47052834 A1 | IO 0 YO O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

24 June 2004 (24.06.2004)

(10) International Publication Number

WO 2004/052834 A1l

(51) International Patent Classification’:  C07C 209/36,
209/68, 211/56
(21) International Application Number:
PCT/IB2003/006492

(22) International Filing Date: 4 December 2003 (04.12.2003)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

60/432,285 10 December 2002 (10.12.2002) US
60/446,621 11 February 2003 (11.02.2003) US
10/444,524 23 May 2003 (23.05.2003) US
(71) Applicant (for all designated States except US):

FLEXSYS AMERICA L.P. [US/US]; 260 Sprinside
Drive, Akron, OH 44333 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): TRIPLETT II,
Ralph, Dale [US/US]; 405 Treeview Drive, Wadsworth,
OH 44281 (US). RAINS, Roger, Keranen [US/US]; 3453
Timberwood Trail, Richfield, OH 44286 (US).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR,BW, BY, BZ, CA, CH, CN, CO, CR,
CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, GB, GD,
GE, GH, GM, HR, HU, ID, IL,, IN, IS, JP, KE, KG, KP, KR,
KZ,1L.C,LK,LR,LS,LT, LU, LV, MA, MD, MG, MK, MN,
MW, MX, MZ, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU,
SC,SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA,
UG, US,UZ, VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (BW, GH,
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Burasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
EBuropean patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FL, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SE,
SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: PROCESS FOR PREPARING 4-AMINODIPHENYLAMINE INTERMEDIATES

& (57) Abstract: The invention is directed to a method of producing 4-aminodiphenylamine comprising the steps of: (a)reacting an
aniline or derivative thereof and nitrobenzene in a confined zone in the presence of a mixture comprising a base and an oxidant com-
prising hydrogen peroxide in an amount of from about 0.01 to about 0.60 moles of hydrogen peroxide to moles of nitrobenzene to
obtain at least one 4-aminodiphenylamine intermediate; and (b) reducing the intermediate to 4-aminodiphenylamine, and (c¢) option-
ally, reductively alkylating 4-aminodiphenylamine to an alkylated derivative of the 4-aminodiphenylamine. The invention further
pertains to a method of producing a 4-aminodiphenylamine intermediate as obtained in the above reaction.

=



WO 2004/052834 PCT/IB2003/006492

10

15

20

25

PROCESS FOR PREPARING 4-AMINODIPHENYLAMINE INTERMEDIATES

The present invention relates to a process for“preparing 4-aminodiphenylamine
intermediates, 4-aminodiphenylamine, and alkylated 4-aminodiphenylamine
derivatives.

4-Aminodiphenylamines are widely used as intermediates in the manufacture of
alkylated derivatives having utility as antiozonants and antioxidants, as stabilizers
for monomers and polymers, and in various specialty applications. For example,
reductive alkylation of 4-aminodiphenylamine (4-ADPA) with methylisobutyl ketone
provides N-(1,3-dimethylbutyl)-N’-phenyl-p-phenylenediamine, which is a useful
antiozonant for the protection of various rubber products.

4-Aminodiphenylamine derivatives can be prepared in various ways. An attractive
synthesis is the reaction of optionally substituted aniline with an optionally
substituted nitrobenzene in the presence of a base, as disclosed, for example, in
U.S. 5,608,111 (to Stern et al.) and U.S. 5,739,403 (to Reinartz et al.). U.S.
5,608,111 describes a process for the preparation of an optionally substituted 4-
ADPA wherein in a first step optionally substituted aniline and optionally
substituted nitrobenzene are reacted (coupled) in the presence of a base. In
working examples, aniline and nitrobenzene are reacted in the presence of
tetramethylammonium hydroxide as the base, and water and aniline are
azeotropically removed during the coupling reaction.

International publication WO 00/35853 discloses a method of preparation of
intermediates of 4-aminodiphenylamine by the reaction of aniline with
nitrobenzene in a liquid medium where the reaction system consists of a solution
of salts of true zwitterions with hydroxides. A combination of potassium hydroxide
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and betaine hydrate is exemplified. The reaction may take place in the presence of
free oxygen.

EP publication 566 783 describes a method of manufacture of 4-
nitrodiphenylamine by the reaction of nitrobenzene with aniline in the medium of a
polar aprotic solvent in a strongly alkaline reaction system. A phase transfer
catalyst such as tetrabutylammonium hydrogen sulfate is employed. This reference
requires that the reaction be carried out in an oxygen-free atmosphere in order to
prevent undesirable side reactions caused by oxidation.

U.S. Patent No. 5,117,063 and International publication WO 01/14312 disclose
processes for preparing 4-nitrodiphenylamine and 4-nitrosodiphenhylamine, using
various bases, including tetraalkylammonium hydroxides alone or an inorganic
base with crown ether as a phase transfer catalyst. The use of aerobic conditions
is described, including by example. Less azobenzene is reported for reactions at
anaerobic conditions with aniline as the solvent or at aerobic conditions with
DMSO, and other similar solvents, as the solvent.

U.S. Patent No. 5,612,483 describes a process for preparing nitro substituted
arylamines, including 4-nitro-diphenylamine, comprising reaction of an aryl amine
with a nitroaryl amine, in the presence of bases while introducing oxygen in polar
solvents. The patent states that the reactions lead to good yields of the
corresponding amines with the use of simple bases, preferably inorganic bases.

U.S. Patent No. 6,140,538 describes a process for preparing an optionally
substituted 4-aminodiphenylamine comprising reacting an optionally substituted
aniline and an optionally substituted nitrobenzene in the presence of water and a
base while controlling the water content so as to ensure a molar ratio of water to
the base charged of not less than about 4:1 at the start of the coupling reaction
and not less than about 0.6:1-at the end of the coupling reaction to produce 4-
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nitrodiphenylamine and/or 4-nitrosodiphenylamine and/or salts thereof. The
coupling reaction is followed by a hydrogenation reaction where the coupling
reaction product is hydrogenated in the presence of a hydrogenation catalyst and
added water so as to ensure a molar ratio of total water to base of at least about
4:1 at the end of hydrogenation. Aqueous and organic phases are obtained and
the optionally substituted 4-aminodiphenylamine is recovered from the organic
phase and the aqueous phase containing the base is recycled.

U.S. Patent 6,395,933 describes a process for producing one or more 4-amino-
diphenylamine intermediates comprising the steps of bringing an aniline or aniline
derivative and nitrobenzene into reactive contact; and reacting the aniline and
nitrobenzene in a confined zone at a suitable time and temperature, in the
presence of a mixture comprising a strong base, a suitable phase transfer catalyst
and an oxidant. Certain phase transfer catalysts may also function as the strong
base, such as tetraalkylammonium hydroxides. Examples are given that show
increased selectivity for reactions in the présence of air or hydrogen peroxide, with
KOH as the strong base and tetramethylammonium chloride as the phase transfer
catalyst. The example with hydrogen peroxide does not indicate an optimum
amount of peroxide in going from a mole ratio of H;O./NB = 0 to 1.0, whereas
conversion steadily dropped as mole ratio increased. No examples were given for

an oxidant with a phase transfer catalysts that also functions as the strong base

The objective of the present invention is to provide a superior method for
producing one or more 4-ADPA intermediates by reacting aniline and nitrobenzene
in the presence of a strong organic base, or equivalent thereof, and an oxidant

comprising hydrogen peroxide.

In brief summary, the primary embodiment of the present invention is for a method
of producing 4-aminodiphenylamine comprising the steps of:
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a) reacting an aniline or derivative thereof and nitrobenzene in a confined
zone in the presence of a mixture comprising a base and an oxidant
comprising hydrogen peroxide in an amount of from about 0.01 to about
0.60 moles of hydrogen peroxide to moles of nitrobenzene to obtain at
least one 4-aminodiphenylamine intermediate; and

b) reducing the intermediate to 4-aminodiphenylamine, and

) optionally, reductively alkylating 4-aminodiphenylamine to an alkylated
derivative of the 4-aminodiphenylamine.

