
EP 0 288 295 B1 Description The present invention relates to a process for
the production of 2,3-dimethylbutene-1 (2,3-DMB-1) from propane. 5     It
is known from USP 4,542,249 to produce dimethylbutenes by (a) reacting
diisobutylene and ethylene under disproportionation conditions to produce
neohexene and (b) subjecting  the total disproportionation reaction
effluent containing neohexene without separation to skeletal isomerisation
to form dimethylbutenes. It is also known to produce a mixture of
2,3-dimethylbutene isomers, i.e. 2,3-DMB-1 and 2,3- dimethylbutene-2
(2,3-DMB-2) by the catalytic dimerisation of propane. 10     Thus, USP
3,686,352 discloses a process for the production of dimethylbutenes by
dimerising in the absence of air and moisture a propylene-containing fluid
in the presence of a dimeriiation catalyst under reaction conditions
sufficient to dimerise at least 90 percent by weight of said propylene to
[err] olefins, said dimerisation being carried out in the presence of a
solvent having a boiling point of at least [err] isomerising the Cs olefin
mixture, separating the isomerised mixture into a methylpentene-rich stream
and a 15 dimethylbutene-rich stream, maintaining the temperature of the
olefin mixture below 93 C (200 F) during the dimerisation, isomerisation
and separation steps and recycling the catalyst to the dimerisation step.
In this process no effort is made to separate the dimethylbutenes product
into its individual isomers. French patent number 2,250,729 describes a
process for isomerization of tertiary 1-olefins into corresponding
2-olefins using sulphonated ion exchange resins as catalyst. FR 2,250,729
also describes a 20 special case of the conversion of branched-chain
tertiary 2-olefins into tertiary 1-olefins, at a temperature of about [err]
or more. Japanese patent application number 7308707 (Chemical Abstracts
vol.78 no.21, 28 May 1973, page 328 no. 135624 n) describes the preparation
of 2,3 dimethylbutene-2 by isomerization of 2,3 dimethylbutene-1 in the
presence of an [err] catalyst at room temperature. 25     The dimerisation
of propane produces not only dimethylbutenes but also methylpentenes, as
dem- onstrated in the aforesaid USP 3,686,352, and also hexenes. Because of
their relative boiling points it is difficult to separate by distillation
2,3-DMB-1 from certain of the other dimerisation products, for example 4-
methylpentene-1 (4-MP-1), 3-methylpentene-1 (3-MP-1), cis-4-methylpentene-2
(cis-4-MP-2) and trans-4- methylpentene-2 (trans-4MP-2). 30     We have now
devised a process for the production of 2,3-DMB-1 from propene which
minimises the problem of separating 2,3-DMB-1 from other dimerisation
reaction products. Accordingly the present invention provides a process for
the production of 2,3-DMB-1 from propene as claimed in claim 1 which
process comprises the steps of: (A) converting propene in one or more
stages to a product comprising 2,3-DMB-2 under conditions 35    whereby the
proportion of 2,3-DMB-2 in the product is maximised, (B) separating
2,3-DMB-2 from the product of step (A), and (C) contacting the 2,3-DMB-2
separated in step (B) with a catalyst active for the isomerisation of 2,3-
DMB-2 to 2,3-DMB-1 under conditions whereby 2,3-DMB-2 is isomerised to
2,3-DMB-1. An advantage of operating in the manner according to the
invention is that lower boiling [err] olefins, 2,3- 40 DMB-2 being the
highest boiling, can readily be distilled off, thereby leaving 2,3-DMB-2, a
precursor of 2,3- DMB-1 by isomerisation. In step (A) of the process
according to the invention propane is converted in one or more stages to a
product comprising 2,3-DMB-2. The principal objective in step (A) is to
produce 2,3-DMB-2 at the highest achievable selectivity. This may be
accomplished in one or more stages. Thus in one stage propene may 45 be
contacted with a dimerisation catalyst which is selective for the
production of 2,3-dimethylbutenes, preferably one which is selective for
the production of 2,3-DMB-2. Suitable dimerisation catalysts are described
in a review by B. Bogdanovic in Adv. Organometallic Chem. 1979, 17, 105. A
suitable catalyst for conversion of propene to 2,3-DMB-2 is one based on
nickel/phosphines, further details of which may be obtained from the
aforesaid review article. 50     Alternatively, step (A) may be
accomplished in two stages, for example in a first stage (i) contacting
propane with a dimerisation catalyst to produce a product comprising
2,3-DMB-1 and 2,3-DMB-2 and in a second stage (ii) contacting the product
from stage (i) with an isomerisation catalyst active for the 



isomerisation of 2,3-DMB-1 to 2,3-DMB-2 under conditions which maximise the
isomerisation of 2,3-DMB-1 to 2,3-DMB-2. A suitable catalyst for dimerising
propane selectively to 2,3-DMB-1 in the liquid phase is 55 nickel
acetylacetonate/tricyclohexylphosphine/ethylaluminium dichloride, though a
variety of other catalysts may be employed. A suitable isomerisation
catalyst for isomerising 2,3-DMB-1 to 2,3-DMB-2 is a supported alkali
metal, for example sodium or potassium, though again a variety of other
catalysts may be employed. Another suitable class of isomerisation catalyst
for isomerising 2,3-DMB-1 to 2,3-DMB-2 is the strongly 2    EP 0 288 295 B1
acidic macroporous cation exchange resins, particularly such cation
exchange resins containing sulphonic acid groups. Examples of suitable
cation exchange resins useful in the performance of the invention include
Bayer Catalysts K2631 and K2634 and Amberlyst (RTM) 15. Step (A) may be
carried out in the liquid phase or the gaseous phase and either batchwise
or 5  continuously, the preferred mode of operation generally being
determined by the overall economics of the process. The temperatures and
pressures to be utilised in operation of step (A) may vary widely. The
preferred conditions will largely be determined by the mode of operation,
the requirement for high selectivity to 2,3- dimethylbutenes and the
overall process economics. 10    In a preferred embodiment of the present
invention step (A) comprises the stages: (I)  contacting  propene  in  the
liquid  phase  with  a  dimerisation  catalyst  comprising
nickel/phosphine/alkylaluminium at a temperature in the range from [err] to
[err] and a pressure in the range from atmospheric to 25 bar to produce a
product comprising propene dimers, including 2,3-DMB- 1, and higher boiling
materials, is   (II) deactivating the catalyst of stage (I), (III)
separating by distillation the propene dimers from high boiling materials
and catalyst residues from stage (II), and (IV) contacting the propene
dimers separated in stage (III) in the liquid phase with a heterogeneous
isomerisation catalyst capable of isomerising 2,3-DMB-1 to 2,3-DMB-2. 20
In stage (I) of the preferred embodiment the
nickel/phosphine/alkylaluminium catalyst may suitably be nickel
acetylacetonate/tricyclohexylphosphine/ethylaluminium dichloride, though
other catalysts described in the aforesaid review may be employed. The
temperature is preferably from -10 to + [err] more preferably about 0 C.
