-VP
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vcr5.02system)(NaraWomen'sUlliversity)equippedwithsilicagel-ODS(Kanto,MightysilRP-1B4.6

mm 中x200mm)columnandaUVIVis:-detector(SPD-MIOAVP)usingMeOH/托0=±8/2asaneluent･
Thedeacetylatedphotosensitizers6andSwasestimatedbyliquidchromatogTaPhy〔HInCHI,L-6000)

(OsakaPrefecturalCollegeofTechnology)eqllippedwithsilicagel-ODS(HInCHI,HITACHIGEL4

mm ¢x150tTm)Columnandadiodearraydetector(HInCHIL-4000)usingacetonitrile/water=1/1

asanehent.

PhotosensitizeTT

Stocksolutionsofphotosensitizers(TPPS,glycoconjugatedporphyrins5,6,7andS)wereprepared

byweighingthedriedphotosensitizersanddissolvingthemindimethylsulfoxide(DMSO,WikoPure

ChemiCalIndustries,Ltd,).Stocksolutionsofphotosensitizerswerekeptinthefreezer(130oC),

MateT･L'aLs

Tetraphenylporphyrintetrasulfonicacid(TPPS)andBSA(fractionV)werepurchasedfromSigma

AldrichJapanCorporation.AllotherreagentswereofaJlalyticalgrade.

341.HydrophobJ'C叫parameEeTTOf5and7deEeminedbyRp-HPLCmethod

Rp-HPLCwasperformedusinganoctadecylsilylsilicagel0DScolumnasastationaryphaseand

MebH/H,0-8/2mi tureasthemobilephase(flowrate,0.85mi.･min11)onaI-IPLCsystemequipped
withUV-viadetector.Allsamplesweredissolvedintheeluent(i-0.001トM),andthesolutionwas

fi)teredjustbeforeuse･刀ledeadtimetowasdetemi neduslnguraSil･Thecapacityfactork'iscorrelated

withLogPv血esasfわllows:

LogP-aLogkJ+b

whereaandbareconstantsforaglVenHPLCsystem.Thek'Vallleiscalculatedasfollows:

kJ=出
to

(1)

(2)

wheretRandtoaretheretentiontimeofsampleanduracil(deadtime),respectively･Pyridine(LogP=

0.65),benzaldehyde(1.48),quiJIOline(2.03),chlorobenzene(2,84),benzophenone(3.02),diphenylamine

(3.40)andbiphenyl(4.00)wereusedasstandardsforcalibratioJIOfLogPandLogk'Values.
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314-2.PartilL'oncoemcientofp-SbetweenPBSandA-octanol

¶lehydrophobicitywascharacterizedbytheLogP,thelogarithmofpartitioncoefficient,between

mMNaCl,2･7mMKCl,8･1InMNa2HPO｡･12Hユ0,andl･5mMKHZPO｡pH7･4)(Nacalaitesque)[9,27-
29].Partitioncoefficientsweredeterminedasfollows:DMSOsolution(7pL)ofphotosensitizerwas

addedton10CtanOl(0.5miL)insamplingtube(2mi.).An equalvolumeofPBSwasaddedtothesolution.

ThesamplingtubecontainingthemiXturewasvorteXedvigorouslyforlmin,andwascentrifugedfor5

mim ThesampletubewaskeptlnStandingatroomtemperaturefor18h.Theconcentrationofeach

phasewasdeterminedbyHPLCequippedwithanoctadecylsilylsiliclagelODScolumn(acetonitrile/

H20=1日1,flowrate,0･25mL,minTliUv-visdetector).TheconcentratioI"fphotosensitizerswas

calculatedonthebasisofthepeakareaofthcchromatogramrecordedat420nm.¶leLogPvalueswere

calculatedasfollows:

LogP-Lo.g吾 (3,

whereCoandCwaretheconcentrationsofn10CtanOlandPBSphases･respectively･TheLogPvalue

reportedwasdeterminedbysixreplicateexperjTTlentS.

314-3･HydTDPhobEcz'typwameterofpJdetreminedbyRp-HPLCmethod

RPIHPLCwasperfomeduslnganOCtadecylsilylsilicagelODScolumnasthestationaryphase

andacetonltrile/H20≡1/1mixtureasthemobilePhase(flowrate,0-25mL･min-1)onaHPLCsystem

equippedwithUVIVisdetector.Allsamplesweredissolvedintheelllent(0.1-0.OILLM),andthe

solutionwasfilteredjustbeforeuse.

314･4.FluoTDmetriclityatz'onofp-8toBSA

Photosensitizers(C=5LLM(1%DMSO))andBSA(C=0-35pM)weredissolvedinDulbecco's

PBS(Nacalaitesque).Thissolutionwerestirredandshakeninawaterbathwithslowstimingfor24h

I(37QC,ambientatmosphere)ATheelectronicabsorptionspectraofthesesolutionsweremeasuredat37

oCl30-33].Andthei)uorescenceintensityofthesesolutionweremeasuredusingamaximumexcitation

;bayelenBthsofBSAbindingporphyrinat37cc･TheluminescenceintensltyWasanalyzedonthe

Lassumptionofsinglehigh-aBhitybindingsite: 1
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M . S A M_S (4)

inwhichM,SandM-SrepresenttheBSA-freePOrPhyrinjreebindingsiteandoccupiedbindingsiteOf

BSA,respectively･AccordingtotheLangmuirisotherm,theratioofporphyrinboundedonBSA(lM]b)

overtOtalBSAcotlCentrations([A].)rcanbcexpressedasfbllows:

,=no=地 =nKlM]f
lA]o 1+KlM]f.

(5)

inwhich0,handKmeanstheoccupancyofthebindingsite,thenumberofbindingsltePerProteinand

thebindiIlgCOllStant,respectively.TheluminescenceintensltylSCOmbinationoftwocontributions,

namelyBSA-freeporphyrinPt]yandBSAIPOrphyrincomplex[M]b･

F=aflM]f+ablM]b=(af-ab)lM]f+ablM]o (6)

inwhich年andabareCOnStantSinfluorometrictitration･BytlSingeq･4,theluminescenceintensitycan

beexpressedasfollows:

F-(a/-ab)
K(lM]O-nlA]o)-1+ (fZKlA]oIKlM]O+l)2+4KlM]o

2 K

+ablM]. (7)

TYlePlotsofluminescenceintensityasafunctionofBSAconcentration(lAL)wasfittedwitheqr5to

affordthenumberofbindingsitelZandbindingconstantK.

345.CellularuptakebyHeLLZCells

HeLacellswerekindlyprovidedbyProfessorJun-yaKato(GraduateSchoolofBiologiCalScience,

NaraInstituteofScienceandTechnology,Japan)-TheyweregrowninDulbecco'smodifiedEagle's

medium(DMEM)withphenolredand10%fetalCalfserum(FCS)(HycloneLaboratories,In°.)[20,23,37-

411･Cellularuptakeofglycoconjugatedporphyrins6and8wasdeterminedasfollows:HeLacells(5×

104cells/well)wereplatedina24-wellplate(NalgeNunclntemationalK･K)in500Lilperwellof

DMEMwithphenolredand10%FCS,andtheplateswereincubatedfor24h(37oC,5%COB)IToeach

wellwasadded500LLLof10LLM(2%DMSO)photosensitizersinDMEMwithphenolredand10%

FCS(hencetheconcentrationofphotosensitzerswas5けM(1%DMSO)).Ⅰnordertoestimatethe

backgroundinfluorornetry,inaddition,tothreewellswasadded500pLofDMEMwithphenolredand

10%FCS(1%DMSO))withoutphotosensitiZlerS.Thecellswerefurtherincubatedfor24A,The

mediumwasremovedandthecellswerethenwashedtwicewithDulbeCCO'sPBS(W止oPureChemical
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Industries,Ltd.).Thecellswerelysedin100LLLofDMSOtoextractthephotosensitizers.TYlefluozescence

intensityduetotheextractswasmeasllredwithaplatereader(TECANSPECTRAFluorPlus)using

ext;itaLionandemissionwayelengthsof430and635nm,respectively[23].nefluorescenceintensityof

photosensitizerswereestimatedbyrcmovlngtheaveragedbackgroundfromtheaveragedfluorescence

intenSltyOfextracts･Thel]Ptakeamountofphotosensitizerwascalculatedonthebasisofcalibration

dataforeachphotosensitizerinDMSOintherangefrom500to7.81nM.ThefluorescenceintenLqltyln

eachconcentrationwascorrectedbyremovingthescatte血gcolltribut主onfromemptywellstoglVea

calibrationcurve,ThefluorescenceintensltyOfeachphotosensitizercanbecorrelatedwiththe

concentrationOfeachphotosensitiZeraSfollows,whereaandbareconstantsforagivenPlatereader

usingexcitationandemissionwavelengthsof430and635nm,respectively.Theuptakeamountof

photosensitizersreportedwasdetemi nedbythreereplicateexperiments.

3-4-6.InvitrDPhotocytotoxicio,testagaLnStHeLacells

HeLacells(5×103cellslweIl)werePlatedinlOOpLofDMEMcontaining10%FCS,andincubated

oyemight(37oC,5%CO,)ina96-wEllplate･Toeachwellwasadded100pLof10H･M(2%DMSO)

photosensitizersinDMEMwithphenolredand10%FCS(hencetheconcentrationofphotoscnsitzcrs

was5pM(1%DMSO)).Inordertoestimatethebackgroundinfluorometry,inaddition,tothreewells

wasadded100pLofDMEMwithphenolredand10%FCS(1%DMSO))witJIOutPhotosensitizers.

Thecellswerefurtherincubatedfor24h.ThemediulTIWasremovedandthecellswerethenwashed

twicewithDulbecco'sPBS,aJldlooLLLofDMEMcontaining10%FCSwasadded.Thecellswere

thenexposedtolightfroma100Whalogenlamp(Ushio,KBEX-102A),equippedwithawaterjacket

andaYl50cut-offBlter(九>500nm,Toshiba)foranappropriatetune(0minforevaluationofcytotoxicity

inthedark)[39141】.Forallexperiments,thelightintensitywasvariedfrom0to24.5mW/cJlfbyusing

anUV-vispowermeter(OPHIR,ORION/TH).Thelightdosewascalculatedastheprodt]ctoflight

intensity(mw/cm2)andjTTadiationtime.Cellviabilitywasmeasureda鮎r24husingaCellTlter-GloTM

LuminescentAssaykit(PromegaCorporation)accordingtotheinstructions.Then,the96-wellplatewas

subjectedtoluminescencemeasurementusingtheplatereaderAtfirst,thefluorescenceintenslty】n

eachwellswasestimatedbyremovlngtheaveragedfluorescenceintensityfromthreewellscontainlng

te,ellTiter-GloTMonly(nocells).Thepercentagecellsurvivalwascalculatedbynormalizationwith
i

･respecttothevaluefornodrugtreatment.
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3-4-7Statz'sticaLanalysis

AllstatisticalevaluationswerepefformedusingStudent'sI-test.Allvaluesforcellularuptakeand

cytotoxicityareexpressedasmeall±Standarddeviation.
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Chapter4
SynthesisofGlycoconjugatedChlorins
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411.Introducdon .

