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4-Aminodiphenylamine derivatives can be prepared in various ways. An

attractive synthesis is the reaction of an optionally substituted aniline with an

optionally substituted nitrobenzene in the presence of a base, as disclosed, for

20 example, in U.S. 5,608,111 (to Stern et al.) and U.S. 5,739,403 (to Reinariz 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
25  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.

30 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



2 hydroxi de and betaine hydrate is exenplified. The reaction nmay take pl ace
in the presence of free oxygen. EP publication 566 783 describes a nethod
of manuf awOws@1mk6 4- 5 nitrodi phenyl am ne by the reacti onPefi/usotesbenzene
with aniline in the mediumof a pola? aprotic solvent in a strongly
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t hat t hetheesesenoa obffegaxygemd out in an oxygen-free atnosphere in order to
prevent undesirabl e side reactions caused by oxidation. 10 US Patent No.
5,117,063 and International publication WO 01/14312 discl ose processes for
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trangfer catalyst, or in the presence of an organic base and an inorganic
salt or a netal organic salt. 25 SUMVARY OF THE I NVENTION I n bri ef
summary, in (Hﬁa P@%dNﬁeﬁﬂ”ﬁQﬁé gndslatarnatipnahtpublicationf WO a01/13120d of

produci yl ti ves t her eof
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catalyst.

15
US Patent No. 5,453,541 teaches that an external desiccant, such as
anhydrous sodium sulfate, may be used to absorb excess water in an anaerobic
or aerobic process for producing one or more 4-ADPA intermediates in which
substituted aniline derivatives and nitrobenzene are brought into reactive contact.
20
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 base and a phase transfer catalyst, or
in the presence of an organic base and an inorganic salt or a metal organic salt.
25
SUMMARY OF THE INVENTION
In brief summary, in one embodiment, the present invention is for a
method of producing 4-aminodiphenylamine or substituted derivatives thereof
comprising the steps of:
30 (a) bringing an aniline or aniline derivative and nitrobenzene or nitrobenzene
derivative into reactive contact;
(b) obtaining a 4-aminodiphenylamine intermediate product by reacting the

aniline or aniline derivative and nitrobenzene or nitrobenzene derivative in a



derivative into reactive contact; (b) obtaining a 4-am nodi phenyl am ne

i nternmedi ate product by reacting the aniline or aniline derivative and
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and t enpePBF’BPE”% V\mgée 6%2@%9(8@88% 'opt%e anionic moiety (1,2 or 3), band ¢

are whole number integers of value 1, 2 or 3 and d is a whole number integer
of value O to 4; and
(c) reducing the 4-aminodiphenylamine intermediate product of step (b) to

20 produce 4-aminodiphenylamine or substituted derivatives thereof.

In a second embodiment, the present invention is a method of producing
4-aminodiphenylamine or substituted derivatives thereof comprising the steps of:

(a) bringing an aniline or aniline derivative and nitrobenzene or nitrobenzene

25 derivative into reactive contact;

(b) obtaining a 4-aminodiphenylamine intermediate product by reacting the
aniline or aniline derivative and nitrobenzene or nitrobenzene derivative in a
confined zore at a suitable time, pressure and temperature in the presence of
a mixture comprising an oxidant and a strong base that also functions as a

30 phase transfer catalyst selected from the group of compounds defined by:
[(Ra)e=Y—=(R1R2R3N")]o(OH)p I

l
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a mxture conprising an oxidant and a strong base that also functions as a
30 phase transfer catal yst selected fromthe group of conpounds defined by:
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(a) bringing an aniline or aniline derivative and nitrobenzene or nitrobenzene

derivative into reactive contact; and

15 (b) obtaining a 4-aminodiphenylamine intermediate product by reacting the
aniline or aniline derivative and nitrobenzene or nitrobenzene derivative in a
confined zone at a suitable time, pressure and temperature, in the presence
of a mixture comprising an inorganic salt or metal organic salt, or mixtures
thereof, having a cation that would be a suitable cation of a strong inorganic

20 base, an oxidant and one or more of an organic base selected from the group
of compounds defined by:

[(R4)e—IY-(R1 RoRsN™)1X % 1

25 (£)g

where Ry, Ry, Rs are the same or different and selected from any straight
chain or branched alkyl group containing from 1 to about 20 carbon atoms, e
is a whole number integer of value 0, 1, 2 or 3, (R4)e is hydrogen fore =0, R,
30 is R{R,R3N™ for e = 1, 2, or 3, X is an anion capable of abstracting a proton
from the nitrogen of an aniline or aniline derivative, Y is alkyl, aryl , alkyl ary!
or benzyl and substituted derivatives thereof, Z is a substituent selected from
the group consisting of hydroxyl, halo, and other hetero atoms, where a = the
valence of the anionic moiety and is a whole number integer of 1,2, 3or4, b



25 (Z2)d where R1, R2, R3 are the sanme or different and selected from any
straight chain or branched al kyl group containing from21 to about 20
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intermediates may then be hydrogenated to produce 4-aminodiphenylamine.

An example of a substituted and multifunctional phase transfer catalyst
20 thatis consistent with the above formula 1 is (2S, 3S)-bis(trimethylammonio)-1,4-
butanediol dichloride. Other effective phase transfer catalysts fitting formula I, in
addition to those shown in the following examples, can be derived from examples
in the literature, such as C. M. Starks and C. Liotta, Phase Transfer Catalysis,
Principles and Techniques, Academic Press, 1978 and W. E. Keller, Fluka-
25  Compendium, Vol. 1,2,3, Georg Thieme Verlag, New York, 1986, 1987, 1992.

An example of a substituted and multifunctional organic base that is
consistent with the above formulas Il and Il is (2S, 3S)-bis(trimethylammonio)-
1,4-butanediol dihydroxide. Other effective organic bases fitting formulas |l and

30 Il in addition to those shown in the following examples, can be derived from the
above phase transfer catalysts, wherein the anion is replaced by hydroxide or

other suitable anion form.



inthe literature, such as C M Starks and C. Liotta, Phase Transfer
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or believed ttgﬂge articularly effective in he method of the invention

t
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tetranmet hyl anmoni um formate and 5 tetranmet hyl actmoni um acet at e;
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catalysts of the present invention have several advantages over crown
et hers, suchPassd Bacsfemeatblystatof e presentdesntiohbdvase\efrdleacvamages t h  al kal i

nmetal hydroxides.in references su s US Pat ent. . 5,117, 0 and
"ot or et oh APl B g e o 1B e e ah oo STaEe M, “obvi ous 15
di sadvaniiagesetal hyorowesinhefesermes suet sis DiSIPateni Nb.28,1t0663 andl hi gh toxicity.
In addit,ion, nost,crqwn h Vi oor solubility in water, so they
cannot 6@”%8@@“@@0&9?‘ @bc@@f@%l (ﬁﬁiﬁjuéﬁe%a%‘fﬁ;s-l'%é@sg‘#w&%ﬁ] Furt her nor e,
t he 130i ldisadvafagéd 6f rbwhrcdvdts At @rp hiyhanihidbseaRd aIdhiagint hey cannot be
recovered by distillation without an extra distillation'step. Even for the
cl ass ofedgditigiinmestrgpwn ethers have poor solubility in water, so they cannot be
recovered for recycle with an aqueous base stream. Furthermore, the boiling
points of crown ethers are high enough that they cannot be recovered by
distillation without an extra distillation step. Even for the class of crown ethers
20 that have good solubility in water, solubility in organics is also good, so that there
will be a high loss to the organic product stream. Finally, crown ethers are known
chelating agents, so that there is a high probability of unacceptable loss of
expensive hydrogenation catalyst metal, due to complexation with the crown
ether.
25
In the method of the invention, the molar ratio of phase transfer catalyst to

nitrobenzene reactant is preferably from about 0.05:1 to about 1.2:1.

The method of the present invention may also start with an organic base
30 and an inorganic salt or a metal organic salt as in the above third embodiment.
The organic base is defined by formula Ili in that embodiment.
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the pK, of aniline. Various aniline derivatives may have different pK, values, but

a pK, of about 9.4 is employed as a general guide. The base will preferably have

a pKy less than about 7.4.

20 The term “capable of abstracting a proton from the nitrogen of an aniline
or aniline derivative” as applied to anion “X" of formula Ill, is intended to mean
an anion also having a pKy value as discussed above with respect to the strong
inorganic base.

25 Possible anions for "X” in formula [l, in addition to hydroxide, include:
alkoxide (pK, < 1), acetate (pK, = 9.25), carbonate (pKy, = 3.75), bicarbonate
(pKy = 7.6), cyanide (pK,, = 4.7), phenolic (pK, = 4.1), phosphate (pKp = 1.3),
hydrogen phosphate (pK, = 6.8), hypochiorite (pKy =6.5), borate (pK, < 1),
“hydrogen borate (pK, < 1), dihydrogen borate (pK, = 4.7), sulfide (pKy, = 1.1)
30 silicate (pKy, =2), hydrogen silicate (pK, = 2), dihydrogen silicate (pK, =2.2)
and trihydrogen silicate (pK, =4.1).
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4- met hox C n ~A4-niptroani |
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acco‘lsdartﬂammbbnzm pameﬂ&ttﬁéstiﬁ@rdﬁfesemplcal nmrmm@@ bﬂ@lu@@‘@tui@&t are not
limted to o- andrn thlnltr benzene, %

mtrobenzenes that m 3)/ be use In accor ance wit the process 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.

20 The method of the invention includes the step wherein the 4-ADPA
intermediates or substituted derivatives thereof from step (b) are subjected to a
hydrogenation reaction involving the use of a hydrogenation catalyst. Details
concerning choice of catalyst and other aspects of the hydrogenation reaction
may be found in U.S. Patent No. 6,140,538, incorporated by reference herein.

25
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.
30

The present invention further relates to a process for preparing alkylated
derivatives of 4-aminodiphenylamines, in particular for preparing alkyl derivatives
of 4-ADPA itself, which are useful for the protection of rubber products, in which



et hyl nitrobenzene, o- and m net hoxynitrobenzene, and m xtures thereof. 20
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for exanple U S. 4,463,191, and Banerjee et al, J. Chem Soc. Chem Comm
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reaction of the aniline or substituted aniline derivative and the nitrobenzene or
substituted nitrobenzene derivative, is water-soluble. When the base is water-
soluble, the amount of water added is preferably at least the amount needed to
extract the base from the organic phase. Similarly, the addition of water is also

20  preferred for reductive alkylation, if it is carried out in the presence of the suitable
base, which is water-soluble. '

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

Strong bases particularly effective iﬁ the first embodiment of the process
of the present invention include potassium hydroxide, sodium hydroxide, cesium
hydroxide, rubidium hydroxide and potassium-t-butoxide. It is preferred that mole

30 ratio of strong base to nitrobenzene is greater than about 1:1. A particularly
preferred mole ratio of strong base to nitrobenzene is about 2:1 to about 6:1.



15 water is particularly advantageous when the suitable base, used during
the reaction of the aniline or substituted aniline derivative and the
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about 2: Lo abouh, Riptiy WO 03LINE0 REULAAhEIGRod o pjgaghe sal (s and
5 e use e

met al org nic Sa I'n conjunction or'gani ¢ base
in the tihercbreariodalirenmnet otgmnq)sai‘cmwbensemm mplaeratiocle have a cation that

woul uitable c norgani ¢ base. These inorganic
sal t anﬂ?ﬂé rglengfragh%%uggr@ g?%éé% ec ‘ed fromthe group consisting of, 5
but not limted to, the fluoride, chloride, brom de, sulfate, hydrogen
sulfate, nitrate, di hydro hospha rmt e tate,
oxal ate, mal dRYERNC S@ﬁ? gﬁ‘?@“et?lé?rg%};{? éggﬂﬁﬁggt@% hﬂ\fe&{@ ke p%?@%r?or ate,
chromat eeﬁédﬁ@é‘ﬁitﬂe@ﬁlﬁﬂ SRbB@RRIE meldd 6f thé prsehtifvertithi ateuhosetabiassi um and
sodium In the nethod of the invention, the It% O:rgani c salt or netal

[

organi ¢ aferd asegpigrle sebwilibhforiieinoranicsaitsr g HHeRFENLPEm about

0. 0554 tg.&b blﬁa%n]m tﬂé‘@aﬁ%'rﬁ Pne‘éif—Un*i Sn@idin yoPitgaeHirigal ts known or
believed to particularly fective in the third enbodi ment method of
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thereof. It is preferred that mole ratio of organic base used with an inorganic salt
or metal organic salt to nitrobenzene is greater than or equal to about 1:1. Itis
20 also preferred that mole ratio of inorganic salt or metal organic salt to organic
- base is greater than or equal to about 1:1. A particularly preferred mole ratio of

organic base to nitrobenzene is about 1.1:1 to about 6:1.

It may be desirable to use a combination of an inorganic salt with a metal
25  organic salt, two or more inorganic salts and/or two or more metal organic salts in
case one of the salts that is otherwise effective for use in the process of the
invention has a corrosive effect on the equipment used with the process. The
combination might also provide better results than could be obtained with one
salt.

30
The use of inorganic salts and metal organic salts with the organic base is

also believed to reduce undesirable base decomposition.



15 base conmbination in the reaction nmedium including the fluoride,
chloride, bromde, sulfate, hydrogen sulfate, nitrate, phosphate, fornmate,
acet ate awo o3paribonate salts of cesium rubidium potassi erararsd2/sie$ um and
mxtures thereof. It is preferred theat nole ratio of organic base used
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03/010126 P / US02/ 21508 11 In the process according to the third
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an i fpr giréxidehid grbr@}n;agtsghagrsggg,ra@e irgPddies! | give some in situ fornation
of the edquivalent inorganic base and a phase transfer catalyst, wherein

the anion in formula | for the so fornmed phase transfer 5 catalyst is the

ani on 11 om {ee&Rkblanf Bler SRRl R iRl AToRYbAIERRL WLsbygay) de bl us

pot assi um br i ve some KOH [) et r amet anmoni um brom de. So
t he i nvesstalyst rs\pgmsmrmmwﬂ@(ldmen@tatre@ kY\aﬁ‘é“@TluméW“dﬁoAgam c base with any
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and brmrgadre keak andsnaeqde aaleisi taaadylantmonium bmroxrdelaadlaysqfntr eferred
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anion is chloride. The above reactions would be carried out in agqueous solution

with a continuous distiliation of aniline-water azeotrope.

20 The reactive contact of the process of the first embodiment of the
invention is carried out in the presence of an oxidant. The oxidant may be free
oxygen, or comprise an oxidizing agent such as a peroxide, particularly hydrogen

peroxide. Nitrobenzene may also function as an oxidizing agent.

25 In the process of the invention, the oxidant may advantageously need to
be present only for part of the time during which the aniline and nitrobenzene
react. Such partial oxidative conditions are particularly effective for improving
selectivity. One of these instances is when an inorganic salt with a fluoride anion
is employed in the reaction mixture of the third embodiment under partial

30 oxidative conditions. Itis believed that better resuilts, conversion and seiectivity,
would also be obtained under partial oxidative conditions when the salt anion is
sulfate, carbonate, or nitrate and other anions that give relatively low selectivity.
Another instance is when TMAH is used as a strong base that can also function



catal yst i s potassium hydroxi de and tetraal kyl anmoni um halide. A preferred
halide is chloride. A particularly preferred conbination of 15 organic base
and i nor gapios/osEbké is tetraal kyl ammoni um hydr oxi de and a ®artuso/msohi ch t he
anion is a halide, such as potassium®alide. A preferred halide anion is
chlorid ' . o} in sol ution
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reactive contact 1nc
present method may be carried out in the presence of not greater than about

10:1 moles water to moles nitrobenzene. The amount of water does not include
the water that hydrates with the reactants and/or with compounds formed in the

20  process. When the mixture comprising a strong base and a phase transfer
catalyst, or an organic base and inorganic salt or metal organic salt, is in
aqueous solution, the reaction may be carried out with a continuous distillation of
aniline-water azeotrope.

25 The first embodiment of the invention may be carried out with the phase
transfer catalyst being tetramethylammonium bromide and the strong base
comprising one or more inorganic bases.

The aqueous phase may be reused to form a new reaction mixture. Fresh

30 base and phase transfer catalyst or organic base and inorganic salt or metal
organic salt are added to replace losses by decomposition, by-product formation

and solubility in the separated organic phase. Excess Aniline recovered by
distillation from the reaction product mixture may be combined with make-up



in the range of from about 20 nbar to about 20 barg. Reaction tinme is
typically |ess than about 3.5 hours. It is advantageous to agitate the
reacti on woxBArE26 duri ng the entire reaction. 15 The reactconsowtiset ep (b)
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aqueous phase _na e reused to forma new reactjon mxture. Fresh 30 base
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formation and solubility in the separated organi c phase. Excess Aniline
r ecover dB3h{e Rgrieimeq &P?%}Foﬁﬁwnﬁ‘sﬂ%méa%laﬂ@r? HRRHIWeH kayretoe be

conmbjgnedskifeti bersdke- up WO 03/ 010126 PCT/US02/21508 13 fresh aniline for
recycle to forma new reaction m xture. Recovery of excess nitrobenzene is
preferably carried out prior to hydrogenation of the 4-ADPA internedi ate

by a separat ﬁﬂ@,rééc,fﬁge%ﬁtakﬁfn srt@pﬁgagﬁfﬁ@tfﬁéet,té&%ﬁa%eqhmggmggig%@i ned wth

make-up fresh nitrobenzene for _ _process, or rogenated to
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may be paN Pt et P P P ol e B s S Ml o ¢ ne
15  be selected form the group consisting of, but not limited to, dimethyi sulfoxide,

benzyl ether, 1-Methyl-2-pyrrolidinone and N,N-dimethylformamide.

