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This invention relates to derivatives of arO'—I

matic compounds. In one modification it relates
to alkenyl derivatives of aromatic compounds.
~ In another modification it relates to normal alkyl
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. thols, and aromatic halides, can be reacted with

normal 1,3-diolefins to produce alkenyl! deriva-
tives of said aromatic compounds. I have fur-
ther found that such alkenyl derivatives include

derivatives of aromatic compounds. - As specific § normal monoalkenyl -derivatives which can be
modifications it relates to the alkenylation of aro- successfully subjected to nondestructive hydro-
matic hydrocarbons and to the production of nor- genation to produce the corresponding normal
mal alkyl derivatives of aromatic hydrocarbons. alkyl derivatives. I have further discovered that
- Normal alkenyl aromatic compounds and nor-  such derivatives can be produced in extremely
mal alkyl aromatic compounds are valuable in- 10 high yields ahd can be recovered in substantial
termediate compounds both in their own rights quantities in a condition' of high purity. As the
and as intermediates in organic syntheses. They aromatic reactant of my process I prefer to use

- Imay bé used for the production of normal ali- benzene, naphthalene, simple alkyl derivatives of
phatic derivatives of such compounds as amino- these hydrocarbons such as tﬂluene,,ethylbene,
benzenes, aminonaphthalenes, ‘phenols, naph- 15 zene, xylenes, and the like, phenol, naphthols,
thols, aminophenols, aminonaphthols, quinolines, = and simple alkyl derivatives of these materials,
and the like. These materials can be used in the and aromatic halides such as phenyl chloride,
breparation of oxidation inhibitors, pharmaceu- phenyl bromide, one of the naphthyl chlorides,
ticals, dyestuffs, and explosives. - The develop~ - and the like, although other alkenylatable aro-
ment of the full potentialities of normal aliphatic 20 matic compounds are not to be excluded from the °
derivatives .of such compounds -has been pre- broad concept of my invention. As the diolefin.
cluded by the absence of suitable sources of such reactant 1 prefer to use a low-boiling normal 1,3-

. Compounds. 'Thus, when olefins are used to al- diolefin such as 1,3-butadiene, 1,3-pentadiene,
Kylate aromatic compounds the normaj alkyl de-  1,3-hexadiene, and the like. - Although it is a =
Iivative is produced only in the case of ethylene 25 primary object of my invention to produce nor-
and with other olefins it is impossible to produce = mal aliphaiic derivatives by the use of normal

. @ normal alkyl derivative by catalytic alkylation. 1,3-diolefins, it is to be understood that alkyl de-

- Synthetic methods for the production of normal ‘rivatives of normal 1,3-diolefins, such as 5-meth-

... alkyl derivatives have been limited heretofore to yl-1,3-hexadiene and 6-methyl-1,3-heptadiene, to
.= reactions of the Wurtz-Fittig type in which aro- 39 produce aromatic derivatives such as 1-phenyl-5-
", matic halides have been condensed, in the pres- methyl hexylene and 1-phenyl-6-methy) heptyl-
. : ence of a metal such as sodium, with normaj alkyl ene, and the like, are not to be excluded from the
-~ halides. The best yields reported for such reac-  broad concepts of my invention. R
tions have not exceeded about 30 per cent of the Broad features of this process may be more
theoretical yield and more often actual yields are 35 readily understood by considering a typical pro-
from about 10 to 20 per cent of the theoretical  cedure. A blend of butadiene in benzene, in
yields. Other disadvantages of such synthesis which the benzene is present in substantial molar
-operations include the use of large quantities of  excess, serves as the primary feed stock. The
metals such as sodium with appreciable attend- blend is charged to a reaction zone at moderate
ant hazards, the employment of expensive in- 40 temperatures and pressures where it is intimate-
termediate compounds, the necessity for special 1y commingled with a liquid complex compound

