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PROCESS FOR PRODUCING HIGH PURITY KETONES BY FRIEDEL-CRAFTS
ACYLATION AT LOW TEMPERATURE

FIELD OF THE INVENTION

[0001] The present invention relates to improved conditions for the Friedel-Crafts

acylation of alkylbenzenes and to application of these improved conditions to the synthesis of

para-isobutyl acetophenone.

BACKGROUND

[0002] Friedel-Crafts acylation is one of the most important methods for

manufacturing acylated benzene derivatives. The reaction typically utilizes an acylating

agent such as an acyl chloride, acyl fluoride, or acyl anhydride and an electrophilic catalyst

such as aluminum chloride, boron trifluoride, or hydrogen fluoride. Acylations under these

conditions typically stop after one equivalent of the acyl group is added to the alkylbenzene

starting material, because the acylated product is much less reactive toward the electrophilic

acylating agent than the starting material.

[0003] However, where the starting material is a substituted benzene derivative like a

mono-substituted alkylbenzene, for example, the acylation can occur at different positions on

the benzene ring relative to the alkyl group, so the reaction often produces a mixture of

isomeric mono-acyl products. The predominant regioisomer produced depends heavily on

the nature of the starting material, acylating agent, and catalyst. The ratio of major to minor

products (regioisomers) often depends on other factors as well, such as the concentration,

solvent, and temperature. Furthermore, the acylated product may participate in other

reactions such as, for example, Aldol condensation reactions. These other reactions are

problematic because they reduce the yield of the desired product and often form by-products

that substantially increase the difficulty of isolating the desired product in high purity.



[0004] One of the most important Friedel-Crafts acylations in pharmaceutical

manufacturing.is the acetylation of isobutylbenzene (IBB) to produce para-isobutyl

acetophenone (p-IBAP), which is a key intermediate in one process for the manufacture of

ibuprofen, see Scheme 1.
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[0005] Ibuprofen is the active ingredient in Motrin® and Nuprin® and is probably the

most widely used non-steroidal anti-inflarnmatory drug other than aspirin. Methods for

acetylating IBB in high yield while minimizing by-product formation are therefore needed.

The present invention provides such methods and the methods can be applied to other

alkylbenzenes with similar results.

[0006] Several methods for producing p-IBAP and converting it into ibuprofen have

been described. For example, U.S. Patent No. 4,981,995 describes the acetylation of EBB

with excess acetic anhydride using anhydrous HF as the catalyst at a temperature of 800C.

After work-up, GC analysis showed 85% conversion of p-IBB and only 81% selectivity for

the desired p-IBAP isomer. IBAP was then isolated and converted to ibuprofen by reduction

of the carbonyl of p-IBAP to an alcohol followed by carbonylation with a palladium catalyst

and carbon monoxide under a variety of conditions.

[0007] Commonly, Friedel-Crafts acylation reactions are run at or above room

temperature. However, there are examples wherein the reaction proceeds at lower

temperatures. For example, according to U.S. Patent No. 4,981,995, the reaction is typically

run at 0°C to 120°C for 0.5 to 5 hours. Further, Baddely, et al., J. Chem. Soc. 1956, 4943-45,

reports preparation of p-IBAP via Friedel-Crafts acylation of IBB with acetyl chloride using

aluminum chloride, and Japanese Patent Publication No. 60 188,643 (1985) discloses the

same transformation with acetyl fluoride and HF or HF-BF as the catalyst.

BRIEF SUMMARY OF THE INVENTION

[0008] The present invention provides novel methods for the Friedel-Crafts acylation

of alkylbenzenes to yield para-acylated mono-alkylbenzenes as well as other acylated

alkylbenzenes. The novel reaction conditions disclosed herein include operating the reaction

at a temperature below 00C and typically below -1O0C. Additionally, the alkylbenzene may



be used in slight excess relative to the acylating agent and Friedel-Crafts catalyst, and the

reaction can be run with excess alkylbenzene acting as the reaction solvent or as a part of the

reaction solvent system. The methods of the invention are especially useful for the

preparation of an intermediate used for making ibuprofen.

[0009] Thus in one aspect, the invention provides a method for making acylated

alkylbenzene compounds by acylation of an allcylbenzene, where the acylation reaction is

conducted at a temperature below 0°C. The reaction temperature may be even lower, say

such as below -10 0C or below -15°C. The reaction can also be conducted at lower

temperatures still, say such as below -20 0C, below -30 0C, or below -40 0C and at

temperatures as low as about -75°C.

