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This inventi orvqgensad |y relates to an I mproved |iquid phereswrosrss

~useful in the 10 hydrocyanation of dioIeE#gﬁ#%conpounds to produce

nonconj ugated acyclic olefin'nitriles and e subsequent liquid
phase process of isonerization of said nitriles to 3-and/or
4- ronoal kene |inear niPPFPERd Procepse fpypHydeaeypnateianief Pacdsh#eting the
process in 15 _the presence ¥ FHWMeFAFaRLCR| ek Hongrrivgsitednt at e
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Cat al yti c hydrocyanation systens, 20 particularly pertaining to the

hydr ocyanati on OfHﬁFﬂfEkﬁﬁﬁﬂéhlﬁﬁsnkﬂﬁwn in the art. For exanple, liquid
phase systens usefu or e hydrocyanati on of but adi ene to form
pentenenitriles (PN) are kndRaSi ppYeRtion gemeragdy ¥eidte® “D@Mmkard, U. S.
3, 496, 215, di scl osikgprdived Ndqhydr physe Proveself uisefalli ehethsi ng rrplnlodgnt at ed
ni ckel phosphi;te useda d e use
herein,ptheptéPn19§é%%e,e%?f???eaf d%g%%a?ﬁf£2%§@§Pgdﬁegﬁ f%ﬁ%%%tene.

Li kewi se, " putRGRGARIYgREednREYSl iy lafish @i rippgcardtto the

subsequent liquid phase process of isomerization of
said nitriles to 3-and/or 4-moncalkene linear nitriles.
The improvement resides in conducting the process in

15 the presence of zero-valent nickel and a bidentate
phosphorus compound.

Background of the Invention
Catalytic hydrocyanation systems,

20 particularly pertaining to the hydrocyanation of
olefins, are known in the art. For example, liquid
phase systems useful for the hydrocyanation of
butadiene to form pentenenitriles (PN) are known in the
art. For example, Drinkard, U.S. 3,496,215, discloses

25 the hydrocyanation of butadiene using monodentate
nickel phosphite catalysts. As used in this patent,
and as will be used herein, the term "pentenenitrile”
is intended to mean cyancbutene. Likewise,
"butenenitrile" means cyanopropene. Bidentate

30 phosphite ligands complexed to zero-valent nickel and
platinum are known to be useful in the liquid phase
hydrocyanation of butadiene, as described by Baker et
al. J. Chem. Soc., Chem. Commun., 1991, pages 803-804.

The pentenenitriles so formed are subjected

35 to further hydrocyanation and/or isomerization to form
adiponitrile (ADN), a commercially important material
in the manufacture of nylon. For example, Drinkard,
U.S. 3,536,748, discloses the liquid phase
isomerization of 2-methyl-3-butenenitrile in the
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the use of a Lewis Acid Promoter. Teachings regarding
the use of a promoter in the hydrocyanation reaction
15 appear, for example, in U.S. 3,496,217.

Bidentate phésphinite ligands used in the
present invention for the hydrocyanation of diolefins
have been used for the hydrocyanation of monoolefins.
Commonly assigned, copending Application Serial No.

20 U.S. SN 08/408,250, filed March 22, 1995, disclose such
bidentate phosphinite ligands used in combination with
a Lewis Acid Promoter to hydrocyanate moncolefins.

The present invention provides for an

improved process for the hydrocyanation of diolefinic

25 compounds, such as butadiene, and subsequent
isomerization of monoolefins without the need for Lewis
Acid Promoters utilizing zero-valent nickel and a
bidentate phosphinite ligand. Other objects and
advantages of the present invention will become

30 apparent to those skilled in the art upon reference to
the detailed description of the invention which
hereinafter follows.



Bi dent at e phosphinite |igands used in the present invention for the
hydr ocyanati on of diol efins have been used for the hydrocyanation of
nonool ef i ns. Commonl y assi gned, copendi ng Application Serial No. 20
U S. SN 08/408, 250, filed March 22, 1995, disclose such bi dent at e
phosphi nite | ivgawtiss4assed i n conbination with a Lewi s Aci #CTussspdeR t o

hydr ocyanat e nDnOq£&hk&§fgt%4¥L¥P%Fn:“the present invention provides for
an i nproved process Tor e nydrocyanation of diolefinic 25 conpounds,
such as but adi ene, and subs@§geR¥esent jiyiantiion: PEAVELe Frodmd AMAYEd t hout
the need for Lew PprocesAcifdrPrhevl £gsiditgHasel hydzeepanat bai of ckel and a
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present invention a arent 0S€ € art upon
reference to 5 t4he FosH ]-ItéangQE?‘PTbNQﬂF%* atqy§1P-ﬁthFthe$/\h| ch
hereinafter foll owomprising, reacting an.aliphatic diolefinic compdund,

preferably butadiene, with a source of HCN, wherein the
improvement comprises conducting the hydrocyanation and
subsequent isomerization in the presence of a catalyst

10 composition comprising zero-valent nickel and at least
one bidentate phosphorus ligand selected from the group
consisting of compounds represented by Formulas I
through XIII:
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olefin nitriles prepared by any nethod can be used as starting
materials for the isonerization in accordance with this invention. 15
Det ai | ed Description of the Invention . The catal yst precursor
conposi ti ons useful for the practice of this invention are conprised of
a bi dent atwo wimasghor us conpound and zero-val ent ni ckel . BOrnSdacs2

cat al yst conposit| is.referred tg.as a _e Precursor” only to indicate,
inall Iikeli hoodk“lglurrlenxl 15 PR o & &Rat Fon PeeR 11T tﬁ%"’st CGature of

t he active cafgtpstFeorp®ai t§ omeat@y -CNn patre, -, ot exd#id, or to an

olefin. 25 para TOE3DI oM AtnetAS BROBYURCEP MRAHUE 1M BE carbon
prepared by a var ia%%sqf net hods kr&gﬁrlg the art. The symmetri cal
| -

di phosphinites are prepaPe%ISaEle% The di aryl chl or ophosphine is
added to a tol 8Bene sol uTherresfctich dis mpdtt comvéndentilye petifermedct i on

30 mxture is allewednhBusiy ' £Adm RAIPISIRGE 2bH' &¢ éﬁgﬁhtﬁrti %Itered to
renove triethyl am'dnelh?édroch or | dg. !he d9roduct s isolated by removing
the sol vent under S*OeF3RERAERT 3- and/or 4'm°n°alﬁ?é‘e_ur4§9ﬁﬂ§tr| cal

di phosphinites ar@igrépesed Bowever a tdienpiracesancat . be Hundudted _
diaryl chl orophospcaguise, {0éef Alblnbrh;IBaEea! RILLA Y JUATRIRG ONC) | S
added to_a tqluene solution of g diol and triethyl'am ne. “Once the
reaction is c't')ﬁpl m Lhe ggéﬁwanatlon can be isolated per ge, prioy

to isomerization. Furthermore, nonconjugated acyclic
olefin nitriles prepared by any method can be used as
starting materials for the isomerization in accordance
with this invention.

