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This invention relates to derivatives of aroinatic

- compounds. In one modification it relates to aj-

keny] derivatives of aromatic compounds. In an-
other modification it relates to normal alkyl de-
rivatives of aromatic compounds,
modifications it relates to the alkenylation of aro-
matic hydrocarbons and to the production of nor-
mal alkyl derwatwes of aromatic hydrocarbons.

- Normal alkenyl aromatic compounds and nor-
mal alkyl aromatic compounds are valuable in-
termediate compounds both in their own rights
and as intermediates in organic syntheses. They
may be used for the produyction of normal ali-
phatic -derivatives of such compounds as amino-
-benzenes, aminonaphthalenes, phenols, naphthols,
aminophenols, aminonaphthols, quinolines, and
the like. These materials can be used in the
preparation of oxidation inhibitors, pharmaceuti-
~cals, dyestuffs, and explosives. The development
of the full potentialities of normal aliphatic de-
rivatives of such compounds has been precluded
by the absence of suitable sources of such com-
bounds. Thus, when olefins are used to alkylate
aromatic compounds the normal alkyl derivative
is produced only in the case of ethylene and with
other olefins it is impossible to produce a normasl
alkyl derivative by catalytic alkylation. Syn-

thetic methods for the production of normal alkyl

derivatives have been limited heretofore to reac-
tions of the wurtz-Fittig type in which aromatic
halides have been condensed, in the presence of g
metal such as sodium, with normaj alkyl halides.
The best yields reported for such reactions have
not exceeded about 30 per cent of the theoretical
yleld and more often actual yields are from about
10 to 20 per cent of the theoretical yields.
disadvantages of such synthesis operations in-
clude the use of large quantities of metals such
as sodium with appreciable attendant hazards,

the employment of expensive intermediate com-

pounds, the necessity of special solvents, and the

relatively dlﬁicult productmn of normal alkyl
ha]ides

“An object of this invention is to produce normal

“aliphatic derivatives of aromatic compounds.
Another object of this invention is to preduce
normal alky! derivatives of aromatic compounds.

A Turther object of this invention is to produce:

normal galkenyl derivatives of aromahc con-
pounds.

A still further object of this inventlon is to re-
‘act low-boiling aromatic hydrocarbons with low-
‘boiling normal 1,3-diolefins to produce normal

monoalkenyl derwatwes of said aromatic hydro—
carbons.

As specific
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Still another object of this invention is to pro-
duce normal butyl henzene.

. Further objects and advantages of my inven-
tion will become apparent to one skilled in the

art from the accompa'nying disclosure and dis-
cussion.

I have now found tha,t aromatic compounds, in-
cluding aromasatic hydrocarbons, phenols, naph-
thols, and gromatic halides, can be reacted with
normal 1 3 diolefins to produce alkenyi deriva-
tives of said aromatic compounds. I have further
found that such alkenyl derivatives include nor-
mal monoalkenyl derivatives which can be suc-
cessfully subjected to nondestructive hydrogena-
tion to produce the corresponding normal aikyl
derivatives. I have further discovered that such

~ derivatives can be produced in extremely high
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yields and can be recovered in substantial quan-
tities in a condition of high purity. As the aro-
matic reactant of my process I prefer to use ben-
zene, naphthalene, simple alkyl derivatives of
these hydrocarbons such as toluene, ethylbenzene,
xylenes, and the like, phenol, naphthols, and sim-
ple alkyl derivatives of these materials, and aro-
matic halides such as phenyl chloride, phenyl
bromide, one of the naphthyl chlorides, and the
like, glthough other alkenylatable aromatic com-
pounds are not to be excluded from the broad

concept of my invention. As the diolefin react-

ant I prefer to use a low-boiling normal 1,3-diole~
fin such as 1,3-butadiene, 1,3-pentadiene, 1,3-
hexadiene, and the like. Although it is a primary

~ object of my invention to produce normal ali-
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phatic derivatives by the use of normal 1,3-dioje-
fins, it is to be understood that alkyl derivatives
of normal 1,3-diolefins, such as 5-methyl-1,3-
hexadiene and 6-methyl-13-heptadiene, to pro-
duce aromatic derivatives such as 1-phenyl-5-
methyl hexylene and 1-phenyl-6-methyl heptyl-
ene, and the like, are not to be excluded from
the broad concepts of my invention.

