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NI CKEL- CATALYSED HYDROCYANATI ON OF MONOCLEFI NS 5 BACKGROUND OF THE

| N\VENTI ON This invention relates to a process for converting an acyclic
nmonool ef i n y@ ol/if2£0r r espondi ng ter mnal organonitrile caorgrusedisgs
reacting the nonoolefin with 10 ' hydrogen cyanide (HCN) in the presence of
zero-val ent nickel, a phosphite |igandIThhd a Lewi s acid pronoter.

Hydr ocyanati on cat al yst systens, particularly pertai ning to the
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and for the subsequent hydrocyanation of pentenenitrile (PN) to form
adl ponitrile (ADN), are known in the conmercially inportant nylon
synthesis field. The hydrocyanation of ol efins usi ng transition nmetal 20

conpl exes with nonodent at e pHSEERONEC] YRabts o e docunented in the

prior art. See for %Mrﬁréﬂéonpetewéés %&%ﬁp%égess B, é&ilvez%a.ﬁé5 723 and
3,766, 237; and Tol man MEKi nne R J.; Seidel C... Druliner, J.

D.; and Stevend® WY‘FiJ’C AHRF&‘P&@@Fn“QS—"(%t%W??E“@%“Q1':3@8'{?1 The

hydrocyanatlono%an&cidﬁatee@o@lbehhasn Sk tA51gC 0P Ugehesh «x ief kish(e. 9.,
but adi ene and st%;ene and strai ned o]{

ef i nsmge. ., or bor nene) proceeds
wi t hout t hi usBY@Fogen Gxanige; JHCR} oimvttdie FFgcﬁyﬁfoﬁ%éﬁ §Rto -

unacti vat ed 0|§id:}El§.L 30 phidephate 11 ogdane a@ﬂda3bﬁﬁﬂ§%ﬁﬂtﬁﬁ6nﬁtekeqm res the
use of a Lewis acid rormter Teachi n S regardi ng the use _of a pronoter

in the hydrocyanati EPRGHCRpHREALYSt systems, “particularly
pertalnlng to the hydrocyanatlon of olefins, are well

known in the art. For example, systems useful for the
15 hydrocyanation of butadiene to form pentenenitrile (PN)
and for the subsequent hydrocyanation of pentenenitrile
(PN) to form adiponitrile (ADN), are known in the
commercially important nylon synthesis field. The
hydrocyanation of olefins using transition metal
20 complexes with monodentate phosphite ligands is well
documented in the prior art. See for example
U.S. Patents 3,496,210, 3,631,191, 3,655,723 and
3,766,237; and Tolman, C. A.; McKinney, R. J.; Seidel,
W. C.; Druliner, J. D.; and Stevens, W. R.; Advances in
25 Catalysis, 33, 1, 1985. The hydrocyanation of
activated olefins, such as conjugated olefins (e;g.,
butadiene and styrene) and strained olefins (e.g.,
norbornene), proceeds without the use of a Lewis acid
rromoter, while hydrocyanation of unactivated olefins,
30 such as l-octene and 3-pentenenitrile, requires the use
of a Lewis acid promoter. Teachings regarding the use
of a promoter in the hydrocyanation reaction appear,
for example, in-U.S. Patent 3,496,217. This patent

discloses an improvement in hydrocyanation using a



for exanple, in U S Patent 3,496,217. This patent discloses an

| mprovenent in 'hydrocyanation.using a 1 WO 01/14321 PCTI U §§5
pronot er seWVOWAH2t rom a | arge nunber of soluble metal cation conpounds.
U S. Patent 3,496,218 discloses a nickel hydrocyanation catal yst pronoted
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i ncluding PN, _i £ | €A and a

trior gan?ti n c%ﬁ%%%%%%%f;?% %&%a{‘?éﬁé % %ﬁ?f&;ijéfi t%gi:étégo z)ses a
process for prbdoehrgpoaRnN empRTEiEa igine

hydr ocyanatgd on nepl. tki ' . prgsen a,s rgistic

conbi nat i oné of a%éorm elﬁsmgéﬁe%ﬁ%ﬁ%ﬁlt Q%'bagfg' %%é #ézgfgi %’lnzski netics of
the ADN synt héssclod¢sSa Rabenss £H1232e)p8epadabiAB®8EInibriiest| ose t he

ni ckel -catal yz Iy *?’%ﬁt ' r t . t her
partially fl uo?llq%%‘%gld%co eri Eg&“(&;ﬂs&%’%gﬁt 8?%%#%25“%?2% ngcei:sl\eni ckel -
catal yzed hydr duyehmtpussegicepet @ eomvad ent nniclkdl cfataifretcandises, the
catalyst and pEAIRI Gl dhesidebudhots! Neyl€aGd QR Rdb Mgy OVI ding an
essentially honobgeheous reaction environnent (1.e., everythingis

sol ubl ). The @beoipawsoes prarese Ifr phrodurdng tARN bys pieerenekaslenitt

difficult to rgoeover agt‘él%gteé' ﬂf&r%g&gfﬂ%frp%rﬂ:renreﬁgﬁftlgg]eir £as

practical nethods Tor covery of nic catalyst are known (see, for
exanpl e, U.S. ¥hae anesenre30808)synagdetiy obmpimatsiosy of peemdters=a difficult

problem U.S. DPajent. 3, 214§hé7ﬁas:p§. IF enesSrLhatidd s addi b5 ofe Qfhe

alum nosilicate zeolite
ADN synthesis. U.S. Patents 5,233,058 and 5,286,825

15 disclose the nickel—cataiyzed hydrocyanation of
perfluorcalkyl ethylene and other partially fluorinéted
olefins. U. S. Patent 5,087,723 discloses nickel- .
catalyzed hydrocyanation of penteneocates. In each of
these cases, the catalyst and promoter are dissolved in

20 the reaction medium, providing an essentially
homogeneous reaction environment (i.e., everything is
soluble). The homogeneous nature of this reaction
system makes it difficult to recover the catalyst and
promoter for reuse. Whereas practical methods for

25 recovery of nickel catalyst are known (see, for
example, U.S. Patent 3,773,809), recovery of promoters
remains a difficult problem. U.S. Patent 3,846,474
discloses that the addition of aluminosilicate zeolites
to a nickel-catalyzed zinc chloride-promoted

30 hydrocyanation reaction of 3-penetenenitrile may

improve catalyst utility and product distribution.

SUMMARY OF THE INVENTION




to a nickel-catal yzed zinc chloride-pronoted 30 hydrocyanati on reaction of
3-penetenenitrile may inprove catalyst utility. and product di'stribution.

SUWARY OF PHEOIVIMRZENTI ON 2 WO 01/ 14321 PCT/ US00119385 ThPGIUsa¥sss

i nvention provides a novel hydrocyanation process wherein the pronoter is

insoluble in the regction mediumand is, thecrefore eadi |y separable from
the reagents and re'%ﬁ ipdrﬁsgngrbﬂmts"oﬂypﬁﬁgﬁéﬁ cadlﬁollr'gétns such as :

filtration. ThRydtsoesm:ioh phecey=ewtrireinvend imromeaepr ises reacting an
acyclic nonool efi(ghr i.th HCNin a te eraéure range o% -25C to 200C and in
a pressure rany@® 087 5P 0B 2 s PREFEE 3T t4Fe SPEERTREE of a ni ckel
catal yst and afeddiliySsepalrheléefitcin atiedrpagent e rando rpactlime correspondi ng
term nal organonitrile.products nd then_separatd. the pr ter by
mechani cal TreaRec4iéh P¥sMFF ?rr"ja‘ﬁ%'oﬂ‘.ea?ﬁes?%goa[sutﬁlggﬁ?ﬁm‘ergggf this

I nventi on nustpraodsshiof thai sresErt tipyventdcn agnghirtigeberewctimg hasted in 15
a theoretical sense by the tal dong . ability to _accept donation of an

el ectron pair ?%f%%g%gnag}&vlen w(l&glngﬂqaﬁ%eapt%weﬁgﬁﬁr%efadl.g,e PFoma nitrile
or pyridine toxdeer gpazeser dhaain o) preEBlLLX) rafe el vedsi Bsalgebl e
pronoters may be selected from several classes of 20 materials: (a)

pol yol ef i ns ( SACIPSRECEFBPY R s PresEBrg thy aHE*EE FRF3ITpPrEn® havi ng

netal ionger ifRHdbleoNeh LT @EDronyeeLHd YridandededtrddpRnapagyol ef i n,
(b) sul phonate or carboxyl ate substituted ol yol efi ns having netal ions or

, p 19
metal ion conptSRERA35orGARILIY L} LEoRARIANGES  RE SRGReFePATIELREi ng
met al - exchangethe @irbnd 060 Sy [Hihia6ii 881 nd@H,NSuchCas filtration.

The insoluble promoters of this invention must

exhibit Lewis acidity, this acidity being manifested in

15 a theoretical sense by the metal ions’ ability to
accept donation of an electron pair forming a dative
(donor-acceptor) bond (e.g., from a nitrile or pyridine
to form a coordination complex). Preferred insoluble
promoters may be selected from several classes of

20 materials: (a) polyolefins (such as polystyrene,
polyethylene or polypropylene) having metal ions or
metal ion complexes covalently bonded to the
polyolefin, (b) sulphonate or carboxylate substituted
polyoclefins having metal ions or metal ion complexes

25 ionically bonded to the polymer, including
metal-exchanged perfluorosulphonic acid resins, (c)
metal oxides in which the metal ions themselves are the
centers of Lewis acidity, and (d) insoluble metal
halides, phosphates or sulfates.

30

DETAILED DESCRIPTION OF THE INVENTION

The present process for hydrocyanating an acyclic
monoolefin to form the corresponding nitrile, comprises

reacting an acyclic monoolefin with HCN in the presence



netal oxides in which the netal ions thenselves are the centers of Lew s
acidity, and (d) insoluble.netal halides, phosphates or sulfates. 30
DETAI LED DEWOHIIA3320N OF THE | NVENTI ON The present process RGGfUS00/19385

hydr ocyanati og an acyclic nonoolefin to formthe corresponding nitrile,
conprises reacting an acyclic nonoolefin with HCN in the presence 3 WO
01/ 14321 PCT/ USECH 1ysael Sptalyskiand @& apgotuliny Lavisngsitbl e Lewis acid

promoter. Ther gabhster .t hehbREQEEE) £ dHOIRESIUBEY d¥®moteRamayesk from the
reaction m xture by nechani cal neans, such as filtration. 5 The nonool efins

of the processS8PRFaEE fFREItRY rerfitieramixbire QY meshapieator r espondi ng

termnal nitrpbeneonRRuNds pifDelehmare described by Formula Il or 1V,
respectively, 4 WO Q1/14321_PCT/ US00/ 19385 cat al yst _

CH3- ( CH2) y-TH=CH- ( GHE®) FPRNLOLEREDF Roitde RECTID )3FE( £§SRribed by cat al yst
CH2=CH (CH2) Z FombiGN Nex( €2) #HdR tHel boPLOSRYRIingY te2migiein Ris H CN,
CO2R2, or perfluoroalkyl; xis Oto 12; yis O0to 12; z is 1 to 12 when R
is ON or CO2R2PiGFitlte, compgupds pragusedrare dessrihed PYoFeEMda Iland R2 is
Cl to Cl2 strabghtv,or-dapaneiesh@l kyl . Preferred nonool efins i nclude 2-, 3-

and 10 4-pentenenitrile, alkyl 2-, 3- and 4-penteneoates, and



CH2=CH R3, wherein R3 is"perfluroal kyl. Preferred products are

adi ponitrile, alkyl 5-cyanoval erate, and R4- CH2CH2CN, wherein R4 is

per f | uor oal wolo1148zii ponitrile (ADN) is of particular 15 i nPEVESIREZause it
is an internmediate used in the production of hexamnethyl enedi am ne, which,
in turn, is used to produce pol yhexanet hyl enead| pam de (nylon-6,6), a

commer ci al fo mn b&ptalyst Ide articles.
Adi ponitrile n@néggiéyfs@?&“é@ia)" ? (fg.r produﬁ(?lqon ‘tapral actam
by a process involving partial hydr ogenat on of ADN. The cptal ysts

enpl oyed for this process are zerovalent nickel (N (0)) conpounds,
substantially free of carbon nonoxi de, which may be preforned or prepared

25 in situ. The catal ysts. include nickel %%e@squnds contai ni ng |igands such
h

as phosphi nes, i nes, t ii pes hosp r seni t,i big es and
m Xt ures theiegé. 2'@3’5%’3%(@ 'Eeﬁgaﬁed I n_exces \A/k&?(%li eoretically
be coordinated to the H ckel “at a given PRAPEL/ 14321 PCTNLJSOO’ 19385 ti me.

