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GeneralIntroduction

Chalcogenocarboxylicacidsaretheseriesofcompoundsinwhichoneortwooxygen

atomsofthecarboxylgrouparereplacedbysulfur,Seleniumortelluriumatoms.Theseare15

kindsofchalcogenisologuesasshowninChartl.Amangthese,thechemistryofthio-and

dithiocarboxylicacidanditsderivatives,eSPeCiallythio-anddithioesters,hasbeenextensively

investlgated･1Thesehavebeenfbundtobeusefu1aspharmaceuticals,2bactericidesandfungl-

cides.3Incontrast,Seleniumandtelluriumde-

rivatives havelittlebeen known todate ex-

CePtfbrtheiralkylandarylestersduetotheir

unstabilitylnairand/ortothelackofgeneral

Synthetic method to constract such

Chalcogenocarboxylgroup･Seleno-and

te11urocarboxylateestershavebeen丘)undto

beeffbctiveasliquidcrystals,4nerveimpulses

blockingagents5andhighgradephotosensid

tlZerS.6

0 S Se Te

R人｡H R人｡H R人｡H R人｡H
0 S Se Te

R人sH ｡人sH ｡人sH ｡人sH
0 S Se Te

R人seH R人seH R人seH R人seH
0 S Se Te

R人TeH R八TeH R人T｡H R人TeH
Chartl.Chalcogenocarboxylicacids

Monochalcogenocarboxylatederivatives

Recently,thesyntheticmethodsoftellurocarboxylicacidsaltshavebeendevelopedin

theauthor-slaboratory.7Monochalcogenocarboxylategroups,RCOE(E=S,Se,Tb),arean

interestlngClassofcompoundsinthecoordinationchemistrybecauseoftheligandwithasoft

Chalcogenandahardoxygensite･ThereactionoftellurocarboxylicacidsaltswithMe3SiCl

gavetellurocarboxylicacidO-SilylestersowlngOfthestrongamnitybetweentheSiandO

(Schemel).8

Schemel

R人T｡-･N｡･Me3SiCJ R人osiMe,
The丘rstsynthesisforGroup14elementderivativesofthiocarboxylicacidwasreportedin1949

byHeapandSaunders･9Thegeneralmethodfbrthesynthesisoftrimethyl-Group14element

(Ge,Sn,Pb)derivativesofthiocarboxylicacidhasalsobeenreported(Scheme2).10

Scheme2

R人s-･K･Me3MC.
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Inaddition,threemolecularStruCtureSOftinthiocafboxylateswerereported･11

FurthermOre,thesynthesisofGroup14elementderivativesofselenocarboxylicacidhas

beendisclosed(Scheme3).12

Scheme3

R人se-+Na
･R13MC■

Diselenocarboxylicacidsalts

R人seMR･3
M=Ge,Sn,Pb

ChalcogenocarboxylicacidsaltsareoneofthemostimportantstartlngCOmPOunds丘)r

thesynthesisofchalcogenocarboxylicacidderivatives･Facilesynthesesofthesesaltsarere-

quiredfbrthedevelopmentsofchalcogenocarboxylicacidandtheirderivatives.Further,the

ChalcogenocarboxylateanionsareofgreatinsertfromthefundamentalpolntOfviewsincethey

areCOnSideredasheavylSOloguesofallylicanions･

Thiocarboxylicacidsaltsweresynthesizedfromthereactionofbenzoylchloridewith

potassiumhydrogensulndein1868byEngelhardtandLatschinoff.13Afterthen,theBrstex-

ampleofalkalimetaldithiocarboxylateswasreportedin1907byHoubenandPhoIwhosynthe-

Sizedsodiumdithiocarboxylatesbydithiocarboxylicacidwithsodiumhydride,althoughtheir

isolationfailed･14The丘rstseleno-andtellurocarboxylicacidsaltswerereportedin1976and

1987,reSPeCtivelybyHirabayashietal･15andKatoeta]･16Moreover,SeVeralX-rayStruCtural

analysesofsaltswerereported･17veryrecently,thesynthesisoftheammoniumsalts18and

alkalimetal18qcrown-6ethercomplexes190fselenothiocarboxylicacidandestershasbeen

developed.

Inthisthesis,nrStly,theauthorshowstheresultsonthesynthesisandstruCtureOfGroup

14(Ge,Sn･Pb)and15elementderivatives(RAs)ofchalcogenocarboxylicacidandthemagni-

tudeoftheinteractionbetweenthecarbonyloxygenorthiocarbonylsulfurandGroup14and15

elements･Secondly,theauthordescribesthesynthesisandstruCtureOfdiselenocarboxylicacid

Salts.

Chaptersland2reftrtothesynthesisandstruCtureOfGroup14(Ge,Sn,Pb)derivatives

Ofthio-,Seleno-andtellurocarboxylicacidandthemagnitudeoftheinteractionbetweenthe

CarbonyloxygenandGroup14elements･

Chapter3showsthesynthesisandstructureofGroup14(Ge,Sn,Pb)derivativesof

dithiocarboxylicacid.

Chapters4and5dealwiththesynthesisandstruCtureOfGroup15(RAs)derivativesof

thio-anddithio-Carboxylicacid･Furthermore,thereactionofarsenicthio-anddithio-Carboxy-

1atederivativeswithpiperidineisoutlined.
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Chapter6describesthesynthesisandstruCtureOfammoniumdiselenoates.Thisisthe

nrstexampleoftheisolationofthediselenoatesalts.

Chapter7showsthesynthesisandstructureofcarbamicselenocarboxylicmixedacid

anhydrides.
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Chapterl

UnusuallySl10rtDistancesbetweentheCarbonylOxygenandthe

TinAtominRCOSMR,3(M=Ge,Sn,Pb):TheImportanceof

htramolecularno→♂MSOrbitalI血eractions

l.1.htrduction

Theeffectsofnonbondedintramolecularaswe11asintermOlecularinteractionsonthe

StruCtureSOfmoleculesareagrowingneldofstudy･1Inter-andintramolecularinteractionsmay

reflecttheaffinitybetweenelements･Thestrongaffinityofsilicontoanoxygenatomiswe11

documented･2However･1ittleisknownaboutthemagnitudeoftheinteractions(afnnity)be-

tweenotherGroup14metalsandoxygenorchalcogenatomssuchassulfurandselemium.The

AuthorreportheretheunusuallysholldistanCeSbetweenthecarbonyloxygenandtinatomsin

Group14metalderivativesofthiocarboxylicacids(RCOSMR'3,M=Ge,Sn,Pb)andthe

natureofthlSnOnbondedinteractionbetweenthecarbonyloxygenandGroup14metals:the

interaclionsbetweenthenonbondingorbitalsonthecarbonyloxygen(no)andtheo*MSOrbit-

alsareverylmpOrtant.

1.2.Resultsa皿dDiscussion

Triphenylgermanium(1),-tin(2),and-1ead(3)4-methylbenzenecarbothioatesweresyn-

thesizedbyreactlngthecorrespondingpotassiumcarbothioatewithPh3GeCl,Ph3SnCl,and

Ph3PbCl,reSpeCtively･2bThestruCtureSOfl-3determinedbyX-rayanalysiswereisomor,

phous,adistortedtetrahedroninwhichthelengthsoftheC(11ト0(ll),C(11トS(11),andM(1ト

S(11)bondsinRCOSMPh3(M=Ge,Sn,Pb)Tahlel.X-rayDataf｡,4rCH3C6H.COSMPh3and

arecomparabletoC=OdoubleandC-SandM-

Ssinglebonds,reSpeCtively(rIbblel).3-4

ThedistanCeSbetweenthecarbonyloxygenand

-

､

.
卜
.
＼

■ヽ

叩C
-一

､＼.-･

Figurel.Molecular structures of4-

CH3C6H4COSMPh3(1,M=Ge;2,M=Sn;

3,M=Pb).

CHユSMPh3(M=Ge,Sn,Pb)

Ge Sn Pb

4-CH3C8比4COSMPb3

C=0･･･M

M(1トSり1)

C(11)一0(ll)

C(llトS(】l)
M(1)--C(21)

M(1)--C(31)
M(1)--C(4り

M(1トS(11)--C(1り

M-S

M｣:ip飽

M一{ipso

M-Cipso

M-S一{Hヨ

〟Reference6.

3.00二!(2)

2.2547(8)

】.2(対(3)

1.790(3)

l.94叫3)

1.942(3)

1,934(3)

98.25り0)

CH3SMPbコ8

2.224(l)

1.931(1)

2.907(2) 2,990(4)

2.4453(9) 2.539(2)

l.208(2)1.222(7)

】.775(3) 1.770(6)

2.131(3) 2.205(5)

2･141(3) 2.213(5)

2.123(3) 2.202(5)

93.5(1) 94.1(2)

2.391(2) 2.489(6)

2･135(7) 2.201(Ⅰ3)
l･930(2) 2.139(7) 2.185(18)
1▲932(1) 2.115(7) 2.186(16)
10】･4(3)102.6(g)100.5(12)



thecentralGroup14metalsareallwithinthesumofthevanderWaalsradiiofbothatoms,5

respectively,indicatingintramolecularattractionbetweenthetwoatoms(Figurel).Interest-

1ngly,despltethelargeatomicradiusoftincomparedwiththatofgermanium,theC=0…Sn

distanCe[2･907(2)Å】in2isaboutO.1ÅshorterthanC=0･･･Gedistance[3.003(2)Å】inl.The

C=0･･･PbdistanCe[2･990(4)Å】in3islongerthanthatin2･TheM(1)-S(11)-C(11)anglesand

theM(l)-S(11)distancesinl,2,and3are3-90narrowandO･03-0.05Ålonger,reSPeCtively,

COmParedwiththoseinCH3SMPh3(M=Ge,Sn,Pb)6havingnocarbonylgroup(Thblel).

Tbelucidatethenatureofthisunusualnonbondedattraction,abinitiogeometryoptlmi-

ZationsattheB3LYP几ANL2DZ+Pleve17withtheGaussian98program8wereperfbrmedon

themodelcompoundstrimethylgermanium(l.),-tin(21),and-1ead(3f)ethanecarbothioates.

Thecalculationsforl,,2,,and3,indicatedthatthe

C=0･･･Sndistance(3.058Å)in2,isO.1Åshorter

thanthatinlI,WhiletheM-Sdistancesincreasein

theorderl'>2,>3,(Thble2)･ThebondangleSn-

S-C(95･20)in2'alsoisnarrowcomparedwiththat

inl,(99.80).Theseresultsareconsistentwiththe

resultsobtainedbyX-rayStruCturalanalysesofl-3･

Tbobtainfurtherinformationregardingtheelectronic

StruCtureSOfl-3,NBO(naturalbondorbital)analy-

SeSWereCarriedout･TheNBOanalysISShowedthat

theofbitalinteractionsbetweenthenorbital(no)on

thecarbonyloxygenandtheo*MCOrbitals(Figure

2a)arepresent,buttheirvaluesareclosetoeach

Other(Thble3).Ontheotherhand,theinteractions

betweenthenoandando*MSOrbitals(Figure2b)

arealsoappreciable,andinterestlnglythestabiliza-

tionenergleSOftheno→0*MSin2'and3-areca.

3･5timesthatinlI･Thecontourmapsofthenoand

O*MSOrbitalsinthemolecularplaneM(1)-S(2)-

C(4)fbrthemodelcompoundsweredepictedby

uslngtheMOLDEN3･6program･9AsshowninFig-

ure3,theoverlaps(OVerlapintegral,0.0271)between

thenoandthepartonMintheo*MSOrbitalsinthe

tin2-arelargerthanthat(OVerlapintegral,0.0253)

inthegermaniumcompoundll･Thus,themagnl-

tudeofsuchinteractionsagreeswiththeorderofthe

ShortnessoftheC=0…Mdistances･Thismaysub-

StantiallycontributetothestruCtureOfsuchorgano

6

Table2.CalculatedGeometricalParameterfor

CH3COSM(CH3)3(M=Ge,Sn,Pb)atB3LYP/

LANL2DZ+PLevel

Ge(1') Sn(2') Pb(3.)

M(l)…0(3)
3.147Å 3.058Å 3.113Å

M(り-S(2)
2.313Å･2.496Å 2.568Å

C(4)-0(3)
1.217Å 1.222Å l.223Å

M(1トS(2)-C(4)99.8｡ 95.20 95.30

Table3･NBOAnalysisofCH3COSM(CH3)3at

B3LYP/LANL2DZ+PLevel

CH3COSM(CH3)3

AE(kcalmol.1)a

no→0*MC(7)no→0*MS

1.82 0.64

2.46 2.25

2.44 2.05
a

AE=StabilizationenergleSaSSOCiatedwith

delocalization.

(a) (b)

Figure2.Nonbondedattractiondueto

(a)theno→0*MCand(b)rb→0*MS･



Group14metalderivativesofchalcogenocarboxylic(a)

acidsandmayalsoresultinshortenlngthedist叩Cein

C=0･･･Sn,aShasbeenobservedbyX-raymOlecular

StruCturalanalysis･Theatomiccharge(1.06)ofthe

tinin2-isclearlylargerthanthatinl一(0.76),While

thoseofthecarbonyloxygensshowsimilarvalues(-

0･21to-0･23),SuggeStingthattheelectrostaticinter-

actionsmayalsocontributetotheshortC=0･･･Sndis-

tances･ThelongerC=0･･･Pbdistancecomparedwith(b)

theC=0･･･Sndistancemayarisefromthecorrespond-

1ngM-Sbondlengths,althoughthemagnitudeofthe

OVerlapsbetweenthenoando*MSOrbitalsin3-is

Closetothatin2一.

1.3.Conclusion

Insummary,thecrystalstruCturein2showed

unusualintramolecularC=0…Snattractionscompared

withthoseinland3.TheshortdistanCereSultsfrom(C)

theinteractionsbetweenthenoando*MSOrbitals

ratherthanthosebetweennoando*MCOrbitals.

Thesenndingsmayhelpustounderstandnotonly

OrganicsynthesisuslngOrganOtincompoundsbutalso

thebiologlCalactivitiesofvariousorganotincom-

POunds.

1.4.ExperimentalSection

IRspectrawererecordedonaPerkin-Elmer

FTIIR1640spectrophotometer･1H,13c,andl19sn

NMRwererecordedonaJEOLJNM-α400instru-

C叫∂
-･√

Figure3･Theoverlapingbetweenno(P-

typelonepair)ando*MSOrbitalsinthe

molecularplaneM(1)-S(2)-C(4)of(a)
l,,(b)2,,and(C)3,calculatedatthe
B3LYP几ANL2DZ+Plevel･

mentat400,100,and149MHz,reSPeCtively･CDC13

WaSemPloyedasasoIventwithtetramethylsilaneasinternalstandardforlHNMR･CDC13WaS

usedasaninternalstandardfbr13cNMR.Me4Snwasused asanexternalstandardfor119sn

NMR･ElementalanalyseswereperformedbytheElementalAnalysisCenterofKyotoUniver-

Slty･AllsoIventsweredriedanddistilledprlOrtOuSe.Ph3GeCl,Ph3SnCl,andPh3PbClareof

COmmerCialgradewereobtainedfromAldrich.

S･Triphenylgermanium4･methylbenzenecarbothioate(1).TbasolutionofPh3GeCl

(0･340g,1･00mmol)inether(15mL),POtaSSium4-methylthiobenzoate(0.191g,1.00mmol)

WaSaddedandthemixturewasstirredat200Cforlh.AfteradditionofCH2C12(100mL),the

mixturewaswashedwithwater(3x90mL),fbllowedbydryingoverMgSO4.ThesoIvents

WereremOVedunderreducedpressure(300C/2.7kPa).TheresultingresiduewasdissoIvedinto
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amixedsoIventofCH2C12(4mL)andhexane(3mL)andallowedtostandinarefrigerator(-20

0C)for24htogivelcascolorlesscrystals(0367g,85%);mP110-1120C;IR(K丑r)1651

(C=0)cm~1;1HNMR(400MHz,CDC13)82.24(S,3H,CH3),7.06(d,J=8.1Hz,2H),7.25-

7･30(m,9H),7･57-7･60(m,6H),7.84(d,J=8.1Hz,2H);13cNMR(100MHz,CDC13)821.6

(CH3),128･5,128･6,129･0,129.8,134.8,134.9,135.7,144.2,19l.7(C=0);Anal.Calcdfbr

C26H22GeOS:C,68.62;H,4.87.Found:C,68.59;H,4.87.

S･Triphenyltin4･methylbenzenecarbothioate(2)･Colorlesscrystals(83%):mP234-

2350C;IR(KBr)1621(C=0)cm-1;1HNMR(400MHz,CDC13)82.37(S,3H,CH3),7.11(d,

J=7･9Hz,2H),7･35-7･37(m,9H),7･64-7･73(m,6H),7.95(d,J=7.9Hz,2H);13cNMR(100

MHz,CDC13)821･6(CH3),128･8,129･0,129.1,130.0,135.1,136.8,138.1,144.3,196.0(C=0);

119snNMR(149MHz,CDC13)8-97･7(1Jc-Sn=594Hz);Anal.CalcdfbrC26H220SSn:C,

62.31;H,4.42.Found:C,62.21;H,4.39.

S･Triphenyllead4･methylbenzenecarbothioate(3).Colorlesscrystals(91%):mplO6-

1070C;IR(KBr)1618(C=0)cm-1;1HNMR(400MHz,CDC13)82.30(S,3H,CH3),7.12(d,

J=7･9Hz,2H),7･31(t,J=7･5Hz,3H),7.44(t,J=7.5Hz,6H),7.76(d,J=7.5Hz,6H),7.99

(d,J=7.9Hz,2H);13cNMR(100MHz,CDC13)821.5(CH3),128.8,129.0,129.3,130.0,

136･0,137･0,143･6,154･0(1Jc_Pb=545Hz),196.4(C=0);Anal.CalcdfbrC26H220PbS:C,

52.96;H,3.76.Found:C,53.00;H,3.80.

X･RayStructuralAnalysis･ThemeasurementswerecarriedoutonaRigakuAFC7R

fbur-Circlediffractometerwithgraphite-mOnOChromatedMoKαradiation(入=0.71069Å).A
RigakuXR-TCS-2-050temperaturecontrollerwasusedfbrlowtemperaturemeasurement･All

OfthestruCtureSWereSOIvedandrenneduslngtheteXsan㊥crystallo-graPhicsoftwarepackage

OnanIRISIndigocomputer･Thecrystalswerecutfromthegrowncrystals･Thecrystalswere

mountedonaglass丘ber･Thecelldimensionsweredeteminedfromaleast-SquareSre丘nement

Ofthesettlngdiffractometeranglesfor25automaticallycenteredreflections･Threestandard

reflectionsweremeasuredevery150reflectionsandshowednoslgni丘cantintensltyVariations

duringthedatacollection･Lorentzandpolarizationcorrectionswereappliedtothedata,and

empiricalabsorptioncorrections[DIFABS(2)andYscans(land3)]werealsoapplied.The

StruCtureSWereSOIvedbydirectmethodsuslngSHELXS86andexpandeduslngDIRDIF94･

ScatterlngfactorsfbrneutralatomswerefromCromerandWaber,andanomalousdispersion

WaSuSed･Thefunctionminimizedwas∑w(lF｡bsl-1F｡alc[)2,andtheweightingschemeem-

Ployedwasw=[02(Fb)+p2(F｡)2/4]-1.Afu11-matrixleast-SquareSrennementWaSeXeCuted

Withnon-hydrogenatomsbeinganisotropIC･The丘nalleastsquarecycleincludednxedhydro-

genatomsatcalculatedpositionsofwhicheachisotropICthermalparameterwassettol･2times

OfthatoftheconnectlngatOm･Positionalparameters,anisotropicdisplacementparametersand

bondlengthsandanglesofl,2,and3aresummarizedinThblesSltoS12.

Preparationofsinglecrystals･S-Triphenylgermanium4-methylbenzenecarbothioatel

(0･100g)wassingle-CryStallizedfromdichloromethane(0.6mL),ether(0.2mL)andhexane

(0･8mL)at250Cfbrlday･S-Triphenyltin4-methylbenzenecatbothioate2(0.071g)wassingle-

CryStallizedfromdichloromethane(0.5mL),ether(0.2mL)andhexane(0.5mL)at250Cfbrl

day･S-Triphenyltlead4-methylbenzenecarbothioate3(0.166g)wassingle-CryStallizedfrom

dichloromethane(1･2mL)andhexane(2･OmL)at250Cfbrlday.
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Crystaldataforlat193K:C26H22GeOS,M=455.11,triclinic,SpaCegrOupP-)(#2),

d=9･372(5)Å,占=16.024(2)Å,C=7.873(2)Å,α=91.27(2)0,β=112.32(3)○,γ=94.08(3)0,Ⅴ

=1089.4(7)Å3,Z=2,D｡=1.387gcm-3,P(Mo-Kq)=15.15cm-1,5327reflectionsmeasured,
5016unique(RinE=0.029),3746reflectionsobserved[I>2c,(I)],R=0.034,Rw=0.038.

Crystaldatafor2at296K:C26H220SSn,M=501.21,triclinic,SpaCegrOuPP-)(#2),

8=9･6152(4)Å,あ=16.3582(6)Å,C=7.7772(4)Å,α=92.171(4)0,β=110.186(3)0,γ=
92･483(3)0,V=1145.22(9)Å3,Z=2,Dc=1.453gcm-3,P(Mo-Ka)=12.20cm-l,5562renec-

tionsmeasured,5247unique(Rinl=0.012),4520reflectionsobserved[Ⅰ>2G(D】,R=0.031,Rw

=0.037.

Crystaldatafor3at193K:C26H220PbS,M=589.72,triclinic,SPaCegrOupPTl(#2),

α=9･6581(9)Å,ム=16･102(1)Å,C=7.7097(5)Å,α=92.521(7)○,β=109.511(6)0,γ=
91･951(8)O,V=1127.5(2)Å3,Z=2,Dc=1.737gcm-3,IL(Mo-Ka)=76.01cm-1,5469reflec-

t10nSmeaSured,5157unique(Rin(=0.013),4319renectionsobserved【I>20(D],R=0.034,Rw

=0.035.

CalculationMethod･Gaussian98wasusedassourceprogramforabinitioMOcalcu-

1ationsandNBOdeletionanaIysis･GeometriesofmodelcompoundsCH3COSM(CH3)3(1▼;M

=Ge,2';M=Sn,3';M=Pb)wereoptimizedattheB3LYP/LANL2DZ+P.Thed-pOlarization
functionforECPbasissetofallatomsexceptforHaretakenfromHuzinaga,S･;Andzelm,J･;

Fnobukowski,M･;Raszio-Andzelm,Y;Sakai,Y.;nteWaki,H.GaussianbasissetsPrmo!ecu;ar

CalcuLafions;EIsevier‥Amsterdam,1984･NBOanalyseswereperfbrmedontheoptlmizedcon-

formationsuslngthesamebasissets.Calculatedcoordinatesfc.rallconformersarelisted.



Z-matrix orientation for CH3COSGe(CH3)31･
Ge

S

O

C

C

C

C

C

H

H

H

H

H

H

H

H

H

H

H

H

Sn

S

O

C

C

C

C

C

H

H

H

H

H

H

H

H

H

H

H

H

1.032045

-0.931741

-1.829069

-2.140404

-3.585058

1.120120

2.397030

1.119657

-4.255972

-3.774490

-3.774873

2.080105

1.032771

0.307275

2.305340

2.305662

3.402573

1.032022

2.079643

0.306830

0.885674

-1.229262

-1.900692

-2.323698

-3.807665
0.983475

2.363106

0.983431

ニ4.391985

-4.056256

-4.056265
1.970060

0.818795

0.213325

2.262274

2.262315

3.373860

0.819045

1.969905

0.213076

-0.046979
1.175027

-1.357552

-0.180892
0.300509

-1.130613

1.374814

-1.131818

-0.565345
0.922347

0.920871

-1.664577

-0.497123

-1.865419
2.010316

2.010881

0.930776

-0.498993

-1.665788

-1.866650

-0.000117

-0.000264
0.000702

0.000347

0.000322

1.636112

-0.000826

-1.635570
0.001162

0.885299

-0.885614
1.682857

2.527873

1.641599

-0.891123

0.889100

-0.000867

-2.527774

-1.682206

-1.640268

Z-matrix
orientation for CH3COSSn(CH3)32･

ー0.047421
1.278355

-1.306755

-0.160819

0.175587

-1.207687
1.511970

-1.206967

-0.750873
0.775614

0.776283

-1.681743

-0.571342

-1.986359
2.146755

2.146404

1.081090

-0.570217

-1.681244

-1.985448

-0.000024
0.000255

-0.000215
0.000007

0.000117

1.794144

0.000261

-1.794661

-0.000219
0.885457

-0.884764

1.889019

2.672530

1.770654

-0.889400
0.890178

0.000152

-2.672810

-1.889590

-1.771599

Z-matrix orientation for CH3COSPb(CH3)33･
Pb

S

O

C

C

C

C

C

H

H

H

H

H

H

H

H

H

H

H

H

ー0.718624
1.469393

2.134024

2.553264

4.039751

-0.760835

-2.214315

-0.761646
4.621490

4.290772

4.290260

0.068128

-1.715429

-0.646176

-2.090507

-2.090141

-3.224715

-0.646970

-1.716430
0.067109
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-0.042995 -0.000106
1.300978 0.000421

-1.290333 0.000662

-0.141920 0.000564

0.191264

-1.220360
1.578701

-1.220655

-0.736980
0.786975

0.794439

-1.934118

-1.756089

-0.553103
2.201841

2.201986

1.149794

-0.553574

-1.756091

-1.934655

0.000123

-1.852118

-0.000295
1.851692

0.003974

-0.887385
0.882672

-1.822143

-1.929905

-2.713719

0.893155

-0.893593

-0.000536

2.713428

1.929170

1.821784
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Chapter2

SynthesisandStruCtureOfGroup14ElementDerivativesof

Carbotelluroates

2.1.Introduction

OrganometalliccompoundswithbondsbetweentheheavierGroup14elements,SuChas

Ge,Sn,andPb,andtelluriumhaveattractedconsiderableinterestduetotheirpotentialasslngle-

SOurCepreCurSOrSinelectronic-relatedapplications･1,2severalorganometalliccompoundscon-

tainingGe-Tb,3,4sn-Tb,2,4-9andPb-Tbbond(S)4,7-9havebeenreported,andinallcasesalkyl

ahdarylgroupsareattachedtothetelluriumatom･Incontrast,nOderivativesbearlngaCyl

groupshavebeensynthesized･Thisisinpartbecauseofthelowerstabilityoforganotellurium

COmPOunds･ForexamPle,blacktelluriumreadilydepositsfrom7を-alkylandarylcarbotelluroates

RCOTbRTunlesstheyarehandledunderanatmosphereofinertgas･Moreover,theapproprlate

StartlngmaterialsthatleadtoGroup14elementderivativesofcarbotelluroateshavenotbeen

developed･10Recently,WeSuCCeSSfu11ysynthesizedandcharacterizedsoIvent-andmetalha-

1ide-freesodiumcarbotelluroates･11wealsoobtainedGroup14elementderivativesof

Carboselenoateasstablecompounds･12wtreportherethe丘rstsynthesisandthemolecularand

electronicstruCtureSOfGroup14elementderivativesofcarbotelluroates.Inaddition,WeCOm-

Paredtheirpropertieswiththoseofcarbothio-andcarboselenoates.

2.2.ResultsandDiscussion

Synthesis.Group14elementderivativesofcarbotelluroatesRCOTbMPh3(M=Ge,Sn,

Pb)wereobtainedbyreactingsodiumcarbotelluroatesIwithPh3MCl(eql,Thblel).

R八e-Na.･Ph3MC･1

00C,1-3h

Et20 R且TeMPh3(1)
2:M=Ge

3:M=Sn

4:M=Pb

Forexample,tOadegassedEt20suspensionofthesodiumsaltsIwasaddedPh3GeCl(0.94-

1･(氾equiv)atOOC･Themixturechangedfromyellowtopaleyellowtogetherwiththeprecipi-

tationofasmallamountofblacktellurium･Afterstimngatthesametemperaturetbrl-3h,the

resultinginsolubleparts(blacktelluriumandNaCl)were丘1teredinvacuo.Thesolutionwas

COnCentratedtoone-half,and丘1trationoftheresultingprecIPltateSgaVethecorresponding乃-

germylcarbotelluroates2aspaleyellowmicro丘necrystalsinisolatedyieldsof15-62%.Under

Similarconditions,thereactionoflwithPh3SnClandPh3PbClgavethecorrespondingTb-
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Stanny13andTb-Plumbylcarbotelluroates4ascolorlessorpaleyellowmicro丘necrystalsin

isolatedyieldsof25-55%and39-61%,reSPeCtively･Compounds2-4aremorestablethan7を-

alkylcarbotelluroates.Noliberationofblacktelluriumwasobservedevenwhen2-Awere

exposedtotheairforatleastlday･Ontheotherhand,Whencompounds2｣weredissoIvedin

asoIventsuchasCH2C120rCHC13,blacktelluriumwasliberatedevenat-200C,1eadingtoa

COmPlexmixturecontaining(Ph3M)2Tb(M=Ge,7sn,8pb8)within6h.Thisinstabilityof2-A

insolutionisinmarkedcontrasttothestabilityofGroup14elementderivativesof

cafboselenoates.12

SpectroscopicdatafbrGroup

14 element derivatives of

Carbotelluroates2-4are shownin

Thble2.ThevC=ObandsinGede-

rivatives2arenear1ythesameasthose

Ofthe corresponding Tb-methyl

Carbotelluroates(RCOTeMe)5,11

WhereasthoseinSnandPbderivatives

3,4showwavenumbersthatarelower

bylOAOcm-l･In13cNMRspectra,

theslgnalsduetothecarbonylcarbon

atomwereobservedathighernelds

(by5ppm)comparedtothoseof乃-

methylcarbotelluroates(RCOTbMe)

5･TheTbslgnalsinthe125TbNMR

SPeCtraOfcarbotelluroates2-4areat

higher丘elds(by200ppm)thanthose

OfIb-methylcarbotelluroates

(RCOTbMe)5andatlower丘eldsthan

thoseofPh3MTbPhand(Ph3M)2Tb.13

ThecouplingconstantSbetweentheSn

OrPbandl七atomsare500Hzand

700Hz,Whicharesmallerthanthose

fortheM(IV)-Tesinglebondsin

Ph3MTbPhand(Ph3M)2Tb(M=Sn:

Ca.3200Hz;M=Pb:Ca.4000Hz).7,8

TheseresultsimplythattheSn-Tband

Pb-Tbbondsin3and4areweaker

than thosein Ph3MTePh and

(Ph3M)2r托.

Tablel.SynthesisofGroup14ElementDerivativesof

CarbotellⅦrOateS2-l

R M No. %yielda

1-Adamantyl Ge 2a 15

4-CH3C6H4 Ge

4-CIC6H4 Ge

l-Adamantyl Sn

4-CH3C6H4 Sn

4-CIC6H4 Sn

l-Adamantyl Pb

4-CH3C6H4 Pb

4-CIC6H4 Pb

aIsolatedyields･

2b 62

2c 39

3a 25

3b 41

3(: 55

4a 39

4b 61

4(: 40

Table2･SpectroscopicI)atabrGroup14EIementDerivativesof

CarbotelIuroates2-l

IR【cm~1】 13cNMRb 125TeNMRb

vc=0〟 6C=0 6

ね
劫
加
云
〓
㍗
丸
和
袖
山

■1

/b

O

つJ

4

2

2

5
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0

7
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0ノ

5

5

0ノ

5

5
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`U

`U

′b

′0

/b

′0

1

1

1

1

1

1

1

1

1

207.4

190.0

189.4

207.4

189.8

189.2

207.1

189.8

189.3

7

2

4

5

2

(XU

2

4

′b

′b

O

O

4

00

4

00

Qノ

0

7

5

7

0

00

0

つJ

O

2

2

つ
J
■

▲つJ

2

2

つJ

つJ

4

4

aAsKBrdisc･blnCDC13･

Table3･SpectroscopicDatafbr4,CH3C6H4COEMPh3

No. EIR【cm-1】

13cNMRb

vC=0α 8C=0

Ge

Sn

Pb

b

′
h
〉
▲
7
一

b

7

1J

b

父U

4

S
r
融
T
e
S
C
肘
T
e
S
C
扉
T
e

5
1
5
4
7
6
2
1
叫
5
4
1
8
4
1
5
5

′b

′b

`U

′b

`U

/b

′b

′0

`U

l

l

l

l

一l▲

l

l

l

l

19l.7

192.2

190.O

196.0

194.9

189.8

196.4

195.4

189.8

aAsKBrdisc･bInCDC13･Cref.14.dref.12c.eref.12a.fref.12b.
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SomeoftheIRand13cNMRspectroscopicdataofGroup14elementderivativesof

CarbochalcogenoatesareglVeninTbble3･TheC=OstretchingabsorptlOnShiftedtoahigher

frequencyupongolngfromStoSeandTb･Theslgnalsduetothecafbonylcafbonatomsinthe

13cNMRspectraalsoshiftedtohigherneldsinthesameorder,eXCePtfbrGederivatives･

TheseresultssuggestthattheC=ObondsinTbderivativesmaybestrongerthanthoseinSand

Sederivatives･Thistendencymaydependonthedegreeofintramolecularcoordinationofthe

OXygenatOmWiththeGroup14elements.

X･rayCryStallography･SuitablecrystalsforX-rayanalysISWereObtainedbythere-

CryStallizationof2b,3b,and4bfrommixedsoIventsofEt20/CH2C12仙exane,Et20nleXane,

andEt20/AcOEtmexaneat-200C,reSpeCtively･Althoughthecrystalsofthesecompoundsare

notisomorphous,theirfbrmsarequlteSimilarandresemblethatofthecorrespondingsulfur

homologue4-CH3C6H4COSPbPh3･14ThestruCtureOf4bisshowninFigurel,andsomeim-

POrtantStruCturaldataarelistedinThble4･Thisisthe丘rstX-raymOlecularstruCtureanalysISOf

COmPOundsbearingaPb(IV)-Tbbond･15ThelengthsoftheC(11)-0(11)andC(11)-Tb(11)

bondsinRCOTbMPh3(M=Ge,Sn,Pb)arecomparabletothosein7を-methylcad)Otelluroate,11

diacyltelluride,16acarbotelluroatoplatinumcomplex16banddiacylditelluride,16cindicatlng

theexistenceofC=OdoubleandC-Tbslnglebonds,reSPeCtively･Theaveragesumsofthebond

anglesaroundGroup14elementsareal13280,Whichissimilartotheidealtetrahedralvalue.

TheGt(1)-Tb(11)andSn(l)-Tb(11)bonddistancesarealsoclosetothoseofcyclicandnon-

CyCliccompoundswithGe-Tb3and

Sn-Tesinglebonds.5 ThePb(1)-

Tb(11)bonddistance[2.815(1)Å]is

ingoodagreementwiththesumofthe

te11uriumcovalentradius(1.32Å)17

andthePb(IV)metallicradius(1.50

Å),18whichsuggestsasinglebondbe-

tweenPb(IV)andTb.

In2b,3b,and4b,theM…0(M

=Ge,Sn,Pb)distanCeSareShorterthan

thesumofthevanderⅥねalsradiiof

bothatoms,17whichsuggeststhat

nonbondinglntram01ecularinteraction

ispresentbetweenthenonbondingor-

bitalonthecatbonyloxygenatom(no)

and the G*MC310rbital[∠

0(11)…M(1トC(31)=1600]and/orthe

G*MTbOrbital,Similartothecorre-

spondingcarbothioatederivatives･14

Figurel･TheORTEPdrawlngOf4b･Hydrogenatomshave

beenomittedfbrpurposeofclarlty･

Table4.X･rayDataofGroup14ElementDerivatives

2b,3b,and4b

2b 3b 4b

M(1)…0(11) 3.332(2)

M(1トTe(11) 2.5742(3)

Te(11)-C(11) 2.181(3)

0(11トC(11) 1.204(3)

M(1)-C(21) 1.944(2)

M(1)-C(31) 1.951(3)

M(lトC(41) 1.945(3)

M(1トTe(11)-C(11) 93.76(7)

0(11)…M(1トC(31) 158.28(8)

14

3.093(6) 3,159(9)

2.745(1) 2.815(l)

2.189(9) 2.18(1)

1.19(1) l.22(l)

2.147(9) 2.22(1)

2.131(8) 2.20(1)

2.140(8) 2.24(1)

86.5(2) 87.5(3)

16(i.5(3) 166.5(4)



Interestlngly,eVenthoughtheatomicradiusofSnisgreaterthanthatofGe,theC=0･･･Sndis-

tancein3bisshorterthantheC=0…Gedistancein2bbyaboutO.1Å.

Forcomparison,anX-rayStruCturalanalysISOftheseleniumhomologues,i･e･,4-

CH3C6H4COSeMPh3(6:M=Ge;7:M=Sn;8:M=Pb),WaSCarriedout.AnORTEPdrawing

Of8isshowninFigure2.Selected Table5･X-rayDataof4･CH3C6H4COSeMPh3(M=Ge,Sn,Pb)

bonddistancesandanglesarelisted

inThble5.Themolecularfbrmsare

COmParable to those of the

Carbotelluroate derivatives and

Carbothioatederivatives.14TheC-0,

C-Se,andSe-M(M=Ge,Sn,Pb)

bondlengthsofthecarboselenoate

derivativesshowC=OdoubleandC-

SeandSe-Msinglebonds,reSPeC-

tively･18,19Asexpected,thedistances

betweenthecarbonyloxygenandthe

CentralGroup14elementsareslgni丘-

Cantlyshorterthanthesumofthevan

derWaalsradiiofbothatoms,17and

theC=0…Sndistancein7isaboutO.1

AshorterthantheC=0…Gedistance

in 6,Similar to the case of

Carbotelluroates2band3b.

` 7 8

M(l)…0(11) 3.131(2)

M(1)-Se(11) 2.3760(4)

Se(11トC(11) 1.953(3)

0(11トC(11) l.210(3)

M(1トC(21) 1.944(3)

M(1トC(31) l.944(3)

M(1)-C(41) l.942(2)

M(l)-Se(11トC(11) 96.33(8)

0(11)‥･M(1トC(31) 157.04(8)

3.068(4) 3.130(4)

2.5515(7) 2.63(i5(5)

1.934(5) 1.941(4)

1.199(6) 1.205(6)

2.121(5) 2.198(4)

2.145(5) 2.2(汐(4)

2.128(5) 2.202(4)

92.4(2) 92.6(1)

156.5(2) 154.5(l)

Figure2･TheORTEPdrawlngOf8･Hydrogenatomshavebeen

Omittedforpurposeofclarlty.

Calculation･TbexplaintheunusualshortenlngOftheC=0…Sndistance,Whichisprob-

ablycausedbynonbondinglntramOlecularinteraction,abinitioMOcalculationsattheB3LYP/

LANL2DZ+Pleve120wereperhrmedwiththeGaussian98program210nthemodelcompounds

trimethylgermyl,Stannyl,andplumbylethanechalcogenoate,CH3COEM(CH3)3(E=Se:M=

Ge9,SnlO,Pbll;E=Tb:M=Ge12,Sn13,Pb14)･Selectedbonddistancesandanglesare

listedinThble6･TheM･･･OdistancesintheoptlmizedstruCtureS丘)rCatboseleno-andtelluroates

WereSimilartothoseobtainedbyX-rayanalysIS,i･e･,theGe･･･Odistancesarelongerthanthose

WithSnandPb.

Tbobtainfurtherinformationregardingtheelectronicstructures,NBO(naturalbond

Orbital)analyseswerecarriedout･21Theresultsregardingorbitalenergiesandthemagnitudeof

thecontributionofatomicorbitalstoG*MEandG*MC7arelistedinThble7andthestabilization

energiesarelistedinThble8･TheorbitalenergyofG*GeE(E=Se,Tb)ishigherthanthatof

G*ME(M=Sn,Pb;E=Se,Tb).TheG*GeCandG*GeEOrbitalsextendtothecarbonand

ChalcogenatomsmoredeeplythanthoseinthecorrespondingSnandPbderivatives.These

tendencieswerealsoobservedforcarbothioatederivatives･However,theseorbitalenergleSand
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atomic orbitalcontributions arenot

directlyrelatedtotheunusualshort-

enlngOftheC=0…Sndistances.In

fact,NBOanalysissuggestedthattwo

typesofnonbondingorbitalinterac-

tions(no→G*MEandno→G*MC7)

COntributetotheshortenlng,aSShown

inTbble8.Incarboselenoates,both

interactionsareequa11ylmPOrtant,

Whereasno→G*MC7Playsadominant

rolein carbotelluroates.Thisisin

Sharp contrast to the case of

Carbothioates,inwhichno→G*MSIS

moreimportant.

2.3.Conclusion

恥havedescribedthesynthe-

SisandmolecularandelectronicstruC-

turesofthefirstGroup14element

derivativesofcarbotelluroates･They

WereSynthesizedasstablecompounds

inlowtogoodyields･X-raymOlecu-

1aranalysISandtheoreticalcalcula-

tionsrevealedanunusualshortenlng

Of the C=0…Sn distances and

nonbondinglntramOlecularinterac-

tionsbetweentheoxygenandSnat-

OmS･NBOanalysISindicatedthatthis

ispredominantlyduetono→G*MC7.

Table6･CalculatedGeometricalParameterfbrCH3COEM(CH3)3

(E=Se,Te;M=Ge,Sn,Pb)atB3LYfyLANL2DZ+PLevel

Ge Sn Pb

CH3COSeM(CH3)3

M(l)･-0(3)

M(1トSe(2)

Se(2トC(4)

0(3)-C(4)

M(1トC(6)

M(1)-C(7)

M(1トC(8)

M(1)-Se(2)-C(4)

CH3COTeM(CH3)3

M(け‥0(3)

M(1)一Te(2)

Te(2)-C(4)

0(3)-C(4)

M(1)-C(6)

M(り-C(7)

M(1)-C(8)

M(1トTe(2)-C(4)
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.
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Table7･OrbitalEnergyandContributionofAtomicOrbital

払rCH3COEM(CH3)3(E=Se,Te;M=Ge,Sn,Pb)atB3LYP/

LANL2DZ+pLe▼el

Ge Sn Pb

CH3COSeM(CH3)3

0rbitalenergy[a.u.] no(1)"

n｡(2)占
¢*MSe

O*MC7

Percentageofo*MSe[%] M

Se

Percentageofo■*MC7[%]M

C7

CH3COTeM(CH3)3

0rbitalenergy[a.u.] no(1)u

no(2)わ

¢*MTe

O*MC7

PercentageofG*MTe[%]M

Te

PercentageofG*MC7[%]M

C7

9

-0.67480

-0.27414

0.10997

0.26792

70.36

29.64

72.49

27.51

12

-0.67(I37

-0.28023

0.08469

0.25843

64.52

35.48

72.23

27.77

10 11

-0.67742 -0.67336

-0.27631 -0.27205

0.07814 0.05593

0.19951 0.14229

74.88 74.96

25.12 25.06

75.70 73.31

24.30 2(i.69

13 14

-0.67909 -0.67650

-0.28221 -0.27957

0.06247 0.04650

0.19099 0.13(i18

69.88 70.05

30.12 29.95

75.52 73.19

24.48 2().8l

aThep-typelonepairofthecarbonyloxygen･bThespO･7hybridizedlone

pairofthecarbonyloxygen.
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Table$.NBOAnalysisofCH3COEM(CH3)3(E=Se,Te;M=

Ge,Sm,Pb)atB3LY肌ANL2DZ+pLevel

AE(kcalmol,1)u

Ge Sn Pb

CH3COSeM(CH3)3

no→♂MSe

no→♂MC(7)

CH3COTeM(CH3)3

, 10 11

l.33 l.23

1.55 l.88 1.98

12 13 14

no→0*MTe

no→♂MC(7) 1.08 1.54 1.71

u

AE=StabilizationenergleSaSSOCiatedwithdelocalization･

2.4.Experimentalsection

ReactionswerecarriedoutunderargonuslngStandardSchlenktechniques･Sodium

carbotelluroatesllwerepreparedasdescribedintheliterature･Ph3GeCl,Ph3SnCl,andPh3PbCI

WereuSedaspurchasedfromAldrichChemicalCo･AllsoIventswerepuri丘edunderargonand

driedasindicated:Et20andhexanewererefluxedwithsodiumbenzophenoneketylanddis-

tilledbefbreuse.CH2C12andAcOEtweredistilledoverdiphosphoruSPentaOXideafterreflux-

ingfor5h.AllsoIventsweredegassedbe丘)reuSe.1H(399.7MHz)and13cNMR(100･4MHz)

wererecordeduslngCDC13aSaSOIventwithMe4SiasaninternalstandardfbrlHNMRand

CDC13fbr13cNMRwithaJEOLJNM-a400spectrometer.Inl19snNMRspectra(126.O

MHz),Me4Snwasusedasanexternalstandard.In125TbNMRspectra(149.OMHz),Me2Tb

WaSuSedasanexternalstandard.IRspectraweremeasuredonaPerkin-ElmerFrIR1640

SPeCtrOPhotometer･ElementalanalyseswereperformedattheElementalAnalysisCenterof

KyotoUniverslty.