In a further embodiment the invention is for a method of producing a 4-amino-
diphenylamine intermediate comprising the step of reacting an aniline or a
derivative thereof and nitrobenzene in a confined zone in the presence of a
mixture comprising a base and an oxidant comprising hydrogen peroxide in an
amount of from about 0.01 to about 0.60 moles of hydrogen peroxide to moles of
nitrobenzene.

Other embodiments of the present invention encompass details about reaction
mixtures, ratios of ingredients, particular strong organic bases and reaction
conditions, all of which are hereinafter disclosed in the following discussion of each
of the facets of the present invention.

The present invention is directed to a method, as described above, for making
intermediates of 4-ADPA that has superior yield and selectivity for those
intermediates.  Such  intermediates  comprise  4-nitroso- and/or  4-
nitrodiphenylamines (p-NDPA and 4-NDPA, respectively) and salts thereof. The
intermediates may then be hydrogenated to produce 4-aminodiphenylamine.

While aniline most effectively couples with nitrobenzene, certain aniline derivatives

comprising amides such as formanilide, phenylurea and carbanilide as well as
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thiocarbanilide, or mixtures thereof, can be substituted for aniline or used in
conjunction with aniline to produce 4-ADPA intermediates.

Although the reactants of the method of the invention are referred to as "aniline"
and "nitrobenzene," and when it is 4-ADPA that is being manufactured the
reactants are in fact aniline and nitrobenzene, it is understood that the reactants
may also comprise substituted aniline and substituted nitrobenzene. Typical
examples of substituted anilines that may be used in accordancé with the process
of the present invention include but are not limited to 2-methoxyaniline, 4-methoxy-
aniline, 4-chloroaniline, p-toluidine, 4-nitroaniline, 3-bromoaniline, 3-bromo-4-
aminotoluene, p-aminobenzoic acid, 2,4-diaminotoluene, 2,5-dichloroaniline, 1,4~
phenylene diamine, 4,4’-methylene dianiline, 1,3,5-triaminobenzene, and mixtures
thereof. Typical examples of substituted nitrobenzenes that may be used in
accordance with the proceés of the present invention include but are not limited to
o- and m-methylnitrobenzene, o- and m-ethylnitrobenzene, o- and m-
methoxynitrobenzene, and mixtures thereof.

The molar ratio of aniline to nitrobenzene in the process according to the present
invention is not particularly important, the process will be effective with an excess
of either.

In the method of the invention, the hydrogen peroxide may be supplied as an
aqueous solution comprising from about 3 wt.% to about 50 wt.% hydrogen
peroxide.

The intermediates of the invention may be reduced to produce 4-aminodiphenyl-
amine. The reduction can be carried out by any known method, including the use
of hydrogen that involves the use of a hydrogenation catalyst. Details concerning
choice of catalyst and other aspects of the hydrogenation reaction, such as the
addition of water, may be found in U.S. 6,140,538. Hydrogenation end points can
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be determined by the reaction time and/or the hydrogen flow profile and/or by one
of various instrumental techniques that are known to one skilled in the art. Other
means of reduction that do not involve the direct use of hydrogen and are known
to one skilled in the art, can also be used to reduce the 4-ADPA intermediates or
substituted derivatives thereof to 4-ADPA or substituted derivatives thereof.

The 4-aminodiphenylamine produced may be reductively alkylated to an alkylated
derivative of the 4-aminodiphenylamine, which are useful for the protection of
rubber products, in which process an optionally substituted aniline and an
optionally substituted nitrobenzene are coupled and subsequently reduced
according to the invention process, after which the 4-aminodiphenylamine so
obtained is reductively alkylated to an alkylated derivative of the 4-
aminodiphenylamine according to methods known to the person skilled in this
technical field. Typically, the 4-ADPA and a suitable ketone, or aldehyde, are
reacted in the presence of hydrogen and platinum-on-carbon as catalyst.
Hydrogenation end points can be determined by the reaction time and/or the
hydrogen flow profile and/or by one of various instrumental techniques that are
known to one skilled in the art. Suitable ketones include methylisobutyl ketone,
acetone, methylisoamyl ketone, and 2-octanone. See for example U.S. 4,463,191,
incorporated herein by reference and Banerjee et al, J. Chem. Soc. Chem. Comm.
18, 1275-1276 (1988). Suitable catalysts can be the same as, but not limited to,
those described above for obtaining the 4-ADPA.

-Hydrogen peroxide is a superior oxidant to air, as the amount of air required to get

a meaningful increase in selectivity would greatly overload any commercially
economical condenser system, resulting in high losses of organic compounds
through the condenser. Moreover, even though pure oxygen would be more
efficient than air, the use of pure oxygen creates an unsafe reaction environment.
In addition, hydrogen peroxide does not require a solvent other than excess
aniline.
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The oxidant may be introduced into the confined zone after the start of
nitrobenzene being introduced into the confined zone, or the introduction of the
oxidant into the confined zone may be completed before the completion of
nitrobenzene being introduced into the confined zone, or both.

The nitrobenzene and aniline react to form a Meisenheimer complex and the
oxidant is optimally introduced into the confined zone at the point where the
concentration of said Meisenheimer complex is the highest. The oxidant may be
fed at a variable rate such as to optimally match the reaction kinetics for formation
and disappearance of the Meisenheimer complex made from nitrobenzene and
aniline. The point of entry of the oxidant into the confined zone may be at or near
the point of entry of nitrobenzene.

Coupling of aniline with nitrobenzene in the presence of a base proceeds via a
Meisenheimer complex, which undergoes intramolecular oxidation to p-NODPA
salt and intermolecular oxidation by nitrobenzene, and some 'process impurities, to
4-NDPA salt. Peroxide improves selectivity by oxidizing the complex faster than
nitrobenzene and the impurities do and by oxidizing the complex preferentially to
oxidizing aniline. Thus any process variable that affects the rates of Meisenheimer
formation and intramolecular oxidation, such as impurity levels in recycle streams,
reaction temperature, water removal rate and nitrobenzene feed rate will affect the
optimum peroxide mole ratio and the effective range for peroxide. Furthermore,
peroxide concentration can affect the localized selectivity for peroxide reacting with
Meisenheimer vs. aniline. So although an effective range of H,02/NB = 0.01 — 0.2
is illustrated by example for a particular reaction procedure with recycle base, and
as wide as 0.01 — 0.46 with fresh base, it is envisaged that conditions can be
found for which the effective range is as wide as H202/NB = 0.01 — 0.6. In addition,
reaction profiles show that nitrobenzene reacts rapidly at the start, when base level

is highest, and more slowly near the end, when base level is lowest. Therefore, an
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alternative procedure for peroxide is to delay the start of peroxide and end it early,
while adding it at a fixed or variable rate when nitrobenzene reaction rate is in the
mid range. Another alternative procedure is to.add peroxide throughout, but more
slowly at the start and end. Yet another alternative procedure is to vary peroxide
addition rate throughout. The process of the invention is meant to apply to fresh
base, recycle base, recycle base that has been recovered by electrolysis, such as
described in WO 2002034372, incorporated herein by reference, or by any other
procedure, and to mixtures thereof.

In order to get the highest efficiency for the use of hydrogen peroxide, peroxide
should be fed into the reactor at the point where the concentration of the
Meisenheimer complex made from aniline and nitrobenzene is the highest. This
gives peroxide the maximum opportunity to react with Meisenheimer instead of
with aniline. It can be expected that the optimum point of entry for peroxide in a
commercial reactor should be at or near the point of entry of nitrobenzene, since
Meisenheimer concentration should be highest there. However, depending on the
configuration and operation of a commercial reactor, the optimum point of entry
can vary somewhat, which can be determined by one skilled in the art.

