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PROCESS FOR THE PREPARATION OF DIPHENYLAMINE 

BACKGROUND eF THE INVENTION 

1. Field of the Invention 

5 This invention relates to a process for the prep-

10 

.15 

20 

aration of a novel diphenylamine in which each phenyl 

group is substituted. Diphenylamines available accord-

ing to the present invention are useful as antioxidants 
... . . 

for mineral oils, synthetic oils and the l~ke ~nd also 
. - .; ..... 

---~ 

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 

_ dinonyid."ipb,en.ylamfrre J?)Z.:.· subjecting nonene and 
-~·-··- •.. 

diphenylamine 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 accompanied with the 

drawback that it is difficult to add a sufficient 

amount of nonene to diphenylamine. Thus, the resultant 

dinonyldiphenylamine contains the mono-substituted 

25 derivative and is low in purity • 
.. -------

····· 

. Has Been ReJ>laced 
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SUMMARY OF THE INVENTION 

The present inventors have conducted extensive 

research with a view toward overcoming the above draw-

back and developing an industrially more advantageous 

s 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 
~ . - -

. -:- . ~~~···. . -· ~-h." -~·· :-.· .• :~~:.. - ... - . • ·-

cyclohexanone, leading to the~compleeion· of the present 

10 invention. 

The present invention therefore provides a pro-

cess for the preparation of a diphenylamine represented 

by the following formula (3): 

···-··-~- ... 

15 wherein R represents a c8_14 alkyl, c5_8 cycloalkyl, 

Cs_14 alkoxyl, ~ryl or aryloxyl group and n stands for 

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

:. -~~ : . . 

. . ~·~;... . 

......... :.~.\ 
,_ 

.··~/;;{;.::.~ .... · ... 

presence of a hydrogen t~ansf er catalyst and a 

cyclohexanone represented by the following formula (1): 
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(l) 

wherein R and n have the same meanings as defined 

above, ammonia with a phenol represented by the follow-

ing formula (2): 

(R)n 

@-oH --- ":"( 

wherein R and n have the same meanings as defined 

above; and also a process for the preparation of a 

diphenylamine represented by the formula (3) which com­

- -prisa-s .~ conv.eJ:tin.ef,;:;:in .the presence of a hydrogen trans-- - .. --·--..... .. ~ .,. 

fer catalyst under _hydrogen pressure, a portion of a 

phenol· represented by the formula (2) to a 

cyclohexanone represented 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 {l) in a reaction system 

successively, conducting reaction with ammonia. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Examples of R in the formulas (1), (2) and (3) 

i111111nr 
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include c8_14 alkyl groups, c5_8 cycloalkyl groups, 

c8_14 alkoxyl groups, aryl groups such as phenyl and 

naphtyl, and aryloxyl grou.ps such as pheRoxyl and 

naphthoxyl. 

In each of the proce~ses 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 reac·tion s_y~tem for 
&.: '· -· - --· -- - ~.:..... . .. . 

~:1·. . ··-
the reduction of the phenol, --chat 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·~ ,.';l'his ct"do~e.xylideneaniline is then dehydro-
..... ----. 

genated~···whereby a. diphenylamine 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 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 

25 conduct the reaction under milder conditions and more-

111111~1ur 
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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-

5 Crafts alkylation between phenol and nonene and is 

therefore readily available·. This reaction to ·obtain a 
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phenol can be conducted under milder conditions com-

pared with the above-described, conventional Friedel­

crafts alkylation between.~ <:}iphenylamin~_ El1¢l nonene and 
. . _"..;,.rf·-·· . -· ~.;,,_.,; . ... . • 

permits preparation of the phenol iri a high yield. 

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 

- ·r~a_ctJ_o.n.;. :the resb:itin~· di-:-substituted diphenylamine is . 
free of byproducts such as the mono-substituted deriva-

ti ye. 

Any known h¥drogen transfer catalysts can be used 

in each of the processes of the present invention. 

Specific examples include Raney nickel, reduced nickel 

and nickel-bearing 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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per, reduced copper and copper-ca.rrier catalysts; pal­

ladium catalysts such as palladium black, palladium 

oxide, colloidal palladium, palladium-carbon, 

palladium-barium sulfate, and pal-ladium-barium car-

5 bonate; platinum catalysts such as platinum black, col-

10 

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 oxide; p~atinum 
~ -.. ----· 

~· •-111.• 
--~':i· . . . .._ 

group metal catalysts such as-ruthenium catalysts; 

rhenium catalysts such as rhenium heptaoxide and 

rhenium-carbon; copper chromium oxide catalysts; molyb­

denum oxide catalysts; vanadium oxide.catalysts; and 

tungsten oxide catalysts. Among these catalysts, pal-· 

15- - -ladium~· ·c-a1;.~lysts-Eare: preferred, with palladium-carrier 
··--·-·-·· . 

