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PROCESS FOR THE PREPARATION OF AN AMINONITRILE
BY PARTIAL HYDROGENATION OF A NITRILE COMPOUND
WITH TWO OR MORE NITRILE GROUPS

The invention relates to a process for the
preparation of an aminonitrile by partially hydrogenating a
nitrile compound with two or more nitrile groups in the
presence of a catalyst which contains a metal from group 8
of the periodic system of the elements.

Such a process is known from F. Mares, J.E. Galle,
S.E. Diamond and F.J. Regina, Journal of Catalysis 112,
(1988), pp. 145-156, according to which publication an
alkane dinitrile, such as «,w-butane dinitrile
(succinonitfile), is hydrogenated in the presence of a
catalyst consisting of finely divided rhodium halogenide on
a magnesium oxide carrier. The catalyst is pretreated with
sodium hydroxide, yielding metallic rhodium on a magnesium
oxide carrier. During the hydrogenation reaction NH, is
supplied in an excess relative to the dinitrile. In the
hydrogenation of succinonitrile, at a reaction temperature
of 100°C, a pressure of 50 atm (5 MPa) and a reaction time
of 5.5 hours, a conversion of 89.4% and a selectivity to
aminobutyronitrile of 87.3% is achieved. This corresponds to
an aminobutyronitrile yield of 78%. Although this yield is
high, a further increase in the yield is desirable. In
addition to this, a large amount of undesirable by-product
is formed (11.9% of the succinonitrile being converted into
dimers and oligomers). The article also reports an g-amino
capronitrile yield of 66.6% from adiponitrile at 90%
conversion. Dimers are formed in an amount of 2.7%.

It is the object of the present invention to
provide a process for the preparation of an aminonitrile by
means of a simple method, at a high reaction velocity and
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PROCESS FOR THE PREPARATI ON OF AN AM NONI TRI LE BY PARTI AL HYDROGENATI ON

OF A NN TRILE COWOUND W TH TWO OR MORE NI TRI LE GROUPS Description The
invention relates to a process for the preparation of an amnonitrile by
partially hydrogenating a nitrile com poupd with two or nore nitrigezogo
groups in the presence of a catalyst which contains a netal fromgroup 8 of

the periodic
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with a high aminonitrile yield, in which the formation of
undesirable byproducts is limited.

The object of the present invention is achieved in
that the hydrogenation is carried out under virtually water-
free reaction conditions and the catalyst has been treated
with an alkanolate.

Surprisingly, it has been found that according to
the present invention, aminonitrile yields in excess of 80%
can be attained. Moreover, in the process of the invention
there is no need to supply NH, during the reaction. As
byproduct virtually only oligoamine is formed, which can be
worked up in the chemical industry, as opposed to dimers and
oligomers, which are formed according to the process known
from the art.

The process according to the invention is suitable
for the partial hydrogenation of any nitrile compound with
two or more nitrile groups.

Thus, for instance, a,w-alkane dinitriles are
suitable for conversion to their corresponding aminonitriles

"using the process according to the present invention. These

alkane dinitriles are of a general formula NC-(CH,),-CN, n
being an integer from 0 to 12. Preferably, n is an integer
from 1 to 6. Examples are: malonitrile (n=1), succinonitrile
(n=2), adiponitrile (n=4) and glutaronitrile (n=5). The
process éccording to the present invention is particularly
suitable for the hydrogenation of succinonitrile and
adiponitrile.

The hydrogenation of o,w-alkane dinitriles can be
represented by the following reaction scheme:

NC-(CH, ), -CN ~——em > H,N-CH,~(CH, ), ~CN (1)

H,N-CH,-(CH, ), -CN ———=- > H,N-CH,-(CH, ), -CH, -NH, (2)
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syst:em of the el enents. Such a process is known fromF Mares, J.E
GallE, S.E. D anond and F.J. Regina. Journal OF Catal ysis 112. (1988), pp.
145- 156, according to which publication an al kane dinitrile, such as
[err],[err]-butane dinitrile (succinonitriBe), is hydro- genated i aAg @80
presence of a catalyst consisting of finely divided rhodi um hal ogeni de on a
magnesi um oxi de carrier The catalyst is pretreated w th sodi um hydroxi de,
yi el ding nmetal | i &nr bhdsuschem& thgnpsoductxbfiereaction. (Dyr isgthecdesired

dinitriter i tna hbeRobTRapRattBR1ey tuhich chl E8ACE LBERNEL So' BEum
temperature ob 10®§@inp§c;natpeepggsenge 86 hydrpgenPaycandiagr &acregstione
of 87,3915 hohi Sebd. gniRdCi "Aehltl tne SALE LOKStinS OF FEBELIAY E§P"' °
78% and (2). In a selective hydrogenation to the w-amino alkane
nitrile the ratio k,/k, is high.
The prodess according to the present invention is
10 also suitable for the partial hydrogenation of compounds
containing more than two nitrile groups, for instance for
compounds with 3-12 carbon atoms with three or four nitrile
groups. The invention is particularly suitable for the
hydrogenation of dendritic macromolecules which contain
15 nitrile groups. A general description of dendritic
macromolecules can be found, for instance, in D.A. Tomalia
et al. in Angew. Chem. Int. Ed. Engl. 29, (1990) pp. 138-
175. These macromolecules as a rule have a weight-average
molecular weight (M,) of 100-100,000 kg/kmol. Examples of
20 dendritic macromolecules that are suitable for the partial

hydrogenation are compounds of the formula:
K(RX), (R'CN), (3)

25 where m and n are positive integers, the latter standing for
the number of branches of the dendritic macromolecule, while
m is higher than or equal to n. The symbols in formula (3)
denote the following:

30 K a chemical compound that forms the nucleus of the
dendritic macromolecule
RX branches linked to the nucleus which contain carbon
atoms and optionally hetero atoms
R’CN a terminal branch with a nitrile group.

35
According to the present invention the compounds according
to formula (3) can be partially hydrogenated according to
the reaction equation:
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Al though this yield is high, a further increase in the yield is desirable.
In addition to this, a | arge anount of undesirable by-product is forned
(11.9% of the succinonitrile being converted into dinmers and oligoners).
The article also reports an [err]-am no cagronitrile yield of 66. 6%ef om0
adiponitrite at 90% conversion. Diners are fornmed in an anount of 2.7%

It is the object of the present invention to provide a process for the
preparation of aK(RK)QHOR'CR)}|e+bgpnHans-ed H(RKIPKB’'ON)hod (RACHaNE,Qh (4)
reaction velocity and with a high amnonitrile yield, in which the
formati on of undesirable byproducts is |imted. The obj ect of the
present invendi owhereaphisvadppaitive integenrofbradrgrepsofaparédadut

under virtually PbgbhseibRap! i8NaeeRHkai @88 and the catalyst has been
treated with an afl kanol ate.

»

Q=p/m _ (3)

10 According to the invention Q is lower than 1, preferably
lower than 0.75. After partial hydrogenation the dendritic

macromolecules can be built up further through reaction with

compounds that react with the nitrile or amine groups. This
may again be followed by partial hydrogenation and the

15 process of alternate buildup or growth and partial
hydrogenation can be repeated several times. Since the
dendritic macromolecule is built up solely at the location
of either the terminal amine groups or the terminal nitrile
groups, while according to the invention the degree of

20 hydrogenation can be controlled by changing the reaction

conditions, the structure of the dendritic macromolecule can

be influenced in any desired way.
The partial hydrogenation according to the
invention has to be carried out under almost water-free
25 reaction conditions, which is understood to mean that the
reaction medium contains less than 5 wt.% water. The water
content is determined by means of a Karl Fischer titration

according to the ASTM-E 203 (1971) standard. Preferably, the

water content is below 1 wt.%, more preferably below 0.5
30 wt.%, and in particular below 0.1 wt.%.

The nitrile can be dissolved in a suitable solvent
prior to the hydrogenation. The solvents that can be used
according to the invention should contain almost no water,
the water content of the reaction medium, as stated above,

35 being the criterion. Examples of suitable solvents are
tetrahydrofuran, dioxane, alkane (di)amines, alcohols and
ethers. Solvents that are particularly suitable are the
a-w-alkane diamines or alcohols with 1-10 C atoms. Examples
of such particularly suitable solvents are diamino-ethane,
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Surprisingly, it has been found that according to the present invention.
amnonitrile yields in excess of 80% can be attained. Mreover, in the
process of the invention there is no need to supply NH err] during the
reaction. As byproduct virtually only oliggapine is fornmed, which gagns@go
wor ked up in the chem cal industry, as opposed to dinmers and oli- goners,
whi ch are fornmed according to the process known fromthe art. The

process aCCOfdln@léﬁlﬁbﬁutﬂﬂéptdﬂ@miﬁoﬁékéﬁblemé@haﬁbb peéthaAbl, n-propanol,
hydr ogenati on of, an nltr & nggun two or nore nitrile groups.

Thus, for mstantep @9?? and | nEbRaRo rnltriles are suitable for
conversion tostheir corrennenﬂydgogenabhonrikeefﬁetngdthéthrhyéssgencgading

(S Lhe bresent | pet i fys ESFadh RppAbObhL! 4% %8s s P NGhakn' 26Mih
contact w1th the solution containing the nitrile, a small

portion of the hydrogen gas being dissolved in the solution.
The partial pressure of hydrogen is at least 1 atm (0.1

10 MPa), but usually 5-500 atm (0.5-50 MPa). In particular 30-
100 atm (3-10 MPa), hydrogen pressure is applied. These and
all other pressures are stated as absolute pressures. Other
gases may be present during the reaction, but they are
usually present in small amounts.

15 buring the hydrogenation hydrogen is preferably
present in a molar ratio of H, : nitrile of at least 1.
Hydrogen consumed in the reaction is usually supplied during
the reaction. As a rule, the hydrogen pressure is kept
constant during the entire reaction.

20 The temperature during the hydrogenation is not
critical, but is usually 0-200°C, and in particular 20-
100°C. _

The catalyst applied according to the invention is
a catalyst that contains a metal from group 8 of the

25 periodic system of the elements which has been treated with
an alkanolate. The periodic system of the elements is
understood to mean the table as printed on the cover of the
Handbook of Chemistry and Physics, 58th Edition, CRC Press,
1977-1978.

30 Metals from group 8 are known to be active in the
hydrogenation of nitriles (see, for instance, EP-A-0077911).
Nickel, cobalt, platinum, palladium and rhodium are suitable
choices. For sufficient catalytic activity, the metal must
have a large contact area. The metal can be used as such or

35 on a suitable support.

US-A-4.362.671 describes a process for the partial
hydrogenation of dinitriles to a,w-aminonitriles using
rhodium complexes of the formula- (RR’'Rh)A as a catalyst, in
which R is derived from a non-allenic hydrocarbone diene of
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an.nteger fromO to 12. Preferably nis an integer from1 to 6 Exanples
are: malonitrile (n=1), succinonitrile (n=2), adiponitrile (n=4) and
glutaronitrile (n=5). The process according to the present invention is
particularly suitable for the hydrogenatiog of succinonitrile and ag 70890
adi ponitrile. The hydrogenation of [err],[err]-al kane dinitriles can be
represented by the follow ng reaction schene:

at least 4 carbons, R’ is an organitrogen compound and A is
a complex monovalent anion serving as counter-anion.

5 According to the present invention, Raney nickel or
Raney cobalt are particularly suitable as a catalyst. A
description of Raney catalysts and their preparation can be
found in US-A-1,628,190 (1927).

Raney nickel contains mainly nickel and aluminium,

10 the latter in the form of metallic aluminium, aluminium
oxides or aluminium hydroxides. Small amounts of other
metals in elementary or in chemically bound form, such as
iron and/or chromium, may be added to the Raney nickel to
increase the activity and selectivity for the hydrogenation

15 of certain groups of compounds. These added metals are
usually called promoters, while the catalyst is called
promoted Raney nickel. For the use of promoters, see: S.R.
Montgomery, Catalysis of Organic Reactions 5, pages 383-409
{1981). According to the invention it is particularly

20 preferred to use chromium and/or iron promoted Raney nickel
as catalyst.

Raney cobalt alsc contains aluminium and may
contain promoters. It is known, for instance, that chromium
promoted Raney cobalt is suitable for the hydrogenation of

25 nitriles to primary amines.

Examples of Raney catalysts that are suitable for
the process according to the invention are the Raney nickel
types Degussa BLM 112 WR, Grace 2400R, Activated Metals A-
4000®* and Doduco Ra/Ni* (Fe-Cr promoted)} and Raney cobalt

30 type Grace 2724Rr.

According to the present invention the catalyst is
pretreated. Since the hydrogenation is to be carried out
under almost water-free reaction conditions, the catalyst
has to be freed of water. This can be effected using the

35 methods known from the art, for instance by washing with a
water-free solvent. Preferably, the water is removed from
the catalyst before the catalyst is treated with the
alkanolate.