The invention, in its second embodiment, is a method where the strong
base also functions as a phase transfer catalyst and the reaction may be in
20 the absence of an alkali metal hydroxide. In that case the strong base/phase
transfer catalyst is defined by formula Il above.

The invention is illustrated by the following examples.

25 Experimental conditions are detailed within individual examples. In
examples 1-10 the charging of reactors was performed in open air resulting in
some free oxygen being present during the reactions, even when the reactor was
stoppered, except for experiments, where indicated, run for comparative
purposes. No attempt was made to remove water from the reaction mixtures in

30 examples 1-10.

In examples 11-16 a flow of air was supplied to the reactor headspace
during all or part of charging reactants, heat-up to reaction temperature,



10 skilled person. The reactive contact in step (a) in the first, second
and third enbodi nents of the nethod of the invention may occur in a

sui t abl e wolmenti2zeystem A suitable solvent system conpripsegisa2/pbar
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exanples 11-16 a flow of air was supplied he reactor headspace during
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oxygen bein esent during t reaction, except where indicated. Water
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Appr oxi %E%x%ut@ 6 grans of material to be analyzed is accurately weighed

i nto15a volunetric flask and diluted wwth a buffer solution
Time, minutes YA %B
0 100 0
25 25 75
35 0 100
37.5 0 100
38 100 0

40 100 0

Eluent A is 75% v/v water, 15% v/v acetonitrile and 10% v/v methanol.
20 Eluent B is 60% v/v acetonitrile and 40% v/v methanol. Detection is UV at 254
nm.

Conversion for examples 1-10 is calculated by sum addition of known
components plus any unknown peaks (assigned an arbitrary mole weight value of
25 216, aniline + nitrobenzene) as analyzed. In some instances, sum conversion is
greater than 100% due to the formation of derivatives from aniline only.



10 containing 39%v/v water, 36%v/v acetonitrile, 24%v/v nmethanol and 1 %
viv pH 7 buffer. The solution is injected through a 10 pL | oop onto a
rever sed Wwhasm01Zor bax ODS HPLC col um (250 x 4.6 mm) usi RGTAISOY/ DS/

gradi ent punping systemand the foll®w ng elution gradient at a constant
flowrate of 1.5 nL/mnute: 15 Tinme, mnutes %A %8 0 100 0 25 25 75 35
0 100 37.5 0 100 38 100 O 40 100 O Eluent Ais 75%v/v water, 15%v/v
acetoni tril e GondeisiPn for exampleanoi16 i BaEllatnt bddedonGBecawionndokt onitril e and

40% v/ v net hanol ., tection i.s UV at .254 n Conyersiaon for exanples 1-10
i s cal CLHrE‘F%‘He‘EQ't@Eeﬁ?% MG '”Qﬁ%&'ﬂg' C@HHE%?@Fﬁo"bmgs'any unknown peaks
(assi gnedoreraéhist 4s3theditth HeB0gNE ny alttobentene?s deldotedini | i ne +

nitrobenzene) as anal yzed. In sone instances, sum conversion is greater
t han 900% due to the formation of derivatives fromaniline only. WD

03/ 010126 PCH&%%it? 1808 efiddd Gnuers Sfopmuladr  ex-NmFesYidlt: 16 4-BDRA cul at ed
based on the anmpunt o

_ t° of, unreacted nit r,ogen ene renmi ni @&FI n .t hg final
coupl i ng¥ipvéietabnyiplls. 4dHRAr s ShnifredigReMREEo PORYETY ot
Ni t r obengigRg,di d. tid \hd Ysuh ofiethé ngslabor ain&nb@hmama:  (p- NDPA
Yield + ﬁﬁ%%éiﬁe@?tgﬁg%@(tgt&gf%ﬁ‘l d). 4-uNDPA i sqﬁgni t rodi She_nyl am ne and
p- NDPA i wnknowni peaksodrssianegl ami atbitramotmgle yweight valugnef Sifn 8Riligde yiel d of
al | Womﬁ\trgﬁ'&ze}{@%nom peaks (assigned an arbitrary nole wei ght val ue of
216, anilrne + '

In the tables: “An Recr” refers to compounds from which aniline may be
easily recovered and is a sum total of frans-azobenzene and azoxybenzene;
“Others” are aniline and nitrobenzene coupling by-products e.g. phenazine, N-

15  oxy-phenazine, 2-NDPA, 4-phenazo-diphenylamine and any unknowns.

EXPERIMENTAL
" Experimental conditions are detailed within individual examples.

20 EXAMPLE 1
Example 1 illustrates that 4-ADPA intermediates may be formed from
aniline and nitrobenzene in the presence of an inorganic base (potassium
hydroxide) and phase transfer catalyst (tetramethylammonium chloride, TMACI)
in a solvent-free system under relatively mild conditions. Yield of desired

25 products is dependent on the amount of phase transfer catalyst added.

Aniline (99%, 22.58 grams, 240 mmoles), nitrobenzene (99%, 4.97 grams,
40 mmoles), potassium hydroxide (86% ground powder, 7.83 grams, 120
mmoles) and tetramethylammonium chloride were charged to a 50-mL round
30 bottom flask equipped with magnetic stirrer in the amount indicated in Table 1
below. The reaction was allowed to proceed for 1 hour at 60°C in a stoppered
flask. Contents were then sampled and analyzed by HPLC.



10 nitrobenzene). In the tables: "An Recr"” refers to conmpounds from which
aniline mwy be weasily recovered and is a sumtotal of trans-azobenzene and
azoxybenzwpa3/0101¢% her s" are aniline and nitrobenzene couplPCagsoy2ynoduct s
e.g. phenazine, N 15 oxy-phenazi ne, 26NDPA, 4-phenazo-di phenyl am ne and any
unknowns. EXPERI MENTAL Experi rrent1al ne nditions are detailed within

i ndi vi dual exanples. 20 EXAVPLE 1 anple 1 illustrates that 4-ADPA

i nternedi ates nay be formed from ,Y?,éwu ne and nitrobenzene in the presence

of an i nergani-c—base—{(pot-assi-u—rarex-der—ang—phas -ansier—eatal ys
(tetra i \Cl )CO”YeﬁS"é{’ SR A NDRA Aé}@‘?cénqtﬁﬁrder

[ ﬁ'eftahéﬁﬁ%f TCGHERR hou e cat al yst Stiea. iﬁff’{ ne o0, %‘3?2298?2%32”240
(36% ot olhV BRI efidles 2 s BB Do ) TR L 28t i Aoy um

chl ori des.@@p@m%wAgﬁ,%zt@meIeéQo.%s QB}‘”%@% bot toom f | agkqequigyped ang th

magnetic stirrer 1n the amount indicated in Table 1 below The reaction
vwas al | ongsl glamshipesess hdbled (NPVENBE 689N a gtooppeseg flask. Lontents
were then sanpl ed and anal yzed by HPLC. WD 03/010126 PCT/ Ug)®2/ 21508 16
Table 1 Yield, % Conversion p-NDPA 4-NDPA An Recr Ot her No TMACI added,
KOH Onl y7.26 gPs TMAGE B rombled$1.8@ vs ABB1 g4 amps TMBGE , 186.2mol 269 (0.249 vs NB)
59.2% 10.9 26.9 18.4 3.0 3.62 grans TMACI, 32 nmoles (0.8 vs NB) 90. 1%
22. 4 36. 8.028ramsIMACI B0AAMEIeans0 VARG , dfowmol 5.2 1. 233/3 NB}1.88. 208 27. 0 37.8
3.0 30.377. 23 grans TNVACI, 64 mmoles (1.6 vs NB) 94.4% 26.5 36.2 28.9 2.9

5
Similar results were obtained when running the reaction under slightly
varying conditions (equimolar An/NB, higher reaction temperature, longer cycle
time, water addition, etc.) as given below in Table 2.
10 Aniline (99%, 2.33 grams, 24.8 mmoles), nitrobenzene (99%, 3.08 grams,

24.8 mmoles), potassium hydroxide (86% ground powder, 9.77 grams, 150
mmoles), tetramethylammonium chloride (97%, see Table 2) and water (Table 2)
were charged to a 50-mL round bottom flask equipped with magnetic stirrer. The
water amount was 20% by weight of total reactor charge assuming 14% w/w H,O

15  from KOH. The reaction was allowed to proceed for 2 hours at 80°C in an open
flask. Contents were then sampled and analyzed by HPLC.



9.04 grans TMACI, 80 mmles (2.0 vs NB) 98.9%26.2 36.7 31.8 4.2 5 Simlar
results were obtai ned when running the reaction under slightly varying
condi ti onwo(@gaorrel ar An/ NB, hi gher reaction tenperature, Hangse/2c¥8! e
time, water addition, etc.) as given belowin Table 2. 10 Aniline (99%
2.33 grams, 24.8 mol es), nltrobre ene (99% 3.08 grans, 24.8 mmol es),

pot assi um hydrOX| de (86% ground ;v

9.77 granms, 150 nmoles),

b,
/el'nhl =) ’)\ E=Wa Ve WRVY-F =1 4 J.abl.e ’)\ wer.e

ot ucgth%@”&%mﬁe ggta?fotmgéa'torﬁfﬁégredCP 0% ﬁo 4o aodoc théan
ot 0dg IeP GBS AR BB ef Bon %ZE%pA 2 Xoon A Rect 8t hor
mrg?g %S%A}X\?g B °k§‘ -%W%%%ﬁ% %0305q34’(50 7 o?éﬁzégTLAN@S’slbé

Mol 89 HAAMSS. Nﬁ%dﬁesg 2%3139492&9@4'9%6@0 7 3k 0437 1.0579. 69 QQTMA‘Q$ 6.1
mol es (.25 vs NB) & PO 34 4% 1.7 277 2.9 2.1 103 g T™ACI

ol e93(EMAS, sNB)nm%le% (%I@NBX@ZM@%G’L 6 3958 4.2 262 1385 g THACI, 42.1
mmoles (.49 vs NB) & 2.49 g 2O 57.8% 2.6 46.7 5.2 3.3 2.06 g TMACI, 18. 2
mol ¢87(g. TMAGS12NBm&leR (83 vgNBRO280.0%07. 6 58 B%3 17. 263. 0 48774 g53MACI3.324. 3
mmoles (.98 vs NB) & 2.84 g H20 92.2% 11.9 64.9 13.4 2.0 5 The yield of

4- ADRASINTNACGTETR. atmaslead 34 vabBR& 28T o A < 82.6% when7B0 t ettt &met iyl ammuohid um
chl ori de was used to aI m)st 77% when a near equi nol ar -anobunt of phase

t r and{’é9 MG 9! P ve Nieh et oS adde@’” | n bbth i n$#8nces!3.dor 2.0

p- NDPA rel ative to 4- NDPA was produced as the 10 tetranethyl anmoni um

chl oride charge was increased. Al so, nore p-NDPA was

5 The vyield of 4-ADPA intermediates was increased from < 1% when no

tetramethylammonium chloride was used to almost 77% when a near equimolar

amount of phase transfer catalyst vs. nitrobenzene was added.

In both instances, more p-NDPA relative to 4-NDPA was produced as the
10  tetramethylammonium chloride charge was increased. Also, more p-NDPA was
formed in the presence of excess aniline (see Example 7).

EXAMPLE 2
Example 2 demonstrates that any of several phase transfer catalysts may
15  be used with KOH to produce p-NDPA and 4-NDPA from aniline and
nitrobenzene. Resulis are arranged in order of descending yield.

Charge to 50-mL round bottom flask equipped with magnetic stirrer:
aniline (99%, 22.58 grams, 240 mmoles), nitrobenzene (99%, 4.97 grams, 40
20 mmoles), potassium hydroxide (86% ground powder, 7.83 grams, 120 mmoles)
and the indicated phase transfer catalyst given in Table 3 below where the
amount of phase transfer catalyst is equal to the limiting reagent charge. (NOTE:
Some experiments run on 20 or 30 mmole scale as denoted.) Reaction was



formed in the presence of excess aniline (see Exanple 7). EXAMPLE 2 Exanpl e
2 denonstrates that any of several phase transfer catalysts may 15 be used
wi th KOH wo opioodece p- NDPA and 4- NDPA from aniline and niPCTaisenzesnse.
Results are arranged in order of descending yield. Charge to 50-niL round

bottom f n 58 grans,
240 m"m‘?'b 5tﬂ% C(%Sgg‘%%éofrgggﬁqy alg%lpé%rged fﬁﬂ ?Bh{é%tﬁ(\%g@thgﬁt assi um
hydromg&apmﬂg@%(mgraauuygecpby\ﬂet_o 7.83 grams, 120 nmol es) and the indicated
phase transfer catalyst given in Table 3 bel ow where the anount of phase

transfer catalyst is equal to the [imting reagent charge. (NOTE: Sone
experi ment s gdguit9ih P&blen a%vmmb’ﬁatedlaétahesddiﬁnmbédphasRetIameem was WO

03/ 010126 PCT/ US02/ 21508 ‘?]/Té’re cﬁ % 0 gceed for 1 hour at 60Cin a

st opper @dfalsidaRroves i HeY HleieehRiydd tz§r‘r‘8|a G983 anal yzed by HPLC. Results

in Tabl ‘?et?arﬁ@tﬂyl%ninhédﬁﬁlrcﬂdﬁdé h‘ﬁtor”db%y@lﬂ@lxlﬁe ariednate, fovaste Bnansfer 5
catal yst 1 nproves the y of desi rlgege%hg ts in all cases.

Tetrane@@ﬂtﬁnﬁ%l’ﬁpumaé‘ﬁﬂ@’ﬁmﬂ‘ehydf%?@ﬂ‘ ?(tiede carbonate, formate and

acetate rRCATRR HIBriB Y i rROISET S ltrfrﬁéfh @ﬁdnémilﬁ’\éﬂyaromde
met hyl t?netlg tﬁlﬁ‘j}zﬁom um chl ornl de; and genzgﬂtyrl met hyl anponi, H}T hydr oxi de

(Triton( TBytoraBbamps’r@ffe@g\(q sephasedrastercalite N CRRINIONWIMAY o rrbi nat i on
Wit W%ua n%ggéégk%g%g@tggﬁfﬁchgshﬁéa%r@%my%nﬁlbhﬁlﬁp&%m (Aibaseaas),um chl ori de

(A amoni um chl 6ri de, tetramet hyl amoni um nitrate,
and chotetnaéutytwninomud’eczhimrﬁientﬁilr@mt@yl@/mWiLtfli‘ aiitate, Br”érﬁhalﬁ”'eand i odide salts
and the _zw tterion di-Gitidridpds are
obser velY &8?(“:{???‘56 n{og?(fét%g%ﬁlcfeg?m%m%éggpté&%galté: é’,tﬂcon\l/errm on and
sel ect i petajhedre rmltbsdamatfhaséelndbﬁc tnereds @J@lqlpgedl@dn‘for thet he series from

fl uor d?etFacr)néthﬂammonYL% %gﬁsogsoﬁgig, E’SE%H?‘Q@Q%&?Q@CM? al@hl Becteased

15  when going down in the series from fluoride to iodide.



