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25  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
presence of a zero valent nickel complex and Chia, U.S, 3,676,481, discloses an
improvement additionally utilizing tri(hydrocarbyl)boron promoters.

The hydrocyanation of activated olefins such as conjugated olefins (e.g.,

30  butadiene and styrene) and strained olefins (e.g., norbormnene) proceeds without the
use of a Lewis acid promoter, while hydrocyanation of unactivated olefins such as
I-octene and 3-pentenenitrile normally require the use of a Lewis acid promoter,
Teachings regarding the use of a promoter in the hydrocyanation reaction appear,
for example, in U.S. 3,496,217.

35 Certain multidentate phosphite ligands useful in the present invention for
the hydrocyanation of diolefins have been used for the hydrocyanation of
monoolefins. Commonly assigned, WO 95/14659 and U.S. Patent 5,512,696,
disclose bidentate phosphite ligands preferably used in combination with a Lewis
acid promotor to hydrocyanate monoolefins.
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wherein
each R! is independently a primary, secondary, or tertiary hydrocarbyl of 1
to 12 carbon atoms or CH,OR3 wherein R3 is a C; to C; alkyl; with
the proviso that at least one of R! must be a primary hydrocarbyl or
5 CH,0R3;



6 each R err] is independently H, halogen, primary or
secondary hydrocar byl of 1 to 12 carbon .atons, OR[err]
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15 comprises conducting the hydrocyanation in the presence of a catalyst precursor

composition comprising zero-valent nickel and at least one multidentate phosphite

ligand selected from the group consisting of compounds represented by

Formulas L, I1, 111, IV, V, V1, VII, VIII, IX, X, Xi, XII, XIII and XIV as set forth

below:

Formula ]



WO 99/06357 PCT/US98/15198

Formula IV



[err] Formula Vi

WO 99/06357 PCT/US98/15198

Formula VII

9



Formul a VI

WO 99/06357 PCT/US98/15198

Formula X

10



[err]

[ ERR]

WO 99/06357

Formula XI

st
R Q
\

Peq

N
R2 (0l P\

4' 2‘
Rl iz O R g IR
R, / //\ - R?- RI
— W
\’ y/ \
R? R?
Formula XII
R? . 2
RZ R? R? R
R P { R! R! /’ R?
l o) 0 R
RZY 4
o-R P 2
0 | R

R! 0
Rl
RZ,C)——( .
\

R2 R?
Formula XIII

11

R?
R?
R?

PCT/US98/15198



wherein each R err] is independently a primary, secondary,
or tertiary hydrocarbyl of 1 to 12 carbon atons or

CH[err]CR[q{,{,]”/wgg.;eln Rlerr] is a CJerr] to CJerr] al kyl; pgiriuges/15198

t he proviso at | east one of R[err] nust be a prinmary hydrocarbyl or

5 CHerr]ORerr]; 2- r€acht R2 i s independently H,
hal ogen, prinmary or secondary hydrog{ r? | to 12
carbon atons, OR[err] wherein R[e 7] i\ o zerr] al kyl, or
(I)[err]R[err] wherein Rlerr] i a ar}t\%}‘a r £rr] al kyI

each R err] is independently H ogen,p CHO p ondary or tertiary
10 hydr ocar byl ofz LA 12 Lar bon a o \ err] wherein Rlerr]
is a (err] to (Jerr] o~-R al kgl , e;rr'}zR[err] wherein

Rlerr] is an aryl or a (err] toRd:[err]O kyl,
C(Rerr])(O wherein Rerr] is a (err] tat\ J err] al kyl;

each Rerr] is independently H, a primary or\secondary hydrocarbyl of 1 to
12 carbon atons or CO[err]R err] wherein r] is a Cerr] to (ferr]

al kyl ; and 15 each Rerr] is |ndep qntly H a primary or
secondary hydrocarbyl of 1 to 12 carbon atons or aryl.
The reactions are nost conveniently perRomninﬂb’ontl nuously from

hydr ocyanati on of the starting diolefin to the final 3- and/or 4-nonoal kene
| i near nit . However, the processes can be conducted stepw se,

I.e., the 20 nonconj at ed acyclrc nitriles resulting fromthe
hydr ocyanati on can be eg:g:cﬁ. 1is independently a primary, secondary, or tertiary hydrocarbyl of 1

to 12 carbon atoms or CH,OR3 wherein R3 is a C, to C, alkyl; with
the proviso that at least one of R! must be a primary hydrocarby! or
5 CH20R3;
each R? is independently H, halogen, primary or secondary hydrocarby! of
I to 12 carbon atoms, OR3 wherein R3 is a C to Cy5 alkyl, or
CO,R3' wherein R¥ is an aryl or a C to C5 alkyl;
each R? is independently H, halogen, CHO, primary, secondary or tertiary
10 hydrocarbyl of 1 to 12 carbon atoms, OR3 wherein R3 isa C; to C},
alkyl, CO,R3 wherein R3'is an aryl or a C, to Cy, alkyl, or
C(R3)(O) wherein R3 is a C; to Cy; alkyl;
each R4 is independently H, a primary or secondary hydrocarbyl of 1 to
12 carbon atoms or CO,R? wherein R3 is a C; to C;, alkyl; and
15 each R4 is independently H, a primary or secondary hydrocarbyl of 1 to
12 carbon atoms or aryl.

The reactions are most conveniently performed continuously from
hydrocyanation of the starting diolefin to the final 3- and/or 4-monoalkene linear
nitriles. However, the processes can be conducted stepwise, i.e., the

20  nonconjugated acyclic nitriles resulting from the hydrocyanation can be isolated
per se, prior to isomerization. Furthermore, nonconjugated acyclic nitriles
prepared by any method can be used as starting materials for the isomerization in
accordance with this invention,

The invention also provides for certain multidentate phosphite ligands

25  according to formulas X-XIV and catalyst precursor compositions made
therefrom.
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per se, prior to isonerization. Furthernore, nonconjugated acyclic nitriles
prepared by woyymeshod can be used as starting materials foPCIE98/15198
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"precursor” only to i n t L ke uri t he
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conposi tion may i rfof exemplseseedagsriptions in WQiA3,63830) U.S. 4,769,498; U.S. 4,688,6Fese
:clgands mlay be prg,pa»@ddhvmaso%a&m ygsébg%@étm%cm&mﬂmbghés ﬁoreémondne of

or exanpl e, e descr
4, 688, 6r5nl) ™ oyeres, L@I‘H&B‘W}@& nthi@@%‘m i'i%me%’@@meﬁ% raelégé{"ilon of the
phosphorochl oridi taecomdmgwormuladbsol with 1,1 -binaphthol in the presence
of triethylanine gi vesTge bhafiflochioridit g%@g&g&@dk %%ﬁkﬁodﬁ(mwn

The phosphorochl or.i prep arle %
in the art, for eth IaE’ 0g qn(pﬁgnqlﬁ #orgarn ;
| nor gani ¢ Synthéres 4966, B%U 8 5 238,2604 ZSAnErgzxn me Zwsé\ruzr‘gzzzAl I g,

Ch 1986, 5, bst Lt ut s (e.g.

2- '? mbut yl phengi? V%ﬁﬁbullsﬁénho-s\ﬁ{agtnu@&‘b 1}‘%‘?% gr %‘2‘§ u@fﬁ"% §ﬁ}’§§°§ﬂpgﬁsl n situ
from PCl[err] and Chlhédlpﬁﬁ@m)be proyared ingise frmeBC)b and the phegob UWith lgsaibulky cat i on
by hi gh vacuum di gtgubs, %hhﬁéhtxbﬁ bi' Wigh Gadvuh dlﬁﬂﬁﬁ&?‘fﬁypxéﬂll?'ﬁeccssary HighC UU m

