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BACKGROUND OF THE INVENTION
This invention relates to a process for-converﬁing
an acyclic monpolefin to its corresponding terminal
organonitrile compound by reacting the monoolefin with
10 hydrogen cyanide (HCN) in the presence of zerd-valent
nickel, a phosphite ligand, and a Lewis acid pfomoter.
Hydrocyanation catalyst systems, particularly
S pertaining to the hydiocyaﬁation-of 51efins, are well
known in the art. Ebr example, systems useful for the
15  hydrocyanation of butadiene to form pentenenitrile (PN)
and for the subsequent hydrocyanation of pentenenitrilé
(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
3,566,237; and Tolman, C. A.; McKinney, R. J.; Seidel,
W. C.; Druliner, J. D.; aﬁd Stevens, W. R.; Advances in
25 Catalysis, 33, 1, 1985. The hydrocyanatlon of -
activated oleflns, such as conjugated olefins (e g.,
butadiene and styrene) and strained clefins (e.g.,
norbofnene), proceeds without the use of a Lewis acid
promoter, while hydrodyanation.of unactivated clefins,
30  .such as l-octene and 3-peﬁtenenitrile; 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



MONOCLEFI NS 5 BACKGROUND OF THE | NVENTION This invention relates to a
process for converting an acyclic nonoolef in to its. corr%?smﬂdryr@m
term nal organonitrile conpound by reacting the mondol ef in with 10

hydr ogeMO&yA#ttie (HCN) in the presence of zero-val ent ni ERElUSOsIBOSphite
ligand, and a Lewis acid pronoter. Hydrocyanation catal yst syst ens,
particularly pertaining to the hydrocyanation of olefins, are well known
in the artPTEBPtexafplectedsfsas askivdefoumbhe 65 hqlhub]:eyaﬂ@ttapn of
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styrene) and strained ol efins nor bor nene

of a Lew sihdihe presancs ofMa Ize:.ﬁw@rlmm-anﬂtdm afaumg@u wed ol efins, 30
reqU| res the use of a Lewi s acid

such as 1-qct 3 nt.e n|tr|I o
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di scl oses _an,i nprovenent in d}; rocyanation using a 7 January 2004
nickel-catalyzed hydrocyanation of pentenenltrlles in

the presence of a synergistic combination of promoters
selected_on the basi; of the reaction kinetics of the
ADN synthesis. U.S. Patents 5,233,058 and 5,286,825

15 disclose'the nickel—cataiyzed hydrocyaﬁation of
perflucoroalkyl ethylene and other partlally fluorlnated
clefins. U. S. Patent 5,087,723 discloses nickel-
catalyzed hydrocyanatlon 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 homogeneocus nature of this reaction
system makes it difficult toirecover 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 3,845,474
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




WO 01/ 14321 PCT/ US00/ 19385 pronoter selected froma | arge nunber of sol uble
nmetal cation conpounds. U S. Patent 3,496,218 discloses a nickel

hydr ocyanati on catal yst pronoted with various boron-contginj unds,
i ncluding triphenylboron 5 and al kali netal borohydrides. %bﬂéﬁ\%ggg@f

4,774,353 discloses a process for the preparation of dinitriles,
i ncl udi ng ADN, fromunsaturated nitriles, including PN, in the presence of

a zeroval ent ni al yst. and triorganotin catalyst onoter. U S
batont 4, 574, 358 BreyRucniTliR BoyPes eV IR UhAIPh Grokiie BYSEIoer oval ent
ni ckel - cat ployredal ifiindolobledm ttel reactioh metiire medid, thdreferd, readily bepapass doge of a
synergi stig C ' ' f pro ers _selected on the basis of the reaction
et s of et RESSRER €A lerlir 00T meBfariid Fised8sholtas Miere g6 505 15
di scl ose t he ni bkarleaspeet], heqoedentd noeytmngtrovidescd propess fouicsrvettinglanet hyl ene
and ot her y . Uor. lefins. U S Patent 5.087 723 discloses
ni ckel h‘? cagg{cbéﬁgll&hﬁ?} Jr'%@ﬁ%n%ﬁrlgg%ongfngﬁgwl@?{é)é%ﬁné’g'.trﬁ? ﬁyé%acﬁi{"%Z”e t hese cases,
t he cat al yswonagidfirpwitmbliC\; aba eentbesatatevafd25°C RRO0ME and apréssorensfdi. o
provi di ng Lall: h ne [ | nyironnent (i.e..
veryt hi ng D SERheRe M g ERERECE 3N SPT BmbAREE PbbonrBiouss, st em
makes it dedrtaioingtigand amdaoneolublhé.ewist aid/srommiat sefecteidtoan the@roueuse.
Wher eas pr%sgsqiﬁb ofret hods for 25 recovery.of nickel catalyst are known

exa

(see, for npfe, U S. Patent 3,773,809), recovery of pronoters renains
a di ffiult probillem ata§l-gieapenttaBjrgdiiysitenahadigpmetat tdtmns chealardlyi t i on of

Pydr ocyanat  on r eact PATaP b ardl dbEs. A FEESHGf SFing PbReBTell 687 0t ey
and product di stri bugiocon consisting of zinc, cadmium, the first transition series (elements
21-29 of the Periodic Table), the second transition series (elements 39-
47 of the Periodic Table), the rare earths (elements 57-71 of the
15 Periodic Table), boron, aluminum, gallium, indium, germanium, tin,

hafnium, tantalum, tungsten, and rhenium,

(2) a sulphonated or carboxylated polystyrene having metal cations
ionically bound to the sulphonate or carboxylate groups, the metal
20 cations being selected from the group consisting of zinc, cadmium, the
first transition series (elements 21-29 of the Periodic Table), the second
fransition 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, and

25 rhenium,

(3) a metal oxide selected from the group consisting of crystalline
silicoaluminate clays or large pore zeolites having a pore size greater
than about 8 Angstroms in their acid forms; substantially noncrystalline

30 silicoaluminates, optionally promoted with chloride, sulfate or
phosphate; zirconia and sulfate; niobic acid; acidic gamma-alumina;
tungstic acid; molybdic acid; hydrous titania; zinc oxide; iron(lHl) oxide;

and lanthanum oxide,



SUMVARY OF THE | NVENTI ON 2 27 January 2004 The present invention provides a
novel hydrocyanati on process wherein the pronoter is insoluble in the
reaction nediumand is, therefore, readily separable froangg%Eﬁfggﬁpts and
reacti on products by nechani cal nmeans such as filtration. I n"one’ aspect,
the present invention provides a process for converting an 5 acyclic
nonool efin to its corresponding term nal organonitrile by reacting the
nmonool efin with HCN, at g tq%?ergtur@ of fﬁSC t o ,200C nd.at resPEre of
0.05 to 100 atfgsph®FEE-oXE 4 1RES pRILarsuIPgPms 25id raid I o R 8P rpound,
a phosphor ous- cont aMnj kg Ca, Fanda,aba) ParNd, o) Bl lGal, TewDg, Hy iEd, Ton Oovimtoer

sel ected fromthe gr pup consisting of 10 (1) an aryl-group containing

pol ystyrene havi ng netal cations covalently bound to the aryl groups, the
nmetal cations being selected fromthe group consisting of zinc, cadm um

the first transjtion_ser] (elenments. 21-29 of the Periadic Table), the
second fr ansiti {)5ﬁ sef ?“eeéé‘%'é%’@ﬁ? gﬁg@lpn E%"C rew]eés ﬂér}s,loﬁ.lg}ecm.f%eoﬁe@?t’lo he rare
eart hs (el enents 57-{ht apfontbeingléeldided boin chelaioup condistingrof halidensuifate amdal | 1 um

(2)" 2 sul'phonat ea or PPl MayEhe. BGTet Merle OB RR m A dpe LERi R €7 = 2

ionically bound to tdibesthapkolidé,e or carboxyl ate groups, the netal cations
bei ng selected fromthe group consisting of zinc, cadmum the first
transition series (elenments 21-29 of the Periodic Table), the second
transitd on seri @& (emetabfitwidds-metabliudrides Baprioodd on Badilicealunirade seppertear t h
netals (el enments 57-. eriodi.c. Tabl e boron, al um nu allium
o um ger mani um 1 BiespRR s Eien At Eonrdfl ot Pk R ) Vo
metal oxide selected fromthe group consisting of crystalline

si | coal umi nat e 1 aygOrzdrar 4% S5, S REIS §PalBIIBsRoRE EpsiEe O eat er

15 DETAILED DESCRIPTION OF THE INVENTION

The present process for hydrocyanating an acyclic monocolefin to form the

corresponding nitrile, comprises reacting an acyclic monoolefin with HCN in the
presence

3a



t han about 8 Angstrons in their acid forns; substantially noncrystalline
silicoal um nates, optionally promoted with chloride,:sul f @ elapparyi@004phat e; -
zirconia and sulfate; niobic acid; acidic ganma-al unina; tungstic acid;

nol ybdi evaei/32ihydrous titania; zinc oxide; iron(lll) oxiperusangigsant hanum
- oxide, 3 27 January 2004 (4) a netal -exchanged perfl uorosul phoni c acid :
resin, wherein the netal is WM, Fe, Co, Zn, La, Ce, Pr, Nd, Sm Eu, d,

Tb, Dy, HoofEl, nldkeYbca®hlykY, add( 8h 2n@Bhabieatie@dsWat-Rhgan ani on which
renders it insoluble in the reaction, the anion being selected fromthe
group consP¥PPREEEF hahrEeafsars atBeapnsopubighrremopesymdgdbehovnever, that
LI the cali@Babacdd sBRNhC-80LL0ohSmi QLR HYAReSHbhEEE 10 (6) netal
fluorides, neta uor | des supportea on a siTicoalumnate Support, iron
phosphat esmegpen suthatesfahtdrationni um hydrogen phosphate, and (7) Al F3,

ZnF2, d SbF5 ported.op.an alum nosilicate support. 15 DETAILED
DESCRI PTI ON OF TRE@R&?%*F%h@ pgégeﬂfoﬁ?ﬁﬁeggefE?Sﬁﬁﬂgﬁeyﬁﬁating an
acyclic noRopielanItorform taed enerespeagh88dDhE! themi SQMIPr i S€s reacting
an acyclic_nonoolefin with HCN.in the presence 3a 27 January 2004 WO

01/ 14321 PEFFUSERY 998RBUMES PHPEREED caTal JescEABednbY nEeruble IBwi s acid

pronmoter. dpefgafi&dipedbpydigol uble pronmoter may be separated fromthe
reaction m xture by ‘nechani ca means, such as filtration. The nonool efins

" of the process are described by Formula I or Ill, and the correspondi ng

t er m nal _ :



_nitrile conpounds produced are described by Formula if or IV,
respectively, 4 27 Japgary 2004 WO 01114321 PCT/ US00/ 193827 January 2004

CH3- (CH2) y- CH=CH- ( CH2J}%R + HCN cat al yst NC- (CH2) y+x+3-R pronoter |

CH2=CH- (WPIR)/Z43® + HCN |11 If catal yst pronoter NG (CH2) Z+PetMsodsidzds wher ei n
‘Ris H CN, CO2R2, or perfluoroalkyl; xis Oto 12; yis O0to 12; z is 1
to 12 when Ris CNor CO2R2 and z is 0 to 12 when Ris H or

per fl uor oal ,and R2 is Cl to Cl2 straicgkdlystr branched al kyl. Preferred
monool ef i ns GHac{Gitdy-SH=CHI-(GHa)B # HEdht—enentriske, MNGYCH3},.,.3R and
4-pent eneoat es, and CH2=CH R3, wherei n Rfdmotgerf| ur oal kyl . Igreferred
products are adiponitrlle, alkyl 5-cyanovalerate, and R4--IH2CH2CN,

wherein R4 is perfluoroal kyl. Adiponitrile (ADN) is of particular 15
i nterest because it is an internediate used in the production of :

hexamet hyl enedi ami ne, which, in turn, isatalged to produce
‘pol yhexanet hyCHgreGldi{fty) dR (nyHON 6, 6) ci al N@Odemﬁ?g\ dea useful in
§*%a

formng fibers, filns, and nol ded arti gl’fﬁ‘ﬁm%‘ | ponitri | : SO serve as
a 20 precursor for mgoduction of caprolactam™ Dy a processpyinvol ving
partial hydrogenation of ADN. The catalysts enployed for ‘this process are
o wherein R is H, CN, CO3R2?, or perfluorocalkyl; x is 0 to

12; y is 0 to 12; z is 1 to 12 when R is CN or"_cozR’-

and z is 0 to 12 when R is H or perfluoroalkyl; and R2

is C, to C;; straight or branched alkyl.

