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(54) PROCESS FOR THE PREPARATION OF 2,5-
DICHLOROPHENOL

(71) We, VELSICOL CHEMICAL CORPORATION, a corporation organized and
existing under the laws of the State of Delaware, United States of America of 341 East Ohio
Street, Chicago, State of Illinois 60611, United States of America (Assignee of ARTHUR
WILHELM CARLSON),do hereby declare the invention, for which we pray that a patent
may be granted to us, and the method by which it is to be performed, to be particularly
described in and by the following statement:

This invention relates to a novel chemical process for preparing the compound 2,5-
dichlorophenol. This compound is an intermediate used in the commercial production of
valuable agricultural chemicals.

Heretofore 2,5-dichlorophenol was prepared by treating trichlorobenzene with methanol
and sodium hydroxide. This reaction produces a mixture of products consisting principally of
the isomers 2,5-dichlorophenol, 2,4-dichlorophenol and 3,4-dichlorophenol. Unfortunately
the 2,5- and 2,4-isomers have exceedingly close boiling points, i.e. 211°C and 209 to 210°C,
respectively. Thus, the product mixture obtained from the hydrolysis of trichlorobenzene is
virtually impossible to separate in an economical manner and even after refining will contain
about 2 parts of the 2,4-isomer per 8 parts by weight of the 2,5-isomer. Accordingly, this
isomeric mixture is used as such to prepare final products of relatively low purity.

It has now been found that high purity 2,5-dichlorophenol can be prepared in good yields
and in a convenient and highly desirable industrial manner. More specifically it has been
found that 2,5-dichlorophenol assaying above 98% can be prepared in yields of over 80
percent of theory by reacting certain proportions of 1-bromo-2, 5-dichlorophenol, methanol
and sodium hydroxide in the presence of copper catalyst at elevated temperatures.

Accordingly, one embodiment of the present invention resides in a process for preparing
2,5-dichlorophenol which comprises reacting 100 parts by weight 1-
bromo-2,5-dichlorobenzene with 40 to 150 parts by weight of an alkali metal hydroxide and
at least 120 parts by weight methanol in the presence of a catalytic amount of a water-soluble
copper salt as catalyst at a temperature of from 150° to 210°C, acidifying the products, and
thereafter recovering the desired product.

The presence of copper catalyst to effect this reaction is novel and most important. Without
it a partial reductive dehalogenation reaction will concurrently take place and produce low
yields and impure products. Typically, reactions without the use of copper catalyst resulted in
yields ranging from 56 to 67 percent of crude dichlorophenol assaying only 81 to 85 percent.

Exemplary water-soluble copper salts useful as catalysts in the process of this invention are
cupric acetate, cupric ammonium chloride, cupric bromate, cupric bromide, cupric chlorate,
cupric chloride, cupric formate, cupric lactate, cupric nitrate, cupric potassium chloride,
cupric salicylate, cupric selenate, cupric silicofluoride, cupric sulfate, cuprous bromide,
cuprous chloride and cuprous sulfite.

The preferred catalysts are cupric chloride, cupric sulfate and cupric nitrate, and the most
preferred catalyst is cupric nitrate. The term “catalyst” is used herein in the broad sense of the
term. It is believed that the copper catalyst acts to inhibit the reductive dehalogenation side
reaction rather than to affect the rate of the process.

In addition to the specific catalyst required in the present process it is desirable that it be
used within a certain range of concentrations to achieve the desired inhibition of side
reactions. While the concentration of catalyst can vary somewhat with the particular catalyst
used, generally an amount of from 0.1 percent to 5.0 percent by weight based on the starting
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bromodichlorophenol can be suitably employed. When the preferred copper salts are used, a
preferred amount ranges from 0.2 to 3.0 percent by weight.

As previously indicated, the 1-bromo-2,5-dichlorobenzene is reacted with alkali metal
hydroxide and methanol. Each of these reactants must be present in certain amounts to
achieve the desired results. The preferred alkali metal hydroxide is sodium hydroxide. The
amount of alkali metal hydroxide required can range from 40 to 150 parts by weight per 100
parts by weight of starting 1-bromo-2,5-dichlorobenzene. Amounts less than 40 parts result
in the formation of undesired coupling products such as diaryl ethers, whereas amounts in
excess of 200 parts, while not harmful, result in no added advantage. When potassium
hydroxide is used, large amounts are required in proportion with its increased molecular
weight. A preferred amount of sodium hydroxide ranges from 40 parts to 100 parts by weight
per 100 parts by weight of the starting bromodichlorobenzene.

