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Thefbllowingsixcobalt(111)complexescontainingphenylbiguanidewerepreparedandthethermalreac-

tionswerefbllowcdbothisothermallyandnon-isothermally(dcrivatographically)inthesolidphase:〃α酒-[Co-

(A)2(phbgH)2]X3."HzO,whereAdenotesvolatileligandssuchasNH3,CH3NH2orC5H5N;phbgHdenotesl-
phenylbiguanide,Xchlorideorbromideion;and"is2or3.Fromtheelectronic,IRandfar-IRspectraand
magneticsusceptibilitiesofthesecomplexcsbeibreandamterheating,theproductsobtainedbyevolvingvolatile
ligandswerefbundtobeunilbrn'bivalentCobaltcomPlexeswithoutruptureofthebondsofphbgHtoCobaltin

spiteofthereductionofcentralcobalt(111)ion,exceptfbrthecomplexescontainingammonia.Thereaction
seemstobecausedbytheelectrontransf℃rfifomthecoordinatedphbgHtocobalt,notfromtheouter-sphereanions.

Wernerlbundthatthehydroxoaqua-cobalt(1I1)
complexescif-[Co(OH)(NH3)4(H20)]X2 (x=cl
orBr)evolvewaterat".100｡Ctofbrmthecorre-
spondingdiolcomplexesinthesolidphase.3)Sincethen,
thermalreactionsofseveralcobalt(111)complexes
haveoccasionallybeeninvestigatedinthesolidphase;
'.9.,anationof[Co(H20)(NH3)5]X3(X=NO3,4")Br,4b)
orReO44c)),cな←診＃γα"Jisomerizationof[CoC12(NH3)4]-
103,5)[CoCl2pn2](H502)Cl2,6)and[CoCl2(NH3)2en]-
SCN,7)andkineticsofthethermaldecompositionof
[Co(NH3)6]X3(X=Cl,Br,orI).8)
Fewsystematicinvestigationshavebeencarriedout

fbrCobalt(111)complexestoclarifytheirreactionsin
thesolidphase･Thisismainlyduetotheinstability
ofcobalt(111)complexesuponheating.Mostcobalt-
(II1)complexesareapttoundergoareductionof
Co(111)toCo(11)ionsibllowedbyrapidandcompli-
cateddecomposition.Infact,TanakaandNagase
pointedoutthatthedecompositionoftheammine
complexesisinitiatedbytheelectrontransfbrfiFom
outer-sphereamonstocentralCo(111)ions.8)

Itwasfbundthat〃α郷-[Co(CH3NH2orC5H5N)2-
(bgH)2]X3(bgH=biguanideandX=ClorBr)lose
twomolesofmethylamineorpyridinetoyieldunifbrm
bivalentcobalt(11)complexeswithoutdestructionofthe
bondofthebgHwithcobaltionuponheatin9.9)The
stiHinessofthecomplexeswasthoughttobedueto
theinherentcharacteristicsofbiguanide;namely
biguanidecanfbrmextremelystableplanarcomplexes'0)
containingpseudoaromaticity.．。11）

Thepresentstudywasundertaken(1)topreparesuch
instructivemodelcomplexesinwhichtheskeletonsare
indestructibleevenattheendofthereductionofCo(111)

toCo(11)ions,(2)toinvestigateisothermallyandnon-
isothermallyoverallreaCtionprocessesofthecomplexes
obtained,and(3)tocon6rmtheoriginoftheelectron
transfbr;i.e.,whetheritispromotedfromcounteranion
orligandtoCo(111)ion.

Ascompoundssuitablefbrourpurposes,〃α"s－
[Co(A)2(phbgH)2]X3･"H20wereselected.PhbgHhas
thefbllowingcharacteristics:twomoleculesofeach
bidentateligandcanoccupytheoppositefburco-
ordinationsitesofoctahedralcobalt(111)ionwith

planargeometry;pseudoaromaticitycanbeinduced
bycoordinationtoCo(11I)ion.PhbgHhasthefbl-
lowingconstitutionalfbrmula:

＜=＞H2NCNHCNH
Ⅱll

HNNH

phbgH.

