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CATAL vZen WA SE HYDROCYANATI ON OF PCTIURSSItaTeT

DI OLEFI NI C COVPOUNDS ' FI ELD OF THE | NVENTI ON
5 This invention generally relates to a gas phase process for the
hydrocyanation of diolefinic conpounds to produce nonconjugated acyclic
nitrites. _ In particular, the |nv§9_ n relates to a gas phase
process for the hydrocyanation of | efini c conpounds to produce

nonconj ugat ed acycl i oCATI‘tAtﬁYEEDtNAPORngASEr}bYDROCYANM'IQNOrF i ckel and a
bi dent at e phosphite |igand. 10DIOFT g‘[N’[C COI\{IPOUNDS BACKGROUND OF THE
r

| NVENTI ON Cat al yt ocyanatl on stens, particularly
pertaining to the hydrocyﬂﬂﬂ.@iﬂéﬁd@ﬂhﬂﬁﬂre known in the art.
For exanmplg, |iqui %&ﬁﬁ@&tﬁ%%ﬂ?ﬂ‘aﬂ{ re Nfzes Hﬁ@é&k‘ Hal& px‘d&@ss%nd hgcya”at ion of

but adi ene to form pentenenitril e art, e.g.,
U.S. 3,766, 2 3hydragyagaden PMPW&“W“"%WQ@“%HWC%“&%%aWéh%NWCQ5 t he

term " pent enem partiéfar, tlﬁa invérRtitnaelated toaFAs Phask PAcURYS R The hyds6cyahstion of

"butenenitril ans The ente eni r| |l es sq..forned are
further l?g']j?' 8&9’(&8@‘}‘& E‘Pa‘iyﬁ s JULZINg 2807 | zat i on,
to form adi povulérrtlnlmkel andab(déﬁlhbeptﬂsp}ﬁmt@aﬁdal I y i nportant material in the
manuf act ur.e of nylon. Bi den% _ I g, conpl exed to
zer o- valent ni ckel and pl at eful in the liquid

phase hydrocyanati GmaMIwadmmonasstdB&manm&IlnyMg totthe .
J. Chem Soc. 991,
. hrﬁtgéxa?&ﬂig;mlefﬂs e m@@ﬂ% ttieOast. SRt exﬁmpk , Liquid hase Stems

over whel m ng rror art processes for oC anat on of
but adi ene ar exseiyhflerct ehwrﬁcymnpm gfiberagisne to omvmqn'ancmml@

ﬂi 3!3033” . mtﬁéfﬂg'geeirsU Srer66283. Wﬁ%ﬁﬂﬁﬁat e, l@n&ﬂifvﬂl ?Qtéﬁdtl}e%iﬁ phase
ydrocyanation o \ ave” usya arted w

monool ef it % Eﬁ““dPBWéF?%WBe is mtg}‘)"ggﬁﬁ&ﬁ?ﬂécé( li’f‘l‘é‘vé 31‘16‘?” i se primrily
to saturat ed "pmeduntrﬂe"uh rdpéiet The penfepeditriled sy fonyed ae\fanhéred. For

by react i on %Pbﬁ%ﬁsa%avﬁ%%bﬂ-?m%ﬁi@a%%&%&msvﬂg%%? Mo forpeibpBhE | °
Pat ent 3, 584,(62N), egomeercinlly impastanomiaterial in the npnemwobwlomamdemat@o of _
Y o O e Rl il gfunlieti 0
gas 20 ful in the liquid phase hydrocyanation of butadiene, as described by
L_C_hgm._Sgg, Chem. Commun., 1991, pages 803-804.
The overwhelming majority of prior art processes for the hydrocyanation of
butadiene are conducted in the liquid phase, with all attendant waste disposal
problems. Previous approaches toward carrying out gas phase hydrocyanation of
25  olefinic compounds have usually started with monoolefinic, not diolefinic,
compounds and have given rise primarily to saturated products, which could not
be further hydrocyanated. For example, Dutch Patent 6916495 teaches that
pivalonitrile is prepared by reaction of HCN and isobutylene over Al203 or SiO2
catalysts; U.S. Patent 3,584,029 teaches that propionitrile is prepared by reaction
30  of HCN with ethylene over catalysts containing Ni saits. H3PO4 and Al203; and
U.S. Patent 3,547,942 discloses the reaction of HCN and butadiene in the gas
phase over a mixed metal catalyst containing copper chromite and activated copper
chromite, which does yield a mixture of pentenenitriles, with 77-82% selectivities
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to 3-pentenenitrile and 4-pentenenitril e.2 However, the reaction of U S.
Pat ent 3,547,942 also requires a co-feed of HC .

Several pat en,3-péanélenitiR ant F5dntdtienifile I TRbweveh, the radtion ¥f LS8 pdiéite.
propylene or and additi I th air or oxygen in the gas phase,
over afg{fgﬁﬂ%’éﬁq?gﬁs?«ﬁ? ?e%&f ﬁ ning catalysts give rise to
cyanat ed ol ef i ni ¢ Several patenss deschshathieavtioa fof HON wlith mitadiens, @thyéndlict s SO
produced the @ e U cQ ated with the

P ot Dona” SR L Sl W0fignaty wity s G Rb ko SR URCHER el
usel ess for tatops suppottedmetal-contrining catalysss giverise taynatedolefinic U. S.