5,10,15,20-tetral:is(3-hydroxyphenyl)chlorin(Foscan@,Jlereinafterreferredasm-THPC),asecond

generationphotosensitizer,isundergolngClinicaltd･dlsforusehphotodynamictreatmentofgyneco】Ogical,

respiratoryandheadandneckcancersintheUSA,芦urope_andtheUKl1-5].m-THPCappearstohave

manyadvantagesincompafisPnWithPhotohⅠや･Inparticular,itisapproxLimately200timesmoreeffective

thanPhotofdn⑳atthesamephotodynamicdose(i.氏.,drugdosexlightdose),allowingtheuseoflower

photosensitiserdosesandshort占rilluminationtimestoachievesi血larresultsl5].SevEralglycoconjugated

porphyrinshavebeensynthesizedforeva】tlationoftheirphotocytotoxicity,buttherehavebeenfew

reportsOnglycoconjllgatedchlorins,Idespitetheirpotemialtltilityasphotosensitizers.Chlorinderivatives

aregenerallysynthesizedthrDugh reductionofporphyrirLderivativeswithdiimidephotosenLqiti7･erS,i.C.,

theWhitlockmethod[6,7].However,theinstabilityofchlorinmacrocyclesmakesithardtoremovethe

concomitantlyfomedpoIPhyrinsandbactcriochlorins,¶lisleadstoconsiderabledifficultyinthesynthesis

ofglycoconjTgatedcMorinslSlll]-Thischapter,glycoconjugatedchlorinsweresynthesizedbymeans

oftheWhitlockmethodwithdiimidereductionandpurifiedbyreversedphasethinl町erChromatoBT'aPtly

(Rp-TLC)asshowninscheme411･Theversatilityofthismethodforthesynthesisofpara-andmeta-

substihltedglycoconJugatedchlorinswasexaminedwithD-glucose,Dgalactose,DIXyloseandD-arabinose.

AllofphotosensitizershavebeenCharacteri訳dbylHNMR,electronicabsorption,IRandESIITOF

massSPeCtra.

4･2.ResultsandDiscussion

4-2-1.Synthesisofdeaceo,latedglycoconjugafedchlorins9

Accordi喝 Lochapter2,theacetylatedglycoconjugatedporphyrhs7Werepreparedbycondensation

ofpyrrolewithp10rm-glycocoqugatedbenzaldehydes4usingamodificatioJIOftheLiTldseymethodin

thepresenceofZn(OAc)212H20asatemplate,followedbydemetalationwith4MHClinca･36-86%･

ChlorinderivativesaregenerallysynthesizedthroughredLICtionofporphyrinderivativeswithdiimide

photosensitizers(i.e.,theWh itlockmethod)[10,lll.Thedeacetylatedglycoconjugatedchlorins9were

synthesizedfromthecorrespondingporphyrins7asshowninScheme4-LThediimidereductior)of

POrPhyrins7gaveamixh)reofdihydro-(i息,chlorin)andtetrahydroIPOrPhyriL)(i,e,,bacteriochlorin)[7-

11].Afterthediimidereductionofporphyrinsp-7,theelectronicabsorptionspectrumofthereactionl

mixtureshowedtheQIbandat650nmforchlorinandat740nmforbacteriochlorinLAfterthediimide
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Ar

8(R=Ac)

A｢
9':R=,AHC:]∃i

ReagentsandConditions:i)KPO9.P･tOluenesulfonylhydraヱide,pyridine,Pt,11aoC;then
o･chloranil,bEinZene.r･t-ii)NaOMe,CH2ClZ.MeOH.

(叫 r chlonln

SubstitutionPosition

TypesofGlycopyranosylGroups
para-Substhted 177eta-SLJbstiluted
(denotedasp-) td創10tedasm･I

a:D-glucose
R=Acfor8
R=Hfor9

ら:D-galactose
R=AcfoT8
R二±Hfor9

¢:D-Xy】ose
R=Acfor8
R=Hfor9

d:D･arabinose
REAclor8
R=HfDr9

Sdleme4･1
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reductionofFX)rPhyrinsm-7,0ntheotherhand,theelectronicabsorptlOnSpectrumofthereactionmixtu,e

showedonlyapeakat740nmduetobacteri-hlorin･Thesesuggestthatthemacr∝yclesofporphyrins

tnl7aremucheasiertobereducedthanthoseofporphyrinspl7･DehydrogenationwithoIChloranil

cleanlyremovedthebacteriochlorin(九 max= 740nm)toaffordglycoconjugatedchlorins.Itwasfound

thatsomeofacetylgroupsofsugarunitwerecleavedinthisdiimidereducdon･Thecrudepr∝luctwas

usedforthesynthesisofdeacetylatedglycoconJugatedchlorins9withoutfurtherpurification.The

sapordicationoftheresultingproductwascarriedoutuslngNaOMeinamixtureofMeOHandCH2C12

togivechlorins91Thecrudepr∝luctwassuccessfullypurifiedbyRp-TLC(Table4-1andFigure4-1).

Thechlorins9wereobtainedintheyieldsof14-49%withthepuritiesof>95%evaluatedbyP LC

uslngan∝tadecylsilyl-supportedsilicagelcolumn･Thechlorins9werecharacterizedbylHNMR,

Figut･e4-IThepreparativereversedphasethinlayerchromatographyofp19a･

Table4･1.Therelativeh of9evaluatedb baseTLCo

Comtx)und R

p-9a

pl9b

pl9c

p19d

m-9a

m-9b

ml9C

〝トpd

TPPS

し_

0.66

0.69

0.14

0.44

0.43

0.49

0.20

0.25

0.91

stadonaryphase,octadecylsilylboundedsilicagel,mobilepahse,MeOH/H20=8/2･
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ESI-TOPmass,IRandelectronicabsorptlOnSpectroscopy.

4-2-2.ElectronicabsorptlonbPeCLnaordeal.eLylatedBlycoconjugatedchlorins9

Thcabsorptionoflm gerwavelengthlightisoneoftheimportantperformancesforPDTdrugs･The

electronicabsorptionspectraofdeacetylatedglycoconjugatedchlorinspwererecordedinDMSO(Figure

4-2)IThewavelength(A,nan)andmolarextinctioncoefficient(e)ofmaximumabsorptionarelistedin
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Figure4･2Electromicabsorptionspectraofp-ぬ (C=4.97pM,solidline)andp9a(C=4197トIM,broken

line)inDMSOat20oC.

Table4-2 EleclrOnicabsorptionSpectradataofp(4･97LLM)inDMSOat20oC･
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Table4121Allchtorins9haveastrongSoretband(sometimescalledthebband)atca.420nmandfollr

weakQbandsatca･520(QⅣ),550(Q｡T),600(Q｡)alld650nm(q)[7,8,10]･TheQIbandofallchlorins

gisgreaterthanthatofporphyrinsS･Forexample,theQIbandofchlo血p-ga(2･79xloヰM-1･cmll)were

about3-foldgreaterthanthatofcorrespondingporphyrinp-8a(0,64x104M'11cm~1)Figure4-2).Because

theQIbandi"suallyusedforPDTtreatment,itisexpectedthatthatchlorinshavehigherphotodynamic

e晩ctthanthatofpo叩hyrins.

4-213･JHNMFspectraofdeaceOlatedglycoconjugatedchlorz'ns9

Fig11re4-3showsthelHNMRspectraof5,10,15,20-tetrakisl3-(β-D-glucopyranosyloxy)phenyl]-

porphyrin(,n一触)and5,10,15,201tetrakisl3-(β-D-glucopyranosyloxLy)phenyl]chlorin(m-ga)inCD30D･

Thepeakat818ppmduetotheFLpymoleprotonofporphyrinsSdisappe aredcompletelyincorrespondhg

chlorinsgexceptforTn-gbandm-9d[8,10,12].Ontheotherhand,thepeaksduetoth輔-pyrroleprotons

ofchlorhLqgappearedat8.6,8.4,8.2and4.2ppm[8,10,12]･Thepeaksat8･6,8.4,812and4･2ppmare

assignedtothoseof8,17-β-pymole,12,13-β-pyrrole,7,181P-PyrrOleand2,31P-PyrrO)eprotons,respectively

l13-16].Thephenylprotonswerefoundat8.017.4ppml13116].Theanomericprotonofsugarlmitwas

foundat5.2-5,lppm.Thepeaksaround4,1-3.5ppmareasslgnedtothoseofsugarmoieties.The

10 8 6 4 2
ヽ

pplll

Figure4-31HNMRspectraofm-Baandm-9ainCD,On･

101



asslgnmeJltOfsugarunitswascmi edoutusingtrtNMRspectraoftheporphyrinsand2DNMRtechniques

(COSYandHMQC). t

412-4.ESI-TOFmassspectraofdeaceylatedglycoconjugaEedchlorE'ni9

MassspectraofdeacetylatedglycoconJugatedchlorins9wererecordedusingtheelectron-spray

ionizationtime10f-flightPSI-TOF)massspectrometryinMeOH,ThesmalldiffererLCeinthemolecular

weightbetweenchlorins9andcorrespondingporphyrinsAwasalsoclearlyevidencedbyESl-TOPmass

spectrometryasshowninFigure414.AllglycoconJugatedporphyrinsSandchlorins9weredetectedas

alM+Na]'speciesinth叩OSitivemode【10,17].Figure4-5ashowstheE≦l-TOPImSSSPeCtrumOf

crudeproductofchloriJIp-9C･ThespectrumcanbedividedintotwocoJltributionofporphyrinp-ScaJld

chlorinp-gc(Figure415b).Thepeaksduetoporphyrinp-ScdramaticallydecreasedafterRp-TLC

puriflCation(figure4-5C).Thernassspectraofallchlo血S9fairy_agreedwiththecalcula晦dspectra.

1350 1360 135n l360 1230 1240 1230 1240

m-8亡

､_止 ｣二

二⊥一､二
m-9C(caJcd) m-9d(calcd)

1350 1360 1350 1360 1230 1240 1230 1240

Figure414ESIITOFmassspectraof8and9,Calculationspectrumof9.rM+Nal'Specieswereobserved

onpositivemode
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1228 1232 1236 1240

m/z

Figure4-SESI-TOFmassspeCtralanalysisofpmificationofp-9C･TheES1-TOPmassofp-9cbefore

purification(a)aJldafterRp-TLCpudfication(C).ThecrudeproductcanbedividedirLtOtwocontributions

ofp-Scandpr8C(b),AllpeakswasfoundaslM+Na]+.