~ 

catalysts being more pref erred 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-

20 0.2 gram atom as metallic atoms per gram molecule of 

ammonia as a raw material. 

The 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 

25 source for the cylohexanone. 
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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 

reaction between ammonia and the cyclohexanone, thereby 

5 forming the cyclohexanone. The Schiff base formed by 

the condensation reaction between the resulting aniline 

and the cylohexanone is then dehydrogenated so that . 

hydrogen is formed. By this hydrogen, the phenol is 

similarly reduced to supply. the cycloh.~~a!}one.. 
~· .. ~ .... 

_,,,__-1 --

10 In theory, it is sufficient to use the phenol in 

rs · 

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 ammonia, ·because use of the phenol in 

:... - an ·~~¢.ess .. amouritf~incJ:uding that serving as a solvent, 
- - p 

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- ( cyclohexyl) anil.ine. Amounts outside the above range 

20 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 

25 least about 0.03 mole per mole of ammonia. The 

I liU!iii1rnri1Mr 
I· 
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preferred amount of the cyclohexanone can be o.os-o.so 

mole. Amounts smaller than the above lower limit tend 

to result in a reduced reaction velocity: 

When the cylohexanone is ncit .. allowed to exist in 

5 the reaction system from the beginning of the reaction, 

on the other hand, it is nec~ssary to hermetically fill 

a reactor with hydrogen in an amount enough to form a 
. . 

suitable amount of the cyclohexanone, that is, at least 

I about O. 06 mole, preferably O .10-1._00. mole l?er :rt?le. o~ 
.-:-- ::::..::.":/.- .. """" .. 

l 10 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 1so0 c to 300°C, preferably from 1ao•c to 

230°C. Temperatures lower than 1so·c result in a 
-·· .. ·· . .. . . . ;:...;;: 

15 - reduced- -re·a:c"t:ion""velocfty and greater byproduction of 

··the N-(cyclohexyl)aniline. To dehydrogenate the 

resulting byproduct, a.higher temperature and moreover, 

a longer reaction.ti~e are needed. 

In each of the processes of the present inven-

20 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/cm2G, preferably 0.5 kg/cm2G to 3 kg/cm2G. 

It is advantageous to conduct the reaction while I 
~ 25 removing the resulting water. i ------ For this purpose, the 

i . 
1 
I 
l 

i 
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water can be appropriately removed from the reaction 

·mixture by az.eotropic distillation with a solvent such 

as benzene, toluene or xy*ene. 

After the completion of the·reaction, the reac-

5 tion mixture was allowed to cool down with the pressure 

lowered to the environmental P.ressure, 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, di$tilled under···reduc~q pressure . _ .. - ... 
-- ~3 .. -. ~.. ;.;~..,; ·-

10 to remove th~ remaining phenoT" including the 

15· 

20 

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.· 

--~~.:A.£90.J:;ding ·-"tb:-::ea.ch· of the processes of the~ present 

invention-, a diphe~ylamine in which both the phenyl 

groups are substituted can be obtained eas.ily by 

employing a corresponding phenol and ammonia as de-

scribed above. 

The present invention will hereinafter be de-

scribed specifically by the following Examples. 

Example 1 -~ 

A stainless steel autoclave whose internal capac-

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

25 p-nonylphenol, 13.46 g (0.06 mole) of p-nonylcyclo-
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hexanone and 1.75 g of 5% Pd/C (product of N.E. Chemcat 

Corpora~ion). 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 

5 with nitrogen and heated to 22s 0 c. At the same 

temperature, the ammonia-no.nylphenol solution in the 

10 

15 

dropping funnel was added dropwise over 4 hours. After 

completion of the dropwise addition, stirring was con­

tinued for further one hou~ while the ~?.!1~.ents · being 

maintained at the same t~pe~t~r·e ~- ''.·~ate~. ~esul ting 

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 :~n..d.· .. then, t-h'.e.- 5%; -Pd/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). 

20 Example 2 

A stainless steel autoclave whose internal capac-

ity was 500 mt 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/cm2G with hydrogen. 

-------
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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 

5 1, the materials in the autoclave were heated and 

reacted. As a result, it was found that the yield of 

10 

15 ··- . 

dinonyldiphenylamine was 97.8%. 