3, 86_5_ _823[ eA?f&hxctf FREWEVeY. é’]' the %lgﬁrrhs/‘ (g){oducts 5o prod?é:elg the xlgf’mfc chbﬁ{@%"’ HCN +

+HC + 02 is usually conjugate gqltlh ple bond of the cyano group, and, therefore,
CN | Usiibstahtiall$ u@e‘i&s fe':xt the g?ddic@oﬁ of Mj{orﬁ&ﬂe 1?315example,

U.S. 3,865.863, Asahi, February 11, 1975

U.S. 3,574,701, Asahi K.KK., April 13, 1971

==

+HON + 0y -———-» =2\

USS. 3,578,695, Standard Oil, May 11, 1975

+HON+Oy —> N

U.S: 3,869,500, Asahi, March 4, 1975 -

=~~~ +HN+0y) —» + /=(
IR

The present mvennon provides a catalyzed gas phase process for the
10  hydrocyanation of diolefinic compounds which is rapxd selectlve, and efficient.
While certain solvents or diluents can be used in this process, they can be
eliminated altogether. Furthermore, the catalyst is utilized as a stationary solid



i

[err] + HCN + 02 [err] U S. 3,869,500, Asahi, March

4, 1975 + HCN + 02 ---> [err]
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gas phase process for the 10 hydrocyanation of diolefinic conpounds which
Is rapid, selective, and efficient. ile certain solvents or diluents
can be used in this process, they can be el i mnated al together.
Furthernore, the catalyst is utilized as a stationary solid WO

96/ 16022 phase, which can reduce the costs of catalyst synthesis, recovery, and recycle as

PCT/ US95/ 14787
phase, which cifil puthgdispesal costaf byproduch wase  ASpraliacy P's‘“ef’r‘é%ﬁ\?éfi}“’“&ﬁd
recycle, as of the casebf capital hqm;impnmﬁed:ﬁstthe)probyqsr @thert objects end A

corollary ben 3 i- . . 5 Egﬁ ment
needed for thg‘fdgérgé Y %éﬁ B&U}c 12n wuébgémﬁéq van(?ﬁmggwgéﬁ‘ﬂg?gsent
i nvention Wil Iume@fmnamsaﬂlempmljgd dmsrpugrkpnhemqupnevme hereipafteron
reference to tghgowget ail ed description of the invention which hereinafter

fol | ows.
The present invention provides

% di ol ef i nh c cormomeb &gﬂﬁvgﬁmmﬁﬁ?ﬁhacmy gacs ;ﬂiawhyd:bsytaﬁkh%&f inic
conpoun refera ut adi_ene,. . in within a

t enper gPure of i fleﬁ'r ‘écx"&? “P? SYmpGtine. f?ff‘BFFTECXI{f aé%gﬁ?co%?é’%&cr] Cin the
presence &0 acemppund, ptbfaabbzl busadiene, withddiNas ithd gas phasspwithinnaremperatual ent
nickel and at L£ag fRRF i385t fo BF RAICEin the presence of a supported catalyst

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

ligand selected from the group consisting of compounds represented by Formulas I

and IT:
Formulal
15  wherein _ _ )
each R1, independently, is a secondary or tertiary hydrocarbyl of 3 to 12 carbon
- atoms,

eachR2, mdependently, is H, a C1 to Cj2 alkyl, or OR3, wherein R3 is C; to
C12 alkyl; and



| i gand sel ected fromthe group consisting of conpounds represented by

For nmul as | and |1:
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Fomula 1 15 wherein each R err], independently, is a secondary
or tertiary hydrocarbyl of 3 to 12 carbon, at ons; each Rz,
i ndependently, is H a d to Cl2 alkyl, or OR[err], wherein RBis C to
C12 al kyl; and _ WO 96/ 16022
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_ wherem _
each R4, mdependently, isa tcma:y hydrocarbon of up to 12 carbon atoms, or

OR3, wherein R3 isa Cy to Cjz alkyl;and
each RS, independently, is a tertiary hydrocarbon of up to 12 carbon 'atoms,
5 to produce acyclic, preferably 3- and 4-pentenenitriles, in which thé olefinic |
double bond is not conjugated with the cyano group.
In the above definitions for both Formula I and Formula II, the terms
"secondary” and "tertiary” refer to the carbon atofn attached to the aromatic ring.
In addition, for purposes of the present disclosure and claims, the terms
10 "alkenenitrile”, "penteneriitrile”, and "butenenitrile” are mtended to mean,
respectively, a cyanoalkene in which the carbon atom of the cyano group is the
first carbon; a cyanobutene; and a cyanopropene.
When 1,3-butadiene (BD) is utilized as the starting material, this gas phase
hydrocyanation process produces a rmxmre of pentenenitriles (PN) consisting
15  essentially of 3-pentenenitrile (3PN), 4-pentenenitrile (4PN ) and 2-methyl-3-
butenemtnle (ZM3BN). Small amounts of dxmtnles (DN) and of a dimer of
1 3-butad|ene, 2—vmylcyclohexene (VCH) also are sometimes produced

Catalysts useful in the practxce of the present xnvennon consist essennally
20  of the bidentate phosphite complexes supported on carriers of silica. alumina,
carbon, or other suitable supports. Commonly used techniques for treatment of
supports with metal catalysts can be found in B. C. Gates, Heterogeneous
- Catalysis, Vol. 2, pp. 1-29, Ed. B. L. Shapiro, Texas A & M University Press,
College Station, Texas, 1984. Alternately, a given support can be prepared with a
25 uniformly dispersed coating of zero-valent nickel metal and then can be treated



Fonul a |1 wherein ) _'ea-ch'f Rierr],. i ndependently, is a

tertiary h on of up to 12 carbon atoirs, or
wher ei n RS%% to Cl2 al kyl; and each R6, indepvﬂélé‘%guﬂs"i s a

tertiary hydrocarbon of up to 12 carbon atons, 5 to produce
acyclic, preferably 3- and 4-pentenenitrilgs, in which the olefinic
doubl e bond is not conjugated with the cyano group. In the

above definitions for both Fotpula I d Formula tl::the, terns )
"secondary" an¥ith@dhigenizte Ph?@i‘é‘? Lﬁﬁ‘dt ﬁ'gvpécéﬁﬁ ol agEange; widh g'as pyentign, the
aromati c ring. zero-valent fickélchatalysts ark dispprsed os eilicafalirinawreahioh sdppmtsagur e

and clains, the terns. 10 calkepenitrile" U f itrile’. and, ... _
"butenenitril eQO%F%t%WP%'&@?' gporggh‘,me a'supp O'Bg&;ﬁaggis’?tvcwosgbwgﬂm%ne in
whi ch t he car bd3%awortpdi0%ivet. By.ano group i s the first carbon; a

cyanobuteng; and a f4ABRRLAR%ALNEN loaded into tub M@&:&g,%na%ﬁgém%&%i s
utilized as the starting teriral, this gas phase, hydr ocyanatT on
process produckesmpountye.gx butgdiepe and AIGIN i passed comtinuewsly pyer the salisl

essential | y ofcagapRaiaeapérafirésSubiioity High & inainedh the dtating RMterfiidas we.