X･rayCryStallography.Crystalsampleswerecutfromgrowncrystalsandmountedon

aglass丘ber.Thecrystalswerecoatedwithanepoxyresinbecausetheyweresensitivetoair.

MeasurementswerecarriedoutonaRigakuAFC7Rfbur-CirclediffractometeruslngagraPhite-

monochromatorwithMoKaradiation(入=0.71069Å).Thedatawerecollectedat1930r296
K.Thecelldimensionsweredeterminedfromaleast-SquareSreBnementofthesettlng

diffractometeranglesfbr25automaticallycenteredreflections.Theintensitiesofthreerepre-

Sentativereflectionsweremeasuredafterevery150reflections.ThestruCtureWaSSOIvedbya

directmethoduslngSHELXS8622andexpandeduslngDIRDIF94･23AnemplrlCalabsorpt10n

COrreCtion(Yscan)wasalsoapplied.Neutralatomscatteringfactorsfbrneutralatomswere
fromCromerandWaber,24andanomalousdispersionefftcts25wereused･Thefunctionmini-

mizedwas∑w(F｡2-Fb2)2,andtheweightingschemewasw=1/[02(F｡2)].Afu11-matrixleast-

SquareSre丘nementwasexecutedwithnon-hydrogenatomsbeinganisotropIC.The丘nalleast-

SquareCyCleincludednxedhydrogenatomsatcalculatedpositionsfbrwhicheachisotropIC
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thermalparameterwassettol･2timesthatoftheconnectlngatOmS･Allcalculationswere

perhrmeduslngtheteXsancrystallographicsoftwarepackageofMolecularStruCtureCorpora-

tion･Crystallographicdataof2b,3b,4b,6,7,and8aresummarizedinThble9.

Synthesisof乃一triphenylGroup14elementderivativesofcarbotelluroates

ThesynthesisofIを一triphenylgermy11-adamantanecafbotelluroate2aisdescribedindetailasa

typICalprocedureforcompounds2A.

乃-Triphenylgermyll･adamantanecarbotelluroate(2a)･Ph3GeCl(0･385g,1.13

rrmol)wasaddedtoasuspensionofsodiuml-adamantanecatbotelluroate(0･356g,1.13mmol)

inEt20(10mL)atOOCunderanargonatmosphere･Themiturerapidlychangedfromyellow

topaleyellowtogetherwiththeprecIPltationofasmallamountofblacktellurium･ARerstirring

atthesametemperatureforl･5h,theinsolubleparts(blacktelluriumandNaCl)werenlteredoff

byaglassnlter(G4)invacuo･Hexane(7mL)wasaddedtothe丘1trateandthes｡Iuti｡nWaS

COnCentratedtoca･15mLunderreducedpressure(00C,26･7Pa)･Filtrationoftheresulting

PreCipitatesgaveO･104g(15%)of2aascolorlessmicronnecrystals･mP99-104｡C(dec).

Anal･CalcdfbrC29H300GeTb:C,58･57;H,5･08･Found:C,58･28;H,5･00･IR(KBr,Cm-1):

1701v(C=0)･1HNMR(CDC13):∂1･56(m,6H,Ad),1･68(d,6H,J=2･7Hz,Ad),1.94(S,3

H,Ad),7･17-7･29(m,9H,Ar),7･51-7･54(m,6H,Ar)･13cNMR(CDC13):628.2,36.5,39.2,

56･1,128･3,129･4,135･0,136･2,207･4(C=0)･125TbNMR(CDC13):∂276.7.

7b-Triphenylgermy14-methylbenzenecarbotelluroate(2b)･Paleyellowmicronne

CryStals(62%)･117-1180C(dec)･Anal･CalcdfbrC26H220GeTb:C,56.71;H,4.03.Found:

C,56･69;H,4･02･IR(KBr,Cm-1)‥1676叫C=0)･1HNMR(CDC13)‥∂2･22(S,3H,CH3),7.05

(d,2H,J=8･5Hz,Ar),7･26-7･29(m,9H,Ar),7･54-7･59(m,8H,Ar)･13cNMR(CDC13):∂

21･6(CH3),128･4,129･3,129･6,134･1,135･0,135･8,140･7,144･8,190.0(C=0).125TbNMR

(CDC13):∂350.2.

乃･Triphenylgermy14･Chlorobenzenecarbotellumate(2c)･Paleyellowmicronnecrys-

tals(39%)･mPlO5-1070C(dec)･Anal･CalcdfbrC25H190CIGeTb:C,52.58;H,3.35.F｡und‥

C,52･28;H,3･54･IR(IWr,Cm-1)‥1670tlC=0)･1HNMR(CDC13):∂7･18(d,2H,J=8.8Hz,

Ar),7･25-7･27(m,9H,Ar),7･54-7･57(m,6H,Ar),7･57(d,2H,J=8.8Hz,Ar).13cNMR

(CDC13):∂128･5,128･8,129･4,129･7,134･7,135･5,140･2,141.5,189.4(C=0).125TbNMR

(CDC13):∂370.4.

7b-Triphenylstannyll･adamantanecarbotelluroate(3a)･Colorlessmicronnecrys-

tals(25%)･mP99-1040C(dec)･Anal･Calcdfor･C29H300SnTb:C,54･35;H,4.72.Found:C,

54･47;H,4･84･IR(KBr,CmTl):1693叫C=0)･1HNMR(CDC13)‥∂1･55(m,6H,Ad),1.67(d,

6H,J=2･7Hz,Ad),1･93(S,3H,Ad),7･24-7･29(m,9=,Ar),7･48-7･61(m,6H,Ar).13c

NMR(CDC13):∂28･2,36･4,39･5,56･4,128･6,129･3,136･8,137･9(1J13C_117Sn=494Hz,

1J13Cql19Sn=518Hz),207･4(C=0)･119snNMR(CDC13)‥∂-136･3(1Jl19Sn_13C=518Hz,

1Jl19Sn-125Tb=2793Hz)･125TbNMR(CDC13):∂204･5(1J125Tb,117Sn=2670Hz,1J125Tb_

119Sn=2792Hz).
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TabIe9･CrystallographicData

2b 3b 4b

fbrmula

fw

COlor

CryStalsize(mm)

r(K)

CryStalsystem

SpaCegrOup

(J(A)

み(Å)

c(Å)

α(deg)

β(deg)

γ(deg)

V(Å3)

Dcalcd(gcm-3)

〃(mm-1)

F((氾0)

no･Ofreflnsmeasured/unlque

no･Ofobservations,(J>20(r))
Rl;WR2

goodness-0トnt

finalmax.,min.,(Ap,eÅ~3)

C26H220GeTe

550.65

yellow

O.14×0.23×0.34

193

triclinic

P手

9.376(1)

16.058(3)

8.061(l)

93.糾(2)

110.39(り

92.10(1)

l134.1(3)

2

1.612

2.625

540.00

5527/5210

4326

0.024;0.077

l.00

0.59;-0.36

C26H220SnTe

59¢.75

paleye1low

O.43×0.40×0.29

193

monoclinic

P21/c

13.680(4)

9.625(2)

18.774(2)

110.72(1)

2312.0(9)

4

1.714

2.356

1152.00

5874/5323

35(i5

0.032;0.179

1.88

l.07,-0.97

C26H220PbTe

685.26

paleyellow

O.26×0.14×0.11

193

monoclinic

P21/c

13.703(2)

9.671(1)

18.8(i5(1)

110.972(7)

2334.5(5)

4

1.950

8.478

1280.00

5929/5375

25(il

O.045;0.136

0.98

2.80､-5.78

` 7 8

fbrmula

fw

COlor

CryStalsize(mm)

r(K)

CryStalsystem

SPaCegrOup

α(Å)
あ(Å)

c(Å)

α(deg)

β(deg)

γ(deg)

V(Å3)

Dcalcd(gcm-3)

〃(mm~1)

F((氾0)

no･Ofreflnsmeasured/unique

no･Ofobservations,(J>20(r))
Rl;WR2

goodness-Of一缶t

nnalmax.,min.,(Ap,eÅ~3)

C26H220GeSe

502.21

COlorless

O.23×0.43×0.43

193

triclinic

P T

9.3795(9)

16.058(1)

7.9443(7)

9l.582(7)

111.759(7)

93.821(7)

1107.1(2)

2

1.506

3.041

504.00

5406/5092

3867

0.027;0.085

1.00

0.52;-0.54
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C26H220SeSn C26H220PbSe

550.65 550.65

COlorless yellow

O.23×0.23×0.29 0.23×0.31×0.34

296 193

triclinic triclinic

PT J)丁

9･592(1) 9.618(1)

Ⅰ6･309(2) 16.052(3)

7･8722(6) 7.811(l)

92･497(8) 92.83(2)

109･783(6) 109.32(1)

91･956(10) 91.36(l)

1156･1(2) 1135.6(3)

2 2

l.574 l.862

2.693 9.057

540.00 604.00

5619/5302 5406/5217

3(i92 4449

0.048;0.120 0.025;0.073

1.17 0.96

1.18;-1.30 0.83;-1.16



乃-Triphenylstanny14･methylbenzenecarbotelluroate(3b).Paleyellowmicro丘ne

CryStals(41%).mpl17-1180C(dec).Anal.CalcdforC26H220SnTb:C,52.33;H,3.72.Found:

C,52.41;H,3.79.IR(KBr,Cm-1):1654v(C=0).1HNMR(CDC13):82.14(S,3H,CH3),

6.96-7.26(m,12H,Ar),7.50-7.67(m,6H,Ar).13cNMR(CDC13):∂21.6(CH3),128.5,

128.9,129.4,136.7,137.7(1J13C_117Sn=500Hz,1J13C_119Sn=523Hz),138.0,139.3,140.8,

189.8(C=0).119snNMR(CDC13):8-131.8(1Jl19Sn_13C=523Hz,1Jl19Sn_125Tb=2678Hz).

125TbNMR(CDC13):8288.2(1J125Tb_117Sn=2560Hz,1J1251七_119Sn=2683Hz).

7b-Triphenylstanny14･Chlorobenzenecarbotelluroate(3c).Paleyellowmicronne

CryStals(55%).mplO5-1070C(dec).Anal.CalcdforC25H190CISnTb:C,48.65;H,3.10.

Found:C,48.74;H,3.24.IR(KBr,Cm-1):1652v(C=0).1HNMR(CDC13):∂7.23-7.33(m,

11H,Ar),7.54-7.69(m,8H,Ar).13cNMR(CDC13):∂128.6,128.8,129.6,129.8,137.1,

137.5(1J13C_117Sn=503Hz,1J13C_119Sn=527Hz),140.4,141.6,189.2(C=0).119snNMR

(CDC13):d-127.9(1Jl19Sn_13C=526Hz,lJl19Sn_125Tb=2629Hz).125TbNMR(CDC13):∂

304.8(1J125取_117S｡=2475Hz,1J125恥_119S｡=2570Hz).

7b-Triphenylplumbyll･adamantanecarbotelluroate(4a).Paleyellowmicro丘necrys-

tals(39%).mpllト1140C(dec).Anal.CalcdforC29H300PbTb:C,47.76;H,4.15.Found:C,

47.78;H,4.18.IR(KBr,Cm-1):1692吠C=0).1HNMR(CDC13):∂1.55(m,6H,CH2),1.77

(d,6H,J=2.7Hz,CH2),l.92(S,3H,CH),7.11-7.35(m,9H),7.56q7.58(m,6H).13cNMR

(CDC13):828.3,36.4,39.8,56.5,128.7,129.5,137.l,150.4(J13C_207Pb=419Hz),207.1

(C=0).125TbNMR(CDC13):∂338.2(J125Tヒ_207Pb=3561Hz).

7b-Triphenylplumby14･methylbenzenecarbotelluroate(4b).Paleyellowmicro丘ne

CryStals(61%).mpl11-1120C(dec).Anal.CalcdfbrC26H220PbTb:C,45.57;H,3.24.Found:

C,45.27;H,3.40.IR(KBr,Cm-1):1655v(C=0).1HNMR(CDC13):∂2.3･1(S,3H,CH3),7.14

(d,2H,J=8.2Hz),7.29-7.47(m,9H),7.68(d,2H,J=8.2Hz),7.71-7.74(m,6H).13cNMR

(CDC13):821.7(CH3),128.9,129.0,129.3,129.7,137.2,144.1,144.7,150.7(J13C_207Pb=

431Hz),189.8(C=0).125TbNMR(CDC13):∂409.4(J125Tb.207Pb=3424Hz).

7b-Triphenylplumby14･Chlorobenzenecarbotelluroate(4c).Paleye1lowmicro丘ne

CryStals(40%)･mPlO2-1040C(dec)･Anal･CalcdforC25H19ClOPbTb:C,42･55;H,2.71･

Found:C,42.30;H,2.66.IR(KBr,Cm-1):1654v(C=0).1HNMR(CDC13):∂7.23-7.27(m,5

H),7.29-7.41(m,6H),7.62-7.65(m,8H).13cNMR(CDC13):∂128.8,129.0,129.9,130.0,

137.2,140.2,142.1,150.7(J13C_207Pb=438Hz),189.3(C=0).125TbNMR(CDC13):∂420.6

(J125Tb_207Pb=3339Hz).
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Figure3.TheORTEPdrawlngOf2b.Hydrogenatomshavebeenomittedfbrpurposeofclarity.

Figure4･TheORTEPdrawlngOf3b･HydrogenatomshavebeenomittedR)rpurPOSeOfclarlty･

Figure5･TheORTEPdrawlngOf6･Hydrogenatomshavebeenomittedforpurposeofclarity･

So(11)

Figure6･TheORTEPdrawlngOf7･Hydrogenatomshavebeenomittedfbrpurposeofclarity･
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Chapter3

StructuralanalysIS Ofphenyl-germanium,-tin,andlead

dithiocarboxylates[(RCSS)xMPh4｢∬,M=Ge,Sn,Pb;X=1-3]:

affinitybetweenthiocarbonylsulfurandGroup14elements

3.l.Introduction

IncontrasttoGroup14elementderivativesofdithiocarbamates,dithiocarbonates,and

dithiophosphinates,1ittleisknownaboutthecorrespondingdithiocarboxylatederivatives･1pre-

Viously,WerePOrtedthesynthesisoftriphenyl-tin2bandleadarenecarbodithioates2dand

diphenyltinbis(arenecarbodithioates)･2bThecorrespondinggermaniumderivatives(RCSSGePh3,

(RCSS)2GePh2)havenotyetbeensynthesized･Inaddition,therehasbeennoreportoftheX-

raystructuralanalysISOforgano-Group14elementderivativesofdithiocarboxylates

【(RCSS)xMR14Tr,(R,R.=alkyl,aryl;M=Si,Ge,Sn,Pb;X=1A)],PerhapsduetothedifBculty

Ofpuri丘cationandofobtainlngSlnglecrystals･TheAuthorreportherethe丘rstX-rayStruCtural

analysesofaseriesofphenyl-Group14elementderivativesofdithiocarboxylatestogetherwith

thesynthesisofphenyl-germaniumdithiocarboxylates,Phenyltintris(dithiocarboxylates),and

diphenylleadbis(dithiocarboxylates).

3.2.Resultsanddiscussion

Synthesis･ThestoichiometricreactionsofpiperidiniumdithiocarboxylateswithPh3GeCl,

Ph2GeC12,PhSnC13,andPh2PbC12prOCeededreadilyatroomtemperatureandledtothequan-

titativeformationoftheexpectedtriphenylgermaniumdithiocarboxylatesl,diphenylgermanium

bis(dithiocarboxylates)2,phenyltin tris(dithiocarboxylates)5,anddiphenyllead

bis(dithiocarboxylates)7(Schemel)･Thesedithiocarboxylatederivativesarelesscrystalliz-

bis(dithiocarboxylates)7(Schemel).Schemel･

ablethanthecorrespondingthio-Carboxy-
S
ll

R八s-H疋)

Ph恒MCIx

1atederivatives･Afterseveralattempts,

WeSuCCeSSfu11ycrysta11izedl,2,5,and

7,eXCePtfortriphenylgermanium2-methylbezene-

Cafbodithioate(1c)andphenyltintris(dithioacetate)(5a).

Wealsoattemptedthe synthesis andisolationof

Phenylgermanium tris(dithiocarboxylates)

((RCSS)3GePh)andGroup14elementderivativesof

tetrakis(dithiocarboxylates)((RCSS)4M,M=Ge,Sn),

butfailed･Forexample,thereactionofSnC14With4M
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amountsofsodiumorplperidinium4-methylbenzenecarbodithioateaffordednotthedesired

PrOduct8,but ratherdichlorotin bis(4Tmethylbenzenecarbodithioate)and bis(4-

methylthiobenzoyl)disulfide.3

MoIecularstrmctnre5.

MonodithiocarboxylatesGrt)up14elementsderivativesl,3,and6.Selectedbond

lengthsandanglesinld,3d,and6darecollectedinThblel.Allmolecularformsaresimi1arto

theORTEPdrawingoftheSnderivatives3dasisshowninFigurel･Thecrystaldataarelisted

inThble2･TheCllLS11bondlengths(Ca,1.64Å)areclosetothesumoftheird｡ubleb｡nd

COValentbondradii,4andallCllLS12bondlengths[1･71(1)Ll･746(3)Å】areroughlyinterme-

diatebetweentheirslngleanddoublebondcovalentbondradii･4AllMl-S12bondlengthsare

alsoshowninM-Ssinglebonds,reSpeCtively･4Inaddition,theyarecomparabletothedis-

tancesobtainedingermanium-dithiocarbonates,5tin-dithiocarbamatesanddithioc訂bonates,6･7

andlead-dithiocarbamates8anddithiophosphates･9110TheMl-SlldistanCeSarelongerthan

thesumoftheircovalentbondradii,4butsigni丘cantlylessthanthesumofvanderWaalsradii

Ofbothatoms,11thusintramolecularinteractionshouldbeconsidered.Onthebasisofsuch

interaction,theS12-Ml-C31anglesslgnificantlydeviatefromtheidealtetrahedralangle.

However･0theranglesaroundthecentralGroup14elementsarerelativelycomparabletotetra-

hedralangle･Therefore･mOnOdithiocarboxylatederivativesshowadistor【edtetrahedron.

Bis(di仙iocarboxylates)group14ele･

mentderiYatives(4)･Diphenyltinbis(4- Tablel･SelectedbondLeng(hs(Å)andangles(0)｡f

methylbenzenecarbodithioate)(4d)crystallizedas

fourindependentmolecules.TheORTEPdrawL

lngandselectedbondlengthsandanglesare

Shownin Figure2andTable3.The two

dithiocarboxylgroupsandthetinatomexistin

thesameplane･ThefourCrSbondlengthsof

thetwodithiocarboxylategroupsarenearlysame

＼･1ゝ

′ し

~~｢_J㌦,

.吏.′､＼て･誌尭

Sllい

･†ir-⊥＼一一.･′･･
s12

Figurel･TheORTEPdrawingof4-CH3C6=4CSSSnPh3

(3d)･Hydrogenatomshavebeenomittedforclarity.
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4-CH3C6H4CSSMPh3

Ge(1d) Sn(3d)Pb(占d)

鮎乃dJg〃gl力∫

Ml-S=

MトS】2

ClトSll

ClトS12

Mト{'21

MトC3t

MトC41

鮎/dd〝gJg∫

Sll-Ml-S12

Sll-Cll-S】2

M】-S】l-CII

Ml-S】2｣ニ‖

S12-Ml｣:21

S12-Ml-C引

S12-Ml-C41

C2トMトC:11

C2トMl-C4t

C:lトMl-C41

j.371(り

2.2526(8)

1,637(3)

1.74(i(3)

】.942(3)

1.948(3)

1.934(3)

3.207(2)〕.362(5)

2.44(I(l)2.535(4)

1.645(5) t.64(2)

1.737(5)1,71(り

2,137(5) 2,19(2)

2.14(I(4) 2.19(1)

2.124(5) 2.16(2)

59.71(3) 60.92(4) 57.鋸1)

122･2(2)120.8(3)122(1)

70▲03(10) 76.5(2) 75.6(6)

105･9(1)1(犯.4(2)102.6(6)

115･Ⅰ9(9)1】9.9(l)116.2(5)

9(,･75(8) 94.4(l) 93▼9(4)

t10･75(9)】09.2(1)107.即4)

10臥0(り 】14.5(り110.1(り

104,7(2)】Ⅰ7.3(2)107.9(2)

10()･1(6)119.3(6)110.5(5)



TabIe2.Crystaldatafbrld,3d,4d,5c,and6d

Empiricalfbrmula

Formulaweight
Crystalsystem

Unit-Celldimentions

Å
Å
Å

(

(

(

d
-
h
レ

C

､リ

､リ

ヽノ

)α(

β(0)

γ(0)
V(Å3)

Spacegroup

Zvalue

β｡al｡(gcmう
Crystalsize(mm)

〃(Mo-Kd(Cm-1)
Temp(OC)

2qn㌫(deg.)
No.ofmeasuredre8ections

No.ofuniquereflections

尺int

No.ofobservations[I>30(I)]
No.ofvariables

Reflection/parameterratio

Residuals:凡8尺wム

クValueム

Max.andmin.ofresidual

electrondensity(eÅL3)
Goodnessof丘Iindicator

C26H22GeS2(1d)
471.17

Triclinic

ll.224(3)

12.508(3)

9.767(3)

90.23(3)

114.70(2)

69.33(2)

1148.7(6)

再(#2)
2

C26H22S2Sn(3d)

517.27

Triclinic

ll.327(2)

12.306(2)

9.835(1)

91.21(2)
112.56(1)

109.14(1)

1178.9(4)
再(#2)

2

1.362 1,457

0.40xO.25xO.20 0.10xO.10xO.45

15.24 12.70

23.0 23.0

55.0 55,0

4550 5690

4277 5414

0.013 0.024

3380 357(i

2(i2 2()2

12.90 13.65

0.032,0.034 0.038,0.039

0.0150 0.0200

0.33,-0.25 0.51,-0.73

1.55 1.42

C28H24S4Sn(4d) C30H26S6Sn(5c) C26H22PbS2(6d)
607.43 697.59 605.78

Monoclinic Monoclinic Triclinic

9.126(6)

49.908(8)

23.955(7)

95.60(5)

10858(6)

乃1/c(#14)
16

1.486

0.51xO.46xO.14

104.74C

23.0

119.8

34.703(2)

10.112(2)

25.484(2)

137.036(2)

6095.0(9)

C2/c(#15)

8

1.520

11.405(3)

12.434(3)
9.807(2)

91.44(3)

112.37(1)

110.20(2)

1187.2(6)

再(#2)

2

1.694

0.29xO.23xO.17 0.23xO.14xO.09

12.68

23.0

55.0

17434 7102

16274 (i988

0.106 0.019

5880 4503

1179 335

4.99 13.44

0.(施7､0.093 0.039,0.040

0.0700 0.0150

73.03

23.0

55.0

5723

5450

0.080

1816

262

6.93

0.040,0.042

0.0350

0.59,-0.93 0.54,-0.62 0.63,-0.90

1.90 1.65 1.07

aR=L(lFol-1Fcl)′∑1Fol･bRw=【∑w(1Fd-1Fcl)2/∑wIFo12]1/2,W=[cF2(Fo)サ2(Fo)2/4rl.cFL(Cu-Kα)(Cm-1).

Values,andareroughlymidwaybetweentheirslngleanddoublebondcovalentbondradii.4The

Sn-Sbondlengths[av.2.483(7)Å】areslightlylongerthanthesumoftheircovalentbond

radii,4whichtheyarecomparabletothedistancesobservedindimethyltinbis(dithiocafbamateS).12

0ntheotherhand,theotherSn-Sdistances[av.3.056(7)Å】arelongerthanthesumoftheir

COValentbondradii,Whichareca･0･7ÅshorterthanthesヮmoftheirvanderWaalsradiilland

ca.0.15Åshorterthanthoseofmonoderivative3d[3.207(2)Å].ThelongerSn-Sdistancesare

farapart【Sll-Sn-S21=152.1(3)○],Whilethe

ShorterSn-Sdistancesareclosetogether[S12-

Sn-S22=84･2(3)○】･TheS-Sn-C如obondangles

[106.6(7)-110.4(7)○]areclosetothetetrahedral

angle,WhiletheC如0-Sn-Cipsobondangles

Figure2.TheORTEPdrawlngOfonemoleculeof

(4-CH3C6H4CSS)2SnPh2(4d).Hydrogenatoms

havebeenomittedfbrclarlty.
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Table3･Selectedbondlengths(A)andangles(0)of
diphenyltinbis(4-methylbenzenecarbodithioate)(4d)

β(川(=(ノJ曙Jh

SロトSl1 3.006(7)

S111-S12 2.482(7)

C11-Sl1 1.69(3)

ClトS12 1.69(3)

S山一C31 2.07(2)

β0〝dd乃gJg∫

SlトSロトS21152.1(3)

S12-ST11-S22 84.2(3)

SlトSnトS12 (il.9(2)

SlトClトS12 115(1)

SnトSlトCl1 82.1(9)

Snl-S12-Clll(犯.1(10)

S12-SnトC31110.4(7)

S12-Snl-(二41106.6(7)

Snl-S21 3.111(7)

SnトS22 2.484(7)

C2l-S21 l.69(3)

C2l-S22 l.66(3)

Snl-C41 2.07(3)

C3トSnl-C41 129(1)

S2トSnトS22 61.8(2)

S2トC21-S22 121(l)

Snl-S21-C21 77.4(7)

SnトS22-C21 99(l)

S22-SロトC31107.6(7)

S22-Snl-C41108.6(7)



【129(1)0]arequitedifferent.SincetherearetwoadditionalSn-S(xl)interactions,thesteric

efftctsofS(xl)wouldincreasetheC如0-Sn-C如oanglesfromanidealtetrahedralangleto

129(1)OandwoulddecreasetheS12-Sn-S22angleto84･2(3)○･Thus,thetwodithiocarboxylate

groupsarecoordinatedasanisobidentateligandstowardthetinatom･Theseresultsaretypical

forahighlydistortedoctahedralorskewtrapezoidalbipyramidalstruCture･

Tris(dithiocarboxylates)group14elementderivatives5.Althoughthecrystallization

Ofphenyltintris(4-methylbenzenecarbodithioate)(5d)wasexaminedundermanydifftrentcon-

ditions,nOSuitableslnglecrystalsfbrX-rayStruCturalanalysISWaSObtained･However,We

have succeededin the preparation ofsingle crystals ofphenyltin tris(2-methyl-

benzenecarbodithioate)(5c)･Themolecularformof5cdiffersfromthecorresponding

thiocarboxylatederivative,13wherethetwodithiocarboxylgroupsandthetinatomexistinthe

SamePlane[Figure3(a)]･InTbble4,thesixC-Sbondlengthsofthethreedithiocarboxyl

groupsarecomparabletothosein4d,andcanbeseparatedintoshorterC-Sbondlengths(av.

1･661(5)Å)andlongerC-Sbondlengths[av･1･701(4)Å]･TheformerareSigni丘cantlylonger

thanthesumofthedoublebondcovalentbondradii,Whilethelatterareroughlyintermediate

betweentheirslngleanddoublebondcovalentbondradii･4TheSn-Sbondlengthsofthetwo

dithiocarboxylategroupsinthesameplaneareav.2.597(1)Åandav.2.794(1)Å,reSPeCtively,

Whichareclosetothedistancesobservedindivalenttincompoundswithbidentateligands･14,15

Therefore,theseseemtobecoordinatedinabidentatebrmtowardthetinatom.TheSn-Sbond

lengthsoftheremainingdithiocarboxylategroupare2.492(1)Åand2.987(1)Å,reSPeCtively,

WherethefbrmerisclosetothesmallestSn-Sbondlengthsobservedintris(dithiocarbamate)

tinderivatives･160ntheotherhand,thelatteristhelongestofthesixSn-Sbondlengths,andis

longerthanthesumoftheircovalentbondradii.4However,theseareshorterthanthesumof

theirvanderWaalsradii[11],andarealsoshorterthanthoseof3d(3.207(2)Å)and4d(av.

3･056(7)A)･TheSll-Snl-S2langle(72･22(4)○)iscomparabletotheidealpentagonalangle,

Figure3･TheORTEPdrawingof(2-CH3C6H4CSS)3SnPh(5c)(a).Thecoordination

SurrOundingtheSnlatom(b)･Hydrogenatomshavebeenomitted丘)rClarity.
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andtheS32-Snl-C41angle[160.7(1)○】isap-

PrOXimatelylinear.Theseresultsareconsistent

Withaseven-COOrdinatedpentagonalbipyramidal

StruCture,WheretheSll,S12,S2l,S22,andS31

atomsareequatorialandS32andC4lareaxial

【Figure3(b)].

Comparisonofgermanium,tin,and

leaddithiocarboxylates.TheresultsfromX-

raystructuralanalyseshavebeenexplainedas

fbllows.Inthemonoderivativesld,3d,and6d,

theshorterC-Sbondlengthsarenearlythesame

【1･637(3)-1･645(5)A],WhilethelongerC-S

bondlengthsslightlyshortenintheorderGe>

Sn>Pb･Presumably,delocalizationofthe

dithiocarboxylategroupmayoccurinthelead

derivative6d･TheshorterM-Sbondlengths

indicateslnglebonds･Itisnoteworthythatthe

distancebetweenthesulfuroftheshorterC-S

Table4Selectedbondlengths(A)andanglesO‡of

Phenyltin tris(2-methylbenzenecarbodithioat`夢¢

β0乃dJβ乃gJ如

Snl-Sl1 2.813(1)Snl-S12 2.594(1)

SnトS21 2.751(l)SロトS22 2.600(1)

Snl-S31 2.987(l)SロトS32 2.492(1)

Snl-C41 2.138(1)

ClトSll l.663(5)

C21-S21 l.673(5)

C3トS31 1.648(4)

β0〝d〟〃gJe∫

Sll-Snl-S12

Sll-Snl-S21

Sll-Snl-S31

S12-Snl-S22

S12-Snl-S32

S12-Snl-C41

S2トSnl-S22

S21-Snl-S31

S22-Snl-S32

S22-Snl-C4l

65.00(4)

144.43(4)

72.22(4)

82.79(4)

90.87(4)

101.5(1)

66.00(4)

72.22(4)

95.33(5)

100.8(1)

C12-Sl1 1.701(4)

C22-S21 1.691(4)

C32-S31 1.712(4)

Snl-Sll-Cl1 84.3(2)

Snl-S12-Cl1 90.8(2)

Sll-CllTS12119.9(3)

Snl-S2トC21 79.4(2)

S□1-S22-C21 94.6(2)

S2トC2トS22121.9(3)

S3トSnl-S32 64.10(4)

S32-Snl-C41160.7(1)

SnトS3トC31 84.5(2)

SnトS32-C31 89.1(2)

S31-C3トS32120.3(3)

bond(thiocarbonylsulfur)andthecentraltinatomisshorterthanS…GeandS…Pbdistances.

TheratioofthesedistancesandthesumofthecorrespondingvanderWaalsradiillbecome

SmallerintheorderSn3d(19%)>Pb6d(12%)≧Geld(11%).Thissuggeststhattheelectron

afnnityofthetinatomfbrthesulfuratomismuchstrongerthanthoseofthegermaniumand

leadatoms･Sulfurdoesnotgenerallyshowastrongerafnnitywithsiliconthanoxygen･17In

CH3C(S)OSiH3,thedistancebetweenthethiocarbonylsulfurandthesiliconatomis3.185(9)

Å,indicatingveryweakinteraction,althoughlessthanthevanderWaalsdistance.11Th｡S,the

afnnitybetweensulfuratomandGroup14elementsmaydecreaseintheorderSn>Pb≧Ge>

Si>C･Thesenon-bondinglnteraCtionsareconsideredtoreflectinteractionbetweenthesulfur

lone-Pairandthenon-bondingorbital(G*orbital)ofC-MorS-M(M=Ge,Sn,Pb).Incompar-

1ngmOnO3d,bis4d,andtrisderivatives5c,thetwoC-Sbondlengthsof4dand5carenearly

SameValue,Whichsuggeststhatthedithiocarboxylategroupsin4dand5cseemmorestrongly

delocalizedthanthoseof3d･TheSn-Sbondlengthsincreaseintheorder4d<3d<5c,butthe

distancesbetweenthethiocarbonylsulfurandthetinatomsshortenintheorder3d>4d>5c.

ThebidentatecharactersofdithiocarboxylategroupsareCOnSideredtoincreasewiththeirnum-

ber.
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Spectra･Thiocarbonylstretchingfrequenciesinthegermanium,tin,andleadderiva-

tivesareobservedatl160-1200cm-1fbraliphaticderivativesand1210-1270cm-1foraro-

maticones･The13c=Schemicalshiftsappearat∂230-250,andthoseofaliphaticareatlower

frequenciesthanthoseofarOmatic.Thel19sn-NMRchemicalshi鮎areobservedat8-125to-

130fbrmonoderivatives3,∂-250to-400fbrbisderivatives4,and8-650to-740fbrtris

derivatives5,andthoseofaliphaticderivativesareatalowerfieldthanthoseofaromaticde-

rivatives･Thecouplingconstantsoftin-Cafbonappearat600Hzand800Hz,reSPeCtively,With

adifferenceof200Hz･Thethiocarbonylstretchingfrequenciesandthethiocarbonylcarbon

andl19snchemicalshi鮎of4-methylbenzenederivativesareshowninThble5･Thethi∝arbonyl

StretChingfrequenciesarenearlythesame,butthe13c=Schemicalshiftsshow3ppmdown丘eld

Shiftwithanincreaseindithiocarboxylategroups･Ontheotherhand,thel19snchemicalshifts

Showup丘eldshiRsintheorder3d<4d<5d,Withadifftrenceof250ppmbetween3dand4d

andof350ppmbetween4dand5d･Inthesespectroscopicdataofmono-,bis-,andtris(4-

methylbenzene-Cafboxylates)germanium,tin,andleadderivatives,thev(C=S)stretchingfre-

quenciesarenearlythesame,butthe13c=SchemicalshiftsareintheorderGe<Sn<Pband

mono-<bis-<tris(dithio-Carboxylate)derivatives･Table5･Selectedfbaturesinthespectroscopicdataof
(4-CH3C6H4CSS)xMPh4_Tra

3.3.Conclusion

Aseriesofgermanium,tin,andleadderiva-

tivesofdithiocarboxylatesweresynthesized,and

theirstruCtureSWereanalyzedbyX-ray･Thesemol-

eculesshowtheexistenceofintramolecularnon_

bondinglnteraCtionsbetweenthethiocarbonylsul-

furatomsandthecentralGroup14elementmetals･

No.M x 亘C=S)b(cm-1)毎=SC 8119Snd

1

-1

1

2

2

つ｣

つJ

Ge

餌

Pb

Ge

Sn

Pb

S｡

ld

測
"
Ⅲ

加叩

亜

m川

朋

1220,1212 227.7

1242,1224 232.1
-138.8

1219,1210 234.5

1238,1221 228.0

1239,1221 235.9
-392.0

1222 239.4

1242,1224 238.2
-739.5

ComparativestudiesofthecompoundsRCSSMPh3 aStandard‥Me4Sn･blnKBr･CInCDC13･dlnC6D6･

(M=Ge,Sn,Pb)revealedthatthedistancebetweenthethiocarbonylsulfurandthetinatomis

Shorterthanthoseofthegermaniumandleadderivatives･Thesenon-bondinglnteraCtionsre-

flecttheafnnitybetweenthesulfuratomsandtheGroup14elements,i･e･thisa疏nitydecreases

intheorderSn>Pb≧Ge>Si>C･Suchorderoftheafnnitywouldcontributenotonlytothe

SynthesisoftherelevantcompoundsbutalsoelucidationofbiologlCalmechanisminwhichthe

Group14elementsandsulfurparticIPate･

3.4.Experimental

MeltingpolntSWeredeterminedbyaYanaglmOtOmicromeltingpolntaPParatuS,butnot

COrreCted･TheIRspectraweremeasuredonPerkin-ElmerFTしIR1640spectrophotometer･1H-

(400MHz)and13c-NMRspectra(100MHz)weremeasuredonaJEOLJNM-α400inCDC13

COntainingMe4Siasaninternalstandard･119sn-NMRspectra(149MHz)werealsomeasured

OnaJEOLJNM-α400withMe4Snasanexternalstandard･UV-Visspectrawereobtainedfrom

aJASCOU-Best55･ElementalanalyseswereperformedbytheElementalAnalysisCenterof
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KyotoUniversity･AllsoIventsweredriedanddistilledpriortouse.Ph3GeCl,Ph2GeC12,Ph3SnCl,

Ph2SnC12,PhSnC13,SnC14-CH2C121･OMsolution,andPh3PbClareOfcommercialgradewere

ObtainedfromAldrich･Ph2PbC12WaSObtainedfromAlfaChemicalCo･Piperidinium18and

SOdiumdithiocarboxylates2fwerepreparedbythepreviouslydescribedmethod･Aseriesof

RCSSMPh3(M=Sn‥32b,f,Pb:62d)and(RCSS)2SnPh242bweresynthesizedaccordingtothe

PrOCeduresreportedpreviously･

Generalprocedures･Thesynthesisoftriphenylgermanium4-methylbenzene-

Carbodithioate(1d)isdescribedindetailasatypicalprocedurefbrcompoundsl,2,5,and7.

For32b,42b,and62b,theadditionalspectraldataandelementalanalysISaredescribed.

1a･RecrystallizingsoIvents:hexane;OrangeCryStals(28%);m.P.89-900C.IR(KBr):

1193(C=S),1158(C=S)cm-1･1H-NMR(CDC13):∂2.91(S,3H,CH3),7.39-7.44(m,9H,Ar),

7･62-7･65(m,6H,Ar).13c-NMR(CDC13):∂43.8(CH3),128.0,129.3,134.7,136.8,236.6

(C=S)･UV-Vis(CH2C12)Amax(logc):222(4.05),289(3.95),309(3.48),518(2.13)nm.

1b･RecrystallizingsoIvents‥1:1Et20-hexane;PurPlecrystals(60%);m.P.108-1100C.

IR(KBr):1218(C=S)cm-1.1H-NMR(CDC13):∂7.39-7.44(m,11H,Ar),7.68-7.71(m,7H,

Ar),8･19-8･22(m,2H,Ar).13c-NMR(CDC13):∂127.1,128.0,128.5,129.9,132.5,134.7,

134･8,145･7,228･7(C=S)･UV-Vis(CH2C12)んax(logO:222(4.36),270(4.46),306(4.13),

519(2･58)nm･Anal.Found:C,65.62;H,4.47.C25H20GeS2Calcd.:C,65.68;H,4.41%.

1c･Reddish-PurPleoil(88%)･IR(neat):1240(C=S)cmTl.1H-NMR(CDC13):∂2.38

(S,3H,CH3),7･12-7･20(m,3H,Ar),7.32-7.43(m,10H,Ar),7.69-7.71(m,6H,Ar).13c-NMR

(CDC13):∂19.7(CH3),125.5,125.9,128.6,128.8,130.0,130.7,132.2,134.1,134.8,150.1,

235.7(C=S).

1d･TbasolutionofPh3GeCl(0･339g,1･00mmol)inEt20(15ml),Piperidinium4-

methylbenzenecarbodithioate(0.254g,1.00mmol)wasaddedandthemixturewasstirredat

200Cfbrlh･AfteradditionofCH2C12(100ml),themixturewaswashedwithwater(3Ⅹ90

ml),fo1lowedbydryingoverMgSO4･ThesoIventswereremovedunderreducedpressure(30OC/

2･7kPa),andtheresultingresiduewasdissoIvedintoamixedsoIventofCH2C12(4.Oml)and

hexane(3･Oml)andallowedtostandinarefrigerator(-200C)for24htogiveldaspurple

CryStals(0.306g,65%);m.P.129-1300C.IR(KBr):1220(C=S),1212(C=S)cm-1.1H-NMR

(CDC13):∂2.37(S,3H,CH3),7.15(d,J=8.4Hz,2H,Ar),7.39-7.47(m,9H,PhGe),7.73-7.75

(m,6H,PhGe),8.19(d,J=8.4Hz,2H,Ar).13c-NMR(CDC13):∂2l.5(CH3),127.2,128.5,

128･7,129･8,134･6,134･8,143･2,143･5,227.7(C=S).UV-Vis(CH2C12)Åmax(logc):222

(4.46),273(4.71),320(4.27),527(2.65)nm.Anal.Found:C,66.30;H,4.75.C26H22GeS2

Calcd.:C,66.27;H,4.71%.

1e･RecrystallizingsoIvents:1:1CH2C12-hexane;PurPlecrystals(60%);m.P.117-

1180C.IR(KBr):1261(C=S),1243(C=S),1228(C=S)cm-1.1H-NMR(CDC13):d3.79(S,

3H,CH30),6.78(d,J=8.9Hz,2H,Ar),7.36-7.43(m,9H,PhGe),7.69-7.71(m,6H,PhGe),

8.28(d,J=8.9Hz,2H,Ar).13c-NMR(CDC13)∂55.5(CH30),113.0,128.0,128.4,129.5,

129.8,134.8,138.9,163.8,225.5(C=S).UV-Vis(CH2C12)んax(loge):222(4.50),270(5.42),

341(4.40),520(2.81)nm.Anal.Found:C,64.36;H,4.75.C26H22GeOS2Calcd.:C,64.10;H,

4.55%.

1L RecrystallizingsoIvents:4:3CH2C12-hexane;PurPlecrystals(57%);m.P.120-

12lOC.IR(KBr):1211(C=S)cm-1.1H-NMR(CDC13):87.23(d,J=8.3Hz,2H,Ar),7.31-
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7･36(m,9H,PhGe),7･60-7･62(m,6H,PhGe),8.08(d,J=8.3Hz,2H,Ar).13c-NMR(CDC13):

8128･0,128･1,128.4,128.6,130.0,134.2,134.4,134.9,226.6(C=S).UV-Vis(CH2C12)んⅥaX

(logc):222(4.35),273(4.13),316(4.24),531(2.59)nm.Anal.Found:C,61.17;H,3.95.

C25H19CIGeS2Calc.:C,61.08;H,3.90%.

2a･RecrystallizingsoIvents:hexane;OrangeCryStals(54%);m.P.78-790C.IR(KBr):

1197(C=S),1183(C=S)cm-1.1H-NMR(CDC13):82.61(s,6H,CH3),7.15(t,J=6.6Hz,4H,

PhGe),7･38(t,J=6･6Hz,4H,PhGe),7.48(d,J=6.6Hz,2H,PhGe).13c-NMR(CDC13):8

45･7(CH3),128･1,130･2,133･5,135･9,229･4(C=S)･UV-Vis(CH2C12)んⅥaX(log¢:222(4.14),

270(3.42),309(3.39),409(3.00),520(3.58)nm.

2b･RecrystallizingsoIvents:4:3CH2C12-hexane;redcrystals(62%);m.P.196-1980C.

IR(KBr):1237(C=S),1222(C=S)cm-1.1H-NMR(CDC13):∂7.3ト7.53(m,8H,Ar),7.67-

7･74(m,2H,PhGe),7.90-7.96(m,6H,Ar),8.07-8.22(m,4H,Ar);13c-NMR(CDC13):∂

128･3,128･5,128･6,128･7,128･8,131.0,133.2,133.7,228.7(C=S).UV-Vis(CH2C12)Åmax

(logc):222(4.39),270(4.52),305(3.17),515(2.63)nm.Anal.Found:C,58.62;H,3.81.

C26H20GeS4Calc.:C,58.55;H,3.78%.

2c･Redoil(82%);IR(neat):1241(C=S)cm-1.1H-NMR(CDC13):∂2.31(S,6H,CH3),

7.09-7.96(m,18H,Ar).13c-NMR(CDC13):∂19.8(CH3),125.5,126.0,128.6,128.8,129.2,

130.8,132.5,133.6,134.3,148.8,235.7(C=S).

2d･RecrystallizingsoIvents:7:5CH2C12-hexane;redcrystals(69%);m.P.114-1160C.

IR(KBr):1238(C=S),1221(C=S)cm｣.1H-NMR(CDC13):∂2.34(s,6H,CH3),7.17(d,J=

8･1Hz,4H,Ar),7･21(t,J=6.9Hz,6H,PhGe),7.31(d,J=8.1Hz,4H,Ar),7.48(d,J=6.9Hz,

4H,PhGe).13c-NMR(CDC13):∂21.6(CH3),127.1,128.5,128.7,129.1,130.2,134.2,142.2,

144･1,228･0(C=S)･′UV-Vis(CH2C12)Åmax(logc):222(4.41),271(4.22),324(4.73),515

(2･52)nm･Anal.Found:C,60.01;H,4.33.C28H24GeS4Calc.:C,59.91;H,4.31%.