According to the invention the catalyst is treated
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with an alkanclate. The alkanolate according to the
invention is preferably an alkanolate with 1-10 C-atoms, for
instance methanolate, ethanolate, n-propanolate, i-
propanolate or n-butanolate. The alkanolate is usually
available in the form of a metal salt. According to the
invention alkali metal alkanolates or earth alkali metal
alkanolates are particularly suitable. Examples of extremely
suitable alkanolates are potassium and sodium methanolate.
The amount of alkanolate applied to the catalyst is usually
0.01-0.5 g per g of catalyst, in particular 0.03-0.2 g/g
catalyst, and more in particular 0.05-0.15 g/g catalyst.

The temperature during the treatment with
alkanolate is not critical. Usually the treatment takes
place at a temperature between 0 and 50°C, in particular at
room temperature. The pressure during the treatment is of
little importance. Usually the treatment takes place under
atmospheric pressure. Preferably, the treatment takes place
by mixing the catalyst intensively with a solution of the
alkanolate. The solution is preferably a concentrated
solution of the alkanolate in an alkanol. The concentration
is, for instance, 5-1000 g/1, in particular 10-500 g/l.

The products that can be prepared according to the
invention are widely applied as raw materials for the
chemical or the pharmaceutical industry. Examples are the
use of w-aminobutane nitrile (aminobutyro nitrile) as a raw
material for the preparation of the hydrochloride of y-
aminobutryramide (gabamide), with the formula (H,N-CH,},-
CONH, .HC1, which is used for the preparation of
antidepressants. In addition, aminobutyro nitrile can be
converted into pyrrolidone through saponification and ring
closure. :

w-Aminoalkane nitriles can also find application as
raw material for the production of nylons. Thus, e-amino-
hexane nitrile (e-aminocapronitrile) can be used as a raw
material for e-caprolactam, which serves as a raw material
for nylon-6. In this route 1,4-dicyano butane (adiponitrile)
is subjected to selective hydrogenation according to the
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In this scheme the product of reaction (1) is the desired
[err]-am noal kanenitrile, which can react further to formdiamnes in the
presence of hydrogen according to reaction (2) k[err] and k[err] denote
the rate constants of reactions (1) and (2g._.In a sel ective hydroggaatpgn
to the [err]-amno alkane nitrile the ratio k[err]/k[err] is high,. The
process according to the present invention is also suitable for the parti al
hydr ogenat i on oflﬁﬁgmﬁn@ﬂstcoﬁxelaiﬂimﬁlﬂm*eaphamltmbleitwhiehgisupenvénted

aroups. The | nvehtont Taribthefpidte Bef afFedhifo  GBFof 8L [EhkGpan

dendritic nact onsrpenificabicnh, comich nisi subsequentby. Converted into
caprolactam by means of a ring closure reaction in which H,0
is split off.

The dendritic macromolecules that can be prepared
according to the invention can be used in electronics, for

10 calibration of sieves, in catalyst carriers and for
selective membranes and coatings. In addition, the dendritic
compounds can be used as impact modifiers or as crosslinking
agents in various plastics.

The invention will be further elucidated in the of

15 examples and comparative experiments, without, however,
being limited thereto.

The reaction products were analyzed using a gas
chromatograph of the type Hewlett Packard HP5890®, with a
column (type No. CP WAX 51) filled with polyethylene glycol,

20 and hydrogen as carrier gas. Succinonitrile was analyzed by
means of a separate gas chromatograph, type Chrompack 428AR,
"with the following column composition: 5% phenyl, 95% methyl
polysiloxane, type CP SIL 8 CB, and nitrogen as carrier gas.

The amount of water in the reaction mixture was

25 determined by means of a Karl Fischer titration according to
ASTM-E 203 (1971).

Example I
Raney nickel of the type Dequssa BLM 112WR was used

30 as a catalyst; according to the producer the composition was
85 wt.% Ni, 2.0 wt.%$ Fe, 2.5 wt.% Cr and 9.7 wt.% Al (Al and
Al20,). 8 g (dry weight) of catalyst was washed five times
with 25 ml water-free methanol, prepared by drying methanol
with a type 3A molecular sieve. After sedimentation of the

35 slurry, the methanol was decanted. The slurry was
subsequently contacted with a solution of 0.8 g NaOCH, in 20
ml methanol, intensive stirring being applied. After
sedimentation of the slurry, the liquid was decanted and the
treated catalyst was washed with 25 ml diaminoethane,
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A general description of dendritic macronol ecul es can be found, for
instance, in DA Tomalia et al. in Angew Chem. Int. Ed. Engl. 29, (1990)
pp. 138-175. These macronol ecul es as a rule have a wei ght-average nol ecul ar
wei ght (Merr]) of 100-100,000 kg/ knol. Expnpl es of dendritic AE 7080
macronol ecul es that are suitable for the partial hydrogenation are
conpounds of the fornul a:

followed by decantation of the washing liquid.
As reactor a 160 ml Parr autoclave provided with a
5 drain valve with a filter to trap the catalyst particles,
was used. The reactor was further equipped with a 50 ml
dosing vessel, connected to the autoclave via a dosing line
with a valve. Both the reactor and the dosing valve have
adjustable heatiné and pressure control. The reactor

10 contents can be mixed by means of a stirrer.

The treated catalyst was introduced into the
autoclave as a slurry in 80 g diamino-ethane. The water
content of this catalyst slurry was 0.77 wt.%. Subsequently
the autoclave was purged three times with H,, the H,

15 pressure was raised to 70 atm, and the temperature was
raised to 80°C while stirring (1500 rpm). 8 g succinonitrile
was dissolved in 10 g diamino-ethane and introduced into the
dosing vessel. Subsequently the dosing vessel was purged
with H, twice and the pressure was raised to 80 atm with H,.

20 After this, the valve shutting off the dosing vessel was
opened, so that the content of the dosing vessel are
transferred to the autoclave, after which the reaction took
place in the autoclave, under stirring (1500 rpm).

After 300 s the reaction was stopped, by opening

25 the valve in the reactor drain so that the reactor contents,
apart from the catalyst, flew out of the reactor. The
product was analyzed by means of gas chromatography. The
succinonitrile conversion was 100%. The reaction product
consisted of: 85 mol % pyrrolidine, 14 mol % diaminobutane

30 and 1 mol $ pyrrolidine. The amincbutyronitrile yield was
85%.

Comparative experiment A
8 g of the Raney nickel catalyst as in Example I
35 was washed with 25 ml distilled water five times. After
sedimentation of the slurry, the water was decanted. The
slurry was subsequently contacted with a solution of 0.8 g
NaOH in 20 ml distilled water, while stirring intensively.
After sedimentation of the slurry, the liquid was decanted
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and the treated catalyst was washed with 25 ml
diaminoethane. The water content of the catalyst slurry was
7.7 wt.%. .
The catalyst thus treated was used in the
hydrogenation of succinonitrile, as described in Example I.
After 300 s 100% of the succinonitrile was converted. The
reaction product consisted of 96 mol % diaminobutane and 2.5
mol % pyrrolidine and a residual amount of tarry product.
The aminobutyro nitrile yield was 0%. Gas chromatographic
analysis proved that the tarry product consisted mainly of
diaminobutane dimers.

Example II

The hydrogenation was carried out as described in
Example I, but now 1.1 g KOCH, was used instead of NaOCH,
and diaminobutane was used as solvent instead of diamino-

ethane. After 300 s the succinonitrile conversion was 100%.
The reaction product consisted of 85 mol % aminobutyro
nitrile, 14 mol % diaminobutane and 1 mol % pyrrolidine. The
aminobutyronitrile yield was 85%.

Example III

The hydrogenation was carried out as described in
Example II, but now hexamethylene diamine was used as
solvent in stead of diaminobutane. After 300 s the
succinonitrile conversion was 100%. The reaction product
consisted of 86.5 mol % aminobutyro nitrile, 13 mol %
diaminobutane and < 1 mol % pyrrolidine. The aminobutyro
nitrile yield was 86.5%.

To study the hydrogenation kinetics, during the
reaction a small sample was drawn from the reactor every 15
s and was analyzed. For reactions (1) and (2) first-order
kinetics were observed, with k; = 0.013 and k,= 8.1%10-4¢
s-1. The k,/k, ratio was 16.
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K(RX)[e}r](R[err]C)D[err] where mand n are positive integers, the latter
standi ng for the nunber of branches of the dendritic nmacronol ecule, while m
is higher than or equal to n. The synbols in formula (3) denote the
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Comparative experiment B

Comparative example A was repeated, now the
reaction kinetics being determined as described in Example
III. First-order kinetics were observed for reactions (1)
and (2), with k, = 0.013 and k,= 2.2+%10-3 s-!. The k,/k,
ratio was 5.6.

Example IV

The hydrogenation was carried out as described in
Example I, but now adiponitrile was hydrogenated. In place
of NaOCH,, 1.2 g KOCH; was added. The water content of the
catalyst slurry was 0.46 wt.%. After 180 s the adiponitrile
conversion was 95%. The reaction product consisted of 77 mol
% e-aminocapronitrile and 23 mol % diaminohexane. The

te-aminocapronitrile yield was 73%.

To study the hydrogenation kinetics, after every 15
s of the reaction time a small sample was drawn from the
reactor, which was analyzed. For reactions (1) and (2)
first-order kinetics were observed, with k;, = 0.017 and k,=
2.18* 10-3 s-1, The k,/k, ratio was 6.

Comparative experiment C

The hydrogenation was carried out.as described in
Example IV. Use was made of a catalyst in water, which
resulted in a water content of 11.2 wt.% in the reaction
mixture. After 90 s the adiponitrile conversion amounted to
99%. The reaction product consisted of 51 mol %
e-aminocapronitrile and 49 mol % hexamethylene diamine. The
t-aminocapronitrile yield was 51%.

To study the hydrogenation kinetics, during the
reaction a small sample was drawn from the. reactor, every 15
s and analyzed. For reactions (1) and {2) first-order
kinetics were observed, with k, = 0.051 and k, = 0.016 s-1.
The k,/k, ratio was 3.2.

"



K . a chem cal conpound that forns the nucleus of the dendritic
macr onol ecul e RX _—-branches- rTﬁKéﬁﬂ“o t he nucl eus whi ch contain carbon
atons and optionall hete a termnal branch with a nitrile
group. According té Bﬁg@m enti Qnjbhe conpounds according taxe 7080
formula (3) can be rogenal ed according to the reaction
equat i on:

C L A I M S

5 1. Process for the preparation of an aminonitrile by
partially hydrogenating a nitrile compound with two or
more nitrile groups in the presence of a catalyst
containing a metal from group 8 of the periodic system
of the elements, characterized in that the hydrogenation

10 ~ is carried out under almost water-free reaction
conditions and the catalyst has been treated with an
alkanolate.

2. Process according to claim 1, characterized in that the
alkanolate is chosen from a methanolate or an

15 ethanolate.

3. Process according to claim 1 or 2, characterized in that
the alkanolate is an alkali metal alkanolate or an earth
alkali metal alkanolate.

4. Process according to claim 3, characterized in that the

20 alkanolate is sodium or potassium methanolate. |

5. Process according to any one of claims 1-4,
characterized in that the amount of alkanolate applied
to the catalyst is 0.01-0.5 g per g of catalyst.

6. Process according to claim 5, characterized in that the

25 amount of alkanolate applied to the catalyst is 0.05-
0.15 g per g of catalyst.

7. Process according to any one of claims 1-6,
characeterized in that the catalyst is a Raney nickel or
Raney cobalt catalyst.

30 8. Process according to any one of claims 1-7,
characterized in that the catalyst is rendered water-
free before being treated with the alkanolate.

9. Process according to any one of claims 1-8,
characterized in that the water-free reaction conditions

35 are such that the water content of the reaction medium
is below 1 wt.%.

"Ml ‘iii‘”i‘i‘\fﬁ”“



K(RX)[éfr] (Rlerr]CN)[err] + 2p Herr] [erﬂ
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a positive integ
Q=p/ m

10

15

20

10.

11.

12.

13.

14.

15.

l6.

- (5) AE 7080

Process according to any one of claims 1-9,
characterized in that the partial hydrogenation is
carried out in a solvent chosen from the group
consisting of tetrahydrofuran, dioxane, alkane
(di)amines, alcchols and ethers.

Process according to claim 10, characterized in that the
solvent is chosen from a,w-alkane diamines or alcohols
with 1-10 C-atoms.

Process according to claim 11, characterized in that the
solvent is chosen from the group consisting of diamino-
ethane, diaminobutane, diaminohexane, methanol, ethanol,
n-propanol, i-propanol and n-butanol.

Process according to any one of claims 1-12,
characterized in that the nitrile compound is an
a,w-alkane dinitrile.

