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Thes~thesesof isobutylbonzene,sec-lmtylbenzene,andtert-
butylbenzeneinU-gallonquantitiesar=escribed.Thesec-—
butylbenzonewespreparedby reactingsec-bwtylalcoholW= benzene
inthepresenceofahm:numcklorideti-an@Vdroushydrogenchloride.
Thetert-butylbenzenewaspreymed‘ma similarmannerwithoutthe
useofhydrogenchloride.Thepreparationof tsobutylbenzeneinvolved
thereactionofphenylmagnesiumbrcmidewitiimethallylchlorideto
yield2-reitiyl-3-phenyl-l-?xropene,whichws I?artlyre=wed to
2-metkyl-l-phenyl-l-prbpene.Botholeflnswen”eIsolated. me PhYsic~
propertiesaretabulatedandfreezingcurvesareplottedforthefive
hydrocazzbons.
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INTROIXJCTION

Isobutylbenzene,sec-butylbenzene,andtert-butylbenzenewere
synthesizedandpurifi=aapartofa progrsminvolvingtheevalua-
tionofaromatichydrocarbonsasantiknockcompcmentsofaviation
fuelat theNACAClevelandlaboratory.

—
Eachhydrocarbonwasprepared

andpurifiedinan H-gallonquantity.Thesynthesisandpurifica-
tionof~-butylbenzene(reference1)amd1,2,4-trimethylbenzene
(reference2)havepreviouslybeenreportedfromthislaboratory.

Severalmethodsforthesynthesisof isobutylbenzenehave
appearedintheliteraturebutmuchof theworkis questionable
becausetert-butylbenzeneisformedwhenbenzeneisalkylatedwith
isobutyl=oholor isobutylchloride.Isobutylbenzenehasbeen
preparedby theWurtz-Fittigmethodusingeitherisobutylbromide
(reference3) or isobutyliodide(reference4)withbromobenzene.
Similarly,benzylchlor~dewascondensedwithisopropyliodidein
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reference5. Isobutyl%onzenehasalsobeenpr@aredby thehydr~-
genationoftheolofinsobtain@fromtheddq@rationofthereaction
prductofbenzyL=gnesiwchlorideandacetone(reforonco6).
Becausethismethodinvolvosthrcmsteps,itwasdecide5to investi-
gatethotwo-stepreactionbetweenphel~fii~gnesitmInvmit!oand
methallylchlorideandthesubsequenthydroGe~~mtionofthereaction
product.

Theal~lationofemmattchydrocarbonsintheprosencoof
variousdehydratingagentshasbeendescribelinmanyarticles.
sec-Butylbenzenehasbeensynthesizedfrombenzenean5halides,
~o~ol~ , ethers,or esterscontainingactive~-butyior sec-lxztyl
groups.Whensec-butylalcoholwasreactedwithbenze,ne=the
presenceofan.rous aluminumchlorideandhydrogenchloride,sec-
butylbenzenewaspreparedin81-percentyield(i”eference7). T??
methodwithslightadaptionswasfwnd tobe suitableforlaree-scale
synthesis. ..——

Similarly,tert-bu.tyltenzenehasbeenpreparedby manya~la-
tions.Themeth=f reference8 inwhichtert-butylalcoholis
condensedwithbenzeneinthepresenceofm—rms aluminumchloride
inthemolarratioofapproxj~mately1:5:0.5,respectively,wasfcund
tobe verysatisfactory.

—

-.—

-.

DISCUSSIONOFSYNTKESES

Theproceduredescribedhereinforthepreparationof isohutyl-
benzeneinvolvesthepreparationofmethallylbenzene(2-methyl-
3-phenyl-l-propene)fromphenylmagnesiumbromideandnethaliyl
chloride.Itwasnoted,however,thateitherondistillaticmofthe““
reactionproductatatmosphericpressureor ontreatmentw:tiismall
amountsof sodiuminliquidmmoniatoremovethelasttracesof
halo~en,varyingquantitiesof p,p-dimethylst~ene(Z-E~thyl-
l-phenyl-l-prspene)wereobtained.Botholefinswerepurzi’iedby
fractionaldistillationundervacuumandtlaeircans’tantwarerecmdod
intable1. Thestructuresofthoseolefinspreparedby the —
rearrangementofneophylchloride(1-chloro-2-methyl-2-pheny2pr5pa-ne)
hasbeenpreviouslyestablishedinreferenceS. Ozm=lysisof
methallylbenzenegavephcmylacetaneandformaldehyde,andthosue
procedureappiiedto p,p-d-imethylst~eneresultwtntll~fa~=tion

