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PRO ON_OF ACETAMINOPHEN

This inQention relates to a novel process for_the
produciion of N-acetyl-para—aminopheno1.(APAP) by the Beckmann
-:earrangement of 4-hydroxyacetophenone oxime using an acid
catalyst. The invention is also concerned with an integrated
process for preparing APAP by first producing.
4-hydrdxjacetophenone oxime from 4-hydrox¥acetophenone (4~HAP),
extracting the oxime from the reaction mixture with a solvent,
and proceeding with the acid catalyzed Beckmann rearrangement of
4-hydroxyacetophenone oxime in the solvent used to extrﬁct the
oxime.

GROUND O I TION

It is known to prepare N-acyl-hydroxyaromatic amines,
e.g., N-acetyl-para-aminophenol (APAP), by acetylating the
cofresponding hydroxy aromatic amine, e.g. para-aminophenol, with
an acetylating agent such as an anhydride, e.g., acetic
anhydride. However,this reaction may cause problems such as the
diffiqulty of mono-acetylating the amine group, oligomerization
of the hydroxy aromatic amine, and color body formation.
Nonetheless, the APAP.made by this reaction is an important

commodity of commerce, being one of the most widely used over-

the—counter analge31cs.

In U.S. 4 524 217 there is disclosed a novel process

'for~the;pr?pargﬁ}on of N-acyl-hydroxy aromatic amines, in
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rearrangenent of 4-hydroxyacetophenone oxine using an acid catalyst. The
I nventi-on is also concerned with an integrated process for preparing APAP
by first producing 4-hydroxyacetophenone oxine from 4-hydroxyacet ophenone
(4-HAP), extracting the oxinme fromthe reaction m xture with a solvent,
and proceeding with the acid catal3zed Beckmann rearrangenent of

4- hydr oxyacet ophenone oxinme in the solvent used to extract the oxine.
BACKGROUND OF THE | NVENTI ON It is known to prepare

N-acyl - hydroxyaromatic amnes, e.g., N-acetyl-para-am nophenol (APAP), by
acetylating the correspondlng hydr oxy aromatic am ne, e.qg.

par a- ani gepeeadl , andt N-aaatytepytataminepieenob uthPAR) animrjamdriicd are. g.
acetic
The APAP is formed by a two-step process in which the first step

involves reacting 4-hydroxyacetophenone (4-HAP).with a
hydroxylamine salt and a base to obtain the ketoxime of the
ketone (4-HAP oxime), and then subjecting the ketoxime to a
Beckmann rearrangement in the presence of a catalyst to form
APAP. Although various materials can be used as the Beckmann
rearrxangement catalyst, U.S. 4,524,217 discloses preferred use of
thionyl chlofide in liquid sulfur dioxide. The entire content of.
U.S. 4,524,217 is herein incorporated by reference.

Although sulfur dioiide has been found to be an
excellent solvent for thé Beckmann rearrangement of 4~HAP oxime
to APAP.or acetaminophen, there are certain characteristics of
sulfur dioxide which are diéadvantageous. For one, SO, is toxic.
Accordingly, extraordinary precautions must be taken to handle
and contain the sulfur dioxide and such precautions obviously
require specialized equipment and procedures. For example,
Icentrifuges do not adequately contain sulfur dioxide and
therefore cannot be used for sgparation of the crude solid APAP
product from the sulfur dioxide reaction liquor. Consequently,
such separation must be accomplished by filtration with equipment
that is more expensive to purchase and operate than a centrifuge.
Furthermore, centrifugation is inherently suited for continuous
processing, whereas filtration is not. Additionally, SO, is
corrosive and requires expensive metallurgy. Use of SO, as

solvent may also lead to the formation of metallic contaminants



anhydri de. However,this reaction nmay cause problens such as the difficulty
of nono-acetylating the am ne group, oligonerization of the hydroxy
aromati c am ne, and col or body formation. Nonetheless, the APAP made by
this reaction is an inportant commopdity of commerce, being one of the nost
wi dely used over- the-counter anal gesics. In U S 4,524,217

there is disclosed a novel proces% for the preparation of N-acyl-hydroxy
aromatic amnes, in

from the processing equipment. Such contaminants may affect
reaction rates and/or lead to the formation of by-products.
Obviously, since APAP is an analgesic for human consumption, the o
product should be as pure as possible, and, thus, minute
impurities from corrosion products are definitely not desirable.
Removal of corrosion products from the APAP adds to the. operating
costs. Moreover, the SO, must be pressurized for use in the

liquia state as solvent. Pressurization, containment, and
corrosion problems all require additional equipment and operating:
costs.

Another disadvantage with the prior two-step process of
producing APAP from 4-HAP by first forming the 4-HAP oxime and
then subjeciing the oxime to Beckmann rearrangement with thionyl
chioride in SO, is that the oxime is prepared in water and must
be recovered by chilling the aqueous oximation product to
crystallize the oxime. The crystallized oxime must then be
collected from the aqueous oximation liquor, washed, énd dried
prior to Beckﬁann réérrangement. The dried oxime is then fed to
the APAP reactor via a hopper system. This arrangement requires
solids crystallization, collection, drying, storage, and handling
and the consequent use of additiénal and expensive equipment.

Use of sulfur dioxide as the solvent for . .Beckmann
rearrangement has yet further disadvantages. Before the crude
APAP product can be neuﬁralized and purified in aqueoﬁs medlia,
substantially all of the sulfur dioxide solvent must be removed.

Such removal requires filtration of sulfur dioxide from the crude



general , and N-acetyl - para-am nophenol (APAP), in particular. The APAP is
formed by a two-step process in which the first step involves reacting

4- hydr oxyacet ophenone (4-HAP) with a hydroxylanine salt and a base to
obtain the ketoxinme of the ketong (4-HAP oxine), and then subjecting the
ketoxime to a Beckmann rearrangenent in the presence of a catalyst to form
APAP. Al t hough various materials can be used as the Beckmann rearrangenent
catalyst, U S. 4,524,217 discloses preferred use of thionyl chloride in
!qu|d sul fur dioxide. The entire content of U S. 4,524,217 is herein

I ncor porated by reference. Al t hough sul fur di oxi de has been
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on the crude solid APAP filter cake, and, finally, chemical
neutralization of any sulfur dioxide still remaining on the crude
solid APAP. Recovery of the sulfur dioxide evapofated or
neutralized from the crude solid APAP is difficult and sometimes
uneconomical. During subsequent pufification, the crude solid
APAP is dissolved off the filter with hot water. Substantially
all traces of water must then be removed from the filter and its
containment vessel before entry of the sulfur dioxide/APAP
product slurry from the next batch. Sulfur dioxide recovered
from the Beckmann reaction must remain substantially anhydrous to
be suitable for use in subsequent Beckmann reactions. Removal of
water from sulfur dioxide is difficult and/or iﬁpracticél. The
additional equipment and procedures needed to remove sulfur
dioxide from the crude solid APAP product and to then remove
water from the filter and its containment vessel add to both
capital and operating costs. .

v Accordingly, it would be advantageous to provide an
alternative solvent to SO, for use in the Beckmann re;r:angement
of 4-HAP oxime to APAP. Such a solvent should be less toxic,
less volatile, and less corrosive than S80,. The solvent must
also provide good yields of APAP, preferably at least about 50%
and more preferably at least about 60%. The solvent.must also
provide for the formation of a pure APAP product having a melting
point range preferably between about 168° C and about 172° € (the

USP specification) and having a dry-basis purity of preferably at



to APAP or acetam nophen, there are certain characteristics of sulfur

di oxi de 'whi ch ar.e di sadvant ageous. For one, SO err] is toxic. Accordingly,
extraordi nary precautions nust be taken to handle and contain the sulfur
di oxi de and such precautions obviously require specialized equi pnent and
procedures. For exanple, centrifudes do not adequately contain sul fur

di oxi de angasthepeherescanncl GmaisRP peciepardibr) Ma g Lipideesabid
APAP product fromthe sul fur dioxide reaction |iquor. Consequently, such

separ at i ortmisasbeaboebif iShed Py S dhisclogedi ih copepdi®  that is nore
expensive to purchase and operate than a centrifuge. Furthernore,
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and offer a viable alternative to S0,. An important feature of
the ester solvent is the ability of the ester solvent to extract
the 4-HAP oxime from the reaction forming mixture. Accordingly,
the oxime/solvent ﬁixture can be directly contacted with the
Beckmann rearrangement catalyst without separation and .-
crystallization of the 4-HAP oxime.
. The ester solvent is particularly useful not only
because 6f its ability to extract the 4~-HAP oxime but also since
the ester solvent is substantially water-immiscible, forms a low-
boiling azeotrope with water, can be dried easily by distillative
& QS removal of water, and can be removed from water easily by
. distillation to allow for substantially easier recovery and
purification of the APAP product than is possible with SO,
solvent. .

It has been found, however, that the use'of the ester
solyent in the Beckmann rearrangement of 4~HAP oxime €o APAE
tends t& lead to the formation of by-product N-methyl-p-
hydroxybenzamide (MHBA). Accordingly, it would be useful to use
the ester solven£ for the Beckmann rearrangement of 4-~-HAP oxime
to APAP and overcome the problem of by-product formation which
has been found,

It is therefore the primary objective of the present
"invention to provide an alternative solvent to S0, in the above-

described Beckmann rearrangement reaction, which solvent is less



solvent may also lead to the formation of. nmetallic contam nants

3 fromthe processing equi pnent. Such contam nants may affect

reaction rates and/or lead to the formation of by-products. Cbviously,
since APAP is an anal gesic for human consunption, the product should be as

pure as possible, and, thus, mnuge inpurities fromcorrosion products are
definitely not desirable.

toxic, less volatile, and less corrosive; which reduces capital
costs; and which can greatly reduce the handling and operating
cdsts of the two-step process of forming APAP from 4-
hydroxyacétophenone. .

It is another object of this invention to provide for
ﬁovel Beckmann rearrangemenﬁ catalysts which are particularly
effective in reducing by-product formation upon use of éster
solvents for the reaction.

Still another object of this invention is to provide an
effective and efficient method of separation and purification of
APAP product formed by the Beckmann rearrangement of 4-HAP oxime
in an ester solvent.

S (o] (0)

In accordance with the present invention, alkyl
alkancate esters are used as the solvent for the Beckmann
rearrangement of 4-hydroxyacetophenone oxime (4-HAP oxime) to
acetaminophen (APAP). The Beckﬁann'rearrangement utilizes an
appropriate acidic catalyst such as thionyl chloride or
phosphorus oxytrichloride. Novel acidic Beckmann rearrangement
catalysts which have a carbon atom as the active electrophilic
site are particularly advantageods for substantially reducing or
eliminating formation of the Beckmann rearrangement by-product
N-methyl-p-hydroxybenzamide (MHBA) when the above esters are used
as the reaction solvent. These novel acidic Beckmann |
rearrangement catalysts which have a carbon atom.as the active

electrophilic site include N-methylacetonitrilium
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Renoval of corrosion products fromthe APAP adds to the operating costs.

Moreover, the SO err] nust be pressurized for use in the liquid state as
sol vent. Pressurization, containnent, and corrosion problens all .require
addi ti onal equi pnment and operating costs. Anot her di sadvant age

with the prior two-step process of producing APAP from 4-HAP by first
form ng the 4-HAP oxime and then subjecting the oxine to Beckmann
rearrangenent with thionyl chloride in S(err] is that the oxine is
prepared in water and nust be recovered by chilling the aqueous oxi nmation
pr oduct t%ﬁrﬁﬁ%uﬂ29h92ﬁ$théréﬁﬂ#§r°¢ﬁeté#yéD%Y¢¥¥@€ro&?rﬁh?nﬁ#1QMﬁﬂ¢rbe

Beckianr FREFTBRIGHATSE HroRiPt BaeOREHEY EotRERLABa PEr) and Thidny” '
ch_loride.

The Beckménn rearrangement may be carried out in the
presence of potassium iodide, which serves to minimize the
formation of by-products which contaminate the APAP product.
Activated carbon may also be added to the mixture of 4~HAP oxime
and aster solvent to help prevent retention of color in.the APAP
product. '

An important advantage of utilizing alkyl alkanoate
esters as the solvent for the Beckmann rearrangement of 4-HAP
oxime to APAP is that the alkyl alkanoate esters can be utilized
to extract the 4-HAP oxime from the aqueous product which is
formed from the reaction of 4-HAP with hydroxylamine in the first
step of the integrated process. After removal of water,
preferably.by azeotropic distillation, the extracted 4-HAP oxime
and alkyl alkanoate ester mixture can be treated directly with an
apprdpriate acidic catalyst to effect Beckmann rearrangement. .
Another advantage of utilizing alkyl alkanoate esters as tﬁe
solvent for the Beckmann rearrangement of 4-HAP oxime to APAP is
that aqueous media can be used to assist removal of such solvents
froﬁ the crude solid APAP product.

ON_O ;[O

In accordance with this invention, N-acefyl-para—

- aminophenol (APAP) is produced by reacting 4-hydroxyacetophenone
(4~-HAP) with hydroxylamine to-form the ketoxime of 4-HAP and

subjecting the ketoxime to a Beckmann rearrangement in the

—______’——’*—“—.—d
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the APAP reactor via a hopper system This arrangenent requires solids
crystallization, collection, drying, storage, and handling and the
consequent use of additional and expensive equi prment. Use of

sul fur dioxide as the solvent for Beckmann rearrangenent has yet further
di sadvant ages. Before the crude APAP product can be neutralized and
purified in aqueous nedia, substantially all of the sulfur dioxide solvent

nmust be renoved. Such renoval requires filtration of sulfur dioxide from
t he crude - 4

presence of an alkyl alkanoate ester solvent and an appropriate
acidic catalyst to form the N-acyl-hydroxyaromatic amine.
The ketoxime formation proceeds as in equation (I):

CH, CH,

} ' é
HO-@-—C=0 + NH,OH" —~===v-p Ho-@- =NOH + H,0 (I)

The Beckmann rearrangement to form the desired APAP

product proceeds as in equation (II):

CH,4 H CH,

] Acidic catalyst !
Ho—@-c=nqn > HO -N-C=0 (II)

4~-Hydroxyacetophenone used to form the oxime may be

prepared by.any method known in the art. For example, it may be
prepared by the Fries rearrangement of phenyl acetate or,
alternatively, in a Friedel-Crafts acetylation of phenol. The
catalyst for both mentioned reactions is preferably hydrogen
fluoride, but any otper catalyst known in the art to Se effective
for.thé Fries“or Friedel-Crafts reactions may be used, e.g.,
aluminuﬁ chloride, zinc chloride or boron trifluoride. A more
detailed description of methods of forming the hydroxyaromatic
kXetone are described in the aforementioned U.S. 4,524,217.

The conversion of 4-HAP into the ketoximé by equation .
(I) is accomplished bf contacting the ketone with a hydroxylamine
salt, e.g., hydroxylamine hydrochloride, hydroxylamine sulféte,
hydroxylamine bisulfate, or hydroxylamine phosphate, and a base,

s

e.g. ammonium hydroxide (aqueous ammonia), potassium hydroxide,



solid APAP product, evaporation of nost sulfur dioxide remaining on the
crude solid APAP filter cake, and, finally, chem cal neutralization of any
sul fur dioxide still remaining on the crude solid APAP. Recovery of the
-sul fur dioxide evaporated or neutralized fromthe crude solid APAP is
difficult and sonetimes uneconomscal. During subsequent purification, the
crude solid APAP is dissolved off the filter with hot water. Substantially
all traces of water nust then be renoved fromthe filter and its

contai nment vessel before entry of the sul fur dioxi de/ APAP product slurry
fromthe next batch. Sulfur dioxide recovered fromthe Beckmann reaction
must remain substantially anhydrous to

sodium hydroxide, or lithium hydroxide. Since hydroxylamihe is
sensitive and decomposes in its free form, it is commercially
supplied as one of its acid salts. The free hydroxylamine is
liberated upon treatment of the acid salt with the base. 1If
sddium hydroxide or aqueous ammonia is used as the base to
liberate hydroxylamine from its acidic sulfate salt, then such
liberation also produces sodium or ammonium sulfate,
respabtively, as a by-product. In the integrated process'for
producing APAP from 4-HAP (disclosed in detail below) wherein
Beckmann reaction solvent is used to extract 4~HAP oxime from the
o aqueous oximation mixture, it is preferred to use a strong base
such as the alkali metal hydroxides to liberate the
hydroxylamine.
. The base should be used in an amount, for example, of
0.5 to 2 molar equivalents per molar equivalent of starting
hydroxylamine. The base is preferably used in an amount of
0.8-1.0 molar equivalents per molar equivalent of stérting
hy&roxylaminé.so that a small'amount of hydroxylamine remains in
the form of its acid salt to create a pPH buffer tha£ maintains
the pH of the oximation reaction in the range of 3~7. Use of
larger amounts of ﬁase can cause.the PH to rise above 7 and
results in ihitiating undesirable condensation reactions of 4-HAP
and its oxime. The hydroxylamine acid salt is preferably used in_
an amount of 1-2 molar equivalents of starting hydroxylamine per
mole of starting 4-HAP. Oximation is run at a temperature, for

example of 0° to 200°C, for a period of from about 5 minutes to



be suitable for use in subsequent Beckmann reactions. Renpval of water
fromsulfur dioxide is difficult and/or inpractical. The additional

equi pnent and procedures needed to renove sul fur dioxide fromthe crude
solid APAP product and to then renove water fromthe filter and its
cont ai nment vessel add to both capital and operating costs.

Accordingly, it would be advantageous to provide an al ternative sol vent
to SJerr] for use in the Becknmann rearrangenent of 4-HAP oxine to APAP.
Such a solvent should be | ess toxic, | ess vol atile, and | ess corrosive
than S err]. The sol vent nust al so provide good yi el ds of APAP,
preferably at |east about 50% and nore preferably at | east about 60% The
sol vent AuBeur$so Anyrpreskure mandd asest, endef, 40purcofPperouxyik® havi ng

a neltlngo atmospheres absolute. The reaction is preferably carried out
in an aqueous or alcoholic medium, i.e., in the presence of water
and/or an alcohol such as methenol, ethanol, or isopropanol.

The 4-HAP oxime is converted into APAP by a Beckmann
rearrangement as shown in equation (II) by contacting the
ketoxime with an alkyl alkanoate ester solvent and an aépropriate
acidte catalyst at a reaction temperature, for example, of from
0° to 100°C for a period of from about 5 minutes to 4 hours. The
pressure is not critical and may be, for example, in the range of
1 mm of mercurf to 10 atmospheres absolute. The Beckmann
rearrangement can be carried out quite successfully with large
amounts of undissolved 4-HAP oxime solids and large amounts of -
undissolved APAP solids suspended in the reaction mixture. The
amount of reaction solvent should be sufficiently large so that
any undissolved solids form a slurry that settles under the force
of_grayity and is stirable, but should not be so large as to
prevent crystallization of the APAP product when the reaction
mixture is chilled. Thus, the reaction solvent should be present
in amounts of from about 0.75-50:1 by weight with respect to the
4-HAP oxime. The weight ratio of oxime to Beckmann rearrangement
catalyst ranges from about 5:1 up to about 300:1. _

The Beckmann reaction is carried out to 4-HAP oxime
conversions of preferably at least about 50% and more preferably
at least about 80% to minimize losses of unreacted 4-HAP oxime to

recrystallization and wash ligquors. Conversions of 4-HAP oxime

This Sheet Has Been Replaced




poi nt range preferably between about 168[err] C and about 172[err] C (the
USP specification) and having a dry-basis purity of preferably at

5 l east about 98% w % (the USP specification) and nore preferably at

| east about 99.9 wt % As disclosed in copending aforenentioned U. S.
Serial No. 217,652, ester solventstlhave been found useful in the Beckmann
rearrangenent of 4-HAP oxinme to APAP and offer a viable alternative to
SJerr]. An inportant feature of the ester solvent is the ability of the
ester solvent to extract the 4-HAP oxinme fromthe reaction formng

m xture. Accordingly,

during Beckmann rearrangements can be controlled by use of an
appropriate quantity of catalyst. A certain quantity of catalyst
gives substantially 100% 4-HAP oxime conversion; with smaller
amounts of catalyst, 4-HAP oxime conversions decrease with
decreasing catalyst quantity.

The process of this invention is preferabiy carried out
by adding an alkali metal iodide such aé potassium iodide to the
4-hyéroxjacetophenone oxime prior to carrying out the Beckmann
rearrangement in alkyl alkanocate ester solvent. Potassium iodide
serves to minimize formation of by-products that can contaminate
the APAP product. The amount of alkali metal iodide utilized is
extremely small and very acceptable results have been cbtained
when using 0.2 wt% of potassium iodide relative to the oxime. It
should be realized that no particular advantage is gained in
going over the 0.2 gram KI per 100 grams of 4-hydroxyacetophenone

-oxime but, obviously, such can be done if desired. The amount of
inorganic iodide which should be added is that amount sufficient
to éubstantially prevent the formation of chlorinated by-products
and said amount is usually in the range varying from about 0.02
gram to about 2.0 grams of potas#ium iodide per 100 grams of
4-hydroxyacetophenone oxime which is subjected to the Beckmann
rearrangement.

The manner in which iodide is added to the Beckmann
rearrangement reactor is by no means critical. Iodide can be
added directly to the reactor or can be contained in a recycle

stream of the reaction mixture solvent. A more detailed



t he oxi nme/ solvent m xture can be directly contacted with the Beckmann
rearrangenent catalyst w thout separation and crystallization of the 4-HAP
oxi ne, The ester solvent is particularly useful not only

because of its ability to extract the 4-HAP oxine but also since the ester
solvent is substantially water-inh scible, forms a low boiling azeotrope
wth water, can be dried easily by distillative renoval of water, and can
be renoved fromwater easily by distillation to allow for substantially
easier recovery and purification of the APAP product than is possible with
SJerr] solvent. It has been found, however, that the use of
the ester solvent in the Beckmann rearrangenent of 4-HAP oxine to APAP

description of potassium iodide addition to the Beckmann
rearrangement reactor is given in commonly assigned, U.S. Patent
No. 4,855,499, the entire content of which is herein incorporated
by reference.

Xctivated carbon may also be added to the Beckmann
rearrangement reaction mixture in a manner to be described later
in more detail.

' Appropriate acidic catalysts for use in the Beckmann
rearrangement of 4-hydroxyacetophenone oxime to APAP include, but
are not limited to, thionyl chloride; methanesulfonyl chloride;
trifluoromethanesulfonyl chloride; methanesulfonic anhydfide} the:
mixed anhydride of trichloroacetic and methanesulfonic acids;
p—toluénesulfonic anh?d;ide; phosphorus oxytrichloride;
phosphorus pentoxide; phenylphosphonic dichloride;
diphenylphosphinic chloride; trifluoroacetic anhydride;
trichloroacetic anhydride; trifluoroacetyl chloride;
trlchloroacetyl chloride; oxalyl chloride; ethyl oxalyl chloride;-
phosgene, trichloromethyl chloroformate (diphosgene); methyl
chloroformate; N,N-dimethylcarbamyl chlorlde;_nltrilium salts of
the formula (R!'CaN‘'R")X°, where Rf and R" can each independently
be alkyl such as methyl, isopropyl or substituted alkyl, aryl, or
substituted aryl and where X  can be BF,”, SbF,”, PF;, FeCl/S,
alcl,”, €17, Br’, or I'; and any Vilsmeier reagent prepared from a
carboxylic acid amide (such as N,N~dimethylformamide (DMF),
N,N-dimethylacetamide (DMA), or N-methylpyrrolidinone (NMP)) and
a reagent capable of replacing oxygen with halogen (such as

-
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tends to lead to the formati on of by-product N nethyl-p- hydroxybenzanide
(MHBA). Accordingly, it would be useful to use the ester solvent for the
Beckmann rearrangenent of 4-HAP oxine to APAP and overcone the probl em of

by- product formation which has been found. It is therefore the
primary objective of the present i3invention to provide an alternative
solvent to SOerr] in the above- descri bed Beckmann rearrangenent
reaction, which solvent is |ess 6

%hionyl chloride, phosphorus oxytrichloride, phosphorus
pentachloride, trichloroacetyl chloride, frichloromethyl
chloroformate (diphosgene), or phosgene).

For the purposes of the present specification and
claims, the term "catalyst" includes any material éapable of
initiating Beckmann rearrangement of 4~-HAP oxime to APAP. The
Beckmann rearrangement might be described férmally as the chain-

reaction process depicted in the following equation (III):

s,
| Hydroxide HO - N@-'IC-CH3 (Intermediate I)
HO-<:::>-C=NOH transfer

= : ‘ (III)

In equation (III), 4~HAP oxime is converted to chain
intermediate I with simultaneous conversion of species X to

species Y. Examples of species X and correspondiﬁg species Y are

shown in the followipg table:

X Y
-SOC1, + HC1l + C1°
1/3 POCl, | 1/23 PO, + C1°
(CH,) =CHCl (CH,) CH=0 + HC1
B0y 0 c??csfx + CP,CO.
cngc:n’ig CH§TMJ
Intermediate I | APAP 3o

The first five entries for species X in the above ﬁable,
respectively thionyl chloride, phosphorus oxytrichloride,

Vilsmeier reagent N,N-dimethylchloroformiminium cation,

TR




toxic, less volatile, and | ess corrosive, which reduces capital costs;

and which can greatly reduce the handling and operating costs of the

t wo-step process of form ng APAP from 4- hydr oxyacet ophenone. 5

It is another object of this invention to provide for novel Becknmann
rearrangenent catal ysts which qjare particularly effective in

r educi ng "by- product formati-on upon use of ester solvents for the

reacti on. Still another object of this invention is to provide 10
an effective and efficient nethod of separation and purification of
APAP product fornmed by the Beckmann rearrangenent of 4-HAP oxinme
In an ester solvent. SUMVARY OF THE | NVENTI ON

The pr ese'yriifﬂYx%Q'roBQ%tﬂEFXhﬂf&rfﬂé’! OGRS s«iﬂtﬂﬂ%k%owiggg%&mncahon, are

N- acet yl - par a- am nophenol (acet am nophen or

4- hydr oxy 3eeiedph @0a18al0)y FefefdedDd LXiBEkmanrt GENrrangenaadi ng a
Beckmann rearrangenent catalyst to said 4- hydr oxyacet ophenone oxinme to
f or m sai d "datadlysitspdr aAssuning ntivharmile phHdapscgiahat dot chiesatiove t hat 't he
Beckmann 20 rearrangenent is conducted in a solvent selected from al kyl

al kanoat esquatdam (EFZ) .t BucBal'Gatrlysksh kdriakeydhenBeckma@ang| yst has an
el ectrophilic carbon atom at which saj catalyst reacts with said oxine.
A Kyl | ol KFRAFETGSEE T CHOYATELN] Hk HAR FknG o (GRS Iberenate I
rearr anger@pa"[in iri%%'z%'e%ia@%c &m?QQ éﬁé&-{égw then converted to APAP (as

species Y) with simultaneous regeneration of chain intermediate I

from®4-HAP oxime.

The active electrophilic site of a Beckmann
rearrangement catalyst is the atom of the catalyst at which the
catalyst reacts with an oxime. - With catalysts such as thionyl
chloride or phosphorus oxytrichloride that have a sulfur atom or
a phosphorus atom as tﬁe active electrophilic site, it ﬁas been
found that Beckmann rearrangement of 4-HAP oxime in ester
solvents produées small amounts of N-methyl-p~hydroxybenzamide
(MHBA) by-~product. The MHBA by-product is only partially removed
from the desired APAP pro&uqt by conveqtional-purifiéation' |
techniques such as aqueous recrystallization.

' In comparison to catalysts that have a sulfur or
phosphorus atom as the active electrophilic site, Beckmann
catalysts having a carbon atom as the active electrophilic site
can offer the advantage of producing substantially_lgss MHBA
by-product during Beckmann rearrangement of 4-HAP oxime to APAP
in ester solvents. For example, no MHBA by-product-is formed
during Beckmann rearrangement of 4-HAP oxime to APAP in ester

solvents with catalysts such as trifluorocacetic anhydride,



catal ysts whi ch have a carbon atom as the active el ectrophilic site

are particularly advantageous for substantially reducing or
elimnating formation of the Becknann r ear r angenent by- pr oduct

-« N-net hyl - p- 30 hydroxybenzam de (MHBA) when the above esters are used as

¢ the reaction solvent. The acidic ;Beckmann rearrangenent catal ysts which
have a ctarbon atom as the active el ectrophilic site include
N- net hyl acetonitrilium 7

tetrafl uoroborate, trifluoroacetic anhydride, or the Vilsneier reagent
prepared from N, N-di net hyl f or ram de (DMF) and thi onyl

trichloroacetic anhyd:ide, or N-methylacétonitrilium
tetrafluoroborate, all of which have a carbon atom as the active
electrophilic site and none of which produces HCl or Cl° as a by-
product.