f“rns)'; gblegt Ip(r)(r;clezsd%’fﬁ{uh%’r‘iéﬁﬁlraflﬂb‘sgﬁgc‘ﬂ%glﬁ‘Fﬁf Trﬁg’tb‘?"gt&%? e conprises 20
treatnent of N, N-di al kah idpraved gprocespfoe preparitigttie phiosphorédhloridittcédvpridesr r] has
been 20  treatment of N,N-dialkyl diarylphosphoramidite with HCl. CIP(OMe), has been
prepared in this manner, see Z. Naturforsch, 1972, 27B, 1429; phosphoro-
chloridites derived from substituted phenols have been prepared using this
procedure as described in copending, commonly assigned, application Serial
No. 08/563,718 filed November 28, 1995. N,N-dialkyl diarylphosphoramidites
25  may be prepared by methods known in the art , for example, see descriptions in
Tetrahedron Letters, 1993, 34, 6451 and Aust. J. Chem, 1991, 233.
The zero-valent nickel can be prepared or generated according to
techniques known in the art (U.S. 3,496,217; 3,631,191, 3,846,461; 3,847,959;
and 3,903,120 which are incorporated herein by reference). Zero-valent nickel
30  compounds that contain ligands which can be displaced by the organophosphorus
ligand are a preferred source of zero-valent nickel. Two such preferred zero-
valent nickel compounds are Ni(COD), (COD is 1,5-cyclooctadiene) and
Ni(P(0-0-CgH4CHj3)3)2(CyHy), both of which are known in the art. Alternatively,
divalent nickel compounds may be combined with a reducing agent, and are then
35  able to serve as suitable sources of zero-valent nickel in the reaction. Suitable
divalent nickel compounds include compounds of the formula NiY, where Y is
halide, carboxylate, or acetylacetonate. Suitable reducing agents include metal
borohydrides, metal aluminum hydrides, metal alkyls, Zn, Fe, Al, Na, or H,.
Elemental nickel, preferably nickel powder, when combined with a halogenated
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prepared in this manner, see Z. Naturforsch, 1972, 27B, 1429; phosphor o-
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descriptions in ﬁi%tarcﬁzgﬁ&ga%%t é@&ﬁrﬁfr dofiplex o'ﬂcro%fé]:%ﬁ%l Htflthe

Chem 1991, 233. ro-val ent nl% can é) par ed or
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3,631, 191; 3, %46, adbined. F¢h/efRbiVe catalyst typicallydre@lifts aCl0asetwacinolas of P RS por at ed

herein by referen o- val nt ni L conpounds that contain
| i gands whi ch Cant%gzne&%%rat%a %ero ?’?‘! &§1°§ahophos hor us ligand are a

preferred source of zerhs-diciefeme cqmmeds remtssmdmmrshmwnw ineindse
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nown 11 the art" eiﬁv%é%xﬁé g ans's Mﬂt@f@mwmﬁ@geﬁz bé"e

conbi ned wi t hita rlgwassongf ﬂ.gmmtrneraxlaﬂxmﬁaﬂchanmaﬁrodahmm of adipenitrite. a@thewi t abl e

sour ces of zer o VGl aBiukel oo Babdie i RR MW BRR suz:n el ent

ni ckel conpounds 1n
hal i de. car boxyl dfeupswhl%tb@%ﬂll deastivaiaithe cataiysty fop Pramindt gisiad raiehi-s ncI ude
net al bor olpedtadidges. netal al um num hydrides, netal alkyls, Zn, Fe,

Al, Na, or Herr]. érrpgt&a?wmg f’ ormupas Waﬂd fV]e”ilust%Pe Q(ntgblg rt‘:pre,sgn(%\%j when

conbi ned with a hal og

13 15 ctartihg/divlefinis compaunidieadd Formulas X8ILO0GIIN 2ad XEX represent she

sui tabl e source ?ro&ﬁfs%b&%e@%ml -butadRhE&RIHCN. _ The act ual

catal yst precurs I'S conpl ex of zero- vaI ent ni ckel with the

mul tidentate phosphite ligand, which is fo avhen those, ‘fwo materials are
5 conbined. An effective caeat{SF=ypi caI I y ré:au(fﬂr R east two nol es

of P atons for one gr.am at om of .zero-val ent nickel.
The di ol efini c conpounds reactan \5 BEEY in this i nv¥htion incl ude
primarily conjugated diolefins containing from4 to 10 carbon atons; for

exanpl e, 1, 3- but adi ene a{}d ci s, and trans-2, 4- hexadi enes. Butadi ene
is especially pr orhersimepch one of R15 and R16, independently, is H or a C to C; alkyl.

CHy=CH~CH-CH3

NC-CHy-CH=CH-CH3  CHp=CH-CH,~CH,-CN CN
XVII XVIII XIX
(3PN} {4PN) {2M3BN)

It will be recognized that Compound XV is a special case of Formula XVI,
where each one of R!5 and R16 is hydrogen.
20 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 out with or without a solvent.
The solvent should be a liquid at the reaction temperature and inert towards the
unsaturated compound and the catalyst, Generally, such solvents are
25  hydrocarbons such as benzene, xylene, or nitriles such as acetonitrile, benzonitrile,
or adiponitrile.
The exact temperature used is dependent, to a certain extent, on the
particular catalyst being used, the particular unsaturated compound being used and
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CH err] —CHY CH- CHpthspygh said reaction mixture. If degiredvher Tﬁwp@ﬂﬂléﬁaﬂmted

CH[ er r ] =CH CH[ er bigafidlcempdurdNhe hydrogen cyakilit and the unsaturated organic compé\thd

?X H\l; may Pz W&r into the reaction medipm, .The ng)‘ﬂ:r) L\Qencooof HCN to catalyst

Conpound XV 18 ageyeealiyds varied droof about il w 1R01000:1, pl’eferah{velw Haékpoﬂﬂequf
Rlerr] and Rerr % bhtsh Bﬁ!éiiﬁtﬂﬂe'i‘n a €htinuous operafith, ki d%@ﬁﬁ usifg @fixédeed

hydrocyanation o

thedloelnln ancevmth en
i nvention, the f&MAEStYRS A OREANIM ?gwﬁg PROZUON of catal YSt may be “W&é“cﬁ 5
hydr ocyanati on r eando,000: mpnafemhcwmmmu HWONtoatatyist. hout a sol vent .

The solvent should beP{Jéfrib éé}%r%ctxggﬁxg{tﬁl%ggéﬁi eheémﬁﬁi‘t%ﬂt@% F‘flﬁ éSuch

towards the ura cat
sol vent's are125 The\gxanated ptodues canlodreenyetsd by paventignap ?;ém“@%esﬁ‘i‘thaﬁl es such as

?C et oni t rile, c E‘&chgxtzﬁtldn%f the produc@ﬁ'oxﬁqblﬁﬁdiﬂ 6rrth| di’stﬁlatmn The teX ac][
enperature used i's enden ext e articul ar
catal yst bei ng used, %Cﬁﬁti’?rdﬁﬂ?%{? thﬁ%sé%ﬂ%d?%’lf %‘6‘(‘}#’5 pﬁo&uﬁ%d lu's'gﬁ and

14 hydrocyanation of the diolefin or proceed continuously with the isomerization

under similar reacticn conditions.

20 The 2-alkyl-3-monoalkenenitriles used as the starting materials in the
isomerization of this invention ¢an result from the hydrocyanation of diolefin
described above or can come from any other available source. The olefinic double
bond in the 2-alkyl-3-monoalkenenitriles used as the starting materials in the
isomerization of this invention cannot be conjugated to the triple bond of the

25  cyano group. Suitable starting 2-alkyl-3-monoalkenenitriles can also carry groups
which do not attack the catalyst, for example, another cyano group. Preferably,
the starting 2-alkyl-3-monoalkenenitriles contain from 5 to 8 carbon atoms,

*  excluding any additional substitution, 2-Methyl-3-butenenitrile is especially
important in the production of adiponitrile. Other representative nitriles include

30  2-ethyl-3-butenenitrile and 2-propyl-3-butenenitrile.

