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. MONOOLEFI NS 5 BACKGROUND OF THE I NVENTION This invention relates to a
-process for convertingi:zan acyclic nonoolef in to its corrd&slonaiyr?§o4
termi nal organonitril e<tonpound by reacting the nonoolef in with 10

- hydrogen cyanide (HCN) in the presence of zero-valent nickel, a phosphite
“ligand, ¥WQ0E4B2IW s acid pronpoter. Hydrocyanation cat al y¥cTakabessss
particularly pertaining to the hydrocyanation of olefins, are well known
in the art. For exanple, systems usefZET®Br the 15 hydrocyanation of

but adi ene to form pentenenitrile (PN) and for the subsequent’

hyd ti P d t ,
o e AR o3, By AR ol o'
hydrocyanatloﬂ ins using transition metal 20 conplexes with

nonodent l%te phosphite ligands is well docunented in the prior art. See for
example U.S. Patents 3,496,210, 3,631,191, 3,655,723 and 3,766, 237; and

Tol man, C. 'A.; MKi nney, I%Ackancﬁnirdeiz THY T&vENDToN ner, J. D.; and
Stevens, W R ; Advances in yST'S, 5. The hydr.ocyanati on

of activated ol éftirs, ITERIH ign é‘(ﬂ%ﬁi@éﬁté@ al @Fpﬁgséiefgr cohuemtisge and
styrene) andrsticyidlac HRIdNBL4G: Go 1:BOLBALAEABAA;REOCEEGP Y thoUL the Lse

of a Lewis acid pronoter, while hydrocyanation o ol efins, 30
such as 1- o@?@ﬁ@oﬁﬁ&IBJGeWP@@@mm@rbwereaeqmngeshehmone@l@flﬂ.wﬁwhs aci d

Feacti o appaar COPoFaTEl Qo] HRCenR pErPesdR gh smoNmanpatont
di scl oses aniFhpiovenphbsphibgdidgndgat aea HSLEG S dePd PJANMN & 2004
Hydrocyanation catalyst systems, éarticularly

pertaining to the hydrocyaﬁation-of 51efins, are well
known in the art. Ebr example, systems useful for the

15 hydrocyanation of butadiene to form pentenenitrile (Pﬁ)
and for the subsequent hydrocyanation of pentenenitrilé
(PN) to form adiponitrile (ADN), are knbwn 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

7 US 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.; aﬁd Stevens, W. R.; Advances in

25 Catalysis, 33, 1, 1QBS 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



WO 01/ 14321 PCT/ US00/ 19385 pronoter selected froma | arge nunber of sol uble
metal cation conpounds. U S. Patent 3,496,218 di sckpses &7 Jantikef2004

hydrocyanati on catal yst pronoted with various boron-containi ng conpounds,
i nclrudiWg %#433henyl boron 5 and al kali metal borohydri desPCUUSH/Pasent

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 eRFORPERE| Seheargdt fupm a largerganbernofasalyiste prorat er. U. S.

Patent 4,8 ' ses pr for o] iR by the zeroval ent
ni ckel -cat'7—<§1'Ié1§/§‘%{éll %gﬂ?%%ggﬁétiggsbfp%gn %n%h??éi?gg ‘?ﬂsc .?%%gﬁ esence of a
syner gi st i Bickedi hpdrooyatapianntarsl ysel peonst @ when basisogf the reaction
ki netics o}gr?_ Aw s%(nt hesis. U S. Patents 5,233, 058 and 5,286, 825 15

di scl ose the A cKRT =Tl ary 28 aPRIWHRE Chiphemokkeray| et hyl ene

and ot Ber guad talatayi fhetdl nedeshyatiefds. ©s S phadgnty 5AB8%423 di scl oses
ni ckel - catal yzed hydrocyanation of penteneoates. In each of "t hese cases,
the catal ySt*GRFGT AREICUR NS S @FepRar-idre o abimionrided,um

provi di ng - RESeY i Aht Y £ AMERNEHS i.on -environment. (i.e., ' .
everything is _sgli%bl e)>./ The hormgenec'):trje?%}a 1:(tjlpie]‘eo ‘ tltﬁcg%r%i’g} it system
makes it diff fihauinresencecler ddrovediealty sticied JqHOHINRT 440 of euse.

Wher eas pract| t hods f.or_ .25 recovery. Qf nickel catalyst are known
(see, for &gléar%%, sﬁl. §aSEI5aJtyesrﬁ PIOpREesno) YV Sec RAdERtoft [ 7dnd8érs  remai ns
a di f10 culdismiobienna Yabed2l @otr B8Rttt e HhoIsk: LRLLIE,ddi tion of
al um nosi | i.c%':?i zeolites 1o a nickel-catalyzed zinc chloride-pronoted 30
hydr ocyandtich r'é?d:ﬁ];yﬁ‘e@f hydseryeaashcny ofe hemEenemitovdesatial yst utility
and produghedipsbidditd @F 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';he nickel—cataiyzed hydrocyaﬁation of
perflucoroalkyl ethylene and other partially fluorinated
clefins. U. 5. Patent 5,087,723 discioses nickel- '
catalyzed hydrocyanation of penteneocates. In eéch 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




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 fro t ts and
reacti on products by nechani cal neans such as fiItrationﬁbrﬁgﬁﬁﬁﬁggggct,
the present invention provides a process for converting an 5 acyclic
nonool efin to its corresponding term nal organonitrile by reacting the

nonool efin with at erature of -25C to 200C and a. pressure of
008 10 100 a REBisPavaiOR RlsViE Saie BRsy g oy ies ABIE Peompound,
a phosphor pusiotaos iraokbledn HHegaactioamoedium iand ¢, thalrefolee véagiihasephratsio froer
sel ected f onsisting of 10. an aryl-gro cont ai ni ng
pol ystyrengl%%%e%ég%@%%acéo&?% %Ctsé meglﬁqqlé?ﬂrgguﬁau%oaﬁ{téé@py| groups, the
metal cations b oty apeeicthedrésanbinvbrmtiongrotigescopeicsds fogeafvertingan cadm um
the first LL Seri.es nt 21-29 of the Periadi¢c Table), the
second I’a%]é)lf& ?@%@@?&:@ '%eﬁoér%ﬁqm?"@gg’mﬁ%l(9{9%%{"9’%P?’B%"’ic n &kﬁ e), the rare
eart hs (el mopotlsfirbwitty HCHE, at & eendferilerd dfdP® Clal#ioe)G abd a pressateusfion®mo gal | i um
i ndi um ge ' | nt.al un en. and rheni um 20 25 30
(2) a sul pﬁl%@gft"ei%bgéﬂeg’aw E%iéf%‘%”e%& °E%F%§ﬂ@@hh@%%§%fﬂ5°%swheae'ﬁoa%
i oni cal | y bonaidingdigatbarslidrpineolable Lewiscaidpnoyrotdreepetdpiom theggromt al  cat i ons
bei ng sel eg&%%ﬁfqégin the group consisting of zinc, cadmum the first

e

transition serie | ements 21-29 of the Periodic Table), the second
transitQ on seri¢ly (ebmephgoupodfaindfy pdhestyPend baling Matal egtiont kevalently eart h

e (SLement s o, B8 Sl RO R Mt s ) U
met al oxi de sel ect edgiouprobsigingrod aipe caadgiigh| the fick transitdreddrien ¢elements
silicoalumnate cl ay51.95 o“ ﬁ]%qieeriegircera%%?,lthé ggcorﬁ%\ﬂarr]:gitign Qgrﬁees (%Iierzv%n%rfsﬂt er
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,



t han about 8 Angstrons in their acid forns; substantially noncrystalline
silicoalum nates, optionally pronoted with chloride, sulfate or phosphate;
zirconia and sul fate; niobic acid; acidic gama-al un na; i id;

mol ybdi ¢ aci d: hydrous titania: zinc oxide. iron(l11) oxi 5%?%%&%15?‘21% hanum
oxi de, 3 27 January 2004 (4) a netal -exchanged perfl uorosul phonic acid
resin, wherein the netal is WM, Fe, Co, Zn, La, Ce, Pr, Nd, Sm Eu, d,
Tb, Dy, Ho, Er,,Im Yb r.Lu a al. cation w.th.an anion. which
fonders 1o i nsofdlb] e fiediracirtiaed pbhofeEhde e iteid edeRl s t ne
group consi sting of Hal FeleCo, Zinl LatGe, ndNd, B shh @Ede ThpDp\Ho &, Trhovewer , t hat
if the cation is Zn, L'Ehen the anion is other than sulfate, 10 (6) netal
fluorides, nmetal fluorides supported on a silicoal um nate support, iron
phosphates, iron sulfates and zirconi um hydrogen phosphate, and (7) AlF3,
ZnF2, d SbF5 pposrte .an al um nosi licate suppor 15 . .DETAI LED

SESCR P on oF e 1 RUEHeHE BF B08R e Rl i B ARy an
acycl i c nonool ef i n t thefamiom bdirey sedentedboo itk ggupicobmsistiog of baljuel swate amtt i ng
an acyclic nonool efi i HCN i.n.t.h [res . 27 ary 2004 WO

01/ 14351 peT/ Uson 1oBurhftes viRe, ey el TR M et s 2NN et a e «

pronot er. Ther eaft erothehibansslfdtebl e pronoter may be separated fromthe
reaction m xture by nechanical means, such as filtration. The nonool efins
of the process are described by Formula I or I1l, and the correspondi ng
term nH} (6) metal fluorides, metal fluorides supported on a silicoaluminate support,

iron phosphates, iron sulfates and zirconium hydrogen phosphate, and
(7) AlFs, ZnF;, and SbFs supported on an aluminosilicate support.