4-215･IRspectraofdeacetylatedgtycoLlUnjugaledchlorLlns9

Theinfra-redabsorptlOnSpectraOfdeacetylatedglycoconJugatedchlorins9Wererecordedusing

attemlatedtotalrenection(AIR)method(Figure4-6).ThebandassigTlmentSandwaverIumbers(cnTl)

arelistedinTable4-ヨand4-4.Allclllorins9ShowedabsorptionsinthereglOnSfrom3000to2900cmL

1duetoC-Hstretchinthephenylring(ve_H)andthepymoleringβ-carbo･1(VW )OFigure4-6)[18-20].h

addition,thecharacteristicabsorpt10nfortetraphenylchlorinwasfoundat66615cmlduetoout10f-plane

C-Hbendinginthephe.･ylring(opSc_H)forallchlorinsgl19-21]･Allporphyrinsp-Ashowedonepeak

around1600cm~lduetoC=Cstretch(V｡式)andC=Nstretch(ve=N)intheporphyrinring(Figure416a)
I

[19-211･Ontheotherhand,topofthispeakspliuedinallchlorinsp-9(Figure4-6b).Thismaybe

IO3



reflectedfmmasymmetricstructureofchlorinnng.Wh ileallporphyrinsm-Sshowedsplittedpeak

around1600cm-IduetoC=Cstretch(vc=C)andC=Nstretch(vc,N)intheporphyrinring,tTleSepeaksof

allchlorins抑-gbroaded(Figure4-6caJ)d4-6d).Allchlorins9showedthepeakat3380cmllduetoO-

Hstretch(VOH)ofhydroxylgroups.(Figure416)[19-21]･

40〔氾 3(氾0 2000 1000 400

V/cm-1

Figure4161Rspectraofp-ぬ (a),p-9a(b),m-8a(C)andm-9a(d).
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Table4-3 IRspectraldataofp-9a

a写SignTn印し p-ga p-9b p-9C ____pI?d assignment亡

VoT{ 3355.58 3354.62 3355.58 3367.16 voH

va.C_H 2923.48 2918.65 2917.69 2920.5a vc_H

2840.53

vs.C_H 2848.24 2846.31 2844.38

2354.41

vc=c 1604.97

1578.93

8M . 1503.70

8N_n

vc=亡,Vc=N 1413.03

1229.77

1177.69

ipSeH 1073.52

Ringdeform. 1018.54

2362.12 2355.37

1718.78

1604.01 1604.01 1602,08 vc式,VC-～

1580.86

1504.66 1503.70 1500.80

1406.28 vc=N,8ccN

1230.73 1227.84 1225.91

1177.69 1176.72

1074･48 1070･62 8CpユH,Vcd:

1038.79 VC_C,Vc_C

947.16

878.68

794.77 793.80 795.73

769.69

666.49 666.49 666.49 666.49

429.21 429.21 421.50 421.50

409.92 413.78

4O9.92

402.21

aATEmethod.AEmpiricalassignmentfromCaugheyetal [16]. Theabbreviationsareas

follows:ip,inplane;op,ot]tofplane;a,asymmetric;S,symmetric;p,pyrrolePICarbon(Cp). '

Assignmentsaremadefromnormalcoordinateanalysisof18Eubands[16].
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Table414 IRspectraldataofTn-9a

assj帥mentb m-9a m19b

voH 3355.58 3356.55

VA,C_H

2924.44 2918.65

_fn-9c m一叩 ___asslgnmente

3355.58 3342.08 vuH

Vc_TI

2925.41 2923.48

2853.07

2363.09 2606.15

2498.12

1655.13 vc=C,vc=N

1582.79 1577.96

VS.C-H 2851.14

2353.44 2360.19

1578.93 1577.96

1469.94

ve式,Vc=N 1425.57 1425.57

1262.56 1262.56

Vc_o

1468.97 1467.04

1426.53

1308.86

1261.60 1257.74

1182.51 11Sl.54 1183.47

1142.96 1105.35

ip8cH 1073.52 1071.59 1071.59 1070,62

1044.58 1038.79

Ringdefom.

947.16 946.20 946.20 947.16

927.B7 927.87

op8cEl(Au)

7t(ring)

792.84 790.91

818.88

782.23 774.51

666.49 666.49 666.49 666.49

425,36 429.21 425.36 425.36

413.78 406,07

413,78 402.21

vc=N,8ccN

占C,-H

8cpIH,Vc=i

Vc_C,Vc_C

aAIRmethod.AEmpiricalassignmentfrom Caugheyetal[16]. rrheabbreviationsareas

fo)lows:ip,inplane;op,Outofplane;a,asymmetric;S,symmetric;p,pyrroleβ-carbon(Cp). C

Assignmentsaremadefromnorlhalcoordinateanalysisof18Eubands[16]･
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4,3.Stlmmary

EightdeacetylatedglycoconJugatedchlorins9weresynthesizedbymeansoftheWh itlockmethod

withdiimidereduction,andthenthiscrudeproductbyNaOMeinamixtureofMeOHandCItC12-The

crudedeacetylatedproductwassuccessfullypmifiedbyRPITLC.Thechlorins9wereobtainedinthe

yieldsof14-49%withthepmitiesof>95%afterevaluatiorlbyHPLCusinganoctadecylsilyl-supported

silicagelcolumn.Thesephotosensitizcrswcrcfullycharacte血edwasbylHNMR,ESIITOFmass,IR

andelectronicabsoTPt10nSPeCtrOSCOpy･TheelectronicabsorptlOnspectraOfchlorins9wererecordedin

DMSOIThechlorins9haveastrongSoretballdatca･420nmandfourweakQbandsatGal520(qv),

550(Qlu),600(Q.I),md650(Q】)nm･Ⅰnthisresult,theQIbandofallchlorins9isgreaterthanthatof

porphyri･1SS･TYleqbandofchlorinp-9awereabout3-foldgreaterthanthatofcorrespondhgporphyrin

pISa･BecausetheqbandisusuallyusedforPDTtreatment,itisexpectedthatthatchlorinshavehigher

photodynamiceffectthanthatofporphyrinsIInCD,OD･thepeakat8･8pprninlHNMRspectradueto

theβ-pyrroleprotonofporphyrins8disappearedcompletelyinofchlorins9exceptform-9bandm-9d･

Ontheotherhand,thepealiat8.6,8.4,8.2and4.2pprninlHNMRspectraduetothe8,17-β-pymOle

proton,12,13-β-pyrroleproton,7,18-β-pyrroleprotonand2,3-P-Pyrroleprotonofchlorinsgappeared

completelyinofcorrespondingporphyrins8･TheESI-TOPmassspectroscopy,allporphyrins8and

chlorins9weredetectedasalM+Na]'speciesinthepositivemode.Thesmalldifferenceinthe

mc･1ec111arweightbetweenchlorinsgandcorre}spondingpoq)hyrinsSwasalsoclearlyevidEmCedbyESII

TOPmassspectrometry･

414.Expcrimentals

Maten'alsandMeasuTPmentS

IHNMRspectrawererecordedonBrukerAVANCE800(800MHz)(NatiDnalFoodResearch

Institute),BrukerDRX600(600MHz)(NationalFoodResearchInstitute),JEOLJNM-AL400(400

MHz)(NaraWomen'sUniversity)andYAM GEMINI2000(300MHヱ)(NaraWomen'sUniyersity)

instrumentsINMRassignmentappearswithfollowlngabbreviations;"PMischlorinnng,uR"issaccharide

residue,and"Ar"isaromaticgroupOrbridgingphenylenegrollPbetweenPandRIElectronicabsorption

spectraindimethylsulfoxide(DMSO)wererecordedonaJASCOV-570spectrophotometer(Nara

Women'sUniversity)andHITACHIU-2000spectrophotonTeter(OsakaPrefecturalCollegeof

Teclmology).ⅠRspectrawererecordedonFr〝R-8900JASCO(OsakaPrefecturalCollegeofTechnology)
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usinganATR-500/Minstrument.Massspe ctrainmethanolwererecordedonJMST100LCJEOL(Nara

women'sUniversity),JEOLJMS-70d(NaraInstituteofScienceandTechnology),andJMS-100LC

(NationalFoodResearchhstitute)instrumelltS.ThereversedphasethinlayerchromatogTaPhy(Rp-

TLC)wascarriedoutllSingR-18F,5｡S(MerckJapanLtd･)elutedwithmixtureofmethanolandwater

ThepurityoftheChlorinsgwasdeterminedbyhighperforTmnCeliquidchromatography(HPLC,

HlTACHI,L6000)(OsakaPrefecturalCollegeofTechnology)equippedwithoctadecyLsilyl-bounded

silicagel(HITACHI,HITACHIGEL4mm¢x150mm)columnandadiodearraydetector(HITACHI

L14000)usingacetonitrile/water=1I1asaheluent.

4-4-1.5.i0,15.20-Tetrakisl4-(P-D-glucopyranosyloJy)phenyL]chlorin(p-9a)

p-7a(99mg,50umol),K2COユ(0･59g,3･8mrnol),p-toluel一eSulfonylhydrazidB(0127g,1･4-T101)

anddrypyridine(20mL)werestirredwithN主flllShingfor20min･Themixturewasheatedatilo-120

oCfワr6･5hundcrN2･p-Toluenesulfonylhydra2:ide(OA3g,2･3mmol)dissolvedindrypyridine(2mi･)

wasaddedtothemixturetwiceatintervalsof2h.ThereactionmixturewasaddedintEnZene(100mL)

anddistilledwater(50mL),andheatedat100oCforlhtodecomposeremainingp-

toluenesulfonylhydrazide･Theorganiclayerwasseparatedandwashedwithcold2MHCl(aq)(150mL

xI)iLdistilledwater(150mLx1)andsaturatedNaI寸CO,(aq)(150mLx1),successively･TominimiZle

theexcessamollntOftetral1ydro-porphyrin(i.C.,bacteriochlorin),0-chloranil(0.10g,0.41mmol)was

addedslowlytotheresultingmixtureatroomtemperatureuntilthcabsorptionat740nm,thatisdueto

tetrahydrO-porphyrin,hadjustdisappeared･nesolutionwaswashedwith5%NaHSO3(aq)(150mLx

2),distilledwater(150rnLx1),5%NaOII(aq)(150mLx1)andsat･NaHCO,(aq)(150mLx1)･The

solutionwasmi edoverNa2SO.,andthesolventwasremovedunderreducedpressure.Thiscrudepowder

wasdissolvedintothemixtureofCHユCl,(10InL)andmethanol(10mL)･Tothesolution,sodium

methoxidewasaddeduntilpH9.ThismiⅩturewasstirredfor24hatroorrltemperature,then25%acetic

acid(aq)wasaddedtoneutralizeit.nesolventwal{evaporated,andthecrudeproductwaspmifiedby

gelfiltrationonaSephadexLH-2が-coltlmnelutedwithmethanol･Thesolventwasevaporated･horder

toremoveminoranalogues,I.e.,POrPhyrinandbacteriochlorinderivatives,thecrudeproductwasfully

pmifiedbyreversedphasethinlayerchrDmatOgraPhy(Rp-TLC,RP-18F25.S,MerckJapanLtd.)usingan

octadccylsily1-boundedsilicagelelutEdwithmixtureofmethanolandwater(711,V/V).TTLeextracted

solutionwasnelltra]iT･edbyaddingNIも(aq),thenevaporated･Theprecipitatewaswashedwithwater
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anddriedundervacuatogivep-9aasadarkredpowder(31rng･47%)I1710･53(methaJml/water,20/1).

Purity(IiPLC):>99%.lHNMRspectrumofp-9awasagreedwiththelitEraturel8].