Catalysts that have a carbon atom as the active
eléctrophilic site but that pro@ucg BCl or C1° on reaction with
4-HAP oxime include trifluoroaceiyl chloride, trichloroacetyl
chloride, oxalyl chloride, ethyl oxalyl chloride, phosgene,
trichloromethyl chloroformate (diphosgene), methyl chloroformate,
N,N-dimethylcarbamyl chloride, and any Vilsmeier reagent prepared
from a carboxylic acid amide (such as N,N;dimethylfc:mamide'
(DMF), N,N-dimethylacetamide (DMA), or N-methylpyrrolidinone
(NMP)) and a reagent capable of replacing oxygen with halogen
(such as thionyl chloride, phosphorus oxytrichloride, phosphorus
pentachloride, trichlorocacetyl chloride, trichloromethyl
chloroformate (diphosgene), or phosgene). Such catalysts, in
comparison to catalysts that have a sulfur or phosphorﬁs atom.as
the “active eléctrophilic site, still can offer the advantage of
produciﬁg substantially less MHBA by-product during Beckmann
rearrangement of 4-HAP oxime to APAP in ester solvents. The
advantage is particularly found Qﬁen the Beckmann rearrangement
is run to a 4-HAP oxime conversion of no more than about 95% or
when an appropriate base is incorporated with the catalyst or the
Beckmann reaction mixture; Bases capable of reducing the amount
of MHBA produced during the Beckmann reaction include tertiary

amines (such as pyridine or trialkylamine, e.g., triethylamine),



chl ori de. The Beckmann rearrangenent may be carried out in the
presence of potassiumiodide, which serves to ninimze the formation of
by- products whi ch contam nate the APAP product. Activated carbon may al so
be added to the m xture of 4-HAP oxinme and ester solvent to help prevent
retention of color in the APAP preduct. An i nportant advantage
of utilizing al kyl al kanoate esters as the solvent for the Beckmann
rearrangenent of 4-HAP oxinme to APAP is that the al kyl al kanoate esters-
can be utilized to extract the 4-HAP oxime fromthe aqueous product which
iIs fornmed fromthe reaction of 4-HAP with hydroxylamne in the first step
of the integrated process. After renoval of water,

carboxylic acid salts (such as sodium acetate or sodium

trifluoroacetate), phosphaté salts (such as ammonium dihydrogen
phosphate), sodium metabisulfite, or surfactant salts (such as
sodium dodecyl sulfate). Suéh bases presumably serve to scavenge
HCl1l without destroying catalyst activity. |
| In the absence of such a base, MHBA formation
accelerates with increasing 4-HAP oxime conversion and
accelerates sharply at 4-HAP oxime conversions above about 95{
with catalysts that have a carson atom as the active
electrophilic site but that produce HCl or ci‘ on reaction with
4-HAP éxime. With such catalysts, it is therefore preferable to
use an appropriate base or to limit 4-HAP oxime conversion to
about 95% or less by use of an appropriate quantity of catalyst.
Use of bases (that presumably scavenge HCl without
destroying catalyst activity)-also can reduce the amount of MHBA
produced in thionyl chloride-~catalyzed Beckmann rearrangement of
4-HAP oxime to APAP in ester solvents.

- The reaction solvent used in this invention is, as
previously discussed, preferably an alkyl ester of an alkanoic
acid. Preferably the alkylester group has 1 to 6 carbon atoms
and the alkanoic acid contains 2 to 6 carbon atoms. Specific
nonlimiting'examples of alkyl alkanocate esters that have proven
useful in the present invention include ethyl acetate, n-butyl
acetate, methyl n-hexancate, and n-hexyl acetate. A preferred

solvent is made from alkyl esters of acetic acid. Acetate
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preferably by azeotropic distillation, the extracted 4-HAP oxine and al kyl
al kanoate ester m xture can be treated directly with an appropriate acidic
catal yst to effect Becknmann rearrangenent. Another advantage of utili zing
al kyl al kanoate esters as the solvent for the Beckmann rearrangenent . of

4-HAP oxime to APAP is that aqueaus nedia can be used to assist renoval of

such solvents fromthe crude solid APAP product. - - DETAI LED
DESCRI PTI ON OF THE | NVENTI ON I n accordance with this

i nvention, N-acetyl-para- am nophenol (APAP) is produced by subjecting
t he ket oxi nme of 4- HAP (whi ch ketoxime may be formed by reacting 4-

hydr oxyacet one P) wi,th hydroxyl.am.ne) .to a ckmann
rgarraﬁgeﬁiﬁ ?b??ﬁféke é%antage %% re%derlng)degenerate any possible

alkanoate exchange between the alkyl alkanoate ester and the
N~-acetyl-p-aminophenol product.

The use of alkyl alkanocate esters as the Beckmann
rearrangement solvent is advantageous inasmuch as the Beckmann
rearrangement can be carried out continuously or batchwise with a
centrifuge rather than batchwise with a Nutsche (e.g. Rosemund)
filter which is required utilizing SO, as ﬁhe solvent. Alkyl
alkanocate esters are much less volatile, less toxic, and less
corrosive than sulfur dioxide and therefore avoid the previously
describéd disadvantages of sulfur dioxide. Another important
advantage of utilizing an alkyl alkanocate ester as the solvent is
that the crystallizgtion, isclation, drying, transport, handling,
and storage of solid 4-HAP oxime can be eliminated by extracting
4-HAP oxime directly from the oximation product stream with the
alkyl alkandate ester, removing water from the resulting alkyl
alkanoate ester solution of oiime, and adding an appropfiate
Beckmann rearrangement catalyst to the resulting dry mixture of
oxime and alkyl alkanocate ester.

Although extraction of 4~HAP oxime with an alkyl
alkanoate ester extraction solvent is preferably carried out on
hot oximation product to prevent crystallization of 4~HAP oxime
and to avoid the expense of a cooling step, the extraction can
also be.carried out on a chilled aqueous oximation product in
which the 4-HAP oxime product has crystallized. In either case,

mixing of the alkyl alkanoate ester extraction solvent with the



presence of an al kyl al kanoate ester solvent and an appropriate acidic
catal yst- to formthe N acyl-hydroxyaromati c am ne. The ket oxi nme
formati on proceeds as in equation (I): [err] The
Beckmann rearrangenent to formthe desired APAP product proceeds as in

equation (I1): 18

aqueous oximation product yields two liquid phases: an upper
liquid organic phase comprising the alkyl alkanoate ester and
4~-HAP oxime, and a lower aqueous phase comprising water and the
salt which is formed during liberation of the hydroxylamine. The
weight ratio of extraction solvent to 4-HAP oxime product is
preferably about 0.5-25:1 and is more preferably about 0.5-5:1.
The aqueous phase thus obtained may be extracted with the alkyl
alka;Bate ester extraction solvent one or more times to recover
additional 4~-HAP oxime. Alternatively, the extraction of aqueous
o#imation product with alkyi_alkénoate ester extraction solvent
may be carried out continuously in a York-Scheibel
countercurrent-type extractor.

fﬁe upper liquid organic phases are dried, preferably
by distillative removal of water as a low-boiling azeotrope with
the alkyl alkanoate ester extraction solvent. The alkyl
alkanoate ester extraction solvent is preferably substantially
immiscible with wate;. Under this circumstance, most of the
water and mo§£ of the ester distilled from the 4-HAP oxime
mixture will separate into different liquid phases. The
distillate ester phase can be decanted off the distillate aqueous
phase ahd recycled to the mixture of 4-HAP oxime and ester during
the distillative removal of water. Most of the water present in
the mixture of ester and 4-HAP oxime prioi té distillation can be
removed as a separate, relatively pure aqueous phase of thé

distillate. The distillation residue, which comprises a

substantially dry mixture of 4-HAP oxime and alkyl alkanoate



[err] . 4- Hydr oxyacet ophenone used to formthe oxinme may be
prepared by any nethod known in the art. For exanple, it may be prepared
by the Fries rearrangenent of phenyl acetate or, alternatively, in a
Friedel -Crafts acetyl ation of phenol. The catalyst for both nmentioned
reactions is preferably hydrogen 1Pl uoride, but any other catalyst known in
the art to be effective for the Fries or Friedel-Crafts reactions nay be
used, e.g., alumnumchloride, zinc chloride or boron trifluoride. A nore
detail ed description of nmethods of form ng the hydroxyaromatic ketone are
described in the aforenentioned U S. 4,524,217,

ester extraction solvent, can then be treated directly with an
appropriate acidic catalyst to effect Beckmann rearrangement to
APAP.

If the oxime is to be extracted with an alkyl alkanoate
ester, it has been found that the use of a strong base such as
sodium hydroxide has an important advantage ovef relatively weak
bases such as ammonium hydroxide (aqueous ammonia) in the first
sfag;'of the process whereiﬁ is provided the liberation of free
hydroxylamine from a corresponding acid salt such as
hydroxylammonium sulfate. The disadvantage of weak bases such as
ammonium hydroxide is that their use causes rearrangement of
4-HAP oxime to acetaminophen and hydrolysié of'acetamingphen and
4-HAP oxime to p—-aminophenol and 4-HAP, respectively, during the
distillative drying of the extracted oxime. Traces of the acid
salt corresponding to the wegk base, for example, ammonium
sulfate, presumably catalyze these undesirable side reactions
during the distillative drying step. Furthermore, préviousiy
useful purifi;ation techniques failed to give an acceptable
acetaminophen product when a relatively weak base such as
ammonium hydroxide was used to liberate free hydroxylamine. Use
of strong bases such as sodium hfdroxide avoids the undesirable
lside reactions and permits successful purification.of the crude
acetaminophen product by previously diéclosed methods. The
by-products produced with a strong base, for example, sodium

sulfate and water from sodium hydroxide, apparently do not



The conversion of 4-HAP into the ketoxine by equation (I') is acconplished
by contacting the ketone with a hydroxyl am ne salt, e.g., hydroxylam ne

hydr ochl ori de, hydroxyl am ne sul f at e, hydr oxyl am ne bi sul fate, or
hydr oxyl am ne phosphate, and a base, e.g. anmoni um hydr oxi de (aqueous
ammoni a), potassi um hydroxi de, 20 sodi um hydroxi de, or |ithium

hydr oxi de. Since hydroxyl anmine is

catalyze undesirable reactions during the distillative drying
step.

Addition of activated carbén to the mixture of 4~HAP
oxime and ester solvent has been found to prevent substantial
amounts of color from being retained in the APAP product from
subsequent Beckmann rearrangement. The activated carbop is
pfeferably added before addition of the Beckmann rearrangement
cataiygt. If the mixture of 4-HAP oxime and ester solvent is
dried by azeotropic distillation, the activated carbon is
preferably added before or during the azeotropic distillation.
The activated carbon is preferably removed from the APAP produgt
by dissolving the APAP product in hot water, filtering the
activated carbon off the reéuléing aqueous solution of APAP, and
cooling the aqueous filtrate to recrystallize the APAP product.
Prevention of color retention in the APAP product by such use of
activated carbon is particularly significant when ester Beckmann
reaction filtrates afe recycled. Such use of activated carbon
prévents retention of color that cannot be removed by other means
after the Beckmann reaction.

In preferred embodiments, the acetaminophen product is
purified by neutralization with aqueous base and
recrystallization from an aqueous medium. The ester solvent is
removed from the acetaminophen product prior to recrystallization
in the agqueous medium. The ester solvent can be removed from thé
acetaminophen by any of several methods, including, individually

or in combination, filtration, washing filtered acetaminophen



sensitive and deconposes in its free form it is commercially supplied as
one of its acid salts. The free hydroxylamne is |iberated upon treatnent
of the:acid salt with the base. If sodi um hydroxide or agueous amnia is
used as the base to |iberate hydroxylamne fromits acidic sulfate salt,
then such liberation also produces sodi umor amoni um sul f at e,
respectively, as a by-product. Irflthe integrated process for producing
APAP from 4- HAP (di sclosed in detail below) wherein Beckmann reaction
solvent is used to extract 4-HAP oxine fromthe aqueous oximation m xture,
it is preferred to use a strong base such as the alkali netal hydroxides
to liberate the hydroxyl am ne. The base should be used in an

amount, for exanple, of . .
product with water, evaporation of solvent to a solid residue,
and water-assisted distillative removal of ester.

Filtration of ester Beckmann reaction mixtures yields a
filter cake of solid acetaminophen and an ester filtrate liquor
that can be recycled to a subsequent Beckmann reaction. The
filter cake of solid acetaminophen contains residual estér
solvent that is preferably removed prior to recrystalliéation of
the &cetaminophén from an aqueoﬁs medium. The residual ester in
the filter'cake can be removed by evaporation and then recovered
by condensation. However, substantially complete evaporation and
recovery of residual ester solvent can consume considerable time
and utilitiés such as vacuum, steam, cooling water, etc; The
substantially ester-free filter cake can then be neutralized in
an aqueous slurry with aqueous base.

Alternatively, residual ester Beckmann liquor can be
washed from the APAP filter cake with an aqueous medium such as
the mother liquor from a recrystallization of.a previous batch of
APAP oY, preférably, the aqueous pyase resulting from extraction
of a crﬁde oximation product with alkyl alkanoate ester solvent.
Such washing dislodges the residual ester from the solid APAP by
mechanical entrainment. The resulting wash liquors, on standing,
'separate into two phases, one of which (usually the top phase) is
residual ester that can be séparated and recovered. The other
phase (usually the lower one) is an aqueous medium that can be
used for further or other APAP filter cake washing operations.

Use of the aqueous phase resulting from extraction of a crude



0.5 to 2 nolar equival ents per nolar equivalent of starting hydroxylam ne.
The base is preferably used in an anount of 0.8-1.0 nolar equival ents per
nol ar equi val ent of starting hydroxylamne so that a snmall anmount of
hydroxyl am ne remains in the formof its acid salt to create a pH buffer
that maintains the pH of the oximation reaction in the range of 3-7. Use
.of larger anmounts of base can cause the pHto rise above 7 and results in
initiating undesirabl e condensation reactions of 4-HAP and its oxine. The
hydroxyl am ne acid salt is preferably used in an amount of 1-2 nol ar
equi val ents of starting hydroxylam ne per nole of starting 4-HAP.

Ximation is run at a tenperature, for exanple of 0 to 200[err]C, for a

peri od O%x&%%%&%gogéoguc nggegré£grred in such APAP filter cake washing

because this aqueous phase's high content of dissolved salts
reduces the solubilities of ester and acetaminophen in the
agqueous phase and the solubilities of water and acetaminophen in
the ester phase.

With this aqueocus washing procedure, neutralization can
be carried out with aqueous base either before or after
filt;étion_of the Béckmann reaction mixture. The neutralization
is preferably carried out with the same aqueous medium that is
used to wash the acetaminophen filter cake. If neutralization is
carried out before filtration, the aqueous medium and the aqueous
base are preferably mixed with the crude Beckmann reaction slurry
inside fhe Beckmann reactor. The resulting-neutraliéed slurry
can then be filtered in iﬁs entirety to provide a filter cake of
neutralized acetaminophen still containing some residual ester.
Conducting neutralization before filtration has the advantage of
reducing the ﬁetallurgical requirements (and cost) of ihe filter.
If heutralization is carried out after filtration, the
acetamiﬁophen filter cake is slurried in an aqueous medium,
aqueous base is added, and the resulting neutralized slurry is
filtered. '

If neutralization is carried out before residual ester
is washed off the acetaminophen filter cake, the residual ester
can be recovered by allowing the neutralization liquor filtrate

to separate into an ester phase and an agueous phase, the latter



10 (10.7 kPa) 4
hours. .Any pressure may be used, e.g., 80 mmof nercury (10.7 kPa) to 20
at nospheres (2026 kPa) absolute. The reaction is preferably carried out in
an aqueous or alcoholic nmedium i.e., in the presence of water and/or an
al cohol such as net hanol, ethanol 230r isopropanol. The 4- HAP
oxinme is converted into APAP by a Becknmann ‘

of which can be used for further or other acetaminophen filter
cake washing operations.

As an alternative to or in conjunction with the
evaporation or washing procedures just described, the
acetaminophen filter cake can be slurried in an aqueous medium to.
assist distillative removal of residual ester. As yet another
alternative, filtration of the ester Beckmann reaction mixture
can be avoided completely, permitting conversion of 4-HAP to
recrystallized acetaminophen in a single vessel, by addition of
an aqueocus medium to the ester Beckmann reaction mixture to
assist distillative removal of ester solvent. The ester solvent
employed for the Beckmann reaction preferably forms a low-boiling
azeotrope with water. Distillation of the mixture of
acetéminophen, agqueous medium, and ester removes the ester from a.
residual aqueous mixture of écetaminophen; The agqueous medium
used to assist distillative removal of ester is preferably the
same as that used for neutralization,-is preferably ﬁhg same as
that used fof'recryséallization, and is preferably the same as
that uéed for neutralization and recrystallization.

As a means for removal of the last portions of ester
solvent from acetaminophen produét, water-assisted distillation
is preferred to evaporation in'the'absence of water. Water-
assisted distillative removal offers more efficient mixing and
heat transfer, and, for reasons including these, can be carried
out at lower temperatures, in less time, and with less

consumption of utilities. These advantages are particularly



rearrangenent as shown in equation (lI1) by contacting the ketoxinme with an
al kyl al kanoate ester solvent and an appropriate acidic catalyst at a
reaction tenperature, for exanple, of from 00 to 100[err]C for a period of
fromabout 5 mnutes to 4 hours. The pressure is not critical and may be,

for exanple, in the range of 1 mm of nmercury (133 Pa) to 10 atnospheres
(1013 kPa) absolute. The Beckmann rearrangenent can be carried out quite
successfully with arge anmounts of undi ssol ved 4-HAP oxi ne solids and
| arge anounts of undi ssol ved APAP solids suspended in the reaction
m xt ur e. gkeat @henndistil kaciveramwantoss atlet e asbiste@ntiyh | watger so
that any undissolved solids forma slurry that settles under the force of
gravity aagors (it ey apreampupassed| dirantlr igdd dhge agetrninpphenfester
.crystallization of the APAP product when the reaction

mixture. The ability to remove ester at lower temperatures
avoids formation of undesirable by-products and impurities.

However, distillative removal of the first porﬁions of
ester solvent from acetaminophen product might preferably be done
in the absence of water to avoid losses of heat to vaporization
of waier. Distillative removal of ester solvent permits
elimination of filtration, elimination of ester Beckmann reaction
liquor recycle, and elimination of the resulting build-up of
colored impurities.

Subsequent to the recovery of the product of the
Beckmann rearrangement, the ester solvent can be recycled to
either the Bgckménn rearrangement or to the oxime extraction.

The invention will be further illustrated by the
following nonlimiting examplés.

| EXAMPLE 1
) A slurry of 4-HAP oxime (100.00 g, 0.6617 mols) and
potassium iodide (0.200 g) in ethyl acetate (185 mlL) was stirred
and heated to 50° C under nitrogen (290 torr absolute total
pressure). A solution of thionyl chloride (1.0 mL, 1.631 g,
13.71 mmole) in etpyl acetate (15 mL) was then added, over 25
minutes to the stirred 4-HAP oxime/ethyl acetate slurry. The
temperature of the reaction mixture was maintained at 50~51° C by

aliowing the heat of reaction to reflux the ethyl acetate solvent

under 290 torr absolute total pressure. Within about ten minutes
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m xture is chilled. Thus, the reaction solvent should be present in
anounts of from about 0.75-50:1 by weight with respect to the 4-HAP oxi ne.
The weight ratio of oxinme to Beckmann rearrangenent catalyst ranges from
about 5:1 up to about 300: 1. The Beckmann reaction is carried
out to 4-HAP oxinme conversions otspreferably at |east about 50% and nore
preferably at |east about 80%to mnimze | osses of unreacted 4-HAP oxine
to recrystallization and wash |iquors. Conversions of 4-HAP oxinme

ther the start of the thionyl chloride addition, the reaction
mixturg was a nearly homogeneous, light amber liquid. White
solid APAP then began to precipitate. The refluxing started to
subside after about 90% of the thionyl chloride had been added.
After the thionyl chloriée-addition was completed, the reaction
mixture was allowed to cool to 40° C over about ten minutes and
was then chilled in an ice bath to 3° C. The reaction slurry was
filtered under nitrogen to give a cake of light yellow Beckmann
reaction solids and a filtrate of yellow Beckmann reaction
liquor. Residual ethyl acetate was pumped off the reaction
solids at 0.025 torr and ambient temperaﬁure. The dried reaction
solids were then purified by known washing, filtering and
recrystallization procedures. Results are shown in Table 1. The
solid filter material used in the purification was dried under
vacuum (0.025 torr) at ambient temperature to a mass 3.53 g
greater than the weight of the starting filter material; this
mass increase presumably was due.mcstly to adsorbed APAP.
Thrioughout the entire preparation, tﬂe crude APAP solids and
purifiéd APAP solids were granular, free of tackiness, and easily-
handled.
EXAMPLE 2

The preparation of Example 1 was repeated with the
starting 4-HAP oxime/ethyl acetate slurry containing 90 mL
instead of 185 mL of ethyl acetate. Under these conditions, the
reaction mixture contained substantial amounts of white solid _
thrcughout the entire reaction period. As the refluxing subsided
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during Beckmann rearrangenents can be controlled by use of an appropriate
quantity of catalyst. A certain quantity of catalyst gives substantially
100% 4- HAP oxi me conversion; with snmaller anounts of catal yst, 4-HAP oxine
conversions decrease with decreasing catalyst quantity. The
process of this invention is prefgrably carried out by adding an al kal
netal iodide such as potassiumiodide to the 4-hydroxyacetophenone oxine
prior to carrying out the Beckmann rearrangenent in alkyl al kanoate ester
solvent. Potassiumiodide serves to mnimze formation of by-products that
can contam nate the APAP product. The amount of alkali netal i odide
utilized is

near completion of the thionyl chloride addition, the reacﬁion
slurry became so viscous that it no longer settled under the
force of gravity. Throughout the entire preparation, the crude
APAP solids and purified APAP solids were granular, free of
tackiness, and easily handled. Results are shown in Table 1.
EXAMPLE 3 |
The preparation of Example 1 was repeated with the

starting 4-HAP oxime/ethyl acetate slurry containing 475 nL
inétead of 185 mL of ethyl acetate. This volume of ethyl acetate
was sufficient to dissolve essentially all of the starting 4-HAP -
oxime at 25° C. The reaction mixture remained essentially
homogeneous until about one-tﬁird of the thionyl chloride
catalyst had been added, at which time the APAP product stérted
to precipitaﬁe as a white solid. Throughout the entire
preparation, the crude APAP solids and purified APAP solids were
granular, free of tackiness,_and easily hahdled. Results are
shown in.Table 1.

' The preparation of Example 1 was‘repeated without KI.
The crude and pufified APAP products were noticeably more colored
than their counterparts from Example 1. Throughout the entire
preparation, the crude APAP solids and purified APAP solids were
granular, free of tackiness, and easily handled. Results are

shown in Table 1.
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extrenely small and very acceptable results have been obtained when using
0.2 Wt % of potassiumiodide relative to the oxine. It should be realized
that no particular advantage is gained in going over the 0.2 gramKI per
100 grans of 4-hydroxyacetophenone oxinme but, obviously, such can be done
if desired. The anmount of inorgani£ iodide which should be added is that
anount sufficient to substantially prevent the formation of chlorinated
by-products and said anmount is usually in the range varying from about
0.02 gramto about 2.0 grans of potassiumiodide per 100 grans of

4- hydr oxyacet ophenone oxi ne which is subjected to the Beckmann

rearr angenent . The manner in which iodide is added to the
Beckmann rearrangenent reactor is by no neans critical. |odide can be
EXAMPLE S

The preparation of Example 1 was repeated with the
Beckmann reaction being run at 32 °C under 150 torr absolute
total pressure. Throughout the entire preparation, the crude
APAP solids and purified APAP solids were granular, free of
tackiness, and easily handled. Results are shown in Tablé 1.

EXAMPLE 6

The preparation of Example 1 was repeated with the
following modifications. In the starting 4-HAP oxime/ethyl
acetate slurry, the ethyl acetate Beékmann reaction liquor from
the preparation of Example 1 was used in place of 185 mL of fresh
ethyl acetate. The catalyst solution consisted of thionyl
chloride (1.3 mL instead of 1.0 mL) in fresh ethyl acetate (50 mL
instead of 15 mL to make up the ethyl acetate loss in the drying
step of Example 1). Fresh, acid-washed activated carbon
(0.500 g) was now also included with the starting 4-HAP
oxime/ethyl acetate'slurry. The dried reaction solid; were
.purifigd by known methods. Throughout the entire preparation,
the crude APAP solids and purified APAP solids were d:anﬁlar,
free of tackiness, and easily handled. Results are shown in
Table 1. ' -

EXAMPLE 7

To a stirred solution of 4-HAP (100.00 g) and
hydroxylamine sulfate (63.6 g) in water (370 mL) heated to 80° C
was added a solution of sodium hydroxide (30.5 g) in water

(100 mL) over five minutes. The stirred, homogeneous, yellow
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added directly to the reactor or can be contained in a recycle stream of
the reaction m xture solvent. A nore detail ed

12 description of potassiumiodide addition to the Beckmann
rearrangenent reactor is given in comonly assigned, U S. Patent No.
4,855,499, the entire content of which is herein incorporated

reaction mixture was refluxed at 102-103° C under air for 20
minutes and then cooled to 25° Cc. Ethyl acetate (200 ij was
then added to the cooled reaction mixﬁure, which contained a
large amount of crystallized 4-HAP oxime. The three-phase
mixtﬁre was shaken well for about half a minute and then alléwed
to settle. Two liquid phases separated completely within about
one minute, leaving only a small amount of undissolved solid.
The bottom aqueous phase and the undissolved solids were
separated from the upper ethyl acetate phase and then extracted
with two more 100 mL portions of ethyl acetate.

The three ethyl acetate extracts were combined and
dried by azeotropic distillation under nitrogen at atmospheric
preésure in two steps. The first step, which employed a Dean-
Stark trap under conditions of total reflux, removed 34.5 mL of
aqueous phase distillate. The secohd-step, which employed a
10-tray Oldershaw column and a reflux to takeoff ratio of 3:1,
yielded 200 mL of cloudy distillate and a stable final overhead
temperature 6& 77.1° é. The distillates were found by analysis
to confain less than 0.02 wt ¥ each of acetic acid and ethanol.

On cooling, 4~HAP oxime crystallized from the amber
distillation residue. The resulﬁing dry slurry of 4-HAP oxime in
ethyl acetate was then subjected to the conditions of the
Beckmann rearrangement described in Example 1 using 0.200 g of
KI, 85 mL of fresh additional ethyl acetate, and'a catalyst'
solution of thionyl chloride (1.3 mL) in ethyl acetate (15 mL).

Throughout the entire preparation, the crude APAP solids and
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by reference. Activated carbon may al so be added to the Beckmann
rearrangenent reaction mxture in a nmanner to be described later in nore

detail. Appropriate acidic catalysts for use in the Beckmann
rearrangenent of 4-hydroxyacetophenone oxine to APAP include, but are not
limted to, m xed anhydride of ,prichloroacetic and net hanesul fonic

aci ds; trifluoroacetic anhydride; trichloroacetic anhydride;

trifluoroacetyl chloride;

pgrified-APAP solids were granular, free of tackiness, and easily
handled. Results are shown in Table 1.
EXAMPLE 8
The oximation/Beckhann reaction sequence of Example 7
was repeated with only one significant modification now |
described. The aqueous reaétion mixture from the oximation
reaction was drained hot (about 100° C) over five minutes into a
round: bottom flask containing ethyl acetate (200 mL) and equipped
with a reflﬁx condenser. The ethyl acetate refluxed very gently
under atmospheric pressure for only a short period during the
- addition. When.the addition was complete, the mixture was at
) ‘about 73° C and was mixed well by stirring vigorously for about
one minute. Two homogeneous liquid phases fhen separatéd
completely within about one minute, leaving no undissolved
solids.. The lower (agqueous) phase was extracted with two more
100 mL portions of ethyl acetate as described in Example 7.

. The distillates from the azeotropic drying steps were
fo&nd.py analysis to contain less than 0.02 wt % each of ethanol
and acetic acid. Throughout the entire preparation, the crude
APAP solids and purified APAP so;ids were granular, free of
tackiness, and easily handled. Results are shown in Table 1.

EXAMPLE 9 )
The oximation/Beckmann rearrangement reaction sequence
of Example 7 was repeated with 29 wt % aqueocus ammonia (60 mL) |

being used instead of'aqueous sodium hydroxide as the base to

-
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trichl oroacetyl chloride; oxalyl chloride; ethyl oxalyl chloride;

phosgene; trichloronethyl chloroformte (di phosgene); nethyl

chl orof ormat e; N, N-di net hyl carbanyl chloride; nitriliumsalts of the
formula (Rerr]Nerr]R')X[err], where R and R' can each independently
be al kyl such as nethyl, isopropyl3%or substituted al kyl, aryl, or
substituted aryl and where X can be BF[err], SbF[ferr], PF[err], Fed]Jerr],
Ald[err], dJferr], Br[err], or I[err]; and any Vi | snei er r eagent prepared
froma carboxyllc acid anlde (such as N, N-di net hyl f or mam de (DWF),

N, N- di met hyl acet am de (DMA), or N-nethyl pyrrolidinone (NWP)) and a reagent
capabl e of repl acing oxygen with hal ogen (such as

liberate free hydroxylamine during the oximaﬁion. Results are
shown in Table 1.
EXAMPLE 10

The oximation/Beckmann rearrangement sequence of Example

8 was repeated with the following modifications. Instead of 370
-mL of fresh water, the oximation used 148 mL of fresh water and 222
‘mL of the aqueous phase remaining after extraction of the oximation
:produét of Example 8 with ethyl acetate. Instead of being drained
- into 200 mL of fresh ethyl acetate, thelhot oximation product was

drained into the ethyl acetate Beckmann reaction liqubr recovered
-from the preparﬁtion of Example 8. Extraction of the oximation
- product was then completed with two 100 mL portions of the wet
ethyl acetate distilled off the ethyl acetate extracts of Example
'8. For the Beckmann rearrangement, the ethyl acetate solution of
. thionyl cﬁloride used 50 mL of fresh ethyl acetate instead of 15

mL to make up the gthyl #cetate loss in the drying step of Exanmple

8. Fresh, acid-washed activated carbon (0.50 g) was now also

inciuded with the starting 4~HAP oxime/ethyl acetate slurry. After
removal of residual ethyl acetate, the dried reaction solids were
purified by known methods.