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



nitrile conmpounds produced are described by Formula if or 1V,

respectively, 4 27 January 2004 WO 01114321 PCT/ US0Q#:193827 January 2004

CH3- (CH2) y- CH=CH- (CH2) xR + HCN cat al yst NC- (CH2) y+x*¥3=R pronoter |

CH2=CH @oiyidaR + HCN 111 If catal yst pronoter NC (CH2) Z+cr/Bsookvads wher ei n
- Ris H CN, Q02R2, or perfluoroalkyl; xis Oto 12; yis Oto 12; zis 1
to 12 when Ris CNor CO2R2 and z is 0 to 12 when Ris H or

perfl uor oabltyls; naBReR2cat81f4tt Aan€ladnst habahbier tkhagchedqal kyl . Preferred
monool efins include 2-. 3- and 10 4 -pent enenitrile, alkyl 2-, 3- and

4- pent eneoRFETOLERd thezerfrer. whbreinsrAubieppromatenl fal. ber ef er r ed
products a L I gLl e I - CYAk rat.e =4.- 5 CH2CH2CN,
wherein R4%?§§g%g§?lﬁ%?%afﬁél&géﬁFggﬁi?$%¥§L§Af§angH%?E%3%ticular 15

i nterest bmeapnse fuchsaanfibteatmidnate used in the production of

hexanethyl enedi ani ne, _whj ¢ in tu IS used_ to produce ' .
polyhefgnethyle?@%d?%%ﬁ?%%gfﬂﬁl8#-ég%)?roﬁeﬁﬁnﬁﬁFcBﬁ?cﬁﬁpﬁgn?ﬁe useful in
formng fiBermuldifnsy IRDNd &bl deHe acbtekeponddhgoBkinihgl My al so serve as
a 20 precursor for roduc;i n of caprolactam by a _process involving :

partial hyBrbgbhGt FoRPaER rq@dcedt argseeserbPegetly f Bermnia pEocess are

or IV, respectively,



_zeroval ent nickel (N (0)) conpounds, substantially free of carbon
-nmonoxi de, which may be:spreforned or prepared 25 in situ. PhHeacasr|2pdtds

i ncl ude ni ckel conpoum@s containing |ligands such-as phosphi nes, arsines,
sti bi nesWOSH&Bhi t es, arsenites, stibites and m xtures thpcewkoodssgand nay
"be added in excess of what can theoretically be coordinated to the nickel
at a given S 27 January 2004 WD 01/14321 PCT/ US00/ 19385 tine.. The use of

excess ligand, often provides inproved stahatalysty for the nickel catalyst. 6
27 January %’@d{%)ﬁgﬁﬁﬂcmmoﬁmmmr ed NEg0HRL..bRese N (0)
catal ysts has the general structure: L2 prome{er 3 1 L4 5 whérein L', Ls,
L3, and L4 are neutrallligands which may be the same or dififerent 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' may be the sane or
different,. and wherein R R and e are @tgigstected fromthe group

‘consi sting of CHy®GH-(Bht}) aRyl+ HONMIPps containingglip toyn:s cqnborp atons, with
aryl being preferred. Al kyl groups nmay Rﬁnbkﬁear or br%néﬂ@'. The term
"aryl" is meant to ggnote an organic rafi Car Gwhi ch i s derjywed from an

aromatic
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



hydr ocar bon by renoval of one atom Suitable aryl 15radicals are, for
exanpl e, phenyl, benzyl, "naphthyl, binaphthyl, ' andzant hQédenWwZ&M
particularly preferred group within the foreg0| ng zéfoval ent ni ckel

cat al ystwo omigdhiat di scl osed 20in U S Pat ent 3,903, 120, wht-FAIsieho3ss

i ncorporated herein by reference. This preferred group of catalysts can be

descri bed by the general fornmula Ni L4, where L is a neutral |ligand such as
a triaryl phosmdi t eThé tbe $Oremdas PORN I Weal&h %ﬂvuﬁa@%ﬁiﬁg ve oup Of up
to 18 25carbo ons. |llustrative aryl groups are nethoxyphenyl, toly

xylyl, and 1Y EPRhey niekel @iy sire neta-tolyl, para-tolyl, and

phenyl, and m xtures thereof. 7 27 January 2004 WO 01/14321 PCT/USOO/19385
Anot her preferred group of zerovalent Ni (0) catalysts consists of
conmpounds of the general formulae shown below. 5 L5-Ni-L6 L6-Ni- (olefin)
wherein L5 and L6 are bidentate |igands which may be the sanme or different
and have the formula (X)(Y)P-Z'_ P(X)(Y), wherein X and Y are sel ected
fromthe grout) 10 consisting of Rand OR, and Z' has the formula OR'-Q
wherein RR, R, and R" may be the sane or different, and wherein R R, and
R' are selected fromthe group consisting of alkyl and aryl groups
containing up to 18 carbon atons, with aryl being preferred, and the
olefin 15 contains .up to 18 carbon atons, and is preferably one



. of the nonool efins being hydrocyanated. Preferred L5 and L6 are descri bed
-in U S. Patents 5, 5%2 695, 5,512,696, 5,523,453, 5,543, 236an5arg28B0843,
5,723,6 0 1,378,%&nd 5,847,191 and in PCT 20 applications W9514659,

. W0990612%6) 6355, W09906356, WD. 9906357, and W09906353/USH 9385
“disclosures of which are incorporated herein by reference. Especially
preferred L5 and L6 are di phosphite |ligands illustrated by Ligand formulas
A to G bel ow. 25*@Fﬁgﬁﬁ?ﬁdg9??“?aﬁ§aF93§GOHlW®)OEFI332§t€ s=thet hoxy tBu

= tert-but Wehe?GH WQQYL9385 W LigandB 5 Ligand C Ligand D (iPr =
I sopropyl 10 Me = Methyl) 9 27 January 2004 WO 01/14321 PCT/ USO0/ 19385
Ligand G The pronoters of the present invention nust be 10 insoluble in

t he reaction nmedium and therefore eaa#ty recover abl e by nechani cal neans,
such as filtration- The term"insolu| e" neans that |ess than about 0.1% of

L' —Ni — 13

L4

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.



the pronoter is dissolved. The insoluble pronoters of this invention are
not believed to be active as a 15 result of |eaching=of neé¥dbniaopn2004om the -
i nsol ubl e ronoter into the reaction solution. Analysis of 10 27 January
2004 V\DYY?/“QQ@?!L PCT/ US00/ 19385 reaction product sol uti on®CTa/seemoassi ng

t hese pronoters indicated netal ion concentrations well below these
required for effective pronoter activity. The pronoters nust have Lew s
acidity, as 5 ..PRAOCE&EeBTBfermers oAbl Y zercvedeénnatd (00 either a

met al - cyani ¢ N| ; I r.an organanitrile, ag mneasured
spect r oscopi ?5??%%5 ngﬁlig ?B i ﬁ%t %8“‘?8?55%8- b ﬁd9§§‘§F§§re§°FB‘u9-H§
met al - cyani §&cwn bedawonitril e stretch upon coordination to the 10
pronoter. An exanple of such a spectroscopically observed shift for a
sol ubl e pronoter with a nickel- cyanide (Ni-CN) species is described in

Advancess i n Cat aLysiissLsVol . 33 £4985D) (olags) 12- 13- Alternatively, Lew s
‘acidity may be neasured by 15 spectroscopic neasurenent of pyridine :
adsorption onto the insoluble pronoters as described by J. A Lercher, G

Ritter, andwhkrd4dRfeks iRa f .G Ld_a I.nt erface Science, Vol. 106
(1985) pages 215-221. al}%isjc]):{tu%r:% Srgg%teégg rﬂrg?aggssgﬁég ed3r gﬁl anong 20
several cl asbessafe nat edi Bf SrexoOnsnd thag oéhéafomupgl@rﬁﬁ-ﬁ (such as

pol ystyren yet hyl ene or ol ypropyl ene) having netal 1ons or conpl exes
coval ent | ye%ﬁ d WRFEEHD go ef iare (d9leatiqhofiadre the gashoxyl ate

substi fuyt e%&{gy&ﬂé NSe (ﬂ' on x&{)?nggdzs, resins) having net aI” ions or rret al

