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PROCESS FOR THE PREPARATION OF DIPHENYLAMINE

BACKGROUND ©F THE INVENTION
1. Field of the Invention
This invention relates to a process for the prep-
aration of a novel diphenylamine in which each phenyl
grouﬁ.is substituted. Diphenylamines available accord-
ing to the present invention are useful as antioxidants

for mineral oils, synthetic oils and the llke.and also

. _J-td

as resin additives.
2. Description of the Related Art
As a process for the preparation of a diphenyl-

amine containing one or more substituents on each

phenyl group, it has already been known to prepare

t

"l

dinonyldiphenylamitie py:éubjecting nonene and
diphenylamine to thénF}iedel-cfafts alkylation in the
presence of a metal halide such as aluminum chloride or
zinc chloride or an acid catalyst such as sulfuric
acid, phosphoric acid or acid clay (Japanese Patent
Laid-Open No. 188555/1990).

This proéess[ however, is accompanied with the
drawback that it is di;ficult to add a sufficient
amount of nonene to diphenylamine. .Thus, the resultant
dinonyldiphenylamine contains the mono-substituted

derivative and is low in purity.

n Replaced-
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L‘present-invention are useful as antioxidants _for mneral ojls,
oils and the like and also as resin additives; - 2. Descri pti;on.

of the Rej ated Art ' As a process for the preparation.-of -a di phenyl-
am ne coa;ainihg one or nore substituents on each phenyl group, it has
e

al ready

and dip
nmet al hal
cat al yst

en known to prepare dinonyl di phenyl am ne by subjecting nonene
nylanmine to the Friedel -Crafts alkylatjon in the presence of a
i de such as al um num chl oride or zinc chloride or an acid

such as sulfuric acid, phosphoric acid or acid clay (Japanese

Pat ent LUai d- Open No. 188555/1990).

SUMMARY OF THE INVENTION
The present inventars have conducted extensive
research with a #iew toward overcoming the above draw-
back and developing aﬁ industrially more advantageous
5 process. As a result, it has been found that a
diphenylamine with both the phenyl groups being sub-
stituted can be obtained with high selectivity by

reactlng a phenol with ammonla in the- presence of a

PR

10 invention.
The present invention therefore provides a pro-
. cess for the preparation of a diphenylemine represented'
by the following formula (3):

o
ST N o

- P - . o’

LT - 77 (R)p o (R)p
15 wherein R represents a Cg_j;4 alkyl, Cgs.g cycloalkyl,

Cé_14 alkoxyl, aryl or aryloxyl group and n stands for
-an integer of 1-5, which comprises reacting, in the
| presence of a hydrogen transfer catalyst and a

- cyclohexanone represented by the following formula (1):
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This.prqéess, however, is acconpanied with the drawback that it is
difficulit to add a sufficient anobunt of nonene to di phenyl.diirié. ThUs, the’
resul tant dinonyl di phenyl am ne contains the nono- substltuted QefhvatTVe

and is liowin purity. -2-
i

(R)n
_ o - )

wherein R and n have the same meanings as defined
above, ammonia with a phenol represented by the follow-

ing formula (2):

(R : B s

wherein R and n have the same meanings as defined

above; and also a process for the preparation of a

e e« ARy St 4 s e s o

diphenylamine represented by the formula (3) which com-
.ﬂprégggiéénxerting$$in;the presence of a hydrogen trans-—
10 . fer catalyst under:ﬁydrogen pressure, a portion of a
phénol'represented by the formula (2) to a
cyclohexanone rep;esénfed by the formula fl) and, while
using the rémaining_portion of the phenol (2) as a
hydrogen.aCceptor, thereby forming the cyclohexanone
15 represented bf the formula (1) in a;reaction system

- * o~

successively, conducting reaction with ammonia.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

% o ' Examples of R in the formulas (1), (2) and (3)
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SUNNAR& OF THE | NVENTI ON The present inventors have conducted
extens|ve ‘research with a view toward overconing the aboye, draw -back amd. -
devel opi ng an industrially nore advantageous process. As a result, it has-
been fpund that a diphenylamne with both the phenyl groups being sub-
stitutpd can be obtained with high selectivity by reacting a phenol wth
ammoni g in the presence of a cyclohexanone, |leading to th conpletion of
the prgsent invention. The present inéertion therefore provides a
pro- Ffess for the preparation of a di phenylam ne represented by the

foll oM ng fornula (3):

include Cg_,, alkyl groups, cs -g tycloalkyl groups,
Cg_j14 alkoxyl groups, aryl groups such as phenyl and
naphtyl, and aryloxyl groups such as pheroxyl and
naphthoxyl.

5 In each of the processes of the present inven-
tion, hydfogen formed as a result of dehydrogenation of
a cyclohexylimine, said cyclohexylimine having been
formed by the reaction between ammonia and the

cylohexanone, is used in the same reactlon system for

L —— . - e s - -

10 the reduction of the phenol,’ that 1s, for the formatlon
of the cylohexanone. Further in the same reaction sys-
tem, an aniline formed as a result of dehydrogenation
of the cyclohexylimine undergoes condensation reaction
with the cyclohexanone to form a cyclohexylidene-

' 15.- .-anilipé;gpﬂhis cfﬁiohexylideneaniline is then dehydro-
genated, whereby a;diéhenylamine is obtained. The
hydrogen formed at this stage is also fully used in the
same reaction system for the reduction of the phenol.
This process is the;efore extremely efficient. |

20 It is preferred to conduct the reaction while
charging ammonia in portionsfer successively to the
reactien systen witho&t chafging it at once. Such a
charging manner can suppfess byproduction of N-
(cyclohexyl)anilines, thereby making it possible to

25 conduct the reaction under milder conditions and more-~
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[err] . wperein Rrepresents a (Jerr] alkyl, Cferr] cycloalkyl, {err]

al:koxyl , faryl or aryloxyl group and n stands for an integer @f 1-5, which
conprisep reacting, in the presence of a hydrogen transfer catalyst -and a -
cycl ohexanone represented by the following formula (1): R .

over, to shorten the reaction time.