..

ofbenzaldeh@eandacetone.Theseobservationskave_ccencmfirmod
by theisolationofphmylacotonefrommetbillylbenzeneandaf
benzoicacidandacetonefrom!3,&dinethylstyrmeb~ pe~n~to. oxidation.
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Thelasttracesofhalogenworere?mv~ifrmntheolefinsb;r
azeotropicdistillationwithcycluhexanulorby treatmentwith
sodiuzinliquidammonia.Aftertheremovalofhalogen,theolef”ins
werereadilyhydrogenatedinthepresenceofU.O.P.nickelcatalyst.

Thereactionsareillustratedasfollows:

%
C6H5& = C##gBr

ether
(bromobenzene) (phcmy=~esj.mbromide)I

I cH@-cE2cl
I

1 ‘3
(nathallylchloride)

C6115CE2;=CH2l@ll-m4 ;

/
%

C&j c655~2-~-~3

-/’c6qxI#Hc=3 .–:.::

1

heator

&5
80dlLURh

‘/ liquid
(isobutylbenzene)

\

amnonia
C6H5COCEI

c6H#?3=p2E3 KMmO& (benzo+cacid)
CH3 :

(9,~-d-~etv~stmene) CH+-CH3
(acetone)

Whenbenzeneisal.kylatedwitii~-butylalcoholor~a~-butyl
alcohol,sec-butylhenzeneisproduced.Becausesec-tiutylalc~hcl
gavegood~elds,thereactionwitin~-butylalca~ wasnotinvesti-
gated.Theyieldofthemonosubstitutedproductisquitesensitive
to themolarratiobetweenalcoholandaluminumchhridoandthe

.—

ratioshownintheexper~ntaldetails~ivesnearlyt??emaximum
yieldof sec-butylbenzene.A aull mount ofdi-sec-butylbenzerm
wasalso=ained; thebolltngpo’iatofthiszmte= was255°C..
760mm endtherefractivehdOX & was 1.4a7. .-

Theuseofferricchlorideaswellas aluminulnohlDrt3einthe
preqaratlonoftert-butylbenzeneW~S in~=t%ated with ~oo’~~~~~ts;.--— .-.–
becausetheamo=of ferricchloriderequi~-e~fora coqarableyie13
isnearlytwicetheamountofaluintnumchlcmi~eneeded,aluminua

3
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chloridewasusedexclusively in thelarge-scaleprepaiiation.A
smallamountof~-di-tert-lmtyllenzenewasalsoobtainedunderthe
conditionsused;Wne~ing pointofthiseubstancewas77.5°-78.00C.

Becausethedensttyandrefractiveindexof isobutylbenzeneand
sec-butyibenzeneincreasedon st=di~ dueto oxidation,thephysical
~mtants weretakenimmediatelyafterdistillation.Thephysical
constantsofallhydrocarbons&reshownintableI.

Isobutylbenzm.e.- Tineapparatususedforthissynthesiswas
thesameas thatdescribedinreference1. ~ a 10C-gallonreactor
9.74kilograms(400UAOS) ofma~esiumturningswascoveredwith
10gallonsofdryethylether.A Z-molepreparationofphenylmagne-
siumbromideanda 2-kilogramquantityofbromobenzenewasaddedto
themixtureto startthereaction.Aftertheinitialreactionsub-
sided,refluxwasmaintainedby theaddittonof 60.5kilogram
(atotalof400moles)ofbromobenzenedissolvedin10 gallonsof
ether.A 36.5-kil.ogramquantityofmethallylchloridedissolvedin
10gallonsofetherwasaddedtna periodof8 hours;thoudxturo
becamequitepasty.Itwastheniwdrolyzedby theslowadditionof
35gallonsof10-percenthydrochloricacid. !&eacidlayerwasdrawn
offandtheether-hydrocarbonlayerwaswashedsuccessivelywith
water,5-percentsodiumbicarlmnatesolution,andfinallywater.
Aftertheetherwasdistilledfromthereactionmixture,about15gal-
lonsof crudeproductremained,6 gallonsofwhichwasdistilledwith
1 gallonofethanoland1 gallonof cyclohoxamlina fi-adi~ting
columnofapproximately40 theoreticalplates.Thela~ttracesof
halogencameoffinthecyclohoxanolfractions;a mixtureofncthallyl-
benzeneandB,P-dimethyletyrenewasobtained.A sampleofmethallyl-
bonzeno( )n~”1.50~3wa=purifiedby fractionaldistillationina
glass-helixpackedcolumnatreducedpressure.Thephysicalconstants
arerecordedintableI anda fi-e~zhg curveisshowninfigure1.