Lon compl exe | | Z has the formula 0-R’-Q,

: wherein R, Rﬂ 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



. ionically bonded to the polymer, including netal exchanged
- perfluorosul phoni c acid resins, (c) inorganic netal oxide¥ Jamuatyi 2004t he

net al el ves=are. the centers of Lew s acidity |nsoluble
. netal §8aﬁ&b¥§g§, phosphat es or sul fates, including thOSECEE%E%P% .
“metal oxides. Preferred nenmbers of class (a) include polystyrene, mhlch
may contain varying degrees of oM&" 9SS- %&?kln in which netal or
organonetal cations 11 27 Januéry 20024 WS 0%/ 14321 PCT/ US00/ 19385 are
covalently bonded to an aryl tRwup tefrt-heicyddl yst yrene. These pronoters may
“be prepared by making a Gignard reagent from p-bronostyrene, reacting the
Gignard reagent with a netal or organonetal halide to 5 covalently bond
the netal or organonetal \\he rene gr.oup, and then polynerizing the
met al - substituted styreng or without unsubstituted styrene and
cross-1inking agents suc 4 benzqgg The netal .cation, which may
or may not be bonded to otH orgqnic 10 gyoups, is selected fronlthe group
consi sting of zi dm am theofirs agition series (elenments 21-29
of the Peri odi ? p(he second gt series. (elenments 39-47 of
the Periodic Tab ‘thelrare earthst OMte- 71 of "the Periodic
Table),., boron, 15 % Ynum gal | i dium germanium tin, hafnium
tantal um tungsten, A\ rhenium Pref ¢ netal cations are selected from
t he group consi sting zinc, alum n¥ i tani um nmanganese, al um numand -
tin. Preferred prondters are polystyrg 2 bY)X, wherein Ph 20 is phenyl,
Yis Sn(R)2 wherein Ris alkyl, aryl,wwar d Ligand B

(SR 4D
)
@

S AR)

Da®

Ligand C

Ligand D

isopropyl
Methyl)



and X is a weakly coordinating counterion such as d-, Br-, RS03- (wherein
Ris aryl, alkyl, perfluoralkyl, or perfluoroaryl).=Espeéiakhyary280érred
al kyl, perfluoral kyl, or perfluoroaryl). Pronoters of class (b) are
coni cal ly bonde ul fonyl or carboyyl oups. Met al - exchanged

sins are al so nber g this class, wherein the

Ce, Pr, 12 p#%ant

PCT/ US00/°19385 y
or 5 carboxyl ated pol ysty e commercially avail abl e under a
acid or ion exchanged forns and the prionoters of this 10 |gvent|on may be
of zinc, cadmum thefirst "transition seri (elements 21-29), the

pronoters are polystyrene-Sn(Ph)2X), wherein Ph is p#ignyl and X is a 25
sul fonated or carboxyl ated organi c polynmers known as ion exchange 30
perfl uor osul phopj

04 WO 01/ 14321
(Perfluorosul phonic acid fesijn is{sol djunder the trademark "Nafion" by E.
variety of trade nanes, fo \nber| yst" 21 (sold by Rhom and
readily prepared by ion exchange. The netal cation, may not
second transitign seyiesy(elenments 39-47),, 1 he rare earths (elenents
57-71), boron, ‘uni)x P,(

.weakly WEUHAH##ELi ng counterion such as O -, Br-, RS03" (wean@ioen&sss ary!,
resins, such as polydfyrene, in which netal oW¢organonetal cations are
metal is M, Fe

k», or Lu.
| . du Pont de Nenours and QDY g ngton, Delaware, U.S. A) Sulfonated
Haas, Phil adel phi a, Pennsyl , UWJ A). These resins may be obtained in
be bonded to other organic groups, is selected fron1the group consisting

Ligand F
Ci P00 O—pP Ci
; 2 )
Ligand G y
The promoters of the Present invention must be
10  insoluble in tne reaction medium and therefore easily
recoverable by mechanlcal means such as filtration.
The term "insoluble" means that less than about 0.1% of
the promoter is diesolved. The insoiuble promoters of
this invention are not believed to be active as a

_15 result of leaching of metal ions from the 1nsolub1e

Promoter into the reactlon solution. Analysis of

10



~gallium indium germanium tin, hafnium tantalum tungsten, and rhenium
‘Preferred netal catioggs, are selected fromthe group considtianyanyf209¥nc,
aluminum titanium wEnganese, aluminumand tin.>Particularly 20 preferred
. pronot eMO@ U3 et al or organometal exchanged poly (styr Eﬁ‘éﬂjsé@ﬂ% resins.
"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 cemegcsion pawiducessaditions fhimedciudiny beesy peomdested by the

netal ions! LLi t C t .an el ectron ir rmn dative

(donor - accéﬁﬁgg?kﬁ%a‘e?é&g?,ggf ,F%%eam%_??]r régg"r’d%;.}?%‘%e%??? orm a

coor di nat i erqgoarpbdexpr Sfitbctprenptanctamyadei getected fromthe cl ass

consisting of 3Q.crystalline silicoalumnate clays in their acid forns.
Bl

O ays such as t hBSnREGPSFeREnBISY Rfmdsvi YpRdlite, nicas,

verm cu i t @8d0EasBBCht @hedPdab Yt Peld CcS&biytnSte a4 @pgnite may be
used. Essentially anorphous silicoalum nates, with a Si/A 13 27 January

2004 WO 017¢2321CPER/iOS00PIDREBIRG GHR LM 91y 3 oPIRGamL nid%:, ei t her
native or Lreghgdy Wit ngék%é&ﬁn?&h}%&l‘%f 2'e pin'?ttg:eto enhance the
sed. e To SO

surface acidity, may be u owng may a e-used: large pore
si | i coal uninfitergéobanhdsagigmatdrtd thwmmeatizolicBaridstagrom pore size),

alum na, hydrous zjreonia, zirconia and zirconia whose surface has been
treated wi ThIsurfa 51'8ns?¥$ﬁﬁﬁiqﬁf4tc%ﬂﬁéEQRﬁ%ﬁQ:torﬁ i.c acid and hydrous
ni obi a0 achebogese AhUskiidple AMgaIdIC AGEhctGiHBAc4Mlybdi ¢ acid,
hydrous titania, 10 zinc oxide, iron(lll) oxide, |anthanum oxide,
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 215~2éi.
Inscluble promoters may be selected from among
20 several classes of materials.conSisting of ({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



het er opol yaci ds, magnesi a/ al um na, al um nophosphates, non-Si/Al
zeolite-type materials such as ALPGs (crystalline, .#d cr o@@rlansargl206¥num
phosphate structures), SAPGs (silica-al um nophosphates where 15 silicon

i ons ocwWopyidzme of the alum numsites in a crystallinePaF3E0NgI3gHhosphat e
structure), MeAPGCs (nmetal ions such as Co, M etc., substituted onto the
Al sites of crystalline alumnnosilicates), conventional zeolites in which
Al is subsird utachlyntGy, Hhnded Rey g ainylogrys Wi attred forms of SnO2 and
Hf 2, boric_acid and bqron- containing solid conpositjons that present

r
surface G T %q%%e REPEIGHT 2B PoARF TR sy "adiingol e

promot er s ATeyr {igh S RRYa0h 0 b ,%f%“@%?%@‘-@ 8RalctAYP LY support such
~as silica, alumna or 25 carbon. nmbers of this class are nost effective
when cal GHigRaxs maRgRntwatidth gndesadnsredrganemstiad) hadiide sict es. Such

cal ci ngti Qi | i i l;ow ' hepperatures in _excess of
400C.- d ass ( %ﬁl m}itagl?is tg‘% t"%tfsall \#\/Ig%tlﬂggﬁoéntg%gls?’%oft%g 's%é'rﬁélteal cation
with an ardmrupwhizstd redege e livmamisdlngbltde metile subastticawtededi um the ani on
bei ng selected from the.class cansisting of halide, sulfate and phosphate.
Preferred s%é’%%’res B¥h iwg‘%&’l &8s W&F@Oﬁ& H‘%SPLEEFitHggdaﬁ&Wﬁé‘FaPnfil uori des -
suppor t ed caesi-liietdhdmagRineS sucd akd d2vingibehreA@04 THE felihl14321

- PCTI USOO 19385 phosphates, zinc sulfates and iron sulfates and zirconium
hydr ogen [Rd<SRat #RiERHBEYaOry Maveneotr b8 braABedr §oopthers osbasdcare Al F3i

ZnF2, 1 and o8iEps0N ; AlWALReel | €+ AN t syt abl .onoters nmay be
5 di spersed ontso ; hi gh surfag‘ei%gnrétgé(éﬁgiﬁg/ gﬁégéﬁg%%‘gt o2 BiAd
- cadmium, the first transition series (elements 21-29 of- '

the Periodic Table), the second 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