[0010] The reaction conditions lead to preparation of the para isomer in high

selectivity relative to other isomers. In some embodiments, where the alkylbenzene is a

mono-substituted benzene such as toluene or isobutylbenene, the ratio of para isomer to the

total of ortho and meta isomers combined is at least about 50:1. Ih other embodiments, the

ratio is at least about 80: 1 or higher, for example at -75°C, the ratio is about 350:1.

[0011] The acylating agent maybe an acyl chloride, acyl fluoride, acyl bromide, or

acyl anhydride, e.g., acetyl chloride, acetyl fluoride, acetyl bromide, or acetic anhydride. In

one embodiment, the alkylbenzene is isobutyl benzene (IBB) and the acylating agent is acetyl

chloride.

[0012] The acylation catalyst may be a metal salt, preferably AlCl3,FeCl , or AlBr 3,

but it may be selected from the group consisting of A1C13, BF3, HF, FeCl3, GaCl3, SbCl ,

ZnCl2, ZnBr2, SnCl4, AlBr 3, FeBr3, and GaBr3. In one embodiment, the acylating agent is

acetylchlori.de and the acylation catalyst is aluminum trichloride.

[0013] A non-alkylbenzene solvent or excess alkylbenzene may be employed as the

reaction solvent. Suitable non-alkylbenzene solvents include polyhalogenated alkanes such



as dichloromethane, dichloroethane or chloroform, or a relatively electron-deficient aromatic

solvent such as chlorobenzene or nitrobenzene. When excess alkylbenzene is being used as

the solvent and the alkylbenzene is isobutylbenzene, the acylation may be conducted with a

10-20% molar excess of the alkylbenzene as the reaction solvent, or with a 10-60% molar

excess of the alkylbenzene as the reaction solvent, or with 1-2 molar equivalents of the

alkylbenzene as the reaction solvent relative to the acylating agent used. Both non-

alkylbenzene solvents and excess alkylbenzene can be used in combination. No matter the

solvent system selected, the solvent system obtains a liquid reaction mass and essentially

inert in the reaction mass.

[0014] As mentioned above, the invention provides a particularly useful method to

produce para-isobutyl acetophenone (p-EBAP) from isobutyl benzene. In a preferred

embodiment, isobutylbenzene is acylated with acetyl chloride in the presence of an aluminum

chloride catalyst. The reaction may be conducted at a temperature of —10°C or below, say at

-15°C, -200C, or -30 0C or lower. These conditions provide good para-isomer selectivity, say

at least about 50:1 relative to the total amount of ortho and meta acylated products and

preferably at least about .80:1.

[0015] Another aspect of the invention provides an improved process for the

synthesis of ibuprofen that includes an acylation according to the methods described above.

In this instance, the product of the foregoing acylation is a ketone, which is subsequently

reduced. More specifically, the acylation produces p-IBAP, which is subsequently partially

reduced to provide an alcohol or fully reduced to a methylene. Ih the production of

ibuprofen, the reduction produces an aryl alcohol, and the aryl alcohol is carbonylated to the

final product (ibuprofen). The carbonylation may be performed by methods such as those

using carbon monoxide and palladium catalysts as described in U.S. Patent No. 4,981,995,

the disclosure of which is incorporated herein by reference. Alternatively, the aryl alcohol



may be dehydrated to an olefin, which is similarly carbonylated with carbon monoxide and a

palladium catalyst to produce ibuprofen.

DETAILED DESCRIPTION OF THE INVENTION

[0016] As stated above, Friedel-Crafts acylation of alkylbenzene compounds can be

accomplished at temperatures below room temperature, such as below 00C, below -10°C,

below —15°C, and even at lower teiiipoiatuics such as —30°C iu about —75°C. By appropriate

selection of the acylating agent and the electrophilic catalyst used, as well as the solvent and

concentration, such acylation reactions have been shown to give high yields and especially

good selectivity for para-acylated products without forming significant quantities of other

isomers. Such conditions also reduce the occurrence of undesired side reactions, such as the

Aldol reactions mentioned above.

[0017] The surprising discoveries of the present method are the higher yield and

significant improvement in purity of the downstream products made from the acylated

alkylbenzenes produced by the low temperature acylation process. For example, when this

process is used to make p-IBAP, the yield of p-IBAP is about 10 percent higher than that

obtained by the process of incorporated U.S. Patent No. 4,981,995 and about 5 percent higher

than that obtained by a process runs at 5°C - 100C. More importantly, the product obtained

by the low temperature acylation process of this invention is highly pure. It is well-known in

the art that when p-IBAP of high purity (>98%) is used to make ibuprofen, the isolation and

purification of the final product are greatly simplified. In general, when the acylation

reaction or conditions described herein are used to make an intermediate, the improved

acylation conditions provide an unexpected simplification of the overall process, because the

acylation conditions of this invention substantially reduce the formation of certain side

products, such as, isomeric acylated alkylbenzenes, which are difficult to remove. Because

of the improved process of this invention, the final product is produced with fewer



purification steps, likely reducing the cost of manufacturing the final product as well as the

volume and disposal costs of associated waste streams.