414-2･5,10,15,20-Tetrakisl4-(Plo-galactopyranosyl叩 )phenyl]chLon-n(p19b)I

ThesimilarprocedureforP-Pawasappliedtop-7b(226mg,113umol)togivep-9basadarkred

powder(48mg･32%)IF/O･25(methanolJwater,7/1)･Purity(HPLC):98%･lHNMRspectrumofp-9b

wasagreedwiththeliteraturel8].

4-4-3.5,10,15,20-TetrDkisl4-(β-I)-叩lopyranosylonJphenyLJchlorinlp-9C)

TTLeSimilarprocedureforp-9awasappliedtop一丁C(189mg,110LLmol)togivep-9easadarkred

powder(40mg,30%)IRfO･45(methanoIJwater,7/i).Purity(HPLC):97%.lHNMR(CD,OD･800･03

MHz):8(ppm)-8.60(2H,d,3J=4.7Hz1,8,17-β-P),A.39(2H,S,12,13-P-P),8,22(2H,d,3J=4.7HT･,

7,18-β-P),8.00(2H,br,3.I=8.1Hz,10,15-(0-Ar)),7.79(2H,br,3J=8.2Hz.5,201(0-Ar)),7.42(2H,d,

3J=8,4Hz,10,15-(m-Ar)),7.40(2H,d,3J=8.4Hz,5,20-(m-Ar)),5.19(2H,d,3J=7.5Hz,10,15-(1-R)),

5･14(2H,d,3J=7.5Hz1,5,20-(1-R)),4.17(4H,brs,2,3-β-P),4.06(2H,dd,3J=ll.7Hz,2J-5･4Hz,

10,15-(5-R)),4,04(2H,dd,3J=ll.7Hz,2J=5,4Hz,5,20-(5-R)),3.69(2H,ddd,3J=10.3Hz,3J=8.6

Hz,2J=5.4Hz,10,15-(4-R)),3.62(2H,ddd,3J=10.2Hz,3J=8.6Hz1,2J=5.2Hz,5,20-(4-R)),3.62(2H,

dd,3J=9.2Hz,2J=7.5Hz,10,15-(2-R)),3.60(2H,dd,3J=9.2Hz,2J=7.5Hz,5,201(2-R)),3.55(2H,

dd,3J=9,2Hz,2J=8.6Hz,10,15-(3-R)),3,52(2H,dd,3J-9.2Hz,2J-8.6Hz,5,20-(3-R)),3.52(2H,

dd,3J-ll.7Hz,2J=10.3Hz,10,15-(5-R)),3.50(2H,dd,31=11.7Hz,2J=10.2Hz,5,20-(5lR)),Fast

atombombardmenthigh resolutionmassspectromelry(FAB-HRMS)(m/21)=[M+H]'Calcdfor

C6.円65N402.,1209141867;found,1209･41837･

4-4-4.5,10,15,20-TelrakE'sl4-(P･D-arabinopyranosyloxyJphenyl]chlorim(p-9d)

Thesimilarprocedureforp一夕awasappliedtop17d(408mg,239LLmOl)togivepl9dasadarkred

powder(49mg,17%)･RJO･75(methanol/water,10/i)･Purity(HPLC):96%11HNMR(CD,OD,

8DO.03MHz):8(ppm)=8,60(2H,d,3J=4.7Hz,8,17-P-P),8.37(2H,S,12,13-β-P),8.20(2H,d,3J=

4･7Hz,7,18-β-P),7･97(2H,brd,3J=6･8Hz,10,15-(?-Ar)),7･72(2H,brd,3J=814Hz,5,201(oIAr)),

7.42(2H,d,3J=6.8Hz,10,151(m-Ar)),7.37(2H,d,3J=8.4Hz,5,201(m-Ar)),5.16(2ILd,3J=7.2IIz,
､

10,15-(llR)),5.10(2H,d,3J=7,2Hz,5,20-(1-R)),4.10(4H,brs,2,3-β-P),4.06(2H,dd,3J-12.6Hz,
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2J=2.5Hz,10,15-(5-R)),4.05(2H,dd,3J=12.5Hz,2J=2.4Hz,5,20-(5-R)),3.99(2H,dd,3J=9.2H21,

2J=7.2Hz,10,15-(2-R)),3.97(2H,brst,10,15-(4-A)),3.96(2H,dd,3J=9.2Hz,2J-7.1Hz,5,20-(2lR)),

3.96(2H,brs,5,201(4-R)),3.85(2H,brd,3J=ll.6Hz,10,15-(5-R)),3.83(2H,brd,3J=ll.6Hz,5,201(51

R)),3.76(2H,dd,3J=9.2Hz,2J=3.5Hz,10,15-(3-R)),3.74(2H,dd,3J=9.2Hz,2J=3.4H21,5,20-(3-

R))AFABIHRMS(m/Z)=【M+Na]十calcdforC6.H6.N40,JVa,1231･40061;found,1231･40045･

4-4-5.5,10,15,20-TetTTakisl3-(PIDIElucopyranosyloJy)phenyl]chlon'Tl(m-9a)

rrhesimilarprocedureforp-9awasappliedtom-7a(419mg,210pmol)togivem-9aasadarkred

powder(103mg,37%)IRFO,54(methanol/water･8/l)･Purity(HPLC):96%･lHNMRspectrumofm-

9awasagreedwiththeliteraturel10].

4-4-6.5,10,i5.20-Tetrakisl3-(β-D-galactopyranosyl叩 JphenyL]chlon-a(m-9bJ

Thesimilarprocedureforp-9awasappliedtom17t)(669mg,335LLmOl)togivem-9basadarkred

powder(218mg,49%)IRI0･77(methanoIIwater,20/I)IPurity(ITPLC)=99%,IHNMR(CD,OD,

300･07Mliz):8(ppm)≡8･64(2H,m,8,17-β-P),8141(2H,m,12,13-P-P),8･26(2H,m,7,181P-P),7,97

-7.39(8H,rn,Ar),5,17-5･08(2H,m,10,15-(1-R)),5.08-5･05(2H,m,5,20-(1-R)),4.20(4H,m,2,31

β-p)三3.93-3.83(8H,m,2,4-R),3.67-3.53(16H,m,3,5,6-R).ESI-HRMS(rnlz)=lM十Na]tcalcdfor

C6SH72N4024Na,1351･4434;found･135I･44276･

4-4-7.5,10,15.20-Tetrakfsl3イp-I)一叩LopyTTaTIOSyl叩 )phenyI]chlorin(ml9C)

Thesimilarprocedureforp-9awasappliedloml7C(121mg,70･9pmol)togiveml9casadarkred

powder(30mg,35%)･R/0･76(methadol/water,10/1)･Purity(HPLC)≡>99%11HNMR(DMSO-d6,

300,07MHz):8(ppm)=8.60(2H,m,8,17-P-P),8.33(2H,S,12,13-β-P),8･21(2H,m,7,18-β-P),7･86-

7.15(8H,m,Ar),5.45(4H,m,2-RON),5.20-5.03(12H,m,1-R,3,4-ROE),4.14(4H,m,2,3-β-P),3.73

-3,14(20H,m,2,3,4,5-R),-1L65(2H,br,NH)IESI-HRMS(m/Z)=【M+Na]+CalcdforC64H64N｡020Na,

1231.4011;found,1231.3962.

4-4-8.5,10,15,20-Telrakisl3-(β-D-WabEnoFyTlanOSyloxy)phenyLJchLorin(m-9d)

Thesimilarprocedureforp-9awasappliedtom17d(192nig,112pmol)togivem-9dasadarkred

powder(19mg,14%)IF/O138(metl.anol/water,10=1)Irhrity(HPLC):>99%･UV-viS(DMSO):̂max

llO



(nm)(EXIOl3/M'1･cm'1)=421(16･3),516(1･62),547(0･90),602(0･52),651(2122)I1HNMR(CD,OD,

300･07MHz)=8(ppm)=_8153(2H･m,8,17-P-P)I8･31(2H,S,12･131β-P),8･15(2H･m,7,1叩 -P),7･81-
7.2HBH,rn,Ar),5.03-4.98(2H,m,10,15-(1-R)),4.98-4,91(2H,m,5,201(1-R)),4.ll(4H,m,2,3-β-

P),3.85-3.71(8H,m,2,5-R),3.61-3.26(12H,m,3,4,5-R),ESI-HRMS(m/Z)=lM+Napcalcdfor

C64H64N402JJa,1231,401161;found,1231･40061･
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511.IntroductioII

PhotodynamiCtherapy(PDT)isakindofanti-Cancertherapywhichusesphotosensitizersandlight

togeneratecytotoxicsingletoxygenmollecule(10 2)intumorcells[1-6l･Intheforegoingstatements

(chapter3),thecellularuptakeandphotocytotoxicityoftheglycoconjugatedporphy血SSwereexamined･

usingHeLacellsinvE-fro.nesugar-dependentcellularlユPtakeandthephotocytotoxicltyWereObserved.

Andtheresultsindicatedthatthephotocytotox.icitylSnotrelatedsimplytocellularuptake.The

photochemiCalpropertiesofaggregatesand/orthequantityofremainlngmOnOmericspeciesarediqerent

betweenglycocoqugatedporphyrinshavingstlgarunitsbehaviorinaqueousmediasuchascytoplasm.

Itmaymakedifferenceinphotodym amiceffect立lHeLacellsbetweenglycoconJt]gatedporphyrinshaving

sugarunitsbehavior.

Inchapter4,thealIthordesignedandsynthesizeddeacetylatedglycoconjugatedchlorins9(Chart5-

1).Inthischapter.thechemicalpropertiesofchlorins9estimatedbyShake-Flaskmethodandreversed

phasehighperforTnanCeliquidchromatography(Rp-HPLC).Thesechlorins9Weresubjectedtotestin

viErothecellularuptakebyHeLacellsandthephotocytotoxicity.Thesecellularuptakebehaviorand

photocytotoxicitywerediscussedonthebasisofhydrophobicity,andphotocllemicalstudyincytoplasm

andaqueousmediaforthesephotosensitizers.

5･2.RestIltsatlddiscussion

5-2-1,Hydmphobz-ciblParametersOfdeac叫,latedglycocoru'ugatedchlorinsp-9

Itwasreportedthatthecellularuptakeamountofsomeporphyrinderivatiyesiscloselyrelatedto

theirhydrophobicityparametersl7,8].Atfirst,thepartitioncoefficients(LogPvalue)ofrnonomiric

tom ofdeacetylatedglycoconjugatedchlminsp-9(C=0･00695LIM)betweenphosphatebuffe}redsaline

PBS)andn-OCtan01weredetemi nedbyconventionalShake-FlaskmethodwhichreportedinChapter3.

neaverageLogPvaluesofsixreplicateexperimentsrangedfrom-0.68t0-0･72,henceallphotosensitizers

arehydrophilic(Table511),BecauseofthelargeStandarddeviationsassameascaseinporphyrinsp-S,

however,theShake-FlaskmethodcouldnotclarifythedifferencesinLogPvaluesbetweenchlorinsp-少.

¶1巳hydorophobicityofchlorinsp-9wasalsodeterminedbytheRp-HPLCmethodreportedinchapter3.

