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METHOD OF INCREASING HYDROGENATION RATE 

OF AROMATIC AMINES 

This invention relates to a process for 

increasinq the reaction rate in the catalytic 

hydrogenation of aromatic amines to produce their 

hydroqenated counterparts. 

5 A substantial body of literature exists with 

respect to the catalytic hydroqenation of aromatic 

amines to prepare the correspondinq cycloaliphatic 

amines. Illustrative of this type of reaction is 

the hydrogenation of methylenedianiline 

10 [4,4'-diaminodiphenylmethane, MOA] to the 

corresponding cycloaliphatic amine, bis 

(4-aminocyclohexyl)methane [H12MDA, PACM). 

The hydrogenation follows a step-wise reaction 

sequence, qivinq first the half hydroqenated cis and 

15 trans isomers of p-(4-aminocyclohexylmethyl)aniline, 

[4-(p-aminobenzyl)aminocyclohexane, H6MDA], then 

reactinq further to yield the three 

bis(4-aminocyclohexyl)methane isomers (cis, cis; 

cis, trans; and trans, trans) represented by the 

20 formulas and reactions as follows: 
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HYDROGENATION OF METHYLENEDIANILINE 
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Some of the early hydrogenation work to produce 
bis(4-aminocyclohexyl)methanes was done by Whitman 
and Barkdoll, et al and their work is set forth in a 
series of U.S. Patents Nos. 2,511,028, 2,606,924, 

5 2,606,925 and 2,606,928. Basically the processes 
described in these patents involve the hydrogenation 
of methylenedianiline at pressures in excess of 200 

· psig, preferably in excess of 1, ooo psig at 
temperatures within a range of 80° to 275°C. The 

10 hydrogenation is carried out under liquid phase 
conditions and an inert orqanic solvent is used. 
Most of the references utilize a noble metal 
catalyst such as ruthenium, rhodium, iridium, or 
mixtures of any of these or with platinum or 

.,. . 
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palladium, either as the hydroxide, oxide, or the 
metal itself on an inert support. Examples of 
ruthenium catalysts utilized for the hydroqenation 
process include ruthenium oxides, such as ruthenium 

5 sesquioxide and ruthenium dioxide; ruthenium 
hydroxide; and ruthenium salts. 

The isomeric cycloaliphatic diamines are useful 
in the preparation of the correspondinq aliphatic 
diisocyanates suitable for forminq light stable 

10 urethane coatinqs and lacquers. In earlier 
experiments involving the hydrogenation of aniline, 
it was shown that addition of ammonia not only 
suppresses by-product formation mainly from 
hydrogenolysis and condensation reactions, but also 

15 poisons the catalyst. However, addition of lithium 
hydroxide and sometimes sodium hydroxide suppresses 
the hydrogenolysis without the detrimental poisoning 
of the catalyst. A similar phenomenon has been 
reported with the hydrogenation of 

20 methylenedianiline using lithium hydroxide, and to a 
lesser extent, with other alkali or alkaline earth 
hydroxides or alkoxides. Common by-products formed 
during-the hydrogenation of methylenedianiline 
include the hydrogenolysis products 

25 4-aminodicyclohexylmethane and 
4-aminocyclohexylcyclohexenylmethane, the hydrolysis 
product 4-amino-4'-hydroxydicyclohexylmethane, and 
hiqher boilers, mainly higher molecular weiqht 
secondary amine condensation products. All of these 

30 products exist as a number of isomers. 
In the continued development of processes for 

manufacturing bis(4-aminocyclohexyl)methanes by 
hydroqenatinq methylenedianiline it was found that 



------ ------· --- ------------ -

WOff/08462 PCT/US9S/108Sl 

-4-

if the ruthenium was loaded upon a support and the 

support was alkali-moderated, the catalyst was much 

more active and catalytically effective in producing 

the desired hydrogenated bis(4-aminocyclohexyl). 

5 methane product. Alkali moderation was effected by 

contacting the catalyst with an alkali metal 

hydroxide or alkoxide; also, such alkali moderation 

of the catalyst could be effected prior to 

hydroqenation or in situ durinq the hydroqenation. 

10 Representative patents showinq the utilization of 

alkali moderated ruthenium catalysts to hydrogenate 

methylenedianiline include U.S. Patent Nos. 

3,636,108, 3,644,522 and 3,697,449. Alkali metal 

and alkaline earth metal nitrates and sulfates have 

15 similarly been shown effective in u.s. Patent ~o. 