Broad features of this process may be more
readily understood by considering a typical pro-
cedure. A blend of butadiene in benzene, in which
the benzene is present in substantial molar excess, .
serves as the primary feed stock. The blend is
charged to a reaction zone at moderate tempera-
tures and pressures where it is intimately com-

‘mingled with a liquid complex compound of boron

trifluoride such as those to be hereinafter de-
scribed. The effluent is preferably continuously
removed from the reaction zone and after me- -

- chanical separation of the catalyst phase, the hy-
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drocarbon stream is washed. free of dissolved
boron fluoride and the excess benzene is recov-
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ered by fractional distillation. The debenze
product is further fractionally distilled to sepa-
rate a main product (normal butenyl benzene, or
phenyl butene) hoiling at about 365 to about 370°
F., and a higher-boiling kettle product. The main
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product fraction may be hydrogenated over a con-

ventional hydrogenation catalyst such as Raney
nickel, platinum or any of the more rugged in-
dustrial hydrogenation catalysts to yleld n-butyl-
benzene, which ordinarily requires no further
purification. |

- I have found that
_-alkenylation reactions can be prepared by sub-

10
eﬁclent catalysts for such

stantially saturating with a boron trihalide an

organic carboxylic acid. A preferred boron tri-
halide is boron trifiuoride although I do not in-
tend to exclude other boron trihalides, particu-
larly boron trichloride and boron tribromide
which are low-boiling materigals. Because they
are obtainable readily and at low prices, I prefer
to use aliphatic moaccarboxylic acids having not

more than about five carbon atoms per molecule,

particularly those which are saturated. Among
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small amount of water or in some other solvent
stuch as an alcohol or an ether. Such solvents also
form complexes with boron trihalides which,
however, do not detract from the catalytic action
of the desired boron trihalide-carboxylic acid.
complex. When an active catalyst of my pre-
ferred composition loses appreciable amounts of

‘boron trihalide during use, its activity decreases

and for this reason it is desirable to add during a
continuous process small amounts of the boron
trihalide initially used to prepare the catalyst,
continuously or intermittently, in order that the
activity of the catalyst will remain, or be main-.
tained, substantially constant.

Many of the catalysts are liquid materials at
the usual reaction temperatures and have viscos-

 ities sufficiently low that intimate mixing during

the alkenylation reaction with the reacting mix-
ture can be effected without too great difficulty.

ep These materials can be employed as such, prefer-

the saturated aliphatic acids I intend to includein

caddition to the series formie, acetic, propionic,
etec., also various: substituted aclds, such as the
well known chloroacetic acids, and bromoacetic
acids, cycloalkyl and aryl substituted derivatives,
such as benzoic acid, hexahydrobenzoic acid,
various foluic acids, naphthoic acids, naphthenic
acids, and the lke, and hydroxyacids such as
glycollic acid, lactic acid, hydracrylic acid, ete.
These later acids generally require about twice as
much boron trihalide to produce a saturated com-
plex as do the other monocarboxylic acids. Some
dicarboxylic acids, such as oxalic acid and ma-
lonic acid, may also be used.

The complex catalyst for the alkenylation re-
action is preferably prepared by adding the boron

ably with intimate mixing, with the reaction mix-
ture. If it is desired to use such a catalyst in
the solid form it may be used in admixture with
porous granular catalyst supports such as acti-

og vated charcoal, activated . alumina, activated

L]
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bauxite, and the like, although when using boron
trifiuoride-containing complexes it is preferable
not to use a granular material containing appre-
ciable amounts of silica.

In the alkenyiation step the reaction appears
to be primarily monoalkenylation to form mono- |
alkenyl derivatives of the aromatic compound. It
also appears that secondary reactions take place
to certain extents, including cyclization and/or
polymerization of the resulting monoalkenyl de-
rivatives. This conclusion is based on the obser-
vation that the aromatic compound reacted is
molecularly equivalent to the diolefin reacted.
If extensive polyalkenylation occurred, tc form

trihalide to the acid or to a suitable aqueous so- ¢o di- or tri-alkenyl aromatic derivatives, the amount

‘lution thereof until the acid has become substan-
~ tially completely saturated with the boron tri-
halide,
" can be prepared, in actual practice the acids ap-
pear to have taken up from about 0.5 to about 1
mol of boron trihalide per mol of acid when they
are completely saturated. Accordingly the cat-
alyst used in accordance with the present inven-
vention is formed by the combination of from
sbout 0.5 to about 1 mol of boron trihalide with
1 mol of acid. These addition compounds are
stable at ordinary temperatures and under the
reaction conditions used for the alkenylation.
The reaction which takes place when the catalyst
is formed is exothermic and the rate of addition
of boron trihalide should be controlled together
with the cooling of the reacting mixture to avoid
reaction temperatures above sbout 200° ¥, This
catalyst preparation reaction may be conducted, if
desired, under pressure, particularly when using
boron trifiuoride or boron trichloride. Saturation
of the acid will be nofed by lack of additional reac-
tion upon the continued addition of boron trihal-
ide. The exact mechanism of the addition reaction
and the formulae of the compounds formed in the
preparation of the catalyst have not been deter-
mined with certainty. One reaction is the for-
mation of a complex between the boron frihalide
and the carboxylic acid, and another reaction is
the formation of a complex between the boron
" trihalide and any water which may be present.
In those instances in which the carboxylic acid
is solid at the temperature desired for the cat-
. alyst- preparation, it may be treated in finely di-

