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Process for producing 4,4’-dichlorodiphenyl sulfoxide

Description

The invention relates to a process for producing 4,4-dichlorodiphenyl sulfoxide which also is
called 1-chloro-4(4-chlorophenyl)sulfinyl benzene or bis(4-chlorophenyl)sulfoxide.

4,4’-dichlorodiphenyl sulfoxide (in the following DCDPSO) can be used as a precursor for pro-
ducing 4,4-dichlorodiphenyl sulfone which is used for example as a monomer for preparing pol-
ymers such as polyarylene ethers like polysulfone, polyether sulfone, or polyphenylene sulfone
or as an intermediate of pharmaceuticals, dyes and pesticides.

For the production of DCDPSO several processes are known. One process is a Friedel-Crafts
reaction with thionyl chloride and chlorobenzene as starting materials in the presence of a cata-
lyst, for example aluminum chloride. Generally, the reaction of thionyl chloride and chloroben-
zene is disclosed as a first part in the production of 4,4’-dichlorodiphenyl sulfone, whereby an
intermediate reaction product is obtained by the reaction of thionyl chloride and chlorobenzene
which is hydrolyzed at an elevated temperature and thereafter oxidized to yield 4,4’-
dichlorodiphenyl sulfone.

General processes for the production of sulfur containing diaryl compounds are disclosed for
example in Sun, X. et al, “Investigations on the Lewis-acids-catalysed electrophilic aromatic
substitution reactions of thionyl chloride and selenyl chloride, the substituent effect, and the re-
action mechanisms”, Journal of Chemical Research 2013, pages 736 to 744, Sun, X. et al,
“Formation of diphenyl sulfoxide and diphenyl sulfide via the aluminum chloride-facilitated elec-
trophilic aromatic substitution of benzene with thionyl chloride, and a novel reduction of sul-
fur(lV) to sulfur(ll)”, Phosphorus, Sulfur, and Silicon, 2010, Vol. 185, pages 2535-2542 and Sun,
X. et al., “lron(ll) chloride (FeCls)-catalyzed electrophilic aromatic substitution of chlorobenzene
with thionyl chloride (SOCI;) and the accompanying auto-redox in sulfur to give diaryl sulfides
(ArzS): Comparison to catalysis by aluminum chloride (AICIs)”, Phosphorus, Sulfur, and Silicon,
2017, Vol. 192, No. 3, pages 376 to 380. In these papers different reaction conditions and cata-
lysts are compared.

Friedel-Crafts acylation reactions of thionyl chloride and chlorobenzene in the presence of Lew-
is acid catalyst as part in the production of 4.4’-dichlorodiphenylsulfone are also disclosed for
instance in CN-A 108047101, CN-A 102351756, CN-A 102351757, CN-A 102351758 or CN-A
104557626.

A two-stage process for producing 4,4’-dichlorodiphenyl sulfone where in the first stage
DCDPSO is produced is disclosed in CN-B 104402780. For producing DCDPSO, a Friedel-
Crafts reaction is described to be carried out at 20 to 30°C using thionyl chloride and chloroben-
zene as raw material and anhydrous aluminum chloride as catalyst. The Friedel-Crafts reaction
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is followed by cooling, hydrolysis, heating and refluxing. It is further described that after reflux is
finished the reaction mixture is cooled down and DCDPSO precipitates in form of white crystals
which are filtered off. The DCDPSO then is oxidized to obtain 4,4’-dichlorodiphenyl sulfone.

SU-A 765262 also discloses a two-stage process for producing 4,4’-dichlorodiphenyl sulfone
where in the first stage DCDPSO is obtained by a Friedel-Crafts reaction using thionyl chloride
and chlorobenzene in the presence of aluminum chloride at a temperature in the range from -10
to 50°C. According to the examples, the mixture obtained in the Friedel-Crafts reaction is
poured into a 3% aqueous solution of hydrochloric acid and heated to completely dissolve the
DCDPSO in the chlorobenzene which is added in excess. After separation into two phases, the
organic phase is washed and then cooled to precipitate the DCDPSO. In one example the hy-
drochloric acid is obtained by trapping the hydrogen chloride evolved in the Friedel-Crafts reac-
tion.