A major advantage for the use of peroxide in the method of the invention is that
there is a great reduction of the amount of azobenzene that has to be
hydrogenated to aniline for recycle, as compared to a process without peroxide.
For an existing 4-ADPA commercial facility, this translates to a significant amount
of excess capacity for an aniline recovery (from azobenzene) operation. This
excess capacity can be utilized by feeding nitrobenzene to the azobenzene
hydrogenation reactor to generate some aniline, which is a more expensive raw
material for the process of the invention. For a new 4-ADPA facility, the greatly
reduced azobenzene quantity can translate to a significant capital reduction for the

aniline recovery (from azobenzene) system. Alternatively, it can translate to a
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modest capital investment for a system that can convert both nitrobenzene and
azobenzene to aniline for recycle.

'Bases particularly effective in the method of the present invention include strong

organic bases such as quaternary ammonium salts selected from tetramethyl-
ammonium hydroxide, tetrabutylammonium hydroxide, methyltributylammonium
hydroxide, benzyltrimethylammonium  hydroxide, tricaprylmethylammonium
hydroxide, cetyltrimethylammonium hydroxide, and choline hydroxide. Instead of
hydroxide equivalent quaternary ammonium salts can be used, such as alkoxides,
acetates, carbonates, hydrogen carbonates, cyanides, phenolics, phosphates,
hydrogen phosphates, hypochlorites, borates, hydrogen borates, dihydrogen
borates, sulfides, silicates, hydrogen silicates, dihydrogen silicates, and
trinydrogen silicates. Most preferred organic base is tetramethylammonium
hydroxide (TMAH).

The intermediates may be reduced to produce 4-aminodiphenylamine and base
may be recycled from the products of the reduction reaction, alone or with make-
up quantities of fresh base or purified recycle base or both, for use in the reaction
of the method of the invention. More specifically, the intermediates may be
reduced to produce 4-aminodiphenylamine, and base in the products of the
reduction reaction may be purified to remove some or all of the quaternary
ammonium salt impurities formed in the reactions of the coupling reaction of the
method of the invention and reduction reaction. The purified base may be
recycled, as the sole base or in combination with unpurified recycle base and/or
together with make-up quantities of fresh base.

The reactive contact of the process of the invention is carried out in the presence
of an oxidant comprising hydrogen peroxide. When the organic base is
tetramethylammonium hydroxide, the hydrogen peroxide may be supplied as an
aqueous solution comprising from about 3 wt.% to about 50 wt.% hydrogen
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peroxide, or, more preferred, as an aqueous solution comprising from about 3
wt.% to about 7 wt.% hydrogen peroxide in an amount of from about 0.01 to about
0.5 molés of hydrogen peroxide to moles of nitrobenzene. More preferred is that
the hydrogen peroxide be supplied as an aqueous solution comprising from about
15 wt.% to about 25 wt.% hydrogen peroxide in an amount of from about 0.01 to
about 0.45 moles of hydrogen peroxide to moles of nitrobenzene. Most preferred is
that the hydrogen peroxide be supplied as an aqueous solution comprising from
about 25 wt.% to about 40 wt.% hydrogen peroxide in an amount of from about
0.01 to about 0.35 moles of hydrogen peroxide to moles of nitrobenzene.

Organic base, particularly tetramethylammonium hydroxide, may be recycled from
the products of the reduction reaction, alone or with make-up quantities of fresh
base or purified recycle base or both, for use in the reaction of said method. The
hydrogen peroxide may then be supplied as an aqueous solution comprising from
about 20 wt.% to about 40 wt.% in an amount of from about 0.01 {o about 0.25
moles of hydrogen peroxide to moles of nitrobenzene, or more preferred, wherein
the hydrogen peroxide is provided in an amount of from about 0.06 to about 0.21
moles of hydrogen peroxide to moles of nitrobenzene, or, still more preferred,
wherein the hydrogen peroxide is supplied in an amount of from about 0.08 to
about 0.17 moles of hydrogen peroxide to moles of nitrobenzene. The hydrogen
peroxide may be supplied as an aqueous solution comprising from about 3 wt.% to
about 7 wt.% in an amount of from about 0.01 to about 0.20 moles of hydrogen
peroxide to moles of nitrobenzene, preferably from about 0.03 to about 0.16 moles
of hydrogen peroxide to moles of nitrobenzene or, still more preferred, wherein the
hydrogen peroxide is supplied in an amount of from about 0.06 to about 0.12
moles of hydrogen peroxide to moles of nitrobenzene. Similar effective mole ratio
ranges can be defined by one skilled in the art for other concentrations of
hydrogen peroxide in the range of 3 wt.% to 50wt.%. It is also possible to get an
equivalent selectivity with less hydrogen peroxide for any peroxide concentration
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included herein by feeding the peroxide for only part of the time that nitrobenzene
is fed, or by varying the rate at which peroxide is fed, or both.

Purified recycle base may be used as the sole base or with make-up quantities of
fresh base and the nitrobenzene feed time may be about 100 minutes or less.

The reactive contact in the coupling reaction in the method of the invention may be
carried out at a temperature of from about 20° C to about 125° C, preferably from
about 65° C to about 95° C. Other conditions for the reactive contact include
pressures in the range of from about 20 mbar to about atmospheric. Reaction time
is typically less than about 4 hours. It is advantageous to agitate the reaction

mixture during the entire reaction.
The invention is illustrated by the following non-limiting examples.

ANALYTICAL

Yields of individual components were determined by external standard HPLC, from
the average of duplicate analyses. Approximately 0.06 grams of material to be
analyzed is accurately weighed into a 50 mi volumetric flask and diluted with a
buffer solution containing 39% v/v of water, 36% vlv of acetonitrile, 24% v/v of
methanol and 1% v/v of pH 7 buffer. The solution is injected through a 10 pl loop
onto a reversed phase Zorbax ODS HPLC column (250 x 4.6 mm) using a binary
gradient pumping system and the following elution gradient at a constant flow rate

of 1.5 ml/min: ,
Time, minutes % Eluant A % Eluant B
0 100 0
25 25 75
35 0 100
37.5 0 100
38 100 0
40 100 0
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Eluant A is 75 % v/v of water, 15 % v/v of acetonitrile and 10 % v/v of methanol.
Eluant B is 60 % v/v of acetonitrile and 40 % v/v of methanol. Detection is UV at
254 nm.

F
EXPERIMENTAL

Experimental procedures are described within each example. Experiments with

recycle base used typical samples from a commercial plant operating without
peroxide addition, for which TMAH assay (24.4 wt% and 26.8 wt%) was
determined by titration. The recycle base contained various tetramethylammonium
salts plus aniline and low levels of other organic impurities. One of the salts is
(TMA)2CO3, which contributes to the assay for recycle base, as the first equivalent
titrates along with TMAH.

Conversion for the examples was calculated based on the amount of unreacted
nitrobenzene remaining in the final coupling reaction mass. Conversion was
assumed to be 100 % if no nitrobenzene was detected. Selectivity is defined by
the following molar ratio: (p-NDPA + 4-NDPA)/( p-NDPA + 4-NDPA + azobenzene
+ phenazine). 4-NDPA is 4-nitrodiphenylamine and p-NDPA is 4-nitrosodiphenyl-
amine. In the examples, “NB” is nitrobenzene, “t-Azo” is trans-azobenzene, “Phen”
is phenazine, and “Other” refers to aniline and nitrobenzene coupling by-products,

mostly 4-phenylazo-diphenylamine, and any unknowns.