2e･RecrystallizingsoIvents:5:4CH2C12-hexane;redcrystals(60%);m.P.119-1210C.

IR(KBr):1240(C=S)cm-1.1H-NMR(CDC13):∂3.77(S,6H,CH30),6.76(d,J=9.OHz,4H,

Ar),7･23-7･58(m,6H,Ar),7･81-7.99(m,4H,PhGe),8.02(d,J=9.OHz,4H,Ar).13c-NMR

(CDC13)∂55･5(CH30),113･5,128･4,128.6,129.3,133.1,134.l,137.8,164.1,225.7(C=S).

UV-Vis(CH2C12)ん｡aX(logc):222(4.42),272(4.31),349(4.55),516(2.83)nm.Anal.Found:
C,56.69;H,4.10.C28H24GeO2S4Calc.:C,56.68;H,4.08%.

2fJRecrystallizingsoIvents‥4:3CH2C12-hexane;redcrystals(62%);m.P.146-1480C.

IR(KBr):1236(C=S)cm.1･1H-NMR(CDC13):d7.20(d,J=8.7Hz,4H,Ar),7.30-7.50(m,

6H,PhGe),7･76-7･81(m,4H,PhGe),8･02(d,J=8.7Hz,4H,Ar).13c-NMR(CDC13):d128.1,

128･5,128･6,130･2,133･1,134･1,139･6,142･5,226･4(C=S)･UV-Vis(CH2C12)Åmax(logc):

222(4･45),273(4･24),312(4･28),516(2･69)nm.Anal.Found:C,51.89;H,3.11.C26H18C12GeS4

Calcd.:C,51.86;H,3.01%.

3a･Orangeoil(92%)･IR(neat):1187(C=S),1174(C=S),1152(C=S)cm-1.1H-NMR

(CDC13):∂2･94(S,3H,CH3),7･36-7.40(m,9H,PhSn),7.64-7.67(m,6H,PhSn).13c-NMR

(CDC13):∂42･0(CH3),128･8,129･7,136･5,136.8,242.0(C=S).119sn-NMR(CDC13):∂-

127･4(lJcTSn=5■95Hz)･UV-Vis(CH2C12)lmax(loge):319(3.94),461(1.74)nm.

3b2b･RecrystallizingsoIvents:5:3CH2C12-hexane;redcrystals(78%).13c-NMR

(CDC13):∂127･9,128･5,128･9,129.7,136.5,136.7,136.8,143.9,233.1(C=S).119sn-NMR

(CDC13):∂-135･4(lJc-Sn=597Hz).Anal.Found:C,59.72;H,4.15.C25H20S2SnCalcd.:C,

31



59.66;H,4.01%.

3c2b･RecrystallizingsoIvents:1‥1CH2C12-hexane;redcrystals(74%).13c-NMR

(CDC13)‥820.1(CH3),125.5,126.1,128.9,129.l,129.8,130.8,132.4,136.8,138.7,148.8,

240･1(C=S)･119sn-NMR(CDC13):∂-126.5(1Jc_Sn=591Hz).Anal.Found:C,60.52;H,

4.39.C26H22S2SnCalc.:C,60.37;H,4.29%.

3d2b,f･RecrystallizingsoIvents‥7:5CH2C12-hexane;redcrystals(70%).

3e2b･RecrystallizingsoIvents:5:4CH2C12-hexane;redcrystals(75%).13c-NMR

(CDC13):∂55･5(CH30),113･0,128･8,129.5,130.l,134.6,136.8,139.8,164.0,229.8(C=S).

119sn-NMR(CDC13)‥∂-143･l(1Jc-Sn=597Hz)･Anal･Found:C,58･61;H,4.22.C26H220S2Sn

Calc.:C,58.56;H,4.16%.

3f2b･RecrystallizingsoIvents:6:5CH2C12-hexane;redcrystals(69%).13c-NMR

(CDC13)‥∂128･0,128･7,129.3,130.3,134.7,141.3,141.4,143.6,230.2(C=S).119sn-NMR

(CDC13)‥∂-130･4(lJc-Sn=612Hz).Anal.Found:C,55.92;H,3.66.C25H19CIS2SnCalc.:C,

55.84;H,3.56%.

4a･Recrysta11izingsoIvents:hexane;OrangeCryStals(87%);m.P.98-990C.IR(KBr):

1172(C=S),1151(C=S)cm-1･1H-NMR(CDC13):∂2.64(S,6H,CH3),7.24-7.35(m,6H,

PhSn),7･48-7･50(m,4H,PhSn).13c-NMR(CDC13):∂51.1(CH3),128.7,129.8,135.4,140.5,

252･4(C=S)･119sn-NMR(CDC13)‥∂-25l･5(1Jc-Sn=741Hz).UV-Vis(CH2C12)んax(log

¢:320(3.88),417(2.11)nm.

4b2b･RecrystallizingsoIvents‥8:5CH2C12-hexane;OrangeCryStals(82%).13c-NMR

(CDC13):∂127･3,128･0,129.0,130.0,133.8,134.7,142.7,144.8,236.9(C=S).119sn-NMR

(CDC13):∂-385.0(1Jc-Sn=817Hz).Anal.Found:C,53.96;H,3.52.C26H20S4SnCalc.:C,

53.90;H,3.48%.

4c･RecrystallizingsoIvents:l:1CH2C12-hexane;redcrystals(70%);m.P.79-800C.

IR(KBr):1233(C=S)cm｣･1H-NMR(CDC13):∂2.43(S,6H,CH3),7.11-7.24(m,6H,Ar),

7･4ト7･49(m,8H,Ar),7･95-8･01(m,4H,Ar).13c-NMR(CDC13):∂20.5(CH3),125.6,126.7,

129･1,129･8,131･0,133･1,134･7,135.8,144.2,146.9,244.2(C=S).119sn-NMR(CDC13):∂-

367･4(1Jc-Sn=805Hz).UV-Vis(CH2C12)Åmax(logc):338(4.32),457(2.93)nm.Anal.

Found:C,55.39;H,4.00.C28H24S4SnCalc.:C,55.36;H,3.98%.

4d2b･RecrystallizingsoIvents‥7:5CH2C12-hexane;OrangeCryStals(88%).13c-NMR

(CDC13):∂21･7(CH3),127･4,128.6,128.8,129.4,134.6,140.3,145.1,145.4,235.9(C=S).

119sn-NMR(CDC13):∂-392.0(1Jc_Sn=807Hz).Anal.Found:C,55.44;H,4.07.C28H24S4Sn

Calc.:C,55.36;H,3.98%.

4e･RecrystallizingsoIvents:3:2CH2C12-hexane;OrangeCryStals(81%);m.P.169-

1700C;1H-NMR(CDC13)∂3.81(S,6H,CH30),6.78(d,J=8.9Hz,4H,Ar),7.32-7.40(m,6H,

PhSn),7･90-7･93(m,4H,PhSn),8.32(d,J=8.9Hz,4H,Ar).13c-NMR(CDC13):∂55.6

(CH30),113.0,128.8,129.3,130.0,134.6,136.0,146.2,164.9,233.5(C=S).119sn-NMR

(CDC13)∂AO2.7(1Jc_Sn=812Hz).Anal.Found:C,52.61;H,3.82.C28H2402S4SnCalcd.:

C,52.59;H,3.78%.

4f2b.RecrystallizingsoIvents:6:5CH2C12-hexane;OrangeCryStals(79%).13c-NMR

(CDC13):∂128.1,128.6,129.1,129.8,134.7,140.6,14l.0,144.0,234.6(C=S).119sn-NMR

(CDC13):∂-378.9(1Jc_Sn=826Hz).Anal.Found:C,48.22;H,2.83.C26H18C12S4SnCalcd.:

C,48.17;H,2.80%.
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5a･OrangeOil(41%)･IR(neat)‥1196(C=S),1148(C=S)cm-1･1H-NMR(CDC13):8

2･78(S,9H,CH3),7･37-7･48(m,3H,PhSn),7･77-7･79(m,2H,PhSn)･13c-NMR(CDC13):8

48･5(CH3),128･8,131･6,134･5,139･0,250･5(C=S)･119sn-NMR(CDC13):∂-652.2.UV-Vis

(CH2C12)んax(log¢‥222(5･12),270(4.52),310(3.85),401(2.75)nm.

5b･RecrystallizingsoIvents:5:1‥7CH2C12rAcOEt-hexane;OrangeCryStals(82%);m.P.

144-1470C･IR(KBr):1236(C=S),1221(C=S)cm-1･1H-NMR(CDC13):87.32-7.40(m,9H,

Ar),7･54-7･58(m,3H,Ar),8･06-8･08(m,2H,Ar),8･29-8･31(m,6H,Ar)･13c-NMR(CDC13):

∂127･3,128･1･129･1,130･0,131･1,134･1,144･4,151･8,239･4(C=S)･119sn-NMR(CDC13):6

-737･2･UV-Vis(CH2C12)んax(loge)‥222(4･52),262(4.33),313(4.96),445(3.70)nm.
Anal･Found:C,49･52;H,3･14･C27H20S6SnCalc･:C,49.47;H,3.08%.

5c･RecrystallizingsoIvents:7:3:8AcOEトEt20-hexane;OrangeCryStals(85%);m.P.

110-1130C･IR(KBr):1226(C=S)cm-1･1H-NMR(CDC13):82･54(s,9H,CH3),7.13-7.16

(m,6H,Ar),7･23-7･26(m,3H,Ar),7･44-7･46(m,3H,Ar),7･56-7･58(m,3H,Ar),8.08-8.10

(m,2H,Ar)･13c-NMR(CDC13):∂20･9(CH3),125･6,127･1,129･1,130･1,130.2,131.1,131.2,

133･5,145･0,151･1,246･5(C=S)･119sn-NMR(CDC13):8-710･7･Anal･Found:C,51.66;H,

3･73･C30H26S6SnCalc･:C,51.65;H,3.76%.

5d･RecrystallizingsoIvents:2:6‥5CH2C12-AcOEt-hexane;OrangeCryStals(77%);m:P･

130-1320C･IR(KBr):1242(C=S),1224(C=S)cm-1･1H-NMR(CDC13):82･24(S,9H,CH3),

7･04(d,J=8･4Hz,6H,Ar),7･32-7･37(m,3H,PhSn),7･70h7･80(m,2H,PhSn),8.21(d,J=8.4

Hz,6H,Ar)･13c-NMR(CDC13):∂22･0(CH3),127･5,128･7,128･9,129･8,131･l,139.1,145.4,

152･3,238･2(C=S)･119sn-NMR(CDC13):8-739･5･UV-Vis(CH2C12)んax(logc):221

(5･21),258(4･73),340(5･01),445(2･45)nm･Anal･Found:C,51･72;H,3･82･C30H26S6Sn

Calc.:C,51.65;H,3.76%.

5e･RecrystallizingsoIvents:1:1CH2C12-hexane;OrangeCryStals(78%);m･P.157-

1590C･IR(KBr)‥1269(C=S),1244(C=S)cm-l･1H-NMR(CDC13):83･88(S,9H,CH30),

6･79(d,J=9･OHz,6H,Ar),7･34-7･41(m,3H,PhSn),8･05-8･09(m,2H,PhSn),8.32(d,J=9.O

Hz,6H,Ar)･13c-NMR(CDC13)‥855･7(CH30),113･1,128･8,129･7,130･1,131.1,134.9,

152･8,165･1,235･5(C=S)･119sn-NMR(CDC13):8-748･2･UV-Vis(CH2C12)んax(log¢:

223(5･13),264(4･69),369(4･95),463(2･47)nm･Anal･Found‥C,48･39;H,3･56･C30H2603S6Sn

Calc.:C,48.32;H,3.51%.

5rRecrystallizingsoIvents:2:4:7CH2C12-AcOEトhexane;redcrystals(53%);m･P･

137-1400C･IR(KBr)‥1235(C=S)cm-l･1H-NMR(CDC13):87･25-7･43(m,12H,Ar),8.00ー

8･03(m,2H,PhSn),8･2l-8･23(m,3H,PhSn)･13c-NMR(CDC13)‥8128･2,128.7,129.2,

130･2,131･0,139･8,141･2,151･5,237･5(C=S)･119sn-NMR(CDC13):8-739.8.UV-Vis

(CH2C12)んax(log¢‥223(5･14),263(4･72),331(4･65),429(2･45)nm･Anal.Found:C,
42･80;H,2･31･C27H17C13S6SnCalc･:C,42.73;H,2.26%.

6a･OrangeOil(86%)･IR(neat)‥1161(C=S),1132(C=S)cm-1･1H-NMR(CDC13):8

2･92(S,3H,CH3),7･29-7･44(m,9H,PhPb),7･57-7･68(m,6H,PhPb)･13c-NMR(CDC13):∂

45･2(CH3),128･3,128･8,135･9,153･2(1Jc-Pb=541Hz),259･9(C=S)･UV-Vis(CH2C12)

んax(log¢‥222(4･41),270(4･55),334(3･74),470(1.66)nm.

6b2d･RecrystallizingsoIvents:5:4CH2C12-hexane;PurPlecrystals(60%).1H-NMR

(CDC13):87･26(t,J=8･5Hz,1H,Ar),7･33(t,J=7･6Hz,3H,PhPb),7･45(t,J=7.6Hz,6H,

PhPb),7･50(t,J=8･5Hz,2H,Ar),7･77(d,J=7･6Hz,6H,PhPb),8･26(d,J=8･5Hz,2H,Ar).
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13c-NMR(CDC13):∂127.5,127.7,128.5,129.3,130.1,132.3,137.0,156.0(1Jc_Pb=544Hz),

235.4(C=S).UV-Vis(CH2C12)Amax(log¢:222(4.47),271(4.62),303(4.30),519(2.15)nm.

Anal.Found:C,50.89;H,3.61.C25H20PbS2Calc.:C,50.74;H,3.41%.

6c2d.RecrystallizingsoIvents:5:7Et20-hexane;OrangeCryStals(83%).1H-NMR

(CDC13):62.39(s,3H,CH3),7.08-7.15(m,4H,Ar),7.34-7.53(m,9H,Ar),7.64-7.92(m,6H,

Ar).13c-NMR(CDC13):∂19.8(CH3),125.4,125.7,128.4,129.4,130.1,130.6,131.9,137.0,

150.0,155.6(1Jc_Pb=533Hz),242.2(C=S).UV-Vis(CH2C12)んax(logc):307(3.83),504

(2.23)nm.Anal.Found:C,51.75;H,3.90.C26H22PbS2Calc.:C,51.55;H,3.66%.

6d2d.RecrystallizingsoIvents:3:2CH2C12-hexane;redcrystals(88%).1H-NMR

(CDC13):82.34(S,3H,CH3),7.10(d,J=8.2Hz,2H,Ar),7.36(t,J=7.6Hz,3H,PhPb),7.48

(t,J=7.6Hz,6H,PhPb),7.78(d,J=7.6Hz,6H,PhPb),8.20(d,J=8.2Hz,2H,Ar).13c-NMR

(CDC13):821.6(CH3),127.8,128.5,129.3,130.1,137.0,137.6,143.4,156.2(1Jc_Pb=543

Hz),234.5(C=S).UV-Vis(CH2C12)Åmax(loge):222(4.43),272(4.57),318(4.38),520(2.23)

6e2d.RecrystallizingsoIvents:5:3CH2C12-hexane;redcrystals(78%).1H-NMR

(CDC13):63.68(S,3H,CH30),6.86(d,J=9.OHz,2H,Ar),7.29(t,J=7.3Hz,3H,PhPb),7.42

(t,J=7.3Hz,6H,PhPb),7.78(d,J=7.3Hz,6H,PhPb),8.34(d,J=9.OHz,2H,Ar).13c-NMR

(CDC13):∂55.3(CH30),112.7,127.4,129.3,129.9,136.8,138.4,156.2(lJc_Pb=545Hz),

163.6,232.0(C=S).UV-Vis(CH2C12)Åm｡X(logc):222(4.44),272(4.62),344(4.45),515

(2.32)nm.Anal.Found:C,50.39;H,3.62.C26H220PbS2Calc.:C,50.22;H,3.57%.

6f2d.RecrystallizingsoIvents:2:lCH2C12-hexane;redcrystals(73%).1H-NMR

(CDC13):67.18(d,J=8.5Hz,2H,Ar),7.31(t,J=7.6Hz,3H,PhPb),7.44(t,J=7.6Hz,6H,

PhPb),7.76(d,J=7.6Hz,6H,PhPb),8.17(d,J=8.5Hz,2H,Ar).13c-NMR(CDC13):∂127.8,

128.8,129.4,130.1,136.9,138.0,143.7,155.9(1Jc_Pb=544Hz),233.2(C=S).UV-Vis

(CH2C12)Åmax(logc):221(4.43),272(4.71),313(4.34),524(2.18)nm.Anal.Found:C,

47.99;H,3.11.C25H19CIPbS2Calc.:C,47.95;H,3.06%.

7a.RecrystallizingsoIvents:hexane;OrangeCryStals(35%);m.P.87-880C.IR(KBr):

1162(C=S),1152(C=S)cm-1.1H-NMR(CDC13):∂2.67(S,6H,CH3),7.31(t,J=7.5Hz,2H,

PhPb),7.44(t,J=7.5Hz,4H,PhPb),7.92(d,J=7.5Hz,4H,PhPb);13c-NMR(CDC13):∂

44.9(CH3),129.5,130.2,136.7,137.0,250.7(C=S).UV-Vis(CH2C12)んax(logO:222(4.61),

270(4.54),335(4.41),467(2.11)nm.

7b.RecrystallizingsoIvents:2:1CH2C12-hexane;OrangeCryStals(74%);m.P.196-

1980C.IR(KBr):1217(C=S)cm-1.1H-NMR(CDC13):∂7.38(t,J=7.7Hz,4H,PhPb),7.42

(t,J=7.8Hz,4H,Ar),7.51(t,J=7.7Hz,2H,PhPb),7.56(t,J=7.8Hz,2H,Ar),7.95(d,J=7.7

Hz,4H,PhPb),8.09(d,J=7.8Hz,4H,Ar).13c-NMR(CDC13):∂128.3,129.0,130.2,130.5,

133.5,135.1,138.4,157.8,243.3(C=S).UV-Vis(CH2C12)んax(logc):222(4.49),272(4.09),

316(4.49),472(2.67)nm.Anal.Found:C,46.82;H,3.11.C26H20PbS4Calc.:C,46.76;H,

3.02%.

7c.RecrystallizingsoIvents:4:5Et20-hexane;OrangeCryStals(83%);m･P･21ト2140C･

IR(KBr):1230(C=S)cm-1.1H-NMR(CDC13)∂2.35(S,6H,CH3),7.10(t,J=7.3Hz,4H,Ar),

7.20(t,J=7.3Hz,2H,Ar),7.33(d,J=7.3Hz,2H,Ar),7.44(t,J=7.5Hz,2H,PhPb),7.57(t,

J=7.5Hz,4H,PhPb),8.16(d,J=7.5Hz,4H,PhPb).13c-NMR(CDC13):∂20.0(CH3),125.5,

125.8,129.0,130.0,130.3,130.8,132.1,134.4,151.1,161.1,244.0(C=S).Anal.Found:C,
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48.42;H,3.57.C28H24PbS4Calc.:C,48.32;H,3.48%.

7d･RecrystallizingsoIvents:2:1CH2C12-hexane;OrangeCryStals(83%);m.P.214-

2170C.IR(KBr):1222(C=S)cm-1.1H-NMR(CDC13):∂2.35(s,6H,CH3),7.13(d,J=8.2

Hz,4H,Ar),7.35(t,J=7.3Hz,2H,PhPb),7.49(t,J=7.3Hz,4H,PhPb),8.11(d,J=7.3Hz,

4H,PhPb),8.20(d,J=8.2Hz,4H,Ar).13c-NMR(CDC13):∂21.7(CH3),127.2,128.4,129.2,

129.4,130.0,130.7,134.9,144.4,239.4(C=S).UV-Vis(CH2C12)ん｡X(logO:222(4.44),273

(4.06),333(4.70),474(2J70)nm.Anal.Found:C,48.37;H,3.52.C28H24PbS4Calc.:C,48.32;

H,3.48%.

7e･RecrystallizingsoIvents:3:2CH2C12-hexane;OrangeCryStals(82%);m.P.209-

2110C.IR(KBr):1261(C=S),1235(C=S)cm-1.1H-NMR(CDC13):∂3.89(S,6H,CH30),

6.91(d,J=9.OHz,2H,Ar),7.44(t,J=7.8Hz,4H,PhPb),7.50(t,J=7.8Hz,2H,PhPb),8.01

(d,J=7.8Hz,4H,PhPb),8.19(d,J=9.OHz,2H,Ar).13c-NMR(CDC13):855.6(CH30),

113.6,129.2,129.5,129.6,129.8,135.7,137.6,164.0,243.1(C=S).UV-Vis(CH2C12)Åmax

(logg):222(4.43),271(4.11),348(4.71),470(2.73)nm.Anal.Found:C,46.27;H,3.37.

C28H2402PbS4Calc.:C,46.20;H,3.32%.

7L RecrystallizingsoIvents:4:3CH2C12-hexane;OrangeCryStals(85%);m.P.194-

1970C.IR(KBr):1226(C=S)cm-1.1H-NMR(CDC13):∂7.38(d,J=7.7Hz,4H,Ar),7.42-

7.52(m,6H,PhPb),7.91-7.98(m,4H,PhPb),8.01(d,J=7.7Hz,4H,Ar).13c-NMR(CDC13):

∂128.5,128.8,128.9,129.0,129.3,130.2,135.0,140.1,247.9(C=S).UV-Vis(CH2C12)Åmax

(logc):222(4･4.7),272(4･21),322(4･72),478(2･76)nm･Anal･Found‥C,42.40;H,2.51.

C26H18C12PbS4Calc.:C,42.38;H,2.46%.

Generalprocedure'hrreactionofSnC14withpiperidiniumorsodium4･

methylbenzenecarbodithioate･Tbasolutionofpiperidinium4-methylbenzenecarbodithioate

(1.016g,4.00mmol)inCH2C12(30mi),SnC14-CH2C121.OMsolution(1.0mi,1.0mm01)was

addedandthemixturewasstirredat200Cfbrlh.ThesoIventwasremovedunderreduced

PreSSure(200C/2.7kPa).ThemixturesweredissoIvedintoasoIventofCH2C12(15ml).Filtra-

tionoftheresultingprecipitategaveamixtureofdichlorotinbis(4-methylbenzenecafbodithioate)

andbis(4-methylthiobenzoyl)disulnde3asorangesolid.Fractionalcrystallizationofthesolid

gavechemicallypuredichlorotinbis(4-methylbenzenecarbodithioate)in8%yield:Ⅵさ1lowcrys-

tals;m.P.191-1930C.IR(KBr):1249(C=S),1228(C=S)cm-1.1H-NMR(CDC13):∂2.46(S,

6H,CH3),7.25(d,J=8.3Hz,4H,Ar),8.14(d,J=8.3Hz,4H,Ar).13c-NMR(CDC13):∂22.2

(CH3),128.1,129.4,135.9,149.1,237.0(C=S).119sn-NMR(CDC13):∂-715.3.Anal.Found:

C,36.40;H,2.61.C16H14C12S4SnCalc.:C,36.66;H,2.69%.

Preparationofsinglecrystals.1d(0.124g)wassingle-CryStallizedfromCH2C12(0.4

ml),Et20(0･1ml),andhexane(0･5ml)at250Cfbr6day･3d(0.151g)wassingle-CryStallized

fromCH2C12(0･6mi),Et20(0･1mi),andhexane(0･5mi)at250Cfbr5days.4d(0.120g)was

Single-CryStallizedfromCH2C12(0.5ml),Et20(0.3ml),andhexane(0.5ml)at250CfbrlO

days･5c(0･107g)wassingle-CryStallizedfromCH2C12(0.6ml)andhexane(0.5ml)at250C

for9days･6d(0･131g)wassingle-CryStallizedfromCH2C12(0.8ml),Et20(0.3ml),and

hexane(0.5mi)at250Cfor2weeks.

X･rayStruCturalanalysis･ThemeasurementswerecarriedoutonaRigakuAFC7R

fbur-Circlediffractometerwithgraphite-mOnOChromatedMo-Kα(入=0.71069Å)andCu-Kα

radiation(入=1.54178Å).AllofthestructuresweresoIvedandrennedusingtheTEXSAN
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CryStallographicsoftwarepackageonanIRISIndigocomputer･Lorentzandpolarizationcor-

rectionswereappliedtothedata,andempiricalabsorptioncorrections[DIFABS19(3d,4d,5c,

and6d)andy-SCanS20(1d)】werealsoapplied･ThestruCtureSWereSOIvedbydirectmethod

uslngSHELXS-8621fbrld,3d,4d,5c,and6dandexpandeduslngDIRDIF-9422･Scattering

factorsfbrneutralatomswerefromCromerand勒ber23andanomalousdispersion24wasused.

CrystaldataandmeasurementdescrlPtlOnareSummarizedinThble2.

(1)(a)Thorn,G･D･;Ludwig,R･A･InneDithiocarbamatesandRelatedCo"POundqEIsevier,

Amsterdam,1962･(b)Coucouvanis,D･;Ptvg･1norg･Chem･1970,11,233･(C)Coucouvanis,

D･;PTVg･Inorg･Chem･1979,26,301･(d)Haiduc,I･ReuInoTg･Chem.198l,3,353.

(2)(a)Kato,S･;Mizuta,M･;Ishii,YJOTganOmet･Cbem･1973,55,121･(b)Kato,S.;Kato,T;

Shibahashi,Y;Kakudo,E･;Mizuta,M･;Ishii,YJOrganomet･Chem･1974,76,215.(c)Kato,

S･;Hori,A･;Shiotani,H･;Mizuta,M･;Hayashi,N･;Thkakuwa,T･JOTganOmet･Chem.1974,

82,223･(d)Katada,T･;Kato,S･;Mizuta,M･Chem･Lett･1975,1037･(e)Kato,S.;Hori,A.;

Mizuta,M･;Katada,T･;Ishihara,H･JOTganOmet･Chem･1991,420,13･(f)Kato,S.;Kitaoka,

N･;Niyomura,0･;Kitoh,Y;Kanda,T･;Ebihara,M･hoTg･Chem･1999,38,496.

(3)(a)Kato,S･;Kato,T･;Kataoka,T･;Mizuta,M･Int･J･Su拘rChem･1973,8,437.(b)

Niyomura,0･;Kitoh,Y;Nagayama,K･-i･;Kato,S.Su拘rL,ett.1999,22,195.

(4)Covalentbondradii:C-Sl･81Å,C=Sl･61,Ge-S2･26,Sn-S2･44,Pb-S2･58Å･Pauling,
L･InIbeChemicalBond;CornellUniversltyPress,Ithaca,NewYbrk,1976.

(5)Drake,J･E･;MislankarA･G･;Wong,M･L･YInowChem.1991,30,2174.

(6)(a)馳mar,VG･D･;Wei,C･;Sinn,E･JOTganOmet･C71em･1985,290,291･(b)Daktemieks,

D･;Zhu,H･;Masi,D･;Mealli,C･Inorg･Chem･1992,31,3601.

(7)Tiekink,E･R･T･JOTganOmet.Chem.1986,314,85.

(8)Nasser,FA･K･;Wilson,A･Jr･;Zuckermann,J･J･OTganOmetallics1985,4,2073.

(9)Begley,M･G･;Gafhey,PG･C･;Harrisona,A･S･J･Organomet･Chem.1985,289,281.

･(10)01af盲son,S･N･;Petersen,T･N･;Andersen,PActaChem･Scand.1996,50,745.
(11)Sumofvander勒alsradii:Ge･･･S3･78Å,Sn･･･S3･96Å,Pb…S3･82Å･Bondi,A･JPhys.

Cゐe肌19`4,∂β,441.

(12)(a)Kimura,T･;Ⅵsuoka,N･;Kasai,N･;Kakudo,M･Bull･Chem･Soc･Jpn.45

(1972)1649･(b)Lockhart,T･R;Manders,W･F;Schlemper,E･0･;Zuckermann,J.J.J.Am.

Cゐe肌∫oc.1!鳩6,ノ0β,4074.

(13)Singh,P;Bhattacharya,S･;Gupta,VD･;N6th,H･Chem･Ber1996,129,1093.

(14)Potenza,J･;Mastropalo,D･ActaCTyStallogr1973,B29,1830.

(15)Ewings,RER･;Harrison,PG･;King,T･J･JChem･Soc･,DaltonThns.1976,1399.

(16)(a)Morris,J･S･;Schlemper,E･0･J･CTySt･Mol･Struct･1978,8,295･(b)Morris,J.S.;

Schlemper,E･0･J･CTySt･Mol･Struct･1979,9,1･(c)Dakternieks,D･;Zhu,H.;Masi,D.;

Mealli,C･1noTg･Cum･Acta1993,211,155･(d)Ke1lo,E･;Vrabel,Ⅴ;Skacani,I.;Holecek,J.

AcJ〟C′ツ∫JαJわgr19,5,C∫ノ,408.

(17)Barrow,M･J･;Ebsworth,E･A･Ⅴ;Huntley,C･M･;Rankin,D･WH.JC71em.Sbc.,Dalton

71Ⅵ〝∫.1982,1131.

(18)Kato,S･;Mitani,T;Mizuta,M.Int.JSu拘rChem.1973,8,359.
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(19)Walker,N･;Stuart,D･ActaCTyStallogr1983,A39,158.

(20)Sheldrick,G･M･InC′ツStallog′甲hicCo叩uting3;Sheldrick,G･M･;鮎uger,C.;Goddard,

R･Eds･;0ⅩfbrdUniversltyPress,1985,PP･175-189･

(21)North,A･C･T･;Phillips,D･C･;Mathews,FS･ActaCTyStallogr1968,A24,351.

(22)TheDIRDIF-94programsystemwasused:Beukskens,PT･;Admiraal,G.;Beurskiens,

G･;Bosman,WP;deGelder,R･;Israel,R･;Smits,J･M･M･In乃chnicalReportQftheCTyStal-

logTq,hyLaboratoTy;UniversltyofNijmegen:TheNetherlands,1994.

(23)Cromer,D･T;Waber,J･T･Intemationa17hblesjbrX-nlyCり,StallogTq,hy;TheKynoch

Press:Birm1ngham,U.K.,1974;Ⅵ)1.IVThble2.2A.

(24)Creagh,D･C･;McAuley,WJ･InIntemationalIbblesjbrX-n7yCTyStallogTq,hy;耶1son,

A･J･C･,Ed･;KluwerAcademicPublishers,Boston,1992;Ⅶ1･C,Thble4･2･6･8,PP219-222.
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Chapter4

Acylthio-andThioacylthiophosphines[(RCES)nPPh3.n,E=0,S;

n=1-3]:SynthesisandStructuralAnalysis

4.1.Intmlduction

IncontrasttothedithiocarbamatO-,1a,lbdithiophosphinato-,1b,lcanddithiocatbonato-Phos-

PhoruSderivatives,1blittleisknownaboutthechemistryofthethio-anddithiocarboxylicacid

derivatives,mOStlikelyduetothedifBcultyofpuri丘cation･Surpnslngly,nOStruCturalanalyses

Ofthio-anddithiocarboxylatophosphoruscompoundsexceptfbr(PhCOS)3Rlbhavebeenre-

POrtedsofar･Previously,Author'slaboratoryreportedthepreparationofdiphenyl(thioacylthio)-

PhosphinesRCS2PPh2anddiphenyl(thioacylthio)phosphinesul丘desRCS2P(S)Ph2byreacting

PiperidiniumdithiocarboxylateswithPh2PClandPh2P(S)Cl,reSPeCtively.2Asapartofthe

Author'sstudyconcern1ngmaingroupelementderivativesofnewchalcogenocarboxylicacids,

theAuthorhasfocusedonthesystematicsynthesisofgroup15elementderivativesof

Chalcogenocarboxylates･Inthispaper,theAuthorreportthefu11detailsofthesynthesisand

StruCtureOftheacylthio-andthioacylthiophosphines[(RCES)nPPh3_n,E=0,S;n=1-3]3-8.

4.2.ResultsandDiscussion

Synthesis:ThethiocatboxylatophosphoruSderivativesweresynthesizednrst(Eq.1).So-

diumandpotassiumthiocarboxylateslreadilyreactedwithchlorodiphenylphosphineinether

to glVe the corresponding

acylthiodiphenyl-Phosphines

RCOSPPh23a-gln gOOd

Ph3_nPXn

yields(Tablel).Indichloromethane,the

reactionofdichlorophenylphosphinewith

two molar amounts oflgave the

bis(acylthio)-phenylphosphines4in70-90

%yields.Similarly,thestoichiometricre-

actionoftribromophosphinewithlin

dichloromethanegavetris(acylthio)-Phos-

Phines5in70-90%yields.

Next,dithiocarboxylatophosphorus

derivativesweresynthesized.Underthe

COnditionsusedforthesynthesisofthe

thiocarboxylicacidderivatives3-5,there-

actionsofpiperidiniumorsodiumdithio-

･nR人s-M･

1(E=0)

2(E=S)

M=Na,K,Or
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200C,1h

a CH3

b トC4H9

C C6H5

d 4-CH3C6H4

e 2-CH30C6H4

f 4-CH30C6H4

g 4-CIC6H4
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C 2-CH30C6H4

d 4-CH30C6H4
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f 2,4,6-(CH3)3C6H2
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Carboxylates with the corresponding halophosphines were examined.As expected,

diphenyl(thioacylthio)-Phosphines6,Phenylbis(thioacylthio)phosphines7,andtris(thioacylthio)-

Phosphines8wereisolatedinyieldsof20-90%,10-70%,and30-70%,reSPeCtively(Thble2).

Suchlowyieldsareduetothedifncultyofpuri丘cation(lossduringpuri丘cation).

Thiocarboxylicacidderivatives3-5arefairlystablethermallyandtowardoxygenand

moisture,andshownoappreciablechangefbrlweekuponexposuretoair.Incontrast,the

dithiocarboxylicacidderivatives6-8areunstablethermallyandaremoisture-SenSitive.For

example,uPOneXPOSuretOair,the4-methyl-Substitutedderivativesweregraduallyhydrolyzed

tothedithiocarboxylicacid･Inparticular,bis(4and7)andtrisderivatives(5and8)arereadily

hydrolyzedeveninether.

Tablel.YieldsandMeltingPointsofMono-, Table2.YieldsandMeltingPointsofMono-,

Bis-,andTris(acylthio)phosphines3-5 Bis-,andTris(thioacylthio)phosphines6-j

No.(RCOS)nPPh3_n Yield Mp
No.(RCS2)nPPh3_n

Yield Mp

R J‡ % OC

3a CH3

3b トC4H9

3c C6Ii5

3d 4-CH3C6H4

3e 2-CⅢ30C6Ⅲ4

3r 4-CH30C6H4

3g 4-CIC6Ⅲ4

4a CH3

4b トC4H9

4c C6H5

4d 4-CH3C6H4

4e 2-CH30C6Ii4

4r 4-CH30C6Ⅲ4

4g 4-CIC6H4

5a CH3

5b トC4H9

5c C6H5

5d 4-CH3C6I14

5e 2-CH30C6Ⅲ4

5r 4-CⅢ30C6H4

5g 4-CIC6Ii4
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R Jl % OC

6a C6H5 1 35 74-76

6b 4-CH3C6H4 1 94 98-99

6c 2-CH30C6H4 1 93 0i1

6d 4-CH30C6H4 1 61 95-97

6e 4-CIC6H4 1 25 75-77

6f 2,4,6-(CH3)3C6H21 54 112-117

7a C6H5 2 71 0i1

7b 4-CH3C6H4 2 36 127-131

7c 2-CH30C6H4 2 19 56-60

7d 4-CH30C6H4 2 11109-114

7r 2,4,6一(CH3)3C6H2 2 44 126-129

8b 4-CH3C6H4 3 38 150-153

鮎 4-CIC6日4 3 53 87-90

8r 2,4,6t(CH3)3C6H2 3 71169-173

MolecularStruCtureS:TheORTEPdrawingof(4-methylbenzoylthio)diphenylphosphine

3disshowninFig.1.Thecrystaldataareco11ectedinThble3.Selectedbonddistancesand

anglesareshowninThble4･Thecompound3dcrysta11izesinamonoclinicsystemwithspace
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Table3.

Emplricalformula

Formulaweight

Color

Crystalsystem

α/Å

わ/Å

c/Å

β/deg.

Volumeofunitcell/Å3

Spacegroup

Zvalue

Dcalc/gcm-3

Crystalsize/mm

〃(Mogα)/cm-1

Transmissionfactor

fbrabsorptlOnCOrreCtion

Temp/OC

2qnax/deg.

No.ofmeasuredreflections

No･OfunlquereneCtions

尺i11【

No.ofobservations

No.ofvariables

Reflection/parameterratio

Residuals:R,a)Rwb)

pvalueb)

max.andmin.ofresidual

Electrondensity/eÅ-3

Goodnessoffitindicator

CrystalData,DataCollection,andRefinementParametersfbr3d,4d,5d,and7b

3d 4d

C20H170PS C22=1902PS2

336.39 410.48

Colorless colorless

Monoclinic Monoclinic

34･855(2) 5.900(2)

8･318(1) 16.073(2)

5･941(1) 21.489(2)

89･59(1) 96.07(2)

1722･4(4) 2028.4(6)

P21/c(#14) P21/〔･(#14)

4 4

1.297 1.344

0･23xO.23xO.43 0.23xO.17xO.23

2.82 3.5(i

23.0

55.0

4018

3955

0.033

2116/J>2.細川

209

IO.12

0.6834-1.0000

23.0

55.0

5101

4(i59

0.063

5d 7b

C24H2103PS3 C22HJ9PS4

484.58 442.61

Colorless Red

Trigona1 0rthorhonbic

13･479(3) 16.296(2)

27･597(3) 21.708(2)

6.029(1)

4341(1) 2132.6(5)

尺3(■(#161) 門12121(#19)

8 4

1.482 1.344

0･06xO.23xO.31 0.09xO.14xO.29

4.41

23.0

55.0

2二ち90

1119

0.1:‡2

2310//>1･5頭巾 393/J>2.0所ハ

0･049,0.050 0.055,0.056

0.0230 0.0350

0･41,-0･25 0.28,-0.31

1.67 1.35

5.26

0.6548-1.0000

23.0

55.0

3221

2819

0.043

1865/b2.0所ハ

246

7.58

0･087,0･287C) 0.043,0.掴6

0.0350

0･92,-0.62 0.24,-0.24

1.26 1.2l

a川=∑(Ⅰ㌔ト1り)戊1㌔1･b川仲=[∑(1り-1F(･Ⅰ)2′加l㌔Ⅰ2]1/2,W=[02(㌔)ヤ2(㌔)2/4】-1.

C)R=∑(1Fbl-1Fl･l)戊IFbl･Rw=[∑w(Ft)2-F〔･2)2aw(Fl)2)2]1/2･W=[G2(Fb2)+(0･1000P)2+0･0000P】-1,WhereP=(F,,2+2Fl､2)/3.

groupP21/c(#14)･Thedihedralanglessuggestthatthethiocarboxylatoligandisinapproxi-

matelysameplaneasthebenzenerlngCOntainlngC21atomandisroughlyperpendiculartOthat

COntainingC31atom･TheC-OandC-Sbondlengthsof3darel･207(4)andl.802(4)Å,Which

reflectC=OdoubleandC-Ssinglebonds,reSPeCtively･TheP-Sbondlength[2･136(1)Å】is

Closetothesumofthesinglecovalentbondradiiofbothatoms(2･14Å),3andiscomparableto

thedistanceobservedfbrEt2NCS2PPh2(2･123Å)･1bThedistancebetweenthecarbonyloxy-

genandthephosphoruSatOm[2･917(3)Å]isconsiderablylongerthanthesumofthecovalent

bondradiiofbothatoms(1･74Å),3butlessthanthesumofthevander%alsradiiofbothatoms

(3･28Å),4indicatingaweakinteraction･ThebondanglesaroundthephosphoruSatOm[Sll-

Pl-C21=98･4(1)○,SlトPl-C31=102･3(1)｡,C21-Pl-C31=100･7(2)｡]areclosetoright

angles,andthephosphorusatomcanbeconsideredtoexhibitap-tyPebond,thusfbrmlnga

distortedtetrahedralstruCtureWiththeunsharedelectronpalrOrbitalattheapex･
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一主

Sll
･一､ ′

Figure･l･AnORTEPdrawingof4-C=3-

C6H4COSPPh23d.

亡1

■l

殻

ノニ‥･芸六･言む∵∴

Cユ1

Figure･2･AnORTEPdrawingof(4-

CH3-C6H4COS)2PPh4d.

1nbis(4-methylbenzoylthio)phenyl-

Phosphine4d,thetwothiocarboxylato

ligandsexistinthesameplanewiththe

SameOrientation,Whereeachoxygen

a(Omislocatedinthesamedirection

(Fig･2)･Thephenylringisnearlyper-

pendiculartotheplane･TheCLOand

C-S bondlengths
of the two

thiocarboxylatoligandsareavl.213(5)

Åandavl･787(4)Å,reSpeCtively,indi-

CatingC=OdoubleandC-Ssinglebonds

(Table5)･ThetwoP-Sbondlengths

[Pl-Sll=2.146(2)Å,Pl-S21=

2.144(2)Å]areclosetothesum｡fthe

Slnglecovalentbondradiiofbothatoms

(2･14Å),3indicatingasinglebond.The

Table4･SelectedBondLengrhs(Å),Angles(deg.).Torsion

血gles(deg･),卸dDihedralAngles(deg.)or

(4-Me(hylbenzoy)thio)diphenylphosphine3d

80ndle□gths

Pl-Sl1 2.13叫l) PトーC21

Pト011 2.別け(3) Pl-C引

CIトSI】 】.802(4)

Cll-011 l.207(4)

AllgteS

SlトPト0】I 60.鵬(6) SlトPト_C21

Sll-ClトOll120.8(3) Sll-PトC31

Pト5=-{11 97.】(1) C2l-PトC31

Pl-Oll-{1】 弧】(2)

Tor如na喝1es

SlトC】Il:12･{t7 6.0(5)Cll-S=_PトC2】

C‖-S‖+PトC31

Dihedralmgks

Plane(SIトCl】｣)11トPlane(C21♭enzenehng)

Plane(S‖ト{11｣)11トPtane(C3Iknzene血咽)

Plane(C3IbenzenerlngトP)ane(C3]benzenerlng)

1.838(4)

l.828(4)

98.叫1)

102.3(1)

1∝I.7(2)

171,8(2)

85.2(2)

Table5･SeJectedBondLeng(hs(Å)･Angles(deg.).andTorsion

AngJes(deg･)ofBis(4-methyJbenzoyIthio)phenylphosphine4d

Bondtenglhs

PトSlI 2.川6(2)

Pト0】1 2.784(3)

ClトSll 】.785(5)

Clト011 l.2tl(5)

Pl-C31 1.825(4)

Angles

S‖-PトS21 9】.42(6)

Stl-Pト011 62.65(8)

S‖+C‖-0】】 t20.即4)

PトSll-{1】 93.7(2)

Pl-0】ト{】1 82.t(3)

SlトPトC31 】Ol.4(1)

PトS21 2.Ⅰ44(2)

Pト021 2.747(3)

C2l-S2】 】.7g8(4)

C2ト02】 1.2】4(5)

0ⅠトPト021 】42.】(1)

S2トPl-021 63,25(8)

S21-{2Ⅰ-021120.0(4)

Pl-S2l-C21 92.9(2)

Pト02トC21 82.8(3)

S2l-P】一C3】 102,3(2)

Torsiomangles

Sll-Pl-S2l-C21172.8(り

Sll｣コ1→C12-C】7 8･8(6)s2ト{2ト{22-{27
4.叫6)

Cll-SlトPl-C31 87･3(2)
c2トS21-Pl｣コ185.2(2)

distanCeSbetweenthetwocarbonyloxygenandthephosphoruSatOmS[Pl-01l=2.784(3)Å,

Pl-021=2･747(3)Å]aredifftrent･andshonerthanthatinthemonothi∝arboxylate3d[2.917(3)

Å],indicatingastronginhamolecularinteraction(nonbondinginteraction)･Thebondangles

aroundthephosphorusatom[Sll-Pl-S21=91･42(6)｡,Sll-PトC31=101.4(1)｡,S2l-Pl-C31

=102･3(2)○】arenearlyrightangles,Wherethetwosulfurandthek,SO-Carbonatomsofthe
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Phenylringareboundtothe3porbitalsofthecentralphosphoruSatOm･Thecompound4dalso

existsinadistortedtetrahedralstruCtureWithunsharedpalrSOfelectrons,inanalogywiththatof

3d.

