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10 BACKGROUND OF THE INVENTION

It is well known in the art that complexes of nickel
with phosphorous-containing ligands are useful as catalysts
in hydrocyanation reactions. Such nickel coﬁpléxes using
monodentate phosphites are known to catalyze hydrocyanation

15 of butadiene to produce a mixture of pentenenitriles. These
catalysts are also useful in the subsequent hydrocyanation
of pentenenitriles to produce adiponitrile, an important
intermediate in the production of nylon. It is further
known that bidentate phoshite and phosphinite ligands can be

20 used to form nickel-based catalysts to perform such
hydrocyanation reactions.

U.S. Patent 3,903,120 discloses a process for preparing
zerovalent nickel complexes by reacting elemental nickel
with a monodentate phosphorous ligand of the formula PZ,

25 where Z is an alkyl or alkoxy group, preferably an aryloxy
group. The process uses finely divided elemental nickel and
is preferably carried out in the presence of a nitrile
solvent. The reaction is taught to be carried out in the
presence of excess ligand.

30 U.S. Patent 3,846,461 discloses a process for preparing
zerovalent nickel complexes of triorganophosphites by

reacting triorganophosphite compounds with nickel chloride



zeroval ent ni ckel conpl exes of triorganophosphites by reacting

tri organophosphite conmpounds with nickel chloride WO 03/045555

PCT/ US02/\864884555%1 t he presence of a finely divided reduciPag/user/ad4esvhi ch i s
nore el ectropositive than nickel, and in the presence of a pronoter
selected fromthe group consisting of NH3, NH4X, Zn (NH3) 2X2, and m xtures
of NH4X and ZnX2 , where X is a 5 halide. Reducing netals include Na, Li,
My, Ca, Ba, Sr, Ti, V, Fe, Co, Cu, Zn, Cd, A, Ga, In, Sn, Pb, and Th,

with Zn bei Rpeppetecned. of. S rRakent dBv3A3ARWiIcLOsRS A IRLihed ;of
preparing nickel hydrocyanation catal ysts containing bidentate 10
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(G ortho- . ) .. 15 Alternatively, divalent nickel conpounds nmay be
conbiﬁgd g§ﬁ€ﬁ£$edgggHﬁlﬁaeWFgai5 bPSéHé@ NagultabMg nfékeBasofkceTi I n the
latter mevhodeof cpreparing, cabal xst, cas the shemperatupe gl {he ngalyst
preparation increases, the catalyst formation'rate increases, Eu t he
amount of Pedngegradarref-product al so i ncreases. Accordingly, there is a

dogr adat | on. - SUMRRYEEEDTLE [ RVERT? ORf-98 L PHE=pP e DBRS e enPFBRAFTE process
for prepanioged himidoogyansibancesbal¥st byneanhashi BYdankkdent ate
PO U8 SRk 091 L8385 M L8O e ent "hOEkE] Lompounds that
contain ligands that can be displaced by the bidentate
phosphorous ligand are a preferred source of nickel. Two
such compounds are Ni (COD),, where COD is 1,5-cyclooctadiene,
and (oTTP),Ni (CyH,), where oTTP is P (O-ortho-C¢H,CH;) 5.
15 Alternatively, divalent nickel compounds may be combined
with reducing agents to produce a suitable nickel source.
In the latter method of preparing catalyst, as the
temperature of the catalyst preparation increases, the
catalyst formation rate increases, but the amount of
20 degradation product also increases. Accordingly, there is a
need in the art for a process that allows for high reaction

rates and low degradation.

SUMMARY OF THE INVENTION

25 The present invention is a process for preparing a
hydrocyanation catalyst by contacting a bidentate
phosphorus-containing ligand with nickel chloride in the
presence of a nitrile solvent and a reducing metal which is
more electropositive than nickel, the nickel chloride being

30 in molar excess with respect to the reducing metal.



presence of a nitrile solvent and a reducing nmetal which is nore

el ectropositive than nickel, the nickel chloride being 30 in nolar excess
wi t h respwotosnessshe reducing nmetal. 2 WO 03/ 045555 PCT/ UBOZ/U36268368

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The catal ysts of the present
invention may be prepared by contacting nickel chloride with a bidentate
phosphorous- containing ligand in the presence of a reducing netal, the 5
ni ckel chloride being in nolar excess with respect to the reducing netal.
The reducing netal caDEDRIBEEY DESGRIMNIOR oFSTHBr engkReLpRPOSi tive than
nickel . Such ngtals include Na, Lr,” KM, Ca, Ba, or, 11, V, Fe, Co, Cu,
Zn, Cd, Al, C%lf-el‘ﬁ?tgﬁysbﬁ,Oﬁth‘?hPrWﬁ?l’ltpﬂéﬁéﬂﬁ?@narreyF@.eapdedZar_?Ehe 10
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chl ori de increas he~_cC | yst. far ion rate all ow a decrease in
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limting reagent. In other words, the anount .
10 © reducing metal (hereinafter “MET”) is preferably finely-

divided. The expression “finely-divided” means that the
metal is of a particle size of less than 20 mesh.

Surprisingly, the rate of reaction is substantially
independent of the concentration of the phosphorus-

15 containing ligand or the amount of reducing metal, but,
rather, depends on the amount of NiCl, present and the
reaction temperature. Accordingly, increasing the amount of
NiCl, increases the reaction rate. Since undesirable side
reactions, especially degradation, increase with

20  temperature, using excess nickel chloride to increase the
catalyst formation rate may allow a decrease in reaction
temperature which will decrease undesirable side reactions.
The reaction is usually carried out such that the reducing
metal is the limiting reagent. In other words, the amount

25 of the NiCl, converted to catalyst is controlled by the
amount of reducing metal added.

The source of nickel for this invention is preferably
nickel (II) chloride, NiCl,. Either hydrated or anhydrous
forms of NiCl, may be used. Anhydrous NiCl, is preferred in

30  order to minimize the hydrolytic degradation of the ligand.
The expression “anhydrous” means that the nickel chloride

contains less than 2% by weight water. Nickel chloride



25 of the NiCl2 converted to catalyst is controlled by the anount of
reduci ng netal added. The source of nickel for this invention is preferably
ni ckel (IWP oslhssss de, Ni Cl2. Either hydrated or anhydrous Pcrarsns3@bs Ni C12
may be used. Anhydrous NC12 is preferred in 30 order to nlnlnlze"the

hydrol ytic degradation of the ligand. The expression "anhydrous" means
that the nickel chloride contains |ess than 2% by weight water. N ckel

chl oride 3 WD 03/ 045555 PCT/ US02/ 36468 containing 1% or less water is

preferredcoﬂnhydﬂn981%ileﬂes%hhatbéei@abrE%eQQE@Lne@n@%d&%%%i%Qcﬁ%qrated
fornms of N to tenperatures of about 200C to about 240C. Heating the

2
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believed that the invention is not limted to this weight percentage and
aqueous S&TWtSons with different

10 The expression “hydrated NiCl,” means NiCl, containing
2% or more water by weight. Examples of hydrated NiCl,
include the dihydrate, the hexahydrate and agqueous solutions
of NiCl,. Preferred sources for producing anhydrous NiCl,
are the hexahydrate product and an aqueous solution. NiCl,

15 as an aqueous solution is particularly preferred. The
aqueous solution is available commercially as an
approximately 29 weight percent NiCl, agueous solution.
However, it is believed that the invention is not limited to
this weight percentage and aqueous solutions with different

20 weight percent NiCl, will work. For practical reasons, the
preferred aqueous solution contains 20 to 31 weight percent
NiCl;. The lower limit is due to cost effectiveness of
dehydrating a dilute solution. The upper limit is due to
NiCl,; solubility at ambient temperature, particularly due to

25 the precipitation of NiCl, (H,0)¢.