However,themela-substitutedchlorinsm19couldnutbedeterminedbyRPIHPLCbecauseoftheir

atropISOmericmixture.ThechromatogramsofchlorinsP-9wereindependentofsampleconcentrationin

therangefromO･1toO･01岬10l･L-1undertheRp-I肝LCconditionllSed･TheretentiontimetRreflectsthe

l14



(A毎~porphyrin(PP) (壇r chlorin(PC)
SubstJltutl'onPoslrlion

′⊃

TypesofGlycDPyranOSyH;roups F.aer:;3eudb慧upt_e)d Tdeet:lo?eudb慧uie)d

a,'D-glucose

b:D-galactose

C:D-Xy]ose

d:D-arabinDSe

･.●:
ry

Chart5-I

Table5-1 LogPvaluesandRp-HPLCretaimiontime(tR)ofp-p

ShakeFlaskmethod

LoEPu

-0,69±0.03

-0.69±0.04

10.68±0.05

-0.72±0.03

comt)ounds

Rp-HPLC

ER/min

6.18

6.18

().73

6.58

a
b

t

d

nフ
0ノ
0ノ
qノ

l

一

】

l

p

〟.

p.

か

aTheLogPvalu巳WaSdetemi nedafterlBh. Thevalueslrepresentthemeans±S.d.ofsix

replicateexperiments･
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natureofthemonomericformofthesephotosensitizcrs･ThetRValuevarieHangedfrom6118to6･73

minandrefkctsthehydrophobicity(1i.pophilicity)ofchlorinsp-9.AswithtTlePDrPhyrinderivatives,

chlorinsp-9aandp-9bhavelqhorterretentiontimethanchlorinsp-9candp-9d.

5-212･The10,pn7ducingabilityofdeacetylatedglycoconjugatedchlorinsm19

The102ProducingabilityofdeacetylatedglycoconJugatedchlorinsm19wasexaminedusing
degradationof1,3-diphenylisobenzofuran(DPBF)bylo之【9-13].Themaximumabsorptionwavelength

ofDPBFinDMSO(418nn)wasusedtodetectthephotolysisofDPBFunder02Saturatedconditions･

Theplotofln(lAbs4.g]J[Abs4.8]D)versustimeshowslinearity,indicatingthedegradationispseudo1st

orderreaction(Figure5-1)･Theslopeoftheplotisproportionalwiththequantumyieldof102･Table5-

2liststherelativequan tumyieldof102(OA)totetraphenylporphyrintetrasulfonicacid(TPPS)asa

s血ldard･TheOAValuesslightlydependedonsugarunitsattachedinDMSO(ipeりmOnOmericfわrm),and

variedfromI.3to0.6.
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Figllre5･1DegradationofDPBFbym-gandTPPSunder0,saturatedconditionat37TC･
『hotosensitizer]=0.08トIM.lDPBF]=36.7トM.Thelightintensityappliedwas40InW/cnfusinga

100Whalogerllamp(九>500nm).
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Table5･2 Reladvequantumyield(鶴)oflo2inDMSO(C=0.08pM)

ps

恥

的

加

軸

E3

肝

肝

m

肝

0ノ
0ノ
7

つ】

2

7

.
1

6

L

o

1

0

5-2-∫.Cellularuptakeofdeaceo,Latedglycocory'ugatedchlorinsL9

ThecellularuptakeofdeacetylatedglycoconJugatedchlorinsgbyHeLacellsweredetermined

uslngthesameprotocolreportedinchapter3.nLeuptakeamountofphotosensitizerwasestimatedon

thebasisofcalibrationdataforeachphotosensitizerinDMSO(Figure5-2).Figure5-3showsthe

relativecellulartlPtakeofchlorinsgaswellascorrespondingporphyrins8(Chapter3)incomparisoI)

withthatofTPPSasareference.Allchlorins9showhigheruptakethanTPPS.Thechlorins9Show

cellularuptakeequaltoorgreaterthanthoseofthecorrespondingporphyrinsS.Theorderofthecellular

uptakeamollntWasm-9C>p-9d>m-gd>p-9a>p-9b>p-9C>m-9a>〝トgb>TPPS.Notethatchlorin

m-?cshowedanTLPtake50-foldgreaterthanthatofTPPS.Atfirst,thelipophilicityofchlorinLq9and

TPPSisroughlyevaluatedbytheRFValuesonRp-TLC(Table5-3)･Increaseinlipophilicityofthe

photosensitiserdecreasestheR/valueonRPITLCbee?useoftheoctadecylsily1-modifiedsulface･All

chlorinsgshowedmuchhigherlipophilicitythanthatofTPPS･neRfValuesofchlorinS9cand9d(i･e･,
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Figure5-2CalibrationcurveofthefluorescenceiJltenSltyVersustheconcentrationofphotosensitizer
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FigureS･3ThecellularuptakeofporphyrinsSandchlorins9byHeLacellsafterincubationfor24h.

Thevaluesrepresentthemean±S.d.ofthreerephcateexperiments.TheValuesform18candp-8bcould

notbequantifiedbecauseofprecipitation.***Thevalueofmlgcwasstatisticallysignificantlyb<

0.001)differentfromthatofm-9a,

Table513 Electronicabsorptionandnuorescencespectraldata･ofp-8aandm-9iTIDMSO(C .

=4.97pM,37oC)

Electronicabsorptionspectra fluorescenceSPCeLrab

Soretd IV III Ⅱ Ⅰ (0,0) (0,i)

p-8a 422(407) 518.5 554 595 649.5 658 722

恥-9a 421(408.5) 519.5 545 598 652.5

約-9b 420(408.5) 516,5 545 596.5 652.5

m -9C 420.5(408) 519 545 598 652

m -9d 420(408.5) 516 545 595.5 651

1

qノ
0

nXU

つ】
1

2

1

7

7

7

75

7

7

7

′0

5

5

くJ
∈J

/hU
′D
/D

′D

aTheval1leinparenthesisisashoulderpeakbySoretband. bん Ⅰ=430nm.

pentDSegroups)aresmallerthanthoseDfchlorin$9aandgb(i.e.,hexosegrollPS)regardlessofthe

substituentposition,indicatingenhancedlipophiliccharacterofgcandgd(i.e.,pentosegroups).hl

general,asignificantlipophilicitylSrequiredforadrugtointeractwiththehydrophobiccellmembrane

andpassthroughit,i.e.,toshoweffectivecellulartlPtakel14,15】.Exceptforchlorinp-9C,xylopyranosyl

(C)andarabinopyrant)syl(A)groups(i･e.,pentosegroups)aremuchmoreeqectivetoimprovethecellular

uptakethanglucopyranosyl(a)andgalactopyranosyl(b)groups(i･e･,hexosegroupLq)ITTliLqmayreflect

thelackoFonehydroxymethylgroIIP.
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Figures5-4showstheplotofcellularuptakeamountofporphyrinsp-6,porphyrinsp-Sandchlorinsp-9

asafunctionofretentiontimelROnRp-HPLC･Forsamesugarconjugatedphtosensitizers･thecellular

uptakeamountincreasedwithanincreaseoftRValue,i･e･,intheorderofp-6<p-呂<(or=)pl9･(Figure

5-4a).Tnisindicatestheporphyrinringaffectsthehydrophobicityandresultsinvariationofthecellular

uptake･Ontheotherhand,Figure5-4bshowsthesugart.niteffectsoncellularuptakeandtRVahesfor

eachporphyrinoids.Thehydrophobicitychangeduetothesugarunitisnotsimp)yconnectedtothe

cellularuptake･Hence,thesugarunitaqectstherLatureOfcellularuptakebyanotherfashionbesidesof
5i

hydrophobicinteraction.
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Figure5･4TheplotsofcellularuptakeasafunctionofRp-HPLCretentiontimetRShowingtheeffectof

porphyrinring(a)andsugarurLit(b),

5-214.Drugdose-dependenceinthepholodynamL-ce酔ctofm-9a

Theaboveresultsindicateaunlquee鮎ctofsugarunitsontheinteractionwithHeLacells･Am Ong

thedeacetylatedglycoconJugatedchlorinm19eshowsthehighestuptakebyHeLacells･Hence,m-9c

anditsrelatedL王,m-9a,wereinvestlgatedforphotocyt｡toxICltylnCOmParisonwithTPPS,Theif"t'tm

assessmentofphotocytotoxICltyWasCarriedoutunderthesameprotoco一reportedinchapter31HeLa

cellswerealmostcompletelykilledbychlorinm-9aattheCOnCentrationoflトM･Thecellsurvivalwas

33.6%whenthedrugconcentrationwas0.2pM.Fromth巳Seresults,thephotosensitizerdoseinducing

a50%deathrate(LD,a)wasestimatedasaroundO･2叶M･Inchapter3,theLD5｡Valueofporphyrinp-Sai

isdeterminedlobe5LtM underthesameconditions.Thus,thephotocytotoxicityofchlorinm-9ais

l19



almost25-foldgreaterthanthatofporphyrinp-Sa.Thisisimpressive,becausethecellularuptakeof

chlorinm-サaisalmostthesameasthat-ofporphyrinp-Sa,Itiswellknownthatthereisnodifferencein

thequantumyieldof]02betweenporphy血andchlorinderivativesl5].Bonnettreportedthephotophysical

propertiesandphotocytotoxicityof5,10,15,20-tetrakis(m-hydroxyphenyl)porphyrin(m-THPP)and

5,10,15,20-tetrakis(m-hydrox_yphenyl)chlorin(m-THPC)[5],andnotedthatthephotocytotoxicityoffn-

THPCisalmost10-foldhigherthanthatofm-THPP,although the102quanbmyieldform-THPCis

almostthesameaSthatform-TlnPinmethanoL.Inthiscase,thephotocytotDXicitywasalmostproportional

totheabsorbanceattheQlbandl5].Adifferenceinthetransitionprobabilitymayaccountforthe

differenceinphotocytotoxicitybetweenthechlorinandporphyrinnngs.Form-9aandp-Sa,however,

thedifferenceinthemolarextinctioncoeFICientattheQlbandistoosmalltoexplainthedi恥rencein

thephotocytotoxicity(3.22×104M-1･cm'lform19aandOl64x104M'1･cm~lforp-SainDMSO)(Figure

5-5),Hence,thereisTIOdollbtthattheglycopyranosylgroupinfluencesnotonlycellularuptake,butalso

thephotodynamiceffect,althoughthereasonforthisremainstobeestablished･
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5-2-5･IfmifrDStudyoftherelatL'oTZShipbetweencellularuptakeandphotocytotoxicib,