Itis"-electron-richascomparedwithbgHbyvirtue
oftheelectron-donatingeffbctofanintroduced-C6H5
group･

ExPerimental

Prゆα、"o"q/.L埴α"41-Phenylbiguanide(C6H5NHC-
(=NH)NHC(=NH)NH2.HCl)waspreparedbythemethod
reported.12)

Pγゆαγα伽〃q/CbmPlex".trans-[Cb"ﾉ2砂hbg"）霞]為．
nHZo"=NHb,cHSMYhorq典Ⅳ;X==CIOrB'J.These
comPlexeswerePrepatedbythemethodofRay'3)modiiied
asibllows:6．5gofphbgH.HClwasdissolvedinl50mlof
10%sodiumhydroxidesolution.Tothiswasaddeddropby
dropwithstirringasolutionofCoCl2.6H20(3.59)inlOml
ofwater.WhenthesolutionturnedVellowirombrown,

″

yellowprecipitatcs(probably[Co(phbg)2])wereobtained.
AfterfIltration,theprecipitatesweresuspendedinappropriate
basesandoxidizedbyadditionofaibwdeopsof35%hy-
drogenperoxidesolution.Asthebases,120mlof28%aque-
ousammonia,120mlol.40%methylaminesolutionand
120mlof60%pyridinesolutionwereusedtopreparefr""J-

diammine,#γα"J-bis(methylamine)and""'zs-bis(pyridinc)
complexes,respectively.Afterasmallportionofcobalt-
(II)hydroxidedepositedhadbeenfIlteredofI;thefiltratewas
neutralizedbyusingconcentratedhydrochloricacid･The
useofconcentratedhvdrobromicacidinsteadofconcdHCl

l

gavethecorrespondingbromidecomplexes.Assoonas
neutralizationwascomplete,pinkcrystalswereobtained.
Theywererecrystallizedfromwater,andthenwashedwith
coldethanolandether・Yieldabout2gfbreachcomplex.

Theanalyticaldataofthesixcomplexesaresummarized
inTablel,togetherwithdeaminationtemperaturesand
isothermalconditionswhichweredeterminedfromtheres-

pectivederivatograms(Figs｡lto3).
Deγ〃邸哩γqphibハfb“"γE疵c”s・ Thederivatogramsibr

theabovecomplexeswererecordedwithaMOMDerivato-
graphTyp-OD-102.AIIthemeasurementswerecarriedout
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TABLEl.ANALYTIcALDATA,DEAMINATIoNTEMpERATuREs,ANDIsoTHERMALcoNDITIoNs
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Analvticaldata
′

Isothermal

ConditiOn:j

一二一～

I､cmpTime
(｡C)(h)

Deamma－

tlon

Temp
(｡C)ｄＣ

、
Ｈ
１

一
唖

一
皿

％
、
Ｎ

〆
０Ｆ

Complex C%
一－一一二一国

FOundCalcd

H%
”一一一一一一

FoundCalcd

"""J-[Co(NH3)2(phbgH)2]CI3.2H2O(1)

""",-[Co(NH3)2(phbgH)2]Br3.3H20(1I)

"""-[Co(CH3NH2)2(phbgH)2]Cl3.2H20(111)

〃α応-[Co(CH3NH2)2(phbgH)2]Br3.2H20(IV)

jγα砥-[Co(py)2(phbgH)2]Cl3･2H20(V)

jr""J-[Co(py)2(phbgH)2]Br3.2H20(VI)

32．62

25．77

34．89

28．72

43．34

36-86

32．58

25．93
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23．54

19.84

３
６
８
２
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２
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underaconstantHowofHitrogenataheatingrate1.0-1.5．C
rnin.-1.

ハOJhemm/Mie"皿〃"tg7z#J.Theproductsfromwhich

methylamineorpyridinewaseliminatedwereobtainedby

anisothermalmethodusingCholOO-Lthermobalancein

staticair.Theisothermalconditionsibrobtainingunifbrm
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ProductsaregiveninTablel.

"ectmZM'""7wne7'". Theelectronicspectrainthe
solidstateweremeasuredbVadifIiusereHectancemeth"

'

withaHitachiEPU-2Aspectrophotometerequippedwitha
standardHitachireHectionattachment(TypeR-3).TheIR

andfar-IRspectaweremeasuredbytheKBrdiskmethodwith

aJASCO-A-3infratedspectrophotometerandbytheNUjol

methodwithaJASCOIR-Ffar-infraredspectrophotometer.

