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NATTONAL: ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAIL, NOTE NO. 10Z1

THE SYNRTHESTS AND PURIFICATION OF ARCMATIC HYDROCARBONS
IIT - ISOBUTYLBENZENE, sec-BUTYLBENZENE
AND tert-BUTYLBENZENT

By C. M. Buess, J. V. Earabinos
P, V. Xunz, and L. C. Gibbons

SUMMARY

The syntheses of iscbutylbenzene, sec-butylbenzene, and tert-
butylbenzene in ll-gallon quantlties are described. The gec-
butylbenzene wes prepared by reacting sec-butyl alcohol with benzene
in the presence of aluminum chloride and . anhydrous hydrogen chloride.
The tert-butylbenzene was presared In a similar manner without the
uge of hydvogon chloride. The vreparation of lsobutylbenzens involved
the reaction of phenylmagnesium bromide with methallyl chloride to
yield 2-rethyl-3-phenyl-l-pronene, which was partly rearranged to
2-methyl~1-phenyl~l-propene. Both nlefins were isolated. The physical
properties are tebulated and freezing curves are plotted for the flve
hydrocarbons,

INTROTUCTION

Isobutylbenzene, gec-butylbenzene, and tert-butylbenzene were
synthesized and purifiel as part of & program involving the evalua-~
tion of eromatic hydrocarbons as antiknock components of aviation
fuel at the NACA Cleveland laboratory. Each hydrocarbon was prepared
and purified in an ll-gallon guantity. The synthesis and purifica-~
tion of n-butylbenzene (reference 1) and 1,2,4-trimethylbenzene
(reference 2) have previously been reported from this laboratory.

Several methods for the synthesls of isobutylbenzens have
appeared 1n the llterature but much of the work is questionable
becauge tert-butylbenzene is formed when benzene is alkylated with
igobutyl alcohdl or lsobutyl chloride. Isocbutylbenzene has been
preparcd by the Wurtz-Fittig method using either isobutyl bromide
(roeference 3) or isobutyl iodide (reference 4) with bromobenzene.
Similerly, benzyl chlor:ide was condensed with isopropyl iodide in
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reference 5. Isobutylbenzene has also been prepared by the hydro-
genation of the olefins obtained from the dehydration of the reaction
product of benzylmagnesiwi chloride and acetone (refercnce 6).
Because this method involveos three steps, it was decided to investi-
gate the two-step reaction betwesn phenylmagnesium bromide and
methallyl chlorlide and the subsequent hydrogenation of the reaction
product.

The alkylation of arcmatic hydrocarbons in the presence of
various dehydrating agents has been describel in many articles,
Bec-Butylbenzene has been synthesized from benzene ani halildes,
alcohols, ethers, or esters containing active n-butyl or sec-butyl
groups. When gec-butyl alcohol was reacted with benzene in the
pregence of anhydrous aluminuw: chloride and hydrogen chiloride, sec-
butylbenzene was prepared in 8l-percent yield (reference 7). This
method with slight adaptions was found to be sulitable for large-scale
synthesls.

Simllarly, tert-butylbenzene has been prepared by many alkyla-
tions. The method of reference 8 in which tert-butyl slcohol is
condensed with benzene in the presence of anhydrous aluminum chloride
in the moler ratio of approximately 1:5:0.5, respectively, was fcund
1o be very satisfactory.

DISCUSSION OF SYNTHESES

The procedure described herein for the preperation of isobutyl-
benzene involves the preparation of methallylbenzens (2-methyl-
3-phenyl-l-propens) from phenylmagnesium bromide and methaliyl _
chloride. It was noted, however, that either on distilletion of the
reaction product at atmospheric pressure or on treatuent with small
amounts of sodium in liquid ammonia to remove the laght traces of
halogen, varying quantities of B,f-dimethylstyrene (2-nethyl-
l-phenyl-l-propene) were obtained. Both olefins wers purified by
fractional distillation under vacuum and their constants are recorded
in table I. The structures of those clefing prepared by the
rearrangement of neophyl chloride (1-chloro-2-methyl-2-phenyipropane)
has been previously established in reference £, Ozondlysis of
methallylbenzene gave phenylacetone and formaldehyde, and the same
procedure applied to B,B-dimethylstiyrene resulted in the formation
of benzaldehyde and acetone. Thesge obsorvations have been confirmod
by the isolation of phenylacetone from methallylbenzene and of -
benzoic acid and acetone from B,B-dimethylstyrens by permanganato
oxidetion.
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The last traces of halogen were removed from the olelins by
azeotropic distillation with cyclohexanol or by treatment with
godiuwm in liquid ammonia. After the removal of nalogen, the olefins
were readily hydrogenated in the presence of U.0.P. nickel catalyst.