Itis an object of the present invention to provide a reliable and energy-efficient process for pro-
ducing 4,4’-dichlorodiphenyl sulfoxide with a reduced amount of impurities, particularly with a
reduced amount of isomers like 2,4’-dichlorodiphenyl sulfoxide, 3,4’-dichlorodiphenylsulfoxide
and 2,2-dichlorodiphenyl sulfoxide.

This object is achieved by a process for producing DCDPSO comprising:

(a) reacting thionyl chloride, chlorobenzene and aluminum chloride in a molar ratio of thionyl
chloride : chlorobenzene : aluminum chloride of 1: (6 t0 9) : (1 to 1.5) at a temperature in
the range from 0 to below 20°C, forming an intermediate reaction product and hydrogen
chloride,

(b) mixing agueous hydrochloric acid and the intermediate reaction product at a temperature
in the range from 70 to 110°C to obtain a crude reaction product comprising DCDPSO,

(¢) separating the crude reaction product into an organic phase comprising the DCDPSO and
an aqueous phase,

(d) washing the organic phase with an extraction liquid.

It has been shown that by carrying out the reaction (a) at a temperature in the range from 0 to
below 20°C a higher selectivity regards 4,4’-dichlorodiphenyl sulfoxide can be achieved.

By this process it is possible to achieve a final dry product comprising 4,4’-dichlorodiphenyl sul-
foxide which contains less than 0.5 wt% isomers based on the total amount of all isomers of
dichlorodiphenyl sulfoxide.

Itis a further advantage of this process that the reaction product comprising DCDPSO is essen-
tially free of aluminum chloride used as catalyst. “Essentially free” in this context means that, if
at all detectable, there are only traces of aluminum chloride in the product obtained from the
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process, preferably, the amount of aluminum chloride is from 0 to 100 ppm, particularly less
than 50 ppm.

To obtain DCDPSO, in the reaction (1) thionyl chloride, chlorobenzene and aluminum chloride
are fed into a reactor in a molar ratio of thionyl chloride : chlorobenzene : aluminum chloride of 1
1 (610 9): (1to 1.5), preferably in a molar ratio of thionyl chloride : chlorobenzene : aluminum
chloride of 1 : (6 to 8) : (1 to 1.2) and particularly in a molar ratio of thionyl chloride : chloroben-
zene : aluminum chloride of 1: (610 7) : (1 to 1.1).

The reactor can be any reactor which allows mixing and reacting of the components fed into the
reactor. A suitable reactor is for example a stirred tank reactor or jet loop reactor. If a stirred
tank reactor is used, the stirrer preferably is an axially conveying stirrer, for example an oblique
blade agitator. The reaction can be operated either continuously or batchwise. Preferably, the
reaction is operated batchwise.

The thionyl chloride, chlorobenzene and aluminum chloride can be added simultaneously or
successively. For reasons of ease of conduct of the reaction - in particular in case of batch reac-
tion - preferably, aluminum chloride and chlorobenzene are fed firstly into the reactor and then
the thionyl chloride is added to the aluminum chloride and chlorobenzene. In this case the alu-
minum chloride and chlorobenzene can be added simultaneously or one after the other. How-
ever, in each case it is preferred to mix the aluminum chloride and chlorobenzene before adding
the thionyl chloride. Particularly preferably aluminum chloride and chlorobenzene are first fed
into the reactor and the thionyl chloride is added to the aluminum chloride and chlorobenzene.
During the reaction hydrogen chloride (HCI) - typically in gaseous form - is formed which is at
least partially withdrawn from the reactor. The volumetric flow for adding the thionyl chloride
typically depends on heat dissipation and flow rate of the gas withdrawn from the reactor.