Preferred monoolefins include 2-, 3- and

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

CHz=CH-R’, wherein R® is perfluroalkyl.

Preferred products are adiponitrile, alkyl
5—cyanovalerate,_and R*~-CH3CHRCN, wherein R® is
perfluoroalkyl. Adiponitrile (ADN) is of particular

15 interest because it is an intermediate used in the
prqduction of hexamethylenediamine, whiéh, 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 hydrdgenation of ADN;‘

The catalystslemployed for this process are

zerovalent nickel (Ni(0)}) compounds, substantially free
-of carbon mohoxide, which may be preformed or prepared

25 in situ. The cata1yéts 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



zeroval ent nickel (N (0)) conpounds, substantially free of carbon

monoxi de, which may be preformed or prepared 25 in siifu. TEhAdapearal2p64s

i ncl ude nickel conpounds containing |igands such asiphosphi nes, arsines,
sti binewo phmsphi tes, arsenites, stibites and m xtures thecfopenbsgand may
be added in excess of what can theoretically be coordinated to the nickel
at a given S 27 January 2004 WO 01/14321 PCT/ US00/ 19385 tine.. The use of
excess | i gamimef t eThraye dss dpguLy adi gsiaidddy ¥vidies 'H'n%;‘:%v %ﬁt alyst. 6
27 January 2004, WO 01/14321 PCI/ US00/ 19385 A preferred group of Fhese Ni (0)
catal ysts HERHLCYetRF dha ikl eatsdyst - N L3 1 L4 5 wherein L', Ls,
L3, and L4 are neutral |igands which may be the sane or different and have
the formula P(XYZ) wherein X and Y are selected fromthe group consisting
of Rand OR, and Zis OR'", wherein R R, and R' nmay be the sane or
different, and wherein R, R, ‘and e are 10 selected fromthe group
consisting of alkyl and aryl groups containing up to 18 carbon atons, with
aryl being preferred. Al kyl groups nay be linear or branched. The term
"aryl"™ is neant to denote an organic radical which is derived from an
aromatic ‘



. hydrocarbon by renoval of one atom Suitable aryl 15radicals are, for
-exanpl e, phenyl, benzgl, naphthyl, binaphthyl, ':and ant h2ddanyary 2804

parti Cu@+1¥14? ef erred“group within the .foregoing zeroval ent nickel
. catalys “PHat disclosed 20in U. S. Patent 3,903,120, WMGTAIPOPLo3ss
“incorporated herein by reference. This preferred group of catal ysts can be
described by the general fornmula Ni L4, where L is a neutral |igand such as
a triaryl phosphit @I FHEF GrinPaoh( ERePe NAdORi Farrlystanhas ytheroup of up
to 18 25cake@ierali0rudthi#al.r ati ve aryl groups are nethoxyphenyl, tolyl,
xylyl, and phenyl. Preferred aryl groups are neta-tolyl, para-tolyl, and
phenyl, and m xtures thereof. 7 27 January 2004 WO 01/ 14321 PCT/ US00/ 19385
Anot her preferred group of zerovalent, i (0) catalysts consists of
conmpounds of the general formnmulae shown below. 5 L5-Ni-L6 L6-Ni- (olefin)
whefein L5 and L6 are bhidentate |igands which may be the sanme or different
and have the formula (X)(Y)P-Z, 14 P(X.(Y), wherein X and Y are selected
fromthe grout) 10 consisting & ra “O?',Land Z' has the formula O R'-0O
wherein R R, and R' may be the sa or different, and wherein R, R., and
R' are selected fromthe group consisting of alkyl and aryl groups '
containing up to 18 carbon atons, thﬁ aryl being preferred, and the
olefin 15°'contains up to 18 carbon atons, and is preferably one

5 _wherein'Ll, 12, 1.3, and 14 are neutral ligands wﬁich may
-be the same or different and have the formula P(XYZ)
J ‘wherein X and Y are selected' from the group consistihg

.~bf-R and ORﬂ and Z is ORﬂ, wherein R, Rﬂ and R” may be
the same or different, aﬁd wherein R, Rﬂ 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 Qr'
branched. The term "aryl" is meant to denote an
orgaﬁic 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.
o A particularly preferred group within the
__foregoing zerovalent nickel catalysts is that disclosed
20 ip U.S. Patent 3,903,120, which is incorporated herein
by reference. This preferred group of catalysts can be
,described by the general formula NilL4, 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 -éarbon atoms. Illustfaﬁive aryl groups are
- methoxyphenyl, tolyl,_xylyl; and phenyl. Preferred
afyl groups are meté-tolyl,'para—tolyl, and phenyl, and

mixtures theredf.



of the nonool efins being hydrocyanated. Preferred L5 and L6 are descri bed
in U S Patents 5,6512,695, 5,512,696, 5,523,453, 5543, B36anigr2604843,
5,723,641, 5,821,378, and 5,847,191 and in PCT 20 appFications W9514659,
V\0990614\§’9%9@66355, W9906356, W). 9906357, and WI99063F&TiN00/19385

di scl osures of which are incorporated herein by reference. Especially
preferred L5 and_L6 are di phosphite ligands illustrated by Ligand fornul as
A to G bel ow. 252PP§RRd Rrgfgrredngaoyp2004 2a@cblea8? Ni((OYe = net hoxy tBu

= tert-butykhtB 0 LigandB 5 Ligand C Ligand D (i Pr =
i sopr opyl 1otw§§§9§b?ﬁ§?§§§sg§fjs%ﬁsgvngaozgmb 1??&%5? Pé?;BSéBP19385
Li gand G Théhpvonbedew:of the present invention nust be 10 insoluble in

the reaction nmedium and therefore easily recoverabl e by nmechani cal neans,
such as filtration- The term "insol uble" nmeans that |ess than about 0.1% of

5 . LS-Ni-Ls Lé-Ni- (olefin)

wherein IS and L6 are bidentate ligands which may be
the same or different and have the formula (X)(Y)P-Z-
P(X)(Y), wherein X and Y are selected from the group

- 10 consisting of R and ORﬂ and 7 has the formula O*R”4L
wherein R, Rﬁ and.Rﬂ may be the same or different, and

wherein R, Rﬂ 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.

Prefgrred L® and LS are described in U..S. Patents
5,512,685, 5;512,696, 5,523,453, 5,543,536, 5,683,843,
5,723,641, 5,821,378, and 5,847,191 and in PCT

20 applications WO9514659, WO9906146, WO9906355,
W05506356, W09906357, and WO9906358, the disclosures of
which are incqrpofated'hefain by reference. Espécially
prefer:ed L and 1Lf are diphosphite ligands illustrated
by Ligand formulas A to G below.

25

Ligand A



. 2004

. the pronoter is dissolved. The insoluble promoters of this invention are
-not believed to be active as a 15 result of |eaching of n#7alanuary200860m t he

i nsolu ter imto the reaction solution. Analysis_of 27 January
V\%k@f}'%l’g 1 PCT/ US00/ 19385 reacti on product sol uti oﬁg@égwa"%si ng

"these pronoters indicated netal ion concentrations well bel ow these
required for effective pronot el RSt i_vjntg C)The pronoters. nust have Lew s
acidity, as 5 ..indicated by théi'r abi |It1nyo coordinate to either a

met al - cyani de cont ai ni ng conpiEex =orteant -@nga/A0ni trile, as nmeasured
~spectroscopically by a shift in the infrared- band assigned to the

met al - cyani de or organonitrile stretch upon coordination to the 10
pronoter. An exanple of s e a Spe troscopically observed shift for a
sol ubl e pronmoter with a e ide (Ni-CN) species is described in
Advances i.n-Catal ysis, Vd SRS 3) , pages 12-13- Alternatively, Lew s
acidity may be nmeasured by J15 speg¢troscopig neasurenent of pyridine
adsorption onto i Asol wbl e propot eys as<gescri bed by J. A Lercher, G
Ritter, and H ba{nal of Cotg0l d - I nterface Science, Vol. 106
(1985) pages 21 {." I nol ubl e pronwotersjaey LEMgel ected from among 20
several classes of napie \ng{of (a) . polyolefins (such as
pol ystyrene, - pol yet 9e) having netal ions or conpl exes
coval ently bonded typ tp& ful phonate or carboxyl ate :
substituted pol yol ef'ts (i on exchange ; - 'ens) havi ng netal ions or netal
i on conpl exes 1By Ligand B

5
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Ligand D

isopropyl
Methyl)



ionically bonded to the polyner, including nmetal exchanged

per fl uorosul phonic acid resins, (c) inorganic netal=gxi dé€ JanuaWi2éh4t he . .
netal ions thenselves are. the centers of Lewis aci@ty, and (d) insoluble
nmetal 30WMEHYI4E, phosphates or sul fates, including those pgaapmohes on

metal oxides. Preferred nenbers of class (a) include polystyrene, which

may contain varying degrees of .cross-linking, in which netal or
organonetal cations 18 27 January 2004 WO 01/ ®4321 PCT/ US00/ 19385 are

coval ently bond¢d4afan ayl group of the /pol ne. These pronobters nmay
; ohostyrene, reacting the

o

tzh

be -prepared by

Gignard reagen metral or organo 3 5 covalently bond

t he metal or organdiret al 'quhe styreng” gkoup, en polymerizing the
nmet al - substituted styrene™grdqup wjth of w thout unsubstituted styrene and
cross-1inking -agents sucP BTy wgepe. The netal cation, which may
or may not- be bonded to ot groups, is selected fromthe group
consi sting of zinc,- cadm ransition series (elenents 21-29
of the Periodic Table), theJsecond trlansition series. (elenments 39-47 of
the Periodic Table), the rare earths Jelenents 57-71 ofaggs Peri odi c