A preferred method of drying hydrated NiCl, is to first
dry the NiCl, by spray or flash drying and then further dry
the resulting product by thermal drying. A number of types
of spray or thermal dryers are known to one skilled in the

30 art. Pneumatic conveying dryers and flash dryers are known
to be interchangeable terminology in the drying trade. The

choice of which type to use is not critical. Examples of



20 wei ght percent NiCl2 will work. For practical reasons, the preferred
aqueous solution contains 20 to 31 weight percent N Cl2. The lower limt
is due tovowmsi4wsss ectiveness of dehydrating a dilute sol wcirarso2/3daes upper
limt is due to N Cl2 solubility at anbient tenperature, particularly due
to 25 the precipitation of NiC2(H20)6. A preferred method of drying
hydrated NiCl2 is to first dry the N2 by spray or flash drying and then
further dry the resulting product by thermal drying. A nunber of types of

spray or bkpeagabrgeyer srareckaowrehe Q&%w§kbbh%QeEnth%e%Q,aéhdbﬁQ§%§atiC
conveying dryers_and flash dryers are known to be interchangeable
terninoloago%n t k8 8PyeEngrefsgecdTRECCERSI cEhef swiriayh dirype sboudd i s not
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or indirect drying in which the heat is primarily by
conduction or convection. Thermal drying may occur under
reduced pressure or with a dry inert gas flow. For economic
reasons, the dry inert gas is preferably nitrogen. Thermal
15 drying should occur at a temperature between about 200 and
about 240°C. The time of drying should not exceed about 12
hours.
The catalyst formation reaction is carried out in the
presence of a nitrile solvent, preferably 3-pentenenitrile
20 or 2-methyl-butenenitrile. The concentration of ligand may
range from about 1% to 90% by weight. For practical reasons
the preferred range of ligand concentration is 5% to 50%.
The amount of reducing metal (MET) is determined by the
desired nickel catalyst product concentration. The
25 preferred amount of reducing metal (MET) will generally fall
in the range of 0.1% to 5% of the reaction mass. The amount
of NiCl, will be in molar excess to the reducing metal. The
molar ratio of NiCl, to MET ranges from 1.1:1 to 100:1. The
preferred ratio of NiCl,:MET ranges from 2:1 to 50:1. The
30 reaction temperature may range from 0°C to 120°C. The

preferred temperature range is dependent on the NiCl, form.

Hydrated forms of NiCl, react rapidly at lower temperatures



15 drying should occur at a tenperature between about 200 and about 240C.
The time of drying should not exceed about 12 hours. The catal yst

formati orwo@ao#iseh is carried out in the presence of a niPCTiuse2/3@bs ent ,
preferably 3-pentenenitrile 20 or 2-methyl-butenenitrile. The
concentration of ligand may range from about 1% to 90% by wei ght. For
practical reasons the preferred range of ligand concentration is 5%to
50% The anmount of reducing netal (MET) is determ ned by the desired
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25C to 50freBenranbydgeus No€lprathecprefenreds,t empepatweetange is 30C to
100C, and_the nost preferred 5 range is 50C to 90C. The reacti on may be run
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pressure kanges Fham-agoution Rakankornl Ral Bak3d ho 2l iki), 8! eaction
may be run in batch or continuous rmge. ui tabl'e I'igands 1or the preésent
i nvention are Suitable ligands for the present invention are
10 bidentate phosphorous-containing ligands: selected from the
group ccnsisting of bidentate phosphites, bidentate
phoshinites, and bidentate phosphines. Most preferred
ligands are bidentate phosphite ligands.
The most preferred bidentate phosphite ligands are of

15 the following structural formulae:

(R'0) 2P (0Z0) P (OR?) 5,

o 0 o
( \21 7N OZO—P/ N

z
N/

(R'0)pP——0Z0—P. ,and 2 pP—
Ny N

20
In these formulae, R' is phenyl, unsubstituted or substituted
with one or more C; to Ci; alkyl or C; to Ci, alkoxy groups;
or naphthyl, unsubstituted or substituted with one or more C;
to Ciz alkyl or C; to Ci; alkoxy groups; and Z and Z' are

25 independently selected from the groups consisting of

structural formulae I, II, III, and IV:



10 bi dentate phosphorous-contai ning |igands selected fromthe group

consi sting of bidentate phosphates, bidentate phoshinites, and bidentate
phosphi ne®0 odostsspref erred |igands are bi dentate phosphi PPeTIUSgasds8 The
nost preferred bidentate phosphite |igands are of 15 the follow ng
structural fornmulae: (RO2P(QZO P(OR)2i OOO (ROZ2P O P~ \Z~ , and
Z(~\P Q2O P~ \Z1 20 In these formulae, Rl is phenyl, unsubstituted or
substituted wth one or nore Cl to Cl12 alkyl or Cl1 to Cl12 al koxy groups;

or naphthyl, unsubstituted g9 substitutedg@ith one or nore C1 to Cl2 al kyl
or Cl1 to Cl12 al koxy groups; Z' sare 25 independently selected from

t he groups consisting of g wlae |, 11, Ill, and 1V: 6 WD
03/ 045555 PCT/ US02/ 36468 R°R6 R5 R4 | wherein: 5 R2 and
YH 7Cl to Cl12 alkyl, and C. to Cl2

RO are the sane and are sel ecy
# selgcted fromH Cl1 to Cl12 alkyl,

al koxy; R3 and R8 are the sau
and C1 to Cl12 al koxy; R4 and he sane and are selected fromH Cl to

Cl2 10 alkyl, and Cl to Cl12 al koxy;

I
wherein:
5 R®* and R® are the same and are selected from H, C; to Ci,
alkyl, and C; to Ci; alkoxy;
R® and R® are the same and are selected from H, C; to Ci,
alkyl, and C; to Ci; alkoxy;
R* and R’ are the same and are selected from H, C; to Ci,
10 alkyl, and C; to Ci; alkoxy;
R®> and R® are the same and are selected from H, C; to Ci,

alkyl, and C; to Ci; alkoxy;

R'? X AR
R16 NOR!M
15 R14R13 L12
15
IT
wherein:
X is 0, 8, or CH(RY);
R' and R are the same and are selected from H, C; to
20 Ci2 alkyl, and C; to Ci» alkoxy;
R™ and R'® are the same and are selected from H, C; to
Ci2 alkyl, and C; to C;» alkoxy;
R* and R are the same and are selected from H, C; to
Ci2 alkyl, and C; to Ci; alkoxy;
25 R™ and R™ are the same and are selected from H, C; to

Ciz alkyl, and C; to Ci, alkoxy; and

7



R5 and R6 are the sane and are selected fromH Cl to Cl12 alkyl, and Cl1 to
Cl2 alkoxy; R17 X RI0O R16 \ R11 15 R14R13 15 1511 wherein: X is 0, S,
or CH (RSP 03/0K585 and R17 are the sane and are sel ected fPomudp2/gleg o 20
Cl2 alkyl, and Cl to Cl12 al koxy; R11 and R16 are the sane and are sel ected
fromH C to Cl12 alkyl, and Cl1 to Cl12 al koxy; R12 and R15 are the sane
and are selected fromH Cl to Cl12 alkyl, and Cl1 to Cl12 al koxy; 25 R13 and
R14 are the sanme and are selected fromH Cl to Cl2 alkyl, and C1 to Cl12
al koxy; and 7 WO 93/ 64555%, PEd/ £lS027138468 R18 is Hor Cl to Cl2 alkyl; R19
R20 11l wherein: 5 R19 and R20 are the sanme and are selected fromH, Cl
to Cl2 alkyl, and Cl1 to ClZnp® koxy; and QQgR21, R21 is Cl to Cl12 al kyl or
C6 to ClO aryl, unsubstituted or / sub titdted with ClL to C4 al Kyl groups.

The aryl groups are pref erahen napht hyl . R22 R23

IIT

wherein:

5 R* and R?*® are the same and are selected from H, C; to
Ciz alkyl, and C; to Ci; alkoxy; and CO,R?,
R*! is ¢ to Ciz alkyl or C¢ to Cyo aryl, unsubstituted or
substituted with C; to C, alkyl groups. The aryl groups
are preferably phenyl or naphthyl.

R22 R23

10
Iv
wherein:
A is 0, S, CH(R*);
15 R*? and R?® are the same and are selected from H and

COzR*®;
R** is H or C, to Ci; alkyl;
R* is C; to Ci, alkyl; or
In the above structural formulae, the C; to Cis alkyl,

20  and C; to Ci; alkoxy groups may be straight chains or

branched.