TheORTEPdrawingoftris(4-methylbenzoylthio)phosphine5disshowninFig.3.The

PnnCipalbonddistancesandanglesandtorsionanglesarepresentedinThble6･ThestruCtureOf

5disessential1ycomparabletothatoftris(benzoylthio)phosphinereportedbyRussianChemists,1b

inthatthethreethiocarboxylatoligandsdisplayC3Symmetry[Fig.3a].TheC-0,C-S,andP-

Sbondlengthsarel.22(2),1.79(2),and2.142(5) Table6･SelectedBondLengths(Å),Angles(deg･),

Å,reSpeCtively,WhichindicateC=Odoubleand

C-SandP-Ssinglebonds.Thedistancebetween

thecarbonyloxygenandthephosphorusatom

【2.82(1)Å】isbetweenthoseofmono-3d

【2.917(3)Å】andbisderivatives4d[av2.766(3)

Å】,indicatingaweakinteraction.Thethreeco-

ValentphosphoruS-Sulfurbondsarenearlyatright

angles[95･4(2)○】tooneanother,againindicative

Ofadistortedtetrahedronsimilartothoseof3d

and4d[Fig.3b].

(a)

andTorsionAngles(deg.)of

Tis(4-methylbenzoylthio)phosphine5d

Bondlengths

PトS1 2.142(5)

Pl-01 2.82(1)

Angles

SトPトO1 6l.6(3)

SトCト01119.3(10)

SトPトSl* 95.4(2)

CトSl l.79(2)

Cト01 1.22(2)

PトSトー{1 96.0(5)

Pト01-C1 82.8(8)

Torsionangles

Sl-CトC2-C7 2(2) Sl-Pl-Sl*-Cl*89.2(7)

*)-rズーrZ.

仲

0
1
野
㌔
C
l

)

Figure･3･AnORTEPdrawingof(4-CH3C6H4COS)3P5d.

(★)-アズーアZ(')一方+ア一考Z

Ontheotherhand,thecrystallizationofdithiocafboxylatophosphorusderivativesisvery

di伍cult･Afterseveralattempts,Singlecrystalsofbis(4-methylthiobenzoylthio)phenylphosphine

7bwereobtained･TheORTEPdrawlngandselectedbondlengthsandanglesareShowninFig･

4andTbble7,reSPeCtively･Asin4d,thetwodithiocarboxylatoligandsexistinthesameplane,
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Whereeachthiocarbonylsulfuratom

islocatedinthesamedirection.The

C-S bondlengths ofthe dithio-

Carboxylatoligandsaredifftrent,and

CanbedividedintoshorterC-Sbond

lengths[avl.632(6)Å】andlongerC-

Sbondlengths[avl.751(6)Å】.The

formerisclosetothegeneralC=S Figure･4･AnORTEPdrawingof(4-CH3C6H4CS2)2PPh

doublebondvalue(1.61Å),3whilethe
7b･

1atterisroughlyintermediatebetween

C=SdoubleandC-Ssinglebonds･3

Asimi1ardifftrenceintheC-Sbonds

isfoundin(Et2NCS2)2PPh(avl.678

Åandavl.777Å).1bTheP-Sbond

lengths[Pl-S12=2.170(3)Å,Pl-

S22=2.158(2)Å】areClosetothesum

Oftheslnglecovalentbondradiiof

bothatoms(2.14Å),3indicatinga

Slnglebond.Thedistancesbetween

thetwothiocarbonylsulfurandthe

PhosphoruSatOmS[Pl-Sll=2.965(3)

Å,Pl-S21=2.975(3)Å】arelonger

thanthesumoftheircovalentbond

radii,3butshorterthanthesumoftheir

vanderWaalsradii(3.66Å),4indi-

CatlngaWeakinteraction.TheS-Pl-

Table7.SelectedBondLengths(Å),Angles(deg.),

andTorsionAngles(deg.)of

Bis(4-methylthiobenzoylthio)phenylphosphine7b

Bondlengths

Pl-S11 2.965(3)

PトS12 2.170(3)

Cll-Sll l.630(6)

ClトS12 1.761(6)

Pl-C31 1.836(7)

Angles

SlトPl-S21 138.11(8)

Sll-PトS12 67.73(7)

Sll-ClトS12 120.0(4)

Pl-S11-Cl1 73.6(2)

Pl-S12TCl1 96.8(2)

S12-PトC31 101.6(2)

Pl-S21 2.975(3)

Pl-S22 2.158(2)

C2l-S21 1.634(6)

C2l-S22 l.740(6)

S12-PトS22 86.20(9)

S2トPトS22 67.45(7)

S2トC21-S22 120.5(3)

Pl-S2トC21 73.5(2)

PトS22-C21 98.3(2)

S22-Pl-C31 101.0(2)

Torsionangles

S12-Pl-S22-C21173.7(2)

S12-Cll-C12-C17 2･5(8) s22_C21JC22_C27 3.5(8)

Cll-S12-PITC311(犯･6(3) c21_S22_Pl_C31 85.2(3)

C31angles[avlOl･3(2)○]aresimilartothoseinthiocarboxylatederivative4d,WhiletheS12-

Pl-S22angle[86･20(9)○]isslightlysmallerthanthatofthecorrespondingthiocafboxylatede-

rivative4d[91･42(6)○]･ThetwophosphoruS-SulfurandonephosphoruS-benzenebso-Carbon

bondsarenearlyatrightanglestooneanother,andthestructureof7bissimilartothoseof3d,

4d,and5d.

StructuralComparisonofMono-,Bis-,andTris(arenecarbonylthio)phosphine:Se-

1ectedbondlengthsandtorsionanglesof3d,4d,and5dareshowninThbles8and9,reSPeC-

tively･TheC-0,C-S,andfしSbondlengthsarenearlythesame･Ontheotherhand,the

distancebetweenthecarbonyloxygenandthephosphoruSatOmSdecreaseintheordermono3d,

tris5d,andbis4d･Presumably,thegreaterdistancein3dmaybeduetoweakinteraction,i.e.

theinteractionoftheP-Co･*orbitalwiththelone-Palrelectrononthecarbonyloxygenislonger
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thanthatoftheP-SG*orbital.Thein_

teractionbetweenthecarbonyloxygen

andthephosphoruSatOmSWOuldtakean

importantroleintheplanarltyOfthe

thiocarboxylatemoietieswiththephos-

PhoruSatOmS.

Table8･SelectedBondDistancesofMono-,Bis-,

andTris(acylthio)phosphines3-5

Bond/A

No･R n c-O C-S P･･･O P-S

3d 4-CH3C6H41l･207(4)1･802(4)2･917(3)2.136(l)

Spectra:Thespectroscopicdata｡f4d4.C"3C6H42 壬:…壬i問壬湖聞㍑彬=二王羞(茎)
(RCOS)nPPh3_n(3:n=1,4:n=2,5:n=5d

4-CH3C6H4
31･22(2)1･79(2)2･82(1)2.142(5)

3)areshowninTbblelO.Thelt=Obandsof

3-5appearatabout1690cm-1foraliphatic

derivatives(R=CH3,t-C4H9)andat1630-

1670cm-1fbraromaticderivatives,Whichis

COmParabletothecorrespondingS-alkylesters.

The13c=Ochemicalshiftsof3-5appearat∂

=188･6±1.3fbraromaticderivativesand∂=

198･3±5･8foraliphaticderivatives,andthecou-

Plingconstants[2J(CP)]are

about14Hz.The31pNMR

SPeCtraareObservedat∂=

1住-14R)r3,∂=25-35fbr4,

andabout∂=50for5,Which

indicatesadownneldshift

Withanincreaseinthenum_

ber of thiocarboxylato

ligandsbondedtothephos-

PhoruSatOm.

Thespectroscopicdata

Of(RCS2)nPPh3_n(6:n=1,

7:n=2,8:n=3)aretabu-

1atedin Tablell.The

thiocarbonylstretchingfre-

quenciesof6appearat12

1250cm-l,andthatfor2,4,6-

trimethylphenylderivative6f

isabout30cm-1lowerthan

thoseofotheraromaticde_

rivatives6a-e.Thoseofbis

7andtrisderivatives8appear

Table

Table9･SelectedTorsionAnglesofMono-,Bis-,

andTris(acylthio)phosphines3-5

(｡瓶pph3-n
No･R n Torsionangles/deg･

3d 4-CH3C6H4 1 011-Cll-Sll-Pl14.6(3)

4d4.CH3C6H4 2

82!:錯=三豊i:B壬.?:茎f葺i
5d 4-CH3C6H4 3 011-Cll-Sll-P1 6(1)

10･SpectroscopicDataofMono-,Bis-,andTris(acylthio)phosphines3h5

No.(RCOS)nPPh3_n

R

lR/cm-1 NMR/8C)

tt=0 13c=0 31pd)2J13C_31P/Hz

3a CH3

3b トC4H9

3c C6H5

3d 4-CH3C6H4

3e 2-CH30C6H4

3f 4-CH30C6H4

3g 4-CIC6H4

4a CH3

4b トC4H9

虹 C6H5

4d 4-CH3C6H4

4e 2-CH30C6H4

4f 4-CH30C6H4

4g 4-CIC6H4

5a CH3

5b トC4H9

5c C6H5

5d 4-CH3C6H4

5e 2-CH30C6H4

5f 4-CH30C6H4

5g 4-CIC6H4

1 1694a) 193.9

1 1682a) 198.7

1 1652a) 189.8

1 1652b) 189.8

1 1630b) 189.2

1 1652a) 柑8.3

1 1657b) 柑9.3

2 1703a) 193.1

2 1694a) 204.1

2 1655b) 189.8

2 1643b) 189.3

2 1629b) 柑8.8

2 1654b) 188.1

2 1658b) 188.6

3 1694a) 192.5

3 1680a) 203.6

3 1648b) 189.2

3 1647b) 188.8

3 1620b) 188.6

3 1659b) 187.3

3 1677b) 188.0

14.2 15

10.3 15

13.0 13

12.3 12

11.1 12

12.3 13

14.0 12

34.8 14

28.0 12

24.5 14

29.3 14

24.6 13

29.2 14

32.0 14

55.1 17

52.3 14

51.6 16

51.4 16

44.7 14

5l.8 1(i

52.2 17

a)Neat･b)KBr･C)NMRspectrarecordedinCDC13･
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at1230-1260cm-1.The13c=S

Chemicalshiftsappearinthe

narrOWreglOnd=223-227,eX-

Tablell.SpectroscopicDataofMono-,Bis-,

andTris(thioacylthio)phosphines6J

No.(RCS2)nPPh3_n

Cludingthe2,4,6-trimethyl-Phe-
R

IRノcm-1a)

〝 lt=S

NMR/∂C)

13c=S 31pd)2J13C-31P/=z

nylderivatives6f,7f,and8f6a C6H5

(aboutd=237)･Sterichin-6b 4-CH3C6H4

dranceofthemesltylgroup6c 2-CH30C6H4

wouldreducepcoqugationbe-6d4-CH30C6H4
鎚 4-CIC6H4

tweenthearomaticringand6f
2,4,6-(CH3)3C6H21

C=S moiety,reSultingin7a C6H5 2

down丘eldshiftof13c=Schemi_7b 4-CH3C6H4 2

calshifts.Ontheotherhand,7c
2-CH30C6H4 2

the31pNMRspectraareob-7f2,4,6-(CH3)3C6H22

Servedatabout∂=20丘)r6,∂=8b 4-CH3C6H. 3

9-15fbr7,andabout8=-4fbr8e 4-CIC6H4 3

8,Whichindicateup丘eldshifts8f
2,4,6-(CH3)3C6H23

2

1

2

つJ

2

2

225.7 21.3

225.5 20.2

252b) 222.7 22.1

1

2

5

4

4

Qノ

2

つん

l

223.5 19.4

224.2 22.8

236.3 22.0

239b) 226.9 12.5

羽

50

49

61

51

31

43

2

2

つん

2

2

2

2

226.3 11.0

227.9 14.9

224.2 8.73

23(i.5 12.7

227.6
-3.99

227.0
-3.46

238.9
-3.96

21

20

17

19

21

19

23

22

24

24

22

25

26

25

withanincreaseinthenumber
a)KBr･b)Neat･C)NMRspectrarecordedinCDC13･d)StandardinH3PO4･

Ofdithiocarboxylatoligands Table12･SelectedFeatureinSpectraof4-Methylbenzoylthio-and

bondedtothephosphorus

atom･ThespectroscopIC

data of the(4-methyl-

benzoylthio)phosphines3d,

4d,and5d are shownin

Thble12.Thet℃=Obands

Show high wavenumber

Shiftsintheorder4d,5d,

and3d･InX-rayStruCtural

analyses,theC=Odouble

4-Methyl(thiobenzoylthio)phosphineDerivatives

No.(RCES)nPPh3,n IR/cm-1a) NMR/∂b)

R E n
vc=E 13c=E 31pe)2J13C-31P′=z

d

d

d

b

b

b

つJ

4

5

`V

7

史U

4-CH3C6H4 0

0

0

S

1

つム

つJ

一･1

2

2

つJ

7

1

4

-･

65

糾

糾

23

24

25

1

1

1

1

1

1

189.8 12.3

柑9.3 29.3

188.8 51.4

225.5 20.2

226.3 11.0

227.6
-3.99

2

4

/b

O

2

5

1

-･

--

2

2

2

a)KBr･b)NMRspectrarecordedinCDC13.C)StandardinH3PO4.

bondlengthsarenearlythesame,Whilethedistancesbetweenthecarbonyloxygenandthe

PhosphoruSatOmSfo1lowthissameorder･Therefore,ahighwavenumbershiftofthel℃=Omay

berelatedtointeractionbetweenthecarbonyloxygenandthephosphorusatoms.The13c=O

Chemicalshiftsshowup丘eldshi鮎intheorder3d,4d,and5d･Ontheotherhand,the31pNMR

Chemicalshiftsshowdown丘eldshiftsintheorder3d,4d,and5d,Whichmaybeduetothe

electron-Withdrawlngefftctofthethiocarboxylatoligands･Inthedithiocafboxylatederivatives,

thevt=Sbandsshowhighwavenumbershiftsintheorder6b,7b,and8b.However,the13c=S

Chemicalshiftsshowdownneldshiftsandthe31pNMRchemicalshi鮎showup丘eldshiftsin

theorder6b,7b,and8b,Whichareoppositetothetrendsseenwiththecorresponding

thiocarboxylicacidderivatives･Presumably,theelectrononthedithiocarboxylategroupsmay
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bebackdonatedthroughthethiocarbonylsulfuratoms.

4.3.Conclusiom

Aseriesofthio-anddithiocarboxylatophosphoruSderivativesweresynthesizedandtheir

X-rayStruCturalanalyseswereobtained･ThecrystalstruCtureSOfthesecompoundsshowin-

tramolecular-nOnbondinglnteraCtionsbetweenthecarbonyloxygenorthiocarbonylsulfurand

thecentralphosphoruSatOmS･However,theseintramolecularinteractionsareweak,andthe

COValentphosphoruS-Sulfurand/orphosphoruS-benzenepso-Carbonbondsarenearlyatright

anglestooneanother,formlngeSSentiallydistortedtetrahedralstructureswiththeunshared

electronpairotbitalattheapex･Inthebis-derivatives[(RCES)2PPh,E=0,S],thetwothio-and

dithiocarboxylatoligandsexistinthesameplanewiththesameorientation,Whereeachcarbo-

nyloxygenorthiocarbonylsulfuratomislocatedinthesamedirection.

4.4.Experimental

MeltingpolntSWeredeterminedbyaYanaglmOtOmicromeltingpolntaPParatuSandare

uncorrected･TheIRspectraweremeasuredonaPerkin-ElmerFTIIR1640spectrophotometer･

ThelHNMRspectrawererecordedonaJEOLJNM一劇00(400MHz);thefo1lowingabbrevia-

tionswereused;S:Slnglet,d:doublet,t:triplet,m:multiplet･The13cNMRwererecordedona

JEOLJNM一劇00(100MHz)･The31pNMRwererecordedonaJEOLJNM一頭00(162MHz)

Withphosphoricacidasanexternalstandard･ElementalanalyseswereperfbrmedbytheEl-

ementalAnalysisCenterofKyotoUniverslty･

Materials･The丘)1lowlngSOIventswerepuri丘edunderargonanddriedasindicated:Di-

ethyletherandhexanewererefluxedwithsodiummetaluslngbenzophenoneasanindicatorand

distilledbebreuse:DichloromethanewasdistilledoverdiphosphoruSPentaOXide,afterreflux-

1ngfor4h･Chlorodiphenylphosphine,dichlorophenylphosphine,andtribromophosphine/

dichloromethane(1.OMsolution,1M=lmoldm-3)wereobtainedfromAldrich.

X･RayStructureAnalysis･MeasurementswerecarriedoutonaRigakuAFC7Rfbur-

Circlediffractometerwithgraphite-mOnOChromatedMoKαradiation(A=0.71069Å).A11the
StruCtureSWereSOIvedandrenneduslngtheteXsan㊥crystallographicsoftwarepackageonan

IRISIndigocomputer･Crystalsampleswerecutfromgrowncrystalsandmountedonaglass

fiber･Since(4-methylbenzoylthio)diphenylphosphine(3d),bis(4-methylbenzoylthio)-

Phenylphosphine(4d),tris(4-methylbenzoylthio)phosphine(5d),andbis(4-methylthiobenzoyl-

thio)phenylphosphine(7b)wereunstableinair,thecrystalsof3d,4d,5d,and7bwerecoated

Withanepoxyresin･Thecelldimensionsweredeterminedfromaleast-SquareSre丘nementof

thesettlngdifffactometeranglesfor25automaticallycenteredreflections･Threestandardre-

flectionsweremeasuredevery150reflectionsandshowednoslgni丘cantintensltyVariations

duringdatacollection･Lorentzandpolarizationcorrectionswereappliedtothedata,andem-

Piricalabsorptioncorrections[DIFABS5(4dand7b)and弊scans6(3dand5d)]werealsoap-

Plied･ThestruCtureSWereSOIvedbyadirectmethoduslngSHELXS867fbr3d,4d,7b,and5d

andexpandeduslngDIRDIF94･8scatterlngfactorsforneutralatomswereobtainedfromCromer

andWaber9andanomalousdispersionlOwasused･Thefunctionminimizedwas∑w(IF｡bsI-

IFcalcI)2,andtheweightingschemeusedwasw=[02(F｡)tp2(F｡)2/4]-1fbr3d,4d,and7b,
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while[∑w(IF｡bsI-IFbalcI)2/(N｡一勅)】1/2and[02(Fb)+(0.1000P)2+0.OW]-1,P=(Fb2+2Fb2)/3

WereuSedfbr5d.Afu11-matrixleast-SquareSre丘nementwasexecuted,Withnon-hydrogen

atomsbeinganisotropicfbr3d,4d,and7b,anduslngSHELXL93for5d･11The丘nalleast-

SquareCyCleincluded丘xedhydrogenatomsatcalculatedpositions,fbrwhicheachisotroplC

thermalparameterWaSSettOl･2timesthatoftheconnectlngatOm･Crystaldataandadescnp-

tionofthemeasurementaresummarizedinThble3.

PreparationofSingleCrystals.(4-Methylbenzoylthio)diphenylphosphine(3d)(0.090

g)wassingle-CryStallizedfromdichloromethane(1.OmL)andhexane(l.OmL)at250Cfor5d.

Bis(4-methylbenzoylthio)phenylphosphine(4d)(0.150g)wassingle-CryStallizedfrom

dichloromethane(1.2mL)and hexane(1.O mL)at250C forlweek.Tris(4-

methylbenzoylthio)phosphine(5d)(0.109g)wassingle-CryStallizedfromdichloromethane(3.O

mL)andhexane(4.OmL)at250Cfbrlweek.Bis(4-methylthiobenzoylthio)phenylphosphine

(7b)(0.065g)wassingle-CryStallizedfromdichloromethane(0.5mL)andhexane(0.6mL)at

250Cfbr4d.

Acetylthiodiphenylphosphine(3a)･Tbasolutionofchlorodiphenylphosphine(0.225g,

1.02mm01)inether(10mL),SOdiumthioacetate(0.114g,l.16mmol)wasadded.Themixture

WaSStirredat200Cfbrlh.Theinsolubleparts(NaCl)werenlteredoffbyglass丘1ter(G4)in

VaCuO･The soIvents were removedunderreducedpressure(230C/53Pa)to give

acetylthiodiphenylphosphine(3a)ascolorlessoil(0.199g,74%).1HNMR(CDC13)8=2.42

(S,3H,CH3),7.30-7.32(m,6H),7.47-7.50(m,4H).13cNMR(CDC13)∂=32.1(CH3),128.4

(3J13C_31P=6.8Hz),129.4,132.8(2J13C_31P=21Hz),135.5(1J13C_31P=24Hz),193.9(2J

13C_31P=14Hz,C=0).

(2,2･Dimethylpropionylthio)diphenylphosphine(3b).Aswith3a,thereactionof

Chlorodiphenylphosphine(0･220g,l･00mmol)withsodium2,2-dimethylthiopropionate(0.150

g,1･07mmol)gave(2,2-dimethylpropionylthio)diphenylphosphine(3b)ascolorlessoil(0.226

g,75%).1HNMR(CDC13)∂=1.16(S,9H,CH3),7.19-7.21(m,6H),7.37-7.41(m,4H).13c

NMR(CDC13)∂=26.4(CH3),47.4[C(CH3)],128.3(3J13C_31P=6.8Hz),129.3,132.7(2J

13C_31P=21Hz),135.8(lJ13C_31P=24Hz),198.7(2J13C_31P=15Hz,C=0).
Benzoylthiodiphenylphosphine(3c)･Aswith3d,thereactionofchlorodiphenylphosphine

(0･226g,1･02mmol)with potassium thiobenzoate(0･185g,1.06mmol)gave

benzoylthiodiphenylphosphine(3c)asyellowoil(0.312g,95%).1HNMR(CDC13)∂=7.28-

7･39(m,9H),7.55-7.59(m,4H),7.97-7.99(m,2H).13cNMR(CDC13)∂=127.9,1128.1,

128.4(3J13C_31P=5.9Hz),129.4,132.8(2J13C_31P=22Hz),135.4(1J13C_31P=24Hz),

134.2,136.7,189.8(2J13C_31P=13Hz,C=0).

(4･Methylbenzoylthio)diphenylphosphine(3d).To a solution of

Chlorodiphenylphosphine(0･221g,1･00mmol)inether(10mL)wasaddedpotassium4-

methylthiobenzoate(0.198g,1.04mmol),andthemixturewasstirredat200C丘)rlh.The

insolubleparts(KCl)werenlteredoffbyglass丘1ter(G4)invacuo.ThesoIventswereremoved

underreducedpressure(230C/53Pa).Dichloromethane(0.5mL),ether(1.OmL),andthen

hexane(1.3mL)wereaddedandthismixturewasallowedtostandat-200Cfbr24h.Filtration

Oftheresultingcrystalsgave(4-methylbenzoylthio)diphenylphosphine(3d)ascolorlesscrys-

tals(0.312g,93%).1HNMR(CDC13)∂=2.31(S,3H,CH3),7.15(d,J=8.2Hz,2H),7.27-

7･29(m,6H),7･48-7･52(m,4H),7.86(d,J=8.2Hz,2H).13cNMR(CDC13)∂=2l.7(CH3),
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128･3,128･6(3J13C-31P=6･8Hz),129･3,129･6,130･8,133･1(2J13C-31P=21Hz),135.8(lJ

13CT31P=24Hz),144･7,189･8(2J13C-31P=12Hz,C=0).Found:C,71.46;H,5.11%.Calcd
fbrC20H170PS:C,71.41;H,5.09%.

(2･Methoxybenzoylthio)diphenylphosphine(3e).Aswith3d,thereaction｡f

Chlorodiphenylphosphine(0･223g,1･01mmol)withpotassium2-methoxythiobenzoate(0.210

g,1･02mm01),fo1lowedbyrecrystallizationfromamixedsoIventofdichloromethane(1.OmL),

ether(0･5mL),andthenhexane(2･OmL)gave(2-methoxybenzoylthio)diphenylphosphine(3e)

ascolorlesscrystals(0･282g,80%)･1HNMR(CDC13)∂=3･88(S,3H,CH30),6.87-6.91(m,

2H),7･26-7･28(m,6H),7･48-7･52(m,4H),7･62-7.67(m,1H),7.73-7.75(m,lH).13cNMR

(CDC13)∂=55･8(CH30),112･1,120･4,126･9,128･5(3J13C-31P=6.8Hz),129.4,130.4,133.2

(2J13C-31P=21Hz),134･1,136･0(1J13C-31P=24Hz),158･2,189･2(2J13C_31P=12Hz,

C=0)･Found:C,68･20;H,4･92%.Calcd丘)rC20H1702PS:C,68.17;H,4.86%.

(4･Methoxybenzoylthio)diphenylphosphine(3f).Aswith3d,thereactionof

Chlorodiphenylphosphine(0･228g,1･03mmol)withpotassium4-methoxythiobenzoate(0.218

g,1･06mm01)gave(4-methoxybenzoylthio)diphenylphosphine(3f)asyellowoil(0･337g,93%).
1HNMR(CDC13)∂=3･80(S,3H,CH30),6･90(d,J=8･8Hz,2H),7.35-7.37(m,6H),7.60-

7･64(m,4H),8･04(d,J=8･8Hz,2H)･13cNMR(CDC13)∂=55･4(CH30),113.6,128.4(3J

13C-31P=6･8Hz),129･4,130･3,131･5,132･9(2J13C-31P=22Hz),135･7(1J13C_31P=24Hz),

163･9,188.3(2J13C_31P=13Hz,C=0).

(4･Chlorobenzoylthio)diphenylphosphine(3g).Aswith3d,thereactionof

Chlorodiphenylphosphine(0･224g,1･02mmol)withpotassium4-Chlorothiobenzoate(0･244g,

1･06mm01),hllowedby･recrystalli7ationfromamixedsoIventofdichloromethane(1.OmL),

ether(1･OmL),andthenhexane(2･OmL)gave(4-Chlorobenzoylthio)diphenylphosphine(3g)as

COlorlesscrystals(0･329g,90%)･1HNMR(CDC13)∂=7･29-7･36(m,8H),7･48-7.52(m,4H),

7･97-7･99(m,2H);13cNMR(CDC13)8=128･7(3J13C-31P=6･8Hz),129.0,129.6,129.8,

132･7,133･1(2J13C-31P=21Hz),135･4(1J13C-31P=24Hz),140･2,189.3(2J13C_31P=12

Hz,C=0)･Found:C,64･Ol;H,4･02%.CalcdfbrC19H14ClOPS:C,63.96;H,3.95%.

Bis(acetylthio)phenylphosphine(4a)･Tbasolutionofdichlorophenylphosphine(0.180

g,1･01mmol)indichloromethane(10mL)wasaddedsodiumthioacetate(0･201g,2･05mmol),

andthemixturewasstirredat200Cforlh･TheinsolublepartS(NaCl)were丘1teredoffbyglass

nlter(G4)invacuo･ThesoIventswereremovedunderreducedpressure(23｡C/53Pa)togive

bis(acetylthio)phenylphosphine(4a)aspaleyellowoil(0･203g,74%)･1HNMR(CDC13)∂=

2･29(s,6H,CH3),7･207･77(m,5H)･13cNMR(CDC13)∂=31.9(CH3),128.2,128.6,130.5,

132･1(1J13C-31P=24Hz),193･1(2J13C-31P=14Hz,C=0).

Bis(2,2-dimethylpropionylthio)phenylphosphine(4b).Aswith4a,thereactionof

dichlorophenylphosphine(0･185g,1･03mmol)withsodium2,2-dimethylthiopropionate(0.295

g,2･10mmOl)gavebis(2,2-dimethylpropionylthio)phenylphosphine(4b)ascolorlessoil(0.251

g,75%)･1HNMR(CDC13)∂=1･13(S,18H,CH3),7･24-7･90(m,5H)･13cNMR(CDC13)8=

27･2(CH3),47･6[C(CH3)],128･1,128･4,130･3,132･2(1J13C_31P=25Hz),204.1(2J13C_31P

=12Hz,C=0).

Bis(benzoylthio)phenylphosphine(4c).As with4d,the reaction of

dichlorophenylphosphine(0･200g,1･12mm01)withpotassiumthiobenzoate(0.403g,2.30rrmol),

followedbyrecrystallizationfromamixedsoIventofdichloromethane(1.OmL)andthenhex-
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ane(2･OmL),gaVebis(benzoylthio)phenylphosphine(4c)ascolorlesscrystals(0.423g,99%).
1HNMR(CDC13)∂=7.41-7.48(m,6H),7.56-7.62(m,3H),7.89-7.93(m,2H),7.98-8.01(m,

4H)･13cNMR(CDC13)8=127.9,128.3,128.7,128.8,130.8,132.7(lJ13C_31P=25Hz),

134.0,136.6,189.8(2J13C_31P=14Hz,C=0).Found:C,62.93;H,4.06%.Calcdfbr

C20H1502PS2:C,62.81;H,3.95%.

Bis(4･methylbenzoylthio)phenylphosphine(4d).To a solution of

dichlorophenylphosphine(0･187g,1･04mmol)indichloromethane(10mL)wasaddedpotas-

Sium4-methylthiobenzoate(0.409g,2.15mmOl),andthemixturewasstirredat200C丘)rlh.

Theinsolubleparts(KCl)werenlteredoffbyglass丘1ter(G4)invacuo.ThesoIventswere

removedunderreducedpressure(230C/53Pa).Dichloromethane(1.OmL)andthenhexane

(2.OmL)wereaddedandthismixturewasa1lowedtostandat-200Cfor24h.Filtrationofthe

resultingcrystalsgavebis(4-methylbenzoylthio)phenylphosphine(4d)ascolorlesscrystals(0.376

g,88%)･lHNMR(CDC13)∂=2･39(S,6H,CH3),7･23(d,J=8･2Hz,4H),7.40-7.42(m,3H),

7･87-7･89(m,2H),7･89(d,J=8.2Hz,4H).13cNMR(CDC13)∂=2l.7(CH3),128.4,128.6,

128･7,129･4,130･6,132･7(1J13C-31P=24Hz),134.1,145.1,189.3(2J13C_31P=14Hz,C=0).

Found:C,64･09;H,5.14%.CalcdfbrC22H1902PS2:C,64.37;H,4.67%.

Bis(2･methQXybenzoylthio)phenylphosphine(4e).Aswith4d,thereactionof

dichlorophenylphosphine(0･180g,1･01mmol)withpotassium2-methoxythiobenzoate(0.426

g,2･06mmol),払1lowedbyrecrystallizationfromamixedsoIventofdichloromethane(1.5mL)

andthenhexane(3･OmL),gaVebis(2-methoxybenzoylthio)phenylphosphine(4e)ascolorless

CryStals(0･434g,97%)･1HNMR(CDC13)∂=3.90(s,6H,CH30),6.95-7.03(m,8H),7.36-

7･38(m,3H),7･85-7･90(m,2H).13cNMR(CDC13)∂=55.8(CH30),112.1,120.4,128.5,

128･6,130･0,130･2,130･5,132･7(1J13C-31P=24Hz),134.5,158.6,188.8(2J13C_31P=13Hz,

C=0)･Found:C,59･58;H,4･82%.Calcd丘)rC22H1904PS2:C,59.72;H,4.33%.

Bis(4-methoxybenzoylthio)phenylphosphine(4f).Aswith4d,thereactionof

dichlorophenylphosphine(0･356g,1･99mmol)withpotassium4-methoxythiobenzoate(0.826

g,4･00mm01),fo1lowedbyrecrystallizationfromamixedsoIventofdichloromethane(1.OmL)

andthenhexane(1･OmL),gaVebis(4-methoxybenzoylthio)phenylphosphine(4りaspaleyellow

CryStals(0･871g,99%)･1HNMR(CDC13)8=3･84(s,6H,CH30),6･90(d,J=8.7Hz,4H),

7･39-7･41(m,3H),7･85-7･90(m,2H),7･97(d,J=8.7Hz,4H).13cNMR(CDC13)∂=55.6

(CH30),113･9,128･6,128･7,130･2,130･5,130.6,132.6(1J13C_31P=25Hz),164.3,188.1(2J

13C-31P=14Hz,C=0)･Found:C,59･62;H,4･83%.CalcdfbrC22H1904PS2:C,59.72;H,
4.33%.

Bis(4･Chlorobenzoylthio)phenylphosphine(4g).Aswith4d,thereactionof

dichlorophenylphosphine(0･173g,0･97mmol)withpotassium4-Chlorothiobenzoate(0･410g,

1･95mmol),fbllowedbyrecrystallizationfromamixedsoIventofdichloromethane(2.OmL)

andthenhexane(2･OmL),gaVebis(4-Chlorobenzoylthio)phenylphosphine(4g)ascolorlesscrys-

tals(0･381g,87%)･1HNMR(CDC13)∂=7･42(d,J=8･8Hz,4H),7･42-7.44(m,3H),7.88-

7･92(m,2H),7･94(d,J=8･8Hz,4H)･13cNMR(CDC13)∂=128･8,128.9,129.1,129.6,131.0,

128･7(1J13C-31P=25Hz),134･9,140･7,188･6(2J13C-31P=14Hz,C=0).Found:C,53.02;H,

3･36%･Calcd丘)rC20H13C1202PS2:C,53.22;H,2.90%.

Tris(acetylthio)phosphine(5a)･Tbasuspensionofsodiumthioacetate(0･272g,2.77

mm01)indichloromethane(10mL)wasaddedtribromophosphine/dichloromethanel.OMsolu-
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tion(0･8mL,0･80mmol),andthemixturewasstirredat200Cfbrlh.Theinsolubleparts

(NaBr)werefi1teredoffbyglassnlter(G4)invacuo.ThesoIventswereremovedunderreduced

PreSSure(230C/0･4Tbrr)togivetris(acetylthio)phosphine(5a)asyellowoil(0.168g,82%).

1HNMR(CDC13)8=2･29(S,9H,CH3)･13cNMR(CDC13)∂=32･0(CH3),192.5(2J13C_31P

=17Hz,C=0).

Tris(2,2-dimethylpropionylthio)phosphine(5b).Aswith5a,thereactionof

tribromophosphine/dichloromethanel.OMsolution(0.8mL,0.80mmol)withsodium2,2-

dimethylthiopropionate(0･420g,3･00mmol)gavetris(2,2-dimethylpropionylthio)phosphine

(5b)asye1lowoil(0･250g,82%).1HNMR(CDC13)∂=1.19(S,27H,CH3).13cNMR

(CDC13)8=27･2(CH3),47.9[C(CH3)],203.6(2J13C_31P=14Hz,C=0).

Tris(benzoylthio)phosphine(5c)･Aswith5d,thereactionoftribromophosphine/

dichloromethanel･OMsolution(0･8mL,0･80mmol)withpotassiumthiobenzoate(0.530g,

3･02mmol),fo1lowedbyrecrystallizationfromamixedsoIventofdichloromethane(2.OmL)

andthenhexane(2･OmL),gaVetris(benzoylthio)phosphine(5c)ascolorlesscrystals(0.320g,

91%)･1HNMR(CDC13)∂=7.46(t,J=7.4Hz,6H),7.60(t,J=7.4Hz,3H),8.00(d,J=7.4

Hz,6H)･13cNMR(CDC13)∂=128.4,128.8,134.3,136.2,189.2(2J13CT31P=16Hz,C=0).

Found:C,57.08;H,3.57%.CalcdfbrC21H1503PS3:C,57.00;H,3.42%.

Tris(4･methylbenzoylthio)phosphine(5d).Toasuspensionofpotassium4-

methylthiobenzoate(0･574g,3.02mmol)in dichloromethane(10mL)was added

tribromophosphine/dichloromethanel.OMsolution(0.8mL,0.80mmol),andthemixturewas

Stirredat200Cforlh･Theinsolubleparts(KBr)werenlteredoffbyglassnlter(G4)invacuo.

ThesoIventswereremovedunderreducedpressure(230C/53Pa).Dichloromethane(6.OmL)

andthenhexane(4.OmL)wereaddedandthismixturewasallowedtostandat-200Cfbr24h.

Filtrationoftheresultingcrystalsgavetris(4-methylbenzoylthio)phosphine(5d)ascolorless

CryStals(0.299g,77%).1HNMR(CDC13)∂=2.39(S,9H,CH3),7.22(d,J=8.2Hz,6H),7.87

(d,J=8.2Hz,6H).13cNMR(CDC13)∂=2l.8(CH3),128.4,129.4,133.7,145.4,188.8(2J

13C-31P=16Hz,C=0)･Found:C,59.52;H,4.40%.Calcdk)rC24H2103PS3:C,59.49;H,
4.37%.

Tris(2･methoxybenzoylthio)phosphine(5e).As with5d,the reaction of

tribromophosphine/dichloromethanel･OMsolution(0.8mL,0.80mmol)withpotassium2-

methoxythiobenzoate(0･609g,2･95mmol),fb1lowedbyrecrystallizationfromamixedsoIvent

Ofdichloromethane(2･OmL)andthenhexane(4･OmL),gaVetris(2-methoxybenzoylthio)-Phos-

Phine(5e)ascolorlesscrystals(0.382g,90%).1HNMR(CDC13)∂=3.90(S,9H,CH30),6.95

(d,J=7.9Hz,3H),6.97(t,J=7.9Hz,3H),7.47(t,J=7.9Hz,3H),7.86(d,J=7.9Hz,3H).

13cNMR(CDC13)∂=55.8(CH30),112.0,120.5,125.6,130.6,134.8,158.9,188.6(2J13C_

31P=14Hz,C=0).Found:C,54.29;H,4.09%.CalcdfbrC24H2106PS3:C,54.13;H,3.97%.
Tris(4-methoxybenzoylthio)phosphine(5f).As with5d,the reaction of

tribromophosphine/dichloromethanel.OMsolution(0.8mL,0.80mmol)withpotassium4-

methoxythiobenzoate(0･630g,3･05mmol),bllowedbyrecrystallizationfromamixedsoIvent

Ofdichloromethane(2･OmL)andthenhexane(4･OmL),gaVetris(4-methoxybenzoylthio)-Phos-

Phine(5Dascolorlesscrystals(0.280g,66%).1HNMR(CDC13)∂=3.78(S,9H,CH30),6.84

(d,J=8.9Hz,6H),7.89(d,J=8.9Hz,6H).13cNMR(CDC13)∂=55.5(CH30),113.8,128.7,

130.5,164.3,187.3(2J13C_31P=16Hz,C=0).Found:C,54.25;H,3.98%.Calcdfor
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C24H2106PS3:C,54.13;H,3.97%.

Tris(4･Chlombenzoylthio)phosphine(5g).Aswith5d,thereactionoftribromophosphine/

dichloromethanel.OMsolution(0･8mL,0･80mm01)withpotassium4-Chlorothiobenzoate(0.617

g,2.93mm01),fo1lowedbyrecrystallizationfromamixedsoIventofdichloromethane(3.OmL)

andthenhexane(3･OmL),gaVetris(4-Chlorobenzoylthio)phosphine(5g)ascolorlesscrystals

(0.328g,75%).1HNMR(CDC13)∂=7.91(d,J=8.5Hz,6H),7.42(d,J=8.5Hz,6H).13c

NMR(CDC13)8=129.2,129.7,134.4,141.1,188.0(2J13C_31P=17Hz,C=0).Found:C,

46.38;H,2.45%.CalcdfbrC21H12C1303PS3:C,46.21;H,2.22%.

Diphenyl(thiobenzoylthio)phosphine(6a).As with6b,the reaction of

Chlorodiphenylphosphine(0･218g,0･99mm01)withpiperidiniumdithiobenzoate(0.241g,1.01

mmol),followed
by recrystallization from a soIvent of ether(3.O mL),gaVe

diphenyl(thiobenzoylthio)phosphine(6a)aspurplecrystals(0.117g,35%).1HNMR(CDC13)

8=7.32-8.14(m,15H).13cNMR(CDC13)∂=127.3,128.6(3J13C_31P=6.8Hz),128.8,

129.5,129.7,130.8,133.2(2J13C_31P=21Hz),134.8(1J13C_31P=24Hz),225.7(2J13C_31P

=21Hz,C=S).Found:C,67.47;H,4.50%.CalcdforC19H15PS2:C,67.43;H,4.47%.

(4･Methylthiobenzoylthio)diphenylphosphine(6b).To a solution of

Chlorodiphenylphosphine(0･212g,0･96mmol)inether(10mL)wasaddedpiperidinium4-

methyldithiobenzoate(0.247g,0.98mmol),andthemixturewasstirredat200Cfbrlh.The

insolublepartswere丘1teredoffbyglassfi1ter(G4)invacuo.ThesoIventsw云reremovedunder

reducedpressure(230C/53Pa).Ether(1.6mL)wasaddedandthismixturewasallowedto

Standat-200Cfbr24h･Filtrationoftheresultingcrystalsgave(4-methylthiobenioylthio)-

diphenylphosphine(6b)asredcrystals(0.318g,94%).1HNMR(CDC13)∂=2.35(S,3H,

CH3),7.15(d,J=8.4Hz,2H),7.33-7.39(m,6H),7.54-7.58(m,4H),8.06(d,J=8.4Hz,2H).

13cNMR(CDC13)∂=21.6(CH3),127.3,128.6(3J13C_31P=6.8Hz),128.9,129.7,133.2(2J

13C_31P=21Hz),134.8(1J13C_31P=24Hz),142.l,143.9,225.5(2J13C_31P=20Hz,C=S).
Found:C,68.20;H,4.88%.Calcd丘)rC20H17PS2:C,68.16;H,4.86%.

(2･Methoxythiobenzoylthio)diphenylphosphine(6e).Aswit6b,thereactionof

Chlorodiphenylphosphine(0･244g,1･11mmol)withpiperidinium2-methoxydithiobenzoate

(0･305g,1･13mm01)gave(2-methoxythiobenzoylthio)diphenylphosphine(6c)asredoil(0.377

g,93%).1HNMR(CDC13)∂=3.83(S,3H,CH30),6.89-6.95(m,2H),7.36-7.94(m,12H).
13cNMR(CDC13)∂=56.0(CH30),111.8,120.4,128.4,128.6(3J13C_31P=6.8Hz),129.4,

129.6,131.8,133.1(2J13C_31P=21Hz),134.8(lJ13C_31P=25Hz),155.0,222.7(2J13C_31P

=17Hz,C=S).

(4･Methoxythiobenzoylthio)diphenylphosphine(6d).Aswith6b,thereactionof

Chlorodiphenylphosphine(0･106g,0･45mmol)withsodium4-methoxydithiobenzoate(0.108

g,0･52mmol),followedbyrecrystallizationfromasoIventofether(3.OmL),gaVe(4-

methoxythiobenzoylthio)diphenylphosphine(6d)asvemi1ioncrystals(0.098g,61%).1HNMR

(CDC13)∂=3.84(S,3H,CH30),6.83(d,J=8.8Hz,2H),7.36-7.38(m,6H),7.50-7.56(m,

4H),8.20(d,J=8.8Hz,2H).13cNMR(CDC13)∂=55.6(CH30),113.4,128.6(3J13C_31P=

6･4Hz),129･6,129･7,131･9,133･2(2J13C_31P=21Hz),134.9,164.0,223.5(2J13C_31P=19

Hz,C=S).Found:C,65.44;H,4.74%.CalcdforC20H170PS2:C,65.20;H,4.65%.

(4･Chlorothiobenzoylthio)diphenylphosphine(6e).Aswith6b,thereactionof

Chlorodiphenylphosphine(0･213g,0.97mm01)withpiperidinium4-Chlorodithiobenzoate(0.268
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g,0･98mmol),followedbyrecrystallizationfromasoIventofether(2.OmL),gaVe(4-

Chlorothiobenzoylthio)diphenylphosphine(6e)asredcrystals(0.090g,25%).1HNMR(CDC13)

8=7･32-7･55(m,12H)･13cNMR(CDC13)∂=128･1,128･5,128･6(3J13C_31P=6.8Hz),

129･7,133･2(2J13C-31P=21Hz),134･8(1J13C-31P=25Hz),139･0,141.6,224.2(2J13C_31P

=21Hz,C=S)･Found:C,61･24;H,3.81%.CalcdfbrC19H14CIPS2:C,61.21;H,3.78%.

(2,4,6･Trimethylthiobenzoylthio)diphenylphosphine(6f).Aswith6b,thereactionof

Chlorodiphenylphosphine(0･123g,0･56mmol)withsodium2,4,6-trimethyldithiobenzoate(0.131

g,0･60mmol),fbllowedbyrecrysta11izationffomasoIventofether(2.OmL),gaVe(2,4,6-

trimethylthiobenzoylthio)diphenylphosphine(6りaspinkcrystals(0.114g,54%).1HNMR

(CDC13)∂=2･24(S,3H,CH3),2･25(S,6H,CH3),6.82(S,2H),7.34-7.39(m,6H),7.66-7.73

(m,4H)･13cNMR(CDC13)∂=19･3(CH3),21･1(CH3),128･5,128･7(3J13C-31P=6.4Hz),

129･9,130･8,132･2,133･2(2J13C-31P=21Hz),138･0,144･9,236･3(2J13C-31P=19Hz,C=S).