Process according to claim 13, characterized in that the
a,w-alkane dinitrile is succinonitrile or adiponitrile.
Process according to any one of claims 1-12,
characterized in that the nitrile compound is a
dendritic macromolecule.

Process as contained in the description and elucidated
in the experiments.
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According to the invention Qis lower than 1. preferably |ower than 0.75.
After partial hydrogenation the dandritic mac- ronol ecul es can be built up
further through reaction with conpounds that react with the nitrile or

am ne groups. This may again be foll owed-by4partial hydrogenation ahA8 7RE0
process of alternate buildup or growmh and partial hydrogenation can be
repeated several tinmes. Since the dendritic nmacronolecule is built up

solely at the location of either thk tBrpSnaT aRi nB. g€ouBs or the term na

nitrile groups, while according to the invention the degree of

hydr ogenati on can be con- trolled by chang%ng t he reaction cgndi Lons, t he
structure of ¥he dendritiEheptnveRtien| cetakeseto | PERCRSS| °§n§ Besired

way. The parpiépaPyeioncoft aRNamthen it P1éoby hparbieblyohydzegenakdng a
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of the periodic system of the elements, the hydrogenation

10 being carried out under water-free reaction conditions and

the catalyst having been treated with an alkanolate.
Preferably, the catalyst is a Raney nickel or Raney cobalt
catalyst which has been pretreated with an alkali metal
alkanolate or an earth alkali metal alkanolate such as

15 sodium or potassium methanolate.
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BY PARTIAL HYDROGENATION OF A NITRILE COMPOUND

Y i3 R mj
‘ )

WITH TWO OR MORE NITRILE GROUPS

The invention relates to a process for the

preparation of an aminonitrile by partially hydrogenating a
nitrile compound with two or more nitrile groups in the
presence of a catalyst which contains a metal from group 8
of the periodic system of the elements.

Such a process is known from F. Mares, J.E. Galle,
S.E. Diamond and P.J. Regina, Journal of Catalysis 112,
(1988), pp. 145-156, according to which publication an
alkane dinitrile, such as «,w-butane dinitrile
{succinonitrile), is hydrogenated in the presence of a
catalyst consisting of finely divided rhodium halogenide on
a magnesium oxide carrier. The catalyst is pretreated with
sodium hydroxide, yielding metallic rhodium on a magnesium
oxide carrier. During the hydrogenation reaction'NH3 is
supplied in an excess relative to the dinitrile. In the
hydrogenation of succinonitrile, at a reaction temperature
of 100°C, a pressure of 50 atm (5 MPa) and a reaction time
of 5.5 hours, a conversion of 89.4% and a selectivity to
aminobutyronitrile of 87.3% is achieved. This corresponds to
an aminobutyronitrile yield of 78%. Although this yield is
high, a further increase in the yield is desirable. In
addition to this, a large amount of undesirable by-product
is formed (11.9% of the succinonitrile being converted into
dimers and oligomers). The article also reports an e-amino
capronitrile yield of 66.6% from adiponitrile at 90%
conversion. Dimers are formed in an amount of 2.7%.

It is the object of the present invention to
provide a process for the preparation of an aminonitrile by
means of a simple method, at a high reaction velocity and
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n- but anol . The hydrogenation is effected with hydrogen gas (Herr]).
This is usually present as a gas phase, which is in contact with the

sol ution containing the nitrile, a small portion, dhisShet lwBegepagas bei ng

di ssolved in the solution. The partial pressure bf _ | east 1

atm (0.1 MPa), but usually 5-500 atm (0.5-50 MP&). I 30-100 atm
all o

(3-10 MPa), hydrogen pressure is appliged. These and ssures are
stated as absolute pressures. Qther gases may be present during the
reaction, but they are usually present in small anounts. During the

hydrogenat i QA ¢ & 0iRfh | st R rPile/ YWEIENind Wik dP! e M@ OfodlSF 1] :

nitrile of at ]east 1. drogen consuned in the reaction is usually

suppl i ed duHq4f§¥ﬁ?ﬁiﬁiagﬂﬁ?dqﬁ¥§i%ﬁﬂi;m¥W%&hydrogen pressure is kept

const ant The object of the present invention is achieved in
that the hydrogenation is carried out under virtually water-
free reaction conditions and the catalyst has been treated
with an alkanolate.

Surprisingly, it has been found that according to
the present invention, aminonitrile yields in excess of 80%
can be attained. Moreover, in the process of the invention
there is no need to supply NH; during the reaction. As
byproduct virtually only oligoamine is formed, which can be
worked up in the chemical industry, as opposed to dimers and
oligomers, which are formed according to the process known
from the art.

The process according to the invention is suitable
for the partial hydrogenation of any nitrile compound with
two or more nitrile groups.

Thus, for'instance, a,w-alkane dinitriles are
suitable for conversion to their corresponding aminonitriles
using the process according to the present invention. These
alkane dinitriles are of a general formula NC-(CH,;),-CN, n
being an integer from 0 to 12. Preferably, n is an integer
from 1 to 6. Examples are: malonitrile (n=1), succinonitrile
{(n=2), adiponitrile (n=4) and glutaronitrile (n=5). The
process according to the present invention is particularly.

' suitable for the hydrogenation of succinonitrile and
adiponitriie.

The hydrogenation of a,w-alkane dinitriles can be
represented by the following reaction scheme:

NC-(CH, ), -CN ———- >H,N~CH, - (CH, ), ~CN (1)

H2 N-CH2 - (CHZ ) n -CN ----- ) Hz N-CHZ - ( CHz ) n —cﬁz -NHZ ( 2 )
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during:the entire reaction. The tenperature during the hydrogenation is
not critical, but is usually 0-200[err]C, and in particular 20-100[err]C.
The catal yst applied according to the invention | S se&t BdsBsén Hepladed cONt ai Ns

a metal fromgroup 8 of the periodic systemof the has been
treated with an al kanol ate. The periodic system pf ﬂﬂ"ﬁm
understood to nean the table as printedzon the cove ook of
Chem stry and Physics, 58th Edition. CRC Press, 1977-1978. Metals from
group 8 are known to be active in the hydrogenation of nitriles (see, for

i nstance, EP-PnOOHY913¢hembckhe, peodatt, opl aéhaumbnp@tu) adsuthandestigedum

are suitable ghol ¢eSa1kQheatElifLeNnE8haLYL CedSt! Fal¥net "o EbR MUt
diamines in the presence of hydrogen according to reaction
(2). k;, and k, denote the rate constants of reactions (1)
and (2). In a selective hydrogenation to the w-amino alkane
nitrile the ratio k,/k, is high.
The process according to the present invention is
. also suitable for the partial hydrogenation of compounds
containing more than two nitrile groups, for instance for
compounds with 3-12 carbon atoms with three or four nitrile
groups. The invention is particularly suitable for the
hydrogenation of dendritic macromolecules which contain
nitrile groups. A general description of dendritic
macromolecules can be found, for instance, in D.A. Tomalia
et al. in Angew. Chem. Int. Ed. Engl. 29, (1990) pp. 138-
175. These macromolecules as a rule have a weight-average
molecular weight (M,) of 100-100,000 kg/kmol. Examples of
dendritic macromolecules that are suitable for the partial
hydrogenation are compounds of the formula:

K({RX), (R'CN), (3)

where m and n are positive integers, the latter standing for
the number of branches of the dendritic macromolecule, while
m is higher than or equal to n. The symbols in formula (3)
denote the following:

K a chemical compound that forms the nucleus of the
dendritic macromolecule

RX branches linked to the nucleus which contain carbon
atoms and optionally hetero atoms

R‘CN a terminal branch with a nitrile group.

According to the present invention the compounds according
to formula (3} can be partially hydrogenated accord{#g

the reaction equation: REDUKmMCW{SHaﬁ




have g large cor ?&byﬁgﬁﬁyl can be used as such or on a suitable

support. US-IA rlbes a process forT E@mRelcai

hydr ogenati on of nitriles to [err] [err]- an1non|tr| |um
conpl exes of thel for my MARRIIRN)|Alas a catal yst, in ved from
a non-all eni c hygrpcarbone di eng of at |east 4 carbons, R[err 'S an
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count er - ani on.

K(RX),(R'CN), + 2p H,~~---> K(RX), (R'CN),_, (R'CH,NH; ), (4)

. where p is a positive integer. The degree of partial
hydrogenation Q is defined as:

O=p/m (5)

According to the invention Q is lower than 1, preferably.
lower than 0.75. After partial hydrogenation the dendritic
macromolecules can be built up further through reaction with
compounds that react with the nitrile or amine groups. This
may again be followed by partial hydrogenation and the
process of alternate buildup or growth and partial
hydrogenation can be repeated several times. Since the
dendritic macromolecule is built up solely at the location
of either the terminal amine groups or the terminal nitrile
groups, while according to the invention the degree of
hydrogenation can be controlled by changing the reaction
conditions, the structure of the dendritic macromolecule can
be influenced in any desired way.

The partial hydrogenation according to the
invention has to be carried out under almost water-free
reaction conditions, which is understood to mean that the
reaction medium contains less than 5 wt.% water. The water
content is determined by means of a Karl Fischer titration
according to the ASTM-E 203 (1971) standard. Preferably, the
water content is below 1 wt.%, more preferably below 0.5
wt.%, and in particular below 0.1 wt.%.

The nitrile can be dissolved in a suitable solvent
prior to the hydrogenation. The solvents that can be used
according to the invention should contain almost no water,
the water content of the reaction medium, as stated above,
being the criterion. Examples of suitable solvents are
tetrahydrofuran, dioxane, alkane (di)amines, alcohols and
ethers. Solvents that are particularly suitable are the
a-w-alkane diamines or alcohols with 1-10 C atoms. Examples
of such particularly suitable solvents are diamino-ethane,
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diamlnobﬁtane, diaminohexane, methanol, ethanol, n-propanol,

i-propanol and n-butanol.

The hydrogenation is effected with hydrogen gas
(H,). This is usually present as a gas phase, which is in
contact with the solution containing the nitrile, a small
portion of the hydrogen gas being dissolved in the solution.
The partial pressure of hydrogen is at least 1 atm (0.1
MPa), but usually 5-500 atm (0.5-50 MPa). In particular 30-
100 atm (3-10 MPa), hydrogen pressure is applied. These and
all other pressures are stated as absolute pressures. Other
gases may be present during the reaction, but they are
usually present in small amounts.

During the hydrogenation hydrogen is preferably
present in a molar ratio of H, : nitrile of at least 1.
Hydrogen consumed in the reaction is usually supplied during
the reaction. As a rule, the hydrogen pressure is kept
constant during the entire reactionmn.

The temperature during the hydrogenation is not
critical, but is usually 0-200°C, and in particular 20-
100°C.

The catalyst applied according to the invention is
a catalyst that contains a metal from group 8 of the
periodic system of the elements which has been treated with
an alkanolate. The periodic system of the elements is
understood to mean the table as printed on the cover of the
Handbook of Chemistry and Physics, 58th Edition, CRC Press,
1977-1978.

Metals from group 8 are known to be active in the
hydrogenation of nitriles (see, for instance, EP-A-0077911).
Nickel, cobalt, platinum, palladium and rhodium are suitable
choices. For sufficient catalytic activity, the metal must
have a large contact area. The metal can be used as such or
on a suitable support.

US-A-4.362.671 describes a process for the partial
hydrogenation of dinitriles to a,w-aminonitriles using
rhodium complexes of the formula (RR'Rh}A as a catalyst, in
which R is derived from a non-allenic hydrocarbone diene of
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a complex monovalent anion serving as counter-anion.

According to the present invention, Raney nickel or
Raney cobalt are particularly suitable as a catalyst. A
description of Raney catalysts and their preparation can be
found in US-A-1,628,190 (1927).

Raney nickel contains mainly nickel and aluminium,
the latter in the form of metallic aluminium, aluminium
oxides or aluminium hydroxides. Small amounts of other
metals in elementary or in chemically bound form, such as
iron and/or chromium, may be added to the Raney nickel to
increase the activity and selectivity for the hydrogenation
of certain groups of compounds. These added metals are
usually called promoters, while the catalyst is called
promoted Raney nickel. For the use of promoters, see: S.R.
Montgomery, Catalysis of Organic Reactions 5, pages 383-409
(1981). According to the invention it is particularly
preferred to use chromium and/or iron promoted Raney nickel
as catalyst.

Raney cobalt also contains aluminium and may
contain promoters. It is known, for instance, that chromium
promoted Raney cobalt is suitable for the hydrogenation of
nitriles to primary amines.

Examples of Raney catalysts that are suitable for
the process according to the invention are the Raney nickel
types Degussa BLM 112 WR, Grace 2400%, Activated Metals A-
4000* and Doduco Ra/NiR (Fe-Cr promoted) and Raney cobalt
type Grace 2724Rr,

According to the present invention the catalyst is
pretreated. Since the hydrogenation is to be carried out
under almost water-free reaction conditions, the catalyst
has to be freed of water. This can be effected using the
methods known from the art, for instance by washing with a
water-free solvent. Preferably, the water is removed from
the catalyst before the catalyst is treated with the
alkanolate.