Yi el d, % Conversion p-NDPA 4-NDPA An Recr Ot her Tetrabutyl anmoni um

sul fate, 75% aq., 15.49 gns”™ 99.2%56.1 21.2 20.1 1.8 Tetrabutyl amoni um
hydr ogenswibfoane)1207% 96.6% 47.9 25.0 21.2 2.4 10.50 gnsPCT/US02/21508

Tet r amet hyl anmoni um car bonate, 60% aql9, 97.6% 46.6 24.6 23.7 2.8 6.94 gns”"
Tet ranmet hyl ammoni um fl uoride 4 H20 | %8% 6.74 gns 103.6% 42.4 27.2 27.4
6.6 Tetranethyl anmoni um acetate, '888° 5. 61 gms 104.3% 25.9 43.1 35.0 0. 4
Tet r amet hyl anmoni um hydr oxi de 5 H2COrieRi/% 105.0% 38.4 29.6 30.4 6.5 7.47
gns Tet ramethytamronT UM chTor T de, —97% CdwbRion) NG, BMDPA AB Redr. DHB0. 8 6. 6
Met hyl t butytammoniunrchioride, /5% aq., 12.58 gns 81. /% 23.5 30,6 22.2
5.4 TetrasBlRAybarmunimy bonswmtees 50% ag9,2%9. 5356ns 742 9%29.0 23.8 21.0
1.1 Benzyl trimethyl anmmoni um hydroxi de, 40% aq., 52. g%% 39. q 6. 22 .5 1.2

16. 73 grietapyRapnmRseRe i@ AT m chi or i%GE% 99+¥%° 67208 14 £ 2123 19.6 7.0
16. 17 gn& &Y anet hyl ammoni um nitrate, 96% 5.67 gms 61.3%12.0 27.4 19.6
2.4 Chojehrsi@tipanenuimdanoa@atey, 9. 69 gre.6%9. 0%eX5. 22667 1876 626

Tet r abut gbegmydni um chl ori de H20, 98% 8.51 gns* 42.6%8.2 23.8 9.3 1.2
Bet ai ne, 98% 4.78 ¢

.gns 55. 0% 13, 7.2 1 P 2 tybbki hy! agngoni um
br oni de, Tegpgwhylappomip fijj?fgl@‘%B%%g/é‘%émig 39%366721 142'Cﬁet %g?retrmgh;zl amroni um
br oni de, + 8%y BrmAshi @B, 8% sleh.gRs 12. 2 Godl3%. 3 25T@t r abut y| #omoniousm br oni de,
99% 13.03 gnd 34.1%8.3 14.2 5.8 5.7 Polyethyl ene %I ycol (MNV = 200), 8.00
gns 33. 49rddet9la®méitihy@odde? 5 HIBOFanet hy[18h#feni ud§4 odi288, 9¥% 85812 gns
27.8% 2.4489® 5.8 11.6 Tetrabutyl phosphoni um brom de, 98% 13.58 gns 25. 6%
1.6 5.1 9.4 10 i eYarol@sPhiase trafsdher calal ysyiaddeds 19.6861.2 4.0
3.3 11. Oa?et@@%‘y%f@qgg@e' (16. 93%% aniline, 3.73 gnms nitrobenzene, 5.87
gms KOH iR Tfsufnalohith @hide, 75% aq., 12.58 gms 81.7% 235 306 222 54

Tetramethylammonium formate, 50% aq., 9.53 gms 74.9% 29.0 23.8 21.0 1.1
Benzyltrimethylammonium hydroxide, 40% aq., 52.5% 396 6.2 5.5 1.2
16.73 gms
Tricaprylmethylammonium chloride, 99+%, 67.0% 19.1 21.3 19.6 7.0
16.17 gms
Tetramethylammonium nitrate, 96%, 5.67 gms 81.3% 12.0 27.4 19.6 2.4
Choline hydroxide, 50% aq., 9.69 gms 59.0% 26.2 6.7 19.6 6.6
Tetrabutylammonium chioride - H20, 98%, 8.51 gms™ 42.6% 8.2 23.8 9.3 1.2
Betaine, 98%, 4.78 gms 55.0% 13.0 17.2 19.6 5.2
Cetyltrimethylammonium bromide, 95%, 11.51 gms* 36.2% 7.0 19.3 8.7 1.1
Tetramethylammonium bromide, 98%, 6.28 gms 36.5% 11.3 12.2 6.7 6.3
Tetrabutylammonium bromide, 99%, 13.03 gms 34.1% 8.3 14.2 58 57
Polyethylene glycol (MW = 200), 8.00 gms 33.4% 11.9 0.6 17.2 37
Tetramethylammonium iodide, 99%, 8.12 gms 27.8% 2.4 8.0 5.8 11.6
Tetrabutylphosphonium bromide, 98%, 13.58 gms 25.6% 1.6 5.1 94 10.0
KOH Only, No phase transfer catalyst added 19.6% 1.2 4.0 3.3 11.0

*30 mmole scale (16.93 gms aniline, 3.73 gms nitrobenzene, 5.87 gms !(OH & PTC as listed)
220 mmoles (TMA),CO; & (TBA),SO, (0.5 to 1 vs NB, same no. of equivalents)

5 EXAMPLE 3



A20 mmol es (TMA) 2CO3 & (TBA)2SH4 (0.5 to | vs NB, sane no. of equival ents)
5 EXAMPLE 3 WD 03/010126 PCT/ US02/21508 20 Exanple 3 shows that

ni t r obenz@oa3meap2de coupled with a variety of aniline dePCTaiSIVeKs08 0
produce 4-ADPA internedi ates. A stoiciti onetric anount of substrate as

listed in Table ow. .5 .ni.trobenze 9 8 mol es),

pot assi um h@faﬂﬁﬂkﬁg %‘%’5/ habtr%t%b nﬁgg\%%%yqog%@pépg’ﬁnﬁsh% ?@%ﬁt’ﬁ| es),

t et r ameb iyhHERALIES BiYrogictes-LDPA intemediatgsans, 24. 3 nmol es), and wat er
(2.84 grans) were charged to a 50-nL round bottom flask equi pped with a
magnetic stirrer. The reaction was allowed to proceed for 2 hours at 80C

in an open fA%ﬁalfohx&@éth@rahﬁ;unecuesameatmmmmmle 40etval yzed by HPLC.
Table 4 Yield, % Conversion p: r niline, 99%
2. 335¢r aifwbenzeng (A% 8 D8HaNG; 4+ gp '%@"@NEP Sgiug ﬁ\@(g&ﬁggl@e%e 99% 3.03

gr ams ém’ls91§04ﬂm81e§ téirahéihylé’dmmwﬁmne:hlonw%?% 40 grans,
24. 2 mé%ﬁd 306/519 2@;8 8 13. 2

anilide % 5 rans, 122
mol es &94@@&1332%3 mmoles), @ng Waifﬁr é@ér%ams VEE © '@?égﬁdgg’ %@ gramg 58. 6% 5. 4

31.6 18, d%ﬁﬁ@ﬁid g st T8e38a<g|barwsas albw@driool es 8. 5%
0.3 2.7 @J'g“%’t@?’?%%r’\(%@% 99% 3983 grans, 2 9 40/ 0.0 1.0 15.1

33.3 anMelewfer%hcwmaaéO%w)a OBersﬁa% é?%tefés E't%eb & 25 0
sBen 98% 2.47 grans, 123mm|e501%00010000 15

VWi I@ arf Fyﬁg& h%gl?LeCffectl vely couples with nitrobenzene in a KO+ TMAC

system am des such as formanili d% ernyI urea and carbanilide as well as

t he

Yield, %

Conversion p-NDPA 4-NDPA An Recr_Other

Aniline, 99%, 2.33 grams, 24.8 mmoles 95.4% 6.0 68.3 19.9 1.2
Formanilide, 99%, 3.03 grams, 24.8 mmoles 84.5% 19.3 47.3 16.3 1.5
Phenylurea, 97%, 3.40 grams, 24.2 mmoles  96.2% 19.2 38.8 135 2438

Carbanilide, 98%, 2.85 grams, 12.2 mmoles 48.1% 1.3 37.1 9.3 0.4

Thiocarbanilide, 98%, 2.85 grams, 58.6% 5.4 31.6 18.6 3.0
12.2 mmoles

Acetanilide, 97%, 3.38 grams, 24.3 mmoles 8.5% 0.3 2.7 3.6 1.9
Benzamide, 99%, 3.03 grams, 24.8 mmoles 49.4% 0.0 1.0 15.1 33.3
N-Methyl-Benzamide, 99+%, 3.38 grams, 8.2% 0.0 0.0 0.0 8.2
25.0 mmoles

Benzanilide, 98%, 2.47 grams, 12.3 mmoles 0.1% 0.0 0.1 0.0 0.0

15 ' ‘
While aniline most effectively couples with nitrobenzene in a KOH-TMACI

system, amides such as formanilide, phenylurea and carbanilide as well as the
thiocarbanilide can be substituted to produce 4-ADPA intermediates.

20



t hi ocarbanilide can be substituted to produce 4-ADPA internedi ate

03/ 010126 PCT/ US02/21508 21 EXAVPLE 4 Exanple 4 illustrates thesrezzigt Y\gn

of ani|i rwoanMicizd robenzene using various bases in combi rafiusn2/msvh

t et ramet hyl anmmoni um chl ori de to produdde 4- ADPA internediates. 5 Aniline

(99% 22.58 grans, 240 mmol es), nitrobenzene (99% 4.97 grans, 40 mol es)

an appr l(-:Eé.m)unt of base as given in Table 5 bel ow and 1

1358'[ Lﬁ”?éﬂ%'dabm@(ﬂttbl@ff:ciFLhdtf(Htéﬁm_e(r@Z%on%f%iligeanﬂ,nitzr@enﬁﬁl!%%ingvas charged to a
- _ ottom fl ask equi w th a net i ' r '

10 all ovedoenbasesdbeanpbrta MmO SRR Blodut®t et o ver o

then s Rethtefopiad yzed by HPLC. Table 5 Yield, % Conversion p-NDPA

4- NDPA An Recr OQther 97.1% KOH, 86% 7.83 grams, 25.2 35.5 30.6 5.8 120

mmol & (3:1 vs NB) 100.5% KOH, 86% 13.05 granms, 21.5 36.0 32.0 11.0 200

TS 1S 1 Y Mo sy ot SRR L)
mol es (4 mmeEesNEN appropriate amount of base as gn\gen Hsl’ab?‘e 5 %e?ow gndm' 2 0.2 200
tetramethylammonium chloride (97%, 4.52 grams, 40 mmoles) was charged to a
50-mL round bottom flask equipped with a magnetic stirrer. The reaction was
10 allowed to proceed for 1 hourat 60°Cina stoppered flask. Contents were then

sampled and analyzed by HPLC.

Table 5
Yield, %
Conversion p-NDPA 4-NDPA An Recr QOther

97.1%
KOH, 86%, 7.83 grams, 25.2 355 30.6 5.8
120 mmoles (3:1 vs NB)

100.5%
KOH, 86%, 13.05 grams, 21.5 36.0 320 1.0
200 mmoles (5:1 vs NB)

21.3%
NaOH, 98%, 4.90 grams, A7 12.6 34 06
120 mmoles (3:1 vs NB)

50.4%
NaOH, 98%, 8.16 grams, 1.5 24.5 14.2 0.2
200 mmoles (5:1 vs NB)

98.8%
CsOH-H,0, 95%, 15.91 grams, 20.5 43.2 34.5 0.6
90 mmoles (3:1 vs NB)*

107.1%
+BuOK, 95%, 11.84 grams, 15.2 334 25.0 335
100 mmoles (2V2:1 vs NB)

51.5%
TMAH-5H,0, 22.42 grams, 38.2 7.0 5.9 04

120 mmoles (3:1 vs NB)*

*30 mmole scale (16.93 gms aniline, 3.73 gms nitrobenzene, 3.39 gms TMACI & base
15 as

indicated)

A Tetramethylammonium hydroxide only. No TMACI added.

Both lithium and calcium hydroxide were screened with no reaction

20  observed for either of these two bases.



98.8% CsOHH2O, 95% 15.91 grans, 20.5 43.2 34.5 0.6 90 moles (3:1 vs
NB) * 107.1 % t-BuOK, 95% 11.84 grans, 15.2 33.4 25.0 33.5 100 nmol es
(2'/2:1 WwONBp1HL6 5% TMAHSH2O, 22.42 grans, 38.2 7.0 5. 9PQTAISOA2G0smDl es
(3:1 vs NB)® *30 mmol e scale (16.93 (s aniline, 3.73 gns nitrobenzene,
3.39 gns TMACI, &.base . 15 as.indi ¢ - AdaRaLi4m hydroxi de
only. No Tm%taﬁﬂﬁr@ .ydﬁ%{q“? '?iﬂf%gﬁﬁ}gﬂeﬁgg%sglbcuggh%glﬁﬁ@(% de ’V\g%lgmscreened wth
no r eachydroxid@Opsbssiund etufoxtdecirtidietrambthyteeseonium hasedde W A7 010126

PCT/ US02/ 21508 22 Pot.assi um hydr oxi de i.s_.the .nor [ J?ﬁﬁ d sodi um
hydr oxi 8‘é‘fajb RPS6H a"ﬁlﬁr”@ﬁhd@?y ﬁa‘?‘]ﬁ‘é‘sﬁf’&’ﬁ@?@ﬁ&%&‘% t%&g@ﬁ’g%tl et rgrr‘r'ghtyl amoni um
hydr oxi dRload&tbisiain dxbptableaateasdsoanysioh. whi ch nmay used in conbination

wi th_tetramet hyl anmonium chloride to obtain acceptable rates of

conversion. 5 EXAMPLE 5 Exanple 5 denpnstrates the effect of increasing
pot assi gxayelreoxi de  charge on aniline-nitrobenzene coupling products under

ot herwi se constant reaction conditions with tetranethyl Toni um chl ori de
as a phase tExagpled dqr@oq%rtataqs))gﬁ_effgﬁ’q qnfilrhce(e%:g@g/(pot?ggng@%ldgwe 240 nmol es),

ni trobe 538 % edniBdbeHzBRE coupiPgPIBHRSS undstolissivise doyetaoxi de in the
anmount glﬁv n in Table 6 bel ow an% gt et r anet hgl ammoni um chl oride (97% 4.52
granms, 4gnranolceryitiopsswithipigawthdargmonium chioride as a phase transfer

10  catalyst.

Aniline (99%, 22.58 grams, 240 mmoles), nitrobenzene (99%, 4.97 grams,
40 mmoles), potassium hydroxide in the amount given in Table 6 below and
tetramethylammonium chioride (97%, 4.52 grams, 40 mmoles) was charged to a
15  50-mL round bottom flask equipped with magnetic stirrer. The reaction was
allowed to proceed for 1 hour at 60°C in a stoppered flask. Contents were then
sampled and analyzed by HPLC.

Table 6
Yield, %
Conversion p-NDPA 4-NDPA An Recr Other

No KOH, TMACI Only 0.0% 0.0 0.0 0.0 0.0
1.30 grams KOH, 20 mmoles (0.5:1 vs NB) 54.9% 18.8 19.6 157 0.7
2.61 grams KOH, 40 mmoles (1:1 vs NB) 69.2% 21.3 26.8 20.8 0.3
5.22 grams KOH, 80 mmoles (2:1 vs NB) 91.8% 26.0 33.5 29.1 3.2
7.83 grams KOH, 120 mmoles (3:1 vs NB) | 97.1% 25.2 355 30.6 5.8
10.44 grams KOH, 160 mmoles (4:1 vs NB)  99.1% 23.6 36.0 320 75
13.05 grams KOH, 200 mmoles (5:1 vs NB)  100.5% 215 36.0 320 111

15.66 grams KOH, 240 mmoles (6:1 vs NB)  101.7% 18.4 33.6 32.7 17.0

20 o
Higher excesses of base result in poorer reaction selectivity and more by-
product formation. The same trend is observed when running the reaction under



15 50-nmL round bottom fl ask equi pped with nmagnetic stirrer. The reaction
was allowed to proceed for 1 hour at 60C in a stoppered flask. Contents
wer e t herwogatnplied and anal yzed by HPLC. Table 6 Yield, ®CCarsvEesioHn

p- NDPA 4- NDPA An Recr O her No KOH, ZBMACI Only 0.0%0.0 0.0 0.0 0.0 1.30

grams KOH, 20 nmoles (0.5:1 vs NB) 54.9% 18.8 0.7 2.61 grans

KOH, 400q1rmr@t@/emm!ld@fsrem)0n&@.“é@@éﬁ?%d%%&%’eﬁd’? ésnggl é‘?{g‘ﬂ‘z grams KOH, 80

mol es é;ﬁ@%r%?:o?@rg%'ig%fgﬁct@n%’”@ @fountdf Pasd u8Sd.gr ams KOH, 120 nmml es
S . 1% 25.

(3:1 v 2 35.5 30.6 5.8 10.44 grans KOH, 160 nmoles (4:1 vs
NB) 99.1% 23.6 36.0 32.0 7.5 13.05 grams KOH, 200 mmles (5:1 vs NB)

100. 5% 21. 5 36 oA 2. 666 §raNndlekOhitrodéfzemen(9886, G6161 vs NB) 101. 7%
18. 4 33.6 32’%@"’%7(%/9%']6@9@

Hi ‘gh , f b ; |t i ti
Sl 661 1 gidme. 466 MmOEDyPOtRTILBYIPYRRIR B e A P0% er ved when
runnin ' ke HGHIUSH2Mm2THyRBnmaGu tivel
1 er O el ol oBRE poRel ERE1 Ylanfost flied o Somlarly

m | der déscribed in Tabl e g beLow. q Sit 1.l arly,
conver sicaibride (7%, 5148 gamaPShamaRs) WEre Ehade 0 AJOG-MiaFRYNA PO %{9% 32.60
grans, 346.5 muol es. i d€orbwgs alsve . hocewdl es) ,

pot assi 3?@%%‘%‘38@'%? %qieﬁéﬁgﬁgﬁﬁgﬁ%é@% [%aTabI eg§’7 beleo Fi?36% gr oLnd
powder , 61 [dur Gritans, aﬂﬁi@amnmbmqera&i@e@éfﬁom?e‘?wm%fmr%‘?ﬁetﬁ%ﬁed Ml oride (97%
5.48 grams, 48.5 s r s wetdten fl ask
equiﬁQped"S\ﬁP‘lUHO%OirgBHo'H r%%%ngmagt iir?%rstfoﬁs%ﬁree@l 9%551_ iC{)oﬁ was al | owed to proceed

for 1 hagmppddhdanaaprlditatPod. of external heat (some exotherm generated by
10 dissolution of KOHin reaction water) in a stoppered flask. Contents
were then sanpled and anal yzed by HPLC. Table 7

Table 7

Yield, %
Conversion p-NDPA 4-NDPA An Recr Other

9.77 grams KOH, 150 mmoles (3:1 vs NB) 10.5% 1.3 8.6 0.0 0.6
13.05 grams KOH, 200 mmoles (4:1vs NB)  64.6% 14.9 26.2 15.4 8.1
16.31 grams KOH, 250 mmoles (5:1 vs NB) 92.2% 21.8 33.0 27.0 104
19.57 grams KOH, 300 mmoles (6:1 vs NB) 100.5% 21.7 33.6 318 135

22 84 grams KOH, 350 mmoles (7:1 vs NB) 104.4% 21.3 33.6 335 16.0

15

EXAMPLE 6
Example 6 indicates the effect that the introduction of an oxidant has on

the conversion of aniline and nitrobenzene to p-NDPA, 4-NDPA and by-products
20 when utilizing a potassium hydroxide / tetramethylammonium chloride base-PTC

system.