The use of excess ligafld often provides inproved stability for the nickel
catalyst. 6 WD 01/14321 PCT/ US00/ 19385 A preferred group of these N (0)

catalysts NS e dEUetal s et e doreiorbiis H 8 Whepein L
12; y is 0 to 12, z is 1 to 12 when R is CN or CO.R?
and z is 0 to 12 when R is H or perfluorocalkyl; and R2
is C, to Ci; straight or branched alkyl.

Preferred monoolefins include 2-, 3- and

10 4-pentenenitrile, alkyl 2-, 3- and 4-penteneocates, and
CHp=CH-R?, wherein R?® is perfluroalkyl.

Preferred products are adiponitrile, alkyl
5-cyanovalerate, and R%-CH2CH2CN, wherein R* is
perfluorocalkyl. Adiponitrile (ADN) is of particular

15 interest because it is an intermediate used in the
production of hexamethylenediamine, which, in turn, is
used to produce polyhexamethyleneadipamide (nylon-6,6),
a commercial polyamide useful in forming fibers, films,
and molded articles. Adiponitrile may also serve as a

20 precursor for production of caprolactam by a process
involving partial hydrogenation of ADN.

The catalysts employed for this process are
zerovalent nickel (Ni(0)) compounds, substantially free
of carbon monoxide, which may be preformed or prepared

25 in situ. The catalysts include nickel compounds
containing ligands such as phosphines, arsines,
stibines, pﬁosphites, arsenites, stibites and mixtures
thereof. Ligand may be added in excess of what can

theoretically be coordinated to the nickel at a given



be the sane or different and have the fornula P(XYZ) wherein X and Y are
sel ected fromthe group consisting of Rand ORlL, and z is ORI', wherein R,
RR, and may W0d¥e sane or different, and wherein R RR ¥dUs¥1P383re 10
selected fromthe group consisting of alkyl and aryl groups containing up
to 18 carbon atons, with aryl _being preferred. A kyl groups may be |inear
or branched. TH&"S-er fPeal§fof £XREEF 1 L12RL RAERTOBESHi aEgdreal whi ch
i's derived frorstbidieyatbe ke Midkesarhesmyit renoval of one atom Suitable
aryl radicals are, for exanple, phenyl, benzyl, naphthyl, binaphthyl, and
ant hracenyl. A particularly preferred group within the foregoing
zeroval ent nickel catalysts is that disclosed 20 in U S. Patent 3,903, 120,
which is incorporated herein by reference. This preferred group of

catal ysts can be described by the general forrmula Ni L4, where L is a
neutral |igand such as a triaryl phosphite of the fornula P(OAr)3 wherein
Ar is an aryl group of up to 18 25 carbon atons. Illustrative aryl groups
are nethoxyphenyl, tolyl, xylyl, and phenyl. Preferred aryl groups are
meta-tolyl, para-tolyl, and phenyl, and m xtures thereof. 7 WD 01/14321
PCTI USO0/ 19385 Anot her preferred group of zerovalent Ni (0) catalysts
consi sts of conpounds of the general fornulae shown below. 5 L5-Ni-L6
L6-Ni - (olefin) wherein L5 and L6 are bidentate |igands which may be the
sane or different and have the fornmula (X)(Y)P-Z' - P(X)(Y), wherein X and Y
are selected fromthe group



10 consisting of Rand ORI, and Z' has the formula O-R11-O, wherein R Ri,
and R'" may be the sane or different, and wherein RR R, and R' are

sel ected fr¥@Mm82hroup consisting of alkyl and aryl gr oBEEUEWAPEENni ng up
to 18 carbon atons, with aryl being preferred, and the olefin 15 contains

up to 18 carbon atons, and is preferablé one_ . of the nonool efins being
hydr ocyanat ed. Preffel*Sfersed @rawp sfethese Fhed icAtelvers maseshs

5,512, 695, 5, 54&n&0. frdudds3, 5, 543,536, 5,693,843, 5,723,641,
5,821,378, and 5,847,191 and in PCT 20 applications W9514659, W9906146,

W9906355, W9906356, W9906357, and W9906358, the disclosures of which
are incorporated herein by reference. Gsdecially preferred LS and L6 are
di phosphite ligands illustrated by Ligand fornmulas A to G below. 25 Ow
Ow tBu tBu,PPOO OlLigand A 8 WO (1/14321 PCTNS00/19385 (Ow =

met hoxy tBu = tert-butyl) 9_c: 0. DONyj\—L (30O PI/ OWe tBu Ligand B 5
Prii* 4 dbo0O02

L4

5 wherein L!, L2, L3, and L% are neutral ligands which may
be the same or different and have the formula P(XYZ)
wherein X and Y are selected from the group consisting
of R and ORﬂ and Z is OR”, wherein R, RC and R’ may be
the same or different, and wherein R, ®, and RY are

10 selected from the group consisting of alkyl and aryl
groups containing up to 18 carbon atoms, with aryl
being preferred. Alkyl groups may be linear or
branched. The term "aryl" is meant to denote an
organic radical which is derived from an aromatic

15  hydrocarbon by removal of one atom. Suitable aryl
radicals are, for example, phenyl, benzyl, naphthyl,
binaphthyl, and anthracenyl.

A particularly preferred group within the
foregoing zerovalent nickel catalysts is that disclosed

20 in U.S. Patent 3,903,120, which is incorporated herein
by reference. This preferred group of catalysts can be
described by the general formula NiLg4, where L is a
neutral ligand such as a triarylphosphite of the
formula P(OAr)3 wherein Ar is an aryl group of up to 18

25 carbon atoms. Illustrative aryl groups are
methoxyphenyl, tolyl, xylyl, and phenyl. Preferred
aryl groups are meta-tolyl, para-tolyl, and phenyl, and

mixtures thereof.



Ligand C (Pr ii' 2. 02 Mei-ne '- Ligand D (iPr = isopropyl 10 Me =
Met hyl) 9 WO 01/714321 PCT/ US00/:19385 Pr iP 40 2 P\ 0 2 L%E g‘fr iP O
O\ 2-~0qQ Y4443 P C P-0OO C 522 Ligand G The p WY the
present invention nust be 10 insoluble in the reaction nedi um and

therefore easily rec api.cal an h_as. filtration. The
term"insol ubl e" rrea%}s{&'gﬁ% %%fgg?%gngﬁ%%%tor%.z ) (‘)’%Eg?rhgﬁlp{dc}rmt er is

di ssol ved. The iaa¢elybte ¢rnmistter ofofompdirsis mfetheogerexalndiormallaeved to
be active as a 1y LaSHLiowf |eaching of netal ions fromthe insoluble
pronoter into the reaction solution. Analysis of 10 WO 01/14321

PCT/ US00/ 19385 reaction product solutions fornmed using these pronoters

i ndi cated nmegal ion gongentrations, well_ bel hese required for effective
pronoter activity. Tﬁeri%rg'rmt ers nﬁi\ﬁélha@gegg\}\}s acidity, as 5 indicated by

their ability to coordinate to either a
wherein L® and L¢ are bidentate ligands which may be

the same or different and have the formula (X)(Y)P-Z-
PX)(Y), wherein X and Y are selected from the group

10 consisting of R and OR/, and 7z’ has the formula O—Rﬂqa,
wherein R, RC and R/ may be the same or different, and

wherein R, R/, and R’ are selected from the group
consisting of alkyl and aryl groups containing up to 18
carbon atoms, with aryl being preferred, and the olefin

15 contains up to 18 carbon atoms, and is preferably one
of the monoolefins being hydrocyanated.

Preferred L5 and LS are described in U. S. Patents
5,512,695, 5,512,696, 5,523,453, 5,543,536, 5,693,843,
5,723,641, 5,821,378, and 5,847,191 and in PCT

20 applications WO9514659, W09906146, WO9906355,
WO9906356, WO9906357, and W09906358, the disclosures of
which are incorporated herein by reference. Especially
preferred L5 and 1f are diphosphite ligands illustrated
by Ligand formulas A to G below.

25
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Ligand A



nmet al - cyani de contai ni ng conplex or an organonitrile, as neasured
spectroscoplcall by a shift in the infrared band assig (

met al - cyani W@ 0¥ ¥2 lorganonitrile stretch upon coordinati oﬂ’%tq'g}s??{@g%o
pronoter. An exanple of such a spectroscoplcally observed shift for a

sol ubl e promoter with a nickel - ¥g§|gqn species is described in
Advances in Catalysis, Vol. 33 ( 5) page 12-13. Alternatively, Lew s
acidity may be neasured by 15 §§@€FT$§€pr%tﬁ9asurenent of pyridine
adsorption onto the insoluble pronoters as described by J. A Lercher, G
Ritter, and H Vinek, Journal of Colloid and Interface Science, Vol. 106
(1985) pages 215-221. Insol 3 gt ers may be selected fromanong 20
several classes of material § pol yol efi ns (such as

pol ystyrene, - pol yet hyl ene o havi ng netal ions or conpl exes
coval ently bonded to phonate or carboxyl ate

i ) having netal ions or netal
g/, —~omel udi ng netal exchanged

per fl uorosul phoni c ati 4, r es ns, i K i nmetal oxides in which the
metal ions thenselves A hewi s acidity, and (d) insoluble
nmetal 30 hali des, ncl udi ng those supported on
nmet al oxi des. Preferred# include polystyrene, which

may contain varying degrees of cross-ltaking, in whighn&edal or
organonetal cations 11 WO 01/14321 PCT/US00/ 19385 are covalently bonded to
an aryl grdup of the

Ligand D

;I
)
H
]

isopropyl
Methyl)