The chlorobenzene which is added in excess into the reactor and, therefore, only partially con-
verted during the chemical reaction, also serves as a solvent for the reaction products. In any
step of the process in which a solvent is used, the solvent preferably is chlorobenzene. Due to
the reaction conditions in the context of the present invention the person skilled in the art appre-
ciates that the term “chlorobenzene” means monochlorobenzene which may contain traces of
impurities.

The thionyl chloride and the chlorobenzene react in the presence of the aluminum chloride
whereby an intermediate reaction product and hydrogen chloride form. The intermediate reac-
tion product comprises 4,4’-dichlorodiphenyl sulfoxide-AlCls adduct. The aluminum chloride
generally can act as catalyst. The chemical reaction can be schematically represented by the
following chemical reaction equation (1):
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The reaction (a) is carried out at a temperature in the range from 0 to below 20°C, preferably at
a temperature in the range from 3 to 15°C and particularly in the range from 5 to 12°C.

Thereby the reaction can be carried out at a constant or almost constant temperature. It is also
possible to carry out the reaction at varying temperatures within the described ranges, for in-
stance employing a temperature profile over the time of reaction or the reactor.

The reaction period generally depends on the amounts of reactants used and increases with

increasing amounts of reactants. After addition of the thionyl chloride to the mixture of aluminum
chloride and chlorobenzene is completed, the reaction preferably is continued for 10 to 120 min,
more preferred from 20 to 50 min after the total amount of thionyl chloride is fed into the reactor.

Independently of whether the reaction is operated continuously or batchwise, the flow rate of the
thionyl chloride is selected such that the heat generated by the reaction can be dissipated from
the reactor by suitable cooling devices to keep the temperature in the reactor within a prede-
fined range.

The hydrogen chloride (HCI) produced in the reaction typically is in gaseous form and at least
partly removed from the reactor. While it can be put to other use in gaseous form, preferably,

the hydrogen chloride removed from the reaction is mixed with water to produce aqueous hy-
drochloric acid.

After the reaction the intermediate reaction product is mixed with aqueous hydrochloric acid. For
reasons of energy as well as production efficiency as well as sustainability, particularly prefera-
bly, the aqueous hydrochloric acid is produced from the hydrogen chloride removed from the
reaction (a). By mixing the intermediate reaction product with the aqueous hydrochloric acid
hydrolysis of the intermediate reaction product can take place. A crude reaction product com-
prising DCDPSO is obtained. The crude reaction product can also comprise aluminum chloride
which is typically in hydrated form, usually as AlICls-6H20. The hydrolysis can be schematically
represented by reaction equation (2):

AlCk

Nn=0,
n=0

HCl
@) + ACl, 6H,0 (2)

cl cl Cl Cl
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The aqueous hydrochloric acid may have any concentration. However, a concentration of the
hydrochloric acid above 3 wt% improves the solubility of the aluminum chloride. Preferably, the
aqueous hydrochloric acid used in the hydrolysis has a concentration in the range from 3 to 12
wt%, more preferably in the range from 6 to 12 wt% and particularly preferably in the range from
10 to 12 wt%. All concentrations of hydrochloric acid in wt% above and in the following are
based on the total amount of hydrogen chloride and water in the aqueous hydrochloric acid.

An advantage of a higher concentration, particularly of a concentration in the range from 10 to
12 wt%, is that the density of the aqueous phase increases and the aqueous phase thus forms
the lower phase whereas the upper phase is the organic phase comprising the DCDPSO, in the
following also termed as “organic phase”. This allows an easier draining of the agqueous phase
to obtain the organic phase. Further, the higher concentration allows a smaller amount of water
for removing the aluminum chloride. A higher concentration of the aqueous hydrochloric acid
further results in a quicker phase separation. It is a further advantage of the aqueous phase
being the lower phase that for the easier draining of the aqueous phase the washing step (d)
can be carried out in the same apparatus as the hydrolysis.