ThephotocytotoxICltyOfglycoconJugatedchlorinsm-9a,m-9candTPPSwasevaluatedbyirradiation

ofcellswithalOOWhalogenlamp(Å>500nm,24mW/cm2)atalightdoseof16J/cm2afterincubation

withphotosensitizerfor24h.Figure516ashowsthepercentagecellsurvivalafter24TliTICubatioTI

without]ighti汀adiation.ThesephotosensitizersshowednocytotoxICltyinthedark.Figure5-6bshows

thepercentagecell血rvivalafter24hincubation.刀lePhotocytotoxicityof仲pa(27.8%)issignificantly
J

higherthanthatofm-9C(96,5%)orTPPS(110.8%).Surprisingly,&二9aexertedhigherphotocytotoxicity

thanm-9C,althoughthecellularuptakeofm-9awasonlyabout5-foldofthatofm19C.Thisresultclearly

showsthttheaTTIOuntOfcellularuptakeisnotre一atedsimplytothephotodynamiceqect.Theabsorbance

attheQLbandofm-?a(3122×104M-L･cm~l)isalmostthesametothatofm-9C(3･28x104M-1･cm~1)in

DMSO･As reportedpreviously.ingeneral,thesugarunitdoesnotaffectthe102-producingabilityof

glycoconjugatedchlorinsinanorganicsolvent[5].Hence,thephysicalpropertiesofm-gaandmlgcin

organicLIDIventscannotexplainthedifferenceininvitTlDPhotocytotoxicity.IJIOrganicsolventssuchas

DMSO,m19aandml9careinmonomericform,sothesephysicalpropertleSreflectthoseofthemonomeric

state.Onepossibleexplanationoftheresultsisthatthephotosensitizersaggregateinsideoronthe

surfaceofthecellsIThestackinglnteraCtionofporphyrinsredt.cestl.efluorescencelifetimeandlo2
quantumyieldl16]･Becausep-9cismuchhydrophobicthanp19a,thehydrophobicinteractionmay

facilitateaggregateformationofp19t:,leadingLoquenchillgOfthe102Production･Anotherpossibility.S
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FigllreSl6Cytotoxicityinthedark(a)andphotocytotoxicity(b)ofm-ga,m-9candTPPSinHeLacells.
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>500nm)･Thepercentagecellst]rvivalwasdeteminedbyCellTiter-GloTMLuminESCerLtassayafter48【
hincubation.Thevaluesrepresentthemeans±S･d･ofsixreplicateexperiments･***SignificantdiWereTICe7

p<0.001.
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adifferenceofsubcelhllarlocalizationbetweenthephotosensitizers.

5-2-6.ConfocalJ7uonescenceimagei･0/glycocorzjugatedpoTPhyrinpea,p-8dandchloTinsm-9

Theaboveresultclearlyshowsthattheamountofcellularuptakeisnotrelatedsimplytothe

photodynamiceffectonHeLacells.InordertoexploretlleSubcellularlocalizationofphotosensitizers,

hence,deacetylatedglycoconjugatedchlorinsm-9aswellasporphy血sp-8aandp-Bdwereinvestigated

byconfocallaserscanmicroscope(CLSM)incomparisonwithTPPS.Figure517showstheconfocal

fluorescenceimagesofphotosensitizersuptakenbyHeLacellswithoutglutaraldehyde.These

pholosensitizersweredi飢ISivelydistributedthrollghoutthecy(oplasmexceptform-9b.Nofluorescence

wasdetectedinnucleararea,thisisagreedwiththeresultsreportedpreviouslyl17].Thechlorinsm-9

excitedthestrongerfluorescencethanporphyrinsandTPPS.Thefluoresc印CeOfml9awasthestrongest

inallphotosensitizers.hthecaseofm-ga,itshouldbenotedthattheapoptosiswasinducedimmediately

bythelaserofthemicroscope(Figure5-8).Figure519showstheconfocalfluorescenceimagesofm-?

withglutaraldehydetofixHeLacells.Interestlngly,thefluorescenceincreasedbyadditionof

glutaraldehyde,especiallyform19candNZ-9J.Hencetheml9Candm-9dwerefairlyuptakenbylleLa

cells.However,theexcitedm-9candm-9dcouldbequenchedefrlCientlyinthecytoplasmenvironment

toredueethephotocytotoxicity.FTence,sugarmoietie.qofglycoconJugatedphotosensitizersinfluenced

notohlycellularuptakebyHeLacellsbutalsophotochemicalbehaviorincytoplasm.
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FigtlreS･7Conf∝al1aserscannlngmicroscope1mageSOffluorescencefrom
chlorinsm-9a(a),m-9b(b),m-9C(C),ml9d(d),pl8a(e),p-8d(f)andTPPS(g)
uptakenbyHeh cell･
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FigureS･8Conf∝allaserscannlngmicroscopeLmageSOffluorescencefrom
chlorinm-9auptakenbyHeLacellattheearlystage(a)andafter10min(b)of
observation.
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FigtJre5-9Conf∝allaserscannlngmicroscopelmageSOffluorescencefrom
chlorinsm-9a(a),m-9b(b),m-9C(C),ml9d(d),p-8a(e),p-Sd(DandTPPS(g)
uptakenbyHeLacellfixedbyglutaraldehyde･
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5-2-7.Spectroscopt'cproperEL'esofdeaceo,latedgLycocoTU'ugatedchlorL'nsml9inaqueous.wlution

lnchapter3,itisreportedthatthephotochemicalpropertiesofaggregatesand/OrthequantltyOf

remalnlngmOnOmeriCspeciesaredifFererltbetweenporphyrinshaviTlgSugarurlitattachedinaqueous

mediasuchascytoplasm.TheelectronicabsorptlOnandfluorescencespectraofdeacetylatcd

glycoconJrllgatedchlOrinsmlg〔C=5pM)weremeasuredinvariouscompositionofDMSOandPBSto

investigatetheeffectofaggregationstateonphotochemicalproperties.TheelectronicabsorptlOnSPeCtra

ofm19inDMSOareresembletoeachotherassameasporphyrinp-Sa(Figure5110a).Ontheother

haJld,theSoretbanddecreasedsignificantlyinPBS(Figure5-lob).TheSoretbandwidthsofm-9cand

ml9d(i,e,.pentosegroups)arebroaderthanthoseof〝卜gaandfn19b(i.e,,hexosegroups).AndtheSoret

bandsoffTZ-9aandm19b(i.e.,hexosegroups)Shiftedtowardshorterwavelength,whiletheSoretbandof

ml9ciuldm-9d(i･e.,pentosegroups)showsabathochloromicshift.Theseresultssuggesttheaggregation
＼

formofm-9dependsonsugarunitattached,especiallyh占xoseorpentose.Theaggregationformof

chlorinshavinghexoseisH-typestructure,i.a.face-to-facelt-StaCkedaggregates,whilethechlorin≦

havingpentoseformsJ-typeaggregatiorlState,i.e.side-by-sideaggregatesl18,19].
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Figure5-10Electronicabsorptionspectraofm19aandm-?b(a)andm-9candm-9d(b)inDMSO

紳rokenlille)andPBS(solidline)(C=4.971瓜Ⅰ)at37cc,
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Figure5-11showsfluorescencespectraofchlorinsm19andporhyrinp-SainDMSOusinganexcitation

wavelellgthsof430nmat37oC.ThespectraldataarelistedinTable5-4.InDMSO,thefluorescence

intensitiesofm-gwereabout4-foldgreaterthanthatofp-ぬ.Therearenodifferencesinfluorescence

illtenSitiesbetweenchlorinsTn-9inDMSO(i.e.,monomericfoml).Howeverthefluorescenceintensities

ofm-9aandm-9b(i.e.,chlorinshavinghexLOSegroups)wereabout20-foldgreaterthanthoseofm-Peand

ml9d(i･e.,chlorinsbea血gpentosegroups)inPBS(Figures5-12andTable5-5).nissuggeststhatthe

photochemiCalpropertiesofaggregatesand/orthequantltyOfremalnlngmOnOmeriCspeciesarediqerent

betweenchlorinshavinghexoseandpentosegroups･

600 650 700 750 800

Å/nlll

FigureSlllFluorescencespectraofporphyrinp-8aandclllorinsm-9inDMSO(C=4.97pM)at37Oc･

^ =430nm.C7(

Table514 ElectronicabsorptionandfluoresceTICeSPeCtraldataofp-8aandchlorinsm-gin

PBS(C=4.97pM,37oC),

ELectronicabsorT)Lionspectra Fluorescencespcetrab

九 ㍍(nm) Am只Ⅰ(rm)

Soretq IV IⅡ H I (0,0) (0,1)

p-Sa 415.5

m-9a 414.5(401.5)

〝ト恥 415(401.5)

m-9C 429,5(405.5)

m-9d 428(403.5)

521 561.5 608 652 663 714

519.5 551.5 599 651.5

519.5 549 59i.5 650,5

524 549 602 655
､

524 552.5 6(XI 655

5

5

4

5

nU
1

1

1

tJ
3

7

7

7

7

5

5

5

5

つ｢J
∃

l

′nV

gJ

tr.)
′hU
LIJ

′hU
′hU
′hU
′hU

OTheValueinparenthesisisasholl1derpeakbySoretband.bんx=430nm.
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LtM)at37oC.A =430nm.eエ

TableSl5 Electronicabsorptionandfluorescencespectraldataofp-Baandm-9inPBS

containing1%glutaraldehyde(C=4.97LLM,37oC)

Electronicabsort)lionspectra Fluorescences

SorGtL]

p瑠a 416

m-9a 415.5(398.5)

m-pb 415

m19C 4293(413.5)

1n-gd 417｣5

ⅠⅤ ⅡⅠ

5183 560

521 549

520j 547.5

522 552

521.5 552

Ⅱ Ⅰ (0,0) (0,1)

589 647.5 659 720

594 649.5

594 648

601-5 656

603 654 5

14

12

23

23

7

7

7

7

5

5

5

4

つJ
′LU
4

LrT
LJI)
5

5

ノーU
′nV
′hl
′hV

aTheyalueinparenthesisisashoulderpeakbySoretbamd･AAex=430nm.

5-2-8.ConcentrationdependencetnthejluoleSCenCeOfthedeaceylaEedglycocoTU'ugatedchloriTIS

TiLeresultsintheprevioussectionsuggesttheaggregationbehaviorof〝 トPcdeterioratethe102

production.IJIOrdertocontroltheaggregatioptxhavior,thefluorescenceintensitiesofm-9aandm-9c

weremeasuredinth己10werconcentrationreglOrL.Figure5-13showstheplotsofthefluoleSCenCeintensities

intheconcentrationrangefrom5toO･00BpMinPBSusingeXCitationwaveler)gthsof430nmat37oC,

Thefluorescenceinte1'Sitieswereincreasewithanincreaseofthedrugconcentrationuntil叫Mform-9a

alld0.2LLMform19C,respectively,andreachdaplateaulevel:Inordertobreakanaggregateup,ml9c

requireslowerconcentration(i息,<0.2叶M)thanm-pa.Thefluorescenceintpnsitydi駄rerlCCbetween

m19aandm-9cdecrea;edwitha-decreaseofconcentrationinthisregion.
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FigllTe5･13FluorescenceintensltyOf肝gaandm-pcinPBSasafunctionoftheconcentrationat37oC.
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5-2-9.DT･ugdose-dependenceofthephotodynamicejfectofm19aandm-9c

Thephotocytotoxictyofm-9a,tn-9C,andTPPSwasexaminedagainstHeLacellsintheconcentration

rangefrom0.2to0.04LIM.ThecytotoxicltyofthesephotosensitizerstofleLacellswerecarriedout

underthesameprotocolreportedinchapter3.Asreportedpreviously,thesephotosensitizersshowedno

darkcytotoxicity.Figure5-14showstheplotofcellsurvivalsasafunctionofdrugconcentration.The

photocytotoxicityofm一gadecreasedwithadecreaseofdrugconcentrationfrom0.2to0.04叶M.Inthe

caseofm19C,ontheotherhand,thecellsurviValslightlydecreasedfrom96.5to85.6%withadecrcasc

ofthedrugconcentrationfrom0.2to0.16pM.Thecellsurvivalwasaround100%withillthedrug

concentrationlessthan0,16llM.

