.
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The present invention relates to a process for the |soner|sag%ﬁ£mg$
2-nmet hyl -3-butenenitrile into 5 | i near pentenenitrile, in particular
into 3-pentenenitrile. During the hydrocyanati on of
but adi ene, in t he presence -of a nickel-based catal yst and a catal yst
consi sting of an aryl phosphite, as described in US 10 Pat ent 3, 496, 215,
along with 3- pentenenltrlle mhlch S t Fre target conpound a |large
amount of 2-nethyl - oparedi i Lol | o SnnleSi of A o . - - = The
| atter conpound cannot‘g‘- eu PTrep. Ot 0

adi pontrile, one of the basic 15 pReERes ek the preparatlon of nyl on
66. - However, the ampunts 0Ol thi s Dy-product are . so

| arge, bearing in mnd the heavy t onnages of adi ponitrile produced;
that it is.unthinkable to . destroy them 20, Al so, it has
| ong been sought . to i somerigge Zpregentnﬁ%t&@%ém&ﬁéértbeal pkBcens
3-pentenenitrile, an adi ponitrile internediate. Thus,
it has been propcies tie Laditécikation of, DibeHPliD-batusbhitrile into
2-nmet hyl - 3-butenenitrile into .25 | i near pentenenitrile, by placing it in
contact with% Mms&zI@MMRyﬁn@amidﬂ@mnintate 0, such as a’

SE@entemenitrile. _
Durimg the hydr@cyanati@n of butadienme, in
the presence of a niekelabaged catalyst and a catalyst l
consisting of an aryl phosphite, as described in US |
10 Eageat 3,&96,215, along with Bepentenemitriie which is

- the target compound

s @ lagga‘am@uat of 2-methyl-3-
butenenitrile is formed. |

The latter_@@w@@ﬁid cannot be used directly

for the preparation of adiponitrile, one of the basic
is compounds for the pre@arati@n of nylen 66. _
‘However, the amounts of this byapr@dmet are

so large, beaxing in m@mﬂ the heavy t@nnages of

adip@nitrile pr@dm@ed, that it is unthinkab
destroy th@m. _ .

20 .. Also, it bas leng been socught to isomerize 2-
ﬁet@ylsaebutemenitrile inte 3-pentemenitrile, an
édip@nitrile intermediate.

Thus, it has been proposed iz US Patent
3,536,748 to convert 2-methyl-3-butenemitrile into

25 linear Qanteneﬁitzile, by plaeing it in contact with a
aickel -based éatalyst of oxidation state 0, such as a
tetrakis (alkyl or aryl phesphite)nickel, at a.



tetrakis (al kyl or aryl phosphfte)nickel, at a

2 tenperature of 10 to 200[err]C. When the results
obtained with this i someri zation process are studied, it is observed
t hat - the percentage of linear pentenenitrile obtained is 5 very

|l ow, generally fromO0.4%to approximately 14% according to the
exanpl es of the patent, even though tfe reaction lasts for several
hour s. | 7, descri bes an i nprovenent

of , the above iot |°zzé%¢%£gé€£ie%§?gb§° ﬁ%’ use of a 10 pronoter for the

ni ckel catal yst, consisti | t L, vahkye or of a salt
of a netal belonging to Wﬁmﬁ&d@%ﬁdgé?%%tflg?t?f?%@ ??%%,é%%%, | Vb, Vb,
VIb, VIIb and jgeomefddatidh Afkddéss ddrd Bradlbdesiel 16N688e8Pbal Bhals -
above, the reaction takes place in a hompbgeneous 15 organi ¢ phase, which
makes the separ aied pédfcddthge of 1B06dt OPeRtosloni 6xdld tbtatiedl 16t
difficult, within the context of the - recycling - which is al ways.
desirabl e ofs t harea dlowd) .gemerally from 0.4d%ctorepppbzinxeslyol4srovi des a
simple and 20 practical solution to the isonerization of 2-nethyl-3- - -
butenenitril e | Macdrdiany txertlse cntamples anfl thecpatent, paveicthaugh i nto
3-pentenenitrile. More precisely, it consi.sts of a process
for t he i ssherreatiion clastscfoy| sgvereaknboursile into a 25 |inear
pentenenitrile, characterized in that the : -

: U8 Patent 3,676,481 describes an improvement

of the above ipomerization process, by'ths use of a

10 pr@@oter for the nickel catalyst, @@ﬁaisting either @ﬁ.
& boron derivative or of alsalt of a metal belonging to
groups Ib,. Irb, TIZa, IZITb, IVa, IVb, Vb, VIb, VIIb and
VIIiI, im_pa:tieula:-the balides of these metals. As
ebove, the reaction tékeg_glaee in a homogenecus

15 organic phase, whieh_makgg the Beparatién of thg

. reactionm products and the catalyst difficult, within
the context of the s':eeycling - which is alvayg:-
" desirable of the catalyst.

. The present invention provides a simple and
age practical solutiom te the isamérizati@n of 2-methyl-3-
butensnitrile into linear pgntenénitrile and more

particularly inﬁé 3epentenenitrilea
More precisely, it comsists of a process for
the iscmerization of Zemgéhylassbutenenitrile into a
25 li@@ar.pentgnenitzile, characterized in ?hat the
reaction is carried out in the presence of an aquecus -
solutiom: |

- of at least ome sulpbonated phosphine of



rqaction Is carried out in the presence of an aqueous - solution:
- of at |east one sul phonated phosphi ne of

3. general formula (1) [err] ' in
whi ch: . * Ar[err], Ar[err] and Ar[err], which may be

| dentical or , di fferent, gpresent aryl groups 5

* Y[err], Y[err] and Y[err], which may be | denti cal or ' .

different"repr;;r&‘ [err] an al kyl radical having 1 to 4
car bon gersral f@r@u%ar4§) [err] an al koxy
radi cal having 1 to 4 carbon at ons,

[err] a hal ogen atom ”¢’JASUQNH&1CN radlcal

{SOaM)ry :
’/,// O3M)n2 0

in whichs

* Axy, Ar, and Ar,, which may be identical or
different, represent aryl groups
5 . * ¥, ¥, and ¥, which may be identical or
| different, represent '
" . an alkyl radical having 1 to 4 carbon
atoms, | _
. an alkoxy zadiégllh@ving 1 to 4 carbon
10 atoms, . .
. 8 halegen atom,
. @ ON radiecal,
. én-mbz radical
_ » an OH radical,
is . a radical NE@RQ, in which formula R, and
Ry. ahich may be identical or different,
represent an_alkyl radical having 1 to 4

carbon atoms,



[err] an NJ err] radical - [err] an OH radical, 15
[err] a radical NRerr]R2, in which formula R err] and

R2, which may be identical or different, " represent an
al kyl radical having 1. to 4 car bon atons,

4 - * Mis an inorganic or grganic cationic

residue chosen, so that the conpound of formula (1) in
water-sol ubl e, fromthe e i is an inorganid' 8¥Pof§ERLEShAEionie