10 Me



pol ystyrene. These pronoters nmay be prepared by meking a Gignard reagent
from p-bronostyrene, reacting the Gignard reagent with a netal or

or ganonet al waWwda1to 5 coval ently bond the netal or or gaffoHER%198% t he
styrene group, and then polynerizing the nmetal -substituted styrene group
with or without unsubstituted styrene and cross-Ilinking agents such as

di vi nyl benzene. The, met &I ation, which nmay, or \ne ot be bonded to ot her
organi ¢ 10 groups, /i &Z=s€l ec\ed fromthe groyp cofsFxty ng of zinc, cadm um
the first transiti el el enents 21-2910 Peri odi c Table), the
second transition 4 (¢l Bqents 39-47F0f t he ifedi c Table), the rare
earths (elenents -71 of {2e Periddic Frabl €), boron,” 15 al unmi num

gal lium indium germani um<li i tantal um tungsten, and rheni um
Preferred netal cations are B ithe group consisting of zinc,
alum num titanium manganese Ljim pil tin. Preferred pronoters are
pol y(styrene-Ph-Y) X, wherein Pr is phgnyl, Yis Sn(R)2 wherein Ris

al kyl, aryl, or d, and X is afweakly cpordinating coq‘rltgghh% such as d -,
Br-, RS03- (wherein Ris aryl, alkyl, perfluoralkyl, or T“perfluoroaryl).
Especially preferred pronoters are poly(styrene-Sn(Ph)2X), wherein Ph is
phenyl and X is a 25 wggkly coordinating counfgrion such as -, Br-,
RS03- (wherein Riszaryl alkyl, perfluoral kyl, \ erfl uoroakyl).
Pronmoters of class f( re qul fonated or carbo d organi c pol yners
known as ion excha kNS, such as , 1n which nmetal or
organonetal cation i onifcanyy boatlegyt o anyl or carboxyl
groups. Metal -exchanged pertluprosyl phgnic acid resins are al so nenbers of

this

Pos

Ligand F

Cl pP—0 O— Cl

2 .
] Ligand G

The promoters of the present invention must be
10 insoluble in the reaction medium and therefore easily
recoverable by mechanical means, such as filtration.
The term "insoluble" means that less than about 0.1% of
the promoter is dissolved. The insoluble promoters of
this invention are not believed to be active as a
15 result of leaching of metal ions from the insoluble

promoter into the reaction solution. Analysis of

10



class, wherein the netal is M1, Fe, Co, Zn, La, Ce, Pr, 12 WO 01/14321
PCT/ US00/ 19385 Nd, Sm Eu, Gd, Th, Dy, Ho, Er,. Tm Yb, orlLu. -

(Perfl uor osMOMB#RE acid resin is sold under the trademaPkTURMIOBE" by E.
. du Pont de Nenours and Conpany, W/I m ngton, Delaware, U S. A)

Sul fonated or 5 carboxyl ated polystyrene resins are commercially available
under a vari et FeBFtigmRFIWFEsSobiiamRafipraed usifge these Promqtessd by Rhom -

and Haas, Phil agdei@hics meRaNNSYH Vi@iticent ¥aSidnd -welllesR16@SiRssRy be
obtained in acid or jon exchanged forns and the pronoters of this 10

i nvention may BEIREERA 15PTHPEREF R HPIPBAL R ACINGEYThe netal cation, which.
nmay or may not be bpedchBtetdaiustOhgdai Lek HURSdity, S&sected fromthe
group consisting., of zinc, cadmum. the first transition series (elenents

21-29), the® setBhirateshay: FhRl s ahiddty bR nerR=disete7fo a¥rhatearare earths

(el enents 57- Thdtabh@yemidel UshtdiAingdabhpleR o Ginl Grggesimiyiag), tin,
hafnium tantalum tungsten, and rhenium_  Preferred netal cations are

sel ect ed from PREGFFS SREFEETIGPIFALIREY & FHAGm™ ¥4 ani um manganese,
al um num and tifer2ad banbiassyigHedpEef ehe agkdaIormhaige a5 Metal or

organonet al exchanged poly(styrene-S03-) resins. Especially preferred is
pol y (styrene-%‘ﬁ%’"—”ﬁ‘?@ﬁﬁ)‘g?,é?ﬂf%r‘@i HPPR FORHARCRpFAntt%rs of class (c¢)

are nmetal 0xi d&fondte)i Chn &hanpIR! 8 s@ls 4 hpeeekussopicalihe centers of -
Lont s 29 201 bl gREES: i 1oL 00N LosLog Dy, ety ons! abt 1ty
froma nitril ecyeinideyrngioR) tapecaes fis dusydtiibetl 98 RdwgHces) inSuch
promoters may be SOL8S! ol 4T t18a5] A5tgea9LS4519 Of
Alternatively, Lewis acidity may be measured by
15 spectroscopic measurement of pyridine adsorption onto
the insoluble promoters as described by J. A. Lercher,
G. Ritter, and H. Vinek, Journal of Colioid and
Interface Science, Vol. 106 (1985) pages 215-221.
Insoluble promoters may be selected from among
20 several classes of materials consisting of (a)
polyolefins (such as polystyrene, polyethylene or
polypreopylene) having metal ions or complexes
covalently bonded to the polyolefin, (b) sulphonate or
carboxylate substituted polyolefins (ion exchange
25 resins) having metal ions or metal ion complexes
ionically bonded to the polymer, including metal
exchanged perfluorosulphonic acid resins, (c¢) inorganic
metal oxides in which the metal ions themselves are the
centers of Lewis acidity, and (d) insoluble metal
30 halides, phosphates or sulfates, including those
supported on metal oxides.
Preferred members of class (a) include
polystyrene, which may contain varying degrees of

cross-linking, in which metal or organometal cations
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30 crystalline silicoalumnate clays in their acid forns. C ays such as
the natural mneral conposi-tions pyrophyllite, mcas, ver %ﬁn

smectites amP? é‘ﬁﬂhet ic cl ays such as | aponite may be usé I{JE sen‘rf [ aI |y
anor phous silicoalum nates, with a Si/A 13 WO 01/14321 PCT/ US00/ 19385

ratloranglngfromIOt er natlv or tre wi th chloride,
sul phate or pho‘é%ha?vea]tegtg?{hgﬂﬁ‘g cﬁmo aEUPf% pdlat y%gﬁay be used. The
foll owi ng nay pblwstheemeedTheae gs:rqm:tersl ay Gae lpnemtcedszlmamg( greater 5

t han about 8 Angglrom pore size) a, h drous Zirco zirconia, and
zirconi a whose surlfgfc S £33 egtrqé’ﬁom? Suttater gn EFenkﬁaerl ng it
superaci di c; @Grignardacedgend drcy!r:tr ausmenadbon, o:agarnhnetganhaJ.EdaJmma

tungstic aCéd,cg‘l;l% tﬁgnggngb:j%é: Ctﬁgtg droé’r?ot&ed:san a, g gr; Qﬁcﬁ’%XIrlge

iron(lll) oxide um ox yaC| rragn
al um nophosphagesyp, rad- Sherl pa:aodememgpehérmesralals&bsuthmaai ALPGCs

(crystalline, rQ orous al g num ate _.str. Les SAPOs
(silica-alum n%gp’ﬁosﬁgtrg eppé s Wt ?‘ngn | our%)sSt&ccE%y BOVESTSt 3fe al uni num
sites in a crcy:sd;sﬁﬂmkxagumgmqomphasedminmmmz)aneNE’HE@ne(ua&t al ions
such as Co, My Qg{,‘ltut eodr Qnto tgebAI Si %ﬁt otgéystal lLi.ne

al uni nosi | i cat s c,‘onv 7 &6H T A °Fs sucbsg[arﬁlﬁt ed by G,
B, or Fe, ¥ ai QIMSZOlsuBéhemhd dinon ohemmmnaﬁeﬁ;n@owf ziaei,d and

boron- contai | i o] ti_ons hat resent fac rdi_nation
sites at boronéa o%% g\hg g#)roﬁets?gnséw b eerlerso gé‘g&n&yz (%gdl gpersed
onto a high smﬁeaderapéaC(%jﬂr@/.gmhesapmd tsuamlslasosidsézciaas al um na or 25

carbon. Nember g QlnhBES15! 25 %A G MBEE1 S8 XIS ) WERe rare earths

(elements 57-71 of the Periodic Table), boron,

15 aluminum, gallium, indiuﬁ, germanium, tin, hafnium,
tantalum, tungsten, and rhenium. Preferred metal
cations are selected from the group consisting of zinc,
aluminum, titanium, manganese, aluminum and tin.
Preferred promoters are poly(st?rene-?h-Y)X, wherein Ph

20 is phenyl, Y is Sn(R), wherein R is alkyl, aryl, or Cl,
and X is a weakly coordinating counterion such as Cl1-,
Br’, RSO3~ (wherein R is aryl, alkyl, perfluoralkyl, or
perfluorocaryl). Especially preferred promoters are
poly(styrene-Sn(Ph)2X), wherein Ph is phenyl and X is a

25 weakly coordinating counterion such as Cl°, Bxr~, RSO3~
(wherein R is aryl, alkyl, perfluoralkyl, or
perfluoroaryl).

Promoters of class (b) are sulfonated or
carboxylated organic polymers known as ion exchange

30 resins, such as polystyrene, in which metal or
organometal cations are ionically bonded to the
sulfonyl or carboxyl groups. Metal-exchanged
perfluorosulphonic acid resins are also members of this

class, wherein the metal is Mn, Fe, Co, Zn, La, Ce, Pr,

12



calcined to renove water and Bronsted (protonic) acid sites. Such

calcination requires heating in flowng air to tenperat | ess of
400C. C asswoaipyionoters of this invention consist of a*‘%%}ér?@fggf%ccat i on

\l,)Vi th an ?ni ondwhi ch renders it i nsol uble in the reaction nedium the anion
ei ng sel ecte rom the Ias of ha de,_sul fate and phosphate.
Preferred rrenb’éﬁfis%‘f Ffﬁs& ?r{?t'a Tt 1 UYr i0és°Rnd™" metal fluorides )
supported on SI(béﬁﬂaidiﬁ\sﬁapnrsnm rmdl&eh!\[hOﬂs 4321 uRdEY U380/ 19385

phosphat es, zinc qu € nd ron d ' d
phosphat e. Esp"e’f:"i1 ?(p g?g ?Ié{j g ‘gfspch% de Pé‘gg&%%;g%Fg?gngz, and -

SbFs on al um w&pdnycawelmmgtmi tmﬂaease; tds.a.pr ondukbfonated be 5

di spersed onto_a hi urfac >20nP/ S as silica,
al uni na or tar B ’%’H@% F‘oc§5ﬁ’é ?orgnrepggg@é%c may “be carried out

gﬁa(r:g?:]gl [1% a imdmleV\/;lﬁheﬁlé \girzielty pEactaist samesy , for cixampbey, by

( e rgact or. Wi YLso .yst conponents,
the aliphatic ‘?‘ffc)tffbr JYEFi n ﬁseojlpro g d‘{t & 4o l{llgin?&ét?i é usegpand
addi ng thle_ hydpagﬁaylwa:iladeUSSmM)y lﬂﬁhlsemyesnl@@ mavele tebtdi@edednt i on as
vapor or |iqui rel eas SV tLL Lzl Y, rin. See,
for 15 exanpl € é’LﬁP§ ﬁ’gf’e?ﬁ‘% %ﬁ%%ﬁga%#?h%oy%ﬁéeﬁﬁcﬁggég |

i ncor por atexd h:&li\&!rﬁ:]byl mey cbe nemdillyeprepatast bmayfzoal exchdygeshThged with the
cat al yst, pronoter @d the snl en 5{1 % %;l ?Qﬂdélptﬁb pRapl efin and

HON added sl oWl'SFto S3FASR t SRRSO N ratio of ronoolefin to
20 catal yst neyrdemifer gmmut1ﬂ®e1¢DEQoﬂmm th?herP\FBcﬂQRﬁl@tEmsrmter i's

general |y presggﬂzfﬂg,tggd&fﬁmgaé% first transition series (elements

21-29), the second transition series (elements 39-47),

15 the rare earths (elements 57-71), boron, aluminum,
gallium, indium, germanium, tin, hafnium, tantalum,
tungsten, and rhenium. Preferred metal cations are
selected from the group consisting of zinc, aluminum,
titanium, manganese, aluminum and tin. Particularly

20 preferred promoters are metal or organometal exchanged
poly (styrene-SO3-) resins. Especially preferred is
poly (styrene-503-Sn(Ph) 3), wherein Ph is phenyl.

Promoters of class (c) are metal oxides in which

the metal ions themselves are the centers of Lewis

25 acidity, this acidity being manifested by the metal
ions’ ability to accept an electron pair forming a
dative (donor-acceptor) bond (e.g., from a nitrile or
pyridine to form a coordination complex). Such
promoters may be selected from the class consisting of

30 crystalline silicoaluminate clays in their acid forms.
Clays such as the natural mineral compositions
pyrophyllite, micas, vermiculites or smectites and
synthetic clays such as laponite may be used.