~such as silica, alumna or carbon. The present hydrocyanation process may
be carried- out by chgrging a reactor with all of the read/alansary 2004

pr ef er abl by chargifg the reactor with the 10 catal yst precursor or
. catal ys¥ fi%‘ éﬁents the aliphatic nmonoolefin, the prondCdfUSapiP3she

solvent to be used and addi ng the hydrogen cyanide slowy. HCN may be
added to t reaction as, vapor or liquid, or released to the system

utilizing ntydrith. CSbe THioPYrs Hoeafl-e Ty, b, Paréfit-s 3, 655, 723 and

5, 107, 012 WRTaidtodulgidioiaad dieeaish, B LS Ghcer The reactor my also-
be charged wth the catal yst, pronoter, and the solvent to be used, and

bot h nonooltEademad iR E4Gadd byl &l | -t gu Poatr decNeowumisxande. The nol ar

rati o of mz-_ry;% n ta b rQ about. . 10: 2000: 1. The
i nsol ubl e pro 2 |#§qéné%1g’r§’?’l b\éritggé%t% % %h npangg f;' 58§t°6 1 Ww%to
50 Wt % Bf _ tdeaboeydisited pmdysty&eeiaen:&lsh.yist heei noomektgaplemoter is present

inthe ra %%(if ibout 1 W%t éof thereactlgP mass. 25 The
hydrocyanat on 1PEASt FBREE R B’é‘rd'ﬁ Yi 86 &aedewPreReSr fPFhE¥aEMElsel vent. The

sol vent shoambbeleyskcrquud (@bithey aaeh andt aERS! a‘PHE.?aéEQ Rigssure and |
I nert towards thi acyclic nonool efin and the cataly Cﬁneral 'y, such
sol vents aFETRFY HE‘&FBonUsSSt’}cI}I asTQGSBeﬁQEHESomal(yb@n@btmnﬁdtJ:mI es such

a5 acet onl belieqor 1 oHoBREhELLe foks SO £38°BrohBELYSE! ppgpriool ef In Lo

be hydrocyanated may serve asS the so e reaction
dependkht figvantdpnainay bgt eﬁadmih‘ftheeparedchiralonaeadzlyangbel'mgeused t he

15 27 JanuﬁEXafogétym%01/ﬁ %1m§§ﬂé%59g/193§5be bonded to other

organic groups, is selected from the group consisting
of zinc, 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-S03-Sn(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



particul ar nonool efin being used and the desired reaction rate. Cenerally,
tenperatures of from-25"to 200C can be used, w th f&om @7tJant&§0B4i ng

preferred. 5 Atnospheric pressure is satisfactory for-carrying out the
present W HMd3H  and hence pressures of from about 0.05 RE/YSW/1838Fospher es
are preferred for econom c reasons. Preferably, the reaction mediumis

agitated, such 10 as by stirri ng or shaki ng. The reaction may be run
ei ther bat ERWReTBPSHATaLEEMt FRUBBSOnBRANnefiEHRE DBEBKBL @F Fesabedrecovered

for furtheg;issechYoreabankGabnafBags ﬁHSE%ﬁétéi L&r%gggegaq@nt ation or
y

centrifugation. The cyanated product Can be recover conventi onal
t echni quesSusiRree ascidsty| | mevohe Exai/PLEBhe Thell owingi may rebhdd miti ng

exanpl es i te i pyention, As,used herein,.'mp-;TTP" refers to 20
tritolyl phﬂg)ésgﬁ%%%'\/\%%gﬁecg%f%i RelicaRiuminate ﬁ%?ﬁ%tg%d‘%%ﬁ%ﬁ’folyl gr oups.
PNs refer sthan aaldut us eangsBropepbeaesits) | eabidlida, pepdeneni trile. ADN

refers to adicFonitr'i le., MAN to. nethylglutaronitrile, and ESN to
et hyl succi HionT T e. 225 R4l 304 FHFGRTTWROFRFUTEIDS Jag &eer0) Pronot es

Hydr ocyanai ey &d xPi\SthuP@{:éoiéiﬂdfén&'éHﬂ?eﬂt SupoFdinid21.58 ) of a
mxture of N(mp-TTP)4 (23.72 g)(the catalyst), mp-TIP (4.665 @)
(excess | iARDC AfiPneng doydreys (akgliac amhdbt efarmy ailvasiredded to a
[ ask contalijdia £e208 ( Crtfni 2) (hORPbAR S LEMhFEoud 6 FER03 Tormed 2
‘10 zinc oxide, iron(III) oxide, lanthanum oxide,
heteropolyacids, magnesia/alumina, aluminophcsphates,
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



27 January 2004 WO 01/14321 PCT/US00/ 19385 this mixture. The flask and its
contents were heated £, 60C. HCN vapor was introeduced - t&7 Janearfyl2894 by

spargin ough a“ehilled. trap (OC) and into-the flask. Liquid
. sanpl es%@l@%{h hdrawn at 45 nminutes, 2, 5 .-and 3 hour &STPHIYAS785
anal-yses showed HCN concentrations to be 385, 640, and 973 ppm at -each of

these times,respectively. The_.reaction _was stopged at the end of 4 hours,
2

and t he pr SHTEPRELESy AadDFUdLecerr Rt b5PBPRYLEALES aBdt ai ned 24.53 wt %
ADN, 53-772Mf%bniQmNE§dr%@@nOgﬁésﬁh%@ESNLE%%é&i%?FgLQQ%EZ§rZ§6ADN (the

Distribution was obtained by dividing'the % € sum of the wt % of
ADN, MaN, HfgbersNpf Ekdmpicdagsisre| ALELr &rdd .t had B&293ohs Acting as a

| nsol ubl e P 3 2 was_i nc ted with 30 nL of a

cat al yst nﬁgPﬂggbg?l%Egggénéggoégog%??%nsﬂﬁﬁ%g?ﬁ BDECERGFHF TaAY dbve. The

m xt ur € wagisperred onter a hiighogenfdcms #fehoyss0me/4ALC, s@psbds hour at 60C.
- The nixtugg ﬂag fgkieégd éiérln e filter), and the filtrate was
“transferred to the sane-hyarBEYyaAatT ot ratus used in Exanple 1.
Hydrogen cyani dEha#asrésenedip@bocPenbidd) FXSEPLE dlay DAK é&%rﬁgferiOd of

only one hour. ADNW§O.54 w9 was forned. A control ‘experinent,
the same cB8FalPEichRXELNE, 2pheavreRdtitipraly of ndubareartants, Fe203, and

U nouL olE] ASEGaBOTOLE!Enaieind SO Sladfld IR SR EEOM SLUS, a1 30

hydrogen cyanide for | hour. In exper|

was f_grorredl’.-‘atF#\lEdarEtQCU@Ormmmlﬁ&ﬂ&d@m‘ie&ﬂ@l theing the HON

reaction, z1jphatic monocolefin, 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
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2.18 wt % ADN was fornmed after only 45 m nutes, show ng 17 27 January 2004
WO 01/ 14321 PCTI USOCO/ 19385 that Fe2C3 acts as an inggl ubl @7plonatye004f t he
PNto ..ADN reaction. Examle 3 |llustrates that FeZ&B is not a Catal yst
for. Hydmylalﬂézli on. Fe2® (0.036 g) was mixed with PNs (£0F/u0p/1938qui d 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 PrgaptetubDaesmbaboEefin b5iNkensEa28RdRen6t 8eMi HagHCN Dur i ng
Hydrocyanation. Two reactors were_set up. Reactor 1 contained the sane
charge as FRAEkAABI E2E€andCEneBBLyYFebEBPerRERESFE Of fBSMendEytoBot h

reactors wepgeheakadyLo,80s, and:HCH:2A bl o B5oetBeted to reactor 1.

After 1 hour, HCN flow was stopped to reactor 1 and nitrogen flow was
started. nypfgxrﬁdtely one half of the contents of reactor 1 were

filter (using and transferred t reactor 2. HCN fl ow

was stggted on %gg§¥éhggfcmgr%ggégehésfF%gfég cﬁ%?%tg?ﬁeﬁaﬁﬁy+%%ctor 1

Sanpl es wepet thkeprésentbpfbcéeapt@ﬁa Bénde hpveséthestbferadm filtration
wo_ hours, the time at which HCN was stopped to

and transfe ang @%
reactor 2.3FRBE,RsOFtEO (FABI REMISPREBGS nAT IR ES SEELRI £9F on of ADN duri ng

t he secondeggngﬁyé +aag@aetor 2 (filtered material, under HCN) than
occurred during the second hour of reactor 1 (unflltered mat eri al, under
N2) . Preferably, the reaction medium is agitated, such

10 as by stirring or shaking. The reaction may be run
either batchwise 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 Dby conventional techniqués, such as distillation.

