Office de la Propriete Canadian CA 2454875 A1 2004/07/07

Intellectuell Intellectual P
du Canada Office P oy 2 454 875
Fhdtiie Canads Indushy Ganada 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13) A1
(22) Date de depot/Filing Date: 2003/12/30 (51) Cl.Int.//Int.Cl.Y CO7C 211/55

(41) Mise a la disp. pub./Open to Public Insp.: 2004/07/07 (71) Demandeur/Applicant:

(30) Priorité/Priority: 2003/01/07 (10300125.5) DE BAYER AKTIENGESELLSCRAFT, DE
(72) Inventeurs/Inventors:
KUNZ, KLAUS, DE:
HAIDER, JOACHIM. DE;
GANZER, DIRK, DE;
SCHOLZ, ULRICH, DE:
SICHENEDER, ADOLF, DE

(74) Agent: FETHERSTONHAUGH & CO.

(54) Titre : PROCEDE DE PREPARATION DE NITRODIPHENYLAMINES
(54) Title: PROCESS FOR THE PREPARATION OF NITRODIPHENYLAMINES

(57) Abrége/Abstract:

The present invention relates to a process for the preparation of nitrodiphenyl-amines by reaction of nitrohalogens with anilines,
a base and a catalyst, and to a process for the preparation of aminodiphenylamine by hydrogenation of the nitrodiphenylamine
Intermediately prepared.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02454875 2003-12-30

Le A 36 516-US
PO7875

PROCESS FOR THE PREPARATION OF NITRODIPHENYLAMINES

ABSTRACT OF THE DISCLOSURE
The presént invention relates to a process for the prep aration of nitrodiphenyl-
amines by reaction of nitrohalogens with anilines, a base and a catalyst, and to .é
process for the preparation of aminodiphenylamine by hydrogenation of the

- nitrodiphenylamine intermediately prepared.
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PROCESS FOR THE PREPARATION OF NITRODIPHENYLAMINES

FIELD OF THE INVENTION
The present invention relates to 2 proceés for the preparation of nitrodiphenyl-

amines by reaction of nitrohalogens with anilines, a base and a catalyst, and to a

process for the preparahon of aminodiphenylamine by hydrogenation of the

nitrodiphenylamine intermediately prepared.

BACKGROUND OF THE INVENTION

N-Substituted anilines are important intermediate products for the prepération of

agnicultural and fine chemicals.

‘As described in Kirk-Othmer, Encyclopedia of Chemical Technolo gy, 4th_ edition,

1992, vol. 3, page 424-456 and in Ullmann's Encyclopedia of Industrial
Chemistry, 5% edition, vol. A3, 1985, page 91-111, 4-aminodiphenylamine
(4-ADPA) 1s an important precursor for the synthesis of anti-ageing agents and

stabilizers 1n the rubber and polymers industry.

Hartwig describes in Angew. Chem., Int. Ed. 1998, 37, 2046-2067 and Buchwald
in Top. Curr. Chem. 2002, 219, _13‘1-209, that the synthesis of N-substi_tuted .
anilines can also be carried out by coupling, catalyzed b"y transition metag, of
activated chloro-, bromo- or iodoaromatics with primary or secondary amines,

optionally in the presence of a palladium catalyst, a phosphane and a bas-e.

WO-AZ 01/66248 discloses that instead of the complex Pd-phosphane complexes,.

N-heterocyclic Pd-carbene complexes can also alternatively be employed.

The disadvantage of the syntheses described in the prior art cited above is the use
of palladium, which is poorly available and subject «0 wide price variations, and is

expensive to recover. The use of the phosphane ligands of the specifications cited
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in the prior art also presents problems because of their poor availability and their

high toxicity.

DE-A 3 246 151, DE-A 3 501 698, DE-A 185 663, U.S. Patent Nos. 4,670,595,
4,187,249, 4,683,332 and 4,187,248 disclose the preparation of N—subSt_itute:d

~anmilines from p-nitrochlorobenzene mn the presence of an acid acceptor or a

neutralizing agent with the aid of copper catalysts.

U.S. Patent No. 5,840,982 reports that the first stage for the preparation of
N-substituted anilines 1s usually carried out with copper catalysts, and the second

with metal components which differ from these, e.g. nickel.

-

Venkatamaran et al. discloses in Tetrahedron Letters, 2001, 42, 4791-4793 that
the preparation of tnarylamines from diarylamines and i0doaromatics 1s possible
in high yields with the aid of defined copper-phosphane complexes. Selective
prepgration of diarjflamincs, which ére.vefy impqrtant economically, is not

described in this publication.