Taking'the preparation of dinonyldiphenylamine,
for example, the phenol employed in each-of the pro-
cesses of this iﬁvention is prepared by the Friedel-

5 Crafts alkylation between phenol and nonene and is
therefore readily available. This reaction to obtain a
phenol can be conducted under milder conditions com-
pared with the above-described, conventional Friedel-

Crafts alkylation between dlphenylamlne and nonene and

....--

10 permits preparation of the phenol in a hlgh yleld.
Each of the processes according to the present inven-
tion which employs the phenol is advantageous not only
in the yield but also in the fact that owing to the in-.
" troduction of nonyl groups at the beginning of the
15 ~'reepﬁi§5;.the resﬁfting'divsubstituted diphenylamine is
free'of-ﬁyproducts sueh as the mono-substituted deriva-
tive.
Any known hydrogen transfer catalysts can be used
in 'each of the proqesses of the present invention.
120 Specific examples . include Raney nickel, reduced nickel
and nickel—beering catélystS'with nickel supported on
various carriers such as diatomaceous earth, alumina,
pumice, silica gel:and acid clay; cobalt catalysts such

as Raney cobalt, reduced cobalt, cobalt and cobalt-

25 carrier catalysts; copper catalysts such as Raney cop-
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above,

[err]

1 [err] wherein R and n have the sane neani ngs as defined
hnmonia with a phenol represented by the follow ing formuka (2):

-
0. -

per, reduced copper and copper;carrier catalysts; pal-
ladium catalysts such as palladium black, palladium
oxide, colléidal palladium, palladium-carbon,
palladium-barium sulfate, and palladium-barium car-

5 bonate; platinum catalysts such aé-platinum black, col-
loidal'platinum, platinum sponge, platinum oxide,
platinum sulfide and platinum-carrier catalysts such as
platinum-carbon; rhodium'catalysts such as colloidal
rhodium, rhodium-carbon and rhodium okide; platinum

10 group metal catalysts SQZh as rutﬁ;;;um catalyéés,'
rhenium catalysts such as rhenium heptaoxide and
rhenium—carbén; copper chromium oxide catalysts; molyb-
denum oxide catalysts; vanadium oxide catalysts; and
tungsten oxide catalysts. Among these catalysts, pal—

15, . .-1ad;um catalystSFare -preferred, with palladium-carrier
catalyst$ being more preferred and palladium~carbon and
palladium-alumina being particularly preferred.
The hydrogen trénsfer catalyst may 5e used in an
amount of 0.001-1.0 gram atom, preferably 0.002-

20 0.2 gram atom as metallic atoms per gram molecule of
ammonia as a raw material.

&he phenol usabié as another raw material in each
of the processes of the present invention is a hydrogen

acceptor and as a consequence, it also serves as a

25 source for the cylohexanone.
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mhereii R and n have the sane neanings as defined above; and also a

procesq for the preparation of a diphenylam ne represented by- t he-formul a -
(3) whijch com prises converting, in the presence of a hydrogen.frans-

fer catfal yst under hydrogen pressure, a portion of a phendl .feprésénted by
the forjmula (2) to a cycl ohexanone represented by the formula (1) and,
whil e {jusing the remaining portion of the phenol (2) as a hydrogen
acceptdr, thereby form ng the cycl ohexanone~ Fepresented by the fornula (1)
in a regaction system successively, conducting reaction wth ammoni a.
DETAI LBD DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

Described specifically, the phenol is reduced by
the hydrogen formed as a result of dehydrogenation of
an intermediate imine, wihrich has been produced by the
reaction between ammonia and the cyclohexanone, thereby

5 forming the cyclohexanone. The Schiff base formed by
the eendensation reaction between.the resulting aniline
and the cylohexanone is then dehydrogenated so that .
hydrogen is formed. ﬁy this hydrogen, fhe phenol is

similarly reduced to supply the cyclohexanone.'

~a-a

10 In theory, it is suff1c1ent to use the phenol ie
an amount of 2.0 equivalents per equivalent of ammonia.
It is, however, desired to-use the phenol in an amount
ef at least 2.5 equivalents, preferably 3-7 equivalents
per equivalent of amménia,-because use of the phenol in
15 - -{'qn_é2§§55aamoﬁnt%§inc%uding that serving as a solvent,
' tends to result in high selectivity to the target pro-
duct. Amounts smaller than 2.0 equivalents per equiva-
| lent of ammonia ;esulf in greater byproduction of the
N—(éyclohexyl)aniliﬁe. Amounts outside the above range
20 are therefore not preferred.
When tﬂe cyclohexanone is allowed to co-exist in
the reection system f;om the beginning of the reaction,
no particular problem or inconvenience would arise in-

sofar as the cyclohexanone is added in an amount of at

25 least about 0.03 mole per mole of ammonia. The

- This Sheet Has Been Re laced
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Exanplis of Rin the formulas (1), (2) and (3)

aIkoxyI
groups
the prd

sent

10

15

20

i ncl ude C[err]
groups, aryl groups such as phenyl and naphtyl, and aryloxyl
[such as phenoxyl

i nven-

al kyl

and

groups, (Jerr]-cycloal kyl groups,.. (Jerr]

napht hoxyl . "I'n each of:.t e processes of

preferred amount of the cyclohexanone can be 0.05-0.50

mole. Amounts smaller than the above lower limit tend

to result in a reduced reaction velocity.

..

When the cylohexanone is not allowed to exist in

the reaction system'froﬁ the beginning of the reaction,

on the other hand, it is necessary to hermetically fill

a reactor with hydrogen in an amount enough to form a

suitable amount of the cyclohexanone; that is, at least

about 0.06 mole, preferably 0. 10 1.00, mole per mole of

_-« .

the ammonia, followed by reactlon under heatlng.

The reaction temperature in.each of the processes

of the present invention is ordinarily selected from a

range of from 150°C to 300°C, preferably from 180°C to

230°C.

Temperatures lower than 150°C result in a

]'freducedareactlon velocity and greater byproduction of

'-fthe N-(cyclohexyl)anlllne. To dehydrogenate the

resulting byproduct, a higher temperature and moreover,

a longer reaction.time are needed.

In each of the processes of the present inven-

tion, the reaction can advantageously be conducted un-

der pressure. It is desired to conduct the reaction

usually within a range of from normal pressure to 5

kg/cmZG, preferably 0.5 kg/csz to 3 kg/csz.

It is advantageous to conduct the reaction while

removing the resulting water. ' For this purpose, the

—_—
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tion, drogen fornmed as a result of dehydrogenation of a cyclohexylim ne,
sai d cycl ohexyli m ne having been fornmed by the reaction between anmoni a
and th cyl ohexanone, is used in the same reaction systerm for.” the::.
reductijon of the phenol, that is, for the formation -of :th&.cyl.ohéxanone.
Further} in the same reaction sys- tem an aniline formed as a result of
dehydrogenati on of the cycl ohexylim ne undergoes condensati on reaction
with t cycl ohexanone to form a cycl ohexytri 8eme- aniline. This

cycl ohekyl i deneaniline is then dehydro- genated, whereby a di phenyl am ne
I's obtag ned. The hydrogen fornmed at this stage is also fully used in the

sanme repction systemfor the reduction of the
y wager can be approprlagely reﬁoveg from the reaction

mixture by azeotropic distillation with a solvent such
as benzene, toluene or xylene. -
After the completion of the reaction, the reac-

5 tion mixture was allowed to cool down with the pressure
lowered to the environmental pressure, followed by fil-
tretiqn for the separetion of the catalyst. The
catalyst so separated can be used again. The filtrate

is, on the other hand, dlstllled under reduced pressure

—— gwi -

10 to remove the remaining phendl 1nc1ud1ng the
cyclohexanone, whereby the diphenylamine is obtained as
a residue. The phenol so recovered, which contains the
cylohexanone, can be recycled to the reaction system,
as are, for reuse. -

15 Tl _7:§§§O:din93t§$eaeh-of the processes of the:present

invention, a diphen&léﬁine in which both the phenyl

groups are substituted can be obtained easily by

employing a corresponding phenol and ammonia as de-

scribed above.