4,448,995 under high pressure (4000 psig) 

hydrogenation conditions. 
U.S. Patent No. 3,959,374 discloses a process 

for the preparation of bis(4-aminocyclohexyl)methane 

20 by pretreating a mixed methylenedianiline system 

with a nickel-containinq hydrogenation catalyst 

prior to hydroqenation with ruthenium. The 

pretreatment was used to overcome low yields (52.4%) --
and long react~on time associated with nickel and 

25 cobalt catalysts. Ruthenium catalysts, although 

commonly used for hydrogenation, were not suited for 

-hydrogenation of a feed containing impurities 

· according to the teachings of the '374 patent, since 

impurities in the feed caused a rapid decline in 

30 activity and hydrogenation efficiency. 

U.S. Patent Nos. 3,347,917; 3,711,550; 

3,679,746; 3,155,724; 3,766,272 and B~itish Patent 

No. 1,122,609 disclose various isomerization and 
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hydroqenation processes to produce 
bis(4-aminocyclohexyl)methane containinq a hiqh 
trans,trans-isomer content; i.e. an isomer content 
near eq\iilibrium typically 50% trans,trans, 43% 

5 cis,trans and 7% cis,cis. Ruthenium catalysts were 
used to effec; isomerization. 

In U.S. Patents Nos. 4,394,522 and 4,394,523, 
processes are disclosed for producing 
bis(4-aminocyclobexyl)methane by carrying out the 

10 hydrogenation of methylenedianiline in the presence 
of unsupported ruthenium dioxide at pressures of at 
least 2500 psig or in the presence of ruthenium on 
alumina under pressures of at least 500 psiq and 
preferably from 1500 psig to 4000 psig in the 

15 presence of an aliphatic alcohol and ammonia. Other 
catalysts have been utilized for the hydrogenation 
of methylenedianiline and examples are shown in U.S. 
Patents Nos. 3,591,635 and 3,856,862 which disclose 
the use of a rhodium component as a catalytic 

20 material and each require ~he use of an alcohol as a 
solvent. The rhodium is alkali moderated usinq 
ammoni~ hydroxide as a pretreatment or by carrying 
out the reaction in the presence of ammonia. 

Although different organic solvents and 
25 mixtures have been used (generally ethers and 

alcohols), aqueous systems have qenerally not been 
utilized. u.s. Patent No. 4,448,995 teaches that 
this reaction should be maintained in an anhydrous 
state or at least maintained so that water 

30 concentration is less than 0.5% by weight because 
failure to do so results in an increase in both the 
amount of alcohol by-products and higher molecular 
weight condensation products. In addition, the 
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patent states that alkali nitrates and sulfates, 
especially those of lithium reduce by-products. 

u.s. Patent Nos. 4,960,491 and 4,754,070 
disclose the hydrogenation of aromatic amines to 

5 their hydrogenated counterparts. In these patents, 
it is stated that "Although in some processes water 
can be used as a co-solvent, it is preferred that 
the system be in an anhydrous state or at least 
maintained so that the water concentration is less 

10 than 0.5 percent by weight. Water, when present in 
the system, tends to increase the amount of 
by-product alcohols and heavy condensation products 
during the hydrogenation process and tends to 
deactivate the catalyst system." 

15 Representative supports for ruthenium catalysts 
for the hydrogenation of aromatic amines in aqueous 
alkaline media are disclosed in u.s. Patent No. 
3, 697, 449, including bauxite, periclase, .zirconia, 
titania, and diatomaceous earth. The '449 patent 

20 discloses a series of hydrogenation reactions of 
methylenedianiline using a sodium hydroxide promoter 
while _varying the amount of water employed in the 
reaction mixture, although disclosing no advantages 
associated with the use of water, and instead 

25 teaching that "excessive quantities" of water above 
about 5 weight percent causes unwanted by-product 
formation. More specifically, it is disclosed in 
the working examples of the '449 patent that 
increased water in the hydrogenation reaction 

30 mixture lowers the yield of product, and it is 
stated in claim 1 "that the maximum amount of water 
that can be present in the reaction medium is about 
5 weight percent of said medium~'. Moreover, the 
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'449 patent discloses, at column 1, lines 56-60 
thereof, that the hydrogenation of aromatic amines 
in aqueous alkaline systems in the presence of more 
than about 5% water in the medium results in the . 

5 formation of undesirable byproducts. The '449 
patent also states that "if the basic alkali metal 
compound is added to the hydrogenation process as an 
aqueous slurry or solution, the amount of water 
added should be no more than about 5% by weight of 

10 the reaction mixture. Excessive quantities of water 
will noi"'mally result in the formation of undesirable 
by-porducts, including the corresponding hydroxy 
derivatives, deamination products, and polyamines." 