A 10 IV wherein: Ais 0, S, CH (R24)

15 R22 and R23 are the sane and are

selected fromH and CO2R25 ; R24 is Hor Cl to Cl12 alkyl; R25is Cl to
Cl2 al kylwoms/043353 he above structural formnulae, the Cl toPCIAISal/Bosbs

and Cl to Cl2 al koxy groups may be strai ght chains or branched.
03/ 045555 PCT/ US02/ 36468 Exanpl es of di organophosphite conpounds that can
be made by the present process include those having the fornmulae V to

XXVI, shown below. iPr Pr CH3 CH3 OP P\ / OP / PO\ CH32O0OCH

8 WO

20

L 2202 HCEERE13:CH3 @H%r@aﬁg&g%%ﬁ%iitgr cbﬁlpbmagorawa)c Yoyl B b R34 R34

Pb o- z)20-0L p\ PO\ HC
(where i Pmags byoﬁhéppﬂf)es(%WﬁepéOR&‘BSl gnclude those haVlng the

formulae V to XXVI, shown below.

0 o
R P
% /
CHg CH 2 2 ?
A}
O Q CHg CHy

5 V (where iPr is isopropyl) VI

CH; CHjs
VII VIII
(where iPr is isopropyl) (where R** is

10 methyl or ethyl)

35 P o
R R (o] P\o o
HSC CH3 2
SR
CHj; CH3 CH, CHs
IX X

(where R*® is methyl, ethyl, or isopropyl
15

CH3VII

P

/
H,C O Q CHs
ﬂ Was

VI

Ha



10 methyl or ethyl) OP. RB5 OOR35 0 PPOOP O HCG CH2 2 3 3 H3C CH3
CH3 CH3 CH3 CH3 | X X (where R35 is nmethyl, ethyl, or isopropyl 15 9 WO
03/ 045555wB@3hS82/ 36468 H3C / \ CH CH3 H3CH3C H C / \ CICCRis82/56463 3 CH3 3
3H3COOOOOP %/ OP\ / \OCH3 0O OCH3 OCH3 - CH3 0 6-1f) - XI X
CH3 H3C H3C CH3 CH3 H3CH3C HC CH3 CH3 CH3 H3BC CH3 H3 HC/ OP / \0 CH3
ORPN / Pr-0O 3CHB OOCH3 CH3 OO0 CH3 H3COI I OCH3 5 CH3 CH3

5

XV (where iPr is isopropyl) XVI (where iPr is

10 isopropyl)

10



Xl Xtv Pr Pri Prr HBCCH3 Pr HBC OO CH3 OO OO 011 PNO P-1 OO0 111\0
Pr \'' \' / Pri Pr \' \ Pr XV (where iPr is isopropyl) XVI (where iPr is 10
I sopr opylwob3/0¥¥593/ 045555 PCT/ US02/ 36468 / CH3 H3C o P- @CTAISQ/88468 P~0 2
H3CO2C C2CH3 qc; O o-P O XVIl xvill ooa\ 10/ O-PI, 02\ 1/ O1
o\ Op/ I V' V' 1 oop 5 XIXXXO O OPO *-0 pl I [/

O—R ,P‘(O >
2 < N 0} 2

H3CO,C CO,CHs Q
v -

10
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\' Il pOp.O xxi XII 10 11 WO 03/ 045555 PCT/ US02/ 36468 O 0 Yccr \ OP10 \
OP,O I/ O XXIIl XXIVao O OPL A\ I \ OPPO OO0\POOP.O 5 XXV XXVI

Sui t abl e WDdanszms® phosphites are of the type disclosed PATUSIZ364F@t ent s
5,512, 695, 5,512,696, 5,663,369, and 10 5,723,641, the disclosures of which
are incorporated herein by reference. Suitable bidentate phosphinites are
of the type disclosed in U S. Patents 5,523,453 and 5, 693, 843, the

di scl osures of which are incorporated herein by reference. The reaction may

be carried out i manper such that 15 unreacted excess N Cl2 nay be
separated fromth ction product by & ation or centrifugation. The
col |l ected cer chloride can the recycled badk to a catalyst

prepar at i O Fegftors WO 03/ 045555 PCT/

XXIII XXIV

O\P,O

5 5¢

XXV XXVI

Suitable bidentate phosphites are of the type disclosed
in U. 8. Patents 5,512,695, 5,512,696, 5,663,369, and
10 5,723,641, the disclosures of which are incorporated herein
by reference. Suitable bidentate phosphinites are of the
type disclosed in U. S. Patents 5,523,453 and 5,693,843, the
disclosures of which are incorporated herein by reference.
The reaction may be carried out in a manner such that
15 unreacted excess NiCl, may be separated from the reaction
product by filtration or centrifugation. The collected
excess nickel chloride can then be recycled back to a

catalyst preparation reactor.

12



EXAMPLES The invention is illustrated by the followng non- limting
exanples. In the follow ng exanples, the reducing netal is the limting
reagent iwoeaokssseacti on and therefore 5 the extent of re®CTIusN2/36468
(conversion) is expressed as the percentage of the reducing netal reacted.
Unl ess otherwi se noted, the extent of reaction (conversion) is determ ned
by analyzing for the anmount of active nickel produced by the catalyst
synthesis reaction. The analysis is carried out by 10 treating a
solids-free aliquot of the reaction moimtdnmn W th di nethyl

acet yl enedi carboxyl ate (DVAD), whiclirtorns a stable nickel conplex,

(Li gand) Ni (DMABhe angeatdlopziimg 1lduystratad ol yrheorf oliiowigwnpicex by Hi gh

Pressure Li.qui t.ogr aphy ., (HPLQ) .. 15 Exanpl es 1-6, ,and -18 utilize
anhydr ousI}L ?I&gnggé &%&%&%%e‘delgn téf?a#pol)l% Yol gNie%‘?_p;ﬁfo 9 PSS W %Exanpl es
7-10 wasumptaducdedthy heafiitiggnirekejenthlior icdehhexaiydioal @ ke orE30C

under reduced pressure. Exanples 1-6 illustrate that the catal yst synthesis
20 reatti 6RSr BEECHEPLAIL SR tLRE dFOUNETSE Canhy-dr SFPTNSEES aehddied to the

eaction. pExaaRtegd Orl0fM-oheRIhoRraISeobikked uihh A Jmehafiseal 25

stirrer was chargé&d under a nitrog at nosphere bl anket wt
3- pent enented, eth80emten830 fnmek)ctibngdadnvefrEd o) 1% demelrmindidChy, (3. 22
g, 24.8

G 24,5 TIOL). 200 e Bondee (05 0.5 L), The, eaction. xLure
m nut es fent3dyanakysichesAkt @ea2thenrs, THAYeaNvRNS o h M 4@ At al yst
10 treating a solids-free aliquot of the reaction solution with
dimethyl acetylenedicarboxylate (DMAD), which forms a stable
nickel complex, (Ligand)Ni (DMAD), and analyzing
quantitatively for this complex by High Pressure Liquid
Chromatography (HPLC) .
15 Examples 1-6, and 11-18 utilize anhydrous NiCl, as
produced in Example 20. NiCl,-2H,0 utilized in Examples 7-10

was produced by heating nickel chloride hexahydrate to about

130°C under reduced pressure.
Examples 1-6 illustrate that the catalyst synthesis
20 reaction rate depends on the amount of anhydrous NiCl,

charged to the reaction.

Examgle 1

A 100 mL reaction vessel fitted with a mechanical

25 stirrer was charged under a nitrogen atmosphere blanket with
3-pentenenitrile (80 mL; 830 mmol), ligand V (18 g; 19
mmol), NiCl, (3.22 g; 24.8 mmol), and zinc powder (0.61 g;
9.3 mmol). The reaction mixture was stirred at 100°C for 3
hours, and samples were withdrawn every 30 minutes for

30 analysis. After 2 hours, 70% conversion of NiCl, to catalyst
had occurred, and after 3 hours, greater than 95% conversion

of NiCl, to catalyst had occurred.