[err] Herr], err? cations derived fromalkali netals

&kl die - @éé@;ﬂi‘éé' that the compound of [err]
MRMH]NHHRMH]NHH)MH]wthRMH] R.err], R err] and Rerr],

whi ch ‘ywmnug|ﬁ®hti§a*aeeré§élﬁbmé; frdéfd the
representing an al kyl radical having 1 to 4 carbon
atoms or a hydrogen atom greup comprising: [err] other cations derived
fromnetals for whi ch t he bensenesul phonic aC|d
salts 5 . . % water-soluble, 15 ¢

mMerr], nmerr] and n[err] are integers, which may be

i dentical or different, from (cabiops derived f£rom élkﬁlﬁ[@ﬂﬁﬁlgnpﬁrr] and
nferr] are integers, mhlch may be identical or
different, fromO0 to 3, - alkalinswaarﬁgimggg%ggOne anong t hese bei ng

equal to or . N(RyR,RsR;)* with Ry, R,, R; and Ry, which
may be identi@al or different,
10 _ representing an alkyl radical having 1
to 4 carbon aﬁ@mg or a hydrogen atom,
. othe: cations derived from metals for
which the benggnegulph@mie.aeid-galts
are wﬁﬁersgcluble.
s _ ¢ m,, m, and m, are integers, which may be
identical or diﬁﬁera@t,:ﬁt@m 0 to 5,
* 0y, n, and 0y are inﬁegexl, which may be'
.identi@al or éifﬁe:@nﬁ. frqm 0 to 3,
at least ome amgﬁg.thgse being egqual to or |
20 : : greater than 1
- and of at least @ne't:angitiém metal
ecmgoumd..
As examples of metals for which the
benzenesulphonic acid salts are water-soluble, there
25 may ée mentioned lead, =zinc and tim.
| The exgresgiqn water-soluble is understoed,

in thg-present text, to refer to e compou

nd which has a
-solubility of at least 0.0l g per litre of water.



20 greater than 1 : - and of at |east one

.transition netal : conpound. As exanpl es
of. metals for which the benzenesul phonic acid salts are
wat er-sol uble, there 25 rmay be nentioned |ead, zinc and tin. _
The expression water-soluble is understood in the present text, to
refer to a a conpound which has a - solubility -of at |east 0.01 g per
litre of water. Al e | 0 mul a
(1), those are preferreogfo gd% %Pﬁgﬂ@g 6 gBQﬂﬁ@Q @g E?ngr[err]
and Arferr] ar qRhelydedi bl Stor which: - Yerr], Y[err] and Y[err]
represent groups chosen from 5 [err] aIkyI radi cal s havi ng
from1 to 2 carbon - Azy, Ar, and dzQ"are phenyl groups, [err]
“al koxy radicals having from1I to s carbon atons,
.- Mrepresents a cation £hqﬁe e repaepent) groups chosen @mmmrising
[err] Herr] . ferr] cations derived fromNa, K, Ca and Ba
[err] NH erd] . alkyl |radicabethgvingofirem 1 to 2 carbon
tetraet hyl ammonium 15 . ~ _tetrapropyl ammoni um and
t et rabut yl amoni um cati ons atoms, - nmerr], nferr] and nferr] are

integers fromO to 3
' . alkoxy radicals baving from 1 to 2

caxben atoms, .
- M represents a @@ti@n @h@gen ﬁg@m the group
10 . : comprising
| . ®
o eatiéns &e?ived £rom Na, K; Ca and Be
. N |
. tetramethylammonium, tetraethylammonium,
15 ﬁgtrg@zegylammcnium.ané
tgtzabutylammcnium cations _
- ﬁag m, and @5‘a§g integers from 0 to 3
- 04, By and n, are integers from 0 to 3, at
least one also being greater than 1.
20 Among these phpsphiﬁeg, the sodium,

potassium, caleium, barium, ammonium,

tetramethylammonium and tetraethylammonium salts of
mcﬁbisulphg@hgmyl}diphenyl@h@sphineg @i(éulph@phenyl)a-
phenylphosphine and tri(sulphophenyl)phosphine, in the
a5 formulae in which the'SQS groups are preferably in the
' meta-position, are more ﬁéxtieulaﬁly.pzef@rred;
As other examples of phosphines of formula

(ID_whi@h may be used according to the process of éhe



- n[err], nlerr] and n[err] are integers fromO to 3, at

| east one al so being greater than 1. 20 ‘ Anong t hese phosphi nes,

t he sodi um pot assi um cal cium barium anmoni um

t et ranmet hyl ammoni um and tetraethyl ammoniumis salts of

nmono( sul phophenyl ) di phenyl phosphi ne, di (gul phophenyl) -

phenyl phosphi ne and tri (sul phophenyl ) phosphine, in the 25 -fornulae in

whi ch the SO ey oUA0) S thlek e ualy WA b1 el alica It ida on, are
efre

nor e partlcular As ot her exanpl es of phosphlnes
of fornula alﬁgé)lﬁ.‘ﬂ‘é'ﬁ%%z'@’ it aldS WhIAG, b e (AEL 4 0 CREEE fndang

6 I nvention, there may be ment i oned alkall metal or

al kal i ne- ear t h ggiRlcal uiv lgal £ 62 B N(INBLHDHS- 4 -GetitpyIptienyl) di (@ymoni um sal t s
of (3-sul pho-4- hyl phenyl ) di (4- nethylphenyl) phosphlne

(3 SUl phO 4+ [ﬂé‘vf“;":"',ﬁf ::“1!‘;"'-:‘«'73‘;5 "5‘:1"‘*‘5; i 4 nettineny A

(3-sul pho-4-chloro- . phenyl) -di (4- chlorophenyl)phosphlne di

(3-sul pho-§  difdcmelthowyphauiyidphonphidie - 64 aulpheritgbloro-
phenylphosphine di (3- sulpho- 4- nethylphenyl)

(4- et hy| pheny pleknydp riddc(4 -aihYgraphesiil phasphige e&iy(% suipho-
(4- met hoxyphenyl ) phosphi ne; (3-sul pho-4- chlorophenyli
(4- chIoropheny@ﬁ@§§@é§ﬂ¥¥mflﬂhq5W“ly?i[ﬁﬂﬁﬁﬁﬁﬁ%@hﬁ? %mosphlne tri

4- sul h ) ph hi t - I h hi
11~ (35 Sul pho pResyipodRnsey sHe it ey ohae] oho 4. PieT
chlorophenyl)pq%E%gé%ylg gnﬁﬂ)tﬁ@sgﬂg%épﬂéi%gbéﬁléﬁgeéemeﬁhoxyphgnyl)

- 10 (%emsth@xyphenyl)ph@iphineg di (3-sulpho-~ Qschl@rophenylﬁ
(&a@hl@x@ph@nyl)phosphings triis sulphophenyl) -
phosphine; tri(4-sulphophenyl)phosphine; (exri(3-

sulpho-4-methylphenyl) phosphine; tri(3-sulpho-4-

methoxyphenyl) phosphine; tri(3-sulpbo-4-
is chlorophenyl)phosphine; (2ésulgh@eésmgthylphenyl){Ba
sulpho-4-methylphenyl) (3,5- digulph@ 4= .
methylphenyl) phosphine; (3- gulph@phanyl)(s Bﬁl@h@sée_
: @hl@r@ghenyl)(3,Ssdigulphceﬂs@hl@t@@h@nyl)@hgsphine,
Tt is, of course, possible to use a mixture
20 of these phosphines. In particular, a mixture of momo-,
di- and tri-meta-sulphonated phgsphines may be used.
cgmp@uadg of nickel, of palladium and of ix@m
aze preferably used as transition metal compounds .
Water-scluble @@mpouﬁds.ér eémgcundg capable of
as éiggglving under theﬂzeactigg conditions are used. The
residue bonded to the metal is not @fitiéal; as long as
it satisfies these conditions.