The distillates from the azeotropic drying steps were
found by analysis to contain no more than 0.032 wt % each of
ethanol and acetic acid. Throughout the entire preparation, the

; crude APAP solids and purified APAP solids wére granular, free of.

tackiness, and easily handled. Results are shown in Table 1.
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13 t hi onyl chloride, phosphorus oxytrichloride, phosphorus
pentachloride, trichloroacetyl chloride, trichloronmethyl chlorofornmate
(di phosgene), or phosgene). For the purposes of the present
specification and clains, the term"catal yst" includes any materi al

capable of initiating Beckmann regarrangenent of 4-HAP oxine to APAP. The
Beckmann. rearrangenent m ght be described formally as the chain-

EXAMPLE 11

A slurry of 4-HAP oxime (100.00 g, 0.6617 moles) in
n-hexyl acetate (450 mL) containing no potassium iodide was
stirred and heated to 60° C under nitrogen (8 torr absolute total
pressure). A solution of'thionyl chloride (1.3 mL, 2.120 grams,
17.82 mmole) in n-hexyl acetate (50 mL) was then added over 30
minu;es to the stirred 4~-HAP oxime/n-hexyl acetate slurry. The.
temperature of the reaction mixtu;e was maintained at 58-65° C by
allowing the heat of reaction to reflux the hexyl acetate solvent
under 8 torr absolute total pressure. Within about five minutes
after the.start of the thiényl chloride aadition,.the reaction
rnixture was a nearly homogenecus amber liquid. Pale yellow solid:
APAP then precipitated during the remainder of the thionyl
chloride addition. The refluxing started to subside after about
90% of the thionyl chloride had been added. After the.thionfl
chloride addition was.coméleted, the reaction mixture was chilled
in an ice bagp to 5° C. The reaction slurry was filtered under
niéroggn to give a cake of golden-yellow Beckmann reaction solids
and a filtrate of yellow Beckmann reaction liquor. Residual
n-hexyl acetate was pumped off the reaction solids at 0.025 torr
and ambient temperature. The dried reaction solids were then
purified by known washing, filtration, and recrystallization
procedures. The results shown in Table 1 do not include 2.85 g
of 98.8% pure APAP that precipitéted from the yeliow Beckmann
reaction liquor on standing overnight at room temperature under

air. Throughout the entire preparation, the crude APAP solids

[
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reaction process depicted in the follow ng equation (I11): [err]
In equation (I11), 4-HAP oxinme is converted to chain internediate | with
si mul t aneous conversi on of species Xto species Y. Exanples of species X
and corresponding species Y are shown in the foll ow ng table:

?CH[ 19 [ err] NCHEO +YHQ 32 (CH err])[err] N err]=CHC
err])[err

and pﬁrified APAP solids were granular and handled without -
problem.
EXAMPLE 12

The preparation of Example 11 was repeated at 50° C and
17 torr total absolute pressure with methyl n-hexanocate instead
of n-hexyl acetate as the reaction solvent. Throughout the
entire preparation, the crude APAP solids and purified APAP
solids were granular and handled without problem. Results are
shown in Table 1.

EXAMPLES 13-3112

Examples 13-112 deécrihe Beckmann rearrangement of
4-HAP oxime to APAP with a variety of catalysts, some of which
produce li;tle or no MHBA. Specific conditions and results for -
Examples 13-112 are shown in Tables 2-11. The following general
procedure was used for Examples 13-112. The indicated amounts of
the indicated catalyst components were‘pixed with typically 20-25
mL of ethyl acetate at room temperature. The resﬁltiﬁg catalyst
mixtures weré‘added at room temperature from an addition funﬁel
to a sﬁirred slurry of 4-HAP oxime (about 100 g), potassium
iodide (about 0.2 g), the indicated amounts of the indicated
additives, and ethyl acetate (abéut 200 mL) heated to reflux at
about the indicated temperature inside a nitrogen-purged reaction
vessel. The indicated temperatures were achieved by adjustment
of the reaction vessel's pressure, which was typically maintained
at less than one atmosphéfe abéélute. The reaction vessel was

equipped with a 9° C water-cooled condenser to reflux the ethyl
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(CF[[err]CO[err]O CFlerr]CJerr]H + CFlerr]CJ err]
CHerr]Cerr]Nerr]CH err] CH err] C=0

NHCH[ er r ] I nternedi ate | APAP three The
first three entries for species X in the above table, respectively

Vil snei er reagent N, N-di net hyl chl @gof orm m ni um cati on,

14

acetate vapors. The catalyst mixtures were added (typically over
15-30 minutes) at a rate sufficient to maintain ethyi acetaté
reflux within the capacity of the condenser. The indicated
reaction temperature was maintained for the indicated reéction
time either with the heat of the Beckmann rearrangement or, if
this was insufficient, with heat applied to the exterior bottom
surface of the reaction vessel. The reaction mixtures were
cooléd to 0-25° C under nitrogen and then filtered. The oxime
conversions, oxime accountabilities, and APAP and MHBA
efficiencies and yields shown in Tables 2-1] are all based on
both analyses of the ethyl acetate filtrates and analyses of the
filtered solids. o

In Example 19, 0.50 g of KI was used instead of 0.20 g.

In Example 25, the catalyst mixture was prepared by
dropwise addition of the sog to a stirred, 0° C solution of the

' methanesulfonic acid in ethyl acetate (20 nlL).

In Example 29, the reaction was carried out on half the
scale indicated above and in Table 3. A slurry of potassiunm
4-HAP oxime-O-sulfonate (2.3 g) in ethyl acetate (60 mL) was
added as catalyst over 7 minutes to a 48° C slurry of 4-~HAP oxime
(50.0 g), KI (0.1 g), sulfuric aéid (1.50 g), and ethyl acetate
(100 mL). The reaction mixture was then heated to 70° C and
stirred at this temperature for 102 minutes before being allowed
to cool to room temperature. !

In Examples 37 and 40, n-butyl acetate was used instead

of ethyl acetate throughout, no potassium iodide was used, and
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trifluoroacetic anhydride, and N-methylacetonitriliumcation, are herein
nomnally referred to as Beckmann rearrangenent "catalysts."” Assumng the
role of species X in the above equation (I1l), such "catalysts" initiate
t he Beckmann rearrangenent by converting 4-HAP oxime to chain internediate
. Chain internediate | (as specigs X) is then converted to APAP (as
species Y) with sinultaneous regeneration of chain internediate I from
4- HAP oxi me. The active electrophilic site of a Becknann
rearrangenent catalyst is the atomof the catalyst at which the catalyst
reacts with an oxine. Wth catal ysts such as thionyl chloride or
phosphorus oxytrichloride that have a sulfur atomor a phosphorus atom as
the active electrophilic site, it _has been

the reactions were carried out on twice the scale indicated above

and in Tables 4 and 5. In Example 37, neat BF;°Et,0 catalyst was

added to the oxime slurry without dilution. Examples 40 and 122"

are in fact identical, and the procedure for these Examples is

detailed below for Example 122. The procedure for recovery of

recrystallized APAP product in Example 37 was the saﬁe as that

for Example 122 below.

In Examples 26, 29, 37, and 38, the entire catalyst
mixture was added to an about 50° C 4~HAP oxime slurry over
7-45 minutes before the Beckmann reaction temperature was

' increased to the indicated level.
| In Exanple 39, the ((Ac0),B),0 catalyst was
incorporated with the original mixture of 4-HAP oxime aﬁd ethyl
acetate in the reaction vessel before heating.

In Examples 45 and 46, the catalyst mixture ﬁas stirred
and maintained at about 0-4° C throughout its entire preparation
and until its use as Beckmann rearrangement catalyst.. A solution
of ‘the indicated amouﬁt of CCl,COCl in ethyl acetate (7 mL in
Examplé 45 and 15 mL in Exaﬁple 46) was added over 20 minutes
(Example 45) or 30 minutes (Example 46) to a stirred solution of
the iﬂdicated amount of 4-~HAP oxime in ethyl acetate (20 mL in
Example 45 and 35 mL_in Example 46). 1In Examplé 45, an
additional 10 mL of 0-4° C ethyl acetate was added to the
catalyst mixture midway into the CCl,COCl addition. After
completion of the CCl,COCl addition, the resulting mixture was

stirred for about 10 minutes before dropwise addition of the
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found that Beckmann rearrangenent of 4-HAP oxine in ester solvents
produces snmall anounts of N-nethyl-p-hydroxybenzam de (MHBA) by- product.
The MHBA by-product is only partially renmoved fromthe desired APAP
product by conventional purification techniques such as aqueous
recrystallization. In édnparison to catal ysts that have a sul fur
or phosphorus atom as the active electrophilic site, Beckmann catalysts
having a carbon atom as the active electrophilic site can offer the
advant age of producing substantially l'ess MHBA by-product during Beckmann
rearrangement of 4-HAP oxime to APAP in ester solvents. For exanple, no
MHBA by-product is formed during Beckmann rearrangenent of 4-HAP oxine to
APAP in gsiflcated wasuatWoEhteabBhybamiselCihatt tirl fRxampARCALI ananh¥dai de,

solution in 5 mL of ethyl acetate in Example 46) over about

10 minutes. The resulting mixture was then stirred for about

2 hours before use as Beckmann rearrangement catalyst. The
catalyst mixture is believed to have contained 4-HAP oxime-O-
trichléroacétate as the active species. In Example 45, 100.0 g
of 4-HAP oxime slurried in 190 mL of ethyl acetate was used for
Beckmann rearrangement. In Example 46, 94.7 g of 4-HAP oxime
slurried in 165 mL of ethyl acetate was used for Beckmann
rearrangement.

In Example 47,'the catalyst mixture was stirred
overnight at room temperature prior to use as the Beckmann
rearrangement éatalyst. |

In Example 48, the triethylamine (3.5 g) was added
dropwise over 5 minutes to a stirred solution of the
trifluorocacetic acid (4.0 g) in 50 mL of the ethyl acetate before
addition of the rémaining ethyl acetate (150 mL) and the 4-HAP
oxife (100.0 g).

" In Examples 61-67, 70-83, and 87-98, the indicated
catalyst components were combined about 30 minutes prior to use
as the Beckmann rearrangement catélyst. While standing at room
temperature with agitation about once every ten minutes during
this approximately 30 minute period, the indicated components of
the catalyst mixture are believed to have reacted to produce
Vilsmeier reagents. Vilsmeier reagents are also believed to have
been produced in the catalyst mixtures for Examples 84-86, which
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15 trichl oroacetic anhydride, or N-nethylacetonitrilium
tetrafl-.uoroborate, all of which have a carbon atomas the active.

el ectrophilic site and none of which produces HO or d[err] as a by-
product . Cat al ysts that have a carbon atom as the active
el ectrophilic site but that producss HOl or C[err] on reaction with

were stirred at room temperature for about 18 hours before use as
Beckmann catalysts. In Example %6, the catalyst ﬁixture was
prepared with 20 mL of tetrahydrofuran in addition to 20 mL of
ethyl acetate. Formation of the Vilsmeier reagent from
dimethylformamide and thionyl chloride in Examples 61-67 was
indicated by its precipitation as colorless crystals. Most of
these crystals were added from the addition funnel to.the
Beckmann reaction mixture as a suspension in the original
catalyst mixtures. Most of the crystals remaining in the
addition funnel were then added to the Béckmann reaction mixture
after resuspension in an additional about 15 mL of ethyl acetate.
The other Vilsmeier reagents did not precipitate.

In Example éz, 93.2 g of 4-HAP oxime was charged to the
reaction vessél. The methanesulfonic acid and the sodium salt of
4~HAP oxime are believed to have reacted to produce sodium
methanesulfonate and additional 4-HAP oxime in situ.

E A 113
- In Examples 113-118, oxiﬁation and Beckmann reactions
were integrated with ethyl acetate according to the brocedure
described immediately below and in Table 12. |

To a stirred mixture °f-4fHAP (100.0 g), hydroxylamine
sulfate (63.6 g), and water (191 mL) heated to 80° C was added a
solution of sodium hydrox1de (30.5 g) in water (122 mL) over a
period not longer than 30 seconds. The resulting stirred mlxture
was then refluxed under air ‘at about 103° C for 45-60 minutes

before adding 223-318 g of ethyl acetate (either fresh or the
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4- HAP oxi nme include trifluoroacetyl chloride, trichloroacetyl chloride,
oxal yl chloride, ethyl oxalyl chloride, phosgene, trichloronethyl
chl orof ormat e (di phosgene), nethyl chloroformate, N, N-di et hyl car banyl
chloride, and any Vilsneier reagent prepared froma carboxylic acid am de
(such as N, N-di nethyl formam de (DQVF), N, N-di nethyl acetam de (DWVR), or
N- et hyl pyrrolidinone (NWP)) and a reagent capable of replacing oxygen
wi th hal ogen (such as thionyl chloride, phosphorus oxytrichloride,
phosphorus pentachloride, trichloroacetyl chloride, trichloronethyl
chl orof ormat e (di phosgene), or phosgene). Such catalysts, in conparison
to catal ysts that have a sul fur or phosphorus atomas the active
el ectrophidistidilate $trioll acprevibes batchly aitegteradic @rydmg sgep) .
substantially | ess MHBA by-product during Beckmann
Reflux of ethyl acetate/water azeotrope cooled the stirred
mixture to about 70° C. - After having been stirred for about
" three minutes, the hot, solid-free mixture was allowed to
separate into two liquid phases. The hot, solid-free agueous
phase was drained from the hot, solid-free ester phase, to which
was added the ethyl acetate filtrate (123.0 - 284.0 g) from the
previbus-batch's Beckmann reaction mixture. This ethyl acetate
filtrate contained APAP, 4-HAP oxime, and 4-HAP as its most
significant solutes.

- The resulting. 4~-HAP oxime/ethyl acetate mixture was
dried by azeotropic distillation as follows. The 4-HAP
oxime/ethyl acetate mixture was stirred and refluxed under
nitrogen at about 58-64° C and about 400 torr absolute pressure
while 39.42 -~ 61.35 g of aqueous phase was removed from the
reflux condensate with a Dean~Stark trap. After addition of KI
{(0.200 g) and fresh make-up ethyl acetate (45-225 g), azeotropic
drying of the stirred 4-HAP oxime/ethyl acetate mixture was then
continued by distillation through a 1" diameter, ten-tray
Oldershaw column under nitrogen at about 400 torr absolute
pressure with a 3:1 or a 1:1 reflux:take-off ratio. While
220-440 mL of ethyl acetate distillate was collected, the
temperature of the undistilled residue rose from about 64° C to

about 75° C. The resulting undistilled residue was a

substantially dry 4-HAP oxime/ethyl acetate mixture.

I
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rearrangenent of 4-HAP oxine to APAP in ester solvents. The advantage is
particularly found when the Beckmann rearrangenent is run to a 4-HAP oxi ne
conversion of no nore than about 95% or when an appropriate base is

i ncorporated with the catalyst or the Beckmann reaction m xture. Bases
capabl e of reducing the amount of38VHBA produced during the Beckmann
reaction include tertiary amnes (such as pyridine or trialkylamne, e.qg.

triethylam ne), In Example 113, an aqueous slurry considting of

activated carbon (1.00 g), sodium dithionite (0.10 g), and water
(2.2 mL) was added to the wet 4-HAP oxime/ethyl écetate mixture
just before azeotropic drying with the Dean.Stark trap was
started. In Examples 114, 115, 117, and 118, activated carbon
(1.0 g) was added to the 4-HAP oxime/ethyl acetate_mixture after
azeqtropic drying with the Dean Stark trap had been completed and
before azeotropic drying with the Oldershaw column was-started.

A solid Vilsmeier reagent was prepared by stirring DMF
(1.3-2.3 mL) aﬁd'tnionyl chloride (0.8~1.3 mL) in etnyl acetate
(15-30 mL) at about 23° C under nitrogen for about 20 minutes.
The ethyl acetate suspension of the solid Vilsmeier reagent was
then added as the Beckmann reaction catalyst in about 15 portions
over about 30 minutes to the 4-HAP oxime/ethyl acetate miﬁture
dried by azeotropic distillation. During the catalgst addition,
the Beckmann reaction mixture was stirfed-under air-free
conditions aE a temperature of about 45-51° C maintained by ethyl
acétate reflux at about 228 torr absolute pressure. After all
catalyst had been added, the stirred Beckmann reaction nixture
was allowed to cool to about 40° c.over about 15 minutes before
being chilled to about 25° C.

In Examples 113-115, ﬁhe acetaminophen product was
neutralized after filtration. Nearly all of the residual ester i
left on the APAP filter cake was then removed by washing w1th the
agqueous phase resulting from extraction of the oximation product
with ester. Thg following procedure was used for

Examples 113-115.
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carboxylic acid salts (such as sodium acetate or sodium trifluoroacetate),
phosphate salts (such as amoni um di hydrogen phosphate), sodi um

nmet abi sul fite, or surf actant salts (such as sodi um dodecyl sulfate). Such
bases presumably serve to scavenge HC w thout destroying catalyst
activity. In the absenge of such a base, MHBA fornmation

accel erates with increasing 4-HAP oxime conversion and accelerates sharply
at 4-HAP oxi me conversi ons above about 95% wth catalxsts t hat have a

carbon- atom as t he TR iBRFkRAT fe@Shiyane mdpturguasn it 1 hebed candey i,
A T S Y e R
to funnel. The crude solid APAP filter cake, which still contained
~about 35 g of ethyl acetate that could not be removad by
filtration, was slurried at about 25° C with the aqueous phase
from extraction of the oxihation reaction mixture. The resulting
aqueous APAP slurry was stirred at about 25° C while being
neutralized to about pH 6-6.5 by addition of 20 wt % aqueous
sodium hydroxide (80-110 drops). The neutralized slurry was
filtered to wash most of the ethyl acetate off the crude
neutralized solid APAP with the aqueous phase. The aqueous wash
liquor filtrate, which contained the ethyl acetate washed off the
crude neutrallzed solid APAP, was added to the ethyl acetate
filtrate in the separatory funnel. The contents of the
separatory funnel were mixed well and then allowed to settle to
extract the aqueous wash liquor filtrate with the ethyl acetate
filtrate. sSuch extraction permits transfer of ethyl acetate and
redyclable aromatics such as 4-HAP oxime from the agqueous wash
liquor filtrate to the ethyl acetate filtrate phase..

The aqueous phase was drained from the ethyl acetate
phase in the separatory funnel and was used to reslurry and wash
the crude neutralized solid APAP. After filtration of the !
resulting slurry, the aqueous waéh liquor filtrate was remixed
with the ethyl acetate phase in the separatory funnel, ahd the

resulting mixture was allowed to settle.
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about 95% or | ess by use of an appropriate quantity of catal yst.

Use of bases (that presunmably scavenge HO w thout destroying catalyst
activity) also can reduce the amount of MHBA produced in thionyl

chl ori de-catal yzed Beckmann rearrangenent of 4-HAP oxine to APAP in ester
sol vents. The reacti omasol vent used in this invention is, as
previ ously discussed, an alkyl ester of an alkanoic acid. Preferably the
al kyl ester group has 1 to 6 carbon atons and the al kanoic acid contains 2
to 6 carbon atons. Specific nonlimting exanples of al kyl al kanoate
esters that have proven wuseful in the present invention include ethyl
acetate, n-butyl acetate, nethyl n-hexanoate, and n-hexyl acetate. A

.preferred solvent The prdeetinee afkyhe este¥od mORigrapitivhs repeatate
five more times. The‘reéulting aqueous phase is considered toc be
a waste stream in Table 12. The resulting ethyl acetate filtrate
phase was retained for recycle to the ethyl acetate phase from
extraction of the next batch's agqueous oximation ptoduct. The
neutralized and washed solid_APAP was purified by known methods.
Results are shown in Table 12. ' _
" In Examples 116-118, .the acetaminophen product was at
least partially neutralized before filtration. Nearly all of the
residual ester left on the APAP filter cake was removed by
washing with the aqueous phase resulting'from extraction of the
oximation product with ester. The following proéedure was used
for Examples 116-118. )

Aqueous NaOH (20 wt %; 46—70 drops) was added to a
30 mL aliquot of the aquegus phase resulting froh extraction of
the crude oximation reaction mixture with ethyl acetate. This
aliquot was then mixed with the crude Beckmann reaction mixture
by stirring for about three minutes at about 25° C.  The
resulting mixture was filtered under air, and the wet ethyl
acetate filtrate was transferred to a separatofy funnel. The
partially neutralized crude solid APAP filter cake, which still
‘contained about 35 g of ethyl acetate that could not be removed
by filtration, was slurried at about 25° ¢ with the remainder of
the aqueous phase .from extraqtion of the crude oximation reaction
mixture. The'resulping aqueous APAP slurry was filtered to wash

most of the ethyl acetate off the solid APAP with the aqueous

-
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17 esters have the advantage of rendering degenerate any possible

al kanoat e exchange between the al kyl al kanoate ester and the

N- acet yl - p- am nophenol product. The use of al kyl al kanoate .

. esters as the Beckmann rearrangenent solvent is advantageous inasnuch as

t he Beckmann rearrangenent can beicarried out continuously or batchw se
wth a :

phase. The aqueocus wash liquor filtrate, which contained the
ethyl acetate washed off the solid APAP, was added to the wet
ethyl acetate filtrate in the separatory funnel. BAdditional

20 wt % aqueous sodium hydroxide (20-30 drops) was also added to
the separatory funnel. The contents of_the separétory funnel
were mixed well and then ailowed to settie to extract the aqueous
wash liquor filtrate with the ethyl acetate filtrate. Such
extraction permits transfer of ethyl acetate and recyclable
aromatics such as 4-HAP oxime from the agqueous wash liquor
filtrate to the ethyl acetate filtrate phase.

The aqueous phase (pH of about 5.5-6.0) was drained

from the ethyl acetate phase in the separatory funnel and was ST

used to reslurry and wash the crude neutralized solid APAP.

After filtration of the resulting slurry, the-aqueous wash ligquor
filtrate was remixed with the ethyl acetate phase in the
separatory funnel, and the resulting mixture was allowed to
settle.

- The-procedure of the previous paragraph waslrepeated
four more times. The resulting aqﬁeous phasé is considered to be:
a'waste stream in Table 12. The resulting ethyl acetate filtrate
phase was retained for recycle to.the ethyl acetate phase from
extraction of the next batch's aqueoﬁé oximaéion product. The
neutralized and washed solid APAP was purified by known methods.

4

Results are shown in Table 12.
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centrifuge rather than batchwise with a Nutsche (e.g. Rosenund) filter

which is required utilizing SOerr] as the solvent. A kyl al kanoate esters
are much less volatile, less toxic, and-less corrosive than sul fur di oxide

and therefore avoid the previously described disadvantages of sul fur

di oxi de.

Anot her inportant advantage of utilizing an al kyl al kanoate ester

as the solvent is that the crystallization, isolation, drying, transport,

handl i ng, and storage of solid 4-HAP oxinme can be elimnated by extracting
4-HAP oxinme directly fromthe oxi ' progdu streamwi th the alkyl
al kanoat e ester, renoving water e 'ng al kyl al kanoate ester -

sol ution of oxinme, ran@xaflfieg BLoAPPI 0Nkt Bife i I AR ck@dhhaPe8EENéns
catalyst to the resulting dry m xture of oxine and al kyl al kanoate ester.

were integrated with n-butyl acetate. The crude solid APAP
product was filtered, washed with n-butyl acetate, neutralized in
water, and then freed from residual n-butyl acetate by water-
assisted distillation. In the following procedure for Examples
119-121, figures in parenthetical triplets cdrrespond to Example
119,‘Examp1e 120, and Example 121, respectively.

To a stirred mixture of 4-HAP (1360 g), hydroxylamine’
sulfate (865 g), and water (2596 mL) heated to 80° C was added a
solution of sodium hydroxide (414.8 g)_in water (1659 mL) over
about one minute. The resulting stirred mixture was then heated
to about 100° C for about 45 minutes before adding n-butyl
acetate (4.0 L, 4.5 L, 4.0 L) consisting of the wash liquor
(2.2 L, 2.0 L, 2.1 L) from the n-butyl acetate wash of the
previous batch's crude solid APAP product, the second n-butyl
acetate extract (1603 6 g, 1709 g, 1729.5 g) of the aqueous phase
from the previogs batch's oximation reaction, and the n-butyl
ace?ate phase (0 mL, 600 mL, 0 mL) of the azeotrope distilled off
the hot aqueocus scolution of APAP product from the previous batch.
After having been stirred for about five minutes, the hot, solid--
free mixture of n-butyl acetate and aqueous oximation products
was allowed to separate'into two liquid phases over about three
minutes. The hot, solid-free aqueous phase was drained from a
hot, solid-free solution of 4-HAP oxime in n-butyl acetate.
Fresh make-up n-butyl acetate (909 g, 0 g, 0 g) and the n-butyl
acetate phase (590 mL, 0 mL, O mL) of the a-ze\otrope distilled off

-
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Al t hough extraction of 4-HAP oxime wth an al kyl al kanoate ester
extraction solvent is preferably carried out on hot oximtion product to
prevent crystallization of 4-HAP oxine and to avoid the expense of a
cooling step, the extraction can also be carried out on a chilled aqueous
oxi mation product in which the 4-44AP oxi ne product has crystallized. In
either case, mxing of the al kyl al kanoate ester extraction solvent with
t he 18 aqueous oxinmation product yields

two |iquid phases: an upper
the hot agueous solution of APAP product from the previous batch
were then added to the solution of 4~HAP oxime in n-butyl
acetaté.

The 4-HAP oxime/n-butyl acetate solution was dried by
azeotropic distillation as follows. The 4-HAP oxime/n-butyl
acetate solution was stirred and réfluxed under nitfogen at about
62-74° C and about 71-112 mm HgA preséure while about 425-433 g
of agueous phase was removed from the reflux condensﬁte with a
Dean-Stark trap. After addition of activated carbon (13.6 g,
27.2 g, 27.2 g), the n-butyl acetate filtrate (2240 g, 3000 g,
3360 g) from the previous batch's Beckmann reaction mixture, and
fresh make~up n-butyl acetate (0 g, 612 g, 0 g), azeotropic
drying of the stirred 4-HAP oxime/n-butyl acetate solution was
continued by refluxing the solution at about 70-74° C and about
73-97 mm HgA pressure for aboﬁt half an hour while additional

. aqueous phase wads removed from the reflux condensate with the
Dean-Stark trap.. The 4~-HAP oxime/n-butyl acetate solution was:
then recirculated through a filter at about 65~72° C to remove
actiéated carbon. After addition of KI (2.72 g); azeotropic
drying of the stirred 4-HAP oxime/n-bﬁtyl acetate solution was
continued with the Dean-Stark trgp at about 70~74° ¢ and about
73-97 mm HgA pressufe until the reflux céndensate was
substantially free of a separate aqueous phase. The total amount
of aqueous phase removed by the Dean~Stark trap was 450~ 463.g.
Azeotropic drying of the stirred 4-HAP oxime/n-butyl acetate

solution was then completed by simple distillation at 72-73° C.
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l'i quid organic phase conprising the al kyl al kanoate ester and 4-HAP oxi ne,
and a l'ower aqueous phase conprising water and the salt which is forned
during liberation of the hydroxylam ne. The weight ratio of extraction
solvent to 4-HAP oxime product is preferably about 0.5-25:1 and is nore
preferably about 0.5-5:1. The aquaous phase thus obtained may be extracted
with the al kyl al kanoate ester extraction solvent one or nore tines to
recover additional 4-HAP oxinme. Alternatively, the extraction of aqueous
oxi mation product with al kyl al kanoate ester extraction solvent my be
carried out continuously in a York-Scheibel countercurrent-type extractor.
The upper liquid organic phases are dried, preferably by distillative

removal ol ¥3Lelndte % | 06 P UG PERULRC atsth11ate was collected, the

distillation pressure was reduced from about 92 mm ﬁgA to about
72 mm HQA. The resulting undistilled residue was a substantially
dry 4-HAP oxime/n~butyl acetate mixture.