Essentially amorphous silicoaluminates, with a si/aAal

13



about 0.1 wt%to 50 wt% of the reaction nmass. Preferably the insoluble
promoter is present in the. range of about 1 wt%to 25 w *pGlydelifosggact i on
mass. 25 Th “Hyﬂﬂﬂtyanation reaction can be carried out vvit(nuor v?nﬁst?hout a
sol vent. The solvent should be liquid at the reaction tenperature and

pressure and jfeid ALWAMES rEBR PEWD ioC 0BPNEDtIRdS hatiidet B €rdatlamst .
Generally, such solvent's are hydrocarbons such as 30 benzene or xylene, or

nitriles such %thianide| subpbatse RFoRPPFPRREE |4P STRENESSERE the acyclic

nonool ef in to sherdWdRGHARG, edayBie SBEHE aBhé B 1SIWEREt mayheLdeeact i on
tenperature is dependent to a certain extent on the particul ar catal yst
bei ng used, thke MFafD GBFER3PTPCEHIISIBAPERREEe ZHILIEGPalTRIARH ef i n bei ng

used and the desik ethdigaet hggsgf&@. JSRNER L) ¥, al @Riker, ahyassudf from-25 to
200C can be used, with fromO to 1§0C being preferred. 5 Atnpspheric

pressure i s sattEFAtor FiFsPatay rAfhFirsariz nhieREEapr iRt LeeMd hence

pressures of fipmtadlenOs0dcite L enBephrg esc aupepbeiei¢ed for
econom ¢ reasons. Preferably, the reactjon nedjumis agitated, such 10 as

by stirring or®iPRi§ AFLATABA RELEIUWH HEDIBe FEAALI%I PRERFse or in a

conti nuous manfghigsthilke acRBYMBhLsmIBY meeybacovar Y, toarbust bdadise by
mechani cal . _neans such as filtration, decantation or , _centrifugation. The

cyanat ed ptbdudtPe G¥iGE r dE8REIED PFLBF. cLAVERATBh*i88chni ques, such as
distillation. néedidpdiSacibe, fridriadiaganonihdl) tdlgniewphpsSisatddd, ustrate the

non-Si/Al zeolite-type materials such as ALPOs
(crystalline, microporous aluminum phosphate
structures), SAPOs (silica-aluminophosphates where

15 silicon ions occupy some of the aluminum sites in a
crystalline alumino-phosphate structure), MeAPOs (metal
ions.such as Co, Mn etc., substituted onto the Al sgites
of crystalline aluminosilicates), conventional zeolites
in which Al is substituted by Ga, B, or Fe, plain or

20 sulfated forms of SnO, and HfO,, boric acid and boron-
containing solid compositions that present surface
coordination sites at boron atoms. Any of these
suitable promoters may be dispersed onto a high surface
area (>20m2/gm) support such as silica, alumina or

25 carbon. Members of this class are most effective when
calcined to remove water and Bronsted (protonic) acid
sites. Such calcination requires heating in fldwing air
to temperatures in excess of 400°C.

Class (d) promoters of this invention consist of a

30 metal cation with an anion which renders it insoluble
in the reaction medium, the anion being selected from
the class consisting of halide, sulfate and phosphate.
Preferred members of this class are metal fluorides and

metal fluorides supported on silicoaluminates, iron

14



I nvention. As used herein, "mp-TTP" refers to 20 tritolyl.phosphite which
contains a mxture of neta- and para-tolyl groeups. PNs rle&gggo m xt ure
of 3- pent eWBAIM42] ¢ and 4- pentenenitrile. ADN refers to a |pon|€r| | e,
MaGN to nethylglutaronitrile, and ESN to ethyl succi nonitrile 25 Exanple 1

[I'lustrates th 203 (class C) _Pronot dro n of PNs to ADN 30
Under nit rogerP S‘SF?FOnz’(nfl %‘éfa%%f r?ﬁ\r%u?‘éfgg? |a(nn%1 p-TTP) 4 (23.72
g) (the cat al ysi:)rcommeHfH:(dgeﬁﬁbhogp&amecess:sbegaal:l;\y pukfiesed 95. 5

g) (acyclic m)noo

£on n Fe203 (0.180
g) (i nsol ubl e trsr% %}: Iggfﬁﬁ ?orm&*é‘J e s? r;%ﬁldnég% \R% 01/ 14321
PCT/ USO0/ 1938‘:‘altmi1nesi11x¢a.tre=, Aﬁhreoflt%ﬂéseaadltablecpﬁcamtsrﬂemey eated to

60C. HCN v por Was m%ro uced.to thecglasg N%u&g&%]gh a chilled

trap (OC) and PFPSTERE 1Tk PLBP T 35 or dra 45 m nut es,

2, 5 and 3 hcsurch. abnéihied anafnys@sozslmawbdnHG\l concentratlons to be 385,

640, and 973 ppm af, each of 8s& ti nes re qlﬁ, Lh cjion was
stopped at the enéh%fplﬂesf"l's“(fﬂcrli'1 dY%nh lon ETEéé/n yzed8%£§1 e

chr omat ogr aphyutGBy, cmgmgwadréécﬁd&: \quauAEM. Gfmmmanﬂ\l and 0.84 w*
Fﬁg th:):)/c;sfA\rDII\Ibg%>I C'Tﬁe sum o ﬁgt \Aﬁﬁ/r%\‘n%tA%hQu% Zqi%gt\l)@hgga%l gl \2/I (ii|5ng
[l lustrateg t mn:aﬂ.:géf):brezzu&tsbrngra&talwwbmglerma)mher '
aliphatic monoolefin, the promoter and the solvent to
be used and adding the hydrogen cyanide slowly. HCN may
be added to the reaction as vapor or liquid, or
released to the system utilizing cyanchydrin. See, for
15 example, U.S. Patents 3,655,723 and 5,107,012 which are
incorporated herein by reference. The reactor may also
be charged with.the catalyst, promoter, and the solvent
to be used, and both monoolefin and HCN added slowly to
the reaction mixture. The molar ratio of monoolefin to
20 catalyst may be from about 10:1 to 2000:1. The
insoluble promoter is generally present in the range of
about 0.1 wt% to 50 wt% of the reaction mass.
Preferably the insoluble promoter is present in the
range of about 1 wt% to 25 wt% of the reaction mass.
25 The hydrocyanation reaction can be carried out
with or without a solvent. The solvent should be
liquid at the reaction temperature and pressure and
inert towards the acyclic monoolefin and the catalyst.
Generally, such solvents are hydrocarbons such as
30 benzene or xylene, or nitriies such as acetonitrile or
benzonitrile. In some cases, the acyclic monoolefin to
be hydrocyanated may serve as the solvent.
The reaction temperature is dependent to a certain

extent on the particular catalyst being used, the

15



Fe203 (0.216 g) was incubated with 30 nL of a catalyst m xture of the sane
conposition ] 20 Exanple 1 above. The m xture was sij er

ni trogen forwégﬂﬁiag‘rs at 40C, and 1 hour at 60C. The mm&#@ilg@gw’gltered
(syringe filter), and the filtrate was transferred to the sane
hydrocyanati on apparatus _used i anple 1. rogen.cyani de was

i ntroduced, as %‘%W“Eﬁﬁn‘ﬂ?@%efg&%?gggau%eéﬂr :%% ggeoﬂ?%l hour. ADN
(0.54 Wt %9 was ferdtddn Aacent I@nedxfey| Nediperatiungs 6fl frdrhe 25ag8 cat al yst
m xture, but wijhqut prior incubatiop with Fe d. w t hout other added
promoters, was #(g)atét 88? ! ‘f"’f?éjc'sé{’r}éhagﬁ%?a e %%l%fﬁagﬁl’?ﬁ/drogen cyani de for
1 hour. In the mmferegbd. experinent, only 0.32 wt % ADN was forned. In

Exanple 1, .in which_Fe203 is present during.the HCN reaction, , 2.18 w %
ADN was for med afte?“%‘ﬁ? ?F?%Pﬁﬁﬁégfesh%vﬁ%ds%fcgbrm Pu SPETPETE U800119%85

that Fe2(B act sowas the phssEniblpeopesspt &id dericee pPhlstoreARY Feaat i on.
Exanple 3 5 Illystrates_that Fe 03 is not a_Catal yst for_ Hydrocyanati on.
Fe2O3 (0. 036 g)ali?ﬁé% hfé%at?/vi]tol? B °fﬁf.‘%r‘?ﬁ_)?reLPaﬁ¥8r’Fﬁﬁ%f(‘if 40 m) was added
to the m xtureecshonhc Adhswass.t hen heated to 60C for a period of 2 hours.
No ADN was detecte bg %Exgggle 4 1)1 ustaates.that. a Sol ubl e Pronoter
Does Not Form 15 WieR Fetd” t ESRHF T HPHERIDUP hE ngEFBn.  Two
react ors waoe seat bypstResirigolrl shaking nedrieheeaatton algr @2 @ani N Exanple 1
and 0.180 g Fe%&%hegegggéﬁﬁf%e or in a continuous manner. The

promoter may be recovered for further use by mechanical

means such as filtration, decantation or

centrifugation. The cyanated product can be recovered

15 by conventional techniqués, such as distillation.

EXAMPLES
The following nonlimiting examples illustrate the
invention. As used herein, "m,p-TTP” refers to
20 tritolylphosphite which contains a mixture of meta- and
para-tolyl groups. PNs refers to a mixture of 3-
pentenenitrile and 4- pentenenitrile. ADN refers to
adiponitrile, MGN to methylglutaronitrile, and ESN to

ethylsuccinonitrile.

25
Example 1
Illustrates that Fez03 (class C) Promotes
Hydrocyanation of PNs to ADN
30 Under nitrogen, a portion (21.58 g) of a mixture

of Ni(m,p-TTP)4 (23.72 g) (the catalyst), m,p-TTP (4.665
g) (excess ligand) and PNs (95.5 g) (acyclic monoolefin)
was added to a flask containing Fep03 (0.180

g) (insoluble promoter). The Fe03 formed a slurry in

16



was enpty. Both reactors were heated to 60C and HCN 20 flow was started to
reactor 1. After 1 hour, HCN flow was stopped to reactor_1 ard nitrogen
fl ow was st¥PENYS2! Approxi mately one hal f of the content sSPOFUSRABEDr 1
were filtered (using a syringe filter) and transferred to reactor 2. HCN

flow was started. on reactor I l.e 25 N2 fl ow was nmi ntai ned on reactor
1 CSamoi s ver ERE AL ERo TES HLAS 2P, bEn cPHeEER VRHE AR
filtration andsdianshen) vapksk Hast Warhealided tbethe 1Ak byhi ch HON was
stopped to reactor 2. The results (Table 1) show no nore accunul ati on of

ADN during thespaxpimy ¥2 hboeudh a chdéilded X xgn | (C&edndatiatpathe under HCN) -
than occurred I ng t:he. se 0 f d red,materi al,
under N2). oo Tl S A S erD i B A Rieéégit(ﬁ“t“%?ﬁef h) ADN, wt%
MEN, wt % ESN, . ands31 hputs. 47153 @ 408lyse stpwed BCW2 0.478 2 1 11.51

287 0479 5 Zedndeneddedodd {30 3EXAER S 573 b U] 1R bpe Lse of

O her | nsol ubl e Pronoters. a franner simlar scribed in
Exanpl e 1, otthesd gdmeabresgranivedys \WEhe ndaebhonreasdtoppred ancti ve

i nsol ubl e pronylers q@sei 4! LAt ad i 3;9%’3% v 4 Conpound
Wi ght,g W% ADI&eﬁist r Fbutllﬁo}n ‘5 Eecfr&ig—i) : 1%531?%13%6%8&? géEeB( P04) 2. 8H20
1.03 2.092 79.dwonatTgeeplyy 1GC) 1. tant@imged 24.53 wtd ADN, 5.77 wth

10 MGN, and 0.84 wt% ESN. Distribution: 78.7% ADN (the

Distribution was '‘obtained by dividing the wt% ADN by
the sum of the wt% of ADN, MGN, and ESN}.

