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thesecondpolnt，thering－OPenlng－rlng－CloslngreaCtionof3

gave4，Which contains the aromaticl．2，4－OXadiazole（as

formedheterocyclicring）．Accordingly，lwouldhavegiven5，

containlngthenon－arOmaticl，2・4－0Xadiazolerlng・througha

nucleophilic addition（AN）to the carbonylcarbon ofthe

thiazoloneintermediate7・Perhaps5is only an unstable

intemediate which collapses to80r alternatively7gives
directly8byanacylicnucleophilicsubstitution（SNAc）atthe

same atomwiththe cleavage ofthe feeblecarbonyl－Sulfur

bond・6Thethiolgroupof8inturnglVeS2byadditiontothe

ketoniccarbonylcarbon7andformationofasix一membered

CyClichemithioacetal・

The authors are gratefulto one ofthe referees for his

SuggeStionontheroleof5・

WethanktheCNRandMURSTforfinancialsupport・
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Supportedrutheniumcarbido－Clustercatalysts〈lRu6C〈CO〉16Mel－／0Xide）selectiveIyproducedmethanoI．dimethYl

ether，andformaIdehYdeinCO－H2，incontrasttothepreferentialformationofmethaneandhYdrocarbonsonsupported

rutheniumclustercatalysts〈lRu6（CO〉1812－／0Xide〉Withouttheinterstitialcarbonandconventionalmeta帖cRucatalYStS・

Melalclustersareexpected10hal′eumqueCatalytlCPrOPerties

associatedWithmultiplemetalsites．whichareofgreatinterest

fromchemicalandindustrialpolntSOfview・However．there

are few examples of catalvsis specific to metal cluster

frameWOrks that not obserVed witll the usual metal cat－

all′StS・1・2We report the catalvtic formation ofoxygenated

COmpOundsonsupportedrutheniumcarbido－Clusters・

［btmaI＋tRu6C（CO）16Me］‾l（btma＝COH5CH2NMeJ）3
WaSSuPPOrtedoninorganicoxidesbvadsorptlOnat290Kfor

lhinpurifiedCH・Cl，andthesubsequentremovalofCH・Cl，

undervacuum．TiOこ（DegussaP25：Surfacearea：60m2g‾1）．

ZrO2（Soekawa．99．9％士2m：g‾l），A1203（DegussaAlonC；

100m2g‾l），andSiO2（Fuji－Da、，ison．silicagelNo・952：300

mlg‾l）weretreatedat473Kfor2hinvacuumbeforeuseas

SuPPOrtS．ZnO（Kadox）wastreatedat773Kfor2h・MgO

（200mt g‾1）and La203（35m二g‾1）were prepared from

Mg（OH）ユ（Soekawa．99．99％）and La（OH）3（Soekawa・

99．9％）bytreatmentat773Kfor2hinvacuum・Theloadings

ofRuwerefixedto3．Owt％－RuforSi0，．2．Owt％forLaっ03，

1．8wt％forMgO．1．5wt％forTiO・andA1203，andl・Owt％

forZnOandZrO，．Thesupportedrutheniumcarbido－Clusters

aredenotedasiRubC］／oxide．

lbtmal十二［Ru6（CO）1謹‾2↓・5WaSSuPPOrtedonLa203，TiO2

andAl203inacetoneinasimilarproceduretothecaseofl・

Thesupportedrulheniumclustersaredenotedas［Ru6lIoxide・

ConventionalRucatalvstsWerepreParedbvausualimpreg－

nationmethodusinganaqueoussolutiondfRu（NO）（NO3）．

（N．E．Chemcat．Co．）．

CO－H2reaCtionswerecarriedoutunderCOof14・6kPa

andH，Of14．6kPainthetemperaturerange473－523Kina

closed‾circulating system（dead volume‥133ml）with a

U－Shapedliquid－nitrogen trap for oxygenated compounds・

Beforethecatal、′ticreactionthefreshsampleswereactivated

bvheatlngat623Kinvacuum．ThereactionproductSWere

analysedbygaschromatographyusinga5Amolecularsieve
COlumn（2m）formethane．aVZ－10column（：m）forethenc、

ethaneandpropene．andaDOS（dioctylsebacate）column（4

m）formethanol．dimethyletherandformaldehydc・Asshown

in Tablel the turnover frequencies fo‥he formation of

OXygenateS W’erelarger Pn tRu6Cl／0両es than those for

lRu。1／OxidesortheconventlOnalimpregnatedcatalvsts・Those

TOFsforIRubCIIoxidesarFCOmPara里OrSuPeribrtothose

forotherclustersystemsln the pre、・10uSliterature・6・7This

SuPeriorityofthecarbido－Clusterwasindependento白llekind

Ofsupports．ThemostactiY′eIRu。Cl爪03PrOducedformal－

dehyde（20％），methanol（12％）anddimethylether（9・6％）at

523K．andtheactivitvdidnotdecreaseover15h．Theorderof

the activityofoxygenate synthesisforsupportwasTiOl＞

A1203≧ZrO，＞La203＞SiO〕＝MgO＞ZnO・Supported

lRubClcluste玉alsoexhibitedhigherもecti、・itiestooxy・gen－

atedcompoundsascomparedwithIRuol／oxidesandimpreg－

nated．catalystsasshowninTablel・［Ru6CI／La‥03、㌧a：mOSt

SelectlVe（92％at473K）．The order ofthe selectlVlty for

SuPpOrtWaSLa203＞MgO＝TiO2：＝ZrO2＞Alニ03＞SiO2≧

ZnO．

The dependency of the activity and selectivity of the

lRu6ClIoxidecatalystsonthekindofsupportisfairlydifferent
fromthatoftheusualimpregnatedRucatalyStS（Tablel）・Itis