The reactlions are illustrated as follows:

Mg
ether
(bromobenzene) (phenylmagnesium bromide)
Cip=0-CECL )
CE3
l(methallyl chloride)
C-B-CH-C=CH. XMnG, s}
eH5CH20=CE2 4 ?
CEs CgHeCHp-C~CH
(methailylbenzene) {phenziacetone)
CSHSCHZC'HCES Hy, + i eat or
J — 4 sodium in X
CHz, 20 ¢\ 15quid
t axmonia
(izobutylbenzene) \ eHaCO0K
CgHgCB=C-CHy _KMnOy (benzolc acid)
i E 9
(8,6-d methyistyrene) CEz-C-CHz
(acetons)

When benzene is allylated with n-butyl alcohol or gec-butyl
alcohol, sec-butylbenzene 1s produced. Because sec-butyl alconcl
gave good yields, the reaction with n-butyl alcohol was not investi-
gated. The yield of the monosubstituted product is quite sensitive
to the molar ratioc between alcohol and aluminum chloride and the
ratio shown in the experimental details gives nearly the maxlmum
yield of sec-buhbylbenzene. A small amount of di-gec-butylbenzens
was also obtained; the boiling point of this material was 235¢ ¢

760 mm and the refractive index nf'jo was 1.487. -

The use of ferric chloride as well as aluminum ohloride in tae
prevaration of tert-butylbenzene was investigated with good results;
hecause the amount of Terric chloride required for a comparable yield
ig nearly twice the amount of aluminum chloride necded, aluminum C
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chloride was used exclusively in the large-scale preparastion. A
small amount of B—di-tevt-butylbenzene was also obtained unuer the
conditions used; the melting point of this substance was 77.5 °_78.0° ¢,

Boecause the density and refractive Index of igobutylbenzene and
gec-butylbenzene increased on standing due to oxidation, the physical
constants were taken immediately after distillation. The physical
congtantg of all hydrocarbons are shown in table I.

EXPERIMENTAT, DETATLS

Isobutylbenzene. - The apparatus used for thils synthosis was
the same ag that described in reforence 1., In a 10C-gallon reactor
9.74 kilograms (400 moles) of magnesium turnings wae covered with
10 gallons of dry ethyl ethor. A Z2-mole preparation of phenylmagne-
sium bromide and a 2-kilogram quantity of broaobenzene was added to
the mixture to start the reaction. After the initial reaction sub-
sided, reflux was maintained by the addition of 6C.5 kilograms
(a total of 400 moles) of bromobenzens dissolved in 10 gellons of
ether. A 38,.5-killogram quantity of methellyl chloride dlssolved in
10 gallons of ether was added in a period of 8 hours; the uixturo
became quite pasty. It was then hydrolyzed by the slow addition of
35 gallons of 1lO0-percent hydrochloric acid, The acld laycr was drawvn
off and the ether-hydrocarbon layer was washed successively with
water, S5-percent sodium bicarbonate solution, and finally watocr.
After tho eothor was distilled from the reaction mixturs, about 15 gal~
lons of crude product remalned, 8 gallons of which was distilled with
1 gallon of ethanol and 1 gallon of cyclohexanol in & fractionating
column of epproximately 40 thooretical plates. The last traces of
halogen came off in the cyclohoexanol fractions; a mixture of methallyl=-
benzene and P,p-dimethylstyrene was obtained. A sample of methallyl-

bonzene (p%o 1.5083> was purified by fractional distillation in a

glass-helix packed column at reduced pressure. The phyaslcal constants
are reocorded in table I and a freezing curve is shown in figure 1.

Although part of tho halogen was romoved by heating with sodium
hydroxide in ethanol, 1t was neoccessary to remove the last traces
with sodium In liquid armonia or by azeotroplc distillation. A
l-gallon sample of the hydrocarbon mixture was placed in a l12-liter,
threse-necked flasgk, fitted with a Dry-Ice-acetone condenssr and
stirrer, and 4 liters of anhydrous ammonia was added followed by
thinly sliced sodium metal until & Beillatelin test for halogen was
negative on a small hydrolyzed sample. Then 2 liters of wator was
glowly added until all the sodium had reacted and the aqueous asmmonle
layer was discarded. The hydrocarbon layer was washed with dllute
hydrochloric acld, sodium bicarbonate sclution, and water and Qried

4
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by passing it through a column of activated alumira at room tempera-
ture, The refractive index ngo of the l-~gallon sample was ralsed

from 1.510 to 1.535 by this treatwment, which indicates partial L
isomerization to B,B-dimethylstyrense. -

A 2-1iter sanple of the hydrocarbon mixbure treated with sodium
and liquid emmonia was then distilleé at reduced pressure and about
80 percent of this material distilled a®t 69.0° C at 12 rm ani hed a

refractive index n&° warying from 1.5400 to 1.5406. A freezing T
D .

curve (fig. 2) indicated high purity of the sample having a refrac-

tive index n?o of 1.5406. The total yleld of the olefins varied

from 45 to 53 percent.

