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Chapter1

GeneralIntroduction

1.1 PalladiumComplexesCoordinatedbyPorphyrinLigand.

Manytransition-metalcomplexeshavebeenpreparedandstructurally

characterizedfindingthespecialpropertyandfunction,whilethecomplexes

havebeeninvestigatedasstructuralmodelofenzym eincludingtransitionmetal

andtoberesponsibleforhighlyefficientandselectivereactions.Sinceinthe

transition-metal complexes, conflguration of centralmetal ion and

oxidation-reductionpotentialcanbecontrolledbytheseveralstructuresand

kindsofligandsandcoordinatlngatoms,multipleapplicationshavebeen

studiedincoordinationchemistry.ThusthedevelopmentofOrganometallics

chemistryandcatalysisinvolvingtransitionmetalshasbeencloselyassociated

withtherealizationthattheirformation,stability,andreactivityaregovemed

bythefundamentalrulesofthecoordinationchemistry. Someofthe

complexesareusefulreagentsinorganicreactions,suchasoxidations,

hydrogenations,carbonylations,additionreactionsandpolymerizations･1For

example,WackerreactionforoxidationofethyleneandZieglercatalystfor

ethylenepolymerizationhavebeenwell-bownandWilkinsoncomplex

catalyzedhydrogenationofalkenes.ru血eraceticacidwassynthesizedby

carbonylationofmethanoluslngRhcatalystandcycroadditionofavlnylallele

with 1,3-dienewasachievedbytheuseofPdcatalyst･2 Insteadof

heterogeneouscatalystasZieglercatalystthehomogeneousmetallocene

catalystsandfurthernon-metallocenetypeinitiatorsledtothepolymerizations
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withspecificmicrostructuresandhighmolecularweightpolyolefinesinadding

tothearousaloftheinterestsinligandeffectsonstereoregulation･3,4 Recently,

effortshavebeenmadetostudythecomplexesconsistlngOfalatetransition

metaltofindnovelcatalystsforthepurposeofinventionofexcellentpolymer

materials.

Am ongaforementionedreactions,palladium hasmadeimportant

contributionstoorganicsynthesischemistry,beginningwithWackermethod,

extendtorecentpolymerizationcatalystasPdcomplexhavingdiimineligand.

Palladiuminthefifthperiodicmetalofplatinumgroup,andisvaluablemetal

presenceofwhichisonlyabout24thousandstintheearth,andhasbeenused

inalsoasomamentetc,Whileinitialexpenseofthepalladiumcompoundis

high,thoughcomparabletothecostofmanyorganicreagents,thepalladiumis

usually easily recovered,essentially quantitatively,and is reusable.

HomogeneousreactionscatalyzedbyPdcomplexeshavebeendeveloped

progressively,forexample,synthesisofsubstitutedolefinsbycrosscoupling

reactionsofarylhalidesandolefins(Heckreaction)5andofvinylboranesand

organohalides(Suzukicouplingreaction).6 Furthermorerecentlybulkyi-buty1

phosphineligandwasdesignedtopromotereductiveeliminationofsubstrateto

arisetheactivity･7 Thus theliganddesignofPdcomplexeshavereceived

renaissanceandthestmctureandthebehaviorhavebeeninvestlgatedto

elucidatethecatalyticfunctionintheintermediateofdiversereactions

contributedbyPdcatalyst.

Althoughmostofthecomplexesusedfororganicsynthesisearlieras

homogeneouscatalystswerewithoptlCallyactiveligandscoordinatlngthrough

phosphorus,more recentdevelopmentshave highlighted the use of

Hnitrogen-donorsH･8 Forexamples,optlCallyactivecyclometalatedcompound

playlngrolesofC,N-donorswereusefulfortheseparationofracemiC
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mixtures,9 andthecouplingofsecondaryGrignardreagentswithalkenyl

halideswaschelatingP,NISySteml10 Furtherforasymmetricallylicalkylation,

alkaloid(-)-sparteineandanobleasymmetricbis(pyrazolyl)methanewere

preparedasbidentatenitrogenbaseligand･ll Ingeneral,donor-accepterbonds

formedbynitrogendonorsarestronglncontrasttOthoseformedbyphosphorus

donors,andtheirstrengthshowsdrasticchanges,ifthemetalcenteris

changed･8 AndthestrengthoftheM-Nbondswillbeaffectedmuchmoreby

stericeffectsthanthatofthecorrespondingM-Pbonds.Ligandscontalnlng

sp2-hybridizednitrogenatoms,particularlywhentheNatom ispartofan

aromaticsystem,haveextensivecoordinationchemistry.

Porphyrinispresentedasoneofthecompoundwhichcanbecome

bidentate or tridentate ligand coordinatlng through nitrogen atoms

sp21hybridizedtobepartofaromaticsystem･Itisknownwellthatporphyrin

isvitalsubstanceplaylngplVOtalrollsashemoglobininbloodcell,chlorophyll

inplants,cytochromeinenzymeandsoon.Manyeffortshavebeenmadefor

theelucidationoftheimportantvitalfunctionsandforthebiomimeticstudy

fromtheviewoffinechemistry.Wh ilethestudyrelatingtheporphyrins

seemstohavebeendevelopedalongtheinterestinvitalreactionsmimicking

thevitalreactions,recentlyporphyrinistriedtoapplytoseveralfieldsuchas

opticalhnctionalmaterial,photosensityzer,andsolarcells. Porphyrins

includealargearomatic7t-electronsystemasatetrapyrrolestructureinwhich

thereisasiteoccupiedbyseveralmetalionstoa∬brdthediversecomplexes.

Sincenormalporphyrinplaysarolloftetradentateligand,inpalladium(II)

ComplextheeffectivesiteofPdarefullofaporphyrinligandtobeunreactive

forcatalyticreactions.Butitisconsideredthatmodificationofporphyrinas

N-alkylationwillafforddifferentsitetometalsandenablealsopalladiumtobe

reactivefわrsomenewreactions,
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In thisstudy,With purpose offinding potentialofmodified

(porphyrinato)palladium(II)Complexes,thePd(II)complexescoordinatedby

N,N'-etheno-bridgedporphyrinsaresynthesizedandappliedtosomereactions.

InChapter2,stablecomplexizationandstructureofPd(II)porphyrins

withatwo-carbon(etheno)bridgewerestudiedcomparedwiththoseincludea

one-carbonbridge.

InChapter3,theligandsubstitutionreactionofpalladium porphyrins

withaminesisa仕emptedinordertoseehowstrongtheirbentPd-Nbondings

are.Fu血emore,dynamicbehaviorsofthepalladiumporphyrinsligatedby

ethylenediaminearediscussedonthebasisoftheirspectroscoplCproperties.

InCh叩ter4,thesynthesisandisomerizationbehaviorofderivatives

withN21,N22-bridgedporphyrinligands,andtherolesofporphyrinligandsin

controlling cis-trans isomerization and also in the spectroscopIC

characterizationof(7t-allyl)palladiumcomplexeswillbediscusseddetail.

InChapter5,thesynthesisofトL-(dillydroxo)-bridgedcomplexesof

dimeric palladium(II) porphyrins, the geometry of

p-(dihydroxo)dipalladium(II)core,andisomerizationbehaviorarestudied.

Andthereactionsofp-(dihydroxo)dipalladium(II)bisporphyrinwithactive

methylenecompoundstoaffordnew organopalladium(II)porphyrinsare

proposed,includingthatwithallylcompoundsasthethirdme也odtoprepare

(7t-allyl)PdII(Porphyrin)S.

InChapter6,theinsertionofisocyanidesinto(Tl-allyl)palladium(II)

complexesofN21,N221etheno-bridgedporphyrinligandsisattempted･Andthe

reactivityisstudied.
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Chap ter 2

Synthesisand Structure ofPalladium(ⅠⅠ)Complexeswith

N21,が 2-BridgedPorphyrinLigands

2.1 Introduction

Palladium complexeswithabidentatenitrogenbaseligandhave

recentlybeenappliedtoanumberoforganictransfbmationsascatalystsas

wellasconventionalPdcomplexeswithphosphineligands･10ntheother

hand,ordinarypalladium(II)porphyrinsarecoordinativelysaturatedbythefour

pymolenitrogensofaporphyrinligand,andthusPd(II)porphyrinShavebeen

studiedsofaronlylnthefleldsofphotoandredoxchemistry･2 Therehave

beenreportedmetalloporphyrinsinwhichmetalsarecoordinatedbyporphyrins

asbidentateortridentateligandsandpositionedoutoftheplaneofporphyrin

rlngS･3,4 Thosestructuresare,however,unstableandreadilyconvertedto

usualmetalloporphyrinscoordinatedbyfourpymolenitrogens.Inthiscontext,

N21,N22-bridgedporphyrinsareofinterestinthesensethattheycanactas

bidentatenitrogenbaseligands,like2,2--bipyridine,becausehvoalkylated

pymOlenitrogensarenotusedforcoordinationtometals.Twounsubstituted

py汀01enitrogensarebasicandcantedtowardstheoppositesideofthe

N21N 22lbridge,whichisappropriatetothecoordinationtometals.5 Ithas

beenshownthatthereactionsofN21,N22-vinylidenO-bridgedporphyrinand

metalcarbonylsresultintheformationofmetalloporphyrinswiththe

eliminationoftheN2l,N22-bridge･6 Therehavebeentworeportsofpalladium

complexesofN21,N22-bridgedporphyrins,7,8andonesinwhichtwoadjacent
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nitrogensofpolphyrincorearebridgedbyaone-carbon(methano)bridgewere

isolatedonlybyCallotandco-workers･7･ Theyshowedthattwoimine-type

mitrogensandtwobromineatomsofN2l,N22-lcH(OBn)](TPP)･PdBr(4C)

(CH(OBn)-(benzyloxy)-methylene,TPP-5,10,15,20-tetraphenylporphyrin

dianion)occupysquare-planarcoordinationsites.(Chart1).ThosePd(ⅠⅠ)

Complexesalsotendtolosethebridgemoiety,yieldingordinaryPd(ⅠⅠ)

porphyrinsuponstanding,evenascrystals.Thistypeofsquare-planarPd(II)

complexisofgreatinterestnotonlylnViewofthestereochemicalinnuenceof

theporphyrinligandmoietyonthecoordinationchemistryofPd(II),butalsoin

view oftheunlquePhotochemicalandredoxactivityOfN21,N22-bridged

p叩 hyrins･9,10 日enceitseemsworthytodevelopstablePdcomplexesof

N21,N22-bridgedporphyrins･Thischapterisconcemedwiththesynthesisand

structureofstablePd(II)porphyrinswithatwo-carbon(etheno)bridge.ll

∩B

H

O
-

C

Br(/Ph'
(4C)

Chart1.

Ph
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2.2 ResultsandDiscussion

2.2.1 Synthesis of Palladium(Ⅱ) Complexes with N21が 21Bridged

PorphyrinLigands.

Although血e丘･eebasefbmsaresuitablefわrthemetallationreactionof

NISubstituted porphyrins, N21,N22-bridged porphyrins exist as the

monoprotonatedformsduetotheirbasicnature.Ofafewexamplesofthe

metallationreactionofN21,N22-bridgedporphyrinspreviouslyreported,6,7･8,12

Balchandco-workerssuccessfullyusedamonoprotonatedform aswellasa

freebaseform oftheN21,N22-(1,1-diarylvinylideno)-bridgedporphyrinina

metallationreactionwith[Ru3(CO)12].12 However,themonoprotonatedfbms

ofN21,N22-etheno-bridgedporphyrins,N21,N221(RC-CR)(TPP)HC10.(la:R-

ethyl,la':R-phenyl)andN21,N22-(RC-CR)(OEP)HC10.(lb:R-ethyl,

lb':R-phenyl)(OEP-2,3,7,8,12,13,17,18-0ctaethylporphyrindianion),did

notreactwith[PdC12(MeCN)2]inMeCN atroom tempera山re.Then,the

correspondingTPPfreebaseforms,N21,N22-(RC-CR)(TPP)(2a,2a'),Were

preparedatfirstbythetreatmentofaCH2C12SOlutionofthemonoprotonated

formlaandla-withalO%KOHsolution.13 when2awasallowedtoreact

with[PdC12(MeCN)2](3-4molaramounts)inacetonitrile,thebrowncolorof

the舟eebaseporphyrinchangedtoreddishgreenin30minatroomtemperature

toform aninitialproduct(Ia),whoseUV-visspectrum issubstantiallythesame

asthatofthemonoprotonatedporphyrinla.Afterevaporationofacetonitrile

andex仕actionoftheinitialproductwithCHC13underaerobicconditions,

porphyrinresiduewasallowedtostandinaCHC13SO山ion,Thisinitial

productgraduallychangedtoagreenPdcomplex(3a)inCHC13in3dtogivea

79%yieldbasedon2a.Thecomplex3a-wasobtainedin87%yieldwithin

17hthroughtheinitialproduct(Ia').14 ThePdcomplexes,3aand3a',include
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twoPdCl2umitsperporphyrinonthebasisofaCHNelementalanalysis.

VigorousstirrlngOfatwo-phasemixtureofaTHF-CH2C12SOlutionof3aor3a'

andasa山ratedaqueousNaCIsolutionresultedinthefbmationorthe

mononuclearPdcomplexes(4a,4a')inquantitativeyields.

PhCl0/
(1a,a■) (2a,al

Nti_畏… ,h
N-N

Cl041
(1bI).)

顔…N-N
a,bR=Et
a廿R二=Ph
n-1or2

- ＼N/ij;A
cL,A]d
cl′

(3)

i,:L L,､N14誓
p｡

r
P
l

引

瓜
ソ

N

N

R

望
･
｡
㌔

(3) (4)

reagenlsI)KOH/CH2C121Hz0il)KOH/MeOH-THF
ii)PdC12(MeCN)2/MeCN iv)NaCl/H20-THF-CH2Cl2

Scheme1

SincethebasicityofOEPpy汀01enitrogensishigherthanthatofTPP

py汀01enitrogens,themonoprotonatedOEPanalogues,lbandlb-,couldnot

bedeprotonated.Amethoxideionattackedonthe5-mesopositionoflband

lb'gave51methoxy15,221dihydroporphyrins(2b,2b')whenlbandlb'were

仕eatedwithKOHinmethanol,9 Theadditionof[PdC12(MeCN)2](3-4molar

amounts)tobluesolutionof2band2b-inMeCNresultedinthefbmationof

redinitialproducts;thesewereconvertedintogreendinuclearPdcomplexes
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(3b,3b-).ThemononuclearPdcomplexes(4b,4b-)Wereobtainedbythe

sameprocedureasinthecaseoftheTPPanalogues. Thereactionof

equimolaramountsof2aand[PdC12(MeCN)2]resultedinthefbmationofa

mixtureof3aand4awitharatioof3:2.Inthecaseof2b,theproductratio

of3band4bwas5:2.Thisisindicativeoftherelativelyhigherstabilityof

thedinuclearcomplexesmanthemononuclearcomplexes.

2.2.2 UV-visibleSpectroscopicCharacteristics.

A seriesofreactionsdescribedaboveweremonitoredbyUV･vis

spectroscopy.Thespectralchangesinthereactionsfromlbto4bareshown

inFigures,1and2. TheUVvisspectraoftheinitialproductsgenerated

from2andPdC12(MeCN)2WereVirtuallythesameasthoseofIandtheywere

characteristicofmonoprotonatedN21,N221bridgedporphyrins･Thissuggests

thattheinitialproductsaremonoprotonatedpolphyrincompounds,whichdo

nothavestrongcoordinationofpy汀01en血ogenstoPd(ⅠⅠ).Inthereactionof

OEPanalogues,PdC12aSaLewisacidseemstoabstractamethoxideanion

from thebasicdihydroporphyrins,2band2b',togivemOnOPrOtOnated

porphyrinsprobablywithl(PdCl2)n(OMe)r (n-1or2)asacounteranionas

showninSchemeI.TheUV-visspectraoftheobtainedPdcomplexesof

N21N 22-bridgedporphyrinsshow thattheSoretbandsaresplitintotwo

absorptlOnSinthe400-480nmreglOn,As showninFigure,3,theSoret

bandsofthePdcomplexesofN21N22-bridgedTPP(3a,3a',4a,and4a')are

alsosplitintotwobands,thelongerwavelengthabsorptlOnSOfwhichhavea

higherintensity. ThisUV-visspectralpattem issimilartothatof

N21N 22-lcH(OBn)](TPP)PdBr2(4C).7 EachSoretbandmovedtolonger

wavelengthregionsupongoingfrom thedinuclearPdcomplexestothe

mononuclearones.

10
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Figure3.UV-Visspectraof3a(solidline)and4a(dottedline)in
CH2C12. Theordinatefortheabsorbanceisarbitrarily.

2.2.3 StructureofDi-p-chlorodipaIladiumComplexwithNalN 21Bridged

TPP:PdCoordinationstructure.

AlthoughthecⅣstalof3acontainstwoindependentmolecules,Aand

B,inanasym metricunit,therearenosignificantdifferencesinthestructural

parametersfわrthesetwochemicallyequlValentmolecules. Theselected

interatomicdistancesandanglesareglVeninTable1andanORTEP血awlngOf

themoleculeA isillustratedinFigure.4, TwoCH2C12andtwoH20

moleculesarepresentinthevicinityofmoleculeB.Thestmctureof3ahas

Cssymmetry andcontainsafoldeddi-LL-Chlorodipalladium core. The

atom-numberingschemefわr3aisshowninFigure.5.Pd(1)iscoordinatedby

12



twoadjacentiminenitrogens,N(3)andN(4),oftheporphyrinastheterminal

ligand.Pd(1)isplacedoutoftheporphyrin4Nmeanplane,PL(4N),by1.32

Atowardstheoppositesidetotheethenobridge.Thedihedralangle(A)is

69.30betweenthe4Nmeanplaneoftheporphyrinandthesquareplaneofthe

pd(1)coordinationsphere.Thedist礼lPd(2)isplacedatadistanceof3.78A

fromthe4NmeanplaneandtwosquareplanesofPdcoordination,PL(Pdl)

andPL(Pd2),arefわldedalongtheaxispassingthroughCl(1)andCl(2)witha

dihedralangle(B)of139,80(seeFigure.6).

Figure4.AnORTEP血awlngOf3a.
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Table1. SelectedBondDistances(A)and
Angles(°eg)of3awithTheirEstimated
standardDeviationsa)

moleculeA moleculeB

Pd(1)-Cl(1)
Pd(1)-C1(2)

Pd(1)-N(3)

Pd(1)-N(4)

Pd(2)-Cl(lJ

Pd(2)-C1(2)

Pd(2)-Cl(3)
Pd(2)-C1(4)

C(45)-N(1)
C(46)-N(2)

C(45)-C(46J

Cl(1)-Pd(1)-Cl(2J
N(23)-Pd(1)-N(24)
Cl(1)-Pd(1)-N(3)
Cl(1)-Pd(1)-N(4)
Cl(2)-Pd(1)-N(3)
C1(2)-Pd(1)-N(4)
Pd(1)-Cl(1)-Pd(2)
Pd(1)-C1(2)-Pd(2)
Cl(1)-Pd(2)-C1(2)
Cl(3)-Pd(2)-Cl(4)
Cl(1)-Pd(2)-C1(3)
C1(2)一Pd(2)-Cl(4)
C1(1ナPd(2)-Cl(4)
C1(2)-Pd(2)-Cl(3)
C(16)-N(4)-Pd(1)
C(19)｣N(4)-Pd(1)
C(16)-N(4)-C(19)
C(11)-N(3)-Pd(1)
C(14)-N(3)-Pd(1)
C(1lJ-]ヾ(3)-C(14)
N(1)-C(45)-C(46)
N(1)-C(45)-C(47)
C(46)-C(45)-C(47)
N(2)-C(46)-C(45)
N(2)-C(45)-C(49)
C(45)-C(46)-C(49)

2.324(4) 2.334(5)
2.333(4) 2.332(5)

2.02(1) 2,03(1)

2.01(1) 2.03(1)
2,353(5) 2,359(5)

2.325(4) 2.228(5)

2.265(5) 2.259(5)

2.251(5) 2,264(5)

1,43(2) 1.44(2)

1,43(2) 1.45(2)
1,34(2) 1.32(2)

84.6(2) 84.7(2)

87,0(5) 86.4(5)

175,0(4) 176.1(4)

93.6 (4) 95,1(4)
94.4(4) 93.5(4)

175.9(4) 173.4(4)

87.7(2) 89.2(2)
88.2(2) 89.7(2)

84.2(2) 84.0(2)

92.1(2) 91.0(2)
92.2(2) 93.0(2)

91.5(2) 92.0(2)

175.3(2) 175.9(2)

175.5(2) 176.3(2)

117(1) 116(1)
130(1) 130(1)
108(1) 107(1)
129(1) 130(1)
116(1) 117(1)
108(1) 108(1)
120(1) 121(1)
115(1) 113(1)
123(1) 125(1)
121(I) 119(1)
115(1) 116(1)

122(1) 122(1)

a)Atoms relatedby symmetry operations･ Atom
numberingsareshowninFigure5.
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C14

Figure5.Diagram ofaporphyrinmeanplane(PL(m))
containlngfわurmeso carbons,a4N mean plane

(PL(4N)),andtTOSquarePlanesofPdcoordinationof
3a with showlng the atom numbering scheme,
mesoIPhenylgroupsareomittedforclarity.

