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lnordertoclarifydiemeChamism,ofarom血cnitrationwithN205,thenitratipnoftolqT.i

enewidtN205inCC14WasCarriedoutandwasinvestigatedtheyieldsoftheproductsandthe一.I

isomerdistrib血ons.Asa'Ⅰ闇ult,theRaCtiorL血ouldbeverympidmdshould血volve/atypical.

electrophilicsubstitution..Morcover,inordertoinvestigatetheeffectofthesolvent.theA

nitradonoftoluenewithN205POWderwithoutCCl4Wasalsocarriedout.･Themitraionof'T

toluenewi瓜N205仙04Wasalso¢aniedout,andthedependenceoftheisomerdi.S蜘 触 叫_4L,▲ ,

the.血oofproducednitrotoluenesontheratioorN205WasShowed,pAsaresult,itis印ggeSted,i▲

thatN20iShouldbedissociatedhomoLyhcallyhCChanddlatthezu10maticnitr?tion叫蜘N2O5･-一一't'･
inCC14ShouldproceedwithNOlaStheinitialattackingspecies.Thethermaldecomp芦噸町Of一 ,
N205Over25｡CshouldproducealargcamountofN104(2NOt),andtheattackofNO20ふhe

intemediatelA岬 XONO2)]shouldformtheintenTlPdiates(Ar(H)(ONO2XHXNO2))･follo_W-
ingthe_specificisomerdistributions.r . ･

＼

( ･● IiI

1.Introduction.'

Am m血 nitra血niswell_kJ10wn tObeofthein･

血血ial叫portanceasunitpm'cessesforsynth色scsof

evldsivesandintehediate.sofdyes,medicinesand
agdculturalchemicals.OndieOtherhand,theindus･

tdalmethodfor血esyndleSisofnitrqareneshasusedl▼■
nibicacidornihcacidc血lyzedwithゐid.However,
dds皿血叫Zqpvgsacid-resistzntfacilitiesandl托at-
me血ofthew防leacid,Therefore,anewmitratingre一

咽entisdesired.

Here,ND5WasdotedasamitratingreagentN205

isawhtCCTyStalLinesolid,veryEtnCtivetowardarenes,
anddiemechanismofthenitradonwimNl_05Should

bedifferentfromthatwith mitricacidll.ltshouldbe

possibletocontrolthereactlVltyOfthenitrationby
changing仙ereactionconditiollSI).Therefore,ilis
ReceivedonSeptCnber11,1998:
'DepartmentofChemiCalSystemEngineermg,
SchoolofEngineering,TheUnivezやtyofTokyo.I_''!

7-3-I,Hongo,Bunkyo-ku,TokyoI13-8656･.隼 iJAPAN
TEL+81_3_5841_7293: ､1-:･･'-; j･･'.‖̀∴'･,.･L,･ijl
FAX+Sll3-5841-7225 .

hopedtlwt山地erresearchonarom血 nitrahon.with

N203Shouldpmceedandthatanavdihblemethodfor

the野nthcsiswillbedeveloped.

I.IAhgoldetal.2)reportedthekineticsofthearom血
nitrationwithN205between-250Cand250Cand

showedthatthereactionshouldbeamixttueofa

noncatalyzcdreachbAhidanautoc蛾 edreaction.

.Theyalsorepo,rtedthe.solventcLrcctIon_thekinetics.1JつL
andtheaccelerathgeffectonthereactionritepro-

ducedbytheadditionofHNOl,eta.Theirwozkcon-
cludedthatcovdentN205Shouldreactwi也aqenes1ヽ
underneutralnonionlZlngCOnditions,whil'eNO2'

ShouldbethenitrathgspeciesunderionlZlngCarLdi-

1ions.Ontheotherhand,Titovetal.))repdかedthe

isolatedproductsfordlearomaticrLitrationwih'N･_05

hCChbetweenOOCamd･700cmdsuggesteda丘ee-

radicalreacdonmechanisJtibyNO)/Moodieetal.JI

reportedthekineticsofthe:町Omaticrtitrationwith

N105朋NOIandshowedthe甲PCifichigh･nitraddnfab

･.,withahighcollCentrationbf.N20主.Pittsetal.亨IfePわded

itllepreaCtiorLOrpolycLyclic'aromadlchydrocarbons

absorbedonlaglass.fibeiflltdrwi瓜gaseousN205.

However,Ingold●swofkti叫Ie･mOStwidelyaccepted

KayakuGikkaishi,VoL60.Po･3.1999 -:L･43｢



atp叫 ald10ughthedetailedmechanismissdllnot
clew.i

Here,inordertoclarifythemechmismofthe

aJT)ma血 nitra60nwithNIOJ,thenitrationortoluene
asamodelamneinCCllWasCarriedoutarLdwasin-

vcstigatedtheyieldoftheproductsandtheisomer
di血bution.