The pressure is preferably from atmospheric to 10 bar. Whilst it may be
convenient in laboratory scale operation of the process to operate at
atmospheric pressure, in practice commercial 25 operation may desirably be
effected at elevated pressure in order to maintain an adequate
concentration of propene in the liquid phase. In stage (II) the catalyst
used in stage (I) is deactivated. Deactivation of the catalyst is desirable
in order to minimise or eliminate further undesirable reactions during the
separation stages. Deactivation may suitably be accomplished by contacting
the catalyst with any material capable of decomposing or chelating 30 with
any of the catalyst components. Suitable materials include anhydrous
ammonia, aqueous ammonia, amines, for example alkylamines such as
triethylamine, water, aqueous strong inorganic bases, for example sodium
hydroxide or potassium hydroxide, and aqueous mineral acids, for example
dilute hydrochloric acid. In stage (IV) it is preferred to use as the
isomerisation catalyst a strongly acidic macroporous cation exchange resin,
particularly one containing sulphonic acid groups, for example Bayer
Catalysts K2631 and 35  K2634, or Amberlyst (RTM) 15. Before use in the
process, it is preferred to activate the resin, suitably by drying. Drying
may be achieved by a variety of methods, for example either by heating at
elevated temperature, generally about [err] at either atmospheric or
subatmospheric pressure, or by contact with a stream of hot gas or by
contact with a drying solvent. Operation of step (A) will provide a product
principally comprising 2,3-DMB-2, together with one or 40  more of
2,3-DMB-1, methylpentenes and hexenes. In step (B) of the process 2,3-DMB-2
is separated, suitably by distillation from the product of step (A). 



This may be accomplished by conventional distillation techniques. The
distillation is simplified in that 2,3- DMB-2, being the highest boiling
component of the product mixture, is readily recovered as a base fraction,
the remainder of the product being taken off as an overhead fraction. Any
overhead fraction containing 2,3- 45  DMB-1 may, if desired, be recovered
and recycled to the isomerisation stage of step (A). In step (C) of the
process the 2,3-DMB-2 separated in step (B) is contacted with a catalyst
active for the isomerisation of 2,3-DMB-2 to 2,3-DMB-1. Isomerisation of
2,3-DMB-2 will generally produce an equilibrium mixture of the two isomers,
i.e. 100% conversion to 2,3-DMB-1 is not generally possible under normal
conditions in a single stage isomerisation. 50    It is preferred to use a
heterogeneous catalyst in step (C), thereby facilitating its separation
from reactants and products. As the olefin isomerisation catalysts there
may be employed a supported alkali metal catalyst, an advantage of such
catalysts being that they offer good activity at ambient and sub- ambient
temperatures. Examples of suitable alkali metals include sodium, potassium
and lithium and mixtures thereof. A preferred alkali metal is sodium. The
support may suitably be a refractory oxide, for 55 example silica, alumina,
silica-alumina, magnesia, titania, ceria, or the like. Metal oxides are
preferred. A preferred support is alumina. Another preferred olefin
isomerisation catalyst is a strongly acidic macro- porous cation exchange
resin of the type as hereinbefore described. The supported alkali metal
catalyst may be prepared by any conventional technique, for example by 3
EP 0 288 295 B1 direct addition of the alkali metal to the support at a
temperature above the melting point of the alkali metal under an inert
atmosphere. The catalyst may suitably comprise from 0.1 to 50%, preferably
from 1.0 to 25% w/w of the alkali metal based on the weight of the support.
Other preferred catalysts are Bayer Catalysts K2631 and K2634 and Amberlyst
(RTM) 15. 5     A preferred catalyst for use in step (C) of the process is
a strongly acidic macroporous cation exchange resin. Step (C) may be
carried out either in the liquid phase or the vapour phase and may be
operated either batchwise or continuously, the preferred mode of operation
generally being determined by the overall economics of the process. 10
The temperatures and pressures employed in step (C) may vary widely. The
preferred conditions will largely be determined by the mode of operation,
the desirability for high selectivity to 2,3-DMB-1 and the overall process
economics. Generally the use of atmospheric pressure will be found
suitable. Regarding temperature, the optimum operating temperature will
depend inter alia on whether the process is operated in the liquid phase or
the vapour phase. In the liquid phase at atmospheric pressure, for example,
in order 15 to maximise the conversion of 2,3-DMB-2 to 2,3-DMB-1 it is
preferred to operate at temperatures up to about [err]. The product from
step (C) of the process comprises 2,3-DMB-1 and 2,3-DMB-2. The 2,3-DMB-1
may be separated and recovered from the product by distillation, though
other methods of separation may be employed. The product remaining after
recovery of 2,3-DMB-1 may suitably be recycled to step (C) of the 20
process. Alternatively, the distillative recovery of 2,3-DMB-1 may be
incorporated into step (C) of the process. The process of the invention
will now be further illustrated by reference to the accompanying Figures,
in which Figure 1 is a flow diagram illustrating one embodiment of the
invention and Figure 2 is a schematic block diagram illustrating a
preferred embodiment of the invention, and by reference to the following 25
Examples. With reference to Figure 1, 1 is a propene dimerisation and
product work-up zone, 2 is an isomerisation zone, 3 is a 2,3-DMB-2 recovery
zone and 4 is a 2,3-DMB-2 isomerisation zone. In operation propene and
catalyst solution are fed to the propene dimerisation unit of zone 1
wherein it is dimerised to a [err] product comprising 2,3-DMB-1, 2,3-DMB-2
and possibly also methylpentenes and 30  hexenes and [err] and higher
products. In the product work-up unit of zone 1 the [err] product is
separated 



from [err] and higher products and catalyst which is recycled to zone 1.
The [err] products from zone 1 are passed to the isomerisation zone
containing a heterogeneous isomerisation catalyst wherein 2,3-DMB-1 is
isomerised to 2,3-DMB-2. A portion of the [err] products may, however, by
recycled to zone 1 as solvent for the catalyst. This zone may be omitted,
particularly when 2,3-DMB-2 is produced in high selectivity in zone 35 1.