.

Althou@partofthohalogenwasromovodby heatingrlthsodium
hydroxideinethanol,itwasnecessarytoremovethelasttraces
withsodiuminliquidamnoniaorby azeotropicdistillation.A

. —

l-gallonsempleofthehydrocarbonmixturewasplacedina 12-liter,
three-neckedflask,fittedwttha Dry-Ice-acetonecondenssrand
stirrer,and4 litersofanhydrousamoniawasaddedfollowodby
thinlyslicedsodiummetaluntila Boilstointestforhalagonwas
negativeona smallhydrolyzeds=ple. Then2 litersofwaterwas
slowlyaddeduntilalltilesodimhadreactedandtheaqueousammonia
layerwasdiscarded.Thehydrocarbonlayerwaswashedwithdilute
hydrochloricacid,sodiunbicarbonatesolution,andwaterand.?lried

4
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by passingitthrougha columnofactivatedaluminaatroantempera-
ture. 20TherefractiveindexnD

———
ofthel-gallonsamplewasraised

from1.510to1.535by thistreatment,whichindicategpartial
isomerizationto P,13-dinmthylstyrene.

A 2-litersmple oftinehydrocarbonmixturetreatedwithsodium
andliquidemnoniawasthendistilletatreducedpresstme&idabout
80percentofthismaterialdistilledat 69.0°C at 12mu an~hada
refractiveindexn~O vary5~frum1.5400to1.5406.A freezing
curve(fig.2) indicatedhighpurityofthesamplehav-inga refrac-
tiveindexn~” of1.5406.Thetotalyieldoftineolefinsvaried
from45 to 53percent.

Oxidationof13.2gramsoftheolefinwitha refractiveindex
n$” of1.5406with31.6gramsofpotassiumpermanganate+Q150cc
ofwaterresultedina 74-percentyieldofbenzoicacidwttha
meltingpointof122°C. Themixedmelt= pointwitlnanauthentic
sampleofbenzoicacidwasunchanged.Acetonewasrecweredasthe
2,4-dinitrouhenylhydraz@nelaa 16-percentyielfiwitha melti~point
of123°-124bC efteronsrecr~stallizationfromalcohol.Theseda%a
agreewellwiththoseinreference10andindZcatethattheolefin. -— .—.,..__is13,13-dimethyLstyrene.

Oxidationofa 2-gramsampleoftheolef-hwitha refractive
index n~” of1.5083“with4 gramsofpotassiumperm~anateina
50-percentaqueousacetonesoluticnyieldedazn~il (1.0gram;refrac-
tiveindex,fio1.5L5).Afterrecrystallizationfromaqueousalcohol
itgavea se@&rbazonewitha meltingpointoflE16°-lS70C. The
meltingointofthesenicarbazoneofphenylacetoneisreportedas

3186°-187C inreference7 indicatingthattheolefinismethallyl-
benzene.

—
.-

Thehydrogenationswereconductedinthemannerdescribedin
reference1. Ina typicalrun,12.9kilogramsof a mitiureofthe
olefinscontaining5 percent%y weightofU.O.3?.nickelhydro.getit-ion
catalystwerehydrogenateiiat 120°-140°C untilno morehydrogenwas .-
consumed.Thebenzenerin$washydrogenatedat 170°C. Theh@ro-

-—

genatedmaterial wasthensu%jectedto carefulfractionationina“”
columnofapproximately190theoreticalplates;pureisolmtylbenzene
wasobtained.Theyieldfromthehydrogenationwasnearlyquanti-
tative.ThephysicalconstantsarelistedintableI andthe
freezingcurveis showninfigure3.

