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NitrationofbenzenewithN205

KikuoFURUKAWA●.FujirokhYOSHIZAWA●,YoshiakiAKUTSU●
MitsuruARAI●,andMasamitsuTAMURÀ

InordertoclarifithemechanismofaromadcnitrationwithN205.thenitrationsofbem次ne

andofnitroberLZenewithN205WereCarriedoutandtheyieldoftheproductsandtheisomer

distribudonofdinitrobenzeneswereinvestigated.As aresulttheisomerdistribudonofthe

dinitrobenZeneSinthenitrationofbenzenewasquitedifferentfromthatinthenitradonof

nitrobenzene.Moreover.theratioof【dinitrobenzenes]/lnitrobenzene]increasedwiththe

reactiontemperature.ThenitrationoEbenzenewithN205/N204Wasalsocarriedoutand

showedthedependenceoftheratioof[dinitroben2;eneS]/[nitrobenzene]ontheratioof

N204.Asaresult.itissuggestedthatN205shouldbedissociatedhomolydcallyinCClJ.that

thearomadcnitrationwithN205inCCllShouldproceedwithNO3aStheinitialattacking

species.ThethemaldecompositionofN2050Ver25℃Shouldproducealargeamountof

N201(2NO2)andtheattackofNO20mtheintermediatelAr(H)(ONO2)]shouldformthe

intemediateslAr(H)(ONO2)(H)(NO2)】followingtheproductionofalargeamountofdini･
trobenzenes.

1.lntroductbn

Aromaticnitrationiswell.knowntobeoEtheindus,

trialimportanceasunitprocessesforsynthesesoE

explosivesandintermediatesofdyes.medicinesaJld

agriculturalchemicals.Theindustrialmethodforthe

synthesisofnitroareneshasusednitricacid.Howev･

er,anewnitratingreagentisdesiredatpresent.
Here.N205WasnotedasanitratingreagentNDSis

awhitecrystaninesolid.veryreacdvetowardarenes

andthemechanismofthenitradonwithN205Should

bediueremtfromthatwithnitricacid.Itshouldbe

possibletocontrolthereactivityofthemitradonby

changingthereactionconditionsu.Therefore.itis

hopedthatfurtherresearchonaromaticnitration

withN205Shouldpr∝eed.andthatan

availablemethodforthesynthesiswillbedeveloped.

Ingoldetal2)reportedthekineticsofthearomatic

nitrationwithN20sbetween-25℃ and25℃and
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showedthatthereactionshouldbeamixtureofa

noncatalyZedreactionandanautocatalyzedreaction.

Theyalsoreportedthesolventeffectonthekinetics

andtheacceleratingeffectonthereacdonratepro･

ducedbytheaddidonofHNO3.etaTheirworkscon･

eludedthatcovalentN205shouldreactwitharenes

underTleutralnonionizingconditions.whileNO2◆

Shouldbethenitratingspeciesunderionizingcondi･

tions.Ontheotherhand.Titovetal.3lreportedthe

isolatedproductsforaromaticnitrationwithN20sin

CCl4betweenO℃ and70℃ andsuggestedafree･

radicalreactionmechanismbyNO3.However.Ingold●s

workisthemostwidelyacceptedatpresentalthough

thedetailedmechanismissdllnotclear.

Here.inordertoclarifythemechanismofthear〇･

maticnitradonwithN205.thenitrationsofbenzene

andofnitrobenzenewithN20swerecarriedoutand

theyieldoftheproductsandtheisomerdistribution

ofdinitroben2:eneSWereinvestigated.

2.Experiment

2.1MaterJals

BenZ:ene.nitrobenzene.andchlorobenヱeneaSar〇･

madesubstratesandcarbontetrachlorideasanon･
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polarsolventwereused.Aromadcsubstnt亀 their
nitrederivativesandcarbontetrachloridepurchased
fromWakoPureChemicalIndustries.Ltd..and

TokyoChemicalIndustryCo..Ltd.asthehighest
commercialgradechemicalswereusedwithoutfur･

therpuriGcation.N20JWaspurchasedfromTakachi-

hoKagakuKogyoCo.Ltd.

