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SomeApplicationsofMO MethodstotheChemi stryofExoplosivesⅦ.

-EstimationofReactivitiesforAromaticNitrationfrom STO-3GCalculations.

A Commenton Reactive SpeciesofNitrobenzene in Concentrated

SulfuricAcid-

TakayukiANDOH暮,TakehiroMATSUNAGA●+料,Mitstm ARAI●叫,
Masam itsuTAMtJRA++andTadaoYOSHIDA書*

Partial ratefactors(p.r.fJ8)atmeta aJldpara positionsforthenitrationof

monoづubstitutedbeztzeneshavebeencorrelatedsuccesshnywiththeirprotona銭mities(dE)

aJldthetotalChaqedensitiesofthemethylgroup8ubstitutedontheirpositions(don,)

cakulated1)ytheabinitiomolecularorbitalmethodatthemimimalbasiSSetSTO-3Glevel.

An attempttoelucidatealowerreactiyitythanpredictedEromtheHammettrehtionshipfor

thenitrationolnitrobeJueJteinconcentratedsduhricaddhitsbeendoneonthebasi与Ofalinear

rehdonshipbetweenlog(p.r.i.)anddEorA払 .FromthecdcdationsoErelatiyereactivides
aJIdpositionalse)ectiyitiesforvariouscomplexesofnitrobenzenewithchemicalspeciesex･

istinginconcentratedsulfuricacid,itissuggestedthatthelowerreactiyityisduetotheinyolve-

mentoEitshydrogen-bondedcomplexessuchasPhNO2-H2SO4.Thisisaviableexpl肌ation

Eortheloverr飽CdyityoEnitrobenzeninthenitratioJlinconcentratedsulhricadd.

lntrodLJCtion

RehtiVereactiyitiesforelectrophilicaromaticnitra･

lionareweuknowntobesa血 ctodycorrehted

withtheempiricalqconstzLntSOriginallyproposedby

Brown andOkamotoll. However,adeyiationfrom

thelinearrelationshipwasobservedhthenitrationoE

mitrDbenzeneimconcentratedSulhricacidwithnitric

acid21月).Itslowerreactiyitywassuggestedtobedue

totheinyolvmentofitshydrogen-bondedcomplex

withthesolventmolecule2).OurpreyiousEindingthat

theHaJTlmettrehtionshipholdsLorthenitrationof
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nitrobenZeneinnitromethanewithnitronium hex･

aLIuorophosph te3),where free nitrobeJIZene is

thoughttobei皿VOIyedILLthenitradon.woddalsosup･

porttheabovesuggestion.btltth erehasbeennoclew

explanationforit.lnaddition,otlrpreviousattempts)

tointerpretitslowerreactiyityinternsoEtheinvolye･

れentoEitshydrogen-bondedcomplexesbyusingthe

CNDO/2semi 'tmpidcaIMOcalcuhtionss枕medto

beinsdficienttoconfirmitinviewoftheacm cyof

the8cmiimpiricalMO methodused.althoughit

mightsupprttheidea.

OmtheotherhzLnd,someraentattemptstointer･

Fretreactiyities in qtJaJltitatiye tems forthe

isodesmicprocesshavebeendonesuccessfullybyab

imitioMOcdc血 tionsoLprotonaEfinitiesl〉andcharge

densitiesS)atthemiJlimalbasissetSTOr3Gleye16).

WefoundthattherehtiyereaCdvitiesEorthedec･

trophiucaromadc nitration ofmoncr-Substituted

benZeTIeSCanbecorrelatedwiththeirprotona雌nities

andthetotalchargedensitiesofthemethylgroup

stlbstittJtedattheirnitrationpositions.Also,the

lowerreactiyityEorthenitradonoEnitrobezm ein

concerLtratedsumdcacidmaybeduetotheinvolve･
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mentoE its hydrogen-bonded comptexes with

dlemicalspecies existinginconceJ)Cratedsulhrk

acid.

ProcedLJre

First,Weattemptedtocorrehtethereactivitiesat

meta andpapapositionsbrthemitrationofmono-

stlbstituted血 neswith thedifferenceinproton

affin;ties(dE ) foranisodesmicprotontrzLnSEer

equilibrium (eq.(1))andwiththedifferenceinthe

chargedensitiesofthemethylgroupsubstitutedat

theirnitrationpositions(dq肋,eq.(2)).

臥"i-"i･@x"

x掛 cH3

dqNF=qMrX-qM,II (2)

tAterWeCOnfirmedthatthepartialratefactors(p,

r.I.'S)LorthenitrationofmonoTSubstitutedbenBenes

caJlbecorrehtedlineaTlywiththetworeactiyityin･

dicesdescribedpreyiously.Weusedtheseindicesto

es血はtethereactivitiesforthenitrationofhydrogen

-bondedcomplex岱 Ofnitrobenzenewith chemiCal

speciesexisdnghconcentratedsulEuricadd71.