AlthoughthePd-C1distancesandtheCトPd-Clanglesaresimilarto

thosefoundinotherdi-p-chlorodipalladium Complexes,thePd(1)-C1-Pd(2)

bondanglesof3aaresmallerandthePd(1)-Pd(2)distanceisrelativelyshorter

duetothefoldingofthetwoPdsquareplanes(seeTable2).15 This folding

ofPd2C14 coretowardtheporphyrinplanemayarisekom anelectronic

repulsionbetweenthelone-palrelectronsoftwobridgingchloridesandthe

po叩hyrinTトelectrons,becausethedistancesbetweenthebridgingchlorides

(CllandC12)andsomeofporphyrinatoms(Nl,Cl,C20,C19,N2,C9,C10,

Cl1)intheX-raystructureof3aarewithinvanderWaalscontacts(seeTable

3).SincethedistancebetweentheterminalPdC12unitandtheporphyrin

planeislongerthan3.5Atheinteractionbetweenthesetwomoietiesisnot
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important Therefore,theterminalPdC12Prefersthefoldedconformation,

wherethelone-palrelectronsofthebridgingchloridesgetawayfromthe

porphyrinplane.Indeed,theheatofformationofthisfoldedconformation

(PL(Pdl)/PL(Pd2)-139,80,calculatedbyasemi-empiricalmolecularorbital

method(PM3),islowerby19kcalmorlthanthatforareversedconformation

oftheterminalPdCl2,inwhichthedihedralanglebetweenPL(Pdl)and

PL(Pd2)issett0-1400withotherstmc仙ralparametersbeingunchanged,

Thisresultmaysupporttheideathattheorlglnalmolecularstmctureinwhich

Pd(2)iscomingclosetotheporphyrinringrelieveselectromiCrepulsion

betweenthebridgingchloridesandtheporphyrinring, Thisendo-type

confbmationseemstoberetainedalsoinsolutionassuggestedbytheNMR

spectra(SeeTable4).Oneoffわurβ-py汀01ic-Hsignalsof3a(9.20ppm)is

specificallyshiftedtoahigherfrequencychemicalshiftby0.34Ppmupon

golngkomthemononuclearcomplextothedinuclearcomplex,whereasthe

chemicalshi允changesfわrtheotherβ-pyrroleprotonsarelessthan0.2ppm

(SeeFigure7).Furthermore,oneofthreemeso-Hsignals(10,92ppmwithlH

integral)andoneofthreemeso-Csignals(103.00ppm)of3bareshiftedto

higherfrequencyregionby0.66ppmand4.27ppm,respectively,relativetothe

correspondingslgnalsof4b,thoughthechemical-shiftdifferencesfortheother

mesoprotonsandmesocarbonsarelessthan0.1ppmand1.6ppm,respectively

(SeeFigure8and9).Andonemethylene-Hsignalof3b(4.37ppmwitha2H

integral)isalsoshiftedtoahigherfrequencychemicalshift. Theother

peripheralmethyleneprotonslgnalsof3bappearinasimilarmagneticfield

(4.13-3.78ppm)tothoseof4b.SimilarshiftsareobservedintheNMRdata

of3a'and3b'asshown inTable4.Thesehighfrequencyshiftsareascribable

tothemagneticdeshieldingeffectofthedistalPd(2)onthe3(pyrrole-P)-,

5(meso)-,and7(pyrrole-β)-positionsoftheporphyrinring.
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｡.(3㌢ノ ヘ~＼｡.(4)
Cl(4)
N (2) N(1
3 .21Å 3,40Å

02.36AdAN(2)

TopVlelV

SldeView

Cl(2) Br(1

2.77Å I.㌦N(3)

3a

N(4')9 259A 甜N(3)
0

4C

Figure6.Comparisonofthecoordinationstructuresfor3aand4C･
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Table 2. The Structural Parameters of Some

Di-トトChlorodipalladium(ⅠⅠ)Complexes

co-plex 琵;ElFdle-Pgde-eC,1b, ?dde-gle-eP)C, [2,-pd Ref･

3a 2.31 84.4 88.0 3.24

[pdCl〈CHZCMe2CMe-N(OH))]2 2.44 2.99 23(a)d)

lPdCliC6H3(OMe)NMe2)]2 2,41 85,5 94.5 3.543.513.50 23(b)

[PdClfCH(CHO)CMeZCH2NMe2〉]22.41 87.7 92.3 23(C)

lPdCliP(mesityl)2C6H2Me2CH2[]2 2.44 85.7 94.4 23(d)

a)AverageddistancesofthefわurPd-Cldistances･b)AveragedanglesortwoCl-Pd-Cl

angles.C)Averagedangles0ftwoPd-Cl-Pdangles.d)(pdCl)2COreisfわlded.

Table3, Selected Distancesbetween thePd2C14 Unitand
PorphyrinAtoms

atoms distances(A) atoms distances(A)

Cl(リーN(1) 3.50(2J

Cl(1)-C(1) 3.23(2)

C1(1)-C(20) 3.31(2)

Cl(1)-C(19) 3.41(2)

Cl(3)-C(22) 4.18(2)

Cl(3)-C(3) 3.69(2)

Pd(2)-C(4) 3.85(2)

Pd(2)-C(5) 4.02(2)

Cl(2)-N(2) 3.46(1)

Cl(2)-C(9) 3.25(2)

Cl(2)-C(10) 3.36(2)

C1(2)-C(11) 3.45(2)

C1(4)-C(22) 3.83(2)

C1(4)-C(7) 4.00(2)

Pd(2)-C(6) 4.08(2)
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Table4,1Hand13cNMRChemicalShifts(8)forDinuclear
PdComplexes(3)andMononuclearPdComplexes(4)of
N,N'-Etheno-bridgedPorphyrins

3a
4a

3aI

4a-

9.20 8,75 8.69

8.86 8.66 8.49
9.41 8.83 8.66

9.07 8.67 8.58

つJ
7
7

4

5
tJ
1

0

00
8

8

8

mesoH methyleneH mesoC
3b 10.92 10.51a

lO.23
4b 10.5la) 10.26

4.37 109.29103.59a
4,09-3.89 103.00

110,49105.16a)
10.15 4,13-3.78 98.73

3b' 11.35 10,52
10.06a)

4b1 10･71 1､0･49
10,07aJ

4.56 109.71 103.88a)

4.18-3.51 103.03
110.21105.27a)

4.30-3.44 99,49

a)signalsoftwomesoprotonsorcarbonsassignedtol0-and201POSitions･

10 9 只 7 (ppm)

Figure7･1HNMRsignalsoftheporphyrinperiphery
of3a(top)and4a(bottom)inCDC13.
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10 8 6 4 2 012 -4(ppm)
Figure8.1HNMRspectraof3b(top)and4b(bottom)inCDCl,.

(ppm)

150 140 130 120 110 100 90

Figure9.13cNMRsignalsofporphyrinperipheryof3b(top)
and4b(bottom)inCDC13.
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2.2.4 StructureofPalladium(II)ComplexwithN21が 2-BridgedTPP:

StericConstraintofEtheno-bridgedPorphyrinLigand.

Althoughthebondlengthsoftheethenomoietyhavenomalvalues,the

seven-memberedring,includingtheethenobridge,isfoldedalongtheaxis

passingthroughN(1)andN(2)duetorepulsionbetweentheethenobridgeand

theporphyrinplane.Theanglebetweenthemeanplane,PL(C5),containing

N(1),C(4),C(5),C(6),andN(2)andthemeanplane,PL(B),contaimingN(1),

C(45),C(46),andN(2)is49.50.TheC(47)andC(49)atomsattachedtothe

bridgeolefincarbonsarenotcontainedintheplaneofthebridgeandthe

dihedralanglebehveenPL(B)andPL(Et)containingC(45),C(46),C(47),and

C(49)is169.50, Thisstructuralfeatureisindicativeofstericconstraints

betweenthebridgemoietyandtheN-unsubstitutedpymolerlngS. The

distancesbetweenthebridgemoietyandN(3)orN(4),(N(3トC(46),

N(4)-C(45),N(3)-C(49),andN(4)-C(47)),are3.09(2),3,09(2),3.49(2),and

3.54(2)A,respectively,SomeofthemarewithinvanderWaalscontacts.

Thestructureof3aiscomparedwiththoseofN21,N22-(etheno)-bridged

(TPP)HCIO.(ld)andthePdcomplex(4C)ofN21,N22-(methano)-bridgedTPP

inTable5･5,7 Themethanobridgeof4cmakestheporphyrin4Ncoreto

distortfromasquaretoarectanglemoreseriouslythantheethenobridgesof3a

andld.Figure6showsthestmctureofa4Ncorewithbridgecarbonsanda

Pdcoordinationsphere,Themethanobridgeshortensthedistancebetween

twopyrrolenitrogensandmakesananglestrainonthepymolerings,Thisis

seenbyalargerdifference(18.90)intheanglesbetweenC1-N1-C45and

C4-Nl-C45inthecaseof4cthanin3a(60)andld(5.80).Theveryshort

distance(2,59A)betweenN(3)andN(4)of4cinducesthedistortedgeometry

(N(3)-Pd(1)-N(4)-79.00)inthePdcoordinationsphere,whiletheetheno
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bridgeof3adoesnotdefbm theporphyrin4Ncore(N(3)-N(4)distance-2.77

Asoextraordinarily,andtherefわreallowsPdtotakeundistortedgeometⅣ

(N(3)-Pd(1)-N(4)-87.00).SincetheN21,N221bridgeisforcedtogetoutofthe

porphyrinplane,theN-subst血tedpy汀01erlnglSrequiredtorotatearoundthe

axispassingthroughClandC40rtheaxispasslngthroughC6andC9.This

isshownbythedihedralangleibetweenPL(Nl)andPL(m)(22.90)and

betweenPL(N2)andPL(m)(18.6O)for3a.(PL(Nl),PL(N2),PL(N3),and

PL(N4)arethepymOlemeanplanescontainingeachpymolenitrogen,N(1),

N(2),N(3),andN(4),respectively.PL(m)isthemeanplanecontainingfour

mesocarbons,) Ontheotherhand,theN-unsubstitutedpy汀01esarerotatedin

theoppositedirectiontorelievethestericconstraintfromtheN21,N22lbridge,as

isseeninthedihedralanglesbetweenPL(N3)andPL(m)(16･70)andbetween

PL(N4)andPL(m)(14,70)for3a.SinceN-substitutedpymolesbridgedby

onecarbonin4carenotallowedtorotatesomuchasthepyrrolesin3a,dueto

anincreaseintheanglestrainonN1-C(bridge)-N2,thecantofN-substituted

pyrroles(dihedralanglesare 12.7oforPL(Nl)/PL(m)and 8.2ofor

PL(N2)/PL(m))in4cissmallerthanthatin3a.Thus,theporphyrinringof3a

isdistortedmoregreatlythan4C(dihedralanglesbetweenPL(4N)andPL(m)

are10.5ofわr3aand6.4ofb∫4C),Thedistancebetweenmethyleneprotonof

themethanobridgemoietyandPdisnolongerthan2.58A. Theclose

proximityofthePdatomtothebridgemoietymayinducestrainedbondingsof

themethanobridgetobecleaved,leadingtodecompositionintoPdTPP.Thus,

theunstrainedgeometriesintheporphyrin4N core,bridgednitrogen,the

bridgesandthesquareplanarPdcoordinationsphereof3aseem tobe

responsibleforitsmorestablenaturethan4C･
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Table5. SelectedDistances(A)andAn gles(deg)for3a,
4C,andld

3a 4c ld

bridge EtC-CEt CH(OBn) PhC-CPh

porphyrin (TPP)Pd2C14 (TPP)PdBr2 (TPP)HC104

N(1)-N(2) 2.81(2)

N(1)-N(4) 3.21(2)

N(2)-N(3) 3.20(2)

N(3)-N(4) 2,77(2)

N(3)-Pd-N(4)

C(1)-N(lJ-C(45)

C(4)-N(1)-C(45)

C(6)-N(2)-C(46)

C(9)-N(2)-C(46)

pL(4N)/PL(m)a)

PL(N1)/PL(m)

PL(N2)/PL(m)

PL(N3)/PL(m)

PL(N4)/PL(m)

pL(Pd1)/PL(4N)b)

151

)

)

-
ノ

)

.
0

日
＼
‥U

HU

0

5

9

6

7

7

3

7

5

0
ノ

0

4

0

2

00

′んU

4

q
ノ

00

2

1

2

2

1

2

1

1

1

′0

1

1

1

1

2.36(1) 2.797(5)

3.40(1) 3.131(7)

3,42(1) 3.114(6)

2,59(1) 2.776(6)

79.0(2)

134.5(6) 123.9(4)

115.6(6) 118.1(3)

117.1(6) 118.2(5)

130,3(6) 122.0(4)

6.4

12.7

8.2

21.3

17.4

67

つJ

5

0

4

cc

1

4

4

8

5

つJ

4

=
り

=
リ

=
リ

a)pListheleast-squaresmeanplane:PL(4N)containsfbuTpyrrOle

nitrogens.PL(m)containsfわurmesocarbons.PL(Nl-N4)arethe

pyrroleplanes･b)DesignatedasinFigure･61
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2.3 ExperimentalSection

GeneraL N21,N221etheno-bridgedporphyrins(1)werepreparedbya

methodfromtheliterature.16 lpdCl2(MeCN)2]waspreparedbyamodification

ofa literaturemethod117 Dichloromethane,methanol,n-hexane,and

acetonitrileweredriedovercalciumchloride.Diethyletherwasdriedover

benzophenoneketyl.AcetonewasdriedoverdrieliteandTHFwaspassed

throughbasicA1203. Theywerethendistilledbefわreuse.Otherchemicals

wereofreagentgrade.WakogelC-200silicagel(WakoJunyaku)wasused

forcolumnchromatography.TheUV-visiblespectraweremeasuredona

HitachiU-3210spectrophotometer･lHNMRand13cNMRwererecordedon

aJEOLEX-270spectrometerinCDC13･ 1H and13cchemicalshiftsare

referencedwithrespectto(CH3)4Si(0ppm)andCDC13(77.00ppm),

respectively,asintemalstandards.ElementalanalysesofC,Ii,andNwere

madewithaYanacoMT13CHNcorder.

preparationofN-～,N'2-(RC-CR)TPPFreeBases(2a,2a').2a'was

preparedaccordingtoalitera仙emethod,13 and2awassynthesized

analogously.

N21N22-(EtC-CEt)TPP(2a).Yield55%.1HNMR(8,CDC13)8.45,

8.17,8.04,7,91(dx4,2Hx4,pymole-p-H);8.5-73(m,20H,meso-

phenyl-H);-1.38(t,6H,bridgeCH3);-2.45,-3･57(dqx2,2Hx2,bridgeCH2,

Jgem-15Hz)･UV/Vis(diethylether):k ax430,540,572,618,673nm.

preparation of N-～,N22-efheno-bridged Octaethyl15-methow1

5,221dihydroporphyrins(2b,2b').2band2b'Werepreparedbyamodified

methodfromtheliterature.920mLofalO%KOHsolutioninmethanolwas

addeddropwisetoasolutionofNil,N22-etheno-bridgedOEPHCIO.(75mg)in

amixtureofTHF(5mL)andmethanol(20mL).Thesolutionwasstirredfor
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30min,andtheorganicsolventswereevaporatedaftertheadditionof50mLof

water.FormedpurpleprecIPltateSWereCOllectedbyafilterandwashedwith

water.ThedriedpreclpltateSWereextractedwithhexaneandthesolutionwas

evaporated to afford crude N21,N221bridged octaethy1-5-methoxyl

5,22-dihydroporphyrin. FurtherpuriflCationwasnotattemptedduetoits

labilena仙re.

N21N22-(EtC-CEt)-Octaethy1-5-methoxy-5,22-dihydroporphyrin (2b).

Yield81%. 1HNMR(8,CDCl,)7.01,6.86(sx2,1Hx2,meso-H);7.73(S,

2H,meso-H);6,41(S,lH,NH);3.26(S,3H,OCH3);3.2I2.9(m,16H,CH2);

1.42(t,12H,CH3);I.24,1.12(tx2,6Hx2,CH3);0.48,0.28(dqx2,2Hx2,

bridge-CH2,Jg｡m -16Hz);-0･14(t,6H,bridge-CH3)･ UVNis(hexane)k ax

388,572,617mm.

N21N221(PhC-CPh)-Octaethy1-5-methoxy-5,22-dihydroporphyrin(2b-).

Yield97%. lHNMR(6,C6D6)7.37,7.31(sx2,lHx2,meso-H);7.47(S,

2H,meso-H);3.2I2.8(m,16H,CH2);1.50,1.42,1.18,1.05(tx4,6Hx4,

CH3);6･44(t,2H,bridgephenyl-p-H);5･92(t,4H,bridgephenyl-m-H);5･Ol

(br,4H,bridgepheny1-0-H);3.51(S,3H,OCH3). UVNis(hexane)k ax388,

565,608mm.

synthesisofDinuclearPd(II)ComplexesofN'1,N2-7-Elheno-bridged

Porphyrins(3a,3a',3b,3b').AmixtureoflPdCl2(MeCN)2](80mg)and2

(70mg)inacetonitrile(10mL)weresti汀edatroomtemperahreunderaerobic

conditions. AftertheUV/Visspectrum waschangedtothatoftyPical

monocationicporphyrins1,thesolutionwasevaporatedandtheresiduewas

extractedwithCHC13,Thesolutionwasallowedtostandatroomtemperature

underaerobicconditionsinthedarkfor3d.Afterthecolorofthesolution

山medgreen,thesolventwasremoved. Columnchromatogr叩hyorthe

residueonsilicagelwithCH2C12 IaCetOne(10:1-5:1),followedby
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recrystallizationofthemain舟actionfromCH2C12-hexane,gaveacrystalline

material.

N21,N22-(EtC-CEt)(TPP)(PdCl2)2(3a). Yield79% basedon2a,
Anal.CalcdfわrC50H38N4(PdC12)2･H2C12･H20:C,53.15;H,3.67;N,4.86%.

Found二C,53,29;H,3.60;N,4.59%. lHNMR(8,CDC13)9.20,8.75,8.70,

8.52(dx4,2Hx4,pyrrole-β-H);8.67-7.66(m,20H,pheny1-H);-1.27(t,6H,

CH3);-2･71,4 14(dqx2,2Hx2,CH2,Jg｡m-15Hz)･UVNis(CH2C12)

Lmax(loge)400(4.76),466(5.15),561(3.86)(sh),603(4.11),656(4.36)rm

N21N221(PhC-CPh)(TPP)(PdCl2)2(3aT). Yield87% basedon2a-.

Anal.CalcdfわrC58H38N4(PdC12)2:C,60.81;H,3.34;N,4.89%.Found:C,

61.13;H,3.51;N,4.89%, lHNMR(8,CDC13)9.41,8.83,8.66,8,17(dx4,

2H x4,py汀01e-β-H);9,0-7.1(m,20H,pheny1-H);6.22(t,2H,bridge

phenyl-p-H);5.77(t,4H,bridgephenyl-m-H);2･23(br,4H,bridgepheny1-0-H).

UV/Vis(CH2C12)危ax(loga)402(4,89),469(5.30),555(sh)(4.15),603(4.35),

656(4.54)nm.

N21N221(EtC-CEt)(OEP)(PdC12)2(3b), Yield78% basedon2b,

Anal.CalcdfわrC42H54N4(PdC12)2:C,52,03;H,5.61;N,5.78%, Found:C,

52.55;H,5.73;N,5.92%, lHNMR(8,CDC13)10.92,10.23(sx2,1Hx2,

meso-H);10.51(S,2H,meso-H);4.37(dq,2H,CH2);4.09-3.89(m,14H,

CH2);2.24,1.94,1,70,1.70(tx4,6Hx4,CH3);-1,68(t,6H,bridge-CH3);

-3.10,-4.61(dqx2,2H x2,bridge-CH2,Jg｡m-15Hz), 13cNMR(8,

CDC13)150.44,149,58,148.66,145.77,144.71,144.13,141.80,138.67

(py汀01e-C);124.42(bridgevinyl-C);15･35,8･43(bridgeethy1-C);109･29,

103,59,103.00(meso-C).UV/Vis(CH2C12)kax(loge)399(4.76),442(4.63),

565(sh)(3.90),579(4.00),604(3.88)nn

N21N22-(phC-CPh)(OEP)(PdC12)2(3b-). Yield51% basedon2b-.