Found‥C,69･72;H,5･58%･Calcd丘)rC22H21PS2:C,69.45;H,5.56%.

Phenylbis(thiobenzoylthio)phosphine(7a).As with7b,the reaction of

dichlorophenylphosphine(0･065mL,0･48mmol)withsodiumdithiobenzoate(0.180g,1.02

mm01)gavephenylbis(thiobenzoylthio)phosphine(7a)asreddishpurpleoil(0.142g,71%).1H

NMR(CDC13)∂=7･40-7･43(m,6H),7･55-7.64(m,3H),7.92-7.97(m,2H),8.15-8.17(m,

4H)･13cNMR(CDC13)∂=127･0,128･4(3J13CT31P=6･8Hz),128･8,129.1,130.5,133.3(1J

13C-31P=21Hz),133･7,143.7,226.9(2J13C_31P=23Hz,C=S).

Bis(4･methylthiobenzoylthio)phenylphosphine(7b).To a solution of

dichlorophenylphosphine(0･070mL,0.52mmol)indichloromethane(10mL)wasaddedso-

dium4-methyldithiobenibate(0.247g,1.31rrmol),andthemixturewasstirredat200Cforlh.

Theinsolubleparts(NaCl)werenlteredoffbyglassnlter(G4)invacuo.ThesoIventswere

removedunderreducedpressure(230C/53Pa).Dichloromethane(6.OmL)andthenhexane

(5.OmL)wereaddedandthismixturewasallowedtostandat-200Cfbr24h.Filtrationofthe

resultingcrystalsgavebis(4-methylthiobenzoylthio)phenylphosphine(7b)asredcrystals(0.079

g,36%)･1HNMR(CDC13)∂=2･36(S,6H,CH3),7･16(d,J=8･2Hz,4H),7.36-7.38(m,3H),

7･86-7･90(m,2H),8･04(d,J=8･2Hz,4H).13cNMR(CDC13).∂=21.6(CH3),127.1,127.2,

128･4(3J13C-31P=6･8Hz),129･1,130･4,133･7(1J13C-31P=20Hz),141.4,144.5,226.3(2J

13C-31P=22Hz,C=S)･Found:C,59.92;H,4.47%.'calcdねrC22H19PS4:C,59.70;H,4.33%.
Bis(2-methoxythiobenzoylthio)phenylphosphine(7c).Aswith7b,thereactionof

dichlorophenylphosphine(0･070mL,0･52mmol)withsodium2-methoxydithiobenzoate(0.213

g,1･04mmOl),fo1lowedbyrecrystallizationfromamixedsoIventofdichloromethane(3.OmL)

andthenhexane(2･OmL),gaVebis(2-methoxythiobenzoylthio)phenylphosphine(7c)asredcrys-

tals(0･046g,19%)･1HNMR(CDC13)8=3.86(S,6H,CH30),6.90-6.94(m,8H),7.37-7.42

(m,3H),7･78-7･85(m,2H).13cNMR(CDC13)∂=55.9(CH30),112.0,120.6,128.6,128.8

(3J13C-31P=6･8Hz),130･1,130･5,132･7,133･3(1J13C-31P=22Hz),135.6,155.7,227.9(2J

13C-31P=24Hz,C=S)･Found‥C,55.69;H,4.09%.CalcdforC22H1902PS4:C,55.68;H,
4.03%.

Bis(4･methoxythiobenzoylthio)phenylphosphine(7d).Aswith7b,thereactionof

dichlorophenylphosphine(0･100mL,0･74mmol)withsodium4-methoxydithiobenzoate(0.331

g,l･60mm01),fo1lowedbyrecrystallizationfromamixedsoIventofdichloromethane(3.OmL)

andthenhexane(1･OmL),gaVebis(4-methoxythiobenzoylthio)phenylphosphine(7d)asred
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crystals(0.038g,11%).1HNMR(CDC13)∂=3.84(S,6H,CH30),6･83(d,J=7･6Hz,4H),

7.35-7.36(m,3H),7.87-7.90(m,2H),8.17(d,J=7.6Hz,4H).13cNMR(CDC13)8=55.6

(CH30),113.5,128.3(3J13C_31P=6.3Hz),129.4,129.5,130.3,133.7(1J13C_31P=21Hz),

137.2,164.4,224.2(2J13C_31P=24Hz,C=S).Found:C,55.74;H,4.06%.Calcdfbr

C22H1902PS4:C,55.68;H,4.03%.

Bis(2,4,6･trimethylthiobenzoylthio)phenylphosphine(7f).Aswith6b,thereactionof

dichlorophenylphosphine(0.060mL,0.44mmol)withsodium2,4,6-trimethyldithiobenzoate

(0.216g,0.99mmol),fbllowedbyrecrystallizationfromamixedsoIventofdichloromethane

(2.OmL)andthenhexane(1.OmL),gaVebis(2,4,6-trimethylthiobenzoylthio)phenylphosphine

(7f)asvemi1ioncrystals(0.192g,44%).1HNMR(CDC13)8=2.23(S,6H,CH3),2.27(S,12H,

CH3),6.85(S,4H),7.38-7.41(m,3H),7.78-7.85(m,2H).13cNMR(CDC13)∂=19.2(CH3),

21.1(CH3),128.5,128.6,130.9,132.0,132.5,133.7(1J13C_31P=21Hz),138.4,144.1,236.5

(2J13C_31P=22Hz,C=S).Found:C,62.79;H,5.51%.CalcdfbrC26H27PS4:C,62.62;H,

5.46%.

Tris(4･methylthiobenzoylthio)phosphine(8b).To a suspension ofsodium4-

methyldithiobenzoate(0.202g,1.06mmol)in dichloromethane(10mL)was added

tribromophosphine/dichloromethanel.OMsolution(0.3mL,0.30mm01),andthemixturewas

Stirredat200C丘)rlh.Theinsolubleparts(NaBr)were丘1teredoffbyglassfi1ter(G4)invacuo.

ThesoIventswereremovedunderreducedpressure(230C/53Pa).Dichloromethane(2.OmL)

andthenhexane(3.OmL)wereaddedandthismixturewasallowedtostandat-200Cfbr24h.

Filtrationoftheresultingcrystalsgavetris(4-methylthiobenzoylthio)phosphine(8b)asredcrystals

(0.061g,38%).1HNMR(CDC13)∂=2.38(S,9H,CH3),7.19(d,J=7.3Hz,6H),8.02(d,J=

7.3Hz,6H).13cNMR(CDC13)∂=21.8(CH3),127.1,129.3,134.8,145.8,227.6(2J13C_31P

=25Hz,C=S).Found:C,54.27;H,3.99%.CalcdfbrC24H21PS6:C,54.11;H,3.97%.

Tris(4･Chlorothiobenzoylthio)phosphine(8e).As with8b,the reaction of

tribromophosphine/dichloromethanel.OMsolution(0.4mL,0.40mmol)withsodium4-

Chlorodithiobenzoate(0.320g,1.52mmol),fbllowedbyrecrystallizationfromamixedsoIvent

Ofdichloromethane(2･OmL)andthenhexane(2.OmL),gaVetris(4-Chlorothiobenzoylthio)-

Phosphine(8e)asredcrystals(0.125g,53%).1HNMR(CDC13)∂=7.41(d,J=8.8Hz,6H),

8.06(d,J=8.8Hz,6H).13cNMR(CDC13)∂=128.3,18.8,140.6,141.3,227.0(2J13C_31P=

26Hz,C=S).Found:C,42.52;H,2.08%.CalcdfbrC21H12C13PS6:C,42.46;H,2.04%.

Tris(2,4,6･trimethylthiobenzoylthio)phosphine(8f).Aswith8b,thereactionof

tribromophosphine/dichloromethanel.OMsolution(0.4mL,0.40mmol)withsodium2,4,6-

trimethyldithiobenzoate(0･325g,1.40mmol),followedbyrecrystallizationfromamixedsol-

VentOfdichloromethane(2･OmL)andthenhexane(3･OmL),gaVetris(2,4,6-trimethyl-

thiobenzoylthio)phosphine(8f)asvermilioncrystals(0.176g,71%).1HNMR(CDC13)∂=

2.29(S,9H,CH3),2.31(S,18H,CH3),6.88(s,6H).13cNMR(CDC13)∂=19.4(CH3),2l.1

(CH3),128.6,132.6,138.8,143.8,238.9(2J13C_31P=25Hz,C=S).Found:C,58.51;H,

5.44%.CalcdfbrC30H33PS6:C,58.41;H,5.39%.
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Chapter5

Thioacylsul払nylarsines(RCS2)xAsPh3rr,X=1-3]:Synthesis,StruC･

tures,naturalbondorderanalysesandreactionswithpiperidine

5.l.Introduction

Thechemistryofarseniccompoundswithdithio-Carbamatoand-Carbonatoligandshas

beeninvestlgatedingreatdetail･1Incontrast,thepreparationofarseniccompoundswiththio-

anddithio-Cafboxylatoligandswaslimitedtoonlyseventhiocarboxylic2andtwodithiocarboxylic

acidarsenicderivatives3whenourstudybeganin1974･TheirspectraldataandcrystalstruCture

analyseshavenotbeendescribed･ThereasonR)rthisseemedtobethedifncultyofpuri丘cation

andofthepreparationofthestartlngCOmPOundssuchasdithiocarboxylicacidsandtheiralkali

metalandammoniumsalts･Thearseniccompoundswithdithio-andthio-Carboxylatoligands

areconsideredtobeeffectiveprecursorsfbrthesynthesisoforganoarsenicthiolateanionspe-

CiessuchasR2AsS-,4whichcanbeusedeasilytointroducethearsenic-Sulfurframeworkinto

amolecule･Itispossiblethatthereactionsofalkalimetaldiorganoarsenidewithelemental

Sulfurmaybeusedfbrthesynthesisoftheorganoarsenicthiolates.InAuthor,sresearchthe

PreParationofR2As-M+(M=alkalimetal)appearedtobeimpractical･Author,slaboratory

Previouslydevelopedconvenientsynthesesofammoniumandalkalimetalchalcogeno-Cafboxy-

1ates,5andsynthesizedavarietyoftheirmaingroupelementderivatives･6Inaddition,

diphenyl(Selenocarboxylato)-arSines7havebeenfbundtobeeffbctiveprecursorsfbrthesynthe-

Sisofdiphenylselenoarsenic(III)ammoniumsalts･8RecentlythestruCtureOftris(benzoylsulfanyl)-

arsinewasreportedbyN6thandco-WOrkers･9ThispromptedustorevealAuthor,sresults

COnCernlngGroup15elementderivativesofthio-anddithio-Carboxylicacids･TheAuthorde-

SCribehereindetailthesynthesisandstructuralanalysesofaseriesofdithiocarboxyarsines

【(RCS2)xAsPh3-X,X=ト3]alongwithastructuralcomparisonwiththecorresponding

thiocarboxyarsines[(RCOS)xAsPh3ニr,X=1-3]andinadditionreactionswithamines,1eading

tothe丘rstisolationoftheorganotrithioarsonatedianionRAsS32-.

5.2.ResultsandDiscussion

Synthesisofcomplexes･Initially,thesynthesisofdiphenyl(dithiocarboxy)arsines3,

Phenyl-bis(dithiocarboxy)arsines4andtris(dithiocarboxy)arsines5wasexaminedusing

PIPeridinium4-methylbenzenecarbo-dithioate･UndertheconditionsasshowninSchemel

thesecompoundswereobtainedin70-90%yields･10aAlthoughsmal1amountsofalkanedithioic

acidderivativesarelostduringpuri丘cation,themainreactions(togive3,4and5)proceed

quantitatively･Inordertocomparestructureandspectraldata,aSeriesofdiphenyl-

(thiocarboxy)arsines6,Phenyl-bis(thiocarboxy)arsines7andtris(thiocarboxy)arSines8were
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Synthesizedinsimi1aryieldsbytreatlngpOtaSSium

thiocarboxylates2instead ofpIPeridinium

dithi∝afboxylatesl(Schemel).10bTheresulting

dithio-andthio-Carboxylicacidarsenicderivatives

(especiallyaromaticderivatives)arestableboth

thermallyandtowardoxygenandwater･Upon

exposuretoair,theydonotshowanyappreciable

Changefbrthreemonths.

Crystalstructures.ThestruCtureSOf(4-

methoxythiobenzoylsulfanyl)diphenyl-3g,bis(4-

methylthiobenzoyl-Sulfanyl)phenyl-4eandtris(4-

methylthiobenzoylsulfanyl)arsine5eareshownin

Figurel･Thedithiocarboxylatoligandandthe

Scbemel

M+｡人s_
Ph3●XAsCIx

200C･1h･CH2Cl2

1(E=S,M=H2

2(E=0,M=K)

No. R

(｡人s)xAs恥
3(x=1,E=S)

4(X=2,E=S)

5(X=3,E=S)

`(X=1,E=0)

7(x=2,E=0)

S(x=3,E=0)

SノxAsP転x

E

No. R

3,4,5a CH3 6,7,8a CH3

b C2H5

C i-C3H7

d C6H5

e 4-CH3C6H4

f 2-CH30C6H4

g 4-CH30C6H4

h 4-CIC6H4

11-C川H7

b トC4H9

C C6H5

d 2-CH3C6H4

e 4-CH3C6H4

f 2-CH30C6H4

g 4-CH30C6H4

h 4-CIC6H4

i 4-NO2C6H4

PhenylringcontainingC(21)in3garetwisted[S(11)-As(1)-C(21)-C(22)60.0(2)○】(Figure

la)･In4e,thetwodithiocarboxylligandsexistinthesameplanewiththesameorientation,

Wheretwothiocarbonylsulfursarelocatedinthesamedirection(Figurelb).In5e,thethree

dithio-CarboxylatoligandsexistinC3Symmetryandnotwoligandsofthethreeexistinthesame

Plane(Figurelc)･ThedistanCeSbetweenthecentralAsatomandthethiocarbonylsulfur[As(1)…S

2･96-3･15Å]areWithinthesumofthevander%alsradiiofbothatoms(3･65Å),11indicating

interactionsbetweentheunsharedelectronpalrOnthethiocarbonylsulfurandtheG*orbitalsof

theAs-Sand/orAs-C如Obonds[S(11)-As(1)-C(31)155.54(8)○】.ItisnotedthatthetwoAs･･･S

distancesin4e[As(1)･･S(11)2.958(4),As(1)･･･S(21)2.956(4)A]areshorterthanthoseinthe

mono3g【3.1470(8)Å]andtrisderivatives5e(2.969(4)Å).Thismayfacilitateinteraction
becausethetwodithiocarboxylatoligandsof4eexistinthesameplane･Thesecomplexescan

bedescribedashavingadistortedtetrahedralstruCtureandthebondsarOundtheAsatomscan

beconsideredtoexhibitap3-tyPebond･1b,g

Forcomparison,thestruCtureanalysesofthecorrespondingthiocarboxylatocomplexes

werecarriedout.TheORTEP12drawingsof(4-Chlorobenzoyl-Sulfanyl)diphenyl-6h,bis(4-

methoxybenzoylsulfanyl)phenyl-7gandtris(4-methylbenzoylsulfanyl)arsine8eareshownin

Figure2･Unlikethedithiocarboxylatocomplex3g,thethiocarboxylatoligandof6hexists

near1yinthesameplaneasthephenylringcontainingC(21).Althoughthecrystalsystemand

SPaCegrOuPOf7garedifftrentfromthoseof4e,thestruCtureSOfbothcompoundsresembleone

another(Figure2b)･Thestructureof8eiscomparabletoboththatin5eandtherecentlyre-

portedtris(benzoylsulfanyl)arsine9(Figure2c).Simi1arlytodithio-Carboxylatocomplexes,the

distancesbetweenthecentralAsatomandthecarbonyloxygens(As･･･02.71-2.94Å)areelon-

gatedintheorderbis7g,tris8e,mOnO6h.

Packing.Themoleculararrangementofcompounds3gand6hisshowninFig.3.Itis

noteworthythatin3gtwomoleculesfbrmapairwherethetwoCSSAsplanes[C(11*)-S(11*)-
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Figt椚IMoJeeulars■ruClnrelOrta〉4-CH50C{=4CS2AsPhヱ

3g･(b)件CH3C6日JC52)2AsPh4亡and仙(4-CHjChHJCS2)1As

5e･ThetheTrnale11)pSOidsrepresen150%probabi■i(y･Hydrogen

atoms餌∈Omilt亡dl℃叶Clanry,

(b)

転) S(叩

Fign托2Mole山】ars仙C1日re50f(a)4-CICも=4COSAsPh2仙,

(b=4LCH30CるH4COS)2AsPh7gand(C)(4-CH3GH4COS)3As

鮎･DetailsasinFigurc】.

S(12*トAs(1)andC(11)-S(11トS(12トAs(1*)】areparallel,thedistanCebetweentheplanesbe-

ingl･37ÅandthedistancebetweenAs(1*)andS(11)(OrAs(1)…S(11*))issigni丘cantlyshort

(3･939Å),althoughgrea(erthanthesumofthevanderWaalsradiiofbothatoms.Incontrast

SuChapairingofthemoleculesisnotobservedfortheothercompoundsasshowninFig･3(b)

andalsoforthecorrespondingphosphorusisologues((RCES)PPh2,E=00rS).12

StrtJCturaIcomparisonwiththephosphoruSisologI)eS･hThblelthedistancesbe-

tweenthethiocarbonylsulfurorcarbonyloxygenandthecentralarsenicatomareco11ected

alongwiththeC=E･･･P(E=00rS)distancesofthecorrespondingphosphoruSisologues･Inter-

estlngly,despitethelargeatomicradiusofarseniccomparedwiththatofphosphoruS,theC=S･･･As
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distanCeSareClosetothoseinthecorrespondingphosphoruSisologues･Inaddition,theC=0･･･As

distanCe[av･2.720(3)Å】inthebis(thiocafboxylate)7gisaboutO.04ÅshorterthantheC:0…P

distance[av･2･765(3)Å]inthecorrespondingphosphoruscompounds.Inthe

j 二｢ヂ1二,

i′二｢妄
モーiごテ
:要撃12)｡_｡
も語
l

mono(thio-Cafboxylate)derivative6h[(4-(a)

CIC6H4COS)AsPh2]theC=0…Asdis-

tance(2.943(3)Å)isca.0.02Ålonger

thaninthesimi1arPhosphoruSCOmPOund

【(4-CH3C6H4COS)PPh2].

Abiniti｡Calc｡1ati｡nS.Tbel｡Ci_(訂~~＼ヽゞ巴
datethenatureofthesenon-bondingat-

traction,abinitiogeometryoptlmizations

at the RHF/LANL2DZlevelwith the

GAUSSIAN94program15wereper-

formed on the modelcompounds

(acetylsulfanyl)-dimethyl-Phosphinel-

and -arSine
21and dimethyl-

(thioacethylsulfanyl)-Phosphinel''and-

arSine2''for(RCES)M(CH3)2(E=00r

S;M=PorAs)andbis(acethylsulfanyl)-

methyl-Phosphine3-and-arSine4'and

bis(thioacethylsulfanyl)methyl-Phosphine

3‖and-arSine4'一fbr(RCES)2MCH3(E

=00rS;M=PorAs).TheNBO(natu-

ralbondofbital)analysesshowedthatthe

Orbitalinteractionsbetweenthenorbital

(no)onthecatbonyloxygenandtheG*MC

Otbitalsinl-and2■(Figure4a)arepresent,

buttheirvalues arecloseto eachother
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.
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■
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Figllre3Moleculararrangementof(a)4-CH30C6H4CS2AsPh23gand

(b)4-CIC6H4COSAsPh26h.

(Table2).Interactions TabIelDistancesbetweenthethiocarbonylsulfurorcarbonyloxygenandAsorPin(RCES)xAsPh,_,

betweenthensandG*MS
and(RCESゝPPh3__r

慧t崇慧崇N｡.≦舶AsP:3-Xx
and2''togetherwithin-

4-CH3C6H4 S 2 2.956(4)

teractionsbetweenthens 2･958(4)

ando*MCOrbitals･The 4-C]C6H4 012.943(3)

COntOurmapSOfthenE
7g 4-CH30C6H4 0 2 2.708(3)

ando*MSOrbitalsinthe
2･731(3)

molecularplaneC(=S)- 8e4-CH,C6H. 0 3 2.81(1)

≦舶pp?-XxEミヲ㌫eRef.

4-C=3C6=4 S 2 2･965(3) 14

2.975(3)

4-C=3C6=4 012･917(3)14

4-CH3C6H4 0 2 2･747(3) 14

2.784(3)

4-CH3C6=4 0 3 2･82(1) 14
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S-M(E=00rS;M=PorAs)forthemodel

COmPOunds weredepICtedbyusingthe

MOLDEN3･6program･14Indeed,theover-

1apsbetweenthensandG*MSOrbitalsare

PreSentforl''and2‖.

Inthecaseofthebisderivatives(3一,

3‖,4-and4‖),theinteractionsbetweenthe

norbitals(nE)onthecarbonyloxygenor

thiocarbonylsulfurandG*MCareabsent.In-

Stead,theorbitalinteractionsbetweennE5and

G*MS3andbetweennE4ando*MS3(Figure

4c)arelarge.ThosebetweennE5andG*MS2

andbetweennE4andG*MS3(Fig.4d)arealso

appreciablefbr4一,3''and4H,butsmall.The

COntOurmaPSOfthenEando■*MSOrbitalsin

themolecularplanesC(=E)-S-M-S-C(=E)

(E=00rS;M=PorAs)fbr4一,3''and4一一

ObtainedbyuslngtheMOLDEN3･6pro-

gram14showedtheexpectedoverlapsbe-

tweenthenEandG*MSOrbitals.Thestabili-

ZationenergleSOfthearseniccompounds2I,

2▼一,4-and4一一arelargerthanthoseofthecor-

respondingphosphoruSCOmPOundsl一,1",3-

and3一一,reSPeCtively.Inaddition,thestabili-

ZationenergleSOfthedithiocarboxylicacid

恥ble2NBOAnalysisofCH3CESM(CH3)2and(CH3CES)2MCH3(E

=0,S;M=ftAs)atRHF/LANL2DZlevelsoftheory

CH3CESM(CH3)2 A伊几calmol-1

No.E M
nE→♂MC6 nE→♂MS

S

S

P

A

P

A

O

O

S

S

,

,

,

,

l

'一

l

つ一

5

7

′
n
)

2

5

7

4

2

0

0

L

2

(CH3CES)2MCH3

No.E M nE→O*MClO nE→O'MS2 nE→♂MS3

3† O P

4I O As

3M S P

4日 S As

1.77(E4)
-(E4)

-(E5)
1.77(E5)

2.84(E4) 0.64(E4)

0.64(E5) 2.84(E5)

4.97(E4) 1.57(E4)

1.57(E5) 4.97(E5)

臥25(E4) 2.50(E4)

2.50(E5) 臥25(E5)

uStabilizationenergyassociatedwithdeloealization.

derivativesl-T-4‖aregreaterthanthoseofthecorrespondingthiocarboxylicacidderivatives

IT-41,reSPeCtively･ThefbrmertendencymaybeunderstoodinthetermSOftheirorbitallevels:

thelowerenergyleveloftheG*AsSOrbitalscomparedwiththatofG*ps.AIso,thelattercanalso

beunderstoodintermsofthelowerenergylevelofthen｡Orbitals(-0.93201,-0.46778aufbr

2';J･94975,-0･48359aufbr2一一)comparedwiththatofthensorbitals(-0.66262,-0.31594au

fbr4';-0･67753,-0･33772aufbr4'一)･Thesenon-bondingorbitalinteractionsbetweennEand

G*MSlnthebisderivatives4and7mayfacilitatethetwodithio-Orthio-Carboxylategroups

beinginthesamedirection(SeeFig･lband2b).Theatomiccharges(0.73)oftheAsinthe

arseniccompounds(2一,2'一,4'and4'一)arelargerthanthoseinphosphorouscompounds(0.63for

l'andl;0･53fbr3-and3"),SuggeStingthattheelectrostaticinteractionsmaycontributetothe

ShortC=E･･･Asdistances.
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Spectra･InThble3thethiocarbonylandcarbonylstretchingfrequencies,thiocarbonyl

andcarbonylcarbonchemicalshiftsandthevisiblespectraarecollected.Itisnotedthatthe

thiocarbonylstretchingfrequenciesofcompounds3-5appearatl170-1250cm-1.Thecarbo-

nylstretchingfrequenciesfbr6-8areobservedat1610-1690cm-1andshowalowfrequency

Shiftintheorder7<8<6,WhichisconsistentwiththeC=0･･･Asdistance･Thethiocarbonyl

Carbonchemicalshi氏sof4and5areobservedin
(a)

theregion8214-257,andthoseof3showan

up丘eldshiftof3-5ppmcomparedwiththoseof

4and5･Thecarbonylcarbonchemicalshiftsof

6-8appearat∂190-208,andthatofthet-C4H9

derivative6bshowsadown丘eldshiftrelativeto

thoseoftheotherderivatives.Intheelectronic

SPeCtratheabsorptlOnSOf4duetothen-7t*tran-

SitionsoftheC=Sgroupshowhypsochromic

ShiRscomparedwiththoseofthemono3andtris

derivatives5.

Reactionsofcompounds3-50r6Jwith

plPeridine･Expectlngfbrmationofpiperidinium

diphenylthioarsenate(III)salt(H2NC5HlO)+

Ph2AsS~,thereactionsof(4-methylthiobenzoyl-

Sulfanyl)diphenyl-3eand(4-methylbenzoyl-

Sulhnyl)diphenyl-arSine6ewithpiperidinewere

examined(Table4).When3eor6eandtwo

equlValentsofpiperidinewererefluxedinetha-

CH

9日3 (b) 9日3

=三三_=nE→ロ*MSinteractionnE→0*MClnteraCtion

E=0,S;M=P,As

(C)

(d)

cH3磨甑cH3nE4→0*MS31nteraCtion

cH3鳶頭㌻cH3nE5→0*MS21nteraCtion

E=0,S;M=P,As

nol,PIPeridiniumdiphenyldithioarsinate9was(b)nE→G*MSinteraetionsin(CH3CES)M(CH3)2(E=00rS;

Obtainedinyieldsof38and42%,reSPeCtively,γ=PorAs)and(C)thenE4→G*MS3and(d)nE5→O*MS2
interactionsin(CH3CES)2MCH3(E=00rS;M=PorAs).

Table3SpeCtraldataof3,4.5,6,7and8

togetherwithN-4-methyl-

thiobenzoylpiperidinelO-S

OrN-4-methylbenzoyl-Pip-

eridinelO･0(entries2and

(RCS2)xAsPh3_X

R

v(C=S)u/cm-1 8c=Sb 入maxC/nm

mono-3 bis-4 tris-5 mono-3 bis-4 tris-5 mono-3 bis-4 tris_5

C6H5 1218 12381241

5).Thereactionwithan 4,CH3C6H4

equlValentofpiperidinein

4-CH30C6H4

4-CIC6H4

EtOHat200Cresultedinal~Naph

Slgni丘cantdecreasein9.

Instead,thecorresponding

thioamidelO_S or amide

lO-Owasobtainedingood

yieldsalongwithll･Sor

(RCOS)xAsPh3_X
V(C=Of/em~1

R
mono-6 bis-7 trisT8

2

｣

0

7

3

4

4

L

2

9

つJ

つJ

つJ

つJ

3
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2

▲Z
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5
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2

つJ
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2
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00
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4

0ノ

7

′n)

7

つ▲J

2

2

2

2

つJ

2

2

2

2

つ｣

8c=0占

mono-6 bis-7 tris_8

527 506 511

533 507 510

494 495 5(X)

C6H5

4-CH3C6H4

4-CH30C6H4

4-CIC6H4

つJ

5

つJ
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L

L
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l
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l

1

8
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U
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つん
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1
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qノ
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l

l

t一

1

1

7

5

00

2

1
.
〇

〇

〇ノ

0ノ

0ノ
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0ノ

7

0
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′人U
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′人U

′0
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TabIe4Reactionsof3eand6ewithpiperidine

｡人sAs恥
R=4-CH3C6H4

3e(E=S)

6e(E=0)

HN〇
EtOH

Ph2As包-+

R人0
10-5(E=S)

10-0(E=0)

.Hく)止s_+[(Ph2Ask]11-5(E=S) 13

1l-0(E=0)

Entry Compound C
O

〃仙
〃

e

飯
山

r

r

O

e

e

ip

lJ

nr

Yieldわ(%)

, 1(I ll

1 3e

2 3e

3 6e

4 6e

5 6e

1

2

1

1

2

1

1

1

1

1

uMoleratio･bIsolatedyields･

9 20 7

9 78 38

3 20 5

12 20 IO

12 78 42

44(10-5) 31(11-5)

69(10-5) 0(11-ぶ)

83(10-0)17(11-0)

90(10-0) 0(11-0)

88(10-0) 0(11-0)

0

0

0

0

1

11-0(entriesland3).

Aplausiblemechanism丘)rtheformationof9is

ShowninScheme2,WhereplPeridineattacks

thethiocarbonylorcarbonylcarbonin3eand

6etofbrmpIPeridiniumdiphenylthioarsinatesalt

12,WhichfurtherdisproportionatestoglVe9and

tetraphenyldiarsane,WhilepIPeridineattacksthe

Astofbrmdithio-Orthio-Carboxylicacidswhich

furtherreactwithpiperidinetoglVe11･Sand

ll-0.恥haveobservedthatll.S5a,band11.

016graduallydecomposeatroomtemperature

HふOph2Asち一十[(Ph2Ask]

[R人sH]→H詩OR人s_
E=SorO

lト5(E=S)

11-0(E=0)

10-∫(E=S)

10-0(E=0)

tolO-SandlO-0,reSPeCtively,Withtheevolutionofhydrogensulnde･

Incontrasttotheresultswithcompounds3eand6e,thereactionofbis(4-methylthio-

benzoylsulfanyl)phenylarsine4eunderthesameconditionsgavedi(piperidinium)

PhenyltrithioarSOnate15in14%yieldalongwithlO･S(Tbble5,entryl).Thereactionwithfour

equivalentsofpiperidineat780Cinethano11edtoasigni丘cantincreaseintheyieldsof15(entry

3)･Formationof11-Swasnotobserved･Ontheotherhand,refluxof7eandtwoequivalentsof

Piperidineinethanolgave2,4,6,8-tetraPhenyl-1,3,5,7,2,4,6,8-tetrathiatetrarsocane1417(here-

aftercalledcyclictetramer)andll･Oin63and27%yields,reSPeCtively(entry4).Thereac-

tionsatroomtemperatureledtoadecreaseinlO･Oandtoanincreaseinll-0(entry5).One

Plausiblemechanism丘)rthefbrmationof14and15isshowninScheme3,WherepIPeridine

attacksinitiallyatthethiocafbonylcarbonin4eorcarbonylcarbonin7etoformlO-SorlO-0
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Table5Reactionsof4eand7ewithpiperidine

(止S) HNO
Ph㌣Aぐh
ミ ′S

2AsPh EtOH

ph/郎Lsぺph
R=4-CH3C6H4

4e(E=S)

7e(E=0)

14 +(HやphAsS㌔~
+10-5(E=S)十11-5(E=S)

Or Or

lO-0(E=0) 11-0(E=0)

4eor7e:

Entry Compound plperidineu

Yieldb(%)

10 11

1 4e l:2

2 4e l:2

3 4e l:4

4 7e l:2

aMoleratio･bIsolatedyields･

5 20 35(1(ト5) 0(11-5)

2 78 38(10-5) 0(11-5)

5 78 84(10-5) 0(11-5)

15 60 70(10-0) 27(11-0)

3 20 56(10-0) 40(11-0)

4

4

5

0

0

1

2

`U

O

4

/▲U

つJ

′0

1

`)

′h

andunstablepiperidiniumsalts16(E=SorO),reSPeCtively.Inthecaseofdithiocafboxylic

acidderivative4ethethiocarbonylcarbonisfurtherattackedbypIPeridinetoformthe

dithioarSenatedianion17whichdisproportionatestoglVe15andphenylthioxoarsine18which

furthertetramerizestogive14(Patha)･Inthisreaction,theformationofcyclictrimerof18was

notobserved･Inthecaseofthethiocarboxylicacidderivative7etheAs-Sbondof16(E=0)is

Cleavedtogivell-Oand18(Pathb)･Theprocessesfbrthedisproportionationof17togive15

andforthetetramerizationof18to14arenot scheme3

Clearatthistime.ThestruCtureSOf9,14and

15weredeterminedbylHand13cNMR,el-4eor7e

ementalanalysISandbyX-ray StruCtural

analysIS.Inaddition,15wasconvertedinto

4-bromophenacylester19(Scheme4).

Thereactionoftris(4-methylthio-

benzoylsulfanyl)arsine5ewithpiperidineun-

derrefluxinethanolgavelO-Salongwith

tracesofawhitesolidwithmp>3000Canda

Slightyellowsolid20withmp142-1450C

(Scheme5).ThestruCtureOf20wasdeduced

as(H2NC5HlO十)2(As2S6)2-Onthebasisof

elementalanalysISandtheIRandlHNMR

S(:beme4

4-BrC6H4COCH2Br

15

/SCH2COC6H4Br-4

＼sc=2COC6=4Br-4

19

[phAsS]
1S

P

P

′S

も

＼
A
′
§
ゝ
′h‖

′AS､S′㍉㍉
+
㌦

＼

yへ･ニー
10-5(E=S)

10-0(E=0) あ

(H㊥2PhAsS{

←[phAsS]十
h 18

14

Scheme5

HNO
780C,EtOH

3h
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SPeCtraWhichshowcharacteristicabsorptlOnbandsofpiperidiniumsaltsasobservedfor

9and15.

Structuresofthesalts9and15andthecyclictetramer(PhAsS)414.TheORTEPdrawings

Ofthesalts9and15areshowninFigure5aandb,reSPeCtively.ThestruCturedeterminedfbr9

Showsthatitexistsasadimerinthesolidstate,inwhichthedistancesS(1)…N(1*)3.225(3)and

S(2)･･･N(1)3.473(3)Åareclosetothesumof(a)

thevanderWaalsradiiofbothatoms(3.26

Å),11clear1yindicativeofthepresenceofN-

H･･･Shydrogenbondingbetweenthemol-

ecules.Inthedimera12-memberedringlS

わrmedbythehydrogenbonding(Figure5a).

ThetwoAs-Sbondlengths(As(1)-S(1)

2.128(1),As(1)-S(2)2.101(l)Å)areinterme-

diatebetweenthesumoftheirsingle(2.25

Å)18anddouble-bondcovalentbondradii

(2.05Å),18suggestingdelocalizationofthe(b)

negativechargeontheAsS2mOietyof9.The

angles around the As atom(103.3(1)-

116.27(4)○)areClosetotetrahedral,thusyield-

1ngadistortedtetrahedralstructure.

Incompound15thethreeAs-Sbond

distancesareintherange2.135(3)-2.151(2)

Å,indicativeoftheircovalentradiihaving

Valuesintermediatebetweenthoseofsingle

anddoublebond,18andsuggestlngdelocal-

izationofthenegativechargesontheAsS3

group.ThebondanglesaroundthecentralAs

atomareS(1)-As(1)-S(2)111.69(9),S(1)-

As(l)-C(1)105.8(2)○,S(1)-As(1)-S(3)

112.0(1)O,S(2)-As(1)-C(l)106.7(2)○,S(2)-

As(1)-S(3)113.6(1)OandS(3)-As(1)-C(1)

106.5(2)○,indicatingadistortedtetrahedron.

Asin9,the distances between S and N

(3.195(8)-3.339(8)Å)of15areclosetothe

sumoftheirvanderWaalsradii(3.35Å),in-
dicatlngthepresenceofN-H…Sintermolecu-

1arhydrogenbonding･11Thus,15existsasa

POlymerinwhicha12-memberedringwas

Figure5MoleeularstruCturSOf(a)piperidiniumdiphenyldithioarsinate

9and(b)di(piperidinium)phenyltrithioarsonate15.DetailsasinFig-

Figure6Molecularstruetureof2,4,6,8-tetraphenyl-l,3,5,7,2,4,6,8-

tetrathiatetrarsocane14.DetailasinFigurel.
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formedbythehydrogenbonding(Figure5b)andisthenrstexamPleofanorganoarSenictrithionate

inwhichtwonegativechargesaredelocalizedontheAsS3mOiety･

TheORTEPdrawlngOfcyclictetramer14isshowninFigure6･ThecrownrlngStruC-

tureissimilartothatofthetetramer(PhAsS)4PreParedbytreatingphenylarsinewiththionyl

Chloride,19andcloselyresemblesthoseintheanalogousmethylcyclo-tetramer20andcyclo-S8･

5.3.Conclusion.

Aseriesofthioacylsulfanylarsines((RCS2)AsPh2,(RCS2)2AsPh,(RCS2)3As)weresyn-

thesizedbytreatlngPIPeridiniumdithio-CarboxylateswithPh2AsCl,PhAsC120rAsC13,reSPeC-

tivelyandcharacterized･TheirmolecularstruCtureSWeredeterminedbyX-rayCryStallography

andcomparedwiththoseofthecorrespondingacylsulfanylderivatives((RCOS)AsPh2,

(RCOS)2AsPh,(RCOS)3As).Theyexistasmonomers,andtheenvironmentarOundthearsenic

atomsisdistortedtetrahedralwithonelonepalrattheapex･Thestructureofthemono一

(dithiocarboxylate)isdifferentfromthatofthecorrespondingthiocarboxylicacidderivative,

WhilethebisandtrisderivativesshowedsimilarstruCturetOthecorrespondingthio-Carboxylic

acidderivatives((RCOS)2AsPh,(RCOS)3As),reSPeCtively･Thenewcompoundsshowedin-

tramolecularinteractionsbetweenthethiocarbonylsulfurandthecentralarsenicatom.The

NBO(NaturalBondOrbital)analysesperhrmedonthemodelcompounds,(CH3CS2)As(CH3)2

and(CH3CS12)-(CH3CS22)AsCH3attheRHF′LANL2DZleveloftheoryshowedthepresence

Ofinteractionsbetweenthenonbondingorbitalsonthethiocarbonylsulfur(ns)andtheG*MS

OrbitalstogetherwiththatbetweenthensandtheG*MCOrbitalsfbrthefbrmercompound;br

thelatterthepresenceofbothorbitalinteractionsbetweennsandG*MSlandbetweennsand

G*MS2arePreSent･Thereactionsofthemono(dithiocarboxylate)derivative(R=4-CH3C6H4)

WithpiperidineinethanolgaveplPeridiniumdiphenyldithioarsinatealongwiththecorrespond-

ingN-thioacyl-OrN-aCyl-Piperidine･Asimilarreactionofthebis(dithiocarboxylate)derivative

(R=4-CH3-C6H4)gavethenoveldi(Piperidinium)phenyltrithioarsonateinwhichtwoanion

ChargesaredelocalizedontheAsS3mOietyandacyclicphenylarsinesul丘detetramer(PhAsS)4.

Thediphenyldithioarsinateandphenyltrithioarsonatesaltsexistasadimerandapolymer,re-

SPeCtively,1nWhich12-memberedringsarefbrmedbyintermolecularN-H･･･Shydrogenbonds･

5.4.Experimental

General･MeltingpolntSWeredeterminedbyaYanaglmOtOmicromeltingpolntaPpa-

ratusandareuncorrected･TheIRspectraweremeasuredonJASCOgratlngIR-GandPerkin-

ElmerFTしIR1640spectrophotometers,1H(400MHz)and13cNMRspectra(100MHz)on

JEOLJNM-α400spectrometersinCDC13COntainlngMe4Siasaninternalstandard,thelH

SPeCtrum(60MHz)ofcompound190nHitachiR-24andUVandvisiblespectraonHitachi
124and330spectrophotometers･ElementalanalyseswereperfbrmedbytheElementalAnaly-

SisCenterofKyotoUniversltyandBernhardtAnalytischLaboratorium.
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Materials･AllsoIventsweredriedanddistilledpriortouse.Arsenic(III)chloridewas

ObtainedfromAldrich･Chlorodiphenylarsine21anddichlorophenylarsine22werepreparedby

heatingtriphenylarSine23witharsenic(IⅡ)chlorideunderargonat2500Cfor5-10h･Piperidinium

Carbodithioates5bandpotassiumcarbothioates24werepreparedaccordingtotheliteraturepro-

Cedures･Piperidineand4-bromophenacylbromidewerecommerCialgrade･

X･Raycrystallography･MeasurementswerecarriedoutonaRigakuAFC7Rfbur-

Circlediffractometerwithgraphite-mOnOChromatedMo-Karadiation(九=0.71069Å).Allthe
StruCtureSWereSOIvedandrenneduslngtheTEXSAN㊥crystallographicso什warepackage･25

Allcrystalsampleswerecutfromthegrowncrystals,mOuntedonaglass丘ber,andcoatedwith

anepoxyresin･Lorentzandpolarizationcorrectionswereappliedtothedata,andemplrlCal

absorptioncorrections[Yscans26(3g,4e,5e,6h,7g,8eor14)andDIFABS27(90r15)]were

alsoapplied･ThestruCtureSWereSOIvedbydirectmethoduslngSHELXS8626fbr3g,6h,7g,

9,140r15andSAPI9128for4eor8eMITHRIL9029fbr5eandexpandeduslngDIRDIE94.30

ScatterlngfactorsfbrneutralatomswerefromCromerandWaber31andanomalousdisper-

Sion32wasused･Afu11-matrixleast-SquareSrefinementwasexecuted,Withnon-hydrogenat-

OmSbeinganisotropicfbr3g,4e,5e,6h,7g,8e,9,140r15,anduslngSHELXL93for8e.33The

nnalleast-SquareCyCleincludednxedhydrogenatomsatcalculatedpositions,fbrwhicheach

isotropICthermalparameterwassettol･2timesthatoftheconnectlngatOmS･Crystaldataand

datacollectionparametersaresummarizedinThble6･Thebondlengthsandanglesandtorsion

anglesaredepositedasESIsupplementarydata･

Preparationofsinglecrystalsat250c.compound3g(0.060g)fromdichloromethane

(1･5mL)andhexane(1･1mL)fbr8days,4e(0･130g)fromdichloromethane(1.OmL)and

hexane(0･6mL)fbr6days,5e(0･095g)fromdichloromethane(4.3mL)andhexane(3.OmL)

fbr6days,6h(0･090g)fromdichloromethane(2･OmL)andhexane(2･OmL)fbr4days,7g

(0･140g)fromdichloromethane(1･5mL)andhexane(1･1mL)fbrlweek,8e(0･070g)from

dichloromethane(0･5mL)andhexane(2･8mL)for4days,9(0.035g)fromdichloromethane

(3･5mL)andhexane(2･8mL)fbrlweek,14(0･032g)fromdichloromethane(0.5mL)and

hexane(0･7mL)for3daysand15(0･051g)fromdichloromethane(1･5mL)andhexane(3.O

mL)fbr5days.

Synthesesofthioacylsul払nyl-3-5andacylsu肋nyl一arSines6-8･Typicalprocedures

aredescribedindetailfbrthepreparationofcompounds3eand6e.

(Thioacetylsul払nyl)diphenylarsine(3a)･Ⅵ1lowcrystals(34%),mPlO2-1040C;Vmax/

Cm-1(C=S)1196(KBr);蝕(CDC13)2･79(s,3H,CH3),7･18-7･30(m,6H)and7.39-7.51(m,
4H);&(CDC13)36･3(CH3),128･7,129.1,133.1,137.6and233.6(C=S).

(Thiopropanoylsu肋nyl)diphenylarsine(3b)･OrangeOil(86%),Vmax/cm-1(C=S)1179

(neat);包(CDC13)1･33(t,J=7･3,3H,CH3),3･05(q,J=7.3,2H,CH2),7.27-7.29(m,6H)and

7･47-7･49(m,4H);&(CDC13)15･4(CH3),46.6(CH2),128.7,129.3,133.0,137.6and243.0

(C=S).

(2-MethylthiopropanoylsulJhnyl)diphenylarSine(3c)･Orangeoil(87%),Vmax/cm-1

(C=S)1198(neat);&(CDC13)1･31(d,J=6･7,6H,CH3),3.50(SePt,J=6.7,1H,CH),7.26-

7･29(m,6H)and7･46-7･49(m,4H);毎(CDC13)24.3(CH3),51.0(CH),128.6,129.2,132.9,
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137.6and248.7(C=S).