M'"z"･em'"qfM聰膨雄&Jsc""bj""". TheefYbCtive

magneticmomentswereevaluatediromthemagneticsus-

ceptibilitiesmeasuredbytheGouymethodatroomtemper-

ature.Hg[Co(NCS)4]wasemployedasareftrencematerial.
Thesusceptibititiesofthecomplexeswerecorrectedbyusing
Pascal'sconstantsIbreachelementoratomicgroupContained.
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twomolesofamines.Ontheotherhand,nosuch

distinctstepsaccompaniedbytheliberationofammonia
couldbeobservedincomplexeslandllowingtorapid
decomposition.Theliberationofaminesineach
complexwasconfirmed.

mer加aJTzUO-mo/-昨ami"α"0"R"c"〃（[Cb(44ﾉ2‐
""6gHﾉ2]"･nHZO→cb("ｿかotJcz+Z4+nHZOﾉ．
Complexeslll,V,andVIfallinthiscategory;complex
IIIisdiscussedindCtail.Thegasevolvedfi･omcom-
plexlllbyisothermalheatingatl60｡Cinasilicon
bathwasdissoIvedinwater・TheresultingsolutiOn
turnedvioletbyadditionofanethanolcontaining
chlOranil(C6CI402).The、olutionwasneutralized
withdilutehydrochloricacidandconcentratedto
obtainwhiteprecipitates・ThelRspectrumofthe
precipitatesresemblesthatofmethylaminehydrochloride
preparedasarelbrencematerial・Theresultssupport
theviewthattheevolvedgasisnotammoniafbrmedby
thedecompositionofphbgH,butmethylamineitself

Figure4showstheIRspectraofcomplexIIIbefbre
andafterheatingtogetherwiththespectrumofcomplex
IV.BycomparingtheirIRspectrawiththatofmethyl-
aminehydrochloride,thepeaksatl419,1293,and
817cm-'befbreheatingareconsideredtobecharac-

teristicbandswithrespecttomethylamine.They
disappearedcompletelyafierheating.'Thus,the
liberatedmoleculewasfbundtobetwomolesofthe

coordinatedmethylamineinimmposition.
Figure5showsthefar-IRspectraofcomplexlll

befbreandafierheating.Thepeakat498cm-1,
whichisduetotheCo-N(CH3NH2)stretchingvibration,
disappeaIsuponheating.Ontheotherhand,the
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Fig.5.Far-IRspectraofcomplexlllbefbreheating
(-)andafterheating(……),andcomplexVIbefbre
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peakat510cm-'assignableto.theCFN(phbgH)
stretchingvibrationremainsevenafterheating.The
assignmentsofthesepeaksweremadebyacomparisonof
thetwopeaksappearingintheother""7zss-diamine-
bis(phbgH)complexes.
Theanalyticaldata,absorptionmaximaandmag-

neticmomentsibrallthecomplexesobtainedupon
heatingaresummarizedinTable2.Theelectronic
spectrumofcomplexIIIinthesolidstatechanges
remarkablyuponheating(Fig.6)．Thedistinct
fbatureofthespectracommonlyfbundinthesecom-
plexesbefbreheatingliesinthestrongChargetrnasfbr
band,whichcoveIsthesecondabsorptionband,sug-
gestingthepresenceofthestrong"-bondcharacter
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TARTR2．ANALYTIcALDATA,ABsoRpTIoNMAxIMA,ANDMAGNETIcMoMENTsoFTHEPRoDucEoBT･AINED

Analyticaldata
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麺
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C%
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FoundCalCd

脾eff
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H%
－

FoundCalcd

2．40
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７
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21．45

[CoCI(PhbgHCl)2]

[Co(CH3NH2)(phbgHBr)2]Br

[CoCI(phbgHCl)2]

[CoBr(phbgHBr)2].2H20
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Co(11)-N,respeCtively,18)theenergydifIbrenceinthe
stretchingvibrationsbeingbeyondlOOcm-1.Taking
theabovevalueintoaccount,theenergydiffbrence

obscrvedinthestretchingvibrationsofCo(111)-N
(PhbgH)andCo(11)-N(phbgH)isconsiderablysmaller.
SuChdiflbrenCebetweentheknownandtheobserved

valuesmaybeascribedtotheincreasingcharacterof
thecovalentbondbetweencobaltandphbgHinthe
bivalentcobaltcomplex,whichsupportstheoccurrence
oftheinner-sphereeleCtrontransibrreaction.
The6nalproblemistodeterminetheoutcomeof

thechlorideionsuponheating,whicharegenerally
knowntoenterintothecoordinationspherethrough
anation・Akeytothisliesintheappearanceofa
peakatl355cm-1inthelRregionwhichisnewly
observedafterheating(Fig.4),PhbgHisthoughtto
havethecoordinationmodewithapositivecharge