13



had occurred, and after 3 hours, greater than 95% conversion of N Cl2 to
catal yst had occurred. 13 WO 03/ 045555 PCT/ US02/ 36468 Exanple 2 A reaction
was execuweodsiosssshe manner of exanple 1, except that thePamisn2/3@bs Ni C12
charged (1.61 g; 12.4 mmol) 5 was half as nuch. After 2 hours, about 37%
conversion of NiCl2 to catalyst had occurred, and after 3 hours, about 60%
conversion of NiCl2 to catalyst had occurred. In the follow ng exanples 3
to 10, a catalyst source which was depleted in active nickel, called
"recycle 10 catalyst,” was recharged. In these cases, "recycle catalyst™
contai ned 11 wei ght percent (W% Ligand V in 3- pentenenitrile. Exanple 3
15 A 100 nL reaction vessel fitted Hxempden@chanical stirrer was charged
under a nitrogen_atnosphere bl anket wt.h recycle catalyst (100 g,
containing 11 w % E%éﬁ@'@?ﬁ kot e e e b .%?ﬁﬁﬁn§£ 5?8&%%ﬁiqpomder
(0.61 g; 2xBemmvlhatThee LereitoRATNGAILEcHaSgeHI (ned1at;80€ . hommbihours,
and sanples 20 were withdrawn every 30 minutes for analysis. After 4

hour s, > | e¥&st han f26Fc BFEr-si 8 LRITCR2 hoplreat ABRIE RIF GEBIRTEEn Banpl e 4

25 A reaciion. Was execubed hia! BEcHBAO! ohaeXaimlesSnouexcenhohiak othe
anmount of N Ci2 chargeg§% .4% g; ig?g nﬁn% Was twice as ﬁuchoas PR e
exanpl e 3coAafeesidénholir §iC3Z% ocoavelgibnhafli dc€h2red.cat al yst had
o d
occurred. In the following examples 3 to 10, a catalyst source
which was depleted in active nickel, called “recycle
10 catalyst,” was recharged. In these cases, “recycle catalyst”
contained 11 weight percent (wt%) Ligand V in 3-

pentenenitrile.

Example 3
15 A 100 mL reaction vessel fitted with a mechanical
stirrer was charged under a nitrogen atmosphere blanket with
recycle catalyst (100 g, containing 11 wt$% ligand V), NicCl,
(L.21 g; 9.3 mmol), and zinc powder (0.61 g; 9.3 mmol). The
reaction mixture was stirred at 80°C for 4 hours, and samples
20 were withdrawn every 30 minutes for analysis. After 4
hourg, less than 2% conversion NiCl, to catalyst had

occurred.

Example 4
25 A reaction was executed in the manner of example 3,
except that the amount of NiCl, charged (2.42 g; 18.6 mmol)
was twice as much as in example 3. After 4 hours, 35%

conversion of NiCl, to catalyst had occurred.
30 Example 5
A reaction was executed in the manner of example 3,

except that the amount of NiCl, charged (4.84 g; 37.2 mmol)

14



30 Exanple 5 A reaction was executed in the manner of exanple 3, except
that the amount of N Cl2 charged (4.84 g; 37.2 mmmol) 14 WO 03/ 045555

PCT/ US02/\86488455%ks four tinmes as nmuch as in exanple 3. APCEUS4/baes s, 75%
conversion of NiCl 2 to catalyst had occurred. Exanple 6 5 A reacti on was
executed in the manner of exanple 3, except that the anpbunt of N Cl12
charged (7.26 g; 56.0 mmol) was six tinmes as much as in exanple 3. After 2
hours, 77% conversion of NiCl2 to catal yst had occurred, and after 4

hours, 839 LSi ' it al cc f ojd oW ng
exanpl es ﬁ%%iﬁg@ﬁﬁ ﬁr%%%e§%% hy rzgtaég Ni %.%%NI%%O H2’O)0Hp°r oduces
t he sane rcatrweadepgemderfcdli@n bickekadisor hdeé oorwemedat i on as anhydrous

Ni C12, but at a |ower tenperature. 15 Exanple 7 A 100 nlL reaction vessel
fitted wwth a mechanical stirrer was charged under a nitrogen atnosphere
bl anket with recycle catalyst (100EganpQatai ning 11 wt%ligand V), N Cl2
2H20 (1.21 g; 7.3 mmol), and zinc powder (0.61 g; 9.3 20 mmol) The
reaction m xt uPe RS SO MeF &XSBE TN Hsumanneth ks gipies. vt e

Wi t hdr awn %% 3@ '%‘ffele%nf ARH XSS ﬁ% La? (Bougs 4, abaul, fn?ﬁo
e . 26°4; N

conver si on |%¥2 6 cata ystoq{glad occur red. %e a{rere g/ A réac |éohl)was
execut ed wast rexmanimers efs exaiplae 4n exgefite tthat Aftermrmudud, NiGL2. 2H20
charged (2.42 9 4.6 ,

conversion of NiCl, to catalyst had occurred, and after 4

hours, 83% conversion of NiCl, to catalyst had occurred.

10 The following examples 7 to 10 show that the use of
hydrated NiCl, (NiCl,-2H,0) produces the same rate dependence
on nickel chloride concentration as anhydrous NiCl,, but at a

lower temperature.

15 Examgle 7

A 100 mL reaction vessel fitted with a mechanical
stirrer was charged under a nitrogen atmosphere blanket with
recycle catalyst (100 g, containing 11 wt% ligand V),
NiCl;-2H,O0 (1.21 g; 7.3 mmol), and zinc powder (0.61 g; 9.3

20 mmol). The reaction mixture was stirred at 25°C for 4 hours,
and samples were withdrawn every 30 minutes for analysis.
After 4 hours, about 13% conversion NiCl, to catalyst had

occurred.

25 Example 8
A reaction was executed in the manner of example 7,
except that the amount of NiCl,-2H,O0 charged (2.42 g; 14.6
mmol) was twice as much as in example 7. After 4 hours, 27%
conversion of NiCl, to catalyst had occurred.

30
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mmol) was twice as much as in exanple 7. After 4 hours, 27% conversion of
Ni C12 to catal yst had occurred. 30 15 WO 03/ 045555 PCT/ US02/ 36468 Exanpl e
9 A reactwonsmassexecuted in the manner of exanple 7, ex®eptusnizai46 he
anount of Ni Cl2.2H20 charged (4.84 g; 29.2 mol) was four tinmes as nuch as
in exanple 7. After 4 5 hours, 93% conversion of NiCl2 to catal yst had
occurred. Exanple 10 A reaction was executed in the manner of exanple 7,
except that the amount of Ni Cl2.2H20 charged (7.26 g; 43.8 10 mml) was
six times as nuch as in exanple 7. Ahlgh130gm nutes, greater than 95%
conversion of N Cl2 to catal yst had—occurred. Conparative Exanple 1
illustrates thdt rescrteasi npst kxeaquileat imattile ofartiver el eciapleet7@l rel ati ve
to Ni Cl2 does _not 5.i.ncrease .the r ti ate. In.this exanple, _NCl2 is
t he |imtieﬁeupeta§@r?tjﬁ, A TR ity A0 ]ﬁa¥%e?ef)%r§€ogés£gt%e

conver si omn@fl )Niak? £ olite tNHek? amsnidrataprieducedase in  Bamgyd e 20. 20
Comparative Exanple 1 A "recycle catalyst" solution (9 grans of 30 wt%

Li gand® VhaKES -t P8dt e@wisasigrcet (0.Cle §pamsfadngtziae cocwgrgy. The

m xture was agitated and heated at, about 100C. Analysis of a clear-liquid
sanple after 2 hours reveal ed 54% 25 conversion of the N Cl2. Reactions
executed in a simlar nmanner, exceitambhbe 1he zi nc charged was 0.20 grans
and 0. 40

A reaction was executed in the manner of example 7,
except that the amount of NiCl,:-2H,0 charged (7.26 g; 43.8
10 mmol) was six times as much as in example 7. After 30
minutes, greater than 95% conversion of NiCl, to catalyst had
occurred.
Comparative Example 1 illustrates that increasing the
molar ratio of the reducing metal relative to NiCl, does not
15 increase the reaction rate. In this example, NiCl, is the
limiting reagent, and the extent of reaction is reported as
the conversion of NiCl,. The NiCl, was that produced as in

Example 20.

20 Comparative Example 1

A “recycle catalyst” solution (9 grams of 30 wt% Ligand

V) was treated with NiCl, (0.11 grams) and zinc (0.10 g).

The mixture was agitated and heated at about 100°C. Analysis
of a clear-liquid sample after 2 hours revealed 54%

25 conversion of the NiCl,. Reactions executed in a similar
manner, except that the zinc charged was 0.20 grams and 0.40
grams, resulted in conversions of 54% and 50%, respectively.