The aqueous phase ffom extraction of the aqueous
oximation products with n-butyl acetate was extracted again, this
time at about 25° C with about 2 L of the n-butyl acetate
distiilate from the azeotropic drying step. The resulting
n—butyl-acetite extract (1709 g, 1729.5 g, 1716.7 g) was saved
for recycle to the 4-HAP oxime extraction step of the next batch.’
The resulting aqueous phase is considered to be a waste stream in
Table 13. )

A solid Vilsmeier reagent was prepared by stirring DMF
(32 mL) and thionyl chloride (16 mL) in n-butyl acetate (250 mL)
at about 23° C under nitrogen for about 20 minutes. The n-butyl
acetate suspensién of the solid Vilsmeier reagent was then added
as the Beckmann reaction catalyst in about 13-16 portions over
about 64-69 mznutes to the 4-HAP oxime/n-butyl acetate mixture
dried sy azeotropic distillation. During the catalyst addition,
the Beckmann reaction mixture was stirred under air-free
conditions at a temperature of aﬁbut 42-52° C maintained by
n~-butyl acetate reflux at about 18 torr absolute pressure. After
all catalyst had been added, the stirred Beckmann reactlon

mixture was allowed to cool to 31 =33° C over 16-23 mlnutes before

being chilled to 10° C. t

-
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t he al kyl al kanoate ester extraction solvent. The al kyl al kanoate ester
extraction solvent is preferably substantially inmmscible with water.

Under this circunstance, nost of the water and nost of the ester distilled
fromthe 4-HAP oxime mxture will separate into different |iquid phases.
The distillate ester phase can ¥ decanted off the distillate aqueous
phase and recycled to the mixture of 4-HAP oxine and ester during the
distillative renpval of water. Mpst of the water present in the mxture of
ester and 4-HAP oxine prior to distillation can be renoved as a separate,
rel atively pure aqueous phase of the distillate. The distillation residue,
whi ch conprises a substantially dry m xture of 4-HAP oxi ne and al kyl

al kanoat e The Beckmann reaction mixture was then filtered, and
the resulting n-butyl acetate filtrate (3000 g, 3371 g, 3058 g)
was saved for recycle td the azeotropic dfying step of the next
patch. The crude solid APAP product filtered off the Beckmann
reaction mixture was washed at about 25° C with about 2 L.of the
n-butyl acetate distillate from the azeotropic drying step. The
n-butyl acetate wash liquor, which contained dissolved recyclable
aromhtics including unreacted 4~HAP oxime, was filtered off the
crude solid APAP product and éaved for recycle to the 4-HAP oxime
extraction step of the next batch. _

The crude solid APAP filter cake, which still contained
about 400 mL of n-butyl acetate that could not be removed by
filﬁration, was slurried in about 6 L of water. The resulting.
aquecus APAP slurry was stirred at about.25° C while being
neutralized to about pH 6-6.5 by addition of 5 wt % aqueous
sodium hydroxide floo g, 100 g, 160 g). The neutralized aqueous
APAP siurry was stirred and heated to about 100° C undér nitrogen
to'aissblve éhe solid APAP. The resulting solution was then
distilled with stirring at about 97-104° C and about 0-3 psig
pressure to remove an azeotrope distillate consisting of an upper
n-butyl acetate phase (600 mP; 348 mL,~315 mL) and a lower
aqueous phase (250 mL, 222 mi, 265 mL). The n-butyl acetate
phase was separated from the agueous phasé and was rgcyc;eg to
the 4-HAP éxime extraction step of a subsequent batch. The
resulting undistilled residue was then chilled to, about 10° C to
recrystallize the dissolved. APAP. .The recrystallized APAP was

I
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19 ester extraction solvent, can then be treated directly with an
appropriate acidic catalyst to effect Beckmann rearrangenent to APAP

If the oxinme is to be extracted with an al kyl al kanoate ester, it has been
found that the use of a strong base such as sodi um hydroxi de has an

| nportant advantage over rel ativeiy weak

filtered and further purified by known methods. Results are

shown in Table 13.
EXAMPLE 122

‘In this example, 4-HAP oxime was converted to
recrystallized APAP in a single vessel without filtration of the
ester Beckmannlreaction mixture. After addition of watgr, the
last portion of ester solvent was removed by water-assisted
distillation.

The catalyst mixture for the Beckmann rearrangement was
prepared as follows. Acetonitrile (5 mL) was added to solid
trimethyloxopium tetraflubroborate (5.14 g), and the resulting
mixture was stirred at about 25° C under nitrogen for 30 minutes
before more.acetonitrile (4 mL) was added. All solids dissolved
while the resulting mixture waé stirred at about 25° C under
nitrogen for an additional 30 minutes. Stirring was then
discontinued, and colorless crystals precipitated while the
mixture stood under nitrogeh at about 25° C for about 24 hours.
All- excess acetonitrile was then evaporatéd from the mixture
under vacuum at 0-25° C. The resuiting colorless crystalline
residue, which is known to be about  4.96 g of N-methylaceto-
nitrilium tetrafluoroborate from S. C. Eyley, R. G. Giles, and H..
Heaney; Tetrahedron Letters, Vol. 26. No. 38, p. 4649, 1985, was
resuspended in n-butyl acetate (30 mL) under nitrogen to provide

the catalyst mixture for the Beckmann rearrangement.

-
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bases such as ammoni um hydr oxi de (aqueous ammonia) in the first stage of
the process wherein is provided the liberation of free hydroxylamne from
a correspondi ng acid salt such as hydroxyl ammoni um sul fate. The

di sadvant age of weak bases such as ammoni um hydroxide is that their use
causes rearrangenent of = 4-HAP oxame to acetam nophen and hydrol ysis of
acet am nophen and 4-HAP oxinme to p-am nophenol and 4-HAP, respectively,
during the distillative drying of the extracted oxine. Traces of the acid
salt corresponding to the weak base, for exanple, ammonium sulfate,

presumably catal yzepihgsg,endesiceehre Shdpehsdohi gps during the
distillative drying step. Furthernore, previously wuseful purification

t echni ques-héthgladetdria iaivac eepiralil @oraboratienwabBethen 0sddda W tha
relatively weak base such as

_ Beckmann reaction catalyst in about 15 portions over about 80
minutes to a stirred suspension of 4~HAP oxime (200.0 g) in
n~-butyl acetate (about 430 mL). During the catalyst addition,
the Beckmann reaction mixture was stirred under air-free
conditions at a temperature of about 48° C maintained by n-butyl
acetate reflux at about 30 mm HgA pressure. An additional 30 mL
of n-~-butyl acetate was added to the last portions of solid
catalyst to assist suspension and addition to the Beckmann
reaction mixture. The stirred reaction mixture was allowed to
cool to 30° C,- and about 275 mﬂ of the n-butyl acetate solvent ’2“
was distilled off the stirred Beckmann reaction mixture at about g
30° C and 3 mm HgA pressure.

- Water (1.0 L) was added to the remaining n-butyl
acetate slurry of Beckmann reaction products, and the resulting
mixture was stirred at about 25° C while being neutralized to
about les bj'addition of 25 wt% aqueous sodium hydroxide (10 g)
followed by concentrated aqueous Hél (70 drops).. Substantially
all n-bﬁtyl acetate was then removed from the stirred neutralized
Beckmann reaction products by distillation as a water azeotrope
at about 24° C and about 10-20 mﬁ HgA pressure. The resulting
distillation residue was then stirred and heated to about 83° C
under 1 atm of nitrogen to completely'dissolve the solid Beckmann
reaction products. The resulting stirred aqueous solution
precipitated recrystallized APAP on chillingnto 5° ¢. The

recrystallized APAP was filtered from the aqueous mother liquor,
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ammoni um hydr oxi de was used to |liberate free hydroxyl am ne. Use of strong
bases such as sodi um hydroxi de avoi ds the undesirable side reactions and
permts successful purification of the crude acetam nophen product by
previously disclosed nmethods. The by-products produced with a strong base,

for exanple, sodium sulfate and water from sodi um hydroxi de, apparently do
not 20

48

washed with water (5° C, 200 mL), and then dried at about 0.05 mm'
HgA pressure to provide the purified APAP. Results are shown in
Table 13. |

EXAMPLE 123

The APAP synthesis of Example 122 was repeated with
N-isopropylacetonitrilium tetrachloroferrate as the Beckmann
rearrangement catalyst instead of N-methylacetonitrilium
tetréfluoroborate. .

The catalyst mixture for the Beckmann rearrangement was
prepared under nitrogen with magnetic stirring and ice bath
cooling as follows. A mixture of anhydrous ferric chloride
(8.10 g) and isopropyl chloride (35 ﬁL) was stirred under
nitrogen for 30 minutes while being ch;iled in an ice bath.
While continuing ice bath cooling and stirring under nitrogen,
acetonitrile (2.65 mL) was then added dropwise over ten minutes.
The resulting red-orange suspension was then stirred under
nitrogen with ice bath cooling for 16 hours before the excess
isopropyl chlaride w#é evaporated under vacuum at 0-25° C. The
resulting brownish-yellow solid residue, which is known to_be
about 14.07 g of N-isopropylacetonitrilium tetrachloroferrate
from R. Fuks, Tetrahedron, Vol. 29 (1973), p. 2150, was
resuspended in n-butyl acetate (30 mL) under nittogen and used
promptly as the catalyst mixture for the Beckmann rearrangement.

The n~-butyl acetate suspénsion of N—isopropylacet64
nitrilium tetrachloroferrate was then added as the Beckmann

~ reaction catalyst in about 15 portions over about 57 minutes to a

e
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catal yze undesirabl e reactions during the distillative drying step.
Addition of activated carbon to the m xture of 4-HAP oxinme and ester
sol vent has been found to prevent substantial anmounts of col or from being
retained in the APAP product from subsequent Beckmann rearrangenent. The
activated carbon is preferably adged before addition of the Beckmann
rearrangenent catalyst. |If the mxture of 4-HAP oxinme and ester solvent is
dried by azeotropic distillation, the activated carbon is preferably added
before or during the azeotropic distillation. The activated carbon is
preferably renmoved fromthe APAP product by dissolving the APAP product in
hot water, filtering the activated carbon off the resulting agueous
sol uti on cftixpsd sasgpension of 4-HAP oxime (200.0 g) in n-butyl acetate
' (about 450 mL). During the catalyst addition, the Beckmann
reaction mixture was stirred under air-free conditions at a
temperature of about 43-50° C maintained by n-butyl acetate
reflux at about 25 mm HgA pressure. About 275 mL of the n-butyl
acetate solvent was then distilled off the stirred Beckmann
reaction mixture at about 30° C and 10 mm HgA pressure;
. Water (1.0 L) was added to the remaining n~butyl
acetate slurry of Beckmann reaction products, and the resulting
mixture was stirred at about 25° C while being neutralized to
about pH 6.5 by addition of 25 wt% aqueous sodium hydroxide
(23.1 g). Substantially all n-butyl acetate was then removed from'gii
the stirred neutralized Beckmann reaction products by
' gistillation as a water azeotrope at about 29° C, 54 mm HgA
pressure to 36° C, 36 mm Hg pressure. The resulting distillation
residue was then stirred and heated to about 90° C under 1 atm of
nitrogen to completely dissolve the so0lid Beckmann reaction
preducts. The resulting stirred aqueous solution precipitated
recrystallized APAP on chilling to 3° C. The recrystallized APAP
was filtered from the aqueous mother liquor, washed with water
(200 mL), and then dried at about 0.05 mm HgA'pressura to provide
the purified APAP. Results are shown in Table 13. '
EXAMPLE 124

In this example, 4-HAP is converted to recrystallized

APAP in a single vessel without filtration of the ester Beckmann

-
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cooling the aqueous filtrate to recrystallize the APAP product. Prevention
of color retention in the APAP product by such use of activated carbon is
particularly significant when ester Becknmann reaction filtrates are

recycl ed. Such use of activated carbon prevents retention of color that
cannot be renoved by other neans sgfter the Beckmann reaction.

In preferred enbodi nents, the acetam nophen product is purified by
neutralization with agueous base and recrystallization froman agueous
medium The ester solvent is renoved fromthe acetam nophen product prior
to recrystallization in the aqueous nedium The ester solvent can be
renoved fromthe acetam nophen by any of several nethods, including,

I ndi vi dualdgee n i} QTR NARELD: LhA1EALA 08 MRS NGl hhgkefopegbAM foPheN

ester solvent is removed by steam-assisted distillation.

To a stirred mixture of 4-HAP.(200 g), hydroxylamine
sulfate (127.2 g), and water (382 mL) heated to 80° C is added a
solution of sodium hydroxide (61 g) in water (244 mL) over about
one minute. The resulting stirred mixture is then ﬁeated to
about 100° C for about 45 minutes before adding n-butyl acetate
(about 720 mL). After being stirring for about five minutes, the
hot, solid-free mixture of.n-butyl acetate and aqueous oximation:
products is allowed to separate into two liquid phases over about
three minutes. The hot, solid-free aqueous phase is drained from
a hot, solid-free solution of 4-HAP oxime in n-butyl acetate.

More n-butyl acetate (480 mL) is added to the 4-HAP
oxime/n-butyl acetate solution, and.the re#ulting mixture is
dried by azeotropic distillation as follows. The 4-HAP
oxime/n-butyl acetate mixture is stirred and réfluxed under
nitrogen at about 55-65° C and about 80 mm HgA pressuré while
about 50 g of agueous phase is removed from the reflux condensate
with a Dean-Stark trap and until the reflux condensate is
substantially free of a separate aqueous phase. Azeotropic
drying of the stir;ed 4~HAP oxime/n-butyl acetate mixture is then
‘completed by simple distillation at about 80 mm HgA pressure.
While about 720 mL of n-butyl acetate distillate is collected,
the temperature of the undistilled residue rises from about 65° C'

to about 75° C. Potassium iodide (about 0.4 g) is then added to

e
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21 product with water, evaporation of solvent to a solid residue, and
wat er - assi sted distillative renoval of ester. Filtration of
ester Beckmann reaction mxtures yields a filter cake of solid
acet am nophen and an ester filtrate Iiquor that can be recycled to a

subsequent Beckmann reaction. The gfilter cake of solid acetam nophen
contai ns residual ester

the resulting undistilled residue, which is a substantially dry
mixture of A-HAP oxime in n~-butyl acetate.

A suspension of N-methylacetonitrilium
tetrafluoroborate (5.5 g) in n-butyl acetate (about 50 mlL) is
then added as the Beckmann reaction catalyst in about 15 portions
over about 80 minutes to the dry mixture of 4-HAP oxime in
n-butyl acetate. During the catalyst addition, the Beckﬁann
reaction mixture is stirred under air-free conditions at é
temperature of about 48° C maintained by n-butyl acetate reflux
at about 30 mm HgA pressure. The stirred Beckmann reaction
mixture is then cooled to about 25° C before addition of water
(about 500 mL). The resulting mi&ture is stirred at about 25° C
while being neutralized to about pH 6 by addition of 25 wt$%
aqueous sodium hydroxide. Water vapor (i.e., steam) is then
passed into the stirred slurry of neutralized Beckmann reaction
products to remove substantially all n-butyl acetate by
distillation as a water azeotrope at about 24° C and about 10-20
mm HgA pressﬁre. Water is added to the resglting aqueous slurry
of neutralized Beckmann reaction products as necessary to
increase the slurry's watef content to about 1.0 L. The APAP
product is then recrystallized and recoveredﬂas described in
Example 122. All n~-butyl acetate distillates are recycled to the;

next batch.

EXAMPLE 125

1Y

The APAP synthesis of Example 124 is repeated w1th the

following modifications. Activated carbon {2.00 g) is added to

I
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solvent that is preferably renoved prior to recrystallization of the
acet am nophen from an aqueous nedium The residual ester in the filter
cake can be renoved by evaporation and then recovered by condensati on.
However, substantially conplete evaporation and recovery of residual ester
sol vent can consune considerable s2nme and utilities such as vacuum steam
cooling water, etc. The substantially ester-free filter cake can then be
neutralized in an aqueous slurry with aqueous base.

Al ternatively, residual ester Beckmann |iquor can be washed fromthe APAP
filter cake with an aqueous nedi um such as the nother liquor froma
recrystal lization of a previous batch of APAP or, preferably, the aqueous
phase r ethg tiiwyne mle ArHAE PEhne oand Brhvty bxacetatm agﬁt(ﬁm(ﬁze\ﬂtﬁ'ﬁpa‘?kyl

al kanoat ¢, ester sol vent
: E t%llatlon J}th the Dean—stark trap and before distillative

removal of the 720 mL of n-butyl acetate distillate. Prior to
recrystallization of the APAP product, the hot aqueous solution
of Beckmann reaction products is recirculated through a filter to

remove the activated carbon.

___________~________“
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Such washi ng di sl odges the residua
mechani cal entrainnent. The resulting wash liquors, on standing, separate
into two phases, one of which (usually the top phase) is residual ester
that can be separated and recovered. The other phase (usually the | ower
one) is an aqueous nediumthat camsbe used for further or other APAP
filter cake washing operations. Use of the aqueous phase resulting from

ester fromthe solid APAP by

extraction of a crude

22

The following Tables 1-13 use the following

abbreviations:
Ac the acetyl radical CH;C=0
acct accountability
APAP N-acetyl-p-aminophenol (acetaminophen)
Arso;Na sodium 4-hydroxybenzenesu1fonate
conv conversion
CTMAB cetyltrimethyl ammonium bromlde
DMA N,N-dimethylacetamide
DMF N,N-dimethylformamide
Et the ethyl radical CH.CH,
4-HAP 4-hydroxyacetophenone
HPLC high pressure (performance) liquid

limit of color

chromatography '

the 420 nm absorbance of the supernate obtained
from centrifugation of a slurry of 10 g of
solid sample in 10 mL of methanol

MHBA N-methyl-p-hydroxybenzamide

MSa methanesulfonic acid

NMP N-methylpyrrolidinone

others all HPLC-detectable aromatics not specifically
listed

oxime 4-hydroxyacetophenone oxime

Oxime-0-S0;K

potassium 4-hydroxyacetophenone oxime-O-
sulfonate

Ph the phenyl radical CH,

PPA polyphosphorlc acid

ppm parts per million by weight

SDs sodium dodecyl sulfate

S0,°PYr sulfur trioxide-pyridine complex
temp temperature

p-TSA p-toluenesulfonic acid

wt

weight

_—
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oxi mation product

W t h aqueous .base either

‘reaction m xture.

sanme aqueous nedi um t hat

neutralization is

t he aqueous

below:

socl,
CH,S0,C1
CF,S0,C1
CF,SO,H

S

carried out before filtration,

Msi Anhydride

p~TSA Anhydride

C150,H

P,0;

(¢H,0) ,50

POC

PhPOCI

thpocf
Et0'B

( (icO) 2B),0

BF,"

CcC CO
ccl.coel
cc:l3c0)zo
CF.CO.
(c%scmzo

cc13c<)zsozcr13

C1C0,CH,
c1cofv(dy),
CH,NCO
clco,ccl
c1coto,Et
clcococl
CF;CO,Na
CH;CO,Na

(NH,)* (H,P0,)"
Na,S,05

8(6033)3

Is preferred in such APAP filter cake washing because
t-hi's aqueous phase's high content of dissolved salts
-solubilities of ester and acetani nophen in the
solubilities of water and acetam nophensin
Wth this aqueous washi ng procedure,
before or
The neutralization

reduces t he

t he ester phase.
neutralization can

after filtration of the Becknann

thionyl chloride

methanesulfonyl chloride
trifluoromethanesulfonyl chloride
trifluoromethanesulfonic acid
methanesulfonic anhydride
p~toluenesulfonic anhydride
chlorosulfonic acid

phosphorus pentoxide

dimethyl sulfite

phosphorus oxytrichloride

phenylphosphonic dichloride

diphenylphosphinic chloride

boron trifluoride etherate

tetraacetyl diborate

N-methylacetonitrilium tetrafluoroborate

trichloroacetic acid

trichloroacetyl chloride

trichloroacetic anhydride

trifluoroacetic acid -

trifluorcacetic anhydride

triethylamine

Mixed anhydride of trichloroacetic and
- methanesulfonic acids

methyl chloroformate

N,N-dimethylcarbamyl chlorlde
methyl isocyanate

trichloromethyl chloroformate (diphosgene)

ethyl oxalyl chloride
oxalyl chloride
sodium trifluorocacetate

. sodium acetate

ammonium dihYdrogen Phosphate
sodium metabisulfite
trimethyl borate

/

"

aqueous phase and the
be carried out

is preferably carried out with the
used to wash the acetam nophen filter cake.

t he aqueous nedi um and
Names of some reagents shown in Tables 1-13 are indicated

| f



base are preferably m xed with the crude Beckmann reaction slurry inside
t he Becknann reactor. The resulting neutralized slurry can then be
filtered inits entirety to provide a filter cake of neutralized

acet am nophen still containing somg residual ester. Conducting
neutralization before filtration has the advantage of reducing the
nmetal lurgical requirenents (and cost) of the filter. |If neutralizationis

carried out after filtration, the acetam nophen filter. cake is slurried in
an aqueous nedi um aqueous base is added, and the resulting neutralized
slurry is filtered. If neutralization is carried out before

ot b cos AT EARCSOL phA AR OELED iSO e (A
times the sum total moles of all HPLC-detectable aromatics in all
recovered outputs divided by the sum total moles of all aromatics
in all feeds. If an aromatié's "net make" is the total moles of
that éféﬁééic in all recovered outputs minus the total moles of
that aromatic in all feeds, then that aromatic's "efficiency" is
100% times that aromatic's net make divided by the sum tétal net

. makes‘of all HPLC-detectable aromatics with a positive net make.
The unconverted fraction of oxime is the total moles of all oxime
in all recovered outputs divided by the total moles of all oxime
in all feeds. The normalized unconverted fraction of oxime is
100 times the unconverted fraction of oxime divided by the
accountability defined above. "Conversion" is 100% times the
difference of 1.0 and the normalized unconverted fraction of
oxime. 1In all of these calculations, all 4-HAP fed to an
oximation reaction is considered to be oxime feed and not 4-HAP
feed. ' .

- In Tables 12 and 13, "unrecycled output" consists_of
the purified APAP and the "waste streams." For Examples 122 and
123 in Table 13, the "waste streams" consist of the agqueous
mother and wésh 1iquors from the APAP recrystallization. For
Examples 119-121' in Table 13, the “waste streams" consist of fhe
aqueous mother and wash-liquOrs from the APAP recrystallization

and the aqueous phase resulting from the second extraction of the

[
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'to separate into an ester phase and an aqgueous phase, the latter
23 of which can be used for further or other acetam nophen filter

cake washi ng operations. As an alternative to or in conjunction
with the evaporation or washing procedures just described, the
acet am nophen filter cake can be sPlrried in an aqueous nediumto

oximation reaction mixture with butyl acetate. For Examples
}13?116'in Table 12, the "waste streams" consist of the aqueous
mother and wash liquors from an APAP recrystallization and the
aqueous phase resulting from extraction of the oximation reaction
mixeure and subsequent neutralization and washing of the crude
solid APAP.pfoduct. All other aromatic-containing output from
Examples 113—121_was recycled to the next batch. All arematic-
containing output from Examples 122 and 123 was the above-
described unrecycled output.
None of the figures in Tables 1-13 include mechanical
~losses or losses to activated carbon/Celite filter cakes. It is
believed that such losses account for substantially all aromatic
products not- represented in Tables 1, 12, and 13. It is
therefore further believed that with minimization of such’lossee
in commercial scale production, aptual APAP yields would closely
approach the fiéures shown in Tables 12-13 for "Purified APAP"
“As a Molaf Percentage of all Unrecycled Output.“

.z In the following claims, "filtering™ and "filtration"
are to be interpreted as generic ierms fully embracing the
actions and concepts of centrifuging and centrifugation.

It will of course be understood that the present
invention has been descrlbed above purely by way of example,
and that modifications of detail can be made within the scope

of the invention.

__________________,_ﬂ_
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assi st distillative removal of residual ester. As yet another alternative,

filtration of the ester Beckmann reaction m xture can be avoi ded

conpletely, permtting conversion of 4-HAP to recrystallized acetam nophen
an aqdéous medj umto the ester Beckmann

in a single vessel, by addition of
| | | atdveor enggaln ester solvent. The

reaction mxture to assist di st a
ester solvent enployed for tﬁe,ﬁec@%ngreaggig@ preferably fornms a
| ow-boiling azeotrope with wat{r. ®istilblation off the m xture of
acet am nophen, .aqueous nedium ([and ester renoves tlhe ester froma residual
aqueous m xture of acetam nophgg. ﬂgezgqueoq;gaﬂﬁiun1 used to assi st
distillative renoval of esterdilg ~prgﬂ<gra§ly‘l§8‘°?sarre as that used for
neutralization, is preferably tffie sane a8 thaf “uded for recrystallization,
and is preferably the sane as 00w '
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great whep distillative renpval of ester is assisted with
(i.e., stean) passed directly into the acet am nophen/ester m xture. The
“ability to renove ester at | ower tenperatures avoids formation of
undesirable by- 5 products and inpurities. However, distillative
renoval of the first portions of ester solvent from acetam nophen
product m ght preferably be done in the absence of water to avoid

wat er vapor

| osses of heat to vapori zation of water. Distillative renoval of
ester 10 solvent permts elimnation of filtration, elimnation of
ester Beckmann reaction liquor recycle, and elimnation of t he
resulting build-up of colored inpurities. Subsequent to the
recovery of the product of the Becknmann rearrangenent, the ester
solvent can be recycled to 15 either the Beckmann rearrangenent or to the
oxi nme extracti on. The invention wll be further illustrated
by the follow ng ponlimting exanples. 20 A, Pregaration of 4-HAP
oxi ne. o4 EXAVPLE 1 5o a stirred
solution of 4-MHAR, 1&&.00 g) and hydr oxyl am ne stl fate (63.6 g) in
wat er (370 nL) heat®d{t8&s 80[err]C was added a sol ution of sodium
hydroxide (30.5 g) in{28 water (100 nL) over five mnutes. The stirred,
honbgeneous, on
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yel | ow reattion mxture was refluxed at 102-103[err] C under air for 20
-mi nutes and then cooled to 25[err]C. Ethyl acetate (200 nm.) was then

added to the cool ed reaction m xture, which contai ned a | arge anount of
crystallized 4-HAP oxi nme. The 30 threegphase m xture was shaken well|l for
about half a mnute and then allowed to settle. Two liquid phases
separ at ed conpletely within about one mnute, leaving only a snal
amount of undi ssol ved |s&ixd. Theobogt om aqueoug phasg and t he
undi ssol ved sol i ds werne sxgpar attefy fgom t he uppgr et hyl 35 acetate phase and
then extracted withat o g&re 100 niL portions of efhyl acetate.
The three ethyl acefatle @xtracts were conbined and
25 dried by azgotFopic distillation wunder nitrogen at
at nospheric pressure ijn two steps. The first step, which
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e-rrpl oyed a Dean-Stark trap under conditions of total ref [uXx, renmoved
34.5 nL of- aqueous phase distillate. The second 5 step, which enployed a

10-tray QA dershaw colum and a refl ux to takeoff ratio of 3:1, yielded
200 nL of cloudy distillate asid a stg}%l e %I nal over! head tenperature of
77. 1C. The distill atseg were found apgl ysis tggcont,al n less than
0.02 wt % each of% et§e acid and ethanol ™ 10's e O cooling, 4-HAP
“oxime crystallized fro t Hem anber di stillation residue.
EXAMPLE 2 Th OXL.ITB'[I on of Exagw €l was repeat edawth only -one
" significant nodificagijon odpow desecri beff* g The aqgepussi5 reaction
m xture fromthe oxi natl orgeaction was drained hot © (about 100[err]C
over five minutes into fa rg)und bottom f | ask contai ning ethyl acetate
(200 nlL) and equi pped the'a ref |ux condenser. The ethyl acetate .
refluxed very gently under at nospheric pressure foer only a short period
during the 20 addition.| Wen the addi I,,J,.og.,was conpl et @, t haan xture was
at about 73[err]C ands Was £éxed we n”o:y &1 rding vi gomﬂusl g for . about
one m nute. Two hond nﬁ)‘as Ilqugd» phases then sé’parat ed conmpletely
wi thin about one nminute, |eaving n8 undi ssol ved solids. The | ower
-(aqueous) phase was extfacgied:25 with twegore 100 nl¥gprt@ns of et hyl
acetate as described § |§fo§>&.anpl e 1. a The &3tiBates fromthe
azeotropi c drying steps| wetfe 3 found by analysis to- contain |ess than
0.02 wt % each of
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et hanol and acetic acid. 30 EXAMPLE 3
The oxi mation of Exanple 1 was repeated with 29 wt % agueous anmmoni a

(60 nmL) being used instead of aqueous sodi um hydr oxi de as the base to

| i berate-free- hydroxyl am ne during khe oximation. 35
EXAMPLE 4 The oxi mati on of Exanple 2 was repeated with the
follow ng nodifications. Instead of 370 nL of fresh water,
26 the oximati on used 14B nL of fresh water and 222 nL of the
aqueous phase remaining aftef. extraction of the oximation product of
Exanple 2 of ethyl acetate. |-lgigtead of Reing d‘rn%i ned into 200 nL of
fresh. ethyl acetate, the hot o OXi nﬁ-‘t‘for;;;cprocﬁlgt wg i dr%@ed into the
et hyl acetate |iquor r@clovsed fgom & Beckhgnn gegact mon.  Extraction of
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LY

oxi mation product was then conpleted with two 100 niL portions of the

.wet ethyl acetate distilled off the ethyl acetate extracts of Exanple
2. 10 The distillates fromthe azeotropic drying steps were f ound
by analysis to contain no nore than 0.032 w % each of . et hanol and
acetic acid. B. Preparati on of APAP
67 15 EXAVPLES 5- 67 Exanpl es 5-67 descri be
Beckmann rearrangenent of 4- HAP oxinme to APAP with a variety of
catal ysts, sone of which produce little or no MHBA. Specific conditions
and results for Exanpl gs 5-67 are shown in Tabl es 17 The follow ng 20
general procedure wgslus f or E%grrpﬁes g»'%? Theml-!ndl caﬁed ‘adunts of
t he i ndi cated cat al yst C(ﬁmonent sovveée nmeveed W t h»o tyspl scal |y @025 nL of
et hyl acetate at roomterrpe‘rature*o The resulting cat a?yst m xtures were
added at room terrp<=rat e frq,crgan addigtg on funpgl tq g sti rrgg. slurry of
25 4- HAP oxi me (abo@t ), sswam odi de (ahBut G2 g), g~the
i ndi cated anmounts of {h ﬁdl cat eE agdl t Pfes, and®® gt hyl~ g acet@t e (about
200 nlL) heated to ref qu &t abouts t he i ndi cat ed terrper ature inside a
ni trogen- purged reaction vessel . The indicated tenperatures were
achi eved by 30 adtu‘ nﬁ]é,_pﬂ t he rﬁé’ctld‘h vesseTos pt‘“eSsure WA ch was
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| ess than one at nosphere (101 kPa)
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refluXx within the capacity of the condenser. The indicated reaction
:t'enperature was naintained for the indicated reaction tinme either with the
heat of the Beckmann rearrangenment or, if this was insufficient, with heat
applied to the exterior bottom surfacesof the reaction vessel. The
reaction mxtures were cooled to 0-25[err] C under nitrogen and then
filtered. The oxinme conversions, oxinme accountabilities, and APAP and MHBA
ef ficiencies and yields shown in Tables 1-7 are all based on both anal yses
of the ethyl acetate filtrates and anal yses of the filtered solids.