The product from zone 2 rich in 2,3-DMB-2 is passed to the 2,3-DMB-2
recovery zone 3 wherein other [err] products are distilled off. The
2,3-DMB-2 remaining is passed to the isomerisation zone 4 containing a
heterogeneous isomerisation catalyst wherein 2,3-DMB-2 is isomerised to
2,3-DMB-1. The 2,3-DMB-1 is separated from the isomerisation product from
zone 4 in a distillation zone (not shown) and the separated 2,3-DMB-2
recycled to zone 4. Alternatively, the distillative recovery of 2,3-DMB-1
may be incorporated into 40 the isomerisation zone 4. With reference to
Figure 2, 5 is a propene dimerisation zone, 6 is a product work-up zone, 7
is a distillation zone, 8 is a [err] olefin isomerisation zone, 9 is a
distillation zone and 10 is an isomerisation zone. In operation propene and
catalyst solution are fed to the propene dimerisation zone 5 wherein it is
dimerised to a [err] product comprising 2,3-DMB-1, 2,3-DMB-2 and possibly
also methylpentenes and 45 hexenes and Cs and higher products. In the
product work-up zone 6 the catalyst used in zone 5 is deactivated. [err]
olefins are separated by distillation from deactivated catalyst residues
and Cs and higher products in zone 7. In zone 8 the [err] product separated
in zone 7 is isomerised by contact with a heterogeneous isomerisation
catalyst to produce a 2,3-DMB-2 rich stream. In zone 9 Cs olefins are
separated by distillation from 2,3-DMB-2. Finally, in zone 10 2,3-DMB-2 is
isomerised by contact with a 50 heterogeneous isomerisation catalyst to
2,3-DMB-1, which is recovered by distillation. In the following Examples:
Example A illustrates the preparation of a 10% (nominal loading) sodium on
alumina isomerisation catalyst Example B illustrates the preparation of a
3% (nominal loading) potassium on alumina isomerisation 55    catalyst.
Example C illustrates the activation of a Bayer Catalyst K2631 (a cation
exchange resin). Example D illustrates the activation of an Amberlyst (RTM)
15 resin. Example 1 illustrates propene dimerisation to 2,3-DMB-1 in the
presence of a nickel 4    EP 0288295 B1
acetylacetonate/tricyclohexylphosphine/ethylaluminium dichloride catalyst
system. Example 2 illustrates [err] olefin recovery from the dimerisation
product (composed of catalyst, propylene oligomers and [err] olefins).
Example 3 illustrates propene dimerisation in n-heptane at [err]. 5
Example 4 illustrates propene dimerisation in n-heptane at  [err]. Example
5 illustrates propene dimerisation in [err] olefins at 0 C. Example 6
illustrates propene dimerisation in heptane at 4.5 barg. Example 7
illustrates distillation of the reaction product from Example 3. Example 8
illustrates isomerisation of a [err] olefin mixture over a sodium on
alumina catalyst. 10    Example 9 illustrates isomerisation of 2,3-DMB-1
over Bayer Catalyst K2631. Example 10 illustrates isomerisation of a [err]
olefin mixture over Bayer Catalyst K2631. Example 11 illustrates
isomerisation of a [err] olefin mixture over Bayer Catalyst K2634. Example
12 illustrates isomerisation of 2,3-DMB-1 over Amberlyst (RTM) 15. Example
13 illustrates 2,3-DMB-2 recovery from a [err] olefin mixture. 15
Examples 14 to 17 illustrate the batch isomerisation of 2,3-DMB-1 and
2,3-DMB-2 using a potasium on alumina catalyst and a sodium on alumina
catalyst. Example 18 illustrates the effect of temperature on the
isomerisation of 2,3-DMB-2 using a sodium on alumina catalyst. Example 19
illustrates isomerisation of 2,3-DMB-2 and recovery of 2,3-DMB-1 by
distillation. 



20    Example 20 illustrates the isomerisation of 2,3-DMB-2 over Bayer
Catalyst K2631 and recovery of 2,3- DMB-1 by distillation. CATALYST
PREPARATION 25  Example A - 10% Sodium on Alumina A 3 necked 2 litre round
bottom flask was fitted with a vacuum line, nitrogen supply line, a stirrer
gland and, stirrer shaft with a stainless steel blade. The apparatus was
housed in a fluidised sand bath. The flask was purged out with nitrogen
before use. 30     The flask was charged with 200 g of 1/8" gamma-alumina
spheres (Norton SA6273) and heated under vacuum for 16 hours at [err].
Sodium metal (22 g) was then added at [err] under nitrogen with stirring.
After 4 hours at [err] the catalyst was cooled to room temperature and
transferred to a clean, dry flask, where it was stored until required.
Analysis of the free alkali metal content was determined by water
hydrolysis and found to be 8.3% w/w 35  Na. Example B - 3% Potassium on
Alumina As described in Example A except 100 g of 300-500 um particle size
gamma-alumina 11.1 g of 40 potassium were used. The catalyst thus formed
and was then diluted with a further 200 g of 300-500 um particle size
gamma-alumina. The free alkali metal content was found to be 3.0% w/w K.
CATALYST ACTIVATION 45 Example C Bayer Catalyst K2631 (a cation exchange
resin) was dried at [err] C/600 mm Hg for 17 hours. Example D 50 Amberlyst
(RTM) 15 (a cation exchange resin) was dried at [err] C/600 mm Hg for 17
hours. Example 1 55     A 5 necked flanged 600 ml round bottom flask
reactor was fitted with a low-pressure propene supply line, a thermowell
with thermometer, a small pressure-equalised dropping funnel, rubber septum
cap, and a mechanical agitator. The reactor was housed in a stirred cooling
bath. The apparatus was purged with dry nitrogen before use. 5    EP 0 288
295 B1 3.9 ml of a 0.02 M solution of nickel
acetylacetonate/tricyclohexylphosphine (1:1 molar ratio) in toluene and 74
ml of n-heptane were added to the reactor. The solution was then cooled to
[err]. A 0.95 M n- heptane solution of ethyl aluminium dichloride (2.0 ml)
was added via the dropping funnel at the same time as propane was passed
through the reaction mixture. After the addition was complete the
temperature was 5  brought to [err] and kept at this temperature for 210
minutes with continuous addition of propene. The reaction was terminated by
the addition of anhydrous ammonia followed by the addition of 50 ml of 1.0
M aqueous sodium hydroxide. Samples from the reactor were removed every 30
minutes, via the rubber septum cap, and shaken with a solution of sodium
hydroxide. The reaction product samples were analysed by gas-liquid
chromatography. 10    The maximum observed conversion of propane was 10.5
Kg. [err] (g of [err] with a selectivity to [err] of 72%, of which 63% were
2,3-dimethylbutenes. The maximum observed productivity to 2,3-dimethyl-
butenes was 4.6 [err] (g of [err] at a 2,3-DMB-1 to 2,3-DMB-2 ratio of
63:1. Example 2 15 The procedure was as that described in Example 1 except
that after 210 minutes the propane supply was stopped and the mixture
cooled to [err]. The cooled funnel was then removed and a seven plate 1
inch Oldershaw column with still head, thermometer, condenser and
distillate collecting flasks were fitted. The reactor was then heated up to
[err] (base temperature) and the fraction between 58 and [err] 20
(distillation head temperature) was collected. 