Aniline (99%, 2.33 grams, 24.8 mmoles), nitrobenzene (99%, 3.08 grams,
24.8 mmoles), potassium hydroxide (86% ground powder, 9.77 grams, 150
25  mmoles), tetramethylammonium chioride (97%, 0.69 grams, 6.1 mmoles) and
water (2.32 grams) were charged to a 50-mL round bottom flask equipped with a
magnetic stirrer. The reaction was allowed to proceed for 2 hours at 80°C under



Yi el d, % Conversi on - NDPA 4-NDPA An Recr OQther 9.77 grans KOH, 150 mmol es
(3:1 vs NB) 10.5%1.3 8.6 0.0 0.6 13.05 grans KOH, 200 mmoles (4:1 vs NB)
64. 6% 14.W028/0M116. 4 8.1 16.31 granms KOH, 250 nmol es (5: PCTAISNBY1508. 2%
21.8 33.0 27.0 10.4 19.57 grans KO—IZ4300 mol es (6:1 vs NB) 100.5% 21.7

33.6 31.8 13.5 22.84 rams KOH e ’ % 21.3 33.6 33.5
16.0 15trEOWVPLEC@WW9@CBb$41B‘? E‘é{t @"nkq@s \é{% eL[h%éﬁ S%lﬁ}p}%ﬁe%l) ntroduction of
an oxid he conversion of aniline and nitrobenzene to p- NDPA,

4- NDPA %ﬁélygﬁ%f@%gt s 20 when utilizing a potassium hydroxide /

t et ramet hyl anmoni um chl ori de base-PTC system Aniline (99% 2.33 grans,
24.8 mol es), 80599 % stEm MBa StcppBred k8 Amapersyystepoisassi um

hydr oxi de (SE%E%%uﬁﬁpgﬁmg 9? ram;@g?SO 25 mmol e @nt
tetrarretléfyhmtmmremamﬂ\bpentmth@ﬂws 1658 PLgRS SWeSp ‘?ﬁ‘ﬂﬁr §"450 water (2.32
grans) were ch t 604 GflgRdoR fidsis inegystameduippe a  magnet i c
sti rrer\,\ﬁ@ﬁ@elpg%@ﬁéj%(r{g\?\ggég?@ g proceed for grs at ,,80C under WO
03/ 0101 2GtHASSHH BSARirHe6a8! owtiet alﬂ@st%'lﬁﬁb? ﬁep@aﬁ%#ﬁtqaér%" aEoSBEF bel ow.
Contents were then.s anal yzed by HPLC. The definition of a

cl osed srﬁg?té’r‘ﬁmgss atﬁa]gg)per e%?%l ask. An open systemis 5 left unstoppered
and open to the atnmpsphere. For gas sweep experiments, a three-necked
flask is substituted for a singl e-g d flask, the system equi pped wth
bot h'& gas inlet and outlet line, and the appropriate gas swept across the
reaction mass at a low flow rate. YieldTs#ble 8 Yield % Conversion

Sel ecti virty P-4~ AN Recr O heConversion Selectivity — p- 4. An Recr Other
NDPA NDPA
Closed System 45.1% 61.3% 14 263 159 1.5
Open System 34.4% 85.6% 1.7 27.7 29 2.1
Gas Sweep, Nitrogen 94.8% 58.2% 24 528 383 1.3
Gas Sweep, Air 60.6% 86.8% 2.8 49.8 3.3 4.7

In cases where the reaction is left open to excess air, selectivity is
15 markedly improved, as opposed to experiments where the amount of oxidant is
limited. Formation of azobenzene is greatly increased in the latter instance.

Improvement in reaction selectivity is reinforced by experiments in Table

9, which demonstrate the effect of hydrogen peroxide addition in the reaction

20 mixture.

Aniline (99%, 22.58 grams, 240 mmoles), nitrobenzene (99%, 4.97 grams,
40 mmoles), hydrogen peroxide (50% agueous, amount indicated in Table ©
below), water (sum total from additional water and peroxide kept constant at 2.16
25  grams), potassium hydroxide (86% ground powder, 7.83 grams, 120 mmoles)
and tetramethylammonium chioride (97%, 452 grams, 40 mmoles) was charged

to a 50-mL round bottom flask equipped with a magnetic stirrer. Peroxide was



NDPA NDPA Cl osed System 45.1%61.3% 1.4 26.3 15.9 1.5 Open System 34.4%
85.6% 1.7 27.7 2.9 2.1 Gas Sweep, Ntrogen 94.8%58.2% 2.4 52.8 38.3 1.3
Gas SweepwOABH0108% 6% 86.8% 2.8 49.8 3.3 4.7 |n cases wheP€eTiUse2/2¥eLt i on i s
| eft open to excess air, selectivity 35 15 markedly i nproved, as opposed to
experinments where the anount of. oxidant i | 11 : r i on of
azobenzehoed tcgﬂ'@d@?‘ﬁf'oﬁrﬁ'@'%%%gﬁfqr%a&ﬁag I@—E é‘rf%és;ﬁg'mg@ ﬂ%ﬁpr ovenent in
reacti Oﬂuiﬁﬁb%&feﬂp&édyaﬂosthéﬁitﬁé @aeh6h Wis a@esd fwepToseddhfoTatkioar 8f  whi ch
denonstrate’t effect of hydrogen perpxi g@ﬁi_iti on in the reaction 20

m xt ur eB60%hi Cpaientsouers then samgird A8d BRYZENBY E5)-~ ni t r obenzene (99% 4. 97
granms, 40 mmol es), hydrogen peroxide (50% aqueous, anount indicated in
Table 9 below), water (sumtotal frorg addi ti onal water and peroxi de kept
consbant at 2.16 25 grams), potas&®Rfhydroxi de (86% ground powder, 7.83
grams, 120 mmoles) and tetranet hyl M¥noum chl ori-de—(07% —4-52-grams, 40

mmol es) was charged to a 50-nL round bottom fl QU Mwi a magnetic
stirrer. Peroxide was WD 03/01©qr2/grqnzn-r$¢lg¢wliy9e1§ﬁ3?i\ giﬂﬂ’fﬁ"\grwg bﬁ'\e{ he

reaction mxture before adding KOH & TMACI oQ/\/int*@ghehf éaisk [ c5|5y
St opper &t Ky 8ty Waer r eact i on SRS al | BURE t o Prlocedd For ° holt at  60C.
Contents were then sanpled and anal yzed_hy,HPL Ta@le 9,51 ehd, % An
Conver si0gd Siect mm%ggﬂamﬂﬁ)x 4%%1]3%\ Rezg'%d he%'{lo ﬁgd‘g &232(?(16 g wat er
96. 6% 62 D98 9Wa¥r37. 7 30.6 0.5 0.27 g H202, 4 mmol, (0.1 vs NB) 90.3%

73.8%27.3 39.4 23.0 02, At e Gobd GrHR02, 4 e o NB
86 6% 7%%é%gﬁ;erm%9%gy§ﬁﬁo Bedsonat er7Qy ‘927&52 40% Mps3 (8,02 vs NB)

1.09 g H,0,, 16 mmol, (0.4 vs NB) 86.4% 77.3% 25.5 413 183 1.3
& 1.62 g water

1.63 g H,0,, 24 mmol, (0.6 vs NB) 86.4% 78.4% 26.9 409 176 141
& 1.34 g water

2.18 g H,0,, 32 mmol, (0.8 vs NB) 79.8%  80.3% 25.6 384 143 14
& 1.07 g water

2.72 g H,0,, 40 mmol, (1.0 vs NB)  80.8% 82.0% 25.9 404 130 16
& 0.80 g water

The same trend noted for opening the reaction contents to air is also seen
10  for peroxide, namely exposure to an oxidant improves selectivity. This
observation is reinforced by experimentat trials where excess nitrobenzene is

used to act as an oxidant. (see Example 7).

EXAMPLE 7
15 Example 7 shows how the ratio of 4-ADPA intermediates can be

controlled by adjusting the amount of aniline charged into the reaction.

Aniline (99%, amount given in Table 10), nitrobenzene (99%, 4.97 grams,
40 mmoles), potassium hydroxide (86% ground powder, 7.83 grams, 120

20 mmoles) and tetramethylammonium chloride (97%, 4.52 grams, 40 mmoles) was
charged to 50-mL round bottom flask equipped with magnetic stirrer. The



& 1.89 g water 1.09 g H202, 16 nmol, (0.4 vs NB) 86.4% 77.3%25.5 41.3 1
i.3 & 1.62 g water 1.63 g H202, 24 nmol, (0.6 vs NB) 86.4% 78.4% 26.9 438
3;. 6 1.1 wokoBr2g water 2.18 g H202, 32 nmol, (0.8 vs NBPCTAIS8%B08 3% 25. 6
25.3 1113?1 1.340 ic é 0; 8 \ggt% 2. 72hg 26202, 40 mmol, (1.0 vs NB) 80.8% 82. 0%
) ) [ 3. . . [ e s . [

react i offacHeM Wﬁ?@"?‘%edaiorpmge%ff 6061}8853%0}'@%%%%.@%3%%a%’f9' ggpggﬁr eto
an oxi daghtdniPReaRers ShRplel \dndyanalized bydtrias.vation is reinforced by
experinmental trials where excess nitrobenzene is wused to act as an

ni trobenzene (99% 4.97 grams, 40.(l egly PAbSe kALK Bael 86% gr ound
p , gras—120—20-+nmotes) c—-tetranmethytammonium chi or i de (97%

4.52 gr 40 ARk h .
: Bo o 3Qs NIHRL 853 mi@iSs, char geg) ko S0sanl soundobet t ozad | ask! equi pped
W th maghegtiggstirrer. l?@e WO 03/ 010126 PCT/ US02/ 21508 26 reacti gn algs

allowed to proceed for 1 hour at 601Cin a stoP ered fla%lg ggntents wer e
: v BY
7

then sanpbegaanthiangoymedeby HPLC.93Bbl !0 87-Vi elPd* ¢ i
' ¢ . 4 o tio p- NDPA
4- NDPA AgtReldB” Ot her 35.28 grans Aniline, 375 moles, 87.2% 1. 34 32. 7 27.3

32% % L 230 XS5 3G9 0r ams fel i nes 39Q5 M0Ises, 936.2% 1231 37.1 28.4
’ " 11:1 vs NB#

33.87 grams Aniline, 360 mmoles, 95.4%  0.96 32.0 33.2 27.5 2.6
9:1vs NB '

26.34 grams Aniline, 280 mmoles, 96.8%  0.75 271 36.0 30.3 3.5
7:1 vs NB

18.81 grams Aniline, 200 mmoles, 959% 060 23.1 38.8 31.1 2.8
5:1vs NB

11.29 grams Aniline, 120 mmoles, ©923% 037 15.7. 424 30.9 34
3:1vs NB

3.76 grams Aniline, 40 mmoles, 1:1 vs NB 80.1% _ 0.14 6.1 43.8 24.7 55
*25 mmole scale (35.28 gms aniline, 3.11 gms nitrobenzene, 4.89 gms KOH & 2.82 gms TMACI)
A30 mmole scale (36.69 gms aniline, 3.73 gms nitrobenzene, 5.87 gms KOH & 3.39 gms TMACI)
#35 mmole scale (36.22 gms aniline, 4.35 gms nitrobenzene, 6.85 gms KOH & 3.95 gms TMACI)

10
As more aniline is charged to the reaction, more p-NDPA is formed
relative to 4-NDPA. The same trend is noted under differing reaction conditions
as outlined in Table 11 below.
15

Aniline (99%, amount given in Table 11), nitrobenzene (99%, 3.08 grams,
24.8 mmoles), potassium hydroxide (86% ground powder, 9.77 grams, 150
mmoles), tetramethylammoniumAchloride (97%, 0.69 grams, 6.1 mmoles) and
water (Table 11, 20% w/w) were charged to a 50-mL round bottom flask
20 equipped with a magnetic stirrer. The reaction was allowed to proceed for 2
nours at 80°C in an open flask. Contents were then sampled and analyzed by
HPLC.



13:1 vs NBA 36.22 grans Aniline, 385 nmoles, 94.7%1.14 35.2 30.9 26.5 2.2
11:1 vs NB# 33.87 grans Aniline, 360 mmoles, 95.4%0.96 32.0 33.2 27.5 2,6
9:1 vs NBvP®3®#1g6 ans Aniline, 280 nmol es, 96.8%0.75 27. PC3IAIS02/3G08 3.5
7:1 vs NB 18.81 granms Aniline, 200 nmmdjles, 95.9%0.60 23.1 38.8 31.1 2.8
5:1 vs NB 11.29 grans Aniline, 120 mmol es, 92.3%0.37 15.7 42.4 30.9 3.4
3:1 vs NB 3.76 grans Aniline, 40 mmoles, 1:1 vs NB 80.1%0.14 6.1 43.8 24.7
5.5 *25 mmol e scal e (35.28 gns @ablkiiie, 3.11 gns nitrobenzene, 4.89 gns

KOH & 2.82 gns TMACI) A30 mol e \?CELg/(BG 69 gns aniline, 3.73 _gms
ni trobenzene, 5.87 gns KOH & 3 397! TMAGH) #on:

A 22 gns
aniline, 4.35 gns nitrobenzene, £oBY R%t'%ge-tNB A,, M As nore
aniline is charged to the reacti N |sf ned o el ve to
4- NDPA. 12I'h%gﬁsarrg33tm@ﬁ'd(5%"§1'8? ﬁfﬂﬁié 8%12f er |[gr:1‘egA reacl(:q‘llr on ¢ondi ﬁﬁ)ns as
out|ine#8P @ He8bl e 11 bel ow. 15 Aniline (99% anount given in Table 11),

ni trobenzene (984) (gr{_gl 1@& %15(? nyol,es) ,g Pot asgixm hydr oxi gle (86%

ground O es) t et ranet hyl anmoni um chl ori de (97%
0.69 gr 1 nmol es) and water (Table 11, 20% w w) were charged to a
50-ntL ,QP%%%%I Qqui pped Witz a magnetizo.Stirmer. Thé reaction
was al l gp:ég roceed for 2 hours at 80C in an open flask. Contents were
then sa and anal yzed by HPLC. WD 03/010126 PCT/ US02/21508 27 Table

2.33 g An, 24.8 mmol, (1 vs NB) & 34.4% 0.06 1.7 27.7 2.9 2.1

1.75 g An, 18.6 mmol, (.75 vs NB)& 426% 0.05 1.8 346 4.2 2.1

217 g H,0

1.16 g An, 12.3 mmol, (.50 vs NB)& 56.1% 0.02 0.8 517 1.1 2.5

2.02 g H,0

0.58 g An, 6.2 mmol, (.25 vs NB) & 76.7% 0.01 0.9 72.9 1.1 1.8

1.88 g H,0

5 Yields of 4-ADPA intermediates (p-NDPA + 4-NDPA) remain relatively flat

when aniline is used in excess (approx. 20%) but improve significantly (73.8% at
0.25 to 1 An/NB) when aniline becomes the limiting reagent as noted in Table 11.
Also, selectivity is improved (96.1% at 0.25 to 1 An/NB) when nitrobenzene is
used in excess despite less overall water. As shown in Example 9, less water

10  typically decreases selectivity in an inorganic base system. Excess nitrobenzene

here acts as an oxidant, improving selectivity as shown in Example 6 with air and

peroxide.

EXAMPLE 8
15 Example 8 illustrates that the reaction between aniline and nitrobenzene

using potassium hydroxide as a base in conjunction with tetramethylammonium
chioride can be conducted over a wide range of temperatures.

Aniline (99%, 2.33 grams, 24.8 mmoles), nitrobenzene (99%, 3.08 grams,
20 24.8 mmoles), potassium hydroxide (86% ground powder, 9.77 grams, 150
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.010. 72. 9 11.8 1 88 5 Yields 4- ADPA
&4 o Regsietle Afisee Eaion 14k 2B FEI resRe i Zholii 1 ne i s
used in a@mﬁgi\fen(téﬁfpl’emtureZﬁ% dpeh flagir Guetestsymeriei the:mbhmp(e?ﬂ&arﬂ% at
An/ NB when ‘{) Bﬁ beconmes the limting reagent as noted in Table 11.
'é’tz? b § inproved (96.1%at 0.25 to 1 An/NB) when nitrobenzene

| es

= o

T
.5
5

S

Y J H ng

pot assi um hydroxi de as a base in con unctl 061 W th §t ramebibyl ni um
chl ori d&e@gwnﬁém%rﬁau%@@cp over a w9 rangebf tenferatur | ne (99%
2.33 grams, 24.8 mol e% ni t robenzene (99‘V 3.08 %rg 220 24 § nmol es) ,
pot assi (RFRRHPATERPERRIYBEH%Gr ound péhadr Sgrans’¥d50 O '

Reaction Temperature, 50°C 25.2% 0.8 22.3 0.1 1.9

Reaction Temperature, 65°C 26.0% 0.6 22.8 0.4 2.2

Reaction Temperature, 80°C 34.4% 1.7 27.7 2.9 2.1

Reaction Temperature, 95°C 39.3% 2.3 27.8 7.5 1.7

Reaction Temperature, 110°C 53.8% 35 334 12.8 4.0

Reaction Temperature, 125°C 72.7% 9.1 34.0 17.3 12.4

10

Increasing reaction temperature results-in improved yields and conversion

but reaction selectivity is lost. The amount of p-NDPA, relative to 4-NDPA,

increases with increasing temperature.