[0018] Generally, the alkylbenzenes suitable for the process of the invention are Ci_

C4 linear or branch allcyl or alkoxy mono-substituted benzene such as toluene,

isobutylbenzene, n-butyl benzene, and anisole.

[0019] The acylating agent suitable of the process of the invention is typically an acyl

halide or an acyl anhydride, e.g., acetyl fluoride, acetyl chloride, acetyl bromide, propionyl

chloride, propionyl bromide, benzoyl chloride, benzoyl bromide, acetic anhydride, propionic

anhydride and benzoic anhydride.

[0020] The catalyst used with the invention generally is electrophilic, and commonly

is a metal salt. Exemplary metal salts include, but are not limited to, AlCl 3, FeCl 3, GaCl3,

SbCIs, ZnCl , ZnBr2, SnCl4, AlBr 3, FeBr , and GaBr3. Other electrophilic compounds, such

as HF or BF3 may also be used. In one embodiment of the present invention, the catalyst is

aluminum chloride or ferric chloride. In another embodiment, the catalyst is aluminum

tribromide. Typically, when the acylating agent is acetyl chloride, aluminum chloride is used

as the catalyst. When the catalyst is a metal salt, the amount of catalyst used is equal to the

amount of acylating agent used, though a molar excess of 10% to 20% of either the acylating

agent or catalyst relative to the other can b e used without significantly affecting the outcome

of the reaction. When other catalysts such as HF or BF3 are used, the catalyst may be in

excess relative to the acylating agent and the molar quantity of the catalyst optionally exceed

the molar quantity of the alkylbenzene.

[0021] Unlike most known methods for making acylated alkylbenzenes, the present

conditions do not use an excess of the acylating agent relative to the amount of alkylbenzene.

Instead, at least one equivalent of alkylbenzene per equivalent of acylating agent is used and



typically at least a 10% molar excess of alkylbenzene is used in the methods of the present

invention. Excess amounts of alkylbenzene up to about 80% molar excess are suitable.

[0022] The excess alkylbenzene can serve as the solvent for the reaction, or the

reaction may be run with only one molar equivalent or a small excess of alkylbenzene plus

another non-alkylbenzene solvent. Typically, the reaction is run without non-alkylbenzene

solvent. The reaction is run at -10 to -30 0C and it is often run with 1.1 - 1.6 or 1.1 - 2.0

moles of alkylbenzene per mole of acylating agent. For the acylation of IBB to make p-

IBAP, for example, the reaction is commonly run with a 10% to 60% molar excess of IBB

relative to the acylating agent. When the reaction temperature is below about -30 0C, the

non-alkylbenzene solvent may facilitate mixing and maintaining the desired temperature

throughout the reaction mass, which is usually a suspension. Other solvents, which may be

used as the non-alkylbenzene solvent, include chloroform, dichloroethane, chlorobenzene,

nitrobenzene, and the like. Mixtures of these solvents may also be employed.

[0023] Because an excess of the acylating agent is not used, the reaction typically

leaves at least some unreacted alkylbenzene, which is conveniently separated from the

product by distillation, or it may be carried forward through at least one additional step in the

process without interfering significantly with subsequent reactions. Typically, the

alkylbenzene is a liquid that will not participate in subsequent reactions, and, for example, it

can conveniently be removed when a solid intermediate or final product is prepared.

[0024] The order of mixing of the reactants for the acylation reaction is not important,

as long as the reaction temperature is appropriately maintained. Thus the acylating agent and

catalyst can be premixed and added to me alkylbenzene; or the alkylbenzene and the

acylating reagent can be mixed, and the catalyst added slowly; or the alkylbenzene and

catalyst can be mixed and the acylating agent added last. When the acylating agent and

catalyst are pre-mixed, it is sometimes preferable to add a solvent to them and to mix them at



a temperature of about 00C or lower. Appropriate solvents for this purpose include those

specified as optional solvents for the acylation reaction itself.