Tabl e),., boron, 15 alum num gallium indium gernanﬁm% i & haf ni um
tantal um tungsten, and rhenium Preferred netal cations are selected from
the group consistingef zinc, alumnum titanium manganese, al um num and

tin. Preferredspronpgterg are pol ystyrene-,Ph- erein Ph 20 is phenyl,
Yis Sn(R)2 Wne( is}jl kyl, aryl, or , :

P
AN
5 0 2 J
Ligand F
Ci P~0 O—P Ci
5 2 l'
Ligand G o
The promoters of the Present invention must be
10 ' insoluble in the reaction medium and therefore easily
recoverablé by mechanical means, such as filtration.
The term "insoluble" means that less than about 0.1% of )
the promoter is digsolved. The insoiuble promoters of
this invention are not believed to be active as a

15  result of leaching of metal ijons from the insoluble

promoter into the reaction solution. Analysis of

10



~and X is a weakly coordinating counterion such as -, Br-, RS03- (wherein
‘Ris aryl, alkyl, perffuoral kyl, or perfluoroaryl). Espedalanyanyra®drred
pronoters are pol ystyre&ne-Sn(Ph)2X), wherein Ph i's phenyl and Xis a 25

} .vveakinéHHt‘ld?lgati ng counterion such as C -, Br-, RS03" PGHRASIRS s aryl,
al kyl, perfluoral kyl, or perfluoroaryl). Pronoters of class (b) are

sul fonated or carboxyl ated organi c polyners known as ion exchange 30
resins, suéiagsipol prgustiesoilntibinshfoohed osing gonesetmtomsidrens are
conically h sulfonyl or carboxyl s, Met.al - exchanged

perf | uorosgﬁg&%%fzt?%a}ﬁe%arlegfpﬁscé?cee% léagtlﬁ%n e"f‘giggg?%‘?% tR9S8&s, wherein the
netal is MreghéreBo fofneffactCee PromdPer? 7adEiwibty. 2004 WO 01/ 14321

PCT/ US00/ 19385 Eﬁ’ Sm Eu, Gd, Tbh, Qy, Ho, .  Er, Tm_Yb, or Lu.

(Per f | uor osul phoRFcPAEFATRES| HUFS BT kFWES i“Fl’egl’fY'acPe‘%rar k "Nafion" by E.
|. du Pontidaibafedr syafHe CONRBNV: t Vit d QS A ndded AVl tHérS5A ) Sul fonat ed
or 5 carboxyl ated pqrystyrene resins are commercially avail abl e under a
variety ofmﬁgéaecﬁéﬁégﬁ FoRtaEnbng| complenpise¥ | i3 torgEnqsidind Isy Rhom and
Haas, Phil ade ' P LA . on T resi may be obtained in
acid or io%,_ge{!(lgﬁgﬁggg ?g?%i—%%é&é %ﬂplrié)%‘% ers o hﬁ #ge-i nvention may be
readi |y prépéradeyband asshemg?. tdhthe medtadl -catamide Wt ch may or may not
be bonded tgo other _=erganjc groups, is selected fromthe group consisting
o aonect ARt rRaL e PPt i | RS e 55 Doy "t he

- second d r gpBbhdOEr Ser AfSexahsT@ s R B spdrtiiasdayitgant hs (el ements

57-71), boron, alum num :
observed shift for a soluble promoter with a nickel-

cyanide (Ni-CN) species is described in Advances in
Catalysis, Vol. 33 (1985), pages 12-13.
Alternatively, Lewis acidity may be measured by

15 spectroscopic measurement of pyridine adsorption onco
the insoluble promoters as described by J. A. Lercher,
G. Ritter, and H. Vinek, Journal of Colioid and_
Interface Science, Vol. 106 (1885) pages 215-221.

Inscluble promoters may be selected from among

20 several classes of materials.conSisting cf {a)
polyolefins (such as polystyrene, polyethylene or
peolypropylene) having metal ions or complexes.
covalently bonded to the polyolefin, (b)'sulﬁhonate or
carboxylate substitutea 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}-ﬁﬁbsphates or sulfates, including those
' supported on metal oxides.
. Preferred members of class (a) include

polystyrene, which may contain varying degrees of

.cross—linﬁ}ng, in which metal or organometal cations

11 . y



gallium indium germanium tin, hafnium tantalum tungsten, and rhenium
Preferred netal cations dre sel ected fromthe gr oup: conS|2§’tJanganyf20f)|4nc
alumi num titanium nmanganese, alum numand tin. Pagticularly 20 preferred
pr onot eWe Gfié32het al or organonetal exchanged poly (styr ®@cEFASBEBI3BS r esi ns.
Especially preferred is poly (styrene-503-Sn(Ph)3), wherein Ph is phenyl. -
Pronoters of class (c) are netal oxides in which the netal ions thensel ves

are the cemter@mcﬁlé:fmﬁ}s kﬂiﬁacbéﬂ did yan tdryd apdalig wibeimeg nani fested by the
an electron pair formng a dative

nmetal ions', abilit accep
( donor - acEP6F Y?F‘d%?ﬂ' Q%"?E BEQBALETH (aY] SPTRATSH MY fekisan a

coor di nat l@mﬁmﬁ)re TR %&m&ﬁ&' eeed i LPHehe cl ass
- consisting of 30 crystalline silicoalumnafe clays in théir acid forns.

C ays suclEanard maagent mlﬁfé? & meddosint pmgnowrt@@hyﬂaﬂmde twi cas,
| b
verm cyl i tc%%raqr WP DAt RES 1 %gt%h%%t%t‘i‘?% % %%“i,'gte%?”?gnu:r y

used.” Essenti a m)rphous sﬂ I coalumn

2004 WO 0HIAGR1 a?@T/tMS@D/prﬂ.’;&E:mI@ rthagmagaﬂr—esmbh@;:.ﬂ:mt&dOS ei t her
native or ted wi th_chloride phate phosphate to enhance the
surface adidi %aé & G URe Wid&y © rTI‘iJé‘t?’& ﬁ&ﬂ'té‘ltg Sb¥*g¥&danfar ge pore

“silicoal umnwsemeﬂdmtge&g(@rt%ats@mﬁ afshaavilHWbe&zéﬁﬁSt O RRER1SI Z€),
al um na, h drous zirconia, zirconia, and zirconi a whose surface has been
treated wiEtism r ¥ihdchomaye ffemag ot Sepbpadedi &0 oshelsi ergendcand hydr ous
ni obi g9 agrdhpsJanER sah bR, n I i.C acid,
hydr ous t:é!tan?gg 10 ?I nc oxi dgrtol}hr gn%E %F?ﬁgxcag@&% ?ﬁa%m)éggl de

- cadmlum the f;rst transition series (elements 21- -29 of-

the Periodic Table), the éecond transition series. A
(elements 39-47 of the Periodic Table), thelrare earths B
. (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 conéisting of zinc,
gluminum, titanium, manganese, aluminum and tin.
Preferred promcters are poly(styrene-Ph-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 C1°,
Br', RSO3  {(wherein R is aryl, alkyl, perfluoralkyl, or
perfluorcaryl). Especially p}eferred promotérs‘are
poly(styrene-Sn(Ph)2X), wherein Ph is phenyl and X is a

25  weakly coordinating counterion such as C1°, Br’, RSO3
(wherein R is aryl, alkyl, perfluecralkyl, or
perfluoroaryl) . |

Promdters 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 alsc members of this

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

12



_ het eropol yaci ds, magnesi a/ al um na, al um nophosphates, non-Si/Al
.zeolite-type materialgisuch as ALPGs (crystalline, m cror%rhusaralﬁ@ﬂﬂnum
phosphat e structures} SAPGs (silica-al um nophosphates where 15 silicon
_ions oc®M¥e of the aluninumsites in a crystalline PATHRNEB8hosphat e
structure), MeAPGs (netal ions such as Co, M etc., substituted onto the
AI sites o& %‘Bt al | | ne aI um nosi l.i cates), convent | onal zeolites in which
4t

i s subs B,TRor D¥e, HS\:aif¥ -0rf™20 Y&yl P& &% forms of SnC2 and
Hf 2, bori C(Mﬂ@%éﬁq&ﬂﬁnﬁo%ﬂ“ﬂ&l%m 1isd s%(i'&p%ki%&o'ﬁ% { hat present

surface coordinati-on sites at boron atons. Any of these swtabl e

promot ers R ad-'ks dedderdnty & -hilgh dsuPrate dgr ¥empu2@nRhdn) support such
as silica, & Q- rhon IS this cl are, mast _effective
when cal cine rer%\%iln toglr gng@g‘%onétgfis(gr@tomgé‘ f&é‘f"&ngs?f'es Such
cal ¢i nabi orca@qecwﬂ@ekie@ulmtwehbowesgnal aret eoinmepeiafldies in excess of

400C. Clas d om)t rs of thi,s. invention consist of a 30 netal cation
with an ani (‘)’%1sl \)}\‘ﬁ% i P@ﬁ&é‘-r? VETiRLY| ﬁgl Eraﬁﬁ Fﬁ@eﬁeagPFoﬁxﬁ@E?-ﬁm t he ani on

bei ng sel echedhetrigr -t be qlsesd e9nRhshl AEdOkabal i 8Ri18ukBheaand phosphate.
Preferred rn::rr‘oerrsL of this class are netal fluorides and -fetal fluorides
support ed GROBFYLYERAEN Hafed: )i roﬁhﬁez?egaﬁaamwzbmob@gnm/ 14321

PCTI USOO' 19 o] a t a t zi rconi um
hydr ogen ph%gghgfk}egggs%ggflg'ﬂgégpr%g%rgre d Eﬂe ggmgpé%%l §§c s§ are Al F3i

ZnF2, ¥hd $prESnbhonamawi h@erBdaﬂE pAﬁyanédthEsmﬁuexahhnget omeé ers may be
5 dlspersegeggiocgtgogh SH %a§r8§ &a%oﬂgégﬂg gogged to other

organic groups, is selected from the group consisting

of zineg, cadmium, the first transition series (elements
21-29), the second transition series (elements 38-47),
15 the rare earths (elements 57-71), boron, aluminum,
géllium, indium, germanium, tin, hafnium, tantalum,
tungsten, and rhenium. Preferred metal cations are
selected from the group consisting of zinc, aiuminum,
titanium, manganese, aluminum and tin. Particularly
20 preferred promoteré are metal or organometallexchanged
poly (styrene-S03-) resins. Especially pfeferred is
poly(styrene-503'8n(Ph)3), wherein Ph is phenyl.
Promoters of class (c) are ﬁetal oxides in which
.LJ 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 claés 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.