The following examples 11 to 17 show that the process
of the present invention is applicable to additiomnal

30 phosphorous-containing ligands, and that the same effects
are observed when iron is used as the reducing agent. In

these examples, the extent of reaction was determined by

16



granms, resulted in conversions of 54% and 50% respectively. The follow ng
exanples 11 to 17 show that the process of the present invention is

appl i cablwotos/oasdsi t i onal 30 phosphorous-contai ni ng | i gand®CTarsd2/sdiet t he
same effects are observed when iron is used as the reducing agent. In

t hese exanples, the extent of reaction was determ ned by 16 WO 03/ 045555
PCT/ US02/ 36468 neasuring nickel in solution by Inductively Coupled Pl asna
(ICP). Exanple 11 5 A solution of Ligand XXIV was prepared by dissolvi ng
2.497 gra I V i R Qﬁﬂtﬁ

al i quot o?%ta%ﬁlgliggﬁ{ﬂ%%%gl( 1§P S%g[r%(n%lgwas rfreniuxe vaﬁ?it}?\ an ygeedc:us %én%iz (1. 22
grans) andIfific (0.102 grans). The mixture was agitated and heated at a
tenperature 10 of about 80C. Analysis of a clear liquid-only sanple taken
after 2 hours reveal ed 56% conversion in a simlar reaction, except that
only 0.20 grams of N Cl2 was chargegkdmpider1im xture, only 10% conversion
was found after 2 hours. 15 Exanple IZ A solution of Ligand XXI was

prepared by di &sEOHgOs @31&% éﬁ‘XIM @@ﬁdmpﬁﬁ?@bn@llgﬁmm dry 3-
pent eneni b iy ITQ@ ﬁﬁ% I |o(1u9} éévs 940%0(81%1%% was mxed wth

1.20 grams o} ous N| grams 2 zinc. the m xt ure was
agl t at ed @mhthemruediraﬂea Amera)iam;tajtr @ foft haleo o 1811G.onAn@lzy.s sgxtafmsa Gl=gAar

l'i qui d- onl a after rs reveal ed 41% conver5| on In a
simlar gé&%%ogptgx F?é’ts o ]202@%‘?%‘“%% N €121 H@s (0102

grams) . The mixture was agitated and heated at a temperature

10 of about 80°C. Analysis of a clear liguid-only sample taken
after 2 hours revealed 56% conversion in a similar reaction,
except that only 0.20 grams of NiCl, was charged to the

mixture, only 10% conversion was found after 2 hours.

15 Example 12
A solution of Ligand XXI was prepared by dissolving

3.03 grams of Ligand XXI in 24.16 grams of dry 3-
pentenenitrile. An aliquot of this solution (13.38 grams)
was mixed with 1.20 grams of anhydrous NiCl, and 0.10 grams
20 of zinc. The mixture was agitated and heated at a
temperature of about 81°C. Analysis of a clear liquid-only
sample taken after 2 hours revealed 41% conversion. In a
similar reaction, except that only 0.20 grams of NiCl, was
charged to the mixture, only 10% conversion was found after

25 2 hours.

Example 13

A solution of Ligand XVIII was prepared by dissolving

2.59 grams of Ligand XVIII in 24.0 grams of dry 3-
30 pentenenitrile. An aliquot of this solution (13.38 grams)
was mixed with 1.20 grams of anhydrous NiCl, and 0.10 grams

of zinc. The mixture was agitated and heated at a

17



charged to the m xture, only 10% conversion was found after 25 2 hours.
Exanpl e 13 A solution of Ligand XVIII was prepared by dissolving 2.59
grans of woDganess3/111 in 24.0 grans of dry 3 30 pent eneni PCiTlus02/3¢6&l i quot
of this solution (13.38 grans) was mixed with 1.20 grans of anhydrous

Ni C12 and 0.10 granms of zinc. The m xture was agitated and heated at a 17
WO 03/ 045555 PCT/ US02/ 36468 tenperature of about 80C. Analysis of a clear
liquid-only sanple taken after 2 hours reveal ed 73% conver si ﬁn. In a ]
simlar r i c of O. rans of: Nl G2 was. charged to the
m xture, g%ﬁ%)e%%d%u%n\% gl&%?\lttw%rsbl %éc')unég%??’%gg 8f2ah§l&re§r l%%é%f YA

sol uti on ebmbilgardk¥nXafasrprepaiet evd=S50e vidy cchdb-Ores of 4igand X X

in 24.0 grang_of dry 3 .10 pentenenitrile. An aliquot of this solution (13.4

grans) wESTHREd TRPCH 1PT20 Sgceit Shadnidivo s 24 grameh D MiFIgr #Rs (7)];3C
zinc. Them e [ n ted I r am?!g_; '
Anal ysi s Sgbgbgpegpaﬁl%gﬁgﬁﬁfa} ggg%ﬁé@tc’aﬁ%ﬁﬁrf tsg;mg ﬁ%r@%dvea ed 38%
conversi oBd. hbnrg.15 sinmilar reaction, except that only 0.20 grans of N Cl2
was charged to the m xture, only 10% conversi on was found after 2 hours.
Exanpl e 15 20 A solution of Ligand XX was prepared by dissolving 2.67
granms of Ligand XX in 24.0 grans ofE;da'_ﬁ}Piig pent enenitrile.

A solution of Ligand XIX was prepared by dissolving

2.85 grams of Ligand XIX in 24.0 grams of dry 3-

10 pentenenitrile. An aliquot of this solution (13.4 grams)
was mixed with 1.20 grams of anhydrous NiCl, and 0.10 grams
of zinc. The mixture was agitated and heated at a
temperature of about 78°C. Analysis of a clear liquid-only
sample taken after 2 hours revealed 38% conversion. In a

15 similar reaction, except that only 0.20 grams of NiCl, was

charged to the mixture, only 10% conversion was found after

2 hours.

Example 15

20 A solution of Ligand XX was prepared by dissolving 2.67
gramg of Ligand XX in 24.0 grams of dry 3-pentenenitrile.
An aliquot of this solution {13.0 grams) was mixed with 1.23
grams of anhydrous NiCl, and 0.10 grams of zinc. The mixture
was agitated and heated at a temperature of about 81°C.

25 Analysis of a clear liquid-only sample taken after 2 hours
revealed 59% conversion. In a similar reaction, except that
only 0.20 grams of NiCl, was charged to the mixture, only 10%

conversion was found after 2 hours.

30 Example 16

A solution of Ligand XXV was prepared by dissolving
2.68 grams of Ligand XXV in 24.0 grams of dry 3-

18



An aliquot of this solution (13.0 grans) was mxed with 1.23 grans of
anhydrous N Cl2 and 0.10 granms of zinc. The m xture was agitated and

heat ed atwe ose#363 at ure of about 81C. 25 Anal ysis of a cl eam/usozsh4as onl y
sanpl e taken after 2 hours reveal ed 59% conversion. In a simlar reaction,
except that only 0.20 granms of Ni Cl2 was charged to the m xture, only 10%
conversion was found after 2 hours. 30 Exanple 16 A solution of Ligand XXV
was prepared by dissolving 2.68 granms of Ligand XXV in 24.0 granms of dry 3
18 WO 03/ 45555, POTUSQ2/ 36468, 1 pantensai tiid eo Al ali dpps pfothis sol ution
(13.1 grans) was mxed with 1. 210 granms of lanhyorous Ni lé% ar?d%%ﬁl)o gr anms
of zinc. Tes minad evivds ladfiG amdnamf hedteltrats AVi¢enpadattuled efraaisout

81C. Analysis .of a c¢lear liquid-only 5 s e taken after_ 2 hours reveal ed
45% converog on:9n ;'Jhesi“}ﬁ}ftg?rer ewaaﬁiaoqrﬁt%gec%ep"’ln ﬁ'éarier fipdhder (0. 43
grams) wag A&d-d O he Jlxtdieg i naleadqk Zjeng, 342 G- yas
f ound aftef hours. 10 Exanple 17 A s%]u??on OF %igané&iﬁgﬁ%ﬁg% pr épar ed
by di sSol \"anple? thkeagr st af Ailgands Xo&led e R4 TR granefidiy 3En a

pentenenitr,il.e. An aliquot of this solution (12. r ans was nixed with
0 G A G SRS B SRR GTRS ot DRI o hed® FHAH X% was
agi t at ed MhRpat ed ahd mb-aMRY atdleLf AU B0G 4 AN Wad 51 Qhn 8,44 ear

| i qui d- onl sanpl e taken after 2 hours reveal ed 37% conversion. In a
simlar r o ftexe épthquwrs- i ron powder (0.42 grans) was

10 Example 17

A solution of Ligand XXVI was prepared by dissolving
2.77 grams of Ligand XXVI in 24.0 grams of dry 3-
pentenenitrile. An aliquot of this solution (12.6 grams)
was mixed with 1.20 grams of anhydrous NiCl, and 0.10 grams

15 of zinc. The mixture was agitated and heated at a

temperature of about 80°C. Analysis of a clear liquid-only
sample taken after 2 hours revealed 37% conversion. In a
similar reaction, except that iron powder (0.42 grams) was
charged to the mixture instead of zinc, 238% conversion was

20 found after 2 hours.