Among the abovementiocned compounds, those of



sul pho- 4- net hyl phenyl) (3, 5-disul pho-4- met hyl phenyl ) phosphi ne;
(3-sul phophenyl ) (3-sul pho-4- chl or ophenyl) ,
(3, 5-di sul pho-4-chl or ophenyl ) phosphi ne. It is, of course,
possible to use a mxture 20 of these phosphines. In particular, a -

m xt ure of nono-, - di- and tri-neta-subfhonated phosphi nes may be
used. Compounds of ni.ckel, pal | adi um and of iron

are preferably used as trangjition tal .co unds. ter-sol ubl e
conmpounds - or cod%%ﬁ%ﬁ@ BEBabPE @?Egggr%ﬁﬁgggavpfw;uw»»r»tﬁﬁﬁﬁgh@ng%@
u

conditions are esl.d b e netal is not critical,
as long as ﬁggt%%$§gf%%swﬁkeég % %3?#&%%%%% "““f’%%° Anong t he
abovenenti oned conpounds, those ' . g 4

7 ni ckel are the nost pre?é%?ggnggn%guHQ%?hTﬁgfén%§§e%eis 2 the
nmentioned by way of non-linmtingx¢%8¢Rb8Satate merec, for inmstameelPOUNS

in which the nickel is in the oxi dation-state zero,
for instances 5 : tA8kaesl vetkabyasalekelstlealns (¥ien,) ,
(NNCNerr]), . Pe bi s(acrylonitrile)nickel, gﬁs(l,S-

cyclooctadiene)[err]nickel and Bgsi{sekryieaitrile)nickel, bis{i,5-containi ng
| i gands from group Va, for : I nstance tetrakis
(tri phenyl phosphine)- 10 _cyclooctadienedaickel ahd Hariwatiwes t he
conponud . ' nay be dissolved in a water-im scible
sol vent such as toluene, and thepntaining ligands from group Va, for
.. ingﬁance tetrakis {triphenylphosphiune)-
10 : nickel iin the latter case the compound
| | _ﬁaﬁ be dissolved in a water-imiscible
solvent such as toluene, and them an
aguecus solutiocn of sulphomated
phosphine extracts some of the_niekel'ﬁy
. is éevél@ping a red colour in the aguecus
solution which separates out on
settling)s |
- ecmgguéds'of nickel with an oxidation .
.sﬁate-greatgr than 0, for instég@e.
.20 L o 'earbexylates {(in particular acetate), -
carbonate, bicarbonate, borate, bromide,
- chloride, citrate, thiccyanate, cysnide,
formate, hydroxide, hydrophosphite,
phcsghite. ph@sphate and dg:iéativeg;
a5 : ie&idé, nitrate, sulphate, sulphilte,

arylsulphonates aﬁd_alkylsglphoaateé.

B

It is not necessary for the nickel cempound

itself o be waﬁarasolublgs Por example, ﬂi@kei




aqueous sol ution of sul phonated phosphi ne extracts

sone of the nickel by 15 ‘devel oping a red colour in the
agueous sol uti on whi ch separates out on

settling); - conpounds of nickel with an oxidation
state greater than O, for instance .20 car boxyl ates (in
particul ar acetate), 55rbonate bi carbonate, borate, .

b d hi d h i de,
S gt ey L il A
;Eulpﬁlte ﬂﬁbie in & aq%???gufﬁﬁ%ﬁ%?@scgnghgggyggélphonatgsp ,

It is not necessary for thﬁh&ﬁcgﬁ% ﬁ£&ﬂ8ingempemndiﬁééﬁfﬁbﬁr%ﬁgeﬁ@ﬂ to

wat er - sol ubl e. For exanple, nic cyani

sparingly sol ublg ﬁi‘e?é@i%xi&éﬁi&ﬁyatate p o8huBECLhRa0, A0UQUReY0l UL i ON of
phosphi ne. he "ni ckel" conpound used corresponds to

a ni ckel oxiglatioadséehs Sgéﬁ&%S.Eﬁnréaeﬁ-np@&ﬁéxgm‘;@allgdﬁt&gn@@m
which reacts preferentially with nickel under the reaction conditions.
is added to the wodéti the reactiddli tohdibienscducadgdedgesnt thmy rbactigani C
or i norgani c. There may be nention by way of non-liniting
exanpl es NaBH[enm@aiﬁmhpﬁhﬂsrxednggnglaggmﬁawéyrbg arganie chorohydrldes
whi ch are preferably water-sol uble.

inczganicc There may be menticn by way @f n@melﬁmiting

_ exsmples NaBH,, Zn powder, magnmesium, XBH, and

10 berohydrides which a:é gxeferably'waégrESQluble.

. This reducing agent is added im an amount
such that the number of redox equivalents is between 1
and 10. However, values of less than 1 and graéter than
10 are mot excluded. | ‘

15 : When the nickel compound used corresponds to
the 0 oxidation state of mickel, a reducing agent of
the type of those mentioned above may alsc be added,

 but this addition is not essential. | |
~ When an iron compound is used. the same
a0 r@du@ing agentg are suitables
In the case of palladimm,.the reducing agents
may additionally be components of the reaction medium
(ph@gphine;'sclvent or olefin) .
The_gulphcnated'ph@sphimgs used in the

as @zoeegg.ae@@rding to the pzegamﬁ inventiaﬁ may be
prepared by employing kn@nn pr@cesses. Thus, in
acecordance with the teaehimg of E. Schindlbauer,
Monatsch. Chem. 36, pages 3@5192@57 {1965), the socdium



‘This reducing agent is added in an amount - such that the nunber of

‘redox equivalents is between 1° and 10. However, values of less than 1
and greater than 10 are not excluded. 15 When t he nicke
conpound used corresponds to the O oxidation state of nickel, a
reduci ng agent of the type of those rgntioned above nmay also be
added, but this addition is not essential. When an

i ron conpound i g e e gﬁag& %h@&ral:m,yﬁﬁlg% ' e.