Buchwald et al. describes mm Organic Letters, 2002, 4, 581-584 the general
reaction of halogenobenzenes with anilines. The use of the catalyst according to

formula (I) 1s not disclosed.

There was therefore the need to develop catalysts, which are-suitable in an
advantageous manner for a process for the preparation of nitrodiphenylamines

starting from aryl chlorides and aryl bromudes.

Since aryl chlorides are usually significantly slower to react in nucleophilic
aromatic substitution than aryl iodides, signiﬁcanﬂy more drastic conditions, such
as nigh temperatures, must be chosen for such a reaction. This is in general

accompanied by a significantly reduced selectivity of the reaction.
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SUMMARY OF THE INVENTION

The present invention provides a process, which renders 1t possible to react

nitrohalogenobenzenes with anilines to give nitrodiphenylamines in high

yields and with a high selectivity.

The present invention is directed to a process for the preparation of nitrodiphenyl-

amines, wherein nitrohalogenobenzenes are reacted with anilines, a base and a

catalyst of the formula (I)

i

/x\

M—N N M
Y ,
(‘iu

im (D
v

wherein

X 1s a 1,2-ethanediyl or 1,2-ethenediyl radical and

M can be identical or different and répresents C;-Cio-alkyl, C7-C19-ara1ky1,
Ce-Cig aryl groups or Céfclg-heteIOa:}fls having 1 to 3 'nitrogen atoms,
wherein two or more radicals M can be bridged in any desired manner by a
covalent bridge or by an alkylidene bridge containing 1 to 4 carbon atoms
Or via an aryl or heteroaryl ring,

Y represents halogen or a trifluoroacetyl, niﬂuorémethanesulfonyl,

nonafluorobutanesulfonyl, cyanide, gcetyl, fluorinated acetylasetonyl,
nitrate, arylsulfonyl, oxinate, phosphate, carbonate or tetrafluoroborate
radical, |
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v represents 1, 2 or 3',

m  represents integers from 1 to 6 and

T dendtes 0, 1 or 2.

The base for the process according to the present invention can be chosen from the

| \grdup consisting of bicarbonates, carbonates, methanolates, ethanolates,

isopropylates, tert-butanolates, phosphates, fluorides, silazanes, hydrides and

acetates of hithium, sodium, potassium and caesium.

The catalyst of the formula (I) can also be prepared in situ for the process*

according to the present mvention.

The present invention also provides a process for the preparatioh of
aminodiphenylamine, wherein the nitrodiphenylamine prepared by the process

according to the present invention is hydrogenated, without isolation.

In the genéral formula (I)

X preferably represents a 1,2-ethenediyl group,

M preferably represents a C,-Cy; alkyl group, Cs-C; cycloalkyl group, Ce-
Cio-aryl group or a Cs-Cy heteroaryl grdup having 1 to 3 nitrogen atoms
1 the ﬁng, or represents a methyl group, which is bridged m any desired
manner with another radical M by a covaleﬁt bridge or by an alkylidene
bridge containing 1 to 4 carbon atoms or via an aryl or heteroaryl ring. Ci-
C12 alkyl groups are to be understood as meaning both branchad and
unbranched alkyl groups. Methyl, ethyl, n-propyl, i-propyl, n-butyl and
tert-butyl are preferred. Cs-C¢ Cycloalkyl groups are preferably to be
understood as meaning cyclopentyl and cyclohexyl groups. Phenyl,

biphenyl or the naphthyl radical are preferably employed as C¢-Cz-aryl
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groups. Pyndyl or quinolyl radicals are the preferred Cs-Cyp-heteroaryl

radical having 1 to 3 nitrogen atoms.

Y preferably represents chiorine, bromine, 10dine or a

.triﬂuoromethylsulfonyl or an acetonyl radical.

z  preferably represents 1 or 2
m preierably represents 1, 2 or 3
r preferably represents 1 or 2

—

Copper compbunds with a valency level of 0, +I or +1I are preferably employed
for the preparation of the catalysts. Preferred starting compoimds for the' ca.talysfs
include copper oxides, copper halides, copper cyanides and copper acetates, -
copper acetylacetonates m fluorinated or non-fluorinated férm, copper mitrates,

copper trifluoromethanesulfonates, copper aryléulfOnates, 'c:0p.p er oxinét-es and

copper phosphates, more preferred are copper(l) chlonde, copper(I) bromide,'

- copper(l) 10dide, copper(Il) bromide, copper(II) chloride, copper(Il) acetate,

copper(1l) oxide or copper(Il) acetylacetonate, as well as copper powder.