15 _

Detailed Description of the Invention

‘The catalyst precursor compositions useful
for the practice of this invention are comprised of a
bidentate phosphorus compound and zero-valent nickel.

20 The catalyst composition is referred to as a
"precursor” only to indicate, in all likelihood during
the hydrocyanation reaction, the structure of the
active catalyst composition may, in fact, be complexed
to an olefin.

25 The bidentate phosphorus compounds may be
prepared by a variety of methods known in the art. The
symmetrical diphosphinites are prepared as follows.
The diarylchlorophosphine is added to a toluene
solution of a diol and triethylamine. The reaction

30 mixture is allowed to stir at room temperature, then
filtered to remove triethylamine hydrochloride. The
product is isolated by removing the solvent under
reduced pressure. _

The unsymmetrical diphosphinites are prepared

35 in a similar manner. The first diarylchlorophosphine
(preferably the more sterically hindered one) is added
to a toluene solution of a diol and triethylamine.
Once the reaction is complete, the second
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di aryl chl or ophosphi ne is added. Triethyl am ne hydrochloride is filtered
of f and- the sol vent renoved under reduced pressure to give the product.
The zero-val ent nickel can be prepared or 5 generated according to

techni ques k nifigt he art (U.S. 3,496, 217, 3,631,191;Péﬁ@gﬁ?ﬁ§%gro

3,847,959: an . 3 , 120, which are incorporated b referencg
val ent nickel co ?EXéggi?ﬁﬂPhﬂﬁéﬁ&Pﬁ FRgaddrd - whrdietdydaminepe dj spl aced by

t he or ganophosphydso¢hlmarnidle dise faltOrpd ebEf raxsh IHe c10EnZeromyve@nt

ni ckel. TwO SUChunder PFEIRISE Bresblrdat§NGivl Gl £ARQUNds are Ni(COD)2.
(COD is 1,5-cycl ooct adi ene). and

Ni (P(O o- ([ err] H err] CH er™® BEFFTYREERT (Bh ko] 138y ) preperedfonhi ch are
known in % hegemeratdd eraratridiaby fodteeheigues deiwnCaRPEHAAS-EBY 15 gle
conbined with a Ci ty.aRd gk e 5e ] rye.as_suyitable
sources of zero- \(/g?%]htj]%i%%g??i'nat'ﬁg?'lgf'r %ﬁ%%’rﬁ%u?t’ggﬁeyg?vﬁ% t nickel
conpounds i ncl ud® 293 i sitigs are: ipcomponatediby aefpreheek. Y Zardmal i de,

carboxyl ate, or eabém atirikelacempSuh8abtkat ehiridis a(i?aaegt Swhg&k ﬁ& met al

bor ohydri des, I ) ydrides., netal al kyl's, .Zn, F Na, or
Herr]. El gﬁié%t%?é%hi@c :aqn,b YoF g? erg% ?‘3%’?%??&}"%&5. é??hﬁhe'ﬁre 2 conbi ned

wi th a hal ogdhat REekenEed sourge géseerpcvrlent niadked. 3TPO3sd€H, is also a
sui tabl e source pfeferired Zertah@lentdi kékel compounds are ﬁ??c@ﬁ%%al

Wi oh s o or bP i e oRs AR LS e combined. An | effective
catal yst requir Bl &R (9rleHaRBizdn) edColla P Jooth @fs whdchoaee gkaowatom of
eroyalent nickehe are. Mcernaciiatysl ehalisic moxaetnbsathgThy Uocd |1
to 10 car bor i o AL Hyeh ot 28buInG adert Gnd"SapqthrS sl to
trans- 2, 4- hexadi 8¢%%e FFutswitaplessoppeeades zsup-valéntr ahckée] 3imerhiadi enes
and 1, 5- ' ‘reaction. Suitable divalent nickel compounds include
compounds of the formula NiY; where Y is halide,
carboxylate, or acetylacetonate. Suitable reducing
20 agents include metal borohydrides, metal aluminum
hydrides, metal alkyls, 2Zn, Fe, Al, Na, or H,.
Elemental nickel, preferably nickel pdwder, when
combined with a halogenated catalyst, as described in
U.S. 3,903,120, is also a suitable source of zero-
25 wvalent nickel.
The actual catalyst is a complex of zero-
valent nickel with the bidentate ligand, which is
formed when those two materials are combined. An
effective catalyst requires at least two moles of P
30 atoms for one gram-atom of zero-valent nickel.
The diolefinic compound reactants used in
this invention include primarily conjugated diolefins
containing from 4 to 10 carbon atoms; for example, 1,3-
butadiene, and gcis- and trans-2,4-hexadienes, but also
35 includes ¢is- and trans-1,3-pentadienes and 1,5-
cyclooctadiene. Butadiene is especially preferred by
reason of its commercial importance in the production
of adiponitrile. Other suitable diolefinic compounds
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commercial inportance in the production of adiponitrile. OQher suitable
di ol efdi ni ¢ conpounds : 8 WO

97/ 23446 PCT/ US96/ 19642 i ncl ude
di ol efi ni ¢ coppewsmdss substituted with groups whi ch do n®CTRSAWB42at

Sui tabl 6 Jepr esertiide seglFHﬁlé T R Y AT TINAAY

sui tabl e represe | as XV,

XVI I, and XVI || répcks&et nehed eaCt¥N§Rﬁuﬁh$(9§F§ M§8 fron11 3- but adi ene and
HCN,; CH[ er r ] =CHrekE=€bll B6wing Formulas XEyeand - BrOHustaGdeR] err]

XV in each
one of RL and R, su:.t e?leen eﬁﬂségtatwe st(a]rt%.n %§§ig&)1ﬁ: ?mpaﬁ}%ﬁ
CHerr]- CH:CH5CH[Q’!Fd ]F_@squlas Er rm G‘E‘%MH@HF@PFfSW the

CH[ err] =CH CH- CH¥dducts obtained¥rom 1,3-butadiene anéN%$?

| (3P (4PN)
XVI I
CHy=CH-CH=CHp - R1-CH=CH-CH=CH-R2
- XIV _ XV
10. (1,3-butadiene)

wherein each one of Rl and R2, independently, is H or a
C; to C3 alkyl.