According to the invention the catalyst is treated
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propanolate or n-butanolate. The alkanolate is usually
available in the form of a metal salt. According to the
invention alkali metal alkanolates or earth alkali metal
alkanolates are particularly suitable. Examples of extremely
suitable alkanolates are potassium and sodium methanolate.
The amount of alkanolate applied to the catalyst is usually
0.01-0.5 g per g of catalyst, in particular 0.03-0.2 g/g
catalyst, and more in particular 0.05-0.15 g/g catalyst.

The temperature during the treatment with
alkanolate is not critical. Usually the treatment takes
place at a temperature between 0 and 50°C, in particular at
room temperature. The pressure during the treatment is of
little importance. Usually the treatment takes place under
atmospheric pressure. Preferably, the treatment takes place
by mixing the catalyst intensively with a solution of the
alkanolate. The solution is preferably a concentrated
solution of the alkanolate in an alkanol. The concentration
is, for instance, 5-1000 g/1, in particular 10-500 g/l.

The products that can be prepared according to the
invention are widely applied as raw materials for the
chemical or the pharmaceutical industry. Examples are the
use of w-aminobutane nitrile (aminobutyro nitrile) as a raw
material for the preparation of the hydrochloride of y-
aminobutryramide (gabamide), with the formula (H,N-CH,),-
CONH, .HC1l, which is used for the preparation of
antidepressants. In addition, aminobutyro nitrile can be
converted into pyrrolidone through saponification and ring
closure.

w-Aminoalkane nitriles can also find application as
raw material for the production of nylons. Thus, &-amino-
hexane nitrile (e-aminocapronitrile) can be used as a raw
material for e-caprolactam, which serves as a raw material
for nylon-6. In this route 1,4-dicyano butane (adiponitrile)
is subjected to selective hydrogenation according to the
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is split off.

The dendritic macromolecules that can be prepared
according to the invention can be used in electronics, for
calibration of sieves, in catalyst carriers and for
selective membranes and coatings. In addition, the dendritic
compounds can be used as impact modifiers or as crosslinking
agents in various plastics.

The invention will be further elucidated in the of
examples and comparative experiments, without, however,
being limited thereto.

The reaction products were analyzed using a gas
chromatograph of the type Hewlett Packard HP5890%, with a
column (type No. CP WAX 51) filled with polyethylene glycol,
and hydrogen as carrier gas. Succinonitrile was analyzed by
means of a separate gas chromatograph, type Chrompack 428AR,
with the following column composition: 5% phenyl, 95% methyl
polysiloxane, type CP SIL 8 CB, and nitrogen as carrier gas.

The amount of water in the reaction mixture was
determined by means of a Karl Fischer titration according to
ASTM-E 203 (1971).

Example I
Raney nickel of the type Degussa BLM 112WF was used

as a catalyst; according to the producer the composition was
85 wt.% Ni, 2.0 wt.% Fe, 2.5 wt.% Cr and 9.7 wt.% Al (Al and
Al20,). 8 g (dry weight} of catalyst was washed five times
with 25 ml water-free methanol, prepared by drying methanol
with a type 3A molecular sieve. After sedimentation of the
slurry, the methanol was decanted. The slurry was
subsequently contacted with a solution of 0.8 g NaOCH, in 20
ml methanol, intensive stirring being applied. After
sedimentation of the slurry, the liguid was decanted and the
treated catalyst was washed with 25 ml diaminoethane,



pot assi um and sodi um net hanol ate. The anount of al kanol ate ;péE?bﬂfﬁﬁﬂfﬁﬁﬂﬁf

g/ g catal yst, an
tenperature duri
the treatnent ta

catalyst is usqﬂ{ﬂg%eﬁ{a@ﬁé&.}@ igeper g of catalyst, in particyl zirr 0703-0. 2

-
=
X
A3
2
o~ad
|

i calar 0.05-0.15 g/ g catal yst.
m lﬁm} nt with al kanolate is not critji dal.
tem perpture between 0 and 50[ -

particular at roomtenperature. The préssure during the treatnent is of
little inmpor- tance. Usually the treatnent takes place under €eric

pressure. Pre&Anakled pyhAddattatBin I &hd?hitsh g M oddih [ he catal yst

intensively with a sol dtion of the al kanol ate.

concentrat ed sol uti on?S HGERETQL aAhN Mle Barm pufiocdiie previdad erkbned on
is for instdredn Fal@@Owd/th a Filaldr &d arald-ti) dHtalyst pdrciyhicts

that can be

materials for

Wa,[%ﬁéﬁrs%%é?ﬁ ?ﬁr Ci"ena%t':[oor twhaes 'f?.l\é'%@xtelro Q—:q%rieppvg evgjythapéalgoe dmlas raw
dosing vessel, connected to the autoclave via a dosing line
with a valve. Both the reactor and the dosing valve have
adjustable heating and pressure control. The reactor
contents can be mixed by means of a stirrer.

The treated catalyst was introduced into the
autoclave as a slurry in 80 g diamino-ethane. The water
content of this catalyst slurry was 0.77 wt.%. Subsequently
the autoclave was purged three times with H,, the H,
pressure was raised to 70 atm, and the temperature was
raised to 80°C while stirring (1500 rpm). 8 g succinonitrile
was dissolved in 10 g diamino-ethane and introduced into the
dosing vessel. Subsequently the dosing vessel was purged
with H, twice and the pressure was raised to 80 atm with H,.
After this, the valve shutting off the dosing vessel was
opened, so that the content of the dosing vessel are
transferred to the autoclave, after which the reaction took
place in the autoclave, under stirring (1500 rpm).

After 300 s the reaction was stopped, by opening
the valve in the reactor drain so that the reactor contents,
apart from the catalyst, flew out of the reactor. The
product was analyzed by means of gas chromatography. The
succinonitrile conversion was 100%. The reaction product
consisted of: 85 mol % pyrrolidine, 14 mol % diaminobutane
and 1 mol % pyrrolidine. The aminobutyronitrile yield was
85%.

Comparative experiment A

' 8 g of the Raney nickel catalyst as in Example I
was washed with 25 ml distilled water five times. After
sedimentation of the slurry, the water was decanted. The
slurry was subsequently contacted with a solution of 0.8 g
NaOH in 20 ml distilled water, while stirring intensively.
After sedimentation of the slurry, the liquid was decanted

The solUution is_preferably a
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through saponificatifQfy catalyst thus treated was used in the
hydrogenation of succinonitrile, as described in Example I.
After 300 s 100% of the succinonitrile was converted. The
reaction product consisted of 96 mol % diaminobutane and 2.5
mol % pyrrolidine and a residual amount of tarry product.
The aminobutyro nitrile yield was 0%. Gas chromatographic
analysis proved that the tarry product consisted mainly of
diaminobutane dimers.
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Example II

The hydrogenation was carried out as described in
Example I, but now 1.1 g KOCH, was used instead of NaOCH,
and diaminobutane was used as solvent instead of diamino-
ethane. After 300 s the succinonitrile conversion was 100%.
The reaction product consisted of 85 mol % aminobutyro
nitrile, 14 -mol % diaminobutane and 1 mol % pyrrolidine. The
'aminobutyronitrile yield was 85%.

Example III

The hydrogenation was carried out as described in
Example II, but now hexamethylene diamine was used as
solvent in stead of diaminobutane. After 300 s the
succinonitrile conversion was 100%. The reaction product
consisted of 86.5 mol % aminobutyro nitrile, 13 mol %
diaminobutane and < 1 mol % pyrrolidine. The aminobutyro
nitrile yield was 86.5%.

To study the hydrogenation kinetics, during the
reaction a small sample was drawn from the reactor every 15
.8 and was analyzed. For reactions (1) and (2) first-order
kinetics were observed, with k; = 0.013 and k,= 8.1%10-4
s-1. The k,/k, ratio was 16.
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reaction kinetics being determined as described in Example
III. First-order kinetics were observed for reactions (1)
and (2), with k; = 0.013 and k,= 2.2*10-3 s-!. The k,/k,
ratio was 5.6.
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Example IV

The hydrogenation was carried out as described in
Example I, but now adiponitrile was hydrogenated. In place
of NaOCH;, 1.2 g KOCH; was added. The water content of the
catalyst slurry was 0.46 wt.%. After 180 s the adiponitrile
conversion was 95%. The reaction product consisted of 77 mol
% e-aminocapronitrile and 23 mol % diaminohexane. The
te-aminocapronitrile yield was 73%.

To study the hydrogenation kinetics, after every 15
s of the reaction time a small sample was drawn from the
reactor, which was analyzed. For reactions (1) and (2)
first-order kinetics were observed, with k; = 0.017 and k,=
2.18*% 10-3 s-!, The k,/k, ratio.was 6.

Comparative experiment C

The hydrogenation was carried out as described in
Example IV. Use was made of a catalyst in water, which
resulted in a water content of 11.2 wt.% in the reaction
mixture. After 90 s the adiponitrile conversion amounted to
99%. The reaction product consisted of 51 mol %
g-aminocapronitrile and 49 mol % hexamethylene diamine. The
g-aminocapronitrile yield was 51%. '

To study the hydrogenation kinetics, during the
reaction a small sample was drawn from the reactor, every 15
s and analyzed. For reactions (1) and (2) first-order
kinetics were observed, with k; = 0.051 and k, = 0.016 s-1.
The k,;/k, ratio was 3.2,
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by neans ‘of aseparate gas chronatograph, type Chronpack428Alerr], with the
ol amr-conpes+-+on, 5%henyl, 95% net hyl pol ysil oxane, type CP
nd nitrogeh SHEFEafri er gas. The amount of water in the
xture was derérg1ﬁed by neans of a Karl Fischer titration
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Process for the preparation of an aminonitrile by
partially hydrogenating a nitrile compound with two or
more nitrile groups in the presence of a catalyst
containing a metal from group 8 of the periodic system
of the elements, characterized in that the hydrogenation
is carried out under almost water-free reaction
conditions and the catalyst has been treated with an
alkanolate.

Process according to claim 1, characterized in that the
alkanolate is chosen from a methanolate or an
ethanolate.

Process according to claim 1 or 2, characterized in that
the alkanolate is an alkali metal alkanolate or an earth
alkali metal alkanolate.

Process according to claim 3, characterized in that the
alkanolate is sodium or potassium methanolate.

Process according to any one of claims 1-4,
characterized in that the amount of alkanolate applied
to the catalyst is 0.01-0.5 g per g of catalyst.

Process according to claim 5, characterized in that the
amount of alkanolate applied to the catalyst is 0.05-
0.15 g per g of catalyst.

Process according to any one of claims 1-6,
characterized in that the catalyst is a Raney nickel or
Raney cobalt catalyst.

Process according to any one of claims 1-7,
characterized in that the catalyst is rendered water-
free before being treated with the alkanolate.

Process according to any one of claims 1-8,
characterized in that the water-free reaction conditions
are such that the water content of the reaction medium
is below 1 wt.%.
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was 85 wt.% N, 2.0 w %Fe, 2.5 w.%Cr and 9.7 wt.% Al (A and
A120ferr]). 8 g (dry weight) of catal yst was washed live tines with 25 ni
wat er - free net hanol, prepared by drying nethanol with a type 3A nol ecul ar
sieve. After sedinentation of the slurry, the nethanol was decanted. The
slurry was subsequently contacted with a solution of 0.8 g NaCCH err] i.n 20
m nmethanol, intensive stirring being applied. After ﬁﬂm nent ati on of the

slurry the I|qU| d was decanted and the treated catal ys ’W"Hmm" 25

m di am noet hane, followed by decantation of the washi

- 13 -

10. Process according to any one of claims 1-9,
characterized in that the partial hydrogenation is
carried out in a solvent chosen from the group
consisting of tetrahydrofuran, dioxane, alkane
(di)amines, alcohols and ethers.

11. Process according to claim 10, characterized in that the
solvent is chosen from a,w-alkane diamines or alcohols
with 1-10 C-atoms.

12. Process according to claim 11, characterized in that the
solvent is chosen from the group consisting of diamino-
ethane, diaminobutane, diaminohexane, methanol, ethanol,
n-propanol, i-propanol and n-butanol.

13. Process according to any one of claims 1-12,
characterized in that the nitrile compound is an
a,w-alkane dinitrile.

14. Process according to claim 13, characterized in that the
a,w-alkane dinitrile is succinonitrile or adiponitrile.

15. Process according to any one of claims 1-12,
characterized in that the nitrile compound is a
dendritic macromolecule.