1 20 The present invention will hereinafter be de-
scribed specifically by the following Examples.
i Example 1 -

A stainless steel autoclare whose internal capac-
ity was 500 mé¢ was charged with 110.18 g (0.5 mole) of

i 25 p-nonylphenol, 13.46 g (0.06 mole) of p-nonylcyclo-

This Sheet Has Been Reﬂlaced
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10

20

ocess is therefore extrenely efficient. It is preferred to
theé reaction while charging amonia in portions qr successively to .
pacti on systemwi thout charging it at once. Such a ‘ chargi.ng nanner ...
press byproduction of N (cyclohexyl)anilines, thereby making it '
conduct the reaction under m | der conditions and nore-

...10._

hexanone and 1.75 g of 5% Pd/C (product of N.E. Chemcat
Corporation). After charging a dropping funnel with a
solution of 3.40 g (0.2 mole) of ammonia-in 110.18 g
(0.5 mole) of p-nonylphenol, the autoclave was purged
with nitrogen and heated to 225°C. At the same
temperature, the ammonia—nohylphenol.solution in the
dropping funnel was added dropwise over 4 hours. After
completion of the dropwise addition, stirring was con-

tinued for further one hour while the contents belng

s - - -
..a-‘

maintained at the same temperature. Water resultlng
from the reaction was subjected to azeotroic distilla-
tion with toluene charged into the autoclave, condensed
in a reflux condenser and then separated by a separa-
tor. The reaction mixture was then allowed to cool
© -down’and then, thE"5% Bd/C was filtered off from the
reaction mixture. A portion of the filtrate was

sampled and analyzed by liquid chromatography.  As a
result, the yield of dinonyldiphenylamine was found to
be 98.9% (based on_the ammonia used).
Example 2

A stainiess steel autoclave whose internal capac-
ity was 500 m¢ was charged as in Example 1, except for
the omission of p-nonylcyclohexanone from the initial
charge. The autoclave was purged with nitrogen, fol-

lowed by pressurization to 5 kg/cm?G with hydrogen.

}hsBamkjimﬂi
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over,
pr o-

This r
com

t he phgnol

presen

0 shorten the reaction tine. Taki ng the preparation of
diznonyl§di phenyl am ne, for exanple, the phenol enployed iﬁ each-of the
cesses of this invention is prepared by the Friedef-<- Crafts:

al kyl atfi on bet ween phenol and nonene and is therefore rgadlly avai i abl e.
action to obtain a phenol can be conducted under mlder conditions
pared with the above-descri bed, conventional Friedel- Crafts

al kyl atfi on bet ween di phenyl am ne and nonenelnnd permts preparation of

i nven-

10

1157

in a high yield. Each of the processes according to the

tion which enpl oys the phenol is advantageous not only
Hydrogen was charged in an amount of about 0.3 mole per
mole of ammonia, which was equivalent to the amount of
nonylcyclohexanone obtained from the nonylphenyl con-
sumed for the reaction. In a similar manner to Example
1, the materials in the autoclave were heated and
reacted. As a result, it was found that the yield of
dinonyldiphenylamine was 97.8%.

Example 3

A stainless steel autoclave whose 1nternal capac~

...a._

ity was 500 m£ was charged with 220.35 g (1 mole) of
nonylphenol, 3.40 g (0.2 mole) of ammonia, 13.46 g
(0.06 mole) of p~nonylcydlohexaﬁone and 1.75 g of 5%
Pd/C (product of N.E. Chemcat Corporation). The
autoclave was purged with nitrogen and then heated to
'22§1Cfii&£:the eamégiemperature, the resulting mixture
‘was allowed to react for 5 hours under stirring. Water
resulting from the reaction was subjected to azeotropic
distillation with toluene charged into the autoclave,
condensed in a reflux‘condenser and then separated by a
separator. The reaction mixture was allowed to cool
down and the 5% P4d/C was then filtered off from the
reaction mixture. A portion of the filtrate was
sampled and analyzed by liquid.chromatography. As a
result, the yield of dinonyloiphenylamine was found to

be 83%.
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in thelyield but also in the fact that owwng to the in- troduction of

nenyl droups at the beginning of the reaction, the resulting-- - -

di -subgtituted di phenylanine is free of byproducts such ag the « «:-
nono-sybstituted deriva- tive. Any known hydrogen~transfer

catal ygts can be used I n each of the processes of the present invention.
Speci fijc exanpl es i ncl ude Raney ni ckel, reduced nickel and ni ckel - bearing
catal ygts with nickel supported on varioudZarriers such as di at omaceous
earth, jJal um na, pum ce, silica gel and acid clay; cobalt catal ysts such
as Rangy cobalt, reduced cobalt, cobalt and cobalt- carrier catal ysts;

copper jcatal ysts é&ﬁﬁbfé f@ney cop-

' A stainless steel autoclave whose internal capac-
ity was 500 m¢ was charged in a similar manner to Ex-
ample 3, except for the omission of p-nonylcyclo-

5 hexanone from the initial charge. The autoclave was

purged with nitrogen, followed by pressurization to 5

kg/csz_with hydrogen. Hydrogen was charged in an
amount of aBout 0.3 molé which wés equivalent to the
amount of nonylcyclohexanone prepared from 1 mole of
the nonylphenol consumed-;or tﬁé rééctlon.: In a-
similar manner to Example 3, the materials in the

autoclave were heated and reacted. As a result, it was

found that the yield of the dinonyldiphenylamine was

-Examg%éé:$;;; CLEE L L
In“éach_Exampie,ja reaction was carried out as in

Example 1 except that the phenol shown in Table 1} and

its corresponding cyclbhexanone were employed instead

of p-nonylphenyl and p-nonylcyclohexanone. The results

are presented in Table 1.