EXAMPLE 1

This example provides reference information, for discussion of the effect of using
hydrogen peroxide during the coupling reaction in the other examples. The
procedure for Runs 1 — 3 is similar to that of Example 2, except using plant recycle
TMAH (26.8 wt.%) and plant recycle aniline, with base concentration and drying at
62 torr and reaction at 60 torr. The procedure for Runs 4 — 6 is to charge 145.28 g
of fresh aniline (1.56 moles) and 87.36 g of aqueous pre-concentrated fresh TMAH
solution (36.0 wt.%, 0.345 moles of TMAH) to a 500-ml round bottom flask
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equipped with a thermocouple, heating mantle, subsurface feed tubes for
nitrobenzene and peroxide or water and a Teflon paddle stirrer. With pressure at
70 torr, the mixture is heated to remove 18 ml of water, along with aniline, (about
30 minutes) and then nitrobenzene feed (36.93 g, 0.30 moles) is started.
Temperature rises from about 66 — 67° C to 80° C during the reaction period, while
water and aniline are boiled off. Table 1 gives the times for nitrobenzene feed and
reaction hold for all six runs. Water and aniline are boiled off during the hold.
Batches for Runs 4 — 6 are quenched with 20 ml of water after the hold period. The
hydrogen peroxide charge is 20.40 g (0.03 moles) of a 5 wt.% aqueous solution
concurrent with nitrobenzene. Since water can affect selectivity by protecting
TMAH from degradation and by shifting reaction equilibriums, water is fed
concurrently with nitrobenzene for direct comparison with peroxide.

The example illustrates that both shorter nitrobenzene feed time and the addition
of water can increase selectivity, although water is not very effective for the longer
feed time. However, peroxide gave the highest sélectivity, 1.9 % greater than water
addition. More importantly, for a commercial process that involves recycles and
waste disposal, aqueous peroxide greatly reduced the levels of two key by-
products compared to water alone, viz. azobenzene (by 39 %) and phenazine (by
36 %). Replicate baseline runs by a slightly different procedure gave selectivities of
92.7 % and 92.6 %, indicating that the experimental results reported herein are
very reproducible. Moreover, the replicates indicate that the small selectivity
differences, such as 1.9 % higher for peroxide vs. water, are indeed significant.
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Table 1: Background Data for Hydrogen Peroxide Comparison

N Time (min) | Conv | Selec | Batch Product Composition (wt.%)
Additive

Feed | Hold (%) (%) | p-NDPA | 4-NDPA | t-Azo | Phen

1. None 110 20 ~99 | 915 25.36 2.30 2.01 0.32

2. Water' 110 | 20 ~99 | 91.9 26.24 2.30 2.01 0.29

3. Water” 110 20 ~98 | 915 25.91 2.45 2.14 0.25

4. None 80 40 | 100.0 | 94.0 26.61 2.32 1.31 0.37

5. Water® 80 40 | 100.0 | 95.3 30.11 2.02 1.04 0.39

8. Peroxide® | 80 40 | 100.0 | 97.2 31.42 2.42 063 | 0.25

"H,0/NB = 0.56 molar; *H,O/NB = 1.9 molar; average of two batches

®Water charge weight equal to 5 wt.% peroxide charge weight, HoO/NB = 3.8 molar

* 5.0 wt.% hydrogen peroxide aqueous solution at HoO2/NB = 0.10

EXAMPLE 2

Some of the runs in the following examples had relatively low conversions,
because the procedure used a fixed nitrobenzene feed time plus hold time rather
than holding the batches to reaction completion. This example shows the effect of
an extended hold period on selectivity.

The procedure is to charge 432.85 g of plant recycle base (24.4 wt.% TMAH, 1.16
moles) to a 1 | water/glycol jacketed reactor. Begin agitation at 150 rpm and boil off
92 ml water at constant pressure of 65 torr, with the water bath temperature
starting at 72° C and increasing by 1° C per 10 ml of water removed. Then charge
301.50 g (3.24 moles) of fresh aniline via vacuum. Continue to remove water plus
aniline at 65 torr, by raising the bath temperature 1° C per 9 ml of water removed,
while continuously charging 120 ml of aniline from a sidearm pressure-vented
dropping funnel. When 72 ml of water has been removed (164 ml total), begin co-
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Table 2: Peroxide Batch Profile of Extended Hold
Hold Time | Conv Selec | Batch Product Composition (wt.%)
(minutes) (%) (%) p-NDPA | 4-NDPA | t-Azo Phen
0 89.3 97.5 | 22.78 1.50 0.36 0.20
10 93.9 97.2 24.37 1.72 0.49 0.21
20 95.9 97.2 25.00 1.82 0.49 0.20
30 97.1 971 25.05 1.86 0.51 0.22
40 97.9 97.1 25.45 1.91 0.53 0.21
50 98.5 97.1 25.70 1.95 0.53 0.21
60 98.9 97.1 26.07 2.00 0.55 0.22
70 99.2 97.1 26.22 2.01 0.56 0.22
80 99.5 97.1 26.48 2.04 0.57 0.22
90 99.7 97.0 26.59 2.06 0.58 0.22
100 99.8 97.0 26.83 2.09 0.61 0.22
EXAMPLE 3

A 3-factor, 8-run Design of Experiments (DOE) with pressure, nitrobenzene feed
rate, and peroxide as variables was executed. Concentration of peroxide (5 wt.%
aqueous solution) and H202/NB (0.1 molar ratio) were arbitrarily selected for the
four runs using peroxide. To a 500 ml round bottom flask equipped with a heating
mantle, thermocouple, subsurface feed tubes for nitrobenzene and peroxide and a
Teflon paddle stirrer was charged 130.02 g of recycle base (24.4 wt.%), which was
then concentrated to 31 wt.% by boiling off 28 ml of water at the pressure indicated
in Table 3. Then 145.28 g of aniline was added and another 16 ml of water was
removed, along with aniline (44 ml total water). Then nitrobenzene feed of 36.93 g
was started, with continued boil off of water and aniline. When peroxide was used,
the 20.40 g of 5 wt.% peroxide solution was co-fed with nitrobenzene at an
appropriate feed rate to finish with nitrobenzene. Batches were held as described
below, then quenched with 20 ml of water. Reactions were run at 80° C and either
85 or 95 torr (specified in the design) on a 0.3 mole scale. Hold periods were fixed
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at 20 minutes for the 110 minutes nitrobenzene feed and 45 minutes for the 70

minutes nitrobenzene feed, both with continued boil off of water and aniline.

Results in Table 3 show that selectivity is consistently higher when peroxide is
5 used at a low level and the range is much smaller (96.1 to 96.6 % with vs. 89.8 to
94.8 % without) for variations of reabtion pressure and nitrobenzene feed rate.
Also, with peroxide more 4-NDPA was made relative to azobenzene; whereas
without, nearly equimolar amounts were generated. Less 4-NDPA (by 30 — 40 %)
was made with peroxide at the longer nitrobenzene feed time and in all runs, much
10 less azobenzene and phenazine were made with peroxide. Example 1 showed that
nitrobenzene feed rate can affect selectivity without peroxide and this example
shows that peroxide reduces the effect of both nitrobenzene feed rate and reaction

pressure, which is unexpected.