[0025] The invention provides an improved process for the synthesis of ibuprofen that

includes an acylation according to the methods described above. For example, when the

acylation produces p-IBAP, the p-IBAP may be partially reduced to provide an alcohol, and

then the alcohol can be carbonylated to produce ibuprofen. Ih one such example, the p-IBAP

is reduced to an aryl alcohol, and the aryl alcohol is carbonylated to produce ibuprofen. The

carbonylation may be achieved by methods such as those using CO and palladium catalysts

as described in incorporated U.S. Patent No. 4,981,995. Alternatively, the aryl alcohol is

dehydrated to an olefin, which is similarly carbonylated with CO and a palladium catalyst to

produce ibuprofen.

[0026] The terms "optional" and "optionally" denote that the step or component

following the term may, but need not be, a part of the process.

[0027] The following examples illustrate selected embodiments of the invention and

are intended in no way as limitations upon its scope.

EXAMPLES

[0028] Comparative Example 1 illustrates the acylation reaction run at a temperature

within the range disclosed in U.S. Patent No. 4,981,995 for comparison. The remaining

examples illustrate the improvements provided by certain aspects and embodiments of the

present invention.

Example 1 (Comparative)

[0029] A 3-necked flask was charged with 40.8 g (0.3 mol) of isobutyl benzene (IBB)

and stirred at 5°C. Acetyl chloride (16.1 g, 0.21 mol) and anhydrous aluminum chloride

(26.5 g, 0.20 mol) were combined in an addition funnel and slowly added to the IBB; the

temperature of the reaction was maintained between 5 and 10°C throughout the addition,



which took about 1.5 hr. The mixture was stirred at 50C for one hour, and was then poured

onto crushed ice with vigorous stirring. GC analysis of the organic phase, excluding the

unreacted IBB, showed 90.0% p-EBAP and 2.1% m-IBAP and several higher boiling

impurities (about 7%). The ratio of p-IBAP to m-IBAP is about 43:1.

Example 2

[0030] The reaction described in Example 1 was repeated, except the reaction

temperature was maintained at -10 0C throughout the addition of the acetyl chloride-

alumrnum trichloride mixture. GC analysis of the organic phase, excluding the unreacted

IBB, showed 97.7% p-IBAP and 1.5% m-IBAP and substantially less of the high-boiling

impurities (about 1%). The ratio of p-IBAP to m-IBAP is about 65:1.

Example 3

[0031] The reaction described in Example 1 was repeated, except the reaction

temperature was maintained at -15 0C throughout the addition of the acetyl chloride-

aluminum trichloride mixture. GC analysis of the organic phase, excluding the unreacted

IBB, showed 98.5% p-IBAP and 1.2% m-IBAP and substantially less of the high-boiling

impurities (about 0.3%). The ratio of p-IBAP to m-IBAP is about 82:1.

Example 4

[0032] The reaction described in Example 1 was repeated, except the reaction

temperature was maintained at -45°C throughout the addition of the acetyl chloride-

aluminum trichloride mixture. GC analysis of the organic phase, excluding the unreacted

IBB, showed 99.1% p-IBAP and 0.6% m-IBAP and substantially less of the high-boiling

impurities (about 0.3%). The ratio of p-IBAP to m-IBAP is about 165:1.

Example 5

[0033] A 3-necked flask was cooled at -35°C under an inert atmosphere. Acetyl

chloride (16.1 g, 0.21 mol) and isobutyl benzene (IBB, 40.8 g, 0.3 mol) were added, and the



mixture was mechanically stirred. Anhydrous aluminum chloride (26.5 g, 0.20 mol) was then

slowly fed in from an addition funnel over about 2 hours, while the reaction temperature was

kept below -30°C. The mixture was stirred at -30 0C for another hour, and was then poured

onto crushed ice with vigorous stirring. GC analysis of the organic phase from the reaction

mixture, excluding the unreacted IBB, showed 98.8% p-IBAP and 0.8% m-IBAP and small

amounts of the high-boiling impurities (about 0.4%). The ratio of p-IBAP to m-IBAP is

about 124:1.

Example 6

[0034] A solution of equiniolar amounts of aluminum trichloride and acetyl chloride

in dichloroniethane was prepared by combining the two reagents in dichloromethane and

filtering to remove insoluble materials. An aliquot containing 50 mmol of each reagent in

about 50 g of dichloromethane was then added dropwise to a solution of IBB (7.5 g, 56

mmol) in 20 g dichloromethane which had been cooled to -75 0C. The reaction mixture was

kept between -70 and -75°C throughout the addition, and was then stirred at this temperature

for an additional 2.5 hours. It was then poured over ice with vigorous stirring. GC analysis

of the organic phase from the reaction mixture, excluding the unreacted IBB, showed 99.6%

p-IBAP and 0.3% m-IBAP and trace amount of the high-boiling impurities (about 0.1%).

The ratio of p-IBAP to m-EBAP is >300:l.