The following Formulas XX and XXI illustrate suitable representative
starting 2-alkyl-3-monoalkenenitriles. When the starting nitrile is 2-methyl-3-
butenenitrile, the isomerization products are those shown in Formulas XXII and

XXIII.
CHy=CH -fn-crx;, CHo=CH-CH-CHpR17
CN
Formula XX Formula XXI
15
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[err] the desired rate. CGenerally, tenperatures of from-25[err]Cto

200[ err] C, n E) used with fromO[err]C to 150[ err] Gcivesssgsmhe
preferred W§§8{8.37 . The reaction may be carried out by charging a
reactor with al | WBFPhe reactants or preferably the reactor is charged
with the catal ysRl'ois RenaCytwtChakylconponent s, the unsaturated conpound and
what ever solvent is to be used and the hydr ogen cyani de gas i s swept
over the surface of the rcagats-om,-ohydnure or bubbtrgdCHz=CE-GHpethugh sai d
reaction mxture. If desired, when using é“‘baseous unsat ur at ed organic

conpound, the hydrogen cyadpEeian®ifhe unsat ur at elPFFHafFEonpound
may be fed together into the reaction nmedium The nolar ratio of HCN to

catalyst 10  gens¥inibk Yecogni¥adth& Fofh@laX¥0is b sherial 05 @B BornulpX Xt avtebd y 100: 1
to 5,0001, for ag;,. dba ch operation. In a continuous operation, such as
when using a fixBd B&Y¥OEM catalyst type of operation, a higher
proportion ofS cat al ysﬂammaﬁmomtbzt imyrention can bepm&@)g\}@%@; 1,

pref erably 100; 1e§a91p$e,gp£fn3ﬂ)h rrﬁ&ufeaatnalai’ﬁ{y-temperanxe in the rangelogf erabl y, the
. sSu

reaction mxture Is agitated, as torring or shaking. 15  The
cyanat ed product 1&3#0° B’ef“é%(/@rth%lfa%egq\;hﬁ)eﬁt i’lJBﬁgTesﬁuéec‘ﬁHPW’g@alsuch as
crystallization Rdwdveg apd esilbztabbveasnbslowudtmospheric frgssdresf ddsired. i Amy of the

One can either igsglate the 2-al - 3- LLL : .4 he
hydr ocyanati on of°® V%%‘?&?lgiagﬁioﬁ c‘?)’ﬁ“%%%&ﬁ‘%ﬁpﬁgt% sb F?%%%ﬁ%&%lm&

i soneri zati ol  phase oricdhe vapon phase (véthaespest te Baslatihsvolatide 2-methyl-3-  The
2-al kyl - 3; ,monoa:c &tﬁﬁﬁﬁitﬁreiré&fmu&ﬂdina& ﬁeﬁl@xllétiﬁtfﬁletﬂr&ﬂlﬁ@a Elgd hdorl rﬂaty.t heaof f

i sonmerization o I's.inventign can.resu romt he rocyanation o

di ol efin Ry Rshage @d‘&g chymi %ﬂ%’ rg%ﬁgxtfr}ag agﬁﬂ}d Ei(’ﬁ%%é’ggﬁaf%%la@ sour ce.
The ol efini ¢ doulnkme metal or alloynelg., nickdlscoppex) silybr, Boldppiatiniuke siginlass steeds used as

the starting matgrl AbSybdeiiod® et | soneri zation of this invention cannot
be conj ugat ed toﬁ'[ohg tlfl%%ﬁlegb,b%%l of the, 25 cyano bl% starting

oup. It
2- al kyl - 3- mohbal kenenfherRrecess is ysvally sympdpyty negt ob%swmmmgn °9I‘?ﬁ’dﬁ5‘ Abt
attack the cat al sddent. f Ay sohverporaliluantalido érnongestroctiyeadithe cRwabystraalbe ysed,
the starting 2-al kyl - 3- d Lt ] ' n at ons,
excl udi ng any a?ﬁﬁ%ﬁaﬁgﬁggﬁ%ﬁg{%g&% %ﬁ)m%%n%ﬁﬁ g?l%ﬁ%rtg ?xgl(gé{a{s%)’
especial [y cyiclaberana,henzene), pibers (dethik stass, teirahydrobuan. draxere, gbler

representative nhiieityPathémisen, Ghfers (eliyPidsiate; Arelhyl BhesHté) hitritesand
2-propy|-3-buﬁen nitrile - t The foll ow ng Fornulas XX and XXl
i | lustate sufd abPEetPRisHe denponitilgh etc.

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

_ of loss of a proportion of the catalyst through oxidation.

25 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
temperatures within the operable 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

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

16



starting 2-al kyl -3-nonoal kenenitriles. Wen the starting nifrile |
2- met hyl - 3W0 99/06357 but enenitrile, the isonerization producfér’yﬁimtsi%;se

shown in Formul \6/:/?1 XXI Thétisle element in i€l prdcess is not critical, and may generally bzla "

15 er el . Rlerr]l is H.or : I )

CH[ err] =CH CH er ?‘]’Ye&?-??ebryrﬁrmcg[ °°ns’éﬁ’iﬁwns: ﬁwd%fgrcg’]ﬁlg%%%{gar é;%&[fﬁd lg r] CN

Formul a XXI | conversion of 2-methyled-huterenixtile Ite linear pentengnittiipy is dependent wgon zed

that Formula XX {53 témsR@asies oF., bikdich at 1S¥kr eitiBBraf HRk&fulzhs | S

hydrogen. 5 t téhn .Th eadl é’%@rrg?}’zg iﬁg process gi]:“ﬂt hi ?i:#srean i%ﬁlﬁrlé%n be

carried out, ¥oralonger t‘@%ﬁﬁ‘bf’@?’“‘é’t" 2L  HBLFHEPPEatEe L\ pragical fgaction time can

tenperature in tbeinthaghgebdf a few secobds iRdngTholiss, depemding abthy pamtichlae r ange

60- 150[err] C. Th@oxﬁﬁt?oﬁ%c?m%&no@?f%f)%gﬁ%Cal , however, and can be above
el esire

or bel ow at nospheric pressure” red. Any of the . conventional
batch or continuous f plapratid of -snethy)-3thutepenitriletorcatalyst is genesally greater 10

phase or in the Mﬁﬂ@fl,ﬁﬁﬁﬁfir,(i%%géﬁ&ﬂ%&uttﬂ {020,008 afrefefibly WU piol | €
rile reactant and |inear pentenenitrile

gr ggh?%/!s) 3 T r @86@&&2’% atpf orfontinuous OpEraioRy chani cal |y and chenical |y
resistant material, and is usual |y GENERESEXAMPLES inert metal or
oo - el PR i 9l e il o
carried out "neatxemples@f cergin prs&rreéﬁmhw@aﬂawp{seﬁw i all parts, proportions,
and percentages are by weight, unless otherwise indicated.
15 In the following examples, stock solutions of reactants and catalyst were
made in the following manner:
1.3-Butadiene Solution (BD): 25 wt% solutions of butadiene were made by
vacuum transfer of a known quantity of butadiene into a three-fold amount of
toluene. The resulting solutions were stored in a sealed vessel at -35°C until their
20  use in experiments.
HCN Solution: 25 wt% solutions of HCN were typically made by weighing
2.00 g of liquid HCN into 6.00 g of valeronitrile, in a glovebox. The resulting
solutions were stored at -35°C until their use in experiments.
Catalyst Solution: For a typical multidentate phosphite ligand, 0.84 mmol of P
25  atoms and 0.039 g of Ni(COD), (0.14 mmol) were mixed in either toluene or
tetrahydrofuran such that the total solution weight would be 5.00 g. The resulting
catalyst solutions were typically used immediately after mixing.
©  2-Methyl-3-butenenitrile Mixture (2M3BN): Samples of 2M3BN were obtained
as mixtures of pentenenitrile isomers, which contains 81-82% 2M3BN from Fluka
30 Chemical Corp. (Ronkonkoma, NY) and distilled under nitrogen. Valeronitrile
was added as internal standard at the 8 wt% level typically by mixing 0.80 g of
valeronitrile and 9.20 g of the distilled 2M3BN.
In the examples as shown in Table 1, the butadiene hydrocyanation
experiments were performed as follows. In the Table 1 examples, Examples 1-35
35  represent examples of the invention while Comparative Examples A-E represent
the prior art.
To 4-mL septum-sealed screw-capped vials, 0.064 g of Ni catalyst solution
(1.8 pmol Ni), 0.090 g of HCN stock solution (830 pmol HCN), and 0.200 g of
BD stock solution (925 pumol BD) were added. The vials were sealed and placed
—— 17
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solvent. Any solvent or diluent that is nondestructive of the catal yst can
be used, WQ?NE%%\QBVH' Sui t abl e sol vents include aliphatipcrUswsrisipét i c
hydr ocar bo n cycl oh €e..D i l.. et her,
t et r ahydr of ur an, ‘ﬁ?ggﬁwg?krﬁﬁ}%ﬁtat%a& m&@#%%@%?%ﬁ?% ,Yeet_;srﬁ%rs
(ethyl acetate, mointsdndigsembed by cooting td 4362C.2The regotion miniures Wege then diluted

benzoni trile), etgdiethylether (Ety0) as a GCRODELifSH pZbdiet AAWisis QB ARMSurddgaias r abl e
in order to retard ox[d C ivation of the catalyst.