Example 2

15 Illustrates that Fez03 is Acting as a Insoluble

Promoter.

Fez03 (0.216 g) was incubated with 30 mL of a

catalyst mixture of the same coﬁposition used in

20 Example 1 above. The mixture was stirred under -
nitrogen for 40 hours at 40°C, and 1 hour at 60°C. The
mixture was filtered (syringe filter), and the filtrate
was transferred to.the same hydrocyanation apparatus
used in Example 1. Hydrogen cyanide was introduced, as

25 in Example 1, but for a period of only one hour. ADN
(0.54 wt%) was formed. A control experiment, using
only the same catalyst mixture, but without prior
incubation with Fe203, and without other added
promoters, was reacted, in the same apparatus, with

30 hydrogen cyanide for 1 hour. In the control
experiment, only 0.32 wt% ADN was formed. In Example
1, in which Fez;0; is present during the HCN reaction,

2.18 wt% ADN was formed after only 45 minutes, showing

17



8 ZnO 0.170 18.24 78.6 20 9 Zr2 (2 hour run) 0.259 1.56 - Exanples 10 - 41
Addi ti onal | es of Insoluble Promoters 25 The exanpl e$crRysde 3
utilized m?(é’r?anPé | i gands (di phosphites) and were carri Z,glrogtﬁ%gélgng t he
foll owing common procedure, unless otherwi se noted. Ligands Ato G are
identified in e n esgr P S dentified
as "recycle", ;Eﬁgjcp?o‘?r%f garfﬂ:rvxsfasagl ggl%?se%%g rglrng% er%uﬁ%%ngﬁr%éﬁsed in a
subsequent runABNt heaetfanther treatnent. A glass reactor fitted with a

ni trogen bubbler was charged with 3-pentenenitrile (5 nL; 52 mmol), |igand
(see Table 3)(0.28 mml), (ligand)N (C2H4) (0.14 mmol) and 19 WO 01/ 14321
PCT/ US00/ 19385 pronoter (see Table %!ml_?aﬁount) under inert nitrogen

at nosphere. g The mxtﬁgﬁswgtggq;ﬁq tér% Nperadlre 36¢yvsd 3.2 3) and

agitated vvltha eactor by
spargi ng a source of | i qui d HCN SHydrgdwagatdofc) with dry nitrogen (see
Table 3 for flow rate) and directing the resulting saturated HCN N2

m xture into the reactor belowthe liquid |level. Progress of the reaction
was nonitored by reReR@®ngOaloB§uol swamdrixed| yithgP®y (4&s mEhe omat ogr aphy.
After 1 hr thegt i e S Tabl e 3. PN
cony = 100 X totg]g %II%&% \r,\(?lsgtg %@ogﬁ%{ %’% ??a?ﬁéﬁlnﬂg&t% le‘lél?l’l bution =
100 x ADN 10t owak then thddtes pooelofct )Eor15 f:l'atﬂcei DfER. henpsDt o Anount

0
Li gand Tenp NZAﬁENuéN%gtected by GC.

Example 4
Illustrates that a Soluble Promoter Does Not Form

15 When Fe203 Reacts With HCN During Hydrocyanation.

Two reactors were set up. Reactor 1 contained the same

charge as in Example 1 and 0.180 g Fez03. Reactor 2

was empty. Both reactors were heated to 60°C and HCN

20 flow was started to reactor 1. After 1 hour, HCN flow
was stopped to reactor 1 and nitrogen flow was started.
Approximately one half of the contents of reactor 1
were filtered (using a syringe filter) and transferred
to reactor 2. HCN flow was started on reactor 2, while

25 N; flow was maintained on reactor 1. Samples were
taken from both reactors at 1 hour (the time of
filtration and transfer) and at two hours, the time at
which HCN was stopped to reactor 2. The results (Table
l) show no more accumulation of ADN during the second

30 hour in reactor 2 (filtered material, under HCN) than
occurred during the second hour of reactor 1

{(unfiltered material, under N,).

Table 1
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grans C flow Conv. Distribution 10 Polystyrene-SnPh2(CH3S03) 1.0. A 70 30
66 92 11 recycle 2nd tinme of sane sanple A 70 30 61 93 1¥c@%§%&5 3rd tine
of sanme sanﬁ%loé“’A“?b 30 51 94 14 Pol ystyrene- SnPh2( CF3S03} “T. 30 73
90 15 recycle 2nd tinme of sane sanple A 70 30 62 90 16 recycle 3rd tine
of same sanpl egfadfo30 588Qn) 17 Pol yaing epes SR HHR4) 2dn 0 2470 30 6 90
18 Pol ystyrene- - . - h2( CH3SO3)
1.0 D 50 30 12190 20 Pol yktyrene- Sn9R8(-&H3s03)25530 C 5003¥9310 89 21 Poly
(4-styrene-sul fonate) [ Ph3Sn) 0.06 A 8Q@339g31 943 ¢&2 Ph3Sp Ngfionate 0.06 A
70 30 22 81 23 Yb Nafionate 0.06 A 70 30 21 77 24 Sulfated zirconia dried:
500C 0.5 A 70 30 8 77 25 ¥1-pronotedidiPtco-aldr’nate, 9-479A 70 30 46 88
26 Recycle 2ndatine same sanple 0.5 A;30480 17 84 27 PQ psgyot ed
silico-alumnate, 0.5 A 70 30 27 83 28 theta-AlF3 on silico-alumnate, 0.5
A 80 12 14 83 29 theta-AIF3, pure 0.5 A 80 12 21 77 30 Acidic alum na,
dried 500C, 0.5 A 70 30 10 76 31%%%%gfg§y§ zi pconi a cal ci ned 600C, 0.5 A 80
30 11 75 20 WO 01/14321 PCT/ USOO -pronoted Si/Al cal cined
200C, 0.5 A 80 . 3dlpstrarexthe) UgephQtdes Inpotuble Brgmpberso. 5 A 80 30 37
84 34 A1P04 cal cined 600C, 0.5 A 80 30 12 74 35 Montnorillonite clay,
cal ci ned 600(0.5 A 80 30 27 78 36 -4% Ti(OH)4 on silica, dried 300C 0.5 A
80 30 13 4 37 - 5% HRLBBTREAr FiMidar Hei e Girecyibed by Exgmpde7s 38 -5%

%(04)4 on siliCatHér ¢dadDOid profoBrsluek® HRomodStFAZAB 8 Ba A 70 15 11

active insoluble promoters as illustrated in Table 2:

Table 2
15 Ex Compound Weight,g Wt% ADN Distribution
5 FeO (OH) 0.182 3.12 76.8%
6 Fe3(PO4)2.8H,0 1.03 2.092 79.5%
7 TiO, 0.167 1.14 78.6
8 Zno 0.170 18.24 78.6
20 9 Zr0, (2 hour run) ©0.259 1.56 -
Examples 10 - 41
Additional Examples of Inscluble Promoters
25 The examples in Table 3 utilized bidentate ligands

(diphosphites) and were carried out using the following
common procedure, unless otherwise noted. Ligands A to G
are identified in Table 3 and are described above. In some
cases, identified as “recycle”, the promoter was isolated
30 after the run and reused in a subsequent run with no further

treatment.

A glass reactor fitted with a nitrogen bubbler was
charged with 3-pentenenitrile (5 mL; 52 mmol), ligand (see
Table 3) (0.28 mmol), (ligand)Ni{CsHa) (0.14 mmol) and
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40 PeO 0.5 A 70 10 19 73 41 d-pronoted silico-alumnate 0.5 C 80 12 12 86

Exanpl es 42-143 A 4 nL reactor equi pped with a nmagnetic sty S
charged wi tﬁvcbqlﬁﬂglg of promoter and 0.2 nL of 5 catal yst ﬂség ut‘li%gﬁsglva
conprised of Ni(COD)2 ("COD" is 1,5- cyclooctadiene) (0.038 g; 0.14 mmol),
di phosphite 1ifpdcEl. fedMRin1S8CedRLRowh) nBEP! EREGA! Wiihgln MM, 4.2
g, 51.9 mol), and Ligand A only, toluene (5 nlL) to aid in so?ub|I|Z|ng

l'i gand. The rediogRheDe ni XEher SifEY T AcvR e d 93¢ *50E° abRIMRRTIATAEd (@R | e bei ng
exposed to an qtamgpbﬁrgn&fa%%aeeatawarw n%a%é%& ECNrrexfieneicht Gds by
passing a streamof dry N2 through liquid CN at OC. After 1.5 hours the
reactor was purdgfé-dveﬁﬁ hE N en EFeRREOF e tTRATISBP R | PP XAS Rfed idRid BN 15
acetone. The |iQidcdeBNESeu@as aRal Y240y Dirdgen GBEETRIOA aph, Resyl ts are
presented in Table 4 below Table 4 20 FI'X Pronoter Ligand % PN % ADN
Conv Di stri but i%¥e) 42nd 4d4rrqtdapathn Srol (iZgoERtArateal HEN Ny niBnarieNb03 On
Si 02 (3000) A 2htd BheZredor5¥elbh AN LSH02e(3P00)p 248 86. dhe 45
theta- AIF3 A 18.3 74.7 46 theta-AlF3 on silicoalumnate A 40.0 88.0 21 WO
01114321 PCTI USS8FE9SB5¥a% mogitpeed| kv TRy ipgoati ntsn arg angkygingldy
Acidified siligaal ea&&a&&#@%ggfhif&é& Hhr8tnb rdfeGirPhade tRERIDISG |

silicoalumnate (200 A 29.
10 Results are given in Table 3.

