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Thls invetition relates to the alkylation of arématic hy-

drocarbons with monoalkyl benzeties, and more specifi-

cally relates to the alkylatlon of certain moronuclear
aromatic hydrocarbons with ionoalkyl benzénes having
at féast 2 carbon atoriis it the alkyl group.
One specific’ eibodiient of the invention relates to a
process for producing a. dlarylalkane hydrocarbor which
- coniprises reacting under spec1ﬁc conditions, ag hereinafter
defined, a miononucléar aromatic ‘hydrocarbosi, such as
benzene, with a monoalkyl Benizehe having at léast two
carbon 4dtéms in fhe alkyl sitbstituent, such as ethyl-
beiizéne, by subjectinig a mixtiire theréof to the action of
a tertiary olefin and hydrogen fluctidé. . It has beéen
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found that under these coriditions the mionoalkyl berizene

alkylates the mononuclear aromatic t6 formi a diatylalkane

. ‘hydrocaibon, and that alkylatlon of either aromatic re-
actant with the tertiary olefin is not observed to any sub- .

stantial extent.

In order to illustrate the process of the invention, iso-
butylene is added to an admixture of benzene, ethyl-
benzene, and hydrogen fluoride while maintaining the tem-

peratnre of the teaction mixture within the range of from-

100° C. to 185° C.” Ths reaction product of benzene and
cthylbenzene, 1,1-diphenylethane, is formed and can be
fecovered from the reaction miixture by distillation.
Utider optitaum  conditions .of reactlon, substantlally i
tertiary butyibénzene or tertiary butylethylbenzene is. Ob-
served, This reaction i§ 111ustrated by the followmg equa-
tion: .

’ . HF
@ + @cmom + (CHy):C=CHy s

CH;

CH . .

In fny copending patent application, Serial No. 381,752,
filed September 22, 1953, the dimerization of mono-
nuclear aromatic hydrocarbons, such as ethylbenzene,
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from 1 to 20 ‘carbon atoms, and wherein R: is an a,lkyl
radical or a cycloalkyl radical having from 1 to 20 car-
bon atoms, or a hydrogen atom. = The alkyl benzene thus
has at least two carbon atomis in:the -alkyl group and at
least one hydrogen atom is attachied to the carbonatom
of the alkyl group which is joinied to the aromatic nicleus.
Ethylbenzene ind cumeii¢ (iSopropyl benzene) are pré=
ferréd reactants in the present process.  Othér monoalkyl

. benzenés which may be employed include, for example,

n-propylbenzene secondary butybenzene, secondary amyl-
benzZene, phenylcyclohexylmahane, 1-phenyl-2-cyclohex-
ylethane and thé liké: The monoalkyl benzene reactant
is préferably substantially free of other hydrocarbotis, and
best results are obtaitied when the presence of other hy-

drocarbons is maintained below 10%.  However, hydio-

_carbons which do not react under the cond1t10ns em-

ployed, such ‘as normal paraffins, may be present to an
extenit of about 40% without, adversely. affecting the re-
action. Isoparaffins redact under the conditions employed
in the process, and hence they should not be present to
an appreciable extent.

By “tertiary olefins,” as used herem, is mieant a hydro-
carbon having an oleﬁmc double bond and at léast one
tertiary carbon atom. - It is preferred to employ a tertiary
olefin wherein the brauched chaiii ‘is attached to the un-
saturated carbon ator. Tertlary olefins which give good
restlts include,  for example, isobutylene, 2-methylbu-
terie-2; 2:methylbutene-1; 2-methylpentene-2; 3-ethylpen-
ene-2; 1-methylcyclohe‘cene d-methylcyclohexene, and .
homologues and isomers thereof,.

"The mole ratio of tertiary olefin to monoalkyl benzene

" is preferably maintained within the range of from 0.1:1
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to-1:1. . Where the micle ratio is about 0.1:1, a relatlvely .

-~ high yield of the diarylalkane based on conversron i§ ob-
5 tained, while at higher mole ratios a higher total con-

versien is obtained. The quantity of hydrogen fluoride
to employ is not critical but is advantageously maintained
in excess. A mole ratio of hydrogen fiuoride to tertlary
olefin of from 1:1t620:1 is shitable. :
‘It is prefeifed t6 emiploy an eXcess of the ononuclesr

.. aromatic hydrocatbon. A niolé fatio of mononucléar 4io-

matic hydrocarbon to rionoalkyl benzené of from 0.5:1 to
10:1 is stiitable and excellént tésults are obtained when
thé mole F4tio is from 1:1 10 2:1. N

1t is esséntial to the siiccesstiil oper'ation of the present
process that the température of reaction be maintained

* -at least as high ds 100° €. At temperatures of below 100°
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__ below 100° C.

under the influence of a tertiary olefin and hydrogen flu- -

oride is described. In the presence of benzene and under
the reaction conditions herein defined, the dimerization
reaction of Serial No. 381,752 is substantially completely
suppressed so that the dimer of the monoalkyl aromatic
in the present process does not constltute a product of
the reaction.

Benzene is the preferred mononuclear aromatic hydro-
carbon to employ. The benzene nucleus may be substi-
tuted with from 1 to 4 methyl groups and good results
obtained therewith, for. example, toluene, -the xylenes,
and the trimethyl benzenes, such as me51ty1ene, give good
results.