In some comparisons, the presence of lithium 
15 hydroxide has been shown to actually result in an 

increase in the production of higher molecular 
weight products. (See u.s. Patent No. 4,946,998.) 

New processes for the hydrogenation of aromatic 
amines that provide a rapid rate of reaction without 

20 appreciable by-product production would be highly 
desired by the saturated cyclic amines manufacturing 
community. The present invention provides one such 
process. 

In one aspect, the present invention relates to 
25 a process for the catalytic hydrogenation of an 

aromatic amine represented by the formula: 

(VII) 
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in which: R1 is selected from the group consisting 
of B, an alkyl or cycloalkyl group having 
1-6 carbon atoms, and NB2 ; 

~ is selected from the group consisting 

of B, an alkyl or cycloalky~ having 
1-6 carbon atoms, and CH2 ~ ~ NH2 ; and -R3 and R4 are selected from the group 
consisting of H, and an alkyl or 
cycloalkyl group having 1-6 carbon atoms; 

which process comprises reacting a reaction mixture 
comprising said aromatic amine and hydrogen at a 
pressure of between about 500 and about 4000 psig in 
the presence of a noble metal catalyst, a lithium 
hydroxide catalyst promoter, and a water miscible 

15 organic solvent, said reaction mixture containing 
water in an amount of between 7% and 12' (preferably 
between 7% and 10%) by weight, based upon the weight 
of the reaction mixture. 

I.n another aspect, the present invention 
20 relates to a composition useful for the catalytic 

hydrogenation of aromatic amines comprising: 
(a) an aromatic amine, 
(b) a noble metal catalyst, 
(c) lithium hydroxide, as a catalyst promoter, 

25 (d) a water-miscible organic solvent containing 
water in an amount of between 7% and 12·% by weight 
based upon the weight of the composition. 

These and other aspects will become apparent 
upon reading the following detailed description of 

30 the invention. 
It has now been surprisingly found in 

accordance with the process of the present invention 
that the reaction rate of catalytic hydrogenation of 

.. 
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aromatic amines is facilitated when lithium 
hydroxide is used as a promoter, in the presence of 
water in amounts of between 7% and 12% (preferably 
between 7% and 10%) by weiqht, based upon the weight 

5 of the reaction mixture, in the presence of a co­
solvent. In addition, by-product formation is 
minimized, relative to analogous reactions using 
higher or lower water amounts outside of the above­
specif ied broad range. This result is particularly 

10 surprising in view of the teachings of the above­
discussed '449 patent to the effect that the amount 
of water in an aromatic amine hydrogenation reaction 
should not exceed about 5 weight percent in order to 
avoid undesirable by-product formation. 

15 The present invention relates to a process for 
increasing the rate of conventional ring 
hydrogenation of aromatic amines to their 
hydrogenated counterparts and these aromatic amines 
are represented by the formula: 

R R 
4" / 3 

N 

(VII) 

20 in which R1 is selected from the group consisting 
of H, an alkyl or cycloalkyl group having 
1-6 carbon atoms, and NH2 ; 
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R2 is selected from the group consisting 

of H, an alkyl or cycloalky~oup having 

1-6 carbon atoms, and CH2-©--NH2 ; and 

R3 and R4 are selected from the group 

consisting of H, and an alkyl or 

cycloalkyl group having 1-6 carbon atoms. 

By the practice of this invention, one is able to 

increase the rate of hydrogenation of aromatic 

amines to their hydroqenated counterparts without an 

10 appreciable increase in the total amounts of the 

by-products formed durinq reaction. The aromatic 

amines useful in the practice of the process can be 

bridqed polynuclear or mononuclear aromatic amines. 

These can be substituted with various substituents 

15 such as an alkyl group or cycloalkyl group 

containing from 1-6 carbon· atoms. FUrther, the 

amine qroup can be substituted with alkyl or 

cycloalkyl groups havinq 1-6 carbon atoms resultinq 

in secondary and tertiary amine substituents. 