Anal.CalcdfわrC50H54N4(PdC12)2･2H20:C,54･51;H,5.31;N,5･09%･
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Found:C,54,50;H,4.89;N,5.50%. lHNMR(8,CDC13)ll,35,10.52(sx2,

lHx2,mesoIH);10.06(S,2H,meso-H);4.56(dq,2H,CH2);4.18I3.51(m,

14H,CH2);2･39,1,91,1.58,1.25(tx4,6Hx4,CH3);6.03(t,2H,bridge

phenyl-PIH);5.56(t,4H,bridgephenyl-m-H). 13cNMR(8,CDC13)151.45,

149,81,148.12,146.67,145.82,145.04,142.60,140.52(pyrrole-C);126.79,

126.37,125.12,124.35,124.32(bridge-C);109.71,103.88,103.03(meso-C).

UV/Vis(CH2ClZ)‰ax(loge)404(4.80),444(4.73),564(sh)(3.99),582(4.08),

600(sh)(3.96),625(sh)(3.81)nm.

ConversiontoMononuclearPd(II)Complexes(4a,4a',4b,4b').A

saturatedNaClaqueoussolution(20mL)wasaddedtoaTHF-CH2C12(1:3)

solution(40mL)ofthedinuclearPd(II)Complexes3(17mg);themixturewas

thenstirredatroomtemperaturefor1h. Afterevaporationofthesolvent,the

productwasextractedwithCH2C12,driedoverNa2SO4,andevaporatedto

dryness.TheresiduewasthenchromatographedonsilicagelwithCH2Cl2-

acetone(10:1),ThemaingreenfractionwasrecrystallizedfromCH2C12I

hexanetoaffordmononuclearcomplexes.

N21N221(EtC-CEt)(TPP)PdC12(4a).Yield80%basedon3a.Anal.

CalcdforC50H38C12N4Pd･H20:C,67.46;H,4.52;N,6.29%.Found:C,

67.82;H,4.66;N,6,22%. lHNMR(8,CDC13)8.86,8.66,8.49,8.37(dx4,

2Hx4,pymole-β-H);8.31-7.74(m,20H,pheny1-H);-1,41(t,6H,CH3);

12･91,4 23(dqx2,2Hx2,CH2,Jgem-15Hz)･UV/Vis(CH2C12)k｡Ⅹ(log

e)409(4.73),479(4.92),555(sh)(3.79),673(4.17)I-,

N21N 22-(phC-CPh)(TPP)PdC12(4a'). Yield85% basedon3a-,

Anal.CalcdfわrC58H38C12N4Pd･H2C12:C,67.28;H,3.83;N,5.32%.Found:

C,67.99;H,3.67;N,5.ll%. lHNMR(8,CDC13)9.06,8.67,8.56,8.04(dx

4,2Hx4,py汀01e-β-H);8.6-7.3(m,20H,phenyl-H);6.17(t,2H,bridge

phenyl-p-H);5.75(t,4H,bridgephenyl-m-H);2.20(br,4H,bridgepheny1-0-H).
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UV/Vis(CH2C12)klaX(loge)411(4.73),485(4.89),555(sh)(3.74),595(sh)

(3.85),646(4.04),673(4.09)nm,

N-mN22-(EtC-CEt)(OEP)PdC12(4b). Yield40%basedon3b.Anal.

Calcdf♭rC42H54C12N4Pd･5H20:C,62,96;H,6.92;N,6.99%. Found:C,

62.99;H,6,89;N,6.95%, 1HNMR(8,CDC13)10.26,10.15(sx2,1Hx2,

meso-H);10.51(S,2H,meso-H);4.13-3.79(m,16H,CH2);2.05,I.88,1.63,

1,60(tx4,6Hx4,CH3);-1.79(t,6H,bridge-CH3);-3.24,-I,66(dqx2,2H

x2,bridge-CH2,Jgem-15Hz). 13cNMR(8,CDC13)151.73,141.23,147.33,

144.71,143.22,142.91,140.63,135.49(pymole-C);124.19(bridgevinyl-C);

14.97,8.47(bridgeethyl-C);110.49,105.16,98.73(meso-C), UV/Vis

(CH2C12)kax(loge)403(4,61),463(437),566(sh)(3,69),592(3.80),610

(sh)(3.73)nm.

N21N22-(phC-CPh)(OEP)PdC12(4b-). Yield44% basedon3b'.

Anal.CalcdfわrC50H54C12N4Pd･5H20:C,66.93;H,6.18;N,6.24%,Found:C,

67.08;H,6,37;N,6,28%. lHNMR(8,CDC13)10.71,10.49(sx2,1Hx2,

meso-H);10.07(S,2H,meso-H);4.30-3,44(m,16H,CH2);2.17,1.86,1.54,

1,14(tx4,6Hx4,CH3);6.00(t,2H,bridgephenyl-p-H);5.53(t,4H,bridge

phenyl-m-H). 13cNMR(8,CDCl,)152.81,141.70,146.65,146.00,144.71,

144･03,14131,137.02(pym ole-C);127.51,126･25,124･82,124･51,124･26

(bridge-C);110.21,105,27,99.49(meso-C),UV/Vis(CH2C12)kax(loge)406

(4.68),463(4.43),571(sh)(3.81),594(3.85),635(sh)(3.45)nm.

XIRayAnalysisof3a. Ablackprismaticcrystalof3a･(CH2C12)(H20)

wasobtainedbyrecⅣstallizationthroughtheslowdi軌ISionofdiethylether

intoaCH2C12SOlutionof3ainarekigerator.ItwasmountedonaRigaku

AFC5Rdiffractometerwithgraphite-monochromatedMoKaradiation. The

cⅣStallographicdataarelistedinTable6.Thecellconstantsandorientation

matrlX,Obtainedfromaleast-squaresrefinementusingthesettlnganglesof25
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reflections(22.04<20<25.720),correspondedtoatricliniccell.Thespace

groupPIwasdeterminedbasedonasuccessfulsolutionandrefinementofthe

structure.Thedatawerecollectedusingthewl20scantechnique. Scansof

(1.37+0.35tan0)Dweremadeataspeedof16.Oomin~1(inomega).

Theintensitiesofthreestandardrenectionsweremeasuredafterevery

100renections,andnodecaywasobserved.AnabsoTPtlOncorrectionbased

onazimuthalscanswasapplied, Thedatawereco汀eCtedfわrLorentzand

polarizationeffects. Thestructurewassolvedbyheavy-atom Patterson

methodsandexpandeduslngFouriertechniques･18 Thenon-hy血ogenatoms

wererefinedanisotropICally, Hydrogenatomswereincludedatstandard

positions(C-H-0.95A),butnotrefined. Thefinalcycleofaful l-matrix

least-squaresrefinementconvergedtovaluesofRandRwof0.071and0.069,

respectively.Thestandarddeviationoftheunitweightwas2.23.Neutral

atom-scattenngfactorsweretakenfromCromerandWaber･19 Thevaluesfor

AfandArwerethoseofCreaghandMcAuley.20 Thevaluesforthemass

attenuationcoefficientsarethoseofCreaghandHubbel･21 Allofthe

calculationswereperformeduslng theteXsan crystallographicsoftware

packageofMolecularStmctureCorporation･22

Tablesofatomiccoordinates,thermalparametersandleast-squares

planesaredeposited,

SemiempiricalMO CalcLLlation. Theoreticalcalculations were

performedwiththeSPARTANpackageversion4.0(Wavefunction,Inc.,Irvine,

cA).TheMNDO/dMOcalculationusingaPM3(tm)MOmethod23afforded

aheatofformation(567kcalmol-1)for3aonthebasisoftheatomic

coordinatesforthex-raystructure. StartingfromtheorlglnalX-raystructure,

thePd(2)squareplanewasrotatedaroundanaxispassingthroughthebridging

chlorineatoms,Cl(1)andCl(2),intheoppositedirectiontotheN21N22-bridge
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untilthedihedralanglebetweenPL(Pdl)andPL(Pd2)wassett0-1400.A

singlepointenergy (heatofformation)forthishypotheticalstructure,

calculatedinthesamemannerasnotedabove,is586kcalmol-1. Afurther

structureoptlmization forthishypotheticalstructurewasperformedby

allowingthreeatoms(Pd(2),C1(3),andCl(4))tomovewiththerestofthe

moleculebeinglocked. Theenergyminimum(576kcal)wasreachedwithout

aslgnificantchangesinthestructuralparameters･

Table6. CrystallographicData

Fomula
Fw

Spacegroup
a/A

b/A

c/A
〟deg
P/deg

〆deg
v/Å3

Z

Dcalcd/gcm-3
Dobsd/gcm-3
Crystalsystem
Crystaldimensions
Diffractometer

p(MoKa)/cml1

Scantype
t/oC

Scanwidth/°eg
20m｡x/°eg
No,orcollcddata

No.orunlquedata
No.ofdata,I>3.00otl)
No,orrefined

Refln/paramratio
Rb)

凡 vc)

C51Ⅰも2CJ6N40Pd2
1152.44
Pl

19.941(8)

20,251(6)

13.103(4)

96.03(3)
105.01(3)

79.32(4)
5013(2)
4

1.527
1.543a)
Triclinic
0.20×0.10×0.50mm

RigakuAFC5R
10.78

αト2♂
23.0

1.37+0.35tan♂
55.0
18686
18145
7555
1153
6.6
0.070

0,068

a)Flotationinamixedsolutionofcarbontetrachlorideandhexane.
b)R-EHFol-lFcH/EIF.I.C)Rw-lEw(JFol-lFcL)2/EwrFol2]l/2
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Chapter3

Coordination or Amines to Palladium(ⅠⅠ) Complexes or

N21,が 2-BridgedPorphyrins

3.1 Introduction

As showninchapter1,N21,N22-etheno-bridgedporphyrinservesasa

bidentatenitrogenbaseligandforstablecoordinationtopalladium. This

bidentateporphyrinligandisnotonlylntereStlnglnViewofitsstereochemical,

electrochemical,andphotochemicalpropertiesbutalsovaluableasanNMR

shiRreagent.TheX-raycrystalstructuresoftheseporphyrinatopalladium(II)

complexesindicatethattwoPd-Nbondsaretiltedby21.8and23,7degree

fromthecorrespondingpymOleplanes.InspiteOftheirbentPd-Nbondings,

theseporphyrinatopalladium (II)complexesseemtobequitestable.

TherearemanyreportsonPdcomplexesofbidentatemitrogenbase

ligands,suchasbipyridine(bpy)and 1,10-phenanthroline(phen),where

inter-1igandsterichindrancecausesdistortiononthecoordinationgeometryand

theligandstructure,1-4 InthecaseoflPdII(bpy)2]Complexes,twobidentate

ligandscannotassumeacoplanararrangementduetoastericrepulsion

betweenthehydrogenatoms. Thus,thecoordinationgeometryofPdis

tetrahedrallydistortedfromsquareplanarityWithtwobpyhgandsinatwisted

orientation. AdifferentwaytoalleviatethesteriChindrancebetweentwobpy

ligandsistoputthem inastep-likeconfbmationwithsomedihedralangle

betweenthePdsquareplaneandthemeanbpyplane. Thisstep-like

coI血mationisaccompaniedbyabowingOftwopyridinerlngSWithinone
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chelatingbpyligand･5,6 A similarbowlngOftwopyrrolerlngSWithina

chelatingdipyrrylmetheneunitisobservedinthestructureofPdcomplexesof

N21,N22-etheno-bridgedporphyrin･7

1tisknownthatheteroaromaticbidentateligands,suchasbpyandphen,

arereadilyreplacedbyethylenediamineinmixed-1igandPdcomplexeswith

ethylenediamineandheteroaromaticbidentateligand･8-10 1nthischapteris

described the ligand subst血tion reaction ofpo叩hyrinatopalladium(ⅠⅠ)

complexeswithaminesinordertoseehowstrongtheirbentPd-Nbondingsare.

Furthemore,the dynamic behaviors ofthe porphyrinatopalladium(ⅠⅠ)

Complexes ligated by ethylenediamine are discussed based on their

spectroscoplCproperties.

3.2 ResultsandDiscussion

3.2.1 ReactionofPalladium(II)ComplexesofN21N 2-BridgedPorphyrins

withAmines.

Dichloropalladium (II) complex (la), (LL-dichloro)dipalladium(II)

Complexes(2a,2b),andbis(aqua)palladium(ⅠⅠ)Complexes(3a,3C)of

N21,N22-etheno-bridgedporphyrinwereusedasstartingmaterials･7 The

p-dichlorocomplexesandbis(aqua)Complexeshaveperchlorateionsascounter

anions.Amineadducts(4a-lo乱,5b,6C)ofthesestartingcomplexeswere

preparedingoodyields(70-100%)asshowninScheme1.Thereactionofla

withexcesspyridine(4equiv)inCH2C12atroom tempera仙recaused

replacementofonlyonechloridetogive4a,Similarmono(pyridine)adducts

(5a,5b)wereobtainedfrom2aand2b,andbis(pyridine)adducts(6a,6C)were

readilyobtainedfrom3aand3C,Ittookll.2hforhalfamountsoflatobe
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convertedto4abytheadditionofpyridine(0.040moldm-3)tola(0.010mol

dmう inCDC13atroomtemperahre,whilethefbmationof5aand6aoccu汀ed

almostinstantly,Theadditionorexcessethylenediamine(1.2-2.5equiv)tola,

2a,and3aresultedinthefbmationofethylenediaminechelatecomplexes,

(7a-9a),respectively,Withoutanydissociationoftheporphyrinligand.The

timerequiredfbr仇econversionofhalfamountsoflabyethylenediamine

(0.040moldm~3)tola(0.010moldmう wasmuchshorter(23min)thanthatby

pyridineunderthesameconditionsasindicatedabove.ESIMSspectraof4a,

5a,and5bshowedmolecularmonocationicpeaksandthoseof6a-9aand6C

showedmoleculardicationicpeakstosuggestthatonechlorideanioncoordinate

stronglyin4a,5a,and5b.ESIMSspectmmof7aisglVenaSOneexamplein

Figurel.
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3.2.2 SpectroscopicCharacteristics.

UvIVisspectraofPdcomplexesofN21,N221bridgedporphyrinshowsplit

Soretbandsofporphyrinchromophoreataround410nmand440nm.The

intensltyratioofthelatterbandrelativetotheformerbandismuchgreaterfor

thebis(pyridine)adduct(6a)thanfわrthemono(pyridine)adducts(4a,5a)(see

Figure,2;middle).ThisSoretbandsplittingmaybediagnosticofwhether

porphyrinatopalladium(II)isligatedbyatleastoneanionicligand.Infact,the

shapeoftheSoretbandof6aisverysimilartothatorbis(perchlorate)(3a),

whiletheSoretbandsor4aand5alooklikethatofdichloride(la)(seeFigure.

2;top),TheCssymmetricchelatingmolecularstmchreisindicatedfわrallof

theethylenediaminecomplexes,(7al9a),bytheirlHNMRspectra.However,

theirUV-Visspectraindicatethatthestructureofbis(perchlorate)(9a)isvery

similartothatof6a,butdifferentfromthoseof7aand8a.(SeeFigure.2;

bottom).ThesplittingpattemoftheSoretbandsof7aand8aaresimilartothat

ofmono(pyridine)adducts(4a)and(5a). ThisobseⅣationsuggeststhat

coordinationofchlorideanionisoccurringinthecomplexesof7aand8a,

ThelHNMRspectraof7a,8a,and9ashowfourbroad2H-signalsdue

tothechelatedethylenediamineprotonsinthechemicalshiftrangebetween0.4

and-2.6ppmasshowninFigure3.Oneoftheaminoprotonsignals(ll.50,

-2A8,and-2,53ppmfor7a,8a,and9a,respectively)isgreatlyshiftedtoa

lower&equencyregionthanTMSduetotheporphyrinnngcurrenteffect,and

thusassociatedwiththeprotonveryclose(syn)totheporphyrinplane,as

depictedinScheme2･ThechemicalshiftofHsyn movestowardthehigher

kequencyreglOnupongoingfrom9ato8aand7aandalsoupongolngfrom-15

oCto50Candthen25oC,assummarizedinTable1.Sincetheaminoprotons

attheapICalsitewouldexperienceasmallerrlng-Currenteffectoftheporphyrin

thanatthebasalsite,thesechemicalshiftchangesofHsynmaybeinduced

38



throughtheligationofchloridetoPdfollowedbytranspositionoftheamino

ligandfromthebasalsite(structureA)totheapicalsite(structureB).Itis

reasonabletoassumethatsuchachangeinthecoordinationgeometryis

promotedbythepresenceofgreateramountofchlorideanionandatahigher

temperature.As amatteroffact,theadditionofMe4N'cl-(3molareq,)toa

cDC13SOlutionof9acausedachangeinthelHNMRchemicalshi氏ofHsyn

from-2,53t0-1.50ppm. Signalsduetoethylenediamineprotonsof7a,8a,

and9aarebroadwithhalf-heightlinewidthsintherangeof22.15-24.80Hz.

Theflipplngmotionofthefive-memberedmetallacyclemayberesponsiblefor

thislinebroadening.However,thelinewidthsofsignalsduetoP･pymole

protonsaremoresensitivetothecounteranionandtemperature, The

half-heightlinewidthsoftheP-Pyrroleprotonsataround9.4ppmof7a,8a,and

9aare12,83,8,60,and2.45Hz,respectively,inCDC13,aSCanbeseeninFigure

3andthatof7aat9.37ppmbecomessmallerfrom12,83to9･69,andthento

3.44HzwithdecreaslngtemPeraturefrom25oCto50Candthent0-15oC.

Thesephenomenamayalsobeexplainedinte-softhecoordination-

dissociationequilibrium ofchlorideandtranspositionofthecoordinated

chloridebetweentheaplCalsiteandthebasalsiteasshowninScheme2･

Althoughthebis(perchlorate)(9a)showssharpNMRsignalsinCDC13aSnoted

above,theβ-py汀01eprotonsignalof9abecomemuchbroaderinDMSOwhere

thehalf-heightlinewidthis12.94Hz.Thisiswellexplainedintermsofthe

coordinatingabilityofDMSO,
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Table1. lHNMRaDataofPd(ⅠⅠ)Porphyrins

comp.temp. chemicalshift(ppm)

(oC) pyridine-α pyridine-β pyridine-†

4a 25 3.62

5a 25 3.63

5b 25 b

6a 25 C

6C 25 C

6.23 7.09

5.80 7.01

6.03 7.25

6.34 6.88

6.32 6.85

comp,temp. chemicalshiftbpm) linewidth(Hz)

(oc) en-cH2 en-NH2 pyrrOle-βd

7a 25 0.32,-0.05

7a 5 0.28,-0.05

7a -15 0.26,-0.14

8a 25 0.33,-0,22

9a 25 0.32,-0.27

9ae 25 10.13,-0.89

1.09,-1,50 12,83

1.06,-1.61 9.69

1.06,-1.74 3.44

0,00,-2.48 8.60

-0,13,-2,53 2.45

1.35,-2.09 12.94

a270MHz boverlapped cnotdetected dhalrheightwidth
eind6-DMSO
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3.2.3 DynamicBehavior.

TheNH2Slgnalsofe血ylenediaminewereasslgnedbasedontheH-D

exchange･BothsignalsassignedtotheamineHsyn(-1･50ppm)andtheamine

Ha礼ti(1.09ppm)of7adisappearedrapidlyinCDC13upontheadditionofD20,

whiletheamineHsyn(-2153ppm)of9aexchangedwithD20muchmoreslowly

thantheamineHam,i(-0.13ppm),asshowninFigure4.SincethePd-1igand

bonding is weaker in the five-Coordinated complexes than in the

four-coordinatedcomplexes,rapidH-Dexchangeinthecomplex(7a)would

takeplaceafterdissociationofanaminogroupkom Pd(structureC).The

differenceintheHIDexchangekineticsbetweenHsynandHandinthecaseof9a

isremarkableandthissuggeststhatH-Dexchangeoftheaminoprotonsoccurs

withoutdissociationortheaminogroup.D20moleculeisnoteasilyaccessible

totheaminoHsynprotonof9aduetothesterichindranceoftheporphyrin

ligand.
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Figure4･DecayoflHNMRsignalsduetoaminoprotons
(HsynandHami)of7aand9awithtimebyexchangetoD20in
CDCl3at25oC.I(i):Signalintensityatthetimei.
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ThedynamicbehaviorinwhichbonddissociationbetweenPdanda

nitrogenfollowedbytherotationaroundtheremainingPd-Nbondingandthen

remakingofthePd-Nbondingshouldcauseanexchangebetweentheamine

HsynandtheamineHantiOftheethylenediamineligand･Sincethelinewidthsof

thecoordinatedethylenediamineprotonsdonotdependonthecounteranionand

temperature,wethinkthatthebonddissociationbetweenPdandaporphyrin

nitrogenisnotoccurrlnginthesecomplexes.Thisisinagreementwiththefact

thatthehalfllivesforthesubstitutionoftheporphyrinligandof7aand9aunder

pseudofirst10rderconditionsbyethylenediamine(0.5moldm-3)inMeOHat25

ocare2.90×103sand2.94×103S,althoughbpyligandof[Pd(en)(bpy)]ClZis

replaced by ethylenediamineunderthe sameconditionswithin afew

seconds･9 Thehalf-livesareevaluatedfromthedecaycurvesforabsorbanceat

SoretbandinUV-VisspectraaftertheadditionofethylenediaminetotheMeOH

solutionof7aand9aasillustratedinFigure5(k-4.78×10J4Lmol-】S-1and

4.72×10~4Lmol~1S-1fわr7aand9a,respectively).