EXAMPLES
The following nonllmltlng 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- pentenenlfrlle ADN reéfers to
adlponltrlle, MGN to methylglutarcnltrlle, 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 Fez03 (0.180

g) (insoluble promoter). The Fes03 formed a slurry in

16



~ Table 1 18 27 January 2004 WO 01/14321 5 Exanples 5 - 9 Illustrate the Use
~of Cther Insoluble Prggoters. 10 In a manner simlar to tRdtJadesyr20Béd in
Exanple 1, other ins@&fuble pronoters were denonstrated to be active

i nsol u¥@oE8tbters as illustrated in Table 2: 15 20 ExBRBUSS0/18385 41
Addi tional Exanples of Insoluble Pronoters 25 The exanples in Table 3
utilized bidentate |igands Igdi phosphites) and were carried out using the
fol | owi ng tRBFMBEXPRER edlite, L1l sandt Hes WFRRUeRE2dVere ghpdted to G are

identified.Ls. Ta 3 and are described ove. | 0 cases, identified
1315 "r:aclycl 6ebfb't h?l‘%’r oifbter Wikl ﬁ%dﬁog{‘)“éﬁdggo\é;&th& r}‘tlsﬁgr]?ﬁ’r? a?\dsreljsed : nI a
subsequent g é'ﬁg%é%ﬁ‘%ﬁ%ﬁ%kgr% r%l%ﬁgi_é@@rar%ﬂg %@Séx&gﬁgﬁo Bﬂfiete wth a

ni trogen bubbler was™ charg penterieni tril mrol ) |igand
(see Tabl £l33%K0. 2Biquidl 9amgle g anetyeNi €iGHdNaveD . dizt 4moh)natnes 192,

T U0 930 e TR LU, AL 08 110,477 9% 40
ht, W % ADNEbrs¢entwtdt dhs to be 385, 640, and 973 ppm at -each of :
these times respectively. The reaction was Stopﬁed at
the end of 4 hours, and the product, analyzed Sy gas
chromatography (GC), contained 24.53 wt$% ADN, 2;77 wt%
10 MGN, and 0.84 wt% ESN. Distribution: 78.7% ADN (the
Distribution was obtained by dividing the wt% ADN by
) the sum of the wt$ of ADN, MGN, and ESN).

Example 2

15 - 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 tranéferred to the same hydrocyanation apparatus

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

25 1in Example 1, but fof 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 with Fe203, and without other added
promotérs, wésrreactéd, 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 Fe,0; 1s present during the HCN reaction,

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

17



5FeCXC}DO.1823.1276.8966F33(P04)2.8H201.032l092.79.5?67T1020.1671.1478-.6
8Zn(C0. 17018. 2478. 6 9Zr02(2 hour run)0.2591.56- 27 Janyary 2Z0hud® WDA14321 -
PCT/ USQ pronoter (see Table 3 for anount) under i i en

at ersph‘g/P]e"?ﬁgﬁé m xture was heated-to tenperature (see %ﬁ@&g‘;@gd

agitated with a magnetic stirrer. HCN was delivered to the reactor by
sparging a,source aof liquid HCN S (cqoled to 0C with dry nitrogen (see
Tabl 0 3 f o FAfORe2P @)C%E’nc?sdiaf’e&ﬂ(sﬁ‘a“lbﬁ@ RRATIKG ST Yattdeaf¥d tACN N2

m xture i nbo teactaast.or below the liquid level. Progress of the reaction

was nonitored by renoving aliquots and anal yzing by gas chromatography.
After Z hr the reaction was termnated.. 10 Results are given in Table 3. (;

PN cony = 100 x total dinitriles I initial PNs) (% ADN

di stribution = 100 x ADN / total Rediile 5 product) 15 Table 3 Ex.

Pr oot €r Amount L3 Igasit Tetngs NhaPNGEDS of et | avedoaiaysti &b i bution 10
Pol ystyrene-SnPh (Q SO0 ) 2 -

Hydrocyanation.

Fep03 (0.036 g) was mixed with PNs (4.0 mL).
Liquid HCN (0.40 mL) was added to the mikture, 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



.3 1. 0A70306692 3 11 recycle 2nd tine of sane sanpl eA70306193 13 recycle 3rd
-tinme of same sanpl eA7§305194 14 Pol ystyrene- snPh2( CF3SO3) P7QARO3Q 72894 15
recycle‘%ggg@%%F of s&mwe sanpl eA70306290 16 recycle 3rd tine of sane

. sanpl eA7 17 - Pol ystyr ene- SnPh( HSO4) 21. 0A7030690 16 PCT/US00/19385

" Pol ystyrene- CHZ- SnPhC120. 3A70301277 19
Eg: ggmggg; REeE TETH n D o0 SRy MGN, wt% 'ESN, wt:
(4-styrene-3ul fonat e) (Ph3Sn) 0. 06A803038184 22 Ph3Se Nai ongt £§3 06A70302281 23
Yb Nafionat 0. 06A70302177 24 Sul fated zirconia_dried 50000. 5A7030877 25

d - pronot ed~si | i co- al uni®nat e, 0. 5A70304688 26 RBcY2l e 2ndOt4h® sane

sanpl e0. 5A79301784 27 P@ pronoted siij cor al um page, 0. 5SA793P2783 28

t het a- ALF3 on silico-al umnate, 0. 5A80121483 29 f het a- A1F3,

pur 0. 588Q1221' 77 30 Acidi ¢ al uni na,12ir4%d 500%;18®. 5A7030194% 31 Sul f at ed
zirconi a cal ci ned 600C00. 5A80301175 20 27 January 2004 WD 01/ 14321 '

. PCT/ US00/ 19385 32 O -pronoted Si/A cal cined 200C, 0.5A80 .3029 78 33

Cl -pronoted Si/Al calcined 700CE@atp888087-84 34 A1F04 cal ci ned 600c,

. i i i . 27 78 36-4%
% ?éﬁ?f’loéﬁ Zfl §§1}|\1/%n§tra:!gg” gg‘éngbtg_gggcg' agéggg‘:%z' 35@3&@9@ DY omacaso2/ 78 36-4%

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



. 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 023Az00@Y200Z3 41
Cl-pro 34yl €o-al um nate 0.5C801212 86 Exanpl es ‘42-143 A 4 nl reactor
equipped W th a magnetic stir bar, was charged with 0.0FSBPWBAYEE onot er
and 0.2 nL of 5 catalyst solution conprised of Ni(COD)2 ("COD' is 1,5

cycl ooct adi Om-0+14 | di sphi,te .ligand (0.42. mol, see
Tabl e 4), ~penf§%éﬂ%§FiFgg8% 3g¥?1£?E°559§15§dﬁﬁoF?F%&n&l r§g88 A only,

tol uene (5atmopphersi.d Thesolixbiureziag hegasd. tdheempachigRelQsBLXt Ure was
heated to %%g&%ng)a | t.ated whil e begng exposed to an atnosphere of N2

cont ai ni ng o VIV , 2I3ERLPG: Wdthy A pBEPREIE SEisHAYel HEY M@st hrough
liquid HCHeatvB€edAtbethd. BelloUbs bhesheaginL ya ede W Lh N2 and the
reaction sqlution diluted with 3 nL _SSgcgﬁong. T%%B¥§%u$5 %%ggédmg

anal yze b3¢ eEhEBnBESYr uphY. dREsbittogen pseschicbliei B Tabl £1dw bel ow.

Tabl e 4 20r-ExEy ogriesti-gapge PN, %o vDi stributi 2-4AW Ti (OH) 4 on
Si 02 (300C) A6. 979. 5 43-- 5%9 k%{lb%ée/oén‘g%lﬁ g’g{%goﬁ?:'%‘i&i’ﬁg%é“’@h JULXAYREH) 4 .on
Si 02 (300CHADQ. BBE. Teast et he MaW3LH8. Biduid 4bevel a- AMFSgB8ss of the
silicoal umgatefd)- 988 Q.28 27 Japuary 2004 . '
_ ‘monitdore Y removing aliquots and analyzing by
gas chromatography. After 1 hr the reaction was terminated.

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  SADN
‘ grams oc flow Conv. Distribution
10 Polystyrene-SnPh; (CH3S03) L.0 70 30 g6 92

70 30 61 93
70 30 51 94
70 30 73 20
70 30 &2 - 9g
70 30 58 90
70 30 ¢ g0
70 30 12 77

- A
11 recycle 2nd time of same sample A
13 recycle 3rd time of same sample A
14 pblystyrene-Snpnz(cp3soii 1.0 A
15 recyclg 2nd time of same sample A
16 recycle 3rd time of same sample A
17 Polystyreng-SnPh(HSO4)2 - I 1 A
18 Polystyrehe—CHz—SnPhclz 0 A
19 Polystyrene-SaPh; (CH3503) 7 1 D 50 30 12 20
20 Polysgyr?ne—Snth(CH3SO3) 1. c 50 30 10 89
21 Foly (4-styrene—sulfonate)[Ph;Sn] 0.06 A 80 30 31 94
0 A 70 30 22 B
0 A 70 30 21 77
[+ A
A
A
A
A
A
A
A

22 Ph3Sn Naficnate
23 Yb Nafionate

24 sulfated zirconia dried 500°C 70 30 8 77

70 30 46 a8
70 30 17 g4
70 30 27 83
80 12 14 83
80 12 21" 77
70 30 10 76

25 Cl—promoted-silico-alumina:e,
26 Recycle 2nd time same sample

27 PO-promoted silico-aluminate,

29 theta-AlF3; pure

30 Acidic alumina, dried S00°C,

L BT BT T NP

a

0

1}

28 theta-AlF; on silico-aluminate, .
a

0

0

31 sulfated zirconia calecined 600°C, 80 30 11 75

20



- W) 01114321PCTI USO0/ 19385 47Si | i coal um nate (600C/ 4h) A72.187.8 48Acidifi ed
- silicoal um nate (600G:4h)A58.287.6 49Chl oride pronoted sil27cloalanyiztdte
(200A2 OChl orte pronoted Silicoal um nat e " 700A5 3 51Phosphate
. pronot 2‘368“’; ’?‘%’gal uminate (700A61.987.1 52A1P04 (600C/ 4h) ifg%?ﬁ“%