The temperature at which the hydrolysis is carried out is in the range from 70 to 110°C, prefera-
bly in the range from 80 to 100°C and particularly in the range from 80 to 90°C. The reaction
period of the hydrolysis after all components for the hydrolysis are added preferably is in the
range from 30 to 120 min, more preferred in the range from 30 to 60 min and particularly in the
range from 30 to 45 min. This reaction period is in general sufficient for hydrolysis of the inter-
mediate reaction product to obtain the DCDPSO. To facilitate the hydrolysis and to bring it as
fast as possible to completion, the mixture can be agitated, preferably the mixture is stirred. Af-
ter finishing the hydrolysis, the mixture separates into an aqueous phase comprising the AlCls
and an organic phase comprising DCDPSO solved in the excess chlorobenzene. In case the
mixture is stirred, stirring is stopped to allow the mixture to separate.

The amount of aqueous hydrochloric acid used in (b) preferably is such that no aluminum chlo-
ride precipitates and that further two liquid phases are formed, the lower phase being the aque-
ous phase and the organic phase being the upper phase. To achieve this, the amount of aque-
ous hydrochloric acid used in (b) preferably is such that after the hydrolysis the weight ratio of
aqueous to organic phase is in the range from 0.6 to 1.5 kg/kg, more preferably in the range
from 0.7 to 1.0 kg/kg and particularly in the range from 0.8 to 1.0 kg/kg. A smaller amount of
aqueous hydrochloric acid may result in precipitation of aluminum chloride. Particularly at higher
concentrations of the aqueous hydrochloric acid a larger amount is necessary to avoid precipita-
tion. Therefore, the concentration of the aqueous hydrochloric acid preferably is kept below

12 wt%.

The reaction of thionyl chloride, chlorobenzene and aluminum chloride and the mixing with
aqueous hydrochloric acid and thus the hydrolysis can be carried out in the same reactor or in
different reactors. Preferably, the reaction is carried out in a first reactor and the hydrolysis in a
second reactor. If a first reactor and a second reactor are used, the first reactor corresponds to
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the reactor as described above. The second reactor also can be any reactor to perform a
batchwise reaction and which allows agitating, preferably stirring of the components in the reac-
tor. Therefore, the second reactor also preferably is a stirred tank reactor.

Either the one reactor, if the reaction and the hydrolysis are carried out in the same reactor, is
or the preferably used first and second reactors are designed in such a way that the tempera-
ture can be set to adjust the temperature in the reactor. For this purpose, it is for example pos-
sible to provide a pipe inside the reactor through which a heating medium or a cooling medium
can flow. Under the aspect of ease of reactor maintenance and/or uniformity of heating, prefer-
ably, the reactor comprises a double jacket through which the heating medium or cooling medi-
um can flow. Besides the pipe inside the reactor or the double jacket the heating and/or cooling
of the reactor(s) can be performed in each manner known to a skilled person.

If the reaction and the hydrolysis are carried out in different reactors, it is particularly preferred
to heat the intermediate reaction product to a temperature which is above the solubility point of
the intermediate reaction product in the solvent after the reaction is completed and prior to
transporting the intermediate reaction product from the first reactor to the second reactor. Due
to heating the intermediate reaction product before transporting and feeding into the second
reactor, the intermediate reaction product dissolves and a liquid without solid components is
transported. This has the advantage that fouling of the first reactor is avoided.

The solubility point denotes the temperature of the reaction mixture at which the intermediate
reaction product is fully dissolved in the solvent. This temperature depends on the concentration
of the intermediate reaction product in the solvent. The lower the concentration of DCDPSO in
the organic phase, the lower the temperature at which the intermediate reaction product is fully
dissolved in the solvent is.