20 Examples of bridqed aromatic amines include 

methylenedianiline (R1 is H and R2 

is CH2~NH2), bis(4-amino-2-methylphenyl) 

methane, toluidine, and alkyl or cycloalkyl 

secondary and tertiary amine derivatives of above 

25 aromatic amines. Examples of mononuclear aromatic 

amines include 2,4- and 2,6-toluenediamine, aniline, 

1-methyl-3,5-diethyl-2,4- or.2,6-diaminobenzene 

· (diethyltolue~ediamine), diisopropyltoluenediamine, 

tert-butyl-2,4- or 2,6-toluenediamine, 

30 cyclopentyltoluenediamine, ortho-toluidine, 

ethyltoluidine, xylenediamine, mesitylenediamine, 

mono-isopropyltoluenediamine, phenylenediamine, and 

... 
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alkyl and cycloalkyl secondary and tertiary amine 
deriiratives of the aromatic amines mentioned above. 

As with conventional processes the 
hydroqenation process is carried out under liquid 

5 phase conditions beinq maintained typically by 
carrying out the hydrogenation in the presence of a 
solvent. Any solvent miscible with water at the 
reaction temperature and inert to the reaction 
conditions should be equally usable. Representative 

10 solvents suitable for practicinq the invention 
include low molecular weight alcohols, such as 
methanol, ethanol, isopropyl alcohol, tert-butyl 
alcohol and methoxyethanol; and low molecular weight 
aliphatic and alicyclic hydrocarbon ethers, such as 

15 n-propyl ether, isopropyl ether, glyme, 
tetrahydrofuran, and dioxane. Isopropyl alcohol is 
pref erred. 

The amount of water employed in the reaction 
mixture depends on the following factors: organic 

20 solvent, starting aromatic amine, resultinq 
corresponding hydroqenated amine counterpart, and 
temperature. Thus, the minimum water concentrations 
to be effective to increase the rate of the 
hydrogenation reaction should be in amounts qreater 

25 than 7' by weight of the reaction medium. However, 
the maximum amount of water added depends on the 
amount and nature of organic solvent present. 
carrying out the reaction in the presence of water 
without an organic solvent is deleterious, and 

30 ballinq of the catalyst was observed. Thus, as used 
in the specification and claims hereof, the term 
"effective amount" is intended to include any such 
amount. By way of illustration, an effective amount 
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of the water is a ranqe of from about 7% up to 

solubility limits of the startinq product and/or the 

reaction product in the resultant mixed 

water-orqanic solvent, preferably from about 7% to 

s about 12% and most preferably from about 7% to about 

10% by weight of the reaction medium. 

A noble metal catalyst such as ruthenium, 

rhodium, iridium, or mixtures of any of these or 

with platinum or palladium, either as the hydroxide, 

10 oxide or, the metal itself on an inert support may 

be utilized for the hydroqenation process. The 

catalysts used are supported upon an inert carrier 

and representative carriers include carbon; calcium 

carbonate; rare earth oxides such as cerium, 

· 15 praseodymium, or lanthanum; rare earth carbonates; 

alumina; barium sulfate; kieselquhr; pumice; 

titania; diatomaceous earth; and other alkaline 

earth compounds such as calcium sulfate, calcium 

oxide, barium oxide, and barium sulfate. · Preferred 

20 support material is alumina. The preferred catalyst 

is ruthenium on alumina carrier (Ru/Al203). A 5% 

ruthenium on alumina loadinq is illustrative, but 

any percent loadinq can be utilized. 

To maintain hiqh activity of the catalyst 

25 system in the hydroqenation process, the noble metal 

component of the catalyst is lithium hydroxide 

moderated. Alkali moderation techniques to produce 

such a catalyst and/or catalyst system are well 

known and the techniques are disclosed in U.S. 

30 Patent No. 3,636,108. Such techniques can be 

utilized for rhodium as well as ruthenium. Such 

alkali moderation involves the treatment of the 

catalyst and support material with an alkali metal 
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hydroxide such as lithium, sodium or potassium 
hydroxide or alkali metal alkoxide such as lithium, 
-l!todium, or potassium methoxide or ethoxide in an 
amdunt to provide from 0.01% to 2% by weiqht based 

5 on the startinq aromatic amine. · Alkali moderation 
can be accomplished in situ durinq hydroqenation by 
includinq alkali metal hydroxide, or alkali metal 
alkoxide. The most effective promoter or moderator 
and the most preferred is lithium. hydroxide. Unlike 

10 the other alkali and alkaline earth hydroxides, 
lithium hydroxide exists most commonly as the 
monohydrate LiOH•H2o and thus a totally anhydrous 
system usinq lithium hydroxide is difficult to 
achieve. As used herein the term lithium hydroxide 

15 refers to either the moriohydrate or the anhydrous 
material. 