16. Process as contained in the description and elucidated
in the experiments.
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PROCESS FOR THE PREPARATION OF AN AMINONITRILE
BY PARTIAL HYDROGENATION OF A NITRILE COMPOUND
WITE TWO OR MORE NITRILE GROUPS

A B S T R A C T

The invention relates to a process for the
preparation of an aminonitrile by partially hydrogenating a
nitrile compound with two or more nitrile groups in the
presence of a catalyst which contains a metal from group 8
of the periodic system of the elements, the hydrogenation
being carried out under water-free reaction conditions and
the catalyst having been treated with an alkanolate.
Preferably, the catalyst is a Raney nickel or Raney cobalt
catalyst which has been pretreated with an alkali metal
alkanolate or an earth alkali metal alkanolate such as
sodium or potassium methanolate.

- -
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PROCESS FOR THE PREDPARATION OF AN AMINONITRILE
BY PARTIAL. HYDROGENATION OF A NITRILE COMPOUND
WITH TWO OR MORE NITRILE GROUPS

The invention relates to a process for the
preparation of an aminonitrile by partially hydrogenating a
nitrile compound with two or more nitrile groups in the
presence of a catalyst which contains a metal from group 8
of the periodic system of the elements.

Such a process is known from F. Mares, J.E. Galle,
$S.E. Diamond and F.J. Regina, Journal of Catalysis 112,
({1988), pp. 145-156, according to which publication an
alkane dinitrile, such as a,w-butane dinitrile
(succinonitrile), is hydrogenated in the presence of 2
catalyst consisting of finely divided rhodium halogenide on
2 magnesium oxide carrier. The catalyst is pretreated with
sodium hydroxide, yielding metallic rhodium on a magnesium
oxide carrier. During the hydrogenation reaction'NH, is
supplied in an excess relative to the dinitrile. In the
hydrogenation of succinonitrile, at a reaction temperature
of 100°C, a pressure of 50 atm (5 MPa) and a reaction time
of 5.5 hours, a conversion of 89.4% and a selectivity to
aminobutyronitrile of 87.3% is achieved. This corresponds to
an aminobutyronitrile yield of 78%. Although this yield is
high, a further increase in the yield is desirable. In
addition to this, a large amount of undesirable by-product
is formed (11.9% of the succinonitrile being converted into
dimers and oligomers). The article also reports an eg-amino
capronitrile yield of 66.6% from adiponitrile at 90%
conversion. Dimers are formed in an amount of 2.7%.

It is the object of the present invention to
provide a process for the preparation of an aminonitrile by
means of 2 simple method, at a high reaction velocity and
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The treated catal yst was introduced into the autoclave as a slurry in 80 g
di am no- et hane. The water content of this catalyst slurry was 0.77 w. %
Subsequently the autoclave was purged three times with H2, the H2 pressure
was raised to 70 atm and the tenperature was raised to 80[err]C while
stirring (1500 rpm. 8 g succinonitrile was ¢t €sol ved in 10 g

di am no-et hane and introduced into the dosing vessel. Subsequently the
dosi ng vessel mas purged with Herr] twice and the pressure was raised to

80 atmw th H[ £ ut tihng, d@é,lpﬂgl S
was opened. so at ﬁ%e Coﬁﬁiﬁ?n-gf%¥§ %gg;g égése aréﬁfrans er tgkthe
aut ocl ave, aftwndﬁw#t#b%hebynegdﬁﬁhstbéklﬁma§é i*n the autocl ave, under
stirring (1500 rpmn). Thé\' 6S;§e§900f ethé bi‘&séﬁ%chh%dﬁ%ﬁti@@&uéved in

opening the valye | ihd WydSogentefon' fs°2athdba' B¢’ Shdey RSy SRELE-
free reaction -conditions and the catalyst has been treated
with an alkanolate.

Surprisingly, it has been found that according to
the present invention, aminonitrile yields in excess of 80%
can be attained. Moreover, in the process of the invention
there is no need to supply NH,; during the reaction. As
byproduct virtually only oligoamine is formed, which can be
worked up in the chemical industry, as opposed to dimers and
oligomers, which are formed according to the process known
from the art.

The process according to the invention is suitable
for the partial hydrogenation of any nitrile compound with
two or more nitrile groups.

Thus, for instance, a,w-alkane dinitriles are -
suitable for conversion to their corresponding aminonitriles
using the process according to the present invention. These
alkane dinitriles are of a general formula NC-(CH,),-CN, n
being an integer from 0 to 12. Preferably, n is an integer
from 1 to 6. Examples are: malonitrile (n=1), succinonitrile
(n=2}, adiponitrile (n=4) and glutaronitrile (n=5). The
process according to the present invention is particularly
suitable for the hydrogenation of succinonitrile and
adiponitrile.

The hydrogenation of a,w-alkane dinitriles can be
represented bj the following reaction scheme:

kl
NC- (CH, ), ~CN -=~e=> H,N-CH,-(CH, ),~CN (1)
k2

a,n-cn,-(cx,)n-cn ~=e==> H,N~CH,~{CH, ), -CH, -NH, (2)
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fromthe catalyst, flew out of the reactor. The product ]
oA R ey

means of gas chronat ography. The succinonitrile conversio
reacti on product consisted of: 85 mpbl % aminobutyronitr{l ¢, ,14 mol %

di am nobutane and 1 nmol % pyrrolidine. The. am nobutyron|tfi S
85% Conparative experinent A 8 g of the Raney ni gk atal yst as| ijn
Exanple | was washed with 25 m distilled water five tifres. After
sedimentation of the slurry, the water was decanted. The=wshlddmiy..Nas
subsequently contacted with a solution of 0.8 g NaOH in 20 m

In this scheme the product of reaction (1) is the desired
w-aminoalkanenitrile, which can react further to form
diamines in the presence of hydrogen according to reaction
(2). k, and k, denote the rate constants of reactions (1)
and (2). In a selective hydrogenation to the w-amino alkane
nitrile the ratio k,/k, is high.

The process according to the present invention is
also suitable for the partial hydrogenation of compounds
containing more than two nitrile groups, for instance for
compounds with 3-12 carbon atoms with three or four nitrile
groups. The invention is particularly suitable for the
hydrogenation of dendritic macromolecules which contain
nitrile groups. A general description of dendritic
macromolecules can be found, for instance, in D.A. Tomalia
et al. in Angew. Chem. Int. Ed. Engl. 29, (1990) pp. 138-
175. These macromolecules as a rule have a weight-average
molecular weight (M,) of 100-100,000 kg/kmol. Examples of
dendritic macromolecules that are suitable for the partial
hydrogenation are compounds of the formula:

K(RX), (R'CN}, (3}

where m and n are positive integers, the latter standing for
the number of branches of the dendritic macromolecule, while
m is higher than or egual to n. The symbols in formula (3)
denote the following:

K a chemical compound that forms the nucleus of the
dendritic macromolecule '

RX branches linked to the nucleus which contain carbon
atoms and optionally hetero atoms

R’CN a terminal branch with a nitrile group.

According to the present invention the compounds according
to formula (3) can be partially hydrogenated according to
" the reaction equation:
een Replaced
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distilled water, while stirring intensively. After sedi rreht'tﬁmﬁ@meSHEH
slurry, the I|qU|d was decanted and the treated catal yst wa
A 0,
u cw%én%@$?5%1

m di am noet hane. The water content of the catalyst slurry
The catal yst thus treated was used in the hydrogenati on of

as described in Exanple 1. After 300 s 100% of "t he succi nonijt fi.l.g. WAS -t
converted. The reaction product consisted of 96 nmol % di am nobut ane and 2.5
mol % pyrrolidine a Leshdual, ynt_of U gi@gﬁﬂﬁyﬂﬂﬂﬂq"””‘
nitrite yield masxggg)@ég ghﬂenatggpa i C a%a yS| ggo§§&~rn thé érﬁy
product consisted mainly of diam nobutane diners. Exanple II

where p is a positive integer. The degree of partial
hydrogenation Q is defined as:

Q=p/m (5)

According to the invention Q is lower than 1, preferably
lower than 0.75. After partial hydrogenation the dendritic
macromolecules can be built up further through reaction with
compounds that react with the nitrile or amine groups. This
may again be followed by partial hydrogenation and the
process of alternate buildup or growth and partial
hydrogenation can be repeated several times. Since the
dendritic macromolecule is built up solely at the location
of either the terminal amine groups or the terminal nitrile
groups, while according to the invention the degree of
hydrogenation can be controlled by changing the reaction
conditions, the structure of the dendritic macromoiécule can
be influenced in any desired way. |

The partial hydrogenation according to the
invention has to be carried out under almost water-free
reaction conditions, which is understood to mean that the
reaction medium contains less than 5 wt.% water. The water
content is determined by means of a Karl Fischer titration
according to the ASTM-E 203 (1971) standard. Preferably, the
water content is below 1 wt.%, more preferably below 0.5
wt.%, and in particular below 0.1 wt.%. |

The nitrile can be dissolved in a suitable solvent
prior to the hydrogenation. The solvents that can be used
according to the invention should contain almost no water,
the water content of the reaction medium, as stated above,
being the criterion. Examples of suitable solvents are
tetrahydrofuran, dioxane, alkane (di)amines, alcohols and
ethers. Solvents that are particularly suitable are the -
a~-w~alkane diamines or alcohols with 1-10 C atoms. Examples
of such particularly suitable solvents are diamino-ethane,
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The hydrogenation was carried out as described in Exanple

KOCH err] was used instead of NaOCH3 and di am nobut ane was|u

i nstead of di am no-ethane. After 300 s the succinonitrile

REPLACEMPNT SHEET |

L0 verS| on was

hni t & @ AUGLIS 0| -

100% The reaction product consisted of 85 ngl@ban1nobutyr
% di am nobutane and 1 nol % pyrrolidine. The
Exanple |11 '

am ni nobutyrohitrile yleld was

diaminobutane, diaminohexane, methanol, éthanol, n-propanol,
i-propanol and n-butanol.

The hydrogenation is effected with hydrogen gas
(K, ). This is usually present as a gas phase, which is in
contact with the solution containing the nitrile, a small
portion of the hydrogen gas being dissolved in the solutionm.
The partial pressure of hydrogen is at least 1 atm (0.1
MPa), but usually 5-500 atm (0.5-50 MPa). In particular 30-
100 atm (3-10 MPa), hydrogen pressure is applied. These and
all other pressures are stated as absolute pressures. Other
gases may be present during the reaction, but they are
usually present in small amounts.

During the hydrogenation hydrogen is preferably
present in a molar ratio of H, : nitrile of at least 1.
Hydrogen consumed in the reaction is usually supplied during
the reaction. As a rule, the hydrogen pressure is kept
constant during the entire reaction.

The temperature during the hydrogenation is not
critical, but is usually 0-200°C, and in particular 20-
100°C.

The catalyst applied according to the invention is
a catalyst that contains a metal from group 8 of the
periodic system of the elements which has been treated with
an alkanoclate. The periodic system of the elements is
understood to mean the table as printed on the cover of the
Handbook of Chemistry and Physics, 58th Edition, CRC Press,
1977-1978.

, Metals from group 8 are known to be active in the
hydrogenation of nitriles (see, for instance, EP-A-0077911).
Nickel, cobalt, platinum, palladium and rhodium are suitable
choices. For sufficient catalytic activity, the metal must
have a2 large contact area. The metal can be used as such or
on a suitable support. =

US-A-4.362.67]1 describes a process for the partial
hydrogenation of dinitriles to a,w-aminonitriles using
rhodium complexes of the formula (RR’Rh)A as a catalyst, in
which R is derived from a non-allenic hydrocarbone diene of
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The hydrogenation was carried out as described in Exanple IggnmcembMISHFEF

hexanmet hyl ene di am ne was used as solvent in stead of dia aneT A TEer
300 s the succinonitrile conversion was 100% The reaction r @feb
of 86.5 nol % am nobutyro nitrile. 13 nol @%ﬁjaninobulane n éﬁ ﬁgﬁgég

pyrrolidine. The aminobutyro nitrile yield was 86.5 . 0 -

hydr ogenation kinetics, during the reaction a snmall sanpl e jwas gramn from
e eactor EverYoho padA (AR 1o, £ ef SELARIEROUbA BERERRR ana  is
8.1*10[ err] [err]aThemppsmrpmmpmaqentnangqaﬁsqgwxng as counter-anion..

According to the present invention, Raney nickel or
‘Raney cobalt are particularly suitable as a catalyst. A
description of Raney catalysts and their preparation can be
found in US-A-1,628,1%0 (1927).

Raney nickel contains .mainly nickel and aluminium,
the latter in the form of metallic aluminium, aluminium
oxides or aluminium hydroxides. Small amounts of other
metals in elementary or in chemically bound form, such as
iron and/or chromium, may be added to the Raney nickel to
increase the activitj and selectivity for the hydrogenation
of certain groups of compounds. These added metals are )
usually called promoters, while the catalyst is called
promoted Raney nickel. For the use of promoters, see: S.R.
Montgomery, Catalysis of Organic Reactions 5, pages 383-409
(1981). According to the invention it is particularly
preferred to use chromium and/or iron promoted Raney nickel
as catalyst. ' '

Raney cobalt also contains aluminium and may
contain promoters. It is known, for instance, that chromium
promoted Raney cobalt is suitable for the hydrogenation of
nitriles to primary amines.