Table 3: Three Factor Experimental Design for Peroxide)
Run Nr. 1 2 3 4 5 6 7 8
Design Targets
NB Feed Rate (min) 75 75 110 110 75 75 110 110
Pressure (torr) 95 65 95 65 95 65 95 65
Peroxide Yes | Yes | Yes | Yes No No No No
Actual NB Feed (min) | 74 76 113 111 73 74 115 112
Results
Conversion (%) 98.1 | 99.8 | 896 | 96.8 | 99.7 | 100.0 | 98.9 | 100.
Selectivity (%) 96.1 | 964 | 966 | 965 | 948 | 928 | 945 | 89.t
Batch Product Composition (wt.%)

p-NDPA 24.05 | 26.06 | 22.76 | 24.31 | 24.31 | 24.23 | 23.78 | 22.3
4-NDPA 1.78 | 213 | 1.20 | 1.83 | 166 | 221 | 1.71 | 2.9¢
-Azobenzene 085 | 077 | 0.62 | 068 | 1.09 | 158 | 1.11 | 2.2¢
Phenazine 012 | 018 | 014 | 0.20 | 0.21 | 0.30 | 0.25 | 0.3¢
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EXAMPLE 4

A refining DOE was completed to assess both 1) amount of peroxide and 2)
peroxide concentration for the coupling reaction. The procedure was the same as
for Example 3, except for the mole ratios and peroxide concentrations listed in
Table 4 and a nitrobenzene feed time of about 70 minutes with 30 minutes hold.
Table 4 shows that with a fast nitrobenzene feed rate, selectivity is relatively
independent of peroxide concentration, especially at the lower molar ratio. This is
surprising, because Example 1 showed that adding water can increase selectivity
and the runs with 5 wt.% peroxide had 6.33 times the amount of water as 25 wt.%
peroxide. The results also show that selectivity can be affected by the amount of
oxidant. A comparison of Runs with equal peroxide concentration in Table 4 shows
that the higher mole ratio gave lower selectivity in each case. Again, this is
surprising, since twice the amount of water was added at the higher mole ratio. So
the benefits of water and peroxide are not additive, as the effect of peroxide
predominates.

Table 4: Refining Design of Experiments
Run Nr. 1 2 3 4
Design Targets
H202 : NB, molar 0.10 0.10 0.20 0.20
Peroxide Concentration S5wt% | 25wt.% | S5wt% | 25 wt.%
NB Feed Time (min) 68 72 70 70
Relative Water Charge 6.33 1.0 12.7 2.0
Results
Conversion (%) 98.1 98.3 98.6 97.8
Selectivity (%) 96.4 96.0 92.8 93.8
Batch Product Composition (wt.%)
p-NDPA 25.62 24.41 27.86 25.40
4-NDPA 2.06 2.08 2.84 2.45
t-Azobenzene 0.80 0.79 2.05 1.53
Phenazine 0.14 0.21 0.13 0.16
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EXAMPLE 5

This example further illustrates the effect of pressure on selectivity when peroxide
is used. The batches were made by a procedure similar to Example 2, with a
nitrobenzene feed time of 110 minutes, a hold time of 20 minutes, a different
sample of plant recycle base (26.8 wt.%) and plant recycle aniline instead of fresh.
The results in Table 5 show that pressure does not have an impact on selectivity
when 30 wt.% peroxide is used, just as in Example 3 with 5 wt.% peroxide. This is
additional evidence that peroxide mitigates the effect of other reaction variables.

Table 5: Effect of Reaction Pressure with Peroxide

Pressure, mbara 80 160

Selectivity (%) 95.56 95.52
EXAMPLE 6

Example 1 showed that shorter nitrobenzene feed time (80 minutes) alone, or with
water, or with aqueous peroxide, can increase selectivity. Example 3 showed that
for a fixed peroxide concentration and molar ratio, nitrobenzene feed time (about
75 minutes vs. about 110 minutes) had little effect on selectivity. Example 4
showed that with a short nitrobenzene feed time (about 70 minutes), selectivity is

relatively independent of peroxide concentration, especially at the lower mole ratio.

This example explores the effect of peroxide concentration on selectivity for a
longer nitrobenzene feed time. A series of batches were made by a procedure
similar to that of Example 5. Also, peroxide feed for the 0.064 mole ratio runs was
via a piston pump (see Example 14). Peroxide concentration was varied from 5
wt.% to 35 wt.%, with H202/NB = 0.1 and 0.064. The results in Table 6 show that
also for a longer nitrobenzene feed time, selectivity is essentially independent of
peroxide concentration. Moreover, phenazine level increases only slightly as
significantly less water is charged with the peroxide, which is consistent with
Example 4. With a longer nitrobenzene feed time, the rate of removal of water
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relative to the rate of nitrobenzene charge is greater than for a shorter
nitrobenzene feed time. So as less water is charged with the peroxide, the batches
become even drier. However, even the lowest water charge in Table 6 has
significantly higher selectivity than for water alone with a 110 minutes nitrobenzene
feed in Table 1. This illustrates that although water and peroxide can both play a
role in increasing selectivity, the effect of peroxide is more important. Furthermore,
since water can influence the rate of formation of the Meisenheimer complex and
the rate of its oxidation by nitrobenzene, it should be possible to improve selectivity
with peroxide by tuning H202/NB to match the Meisenheimer concentration in the
batch.

Table 6: Effect of Peroxide Concentration

Peroxide | H202/NB | H2O/NB | Selec Batch Product Composition (wt.%)
wt.% Molar Molar (%) | p-NDPA | 4-NDPA | t-Azo | Phen

' 0 0 915 | 2536 | 230 | 201 | 0.32
0.10 3.59 96.1 27.56 2.99 0.98 0.16

10 0.10 1.70 96.0 26.82 3.24 0.96 0.17

20 0.10 0.76 95.1 27.22 2.75 1.22 0.18

20 0.10 0.76 95.3. | 26.53 3.02 1.16 0.19
24.3 0.064 0.38 95.8 26.63 2.53 0.92 0.24
24.3 0.064 0.38 96.1 26.38 2.55 0.86 0.21
30 0.10 0.44 95.7 26.95 2.59 1.00 0.22

30 0.10 0.44 95.1 26.72 3.07 1.21 0.20

35 0.064 0.22 96.1 26.41 2.63 0.87 0.21

35 0.064 0.22 96.4 26.42 2.64 0.79 0.20

EXAMPLE 7

A series of coupling reactions were done with a fixed peroxide concentration of 5
wt.% to determine the effect of temperature on selectivity. The procedure was as
follows: Charge 130.02 g of recycle base (24.4 wt.% TMAH) to 500 ml scale
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coupler and boil off 28 ml of water. Add 145.28 g of aniline and remove another 16
ml of water, along with aniline (44 ml total water). Feed 36.93 g of nitrobenzene
concurrently with 5 wt.% of aqueous peroxide solution at H,O2/NB = 0.08 molar,
both subsurface, while boiling off water and aniline. Complete the co-feed in 100 —
110 minutes at the temperatures indicated in Table 7 and at a constant pressure of
65 torr. Hold for 30 minutes, while boiling off water and aniline, and then quench
with 20 ml of water.

The results in Table 7 illustrate the effect that the rates of formation and
intramolecular oxidation of the Meisenheimer complex have on 's'electivity with
peroxide. As temperature is increased, selectivity reaches a maximum at about 80°
C. At lower temperatures, the rate of Meisenheimer formation is too low for the
rate of peroxide addition, so that oxidation of aniline to azobenzene by peroxide
increases. At higher temperatures, the higher rate of intramolecular Meisenheimer
oxidation to p-NDPA reduces the amount of Meisenheimer available for reaction
with peroxide, so that again oxidation of aniline to azobenzene by peroxide
increases. Also, the selectivity at 70° C is higher than that obtained without
peroxide at otherwise comparable reaction conditions. Therefore, the effective
range for this example can be extended down to about 65° C.

Thus, 80° C is an apparent optimum that is dependent on the reaction procedure.
Any procedure change that will change the rate of Meisenheimer formation, such
as changing the rate of water removal, will affect selectivity with peroxide. This
could shift the optimum selectivity to a different temperature. Moreover, selectivity
can be increased at lower and higher temperatures simply by adjusting the molar
ratio of H202/NB to match the rate of formation or rate of intramolecular oxidation
of the Meisenheimer. Thus selectivity is highest at 80° C for this particular reaction
procedure with H202/NB = 0.08 molar. However, the optimum temperature will vary
with other variables, such as water level in the reactor and H2O2/NB mole ratio.
Furthermore, varying temperature will require a different mole ratio of HoO./NB for
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maximum selectivity. Therefore, the effective ranges given in other examples are
not absolute.