tive deagt
Accordingly, an Wﬁ@?"t"“ﬁﬁ’rﬁﬁ%%ﬁ”@?l s@na?r,ﬁ' nitrogen, is normal |y and
preferably used, althixihb eganiplessas shewn eThbie 2, desINMZBN dsomterieationpense
of loss of a proportio r 1 | 25
%xéergnet'ﬁtsq%%% P&Bog-@%% by &llohd ﬂx‘iﬂ?'l‘&’c?i%]g@*drr%lcs

When the process i &6 operation 1n the, uird phase with or
wi t hout a sol ventExamplss debhrepresentexamples efdhpinyention vdile (omparaive ore  ext ent

at t enper atgxhpleWFiIhegledch@hOpesrald € range and is usually conpletely
sol ubl e at the t preferre erating,te Ur By L., L he
ni ckel conplex is essg‘ﬁ?ﬂ-raﬁ'sgptum-seae %MF%UP?‘F E{%é?de%gﬁ%%p affs! Sclution

2- met hyl - 3- buDenghD ol Niyand €t 190 g ot AMIBNicortainingomixtuse: (336 pael 2VMBBY)

products are rel %}re/ﬁdxcl.\/ﬁkea&imk Svere¥eR0d SHdWIhokd it AhS-KIGEkrkabeR Wet ot I SAC.
procedure the cata

st may be C onent, of, the, fl ow S i n
conpl etel y SF‘F’él‘}F &’-ef?r%&’é'@"%ﬁéﬁgtp@BW}’“f‘tF URGPORRES ?W‘@%Wg%‘? #@6#8’?1? ?’S\M ng
liquid state in golseit The valeronitdip ovas piedas am reeradlistandard in the anedysidradi n a
fi xed-bed state Cusghlon Gl e eld Srsm reachiPBREL: rifuft, cOnvent i onal

fl owi ng vapor-ph

16 15 The tine elenent in the process is not critical, and
may generally be governed by practical considerations. The tine
required for a practical |evel of conver si on of

2-met hyl -3-butenenitrile to linear pentenenitriles is dependent upon

the tenperature of reaction, i.e., operation at |ower tenperature geneally
requires 5 a longer tinme than operation at a higher tenperature. A
practical reaction tinme can be in the range of a few seconds to many

hours, depending on the particular
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conditions and nethod of operation. The nolar ratio of
2- et hyl - 3- JNOSME6ASTril e to catal yst is generally greater  PCT/USY¥AAL%: 1,
usually in the range fromb5:1 to 20,000:1, preferably 100:1 to 5,000:1, 10

for a batch or continuous operation. The invention will now
be illustrated by the follow ng non-limting exanpl es of certain
preferred enmbodi nents thereof, whergi @l g , sPns, and
per cent ages are by wei ght, unl ess ot her wi Sgﬂ?ﬁéiﬂg@%ﬁ?&% P In the

fol | ow ng exanplgggmp$d OCKrs@iupd | ons of }[@3 ang @ %ﬁFtF%?EEE?E“
made in the foll ow ng manner. rene Solutlon -D):

wt[err] solutions of butadiene were made by vacuumtransfer of a
known quantity of butadiene into a the-fold anmount of t ol uene. The

resulting soluti oars;ewe e st in seal ed vessel at -35{; Cuntil their
20 use in exper _QCM 0101i%h: 43 %t [ &0% 4% ond. % HCN
were typically made by\wei 830 0 #looki 10.0%-h.5og 0 2,000 g of
val eronitrile, in a glovebox. The resultl ng sol utions were stored at
-35[err]Cuntil their use in experinents. ) Cat al yst Sol ution: For a

typical nultidentate phosphite ligand, 0.84 mml of P 25 atons and 0. 039

g of NN(COD)[err] (0.14 mmol) were mxed in either tol uene or
tetrahydrofuran such that total solution weight would be 5.00 g. The

resul ting catal yst sol utions were typically used i Mmediately after

m Xxi ng. 2- Mgt hyl QNI tr ture 2MBBN
wer e obt ai ned I\Q - Be-0n € ni t%?é/‘e Eg‘?'er S;%%I ch1 g nt ai ns

81-82% 2MBBN from Fl uk¥ —_@neni mmp (Monm 192%andl .86sti |l | ed
under nitrogel Valeronitrile was added as internal stadard at the 8

w[err] level typically by mxing 0.80 g of val eronitrile and 9.20 ¢
of the distilled 2MBBN. In the exanples as shown in Table 1,
t he but adi-ene hydrocyanati on experinments were perforned as foll ows.

In the Table 1 exanples, Exanples 1-35 35 represent exanples of the

i nvention while Conparative Exarrpl

s A-E represent the prior art.
To 4-nlL septum sml 1530 0- 96,0 D; Iyst1 gplution

(1.8 [err]nmol Ni) ) solutlon( and
0.200 g of 'BD stock sofutio 3( § er M2V %we?é' dea%@rhe VI al's

wer e seal ed and pl aced

p(o_@_m; 1:40h 3.0% 55% 85% 187
3 3:00h 563% 10.2% 155% 1.94

p.(o_O_M.; 1:30hr 3.6% 7.1% 10.7% 1.85
3 315 hr 5.4% 11.0% 16.4% 2.05
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in a hot-block reactor set at 80[err]C. Sanples were renoved at the

appropriate tine poi nts and quenched by cooling to -P25jes98}298 The
reacti on MYRPUPEY were then diluted in diethylether (Et[err]O as a
GC sol vent for product anal ysis as neasured agai nst val eronitrile as
an internal standard. 5 In the exanpl es as shown in Table 2, the
2MBBN i soneri zation experinments v$re gleonq‘gnas follows. In the
Tabl e 2 exanpl es, Exanp/Tade - fge e, QLAY X anpl es of the invention

whi | e Conparative Exanpl es F-1 represent the prior art.
To 4-nlL sept ugxgealeed Stmewreapped VAlmbs, 202070 %3BH FplabENBRY2MY,) it j on
10 (2.0 [err]nmol Ni) and 0.100 g of the 2M3BN-containing m xture (930

[err] mol 2MBBN) wer e added. The vials were sealed and placed in a
hot - bl ock reactor set jat 125[ernr] C Sampl es were regoves t the
appropriate tinmg pgf nd gifo G1n3E: BB.8%r 20.8% 56.9% 5o t. The

accounting of the 3PN a BN reaction product m xture. 15

val eronitrile s used z@%i nt er nzﬁa:éé a@i@é% ié?-.b%e 561604/Si 0.64nd
2 .k 01:30 43.7% 24.8% 68.5% 057
% = rofD), 03:00 47.8% 26.9% 74.6% 0.6
L Me
3 X 2:10 27.7% 37.3% 65.0% 1.34
“"%mx-wff)z 3:00 17.8% 53.4% 71.3% 2.99

(Q-:-);\ o/(o/p)z 1:30 39.6% 23.3% 62.9% 0.59

é’_@ 3:00 54.6% 31.0% 85.6% 057

'S

My
1:30 31.0% 20.4% 51.5% 066
3:00 43.4% 27.4% 70.8% 0.63

2

20



18 ERR ERR
[ ERR] [ ERR] PCT/US98/15198

WO 99/06357
Table 1: Butadiene Hydrocyanation
Exampie Structure Ilme % 2M3 2% 3PN Total PN 3IPN/2M3
6 Q_O 01:30 20.1% 29.2% 49.3% 1.45

(o]
[Qo.].ap ‘P-[-O-Q 03:00 25.1% 36.3% 61.4% 1.45
2 2

7 0080_8' OQ 01:30 36.4% 36.4% 72.8% 1.00
' 35.2% 70.1% 1.01

(e]
of 19 03:00 34.9%
P

01:30 35.6% 32.1% 67.7% 0.90
36.7% 34.8% 71.4% 0.95

®

°
o

\o

0
o
o)
4
o
o

9 ﬁ 01:30 8.6% 13.8% 22.4% 1.61
, °\P{o_9] 03:00 12.8% 20.4% 33.2% 1.59
2

10 80_8”, 01:30 48.0% 34.0% 81.9% 0.71
o 03:00 40.2% 27.2% 674% 0.68
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01:30 43.7% 24.8% 68.5% 0.57

WO 99/06357 PCT/US98/15198
Table 1: Butadiene Hydrocyanation
Example  Structure Iime % 2M3 % 3PN Total PN 3PN/2M3
" 01:30 15.7% 48.7% 64.5%  3.10
? < {_o 03:00 6.8% 60.7% 67.4% 8.97
o -Q
1 TRl
12 01:30 43.4% 39.6% 83.0% 0.91