．。11）
atN(4)siteduetothesixmemberedringaromaticity.
ThepositivechargewillincreaseoWingtotheelectron
transfbr.Itisreasonabletoconsiderthatthebandis

attributabletothevibrationoftheNH+-CI-which

seemstobefbrmedafterheating.Thus,ofthethree
chlorideions,twoareaddedtothephbgH,andthe
remainingoneentersintothecoordinationsphere.
ThefbUowingreaCtionschemecanberepresentedfbr

thethermalelectrontrnasibrreactionofcomplexll1.

""'zs-[Co(CH3NH2)2(phbgH)2]C13.2H20

－(2HzO＋2CH3NH2）

→[Co'ICl(phbgHCl)2]

September,19781ThermalElectronTransfbrofCo(11I)

ofthephbgHtothemetal.Ontheotherhand,three
bandsincludingchargetransfbrbandareobserved
afierheatingatl60oC.TheobviousdifIbrenceinthe

spectrabefbreandafterheatingistheappcaranceof
thepeakat14.8×103cm-'afterheating.Thepcak
hasanarrowhalfwidthcharacteristicofbivalent

cobaltcomplexes.'4)Instudiesonthelowspiniive-
coordinatedcobalt(11)complexes,threepeaksare
oftendetectedatf9,14-17,andl9-25×103cm一1.15)

Thespectralpatternoftheproductresemblesthem,
especiallythoseofthefive-coordinatedcomplexes，
[CoCI(dpe)2]CIO4'5d)and6-Co(paphy)C12,15｡)where
dpeandpaphyarel,2-bis-(diphenylphosphino)ethane
andl,3-bis(2'-pyridyl)-2,3-diaza-l-propene,respec-
tivelV.

〃

ThevalueOf2.4B、M.ibrtheheatedproduCtof
complexlllsuggestsittobethelowspincobalt(I1)
complexes.'6)Sincethecoordinationstructureofthe
C4vsymmetrymodeisconsideredtorequirelowspin
statefi･omtheligandfieldsplittingpattern'7)andtwo
moleculesofbiguanidescoordinatedhaveatendencyto
occupytheplanecontainingametalioninthebis-
typecomplexes,10,'')theproductispresumedtobe

thelowspin,squarepyramidalfive-coordinatedcobalt-
(1I)complex.

Theevolvedgasanalysesibrchlorinewerecarriedout
toconfirmwhetherornotthereductionbvhalideions

〃

takesplaCe・However,neitherthecolorreactionby

0-tolidine(3,3'-dimethylbenzidine)norKI-starch
methoddeniedtheevolutionofgaseouschlorine.In
ordertodetectchlorine，thesolutioncontainingthe
Cvolvedgaswasacidifiedwithsodiumhydrogensulfite
whichcanconvertchlorineintochlorideion.How-

ever,additionofsilvernitratetothesolutionproduced
noprecipitatesofsilverchloride・Futhermore,no

masslossesco'Tespondingtotheevolutionofgaseous
chlorinewereobservedintheTGcurve・ThuS,it

isconceivablethatthereductionisnotduetothechlo-

rideionsinouter-sphere.Thecoordinatedmethyl-
aminesarealsonotresponsiblefbrthereactionsince
theywereliberatedwithoutanychangeinstructure.

Thecausemightbeattributedtotheligand(phbgH),
whichibrmsasix-memberedchelateringwithyz-
electrondelocali荻刻,tionwithametalion.Thereduction

ofCo(111)toCo(II)ioncanbeundeIstoodtobedue
totheelectrontmn鼠侘rfromthetwo7z-electron-rich

phbgH'stothecentralcobaltion・Thisissupported
bythelRandfar-IRdata.AsisshowninFig.4,
bothbandsatl572andl267cm-'incomplexlII
whichareassignedtothestretchingvibrationsofC=N
andC-Nbonds,respectively,shifttolowerwavenumber

regionsbyabout20cm-'.Theshiftsmayariseirom
thedeCreaseof冗-electrondelocalizationinthephbgH
duetotheelectrontransfbrfiFomthephbgntothe
cobalt(111)ion.