Table 7: Effect of Reaction Temperature with Peroxide

Temp | Conv | Selec Batch Product Composition (wt.%)

(°C) (%) (%) | p-NDPA | 4-NDPA | #Azo | Phen | Others
70 73.4 94.2 16.93 1.64 0.94 0.1 0.13
75 93.8 | 96.6 24.60 1.78 0.67 | 0.18 | 0.22
80 97.4 97.0 26.35 1.94 0.61 0.18 0.29
85 99.8 | 95.8 26.68 2.80 092 | 0.27 | 0.27
90 100.0 | 89.8 25.11 4.16 2.74 0.27 0.67

EXAMPLE 8

Two sets of coupling reactions were done with fixed peroxide concentrations to
determine the effective mole ratio range that would give increased selectivity. The
procedure for 5 wt.% peroxide was basically the same as for Example 3. Peroxide
and nitrobenzene were fed over 105 — 110 minutes, with a 20 minutes hold period
for reaction at 80° C and 65 torr. The procedure for 30 wt.% was similar to
Exampile 5.

Figure 1 and Table 8 show that the effective range for 5 wt.% peroxide is about
H202/NB = 0.01 - 0.20, the preferred range is about H>O2/NB = 0.03 — 0.16 and
the most preferred range is about H2O2/NB = 0.06 — 0.12. The optimum molar ratio
with 5 wt.% peroxide was Hz02/NB = 0.07 — 0.09 for this procedure, which is about
the same as the mole % of 4-NDPA that was made from nitrobenzene. So
peroxide reacts in high selectivity to make 4-NDPA with minimum formation of
azobenzene. This is a surprising result, due to the very large molar excess of

aniline that is available to be oxidized to azobenzene.
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The effective mole ratio range for 30 wt.% perexide is about 0.01 — 0.25. An
optimum cannot be derived from the data, but it appears to be within 0.06 — 0.21,
which is shifted higher than for 5 wt.% peroxide. A more preferred range appears
to be within 0.08 — 0.17. So the effective mole ratio range, preferred range and
most preferred range for peroxide are expected to vary with some process
variables, such as peroxide concentration, impurity levels in recycle streams,
reaction temperature, water removal rate and nitrobenzene feed rate. Therefore,
these ranges are not absolute for peroxide, but rather representative. It is
envisaged that the effective range could extend to H202/NB = 0.01 — 0.4 with

recycle base or perhaps even somewhat wider.

Figure 1: Optimization H,0, NMolar Charge for Recycle Base
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Table 8: Optimization of Peroxide Molar Charge with Recycle Base

H2O2 | H202/NB | Conv | Selec Batch Product Composition (wt.%)
wt.% Molar (%) (%) | p-NDPA | 4-NDPA | t-Azo | Phen
0.00 100.0 | 91.7 23.78 2.76 1.84 | 0.35
0.04 99.2 | 93.7 2416 2.39 1.31 0.33
0.06 98.9 | 96.0 25.14 2.36 0.75 | 0.29
0.07 98.0 | 96.9 25.22 1.95 055 | 0.24
0.08 98.3 | 96.9 25.66 2.04 0.57 | 0.23
S 0.09 97.6 | 96.9 25.46 1.94 059 | 0.20
0.10 97.6 | 96.7 25.80 1.97 0.68 | 0.19
0.12 98.3 | 96.0 26.02 2.15 0.91 0.17
0.16 97.5 | 93.9 25.05 2.11 142 | 0.20
0.20 97.0 | 92.2 2519 2.27 1.97 | 0.16
0.00 ~99.0 | 915 25.36 2.30 2.01 0.32
0.05 ~98.5 | 92.1 26.00 3.08 2.04 | 0.23
30 0.10 ~96.5 | 95.7 26.95 2.59 1.00 | 0.22
0.10 ~97.0 | 951 26.72 3.07 1.21 0.20
0.20 ~945 | 92.7 25.94 3.04 1.92 | 0.16

EXAMPLE 9

An optimization study was done for fresh base with peroxide to examine the effect
of base quality. The procedure was similar to Example 3 for 5 and 20 wt.%, with a
126.89 g charge of 25 wt.% base, and to Example 10 for 35 wt.%. As seen in
Figure 2 and Table 9, fresh base gave flatter and wider optimization curves vs.
recycle base. Moreover, the optimum mole ratio and effective range varied with
concentration, the maximum selectivity was lower vs. recycle base and selectivity
increased after the initial optimum was passed. The upturns are due to the higher
water charge as mole ratio increased, which did not occur with 35 wt.% peroxide,
for which the least water was added. Selectivity rose because water inhibits
oxidation of Meisenheimer by nitrobenzene, so that more is oxidized by peroxide.
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The results show that at the conditions used for Examples 8 and 9, peroxide is
more effective with recycle base. Moreover, the salts in recycle base must
moderate the effect of water, since the selectivity upturn did not occur with it. Even
s0, the selectivity increase with fresh base is substantial. The effective range for 35
wt.% peroxide is about 0.01 — 0.33 and if water was removed faster with 20 wt.%
peroxide, the curve tracks to an effective range of about 0.01 — 0.46. Since
nitrobenzene feed rate can extend well beyond 110 minutes for a commercial
process, the effective range could well extend to 0.01 — 0.5 or even somewhat
wider. As discussed above, increasing nitrobenzene feed rate gives wetter batches
with fresh base, which increases selectivity and should give sharper optimization
curves. Thus, the effective range will vary with such variables as nitrobenzene feed
rate and water removal rate, but an effective range of about 0.01 — 0.6 should
cover all possibilities. The results with fresh base should also apply to recycle base
that has been recovered by electrolysis, such as described in WO 2002034372, or
by any other procedure.

Figure 2: Optimization of H,O, Molar Charge for Fresh Base
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Table 9: Optimization of Peroxide Molar Charge with Fresh Base

Peroxide | H,O2/NB | Conv Selec Batch Composition (wt.%)

Strength Molar % % An NB |4-NO | 4-N | £-Azo | Phen

0.00 100.0 91.6 44,7 | 0.00 | 251 | 210 | 1.85 | 0.42

0.04 100.0 934 | 432 | 0.01 | 266 | 208 | 1.45 | 0.41

0.08 100.0 g42 | 414 | 000 | 26.7 | 192 | 1.27 | 0.35

5wt.% 0.12 100.0 943 | 418 | 000 | 270 | 211 | 1.24 | 0.36

0.16 100.0 944 | 39.7 | 0.00 | 276 | 237 | 1.28 | 0.35

0.20 100.0 | 952 | 383 | 0.00 | 284 | 229 | 1.21 | 020

0.30 99.9 96.2 | 376 | 0.00 | 271 | 263 | 0.88 | 0.19

0.00 100.0 922 468 | 0.00 | 254 | 188 | 1.69 | 040

0.10 100.0 ©5.1 457 | 0.00 | 2566 | 210 | 0.94 | 0.36

0.15 100.0 959 | 456 | 0.00 | 266 | 220 | 0.85 | 0.28

20 wt.% 0.20 89.9 96.0 442 | 0.02 | 27.0 | 213 | 0.84 | 0.27

0.25 100.0 956 | 426 | 0.00 | 275 | 255 | 1.05 | 0.22

0.30 100.0 950 | 432 | 0.00 | 271 | 262 | 1.20 | 0.22

0.40 98.9 95.2 43.0 | 0.20 | 26.1 | 256 | 1.11 0.20

0.00 100.0 928 | 467 | 0.00 | 2565 | 1.73 | 1.656 | 0.38

0.00 1000 | 927 | 46.5 | 0.00 | 254 | 195 | 1.56 | 0.41

0.10 100.0 948 | 456 | 0.00 | 258 | 2.02 | 1.05 | 0.35

35 wt.% 0.15 100.0 963 | 454 | 0.00 | 266 | 1.95 | 1.00 | 0.28

0.20 99.9 950 | 449 | 0.02 | 264 | 207 | 1.11 | 0.26

0.30 100.0 934 | 439 | 000 | 264 | 243 | 163 | 0.23

0.40 99.6 924 | 432 | 0.08 | 26.0 | 256 | 1.85 | 0.20

0.50 98.8 914 | 418 | 021 | 258 | 267 | 1.28 | 0.17

EXAMPLE 10
This example further illustrates the effect of nitrobenzene feed time and base
quality on selectivity. The procedure was similar to Example 3, except that for fresh
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base, 87.36 g of pre-concentrated base (36 wt.%) was used and water removal
after aniline addition was only 18 ml. All batches had H202/NB = 0.1 molar ratio.
The results in Table 10 show that without peroxide, fresh base gave higher
selectivity than recycle base, regardless of nitrobenzene feed time. However, the
situation changed significantly when peroxide was used. With peroxide, recycle
base gave higher selectivity than fresh base for the longer nitrobenzene feed time,
but equivalent selectivity for the shorter feed time.