2- met hyl - 3- butenenitrile (2M3BN). Sgal | unts of "dinitriles (DN)
and of a di merasdhe reaction produgs in,the £as phase,, iqﬁ’ﬁlf_’é EPeH lsmprIatpreange, isdzom; o
soneti mes pr odivead140°C to about ldDEEAthEp]CrEiE&BW &Ehﬂb&f 145%€ B?HGEEREDC.
EMBODI MENT, ' Cat ts use i e Cti 0 e .present

i nvention ! On;ﬁh&‘“@gg‘gﬁff? gf"s%%gﬁ8?0?%§°ﬂ%5%fnagg&%ﬁ%¥%t§ %"%BW’SF%‘?(&
supported on d¢he gassphasobutdowvi eneughataprevent deterioratiominfthe catalysthFrhesui t abl e
supports. Co %%ﬂ f W t h

met al catal yst's ic"g‘%#g’g&?téﬁ‘?] In?ﬁ@e%ﬁs@??ﬂﬁ%h&%&gﬁg&wyﬁ Ii:'E%gt al ysi s,
Vol . 2, pp. 1used, teidiofsfinic compoynd Seingassed, and shavdlesired seastiony rate.c The

Col Ihege Stati ¢ raﬁrﬁﬁéﬁ?ss&@%otﬁhﬁﬁﬁﬂﬁ&%ﬁ}ﬁcal@nﬁ'c!ﬁ?oﬂéﬂ%ﬂg beefbrbs?&ﬁegar ﬁd
N8 25 s T Y Elosghsebel Do 101 RBaf G it rehtels Siineutin = e

can be tré&ited
PCT/ US95/ 1478 éperating above the upper limit of this pressure range.

HCN and/or diolefinic compound starting materials can be delivered as a
neat vapor or as a preheated solution in a solvent, such as acetonitrile or toluene.
Under atmospheric pressure, using nitrogen or another inert gas as a carrier,

20  temperatures of from about 140-150°C are typically used. Nitrogen is preferred
because of its low cost. Gaseous oxygen, water vapor, or other gaseous substance
which could react with the HCN, the zero-valent nickel catalyst, or the starting
diolefinic compound should be avoided. The reaction products are liquid at room
temperature and are conveniently recovered by cooling. Branched 2-methyl-3-

25 butenenitrile can be separated from linear 3-pentenentrile and 4-pentenenitrile by
distillation. '

_ Zero-valent nickel is known to the art and can be made in a number of
ways. Most common zero-valent nickel species, which can be used to form the
catalytic compositions useful in the present invention, are derived from Ni(0)

30 complexes containing o-tritolylphosphite, p-tritolylphosphite, cyclooctadiene, and
ethylene. Ni(0) can also be prepared by reduction of Ni(II) compounds with
molecular hydrogen, or other reducing agents. in the presence of appropriate
ligands (e.g., where Ni(NO3), is reduced by Hj to provide Ni(0) on silica gel).
Moreover, Ni(Q) complexes containing bidentate ligands can be prepared from



5 with a bidentate phosphite ligand. Typically. in accordance with
this i nveWﬂ g] zero-val ent nickel catalysts are_dispersed on
silica, al 160 carbon supports at concent r ati onsPSHPPISHET: to
produce a supported catal yst conposition containing 0.3%w. to 1.0%
w. Ni. 5 The catal ysts are tgen | oaded into tubul ar reactors,
and a gaseous diolefinic conmpound, e g., butadiene, and HCN is
passed continuously over the solid at al ysts at tenperatures

sufficiently rdgetianofNi(H) eompaeunds &¢.8 whate Nﬁtlmdalﬁ")%hxtm) is preparedhs t he
reaction prodyd Si metal EﬁﬂﬂBﬁleﬁﬁfb'Sﬁ(:ganﬁhQ)tﬂéﬁe%&ﬁdmttﬂEw"sﬁédﬁs%fo&iiﬂ% is from
about 140[err+‘€s &I@Edout 160%@4 pre‘%erab y from about 145[err]C to
about 150[err n SHeGeSs & WPYh enough to maintain all
the reactants and Whodtttﬁila:atalyst is acomplhﬁogmo-phbaenhhélemrwd@iméo -
prevent dst e S g{tg fog'mgd Gheft ltl¥ossg pnater cgﬁlﬁﬂe&uﬂefp rc%f t%ar red

t enper at u SEEext ent Al Y St t he
di ol efinic cmapﬁjmdcq;mengt bw@peamle pﬁbxdaetsterlmndéamnwamaatem ofizero-

operating pre‘%ﬁﬁ% not parti cul arIy critical and can conveniently be
from about 15 i at rmspheres (101.3 to 1013 kPa). No _practical benefit

i s obtai ned when diolgfigic.oompguBd sastantsuised, this| infentiogAnqludeprimparly - e
range. conjugazedémruw%hﬂﬁnﬂg@@tum ¢0 cBDA Widehss FX dxamplegTat eri al s can

be delivered eat I ,Of, as .a eat.ed sol utt in,a solvent,
such as dfet C}??S‘PPT"F?"BP“‘? %(3%“5'2 4'h°x6ﬂ’88$ % ’F‘ﬁp‘ﬁ?i’g@sﬂﬁ% §5| ng
ni trogen or zhya’eimn afmcbmg&scmlan:omnce inrthe pfoductenpeft adipondtsileo f Otheom about

140-150[ err] Gfulﬁl&c{e‘?ﬂcﬁ%ﬂléc {nﬁ&&idk%ﬂbsumt ed iffcause of
its | ow cost. seous oxy er vapor aseous subst.ance
whi ch coul d geenps whichhdo het dqequtn&xezoataéysr,afpemmlem ancharansyb8- or the

‘starting ntdiifeh&l | ni c conpound shoul d be avoided. The reaction products
are I|qU| d at room %perature and are convenjently recovered by . -
0

cool i ng. ¥Branched TQEMWPS mmulas [l and B¥ Allystratecsuitable sepresantative starting, m
l'i near 3- penaiieiic b&tﬁ%@ﬂﬂs"hnﬂmml‘l ,'V1, 8nd VII represesti thé phddakison.