In Exanple 19, 0.50 g of KI was used instead of 0.20 g. In
Exanpl e 25, the catalyst m xture was prepared by dropw se addition of the
SJerr] to a stirred, O[err]C solution of the
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met hanesul fonic acid in ethyl acetate (20 nli). I n Exampl e 29,
.the reaction was carried out on half the scale indicated above and in
Table 3. A slurry of potassium 4-HAP oxinme-0Osulfonate (2.3 g) in ethyl
acetate (60 nL) was added as catalystg pver 7 minutes to a 48[err] Cslurry
of 4-HAP oxinme (50.0 g), KI (0.1 g), sulfuric acid (1.50 g), and ethyl
acetate (100 nL). The reaction m xture was then heated to 70[err] C and

stirred at this tenpegfature for 102 mi nutes before being allowed to cool
to roomtenperature. & m¢ndkmmh5 &amiQ n- butyl acetate was
used instead of etgy acLl eth roggghogk: ncg pot assium i odi de was used,
and . oﬂto
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i ndi cat ed above

I n Exanpl e 6,

added to the oxinme slurry w thout dilution.

the reactions were carried out on twice the -scale

2

27
-1

neat

in Tables 1 and 2.°

6 and

.Et[err] O catal yst was

BF[ err]
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In" Exanples 6 and 7, the entire catalyst mixture was added to an about
S50[err] C 4-HAP oxine slurry over 7-45 mnutes before the Beckmann
“reaction tenperature was increased to the indicated |evel. In
Exanple 8, the ((AcOJ[err]B)[err]O catal yst was incorporated with the
original nmixture of 4-HAP oxinme and et$f1 acetate in the reaction vessel

bef ore heati ng. In Exanples 14 and 15, the catal yst m xture was
stirred and maintained at about 0-4 C throughout its entire preparation
and until its use as Beckmann rearrangenent catalyst. A solution of the

I ndi cated anount of CCO[err]COC in ethyl acetate (7 nL in Exanple 14 and

15 nL in Exanple 15 was added over 20 mnutes (Exanple 14 or 30 m nutes

(Exanple 15) to a stirred solutipn of
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the indicated anount of 4-HAP oxime in ethyl acetate (20 nL in Exanple 14
and 35 nL in Exanple 15. In Exanple 14, an additional 10 nL of 0O-4[err] C
et hyl acetate was added to the catalyst m xture mdway into the
Cl[err]COC addition. After conpletiongf the CC[err]COC addition, the
resulting mxture was stirred for about 10 mi nutes before dropw se

additi on of the
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28 ' ) : 14 indi cat ed anount

of triethylam ne (neat in Exanple 14 and as a
15 solution in 5 nL of ethyl acetate in Exanple 15 over about 10 nmi nutes.

The resulting m xture was then stirred for about 2 hours before use as
Beckmann rearrangenent catal yst. The catalyst mxture is believed to have
contai ned 4-HAP oxinme-0- .trichloroacetate as the active species. In

Exanple 14, 100.0 g of 4-HAP oxine slurried in 190 nL of ethyl acetate was
used for 15 Beckmann rearrangenent. In

Example 15, 94.7 g of 4-HAP oxime slurried in 165 nL of ethyl acetate was

used for Beckmann rearrangenent. In Exanple 16, the catal yst-
m xture was stirred overnight at roomtenperature prior to use as the

Becknmann
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rearrangenént catal yst. In Exanple 17, the triethylamne (3.5 @)
‘was added dropwi se over 5 mnutes to a stirred solution of the
trifluoroacetic acid (4.0 g) in 50 mL of the ethyl acetate before addition
of the remaining ethyl acetate (150 niL)7and the 4-HAP oxinme (100.0 g).

I n Exanpl es 30-36, 39-52, and 56-67, the indicated catalyst conponents
wer e conbi ned about 30 mnutes prior to use as the Beckmann rearrangenent
catal yst. Wiile standing at room tenperature with agitation about once
every ten mnutes during this approxinmately 30 m nute period, the

I ndi cat ed conponents of the catalyst m xture are believed to have reacted
to produce Vilsneier reagents. Vilsneier reagents are al so believed to

have
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pr epar ed

acet ate.

whi ch

Exanpl es 53- 55,
et hyl

the catal yst m xture was

35,

room tenperature for about 18 hours before use as
reagent from

I n Exanpl e

andano patokosaun e

produced in the catalyst mxtures for

were stirred at

Beckmann cat al yst s.

-

29
with 20 nmL of tetrahydrofuran in additign to 20 nL of

Formati on of the Vil sneier

been
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~

dlnethylfornanlde and thionyl chloride in Exanples 30-36 was indicated by
its precipitation as colorless crystals. Mst of these crystals were added
fromthe addition funnel to the Beckmann reaction mxture as a suspension
inthe original catalyst mxtures. Mgk of the crystals remaining in the
addition funnel were then added to the Beckmann reaction m xture after
Tesuspension in an additional about 15 ni of ethyl acetate. The other

Vil sneier reagents did not precipitate. In Exanple 51, 93.2 g of
4- HAP oxi me was charged to the reaction vessel. The nethanesul fonic acid
and the sodiumsalt of 4-HAP oxinme are believed to have reacted to produce
sodi um net hanesul fonate and additional 4-HAP oxinme in situ.

EXAMPLES 68- 73
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I n Exanpl es 68-73, oximation and Beckmann reactions were integrated with
ethyl acetate according to the procedure described inmmediately bel ow and
in Tabl e 8. To a stirred m xture of 4-HAP (100.0 g),

hydroxyl am ne sulfate (63.6 g), and water (191 nLL_Qgnggzggﬁgg_g;ggf
added a solution of sodium hydroxjde (30.5 g) in water

period not |onger than 30 seconds. The resulting stTHigshgt s then
refl uxed under air at about 103[err] C for 45-60 n1n i ng
223-318 g of ethyl acetate (either fresh or the ,m” ”'m

WHAT IS CTAIMFED IS:

1. Ajprocess for production of N-acetyl-para-
aminophenol from 4-hydroxyacetophenone oxime comprising adding a
Beckmann rearrangement caﬁalyst to said 4-hydroxyacetophenone
oxime to form said N-acetyl-para-aminophenol product,_said
catalyst having an electrophilic carbon atom at which said

catalyst reacts with said oxime.

2. The process of claim 1, wherein said Beckmann
rearrangement catalyst comprises a nit:ilium cation.

3. The process of claim 2, wherein said nitrilium
cation is N-methylacetonitrilium cation.

" 4. The process of claim 2, wﬁerein said Beckmaﬁn
rearrangement catalyst further comprises.tetrafluoroborate anion.

S. The process of claim 4, wherein said Beckmann
rearrangement cataiyst is N-methylacetonitrilium
tetrafluoroborate.

. 6. The process of claim 1, ﬁherein said Beckmann
reafrangement'batalyst is a trihal?acetic anhydride.

7. The processsbf claim 1, wherein said Beckmann
rearrangement catalyst is a Vilsmeier reagent prepared from a
carboxylic acid amide. -

8. . The brocess of claim 7, wherein said amide is N,N-
dimethylformamide.

9. The process of'c}aim.l wherein the Beckmann

rearrangement is conducted in an alkyl alkanoate solvent.

W



distillate froma previous batch's azeotropic drying step). Ref lux of
et hyl acetate/water azeotrope cool ed the stirred m xture to about 70 C

After having been stirred for about three m SO|Id free
mxture was allowed to separate into two liquid hases

solid-free agqueous phase was draibged fromtheT m” ester phase,
to which was added the ethyl acetate f||trate ( g) fromthe
previ ous batch's Beckmann reaction m xture. e filtrate

cont ai ned APAP, 4-HAP oxi ne, and 4-HAP as its nDst

10. The process of claim 9, wherein the amount of said
_Beckmann_rearrangement catalyst is selected to achieve a conversion
of said 4-hydroxyacetophenone oxime in the range of S0% to 95% to
lessen formation of N-methyl-p-hydroxybenzamide. |
| 11. The process of claim 9, wherein said
4-hydroxyacetophenone oxime is reacted in the presence of a base
to lessen formation of N-methyl-p~hydroxybenzamide.
y 12. The process of claim 11 wherein said base is a

metabisulfite salt. -

13. The process of claim 11 wherein said base is a salt

‘ of a carboxylic acid.

14. The process of claim 11 wherein said base is a

tertiary-amine.

15. The process of claim 11 wherein said base is a
phosphate salt.
| 16. A process for production of N-acetyl-para-
aminophenol from 4-hydrox&acetophenone oxime comprising contacting
| a mixture of amrr alkyl alkanoate solvent and said |
4-hydroxjacetophenone oxime yith an- amount of a Beckmann
rearrangement catalyst selected to achieve a conversion of said 4-
hydroxyacetophenone oxime to said N-acetyl-para-aminophenol in the
range of about 50% to about 95% to reduce formation pf

N-methyl-p~hyd£oxybenzamide.
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significant sol utes. The resulting 4-HAP oxi me/ ethyl acetate

m xture was dried by azeotropic distillation as follows. The 4-HAP

oxi ne/ ethyl acetate m xture was stirred and_refluxed under nitrogen at
about 58-64 C and about 400 torr (53.3 kPa) absolute pressure while 39.42

- 61.35 g of agueous phase was renpved from m§She£t@ia$HeénﬁﬁQ ghsate with a
o

Dean-Stark trap. After addition of KI (0.200 ke-up et hyl
acetate (45-225 g), azeotropic drying of the xi-me/ et hyI
acetate m xture was then continued by disti II 1" (25.4 mm).
di aneter, ten-tray O dershaw colum under nitrogen at about 400 torr (53.3
kPa) absolute pressure with a 3:1 or a 1:1 reflux:take-off ratio. Wile
220- 440 L of ethyl7.acet & e pitiddd atfomasprsddecicad, dhe N~acetyl-para-

“aminophenol from 4-hydroxyacetophenone oxime comprising contacting
a mixture of an alkyl alkanoate solvent and said
4-hydroxyacetophenone oxime with activated carbon. to remove colored
impurities and contacting said mixture with a Beckmann
‘rearrangement catalyst to produce said N-acetyl-para-amlnophenol.
- 18. The process of claim 17 wherein said activated
carbont-is removed prior to contacting said mixture with the
Beckmann rearrangement catalyst.
19. . A process for production of N-acetyl-para-
. aminephenol from 4-hydroxyacetophenone oxime comprising contacting
a mixture of said 4-hydroxyacetophenone oxime and a substantially
wate£4immiscib1e solvent with a Beckmann rearrangement catalyst to
form a mixture of said N-acetyl-para-aminophenol and said solvel:tt ’
"adding water to said mixture and forming a product nmixture of said
' N;acetyl-para-—aminopheriol, said water and said substantiaily water-
immiscible solvent, and subsequently removing substantially all of
said.. substantially water-immiscible solvent from said product
mixture. .
20. The process of claim 19 wherein said product mixture
comprises sglid N-acetyl-para~aminophenol. |
21. The procﬂess of claim 20, wherein said. product
mixture comprising said solid N-acetyl-para-aminopﬁénol is formed
by removing a portion of sai& solvent by filtration subsequent -to ‘

the Beckmann rearrangement.

T



tenperature of the undi stilled residue rose from about 64[err]C to about
75ferr]C. The resulting undistilled residue was a ‘substantially dry 4-HAP
oxi ne/ et hyl acetate m xture. 31

In Exanpl e 68, an aqueous slurry consistrﬁg of —activated carbon (1.00 Qg),
sodiumdithionite (0.10 g), and wafser

s Sheet Has Been Replaced
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22. The process of claim 21 further comprising:

washing said solid N-acetyl-para-aminophenol with said
substantially water-immiscible solvent before said removal of
substantially all of said substantially water-immiscible solvent
and recovering from said washing a ‘wash liquor of recyclable
aromatics in said substantially water-immiscible solvent.
23. The process 6f claim 21, wherein said removal of
;.substantiallf all of said substantially water—immisciblg solvent
from said product mixture comprising said solid N-acetyl-para-
aminophenol is achieved by washing said product mixture with an
aqueous medium.
| 24. The process of claim 23 further gomprising-
recovering an aqueoué wash liquor from said washing .of said product
~mixture and extracting said aqueous wash 1liquor with said
substantially water-immiscible solvent' to obtain a solution: of
recyclable aromatics in said &ubstantially water-immisc.{ble‘
solvent. . |
25. -The process of claim '2'4" wherein said aqueous wash
liquor is extracted with a portion of said substantially water-
immiscible solvent removed by filtration subsequent to the Beckmaﬁn
rearrangemgnt. _
26. The process of claim_' 19, wherein sa;‘.d removal of
said substantially water-immiscible solvent from. said product

mixture is achieved by distillation.

LR O N



(2.2 m) was added to the wet 4-HAP oxine/ethyl acetate m xture just

before- azeotropic drying with the Dean Stark trap was started. In

Exanpl es—69—70,—72and 73, activated carbon (1.0 g) was added to the

4- HAP OX|ne/eth sedll Xture after azeotropic drying with the Dean
Stark traﬁh eted and ;¢gefore azeotropic drying with the

A dershaw c ‘ “ted A solid Vilsneier reagent was

pr epar ed by (1.3-2.3 nL) and thionyl chloride (0.8-1.3 L) in

et hyl acetate (15 30 m.) at about 23[err] C under nitrogen for about 20
m nutes. The ethyl acetate suspension of the solid Vilsnmeier reagent was
t hen added as the Beckmann reaction catalyst in about 15 portions over

about 30 minutes ty.thené BABcREsTBECENNinaEE] kel it Wtbsthnitethy a1l
azeotropic distillation. During the catalyst addi tion,
of said substantially water-immiscible’solvent is removed from said
- product mlxture by distillation.

'és. The process of claim 26, wherein said dlstlllatlon

is carried out by passing water vapor into said product nmixture.

29. .The process of claim 26 whgrein said producy.mixture

comprises solid N-acetyl-para-aminophenol.

. 30. The process of claim 29, wherein said product
mixture comprising said solid N-acetyl-para-aminophenol is formed
by removing a portion of said solvent by filtration subsequent to

.fBeckmann rearrangement.

3. A process for production of N-acetyl-para-
;;aminophenol from 4-hydroxyacetophenone comprising reacting saiq 4-
'-hydroxyacetophenone with hydroxylamine in the présence of water to

form 4-hydroxyacetophenone oxime, extracﬁimg said oxime with an
substantially water-immiscible solvent to form an aqueoﬁs first
mixture and a second mixture of said oxime in said substantially"
water-immiscible solvent, contacting saié second mixture with a
Beckmann rearrangement cataiyst fo form a third mixture of said N-
acetyl-para-aminophenol and said solvent, adding water to said
third mixture and forming a product mixture of said N-aceﬁyl-para-
"aminophenol, said wa;ef and said Water-ihmiSCiblé.solvent, and
subsequently removing substantially all of sgid ‘substantially.

water-immiscible solvent from said product mixture.

* ¢ L B 5§ %



t he Beckmann reaction m xture was stirred under air-free conditions at a

tenperature of about 45-51 C maintained by ethyl—aecetatereftux at about
228 torr (30.4 kPa) absolute pressure. After all catalys Qad been added,

the stirred Beckmann reaction mxture was al ' Y ce%lbout 40[ err]
C over about 15 minutes before beiong chilled t ] C
I n Exanpl es 68-70, the acetam nophen product’ w ' after

filtration. Nearly all of the residual ester |left on the APAP filter cake

was then renoved by washing with the aqueous phase resulting from

extraction of the oximation product wth ester. The follow ng procedure

was used for EX&%&KGST§§'3¥£cess of claim 31 wherein said product mixture

comprises_solid N-acetyl-para-aminophenol and wherein said removal
of substantially all of said substantially water-immiscible solvent
from said pfoduct mixture is achieved by -w_éshing said product
mixture comprising said solid N-acetyl-para-aminophenol with an
aqueous medium.
33. The process of claim 32, wherein said aqueous medium
. comprises at least a portion of said first mixture.
34. The procéss of claim 32 further comprising
recovering an aqueous wash liquor from said washing of said product
| mixture and extracting said aqueous wash liquor with said
sﬁbstantially water-immiscible solvent to obtain a solution of
. recyclable aromatics in said substantially water-immiscible
solvent. |
35. The process of claim 32 further comprising
extracting said first mixtuie with a portion of said substaniially
- water-immiscible solvent removed by filtration subsequent to

Beckmann rearrangement.

*+ ¢ L M s *



32 The Beckmann reaction m xture was filtered under air, and
the ethyl acetate filtrate was transferred to a separatory funnel. The
crude solid APAP filter cake, which still cohtained about 35 g of ethyl
acetate that could not be renoved by filtration, was slurried at about
25[err] Cwth the aqueous phase gérom extraction of the oximation reaction
m xture. The resulting aqueous APAP slurry was stirred at about 25[err] C
while being neutralized to about pH 6-6.5 by addition of 20 wt % aqueous

PRODUCTION OF ACETAMINOPHEN

ABSTRACT

N-acetyl-para~-aminophenol is prepared by contacting
4-hydroxyacetophenone oxime with a Beckmann rearréngement catalyst
in an alkyl alkanoate reaction solvent. An integrated process is
disclésed wherein 4-hydroxyacetophenone is reacted with a
hydroxylamine salt and a base to obtain 
4-hydroxyacetophenone oxime, the oxime product is extracted from
the resulting reaction mixture with a substantially ﬁater--
immiscible solvent, and the mixture of oxime and substantially
water-immiscible solvent is contacted with a Beckmann rearrangement
catalyst to produce N-acetyl-para-aminophenol.
Novel Beckmann rearrangement catalysts are used to limit

by-product formation in the ester solvent.

Sheet Has Been Re[ilaced
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.sodi um hydr oxi de (80-110 drops). The neutrali zed jl ur'e’
wash nost. of the ethyl acetate off the crude ipra
the aqueous phase. The aqueous wash |iquor filtrate, il
ethyl acetate washed off the crude neutralized solidAPAP, 1 )
the -ethyl acetate . filtrate in the sepaé]atory furthel - The can Bnt¥s Lo the
separatory funnel were mxed well and then aIIowed to settle to extract

the aqueous wash liquor filtrate with the et hyli acetate filftrat e2l®tich....

extraction pereodiss b r aeskervafatdtlley,l anat ateessandorresyvégblwfmmpnfédﬁéeﬁ UCh

filtrate phasgavital CoRtBITAA URTE, cofifledily Rificd chicnibdlindispd ©

acetate phaseperxating quatst of ythenned-sirep mocsss! dﬁ)fpe'mllngr;PABdfmamh
4-hydroxyacetophenone.

5 It is another object of this invention to provide for
novel Becknmann rearrangement catalysts which are
particularly effective in reducing by-product formation upon
use of ester solvents for the reaction.

Still another object of this invention is to provide
10 an effective and efficient method of separation and
purification of APAP product formed by the Beckmann
rearrangement of 4-HAP oxime in an ester solvent.
SUMMARY OF THE INVENTION
The present invention provides a process for the
15 | production of N-acetyl-para-aminophenol (acetaminophen or
APAP) from 4-hydroxyacetophenone oxime (4-HAP oxime)
comprising adding a Beckmann rearrangement catalyst to said
4-hydroxyacetophenone oxime to form said N-acetyl-para-
aminophenol product, characterised in that the Beckmann
20 | rearrangement is conducted in a solvent selected from alkyl
alkanoates, and in that the said Beckmann rearrangement
catalyst has an electrophilic carbon atom at which said
catalyst reacts with said oxime.
Alkyl alkanoate esters are used as the solvent for the
25 |Beckmann rearrangement. Acidic Beckmann rearrangement
catalysts which have a carbon atom as the active
electrophilic site are particularly | advantageous for
substantially reducing or eliminating formation of the
Beckmann rearrangement by-product N-methyl-p-
30 |hydroxybenzamide (MHBA) when the above esters are used as
the reaction solvent. The acidic Beckmann rearrangement
catalysts which have a carbon atom as the active
electrophilic site include N-methylacetonitrilium
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the crude neutralized solid APAP. After filtration of the resulting
slurry, the aqueous wash liquor filtrate was rem xed wth the ethyl °

acetate phase in the separatory funnel, and the resulting mxture was
allowed to settle. 33

The procedure of the previous paragraph was repeated

7

tetrafluoroborate, trifluoroacetic anhydride, or the Vilsmeier
reagent prepared from N,N-dimethylformamide (DMF) and thionyl
chloride.

The Beckmann rearrangement may be carried out in the
presence of potassium iodide, which serves to minimize the
formation of by-products which contaminate the APAP product.
Activated carbon may also be added to the mixture of 4~HAP oxime
and aster solvent to help prevent retention of color in.the APAP
product. | |

An important advantage of utilizing alkyl alkanoate
esters as the solvent for the Beckmann rearrangement of 4-HAP
oxime to APAP is that the alkyl alkanoate esters can be utilized
to extract the 4-HAP oxime from the aqueous product which is
formed from the reaction of 4-HAP with hydroxylamine in the first
step of the integrated process. After removal of water,
preferably by azeotropic distillation, the extracted 4-HAP oxime
and alkyl alkanoate ester mixture can be treated directly with an
appropriate acidic catalyst to effect Beckmann rearrangement.
Another advantage of utilizing alkyl alkanoate esters as the
solvent- for the Beckmann rearrangement of 4-~HAP oxime to APAP is
that aqueous media éan be used to assist removal of such solvents
from the crude solid APAP product.

D c ON © NV TON

In accordance with this invention, N-acetyl-para-
aminophenol (APAP) is produced by subjecting the ketoxime of 4-
HAP (which ketoxime may be formed by reacting 4-
hydroxyacetophenone (4-HAP) with hydroxylamine) to a Beckmann

rearrangement in the
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five nore tinmes. The resulting aqueous phase is considered to be a waste
streamin Table 8. The resulting ethyl acetate filtrate phase was
retained for recycle to the ethyl acetate phase from extraction of the
next batch's aqueous oximation product. The neutralized and washed solid
APAP was purified by known nethods. Results are shown in Table 8.

I n Exanples 71-73, the acetam nophen product was at |east partially
neutralized before filtration. Nearly all of the residual ester left on
the APAP filter cake was renoved by wdg$hing with the aqueous phase
resulting fromextraction of the oximation product wwth ester. The
follow ng procedure was used for Exanples 71-73. Agueous NaCH
(20 Wt % 40-70 drops) was added to a (10.7 kPa)

4 hours. Any pressure may be used, e.g., 80 mm of mercurykto

20 atmospéé%%%f%ggolute. The reaction is preferably carried out
in an aqueous or alcoholic medium, i.e., in the presence of water
and/or an alcohol such as methanol, ethanol, 6r isopropanol.

| The 4-HAP oxime is converted into APAP by a Beckmann
rearrangement as shown in equation (II) by contacting the
ketoxime with an alkyl alkanoate ester solvent and an appropriate
acidle catalyst at a reaction temperature, for example, of from
'0° to 100°C for a period of from about 5 minutes to 4 hours. The
pressure is not critical and may be, for example, in the range of

' (133 Pa) (1013 kPa)
1 mm of mercurxato 10 atmospheresAabsolute. The Beckmann
rearrangement can be carried out quite successfully with large
amounts of undissolved 4~HAP oxime solids and large amounts of
undissolved APAP solids suspended in the reaction mixture. The
amount of reaction solvent should bé sufficiently large so that
aﬁy undissolved solids form a slurry that settles under the fofce
of gravity and is stirable, bﬁﬁ should not be so large as to
prevent crystéllizétion'of the APAP product when the reaction
mixture is chilled. Thus, the reaction solvent should be present
in amounts of from about 0.75-50:1 by weight with respect to the
4-HAP oxime. The weight ratio of oxime to Beckmann rearrangement
catalyst ranges from about 5:1 up to about 300:1.
The Beckmann reaction is carried out to 4-HAP oxime

conversions of preferably at least about 50% and more preferably
at least about 80% to minimize losses of unreacted 4-HAP oxime to

recrystallization and wash 1iquors. Conversions of 4-HAP oxine

o
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30 nL aliquot of the agueous phase resulting fromextraction of the crude
oxi mation reaction mxture with ethyl acetate. This aliquot was then nixed
with the crude Beckmann reaction mxture by stirring for about three

m nutes at about 25[err] C. The resulting mxture was filtered under air,
and the wet ethyl acetate filtrate was transferred to a separatory funnel.
The partially neutralized crude solid APAP filter cake, which stil
cont ai ned about 35 g of ethyl acetate that could not be renobved by
filtration, was slurried at about 25[en2] C with the remainder of the
aqueous phase fromextraction of the crude oximation reaction mxture. The
resul ti ng agueous APAP slurry was filtered to wash nost of the ethyl
acetate off the solid APAP with the aqueous :

description of potassium iodide addition to the Beckmann
rearrangement reactor is given in commonly assigned, U.S. Patent
No. 4,855,499, the entire content of which is herein incorporated
by reference.

Activated carbon may also be added to the Beckmann
rearrangement reaction mixture in a manner to be described later
in more detail.

Appropriate acidic catalysts for use in the Beckmann

rearrangement of 4-hydroxyacetophenone oxime to APAP include, but

are not limited to, thienyl-chloride;-methanesulfonyl -chloride;—

diphenylphosphinie—ehlorides trifluorocacetic anhydride;
trichlorocacetic anhydride; trifluoroacetyl chloride;
trichloroacetyl chloride; oxalyl chloride; ethyl oxalyl chloride;-
phosgene; trichloromethyl chloroformate (diphosgene); methyl
chloroformate; N,N-dimethylcarbamyl chloride;_nitriIium salts of
the formula (R'CaN‘R")X, wheré. R.' and R" can each independently
be alkyl such as methyl, isopropyl or substituted alkyl, aryl, or
suBstituted aryl and where X' can be BF,”, SbF,, PF;, FeCl,’,
Alcl,", C1°, Br’, or I'; and any Vilsmeier reagent prepared from a
carboxylic acid amide (such as N,N-dimethylformamide {DMF),
N,N-dimethylacetamide (DMA), or N-methylpyrrolidinone (NMP)) and

a reagent capable of replacing oxygen with halogen (such as
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34 phase. The aqueous wash liquor filtrate, which contained the ethyl
acetate washed off the solid APAP, was added to the wet ethyl acetate
filtratein the separatory funnel. Additional 20 wt % aqueous sodi um

hydr oxi de (20-30 drops) was al so added to the separatory funnel. The
contents of the separatory funnel were mxed well and then allowed to
settle to extract the aqueous wash liquor filtrate with the ethyl acetate
filtrate. Such

13

fhionyl chloride, phosphorus oxytrichloride, phosphorus
pentachloride, trichloroacetyl chloride, trichloromethyl
chloroformate (diphosgene), or phosgene).