~ solvents, and the relatively difficult production of - of boron fluoride such as those to be hereinafter
normal alkyl halides. N - described. The effluent is preferably continuously -
~ An object of this invention is to produce nor- removed from the reaction zone and after me-
mal aliphatic derivatives of aromatic compounds, 4% chanical separation of the catalyst phase, the

Another object of this invention is to produce  hydrocarbon stream is washed free of dissolved
normal alkyl derivatives of aromatic compounds, boron fluoride and the excess benzene is recov-

Still another object of this invention is to pro-  ered by fractional distillation. The debenzenized
duce normal butyl benzene. - - | - Product is further fractionally distilled to sepa- |

Further objects and advantages of my inven- 50 rate a main product (normal butenyl benzene, or -
tion will become apparent to one skilled in the phenyl butene) boiling at about 365 to about 370°
art from the accompanying disclosure and dis-  F., and a higher-boiling Kkettle product. . The
cussion. | o ” main product fraction may be hydrogenated over i

- I have now found that aromatic compounds, a conventional hydrogenation catalyst such as

~Including aromatic hydrocarbons, phenols, naph- 55 Raney nickel, platinum or any of the more rug- -
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ged industrial hydrogenation catalysts to yield n-
butylbenzene, which ordinarily requn'es no fur-
ther purification.

I have foungd that efficient catalysts for such
alkenylation reactions can be prepared by sub-
- stantially saturafing an salcohol,
monohydric aliphatic alcohol, with a boron tri-

halide. A preferred trihalide is boron trifiuoride,

although I do not intend to exclude other boron
- trihalides, particularly boron trichloride and

boron tribromide which are low-boiling materials.

| 4 o
it may be used in admixture with porous granu-
lar catalyst supports such as activated charcoal,

- activated alumina, activated bauxite, and the like,

preferably a

although when using boron trifiuoride-containing
complexes it is preferable not to use & granular
me.teria.l centaimug appreeiable amounts of sil-

~ {ca.

10

‘Preferably the alcohol is one containing not more -

- than about six carbon atoms.per molecule and
. advantageous results are obtained when the cata-
lyst is prepared from an aliphatic monohydric
alcohol corresponding in number of carbon atoms

15

and in molecular structure to the dloleflnic re- -

actant as is more completely disciosed and claimed

in copending application Serial No. 429,698, filed
February 5, 1942, of which I am a coinventor,
The alkenylation catalyst is conveniently prepared
by passing the boron trihalide into the alcohol
at a moderate, near atmospheric temperature and
- pressure until absorption of the boron trihalide
is complete. With alcohols cente.ming four or
more carbon atoms per molecule, and more es-

20

In the alkenvlation step the reactmn 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 monoal-
kenyl derivatives. This conclusion is based on
the observation that the aromatic compound re-
acted is molecularly equivalent to the diolefin re-

“acted. If extensive polyalkenylation occurred, to

form di- or tri-alkenyl aromatic derivatives, the

amount of aromatic hydrocarbon reacted would
be substantially less than the molecular equiva-
lent of the diolefin, while if the monoalkenyl de-

" ‘rivative entered into reaction with the aromatic

25

pecially with secondary and/or tertiary alcohols,

side reactions may take place to produce oily

polymers which are believed to be olefin polymers.

- Such- polymers may be removed in any suitable
manner, as by layer separatmn and/or distilla-
tion -or the like. Although such side reactions
- reduce the yield of catalyst somewhat, compounds

- of excellent and specific catalytic activity are

‘obtained from such alcohols. During the course

of preparing the catalyst an exothermic reaction

appears. to take place, and it is generally desir-
able to cool this reacting mixture to prevent ex-
~ cessive’ temperature rise. The catalyst is pref-

~erably prepared at a tempere.ture not greater

30
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‘with the same reactants.

hyvdrocarbon, to form the corresponding di-sub-
stituted paraffin hydrocarbon, the amount of aro-
matic hydrocarbon reacted would be substantially.
greater than a molecular equivalent of the di-
olefin. No appreciable polymerization of the di-
olefin is believed to take place under preferred