2.Expen'ment
2.1MderiaJs

TobeneaSaAarDmadcsubstrataandcarbontet-

rachlorideasanaproticnonpolarsolventwereused.

Thearom血icsubstrate,itsmitroderivativesandthe

solveJltPurchasedbmWakoPureChemicalIndus-

bies.Ltd.,mdTokyoChemicalhdusbyC0.,Ltd.,as

thehigh estcommercidgradechemicdswereused

withoutfurhcrpuriEic血on.N204WasPurChased丘om

TakachihoKagakuKogyoCo.,Ltd..

2.2ExperimentaJmethod
I

N205､WaSSynthesizedbyozonolysisorNI0-6).A
ccrbinzmdtntofsubsbteandsolventwashut)duted

intoathree-Recked50mlmaskequippedwithacon-

denser.ThenaskwaspurgedwithNtgas.Thesol-

vatedN205Wasaddeddropwisetotheflaskwhilepre-

ve山i喝ariseinthetemperatureofthesolution.A

certainminuteshter,dieSOlutionwasneutralizedwith

NdICOIaq.aJIdaJlalyzcdoAagasChromatograph

(ShiztudzuC0.,Ltd.,GC114B)wi瓜anameioniza-

tiondetector伊ID)andagasChtom8tOgraPh-mass

Spectrometer(ShimadzuGC-17A,GCMSQP5000),
usingacapillarycolumn(ShimadzuCo.,Ltd.,
0･25mmQX25mFusedSilica,CBPl).
hordertoobtAm themteconsbntforthenib_

lionofloluenewithNtO5,0.033mol/Loftolueneand

0.010mol/LolN205in15mlofCChsolutionwere

usedat25oC.EquimokLrreaCdonsoftoluenewithN205

Werealsoca汀iedoutusing0.5mol九〇fsubstrate/
CC14XIOmLandlmol凡ofN205/CC14×5mLfor

30minbetw能n-250CaLLd70oC.RezLC也onsoftoluene

withN20i/N204W町eCarriedouttHing0.5mol/Lof

substrate/CChx10mLaJtdlmol/Lofl坤05+N20一】
/CCllX5mLfor30minat250CaJldat500C.

3.RBSultanddiscusion

3.1NltrationoftoluenewithN203inCCh

hordertoclarifyhemechmiSmoftheammatic

nitrationwithN205,dlemibhonoftoluenewi仙NIOS

hCChwascazTiedout,and也erahosoftheamountof

reactedtolueAeandtheyieldsoftheproduced

Aitmtoluenewercinyesdgated.
hdle血血donoftoluenewidtN205between-25oC

and25oC,over70-80%ofthetolucnewasreacted,

butat500Corabove,lesstolueAeWasreacted.The

resultsindicatedthato･,m-andp･nitmtolueneswere

ma山yproducedandasmdlamotmtofdinitrotoluenes

wasalsoproducedasby-products.･

TheyieldofnitrotohenesrehtiYetothereacted

toluenewasover87%betw∝n-25oCand25?C.How_

Tab一e1RateconstzLntSandisomerdiustributionsinnitradonoftoluenewithN20i

Ni他tingreagent zcmdlQrderLmteco血mlSecond_ordermteconstant Ⅰsorherdisdb血on/mo
l%ko/Ms.L k2/M.Ls.I o⊥:rrLJ

:'rp-.N205- r .6:<10..I 2×lぴ4.8-16×10.5
50 I:43.Not/0㌔ 4.6×10.5 一

57 rヽ一早:.4'lrNOl/N20一C 4.5x

IO.8 52 jl::'45ftNO) 9x

l0-5J 1.0● 614.:ilr:I(a)ltolucne]I0.033M,P205)=0.010M,Solvent･,CCJ一,Rcacd

ontemperatuzt:;25℃ ,･1Rbte=k2ltoluene)P205】

▲′り I;･八日･二.r:i..(b)Theteachonrateisdependentontheconcentration

olinducedOJgas,Ref･7(C)ltoluene)=0.7M,P204]=6M,Solvent･,CHICh,Reactiontemperebrei15℃

一i'Ref･8dli:,汁)′I-i IJIREte-k2ltolueAe】P

O2] JI_': 言∴ 器 二浩 二 7ユノ(d)ltohene)=0.09M,【HNO']=7M,Reac血ntempere

hre･,-10℃,Ref･-9;p17(e)68.3%H遥0-,Ref.9

･,p45 Rate=bltoluene)叩 0))k2=-low.ls･lwhendescribingfollows･,rate=k2ltoluene)PO{],Ref･9;p4,6A,.･:..
.I.∴(～.,r__!:i,-(I.I.:(i).54%托SO4,Ref.9;p177 >

し〔一 .'い;･:二･こ-:3∴ニT./＼●･･.-J44一 二ソ･･-.JJl･'.I/;七･水薬学令敵

1 (,･◆'･EJ I)-.;..:.:1.
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1Conversi on血ofnitrotoluene

tow町dreacted
toluenei nthemitra血noftolucnewithN203

Totueno:0.
5moVL事10mL
N206:1rno
VL x5mL
Ro81畑ontho:30mbl.