These results can be partially explained by the effect of nitrobenzene feed time
and base quality on water level in the batch. For example, the salts dissolved in
recycle base elevate the boiling point, so that at constant reaction temperature and
pressure, recycle base batches will be wetter than fresh base batches. However,
fresh base has a higher concentration of TMAH, as determined by titration, than
recycle base. Recycle base contains TMA2COj3 as the largest impurity and the first
equivalent of TMA,CO; titrates as TMAH. For example, 25 wit.% recycle base with
10 wt.% TMA2CO3 is actually only 20.6 wt.% TMAH. Since TMAzCO3 is a less
effective base for the coupling reaction than TMAH, fresh base gives better
reactivity. Without peroxide, the better reactivity explains the higher selectivity with
fresh base in spite of the drier conditions. So with peroxide, equivalent to higher
selectivity for recycle base is surprising, especially since the actual recycle base
that was used was only 24.4 wt.% assay by titration. Peroxide is able to overcome

the inefficiency due to low TMAH level and salts dissolved in recycle base.
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Table 10: Effect of Peroxide with Variable Base Quality

Pressure, torr 95 65-70 65 6570 65-70
NB Feed Time Target (min) | 75-80 | 75—-80 | 105-110 | 75-80 | 110 -13(
Peroxide (5 wt.%) Yes Yes Yes No No
Base Quality Selectivity (%)

Recycle 96.1 96.4 96.5 92.8 89.8
Fresh 96.4 97.2 94.2 * 94.0 91.8

* Average of 0.08 & 0.12 mole ratios from Table 9; started with 25 wt.%TMAH

EXAMPLE 11

It has been reported in U.S. 5,117,063, incorporated herein by reference, and
related patents that the amount of water present during the coupling reaction has a
profound effect on the molar ratio of (p-NDPA + 4-NDPA)/(2-NDPA + Phenazine).
Data in Example 4 indicated that water added with peroxide has minor impact on
the amount of phenazine that is made (2-NDPA is not observed to form at all). This
is further illustrated in the Figures 3 and 4. Data in Figure 3 (from Example 6) show |
that phenazine level increased only slightly for a seven-fold increase in peroxide
concentration, despite the 16-fold decrease in water amount of water added with
the peroxide. Data in Figure 4 (from Example 8) show that phenazine level
decreased significantly as the H,O2/NB mole ratio increased. However, phenazine
level was essentially independent of peroxide concentration, despite an eight-fold
higher water amount added with 5 wt.% vs. 30 wt.% peroxide. Since water added
had little effect at constant peroxide addition, this indicates that peroxide addition
has a greater influence than water addition. This is additional evidence that
peroxide has modified the coupling reaction system to minimize side
reactions.
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Figure 3: Effect of Peroxide Concentration on Phenazine Level
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EXAMPLE 12

This example illustrates that a partial feed of peroxide can increase the efficiency
of the peroxide. The equipment is the same as for Example 2 and the basic
procedure is similar. Charge 432.85 g of 24.4 wt.% recycle base, begin agitation at
150 rpm and then heat to boil off 92 ml of water at 65 torr. Add 301.50 g of aniline
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and boil off water plus aniline at 65 torr, while continuing to add more aniline.
When 164 ml of water plus aniline has been removed, begin to feed 123.11 g of
nitrobenzene over the time indicated in Table 11, while continuing to add more
aniline and boil off water plus aniline. The aniline charge during drying plus
reaction is 180.90 g. Aqueous peroxide solution is fed concurrently with
nitrobenzene over the times indicated in Table 11. Reaction conditions are 80° C
and 65 torr. After the completion of nitrobenzene feed, hold at 60 torr for 30
minutes and then quench with 50 ml of water.

Runs 1 and 2 in Table 11 show that it is possible to obtain somewhat higher
selectivity when peroxide is fed for only part of the nitrobenzene feed time. The
benefits from this could either be the increased selectivity, or reduced peroxide
charge (and hence cost) for the same selectivity. For example, Runs 3 and 4 show
only a small drop in selectivity (0.37 %) for a 25 % reduction in the peroxide charge
from the use of partial feed.

Table 11: Comparison of Full and Partial Peroxide Feed

Run Number 1 2 3 4
H202 Feed Profile Full Partial | Partial Full
H20, Feed, % of NB Feed Time 99 61 78 100
H202 Concentration, wt.% 15.0 15.0 22.5 1225*
H202/NB mole ratio, Overall 0.04 0.04 0.06 0.08
H202/NB mole ratio, during Feed 0.04 0.066 0.077 0.08
NB Feed Time, minutes 107 109 110 107
H20; Feed Start, minutes 0 21 11 0
H20; Feed End, minutes 106 87 97 107
Conversion, % 99.12 98.71 97.80 97.55
Selectivity, % 94.12 94.74 96.33 96.70
* Average of virtually identical results for 15% and 30% peroxide; this is
consistent with Example 5, which shows flat results for 20 to 30 % peroxide.
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EXAMPLE 13 |

This example compares the effect of base quality with partial feed of the peroxide.
Equipment is the same as for Example 2 and the basic procedure is similar. The
main difference is that the start of peroxide feed was delayed by about 5 minutes

. and ended about 10 minutes ahead of the nitrobenzene feed time, which was a

target of 105 minutes. Peroxide was charged as an aqueous 24.3 wt.% solution,
with H20o/NB = 0.064 molar. The results in Table 12 indicate that under the
conditions of the experiment, plant recycle base, fresh base and base recovered
by electrolysis from plant recycle base give equivalent results. This demonstrates
that recovered base is suitable for use with peroxide, either alone or in
combination with recycle and/or fresh base. It also further demonstrates that

peroxide overcomes the advantage that fresh base has without peroxide.

Table 12: Comparison of Base Types

Base Type Base Assay (wt.%) Selectivity (%)
Plant Recycle 24.4 96.04
Fresh 25.0 96.20
Recovered by Electrolysis 20.2 96.16
EXAMPLE 14

This example illustrates that good contact of peroxide with the Meisenheimer
complex is essential for optimum selectivity. Table 13 compares feeding peroxide
in the lab via a peristaltic pump vs. a piston pump that delivers peroxide in 20 pl
increments. The procedure was similar to that of Example 2, except that for the
lower mole ratio runs, peroxide feed was started 5 minutes later and was
completed 10 minutes earlier than nitrobenzene. The data in Table 13 show that
the peristaltic pump gave erratic and lower selectivity than the piston pump.
Example 12 shows that the comparison of the two mole ratios with partial vs. full
feed is valid. The small volumetric inputs of the piston pump ensure that the
peroxide is quickly dispersed for intimate contact with the Meisenheimer. The
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larger slugs of peroxide input from the peristaltic pump gave worse dispersion,
which reduced the efficiency of peroxide interaction, resulting in lower selectivity.
Good dispersion is especially important at higher peroxide concentrations,
because of the localized higher mole ratio of peroxide (in a drop of peroxide) to
reaction mass. This supports the need to introduce peroxide at the point of highest
Meisenheimer concentration.