~ b

o Ul

0.25 to |



WO 03/ 010126 PCT/ US02/21508 28 mmol es), tetramet hyl ammoni um chl oride (97%
0.69 grans, 6.1 moles) and water (2.32 grans, 20% ww were charged to a
50- L r ouwo obotdieen f | ask equi pped with rmagnetic stirrer. PCRASOE21508 on was
allowed to proceed for 2 hours at th¥® given tenperature in an open fl ask.
Contents were then sanpled and 5 analyzed by HPLC. Table 12 Yield, %
Conver si on p- NDPA 4- NDPA An Recr Q‘b%e‘r Reacti on Tenperature, 20C 9.3%0.1
8.3 0.0 1.0 Reaction Tenperature, 58 21.6%0.5 19.5 0.2 1.4 Reaction
Tenper attre; OE-25 290822 i T Selb fopT T RDPRIGNFEA 65C 26. 0%
0.6 22.8 06422 —ReactionTFenperature;—80C 344% 1.7 27.7 2.9 2.1

Reacti op JaReLAbaLGre 986 39. 3% g43 27.8 7gpol. 7 Reactipgn Tenperature,
110C 53. §%}§§P§ @% %, 12.8 4.0 Re%’gti on Tenperat ure, 125C 72.7% 9.1 34.0

173 L2edocifi ThRELEAN, B0 cact i oy d emperatyjg resul ts-indgmproved yiel ds
and conversion ut réaction selectivity is lost. The amount of p-NDPA,

relati Vﬁeé&ioﬂ‘l’%@é’éaturé, Bgdceases Wwisth i ncreasipg tenperat e WO 03/010126
PCT/ US02/ 21508 29 Table 13 Yield, % Selectivity, % p-NDPA / 4-NDPA

React i ORcARIBRTeMpétatre, 86C 8. 3 8%3x 0. 01 Reaot i on Tenpercadaure, 35C 20.0
92.3 0.03 Reaction Tenperature, 50C 23.1 91.8 0.04 Reaction Tenperature,

65C 23. &Ke9&lioA T@mMP&rature, 80°C 29.4 85.6 0.06
Reaction Temperature, 85°C 30.1 76.7 0.08
Reaction Temperature, 110°C 37.0 68.7 0.1
Reaction Temperature, 125°C 431 59.2 0.27
5
EXAMPLE 9

Example 9 emphasizes the effect of water in the reaction of aniline and
nitrobenzene with a KOH-TMACI base/phase transfer system to form 4-ADPA
intermediates.

10

Aniline (99%, 22.58 grams, 240 mmoles), nitrobenzene (99%, 4.97 grams,
40 mmoles), potassium hydroxide (86% ground powder, 7.83 grams, 120
mmoles), tetramethylammonium chloride (97%, 4.52 grams, 40 mmoles), and
water as listed in Tables 14 and 15 was charged to a 50-mL round bottom flask

15  equipped with a magnetic stirrer. The reaction was allowed to proceed for 1 hour
at 60°C in a stoppered flask. Contents were then sampled and analyzed by
HPLC.



Reaction Tenperature, 80C 29.4 85.6 0.06 Reaction Tenperature, 95C 30.1
76.7 0.08 Reaction Tenperature, 110C 37.0 68.7 0.11 Reaction Tenperature,
125C 43. wWbd3a102@7 5 EXAMPLE 9 Exanpl e 9 enphasi zes the etCramso2/afsosvat er in
the reaction of aniline and nitrobem®ene with a KOH TMACI base/ phase
transfer systemto form 4- ADPA i g&rymadi ates. 10 Aniline (99% 22.58
granms, 240 nmmol es), nitrobenzeneT% 9 4.97 granms, 40 moles), potassium
hydr oxi de (86% ground powder, 7.8Gelgr@ms, 120 nmoles), tetranethyl anmoni um
chIorida-éQMQ—g-r—a-nnH—@—m#aJ—eaé——a-F f-pf——pa—fst-eg—n—Fat es 14
and 15 was charged to a 50-rL—round BBYSHRR £ WA FeNRER AT Recr OMCY
magnet i tirrer,. ;- The reaction was al d taq.proce for hou at 60Cin
a stopp@P&Mat?rlaé@ﬁq Contents were thenéésj‘zgﬁr‘fpl e326§{1d afrﬁeji?yzea&%y ]5_“':‘5|_C_ WO
03/ 01012 ,PCT/ / ) 144, Y4, €l d, 5% Conyeg si ohg - NDPA 4- NDPA An
Recr Q%SP IR ’éra&g‘g%éeég(g'é%&%afﬁégés 302.84@ 3.3°2.16 grams H20, 120
ml es (3 B8 3NEY 285009 4 #.82 gspys HIEy 2403mml es
8l 09 AT 2 1.

(6:1 vs 1.1 18.4 3 6.48 grans H2O 320 nmoles (9:1 vs
NB) 28. %%é@arﬁs A0 20 hrtbied (98- BANEYr anes kRO, 4B molegs (1Z.1 vsoBB) 5. 5%
4.1 1.3 0.0 0.0 5 Table 15 Selectivity, %p-NDPA / 4-NDPA No Water added
65.8 0. 834 grams H,0, 480 mmoles (12:1vs NB)  5.5% 4.1 1.3 00 00
5 Table 15
Selectivity, % p-NDPA / 4-NDPA

No Water added 65.8 0.69

3:1 H,O/NB (1 mole Water vs. KOH) 69.4 0.77

6:1 H,O/NB (2 moles Water vs. KOH) 72.1 1.28

9:1 H,O/NB (3 moles Water vs. KOH) 81.3 2.44

12:1 H,OINB (4 moles Water vs. KOH) 100.0 3.08

A general improvement in selectivity and higher levels of p-NDPA relative
to 4-NDPA becomes evident as the amount of water is increased.
10
The effect of too much water may also be noted from Example 2 and
Table 3 where the effectiveness of a 60% aqueous solution of
tetramethylammonium carbonate as a phase transfer catalyst is shown.
Previous unreported data obtained from a dilute 25% solution indicated

15  practically no conversion.



3:1 H20/NB (1 nmole Water vs. KOH) 69.4 0.77 6:1 H20/NB (2 nol es Water vs.
KOH) 72.1 1.28 9:1 H20/NB (3 noles Water vs. KOH) 81.3 2.44 12:1 H2O NB
(4 nol es watoanioagze KOH) 100.0 3. 08 A general inprovenment POTAS0BEZLSIYItyYy and
hi gher | evels of p-NDPA relative to 3-NDPA becones evident as the anount
of wat er '%[@,&qgased. 10 The effect of too nuch water may al so be noted
from Ex e 2 and Table 3 where the effectiveness of a 60% aqueous

sol uti on of Ekamnplems shovsrthaithereaciebonat ke earriad pHbisanyrd88YRA! cat al yst is
shown. Prevjous unreported data obtained froma dilute 25% sol ution

i ndi cat &§V¥8®practical ly no conversion. WO 03/010126 PCT/US02/21508 31
EXAMPLE 10 Exanple 10 shows that the reaction may be carried out in any of
several solyents. j L % : I id robenzene
(99% 2. 49 g?&aWE‘? <9§"{sf\ﬂ#%?§§%”§§§§?a@@9%§?ﬁ@t roxuz‘%%p% %%?%%a@%O\AUer, 3.91
grans, 60 mmoRsgPotadsitint apdrbkige 4866 wiroundpdvedardd 91 Irams. 26 grams, 20

nmol es) and 20- nl of the appraopri. I t r i+ Tabl e 16
was chartf8giesb t%{”%@t%}‘rlﬁ%(ﬁﬁ 85[0{ @%@%szﬁg@ﬂ%ﬁ%’e@oﬁﬂﬁﬁé’%%ﬂggjr?eti c
stirrer.mTBetheemprdsiateesivéd aglrémesehted irpTII'a)lgledﬂ Wascrlaargmto @b0-60C i n g|
stoppered flask. Contents were then sa and, anal y.z y HPLC. Table 16
Yiel d, 9mlcmnerkgtion %W'Waw& AN2RAE C%t”P‘Fér qh%e%%@@m% added 97. 1%

25. 2035. PonBd fo Pradeedrdret tholr as BbI®K alstoPPelatiofBdk 2Cantebts2werk the® Di met hyl

sul f oxi de, No phase transfer 36.5%10.9 15.8 6.4 3.4
sampled and analyzed by HPLC.

Table 16
Yield, %
Conversion p-NDPA 4-NDPA AnRecr Other
No solvent added 97.1% 25.2 355 30.6 5.8
Dimethyl sulfoxide 99.5% 34.2 37.6 26.1 1.6
Dimethyl sulfoxide, No phase transfer 36.5% 10.9 15.8 6.4 34
catalyst added
Benzyl ether 93.7% 30.86 32.1 28.1 3.0
1-Methyl-2-pyrrolidinone 80.1% 29.3 27.3 17.9 56
N,N-Dimethylformamide ' 74.0% 27.2 27.2 191 0.6
p-Xylene 65.9% 8.8 10.1 44.6 24
Toluene 63.3% 3.0 3.7 51.1 5.5
15
Notable is a roughly two-thirds reduction in yield when the phase transfer
catalyst is omitted (26.7% in DMSO without TMACI increasing to 71.8% with
TMACI).
20 Selectivity remains relatively unchanged in polar solvents (~ 70%) but

plunges significantly when non-polar hydrocarbons such as p-xylene or toluene
are selected as azobenzene yields in each of these two solvents exceed 40%.



catal yst added Benzyl ether 93.7%30.6 32.1 28.1 3.0 1

-Met hyl -2-pyrrolidin one 80.1%29.3 27.3 17.9 5.6 N, ND net hyl f ormam de
74.0% 27.0023/0M110. 1 0.6 p-Xylene 65.9% 8.8 10.1 44.6 2. 2CTNsouzrses 63. 3%
3.0 3.7 51.1 5.5 15 Notable is a roughly two-thirds reduction in yield
when the phase transfer catalyst is omtted (26.7%in DMSO wi t hout TMACI
increasing to 71.8% wth TMACI). 20 Selectivity remains relatively
unchang&XAMPipBHar sol vents (- 70% but plunges significantly when

I h b t ed
azonenzene yFERTGe H daHicAth BeltedRR Frolfle SRERIARR 488 M 0s1 010126

PCT{ USO 2bbfiifion 3@th dexadviRloEs shlubksanbpeiagsiuidydraxides@ss t he reacti on of
nd trob . i i ik D t f
ot ade; darayaruRRaEnanan oo BEpiicR i omfe SaiRp IR PT ous

di still ajzeetopd. the aniline-water azeotrope. 111.8 grans aniline (99%
1.19 noles), 31.2 grans aqueous potassium hydroxide solution (45% 0.250
nol es) and 50.0 gramnms aqueous 10 tetranethyl amoni um chl oride sol ution

(55% 0.25 mahes) rﬂﬁfs%rﬂfh%r(ge% f 19anol5§03 M2 drhmslacegouppatdssiimh a Tef | on

paddl e stirrer, er nocou ni trobe feed tube and needle valve. A
vacuum VY&raxie %U%W (f‘ﬁe"vﬁ)i%éodpgl ’P)oanig%(?%?—'ﬂ adjleYth ati ng pressure by

bl eeg nQeﬁ‘érﬁe@aZfa%ﬁoﬁlbﬁl érﬂé\ﬁe%olutbﬁqﬂ%goWSSncﬂeg)Lmer@mﬂwargudtto(mbenzene flow
was started rams, 99% 15 reaction

t enper atiﬂﬂeﬂbfﬂasb@qwaged Wik We'EPﬂO‘FIﬁ’@gg'@r%ﬁ'Péttﬁ‘?rg’%E '@oﬂ‘%rpg‘?rfzgaeby
' ”Creas'ﬂégdgl g ;%/r%cﬁ’é’éalé(?al@é h@aewrmm%q)mlé@ohl%é ARdutetoappMMIiHmt el y one

hour at "a a ressure of 60 mm Hg. The pressure was held fé)r 45 m nut es
at 60 regulating pressure by bleeding air across the reactor. Heating was begun an
nitrobenzene flow was started (24.6 grams, 99%, 0.20 moles) when the desired
15  reaction temperature of 80°C was reached. The temperature was controlled by
increasing the vacuum so as to complete the NB feed in approximately one hour
at a final pressure of 60 mm Hg. The pressure was held for 45 minutes at 60
mm Hg to insure completeness of reaction. The mixture was guenched with 40
mL of water. HPLC analysis: 32.1% aniline, 0% NB, 20.3% p-NDPA, 7.6% 4-
20 NDPA, 0.50% t-azobenzene and 0.05% pheanzine.  Yields based on 100%
conversion of NB: 72.6% p-NDPA, 25.3%, 4-NDPA, 1.9% t-azobenzene, 0.2%,

phenazine.

As shown in Table 17 below, running the identical reaction in the absence
25 of air resulted in a 12% lower yield (97.9% vs. 85.5%) and a seven fold increase
in the azobenzene level. A summary of other reactions in this series is also given
in Table 17 below:

30



mm Hg to insure conpl eteness of reaction. The m xture was quenched wth 40
m. of water. HPLC analysis: 32.1% aniline, 0% NB, 20.3% p-NDPA, 7.6%4 20
NDPA, 0. 59&os/oamebenzene and 0. 05% pheanzi ne. Yi el ds base@CoruSipos
conversion of NB: 72.6% p-NDPA, 25.3%3 4-NDPA, 1.9% t-azobenzene, 0.2%
phenazine. As shown in Table 17 below, running the identical reaction in
the absence 25 of air resulted if,@p 2% | ower yield (97.9%vs. 85.5% and
a seven fold increase in the azo enz(@é]@ Jevel . A summary of ot her

react i ons—trmthirs—serires—is (:Ntl) T 0] hé(mg/ 010126
PCT/ USO BA T4 NP0 VAz 5 P 4 NDPA

t-Azo P%@gﬁgge BASELI NE: See condl t| ons bel ow* 100.0% 97.9% 72.6 25.3 1.9
0.2 AT E: Baseline conditions (Vacuum 100.0% 85.5%66.5 19.0 14.2
0.3 No qRbldndihs b&EVCHARCGE:  1d0.8»9ms9720%| | nez2 @. 79251l €s1.999. 594 96. 2% 56. 4
39.8 2.7 0.5 4:1 vs NB 149.0 gns Aniline, 1.58 noles, 100.0% 97.9% 73.8
24.1 1. {TPHERE: vs NB TEMPERATURE 70C 100. 0% 98. 1% 65.1 33.0 1.4 0.5
90C 100.0%97.1% 71.9 25.1 2.7 0.2 N TROBENZENE FEED RATE:

Baseline conditions (Vacuum, 100.0% 85.5% 66.5 190 14.2 0.3

No Air)

ANILINE CHARGE:

74.5 gms Aniline, 0.79 moles, 99.5% 96.2% 56.4 39.8 2.7 0.5

4:1vs NB

149.0 gms Aniline, 1.58 moles, 100.0% 97.9% 73.8 241 1.8 0.3
8:1 vs NB

TEMPERATURE

70°C 100.0% 98.1% 65.1 33.0 1.4 0.5
a0°C 100.0% 97.1% 71.9 25.1 2.7 0.2
NITROBENZENE FEED

RATE:

29 minutes 100.0% 85.2% 62.7 225 144 0.4
86 minutes 99.9% 96.1% 76.8 19.2 3.5 0.4
BASE CHARGE:

18.7 g 45% KOH, 0.15 mol, 83.0% 97.6% 63.1 17.9 1.8 0.2
0.75:1 vs NB

37.4 g 45% KOH, 0.30 mol, 100.0% 96.9% 72.7 24.2 27 0.4
1.5:1 vs NB

ATMOSPHERE:

Vacuum, No Air 100.0% 85.5% £66.5 1.0 14.2 0.3

*6:1 Aniline/NB, 80°C, 49 min. NB feed time, 1.25 moles KOH vs NB, air atmosphere

EXAMPLE 12
This example demonstrates the reaction of aniline and nitrobenzene in the

presence of an oxidant in combination with an aqueous solution of



29 m nutes 100.0% 85.2%62.7 22.5 14.4 0.4 86 mnutes 99.9% 96. 1% 76. 8
19.2 3.5 0.4 BASE CHARGE: 18.7 g 45% KOH, 0.15 nol, 83.0% 97. 6% 63. 117.9
1.8 0.2 WwWOM3010126 NB 37.4 g 45% KOH, 0.30 nol, 100. 0% 96 Pe¥UsB2/71588}. 2 2. 7
0.4 1.5:1 vs NB ATMOSPHERE: Vacuum34No Air 100. 0% 85. 5% 66.5 19.0 14.2

0.3 *6: An| ine/NB, 80C, 4 &5 KOH NB, ai

:Lgoﬁlp[]ﬁ%d% o@%ﬁﬂﬁr%r%s%\{ay%%ﬁnﬁg%%%é%ﬁsloeﬁ% react I on o:‘lsanl I ﬁlar
RTINS therahite-wate aeackops. Ere DMAdiZalt domhitativnnat

aqueous sol ut |ton of WD 03/0 012q % USOe/ ]1?2{5? 34 1ot na |£3|\;\nmt£n?3m

hydr oxi d@PTERENtY &P U MPRYESA A R S 8% T PRERlS - d SF?HF% ation of the

ani | i necappREing2Rahdraasic babe andVpHasalransfontataipst adter recéptlesehthe an ionic

m xture of a potenti al bas ycle stream froma process conprising an
|noréanlcéuﬁléi@éeﬁﬁ@”ﬂﬂ%%seot‘fé‘hg%ér catal yst after reduction of rTPhe 5g

coupling reaction mass to 4- ADPA. Charged to a 500-nL round bottom fl ask

equi pped with a Tefl on paddl e irrer, ther

tube and air Obpeged tQé‘IﬁP@ %,rguncié@ttejn ﬂa?‘éﬁ%u'%qowﬂéar@g% p%Q% Z(rargﬁefs;aedm 9
gr ams a%ﬁ%k‘ﬁhérﬁ{ofcaufmé M- SberRRhY Teddtuby Gineirdgestblalie were( 38BP, 0.29 nol es)
and an equi val ent anount of sal in 15% excess over

L b
nltrobergzram@)anwgel(%@emwwi%%lE %@fﬁéﬁéa}sleeqtﬁetetr fl?%é“%&@ “Heated for 30
eS o €
s eto) V@fg&@s te SBf I&{%@@/&*m ﬁio’iés‘?laﬁ@éﬁ%ufv@%ﬂtarﬁw&@nﬁofgfaﬂtrtvs 99% 0. 25

€ system pressure was, reg e b sting the
bl eed vabase, NHEGhGINAIEXCERS W@ttmh@né?“@@é“?@éd'ﬂ Fah'eclﬁ&%c’ Lﬁfl% ma?nt ai nal r

the desifed, L GMRHAUEr 96 nfflte@ae13OnHoMglRkhdhRitdBeriEHeTeed N

(30.8 grams, 99%, 0.25 moles) was started. The system pressure was regulated
by adjusting the air bleed valve throughout the duration of the reaction cycle to

45  maintain the desired temperature of 80°C and to complete the NB charge in
approximately 75 minutes at a final pressure of 72 mm Hg. The mixture was held
for 30 minutes at 70 mm Hg to insure completeness of reaction and then
quenched with 25 mL water. Air was bled into the reactor headspace during the
entire cycle of charging reactants, heating to reaction temperature, feeding

20  nitrobenzene and holding for reaction completion. The salts are charged in molar
equivalence to nitrobenzene at SalyNB = 1.15. For example, potassium
carbonate and sodium sulfate have two equivalents of inorganic cation, so that

the molar ratio is 0.575.