vided form or in liquid form by dissolving it in &

Although essentially pure compounds -
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of aromatic hydrocarbon reaction would be sub-

stantially less than the molecular equivalent of

the diolefin, while if the monoalkenyl derivative
entered into reaction with the aromatic hydro-
carbon, to form the corresponding di-substituted
pareffin hydrocarbon, the amount of aromatic
hydrocarbon reacted would be substantially great-
er than s molecular equivalent, of the diolefin. . No
appreciable polymerization of the diolefin is be-
lieved to take place under preferred conditions of

~ operation, a conclusion deduced from a consider-

&5

ation of the relative amounts of reactants which
undergo. reaction and from the characteristics of
such high-boiling products. Such results con-
trast with the results obtained when catalysis

. such as sulfuric acid are used with the same re-
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actants. Thus, when benzene and 1,3-butadiene
are reacted in the presence of sulfuric acid it has
been reported that the product is diphenyl butane
and that no phenylbutene is produced.

In order to favor the desired primary reaction
I prefer t0 use moderate reaction temperatures,
relatively short reaction periods, and relatively
high molar ratios of aromatic compound to dio-
lefin reactant. The reaction may be satisfactorily
and conveniently conducted at a temperature be-
tween about 75 and about 150° ., with a temper-

‘ature between about 80 to 90° ¥. and about 110

to 120° F. being preferred. Temperatures above
150° F., or below 75° F.,, are not to be excluded,
however. The average reaction time may be be-
tween a few minutes and a few hours, with sat-
isfactory results being obtained with a reaction
time between about 5 and about 20 minutes. The
molar ratio of aromatic compounds to diolefin in.
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the feed to a continuous reaction step may be be-

tween about 2:1 and about 10:1 with satisfac-

tory operation generally being obtained with g
a ratio between about 4:1 and about 6:1. Inti-
- mate mixing of the reaction mixture, accompanied
by recirculation, will generally result in higher
effective ratios in the reaction zone. In some in-
stances it is desirable to use moderate superat-

verted to a normal alkenyl derivative, and this
product. may subsequently be hydrogenated, in
one or more steps, t0 produce & normal alkyl
derivative, a normal alkyl tetralin, or a normal
alkyl decalin. For such hydrogenations any suit-
able known nondestructive hydrogenation cat-

~ alyst may be employed which is capable of effect-

mospheric pressures, particularly with the lower .

boiling reactants, but generally the pressure need
not be appreciably above that which will insure
that the reactants are present in liquid phase and
to Insure that the catalyst is adequately saturated
with the boron trihalide. As previously stated, it
is preferred that the reacting mixture and the
- catalyst be intimately admixed. This may be ac-

- complished by efficient stirring mechanism, by
continuously recirculating in a closed cycle a sub-
stantial amount of the reaction mixture compris-
ing reactants, products and catalyst, by pumping
such a reaction mixture through a long tube coil
at a rate such that conditions of turbulent flow
exist, or by other means well known to those
skilled in the art of hydrocarbon alkylations. It
is preferred that the reaction mixture contain at
least about 5 per cent by volume of the catalyst

10

- peratures and pressures.
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Ing saturation of.the alkenyl group without sat-
uration of the aromatic nucleus or without re-
action of any other reactive group in the alkenyl
compound. - So-called “Raney nickel” has been
found desirable in accomplishing this result when
the hydrogenation is-conducted at moderate tem-
More drastic hydro-
genation conditions will be necessary in ordér to

produce the more saturated products just dis-

- cussed. -

- Thus, in the selective hydrogena_tion of the ole-

~ finic linkage, the rate of absorption of hydrogen

20

‘mmay amount to about 1 mol per hour at pressure -

of 20 to 50 pounds per square inch and tempera-
tures ranging from about 75° F. to about 150° F.
Nuclear hydrogenation can be effected with the

- same catalyst at pressures of about 500 to 5000
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and that _the amount of catalyst present should
not exceed that which will permit a continuous

phase of reacting materials when the reaction
mixture is intimately admixed. Thus it is desired
that the catalyst phase not be the continuous
phase when a liquid catalyst is used. Inert ma-
- terials may be present during the reaction, such