Been Reilaced
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- 6-

catal ys
pal | adi
bonat e;
pl ati nul

per, reduced copper and copper-carrier catalysts; pal- |adium
[ S such as pal | adi um bl ack, palladium_oxide, colloidal pall adium
L carbon, pal | adi um barium sul fate, and palladlun}barlun1car-
%Platinun1catalysts such as platinum bl ack, col- I0|dal platlnun1

sponge, platinum oxi de,
- 13 -
Table 1
i Example __Phenol ] Yield (%)

5 P-octylphenol 85.2
6 P—dodecyiphenol . 81.6
7 P-phenylphenol 87.1
8 P-phenoxyphenol 78.5
9 . P-cyclohexylphenol 82.6
10 2,4—dinbnylphenol”. 72.8
11 2,4%dioctylphenocl - | 7elsy

This Sheet Has Been Re
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msul fide and platinumcarrier catalysts such as platinum carbon
catal ysts such as colf oi dal rhodi um rhodi um carbgn and rhodi um
_pl at iThisiShee: a@lapenrm 1adeg cat al ysts such as rut heni um cat al ysts; ¢
cat al heni um hept aoxi de and rhenlunrqarbon copper
nroxrd | yb- denum oxi de catal ysts; vanadi um oxi de
un I de catal ysts. Anobng these catal ysts, pal-

| adi u catalysts are preferred, with palladiggrcarrier catalysts being
nore pgeferred and pal | adium carbon and pall adi um al um na bei ng
particélarly preferred. The hydrogen transfer catal yst may be used in
an ampunt of 0.00%:1.0 gram atom preferably 0.002-
Claims:
1 1. A process for the preparation of a
2 diphenylamine represented- by the following formula (3):
(R)p (R)p

4 wherein R represents a Cg_;,4 alkyl, Cg_g cycloalkyl,

5 Cg-14 alkoxyl, aryl or aryloxyl group and n stands for

6 an integer of 1-5, characterlzed in that in the

7 presence of a hydrogen transfer catalyst and a

8 cyclohexanone represented by the following formula (1):

(R)n
. o %€II’F= (1)

-9 R e - =0

10 wherein R and n have the same meanings as defined

11 above, ammonia is reacted with a phenol represented by

12 the following formﬁia (2):

(R)p
- (2)

13 OH

14 wherein R and n have the same meanings as defined

15 above.
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&nlatonTas nmetallic atons per gram nolecule of ammonia as a raw

Thid BRetH 26 B&h R We as another raw material in each ..of the

“HRRTHR U

tion is a hydrogen acceptor .and as a:

source for the cyl ohexanbne.

2. A process for the preparation of a

diphenylamine represented by the following formula (3):

(R)n (R)p
o=

wherein R represents a Cg_54 alkyl, Cg_g cycloalkyl,
Cg-.14 alkoxyl, aryl or aryloxyl group and n stands for
an integer of 1 to 5, characterlged 1n that -in the
presence of a hydrogen tran;;;r catalyst and under

hydrogen pressure, a portion of a phenol represented by

the following formula (2):

(R)n
- - e L T - <, ) i » OH

wherein R and n have the same meanings as defined above
is converted to a cyclohexanone represented by the fol-
lowing formula (1);'

(R)n

e
) =0

and the remaining portion of the phenol is then reacted

with ammonia in the presence of the hydrogen transfer

catalyst and the cyclohexanone.

e



Descri.bed specifically, the phenol is reduced by the hydrogen fornmed as a
resulit of deﬁ?ﬂrogenaté&gg_ acedan i nternmedi ate i mne, which has been
produced by t lykis She ween ammoni a and t he cycl ohexanone, "t héreby . .:
formjng the cyc %ﬁ&\ e Schiff base formed by thg,condensation :
react{i on betwee I'ng aniline and the cyl ohexanone is then
dehydrogenated so that hydrogen is forned. By this hydrogen, the phenol is

simliarly reduced to supply the cycl ohexanoqg. - In theory, it is
suffijcient to use the phenol in an anmount of 2.0 equival ents per
equi yal ent of ammonia. It is, however, desired to use the phenol in an
anount of at least 2.5 equivalents, preferably 3-7 equival ents
1 3. A process according to claim 1 or 2, wherein
2 the phenol is used in an amount of at least 2 moles per
3 mole of ammonia. - -
1 4. A process according to claim’l, wherein the
2 cyclohexanone is used in an amouﬁt of.o.03 to 0.50 mole
3 per mole of ammonia.
1 5. A process according to claim 2, wherein 0.06
2 to 1.00 mole of hydrogen is used per mole of the am-
3 monia. 3 _j_ . ;-;iﬁ-”j_" N
1 6. A process accordingLéo claim 1 or 2, wherein
2 the reaction with ammonia ié conducted at 150 to 300°C.
3 7. A process according to claim 1 or 2, wherein
4 the reaction with ammonia is conducted under normal
5 pressure to 5 kg/csz.
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pef equival ent, of ammoni a, because use of the phenol in an excess anount,

i mcl udi ng that serving as_a solvent, tends to result in high selectivity |
to the:-target pfo-' duct Anount s smal l er than 2.0 eqU|vaIents per,eQU|va-
| ent of annnnl lgader byproduction of the e '
N—(cyclohexyl) s outsi de the above range are therefore not
preferred. ohexanone Is allowed to co-exist in the
reaction syste beglnnlng of the+aactd4on, no particular problem

or inconveni ence mould arise in- sofar as the cycl'ohexanone is added in an_ .

anount of at |east about O. 03 mol e per nole of ammonia. The -

ABSTRACT

A diphenylamine with both the phenyl groups being
substituted is prepared by reacting a phenol with am-
monia in the presence of a hydrogen transfer catalyst
and a cyclohexanone; or by converting a portion of the

5 phenol to the cyclohexanone in the.presence of a

hydrogen transfer catalyst and under hydrogen pressure
and then reacting the remaining portion of the phenol

with ammonia in the presence of the cyclohexanone so

. -..-a-

.converted and the hydrogen transfer catalyst The

10 diphenylamine can be obtained very efficiently.

‘
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- 8- r-ef-erred.-amount._of the cycl ohexanone can be 0.05-0.50 nole.
Anountls ﬁh%?éfﬂﬁﬁéﬁ7§ﬁ§ HPoveSGowef limit tend___to result in a reduced
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PROCESS FOR THE PREPARATION OF DIPHENYLAMINE

BACKGROUND ©F THE INVENTION

1. Field of the Invention

This invention relates to a process for the prep-
aration of a novel diphenylamine in which each phenyl
grouﬁ is substituted. Diphenylamines available accord-
ing to the present invention are useful as antioxidants
for mineral oils, synthetic oils and the like and also
as resin additives.
2. Description of the Related Arxrt

As a process for the preparation.of a diphenyl-

amine containing one or more substituents on each

‘phenyl group, it has already been known to prepare

dinonyldiphenylamime by subjecting nonene and

"diphenylanine to the Friedel-Crafts alkylation in the

presence of a metal halide such as aluminum chloride or
zinc chloride or an acid catalyst such as sulfuric
acid, phosphoric acid or acid clay (Japanese Patent
Laid—Open No. 188555/1990).