- 53Commer.ci al silicoal um nate cracki ngA66. 388 1 54Acidic g-al um na

(500C) A9. 6380.,9 ari.C ,AcCi r nntgd 95 aA27,580.9 56Zn0O an

g- al umi naA3, 577- fm%iusd)/ﬁ %’ gﬁe%g%oe?nul esA .8 5¥sUIfat &8 zi®conia

(600C 4h) A33 A TEomotEd S Flasaidinedr 16T a GS%OC/Mh)AZ@ 128. 4360Aakd for m of
Zeol ite YA20.:¥d). caicidek sob&l,d form of  Zeod i t ex nor dani t;8A18, 274,6

62Mo B A6. 33&,% Al 4l a A 74. 2 65Ba( Orf) 2A18. 375 0 66K10
Mont nori | | oni tlétmf%g Ze ,&ga”G?fﬁq ’Wénstoﬁljgrglﬁzl onligt e (40067 A0%1 68K10

Mont mor i | | dhi-te TE GEDCPBIHiRLS. 08atiel BIICLO-Nbnthor i |4%nizbe (BOOGA40. 185. 4
70Al Mont pet i-k¢ am@e&ﬁﬁul&ﬁ 8riéd Aloodcaponist 6A2p3 07&00 FgNazdontgorillonite

(500C) A26. £76.4, morillonite %‘g C)A .287.6 74Zn~|\/bntrmrlllon|te
(500C) A15. 784. 8 ’;é?; i‘I PEiF 80 C)A L0840 30 18
76100- Al - MShERRSEi | | oni te (SOOC) Al6.087. B-°¥7130- AL-7Wontsor id | omste

(700C) A35. B86¢% 78100- Zn-Montnori | |l oni tes(500C) A1.76 10 ‘19 73
_ 41 Cl-promoted 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
o ~ 5 catalyst solution comprised bf 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
wl) 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 6.9 79.5
43 .5y HNbO3 on Si0Os (300°C) A 21.2 81.2
44 _5% Zr(OHl4 on 5i0y (300°C} A 24.6 86.1
45 theta-AlF, A 18.3 4.7
46 theta-AlF3 on silicoaluminate A 4"0_0 88.0
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79100- Zn- Mont nori | 1 onite (700C) A4. 887.0 80-4% Ti (OH) 4 on Si02
(300C) C5.485.2 81-4% Ti' (OH) 4 on Si 02 (500C) C8. 184. G7:82- 5&/HIBTBYAO0Si 02

(3000) ,8.83 5% HNbOB on Si 02 (500C) C6. 661. 8 84:5$ 7r 4 on _Si 02
(300C) %’."8@.“%‘85_% Zr (OH) 4 on Si 2 (500C) C7.982. 3 86t hi’t‘:&?@fﬁfé&‘?ﬁss?s. 6
87t het a- AUF3 on silicoal um nateC5.382.8 88Silicoal um nate

(600C 4h) Cj&‘g" 085.8 89Acidified silicoalumnate (600C 4h%C11. 985.0

90Chl ori de *pr St RpIEFinAEEal PN H4RE (200C6. 582.0 81Chl 8Fidle pr dioed

si | i coal uni*fatAeigieaos Hd4oa veRtes PFECe 4p) onot ed?si | | EBad um n@7es

(700C6. 38242 ZR1&FidRapwraryed GOLiaNBl @lind4820PCTI USEO 19385 93A RA41

(640C 4h) C3008816r 194 CoraimpE€d atilsddai eiimbydi @abe cr Acki nggAd. 885.4 95Aci dic
g-atumina £60063£MalflorlndROLL 1caElMhiBEAIYES 0- RI UM BAGH 679-,1,972n0 on
g- al um na 2974;-, 987n0,on Si 02 granul esC16.084.8_.. - 91 ul fated zZirconia
(600C/ 4h) C37 126°% 16050 1™t ed zj rconi a (S00C 4h) . 8800 %101Aci’d-For m of
Zeol i te YC3? 8§H™F E62 A ¢ FBr HM- TRt e TPk %or deni #eC3. 556. 8 1038pB3CL. 164. 7
104VD3C2. 87%. Acidisg] a203@2n .(56C2 106Ba( OTf ) 2C4_2&' 79. 3.607K10 80.59

Mont nori | | 8hi Beri2@008) @Eow8246g-L08KER Montnoril |l omite £4G0C) C1Q0384.5

56 ZnC on g-alumina . A 3.5 77.2

57 ZnO on Si0Os granules A 3.4 . 75.8
58 sulfated zirconia (600°C/4h) A 23.4 75.3
59 sgulfated zirconia (500°C/4h) A 23.1 76.4
60 Acid form of Zeolite Y A 20.6 76.3
61 -Acid form of Zeolite mordenite A 18.2 74.6
62 MoOs3 A 6.3 74.1
63 WO A . 17.2 74.0
64 Las03 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 oo1i.z2 87.6
74 zZn-Montmorillonite (500°C) A 15.7 84.8
75 Zn-Montmorilleonite (200°C) A 1.9 84.4
76 100-Al-Montmorillonite (500°C) A 16.0 87.8
77 100-Al-Montmorillopite ({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 Si0y (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 85.8
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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109K10 Montnorillonite (600C/ 6h) C49.485.1 110K10 Montnorillonite
(800C) C51. 884. 8 111AIZNbntnoril |l oni teC34.884.7 112A La CZinlangagy 200384. 0 .

113Na- Ll | oni t e¥{500C) C5. 284. 6 114Al - Mont nori | | oni 8. 085. 1
115A - Montnori [l onite (200C) C10.585.2 116Zn-Mont noril | Omﬁ?gﬁéﬁ&@;ﬁ?
(500C) C55.4.85.7 117Zn-Montnorillonite (200C) C20.785.6

118Fe- Mont BB izh Loni Lgqd QQC) C21.685.2 119Fe-Montngri |l onite (ZCEQC% C36.485. 3

120100- Al - jpn “oni f.e, (5000) C14. 084, 1 121100- Al- Mot noril | onite
(700C) C48. %‘84.‘%5_2’5_ 5&88-52%%}%°nq“rr§%%%l" orrtE%000) C4 978 #%-8 85.0
123100- Zn- RDnfRbtiq Boriurany AG0€5FC18. 383. 4 124- 4% Fi (OH)%70on Si 622

(300C) D3. 178. Po1d% 2508 INpO3-edna Si102ina300C) D2. 074. 6 12645% Zr (@14 on Si 02

(300C) D2. 3956. @nd X7t hetlamddf3D3. 073. 4 128t het a- ALF8 on 3.s 74.3
si | i coal unbmaka®tud oA grd’dQsk| i coal um nate (600Ck4h) D3g 376. 3 L304ci dified

si |l i coal umyga . ol 1Chl ori de propoted,silicoal nat e
(20002. 6733 s Qgg@%@),ﬁ% LT o e (700262380, 6 T33Phosphat

3 | .ori.de pronot _

prorot ed Si i(%%g a&ﬁﬁnafsm?lmg%ﬁ%)s 134A P04 (6000 4y B2. 769889

135Conmer ¢ioal “§t% FeBAIMnFTRtE® ¢t acki ngD3. 783. 6* 1§6Aci dir8 g-al dRiha
3.8 76.8

-

(500C) DO. 448§ @cid form of Zeolite mordenite 3.5 .
' - 103 MoO3 | c 1.1 64.7
. 104 WO3 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 zZn-Montmorillonite {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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137Sul fated zi:conia (600C/ 4h)D3.574.0 138Sul fated zirconia

(500C/ 4h) D3. 373.9 23 27 January 2004 WO 01/ 14321PC'I'I;1;§‘};_S@’W9MBE‘W%JOKI @)
MOnt mor i wh@iig{ 200- C) D1. 4635. 9* 140 K10 Montnorill oni't e(4000C) D1. 6440. 8*
141Kl O Mantnori | | oni t e(60COC16h) D4. 78 3 5 * 142 K10 PCT/US00/19385
Montnorillonite(80(),, C)D4.465.9* 143 Ad MontnorilloniteDl.572. 4% Ligand D:
250 uL, 50 Not corrected for 2M3 contribution to MaoN Ligand
D: 200 ul, 25 %fﬁmg%?re#?o%rer égecoeog)for MGN 5 cofitribdtton  35.9%

100- E- Mont npy;i | ONiPEITI awite (#495F) y exchanged Rbnt mdré4 | oni ¢es+Exanpl e