to be noted that the ruthenium carbido－Cluster－derived

Catalystspreferentiallyproducedtheoxygenatedcompounds・

whiletheimpregnatedmetallicrutheniumcatalyStSprOduced

mainlymethaneandhydrocarbons・E、′enif、，ariousamounts
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TablelTheturnoverfrequencies（TOF）andselectivitiesforthefomationofoxygenatesontheRucatalystsat473and523K

Precursor

T，。。。．．IK

tRueC（CO）16Mel‾ lRub（CO）1812‾
Ru（NO）（NO高

NIgO

ZnO

La：Oj

TiO，

Zrd二

Al、OI

Sibユ“

010－3min－1．bmol％：CO（14．6kPa）．H2（14・6kPa）・

ofcarbideweredepositedonthemctallicRuparticles・the

formationoftheoxygenatedcompoundswasnotobserved・

Afterthe reductionof［Ru6C］IMgOwith H2at623Kthe

catalvtic activities for the formation of the oxygenates

decr；ased toO（473K）一35％（523K）ofthose before H2

treatment，Tlle thermal desorptlOn eXPerimentsin Dl

rel′ealedtheformationofequlmOlarCDltOtheamountof

［Ru。Clunitsonthe．望PPOrtSuPtO623K・Sugg専ngthc
removaloftheinterstltlalcarbonbyhydrogenreductlOnat623

K．WhenasmallamountofmethanoltogetherwithCO＋H2

wasintroducedinto thelRu6Cl／TiOヱCatalyst at523K・

methanoI was readilv convertedintO formaldehvde and

dimethlrlether．InCO＋H，reaCtions，formaldehl・demavbe

produced viamethanol／methoxvlintermediatesratherthan

directlvfromCO＋H，．

We measured the Ru Kでdge EXAFS spectra for the

catalvststhcrmallv activatedatbeamline10Bofthe Photon

FactorvintheNationalLaboratorvforHighEnergvPhvsics

（proposalNo・91012）・Thecurve血tinganalysisshowedthe

Ru－RubonddistancesofO．2611）．263nmforlRu。Cl／MgO・

lRu。Cl／La：03．lRu。Cl／TiOユandIRubC］／A120〕・Thesevalues

areclosetothatforRumetal．Thecoordinationnumbers（N）

for the Ru－Ru bond were3．3－4．4Similar to that for the

originalclusterl．Wllenthe［RuhCI／MgOcatalystW●aStreated

in CO－H〕atmOSPhere・the original carbido－Cluster was

reproduced・Sl10Wlngthesamebonddistancesandcoordina－

tion numbers for Ru－Ru and Ru（－C－）Ru as those forlas

provedbvEXAFS・ThisreversibilitvoftheciusterStruCture

together with a characteristic methane thermaldesorptlOn

spectrumsuggeststheformationofanewclustercomposedof

a RuO unit and a carbide atom bv activation at623Kin

IncontrasltOthesesamplestRu。Cl／SiO〕（NRu－R。＝6・6）

aggrcgatedb、・thepretreatmentat623K・Thiscatalvstwas

mu．hlessaiti、′ethantheIRu。CI／TiO2Catalyst（T誼el）・

［Ru。1／Al⊇03WithoutillterStitialcarbonwasdegradatedtoan

oxy・gen－incol“POratedclusterwhichexhibitSRRu・Ru＝0・261

nm（N＝l・9）・RRu一〇二0・206nm（N＝l・8）・RRu‥C＝0・19lnm

（N＝0．9）．andRR。仁C＿）0＝0・299nm（N＝0“8）・Slmila申ftOthe

case of the Ru3（CO）12－derived sample・6ThelRu誹Alニ03

Catalystshowednegligibleorlowactivltyandselectivitvfor

thesynthesisofoxygenatesunderidenticalconditions・

Thus●thespecificformationoftheoxygenates・unlikethe

COhydrogenationofaC－Obond－breakingtypeontheusual

impregnatedmetallicRucatalysts，maybeascribedto（i）the

elecfrOn－donating effect8‾一。of aninterstitialcarbon（or

equlValent carbon），（ii）about six－ruthenlum Clusterframe－

WOrk，and（iii）thenatureOfsupports・

Receil・ed，19thMarch1992：CoIn．2／01468H

Recei↓・ediItreVisedfbrmlO高June1992
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meta帖ccations．

Insertion of polymersintoinorganiclow－dimensional

materialsisatopICOfrecentinterestandonlvafewexamples

havebeendcscribedsofar十5Amongthelaveredtransition

metalchalcogenidcs．the MPS3materials possess a unlque

intercalation chemistrv based on the abilitv ofthelattice to

exchangeafractionoftheMZ＋intralayercations・6・7Air－Stable

interealatescanthusbeobtained，Whichinsome caseshave

physicalpropertiesverydifferentfromthoseofthepurehost
lattices・8・gInordertoobtainneworgano一mineralcomposite

hostlattices and possible●supported、solidelectroIvtes，We
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