This process, however, is accompaniéd with the
drawback that it is difficult to add a sufficient
amount of nonene to diphenylamine. ‘Thus, the resultant
dinonyldiphenylamihe contains thq‘mono—éubstituted

derivative and is low in purity.
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a reactor with hydrogen in an ampunt enough to forma  suitable anount of
t hé cycl ohexanone, that is, at |east about 0.06 nole, preferably
0.10-1.00 nol e per nol e of t he ammoni a, foll owed by reaction under
heat i ng. The reaction tenperature in.each of the processes of the
present invention is ordinarily selected froma range of from 150[err]C
to 300[err]C, preferably from 180[err]C to 230[err] C. Tenperatures | ower
than 150[err]Cresult in a reduce reacti gn-velocity and greater
byproduction of the N (cyclohexyl)aniline. To dehydrogenate the resulting
byproduct, a higher tenperature and noreover, a longer reaction tine are
needed. In each of the processes of the present inven-
SUMMARY OF THE INVENTION
The present inventars have conducted extensive

research with a view toward overcoming the above draw-

back and developing an industrially more advantageous

process. As a result, it has been found that a

diphenylamine with both the phenyl groups being sub-

stituted can be obtained with high selectivity by

reacting a phenol with ammonia in the ‘Presence of a

PR 1Y -

—

cyclohexanone, leading to tﬁéﬁgbmﬁietibh-of thé preééﬁt
invention.

The.present invention therefore provides a pro-
cess for the preparation of a diphenylamine represented

by the following formula (3):

(R) n . (R) n

NH (3)

wherein R represents a Cg_j4 alkyl, Cg.g cycloalkyl,
Cg_314 alkoxyl, aryl or aryloxyl group and n stands for
an integer of 1-5, which comprises reacting, in the
presence of a hydrogen transfer catalyst and a

cyclohexanone represented by the following formula (1):
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tion, the reaction can advantageously be conducted un- der pressure. It is
desired to conduct the reaction wusually within a range of from nornal
pressure to 5 kg/cm2G preferably 0.5 kg/cnferr]Gto 3 kg/cnferr] G

It is advantageous to conduct the reaction while renoving the resulting
water. For this purpose, the -9-

®)n (1)
- |

wherein R and n have the same meanings as defined
above, ammonia with a phenol represented by the follow-

ing formula (2):

Bln (2)
o%

wherein R and n have tﬁe same meanings as defined
above; and also a process for the preparation of a
diphenylamine represented by the formula (3) which com-
--priseS'conyerting,iin_the presence of a hydrogen trans-
fer catdlyst under hydrogen pressure, a portion of a
phenol represented by the formula (2) to a
cyclohexanone represéhted by the formula (1) and, while
using'the remaining portion of the phenol (2) as a
hydrogen acceptor, thereby forming the cyclohexanone
represented by the formula (1) in a reaction systen
successively, conéucting reaction with ammonia.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Examples of R in the formulas (1), (2) and (3)
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water can be appropriately removed fromthe reaction mxture by azeotropic
distillation with a solvent such as benzene, toluene or xylene.
After the conpletion of the reaction, the reac- tion mxture was all owed
to cool down with the pressure |owered to the environnental pressure,
followed by fil- tration for the separation of the catalyst. The catalyst
so separated can be used again. The filtrate is, on the other hand,
distilled under reduced pressure to regoye-the remaini ng phenol including
the cycl ohexanone, whereby the di phenylam ne is obtained as a residue.
The phenol so recovered, which contains the cylohexanone, can be recycled
to the reaction system
' include Cg_j;4 alkyl groups, Cg._g cycloalkyl groups,
Cg_j14 a@lkoxyl groups, aryl groups such as phenyl and
naphtyl, and aryloxyl groups such as phenoxyl and
naphthoxyl.
In each of the processes of the present inven-
tion,-hydrogen formed as a result of dehydrogenation of
a cyclohexylimine, said cyclohexylimine having been
formed by the reaction between ammonia and the
cylohexanone, is used in the same reaction system for
the reduction of the phenol, that is, for the formation
of the cylohexanone. Further in the same reaction sys-
tem, an aniline formed as a result of dehydrogenation
of the cyclohexylimine undergoes condensation reaction
with the cyclohexanone to form a cyclohexylidene-
aniline. This cyclohexylideneaniline is then dehydro-
genated, whereby a diphenylamine is obtained. The
hydrogén formed at this stage is also fully used in the
same reaction system for the reduction of the phenol.
This process is therefore extremely efficient.
It is preferred to conduct the reaction while
charging ammonia in portions or successively to the
reaction system without charging it at once. Such a
charging manner can suppress byproduction of N-

(cyclohexyl)anilines, thereby making it possible to

conduct the reaction under milder conditions and more-
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as are, for reuse. According to each of the processes of the present
I hvention, a di phenylam ne in which both the phenyl groups are substituted
can be obtained easily by enploying a correspondi ng phenol and amroni a as

de- scribed above. The present invention will hereinafter be de-
scribed specifically by the follow ng Exanples. Exanple 1 A
stai nl ess steel autoclave whose internal capac- ity was 500 nferr] was

charged with 110.18 g (0.5 nole) of p-naeny phenol, 13.46 g (0.06 nole) of
p- nonyl cycl o-
over, to shorten the reaction time.

Taking.the preparation of dinonyldiphenylamine,
for example, the phenol employed in each-of the pro-
cesses of this invention is prepared by the Friedel-
Crafts alkylation between phenol and nonene and is
therefore readily available. This reaction to obtain a
phenol can be conducted under milder conditions com-
pared with the above-described, conventional Friedel-
Crafts alkylatisn between ﬁiphenylamine and nonene and
permits preparation of the phenol.iﬁ a high yield.

Each of the processes according fo the present inven-
tion which employs the phenol is advantageous not only
in the yield but also in the fact that owing to the in-.
" troduction of nonyl groups at the beginning of the
- reaction, the iésﬁlting'dirsubstituted diphenylamine is
free of byproducts_sudﬁ as the mono-substituted deriva-
tive.

Any known hydrogen transfer catalysts can be used
in each of the procgéses of the present invention.
Specific examples . include Raney nickel, reduced nickel
and nickel—beéring catalysts with nickel supported on
various carriers such as diatomaceous earth, alumina,
pumice, silica gel and acid clay; cobalt catalysts such
as Raney cobalt, reduced cobalt, cobalt and cobalt-

carrier catalysts; copper catalysts such as Raney cop-
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- 10 - hexanone and 1.75 g of 5% Pd/ C (product of N E. Chentat
Corporation). After charging a dropping funnel with a solution of 3.40 ¢
(0.2 nole) of ammonia-in 110.18 g (0.5 nole) of p-nonyl phenol, the
aut ocl ave was purged wth nitrogen and heated to 225[err]C. At the sane
tenperature, the ammoni a-nonyl phenol solution in the dropping funnel was
added dropwi se over 4 hours. After

— 6 -

per, reduced copper and copper-carrier catalysts; pal-
ladium catalysts such as palladium black, palladium
oxide, colléidal palladium, palladium-carbon,
palladium-barium sulfate, and palladium-barium car-
bonate; platinum catalysts such aé.platinum black, col-
loidal platinum, platinum sponge, platinum oxide,
platinum sulfide and platinum-carrier catalysts such as
platinum-carbon; rhodium'catalysts such as colloidal
group metal catalysts such as ruthenium catalysts;
rhenium catalysts such as rhenium heptaoxide and
rhenium—carbén; copper chromium oxide catalysts; molyb-
denum oxide catalysts; vanadium oxide catalysts; and
tungsten oxide catalysts. Among these catalysts, pal-
ladium catalysts-ate preferred, with palladium-carrier
catalysts being mo?e preferred and palladium-carbon and
palladium—alumina being particularly preferred.