Analysis of the distilled product (78.2 g) showed that 92% of the [err]
olefins produced in the dimerisation reaction had been collected overhead.
Example 3 25 A 5-necked flanged 20 litre flask reactor was fitted with low
pressure propane and nitrogen supply lines, a thermocouple, rubber septum
cap, a vent outlet and a mechanical agitator. The reactor was placed in a
cooling bath and the apparatus was purged with dry nitrogen before used.
The reactor was cooled to [err] and heptane (4.0 litres) and a 1.0 M
solution of ethyl aluminium dichloride (0.07 litres) were charged to the 30
reactor. The mixture was then saturated with propene and a 0.02 M solution
(0.209 litres) of nickel acetylacetonate and tricyclohexylphosphine in
toluene was added with stirring. As the reaction started the propene flow
was increased to meet the reaction demand and the pressure in the flask was
maintained at 0.3 barg. The initial exotherm was used to raise the
temperature of the reactor to 0 C, which was then maintained at 0 C  2 C
during the course of the reaction. 35    After 7 hours the reaction was
terminated by the gradual addition of water (0.003 litres) to the flask at
between 0 and [err] Analysis of the reaction mixture by gas-liquid
chromatography showed it to contain 26% of 2,3-DMB-1 and 2,3-DMB-2.
Selectivity to 2,3-DMB-1 and 2,3-DMB-2 was 55% based on propene. The
productivity to 2,3-dimethylbutenes was 1.04 [err] (g of [err] 40 Example 4
The procedure of Example 3 was repeated except that (i) a reaction
temperature of + [err] was used and (ii) the reaction was terminated after
3 hours. 45    Analysis of the reaction mixture showed it to contain 21.6%
2,3-DMB-1 and 2,3-DMB-2. Selectivity to 2,3-DMB-1 and 2,3-DMB-2 was 50%
based on propene. Example 5 50     The procedure of Example 3 was repeated
except that (i) a [err] olefin mixture (1.0 litres) was used in place of
heptane, (ii) 0.040 instead of 0.070 litres of a 1.0 M solution of ethyl
aluminium dichloride in heptane was used and (iii) 0.078 instead of 0.209
litres of a 0.02 M solution of nickel acetylacetonate and
tricyclohexylphosphine in toluene was used. Analysis of the reaction
mixture showed it to contain 32.4% 2,3-DMB-1 and 2,3-DMB-2. Selectivity to
55 2,3-DMB-1 and 2,3-DMB-2 was 47% based on propene. The productivity to
2,3-dimethylbutenes was 1.44 [err] (g of [err] Example 6 6    EP 0 288 295
B1 A 1 litre autoclave was cooled to -5 C, charged with n-heptane (100 ml)
and a 1.0M solution (2.7 ml) ethyl aluminium dichloride in heptane, under
propene. The autoclave was then charged with a 0.02M solution (5.4 ml) of
nickel acetylacetonate and tricyclohexylphosphine (1:1 molar ratio) in
toluene. Propene was then added at 4.5 barg and the reaction was maintained
at [err]  [err] for 2 hours. 5     Analysis of the reaction mixture by
gas-liquid chromatography showed it to contain circa 34% 2,3-DMB- 1 and
2,3-DMB-2. Selectivity to 2.3-DMB-1 and 2,3-DMB-2 was circa 46% based on
propene. The productivity to 2,3-dimethylbutenes was circa 16 [err] (g of
[err] Example 7 10 A reaction mixture (2.909 Kg, prepared as for Example 3)
was distilled using a 40 plate 1 inch Oldershaw column. The column was
initially maintained at total reflux for 3 hours and the product was taken
off at a reflux ratio of 1:1 (approximate rate of take off was 1.0 litres
hour[err]). The distillation was continued until all the [err] components
had been removed from the distillation column kettle. 15    The fractions
were combined to give a [err] olefin fraction (1.969 kg) and a residue
fraction (0.700 kg) 



which includes the distillation column kettle residues. Mass accountability
was 92% with a 78% recovery of [err] olefins in the combined distilled
fractions. Example 8 20 Two portions of 1.5 g of 25% sodium on alumina
catalyst (Norton SA6273 alumina) were mixed under argon with an
approximately equal volume of olefin mixture (3 ml) comprising 32% [err]
with initial composition shown in Table 1. One portion was kept at [err]
for 10 minutes the other at ca [err] and analysed after 10 minutes and 2
days. 25 TABLE 1 Olefin           Initial         10 mins  10 mins        2
days 30             (% of [err])      Concentrations  at [err]  at ca [err]
at ca [err] 4-MP-1                 0.5             2.5        0.8
- 2,3-DMB-1             70.8           58.5        21.8          4.0
Cis-4-MP-2            11.3             7.1        2.9          0.3
Trans-4-MP-2           5.7             8.9       13.8          1.9 2-MP-1
6.4            7.3         0.8          2.3 Cis-Hexene-3            -
0.2         0.5          0.6 2-MP-2                 1.2            4.8
7.1         21.1 Trans-Hexene-2         1.6             1.5        1.6
1.7 Cis-Hexene-2           1.3             1.0        0.6          0.4 40
2,3-DMB-2              1.2           13.2        49.9         67.7 In the
Table the following abbreviations are used: 45            4-MP-1         -
4-methypentene-1, 2,3-DMB-1      - 2,3-dimethylbutene-1 Cis-4-MP-2    -
cis-4-methylpentene-2, Trans-4-MP-2 - trans-4-methylpentene-2, 50
2-MP-1          - 2-methylpentene-1, 2-MP-2         - 2-methylpentene-2
2,3-DMB-2      - 2,3-dimethylbutene-2 55 Example 9 7    EP0288295B1
2,3-DMB-1 (20 g) was placed into a 50 ml flask fitted with a reflux
condenser and rubber septum and maintained under a nitrogen atmosphere. The
flask was heated to [err] and Bayer Catalyst K2631 (0.20 g) activated
according to Example C was added. Samples were taken at regular intervals
and analysed by gas- liquid chromatography. Table 2 shows the results