ThedecreaseinthestretchingvibrationofCo-N
(phbgH)isalsoobservedinfar-IRregionuponheating
(510sh→502cm-1,Fi9,5).Thedecreasemayresult
fi･omthediffbrenceintheibrceconstantsofCo(111)-N

、′

andCo(II)-Nbonds・Actually,thevaluesofthefbrce

constantsinthehexaamminecomplexesarereported
tobe1.05and0.33mdyn/A(UBF)fbrCo(111)-Nand

A

Theproductisstableinthesolidstate,butunstable
invarioussolvents;itdecomposesevenbytheadditionof
ethanolseparatingwhitecrystals・ThelRspectrum
ofthecrystalsshowsthestructureofthephbgHto
remainevenaftertheelectrontransfbrreaction.

Thepatternsofthethermalreactionsofcomplexes
VandVIcanbeunderstoodinasimilarway.Asan

example,thefar-IRspectraofcomplexVIareshown
inFi9.5.Thethreepeaksat645,487,and455cm－’
whicharespecifiedtobein-planeringdeibrmationof
pyridinemolecule,Co-N(py)stretchingvibrationand
outofplaneringdefbr,nationofpyridinemolecule,
resPectively,areentirelyquenchedbythethermal
treatrnent・Thisindicatestheliberationoftwomoles

ofthecoordinatedpyridine.
Thebandshiftsandtheappearanceofthepeaknear

1350cm－'uponheatingofcomplexesVandVIare
summarizedinTable3.ThebandsoftheCo-N

(phbgH)stretchingvibrationarealsoshifiedtolower

TART.F3．IRDATAoFcoMPE.FxFsVANDVIBEFoRE

A N D A 両 E R H E A T I N G

ComplexVI
〆一一一一~ー-~ 、

Befbre After

heatingheating
(cm-1)

ComplexV
〆－一一一一一一〆、-一一一一一一､陣

BcfbreAfter

heatingheating
(cm－1)
趾 ク
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wavenumberregionsinthefar-IRspectra(510→beatriggerofthereactiOns.ThefaCtthatammine
504cm一',and513->502cm-'fbrcomplexesVandVI, complexeslandlldecomposedwithoutadistict
respectively)．liberationstepofammoniauponheatingcanbeex-

Theelectronicspectralpatternofbothproducts plainedbythefactthatthetemperaturesofcomplexes
obtaineduponheatingareidenticalwiththepatternlandlIreachedthedecompositionpointspriorto
ofcomplexlll.Theabsorptionmaximaandthetheliberationofthecoordinatedammonia.Theliber-
valuesofmagneticmometnsaregiveninTable2ationtemperaturesofammoniainthesecomplexes
ibrtheproductsofcomplexesVandVI.mightbehigherthanthoseofthemethylamineor

Thefbllowingthermalelectrontransfbrreactionsare pyridinecomplexes.

consideredtoproceedduringthecourseofthermalOrderii)isrelatedtotheorderoftheeaSeofana-
treatmentincomplexesVandVI:tionandadditionofthehalideionstophbgH.

〃α"J-[Co(py)2(phbgH)2]X3.2H20
Re企r、企吟s

－(2H20十2py）

→[CoIIX(phbgHX)2](X=ClorBr). l)PartXlX:T・Yoshikuni,R.Tsuchiya,A・Uehara,A

andE.Kyuno,B江"・mem.｣nc.〃刀.,51,113(1978).
”‘γmaJO"e-7710I-企α加加α"0"R"C"0"([Cb"ﾉ2‐ 2)Presentedinpartatthe36thNationalMeetingofthe

砂h6gH)J為･nHZO→r"）やγo血ct+A+nHZOﾉ;.ChemicalSocietyofJapan,Osaka,April,1977.
TheIRspectrumofcomplexlVafterheatingisshownin 3)A.Werner,mem.Ber.,40,4437(1907).
Fig.4.Thepeaksatl292,1000,and820cm－1,char- 4)a)M.Mori,I加噌.母γ"jh.,5,131;b)F.Basoloand
acteristicofmethylamine,remainevenintheheatedR.K・Murmann,"0電.Sγ"肋.,4,171;c)H.Diehl,H.Clark,
product.ShiftssimilartothoseofcomplexeslII,andH．H・Willard,""浬．砂"#ん.,1,186.
V,andVIareobservedinthelRregionuponheating5)HE.LeMay,Jr.andJ.C・Bailar,Jr.,JZ4m.Chem.
(''C=N, 1258l545cm-';"c_N,1258-"1243cm-'),Sbc.,89,5577(1967).1561→l545cm－'；"c-N，Sbc.，89,5577（1967)．

suggestingtheoccurrenceofelectrontransibrli･omthe 6)a)N.SemoneandD.G.Bickley,Prograessinlnor-

phbgHtothecobalt(111）ion・Anewpeakassignableganicchemistry,Vol､17,edbyJ,0.Edwards,JohnWiley＆
tothevibrationoftheNH+-Br-bondappearsat Sons,Inc.(1972),p.391;b)H.E.LeMay,Jr.,limo'g.Chem.,