The hydrogen transfer catalyst may be used in an
amount of 0.001-1.0 gram atom, preferably 0.002-
0.2 gram atom as metallic atoms per gram molecule of
ammonia as a raw material.

ihe phenol usable as another raw material in each
of the processes of the present invention is a hydrogen
acceptor and as.a consequence, it also serves as a

source for the cylohexanone.
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conpl etion of the dropw se addition, stirring was con- tinued for further
one hour while the contents being naintained at the sanme tenperature.
Water resulting fromthe reaction was subjected to.azeotroic distilla-
tion with toluene charged into the autoclave, condensed in a reflux
condenser and then separated by a separa- tor. The reaction m xture was
then allowed to cool down and then, the 5% Pd/C was filtered off fromthe
reaction mxture. A portion of the filtrgte was sanpled and anal yzed by
i quid chromatography. As a result, the yield of dinonyldi phenyl am ne was
found to be 98.9% (based on the ammoni a used). Exanple 2

Described specifically, the phenol is reduced by
the hydrogen formed as a result of dehydrogenation of
an intermediate imine, which has been produced by the
reaétion between ammonia and the cyclohexanone, thereby
forming the cyclohexanone. Thé Schiff base formed by
the ééndensation reaction between the resulting éniline
and the cylohexanone is then dehydrogenated so that .
hydrogén is formed. By this_hyarogen, the phenol is
similarly reduced to supﬁly.the cyclohexapona;

In theory, it is sufficient to use the.phenol in
an amount of 2.0 equivalents per equivalent of ammonia.
It is, however, desired to use the phenol in an amount
of at least 2.5 equivalents, preferably 3-7 equivalents
per equivalent of amménia,-because use of the phenol in
qn,éXdeSSuamoﬁnt7i}ncluding that serving as a solvent,
tends to result in high selectivity to the target pro-
duct. Amounts smaller than 2.0 equivalents per equiva-
lent of ammonia result in greater byproduction of the
N—(éyclohexyl)aniline. Amounts outside the above range
are therefore not preferred.

When the cyclohexanone is allowed to co-exist in
the reaction system from the beginning of the reaction,
no particular problem or inconvenience would arise in-
sofar as the cyclohexanone is added in an amount of at

least about 0.03 mole per mole of ammonia. The

. This is the replacement sheet
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A stainless steel autoclave whose internal capac- ity was 500 nferr] was
charged as in Exanple 1, except for the om ssion of p-nonylcycl ohexanone
fromthe initial charge. The autoclave was purged with nitrogen, fol-

| owed by pressurization to 5 kg/cnferr] G with hydrogen.

- 11 - Hydrogen was charged in an anount of about 0.3 nole per

preferred amount of the cyclohexanone can be 0.05-0.50
mole. Amounts smaller than the above lower limit tend
to result in a reduced reaction velocity.

When the cylohexanone is not allowed to exist in
the reaction system from the beginning of the reaction,
on the other hand, it is nécessary to hermétic#lly £ill
a reactor with hydrogen in an amount enough to form a
suitable amount of the cyclohexanone, that is, at least
about 0.06 mole, preferabiy 0.10-1.00 mole per mole of
the ammonia, followed by reaction under heating.

The reaction temperature in.each of the processes
of the present invention is ordinarily selected from a
range of from 150°C to 300°C, preferably from 180°C fo
230°C. Temperatures lower than 150°C result in a

\ 'keddbed—reactibﬁ'veloéﬁty and greater byproduction of
wfhé'ﬁ-(éiélohexyl)aniiine. To dehydrogenate the
resulting byproduct, a higher temperature and moreover,
a longer reaction.time are needed.

In each of thé processes of the present inven-
tion, the reaction can advantageously bg conducted un-
der pressure. It is desired to conduct the reaction
usually within a range of from normal pressure to 5
kg/csz, preferably 0.5 kg/csz to 3 kg/csz.

It is advantageous to conduct the reaction while

removing the resulting water. For this purpose, the
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mol e of anmoni a, which was equivalent to the anount of nonyl cycl ohexanone
obt ai ned fromthe nonyl phenyl con- suned for the reaction. In a simlar
manner to Exanple 1, the materials in the autoclave were heated and
reacted. As a result, it was found that the yield of dinonyldi phenyl am ne
was 97.8% Exanple 3 A stainless steel autoclave whose interna
capac- ity was 500 nferr] was charged wth 220.35 g (1 nole) of
nonyl phenol, 3.40 g (0.2 nole) of ammobmn+ag 43.46 g (0.06 nole) of
p- nonyl cycl ohexanone and 1.75 g of 5% Pd/C (product of N E. Chentat
Corporation). The autoclave was purged with nitrogen and then heated to
water can be appropriately removed from the reaction
‘mixture by azeotropic distillation with a solvent such
as benzene, toluene or xylene.

After the completion of the -reaction, the reac-
tion mixture was allowed to cool down with the pressure
1ower¢d to the environmental pressure, followed by fil-
tration for the separation of the catalyst. The
catalyst so separated can be used again. The filtrate
is, on the other hand, distilled under reduced pressure
to remove the remaining phenol including the
cyclohexanone, whereby the diphenylamine is obtained as
a residue. The phenol so recovered, which contains the
cylohexanone, can be recycled to the reaction systen,
as are, for reuse. -

Accoxding ‘8 each of the processes of the, present
invention, a diphenylamine in which both the phenyl
groups are substituted can be obtained easily by
employing a corresponding phenol and ammonia as de-

" scribed above.

The present invention will hereinafter be de-

scribed specifically by the following Examples.
Exanmple 1
A stain;ess steel autoclaﬁe whose internal capac-

ity was 500 m¢ was charged with 110.18 g (0.5 mole) of

p-nonylphenol, 13.46 g (0.06 mole) of p—nonylcyclo-
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225[err]C. At the sane tenperature, the resulting mxture was allowed to
react for 5 hours under stirring. Wter resulting fromthe reaction was

subj ected to azeotropic distillation with toluene charged into the

aut ocl ave,
separ at or .

