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2(3H)-BenzimidazolonesasStabilizersforSmokelessPowders

AhmedMustaLa,MohamedM.M.Sallam

andlsmai1A.R.Taw点k+

necentralites,mainly1,3Jialky1-1,3-

diphenylureaS,Were initiallyused in the

manufzLCtureOEsmokelesspowdersasgelati-

nizersFornitrocelluloseandasdeter陀ntSfor

progressivebumingpowders(ina∝ordance

withtheconventionsoftheChemicalAbstracts,

theten HCentraliteIMisusedtoreferto

1,3-diethy1-1,3-diphenylurea). In1926
Apardl)suggestedthatthebenzenenucleiin

themoleculeshou)apermitittoreactwith

thedecompositionproductsoEapowder,and

hencetoactaSaStabilizer. TlmS,well･
delIneddinitro-andletranitro.deriVativesof

centralitehavebeenshowntobeobtained

fromnitmtionofcentrAlitewithnitricacid

aloneorinmixturewithsulphuricacid.

SimilarresultswerealsoobtainedbyMasaki皇).
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i.氏-Rl=H;R2-RS-RI-Rs-Not.
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k orch占andJovinctl)I)i),illatrialto

exphinthestabilizingACtionoEcentralite,

aLSSunedthatcentraliteisonly.allinertcon･

sdtuentoEthepowderuntildecompositionof

themajorconstiluentsoccur:-thenitrocellulose

細d thenitroglycerine produce tr8CeS OE

acids,wherebyhydrolysisofcentraliteleads

to the formation ofN-elhylaniline. The

latterreactswithnitrous8Cidtoform N-

nitroso-N-ethylaniline,whilenitricacidyields,i
atleastinpart,mononitrocentialile.･

Thepresentinvestigationdealswiththe

possibility oE hdingorganic compoundS､

which may show superior propertiesaS､

stabilizersthan centmlitei:A ndcorrelation

betweensuchpropertieswith:･･'''hestructureoE

thecompoundsunderinvestigation.
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2(3H)-BenZimidAヱOlones(0-phenyleneureas)

bearstructtJratresemblancetOthecentralites

e.g.1,3JiAlky1-1,3-diphenylurea;theymay

beconsidered85Cydicureaderivatives.The

prentcompound(Ia)exhibitsahigh degree

of･chemicd stability. Thisisevidencedbyl
itsresistancetotheACtionofconceTltratedI
hydrochloriCacidat200oC,anditsstability■
todistillationoverredhotZincdust.Parallel

t¢ centrAlile (1,3-diethy1-1,31diphenylurea)

(tit)Lit_issparinglysolubleincoldwater._

2(3H)-Ben2imidazolone(h)isayeryweak

base,itdissolvesinConcentratedhydrochloric

acid,butisprecipitatedunchangedbydilution

withwaterO).

Thus,intheLoltowingareresultsobtained

byuseoE2(3H)-benEimidaZOlone(Ia)and

itsderivatives(lb-E)torcentralileunderthe

standardtestconditions.

ExperimenhlRe且ult8

Samplesofdouble･basesmokelesspowders

weremanufacturedbyasolventlessprot由s

using3% 2(3H)-bcn2:imidA王Olone(Ia)orits

derivatives(Ib-I)aSStabilizers.Dinitrotoluene

(8%)anddibulylphtlmhte(4%)wereadded.rlneachcase,exceptinl九ecaseOfthebaL
tistitepowder,whereotllyIawasaddedto

thecalculatedamountsofnitrocelluloseand

nitroglycerine. A standard sample was

siabilizedwithcentralite(ⅠⅠⅠ);meanwhile,

8nOnStabilizedsamplewaspreparedandused

as〟referencesample''.

Thesampleswereshapedinthefom of

鮎kesand then subわcted tothevarious

stabilitytest:

(A)Qualitativestabilitytests.

i)IntemalionaltestAtlOOoC7).

From the resultsrecordedin table I,it

is obvious thatthestabilizing effectoEIa

(9-10 days) isnearly the same as that

of III (10-lldays). Monosubstitution

oE the imino hydrogen in posidon-1

with a methylorphenylgroup led to a

Yob29.No.2.1Id

slightdrop in thestabilizingeLTect(9二10

days)I Ontheotherhand,substitutionin

the5(or6)-position byAmethylgroup

reducedthestabilizingproperties(7-8days).

