
EP 0 248 643 B1 Description Field of the Invention 5     This invention
relates to a chemical compound, namely [hexakis(pentenenitrilo)nickel
ll]bis[[err]-(cyano)bis- (triphenylborane)(l)]. When the pentenenitrile is
3-pentenenitrile the compound has the formula [Ni- [err], where [err] is
the phenyl radical. This compound can be prepared by the reaction of known
nickel compounds with pentenenitrile. The compound is useful as a promoter
in the preparation of adiponitrile by the hydrocyanation of 3 or
4-pentenenitrile. 10 Background of the Invention Cone U.S. Patent 4,394,321
discloses the compound [err], hereinafter referred to as NCBC. This
compound may be reacted in pentenenitrile to produce the compound of this
invention. 15     Various organo boron compounds have been employed in the
prior art to promote the hydrocyanation of 3,4-pentenenitrile to
adiponitrile -- see, for example, Shook U.S. Patent 4,082,811 where
triarylborane is so employed, and the triarylborane recovered from the
catalyst residue. The compound. of this invention may be used in a manner
like that taught in Shook to produce adiponitrile. Novel compounds of the
formula [err] where R is H, halogen, [err] alkyl or [err] aryl, prepared by
reacting a 20 nickel compound with the cyanide adduct of a triarylborane,
are disclosed in GB-A-2 047 680 Summary of the Invention This invention is
the chemical compound: [hexakis(pentenenitrilo)nickel
II]bis[[err]-(cyano)bis- 25 (triphenylborane)(l)]; the method of
preparation of the compound; and the use of the compound in the
hydrocyanation of 3 or 4-pentenenitrile to form adiponitrile. The compound
of the invention consists of a cation [err] and two anions [err]  The
cation has perfect octahedral symmetry. The anion has a threefold axis
passing through the two boron atoms and the carbon atoms attached to the
nitrogen atom. 30     The compound of the invention may be prepared by
heating NCBC in pentenenitrile to a temperature above about 50 C. The
reaction steps are believed to be as follows: (Step 1)    [err] 35  (Step
2)    [err] The compound of the invention may also be prepared by reacting
triphenylborane with solutions of pentenenitrile containing [err] . Example
3 below shows the preparation by this process. The triphenylborane employed
in this process can be that contained in the catalyst residue that 40
results from the hydrocyanation of 3,4-pentenenitrile using triphenylborane
as a promoter. The reaction proceeds even though the triphenylborane exists
in the residue in a state that is no longer active as a promoter. The
compound of the invention can also be prepared by the reaction of
triphenylborane, sodium cyanide, pentenenitrile, and nickel dichloride
dimethoxyethane. Example 4 below illustrates this method of 45 preparation.
The process for preparing the compound of the invention proceeds
satisfactorily at atmospheric pressure and at temperatures between 50 and
[err]. The ingredients that react to form the compound may be present in
approximately stoichiometric amounts; however, the reaction will proceed
with different ratios of the ingredients, for example, with the
pentenenitrile being present in a large excess. so     The compound of the
invention has the l.R. spectra shown in the Figure 1, and the single
crystal X-ray analysis shown in Figs. 2 and 3, Figs. 2 depicting the
cation, and Fig, 3 depicting the anion. 



55 2    EP 0 248 643 81 Detailed Description of the Invention Example 1 5
Preparation from NCBC In a glass reaction vessel that contains a magnetic
stirrer, 4.25 g of NCBC was mixed with sufficient 3- pentenenitrile to give
50 ml of slurry. The reactor was placed in a heat bath at 125 C, and the
reaction allowed to proceed for 5 minutes after the temperature reached
[err]. The reactor was removed from the 10  heat bath and placed in an ice
bath to quench the reaction. The contents were then cooled to about 25 C.
The contents were filtered to remove the black nickel-rich solid product,
and a clear dark green product solution was isolated. The solution was
placed in a refrigerator overnight, which caused solids to precipitate.
Infrared analysis of the solids showed them to be the compound of the
invention. 15 Example 2 Preparation of Large Crystals of Product for
Analysis In a glass reaction vessel that contains a magnetic stirrer, 2.125
g of NCBC was mixed with sufficient 3- 20 pentenenitrile to give 50 ml of
slurry. The reactor was placed In a heat bath at [err] and the reaction
allowed to proceed for 5 minutes after the temperature reaches 120 C. The
reactor was removed from the heat bath and placed in an ice bath to quench
the reaction. The contents were cooled to [err] The contents were filtered
to remove the black nickel-rich solids, and a dark green product solution
was obtained: After standing for two weeks, large (- 1 mm) cubic crystals
formed which gave an infrared 25 spectrum typical of[err] These crystals
were analysed by X-ray diffraction to establish chemical structure, as
shown in Figs. 2 and 3. Example 3 30 Preparation from [err] A solution
containing 1 g of [err] dissolved in 9 g of 3-pentenenitrile was prepared.
A second solution was prepared which contained 0.65 g of [err] dissolved in
9.35 g of 3- 35 pentenenitrile. One gram of each solution was mixed
together, which caused the immediate precipitation of a light purple solid.
The solid was washed with cyclohexane and dried. An infrared scan of the
solid showed it to be the compound of the invention. Example 4 40 Direct
Synthesis from [err] NaCN, and [err] A reaction was carried out by reacting
9.7 g of [err] 1.0 g NaCN, and 50 g of 3-pentenenitrile. This mixture was
heated to 60 C for 1 hr with stirring. The mixture was then filtered, and
2.2 g of [err] OME 46 (i.e., nickel dichloro dimethoxyethane) was added to
the filtrate. The resulting mixture was heated to 100 * C and immediately
filtered. The filtrate was allowed to cool to room temperature, which
caused solid product to precipitate. Infrared analysis of the solid product
showed it to be the product of the invention. Example 5 