Zero-val ent n ckedZtJ5 o_the and can be made in a nunber of
ways. Most c8 h‘ﬁﬂ}? % b@{)em es, which can be used to formthe

catal ytic conpositions useful in the present _i'nvention, are derived from
Ni (0) 30 conplexes containing o-t rf %Ff&%‘;zm te, p-tritolyl phosphite,

cycl ooct adi ene, and et hyl ene. l\ﬁl( tadiene) 5 so be prepared by reduction
of Ni (Il) conpounds wth - nol ecul ar a(ﬂydrogen or ot her reduci ng -agents.
in the presence of appropriate |'i gafids (eg , Where Ni(NO3)2 is

reduced by H2 to provide N (0) on o bg Mor eover, Ni (0)
conpl exes: cont ai ni ng bi dent ate | i gands can prepar ed from

* wherein each one of R7 and R8, indepcndcntly-, isHoraCj to C3 alkyl.

NC-CH,-CH=CH-CH3

V.
- (3PN)

CH»=CH-CH3-CH-CN

vi
“(4PN)

 CHy= cn—%tl:u-ag
N

v
(ZM3BN)
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teduction of erﬂzf) conmpounds (e.g. vvhere N (I i gand "A") (et hyfU ene)

pr epar ed)

s@smm

and Ni netal and a br dentate |ligand. O her zero-val ent

ni ckel species known to those skilleld in the art can be successfully

used as wel |.

The actual catalyst is a conplex of zero-valent -

nickel with the bidentate 5 "Iigand which is formed when those two

ol e of bi dentate | RoMeReesfEtg Componpd iy Shec U obllai T

The di ol efi ni cwhezrerpmjmherddﬂmdk

isdwdragent hi s invention include primrily

conj ugat ed di ol ef i nﬁnﬁ@ﬁ.tda%h& Qﬂthg'hgmﬁé§%r%u39 féae%D&tgegreentflﬂreﬁfaﬁ”P' e 10

1, 3- but adi ene and ci

preferred

trans ne 1's especlally
reagsor, phsasp Whular cagtonrie Fharged imioined seospherenwith theduct i on of

adi poni trilke. Jesiéd su rtedN‘t{'OM!Dihﬁld}'cﬁiaﬁstnﬁe?&ﬁ%%ﬂ%ﬁh‘lﬂﬁsﬁf@' efinic

conpounds subst
catal yst, for

skt oozt with anyinglhgit: sugh s T, A §He S THE seactorgs then

The fol | ow ng Emedw&&delsiredifeﬁlﬂehﬁmﬂel eiﬂierahéemdmhhmsrweﬁ&wrﬁgas\tﬂ

starting

t he products

sehich B e SRR BiRGspBY, THE BACRS e iin R Beslkda diGRERRS™

CH2=CH CH=CN2 compound and HCN. These may be fed together or separat¢ly, Sithen mairoarrae)

R[err]CH-gyI-

wher ei n. each one é i&fﬁltalz}e l(\a'%l? suChgse%%"r%n Tortolue (\)?Yheéngir?actaeg al kyI.

NC- CH2- CH- CH- e

15

20

30

argfed conunuously, an inert gas carrier norma]ly is employed as well.
diolefinic compound, HCN and any solvent are passed through a heated portion of
feed line heated to the reaction temperature to ensure complete vaporization. The
gaseous product mixture exiting the reactor can be passed, if desired, through a
heated gas sampling foop of a gas chromatograph for perodically monitoring the
progress of the reaction. Alternatively, the gaseous effluent can be cooled to
about 0°C to 25°C in order to condense all products to liquids. The flow rate of
the diolefinic compound preferably is such that its mole ratio to catalyst, per hour
of continuous feed, is about 5:1 to 100:1. The mole ratio of the diolefinic
compound to HCN normally is at least about 1:1. '

The hydrocyanation reaction is preferably carried out without a solvent. If
any solvent is used, the solvent should be gaseous at the reaction temperature and
pressure and inert towards the diolefinic compound, HCN, and the catalyst. Such
solvents include hydrocarbons such as hexane, benzene, or xylene, or mtnles such

as acetonitrile.

EXAMPLES
This invention is now illustrated by the following non-limiting examples of
certain preferred embodiments thereof, wherein all parts, proportions, and
percentages are by weight, unless otherwise indicated. In the Examples,
Ligand "A" is the ligand of Formula 1T, where each R4 is OCHj, and each RS is

t-butyl.
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Vi (4PN)
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It will be recognized that Conpound |11 |§ a special case of Formula IV,
where each one of Rlerr] and Rlerr] is hydrogen. : In the

practice of the hydrocyanation procemmt&_lpresent i.nvention, a

reactor, such as a tubular rea I nert at rmsphere W th
t he 5 desired supported Ni Kf{hf?_lg%fg ggS‘é éb‘?éa The reactor feed and
exit lines are pr ef ekl lﬁmdge%l') mChiz. wiere thy such as N2, Ar,
or He. The reactor is then ngﬂﬂat&qsbppgﬁmggpl red terrper ature. either
under a- continuous flow of i nert a& d frcim t he ambi ent

at mospherd. The reactor i 1 . conpound
and HCN. These nayAhe:péﬁclohs)gefelumm om@pammqen auooilhere NiRes a Plas$fial 10

eactante | e ngRa Q3 ¢ o mditE) o B EBoralea? L8 b T} ST

enpl oyed as Vdgind "Aieand 20 mL tdlmhequxtcethgkpowad bublsind shrduginthesolutient ar e

passed thr ousheg, H33hEYs YIS MASE ) solution of @I ARAERRRAee h liint o2t 00

tenperature to ehsire oriza ous product

m xture dRitiwag added dr@am; while e@a epa SHH avas |bpmet§tr¢@wedtmfpcsmgwl@tmm5

heated gas Smr'séibrﬁl%&e%nﬂtegatﬁeeﬂhx &Wﬁﬁbstﬁﬁﬁedoﬁ{dqﬂé Gial s S&uled O i ng
t he pro ress of tthl%ereaqtlon | te