30 tion unduly.

as relatively nonreactive impurities normally ac-

companying the reactants, added low-boiling par-
affin hydrocarbons such as a paraffinic naphtha
fraction, or the like, | S |

- When 1,3-butadiene is the diolefin reactant the

- monoalkenyl product is stibstantially completely

the normal alkenyl derivative. With diolefin re-
actants containing a higher number of carbon
atoms per molecule such high yields of the nor-
mal derivative will offen not be obtained but it
will still be possible to obtain quite substantial
yields of the normal alkenyl derivative. In any
case a fraction containing, or comprising essen-

- flally, the desired normal alkenyl derivative may
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pounds per square inch and at temperatures of
about 250 to 350° P. | |

The following examples illustrate my inven-
tion further. However, it is to be understood
that specific limitations expressed in such ex-
amples are not to be used to restrict my inven- -

Example I

- The alkenylation of benzene with butadiene was
carried out in a packed column at substantially
atmospheric pressure using g boron fluoride-
acetic acid complex (CH;:COOH.BF:) as the cat-
alyst. The liquid addition compound was sus-
pended on activated charcoal.. Benzene was add-

-ed at the top of the column and gaseous butadiene
‘was Introduced at the bottom: The total effluent

was removed from a small reservoir at the bottom

- of the reactor. The mol ratio of benzene to bu-
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be readily separated from the reaction efflients,

generally by passing the effluents to a settling

~chamber wherein the catalyst separates from a
liquid phase containing unreacted charge stock
and reaction products, and separating from this

liquid phase, as by fractional distillation, a frac-
~ tion of any desired purity.

As will be appreciated the normal alkenyl deriy-
ative may, in many instances, be a desired product
of the process. However, I have found that this
- Imaterial may be readily converted to the normal

alkyl derivative by nondestructive hydrogenation.
This hydrogenation will most often be conducted

in a manner such that the alkenyl group is satu-
rated by hydrogen. However, it will be appre-
ciated that, particularly when aromatic hydro-
carbons are reacted in accordance with my inven-
tion, not only may normal alkyl derivatives there-
of be produced by such 2 nondestructive hydro-
genation, but the hydrogenation may be extended

to include partial or complete saturation of the

aromatic nucleus. Thus, it is possible to react

a benzene with a low-boiling 1,3-diolefin to pro-

duce a normal alkenyl derivative of said benzene,
and subsequently to hydrogenate this product, in
one or more steps, to produce a normal alkyl
derivative or a corresponding normal alkyl cyclo-
hexane. Likewise, a naphthalene may be con-
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- tion under 10 mm.
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tadiene in this run was. equivalent to 8.5:1.0 and
the temperature was held at 80 to 99° F, n-Bu-
tenylbenzene distilling at 158-162° P, at 12 mm,
pIessure amounted to 63 per cent by weight of
the total debenzenized product. This fraction
was converted quantitatively to n-butylbenzene
by hydrogenation over Raney nickel catalyst.,

- Example II

Operating under conditions similar to those
given in Example I, toluene may be reacted with
biperylene (1,3-pentadiene) to produce n-pen-
tenyltoluene. In this instance, the toluene-free
product is subjected to g Preliminary fractiona-
pressure to effect a rough sep-
aration of higher-boiling products from the pen.
tenyltoluene. - Pinal purification involves frac-
tional distillation at atmospheric pressure to give
a Product boiling at about 430 to 440° F. amount-

ing to ?,bout 60 per cent of the total alkenylate. .
Analytical data and oxidation reactions indicate
this material to be essentially 1-(p-tolyl) -2-pen-

tene. Nondestructive hydrogenation results in
quantitative reductions to 1-methyl-4-n-pentyl-
benzene having substantially the same boiling

. range as the original alkenyl derivative,

70

Ezample IIT

A catalyst was prepdred by saturating téchnical
butyric acid with boron trifluoride while main- -
taining the reaction temperature between 80 and

100° F. Approximately 0.7 mol of boron fluoride

18 was absorbed per mol of acid.
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When this catalyst is used tc react benzene and

1,3-butadiene under the conditions used in Ex-

alee I, a similar yield of normal butenyl ben-
zene is obtained,

Although I have described my 1nventien in con--

‘siderable detail, with the inclusion of certain spe-
cific embodlments it is not intended that the
scope of the invention be limited unduly by such
details.
I claim:

1. A process for the predutcion of an aliphatic
derivative of an aromadtic compound, which com-
prises reacting an alkenylatable aromatic com-
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drocarbon at a temperature of about 753 to about
150° F. and under sufficient pressure to maintain
the reactants in the liquid phase in the presence
of a catalyst resulting from saturating an organic
carboxylic acid with a boron trihalide. |