obtained. 5 Example 10 The procedure of Example 9 was repeated except that
a mixture of 2,3-DMB-1 (48.1% w/w), t-4MP-2 (11.2%), 2-MP-1 (3.5%), 2-MP-2
(22.2%), t-hexene-2 (4.4%) and 2,3-DMB-2 (10.5%) was used in place of 10
2,3-DMB-1 and the reaction temperature was [err]. Table 3 shows the results
obtained. Example 1 1 A reactor (of 10:1 length to diameter ratio) was
packed with Bayer catalyst K2634 (16.7 ml). A feed 15 containing a mixture
of propene dimers was passed over the catalyst at a flow rate of 334
ml/hour at 50 C. Analysis of the feed and product streams is shown in Table
4. Example 12 20     The procedure of Example 9 was repeated except that
instead of the Bayer Catalyst K2631 resin there 



was used Amberlyst (RTM) 15 resin activated according to the procedure of
Example D. Table 2 shows the results obtained. 25
Table 2 Sample     Time (seconds) 2,3-DMB-1 (%) 2,3-DMB-1 (%) 30
Example 9        Example 12 1          0           92.5             92.4 2
420          81.5               - 3         600      -
81.8 4        1200          68.0             73.0 5        1620
61.2               _ 6        1800             -             65.2 7
2340          52.1               _ 8        2400             -
58.3 9        3000             -             52.2 40
10        3600             -             47.3 11        3960           38.1
12        4680          32.6 45 50 55 8    EP 0 288 295 B1 TABLE  3 Time
2,3-DMB-1 t-4-MP-2 2-MP-1 2-MP-2 t-HEX-2 2,3-DMB-2 Highers 5      (seconds)
0      48.1      11.2    3.5    22.2    4.4       10.5      0.1 1440
15.9      11.2    3.4    22.2    4.5      42.7       0.1 4920       7.5
11.2    3.3    22.5    3.9      51.1      0.5 10       8220        5.8
11.4    3.3    22.5    3.7      52.5       0.8 11820       5.5       11.3
3.3    21.9    4.0      52.6      1.4 15420       5.4       11.0    3.2
21.9    3.7      53.5      1.3 19020       5.5       11.2    3.2    21.2
3.3      52.9      1.7 20820       5.4       11.0    3.1    21.4    4.0
53.6      1.5 24420       5.5       11.1    3.1    21.2    3.8      52.9
2.4 2,3-DMB-1  -  2,3-dimethylbutene-1 T-4-MP-2   -
Trans-4-methylpentene-2 20                      2-MP-1     -
2-methylpentene-1 2-MP-2     -  2-methylpentene-2 t-HEX-2    -
Trans-hexene-2 25                      2,3-DMB-2  -  2,3-dimethylbutene-2
TABLE 4 Component                  Feed % v/w     Product % w/w 30
4-methylpentene-1                       1.0              1.0
2,3-dimethylbutene-1  )                39.2              9.1 35
cis-4-methylpentene-2 ) trans-4-methylpentene-2                21.4
21.5 2-methylpentene-1                       4.0              2.3 



40        cis-hexene-3                            1.0              1.0
2-methylpentene-2                       3.5              3.5 trans-hexene-2
13.5             14.9 c is-hexene-2                            0.9
0.9 45        2,3-dimethylbutene-2                    13.5            43.7
Heptane                                 2.0              2.0 50 Example 13
Batch distillation of 628 g of a [err] olefin mixture (wt % composition:
4MP-1,1.1; 2,3-DMB-2/Cis 4-MP-2, 55 16.2; trans 4MP-2, 8.9;
4MP-1/hexene-1,2.2; hexene-3, 0.4;2MP-2, 25.6; trans hexene-2,1.2; Cis
hexene- 2,0.2; 2,3-DMB-2,44.0) was carried out on a 1 inch 40 plate
Oldershaw column with a 2 litre kettle. The lower boiling olefins (4MP1,
2,3-DMB1, c-4MP2, t4MP2, hexene-1 and 2MP1) were removed with a reflux
ratio set at 20:1 which was slowly increased to 40:1 resulting in very
little loss of 2,3-DMB-2 in the distillate. 9    EP 0 288 295 B1 The 2MP2
was removed with a reflux ratio set at 60:1. Overall, this gave 90%
recovery of the 2,3-DMB-2 (kettle product) with purity of 99.0%. The major
impurities were cis-hexene-2 less than 0.1%, 2MP2 0.5%, trans-hexene-2 0.2%
and cis-hexene-2 0.2%. 5  Examples 14 to 17 Portions of sodium or potassium
on alumina were mixed and shaken under an inert atmosphere with small
volumes of 2,3-DMB-1 or 2,3-DMB-2. The results obtained are shown in Table
5. isomerisation of 2,3- DMB-1 produced an exothermic reaction in both
cases. 10 TABLE 5 Example             14            15            16
17 15        Olefin Reactant   2,3-DMBI          2,3-DMB1     2,3-DMB2
2,3-DBM2 volume (ml)          3.0            5.0          3.0
5.0 Catalyst            10% Na/[err] 3% K/[err] 10% Na/A1203 3% K/ [err]
weight (g)           1.5            1.4           1.5            3.4 20
Duration (mins)           10            15            10            50
Product (2,3DMBI          21%          11.2%         3.6%          5.8%
(2,3DMBI        79%          88.8%        96.4%         94.2% Example 18 30
Pure 2,3-DMB-2 was passed over a fixed 2 ml catalyst bed of 25% sodium on
alumina at a liquid hourly space velocity of one for six hours each at
[err], [err] and [err]. Analysis of the products showed they contained
4.8%, 6.4% and 8.1%, 2,3-DMB-1 respectively. This Example shows that
2,3-DMB-2 conversion increases with reaction temperature. 35 Example 19 1.5
kg of 2,3-DMB-2 and 0.15 kg of 10% sodium on alumina (prepared as Example
A) were placed in the kettle of a 40 plate 1 inch Oldershaw distillation
column. 2,3-DMB-1 of high purity (99.9%) was obtained 40 at a reflux ratio
of 20:1 at a rate of 25 g/hour. The head temperature was 57 C and the
kettle temperature was [err]. Example 20 45     A 10 litre 3 neck
distillation kettle was fitted with a 47 plate 2 inch Oldershaw column and
a liquid outlet line to a pump which circulated the distillation kettle
contents over a heated catalyst bed before returning the contents to the
kettle through an inlet line. 