- conditions of operation, a conclusion deduced from.

s consideration of the relative amounts of re-
actants which undergo reaction and from the
characteristics of such high-boiling products.
Such results contrast with the results obtained
when catalysts such as sulfuric aciq are used
Thus, when benzene
and 1,3-butadiene are reacted in the presence

of sulfuric acid it has been reported that the

40

than about' 150° F., and generally a temperature

results. Completmn of the catalyst-forming re-

action is indicated by a cessa.tion of heat develop-

-ment and also by the presence of free boron tri-
halide. This catalyst preparation may be con-
ducted, if desired, under pressure, particularly
when using boron trifiluoride or boron trichioride.
- As was indicated in the aforesaid copending ap-

plication, in most instances the reaction is com-.

- pleted with the absorption of one mol of boron
fluoride per mol of alcohol. For example, in the

preparation of g sec-butyl alcohol-boron fluoride

" between ‘about 75 and 95° F. produces improved -

45

- olefin reactant.

preduct is diphenylbutane and that no phenyl-
butene is produced.

In order to favor the desired primary reaction
I prefer to use moderate reaction temperatures,

‘relatively short reaction periods, and relatively

high molar re.tms of amme,tic compound to di-
The reaction may be satisfac-
torily and eonveniently conducted at a tempera-
ture between about 75 and about 150° PF., with

' ~ a temperature between about 80 to 90 and ‘about

o0

catalyst one mol of alcohol absorbs gpproximate- -

ly one mol of boron fluoride. Similarly, a an iso-
propyl salcohol- boron fluoride catalyst was pre-

pared by saturating isopropyl alcohol cooled in

an ice bath with anhydrous boron fluoride. At

the end of the catalyst preparation reaction, st~
sentially one mol of boron fluoride had been ab-

sorbed per mol of alcohol. When the catalyst is
subsequently used in the alkenylation reaction it
tends to lose appreciable quantities of the boron
trihalide during use, this loss being accompanied

by a decrease in activity. 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 inter-

55

110 to 120° F. being preferred. Temperatures
above 150° F. or below 757 F,,

are not to be ex-
cluded, however The average reaction time may
be between a few minutes and a few hours, with
satisfactory results being obtained with a reac-.
tion time hetween about 5 and about 20 minutes.

The molar ratio of aromatic compounds to di-

olefin in the feed to a continuous reaction step
may be between about 2:1 and about 10:1 with

- satisfactory operation generally being obtained
" with a ratio between about 4:1 and about 6:1.

60

a5

mittently, in order that the activity of the cata-

lyst will remain or be maintained substantial'y
‘constant. In most instances the resulting ac-

_tive catalytic material is a liquid and can be
. readily employed as such, preferably with inti-

mate mixing with the reaction mixture. If it is
deslred to use such a catelyst in the solid form

0

75

Intimate mixing of the reaction mixture, accom-

panied by recirculation, will generally result in
higher effective ratios in the reaction zone. In
some mstances it is desirable to use moderate
superatmospheric pressures, particularly with the
lower boiling reactants, but generally the pres-

sure need not be appreciably above that which
will insure that the reactants are present in liq-
uid phase and to insure that the catalyst is ade-
quately saturated with the boron trihalide. As
previously stated, it is preferred that the reacting .
mixture and the catalyst be intimately admixed.
This may be accomplished by efficient stirring
mechanism, by continuously recirculating in a
closed cycle a substantial amount of the reac-
tion mixture comprising reactants, products and
catalyst, by pumping such a reaction mixture
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through & long tube coil at a rate such that con-
ditions of turbulent flow exist, or by other means
‘well known to those skilled in the art o
carbon alkylations., It is preferred that the re-

- action mixture contain at least about 5 per cent

by volume of the catalyst and that the amount
of catalyst present should not exceed that which

~ will permit- a continuous phase of reacting ma=
terials when the reaction mixture is intimate-

ly admixed. Thus it is desired that the catalyst

' uid catalyst is used. Inert materials may be pres-
ent during the reaction, such as relatively non-