The temperature ranqe of the reaction is 
80°-240°C. In the case of methylenedianiline, the 
optimum temperature is dependent on the desired 

20 bis(4-aminocyclohexyl)methane isomer ratio. In 
order to achieve a 20% trans, trans content or less 
the lower end of the temperature ranqe is desirable. 
To achieve a 48% trans,trans content, this reaction 
must take place in the midranqe or above 170°C. 

25 Pressures used in the reaction of the process 
of this invention ranqe from about 500-4000 psiq 
with the preferred ranqe 700-3000 psiq. 

The concentration of starting aromatic amine in 
solution can vary from 10 to 95% (without solvent), 

30 preferably 50% to 90% are utilized. 
The progress of the hydroqenation reaction is 

followed readily by observation of the· amount of 
hydrogen taken up by the reaction mixture and the 
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hydroqenation is terminated at the point at which . 
the theoretical quantity of hydroqen has been 
absorbed. Followinq the hydroqenation, the catalyst 
is separated from the solution of reduced material. 

5 The f ollowinq examples are presented to further 
illustrate the inyention without any intention of 
beinq limited thereby. All parts· and percentaqes 
are by weiqht unless otherwise specified except for 
percent yield which is mole percent. 
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EXAMPLE 1 

Into a 600 ml Parr pressure reactor, the 
followinq were added: lOOg of methylenedianiline, 

0.4q of lithium hydroxide monohydrate, 20g of 

5 isopropyl alcohol, lOg of water, and 7g of 5% 
ruthenium on alumina. The reactor was flushed with 

bydroqen and pressurized to about 850 psig. The 

reaction mixture was heated to 120°C and stirred at 

about 1000 psiq. Each time the hydrogen pressure 

10 decreased to about 950 psiq due to uptake, the 

reactor was recharged to about 1050 psiq with more 

hydroqen. Hydrogen uptake ceased at about 4.4 

hours. After coolinq and release of pressure, the 

reaction mixture was filtered, optionally throuqh 

15 celite. 
several other hydrogenation reactions were 

carried out at 1000 psig and 116-120°C with various 

amounts of solvents and lithium hydroxide. 
monohydrate. The results are shown below: 
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Radim Omdiliom 

BxampleNo. 'nme(br.) LiOH•H20 (g) J.PAfH20 Amt of H20 as 9' of 
(g/g) Reaction Mixtme 

l 4A OA '1JJ/10 7.3 

2 S.9 0.4 10/10 7.8 

3 6.3 OA '1JJ/S 3.8 

4 7.8 0.4 '1JJ/O 0 

s 7.7 0 '1JJ/O 0 

6 s.s 0 'JJJ/10 7.8 

7 3.S OA 0/10 8.5 

8 7.8 OA lOfJJJ 14.6 

Product Distribution 

Example bis(4- p-(4- 2,4'- mono- b)'dioxy- N- heavies 
No. amino- amino- diamino- amines amines isoplopyl-

c:yclohexyl) c:yclohexyl- dic:yclo bis(4-
-methane methyl) hexyl- amino-

aniline metbane c:yclo-
hexyl)-
methane 

l 96.7 0.1 1.7 1.2 0.3 <0.1 <0.1 

2 95.l <0.1 1.7 1A 0.7 <0.1 <0.1 

3 .96.l 0.3 L7 1.1 1.7 0.1 0.1 

4(1) 62.S 30.0 1.2 1.0 0.3 0 0.1 

5(1) 48.8 22.3 o.s 18.4 4.0 0.1 4.0 

6 61:J. 0.1 1.0 14.0 11.0 0.1 S.8 

7'.2> - - - - - - -· 
8 57.S 40.0 1.6 2.2 3.1 0 0.8 

1be normalizecl tranS, balll isomer content of the bis (4-aminocyclohexyl)methane in the reactions that 
approach completion is 20-249'. 

(1) 
(2) 

Many other peaks corresponding to intermediates are not listed heie. 
This reaction stopped because veiy little ffi uptake was obseived. 1be catalyst balled up. 

.. 
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Thus, water unexpectedly increased the reaction 
rate. Experiments 4 and 5 which contain no water 
are slow. In the presence of water but the absence 
of lithium hydroxide, a good reaction rate is 

5 observed, but a large amount of by-product is 
formed. carrying out the reaction without a water­
miscible organic solvent (experiment 7) results in 
an even slower reaction. 

optimum results, a fast rate and a high yield 
10 of bis(4-aminocyclohexyl)methane, are obtained in 

the catalytic hydrogenation of methylenedianiline by 

utilizing >7% water, lithium hydroxide promoter, and 
a water-miscible solvent such as isopropyl alcohol. 
This combination was entirely unexpected. 