P ST g 03:00 40.4% 43.2% 83.5% 1.07

/7 \
[Q-o P Pf-O-Q]
2 2
13 (% 01:30 34.3% 43.0% 77.3% 1.25
. i : \’/%03110 35.6% 39.3% 75.0% 1.10

14 8;&9 1.5hr 39.0% 31.1% 70.1% 0.80
] \° 3.0hr 34.0% 35.8% 69.8% 1.05
0 P=+0
S T8

Q 15hr 7.8% 12.0% 19.8% 1.53
° ‘\.{o l 30hr 16.2% 24.8% 41.0% 1.53
2

31

15
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20 [‘55%19,06357 PCT/US98/15198
Table 1: Butadiene Hydrocyanation
Example  Structure Time % 2M3 % 3PN Total PN 3IPN/2M3
18 _ 1.5hr 452% 29.4% 74.6% 0.65
f? 30hr 455% 29.6% 75.1% 0.65
17 . 1.5hr 18.9% 23.8% 42.7% 1.26

[C}T’ T°—?] 3.0hr 22.8% 28.5% 51.3% 1.25

2 1.5hr 29.3% 38.4% 67.7% 1.31

18
3.0hr 27.9% 42.0% 69.9% 1.50

4 q»l 1.65hr 27.0% 36.4% 63.4% 1.35

19
3.0hr 27.8% 37.3% 65.1% 1.34

1.5hr 43.2% 30.7% 73.8% 0.71

[?.,,}: ] 3.0hr 43.0% 32.6% 75.6% 076

20
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Table 1: Butadiene Hydrocyanation

Example Structure Ilme % 2M3 % 3PN Totsl PN 3PN/2M3
21 , ;g 1.5hr 38.2% 26.8% 64.9% 0.70
%o E 30hr 38.8% 27.1% 65.9% 0.70

¢y
22 [ 61 1.5hr 48.2% 35.4% 83.6% 073

' 3.0hr 47.6% 35.4% 829% 0.74

ot

‘b), 15hr 30.4% 50.0% B80.4% 1.65
30hr 18.9% 59.3% 78.3% 3.13

o

23

1.5hr 49.4% 13.2% 62.6% 0.27

24
30hr 53.1% 14.2% 67.3% 027

D
otg "
°'3'°

15hr 30.8% 37.6% 684% 1.22

25
3.0hr 31.0% 37.8% 68.9% 1.22

o
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Table 1: Butadiene Hydrocyanation

Example  Structure Iime % zM3 % 3PN Total PN 3PN/2M3

1.5hr 36.5% 47.5% 84.0% 1.30
3.0hr 343% 49.8% 84.1% 1.45

27 >k;;§ 7. 15hr 65.3% 17.7% 82.9% 027
- o 30hr 64.8% 17.7% 825% 0.27

1.5hr 63.0% 8.6% 71.6% 0.14
- 30hr 66.1% 9.3% 75.4% 0.14

. O 4
(o) (o]
29 b{? 15hr 18.8% 24.0% 42.8% 1.28

0= 3.0hr 28.8% 37.1% 65.9% 1.29

26

28

OH HO
30 Hm 1.5hr 29.2% 39.9% 69.1% 1.37
o 41.9% 72.8% 1.36

l 3.0hr 30.9%

25
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WO 99/06357
Table 1: Butadlene Hydrocyanation
Exampie Structure % 2M3 % 3PN Total PN 3IPN/2M3
31 )Xn{ XS#‘ 15hr 43.7% 26.0% 69.7% 0.60
E g 3.0hr 39.7% 27.7% 67.4% 0.70
32 X)) 15hr 10.4% 16.8% 27.2% 162
’ : 3.0hr 12.3% 20.0% 322% 1.63

2

"[o-bL15hr 45.3% 35.7% 81.0% 0.79

a3 - ,
é,\é 30hr 44.7% 35.6% 80.4% 0.80

P{O blﬂShr 40.8% 34.6% 75.3% 0.85

34 d , .
. 30hr 449% 37.7% 826% 0.84
Me e

35 ,Q:gé 15hr 16.6% 20.0% 36.6% 1.20
> 9“( 22.1% 41.7% 1.13

n’g:s 30hr 19.6%
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Table 2: Isomlization of 2-Mothy-3-8u:ononllrllo

gmmﬁmﬂmnmumumm

01:30 81.1% 20.9% 0.26

F p_(o_O—M.) 03:00 52.3% 42.8% 0.82
3

01:30 89.6% 10.8% 0.12

G p.(o_O—M.) 03:00 72.3% 24.7% 0.34
3

01:30 78.9% 11.9% 0.15

H P-(O—O—u.) 03:00 83.9%  11.8% 0.14
3

1:30 90.9% 8.3% 0.09

I p%_o_m.,) 3:15 83.7% 12.6% 0.15
3
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Table 2: Isomlzation of 2-Methyl-3-Butenenitrile

Example =  Structure Time % 2M3  %.SPN 3RN/2MJ

63-0)\ ;{o-b}z 01:30 7.7% 93.0% 1204
- 16.03

a
36 8_8 03:00 5.9% 94.6%

(@R ,lfd), 0180 254% 76.0% 2.99
37 . ™« Me 03:00 14.2% 86.4%  6.09

Me Mo

16.96

. 0, )
(SR oiogs), 210m 56% 4% O
38 MeO, OMe * 38:00hr 5.6% 94.6% .

(Q—)\ ,(1-59)2 1:80 hr  50.0% 48.2% 096
39 2 é_é 300 hr 15.1% 83.9%  5.56

Me

1:30 hr 64.0% 34.8% 0.54
40 3:00 hr 43.0% 55.2% 1.28
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Table 2: Isomization of 2-Methyi-3-Butenenitrile

Example  Structure Iime  %2M3 % 3PN 3PN/2M3

o0 01:30 6.7% 89.2%  13.39

41[ o _}_PP A 'f° ] 03:00 5.3% 89.6%  16.83
Q 2 -Qz

~ 8—& > 01:30 24.1% 722%  3.00
04 © O

42 ) o 03:00 23.9% 73.4% 3.07

8—& y 01:30 8.6% 88.4% 1024

43 /"‘-"\o 03:00 5.8% 93.9%  16.25
P

8—8 01:30 5.5% 94.6% 17.29
44 03:00 5.4% 17.23

93.4%

8—8 01:30 5.6% 94.5% 1676

45 © PR 03:00 57% 94.4%  16.71
]
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{ [ ERR] Al t hough particul ar enbodi nents of\

[ ERR] [ ERR}y EBR
t he present inv%sr']g{(kon have been described in the foregoi ng desef§dshoids 1t

wi |l be understood by those skilled in the art that the invention is

capabl e of nunerous nodifications, substitutions and rearrangenents w thout
departing fromthe spirit or essential attributes of the 5 invention.

Ref erence shoul d be made to the BPefdédmizatiomss 2-mithers-gdieHenket Ne

f oregoi ng specifi M as_ i ndicating the scope of the invention. ’
m Ilm °§ zMa w E

E)& 01:30 55% 93.8%  16.94
46 (Sljz 5{% 03:10 50% 93.9% 1867

1.5hr  40.8% 51.4% 1.25
3.0hr 304% 61.3% 2,01

/i o
31 T8

47

1.5hr 16.7% 74.6% 4.47

48 {g'bj"’;’ O\P][O'P} 3.0 hr 6.3% 82.7% 13.21
2 2

1.5hr 36.6% 60.8% 1.66

49[ TP[ 30hr 144% 81.8%  5.69

1.5hr 55% 89.4% 16.19

p o
50 [QO]Q ‘p-fop] 30hr 52% 89.4% 17.10
2 2
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Table 2: |somization of 2-Methyl-3-Butenenitrile
Exampie Structure

AR
[ &1

Time % 2M3 % 3PN 3PN/2M3

1.5hr 54% 91.7% 17.12
30hr 57% 91.2% 16.08

l..s ]i 1.5hr 54% 90.5% 16.84

52 - 30hr 52% 902% 17.30
1.5hr  7.0% 91.1% 13.05
53 [ %.,,] { —P } 30hr 5.8% 91.1% 1573
Lo : Ve 2
K 1.5hr 9.9% 88.6%  8.92
54 d 3.0hr 58% 92.3% 1583

E0,
{(ﬁ 15hr 16.8% 81.3% 4.84
55 30hr 9.0% 87.9% 9.75
[egl

51
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1. An inproved process for