If the reaction and the hydrolysis are carried out in the same reactor, the aqueous hydrochloric
acid is fed into the reactor after the reaction is completed and after the intermediate reaction
product is heated to the temperature of the hydrolysis. The flow rate of the aqueous hydrochlo-
ric acid preferably is set such that the temperature of the hydrolysis can be held in the specified
range for the hydrolysis by tempering the reactor. If the reaction and the hydrolysis are carried
out in different reactors, it is preferred to firstly feed the aqueous hydrochloric acid into the sec-
ond reactor and to add the intermediate reaction product to the aqueous hydrochloric acid. In
this case the flow rate of adding the intermediate reaction product into the second reactor is set
such that the temperature in the second reactor is held within the specified temperature limits
for the hydrolysis by tempering the second reactor.

To remove the aqueous hydrochloric acid and remainders of the aluminum chloride from the
organic phase, the organic phase obtained in (c) is separated off and washed with an extraction
liquid.
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The phase separation following the hydrolysis can be carried out in the reactor in which the hy-
drolysis took place or in a separate vessel for phase separation. Under the aspect of less com-
plexity, preferably the phase separation is carried out in the reactor in which the hydrolysis took
place. After the phase separation is completed, the aqueous phase and the organic phase are
removed separately from the vessel in which the phase separation took place, preferably the
reactor in which the hydrolysis was performed. Using aqueous hydrochloric acid having a higher
concentration for removing aluminum chloride, particularly aqueous hydrochloric acid having a
concentration in the range from 10 to 12 wt% so that the density of the aqueous phase increas-
es and the aqueous phase thus forms the lower phase, has the additional advantage that for the
easier draining of the aqueous phase the washing of the organic phase can be carried out in the
same apparatus as the hydrolysis.

After being separated off, the organic phase is fed into the washing step (d) to remove residual
aluminum chloride and hydrochloric acid. The extraction liquid used for washing the organic
phase preferably is water.

The washing preferably is carried out in a separate washing vessel. However, it is also possible
to only remove the agueous phase from the reactor in which the hydrolysis took place and carry
out the washing step in the reactor in which the hydrolysis took place. If the washing is carried
out in a separate washing vessel, any vessel in which an organic phase can be washed can be
used. The washing vessel usually comprises means to intimately mix the organic phase with the
extraction liquid. Preferably, the washing vessel is a stirred tank into which the organic phase
and the extraction liquid are fed and then mixed.

If the phase separation is carried out in a vessel for phase separation, the washing either can
be carried out in a washing vessel or, alternatively, in the vessel for phase separation. If phase
separation and washing are carried out in the same vessel, it is necessary to provide means for
mixing the organic phase with the extraction liquid after the aqueous phase which was separat-
ed from the organic phase is drained off.

The washing preferably is carried out at a temperature in the range from 70 to 110°C, more pre-
ferred in a range from 80 to 100°C and particularly in a range from 80 to 90°C. Particularly pref-
erably the washing is carried out at the same temperature as the hydrolysis.

Generally, the amount of extraction liquid which preferably is water is sufficient to remove all or
essentially all of the aluminum chloride from the organic phase. Under the aspect of waste con-
trol it is usually preferred to use as little extraction liquid as possible. The amount of water used
for washing preferably is chosen in such a way that a weight ratio of aqueous to organic phase
in the range from 0.3 to 1.2 kg/kg, more preferably in the range from 0.4 to 0.9 kg/kg and partic-
ularly in the range from 0.5 to 0.8 kg/kg is obtained. In terms of sustainability and avoidance of
large waste water streams it is preferred to use as little water for the washing step as possible.
Itis particularly preferred to use such an amount of water that the entire aqueous phase from
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the washing step can be used to generate the aqueous hydrochloric acid in the concentration
needed for hydrolysis.

After a predetermined washing period, mixing is stopped to allow the mixture to separate into an
aqueous phase and an organic phase. The aqueous phase and the organic phase are removed
from the washing vessel separately. The organic phase comprises the DCDPSO solved in the
excess chlorobenzene as solvent. The predetermined washing period preferably is as short as
possible to allow for short overall process times. At the same time, it needs sufficient time to
allow for the removal of aluminum chloride.

The process may comprise one or more than one such washing cycles. Usually one washing
cycle is sufficient.