Eséentially amorphoué silicoaluminates, with a Si/Al

13



such as silica, alum na or carbon. The present hydrocyanati on process may
be carried- out by charging a reactor with all of the.read7aangary 2004

preferabl({, béﬁchargi ng the reactor with the 10 catal'yst precursor or
cat al ysWQ¥hdéHent s, the aliphatic nonoolefin, the pronAEHUSHHNI3E5e

sol vent to be used and addi ng the hydrogen cyanide slowy. HCN may be
added to the reaction as _vapor or liquid, or released to the system

utilizi ng E9ahBhTaPEARISEECMs &P &8 Bx8Rpl 8ithes napavends Bressed23 and

5,107, 012 whikhcRI8riBACOEAPLALEE BEr §hA Lef eLenst e gactor may al so
be charged withctheréat al yst,f’ pr onot e?, gﬁra%at he so?\ﬁ/}}’?\rtlggt%lli e used, and

bot h monoofeFiacendcidirrddedyshbevigedo The feltowbmgnmay skso The nol ar
rati o- of in 20 catal yst  be_fromabout 10:1 to 2000:1. The
B a1 M afae oE8) By ol e L OB AP s  Poetith 0.1 wi oo Lo

i nsol ubl e prono
50 wt %Sof then relacttod mmgstrolrpdes adlye) healumdhaplwydrouoter is present
in the r'anlqlg of . about 1 wi%to 25 Wt % of the reaction mass. 25 The

hydr ocyanafion teact FORCRRIR bedRAr FHETORIA WhPER SrTidthoias festvent. The

sol vent shordatd® witlubeh fdcé heon eACLEOR A& NPET &bk £ Wl pr essure and
inert towards the acyclic nonoolefin and the catalyst. Cenerally, such

sol vent s dFEMRrdeHE A shedeeuasnobbenankdbs ggtreneylweins triles such
be hydr ooy ALe e e ot ve meti i, ORI DR, AREIR i e s
dependént zime weide Nirax(EN) oxide, phadtleaman @aidd yst bei ng used, the
15 27 J amf%@'er%%%ﬁyyé\% 10&5{ ,14n§azglnePsC1Ta{ }é 019“/[1:&19&3‘8 5a1uminophcsphates :
non-Si/Al zeolite-type materials such as ALPOs
(crystalline, microporous aluminum phosphate
structures), SAPOs (silica-aluminophosphates wheré
15 silicon ions occupy some of the aluminum sitesiin a
crys;alline alumino-phosphate structure), MeAPOs (metal
ions such as Co, Mn etc., substituted onto the Al sites
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 éurface
coordination sites at boron atoms. Any of these
suitable promoters may be disperséd onto a high surface
area (>20m2/gm) support such as siliéa, alumina or
25  caxbon. Members of this class are most effective when
calcined 'to remove water and Bronsted (protonic) acid
sites. Such calcination requires heating in flowing air
Lo 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
tpe class consisting of halide, sulfate and phosphate.
Preferred members of this class are metal fluorides and

metal fluorides supported on silicoaluminates, iron

14



_ particular nonool efin being used and the desired reaction rate. Generally,
tenperatures of from=25 to 200C can be used, wi'th from @7tlnu&@Q00éi ng
preferr spher¥tc pressure is satisfactory-for carryin out the

. present Q’g‘?gﬁﬁ@{mand hence pressures of from about 0.05 lf%r’?f%"g?%spher es

are-preferred for economc reasons. Preferably, the reaction nediumis

agitated, such .10 as t;éstirrin or shaking. The reaction may be run
ei t her bat sphakesi, ZinG suliases apfnéronTRELEpEBADERA My be recover ed
for furtheritsoniymgliariged phBRBASESUChEagekhLi gt ] ntation or
centrifugation. The cyar]atge@g1 ;E))r odgct ¢tan %gﬁﬁecove?egg%ge 'f‘/:&gonvent I onal

t echni ques MeBhERSa9LdEHdis| IcdrssnarEXAMPLEZNFEhe aindl IStis ngnnonl i niti ng

exanpl es i LhustLate4t lLhventi Qn. used. herein, "mp-TTP" refers to 20

tritolyl phosph:it e \Aﬁﬁgﬁt%dn?g&nggat 73T u?%lggbﬁ%tggorﬁﬂgeria‘?@ft%?yl gr oups.

PNs -r ef®er sdigperaedt onecofs Bighestefisrmé taide aﬂnlo:ﬁ:?/@ant@cr}@%e,ﬂi l e. ADN
“refers to Sgghpggigﬂl.ea, to nethylglutaronitrile, an SN to

~ethyl succi nonrtfrler-252exanie™d P¥| es that Fe203 (class C) Pronotes
Hydr ocyanati on Dhe PhiBesanfDhk 360 t it [9E6Fes & R thO % ;p g) of a
mxture of NN(mp-TTP)4 (23.72 g)(the catal yst?, %Q%-TT% %36%% g)
(excess | i GRhdyY ardePRENE 08, Seastencyidh @kbrbl Hie i reactmsadded to a

fl ask Cont@'rﬂiﬁ'ﬁeféﬁgélﬁ@-Eﬁochgz\c_{,iﬁ&%g)'fea%@@t&{gh éli?ee Fe203 forned a

slurry in 16
10  catalyst precursor or catalyst components, the

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 cyanohydrin. 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 élbwly'tc
the reaction mixture. The molar ratio of moncolefin 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 solvenﬁ. 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 nitriles 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



27 January 2004 WO 01/14321 PCT/US00/ 19385 this m xture. The fl ask

contents were heated to

spar gi ng

N2 through a chill ed.

trap (OC) and into the flask. Liqu

and its

60C. HCN vapor was introduged - 2@ Jehearyl286k by

id

sanpl esWeRdl4d¥it hdrawn at 45 minutes, 2, 5 .-and 3 hour SCTUSOAIESd
anal yses showed HCN concentrations to be 385, 640, and 973 ppm at
these times respectively. The reaction was stopped at the end of
and the preduetcuanel yeadohyrgasbeinamakedr aplytheCieseongai ned 24. 53 wt %

ADN, 5:.7

7 w% 10 MEN, and O.8

4 wt% ESN. Distribution: 78.7% ADN

-each of
4 hours,

(the

Di stributi 382F&$OBbFaFRed BYNEFFLdYng LERBERASHEER BF TEAB s2m B® the wt % of

"ADN, MG\,
| nsol ubl e

288~ cESN) - pEXaaphe &
Pronoter. Fe203 (0.2

4R EbLHshrabesshbat pEERQ3 is Acting
16 g) was |ncugated wth 30 nL of a

as a

cat al yst nbxefiesred.t he sane conp05|t|on used in 20 Exanple 1 above. The

m Xt ur g vas stigred_under. piLr

The mxt

Ure was ered (

PERGEC, 1Bl afFLo%GEoRE £9F pifEriog

r at 60C.

t ransf erredutOthéepsamhyﬁfoeyaﬁat anf hppes apressused o Bxampl e 1.

Hydr ogen

~ . only one

wi t hout o

-introduced,

s 25 in ExanplLe 1, but for a per

cyani de
h%‘ﬁ?‘}t 0E841GY IFLRASPREFRECETA REREEBFe@xERFi nent, us
t he sane catghymicN-xiskhes . but w thout prior i ncubati on with Fe20

t her added pronoters,

was reacted, in the sane apparatus,

i od of

ing only

3, and
with 30

hydr ogen cyanld%f¢%@r¢bhburth¢nr%ﬁ@té@ﬂtm%ﬁlu@xp%r$§m#nt2®nlquﬁh32 Wt % ADN
e By ESEIPE g Tox | SnAPLA9. FOROG L Eadk E8E e UL N, N HON

either batchwise or in a continuous manner. The

was fargre

reaction,

15

20

25

30

promoter may be recovered for further use by mechanical

means such as filtration, decantation or

centrifugation. The cyanated product can be recovered

by conventional techniques, such as distillation.

EXAMPLES

The following nonllmltlng examples illustrate the

invention. As used herein, *“m,p-TTP¥ refers to

‘tritolylphosphite which contains a mixture of meta- and

para-tolyl groups. PNs refers to a mixture of 3-

pentenenitrile and 4-

pentenenlfrlle ADN reéfers to

adlponltrlle, MGN to methylglutarcnltrlle, and ESN to

ethylsuccinonitrile.

Example 1

Illustrates that Fez03 (class C) Promotes

Hydrocyanaticon of PNs to ADN i

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) lexcess ligand) and

PNs (95.5 g) {(acyclic monoolefin)

was added to a flask containing Fez03 (0.180

g) (insoluble promoter).

The Fep03 formed a slurry in'

16



~2.18 wt % ADN was forned after only 45 mnutes, show ng 17 27 January 2004

- 'WO 01/ 14321 PCTI USQO £9385 that Fe2( acts as an:insol ubl &7pkaouay&004f t he
PN to ADN reaction.sExamle 3 Illustrates that "Fe2G3 is not a Catal yst

for Hyd’V@@yhﬁé’tlon. Fe203 (0.036 g) was mixed with PNs (BCHUSPE/19385 quid HCN
(0.40 nmL) was added to the m xture, which 10 was then heated to 60C for a
period of 2 hours. No ADN was detected by GC. Examle 4 Illustrates that a
Sol ubl e Pr BAbE cPixhREe No?hﬁofh@S]ESaWeht$e‘2%t%%t‘§eWthe#WM| ng

Hydr ocyanag} react ors were se ont ai ned the same
charge as mQII;xarrpH"Iil er "ﬁ‘ﬁé‘ﬁ' q‘—:{é‘f&% tﬁe oFl? Y enpty. Both
reactors Sr gﬁ%iiz@dfé St a rgactor 1..
After 1 h\(l)\%‘i'rs %%ﬁli?flow was stoppe to re 1 ané‘hﬁiq‘trfrtg)gen | ow was
start ed. ﬂb@ﬁbxl r@i@laﬁmﬂ@é wr&re haemtd'uhtasm anf4F eachwtred, Mere

filtered (. asrln tran reactor 2. HCN fl ow
was stgrteﬁonngr%%% gﬁ‘%&ﬁ Z%n Srefsov? cﬁgﬁﬁal ned on reactor 1.
Sanpl es wmcémﬁmmtﬁe g8} 40 atarld mw.ar domeat id@cwfor filtration

and transfer) and, at two hours, the tine at which HCN was st opped to
reactor 2.t relifd §?%%‘-v‘%@)¥sh&ﬁ%&%@%d’(ﬁﬁll%qw@famm during

the second R0 &i¥los M NRAGION nd finld eﬂﬁﬁd@é erd than
occurred during the second Hour of reactor un |Iter terial, under
N2) . chromatography (GC), contained 24. 53 Wtﬁ ADN, 5.77 wt%

10 MGN, and 0.84 wt% ESN. Distribution: 78.7% ADN (the
Distribution was obtained by dividing the wt% ADN by
i) the sum of the wt$% of ADN, MGN, and ESN).

Example 2

15 - ITllustrates that Fes03 is Acting as a Insoluble

Promoter.