Diphenyl(thiobenzoylsulfanyl)arsine

(3d)･Redpurplecrystals(84%),mP82-84

0C(Calc.forC19H15AsS2:C,59.68;H,

3･95･Found:C,59.59;H,4.06%);Vmax/

Cm-1(C=S)1218(KBr);入max血m(CH2C12)

307(e/dm3mol-1cm-115900)and527

(170);往Ⅰ(CDC13)7.32-7.49(m,8H)and

7.51-7.86(m,7H);6t(CDC13)128.1,

128.5,128.8,129.4,133.1,133.5,137.9,

138.3and229.0(C=S).

(4･Methyltbiobenzoylsul払nyl)･

diphenylarsine(3e).To asolutionof

plperidinium 4-methylbenzene-

Carbodithioate(0.269g,1.06mmol)in

CH2C12(15mL)wasaddedPh2AsCl(0.264

g,1.00mmol)inCH2C12(5mL),andthe
mixturestirredat200Cforlh.A氏eraddi-

tionofCH2C12(100mL),themixturewas

WaShedwithwater(3x90mL),fbllowed

bydryingoverMgSO4(ca.2g)forlh.

The soIventwasremovedunderreduced

PreSSurebyuseofarotaryevaporator(30

0C/2･7kPa)･Theresultingresiduewasdis-

SOIvedindiethylether(5mL),anda1lowed

tostandinarefrigerator(-200C)fbr24h

toglVeCOmPOund3easredcrystalsO･358g

(91%),mP 85-87 0C(Calc.for

C20H17AsS2:C,60.60;H,4.32.Found:C,

60.50;H,4.36%).vmax/cm-1(C=S)1227

(K月r);入m｡X/nm(CH2C12)330(ddm3mol-

1cm-117000)and527(170);蝕(CDC13)

2.22(S,3H,CH3),7.03(d,J=8.1,2H),

7.24-7.27(m,6H),7.49-7.53(m,4H)and

8.06(d,J=8.l,2H);良二(CDC13)21.4

(CH3),127.1,128.6,128.6,129.2,133.0,

137.9,141.9,143.6and227.8(C=S).

(2･Methoxythiobenzoylsul払nyl)･

diphenylarsine(3f).Redcrystals(94%),

mp62-650C(Calc.brC20H17AsOS2:C,

58.25;H,4.16.Found:C,58.37;H,4.22%);

Vmax/cm-1(C=S)1251(KBr);みⅠ(CDC13)



3.66(S,3H,CH30),6.77-6.84(m,2H),7.20-7.25(m,8H)and7.50-7.52(m,4H);&(CDC13)

55.6(CH30),111.6,120.0,128.5,128.8,129.1,131.4,132.8,136.7,137.6,154.4and230.5

(C=S).

(4･Methoxythiobenzoylsulfanyl)diphenylarsine(3g).Redpurplecrystals(94%),mP

l15-1170C(Calc.fbrC20H17AsOS2:C,58.25;H,4.16.Found:C,58.48;H,4.27%);Vmax/

cm-1(C=S)1264(KBr);入max/nm(CH2C12)351(e/dm3mol-1cm-120900)and518(300);

&(CDC13)3.80(S,3H,CH30),6.80(d,J=8.9,2H),7.28-7.34(m,6H),7.54-7.56(m,4H)and

8.22(d,J=8.9,2H);&(CDC13)55.5(CH30),113.3,128.7,129.3,129.6,133.2,137.9,138.2,

163.9and226.2(C=S).

(4-Chlorothioben2:Oylsulfhnyl)diphenylarSine(3h).Redpurplecrystals(88%),mP

69-720C(Calc.forC19H14AsCIS2:C,54.75;H,3.39.Found:C,55.Ol;H,3.63%);Vmax/c

l(C=S)1224and1213(KBr);入max/nm(CH2C12)316(e/dm3mol-1cm-124000)and533

(200);住Ⅰ(CDC13)7.29(d,J=8.7,2H),7.34-7.38(m,6H),7.50-7.57(m,4H)and8.09(d,J=

8.7,2H);&(CDC13)128.3,128.5,128.9,129.6,133.2,137.8,139.3,142.7and227.0(C=S).

Diphenyl(l･thionaphthoylsulfhnyl)arsine(3i).Redcrystals(92%),mP170-1750C

(Calc.forC23H17AsS2:C,63.88;H,3.96.Found:C,64.12;H,3.66%);Vmax/cm-1(C=S)1238

(KBr);入max/nm(CH2C12)290(e/dm3mol-1cm-120900)and494(450);軸(CDC13)7.23-

7.30(m,8H),7.33-7.41(m,1H),7.52-7.70(m,5H),7.72-7.74(m,2H)and8.22-8.24(m,1H);

良二(CDC13)123.8,124.5,125.1,126.2,126.8,128.0,128.8,129.5,129.9,133.1,133.5,133.6,

137.5,145.8and233.4(C=S).

Bis(thioacetylsul払nyl)phenylarSine(4a).Ⅵさ1lowcrystals(15%),mPlO5-1090C;Vmax/

cm-1(C=S)1178(KBr);蝕(CDC13)2.88(s,6H,CH3),7.31-7.42(m,3H)and7二72-7.74(m,

2H);&(CDC13)41.0(CH3),128.3,129.0,13l.6,133.6and238.7(C=S).

Bis(thiopropanoylsulfhnyl)phenylarsine(4b).Redorangeoil(76%),Vmaxkm-1(C=S)

1176(neat);蝕(CDC13)1.32(t,J=j.3,6H,CH3),3.03(q,J=7.3,4H,CH2),7.27-7.33(m,
3H)and7.70-7.75(m,2H);&(CDC13)15.0(CH3),46.7(CH2),128.2,129.6,133.4,139.6and

245.7(C=S).

Bis(2･methylthiopropanoylsul払nyl)phenylarSine(4c).Redoil(84%),Vmax/cm-1(C=S)

1197(neat);蝕(CDC13)1.29(d,J=6.7,12H,CH3),3.40(SePt,J=6.7,2H,CH),7.40-7.47(m,

3H)and7.72-7.76(m,2H);&(CDC13)24.1(CH3),51.4(CH),128.4,129.6,133.3,139.8and

251.7(C=S).

Bis(thiobenzoylsu肋nyl)phenylarsine(4d)･Redorangecrystals(67%),mPl19-122

0C(Calc･forC20H15AsS4:C,52.39;H,3.30.Found:C,52.18;H,3.26%);Vmax/cm-1(C=S)

1238and1224(KBr);入m｡X/nm(CH2C12)315(ddm3mol-1cm-134700),506(500);蝕(CDC13)

7･28-7.31(m,3H),7.36(t,J=7.6,4H),7.54(t,J=7.6,2H),7.83-7.89(m,2H)and8.16(d,J

=7･6,4H);&(CDC13)127.0,128.3,128.4,129.6,133.4,133.8,140.6,143.8and231.0(C=S).
Bis(4･methylthiobenzoylsulfanyl)phenylarSine(4e)･Redcrystals(70%),mP183-185

0C(Calc･fbrC22H19AsS4:C,54.31;H,3.94.Found:C,54.37;H,4.00%);Vmax/cm-1(C=S)

1241(KBr);入max/nm(CH2C12)333(e/dm3mol-1cm-140000)and505(660);蝕(CDC13)

2･37(S,6H,CH3),7.17(d,J=8.3,4H),7.29-7.34(m,3H),7.87-7.89(m,2H)and8.10(d,J=

8.3,4H);&(CDC13)21.7(CH3),127.l,128.3,129.0,129.4,129.5,133.8,141.6,144.7and

230.3(C=S).
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Bis(2･methoxythiobenzoylsuIhnyl)phenylarsine(4f)･Redorangecrystals(83%),mP

lO5-1070C(Calc･R)rC22H19AsO2S4:C,50･96;H,3･69･Found‥C,51･14;H,3･79%);Vmax/

Cm-1(C=S)1247(KBr);軸(CDC13)3･81(S,6H,CH30),6･86-6･93(m,4H),7.30-7.38(m,

5H),7･66-7･68(m,2H)and7･86-7･88(m,2H);毎(CDC13)55.9(CH30),112.0,120.2,128.2,

129･4,129･9,132･7,133･3,135･5,140･1,155･7and231.4(C=S).

Bis(4･methoxythiobenzoylsulJhnyl)phenylarsine(4g)･Redorangecrystals(77%),mP

165-1670C(Calc･brC22H19AsO2S4:C,50･96;H,3･69･Found‥C,50･99;H,3･72%);Vmax/

Cm-1(C=S)1265and1240(KBr);入max′nm(CH2C12)352(e/dm3mol-1cm-137000)and498

(1000);蝕(CDC13)3･84(s,6H,CH30),6･83(d,J=8.9,4H),7.27-7.32(m,3H),7.87-7.90

(m,2H)and8･23(d,J=8･9,4H);&(CDC13)55･7(CH30),113.4,128.2,129.4,129.6,133.8,

137･3,141･5,164･5and228.1(C=S).

Bis(4-Chlorothiobenzoylsul払nyl)phenylarsine(4h)･Redcrystals(64%),mP150-153

0C(Calc･forC20H13AsC12S4:C,45･55;H,2･48･Found‥C,45･62;H,2.55%);Vmax/cm-1

(C=S)1237(KBr);砧ax/nm(CH2C12)326(ddm3mol-1cm-139(削)and507(900);蝕(CDC13)

7･30-7･32(m,3H),7･34(d,J=8･7,4H),7･84-7･87(m,2H)and8.10(d,J=8.7,4H);&(CDC13)

128･2,128･2,128･4,128･5,129･8,133･8,140･2,142･Oand228.9(C=S).

Bis(1･naphthoylsulfhnyl)phenylarsine(4i)･Redorangecrystals(83%),mPl13-118

0C(Calc･fbrC28H19AsS4:C,60･20;H,3･43･Found‥C,60･29;H,3･57%);Vmax/cm-1(C=S)

1227(KBr);入max/nm(CH2C12)292(e/dm3mol-1cm-132000)and495(620);軸(CDC13)

7･41-7･49(m,9H),7･61-7･63(m,2H),7･82-7･89(m,4H),7･96-7.98(m,2H)and8.16-8.18

(m,2H);&(CDC13)124･5,124･6,125･2,126･5,127･2,128･3,128･6,128･9,130.1,130.8,133.7,

133･9,139･4,145.5and235.4(C=S).

Tris(thioacethylsulfhnyl)arsine(5a)･Redcrystals(20%),mP95-97｡C;Vmax/cm-1

(C=S)1194(KBr);軸(CDC13)2･87(S,9H,CH3);&(CDC13)4l.0(CH3)and239.2(C=S).

Tris(thiopropanoylsu肋nyl)arsine(5b)･Redoil(56%),Vmax/cm-1(C=S)1174(neat);

毎(CDC13)1･38(t,J=7･3,9H,CH3)and3･06(q,J=7･3,6H,CH2);&(CDC13)14.8(CH3),

46･8(CH2)and250.1(C=S).

Tris(2･methylthiopropanoylsuIfhnyl)arsine(5c)･Yellowcrystals(45%),mP42-44

0C;Vmax/cm-1(C=S)1202(KBr);&(CDC13)1･35(d,J=6･4,18=,CH3)and3･41(SePt,J=

6･4,3H,CH);&(CDC13)24･0(CH3),50.1(CH)and256.2(C=S).

Tris(thiobenzoylsulfanyl)arsine(5d)･Redcrystals(80%),mP128-129｡C(Calc.fbr

C21H15AsS6‥C,47･17;H,2･83･Found‥C,46･86;H,2･89%);Vmax/cm-1(C=S)1241(KBr);

入max/nm(CH2C12)313(e/dm3mol-1cm-142000)and511(650);軸(CDC13)7.29(t,J=7.9,

6H),7･48(t,J=7･9,3H)and8･10(d,J=7･9,6H);&(CDC13)126.7,128.1,133.5,143.Oand

234.2(C=S).

Tris(4･methylthiobenzoylsulJhnyl)arsine(5e)･Redcrystals(78%),mP68-700C(Calc.

forC24H21AsS6:C,49･98;H,3･67･Found:C,50･02;H,3･74%);Vmax/cm-1(C=S)1243and

1228(KBr);入max/nm(CH2C12)330(e/dm3mol-1cm-142000)and511(800);蝕(CDC13)

2･37(S,9H,CH3),7･18(d,J=8･4,6H)and8･10(d,J=8.4,6H);&(CDC13)21.8(CH3),127.1,

129･8,141･4,145.1and234.1(C=S).

Tris(2･methoxythiobenzoylsul払nyl)arSine(5f)･Orangecrystals(74%),mP72-74OC

(Calc･払rC24H21AsO3S6:C,46･14;H,3･39･Found:C,46･44;H,3･52%);Vmax/cm-1(C=S)

1249(KBr);蝕(CDC13)3･83(S,9H,CH30),6･83-6.98(m,6H),7.34-7.43(m,3H)and7.80-
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7.88(m,3H);&(CDC13)56･0.(CH30),111･9,120･2,129･4,131･4,135･9,156･Oand236･2

(C=S).

Tris(4-methoxythiobenzoylsulfanyl)arsine(5g).Redcrystals(8草%),mP128-1290C
(Calc.fbrC24H21AsO3S6‥C,46･14;H,3･39･Found:C,46･51;H,3･66%);Vmax/cm-1(C=S)

1241(KBr);九max/nm(CH2C12)355(e/dm3mol-1cm-17_4000)and505(1300);蝕(CDC13)

3.76(S,9H,CH30),6.76(d,J=9.0,6H)and8.16(d,J=9.0,6H);&(CDC13)55･5(CH30),

113.2,129.2,136.8,164.5and23l.0(C=S).

Tris(4･Chlorothiobenzoylsulrhnyl)arsine(5h).Orangecrystals(86%),mP140-145

0C(Calc.fbrC21H12AsC13S6:C,39.53;H,1.90.Found:C,39.46;H,2.10%);Vmax/cm-1

(C=S)1229(KBr);入max/nm(CH2C12)323(ddm3mol-1cm-1470W)and510(700);蝕(CDC13)

7.37(d,J=8.8,6H),8.11(d,J=8.8,6H);&(CDC13)128.3,128･6,129･0,140･8and232･7

(C=S).

Tris(1-thionaphthoylsulJhnyl)arSine(5i).Orangecrystals(74%),mP156-1570C(Calc･

forC33H21AsS6:C,57.88;H,3.09.Found:C,57.58;H,2.83%);Vmax/cm-1(C=S)1223(KBr);

入max/nm(CH2C12)292(ddm3mol-1cm-136300)●and500(1200);蝕(CDC13)7.33-7･50(m,

12H)and7.68-7.88(m,9H);&(CDC13)124.6,124.8,125.2,126.0,126･5,127･0,128･2,131･3,

133.6,145.land239.3(C=S).

(AcetylsulJhnyl)diphenylarsine(6a).Colorlessoil(91%),Vmax/cm-1(C=0)1682(neat);

命i(CDC13)2.43(S,3H,CH3),7.31-7.34(m,6H)and7.50-7.52(m,4H);&(CDC13)32.2

(CH3),128.7,129.3,133.0,138.2and195.9(C=0).

(2,2･Dimethylpropanoylsulfanyl)diphenylarSine(6b).Ⅵ1lowoil(88%),Vmax/cm-1

(C=0)1674(neat);みⅠ(CDC13)1.29(S,9H,CH3),7.32-7.35(m,6H)and7.52-7.54(m,4H);

&(CDC13)22.8(CH3),47.6(CCH3),128.7,129.2,133.0,138.5and195.9(C=0).

(Benzoylsul払nyl)diphenylarsine(6c).Colorlesscrystals(87%),mP76-780C(Calc･

fbrC19H15AsOS:C,62.30;H,4.13.Found:C,62.67;H,4.32%);Vmax/cm-1(C=0)1644

(KBr);昂i(CDC13)7.34-7.39(m,6H),7.43(t,J=7.8,2H),7.56(t,J=7.8,1H),7.59-7.62(m,

4H)and8.07(d,J=7.8,2H);良二(CDC13)128.3,128.5,128.8,129.4,133.2,133.5,137.2,138.4

and192.1(C=0).

(2-Methylbenzoylsulfanyl)diphenylarsine(6d).Colorlesscrystals(87%),mP63-67

0C(Calc.fbrC20H17AsOS:C,63.16;H,4.5l.Found:C,63.46;H,4.72%);Vmax/cm-1(C=0)

1642(KBr);みⅠ(CDC13)2.45(S,3H,CH3),7.20-7.34(m,8H),7.55-7.59(m,4H)and7.93-

7.97(m,2H);良二(CDC13)21.0(CH3),125.7,128.8,129.7,129.9,130.3,132.0,134.0,136.2,

137.4,138.1and194.7(C=0).

(4-Methylben2:Oylsulfanyl)diphenylarsine(6e).TbasolutionofPh2AsCl(0.271g,

1.02mmol)inCH2C12(20mL),POtaSSium4-methylbenzenecarbothioate(0.196g,1.03mInOl)

WaSaddedandthemixturewasstirredat200Cforlh.AfteradditionofCH2C12(100mL),the

mixturewaswashedwithwater(3x90mL),bllowedbydryingoverMgSO4(ca.2g)forlh.

ThesoIventswereremovedunderreducedpressurebyuヲeOfarotaryevaporator(300C/2･7

kPa).TYlereSultingresiduewasdissoIvedinCH2C12(10mL)andhexane(10mL)andallowed

tostandinarefrigerator(-200C)for24htogivecompound6eascolorlesscrystals(0.358g,

92%),mP96-990C(Calc.fbrC20H17AsOS:C,63.16;H,4.51.Found:C,62.95;H,4.61%):

Vmax/cm-1(C=0)1644(KBr);蝕(CDC13)2.39(S,3H,CH3),7.21(d,J=8.1,2H),7.34-7.38

(m,6H),7.56-7.60(m,4H)and7.94(d,J=8.1,2H);反:(CDC13)21.7(CH3),128.4,128.8,
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129･2,129･4,133･2,134･8,138･5,144.5and191.7(C=0).

(2･MethoxybenzoylsulJhnyl)diphenylarSine(6D･Colorlesscrystals(89%),mP94-96

0C(Calc･forC20H17AsO2S:C,60･61;H,4･32･Fbund:C,60･73;H,4･54%);Vmaxkm-1(C=0)

1621(KBr);蝕(CDC13)3･82(S,3H,CH30),6.90-6.95(m,2H),7.32-7.33(m,6H),7.38-7.42

(m,lH),7･57-7･58(m,4H)and7･78-7･83(m,1H);&(CDC13)55.7(CH30),112.0,120.2,

128･5,128･6,129･1,130･3,133･1,133･8,138.5,157.8and190.8(C=0).

(4-MethoxybenzoylsulJhnyl)diphenylarSine(6g)･Colorlesscrystals(87%),mP42-

440C(Calc･fbrC20H17AsO2S:C,60･61;H,4･32･Found‥C,60･55;H,4･17%);Vmax/cm-1

(C=0)1629(KBr);ゐ(CDC13)3･84(S,3H,CH30),6.89(d,J=9.0,2H),7.33-7.36(m,6H),

7･60-7･64(m,4=)and8･02(d,J=9･0,2H);&(CDC13)55.5(CH30),113.7,128.8,129.3,

130･6,132･4,133･2,138.6,163.9and190.5(C=0).

(4-Chlorobenzoylsulfanyl)diphenyIarsine(6h)･Colorlesscrystals(91%),mP94-96

0C(1it･,2c87-880C)(Calc･fbrC19H14AsClOS:C,56･95;H,3･52･Found‥C,56.83;H,3.58%);

Vmax/cm.1(C=0)1655(KBr);蝕(CDC13)7.36-7.38(m,6H),7.39(d,J=7.8,2H),7.56-7.60

(m,4H)and7･99(d,J=7･8,2H);毎(CDC13)128.8,128.9,129.5,129.6,133.2,135.6,138.2,

140.Oand190.8(C=0).

(4-Nitrobenzoylsu肋nyl)diphenylarSine(6i)･Yt1lowcrystals(60%),mPlOl-1030C

(Calc･fbrC19H14AsNO3S:C,55･48;H,3･43･Found:C,55.75;H,3.60%);Vmax/cm-1(C=0)

1655(mr);蝕(CDC13)7･39-7･41(m,6H),7.57-7.59(m,4H),8.18(d,J=8.0,2H)and8.27

(d,J=8･0,2H);&(CDC13)123.8,129.0,129.2,129.8,133.2,137.8,141.7,150.Oand190.8

(C=0).

Bis(acetylsu肋nyl)phenylarsine(7a)･髄1lowoil(91%),Vmax/cm-1(C=0)1694(neat);

蝕(CDC13)2･43(S,6H,CH3),7･31-7･34(m,3H)and7.50-7.52(m,2H);&(CDC13)832.1

(CH3),128･7,130.2,132.2,137.4and196.3(C=0).

Bis(2,2-dimethylpropanoylsulfanyl)phenylarsine(7b).髄1lowcrystals(93%),mP63-

670C(Calc･fbrC16H23AsO2S2‥C,49･73;H,6･00.Found:C,49.82;H,6.13%);Vmax/cm-1

(C=0)1672(KBr);&(CDC13)1･23(S,18H,CH3),7.26-7.42(m,3H)and7.67-7.80(m,2H);

&(CDC13)27･6(CH3),47･6(CCH3),128.6,130.0,132.1,138.4and207.8(C=0).

Bis(benzoylsuぬnyl)phenylarsine(7c)･Colorlesscrystals(95%),mP130-1310C(1it.,2c

132-1320C)(Calc･fbrC20H15AsO2S2:C,56･34;H,3.55.Found:C,56.15;H,3.41%);Vmax/

Cm.1(C=0)1639(KBr);&(CDC13)7.38-7.40(m,3H),7.42(t,J=7.6,4H),7.56(t,J=7.6,

2H),7･88-7･90(m,2H)and8･00(d,J=7.6,4H);&(CDC13)128.3,128.6,128.9,130.3,132.5,

133.9,136.6,138.3and192.8(C=0).

Bis(2･methylbenzoylsu肋nyl)phenylarsine(7d)･Colorlesscrystals(43%),mP75-77

0C(Calc･forC22H19AsO2S2‥C,58･15;H,4･2l.Found:C,58.29;H,4.10%);Vmax/cm-1

(C=0)1641(KBr);包(CDC13)2･47(S,6H,CH3),7.20-7.25(m,4H),7.36-7.47(m,5H),7.88-

7･90(m,2H)and7･94-7･96(m,2H);&(CDC13)21.1(CH3),125.8,128.8,130.2,130.3,131.8,

132･3,132･5,136.7,137.7,138.2and194.6(C=0).

Bis(4-methylben2:OylsuIfanyl)phenylarsine(7e)･Colorlesscrystals(96%),mP164-

1670C(Calc･fbrC22H19AsO2S2:C,58.15;H,4.21.Found:C,58.03;H,4.34%);Vmax/cm-1

(C=0)1626(KBr);軸(CDC13)2･38(S,6H,CH3),7.21(d,J=8.2,4H),7.34-7.40(m,3H),

7･87-7･90(m,2H)and7･89(d,J=8.2,4H);&(CDC13)21.7(CH3),128.4,128.8,129.2,129.4,

133.2,134.8,138.5,144.5and192.4(C=0).
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Bis(2-methoxybenzoylsulfanyl)phenylarsine(7f).Colorlesscrystals(89%),mP93-

960C(Calc.fbrC22H19AsO4S2:C,54.32;H,3.94.Found:C,54.40;H,3.96%);Vmax/cm-1

(C=0)1606(KBr);命i(CDC13)3.87(S,6H,CH30),6.92-6.99(m,4H),7.34-7.46(m,5H)and

7.80-7.90(m,4H);良二(CDC13)55.8(CH30),112.0,120.3,126.1,128.6,129.8,130.4,132.4,

134.4,138.9,158.4and191.3(C=0).

Bis(4･methoxybenzoylsu肋nyl)phenylarSine(7g).Colorlesscrystals(96%),mP149-

15lOC(Calc.fbrC22H19AsO4S2:C,54.32;H,3.94.Found:C,54.04;H,3.95%);Vmax/cm-1

(C=0)1628(KBr);命Ⅰ(CDC13)3.82(S,6H,CH30),6.88(d,J=8.9,4H),7.34-7.41(m,3H),

7.87-7.90(m,2H)and7.97(d,J=8.9,4H);良二(CDC13)55.5(CH30),113.7,128.8,129.5,

130.1,130.6,132.4,138.7,164.2and191.1(C=0).

Bis(4･Chlorobenzoylsulfanyl)phenylarsine(7h).Colorlesscrystals(91%),mP158-

1600C(Calc.forC20H13AsC1202S2:C,48.50;H,2.65.Found:C,48.64;H,2.58%);Vmax/cm-

1(C=0)1612(KBr);蝕(CDC13)7.35-7.41(m,3H),7.41(d,J=7.8,4H),7.85-7.88(m,2H)

and7.94(d,J=7.8,4H);良二(CDC13)129.0,129.0,129.7,130.6,132.5,135.0,137.8,140.5and
191.6(C=0).

Bis(4･nitrobenzoylsulfhnyl)phenylarsine(7i).Ⅵ≡1lowcrystals(44%),mPlO4-1060C

(Calc.払rC20H13AsN206S2:C,46.52;H,2.54.Found:C,46.82;H,2.69%);Vmax/cm-1(C=0)

1626(KBr);みⅠ(CDC13)7.44-7.47(m,3H),7.86-7.89(m,2H),8.16(d,J=8.0,4H)and8.29

(d,J=8.0,4H);&(CDC13)123.9,129.2,129.3,131.0,132.6,136.8,140.8,150.8and191.3

(C=0).

Tris(acetylsulfanyl)arsine(8a).Yellowoil(61%),Vmax/cm-1(C=0)1694(neat);

&(CDC13)2.47(S,9H,CH3);&(CDC13)32.1(CH3)and196.4(C=0).

Tris(2,2･dimethylpropanoylsullhnyl)arsine(8b).Colorlessoil(66%),Vmax/cm-1(C=0)

1668(neat);軸(CDC13)1.26(S,27H,CH3);&(CDC13)27.5(CH3),47.7(CCH3)and207.8

(C=0).

Tris(benzoylsulfanyl)arsine(8c).Colorlesscrystals(73%),mP179-1820C(1it.,9155-

1570C)(Calc.fbrC21H15AsO3S3:C,51.85;H,3.11.Found:C,51.35;H,3.08%);Vmax/cm-1

(C=0)1631(KBr)(1it.,91630cm-1);&(CDC13)7.46(d,J=7.4,6H),7.60(d,J=7.4,3H)and

8.02(d,J=7.4,6H);&(CDC13)128.5,128.7,134.2,136.3and193.0(C=0).

Tris(2･methylbenzoylsulfanyl)arsine(8d).Colorlesscrystals(56%),mp89-920C(1it.,9

800C)(Calc.fbrC24H21AsO3S3:C,54.54;H,4.00.Found:C,54.42;H,3.97%);Vmax/cm-1

(C=0)1637(KBr)(1it.,91637cm-1);蝕(CDC13)2.56(S,9H,CH3),7.24-7.28(m,6H),7.40-

7･44(m,3H)and7.94-7.96(m,3H);&(CDC13)21.3(CH3),125.9,130.5,131.9,132.7,136.2,

138.1and194.7(C=0).

Tris(4･methylbenzoylsu肋nyl)arSine(8e).Colorlesscrystals(98%),mP137-1390C

(1it･,9128-1300C)(Calc.fbrC24H21AsO3S3:C,54.54;H,4.00.Found:C,54.29;H,4.07%);

Vmax/cm-1(C=0)1639(KBr)(1it.,91620cm-1);&(CDC13)2.40(S,9H,CH3),7.23(d,J=8.2,

6H)and7.80(d,J=8.2,6H);&(CDC13)21.8(CH3),128.6,129.4,133.9,145.3and192.5

(C=0).

Tris(2-methoxybenzoylsulfanyl)arsine(8f)･Colorlesscrystals(66%),mP150-155

0C(Calc･forC24H21AsO6S3‥C,50.00;H,3.67.Found:C,50.28;H,3.89%);Vmax/cm-1

(C=0)1611(KBr);蝕(CDC13)3.87(S,9H,CH30),6.95(t,J=7.6,6H),7.46(t,J=7.6,3H)

and7.86(d,J=7.6,3H);&(CDC13)55.7(CH30),112.0,120.2,125.3,130.3,134.8,158.7and
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191.4(C=0).

Tris(4-methoxybenzoylsu肋nyl)arsine(8g).Colorlesscrystals(86%),mP94-960C

(Calc･ねrC24H21AsO6S3:C,50･00;H,3.67.Found:C,49.70;H,3.84%);Vmax/cm-1(C=0)

1627(KBr);蝕(CDC13)3.86(s,9H,CH30),6.90(d,J=8.7,6H)and7.98(d,J=8.7,6H);

&(CDC13)55.6(CH30),113.9,129.3,130.8,164.4and191.3(C=0).

Tris(4･ChlorobenzoylsuIfhnyl)arsine(8h).Colorlesscrystals(83%),mP161-1640C

(Calc･forC21H12AsC1303S3‥C,42･77;H,2.05.Found:C,42.99;H,1.92%);Vmax/cm-1(C=0)

1660(KBr);みⅠ(CDC13)7.43(d,J=8.8,6H)and7.94(d,J=8.8,6H);&(CDC13)129.1,

129.8,134.5,141.Oand191.7(C=0).

Tris(4-nitrobenzoylsuIJhnyl)arsine(8i)･Ⅵ1lowcrystals(99%),mPlOl-1030C(Calc.

brC21H12AsN309S3:C,40･59;H,1.95.Found:C,41.72;H,2.04%);Vmax/cm-1(C=0)1625

(KBr);軸(CDC13)8.19(d,J=8.0,6H)and8.34(d,J=8.0,6H);&(CDC13)124.l,129.5,

140.3,151.1and191.6(C=0).

Reactionofcompound3ewithpiperidine(Thble4,entry2).Asuspensionofcom-

pound3e(0･198g,0･50mmol)inethanol(40mL)wasaddeddropwisetoasolutionofpiperi-

dine(0･085g,1･00mmol)inethanol(20mL).Thissuspensionwasstirredat780Cfor9h.The

SOIventwasevaporatedunderreducedpressure(200C/53Pa),fbllowedbyadditionofether(20

mL)･Filtrationoftheresultingprecipitatesgavepiperidiniumdiphenyldithioarsinate9ascolor-

1essneedles(0･072g,38%)･N-4-MethylthiobenzoylpiperidinelO-Swasobtainedfromthis

丘1trateasyellowcrystals(0･076g,69%).1Hand13cNMRspectrawereexactlyconsistentwith

thoseofauthenticsamplespreparedbyheatlngplPeridinium4-methylbenzenecarbodithioate･

Piperidiniumdiphenyldithioarsinate9:mP155-1570C(Calc.fbrC17H22AsNS2:C,53.82;H,

5.84;N,3.69.Found:C,53.44;H,5.70;N,3.82%);Vmax/cm-13014,2885,1603,1609,1491,

1456,1410,1324,1178,1098,1043,1019,961,948,881,772,718and699(KBr);往Ⅰ(CDC13)

l･41-l･46(m,2H),1･60-1･66(m,4H),3.04-3.06(m,4H),7.33-7.41(m,6H),8.04-8.06(m,

4H)and9.02(br,2H,NH2);&(CDC13)22.3,22.5,44.2,128.4,129.7,130.Oand143.5.

Reactionofcompound6ewithpiperidine(Thble4,entry3).Asuspensionofcom-

POund6e(0･380g,1･00mmol)inethanol(40mL)wasaddeddropwisetoasolutionofpiperi-

dine(0･086g,1･01mmol)inethanol(20mL).Thissuspensionwasstirredat200Cfbr3h.The

SOIventwasevaporatedunderreducedpressure(200C/53Pa),bllowedbyadditionofether(20

mL)･Filtrationoftheresultingprecipitatesgavepiperidinium4-methylbenzenecarbothioate

ll･Oasacolorlesssolid(0.040g,17%).Tbthe丘1tratewasaddedtoluene(10mL)andthe

mixtureallowedtostandinarefrigerator(-200C)fbr48h.Filtrationoftheresultingprecipitate

gave9ascolorlessneedles(0･019g,5%)･N-4-MethylbenzoylpiperidinelO･Owasobtained

fromthis丘Itrateascolorlessoil(0･168g,83%).

Reactionofcompound4ewithpiperidine(Thble5,entryl).Asuspensionofcom-

POund4e(0･487g,1･00mmol)inethanol(80mL)wasaddeddropwisetoasolutionofpiperi-

dine(0･173g,2･03mmol)inethanol(40mL),andthiss･uSPenSionwasstirredat200Cfor5h.

ThesoIventwasevaporatedunderreducedpressure(200C/53Pa),fo1lowedbyadditionofether

(20mL)･Filtrationoftheresultingprecipitategavedi(Piperidinium)phenyltrithioarsonate15

asacolorlesssolid(0･057g,14%)･Evaporationofthefi1trateunderreducedprtssuregavelO･

S(0･149g,35%)･Di(Piperidinium)phenyltrithioarsonate15:mP154-1570C(Calc.fbr

C16H29AsN2S3:C,45.70;H,6.95;N,6.66.Found:C,45.54;H,6.87;N,6.51%);Vmax/cm-1
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2950,2710,2500,1579,1455,1441,1308,1078,1039,938,872,754,703and651(KBr);

ゐ(CDC13)1･59-1･65(m,4H),l.82-1.88(m,8H),3.23-3.25(m,8H),7.33-7.35(m,3H),7.42-

7･44(m,2H)and8･23(br,4H,NH2);毎(CDC13)22.6,22.9,44.8,128.3,129.8,13l.Oand
133.0.

Reactionofcompound7ewithpiperidine(Thble5,entry5).Asuspensionofcom-

POund7e(0･454g,1･00mmol)inethanol(80mL)wasaddeddropwisetoasolutionofpiperi-

dine(0･173g,2･03mmol)inethanol(40mL),andthissuspensionwasstirredat200Cfbr3h.

ThesoIventwasevaporatedunderreducedpressure(200C/53Pa),b1lowedbyadditionofether

(20mL)･Filtrationoftheresultingprecipitategavell-Oasacolorlesssolid(0.190g,40%).

The丘1tratewasaddedtoethanol(20mL),and丘ItrationoftheresultingprecipitategaveO･162g,

(66%)of2,4,6,8-tetraPhenyl-l,3,5,7,2,4,6,8-tetrathiatetrarsocane14asacolorlesssolidwhich

WaSreCryStallizedfromdichloromethane-hexane･ThecompoundlO-Owasobtainedfromthis

nltrateascolorlessoil(0･227g,56%)･2,4,6,8-Tbtraphenyl-1,3,5,7,2,4,6,8-tetrathiatetrarsocane

14:mP174-1750C(1it･,20175-1760C)(Calc･fbrC24H20As4S4:C,39.15;H,2.74.Found:C,

39･32;H,2･66%);Vmax/cm-13042,1571,1475,1429,1179,1062,1019,998,728,687and468

(KBr);ゐ(CDC13)7･34-7･45(m,12H)and7.77-7.87(m,8H);&(CDC13)129.0,130.0,131.6

and142.3.

Reactionofdi(piperidinium)phenyltrithioarsonate15with4･bromophenacylbro･

mide(Scheme4)･Atwomolaramountof4-bromophenacylbromide(0.139g,0.50mmol)in

ethanol(5･OmL)wasaddedtoasuspensionofcompobnd15(0.105g,0.25mmol)inethanol

(20mL)andrefluxedねrlOmin･ThesoIventwasevaporatedandether(50mL)wasadded,

followedbywashingwithwater(3x90mL)anddryingoverNa2SO4(ca･2g)hrlh.The

SOIventswereremovedunderreducedpressurebyuseofarotaryevaporator(30｡C/2.7kPa).

TheresultingresiduewasdissoIvedinCH2C12(2.OmL)andhexane(0.5mL)andallowedto

Standinarehigerator(-200C)fbr24htogivedi(4-bromophenacyl)phenyltrithioarsonate19as

COlorlesscrystals(0･027g,18%):mP134-1370C(Calc･forC22H17AsBr202S3:C,41.01;H,

2･66･Found‥C,41･35;H,2･66%)‥Vmax/cm-1(C=0)1685(KBr);蝕(CDC13)4.1(S,4H,CH2)

弧d7.2-8.0(m,13H).
Reaction of compound5ewith piperidine(Scheme5).Tris(4-

methylthiobenzoylsulfanyl)arsine5e(0･288g,0･50mmol)andpiperidine(0･128g,1.50mmol)

Wererefluxedinethanol(50mL)払r3h･FiltrationoftheprecipitatesgaveO･006gofawhite

SOlid(mp>3000C)(AsxSy?)･Theethanol丘･Omthe丘1tratewasremovedunderreducedpres-

Sure･Tbtheresidueether(30mL)wasadded･FiltrationoftheetherinsolublepartgaVeO.088

gofslightlyyellowsolid20[mp142-1450C(decomp･)(Calc･fbrClOH24As2N2S8:C,20.76;

H,4･18;N4･84･Found‥C,20･43;H,4･06;N4.92%);包(DMSO-d6)1.l-3.2].Removalofthe

etherfromthefi1trateunderreducedpressuregave10･Sin48%yield･
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TabIeSISelectedbondlengths(Å),angles(deg･)andtorsionangles(deg･)of3g,4eand5e

Diphenyl(4-rrCthoxythiobenzoylthio)arsine3g

Bondlengths

As(1トS(11)3･1470(8)As(1)｣:(21)1.9槌(3)

As(1)-S(12)2.2651(8)As(1)一C(31)l.965(3)

C(11トS(11)1.655(3)0(11)-C(18)1.431(4)

C(11トS(12)1.753(3)

Torsionangles

Angles

S(11)…As(1トS(12)糾.08(2)S(12トAs(1)一{(21)91.47(8)

S(11トC(11トS(12)121.0(2)S(12トAs(1)-{(31)99.44(8)

As(l)･･･S(11)一C(11)73･27(9)C(21)-As(1)一C(31)96.0(1)

As(1)-S(12)-{(11)100.44(9)C(18ト0(11トC(15)117.4(2)

S(11)…As(1)一C(21)155.55(8) 89.20(8)

S(12)-C(11)-{(12)一{(17)175･7(2) C(11トS(12トAs(1トC(21)173.1(1)

C(18)一0(11トC(15)-{(14) 2･8(4) C(11トS(12トAs(1)-{(31) 90.7(1)

S(12)-As(l)一{(21)-{(22)60･0(2)

Bis(4-methylthiotxnzoylthio)phenylarsine4e

Bondlengths

As(l)…S(11)2.958(4) As(1)…S(21)2.95(i(4)

As(1)-S(12)2.299(4) As(1トS(22)2.315(4)

C(11トS(11)1.64(1) C(21トS(21)1.65(l)

C(11トS(12)1.75(1) C(21)-S(22)1.74(l)

As(1)-C(31)1.97(1)

Angles

S(11)…As(1)…S(21)143.1(l) S(12トAs(1)-S(22)83.8(1)

S(11)…As(1)-S(12) 66.5(l) S(21)…As(l)一S(22)66.5(l)

S(11)-C(11)-S(12)119.8(7) S(21)-{(21トS(22)1203(8)

As(1)…S(11)-C(11)

As(1)-S(12)-C(11)

S(12トAs(1トC(31)

Torsionangles

S(12)-As(1トS(22)-C(21)170.3(4)

S(12)一C(11),{(12)-Cl(7) 0(l) S(22トC(21)-{(22)-C(27) 1(1)

C(11トS(12トAs(1)-{(31) C(21)-S(22)-As(1)-C(31) 91.6(5)

Tris(4-methylthiobenzoylthio)arsine5e

77･0(5)As(1トS(21)--C(21)76.1(5)

As(1)-S(22)｣二(21) 95.1(5)

99･0(4) S(22トAs(1)-{(31)99.1(4)

Bondlengths

As(l)･･･S(11)2.969(4) C(11)-S(11) l.68(1)

2.316(4) C(11トS(12)l.73(l)

Angles

S(ll)･･･As(1)-S(12) 66.0(1) As(1)…S(11)-C(11)77.1(4)

S(11)-C(11)-S(12)118.8(7) As(1)一S(12)-C(11)97.6(4)

S(12トAs(】トS(12*) 88.3(l)

Torsionangles

S(12)一C(11)一{(12)-C(17)172･4(10) S(】2)qAs(1)-S(12*)LLC(11*)87.4(4)

*1-Y,X-Y,Z

TabIeS3Selectedbondlengths(Å)andangles(deg.)of9and15

Piperidiniumdiphenyldithioarsinate9

Bondlengths

As(1)-S(り 2.128(1) As(1トC(1)

As(1トS(2) 2.101(り As(lトC(7)

S(1)…N(1*) 3.226(3) S(2)…N(1)

S(1)…H(12*) 2.25 S(2トH(11)

N(1)TH(11) 1.02 N(1)一H(12)

Di(piperidinium)phenyltrithioarsonate15

Bondlengths

l･938(3) As(1トS(l) 2.146(2) N(1トH(6)

1.939(4) As(り-S(2) 2.151(2)

3.473(3) As(l)-S(3) 2.135(3)

2,72 As(Ⅰ)一-{(1) l.929(8)

0.98 S(り･･･N(1*) 3.226(7)

Angles

S(1)一As(1トS(2)116.27(4) S(2トAs(1トC(1) 96.1(1)

S(l)-As(1)-C(1)107.6(1) S(2トAs(1)-C(7)100.1(1)

S(1トAs(lトC(7)109.1(1) C(1)一As(1)-C(7) 98･7(l)

N(1)-H(11)…S(2)130.453 N(り-H(12)‥･S(1*)119.8(3)

*-Ⅹ,1-Y,2-Z.

S(2)‥･N(1) 3.339(8)

S(2)･‥N(2*) 3.195(8)

S(3)･‥N(2) 3.264(9)

AngIes

S(】トAs(1トS(2)111.69(9)

S(1)-As(1トS(3)l12.0(1)

S(2)-As(1)-S(3)l13.6(1)

N(1トH(6)‥･S(1*)164.965

N(1トH(7)…S(2)148.528

*l-X,1-Y,l-Z.**1-X,-Y,l-Z.

N(1)-H(7)

N(2トH(18)

N(2トH(19)

S(1)‥･H(6*)

S(2卜H(7)

S(2)…H(柑**)

S(3)…H(19)
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S(1)-As(1)1二(1)105.8(2)

S(2トAs(l)一-{(1)100.7(2)

S(3)-As(1)--t(l)106.5(2)

N(2)-H(19)…S(3)146.19(i

N(2トH(18)･･･S(2**)17l.88l
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TableS2Selectedbondlengths(Å),angles(deg.)andtorsionangles(deg.)of6h,7gand$e

(4-Chlorobenzoylthio)diphenylarsine6h

Bondlengths

As(1トS(11)2.270(1) As(ⅠトC(21)1.959(4)

As(1卜0(11)2.943(3) As(1トC(31)1.953(3)

C(11トS(11)1.793(4)Cl(11)｣二(15)1.731(4)

C(11ト0(11)1.210(4)

Angles

S(11)-As(1)･-0(11)5臥99(6) S(1ⅠトAs(1)-{(21) 96.1(1)

S(11トC(11ト0(11)Ⅰ21.3(3) S(11トAs(1トC(31)100.1(り

As(1)-S(11)-C(11) 95.9(1) C(21トAs(1トC(31) 98.7(1)

As(1)･･･0(11)-C(11) 82.6(2)Cl(11)TC(15)--C(14)119.8(3)

0(11)…As(l)｣二(21)155.0(l)

Torsionangles

S(11)-C(11)-C(12トC(17) 6.5(4) C(11)-S(11トAs(l)-C(21)176.3(1)

Cl(11)-C(15)-C(14)-C(13)179.3(3) C(11トS(1■lトAs(lトC(31)

Bis(4-methoxybenzoylthio)phenylarsine7g

Bondleng也s

As(1トS(11) 2.28(i(り As(1トS(21)2.280(1)

As(1)…0(11)2.708(3) As(1ト0(21)2.731(3)

C(ll)-S(11)1.776(4) C(21)-S(21)l.796(4)

C(11ト0(11)1.223(5) C(21)-0(21)1.217(5)

As(1)-C(31)l.956(4) 0(12)-C(18)1.413(6)

0(22)-C(28)1.429(6)

Angles

S(11トAs(り-S(21)88.46(4)0(11卜As(1)‥･0(21)146.57(8)

Sり1トAs(け‥0(‖)62.28(7) S(21)-As(1)‥･0(21)62.08(6)

S(11)｣二(11ト0(11)119.7(3) S(21トC(21)｣D(21)119.1(3)

As(1トS(ll)-C(11) 90.9(l) As(l)-S(21トC(21) 9l.5(1)

As(1)…0(11)-C(11)87.2(3) As(1)…0(21)-C(21)87.4(2)

S(11トAs(1トC(31) 97.6(1) S(21)-As(1トC(31) 98.8(l)

C(18)｣D(12トC(15)l18.6(4) C(28ト0(22トC(25)117.6(4)

Torsionangles

S(11トAs(1トS(21)-C(21)176.1(り

S(11トC(11)-C(12)-C(17)15･8(5) S(21)-C(21)-C(22トC(27) 4.9(5)

C(11)-S(11)-As(1)TC(31) C(21)-S(21トAs(Ⅰ)-C(31) 78.7(2)

Tris(4-methylbenzoylthio)arsine8e

Bondlengths

As(1)-S(11)2.264(5) C(11トS(11) 1.80(1)

As(1)…0(11) 2.81(1) Ⅰ.18(2)

Angles

S(11)-As(1)…0(11)60.4(3) As(l)一S(‖)一C(11)93･4(6)

S(IlトC(11)-0(11)119(l)As(l)…0(11トC(11)86･1(9)

S(11トAs(1トSりl*) 92.9(2)

Torsionangles

S(11)-C(11)-C(12トC(17) 5(2) S(11)-As(lトS(ll*トC(11*)88.8(6)

*1-Y,一1+X-Y,Z
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Chapter`

AmmoniumDiselenoates:StableHeavyCongenersofCarboxylic

AcidSalts

`.1.Int鵬uction

Sincethe丘rstsynthesisofaromaticdithioicacidsandtheirsaltsin1868,1tremendous

amountsofstudiesontheirsynthesisandapplicationshavebeenreported･2Incontrast,the

Seleniumisologues,i･e･,diselenoicacidsandtheirsaltshavebeentotallyignoredspeciesuntil

VeryreCently･Astheiraliphaticderivatives,Jensennotedthatthereactionofdialkylzincwith

Carbondiselenidezincdiselenoateswereproposedasaputativeunstableintermediateinthe

reaction･3Ⅵryrecently,theinnersaltshavingdiselenocarboxylgroupwasisolatedasstable

COmpOundsandcharacterized･4Nevertheless,nOeXamPleofaromaticdiselenoicacidsandtheir

Saltshasbeenreported･5

6.2.ResultsandDiscussion

Synthesis･Duringthecourseofourstudiesonaseriesofchalcogenocarboxylicacid

Salts,ammOniumselenothioatesweresynthesizedbyreactingS-β-trimethylsilylethyl

Selenothioateswithammoniumfluoridesfbrthefirsttime(eqsland2)･6Asimilarapproach

mightbepossibletothesynthesisofammoniumdiselenoates.