Inthischapter,itwasshownthattheN21,N22-bridgedporphyrinligand

stronglycoordinatestoPdandinfluencesthedynamicbehaviorofthecoexisting

ligandinthesamecoordinationsphereandthatthechangesinthemetal

coordinationstructurearesensitivelydetectedbythespectroscopICPropertiesof

theporphyrinligand.
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3.3 ExperimentalSection

GeneralProcedure of Preparation for Mono(perchlorato)Pd(II)

Porphyrins(2a-C). Amixtureofla(0.05mmol),AgC104(0.05mmol),and

dichloromethane(5mL)wasstirredvigorouslyatroom temperature. The

whiteprecIPltateOfAgClappearedwithinIh.AgCIwasfilteredoffafter

stirrlngfor3h.Theflltratewasevaporatedandtheproductwasrecrystallized

斤omdichloromethane-hexane.

lN21,N22-(phC-CPh)(TPP)PdCl]2(C10.)2(2a). 1H NMR (300MHz,

CDC13):89.41,8.49,8.47,7.69(dx4,2Hx4,β-Pymole-H),8.39-7.03(m,20H,

meso-Ph-H),5.98(t,2H,bridge-Php-H),5.49(br,4H,bridge-Phm-H).Anal.

CalcdforC58H38N404C12Pd･H20:C,66.33;H,3,84;N,5.33%,Found:C,

66.29;H,3.80;N,5.31%.UV/Vis(CH2C12),nm:655.0,603,5,461.5,407.5.

MS(ESIinMeOH)m/Z963.1429(calcdfor(C59H42N40CIPd((M-2C104)/2])

+ CH30H):963,2093),

lN21,N22-(phC-CPh)(OEP)PdCl]2(C10.)2(2b). 1H NMR (300MHz,

CDC13):810.77,10,20,(sx2,1H x2,mesoIH),9.15(S,2H,meso-H),

4.28-3.34(m,16H,CH2),1.38,1,15,0.97,0.94(tx4,6Hx4,CH3),5.73(t,2H,

bridge-Ph p-H),5,17 (br,4H,bridge-Ph m-H). Anal.Calcd fわr

C50H54N404C12Pd:C,63,06;H,5.72;N,5,88%. Found:C,62.94;H,5.83;N,

5.48%, MS(ESIinMeOH) m/I852.2066(calcdforC50H54N4CIPd

((M-2C104)/2):852.3082).

lN21,N22-(EtC-CEl)(TPP)PdCl]2(C10.)2(2C). 1H NMR (300MHz,

CDC13): 89.06,8.33,8.18,8.06(dx4,2Hx4,β-Py汀01e-H),8.10-7.08(m,

20H,meso-Ph-H),-1.87(t,6H,bridge-CH3),-3.52,-5.12(dqx2,2Hx2,

bridge-CH2,Jgem-15Hz)･ Anal･CalcdfわrC50H38N404C12Pd･2H20:C,61･77;

H,4.35;N,5.76%. Found:C,61,93;H,4.71;N,5,24%.FABMSm/I1772
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(calcd for CIOOH76N804C13Pd2 (M-C104): 1772.9) and 836 (calcd for

C50H38N4CIPd((M-2C104)/2):8363).

GeneralProcedureforPreparationofBisa)erchlorato)Pd(II)Porphyrins

(3a-C). A mixture ofla-C (0.05 mmol),AgCIO4(0.20 mmol),and

dichloromethane(5mL)wasstirredvigorouslyatroom temperature. The

whitepreclpltateOfAgClappearedwithin1h. Thework-upprocedurewasthe

sameasf♭r2a-2C.

N21N 22-(phC-CPh)(TPP)Pd(C10.)2 (3a). lH NMR (300 MHz,

CDC13):89.35,8.91,8.68,8.20(dx4,2Hx4,PIPymole-H),8.6617.31(m,

20H,mesoIPh-H),6.22(t,2H,bridge-Php-H),5.77(br,4H,bridge-Phm-H).

Anal.Calcdfb∫C58H38]ヾ408C12Pd･2H20:C,58.72;H,4,08;N,4.72%.

Found:C,58.49;H,4.00;N,4.53%,UV/Vis(CH2C12),nm:652.5,633.0,

589.0,463.5,413.0. MS (ESI in MeOH) m/Z 995.30 (calcd for

C58H38N404CIPd(M-C104):995.15).

N21N 22-(phC-CPh)(OEP)Pd(C10.)2(3b). lH NMR (300 MHz,

CDC13):8ll.14,10.59,(sx2,1H x2,meso-H),10.12(S,2H,meso-H),

4.47-3.63(m,16H,CH2),2.31,1.85,1.39,1.25(tx4,6Hx4,CH3),6.03(t,

2H,bridge-Php-H),5.56 (br,4H,bridge-Ph m-H). Anal.Calcd for

C50H54N408C12Pd･2H20:C,55.18;H,5.74;N,5.15%. Found:C,55.59;H,

5.62;N,4,59%.

N21N 22-(EtC-CEt)(TPP)Pd(C10.)2(3C). lHNMR(300MHz,CDCl,):

89.17,8.78,8.76,8,55(dx4,2H x4,P-Pymole-H),8,53-7,85(m,20H,

meso-Ph-H),-1.36(t,6H,bridge-CH3),-2.85,-4.27(dqx2,2H x2,

bridge-CH2,Jgem - 15Hz). Anal･CalcdforC50H38N408C12Pd･4H20:C,

54.19;H,4.55;N,5.06%.Found:C,54.28;H,4.40;N,5.05%.FABMS

m/I899(calcdforC50H38N404PdCl(M-C104):899).

PreparationProceduresandSpectroscopicandAnalyticaldatafor
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Compounds,(4a,5a,5b,6a,6C,and 7al10a). ToaCH2C12SOlution

containing0.02mmolofla-3a,2b,and3cwereaddedtheamines(4equivof

pyridinefor4a-6a,5b,and6C,1.2equlVOfethylenediaminefor7a,2.5equlV

ofethylenediaminef♭r8aand9a,and2.5equlVOfdimethylethylenediamine

forlOa).Themixturewasstirredovemightatroomtemperature,theproducts

werethendepositedfromCH2Cl21hexaneasgreensolidandwashedwithether.

4a.･Yield76%. 1HNMR(300MHz,at25oCinCDCl,)83.62(br,

2H,py-α-H),6.23(br,2H,py-p-H),7.09(t,1H,py-γ･H),9.34,9,20,9.04,9.01,

8.83,8.73,8.66,8.20(dx8,1H x8,β-pymole-H),8.5716.83(m,20H,

mesoIPh-H),6.17(m,2H,bridge-Php-H),5.76(br,4H,bridge-Phm-H),0-His

notdetected.Anal.CalcdforC63H43N5C12Pd･3H20:C,68.70;H,4,48;N,

6.36%.Found:C,68,30;H,4.01;N,5.85%.UV/Vis(CH2C12):んla又(loge)

410(4.80),474(5,07),591(3.95),637(4.12),665(4.16)nm.MS(ESIin

MeOH)m/z1010.2351(calcdforC63H43N5CIPd(M-C1):1010.2254).

5a:Yield90%,lHNMR83.63(br,2H,py-α-H),5,80(br,2H,

py-PIH),7.01(t,lH,py-γH),9,46,9.18,9.02,8.83,8.72,8.26,8.218.17(dx

8,1H x8, β -py汀01e-H),8.58-6.83(m,20H,meso-Ph-H),6,18(m,2H,

bridge-Php-H),5.80(br,4H,bridge-Phm-H),0-H isnotdetected.Anal.

Calcdf♭rC63H43N5C1204Pd･H20:C,67.00;H,4.02;N,6.20%,Found:C,

67.09;H,4,13;N,6,28%.UV/Vis(CH2C12):んla又(logど)410(4.84),473

(5.13),587(3.99),634(4,16),665(4.19)nm. MS(ESIinMeOH)m/z

1010.1200(calcdforC63H43N5CIPd(M-CIO4):1010.2254).

5b:Yield81%. 1HNMR86.01(br,2H,py-p-H),7.25(t,1H,py-7'H),

α-H isnotdetected,ll.09,10,69,10.28,9,59(sx4,1H x4,meso-H),

4.68-3.32(m,16H,CH2),2.15,2.03(tx2,3Hx2,CH3)1,92,1.56,1.22(tx3,

6Hx3,CH3),6.03(m,2H,bridge-Php-H),5.57(br,4H,bridge-Phm-H),0-H

isnotdetected.Anal.CalcdfわrC55H59N5C1204Pd:C,64.05;H,5.77;N,
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6.79%.Found:C,63,79;H,5.57;N,6.50%.MS(ESIinMeOH)m/Z

930.2750(calcdforC55H59N5CIPd(M-C104):9303504).

6a:Yield94%, lHNMR86.34(br,4H,py-PIH),6.88(t,2H,py一㌢H),

α-H isnotdetected,9.73,9･03,8,44,8.05,(dx4,2H x4,β-pyrrole-H),

8,9916.88(m,20H,meso-Ph-H),6,20(t,2H,bridge-Php-H),5.76(br,4H,

bridge-Phm-H),0-Hisnotdetected. Anal,CalcdfわrC68H48N6C1208Pd･H20:

C,64.18;H,3.96;N,6.60%. Found:C,64,37;H,3.55;N,6.36%. UV/Vis

(CH2C12):んax(logE)406(4.52),465(5.19),585(3.90),629(4.07),650

(4.09)nm.MS(ESIinMeOH)m/Z527.1230(calcdforC68H48N6Pd((M -

2C104)/2):527,1493).

6C:Yield85%. lHNMR86,32(br,4H,py-p-H),6.85(t,2H,py一㌢H),

α-Hisnotdetected,9.52,8.85,8.53,8.39,(dx4,2Hx4,β-py汀01e-H),8.73-7.65

(m,20H,meso-Ph-H),-1,44(t,6H,bridge-CH3),-2.97,-4.46(dqx2,2Hx2,

bridge-CH2,Jgem- 15･0Hz)･ An al･CalcdforC60H48N6C1208Pd･2H20･.C,

60.33;H,4.39;N,7.04%, Found:C,60.01;H,4.50;N,6.55%, MS(ESIin

MeOH)m/I479.1073(calcdforC60H48N6Pd((M-2C104)/2):479,1492).

7a:Yield91%. lHNMR81.09,-1.50(brx2,2Hx2en-NH2),

0.32,-0,05(brx2,2Hx2en-CH2),9.37,8.87,8.85,8.17,(brx4,2Hx4,

β-py汀01e-H),8.55-7,19(m,20H,meso-Ph-H),6.18(t,2H,bridge-Php-H),

5･75(br,4H,bridge-Ph m-H),0-H isnotdetected. Anal.Calcd fb∫

C60H46N6C12Pd･3H20:C,66.58;H,4.84;N,7.76%.Found:C,66.18;H,

4.50;N,8.14%. UV/Vis(CH2C12):んla又(logc)411(4.93),468(5.29),582

(4.14),628(4.27),661(4.25)nm. MS(ESIinMeOH)m/Z478.1552(calcd

forC60H46N6Pd((M-2Cl)/2):478.1414).

8a:Yield85%. lHNMR80.00,-2.48(brx2,2Hx2en-NH2),

0･33,-0.22(brx2,2Hx2en-CH2),9.38,8.86,8.18(brx3,2H+4H+2H,

β-pym ole-H),8,72-7.21(m,20H,meso-Ph-H),6.20(t,2H,bridge-Php-H),
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5.77(br,4H,bridge-Phm-H),0-H isnotdetected. Anal.Calcdfわr

C60H46N6C1204Pd･0,5Pd(C2H8N2)Cl(C104):C,58.94;H,4,05;N,7.89%.

Found:C,59.19;H,3.67;N,7.85%.UV/Vis(CH2C12):hlaX(loge)412

(4.80),466(5.12),581(4･00),626(4･13),661(4,08)nm.MS(ESIinMeOH)

m/I478,1044(calcdforC60H46N6Pd((M-C1-C104)/2):478.1414).

9a:Yield100%, lHNMR8-0.13,-2.53(brx2,2Hx2en-NH2),

0･32,-0･27(brx2,2Hx2en-CH2),9･44,8･91,8.90,8.18(dx4,2Hx4,

β-pymole-H),8.6817,20(m,20H,meso-Ph-H),5.90(t,2H,bridge-PhPIH),

5.42(br,4H,bridge-Phm-H),0-H isnotdetected. Anal.Calcdfわr

C60H46N6C1208Pd･H20:C,60.44;H,4.23;N,7.05%.Found:C,60.82;H,

4.21;N,7,04%,UV/Vis(CH2C12):hlaX(logE)400(4.90),466(5.51),579

(4.24),625(4.41),658(439)nm.MS(ESIinMeOH)m/2478.1136(calcd

forC60H46N6Pd((M-2CIO4)/2):478.1414).

10a:Yield70%.1HNMR80.06(d,6H,NCIi3),-0.65,-2.05(brx2,

2Hx2,en-CH2),9.38,9.03,8.97,8.24(dx4,2Hx4,β-py汀01e-H),8.53-6.87

(m,20H,meso-Ph-H),6.18(t,2H,bridge-Php-H),5.74(br,4H,bridge-Ph

m-H),OIHisnotdetected,Anal.CalcdforC62H50N6Cl208Pd･H20:C,61.93;

H,4,36;N,6.99%.Found:C,61.66;H,4.57;N,7.22%.MS(ESIin

CH3CN)m/I1085.38(calcdforC62H50N6PdC104(M-CIO4):1085.25),492.44

(calcdfわrC62H50N6Pd((M-2C104)/2):492,15).

H-D exchange. TheH-D exchangesoftheaminoprotonsof

ethylenediaminecomplexes(7aand9a)WeremonitoredbylHNMR After

adding3.5mm3ofD20toa0.5cm3cDCl,Solutionof7aor9a(3pmol)ina

NMRtubeandshakingthesampletubefor20S,thetubewastransferredtoa

NMRspectrometerat250C TheprogressoftheHIDexchangeofeach

aminoprotonwasmeasuredbylHNMRintegrationswithtime･

Kinetics. Thesubstitutionofporphyrinligandof7aand9aby
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ethylenediaminewasstudiedunderpseudofirst-orderconditionswithrespect

tothePdcomplex.Toa3cm3MeOHsolutionof7aor9a(2.0×10~5and8.4

×10~6moldm~3)inaphotometriccellwasadded100m j(1.5×10~3mol)of

ethylenediamine,Justa洗erwhichthecellwastransferredtoaUV-Vis

spectrophotometerat25oC.TheabsorbanceoftheSoretbandat463nmof

N21,N221bridgedporphyrinligandofthepalladium(II)complexdecreasedwith

time.Thehalflifeperiodofthispseudofirstl0rderreactionwasestimated

basedonthedecaycuⅣe.
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Chapter4

Syn仙esis of Tト(Allyl)pauadium(Ⅲ) Complexes with

N21が 2-Bridged Porphyrin Ligands and Study of the

IsomerizationBehavior.

4.1 Introduction

Remarkable progress has been made in the chemistry of

organopalladiumcomplexeswithvariousamineandphosphineligands;those

withbidentatenitrogenbaseligandshaverecentlybeenrecognizedasusefu1in

enantioselective organic transfb-ations and polymerizations･1,2 A

coordinationsiteforanorganoligand,however,lSnotavailableforordinary

palladium porphyrinsbecauseofthetetradentatenatureofpolphyrin.

Therefわre,polphyrinhasneverbeenwell-bowntoorganopalladiumchemists,

despitenotOnlyltSi山erestinphotochemicalandelectrochemicalaspectbut

alsoitspotentialinstereochemicaleffectsandNMRringcurrenteffects･3 The

utility ofthelattereffectshasbeenrecognizedforfive-coordinatedand

six-coordinatedorganometallicporphyrincomplexes･4 protonNMRsignals

duetothemetal-boundorgamicligandundergolow-frequencyshi允sdepending

onthedistanceanddirectionfromthecenteroftheporphyrinnng.For

example,nngcurrenteffectsforthemetal-boundmethylprotonsamountto

morethan5ppm･4b,c callotandco-workersreportedPdcomplexesof

N21N 22-methano-bridgedporphyrin･5 However,theyhaveneverbeenusedfor

organopalladiumchemistryduetotheirlabilenature.Inchapter1and2,it

hasshown thatN21,N22-etheno-bridgedporphyrinservesasabidentatenitrogen
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baseligandfb∫stablecoordinationtopalladium.Thischapterisconcemed

withthesynthesisandisomerizationbehaviorof(7t-allyl)palladiumderivatives

withN21,N221bridgedporphyrinligands,andtherolesofporphyrinligandsin

controlling cis-trans isomerization and also in the spectroscopIC

characterizationof(Tl-allyl)palladiumcomplexeswillbediscussedindetail.6

4.2 ResultsandDiscussion

4,211 Synthesisof(7t-Allyl)palladium(II)Porphyrins.

Nucleophilicdisplacementofthecoordinatedhalideionbyallylanionis

oneofthemostimportantmethodsforsynthesizing(7t-allyl)palladium(II)

Complexes.Allylsilanesandallyltins,conve山entreagentsasmaskedallyl

anions, were treated with (dichloro)palladium(ⅠⅠ) complexes of

(1,21di-substituted ethenoIN21,N22)-porphyrins,such as(N21,N22-phC-CPh-

TPP)PdC12(la),7(N21,N22-phC-CPh-OEP)PdClZ(lb),7and(N21,N22-EtC-CEt-

TPP)PdC12(lc). SincethesePd(II)porphyrinsdidnotreactwiththese

reagentsinCHC13atroomtemperature,thereactivityofPdwasincreasedbythe

additionofover21foldmolaramountsofAgC104tOla-C.Thedisplacementof

thecoordinatedchloridesgavebis(perchlorate)Compounds2a-cquantitatively,

asisgenerallyseeninPdchemistry･Abroad4HsignalatOl35ppminthelH

NMRspectrum of2adisappearedbyaddingD20.Therefore,thisslgnalis

associatedwithtwowatermoleculescoordinatedtoPdII. (7t-C3H5)Pd(II)

Complexes3a,bweresynthesizedin93%and55%isolatedyields,respectively,

bythereactionof2a,bwith(Tl1-C3H5)SnBu,(I.1equiv)for3hinCH2C12.

The(7t-C3H5)PdIIcomplexasachloride(3a')wasobtainedaltemativelybythe

reactionof(N21,N22-phC-CPh-TPP)freebasewithlPd(C,H5)C1]2(1.1equiv)in
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benzeneatroom temperatureovemightina90% isolatedyield. These

(7t-allyl)PdIIporphyrinsarecomposedoftwoconformationalisomerswith

respecttotheapparent7t-allylligandrotation･ThelHNMRsignalsofthe

7t-allylgroupin3a,bareobservedastwoCs-Sym metricsetswitharatioof3:7at

low-斤equencyregions.Theirchemicalshiftsareinnuencedgreatlybythering

currenteffectofporphyrin(Table1).Themajorcomponentof3ashowsthe

signalsduetotheallylterminalmethyleneprotonsHam.iat-4,55ppm(Jam.i-

11･9Hz)andHsynat-0･28ppm(Jsyn-6･9Hz)andthesignalduetotheallyl

centralmethineprotonHcen.at2,14ppm.Thus,itwasidentifiedasacis

isomer(cis-3ainScheme1)becausetheterminalmethyleneprotonsHant.are

estimatedtobeveryclosetotheporphyrinplaneonthebasisofthe

low-&equencychemicalshift,TheminorcomponentshowsHant,at-1,06ppm

(Jan.I-10･9Hz),Hsynat-1･37ppm(Jsyn-5･9Hz),andHcentat-1･25ppm･The

H｡｡ntresonatesata3.39ppmlowerchemicalshiftandtheHanhappearsata3･49

ppmhigherchemicalshiftthanthecorrespondingprotonsofcis-3a.This

minorcomponentwasidentifiedasatransisomer,becauseHcentcomescloserto

theporphyrinplane,ratherthantheHandandHsyn･ UVIVisspectrumof3a

showssplitSoretbandsataround410nmand470nminwhichthedifference

betweentwobandsisnotsomuchgreatasthespectrumof2aasseeninFigure

1,tosuggestthecoordinationofallylanionligandtoPd.
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2AgClO4

H2"0232C.｡｡一Pd

～,YBqi,:_C,
-_-∵L.
(AJJyr)SnBu3

(trans) (cis)

(3a-b)(Rl:H)

(4a)(R1-R2=-cH2CH2-)

(5a)(Rl=cH3,R2=H)

Y X Y

N N

/ /

N N

a:R=Ph,X=Ph,Y=H
b:R=Ph,×=H,Y=Et
c:R=Et,X=Ph,Y=H

Scheme1
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TableI. 1HNMRChemicalShifts(8)for7t-AllylMoietiesof
7t-(Allyl)palladium(lI)Porphyrins(3a-5a)inCDC13.