In the case of gggﬁagfuﬁg F%% re u%ﬁ%&qggénts' C “may agg%t?%%ally be

conponents of t{pehaRel 89 Fedcting sodillhsRAlbclelaidsliptmite) .

The sul phonat ed phosphines'used.in the 25 process according to the
present inventigitERlipRenylchlprophodfhiyies ko ke prlesput e of aanbium

~Thus, in accordance with the teaching of H Schindl bauer,

Monat ach. Chem of26popagediudl’hcaxdiaf0ts) thiehmetitid described in J.

9 salt of (p-sul phophenyl)di phenyl phosphi ne may be _ prepared by
reacting solli unthewmhl 8oohenpegesu2FifolfBe (1958) wnd in English Patent

di phenyl chl or ophosphine, in the presence of sodium or potassi_um
According to t hNorelh886d2@§d:i Phenyiphosphineshaf fyauly s B byg
(1958) and in English Patent No. 1,066, 261, phenyl phosphi nes of
formula (1) nayPBepared Byoysiag @@@Uﬁgifﬁﬁﬂﬁ|ﬁ9§ﬂ§hﬁ1éﬁﬂpggﬂg%%m%ﬁﬁﬁation
of ' ' i

_.ar@matie ring-systems using cleum, followed by

aeutralization of the sulphomie gx;uﬁs'ﬁérmgd using a

10 suitable basic derivative of cme of the metals
represented by M in the formula (I). The crude
sulphcnated phosphine ébtaingd-may coatain, as a
mixture, the e@xzesgcméing Bulﬁhgnated phosphine oxide,
the presence of whiéh is nokt, bhowever, a @mis&n@e for

15, performing the isomerizatiom precess according to the

| prgsént invention. _

The 2-methyl-3-butenenitrile which undezg@eé
thg.is@mggizati@m according to the Pro@eés of the
inwéntieﬁ may be used alone or as a mixture with @ther'

40 compounds. _ h

| Thus, 2-methyl-3-butemenitrile may be
employed as a mixture with_ZBmeEhylszabutenenitzile,
4-pentenenitrile, Bepantenenitrile; 2-pentenenitrile,

-bﬁtadiene, adiponitrile, 2-methylglutarcnitrile,

25 Ze@thylsuecinémitgilg or valerconitrile. |

Thus,.cna,pagﬁicuiaxly advantagecus variant
of the process of the inventien.c@ngigtg'in treating

the reaction mixture obtained from the hydrocyanation



aromatic ring-systens using oleum followed by neutralization of the
: sul phoni ¢ groups fornmed using a 10 sui tabl e basic derivative of one of

‘the netal s represented by Min the formula (I). The crude
sul phonat ed phosphi ne obtai ned may contain, as a m xture, the
correspondi ng sul phonat ed phosphine oxide, 3¢ = the presence of which is

not, however, a nuisance for 15 performng the isonerization process

accor ding to thepz butddfsEe wi MW Ola the presence of dhiCagueous '
2-met hyl - 3-butenenitril e which under goes "~ the |soner|zat|on accordi ng

to the process Gioldi€ion of & ¥ElphoNetdy pRosphinel oficformalaa (I} xande
with other 20 conpounds. : Thus, 2-met hyl - 3-but enenitrile
may be enod e eracsd tlon unetal t dofpoendy | adreupeeferabliyea
4-pentenenitrile, 3-pentenenitrile, 2- pentenenltrlle but adi ene,
‘adiponitrile, 2-cmgyind wérabikel  @f cfbdatlont ahatecti neai definedr

val eronitrile. Thus, one particularly advantageous vari ant
of the procdss d#ba¥e.invention consists in treatlng : the reaction

m xture obtained fromthe hydrocyanation

10 of butadi ene mntHﬂﬂﬁﬁh?ncﬁﬁﬁeﬁﬁéggnﬁhiéfPaﬁﬁﬁﬁﬁééu?ari&nﬁ'solutlon
~of a sul phonat ed phosphi ne of or % é@ £ a tranS|t|o§Pneta
compound, nore ¥ %?a < %ata BeBy ﬁl@%??ag?' BXPAERFOfOE: 508 0, as

def i ned > abo%ﬁ&dr@@yamati@n reaction of butadiene, it is sufficient

to stop any introduction of bydrocyanic acid for the
10 ipomerizatiom reaeéi@m to oceceur. |
I£ necessazry, it is possible in this variant
to flush the reactor gemntly with an inert gas such aé'
- -mitrogen or arg@m.fer‘gxample, in eorder té expél the
bydroeyarvic acid jhiéh,may gtill be present.

15 . ‘The. isomerisation reactiom is generally
performed at a temperature of 10°C to 150°C and
preﬁezably @f GO“C'EQ_lz@?@f |

| In the case of an isomerization immediately
following the hydﬁc@yﬁmati@n reastion of butadiéng, it

20 will be advantagecus to work at the temperature at
which the hydrocyamnation was.@azzi@@ out. |

The eatalfti@ solution used f@t-ﬁhe
igém@rizagian according to the iavention may be
prepared before its introduction intc the reaction

as zone, for example by addition to the aqﬁ@cug g@l@ti@n

" of the phosphine of formula (I), the appgapriate:amauat
of the transition metal cémgcund chosen and possibly of

the reducing agent. It is also possible to prepare the



In the context . .of this preferred variant, since the catalytic system
is already present for the hydrocyanation reaction of butadiene, it
is sufficient to stop any introduction of hydrocyanic acid for the
10 i sonerization reaction to occur. | f necessary, it is
possible in this variant to flush th eactor gently with an inert
gas such as nttrogen or argon for ex in order to expel the

hydr ocyani ¢ aci & @ T,
[ Zoerzat i on r%%é g%’i@%@éi#eéi# ﬁﬁ%ﬁ erfoi%lgﬁy?jfxé %ure of
10[err]C to 150g%&gggga@%n,gitm%&&kprabIy of 60[err]C to 120[err]C

In the case of an i1sonerization i nmediately follow ng the

hydrocyanation reaction Ofppilledhiiic of nickel V&d@é@@@waw%ﬁeé@awk

at the tenperature at ‘whi ch t he hydrocyanation was carried out.

The catal ytic S@udhi ehatseherd i detween il *erhdali andipeetdzadlyo t he

I nvention may be prepared before its introduction into the reaction
25 zone, Bor bexspelen @) 0AXEdisihdd 0 .50 nidic ooffjusinkel et iDitre of of the
phosphi ne of formula (1), the appropriate anount of the transition
met al conpound a@mvﬂlcmn@q@mﬁﬁdﬁQ/cﬁ t he reducing agent . It is also
possible to prepare the catalytic solution "in situ"
sinply by mixing these The gaounds afbphosphineg of formula (I) used

in order to prepare the reaction soclution is chosen

gméh that the number of moles of this compound relative )
10 to 1 mol of elemental metal is fxem 0.5 to 2000 and |
@x@fezably frcm 2 t@ 306C.

