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This invention relates to a process for hydro-
carbon conversion and more particularly to a
process for converting alkyl cyclopentanes to
alkyl cyclohexanes by reacting the alkyl cyclo-
pentanes with olefins in the presence of a cata-
lyst. -

The present process is & contribution to the
art of producing reactions between different
types of hydrocarbons to synthesize other hydro-

carbon compounds of increased molecular weight. -

It is known that various alkylated naphthenic
hydrocarbons can be formed hypothetically by
adding alkyl radicals to the base members of the
respective series, such as, for example, cyclo-
pentane, cyclohexane, etc. The building up of
the various homologs does not follow such a sim-
ple mechanism, however, the reactions actually
involve shifting of labile hydrogen atoms and re-
adjustment of valences. The naphthenes as &
group may include cylcoparafiins or any hydro-

carbon containing a saturated ring structure in

the molecule.

It is recognized that the alkylation of naph-
thenes in general is not new. The present proc-
ess is particularly concerned with a simultane-
ous isomerization and alkylation of alkyl cyclo-
pentanes with olefins to produce alkyl cyclohex-
anes.  Alkyl cyclopentanes are found fto occur

.naturally in substantial quantities in certain
petroleum fractions and in most cases are more
reactive than the corresponding cyclohexane
compounds.

In one specific embodiment the present inven-
tion comprises a process for the reaction of alkyl
cyclopentane hydrocarbons with olefins in the
presence of & sulfuric acid catalyst at relatively
low temperatures in the range of about —40 to
about +120° C.

The general type of reaction which is effected
by the present process is typified by the follow-
ing equation showing the formation of 1-ethyl-
24-dimethyl cyclohexane from -methyl cyclo-
pentane and normal butylene.
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The ease with which the above reaction occurs:
is probably due to the presence of a tertiary car-
bon atom in the methyl cyclopentane molecule.
Owing to the difficulty of following the character
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of such reactions and the invariable formation

of certain proportions. of intermediate addition
compounds with the organic radical in the cata-
lyst in reactions of the present character, the
above explanation is not offered as entirely ade-
quate. It also omits mention of the formation
of more highly alkylated compounds and the
formation of olefin polymers which is unavoid-
able to some extent in these reactions. However,
under properly controlled conditions, which will
be presently specified, the polymerization re-
actions may be kept at & minimum and the al-
kylation-isomerization reactions may be regu-
lated by controlling the temperature, the amount
of catalyst, and the proportion of olefins to alkyl
cyclopentane hydrocarbons, so that the maximum
yields of the desired compounds will be produced.
It has been discovered that the isomerization -
of alkyl cyclopentanes to alkyl cyclohexanes can
be accomplished more advantageously by the
present invention than by straight isomerization
alone. In this process the alkyl cyclopentanes
are reacted with olefins in the presence of a sul-
furic acid catalyst. We have found that under
the preferred condifions of the process the prod-
uct of the alkylation reaction consists not of a
cyclopentane derivative but of a cyclohexane
derivative. In other words, isomerization occurs
simultaneously with the alkylation reaction, al-
though the sulfuric acid is not ordinarily an
isomerizing catalyst for alkyl cyclopentenes and .
will not cause the isomerization of alkyi cyclo-
pentanes in the absence of other hydrocarbons.
By this reaction the isomerization of alkyl cyclo-
pentanes to alkyl cyclohexanes is accomplished
at a much lower temperature and more rapidly.

-Since this simultaneous isomerization-alkylation

reaction occurs at somewhat lower temperatures
than the straight isomerization reaction, undesir-
able side reactions are minimized and the re-
action is more easily controlled. Another advan-
tage lies in the.fact that nearly complete con~
version of the alkyl cyclopentanes can be ob-
tained. The cyclohexane derivatives produced by
this process may be dehydrogenated readily. to
produce valuable alkyl aromatics.

The olefins employed in the process may in-
clude normally gaseous olefins and/or liquid ole-
fins such as pentenes, olefin polymers, and cyclo-
olefins although they are not necessarily equiva-
lent in action. The normal butylenes are par-
ticularly advantageous in that they give a high
proportion of the desired reaction with a mini-
mum of undesirable side reactions. It is not

- necessary, however, to use a pure olefin as any
-olefin-containing hydrocarbon fraction may be.

employed, for instance, a gas from a.cracking

process which is rich in butylenes can’ be used.
The details of operation of the present process

are comparatively simple. The cyclopentane de-




2 .
rivatives involved in the reactions are liquid at
_ ordinary temperatures, and the process may be
conducted merely by passing the gaseous olefins
such as normal butylenes or mixtures. of olefins
into an emulsion of sulfuric acid and an alkyl
cyclopentane until the desired reaction is ef-
fected. Such reactions may be accelerated by
the use of superatmospheric pressures. which in-
crease the effective concentration of the olefin
employed. Usually it is desirable to maintain a
higher concentration of .the alkyl cyclopentane
than olefins in the reaction zone. o
It is characteristic of the present process that
when operating at -ordinary temperatures the

isomerization-alkylation reactions predominate

over the polymerization reaction among the ole-
fins used, even at pressures above atmospheric.
The pressure at which the reaction should be
carried out will depend on the temperature. At
_temperatures below the boiling point of the ole-
fins, atmospheric pressures can be used. When
the temperatures are higher superatmospheric
pressures are preferable. The temperature of the
reaction may vary greatly depending upon the
amount and ‘concentration of the catalyst and
upon the concentrations of the reactants. In gen-
-eral, the temperatures used may be between about
© —40 and 4120° C. It is advisable, however, to
" keep the reaction at relatively low temperatures
since at higher temperatures the rate of the
. undesirable reactions increases rapidly. The pre-
ferred reaction temperature is between about 0
.afd 450° C. :