Compound CentralCH TeminalCH OtherProtons

cisl3a 2･14(m,lH) -0128(d,2H,Jsyn-6･9Hz)

-4.55(d,2H,Janti-ll.9Hz)

trams-3a-I.25(m,1H) -137(d,2H,Jsyn-5.9Hz)

-1.06(d,2H,Jant.-10.9Hz)

cis-4a 2.64(S,lH) 日0(S,2H) -1,69,-5.38(dx2,2Hx2,

Jgem-1219Hz,CH2)

trans-4a-1.68(S,lH) 0.27(S,2H) -0.91,-1,19(dx2,2Hx2,

Jg｡m-13･9Hz,CH2)

cis(cis)-5a3.47b(m,lH) -0.91(d,lH,Js,n-6.6Hz) -3.77(d,3H,CH3)

-3.05(d,1H,J｡nt1-12.7Hz)

0,96b(m,1H)

cis(trans)15a 2･03(m,1H) -0･50(d,lH,Jsyn-6.6Hz) -1.10(d,3H,CH3)

-4,77(d,lH,Jant1-12.0Hz)

-3.62(m,lH)

trans(cis)-5a-1.43(m,lH) -1.43a

-0,77a

-0.77a

trans(Gis)-Sac-1143(dt,lH, -1･54(d,1H,Js,n-6･9Hz)

Jsyn-6･9Hz, -0･64(d,1H,Jant.-12･6Hz)

Jantl=12･6Hz) 10･85(dq,lH,Jsyn-6･9Hz)

-1,54(d,3H,CH3)

trans(trans)-5a -I.90(d,lH,Jsyn-5･1Hz) -1･60(d,3H,CH3)

-1.28(d,1H,Janti-12.1Hz)

0,21b(m,1H)

aSignalsareoverlapped bnotproved Gind6-DMSO
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Figure1.UV-Visspectrumofamixtureofcis-andtransl3ainCH2Cl2.

Reaction of 2a with (cyclopent-2-enyl)tributyltin afforded the

corresponding(7T-allyl)PdIIderivative4ain93%yieldasamixtureofcisand

transconformationalisomers･ThelHNMRchemicalshiftsoftheallylcentral

methineprotonat2.64and-1.68Ppmareverysimilartothoseofcis-3aand

trans-3a,andtherefore,thesesignalsareassociatedwithGisandtransisomers,

respectively.The-CH2CH2-PartOfthe7t-CyClopentenylligandofcis-4ais

veryclosetotheporphyrinplane,asjudgedfromtheremarkablylow丘equency

signalsaト5,38and-1.69ppm.The(Tl-butenyl)PdI'complex5awassimilarly

obtainedin90%yieldwhen2awasallowedtoreactwith(21butenyl)tributyltin

ovemight. Sincewehaveusedamixtureofcis-andtrans-2lbutenyltin

reagents,thereshouldarisefわurstereochemicalisomersinthiscase･InthelH

NMRspectrumobtainedafterchromatographicpurification,foursetsofsignals

duetothe7℃-butenylgroupareobserved,includingfourmethylsignalsat-I.10,
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-1･54,-1.60,and-3.77ppm witharatioof61:29:7:3.Eachsetofthe

7t-butenylsignalscanbeassociatedwithoneofthefourpossibleisomersof5a

onthebasisofthecouplingconstantsandchemicalshifts.Thecomponent

withthemethylsignalat-1.10Ppmshowstheallylcentralmethineprotonat

2.03ppmthatisverysimilartothecorrespondingchemicalshiftofcis-3a.

Furthermore,therearetwoantlProtonsOftheallylterminalpositions,andtheir

chemicalshi允saト4.77and-3.62ppmarein血erangecharacteristicoftheGis

conformation.TheseNMRfeaturesareconsistentwiththeGisisomerofa

transl7t-butenylconfiguration(cis(trans)-5a). Inoneoftheotherthree

components,theextremelyhighlHNMRchemicalshiRsat-3177and-3･05

ppmofthemethylgroupandoftheantlprotons,respectively,attheallyl

terminalpositionsareindicativeofthecisl7T-butenylconfigurationinthecis

conformation,whichisdesignatedascis(cis)-5a.Theothertwocomponents

withthemethylslgnalat-1.54and-1･60ppmshowslgnalsduetothe7t-allyl

protonsinafrequencyregionSimilartothatoftrans-3a.Thecomponentwith

themethylslgnalat-1･54ppmshowstheallylcentralmethineprotonasa

doublet(Jand -12･6Hz)oftriplets(Jsyn-6･9Hz)ind6-DMSO･Thisis

indicativeofthecis-7t-butenylconfiguration in thetramsconformation

(trans(cis)-5a).Theremainingcomponentwiththemethylsignalat-1.60Ppm

isthereforeassociatedwiththetrans(trans)-5aisomer.

Whenla-CwasreactedwithanequlmOlaramountofAgC104,One

chloridewasdisplacedtoaffordthemono(perchlorate)species6a-cin

quantitativeyield.SincethelHNMRspectraof6a-cshowaCs-Symmetric

signalpattemaswellasthoseforbis(perchlorate)2a-C,thesemono(perchlorate)

Compoundsareconsideredtohavea(p-dichloro)dipalladium(II)bis(porphyrin)

structure･ThelHchemicalshiftsoftheporphyrinperipheryof6a-Care

remarkablylowerthanthoseofthemonomericderivativesduetotheshielding
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effectofporphyrin.Comparisonsofthepymole-βprotonsof6a(9.41,8.49,

8.47,7,69ppm)and2a(9.35,8.91,8.68,8･20ppm),ofthemesoprotonsof6b

(10･77,10.20,9.15ppm)and2b(1日4,10･59,10.12ppm),andofthemethyl

protonsof6b(1･38,日5,0･97,0･94ppm)and2b(2.31,1.85,1.39,1.25ppm)

nicelyillustratethepresenceofanadditionalringcurrenteffectderivedkomthe

dimericstructure.Furthersupportforthedimericstructurewasobtainedby

MSspectraof6band6C.ESI-MSspectrumof6ainmethanolshoweda

prlnCIPalpeakatm/Z963.1429thatcorrespondstoamononuclearcomplexwith

amethanolligand,[(N21,N22lPhC-CPh-TPP)PdCl(MeOH)]十(963.2093).On

theotherhand,thedinuclearstmctureof6bwasretainedunderthesame

ESIIMSconditionsinmethanol.Theobservedmainpeakatm/Z852.2066isin

good agreement with the theoreticalpeak for ([(N21,N22-phC-CPhl

OEP)PdCl]2)2'(m/Z852.3082)asseeninFigure2.Although6cdidnotshow

signalsduetomedicationicbis(porphyrin)intheFABMSmeasurement,a

monocationicdinuclearspecies,([(N21,N22-EtC-CEt-TPP)PdCl]2(C10.))I(m/I

1772),wasobseⅣed.Themonomericna仙reof2cisindicatedbytheMSpeak

atm/e-899(M-C10.)andbythesimilarityofthelHNMRchemicalshiftsto

thoseoflc,

A vacantcoordinationsiteofPdisnotavailableinthecaseof

mono(perchlorate)and6adidnotreactwithallyltributyltininCH2Cl2atroom

temperature･
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4.22 Structures.

Recrystallizationofatrans/cis(3:7)mixtureof[(1,2-diphenyletheno-

N21TN22)-meso-1etraphenylporphyrinato-N23,N24](q3-allyl)palladium(II)chloride

(3a.)fromCH2C12-Et20gavecrystalsofcis-3a-only.Thisisprobablydue

totheeffectofcrystalpacking.X-raymolecularstructureofcis-3a'andthe

crystallographicdataareshown inFigure3andTable2,Table3exhibits
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selecteddistances,angles,anddihedralanglesbetweenleast-squaresplanesfわr

cis-3a'. ThePd-N(2.106-2.118A)andPd-C(2.085-2.147A)bondlengths

aswellastheN3-Pd-N4(83.40)andC59-Pd-C61(68,70)biteanglesaresimilar

tothoseofthe7t-(allyl)palladium complexof2,2'-bipyridine.8~10 Thefour

coordinatingatoms(N3, N4,C59,C61)ofPdconstituteasquareplanar

coordinationplanewithdeviationofeachatomlessthan0.06Afromthemean

plane. TheallylcentralcarbonC60deviatesby0,65Afromthemeanplane,

whilethePdatomisdisplacedby0.03Aintheoppositedirection.

Table2. CrystallographicDataforcis-3a',

fbmula

fw

crystalsize/mm
T/K

clYStSySt

Spacegroup
α/A
b/A
c/A

β/°eg
v/Å3
Z

Dcalcd/gcm-3

u(MoKα)/cm~1
no.ofcollcddata

no.ofindepdata
no.ofr爪nsabove

C61H43N4CIPd･2H20
1009.92

0.4xO.4Ⅹ0.1
299

monoclinic

P21/n
16,518(1)

16.287(3)

18.134(2)

92.706(7)

4873(1)
4

1.376

4.85

11988

11598

3S(D 4853

no.ofrefinedparams 628

goodnessoffit I.52
良 0,059

Rw 0,041
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Figure3.0RTEPdrawingOfcis-3a'with50%thermalellipsoids,

Table3. SelectedBondDistances(A)andAngles(deg)forcis-3a'

BondLengtbs

Pd-N3 2.118(51 Pd-N4 2.106(5)

Pd-C59 2.125(7) Pd-C61 2.147(7)

Pd-C60 2.085(7) C59-C60 1.37(1)

C60-C61 1.40(1)

BondAngles

N3-Pd-C59 172,5(3)

N4-Pd-C59 103.2(3)

N3-Pd-N4 83.4(2)

PdJN3-C14 115,2(5)

Pd-N3-C11 131,5(4)

C59-C60-C61 121,2(9)

N3-Pd-C61 104,8(3)

N4-Pd-C61 171,8(3)

C59-Pd-C60 68,7(3)

Pd-N4-C16 117.5(4)

Pd-N4-C19 130.5(4)

Dihedralanglesbetweenleast-squaresplanes

N3PdN4/N1N2N3N4

N3PdN4/C5CIOC15C20

NICIC2C3C4/C5CIOC15C20

N2C6C7C8C9/C5CIOC15C20

N3CllC12C13C14/C5CIOC15C20

N4C16C17C18C19/C5CIOC15C20

NIC45C46N2/C5CIOC15C20
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X-raycrystallographyshowsthattheN31Pd-N4planeofGis-3ais

cantedby53Aofromtheporphyrinplanedefinedbyfourmesocarbons,C5,

C10,C15,andC20.Thedihedralangle(106.80)betweenthe7t-allylplane

and the N3lPd-N4 plane is in the range frequently observed for

(7t-allyl)palladiumcomplexes.9-12 Ifthisangleisretainedinthetransisomer,

the7t-allylplaneispresumedtotiltby-19.80withrespecttotheporphyrin

planeinthetramsisomer,whilethecorrespondingtiltangleintheGisisomeris

53.50(Figure4),Thisrelativelyparallelorientationofthe(7T-allyl)planewith

respecttotheporphyrinplaneinthetramsisomerisconsistentwiththesmall

differenceinthelHNMRchemicalshiftsbetweenthe(7T-allyl)protons.

106.80

cis-3al

Figure4.ComparisonoftheX-raystructureofcis13aTandmodel
oftrans-3a',
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4.2.3 Kinetics.

Theprogressofthereactionsof2a,b(13mmoIL~1)withallyltributyltin

(19mmoIL~1)inCDC13WasmOnitoredbylHNMRtoshowthatmostof2a,b

hasbeenconsumedin3minat250Ctogivethekineticallyfavoredtrans

isomersasamajorcomponent,thatis,amolarratioof0.03:0,62:0,35fわr

3a/transl4/cis-4.ARerthisfirststage,transisomersweregraduallyisomerized

tothemodynamicallymorestableGisisomersuntiltheequilibriumstateswere

reached(videinfra). Theamountsofthe(7t-allyl)PdIIporphyrinswere

measuredwithtimeafterallyltributyltin(1.6equiv)wasaddedtoaCDC13

Solutionof2a,b(12mmoIL-1)at-5oC,atwhichtemperaturethetrams-cis

isomerizationcouldbeneglectedfわrthei血tial1hperiod(Figure5),Thenthe

second10rderrateconstantsklandk2fortheformationoftransl3aandcis-3a

wereestimatedas3.2x10-2and1.2xlO12Lmol-1S-1,andklandk2fortrans-3b

andcis-3bwere5･3×10-2,and4･0×10-2Lmol-1sl1,respectively･The
differenceintheratesofformationbetweentrans-3aandcis-3acanbe

explainedintensofsterichindrancebetweenthetributyltinmoietyandthe

TPPligandwhenallyltributyltinapproachesPd. Allyltributyltininthe

transitionstatestructuretogive(7t-allyl)PdIIporphyrinsseemstotakean

orientationwheretheC-SnBu3bondundergoesmaximumoverlapwiththeC-C

TEOrbitals.Therefore,theSnBu3groupisfarfromtheporphyrinplanewhen

transl3aisbeingformed,whereasitisclosertotheporphyrinplanewhencis-3a

isbeingformed,ifthetransitionstatestructuresarededucedfromtheX-ray

structureofcis13a'asshowninFigure3.SincetheTPPligandcausesgreater

sterichindrancethantheOEPligand,itisreasonablethat2breactsfasterthan

2aandthattheselectivitybetweentrans-3bandcis13bissmallerthanthat

betweentrans13aandcis-3a.
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Figure5.Changeintheproductdistribution(trans-3aandcis-3a)
Withtimeat-50Cafteradditionof(Tll-C3H5)SnBu,(0.019M)to
2a(0.012M)inCDC13(0.5mL),

Thereactionof(cyclopent-2-enyl)tributyltinand(2-butenyl)tributyltin

wasalsomonitoredbyobservingthedecayof2a.4aand5awereformed

muchmoreslowlythanthatof3a,and2hwasnotenoughfb∫thecomplete

conversionof2aevenatroomtemperature.Themolarratioat3minafterthe

additionoftile tinreagent(1.5equiv)to2ainCDC13at25oC was

0.71:0.15:0,14for2al.transl4a:cis-4a. Thistrans/cis isomerratiodidnot

changeappreciablywhen2awasallowedtoreactwith血etinreagent(1･8

equiv)for3hinCH2Cl2andthenchromatographedtoafford4aina90%yield.

Sincethefbmationof4aand5aaccompaniedisomerizationatthesametime,

thefbmationratescouldnotbeestimatedindependently.
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4.2.4 IsomerizationBehavior.

Asnotedabove,trans-3aandtrans-3bformedpreferentiallywere

graduallylSOmerizedtocis-3aandcis-3b,respectively,untiltheequilibrium

states(bothKeq-2･3for3aand3b)werereached,asshowninFigure6･This

isomerizationprocessinCDCl3at250Cfollowedthefirst10rderratelaw The

rateconstantsk3fortheisomerizationkomthetransisomertothecisisomer

weredeterminedas7,1×10~4S~lfor3aand4.4×10~4S-ifor3b.

0

0

0
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4

(%
)
tu
a
lu
O3

LJ LJ□ cis-3a

○ trans-3aー ■ヽ

0 50 100 150 200

time(min)

Figur;ifhti慧aan.g芸51noF;RPer,0SduSLid.i:慧 芸ip_nc3(Lr?)nssaau3aFだ.clis,I33
to2a(0.013M)inCDC13(0.5mL).

Ligandrotation inthe(7T-allyl)palladium(II)complexeshasbeen

well-documented. Therearetwotypesof7t-allylligandrotation;One is

accompaniedbyexchangebetweensynandantlpositions,andtheothercauses

exchangebetweentwosynpositionsandbetweentwoantlpositions.Syn-anti

exchange isfrequentlyobservedforthe7℃-allylligandofpalladium(II)

complexeswithphosphineligands･11n IttakesplacemostlyviatheT131Tll
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isomerizationmechanism,･(i)T13-10-1llallylcoordinationchange,(ii)rotation

aroundaC-Csinglebondinthe(Tl1-allyl)Pdintermediate,and(iii)Tll-to-Tl3

allylcoordinationchange･Ontheotherhand,syn-syn-anti-antiexchangeis

generallyobservedfor(7t-allyl)palladium (II)complexeswithbidentatenitrogen

baseligands.9,14 Thisexchangeiscausedbyamechanism involving(i)

dissociationofoneofthePd-Nbonds,followedby(ii)rotationaroundthe

remainingPd-Nbondand(iii)remakingofthePd-NbondasshowninScheme

2. Thisdifferenceintheligand rotationmechanism between amine

complexesandphosphinecomplexesisexplainedbythefactthatthe

dissociationenergyforPd-NbondsissmallerthanthatforPd-Pbondshaving

冗一backbonding.

-1.37
署
d､-
NP′

syn)
H(cent)-1.25Cl04

i,LI Jgph

H:clod
(S)/
･･ー
N//:JLIJg

ニ~~二

Ph P
Ph

S･so一vent

Scheme2

Ph

-1.06(anti)ト

4.2.4.1Syn-syn/anti-antiExchange

Theisomerizationmechanismbetweentrans-3aandcis-3awasstudied

bythephase-sensitive2D NOESY experimentintetrachloroethane-d2 at

80oC･9･13,14 Thecross-peaksduetochemicalexchangebetweenslgnalsat

l1･06ppm(Hanti(I,ans)inFigure7)and-4･55ppm(Hanti(cis)inFigure7),between

signalsat-1137ppm(Hsyn(bans)inFigure7)and｣)･28ppm(Hsym(Gis)inFigure7),
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andbetweensignalsat-1･25(Hcent(.Tans)inFigure7)and2･14ppm(Hcen.(Gis)in

Figure7)areobseⅣed, Thesenegativecross-peaksareindicativeof

syn-syn-anti-antiexchange･ Therearenovisiblecrosspeaksbetween

Hantithans)andHsyn(cis)andbetweenH｡nti(｡is)andHsyn(.rang)thatshouldarisefrom

the syn-anti chemical exchange, whereas correlations between the

intramolecularsynandantiTl-allylterminalmethyleneprotons(Hsyn(GIS)-Han..(Gis)

andHsyn(t,ans)-Hanti(池IS)) areindicatedaspositivecrossIPeaks.

) llll l- il

1ト -I- l

- - I

2 1 0 -1 -2 -3 -4

Fl(ppm)

Figure7･ The400-MHzphase-sensitiveNOESY spectmm of3ain
tetrachloroethane-d2at80oC･ ThecorrelationsbetweenHand(Gis)and
Hanti(hang),betweenHsyn(cis)andHsyn(trams),andbetweenHcent(cisJand Hcent(.rams)
areobseⅣedasnegativecrosspeaks･ CrosspeaksbetweenHanti(cis)and
Hsyn(cis)andbetweenHanti(trans)andHsyn(.rams)arepositiveandallthe
diagonalpeaksarenegative.
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Ligandrotationisdetectableifeitherthe(chelatingligand)-Pdorthe

(7t-allyl)-Pdpartisnonsymmetricwithrespecttotheplanebisectingthebite

angleof山echelatingligand,Inthecasesofsyn-syn-anti-antiexchange,

NMRsignalsduetothetwohalvesofthesym metricligandshowdifferent

chemicalshiftsatlowtemperatures,andtheycoalescewhenthetemperatureis

raised.Thus,lineshapeanalysisandsplnSaturationtransfertechniqueinthe

dynamicNMRexperimentshavegenerallybeenusedfb∫thedeteminationof

activationparametersintheligandrotation･15 Thisispartlybecauseligand

rotationissofastthateachisomercannotbeobservedseparatelybyNMRat

ambienttemperature. Furthermore,itisdifficulttoobtainonerotational

isomerasapurefbm.

Theactivationenergyf♭rtheligandrotationof3aissolargethatitcan

bemeasuredbytheconcentrationchangeoftworotationalisomerswithtimeat

ambienttemperature.Itshouldbepolntedoutthattworotationalisomersof

(Tl-allyl)Pdcomplexesareidenticaliftheauxiliarychelatingligandissymmetric

withrespecttoboththeplanebisectingthebiteangle(L-Pd-L)andthePd

coordinationplane,asinthecaseof2,2'-bipyridine.Thisissoevenifthe

Tl-allylligandisunsymmetricallysubstituted.Althoughboththe(chelating

ligand)-Pdandthe(冗-allyl)-Pdpartsaresymmetricwithrespecttotheplane

bisectingthebiteangleofthechelatingligand,tworotationalisomersof3a(cis

andtrams)canbedifferentiatedduetotheumiquestereochemicalfeatureof

N21,N22-bridgedporphyrins･Itisofgreatsignificancethat3/7trans13a/cis-3a

equilibriummixtureinsolutionisconvertedintocis-onlycrystals,OwingtOthe

effectofcrystalpacking.Kineticsofthecis-to-transisomerizationcouldbe

measuredbyNMRwhentheGisisomerwasdissolvedinCDC13.AnEyring

plotbasedontherateconstantsmeasuredatsixdifferenttemperaturesinthe
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range278-308良gaveastraightlineasseesinFigure8,0nthebasedofthis

plot,AHIandASIvalueswereobtainedas87.7kJmol-1and-11･7JKllmol-1,

respectively,andthenthe△G‡valueof3af♭rthisisomerizationwascalculated

as91.2kJmol~lat298良.