For the purposes of the present specification and
claims, the term "catalyst" includes any material capéble of
initiating Beckmann rearrangement of 4-HAP oxime to APAP. The
Beckmann rearrangement might be described formally as the chain-

reaction process depicted in the following equation (III):

CH

@ ] 3 Hydroxide HO - I@:C:--CH3 (Intermediate I)
HO

fc=NOH transfer

' (III)
X Y

In equation (III), 4-HAP oxime is converted to chain
intermediate I with simultaneous conversion of species X to
species Y. Examples of species X and corresponding species Y are

shown in the following table:

X Y
S6€1; 4x§—+—ﬁei~+—etf-
z
(CH,) ,N"=CHC1 (CHy) NCH=0 + HC1
(CPilgO) 0 CFyCO,H + CF,CO,”
CH,C=N"C CH,¢=0
1
Intermediate I APAP s

three
The first £iveypentries for species X in the above table,

respectively

] a > ’

Vilsmeier reagent N,N-dimethylchloroformiminium cation,

L
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extraction permts transfer of ethyl acetate and recyclable aromatics such
as 4-HAP oxinme fromthe aqueous wash liquor filtrate to the ethyl acetate
filtrate phase. The aqueous phase (pH of about 5.5-6.0) was
drained fromthe ethyl acetate phase in the separatory funnel and was
used to reslurry and wash the crude neutralized solid APAP. After
filtration of the resulting slurry, the aqueous wash liquor filtrate was
rem xed with the ethyl acetate phase in the separatory funnel, and the
resulting mxture was allowed to settlk6 The procedure of the
previ ous paragraph was repeated four nore tines. The resulting aqueous
phase is considered to be a waste streamin Table 8. The resulting ethyl
acetate filtrate

carboxylic acid salts (such as sodium acetate or sodium
trifluoroacetate), phosphate salts (such as ammonium dihydrogen
phosphate), sodium metabisulfite, or surfactant salts (such as
sodium dodecyl sulfate). Such bases presumably serve to scavenge
HCl without destroying catalyst activity.

In the absence of such a base, MHBA formation
accelerates with increasing 4-HAP oxime conversion and
accelerates sharply at 4-HAP oxime conversions above about 95{
with catalysts that have a carﬁon atom as ﬁhe active
electrophilic site but that produce HCl or Cl° on reaction with
4~HAP oxime. With such catalysts, it is therefore preferable to
use an appropriate base or to limit 4-HAP oxime conversion to
about 95% or less by use of an appropriate quantity of catalyst.

| Use of bases (that presumably scavenge Hcl.without
destroying catalyst activity)‘also can reduce the amount of MHBA
produced in'thionyl chloride~catalyzed Beckmann rearrangement of
4-HAP oxime to APAP in ester solvents.

The reaction solvent used in this invention is, as
previously discussed, przeferably-an alkyl ester of an alkanoic
acid. Preferabiy the alkylester group has 1 to 6 carbon atoms
and the alkanoic acid contains 2" to 6 carbon atoms. Specific
nonlimiting examples of alkyl alkanoate esters that have proven
useful in the present invention include ethyl acetate, n-butyl
acetate, methyl n-hexanoate, and n-hexyl acetate. A preferred

solvent is made from alkyl esters of acetic acid. Acetate
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phase was retained for recycle to the ethyl acetate phase from extraction
of the next batch's aqueous oximation product. The neutralized and washed
solid APAP was purified by known methods. Results are shown in Table 8.

EXAMPLES 74-76 I n Exanpl es 74-76, oximtion and Becknmann -
reactions were integrated with n-butyl acetate. The crude solid APAP
24
great when distillative removal of ester is assisted with
water vapor (i.e., steam) passed directly into the

acetaminophen/ester mixture. The ability to remove ester at
lower temperatures avoids formation of undesirable by-
5 products and impurities. |
However, distillative removal of the first portions of
ester solvent from acetaminophen product might preferably be
done in the absence of water to avoid losses of heat to
vaporization of water. Distillative removal of ester
10 solvent permits elimination of filtration, elimination of
ester Beckmann reaction liquor recycle, and elimination of
the resulting build-up of colored impurities.
Subsequent to the recovery of the product of the
Beckmann rearrangement, the ester solvent can be recycled to
15 either the Beckmann rearrangement or to the oxime
extraction.
The invention will be further illustrated by the
following nonlimiting examples. '

20 A. Preparation of 4-HAP oxime.
EXAMPLE 1
To a stirred solution of 4-HAP (100.00 g) and
hydroxylamine sulfate (63.6 g) in water (370 mL) heated to
80°C was added a solution of sodium hydroxide (30.5 g) in
25 {water (100 mL) over five minutes. The stirred, homogeneous,
yellow reaction mixture was refluxed at 102-103°C under air
for 20 minutes and then cooled to 25°C. Ethyl acetate-(zoo_
mL) was then added to the cooled reaction mixture, which
contained a large amount of crystallized 4-HAP oxime. The
30 |three-phase mixture was shaken well for about half a minute
and then allowed to settle. Two liquid phases séparated
completely within about one minute, leaving only a small
amount of undissolved solid. The bottom aqueous phase and
the undissolved solids were separated from the upper ethyl
35 jacetate phase and then extracted with two more 100 mL
portions of ethyl acetate.
The three ethyl acetate extracts were combined and
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product was filtered, washed with n-butyl acetate, neutralized in water,
and then freed fromresidual n-butyl acetate by water- assisted A
distillation. In the follow ng procedure for Exanples 74-76, figures in
parenthetical triplets correspond to Exanple 74 Exanple 75, and Exanpl e
76, respectively. To a stirred m xture of 4-HAP (1360 g),
hydr oxyl am ne sulfate (865 g), and wateps5(2596 nL) heated to 80 C was .
added a solution of sodium hydroxide (414.8 g) in water (1659 nlL) over
about one nijndirdedTheby es @zteiottg optiicr r et st Mt lateioms thdarheatidgogem abatit

100[err] C flo f dj bu genat 5
L, E1.0 }_) conéfggg%l%l%n%%%%}p‘% Pl{ijgtr:ﬁg gEng, ZL%JeL ﬂ2 1 écéfrom Cé

n-butyl acetla€BPiEIPDR DREN- EFé’v’ko‘E%an{rtﬁ?rs consid issis af Aped br%ﬁk‘!x t he

second n-butlylkkemoved 34.5 mL of aqueous phase distillate. The second

5| step, which employed a 1o-£ray Oldershaw column and a reflux
to takeoff ratio of 3:1, yielded 200 mL of cloudy distillate
and a stable final overhead temperature of 77.1°C. The
distillates were found by analysis to contain less than 0.02
wt % each of acetic acid and ethanol.
10 On cooling, 4-HAP oxime crystallized from the amber
distillation residue. _

EXAMPLE 2

The oximation of Example 1 was repeated with only one
significant modification now described. The aqueous
15 | reaction mixture from the oximation reaction was drained hot
(about 10(_)°C) over five minutes into a round bottom flask
containing ethyl acetate (200 mL) and equipped with a reflux
condenser. The ethyl acetate refluxed very dgently under
atmospheric pressure for only a short period during the
20 | addition. When the addition was complete, the mixture was
at about 73°C and was mixed well by stirring vigorously for
about one mninute. Two homogeneous ligquid phases then
separated completely within about one minute, leaving no
undissolved solids. The lower (aqueous) phase was extracted
25 | with two more 100 mL portions of ethyl acetate as described
~in Example 1.

The distillates from the azeotropic drying steps were
found by analysis to contain less than 0.02 wt % each of
ethanol and acetic acid.

30 | EXAMPLE 3

The oximation of Example 1 was repeated with 29 wt %
agqueous ammonia (60 mL) being used instead of agueous sodium
hydroxide as the base to liberate free hydroxylamine during
the oximation.

35 EXAMPLE 4

The oximation of Example 2 was repeated with the

following modifications. Instead of 570 mL of fresh water,
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acetate extract (1603.6 g, 1709 g, 1729.5 g) of the aqueous phase fromthe
previ ous batch's oximation reaction, and the n-butyl acetate phase (O i,
600 nmL, 0 nmL) of the azeotrope distilled off the hot aqueous sol ution of
APAP product fromthe previous batch. After having been stirred for about
five mnutes, the hot, solid- free mxture of n-butyl acetate and aqueous
oxi mation products was allowed to separgte into two |iquid phases over
about three mnutes. The hot, solid-free aqueous, phase was drained froma
hot, soli d-f rde sotinhabihonfudedAR ®xmbeof nfnebht yatacetnde222 FmBsbfmeke- up

DU et A2 sl By s Gl 56164 AU BRARRSH ©

product of Example 2 of ethyl acetate. 1Instead of being

drained into 200 mL of fresh ethyl acetate, the hot

5 oximation product was drained into the ethyl acetate liquor
recovered from a Beckmann reaction. Extraction of the
oximation product was then completed with two 100 mL
portions of the wet ethyl acetate distilled off the ethyl
acetate extracts of Example 2.

10 The distillates from the azeotropic drying steps were
found by analysis to contain no more than 0.032 wt % each of

ethanol and acetic acid.

B. Preparation of APAP 67
15 EXAMPLES 5-2‘
67,

Examples 5-5% describe Beckmann rearrangement of 4-

HAP oxime to APAP with a variety of catalysts, some of which
produce little or no MHBA. Specific conditions and results
for Examples 5-?5'56'%:e shown in Tables 1-/.'L The following

20 general procedure was used for Examples. 5—54?1‘The indicated
amounts of the indicated catalyst compg;ne'nts were mixed with
typically 20-25 nL of ethyl acetate at room temperature.
The resulting catalyst mixtures were added at room
temperature from an addition funnel to a stirred slurry of

25 4-HAP oxime (about 100 g), potassium iodide (about 0.2 q),
the indicated amounts of the indicated additives, and ethyl
acetate (about 200 mL) heated to reflux at about the
indicated temperature inéide a nitrogen-purged reaction
vessel. The indicated temperatures were achieved by

30 "adjustment of the reaction vessel's pressure, which was
typically maintained at less than one atmosphere (101 kPa)
absolute. The reaction wvessel was equipped with a 9°C

water-cooled condenser to reflux the ethyl +ee-teteﬂa-pe-ref——-

35
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t he hot aqueous sol ution of APAP product fromthe previous batch were then
added to the solution of 4-HAP oxinme in n-butyl acetate. The

4- HAP oxi me/ n-butyl acetate solution was dried by azeotropic distillation
as follows. The 4-HAP oxi ne/n-butyl acetate solution was stirred and

refl uxed under nitrogen at about 62-74[err] C and about 71-112 nmm HgA
pressure (9.5 - 14.9 kPa) while about 425-433 g of aqueous phase was
renmoved fromthe reflux condensate with a

27

EXAMPLE 5

The preparation of Example 1 was repeated with the
Beckmann reaction being run at 32 °C under 150 torr/absolute
total pressure. Throughout the entire preparatioh, the crude
APAP solids and purified APAP solids were granwlar, free of
tackiness, and easily handled. Results are own in Table 1.

The preparation of Example 1 was repeated with the
following modifications. In the starting 4-HAP oxime/ethyl
acetate slurry, the ethyl acetate Bedkmann reaction liquor from
the preparation of Example 1 was ed in place of 185 mL of fresh
ethyl acetate. The catalyst so tion consisted of thionyl
chloride (1.3 mL instead of 1,0 mL) in fresh ethyl acetate (50 nL
instead of 15 mL to make up /Ahe ethyl acetate loss in the drying
step of Example 1). Fres ,-acid-washed activated carbon
(0.500 g) was now also included with the starting 4-HAP
oxime/ethyl acetate sturry. The dried reaction solids were
purified by known mgthods. Throughout the entire preparation,\
the crude APAP solids and purified APAP solids were dtanﬁlar,

free of tackineds, and easily handled. Results are shown in
Table 1. .
‘ EXAMPLE 7

To a stirred solution of 4-HAP (100.00 g) and
hydroxydamine sulfate (63.6 g) in water (370 mL) heated to 80° C
‘Wwas agdded a solution of sodium hydroxide (30.5 g) in water

(106 mL) over five minutes. The stirred, homogeneous, yellow
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Dean-Stark trap. After addition of activated carbon (13.6 g, 27.2 g, 27.2

g), the n-

butyl acetate filtrate (2240 g, 3000 g, 3360 g) fromthe

previ ous batch's Beckmann reaction m xture, and fresh nake-up n-butyl
acetate (0 g, 612 g, 0 g), azeotropic drying of the stirred 4-HAP

oxi me/ n-butyl acetate solution was continued by refluxing the solution at
about 70-74[err] C and about 73-97 mm HgA pressure (9.7 - 12.9 kPa) for

about hal f

an hour while additional aqueous phase was renoved fromthe

reflux condensate with the Dean-Stark trap. The 4-HAP oxi ne/ n-butyl
acetate solution was then recircul atedaghrough a filter at about

65-72[err]
azeotropic
conti nued

- temperature of 77.1%

Cto renove activated carbon. After addition of KI (2.72 g),
drying of the stirred 4-HAP oxi nme/ n-butyl acetate sol

wth the Dean-Stark trap at about 70-74[err] C and abogdt
reaction mixture was refluxed at 102-103° C under air foy 20

minutes and then cocoled to 25° €. Ethyl acetate (200 ) was
then added to the cooled reaction mixture, which confained a
large amount of crystallized 4-HAP oxime. The thyee-phase
mixture was shaken well for about half a minute/and then alléwed
to settle. Two ligquid phases separated complgtely within about
one minute, leaving only a small amount of ndissol?ed solid.
The bottom aqueous phase and the undisso)¥ed solids were
separated from the upper ethyl acetate /phase and then extracted
with two more 100 mL portions of eth'l.acetate.

The three ethyl acetate gxtracts were combined and
dried by azeotropic distillation/under nitfoéen at atmospheric
pressure in-two steps. The fi¥st step, which employed a Dean-
Stark trap under conditions 4f total reflux, removed 34.5 mL of
aqueous phase distillate. /The second -step, which employed a
10-tray Oldershaw col and a reflux to takeoff ratio of 3:1,
yiélded 200 mL of cloydy disﬁillate and a stable final overhead
C. The distillates were found by analysis
to confain less than 0.02 wt % each of acetic acid and ethanol.

Oon cobling, 4-HAP oxime crystallized from the amber
distillation esidue. The resuléing dry slurry of 4-HAP oxime in
ethyl acetate was then subjected to the conditions of the
Beckmann /rearrangement described in Example 1 using 0.200 g of
KI, 85 of fresh additional ethyl acetate, and a catalyst’
solu¥ion of thionyl chloride (1.3 mL) in ethyl acetate (15 nL).

Thyoughout the entire preparation, the crude APAP solids and
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73-97 mm HgA pressure (9.7 - 12.9 kPa) until the reflux condensate was
substantially free of a separate aqueous phase. The total amount of ,
aqueous phase renoved by the Dean-Stark trap was 450-463 g. Azeotropic
drying of the stirred 4-HAP oxi me/ n-butyl acetate solution was then
conpleted by sinple distillation at 72-73[err] C

29

purified APAP solids were granular, free of tackinegS, and easily

handled. Results are shown in Table 1.
EXAMPLE 8

The oximation/Beckmann reaction seqWence of Example 7
was repeated with only one significant modification now
described. 'The aqueous reaction mixture from the oximation
reaction was drained hot (about 100° C) /over five minutes into a
round: bottom flask.containing ethyl adetate (200 mlL) and equipped
with a reflux condenser. The ethyl/acetate refluxed very gently
under atmospheric pressure for on)Yy a short period during the
addition. When.the addition wa complete, the mixture was at
about 73° C and was mixed well/ by stirring vigorously for about
one minute. Two homogeneoug liquid phases then separatéd
completely within about ofe minute, leaving no undissolved
solids; The lower (aqugous) phase was extracted with two more
100 mL portions of etlyl acetate as described in Example 7.

The distiYlates from the azeotropic drying steps were
found by analysis//to contain less than 0.02 wt % each of ethanol
and acetic acid/ Throughout the entire preparation, the crude
APAP solids ajpd purified APAP so}idé were granular, free of
tackiness, #nd easily handled. Results are shown in Table 1.

' EXAMPLE 9
The oximation/Beckmann rearrangement reaction sequen&e

of Exafiple 7 was repeated with 29 wt % aqueous ammonia (60 nL)

bei used instead of.aqﬂeous sodium hydroxide as the base to
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Wil e about 4 L of n-butyl acetate distillate was collected, the
(12.3 kPa) distillation pressure was reduced from about 92 nmm HgA (12. 3
kPa) to about 72 mm HgA (9.6 kPa). The resulting undistilled residue was a
substantially dry 4-HAP oxinme/n-butyl acetate m xture. ' The
aqueous phase fromextraction of the aqueous oximation products with
n-butyl acetate was extracted again, this tine at about 25[err] Cwth
about 2 L of the n-butyl acetate distillate fromthe azeotropic drying
step. The resulting n-butyl acetate extract (1709 g, 1729.5 g, 1710.7 g)
was saved for recycle to the 4-HAP oxi mggextraction step of the next

batch. The resulting aqueous phase is considered to be a waste streamin
Tabl e 9. A solid Vilsneier reagent was prepared by stirrin

liberate free hydroxylamine during the oximation. Results

shown in Table 1.

EXAMPLE 10
The oximation/Beckmann rearrangemeﬁt sequencg of Example
8 was repeated with the following modifications. hstead of 370
ml, of fresh water, the oximation used 148 mL of frésh water and 222
mL of the agueous phase remaining after extraction of the oximation
produét of Example 8 with ethyl acetate. IpStead of being drained
into 200 mL of fresh ethyl acetate, the t oximation product was
drained into the ethyl acetate Beckmany reaction liqubr recovered
from the preparﬁtion of Example 8. Extraction of the oximation
product was then completed with £wo 100 mI portions of the wet
ethyl acetate distilled off the’ ethyl acetate extracts of Example
8. For the Beckmann rearrangdement, the ethyl acetate solution of
thionyl chlori&e used 50 @I, of fresh ethyl acetate instead of 15
mL to make up the ethyl /acetate loss in the drying step of Example
8. Fresh, acid-wasied activated carbon (0.50 g) wa'_s_s now also
inciuded with the gtarting 4~HAP oxime/ethyl acetate slurry. After
rgmoval' of residual ethyl acetate, the dried reaction solids were
purified by own methods.
he distillates from the azeotropic drying steps were
found by analysis to contain no more than 0.032 wt % each of
ethangl and acetic acid. Throughout the entire preparation, the
e APAP solids and purified APAP solids were granular, free of-

ackiness,'and eésily handled. Results are shown in Table 1.

[ AMENDED SHEET |
. 2 0 NG 1990



(32 nL) and thionyl chloride (16 nL) in n-butyl acetate (250 nL) at about
23[err] C under nitrogen for about 20 m nutes. The n-butyl acetate
suspension of the solid Vilsneier reagent was then added as the Beckmann
reaction catal yst in about 13-16 portions over about 64-69 mnutes to the
4- HAP oxi nme/ n-butyl acetate m xture dried by azeotropic distillation.
During the catal yst addition, the Beckmann reaction m xture was stirred
under air-free conditions at a tenperature of about 42-52[err] C
mai nt ai ned by n-butyl acetate reflux at about 18 torr absolute pressure
(2.4 kPa). After all catalyst had beenjgdded, the stirred Beckmann
reaction mxture was allowed to cool to 31-33[err] C over 16-23 m nutes
before being chilled to 10[err] C.

EXAMPLE 11

A slurry of 4-HAP oxime (100.00 g, 0.6617 moles)/in

n-hexyl acetate (450 mL) containing no potassium iodide
stirred and heated to 60° C under nitrogen (8 torr abgolute total
pressure). A solution of thionyl chloride (1.3 mL,/ 2.120 grams,
17.82 mmoie) in n-hexyl acetﬁte (50 mL) was then/added over 30
minutes to the stirred 4-HAP oxime/n-hexyl acgfate slurry. The
temperature of the reaction mixture was maiptained at 58-65° C by
allowing the heat of reaction to reflux e hexyl acetate solvent
under 8 torr absolute total pressure. ithin about five minutes
after the start of the thiényl chlorjde aédition, the reaction
mixture_was a nearly homogeneous er liquid. Pale yellow solid:
APAP then precipitated during the remainder of the thionyl
chloride addition. The refluxing started to subside after about
90% of the thionyl chloride/had been added. After the.thionfl
chloride addition was.completed, the reaction mixture was chilled

in an ice batp to 5° C

3

The reaction slurry was filtéred under
nitrogen to give a ke of golden-yellow Beckmann reaction solids
and a filtrate of yellow Beckmann reaction liquor. Residual
n-hexyl acetate/was pumped off the reaction solids at 0.025 torr
and ambient mperature. The dried reaction solids were then
puéified by’ known washing, filtration; and recrystallization
procedur s; The results shown in Table 1 do not include 2.85 g
of 98.4% pure APAP that precipitated from the yellow Beckmann

reagtion liquor on standing overnight at room temperature under

Throughout the entire preparation, the crude APAP solids
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38 The Becknann reaction m xture was then filtered, and the
resulting n-butyl acetate filtrate (3000 g, 3371 g, 3058 g) was saved for
recycle to the azeotropic drying step of the next batch. The crude solid
APAP product filtered off the Beckmann reaction m xture was washed at
about 25[err] Cwth about 2 L of the n-butyl acetate distillate fromthe
azeotropic drying step. The

32

and purified AéAP solids were granular and handled withgut
problem.
EXAMPLE 12

The preparation of Exahple 11 was repeated at 50° C and
17 torxr total absolute pressure with methyl n-Hexanoate instead
of n-hexyl acetate as the reaction solvent. /Throughout the
entire preparation, the crude APAP solids And purified APAP
solids were granular and handled without/ problem. Results are

shown in Table 1.

Examples 13-112 describg Beckmann rearrangement of
4-HAP oxime to APAP with a varigty of catalysts, some of which
produce little or no MHBA. Specific conditions and results for -
Examples 13-112 are shown jfi Tables 2-11. The following general
procedure was used for Eyamples 13-112. The indicated amounts of
the indicated catalyst/components were mixed with typically 20-25
mL of ethyl acetate At room temperature. The resultiﬁg catalyst
mixtures were add at room temperature from an addition funnel
to a stirred slyfry of 4~HAP oxime (about 100 g), potassium
iodide (about /0.2 g), the indicated amounts of the indicated
additives, and ethyl acetate (abéut 200 mL) heated to reflux at
about the/indicated temperature inside a nitrogen-purged reaction
vessel./ The indicated tempgratufes were achieved by adjustment
of thg reaction vessel's pressure, which was typically maintained
at Jess than one atmosphefe abgélute. The reéction vessel was

ipped wit@ a 9° C water-cooled condenser to reflux the ethyl
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n- butyl acetate wash |iquor, which contained dissolved recyclable
aromati cs-including unreacted 4-HAP oxine, was filtered off the crude
solid APAP product and saved for recycle to the 4-HAP oxinme extraction
step of the next batch. -The crude solid APAP filter cake, which
still contained about 400 nmL of n-butyl acetate that could not be renoved
by filtration, was slurried in about 6 L of water. The resulting aqueous
APAP slurry was stirred at about 25 C Wy Jle being neutralized to about pH
6-6.5 by addition of 5 wt % aqueous sogim hydroxide (100 g, 100 g, 160
g). The neutralized aqueous APAP slurry was stirred and heated to about
100[ err] C under nitrogen to dissolve the solid APAP. The resulting
solution was then distilled with stirring at about 97-104[err] C and about
0-3 psig (0 - 20.7 kPa gauge)

acetate vapors. The catalyst mixtures were added (typically over

15-30 minutes) at a rate sufficient to maintain ethyl acetate
reflux within the capacity of the condenser. The indicated
reaction temperature was maintained for the indicated reaction
time either with the heat of the Beckmann rearrangement or, if
this was. insufficient, with heat applied to the exterior bottom
surface of ;he reaction vessel. The reaction mixtures were
cooléd to 0-25° C under nitrogen and then filtered. The oxime
conversions, oxime accountabilities, and APAP and MHBA
efficiencies and yields shown in Tables:%iii-are all based on
both analyses of the ethyl acetate filtrates and analyses of the

filtered solids.

Py g = 0 a Xa o e S e =
o gy 7 - 5 &S = S S<ead =

In Example 25, the catalyst mixture was prepared by
drbpwise addition of the Sog'to a stirred, 0° C solutieri of the
methanesulfonic acid in ethyl acetate (20 mL).

In Example 29, the reaction was-carried out on half the
scale indicated above and in Table 3. A slurry of potassium
4-HAP oxime-O-sulfonate (2.3 ) in ethyl acetate (60 mL) was
added as catalyst ovex minutes to a 48° C slurry of 4-HAP oxime
(50.0 g), XKI (0.xg), sulfuric aéid (1.50 g), and ethyl acetate
(100 mL). ~-The reaction mixture was then heated to- 70° C and

stirr€d at this temperature for 102 minutes before being allowed

- wle - OOt emoe ST C

5. 9,
In Examples 37 and 46, n~-butyl acetate was used instead

of ethyl acetate throughout, no potassium jiodide was used, and

ED SJiEf;r,J
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pressure to renove an azeotrope distillate consisting of an upper n-butyl
acetate phase (600 nL, 348 niL, 315 nlL) and a |l ower aqueous phase (250 ni,
222 nmL, 265 .n.). The n-butyl acetate phase was separated fromthe agueous
phase and was recycled to the 4-HAP oxi ne extraction step of a subsequent

batch. The

resulting undistilled residue was then chilled to about 10[err]

Cto recrystallize the dissolved APAP. The recrystallized APAP was

27,

the reactions were carried out on twice the scale indicated above
1 2 5
and in Tables # and B. In Example 37, neat BF;'Et,0 catalyst was

added to the oxime slurry without dilution. Examples lg-"o‘and ],211-—2"
are in fact identical, and the procedure for these Examples is
detailed below for Example _;21%7‘ The procedure for recovery of
recrystallized APAP product in Example ;.%7" was the same as that

17
for Example 122 below.
- 7

5 —— X
In Examples 2629+ 37, and 38, the entire catalyst
mixture was added to an about 50° C 4-HAP oxime slurry over
7-45 minutes before the Beckmann reaction temperature was

increased to the indicated level.

In Exanmple ;%, the ((Ac0),B),0 catalyst was
incorporated with the original mixture of 4-HAP oxime and ethyl
acetate in the reaction vessel before heating.

14 15

In Exanples 45 and 'Rf the catalyst mixture was stirred
and maintained at about 0-4° C throughout its entire preparation
and until its use as Beckmann rearrangement catalyst.. A solution
of ‘the indicated amount of CCl,CcoCl in ethyl acetate (7 mL in
Examﬁlé '%"and 15 mL in Example 7}7% was added over 20 minutes

4. 13

(Example 4%) or 30 minutes (Example 48) to a stirred solution of
the indicated amount of 4-HAP oxime in ethyl acetate (20 mL in

14, R 14,
Example 45 and 35 mL in Example 46). In Example 348, an
additional 10 mL of 0-4° C ethyl acetate was added to the
catalyst mixture midway into the CC1l,COCl addition. After
completion of the CCl,COCl addition, the resulting mixture was

stirred for about 10 minutes before dropwise addition of the

L
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39 filtered and further purified by known nethods. Results are shown in
Tabl e 9. ' 77

EXAMPLE 77 ) In this exanple, 4-HAP oxine was converted to
recrystallized APAP in a single vessel. without filtration of the ester
Beckmann reaction m xture. After addition of water, the |[|ast portion of
ester solvent was renoved by mateggassisted distillation. The
catal yst m xture for the Beckmann‘rearrangenent was prepared as foll ows.
Acetonitrile (5 nm) was added to solid trinethyl oxoniumtetrafluoroborate

(5.14 g), and the resulting 28
' 14,
indicated amount of triethylamine (neat in Example 45" and as a

: 15
solution in 5 mL of ethyl acetate in Example 46T over about

10 minutes. The resulting mixture was then stirred for about .
2 hours before use as Beckmann rearrangement catalyst. The
catalyst mixture is believed to have contained 4~HAP oxime-O-
trichloroacétate as the active species. 1In Example_%éﬁ_loo.o‘g
of 4-HAP oxime slurriéd in 190 nmIL of ethyl acetate was used for
" Beckmann rearrangement. in Example_ﬁ%% 94.7 g of 4~HAP oxime
slurried in 165 ml of efhyl acetate was used for Beckmann
rearrangement.
16 :

In Example 47, the catalyst mixture was stirred
overnight at room temperature prior to use as the Beckmann
rearrangement éatalyst.

In Example;}%’; the triethylamine (3.5 g) was added
dropwise over 5 minutes to a stirred solution of the

trifluoroacetic acid (4.0 g) in 50 mL of the ethyl acetate before

addition of the rémaining ethyl acetate (150 mL) and ﬁpe 4-HAP
oxifhe (100.0 g).

. 36 39 32 56 67

In Examples §1-67, 0-83, and §7-98, the indicated
catalyst components were combined about 30 minutes prior to use
as the Beckmann rearrangement catélyst. While standing at room
temperature wifh agitation about once every ten minutes during
this approximately 30 minute period, the indicated components of
the catalyst mixture are believed to have reacted to produce

Vilsmeier reagents. Vilsmeier reagents are also believed to have

23 33
been produced in the catalyst mixtures for Examples 84%86, which
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mxture was stirred at about 25[err] C under nitrogen for 30 m nutes
before nore acetonitrile (4 nL) was added. Al solids dissolved while the
resulting mixture was stirred at about 25[err] C under nitrogen for an
additional 30 mnutes. Stirring was then discontinued, and col orless
crystals precipitated while the mxture stood under nitrogen at about
25[err] C for about 24 hours. All excess acetonitrile was then evaporated
fromthe mxture under vacuum at 25 C. The resulting colorless
crystalline residue, which is known tq%gf about 4.96 g of N nethyl acet o-
nitriliumtetrafluoroborate fromS. C. ey, R G Gles, and H Heaney,
Tetrahedron Letters, Vol. 26. No. 38, p. 4649, 1985, was resuspended in

n-butyl acetate (30 nl) under nltroggn to provide the catalgst m xture for
t he BecknafgFs F&ﬁ&eﬁﬁnfoom temperature for about 18 hours béfore use as

Beckmann catalysts. In Exanmple ﬁ%% the catalyst mixture was
prepared with 20 mL of tetrahydrofuran in addition to 20 mL of
ethyl acetate. Formation of the Vilsmeier reagent from
dimethylformamide and thionyl chlorlde in Examples é%iﬁg§was.
indicated by its precipitation as colorless crystals. Most of
these crystals were added from the addition funnel to the
Beckmann reaction mixture as a suspension in the original
catalyst mixtures. Most of the crystals remaining in the
addition funnel were then added to the Beckmann reaction mixture
after resuspension in an additional about 15 mL of ethyl acetate.
The other Vilsmeier reagents did not precipitate.