Examples of Raney catalysts that are suitable for
the process according to the invention are the Raney nickel
types Degussa BLM 112 W*, Grace 2400*, Activated Metals A-
4000* and Doduco Ra/Nitr (Fe-Cr promoted) and Raney cobalt
type Grace 2724*. ' .

According to the present invention the catalyst is
pretreated. Since the hydrogenation is to be carried out
under almost water-free reaction conditions, thé catalyst
has to be freed of water. This can be effected using the
methods known from the art, for instance by washing with a
water-free solvent. Preferably, the water is removed from
the catalyst before the catalyst is treated with the
alkanolate.

' " According to the invention the catalyst is treated
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Conpar ative epr%g nt B |
reaction kinetics : qeeéd as . described in Exanple I}l X First-or
kinetic were obsH tions (1)and (2), with k[err] 03 ANG
kK[err]=2.2*10[err [err]/k[err] {alio was 5. 6. le IV

The hydrogenation was carried out as described in Exanple 1,
adi ponitrile was hydrogenated. In place of ' . e

with an alkanolate. The alkanclate according to the
invention is preferably an alkanolate with 1-10 C-atoms, for
instance methanolate, ethanolate, n-propanclate, i-
propanolate or n-butanolate. The alkanolate is usually
available in the form of a metal salt. According to the
invention alkali metal alkanolates or earth alkali metal
alkanolates are particularly suitable. Examples of extremely
suitable alkanolates are potassium and sodium methanolate.
The amount of alkanolate applied to the catalyst is usually
0.01-0.5 g per g of chtalyst. in particular 0.03-0.2 g/g
catalyst, and more in particular 0.05-0.15 g/g catalyst.

The temperature during the treatment with
alkanolate is not critical. Usually the treatment takes
place at a temperature between 0 and 50°C, in particular at
room temperature. The pressure during the treatment is of
little importance. Usually the treatment takes place under
atmospheric pressure. Preferably, the treatment takes place
by mixing the catalyst intemsively with 2 solution of the
alkanolate. The solution is preferably a concentrated
..solution of the alkanolate in an alkanol. The concentration
is, for instance, 5-1000 g/1, in particular 10-500 g/l.

The products that can be prepared according to the
invention are widely applied as raw materials for the
chemical or the pharmaceutical industry. Examples are the
use of w-aminobutane nitrile (aminobutyro nitrile) as a raw
material for the preparation of the hydrochloride of y-
aminobutryramide (gabamide), with the formula (H,N-CH,),-
CONH, .HCl, which is used for the preparation of
antidepressants. In addition, aminobutyro nitrile can be
converted into pyrrolidone through saponification and ring
closure.

w-Aminoalkane nitriles can also find application as
raw material for the production of nylons. Thus, e-amino-
hexane nitrile (e-aminocapronitrile) can be used as a raw
material for s~caprolactam, which serves as a raw material
‘for nylon-6. In this route 1,4-dicyano butane (adiponitrile)
is subjected to selective hydrogenation according to the




NaOCH[ err], 1.2g KOCH err] was added. The water content of tHe REBLAGEMENT SHEET
sluyrry was 0.46 w %ssaéetﬂxsmaé}{Re@ia&ehe adi ponitrile conversiof s 95% ThHé& ;
reaction product con i

}

% [err]-am nocapronitrilfe}aBip2g; Gﬂﬁ?f%
The [ onltrlle %leld was 73% 0 study t
a e

di am nohexane.

hydr ogenati on klnetlcs

v

r every 15 s of "t e reaction ting asmatt———-- -

sanpl e was drawn fronlthe reactor, which was anal yzed. For reactions (1)

and (2) first-or dfﬁléhgﬁ Efo"‘ff.ﬂ?ﬁ?f{:&rigﬁ gh&g'o%.%rxrﬂle, Qiidn 5§ EbEVELed

2.18* 10[err]

[err

é-amino-hexanoic acid (t-amino caproic acid) through
saponification, which is subsequently converted into
caprolactam by means of a ring closure reaction in which H,0
is split off.

The dendritic macromolecules that can be prepared
according to the invention can be used in electronics, for
calibration of sieves, in catalyst carriers and for
selective membranes and coatings. In addition, the dendritic
compounds can be used as impact modifiers or as crosslinking
agents in various plastics.

The invention will be further elucidated in the of
examples and comparative experiments, without, however,
being limited thereto.

The reaction products were analyzed using a gas
chromatograph of the type Hewlett Packard HP5890*, with a
column (type No. CP WAX 51) filled with polyethylene glycol,
and hydrogen as carrier gas. Succinonitrile was analyzed by
means of a separate gas chromatograph, type Chrompack 428Ar,
with the following column composition: 5% phenyl, 95% methyl
polysiloxane, type CP SIL 8 CB, and nitrogen as carrier gas.

The amount of water in the reaction mixture was
determined by means of a Karl Fischer titration according to
ASTM-E 203 (1971).

Example I

Raney nickel of the type Degussa BLM 1ll12W® was used
as a catalyst; according to the producer the composition was
85 wt.% Ni, 2.0 wt.% Fe, 2.5 wt.% Cr and 9.7 wt.% Al (Al and
Al20,). 8 g (dry weight) of catalyst was washed five times
with 25 ml water-free methanol, prepared by dfying methanol
with a type 3A molecular sieve. After sedimentation of the
slurry, the methanol was decanted. The slurry was
subsequently contacted with a solution of 0.8 g NaOCH; in 20
ml methanol, intensive stirring being applied. After
sedimentation of the slurry, the liquid was decanted and the
treated catalyst was washed with 25 ml diaminoethane,
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followed by defantation of the washing ligquid.

As reactor a 160 ml Parr autoclave provided with a
drain valve with a filter to trap the catalyst particles,
was used. The reactor was further equipped with a 50 ml
dosing vessel, connected to the autoclave via a dosing line
with a valve. Both the reactor and the dosing valve have
adjustable heating and pressuré control. The reactor
contents can be mixed by means of a stirrer.

The treated catalyst was introduced into the
autoclave as a slurry in 80 g diamino-ethane. The water
content of this catalyst slurry was 0.77 wt.%. Subsequently
the autoclave was pufged three times with H,, the H,
pressure was raised to 70 atm, and the temperature was
raised to 80°C while stirring (1500 rpm). 8 g succinonitrile
was dissolved in 10 g diamino-ethane and introduced into the
dosing vessel. Subsequently the dosing vessel was purged
with H, twice and the pressure was raised to 80 atm with H,.
After this, the valve shutting off the dosing vessel ‘was
opened, so that the content of the dosing vessel are
transferred to the autoclave, after which the reaction took
place in the autoclave, under stirring (1500 rpm).

After 300 s the reaction was étogped, by opening
the valve in the reactor drain so that the reactor contents,
apart from the catalyst, flew out of the reactor. The
product was analyzed by means of gas chromatography. The
succinonitrile conversion was 100%. The reaction product

consisted of: 85 mol % aminobutyronitrile, 14 mol % diaminobutane
and 1 mol % pyrrolidine. The aminobutyronitrile yield was 85% .

Comparative experiment A

8 g of the Raney nickel catalyst as in Example I
was washed with 25 ml distilled water five times. After
sedimentation of the slurry, the water was decanted. The
slurry was subseguently contacted with a solution of 0.8 g
NaOH in 20 ml distilled water, while stirring intensively.
After sedimentation of the slurry, the liquid was decanted
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-5- Conparati ve experinment C The hydrogenation was carried out as
described in Exanple IV Use was nade of a catalyst in water, which resulted
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and the treatéd catalyst was washed with 25 ml
diaminoethane. The water content of the catalyst slurry was
7.7 wt.%.

The catalyst thus treated was used in the
hydrogenation of succinonitrile, as described in Example I.
After 300 s 100% of the succinonitrile was converted. The
reaction product consisted of 96 mol % diaminobutanée and 2.5
mol % pyrrolidine and a residual amount of tarry product.
The aminobutyro nitrile yield was 0%. Gas chromatographic
analysis proved that the tarry product consisted mainly of
diaminobutane dimers.

Example II

The hydrogenation was carried out as described in
Example I, but now 1.1 g KOCH, was used instead of NaOCH,
and diaminobutane was used as solvent instead of diamino-
ethane. After 300 s the succinonitrile conversion was 100%.
The reaction product consisted of 85 mol % aminobutyro
nitrile, 14 mol % diaminobutane and 1 mol % pyrrolidine. The
aminobutyronitrile yield was 85%.

Example III
The hydrogenation was carried out as described in

Example II, but now hexamethylene diamine was used as
solvent in stead of diaminobutane. After 300 s the
succinonitrile conversion was 100%. The reaction product
consisted of 86.5 mol % aminobutyro nitrile, 13 mol %
diaminobutane and < 1 mol % pfrrolidine. The aminobutyro
nitrile yield was 86.5%.

To study the hydrogenation kinetics, during the
reaction a small sample was drawn from the reactor every 15
s and was analyzed. For reactions (1) and (2) first-order
kinetics were observed, with k, = 0.013 and k,= 8.1%10-¢
s-1. The k,/k; ratio was 16.
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in a water content of 11 2 wt.% in the reaction mxture. After 90 s the
aQiponitrrIe conversion anounted to 99% The reaction product consisted of
51 nol % [err]--aninocapronitrile and 49 nmol % hexanethyl ene dianine. The
[err]-am nocaproni- trile yield was 51% To study the hydrogenation

ki netics, during the reaction a small sahple was drawn fromthe reactor
every 15 s and anal yzed. For reactions (1) and (2) first-order kinetics
were observed, with k[err] = 0.051 and k[err] = 0.016 s[err]. The k[err]/

k[err] ratio wasomp&rative éxperiment B
Comparative example A was repeated, now the
reaction kinetics being determined as described in Example
III. First-order kinetics were observed for reactions (1)
and (2), with k, = 0.013 and k,= 2.2+10-3 s-1!. The k,/k,
ratio was 5.6.

Example IV
The hydrogenation was carried out as described in

Example I, but now adiponitrile was hydrogenated. In place
of NabCH;, 1.2 g KOCH, was added. The water content of the
catalyst slurry was 0.46 wt.%. After 180 s the adiponitrile
conversion was 95%. The reaction product consisted of 77 mol
$ c-aminocapronitrile and 23 mol % diaminohexane. The
e-aminocapronitrile yield was 73%.

To study the hydrogenation kinetics, after every 15
s of the reaction time a small sample was drawn from the
reactor, which was analyzed. For reactions (1) and (2)
first-order kinetics were observed, with k, = 0.017 and k,=
'2.18+« 10-3 s-!. The k;/k, ratio was 6.

Comparative experiment C
The hydrogenation was carried out as described in

Example IV. Use was made of a catalyst in water, which
resulted in a water content of 11.2 wt.% in the reaction
mixture. After 90 s the adiponitrile conversion amounted to
99%. The reaction product consisted of 51 mol %
t-aminocapronitrile and 49 mol % hexamethylene dzam;ne. The
g-aminocapronitrile yield was-51%.

To.study the hydrogenation kinetics, during the
reaction a small sample was drawn from the reactor, every 15
s and analyzed. For reactions (1) and (2) first-order
kinetics were observed, with k, = 0.051 and k, = 0.016 s-!
The k,/k, ratio was 3.2.
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1. Process for the preparation of an aminonitrile by partially
hydrogenating a nitrile compound with two or more nitrile
groups in the presence of a catalyst containing a metal from
group 8 of the periodic system of the elements, characterized
in that the hydrogenation is carried out in a reaction medium
containing less than 5 wt.% water and the catalyst has been
treated with an alkanolate.

2. Process according to claim 1, characterized in that the
alkanolate is chosen from a methanolate or an
ethanolate.

3. Process according to claim 1 or 2, characterized in that
the alkanolate is an alkali metal alkanolate or an earth
alkali metal alkanolate.

4. Process according to claim 3, characterized in that the
alkanolate is sodium or potassium methanolate.

S. Process according to any one of claims 1-4,
characterized in that the amount of alkanolate applied
to the catalyst is 0.01-0.5 g per g of catalyst.

6. Process according to claim 5, characterized. in that the
amount of alkanolate applied to the catalyst is 0.05-
0.15 g per g of catalyst.

7. Process according to any one of claims 1-6,
characterized in that the catalyst is a Raney nickel or
Raney cobalt catalyst. i

8. Process according to any one of claims 1-7, _
characterized in that the catalyst is rendered water-
free before being treated with the alkanolate.