' reactive impurities normally accompanying the
~ reactants, added low-boiling paraffin ‘hydrocar-

6

 tures ranging from about 75° F. to aboiut 150° F.

of hydro~

10.
phase not be the continuous phase when a lig-

Nuclear hydrogenation can be effected with the
same catalyst at pressures of about 500 to 5000
pounds per square inch and at temperatures of
about 250 to 350° T -

The following examples illustrate my invention
further. However, it is to be understood that
specific limitations expressed in such examples
are not to be used to restrict my_inventiqn unduly.

Example I

| To a mechanically agitatéd emtﬂsion-df 10 ml. |

. of CH30H.BF; catalyst in 150 ml. of benzene, at

15

bons such as a parailinic naphtha fraction, or the

like.

When 1,3-butadiem is the diolefin reactant the

monoalkenyl product is substantially completely

actants containing a higher number of carbon
atoms per

will still be possible to obtain quite substantial

~ yields of the normal alkenyl derivative. In any gg

case a fraction containing, or comprising essen-
tially, the desired normal _
_be readily separated from the reaction effiuents,
generally by passing the efluents to a setiling
chamber wherein _

liguid 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

rivative may, in many instances, be a desired -

product of the process. However, I have found .
_ | converted to
the normal alkyl derivative by-r}oridestructitfe hy-

 drogenation. This hydrogenation will most often
a manner such that the alkenyl

that this material may be readlly

be conducted in

group is saturated by hydrogen. However, it will

o be‘a;ppreciated that, particularly when aromatic
“hydrocarbons are reacted in accordance with my ‘.
- invention, not only may normal alkyl derivatives |

- thereof be produced by such & nondestructive

hydrogenation, but the hydrogenation may be
extended to include partial or
 tion of the aromatic nucleus.

to produce a normal alkenyl derivative

product, in one or more steps,

alkyl cyclohexane. Likewise, a naphthalene may
be converted to 2 normal

in one or more steps, to produce & normal alkyl

alkyl decalin, | _
able known nondestructive hydrogenation cata-

tion of the aromatic nucleus

pound. So-called “Raney nickel” has been found

peratures and pressures. More drastic hydro-
genation conditions will e necessary in order to
produce the more saturated products just dis-
cussed. | -
Thus. in the selective hydrogenation of the ole-

of 20 to 50 pounds per square inch and tempera-

normal alkenyl derivative may

the catalyst separates from a

the normal alkenyl de- -

_ alkenyl derivative, and. |
this product may subsequently be hydrogenated,

derivative, a normal alkyl tetralin, or a normal
For such hydrogenations any suit-

lyst may be employed which 1s capable of effecting-
saturation of the alkenyl group withouf ‘satura-~
or without reaction .
of any other negative group in the alkenyl com-

desirable in accomplishing this result when the
hydrogenation is conducted at moderate tem- -

atmospheric pressure, gaseous butadiene was
added at a rate of 5.1 gaseous liters per hour until
49.2 g. of the diolefin had been charged. The

temperature of the reaction mixture was main= :

tained at 75-85° F. The hydrocarbon was sepa=-

the normal alkeny! derivative. With diolefin re- oq rated mechanically from the catalyst phase and
molecule such high yields of the nor- .
mal derivative will often not be obtained but it

the product layer was washed and dried. “The
product phase was then fractionally distilled at-

-atmospheric pressure to yield a butenylbenzene
- cut boiling at 366-369° F. which amounted to 52
weight per cent of the total debenzenized product.

The amount of unreacted benzene recovered In-

_ dicated that 71.4 g. of benzene was consumed
while the required amount of benzene for equi-
. molecular union with butadiene was calculated

30
- .carried out as a
pressure

40

 tenyltoluene.

to be T71.0 g.
. ‘Reduction of

the butenylbenzene fraction 'Iw'as R

its boiling range of

L

- 359-360° F. and by its refractive index, N 201.4889.