The amounts of methanol required in the present process is a minimum of about 120 parts
by weight per 100 parts by weight of 1-bromo-2,5-dichlorophenol. It is preferred, however,
to use at least about 140 parts by weight. Less methanol results in poor conversion and
greater loss of product by over-hydrolysis. Typically, 140 to 300 parts of methanol can be
used to provide a stoichiometric excess as well as a reaction medium for the instant process.

While water is not required in the present process, it is often desirable to use the sodium
hydroxide in liquid form as an aqueous solution. The use of aqueous sodium hydroxide does
not hinder the present process, provided that the concentration exceeds about 50 percent by
weight. The commercial grade of concentrated caustic containing about 73 percent sodium
hydroxide can be conveniently and effectively used.

The process of the present invention must be carried out at elevated temperatures. A
reaction temperature ranging from 150°C to 210°C is utilized. Lower temperatures result in
low conversion rates and excessively long reaction times, whereas higher temperatures result
in undesired side reactions and impure product. A preferred temperature range for carrying
out the present process ranges from about 165°C to about 200°C, particularly when the
preferred proportions of reactants are utilized.

To achieve the reaction temperatures required in the present process a closed, pressurized
reaction vessel must be used. Differing reaction pressures have little or no effect on the
instant process except that it can be desirable to pressurize the free space in the reaction
vessel with air or an inert gas to prevent excessive refluxing of methanol.

As indicated, the reaction medium must be acidified prior to recovering the free phenol.
This acidification step is required to change the sodium phenolate which is formed in the
strong basic reaction medium back to the free phenol. This acidification can be conveniently
carried out by the use of aqueous mineral acids such as hydrochloric acid. Acidification to a
pH from 3 to 6 is generally desired. After acidification the desired product can be recovered
by conventional means.

The process of the present invention can be conveniently effected as either a batch or
continuous process. When a batch process is utilized, the reactants and catalyst can be
charged together into a pressure vessel at ambient conditions. The vessel can then be sealed
and pressurized with air or an inert gas such as nitrogen to a pressure of from 150 p.s.i. to 200
p.s.i., and the reaction mixture is then heated until a conversion of starting material in excess
of 95 percent has taken place.

After this time the reaction mixture can be permitted to cool to room temperature and
worked up to recover the product. The product recovery can be effected by standard
techniques such as extraction and/or distillation. One method, for example, can comprise
first adding water to the reaction mixture and then extracting insoluble organic side product
and unreacted starting material with a nonpolar organic solvent such as pentane. The
aqueous phase is then separated and acidified to a pH below about 6 to oil out free phenol. It
can be desirable to add sodium chloride prior to acidification to reduce free phenol solubility
in the aqueous phase. The free phenol can then be extracted with an organic solvent such as
methylene chloride. The methylene chloride can then be separated from the aqueous phase
and can be dried. The dried solution can then be stripped of solvent to yield the desired
2,5-dichlorophenol.

Another method of working up the product comprises a double steam distillation. The
reaction mixture can first be subjected to steam distillation before acidification while in the
alkaline state to remove unreacted starting material, if any, and side product, and can
thereafter be acidified to free the phenol from its salt and then again be steam distilled to
recover the desired 2,5-dichlorophenol.

The following Examples are offered to illustrate the process of the present invention. They
are not intended, however, to limit the invention to the particular preparational procedures
illustrated.

Example 1
A series of process runs were carried out using the following preparational method:
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1-Bromo-2,5-dichlorobenzene (100.0 grams) and sodium hydroxide dissolved in most of
the methanol and the desired amount of water were charged into a one-liter stainless steel
Magnedrive autoclave reactor equipped with a constant speed stirrer. The reaction mixture
was then stirred, and a solution of the copper salt in the remainder of the methanol was added.
In Runs 1 and 2 the copper salt was added to the reactor as a solid. Other additives, if used,
were then added last of all. The bromodichlorobenzene used in all runs assayed from 98.5 to
99.7 percent by weight. The reactor was then sealed and pressurized to 180 pounds per
square inch with nitrogen gas to prevent refluxing into the connecting lines. The reaction
mixture was then heated to the desired temperature with stirring for a period of from 1 to 3
hours. After this time the reaction mixture was cooled to room temperature and was added to
an equal amount of water. A small amount of caustic was then added to the mixture to
prevent the loss of phenols during the first extraction. The reaction mixture was then
extracted successively with pentane to remove unreacted starting material and undesired side
reaction products. The remaining aqueous phase was then acidified to low pH with hydroch-
loric acid. The free phenol was then extracted successively with methylene chloride, and the
combined extracts were dried over anhydrous sodium sulfate. The dried extracts were then
stripped of solvent under reduced pressure (20 mm Hg) to yield the desired 2,5-
dichlorophenol.