(LtZJqm
)lq

nU

nU

nU

1

つJ
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3.2 3.3 3.4 3.5 3.6 3.7

(1/T)EIO3

Figure8.AnEyringplotbasedonthekineticmeasurementsof
theisomerizationbetweencis-andtrans13a.

In the case of syn-syn-anti-anti exchange in th e cationic

(113-trans-2-butenyl)PdIIcomplexesofphenanthrolinetheAG3298Value(58.2kJ

mol-1)isobtainedonthebasisofanEyringplot(AHI-55,0kJmol~1;△st-

-10.6 JK-I mol-1).15 Thesyn-syn-anti-antiexchange in thecationic

ll3-(2-methylallyl)PdH complexwithunsymmetrica12-pyridyl-N-benzylimine

ligandwasinvestigatedbyuslngNMRlineshapeanalysistOglVeanaCtivation

energyEa-72kJmorl･9 Ithasbeenpolntedoutthattheactivationenergyfor

thesym-syn-anti-antiexchangeofthe(7t-allyl)PdIIcomplexwithneutral

pyridinylimidazolylligand(AGI2,8-51.8kJmolllinCD,CN)issmallerthan

thatofthe(7t-allyl)Pdl'complexwithmonoanionicpyridinylimidazolateligand

(△G‡298-69.2kJmol-1inCD3CN),16 ThestrongerPd-Nbondinginthelatter

explainsthegreateractivationenergy,becausesym -syn-anti-antiexchange
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requlreSdissociationofaPd-Nbond.Thus,theremarkablylargeactivation

energy△G;of3amaybeindicativeofthes舶ngPd-Nbonding･ Altematively,

itcanbeexplainedintensofsterichindranceoftheporphyrinligandinthe

rotationaroundthePd-NbondfわllowedbythedissociationofonePd-Nbond,

Table4showstheeffectofsolventandtemperatureontheequilibrium

statesbetweentramsandGisisomersof3a,4aand5a,Thesecomplexeswere

allowedtostandinsolutionuntilequilibriumwasreached.Inthecaseof3a

and4a,theequilibriumconstants(Keq)greatlydependonsolventandofcourse

ontemperature.Theywere2･3andO･89inCDC13and3.0and2･4ind6-DMSO

atroomtemperature,and1.9and1,7ind6-DMSOat80oC.

Table4.TheEquilibrium Statesbetweentransandcis
Conformationallsomers.

Compound Solvent TemptMolarratio(%) Kcq
(oC) trans CIS

CDC13

d6-DMSO

d6-DMSO

5

5

0

2

2

00

0

5

4

3

2

3

3

0

0
ノ

2

3

1

0

5

/LU

【/

7

′0

CDC13 25 5 3 47 0.89

d61DMSO 25 29 71 2.4

d6-DMS0 80 37 63 1.7

･5a,trcai::u:et:nyrl cDC13 25 27, 63 1･8a

･5a,trcai:_Sibu:et:nyyld6-DMS0 80 ; 87 73 a

a equilibrium constant between sum or trams isomers
(trans(trans)+trams(cis))andcisisomers(cis(trams)+cis(cis))
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Preferenceofcisovertramsisomersinthecaseof3amaybeexplained

bythegreaterrepulsionbetweentheporphyrinligandandthe7T-ally11igandin

thetransformthanintheGisform,Thestructuresofcis-3a'andtrans13a)as

depictedinFigure4ShowthatthecentralcarbonoftheTC-allylgroupoftransl3a

comesclosertotheporphyrinplanethantheterminalcarbons,because

square-planercoordinationconsistsofporphyrinnltrogensand7t-allylteminal

carbons.Therelativestabilityofcisandtramsisomersisgovemedmainlyby

stericrepulsionbetweenthe7t-allylligandandtheporphyrinligand･17 The

-cH2CH21PartintheT13-cyclopenteny11igandof4amakesagreatersteric

constraintintheGisisomerthaninthetramsisomer,whilethecentralmethineof

the7T-allylgroupinducessteriCrepulsioninthetramsisomermorethaninthecis

isomer.Thecombinedstericeffectresultsintheshiftofthetrans/cisratio

from30/70inthecomplex3ato53/47inthecomplex4a.Thesynmethyl

substituentinthe(Tl3ll,ans-2lbutenyl)Pdcomplex5acausesstericconstraintin

thetramsisomerbutnotintheGisisomer,whiletheantimethylsubstituentinthe

(ll3lCisl2-butenyl)Pdcomplexcausesstericconstraintinthecisisomerbutnotin

thetramsisomer. Theobservedtrams/Gisratioof5ainCDC13atroom

temperatureis7/61inthe(ll3-i,an5-2-butenyl)Pdcomplexand29/3inthe

(Tl3-cis-2-butenyl)Pdcomplex,whichisconsistentwiththeaboveinterpretation

onthebasisofstericrepulsion,

4.2･4,2Syn-antiExchange

Figure9showschangeoftheisomerdistributionof5awhenad6-DMSO

solutionof5awasallowedtostandat25oCfor45minandthenat60oCfor90

min.Thetrans(cis)isomerdecreasedasthecis(trans)isomerincreased,and

thecis(cis)isomerdecreasedasthetrans(trams)isomerincreased.Thischange
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intheratioofthefわurcomponentsisexplainedintemsoftheisomerizationvia

a(Tl1-allyl)Pd intermediate(SeeScheme3). In thiscasell3-Tlltype

isomerizationisconsideredtobepromotedat60oC･ ThisT131Tlltype

isomerizationrateof5acouldbeestimatedbyusingthedecreaseinsumofthe

trans(cis)andcis(cis)isomersandtheincreaseinsum oftheGis(trams)and

trans(trams) isomers. Then the first-order rate constantk5 forthe

cis-butenyl/trans-butenylisomerizationof5aviaTl3-Tl1typemechanismat60OC

wasdeterminedas1.6xlOl3S-1(Keq-24).Theratioofcis/transligand

rotationalisomersofthe(Tl3li,ans-2lbutenyl)Pdcomplexchangesfrom65/6to

87/9duringthistemperaturechange,Thecorrespondingcis/transratioofthe

(Tl3-cis-2-butenyl)Pd complexeschangesfrom 4/25to 1/3. Theseare

syn-syn-anti-antiexchangeprocesses. Theinterconversionbetweenthe

trans-2-butenylligandandthecis-2-butenylligandisasym-antiexchange

processandtheratiochangedfrom (65+6)/(4+25)to(87+9)/(1+3).

Therefore,the(Tl311,ans-2-butenyl)Pdcomplexismuchmorestablethanthe

(ll3-cis12-butenyl)Pdcomplex(Scheme4).Theobservedratioat250Cretains

the cis/tramscomposition ofthe starting (2-butenyl)tributyltin,and an

equilibriumstateinthe(T13-2-butenyl)Pdporphyrinwasnotreachedduetothe

veryslowsyn-antiexchangerateat25oC.
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syn-antiexchangeunderthesameconditions. HeatlngtO1400ccaused

decompositionof3a･ AlsoinCDCl3atroom temperature,n31Tlltype

isomerizationof5aisslowerthansym -syn-anti-antiisomerization.Thisfact

agreeswiththeresultreportedforthe(TC-2-butenyl)PdIIcomplexwiththe

I,10-phenanthrolineligandintetrachloroethane-d2,inwhichtherateconstant

forTl3-1lltypeisomerization(k2,8-2.8x10-3S-1)ismuchsmallerthanthatfor

syn-syn-anti-antiisomerization (k298 - 396 S-1).15 A much slower

syn-syn-anti-antiisomerizationofporphyrinPdcomplexesascomparedtothat

of1,10-phenanthrolinecomplexescanbeascribedtothesterichindranceofthe

porphyrinligandintherotationaroundthePd-Nbond,becauseitdoesnotseem

thatthePdtoporphyrinnitrogenbondingisstrongerthanthePdto

1,10-phenanthrolinenitrogenbonding･ Tl3-Tlltypeisomerizationdoesnot

involvedissociationofaPd-Nbondandwouldnotbegreatlyaffectedbythe

sterichindranceoftheporphyrinligand,Therefore,therateconstantforthis

typeisomerizationisdiagnosticofthetranseffectofporphyrinnitrogens･That

is,strongPd-NbondingshouldleadtofastTl3lTlltypeisomerization･Sincethe

T13-Tlltypeisomerizationof5aisnotfasterthanthatforthephenanthroline

complex,thePd-Nbondingof5adoesnotseemtobemuchstrongerthanthatof

phenanthroline.Thisisconsistentwiththestructuralfeatureof3athatthe

Pd-Nbondingsarebentby21.8oand23.7ofromthepymolerlngPlanes.

4･3 ExperimentalSection

General Considerations. (Dichloro)palladium(II) complexes of

N21,N22-etheno-bridgedporphyrinsla-Cweresynthesizedaccordingtothe

previouslyreportedprocedures･6 solventswerepurifiedprlOrtOuseby
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conventionalmethods.CDC13WaspassedthroughbasicA1203befわreuse.

(Cyclopent-2-enyl)tributyltinwasagiftBomDr.H.Miyake(KobeUniversity).

(2-Butenyl)tributyltinwassynthesizedbytheGrignardreactionoftributy1tin

chloridewith1-chlor0-2-butene. Otherchemicalswereofreagentgrade.

WakogelCl300silicagel(WakoJunyaku)wasusedforcolumnchromatography.

lHNMRwasrecordedonJEOLEX-270andAL-300spectrometer･Chemical

shiftswerereferencedwithrespectto(CH3)4Si(0ppm)asanintemalstandard.

TheUV-visiblespectraweremeasuredonaShimadzuUV-3100Binstrument.

ElementalanalysesofC,H,andN weremadewithaYanacoMTl5and

Perkin-Elmer2400CHN cor°er.FABmassspectraweremeasuredinan

m-nitrobenzy1alcoholmatrixwithaJEOL-JNS600instrument,andESI-MS

spectraweremeasuredwithaMarinerPEBiosystemsspectrometer,Ⅹ-ray

crystallographicmeasurementwasdoneonRigakuAFC-5automatedfour-circle

dif&actometer.

Thecompoundspreparedhereareperchloratesthatinvolvetheriskofan

explosionandmustbehandledwithextremecaution.

GeneralProcedureofSynthesisof7r-(Allyl)palladium(II)Porphyrins

(3al5a). Allyltributyltinderivatives(0.025mmol)wereaddedtoasolutionof

2a(0.014mmol)indichloromethane(2mL).Afterthemixtureswerestirred

for3h,theproductswerepurifiedbycolumnchromatographyonsilicagelwith

dichloromethane-acetone (7/1) as an eluent, Recrystallization from

dichloromethane-hexanegavethemixturesoftransandcisisomersof

7t-(allyl)palladium(II)porphyrins..

TheTPPfreebaseform,N21,N221PhC-CPhTPP,waspreparedby

vlgOrOuSly mixlng a CH2C12 SOlution of a monoprotonated fbm,

N21N 22-(phC-CPh-TPP)HCIO.,withalO% KOHsolution.18 Thenthefree

basewasallowedtoreactwith[Pd(C3H5)C1]2(1.1equiv)inbenzeneatroom
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temperature ovemight to glVe l(1,2-diphenylethenoIN21,N22)-meso-

tetraphenylporphyrinato-N23N 24](Tl3-allyl)palladium(II)chloride(3a')ina90%

isolatedyield,aRerevaporationofbenzeneandprecIPltationuslngCH2C12and

hexane.

(N21,N22-phC-CPh-TPP)(ll31allyl)Pd(C10.)(3a), lHNMR(300MHz,

CDC13):89.14,8,87,8.73,8.22(dx4,2Hx4,β-PyHoftrans-3a),9.ll,8.80,

8.75,8.18(dx4,2Hx4,β-PyHofcis-3a),8,44-7.31(m,Phmeso-Hof

trans-3aandcis-3a),6.26(t,bridgePhp-Hoftrans13aandcis-3a),5.82(br,

bridgePhm-Hoftrans-3aandcis13a),SeeTable1fortheallylprotons.

Anal.CalcdfわrC61H43N404CIPd:C,70.59;H,4,18;N,5.40%.Found:C,

70,39;H,3.98;N,5.35%.UV-vis(CH2C12;‰ax,nm(loge)):668.5(4.15),

625.0(4.23),572,0(4.09),468.0(5.15),409.5(4,95).FABMS(m/Z):found

937,theory937forC61H43N4Pd((M -C104)')(anobservedisotopicpattem

agreeswiththatsimulatedfわrC61H43N4Pd),

(N21,N22-phC-CPh-TPP)(ll31CyClopentenyl)Pd(C10.)(4a). 1H NMR

(300MHz,CDC13):89,16,9,10,8.83,8.82,8.72,8.71,8.20,8.10(dx8,2Hx8,

β -PyHoftrans-4aandcis-4a),83917,28(m,Phmeso-Hoftrans-4aand

cis-4a),6.20(tx2,bridge-Php-Hoftrans-4aandcis-4a),5.79(br,bridge-Ph

m-Hoftrans-4aandcis-4a).seeTable1forthecyclopentenylprotons,Anal･

Calcdf♭rC63H45N404CIPd.2H20:C,68.79;H,4.49;N,5.09%.Found:C,

68.70;H,4,19;N,5.04%,UV-vis(CH2C12;Lmax,nm(loge):671.0(4.45),

624.5(4.51),565.0(4.43),466.0(5A2),414.0(5.32).FABMS(m/I):found

963,theory963for(C63H45N4Pd,M -C104)'),(anobservedisotopicpattem

agreeswiththatsimulatedforC63H45N4Pd).

(N21,N22-phC-CPh-TPP)(¶31butenyl)Pd(C10.)(5a). lH NMR (300

MHz,CDC13):89,12-7.20(β-PyHandPhmeso-Hoffわurisomerswerenot

assignedbyoverlapofsignals),6.20(tx2,bridge-PhPIHoftrans-5aand
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cis-5a),5.80(br,bridge-Phm-Hoftrans-5aandcisl5a).seeTableIforthe

butenylprotons.Anal.Calcdf♭rC62H47N404CIPd･H20:C,69.47;H,4.61;N,

5,23%.Found:C,69.24;H,4.60;N,5.19%.UV-vis(CH2C12;ha又,nm(log

E)):673.0(4.23),629.0(4,28),573.5(4,ll),469.5(5.15),414.0(5.05).ESI

MS(m/Z):found951.2757,theory:951.2694forC62H45N4Pd,((M-C104)').

PhysicochemicalMeasurements.Therateconstantsfortheformation

of(7t-allyl)Pdporphyrins3a,bandtheirtrans-cisisomerizationweredetermined

byNMRexperiments.(Allyl)SnBu3(9×10~6mol)wasaddedtoa0,5mL

CDCl3SOlutionof2a,b(5-6トImOl)inaNMRtube,justafterwhichthesample

tubewastransferredtoathermostatedNMRspectrometerat25oCor5oC,
Thechangesinconcentrationsofthecomponentsinthesolutionwereestimated

onthebasesoflHNMRintegrationswithtime･Forthedete-inationofthe

thermodynamicparametersforcis-to-tramsisomerizationof3a,5LLmOlofcisl3a

wasdissolvedin0.5mLofCDCl3inaNMRtube,andthechangeintheisomer

ratiowasmonitoredwithtimeatsixdifferenttemperatures(5,10,15,25,28,

and35oC).TheobseⅣedrateconstantswereusedfb∫theEyringplotthatis

includedintheSupportlnglnformations･Theq3-Tlltypeisomerizationof5a

wasdetectedusingd61DMSOsolution(0.5mL)of3.8LlmOlofthemixtureof

fourisomers.Thesampletubewaskeptat25oCfor45minandthenheatedto

60oC.NMRmeasurementswererepeatedfourtimesat250Cand1Itimesat
600Ctomakesurethatisomerdistributionreachesconstantvalue.

The400MHzphase-sensitive2DNOESYspectmmof3awasmeasured

usingamixlngtimeOf0.3sintetrachloroethane-d2at80oC.

Acrystalof3a'obtainedbyrecrystallizationfromCH2C12-hexanewas

mountedonanX-raydifkactometer,andmeasurementsweredoneusing

graphite-monochromatedMoKαradiation,Theunitcellparameterswere

obtained丘omleast-squaresrefinementsof8renections(20,3<20<26･20),
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Theintensitiesof3representativerenectionswhichweremeasureda洗erevery

150renectionsshowed0.85%increaseoverthecourseofdatacollection.The

datawerecorrectedforLorentzandpolarizationeffectsandabsorptlOnbased

onazimuthalscans.Therefinedcellparametersandrelevantcrystaldataare

summarizedinTable2.Thestructurewassolvedbydirectmethodsand

refinedbyfull-matrixleast-squaresmethod(Texsan19) onanSGIR15000

workstation. Allnon-hydrogen atoms were refined anisotropICally.

Hydrogenatomswereincludedatstandardpositions(C-H-0.95A)butnot

refined.NeutralatomscatteringfactorsweretakenfromCromerandWaber･20

AnomalousdispersioneffectswereincludedinFc;thevaluesforAf'andAf"

werethoseofCromer,21 TheatomiccoordinateswithB(eq),Uvalues,bond

distances,bondangles,torsionalangles,andleast-squaresplanesaredeposited

astheSupportlnglnfbmation.
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Chapter5

Properties and Reactions or トト(Dihydroxo)dipalladium(ⅠⅠ)

Bi島-porphyrinComplexes

5,1 Introduction

Sincepalladium(II)Porphyrin isacoordinatively saturatedmetal

complex,itisnotusefulfororganometallicreactionsthatrequirecoordination

sitesfororganicsubstrates･ByusingN21,N22-etheno -bridgedporphyrinasa

bidentate ligand,We have been investigating on the chemistⅣ Of

organopalladium porphyrin complexes, As described in Chapter 2,

slngle-crystalX-rayanalysisOfthePd2C14complexofN21,N22letheno-bridged

porphyrin, N21,N22-(EtC-CEt)(TPP)(PdC12)2, Showed a folded

u-(dichloro)dipalladium(II)structure. OnePdatom iscoordinatedbytwo

adjacentiminenitrogensoftheporphyrinandplacedoutoftheporphyrin4N

meanplaneby132A.TheotherPdisplacedatadistanceof3,78Afromthe

porphyrin4Nmeanplaneandcomesclosetothepo叩hyrinnngwithadihedral

angle (∠B)of139,80betweentwosquareplanesofthePdcoordinationas

showninFigure.1.ThereareveryfewreportsontheX-raystructureof

p-(dichloro)dipalladium (II)complexeswithabidentatenitrogenbaseligand.1,2

Whileboth planarand folded Pd2C12COreareknown,theendo-ちpe

confbmationoftheteminalPdC12Withrespecttothepolphyrinligandisor

lntereSt.
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菌 … ph
N-N

Ph

Figure1･DinuclearcomplexofN21,N22-etheno-bridgedporphyrin
including.twoPdC12(left);diagramoftwosquareplanesofPd
coordinatlOnandtheporphyrin4Nmeanplane(right).

Chapter4 described that(冗-allyl)palladium(ⅠⅠ)complexeswith

N21N 22-etheno-bridgedporphyrinsareformedbythereactionofbis(aqua)PdII

porphyrinwithallyltributyltinorbythereactionofN21,N22-etheno-bridgedTPP

freebaseandトト(dichloro)bis(7t-allylpalladium(II))asshowninSchemel･

ThisunlquePOrPhyrinligandcoversonesideofthesquareplaneofPd

coordinationandexertsgreatinnuenceontheapparentrotationoftheTl-allyl
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ligandrelativetotheporphyrinligand.Fu血emore,thisporphyrinligandhas

theadvantageoftheringcurrenteffectthatcausesgreatlow-frequencyshiftof

theNMRsignalsduetothePd-boundorganicgroups,

Ph

PhPh
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,h "'Vjh"
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p
h

(i)PdC12(MeCN)2/NaClaq.(ii)2AgC104

(iii)【(C3H5)PdCH2 (iv)(∩-Bu)3Sn(C3H5)

schemw;ti･N21?Ny22t_heetaiesno.fb(Ti-dAgleldylip.ailhaS;nT.(II)Comp1exes

Palladium complexeswithweaklycoordinatlnganionshavebeen

knownasuniqueLewisacidcatalystsfororganictransformations･3 The

87



coexistenceofbothbasicligandandacidicmetalsiteisoneofthemost

importantfeaturesthatleadtoeffectiveactivationofsubstrates.Inthissense,

theト項dihy血oxo)and トト(dialkoxo)dipalladium(ⅠⅠ)Complexeshavebeen

attractingmuchinterestandtheiruseforthesubstitution,carbonylationand

Mannich-typereactionsisknown･316 Thus,itisinterestingtoseehowthe

unlqueCOOrdinationmodeofN21,N22-etheno-bridgedporphyrinwouldinnuence

thestructureandreactionofp-(dihydroxo)dipalladium(II)core.