2.2ExperlrnentAlmethod

N205WasSynthesizedbyozonolysisofN2014I.A
certainamountofsubstrateandsolventwasintro･

ducedintoathree･necked50mLflaskequippedwith

acondenser.TheflaskwaspurgedwithN2gas.The

solvatedN205wasaddeddropwi setotheflaskwhile

prevendngariseinthetemperatureofthesoludon.
AcertaiJlminuteslater.thesoludonwasneutrab d

withNaHCOユaq.aJldanalyzedonagaschromat0-

graph(ShimadzuCo_Ltd.GC14B)withadameion･

izationdetector(FID)andapschromatographmass

spectrometer(ShimadzuGC･17A.AGCMS･QP5000).

usingacapiuarycolumn(ShimadzuCobLtd.0題mm

¢×25mFusedSilica.CBPl).
Reactionsofben壬eneandoEnitrobenzenewith

N205WereCarriedoutusing0.5mol/Lofsubstrate
xlOmLandlmol/LofN205×5mLfor30min
between-25℃and70℃ .Reactionsofbenzenewith

N20S/N204WerealsocarriedouttJSing0.5mol/Lof

substrateX10mLandlmol/Lof【N205+N20一]×

5mLfor30mimat25℃.Compedtivenitradonswere

alsocarriedoutusinglmoVLofeachsubstratex

25mLand0.7mol/LofN205x2mLfor15minbetween

-25℃and70℃.Thecompedtivenitrat
ionsoEben-zene/chlorobenzeneandoEchloroben

zene/nitroben-2enewerecarriedoutthreedmes.Therelativerates

wereobtainedbythecalculadonoEtheratioof



Geedinvolvhgaradicalcationformedbyaone･elec･
trolltransferfrombenzenetoNO3(Scheme1).

TheyieldoEnitrobenzenerelativetothereacted
ben2;eneWasabout50%betweenl25℃and25℃.

However.at50℃orabove.aloweryieldofnitroben･

ヱeneWasObtained(Fig.1).
TheisomerdistribudonofthedimitrobemZeneSin

thenitradonofbenzenewasquitedifferentfromthat

inthenitrationofnitrobenzene(Fig.2,3).m-Dini･
troben2:eneWasObtainedinthenitrationofnitroben･

zenewithN205.Whichshould.besimilartothatwith

HNO3/H2SO4andshouldbeatypicalelectrophilic
substitudonG･7I.Theresultindicatedthatthemech.

anismoftheformationofdinitrobemzenesinthenitra･

lionofbenzeneshouldbedifferentfromthatof

nitrobenzene.

Moreover.theradoofldinitrobenzenes]/[nitroben･

zene]increasedwiththere.acdontemperatureinthe
nitrationofbenzenewithN205(Fig.4).Sincethe
relativeratesofnitrobenzene/benzenewereabout

0.01-0.05between-25℃and70℃inthecomped･
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actiontlme :80mfn.Rg.4RatioofdinitrobenZeneS/nitrobenZeneinthe

nitrationwithN205tivenitration.alargepart

ofthedinitrobenヱeneSshouldbemotformedbyther
eacdonoEnitrationoftheformednitrobemヱenebut

directlyformedbythereactionofbem次newithNDs.T

herefore.theresultissuggestedtobeattributed

tothepostuhdonthatthethermaldecompodtionofN20
sover25℃shouldpro･ducealargeamountofN

204(2NO2)andthattheattackofNO20ntheintemedi

atelAr(H)(ONO2)]1申ouldfom theintermedi
atelAr(H)(ONO2)(fl)(NO2)]2,3血IIowingtheprodu
cdonofalarge amountofdinitrobenzenes(Scheme1).resuldnginthespe

･ciGcdinitroisomers.3.2Nitratlonof

benzenewlthN20与/N204Herelitissuggestedthat

thethermaldecomposi-tiomSJofN205over25℃
shouldproducealargeamountofN201(2NO2)and

thattheattackofNO20ntheintermediatelAr(H)