35 w0y CLAI MED | S:
the liquid phasexﬁ{?g‘r ocyanati on of di ol ef i ni ¢ conpoundsPCERUSISUBIORqUENt
i someri zation of the resulting nonconj ugat ed

2- al kyl - 3-nmonoal kenenitriles conprising reacting an acyclic 5 al i phatic
di ol efinic conpound with a source of HCN, the inprovenent conprising

conducting the hydrocyanation dables2:bsefizgiin L,sqm,j,)g_ggd'upe%i@ t he presence
i sing zero-vareh® nickel and

of a - catal yst precursor conposition conprisin
at | east one Es“H‘GH i denttitdwishosphi t e giipgand o cte m % he ar oup
consi sting of conpounds represented by Formulas I, el N £V, VI,

56 3.0hr 53% 92.7% 17.49

Vi, Vill, IX X X, XI, XIII'péan )10 XIV as set forth bel ow
% éz 1.5 hr 55% 92.2% 16.86
(4

i\%‘ 1.8hr 207% 79.7%  3.86
57 . g E 3.0hr  9.9% 90.0% 9.13
\;I,Qi\ - v5hr  7.7% 90.2% 11.73
-t
58 \,  d 3.0br 51% 919%  17.93

1.5hr  9.7% 89.1% 9.17
3.0hr 57% 93.1% 16.26

x& 1.8hr  57.7% 39.3%  0.68
60 £ B0
3.0hr 323% 65.2% 2,02
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Table 2: !somization of 2-Methyl-3-Butenenitrile

Example Structure Ilme % 2M3 % 3PN 3PN/2M3

1.5hr 50.5% 47.1% 0.93

%E S? 30hr 28.6% 69.2% 242
‘X:?: ;\5@ 1.5hr  18.5% 80.9%  4.39

62 3.0hr 57% 936% 16.53
(C ) 15hr 11.0% 87.7%  7.99
63 2 * 30k 6.2% 91.7% 14.73

d"%» 'b 1.5hr  70.7% 28.2%  0.40

3.0hr 476% 51.5% 1.08

i E :] 1.5hr 54.2% 45.3% 0.84

8/\8 3.0hr 37.3% 62.3% 1.67
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Table 2: Isomization of 2-Methyl-3-Butenenitrile
Example Structure Time % 2M3 % 3PN JPN/2M3
,(g_ 15hr 10.4% 87.5% 844
66 w 30hr 11.1% 86.5%  7.80

oy
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Ler rV]IO 99/06357
Although particular embodiments of the present invention have been
described in the foregoing description, it will be understood by those skilled in the
art that the invention is capable of numerous modifications, substitutions and
rearrangements without departing from the spirit or essential attributes of the
S invention. Reference should be made to the appended claims, rather than to the

foregoing specification, as indicating the scope of the invention.
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each R err] independently H, hal ogen, primary or secondary hﬁj}rocar byl of
to 12 carbwo®wssss, OR[err] wherein Rlerr] is a (err] to BFEUPISS or
CJerr]R err] V\heJVHiAﬂ‘IR[CHIAIMEBIsan aryl or a CJerr] to (Jerr] alkyl;

h is ind d | H,
ﬁ?gros[areg;} IofS IInt gpi o Bhplgy%a%g&%{o ?ﬂ%&ha&%@%@fﬁ%ﬂls a Cerr] to

derr] diolefinic conaionydls an@@[ﬂ@pqqem{leqmqnmm@hp ®PWHRg is an aryl ora
Cerr] to (er r] nBhdoH t»gat@& 2-alkyl-3-monoalkenenitriles &ixfg]r)icgi))lg \M'gcfy@h@ Rlerr] is
i ndepen

t tl
gr |qrrg; ;/] or Osgg GJ!AP*S? F\%’J%WP%‘F‘! with 6”“’5[0? N; the improve Fg %BiH{gat ons
or CJ err] R err] coftnctngthBhpdrodyanation aff eubsgquent ifneariziticnl ik yhie preseocelds a
o o ot b BB kolusor orhsfBh Yo RERRBIN 0B BDlbr Bhe | 10

12 carbon atons or a nprove rocess of Claiml
wher ei n the di ol afultidestatenhosnhitg ligand se]egte«g)gp@dheegf@up consxstmg of compoyndsThe

i nproved pr OCGSS réﬁes@l@dﬁyﬁomﬁﬂ%’sqlm 18| Mher, iy dInovy R I} X oXI, X1, K3II and

i sonerizati o rfor%ﬂgfi a batch operation or both hydrocyanatl on and
i someri zat i o gé‘?ﬁ?f @¥'a bat ch oper adon. 4. The

i nproved pr ocess of daim1 wherein either hydrocyanation or

i sonerization is performed conti idus R§ or both hyXrog¥danati on and

i sonerization are perforned ti puousl Y, 5. The
i nproved process of Claiml whe&giy\n B diol efir nd conpri ses
conj ugated diolefins containigg fr 4 to 10 car at @r's. 6.

selected fromthe group co t iy g q, 1, 3- but adi B* 4- hexadi ene,
trans-2, 4- hexadi ene, c\ &-p A k-1, 3 pent adi ene. 25
7. The inproved process ofg2C alm . R alaatl&h is carried

out at a tenperature of from 0[§rr] ' 8. The

i mproved process of Caim3 whereig RY K FCyanat i on t he nol ar
ratio of HCN to catalyst precursor coppound |sI’{between 100: 1 to 5, 000: 1.

9. The inproved process of Claim4 efrginfugdr i ng hydrocyanation the 30
nol ar rati-o of HCON-te—eatal yst precursor conpound is between 100;1 to
5,000: 1 An inproved,process for the |iquid phase

hydr ocytﬂﬁul mﬂwlu 'HMH“I al i phat i gz di od efR%ni ¢ conmpounds conpri si ng
reactl n hati c di ol &#] on‘Round with a source of

the i nprovenent conprising @dnd hydrocyanatl on

The inproved process of O ai m\o wher¢in the diol fi n irrpound IS

nt a_dl eneo

reactl on in the presence of a(it:a al yst |preCLﬁs 03| tion
conprising a zero-val ent nickel[*z at (Deast one &Kt at e phOSphI te
| i gand sel ected fromd gpp onsi st r\lg of cd ounds represent ed
by Formulas I, I .
R R2 Rz R!
_ 9
N\
Formula II
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1V, V, ]v)fb bojosssd |,

[err

I

L

FormulaV
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IX, X, XI, XIl, XIll and XIV as set fRGTYSBEFI3Y,
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Formula VI

—

Iy
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Rzl Rzl
RA/ o .
2 -
R \ ‘/ \Rl R] , _ sz

\’ / \ Y,
R2 R2
Formula XII
2 .
2 b R? R? R?
' R ~ , A\ Rz'
Rz \ ~ .1 Y
R! RIN= R?
R2 \ /
0] (0) ~ R?
R* P/ \
: o—n Pe 2
’ R
Rl o) o} Fl\ .
R""( ; ; )\ 2
R
2 \
R R?

| NG R e

~

2 .
R RZ r? R
Rz' - / \ — RZ'
2| \ l 2-
R Z~Rr'R = R

2 v
R\~ ARG
| A <
PRGNS P~ -
R R!

/::
Rz R

) @)
\

Formula XIV

wherein
each R1 is independently a primary, secondary, or tertiary hydrocarbyl of 1
to 12 carbon atoms or CH,OR3 wherein R3 is a C; to C 5 alkyl; with
the proviso that at least one of R! must be a primary hydrocarbyl or
5 CH,OR3;

40
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[err] WO 99/06357
each R? is independently H, halogen, primary or secondary hydrocarbyl of
1 to 12 carbon atoms, OR3 wherein R3 is a C; to C,5 alkyl, or
CO,R3 wherein R? is an aryl or 2 C; to C) alkyl;
each R?' is independently H, halogen, CHO, primary, secondary or tertiary
5 hydrocarbyl of 1 to 12 carbon atoms, OR3 wherein R3isa C; to C ),

alkyl, CO,R3' wherein R3' is an aryl or a C, to C}5 alkyl, or

TR R C(R3)(0) wherein R? is a C, to Cy; alkyl;
I l!ll"c, mI’LI I“H" HILI ” ’!ll each R4 is indep:’xi;::lt?y H,l: :dr:x::y olrzszco)zlldary hydrocarbyl of 1 to

10

I5

20

25

30

35

12 carbon atoms or CO,R3 wherein R3 is a C; to C5 alkyl; and
each R4 is independently H, a primary or secondary hydrocarbyl of 1 to
12 carbon atoms or aryl.