~ be cool ed t o th a sepagy WF‘P@W’B”Z’S[“@Q?H °%9"B’§?‘e ?S:’ggﬁlizlﬁggblggem e
~products to halfof dse solvent vasvemered byfevaporation aea thidated pness:mompwﬁ&x
preferably i of ‘é%%n& Qggctxb}l %r . w%saFe'cgvered B? tﬁﬂrthoﬂ I&e{hangl was added to
15  precipitate additional solid reactxon product. Recovered solid product was dried
under vacuum to yield 0.78 g of a gold-colored powder. A 31P NMR spectrum of
the final product exhibited a major smglet at 169 9 ppm
. {Ni(Ligand "A")CHz-CHz} and a mmor singlet at 162.8 ppm {Ni(Ligand "A")2}.
A 5-g sample of acid-washed carbon was heated to 100°C in a quartz tube
20 in a stream of nitrogen for 1 hour. The tube was cooled to room temperature,
sealed, and transferred to a ni&ogen—ﬁlled glove box. The dried carbon was stirred
with a solution of 0.5 g (0 57 mmole) of {Nx(Lxgand "A")CHz-CHz) in 10 mL of
| dry toluene for 30 minutes. Toluene was evaporated under vacuum to afford a dry
{Ni(Ligand "A")CH2=CH2)/C catalyst. |
s - _ cS05
_. Anempty 0.25-inch (0.64 cm) diameter, 15-inch (37.5 cm) long stainless
steel tubular reactor was placed ina nitrogehfilled glove 'box A plug of glass
wool was placed in the bottom end of the reactor followed by the amount and
30 type of Ni(0) catalyst shown in Table 1. A thetmocouple was inserted into the top
of the reactor. Both ends of the reactor were sealed with metal fi ittings, and the
reactor was removed from the glove box and connected to stainless steel reactor
feed lines purged with nitrogeh. Attached to the outlet side of the reactor was a
jacketed receiver cooled with ethylene glycol at 0°C. The condensed liquid



of continuous feed, is about 5:1 to 100:1. The nole ratio of the diolefinic
20 compoyipdifReddCN normal ly is at least- about 1:1. S95;EQ’?87
hydrocyanation reaction is preferably carried out wthout a s’?vent

any solvent is used, the solvent should be gaseous at the reaction.

t enperature and pressure and inert owards the diolefinic conpound,
HCN, and the catal yst. Such sol vents i ncl ude hydrocar bons such as
hexane, benzene, or xylene, . or nitrites such 25 as ‘acetonitrile,.

EXAMPLES products werepgriodicaliy temsyed and-analyzed by &A% FamBiogr Y G Powi ng
non-limting g&ednalysés Rere done onGE30 mlmBmea‘a Maeﬁcaaﬁmd iofre 0t32 mhﬁheﬁial

o her i so. | ncilEein Soppied o IRY Sfituifics poisb, Calohiz: Th Slndiy gt of

Fornula 11, whey cyaﬁapﬂean(SO%)@@tBylpolyddmb Rdsd artached totthbmcyiver was a V\D
I?>6C{I'} 8%5% / f 47 8117\19. for continuously feeding an approxunately 0.5% solution of l-cyanoogane

EXAMPLE 1 dissolved in acetonitrile, which served as axsymmng(Eg standerdc Fhedeed uppor t ed
Ni (0) (Li gand stérﬁd?n%gn%&ﬁeﬂé@nd HCN were preheated to 1 0°(R“ to.e Li gand

"A" is of For ere eac and
each R6 is t-C9mpjete vaporization. The reqetor Jyasheated ia a\ﬁﬁl"et“%flﬂ'ﬂw t@l!liel n a

ni t rfge;l a]g ”QN&ﬂ ﬁued dl'fo?mﬁng'abl‘tsl VP:?guct samp 1&%@&&@&@%&&&5&@ 4 A
nmmol es | ( AC, on 0 an
ona 26 it oot Tanle § SRoRE My sprins seacpfn bPadubm sugtimsizes te FHAc

Then, 2.3 nL of a 1.9 M (25%) solution of (C2H5)3Al (4.4 moles) in
toluene 10 was added dropwi se, while ethylene still was being introduced
into the solution. After several nore mnutes, the ethylene flow was
stopped and the vial was seal ed with a septum The reaction contents
were stirred overnight. The next day, about hal f of the solvent was
renoved by evaporation at a reduced pressure. A portion of the solid
reacti on product was recovered by filtration. Methanol was added to 15.
preci pitate additional solid reaction product. Recovered solid product was
-dried under vacuumto yield 0.78 g of a gol d-col ored powder. A 31lp
NVR spect rum of



N
t he final product exhibited a maj or singlet at 169.9 ppm (N (Ligand
"A")CH %2%6 a mnor singlet _at 162.8 ppm (N (Ligand "A’)2) .
A 5-g sa ”5?2 aci d-washed carbon was heated to 100.C in %F’éﬁ 1478Tube 20
in a streamof nitrogen for 1 hour. The tube was cooled to room - )

t enper at ur e, seal ed, and transferrgd to a nitrogen-filled gl ove box.

The dried carbon was stirred with a solution of 0.5 g (0.57 mmol e) of
{ N (Ligand "A") CH2= @-IZ in 10 ML of dry tol uene for 30 mi nutes.