15 CH3-CH=CH-CH3-CN  CHy=CH-CH;-CHp-CN  CHy=CH-CH-CH3

XVi XVII |

(3PN) (4PN) CN
XVIII
(2M3)

20  3-pentenenitrile 4-pentenenitrile 2-methyl-3-butene-
nitrile

It will be recognized that compound XIV 1,3-

butadiene is a special case of Formula XV, where each
25 ope of R* and R? is hydrogen.

In the practice of the hydrocyanation of the
diolefin in accordance with the present invention, the
following description applies.

The hydrocyanation reaction can be carried

30 out with or without a solvent. Any solvent should be a
liquid at the reaction temperature and inert towards
the unsaturated compound and the catalyst. Generally;
such solvents are hydrocarbons such as benzene, xylene,
or nitriles such as acetonitrile, benzonitrile, or

35 adiponitrile.

The exact temperature used is dependent, to a
certain extent, on the particular catalyst being used,
the particular unsaturated compound being used and the



(2MB) 20 3-pentenenitrile 4-pentenenitrile 2-nethyl-3-butene-

nitrile It will be recognized that conpound XV 1, 3-

but adi,ene is a special case of Formula XV, where each 25 one of R err] and
Rlerr] is hydrogen. In the practice of the hydrocyanation of
t he di @H,ﬂmn accordance with the present inventi onpcifiSes19642
follow ng description applies. The hydrocyanation reaction

can be carried 3@siced math. orGenermiiy.a teoperaturednyf sihforent25ifotld be a

liquid at the r%@)b'coﬁaheﬁneﬁéé&”@l@{‘oﬂdﬁﬁbbct Q\Q’ai@§°c be i} dyasat ur at ed
conpound and the ¢ Iﬁ)égt General ly, such solvents are hydrocarbons
such as benzenepﬁéiﬁé rang€or nitriles such as acetonitrile,

benzonitrile, or 35 adi pfhetredaetion may be carriedheutexactcHaenpewatur e

used is_depesdeioadtBriuitn affrofl thedicantd, | B dﬁﬁéféféﬂ Gl yst
bei ng used, the particul ar émsatura oun el ng used and t he
9 VO 97.’/82§$ is charged with the cata st or cata yq:tCT/ Us96/ 19642

desired rate. Caremnpanentst etherahsavsratfed rcompodhfieand Gy solve¥0[ err] C
can be used W t h, JdPMPLELHLCh8rdedh &y drtacP§aBditNswepr V& LU Tange.
surface of the reaction mixture or bubbled through said
10 reaction mixture. If desired, when using a gaseous
unsaturated organic compound, the hydrogen cyanide and
the unsaturated organic compound may be fed together
into the reaction medium. The molar ratio of
unsaturated compound to catalyst generally is varied
15 from about 10:1 to 100,000:1, preferably 100:1 to
5,000:1, unsaturated compound to catalyst for a batch
operation. In a continuous operation, such as when
using a fixed bed-catalyst type of operation, a higher
proportion of catalyst may be used such as 5:1 to
20 300,000:1, preferably 100:1 to 5,000:1, unsaturated
compound to catalyst.

Preferably, the reaction mixture is agitated,
such as by stirring or shaking.

The cyanated product can be recovered by

25 conventional techniques such as crystallization of the
product from solution or by distillation.

One can either isolate the 2-alkyl-3-
monoalkenenitriles produced by the hydrocyanation of
the diclefin or proceed continuously with the

30 jsomerization under similar reaction conditions.

The 2-alkyl-3-monoalkenenitrile used as the
starting materials in the isomerization of this
invention can result from the hydrocyanation of
diolefin described above or can come from any other

35 available source. The olefinic double bond in the 2-
alkyl-3-monoalkenenitrile used as the starting
materials in the isomerization of this invention cannot
be conjugated to the triple bond of the cyano group.

10



The reaction may be carried out by charging a 5 reactor with all of the

reactants, or preferably, the reactor is charged with the catal yst or
cat al yst conponents, the unsaturated conpound and any sol vent used,
and the hydrogen cyanide gas is swept over the surface of the reaction

m xt ure or bulwbemk3adsr ough said 10 reaction mxture. If deBETU®6/192 N
usi ng a gaseous .unsat ur at ed, or gani onpound gen cyani_de and
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product from sol ut Il ation. One can either
I sol ate the 2- % q%t%;‘eRthﬁéal kenenitriles produced by the

hydr ocyanat i or’f of t he &P8I Ep1Irwing Forawd agoXTIX naed XY i lustiase30

| soneri zati on undefuidiabilleatepeasénioat Do dFtar®ing 2- alkyl -3- The

2-al kyl - 3- monoal k |k J t ' rials in the

| somerization of t 1@eh@n¥§§9}€%n L@}]enr é:glljel %@%%gg}g? ’an a ation of
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The ol efinic doublthdaen@hont b Rormulas adyland- gRMEA! kenenitrile used as
the starting 15 rmaterials in the isonerization of this invention cannot

be conjugated to the traﬂgl_%ﬁbgﬂdcﬁg the cyano eh9 2By -cn-cn, -r3
RSt =CH-CH-CH3-
B |

CN CN
XIX XX
20 (2M3)

wherein R3 is H or a C1 to C3 alkyl.

CH3-CH=CH-CH5-CN CHp=CH-CHy -CHx-CN

25 XXI | XXIT
(3PN) : (4PN)

It will be recognized that Formula XIX is a
special case of Formula XX, where R3 is hydrogen.

30 The isomerization process of this invention
can be carried out, for example, at atmospheric
pressure and at any temperature in the range of 10-
200°C, preferably in the range of 60-150°C. The
pressure is not critical, however, and can be above or

35 Dbelow atmospheric pressure, if desired. Any of the
conventional batch or continuous flow procedures may be
used either in the liquid phase or in the vapor phase
(with respect to the relatively volatile 2-methyl-3-

11
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substitution. butenenitrile is especially inportant in the

production of adPBBﬁP??fFEIi?IWﬁﬁcqaﬁﬁréggn}éﬁ?ﬂé pentepanditrddej ncl ude
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Formul as XXI @ndskXXver, 1§old, platinu;] el:a]i.nﬂsbﬂ'b@'d[ler 'Monel®,
%[err] —CHG"'G"EISEEMBB?“]etc. (2MB)

XX 20
wherein Rlerr] is H or a R Mracsse der psupkdy carried out “neat, "
i.e., without an added diluent or solvent. Any solvent

or diluent that is nondestructive of the catalyst can
10 be used, however. Suitable solvents include aliphatic
or aromatic hydrocarbons (hexane, cyclohexane,
benzene), ethers (diethyl ether, tetrahydrofuran,
dioxane, glycol dimethyl ether, anisole), esters {(ethyl
acetate, methyl benzoate), nitriles (acetonltrlle,
15 Dbenzonitrile), etc.

