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Preparation of aliphatic a,co-aminonitriles 

The present invention ·relates to an improved process for the 

5 preparation of aliphatic a,co-aminonitriles by partial hydrogena­

tion of aiiphatic a,co-dinitriles at elevated temperatures and 

superatmospheric pressure in the presence of a solvent and of a 

catalyst. 

10 WO 92/21650 describes the partial hydrogenation of adiponitrile 

to 6-aminocapronitrile in the presence of a Raney nickel catalyst 

and ammonia as a solvent with a yield of 60% at a conversion of 

70%. 9% of hexamethylenediamine·are formed as a byproduct. When 

methanol is used as the solvent and a base other than ammonia is 

15 added, the selectivity can be increased to 89. 5% a·t: a conversion 

of 70%. The disadvantage of this proces~ is the short life of the 

catalyst. 

U.S. Patents 2,257,814 and 2,208,598 likewise describe pz.·epara-

20 tion processes for 6-aminocapronitrile starting from adipo~ 

nitrile, the catalysts used being Raney cobalt and iron, riickel 

and cobalt catalysts on various carriers. The selectivities of 

from 50 to 60%, which are too low for industrial applications, 

are a disadvantage of these processes. 
25 

In the process of WO 93/16034, the yield of aminocapronitrile can 

be increased by hydrogenating adiponitrile in the presence of 

Raney nickel, of a base, such as sodium hydroxide, potassium 

hydroxide, lithium hydroxide or anunoniumhydroxide, and of a 

30 transition metal complex with, for example, iron, cobalt, 
chromium or tungsten as transition metals, and of a solvent. In 

this process, quantitative yields of aminocapronitrile are des­
cribed at conversions 0£· from 45 to 60%. The disadvantage of this 

process is the working up of the generally toxic transition metal 

35 complexes from the resulting reaction mixtures. 

EP-A 161,419 describes the partial hydrogenation of adiponitrile 

using a rhodium-containing catalyst on a magnesium oxide carrier 

in the presence of anunonia. At a conversion of 70%, a selectivity 

40 of 94% is achieved. The expensive preparation method for the 

Rh/MgO catalysts is disadvantageous (cf., J. of Cat. 112 ( 1988), 
145-156). 

It is an object of the present invention to provide an improved 

45 process for the preparation of aliphatic" a,co-aminonitriles by 

partial hydrogenation of adiponitrile, which does not have the 

abovementioned disadvantages; in particular, it was intended to 
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find a process in which the catalysts used have a longer life 

compared with those of the prior art. 

We have found that this object is achieved by a process for the 

5 preparation of aiiphatic a,ro-aminonitriles by partial hydrogena­

tion of aliphatic a,c.o-dinitriles at elevated temperatures and 

superatmospheric pressure in the presence 0£ a solvent and a 

catalyst, which comprises using a catalyst which is obtainaple by 

thermal decomposition of a metal compound selected from the group 

10 consisting of metal carbonyl compounds, metal salts of C1-C6--car­

boxylic acids and C2-C6-dicarboxylic acids and metal complexes 

with diketones to give the metal and/or a metal oxide thereof, 

with the proviso that_ the metal used is nickel or cobalt. 

15 We have also found the use of catalysts prepared by thermal 

decomposition for the partial hydrogena~ion of a,c.o-dinitriles di-. 

nitriles [sic]. 

Among the metal compounds suitable according to the invention, 

20 ie. metal carbonyl compounds, metal salts of C1-C6--carboxylic 

acids and C2-C6-dicarboxylic acids and metal complexes with 

diketones, preferably 1,2- and 1,3-diketone, such as acetyl­

acetonate or dimethylglyoxime, metal salts of C1-C6--carboxylic 

acids and C2-C6-dicarboxylic acids are preferably used, these also 

25 being intended to include unsaturated carboxylic acids and dicar­

boxylic acids as well as hydroxyl-containing carboxylic and di­

carboxylic acids, such as maleic acid, lactic acid and tartaric 

acid. Nickel and cobalt salts of formic acid, acetic acid, pro­

pionic acid, butyric acid, valeric acid, caproic acid, oxalic 

30 acid, malonic acid, succinic acid, glutaric acid, adipic acid and 

maleic acid are particularly preferred, nickel formate, cobalt 

formate, nickel acetate, cobalt acetate, nickel oxalate and co­
balt _oxalate being very--particularly preferred. 

35 The metal salts of the carboxylic and dicarboxylic acids are 

either commercially available or can be prepared, for example, 
according to J. of Phys. Chem. 68.4 (1964), 731-732 or J. Am. 

Chem. Soc. JU. (1959), 2930-2933. 

40 The preparation of the corresponding catalysts from the metal 

salts of the carboxylic acids and dicarboxylic acids is described 

in "Preparation of catalysts V, 1991, Elsevier Science Publishers 

B.V., Amsterdam, pages 165-174 [lacuna] Coll. Czech. Chem. Comm. 