Oxidation of 13.2 gramas of the olefin with & refractive index
20

np of 1,5406 with 31.6 gramns of potassium permangenate in 150 cc

of water resulted in a T4-percens yileld of benzoic acid with a
melting poilnt of 122° C. The mixed melting point with an auvthentic
saemple of benzolc acid wes unchanged. Acetons was recovered as the
2,4-~dinitrophenylhydrazene in a l6-percent yield with a meltling point
of 123°-124° C after ons reécryatallization from alcohol, These data
agree well with those in reference 10 and indicate that the olefin

is B,p-dimethyistyrens, T T

Oxidation of a Z2-gram sample of the olefin with a refractive

index n%G of 1.5083 with 4 grams of potassium permanganate in g

50-percent aqueous acetone soluticn yielded an oil (1.0 gram; refrac-

tive iIndex, n%o 1.515). After recrystallization from agueous alcohol

it gave a semicarbazone with a melting point of 186°-187° ¢, The
melting goint of the semicarbazone of phenylacetone is reporved as
1869-187° G in reference 7 indicating that the olefin is methallyl- -
benzene. T
The hydrogenations were conducted in the manner described in
reference 1. In a typical run, 12.9 Xilograms of & mixture of the
olefins containing 5 percent by weight of U.0.P. nickel hydrogenation
catalyst were hydrogenated at 120°- 140° C until no more hydrogen was L
consured. The benzere ring was hydrogenated at 170° C. The hydro-
genated material was then subjected to careful fractionation in &
column of approximetely 100 theorstical plates; pure isobutylbenzene
was obtained, The yleld from the hydrogenation was nearly quanti-
tative. The physical conastants are listed in table I and the
freezing curve 1ls shown in figure 3.
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gec-Butylbenzens. - A 35-kllogram quantity of benzens was

placed in a 30-gallon glass-lined reactor equipped with seperatory
funnel, ges inlet tuve, agltator, thermocouple, water-cooled Jacket
condenser, and aspirator. The anhydrous aluminum chlorilde (6,17 kg$
was added to the benzene, and hydrogen chlorlde gas was budbbled
through the suspension for 30 minutes with stirring. A 5.7-killogram
quantity of benzene was mixed with 5.06 kilograms of gec-butyl alcohol
and thies solution was slowly added through the separatory funnel, As
soon as the reaction became vigorous, the reacting mixture was cooled
to 13° C by running cold waber through the Jacket. The alcohol solu-
tion was completely added in 3 hours after which the mixture was
stirred for 10 hours and then allowed to stand over night. Dilute
hydrochloric acid was added until the aluminum hydroxide from the
benzene complex was campletely dissolved. The hydrocarbon layer was
then wasghed once with S~percent sodivm bicarbonate solution and twice
with water. The layer was dried by passing it through an activated
alumina tower and the sec-butyibenzene wes fractionated in a

70 theoretical-plate column. An 80.2-percent theoretlcal yield
(based on gec-butyl alcohol) was obtained. The best sarple was
cbtained by ¥ refractionation. The freezing curve on sec-butylbenzene
could not be brought to thermodynemic squilibrium despite repeated
attemnts. A melting curve as well as the freezing curve is therefore
shown in figure 4.

tert-Butylbenzene. - The tert~butylbenzene was prepared in a

reactor gimilar to that used for sec-butylbenzene. The aluminum
chloride (8.46 kg) was covered with 31.8 kilograms of dry benzense.

A mixture of 7.9 kilograms of benzene and 9.47 kilograms of tert-butyl
alcohol was slowly added while the suspension was stirred. After ths
initial reaction began, as svidenced bg the evolution of hydrogesn
chloride, the mixture was cooled to 17 C during the addition of the
remaindsr of the benzene-alcohol solution., The addition required

4 hours, The nixture was hydrolyzed with 25 liters of water, and
hydrochloric acid was added until all the aluminum hydroxlde dis-
solved. The hydrocarbon layer was washed once with water, once with
S5-percent sodium bicarbonate soluticn, and twice more wilth water.

The hydrocarbon layer was tiuen dried by passing it through an acti-
vated alumina tower, and after the benzene had been dlistilled the
tert-butylbenzene was fractionated. Theé yield of tert-butylbenzene
was 69 porcent of the theoretical yield, The phy51cal constants are
shown in table I and the freezing curve is shown in figure 5. The
properties of n-butylbenzene (reference 1) are included for purposes
of comparison.

Aircraft Engine Research Laboratory,
Netional Advisory Committee for Aeronautics,
Cloveland, Ohio, January 2, 1946.
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TABLE I - PHYSICAL CONSTANTS

Source of |Freezing|{Boiling |Index of |Denslty
Hydrocarbon constants |point point at}refractionjat 20° ¢
(°c) {760 mm 20 (gram/m1)
(°c) P
2-Methyl-3-phenyl-{ Cleveland -33.,96 | 175.8 1.5083 0.8821
l-propens laboratory
2-Methyl-l-phenyl-{ -~~-d0==~=| -50,60 187.7 1.5406 .9050
l-propens
n-Butylbenzene Referencel| -87.97 | 183.3 1.4899 .8601
Isobutylbenzense Cleveland ~-51.81 172.7 1.4862 .8525
laboratory
ssec-Butylbenzene --=-do~--~--} -75.68 173.4 1.4901 .8618
tert-Butylbenzens | --~-do-==-=| -57.87 169.2 1.4925 .8662

National Advisory Commititee
for Aeronautics
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