Fes03 (0.216 g) was incubated with 30 mL of a

catalyst mixture of the same coﬁpositicn 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

-5 was transferred to the same hydrocyanatlon apparatus

used in Example 1. Hydrogen cyanide was- introduced, as’

25 1in Example 1, but for a period of only cne hour. ADN
(0.54 wt%) was formed. A control experiment, using
only the same catalyst mixture, but without prior
incubation Wlth Fep03, and without other added
promoters, was reacted, in the same apparatus, with

- 30 hydrogen cyanide for 1 hour. 1In the control

experiment, only 0.32 wt% ADN was formed. In Example
1, in which Fe,0; 1s present during the HCN reaction,

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

17



Table 1 18 27 January 2004 WO 01/14321 5 Exanples 5 - 9 Illustrate the Use
of & her Insoluble Pronbters. 10 In a nmanner siml ar:to0 tRitJadesyrddodd in -

Exanpl e her insoluble pronoters were denonstrated t%ﬂll?"zsso five

i nsol ubnguﬂ’rlg ters as illustrated in Table 2: 15 20 Exar o/igasg 41
Addi tional Exanples of Insoluble Pronoters 25 The exanples in Table 3
utilized bidentate ligands (diphosphites) and were carried out using the
fol | owi ng © &%%PSPO%&&& &% @ éé?%&%%"i‘ﬂfteéﬂ.oq_i%é@ BSto G are
i dentifi edapw Tabkeidmand are described above. In sonme cases, identified

as "recycle", the pronoter was isolated 30 after the run and reused in a
subsequent run with no further treatnment. A glass reactor fitted wth a
nitrogen bubbler was charged w t%}l—mﬂlenitri le (5 nmL; 52 nmol) Iigand
(see Table 3)(0.28 nural), (liga ) (0.14 nmol) and 19

PCT/ USC0/ 19385 Helalotsi Tatres DN, Feg 08V mb €6 & ESa e 18k0. 472. 530. 403
1212.183. 020.478 2111.512. 870. ﬁ?% 2212. 4411:3. 180.540 Table 2 Ex.. Conmpound Wi
ht, W % ADNDi st ri buti on yarocyanation.

Fep03 (0.036 g) was mixed with PNs (4.0 mL).
Liquid HCN (0.40 mL) was added to the mixture, which
.10 was then heated to 60°C for a period of 2 hours. No
ADN was detected by GC.

Example 4

Illustrates that a Soluble Promoter Does Not Form

15 - When Feggg Reacts With HCN During Hydrocyanation.

Two reactors were set up. Reactor 1 contained the same
charge as in Example 1 and 0.180 g Fe303. 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
ware'filtered (using a syringe filter) and transferred
Lo 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
1} 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

18



. 5bFeQ(OH) 0. 1823. 1276. 8% 6Fe3( P04) 2. 8H201. 032. 092. 79. 5% 7T1020. 1671. 1478- . 6
- 8ZnQ0. 17018. 2478. 6 9Zg®2(2 hour run)0.2591. 56- 27 January 2Z2QR4ud 200414321
PCT/ USOQ é%?&% Prom)t & (see Table 3 for anopunt) tunder inert nitroggn

. at nosphel 8 "8 ni xture was heated-to tenperature (see TEGIFAS8Y1%3

"agitated with a magnetic stirrer. HCN was delivered to the reactor by

sparging a sg of Liguid HCN S (cpoled tp O wWth dry nitrogen (see

Table3.for§ Shor rﬂ L e T e Fesul er agiks Led?HON N2

UVV C C C Cl Ci C) » - - i =, =% |

m xture into the reactar below the 1o0guvd | evels3Progregsa®@t the reaction
was noni tor?d by renovi g\?vaal I quots and anal yzi ng by gas- chromat ogr aphy.
After Z hr the reaction4was terninat¥tl:180 Res@it?% are gPvEMin Table 3. (;
PN cony = 190 x total dipnitriles proguct;/ inigigh PN s), ?’/@ADN
distribution = 100 x ADN / total dinitriles product) 15 Table 3 Ex.

Pronot erAnotint Li gand Ténp N. 9%PNVADR gfansCf | dwi&onv. D s$40 bution 10

Pol ystyrene-SnPh (Q SO ) 2

Examples 5 - 9

Illustrate the Use of Other Insoluble Prométers.

10 In a manner similar to that described in Example
1, other insoluble promoters were demonstrated to be

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 Ti0, 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 Insoluble 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(CzHg) (0.14 mmol) and

- 19



3 1. 0A70306692 3 11 recycle 2nd tinme of sane sanpl eA70306193 13 recycle 3rd

time of same sanpl eA70305194 14 Pol ystyrene- snPh2( CE3SCB) 270ARG39 2800 15

BAg oL

Pol yst yr ene- CHZ- SnPhC120. 3A70301277 19

Pol ystyreng
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al ¢crned

of sanme sanpl eA70306290 16 recycle 3rd tjne
7 - Pol ystyrene- SnPh( HSO4) 21. 0A7030690 1&CT/US

of sane
00/19385

5&|ynder inert nitrogen

ggg196§g030é177.24 Sglfatgd zirconia dried 500C0.5

“SiTi ¢o- aPtnfRAFBL695XF68026B89DEL RECSELE eHd t HAN wase
.hat 70302783, 28

_ AR08 RolraRTRE0f (8 8%cn

¢¢ §o Q&?HiElﬁhuﬁruapiarwgan5®@€¢:ma5n6030ﬁ6f6f3&w5u|fateq

Becor ety

0302281 23

30877 25

01/ 14321
Np @Bigtures3
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Ol - pr onot edNEP/ phe cupatnod FEDEY Ot BASDAGRTA 8heBdl ALFBdogak 5k NGE
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15

Results are given in Table 3.

cal ci ned, 600t
Vi@ aliquots and analyzing by

Ti (OH) 4 on s???%%ybg%%rg#%‘g%%‘%%é%ﬂi%

gas chromatography.

0. 5A803027 g@

36- 4%

After 1 hr the reaction was terminated.

{% PN conv = 100 x total dinitriles product / initial PN'S)

(% ADN distribution = 100 x ADN / total dinitriles

product)
Table 3

Ex. Promoter Amount Ligand Temp N, $PN  SADN

‘ grams °c flow Conv. Distributicon
10 Polystyrene—Snth(CH_‘gSO;q) 1.0 A 70 30 66 22
11 recycle 2ad time of same sample A 70 30 &1 93
13 . recycle 3rd time of same sample A ¢ 30 51 94
14 Polystyrene-SnPhy(CF3503} 1.0 A 70 30 73 90
15 recyclc_a 2nd time of same sample A 70 30 €2 - 990
15 recycle 3rd time of same sample A 70 ]
17 -Polystyrene-SnPh(HSO.;)z ' I. 1.0 A 70 30 :B :2
18 Polystyrene-CHz-SnPhCl, 0.3 A 70 30 12 77
19 Polystyrene-SaPh; (CH3503) 1.0 D 50 30 12 20
20 Polysgyr?ne—Snth(C!{3SO3) 1.0 c 50 30 10 89
21 Poly (4-styrene-sulfonate) [Ph3sn} 0.06 A A 80 30 31 94
22 Ph3Sn Nafionate 0.06 A 70 30 22 B
23 ¥b Nafionate 0.06 A 70 30 21 77
24 sulfated zirconia dried 500°C 0.5 A 70 30 8 77
25 Cl-promoted- silico-alumindte, g.5 A 70 3¢ 46 g8
26 Recycle 2nd time same sample 0.5 A 70 30 17 84
27 PO-promoted silico-alun-_linate, 0.5 A 70 30 27 83
28 theta-AlF; on silico-aluminate, 0.5 A 86 12. 14 83
29 theta~AlF3' pure 0.5 A 8aG 12 21° 77
30 Acidic alumina, dried 500°C, 0.5 A 70 30 10 76
31 0.5 A 80 30 11 75

Sulfated zirconia calcined 600°C,

20
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-

. 37-5% HNbGB on silica, dried 300C 0.5A803019 76 38..5% Zr(OH) 4 on silica,

- dried 300C 0. 5A803018:76 39 Fe203 0. 05A701511 76 40 FeO 0.2BAR01@YPO033 41

Cl- prong,% i co-al tifri nate 0.5C801212 86 Exanpl'es 42-1 A 4 ni reactor
equi ppe eﬂlayé magnetic stir bar, was charged with 0.0 %3'"'5%%9 ormt er

“and 0.2 nL of 5 catalyst solution corrprlsed of N|(CCD)2 ("CaD' is 1,5

cycl ooct adi;eng) (0.0 di p osp ite and (0.42. mml see
Table 4), 3. pen‘fr%ﬂc’ecﬁ?%ﬁ? eca(lgmerpmoof 2 P mm?% g"é’md i gafid A only,
t ol uene (57 yrreertaf FirH soicidsd| 1087ng |0r-’gandA Thesor egeti on 1Gani xt ure was

heated to 50GisndeAgideatedcnhi | e being exposed to @an apnogpherg of N2
cont ai ni ng3;332 ener ted ssing, a stream of dry N2 t hrough
liquid HCN atégtﬁlgllzﬂlte ‘1% ﬁoﬁ’r‘“s‘adtgl\{?gﬁ)?eact of was ‘purded®” wi t/A N2 and t he

reaction sdf uft h(H 4 oredlifes h a8iad 308 Acket one. THE | iBGui & phase was
anal yzed by7 G& ushrosmbngeaphyiea RRsWl t Soare presenfedspn fabl §,4 bel ow

Tabl e 4 20;£XxEy erLi d%P % ADI\L stri butlon 42- AW Ti (OH) 4 on
Si 02 (300C) A6. 9%R’ of‘—iNb Sn’°S; 02@(30 do) A21°281%2 ¥4- 59 zr (OH) 4 on

Si 02 (300C)°A3%%s6. 1 45t het a- A1F3A18 37%-9% 46% het Z°AVES o 76
silicoal unihds®eA40.088.0 21 27 January €604 a 70 10 19 73
41 C1- promcted silico-aluminate 0.5 C 80 12 12 as

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 &f Ni(COD), (“COD" is 1,5-

cyclooctadiene) (0.038 g; 0.14 mmol), diphosphite
Iigand (0.42 mmol, see Table 4}, 3—pentenanitri1é.f5
mb; 4.2 g; 51.9 mmol), and Ligand A only, toluene (5
mL) to aid in solubilizing ligand. The reaction

10 -~ mixture was heated to 50°C and agitated while-Beiﬁgi“
exposed to an atmosphere of N2 containing 35% v/§ HCN,
generated by passing a stream of dry Ny 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

Ex Promoterxr : Ligand % PN % ADN
Conv Distribution

42 4% Ti(OH)4 on Si03 (300°C) A €.3 72.5
43 sy HNBO3 on Si0s (300°C) A 212 s12
44 _5% Zr(OHl4 on 5i0y (300°C} A 20.6 86.1
45 theta-AlF, A 18.3 74.7
46 theta-AlF3 on silicoaluminate A 4"0_0 88.0

21



W) 01114321PCTI USO0/ 19385 47Si | i coal um nate (600C/ 4h) A72.187.8 48Acidified
si | i coal umi nate (600C/ 4h) A58.287.6 49Chl ori de pronot&d sild/clsavanidfbde \
(200A29 OChl oride pronoted Silicoal um nate (700A58, .3.bl1Phosphat e
pr orot e%@ﬁf‘%’é al uni nate (700A61.987.1 52ALP04 (600C/ 4h) %f%?‘%‘?ﬁ’.‘%”s ,
53Commerci al silicoal um nate cracki ngA66. 388.1 54Aci dic g-al um na