25 The results with KCI at a slightly lower mole ratio to nitrobenzene agree
well with results obtained from the use of strong base and phase transfer catalyst
(KOH and TMACI), with continuous distillation of the aniline-water azeotrope.
This demonstrates that use of an inorganic salt and organic base is equivalent to
use of a strong base and phase transfer catalyst. It may be noted that sodium is

30 not as effective as potassium for completing the reaction. Nitrate and bromide
are also less effective anions for reaction completion at the conditions of this
example. However, it should be possible fo increase conversion for these salts
by modifying reaction conditions, such as increasing reaction temperature. Most



approximately 75 mnutes at a final pressure of 72 mm Hg. The m xture was
held for 30 mnutes at 70 nm Hg to i nsure conpl eteness of reaction and
then quewohadioeé h 25 nL water. Air was bled into the re&crarsohe®dspace
during the entire cycle of charging ¥eactants, heating to reaction

tenperature, feedin 0 ni.trobenzene.a | §.QL &keaction conpletion.

The sal ﬁ@”g'%“tdﬁg?eg’g‘??%qvﬁ P%%esaitcfgjlgwgﬁgoﬁlggg&o&gsletle%@%‘éﬁzene at Salt/NB =

1. 15. FoonfsnBsh 6f theQleassd timnd thirardxparmentsrin Tabidi 1tnatmyefshiows zate t wo

equi val ents of i nor L.c cation, so that _the nol raki+Qid 575. 25 The

resul t s WiNdiie Regition gg}géﬁ ‘?‘ﬁ%ﬂ@gﬁé%ﬁg?\qﬁﬁr&d\"%ﬂ W?%Wi@%&@é#i%@e agree wel |

Wit hl re%ét’z\él alzjaﬁduﬁt%(wm@ﬁheg’mmhnes soastga@é&%lhleaazb-phase transfer

catal yst (KOH and TMACI ), w.th, tinuaus di st tio

ani | 5ned\‘ﬂé‘€éy|aﬁ‘ir@)‘ﬁ’?@pf@ff%edlfm'%e d@%‘ﬂﬁﬁi\ét@g wq?aa[ls%%bar%&erg%edlt%r gani ¢ salt

and Orgﬁ@hﬂe%%f@:&hﬁ&}ﬁd‘é@u@lﬁ\bswmemrﬂfneear&ltd siegcthase and phase transfer
t

catal yst. may be noted that sodiumis 30 not effective as potassium
for compireethiigming hodmetwiish aig 'PP'&?féVea‘HfgbaS%{]?%a@%%B?'e al so | ess effective

anions for reaction conpletion at the conditions of this exanple. However,
it should be possible to increase conversion for these salts by nodifying
reaction conditions, such as increag ﬁ% reaction tenperature. Mst WO

03/ 0101 26—-PEH-US621-23508—35 s 5L aBEIcbhvity '€ POST L 1\g|gebf ect of salt
addition on reaction sel ecti V|1P§Ygr&é§rr§%lre:c§8 of the second and third
experi ments in Table 18 above shé#s that % th the addi-ti onAof Kdneronly,
azobenzene was reduced by nearly two-thirds an | atavel | 1 amounts
of "Qther" conpounds such as 4-Phenazo 5 di phe%’?%ﬁi ﬁ?%‘er?eﬁg?ned. The

"TVAH Or&% IRNROE T & actgnipzed by7.ohi gh7bevel 25.8f cthépoufds such as
N-nethylaniTine and a stench of frinet h%l am ne, _bot 2%1'01(% V\:hjlih
“eécti

a
i ndi cat i AGIOMrIo SaljAdded i on. 1938 e 18%8&nver 826n Vitty W%I d, % p-
4- An Othery o WRANFRBNRRBE  100.0 972 723 248 15 14

16.82 g Sodium Chloride 62.7 97.2 156 453 06 1.1
19.87 g Potassium Carbonate ~ 100.0 89.1 728 16.3 3.8 71
20.42 g Sodium Suifate 100.0 85.0 638 212 45 105
24.44 g Sodium Nitrate 27.8 94.3 8.3 17.9 0.9 0.6
34.22 g Potassium Bromide 27.0 98.4 156 11.0 0.3 0.2
23.58 g Sodium Acetate 80.5 96.9 566 214 15 1.0
19.55 g Sodium Formate 71.8 97.3 462 23.6 1.0 1.0
24.18 g Potassium Formate 89.5 96.4 642 221 2.4 0.8
39.13 g KHaPO,4 39.3 97.4 100 283 038 0.2

* Mole ratios are slightly higher: KOH/NB and TMACI/NB = 1.25

10
EXAMPLE 13
This example demonstrates the effect of the mole ratio of inorganic salit to
nitrobenzene. Reaction conditions were comparable to those for Example 12,
except that the mole ratio of KCl to nitrobenzene was varied. The results in
15 Table 19 indicate the addition of only a small amount of inorganic salt will



Conparison: KOH +TMACI, 100.0 97.9 72.6 25.3 1.9 0.2 T

, ) ) ) . . . MAH Only, No Salt
,;\dded 100.0 83.8 62.4 21.4 4.4 11.8 21.44 g Potassium Chlori dg 100.0 97.2
2.3 24. 8w0.03/010126 16.82 g Sodi um Chloride 62.7 97.2 15. 6P43INBD21604. 1
19. 87 g Pot assi um Carbonate 100.0 89.3p 72.8 16.3 3.8 7.1 20.42 g Sodi um

Sul fate 100.0 8 4 i Um N

17.9 0. HEFHe S?i‘”%ﬁ'%é Fadracte dnRigtona ufsre Goes U HEITHLR 88 275,903 B
g _Sodi Ufl@\éﬁ@@&&lc%& Eat%sea&ﬁad@sﬂgelebtmt%mmovermenwrdoesa@alnﬁ? Formate 71.8
97.3 46.2 23.6 1.0 1.0 24.18 g Potassium Formate 89.5 96.4 64.2 22.1 2.4
0.8 39.13 g KH2POX4 39.3 97.4 10.0 28.3 0.8 0.2 Ml e ratios are slightly

hi gher: KOH/ NB and TMACI/NB = 1. ZFable 09 EXA

condi tions were cor%%lﬁ:ﬁﬂt‘@ ConeRvieR %Ct'ﬁy;rrlpltel EZ " Xl?zde}g/fmtc“;t f{ﬁgbﬁrlof)g
rati o of—KeEk—to—m Llé)éw[qéene Wgs vari ed, Thq),N@M t@NDPAlsmTRbd:re CtBer

indicate the addition of only a small anmount of inor

03/ 01012AMRETAIR02/ 21508 36 10keease 86 ect i §2-ty. Taéf‘eforé;ji n Igl'?uati ons

wher e ca\rlrgsgt%g dé;e to high salt Ilevel is a concern, at |east a nodest

sel ecti vi'? 98 enent can be obtained. Table 19 Nbl e Rati o Conve{;l on
Iy 0

Sel ectivd, 55{ Y{@I d, % Gabt/ NB 9908 p- NDFSX. - NDPA3.An Reéd-’Qr her’-8 TMAR

100. 0 83, 21. 4 11.8 Sal t ded 6 I O.
100,083 FFE 4121 £ 838 1181088, Soiisd 1258 K0 0,25400 0 97.
21.44 g KCl 1.15 100.0 97.2 72.3 24.8 1.5 1.4

EXAMPLE 14 .
This example demonstrates the effect of adding a non-salt compound on

selectivity and conversion of nitrobenzene. Reaction conditions were

10 comparable to those for Example 12. Betaine, i.e. (acetyl)trimethylammomnium
hydroxide inner salt, is a salt formed by the acetate group with the positively
charged tetraalkylammonium group. So despite the name, the compound does
not actually have hydroxide associated with the tetraalkylammonium group.
However, when a strong base is added, betaine is converted to a compound that

15  contains both an acetate salt group and a tetraalkylammonium hydroxide group.
So with TMAH, betaine is converted to a compound with a
tetramethylammonium-acetate group and an (acetyl)trimethylammomnium
hydroxide group. With KOH, the compound has a potassium -acetate group with
the (acetyl)trimethylammomnium hydroxide group. In the KOH case, the

20  compound represents a metal organic salt and a organic base in one molecule.
Betaine is known in the literature to be a phase transfer compound or PTC
(Starks and Liotta, ibid), as it carries the inorganic or organic base into the

organic phase.
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conpound represents a netal organic salt and a organi c base in one

nol ecul e. Betaine is known in tﬁ-éb‘lei erature to be a phase transfer
conmpourrd—or—PTC(Starks and LT BEheErsibR! Selectyity! ¢ _cal [T §gjd RE 1 NOT gani ¢ or
organi c_base into the organic phase. WD 03/0’6126 PCT/ US02/ 21508 37 The
relsul ts in Table 20 shdivl¢ Ratiobet aiYhe has dhly a ndest 4ffeén ofther
selectivity or conversio kih TMAH. The resul ts ym i B =1.15 are
only equivalent to KCI/&BK“:3 0.25. Furthernore, a cﬁ'?l (@% r]ﬁén&lani on

wi t hout TRIAH ORRY BaBa0t cat ion (amudd.0m aced®Be) i82dssetdal Uyt i ddfF ecti ve.
Therefore, _the 5 use of an inorganic salt or netal organic salt is the key
to best oF BEGIAYEd Taple 20 Conversion Sel ecti vi ty Yield, % Mle Ratio % %

p- 4- Angetdect to NB NDRAoAIDPA Rego.o 87.1 634 237 7.8 5.1
21.44 g KCl 1.15 100.0 97.2 723 248 15 14
22.16 g Ammonium 1.15 0.5 100.0 03 - 02 00 00
Acetate
33.68 g Betaine 1.15 100.0 87.6 707 169 48 76
EXAMPLE 15
10 This example illustrates that use of partial oxidative conditions can give a

significant increase of selectivity. Reaction conditions were comparable to those
for Example 12, except as indicated. The results are shown in Table 21.
Reaction 1 had comparable conditions to those for Example 12 throughout. For
Reaction 2, the air bleed was used only during nitrobenzene feed and was

15  stopped when 75% of the feed was completed. For Reaction 3, the nitrobenzene
feed time was shortened to 45 minutes and the hold time was increased to 60
minutes, while the air bleed was used only during the nitrobenzene feed time. It
is expected that higher selectivity will also be attained for sulfate, carbonate and
nitrate by use of partial oxidative conditions.

20



TMAH Only, No Salt 0 100.0 83.8 62.4 21.4 4.4 11.8 or PTC Added 4.66 g KC
0.25 100.0 87.1 63.4 23.7 7.8 5.1 21.44 g KCl 1.15 100.0 97.2 72.3 24.8
1.5 1.4 WP.0¥e1Qg2AmmoONi um 1.15 0.5 100.0 0.3 0.2 0.0 0.0 PaTatsar/z1s88. 68 ¢
Betaine 1.15 100.0 87.6 70.7 16. 9 4. 887.6 EXAMPLE 15 10 This exanple
illustrates that use of partial gazltil ve conditions can give a

significant increase of selectivi %/’ eaction conditions were conparable to

t hose for Exanple d@nve(ﬁgq@,eptsaécﬂvngzh cat ed. The r\i‘&w t% are shovvn in Tabl e
21. Reaction | had conpar able conditions to

throughout. For React?®on 2, thekair bPé‘Q%P%s“u’ggaxonWBE? SDTher

nitroberiu?:.ygﬁ ,éfeqa andgyas 15 St@pped Wheyy 5% of1ihe feed mas conpl et ed.
For Reactio , the nltrobenzene feed time was shortened to 45 m nutes and

thle hgl 61670@@};;\7@3 i nct®8ed to $01 mi nutdds! whi I E-@he ai £-bl eed?Was used
only duping t mtro{qu gene fegggtine. dats is gct ed t hi r

sel eCtIVItngI F al so be attained for sulfate ?a@r)bonateugﬁd n?{graate by
use of partial oxidative conditions. 20 WO 03/010126 PCT/US02/21508 38
Tabl e 2% gw-"vlgg‘%on Selectivity Yield, % % % p- NDPA 4- NDPA An Recr O her
16.70 ¢ K 84.8 67.3 17.4 4.2 11.0 16.70 g KF-2 100.0 91.1 80.1

11.0 6.3 2. 6Thid exatfple sKEwQ tHélQJsﬁ PAAnDxRBNRwilDaGtréng base, witiAMBLE 16 Thi s
exanpl e_shows that use of

Funch! oMOUaAS R 584 Famr e uargn foteash sEhePeds 4 aratlrS! g “The

reacti OQgre done with azeotropic removal of water and aniline.

Charged to a 500-mL round bottom flask equipped with a Teflon paddie

stirrer, thermocouple, nitrobenzene feed tube and air bleed valve were: 145.28

10  grams aniline (1.56 moles) and 87.36 grams aqueous tetramethylammonium
hydroxide solution (36.0%, 0.345 moles) for Runs 1 - 3. The mixture was heated
for 30 minutes at 120 mm Hg and then nitrobenzene feed (36.93 grams, 0.30
moles) was started. The system pressure was held constant at 70 mm Hg
throughout the reaction period. Temperature rose from about 66°C to about

15 80°C during the reaction period. Nitrobenzene was charged over about 80
minutes, after wHich the batch was held for 40 minutes at 70 mm Hg to insure
completeness of reaction and then quenched with 25 mL water. Hydrogen
peroxide was charged as 20.40 grams (0.03 moles) of a 5 wt.% aqueous solution
concurrently with nitrobenzene. Since water can also affect selectivity, by

20  protecting TMAH from degradation and shifting reaction equilibria, a control was
run with 20.40 grams of water that was also fed concurrently with nitrobenzene.
Runs 4 — 7 had slightly different conditions. The main difference was starting
with 25 wt.% TMAH with removal of water and some aniline in the reactor prior to
the nitrobenzene feed. Air was added either during the entire nitrobenzene feed

25  or for half of the feed time.



were done with azeotropic renoval of water and aniline. Charged to a 500-nL
round bottom fl ask equi pped with a Teflon paddle stirrer, thernocouple,

ni t robenz®@oa3perds t ube and air bl eed val ve were: 145.28 POTgrsansisehi | i ne
(1.56 noles) and 87.36 grans aqueous ¥etranet hyl anmoni um hydr oxi de sol ution
(36.0% O0.345 nol es), for ns 1 - 3. The m xtur for 30 m nutes
at 120 nmm HgThestliei T@Q’%%éﬁ?@ﬁ@aatfwg@gﬁg@?@('(geréﬁ%ﬁ Qgﬁégp nol es) was

st ar t ed qo[EBRi§ Yihb@Te REREHIAR Qvatesalbed, Ghowmgtiatiusatof 26 axidarycan heoughout t he
reaction peri od.