A nonoxidizing environment is desirable in
order to retard oxidative deactivation of the catalyst.
Accordingly, an inert atmosphere, e.g., nitrogen, is
normally and preferably used, although air may be used,

20 if desired, at the expense of loss of a proportion of
the catalyst through oxidation.

When the process is a typical batch operation
in the liquid phase with or without a solvent, the
catalytic nickel complex is soluble to some extent at

25 temperatures within the operating range and is usually
completely soluble at the most preferred operating
temperature. However, the nickel complex is
essentially nonvolatile, whereas the 2-methyl-3-
butenenitrile reactant, and the linear pentenenitrile

30 products are relatively volatile. Accordingly, in a
continuous flow procedure, the catalyst may be a
component of the flowing system in a completely liquid-
phase operation, it may be in a mobile nonflowing
liquid state in a semi-vapor-phase operation, or it may

35 be in a fixed-bed state (usually on a solid support) in
a conventional flowing vapor-phase operation.

The time element in the process is not
critical and may generally be governed by practical

12



CHerr]-CH=CHCHerr]-CN CHerr]=CHCH err]-CHerr]-CN 25

XX XXI | (3PN)

(4PN) - : It will be recognized that Fornula XIX is a

speci al case of Fornula XX, where Rlerr] is hydrogen. 30 The
| sonmeri zati on woowedss of this invention can be carried ORCT/US26/19642

exanpl e, at at ms%&aﬁfrlaﬁitgﬁg.ss%ﬁe q‘ﬁ?ﬂe&%‘p%ﬁér%@??% aér#%reacitrlclarie range of

10- 200C, prefera the range 0O e~ pressure is
not critical, howe\@el Qfd°CaKeBRieDRle 2meshylharbirensmidptds topressure,
if desired. Any dfireesr penteneniterilemals idapehdent capdn riuis LI ow
procedures may be eLEh i | qyi _ph . int vapor
phase (with rteesm Eeegfté 1Q:1:6 get Jﬁg % a%%/%%_é rfvolliagl f egée?rna(e){%qu 2 Towe

11 WOS97/tetipgFature generally requires a longer time 4bgmy US96/ 19642

butemenitril e reaciperatded htneakigieat ai_aﬁ:ieltrhi_thEe_. A PRBGlcR). I Thedreact or
may be of any nec | cal Ly resistant_ material, and is
usual |y of gl ass mco%?ognt?ﬁgr?a%el_?%ﬁmo%%ael %8 ?e¢9 4 #ﬁ‘%@c,?n&?pﬁ&,
silver, gold, plat®ammbosrsr nfepending|on heepPpekitylar codbittdldney padr ],
etc. mebPolcepératiokyual |y carried out "neat," i.e.,

Wi t hout an ad96d di | uent OrTﬁglMgﬂér égpﬁéygfvggkethyl-3-butenenitrile
to catalyst is generally greater than 1:1, usually in
the range from about 5:1 to 20,000:1, preferably 100:1
to 5,000:1, for a batch or continuous operation.
In a preferred process, the bidentate
15 phosphorus compound is of Formula I, where each X is
CF3, Cl, orx Fand n = 0, 1, or 2.

5

_ EXAMPLES
The invention will now be illustrated by the
20 following non-limiting examples of certain preferred
embodiments thereof, wherein all parts, proportions,
and percentages are by weight, unless otherwise
indicated.

25 Example 1
A 25 wt% solution of 1,3-butadiene was made

by vacuum transfer of 9.11 g of 1,3-butadiene into
27.33 g of butyronitrile. A 25 wt% solution of HCN was
made by the addition of 2.506 g of HCN to 7.503 g of

30 propionitrile. The catalyst solution was prepared by
the addition of 0.055 g of Ni{COD}5; and 0.474 g of the
ligand having the structure labeled "Example 1" below
to 5.47 g of propionitrile. With these solutions, the
following reaction mixtures were prepared in 2-ml GC

35 wvials equipped with micro-stirbars:

Sample l  Sample 2 Sample 3

Butadiene Solution 0.206 g 0.202 g 0.205 g
HCN Solution 0.080 g 0.081 g 0.085 g
Catalyst Solution 0.080 g 0.077 g 0.077 g

13



or diluent that is nondestructive of the catal yst can 10 be used, however.

Suitabl e solvents include aliphatic or aromati c hydrocarbons (hexane,
cycl ohexane, - benzene), ethers (diethyl ether, tetrahydrofuran,
di.oxane, glycol dinmethyl ether, anisole), esters (ethyl acet ate, mnethyl

benzoate), nyplhhfass (acetonitrile, 15 benzonitrile), etc. PpCT/USI6ENIGS2 A
nonoxi di zi ng envi r onnent desir e in order to.retard oxidative
deactivation of the catal ?é? &'v %&W%&F}mpaﬁe? v ‘f?hﬁ?&?ere e.g.,
nitrogen, is fingedaiviyhoapppeef atallyy siged, sheetsugh Nordelayubbewsed, 20
if desired, at the a‘iﬁpﬁﬂséoﬂéaiﬂﬁ%@h@ @R ebh! ﬁﬂxmres Gakdlyst

t hrough oxi dati on ocess IS cal bat ch
operation i ﬁ'etxl‘?epllﬁﬁﬁiidllbh%@%%q‘r? s\%"?’ﬁﬁﬁt s%ts%t} \%ﬁt [fample
catal yti c ni 8kell cmspkencivedsafiudt €l 10 I's @fe reattindn at irks. teSqmprl@t ar es

wi thin the operglddgemdted 2Pt S2 Upufldsy reactEBHpi—.%é' y Rl & gt he
nost preferred operatin nper at ure. Howeve nic conplex is

essentially non “%Qt"iefiegf’v'\ﬁﬁr%a% RRE XeasEipn- §”“e %‘Eﬁe"??é’l’ﬁttquq as
reactant, and t h;azelricmear ipeatdehemadas |Bye diQupiaduths pesct dratnivahire
vol atile. Accordj td RS catalyst may
be a corrponeri't o%l rq%gmgl oW alCc,;-)@yés({kem I nffzgJ ‘(’:‘%96198?9%&?13}5}% ‘rhe phase
operation, /P dRF AR o tx i PrﬁbH‘et b e B ml"tPFﬁuV%s s‘%%ﬁda 35 ap

sem - vapor-phase.mqwmul ebandardtinayha3 B eroduatf anellydisl. stBie (usual ly
on a solid suppq égull,_.% of tﬁeCQHXf‘}pééé”ﬁle fslh WF”QnV@QQ:[ phase operati on.