9. Process according to any one of claims 1-8,
characterized in that the water-free reaction conditions
are such that the water content of the reaction medium
is below 1 wt.%.
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10. Process according to any one of claims 1-9,
characterized in that the partial hydrogenation is
carried out in a solvent chosen from the group
consisting of tetrahydrofuran, dioxane, alkane
(di)amines, alcohols and ethers.

11. Process according to claim 10, characterized in that the
solvent is chosen from a,w-alkane diamines or alcohols
with 1-10 C-atoms.

12. Process according to claim 11, characterized in that the
solvent is chosen from the group consisting of diamino-
ethane, diaminobutane, diaminohexane, methanol, ethanol,
n-propanol, i-propanol and n-butanol.

13. Process according to any one of claims 1-12,
characterized in that the nitrile compound is an
a,w-alkane dinitrile.

14. Process according to claim 13, characterized in that the
a,w-alkane dinitrile is succinonitrile or adiponitrile.

15. Process according to any one of claims 1-12,
characterized in that the nitrile compound is a
dendritic macromolecule.
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R-THE-PREPARATION-OF AN AMINONITRILE BY PARTIAL HYDROGENATION
OF A NITRILE COMPOUND WITH TWO OR MORE NITRILE GROUPS

DATE OF RECEIPT .. =%
~————PROCESSFO

Dseacription

The invention relates to a procass for the praparation of an aminonitrile by partially hydrogenating a nitrile com-
pound with two ar mora nitrife groups in the presences of a catalyst which contains a metal from group 8 of the pariadic
system of the elemants.

Such aprocess is known from F. Marss, J.E. Galle, S.E, Diamond and F.J. Regina, Journal of Catalysis 112 (1988),
pp. 145-156, according to which publication an atkane dinitrile, such as a.o-butane dinitrile {succinonitrile), is hydro-
genated in the presenca of a catalyst consisting of finely divided rhodium halogenide on a magnesium axide carrier.
The catalyst is pratreated with sodium hydroxide, yislding metallic thodium on a magnesium oxide carrier. During the
hydrogenation reaction NH; is supplied in an excess relativa to the dinitrile. In the hydrogenation of succinonitrile, at
a reaction t{emperature of 100°C, a prassura of SO atm (5 MPa) and a reaction lime of 5.5 hours, a conversion of 89.4%
and a selectivily to amincbutyronitrile of 87.3% is achieved. This corresponds 1o an aminobutyronitrile yield of 78%.
Althcugh this yield is high, a further increase in the yieid is desirable. In addition to this, a large amount of undesirabla
by-praduct is fomad (11.9% of the succinonitrile baing convertad into dimers and oligomers). The articls also reports
an e-amino capronitrile yield of §6.6% from adiponitrile at 90% conversion. Dimers are formed in an amount of 2.7%.

Itis the object of the presant invention to provide a process for the preparalion of an aminonitrile by means of a
simple method, at a high reaction velacity and with a high aminonitrile yield, in which the lformation of undesirable
byproducts is fimited,

The object of the present invention is achieved in that the hydrogenation is carried out under virtually water{ree
reaction condilions and the catalyst has been treated with an alkanciate.

Surprisingly, it has been found that according to lhe prasent invention, aminonitrile yields in excess of 80% can
be attained. Moraovar, in the process of the invention there is no need to supply NH, during the reaction. As byproduct
virtually only oligoamine is formed, which can be worked up in the chemical industry, as opgosed lo dimers and oli-
gomers, which are formed according o the process known from the art. *

The process according to the invention is suitable far the partial hydrogenaticn of any nitrile compound with two
or more nitrile groups.

Thus, for instance, a.w-alkane dinitriles are suitable lor conversion ta their corresponding aminonitriles using the
process according o the prasent invention. These alkane dinitrilas are ol a general formula NC-{CHj),-CN, n being
an integer from Q to 12, Preferably, n is an integer from 1 to 6. Examples are: malonitrile (n=1), succincnitrile n=2),
adiponitrile (n=4) and glutaronitrile {n=5). The process according to the present invention is particularly suitabie for the
hydrogenation of succinonitrile and adiponitrile. :

The hydroganation of «,w-alkane dinitriles can be represented by the following reaction scheme:’

k, -

NC-(CH, ), -CN -=-=-> H,N-CH,-{CH, ), -CN (1)
k!

H,N-CH,~(CH;),-CN =----> H,N-CH,-(CH, ), -CH, -NE, (2)

in this schems the product of reaction (1) is the desirad w-aminoalkanenitrile, which can raact further to form diamines
in the prasence of hydrogen according to reaction {2). k, and k, denota the rate constants of reactions (1) and (2). In
a salsctive hydrogenation to the @~-amino alkana nitrife the ratio k,/k, is high.

The process according to the present invention is also suitable for the partial hydrogenation of compounds con-
taining mora than two nitrila groups, for instance for compounds with 3-12 carbon atoms with three or four nitrile groups.
The invention is particularly suitable for the hydrogenation of dendritic macromolecules which contain nitrile groups.
A ganeral description of dendritic macromolacules can be found, for instance, in D.A. Tomalia et ai. in Angew. Chem..
Int. Ed. Engl. 29, (1990) pp. 138-175. Thess macromoleculas as a rule have a weight-avaerage molecular weight (M,,)
of 100-100,000 kg/kmol. Examples of dendritic macromolecules that are suitable for the partial hydroganation are
compounds of the farmula:
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Claims 1. Process for the preparation of an amnonitrile b@EWMﬁmﬁHEET
hydrogenating a nitrile conmpound with tvvlo ](c)r nor e nitrigl e‘ groups in the
resence of a catalyst containing a neta rom group ef—t-he- “e‘r;ag'r_;i_,_
Eysf em of the el erre%ts, characterized in that the h)dﬁﬁ@é’fﬁé&iwh §red
carried out in a reaction medium cont-antng | ess than 5jwf"% water "and

the catal yst has been treated with an al kanolate. 2. Prog es§53§§pr1ﬁ¢g1g td
claiml. characterized in that the al kanolate is chosen firom a nethanolkate
or an ethanol ate.

=

K{RX),(R'CN},,, . ()]

where m and n are positive integers, the latter standing for the number of branchaes of the dendritic macromoleculs,
while m is higher than or equal tc n. The symbols in formula {J) denote the following:

K a chemical compound that forms the nucteus of the dendritic macromolecule
AX branches linked 1o the nucleus which contain carbon atoms and optionally hatero atoms
A'CN  a terminal branch with a nilrile group.

Acco[dipg to the present invention the compounds according to formula {3) can be partiaily hydrogenated accarding
to the reaclion equalion:

KAX), (R'CN),, +2p H, » K(H)q“(R'CN)”p(R'CﬂzNHz)' (4)
where p is a positive integer. The dagraa of partial hydrogenation Q is defined as:
C=p/m (5)

According to the invention Q is lower than 1, prefarably lower than 0.75. After partial hydrogenation the dendritic mac-
romolecules can be built up further through rsaction with compounds that react with the nitrila or amine groups. This
may again be followed by partial hydrogenaltion and the procass of altemats buildup or growth and partial hydrogenation
<can be repeated several times. Sinca the dendritic macromolecule is beiit up solely at the location of sither the terminal
amine groups or the terminal nitrile groupe, while according to the invention the dagree of hydrogenation can be con-
trolled by changing the reaction conditions, the structure of the dendritic macromolacule can be influenced in any
desired way.

Tha partial hydrogenation according to the invention has to be carried out under almost water<ree reaction con-
ditions, which is undarstood to mean that the reaction medium contains lesa than 5 wt.% water. Tha water content is
detarmined by means of a Karl Fischar titration according to the ASTM-E 203 (1971) standard. Preferably, the water
content is below 1 wt.%, more prefarably below 0.5 wt.%, and in particular below 0.1 Wt.%.

Thenitrile can be dissoived in a suitabie solvent prior 1o the hydrogenation. The scivents thatcan ba used according
to the invention shoukd contain almast no water, the watar content of the reaction medium, as stated above, being the
criterion. Examples of suitable solvents are tetrahydrofuran, dioxans, alkane {dilamines, alcohols and ethers. Solvents
that are particularly suitable are the a-o-alkane diamines or aicohols with 1-10 C atoms. Exampies of such particularly
suitable solvents are diamino-ethane, diamincbutane, diaminohexane,' methancl, sthanol, n-propandal, i-propanol and
n-butanol. -

The hydrogenation is eftected with hydrogen gas {H,). This is usually present as a gas phase, which is in contact
with the solution containing the nitrile, a smail portion of the hydrogen gas being dissoived in the solution. The partial
pressure of hydrogen is at least 1 atm (0.1 MPa), but usuaily 5-500 atm {0,5-S0 MPa). In particular 30-100 atm (3-10
MPa), hydrogen pressure is applied, These and ail other pressures are stated as absolute pressures. Other gases
may be prasent during the reaclion, but they are usually present in small amounts.

During the hydrogenation hydrogen is praferably present in a molar ratio of H, : nitrile of at least 1. Hydrogen
consumed in the reaction is usually supplied during the reaction. As a rule, the hydrogen pressure is kept constant
during the entire reaction. '

The temperalure during the hydrogenation is not critical, but is usually 0-200°C, and in particular 20-100°C.

Thae catalyst applied according to the invention is a catalysl thal contains a metal from group 8 of the periodic
system of the elernents which has been treated with an alkanolate. The periodic system of the elements is understcod
to mean the table as printed on the cover of the Handbook of Chemistry and Physics, 58th Edition. CAC Prass,
1977-1978.

Metals trom group 8 are known lo be active in the hydrogenation of nitriles (see, for instancs, EP-A-0077911).
Nickel, cobalt, platinum, palladium and rhodium are suitable choices. For sufficient catalytic activity, the metal must
have a large contact area. The metal can be used as such or on a suitable support.

US-A-4.362.671 describes a process for the partial hydrogenation of dinitrifes to o, a-aminonitriles using rhodium
complexes of the formula {RR'Rh)A as a catalyst, in which R is derived from a non-allenic hydrocarbone diene of at
least 4 carbons, R' is an organitrogen compound and A is a complex monovalent anion serving as counter-anion.
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3. Process according to claim1l or 2. characterized in thgtREma{Iaiakn‘n(gfﬁEp i
is an al kali netal alkanolate or an earth al kali netaf atkamol-ate. -4
Process according to claim3, characterized in that the a kan(yﬁgﬁgj? h
sodi um or pot assium net hanol ate. S. Process according to|apy t oPai

1-4 characterized in that the anmpbunt of- gl kanol ate applied to-the _catalyst
Is 0.01-0.5 g per g of catalyst.

(LR T

[N

According to the present invention, Ranay nickal or Raney cobait are particularly suitabis as a catalyst. A descrip-
tion of Ransy catalysts and their praparation can ba found in US-A-1,628,190 {1927).

Raney nickel contains mainly nicke! and aluminium, tha laiter in the form of metallic aluminium, aluminium oxides
or aluminium hydroxides. Small amounts of othar maetals in alementary or in chemically bound farm, such as iron and/
or chromium, may be added to the Raney nickel to increasa the activity and selectivity for the hydrogenation of certain
groups of compounds. These added metals ars usually calfed promoters, while the catalyst is called promotad Ranay
nickel. For the use of pramoters, see: S.R. Montgomaery, Catalysis of Organic Reactions 5. pages 383-409 {1981).
According to the invention it is particularly preferred to use chromium and/or iron promoted Raney nicke! as catalyst.

Raney cobalt also ¢ontains aluminium and may contain promoters. It is known, for instance, that chromlum pro-
moted Raney cobalt is suitable for the hydroganation of nitriles to primary amines.

Examples of Raney catalysts that are suitable tor the process according to the invention ara the Ranaey nickel
types Degussa BLM 112 WR, Grace 2400, Activated Melals A-400CR and Doduco Ra/NiR (Fe-Cr promoted) and
Raney cobalt type Grace 2724R,

Accarding to the present invention the catalyst is pretreated. Sincs the hydrogenation is to be carried out under
almost water-free reaction conditions, the catalyst has tc be freed of water. This can be effected using the methods
known from the art, for instance by washing with a waler-iree solvent. Preferably, the waler is removed from the catalyst
belore he catalysl is treated with the alkanolate,

According lo the invenlion tha catalyst is treated wilh an alkanolate, The alkanolate according to the invention is
prelerably an alkanalate with 1-10 C-atoms, for instance methanolale, ethanolats, n-propanclate, i-propanociate or n-
butanolats. The alkanolate is usually availabile in the lorm of a metal salt. According to the invention aikali metal al-
kanolales or earth alkali metal alkanalales are particularly suitable. Examples of extremely suitable alkanoclates are
potassium and sodium methanclate. The amount of alkanolate applied io the catalyst is usually 0.01-0.5 g per g of
catalysl, in particular 0.03-0.2 g/g catalyst, and more in particuiar 0.05-0.15 g/g catalyst.