etota一otnitrotoILJOne

O
o･nitrotoluno

O
m･nitro

toluOnoロ .p･

nitrolotueneever,at500Corabove,a
loweryieldofnitrotoluenes

andmoreofthesideヰhainoxidizedproductswere

obtained伊ig.
1):Thereac血Arateofthen
ih血nof

toltwrLewithN205WasVeryrapidandmuchlar

gertlmrL仙 withNO此 04rrableI).Underthes
ereac-tioncondidons,仙ereactionortoluencwi仙NO2

(as仙einitialattaCking甲eCies)douldbeneglect
ed.neseconddrderrateconstantfardienitrali

onwithN205wasdsolargerdundtalwidlHNOJrhSO･･

Theisomerdi血姑udonswerealmostconstantbb･tw¢

en-25oCand25oC(Fig.2).Theywerequitesimila

rtothosewithN仇ノN201andwithNot/03,andsimilartotha

twidlHNO3/H王SO4(TableI).There-sultshdic

ded吐血thereabtioninvolvesatypicalelec･trophil
icsubstibtion･How'ever,at500Corabove,theratioofthemeta･isomerincreasedwhilethatbrthe

para･isomerdecreased伊ig･2)･ ノ3.2Ni

tratjonoftoluenewithN205Without･solventI.i.1n

ordertoinyestigatediee触 tof･the｢solvent,thenitrad

onoftoluene･bydittdtfcontactki瓜･N205powderwihoutdtesol血t収益.血 iedout･;Assre事 餌50403020

10%IO∈＼亡OtPqでyBIPJOuOSJ ･50 ･25 025 50 75

RoactiontempoTaLuro/oCFig･2Is叩er
disdbutionofmitroderivativesin仙eJlitrationoftolu

enewihN205ToluonoN205ReactbntirnoOO

ロIlr, r ,･.:I.′rN205･∴ -,.｢'1,･; 'tl' ･.0.5moVLIlOmL:1moVLx5mL

:3伽lin.o･nitrotoluenon･n托rololue

nBp･nltrotoILJenelL･[IrNO2+NO3tS¢hOmO1)

suit,仙eisomerdistrib血onsin血色nitrationoftoluene

without血esolventwerealmostconstantandwerenotdependent



･HNOaNO

3' 二scheme2NitrahonOrtoluenewithN20,inCCl
l/･ t ･.i.Ir-

L･･･J ヶ.∴｢IIlr.･′ ●p
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3IsozperdistributioniA th占nitratiohoftolueJle
byd
irect'injectiOA ofN由SPOもd 占r(withbht
solvent)

0∴一〇･nitrololueno

O
m･nitlOtOluono

ロ p-n托rotofuenoNQontheintemlediatel
Ar(HXONO2))shouldfonttheintemediates岬

XONO2XHXNO2)]followinsthespe
ci血isomerdistdbt山oJIS.Thetti血 onoftoluenew

ithN20S/N201WaSalsocatTiedout,and也eisome

rdisbibudonwasinvesd･各ated.Asaresult,the血oof

m-mitrotolueneincreasedwith也e血oofP204Fudh

ermore,theradoofpro･ducednitmtolueneswasnearly

proportionaltothera･doofN205.Therefore,thisresultshouldsuppor

tthepostuht

ionabove.5.Reference1).H:FeuerandA.
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甲20主による芳香族子トロ化反応に関する基礎的知見を得るため､四塩化炭素終集中においでI
N20{(=よるトJI,iJンのニトロ化反応を行レ1､額言トロ化物の収率や生成物分布の温度依存性
につい璃 射 した｡その薦果､反応速度iまN02によ声ニトロ化より大きく純 子任換反応を示

L 上

したムーまたヾ 溶媒の脚 を緋 もた巌滴 妹を用いずにIhレエンのニト｡化反応も行･11;:.Ll
-)..

さらに､葡2JoS/N20.によるル ェンの土トロ化反応を行い環ニトロ化痕の収率や生成物分希
について硬帝したと､ころ_､生成した環ニトロ化物の割合はN205の割合に比例した6,?これらの

蕗果カナも,四塩化炭素溶媒中ではN2PS!まや干.)5'.イーツタに解離し､NO,を攻琴活性程とす.a
機構が捷集された｡また､反応温度25℃以上では特異由な生成物分布を示すことについて､
N205の琴分解により生成した多量のNO之が反応中開体【Ar(H)(ONOl)】を攻撃して【Ar(H)
.).･r(Pp9字岬)即02)]を生成する磯噂を尋した｡
ll(チ東京大学工学系研究糾 ヒ学システヰ工学専攻 〒113｢8656て東京都文京区本郷7=3-1
ⅧL',:O3.-5481-7293.FAX:0315叫 -7225) 二･17J E･l ､J
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