(¥ PN conv = 100 x total dinitriles product / initial PN's)
(¥ ADN distribution = 100 x ADN / total dinitriles

product)
15
Table 3
Ex. Promoter Amount Ligand Temp N, ¥PN  %ADN
grams op flow Conv. Distribution
10 Polystyrene-SnPhy (CH3S03) 1.0 70 30 68 92

70 30 61 93
70 ao 51 94
70 30 73 90
70 30 62 90
70 30 S8 90

11 recycle 2nd time of same sample
13 recycle 3rd time of same sample
14 Polystyrene-SnPhy (CF3803) 1.0
1s recycle 2nd time of same sample
1§ recycle 3rd time of same sample

17 Polystyrene-SnPh(HSO4) 2 1.0 70 30 6 90
18 Polystyrene-CHz-SnPhCly 0.3 70 30 12 77
19 Polystyrene-sSnPhj (CH3S03) 1.0 5¢ 30 12 920
20 Polystyrene-SnPhj{CH3S03) 1.0 so 30 10 89
21 Poly (4-styrene-sulfcnate) [Ph3Sn] 0. 8¢ o 31 94
22 Ph3Sn Nafionate 0.06 70 30 22 81
23 Yb Nafionate 0.06 70 30 21 77
24 sulfated zirconia dried 500°C o 70 30 8 77

70 30 46 88
70 30 17 84
70 30 27 83
80 i2 14 a3
ao 12 21 77
70 30 10 76

25 Cl-promoted silico-aluminate,
26 Recycle 2nd time same sample
27 PO-promoted silico-aluminate,
28 theta-AlF3 on silico-aluminate,
29 theta-AlF;, pure

30 Acidic alumina, dried 500°C,

80 30 11 75

o
@
LA A A A B R e T - R I R VA I R TR

(= o O o 0 o o
. . . . - . . .
n B v v B !n w n

31 gulfated zirconia calcined 600°C,
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50 Chloride pronoted silicoalumnate (700 A 58.9 87.3 51 Phosphate
pronoted silicoalumnate (700 A 61.9 87.1 52 Al1P04 (600%%5(&1;3% 2 74.5
53 Conmer ci WP OY14321coal um nate cracking A 66.3 88.1 54 A Uni na
(500C) A 0.6 80.9 55 Borlc aC|d pronoted g-alum na A 27.5 80. 56 ZnO on
g-alumna A 3.5 7 Zn0 o SIO ranpl.es A 3. 44475. fated
zirconia (600(9514ﬁ 'pfm%d 8% °§1 éoi%fat ed zirconia (SgOC/;b?lh)swA 23.1 76.4
60 Acid form of? Zee#"?"?fed\ﬂl/Alz’Bl‘GneFG”\g"c 61°A&ci d*f or ni%f *Zeot’ t e*nordenite A
18.2 74.6 62 MDABoAchicthed bodc, 63 W3 A 19-52 74.0 ®4 [Ba208® A M6.2 74.2 65
Ba(OTf)2 A 18. 3 lZcéthrxl@tﬁ'u@Qla QLfEQﬁéd'JoWb e (2000 8°A Qo 6727K1078
I\/bntm)rlllonlte(4003éi I\/ba;cnprlll n|te (6QpC/ gh) 4 49.0 84.1
69 K10 Mont moril M3 ‘(86(7@“’?6( ﬁlf?fg NMbat nor i | Tonite A 36.1
86.5 71 Al Lafforfistiengy @Bsidicag qyied7300Ry- I\/bét rmPu | 1 offi t 8°(58¥0C) ™A 26.6 76. 4
73 Al - Mont nor i 38l o dr@onf pORH GY1ila,l larRedBa00t ©0.34 ZA- Montonope| | @nit® (5000 A
15.7 84.8 75 gngpptnorillonite (200C) A 36. Oa84. 40 765 11 76

100- Al - Mont nor j I L n| te (5000 A 16.0 87. 8, 577 400- Al;- Mppt nyri [ J;onite (700C0)
A 35.8 86.5 T lonlte (5 1.5,79

100- Zn- Mont nor? |‘F %“f“’ ‘%/bt%&}a "8 87. 98 % Ti(oH) 2 & sif2 (3000 C

5.4 85.2 81 -4% Ti(OH)4 on Si02 (5000 C 8.1 84.0
. Examples 42-143

A 4 mL reactor equipped with a magnetic stir bar,
was charged with 0.025 g of promoter and 0.2 mL of
5 catalyst solution comprised of Ni(COD); (®COD” is 1,5-
cyclooctadiene) (0.038 g; 0.14 mmol), diphosphite
ligand (0.42 mmol, see Table 4), 3-pentenenitrile (5
mL; 4.2 g; 51.9 mmol), and Ligand A only, toluene (5
mL) to aid in solubilizing ligénd. The reaction
10 mixture was heated to 50°C and agitated while being
exposed to an atmosphere of N2 containing 35% v/v HCN,
generated by passing a stream of dry N2 through liquid
HCN at 0°C. After 1.5 hours the reactor was purged
with N2 and the reaction solution diluted with 3 mL
15 acetone. The liquid phase was analyzed by GC
chromatography. Results are presented in Table 4

below.
Table 4
20
Bx Promoter Ligand % PN % ADN
Conv DPistribution
42 .4% Ti{OH)4 on SiO3 (300°C) A 6.9 79.5
43 _5% HNbO3 on SiO3 (300°C) A 21.2 81.2
44 _5% Zr(OH)4 on 8i0Oz (300°C) A 24.6 86.1
45 theta-AlFj3 A 18.3 74.7
A 40.0 88.0

46 theta-AlF3 on silicoaluminate
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82 5% BNb03 on Si02 (300C) C 4.0 83.8 83 -5% HNb0O3 On Si02 (500C) C 6.6
81.8 84 5% Zr 4 on Si02 (300C) C5.9 85.0 85 -5% Zr( 02
(500C) C 7. Q’%}éfl 2186 theta-AlF3 C 3.8 78.6 87 theta-Al Fﬂi%dsoﬁ’/fbs@
silicoalumnate C 5.3 82.8 88 Silicoalumnate (600C/ 4h) C 13.0 85.8. 89
Acidified sili cgal um nate S6OOC/ 4h C 11.9 85.0 90, Chl ay,i de prqyof ed
si i coal umi nat é fe "Ca | ori de pronot d sg |goal ur, Nné nate (700
C 9.6 84.9 924I5h(9§ fed ﬁFb‘r?BTJé’ﬂl%ﬁ‘FlféB&Tcé‘fﬁ’nate (700 C%%3 82.%2-°22 WO
01/ 14321 PCT/ U32QCh&IEse rysmorepFil{satrerair £°8. 0 gd. 5 2847 cormérct al
si | i coal um nat 89cchidziife pcomted sgLicgalupinate (A0€ g- af uni FR-?500087€ 0.7 61.1
96 Boric acid prorbosntatp akemvterh sOifoflufitnate o ZnGon Fratunm n@7G 3.9 74. 3
98 ZnO on Si 02 sgr anpdL3sde°d@n) 84.8 99 Sul fated zizxconii®-3600C74ky C 3.1
76.5 100 Sul f abe@omdretdl 8:i1;S6AMkIrdby crackilg 80. 0 401 Aesizl formeof Zeolite
Y C5.8 80.2 QQZA@%Q oMl &gekite nordenite C8.5 76.68 1030003 C 1.1
64.7 104 W3 s§r éli otd2Q316mida’ 75.2 1064Ba(@htd2 C 4424 79.3
107 K10 Mont m)rk gﬁ/b é}%ﬁ .7 82.6 108 KIO Mntnprd ||l onite (400C) C
19.3 84.5 109 K1 0|te(600C/6h) C 49.4,85.1, 110 KJ’%%

4.7

I\/bntrr[)rlllonlttg7 %%Blgré 111 Al antrmrl?lonl%e C 34
Sulfar.ed zirconia (600°C/4h) 75

59 8gulfated zirconia (500°C/4h) A 23.1 76.4
60 Acid form of Zeolite Y A 20.6 76.3
61 Acid forwm of Zeolite mordenite a 18.2 74.6
62 MoO3 A 6.3 74.1
63 WOo3 A 17.2 74.0
64 Lagz03 A 16.2 74.2
65 Ba(OTf)3 A 18.3 75.0
66 K10 Montmorillomite (200°C) a 0

67 K10 Montmorillonite (400°C) A 0.1

68 K10 Montmorillomite (600°C/6h) A 49.0 84.1
62 K10 Montmorillonite (800°C) A 40.1 85.4
70 Al Montmorillonite A 356.1 86.5
71 Al Laponite A 23.0 78.0
72 Na-Montmorillonite (500°C) A 26.6 76.4
73 Al-Montmorillonite {500°C) A 11.2 87.6
74 Zn-Montmorillonite {500°C) A 5.7 84.8
75 zn-Montmorillonite (200°C) A 16.9 84.4
76 100-Al-Montmorillonite (500°C) A i6.0 87.8
77 100-Al-Montmorillonite (700°C) A 35.8 86.5
78 100-Zn-Montmorillonite (500°C) A 1.5

79 100-Zn-Montmorillonite ({700°C) A 4.8 87.0
80 -4% Ti(OH)4 on 5i05 (300°C) c 5.4 85.2
Bl 4% Ti(OH)4 on 8i03 (500°C) c B.1 84.0
82 _.5% HNPO3 on SiO2 (300°C) ¢ 4.0 83.8
83 _.5% HNbO3 on Si0z (500°C) c 6.6 81.8
84 .s5% Zr(OH)4 on Sioz (300°C) c 5.9 " 85.0
85 -5% Zr(OH)4 on Si0z (500°C) c 7.9 82.3
86 theta-alF;3 c 3.8 78.6
87 theta-AlF3 on silicoaluminate (o] 5.3 82.8
88 silicoaluminate (600°C/4h) c 13.0 85.8
8% Acidified silicoaluminate (600°C/4h) c i1.9 B5.0
90 Chioride promoted silicoaluminate (200 c 6.5 82.0
91 Chloride promoted silicoaluminate (700 (o4 9.6 84.9
92 Phosphate promoted silicoaluminate (700 c 6.3 82.2
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112 Al Laponite C 4.7 84.0 113 Na-Mntnorillonite (500C) C5.2 84.6 114
Al -Montnorillonite (500C) C 58.0 85.1 115 Al-Montnorill ﬁ/ghffﬁﬁfi"f‘%? C 10.5
85.2 116 ZNOMACAbrilionite (5000 C 55.4 85.7 117 zn- nite
(200C) C 20.7 85.6 118 Pe-Montnorillonite (500C) C 21.6 85.2 119

Pe- Mont nor i Ilogﬁt&ﬁ }, 364 85.3 120 100- Al- I\@ntnnjrlollonl £ s(500C) C
Ol er

14.0 84.1 121 éJaH&mLL@e (LQQG), C 48. 5, 84. Q)
100- Zn- Mont nor L | onj t i 78.2 1723 100- %_1; Mont gorl I I;nlte (7000

C18.3 83.4 1 4 ! ‘Tlgg%& 1300C) D'3.1 o3 on
Si 02 (300C) D 3 0P¥4csc % 24 on Si02 (%00(:) Ble 127
theta- Al F3 D 3%b 9% an 9I2§‘“‘P’Fﬂeta Al F3 on silicoal ufi natée-b 2 4 7534 129

Si | i coal uni nat 8 ( BB0Er £if2 Brapvdess. 3 130 Acidified sil f€dal uni Hade

(600C/ 4h) D 2. & 7S5ulkate3iirchhior (ebo qimanot ed silicodl um Fate (20.B 2.6 72.4
132 Chl ori de pmwon®iddrds kireomilauygooad/en)( 700 D 5.3 8% 6 %38 Phosghat e

pronot ed sili coal aedangdre £/ 0éb1xs3¥2 76.8 134 Al P04 (60@Cs4h) o227 69.9
135 Commer ci al1o5i hdi@ORIMNBMNBIAied abkdetteD 3. 7 83. 6% 13G.#ci di cygggal uni na
(500C) D 0.3 41%38M°o|]537 Sul fated zirconia (600C/ 4h) D 3.5.74.0 438 Sul fated
zirconia (500G,4h 3.3 73.9 23 WO 01/14321 PCT/ \JS00/ 19885 9, K10
I\/bntm)rlllonlt E C) D 1.46 35.9* 140 K10 Mont rlllgm,te (;Zégt) D 1.64
40.B* 141 Kldfi/b nﬁglllonlte (600C/ 6h) D 4.7 ssng