Exggple 18

A solution of Ligand V was prepared by dissolving 3.03
grams of Ligand V in 24.0 grams of dry 3-pentenenitrile. An
25 aligquot of this solution (13.3 grams) was mixed with 1.20
grams of anhydrous NiCl, and 0.44 grams of iron. The mixturé
was agitated and heated at a temperature of about 81°C.
Analysis of a clear liquid-only sample taken after 2 hours
revealed 16% conversion. In a similar reaction, except that
30 only 0.2 grams of NiCl, was charged to the mixture, only 7%

conversion was found after 2 hours.
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charged to the m xture instead of zinc, 38% conversion was 20 found after
2 hours. Exanple 18 A solution of Ligand V was prepared by dissolving 3.03
grans of wWDg@andsss5in 24.0 grans of dry 3-pentenenitrile. ARQOTRB2/346%uot of
this solution (13.3 grans) was m xed with 1.20 grans of anhydrous N Cl2 and
0.44 grans of iron. The mxture was agitated and heated at a tenperature
of about 81C. Analysis of a clear liquid-only sanple taken after 2 hours
reveal ed 16% conversion. In a simlar reaction, except that 30 only 0.2

grams of N CL2 sy ded 0 R JHtliled o QAL RANRS!  Jpund
after 2 hours. 19 \RD 03%045555 PCT USOZ/eSgéf[ESétrBEI Eliearrp"%es 1 -Zoy]é%ﬁwéln rate
pr ef er r ed Ni€tlhodSovpadayimg Kk@nRleEobpar arevprEsanpkds £2+3 campapiesant ed
for conparis to the pr.esent .inventjon and.,show t hat overheating while
dryi ng wi I 85 B8 4o PRy 6 Ha Bl N T e S "AHed anal ysi s
refers toadaiarahitlilcaleadeNiaguess veldadenawn madt@dikase siddd edidmydhe art,
for measuring surface area of a solid material. The letters "BET" refer to

Brunauer Bffe(’t anpdlyisds, HrfeIderd epedneRy tilvedr yrashnhgud,| aipdrl daswn
adsor pti on/ ahsaorpt i SOl fa r..ex I 0, usi.ng nitrogen
gas at 77 ,O ?&%S%urs aclg%téi?elgl é):fh%a%s%]’i g%%rraw{é%rslugﬁ%gf%efla& e eéofinya
measur i ng stie dnuatier-iefl .mihes 1eafcanist regan adserbed & umsfusctmrtef the

partial pressure f the gas for _a given weight of solid. By applying the
sorption tTﬁéfiFy‘”'of” VG LORES %i}%?@rlys&fﬁ%t&ﬂ?éﬁe& iS¥* 15 curve, it is

easy to deleoRe A fbedhiive SWHAce1aea i hces. For example,

10 wusing nitrogen gas at 77°K, the surface area of a solid
material may be estimated by measuring the number of moles
of nitrogen adsorbed as a function of the partial pressure
of the gas for a given weight of solid. By applying the
sorption theory of BET to the resulting isotherm absorption

15 curve, it is easy to determine an effective surface area for

the solid.

Example 19
10g of nickel chloride hexahydrate was spread thinly in

20 a clean quartz boat in a quartz-lined tube furnace equipped
with a flow of 100mL/min dry nitrogen. The exit nitrogen
stream was passed through a mineral oil bubbler and vented
to a hood. The sample was then heated to 240°C over 15
minutes and held there for a total of 60 minutes. The sample

25 was then cooled and sealed and taken into a nitrogen-flushed
glove box for collection and storage prior to catalyst
preparation experiments. A small portion of the material

was analyzed for water content by Thermogravimetric Analysis
(TGA) by heating it to 400°C at 10°C/min. The weight loss at

30 approximately 200°C provided the measure of water in the

sample.

20



the solid. Exanple 19 |og of nickel chloride hexahydrate was spread thinly

in 20 a clean quartz boat in a quartz-lined tube furnace equipped wth a

fl ow of IWOrBAO#ESEs dry nitrogen. The exit nitrogen streampeagiSpasses

t hrough a mneral oil bubbler and vented to a hood. The sanple was then

heated to 240C over 15 mnutes and held there for a total of 60 m nutes.

The sanple 25 was then cool ed and seal ed and taken into a nitrogen-fl ushed

gl ove box for collection and storage prior to catalyst preparation

experinents. ti f: e oat erd: gelakc] r

coP\tent by Thg'rh %D@Srg g\rﬂg%t rC ?%11 t%r%&te)@siog% ?’[?Iégl)htbﬁeatl né@f‘c% I{ g’m %{atta

10C/ ni n. HW weinflacd esxaatoBG appy oxiamet ehy e260@auedy icchets tiid ineasuire of

water int sanpl 20 WO 03/ 045555 PCT/ US02/ 36468, Thi s sanpl e contai ned
LS M &

0.3 wei ght® &t Had % T RSRAH R BRI drfd an

estimat ed tiatsStaH IHdttiez e, afhi% mmcdden Adt e CAE Rl ystvdrena ation
simlar to that of Exanple 1, this material generated 76% conversion. 5
Conparative Exanple 2 The procedure of Experinent 19 was repeated, except
that the nickel chloride wasadditi.eiald ¥% hed Lo 350C for 30 mnutes
in nitrogen. The recovered sa 0. 05 wei ght percent

wat er, BET sufhacprareduet 3 BRpgramentedti maisedepeysiedl,| i@ asitzeheft 22

nm Wen used in a_ catalyst preparation simlar to that of Exanple 1, this
the nickel chloride was additionally heated to 350°C for 30

minutes in nitrogen. The recovered sample had less than
10 0.05 weight percent water, BET surface area of 13 m?/g and

estimated crystallite size of 22 nm. When used in a

catalyst preparation similar to that of Example 1, this

material generated 36% conversion.

15 Comparative Example 3

The procedure of Experiment 19 was repeated, excepth

that the nickel chloride was additionally heated to 500°C for
30 minutes in nitrogen. The recovered sample had less than
0.05 weight percent water, BET surface area of 2 m?’/g and

20 estimated crystallite size of 44 nm. When used in a
catalyst preparation similar to that of Example 1, this

material generated 1% conversion.