Inaboverest)Its,thecellularuptakeofmlycwasabout5-foldgreaterthan thatofm-9al3,16]･刀le

uptakeamountofm-9aattheconcentrationofO･2LIM,inwhichthecellsurvivalwas27･8%,canbe

equaltothatofm-gcattheconcentrationofO,04HM,However,thecellsllrviValinthecaseofm-gcat

theconcentrationDf0.04pMwas99.8%.Thisindicatesthesituationofm-9cinHeLacellswastotally

differentfromthatofm19a.hterestingly,itseemsthatthephotocytotoxicityofm-gcslightlyincreased

withdecreaseofdrugconcentrationfromO･2toO･16LLM･The102generationfromphotosensitiヱerS

shoulddecreaseswithadecreaseofthedrugconcentratiorl,Atthesametime,however,themonomeric

f0- 0fphotosensitizers,whichismoreactivetoformLo2,increaseswiththedecreaseofthedrug

concentration.Thesetwocontributionsshouldmakethephotocytotoxicitycomplicated･Thesefinding
i

suggestthESugarmOietiesofchlorinsaffectsnotonlycellulartlPtakcbehaviorbutalsosubcellular
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photochemiCalbehavior.
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FigllreS･14Photocytotoxicityofm-9a,m-9candTPPSinHeLacellsasafunctionofthedrug

concEntration･¶ledoseappliedwas16J/cm2usingal00Whalogenlamp(Å>500nm).Thepercentage

cellsurvivalwasdeteminedbyCellTiter-GloTMLt)minescentassayafter48hincubation.Thevalues

representthemeans±a.d.ofofsixreplicateexperlments.**Significantdiqerence,p<0.01.

5･3.Stlmmary

Thehydrophobicityparameter(LogP)ofdeacetylatedglycocoJljugatedchlorinsp-9wasevaluated

bytheShake-FlaskandtheRp-HPLCmethods,TheLogPvalIleSOfchlorinsp-9wererangedfromI

0･68tol0･72,henceal1photosensitizersarehydrophilic.¶lelo,producingabilityofchlorinsm-9was

exmi nedusingdegradationofDPBFby102･Therelativequantumyieldof102(45A)slightlydepended
onsugarunitsattachedinDMSO(i.C.,rnonomericform),andvariedfrom13to0.6toTPPSasastandard.

ThecellularuptakeofchlorinsgwasevaluatedinHeLacells.Allchlorins9showedhighercellular

uptakethanTPPS,andcorrespondingporphyrinsS.Theorderofthecellularuptakeamountwasm-9C>

p-9dラ1n-gd>p-9a>pl9h>p-gc>m-9a>m-9b>TPPS.m-9cshowedar)uptake501foldgreaterthan

thatofTPPS.Theplotofcelhlaruptakeamountofporphyrinsp-6,p-8andchlodTISp-?alla爪mctionof

retentiontimetROnRp-HPLC･ForsameSugarconjugatedphotosensitizers,thecellularuptakeamount
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increasedwithanincreaseoftRValue,i･e･,intheorderofp-6<p-8<(or=)p-9･Thisindicatesthe

poIPhyrinrlngaffectsthehydrophobicityandresultsinvariationofthecelllllaruptakel0ntheother

hand,thesugaruniteffectsoncellularuptakeandtRValuesforeachpoIPhyrimi ds･TTLehydrophobicity

changeduetothesugarunitisnotsimplyconnectedtothecellularuptake,ThephotocytotoxICltyOf

towardsHeLacellswasexaminedaltheconcentr-ationof0.2LLM.ThephotocytotoxicltyOftlleChloriIl

ml9aisalmost25-foldgreaterthanthatofporphyrinp-Sa.Thesephotosensitizershadnocytotoxicityin

thedark,buttheirphotocytotoxicityincreasedintheorderofTPPS<m19C<m19aLHowevertheseresult

clearlyshowsthattheamountofcellularuptakeisnotrelatedsimplytothephotodynamice鮎ctonHeLa

cells.Hence,p-8a,m-9,andTPPSwereinvestlgatedbyCLSMwithandwithoutgllltaraldehyde-These

photosensitizersweredi軌ISivelydistributedthroughoutthecytoplasmexceptform-pb.Nofluorescence

wasdctectedinnucleararea.Thechlorinsm-9exeftedthestrongerfluorescencethanthecorresponding

porphyrinp-3aaJldTPPSwithoutglutaraldehyde.Thefluorescenceofchlorinm19awasthestrongestin

allphotosensitizerS,Inaddition,theelectronicabsorptlOnandfluorescenCeSpectraOfthechlorhsTTt9

andcorrespondingporphyrinp-SaweremeasuredinDMSOandPBStoexplorethephotochemiCal

behaviorofglycoconJugatedphotoscnsitizlersinaqueousmediasuchascytoplasm,InDMSO,the

fluorescenceintensifiesofchlorinsm-9wereabout4-foldgreaterthan thatofporpJtyrinp-臥.Thereis

nodifferenceinfluorescencein亡ensitiesbetweenchlo血sml9inDMSO(i.e.,monomericform).However

thefluorescenceilltenSitiesofm-9aandm19h(i.a.,chlorinsharinghexosegroups)wereabout201fold r-

greaterthaJlthoseofm-gcandm-gd(i･e.,chlorinsbearingpentosegroups)inPBSIThissuggcststhatthe

photochemicalpropertiesofaggregatesand/orthequantityofremainingmonomericspeciesarediqerent

betweenchlorinshavinghexoseandpentosegroups,Itmaymakedi圧erenceinphotodynaniceffectin

HeLacellsbetweenml9aandm-恥.Inaddition,thephotocytotoxycltyOfm-如,thecellsurvivalslightly

decreasedfrom96･5to85.6%withadecreaseofthedrugconcentrationfrom0.2to0.16トlM.These

findirlgSuggestthesugarmoietiesofchlorins曲 ctsnotonlycellularuptakebehaviorbutalsosubcellular

photochemiCalbehavior.
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5-4.ExperiTnemtal

MaterialsandMeasurements

Measurements

ElectronicabsorptionspectrawererecordedonaJABCOVl570spectrophotc･meler(NaraWomen's

University).FluorescencespectrawererecordedDnaJASCOFp-6300Spe ctrofluorometer(NaraWomen's

University).FluorescenceintensityaJldluminescenceintensityweredeterminedbyaplatereader

(SPECTRAF1110rPlus,TECAN)(NaraInstituteofScienceandTechnology)･Imageanalysiswas

accomplishedwiththeconfocallaserscanningmicroscope (CLSM)(ModelLSM 510.Zeiss)(Nara

TnstituteofScienceandTeclmology).ThedeacetyJatedchlorins9wasestiITlatedbyliquidchromatography

(HrIACHI,L-6000)(OsakaPrefecturalCollegeofTeclmology)equippedwithsilicagel-ODS(Hm CHI,

Hm CHIGEL4mm中X150mm)columnfLndadiodearraydetector(mlACHIL-4CKX))usingacetonitri]e

/water=1Il■asanelllent･ t,

PfzotosensL-tileTis

StocksolutionsofphotoseIISitizers(TPPS,glycoconjugatedchlori n s 9 , p o rp h y ri n p -S a a ndp-Sd)

werepreparedbyweighingthedriedphotosensitiヱerSanddissolvingthemindim eth y l su lf oxide(DMSO,

W止oPtlreChemiCalIndustries,Ltd.).Thestocksolutionswerekeptinthefreezer(-3CIOC).

Materials

11,3-DiphenylisobenZOfuran(DPBF)andtetraphenylporphyrintetrasulfonicacid(TPPS)were

purchasedfromSigmaAldrichJapanCorporation･Allotherreagentswereofanalyticalgrade-

5-4-1.PartitioncoementbetweenphosphatebujfeTedsalL'ne(PBS)anda-octanol

nemeasurelllentWasCamiedoutunderthesameprotocolreportedinchapter3.

5-4-2.Hydnophobicio･parameterdetennl'nedbyRp-HPLCmetjzod

Themeasurementwascamiedoutunderthesameprotocolreportedinchapter3.

5-4-3･102Product-nĝ bili中

Thesingletoxygen(102)producingabilityofdeacetylatedglycoconjugatedchlorinsm-9forthe

formationof102Studiedusing1,3-diphenylisobenzofuran(DPBF)as102quenCherl9113].Photosensitizers

(C=0.08LLM)andDPBF(C=36.7pM)weredissolvedinDMSO.AllmeasllrementSWereCamiedoutin
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asquarequartzcell(1cm)at37oC.SolutionofphotosensitizersandDPBFwerefreshlypreparedand

keptinthedarkbeforemeaSllrement.Priortoirradiation,DXygengasWasbubbledthroughthesolution

inasquarequartzcellforlmin.ThesolutionwerethenexposedtolightfromalOOWhalogenlamp

(USHIO,KBEX1102A)equippedwithaY150ctIt10fffilter(A>500nm,Toshiba).Thelightintensity

wasdetemi nedtobe40mW/CITPbylJSinganUV-vispowermeter(OPHⅡと,ORIONITH).Thesolution

wasstirreddmingphotolysIS.TheDPBFconcentrationwasdetemi nedhytheabsorptlOnOfDPBFat

418nm･TPPSwasusedascalibratingstandard,

5-414,CellularuptakebyHeLLICells

necellularuptakemeasurementofdeacetylatedglycoconjugatedchlorins9byHeLacellswere

carriedoutunderthesameprotocolrepDrtedinchapter3･

51415.InvttorDPhotocylotoxJ-ciytestagainstHeLacelts

TheE.nVitroassessmentofphotocytotoxicltyWasCarriedoutunderthesameprotocolreportedin

chapter3･Forallexperiments,thedrugconcentrationwasvariedfrom5to0.2pMinDMEMContaining

10%FCS(1%DMSO)),

5-4-6.Co77focalj7uofleSCenCeE-maces

HeLacellsweregrownhDulbecco'smodifiedEagle'smedillm(DMLM)withphenolredand10

%fetalcalfserutn(FCS)(HycloneLaboratories,Inc.).CDnfocalfluorescenceimagesofTPPS,m-9,p-

SaaJldplSdweretakenasfollows:HeLacells(5x101cells/weu)Wereplatedina241Wellplate(Nalge
し一

NunclntemationalE..K.)in500トLperwellofDMEMwithphenolredand10%FCS,andtheplates

wereincubatedfor24h(37oC,5%COB)AToeachwellwasadded500lLLof10LtM(2%DMSO)

photosensitizersinDMBMwithphenolredand10%FCS(hencetheconcentrationofphotosensitzers〔■し

was5HM(1%DMSO)).ThemediumwasremoyedandthecellswerethenwashedtwicewithDulbecco7s

PBS(13･7mMNaCl,2･7mMKCl,8･1mMNa2HPO4･12H20,andl･5mMKH2PO｡pH7･4)(Wikonlre

ChemicalIndustries,Ltd.),and100LILofPBSorPBScontaining1%glutaraldehyde(fixationagent)

wasadded.lmageanalysiswereaccomplishedtheconfocallaserscanningmicroscope(CLSM)(Model

LSM510,Zeiss).TheexcitationwavelengthwassEltat543llm,andthefluorescenceimagewasthen
し

scannedandrecorded.
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5-4-7.Statisticalanalysis

AllstatisticalevalllationswerepefformcdusingStudeZlt7si-test.AllvallleSforcellularuptakeand

cytotoxicityareexpressedasmean±staJldarddeviation,
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hthisstudy,glycoconjugatedtetraphenylporphyrins(TPPs)andtetraphenylchlorins(TPCs)were

synthesized,andthesugaruniteffectonpharmaceuticalnatureandphotocytotoxicitybyHeLacells

wereinvestigatedsystematicallyforthesephotosensitiヱerS.