Although the resction is ggnerallf carried
out without a third solvent, it may be advastagecus to -
add an inert, water-immiscible organic solvent, which

15 may be that of the subséquenﬁ extracticn. '

By way of examples of svln.ch'seli.‘lwents.,f there
may be mgntiéned aromatic, élighatic er @y@l@ali?hatie'
hydroearb@ng which maintain the reaction medium in the
two-phase state. |

20 Thus, once the resction has eaded, it is very
simple teo separate, on the cme bhand, an aguecus phgsa
containing the sulphonated phosphine of ﬁ@rmula'(l) and
the tramsition mggalleemp@und and, on the other hand,
an organic phase consisting of the reactants employed

25 in the reaction, the reactiom preducts and, where

" appropriate, the watersim@igeible organic solvent.
Améng the organic g@lventg'whieh may be uée&

in the isomerization process, there may be mentioned



The anount of nickel compound -used is chosen such that there is
between 10{err] and 1 and preferably 5 between 0.005 and 0.5 nol of

ni ckel per litre of reaction sol ution. The anount of
phosphi ne of fornula (1) used in order to prepare the reaction

sol ution is chosen - such that the nunper of noles of this conmpound
relative to 1 nol of elenmental netal*4s fromo0.5 to 2000 and

f bl f 2 300, _ th |
carried roﬁeto%wﬂaﬂﬁ%ﬂm@%%ﬁ%” e T
add an inert, water-imisgplg oLor ﬁi’éﬁgééué@' PiindBeall/eis Lhat of

t he subsequent extraction. a es of such
sol vent s, ther be nentioned aronati c, allphatlc or cycloaliphatic

hydrocarbons mhlgh Harntain the reaction nediumin the . two- phase
state. 20 . pErauprE Thus once the reaction has ended, it is very
sinple to separate, on he one hand, an aqueous phase ' contalnlng t he
sulphonateq;phosphlne of {p r;xggagg@aeuda; the gg%gggsgg%z,\r¢

conpound and, on the other hand, an'organlc phase consisti'ng of the
reactants enployed 25 | ol iielies t he reaction products and, where
appropriate, the wat er -i mm sci bl e organlc sol vent . ' Anong

t he organi c sol vents whi cmmm%@ﬂgtbcluti@mmihﬁﬂmlleﬁttm process,
there may be netioned 12

sodium salt of trisulph@natei triphenylgh@sghine
(TSTP?) in water are charged intc a l-litre glaas
10 'r@undsb@ttdmed flask fitted with a magnetic stirring
bar and an ascending sondenser; this scluti@n is
degassed. Next, 19.2@_@ (70 mmol) of
Ni(cyél@@@tadiene}a are introduced, followed by 350 om®
of previocusly degassed orthoxylene, with stirring and
is under a stream @ﬁ argon.
. The mixﬁure is heated at 45°C for 15 h. After
eooliﬁg, the two-phase system is allowed to segarate by

‘settling and the strongly red-coloured aguecus phase is

withdrawn.
20 o 1 .
The following are éha:ged into a 150 cm®
glass reactor stirred using a turbine:
- 2-methyl-3-butenenitrile (2M3BN):
R _ 48.6 g (600 mmol)
25 - aqueous solution comtaining:

0.14 mol/l of Ni and 0.7 mol/l
of the sodium salt of trisulphonated
triphenylphosphine (TB8TPP): 16 cm®



benzene, toluene, xylenes, hexane and cycl ohexane. ' ~ The
exanpl es which followillustrate the I nvention. EXAMPLE 1 5

1) Preparation of the Ni / TSTPP catal ytic ' ' 500 cnferr] of a
sol ution of 350 mmol of the sodi.um salt of trisul phonated

tri phenyl phosphi ne (TSTPP) in water ﬁé charged into a 1-litre gl ass
10 round-bottoned flask fitted with a magfi&tic stirring bar and an

ascendi ng condenser; this solut Q%u$f 9. g (70
mol ) of Ni (cycl ooct adi ene)g@ri Are F(ﬁéf ?ige , ﬁ%gg\% y 350
cnerr] of previously degagsed aish @A mnth stirring and 15
under a stream of argon. @ﬁ,%ﬁ . %ﬁ? nlxture Is heated at 45[err]C

for 15 h. After cool ippg, \% SR Uef B Srvdd W 1 %@g ate
by settling and the strongly re coloured aqueous phase is

2) - lsonerizatiggeef, 2-nmethyl-3-butenenitrile The follomnng
are charged into a 150 cnferr] - glass reactor stirred using a turbine:
- 2-nethyl §3- but eneni tri pEteEVidling and separation of the phases by
48.6 g (600 nmol) 25 . - aqueous sol ution containing:

0.14 nol /| of Neestdifg? Meule/ Ifinal organic phase is clsddyeddiy yasalt of
trisul phonat ed tri phenyl phosphi ne (TBTPP): 16
cnerr] @hr@mat@graphy {ec) .

' The follawing results are dbtaimeds _
Extent of conversion (EC) of 2M3IEN: 95%
ic _ ' xialdhizé) of 3-pentenenitrile (3PN)
L relative to the 2M3BN converted: 391.5%
Yield (¥d) of 2smethylszéb@tenenitgile.
(22BN} relative to tﬁe 2M3BN

converted: . 8%
15'
| The f£ollowing agé charged into the apparatus
desaribed for BExample i:f"'

- - Nicl, | - 0.75 mmol
- 20 ~ TSTPP -  3.15 mmol
- NaBE, ._ L 0.8 mmol

~ ‘B0 | 2.8 g

- ZM3BN 200 mmol
- The mixture is reacted withlstirring for 3 b
25  at 110°C. - |
The organic phase is aséaygd by G@.
The following results are cbtained:
- EC of 2M3BN 64 %



13 ' , (equi val ent to 2.24 mol of N and

11. 2 mmol. of TSTPP) The reaction mxture is stirred for 1.5
h at 90[err]C After cooling and separation of the phases by
settllng, the final organic phase is assayed by gas chr omat ogr aphy
(GO . The foll ow ng resul tifgre obt ai ned: '
Extent of conversion (EC) of 2MBN. 95% Yield (Yd)
of 3pentenen|trlle(3PN)E relatlvetoéfl 2MBBN
converted: 91.5% ¥d of 3PN vield (Yd) of %
2-met hyl - 2-butenenitrile _ ' (2M2BN) rel atgwe to the
2MBBN S 8% 15
EXAMPLE 2 - in situ reduction of Ni 11 The followi ng are
charged into the apparat us descri bed for Exanple 1:
- NQferr] = Exawme 0. 75mmol a 20 - TSTPP
3.15 nmol - NaBHerr] ' 0.8 mol
- Herr]O Example 2 A® xppeated with the -£S\BRNng
200 mol . The m xture is reacted with stirring for 3 h 25
at 110[err] 6  chazges: The organic phase is assayed by GC
The follow ng results are obtained: - EC of 2M3BN
64% : - Ni{Cod), (Cod = cyclocctadiene) 0.75 mmol

- TETPP . 3.4 mmol

- 2,0 | - 3.8 g

- 2M3BN . S 1200 mmol

10 ' Temperature: 390°C
Time: 2 b

"The following results are cbtained:

- EC of 2K3BN | 87 &
- Y4 of 3PN o 93 %

15 ' - Yd of 2M2BN . 2%

Example 2 is repeated with the following

charges:
- Ni(Ced), | 0.75 mmol
20 . THTPP ) o 3.15 mmol
B,0 C . .2.8 g
- 2M3BN . 200 amol

Temperature: 110°C
Time: 0.25 h and 0.5 b



14

2M2BN

with the foll ow
cyol ooct adi ene)
nmol

200mol 10
[err] The fol |l ow
87% .

