
研 究 姶 文

Theoreticalstudiesonconfomationof

DPTanditsnitrolysis

byXiaoHeming事,TangZehua*andLingYue書

The eqtlilibrium geoTnetriesand electronicstructure oEDPT (dinitropenla-

methylenetetTamine)andprotonatedOPT,(DPT+H+)system,harebeenCompletelyop･

timizedandcalcuhtedbyMNDOmethodinqtnntumchemistry.Thequantitativedescription

oEenerw chzLngebmthèbat-boat'tothèchair-dhair"conEontutionwasmadeaccor･

dingtothecalculatedresultsofDPT.TheselectivityofnitrolysisofDPTinvariousmedium

wasdiscussedbycomparisonbetweenthebondordersoEbridgeC-NandrhgC-Nbondsof

DPTandprt)tonatedDPT.

lntroduCtion

DPT isanintermediateforthesy71thesisof

thewell-known explosivesfTMX (Cyclotetra･

methylenetetranitramine)and RDX (cyclotri･

methylenetrinitranine).Itscrystalstructtqe,conEor-

madonandthepreparationofHMXandRDXthrough

DPTmitrolySiShavea皿alomgbeensttJdiedtheoretical-

lyandeXperimenbllyトS).Howeverthereareyet

yariousyiew80nSuchproblems:whydodifferent

nitratingageAtSandconditions.Suchastemperature

aJtdreactaJ)ICOnCentradons.causegreatdifferencein

がeldratiooEHMX-RDXmixture?Do飴theselectivi-

tyexistinthenitrolysi90fDPTStall?nLispaper

dealswidltheconformationzLnditstransitionofDPT

thmugh completdyoptimi血gcalcuhtionsusmg

MNDOenerwp dientmethod6-7).Accordingtoob･

taiJtedelectronicstructuresofDPTandprotonated

DPT,i.e.,(DPT+H+)system,theselecdve

nitrolysisofDPTindifferentmeditmswasdiscussed

bycomparisonbetweentherehtivestrengthsof

bridgeC-NandringC-Nbotlds.

Equillbriumgeometryandconformz)tiontrarISitionof

DPT

ReceiyedJantuLry27,1992

.mstChinahstituteofTechJlOlogy,Nanjing
210014,China

Theequilibriumgeometryandelectronicstructtwe

oEDPThavebeencalcdatedusingtheMINDOJ38)

andMNI)067methods.Theresdtsobtainedwithboth

methodsareconsistentwitheachother.Forsimplici-

ty,theMINDO/3calcuhtionresultisnotrepotedin

thispaper.Theobtainedequil弛rium geometryof

DPTwithMNDOcompletelyoptimizedcalculationis

showt)in Fig.1aJld Tablet.Thegeometry

panmetersofDPTframeworkareShownimTable2

togetherwiththeexperimentalvaLue8.WeseeErt)m

TablelandTable2.thecalCthtionresdtisillCOtI･

formitywiththecrystalstructureト2)fromX-raydif-

fractionintermsofthedchair-chair'conformation

ofsystemaJldthecorT,eSPndingbondlengthS,bond

anglesazldtorsionangles.Agreaterdifferenceliesin

thefactthatthedihedralanglesbetweenthetwo

NINO2groupplanesandtheiradjacentC-N-C

pl姐eareapproximately34oaJId26●.thtLSmakingone

ofthenitrogroupsina-axialforml.Ontheother

haJtd,thetwocorrespondingtorsionaJIgle90four

calcuhtionare10.8o andll.5'respectively(see

Table1).ThisrneanSthereexisttwoequatorialnitro

grotlp･The-dhair-chair"conEomlation,ingeneral,
isthestablerco血 madonrequiredbybicydo【3.3.1]

nonaJleSyStem2).necalcdateddipolemomentoE

DPTi86.36D.whichal帥 agteeSdoselywiththe
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reLerezIcevalueoE(6.9±0.3)D3I.Atequilibrium con･

figurationofDPTthemoleculartotalenerwamotmt9

t0-3304.0510eV,aAdtheheatofforTnationis

371.62kJ/mol.ucatcuIating̀chair-chair●conEorTna-

tionwithoneequatorialbtJtOtheraxialnitrogroup,
however.仙emo1∝ulartotalenergymightaccount