condensed in a reflux condenser and then separated by a
The reaction m xture was allowed to coo
was then filtered off fromthe -reaction mxture. A portion of the filtrate
was sanpled and anal yzed by liquid chronpgography. As a result, the yield

of di-nonyl di phenyl am ne was found to be 83%

hexanone and 1.75 g of 5% P4/C (product of N.E. Chemcat
Corporation). After charging a dropping funnel with a
solution of 3.40 g (0.2 mole) of ammonia-in 110.18 g
(0.5 mole) of p-nonylphenol, the autoclave was purged
with nitrogen and heated to 225°C. At the same
temperature, the ammonia—ndnylphenol.solution in the
dropping funnel was added dropwise over 4 hours. After
completion of the dropwise addition, stirring was con-
tinued for further one hour while the contents being
maintained at the same temperatﬁfe. ‘Wateér resulting
from the reaction was subjected to.azeotroic distilla-
tion with toluene charged info the autoclave,-condensed
in a reflux condenser and then separated by a separa-
for. The reaétion mixture was then allowed to cool

down and then, thE75% Rd/C was filtered off from the

' reaction mixture. A portion of the filtrate was

sampled and analyzed by liquid chromatography. As a
result, the yield of dinonyldiphenylamine was found to
be 98.9% (based on_tﬁe ammonia used).
Example 2

A stainless steel autoclave whose internal capac-
ity was 500 m¢ was charged as in Example 1, except for
the omission of p-nonylcyclohexanone from the initial

charge. The autoclave was purged with nitrogen, fol-

"iéwed by pressurization to 5 kg/cmZG with hydrogen.
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- 12 - Exanpl e 4 A stainless steel autoclave whose internal

capac- ity was 500 nferr] was charged in a simlar manner to Ex- anple 3,
except for the om ssion of p-nonylcyclo- hexanone fromthe initial charge.
The autoclave was purged with nitrogen, followed by pressurization to 5
kg/ cn2G wi t h hydrogen. Hydrogen was charged in an anount of about 0.3 nole
whi ch was equi valent to the

Hydrogen was charged in an amount of about 0.3 mole per
mole of ammonia, which was equivalent to the amount of
nonylcyclohexanone obtained from the nonylphenyl con-
sumed for the reaction. 1In a similar manner to Example
1, the materials in the autoclave were heated and
reacted. As a result, it was found that the yield of
dinonyldiphenylamine was 97.8%.
Example 3

A stainless steel autoclave whose internal capac-
ity was 500 m¢ was charged with 220.35 g (i.mole) of
nonylphenol, 3.40 g (0.2 mole) of ammonia, 13.46 g
(0.06 mole) of p-nonylcydlohexaﬁane and 1.75 g of 5%
Pd/C (product of N.E. Chemcat Corporation). The
autoclave was purged with nitrogen and then heated to
-225°C. At the samé temperature, the resulting mixture
was allowed to react for 5 hours under stirring. Water
resulting from the reaction was subjected to azeotropic
distillation with tolﬁene charged into the autoclave,
condensed in a reflux.conéenser and then separated by a
separator. The reaction mixture was allowed to cool
down and the 5% Pd/C was then filtered off from the
reaction mixture. A portion of the filtrate was
sampled and analyzed by liquid chromatography. As a
result, the yield of dinonyldiphenylamine was found to

be 83%.
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anount of nonyl cycl ohexanone prepared froml| nole of the nonyl phenol
consuned for the reaction. In a simlar manner to Exanple 3, the materials
in the autoclave were heated and reacted. As a result, it was found that
the yield of the dinonyldi phenylami ne was 79% Exanples 5-11 In
each Exanple, a reaction was carried out as in Exanple 1 except that the
phenol shown in Table 1 and- its corresponding cycl ohexanone were enpl oyed
i nstead of p-nonyl phenyl and p-nonyl cyadmhexanone. The results are
presented in Table 1. '
Example 4
A stainless steel autoclave whose internal capac-
ity was 500 m¢ was charged in a similar manner to Ex-
ample 3, except for the omission of p-nonylcyclo-
hexanone from the initial charge. The autoclave was
purged with nitrogen, followed by pressurization to 5
kg/csz with hydrogen. Hydrogen was charged in an
" amount of about 0.3 mole which was equivalent to the

. vday

amount of nonylcyclohexanone prepared f?gg 1 mole of
the nonylphenol consumed-}or.%ié reaction. In a
similar manner to Example 3, the materials in the
autoclave were heated and reacted. As a result, it was
found that the yield of the dinonyldiphgnylamine was
79%.
Examples ‘5-11 -

" In each Examp;e,'a reaction was carried out as in
Example 1 except that the phenol shown in Table 1 and
its corresponding cycléhexanone were employed instead

of p-nonylphenyl and p-nonylcyclohexanone. The results

are presented in Table 1.
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P- dodecyl phenol

87.1

8

5

Table 1 Exampl e

Phenol

P- oct yl phenol 85.2 6
81.6 7 P- phenyl phenol
P- phenoxyphenol 78.5
- 13 -
Table 1
Example Phenol Yield(%)-
5 P-octylphenol 85.2
6 P—dodecyiphenol . 81.6
7 P-phenylphenol 87.1
8 P-phenoxyphenol 78.5
9 P—cyclohexylphenpl 82.6
10 2;4—din6nylphenol. 72.8
11 2,4~-dioctylphenol 74.3
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9 P- cycl ohexyl phenol 82.6 10 2, 4- di nonyl pheno

72.8 11— ——24-di ocetyl phenol 74.3
1. A process for the

lg:lr_élloglrsat i 4?’"“'”“’"("%’” HF\ neo S repr esent ed ‘by the follow ng fornul a

(3):

~ 14 -

Claims:
1. A process for the preparation of a

diphenylamine represented- by the following formula (3):

(R) n (R)
OGN

wherein R represents a Cg_j4 alkyl, Cs.g cycloalkyl,

Cg-14 alkoxyl, aryl or aryloxyl group and n stands for

— -

an integer of 1-5, characterlzed in that, Vin the
presence of a hydrogen transfer catalyst and a

.cyclohexanone represented by the following formula (1):

(R)n
: =0
wherein R and n have the same meanings as defined

-above, ammonia is reacted with a phenol represented by

the following formﬁia (2):

(R)p
(2)
OH

wherein R and n have the same meanings as defined

above.
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wherein R represented a (Jerr] alkyl, Cerr] cycloalkyl, and C[err]

al koxyl , aryl or_aryloxyl group and n stands for an integer of 1-5,
whi ch conprises reactin in the presence of a hydrogen transfer
catal yst, mm“ﬂ ‘ mu\ none represented by the follow ng fornula
(1): [err]T\ n R and n have the sane neani ngs as defined
above, anmoni a,® afid A p enoI represented by the fol- | om ng formul a
(2): [err] wherein R an n haxg t he same meani ngs as defined
above in an ampunt of at least 2.5 noles pér nole of anmoni a whil e
renoving water resulting fromthe reac- tion

2. A process for the preparation of a

diphenylamine represented by the following formula (3):

(R) n (R).n .
SR/

wherein R represents a Cg_;4 alkyl, Cg_g cycloalkyl,
Cg—-14 alkoxyl, aryl or aryloxyl group and n stands for
an integer of 1 to 5, characterized in that, .in the
presence of a hydrogen transfer catalyét and under
hydrogen pressure, a portion of a phenol represented by

the following formula (2):

(R)n
@- -
. OH

wherein R and n have the same meanings as defined above
is converted to a cyclohexanone represented by the fol-
lowing formula (l){