2M2BN

with the foll ow
20
Herr]O
200mol
0.5 h

97%

- Yd of 3PN - Yd of
3% EXAMPLE 3 Exanple 2 is repeated
ng 5 charges: - Ni(Cod)[err] (Cod =
0. 75 mol - TSTPP 3.4
- Herr]O . 38§ 3. 89 _ - 2MBBN
Tenperature: 90[err] a Tinme: 2 h :
ng resul'tsgare 'Egg: . . - sEC.of 2MBBN
- vd of gﬁﬁl fgfig# g results agg%obfg e8ds - vd of
20— AN 4 Bearpter2-ts—+epeated
ng - N (Ofd)perrp.25 k For 0.6. B5 ol
STPP 3.15 mol - -
i S 0 - N '
EC of¢ ePat ure: 110[err] ¢ 75°% (ll'i_rre: H¥ % n afd
' ¥d of 3PN 92 % 54 &%
¥d of 2MaBN 5 % 5%

ic

1s

20

Example 2 is repeated with the following

@harg@sg
~ Ni{Cod), 2.5 mmol -
~ TSTPP 10.8 mmol
- H,0 5.0'g
- 2M3BN 200 mmol

Tmerat;ure: §g°C
Time: 4 h '

The following results are cbtained:
- EC of 2M3BN ' 87 %

- ¥d of 3PN 94 %.

Example 2 is repeated with the féllwimg
- ¥i(Cod), 0.7 mmol _

-~ TEBTPP see Table 2



The following results are obtained:

For

0.25
h° For 0.5 EC of 2M3BN - 75% 87% Yd
of E 3PN 92% 94% Yd of 2MeBN 5%
5% EXAMPLE 5 - Exanple 2 is repeated with the following -
- Ni(Cod)[err] 2.5 mol 10 - TSTPP '
10. 8 mol - Herr]O 16 50 g . -
2MBBN 200 ;%%If : Tenperature: 56[err]C -
Tinme: 4 h T ol lowing results ar t ai ned:
- EC of 2MBBN % - Yl of . 3R 3
94%  EXAWMPLES 6 TO8 = 2 Exanple 2 i< ‘Ee)d’é"’i‘?jé\lﬁz%?'ﬂ % he
followwng 20 charges: . . ag¥d Cod)[err] 0.7 mol
- TSTPP see TEReTpture: 9d3d O
‘Time: see Table 2 |
5 The results obtained are collated in Table 2
below.
TeTPP | Time | EC of | Y4 of ¥d of
mmel 2M3BN 3pN - 2M2BN
0.5 b 39 % 80 % 15 %
Example 6 | 2.15 | i s n. 81 % 88 % 12 %
6.5 b 45 % 89 % 9 %
3.6 )
i.5 b 87 % 82 % 7%
0.5 b 49 % 92 % 6 %
10 |Exemple 81 5.4 1 1 s5n 62 % 92 & 6%
Example 2 is repeated with the following
charges:
15 - Ni{Cod), see Table 3
- T8TPP 10.5 amol
- Hy0 i5 g
- 2¥3BN 600 mmol (60 cm®)
Temperature: 90°C
a0

Time: seé Table 3




16 - Herr]O 59 : © - 2MBBN

200 mol (20 cnferr]) ' Tenper at ur e: 90[err] C -
Time: see Table 2 o The results obtained are collated in TabI e
2 bel ow. Exampl es TSTPP Ti me EC of Yd of . Yd
of _ mol - 2M3BN 3PN - 2M2BN _
0.5-h 39 % 80 % 15 % Ex&nple 6 2.15 1.5 h 81 %
88 % 12 % - . 5.h 45 . % 9 %° 9 %
Exanple 7 36 _ The results @bf&%nﬁﬂ arg, cg)liate@zé% ﬁpa.ble 3 %
0.5 h 49 % laé % 6 % 10 Exanmpl e 8 5.4 1.5 h 62 %
92 % 6 % ble 2 EXAMPLES 9 TO 10 Exanple 2 in
repeated with tge - - e5—tb- Ni-CCee)frer-r
" see Table 3 B TMRE@&)Z Time | EC o). > ntdlof | ¥4 of
- Herr]O ! g : - PMBBN _ 600
“mol (60 cnferr}]) ' mifedper pt ures: 9P| EMIBE 3PN 22BN
0.5k | 11 % 66 % 33 %
0.3 1.5 h 28 % 66 % 33 %
| 0.5h | 48 % 83 % 6%
5 | Example 10 2.8 ' -
 SxREpLe 3 1.55 | 9% | 93 % 6%
Zable 3

Example 2 is repéate&, but after the test the
10 organic phase is separated out and assayed by GC while
| the organic phase ‘@@nt:ainiﬁg. the nickel catalyst and
the TSTPP is r@eycled with a new eharge of 2M3BN.

The following compounds are ehargeﬂ.

- Ni(Cod),  0.74 mmol
15 - - TSTPP | 3.4 mmol
- H,0 | ' 3.8 g
- 2M3IBN : pes Table
. .
Temperatures 3%0°C _
20 - Time: 90 min for each ‘t@ét

The results obtained are collated in Table 4



20 Time: see Table 3. 17

The results obtained are collated in Tabl e 3 bel ow. Exarrpl es
Ni (Cod)[err] Tine EC of Yd of Yd of nmol ,
2MBBN 3PN 2M2BN 0.5 h 11% 66%

33% Exanpl e. 9 0.3 _ 1.5 h 28% 66%
33% : 0.5 h 48% . 18 939 6% 3 Exanple 10
2.85 1.5 h 94% 93% 6% Table 3
EXAMPLE 11 Recy®&%®F<tests -

Example 2 is repeat ed, but after

the test the 1 organi.c.phase._| ;egagagggégﬁ,
the organic pha,F@geﬁmﬁgni rmg@he Ni cke |e£C alerEmy S
recycled with ainew chargg of 2M3BN The foll ad
are charged: | -chyrpedd)[err] ' _ bl
15 - TSIPP tmmol) . 3.4 mol - Herr]¢
3.8 ¢ : - 2NVBBN _ see Table! -~ 4
Tenperature: 90 %rr]c 20 211 WS 90 mn E&r*each t%§k
1 2058 78 % 86 % 4%
5 2 - 225 €0 % 80 % 5%
Table 4
Example 11 is repeated with the following
10 charges:
- Ni{Ced), ' 2.26 mmol
- T8TPP 10.1 mmol
- B0 16 g
- 2M3BN Bee Table_ﬁ
i85 Tem@ematurés s0°¢C

'Times ses Table 5
The results obtained are collated in Table 5

below.