Copp er(I) chloride, copper(I) bromide or copper(l) trifluoromethanesulfonate are

most preferred.

e g

LY

Those catalysts which contain two symmetric, unsymmetric or qu bridged

- hgands are preferred. Symmetric diaﬂcylirhidaZolidenes, diarylimidazolidenes and

diheteroarylimidazolidenes, unsymmetric arylalkylimidazolines and N-substituted
imidazolidenes bridged via heteroaryls or alkylidene bridges are particularly
preferred. N,N'-Dimethylimidazolidene, N,N“-dicyc’lohexylimidazolidene, N,N'-'
diphenylimidazohdene, N,N'-di(2,6-diisopropyl)phenylimidazolidene, N,N'-
di(2,6-dimethyl)phenylimidazolidene, N,N'-di(2,4,6-trimethyl)phenyl-
imidazolidene, N, N'-di(2-pyndyl)imidazolidene, N-benzyl-N'-methyl-

imidazolidene and ligands which are formed by two-fold deprotonation of |
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1,3-bis[N-(N'-methyl imidazoliummethyl]-5-methylbenzene dihahde, 2,6-bis-[N-

(N'-methyl)-imidazoliummethy!pyridine dihalide, 1,2-bis-[N-(N'-methyl)-

| iznidazolium]- | ;2-diphenylethane halide or bis-[N-(N'-methyl)imidazolium]-

methane dihalide are very parficularly preferred.

Preferred catalysts of the formula (I) include (N,N'-dimethylimidazolidene)-
copper(ll) bromide, (N ,N'-di.cyclohexylimidazolidene)-COpper[II] bromude, [N,N’?
di(2.4.6-trimethyl)phenyhmidazolidene}-copper(Il) bromde, [N,N'-d1(2-

-pyridyl)imidazolidene]-copper[Il] bromide, (N-benzyl-N'-methylimidazolidene)-

copper[H] bromide, {1,3-bi1s-[N-(IN' -methyl)imidazolidéne-methyl]-—5-—methy1-
benzene}-copper[II] bromide, {1,3-bis-[N-(N'-methyl)imidazolidene-methyl]}-5-
methytbenzene§ -copper{l] trifluoromethylsulfonate, {2,6-bis-[N-(N'-m éthyl)-
imida.zolidenemethyl]pyridine}-copper[II] bromide, {1,2-bis-[N-(N'-methyl)imi- '
dazolidene]-1,2-diphenylethane }-copper[II] bromide and {bis-[N-(N -methyl)imi-

dazolidene]methane} -copper[ll] bromude. (N ,N‘-Dime’th.ylimidazolidene)-
copper(ll) bromide and {1,3-[bis-(N-(N -methyl imidazohdenemethyl}-5-methyl-

benzene|-copper[Il] bromide are particularly preferred.

The catalysts mentioned can be employed either individually or in any desired
mixture with one another. The most favorable mixture composition can be ‘

determined by appropriate preliminary experiments.

The catalysts of the formula (I) to be employed according to-the present Invention

are prepared by deprotonation of ligands of the formula (IT)

M=NY¥ N—-=M

7
N

An . (1I)

<

with a base and subsequent reaction with a copper compound of the formula (IIT)

Cu-Y, (0I)

wherein M, X, Y, z and r have the meaning given in the case of the formula (I).
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Formula (II) is representative here of the possible tautomeric compounds, which

are also included in the scope of the invention.

"An" 1s preferably an amion of an acid which has a pKa value of 3 or less than 3.
"An" 1s more preferably hydrogen sulfate, chloride, bromude, iodide,

tetrafluoroborate, hexafluorophosphate or one half of an equivalent of sulfate.
"An" 1s most preferably chlonde, bromide or iodide.
Bases whach are emploved for the deprotonation of the higand include alkali metal

and/or alkaline earth metal alcoholates, hydrides and/or hydroxides. Preferred

bases for the deprotonation of the ligands are sodium methanolate, potassium tert-

-butylate, potassium amylate, sodium hydride, potassium hydride, potassium

- hydroxide, sodium hydroxide and barium hydroxide. The deprotonation of the

ligands preferably takes place by potassium tert-butylate.

- The solvents for the deprotonation of the ligand are inert organic solvents. Ethers,

such as diethyl' ether and THF, and also\toluene, Xylehe, chloro form, methylene
chloride, methanol and/or ethanol are preferred, the deprotonation béing carried
out in the temperature range from -50 to 50°C. Preferably, the deprotonation is

carried out in ethers at temperatures of between -35° and room temperature.