: (R)n .
o
=0

and the remaining portion of the phenol is then reacted
with ammonia in the presence of the hydrogen transfer

catalyst and the cyclohexanone.
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2. A process for the preparation of a di phenyl am ne represented by

the following fornmula (3): [err] wherein R
represented a. C[err}~akkyt C err] cycloal kyl, C err] al koxyl,
aryl or ary ‘'n stands for an i nteger of 1-5, which
conpri ses mﬂﬁ Yﬁ\ﬂﬂﬂ ‘pres- ence of a hydrogen transfer
catalyst enol : represented by the follow ng formula
(2): wherein R and n have .t he same nmeani ngs as defined
above in-an anount of at |east 2.5 nolés 1.%‘ nol e of ammoni a, and

a cycl ohexanone represented by the fol-

3. A process according to claim 1 or 2, wherein
the phenol is used in an amount of at least 2 moles per
mole of ammonia.

4. A process according to claim 1, wherein the
cyclohexanone is used in an amouht of 0.03 to 0.50 mole
per mole of ammonia.

5. A process according to claim 2, wherein 0.06
to 1.00 mole of hydrogen is used per mole of the am-
monia.

6. A process according to claim 1 or 2, wherein
the reaction with ammonia is conducted at 150 to 300°C.

7. A process according to claim 1 or 2, wherein
the reaction with ammonia is conducted under normal

pressure to 5 kg/cm2G.
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| owi ng formula (1): wherein R and n have the same neani ngs as
defi ned above, wherein a portion of the phenol.is converted

under hydrogen pressure, to cycohexanone represented - by formula
(1) and then the remaining portion of the phenol is reacted with
ammonia in the presence of the - 1dycl ohexanone and the hydrogen
transfer catalyst while renmovi ng water resulting fromthe
reaction. 3. A process according to claim1l1l, wherein the cyclo-
hexanone is used in an anmobunt of 0.03 to 0.50 nole per nol e of
ammoni a. PROCES S0 IFOR: SBIE PREPRARAT TION CFaiDEPHENMIMMINE t he reac-
tion is conducted at |150[err] to 300[err]C 5. A process
according to claim1l, wherein the reaaBSTRACT tion is conducted under
normal pressure to 5 kg/cnferr] G 6. A process according to
claim 2, wherein 0.Q6 diphenylanind wWithoetlofthdephgnybgenouss Useiinger
nol e of the phe- nol . 7. A process according to claim
2, wherein thesulssicituted is preppgd PreRtEiNG zoplaeoebdwath188ferr] to

300[err]C 8. A process according to claim2, wherein the reac-
monia in the presence of a hydrogen transfer catalyst

and a cyclohexanone; or by converting a portion of the
phenol to thé cyclohexanone in the.presence of a
hydrogen transfer catalyst and under hydrogen pressure
and then reacting the remaining portion of the phgnol
with ammonia in the presence of the cyélobexanone so
i§onverted and the hydrogen transfer catalyst. The

diphenylamine can be obtained very efficiently.

£

—_—— 5
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Wosgz7-4
tlon“vmih—amnpa4s—eenduct ed under normal pressure.to 5. ka/cnjerr]G

3. A process_acg %ﬂ claim1l or 2, wherein ; PEH‘&&%’MUF %EM@G 5@

-an anount “m n | es per mol e of ah'rmma““'- i
process dceX +m 1, wherein the H

CLAIMS

What is claimed is:
L A process for the preparation of a diphenylamine
represented by the following formula (3):

® | e 9

- wherein R represented a Cs.14 alkyl, Cs.g cycloalkyl,

and Cg.14 alkoxyl, aryl or aryloxyl group and n stands

~ for an integer of 1-5, which comprises reacting, in the

. presence of a hydrogen transfer catalyst, a cyciohexa-
none represented by the following formula (1):

®) @

wherein R and n have the same meanings as defined
above, ammontia, and a phenol represented by the fol-
_lowing formula (2):

Ra @

wherein R an n have the same meanings as defined
above in an amount of at least 2.5 moles per mole of
ammonia while removing water resulting from the reac-
tion.
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cl o in an anount of 0.03 to 0.50 nole per nol e of
ﬁymmnﬂmﬂnmﬂ“lﬂmﬁﬁ“ A process according to claim2, wherein 0.06 to

. 00 nwl et oft hydr dgeh |s used per nole of

he am noni a. 6.

A process according to |m 1l or, 2 wherel n,. wi th ammoni a
i s conducted at 150 to for the preparation o{ég& c??%é‘@grdl ng to
|

‘claim1 or 2, wherei nmp Y dhe foliowing forzmiia

nor mal pressure to 5 kg/cnferr] G

s conduct ed under

<))

. wherein R represented 2 Cg.14 alkyl, Cs.g cycioalkyl,
Cs-14alkoxyl, aryl or aryloxyl groap and n stands foran
integer of 1-5, which comprises reacting, in the pres-

. ence of a hydrogen transfer catalyst, ammonia, 2 phenol
represented by the following formula (2):

®a @
H

@

wherein R and n have the same meanings as defined
above in an amount of at least 2.5 moles per mole of
ammonia, and a cyciohexanone represented by the fol-

lowing formula (1):

(R) ' (1)
Go

wheretn R and n hayve the same meanings as defined
above, wherein a portion of the phenol is converted
under hydrogen pressure to cyclohexanone represented
by formula (1) and then the remaiming portion of the
- phenol is reacted with ammonia in the presence of the
. cyclohexanone and the hydrogen transfer catalyst while -
- removing water resulting from the reaction.
‘3. A process according to claim 1, wherein the cyclo-
- hexanone is used in an amount of 0.03 to 0.50 mole per

. mole of ammonia.

4. A process according to claim 1, wherein the reac-
tion is conducted at 150° to 300° C.

S. A process according to claim |, wherein the reac-
tion is conducted under normal pressure to 5 kg/cm?G.

6. A process according to claim 2, wherein 0.06 to
1.00 mole of the hydrogen is used per mole of the phe-

nol.

7. A process according to claim 2, wherein the reac-
tion with ammonia is conducted at 150° to 300° C.

8. A. process according to claim 2, wherein the reac-
tion with ammonia is conducted under normal pressure

" to § kg/cm2G.
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PROCESS FOR THE PREPARATION 0F~DIPHENYLAMINE.

ABSTRACT
A diphenylamine with both the phenyl groups being
substituted is prepared by reactihg a phenol with am-
___monié iﬁ the presence of a hydrogen transfer catalyst.
aﬁd a cyclohexanone; or by converting a portion of the
phenol to the cyclohexancne in the-presence of a
s ”ihydrogen transfer catalyst and under hydrogen pressure
and then reacting the remaining portion of the phenol
with ammonia in the presence of the cyclohexanone so
.cdnverted and th; hydrogen transfer catalyst. The

diphenylamine can be obtained very efficiently.