The DCDPSO can be separated off the organic phase according to any process known to a
skilled person. The organic phase for example can be cooled down to allow the DCDPSO to
crystallize.

The aqueous phase removed from the washing preferably is used for producing the aqueous
hydrochloric acid used for the hydrolysis. For this purpose, the water which is used for washing
is separated off and mixed with the hydrogen chloride obtained in the reaction to obtain the
aqueous hydrochloric acid. The mixing of the hydrogen chloride and the water can be per-
formed for example in a washing column into which the gaseous hydrogen chloride and the wa-
ter are fed. If such a washing column is used, preferably the hydrogen chloride and the water
are fed in countercurrent. Besides a washing column all further vessels which allow absorbing
the hydrogen chloride in water can be used. Thus, it is possible for example to feed the water
into a vessel and to introduce the hydrogen chloride into the water. To introduce the hydrogen
chloride into the water, for example a pipe can be used which immerges into the water. For dis-
tributing the hydrogen chloride in the water, it is possible to provide the end of the pipe immerg-
ing into the water with an immersion head having small holes through which the hydrogen chlo-
ride flows into the water. As an alternative, also a frit can be used for distributing the hydrogen
chloride in the water.

Each process step described above can be carried out in only one apparatus or in more than
one apparatus depending on the apparatus size and the amounts of compounds to be added. If
more than one apparatus is used for a process step, the apparatus can be operated simultane-
ously or — particularly in a batchwise operated process — at different time. This allows for exam-
ple to carry out a process step in one apparatus while at the same time another apparatus for
the same process step is maintained, for example cleaned. Further, in that process steps where
the contents of the apparatus remain for a certain time after all components are added, for ex-
ample the reaction or the hydrolysis, it is possible after feeding all compounds in one apparatus
to feed the components into a further apparatus while the process in the first apparatus still con-
tinues. However, it is also possible to add the components into all apparatus simultaneously and
to carry out the process steps in the apparatus also simultaneously.
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An illustrative embodiment of the invention is shown in the figure and explained in more detail in
the following description.

In the drawing:

Figure 1  shows a schematic flow diagram of the process for producing DCDPSO.

An embodiment of the inventive process for producing DCDPSO is shown in the only figure.

The process for producing DCDPSO according to the embodiment as shown in figure 1 is car-
ried out in a first reactor 1 and a second reactor 3. Chlorobenzene 5, thionyl chloride 7 as reac-
tants and aluminum chloride 9 as catalyst are fed into the first reactor 1. The reactants and the
catalyst can be fed simultaneously into the first reactor 1. However, preferably aluminum chlo-
ride 9 and chlorobenzene 5 are firstly fed into the first reactor 1 and mixed and the thionyl chlo-
ride 7 is then added to the mixture of aluminum chloride and chlorobenzene in a controlled way.
In the first reactor 1 an intermediate reaction product is produced which is solved in excess
chlorobenzene. The reaction in the first reactor is carried out at a temperature in the range from
0 to 15°C and ambient pressure. After the reaction is completed, the intermediate reaction
product is withdrawn from the first reactor 1 and fed into the second reactor 3. Additionally,
aqueous hydrochloric acid 11 with a concentration in the range from 3 to12 wt% is fed into the
second reactor 3. In the second reactor 3 DCDPSO is produced from the intermediate product
by hydrolysis.

The hydrolysis in the second reactor is performed at a temperature in the range from 70 to
110°C and at ambient pressure for 30 to 120 min. After finishing the hydrolysis, a phase separa-
tion into an aqueous phase and an organic phase takes place in the second reactor 3. The
aqueous phase 13 containing aluminum chloride is removed from the process and the organic
phase 15 comprising DCDPSO as product and chlorobenzene is fed into a washing device 17.