For the preparation of the catalysts of the formula (I), the starting substarices of

‘the formula (II) and of the formula (III) are employed in a2 molar ratio such that

the desired target catalyst of the general formula (I) results. The molar ratio of the
imidazolium salts of the formula (II) to the copper compounds of the formula (111
1s preferably chosen in the range from 40:1 to 0.5:1, more preferably 1n the range

from 5:1 to 1:1, most preferably in the range from 4:1 to 1:1.

The solvents required for the preparation of the catalysts are the same as those
used for the deprotonation of the ligand. The most favorable amount of solvent to

be employed can be determined by appropriate preliminary experiments. ‘When



10

15

23

130

CA 02454875 2003-12-30

23189-9326

. 8.

the deprotonation is complete, the reaction temperature is increased to a -
teniperature in the range from 10 to 30°C. The temperature is preferably increased

to temperatures in the range from 15 to 25°C in the course of 60 to 180 minutes.

The catalysts either can be added as an isolated compound to the process

according to the present invention for the preparation of diarylamines, or can also

-~ be reacted in situ during the reaction of the substituted benzenes with the

arylamines.

For the process according to the present invention, the catalysts are employed in

amounts of 0.02 mol% to 10 mol%, preferably 0.1 mol% to 3 _moln%, based on the

- -amount of nitrohalogenobenzenes employed.

Nitrohalogenobenzenes are to be understood as meaning all :

nitrohalogenobenzenes which contain at least on‘e'halo.gen chosen from the group

- consisting of fluorine, chlorine and bromine. . Preferred halogens are fluorine and

chlorine. In addition to the halogen and the niiro group, the nitrohalogeno-
benzenes can also contain one of.more subsfituen_t's chosen from the group
consisting of C,-Cyz-alkyl groups. The unsubstituted nitrohalo genobenzenés and
nitroalkylhalogenobenzenes with unbranched alkyl groups are preferred. The
nitrohalogenobenzenes and nitroalkylhalogenobenzenes m which the nitro group
1§ 1n the para-, ortho- or meta-position relative to the halogen, preferably in the
para-position, are more preferred. 4-Nitro-2-methylchlorobenzene, 4-nitre-3-
methylfluorobenzene, 4-nitrochlorobenzene, 3-nitrochlorobenzene and 2-
nitrochlorobenzene are most preferred. Of these, 4-nitro chlbrobenzené 18

preferred.

In addition to aniline, all the o-, m- and p-substituted anilines known to the expert
can also be employed in the process according to the present invention. Preferred

substituents are branched or unbranched C:-Cao-alkyl, Cs-Cao-alkenyl, C;-Coo-

-acyl, Cy-Cye-alkylthio, C;-Cpg-alkyl-amino and C1-Cas-alkoxy radicals, C;-Cag
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e ey

29 C atoms in the ester part and sulfonic acid radicals having 1 to 9 carbon atoms
in the ester part. Branched or unbranched alkvl, alkenyl or alkylthio groups with
the numbers of carbon atoms me_r;tioned, such as the methyl, n-butyl, tert-butyl,
octyl, decyl, dodecyl, myristyl and stearyl group, are preferred. Preferred

substituted amilines are vinylaniline, 4-tert-butylaniline, p-anisidine, o-anmisidine,

o-tolmdine, ‘p—to luidine, anthranilic acid methyl ester, o-aminobenzonitrile, p-

aminobenzonitrile and 4-ethylaniline. Amline 15 most preferred.

In the process according to the invention, in general 1 to 10 mol, preierably 1.5 to

8 mol, more preferably 2 to 6 mol of the corresponding aniline are employed per

~mo! of nitrohalogenobenzene.

R
-\ -

Bases which are employed in the process according to the present invention are
alkali metal and/or alkaline earth metal carbonates, alcoholates, phosphates,

fluorides and/or hydroxides, where potassium carbonate, sodium carbonate,

caesium carbonate, caesium bicarbonate, sodium methanolate, potassium tert-

butylate, potassium amylate, caesium fluoride, potassium phosphate and barium
hydroxide are preferred. Potassium carbonate, sodium carbonate, caesium
carbonate and/or caesium bicarbonate are more preferred. Potassium carbonate 1s

most preferred.

The bases can be employed either in less than the stoichiometric or the

.-

with respect to the nitrohalogenobenzene. The bases are preferably employed in

0.3 to 2 equivalent amounts, based on the nitrohalogenobenzene.

It 1s of advantage for the process according to the present invention if the bases

employed are pretreated by grinding and/or drying.