Example 3 

A stainless steel autoclave whose ___ .:!:_nternal capac-
-· •.; ..... 

ity was 500 ml was charged witii°"' 220. 35 g .. (1 mole) of 

nonylphenol, 3.40 g {0.2 mole) of ammonia, 13.46 g 

(0.06 mole) of p-nonylcyclohexarione 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:?0~ .-~:~_-:At :t:lhe sarne"':'""temp:erature I the resulting mixture 

was allowed to react for 5 hours under stirring. Water 

resulting from the reaction was subjected to azeotropic 

distillation with ~oluene charged into the autoclave, 

condensed in a reflux condenser and then separated by a 

20 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 

sample_d _ and analyzed by liquid chromatography. As a 

result, the yield of dinonyldiphenylamine was found to 

5 be 83%. 
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Example 4 

A stainless steel autoclave whose internal capac­

ity was 500 ml 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 

10 

15--

purged with nitrogen, followed by pressurization to 5 

kg/cm2G with hydrogen. Hydrogen was charged in an 

amount of about 0.3 mole which was equivalent to the 

amount of nonylcyclohexanc;me prepared ~~~~ 1_.ll!ole of 
~:::.· .... 

the nonylphenol consumed for ~he 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 dinonyldiphenylamine was 

79%. 

_ Examp-1-es···s;:.i~ 
···--··-·-··· 

·._.~=:~ . ....;.;;.· 

In--·each Examp~e, - a reaction was carried out as in 

Example 1 except that the phenol shown in Table l and 

its corresponding cyclohexanone were employed instead 

of p-nonylphenyl and -p-nonylcyclohexanone. The results 

20 are presented in_ Table 1. 

----
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Table l 

Example Phenol Yield(%) - . 
5 P-octylph~nol 85.2 

6 P-dodecylphenol 81.6 

7 P-phenylphenol 87.l 

B P-phenoxyphenol 78.S 

9 P-cyclohexylphenol 82.6 

10 2, 4-dinonylphenol. .. 72.8 

11 2, 4=aioceylpherio1-:.-. · :::. · 7·4.3· .. 

... -· __ .... ..... ':. -~ 
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Claims: 

1 

2 

1. A process for the preparation of a 

diphenylamine represented-by the following formula (J): 

(R) n . (R) n 

3 @-NH-@ (3) 

4 wherein R represents a c8 _ 14 alkyl, c5_8 cycloalkyl, 

5 c8 _14 alkoxyl, aryl or a:i:;yloxyl group ~·~d. n. s_tands for 
-· . .; .. 

6 an integer of 1-5, characterf~~d in that, ... l.n the 

7 presence of a hydrogen transfer catalyst and a 

s cyclohexanone represented by the following formula (1): 

(R)n 

-9 1-"4t· •. ... o . ·-- .. . 0 ··- . - -
.. , 

{l) 

10 wherein R and n have the same meanings as defined 

11 above, ammonia is reacted with a phenol represented by 

12 the following formula (2):. 

(2) 
13 

14 wherein R and n have the same meanings as defined 

15 above. 

111111111111111111111111111111 
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2. A process for the preparation of a 

diphenylamine represented by the following formula (3): 

(R) n (R).n . 

®-NH@ (3) 

wherein R represents a c8_14 alkyl, c5 _8 cycloalkyl, 

Cg_14 alkoxyl, aryl or aryloxyl group and n stands for 

an integer of 1 to 5, cha~acterized in_~hat, -in the 
. . .... · . .;,,. . . -==-.;~-·-. 

presence of a hydrogen transfer catalyst and under 

hydrogen pressure, a portion.of a phenol represented by 

the following formula (2): 

(R)n 
. ,:~_;=: 'h~ ·-·-·::. \:::!_/ OH 

(2) 

11 wherein R and n have the same meanings as defined above 

12- is converted to~ cyclohexanone represented by the fol-

13 lowing formula (1): 

. (R) n 

14 Oo (1) 

15 and the remaining portion of the phenol is then reacted 

16 with ammonia in the presence of the hydrogen transfer 

17 catalyst and the cyclohexanone. 

----- ----···--
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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 cla"im. 'i; wherein the 
, .. 

2 cyclohexanone is used in an amount of 0.03 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. --····-· 
-·~.'=!··-·· 

-· ....... 

1 6. A process according to claim 1 or 2, wherein 

2 the reaction with ammonia is 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/cm2G. 
- ·. .. . 

..•... -·-·: ,..· .. t· .. 

·. ___ ff~ 
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