The kettle was charged with 2,3-DMB-2 (5.937 kg) and the catalyst bed with
Bayer Catalyst K2631 activated as in Example C. The pump was then used to
circulate the kettle contents over the catalyst bed at 50 [err] at a rate
of 1.2 litres hour[err]. The concentration of 2,3-DMB-1 in the kettle
gradually increased to about 5.5% after 36 hours, at which point the flask
temperature was raised and the distillation column brought to total reflux.
After 5 hours the heads take-off was commenced at a reflux ratio of 60:1.
2,3-DMB-1 was taken off at a rate of 15 to 30 ml hour[err] at a purity of
greater than 99% (by gas-liquid chromatographic analysis). 55 Claims 1. A
process for the production of 2,3-dimethylbutene-1 (2,3-DMB-1) from propene
which comprises the 10    The 2MP2 was removed with a reflux ratio set at
60:1. Overall, this gave 90% recovery of the 2,3-DMB-2 (kettle product)
with purity of 99.0%. The major impurities were cis-hexene-2 less than
0.1%, 2MP2 0.5%, trans-hexene-2 0.2% and cis-hexene-2 0.2%. 5 Examples 14
to 17 Portions of sodium or potassium on alumina were mixed and shaken
under an inert atmosphere with small volumes of 2,3-DMB-1 or 2,3-DMB-2. The
results obtained are shown in Table 5. isomerisation of 2,3- DMB-1 produced
an exothermic reaction in both cases. 10 TABLE 5 Example             14
15            16              17 15        Olefin Reactant    2,3-DMBI
2,3-DMB1   2,3-DMB2          2,3-DBM2 volume (ml)           3.0
5.0           3.0            5.0 Catalyst            10% Na/A1203 3%
X/[err] 10% Na/[err] 3% K/ [err] weight (g)            1.5            1.4
1.5            3.4 Duration (mins)           10             15
10             50 Product (2,3DMB1          21%           11.2%
3.6%           5.8% 25                 ((2,3DMB1         79%          88.8%
96.4%          94.2% Example 18 30 Pure 2,3-DMB-2 was passed over a fixed 2
ml catalyst bed of 25% sodium on alumina at a liquid hourly space velocity
of one for six hours each at 0 C, 20 C and [err]. Analysis of the products
showed they contained 4.8%, 6.4% and 8.1%, 2,3-DMB-1 respectively. This
Example shows that 2,3-DMB-2 conversion increases with reaction
temperature. 35 Example 19 1.5 kg of 2,3-DMB-2 and 0.15 kg of 10% sodium on
alumina (prepared as Example A) were placed in the kettle of a 40 plate 1
inch Oldershaw distillation column. 2,3-DMB-1 of high purity (99.9%) was
obtained 40  at a reflux ratio of 20:1 at a rate of 25 g/hour. The head
temperature was [err] and the kettle temperature was [err]. Example 20 45
A 10 litre 3 neck distillation kettle was fitted with a 47 plate 2 inch
Oldershaw column and a liquid outlet line to a pump which circulated the
distillation kettle contents over a heated catalyst bed before returning
the contents to the kettle through an inlet line. The kettle was charged
with -2,3-DMB-2 (5.937 kg) and the catalyst bed with Bayer Catalyst K2631
activated as in Example C. The pump was then used to circulate the kettle
contents over the catalyst bed at 50  50 C at a rate of 1.2 litres
hour[err]. The concentration of 2,3-DMB-1 in the kettle gradually increased
to about 5.5% after 36 hours, at which point the flask temperature was
raised and the distillation column brought to total reflux. After 5 hours
the heads take-off was commenced at a reflux ratio of 60:1. 2,3-DMB-1 



was taken off at a rate of 15 to 30 ml hour[err] at a purity of greater
than 99% (by gas-liquid chromatographic analysis). 55 Claims 1. A process
for the production of 2,3-dimethylbutene-1 (2,3-DMB-1) from propene which
comprises the 10    EP 0 288 295 B1 step of (A) converting propene in one
or more stages to a product comprising 2,3-dimethylbutene-2 (2,3 DMB-2)
under conditions whereby the proportion of 2,3 DMB-2 in the product is
maximised characterised in that the process comprises the further steps of
(B) separating 2,3 DMB-2 from the product of step (A), and (C) contacting
the 2,3 DMB-2 separated in step (B) with a catalyst active for 5      the
isomerisation of 2,3-DMB-2 to 2,3-DMB-1 selected from supported alkali
metals or strongly acidic macroporous cation exchange resins under
conditions whereby 2,3-DMB-2 is isomerised to 2,3-DMB-1 with the proviso
that when the catalyst is a strongly acidic macroporous cation exchange
resin the isomerisation is carried out at up to about [err]. 10  2. A
process according to claim 1 wherein step (A) is effected in one stage in
which propene is contacted with a dimerisation catalyst which is selective
for the production of 2,3-DMB-2. 3. A process according to claim 1 wherein
step (A) is effected in two stages in which in a first stage (i) propene is
contacted with a dimerisation catalyst to produce a product comprising
2,3-DMB-1 and 2,3- 15     DMB-2 and in a second stage (ii) the product from
stage (i) is contacted with an isomerisation catalyst active for the
isomerisation of 2,3-DMB-1 to 2,3-DMB-2 under conditions whereby 2,3-DMB-1
is isomerised to 2,3-DMB-2. 4. A process according to claim 1 wherein step
(A) comprises the stages:- 20       (1) contacting  propene  in  the
liquid  phase  with  a  dimerisation  catalyst comprising
nickel/phosphine/alkylaluminium at a temperature in the range from -30 to +
[err] and a pressure in the range from atmospheric to 25 bar to produce a
product comprising propene dimers, including 2,3-DMB-1, and higher boiling
materials, (II) deactivating the catalyst of stage (I), 25       (III)
separating by distillation the propene dimers from high boiling materials
and catalyst residues from stage (II), and (IV) contacting the propene
dimers separated in stage (III) in the liquid phase with a heterogeneous
isomerisation catalyst capable of isomerising 2,3-DMB-1 to 2,3-DMB-2. 30
5. A process according to claim 4 wherein the dimerisation catalyst is
nickel acetylacetonate/tricyclohexyl phosphine/ethylaluminium dichloride.
6. A process according to either claim 4 or claim 5 wherein the temperature
in stage (I) is in the range from -10 to [err] 35 7. A process according to
any one of claims 4 to 6 wherein in stage (II) the catalyst of stage (I) is
deactivated by treatment with either anhydrous ammonia, aqueous ammonia, an
alkylamine, water, an aqueous strong inorganic base or an aqueous mineral
acid. 40  8  A process according to any one of claims 4 to 7 wherein in
stage (IV) of step (A) the isomerisation catalyst is a supported alkali
metal. 9. A process according to any one of the preceding claims wherein in
step (C) the isomerisation catalyst is a supported alkali metal. 45 10. A
process according to claim 8 or claim 9 wherein the alkali metal is either
sodium or potassium and the support is alumina. 11. A process according to
any one of claims 4 to 7, 9 and 10 wherein in stage (IV) of step (A) the 50
isomerisation catalyst is a strongly acidic macroporous cation exchange
resin. 