C8,culation

neabinitioMOcalcuhtionswiththeminimal

basissetatSTD-3G leyelwereconductedoTta

HITACM-280HcompttteriJ)theComputerCbtre,

attheUniyersityoETokyo,usingversionsoEGAUS･

SLAJf708)aJldGSCF29)computerpro四mS.

negeometriesfortnomolSubstitutedberLZemeS

weredeterminedbyusingthebndlengthsaJldaJlgle$

ofthestaA血rdmodebprt)posedbyPopleandGo-

rdonIO).ThestructureoEtheWh elandcomplex

(01泊mplex)forbem訳neattackedbyanelectrophilic

protonisshown inFig.1.AnthestructⅧreSofhydrqr･

gen-bondedcomplexesofnitrobenzene,showniJ)

Fig.2,weredeterminedll)byoptimizingthelengthof

the0-HbondfornedbmanoxygenabmoEthe

nitregroupinnitroben次neaJldaJ)ydrogenatomin

thechemiCal印eCiesexis也唱inconcentrateds山hdc

add,SoaLStOminimizetheCNDOI2electronenergie

s12)ofthehydJIOgenTbondedcomplexes.

ResultsandDiscLJSSion
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Fig.1 Bondlength,bondanglesaJldtorsionangles

EortheqiOmplexofbenzene

Reactivityhdices

Figure3showsplotsoHog(p.r.L.))2IagainstJIE

calculatedEromeq.(l).FromFig.3wecanobtaina

LinearrelationshipbetweerLlog(p.r.i.)azlddE,as

Shown ineq.(3).

log(♪.Y./.)i(2.88土0.29)×1011dE

-(0.22±0.17) (3)

(coefficientoEcorrelation,r=0.96.num berof

data,n=10)

ChrpreyiotJSexperience)2)showedthatthereladye

reactivitiesEorelectropllilicaromaticnitradoncanbe

corTehtedbetterwith thechargedeJlSitiesofthe

methylgroupattachedtotheattad亡edczLrbonatom

ratherthanwiththechargedeJWidesoftheattad⊂ed

carborLatomitseげ.ThenweattemptedtoevaluateA

qN.aSareaCtivityindex.

Fipre4showsplotsoElog(p.r.I.)againstdon..

Weobtainedagoodrelationshipbetweenlog(p.r.E.)

aJld dq肋 forthenitration ofmorLOISubstituted

benzeneSattheirmetaandpapapsitions,exceptfor

chlorobenZemeatitspan-position.

log(タ.Y./.)=(3.22土0.25)x10?dqN.

+(0.21±0.17) (4)

(r=0.98,n=8)

TheresultmaycomeFromthecharacteristicproper･

tiesoLtheabinitoMOcatcuhtionatSTOl3GleyeI,

althoughitcannotbeexplainedclearlyattheplesent
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usehIreactivityindicestoestimatelog(p.T.f.)forFigures3and4ShowthatbothAEanddqM
.Can
b e the
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】Fig.3 RehtionshipbetweenLog(p.r.i.)forth
enitrationanddE

Lion,webyeattemptedtoes血 atetheisomerpro-pr

dons for the nitration oftnonm bstitutedbezLZeneShmdEord

q肋 tWingBrown■S s̀electiyityEactor'(Sf):S/=一o

g((p.r･E･)pl(p･r･f.).J-log(p.r.i.),-

log(p,r･E.)m. (5)Thus,theSfyaluesforthetlit

rationofmono-substitutedbenZenes arLbeobtainedfro

meqs.(6)and(7).Sf-(2.39±0,22)×10-1(dD-

dF )-(

0.29±0.ll) (6)(r-0.99,n=4) -(4.15±0.79)xlO2

(dqAIP-dqMP)-(0.05±0.20) (7)(r=0.97,m=4) -200 -150 -100 -50 0

50dq伽 【JIOヽIFig.4 Relationshipbetw
eenlog(p.r.∫.)forthenitrationandAqM

.ReaCtivjtiesandSelectivjtiesforHydrogen

l柑ndedCornploxesofNitTObenz

enedLJriq NitrationinSulfuricA

cidASSCF-MOcalculationdidnotconyerge

LotmostqlOmplexesLothydrogen-bondednitrob

eJm e,VecouldnotobtaintheirAEvalues.nuS

,WeusedtheAqN.Valt)easareactivityinde

xtoe8timatethenitra･lionoEhydrogen-bondedco

mplexesoEnitrobenZeneinsulhricacid.Table1show

slog(p.r.f.)torthenitrationofhydrogeJ1-b

ondedcomplexes obtaiJIedfmm dqhcalc血 tedattheS

TO-3Glevel.WeobtainedafewsignirICaJ)tfindiE

lgSfmmtheresults.NaJnely,thehydrogen-bo



Table2 SelecLivityhctorsEorhydrogett-bondedcomplexes
ofnitrobenzcne(NB)calcuhtedEroEneq.(7)