The ti ne el ement

process 1S i cal nay general ly be
governed by practical
TABLE 1
15
EXAMPLE IIME % 3PN % 2M3 TOTAL PN
1 1 hr. 34.9% 70.8% 105.6%
2 hr. 34.8% 68.8% 103.5%
20 3 hr. - 35.6% 70.9% 106.4%
2 1 hr. 34.3% 71.0% 105.3%
2 hr., 34.9% 68.4% 103.3%
3 hr. . 35.6% 65.4% 101.0%
25
3 1 hr. 33.4% 66.8% 100.2% .
2 hr. 32.3% 64 .2% 96 .5%
3 hr. 31.2% 62.8% 94.0%
30 4 1 hr. 36.1% 64.3% 100.4%
2 hr. 31.9% 59.,1% 81.0%
3 hr. 31.0% 61.7% 92.7%
5 1 hr. 34.0% 57.3% 91.3%
35 2 hr. 33.5% 56.9% 90.4%
3 hr. 34.0% 57.1% 91.1%
6 1 hr. 18.4% 55.1% 73.5%
2 hr. 21.3% 63.0% 84 .3%
40 3 hr. 21.9% 65.0% 87.0%
7 1 hr. 26.3% 69.3% 95.6%
2 hr. 27.3% 68.2% 95.5%
3 hr. 21.7% 59.6% 81.3%

14



WD 97/ 23446 PCT/ US96/ 19642
considerations. The tine required for a practical | evel of conversion
of 2-nethyl-3-butenenitrile to | i near pentenenitriles is dependent’ upon
t he tenperature of the reaction, i.e., operation at lower 5

t enper at ure gamewshdéy requires a |longer tinme than oper aPCHHSWH9H2 hi gher
tenperature. A practical reaction teggrgap be in the range of a few

seconds to many hours, dﬁﬁending on the particul ar conditions and
met hod of operation. 10 ' vmmw

2-met hyl - 3-butenenitrile to catalyst is generally greater than 1:1,
usually in t BEAMBLE e fr QIMEOout 5:% 3PN 20, 006 2M3pref er ZRLAL1DY: 1

to 5,000:1, f®r a batch or &®nti nuous 3Mpa%ati on. 69.7% 103lot a
preferred process, the bident &xe 15 phnsahorus &@npédund i s oF4 B mul a I
wher-e each X is CFlerr],2 Gx. or F2h®% = 0, 51.9&r 2. 80.7%
EXAMPLES The invention wll nom/be illustrated by the 20
foll owing non-linit?ng exandl & .of certhi&¥ pref er®%@% enbd®li Eent s

t hereof, whe¥®in all parts, 2d@portions2-6% and 53eP&ent ages & S%Hy wei ght,
unl ess ot her wi se i ndi catiedx- 25 B(éf’pl e 1 55.0% XI5 wt %
sol ution of 1, 3-butadi ene was _ nade by vacuum transfer of 9.11 g of

1, 3-but adi ene intol®  27.33 §¥of butyr%'rﬂ"crlle 1 9% Wt % sol 2} iGh of HCON
was made by t he addltlo *2.506 %&1 HCN t & 72 03 g of Xb-8%
propionitri 123" The catal yst l*ut i on ”so"pr epar ed - the*2dtfi tion of
0. 055 g of N|(COD)E§rr] and 0.474 g of irgi '

1 'hr. 8.8% 11.2%
2 hr. 8.0% 20.1% 28.1%
3 hr. 12.9% 30.2% 43.1%

20

12 1 hrx, 7.9% 25.8% 33.7%
2 hr. 8.8% 27.9% 36.7%
3 hr. 8.4% 27.3% 35.7%

25 13 1 hr. 11.7% 21.8% 33.5%

2 hr. 11.1% 20.7% 31.9%
3 hr. 11.8% 22.0% 33.7%
14 1 hr. 8.3% 23.7% 32.0%

30 2 hr. 9.2% 23.4% 32.6%

3 hr. 9.4% 22.4% 31.8%
15 1 hr. 8.0% 24.9% 32.9%
3 hr. 7.7% 24.2% 31.9%

35 4 hr. 7.4% 23.5% 30.9%

In the examples as shown in Table 1, the
butadiene hydrocyanation experiments were perxrformed as
follows.

40 Example 2 through 15 were run in a manner
similar to Example 1, except that the solvent for the
components might have differed. All solvents for these
examples were chosen from propionitrile, butyronitrile,

) or hexanenitrile.
45 In the examples as shown in Table 2, the 2M3

isomerization experiments were performed as follows. A
sample containing 81 to 83% of 2-methyl-3-butenenitrile

15



| i gand having the structure | abel ed "Exanple 1" bel ow to 9.47 g of

propionitrile. Wth these solutions, the fol | owi ng reaction mxtures
were prepared in 2-mM GC 35 vials equipped with mcro-stirbars:

Sample 1 Sampl e 2 Sampl e 3 But adi ene Sol uti on 0. 206 igﬁ 0. 202
g 0. 205 $N Sol ution 0.080 g 0.081 ¢ rcm?s &49
Catal yst Sol oL 0.080 g 0.077 g 0.077 g

13 VWO 92M3M grith other pentenenitrile lsqmers, was thg

PCT/ US96/ 19642 starting materiBle GC vials were crinp-seal ed w t_h caps
fitted wth appropriately sized sheets of Nordel rubber to aidin
containing the reaction m xtures. The vials were placed in a

hot - bl ock- st i rr hXamRlel®0[err]C. Sanple 5 1 was renoved after 1.0 h of

reaction tinmg Sanple 2 The WatangBPVeh @ id v agtion tine.
- Sanpl e 3 was on teer ao? reaction s?lp%ggfafhg ggac Fon was

noyved .0 h_of i
quenched in eacha‘i‘gjs%}% Ui IOUtoiS??g#hglt(%%)[Z cﬁf’drn'okt‘*l}rggg of whenligand e as
a GC sol vent f orhgving dtheaskrysitoareThabdDed prixenpliet nislhebelotheor eact i on

m xture was usedg sy & of pﬂdﬂi%h@ﬁkii&?”%?&%ﬁt ¢ ShaBROgyst analysis.
The results é)f érﬁ%alx%/dses are shown in Tabl e 1. .
TABLE 1 15 istilled undeg RABFRRER HYPRROGPANRPXOR per million of
10 2,6-di-tert-butyl-4-methylphenol. GC analysis of this
sample showed it to be 81% 2M3BN. With these mixtures,
the following reaction mixtures were prepared in 2-ml
GC vials equipped with micro-stirbars:

Sample 0  Sample 1  Sample 2
15 Catalyst Solution 0.085 g 0.112 g 0.101 g

2M3BN 0.084 g 0.111 g 0.101 g

The GC vials were crimp-sealed with caps

fitted with appropriately sized sheets of Nordel rubber

20 to aid in containing the reaction mixtures. Samples 1-
2 were placed in a hot-block-stirrer set at 125°C.
Sample 0 represented the t = 0. Sample 1 was removed
after 1.0 h of reaction time. Sample 2 was removed
after 2.0 h of reaction time. The reaction was

25 quenched in each case by diluting the reaction mixture
with diglyme as a GC solvent for product analysis. The
propionitrile in the reaction mixture was used as an
internal standard in the GC product analysis. The
results of the analyses are shown in Table 2.