4.24 9.3

107 K10 Montmorillonite (200°C) 6.7 82.6
108 K10 Montmorillonite (400°C) c 19.3 84.5
102 K10 Montmorillonite (600°C/6h) c 49.4 85.1
110 K10 Montmorillonite {800°C) c 51.8 84.8
111 Al Montmorillonite C 34.8 84.7
112 Al Laponite c 4.7 84.0
113 Na-Montmorillonite (500°C) c 5.2 84.6
114 Al-Montmorillomite (500°C) c 58.0 85.1
115 Al-Montmorillonite (200°C) c 10.5 85.2
116 zZn-Montmorillonite (500°C) c 55.4 85.7
117 Zn-Montmorillonite (200°C) c 20.7 8S.6
118 Fe-Montmorillonite (500°C) c 21.6 85.2
119 Fe-Montmorillonite (200°C) c 35.4 85.3
120 100-Al-Montmorillonite (500°C) c 14.0 84.1
121 100-Al-Montmorillonite (700°C) c 48.5 84.6
122 100-Zn-Montmorillonite (500°C) c 4.9 78.2
123 100-2Zn-Montmorillonite (700°C) c 18.3 83.4
124 .43 Ti(OH)4 om SioOz (300°C) D 3.1 73.7
125 .5% HNbO3 on 8i0Qaz (300°C) D 2.0 74.5
126 .5% Zr(OH)4 on Sioz (300°C) D 2.3 75.6
127 theta-AlF3 D 3.0 73.4
128 theta-AlF3 on silicoaluminate D 2.4 75.4
129 gilicoaluminate (600°C/4h) D 3.3 76.3
130 aAcidified silicoaluminate (600°C/4h) D 2.8 75.1
131 Chloride promoted silicoaluminate (200 D 2.6 72.4
132 Chloride promoted silicoaluminate (700 D 5.3 80.6
133 Phosphate prcmoted siliccaluminate (700 D 3.2 76.8
134 aAlro4 (600°C/4h) D 2.7 69.9
135 Commercial silicoaluminate cracking D 3.7 83.6*
136 Acidic g-alumina (500°C) D 0.3 49.8
137 sulfated zirconia {(600°C/4h) D 3.5 74.0
D 3.3 73.9

138 gulfated zircomia (500°C/4h)
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142 K10 Montnorillonite (800C) D 4.4 65.9* 143 Al Mntnorillonite D 1.5
72.4* Liga : O uL, 50 ng pronoter. Not corrected for I bution
to MGN * Li 8&1@16&?200 uL, 25 ng pronoter. Corrected for .l\ﬁ@@g&%ﬁ{
contribution 100-E-Montnorillonite series - total'ly exchanged

Mont nmori | | oni t q§e Q&argpcj e QA g gL reactor waspcharged W ths0.058 g

N (COD)2, 0.559, q sz%flﬁje GodsT0 Mot nori |1 ogite gglcined, @t 500C
for 4 hours an ;tenenltr Ef The reactipon m4x¥ ure s heat ed
to 50C and agi ta e’&"v’?ﬁ‘&?’ %bnti nuous stream of N2 const ai ni ng
15 35% v/ v HCN \Nasxlﬁa’é?é'&’rt‘?ﬂ%bﬁt B}k eactor at a rate 8t* 25 B/ n.

After 1.5 hour ¢%3 tHeMTGPoE L iphase was diluted wi Ph acétdne add-“dnal yzed
by GC chromat ography. 60.7% conversion of pentenenitriles, 85.0%
selectivity t9i88h@0hi ! r3doPurd0s PRl tcier] heNg’ée&arxaetcttea pirclass (c)
Het er ogeneous Pronoters for Hydr ocyanat I.on:  Exanp

H Mont nori | | onRM@ oprrilpgiog teri@® ci al nont nor i I I on| te cI ay (K- 10,
Aldrich) was slgggiesl d.ntgea,50l ﬁg el e mggea ﬂ[@&' ? 100 nL
water- After stirring overnight t esoI| was ecte ration,
washed wi t hSwacertrHeREifst i on dried. The wet f| I ter cake was then cal ci ned
in flowng 30 abhb-PYmdram-1916R: 6006 Qs 1t99é!il)?"€kc@x%ln§e&here for 24 WO

01/ 14321 PCT/ USOQQ 19385 4 hours. The sanple was flushed™w th nitrogen and
t aken Montmorillonites

Example 144

10 A 25 mL reactor was charged with 0.058 g Ni(COD)3,
0.559 g Ligand C, 0.75 g K10 Montmorillonite calcined

at 500°C for 4 hours and 7.5 mL 3-pentenenitrile. The

reaction mixture was heated to 50°C and agitated
vigorously while a continuous stream of N2z containing
15 35% v/v HCN was passed through the reactor at a rate of
25 mL/min. After 1.5 hours, the solution phase was
diluted with acetone and analyzed by GC chromatography.
60.7% conversion of pentenenitriles, 85.0% selectivity

to adiponitrile.

20
Examples of the Preparation of class (c) Heterogeneous
Promoters for Hydrocyanation:
Example 145 - H-Montmorillonite Clay.
25 5g commercial montmorillonite clay (K-10, Aldrich)

was slurried into a solution of 5g ammonium nitrate in
100 mL water. After stirring overnight the solid was

collected by filtration, washed with water and suction
dried. The wet filter cake was then calcined in flowing

30 air by ramping to 600°C over 1 hour and held there for

24



into a nitrogen filled dry-box for collection and storage. 5 Exanple 146 -
Silicoalum nate. 59 commercial silicoalum nate cracking catal yst rade 979
(WR G acewowasssgrl cined in flowing air by ranping to 65@'@"%/5\96?3 hour
and holding for 4 hours. The sanple was flushed with nitrogen and taken
into a 10 nitrogen filled dry-box for collection and storage. _Exanple 147
- Chloride profiohedrss ITheogrid paras lyghed it PAETereR i h#ksat e powder
was slurried i Bheo S0 veabeh. £ilFed dryaBoRdfdis iRl 1bet fomidda HC1 and 15 the
slurry stirred for 30 mna. The slurry was then evaporated to dryness
under reduced BFe5¥dft-e. The recovered powder was calcined in flowing air
by ranping to 700C over .1 hour and holding for 2 hours. The sanple was
flushed with nitrogen and taken into a ZO_nitrogfn filled dry-box for

col lection and storage. Example 146 - P4ERALMRIBALEHt od sil i coal uni nate.
5g commercial silicRAleiinbat £a P WM od@Smindtd ic@dckih® didiyeat er. The pH
was adjusted to 1 with 85% 25 phosphoric acid and %gg slurry stirred for 30
mns. The sl ugF3Aadd % HBnR e BERFAL ¥8St BRI ARSS SR2uh RIS RitelY pressure.
The recovered pshwgioly WaSs66¢Cidad i1NhbhAVARY hoddingyEsAnPilagrk0 700C over 1
hour and holding for 2 hours. The sanple was flushed with nitrogen and
taken 30 into Eb?n%ﬁmBéénW?$I¢¥HFQﬁFyWBg£ pifrogsry 8BEi WHShd 8 8r age.

Exanpl e 14 - Siddcied EiEBé@WA-DoRNESr &flllActaoni amd yubiragede was pl aced
ona frit and 25 ---- -------- WO 01/ 14321 PCT/ US00/ 19385

Example 147 - Chloride promoted silicocaluminate.

5g commercial silicoaluminate powder was slurried
into 50mL water. The pH was adjusted to 1 with HCl and
15 the slurry stirred for 30 mins. The slurry was then
evaporated to dryness under reduced pressure. The
recovered pdwder was calcined in flowing air by ramping
to 700°C over 1 hour and holding for 2 hours. The
sample was flushed with nitrogen and taken into a

20 nitrogen filled dry-box for collection and storage.

Example 148 - Phosphate promoted silicoaluminate.

59 commercial silicoaluminate powder was slurried
into 50mL water. The pH was adjusted to 1 with 85%

25 phosphoric acid and the slurry stirred for 30 mins. The
slurry was then evaporated to dryness under reduced
pressure. The recovered powder was calcined in flowing
air by ramping to 700°C over 1 hour and holding for 2
hours. The sample was flushed with nitrogen and taken

30 into a nitrogen filled dry-box for collection and

storage.

Example 149 - Sulfate-treated zirconia.

5g zirconium hydroxide was placed on a frit and

25



75mL 0.5M sul furic acid was poured through-the bed and allowed to drain
slowy. The solid was suction dried and then calcined in f ] .l by
ranpi ng to 9148 )er 1 hour and holding for 2 hours. The %%#bg’l%é 5
flushed with nitrogen and taken into a nitrogen filled dry-box for

ot raf | uor oal uAeRa! B THTLONEaE Sria vy Fofeld Seolriibe! 6T | 500

was cal ci ned | allbwm\ntrrg drarinbyleelpi Mipet sOBSGvaaucxlhoudrm hol di ng

for 1 hour. Tlus e 0 a nitrogen
filled dry- box %ﬁl{@érﬁ %%%l%ﬁgagﬁdflgt%%gnﬁgogﬁk%ng ?é E b Inc oxi de on
silica. 5g ganrwes| Lrhowr wad Boldingl fioxt 8 howvsutThm sgfp2g wasnc nitrate in
25mL wat er . . Af t d under
reduced pr essu%gﬁgﬁg 2 %h%grﬁgég%/%réﬁggﬁg %g&g%ﬁ%lﬁ%g gflnf%lﬁesvasng air by
ranpi ng t o 350€@rpvieex Ifdrwrliadtimn dindgstoradehours. The sanpl e was
flushed with nitrogen and taken into a nitrogen filled dry-box for
collection and storage. 25 Conparative Exanples 1 - 4 The follow ng

conpar ative exanpl es illustrBramplmtl50smakheparAlBd um nosil i cat e Zeolites

3A and 4A utilized IEW do not
performas pronot e%i ?O(L)irﬁtdﬁg%%'lﬁcri %a%gtggf"z rog?}ggat I on oa‘l 3 30
pent eneni t @ | eJ - BeempLihem. $ocExd®Pi € 1L5A Bé&%l dvaml@haﬁgednvm th

N (Lri tol yI phogphint) 4sOuf rafpidh 3 T9BHE: oAICH2 Holkr0IaShofhsy M!) and

for 1 hour. The sample was flushed with nitrogen and
taken into a nitrogen filled dry-box for collection and
storage.

15

Example 151 - Zinc oxide on silica.

5g gamma alumina was stirred into a solution of 2g
zinc nitrate in 25mL water. After 30 mins the solution
was evaporated to dryness under reduced pressure and
20 the recovered solid was calcined in flowing air by
ramping to 350°C over 1 hour and holding for 4 hours.
The sample was flushed with nitrogen and taken into a

nitrogen filled dry-box for collection and storage.

25 Comparative Examples 1 - 4
The following comparative examples illustrate that

small pore aluminosilicate Zeolites 3A and 4A utilized in
U.S. Patent 3,846,474, examples 5 and 6, do not perform as
promoters for the nickel-catalyzed hydrocyanation of 3-

30 pentenenitrile.

Comparative Example 1

A reactor was charged with Ni (tritolylphosphite), (0.49
g; 0.34 mmol), ZnCl, (0.095 g; 0.67 mmol) and 3-

26



WO 01/ 14321 PCT/ U500/ 19385 pentenenitrile (10 nmL; 8.4 g; 104 mmol). The
reaction mxture was mai ntained at 25C while introducing HCN'at a rate of
20 nmol / hr W e¥14R1peri od of 16 hrs. Analysis of the resREYYRIVERBSIuct
solution by GC showed 3- penteneni trile 5 conversion of 14% and ADN

di stribution of 78% i on repeated w t hout ZnCl2, |ess
than 0. 4% 3- SSH‘ZSHEW\!%’F{&I h(ggn‘?]gf s% o4hng§§F Eugc’f) mpaTaf FREEBhinpl e 2 10
Hydr ocyanat i omiREusde PRl eRERhihé® AR sCarwhELL QtrbAudind BitReheSaM | ar to
Conpar ative Exanple_ 1 except that 0.90 g of 3A Ml ecular Sieves (an

al umi nosi | i caf@t2esfi 2% )Mgd/br GYRfe P tPG’rtlFté ff xtes - andrgysisoptt kee

resul ting progdghit & WrddclYs&Xushoed dcPeRbwRei-beht en&Ritugn el on of 24%
and 15 ADN distribution of 80% Wen the reaction was repeated w thout the

Znd 2, |es$ tRERVEr3Bm QfedtEndif tAON istEhbebieny P 485t e‘ﬂ‘eroﬁﬁﬁar ative

Exanpi e 3 20 Aeé@@ﬁér@rwé@ﬁ&eﬁé&f&ﬁdﬂwhbﬁtNZﬁtHtQE&EPﬂE‘l@&Dm 1e) 4-(0.49 g;
0.34 mmol ), tritolyl phosphite (0.59 g; nmpol ), ZnCl2 (0.095 g; 0.67
mol ) and 3- pBRRESRSRILGILE FeBversion zreauliﬁﬂ mml ). The reaction nixture
was mai ntai ned at 25C while introducing HCN at a rate of 120 mol /hr over

a period of 25 4.5 hrs. Analysis of the resultlng groduct solution by GC
showed 3-pentenenitrile convers 2 I stribution of 78% Wen

the reactign was r nwcidsmwtf 3ZpChBendEBtsrillkanal. 4% ¥ra@eBhenenidril e
conversion resulte arative Exanple 4 droc anation of
3- pent eneni t r'i“?’én%@ﬁ“&llﬂr o‘r‘ﬂmra%?a&wﬁaﬁmp e?‘b Sl dlige

Exanpl e 3 eXC@ﬁt3Afuﬁléau95rgS1éﬁes4AathBﬁmﬂﬁﬁsiﬂl&hes L&l ide)Miveesi | i cat e
zeolite) were, ,2dded {0t e UiSa1 08 VSt Srdf AL08: £ B8k lag product
solution by GC showed 3-pentenenitrile conversion of 24% and
15 ADN distribution of 80%.- When the reaction was repeated
~without the ZnCl,;, less than 6.2% 3—p§ntenenitrile

conversion resulted.