The grinding can be carried out in commercially available milis in the process
according to the present invention. The grinding has the effect here of a drastic

increase in the specific surface area, which leads to a significant increase in the
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conversion. In many cases an increase in the specific surface area by a factor of

10 to 20 1s to be observed by the grinding.

After the grinding the specific surface areas of the bases are approx. 0.1 to 10
m?/ g, preferably 0.2 to 1 m*/ g (BET). \

Because of the pronounced hygroscopic properties of the bases employed\ in the
process according to the present invention, the phosphates and carbonates above
all tend towards a greater or lesser uptake of constituents from the atmosphere,
such as water and carbon dioxide. At and above an uptake of approx. 30 per cent
by weight of constituents from the atmosphere, a significant influence on the
conversions to be achieved 1s detectable. In addition to grinding, drying of the

bases 1s therefore often also necessary.

Drying of the bases 1s carried out here, depending on the nature of the base used,

such that they are he_ated to temperatures of approx. 50 to 200°C,.preferably 100 to -

100°C, under a reduced pressure of approx. 0.01 to 100 mbar for several hours. .

The process according to the present invention is preferably carried out by' a

procedure in which the base is first dried at temperatures in the range from 20 to

25Q°C, preferably at temperatures from 110 to 210°C, the temperature in the

reaction vessel is cooled and the nitrohalogenobenzenes, anilines and the catalyst
or, in the case where the catalyst i1s prepared in situ, the ligand according to

formula II with the copper compound accordirig to formula III are then added.

The process according to the present invention can be carried out either in the
presence or 1n the absence of an additional suitable solvent. Inert organic
hydrocarbons, such as xyvlene and toluene, are preferred as the additional solvent.

The aromatic amines employed can themselves furthermore function as the

solvent.
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The amount of solvents to be employed can easily be determined by apprOpnate

preliminary expenments.

In order to increase the yield of nitrodiphenylamines, the water of reaction formed
can be removed by distillation, as described in DE-A 2 633 811 and DE-A 3 246

151, by addition of a suitable entraining agent, such as benzene, toluene or xylene.

The process according to the present invention can be carried out in a continuous

or discontinuous manner by the methods known to the expert.

The mitrodiphenylamines prepared by the process according to the present
Invention can be reduced to the corresponding aminodiphenylamines by a
hydrogenation. The hydrogenation is carried out in the manner known to the

expert with a reducing agent, such as hydrogen, during which the copper from the

- formula (I) already present does not have to be removed and optionally a suitably

mert catalyst support.
It is of course-also possible to carry out the hydrogénation in the presence of |

additional hydrogenation catalysts, such as those based on nickel, palladium or

platinum. Suitable catalyst supports can also be used for these catalysts.

Suitable materials for use as the cataiyst support imnclude all the catalyst supports '

‘ known to the expert based on carbon, element oxides, element carbides or element

salts in various use forms. Examples of carbon-containing supports are coke,
graphite, carbon black or active charcoals. Examples of the element omde catalyst

supports are Si0; - in the form of naturally occurring or synthetic silica and
naturally occurring or synthetic quartz - Al,Os, preferably o- and y-Al,Os,

aluminas, preferably naturally occurring or synthetic alumosilicates, such as

zeolites, laminar silicates, such as bentonite, montmorillonite, TiO,, preferably in

the rutile or anatas type, ZrO,, MgO and ZnO. Examples of element carbides and
salts are S1C, AIPOy, BaSO, and CaCO;. In principle, both synthetic materials

and supports of natural sources, such as pumice, kaolin, bleaching earths,
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bauxites, bentonites, kieselguhr, asbestos or zeolites, can be used. Active

charcoals and Si-, Al-, Mg-, Zr- and Ti-containing matenals are preferably

employed as the support materials. Active charcoal is more preferred.

The hydrogenation can of course also be carried out with other reduction methods,
such as are known to the expert and are described in Reductions in Organic

Chemistry, Second Edition, ACS Monograph 188.

For the hydrogenation, the nitrodiphenylamine cén- either be 1solated, or the

nitrodiphenylamine obtained from the process according to the present mvention

1s hydrogenated directly, alkvl halides being removed, but without further working

up. —

The temperatures during the hydrog O'enanon arc approximately 0 to 200°C
preterably 40 to 150°C. The hydrogen pressures for the hydrogenation are 0.1 to
150 bar, preferably 0.5 to 70 bar, more preferably 1 to 50 bar.