16



EXAVPLE Tl VE % 3PN % 2n8 TOTAL PN 1

1 hr. 34. 9% 70. 8% 105. 6% 2 hr. 34. 8%
68. 8% - 103. 5% 20 3 hr. 35. 6% 70. 9%
106. 4% 2 1 hr. 34. 3% 71. 0% 105. 3%
2 hr. 34. We097/23446 68. 4% 103. 3% 3 HOT/US96/196485. 6%
65. 4% 101. 0% 25 3 1 33. 4% 66. 8%

Phere 264 2% 96. 5%

100. 2% 2 hr.. 32. 3%

3 hr. 31. 2% 62. 85HMETH RUTENENIFRILE JSOMERIZATION, .
36. 1% 64. 3% 100. 4% 2 hr. 31. 9%
59. 1% 91. 09RXAMPLE TIME hr . L RMY, 61% 73BN
92. 7% 5 16 1 pr. 0 3x.0% 6 S 91. B 35
2 hr. 33.5% 56. 9% 1 hyg 49 41.7% 3 ff.6% 34. 0%
57. 1% 91. 1% 6 2 hry 383 0oy 581 15%
73. 5% 2 hr. 21.3% 63. 0% 84. 3% 40
3 hr. 21. %034 17 65. 0% g 287, 0% 121-2% 1 gr?"
26. 3% 69-%0 95.6% 3 pr° ?;;r 22.3%/2
68. 2% 95. 5% : Bhr A2 -Fox, 597§0/§%
81. 3% : 14 .
18 0 hr. 98.6% 1.4%
15 1 hr. 43.9% 50.8%
2 hr. 39,9% 55.4%
3 hr. 41.5% 56.2%
19 0 hr. 89.5% 1.0%
20 1 hr.. 64.3% 34.7%
2 hr. 68B.2% 37.6%
3 hr. 56.4% 33.8%
20 0 hr. 100.1% 1.2%
25 1 hr. 85.0% 13.1%
2 hr. 76.9% 16.6%
3 hr. €63.1% 30.7%

Examples 17-20 were run in a manner similar
30 to Example 16 using the ligands designated below.
The structures of bidentate phosphorous
compounds used in the examples are shown below:

17
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TABLE 1
TI MVE
33.4%
62. 9%
80. 7%

2 hr.
10. 3%
14. 0%
34. 8% 15
11

8. 0%

43. 1% 20
2 hr.

27. 3%
33. 5%

3 hr.

8. 3%

23. 4%

.Example 1

()
O

@

PCT/ US96/ 19642

BUTADI ENE HYDROCYANATI ON CONT' D EXAVPLE
% 3PN % 2MVB TOTAL PN 5 8 30
69. 7% 103. 0% 1 hr. . 0%
g0 2 hr. 28. 8%
wogﬂmgm 1 hr. 7.6% 49. 9% %?91662
9. 6% 52.9% 62. 5% 3 hr.
55. 0% 65. 3% 10 1 hr. 6. 0%
20. 0% 2 hr. 10. 6% 24. 2%
3 hr. 14. 0% 31. 8% 45. 8%
1 hr. 2. 5% 8. 8% 11. 2%
20. 1% . 28. 1% 3 hr. 12. 9%
12 1 hr. 7. 9% 25. 8% 33. 7%
8. 8% 27. 9% 36. 7% 3 hr.
35.7% 25 13 11. 7% 21. 8%
2 hr. S'"‘“i"i‘*‘i‘ﬁ/P Framoles  Fepiery, 31. 9%
11. 8% 22. 0% 33.7% 14 1 hr.
23. 7% @o 2 hr.—  ~9.2%
32.6% ¢y %
& S
\_4
0 o
0
(oY ) (oY &
¢ 2 o1 /2 F ./ \\‘\=/Q

Example 2

& N\

W

o]

E¥ee

(0) f@ (O e,

Examgle 3

»
7

I

v

(oY )

Example 5
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Example 6

2 hr.
30. 2%

8. 4%



3 hr. 9. 4% 22. 4% 31. 8% 15 1 hr.

8. 0% 24. 9% 32. 9% 3 hr. 7. 7%

24. 2% 31. 9% 35 4 hr. 7.4% 23. 5%

30. 9% In the exanples as shown in Table 1, the

but adi ene hydrwoyazsasé on experi nents were perfornmed as PCIT{US96196420
Exanpl e 2 through 15 were run in a manner simlar to Exanple 1, except
that the solvent for the ~conponents m ght have differed. Al solvents
for these exanpl es wer eSioRoes for ExOMpIgYiOPasl tril e, (Dedwiseami tril e,

or hexanenitrile. 45 In the exanples as shown in Table 2, the
2NVB i sonerization experinments were perforned as follows. A sanpl e
containing 81 to 83% of /2% 3-butenenitrile

15 WD 97/ 23446
(2MB)s with other pent
Exanple 16 5

PCT/ US96/ 19642
i somers, was the starting material.
il yst solution was prepared by the

oy Moo

Example 7

;N\
na 0 Mo

O Example 8
/O

PhoP
7 \
Bu OCH
Example 9 ? Q Q
AN ¢ $
o)
PhZP /

</ \> 7\ O
=
Q Exampie 10

(oY M)

Example 11
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addition of 0.055 of Ni(COD)2 and 0.439 g of the ligand havi ng the
structure | abel ed "Exanple 16" below to 9.51 g of propionitrile. A
sanpl & of 2M3BN was distilled under nitrogen onto 100 parts per mllion
of 10 2,6-di-tert-butyl-4-nethylphenol. GC analysis of this sanpl e
showed it tQube B4y 2MBBN. Wth these m xtures, t he foptpissimogLact i on
m xtures were prepared in 2-m GC vials equipped with mcro-stirbars:
Sampl e 0. Sample 1 Sanmple 2 15 Catal yst Solution 0.085 g 0.112
g 0.101 ¢ 2MBBN 0.084 ¢ 0.111 ¢ 0.101 ¢ '
The GC vials were crinp-sealed wth caps fitted wth appropriately

si zed sheets of Nordel rubber 20 to aid in containing the reaction

m xtures. Sanples 1- 2 were placed in a hot-block-stirrer set at
125[err] C. Sample O represented the t = 0. Sanple 1 was renoved

after 1.0 h of reacti ' was renpved after 2.0 h of
reaction time. The rgg@?&%ﬁFagéaggkﬁgéénched i'm &38R case by diluting the
reaction m xture with diglyme as a GC solvent for product analysis. The
propionitrile in the reaction m xture was used as an i nternal standard
in the GC product analysj results of the analyses are shown in
Tabl e 2.