Tol uene was evapor aé uadere\awwéé'sﬁéo‘i‘doaccts)b“ 82 NN (R Ay 8nd

"A") CH2=CH2) / C cat al §s¥. 25 “‘““mﬁPLEs 2-5
Gas- Phase Hydrocyanati on of But adi ene o An enpty 0.25-inch (0.64
cm diameter, 15-inch (37.5 cm | ong stainless st eel tubul ar reactor

was placed in a nity gggnaf bIJ,edon_gI&\ée...be)«o A fld oa‘agl.,asosN o ~ oMol was -

placed in the bott§ng dSofs ¢ kS At 617 % of | DVRE Byt Me asfomt Sand 30

type of N (0) catalySt shown in Table |. A thernocouple was inserted into
the top of the reactor. Both ends of the reactor were sealed with
metal fittings, an — ctor Was of ey ed f Lad the Iove Q.Qx and -
connected to stalb‘hl s§e§|8g ctooga'gggeeﬁ;wasep@r 3th§3 mi trogen.
Attached to the ouyglg side of the reactor was a j acketed receiver
cooled with ethylene glycol at O[err]C The condensed |iquid WO

96/ 16022 o

PCT/ US95/ 14787 ,Q:- L2585 JIILKI 2838 §888ax=
products were peri 098 &l ¥y cefoved aind rarfatty ze By gasZchrdraecgaphy (GC)
GC anal yses were done on a 30 mDB-23 capillary column of a 0.32 nm

i nt er nal di anmet ey, supplied by J&W Sci-entific. Folsom California.
The stationary phas was cyanopr é (50@ net hyl pol ysi | oxane. Al so
attached to the recg RRE R S58 SIS g& -

NBIXHBIF an
approxi mat el y 5% $blEit i on of 1 cyanooct ane di ssolved in
acetonitrile, ich served as an internal GC standard. The feed
streams of nitgbgen,  butadiene, and HCN were preheated to 120[err]C to
ensur e let & yp;ﬁ)ﬁ Zaﬁlﬁmg FRIBRIGIVERRBEIRASF it tube
furnace to t Henperatures Shown in Tabl e 1.” Product sarrf)'f es were
collected, g ally every 10 hour. Table 1 shows the specific reaction
conditions a urgtg'gzgs the resylts. = = g o

Ej
vy L g} ) vy
E gh' ~ ~ -~
gg o o Y o -
O o w0 O
TR & ] 3
=d S S S
—. .
a2 . . :
P f“ ~ = g £
] a'a . Q p g - <
1835 #F  S4F 4% 3
S4*g¢ H§§ €79 273 °
' .g, Z - - -



WO 96/ 16022

PCT/ US95/ ]é; 116022 W 96/16022 - '
PCT/ US95/ 1 In the above Table, perceRCTASYME on to

PNs was cal cul ated as (neasured GC area % for PNs/GC area % for

1- cyanooctane) x (GC response factor for Phb) X (g of 1-cyanooctane
fed per hour/mmol es of BD fed per hour) xl100. Response factor is

t he nunber, characteristic for each compound, required for converting 5

area percent to We'n? mﬁ:@% %B%gpéﬁ&}{lcg vé’x\@b?% PR %‘%&ulated as (measured

Percent conversi on erm ne neasur e ar ea
DNs) / (GC ar eaG% txsp % fardty$/GE arma Brefor Ixcyanmoqtans) (S respense fagtor fordNs) (g

of 2- b Rl 100.
Per cent conve?s%)ggl%d%?g% eﬁﬁmégﬁgkg as pggx%%@x?gg m‘%ﬂs‘m
> DDA, Focusi s

VCH) / (GC ar eafastqrds the.nymber. chagag F"d’é?c fh fQfeconyerting
hour / mol es OEmBgefcedtda&bexgmtﬁe}ceﬁt/mcularwexghtofPNs Percent selectivity to

3PN + 4PN + 2MB was, det er nm ne % far~ 3PN + N +
(2I\/BBN)/(GC ar ea %N%) CeREONY SN o g’ﬁ%ﬁgsqieti%nmed as (meashied GC %%P huous

Gas- Phase HydDbtsy/_eﬁﬁ‘tarm%cﬂor Btcthd icgarside ) x (GC response factor for DNs) x (g of 2-
o) Sk AR ik s £ 0 el MR 2007 0
to the needs of thBersemitqonuersion iy Ghbwas deteampnied @s {measpred GEearea % for and
pr Od_UCt efof | UGOHIGTERe 98 forRUSIATyRhiiE) £ BR6E 2-88tyDardide fEAPeeXi t |1 ne was
hour/mmoles of BD fed per hour) x 100.
Percent selectivity to (3PN + 4PN + 2M3BN) was determined as (G_C area
% for 3PN + 4PN + 2M3BN)/(GC area % for PNs + DNs) x 100.
EXAMPLE 6 :
15 Continuous Gas-Phase Hydrocyanation of Butadiene
Monitored bv On-Line GC Analvsi
The same reactor and procedures as described for Examples 2-5 were used
but were adapted to the needs of the continuous, GC-monitored process. The feed
and product effluent lines were purged with reaction gases. The exit line was
20 connected to a gas chromatograph, both the line and the control valve being
heated to 165°C. Both HCN and butadiene were first dissolved in toluene. The
toluene solution,containing 1.87% HCN and 8.32% butadiene, was fed by means
of a glass syringe injector pump through a line heated to 150°C, so that both
reactants, as well as the solvent, were introduced into the reactor in the gas phase.
25  The reaction gases were admitted to the reactor without exposing the catalyst to
air. _
"7 Table 2 shows the specific reaction conditions and summarizes data for a
representative experiment. The catalyst was a silica-supported Ni(0)(Ligand
"A")CH,=CHj, where Ligand "A" is represented by Formula II, where each R4 is
30 OCHj, and each RS is t-butyl. -
The flow of BD was 0.67 mmole/hr, and the flow of HCN was

0.30 mmole/hr. The flow of nitrogen was 10 mL/min.



20 connected to a gas chromatograph, both the line and the control valve
bei ng g&%%s to 165C. Both HCN and butadi ene were first dissolved in
tol uene. THZ t ol uene sol ution, containing 1.87% HCN an8C3/US%4787
but adi ene, was fed by neans of a glass syringe injector punp through
a line heated to 150[err]C, so that both ~reactants, as well as the
sol vent, were introduced into the reactor!d n the gas phase 25 The
reacti on gases were adnitted to the reactor without exposing the catalyst
to air. Tabl e 2 shows the specific reaction conditions
and summari zes datab representatlve experiment. The catal yst was
a silica-supported OJ(Llegénso o ool G cuherg &igand "A" is
represent ed by For """

Rs VEBEE S RISIE € 8 DB Sawd each R6 is -
<fhe fl oW Of BDOWas U.B7 mhDl2/ M ~and the flow of HCN

t-butyl.

was 0. 30 nnnléﬁ The f|OM/Of nltrogen was 10 i/ mn. WO
96/ 16022 . : .