In the washing device 17, the organic phase 15 comprising DCDPSO as product and chloro-
benzene as solvent are mixed with water 18 to remove residual catalyst. The washing is per-
formed at a temperature from 70 to 110°C and at ambient pressure. After the washing, the mix-
ture separates into two phases, an aqueous phase comprising traces of chlorobenzene and
aluminum chloride and an organic phase comprising DCDPSO as product and chlorobenzene
as solvent. The organic phase is withdrawn from the process as product 19.

The organic phase withdrawn as product 19 then can be further treated to separate the
DCDPSO from the chlorobenzene. One possibility to obtain DCDPSO is cooling the mixture
whereby the DCDPSO precipitates and then can be filtered off.

Besides the intermediate reaction product hydrogen chloride accrues during the reaction in the
first reactor 1. As the hydrogen chloride is gaseous, it easily can be withdrawn from the first re-
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actor 1. The gaseous hydrogen chloride 23 preferably is fed into an absorbing device 25 as
shown in the figure. In the absorbing device 25 aqueous hydrochloric acid is produced by ab-
sorbing the hydrogen chloride in water. This aqueous hydrochloric acid preferably is used for
the hydrolysis in the second reactor 3 as shown in the figure.

The water for producing the aqueous hydrochloric acid in the absorption device 25 preferably is
the aqueous phase 21 which emanates from the washing in the washing device 17. By using
the aqueous phase 21 from the washing the total amount of fresh water can be reduced and
thus a much smaller amount of wastewater accrues.

This wastewater is the aqueous phase from the hydrolysis in the second reactor 3. The waste-
water can be disposed after cleaning.

Examples

Effect of the temperature in the first reaction

In all examples 5.5 mol aluminum chloride and 40 mol chlorobenzene were fed into a stirred
tank reactor as first reactor. 5 mol thionyl chloride were added to the reaction mixture in 160
min. The reaction in the first reactor was carried out at different temperatures according to table
1. Hydrogen chloride produced in the reaction was withdrawn from the process. After finishing
the addition of thionyl chloride, the reaction mixture was heated to 60°C.

After finishing the reaction in the first reactor, the resulting reaction mixture was fed into a sec-
ond stirred tank reactor which contained 3400 g aqueous hydrochloric acid with a concentration
of 11 wt%. The second stirred tank reactor was heated to a temperature of 90°C. After 30 min
the reaction was finished, and the resulting reaction mixture was analyzed by GC analysis to
determine the selectivity. The selectivity at the different reaction temperatures in the first reac-
tion is also listed in table 1.

Table 1:  Selectivity towards 4,4’-dichlorodiphenyl sulfoxide at different temperatures of the
first reaction
Example 1 2 3 4 5 6 7
Temperature [°C] -3 0 6 10 20 30 40
Selectivity [%] 95,7 94,8 94,6 94,3 94 92,8 91,9

As can be seen from table 1, the selectivity decreases with increasing temperature, wherein
there is only a small decrease in the range from 0 to 20°C. The highest selectivity can be ob-
served at a temperature of -3°C. But since the reaction stops at temperatures below -3°C and
thus a precise temperature control is necessary to avoid the temperature to fall below -3°C par-
ticularly in industrial scale processes the reaction is carried out at temperatures above -3°C.
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Effect of the concentration of the aqueous hydrochloric acid used in the hydrolysis

In all examples 5.5 mol aluminum chloride and 40 mol chlorobenzene were fed into a stirred
tank reactor as first reactor. 5 mol thionyl chloride were added to the reaction mixture in 160
min. The reaction in the first reactor was carried out at 40°C. Hydrogen chloride produced in the
reaction was withdrawn from the process. After finishing the addition of thionyl chloride the reac-
tion mixture was heated to 60°C.

The intermediate reaction product produced in the first reaction was subjected to a hydrolysis in
a second stirred tank reactor by adding aqueous hydrochloric acid. The amount and the con-
centration of the aqueous hydrochloric acid and the reaction time of the hydrolysis are listed in
table 2. During hydrolysis, the mixture was stirred with a three-step cross-arm stirrer at 200 rpm.
After hydrolysis, the mixing was stopped, and the mixture separated into an aqueous phase and
an organic phase.