“Example 12

@ HO) A A

Example 14 O Q

o) o)

20
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PCT/ US96/ 19642 TABLE 2

2- METHY¥L- 3- BUTENENI TRI LE | SOVERI ZATI ON EXAMPLE TI MVE
% 2M3 %3 PN 5 16 O hr. 106. 5%
1. 7% WO 97/23446 1 hr. 41. 7% 66. BEDUSI619642
2 hr. 38. 0% 71.5% 17 O hr.
101. 2% 1.9% 10 , r. 44. 5%
59 4% Strugurﬁf, for Exampies in T%)% %% 68. 5%

3 hr. 70. 0% 18 O hr.

98. 6% 1.4% 15 1 hr. 43. 9%
50. 8% y 39. 9% 55. 4%

3 hr. 19 0O hr.

89. 5% 1 hr. 64. 3%
34. 7% 68. 2% 37. 6%

3 hr. . 20 O hr.

100. 19% 1.2% /0 0\

(& Q)

Example 16 : P /0 O\P
( F@i E : EF > z
| Example 17

\
(@ *©. 88
AN

o O (@ ™O)

O O Example 19
o] o]

Example 20
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25 : 1 hr. 85. 0% 13. 1%
2 hr. 76. 9% 16. 6%— 3 hr.

63.1%. _ 30. 7% Exanpl - were run in a nmanner

simlar 30 to Exanple 16 using the mﬂiﬁmﬁ :ﬂ d bel ow.

The structurvfaaﬁ;s‘gi dent at e phosphor lgRRsE: 1 used piipaisbrogaza ! es
oW, 17

are shown be

1. A process for the liquid phase
hydrocyanation of an aliphatic diolefin having 4 to 10
carbon atoms which comprises reacting said diolefin

5 with HCN at a temperature in the range of -25 to 200°C
in the presence of a catalyst comprising a zero-valent
nickel compound and at least one bidentate phosphorus
compound selected from compounds having the Formulas I
through XIII.

10 2. The process of claim 1 in which the
dioclefin is selected from the group consisting of 1,3-
butadiene, g¢is and ftrans-2,4-hexadienes, ¢ig and trans-
1,3-pentadienes, and 1,5-cyclooctadiene.

3. The process of claim 1 in which the

15 diolefin is a conjugated acyclic aliphatic diolefin
containing 4 to 10 carbon atoms.

4. The process of claim 1 in which the
-molar ratio of HCN to catalyst is between 100:1 and
5000:1. _
20 5. The process of claim 1 in which the

bidentate phosphorus compound is selected from Formula
I and Formula II.
6. The process of claim 5 in which the
bidentate phosphorus compound is from Formula I and
25 each X7 is CF3, Cl, or Fand n = 0, 1, or 2.
7. A process which comprises the liquid
phase hydrocyanation of a aliphatic diolefin having 4
to 10 carbon atoms to form a mixture containing
nonconjugated acyclic nitriles including some 2-alkyl-
30 3-moncalkenenitrile by reacting said diolefin with HCN
at a temperature in the range of -25 to 200°C in the
presence of a catalyst comprising a zero-valent nickel
compound and at least one bidentate phosphorus compound
selected from compounds having the Formulas I through
35 XIII, and then isomerizing the 2-alkyl-3-
monoalkenenitrile contained in the mixture to form 3-
and/or 4-monoalkene linear nitriles by reacting said
mixture in the presence of the catalyst comprising the
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nickel compound and the bidentate phosphorus compounds
at a tempetrature in the range of 10 to 200°C.

8. A process which comprises isomerizing
the 2-alkyl-3-monoalkenenitrile contained in a mixture
of nonconjugated nitriles to form 3- and/or 4-

monoalkene linear nitriles by reacting said mixture in

the presence of the catalyst comprising a zero-valent
nickel compound and at least one bidentate phosphorus
compound selected from compounds having the Formulas I
through XIII at a temperature in the range of 10 to
200°C.

' 9. The process of claim 1 in which the
aliphatic diolefin is butadiene.

: Thls Sheet Has Been R

R
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1. A process for the liquid phase

hydrocyanatlon of an allphatlc diolefin having 4 to 10
carbon atoms which comprises reacting said diolefin

5 with HCN at a temperature in the range of -25 to 200°C
in the presence of a catalyst comprising a zero-valent
nickel compound and at least one bidentate phosphorus
compound selected from compounds hav1ng the Formulas I
through XIII.

10 2. The process of claim 1 in which the
diolefin is selected from the group consisting of 1,3-
butadiene, g¢gis and trans-2,4-hexadienes, cis and trans-
1,3-pentadienes, and 1,5-cyclooctadiene.

_ 3.  The process of claim 1 in which the

15 diolefin is a conjugated acyclic aliphatic diolefin
containing 4 to 10 carbon atoms.

What is claimed is:

-

4. The process of claim 1 in which the
molar ratio of HCN to catalyst is between 100:1 and
5000:1. -

20 . 5. The process of claim 1 in which the

bidentate phosphorus compound is selected from Formula
I and -‘Formula II. -

6. The process of claim 5 in which the

bidentate phosphorus compound is from Formula I and
25 each Xy is CF3, Cl, or F and n = 0; 1, or 2. '

7. The process of Claim 1 wherein said
process produces a mixture containing nonconjugated
acyclic nitriles including some 2-alkyl-3-
monoalkenenitrile, said proceés further compfising

30 isomerizing'the 2-alkyl-3-monoalkenenitrile contained
~in the mixture to form 3- and/or 4-monoalkene linear
riitriles by reacting said mixture in the presence of
the catalyst comprising the nickel compound and the
bidentate phosphorus compounds at a temperature in the

35 range of 10 to 200°C.
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8. A process which comprises isomerizing

the 2-alkyl-3-monoalkenenitrile contained in a mixture
of nonconjugated nitriles to form 3- and/or 4-
monocalkene linear nitriles by reacting said mixture in

5 the presence of the catalyst comprising a zero-valent
nickel compound and at least one bidentate phosphorus
compound selected from compounds having the Formulas I
through XIII at a temperature in the range of 10 to
200°cC. . l

‘10 9. The process of claim 1 in which the

aliphatic diolefin is butadiene. |
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What is claimed is: | . DATE OF RECEIPT .22..06/22.
1. A process for the liquid phase hydrocyanation of an aliphatic diolefin having 4 to

10 carbon atoms which comprises reacting said diolefin with HCN at a

temperature in the range of -25° to 200° C. in the presence of a catalyst

comprising a zero-valent nickel compound and at least one bidentate
phosphorus compound selected from the group consisting of compounds of the

formula O O
)

O .
)
: P
N\
<® 2
(Xi)n ) {X1)n
Formuia |
- 0O O -
/ \ /=
- P P
K f
(Xin Xida .
Formula i

_
@ Q).