(500C) A9. 6.,.80. 9 55Boric acid pronoted g-al um naA27.580.9 56Zn0O an

g- al uni naA%/sFilicasirninash &995C/dRhnul esA3. 475. 8 B8Sul fated zi riohi a
(600C/ 4h) A28. 47545 159 SeAlfigealaminateo e °¢B00C/ 4h) AR3. 17684 60Acia¥.Bor m of
Zeolite YAZ9. GEboBide. Blomoped dilDromiwhindeel (2be nordeni t edAlB. 274.45.1
62MbOBAG. 384. TthbdMZAdromdidd @i 64do-a2aadAlbe 27402 65Ba( OTE] 2A18. 3%5. 9 66K10

Nont rmor i || 81 efod AA0C) ool &7 KLQMINLIRLL @5 te {400CLAG, 1 68KI0
Mont nori | | @ui t %6000069%A49. 084.1 69K10 Montnorillonite (800C) 20. 185. 4
70Al Mont nor i IAi% t‘é%\%\gﬁ 86 5 71Al LaponjteA23. 07

: . .0 72NE Mont fdrPllonite
(500C) A26. 676 CF™PFRI2VOHL HISPHPPOREE SXESIERE) AL1. 28%. 6 78%r- Mont B8kl | oni t e

(5000) A15. 784 A8idAs7a=-Mymimorisbd°ehi t e (200C) A16.988.4 0.6 BO.S

76100- Al - VBhit Berid koid reofB@EGALEmDBB7. 8 77100- AlaMont #orsi | | onigiges

(700C) A35. 886 zho Bl 90=14miMONt nori [ [ onite (500C) Alx5 3.5 7.2
57 ZnO on Si0s granules o A 3.4 . 75.8
58 sulfated zirconia (600°C/4h) A 23.4 75.3
58 gsulfated zirconia (500°C/4h) A 23.1 76.4
60 Acid form of Zeclite Y A 20.6 76.3
61 -Acid form of Zeolite mordenite A 18.2 74.6
62 MoOs A 6.3 74.1
63 WO A . 17.2 74.0
64 Laz03 A 16.2 74.2
65 Ba(OTf), A 18.3 75.0
66 X10 Montmorillonite (200°—C) ! A 0
67 K10 Montmorillonite (400°C) A 0.1
€8 K10 Montmorillonite (600°C/6&h) A 49.0 84.1
69 K10 Montmorillonite (800°C) A 40.1 85.4
70 Al Montmorillonite A 36.1 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 1i.2 87.6
74 zZn-Montmorillonite (500°C) A 15.7 84.8
75 Zn-Montmorillonite (200°C) A 16.9 84.4
76 100-Al-Montmorillonite (500°C) A 16.0 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 Si0y (300°C) c 5.4 85.2
81 -4% Ti{OH)4 on Si0s (500°C) c 8.1 84.0
82 _5% HNbO3 on Si0s (300°C) c 4.0 83.8
83 .5% HNbO3 on Si0; {500°C) c 6.6 81.8
84 5% Zr(OH)4 on Si0y {300°C) c 5.9 5.0
85 -5% 2r(OH)y on Sio, (500°C) c 7.9 82.3
86 theta-AlFiy c 3.8 78.6
87 theta-AlF3 on silicoaluminate C 5.3 82.8
88 silicoaluminate (600°C/4h) c 13.0 8s5.8
89 Acidified silicoaluminate {600°C/4h) c 11.9 85.0
90 cChloride promoted silicoaluminate (200 C 6.5 82.0
91 Chioride promoted silicoaluminate (700 c 5.6 B4.9
92 Phosphate promoted silicoaluminate (760 c 6.3 82.2
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79100- Zn- Montnoril l onite (700C) A4.887.0 80-4%Ti (OH) 4 on Si02
(300C) C5. 485. 2 81-4%:3%: (OH) 4 on Si 02 (500C)C8. 184. 0 82- 5&7HAMABYc®03i 02

(3000 83 5% HKb(O8 on Si 02 (500C) C6. 661. 8 '84-5% 4 Si 02
(3000) Fogii: 85758 Zr (OH)4 on Si 2 (500C) C7.982. 3 86t SEER s 2 0%
87t het a- AUF3 on silicoal um nat eC5.382.8 88Silicoal um nate

(600C 4h) C33. 8 L,di,fi ed silicoalumnate (6Q0C 4 11.985.0

90Chl ori des,‘prgé504 §§:§E{.§39I m nate cr(]r%O]leG 582.0 %1Ch| (t;%'igde pro%rzrﬁ% ed

si li coal um nate_g' 0T0.%682° 6 GSpHaf & Pronot ed “si | i &bzl uni ndte®

(70006. 3822 29i%F gamipaiya AGOFCWO 01/ 14321PCTI USEQ 19388 93A1 FA42

(6400 4h) C3¢ 082r gzthmreratied 9wilkiingal uni nat e cr cki ngCa4. 885.7€¢. D5Aci di ¢

g-al um na $506@p G Fodlubi@6Bori c aci d pronoted g-al um nag4. 6792413 97Zn0O on
g- al um naG8s 9240 In9BZHOge4hLIed2 gr anul esCl6. 084. 8¢. . - 998y fateq,zi rconi a

(600C/ 4h) Gs 1gglgtggo%gjlngdgj¥aeqsgd§?}c%@i a (S00C/ 4h) C4. 880.30$1g1?8i§g/b ormof

-

Zeolite Yg? 8%0 1%2 orm eolite rmrdeni_é:eC?,. 578.
104W03C2. § 8 FulGRFA Ajgeanip (980°/4Rgpa( OTf ) 2c4 24’ 79. 3 T07K1080+0
Mont mor i | 1'8ni &% 266€)°E6“%8358 108K10 Montnoril Tofite F4B0C) C18°984. 5
_ 102 Acid form of Zeoclite mordenite ' C 3.5 76.8
‘ 1.1 64.

103 MoOj3 c 7
. 104 WOj3 C 2.8 - 5.4
105 Las03 c 2.7, 75.2
106 Ba(OTf)3 c 4.24 75.3
107 x10 Montmorillonite (200°C) ¢ 6.7 82.6
\ 108 K10 Montmorillonite (400°C) c 19.3 B84.5
102 K10 Montmorillonite (600°C/6h) c 49.4 85.1
110 k10 Montmorillonite {800°C) c 51.8 84.8
111 Al Montmorillonite ¢ 34.8 84.7 -
112 Al Laponite c 4.7 84.0
113 Na-Montmorillenite (500°C) c 5.2 84.6
114 Al-Montmorillonite (500°C) c 58.0 85.1
115 al-Montmorillonmite (200°C) c  10.5 85.2
116 Zn-Montmorillomnite {500°C) < 55.4. 85.7
117 zn-Montmorillonite {200°C) < 20.7 85.6
118 Fe-Montmorillonite {500°C) c 21.6 B5.2
119 Fe-Montmorillonite (200°C) c 36.4 85.3
120 100-Al-Montmorillonite (500°C) c 14.0 84.1
121 100-Al-Montmorillonite (700°C) ¢ 48.5 84.6
122 100-Zn-Montmorillonite (500°C) < 4.9 78.2
N 123 100-2Zn-Montmorillonite {700°C) c 18.3, 83.4
S 124 _.4% Ti{OH)4 on Si0Oy (300°C) o) 3.1 73.7
125 .s% HNbO3 on Si02 (300°C) D 2.0 74.5
126 -5% Zr(OH)4 on Si0Oz (300°C) D 2.3 75.6
127 theta-AlF; 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 Acidified silicoaluminate (600°C/4h) D 2.8 75.1
131 Chloride promoted sil:i:coaluminate (200 D 2.6 72.4
132 Chleoride promoted silicoaluminate (700 D 5.3 80.6
133 Phosphate promoted silicoaluminate (700 D 3.2 76.8
134 Al1POg (600°C/4h) D 2.7 63.9
135 Commercial silicealuminate 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
138 gulfated zirconia (500°C/4h) D 3.3

73.9
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109K10 Montnorillonite (600C 6h) C49.485.1 110K10 Montnorillonite

(800C) C51.884.8 111AI MontnorilloniteC34.884.7 112Al.1:a C Znlangagy 00484. 0 .
113Na- NowOTaiiz] Oni t e (5000) C5. 284. 6 114AI - Nont mor i I'1°0ni t g (5000) C58. 085. 1
115Al - Montnori | | oni te (200C) C10.585.2 116Zn- Mont nori | | oni PET/US00/19385

(500C) C55.4.85.7 117Zn-Montnorillonite (200C) C20.785.6

118Fe- Mont npgd | ' C)C21.685. 2 119Fe-Montnorillonite (200C)C36.485.3
120100- Al - Mgt g%gggngﬁltfﬁﬂ %%C)‘%OQF%M. 1 121100- AP- Monttntf i | | oP$ 98

(7000) C48.f£ﬁ. PO 2N For $99°hi t e (500C) C4. 878. . 2-64 40.8+

123100- Zn- Nont fd? iMoPEReLid 1emigeCy €X8cA83. 4 124- 4% TP(OH) 4.0n Si 0235+

(300C) D3. 17927 X192 30584 0sior Sidd2c)y 300C) D2. 074. 5p126-2% Zr (Q). o4 on Si 02
(300C) D2. 3733621 Manhesai-1Ad43B3. 073. 4 128t het a- ALF3pon  , . .
silicoal um nateD2.475.4. 129silicoal um nate (600C/ 4h)D3. 376. 3 150ACi di fi ed
silicoalum nate (600C/ 4h)D2.875.1 131Chl ori de pronoted silicoal um nate
(200D2. 67214 9BBECR sor 288 MEonttlechesigricometiari nalce (62925:+380 £6,133Phosphat e
pronot ed SidpsC I; 700 6.8 134Al P04 (600C/ 4h)D2. 769.9

M2 léq]llil’l%tteicgl %3 cki ngD3. 783. 6* 136Aci di c g-al um na

135Comerci al silicoal um nat
(5000) D0. 34918gand D: 200 ul, 25 mg promoter. Corrected for MGN

5  contribution
100-E-Montmorillonite series - totally exchanged

Montmorillonites

Example 144

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

o :
at 500°C for 4 hours and 7.5 mi. 3-pentenenitrile. The

reaction mixture was heated to 50°C and agitated
vigorously while a continuous stream of N» 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 chfomatography.
60.7% conversion of pentenenitriles, B85.0% selectivity

)

to adiponitrile.