4 Tenperature rose, from about 66C to about 15 80C during the
react i oﬁep%ftqlﬁdThNir@Wﬁéﬂﬁfe%@%\%Qt% YL aérvaesroﬂ%%ﬁtov@b%erﬁnﬁﬁ% es, after
V"]ﬁ“Ch t?&aé?&l gle\'rf]a% @listefiotis dffedtionWerstiaty. HbwaveHa salettivityr e conpl et eness
of reaction a

t hen quenched with 25 nlL ter. rogen er oxi de was
char §ed improgemsot igchipngeoVEe) s %%?dz%qo%sga“\%?q ) E%‘%Qg&‘? @SE on
concurr Yo g )y B Rive ot £ bCBéhaTicRP Théect sel ectivity, by
20 prot gg%‘%h%Wﬁ%ﬁ%egradlgtei%gﬁ&g%ﬁé@éshi fti ngo rea,cLYi n uilibria, a
control reagions weraduntsoptEWIEt yiedtas then tharase on AP0 kA 18| sa%l?g concurrently
with nitrohe 5t i ght ufdnaresiove ardécenstg. The main
differ em&m%?gﬁ%}hfm&%l?ﬁz%ﬁﬂ%% %%Aﬁmcmggr?fn?emval of water and sone
ani | i ne repedtaisility @atteoeagiansr sa that shlecivity insiedsee i 1te€¢. 28 r was added
eith%r duqrj{fc% %he entire nitrobenzene feed 25 or for half of the feed
ti me? WO'YBIFTh126 PCT/ US02/ 21508 39 The results in Table 22 show t hat
hydr ogen peroxi de gives a |larger Ta#¢@2tivity inprovenent than water al one,
show ng -t-hat—use—of—ahn—ext-dant-—ean L‘ct. perref-rciat @ii dl%bui t3satrso” show
that addition of air as SR YSHOLRSCENY entire reac?o’r cycle has a
del et er iWﬁ\H%fsTk%&E/m selectqVvity. Hoyeverp-NorPsel £0I0RA tAn RecmpPieenent i s
obt ai ned_when the air addition is |im¢t ; ycl e,
showi ng 1.1t opdantti al  oxi dati0fe condi®Hdns cafobe benlfici 4° Thesd

reactio n somewhat,gped ter tdwagn theggase fa5100%34r in.gable 18,
whi ch e;]%l\)g?{iowe | oner selectivity in Table 18. Runs 4 an? 5 52 w t he
t

excel | eng. Hydepssat Rdrokidey of 100He read¥6.bns, 8§87t hat &électiVPty iftreases of
|- 2%3) Q6 oxidant 100.0 923 85 58 59 18

5. No oxidant 100.0 92.2 86.2 6.0 6.1 1.7

6. Air, 100% NB Feed 99.7 89.4 79.0 10.1 74 3.2

7. Air, 50% NB Feed 100.0 94.5 88.4 6.2 4.2 1.3




10 significant. Table 22 Conversion Selectivity Yield, % TMA 9
% p- NDPA 4- NDPA An Recr O her 1. No oxidant 1%0.0 93i3 86.3H7é3 géEE/ZPIC &
2. Water wolog/o1@® O 94.9 89.3 5.5 3.4 1.8 3. Hydrogen Peroxiute2/1608 O 96. 1
89.7 6.4 1.9 2.0 4. No oxidant 100.0%092.3 86.5 5.8 5.9 1.8 5. No oxi dant
100.0 92.2 86.2 6.0 6.1 1.7 6. Air, 100 NB Feed 99.7 89.4 79.0 10.1 7.4
3.2 7. V¥ Fleimho, NB Feed 100.0 94. 588.4 6.2 4.2 1.3 WD 03/ 010126 .
PCT/ US02/ 21508 40 W Caim 1. A nethod of producing 4-am nodi phenyl am ne

or substltuted derlvatlves of c risin 5 I ngi
an ani | ilneA Bretangd efifedigdng i’?’é’ﬂ'?‘@%ﬁ P%Béﬁ‘g‘é&&igﬁ%c?dﬁﬁ\f '8 enzeﬁlg) bringing
derivati thé%@céﬁaﬁglhg{ﬁecgfgﬁgi@{t (b) obt ai ning a 4-am nodi phenyl am ne

i ntermedi ate product by reacti t he %%A"II lipe or aniline der| vative and

ni t r 8berf)PrNGBIg #n enitreprANBeRS VAt 30 NiffogenzenaRr REPPEBAE St a suitabl e

time, presgyigidthid & AldHi&t i n the presence 10 of a mixture conprising
a strong base, an oxidant and a phase transfer cat alayﬁ eI ected fromthe
4B

geroupRZof(b)c@h‘kpmmgc@4@mmqmwlarmlp@mt@rm,eo@q@m €1 15 (2)d where
R3 ﬁfrﬁ(&hﬁwﬂﬁ%&%rﬁétn@ érfoeﬁlﬁaber?ééﬂe%?h%b@ﬁizérfeod@rﬁrayvéwaal ght chain

or br anched containing fromCl to C20, e is hyd
0, R4 |sccRmRﬁ&3h§1efaba seitabla tige, Qreswre@nﬂﬂwperaaﬂw in tz'%préiﬁe”é?;f)ggp Lg:mzwe

and 0 substituted deiUAL &&fordd RN ofidhfit shdSa/PRadd tarbtesel ected from

t he group
catalyst selected from the group of compounds defined by:

[(Ra)e—Y—(R4R2R3N )X, I

|
15 (Z)d

where Ry, Ry, R3 are the same or different and selected from any straight
chain or branched alkyl group containing from C4 to Ca, (Ra)e is hydrogen for
e =0, Ryis RiRRsN fore =1 or 2, Yis alkyl, aryl, alkyl aryl or benzyl and
20 substituted derivatives thereof, Z is a substituent selected from the group
consisting of hydroxyl, halo, and other hetero atoms, X is an anionic moiety of
the form fluoride, chloride, hydroxide, sulfate, hydrogensulfate, acetate,
formate, nitrate, phosphate, hydrogen phosphate, dihydrogen phosphate,
oxalate, carbonate, borate, tartrate, citrate, malonate and mixtures of said
25 compounds, where a = the valence of the anionic moiety (1,2 or 3), band ¢
are whole number integers of value 1, 2 or 3 and d is a whole number integer
of value 0 to 4; and
(c) reducing the 4-aminodiphenylamine intermediate product of step (b) to
produce 4-aminodiphenylamine or substituted derivatives thereof.
30
2. The method of claim 1 wherein said phase transfer catalyst is selected from
the group consisting of tetramethylammonium chloride, tetramethylammonium
fluoride, tetramethylammonium hydroxide, bis-tetramethylammonium
carbonate, tetramethylammonium formate and tetramethylammonium



consi sting of hydroxyl, halo, and other hetero atons, X is an anionic

noi ety of the formfluoride, chloride, hydroxide, sulfate,

hydr ogenswibfoaveyi2@cet ate, formate, nitrate, phosphate, hydragen2phosphat e,
di hydrogen phosphate, oxalate, carbotlate, bor ate tartrate, citrate,

mal onate and. m xture al ence of the
ani oni c n@ich\}e ?ﬁtratﬁﬁ% mgx)oﬁh_gn é?}%ﬁ%gg}?ar eges\/\%n% nu la rﬁ?ﬁe‘éers of value 1,

2 or 3 andufatesmetwitobutylammeiunthizgiee; and bwzlyumethytamoranm (¢) reducing
the 4-am no henyl am i nt er nedi at r.od produce

4- ani nodi pY gﬂ%dﬁ fWépme%thﬂém“P‘m“é!B Cﬁ}e%d\?até%g@g ﬁfen?%g& P\)Cfﬁ)&y ® The net hod
of cl ai m leihRseiAnSastun hitese t ceyishesthyamaionatm tislodeéé and ebolfreom  t he gr oup
consi sting of tetranethylamoni um chloride, tetranethylanmonium fluoride,

t et r et hyWEFRIS um hydr oxi de, bi s-t et r anet hyl anmoni um car bonat e,
t et ramet hyl ammoni um format e and tetranet hyl amoni um WO 03/ 010126

PCT/ US02/ 21508 41 acetate; tetrabut m hydr Qgens e and

t et r abuBy I TAerrpAinGof SlaIe dvireraipt ?m‘ﬁ?rﬁn{mf’gﬁ?ﬁ?ﬁt th’qh&i& and
benzy! t i gk iNUr-BBHBN it aBYGY @B da0 abbischprty| met hyl amoni um chl ori de,
tetrabutyl ammoni um chloride, tetramethyl ammoniumnitrate,

cetyl trimethyl amoni um chloride and choline 5 hydroxide . 3. The nethod of

cl ai g 4""“Iq{ee|‘ngthg;eeof%l|rﬁr1 vr/t?érbrh é&fld aﬁimdéﬁ‘@ﬁeé %rselréﬁt@d jt6in the ni trobenzene
i's fromabout about 1.2:1. 4 t hod, of clfiuml wher ei n

said anil |gfeul@le®ﬂiv%tm\i§fQ@a@é'FjécP'&Qi‘YM*%ﬂaﬁl@””@ecﬁfﬂ thiosarhen|ig: of
formani | i de, phenylurea, carbanilide and thiocarbanilide. 5. The nethod of

claiml wherein said aniline is a substituted aniline selected from t he
group c@nsTh:& 'me@hauf of2claist foxfyerain saié andinget Rosupatiiutachaniie sglgcted

chl or oam t di 0 r ofedthdsh/akiling- 4-ono- 4

am not ol u ﬁeanghﬂgenéz&gl&gﬂ%@ gf g’?ﬁ&h@é/nq‘nﬁlgtgo | uene, )yaS di chl oroani | i ne,

1, 4-1|ghenylcﬂﬂl@rodmmm ne p-téluitlineret Hytitoanitiieani Bibtemoanitng.- t 3-reMeckenzene, and
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.

20 6. The method of claim 1 wherein substituted nitrobenzenes that may be used in.
accordance with the process of the present invention include o- and m-
methylnitrobenzene, o- and  m-ethylnitrobenzene,  o- and m-

methoxynitrobenzene, and mixtures thereof.

o5 7. The method of claim 1 wherein said strong base is selected from the group
consisting of potassium hydroxide, sodium hydroxide, cesium hydroxide,‘

rubidium hydroxide and potassium-t-butoxide.

8. The method of claim 1 wherein the mole ratio of strong base to nitrobenzene

30 is greater than about 1:1.

9. The method of claim 1 wherein the mole ratio of strong base to nitrobenzene
is about 2:1 to about 6:1.



m xtures thereof. 20 6. The nethod of claim 1 wherein substituted

ni trobenzenes that may be used in, accordance with the process of the
present iwWOeabiwaes i ncl ude o- and m net hyl nitrobenzene, oPCaN$02/21508

m et hyl ni trobenzene, o- and m nethox4nitro benzene, and m xtures thereof.
25 7. The nethod of claim 1l wherein said strong base is selected fromthe
group consisting of potassi um hydroxide, sodi um hydroxi de, cesium

hydr oxi 4@, The rhthiodiof ai drebereia saittoxidera ssireeroxydent oxi de. 8. The met hod of
claiml1l wherein the nole ratio of strong base to nitrobenzene 30 is
greater than about 1:1. 9. The nmethod of claim| wherein the nole ratio of
strong Rase et efMollcdRRINEENGherkid salbotidéht1s &io oribizing &eht. WO 03/ 010126

PCT/ US02/ 21508 42 10. The nethod of claim 1l wherein said oxidant is free
oxygén. 11. The nethod of claim 1l wherein said oxidant is an oxidizing
agent. 15 AR miMedBrichad afwidréhmsakilowdigngiagestis @ mroxdidei ng agent is a
peroxide. 13. The nethod of claim 11 wherein said oxidizing agent is
hydrogen peroxide. 10 14. The nethod of claim 11 wherein said oxidizing
agent 1 %IBF‘WJ rﬁ@ﬂ"f%ed?‘acialriﬁSH Jﬁ@enﬂ@a@&t&ﬁm@'a@bm i HpBRIgeh PpeBddide. oxi dant is
present only part the tinme during which the aniline and
nitrobenzene react. 15 16. The nethod of claim| wherein said reactive
contact t f fadehOR ritshdh-@@C to about 150C, a
pr es@ure14|S1;1|%?ﬁ1%ME\O(;!l &%a"?‘11?‘?’%én28®%%uc?émﬁng:rg%tg about 20 barg and a
reaction tine |ess than about 3.5 hours. 20 17. The nethod of claim1
wherein rea S g of not
greater 11t5h-§h glﬁdoé};(?%lm *ﬁ/ﬂer%m Elel($()t£laé'litl '?gr&ﬁm {r)lg tefél}gpearﬁd? fq@igﬁudl ng wat er
of hydr at i @uringh@nicH tre arglifeoahdofitreberizene redmér ei n sai d nmi xture conprising a
strong base and a

15  16.The method of claim 1 wherein said reactive contact is carried out at a
temperature of from about 20°C to about 150°C, a pressure in the range of

from about 20 mbar to about 20 barg and a reaction time less than about 3.5

hours.

20  17.The method of claim 1 wherein the reaction of step (b) is carried out in the
presence of not greater than about 10:1 moles water to moles nitrobenzene

excluding water of hydration.

18. The method of claim 1 wherein said mixture comprising a strong base and a
25 phase transfer catalyst is in aqueous solution and the reaction is carried out

with a continuous distillation of aniline-water azeotrope.

19. The method of claim 18 wherein said phase transfer catalyst is
tetramethylammonium bromide and said strong base comprises one or more

30 inorganic bases.



25 phase transfer catalyst is in aqueous solution and the reaction is
carried out wth a continuous distillation of aniline-water azeotrope. 19.
The net howooB/odliaé m 18 wherei n sai d phase transfer catal y®CTitGS$02/21508

t et ramet hyl anmoni um brom de and sai d 4t rong base conprises one or nore 30

| nor ganye. Thasistnoder A0 +ARRuR Sl S0 Mot 83701 JBGaRd hod of claim |
d a suitable

wherein said reactive contact occurs In sofvent” system 21. The
met hod of Selvantfystervher ei n said suitable solvent systemconprises a 5

pol ar aprotic solvent. 22. The nmethod of claim21 wherein said polar
aprotic solvent is selected form the group consisting of dinethyl

sul f oxi b Theerethod ef tlaim 20 wiietdiry baid sujtgtrle sbivdgysenandmprises a

N, N- gli net ' 0 23. The nethod of claim 1 wherein the

4- amglnodi Eﬁ%ﬁl%%ﬂlﬁgﬁ/gpﬁduced is reductively alkylated to an al kyl ated
derivative of the 4-am nodi phenylam ne . 24. A nethod of producing

4- am nogH i ! tituted derivatives 15 thereof conprising the
steps o QP%W%%QF‘H%@%@ Ffel"hﬁa'gtpo%ﬁiapf%'é S&B’tepgﬁtsie&@?egrm”ﬂitrobenzene or
ni t r obenz teegrode consistingeofidihethyleatibiide, isaraypsther, (MedbEai ni ng a

4- am nodi phenyl am ne | r.medi ate product by reacting the aniline or
aniline d Yff?r)é{']"\?& Wﬁhﬁ?'ﬁ@ﬁ?%&“@? nitrobenzene derivative in a 20
conféd ned zone at a suitable tinme, pressure and tenperature in the presence
of am t%eﬁ.(é?@c{ifsi n, in oxi dant and a strong base that also functions as
a phasetifa Bacfl%'ﬁ}/ whegin egramingdinnesyigiming pedusedisounds def i ned by:
i(R4) - Y- (RucRRIRBAKY AR dikyiASd aeri\ﬁaﬁi}/@ of WA GriHodifFenyBhifd € the same or

Ej fferent and sel ected from any strai ght
24. A method of producing 4-aminodiphenylamine or substituted derivatives
15 thereof comprising the steps of:
(a) bringing an aniline or aniline derivative and nitrobenzene or nitrobenzene
derivative into reactive contact;
(b) obtaining a 4-aminodiphenylamine intermediate product by reacting the
aniline or aniline derivative and nitrobenzene or nitrobenzene derivative in a
20 confined zone at a suitable time, pressure and temperature in the presence of
a mixture comprising an oxidant and a strong base that also functions as a
phase transfer catalyst selected from the group of compounds defined by:

[(Re)e=Y=(R1Rz2R3N")1(OH)s 1
25 |

(£)d

where Ry, Ra, R3 are the same or different and selected from any straight
chain or branched alky! group containing from C4 to Cag, (R4)e is hydrogen for

30 e =0, Ryis R{R,RsN" fore = 1 or 2, Y is alkyl, ary! , alkyl aryl or benzyl and
substituted derivatives thereof, Z is a substituent selected from the group
consisting of hydroxyl, halo, and other hetero atoms, b and ¢ are whole
number integers of value 1, 2 or 3 and d is a whole number integer of value 0
to 4; and



chain or branched al kyl group containing fromC, to C20, (R4)e is hydrogen
for 30 e =0, RAis RL RR3N+ for e =1 or 2, Yis alkyl, aryl , alkyl aryl
or benzylwendoiaebstituted derivatives thereof, Z is a sulpstiusormsosel ect ed
fromthe group consisting of hydroxy44, halo, and other hetero atons, b and

c are whol e number

i nt eger ( fre\jlté(?'ﬁtjﬁa%‘l ?@ﬁQP%?F%%EQWY%}{%{%TQ%%E&O%%B%S%%%% 44 (c) reducing
t he 4-am neddydeehyhimidiehanglaenimedi substiptetldeivatitesthepedfb) to produce

4- am nodi phenyl am ne or substituted derivatives thereof. 25. The net hod of
claim 24 wherein said aniline derivative is selected fromthe 5 group

consi st RS méthodaTiclaitde4 Wiy satdeanilirecaddrasmative Besetarted froradiae bani | i de.