(X1)n X1
Formuta il
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Structures for Exanples in Table 1 (Continued) [err]
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22 VWhat is .clained is:
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26

e
@ M)

(xi)n (x,)n

2 2 JUN 199

Formuta X1

where X, is meta ~Cl, para —Cl, meta —CF,, para —~CF;, meta —F, para —-F, meta-
-CN, para ~CN, meta ~CH; or para —CHjs ; Xz is methyl or alkoxy having 1 to 3
carbon atoms; n is zero, 1, or 2.

2. The' process of claim 1 in which the diolefin is selected from the
group consisting of 1,3-butadiene, cis and trans-2,4-hexadienes, cis
and trans-1,3-pentadienes, and 1,5-cyclooctadiene.

3. The proceés of claim 1 in which the diolefin is a conjugated acyclic aliphatic
diolefin containing 4 to 10 carbon atoms.

4, The process of claim 1 in which the molar ratio of the aliphatic diolefin to catalyst
is between 100:1 and 5000:1.

5. The process of clam 1 in which the bidentate phosphorus
compound is selected from Formula | and Formula 1.

6. The process of claim 5 in which the bidentate phosphorus
compound is from Formula | and each X3 is CFs Cl, or F and n=0, 1,
or2.

7. A process for the liquid phase hydrocyanation of an aliphatic diolefin having 4 to
10 carbon atoms to form a mixture containing nonconjugated acylic nitriles

comprising 2-alkyl-3-monoalkenenitrile which comprises reacting said diolefin
with HCN at a temperature in the range of -25° to 200° C. in the presence of a
catalyst comprising a zero-valent nickel compound and at least one bidentate
phosphorus compound selected from the group consisting of compounds of the
formula




1. A process for the liquid phase hydrocyanation of an aliphatic diolefin

having ‘4 to
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presence of a cataly
at | east
consi sti

[err]

[Brr] 24' [err]

nprising a zero-val ennﬁgﬁggﬁ‘mto
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where X err] is neta -d, para -G, neta -CFerr], para -CFerr], neta -F,
para :F, neta- ' -CN, para -CN, neta -CH err] or para -CHerr] ; Xerr]
i s nmethyl or alkoxy favimg 1 to 3 : carbon atons; n is zero, 1, or 2.

2. of claim 1 in which the diolefinis selected from the
group CEE imﬂﬂﬁ but adi ene, ci s 29nd trans-2, 4-<:-” [Py AT XS ol i ~—
and tra s, and 1, 5-cycl9 : UL SAYUHIYEA b Qddid
claim1l1in mhlch the dlolefln is aco
diolefin containing 4 to 10 carbon atoi¥s
which the nolar ratio of the aliphatic d
bet ween 100:1 and 5000:1. . 5.
the bidentate phosphorus

B dent at e
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Formula 11. 6. The process
phosphor us compound is mFgrmul a | and each Xferr] is CFerr],
ad, or Fand n=0, 1, or 2. A process for the liquid phase

hydr ocyanati on of an aliphatic di ol efin having 4 to - 10 carbon atons
to forma m xture contai ning nonconjugated acyljc nitriles

conprising 2-al kyl - 3-nonoal kenenitrile whie Dri ses reacting said
diolefin with HCN at a tenpergffm g’ r ange of -25[err] to 200

C. in the presence @ffq catapbyst comprising a zero-val ent nicke
conpound and at Ieast one bi dent at e
fromthe group consisting of conmpounds
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where X, is meta ~Cl, para —Cl, meta —CFs3, para ~CFs, meta —F,
para —~F, meta —~CN, para —CN, meta —CH3s, or para —CHs ; X2 is methyl or
alkoxy having 1 to 3 carbon atoms; n is zero, 1, or 2, and then isomerizing the 2-
alkyl-3-monoalkenenitrile contained in the mixture to form 3- andfor 4-
monoalkene linear nitriles by reacting said mixture in the presence of the catalyst
comprising the nickel compound and the_ at least one bidentate phosphorus
compound at a temperature in the range of 10° to 200° C.

A process for isomerizing 2-alkyl-3-monoalkenenitrile contained in a mixture of
nonconjugated nitriles to form 3- and/or 4- monoalkene linear nitriles which
comprises contacting said mixture with a catalyst comprising a zero-valant nickel
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compound and at least one bidentate phosphorus compound selected from the
group consisting of compounds of the formula
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where X err] is neta -C, para -G, neta -CFerr], pafa -CF[err], neta -F,
para -F, neta -CN, para -CN__neta -CH err], or para -CHerr] ; Xerr] is

met hyl or al koxy having 1 to 3 car bon atons; nis zero, 1, or 2,
and then i 1“““ lﬂ mmmtulﬂl\ al kyl - 3- monoal kenenitrile contained in
the m xtur or 4- nonoal kene |inear nitriles by
reacting sai*d M xtur® i the presence 3& the catal yst conpri si ng

t he ni ckel conpound and the at |east one bidentate phosphorus

conpound at a tenperature in the rcnge of 10[epr] to 200 C. 8. A
process for isomerizing 2-al kyl - 3- grmr\rile contained in a mxture
of nonconj ugated nitriles d/ or 4- nonoal kene |i near

nitriles which conpri ses contctlng said m xture with a catal yst .
conprising a zero-val ant nickel 0o 31 O conpound and at | east one
bi dent at e phosphorus conpoung sel gct q’d fromt e oup consi sting of
conpounds of the fornmula C>}, \@%
(X+dn (Xi)a
Formula V

X n (X )l'l
o) Formula Vi 1
0 0
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- P P
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where X is meta —Cl, para —~Cl, meta —CF;, para —~CF;, meta FF. para —~F, meta-
-CN, para ~CN, meta —CHs; or para —CHj ; X is methyl or alkoxy having 1 to 3
carbon atoms; n is zero, 1, or 2.

9. The process of claim 1 in which the aliphatic diolefin is butadiene.
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