20
Examples of the Preparation of class (c) Heterogeneous
Promeoters. for Hydrocyanation:

| Example 145 - H-Montmorillonite Clay.
25 59 commercial montmorilionite clay (K—lo; Aldrich)

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

gollected 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
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137Sul fated zi:conia (600C 4h)D3.574.0 138Sul fated zirconia
(500C/ 4h) D3. 373.9 23 27 January 2004 WO 01/ 14321PCTI LJSOO’ZTQQBBBUK%)OKI o]

Mont nori | | oni t e(200- C)‘-Bl 4635. 9* 140 K10 Montrnorill onite(4000C) D1. 6440. 8*

141 KI OW®RPYHE?E | | oni t e(60COCL6N) D4. 78 3 5 * 142 K10 PCT/US00/19385

Montnorillonite(80(),, C) D4.465.9* 143 Ad MontnorilloniteDl. 572. 4* Ligand D:

250 ulL, 50 rr%lprom)ter Not corrected for 2M3 contribution to MAGN Ligand
D: 200 ulL, 25PN Pr ohet eFamwhe rees bl ygiredV N tis midmtageutaingh taken

100- E- Mont npyd o | pni {8 t e ntoor | I | oni tes Exanpl e
144 10 A 25 nL reactoréﬁaﬂé c Ia%%a;d&%&}ﬁo%c%gg% qli'[ 9. 559 g Ligand

C, 0.75 g xxadgsntnorillonite calcined at 500*C for 4 hours and 7.5 nL
3-pentenenitrile. The reaction m xture was heated to 500C and agitated
vigorously while a continuous streamof N2 containing 15 3516 v/v HCN was
passed fhr.ough the reactEgampliealngte 0f1idSalkhimdee After 1.5 hours, the
sol ution phase \éxas di | uted with acetone and anal i/(zed by GC chr omat ography.
60. 716 conver si TsTceRenitid i cea L umd ngdies eraskingt gatedyati ponitril e.
20 Exanpl egrraliet he oPr@nar.ag f el noters. for
Hydr ocyanat&‘% on: rrp(l e 145 I%Q:eqNbv%ts?ro%rﬁﬁl(:lg%)lﬁlﬁtegﬁcﬁ%gggac%ﬁ%mrg al

mont mori | | Gﬁ‘F‘PénSI &P EROTQ, omledr ilcWpurwasdsholdisd fnro4 ahsatstion of 5g

ammoni um niheatembie was flushed with nitrogen and taken into a

10 nltrogen filled dry -box for collectlon and storage

Example 147 - Chloride promoted silicoaluminate.

59 commercial silicoaluﬁinate 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 poﬁder 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 silicocaluminate.

5g commercial silicoaluminate powder was slurrled
into 50mL water. The pH was adjusted to 1 with 85%

25 phosphoric acid and the slurry‘stlrred for 30 mins. The
slurry was then evaporated to dryness uhder 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.

59 zirconium hydroxide was placed on a frit -and

25 )



100 nL water. After sti rr+ng overnight the solid was:- collected by
filtration, washed with water and suction dried. Th&Zwet &iJeneary@9Ré was

t hen cal wiowdd4s2a flowing 30 air by ranmping to 6000C ovVer 1’5%* wmﬁ hel d
there for 24 27 January 2004 WO 01/ 14321 PCT/ US00/ 19385 4 2 © sanpl e, .

was flushed with nitrogen and taken into a nitrogen filled dry-box for

col I ection 'a$rﬁiL 1SN aga. flrifXamle whib ou§leld| ?@&lﬁggg@h%) l%ﬁgsc rcial

silicoal um te %aCkl ng cat al yst gr ade ace | cined in
fl owi ng air® e sdoml Svelthe Ho&adalwashcshdtﬁlgrnf dridghours. The

sanpl e wasgﬂdﬁﬁﬁql\@tlr& It Qge aken ntoalO nitrogen filled
dry-box for coll iection zi% tds'?'glr glguqﬁéaﬁﬁfre Y4 ¥3MPEREoFPIEUBF Enot ed
Si | i coal umd¥gre.l f@glrcamiehoﬂ.dlmgl Eoeoal Halpat engmggﬁ?E@s ? Lurried into

e slurry stirred

50n1_vvaer usted to.1 wwth HO and
for 30 %n ns. H%’ne sl \Sgiy%EoﬁﬁBnaEGaﬁﬁkﬁﬁeHnF@ ar phesegendéilieduced

" pressure. THry- mmredlmaw%nmﬁd@wf&s@ in flowing air by ranping to
700C over 1 hour and holding for 2 hours he sanple was flushed with

nitrogen and taken into a 20 nitrogen filled dry-box for collection and_
storage. Exanple 148 - Phgﬁ%ig Pg@nptg}g éiu’xggal um nate. Sg commerci al
silicoalum nate powder wa £r. The pH was adjusted to
| with 85% 25 pRgspabtidimtum mamcﬁmxmmatfé eméf)foéoet{"ﬁ.r The
sl urry gras st Ren o s, under reduced pressure. The
recovered powder ' %%Rcéé ¢l g]eé ’A#L"tem OS was calcined in

flowing air by ramping to 350°C over 1 hour and holding

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.

59 gamma alumina was stirred into ‘a solution of 2g
2zinc nitrate in 25mlL water. After 30 mins the solution
was evaporated to dryness under reduced pressure and

20 the recovered solid was calcined in flow1ng air by
ramping to 350°C over 1 hour and holding for 4 hours.
The sample was flushed with nitrogen and taken inte a

nitrogen filled dry-box for'colleétion and storage.

25 Comparative Examples 1 - 4
The follow1ng comparative examples illustrate that

small pore aluminosilicate Zeolites 32 and 4A utilized in
U.S.-Patent 3,846,474, examples 5 and 6, do not perform ag
promoters for the nickel- -catalyzed hydrocyanation of 3-

30 pentenenltrlle

Comparative Example 1

A reactor was charged wi;h Ni(tritolyiphosphite)4 (0.459
'9i 0.34 mmol), zZnCl, (0.095 g} 0.67 mmol) and 3-

o6



air by ranping to 700C over 1 hour and holding for 2 hours. The sanple was
“flushed with nitrogeniénd taken 30 into a nitrogen fiIIed2erjﬂnbw2006r
collection and storae. Examle 149 - Sulfate-treated zirconia.
. zZi rconl‘MW’F@/ﬂFbm de was placed on a frit-and 25 27 JanualF '95@419\17@901/ 14321
PCT/ US00/ 19385 75nL 0.5M sul furic aC| d was poured through t he bed and
allowed to draln sl.ow olid was suction._dried. and then calcined in
f1owi ng aiR= By HERH "ato(-ggbogg‘ @vér Eid ijrg) r "°d 'hol dfig TRBFt3Rours. The
sanpl & vasui sl b i fi flali QP18 ABG-LAlRR b Ae PolhLLAGSRE AL gl dry-box
for collection and storage anmple 150 - theta-AlF3 g ColTidinrum
tetraf | uorzstieurdin @t muddr/ton oe*lerala petiod. ofmds. h@sem Bnely4983pflthe 3028)

was cal ci flown ir rarrp 50C .0 1 _hour . and_hol di ng

for 1 hou:}?dsf'L TGRS &C% 15I°u r’\/\nbtng%: F?’S&Sﬁl éné’en{zﬁﬂﬁﬁlf‘ﬁf‘ﬁea ni trogen
filledsdrydioedsdor: G.Glt%l ledaMbN gietageutionExvEnrBe. 15%henZtne oxi de on
silica. 5 gdamra al umina was stirred i nto solution of 29 zinc nitrate in

25nL wat er SRR IGS FiSkSafRe WiFaeHsn Zifvds- elr%@%r'ébc‘%‘él Y t¥rdmess under

reduced pwﬁ;@r@nqm}lag iheveeeounar ed=50kkd Was calcined in flowi ng air by
ranping to 350C over 1 hour and holding for 4 hours. The sanple was

flushed with nitrogen and taken into a nitrogen filled dry box for

‘collection and storage. 25 {O%g{aa(gxié/egwg%s 1 -

10 ' Hydrocyanation of 3-pentenenitrile was carried out in a

manner similar to Comparative Example 1 except that 0.90 g
7y Qf 3A Molecular Sieves (an aluminosilicate Zeolite) were
added. to the mixture. Analysfs of the resulting product
solution by GC showed 3-pentenenitrile conversion of 24% and
15 ADN distribution of 80%. When the reaction was repéated,
without the ZnClz,'less than 0.2% 3-pentenenitrile

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.
(0.095 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. Analysié 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 cut in a
manner similar to Comparative Example 3 except that 0.95 g
of 4A Molecular Sieves (an aluminosilicate Zeoiite) wefe

added to the mixture. Analysis of the resulting product

27



The -followi ng conparative exanples illustrate that small pore

alum nosilicate Zeolites 3A and 4A utilized in U Si7Pat e J3ngas 2004, .
exanpl 6, do not performas pronoters for t'hé njckel-catalyzed
hydfoc%ﬁgjtl‘?gﬁlof 3 30 pentenenitrile. Conparative Exam k& SR/t or was
charged with Ni (tritolyl phosphite) 4 (0.49 g; 0.34 mmol) , zZnd 2 (0.095

g; 0.67 nr 7_January 2004 WO 01/14321 PCT/ US00/ 19385
pent enenﬂ?ﬁ%@%ﬁ%ﬁ%é. ﬁh%‘?’ecio%%%ﬁr}e%%nr RATIBIFT R Fe Woss and
mai nt ai nedAB @HEt bl bt sHARITE NY Widh athed réaditeidy . vk PEJtegover a

period of 16 hrs. Analysis of the resulting product solution by GC showed
3- pent enerf i ieRE StIE%r%éqlsﬁ'oﬁe@IS s Ad 2ADN -#estenpoitohlef 78% Wen the
reacti on V@snvopeadfd-adiny . ZnCl2, less than 0.4% 3- pentenenitrile
conversion resulted. Conparative Exanple 2 10 Hydrocyanati on of
3-pentenenitrile was carried out in a manner simlar to Conparative Exanple
-1 except that 0.90 g of 3A Ml ecular Sieves (an alum nosilicate Zeolite)
were added. to the m xture. Analysis of the resulting product solution by
GC showed 3-pentenenitrile conversion of 24% and 15 ADN distribution of
80% When the reaction was repeated, wthout the ZnCl2, |less than 0.2%
3-pentenenitrile conversion resulted. Conparative Exanple 3 20 A reactor
was charged with Ni (tritolyl phosphite)4 (0.49 g; 0.34 muol), ,

tritolyl phosphite (0.59 g; 1.7 inmol), ZnCl2 (0.095 g; 0.67 mmol) and
3-pentenenitrile (10 nL; 8.4 g; 104 mml). The reaction m xture was

mai nt ai ned at 25C while introducing HCN at a rate of 120 mmol/hr over a
period of ' : :

\’-.._t‘
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25 4.5 hrs. Analysis of the resulting product solution by GC showed
3-pentenenitrile conversion of 5% and ADN distribution of 78% Wen the
reaction was repeated without 2ZnCl2, less than 0.4% 3-pentenenitrile
conversion resul ted. 30 Conparative Exanpl e 4 Hydr ocyanat 2éragyary 2004
3-pentenenitrile was carried out in a manner simlar to Conparative Exanple
3 except tg t 0.95 g of 4A Mol ecular Sieves (an alum nosilicate Zeolite)
wer e added *he m xture. Analysis of the resulting product 27 27 January
2004 WO 01/14321 PCT/ US00/ 19385 sol ution by GC showed 3-pentenenitrile
conversion,of 19% and _ADN distribution of 81f% Wien the reaction was
repeated Wi t holHPTP45ES AN EPRVeriing T BRSHC B0DoR'8In oIS RERFRINNY eER¥er si on
resu: t ed. a@a:'zlar;it}mwe)acﬂ@&%@{@bmﬁn ih:ithﬂGN,%@th@néQét&@@N?B?(})&g%wc y
acyclic.nmonoolefin to, its corresponding termnal organonitrile reacting
th)é mordol a?é)ﬂ DWSPHFQI%IQ;O%&P 196@%ﬁ%§f%r@té? PIessEce az%@’%erﬁﬁ‘&kﬁypressure
of 0.05 tocdfifouidnaphtiheusidantditngli@pened efinsolutss DoAkL Bk prorsket
conmpound, a gﬂo Ehort us-contai.ni ng | igand and an insoluble Lewi s acid
promoter &% 8‘? M AIUREOPF RN Yonsi sting of 10 15 20 (1) an aryl -group
cont ai ni ng pol ygihyr eacalybyiong cortamingcpdlystyisns baahemitay cathmerdvdiontiyhe aryl