12. A process according to any one of claims 1 to 8, 10 and 11 wherein in
step (C) the isomerisation catalyst is a strongly acidic macroporous cation
exchange resin. 55  13. A process according to claim 11 or claim 12 wherein
the resin contains sulphonic acid groups. 14. A process according to any
one of claims 11 to 13 wherein the resin is activated by drying before use.
11    EP 0 288 295 B1 15. A process according to any one of the preceding
claims wherein 2,3-DMB-1 is recovered from the product of step (C)
comprising 2,3-DMB-1 and 2,3-DMB-2 by distillation and the remainder of the
product is recycled to step (C). 5  16. A process according to any one of
claims 1 to 14 wherein distillative recovery of 2,3-DMB-1 is incorporated
into step (C). 17. A process according to claim 9 wherein step (C) is
performed at a temperature up to about [err]. 10 Revendlcatlons 1. Procede
de production de 2,3-dimethylbutene-1 (2,3-DMB-1) a partir de propane, qui
comprend l'operation (A) de transformation de propene en une ou plusieurs
6tapes en un produit comprenant du 2,3-dim6thylbutbne-2 (2,3-DMB-2) dans
des conditions telles que la proportion de 2,3-DMB-2 dans le 15     produit
soit maximisee, caracterise en ce qu'il comporte en outre les operations
(B) de separation du 2,3-DMB-2 du produit de l'op6ration (A), et (C) la
mise en contact du 2,3-DMB-2 s6pare dans l'operation (B) avec un catalyseur
actif pour l'isomerisation de 2,3-DMB-2 en 2,3-DMB-1 choisi entre des
metaux alcalins fixes sur un support ou des r~sines macroporeuses d'echange
cationique fortement acides dans des conditions propices a l'isom6risation
du 2,3-DMB-2 en 2,3-DMB-1 sous 220    reserve que lorsque le catalyseur est
une resine macroporeuse d'echange cationique fortement acide,
I'isomerisation soit effectu~e a une temperature s'6levant a environ 73 -
C. 2. Proced6 suivant la revendication 1, dans lequel l'operation (A) est
conduite en une seule etape dans laquelle du propane est mis en contact
avec un catalyseur de dimerisation qui est selectif a 1'4gard de 25    la
production de 2,3-DMB-2. 3. Proc~d6 suivant la revendication 1, dans lequel
l'op~ration (A) est conduite en deux etapes de facon telle que dans la
premibre etape (i) du propane est mis en contact avec un catalyseur de
dimerisation pour former un produit comprenant du 2,3-DMB-1 et du 2,3-DMB-2
et dans une seconde etape (ii), le 30     produit de l'tape (i) est mis en
contact avec un catalyseur d'isomerisation actif pour l'isomerisation de
2,3-DMB-1 en 2,3-DMB-2 dans des conditions dans lesquelles le 2,3-DMB-1 est
isomerise en 2,3-DMB- 2. 4. Proc6de suivant la revendication 1, dont
l'op6ration (A) comprend les etapes: 35       (1) de mise en contact du
propane en phase liquide avec un catalyseur de dimerisation comprenant du
nickel, une phosphine et un alkylaluminium & une temperature comprise dans
la plage de -30 a + 50, C et a une pression allant de la pression
atmospherique a 25 bars pour obtenir un produit comprenant des dimeres de
propene, y compris le 2,3-DMB-1, et des matibres de plus haut point
d'ebullition, 40       (11) de desactivation du catalyseur de l'etape (I),
(Ill) de s~paration par distillation des dimbres de propane de matieres de
haut point d'ebullition et de residus de catalyseur venant de l'6tape (II),
et (IV) de mise en contact des dimeres de propbne sdpares dans l'6tape
(Ill) en phase liquide avec un catalyseur heterogene d'isomrrisation
capable d'isom6riser le 2,3-DMB-1 en 2,3-DMB-2. 45 5. Proced6 suivant la
revendication 4, dans lequel le catalyseur de dim6risation consiste en
acetylac6to- nate de nickel/tricyclohexylphosphine/dichlorure
d'ethylaluminium. 6. Procdd6 suivant la revendication 4 ou la revendication
5, dans loquel la temperature dans l'4tape (I) se 50     situe dans la
plage de -10 a + 10 * C. 7. Proc6d6 suivant l'une quelconque des
revendications 4 a 6, dans lequel le catalyseur de l'etape (I) est 



desactive dans l'etape (II) par traitement avec de I'ammoniac anhydre, une
solution aqueuse d'ammo- niac, une alkylamine, de l'eau, une base
inorganique forte aqueuse ou un acide min6ral aqueux. 55 8. Procede suivant
l'une quelconque des revendications 4 a 7, dans lequel le catalyseur
d'isomrrisation dans l'etape (IV) de l'operation (A) est un metal alcalin
fixe sur un support. 12    EP O 288 295 B1                 lI!IIII IIII[1
11111 IIIIIl 111111 _,    9. Procede suivant l'une quelconque des
revendications precddentes, dans lequel le catalyseur d'isomrri- sation
dans I'op6ration (C) est un metal alcalin fixe sur un support. 10. Procdd6
suivant la revendication 8 ou la revendication 9, dans lequel le metal
alcalin est le sodium ou 5      le potassium et le support est I'alumine.
11. Procede suivant l'une quelconque des revendications 4 a 7, 9 et 10,
dans lequel le catalyseur d'isomerisation dans l'etape (IV) de l'operation
(A) est une r6sine macroporeuse d'6change cationique fortement acide. 10
12. Procede suivant I'une quelconque des revendications 1 a 8. 10 et 11,
dans lequel le catalyseur d'isomerisation dans l'tape (C) est une resine
macroporeuse d'echange cationique fortement acide. 13. Procede suivant la
revendication 11 ou la revendication 12, dans lequel la resine conthent des
groupes i6     acide sulfonique. 14. Procede suivant l'une quelconque des
revendications 11 A 13, dans lequel la resine est activ6e par s6chage avant
son utilisation. 20  15. Proced6 suivant l'une quelconque des
revendications precedentes, dans lequel du 2,3-DMB-1 est isole du produit
de l'op6ration (C) comprenant du 2,3-DMB-1 et du 2,3-DMB-2 par distillation
et le reste du produit est recycle dans I'operation (C). 16. Procede
suivant l'une quelconque des revendications 1 a 14, dans lequel la
separation du 2,3-DMB-1 26     par distillation est incorporee dans
l'operation (C). 17. Procede suivant la revendication 9, dans lequel
l'operation (C) est conduite a une temperature allant jusqu'A environ 73 C.