15 Operable and pref erred ranges of reaction 
conditions are presented in the following table: 
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TABLE 1 
Range 

Vuiable Operable Pzefened 

Temperature (1) (1) 

Plelaure 500-4000 psig 700-3000 psig 

Solvents (2) (2) 

Concentrations 

MDA: 1~959& 50-90% 

catafyll: 0.1-15.0% (3) 0.2-7% (3) 

lithium ~roxide promoter 0.01-2% ( 4) 0.1-1% (4) 

water. 7-12% >7-10% 

(1) The "plefened" temperature depelids on the clesUed trans, trans isomer content of the 

bis(4-aminocyclohuyl)methane. Lower tcmperatmes gift a lower (approximate l&-24% trans, 

trans) content; inc:rUsing the temperature r:esults in a bigher_ (appioximate 48% trans, trans) 

content. In order to obtain a low trans, trans content, temperatures below 130"C should be used, 

preferably 80-12S"C, and most pmerably ll~UO"C. 

(2) Any solvent miscible with water at the iac:tion temperahiie and inert to the iac:tion conditions is 

usable. Examples include alcohols (isopropyl alc:obol, other low molecular weight alc:obols, diols, 

alkoxyalcohols, etc.) and ethen (dioxane, gl,mes, tetnhydlofuran, etc.). 

(3) Based on weight of catalJst to weight Of starting amine. 

(4) Based on weight of promoter to weight of starting amine. 

While the specific invention has been described 

above·with reference to specific embodiments 

thereof, it is apparent that many changes, 

modifications and variations can be made without 

25 departing from the inve~tive concept disclosed 

herein. Accordingly, it is intended to embrace all 

such changes,. modifications and variations that fall 

within the spirit and broad scope of the appended 

claims. 
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WBAT IS CLAIMED IS: 

1. A process for the catalytic hydrogenation 
of an aromatic amine represented by the formula: 

in which: R1 is selected from the group consisting 
5 of H, an alkyl or cycloalkyl group having 

1-6 carbon atoms, and NH2 ; 

10 

R2 is selected from the group consistinq 
of H, an alkyl or cycloalky~oup havinq 
1-6 carbon atoms, and CH2 ~ _ ~ NH2 ; and 
R3 and R4 are selected from the group 
consisting of H, and an alkyl or 
cycloalkyl group having 1-6 carbon atoms; 

which process is characterized by reacting a 
reaction mixture comprisinq said aromatic amine and 

15 hydrogen at a pressure of between about 500 and 
about 4000 psig in the presence of a noble metal 
catalyst, a lithium hydroxide catalyst promoter, and 
an aqueous water miscible organic solvent, said 
reaction mixture containing water in an amount of 

20 between 7% and 12% by weight, based upon the weight 
of the reaction mixture. 

-· 
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2. The process of claim 1 characterized in 
that the water is present in an amount of between 7% 
and 12% based upon the weiqht of the reaction 
mixture. 

3. The process of claim 2 characterized in 
that the water is present in an amount of between 7% 
and 10% by weiqht based upon the weiqht of the 
reaction mixture. 

4. The process of clai~ 1 characterized in 

that R11 R3, R4 are H and R2 is CH2-0-NH2 

5. The process of claim 1 characterized in 
that the lithium hydr~xide catalyst promoter is 
present in a concentration from about 0.01% to about 
2% by weight of the aromatic amine. 

15 6. The process of claim 1 characterized in 
that the lithium hydroxide catalyst promoter is 
present in a concentration from about 0.1% to about 
1% by weiqht of the aromatic amine. 

7. The process of claim 1 characterized in 
20 that the noble metal catalyst is Ru/Al2o3 • 

s. The process of claim 1 characterized in 
that isopropyl alcohol is employed as the water 
miscible orqanic solvent. 

9. The process of claim 1 characterized in 
25 that the reaction is carried out at a.temperature in 

the ranqe from about 110°c to about 120°c. 

~----

I \\i\\I 111~ \\\ll II\~ U 1\\1 
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10. A composition useful for the catalytic 
hydrogenation of aromatic amines comprising: 

(a) an aromatic amine, 
(b) a noble metal catalyst, 

s (c) lithium hydroxide, as a catalyst promoter, 
(d) a water-miscible organic solvent containing 

water in an amount of between 7% and 12% by weight 
based upon the weight of the composition. 
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