In Runs No. 1 to 9 and 22 to 24 the reaction product was worked up by first removing the
unreacted starting material and undesired side reaction products by steam distillation at a
high pH. The remaining still bottoms were then acidified to a low pH. The mixture was then
subjected to steam distillation. Sodium chloride was added to the distillate to lower dich-
lorophenol solubility in water, and the distillate was extracted with methylene chloride. The
extract was dried over anhydrous sodium sulfate and the dried solution was stripped of
solvent under reduced pressure to yield the desired 2,5-dichlorophenol.

In the following tables are given the amounts of reactants, the reaction conditions and the
product yield and assays for each of the process runs.
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WHAT WE CLAIM IS:

1. A process for preparing 2,5-dichlorophenol which comprises reacting 100 parts by
weight 1-bromo-2,5-dichlorobenzene with 40 to 150 parts by weight of an alkali metal
hydroxide and at least 120 parts by weight methanol in the presence of a catalytic amount of a
water-soluble copper salt as catalyst at a temperature of from 150° to 210°C, acidifying the
products, and thereafter recovering the desired product.

2. A process as claimed in claim 1, wherein the alkali metal hydroxide is sodium
hydroxide.

3. A process as claimed in claim 1 or 2, wherein the water-soluble copper salt is selected
from cupric acetate, cupric ammonium chloride, cupric bromate, cupric bromide, cupric
chlorate, cupric chloride, cupric formate, cupric lactate, cupric nitrate, cupric potassium
chl;)ride, cupric salicylate, cupric sulfate, cuprous bromide, cuprous chloride and cuprous
sulfite.

4, A process as claimed in claim 1 or 2, wherein the water-soluble salt of copper is selcted
from cupric sulfate and cupric nitrate.

5. A process as claimed in any one of the preceding claims, wherein the catalytic amount
of water-soluble copper salt comprises from 0.1 percent to 5.0 percent by weight based on the
bromodichlorophenol.

A process as claimed in any one of the preceding claims, wherein the reaction is carried
out with from 140 parts to 300 parts by weight methanol.

7. A process as claimed in any one of the preceding claims, wherein the reaction is carried
out at a temperature of from 165° to 200°C,

8. A process as claimed in claim 1 which comprises reacting 100 parts by weight of
1-bromo-2,5-dichlorobenzene with 40 to 150 parts by weight sodium hydroxide and 140
parts to 300 parts by weight methanol in the presence of from 0.1 part to 5.0 parts by weight
of a water-soluble salt of copper at a temperature of about 165° to about 200°C.

9. A process as claimed in claim 8, wherein the copper salt is selected from the group
consisting of cupric chloride, cupric sulfate and cupric nitrate.

10. A process for preparing 2,5-dichlorophenol substantially as hereinbefore described
in any one of the foregoing Examples.

11. 2,5-dichlorophenol whenever prepared by a process as claimed in any one of the
preceding claims.

12. A process for preparing 2,5-dichlorophenol which comprises reacting 100 parts by
weight 1-bromo-2,5-dichlorobenzene with at least 40 parts by weight of an alkali metal
hydroxide and at least 120 parts by weight methanol in the presence of a catalytic amount of a
water-soluble copper salt as catalyst at a temperature of from 150° to 210°C, acidifying the
products, and thereafter recovering the desired product.

13. A process as claimed in claim 12, wherein from 40 to 200 parts by weight alkali metal
hydroxide is used per 100 parts by weight 1-bromo 2,5-dichlorobenzene.

14. 2,5-dichlorophenol whenever prepared by a process as claimed in claim 12 or 13.

W.P. THOMPSON & CO.
Coopers Building Church Street,
Liverpool L1 3AB.
Chartered Patent Agents

Printed for Her Majesty's Stationery Office. by Croydon Printing Company Limited, Croydon, Surrey, 1980.
Published by The Patent Office, 25 Southampton Buildings. London, WC2A 1AY.from
which copies may be obtained.
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