C｡mplcx Aq昆e-Aq㌫ SE

NB

NBIHSO7

NB-H]O

NBl2H30

NB-H】SOI

NB-H30-H7SOI
NB-H+

NB--H30◆

NB-Hさ02'

-0.α)23

0.0219

-0.0063

-0.0010

-0.0033

-0.0100

-0.0102

-0.0100

-0.0103

-1.39･一一0.62

7.51-･10.57

-3.36--1.79

-0.74--0.18

-1.88--0.96

-5.19.--3.21

-5.29.--3.28

-5.19--3.21

-5.34.--3.31

tegreatlytothenitrationtmdertheconditionsused

becau紀Oftheirverylowreactivities.necomplex

withHSO4-al帥 maynotCOntdbtJteSignificantly,

notonlybecauseithastoohighareactivityatits

paraTPOSition.butalsobecause,aspreviouslyob8erY-

edI2),thetJVspectrumoEthehydrogen-bondedcom-

plexofnitrobenzeneinconcentratedSulh血 add

showedaredshift.althot)gh theUVspectrumofthe

00mplexwithHSO4-ShouldShowabllleShift.

Fromthestandpintofreacdvides.wemaysaytht

thecomplexcSwithtI20.2H20,H2SO-andH20-His
O一.Whidlharesomewhatlowerreactivitiesthan

nonllydmgen-boJldedones.areprimarilyinvolvedin

thenitradonofnitrobenzeneinconcentratedSuM c

acid.TheCNDO/2Semirempiricalmethodcouldalso

givetlSaSimilarconclusionastheabinitiomethod,in

spiteofits芯mitations.

OntheotherhJld.aSShown inTPble2,each

hydrogen-bonded complexcallhaveadifferent

isomerproportion.naJnely.adifferentselectivityFac-

torEorthenitration.伽rpreyiou80bservation3lshov-

edthatthesetectiyityfactorforthenitradonoE

l1itrobenzenein鉱一98.5wt.96sdfudcaciddoeszlOt

yarywith theconcentrationofsdbricaicd.

Moreover,asshQrwn inTable2.nitrobenzeneandits

hydrogen-bonded complex with asul血ricacid

moleculecanshowsimihrselectiyityhctors.-0.

62--1.39and10.96--1.88.respectively,to

theobservedEacbr.ll.49,forthenitrationof

nitrobenzenehconcentratedsulfuricadd.Thissug一

geststhtonlyonehydrogen-bndedcomplexnaybe

hvolvedinthenitrationuzIdertheaboyeconditions.

ntu,thehy血ogeJrbotldedcomplex ofnitTD

benzenewithasulEdcaddmolecu)e･isthoughttobe

pdmarilyinvolvedinthenitrationofnitrobetLZeneiz)

85198.5wt.XsulEuricacid.

Conclusion

ThepresentresultsprovideimportaJItevidencethat

weczLn Obtain p.r.∫/8forthemitration of

monoriubstitutedbenZeneSfromtheabinitioMO

caJcuhtionsattheminimalbasissetSTO-3Gleyel,

andalsothattJletowerreaCtiyityforthenitratiOnoE

nitrobew einconcentratedsdFuriCaddisprim血 y

duetothehyolvmentoEitshydrog蝕-bondedcom･

plexwithasulfdcaddmolecule.
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分子軌道法の火薬化学への応用 (第7報)

STOjG計井による芳香族こ い,化反応の反応性評価一浪硫酸中での

ニ ト｡べ ./ゼソの反応軌 こ関するコ}I/ト

安藤隆之*,松永猛符**…,新井 充…書,田村昌三…*,青田忠堆*'

･tノ世換ペ ソゼ1/の;トp化反応におけるメタおよびパラ位の部分速度因子(p.r.∫.)那.

STO-3Gを用いたabinitio分子軌道法計井によるその位位のプt,ト'/親和力(Aの および旺換

}チル基の全馬荷密度(AqN.)とよく開床つけられた｡

log(p.r.L.)とAEおよびAqM.とが直線関係にあることを用いて,濃硫酸中でのペソゼソの

ニト.]化の反応性がHammett式から予測される値より小さい理由を鋭明することを試みた｡

浪乾駿中に存在する唖 の々化学唖とニトpベt/ゼンとのコ-/プレナクスについて相対反応性お

よび選択性の計井を行･>た籍果.その低反応性は PhNO2⊥H2SOlのような水来結合錯体が反

応に関与しているためと思われる｡これは濃硫酸中でのこトウペ./ゼソのニトF'化の低反応性

の可能な脱明と言える｡
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