10. A process for the production of normal al-
kenyl aromatic hydrocarbons, which comprises

reacting an aromatic hydrocarbon with a normal

- 1,3-diolefin at a reaction temperature between

10

pound with an open chain 1,3-diolefin in the pres-

ence of a complex catalyst resulting from sub-
stantially saturating with a boron trihalide an
organic carboxylic acid, said reaction heing con-
ducted at a reaction temperature such that the

15

major portion of the resulting reaction products .

are an alkenyl derivative of said aromatic com-

pound and reaction products comprising poly-

20

mers of said alkenyl derivative, polymers of said

diolefin, and compounds resultmg_ from reaction
of two molecules of said aromatic compound with
one molecule of said diolefin are together no more
thaz} a-minor portion of said resulting reaction

25

products, and recovering from efluents of said _

reasction a fraction comprising an alkenyl de-

“ rivative of said aromatic compound so produced.

2. The process of claim 1 in which said catalyst
is produced by substenually seturating acetic a.czd
with boron trifiuoride.-

3. The process of claim 1 in which said catalyst

Is produced by substantially saturating with
boron trifluoride an a.hphatw monecarboxylie
acid.

4. The process of claim 1in whlch said ea,ta.lyst
- is produced by substantially saturating with

~boron trifluoride a saturated aliphatic monocar-
boxylic acid having not more than five carbon
‘atoms per molecule.

5. A process for the alkenylation of an aro-
matic hydrocarbon, which comprises reacting &
low-boiling open chain 1,3-diolefin hydrocarbon
with a molar excess of an alkenylatable aromatic
hydrocarbon in the presence of a catalyst result-
ing from saturating acetic acid with boron tri-
fluoride, said reaction being conducted at a reac-
tion temperature such that the major portion of
-the resulting reaction products are an alkenyl
derivative of said aromatic compound and reac-
tion products comprising polymers of said alkenyl
derivative, polymers of said diolefin, and com-
pounds resulting from reaction of two molecules
of sald aromatic compound with one molecule
of said diolefin are together no more than a minor

about 75 and about 150° F, and under a pressure
sufficient to maintain the reactants in the liquid
phase, said aromatic hydrocarbon and said di-
olefin being in a ratio of about 2:1 to 10:1 of
aromatic hydrocarbon to diolefin, in the presence
of a catalyst comprising a liquid complex result-
ing from saturating an organic carboxylic acid
with a boron trihalide, and maintaining a reac-
tion time between about 5 and about 20 minutes.

11, The process of claim 10 in which said aro-
matic hydrocarbon is benzene and said diolefin
is 1,3-butadiene and said alkenyl aromatic hy-
drocarbon is butenylbenzene.

12. A process for the alkenylation of benzene
with a butadiene to produce a phenylbutene,

- which comprises intimately contacting 3 hydro-

carbon mixture comprising a major proportion
of benzene and a minor proportion of 1,3-buta-

- diene with an alkenylation catalyst comprising

30
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pertien of said resulting reaction products, and -

recovering from effluents of said reaction a frac-
tion comprising an alkenyl derivative of said aro-
matic compound so produced.

6. The process of claim 5 wherein said diolefin
is 1, 3-butadiene.

7. The process of claim § wherein said dmleﬁn
is 1,3-pentadiene.

8. The process of claim 5 wherein said aro-
" matic hydrocarbon is naphthalene and said diole.
fin is 1,3 butadiene.

9. A process for the alkenylatlon of an e,ro-

60

85

matic hydrocarbon, which comprises reacting & -

low-boiling normal 1,3-diolefin hydrocarbon with

a molar excess of an alkenylatable aromatic hy- _70

an organic carboxylic acid-boron trihalide com-
plex containing from about 1.0 to about 2 mols of
acid per.mol of boron trihalide while maintain-
ing a reaction temperature within the range of
from about 75 to about 150° F. and a reaction
pressure, and recovering from efiluents of said
reaction as a product of the process a hydrocar-
bon fraction which consmts ma.lnly of a phenyl-
butene. ¢

13. A process for the alkenylatlen ‘of an al-
kenylatable aromatic’ compound, which com-
prises reacting a low-boiling open chain 1,3-di-
olefin hydrocarbon with a molar excess of an
alkenylatable aromatic compound at a temper-
ature of about 79 fo about 150° F. and under suf-
ficient pressure to maintain the reactants in the

liquid phase in the presence of g catalyst result-

ing from saturating an organic carboxylic acid
with a boron trihalide.
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