Incaseoflc,markedlossinthestabiliヱing

euect was､observed (4-5 dayS). The

introdtICtionofanitrogroupinthe5(or6)-

position,e.g. IE,rendered theSmokeless

powdertlnStablearldeuectedrapiddecom-

Position (lessthan one day Which was

rather less than thestability oEthere-

Lerencesample(112days)). lnthecaseOE

thepowderstabilizedwith2-mercaPlo-2(3H)-

benzimidaヱ0]e(ⅠⅠ),thestabilitywastoolow;

rapid deterioration was observed aLter3

hours.

叫 ii)~The German test a1 1200 (Brown

fun es)8)9).

From the resultsrecorded inTableI.
.Iis foundthatla and IIlhave sameI
stabilizingeqectandtheorderoEthiseqectislb

(12hours),Ie(llhours),Id(101lOurS)atld

lc(7hours). Themarkedlylowstabilizing

propertiesshownbyIE(ll/2hours),being
essthanthereferencesample,mayillustrate

とheinducedeqectoEthenit,0g.｡｡｡. In

thecaseofthepowderstabilized byIL
explosionoccurredafter20minutes.

iii) TheMcthyl･violettest10).Thistestis

essentiallyusedforthemeasureofstability

ofnitrocellulose,butitisalsousedwithsome

modificationsfortestingdoub]e･basepropet･

lantSII)･

FromtheresultsrecordedinTAbleI･iti8
obvious that the decolouriヱation oEthe

staJldardtestpaperstartcJ8日hesamelime

inthecaseofbothh andIll(35minutcs),

while the timeelapsing tillitexhibitedthe

salm on-pinkcolourwaslongerinthecaseoE

Ia(115minutes)thaninthecaseofm (90

minutes). Nobrown fumes 8PPeAredaLLer

con血 qationoflleating forfurther5110urS.

SubstitutedderivAtivesshowedlessstabilizing
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powerasillstratedillTableIandtheorderisas

follows;Ib>ld>Ic>Ie.The5(or6)-nitre

derivative(If)showedalsoamarkedunstabiliz･

ingeuecttotheextentthatbrownfumesap･

peareda允er75minutesofcontinuousheating,
whereby,inthecaseofthereferencesample

brown fumesappearedafter30minutes.

Thethio･derivative(Il)renderedthepowder

sounstablethatbrownfumesappearedafter

15mimlteS.

(B) QuantitativeStabilityTests:

i)Hansen･MetzTestatllOoC(Hydrogen

ionconcentrationmethod)ln.

From theresultsrecordedinTableI,it

isapparentthatthepowderstabilizedwith

lashowedthebeststability(pHvalueof3.8

after8hours). Thepowderstabilizedwith

ldshowedstabilitysimilartothatoEthe

powderstabilized with III (pHvalue of

3.6aEter8hours). lb imparted nearly

the same stability (pH value of 3.55

after8hours). The powderscontaining

lc and le showed a lowered stability

(pH valuesof3.3and3.4after8hours

respectively).Thepowder,containinglfas

well8Sthe referencei:owder,showed a

marked)ow stability (pI･Iof2.8after8

hours),whilethepowderContainingIIwas

somuchunstablethatbrownfumeswere

quicklyformedandthetestwasnotcom-

pleted(cl.Fig.1).

ii)Bergmann･JunkTestat120oCla):

TheresultstabulatedinTable1indicated

thatlaactedastheteststabilizersinceonly

2.0mLnitricoxidewereformedfrom 5g.

ofthesample. Id,Ib,andleshowedI:etter

stabilizinge∬ect(2.2m1.,2.4m1.,and2.5m1.

ofnitriCoxiderespectively)thanlII(3.8mL

ofNO),whi一elc showed )es告stabilizing

eHect(4.5mLofNO).The5-nitroderivative

(If)ShowedaverylowstabilizingeHect(8.1

m1.ofNO)aseomparedwiththatofthe

referencepowder(10.0m1.oINO)･
H caused theevolutionofbrown

1 2 ) ■ I ■ 71 9
IINE PCRlOl) 川 HOLIRS

FigtLZQ1HAnSen.MetZTest

VoI.2?,No.2.･叩坤 (111)

fumesbeforecompletionofthetest･

iii)Determination ofthelossin

weightatlO5oC(TheDutchtest8'‖':)

The data recordedin TableI.