Eor-3304.0315eV.aJldtheheatoEFormation
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373.51kJ/not.IEbeginningwith -boat-boat'

geometryastrialcalctJlation,theMNDOprogramwill

autonaticalIyoptimizedinto.dhair-chairconEorna･

don.Fig.2showsquaJ)titativelytheenergydlangeOE

system from b̀oat-boat"codormationwith two

equatorialnitrogroups(I)orwi血twoaxial nitro

groups(Ⅱ)tòchir-chairconLormationwithtwo

a
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Fig.1 DPT(withtwops

eudo-atomsAandら)ノN
｡,芦矛 ＼ 守I.qboat-boat'forn

withtwoequato血1-NO2 Ⅲ.dchair-dlair'formw

ithtwoequatodal-N02equatoridnitroqoup

(Ⅲ).El

ectronicstrtJCttJreOfDPTzmd (DPT+H+)systemFig.3showstheelectronicstructureofDPTatit

sequilib血mgeotn叫 .ForSimplicity,intheyiewof

molecuhr印tlmetry,WeOnlygiyethenetdlargeOn

someatoms(leftupperpart)aJldtheWiberg bond

g

oIか

,(

,)

,:..../+''Ⅱ.dboat-boat"Eornwithtwoaxial-NOZordersbetweensomeatoms(rightlowerpart).Itcan

beseenかomFig.3thaHheboJ)dorderi80.925Eor

I)ridgeCINbnd(Bondb),aJld0.957fordngC-

Nbond(Bonda).This血owsthatBondai8Strong

erthanBondbiADPTmolecde.Forthe姐metypeOf

bondiJlamOlecde,thebondlengthandbondordercouldbettBedt



Tab一e1 Equilib血mgeometryoEDPTfmmMNDO dlcuhdon.

Bondlength(A) Bomdangle(●) Torsionangle(.

)A*-C(9) I.ODDB*-A l.000 BAG(9) 90.00 N(1)C(

9)ABド(1トC(9) 1.478 Ⅳ(1)C(9)A 127.69 I(1)C(9
)AD O.00N(5ト{(9) 1.478 N(5)C(9)A 127.69 N(5)C(

9)AB l80.00C(2)-ド(1) I.471C(2)N(I)C(9) 112.31C(2)N(1)C

(9)N(5) -67.74C(4卜Ⅳ(5) 1.471C(4)N(5)C(9) 112.31C(4)N

(5)C(9)N(1) 67.87C(8トN(1) i.471C(8)N(1)C(9) tI2.31C(

8)N(1)C(9)N(5) 67.93C(6トⅣ(5) 1.471C(6)N(5)C(9) 112.31

C(6)N(5)C(9)N(1) -67.75N(3)i(2) I.505 N(3)C(2)N(1) 109.

96 N(3)C(2)N(1)C(9) 52.33N(7)i(6) I.505 N(7)C(6)N(5) t

og.96 N(7)C(6)N(5)C(9) 52.26N(12)-N(3) I.387 N(12)N(3)C(2)

II8.54 N(12)N(3)C(2)C(4) 202.16N(13トN(7) 1.387 N(13)N(7)C

(6) 118.54 N(13)N(7)C(6)C(8) 202.240(14)-N(12) I.2110(14)N(12

)N(3) 118.610(14)N(12)N(3)C(2) -10.820(15)-N(12) I.211 0(15)N

(12)N(3) 118.610(15)N(12)N(3)C(2) l71.060(16トN(13) I.2110(

16)N(13)N(7) 日8.610(16)N(13)N(7)C(6) -1).470(17トN(13) 1.211

0(17)N(13)N(7) 118.610(17)N(13)N(7)C(6) 170.61H(18)-C(9) I,

118 H(18)C(9)N(1) Ill.65 H(18)C(9)N(I)N(5) Ilo.98H(19).C(9

) 1.118 H(19)C(9)N(1) 111.65 H(19)C(9)N(1)N(5) 239.llH(20)-

C(2) 1.121H(20)C(2)〟(1) 108.98 H(20)C(2)N(I)N(3) 122.06H(21)-C(2) I.121H(21)C(2)〟(1) 108.96 H(21)C(2)N(1)N(3) 239.37

H(22)i(4) 1.121H(22)C(4)ド(5) 108.98 H(22)C(4)N(5)N(3) 120.4

8H(23)-{(4) 1.Ill H(23)C(4)N(5) lob.96 H(23)C(4)N(5)N(3) 23

7.88H(24)1:(8) 1.121 H(24)C(8)N(I) )08.98 H(24)C(8)N(1)N(

7) 120.55冗(25トC(8) I.121 H(25)C(8)N(I) 108.96 H(25)C(8)N(1

)N(7) 238.02H(10)i(6) I.121H(10)C(6)N(5) 108.98 H(10)C(6

)N(5)N(7) l22.05H(11トC(6) 1.121 H(ll)C(6)N(5) 108
.
96H(ll)C(6)N(5)N(7)239.4
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Tab一e2 MNpOcomputedandX-rayexp血 enta)geometoryofDPTframeworkb).