30 PatentansprUche 1. Verfahren zur Herstellung von 2,3-Dimethylbuten-1
(2,3-DMB-1) aus Propen, umfassend die Stufe (A) des Umwandelns von Propen
in einer oder in mehreren Stufen zu einem 2,3-Dimethylbuten-2 (2,3- DMB-2)
umfassenden Produkt unter solchen Bedingungen, durch welche der Anteil an
2,3-DMB-2 in 35     dem Produkt maximiert wird, dadurch gekennzeichnet, daB
das Verfahren die weiteren Stufen (B) des Abtrennens von 2,3-DMB-2 aus dem
Produkt aus Stufe (A) und (C) des In-Berohrung-Bringens des in Stufe (B)
abgetrennten 2,3-DMB-2 mit einem far die Isomerisierung von 2,3-DMB-2 zu
2,3 DMB-1 aktiven Katalysator, ausgewAhIt aus
Alkalimetalltragerkatalysatoren odor stark sauren makropor6sen
Kationenaustauscherharzen, unter Bedingungen, bei welchen 2,3-DMB-2 zu
2,3-DMB-1 isomerisiert 40     wird, umfalt, mit der Ma3gabe, daB dann, wenn
der Katalysator ein stark saures makropor6ses Kationenaustauscherharz ist,
die Isomerisierung bei einer Ternperatur bis zu etwa 73-C ausgefUhrt wird.
2. Verfahren nach Anspruch 1, worin die Stufe (A) in elner Stufe ausgeflhrt
wird, worin Propen mit einem 45     far die Bildung von 2,3-DMB-2
selektiven Dimerisationskatalysator in Ber~hrung gebracht wird. 3.
Verfahren nach Anspruch 1, worin die Stufe (A) in zwei Stufen ausgef~hrt
wird, worn in einer ersten Stufe (i) Propen mit einem
Dimerisationskatalysator zur Ausbildung eines 2,3-DMB-1 und 2,3-DMB-2
umfassenden Produktes in Kontakt gebracht wird und in einer zweiten Stufe
(ii) das Produkt aus Stufe so     (i) mit einem fOr die Isomerisierung von
2,3-DMB-1 zu 2,3-DMB-2 aktiven Katalysator unter Bedingun- gen in Berahrung
gebracht wird, unter welchen 2,3-DMB-1 zu 2,3-DMB-2 isomerisiert wird. 4.
Verfahren nach Anspruch 1, worin die Stufe (A) die folgenden Stufen umfalt:
(I) In-Kontakt-Bringen von Propen in flUssiger Phase mit einem
Nickel/Phosphin/Alkylaluminium 



55        enthaltenden Dimerisationskatalysator bei einer Temperatur im
Bereich von -30 bis +50  C und eine Druck im Bereich von Atmospharendruck
bis 25 bar, zur Ausbildung eines Propendime- re,einschlieBlich 2,3-DMB-1,
und h6her siedende Materialien umfassenden Produktes, (II) Desaktivieren
des Katalysators von Stufe (I), 13    EP O 288 295 B1
111111 111111 11111 J0 1  11 (111) Abtrennen der Propendimere von h6her
siedenden Materialien und KatalysatorrOckstanden aus Stufe (II) durch
Destillation und (IV) In-Kontakt-Bringen der in Stufe (III) abgetrennten
Propendimere in flUssiger Phase mit einem heterogenen, zum Isomerisieren
von 2,3-DMB-1 zu 2,3-DMB-2 beffhigten Isomerisierungskatalysa- 5
tor. 5. Verfahren      nach       Anspruch       4,      worin      der
Dimerisationskatalysator
NickelacetylacetonatlTricyclohexylphosphin/Ethylaluminiumdichlorid ist. 10
6. Verfahren nach Anspruch 4 oder 5, worin die Temperatur in Stufe (I) im
Bereich von -10 bis + 10  C liegt. 7. Verfahren nach einem der AnsprUche 4
bis 6, worin in Stufe (II) der Katalysator von Stufe (I) durch Behandlung
mit wasserfreiem Ammoniak, wairigem Ammoniak, einem Alkylamin, Wasser,
einer wlIri- 15     gen starken anorganischen Base oder einer wl~rigen
Mineraisaure desaktiviert wird. 8  Verfahren nach einem der AnsprOche 4 bis
7, worin in Stufe (IV) von Stufe (A) der Isomerisierungskata- lysator ein
Alkalimetalltragerkatalysator ist. 20  9. Verfahren nach einem der
vorstehenden AnsprUche, worin in Stufe (C) der Isomerisierungskatalysator
ein Alkalimetailtragerkatalysator ist. 10. Verfahren nach Anspruch 8 oder
9, worin das Alkalimetall entweder Natrium oder Kalium ist und der Trager
Aluminiumoxid ist. 25 11. Verfahren nach einem der AnsprUche 4 bis 7, 9 und
10, worim in Stufe (IV) von Stufe (A) der Isomerisierungskatalysator ein
stark saures makroporoses Kationenaustauscherharz ist. 12. Verfahren nach
einem der AnsprUche 1 bis 8,10 und 11, worin in Stufe (C) der
Isomerisierungskataly- 30     sator ein stark saures makroporoses
Kationenaustauscherharz ist. I3 Verfahren nach Anspruch 11 oder 12, worin
das Harz Sulfonsluregruppen enthalt. 14. Verfahren nach einem der AnsprUche
11 bis 13, worin das Harz vor dem Gebrauch durch Trocknen 35     aktiviert
wird. 15. Verfahren nach einern der vorstehenden AnsprUche, worin das
2,3-DMB-1 aus dem 2,3-DMB-1 und 2,3- DMB-2 umfassenden Produkt von Stufe
(C) durch Destillation gewonnen wird und der Rest des Produktes zu Stufe
(C) zur~ckgefthrt wird. 40 16. Verfahren nach einem der AnsprUche 1 bis 14.
worin die destillative Gewinnung von 2,3-DMB-1 in die Stufe (C) eingebaut
wird. 17. Verfahren nach Anspruch 9, worin die Stufe (C) bei einer
Temperatur von bis zu etwa 73' C ausgefUhrt 45     wird. 50 55 14    