Example 20

25 A 9.1 kg of NiCl; hydrate, containing 10.9 weight
percent H,O, was loaded into a rotary vacuum dryer. 20 kg of
NiCl, hexahydrate was added to the dryer, resulting in an
equivalent NiCl, charge containing 34.7 weight percent H,O.
The pressure in the dryer was reduced to 100 torr (690 kPa),

30 and the temperature in the dryer was gradually increased to
100°C over a 5 hour period. The expression “temperature in

the dryer” refers to the temperature of the bulk contents.
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mat eri al generated 36% conversion. 15 Conparative Exanple 3 The procedure
of Experinent 19 was repeated, excepth that the nickel chloride was

addi ti onawby3lesssed to 500C for 30 minutes in nitrogen. TPoa/userssses ed
sanple had |l ess than 0.05 weight percent water, BET surface area of 2 nR/g
and 20 estimated crystallite size of 44 nm Wen used in a catalyst
preparation simlar to that of Exanple 1, this material generated 1%
conversion. Exanple 20 25 A 9.1 kg of NiCl2 hydrate, containing 10.9 wei ght
ercent H i.nt 2120, kg Of . Ni

IElexahydr atZl(eh em\%%g&ggg%éft]h@%r{/ﬁﬂér{%% %Qélane‘g%tge%ul??/\gl Célnit\I ﬁl}%ijzy

char ge cornttaianigegnsdat et gl pefieent t1H20. 20 the1iReSS Wiaid ’EH e QledVas
reduced to 100 torr (690 kPa), 30 and the tenperature in the dryer was

gr adual | y RiHct degmenar un0C Birert e85 it are d ot hath e e plessy on

"t enper at i yen: @e](% empey t | k contents.
21 WO 03/ (L)&ElongeSéglt / soz‘%@ﬁ%g"’{ egc\g/)a%:l?jen%l ryer%v%{s%%d? r%ﬁt%’%eat ed with
a hot bi | wslgplty peatcemtt éiyPer eturicadenti ghern dHaryREEchisghare .t hahd he
measured bulk tenperature. TGA tests confirmed that the dryer contents

wer e dehyfeiRarateine rgsitdimld B At Bien ErE el 0 Pér coier 20,
equi valent to a dehdgrate state. The _tenperature in the dryer was then
rai sed to&]fb’d%p(?\?éﬁy A4 GHPSRIITE L% Js“?ﬁfietiﬁu&‘ltq Y PHi%%ed foPHET over
a 2 hour aried. TEA tesiis showrdy thah the resi dual: i siiis Wass reduced
to less than 0.1 wei glht percent H2O. It had a BET

reduced to less than 0.1 weight percent H,0. It had a BET

10 surface area of 24 m?’/g and had an estimated crystallite size
of 17 nm. Approximately 17 kg of anhydrous NiCl, product was

recovered. When used in a catalyst preparation similar to

that of Example 1, this material generated 79% conversion.

15 Example 21

An aqueous solution containing approximately 29 weight
percent NiCl, was pumped into a spray dryer at an average
rate of 33.5 kg/hr. Filtered ambient air was indirectly
heated to 400°C and injected co-currently at an average rate

20 of 327 kg/hr. Under these conditions, the average outlet

temperature of the air exiting the spray dryer was 135°C.
During a 4 hour tests, 50 kg of NiCl, dihydrate was produced
containing about 22 weight percent H,0.
About 30 kg of the spray dried product was loaded into
25 the same rotary vacuum dryer as in Example 20. The pressure

in the rotary dryer was reduced to 50 torr (345 kPa), and

the temperature in the dryer was increased to 220°C over a 2
hour period, and maintained for another 3 hours. TGA tests
showed than the residual moisture was reduced to less than

30 0.1 weight percent H;0, and had an estimated crystallite size
of 18 nm. When used in a catalyst preparation similar to

that of Example 1, this material generated 82% conversion.
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10 surface area of 24 n2/g and had an estimated crystallite size of 17 nm
Approxi mately 17 kg of anhydrous N Cl2 product was recovered. Wen used in
a catal yswopsepsssation simlar to that of Exanple 1, thi $CrRaAiSer/s@bs
generated 79% conversion. 15 Exanple 21 An aqueous sol ution contai ning
approximately 29 weight percent N Cl2 was punped into a spray dryer at an
average rate of 33.5 kg/hr. Filtered anbient air was indirectly heated to
400C and injected co-currently at an average rate 20 of 327 kg/hr. Under

t hese congintioRSedt RE avels |t of , t j iting the
spray dryer was 135C. %D%rl?fﬁgaguz:a%g&ryts?g%?se%ta%%ﬁ%fndf %%i%fét %ﬁ%%{dr ate was
produced reeptdoni ngmpeawtu22 WwE ghbbupersoeat HRO AbautraQokgwak the spray
dried prod%ct was_ | oaded into 25 the sane rotary vacuumdryer as in
Exanpl e 281 fRe2pfe¥&Ere in the rotary dryer was reduced to 50 torr (345
kPa), and the tenperature in the giygg,i@s4ncreased to 220C over a 2

hour period, and maintai ned for anotter 3—trours. TGA tests showed than the
resi dual noi st Théswasampdeced sbowesshilianh80 sprayweirglatr peoderat: W26, and

had an estinmated crystallite size f 18.nm When used jn_a catalyst
preparatiéﬁngF 'FSFXEBHOPEQV %P éx&ﬁﬁF@ai,pFﬁF§sﬁﬁFéﬁpgit&@ﬁei&@éd 82%
conver si 0Opred2uM@ 03/ 84555 cPRA1 UpR2L36468 i\Whenruseduifed Siomohakigat al yst
preparation, except at a reaction tenperature of about 80C, the conversion

was 64% 8RtépLachelysreEdadipl-e 22 5 This Exanpl e 22 shows that the spray

drier product pRy procedure in Example 21 was repeated, except that

10 the NiCl; dihydrate isolated from the spray dryer was then
fed continuously into a thermal processor that was heated
indirectly by a hot oil supply at 244°C, resulting in the
bulk temperature being about 10°C lower. The pressure in the
thermal processor was maintained slightly below atmospheric.

15 The anhydrous product discharged from the thermal processor
contained a residual moisture of 1less than 1 weight percent
H,O0. When used in a catalyst preparation similar to that of
Example 1, except at a reaction temperature of about 80°C,

this material generated 62% conversion.
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be fed continuously to a thermal processor and that |ow pressure in the
thermal processor is not required to obtain satisfactory results. The

pr ocedur ewpr3xsmapl e 21 was repeated, except that 10 thePRIT@KA2/8li4b8/dr at e
isolated fromthe spray dryer was then fed continuously into a therma
processor that was heated indirectly by a hot oil supply at 244C,
resulting in the bulk tenperature being about 10C | ower. The pressure in
the thermal processor was mai ntained slightly bel ow at nospheric. 15 The
anhydr ous w/a@dyet dissehar.ged fromthe thermal processor contained a

resi dual morstore offtess than 1 weight percent H20. Wen used in a
catal yst preparation simlar to that of Exanple 1, except at a reaction

tenperature of _about 80C, this material, generated 62% conversion. 23 WO
03/ 045555 PCT/ U302/ 36868 CORFat™ s PHRFEEY £ X PRsedds Wnﬁaépagryu a

hydr ocyanabi@tieahdl Yot @Ry Sithd e agld Mg RindfastorgHidant at e
phosphorus 5 containing |igand selected fromthe group consisting of

bi dentZat e CPRESERILNGS 1 bie@en Eale ghiass Hinem &die srpur demsdtss inshephi nes with
ni ckel chkarj L ce.qf Ltrid | t iy ci.ng net al
whioh i BaFS EPSe FopSEriTee . FRa ke okt R R B, T

nol ar excesespihtihet0 wiedpedickied tdhd arddigciimg thet flres2ncEhe MProeassidfe cl ai m
1 wherein the reducing netal , is selected fromthe grqup consisting of Na,
Li, K MS© ,entBé‘,ndsg‘, reducgngrmetad whichygs apreaclagtranesidddesn. 15

than nickel, the nickel chloride being in molar excess with

10 respect to the reducing metal.

2. The process of claim 1 wherein the reducing metal
is selected from the group consisting of Na, Li, K, Mg, Ca,

Ba, S8r, Ti, Vv, Fe, Co, Cu, Zn, Cd, Al, Ga, In, and Sn.

15
3. The process of claim 2 further comprising
separating unreacted nickel chloride from the hydrocyanation
catalyst.
20 4. The process of claim 2 where the reducing metal is
Zn or Fe.
5. The process of claim 4 wherein the catalyst

preparation is conducted at a temperature of 30 to 100 °C and

25 at a pressure of 5 to 50 psia (34 to 340 kPa).

6. The process of claim 5 wherein the catalyst

preparation is conducted at a temperature of 50 to 90 °C.