Table 13: Comparison of Peroxide Pumps for Dispersion

H.02 Pump

Nr. of Runs

H.0O., Conc.
(wt. %)

H20./NB, molar

Selectivity (%)

Peristaltic

24.3

0.064

96.05

Piston

24.3

0.064

95.82 - 96.09

Peristaltic

35.0

0.10

93.61 ~94.36

Piston

N W] N =

35.0

0.064

96.07 - 96.39

10

15

20

EXAMPLE 15

This example demonstrates the suitability of aqueous 50 wt.% hydrogen peroxide
for the coupling of aniline with nitrobenzene in the presence of a strong organic
base. The procedure of Example 13 was followed, except that aqueous 50 wt.%
hydrogen peroxide was used. The peroxide solution was carefully fed subsurface
into the reactor by hand control of the peristaltic pump to give as smooth an
addition as possible, considering the small amount of material to charge (4.35 g).
A selectivity of 95.56 % was obtained, which is only slightly lower than selectivities
with lower peroxide concentrations. The results of Example 14 show that if a small
piston pump had been available for this experiment, 50 wt.% peroxide would most
likely have given selectivity identical to the lower concentrations. The conclusion in

any case is that 50 wt.% is a suitable concentration for hydrogen peroxide.

COMPARATIVE EXAMPLE 1
This example demonstrates that hydrogen peroxide is superior to air as an oxidant

for the coupling of aniline with nitrobenzene in the presence of a strong organic
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base. Several coupling batches were made by a procedure similar to that of
Example 1, wherein air was used as the oxidant at various flow rates. The results
in Table 14 show that air is impractical as an oxidant, as flow rates required for a
significant increase in selectivity would overload a typical plant condenser.
Moreover, the highest selectivity obtained is well below the selectivities obtained

with peroxide over a range of conditions.

Table 14: Effect of Air on Selectivity

Air Flow, Based on 700 g Total Mass in 1 | Scale Lab Batch o
Selectivity

. Lab Flow Plant Equivalent
Air Inlet _ 3 (%)
(ml/min) (Nm*/h)

No Air (3 batches) 0.0 0.0 93.0-931

Subsurface 2.6 20 93.1

Subsurface 14.2 110 93.5

Head Space 14.2 110 93.9

Subsurface 58.4 450 94.0

Typical Condenser Design Flow Rate: 18

COMPARATIVE EXAMPLE 2

This example examines the effect of peroxide with a strong inorganic base and
phase transfer catalyst (PTC), by the following procedure. Aniline (99 %, 22.58 g,
240 mmoles), nitrobenzene (99 %, 4.97 g, 40 mmoles), hydrogen peroxide (50
wt.% aqueous, molar amount indicated below in Figure 5), water (water is added
such that the total water is kept constant at 2.16 g), potassium hydroxide (86 %
ground powder, 7.83 g, 120 mmoles) and tetramethylammonium chloride (97 %,
4.52 g, 40 mmoles) was charged to a 50 ml round bottom flask equipped with a
magnetic stirrer. Peroxide was charged to the reaction mixture before adding KOH
and TMACI. Then the flask was quickly stoppered and the reaction was allowed to
proceed for 1 hour at 60° C. In this example, azoxybenzene and 2-NDPA were
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obtained as reaction by-products that were not obtained with TMAH. So these by-
products were included in the calculation of selectivity.

Figure 5: Effect of Peroxide with Inorganic Base
83 1
79 7
77 * /
75 —

73

71 ~

69

67

65 l l . .
0.0 0.2 0.4 0.6 0.8 1.0

Peroxide/NB molar

Selectivity, %

Figure 5 shows that with a strong inorganic base and a phase transfer catalyst,
selectivity increases steadily as the mole ratio of peroxide/NB is increased from 0
to unity. However, with a strong organic base, i.e. TMAH, there were optimum
mole ratios with both fresh and recycle base. It is unexpected that there is an
optimum mole ratio with a strong organic base, but not with a strong inorganic
base and PTC that generate the same strong organic base in situ. Moreover, the
inorganic system gave 2-NDPA + azoxybenzene levels of 1.1 % to 2.4 %, whereas
none was formed with TMAH. Again, it is surprising that these by-products are
formed with a strong inorganic base, but not with a strong organic base.
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Claims:
1. A method of producing 4-aminodiphenylamine comprising the steps of:

a) reacting an aniline or derivative thereof and nitrobenzene in a
confined zone in the presence of a mixture comprising a base and
an oxidant comprising hydrogen peroxide in an amount of from

5 about 0.01 to about 0.60 moles of hydrogen peroxide to moles of

10

nitrobenzene to obtain at least one 4-aminodiphenylamine
intermediate; and

b) reducing the intermediate to 4-aminodiphenylamine, and

c) optionally, reductively alkylating 4-aminodiphenylamine to an

alkylated derivative of the 4-aminodiphenylamine.

2. The method according to claim 1 wherein the base is separated from the

products of step b) and recycled to step a), either alone or in combination with

fresh base.

15

3. The method according to claim 1 wherein the base is a quaternary ammonium

salt, which is separated from the products of step b) and purified to remove at

least some of the quaternary ammonium salt impurities formed in that step, and

is recycled to step a) for use in the method as the sole base or in combination

20 with unpurified recycle base, and/or make-up quantities of fresh base.
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4. A method of producing a 4-aminodiphenylamine intermediate comprising the

step of reacting an aniline or a derivative thereof and nitrobenzene in a
confined zone in the presence of a mixture comprising a base and an oxidant
comprising hydrogen peroxide in an amount of from about 0.01 to about 0.60

moles of hydrogen peroxide to moles of nitrobenzene.

5. The method according to claim 4 wherein the recycled base of claim 2 is used
as the sole base or as base in combination with make-up quantities of fresh
base, or wherein the recycled base of claim 3 is used as the sole base, or as
base in combination with unpurified recycle base and/or make-up quantities of
fresh base

6. The method according to any one of claims 1 to 5 wherein the base is a
quaternary ammonium salt selected from the hydroxide, alkoxide, acetate,
carbonate, hydrogen carbonate, cyanide, phenolate, phosphate, hydrogen
phosphate, hypochlorite, borate, hydrogen borate, dihydrogen borate, sulfide,
silicate, hydrogen silicate, dihydrogen silicate, or trihydrogen silicate of at least
one of tetramethylammonium, tetrabutylammonium, methyltributylammonium,
benzyltrimethylammonium, tricaprylmethylammonium, cetyltrimethylammonium,
and choline.

7. The method according to any one of claims 1 to 6 wherein the hydrogen
peroxide is supplied as an aqueous solution comprising from 3 wt.% to 50 wt.%
of hydrogen peroxide, preferably from 3 wt.% to 7 wt.% in an amount of from
0.01 to 0.5 moles, from 15 wt.% to 25 wt.% of hydrogen peroxide in an amount
of from 0.01 to 0.45 moles, or from 25 wt.% to 40 wt.% in an amount of from
0.01 to 0.35 moles of hydrogen peroxide to moles of nitrobenzene.
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8. The method according to any one of claims 1 to 7 wherein the reaction
temperature is from 20° C to 125° C, preferably 65° C to 95° C.

9. The method according to any one of claims 1 to 8 wherein the introduction of
the oxidant into the confined zone is started after the start of introducing
nitrobenzene in the confined zone, and/or the introduction of the oxidant is
completed before the introduction of nitrobenzene is completed.

10.The method according to any one of claims 1 to 9 wherein the point of entry of
the oxidant into the confined zone is at or near the point of entry of
nitrobenzene.
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