Bond)ength(A) B○ndangle(●) T○r写iOnangte(I

)MNDO X-rayーb) MNDO X-rayーb) MNDO X-ra

y(b)N(1)-C(2) 1.471 1.445 C(4)N(5)C(9) ll2.3 109.9 C(4)N(5)C(9)N(1)

67.87 57C(4)-N(5) 1.471 1.448 C(9)N(1)C(2) 112.3 109.8 N(5)C(9)N(1)C(2

) -67.74 -59C(2)-N(3) 1.505 1.485 N(I)C(2)N(3) 1)0.0 109,2 N(3)C(4)N(5)

C(9) -52.26 -47N(3)-C(4) I.504 1.493 N(3)C(4)N(5) 110.0 110.4C(2)N(3)C(4) II9.2 118.0C(8)ド(1)C(9) 112.3 llO.3 C(9)N(I

)C(2)N(3) 52.33 50N(5)-C(6) 1.471 ).452 C(8)N

(1)C(9)N(5) 67.87 55C(8)-N(1) 1.471 1.452 N(1)C

(9)N(5)C(6) -67.74 -57C(6)-N(7) 1.505 1.485 C(9)N(5)C(6) 112.3 109.3 N(

7)C(8)Ⅳ(1)C(9) -52.26 -47N(7)-C(8) I.505 1.490 N(5)C(6)N(7) Ilo.O ILS.4N(7)C(8)N(1) Ilo.O LI3.9C(6)N(7)C(8) Ilo.2 113.2C(4)N(5)C(6) )17.6 114.I C(9)N(5)C(6)N(7) 52.33 48N(5)-C(9) ).479 1.471

N(3)C(4)N(5)C(6) 80.75 72.4C(9)-N(1) 1.479 1.465 C(4)N(5)C(6)Ⅳ(7) -糾.75 -

69.0ド(7)C(8)N(l)C(2) 80.75 73.0C(8)N(1)C(2) 日7.6 114.2N(5)C(9)N(I) 104.4 I

IO.4 C(8)N(1)C(2)N(3) -80.75 -70.0(a)SeeFig.1forlab

elingofatoms(b)Ref.1)and2)bond.BecatLSe

theresultsfromX-raystudiesandot)rcalcuhtions

(seeTaLbeI)shythatthelength$oEbridgeC-N

bondsarelongerthanthoseofringC-Nbonds,i.e.,BondbislongerthanBonda,it

alsoprovesBondatobestronger.As DPTcouldbep

rotonatedinstrongacidttledium,theequilibdunge

ometryandelectronicstructureof(DPT+H+)system,theprotoJlatedDPT,ha

sal500.30S -0･

JIJCNJ0.608tl-～-0.16

90.331ぴ t育ihL________二二_こ__二二一凪Fig.3 Netcharg
e(lottipperpart)andbondorder(rightlowerpart

)ofOPT from MNDOca)culadon

.SelectjvityofnitrolysisofDPT beencalculate

d.ThebondlengthsandtheWibergbndordersarelist

edinFig.4.Thelengthofbridgec-Nbond(Bon

db)is1.453A,andthebondorderI.003.The

lengthofringC-N bond (Bonda),however,iS1.482Å

anditsbondorder,0.932･45com･paredwith

Bonda,thebondlength ofBondbissmaller,andthebondordergreater,

soBondbisstror)getthnBo

nda.1.SS) ll◆ 1.SSl
(0.829) CHZ

くじseSi, I

I(li:S9.i,Otz N-NO

lOJl
LJl82

(0.932) N (ii.i3毒)bI.J

53く1.的3)).182 J.SO9く0.829)Fig.4 Bondlen
gth(A)zLndbondorder(inparen-thesis)os(DPT+I

+)systemかomMNDOcalcuhtion.hexamineandisaLn

iJlterTnediateinthesynthesisoEDPTcaJ)bepreparedreadnyh mthenitroly由 of HMX andRDX･This
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BachnznnllfotJZld也atwhenaJnmOnitLmnitrateispre-

sentinnitricadd-aceticanhydridemixttm,the

nitTDtySisofDPTresdtSinHMXcontainingaSman

aJnOtntOfRDX.HethotJghttbttJletln叩mmetricaI

bnd,i.e.bddgeC-Nbond(Bondb)breaks触 ,

aJldthattheforTnadonoERDXmayresultfromring

cf1,--ド-L c-iz

卜bl-tN.,

‥CI-1凪N_■0
'zド-h'02-̂蒜 ｢ 0:N'lCHZ-N

Casto血 etal.S)cametothecondtwioALromtheir

lJCtracersttldiesthtboththedep 血donofhcR-

aminetoloytnolecuhTWeight叩∝iesduringthe触

stageand thedegradation oEDPT tocyclic

methylenenitraninesduringthesecondstageare

nonselectiye.neythoqhtthattheratioofHMXto

RDX is也erefore,not00 ntrolledbyaselectiye

clcayaBeOfahrgemolecde.butiBmorelikelyin-

nuenced by particuhrcoTIdidons controuingthe

recombinationofacommonmethylene-containing

Erap ent.