144 10 A 25 nLFedopsroniddonsikar ¢expgiath 0. 058 g Ni PCOD) 2.7 0. 558 g+Li gand
C, 0.75 g KPoxmpiontmidillderite cadoetned at 500*C bor 4sheurs apgd 7.5 niL
3- pent eneni ¥4 hk MoTheoriigatiteon nm xture was heatedpto 5Q0C and agitat ed
vigorously while a continuous stream of N2 containing 15 3516 Vv/'v HCN was
passed thr.ugh the reactor at a rate of 25 nL/mn. After 1.5 hours, the
sol uti on pHaSEnga®: di25@ ad:,wiSith mgr ghomestand anwity zes Hav- 66 ¢hromat ogr aphy.
60. 716 con S| : tenenitriles, 85.0%selectivity to adiponitrile.
20 -Exanpl e\?dgf ctgﬁlggjﬁrbglggf:’g‘[ [ gnwng class (c) Heterogeneous Pronoters. for
Hydr ocyanat’i édgaBraidpl @ 00401, BsMugt Bydndreni.t ecgrg.gc@gdcggge&? al '
mont norg| | 9;'2{&&?-;%' ﬁxogK- 10, Aldrich) was slurried into a solution of 5g
anoni um nitrate-r

IOO—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

24



100 nmL water. After stirring overnight the solid was collected by
filtration, washed with:water and suction dried. The wet A7 Jangaryc¥Ré was
then cal cined in fl owiig 30 air by ramping to 6000C over 1 hour and held

. there fOYMIBH january 2004 WO 01/ 14321 PCT/ US00/ 19385 PCHSUSW/I19MSe sanpl e
was flushed with nitrogen and taken into a nitrogen filled dry-box for
collection and storage. 5 Exanple 146 - Silicoalumnate. 5g commerci al

si |'i coal um haAMEs achli‘?lgsw-h?y‘ﬁs @m@mmtmﬁmsaM| ned in
flowi ng airy for, 4 hours. The
sanpl e was fﬂ%heﬁ{lﬂg nitrogen a&é/ LEOIﬁt glgef% |a8§1en filled
dry-box forstfdaseti on and storage. Exanple 147 - Chlorlde pr onot ed
Silicoalum nate. 5g comrercial silicoalum nate powder was slurried into
50nmL water. The pH was adjusted to 1 with HJ and 15 the slurry stirred
for 30 Ains. The slurryexasplbensgvapoidiedai@nthyness under reduced
pressure. "The recovered powder. was calcinéd in fTowing air by ranping to
700C over 1 houraff MeTdidg ot %FQQ%%m§naFﬁeC§éﬁﬂﬁé§wﬂ§tﬁﬂushed with
nitrogen apgatmkensl Mo Add) WaGCRNLiLE dhy 288Y:hgT 460! bection and
storage. Exanple 148 - Phosphate pronote |coa um na g comer ci al
si | i coal unfREP& NP0 W@e E ORES QW@ﬁrﬂe@ommtenEOhbldangrfofhe hbhﬁas adjusted to

| with 85%p23 0 stirre or 30 mins. The
slurry was the%ggiéggpccﬁrr5 %t ggb% h%gid wﬁ'g %e’fleﬁﬁgeg PredBPe? The
recovet@ed powdegemasitakdi degi- ibbef Fow G@llectlon and storage.

v

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 )



air by rarfpi ng to 700C over 1 hour and holding for 2- hours. The sanple was
flushed with nitrogen and taken 30 into a nitrogen 1 ed 2drJanpary 2004r |

col | ect i wo @ndszistorage. Examle 149 - Sulfate-treatéed zi Y
zi rconi um hydr oxi de was placed on a frit-and 25 27 Januar?egﬁrgﬁw!/%gﬁll 14321,

PCT/ US00/ 19385 75nmL 0. 5M sul furic acid was poured through- the bed and

al | owed to Wl o Srowyl fukiie S@icd wias pweldOR 1 ea. (fnd Lhen cal cined in
flowing air ]ﬁ/ rappi ng. to 500C over 1p%our an&%gggﬁ rt;'gl'ef &L 3RGurs. The
sanpl e was & %@&%W% leyey -aflet skdnd mas susttoagearibil | ed dry- box
for collecti QD apg, $1.9-3 xanple.150 - theta-Al F3. 5g Col |idinium
tetraf | uoroal um nate | Fb?lr%gn%t Ifgf:?’lﬁ 0%3T R¥ef3"PhBH §6c 500863, 115, 3028)
was cal ci ne¥em 1 fioswi agdaholldyngafiprng heudb0Cra¥esadphaul,zand hol ding

for 1 hgur. 1m%F%ar‘g_)Ll F‘ vva?_ flushed with nitrogen and aken 1nto a nitrogen
filled dry-'fbox o Y&5F BeEFBASEnandstBkeReintS axnkpreges1filZedc oxi de on
" silica. 5gdyymexalfom BB1NAELsbhl AR §PbPagesSoOl ution of 2g zinc nitrate in
25mL. water. After 30 rains the solution was evaporated to dryness under

reduced pressure and 20 the recovered solid was calcined in fl.owing air by

ranping to 350C over 1 hopfaanfle hf%@“-”gt}gé’rafl% ggﬂlsl I eghgriaggi(ef \gkrsts

flushed with nitrogen andTakem mmto =

‘col l ection and59t 6phybdinbtum Cormeaf Atdmes FXAIEAES (Herdon et al.
10 J.Amer.Chem.Soc, 1993, 115, 3028) was calcined ip

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.

5g gamma alumina waé 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 Fhe recovered golid was calcined in flowing air b?
ramping to 350°C over 1 hour and holding fof 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 following comparative examples illustrate that

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

30 pentenenitrile.

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-

26



The -follow ng conparative exanples illustrate that small pore
“aluminosilicate Zeoligfs 3A and 4A utilized in U S Pated Jangag 2004,
exanpl es 5 and 6, do fist performas - pronoters for the njckel- catalyzed

. hydr ocyX¥R86R of 3 30 pentenenitrile. Conmparative Exam Y& 9SWI%85t or was
charged with Ni (tritolyl phosphite) 4 (0.49 g; 0.34 nmol) , zZnd 2 (0.095
g; 0.67 mmpl), and 3 26 27 Jan ar 004 01/ 14321 PCT/ US00/ 19385
pentenenltg te?ﬁ&fﬁﬁfa @ % M%% 3§ctig ® FPRELEHEPwas

mi Nt ai nedy Bt ZeC Wil Ineamtr%wc' 79 2eN ghide §atEo8 R/ e
period of 16 hrs. Analy5|sag thg' resultlﬁgeprodugtuggg%tlon {g %&:shomed
3- pent ener¥ats |af 2 amady/dixowvef M%ﬁam_@dADrﬂ diés hrishut hnalpé:.%&(f Yhen t he

reaction S eated thout ZnCl2, . le t han Q. @6 entenenitrile
converS|oﬁﬁ%ééﬁﬁfghEnfbnparffﬂyg 2R %EZ %ﬁwﬁgd o??&ﬁEPFBﬁtSF e

3- pént enenddmides iwas afarlm%ednaunnunaasma&artlsmrrbhfans%o Canear ahkve Exanple
1 except that. Q.90 g of 3A Ml ecul ar Siev (an alum nosilicate Zeolite)

vere adddfeGtddh TEReE Len Wi FEPYEL AT é'r%%%ﬁtWEﬁnﬁ?dﬂhdi sol ution by
GC showed pErieeenedilile l@ncaruehsi eB=ah +&d% and 15 ADN distribution of
80% When the reaction was repeated, wthout the ZnCl2, 'l ess than 0.2%
3-pentenenitrile conversion resul ted. Conparative Exanple 3 20 A reactor
was charged with Ni (tritolyl §J4 > 0.34 mol ),

tritolyl phosphite (0.59 g; 1. 95 g; 0.67 nnDI) and
3-penténeni tri Hedfdteyainat8ch gof 19§ennnnéh1tfhﬁereaetcaﬁrﬂadtuﬁe Y8Sa

mai nt ai ned at 25C whi,l e |ntrodUC|n9 HCN at a rate of 120 mmol / hr over a
peri od of manner similar to Comparative Example 1 except that 0.90 g

ff> 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 255C 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



25 4.5 hrs. Analysis of the resulting product solution by GC showed
3-pentenenitrile conversion of 5% and ADN distributfon of27zBoyawReR4t he
reacti peated without ZnCl2, |ess than 0.4%3-pentenenitrile
conver g&g\r/l@’rigszgl ted. 30 Conparative Exanple 4 Hydr ocyana?%’r’rﬁg‘f’wass