2.  The improved process of Claim 1 wherein the diolefinic compound
is butadiene.

3. The improved process of Claim 1 wherein either hydrocyanation or
isomerization is performed as a batch operation or both hydrocyanation and
isomerization are performed as a batch operation.

4, The improved process of Claim 1 wherein either hydrocyanation or
isomerization is performed continously or both hydrocyanation and isomerization
are performed continuously.

5. The improved process of Claim 1 wherein the diolefin compound
comprises conjugated diolefins containing from 4 to 10 carbon atoms.

6. The improved process of Claim 5 wherein the diolefin compound is
selected from the group consisting of 1,3-butadiene, cis-2,4-hexadiene, trans-2,4-
hexadiene, cis-1,3-pentadiene and trans-1,3-pentadiene.

7. The improved process of Claim 1 wherein hydrocyanation is carried
out at a temperature of from about 0°C to 150°C,

8. The improved process of Claim 3 wherein during hydrocyanation the
molar ratio of HCN to catalyst precursor compound is between about 100:1 to
5,000:1.

9. The improved process of Claim 4 wherein during hydrocyanation the
molar ratio of HCN to catalyst precursor compound is between about 100:1 to
5,000:1.

10.  Animproved process for the liquid phase hydrocyanation of acyclic
aliphatic diolefinic compounds comprising reacting an acyclic aliphatic diolefinic
compound with a source of HCN; the improvement comprising conducting the
hydrocyanation reaction in the presence of a catalyst precursor composition
comprising a zero-valent nickel and at least one multidentate phosphite ligand
selected from the group consisting of compounds represented by Formulas I, II,
HI, IV, V, VI, VII, VIII, IX, X, XI, XII, XIII and XIV as set forth below:

41
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R2 1‘12
Formula |
R? .
Rzn Rz' R2
RZ
RY ﬁ Ny~ R?2
R i R! r!? — R?
= 0 o) N\ R?
NG S \ ,

R= 3 o-P\O P-0r N A 2
Rl RZ 0 Rz Rl
/N =

\
Formula IT
R? .

Formula III



WO 99/06357
R? .
2! 2' R2
2 K R .
2 N~ R
\‘//l\ / 2
I 0o 0 Z~_ R
2N / l
R O~ P\ P.o Y 2
R' R2 0 o I R
R? R!
- R2 \ \
! ] = 2 2 7/ Rz
 FURR O AN @ PR
* [4 L H S * FonnulaIV

Rz' :
r o2 R2
i \ R
RZ' R Rx R
R
N R
/s
2
Formula VI
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wherein each R err] is independently a primary, secondary, or
tertiary hyXfQM6Es of 1 to 12 carbon atons or W[’H?ﬁ‘@éﬂerr]
wherein Rerr] is a (Jerr] to (Jerr] al IR‘)’rI 2Wlt . R? t he proviso
that at | east one of R err] nust be zp drpcarbyl or 5
CHerr]ORerr]; each R[ﬁfl‘ \IS |ndepe d3atky H, hal ogen, primary
or secondary hydrocarbyl of n rtons, OR[err]
wherein Rerr] is a (Jerr] to , / rEJ err] R err]
wherein R err] is an aryl or a QI‘ to/C[err] &l| kylJ? each
R[err] is independently H, halRo N _primar iﬁ&ﬂt’ﬁy or tertiary
hydr ocar byl of Ri R carbo at,gmgl,t err] wherein
R[err] is aderr] to (Jerr] JN = al kyl, CO[err]Rerr]
wherein Rlerr] is an aryl or a (JerrR3<to/Clerr]\| a ),IQ/ , or
AR errphO—whererm Rerr] is a (Jerrf t'g (g2 al'kyl ;
each R e tly H a pri ﬁ‘ary or seccm’dary hydrocarbyl of 1 to
12 car bok!mﬂ)m‘““nﬂm qm]R[err] wher ei nFerafaYllis a Clerr] to Cerr]
al kyl; a each R err] is independently H a primary

or secondary hydr ocar byl of lto R? ' 2 12 carbon atons
or aryl. z R gz R 46
11. The inproved process of d ai m,15 elein t L@kefinic conpond
i s butadi ene. 12 Jh % Ipg ofy2Cl ai m 10 wherein
hybocyanation is per f or me8 h operalTpn. }‘5 e 13. The
i nproved process of Caim10 wh hyg ocyanap\i oy R per f or med
conti nuously. R”” Y To-R P ,
1 o2 O 0 0 R?
~
(L
O O
Formula VIII
R? 2
2 ? R
RZ ‘NR R \_R?
) -R
2 RZJ\/\%\}U R (_ R?
R\ﬁ o O/ R2‘
=
N / \
R2 ’K o-R ’p,_ozk/,L R?
REr_pP K RY R
LY
RN\ R 7o
R2 R R Rz
Formula IX
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14. The inproved process of C aim 10 wherein the diolefinperosywpeissd
conpri ses wWOrgs@®&sed di ol efins containing from4 to 10 carbon atons.

15. The inproved process of Caim wherei n the giQl efinic conpound 10 is
sel ected fromthe group consisting 3- butadlr {;} ci s- 2, 4- hexadi ene,
trans -2, 4- hexadi ene, cis

an -1,3-pentadiene.

16. The |nproved process of ionis carried

out at a tenperature of from S{ery] to,150[er 17. The

i nproved process of Claim12 @ n the nol ar \r atij HCN 15 to catal yst
precursor conpound i s between 10g° Tot& 5, 000: %jP-o 18. The

i nproved process of O aim 13 whex'eind t fie nDIa ragt ogdf HCN to

catal yst precursor conpound is bet X 5, 000: 1. 19.

An inmproved process for the isoneri nconj ugat ed
2- al kyl - 3=Tronoatkeneni tTT1Te, the inpyovenent £cofprising carrying out the 20

i soneri zatji Ilml" "“'Eum)ﬂe Incet of akCI yst. ursor conposition
conpr|5|n I ent nicke a%°6&8 &g

ast one nultidentate
phosphite Hgan LS ecste fromt e

ﬁp consi sting of conpounds
represented by Formulas I, |||,|V,'V,VI.,V||, VILE, I'X X X, XlI,
Xl and XIV as set forth belomﬁ r? R?

Formula XII
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I Y ¢ S

R
Formula XIV

wherein

10

15

each R! is independently a primary, secondary, or tertiary hydrocarbyl of 1
to 12 carbon atoms or CH,OR3 wherein R3 is a C to C)5 alkyl; with
the proviso that at least one of R1 must be a primary hydrocarbyl or
CH20R3;

each R? is independently H, halogen, primary or secondary hydrocarbyl of
1 to 12 carbon atoms, OR3 wherein R3 is a C; to C; alkyl, or
CO,R¥ wherein R3 is an aryl or a C; to C; alkyl;

each R2'is independently H, halogen, CHO, primary, secondary or tertiary
hydrocarbyl of 1 to 12 carbon atoms, OR3 wherein R3isa C; to Cy5
alkyl, CO,R3' wherein R is an aryl or a C; to Cy5 alkyl, or
C(R3)(O) wherein R3 is a C; to Cy5 alkyl;

each R4 is independently H, a primary or secondary hydrocarbyl of 1 to
12 carbon atoms or CO,R3 wherein R3 is a C, to Cy, alkyl; and

each R4 is independently H, a primary or secondary hydrocarbyl of 1 to
12 carbon atoms or aryl.
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11.  The improved process of Claim 10 wherein the diolefinic compound
1s butadiene.
12.  The improved process of Claim 10 wherein hydrocyanation is
performed as a batch operation.
S 13.  The improved process of Claim 10 wherein hydrocyanation is
performed continuously.
14.  The improved process of Claim 10 wherein the diolefinic compound
comprises conjugated diolefins containing from 4 to 10 carbon atoms.
15. The improved process of Claim 14 wherein the diolefinic compound
10 is selected from the group consisting of 1,3-butadiene, cis -2,4-hexadiene, trans
-2,4-hexadiene, cis -1,3-pentadiene and trans -1,3-pentadiene. .
16. The improved process of Claim 10 wherein hydrocyanation is carried
out at a temperature of from about 0°C to about 150°C.
17. The improved process of Claim 12 wherein the molar ratio of HCN
15  to catalyst precursor compound is between about 100:1 to 5,000:1.
18.  The improved process of Claim 13 wherein the molar ratio of HCN
to catalyst precursor compound is between about 100:1 to 5,000:1.
19. Animproved process for the isomerization of a nonconjugated
2-alkyl-3-monoalkenenitrile, the improvement comprising carrying out the
20  isomerization in the presence of a catalyst precursor composition comprising a
zero-valent nickel and at least one multidentate phosphite ligand selected from the
group consisting of compounds represented by Formulas I, I, III, IV, V, VI, VII,
VIIL, IX, X, X1, X1I, XIII and XTIV as set forth below:

LT S e {3 “

\ /° °l
- RLZ -’
— \ o-Po O'P‘OQ

Formulal

-_——

This Sheet Has Been Rep

T
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R? 2
2 » R
RZ ROR :
R? N R?
R? \ R'RI\ -/ ®?
= ' 0 o\ R?
NN
R? O—-4 P.
P~ 2
1 o2 O o} R
/N =
— \
AR \
x  C EL“ e Formula II
2'
l} RZ g2 R?
RL /Y ,
N\— R?