50 Hydrocyanation Performance A catalyst solution was prepared by
dissolving 4.40 g of NI[para-tolyl [err] and 3.75 cc of paratolyl phosphite
in 92 cc of 3-pentenenitrile under a nitrogen atmosphere. To a 10 cc
aliquot of this ss  catalyst solution was added 0.240 g of
[hexakis(pentenenitrilo)nickel II]bis[err]-(cyano)bis(triphenylborane)(l)],
which corresponds to 0.5 moles per mole of Ni[para-tolyl phosphite][err].
The mixture was heated in a thermostated oil bath to the desired reaction
temperature. Hydrogen cyanide was added to the reaction mixture by passing
nitrogen gas at 5 cc/min through liquid hydrogen cyanide at 0 C, and then
to the 3    EP 0 248 643 B1 reaction vessel just above the liquid level.
The reactions were run until adiponitrile production ceased. Reactions were
run at 40, 51, and 80' C, and the results are given in the following table.
Temp ([err])  3-pentenenitrile                         Yields (%)
conversion (%) Adiponitrile  Methylglutaronitrile  Ethylsuccinonitrile
2-pentene nitrile 40           31           92.8           3.1
0.3              3.9 51           35           90.3           3.3
0.3              6.0 10      80            29          75.5            3.8
0.4             20.3 In the above table, yield % of adiponitrile is defined
by the equation: 15  Yield % = adiponitrile x 100/(adiponitrile +
methylglutaronitrile + ethylsuccinonitrile + 2-pentenenitrile) As a
comparative, hydrocyanations were performed using 1 mole of [err] per mole
of Ni[para-tolyl phosphite]4, all other conditions being the same. The
results for [err] promoter are as follows: 20 Temp (I C)  3-pentenenitrile
Yields (%) conversion (%) Adiponitrile  Methylglutaronitrile
Ethylsuccinonitrile  2-pentene nitrile 40           29           93.4
2.9               0.3              3.4 25      51            29
90.3           3.3               0.3              6.1 80           30
76.7           3.8               0.4             19.1 30 Claims 1.
[Hexakis(pentenenitrilo)nickel
(ll)]bis[[err]-(cyano)bis(triphenylborane)(l)]. 2. A process for the
preparation of [hexakis(pentenenitrilo)nickel
(ll)]bis[err]-(cyano)bis(triphenylborane)(1)] 35     which comprises
reacting a mixture containing pentenenitrile and a member of the class
consisting of [err] and triphenylborane. 3. The process of claim 2 in which
the member of the class is triphenylborane, and the mixture also contains
[err] = [err] 40 4. The process of claim 2 in which the member of the class
is triphenylborane, and the mixture also contains sodium cyanide and nickel
dichloro dimethoxyethane. 5. Compound according to Claim 1 in which said
pentenenitrile radical is 3-pentenenitrile. 45 



6. Use of a compound according to Claim 1 or Claim 5 as a promoter in the
preparation of adiponitrile by the hydrocyanation of 3- or
4-pentenenitrile. PatentansprUche 50 1. [Hexakis(pentennitrilo)nickel
(ll)]bis[a-(cyano)bis(triphenylboran)(l)]. 2. Verfahren zur Herstellung von
[Hexakis(pentennitrilo)nickel(ll)]bis[aL-(cyano)bis(triphenylboran)(l)],
bei dem ein Gemisch, enthaltend Pentennitril und ein Glied der Klasse,
bestehend aus Ni(NC(CH2)4CN)2- S5     (NCB#3)2 und Triphenylboran, zur
Reaktion gebracht wird. 3  Verfahren nach Anspruch 2, bei dem das Glied der
Klasse Triphenylboran ist, und das Gemisch auch NI(CH3CH =
CHCH2CN)4(NCB#3)2 enthilt. 4    EP 0 248 643 B1 4. Verfahren nach Anspruch
2, bei dem das Glied der Klasse Triphenylboran ist und das Gemisch auch
Natriumoyanid und Nickeldichlorodimethoxyethan enthalt. 5. Verbindung nach
Anspruch 1, beo dem das Pentennitrilradikal 3-Pentennitril ist. 5 6.
Verwendung einer Verbindung nach Anspruch 1 odor Anspruch 5 als Promotor
bei der Herstellung von Adiponitril durch die Hydrocyanierung von 3- oder
4-Pentennitril. Revendicatlons 10 1.
L'[hexakis(pentanenitrilo)nickel(ll)lbis[ti-(cyano) bis(triphdnylborane)
(I)]. 2. Un proced6 de pr~paration de
I'[hexakis(pentanenitrilo)nickel(lIbisb( u -(cyano)bis(triphdnylborane)
(I)] qui consiste a faire rdagir un m6lange contenant du pentbnitrile et un
membre de la classe constitute is     de Ni(NC(CH2)4CN)2(NCBt3)2 ot du
triphdnylborane. 3. Le procedd de la revendication 2 dans loquel lo membre
de la classe est le triph6nylborane, et le melange contient aussi du
Ni(CHsCH = CHCH2CN)4(NCB4s3)2. 20  4. Le procede de la revendication 2 dans
loquel le membre de la classe est le triph6nylborane, et le mdlange
contient aussi du cyanure de sodium et du nickel dichloro dimdthoxydthane.
5. Composa selon la revendication 1 dans loquel ledit radical de
pentbnitrile est le radical 3-penthnenitrile. 25  6. Utilisation d'un
compos6 selon la revendication 1 ou 5 on tant quo promoteur dans la
pr6paration d'adiponitrile par hydrocyanation de 3- ou 4-pentonenitrile. 30
35 40 45 50 55 5    