Thirty-twoglycocoqugatedporphyrinsweresynthesizedbyamodificationofLindseymethodin

thepresenceofZn(OAc),･2H20asatemplate.Yleldsofacetylatedzincporphyrinsweregivenin53-93

%･neZn2'ioninthesephotosensitizerSWaseasilyremovedbywashingwith4MHCltogivefree-base

potphyrinsin36-86%yield.TheZn2'iontemplatestrategylmPrOVedtheyieldabout31foldinthecase

of5,10,15,20-tetrakisl3-(β-D-glucopyranosyloxy)phenyl]porphyrin.Thisprovidesanefficientmeansto

preparewidevarietyofglycoconjugatedporphyrins,whichcanbellSedasapleCurSOrforglycoconjugaLed

chlorinshavingsimilarstructure占tOFoscan舟. Deprotectionoftheseacctylatcdphotosensitizerswas

caniedoutusingNaOMeinTHForinamiⅩtureofMeOHandCItCl2･Eventually,sixteendeacetylated

glycoconJugatedporphyrinswereobtainedinmoderateyield.Inaddition,eightdeacetylated

glycoconJugatedchlorinsweresynthesizedbymeansoftheWh itlockmethodwithdiimidereduction,

andthenthiscrudeproductbyNaOMeinamixtureofMeOHandC托C12.Thecrudedeacetylated

productwassuccessfullypmifiedbyRp-TLC.Thedeacetylatedchlorinswereobtainedhtheyieldsof

14-49%.AllglycoconJugatedporphyrinsandchlorinswereobtainedinthepuritiesof>95%after

eyaluationbyHPLCusinganoctadecylsilyl-supportedsilicagelcolulnn.Thesephotosensitizerswere

fullycharacterizedbylHNMR,ESLTOFmass,IR,andelectronicabsorptlOnSPeCtrOSCOPy･Inthe

electronicabsorptlOrlSPeCtra,thesephotosenSjtiZerShaveastrongSoretbandatca.420nmandfour

weakQbandsatGal520(QIV),550(Q.ⅠⅠ),600(Qn),and650(QI)nminDMSOITheQ.bandsofall

chlorinswereabout41foldgreaterthanthoseofcorrespondingporphyrins.I

Thehydrophobicityparameter(LogP)ofglycoconjugatedporphyrinswasevaluatedbytheShake-

F]askandtllereversedphaseMghtperforn1anCeliqt]idchromatography(RPIHPLC)methods.TheRp-

HPLCmethodisveryusefultoestimatetheorderofhydrophobicity.TheLogPvaldesofacetylated

porphyrJnSWeftraJlgedfrom+4.8to十7.8,5othatmos,tofthephotosensitizersarelesshydrophobic･On

theotherhand,theLogPvaluesofp-substituteddeacetylatedporphyrinsandchlorinswererangedfrom

10･6Bt0-0174,henceallphotosensitizerarehydrophilic.Zincporphyrinsexertshigherhydrophilicity

regardlessofthesugarunitattached.Thesephotosensitizershavinghexosegroupsaremorehydrophilic

thanthosehavingpelltOSegroups.¶leeachsugarunitattachedhasunlquee駄ctonthehydrophobicity.
､

Thebindingequilibriumofthep二substituteddeacetylatedporphyrinswithbovineserumalbumin
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(BSA)wasinvestigatedbymeansoffluorometrictitration.ThenandKvaltleSVariedfrom0.41±0.04

tol･57±0･11andfrom(0.25±0▲02)×106to(1.57±0.ll)×106叫 ~lowingtosugan)nitattached.TILE

numberofbindingporphyrintoBSA(n)increasesmonotonicallywithanincreaseofretentiontimetROn

RPII肝LC.Hencethefomationofporphyrins-BSAcomplexissimplydrivenbyhydrophobicinteraction,

The102PrOduchlgabilityofm-substitutedchlorinswasexaminedusingdegradationofDPBFby

lO2･Therelativequantumyieldof102(QA)slightlydependedonsugarunitsattachedinDMSO(i･e･,
monomericfom),andvariedfrom1.3to0.6tDTPPSasastandard.

Exceptfor5,10,15,20-tetrakisl31(FBI"ylopyranosylox･y)phenyl】porphyrinand5,10,15,20-tetrakisl4-

(β-D-galactopyranosyloxy)phenyl]porphyrin,thecellular■uptakeOfdeacetylatedporphyrinsandchlorins

wasevaluatedinHeLacells･AllthesephotosensitizersshowedhighercellularuptakethanTPPS.The

uptakeaTTIOuntOf5,10,I5,20-tetrakis[4一四-D-arabinopyranosyloxy)phenyl】porphyrinb-Sd)showedabout

21foldhighercellulartlPtakethanthatof5,10,15,20-tetrakis[4一四一D-glucopyranOSyloxy)phenyl]porphyrin

b-Sa).An d,theuptakeiamountOf5,10,15,20-tetrakisl3-岬-D-Xylopyranosyloxy)phenyl】chlorin(m-9C)

showedabout5-foldhighercellulartlptakethanthatof5,10,15,20-tetrakisl3-申-D-glucopyranosyloxy)-

phenyl】chlorin(m-pa).Thecellularuptakeamountofp-substitutedporphy血 sandchlorinsbyHeLa

cellsincreasedwithanincreaseoftRValueonRp-HPLCmethod･i息,intheorderofzincporphyrins<

free-baseporphy血S<(or=)chlorinsregardlessoftTleSugarunitattached.Thisindicatestheporphy血

nngaffectsthehydrophobicityandresultsinvariationofthecellularuptake.Ontheotherhand,the

sugaruniteffectsoncelhlaruptakeandtRValuesforeachporphyrinoids,Thehydrophobicitychange

duetoth巳Sugarunitisnotsimplyconnectedtothecellularuptake.

Inporphyrins,thephotocytotoxICltyOfp-ぬ,p-8dandTPPSwasexam inedwithlieLacells,uslllg

alightdoseof16J/cm2andthedrugconcentrationof5LLM･¶leSePhotosensitiZerShadnocytotoxicity

inthedark.TheirphotocytotoxicitylnCreaSedintheorderofTPPS<p-Ba<p-Sd.Howeverthedifference

inphDtOCy(OtOXicitybetweenp-Sdandp-SawassmallincontrastwiththecellularuptakediqerenCe.In

chlorins,ontheotherhand,thephotocytotoKicityofm19a,m-gcandTPPSwasexaminedwithHeLa

cells,uslngalightdoseof16J/cmZandthedrugconcentrationof0.2LIM･Hence,thephotocytotoxicity

ofm-9aisalmost25-foldgreaterthaTlthatofporphyrirlp-Sa(i.e.,chlorinislowerdrugdosethan

porphyrin).Thesephotosensitizcrshadnocytotoxicityinthedark,buttheirphotocytotoxicityincreased

intheorderofTPPS<Tn-9C<m-ga-However,theseresultsofglycocn]ugatedporphy血sandchlorins

clearlyshowsthattheamountofcellularuptakeisnotrelatedsimplytothephotodynamiceGectonHeLa
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cells.tience,theconfocaIfluorescenceimagesofp-ぬp-Sdandm-substitutedchlodnsandTPPSwith

andwithoutglutaraldehyde.ThealiglycoconJtlgatedphotosensitizerswerediffusivelydistributed

throughout亡hecytoplasmexceptfor5,10,15,201tetrakis【3-申-｡-galactopyranosyloxy)phenyl]chlorin(m-

ph),andnofluorescencewasdetectedinnucleararea.Them-substitlltedchlorinsexertedthestronger

nuorescencethanp-3aandTPPSwithoutglutaraldehyde.Thefluorescenceoftn-9awasthestrongestin

allphotosensitizers･

Inaddition,thedectronicabsorpt10nandfluorescencespectraofthechlorinsandcorresponding

porphyrinp-3aandp-8dweremeasuredinDMSOandPBStoexplorethephotochemiCalbehaviorof

glycoconJugatedphotosensitizersinaqueousmediasuchascytoplasm.InDMSO,thefluorescence

intensitiesofm-substitutedchlorinswereabout4-foldgreaterthanthatofp-Sa.nlereisnodifferencein

fluorescenceintensifiesbetweeneachchlorinsoreachporphyrinsinDMSO(i･e.,monomericform).In

porphyrins,thefluorescenceintensitiesofp一弘(i息 ,hexosegroup)wereabout5-foldgreaterthanthose

ofp-8d(pentosegroup)inPBS.AndthefluorescenceintensitiesofchlorinshavingtleXO紀 gTTluPSWere

about201foldgreaterthanthoseofchlorinsbearingpentosegroupsinPBS･Theseglycocoqugated

phDtOSenSitizers(i.e･,porphyrinsandchlorins)suggeststhatthephotochemiCalpropertiesofaggregates

and/orthequantityofremainingmonomeriCspeciesarediGerentbetweenphotosensitiZerShavinghexose

andpentosegroups.ltmaymakediqerenceinphotodynamiceq'ectinHeLacellsbetweenphotosensitizers

havinglleXOSeandpentosegroupS･Inaddition,thephotocytotoxycityofm-gc,thecellsurvivalslightly

decreasedfrom96.5to85.6%withadecreaseofthedrugconcentrationfrom0.2to0.16LLM･These

findir)gsuggestthesugarmoietiesofphotosenSitizersa飴ctsnotonlycellularuptakebehaviorbutalso

subcellularpholochemica)behayior.

Finally,theauthorclarifiedthatsugarunitontheporphyrinoidseWectsonthehydrophobicity,

cellularuptake,Lqerumalbuminbindingandphotocytotoxicity･ThesephamaceuticalpropertiesczLn
l
し

affectonthephotodynamiceffectonPDTtreatmentHencethevastdiversityof-sugarchamistrymay

affordusm'eantocontrolthenatureofphotosensitizers.
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