(ONO2)]1shouldformtheintermediatelAr(H)(ONO

2)(H)(NO2)]2.3fo1-lowingtheproductionofa
largeamountofdini-trobenZeneS.Therefore.inord

ertoprovethepostu-hdoA regardingthemitradon

ofbenzeneathightem･perature.thenitration
ofbenヱenewi叫N205′恥04wascarriedoutandtherad

ooHdinitrobenヱeneS]/[mitmbenヱe

ne]wausinvestigated.Asaresult,theratio

oEldinitroben之eneS]/hitrobenzene]increasedwi

ththeratioof【N204】′lN205+N201](Fig.5).Theisomerdistribudoninthe %lOtJJJOtJOZueqOJlluPO
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4.ConclusTons

InordertoclariLithemechanismofaromadcnitra-

tionwithN205,thenitrationsofbenzeneandof

nitrobenzenewithN20swerecarriedoutandthe

yieldoftheproductsandtheisomerdistribudonof

dinitrobenzeneswereinvestigated.

Asaresult.itissuggestedthatN205Shouldbe

dissociatedhomolyticallyinCC14andthatthearo一

maticnitrationwithN205inCC14Shouldproceedwith

NO3Viaaone-electrontransfermechanism.

TheisomerdistributionofthedinitrobenZeneSim

thenitradonofben2:eneWasquitediaerentfromthat

inthenitradonofmitmbenzene.Moreover.theradoof

ldinitrobenzenes]/lnitroben2;ene]increasedwith

thereacdontemperature.Therefore.itissuggested

thatthethermaldecompositionofN2050Ver25℃

shouldproducealargeam ountofN204(2NO2)and

thattheattackofNO20ntheintermediatelAr(H)

(oNO2)]ShouldformtheintermediateslAr(H)

(ONO2)(H)(NO2)]followingtheproductionofa

largeamountofdinitrobenzenes.
ThenitrationofbenzenewithN20S/N204WaSalso

carriedout,andtheratioof【dinitrobemzenes]/

lnitroben2:ene]wasinvestigated.Asaresult.the

ratioofldinitroben2;eneS]/lnitrobenzene]increased

withtheratiooElN204]_Therefore,thisresultshould

supportthepostulationregardingthenitrationof

benzeneathigh temperature.

5.Roference

1)H.FeuerandA.T.Nielsen.̀ NITRO COM･

POUNDS●,VCH.NewYork(1990)

2)V.Gold.E.DJIughes,C.K.IngoldandG.H.Wiuian S.

J.CL)em.Soc..2452(1950)

3)A.N.BaryslmikovaandA.I.Titov.DokJ.Nauk

SSSR.114.777(1957)

4)P.A.Guye.U.SPatent1.348.873.1920

5)HSuzuki.T.MurashimaaJldT.Mori.I.Cbem.SbcI

Chem.Comb)uれ1443(1994)

6)KSchoGeld.̀AromaticNitration-.cambridge

UniversityPress.London(1980):

7)G.A.01ah.R.MalhotraandS.C.Narang.-Niration

MethodsandMechanisms',VCH.NewYork

(1989)

8)F.DanielsandE.HJohnston.I.Am.Chem.Soc..43.
53(1921)

N205によるベンゼンのニトロ化反応

古川喜久夫●,書沢二千六●,阿久津好明●,新井 充●,田村畠三●

N205による芳香族ニトロ化反応に関する基礎的知見を得るため,四塩化炭素溶媒中においてN205に

よるベンゼンおよびニトロベンゼンのニトロ化反応を行い,環ニトロ化物の収率や生成物分布の温度依

存性について検討した｡その結丸 ベンゼンのニトロ化反応により生成したジニトロベンゼンの生成物

分布は,ニトロベンゼンのニトロ化反応によるそれとは大きく異なった｡また,反応温度の上昇ととも

に,ベンゼンのニトロ化反応におけるジニトロベンゼン/ニトロベンゼンの生成比が上昇した｡その結果

を検討するために,N205/N20｡によるベンセンのニトロ化反応を行ったところ,ジニトロベンゼン/ニ

トロベンゼンの生成比はN･10一の割合に依存した｡以上の結果から.四塩化炭素溶媒中ではN205はホモ

リティツクに解離しN03を攻撃活性種とする機構が旋案された｡また,反応温度25℃以上では,N205

の熱分解により生成した多丑のN02が反応中間体 【Ar(H)(ONO2)]を攻撃して [Ar(H)(ONO2)(H)

(NO2)】を生成し,多量のジニトロベンゼンを生成する機構を示した｡
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