In Example ﬁ%? 93.2 g of 4-HAP oxime was charged to the
reaction vessél. The methanesulfonic acid and the sodium salt of
4~HAP oxime are believed to have reacted to produce sodium
methanesulfonate and additional 4-HAP oxime in situ.

EXAMPLES fﬁé:ié%

In Examples f¥%=1£%3 oximation and Beckmapn'reactions
were integrated with ethyl acetat; according to the brocedure
described immediately below and in Table i%f

To a stirred mixture of 4-HAP (100.0 g), hydroxylamine
sulfate (63.6 g), and water (191 mL) heated to 80° C was added a
solution of sodium hydrox1de (30.5 g) in water (122 mL) over a
period not longer than 30 seconds. The resulting stlrred mlxture

was then refluxed under air at about 103° C for 45-60 minutes

before adding 223-318 g of ethyl acetate (either fresh or the
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The n-butyl acetate suspension of N-nethylacetonitriliumtetrafl uoroborate
was then added as the Becknmann reaction catalyst in about 15 portions over
about 80 mnutes to a stirred suspension of 4-HAP oxine (200.0 g) in

n- butyl acetate (about 430 mlL). During the catalyst addition, the Beckmann
reaction mxture was stirred under air-free

»
30

distillate from a previous batch's azeotropic drying step).
Reflux of ethyl acetate/water azeotrope cooled the stirred
mixture to about 70° C. After having been stirred for about
three minutes, the hot, solid~free mixture was allowed to
separate into two liquid phases. The hot, solid-free aqueous
phase was drained from the hot, solid-free ester phase, to which
was added the ethyl acetate filtrate (123.0 - 284.0 g) from the
prevlbus.batch's Beckmann reaction mixture. This ethyl acetate
filtrate contained APAP, 4-HAP oxime, and 4-HAP as its most
significant solutes. |

. The resulting.4-HAP oxime/ethyl acetate mixture was
dried by azeotropic distillation as follows. The 4-HAP
oxime/ethyl acetate mixture was stirred and refluxed under
nitrogen.at about 58-64° C and about 400 toé%i%%éa%%%% pressure
while 39.42 - 61.35 g of aqueous phase was removed from the
reflux condensate with a Dean-Stark trap. After addition of KI
{0.200 g) and fresh make-up ethyl acetate (45-225 g), azeotropic
drying of the stirred 4-HAP oxime/ethyl acetate mikture was then

) (25.4 mm)
continted by distillation through a 1%, diameter, ten-tray

(53.3 kPa)
Oldershaw column under nitrogen at about 400 torrAabsolute

pressure with a 3:1 or a 1:1 reflux:take-off ratid. While
220-440 mL of ethyl acetate distillate was collected, the
temperature of the undistilled residue rose from about 64° C to
about 75° C. The resulting undistilled residue was a

substantially dry 4-HAP oxime/ethyl acetate mixture.

| AmENDED SHEET -
- ~ 72 0 NG RS- i




conditions at a tenperature of about 48[ err] C nmaintained by n-butyl
acetate reflux at about 30 mm HgA pressure (4 kPa). An additional 30 nL

of n-butyl acetate was added to the |ast portions of solid catalyst to
assi st suspension and addition to the Beckmann reaction m xture. The
stirred reaction mxture was allowed to cool to 30[err] C, and about 275
m. of the n-butyl acetate solvent was distilled off the stirred Becknmann
reaction mxture at about 30[err] C and 3 mm HgA pressure (400 Pa).

Water (1.0 L) was added to the remaining n-butyl acetate slurry of
Becknmann reaction products, and tle resBlting mxture was stirred at about
25[err] C while being neutraliz to about pH 6 by addition of 25 wt %
g?gggijls ;agls'tjg]nwglr Féhdgxémlpqeg%'oLLog\clie‘geot{ys csq_ncent rat ed @ﬂ‘%e%%s Ha (70

activated carbon (1.00 g), sodium dithionite (0.10 g}, and water

Urry consis

(2.2 nL) was added to the wet 4-HAP oximejfethyl acetate mixture
just before azeotropic drying with the Dean Stark trap was
20 12 13

starteq. In Exanmples Iggi )5, 1x7, and 1x®, activated carbon
(1.0 g) was added to the 4-HAP oxime/ethyl acetate mixture after
azeotropic drying with the Dean Stark trap had been completed and
before azeotropic drying with the Oldershaw column was_started.

A solid Vilsmeier reagent was prepared by stirring DMF
(1.3-2.3 mL) and~thionyl chloride (0.8-1.3 mL) in ethyl acetate
(15-30 mL) at about 23° C under nitrogen for about 20 minutes.
The ethyl acetate suspension of the solid Vilsmeier reagent was
then added as the Beckmann reaction catalyst in about 15 portions
over about 30 minutes to the 4-HAP oxime/ethyl acetate mixture
dried by azeotropic distillation. During the catalyst addition,
the Beckmann reaction mixture was stirred under air-free
éonditioné at a temperature of about 45-51° C maintained by ethyl

(30.4 kPa)
acetate reflux at about 228 torrAabsolute pressure. After all

catalyst had been added, the stirred Beckmann reactioén mixture
was allowed to cool to about 40° C over about 15 minﬁtes before
being chilled to about 25° C.

68 10 .

In Examples 113-1%5, the acetaminophen product was
neutralized after filtration. Nearly all of the residual ester .
left on the APAP filter cake was then removed by washing wi;ﬁ the
agqueous phase resulting from extraction of the oximation product
with ester. The following procedure was used for

68 10
Examples 133-115.

Y
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all n-butyl acetate was then renoved fromthe stirred neutralized Becknmann
reaction products by distillation as a water azeotrope

(1.3 - 2.7 kPa) at about 24[err] C and about 10-20 nm HgA pressure (1.3 -
2.7 kPa). The resulting distillation residue was then stirred and heat ed
to about 83[err] C under 1 atm (101 kPa) of nitrogen to conpletely

di ssol ve the solid Beckmann reactign products. The resulting stirred
aqueous solution precipitated reé??stagszed APAP on chilling to 5[err] C
The recrystallized APAP was filtered fromthe aqueous nother |iquor,

The Beckmann reaction mixture was filtered under air,
and the ethyl acetate filtraté was transferred to a separatory
funnel. The crude solid APAP filter cake, which still contained
about 35 g of ethyl acetate that could not be removed by
filtration, was slurried at about 25° C with the aqueous phase
from extraction of the oximation reaction mixture. The resulting
aqueous APAP slurry was stirred at about 25° C while being
neutralized to about pH 6-6.5 by addition of 20 wt % aqueous
sodium hydroxide (80-110 drops). The neutralized slurry was
filtered to wash most of the ethyl acetate off the crude
neutralized solid APAP with the aqueous phase. The aqueous wash
liquor filtrate, which contained the ethyl acetate washed off the
crude neutralized solid APAP, was added to the ethyl acétate
filtrate in the separatory funnel. The contents of the
separafory funnel were mixed well and then allowed to settle to
extract the aqueous wash liquor filtrate with the ethyl acetate
filtrate. Such extraction permits transfer of ethyl acetate and
redyclable aromatics such as 4~HAP oxime from the agqueous wash
liguor filtrate to the ethyl acetate filtrate phase..

The agueous phase was drained from the ethyl acetate
phase in the sep&ratory funnel and was used to reslurry and wash
the crude neutralized solid APAP. After filtration of the '
resulting slurry, the aqueous waéh liquor filtrate was remixed
with the ethyl acetate phase in the separatory funnel, and the

resulting mixture was allowed to settle.
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41 washed with water (5[err] C, 200 nlL), and then dried at about 0.05 mm
HgA pressure (6.7 Pa) to prOV|de the purified APAP. Results are shown in
Tabl e 9. EXAMPLE 78 The APAP
synthesis of Exanple 77 was repeated with N-isopropylacetonitrilium
tetrachloroferrate as the Beckmann rearrangenent catal yst instead of

N- et hyl acetonitrilium tetrafl uoroborate. The catal yst m xture
for the Beckmann rearrangenent we4®™ prepared under nitrogen with magnetic
stirring and ice bath

33

The procedure of the previous paragraph was repeated
five more times. The resulting aqueous phase is considered to be
a waste stream in Tablef&h. The resulting ethyl acetate filtrate
phase was retained for recycle to the ethyl acetate phase from
extraction of the next batch's aqueous oximation product. The
neutralized and washed solid APAP was purified by known methods.
Results are shown in Table f%‘

21, 13

In Examples 116*+118, .the acetaminophen product was at
least partially neutralized before filtration. Nearly all of the
residual ester left on the APAP filter cake was removed by
washing with the agqueous phase resulting.from extraction of the
oximation product with ester. The following proéedure was ﬁséd
for Examples i&%h;lﬂi )

Aqueous NaOH (20 wt %; 46—70 drops) was added to a
30 mL aliquot of the aquequs phase resulting from extraction of
the crude oximation reaction mixture with ethyl acetate. This
aliquot was then mixed with the crude Beckmann reaction mixture
by Stirring for about three minutes at about 25° C.  The
resulting mixture was filtered under air, and the wet ethyl
acatate filtrate was transferred to a separatory funnel. The
partially neutralized crude solid APAP filter cake, which still
contained about 35 g of ethyl acetate that could not be removed
by filtration, was slurried at about 25° C with the remainder of
the aqueous phase from extraction of the crude oximation xreaction
mixture. The resulting aqueous APAP slurry was filtered to wash

most of the ethyl acetate off the solid APAP with the aqueous
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cooling as follows. A mxture of anhydrous ferric chloride (8.10 g) and

| sopropyl chloride (35 nL) was stirred under nitrogen for 30 mnutes while
being chiflled in an ice bath. Wile continuing ice bath cooling and
stirring under nitrogen, acetonitrile (2.65 nL) was then added dropw se
over ten mnutes. The resulting red-orange suspension was then stirred
under nitrogen with ice bath co ng for 16 hours before the excess

i sopropyl chloride was evaporated under vacuum at 0-25[err] C. The
resulting brownish-yellow solid residue3dawhich is known to be about 14.07
g of N-isopropylacetonitriliumtetrachloroferrate fromR Fuks,
Tetrahedron, Vol. 29 (1973), p. 2150, was resuspended in n-butyl acetate

(30 nl) upKlgge Ni tFYCRNARRASUGESh PLIABY | 84135 ke GAliahYSintHdHed @nkor the
Beckmann rearrangenent .
ethyl acetate washed off the solid APAP, was added to the wet
ethyl acetate filtrate in the separatory funnel. Additional
20 wt % aqueous sodium hydroxide (20-30 drops) was also added to
the separatory funnel. The contents of the separatory funnel
were mixed well and then ailowed to settle to extract the aqueous
wash liquor filtrate with the ethyl acetate filtrate. Such
extraction permits transfer of ethyl acetate and recyclable
aromatics such as 4-HAP oxime from the aqueous wash liquor
filtrate to the ethyl acetate filtrate phase.

The agueous phase (pH of about 5.5-6.0) was drained
from the ethyl acetate phase in the separatory funnel and was
used to reslurry and wash the crude neutralized solid APAP.

After filtration of the resulting slurry, the aqueous wash liquor
filtrate was remixed with the ethyl acetate phase in the
separatory funnel, and the resulting mixture was allowed to
settle.

The-procedure of the previous paragraph was iepeated
four more times. The resulting aqueous phése is considered to be
a waste stream in Table.i%f The resultinglethyl acetate filtrate
phase was retained for recycle to.the ethyl acetate phase from
extraction of the next batch'é aqﬁeoﬁs oximation product. The
neuéralized and washed solid APAP was purified by khown methods.

8.
Results are shown in Table 127
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The n-butyl acetate suspension of N-isopropylaceto- nitrilium
tetrachloroferrate was then added as the Beckmann reaction catalyst in
about 15 portions over about 57 mnutes to a

42 stirred suspension of 4-HAP oxime (200.0 g) in n-butyl acetate (about
450 nlL). During the catal yst addit;gp, t he Beckmann

E )

In Examples L;Qh;ég% oiimation and Beckmann reactions
were integrated with n-butyl acetate. The crude solid APAP
product was filtered, washed with n-butyl acetate, neutralized in
water, and then freed from residual n-butyl acetate by water-
assisted distillation. In the following procedure for Examples
Ef?—lzi figures in parenthetical triplets correspond to Example
;19 Example 1%%‘ and Example ig% respectively.

To a stirred mixture of 4~HAP (1360 g), hydroxylamine
sulfate (865 g), and water (2596 mL) heated to 80° C was added a
solution of sodium hydroxide (414.8 g) in water (1659 mL) over
about one minute. The resulting stirred mixture was then heated
to about 100° C for about 45 minutes before adding n-butyl
acetate (4.0 L, 4.5 L, 4.0 L) consisting of the wash liquor
(2.2 L, 2.0 L, 2.1 L) from the n-butyl acetate wash of the
previous batch's crude solid APAP product, the second n-butyl
acetate extract.(isos.s g, 1709 g, 1729.5 g) of the aqueous phase
from the previops batch's oximation reaction, and the n-butyl
acetate phase (0 mL, 600 mL, 0 mL) of the azeotrope distilled off
the hot agueous solution of APAP product from the previous batch.
After having been stirred for about five minutes, the hot, solid-:
free mixture of n-butyl acetate and agqueous oximation products
was allowed to separaﬁe'into two liquid phases over about three
miﬁutes. The hot, solid-free aqueous phase was drajined from a
hot, solid-free solution of 4-HAP oxime in n-butyl acetate.

Fresh make-up n-butyl acetate (909 g, 0 g, 0 g) and the n-butyl

\
acetate phase (590 mL, 0 mL, O mL) of the azeotrope distilled off
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reaction mxture was stirred under air-free conditions at a tenperature of
about 43-50[err] C nmaintained by n-butyl acetate ref |ux at about 25 mm
HgA pressure (3.3 kPa). About 275 nlL of the n-butyl acetate solvent was
then distilled off the stirred Beckmann reaction m xture at about 30[err]
C and 10 nmm HgA pressure (1.3 kPa). Water (1.0 L) was added to
the remaining n-butyl acetate slusry of Beckmann reaction products, and
the resulting mxture was stirred at about 25[err] C while being
neutralized to about -pH 6.5 by addition of 25 wt % aqueous sodi um hydr oxi de
(23.1 g). Substantially all n-butyl aceB&te was then renoved from the
stirred neutralized Beckmann reaction products by .distillation as a water
azeotrope at about 29 C, 54 t%‘ (7.2 kPa) pressure (7,2 kPa) to
Solerr] G, T RtHEIeeus PRl TS SRR TRESRECH! FHTR, SReBFRY kot iaten

were then added to the solution of 4-HAP oxime in n-butyl
acetate.

The 4-HAP oxime/n-butyl acetate solution was dried by
azeotropic distillation as follows. The 4-HAP oxime/n-butyl
acetate solution was stirred and refluxed under nitfogen at about

(9.5 - 14.9 kPa) -
'62-74° C and about 71-112 mm HgA pressureAwhlle about 425-433 g

of agueocus phase was removed from the reflux condensﬁte with a
Dean-Stark trap. After addition of activated carbon (13.6 g,
27.2 g, 27.2 g), the n-butyl acetate filtrate (2240 g, 3000 g,
3360 g) from the previous batch's Beckmann reaction mixture, and
fresh make-up n-butyl acetate (0 g, 612 g, 0 g), azeotropic
drying of the stirred 4-HAP oxime/n-butyl acetate solution was
continued by refluxing the solution at about 70-74° C and about

(9.7 - 12.9 kPa)
73-97 mm HgA pressurqubr about half an hour while additional

aqueous phase was removed from the reflux condensate with the
Dean-Stark trap. The 4-HA§ oxime/n~-butyl acetate soiution was
then recirculated thfohgh a filter at about 65-72° C to remove
actifated carbon. After addition of KI (2.72 g), azeotropic
drying of the stirred 4-HAP oxime/n-butyl acetate solution was
continued with the Dean-Stark trap at about 70-74° C and about
9,7 - 12.9 . kPa])
73-97 mm HgA pressurgAuntll the reflux condensate was
substantially free of a separate aqueous phase. Tﬁe total amount
of équeous phése removed by the Dean-Stark trap was 450-463.9g.

Azeotropic drying of the stirred 4-HAP oxime/n-butyl acetate

solution was then completed by simple distillation at 72-73° C.
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residue was then stirred and heated to about 90[err] C under 1 atm (101
kPa) of nitrogen to conpletely dissolve the solid Beckmann reaction -
products. The resulting stirred aqueous solution precipitated
recrystallized APAP on chilling to 3[err] C The recrystallized APAP was
filtered fromthe aqueous nother |iquor, washed with water

(6.7 Pa) (200 nL), and then dried g about 0.05 nm HgA pressure (6.7 Pa) to
provide the purified APAP. Results are shown in Table 9.

EXAMPLE 79 In this exanple, 4-HAP is converted to

recrystallized APAP in a single vessetjﬁﬂthout filtration of the ester
Beckmann

While about 4 L of n-butyl acetate distillate was collected, the
' (12.3 kPa)
distillation pressure was reduced from about 92 mm HgAjto about

72 mnm H%%Fg*%gglfesulting undistilled reéidue was a substantially
dry 4-HAP oxime/n-butyl acetate mixture.

The aqueous phase from extraction of the aqueous
oximation products with n-butyl acetate was extracted again, this
time at about 25° ¢ with about 2 L of the n-butyl acetate
distillate from the azeotroﬁic drying step. The resulting
n-butyl acetate extract (1709 g, 1729.5 g, 1710.7 g) was saved
for recycle to the 4-HAP oxime extraction step of the next batch.
The resulting aqueous phase is considered to be a waste stream in
Table . | )

A Solid Vilsmeier reagent was prepared by stirring DMF
(32 mL) and thionyl chloride (16 mL) in n-butyl acetate (250 mL)
at about 23° C under nitrogen for about 20 minutes. The n~butyl
acetate suspensién of the solid Vilsmeier reagent was then added
és the Beckmann reaction catalyst in about 13-16 portions over
about 64-69 minutes to the.4-HAP oxime/n-butyl acetate mixture
dried by azeotropic distillation. During the catalyst addition,
the Beckmann reaction mixture was stirred under air-free
conditions at a temperature of aﬁbut 42-52° C maintained by
n-butyl acetate reflux at about 18 torr absolute pgesséé%fi"%%%%r
all catalyst had'been added, the stirred Beckmann reaction
mixture was allowed to cool to 31-33° C over 16-23 Qinutes before

being chilled to 10° c.
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43 reaction mxture. After addition of water, the last portion of ester
solvent is renoved by steamassisted distillation. To a stirred
m xture of 4-HAP (200 g), hydroxylam ne sulfate (127.2 g), and water (382
m.) heated to 80 Cis added a solution of sodium hydroxide (61 g) in water
(244 m.) over about one mnute. The resulting stirred mxture is then
heated to about 100[err] C for ayBut 45 ninutes before addi ng n- butyl
acetate

38

The Beckmann reaction mixture was then filtered, and
the resulting n-butyl acetate filtrate (3000 g, 3371 g, 3058 g)
was saved for recycle to the azeotropic dfying step of the next
batch. The crude solid APAP product filtered off the Beckmann
reaction mixture was washed at about 25° C with about 2 L of the
n-butyl acetate distillate from the azeotropic‘drying step. The
n-ﬁutyl acetate wash liquor, which contained dissolved recyclable
aromatics including unreacted 4~HAP oxime, was filtered off the’
crude solid APAP product and saved for recycle to the 4-HAP oxime
extraction step of the next batch.

The crude solid APAP filter cake, which still contained
about 400 mL of n-butyl acetate that could not be removed hy
filﬁration, was slurried in about 6 L of water. The resulting.
aqueous APAP slurry was stirred at about.25° C while being
neutralized to about pH 6-6.5 by addition of 5 wt % aqueous
sodium hydroxide floo g, 100 g, 160 g). The neutralized agueous
APAP siurry was stirred and heated to about 100° C und;r nitrogen
to'aissblve the solid APAP. The resulting solution was then

. _ (0 - 20.7 kPa gauge)
distilled with stirring at about 97-104° C and about 0-3 psigA

preésure_to remove an azeotrope distillate consisting of an upper
n-butyl acetate phase (600 mL; 348 mL, 315 mL) and a lower
agueous phase (250 mL, 222 mL, 265 mL). The n-butyl acetate
phase was separated from the aqueous phasé and was rgcYc;eq to
the 4-HAP éxime extraction step of a subsequent batch. The
resulting undistilled residue was then chilled to, about 10° C to

recrystallize the dissolved APAP. The recrystallized APAP was
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(about 720 mL). After being stirring for about five mnutes, the hot,
solid-free mxture of n-butyl acetate and aqueous oximation products is
allowed to separate into two |iquid phases over about three m nutes. The
hot, solid-free aqueous phase is drained from a hot, solid-free solution
of 4-HAP oxinme in n-butyl acetate. More n-butyl acetate (480 nl)
Is added to the 4-HAP oxine/n-butyl acetate solution, and the resulting

m xture is dried by azeotropic distjillation as follows. The 4-HAP

oxi me/ n-butyl acetate m xture is rred and refluxed under nitrogen at
about 55-65 C and about 80 mm HgA pressure (10.7 kPa) while about 50 g of
aqueous phase is renoved fromthe refluygcondensate wth a Dean-Stark trap
and until the reflux condensate is subStantially free of a separate
aqueous phase. Azeotropic

filtered and further purified by known methods. Results are

2
shown in Table )3.

1
EXAMPLE 127

In this example, 4-HAP oxime was converted to
recrystallized APAP in a single vessel without filtration of the
ester Beckmann reaction mixture. After addition of watgr, the
last portion of ester solvent was removed by water-assisted
distillation.

The catalyst mixture for the Beckmann rearrangément was
prepared aé follows. Acetonitrile (5 mL) was added to solid
trimethyloxonium tetrafluoroborate (5.14 g), and the resulting
mixture was stirred at about 25° C under nitrogen for 30 minutes
before more acetonitrile (4 mL) was added. All solids dissolved
while the resulting mixture waé stirred at about 25° C under
nitrogen for-ap additional 30 minutes. Stirring was then
discontinued, and colorless crystals precipitated while the
mixture stood under nitrogeh at about 25° C for about 24 hours.
All- excess acetonitrile was then evaporated from the mixture
under vacuum'at 0-25° C. The resulting colorless crYstailine
residue, which is known to be about - 4.96 g of N-methylaceto-
nitrilium tetrafluoroborate from S. C. Eyley, R. G. Giles, and H..
Heaney; Tetrahedron Letters, Vol. 26. No. 38, p. 4649, 1985, was
resuspended iﬁ n-butyl acetate (30 mL) under nitrogen to provide

the catalyst mixture for the Beckmann rearrangement.
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drying of the stirred 4-HAP oxi me/ n-butyl acetate mxture is then
conpleted by sinple distillation at about 80 nm HgA pressure (10.7 kPa).
Wii | e about 720 nmL of n-butyl acetate distillate is collected, the
tenperature of the undistilled residue rises fromabout 65 C to about
75[err] C. Potassiumiodide (abou//tI/O.4 g) is then added to

40

The n-butyl acetate suspension of
N-methylacetonitrilium tetrafluoroborate was then added as the
Beckmann reaction catalyst in about 15 portions over about 80
minutes to a stirred suspension of 4-HAP oxime (200.0 g) in
n-butyl acetate (about 430 mL). During the catalyst addition,
the Beckmann reaction mixture was stirred under air-free
conditions at a temperature of about 48° C maintained by n-butyl

. _ (4 kPa) -

acetate reflux at about 30 mm HgA pressure. An additional 30 mL
of n-butyl acetate was added to the last portions of solid
catalyst to assist suspension and addition to the Beckmann
reaction mixture. The stirred reaction mixture was allowed to
cool to 30° C,.  and about 275 mL. of the n-butyl acetate solvent
was distilled off the stirred Beckmann reaction mixture at about
30° C and 3 mm Hga pressui%fg_o—w

| Water (1.0 L) was added to the remaining n-butyl
acetate slurry of Beckmann reaction products, ‘and the resulting
mixture was stirred at about 25° C while being neutralized to
about pE 6 by addition of 25 wt% aqueous sodium hyd_roi_cide (10 g)
followed by concentrated aqueous Hél (70 drops). Substantially
all n-butyl acetate was then removed from the stirred neutralized
Beckmann reaction products by distillétidn as a water azeotrope

. (1.3 - 2.7 kPa)
at about 24° ¢ and about 10-20 mm HgA pressure( The resulting

distillation residue was then stirred and heated to about 83° C
under 1 at‘.(i}_(j_é“fk_lz\ai)ﬁrogen to completely dissolve the solid Beckmann
reaction products. The resulting stirred agqueous solution
precipitated recrystallized APAP on chilling to 5° C. The |

recrystallized APAP was filtered from the aqueous mother liquor,
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the resulting undistilled residue, which is a substantially dry mxture of
4- HAP oxinme in n-butyl .acetate. A suspensi on of

N-net hyl acetonitrilium tetrafluoroborate (5.5 g) in n-butyl acetate (about
50 m.) is then added as the Beckmann reaction catalyst in about 15
portions over about 80 mnutes to the dry m xture of 4-HAP oxine in
n-butyl acetate. During the catalyst addition, the Beckmann reaction

m xture is stirred under air-free conditions at a tenperature of about

48[ err] C mmintained by n-butyl acetafe reflux at about 30 nmm HgA pressure
(4 kPa). The stirred Beckmann reaction mxture is then cooled to about
25[err] C before addition of water (aboyy 500 nl). The resulting mixture
is stirred at about 25[err] C while being neutralized to about pH 6 by

D 0

addi tion o %@a Wi8n water (5° ¢, 200 mL), and then dried at about 0.05 mm
: (6.7 Pa)

HgA pressurejto provide the purified APAP. Results are shown in

Table .

18,
EXAMPLE 23

The APAP synthesis of Example Egé’was repeated with
N-isopropylacetonitrilium E;trachloroferrate as the Beckmann
rearrangement catalysﬁ instead of N—methylacetonitri;ium
tetréfluoroborate. -

The catalyst mixture for the Beckmann rearrangement was
prepared under nitrogen with magnetic stirring and ice bath
cooling as follows. A mixture of anhydrous ferric chloride
(8.10 g) and isopropyl chloride (35 mL) was stirred undér
nitrogen for 30 minutes while being chilled in an ice bath.
While continuing ice bath cooling and stirring under ﬁitrogen,
acetonitrile (2.65 mL) was then added dropwise over ten minutes.
The resulting red-orange suspension was then stirred under
nitrogen with ice bath cooling for 16 hours before the excess
isobropyl chlSride w;s evaporated ﬁnder vacuum at 0-25° C. The
resulting brownish-yellow solid residue, which is known to be
about 14.07 g of N-isopropylacetonitrilium tetrachloroferrate
from R. Fuks, Tetrahedron, Vol. 29 (1973), p. 2150, was
resuspended in n-butyl acetate (30 mL) under nitrogen and used
promptly as the catalyst mixture for the Beckmann rearrangement.

The n-butyl acetate suspensioh of N—isopfopylaceté—
nitrilium tetrachloroferrate was then added as the Beckmann

reaction catalyst in about 15 portions over about 57 minutes to a
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aqueous sodi um hydroxi de. Water vapor (i.e., steam is then passed into
the stirred slurry of neutralized Beckpann reaction products to renove
substantially all n-butyl acetate by distillation as a water azeotrope at
about 24[err] C and about 10-20 mm HgA pressure (1.3 to 2.7 kPa). Water is
added to the resulting aqueous slurry of neutralized Beckmann reaction
products as necessary to increase the slurry's water content to about 1.0
L. The APAP product is then recrystallized and recovered as described in
Exanpl e Al'l n-butyl acetate M stillates are recycled to the next

bat ch. : EXAMPLE 80 - The APAP

synthesis of Exanple 79 is repeated\Mtlbthe foll ow ng nodifications.
Activated carbon (2.00 g) is added to ==

stirred suspension of 4-HAP oxime (200.0 g) in n-butyl acetate
(about 450 mlL). During the catalyst addition, the Beckmann
reaction mixture was stirred under air-free conditions at a
temperature of about 43-50° C maintained by n-butyl acetate
(3.3 kPa)
reflux at about 25 mm HgA pressuref About 275 mL of the n-butyl
acetate solvent was then distilled off the stirred Beckmann
: 1.3
reaction mixture at about 30° C and 10 mm HgA pressure(
Water (1.0 L) was added to the remaining n-butyl
acetate slurry of Beckmann reaction products, and the resulting
mixture was stirred at about 25° C while being neutralized to
about pH 6.5 by addition of 25 wt% agqueous sodium hydroxide
(23.1 g). Substantially all n-butyl acetate was then removed from
the stirred neutralized Beckmann reaction products by
distillation as a water azeotrope at about 29° C, 54 mm HgA
(7.2 kPa) (4.§_£§?L_

pressureAto 36° ¢, 36 mm Hg pressure;. The resulting distillation

. ) (101 kPa)
residue was then stirred and heated to about 90° C under I a m4o
nitrogen to completely dissolve the solid Beckmann reaction
preducts. The resulting stirred aquecus solution precipitated
recrystallized APAP on chilling to 3° C. The recrystallized APAP
was filtered from the aqueous mother liquor, washed with water
(200 mL), and then dried at about 0.05 mm HgA pressurepto provide

‘. 9 .

the purified APAP. Results are shown in Table i3~

e - 12

In this example, 4-HAP is converted to recrystallized

APAP in a single vessel without filtration of the ester Beckmann
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the mxture of 4-HAP oxime and n-butyl acetate after azeotropic
distillation with the Dean-Stark trap and before distillative renoval of
the 720 nL of n-butyl acetate distillate. Prior to

43

reaction mixture. After addition of water, the last portion of
ester solvent is removed by steam-assisted distillation.