TMS～SH
Me3AIAr人ocH3

A,人s〈JMS･R4NF

A,人sへノMS(1)

Ar人s-+NR.(2)

However,β-trimethylsilylethylselenoll,(CH3)3SiCH2CH2SeH,Whichwasthekeystarting

materialwhenthereactionsofeqsland2wereappliedtothediselenoates,hasnotyetbeen

known･FurthermOre,theselenollwasexpectedtobeeasilyoxidizedeventhoughlwasiso-

1ated･The,uSeOfbis(P-trimethylsilylethyl)diselenide2wasenvisagedasanequivalentto

Selenoll･Initially,aVarietyofmetaldiselenides(Se/LiBEt3H,7se/LiAIH4,8se/Li9)were

generatedandreactedwithinsitugeneratedβ-trimethylsilylethylbromidefromcarbon

tetrabromide,triphenylphosphineandP-trimethylsilylethanol.Asaresult,thereactionoflithium

diselenidegavethedesireddiselenide2in30-57%yields(Schemel).

Then,aluminumselenolate,TMSCH2CH2SeAIBu2-i,WaSgeneratedinsitufrombis(β-

trimethylsilylethyl)diselenide2andDIBAL-H,andreactedwithO-methylesters3intolueneat
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Scbemel

TMS/＼､′OH

CBr4,PPh3

CH2C12

00C,20min

Li2Se2

CH2C12汀HF

OOC,30min

300C,30min

(TMS一＼一S⇒2
2

roomtemperaturefor3-16h.Themixturegradual1ychangedfromredtogreen･Thepuri丘ca-

tionbythecolumnchromatographyonsilicagelsuccessfullygavediselenoicacidβ-

trimethylsilylethylesters4asablue-greenOrgreenOilinlowtogoodyields(Thblel)･These

diselenoesters4inoilstateareunstable,Whichdecomposedtothecorrespondingselenoicacid

esters(RCOSeCH2CH2TMS)underArevenat-200Cwithin12hexceptfbr2-methylphenyl

derivative4b.

Similarlytothesynthesisofammo-

niumselenothioatestheester4awas

initial1yreactedwithBu4NF.There-

actionmixtureturnedyellowgreen

fromgreenbuttheNMRspectraofthe

concentratedresidureshowedthemix-

tureofarr皿Oniumdiselenoate5along

Withammoniumselenoate6(Scheme

2).

Scheme2

R人s㌻＼ノMS･Bu4NF
R=C6H5

4a

DIBAL-H
3

Tablel.Reactionofdi(β-ethylsilyl)diselenides2withO-methylesters3

｡.｡A._H｡サ｡CH3
se

(TMS∵S⇒2toJuene toluene

OOC 300C

lOmin time

R人s㌻JMS
4

time(h) rO10C㈲･yle
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a

Purincationwascarriedoutwithchromatographyonsilicagel･

b
puri丘cationwascarriedoutwithHPLC.

THF

RAse-･NB｡.･R^se-･NB｡.00C 5 6

1h

5:6=5:3mixture

Incontrast,thereactionof4withMe4NFafbrdedthecorrespondingammOniumdiselenoates7

Withhighpurity(Thble2).Forexample,aCH3CNsolutionof4awasaddedtoaCH3CN

SuSPenSionofMe4NF.AfterstirrlngatOOCfbrlh,thesoIventwasremovedunderreduced

PreSSure･WashingoftheresiduewithEt20affbrdedtetramethylammoniumdiselenobenzoate

7aasgreencrystal1inesolidin59%yield(Thble2).Simi1arly,OtherammOniumsalts7bJwere

isolatedasgreencrystallinesolidsin47-78%yields,reSPeCtively･

Thesalt7awashandledundertheairwithoutanyappreciablechange,Whereasthesalt

7adecomposedwhenitwasdissoIvedinCH3CNandTHF Ontheotherhand,theintroduction

OfthemethylgrouptotheorthopositionofaromaticnnglnCreaSedthestabilityofthesalt7b,nO

appreciablechangewasobservedfbrthesalt7bevenwheniswasdissoIvedinCH3CNat-20

0C.
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Structure.Themolecular

StruCtureOf7awasdeteminedbyX-

raycrystallography･TheORTEP

drawlngOf7aisshowninFigurel･

Thecrystaldataarecollectedin

Tbble3･Selectedbondlengthsand

anglesareshowninThble4.Thisis

thefirste*ampleofX-raymOlecular

analysISOfaromaticdiselenoicacid

Salts.Severalcharacteristicftatures

areasbllows.First,thedistances

betweentheseleniumatomsandthe

hydrogenatomsoftheammonium

ionarelongerthanthesumofthe

VanderⅥねalsradiiofbothatoms,10

andnointeractionwasobservedbe_

tweendiselenocatboxylategroupand

Table2･Reactionofdiselenoesters4withMe4NF

｡八s占へJMS･Me.NF
4

CH3CN

OOC

time

R人se-･NMe.
7

RONVノrtne
time(h) yield(%)a
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つJ
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4

4

H
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Figurel･TheORTEPdrawlngOfC6H5CSe2~+NMe47a.

Hydrogenatomshavebeenomittedわrclarlty･

ammoniumion.Second,thediselenoatesalt7a

ismonomericinthesolidstate.Third,thedihe-

dralangle of the phenylgroup and

diselenocarboxylgroupwas46.0(5)0,andthe

Phenylgroup does not seem to resonate

diselenocad)OXylgroup･Fourth,theaveragebond

lengthsofthetwoC-Sebondsarel.830(4)Å

andclosertothebondlengthsoftheordinaryC-

Sedoublebonqs(1･74-1.80Å)11thanthoseof

theC-Sesinglebonds(～l.94Å).12

Spectra･RepresentativespectroscopIC

dataof4and7arelistedinThble5.Inthe13c

NMR spectra,the slgnals due to the

Selenocarbonylcad)OnatOmin4wereobserved

at237±5ppm,Whereasthecorrespondingslg-

nalsofdiselenoates7wereshi氏edtolower丘elds

by22･5±0･5ppm･T肌)reSOnanCeSat

about900and1800ppmin77seNMR

SPeCtraWereObservedforthesele-

niumatomsoftheC-Seslngleand

C=Sedoublebondsinthecaseof4.

Table3･Crys血log柑pbicData

fbmula

fw

COlor

CryStalsize(mm)

r(K)

CryStalsystem

SpaCegrOup

d(Å)
占(Å)

c(Å)
V(Å3)

Z

β｡｡1｡d(gcmう
〃(mm~1)

F(000)

no･Ofreflnsmeasured/unique

no･Ofobservations,(I>20(I))
Rl;WR2

goodness-0トⅢ

nnalmax.,min.,(Ap,eÅ~3)

CllH17NSe2

32l.18

green

O.20×0.17×0.06

296

0rthorhombic

P212121

8.756(4)

9.679(4)

15.748(7)

1334.5(10)

4

1.598

5.509

632.00

3045/1764

1535

0.033;0.(始3

0.68

1.39;-0.60

Table4･Selectedbondlengthsandanglesandtorsionangleof7a

Se(1)-C(1)

Se(2トC(1)

C(l)-C(2)

1･831(4) Se(1)-C(1トSe(2) 124.3(2)

1･828(4) Se(1トC(1トC(2) 117.7(3)

1･482(5) Se(2)-C(1トC(2) 118.0(3)

Se(1)-C(1)-C(2トC(3) 46.0(5)

80



Thetypicalcouplingconstantsofthe

C-Sebond(172±3Hz)andtheC=Se

bond(224≠1･2Hz)werealsodetected･
Ontheotherhand,Onlyoneslgnalap-

Table5.SpectroScopicDataofCompounds4and7

13cNMRa 77seNMRa lJse_Cb UV-Vis[nm]C

No.8[ppm] 8[ppm] [Hz] 7t-7t* n-n*

Pearedat1360-1493ppmwhenthe4c

esters4wereconvertedtodiselenoates4d

7.Interestlngly,thelinearrelationship7b

WaSObservedbetweentheslgnalsof7c
7d

theseleniumatomfbrmlngthedouble

bondin4andthoseoftheselenium

23(i.9 897.9,1772.0

241.5 90l.3,1846.7

234.2 863.4,1798.1

233.6 954.6,1652.4

259.3 1433.3

263.6 1493.0

256.1 1449.4

25(i.6 1362.6

17l.9,223.3

174.5,225.2

17l.6,222.8

169.2,222.8

213.5

208.7

214.9

211.6

391 622

375 627

394 618

36(i 6関

羽7(423)d684(654)d

417(385)d670(671)d

453(433)d690(692)d

452(羽8)d634(611)d

aCDC13WaSuSedasasoIventfor4,WhereasCDCN3andDMSO-d6

wereusedfbr7･bThecouplingconstantsweredererminedinthe13c

atomin7(Figure2)･Furthermore,the NMRspeCtra.CTHFwasusedasasoIvent.dTheUV-Visspectrawere

77seslgnalsin4wereinthereglOnOf mesuredinthesolidstate･

thoseoftheC=Sebonds･Moreim-1480

portantly,thecouplingconstantsbe-[ppm]

tweentheseleniumandthecarbonat-

OmSin7werelargerthan200Hz,

whichindicatesthatboththecar-

bon-Seleniumbondin7possesses

thedoublebondcharacteringreat

depth.Inotherwords,theelectrons

arehighlye伍cientlydel∝alizedon

thediselenocafboxylgroupin7(eq

3).UV-Visiblespectraof7further

SuPPOrtthedoublebondingbe-

tween the carbon atom and sele-

niumatomsin7.Asfbr4,theab-

SOrPtlOnSaSCribedto7t-7t*andn-

7t*transitionswereat366-394and

at609-627nm,reSPeCtively.The

COrreSPOnding absorptlOnS Of7

WereSubstantiallyshiftedtothe

longerwavelength.

ト
S
l
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∈
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∈
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DjseJenoesters4
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Figure2･Correlationin77seNMRspeCtrabetween4and7･

8(77seNMRin7)=379･29+0･595028(77seNMRin4),R2=1.000

｡叉se_ ｡荒e
(3)

Calculations･Tbfurtherexplorethepropertiesofthebondingbetweentheselenium

atomsandthecarbonatomof7,abinitiomolecularOrbitalcalculationofthediselenoateion7a

WaSPerformedbyuslngGaussian98programS･13Geometryoptlmizationsbr7awerecamied

OutWiththe6-311+G(d,P)basissetattheB3IXPlevel.Thebondlengths,angles,andtorsion

anglesoftheoptlmizedstruCtureareShowninThble6･TheresultsofMullikenpopulation

analysesarealsoshowninThble7･Inthediselenoateionthenegativechargeisdistributednot
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Onlytotwoseleniumatomsbutdso

tothecentralcarbollatOm.Inthe

訂Omaticnngtheelectronsarefairly

de丘cientattheipso-CarbonC2.This

iscompenSatedbythedistributionof

theelectronstoothercarbonatoms

inthearomaticring.Onthebasisof

molecularorbitalcalculationsthree

molecularorbitals,i.e.,LUMO,

HOMO,HOMO of7t-Orbitals

(HOMO-1)andnextHOMOof7t-

Orbitals(HOMO-3)of7aarevisual-

izedinFigure3･14Interestlngly,the

nextHOMOof7[-Olbitalsisextended

toonesideofC(1)-Se(1)bondand

totheothersideofC(1トC(2)bond.

Asaresult,theatomicorbitalofthe:

Centralcarbonatomhigh1ycontrib,

utedtothenextHOMOof7t-Orbit-

als.TheLUMOisextendedover

theC(1)--{(2)bond.

Tbcomparethebondingof

diselenoateion,bondordersofthfee

modelcompoundscalculatedby

B3LYP/6-311+G(d,P)areshownin

lもble8･Thepolarnatureofthe

C=Ogroupin$isclearlyseensince

thevalueisontheorderofl.25for

C=0.Incontrast,thevalt]eSareOn

theorderofl.81forC=Sin9and

thatofl.78forC=SeinlO.This

Table丘･Sel∝tedbondlel嘲hsandangles皿dtorsiona喝1eofT且皿d

Opt】mizd71l

7a
optimiヱd7且

S亘Ⅰ)-{(1)

Se(2)--C(り

C(1)-{(2)

Se(lトC(1トSe(2)

Se(1)--{(1)--C(2)

Se(2)--t(1)--C(2)

Se(1)--C(1)一一C(2)--{(3)

1.831(4) l.g5】141

1.828(4) l.85】146

1,鵬2(5) 1.494882

】24.3(2) 125.3320

117.7(3) l17.3338

1柑,叫3) 117.3342

4も.0(5) 4l.7644

T&ble7･MullikenchargesofoptirrLized7J)
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(a)HOMO

(C)HOMO-3
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(d)LUMO

Figure3･ThemolecularorbitalofHOMO(a),HOMO-】(b),HOMO-

3(C)and LUMO(d)inoptirnizedstruCtureOf7a.

resultsuggeststhatthedoublebond

Characteroftwocarbon-Sdeniumbondsindiselenoateionsismoreimportantthanthatofthe

Carbon-OXygenbondsincarboxylateions･

Reaction･Final1y,theusefu1nessofammoniumdiselenoates7asakeystartlngmaterial

1eadingtoavarietyofcompoundsbeanngdiselenocarboxylgroupwasprovedbythefbllowlng

reaction･First,alkylationof7bwithpTphenylphenacylbromidegavethecorrespondlngphenacyl

esterllasstableblueneedles(Scheme3).Second,tOgeneratediselenoicacids,theCF3SO3H
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OrHCl侶t20solutionwasaddedtoad8-THFsuspensionof7binaNMRtubeat-700C･Asa

result,insolublesalt7bquicklydissoIvedind8-THF,andthelightgreensuspensionquickly

Changedtogreen,Whichwasindicativeofthe

fbrmationofdiselenoicacid12,butlowtem-

PeratureNMRspectraofthereactionmixture

didnotshowtheslgnalswhichcould

beascribedto12.Then,tOthehomo-

geneousreactionmixtureofCF3SO3H

With7binEt20wasaddedmethyl

Vlnylketoneat-700C,andstirredfor

30minat300CtoaffbrdY-OXabutyl

diselenoate13as ablueoilin21%

yield.Theseresults suggestthat

diselenoicacid12isgeneratedbythe

PrOtOnationof7b,butiteasilydecom-

pOSeS･

`.3.Comclusion.

In summary,We have suc-

CeededinthenrstsynthesisandstruC-

tureanalysISOfdiselenoicacidsalts.

TheselenocarboxylgrouplnammO-

niumsalts7wasclosetothedouble

bondbyvariousNMRspectra,mO-

1ecularandelectronicanalysIS.

Scheme3

cHr{ cHべ- CH3モ
8 9 10

Table8.SelectedbondlengthsandanglesandMullikenchargesand

BondordersofdichalcogenoateionsCH3CE2-

H5 El

＼ /
H6-C4-C3

-

Hタ
＼E2

S(E=0) ,(E=S)

Bondlengths(Å)

E(l)-C(3)

E(2)-C(3)

C(3)-C(4)

Bondangles(O)

E(1)-C(3トE(2)

E(1)-C(3)一C(4)

E(2)-C(3トC(4)

Mullikencharges(e)

E(l)

E(2)

C(3)

C(4)

H(5)

H(6)

H(7)

BondOrders

E(1トC(3)

E(2)-C(3)

C(3トC(4)

l.255345 l.700155

l.256110 1.700155

1.564930 l.528309

128.9159 12(i.7373

116.2398 11(i.6168

114.84∠H l16.6168

-0.507466

欄.491307

0.152473

-0.484200

0.109997

0.11(X)05

0.110499

-0.722472

-0.722472

0.743714

-0.706945

0.133992

0.137091

0.137091

1.25835 l.81031

1.25445 l.81031

0.92779 1.(叫157

10(E=Se)

l.847229

l.847247

1.520342

126.4363

116.7673

116.7670

--0.465435

-0.465184

0.116927

功.588831

0.134212

0.134212

0.134212

j●
CH2C12

00C,1h

CF3SO3H

毎慧eH
12

greensolution

11:68%,blueneedles

0

も人
ー700C,2h
then300C,0,5h
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6.4.Experimental

GeneralProcedures･MeltingpolntSWeremeaSuredbyaYanaglmOtOmicromelting

pointapparatuS(uncorrected).IkspectraweremeasuredonJASCOFTnR_410F｡｡,ie,Trans_
formInfraredSpectrometer･ThelHNMRspectraweremeasuredonaJEOLα-400(399.6

MHz)inCDC13,d8-THFandCD3CN･Chemicalshiftsofprotonsarereportedin8values

referredtoCHC13,THFandCH3CNasaninternalstandard,andthefbllowlngabbreviation

WereuSedasfbllowlng:S:Slnglet,d‥doublet,t‥triplet,q:quartet,qulnt‥qulntet,m:multiplet･

The13cNMRspectra(100･4MHz),77seNMR(76･2MHz)spectrawereobtainedfromthe

SameSPeCtrOmeteraSIHNMRones･The77sechemicalshiftswereexpressedin8values

deshieldedwithrespecttoneatMe2Se･UV-VisiblespectraweremeasuredonaJASCOUbest

550rHITACHIU-4000･HPLCperfbrmeduslngaJapanAnalyticalIndustryLC-908recycling

PreparativeHPLCapparatuscoupledtoanRIindicatorandaUVdetecter(264nm).HRMS

WaSmeaSuredonaJEOLGCmateII･Themassspectra(MS)weretakenonSHIMADZU

GCMSQPlOOO(EImode)･ElementalanalyseswereperfbrmedbytheElementalAnalysis

CenterofKyotoUniverslty･

Materials･Diethylether(Et20)andtetrahydrofuran(THF)weredistilledfromsodium/

benzophenoneketylpriortouse･Acetonitrile(CH3CN)anddichloromethane(CH2C12)were

distilledoverdiphosphoruSPentaOXideafterrefluxlngfbr5h･Tbluenewasdisti11edfromcal-

Ciumhydride･Hexanewasdistilledfromsodiummetal･SelenobenzoicacidO-methylester15

WaSPreparedaccordingtotheliterature･Anhydroustetramethylammoniumfluoridewasob-

tainedfromthetetramethylammoniumfluoridetetrahydratebyremovalofthewaterunderre-

ducedpressure(1500C/l:OmmHg)withstimingfbraboutlh･Lithium(POle),P-Phenylphenacyl

bromide,Seleniumpowder,tetrabromomethaneandtriphenylphosphinewerepurchasedfrom

NacalaiTbsqueInc･DIBAL-H(1･OMtoluenesolution)waspurchasedfromKANTOChemical

Co･,Inc･Tbtramethylammoniumfluoridetetrahydrate,trifluoromethanesulfbnicacidand2-

(trimethylsilyl)ethanoIwerepurchasedfromAldrichChemcalCompany.Methylvinylketone

WaSPurChasedfrom MerckKGaA･SilicagelusedoncolumnchromatographywasrunOn

Silicage1600fKANTOChemicalCo･,Inc･AllmanlPulationswerecarriedunderargon

atomosphere.

X-rayCryStallography･Crystalsampleswerecutfromthegrowncrystalsandmounted

Onaglass丘ber･Thecrystalswerecoatedwithanepoxyresinbecausetheywereairsensitive･

MeasurementswerecarriedoutonaRigaku/MSCMercuryCCDuslngagraPhite-mOnOChro-

matorwithMoKaradiation(九=0.71069Å).Thedatawerecollectedat296K.ThestruCture
WaSSOIvedbyadirectmethoduslngSHELXS8616andexpandeduslngDIRDIF94･17Neutral

atomscatteringfactorsfbrneutralatomswerefromCromerandWaber18andanOmalousdisper-

Sionefftcts19wereused･Afu11-matrix▼1east-SquareSrennementWaSeXeCutedwithnon-hydro-

genatoms･Thennalleastsquarecycleincluded丘xedhydrogenatomsatcalculatedpositions

forwhicheachisotropICthermalparameterwassettol･2timesofthatoftheconnectlngatOm･

AllcalculationswereperfbrmeduslngtheteXsancrystallographicsoftwarePaCkageofMolecu-

1arStruCtureCorporation.
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Bi岳(2･Trimethylsilylethyl)diselenide(2)･InalOOmLschlenktube,1ithium(0･160g,

23.1mmol)andseleniumpowder(l.801g,22.8mmol)wasstirredat-700Cinliq･NH3･After

stirringatthistemp.br4h,theremovalofthesoIventgavel･991g(purity:75%)ofLi2Se2aS

ablackbrownsolid.Ina50mLtwo-n占ckedroundbottomflask,triphenylphosphine(3･294g,

12.6mm01)wasslowlyaddedtoaCH2C12(10mL)solutionof(2-trimethylsilyl)ethanol(1･5

mL,10.5mmol)andCBr4(4.165g,12.6mmol)atOOCover2min,anditwasstirredatthis

temp.for20min.ThissolutionwasaddedtoaCH2C12(5mL)suspensionofLi2Se2(1･991g,

purify:75%)inalOOmLschlenktubeatOOCthroughacanulatakingover5min･Intothis,
THF(10mL)wasaddeddropwisetothismixtureby10mLsyringeatOOCoverl･5min,andit

wasstirredatOOCfor30minandthenat300Cfor30min.Thereactionmixturewaspoured

ontowater,andextractedwithether(100mL).TheorganiclayerwasdriedoverMgSO4and

concentratedinvacuo.Afteradditionofhexane(200mL),theinsolubleparts(triphenylphosphine

oxide)werenltered,andthemixturewasconcentratedinvacuo..Theresiduewaspuri丘edby

distillationunderreducedpressure(118-1240C/0･3mmHg)togivel･074g(57%)of2asa

orangeoil.Bp:126-1280C/0.3mmHg;1HNMR(CDC13):80･00(S,9H,SiMe3),0･86-l･02

(m,2H,SiCH2),2.90-2.95(m,2H,CH2Se);13cNMR(CDC13):8-1.80(1J13C_29Si=5l.3Hz,

SiMe3),19.4(1JI3C_29Si=48.OHz,SiCH2),25.0(CH2Se);77seNMR(CDC13,Me2Se):8

352.6;Anal.CalcdfbrClOH26Se2Si2:C,33.33;H,7.27.Found:C,33.32;H,7.27.

Diselenobenz:OicacidSe･2･(trimethylsilyl)ethylester(4a).Ina30mLtwo-neCked

roundbottomflask,atOluenesolutionofl.OMDIBAL-H(1.2mL,l.2mm01)wasaddedtoa

toluenesolution(lmL)of2(0.216g,0.60mmol)atOOC,anditwasstirredat300CforlOmin･

Then,atOluenesolution(2mL)ofselenobenzoicacidO-methylester(0.199g,1.00rrmol)was

addedtotheresultingmixtureatOOC,andthemixturewasstirredat300Cfor3h･Thereaction

mixturewaspouredontoice/watermixture,andextractedwithhexane･Theorganiclayerwas

driedoverMgSO4andconcentratedinvacuo･Theresiduewaspuri丘edbycolumnchromatog-

raphyonsilicagelusinghexane(Rf=0･48)asaneluenttogiveO･136g(39%)of4aasagreen

Oil.IR(neat):3037,3023,2951,1587,1440,1410,1246,1179,1154,1010,941,858,841,754,

686,610,585.544cm-1;1HNMR(CDC13):80.10(S,9H,SiMe3),l.16-1.21(m,2H,CH2),

3.40-3.44(m,2H,CH2),7.30(t,J=7.9Hz,2H,Ar),7.57(t,J=7.9Hz,1H,Ar),7.95(d,J=7.9

Hz,2H,Ar);13cNMR(CDC13):8-l.72(SiMe3),15.9(CH2),34.8(CH2),125.5,128.6,13l.6,

154.5(Cな)SO),236.9(C=Se:)J13C_77Se=171.9Hz,C-Se:]J)3C=77Se=223.3Hz);77seNMR

(CDC13,Me2Se):8897.9(C-Se,1J77Se_13C=170.9Hz),1772.0(C=Se);UV-Vis(THF)九max

(loge):218(4.20),246(3･71),323(3･89),391(3･63),622(2･15);HRMSCalcdforC12H18Se2Si:

349.9578.Found:349.94931.

2-MethyldiselenobenzoicacidSe･2･(trimethylsilyl)ethylester(4b).Ina50mLtwo-

neckedroundbottomflask,atOluenesolutionofl.OMDIBAL-H(3.2mL,3.2mmol)was

addedtoatoluenesolution(5mL)of2atOOC,anditwasstirredat300CforlOmin.Then,a

toluenesolution(5mL)of2-methylselenobenzoicacidO-methylester(0.642g,3.Olmmol)

WaSaddedtotheresultingmixtureatOOC,andthemixturewasstirredat300Cfor16h.The

reactionmixturewaspouredontoice/watermixture,andextractedwithhexane.Theorganic

layerwasdriedoverMgSO4andconcentratedinvacuo.Theresiduewaspuri丘edbycolumn

Chromatographyonsilicagelusinghexane(Rf=0.30)asaneluenttogiveO.638g(59%)of4b

asabluegreenoil.IR(neat):3060,3014,2951,1594,1453,1412,1378,1246,1154,1112,
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1010,950,933,845,744,695,621,571,495,441cm-1;1HNMR(CDC13):80.10(S,9H,

SiMe3),1･16-1･20(m,2H,CH2),2･35(S,3H,CH3),3.3ト3.41(m,2H,CH2),7.13-7.24(m,

4H,Ar);13cNMR(CDC13):8-1･76(SiMe3),15･9(CH2),19.7(CH3),34.6(CH2),123.2,

125･1,128･6,130･1,130･9,155･8(C如0),241.5(C=Se:1J13C_7独=174.5Hz,C-Se:1J13C=77Se

=225･2Hz);77seNMR(CDC13,Me2Se):8954･6(C-Se),1846･7(C=Se);UV-Vis(THF)入max

(loge):220(4･30),252(3･75),324(3･51),375(4.01),609(2.50);Anal.CalcdforC13H20Se2Si:

C,43.10;H,5.56.Found:C,43.37;H,5.51.

4･BromodiselenobenzoicacidSe･2･(trimethylsilyl)ethylester(4c).Ina50mLtwo-

neckedroundbottomflask,atOluenesolutionofl.OMDIBAL-H(1.3mL,1.3mmol)was

addedtoatoluenesolution(2mL)of2atOOC,anditwasstirredat300CforlOmin.Then,a

toluenesolution(2mL)of4-bromoselenobenzoicacidO-methylester(0.280g,1.Olmmol)was

addedtotheresultingmixtureatOOC,andthemixturewasstirredat300Cfor3h.Thereaction

mixturewaspouredontoice/watermixture,andextractedwithhexane･Theorganiclayerwas

driedoverMgSO4andconcentratedinvacuo･Theresiduewaspuri丘edbycolumnchromatog-

raphyonsilicagelusinghexane(Rf=0･48)asaneluenttogiveO.110g(26%)ofthemixture

COntainlng4casagreenoil･Theester4cwas丘nallypuri丘edbyHPLCandisolatedinO･034g

(8%)asgreenoil･IR(neat)‥2952,1573,1475,1391,1247,1177,1073,1007,934,848,816,

695,624,606,541,432,403cm-1;1HNMR(CDC13):80.10(s,9H,SiMe3),1.15-1.19(m,2H,

CH2),3･39-3･43(m,2H,CH2),7･43(d,J=6.8Hz,2H,Ar),7.82(d,J=6.8Hz,2H,Ar);13c

NMR(CDC13):8-1･74(SiMe3),15･9(CH2),35･1(CH2),126.5,126.8,131.8,153.0(C如0),

234･2(C=Se:IJ13C-77Se=171･6Hz,C-Se三1J13C=77Se=222･8Hz);77seNMR(CDC13,

Me2Se)‥8901･3(C-Se),1798･1(C=Se);UVVis(THF)入max(loge):233(4.14),332(4.15),

394(3･82),627(2･29);FAB-MS:m/z427(M+);HRMSCalcdfbrC12H17BrSe2Si:427.86129.

Found:427.86295.

4･MethoxydiselenobenzoicacidSe･2･(trimethylsilyl)ethylester(4d).Ina50mLtwo-

neckedroundbottomflask,atOluenesolutionofl.OMDIBAL-H(1.6mL,2.5mmol)was

addedtoatoluenesolution(2mL)of2(0.254g,0.70mmol)atOOC,anditwasstirredat300C

forlOmin･Then,atOluenesolution(3mL)of4-methoxyselenobenzoicacidO-methylester

(0･313g,1･37mmol)wasaddedtotheresultingmixtureatOOC,andthemixturewasstirredat

300Cfbr5h･Thereactionmixturewaspouredontoice/watermixture,andextractedwith

hexane･The?rganiclayerwasdriedoverMgSO4andconcentratedinvacuo.Theresiduewas

SeParatedbycolumnchromatographyonsilicagel[soIventgradient:hexane,hexane侶t20(20:

1)tohexane佗t20(10:l);Rf=0･50(hexane侶t20=10:1)]togiveO.274gofthemixture

COntainlng4dasagreenoil･Theester4dwas丘nallypurifiedbyHPLCandisolatedinO･140g

(27%)asgreenoil.IR(neat):2952,2836,1656,1595,1501,1460,1440,1416,1304,1259,

1170,1116,1031,931,852,773,695,632,561,462,412cm-1;1HNMR(CDC13):80.10(S,

9H,SiMe3),1･15-1･20(m,2H,CH2),3.40-3.44(m,2H,CH2),3.80(S,3H,CH30),6.79(d,J=

9.OHz,2H,Ar),8.08(d,J=9.OHz,2H,Ar);13cNMR(CDC13):8-l.79(SiMe3),16.0(CH2),

34.2(CH2),55.5(CH30),113.8,128.1,147.1(C如0),163.2,233.6(C=Se:1J13C_77Se=169.2

Hz,C-Se:1J13C=77Se=222.8Hz);77seNMR(CDC13,Me2Se):8863.4(C-Se,1J77Se_13C=

170･9Hz),1652.4(C=Se);UV-Vis(THF)入max(loge):219(4.42),244(4.25),366(4.32),618

(2･79);EIMS(m/z):378(M+);HRMSCalcdforC13H200Se2Si:379･96135･Found:379･96072;
Anal.CalcdforC13f‡200Se2Si･0.1CHC13:C,40`.32;H,5.19.Found:C,40.39;H,5.17.
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Tbtrabutylammoniumdiselenobenzoate(5)･Ina20mLtwo-neCkedroundbottom

flask,tetrabutylammoniumfluoride(0･36mL,0･36mmol)wasaddedtoaTHF(l･5mL)solu-

tionof4a(0.127g,0.36mmol)atOOC.Afterstirringatthistemp･forlh,theremovalofthe

SOIventunderreducedpressuregave5:3mixtureoftetrabutylammoniumdiselenobenzoate5

andtetrabutylammOniumselenobenzoate6asabrownoil.1HNMR(d8-THF):81･13(t,J=7･3

Hz,12H,CH3),1.54(SeX,J=7.3Hz,8H,CH2),1.83(qui,J=7.6Hz,8H,CH2),3･52-3･57(m,

8H,CH2),7.18(t,J=7.8Hz,2H,Ar),7.37(t,J=7.8Hz,lH,Ar),8.64(d,J=7.8Hz,2H,Ar);

13cNMR(d8-THF):814.1(CH3),20.3(CH2),24.8(CH2),59.2(NCH2),126.4,126.8,128.2,

163.0(C如0),256.1(C=Se,1J13C_77Se=214.7Hz);77seNMR(d8-THF,Me2Se):81437･5.

Tbtrabutylammoniumselenobenzoate(6).1HNMR(d8-THF):81.13(t,J=7.3Hz,

12H,CH3),1.54(SeX,J=7.3Hz,8H,CH2),1.83(qui,J=7.6Hz,8H,CH2),3.52-3･57(m,8H,

CH2),7.31(t,J=7.3Hz,2H,Ar),7.36(t,J=7.3Hz,1H,Ar),8.43(d,J=7.3Hz,2H,Ar);13c

NMR(d8-THF):814.1(CH3),20.3(CH2),24.8(CH2),59.2(NCH2),126.9,129.4,130.3,

169.8(Ck)SO),210.5(C-Se);77seNMR(d8-THF,Me2Se):8442.2.

Tbtramethylammoniumdiselenobenzoate(7a).Ina20mLtwo-neCkedflask,CH3CN

(2mL)solutionof4a(0.178g,0.51mmol)wasaddedtoaCH3CN(3mL)suspensionof

tetramethylammoniumfluoride(0.057g,0.61mm01)atOOC.A氏erstirringatthistemp･forlh,

thereactionmixturewas丘1teredthroughaglassnlter(G4)toseparatetheinsolublepartsand

thesoIventwasremovedunderreducedpressure.Tbthiswasaddedether(5mL)at300C.

Filtrationoftheresultingdepositswithaglass丘1ter(G4)gaveO.097g(59%)of7aasagreen

SOlid.mp.(dec.)1150C;IR(KBr)3047,2996,1526,1482,1435,1404,1285,1258,1216,

1173,1153,1072,949,920,894,884,844,752,692,613cm-1;1HNMR(CD3CN):83.07(S,

12H,NMe4),7.11(t,J=7.3Hz,2H,Ar),7.30(t,J=7.3Hz,1H,Ar),8.10(d,J=7.3Hz,2H,

Ar);13cNMR(CD3CN):856.2(m,NMe4),125.7,127.4,128.7,165.3(C如0),259.3(C=Se,

1J13C_77Se=213.5Hz);77seNMR(CD3CN,Me2Se):81433.3;UV-Vis(THF)九max(loge):

220(4.35),267(3.85),309(3.86),447(3.73),684(2.23);UV-Vis(SOlidstate,MgO)九max:223,

237,260,303,324,364,423,654;FAB-MS(nitrobenzylalcoholmatrix):m/z247(M-NMe4)

(C7H5Se2requires247);Anal.CalcdfbrCllH17NSe2●1.5H20:C,37.94;H,5.79.Found:C,

37.98;H,5.25.

Tbtramethylammonium2･methyldiselenobenzoate(7b).Ina20mLtwo-neCkedflask,

CH3CN(10mL)solutionof4b(0.638g,1.76mmol)wasaddedtoaCH3CN(10mL)suspen-

Sionoftetramethylarrmoniumfluoride(0･170g,1･83mmol)atOOC･Afterstirringatthistemp.

fbr3h,thereactionmixturewasfilteredthroughaglassfilter(G4)toseparatetheinsoluble

PartSandthesoIventwasremovedunderreducedpressure.TbthiswasaddedEt20(5mL)at30

0C･Filtrationoftheresultingdepositswithaglassfilter(G4)gaveO.463g(78%)of7basa

greensolid.mp.(dec.)1350C;IR(KBr)3008,2943,1636,1523,148l,1404,1235,1108,

1038,948,891,744,669,622,579,530,515,455,418cm-1;lHNMR(CD3CN):82.33(S,3H,

CH3),3.08(S,12H,NMe4),6.90-7.02(m,4H,Ar);13cNMR(CD3CN):819.6(CH3),56.1(m,

NMe4),122.2,125.0,125.3,127.2,130.6,170.0(Ck)SO),263.6(C=Se);77seNMR(CD3CN,

Me2Se):81478.2;lHNMR(d6-DMSO):82.27(S,3H,CH3),3.09(S,12H,NMe4),6.89-6.96

(m,4H,Ar);13cNMR(d6-DMSO):819.1(CH3),54.3(m,NMe4),120.9,123.7,124.0,126.3,

129.3,168.4(C如0),263.6(C=Se,1J13C_77Se=208.7Hz);77seNMR(d6-DMSO,Me2Se):8

1493.0;UV-Vis(THF)入max(loge):219(4.03),242(3.84),299(Sh),417(3.64),634(2.32);
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UVVis(SOlidstate,MgO)入max.:228,250,321,385,611;Anal.CalcdfbrC12H19NSe2･0.25H20:

C,42.43;H,5.71.Found:C,42.26;H,5.65.

Tbtramethylammonium4･bromdiselenobenzoate(7c).Ina20mLtwo-neCkedflask,

CH3CN(2mL)solutionof4c(0･053g,0･12mmol)wasaddedtoaCH3CN(1mL)suspension

OftetramethylammOniumfluoride(0･012g,0･13mmol)atOOC.Afterstirringノat300Cfbrlh,

thereactionmixturewas丘1teredthroughaglassnlter(G4)toseparatetheinsolublepartsand

thesoIventwasremovedunderreducedpressure.TbthiswasaddedEt20(5mL)at300C.

Filtrationoftheresultingdepositswithaglass丘1ter(G4)gaveO.034g(68%)of7cagreensolid.

mp.(dec.)1050C;IR(KBr)3004,2924,1589,1572,1543,1481,1471,1403,1384,1282,
1259,1209,1167,1096,1071,1004,948,899,866,819,706,627,554,469,424cm-1;1HNMR

(CD3CN):83.09(S,12H,NMe4),7.26(d,J=8.3Hz,2H,Ar),8.09(d,J=8.3Hz,2H,Ar);13c

NMR(CD3CN):856.1(m,NMe4),127.6,130.1,132.1,163.7(Ck)SO),256.1(C=Se,1J13C_

77Se=214.9Hz);77seNMR(CD3CN,Me2Se):81449.4;UV-Vis(THF)入max(loge):230

(4.19),276(4.15),358(Sh),453(3.46),670(2.12);UV-Vis(solidstate,MgO)入max:224,234,

297,327,433,671.

Tbtramethylammonium4-methoxydiselenobcn2:Oate(7d).Ina20mLtwo-neCked

flask,CH3CN(2mL)solutionof4d(0.127g,0.33mmol)wasaddedtoaCH3CN(2mL)

SuSPenSionoftetramethyla汀unOniumnuoride(0･032g,0･34mmol)atO■OC.A氏erstirringatthis

temp･fbrl･5h,thereactionmixturewasnlteredthroughaglass丘Iter(G4)toseparatethe

insolublepartsandthesoIventwasremovedunderreducedpressure.TbthiswasaddedEt20(5

mL)atOOC･Filtrationoftheresultingdepositswithaglass丘Iter(G4)gaveO.056g(47%)of7d

ayellowgreensolid.mp.(dec.)950C;IR(KBr)2996,1591,1488,1288,1250,1165,1110,

1028,948,888,828,632,556,488,453,425cm-1;1HNMR(CD3CN):83.10(S,12H,NMe4),

3.76(S,3H,CH30),6.66(d,J=9.OHz,2H,Ar),8.38(d,J=9.OHz,2H,Ar);13cNMR

(CD3CN):856.0(CH30),56.0(m,NMe4),112.4,128.2,156.5(C如0),162.0,256.6(C=Se,
]J13C_77Se=211.6Hz);77seNMR(CD3CN,Me2Se):81362.6;UV-Vis(THF)九max(loge):

234(4.64),342(4.24),452(3.96),690(2.45);UVVis(solidstate,MgO)九max:240,350,448,

692.

2･Methyldiselenoben2X)icacidp-Phe血ylphenacylcster(11).Ina20mLtwo-neCked

flask,P-Phenylphenacylbromide(0･102g,0･37mmol)wasaddedtoCH2C12(10mL)suspen-

Sionof7b(0.124g,0.37mmol)atOOCandthismixturewasstirredatthistemp.forlh.1もthis

WaSaddedhexane(10mL)atOOCandtheinsolublepartswas五1teredoff.Afterremovalofthe

SOIventfromthe丘1trateunderreducedpressure,theresiduewaspuri丘edbycolumnchromatog-

raphyonsilicagelusingCH2C12/hexane(1:1)(Rf=0.55)togiveO.115g(68%)ofllasblue

needles.mp.(dec.)1020C;IR(KBr)2920,285l,1680(C=0),1602,1559,1484,1449,1350,
1314,1273,1186,1114,991,952,933,846,816,760,743,693,558,442cm-1;1HNMR

(CDC13,Me4Si):82.36(S,3H,CH3),4.90(S,2H,CH2),7.15-8.10(m,13H,Ar);13cNMR

(CDC13):819.8(CH3),45.6(CH2),123.4,125.3,127.2,127.4,128.4,129.0,129.2,130.6,

131.1,134.3,139.5,146.4,154.2,193.0(C=0),238.0(C=Se);77seNMR(CDC13,Me2Se):8

872.9(C-Se),1870.7(C=Se);UV-Vis(THF)九max(loge):221(4.50),289(4.42),371(4.05),

601(234);Anal.CalcdfbrC22H180Se2:C,57.91;H,3.98.Found:C,57.65;H,4.1l.
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2･Methyldiselenoben2:OicacidY･OXObutylester(13).Ina20mLtwo-neCkedflask,

trifluoromethanSulfbnicacid(92pl,l.04mmol)wasaddedtoadegassedEt20(7mL)suspen-

Sionof7b(0.116g,0.35mm01)at-700C･Thegreensuspensionwasimmediatelychangedto

greensolution.Afteradditionofmethylvinylketone(0･3mL,3･64mmol),thestirringwas

COntinuedfor2hat-700CandO.5hat300C.Thegreensolutionwasgradua11ychangedfrom

greentoblue･Thereactionmixturewaspouredontowater,andextractedwithEt20･The

OrganiclayerwasdriedoverMgSO4andconcentratedinvacuo･Theresiduewaspuri丘edby

COlumnchromatographyonsilicagelusingEt20/hexane(1:10)[Rf=0･53(hexane侶t20=1:

1)]togiveO.024g(21%)of13asblueoil･IR(neat)3413,3059,2963,1714(C=0),1477,1451,

1401,1362,1262,1113,1035,951,935,867,848,801,748,704,666,621,555,505cm-1;1H

NMR(CDC13,Me4Si):82.21(S,3H,CH3CO),2.35(S,3H,CH3),3.11(t,J=6.6Hz,2H,CH2),

3.56(t,J=6.6Hz,2H,CH2Se),7.15-7.26(m,4H,Ar);13cNMR(CDC13):819.8(CH3),29.8

(CH2),30.8(CH3CO),42.1(CH2),123.2,125.3,128.9,130.3,131.0,155.3(Ck)SO),206.9

(C=0),241.1(C=Se);77seNMR(CDC13,Me2Se):8912.3(C-Se),1842.6(C=Se);EIMS(m/

Z):332(M+);HRMSCalcdfbrC12H140Se2:333.93747.Found:333.93812.
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Cbapter7

AcylCarbamoylSelenidesandRelatedSulfurIsologues:Synthesis

andX-RayStructuralAnalyses

7.1.Intrduction

Ingeneral,theisolationofcarbamiccarboxylicmixedacidanhydridesI(E=E,=0)is

difncultduetotheeasyequilibriumbetw占enthestartingcompounds(RCOOHandR,NCO)

andproduct【RC(=0)OC(=0)NHR,】1,2(Figurel)･Previously,Author,slaboratoryreportedthe

isolationofaseriesofdithiocarboxyliccatbamicmixedacidanhydridesI(E=E,=S)ascrys-

talsbyreactlngdithiocarboxylicacidswitharylisocyanates･3sincethen,SeVeralcarbamic

thiocarboxylicmixedacidanhydridesI(E=0,E'=S)havebeenreportedbyMotokietal.4

However,thesynthesisofothercarbamicchalcogenocarboxylicmixedacidanhydrideshave

notbeenreportedintheliterature･Thisismostlikelyduetothedifncultyof E O

synthesizingchalcogenocarboxylicacidsthemselves･5Author,slaboratoryR人El人NHR･
SuCCeSSfu1isolationofselenocarboxylicacids6promptedtheauthortosynthe- I

Sizecarbamicselenocarboxylicmixedacidanhydrides･TheAuthorreport

herethenrstisolationofcarbamicselenocarboxylicmixedacidanhydrides

andtheirstruCtureSWhichweredeterminedbyX-rayStruCturalanalyses･

E=E■=O

E=0,E■=S

E〒E-=S

Figurel

7.2.Resultsanddiscussion

WhenadiethylethersolutionofphenylisocyanatewasaddedtoanequlmOlaramountof

4-methoxybenzenecafboselenoicacidinthesamesoIventatroomtemperature,theorangesolu-

tionoftheselenocarboxylicacidquicklyschemel

Changedtoacolorlesssuspension･Removal

OfthesoIventandrecrystallizationofthere- 丑
SultingresiduefromdichloromethanenleXane l

gavetheexpected4-methoxybenzoylN-

Phenylcafbamoylselenide3hin95%yieldas

SeH
+ R'NCO

00C,20min

Et20 R

2

RC(0)SeC(0)NHR■

ÅsÅNH｡.
3

No. R R■ Yieは【%】

加 CH3

COlorlesscrystals･Similarly,thereactionsof3b トC4=9

0therselenocarboxylicacidswitharylisocy一芸諾man～l

anatesgavethecorrespondingacylcarbam一芸;認諾:
Oyls91enides(3a-g,k-n)inisolatedyields3g 2-C=,OC6鴫

of35-99%(Schemel).Inadditi｡n,the,eaC_:｢4-CH3∝6rt封
胡
乱
別
加

tionswithbenzoyl･andp⊥tOSylisocyanates

PrOCeededmorequicklytoglVethecorre-

SP?nding-N-ウenzoyl-3iqnd N-(p-,n

9･1

2,6-(CH30kC6日3

3-Cト2,6-(CH30hC6H2

4-C6H5C6H4

1-ClOH7

C6H5

C6H5

C6H5

C6H5

C6H5

C6H5

C6H5

C6H5

C6H5CO

4-CH3C6H4SO2

4tCH3C6H4

C6H5

C6H5

C6H5

35

95

78

99

93

93

92

95

61

97

100
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tosyl)cafbamOylselenides3j･ThestruCtureSOftheproductsreportedhereinwereestablished
byIRandlHand13cNMRspectra,andbyelementalandX-rayStruCturalanalyses･

Theresultingmixedacidanhydrides3arecolorlesscrystalsorcolorlessoilsandare

relativelystablethermallyandinsensitivetowardoxygen･Thealiphaticderivatives(3a-C)ap-

PeartObemorelabilethanthearomaticderivatives(3d-n)･AcetylN-Phenylcafbamoylselenide

3adecomposedatroomtemperatureevenunderanargonatmosphere･Therefbre,theseali-

Phaticderivativeswerenotsu句ectedtoelementalanalysis.