JR. (1981), 1011-1022, or can be carried out similarly to the pro-

45 cedure described there, so that further information in this con­
text is unnecessary. 
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The thermal decomposition of metal carbonyls can be carried out, 

for example, by processes according to DRP 511 564 or 

FP 1,317,934. 

·5 The thermal decomposition of metal complexes with diketones is 

usually carried out similarly to the decomposition· of the salts 

of the carboxylic acids, but in a hydrogen atmosphere. 

In general, the thermal decomposition is effected in a tempera-

10 ture range from 150 to 500°C, preferably from 180 to 400°C, par­

ticularly preferably from 190 to 350°C, the chosen temperature 

depending specifically on the starting compound used. Further­

more, the thermal decomposition may be carried out either in an 

inert atmosphere {nitrogen, argon or helium) or in a reducing. 

15 atmosphere (hydrogen) [lacuna] a pressure of from 1 Pa to 10 MPa, 

preferably from 100 Pa to 1 MPa, partic~larly preferably at atmo~ 

spheric pressure, in a conv.entional reaction vessel. For the . 

preparation of supported catalysts, the thermal decomposition is 

carried out in the presence of the desired carrier or of a pre-

20 cursor of the carrier. 

In the thermal decomposition, the metal compounds used are as a 

rule converted into the corresponding metals or mixtures of· the 

metals with_the particular metal oxides, depending on the metal 

25 compound used, on the duration of the thermal decomposition, on 

the chosen temperature and on the composition of the gas phase. 

The content of nickel or cobalt in the catalyst depends on 

whether an unsupported or a supported catalyst is prepared. In 

30 the case of supported catalysts, the metal content is usually 

from 1 to 70, preferably from 10 to 40, % by weight. 

In addi,tion to nickel or· cobalt, the catalysts may also contain 

further metals, in particular transition metals and metals of the 

35 second to fourth main groups of. the Periodic Table of Elements, 

silver, copper, zinc, magnesium, calcium and iron being particu­

larly preferred. The preparation is carried out as a rule by 

simultaneous or successive thermal decompo~ition of the corres­

ponding metal compounds, advantageously.a mixture of metal com-

40 pounds being used, preferably one in which the nonmetal-contain-. 

ing residues are identical. For example, coprecipitated nick~l 

oxide and magnesium oxide can be converted into finely divided 

nickel or magnesium oxide under an inert atmosphere, such as ni­

trogen, argon or helium, or a reducing atmosphere containing hy-

45 drogen (cf. Pre. of Cat. V, 1991, .Elsevier, Amsterdam, pages 

165-174· and Coll. Czech. Chem •. Comm. il. (1981), 1011-1022). 
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In a preferred elnbodiment, nickel catalysts are obtained by the 

J?rocess from Ind. Eng. Chem. 32 ,_ No. 9 ( 1940) 1193-1199, by heat­

ing nickel formate in a high-boiling liquid. 

5 Other nickel and cobalt catalysts can preferably be prepared in 

the liquid phase similarly to the process from Ind. Eng. Chem. 32 

No. 9 (1940) 1193-1199, inert substances which have a high boil­

ing point at atmospheric pressure being used, in particular high­

boiling saturated c9-e30-hydrocarbons, such as white oils and 

10 paraffins, high-boiling-CnH2n+3 N-amines (where n is from 7 to 

25), high-boiling CmH2m+4 N-diamines (where mis from 5 to 35), 

such as hexamethylenediamine, polyamines, such as polyethylene­

imine, and high-boiling alcohols having the compositipn 
{OH)pC7H2q+2-p, such as octanol, propanediol and glycerol. The 

15 advantage of this method is that the nickel or cobalt and, if 

desired, further metals are coated with the high~boiling sub­
stance, which of course can also be a solid at room temperature. 

Observations to date have shown that this coating prevents the 

admission of oxygen, so that no passivation of the catalyst takes 

20 place, and permits the catalyst to be used in a simple manner. 

25 

The starting materials used in the novel process are aliphatic 

a,ro-dinitriles of the general formula I 

I 

where n is an integer from 1 to 10, in particular 2, 3, 4, 5 or 

6. Particularly preferred comp~unds I are succinonitrile, 

glutaronitrile, adiponitrile, pimelonitrile and suberonitrile, 

30 very particularly preferably adiponitrile. 