The results obtained are collated in Table 4 bel ow.

Recycl i ng 2NVBBN EC of 2MBBN Yd of 3PN Yd of 2M2BN :
char ged 0 211 93% 92% 5% 1
205 78% 96% 4% 5 2 225 60%
90 % -5% Table 4 EXAMPLE 12 Rec¥gl ing tests o
Exanple 11 is repeated with the followng 1I0 .charges: : - Ni
( COd) [ er r] 2= G rrret— = SRR j i
10.1 mmol | Recycling| PRM3RY | Time EC of ¥d 96 g | ¥4 of
2MBBN | - sde, Table 5 !E“ Tenpdqr e:
90[err]C Ti me glse? e?at I (énlgp 2 Thgmr esul tsﬁé%ai ndd
are collated in [Table 5 (xaief)) OWV. :

] 1 600 %0 o5 | s1% 8%

1 600 80 73 & %0 & ) s %

2 | 6o¢ 80 | 4rs 80'% 5%

180 72 % 50 % 5 %




Recycling 2MBBN . Ti me EC of Yd of Yd of
char ged (mn) 2M3BN.— . 3PN . 2M2BN (ol ) 0

600 90 __— 0 'i@b 8% 1 600 90
73% 90% IR 600 90 47%
e s “ﬁ“‘“‘\“ﬂm\\\‘\“ - 180 g4 72% 90% 9%
Table 5 BN T 28 cLavs .1. Process for the
i somerization of 2- et hyl - 3- but energgla4skee i Nto a |inear
pentenenitrile, ' characterized in that the reaction is carri'ed out in
.5 the presence of an aqueous Fbséds®for the iscmerizaficidtoEeast one
. sul phaonat ed phosphi ne of general formula (1) [err]

ZngthylESébutenemitrile into a linear pentenenitrile,
‘characterized in that the xéaeti@n is carried ocut in
5 the presence of an aque@ﬁs_g@luti@nz
- of at leaét-@me éulph@mated phosphine of

general formula (I)

1

Az R

in whichs _ _
. Ary, Ar, and Ar,, which may be identical or
10 -éifﬁgrent, represent aryl groups
e ¥,, ¥, and ¥;, which may be identical or
different, ré@ragent
. an alkyl radical baving 1 to 4 carbon
atoms, | N |
i5 - . an alkexy radical baving 1 to 4 carben
atoms,
. a halogen atom,
. & CN gaéi@al,-



I n which: * Ar[err]‘, Arferr] and Arferr], \A)r\ich may be

i'dentical or 10 “different, represent aryl groups

Y[err], Y[err] and Y[err], which may be identical or

di ffrerent, represent [err] an al kyl radical having 1 to 4
carbon . _ atons, 15 [err] an al koxy radical
having 1 to 4 carbon at‘c?f?%, a hal ogen -
at om [err] a CN,radi , '

21 [err] ‘an érrgiéggria@cﬁléal [err] an
OH radi cal, _ an Ui lrfa{agical NRerr]Rerr], in which
formula Rlerr] and T r’ 'é’%érr] , Which may be i dentical or
different, 5 . & FRMEECHRAY, Al i R G i) 4
carbon atons, *Mis an | ganic or organic cationic
resi due chosen, so that the cm,o%ﬁ may be identical orfdiffésfedt) isS
wat er-soluble, fromthe 10 ) “group conprising: [err] Herr],

[err] catigns derived from al keépremést sawralkyl radical having 1 to 4
' carbor. atoms, |
* ¥ is an inorgenic or organic catiomic
?esidue chosen, so that the cempound of
formula (I) is watejgegolublé, from the
10 ' grdup cwrisings
- ,
o eationls' derived from alkali metals or
alkalinéeeazth metals, '
. N(RyRRsRg)* with R, R, R; and Rg, which
15 _' lma_w.y be identical or differemt,
representing an alkyl rédli_@&l having '1
| to 4 carbon atcms or a hydrogen atem, ..
. other cations derived from metals for .
which the benienesulphonic acid salts
20 : are waﬁer;a@lublg,
® my, My md m, are integers, which may be
id@ti@.al or different, from 0 to 5,
.. nl-, n, and n, are integers, which may be
identical or different, from 0 to 3,
a5 I at iea.sﬁ one among -thése being equal to or
greatér _tham i} |
- and of st least cme tramsition metal

compound .




al kal i ne-earth netal s, [err]

N(R[err]R[err]R[err]R[err])[err] with Rerr], Rerr], Rerr] and Rerr],

\VAQ:OVCQSEﬁ?i ng a Jrﬁmmmnmmmmfﬁg' (ientmal or different, .to 4 carbon

atom or a hydrogen & of *® _ [err] other cations derived

fromnetals for - whi (agthe benzenesul phonic acid salts
20 are ter e nferr], nferr]
and nferr] are integers, iVal chﬁégéél%é acco:ding to Claim 1ﬁlent [ cal or

different, fromg _ re
\ &é&cbéezized in that the au%m hat & ?ﬁ% ?%eré%sé@]r %%q S o

I nt egers, which

3, 25 chosen aﬁréﬁaﬁa PEosaid é@é%’@%ﬂae@§ﬁ| 140wRich:

greater than 1 of "at |l east one transition netal

.22 2. Prsocg , Olg@idn 0 a€led iphiehyl sup#)aracterized in_
“that the sul phonat ed phosphi nfe used is ady chosenzq‘régit e phosphi nes of
fornula (1)§in which: - ¥, ¥, and ¥, repiestint] godupy choweh Adesar] are
phenyl groups; - Y[err] Y[err] and Y[err] represent
groups chosen from . alkyl rad%ulﬁ bakcihgr fdowal sthali agrbonm 1
to 2 carbon at ons, * Jerr] al koxy
radi cal s havi ng from 1 to 2 atoms, : ' car bon‘ atons, 10