Comparative Example 3

20 A reactor was charged with Ni(tritolylphosphite), (0.49%
g; 0.34 mmol), tritolylphosphite (0.59 g; 1.7 mmol), ZnCl,
(0.035 g; 0.67 mmol) and 3-pentenenitrile (10 mL; 8.4 g; 104
mmol) . The reaction mixture was maintained at 25°C while
introducing HCN at a rate of 120 mmol/hr over a period of

25 4.5 hrs. Analyéis of the resulting product solution by GC
showed 3-pentenenitrile conversion of 5% and ADN
distribution of 78%. When the reaction was repeated without

ZnCl,, less than 0.4% 3-pentenenitrile conversion resulted.

30 Comparative Example 4

Hydrocyanation of 3-pentenenitrile was carried out in a
manner similar to Comparative Example 3 except that 0.95 g
of 4A Molecular Sieves (an aluminosilicate Zeolite) were

added to the mixture. Analysis of the resulting product

27



27 WO 01/14321 PCT/ USQQ 19385 solution by GC showed 3-pentenenitrile
conver si on q& %%%b d ADN distribution of 81% Wen the reaction was
repeated w ﬁ e ZnCl2, less than 0.2@63-pentenenitriF8“U§WW3§$sion
resulted. 28 WD 01/14321 PCT/US00/19385 What is clainmed: 1. A process for
converting an agdGitienMBypoghfd L [ [14 na
organonitrile b rez:i%t in%i} @% étlﬂjgjeglo%o%?%?%éﬁ%gﬁagcﬁf?n%?emal ner?‘ﬁe?a% R of
-25C to 200C a I‘Edﬁlséﬁg’l"él‘iﬁ & @3%: 0 Wioen dthepsphetesn was tdepeaped@sence of

a zeroval ent niwi@loueORREUARL1,2 1859 Qusscontal ih-gapd and an
i nsol uble Lew s acid,pronntef. 10 2. The procegé J%!c é%%g Sfurt her

conprising nedfYECEEPY Xe5HtEdi-ng the insoluble Lewis acid promoter from
t he nonool efin, HCN, zero-valent nickel' conpound, |ignd and
organonitrile.- 15 3. The process of claim2 wherein the acyclic olefin is
selected fromthe group consisting of CH2=CH(CH2), R and CH3- (CH2)

y-CH=CH (CH3) XR, wherein: Ris H CN, CO2R2, or perfluoroalkyl; 20 x is
O0to 12,; yis Oto 12; zis 1to 12 when Ris CNor CO2R2-and z is 0 to 12
when Ris H or perfluoroalkyl; and R2 is an al kyl group containing 1 to 12
carbon atons. 25 _

28



4. The process of claim 3 wherein the phosphorous-containing ligand is
selected fromthe group consisting of PXYZ and (X)(Y)P-Z' -P(X)(Y),
wherein:  Xw@ouM32are i ndependently R3 or OR4; 30 Z i s ORFCTASWIINS RG- O
and R3, R4, R5 and R6 are independently alkyl or aryl groups containing 1

to 18 carbon a%_&:ﬁd 11 11111111 11111112 ,CL Ms WO
01/ 14321 PCT/ U laim e process of claim4 in which the insoluble
pronoter is the only pronoter. 6. The process of claim4 in which the
pronoter is an_ 5 aryl-group containing, polystyrene having_netal cations
coval ently bourld toAtHEg%ﬁilsF f@’oﬁﬁﬁ‘f’e’t"%’e‘f)gn@\?{‘a?xgﬁﬁ%ﬁ‘?n"BgFﬁﬁ Rl ected from
Ehfa group consiis:te:ic aerﬁésﬁdﬂaﬁ,ngC&dﬁ‘inﬂilﬁl tdi:gﬁ.hbﬁstri.‘fjaw trie@BL S04 | €S

el enents 21-29.0 t he. Peri odi e t he second transition series 10
(el enents 3§- 4F06¢ “‘Pﬁ‘éoltfeﬁinod’ll&%ngﬁe)%& h&SPRPERELS 'E%I%rﬁ?ﬂts 57-71 of
t he Periodi c Talbloey ,admopresshtdni¢iIrg. 0gatbi Lo0 dthdispherges manitus tin,
haf nium tantalum tungsten, and.rheniu 15 7. The process of claim4 in
whi ch the promBrEPeREe £1 &, 35K0Kat 8~ cﬂlc%}bSQW%‘f%dg Fol yst yrene havi ng
nmetal cati ons phespE&tdus-owtdihindg bidgdidohadase isolublboxsid e groups,
the metal cations.,being selected fromthe group consisting of zinc,
cadnium the fPAFSE BFPII4Tsi tion series (el ements 21-29 of the Periodic
Tabl e), theosecond transition series (elenents 39-47 of the Periodic

Table), the rarzg e%ﬁg pr:r:%tcaelsg gg ! gfgfng S.L further comprising
mechanically separating the insoluble Lewis acid
promoter from the monoolefin, HCN, zero-valent nickel
compound, lignd and organonitrile.

15
3. The process of claim 2 wherein the acyclic olefin

' is selected from the group consisting of CH;=CH(CH;).R
and CH;- (CH,) y-CH=CH~ (CHz) xR, wherein:
R is H, CN, CO,R?, or perfluorocalkyl;
20 x is 0 to 12,;
y is 0 to 12;
z is 1 to 12 when R is CN or CO;R? and z is 0 to 12
when R is H or perfluorcalkyl; and
R? is an alkyl group containing 1 to 12 carbon atoms.
25
4, The process of claim 3 wherein the
pPhosphorous-containing ligand is selected from the
group consisting of PXYZ and (X)(Y)P-Z-P(XXY), wherein:
X and Y are independently R® or OR!;
30 Z is OR%;
Z' is 0-R®-0; and
R?, R*, R® and R® are independently alkyl or aryl groups

containing 1 to 18 carbon atoms.

UL,



57-71 of the Periodic Table), boron, alumnum gallium indium gernanium
tin, hafnium tantalum tungsten, 25 and rhenium 8. The %rocess of claim4
in which theogvsttter is a netal oxide selected fromtheP§ HWsi st i ng

of crystalline silicoaluninate clays or large pore 30 zeoli tes havi ng a

pore size greater than_about 8 _ Angs i e| 2
substantially ghonc slpgloﬁeﬁﬁ %l I :1(%0 gﬁ%anm& | ghg iy prom)t ed wth

chloride, sul fpr@nauerphesphatmlzlgmntarand sul fat e; niobic acid; acidic
gama-al um na; tungstic 30 1111111111 5 111111111 1111111C. WO 01/14321

PCT/ US00/ 19385 aci d; nolybdic acid; hydrous titania; zinc-oxide;
iron(l11) oxide; arthd ambhessnoD)adladm 9. iffhd'limloc:é@spm‘bmotar msB8 ann whi ch

S bae s R e oud, BARP LR R p T e LR Bfa PO O
pronoter is a cmwntaycbangéotqae:‘nfel aoy b set@kmsni c:ln&cmatabsca!;mmerei n 10

the netal is I\Q:i:f!:g .ﬁ_?ggb rom t CI g?oﬁa[\ycns%r?tlﬁ gdz:u:lr Dy, Ho, FEr,

Tm Yb, or FOCe s bf Re pron‘oter is a netal
cation with ancmnmm mﬁnhehfzmtdﬁmannsttms@&hla&s (B3 emantse2Y-@acifon, the

b f | f d
phosphate. - 150 e tipRtR LR tBe g98had ikl dBh BEcigy TRCE 00,

support sel@ct tzlldmemtnst B8-¢7 o DBenPesicdic fald@)si F:heaxanaé Lﬁamasand
car bon. {(elements 57-71 of the Periodic Table), boron,
aluminum, gallium, indium, germanium, tin, hafnium,

tantalum, tungsten, and rhenium.

is 7. The process of claim 4 in which the promoter is a
sulphonated or carboxylated polystyrene having metal
cations ionicaliy bound to the sulphonate or
carboxylate groups, the metal cations being selected
from the group consisting of zinc, cadmium, the first

20 transition series {elements 21-29 of the Periodic
Table), the second transition series (elements 39-47 of

' the Periodic Table), the rare earth metals (elements
57-71 of the Periodic Table), boron, aluminum, gallium,
indium, germanium, tin, hafnium, tantalum, tungsten,

25 and rhenium.

B. The process of claim 4 in which the promoter is a
metal oxide selected from the group consisting of
crystalline silicoaiuminate clays or large pore

30 zeolites having a pore size greater than about 8
Angstroms in their acid forms; substantially
noncrystalline silicoaluminates, optionally promoted
with chloride, sulfate or phosphate; zirconia and

sulfate; niobic acid; acidic gamma-alumina; tungstic

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\



13. The process of claim4 in which the pronoter is selected fromthe
group consisting of netal fluorides, netal fluorides supported on a
si | i coal um NWQ®A4Rpport, 25 iron phosphates, zinc sul f at EETUSPAEBS | f at es

and zirconi um hydrogen phosphate. 14. The process of claim4 in which the

Clppor ted on ancih Lrraleefier aPAf inelBRus Pl el &0 U PP T

iron(IIXI) oxide; and lanthanum oxide.

9. The process of claim 8 in which the promoter is on
5 a support selected from the group consisting of silica,

alumina and carbon.

10. The process of claim 4 in which the promoter is a
metal-exchanged perfluorosulphonic acid resin, wherein

10 the metal is Mn, Fe, Co, Zn, La, Ce, Pr, Nd, Sm, Eu,
Gd, Tb, Dy, Ho, Er, Tm, ¥b, or Lu.

11. The process of claim 4 in which the promoter is a
metal cation with an anion which renders it insoluble
15 in the reaction, the anion being selected from the

group consisting of halide, sulfate and phosphate.

12. The process of claim 11 in which the promoter is
on a support selected from the group consisting of

20 silica, alumina and carbon.

13. The process of claim 4 in which the promoter is
selected from the group consisting of metal fluorides,
metal fluorides supported on a silicoaluminate support,

25 iron phosphates, zinc sulfates, iron sulfates and

zirconium hydrogen phosphate,

14. The process of claim 4 in which the promoter is
selected from a group consisting of AlF;, ZnF;, and SbFs

30 supported on an aluminosilicate support.
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