InthisChapterisdescribedthesynthesisofトトdihydroxo-bridged

complexofdimericpalladium(II)porphyrinasamixtureoftwoisomers.Their

isomerizationbehaviorisdetectedbyNMRandtheirreactionswithactive

methylenecompoundstoaffordneworganopalladium(II)porphyrinsareshown

here.

5,2 ResultsandDiscussion

5.2,1 Synthesis of u-(dihydroxo)dipalladiunl(II) Complex of

N21,が 2-(I)iphenyletheno)-bridgedTPP.

A hvo phase mixture of CH2C12 SOlution ofbis(aqua)[(1,2-

diphenylethenoIN21,N22)-meso-tetraphenylporphyrinato-N23,N24]palladium(II)

bis(perchlorate),(N21,N22-(phC-CPh)(TPP)Pd(H20)2(C10.)2)(1),and0.2%

aqueousNaOHsolution(1.0equiv)wasvigorouslysti汀edfわr2hatroom

temperature. Afterwork-up,recrystallizationfrom CH2C12andhexane

afforded(hydroxo)Pd(II)complex(2)in92%yield.Thecomplex2wasalso

obtainedbytheadditionoftriethylamine(1.2equiv)toCH2C12SOlutionofI.

ThelHNMRspec加mofユinCDC13Showedtwoslngletsat-12･57and-15･44

ppm withanintegralratioof42:58･ Sincethesesignalsdisappearedby
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addingD20,theywereasslgnedtoOHprotons.Theunusuallylowfrequency

chemicalshiftsmaybecausedbyrlngCurrenteffectfromtwoporphyrins,

Thesedataareindicativeofamixtureoftwoisomers(2aand2b)of

LL-(dihydroxo)dipalladium(II)bisporphyrin(Scheme2). TheLL-(dihydroxo)

andトト(dialkoxo)dipalladiumcomplexesreportedsofarareclassifiedintotwo

s加cturaltypes,oneofwhichincludesanon-planarPd202COre3,5,7,8andthe

otherincludesaplanarPd202COre･2,81M Becauseoftherequirementfor

parallelorientationoftwoporphyrinrlngSinordertoavoidsterichindrance,

oneisomerwithaplanarPd2(OH)2coreShouldhaveanoff-sethead-to-tail

arrangementoftwoporphyrinringsandtheotherisomerwithafolded

Pd2(OH)2coreShouldhaveasuperimposedhead-to-headarrangementoftwo

porphyrinrlngSaSillustratedfわr2aand2b,respectively,inScheme2,The

isomerdistributionof2waschangedduringCDC13solutionofisolated2was

allowedtostandat25oCfor230minandthen50oCfor15min. lHNMR

spectrashowedthatoneisomerisgraduallyconvertedinto仇eotherisomeras

showninFigure2･SincelHNMRspectrumofユind6-DMSOshowedonlyone

OH-signalat-9.43ppm,interconversionbehveen2aand2bwouldbe

promotedinDMSOowlngtOitsgoodcoordinatlngnature･Thedinuclear

structureissupportedbytheESI-MSpeakatm/e-914.2066whichisingood

agreementwithatheoryforlN21,N221(PhC-CPh)(TPP)Pd(OH)]2'2(914.2178)

asshowninFigure3.
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Figure.2.LowfrequencyregionoflHNMRspectra(270MHzin
CDC13)ofamix仙reof2aand2b,10min(top),40min(2nd),
190min(3rd)afterdissolvingof2at25oC,and15minafter
standingfわr230minat250CfわllowedbyheatlngtO50oC･
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5.2.2 ReactionwithActiyeMethyreneCompounds.

ItisexpectedthattheOH ligandshouldactasabasewhenthe

Pd2(OH)2CoreOf2iscleavedbyadditionofcompoundswithacoordinating

power RefluxingCHC13SOlutionof2andmethy13-butenoate(10molar

equiv)for4haffordedan (organo)Pdcomplex(3)in76%isolatedyieldafter

recrystallizationfrom CH2C12andhexane･ ThelHNMRspectrum of3

showedtwodoubletsat-3.59and-4.45ppmw仙 couplingconstantsof11.0

and12,6Hz,respectively.TheseslgnalsarequlteSimilartothedoubletdue
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totheHantiProtonsinthe7T-(allyl)1igandoftheGisformof7t-(allyl)Pdcomplex

ofN21,N221(diphenyletheno)-bridgedTPP(4)(-4.55ppm,Janti- ll.9Hz).

Furthermore,chemicalshiftsoftheHcenh･a】andHsymprotons inthe7t-(allyl)

1igandof3andGis-4arealsoqulteSimilarassummarizedinTable1.

Therefore,3isacisisomerof7ト(1-syn一methoxycarbonyla11yl)Pdcomplexas

showninScheme2.Therearefourpossibleisomersfor7t-(1-substituted

allyl)PdcomplexesofN21,N22-bridgedpoTPhyrinasshowninScheme3.

Sterichindrancebetweentheporphyrinligandandthesubstituentatthe

terminalcarbonofthe7t-(allyl)ligandresultedintheformationofonlyone

isomerwhere1-substituentisatthesynpositionofthecisisomer.Wh ile

methyl3-butenoatewasdeprotonatedbythehydroxoligandtogenerate

トsubst血tedallylanion,allyltrimethylsilaneunderwentO】Tattackatsiliconto

liberateallylanion,Thus,thereactionof2Withallyltrimethylsilanegave

77%yieldof4asamixtureofcisandtransisomersinaratioof7:3.The

reactionof2Withacetylacetoneproceededrapidlytogive(acetylacetonato)PdII

porphyrincomplex(5)in76%yield.Thechemicalshiftofthemethineproton

oftheacetylacetonatoligandat3.04ppmisnotconsistentwiththeporphyrin

ringCurrenteffectexpectedforthepresenceofPd-CHbonding.

Table1, lHNMRDataof3and4inCDC13a

Compd R allyl-Hanti allyl-Hsyn ally1-Hcent

3 CO2Me-3.59(ll.0)-0.19(7,1) 2･73

-4.45(12.6)

cis-4 H -4.45(ll.9)-0,28(6.9) 2･14

trans-4 H 11.06(10.9)-1.37(5.9) -1.25

aChemicalshifts(8-value)withcouplingconstant(Hz)inthe
parentheses.
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Scheme3.Isomersfわr7ト(1-S止bsti仙tedallyl)Pdcomplexesof
N21,N221bridgedporphyrin

Preparationof7T-(allyl)PdcomplexesusingP,7-unsaturatedcarbonyl

compoundsiswellknown.ll However,palladium(ⅠⅠ)complexeswith

bidentatenitrogenbaseligandarenotsoreactivetowardsole丘niccompounds.

Infact,both(dichloro)PdIIporphyrinanddicatiomicbis(aqua)PdIIporphyrin1

didnotreactwithmethy13-butenoateunderthesameconditionsasthosefor2,

1tistmethatthecomplex1readilyreactswithallyltrimethylsilaneatroom

temperature,buttheproductcomplex4decomposedwithtimeprobablydueto

theactionofbyproduct,trimethylsilylperchlorate.

The LL-(dihydroxo)dipalladium(II) complex of N21,N22-bridged

porphyrindescribedherecanprovidebothacidicsiteandbasicsiteatthesame

timetopromotefbmationofTト(allyl)Pdcomplexesunderneutralconditions,
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5,3 ExperimentalSection

General. Solventswerepurifiedpriortousebyconventionalmethods.

Otherchemicalswereofreagentgrade. CDC13Waspassedthroughbasic

A1203befわreuse･ lHNMRspectrawererecordedonJEOLEX-270and

AL-300spectrometer. Chemicalshi允swerereferencedwithrespectto

(CH3)4Si(0ppm)asanintemalstandard･ESIIM S spectraweremeasuredwith

aPEBiosystemsMarinerspectrometer.ElementalanalysisC,H,andNwere

madewithaYanacoMT-5CHN cor°er. TheUV-visiblespectrawere

measuredonaShimadzuUV-3I00Binstrument.

preparation of FL-(dihydroxo)dli'alladium(TI) complex of N･'1,N-'21

(dlPhenyletheno)-bridgedTPP. 0.72mLofNaOHaqueoussolution(0.05moI

Ll) wasadded to dichloromethane solution (8mL)ofthe dicationic

bis(aqua)palladium(II)complexofN21,N22-(diphenyletheno)-bridgedTPP1(40

mg).Themixturewasstirredvigorouslyatroomtemperaturefor2h.Then

theproductwasextractedwithdichloromethane,driedoverNa2SO4,and

evaporatedtodryness.Recrystallizationfromdichloromethane-hexanegave

amixtureoftwo isomersofトト(dihydroxo)dipalladium(II)complex of

N21N 221(diphenyletheno)-bridgedTPP2.

2:Yield92%;lHNMR(8,CDCl,):(2a)9.43,8.27,8.05,7.43,(dx4,

4Hx4,pyrrole-β-H);8.6-7.0(m,40H,meso-pheny1-H);5.92(t,4H,bridge

phenyl-p-H);5.42(broad,8H,bridgephenyl-m-H);-12.57(S,2H,OH);(2b)

9,08,8,45,7.76,7,55,(dx4,4H x4,pyrrole-β-H);8,3-6.8(m,40H,

mesoIPhenyl-H);5.90(t,4H,bridgephenyl-p-H);5.42(broad,8H,bridge

phenyl-m-H);-15.44(S,2H,OH);UV/Vis(CH2Cl2):‰ax(loga)666(4.51),

641(4,49),467(5.35),409(5.26)nm;MS(ESIinMeOH):m/Z914.2066

(calcdfわr[Cl16H78N802Pd2]+2(M -2C10｡)/2:914.2178). Anal.Calcdf♭r
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C58H39N405CIPd･H20:C,67,51;H,4.01;N,5,43%.Found:C,67.50;H,

3.99;N,5.46%.

Reaction of FL-(dihydroxo)dlballadium(II)bisq -'1,N22-d'j'henylethen-

TPP)withactivemethylenecompounds. Activemethylenecompounds(0.15

mmolofmethy13-butenoatefor3,allyltrimethylsilanefor4,andacetylacetone

for5)wereaddedtosolutionofトト(dihydroxo)dipalladium(II)bisporphyrin

bisperchlorate2(0.015mmol)inchloroform (5mL). Afterthemixtureswere

renuxedfor4h,theproductswerereprecIPltatedwithn-hexane.

3:Yield76%;lHNMR(8,CDC13):9.21,9.08,8,88,8.86,8.82,8.80,

8.23,8.19(dx8,1Hx8,pyrrole-β-H);8.4-7.1(m,20H,mesoIPhenyl-H);6.22

(t,2H,bridgephenylサH);5,80(broad,4H,bridgephenyl-m-H);2,93(S,3H,

OCH3);2･73(m,1H,allylcentralCH);-0･19(d,Jsyn-7･1Hz,1Hallylterminal

CH);13.59(d,Jand-ll.0Hz,lHallylterminalCH);-4A5(d,Janti-12.6Hz,

lHallylterminalCH); UV/Vis(CH2C12):kax(loge)666(4.21),634(4.14),

581(3,94),469(5.ll),407(4.89)nm;MS(ESIinMeCN):m/Z995.54(Calcd

for lC63H.5N402Pd]' (M - C104): 995.25). Anal. Calcd for

C63H45N406CIPd･2H20:C,66.85;H,4.36;N,4.95%. Found:C,67.16;H,

4.45;N,5.08%.

4:Yield77%;Datawereexhibitedinpreviousreport･12

5:Yield76%;1HNMR(8,CDC13):9,09,8.85,8.67,8.24(dx4,2Hx

4,pyrrole-β-H);8.4173 (m,20H,meso-phenyl-H);6.25(t,2H,bridge

phenyl-p-H);5.82(broad,4H,bridgephenyl-m-H);3･04(S,1H,CH);0,04(S,

6H,CH3);UV/Vis(CH2C12):‰ax(loge)670(3.97),475(4.76),407(4.58)nm;

MS(ESIinMeCN):m/Z995.57(CalcdforlC63H.5N.02Pd]' (M IC10.):

995.25).Anal.CalcdfわrC63H45N406CIPd･H20:C,67,93;H,4･25;N,5･03%･

Found:C,67.66;H,4,55;N,5.32%.
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Monitorofisomerizationof2. 3mgof2wasdissolvedin0.5mLof

cDC13inaNMR tubeandlHNMRspectraweretakenfromtimetotimer

Thesampletubewaskeptat25oCfb∫230minandthenheatedto500Cduring

NMRmeasurements.Thechangeinconcentrationsofeachisomerinthe

solutionwasestimatedonthebasisofthelHNMRintegrationsoftheslgnals

co汀eSpOndingtoOHprotonsat-12･57and-15.44ppmwithtime,
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Chapter6

InsertionofIsonitrileintothePd-C BondofPalladium(II)

complexesofN21N 22-BridgedPorphyrins

6.1 Introduction

Oneofthemostattractiveexamplesoflatetransitionmetalcatalysis

areolefinpolymerizationbynickel(II)andpalladium(II)complexeswitha

bulkydiimineligand･l Brookhart,Sen,andNozakietalhaverecently

reportedthealtematlngCOPOlymerizationsofcarbonmonoxidewithα-olefins

catalyzedbycationicpalladium(ⅠⅠ)complexesofchiralbidentateligands,

affordingcompletelyaltematingcopolymerswithhead-to-tailregioselectivity

andisotacticity.2,3 Theshdiesregardingthereactionsoforganopalladium(ⅠⅠ)

complexesofbidentatemitrogenbaseligandswithcarbonmonoxideor

isonitri1eareofimportanceasabasisoftheirapplicationtoorganicsynthesis

andpolymersynthesis･4 0nlylatetransitionmetalcomplexisknownfわrthe

polymerizationcatalystofisonitrilewhichisisoelectronicwithcarbon

monoxideandstabilizesorganometalliccomplexeswell･5 Recently,living

polymerizationreactionsofisonitrilescatalyzedbythelatetransitionmetal

complexes,suchas(Tl31allyl)nickelcomplexandorganopalladiumcomplex

werefound･6 ButfurtherdevelopmentofthenovellivlngPOlymerization

uslnglSOnitrileasoneofthecomponentsisdesiredinviewofitslimitedusage

atpresent,althoughsomefinepolymerizationofisonitri1ehavebeenstudied･7

Theinvestigationonpalladium(ⅠⅠ)complexesofN21′N22-bridged

porphyrinsseemstoprovidesomeinformationregardingmechanisticaspects
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ofPdcatalysts.Wehavedescribedsynthesisandisomerizationbehaviorof

(Tl3-allyl)palladium(II)porphyrinsasthefirstorganopalladium(II)complexesof

bidentate porphyrin ligands,8 Reactions of (methyl)palladium and

(Tl3lallyl)palladium complexesofN21,N22-bridgedporphyrinligandwith

isonitrilesaredescribedhere.

6.2 ResultsandDiscussion

6.2.1 Reaction ofMethylpalladium(II) Complex ofN21,が 2-Bridged

PorphyrinwithIsonitriles.

IsonitrilesinsertedintoPd-Cbondof(methyl)palladium(ⅠⅠ)complex

containingN21,N22-bridgedporphyrinligandtoform(methylimino)palladium(II)

Complexes, The neutral(organo)palladium(ⅠⅠ)complex,chloro[(1,2-di-

phenyletheno-N21,N22)-meso-1etraphenylporphyrinatoIN23,N24](methyl)palladium

(II),Pd(Me)C1(N21N 22-phC-CPh-TPP)(1)reactedwithisonitriles,tert-butyl

isonitrile(BIC),2,6-dimethylphenylisonitrile(DIC),andtosylmethylisonitrile

(TIC). Thereactionof1withBICwasmonitoredbylHNMRspectroscopy

inCDC13SOlutionasshowninFigure1.Immediatelymorethan21foldmolar

amountofBICwasaddedto1,thelHNMRsignalofthemethylgroupof1at

-4.13ppmdisappeared,andanewsingletsignal(-4.43ppm)appeared･A

slngletat0,32ppmobseⅣedisasslgnedtothecoordinatedBICprotonsbecause

itisshiftedtolowerfrequencyreglOnthantheslgnaloffreeBICat1.90ppm.

Further,astheintensityofthissecondsignaldecreased,thethirdsingletsignal

grewathigherfrequency(-2,58ppm).Thus,itwassuggestedthatatfirstBIC

coordinatedtoPdviadisplacementofthechloroligandwithshiftofthemethyl

signaltolowerfrequency.Thenthemethylgroupmlgratedtotheiminocarbon

lOO



oftheprecoordinatedBICwhichcausedthemethylsignaltoshifttoby1.55

ppmhigherfrequency,Thus,theoverallchangeistheinsertionofoneBIC

intoPd-carbonbondof(methyl)palladium complexandfbmationor

(methylimino)palladiumcomplexwithporphyrinligand.ll Twosingletsignals

at0.37and0.11ppmassignedtotert-buty1protonsinthefinalproductexhibited

thecoordinationoftheanotherBICtoPdasshowninScheme1,

10 9 8 7 6 5 4 3 2 1 0 ll 12 -3 14 PP

Figure1,Insertionreactionoftert-buty1isonitrileinto1,andlHNMR
spectmmonthefbmationprocessof3ainCDC13.
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R-NC

C=N-R=ニコPhfastMe＼も｡C■~N,T?,N
lY;ph(2a-C)
Ph

Scheme1

C=N-R
ニ:

･e＼ ♂

Ph a:R=トBu
b:R=2,6-Me2C6H3
C:R=CH2lTosyl

N-R

6.2.2 Reactionof(Tl3-Allyl)palladium(II)ComplexofN21N22-Bridged

Porphyrinwithlsonitriles.

(q3-allyl)palladium(II) complexes of N21,N22-bridged porphyrin,

N21N 221(PhC-CPh)(TPP)Pd(R)X(R-Tl31allyl,X-C1(4);R-Tl3lallyl,X-

clO.(5);R-Tl3-butenyl,X-CIO.(6))Wereallowedtoreactwithisonitriles(4

-9.5equiv.)asshowninScheme2.Figure2showsIHNMRspectmma鮎r

theadditionof9.5equlValentsofi-BuNCto4inCDC13.WithdecreaslngOf

intensityOftheslgnalsduetoT131allylprotonsofcisl5at-452,-0･25,and2･08

ppm andtran5-5at-1.13,-1,13,and-1.40ppm inCD3CN,fiveslgnals

asslgnedtooneSetOfallylprotonsincreased.Thesignalsduetothemethylene

protonsappearedat-2.32and-2.91ppm.Thesechemicalshi允sareatby1.5-

2Ppm higherfrequencythanthePd-Meslgnalof2a.Thischemicalshi允
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differenceisintherangeexpectedforthesubstitutionbyavinylgroup.The

vinylprotonsat3.19,3･48,and2.92ppmshowtypicalcouplingconstantswith

Jant1-1615Hz,andJsyn-9･9Hzandtheirchemicalshiftsareshiftedtobycat2

ppmlowerfrequencyreg10nScomparedwithordinaryvinylprotonchemical

shi允s.Furthermore,onet-buty1singletappearedat0.29ppm thatisvery

similartothechemicalshiftatO･25Ppmofthei-BuNCligandof2a.These

NMRfeaturesareconsistentwithcoordinationofi-BuNCwithconcomitant

changeoftheTl31allylligandtoTl1-allylligand･ Thisspectralchangeis

reversibleandtheproportionofthestarting(Tl3-allyl)Pdcomplex5was

increasedbydilutingsolution containingN21,N22-(phC-CPh)(TPP)PdtI(Tll-

allyl)(i-BuNC)C104(8a).Theequilibriumstatecouldbeshiftedinfavorof8a

byincreasingtheamountofi-BuNC･However,toomuchconcentrationof

isonitrileresultedinthedissociationoftheporphyrinligand.

＼t=-
x- F,d

覇 N
Ph

Tln 竺 - "'yt:"YT h"

(7a-C,Ba,9a)

㌔ -｡=N_｡

/∴R-
Pd X~

～,yF:Tu,"Ph(4,5,6)
H
H

M

二

㌧｢
≠

R
R

R

7

8

9

4

に一
6

R
::I
,
..,

i

.I...