Showed a very distinctstabilizing

eqectforla(0.24%).Thepercentage

oElossin weightaEter64hours

recordedforthepowderscontaining

lb,Id,andlc(0.370/.;0.400/.;and

o.61% respectively) w erelessthan

thatofthepowdercontainingIll

(0.79%).IntheCaseOf血epowders

stabilizedwithIEandlI,aswellasthe
referencesample,brownfumeswere

evolvedbeforecompletionoEthetest,
and hencecaused thetestto be

stopped. Thelossinweightwas

graphicallyrepresentedasafunction

ofthe:timeofheating(cf.Fig.2)
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Figure2 DutchTestChro

TtLatOgraphicStudylnthepresentinvesti

gationaone･dimen･sioiIalmethod(TLC)w

asusedtoseparateniltroderivatives(IE-Ii

)whichmaybepos･siblyfomedduringthea

cceleratedagingofabalisticsmokelesspowderstabi

lizedwith3% ofla.Authenticsamplesofthe

nitroderivatives,lf,Ig,Ihandliwere
preparedaccordingtothemethoddescrib

edbyEqrosandhisco-workersIS)IC). A

log.sample oE theballistite was sub

jected to the l00oCtesttlntiltheapparance

oEclearlyvisiblebrown Eun es (E

rom 617 dayS). Ahercooling, the sampl

e was extracted illa Soxhletassembly

usillg abollt125mLofdry ether･chloro

fom mixture (1:I)For24hours. Themixt

ureofsolventswasthenevaporatedunderr

educedpressureandtheresiduewasdissolvedinaboutlOmls.

ofabsolutealcohoI.TransferoEthesample

tothesilicagelGplatewascarriedoutb

ymeansoL8meldngpointcapil)arytube.

ThewiJth oEtheapIpliedbandw85keptatapp

roximately15mm.14 TransferoEthe authe

nticsamples (nitroJerivutivesofla)wasdo

neinthesameway.Thedistancebetweenthe

bandswasnotlessthan5mm. Thearra

ngementOEthebandswas as follows: IE-sample-Ig-sampleJh-

samPIe-Ii-sample.ALterapplyingthesol

vent(ethylatcohol/benzeneintheratioof7

:93),sixcompoundswerecompletelyseparat

edfrom thesample.RpvaluesoEIE,Ig,and

lhwerefoundtobeinagreementwiththose

oEthreecotnpoundsseparatedErom thes

ample. AllcompundsseparatedweresdE･ind

icalorAndcouldbeeasilydetectedwithoutan

yfurthertr飽tnent.However,the separ

ated compounds weremoreclearlydistI'nguishedby

SprayingtheplatetmiLomlywithconcentrat

edAmmoniasolutiontointensiLytheirnatura

lcolours. UsingRpmeaSurementS,naturalc

olours,andcoloursdeveloped8Llerspra〆ng,

itwasPossibletocon丘m thepresenc

eOfIL,Ig,mdlh.RpvAlue80Ethree

otherunknowTLCOm･poundsBeP8r8tedfrom thesampleareAlso

givenintable



T&blelf RpvaluesoLderiyativesoE

laafteracceleratedaging.

Di8CuSBioTLO

ftheReBultSItisclear Lrom theresults

givenintableIthat2(3H)-benzimida2:Olone

(Ia)possessesmarkedsuperiorstabili血geq

ectthanthecommonlytlsedcentralite(Ill

). Thismaybeclearlyshownfromtheacce

ptedstandardtest,e.ど."theDutchtest"

(cE.Fig.2).Remarkableisthatsubstitutio

noftheiminohydrogens

inlaisaccompaniedwith )ower･ingthes

tabilizingproperties.Conpletesubstitution

,asinthecaseoE1,3ldimethylderivadv

e(Ic),leadstolowerstabilitythanthemonoN一言ubsti

tutedproducts,i.e.lbandld.Sttldy

oftheeqectofsubstitutionoEthebenzeneringinlarevealstheimportanceof

the5(or6)-position. Thus,substibtio

ninthis position with a methyl group (cE.