5
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sec-Butylbenzene.- A S5-kilo~amquantityofbenzenewaB
placedina 30-gallonglass-linedreactorequippedwith.sepe,ratory
funnel,gasinlettube,agitator,tiiermccouple,water-cooledjacket
condenser,andaspirator.Thea~drous aluminumchloride(6.17kg~
wasaddedtothebenzene,andhydrogenchloridegaswasbubbled
throughthesuspensionfor30minuteswithstirring.A 5.7-kilograril
quantityof’benzenewasmixedwith5.06kilogramsof -bL~.tylalcohol
andthissolutionwasslowlyaddedthronghtheseparatcn’yfunnei.As
soonasthereactionbecamevigorous,thereactingmixturewascooled
to13°C by runningcoldwaterthroughtheJacket.Thealcoholsolu-
timzwascompletelyaddedin3 hoursafterwhichthemixturewas
stirredfor10hoursandthenallowedto standovernight,Dilute
hydrochloricacidwasaddeduntiltinealuminumhydroxidefromthe
benzenecomplexwascompletelydissolved.Thehydrocarbonlayerwas
thenwashedoncewith5-percentsodilnbicarlmatesolutionandtwice
withwater.Thelayerwasdriedby passi~itthrou@anactivated
aluminatowerandthesec-butyibenzenewasfractionatedina
70theoretical-platec=mn. h 80.2-percenttheoreticalyield
(basedonsec-butylalcohol)wasobtained.Thebests=plewas
obtainedby refractionation.Thefreezingcurveon sec-butylbenzene
couldnotbe broughttothermodynamicequil.ibri-umde~te repeated
atte.m~ts.A meltingcurveaswellas tidefreezingcurve% therefore
showninfigure4.

tert-Bdtylbenzene.- Thetert-butylbenzenewaspreparedina
reactorsimilarto thatusedfm sec-butylbenzene.Thealuminum
chloride(8.46kg)wascoveredwith31.8kilogramsofdrybenzene.
A mixtureof 7.9kilogramsofbenzeneand9.47kilogramsoftert-butyl
alcoholwasslowlyaddedwhilethesuspensionwasstirred.=. the
initialreactionbegan,as evidencedbg theevolutionofhydrogen
chloride,themitiurewascooledto 17 C duringtheaddittonofthe
remainderofthebenzene-alcoholsolution.Theadditionrequired
4 hems. Thenixturewashydrolyzedwith25litersofwater,and
hydrochloricacidwasaddeduntilallthealuminumhydroxidedis-
solved.Thehydrocarbonlayerwaswashedoncewithwater,oncewtth
5-percentsodiumbicarbonatesoluticn,andtwicemorewithwater.
Thehydrocarbonlayerwasthendriedby passingitthroughem acti-
vatedaluminatower,emdtiterthebenzenet=dbeendistilledthe
tert-butylbenzenewasfractionated.Theyieldof tort-butylbenzene
=69 percentofthetheoreticalyield,Thephys= constantsare
shownintableI andthefreezingcurveis showninfigure5. The
propertiesof~-butylbenzene(reference1)areincludedforpurposes
of courparison.

AircraftEngineRosoarchLaboratory,
NationalAdvisoryCommitteeforAeronautics,

Cleveland,Ohio,January2,1946.
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TAJ3LEI - PHYSICALCONSTANTS

Indexof
refraction

%

2-Methyl-3-phmyl-ICleveland
I I

-33.96
l-propene laboratory

II2-Methyl-l-phenyl-----do-----50.60
l-propone

~-Butylbenzene lReferencell-87.97

Isolnztylbenzanel~=~:yl“1”’1
sec-Butylbenzene I----do-----75.68

tert-Butylbenzenel----do----l-57.87

175.8

187.7

183.3

172.7

173.4

169.2

1.5083

1.5406

1.4899

1.4862

1.4901

1.4925

Density
at 20°C
(grml/ml

0.8821

.9050

.8601

.8525

,8618

.8662

NationalAdvisoryCommittee
forAeronautics

.-
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