26. The net hod of cl ai H}?\ﬁ,\@'ﬁrel n s d ani | i ne i S sub hgt ed aniline
sel eCted $PYRFPHUS lﬁ‘lg §¢ PHRJVEIea Ry Wa‘?ﬂ 9 ar Thoxyani | i ne,
4 chl oroaniline, p-toluidine, 4- n|troan|I|ne 3- bronDanlllne 3-brono-4 10
am not ol_uene, p-ani nobenzoi c acjid 5-di.chl oroani |l i ne,

1, 4- pher$| Eifemainggigiglain 24+ WfPﬁs‘?‘Hﬁa@ﬁ@“ Eﬁea'ﬁlq ?Lﬁ)é? ulfega@hqer Felgs ifidbenzene, and
m xtures tfgh e grodp- coﬁ@i@hr@éﬁ@ﬁheﬂfoxﬂ}érﬁhﬁé Zdmetekgariliryast i t ut ed

ni t robenzenes t hat \1y be used in_accordance with the process of the
o

present i rieaieARING, Mcloliding.- 4‘@H83W¥nerr§(q’f)9mﬂam'86e%‘?é‘?%°' o- and

met yl ni té RERARM, p%mlaagedmcr&tdﬂqwaaaw@&eméaeez 5m|drbzmmees t her eof .
he rret od of claim 24 wherein said stron‘%e‘i ase that aI so functions as

a 20 phasbA4tphanyeae diggiae v 4 -oetfglens daniieer 4 FW‘I”%{ & Rdr oxi de
and/or  benzyl, %g iEeLdy! ammoni um hydroxi de. 29. The met hod of claim 24
wherein the nole ratio of strong base to nitrobenzene is greater than
about 1:1. 25 30. The nethod of claim 24 wherein the nole ratio of strong

base 10 H IOREAZENG o1 dih APIHEref shibbRufRMroBertenes that may be used

15 in accordance with the process of the present invention include o- and m-
methylnitrobenzene, o- and m-ethylnitrobenzene, o- and m-

methoxynitrobenzene, and mixtures thereof.

28.The method of claim 24 wherein said strong base that also functions as a
20 phase transfer catalyst comprises tetramethylammonium hydroxide and/or

benzyltrimethylammonium hydroxide.

20. The method of claim 24 wherein the mole ratio of strong base to nitrobenzene

is greater than about 1:1.

25
30. The method of claim 24 wherein the mole ratio of strong base to nitrobenzene
is about 2:1 to about 6:1.
31.The method of claim 24 wherein said oxidant is an oxidizing agent.
30

32. The method of claim 31 wherein said oxidizing agent is a peroxide.

33. The method of claim 31 wherein said oxidizing agent is hydrogen peroxide.



31. The nethod of claim 24 wherein said oxidant is an oxidizing agent. 30
32. The nethod of claim 31 wherein said oxidizing agent is a peroxide. 33.
The net howooB/odliaé m 31 wherei n said oxidi zing agent is hy@Cogsn2/pmsnoxi de.
WO 03/ 010126 PCT/ US02/ 21508 45 34. T™¥e nethod of claim 24 wherein said
oxidant is present only for part of the tine during which the aniline and
nitrobenzene react. 5 35. The nethod of claim 34 wherein said oxidant is
free oxggeme rabthodlg cavh leadviasieinlsaidox@danitfepresantsailyfor pad of the cont act is
carried oyt at a te.gﬁ r at ur.e of f.;ogn about 2Q0C to about 150C, a pressure
in the ranl® Sringyg Bl oPeEH§1PJ0 barg and a reaction tine

| ess than about 3.5 10 hours. 37. The nethod of claim 24 wherein the
reaction_of ste b), is rried out in the resence of not greater than
abouf 18°1'Meole O&é%féla‘mgﬁﬁﬂl’eé@nrﬁafdr%%ﬂgé%gge 8% i ng water of hydrati on.
15 38. The nethod of claim 24 wherein said reactive contact occurs in a
suitable solvent system 39. The gt hod of %I%i.m 38 g\,he{ eti n said suitable
sol vent 38yKiednEtERsiiclald 24 Wheielg sl reapie SR E#T'ed 28t @fhe et hod of
clai m 39 vheneihueaidrRehBsutaRPOLd Bh&al16ent, 4 Breseliedh @k fapgsloft he group
consi sting of dinethyl sulfoxide, benz

| ether,. 1-NEH%I a\%ﬂ Fgrrolidi none
and N, N- difrase appaiczGrabrete abosit 29 bargandha {9Rsioptima 1gs%d8A aRRYE 2n t he
4- ar’qionodi | am ne produced is reductively alkylated to an al kyl at ed
derivative of the 4-am nodi phenyl am ne. 42. A nethod of producing
4- am nodi phenyl am ne or substituted derivatives 30 thereof conprising the

steps Oty (1R mdiHodrihifiARhdbing Fedtibh of 8D} KAty Gtth el r obenzene or
presence of not greater than about 10:1 moles water to moles nitrobenzene
excluding water of hydration.

15
38. The method of claim 24 wherein said reactive contact occurs in a suitable

solvent system.

39.The method of claim 38 wherein said suitable solvent system comprises a

20 polar aprotic solvent.

40. The method of claim 39 wherein said polar aprotic solvent is selected form
the group consisting of dimethyl sulfoxide, benzyl ether, 1-Methyl-2-
pyrrolidinone and N,N-dimethylformamide.

25
41.The method of claim 24 wherein the 4-aminodiphenylamine produced is

reductively alkylated to an alkylated derivative of the 4-aminodiphenylamine.

42. A method of producing 4-aminodiphenylamine or substituted derivatives
30 thereof comprising the steps of:
(a) bringing an anifine or aniline derivative and nitrobenzene or nitrobenzene

derivative into reactive contact; and



derivative into reactive contact; and WO 03/010126 PCT/ US02/ 21508 46 (b)
obt ai ni ng a 4-am nodi phenyl am ne i nternedi ate product by reacting the

ani | i ne owoanioliiee derivative and nitrobenzene or nitrobergensSodersisg/ati ve
in a confined zone at a suitable tims, pressure and tenperature, in the

presence f a mxture c rising ap in I [ | organic salt,
or m xt m)ég;t%npa@r%@mln%ﬁé}?%%ylrgedpitecwe;a[?g?%@gﬁgﬁ%ge gt"g%ﬁqt%abl e cation of a
st rong i NnQyrmeI¢¥ animeieri@ativexardatirolmmtenaer oitrobenzensfdeginairegar® ¢ base
selected fromthe group of c ounds def i ned vk (4 = Y-

R2R3N+) | c)eoafngd ;:or?e atlgs'i'?&(bﬁ @“ngvmg?%"ﬁla,ndﬁ&mp%ug%e'ﬁﬁ%%pr}g%@%r di ff erent
and sel ect&g k@i ¥o¥npiksingl Bhhorgahidisalt of nistalrergende adlk yor ngxtogs cont ai ni ng
from1l to about 20 carbon atons, e 15 isﬁi’ vvhotle cg%:%er ii@ér@%ﬁirc of value 0,
1, 250r 3,themrefehavdngadagipR iat yould ke g suifgble pligRy NePSs =1, 2, or 3,
Xis an aniQe 53BRRLAt Hd 8RS bf Aekd Gfanforgaeit Mase keleotedifromittergrgep of an
aniline or aniline derivative, Y is alkyl, aryl , alkyl aryl or benzyl and

subst i t ut eef apgiriouacs gelingthbY-eof, Z is a substituent selected from the
group consi sting of hydroxyl, halo, and other hetero atons, where a = the

20 val ence of the ani ophs RRIBIA. k%, a whol e nupber integer of 1, 2, 3
or 4. b and c are vmg:@égen%‘nt()e% ziR%IPTé]d:erg of value 1, 2, 3 or 4 and d is a
[

vvholle0 nunber integer of v hue 0, 1, 2, 3 or 4, said mxture not including
a reaction product of betaine and a strong inorganic base; and (c)
reduci ng the 4-am nodi phenyl am ne internedi ate product of step (b) to 25

br oduce 4-gnad! pheny! 4afieefe SLAREIdH oA sUebletAfcry ahy shagro! 43, The

met hod of rern sai ani c base Is a quaternary anmoni um
hydr oxi de siglieot Behrfchetnatkybegrgnp apntaiving fsem Agodootib2® sAROR PEAATEhI um

yclr i o, SEEHBRRT I PO e thy e S o e By el D 0L i um

is RiR,RsN* fore =1, 2, or 3, X is an anion capable of abstracting a proton
from the nitrogen of an aniline or aniline derivative, Y is alkyl, aryl, alkyl aryl
or benzyl and substituted derivatives thereof, Zis a substituent selected from
the group consisting of hydroxyl, halo, and other hetero atoms, where a = the

20 valence of the anionic moiety and is a whole number integer of 1, 2, 3 or 4, b
and ¢ are whole number integers of value 1, 2, 3 or 4 and d is a whole
number integer of value 0, 1, 2, 3 or 4, said mixture not including a reaction
product of betaine and a strong inorganic base, and

(c) reducing the 4-aminodiphenylamine intermediate product of step (b) to
25 produce 4-aminodiphenylamine or substituted derivatives thereof.

43. The method of claim 42 wherein said organic base is a quaternary ammonium
hydroxide selected from the group consisting of tetramethylammonium
hydroxide, tetrabutylammonium hydroxide, methyltributylammonium

30 hydroxide, benzyltrimethylammonium hydroxide, tricaprylmethylammonium
hydroxide, cetyltrimethylammonium hydroxide and choline hydroxide and
equivalent quaternary ammonium alkoxides, acetates, carbonates,
bicarbonates, cyanides, phenolics, phosphates, hydrogen phosphates,



hydr oxi de, cetyl trinmethyl anmoni um hydr oxi de and chol i ne hydroxi de and
equi val ent quat ernary ammoni um al koxi des, acetates, carbonates,

bi car bonaweyz/nopani des, phenolics, phosphates, hydrogen plrosarisat/zsps WO
03/ 010126 PCT/ US02/21508 47 hypochl of7i tes, borates, hydr ogen bor at es,

di hydr ogen_bor [ e di hydr ogen
silicates haﬂac*ﬁisﬁ?tﬁf‘/ﬁ"gé%%d@ q:eﬂ ﬂ)drgfé% glhyq%gér‘?gﬁ % 'Swla% ai m 42 wherein
the nol ar diightes, b?droggaaiii«:at@amwmnvmﬁdatmrﬁl frihpdrgaen silicaies. or net al
organic salt to nitrobenzene is greater than or equal to about 1:1. 45.
The nethod of claim42 wherein the nolar ratio of organic base to

ni t r oberzeme rmathot@ncaitauR vineteif the nebmustiGoflorgaticd@se Thed withlaod of claim
42 wherein the nole ratig of inor salt or aIt to
nitr 6benzé’ﬁ‘§9?§'cfsra§ﬁlrgf% tOrQ)arb%sellpfd{ i%%emzegeés ﬁg%tha%h&a%g hSd of claim
42 wher ei gole1l e ratio of inorganic salt or nmetal 15 organic salt to
organi c base is greater than or equal to about 1:1. 48. The nethod of claim
42 wherein said aniline derivative is selected fromthe group consisting

of for maBitiedR et Edrher wikaeibant hidler ratelof biganierdasaitd i de. 20 49. The
met hod of claim 42 wherein sai d aniline_is a substituted aniline selected

fromthe ghttehenzengistomngbgst bl ﬂé@ﬁ@ﬁyaﬁﬂn ne, 4-nmethoxyaniline, 4
chl ggoani | i ne, p-toluidine, 4- nltroanlllne 3- bronDaniIine 3- br ono- 4-
am not ol uene, p-am nobenzoic acid, 2 di am not ol uene i chl oroaniline,

1, 4- pheﬂ@lﬁmﬂétmﬁélalm@Whﬁé”ﬁlﬁﬁh%ﬁ%o'%lf%m %fi npfgga@cgalgo[ me i nobenzene, and
25 m xt ur CSahMEsER o nﬁ%Beﬂ_ﬁ%eﬁ?ﬁB%Wm@'@ TfahoMiersei .n substi tuted

nltrobenzengs t hat e used in accordance with the process of the
present invention |ncI ude o- and m nethyl nitrobenzene, o- and

m et hyl %m HRARE ot i jzgz%mﬂ%rggltﬂstsrﬁ;?ém&&fq@&géﬁe@auanﬁwe@anxtures t her eof .

51. The d 1norganic salt or netal organic
sal t15used organic salt to organic base is greater than or equal to about 1:1.

48. The method of claim 42 wherein said aniline de‘rivative is selected from the
group consisting of formanilide, phenylurea, carbanilide and thiocarbanilide.

50  49.The method of claim 42 wherein said aniline is a substituted aniline selected
from the group consisting of 2-methoxyaniline, 4-methoxyaniline, 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

25 mixtures thereof.

50. The method of claim 42 wherein substituted nitrobenzenes that may be used
in accordance with the process of the present invention include o- and m-
methylnitrobenzene, o- and m-ethylnitrobenzene, o- and m-

30 methoxynitrobenzene, and mixtures thereof.

51.The method of claim 42 wherein said inorganic salt or metal organic salt used

in conjunction with an organic base is selected from the group consisting of



in conjunction with an organic base is selected fromthe group consisting
of WO 03/010126 PCT/ US02/21508 48 the fluoride, chloride, brom de,

sul f at e, Wodsogdes sul fate, nitrate, phosphate, fornmate, 2CFEIB2EMRI
carbonate salts of cesium rubidium 180t assium and sodium and m xtures

ther eof . SfuorliaeoBHAOD el SN DyARRIAI SR ] SRBLplate f roe oxygen.

The nmethod of claim erern sal ZI ng agent. 54.
The net hodoretate | asetats andisarbenatessailtd Odﬁy?efduml, n@ncaqenpotassmmmwdom de. 10 55.

The et ho sai d oxidizing agent is hydrogen peroxide.
56. The rrgtoﬁha1C '?dﬁinég‘rr% r%fgr ein sai d oxidizing agent is nitrobenzene. 15

57. The nethod of claim42 wherein said oxidant is present only for part of

the 511 g% 1durl O8oNak 6l 2 BRI 05 3AME i pheggspe react. 8. The et hod

of claim wherel i Sald feactiveTcon out at a tenperature
of from about 20C to about 150C, a pressure in the range of 20 from about

20 Mot R 3AMEed By B 42 A SR B SRS BB 2 S oo
in the presence of not greater than about 10:1 noles water to noles

itrob |udi t f hydrati 60. Th t hod of cl 42
\rllvlne; (Ca)i ﬁg‘ijﬂg W%Pﬁégc'g‘@%gwi\ﬂ@ gﬁd&géi%nq:agg{gés éﬁﬁroxgwrr:eno?gagl CCSZ: [n or

nmetap organic salt is in aqueous solution and the reaction is carried out
with a i nuQ distjllLation of aniljne-water azeotrope 30 61. The
et ho 56, 5P BGHa% OhRleiepa WogTai PR chING BRTE(E NGESGRTebAXEos it abl o
sol vent system WO 03/010126 PCT/ US02/ 21508 49 62. The nethod of claimb6l

wherei n_said suitable solvent system conprises a
56. The method of claim 53 wherein said oxidizing agent is nitrobenzene.

15 57.The method of claim 42 wherein said oxidant is present only for part of the
time during which the aniline and nitrobenzene react.

58.The method of claim 42 wherein said reactive contact is carried out at a
temperature of from about 20°C to about 150°C, a pressure in the range of
20 from about 20 mbar to about 20 barg and a reaction time less than about 3.5
hours.

59. The method of claim 42 wherein the reaction of step (b) is carried out in the
presence of not greater than about 10:1 moles water to moles nitrobenzene
25 excluding water of hydration.

60. The method of claim 42 wherein said mixture comprising an organic base and
an inorganic salt or metal organic salt is in agqueous solution and the reaction
is carried out with a continuous distillation of aniline-water azeotrope.

30

61. The method of claim 42 wherein said reactive contact occurs in a suitable

solvent system.



pol ar aprotic solvent. 63. The nethod of claim62 wherein said polar
aprotic solvent is selected form 5 the group consisting of dinethyl
sul f oxi dewoOlafroaké et her, 1- Met hyl-2- pyrrolidi none and PCT/US02/21508
N, N- di et hyl f ormam de. 64. The net hod#¥of claim 42 wherein the

4 am NOGHPHRMALHES o@an%mﬁeaeﬁas dEOUEhlENerR AR SiRean & ky! at od

derivative of 4-am nodi phenyl am ne. claim42
wher ei n X psflarfapretis golvent. i s sel ected fromthe group of anions consisting
of hydroxide, al koxide, acetate, carbonate, bicarbonate, cyanide,
phenol i c, phosphate, hydrogen phosphate, hypochlorite, borate, hydrogen
bor at e, &3i Thyadmewad deianes2 wherkindejd }scblai ambbc shlydntdgeelesﬂetlifmmt e, 15

di hydr oge | e i thod of claim 42
wher%l n sgpgg nganﬁzs’%g@g OrdeX%éﬁrg’é{&%i? b%ﬁﬁﬁr?t 1&}%? said inorganic
sal t i ncl udewlidinbha¢ adéd I\aNrd)meﬂmylﬂortﬁwideactl onis carri ed | n aqueous
solution with a continuous distillation of aniline-water 20 azeotrope. 67.
The net hod of claim 66 wherein said halide anion is chloride. 25

64. The method of claim 42 wherein the 4-aminodiphenylamine produced is
reductively alkylated to an alkylated derivative of the 4-aminodiphenylamine.
10
65.The method of claim 42 wherein X of formula lll is selected from the group of
anions consisting of hydroxide, alkoxide, acetate, carbonate, bicarbonate,
cyanide, phenolic, phosphate, hydrogen phosphate, hypochlorite, borate,
hydrogen borate, dihydrogen borate, sulfide, silicate, hydrogen silicate,
15 dihydrogen silicate and trihydrogen silicate.

66. The method of claim 42 wherein said organic base is teframethylammonium
hydroxide, said inorganic salt includes a halide anion and the reaction is
carried in aqueous solution with a continuous distillation of aniline-water

20 azeotrope.

67. The method of claim 66 wherein said halide anion is chloride.

25