Theresultfromthenitroly8i80EhexamineoEDPT,

e叩eCial1ytheratioofHMXandRDX.iSiduenced

by 80me factors,Ouch asnitrating agents.

temperatureaJldreactaAtCOnCerLtrations,andthereal

nitrolysismedhzmismiSquitecomplicated.The00ndu-

SionsmicroscopicallybyJhchmannaJtdCa武orina

To～CH2-ド--Cllz
-~~~~027iドNNOZ
cli･-ド-CtTzINOZ

IlMX

Ozh'.)･J N NOz

+ I t
CliZ CliZ

＼N/
N0=

RDX

dLosu托 Ofafragmentcontainingthree nimi e

groupsoTmaybeattributedtoR㈱ -Schiesslersyn･

thesisinyolyingformaldehydefrom acetoxym ethyl

F01Jp.ChrcalcuhlioTIreSdts(seeFig.3)isizIaqee

mentwithBachmantl'8Viewpointth tBondb

breb geispreEerrabletoBondainDPT.

NLJZ
l

Cl12- N- cliZ
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CHZ- N-
1

.CHzÔ C

~

C

NNO2 --NltJNO･

H

Ilド03̂ tl･O一-I-I-HhtX

hm theirexperimentsareOfoppositeyiews,but

eSiSendany,obj∝tiverealityofnitrolysisappearsto

havebeen阿血 llyreyealedhmdifferentsides.

AsLorthenitrolysisoEDPTinstrongacidmeditJm

dthtrNO)OrwithHN03-NW O)mixture,theelec･

q hilicreagentH◆togetherwid)NOZ◆islikelyto

competidyetyattad⊂nucleophib atom N oEthe

bridgehead.lEprotonatedDPTiSformedrlrSt,aS

sh隅 inFig.4theC-Nbondofnon-p tonated

edge(Bondb)mightbeStrengthened,i.e.BondbiS

strongerthaJIBonda.andBondabecomesrelatively

easytobre血.ThusRDXcoIJldbeobtainedingood

yieldwithHMXreducedgreatly.Thisistheex･

pedTnenblresdtfromthenitrolysisofhexamiELe(Via

DPT)bywhatiscalled d̀ir∝tmethod-.InthisCase,

theselectiyecleayagedudrtgthenitrolysiSCaJ)notbe

neglected,aJldthereactionmightgoaBfollows:

K6gyaK8yaku.Vol.53.No.2.1992 - 57-



H+
CHz-～-CHI

0が-N

.
l

J｢C
q･I
J}.

I

--
-ド
C

l

ドNOz ltNOJ

()rIINOl-NHINOl

-1･-Cltz

NOZ+

C112- ド- Cltl

-0

-
2:
I
M

l

oN
･

I

_Nq.〇CIl!-

-
2:-

Iu

-NOz- 一 ････RDX･H lmiShトChjn
nilrELnlJle

A'

RBfeTences

I)ChoiC.S.,BdusuS.,ActaCryst.,B30,1576

(1974).

2)BhattachazjeeS.K.,ChackoK.K.,Tetrahedron,

35.1999(1979).

3)HallP.G,HorsbllG.S.,Chem.Soc..PerkinⅡ,

(9),1280(1973).

4)BachmBLnnW.E,HortonW.I,JerIrLerE.i .,J.

Am er.Chem.Soc.,73,2773(1973).

5)CastoriaJtT.C,HohhaJtF.S.GraybushR.,J,et

al.,J.Am er.Chem.Soc.,82,1617(1960).

6)Dew M.I.S.TMelW.,J.Am er.men.Soc.,

99,4899(1977).

7)PdayP..Theoret.Chin.Acta(Be一l.),50,299

(1979).

8)DewarM.I.S.,ScieJtCe,187.1037(1975).

DPTの.=トF7化分解におけるコt/フォメ-ショソに関する理論的研究

XiaoHeming事.TangZehua書,LingYue'

DPT(.}ニトpペl/タメチL,I/テトラミl/)とプT,トン化DPTにつき,その食適平衡構

造と電子状態を分子軌道法 (MNDO法)を用いて計井した.この結果から,DPTにおけ

る ｢舟一舟｣コ'/フ*ノーションと ｢椅子一椅子｣コソフォノーシSl./のエネルギ-蓋を

定立的に評価した｡また.異る溶媒下でのDPTのニトt]化分解の選択性について,分子内

のbridgeC･N と血gC･Nの結合次数 (計井億)の比較から検肘した｡

(●華東工学院 中国 210014.南京)
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