·In the novel_ process, the dinitriles I described above are par­
tially hydrogenated in the presence of a solvent and, "if desired, 

of a base, such as the hydroxide of an alkali metal, in particu-

35 lar lithium hydroxide, sodium hydroxide or potassium hydroxide, 

preferably lithium hydroxide and one of the catalysts described 

above, to give a,ro-aminonitriles.of the general formula II 

40 
where n has the abovementioned meaning.· Particularly preferred 

aminonitriles II are those in which n is 2, 3, 4, 5 or 6, in 

particular 4, ie. 4-aminobutyronitrile, 5-aminopentanenitrile, 

6-aminohexanenitrile (6-aminocapronitrile), 7-aminoheptanenitrile 

45 and 8-aminooctanenitrile, very particularly preferably 6-amino­
capronitrile. 
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If the reaction is carried out in a suspension, temperatures of 

from 30 to 150°C, prs_ferably from 50 to 100°C, particularly pre­

fe=ebly fro~ 60 ~6 90~C, are usually chosen; the pressure is 

chose::n in general in i::.he range from 2 to 20, preferably from 3 to 

s 10, particularly preferably from 4 to 8, MPa. The residence times 

are essentially dependent on the desired yield and selectivity 

and on the desired conversion; the residence time is usually cho­

sen so that a maximum yield is obtained, for example in the range 

from 30 minutes to 10 hours, preferably from 1 to 5 hours, when 

10 adiponitrile is used. 

In a suspension procedure, the-solvents used are preferably 

ammonia, amines, diamines and triamines of 1 to 6 carbon atoms, 

such as trimethylamine, triethylamine~ tripropylamineand tri-

15 butylamine or alcohols, preferably methanol and ethanol, particu­

larly preferably annnonia. A dinitrile cqncentration of from 10 to 

90, preferably from 30 to 80, particularly preferably ·from 40 to 

70, % by weight, based on the sum of dinitrile and solvent, is 

advantageously chosen. 
20 

The hydrogenation in suspension can be carried out batchwise or, 

preferably, continuously, as a rule in the liquid phase. 

The partial hydrogenation mal" also be carried out batchwise or 

25 continuously in a fixed-bed reactor by the trickle-bed or.liquid 

phase procedure, a temperature of from 20 to 150°C, preferably 

from 30 to 90°c, and a pressure of, as a rule, from 2 to 30, pre­

ferably from 3 to 20, MPa usually being chosen. According to the 

invention, the partial hydrogenation is carried out in the pre-

30 sence of a solvent, preferably- ammonia, an amine, a diamine or a 

triamine of 1 to 6 carbon atoms, such as trimethylamine, tri­

ethylamine, tripropylamine or tributylamine, or an alcohol, pre­
ferably methanol or ethanol, particularly preferably ammonia. In 

a preferred embodiment, an ammonia content of from 1 to 10, pre-

35 ferably from 2 to 6, g per g of adiponitrile is chosen. A cata­

lyst space velocity of from 0.1 to 1.0 kg of adiponitrile per 1 
per h is preferably chosen. Here too, the conversion and hence 

the selectivity can be controlled by changing the residence time. 

40 In the novel process, alpha,omega-aminonitriles are obtained·with 

good selectivities, the catalysts having a substantially longer 

life than the prior art catalysts. The a,ro-aminonitriles are 

important starting compounds for the preparation of cyclic 

lactams, in particular 6-aminocapronitrile for caprolactam. 
45 
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We claim:- * C L M S * 

1. A process for i:.he preparation of aliphatic a,ro-aminonitriles 
5 by partial hydrogenation of aliphatic a,ro-dinitriles at 

elevat.ed teI(lperatures and superatmospheric pressure in the 
presence of a solvent and of a catalyst, which comprises 
using a catalyst which is obtainable by thermal decomposition 
of a met?J compound selected from the group consisting of 

10 metal c~=bonyl compounds, metal salts of C1-C6-Carboxylic 
acids and C2-C6-dicarboxylic acids and metal complexes with 
diketones to give the corresponding metal or a metal oxide 
thereof, with the proviso that the metal used is nickel or 
cobalt. 

15 

20 

2. A process as claimed in claim 1, wh~rein the catalysts con­
tain, as further components, metals selected from the group 
consisting of silver,· copper, zinc, magnesium, calcium and 
iron. 

3. Qse of a catalyst obtainable by thermal decomposition of a 
metal compound selected from-the group consisting of metal 
carbonyl compounds, metal salts of C1-C6-carboxylic acids and 
C2-C6-dicarboxylic acids and metal complexes with diketones to 

· 25 give the metal or a metal oxide thereof, with the proviso 
that the metal use~ is nickel or cobalt, for the partial 
hydrogenation of aliphatic a,oo-dinitriles at elevated tempera­
tures and superatmospheric pressure in the presence of a sol­
vent •. 

·30 

4. A process as claimed in claim 1 · or 2, wherein, the a,c.o-di­
ni trile used is adiponitrile, and 6-aminocapr.onitrile is 
obtained. 

35 5. Use as claimed in claim 3, for the preparation of 6-amino­
capronitrile. 

6. A process as claimed in claim 3, wherein the catalysts con­
tain, as further components, metals selected from the group 

40 consisting of silver, copper, ·zinc, magnesium, calciuin- and 
iron. 

45 