- The corresponding ammodlphenylammes are obtamed by the process according to

the present 1nvent10n with a2 hlgh selectivity (>93 %) and vields of up t0 97% of

theory.
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EXAMPLES

| Example 1

Preparation of {1,3-bis-D\I -(N ‘—methyl)imidazelidene-methyl]-S-methylbenzene}—
copper[lI] bromde, Cy7H20Br,CulNs (x 2KBr) .

it

\

N N
EN Br/C\uB:jxxj

The bisimidazolium salt (135 mg, 0.31 mmol) is dissolved in 10 ml toluene under

an argori atmosphere, and potassium tert-butylate (71 mg, 0.63 mmol) 1s added at
0°C. After 2 h copper(IT) bromide (70 mg, 0.31 mmol) is added and the mixture is
sturred for a further 12 h. The solvent is then removed in vacuo, and the product is

obtained as a pale powder.

FD/MS: 343 (M-2Br, main component), 423 (M-Br), 503 (M+2H)
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.Examglé 2

Preparation of {1,3-bis-[N~(N'-methyl)imidazolidene-methyl}-benzene}-
c-opper[ﬂ] bromide, C15H1'7BI2CUN'5(X .ZKBI’)

——gh
-

The bis'imidazolium salt (131 mg, 0.31 mmol) is dissolved in 10 ml toluene under

an argon atmosphere, and potassium tert-butylate (71 mg, 0.63 mmol) is added at

- 0°C. After 2 h copper(lI) bromide (70 mg, 0.31 mmol) 1s added and the mixture 1s

stirred for a further 12 h. The sdlvcnt is then removed in vacuo, and the product 1s

obtained as a pale po'wder.v

~ FD/MS: 330 (M-2Br, main component), 410 (M-Br), 490 (M+2H)

Example 3

Preparation of [N,N'-di(2-pyridyl)imidazolidene} -copper(1I] bromide,

| C1 3H10.Bi‘jCUN4 (X KBI’)

The imidazolium salt (92 mg, 0.31 mmol) 1s dissolved 1n 10 ml toluene under an

argon atmosphere, and potassium tert-butylate (36 mg, 0.31 mmol) is added at
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0°C. After 2 h copper(Il) bromude (70 mg, 0.31 mmol) 1s added and the mixture 1s

stirred for a further 12 h. The solvent is then removed in vacuo, and the product 1s

obtained as a pale powder.
FD/MS: 364 (M-Br, main component).

Example 4

Preparation of (N-benzyl-N'-methylimidazolidene)-copper{II] bromide,

C,yHoBraCuN; (x 2KBr)

. “
= /“\ ’|
o Q?Cu_Br

The imidazolium salt (300 mg, 1.2 mmol) is dissolved in 10 ml toluene under an

argon atmosphere, and potassium tert-butylate (138 mg, 1.2 mmol) is added at
0°C. After2h coppér(H) bromide (120 mg, 0.6 mmol) 1s added and the mixture 1s

stirred for a further 12 h. The solvent 1s then removed 1n vacuo, and the product 1s

obtained as a pale powder.

FD/MS: 316 (M-2Br, mamn component).

Example 5

Preparation of 4-nitrodiphenylamine catﬁlyzed by Cu-carbene {1,3-[bis-(N-(N'-

methyl)imidazelidene methvl}-5-methylbenzene}-copper(ll)-bromide

288.9 g (3,090 mmol) aniline, 83.6 g (605 mmol) potash (preparation: ground for

60 sec at level 1 and 3 x 60 sec at level 2 of a laboratory mixer, the ground

material being loosened by shaking after each 60 sec) and 157.6 g (1,000 mmol)
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4-chloronitrobenzene and 9.42 g (16.2 minol) {1,3--bis—-[1\T~O\P-methyl)imi?
dazolidene-methyl]-5-methylbenzene} -copper[Il] bromide were 1nitially
introduced, while stirring, into a muiti-necked round¥bottomed flask with a KPG -
stirrer with a Teflon blade, Vi greﬁx cdlumn, 55 ml water separator filled with
xylene, blanketing with nitrogen, septum, heating mushroom and insulation. A

* red-brown suspension was formed and was heated up to the reflux temperature

(sturrer approx. 400 rpm, very gentle stream of N»). Thereafter, only a shight

evolution of water initially occurred, but this increased in the course of the

- reaction and then remained constant at a low level (tot. approx. 6.9 ml). Sampling

- 10

(unfiltered) took place every 30 minutes and the samples were analysed by means

of HPLC (6-point calibration). After 390 minutes the experiment was ended. The

- boiling temperature of the mixture was about 192-199°C du:ing the entiré duration

15

of the experiment. A residual p-NCB value of 6.0 wt.% (corresponds to 84%
conversion) a 4 NDPA content 0of 32.3 wt.%, a 4 4'-dixﬁtrotﬁphenylaniine conteﬁt
of 1.2% and a 4 N.DPA/tnarylamme ratio of 27 (corresponds to a vleld of 81%