7,2531(1968);c)R.TSuChiya,K.Murai,A・Uehara,and1350cm－1．
E.Kyuno,B脚".Chem."c.〃".,43,1383(1970).

Theelectronicspectralpatternoftheproductwas
7)R.Tsuchiya,M.Suzuki,andE・KyunO,B""."g抑．

analogoustothoseofcomplexeslll,V,andVI.How-
釦‘.〃".，“，709（1971)．

ever,theabsorptionmaximumoftheproductfiFom 8)N.TanakaandK.Nagase,B"".Chellz.,Sbc.〃".,",
complexlV(14.3×103cm-1)appearsinalower 546(1967).
wavenumberregiontosomeextentascomparedwith 9)R.Tsuchiya,A.Uehara,K.Otsuka,andE.Kyuno,
those(14.7-14.9×103cm-')ofcomplexeSlI1,V,CMz.Le".,1974833.
andVI(Tablc2).TheshiftisattributablCtqthelO)p.Ray,CWc,".Re".,61,313(1961).
coordinationoftheremainingonemoleofmethylamine.ll)Senemployedtheterm"ringaromaticity":seeD.

ThefbllowingequationmightholdfbrthethermalSen,J.Chem.,Sbc.,41969,2900.
reactionofcomplexlV:12)p・RayandH.P・Bhattachaya,、ﾉも〃"α〃C溌加."c.，

16,629(1939).〃α"s-[Co(CH3NH2)2(phbgH)2]Br3.2H20
13)a)P.RayandA.N.Majumdar,J肋伽α〃“‘77z."c.,

－(2H20＋CH3NH2）
23,73(1946);b)S．P.GhoshandJ.N.Gupta,J､〃”〃=[ColI(CH3NH2)(phbgHBr)2]Br.

Aα" "・ 釦c .， 33，193（1956)．

A14)R、L.Carlin,TransitionMetalChemistry,Vol.1,D城γ"c@i""eE"eq/E/'c"〃”α"yをγ・
comiarisonoftheliberafiontemperaluregofamine'@WM・Carlin,MarcelDekker,Inc．(1965),p、1．

15)a)W.Dew.HorroCks,Jr.,G.R.VanHecke,andD.is､suitablefbrestimatingthereactivityinthethermal
Dew・Hall,Jimolg.Chem.,6,694(1967);b)J.G.Hartley,

reaction.Thetemperaturesobservedinthederivato- D.G、E.Kerlbot,andL.M・Venanzi,I加噌．α".AcI",
gramsaresummarizedasdeaminationtemperatures 1,145(1967);c)W.E，Hill,J."e"z."c.,Dα"｡〃TTnm.,
inTablel・Weseethefbllowingorderofreactivityl973，143；d）Y，NishidaandH，Shimohori，Bz".Chem.
dependinguponthekindofthecoordinatedamineand ,nc.〃".,46,2406(1973);e)1.G．Dance,M.Gerloch,

●

J.Lewis,F.S.Stephens,andF.Lions,Ⅳ"如",210,298(1966).counterlon．

i)NH3<CH3NHg<py 16)a)B.N.FiggsandR.S.Nyholm,､ﾉもm977z・釦c.,1954,
12;b)Y.NishidaandS・Kida,B似"・me加．釦‘.〃".,45,

ii)Br-<Cl-
461(1972).

Orderi),thereverseofthatinthestrengthofthel7)U・MurakamiandK・Sakata,ccChelateKagaku,''
ligandfield,istheorderoftheeaseoftheliberationofVol.1,edbyK.UenO,NaK'kQdq,_Oo.,TokyQ(1979jp.9｣.
thecoordinatedamine.Thisisunderstandableifthel8)T.Shimanouchiandl.Nakagawa,I加糎."em.,3,
liberationofthecoordiantedaminesisconsideredto 1805(1964).