The temperalure during the lreatment with alkanciate is not critical. Usually the lreatment takes place at a tem-
peralure between 0 and 50°C, in particular.at room temperature. The pressure during the lreatment is of little impor-
tance. Usually the traatment lakes place under atmospharic pressure. Preferably, the treatment lakes place by mixing
the calalyst intensively with a solution of the alkanolate. The solution is prefarably a concentrated solution of the ai-
kanolate in an alkanol. The concentration is, for instance, 5-1000 g/, in particular 10-500 g/

The products that can be prepared according to the invention are widely applied as raw matarials for the chemnal
or the pharmacautical industry. Examples are the use of w-amincbutane nitrile (aminobutyro nitrile) as a raw material
for the preparation of the hydrochloride of ¥aminobutryramide (gabarnide), with the lormulel (Ha N-CHy)3-CONH-HCI,™
which is used for the preparation of antidepressants. In addition, aminobutyro nitrile can be converted intc pyrtohdme
through saponification and ring closure. '

o-Amincalkane nitriles can also find application as raw material for the production of nylons. Thus. e-amanohemne
nitrile (e-aminocapronitrile) can be used as a raw material for e-caprolactam, which serves as a raw materiai for nylon-
6. In this routs 1,4-dicyano butane (adiponitrils) is subjactad to selective hydroganation according to the invention to
yield e-amino-capronitrile, which is converted into §-aminc-hexanoic acid (e-amino caproic acid) through saponification,
which is subsequently converted into caprolactam by means of a ring closure reaction in which HO is split off.

The dendritic macromolecules that can be prepared according to the invention ¢an be used in electronics, for
calibration of sieves, in catalyst carriers and for selective membranes and coatings. In addition, the dendritic compounds
can be used as impact modifiers or as crosslinking agents in various plastics.

The invention will be further elucidated in the of examples and comparative experiments, without, however, being
limited thereto.

The reaction products were analyzed using a gas chromatograph of the type Hewlett Packard HP58907, with a
column (type No. CP WAX 51) filled with polyethylene glycal, and hydrogen as carrier gas. Succinonitrile was analyzed
by meansof a separate gas chromatograph, type Chrompack 428AR, with the following column composition: 5% phanyi,
95% methyl polysiloxana, type CP SIL 8 CB, and nitrogen as carrier gas.

The amount of water in the reaction mixture was determined by means of a Karl Fischer titralion according to
ASTM-E 203 (1971).

Example |

Raney nickel of the type Degussa BLM 112WR was used as a catalyst; according to the producsr the composition
was 85 wt.% Ni, 2.0 wt.% Fe, 2.5 Wt.% Crand 9.7 wt.% Al (Al and Al20,). 8 g (dry waight) of calalyst was washed live
times with 26 ml water-free mathanol, prepared by drying methanal wilh a typs 3A molacular sieve. Alter sedimentation
of the slurry, the methanol was decanted. The slurry was subsequently contacted with a solution of 0.8 g NaCCH, in
20 mi methanol, intensive stirring being applied. After sadimentation of the slurry, tha liquid was dacanted and the
treated catalyst was washed with 25 ml diamincethanae, followad by decantation of the washing liquid.



6. Process according to claim5. characterized in that the an®tRUACEMENT SHEET

al kanol.ate applied to the catalyst is 0.05-0.15 ¢ pe .

7. Process aggordi ng to any one of clainms 1-6. character z'gd_ﬁﬁpif%’i SHBET
catal yst is a Raney nickel or Raney cobalt ~ catal yst. f8 Process—
according to any one of clains 1-7, chargcterized in that thg5cggpl1¥§_,5 I's
rendered water-free before being { !_

L

As reactor a 160 mi Parr autoclave provided with a drain valve with a filter to trap the catalyst particles, was used.
The reactor was furthar aquipped with a 50 mi dosing vessel, connected to the autaciave via a dosing line with a valve,
Both the reactor and the dosing vaive have adjustable heating and prassura cantrol. Tha reactor contants can be mixad
by means of a stirrer.

The treated catalyst was introduced into the autoclave as a slurry in 80 g diamino-ethane. The watar content of
this catalyst slurry was 0.77 wt.%. Subsequently the autoclave was purged three times with H,, the H, prassure was
raised 10 70 atm, and the temperature was raised to 80°C while stirring {1500 rpm). 8 g succinonitrile was dissoived
in 10 g diamino-ethane and introducad into the dosing vessel. Subsequently the dosing vessel was purged with H,
twica and the pressure was raised to S0 atm with H,. Aftar this, the valve shutting off the dosing vessel was opened,
30 that the content of the dosing vessal are transfarred to the autoclave, after which the reaction took placs in the
autaclave, under stirring (1500 rpm).

Alter 300 s the reaclion was stopped, by cpening the valve in the reactor drain so that the reacler contents, apart
from the catalyst, flewout of he reactor. The product was analyzed by means of gas chromatography. The succinonitrile
conversion was 100%. The reaction product consisted of: 85 mol % aminobutyronitrile, 14 mol % diaminobutane and
1 mol % pyrrolidine. The amincbutyronitrila yield was 85%.

Comparative experiment A

8 gof the Raney nickel catalyst as in Example | was washed with 25 m distilled water five times. After sedimentation
of the siurry, the waler was decanted. The slurry was subsequently contacted with a solution of 0.8 g NaGCH in 20 mi
distilled water, while stirring inlensively. After sedimentation of the slurry, the liquid was dacanted and the treated
calalyst was washed with 25 mi diaminoethane. The water content of the catalyst slurry was 7.7 wt.%.

The calalyst thus treated was used in the hydrogenation of succinonitrile, as described in Example 1. Alter 300 s
100% of the succinenilrile was converted. The reaction product consisted of 96 mol % diaminobutans and 2.5 mol %
pyrrclidine and a residual amount of tarry product. The amincbutyro nitrile yield was 0%. Gas chromatographic analysis
proved that the tarry product consisted mainly of diaminobutane dimars.

Example Il

The hydrogenation was carried out as describad in Example f, but now 1.1 g KOCH, was used instead of NaOCHj
and diamincbutane was used as solvent instead of diamino-gthane. After 300 s the succinonildle conversion was
100%. The reaction product consisted of 85 mol % aminobutyro nitrile, 14 mal % diaminobutane and 1 mol % pyrroiidine.
The aminobutyronitrile yield was 86%.

Exampile [i}

The hydrogenation was carried out as described in Example I, but now hexamethylene diamine was used as
solvent in stead of diaminobutane, After 300 s the succinonitrila conversion was 100%. The reaction product consisted
of 86.5 mol % aminobutyro nitrile, 13 mol % dlaminobutane and < 1 mol % pyrrolidine. The aminobutyro nitrile yield
was 86.5%.

To study the hydrogenation kinetics, during the reaction a smail sample was drawn from the reactor aevery 15 s
and was analyzed. For reaclions (1) and (2) first-order kinstics were observed, with ky = 0.013 and ky= 8.1»104 51,
The k;/k; ratio was 16.

Comparative experiment B

r

Comparative example A was repeated, now the reaction kinetics being detarmined as described in Example Hil.
First-order kinatics were obsarved for reactions (1} and (2), with k,=0.013and k; =2.2¢10-3s"1, The k,/k, ratio was 5.6.

Example IV

The hydrogaenation was carried out as described in Exampie 1, but now adiponitrile was hydrogenated. In place of
NaOCH,, 1.2 g KOCH, was added. The water content of the catalyst slurry was 0.46 wt.%. After 180 s the adiponitrile
convarsion was 95%. The reaction product consisted of 77 mol % e-aminocapronitrile and 23 mol % diaminchexana.
Tha e-aminocapronitrile yield was 73%. ‘

To study the hydrogenation kinatics, after evary 15 s of the reaction time a small sample was drawn from the
reactor, which was analyzed. For reactions (1) and (2) first-order kinatics wara observed, with k,=0.017 and ky=2.18+
103 &1, The ky/k, ratio was 6.



treated with the al kanolate. 9. Process according to any one of clains
1-8, characterized in that the water-free reactionl condit REREAGENMENUSHEET

t hat the water content of the reaction nmediumis below 1 w.% 10.
Process according to any one of claim1-9, characterized in that the
partial hydrogenation is carried out iR & - sol vent chosen fromthe group

consi sting of tetrahydrofuran, dioxane, al kane (di)am nes, alcohols and
et hers.

Comparative axparimant C

The hydrogenation was carried out as described in Example IV. Use was mada of a catalyst in watar, which resuited
in a water content of 11 2 wt.% in tha reaction mixtura. Aftar 90 s tha adiponitrile convarsion amountad to 99%. The
reaction product consisted of 51 mol % e-aminocapronitrile and 49 mol % haxamathylene diamine. The e-aminccaproni-
trile yield was 51%.

To study the hydrogenation kinelics, during the reaction a small sampla was drawn from the reactor, every 15 s

and analyzed. For reactions (1) and {2) first-order kinetics ware obsarved, with ky = 0.051 and k, = 0.016 s*\. The k,/
k, ratio was 3.2.
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11. Process according to claim 10, characterized in that the solvent is

chosen.fromJ[err],[err]-al kane di am nes or al cohol s with g ﬁ#héﬁwgﬁngﬂggr
12. Process accordlng to claim1l, characterized in that the solvent is
chosen fromthe group consisting of dianino- et hane, di am nobut ane,

di am nohexane, nethanol, ethanol, n-propanol, i-propanol and n-butanol.

13. Process according to any one of claing &-12 characterlzed in that the
nitrile compound is an [err],[err]-al kane dinitrile.
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1. Procass tor the preparation of an amincnitrile by partially hydrogenating a nitrile compound with two or mara nitrile
groups in the presence of a catalyst containing a metal from group 8 of the periodic system of the elements,
characterized in that the hydragenation is carried out in a reaction medium containing less than S wt.% water and
the cataiyst has been ireated with an alkanclate.

2, Procass according to claim 1, characterized in that the alkanolats is chosen from a methanolate or an ethanoiate.

3. Procass according lo claim 1 or 2, characterized in that the alkanolate is an alkali metal aikanciate or an earth
aikali metat alkanaiate,

4. Process according fo claim 3, charactarized in that the alkanolate is sadium or polassium mathanolate.
»
S. Process accarding lo any one of claims 1-4, charactarized in that the amount of atkanoiats appiiec to the catatyst
i3 0.01-0.5 g per g of catalyst.

€. Process accarding to claim 5, charactarized in that the amount cf alltanolata applied o m. catalyst s 0.05-0.15g
perg ot catalyst.

7. Procass according to any one of claims 1-8, characteuzsd in that the catalyst is a Raney nickal or Raney cobalt
catalyst.

8. Process according to any one of claims 1-7, characterized in that the catalyst is rendered water-free before being
treated with the alkanolata.

:'=

9. Process accarding to any one of claims 1-8, characterized in that the water-{ree reaction conditions are such that
the water content of tha reaction medium is below 1 Wt.%.

10, Process according to any one of claims 1-9, characterized in that the partial hydrogenation is carried out in a
salvent chosen from the group consisting of tatrahydrofuran, dioxane, alkane (dijamines, alcohols and athers.

11. Process according to claim 10, characterized in that the solvent is chosen from a,@-alkane diamines or aicohols
with 1-10 C-atoms.

b

12. Procsss according to claim 11, characterized in that the soivent is chosen from the group consisting of diamino-
ethane, diaminobutane, diaminohexane, methanal, ethanol, n-propanol, i-propanol and n-butanal.

13. Process according to any one of claims 1-12, characterized in that the nitrile compound is an o, w-alkane dinitrila.
14. Procass according to claim 13, characterized in that the a,a-alkana dinitrile is succinonitrile or adiponitrile.

15. Procass according to any one of claims 1-12, characterized in that tha nitrile compound is a dendrilic macromol-
ecule.



14. Process according to claim 13, characterized in that tH8EPLACEMENT She..
[err],[err]-alkane dinitrile is succinonitrile or adiponitrile. 15.
Process according to any one of clains 1-12. characterized in that the
nitrile conmpound is a dendrilic macronol ecut e.
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PROCESS FOR THE PREPARATION OF AN AMINONITRILE BY PARTIAL °
HYDROGENATION OF A NITRILE COMPOUND WITH TWO OR MORE NITRILE
GROUPS

A B S T R A C T

The invention relates to a process for the
preparation of an aminonitrile by partially hydrogenating a
nitrile compound with two or more nitrile groups in the
presence of a catalyst which contains a metal from group 8
of the periodic system of the elements, the hydrogenation
being carried out under water-free reaction conditions and
the catalyst having been treated with an alkanolate.
Preferably, the catalyst is a Raney nickel or Raney cobalt
catalyst which has been pretreated with an alkali metal
alkanolate or an earth alkali metal alkanolate such as
sodium or potassium methanolate.