The ratio of acid catalyst to hydroearbon in
the reaction  zone will depend on the temper-
ature, pressure, type of hydrocarbon, ete. In
general, the ratio of acid to hydrocarbon in the
reaction zone will be in the rarge of from about
1:1 to about 1:4. The molal ratio of alkyl cyclo-
Pentane hydrocarbons to olefins used will vary.
It is preferred, however, to have an excess of
alkyl cyclopentane hydrocarbons in the reaction
zone. A suitable proportion of olefin in the total
hydrocarbon present in the reaction zone may be
in the range of 25 t0 50%. Pure alkyl cyclopen-
tane hydrocarbons may be used as charge or hy-~
drocarbon mixtures containing a substantial pro-
Pportion of alkyl cyclopentanes such ‘as some

straightrun gasoline or other gasoline fractions. .

Instead of a pure olefin, cracked gases rich in
the desired olefins may be employed.

In one method of operating this process the
-liquid alkyl cyclopentanes are placed in a re-
action.vessel with the sulfuric acid catalyst. The
olefin is introduced below the surface of the liquid
in the reaction vessel which is maintained in a
“state of emulsion by a stirring device. The ole-
fin gases bubble through the emulsion of hydro-

carbon and catalyst and are reacted with the"

methyl cyclopentane. Upon completion of the
reaction the sulfuric acid and hydrocarbon phases
are separated and the upper hydrocarbon layer
is decanted and subjected to distillation. The
brocess is not limited to batch operations but
‘may be made continuous by the adoption of neces-
sary modifications in conformity with other com-
mercial operations. e o
The sulfuric acid used as catalyst for the reac-
tion is preferably of a concentration between 85
. and 100%, and even 5 to 10% of sulfuric anhy-
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dride may be present in the 100% sulfuric acid.
This sulfuric acid catalyst is suitable without
further modification but may also be mddified by
the addition of spacing agents such as soluble
metal salts or salts of organic acids and bases.

. 'These modifying or spacing agents in some cases
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further reduce the amounts of undesirable reac-
tions such' as polymerization, etc. )

The following example is given as typical of
the results obtainable when practicing the pres-
ent process. However, the data presented should
not be construed as imposing undue limitations
upon its scope. -

Normal butylenes were bubbled for 21 hours
through a reaction mixture consisting of 3 mols
of methyl cyclopentane and 2.75 mols of ‘sulfuric
acid contained in a flask maintained at 16° C.
The normal butylenes introduced amounted to
2.25 mols. The liquid hydrocarbon product
when analyzed contained 45% unreacted methyl

- cyclopentane, 33% alkylated cyclohexane, and

22% of other hydrocarbons. .

The foregoing specification is illustrative of
the operation of the process of the present in-
vention and the example cited shows the advan-
tages to be gained by its utilization and prac-

_tice. Neither the specification nor the .example

. are to be construed as imposing undue limita-
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tions upon its generally broad scope.

We claim as our invention:

1. A process for producing substantial yields
of alkyl substituted - cyclohexanes from alkyl
cyclopentanes which comprises reacting an alkyl
cyclopentane with an olefin hydrocarbon in the
presence of a sulfuric acid catalyst.

2. A process for producing substantial yields
of alkyl substituted cyclohexanes from alkyl
cyclopentanes which comprises reacting an alkyl
cyclopentane with an olefin hydrocarbon in the

.presence of a sulfuric acid catalyst at a tem-

-. perature between about —40 and about 4+120° C.
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3. A process for producing substantial 'yields
of alkyl substituted cyclohexanes from alkyl
cyclopentanes-which ¢omprises reacting .an- alkyl
cyclopentane with an olefin hydrocarbon in the
presence of a sulfuric acid catalyst at a tempera-
ture between about 0 and about +50° C.

4. A process for producing substantial yields
of alkyl substituted cyclohexanes from alkyl
cyclopentanes which comprises reacting an alkyl -
cyclopentane with normal butylene in the pres-
ence of a sulfuric acid catalyst.

5. A process for producing 1-ethyl-24-di-
methyl cyclohexane which comprises reacting
methyl cyclopentane with normal butylenes in
the presence of a sulfuric acid catalyst. ) :

6. A process for producing 1-ethyl-24-di-
methyl cyclohexane which comprises reacting
methyl cyclopentane with normal butylene in the
presence of a sulfuric acid catalyst at a tempera-
ture of between about 0 and about +50° C. :

7. A process for treating a gasoline boiling
range hydrocarbon fraction  containing alkyl
cyclopentanes to produce alkyl cyclohexanes from
said alkyl cyclopentanes which comprises treat-
ing said gasoline boiling range hydrocarbon frac-
tion with olefin-containing gases in the presence
of a sulfuric acid catalyst. :
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