3-pentenenitrile was carried out in a manner simlar to Conparative Exanple

3 except t A Mol ecul ar. Si eves (an alum-nosilicate Zeolite)
wer e addedgs%ut?ﬁgén}lg&t%éeéh W S TREDFCRHE T bt (T SHioRic @2 2957 apdnuar y
2004 WO 01ANN 32isPETHbSOSH 198861 50! Wihan tie Geahonsd wiPeRag rile
conversion of 19% and _ADN distribution of 81% Wen the reaction was
repeated YHtHIYt the MGz, lesss thiaan 0023933 peaserprAtTiiee conversion
resul ted. Z$hvdrJotarae 20y A ains: 1. A process for converting an-
acyclic nonoolefin to its corresponding termnal organonitrile by reacting
the nonoolefin with HCN, at a tenperature of -25C to 200C 5 and a pressure
~of 0.05 to 100 at nbspheres, in the presence of a zeroval ent nickel
conpound, a phosphorous-contai ning |ligand and an insoluble Lewis acid
pronoter selected fromthe group consisting of 10 15 20 (1) an-.aryl-group
cont ai ni ng pol ystyrene having netal cations covalently bound to the aryl
groups, the netal cations being selected fromthe group consisting of
zinc, cadmum the first transition series (elenents

\’-.._t‘

2B



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, _hafniu

tantal um tungsten, and rhenium (2) a sul phonated or car Béxgngane4bo4

pol ystyrene having nmetal cations ionically bound to the sul phonate or

carboxylatg roups, the netal cations being selected fromthe group

consi sting inc, cadmum the first transition series (elenents 21-29

of the Periodic Table), the second transition series (elenments 39-47 of

the Periodic Ta Ig%i the rare earth tals églenents 57-71 of the Periodic
il 9

Tabl e), bofon, &Rl " copugring 7Y @PHRe NPOYBI MRS AoTeBRanIng APTmiCah
tantal um brgagsiigie bpﬂﬁadctirfghﬂéirrwiﬁbl | of&fin (malbu M,l%ﬁaaerﬁpéra{ulr@m Qe%sfi agred from
the group conpsistin f. crys ine, siljcopalum nate clays or |arge pore
zeolite hﬁ#ﬂﬁreﬁsb%rog Osq%z% 1@6@59%?‘3“8{6}%&? tgﬁB[ﬁseﬁc%’f&ﬁ%ﬂeqtﬁ" fleir acid
forms; subsérapsinal & phospheroustabtainisy lighindispaalnunddndieBewie Rtidgrémber pr onot ed
wi th chl o:#fge iﬁ})fztt_le or Ehosphatfe; zirconia and sul fate; niobic acid,
aci di ¢ gantSYPAAPHADE IOYRGEPFRMEAETd: ol ybdi ¢ aci d; hydrous titania; zinc
oxi de; iron(Ill1{)1)oxi gearyl-grdplcanthiiLoyrées hé\f{)g ﬂlefmb@dongmﬁgﬂ;@ﬂ?d ]
perfl uorosul phonic acid resin, wherein the netal is. M e, n, La,
Ce, Pr, Nd, Sm Eu, %%“,”‘H‘B,heb’;’/?’ 948‘,“’%&‘9 el %EO”BPG'"E&?’%gdi?"ﬂ%uary 2004
(5) a metal cation wythp @ongistingrof witic Cdadheinedeths first triaﬁﬁ@dxrﬂéiﬁri%s(éle?@ﬁts g
reaction, the anion Lng, sel ecte the group consisting o i de,
sul fate and phosphalo'g'tEb SPWﬁiﬁ'ﬁylcﬂr&%@’%? S?T’fg\dqf%S@ﬂ'é SEIRS (8%"3%“523%,“. t hen
the anion is other #hahthsHetiatie TablefGhe reé abrifd (emelrs57-Mpbathef | Uuori des
supported on a sili Cpgrliou ic 'th;[lg), Bgr%R,OgImeum, gailium, 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 tanthanum 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,
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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 claim1 further conprising nechanically separating the

i nsoluble Lewis acid pronoter fromthe nonool efin, HCN, z@&rdansnedbohi ckel
conpound, ligand and organonitrile. 15 3. The process of claim2 wherein
the acyclic olefin is selected fromthe group consisting of CH2=CH(CH2) ZR
and CH3- (CH2)y ©H=CHp (et patien witeae prion mhich repdarsit ingoiikie indhe reaction,
perfluoroal kyl; x i ' ' . IS : {s CN
or CO2R2 and z is O ?ggftzogv\bﬁ%nr? %Ie:zcgecriifr%rﬁt%%gr;rfo Iaggércl)éé 'l?%lo?ﬁglﬁ' mR%lﬂ? %dan

al kyl group cont ai ni PiPsphats. provided.dwwexen it ifdhe qatien iy dedben b aniaiisn 3
wherein the phosphorQHsr$9htakdibng ligand is selected fromthe group
consi sting of PXYZ and (X)(Y)P-Z2'-P(X)(Y), wherein: 25 X and Y are

i ndeperfdently R3 or OR4; Zis OR5; Z' is ORB-O and R3, R4, R5 and R6 are
| ndependent [y aleky! etafivdrigds el fRbel SidiBnda bR aldlic e SiaiR, S0 S

The process of claim4 in the 1 nsolubl'e pronoter 1s the only
promoter. 6. The pr oé¥sRhasPhaies,iransulfategand gireaniunp pydregent phasphateasyd - gr oup
containing polystyrene having netal cations covalently bound to the aryl
groups, the nmetal cations 35 being selected fromthe group consisting of
zinc, cadnium he fAFstZNFe.aagi $hFosuBerieson Freplominesiicate saopast. t he Peri odi ¢
Tabl e)4p the second transition series (elenments 39-47 of 30 27 January 2004
the Periodic Table), the rare earths (elenments 57-71 of the Periodic

Tabl e), bofon, TR RePessraf clpdn|t furRper compPURNg grachanicaly, seppiaiing Heni um

tantal um jhudGsk eBwists pofotdHTlom the PRShdBIAA SSENOEerb hvaleht flickdl Whi ch the
pronoter is a sul phonated or carboxylated 5 polystyrene having netal

cations i oFfNERAUNY, ligsid @ne eraaneniéile.phonat e or carboxyl ate groups, the netal
cations being selected fromthe group consisting of zinc, cadm um

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 alkyt 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



the first transition series (elenents 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), bor% .al um ﬂﬁ)in

gal lium indium germanium tin, hafnium 10 tantalum tu 35?8%3“’3

rhenium 8. The process of claim4 in which the pronoter is a netal oxide
sel ected f . p..consi st.i ng of cr | lLine.sil.i L ymi nat e cl ays or
| ar ge por eih%er% rlrbt% gsﬂ%ge\t}i tr'?é 'y eﬁ&‘b%@?’%’%ﬁ?ﬁe"? 'tr{eﬁ%?{;og% ieg, %{821 rons in

t hei r aci daluorimsm, galliost, damtiunal deymasiumotie, rhatiarh) tanialus, ltirggssdn, and eteesim.
optionally pronoted with chloride, sulfate or phosphate; zirconia and

sul fate; niobic acid; acidic gamma-al um na; tungstic acid; nolybdic acid,
hydr ous ti ¥ani a;Thg prosesxdiddaimi 4 iorwHidH the prordeter iardsuipobbtad oncarbbxldated®. The
pr ocess of I L0 Whi p r.1$,0n rt._se fromthe
20 gr ou5p c8§'g?t¥'tr%’§ghag#‘ &@ﬁq%]cc%?gna lé;r?ﬁg%&ebg%&}:oatp E%H.E)H%a%%ga%gﬁag s of claim
4 i n whi chgtdues ghe meta caliensabarst slleatedtingm dredgrope consisting ®fikiptaradmitac, d

resin, whegegl : .S ok I . Gd,
oy Dy, "o\ st sl Soritsplheplat; 20y A pokBe robtef e Mtontingiioil e
pronot er i seresnfeteaientsal9-éhofhe Pedodiaablr), thdizod carinoetads (etemardobHil @f i n t he
reaction, i [\N I fran qro i.sting. of halide,
Sl fat o anderaeaRo R e aR. SR, S o YhmaRRRT A AR 20 ¢ e

t he ani®n fantatmetungstam adirhenien. 30 12. The process of claim 11 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

sel ect ed fBom t ibe graseps Slaimnsinstticigthe forarestet isfal roetel akdds sefedted fréddloe | des

support ed Lk tﬁﬁﬁl ] | es... l.non. sul fates and
zi rconi um ﬁ%@c?gglﬁ'lsp os]c %ﬁ’g@&%ﬂHggﬂﬁ'gnﬁa%éléyggﬂﬁ%%%g)gﬁéﬂﬁ%l'tp)3F &%gg@%of claim4
i n whi ch t heremizengreater fransbbetcd Adgstrooms i thpircags fooosisubstaniglipf Al F3, ZnF2,
and Sb S : um k] A 15. rocess of
claim iél nHmﬁgﬁrﬁ%&%@%h "Zgr’{blglg)%;'%ﬂﬁag@?ﬁ?ﬁéa{? g%thﬁtﬁ%{@%cf Ui(g%gép support
sel ect ed f pbeaphhte; girennn vwhatilfete nigbisfack; keidia,gasimareimiren tlngatibacid; 32

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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14. The process of claim 4 in which the promoter is selected from a group

consisting of AlF3, ZnF,, and SbF; supported on an aluminosilicate support.

15. The process of claim 4 in which the promoter is zinc sulfate supported on a

support selected from the group consisting of silica, alumina and carbon.

32
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