Spectra･Previously,WerepOrtedthattheNHprotonchemicalshi鮎inthioacylcatbam-

Oylsulndes(I,E=E'=S)appearedatunusual1ylownelds,below∂12,indicatingthepresence

Ofanintram01ecularC=S･･･HNhydrogenbond･3AsshowninThblel,thechemicalshi氏softhe

NHprotonappearintherangeof∂9-12,indicativeofanintramolecularhydrogenbondbe-

tweenthecarbonyloxygenandtheNHhydrogen･Thecarbonylandcarbamoylcarbonchemi-

Calshiftsareobservedintherangesof∂194-216and∂156-
_.､､､H､____ _

煩｡燵N｡.160,reSPeCtively･The77seNMRsignalsappearat∂630-730.

Thus,thesespectraldataindicatethat3existsasstructureIIaR′､s

(Figure2).

However,inthelHNMRspec-

trumOf3a,tWObroadsignalsat∂9.15

and89.91(PrOtOnratio=1:10)wasob-

Served,WhichareattributabletoOHand

NHprotons,reSPeCtively.Noappreciable

Changeintheprotonratiowasobserved

intherange200Cto-600C･The13c

ⅠIa

Figure2

Tab]elSpectralDataofAcyICarbamoy(SeIenides3

ⅠIb

月C｢qSeC(q〟〃R-

〃0.月 月′

M朋Ⅵ刀Cらノ何

!〃仲川丁3C(q〃丁3C(qSe77Se

3a cH3 C6H5

3bトC4H9 C6=5

3cl-Adamanty● C6H5

3d c6H5 C6=5

3e

3†

NMRspectra,eXCePtfbrthesignalsat8;:
156.2(CONH)and∂202.7(COSe)in

3i

胡

IIaa(Thble2),alsoshowsmallsignals

at∂160.9and∂194.6,Whichareattrib-

utabletotheC=NandCOSegroups,re-
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SPeCtively･Inaddition,in77seNMR

SPeCtrOSCOPy,aSmallsharpslgnalisob-

SerVedat∂835.Theseresultsapparently

indicatetheexistenceofatautomer(IIab)

OfIIaa･InthelHNMRspectraofother

Selenides(3b,d,h-1),Smallornegligible

SlgnalsofthecorrespondingtautomersIIb･

areobserved.Thble2showstheprotonra-

tiosofNHinIIaandOHinIIb.Wealso

TabJe2 RatioofTautomers"aand"b

0､､､月＼NR･

｡人sメ｡No.用 月 lIa llb

3a CH3

3b トC4H9

3d C6日5

3e 2-CH3C6H4 C6H5

3f 4-CH3C6H4 C6H5

3g 2-CH30C6rt C6H5

3h 4-CH30C6鴫 C6H5

31 3-Cト2,6-(CH30kC6H3 C6H5

8(tlaa) 1(llab)

12(‖b8) 1(‖bb)

20(llda) 1叩db)

9(llea) 1(l嘉eb)

30(川a) 1(ll†b)

50(ltga) 1(Ilgb)

30(tlha) 1(llhb)

12(llla) 1(l‖b)



obtainedlHand13cNMRspectra,Whichindicatetheexist-

enceofthetautomersIIIbandIVbforthepreviously_rePOrted

Sulfurisologues(I,E=0,E'=S4andE,E,=S3):

4-methoxybenzoy14and4-methoxythiobenzoylN-(4-methyl-

Phenyl)carbamoylsulndes5(Figure3).4-methoxybenzoy14

and4-methoxythiobenzoylN-(4-methyトphenyl)carbamoylsul一

缶des5(Figure3).TheprotonratiosofIIIaandIIIbin4and

IⅦandIVbin5were4:1and20:1,reSPeCtively.

｡丈汰ⅠⅠIa

｡丈汰ⅠVa

0､､､H＼o

R人s人NRl
IIIb

｡煩N｡.ⅠVb

Figure3

X-Raystructure･Tbconnrmtheintramolecularhydrogenbond,theX-rayStruCtural

analysISOf3wascarriedout･Tbourknowledge,nOStruCturalanalysISOfacylorthioacyl

Carbamoylchalcogenideshasbeendescribedintheliterature･Afterseveralattemptstoobtain

acylcarbamoylselenides3as single crystals,2,6-dimethoxybenzoylN-(4-

methylphenyl)catbamoylselenide3ka魚)rdedsuitablecrystalsforX-rayanalysis.Themolecu-

1arstruCtureisshowninFigure4･ThennalatomicpositionalparametersarelistedinThble3.

SelectedbonddistancesandanglesareshowninThble4.TheCl一月1[1.204(10)Å】andCll-

02[1.20(1)Å]distancesindicatedoublebonds.TheC11-Nl[1.34(l)Å],C12-Nl[1.436(9)

Å】,Cl-Sel[1･935(10)Å],andCll-Seldistances[1･965(9)Å】arenormal,indicatingsingle

Table3CrystaJDataandExperjmenta(CrystalIographicDetaiIsforCompounds3k,4,and5

Co/TpOUnd 3k 4 5
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〟
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∨/Å3

Z

円000)
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0.060,0.086

1.28

--8.24,0.23

C16H15NO2S2

317.42

0.34XO.13×0.13

0range/needIe

monoc=nic

P21/∩

4.101(4)

21.076(3)

17.731(3)

94.65(4)

1527(1)

4

664.00

1.380

3.51

23±1

55.0

16.0

+h,+k,±1

4112,3624,1158(l>2叫))

190

0.092,0.220

1.09

-0.58,0.58

aRl=∑ffFJ-lFJIJEIF｡J(forL>2･b(l)data),WR=[(∑w(Fi-F?)犯w(F｡2)2)]1/2,Wherew=1k,2(Fi).

93



TabIe4Selectedbondlengths(Å)andbondangJes(○)of3k,4,and5

Bondlengths

Sel-Cl l.935(10) Nl-Hl O.88

Sel-Cll l･965(9) Nl…01 2.76(2)
01-Cl l.204(10) 01…Hl l.89

02-Cll l･20(1) Sel･･･04 2.959(7)
Nl-Cll l･34(1) 01…03 2.722(7)
Nl-C12 1.436(9)

Angles

Sel-Cl-01 121･9(6)02-Cll-Nl 127.8(8)
Cl-Sel-Cll lO6･0(4)cll-Nl-C12 124.7(8)
Sel-Cll-Nl l16.2(6) Nl-Hl...01 173.O

Torsionangles

…‡三ま;ミニこ…室…≡三三王子こ…二

Sl-Cl l.791(3)
SトCll l.817(4)
01-Cl l.218(4)
02-Cll l.202(4)

BondJengths

Nl-Cll l.3糾(4)
Nl-C12 1.422(4)
Nl-Hl O.85

Nト･01 2.705(3)
01…Hl l.95

AngJes

Sl-Cl-01 122･8(3) 02-Cll-Nl128.4(3)
Cl･Sl-Cll lO9.3(2) Cll-Nl-C12 127.5(3)
Sl-Cll-Nl l17.2(3) Nl-Hl･･･01 146.0

To｢Siona｢唱始S

Sl-Cl-C2-C7 5.0(5) 01-Cl-C2-C3 4･8(5)
Nl-Cll-Sl-C1 3.9(3) 02-Cll-Nl-C12 2･2(6)
01-Cl-Sl-Cl1 2.0(4) Sl-Cll-Nl,HllO

Bondfengths

Sl-CI

Sl-Cll

S2-Cl

Ol-Cll

Sl-Cl-S2

Cl-Sl-Cll

SトCll-Nl

1.744(6)
1.844(6)
1.632(7)

1.197(7)

Sl-Cl-C2-C7

Nl-Cll-Sl-CI

S2-Cl-Sl-Cll

Nl-Cll l.322(8)
Nl-C12 1.448(8)
Nl-Hl O.95

Nl‥･S2 3.062(5)
S2･･･H1 2.58

Angles

128.0(4) 01-Cll-Nl130.3(6)
114.5(3) Cll-Nl-C12

126.6(6)

117.3(5) Nl一日l･･･S2 111.8

Torsionangles

20.6(8) S2-Cl-C2-C3 19･6(9)

2.4(7) 01-Cll-Nl-C12 5(1)

6.3(6) Sl-Cll-Nl一日 54

bond･TheOl-Nl,Nl-Hl,andOl-Hldistancesare2.76(2)Å,0.88Å,andl.89Å,reSPeC-

tively,andtheOl-Hl-Nlbondangleis173･00,indicatlngthepresenceofahydrogenbond

betweenthecarbonyloxygen(01)andtheNHhydrogen(Hl).Tbrsionangles[3.2(9)OfbrNl-

Cll-SeトCl,0.5(9)OfbrOl-Cl-Sel-Clland80forSel-Cll-NトHl]indicatethatthe

SelenocafboxylgroupandcarbamoylgroupareinapproximatelythesameplanetoglVeaPlanar

intramolecularsix-memberedring･Inaddition,theO3-01[2.722(7)A]andO4-Sel[2.959(7)

Å】distancesareremarkablyshortcomparedwiththesum[3.04ÅfbrO-0;3.42ÅfbrO-Se7)

[7])ofthevanderWaalsradiiofboththeatoms,reSPeCtively,SuggeStingthepresenceof

nonbondedrepulsionandnonbondedattraction.

Forcomparisonwiththestructuresofpreviouslyisolatedsulfurisologues[RC(=0/

S)SC(=0)R'],theX-rayStruCturalanalysesof4-methoxybenzoy14and4-methoxythiobenzoyl

N-(4-methylphenyl)carbamoylsulndes5werecarriedout.TheirmolecularstruCtureSareShown

inFigure4(bandc)･SelectedbondlengthsandanglesareShowninThble3.Asexpected,they

haveanintramolecularsix-memberedringstruCturefbrmedbyahydrogenbondbetweenthe

CarbonyloxygenorthiocarbonylsulfurandtheNHhydrogenatoms,reSPeCtively･Presumably,

thismightcontributetotheoverallstabilityofthemolecules･Attemptstoobtainslnglecrystals
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Ofthetautomers,IIb,IIIb,andIVbfai1ed･
(a)

0

Reactions.Thereaction of3h with

SOdiummethoxideindiethyletherreadilypro-

CeededatroomtemperaturetoglVeSOdium4-

methoxybenzenecarboselenoate6andmethyl

N-Phenylcarbamate7ingoodyields(Scheme

2).Thereactionwithtwoequimolaramounts

Ofp-tOluidineundersimi1arconditionsgaveN-

4-methylpheny14-methoxybenzamide8andN-

4-methylphenylN,-Phenylurea9inmoderate

yields(Scheme2).Compound8maybeformed

bydecompositionof4-methoxyseleno-Car-

boxylicacid4-methylphenylammoniumsalt【4-

MeOC6H4C(=0)Se-+NH2C6H4Me-4].These

resultsindicatethatnucleophiles,SuChas

alkoxidesandamines,Preftrentiallyattackthe

Carbamoylcarbonratherthanthecarbonylcar-

bonin3.

7.3.Conclusion

Selenocarboxylic acids

[RC(=0)SeH]were found to

readilyreactwitharyl,aCyl,and

arenesulfonylisocyanatestoglVe

thecorrespondingacylcarbamoyl

､十∴こ､､＼､･
(b)

Scheme2

｡人s八NHR.3h

R=4-CH30C6鴫

selenides 3[RC(=0)Se-R'=C6H5

01

Figure4 The structures of2,6-dimethoxybenzoyf N-(4-

methylphenyl)carbamoylselenide3k,4-methoxybenzoylN-(4-

methylphenyl)carbamoylsulfide4and4-methoxythiobenzoy[

JV･(4-methylphenyI)carbamoy['su暮fide5.Theatomsaredrawn

With50%probabilitythermale"ipsoids･

MeONa
RCOSeNa + R'NHCO2Me

r･し1h･∈t20 6 7

4-MeC6H4NH2

r･t"7h.CH2Cl2 R蛙NHC6H.Me_.･.-M｡C6H.NH甚NHR･
8 9

C(=0)NHR',R'=aryl,C6H5CO,and4-MeC6H4SO2]ingoodyields･Theirtautomers

[RC(=0)Se-C(=NR,)OH]werealsodetectedbylH,13c,and77seNMRspectroscopies.The

StruCtureOf3[R=2,6-(MeO)2C6H3,R'=4-MeC6H4]wascharacterizedbyX-rayCryStallogra-

phy,Whichshowedthatthismoleculeisstabilizedbyanintramolecularhydrogenbondbetween

thecarbonyloxygenandtheNHhydrogentofbrmaplanarsix-memberedringandbynonbonded

interactionoftheorthomethoxyoxygenwiththecarbonyloxygenortheseleniumatoms.4-

Methoxybenzoyland4-methoxythiobenzoylN-(4-methylphenyl)carbamoylsulndes(4and5)

WereShowedbyX-rayCryStallographytosimilarlyhaveaplanarintramolecularsix-membered

rlngfbrmedbyahydrogenbondbetweenthecarbonyloxygenorthiocarbonylsulfurandNH

hydrogenatoms.Thetautomers[RC(=E)SC(=NR')OH;E=00rS]of4and5alsowerede-

tectedspectroscopically.Thereactionsof3h(R=4-MeOC6H4,R'=Ph)withsodiummethoxide

andp-tOluidinegavesodiumselenocarboxylateandthecorrespondingamidesandureaasmain

products,reSPeCtively.
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7.4.Experimental

ThemeltingpolntSWeredeterminedbya%naglmOtOmicromeltingpolntapParatuSand

areuncorrected･TheIRspectraweremeasuredonaPERKINELMERFTIIR1640instrument.

ThelHNMRspectrawererecordedonJEOLJNM-GX-270(270MHz)andJEOLα-400(399.7

MHz)instrumentSWithMe4Siasaninternalstandard･The13cNMRspectrawereobtainedby

useofJEOLJNM-GX-270(68MHz)andJEOLα-400(100･4MHz)-instrumentSWithCDC13aS

aninternalstandard･The77seNMRspectrawereobtainedbyuseofJEOLα-400(76.2MHz)
instrumentWithMe2Seasanexternalstandard･Elementalanalyseswereperformedbythe

ElementalCenterofKyotoUniverslty･

Materials･ThefbllowlngreagentSWereOfcommercialgradeandusedwithoutfurther

Puri丘cation‥phenyl,4-methylphenyl;andp-tOluenesul丘mylisocyanates,andp-tOluidine(from

TbkyoKasei)andhydrogenchloride(1･OMsolutionindiethylether)(fromAldrich)･Benzoyl

isocyanate,8selenocarboxylicacids,5,64-methoxybenzenecarbothioicacid,9and4-

methoxybenzenecafbodithioicacidlOwerepreparedaccordingtotheliteratures.Dichloromethane

WaSdistilledfromdiphosphoruspentaoxideanddegassed･Diethyletherwasdistilledfrom

SOdiumdiphenylketylanddegassed･He芥aneWaSdistilledfromsodiummetalprlOrtOuSeand

degassed･AllofthemanlPulationswerecarriedoutunderargon･

3･Chloro･2,6･dimethoxybenzenecarboselenoicAcid(11).髄1lowoil;1HNMR

(CDC13):∂3･29(br,1H,SeH),3･85(S,3H,CH30),3･91(S,3H,CH30),6･67(d,J=8.1Hz,1H),

7･35(d,J=8･1Hz,1H);13cNMR(CDC13):∂56･3(CH30),62･5(CH30),108.1,119.8,128.4,

132･2,152.0,154.4,189.7(CO).

4･BiphenylcarbdselenoicAcid(lm)･Redsolid;IR(KBr):2290(SeH)cm-1,15dec.:

54-560C;1HNMR(CDC13):∂4･85(br,1H,SeH),7･38-8･24(m,9H);13cNMR(CDC13):∂

127･8,127･9,128･0,128･9,129･1,129.7,129.8,131.1,203.2(CO).

X･rayStructureAnalysis･AllmeasurementwerecarriedoutonaRigakuAFC7R

diffractometerwithgraphitemonochromatedMo-Karadiation(入=0.71069Å).Allofthe

StruCtureSYereSOIvedandrenneduslngtheteXsancrystallographicsoftwarePaCkage･Thecell

dimensionsweredeteminedbyaleast-SquareSrennementofthediffractometeranglesfbr25

automaticallycenteredreflections･Threestandardreflectionsweremeasuredevery150reflec-

tions,andnodecaywasdetected･Anempiricalabsorptioncorrection(VScan)wasapplied.

ThestruCtureSWereSOIvedbydirectmethods(SHELXS86)11andexpandedusingDIRDIF94.12

ScatterlngfactorsforneutralatomswerefromCromerandWaber,13andanomalousdisper-

Sion14wasused･Afu11-matrixleast-SquareSrennementwasexecutedwithnon-hydrogenatoms

beinganisotropIC･The血alleastsquarecycleincluded丘xedhydrogenatomsatcalculated

positionsofwhicheachisotropICthermalparameterWaSSettOl.2timesofthatoftheconnect-

1ngatOm･CrystaldataandmeasurementdescrlPtlOnareSummarizedinThble3.

JPreparationofSingleCrystals･2,6-DimethoxylbenzoylN-(4-methylphenyl)cafbamoyl
Selenide3kwascrystallizedfromdiethylether/hexane(l:1)at18｡Cduringaperiodoffbur

days･4-MethoxybenzoylN-(4-methylphenyl)catbamoylsulnde4wascrystal1izedfromCH2C12/

hexane(1‥5)at230Cforthreedays･4-MethoxythiobenzoylN-(4-methylphenyl)carbamoylsul一

丘de5wascrystallizedfronicHC13/hexane(1:2)at230Cfortwodays･Thesecrystalsamples

WereCutfromgrowncrystals,COatedwithanepoxyresin,andmountedonaglass丘ber･
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SynthesisofAcylCarbamoylSelenides(3).Thesynthesisof4-methoxybonzoylN-

Phenylcarbamoylselenide3hisdescribedindetailastypICalprocedures.

Tbasolutionofsodium4-methoxybenzenecarboselenoate(0.89g,3.Ommol)indiethyl

ether(10mL),COntainedina20mLtwoneckedroundbottomflask,1.OMhydrogenchloridein

diethylether(2.6mi.)wasadded.ThemixturewasstirredatOOCfbrlOminutes.Filtrationof

theprecipitates(NaClandexcessofsodium4-methoxybenzenecarboselenoate)andremovalof

the soIvent under reduced pressure(220C/53.3Pa)gave O.56g(2.6mmol)of4-

methoxybenzenecarboselenoicacidasyellowsolid)[5].ThesolidwasdissoIvedintodiethyl

ether(10mL).Asolutionofphenylisothiocyanate(0.30g,2.6Ⅱ皿01)indi~ethylether(5.OmL)

WaSaddedandstirredat200CfbrlOmin(Thecolorofthesolutionchangedfromredtocolor-

1ess)･RemovalofthesoIventunderreducedpressure(220C/53.3Pa)gaveO.81g(95%)ofcrude

4-methoxybenzoylN-Phenylcarbamoylselenide3hascolorlesssolid.Recrystallizationofthe

SOlidfromamixedsoIventofdichloromethane(3mL)andhexane(1mL)at-200Cduringl

houryieldedO.46g(59%)of3hascolorlessneedles.

AcetylN･PhenylcarbamoylSelenide(3a).Colorlessneedles(35%yield);dec.:8lOC;

IR(KBr):3252(NH),1715(COSe),1682(CONH),1557(NH)cm-1;1HNMR(CDC13):IIaa,

∂2.50(S,3H,CH3),7.15(t,J=7.6Hz,1H,NHPh),7.35(t,J=7.6Hz,2H,NHPh),7.53(d,J

=7.6Hz,2H,NHPh),9.91(br,1H,NH);IIab,∂2.54(s,3H,CH3),9.15(br,1H,OH);13c

NMR(CDC13):IIaa,∂35.0(CH3),119.9,125.0,129.2,137.1,156.2(CONH),203.7(COSe);

IIab,∂35.8(CH3),119.9,124.8,129.6,137.4,160.9(C=N),194.6(COSe);77seNMR(CDC13):

IIaa,∂687･5;IIab,∂835･9･Thiscompoundistoounstabletosu句ectinelementalanalysis.

1,l･DimethylethanecarbonylN･PhenylcarbamoylSelenide(3b).Colorlessoil(95%

yield);IR(Neat):3246(NH),1718(COSe),1670(CONH),1549(NH)cm-1;1HNMR(CDC13):

IIba,∂1.30(S,9H,CH3),7.14(t,J=7.9Hz,1H,NHPh),7.34(t,J=7.9Hz,2H,NHPh),7.53

(d,J=7･9Hz,2H,NHPh),10.05(br,1H,NH);IIbb,∂1.32(S,9H,CH3),7.07(t,J=8.3Hz,

2H),7･27(t,J=8.3Hz,1H),7.53(d,J=8.3Hz,2H);13cNMR(CDC13):IIba,∂26.0(CfT?C),

50･8(CH3C),119･8,124･9,129･1,137･1,156.4(CONH),215.6(COSe);77seNMR(CDC13):

IIba,∂639･1･Thiscompoundistoounstabletosuqectinelementalanalysis.

1-AdamantanecarbonylN･PhenylcarbamoylSelenide(3c).Colorlesscrystals(78%

yield);dec･:103-1050C;IR(KBr)‥3229(NH),1715(COSe),1664(CONH),1555(NH)cm-1;
1HNMR(CDC13):∂1.75(br,6H,Ad),1.97(br,6H,Ad),2.11(br,3H,Ad),7.14(t,J=7.7Hz,

1H,NHPh),7･34(t,J=7･7Hz,2H,NHPh),7･55(d,J=7.7Hz,2H,NHPh),10.10(br,lH,NH);

13cNMR(CDC13):828.0(Ad),36.2(Ad),38.9(Ad),53.1(Ad),119.9,124.9,129.2,137.2,

156･8(CONH),215･3(COSe)･fhiscompoundistoounstabletosubjectinelementalanalysis.

BenzoylN･PhenylcarbamoylSeIenide(3d)･Colorlesscrystals(99%yield);dec.:97-

990C;IR(KBr):3222(NH),1728(COSe),1645(CONH),1554(NH)cm-1;1HNMR(CDC13):

IIda,∂7･18(t,J=7･6Hz,1H,NHPh),7.38(t,J=7.6Hz,2H,NHPh),7.53(t,J=7.9Hz,2H,

PhCO),7･61(d,J=7･6Hz,2H,NHPh),7.69(t,J=7.9Hz,1H,PhCO),7.94(d,J=7.9Hz,2H,

PhCO),10･41(br,1iI,NH);IIdb,∂7.31(t,J=j.3Hz);13cNMR(CDC13):IIda,∂120.0,

125･1,127･6,129･2,129･3,135･2,137.2/138.0,156.0(CONH),199.7(COSe);77seNMR

(CDC13):IIda,∂648･4･Anal･CalcdfbrC14HllNO2Se:C,55.28;H,3.64.Found:C,55.20;H,

3.57.
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2-MethylbenzoylN･PhenylcarbamoylSelemide(3e)･Colorlesscrystals(93%yield);

dec･:65-660C;IR(KBr):3225(NH),1718(COSe),1662(CONH),1549(NH)cm-1;1HNMR

(CDC13):IIea,∂2･55(S,3H,CH3),7･10-7･80(m,9H),10･27(br,1H,NH);IIeb:∂2.51(S,3H,

CH3),9･04(br,1H,OH);13cNMR(CDC13):IIea,820･9(CH3),120.0,124.8,125.1,126.4,

129･2,129･6,132･3,133･4,137･0,137･1,157･0(CONH),201･8(COSe);77seNMR(CDC13):

IIea,8678･7･Anal･CalcdforC15H13NO2Se:C,56･61;H,4･12.Found:C,56.36;H,4.21.

4･MethylbenzoylN･PhenylcarbamoylSelenide(3f)･Colorlesscrystals(93%yield);

dec･:97-990C;IR(KBr):3219(NH),1693(COSe),1645(CONH),1547(NH)cm-1;1HNMR

(CDC13):IIfa,∂2･43(S,3H,CH3),7･17(t,J=7･9Hz,1H,NHPh),7.31(d,J=8.3Hz,2H,

C6H4CO),7･37(t,J=7･9Hz,2H,NHPh),7･61(d,J=7.9Hz,2H,NHPh),7.83(t,J=8.3Hz,

2H,刷CO),10･45(br,1H,NH);IIfb,82･42(S,3H,CH3);13cNMR(CDC13):IIfh,821.9

(CH3),120･0,125･0,127･7,129･2,130･0,135･5,137･2･146･7,156･3(CONH),198.9(COSe);

77seNMR(CDC13):IIfh,∂642･6･Anal･CalcdfbrC15H13NO2Se‥C,56.61;H,4.12.Found:C,

56.60;H,3.90.

2･MethoxybenzoyIN-PhenylcarbamoylSelemide(3g)･Colorlesscrystals(92%yield);

dec･:95-970C;IR(KBr):3257(NH),1707(COSe),1614(CONH),1556(NH)cm-1;1HNMR

(CDC13):ⅠIga,84･00(S,3H,CH30),7･04(d,J=7･7Hz,1H,C曲CO),7.08(t,J=7.7Hz,1H,

C6H4CO),7･15(t,J=7･5Hz,1H,NHPh),7･36(t,J=7.5Hz,2H,NHPh),7.59(t,J=7.7Hz,

1H,C6H4CO),7･63(d,J=7･5Hz,2H,NHPh),7･87(d,J=7･7Hz,1H,C6H4CO),10.61(br,

1H,NH);IIgb,∂3･93(S,3H,CH30);13cNMR(CDC13):IIga,∂55.7(CH30),112.4,120.1,

121･1,124･8,126･7,129･2,129･4,135･9,137･4,159.3(CONH),160.2,197.4(COSe);77se

NMR(CDC13):IIga,∂708･1･Anal･CalcdfbrC15H13NO3Se:C,53.90;H,3.92.Found:C,

53.98;H,4.08.

4-MethoxybenzoylN･PhenylcarbamoylSelenide(3h).Colorlesscrystals(95%yield);

dec･:106-1080C;IR(KBr)‥3224(NH),1728(COSe),1645(CONH),1572(NH)cm-1;1H

NMR(CDC13):IIha,83･90(s,3H,CH30),6･98(d,J=9.OHz,2H,C6H4CO),7.16(t,J=7.8

Hz,1H,NHPh),7･37(t,J=7･8Hz,2H,NHPh),7.60(d,J=7.8Hz,2H,NHPh),7.91(d,J=9.O

Hz,2H,C6fL4CO),10･51(br,1H,NH);IIhb,∂3･86(S,3H,CH30);13cNMR(CDC13):IIha,

855･8(CH30),114･5,119･9,124･9,129･2,130.2,130.6,137.3,156.4(CONH),165.3,197.1

(COSe);77seNMR(CDC13):IIha,∂632･7･Anal･CalcdfbrC15H13NO3Se:C,53.90;H,3.92.

Found:C,53.65;H,4.02.

4･MethoxybenzoylN-(Benzoyl)carbamOylSelenide(3i)･Colorlesscrystals(61%yield);

dec･:81r830C;IR(KBr):3373(NH),1769(COSe),1642(CONH),1574(NH)cm-1;1HNMR

(CDC13):83･91(S,3H,CH30),7･00(d,J=8.OHz,2H,C6H4CO),7.45(t,J=7.8Hz,1H,

NHPh),7･58(t,J=7`8Hz,2H,NHPh),7.93(d,J=7.8Hz,2H,NHPh),8.15(d,J=8.OHz,2H,

C6均CO),10･51(br,1H,NH);13cNMR(CDC13):∂55.8(CH30),114.7,128.3,128.6,130.0,

130･5,131･1,133･5,157･4(SeCONH),162･7(PhCONH),165.8,197.6(COSe).

4･MethoxybenzoylN-(Tbsyl)carbamoylSelenide(3i).Colorlesscrystals(97%yield);

dec･:99-1000C;IR(KBr):3365(NH),1719(COSe),1646(CONH),1509(NH)cm-1;1H

NMR(CDC13):∂2･44(S,3H,CH3),3･90(S,3H,CH30),6.98(d,J=8.5Hz,2H,C6H4CO),

7･35(d,J=8･OHz,2H,C6Lt4SO2),7･84(d,J=8.OHz,2H,C6均SO2),8.00(d,J=8.5Hz,2H,

C6H4CO),1l･54(br,1H,NH);13cNMR(CDC13):∂21.7(CH3),55.8(CH30),114.7,128.5,

128･6,129･7,129･8,135･5;145.5,157.3(CONH),165.9,194.8(COSe).Anal.calcdfbr
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C16H15NO5SSe:C,46.61;H,3.67.Found:C,46.74;H,3.46.

2,6･Dimetho町ben2:OylN-(4-Methylphenyl)carbamoylSelenide(3k).Colorlessneedles

(100%yield);dec･:118-1220C;IR(KBr):3231(NH),1695(COSe),1654(CONH),1593,

1523cm-1;1HNMR(CDC13)‥∂2･33(s,3H,CH3),3･83(s,6H,CH30),6.58(d,J=7.3Hz,

2H),7･16(d,J=6･7Hz,2H),7･35(t,J=6.7Hz,1H),7.50(d,J=7.3Hz,2H),10.08(br,1H,

NH);13cNMR(CDC13):∂20･9(CH3),56･2(CH30),104･3,120.0,129.6,133.1,134.4,134.9,

156･5,158･3(CONH),199.9(COSe).Anal.calcdtbrC17H17NO4Se:C,53.98;H,4.53.Found:

C,53.84;H,4.41.

3･Chloro･2,6･dimethoxybenzoylN･PhenylcarbamoylSelemide(31).Colorlesscrys-

tals(97%yield);dec･:84-860C;IR(KBr):3240(NH),1714(COSe),1655(CONH),1547

(NH)cm-1;1HNMR(CDC13):IIla,∂3･86(S,3H,CH30),3･95(s,3H,CH30),6.70(d,J=9.3

Hz,1H,C6H2CO),7･18(t,J=7･8Hz,1H,NHPh),7.38(t,J=7.8Hz,2H,NHPh),7.43(d,J=

7･8Hz,1H,C6穐CO),7･61(d,J=7･8Hz,2H,NHPh),10.05(br,1H,NH);IIlb,∂3.87(S,3H,

CH30),3･96(S,3H,CH30);13cNMR(CDC13):IIla,∂56.5(CH30),62.7(CH30),108.3,

119･9,120･0,125･1,125･5,129･2,133･4,137･2,152.6,155.0,157.6(CONH),199.3(COSe);

77seNMR(CDC13):IIla,∂726･1･Anal･CalcdforC16H14CINO4Se:C,48.20;H,3.54.Found:

C,48.29;H,3.56.

4･BiphenylcarbonylN･PhenylcarbamoylSelenide(3m).Colorlesscrystals(92%

yield);dec･:106-1080C;IR(KBr):3223(NH),1693(COSe),1655(CONH),1517(NH)cm-1;

1HNMR(CDC13):∂7･17-7･99(m,14H),10･46(br,1H,NH);13cNMR(CDC13):∂120.0,

125･0,127･2,127･3,127･8,128･2,128･8,129･0,129.1,137.1,139.2,148.0,156.1(CONH),

198.9(COSe).

l･NaphthalenecarbonylN･PhenylcarbamoylSelenide(3n).Colorlesscrystals(93%

yield);dec･:87-900C;IR(KBr)‥3234(NH),1725(COSe),1655(CONH),1555(NH)cm-1;
1HNMR(CDC13):∂7･20-8･57(m,12H),10･36(br,1H,NH);13cNMR(CDC13):∂120.0,

124･5,124･7,125･1,127･2,128･2,128･7,129･0,129･3,129･4,134･0,134･9,135.5,137.2,157.1

(CONH),201･9(COSe)･Anal･CalcdfbrC18H13NO2Se:C,61.03;H,3.70.Found:C,61.02;H,

3.92.

4･MethoxybenzoylN･(4･Methylphenyl)carbamoylSulnde(4).Colorlesscrystals;dec.:

136-1420C;IR(KBr):3209(NH),1714(COS),1705(CONH),1542(NH)cm-1;1HNMR

(CDC13):IIIa,∂2･34(S,3H,CH3),3･90(S,3H,CH30),6.98(d,J=8.8Hz,2H),7.17(d,J=8.6

Hz,2H),7･48(d,J=8･6Hz,2H),7･98(d,J=8･8Hz,2H),10.82(br,1H,NH);IIIb,∂2.32(S,

3H,CH3),3･87(s,3H,CH30),6･94(d,J=8･3Hz,2H),7.10(d,J=8.3Hz,2H),7.88(d,J=7.7

Hz,2H),8･05(d,J=7･7Hz,2H);13cNMR(CDC13):IIIa,∂21･0(CH3),55.7(CH30),114.4,

120･2,124･5,128･5,129･7,130･2,134･7,158.3(CONH),165.2,191.9(COS).

4･MethoxythiobenzoylN･(4･Methylphenyl)carbamoylSulfide(5)･Orangeneedles;

dec･:120-1210C[3];IR(KBr):3282(NH),1712(CO),1541(NH),1248(CS)cm-1;1HNMR

(CDC13):IⅦ,∂2･34(S,3H,CH3),3･88(S,3H,CH30),6･91(d,J=9･3Hz,2H),7.17(d,J=8.3

Hz,2H),7･49(d,J=8･3Hz,2H),8･05(d,J=9･3Hz,2H),11･51(br,1H,NH);IVb,82.31(S,

3H,CH3),3･86(S,3H,CH30),6･85(d,J=8･8Hz,2H),6.96(d,J=8.3Hz,2H),7.30(d,J=8.3

Hz,2H),8･10(d,J=8･8Hz,2H);13cNMR(CDC13):IⅦ,∂21･0(CH3),55.7(CH30),114.0,

120･3,124･4,129･5,129･8,130･1,135･l,158.2(CONH),165.0,224.8(CSS);IVb,∂20.8

(CH3),55･7(CH30),113.5,120.1,129.4,129.5,134.3,138.2.
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Reactionof4-MethoxybenzoylN･PhenylcarbamoylSelenide(3h)withSodium

Methoxide･4-MethoxybenzoylN-Phenylcarbamoylselenide3h(0.17g,0.5mmol)andso-

diummethoxide(0･03g,0･5mmol)werestirredindiethylether(5mL)at240Cfbrlh.The

SOIventwasevaporatedunderreducedpressuretoglVeyellowsolidcontainlngSOdium4-

methoxybenzenecarboselenoate6.Tbthesolidiodomethane(1mL)wasaddedandthemixture

WaSStirredat240Cforlh･Tbthereactionmixturewasaddeddiethylether(3mL).The

resultingprecipitates(NaIcontainingmethylN-Phenylcarbamate7)was丘1teredout.Evapoartion

OfthesoIventfromthefiltrateunderreducedpressuregaveO.11g(98%)ofSe-methy14-

methoxybenzenec?rboselenoate,WhichwasidentifidedbycomparisonoftheIRandlHNMR

SPeCtraWiththoseoftheauthenticsample･

MethylN･Phenylcarbamate7･m･P･‥43-150C;IR(KBr):3321(NH),1714(CO)cm-1;

lHNMR(CDC13):∂3･72(S,3H,CH3),7･02(t,J=7･8=z,1H),7.02(br,lH,NH),7.25(t,J=

7･8Hz,2H),7･38(d,J=7･8Hz,2H);13cNMR(CDC13):∂52.1(CH3),123.3,129.5,128.8,

137.9,154.3(CO).

Reactionof3hwithp･Tbluidine･Tbasolutionof4-methoxybenzoylN-Phenylcafbamoyl

Selenide3h(0･26g,0･8mmol)indichloromethane(10mL)p-tOluidine(0.17g,1.6mm01)was

addedandthemixturewasstirredatroomtemperaturefbr7h･Afterevaporationofthesovent

underreducedpressure,diethylether(5mL)wasadded･Filtrationoftheresultingprecipitates

gaveO･16g(85%yield)N-4-methylphenylN-Phenylurea9ascolorlessneedles.Removalof

thediethyletherfromthe丘1trateunderreducedpressuregaveO.11g(57%yield)ofN-4-

methylpheny14-methoxybenzamide8ascolorlesscrystals･

N-4-Methylpheny14-Methoxybenzamide(8)･Colorlesscrystals;m.P.:156-1570C;IR

(KBr):3340(NH),1651(CO)cm-1;1HNMR(CDC13):∂2.31(S,3H,CH3),3.83(S,3H,

CH30),6･90(d,J=8･8Hz,2H),7･12(d,J=8.3Hz,2H),7.50(d,J=8.3Hz,2H),7.80(d,J=

8･8Hz,2H),7･95(br,1H,NH);13cNMR(CDC13):∂20.9(CH3),55.4(CH30),113.8,120.4,

127.2,128.9,129.5,133.9,135.6,162.3(CO),165.3.

N･4･MethylphenylN'･PhenylUrea(9).Colorlessneedles;m.p.:204-2050C;IR(KBr):

3303(NH),1635(CO)cm-1;1HNMR(CDC13+DMSO-d6):∂2.27(S,3H,CH3),6.94(t,J=7.7

Hz,1H),7･05(d,J=8･3Hz,2H),7･24(t,J=7.7Hz,2H),7.32(d,J=8.3Hz,2H),7.43(d,J=

7･7Hz,2H),8･42(br,1H,NH),8･49(br,1H,br);13cNMR(CDC13+DMSO-d6):∂20.4(CH3),

118･1,118･3,121･5,128･5,129.0,130.6,137.0,139.7,152.6(CO).
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Conclusion

The synthesis and structure ofGroup14and15element derivatives of

Chalcogenocarboxylicacidaredescribedinthisthesis･Thesynthesis,StruCture,andreactivlty

Ofhithertodiselenocarboxylicacidsaltsisalsodescribed･Theimportantresultsdescribedin

eachchapteraresummerizedasfo1lows.

Inchapterland2,Group14elementderivativesofchalcogenocarboxylicacidwere

Synthesized,andtheirstructuresweredeterminedbyX-rayCryStallography･Thenonbonded

distancesbetweenthecarbonyloxygenandthetinatomaretheshortestinallderivatives.Natu-

ralbondorbitalanalysesshowedthattheinteractionsbetweenthenonbondingorbitalsonthe

Carbonyloxygen(no)andtheo*MSOrbitalshaveaninfluenceontheattenuationoftheM…O

distances(M=Ge,Sn,Pb)inthiocarboxylatederivatives.Asimilarinteractionweakensin

Selenocarboxylatesandevenmoreintellurocarboxylatederivatives･Intellurocarboxylatede-

rivatives,theinteractionbetweenthenonbondingorbitalsonthecarbonyloxygen(no)andthe

G*MCOrbitals(C=ipso-benzenecarbon)playtheimportantru1eintheshorteningofM･･･O

distances(M=Ge,Sn,Pb).

Inchapter3,thestruCtureSOfGroup14elementderivativesofdithiocarboxylatesdeter-

minedbyX-rayCryStallographyareshown･Thedithiocarboxylatoligandinmonoderivatives

RCSSMPh3isboundtoGroup14elementsasmonodentateligand,butthoseofbis-andtris-

dithiocarboxylatoderivativeswereboundtoGroup14elementsasanisobidentateligand･There-

fore,thestruCtureSarOundtheGroup14elementsinmonoderivativesshowedadistortedtetra-

hedral,thoseinbisandtriderivativesshowedaskewtrapezoidalbipyramidalandpentagonal

bipyramidal,reSPeCtively･

Chqpter4and5describedthesynthesisandstruCtureOfGroup15elementderivativesof

thioanddithiocarboxylicacid･InBothderivatives,thedistancesbetweenthecarbonyloxygen

OrthiocarbonylsulfurandtheGroup15elements(RAs)isshorterthanthesumofthevander

Waalsradiiofbothatoms･Inarsenicderivatives,thereactionofthebisthio-anddithiocar-

boxylatederivatives withpiperidinegavethecyclic tetramer(PhAsS)4andthe

phenyltrithioarSOnatedianionspeciesPhAsS32-.

Inchapter6,thesynthesispathwaytothediselenocarboxylicacidsaltsandtheirspectro-

SCOPICPrOPerties,reaCtivltyandstructuresareshown･Initially,thesyntheticmethodsfor

diselenocarboxylicacidβ-Silylethylestersasakeystartingmaterialsareoutlined.

Diselenocarboxylicacidβ-Silylethylestersweresynthesizedbythereactionofaluminum

Selenolate,generatedfromthereductionofbis(β-Silylethyl)diselenidewithDIBAL,With

SelenocarboxylicacidO-methylesters･Secondary,thereactionoftheseesterswithtetramethy-

1ammoniumfluoridegavethediselenocarboxylicacidtetramethylammoniumsalts.Ⅶrious

SPeCtrOSCOPicdataandX-rayCryStallographysuggestthedoublebondstructureofthe

diselenocarboxylgrouplnthesalts･
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Inchapter7,thesynthesisandstruCtureOfcarbamicselenocarboxylicmixedacidanhy-

drideswasdescribed･TheX-rayCryStallographyshowedaplanarintramolecularsix-membered

rlngfbrmedbyahydrogenbondbetweenthecarbonyloxygenandNHhydrogenatomsinsolid

State･Ontheotherhand,thetautomersexistedatarateoflO:1q20:1fromNMRspectro-

SCOPicdatainCDC13SOlution.
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