4 NDPA and 96% selectivity, based on the p-NCB) resulted here.

Resnlt
' Sample | Sample p-NCB 4-NDPA | Triple | Selectivity |
| [min] | [wt. %] | [wt. %] nucleus | (NDPA/triple
. : wt.%] | nucleus ,
1 30 23.5 8.7 0.00
2 162 21.0 1132 0.19 71.0
3 90 18.7 1 15.3 | 0.14 112.8
4 121 17.0 18.4
150 158~ [21.0 043  |485 |
6 180 15.1 124.6
7 | 210 124 251 0.37 67.4
g 240 9.8 23.7
9 | 270 8.5
10 302 8 2 30.0 1.00 |30.1 B
11 | 347 32.3 109 1296
12 362

20
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Examgle 6

Preparation of 4-nitrodiphenylamine catalysed by Cu-carbene {1,3-[bis-(N-(N'-
methyl)imidazelidene methyl]-5-methylbenzene} -copper(I}-bromide in the '

5  presence of caesium.

288.9 g (3,090 mmol) aniline, 83.6 g (605 mmol) potash (preparation: ground for
60 sec at level 1 and 3 x 60 sec at level 2 of a laboratory mixer, the ground '
‘maternal being loosened by shaking after each 60 sec) aild 157.6 g (1,000 mmol) 4-
10 ' chloronitrobenzene and 0.50 g (3.78 mmol) Cs as an aqueous solution were
initially introduced, while stirring, into a multi-necked round-bottomed flask with
a KPG stirref vﬁth a TCﬂOH‘ blade, Vigreux colﬁmn, 55 ml water separator filled
with xylene, blanketing with nitrogen, septumn, heating mushroom and insulation.
A red-brown suspension was formed and was heated up to the reflux temperﬁture
15 (stirrer approx. 400 rpm, very gentle stream of Ni). When the water had been
' -remoi}ed from the circulation the mixture was cooled down to approx. 80°C and
471 g (8.1 mmo}) { 1,3-bis-[N-(N'-,-methyl)inﬁdazdlidene'-methyl]-S-methyl-
benzene} -copper{II] bromide were added. Aﬁer the miiture had been heated up
again to the refiux temperauire, on]y'a shight evolution of water initially occurred,
20  but this increased in the course of the reaction and then remained constant at a.low
level (tot. approx. 7.2 ml). Sampling (unfiltered) was carried out every 30 minutes
and the samples were analysed by means of HPLC (6-point Ealibfation); After 360
minutes the experiment was ended. The boiling temperature-of the mlxture was
about 190-198°C during the entire duration of the experiment. A residual p-NCB
25  value of 6.2 wt.% (corr‘eSponds to~84% conversion), a 4-NDPA content of 33.9
wt.%, a 4,4'-dinitr'otriphenylamine content of 1.92% and a 4-NDPA/t1'iafylanline R
ratio of 17.7 (corresponds to a yield of 79% 4-NDPA and 95% selectivity, based
on the p-NCB) resulted here. ' -
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Results:

Sample | Sample | p-NCB | 4-NDPA | Triple | Selectivity
| Jmin] ; fwt. %] [wt.%] | nucleus (NDPA/triple 1
| | | | [wt.% nucleus) |

1 30 | 24.2 10.13 167.7

2 60 19.1 92.9

3 90 18.5 17.0 034 50.4

4 | 135 16.4 1 20.7 1053 39.0

5 150 15.4 121.9 0.63  |347

6 1 180 13.6 ' 24.7 0.78 ' 318

7 210
8 270 - T390
9 300 203 '
10 343 -1 80
|11
Example 7

Preparation of 4-aminodiphenylamine

250 ml water were added to the reaction mixture from example 5, after cooling to
105°C, and the mixture was stirred for 15 min at 80°C and transferred to a

10 separating funnel. After phase separation had taken place, 8 ml KOH, 25 ml salt
water (from the aqueous phase of the condensation) and 4.5 g Rane)}“niékel wWere:
added to the organic phase (500 ml) wh.ich had been separated off, the mixture
was transterred to a hydrogenating autoclave and hydrogenation was carried out
under a pressure of 10 bar of hydrogen in the course of 400 min, a'temperature-of