- Mrepresents a cation chesen fromthe grou up
. alkoxy radicals having from 1 to 2

carbon atoms s

10 ‘ - M représents a caticn chosen ﬁ:ém the group
e@xisimg
. H* _
. cations derived from Na, K-, Ca and Ba
| g o _
pR : . tétram@thyl ammenium, tetraethylammonium,

tetrapropylammonium and
tetrabutylammonium catiocns
< oy, m and m; are integexs from O to 3
- nl,. n, and n, are imtegers £rom 0 to 3, at
20 S lsast one alsc being greater .tham I.
| 3. Process according to either of Claims 1
and 2, characterized im that the sulphonated phasphine

used is chosen from the modium, potagéim, caleium,

bari@, ammonium, tetramethylammoni
25 tetraethylasmonium salts of mo(sulph@henjl) -
 diphenyliphosphine, di(sulphophenyl)phenylphosphine and
tri (sulphophenyl) jphgsghiné, in the formulae in which |

the 80, groups are preferably in the meta-position, are



conpri sing _____ferr] cations derived fromNa, K, Ca and Ba

[err] NHerr], 45— [err] tetramethyl anmoni um
tetraethylannon|u‘:,m TR ] wm“““ : t et r apr opyl anmoni um and

t et r abut yl anmoni uf .‘m i B 1 ' - nferr], nerr] and nferr]
are integers from# L 23 nferr], n[ferr] and n[err] are
integers fromO to 3, at ' .l east ‘one al so bei ng greater

t han 1. ﬁﬁ’%ﬁ dlngto either of Cains 1

and 2, characterlze?%%$i§%%t t na ‘ed phosphlne used i s chosen
from the sodi um potassi gy C@"z‘&dé@g accordidid 4B AHETYE Clains 1 to

t et ranet hyl ammoni um and 25 tetraethylannnnlun1salts 0

mono( sul phophegyl kharacteridied 43y HMARS Henipunds of nickel, of _
di (sul phophenyl ) phenyl phosphi ne apd trl(sulphophenyl)phosphlne in
the formil ae i palllagium or dﬁ@rﬁ,eﬂh}ﬁ,@miﬁ@ﬂﬁm Yozt N the

L

met a- position, are nore particularly preferred.

4. Proces$ accepdbig of dissoflvihg mnabﬁ(the reackionh aveacidydiomas, i n-t hat
conpounds of nickel, of pal | adi um or of iron, which are -water-soluble
or 5 capabl@n@féféuﬂﬁﬂﬁﬂf ] *"‘*>sﬁpﬁqommgmuﬁad(ag;transitimm
preferably nickel conpounds, are used as transition ' met al conpound. -

5. Process ac@@ﬁéln&cﬁ@@@@§°n|4
8§, Process a@@ording te Claim 4,

characterized in that the nickel ee@@@und used is a
a. ‘

10 =nickel zerc compoun
6.. ?x@@gss according té Claim 4,
chazacterized in that the nickel compound used is a
compound of miekel-wiﬁh-an oxidation state greater than
xero. |
15 7. Process according to claim~6,
characterized in that an organie or inoxgani@_niekela
reducing ageﬁt which rgaeté pxefergntially with nickel
under the reactiem ccnditi@ns is added to the reaction
medium. |
28 8. Process according to Claim 7,
characﬁerize& in that the reducing agemt is added in an
amount such that the number of redox equivaleats is
between 1 and 10. |
8. Process according to cme of Claims 1 to
25 8, characterized in that the 2-methyl-3-butemenitrile
which undergoes the iéamé?ization is used alome or as a
mixture with other compounds, for instance 2-methyl-2-

butenenitrile, 4-pentenenitrile, éspenten@nitzile,



characterized in that—rhe—nrcke#~conpound used is a 10 ni ckel zero

conpound. accordlng to daim4, ° '
‘characterized in th l!!ﬂ E!ﬂﬂﬂﬂ ound used is a conmpound of

ni ckel with an oxid er than zero. 15 7.
Process according to O aim 6, characg %rlzed in that an organic or

i norgani c nickel - reduci ng agent which reacts preferentially wth

ni ckel Unﬂ%@hﬁé@éﬁiﬁ&ﬂé,%ﬁéé&i@ﬁé I adggea&tﬁl@e reaction
medi um 20 Process accordlng to Caim7

characterized lxanéahﬂ@mtggaﬁmsia@enn e&nﬂé@ée&m@mmﬂe gpunt such
that the nunber of redox equivalents is between 1 and 10

9. Process accesllengnitrbdhe.of Clains 1 to 25 8, characterized in that
the 2-nethyl -3-butenenitrile whi ch undergoes the isonerization is used
al one or as a m xt ur 20vwi t Brotbes scopmdisgy, tboemensﬁam®aﬁh§nﬂi@d 2-
butenenltrlle 4-pentenenitrile, 3-pentenenitrile, .
24 %ent%ne@h@?&@é%réaaddignmmEhsnreasltépn mixture cbtained
2-methyl glutaronitrile; 2-ethylsuccinonitrile or val eroni‘trile.

10. Process accé¥emnghechpdeceyannting ofi butadieng ilshirseted sddh n t hat

the reaction nlxturf obt ai ned: fromthe hydrocyanation of butadiene is
treated with n the presence of an aqueocus soclution of a

sulphonated phosphine of ‘formmla (T) and of a

transition metal compound, more prefegébly & .compound

10 of nickel of oxidation state 0.

1l. ' -Process according to ome of Claims 1 to
10, characterized in that the isomerixation reaction is
performed at a temperature of 10°C to 150°C and
prgfezably of 60°C to la0°C. _.

15 ' 12. Process according to ome of Claims 4 to
11, characterized in that the amount of nickei e@mpound'
‘used is chosmen such that there is between 10~% and 1 and
.preferably between 0.005 and 0.5 mol of nickel per
litre of reaction sclutién; | _

2@ '13. Process according to one of Claims 1 to
12, characterised iﬁ that the amount of phosphine of |
formula (I) used ic order to prepare the reacticn
B@luti@n is chosen su@h that the numbeg of moles of

thig compound relative to.l mol of elemamtal metal is

25 from 0.5 to 2000 and preferably £rom 2 to 300.



s
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HCN in the presence of an'aqdeous solutien of a "Eulphonated phosphi ne

of formula (1) and of a transition netal _corrpound nore preferably a
conmpound 10 ., of nickel of oxidation state O. 11. Process
according to one of Clains 1 to 10, characterized in that the

i somerization reaction is .. perforrred..at a tenperature of 10[err]C to
150[ err] C and preferably of 60[err]feto 120[err]C. 15

12. Process according to one of Clains 4 11, characterized in that
t he amount of ni ckel corrpound =Y I hosen such t hat there S
between 10[err] and lppdgtEss FOs -l it g P G- gaol of

ni ckel per - litre o 'react 7on so utlon ' 13" Process
according to one of Clains 1 to JAURELE | zed in that the anmount
of phosphi ne of formula (1) used I n order to prepare the reaction
solutien is chosen such t e tgresunth cinvinttide scelates totdi precapsund
relative to 1 nol of elenental netal is 25 fromO0.5 to 2000 and
preferably from£esn cig0dsomerization of 2-methyl-3-butenemitrile into

linear peﬁteneniteila} in partie@lar into
S-pentenenitrile. |

" More m:eeigely, it consists of a process for
the ig@mexizati@n of zsmthyl 3ebutene@it:ile into a
linear pentemenitrile, characteriged im that the
reaction is carried cut in the pz:eéemee of an agueous
solution of at least one sulphomated phosphine and of
at least one transition metal compound, |

SaPe@.temitgilé is an intermediate compound

for the preparation of adipomitrile.