PCT/ US95/ 14787 L . 12
WD 96/ 16022 ' '

area %for BD) x (GCFesponsed XRG I CbIvEY T Fropg % BD to weight %
BD) : x |/ (theogetical weight % BD at 100 % of BD conversion) x 100.

The theoretical maxi num BD conversi.on was 45% (i.e., 0.30 mmole/hr
HCN 0. 67 nmol e/ hr BD=0. 45) .

PCT/ US95/ 14797 : ' ' ' 13
In the above Tabl e, conversion to BD was deternlned as (neasured GC

RIDE TQRMeEM ==Y
- RREIACIIIITRLIILIIIARY

Elapsed Time. bt
L5
25
3.5
4.5
5.5

6.5
15
8.5
95

10.5
15
125
13.5
14.5
15.5
16.5
17.5
18.5
19.5



Percent conversion to PNs was determ ned as (GC area % for PNs) x (CGC
response factor for converting area % for PNs to wei ght % of Png X

1/ (t heor eYQ 216882 ght % of PNs at 100% conversion of HCN) xPGHES9S/14787
Percent conversion to DNs was determ ned as (neasured GC area % for 10
DNs) x (GC response factor for converting grea % DNs to wei ght % DNs) x
|/ (theoretical weight % DNs at 100% converlsion of HCN to DNs).

Percent selectivity to (3PN + 4PN + 2M3BN) was determ ned as (GC area

°T/o L Ior gPNh+ 4 tPE + @hP@BB&ékGngé.@ac?ﬁJ&sgonw \Dggsaetanﬂiﬁéh?s (mz%afsured_GC 15
a e SNOWS a a S e e renmnal ne| reas e e
Tort m e haot e aredy R BIRY e pGie BSF HirYaRng ahen 4 HD 38 wiiet % BE)
Iconcl Iugjeddt hatx 1/(theoretitdl oetigtitlb (Bl:phnmm%]tqf BD ganekssiankx 1h00. mﬁe &&bgl'_etiglabr
ong-lti1ve as nt . | t he a es
i RAAEHTBD conversioRWidH3% 8./ R0 iRaql Rt BRAGD s7 BBk

I ndi cate that Si suppor car bon.
COVPARATI VE EBD#Q.857 20 Gas- Phase Hydrocyanati on of

But adi ene in Accor t ion to PNs was d¥febilidd 3s (Gt £84 %3 sS4
wi t hout additional fee S?nvﬁfjsmn ot was (I um num Ccr uci IA%GV\%re

. In an_a
m xed 16.0 g FeRPOBSekaE0E £9r Gonverting area Porjonfhs sepsighy % obPNE) 8 ol es) of
Cu( NGB) 2. 6H20 | (eHedredichl @eighB%oof P £5)00% conveddion/6f MAB)Z GIRO0. The mi xture

was noistened with water to a.stif aste and. 2 was he in,a.muffle
furnace from room tEH5EE %?WF?‘%‘%%@F@VPF ]%E‘“ T mggﬁa&pggsuﬁfg&&darea &L bl e
was kept # 6DNs2xr(GT fesporisé famor for commenting area ¥ DNk tooveightnTot BNgex at ur e.

the 7 "carateB ﬁ?iﬁﬁf%ﬁ%ﬁggﬁﬁ@%g%%‘?’n%?&d‘?é%@ﬁ*‘g?e&a!’aihE{fSSdas
with 1.11 g of t hePercent seinstixity inGPopFEN t MIBNEwesideteymined IH(GCagea or
- system descri gegr BN an#wﬁﬁ:«c)((éc:?ua@% £63 PIsUNPRs) kgocondi ti ons shown
opy 1a0he 1o No et e e ows that the-catalyst employed remained seasoriably ffectiv
96/ 16022 y ploy ye e
PCT/ US95/ {547 8during the testing period.” In addition, from Tables 1 and 2 can be concluded that
monodentate phosphite ligands are not as active or long-lived as bidentate
phosphite ligands. Moreover, these Tables indicate that silica is a preferred
support over alumina or carbon.
COMPARATIVE EXAMPLE 7
20 Gas-Phase Hydrocyanation of Butadiene in Accordance
In an aluminum crucible were mixed 16.0 g (40.0 mmoles) of ==
- Cr(NO3)3.9H20, 2.0 g (6.8 mmoles) of Cu(NO3)2.6H20, and 4.0 g (13.5 mmoles)
of Zn(NO3)2.6H20. The mixture ‘was moistened with water to a stiff paste and
25  was heated in a muffle fumace from room temperature to 600°C in 4 hours. The
crucible was kept at 600°C for 16 hours, then was cooled to room temperature.
The dry reaction product was zinc copper chromite, which then was used as the
catalyst. The 0.25-inch (0.64 cm) diameter reactor was charged' with 1.11 g of the
above zinc copper chromite catalyst. The reactor system described for Examples

30  2-7 was used under the conditions shown in Table 1. No pentenenitrile products

were detected.



“TABLE3 ' | '
El apsd Sarwbe%ll?oﬁm N mol es/ hr N2, m/ 'pg[i'g,ls%_llﬂl‘?np

[err]C But adi ene - HCN :
7.5 200 1 6.9

7.5 15 200 14 2 6.9

7.5 15 . 250 3 6.9

7.5 15 250 ' 4 6.9

7.5 15 300 - .5 Al t hough
particul ar enbodi nments of the present if%mjon have been - described in
t he foregoing description, it wll be understood by those skilled in the
art that the invention is capabl e of nunerou$ nodification utions
and r ear r angeneRmslesfit hout depadbiminihr om t F@BegEr | t or WmLBht i al
attributes of the 5 i nvention. Reference should be nmade to the appended
clains, rather Beadieogo t he HCN foregoing specification, as indicating the
scope of the invemgig on. "~ 7\AD 96/ 1602 200 1

PCT/ US95/ 14787 ' 15- V\HAT | S
CLAI MED | S: 6.9 1. R process Bor the ga?oghase hydr oeyanatl on of
diolefinic @onmpounds’ caddpri sing, Ieacting aresacylic, aliphatic,

conj ugat ed di ol efi rg,l c %npound W th HCN in tzg@ gas phase4vvi thin a

t enper ature range of 135[err] 70[err]Cin the presence of a
supported cat al ys6-9conpositi @4 conprisitlg zer o- val3@ht ni clel and at

| east one bidentate phosphite |igand selected fromt he gr oup
rRSpr esented by For gith&ger p&ﬁgullnl embodiments of the present invention have been f
described in the foregoing descnpuon, it will be understood by those_ skilled in the
art that the invention is eapable of numerous modiﬁcations, substitutions and
rearrangements wuhout departing from the spirit or essential attnbutes of the
5 invention. Reference should be made to the appended clalms, rather than to the
foregoing specification, as xndxcatmg the scope of the invention.