2T oo i e G N5 091 S U e i B R " ©
10 group consisting of zinc, cadmium, the first transition series (elements
21-29 of the Periodic Table), the second transition series (elements 39-
47 of the Periodic Table}, the rare earths (elements 57-71 of the
Periodic Table), boron, aluminum, gallium, indium, germanium, tin,

hafnium, tantalum, tungsten, and rhenium,

15
(2) a sulphonated or carboxylated polystyrene having metal cations
ionically bound to the sulphonate or carboxylate groups, the metal
cations being selected from the group consisting of zinc, cadmium, the
first transition series (elements 21-29 of the Periodic Table), the second

20 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, and
rhenium,

25 (3) a metal oxide selected from the group consisting of crystailine
silicoaluminate clays or large pore zeolites having a pore size greater
than about 8 Angsitroms in their acid forms; substantially noncrystalline
silicoaluminates, optionally promoted with chloride, suifate or
phosphate; zirconia and sulfate; niobic acid; acidic gamma-alumina;

30 tungstic acid; molybdic acid; hydrous titania; zinc oxide; iron{lli) oxide;
and lanthanum oxide,

(4) a metal-exchanged perfluorosulphonic acid resin, wherein the metal is
Mn, Fe, Co, Zn, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, or
35 Lu,

29



21-29 of the Periodic Table), the second transition series (elenents 39- 47
of the Periodic Table), the rare earths (elenents 57-71 of the Periodic
Tabl e), boron, alumnum gallium indium germanium tin, hafnium

tantal um tungsten, and rhenium (2) a sul phonated or car Boxghuaned004

pol ystyrene having nmetal cations ionically bound to the sul phonate or
carboxyl ate groups, the netal cations being selected fromthe group

consi sting of ziGhc, @&a@HAGalion wiEh an prige whickrisndars it inselublssin (e wastins 21- 29
of the Periodic Tablg), e’%ﬁcﬁ% i I; n 5 of
the Periodic Table) ,ﬁ%ﬁgwﬁg)r e e.arlt ﬁe&@?gﬁé?g?gﬁlﬁaé_'ﬁ@g%%%g&b%a{ | ea_'%gri odi c
Tabl e), boron, al uni Phagphatgaprovidas. howgvenrihay & theaeatigmis £n.ihemtiermnian, is

tantal um tungsten, &R&rthahemkdEn 25 (3) 30 35 a netal oxide selected from
the group consisting of crystalline silicoalunminate clays or |arge pore
zeolit& having a pore size greater than about 8 Angstronms in their acid
forms; substantiggl | ymB@nfiorRied! he@Priuchitibs SQHHEY BRLESicoRRiRidblpoR! 0ot ed
with chloride, sulfate or hosphate; zirconia and sul fat e, ni oBiC aci d;
aci di ¢ gama- al uni nafon phnsgaates. e sylfates e direonism dydmgen pipsphateatid; zinc
oxide; iron(lll) oxide; and |anthanum oxide, (4) a netal -exchanged

per fl uorosul phoni c acid resin, wherein the netal is M, Fe, Co, Zn, La,
Ce, Pr, Nd, Sm{7ku, &; Zrbz ang Shie supportepian arpalugginosiligate 39pgort. January 2004
(5) aqetal cation with an anion which renders it insoluble in the
reaction, _the anion being selected fromthe group consisting of halide,
sul fate andt phbippracess ¢ cimddartheisRepdsing machanicalyepalingfei s zn, then
the ani on jhSolulk Mewist et IpdHotéHi®m PefanddRkial HENUSELYBRnt ABka! f1 uorides

supported on a silicoal um nate support,
compound, ligand 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 CH3-(CH,),-CH=CH-(CH,),R, wherein:
Ris H, CN, CO,R?, or perfluoroalkyl;
xis Oto 12
yis 0to 12;
20 zis11t012when Ris CN or CO;R? and z is 0 to 12 when R is H or perfluoroalkyl; and

R?is an alkyl group containing 1 to 12 carbon atoms.

4, The process of claim 3 wherein the phosphorous-containing ligand is selected
from the group consisting of PXYZ and (X)(Y)P-Z'-P(X)(Y), wherein:
25 XandY are independently R® or OR*:
Zis OR5
Z'is 0-R%-0; and
R? R?, R® and R® are independently alky! or aryt groups containing 1 to 18 carbon

atoms.

30
5. The process of claim 4 in which the insoluble promoter is the only promoter.
6. The process of claim 4 in which the promoter is an aryl-group containing

polystyrene having metal cations covalently bound to the aryl groups, the metal cations
35 being selected from the group consisting of zinc, cadmium, the first transition series

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

30



I ron phosphates, iron sulfates and zirconi um hydrogen phosphate, and (7)
Al F3, ZnF2, and SbF5 supported on an alum nosilicate support. 10 2. The
process of claim1l further conprising nmechanically separa t he

i nsol ubl e Lewis acid pronoter fromthe nonool efin, é?ggv'é?r%{)% ckel
conpound, ligand and organonitrile. 15 3. The process of cl a| m 2 wherein

the acycli 0. 5 el ect ed f t he |st| CH(CHZ) ZR
e LS AR RS U e S0 R or B IRbI ), i

per f | uor oaklyinum xgallsim) irtdwrﬂ,@eny\amsnﬂnm mallrﬁumzemzaluns tﬂngstenland\hmmumi s CN
or 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. 4. The process of claim3

wher ei n t hé. pho3paerasess ciorimi hinvghidti hapdomatesie laciphdnated @m:aﬂbexmtedup

consi st4 ng ( X

[ ndepen%lenp % %}% h@%mé&&@gﬁ&% b&h?}% % Bgﬂraaqﬁgr g%sg and R6 are
i ndependengfoppal thg metal catigrs tgpirgussdeaterhiren thengrolp tonslsding af bioo, cadtnams,. 30 5.

T Pt oces petailaRlsfb skt Blefflold S1-2030hU BePoBE 4B Tnd SodofE y8libon 0

pronot er . rocess
cont ai ni ngsenasl (y@nm-hboi thg Pesodit Teble), (bmesraa;@eaﬂ?emetaje (etanmzhis 577 H\@f aryl

gr oups, QN S 0 P | sting of

zi nc, cadm?nl?nre(_{I ﬁqlc H@tﬁc{rr dnésn‘lﬁ-t"ﬂgrrq éelmggd'{lﬁ] géne}rgt%s"gr&¥H Bac’R'p he Peri odic
Tabl e) 10 t htandadeoningstamsindirbeniger i es (el enents 39-47 of 30 27 January 2004
the Periodic Table), the rare earths (el enents 57-71 of the Periodic

Tabl e), boron, alumnum gallium indium germanium tin, hafnium

tant al um Bungsibe pragass etwaimuhin whichTthe pporoatesis aohetel @iide geléatedviomting he

pronoter i E@%ﬂ, . Car e | t al
cations i oﬁf@gﬁéba oun © g?a[uw%asnﬁﬁélﬁona?éicla)? @Fgl?]é%i% e%l'gr%\g‘ﬁgg' he net al
cati ons beporg SimQJ‘GB@dtHan@llmutrﬁaAmsfor@msoomusmmfgrm sz:bstentlatladm um
15 noncrystalline silicoaluminates, optionally promoted with chloride, sulfate or
phosphate; zirconia and sulfate; niobic acid; acidic gamma-alumina; tungstic acid;

molybdic acid; hydrous titania; zinc oxide; iron(1il) oxide; and lanthanum oxide.

9. The process of claim 8 in which the promoter is on a support selected from the

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

25
11. The process of claim 4 in which the promoter is a metal cation with an anion
which renders it insoluble in the reaction, the anion being selected from the group
consisting of halide, sulfate and phosphate, provided, however, that if the cation is Zn
then the anion is other than sulfate.

30

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

the group consisting of silica, alumina and carbon.

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

iron phosphates, iron sulfates and zirconium hydrogen phosphate.
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SR,

the first transition series (elenments 21-29 of the Periodic Table), the
second transition series (elenments 39-47 of the Periodic Table), the rare
earth nmetals (elenments 57-71 of the Periodic Table), boron, alum num

gal lium indium germanium tin, hafnium 10 tantal um tuﬁ@§ﬁéwﬂygﬁa4
rhenium 8. The process of claim4 in which the pronoter is a netal oxide
sel ected fromthe group consisting of crystalline silicoalumnate clays or
| arge pore zeolites having a pore size greater than about 8 Angstroms in

their aci did.or n¥he fsunl@éi@diﬂdlaﬁﬂn' AinMhidHPRE ysrhetel is38lesicdifondh drdupat es,
optlonally onnte? $4;£ﬁg ﬂ%ﬁ sul fate or hosphat e; zirconia and
sul fate; 56'“%8 A s Fai %n({g% URPRIRIRD ant M qS&'C%ielséfpporle ybdi ¢ aci d;

hydr ous tltanla zi nc OXIde iron(l1l) OXIde and | ant hanum oxi de. 9. The
procesg%ofailal 8 in ich . the prono is on a support selected fromthe

20 gro si's %Bmﬁ?s%‘?fl‘i'%@ 4 'QIVUH‘frh eé’ﬁ‘ﬂ“@ﬁ? 5GHC sgate FHRPYUIREAE of claim
4 in whi chsdpperipe®tiddfon helgroBh abnsiXiah angineh, aR@tikd &9d &sbbmhoni ¢ aci d
resin, wherein the netal is M1, Fe, Co, Zn, La, Ce, Pr, Nd, Sm FEu, d,

Tb, Dy, Ho, Er, Tm Yb, or Lu. 25 11. The process of claim4 in which the
pronoter is a netal cation with an anion which renders it insoluble in the
reaction, the anion being selected fromthe group consisting of halide,

sul fate and phosphate, provided, however, that if the cation is Zn then
the anion is other than sulfate. 30 12. The process of claim1l in which
the pronoter is on a support selected from the group consisting of silica,
al um na and carbon. 13. The process of claim4 in which the pronoter is
selected fromthe group 35 consisting of netal fluorides, netal fluorides
supported on a silicoal um nate support, iron phosphates, iron sulfates and
zi rconi um hydrogen phosphate. 31 27 January 2004 14. The process of claim4
in which the pronoter is selected froma group consisting of AF3, ZnF2,
and SbF5 supported on an alum nosilicate support. 5 15. The process of
claim4 in which the pronoter is zinc sulfate supported on a support
selected fromthe group consisting of silica, alumna and carbon. 32
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