Id) was found to show some stabilityproper

desbutless tharLthosesl10Wn bytheNっubst

itutedproducts. Ontheotherhand,s

ubstitutionbyanitrogroupinthesaneposition(cE.IE)seemsnottofuIGuthe

necessaryrequirementsasastabilizerwhich

mayberelatedtotheinducedeuectoEth

enitregroupinposition-5(or6).Th

is丘ndsanalow withtheo

bseⅣationthatintroducdonofnitrogroup

orgroupsinthebenzenenucleioEastab

ilizer,e.g.diphenylamineisaccompanie

dwithincreaseoftheacidicproper･des,and

thus lowering the stabili之ingproperlies17).

Finally,using2(3H)-thiobenzimidazolone

oY.I27.NL2.叩18 (Ih)whichisknown tobe

prefererltiallypresentas2-mcrcaptobenヱimidazole

(llb)(cf.thefomationofS-alkylation

productsupontreatmentwithalkylating a

gents18)川)巳の aswellasitsreadyoxidationwi

thiodinetoEom thecorrespondingdisulphid

eW)hasledtoverypoorresults,whichmay

berelatedtoitsreadyoxidation.Furth

erinsightinthemechanism ofthestabil

i之ingactionofIaanditssubstitutedproducts

(Ib-i)can点ndsupportfroTn thebehaviourofthest



moleculeofastabilizershouldreactwiththe

decompositionproductsofthepowder. In

analogy, one may carefully accept this
viewswhidlmayGndsupportthatnitrogen

dioxideproducedastheformednitriCacid

duringthenitrocellllloseaswellasnitr0-

glycerine,reactwithlatogiveamiⅩtureof

nitroderivatives.

Thatlaand/Orlchavebeenreportedto

be direcdy nitrated with nitriC･Sulphuric

acidsmiXturln18)atdifferenttemperaturesto

yield5(or6)-nitro-(If),5,6ldinitro-(Ig),

4,5,6ltrinitro-(Ih)and4,5,6,7-tetranitrO-

Oi)derivatives,maysupporttheviewthatthe

benzenenlldeusinlareactswiththedecomposi-

tionproductsofthepowder.Thisisindeedthe

caseobtainedfronthethin･Iayerchromatogra-

phicexperimentonanacceleratedageddouble･

basesmokelesspowderusingIasastabilizer.

SuccessfulSeparationandidenti丘cationofthe

mononitro-(If),dinitro-qg)andtrinitro-(Ih)

aswellasthedetectionofotherthreeproducts

developing positive colotlr with alkaline

reagents(possibly other nitrocompounds)

gavean insightinthemechanism ofthe

stabilizingactionoflaanditssubstituted

derivadves(Ib-Ie).Furthemore,theformation

ofthesenitroderivativesduringtheaging

processafterprolongedheatingh contact

with thedecomposidonproductsmay 丘nd

supportfromthereadytraTISformationofthe

mononitroto the di-,tri-andtetranitro
derivadves15)16)

Thtthe benBimi血石01thione(ⅠIa)gave

poorresultsmayberelated_tothefactthat

itisreadilyoxidizedtothedisulphidebythe

acdonofnitricacid,fomedduringthede･
compositionoftheComponentsofthedouble･

basesmokelesspowder. nedisulphidew皿

leadtofurtherdecompositionproductsunder

thegivenexperimentalcondi血ns.

FurtherworkisinprogresstOStudythe

natureoLthedecomposidonproductsofla

18

and its substituted derivatives (lb-i) to

enlighten themechanism ofthestabilizing

actionof与uChtypeofcompouTIds.
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如煙火薬用安定剤としての 2(3H)-Benzimidazolone

A.Mustafa,M.M.班.Sallam,I.A.K.TowEik

2(3H)-BenZimidaZOloneおよびその譲等拝,すなわ

ち 1-methyl,1,3-dimelhyト,1-phenyl,5-methy1-,

5(又は6)-nitrcrl2(3H)-J3enZimidaヱOloneおよび

2(3H)-thiobcndmid8201oneを封逢し安定剤としてダ

ブルベース無煙火薬に混合した｡

これらの安定剤を含んだ火言掛こついて萄々の安定度

Yo1.的 NA,2.1I一B

紬 を行い,セントラリyトl(1.3-dicthy1-I,3-

dipheTIylurea)を含む幼合および安定剤を含まない場

合を比放した｡

無唐火薬の分解生成物中から持帳クt]マトグラフを

用いて nitro-2(3H･)-ben王imi血zolorLeを分相同定し

た｡
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