The aqueous phase was withdrawn, and the organic phase was washed with water while stir-
ring. The washing duration and the amount of water also are listed in table 2. During washing
the mixture was stirred with a three-step cross-arm stirrer at 100 rpm. After washing, stirring
was finished and the mixture separated into an aqueous phase and an organic phase.

After phase separation the organic phase was subjected to a crystallization process. At 30°C
the resulting suspension was filtered, and the filter cake washed with monochlorobenzene. Dry-
ing of the wet filter cake yielded the desired 4,4’-dichlorodiphenyl sulfoxide as a white crystalline
solid.

Table 2: Reaction conditions

Example 1 2 3 4 >
Concentration HCI 3 6 10.7 16 12
[wt%]
Amount HCI

(q] 6990 3495 | 3495 | 2330 | 1747.5

reaction time hydrolysis
[min]
Phase separation time
[s]
Amount Water

[a]
hing ti
Washing washing ime 30 30 30 | 30 30
[min]
Phase separation time
[s]
Yield Final isolated yield 80.1 81.5 80.4 80.8 79.5

Hydrolysis
60 60 60 60 60

130 140 140 165 n.d.

4000 2000 | 2000 | 1333.3| 1000

30 40 30 30 50
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In example 5 it was not possible to separate the phases after hydrolysis because due to solubili-
ty issues the aluminum chloride precipitated.

In example 1 the aqueous phase was the upper phase after hydrolysis and after washing, in
examples 2, 3 and 4 the aqueous phase was the bottom phase after hydrolysis and the upper
phase after washing. In example 4, the aqueous phase after hydrolysis was very turbid.
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Claims

A process for producing 4,4’-dichlorodiphenyl sulfoxide comprising:

(a) reacting thionyl chloride, chlorobenzene and aluminum chloride in a molar ratio of
thionyl chloride : chlorobenzene : aluminum chloride of 1: (6t09) : (1to 1.5) ata
temperature in the range from 0 to below 20°C, forming an intermediate reaction
product and hydrogen chloride,

(b) mixing aqueous hydrochloric acid and the intermediate reaction product at a tem-
perature in the range from 70 to 110°C to obtain a crude reaction product compris-
ing 4,4’-dichlorodiphenyl sulfoxide,

(¢) separating the crude reaction product into an organic phase comprising the 4,4’-
dichlorodiphenyl sulfoxide and an aqueous phase,

(d) washing the organic phase with an extraction liquid.

The process according to claim 1, wherein the hydrogen chloride obtained in (a) is mixed
with water to obtain the aqueous hydrochloric acid which is added in (b).

The process according to claim 1 or 2 wherein the extraction liquid is water.

The process according to claim 3, wherein the water which is used for the washing the
organic phase is separated off and mixed with the hydrogen chloride obtained in (a) to ob-
tain the aqueous hydrochloric acid.

The process according to any of claims 1 to 4, wherein the washing is carried out at a
temperature in the range from 70 to 110°C.

The process according to any of claims 1 to 5, wherein the aqueous hydrochloric acid has
a concentration in the range from 3 to 12 wt%.

The process according to any of claims 1 to 6, wherein aluminum chloride and chloroben-
zene are first fed into a reactor and the thionyl chloride is added to the aluminum chloride
and chlorobenzene.

The process according to any of claims 1 to 7, wherein the amount of aqueous hydrochlo-
ric acid is such that the weight ratio of aqueous phase to organic phase of the crude reac-
tion product is in the range from 0.6 to 1.5 kg/kg.
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The process according to any of claims 1 to 8, wherein the amount of water used for

washing in (d) is such that a weight ratio of aqueous phase to organic phase in the range

from 0.3 to 1.2 kg/kg is obtained.

The process according to any of claims 1 to 9, wherein the reaction is carried out in a first
reactor and the mixing of aqueous hydrochloric acid and the intermediate reaction product
is carried out in a second reactor.
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