15 140°C being reached. According to analysis by gas chromatography, 91%
4-aminodiphcnylamine (based on the 4-nitrodiphenﬂamine employed) 18

obtained.
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1, Process for the preparation of nitrodiphenylamines comprising reacting

nitrohalogenobenzenes with anilines, a base and a catalyst of the formula

(1)
— —
X, |
| - M—N N | M |
L % P |
Cu
J (1)
_ L m-
YI’

wherein

X isal,2-ethanediyl or 1,2-ethenediyl radical and

M can be identical or different and represents C;-Cg-alkyl, C7-Cys-
aralkyl, Cs-Cg aryl groups or Ce¢-Cio-heteroaryls having 1 to 3
nitrogen atoms, wherein two or more radicals M can be bridged in
anv desired manner by a covalent bridge or by an alkylidene bridge
containing 1 to 4 carbon atoms or via an aryl or heteroaryl nng,

Y represents halogen or a trifluoroacetyl, trifluoromethanesulfonyl,
nonafluorobutanesulfonyl, cyanide, acetyl, fluorinated
acetylacetonyl, nitrate, arylsulfonyl, oxinate, phosphate, carbonate
or tetrafluoroborate radical,

Z represents 1, 2 or 3,
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m represents integers from 1 to 6 and
T denotes 0, 1 or 2. |
2. Process according to Claim 1, wherein the base 1s chosen from the group

(42

consisting of bicarbonates, Carbonates, methanolates, ethanolates,
isopropvlates, tert-butanolates, phosphates, fluorides, silazanes, hydndes

and acetates of lithium, sodium, potassium and caesium.

Process according to Claim 1, wherein the catalyst 1s prepared by

deprotonation ligands of the formula (II)

——

}
iz An (1I)

with a base and subsequently reacting with a copper compound of the

formula (I1I) ‘ _ . ‘ '
Cu-Y; - (111)

wherein M, X, Y, z and r defined the same as 1in formula (I), and

wherein "An" 1s an anion of an acid havig a pKa value of 3 or less.

Process according to Claim 3, wherein the catalyst of the formula:(I) 1s

prepar;ad In s1tu.

Process according to Claim 1, wherein the catalyst 1s selected from the
group consisting of (N,N'-dimethylimidazolidene)-copper(ll) bromide,
(N ,N’~dicyclohexylimidazolidene}-copper[H] bromide, [N,N'-di(2,4,6-
trimethyl)phenylimidazohdene}-copper(ll) bromde, [N,N'-di(2-

pr—

pynidylyimidazolidene]-copper[Il] bromide, (N-benzyl-N'-methyl-

imidazolidene)-copper[Il] bromide, {1,3-bis-[N-(N'-methyl)imidazolidene-
methyl]-5-methylbenzene}-copper[ll] bromide, {1,3-bis-[N-(N'-
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methyl)imidazolidene-methyl]-Swmethylbenzene}—-COpper[I]
- trifluoromethylsulfonate, {2,6-bis-|N-(N ‘—methyl)-imidazolidene»
| methjfl]pyridine}-copper[II] bromide, {1,2-bis-[N-(N'-methyl)imi-
dazolidene]-1,2-diphenylethane} -copper[II] bromide and {bis-[N-(N'-

5 methy])imidazolidene}methane} -copper[1I] bromi_de. (N,N'-Dimethyi-
1midazohidene)-copper(Il) bromide and {1,3-[bis-(N -(N'-methyl)imi-

dazolidenemethyl}-5-methylbenzene; -copper[1I] bromide.

6. Process according to Claim 1, wherein the nitrohalogenated benzenes are
10 selected from the group consisting of 4-nitro-2-methylchlorobenzene,
4-nitro-3-methylﬂuorobenzene, ‘4-nitrochlorobenzene, 3-nitro-chloro-
~ —benzene or Z-mtrochlorobenzene, 4-nitrochlor0beﬁzene, 4-nitrophenyl-
trifluoromethanesulfonic acid ester, 4-nitrophenylnonafluorobutane-
sulfonic acid ester, 4-nitrophenyl carbamate and 4-nitrophenyltrifluoro-

15 methylsulfonic acid ester.

7. The process according to Claim 1, wherein the aniline is a 0-, m- or

p-substituted aniline.

20 8. The process according to Claim 7, wherein the substituted aniline is

selected from the group consisting of vinylaniline, 4-tert.-butylaniline,
p-anisidine, o-anisidine, o-toluidine, n-toluidine, anthranilic acid methyl-

“ester, o-aminobenzonitrile, p-aminobenzonitrile and 4-ethylaniline.

25 9. Process for the preparation of aminodiphenylamine, wherein the

nitrodiphenylamine produced according to Claim 1 1s hydrogenated

without 1solation.

Fetherstonhaugh & Co.
- Ottawa, Canada
Patent Agents
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