Monoalkyl benzenes which can be employed in the
process of the invention have the formula

T,

@'A,

wherein R is an alkyl radical or a cycloalkyl radical having
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C, alkylatlon of the monoalkyl aromatic by the tertiary
oleﬁn i§ substantially the orly réaction obtained, althouigh
disproportion is also observed 4t temiperatures only slightly
Tt is preferred to employ temperatures
below 185° C. since at higher temperaturés a wide variety
of products is obtained dué-to reactions of the product
under the influence of 'a catalyst. Accordingly, it is es-
sential that the temperature of reaction be maintained at
least as high as 100° C. and preferably is maintained at a
temperature of not above 185° C. The pressure to em-
ploy is not critical so long as reaction is.maintained in the
liquid phase. "In general the pressure will vary from at-
mospheric up to about 500 p.s. i. - Time is also not con-
sidered a critical variable, it being apparent that sufficient

" time should be allowed to obtain a substantial yield of"

the desired product. - The usual time of reaction w111 be
from 10 minutes to about 5 hours.

In carrying out the process of the mventwn the tertiary
olefin and hydrogen fluoride should not be contacted ex-
cept in the presence of both the monoalkyl benzene and
the mononuclear aromatic. A preferred method -of per-
forming the process is to admix the monoalkyl benzene
and the mononuclear aromatic. with hydrogen fluoride,
and to then add tertiary olefin, with agitation, to the
mixture.
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As above described, patent application Serial No.
381,752 describes and claims the process for the dimeri-
zation of monoalkyl benzenes. For example, by adding
57.5 grams (1.03 moles) of isobutylene over a period of
90 ‘minutes to 212 grams (2.01 moles) of ethylbenzene
and 155 grams (7.75 moles) of hydrofluoric acid, the tem-
perature being maintained at a minimum of 100° C., there
was obtained 33 grams. (0.057 mole) of l-phenyl- -p-
ethylphenylethane, the dimer of ethylbenzene. In accord-
ance with the process of the present invention, benzene is
included in the reaction mixture preferably in at least an
equal molar quantity with the ethylbenzene. In the pres-
ence of benzene, the formation of the dimer of ethyl-
benzene is suppressed and instead there is formed the al-
kylation product of benzene and ethylbenzenc, namely,
1,1-diphenylethane, the quantity formed being about the
same as that obtained for the dimer of ethylbenzene in
Serial No. 381,752.

At the minimum . temperature of 100° C., a small
amount of the alkylation product of benzene and tertiary
olefin may be observed, while at higher temperatures, say
about 125° C., substantially none of this product is ob-
tained in the reaction.

The diarylalkane products of the present process can be
used as lubricating oil additives, intermediates in the
preparation of detergents, for the synthesis of other com-
pounds, and the like. '

‘When monoalkyl benzenes other than ethylbenzene and
when mononuclear aromatics other than benzene are em-
ployed, substantially’ equivalent results are obtained.
Also other olefins, as above described, may be substituted
for isobutylene and equivalent results obtained.

The invention claimed is:

1. Process of alkylation which comprises reacting a
mononuclear aromatic hydrocarbon having from 0 to 4
methyl groups attached to the aromatic nucleus with a
monoalkyl benzene having the formula

T

L
wherein R is a material selected from the group con-
sisting of alkyl radicals having from 1 to 20 carbon
atoms and cycloalkyl radicals having from 1 to 20 carbon
atoms, and wherein Ri is a material selected from the
group consisting of a hydrogen atom, alkyl radicals hav-
ing from 1 to 20 carbon atoms and cycloalkyl radicals
having from 1 to 20 carbon atoms in the presence of a
tertiary olefin and hydrogen fluoride, said reaction being
performed in liquid phase at a temperature -of from 100°
C.t0 185° C.

2. Process of alkylating benzene with a monoalkyl

benzene having the formula

1,

[}
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wherein R is a material selected from the group con-
sisting of alkyl radicals having from 1 to 20 carbon atoms
and cycloalkyl radicals having from 1 to 20 carbon atoms,
and wherein Ri is a material selected from the group con-
sisting of a hydrogen atom, alkyl radicals having from

1 to 20 carbon atoms and cycloalkyl radicals having from

1 to 20 carbon atoms which comprises reacting in liquid
phase at a temperature of from 100° C. to 185° C., ben-
zene with said monoalkyl benzene in the presence of a
tertiary olefin havmg from 4 to.7 carbon atoms and hy-
drogen fluoride.

3. Process according to claim 2 wherein said monoalkyl
benzene is ethylbenzene.

4. Process according to claim ‘2 wherein said mono-
alkyl benzene is cumene.

5. Process according to claim 2 wherein said mono-
alkyl benzene is n-propylbenzene.

6. Process according to claim 2 wherein said monoalkyl
benzene is secondary butylbenzene.

7. Process according to claim 2 wherein said monoalkyl
benzene is secondary amylbenzene.

8. Process for the preparation. of 1,1-diphenylethane
which comprises contacting an admixture of benzene and
cthylbenzene with a tertiary olefin and hydrogen fluoride,
said contacting being performed in liquid phase at a tem-
perature of 100° C. to 185° C. and separating 1,1-di-
phenylethane from the reaction mixture.

9. Process according to claim 8 wherein the tertiary

" olefin is added to an admixture of benzene, cthylbenzene,
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and hydrogen fluoride.

10. Process according to clalm 9 wherein the tertiary
olefin is osobutylene.

11. Process of. alkylating toluene with a monoalkyl
benzene having the formula

H
@é_n
|
. R
wherein R is a material selected from the group consist-
ing of alkyl radicals having from 1 to 20 carbon atoms
and cycloalkyl radicals having from 1 to 20 carbon atoms,
and wherein R1 is a material selected from the group con-
sisting of a hydrogen atom, alkyl radicals having from
1 to 20 carbon atoms and cycloalkyl radicals having from
1 to 20 carbon atoms which comprises reacting in liquid
phase at a temperature of from 100° C. to 185° C,, toluene
with said monoalkyl benzene in the presence of a tertiary
olefin and hydrogen fluoride.
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