Terr] Fonul a | wher ei n

R g

aI kyl, or OR[err], Cl2 al kyl; and

[err] ' onul-a 11 wherein each
R4, independently, is a tertiary hydr ocarbon of up to 12 carbon atons, or
15 OR5, wherein R5 is a Cl to Cl2 al kyl; and WO 96/ 16022

PCT/ US95/ 1478 WHAT IS CLAIMED IS:
I O R %é%a?¥#qﬁ““ﬁzaﬂ**°¥*fbﬁfd2°%aﬁf‘éb82né‘t e
not corfompeunds GOMpTisings rq,ayma@p 1phatxc conjugated diolefinic
compound with HCN in the gas phase w1th1n a temperature range of 135°C to .
5 170°C in the presence of a supported catalyst composition comprising zero-valent
nickel and at least one bidentate phosphite ligand selected from the group
represented by Formulas I and II:

wherein :
each R1, independently, is a secondary or tertiary hydrocarbyl of 3 to 12
10 carbon atoms;
each R2, independently, is H, a C] to C12 alkyl, or OR3, wherein R3 is C1 to
C12 alkyl; and

wherein
each R4, independently, is a tertiary hydrocarbon of up to 12 carbon atoms, or

15 ORS, wherein RS is a C{ to C]2 alkyl; and



2. The process Hi—t he catal yst support is selected 5.

i ca’ alumina, and carbon. 3
Ijﬁlﬁupport is silica. PCT/US9S/14787

fromthe sisting o

The proceg‘g&%&m@gi mm tul

The process of C ail feaction is carried out at a
tenperature of 140-160[err]|C —— 16 OS. The process of Claimi4
wherein the reaction is carried out at a 10 tenperature of 145-150[err]C
6. The process of6 Claim 1l wherein the starti ngq-fii_, ol efinic conpound is

a diol efin repreéshR%eindspendegtly ois adeiriary ixsicpgarior of up to 12 carbon atoms,

R[ er r ] CH=CHCH=CHR[ ®¥prbduce acyclic olefinic nitriles in which the olefinic double bond is not | V
wherein each one of (ﬁ[jeﬂrrl and R;err], I ndependently, is Hor a Cl to C3
al kyl . conjugated %ith the CyaR0 grWPass of Cl aim 6 wherein the starting

di ol efini c conpound is The protes-df@laich bmdierein the catalyst suppat is sele€ted process
of daiml whgfl N i b, GReEGE 1S substi t ut ed
with at | éast orﬁgﬁbo%lﬂg?%B%%%%%gg'ﬁ%’?o%@hﬁbt deactivate the catal yst.

9. The process bf G’Eg mpeoisof Slaim-Rwheredn thesuppers if siliga. ar e

i ntroduced into the reaghd pracdds'ofCimAl SAkxatheQbadliony§ Barried@utata  10.
The process of Caim?7 x]\her&& at | east one of HCN and 1, 3- but adi ene
i s di ssol ved '$Perate of 430-1 ‘t to the starting materials and to the
catal yst under thes.r eacTheoprocessdf Clabnst wherdedr thie qeditionds cattiedducach i nto t he
reaction, but th  kddONn is vaporized prior to its entry into the
reaction.10 tempergméoﬁﬁsqll%ﬁie process of Claim1 which is a continuous
process. 25 6. 12.The pro¢ess pf Clairpsl wher€inztherstarting diblefipicacomponhd iy ocess.

13.  Th : Lfb iy B ‘ate of the diolefini |
e pg(ggﬂéﬁ%&%ﬁgﬂ,&m%@b{koﬂnguc g%iva_ra e o e diolefinic .

o

f_ il

compound is S I'ts eratio | yst, per hour of
continuous feed is bet ween 5:g7 40 _chp_'#igs 14. The
process of Caim1 wherein the nol ecﬁgt&l{o of diolefinic 30 conpound to HCN
is at least 1:1. 15. The ¥rocess of Caiml1l which is

conducted at w%epegneesascﬂro%evgf E{biagdtlik,einde_pendgnat?)gﬁs ﬁf orla0 1 90 ;(:,) al}c(j)'il 3 kPa.
7. The process of Claim 6 wherein the starting diolefinic compound is
15  1-3-butadiene. _ :
| 8.  The process of Claim 1 wherein the starting diolefinic compound is
substituted with at least one other group which does not deactivate the catalyst.
9.  The process of Claim 7 wherein HCN and 1,3-butadiene are
introduced into the reaction without a solvent or diluent. _

20 10. The process of Claim 7 wherein at least one of HCN and
1,3-butadiene is dissolved in a solvent, inert to the starting materials and to the
catalyst under the reaction conditions, prior to being introduced into the reaction,
but the solution is vaporized prior to its entry into the reaction.

1L The process of Claim 1 which is a continuous process.

25 T12.  The process of Claim 1 which is a batch process.

13. The process of Claim 1 1 wherein the flow rate of the diolefinic
compound is such that its mole ratio to the catalyst. per hour of continuous feed is
between 5:1 and 100:1. _

14. The process of Claim | wherein the mole ratio of diolefinic

30 compound to HCN is at least 1:1. ' S

15.  The process of Claim 1 which is conducted at a pressure within the
range of 101.3 to 1013 kPa. '