To a stirred mixture of 4-HAP (200 g), hydroxylamine
sulfate (127.2 g), and water (382 mL) heated to 80° C is added a
solution of sodium hydroxide (61 g) in water (244 mL) over about
one minute. The resulting stirred mixture is then ﬂeatgd to
about 100° C for about 45 minutes before adding n-butyl acetate
(about 720 mL). After being stirring for about five minutes, the
hot, solid-free mixture of.n-butyl acetate and aqueous oximatipn-
products is allowed to separate into two liquid phases over about
three minutes. The hot, solid-free aqueous phése is drained from
a hot, solid-free solution of 4~HAP oxime in n—butYl acetate.

More n-butyl acetate (480 mL) is added to the 4-~HAP
oxime/n-butyl acetate solution, and the resulting mixture is
dried by azeotropic distillation as follows. The 4-HAP
oxime/n-butyl acetate mixture is stirred and refluxed under
nit;r:ogen at about 55-65° C and about 80 mm HgA pres'(s%agi"fel—_/ﬂwkllﬁ.)ie
about 50 g of “aqueous phase is removed from the reflux condensate
with a Dean-Stark trap and until the reflux condensate is
substantially free of a separate aqueous phase. Azeotropic
dr¥ing of the stirred 4-HAP oxime/n-butyl acetate mixture is then
compleﬁed by simple distillation at about 80 mm HgA_preé%%%%ﬁgEl
While about 720 mL of n-butyl acetate distillate is collected,
the temperature of the undistilled residue rises from about 65° C-

to about 75° C. Potassium iodide (ébout 0.4 g) is then added to
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recrystallization of the APAP product, the hot aqueous solution of

Beckmann reaction products is recirculated through a filter to renove the
activated carbon. 46

The follow ng. Tabl es 1-13 use the foll ow ng

s
A4

the resulting undistilled residue, which is a substantially dry
mixture of 4-HAP oxime in n-butyl acetate.

A suspension of N-methylacetonitrilium
tetrafluoroborate (5.5 g) in n-butyl acetate (about 50 mL) is
then added as thg Beckmann reaction catalyst in about 15 portions
over about 80 minutes to the dry mixture of 4-HAP oxime in
n-butyl acetate. During the catalyst addition, the Beckﬁann
reaction mixture is stirred under éir-free conditions at a
temperature of about 48° C maintained by n-butyl acetate reflux

(4 kPa)

at about 30 mm HgA pressurg. The stirred Beckmann reaction
mixture is then cooled to about 25° C before addition of water
(about 500 mL). The resulting mikture is stirred at about 25° C
while being mneutralized to about pH 6 by addition of 25 wt$
aqueous sodium hydroxide. Water vapor (i.e., steam) is then
passed into the stirred slurry of neutralized Beckmann reaction
products to remove substantially all n-butyl acetate by
distillation as a water azeotrope at about 24° C and about 10-20
mm HgA préégg?gizﬁ%ﬁgggis added to the resqlting aqgé;us slurry
of neutralized Beckmann reaction products as necessary to
increase the slurry's water content to about 1.0 L. The APAP
product is then recrystallized and recovered as described in
Example i%%f All n-butyl acetate distillates are recycled to the:
next batch.

EXAMPLg ﬁ%r .

The APAP synthesis of Example 15§Lﬁs repeated with the

following modifications. Activated carbon (2.00 g) is added to
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abbreviations: Ac the acetyl radical CH err] C=0 acct

accountability APAP N- acet yl - p- am nophenol (acetam nophen)
ArSg err] Na sodi um 4- hydr oxybenzenesul f onat e conv

conver si on CTMAB. cetyltrinmethyl anmoni um bronm de DVA

N, N- di net hyl acet am de DWF N, N- di et hyl f or mam de Et

the ethyl radical CHerr]CH err] 4-HAP 4- hydr oxyacet ophenone
HPLC hi gh pressure (performance) liquid

chromat ography limt of color the 420 nm absorbance of the supernate
obt ai ned fromcentrifugation of a slurry of 10 g of

solid sanple in 10 nL of nethanol QQBA

N- net hyl - p- hydr oxybenzam de MSA met hanesul foni c aci d NWP

N- et hyl pyrrol i di none ot hers al ] HPLC- det ect abl e aromati cs not .
specifically l'i sted oxi 4- hydr oxyacet ophenone
oxime xinme-O-SOerr]K pot assi um 4- hydr oxyacet ophenone oxi ne- O '

sul fonat e Ph - the phenyl. radical Cerr]Herr]

the mixture of 4-HAP oxime and n-butyl acetate after azeotropic
distillation with the Dean-Stark trap and before distillative
removal of the 720 mL of n;butyl acetate distillate. Prior to
recrystallization of the APAP product, the hot.aqueous solution
of Beckmann reaction products is recirculated through a filter to

remove the activated carbon.
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PPA 'polyphosphoric acid ppm parts per mllion by

wei ght SDS sodi um dodecyl sulfate S err]. Pyr sul fur
trioxide-pyridine conplex tenp ' tenperature p-TSA
p-tol uenesul fonic acid wt wei ght
47 Nanes of sone reagents shown in Tables 1-13 are indicated
S
46
The following Tables 1-13 use the following
abbreviations:
AcC the acetyl radical CH,C=0
acct accountability
APAP N-acetyl-p~aminophenol (acetaminophen)
Arso;Na sodium @-hydroxybenzenesulfonate
conv conversion
CTMAB cetyltrimethyl ammonium bromide
DMA N,N-dimethylacetamide
DMF N,N-dimethylformamide
Et the ethyl radical CH,CH,
4-HAP 4-hydroxyacetophenone
HPLC high pressure (performance) liquid
. chromatography
limit of color the 420 nm absorbance of the supernate obtained

from centrifugation of a slurry of 10 g of

solid sample in 10 mL of methanol

MHBA N-methyl-p-hydroxybenzamide

MSA methanesulfonic acid

NMP N-methylpyrrolidinone

others all HPLC-detectable aromatics not specifically
listed

oxime 4~-hydroxyacetophenone oxime -

Oxime-0-SO;K

potassium 4-hydroxyacetophenone oxime-0-

sulfonate
Ph the phenyl radical CH;
PPA polyphosphoric acid
ppm parts per million by weight
Sbs sodium dodecyl sulfate
SOy Py sulfur trioxide-pyridine complex
tenmp temperature
p-TSA p-toluenesulfonic acid
wt weight
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bel ow. SOC [err]

nmet hanesul fonyl chloride CFlerr]SJerr]d
chloride CF[err]SOerr]H

thionyl chloride CHerr]SOerr]d

trifluoronethanesul f onyl
trifluoromethanesul fonic acid MSA Anhydri de

met hanesul f oni ¢ anhydri de p- TSA Anhydri de p-tol uenesul fonic anhydri de

adsgerr]H chl orosul fonic acid Plerr](err]

pentoxide (CHerr]OJ[err]SO dinmethyl sulfite POC [err]

oxytrichloride PhPOC [err]

phosphor us

phosphor us

phenyl phgsphoni ¢ di chl ori de Ph[err] PCC

di phenyl phosphinic chloride Et[err] O BF r] boron trifluoride
etherate ((AcOJerr]B)[err]O tetraa etyl diborate CHerr]CNerr]CH err]
BF[ err] I\I-rrethylacetonitriliumtetr oroborate Cl[err]COerr]H

trichloroacetic acid CO[err] COC trichl oroacetyl chloride

(Cl[err]COJferr]O

trifluoroacetic acid (CFlerr]CO/[err]O

trichl oroacetic anhydride CFerr]CJerr]H

trifluoroacetic anhydride

NEt [ err] Names bIfi elomel aehgen€sl ErowhCtherapbebel+ ] THime rindicaddedd

anhydri de of bedpwhl or oacetic and

acids d CQerr]CH[err]

o sozcl
CF;S0,C1
CF;SO.H

met hyl chl orof ormate
thionyl chloride

methanesulfonyl chloride
trifluoromethanesulfonyl chloride
trifluoromethanesulfonic acid

MSA Anhydrlde methanesulfonic anhydride
p-~TSA Anhydride p-toluenesulfonic anhydride

C1SO,H
P,0,
(&x,0),50
POCl,
PhPOC1
ph,poct
Et.0°BF,

( (Aco) ,B) ;0
cxicn"czz3 BF,,

CO,H
CCl COC].

chlorosulfonic acid
phosphorus pentoxide
dimethyl sulfite

phosphorus oxytrichloride
phenylphosphonic dichloride
diphenylphosphinic chloride
boron trifluoride etherate
tetraacetyl diborate

trichloroacetic acid
trichloroacetyl chloride

met hanesul fonic

N-methylacetonitrilium tetrafluoroborate

(cci3c0) 50 trichloroacetic anhydride

CFyCO,H trifluoroacetic acid

(CF c0) >0 trifluorocacetic anhydride

NE triethylamine '

CC1,C0,S0,CHy Mixed anhydride of trichloroacetic and
methanesulfonic acids

C1CO,CH, methyl chloroformate

C1CON(CHy) , N,N-dimethylcarbamyl chlor:.de

CH;NCO methyl isocyanate

CICO CcCl trichloromethyl chloroformate (dlphosgene)

ClCOCO E% ethyl oxalyl chloride

c1cococ1 oxalyl chloride

CF;CO,Na sodium trifluoroacetate

CH,CO,Na . sodium acetate

(NH,)* (H,PO,) " ammonium dihydrogen phosphate

Na,S,0; sodium metabisulfite

B(OC:I-I,)3 trimethyl borate
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CCON(CH err])[err] N, N- di met hyl car barmyl chl oride CH err] NCO

met hyl isocyanate A CJerr]CC [err] trichl oronet hyl chl oroformate
(di phosgene) C COC err] Et et hyl oxalyl chloride C COCOC oxal yl
chloride CF[err]CJ err] Na sodiumtrifluoroacetate CH err]CJerr] Na
sodium acetate (NHerr])[err](Herr]PJerr])[err] anmoni um di hydr ogen
phosphate Na[err] S[err](err] sodi um netabi sulfite B(OCH err])[err]
trimethyl borate 55° 48

A48

In the following Tables 115%% "accountability" is 100%
times the sum total moles of all HPLC-detectable aromatics in all
recovered outputs divided by the sum total moles of all aromatics
in all feeds. If an aromatic's Ynet make" is the total moles of
that aromatic in all recoVefed outputs minus the total moles of
that aromatic in all feeds, then that aromatic’s "efficiency” is
100% times that aromatic's net make divided by the sum tétal net
makes'‘of all HPLC-detectable aromatics with a positive net make.
The unconverted fraction of oxime is the total moles of all oxime
in all recovered outputs divided by the total moles of all oxime
in all feeds. The normalized gnconverted fraction of oxime is
100 times the unconverted fraction of oxime divided by the
accountability defined above. "Conversion®" is 100% times the
difference of 1.0 and the normalized unconverted fraction of
oxime. In all of these calculations, all 4-HAP fed to an
oximation reaction is considered to be oxime feed and not 4-HAP
feed. . |

- 8 2, ' -

In Tables 22" and 13, “unrecycled output® consists_of
the purified APAP and the “wéspe streams." For Examples ig%’and
1§§Lin Table f%f'the "waste streams" consist of the aqueous
mother and wash liquors from the APAP recrystallization. For
Examples ﬁﬁ?tigi-in Table i%? the "waste streams"™ consist of fhe
aqueous mother and wash liquors from the APAP recrystallization

and the aqueods phase resulting from the second extraction of the

e
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In the follow ng Tables 1-9, "accountability" is 100% tinmes the sumtotal
nol es of all HPLC-detectable aromatics in alkl recovered outputs divided by
the sumtotal noles of all aromatics in all feeds. If an aromatic's ."net
make" is the total noles of that aromatic in all recovered outputs minus
the total noles of that aromatic in all feeds, then that aromatic's
"efficiency" is 100%tines that aP6fmatic's net nake divided by the sum
total net makes of all HPLC-detectable aromatics with a positive net nmake.
The unconverted fraction of oxime is thg total noles of all oxinme in all
recovered outputs divided by the total—oles of all oxine in all feeds.
The normalized unconverted fraction of oxinme is 100 tinmes the unconverted

fraction %&1ﬁétﬁgndkéhdﬁﬂoﬁymiiﬁhre with butyl acetate. For Examples
ff%hlJ;? in Table Laj the "waste streams" consist of the aqueous
mother and wash liquors from an APAP recrystallization and the
aqueous phase resulting from extraction of the oximation reaction
mixﬁure and subsequent neutralization and washing of the crude
solid APAP product. All other aromatic-containing output from
Examples llabig% was recycled to the next batch. All argmatic-
containing output from Examples ﬁ%é’and ngzwas the above-
described unrecycled output.

None of the figures in Tables 1-5%’include mechanical

~losses or losses to activated carbon/Celité filter cakes. It is
believed that such losses account for substantially all aromatic
products not- represented in Tables 4q—qésland i%f It is
therefore further believed that with minimization of such losses
in commercial scale production, actual APAP yields would closely
approach the figures shown in Tables i%%j%’for "purified APAP"
"As a Molar Percentage of all Unrecycled Output."

In the folléwing claims, "filtering" and “"filtration®
are to be interpreted as generic terms fully embracing the
actions and concepts of centrifuging and centrifugation.

It will of course be understood that the present
invention has been descriged above purely by way of example,
and that modifications of detail can be made within'the scope

of the invention.
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"Conversion" is 100%tinmes the difference of

1.0 and the nornmalized unconverted fraction of oxine. In.all of these
calculations, all 4-HAP fed to an oxinmation reaction is considered to be
oxi me feed and not 4-HAP feed. In Tables 8 and_9, "unrecycled
output” consists of - the purified APAP avd the "waste stregans." For
Exanples 77 and 78 in Table 9, the "maste<£$heaﬂs" consist of the aqueous
not her and wash |iquors frona.tr‘te APAR reorw@ala ifzation. /For Exanpl es
74-76 in Table 9, the "waste gbrea®#f chnsis?°6f [the agueous not her and
wash liquors fromthe APAP redrystallizati-on and the gqueous phase
resulting fromthe second extractl,on,,of thesgge
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accountability defined above.
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Exanpl es 68-76 was recycled to the next batch. Al aromatic- containing
out put from Exanples 77 and 78 was the above- described unrecycled output.
- 9- None of the figures in Tables 1-9 include nechanical |osses
or losses to activated carbon/Celite filter cakes. It is believed that

such | osses account for substantially all aromatic products not-
represented in Tables 8 and 9. It is therefore further believed that with

m nim zation of such losses in comercial scale production, actual APAP
yields would closely approach the figuges shown in Tables 8-9 for
"Purified APAP" "As a Ml ar Percentage of all Unrecycled Qutput."”

In the following clains, "filtering" and "filtration" are to be
interpreted as generic terns fully enbracing the '
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of course be understood that the present

above purely by way of exanple,

made within the scope
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113-118 in Table 12, the "waste streans"” consist of the aqueous nother and
wash |iquors froman APAP recrystallization and the aqueous phase .
resulting fromextraction of the oximtion reaction m xture and subsequent
neutralization and washing of the crude solid APAP product. All other
aromati c-containing output from Exanples 113-121 was recycled to the next
batch. Al aromatic- containing output from Exanples 122 and 123 was the
above- described unrecycled output. 85" None of the figures in
Tabl es 1-13 include nechanical |osses or |osses to activated carbon/Celite
filter cakes. It is believed that sucly osses account for substantially
all aromatic products not-represented 1n Tables 1, 12, and 13. It is
therefore further believed that with mnimzation of such | osses
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In the foll ow ng clains,

are to be interpreted as generic terns fully

APAP yi el ds woul d cl osely approach
actions and concepts of centrifuging and centrifugation.

act ual

the figures shown in Tables 12-13 for "Purified APAP"
Unrecycl ed Qut put.

scal e producti on,
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i's conducted

in that the said
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am nophenol

and

rearr angenment
Beckmann rearrangenent 10 catal yst has an el ectrophilic carbon atom at

the production

for

from 4- hydr oxyacet ophenone oxi me conpri si ng

al kanoat es,

A process

am nophenol

5 addi ng a Beckmann rearrangenent catalyst to said 4-
in that the Beckmann

1

characterised
In a solvent selected from al kyl

CLAI M5
N acet yl - par a-
hydr oxyacet ophenone oxinme to formsaid N-acetyl-para-
product,
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2. The process of claim 1, wherein said Becknmann

rearrangenent catal yst conprises a nitriliumcation, 15 - 3. The
process of claim2, wherein said nitriliumcation S

N- et hyl acetonitrilium cation. 4. The process of claim2 or 3,
wherein said Beckmann 20 rearrangenent catal yst further conprises a
tetrafl uoroborate ani on. 5. The process of claim 4,
wherein said Beckmann rear r angenent cat al yst S

N- et hyl acetonitrilium 25 tetrafl uoroborate. 6. The process of
claim 1, wherein said Beckmann rearrangenent catalyst is a

tri hal oaceti c anhydri de. 30 7. T- rocess of <claim 1, wherein
said Becknann rearrangenent catalyst is a Vilsneier reagent prepared

from . a carboxylic acid am de.
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9.

The process of

hydr oxyacet ophenone oxinme is

anount of said
| essen formati on of

to achi eve a conversi on of

in the range of 50%to 95%to | essen
10.

wherein said amde is NN 35
wherein the
is sel ected
base to

5 p- hydr oxybenzam de.
10

wherein said 4-

The process of claim7,

di met hyl f or mam de.
sai d 4- hydr oxyacet ophenone oxi ne

formation of N-nethyl-

The process of any of clainms 1 to 8,
any of clains 1 to 8,

Beckmann rearrangenent catal yst

reacted in the presence of a
N- net hyl - p- hydr oxybenzam de.

8.
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11. The process of claim10, wherein said base is a met abi sul fite
salt, a salt of a carboxylic acid, a tertiary am ne, or a phosphate
salt. 15 12. The process of any of clains 1 to 11, wherein the said
solvent is an al kyl al kanoate having 1-6 carbon atons in the al kyl

ester group and that is derived froman al kanoic acid havi ng 2-6 carbon
at ons. 20 13. The process of claim 12, wherein the solvent is an

ester of acetic acid. 14. The process of any of clains 1 to 13,
conpri sing contacting a mxture of the al kyl al kanoate sol vent and said
25 4- hydr oxyacet ophenone oxinme with acHvated carbon to renove col ored
inpurities and contacting said mxture with the Beckmann rearrangenent
catal yst to produce said N acetyl - gr a- am nophenol . 30 15. The
process of claim 14, wherein said acti'Vated carbon is renoved prior to
contacting said mxture wth the Beckmann rearrangenent catal yst.
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16. The process of any of clains 1 to 15, wherein the 35 Beckmann
rearrangenent is effected in the presence of an al kali netal-iodide.

64 17. The process of claim 16, wherein the al kali netal iodide is
pot assi um i odi de. 18. The process of any of clains 1 to 17
conprising adding 5 water to the m xture of said N-acetyl-para-am nophenol
and sai g al kyl al kanoate sol vent and form ng a product m xture of
said N-acetyl - para-am nophenol, said water and said al kyl al kanoat e

sol vent, apd subsequently renoving substantially

62

CLAIMS

1. A process for the production of N-acetyl-para-
aminophenol from 4-hydroxyacetophenone oxime comprising
5| adding a Beckmann rearrangement catalyst to said 4-
hydroxyacetophenone oxime to form said N-acetyl-para-
aminophenol product, characterised in that the Beckmann
rearrangement is conducted in a solvent selected from alkyl
alkanoates, and in that the said Beckmann rearrangement
10| catalyst has an electrophilic carbon atom at which said

catalyst reacts with said oxime.

2. The process of claim 1, wherein said Beckmann
rearrangement catalyst comprises a nitrilium cation.

15
3. The process of claim 2, wherein said nitrilium cation

is N-methylacetonitrilium cation.

4. The process of claim 2 or 3, wherein said Beckmann

20| rearrangement catalyst further comprises a tetrafluoroborate

anion.
5. The process of claim 4, wherein said Beckmann
rearrangement catalyst is N-methylacetonitrilium

251 tetrafluoroborate.

6. The process of claim 1, wherein said Beckmann

rearrangement catalyst is a trihaloacetic anhydride.

30 7. The process of claim 1, wherein said Beckmann
rearrangement catalyst is a Vilsmeier reagent prepared from

a carboxylic acid amide.

8. The process of claim 7, wherein said amide is N,N-

35 | dimethylformamide.
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all of said alkyl al kanoate solvent from said product 10 m xture. 19.

The .process of claim 18, wherein said product m xture conprises solid
N- acet yl - par a- anm nophenol . 15 20. The process of claim19, wherein said
product m xture conprising said solid N acetyl - para-am nophenol is
formed by renoving a portion of said solvent by filtration subsequent

to the Becknmann rearrangenent. 20 21. The process of claim19 or 20
further conprising: washi ng said soli@3N-acetyl - para-am nophenol with
sai d al kyl al kanoat e solvent before sdid renoval of substantially al

of said alky al kangat e | vent and recoy fromsaid hln mash
| i quor of regytl abl 2'% r ??%%sl ﬁ’ aqrﬂ' a?g q%@ E%n%at e somﬁé
The process DamohatnpﬁlsaMdeBaqkmannjnaanmangamént qaﬁ&ﬁxau|x§I%ekﬂ¢teﬂ

said al kyl a n | veRpnte | J¢ qﬁ} 28 & d

solid N-acet FB 985§e§% n?ﬁopﬁ%%g 'S ac 1) %ﬁﬂﬁﬁhg sald%%ro uct

m xture with|in the range of 50% to 95% to lessen ormation of N-methyl-
5 | p~hydroxybenzamide.

10. The process of any of claims 1 to 8, wherein said 4-
hydroxyacetophenone oxime is reacted in the presence of a
base to lessen formation of N-methyl-p-hydroxybenzamide.

10
11. The process of claim 10, wherein said base is a

metabisulfite salt, a salt of a carboxylic acid, a tertiary

amine, or a phosphate salt.

15 | 12.  The process of any of claims 1 to 11, wherein the said
solvent is an alkyl alkanocate having 1-6 carbon atoms in the
alkyl ester group and that is derived from an alkanoic acid

having 2-6 carbon atoms.

20 | 13. The process of claim 12, wherein the solvent is an

ester of acetic acid.

14. The process of any of claims 1 to 13, comprising
contacting a mixture of the alkyl alkanoate solvent and said
25 | 4-hydroxyacetophenone oxime with activated carbon to remove
colored impurities and contacting said mixture with the
Beckmann rearrangement catalyst to produce said N-acetyl-

| para-aminophenol.

30| 15. The process of claim 14, wherein said activated carbon
is removed prior to contacting said mixture with the

Beckmann rearrangement catalyst.

16. The process of any of claims 1 to 15, wherein the
35 | Beckmann rearrangement is effected in the presence of an
alkali metal iodide.
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an aqueous nedi um 23. The process of claim 22 further conprising

recovering an aqueous wash |iquor fromsaid washing of said product 35.
m xture and extracting said aqueous wash liquor with said al kyl

al kanoate solvent to obtain a solution of recycl able aromatics in said
al kyl al kanoate sol vent . 65

24. The process of claim23, wherein ga d agueous wash liquor is

extracted With a portion of said alkyl alkanoate
17. The process of claim 16, wherein the alkali metal

iodide is potassium iodide.

18. The process of any of claims 1 to 17 comprising adding
5| water to the mixture of said N-acetyl-para-aminophenol and
said alkyl alkanoate solvent and forming a product mixture
of said N-acetyl-para-aminophenol, said water and said alkyl
alkanoate solvent, and subsequently removing substantially
all of said alkyl alkanoate solvent from said product

10| mixture.

19. The process of claim 18, wherein said product mixture

comprises solid N-acetyl-para-aminophenol.

15| 20. The process of claim 19, wherein said product mixture
comprising said solid N-acetyl-para-aminophenol is formed by
removing a portion of said solvent by filtration subsequent

to the Beckmann rearrangement.

20| 21. The process of claim 19 or 20 further comprising:
washing said solid N-acetyl-para-aminophenol with said alkyl
alkanoate solvent before said removal of substantially all
of said alkyl alkanocate solvent and recovering from said
washing a wash liquor of recyclable aromatics in said alkyl

25| alkanoate solvent.

22. The process of claim 21, wherein said removal of
substantially all of said alkyl alkanoate solvent from said
product mixture comprising said solid N-acetyl-para-
30 :aminophenol is achieved by washing said product mixture with

an aqueous medium.

23. The process of claim 22.further comprising recovering
an aqueous wash liquor from said washing of said product
35 | mixture and extracting said aqueous wash liquor with said
alkyl alkanoate solvent to obtain a solution of recyclable

aromatics in said alkyl alkanoate solvent.
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sol vent renoved by filtration subsequent to the Beckmann 5 rearrangenent.
25. The process of claim18, 19 or 20, wherein said renoval of said
al kyl al kanoate sol vent from said product m xture i s achi eved by
distillation. 10 26. The process of claim?25, wherein substantially
all of sai d al kyl al kanoate solvent is renpved from said product

m xture by distillation. 15 27. The process of claim 25 or 26,
wherein said distillation is carried out by passing water vapor into
sai d product m xture. 28. The 68r ocess of any of clains 18 to 27
conprising 20 reacting 4-hydroxyacet ophenone wi th hydroxyl am ne in the
presence of water to form 4-hydroxyacet ophenone oxi ne, extracting said
oxime with ang al kyl al kanoate sol vent to form an aqueous first mxture
and a second |4t ur eTloé priodess offi nElaim sad¢d ahledeia ksanoht ageedwsnwash
contacting sai econ ) A 3 r st
fo " Torm a| R S s BfCEEd R B BpPETomTDn, cah AL qukaiodt
solvent removed by filtration subsequent to the Beckmann

5 | rearrangement.

25, ' The process of claim 18, 19 or 20, wherein said
removal of said alkyl alkanoate solvent from said product
mixture is achieved by distillation.

io
26. The process of claim 25, wherein substantially all of
said alkyl alkanoate solvent is removed from said product
mixture by distillation.

15| 27. The process of claim 25 or 26, wherein said

distillation is carried out by passing water vapor into said

product mixture.

28. The process of any of claims 18 to 27 comprising
20| reacting 4-hydroxyacetophenone with hydroxylamine in the
presence of water to form 4-hydroxyacetophenone oxime,
extracting said oxime with an alkyl alkanoate solvent  to
form an aqueous first mixture and a second mixture of said
oxime in said alkyl alkanoate solvent, contacting said
25| second mixture with'thé Beckmann rearrangement catalyst to
form a third mixture of said N-acetyl-para-aminophenol and
said solvent, adding water to said third mixture and forming
- the product mixture of said N-acetyl-para-aminophenol, said
water and said alkyl alkanoate solvent.

30
29. The process of claim 28, as appendant to claim 21,
wherein said aqueous medium comprises at least a portion of
said first mixture.
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sai d solvent, adding water to said third nixture and form ng t he product

m xture of said N acetyl -para-am nophenol, said wat er and sai d al kyl
al kanoat e sol vent. 30 29. The process:of,, cl aim 28, as appendant to
claim 21, wherein said aqueous medi um corrprl ses at |east a portion of

sai d flrst m xt ur e.

PRODUCTION OF ACETAMINOPHEN

ABS CT

N-acetyl-para-aminophenol is prepared by contacting
4-hydroxyacetophenone oxime with a Beckmann rearrangement catalyst
in an alkyl alkanoate reaction solvent. An integrated process is
disclosed wherein 4-hydroxyacetophenone is reacted with a
hydroxylamine salt and a base to obtain
4-hydroxyacetophenone oxime, the oxime product is extracted from
the resulting reaction mixture with a substantially Qater-
immiscible solvent, and the mixture of oxime and substantially
water-immiscible solvent is contacted with a Beckmann rearrangement
catalyst to produce N-acetyl-para-aminophenol.
Novel Beckmann rearrangement catalysts are used to limit

by-product formation in the ester solvent.
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