- Example I I

 Operating under conditions similar to those

- ‘given in Example I, toluene may be reacted with .

piperylene (1,3-pentadiene) to produce n-pen- -
In this instance, the toluene-free

product is subjected to a preliminary fractiona-

“tien under
g Ijs_epar__ation :
' pentenylfoluene.

10 mm. pressure to effect a rough
of higher-boiling products from the
‘Pinal purification involves

- fractional distillation at atmospheric pressure 1o

complete satura-
Thus it is possible
to react a benzene with a low-boiling 1,3-diolefin
of said *
venzene, and subsequently to hydrogenate this
to produce a nor- -
mal alkyl derivative or a corresponding normal

] |
e

give a product boiling at
amounting to about 60 per

“‘genation results

about 430-440° F-.
cent of the total

alkenylate. ~ Analytical data and oxidation re-

60 getions indicate this material to be essentially

1~ (p-tolyl) -2-pentene. Nondestructive hydro-
in quantitative reduction to

‘1-methyl-4-n-pentylbenzene having substantially

" the samie boiling range as the original alkenyl

derivative.

- Although I have described my invention in con-

~‘siderable detail, ".Wi_th the inclusion of certain
~ specific embodiments, it is not intended that the

60
- I claim:

scope of the invention be limited umduly by such
details. | - ISR |

process for the production 'ofl normal al-

_ kenyl aromatic hydrocarbons, which comprises
‘reacting an aromatic hydrocarbon with a normal

65
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1.3-diolefin at: a reaction temperature between .

* about 80 and about 120° F. and under a pressure "

. sufficient to maintain the reactants in the liquid
 phase, said aromatic hydrocarbon and said di-

" olefin being in a molar ratio of about 4:1 to 6:1

of aromatic hydrocarbon to diolefin, in the pres-

~ ence of a catalyst comprising a liquid complex

finic linkage, the rate of absorption of hydrogen :
may amount to about 1 mol per hour at pressures

75

aliphatic

containing equimolar guantities of a monohydric
alcohol and a boron trihalide and re-

sulting from saturating a monohydric aliphatic
trihalide, and maintaining

alcohol with a boron

patch operation under a hydrogen
of 15-50 p. s. i. g. and in the presence .
- of Raney nickel catalyst. The saturated n-butyl-
 benzene was identified by



& reaction time between about 5 and about 20
‘minutes. - .

2. A process for the production of alkeny] aro-
matic hydrocarbons, which comprises reacting an

' than ghout 15g° F. in the DIesence of a catalyst

complex consisting of Substantially one mol of

boron trifiuoride per moil of an alecohol.

products, in the presence of an addition com- .

bound resulting  from
monohydric alcoho] with
by €ssentially one mol of

saturating an aliphatic
boron trifiuoride, Where-
boron trifluoride reacts

alkenylatable aromatic-com-
chain 1,3-diolefin in the pres-
NiCe of a complex catalyst consisting

| Of a boron trihalide per mol of an

alcohol. - - | | o
6. A process for the alkenylation of an aromatic

& molar excess of an

alkenylatab_le ‘aromatic hy-

drﬁ;:arbon under alkenylation

Oof substan-

rocarbon, which comprises reacting g Ilow- .
boiling open chain 1,3-diolefin hydrocarbon with

'._'10_

15
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an alkenylatable

. aromatic hydrocarbon under alkenylationlcondi-

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

- ence of g 'complex.catalyst containing equimolar

20

v ox

30

35

40

50

~quantities of an alcohol and g boron trihalide

and resulting from substantially saturating an
-aleohol with a boron trihalide at g temperature

not greater than about. 150° F*

than a minor portion of said resulting reaction
products, in the presence of a catalyst resulting

from saturating an aliphatic monohydric, alcohol

‘sald alcohol, and recovering a material compris-

ing said alkenyl derivative ol said aromatic hy- -
drocarbon so produced from efluents of said re-
action, . S -. .

| WILLIAM N. AXE.
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