Pzrv
o
/＼+R
Ph(7b★,7C▲)

X=Cl a:R=t-Bu

X=Cl04 b:R=2,6-Me2CSH3
e ×=CIO4 C:R=CH2-Tosyl

Scheme2
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3 2 1 0 -1 -2 -3 -4 ･ち

Figure2･ lHNMRspectmmonthefb-ationprocessof8ainCDC13･

lHNMRspectroscopyshowedthefb-ationofsimilarproductsinthe

reactionof2,6-dimethylphenylisonitrile(DIC),andtosylmethylisonitrile(TIC)

with4and5.Thechemicalshiftsfortheorganicligandsofthecomplexes

formedinthereactionofisonitri1eswith(methyl)palladium(II)complex2and

(Tl31allyl)palladium(II)Complexes4-6aresummarizedinTable1.Allthe

pdII(小 allyl)(CNR)Complexes7-9Showtwomethylenesignalsatthechemical

shiftreglOnbetween-2andl3ppm.InthecaseofthereactionofDICand

TICwith(Tl31allyl)palladium(II)complex4,thesecondproducts(7b'and7C')

wereobserved･Sincetheslgnalsduetothemethyleneprotonsof7b'and7C'
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wereshiltedtoby0.7-2.7PpmhigherfrequencyreglOnthan7band7C,itwas

consideredthatthesecondisomitrileinsertedbetweenPdandTll-allylligandto

generatecomplexessimilarto3band3C･12 Thisissupportedbythesimilarity

ofthechemicalshiftofortho-dimethylsubstituentoftheDICligandbetween

7b☆and3b.

Somefactorsthatinfluenceonthiscoordinationreactionwereexamined,

includingorganicligandandcounteranioninthestartlngCOmplexes,isonitriles,

PdノRNCmolarratlO,andsolvent. Table2showsthe% conversionto

pdII(C(-NR)alkyl)(RNC)Complexes3 and 7*and to PdII(alkyl)(RNC)

Complexes7-9atthetimeof3minand80minafteradditionofisonitrilesto1,

4,5and6.Thereactionsof41foldmolaramountofDICandTICwith1in

CD3CNat250CproceededmuchfasterthanthatofBIC,andafforded85%

conversionto3band95%conversionto3cin3min.Themlgrationofthe

Pd-boundalkylgrouptothecoordinatedisoni仕ileistheratedetemimngstep

andisenhancedby良groupsontheisonitrilehavingelectron-withdrawlng

properties,suchasatosylmethylgroup,andreducedbyanelectron-donatlng良

group,suchastert-buty1.4c lnthereactionof(Tl3-allyl)palladiumcomplexwith

DICandTICunderthesamecondition,theinitiallyfbmedcomplexes7band

7cweregraduallyconvertedto7b'and7C',respectively.Wh ilemuchamount

ofBIC(9,5equiv)naturallydrivestheequilibriuminfavorof7ainthereaction

of4inCD3CN,therapidlyformed7adecreasedfrom94%to30%withtimein

CDC13.Ⅰnthereactionof5,theinitiallyfbmed8aisrelativelystableinboth

solvents.ThecoordinationofBICto4inDMSOwasslowandaffわrded49%

conversionto7ain80mintThus,goodcoordinatlngsolventssuchasCD3CN

andDMSOretardthereactionwithisonitrilesbutenhancethestabilityofthe

product,
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Table1. lHNMRChemicalShiRs(8)for3a-C,7a-cinCD,CN.
comp･ Me(S,3H) β-Py汀01e(dx8,1Hx8,∫-4.4-5･5Hz) others

2a -I.47

3a -2.60

2b -I,25

3b -1.67

2C -1.65

3C -2.50

9.12,9.05,8.82×2,

8.70,8.68,8.45,8.13

9.31,9,05,8.92,8.84,

8,79,8.54,8.44,8.12

9.20,9.17,8.85,8.84,

8.67,8.45,

9.47,9.01,8.93,8.75,

8.55,8.53,8.16,8.12

9.44,9.17,9.09,8.97,

8.85,8.79,8.68,8.65

9.35,9.05,8.96,8,82,

8,75,8.72,8.58,8.14

0.25

(S,9H,t-Bu)

0.06,0.28(sx2,

9Hx2,i-Bu)

0.96

(S,6H,Me2)

1.12

(S,6Hx2,Me2)

overlapped

overlapped

teminalCH

(d,lH)

allyl

centralCH CH2

(m,lH) (ddx2,1Hx2)

others

7a 3.19(Jantl=16.5Hz) 2.92

3148(Jsyn-919Hz)

7b 3.21(Jantl-15.4Hz) 3.04

3･50(Jsyn-9･9Hz)

7b* 3.44(Jan[1-17.0Hz) 3.80

4･07(Jsyn-10･4Hz)

7C 4.35(んt1-16.5Hz) 4.21

4･5I(Jsyn-9･9Hz)

7C* 3.5-4.0 3.5-4.0

8a 3.19(Jant1-16.5Hz) 2･93

3A9(Jsyn-919Hz)

cis- 4.10(dq) 2.87(dt)

9a (J-10.4Hz) (J-9.3Hz)

lrans-3.62(dq) 2.57(dt)

9a (J-6.6,14.8Hz) (J-6.9,13.7Hz)

-2.32(J⊆7,7Hz)

-2.91(ノ≧7.7Hz)

-1.99(∫-7.7Hz)

12.70(J-7.7Hz)

10.67(J=6.9,16.2Hz)

-1.99(J≧6.9,16.2Hz)

-2.34(J-7.7Hz)

-3.04(J≧7.7Hz)

039(J-8.2,18.4Hz)

-2.14(∫-8.2,17.6Hz)

一2.32(∫-7.4Hz)

-2.90(ノ⊆7.7Hz)

-2.57(J-8.0Hz)

-2.99(∫-8.5Hz)

12.29(J-7.7Hz)

-2.87(J-810Hz)

0.29(S,9H,i-Bu)

9.07,8.76,8.74,8,20,8.18

8.17,8.12,8.01(p-pyrrole)

1.01(S,6H,Me2)

1.13(S,6Hx2,Me2)

overlapped

overlapped

9.10,9.08,8.91,8.82,8.76

8.68,8,20,8.17(β-pymle)

0.29(S,9H,t-Bu)

-0.48(d,3H,Me)

(∫-7.1Hz)

0.29(S,9H,i-Bu)

0.62(d,3H,Me)

(J-6.6Hz)
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Table2.Formationof3a-C,7a-C,8aand9aa洗erAdditionof
lsonitrilesto1,4,5and6.

comp. RI X 良 良-NC Solv. content(%)

(eq,) 3min 80m

3a CI∫-Bu 4.0 CD3CN 13 98

3b C12,6-Me2C6H3 4.0 CD3CN 85 100

3c cICH2-Tosy1

7a H Clt-Bu

7b H C12,6-Me2C6H3

7c H CICH2-Tosy1

7a H Cl～-Bu

7a H CI～-Bu

7a H Cl～-Bu

8a H CIO4t-Bu

8a H C104g-Bu

9a Me C104i-Bu

4,0 CD3CN 95 100

4.0 CD3CN 35 55

4.0 CD3CN 37(7*) 33(28*)

4.0 CD3CN 46(36*) 63*

9.5 CD3CN

9,5 CDC13

9,5 DMS0

4.0 CD3CN

9.5 CDC13

4.0 CD3CN

66 83

94 30

22 49

88 83

62 56

15(cis) 21(cis)
22(trams) 29(trans)

ESI-MSspectmmof7ashowedamolecularionatm/e-1019.3050

which is in good agreement with a theory for lN21,N22-

(phC-CPh)(TPP)Pd(CH2CH-CH2)(i-BuNC)]'(1019,3274).Observedpeaksat

m/e - 1103.3260 and 552.1739 co汀eSpOnd to the insertion product

lN21,N22-(phC-CPh)(TPP)Pd(C(-N-i-Bu)CH2CH-CH2)(t-BuNC)]'(1103.4010;

552.2041fわrmonoprotonateddication)･The丘agmentionsatm/ら-396.1513

and313.0831areinagreementwithlPd(lll-allyl)(t-BuNC),]'(396,1633)and
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lpd(Tl3-allyl)(i-BuNC)2]'(313.0896). Thentheinsertionofisonitrilesinto

organopalladiumcomplexeswithporphyrinligandappearstobeworthfurther

consideration.

6.3 ExperimentalSection

General. SolventswerepurifiedprlOrtOusebyconventionalmethods.

CDC13WasPassedthroughbasicAl203beforeuse,Allchemicalswereof

reagent grade. (Tl3-Allyl)palladium porphyrin perchlorate 5 and

(ll3-butenyl)palladiumporphyrincomplexperchlorate6Werepreparedbythe

methoddescribed. lHNMRwasrecordedonJEOLEX_270mdAL_300

spectrometer, Chemicalshiftswerereferencedwithrespectto(CH3)4Si(0

ppm)asanintemalstandard.ESI-MSspectraweremeasuredwithaMariner

PEBiosystemsspectrometer.

preparation of chloro(methyl)palladium(II) complex of N21,N-721

dlbhenyletheno-bridgedTPP(1). To0.1gofNZl,N22-diphenyletheno-bridged

TPP free base was added a benzene solution (0.03 cm3) of

chloro(methyl)palladium complexwithcycrooctadiene,Pd(Me)C1(COD),(1･l

equiv).Themixturewasstirredatroomtemperaturefor24h,thensolventwas

evaporated. Reprecipltationofgreensolidfrom dichloromethane-hexane

gave44%yieldo∫l,

preparation of chloro(773-allyl)palladium(II) complex of N21,N2-7-

dlPhenyletheno-bridgedTPP(4). To0.09gofN21N22-diphenyletheno-bridged

TPP&eebasewasaddedabenzenesolution(0.024cm3)ofallylpalladium

chloridedimmer,lPd(C3H5)C1]2,(1.Iequiv).Themixturewasstirredatroom

tempera山refわr24h,thensolventwasevaporated.Repreclpltationofgreen

lO8



solid&omdichloromethane-hexanegave90%yieldof3.

Reactionoforganopalladium(II)complexesofN･71,N-'2-dlPhenyletheno-

bridgedTPPwithisonitriles.ToaCDC13SOlution(1.5cm3)of1(0.016mmol)

wasaddedtert-buty1isonitrile(4equiv)at25oC,andtheprogressofreaction

wasmonitoredbylHNMRin24h･AfterthereactiondryinglnVaCuOand

washingwithn-hexanea恥rded55%yieldofユ.Thereactionsof4-6with

isonitriles(4-9,5equiv)werealsomonitoredbylHNMR.

2a:lHNMR(8,CD3CN):9.12,9.05,8.82×2,8.70,8.68,8.45,8.13(dx

8,1Hx8,pymole-β-H);8.5-7.2(m,20H,meso-phenyl-H);6.21(t,2H,bridge

phenylrp-H);5.82(broad,4H,bridgephenyl-m-H);-4.47(S,3H,Me);0.25(S,

9H,才一Bu).

3a:lHNMR(8,CD3CN):9.31,9.05,8.92,8.84,8.79,8.54,8.44,8,12(d

x8,1Hx8,pyrrole-PIH);8.4-7.3(m,20H,meso-pheny1-H);6.21(t,2H,bridge

phenyl-p-H);5.84(broad,4H,bridgephenyl-m-H);-2,60(S,3H,Me);0.06,

0.28(S,9Hx2,g-Bu).

2b:-HNMR(8,CD3CN):9.20,9.17,8.85,8.84,8.67,8,45(dx6,1Hx

6,pyrrole-p-H,Othersareoverlapped);8.3-6.7(m,20H,meso-pheny1-H);6.16

(t,2H,bridgephenyl-p-H);5,81(broad,4H,bridgephenyl-m-H);一1.25(S,3H,

Me);0.96(S,6H,Me2).

3b:lHNMR(8,CD3CN):9.47,9.01,8.93,8.75,8,55,8,53,8,16,8.12(d

x8,1Hx8,pymole-β-H);8.5-6.8(m,20H,mesoIPheny1-H);6,19(t,2H,bridge

phenyl-p-H);5,84(broad,4H,bridgephenyl-m-H);-1.67(S,3H,Me);1.12×2

(S,6Hx2,Me2),

2C:lHNMR(8,CD3CN):9.44,9.17,9.09,8,97,8.85,8,79,8.68,8.65(d

x8,1Hx8,pymole-β-H);8.4-6.8(m,20H,mesoIPhenyl-H);6.20(t,2H,bridge

phenyl-p-H);5.84(broad,4H,bridgephenyl-m-H);-I,65(S,3H,Me);others

areoverlapped.
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3C:lHNMR(8,CD3CN):9.35,9.05,8.96,8.82,8.75,8.72,8.58,8.14(d

x8,1Hx8,pyrrole-PIH);8.516.8(m,20H,mesoIPheny1-H);6.22(t,2H,bridge

phenyl-p-H);5.84(broad,4H,bridgephenyl-m-H);-2.50(S,3H,Me);others

areoverlapped･

7a:lHNMR(8,CD3CN):9.07,8.76,8.74,8.20,8.18,8.17,8.12,8.01(d

x8,1Hx8,pymole-β-H);8･4-7.2(m,20H,meso-phenyl-H);6.21(t,2H,bridge

phenyl-p-H);5,85(broad,4H,bridgephenyl-m-H);3.19(d,lH,allylanti-CH);

3.48(d,lH,allylsyn-CH);2.92(m,lH,allylcentralCH);-2,32,-2,91(ddx2,

1Hx2,CH2);0.29,(S,9H,i-Bu);MS(ESIinMeCN):m/z1019.3050(calcdfor

[C66H52N5Pd]+(M-C1):1019.3274).

7b:lHNMR(8,CD,CN):9.1-8.1(8H,pymole-P･H);8,2-6.7(m,20H,

meso-phenyl-H);6.23(t,2H,bridgephenyl-p-H);5.85(broad,4H,bridge

phenyl-m-H);3.21(d,1H,allylanti-CH);3.50(d,1H,allylsyn-CH);3.04(m,

lH,allylcentralCH);-1.99,-2.70(ddx2,1Hx2,CH2);1,01,(S,6H,Me2).

7b*:1HNMR(8,CD3CN):9.0-8.1(8H,pymole-p-H);8.2-6.7(m,20H,

meso-pheny1-H);6,25(t,2H,bridgepheny1-PIH);5.85(broad,4H,bridge

phenyl-m-H);3.44(d,1H,allylanti-CH);4,07(d,lH,allylsym -CH);3.80(m,

1H,allylcentralCH);-0.67,-1.99(ddx2,1Hx2,CH2);1.13,(5,6Hx2,

Me2);MS(ESIinMeCN):m/z1199.1(calcdfわr[C79H61N6Pd]十(M -C1):

1199.5).

7C:lHNMR(8,CD3CN):9.2-8.2(8H,pymole-p-H);8.6-6.9(m,20H,

meso-phenyl-H);6.19(t,2H,bridgephenylrp-H);5.83(broad,4H,bridge

phenyl-m-H);435(d,1H,allylanti-CH);4.51(d,1H,allylsyn-CH);4･21(m,

lH,allylcentralCH);-2,34,-3,04(ddx2,1H x2,CH2);Othersare

overlapped.

7C*:1HNMR(8,CD,CN):9.1-8.2(8H,pymole-P･H);8.6-6,9(m,20H,

meso-pheny1-H);6.22(t,2H,bridgephenylrp-H);5.85(broad,4H,bridge
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phenyト∽-H);3.5-4.0(allylCH);0.39,-2.14(ddx2,1Hx2,CH2);Othersare

overlapped.MS(ESIinMeCN):m/Z1327.2(calcdfわr[C66H52N5Pd]十(M-Cl):

1327.5).

8a:lHNMR(8,CD3CN):9.10,9.08,8.91,8.82,8.76,8.68,8,20,8.17(d

x8,1Hx8,pyrrole-β-H);8.5-7.2(m,20H,meso-phenyl-H);6.21(t,2H,bridge

phenylサH);5,84(broad,4H,bridgephenyト∽-H);3.19(d,lH,allylanti-CH);

3.49(d,lH,allylsyn-CH);2.93(m,1H,allylcentralCH);-2.32,-2.90(ddx2,

1Hx2,CH2);0.29,(S,9H,才一Bu).

9a:1HNMR (8,CD,CN):9.1-8.2(8H,pyrrole-β-H ofcis-9aand

trans-9a);8.4-7.2(m,20H,meso-pheny1-Hofcisl9aandかans-9a);6.20(t,2H,

bridgephenyl-p-Hofcis-9aandtrans-9a);5.83(broad,4H,bridgephenyl-m-H

ofcis-9aandtrans-9a);4.10(dq,1H,allylterminalCHofcis-9a);3.62(dq,1H,

allylterminalCHoftransl9a);2.87(dt,lH,allylcentralCHofcis-9a);2.57(dt,

1H,allylcentralCHoftran5-9a);-2,57,-2.99(ddx2,lHx2,CH20fcis-9a);

-2.29,-2.87(ddx2,1Hx2,CH20ftransl9a);-0.48(d,3H,CH30fcis-9a);

0.62(d,3H,CH30ftrans-9a);0.29,(S,9H,i-Buofcis-9aandtrans-9a).
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Conclusions

Thisdissertationdealtwithsynthesisandreactionsofpalladium(ⅠⅠ)

complexescoordinatedbyN21,N221etheno-bridgedporphyrinligands･ The

resultsandfindingsaresummarizedasfollows.

Chapter2describessynthesisandstructureofPd(II)complexeswith

N,N-etheno-bridgedporphyrins･ Thereaction ofN21,N22-etheno-bridged

porphyrinswithPdC12Preferentiallyaffordeddinuclearcomplexeswhichcanbe

convertedtomononuclearcomplexesbyligandexchange.TheX-raystructure

showeddi-LL-Chlorodipalladium(II)complexcoordinatedbytheporphyrinasthe

teminalligandwiththedistalPd(2)comingclosetotheporphyrinring.The

ethenosubstitutionmakesthepyrroleringstOCant,andtwopyrrolerlngSare

favorablysituatedforthecoordinationtothePdatom,Afterall,thepresentPd

complexesarenotdemetallatedandN-dealkylatedatallinsolution.

Chapter3describespreparationandspectroscoplCCharacteristicsof

pd(II) complexes of N21,N22-bridged porphyrin with pyridine and

ethylenediamine. Square planar mixed-1igand Pd(ⅠⅠ)complexeswith

N21N22-bridgedporphyrinandethylenediaminewereprepared･ Sincethe

N21,N22-bridgedporphyrinligandstronglycoordinatestoPd,theporphyrin

ligand dissociates much more sluggishly than 2,2--bipyridine. The

N21,N22-bridgedporphyrinligandin爪uencesthedynamicbehaviorofthe

coexistlngligandinthesamecoordinationsphere.Ligationofchloridetofbm

squarepyramidalPd(ⅠⅠ)stmdurewasindicatedbyUVVisandlHNMR,

Chapter4describessynthesisof(7t-allyl)palladium(II)complexeswithN,

N-bridgedporphyrins. Bis(aqua)PdIIcomplexesofN21,N221etheno-bridged

porphyrins reacted with allyltins, resulting in the formation of

(7t-allyl)palladium(II)derivativeswithN21,N22-bridgedporphyrinligands.The

l13



substituentattheallylmoietyexertedinfluenceontheequilibriumstateoftwo

productisomerswithdifferentorientationsof7t-allylligandsrelativetothe

porphyrinligand.Therateforsyn-syn-anti-antiisomerizationofthe7t-allyl

ligandofPd(II)Porphyrinisremarkablyslowerthanthosefor(7t-allyl)PdII

complexeswithordinarynitrogenbaseligands,TheporphyrinrlngCurrent

effectgreatly helpsdifferentiatlng two isomers and thuselucidating

isomerizationbehaviors.Thepresentshdyshowsthegreatpossibilitiesof

N21N 22-bridgedporphyrinasaligandstereochemicallycontrollingthereactivity

OforganoligandsbycoverlngOneSideofthesquareplaneofPdcoordination.

Chapter 5 describes preparation of トー-(dihydroxo)dipalladium(ⅠⅠ)

bis-porphyrincomplexanditsreactionwithactivemethylenecompounds.

p-(Dihydroxo)dipalladium(II)bisporphyrin complexwasobtainedbythe

reactionofdicationicbis(aqua)PdIIcomplexofN21,N22-bridgedporphyrinwith

NaOHortriethylamine･Itisamixtureoftwoisomersandcanprovideboth

acidicsiteandbasicsiteatthesametime.Itcauseddeprotonation丘omactive

methylenecompoundstogiveorganopalladium(ⅠⅠ)porphyrincomplexesunder

neutralconditions.

Chapter6describesinsertionofisonitrilesintoPd(ⅠⅠ)complexesof

N,N-etheno-bridged porphyrins. The insertion of2,6-dimethylphenyl

isonitrileandtosylmethylisonitrileto(methyl)Palladium(II)porphyrinarefaster

thanthatoft-butylisonitrile.Inthereactionof(7t-allyl)Palladiumporphyrin,

coordinationofi-buty1isonitriletoPd(II)inconcurrencewithchangeofthe

Tl31allylligandtoll1-allylligandisreversible,while2,61dimethylphenyl

isonitrileandtosylmethylisonitrileinsertbetweenPdandTl1-allylligand･
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