[0035] This invention is susceptible to considerable variation in its practice.

Therefore the foregoing description is not intended to limit, and should not be construed as

limiting, the invention to the particular examples presented hereinabove. Rather, what is

intended to be covered is as set forth in the ensuring claims and the equivalents thereof

permitted as a matter of law.



CLAIMS :

1. A process to prepare acylated alkylbenzene compounds and derivatives thereof

comprising acylating an alkylbenzene with an acylating agent at a temperature below about

00C.

2. The process of claim 1, wherein said acylation occurs at a temperature below

about -10°C.

3. The process of claim 1, wherein said acylation occurs at a temperature below

about -15°C.

4. The process of claim 1, wherein said acylation occurs at a temperature i the

range of from about -2O0C to about -75°C.

5. The process of claim 1, wherein molar ratio of said alkylbenzene to said acylating

agent is between about 1.0 and about 2.0.

6. The process of claim 1, wherein said acylation produces para-, meta-, and

optionally ortho- isomers of said acylated alkylbenzene, and wherein the molar ratio of said

para-isomer to said meta- and ortho- isomers combined is at least about 50:1.

7. The process of claim 6, wherein said ratio of said para-isomer to said meta- and

ortho- isomers combined is at least about 80:1.

8. The process of claim 1, wherein said acylating agent is selected from the group

consisting of acetyl fluoride, acetyl chloride, acetyl bromide, and acetic anhydride.

9. The process of claim 1, wherein said alkylbenzene compound is isobutylbenzene.



10. The process of claim 1, wherein said acetylation occurs in the presence of an

electrophilic catalyst.

11. The process of claim 10, wherein said electrophilic catalyst is selected from the

group consisting OfAlCl3, BF3, HF5FeCl3, GaCl3, SbCl5, ZnCl2, ZnBr2, SnCl4, AlBr3, FeBr3,

and GaBr3.

12. The process of claim 11, wherein said acetylation occurs at a temperature below

about -15 0C.

13. The process of claim 10, wherein said electrophilic catalyst is AlCl3 or FeCl3.

14. A process for the preparation of para-acylated alkybenzene and derivatives thereof

comprising acylating an alkylbenzene with an acylating agent in the presence of an

electrophilic catalyst at a temperature below about —10°C.

15. The process of claim 14, wherein said acylating reagent is acetyl chloride.

16. The process of claim 15, wherein said alkylbenzene compound is isobutyl benzene

and said acylated alkylbenzene is para-isobutyl acetophenone.

17. The process of claim 16, wherein said electrophilic catalyst is aluminum chloride.

18. The process of claim 16, wherein said acylation occurs at a temperature below

about -15°C.

19. The process of claim 14, wherein said acylation is conducted in dichloromethane.

20. The process of claim 18, wherein molar ratio of said isobutylbenzene to said

acetyl chloride is between about 1:1 and about 2:1.



21. The process of claim 18, wherein said acylation produces meta-acylated

alkylbenzene and optionally ortho-acylated alkylbenzene, wherein the molar ratio of said

para-acylated alkylbenzene to said meta-acylated alkylbenzene and ortho-acylated

alkylbenzene combined is at least about 50:1.

22 . The process of claim 21, wherein said ratio of said para-acylated alkylbenzene to

said meta-acylated alkylbenzene and said ortho-acylated alkylbenzene combined is at least

about 80:1.

23. A process for the preparation of para-isobutylacetophenone and derivatives

thereof comprising acylating isobutylbenzene with an acylating agent in the presence of an

electrophilic catalyst at a temperature below about -15°C.

24. The process of claim 23, wherein molar ratio of said isobutylbenzene to said

acylating agent is between about 1:1 to about 2:1.

25. The process of claim 24, wherein said acylating agent is acetyl chloride.

26. The process of claim 25, wherein said electrophilic catalyst is aluminum chloride.

27. The process of claim 26, wherein said acylation produces meta-acylated

alkylbenzene and optionally ortho-acylated alkylbenzene, wherein the molar ratio of said

para-acylated alkylbenzene to said meta-acylated alkylbenzene and ortho-acylated

alkylbenzene combined is at least about 80:1.

28. A reaction product comprising para-, meta-, and optionally ortho- isomers of

acylated alkylbenzene wherein the molar ratio of said para- isomer to said meta- and ortho-

isomers combined is at least about 50:1.



29. The reaction product of claim 28 wherein the molar ratio of said para- isomer to

said meta- and ortho- isomers combined is at least about 80:1

30. The reaction product of claim 28 wherein the para-, meta- and optionally ortho-

isomers are isomers of isobutyl acetophenone.
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