Formula IV
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AR

Formula VII
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wherein each R err] is independently a pri mar# secondary,
s

or tertiaryWRHErbyl of 1 to 12 carb®

CH err] OR3 whereinRlerr] is a (Jerr] tcRZC[err] alkyl; with

the proviso that at |east one of R 2r be¥a ;pri mary hydrocar byl or
5 CHerr]ORerr]; egc e r] / em&ndent |y H, hal ogen,
primary or secondary hydrocar b¥J R! Rl'g R? 1 to 12 carbon

atons, OR[err] wherein R err] r] to d er | ,,20r

S r] alkyl

condary or tertiary
err] is a (err]

‘F{] wherein Rlerr] is

(I)[err]R[err] wherein R err] |s n | ryl/or aC[e?r]
cach Rlerr] is independenty ®?"h
10 hydrocarbyl of 1 to 12 carbon ;at(kns

to Jerrtm—m m 8

an aryl r] to derr] alkyl, C(Rerr])(O
wher ei n j{lﬁ}!ﬁ, dMﬁ'ﬁm to C[err] ) each Rlerr] is
i ndepend or seconda g of 1 to

12 carbo atoms or err*]R[err] wherei™ R err s a (err] to C(ferr] alkyl;
and 15 each Rlerr] is indepBorowia Y I H a prinmary or secondary
hydrocarbyl of 1 to 12 carbon atons or artyl.

20. The inproved process of Caim19 nherel n th »nonconj ugat ed

2-al ky-3-nonoal kenenitrile is 2- netpyll - ile.
—R?
j/ Rl R! RY
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21. The i 9§)6§.g7pr ocess of Claim 19 wherein isonerizati opCrasss/sps

per f or med tch operation. 22. The i nproved process
of Claim 19 wherein isonerization igg gr? per formed continuously.

23. The inproved process of Oim 1% the nonconjugat ed

2-al kyl - 3-nonoal kenenitrile is s&fs Rtom t he group consisting of

2- et hyl - 3- 25 butenenitril e and propyl 3-butenenitrile.
24. The inproved process of C '@ m 19 ahe onerization is carried
]C

out at a tenperature of fronr rlCto S
52 25. The inQr PppoCy ] Cl aym ¥ wherein the nol ar
rati o of nonconj ugat ed 2x#f k I-3 mohoaljkerenid Li to catal yst

precursor conpound is F‘WeenR 100: % 00 .1.\#\1{2- 26. The
atio qf 5 nonconj ugat ed

i mproved process of Claim 22 wherein

2-al kyl -3-nmonoal kenenitrile to catal yst precurs omjﬁund IS bet ween
100:1 to 5, OO0 1. _ 27. A nul tidentRk phite |igand sel ected
fromt he“mmllmms"mtmﬂl of Fornulas X, X, » X'l and XIV as set
forth bel el k nlin 'R? R
©corohos o Formula XI
2' "
for m F
RA/S ) N\~ R?
2 \l /
N9 ke O Y R
R' R R2 R}
\ —
| v
\_/ \_/
/
R? R?
Formula XII
2' ]
> s R? R
5 R \/\RI R! R?
R
- 7 o o/ R
2\ / \
R o-R Pe 2
R o) [, R
R}
R? R2
R? ;12
Formula XTII
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R? » R?
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wherein

each R! is independently a primary, secondary, or tertiary hydrocarbyl of 1
to 12 carbon atoms or CH,OR3 wherein R3 is a C; to Cy5 alkyl; with
the proviso that at least one of R must be a primary hydrocarby! or

5 CH,0R3;

each R? is independently H, halogen, primary or secondary hydrocarbyl of
1 to 12 carbon atoms, OR3 wherein R3 is a C; to C;5 alky}, or
CO,R3 wherein R¥ is an aryl or a C to C), alkyl;

each R? is independently H, halogen, CHO, primary, secondary or tertiary

10 hydrocarbyl of 1 to 12 carbon atoms, OR3 wherein R3isa C; to Cy
alkyl, CO;R3' wherein R¥ is an aryl or a Cy to C); alkyl, or
C(R3)(O) wherein R3 isa C; to Cy5 alkyl;

each R4 is independently H, a primary or secondary hydrocarbyl of 1 to

12 carbon atoms or CO,R3 wherein R3 is a C to Cy5 alkyl; and
15 each R# is independently H, a primary or secondary hydrocarbyl of 1 to
12 carbon atoms or aryl.

20. The improved process of Claim 19 wherein the nonconjugated

2-alkyl-3-monoalkenenitrile is 2-methyl-3-butenenitrile.

21. The improved process of Claim 19 wherein isomerization is

20 performed as a batch operation.

22. The improved process of Claim 19 wherein isomerization is

performed contin'uously.

23.  The improved process of Claim 19 wherein the nonconjugated

2-alkyl-3-monoalkenenitrile is selected from the group consisting of 2-ethyl-3-
25  butenenitrile and 2-propyl-3-butenenitrile.

24, The improved process of Claim 19 wherein isomerization is carried

out at a temperature of from about 60°C to about 150°C.
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25. The improved process of Claim 21 wherein the molar ratio of
nonconjugated 2-alkyl-3-monoalkenenitrile to catalyst precursor compound is
between about 100:1 to 5,000:1.
26. The improved process of Claim 22 wherein the molar ratio of
5  nonconjugated 2-alkyl-3-monoalkenenitrile to catalyst precursor compound is
between about 100:1 to 5,000:1.
27. A multidentate phosphite ligand selected from the group consisting
of Formulas X, XI, XII, XIII and XIV as set forth below:
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the proviso | east one of R[err] must be a primary hydr or 5
CH20OR3; &33‘ ’06357 eac¥1 ggqr/ ¥+ss
i ndependently H, hal ogen, pri mary or sgEondary hydrocasbyl of

39

1 to 12 carbon atons, OR wherein R[er i SRA C{iérbr to Cerr] alkyl, or
‘( ! /\.»Rz'

4 P- *
Rl O RY o 0 ] R?

Formuia XIV

wherein

each R1 is independently a primary, secondary, or tertiary hydrocarbyl of 1
to 12 carbon atoms or CH;OR3 wherein R3 is a C; to C;, alkyl; with

the proviso that at least one of R! must be a primary hydrocarbyl or
5 CH,OR3;



OO[err]R[e]r“J‘; wher ei n R[err] is an aryl or a C[e”] to C[er }{/@95&'&198

each R err ?Q?ﬁ?ependentl H hal oge CHO, primary, secondary or

tertiary—>5 . each y t?soH halogen, Priazy piiccondamysh %mp@mf

wlh Bmi i’m a \CAZ[M err]lus mﬁredsx{atoms,omwheremw xsacltoClzalk}il orl ol

a ere er an r] al ky or
E”l'w éj é’ R[errﬁhgL }éﬁi aéflorr Cqu)kﬂ%%&{

each Rerr] is mdepemkélril is it Onprimgryhseaensiany ontertiaty 1 t o

&}Q&C;glgﬂ tcPfZ ﬁlydn atths OR3 whereif 3 is £'CLRI @],y St

precursor conp05|t|on conp I sind zero-valent nickel and a
mul ti dentate phosphite | i 8%Hd Bé 3 iggnargh o ¢ C1 10 Cyp alkyl, or

C(R3)(O) wherein R3 isa C; to Cypalkyl.
28. A catalyst precursor composition comprising zero-valent nickel and
a multidentate phosphite ligand according to Claim 27.
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