30 7. The process of claim 6 wherein the molar ratio of

nickel chloride to reducing metal is 1.1:1 to 50:1.
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3. The process of claim2 further conprising separating unreacted nickel
chloride fromthe hydrocyanation catalyst. 20 4. The process of claim?2
where t hewoaedueissy netal is Zn or Fe. 5. The process of eCarusnzabser ei n
the catalyst preparation is conducted at a tenperature of 30 to 100 C and
25 at a pressure of 5to 50 psia (34 to 340 kPa). 6. The process of claim5
wherein the catalyst preparation is conducted at a tenperature of 50 to 90
C. 30 7. The process of claim6 wherein the nolar ratio of nickel chloride
to reduci ng netal i -1 Al : 8 -8. The
process of cl aitsrh 7 \?hhjeer |I:?C{e%e55?rjo arla%gr% ﬁg@fg&ﬂiﬁgﬁéaﬁélﬁo?eﬁééroefduci ng
metal is 2uitked 2Hl1bridle Tee yacheeEsy ofetcllaiim & Mhereiat tthe bi dentate 5
phosphorous-containing ligand is a conpound of the formula (R O 2P (QzO
P(OR) 2, OO0 (RLO2P O P( \Z1 , and Z(~ \P QzOP~\Z1 \O\QO 10
wherein: Rl isophenyihe pagidRsld 0 @d 0 JRHdAULLd 1 thy na-afe nore G to
Cl12 alkyl or Cl to C 2 al koxy groups; _naphthyl, unsubstituted or
subst i ? ut PHORPHRreNe -covRsiaing ligaot A kylcampraand ¢ fCizhel oy gy oups:;
15 Z and Z' are independently selected fromthe group consisting of
radi cals having the formulae I, 11, I1I

(R'0) 2P (0Z0) P (OR) 2,

o o) o)
(R1O)2P——OZO——P/ N\ 1

N Z'" Jand Z° P—O0ZO—FP N
/ % Ny
10 wherein:
R! is phenyl, unsubstituted or substituted with one or
more C; to Ci; alkyl or C; to Ci; alkoxy groups;
naphthyl, unsubstituted or substituted with one or more
Ci to Ciz alkyl or C; to Cix alkoxy groups;
15 Z and Z' are independently selected from the group

consisting of radicals having the formulae I, II, III

and IV:
RY R?
sy
R7 RG R5 R4‘
20 I
wherein:

R? and R° are the same and are selected from H, C1 to Cy,
alkyl, and C; to Ci;; alkoxy;
R® and R® are the same and are selected from H, C; to Ci,

25 alkyl, and C; to Ci; alkoxy;
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and 1V: RO R RBR3 RT R RS R4. 20 1 wherein: R2 and RO are the sane
and are selected fromH Cl to C12 alkyl, and C, to Cl2 al koxy; R3 and RS
are the swow3amsdsare selected fromH Cl to Cl2 25 al kyl pcan$ofZ3ess Cl2

al koxy; 25 WD 03/ 045555 PCT/ US02/ 36468 R4 and R7 are the sane and are
selected fromH Cl to C12 alkyl, and d to Cl2 al koxy; R5 and R6 are the
sane and are selected fromH Cl to Cl12 alkyl, and CI to Cl12 al koxy; 5 R17
X Ro R16\ RlI1 R15 R14 Ri3 R12 Il 10 wherein: Xis 0, S, or CH (R18) ;

RI0 and R17 are:! BRaSAMea 00 AL esaht eahadabe Ob e ofla! £rofrlg b, @nd €l

to C12 al koxy; Rl1l and R16 are the sane and are selecte 15
Cl2 al kyl, and aQkutlo G dl:koxyGi-Ré2kemy ;R15 are the sane and are sel ected

fromH, Cl to Rglénal ﬁylérg'ni(:jhecj'sérgeCélfr%day:é(e)xg;elected from H, C; to Ci,

alkyl, and C; to Ci, alkoxy;

17 10
R X\/ R

R11
R15R R 12

ITI
10 wherein:
X is O, S, or CH(R'®);
R'® and R'” are the same and are selected from H, C; to
Ciz alkyl, and C; to Ci;» alkoxy;
R*™ and R'® are the same and are selected from H, C; to
15 Ciz alkyl, and C; to Ci; alkoxy;
R' and R'® are the same and are selected from H, C; to
Ci2 alkyl, and C; to C;, alkoxy;
R* and R™ are the same and are selected from H, C; to
Ciz alkyl, and C; to Ci; alkoxy; and
20 R is H or C; to Cp, alkyl;

IIT

25 wherein:
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R13 and R14 are the sane and are selected fromH Cl to Cl12 alkyl, and C1
to Cl2 al koxy; and 20 R18 is Hor Cl to Cl12 alkyl ; R19 RRO 11l 25
wher ei n: ®6 09B3F 045555 PCT/ US02/ 36468 R19 and R20 are twPhag/tsamesdsahd are
selected fromH and 21 CO2R; R21 is C1 to C12 alkyl or C6 to Cl0 aryl,
unsubstituted or substituted with C1 to C4 alkyl groups; 5 R22 R23 A IV
wherein: 10 Ais 0, S, CH(R24) R22 and R23 are the sane and are sel ected
fromH and CO2R25 ; R24 is Hor Cl to C12 alkyl; R25is Cl to Cl2 al kyl;

or 15 10. TheI@pQﬁﬁﬁ%fgfaﬁ%a{Hé9S$M§r§%@ Lhe g%g%g{eahkgg&dg ah§ unreacted

ni ckel chloride which has en separ at from rocyanati on catal yst
prepared éKbEFbing to claim3. 20 11. The process of claim9 wherein the
ni ckel ChlOrld%fllfsaQPXQJQﬂg'alkyl or Cg to Cip aryl, unsubstituted or

substituted with C; to C, alkyl groups;
R22 R23
™)

i

iv
wherein:

10 A is 0, S, CH(R*);
R** and R** are the same and are selected from H and
CO2R*%;
R** is H or C; to Ci, alkyl;
R*® is C; to Ci, alkyl; or

15

10. The process of claim 9 wherein the nickel chloride
is unreacted nickel chloride which has been separated from
hydrocyanation catalyst prepared according to claim 3.

20
11. The process of claim 9 wherein the nickel chloride

is anhydrous.

12. The process of claim 11 wherein the anhydrous
25 nickel chloride is produced by a process comprising treating
hydrated nickel chloride at a temperature of about 200 to

about 240°C for a time less than 12 hours.
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12. The process of claim11l wherein the anhydrous 25 nickel chloride is
produced by a process conprising treating hydrated nickel chloride at a

t enrper at WO d043BoOuUt 200 to about 240C for a tine |ess tirem/usB2/baes s. 27
WO 03/ 045555 PCT/ US02/ 36468 13 The process of claim 12 wherein the
hydrated nickel chloride is N Cl2. 6H20 or N Cl2 2H20 14 The process of
claim 1l wherein the anhydrous 5 nickel chloride is produced by a process
conprising: (a) spray drying an aqueous solution of nickel chloride at an

exit temper at ung of 3hout, k20 o 2baul; 1500, A (D) harRLL L gryi ng the

product of step (a) at a tenperature between about t'o ‘about 240C for a
tinme of 10dkedschiimritz Heuns.C1k56HIDeopr¥i@ss 3f.0cl ai m 14 wherein the
spray drying exit tenperature is about 130 to about 135C with a nean
residual time of heat exposure between 1 and 45 seconds. 15 16. The

process of claiim 15 mkerpideddie JreduERg Metdlerdias thPadhwdLnsd ze of 20
mesh or less. 17. A process for produci ng anhydrous nickel chloride 20

conpr i 3i n§ickedt ichd Ryidteatied By ek hivord drcmess qamydrsinge of about 200

to about 24Q0Cfor ' S S, T rogess .of cl.aim17
wher ein tﬁ(e())hyS Fa egyyg’grlgln%c éaltqhu%%uc?rli?s gq#slsol{fcjlo% é'H%%egLr Cﬁ?ﬁﬂ%z“%—{f& 19. The
process ohncleaiim rémpenprtisiengif (E@owpriayo dicoyidkgran 1Epfequangol uti on of
ni ckel chl %ri de at ,

(b) thermally drying the product of step (a) at a

temperature between about 200 to about 240°C for a time of

10 less than 12 hours.

15. The process of claim 14 wherein the spray drying
exit temperature is about 130 to about 135°C with a mean
residual time of heat exposure between 1 and 45 seconds.

15
16. The process of claim 15 wherein the reducing metal

has a particle size of 20 mesh or less.

17. A process for producing anhydrous nickel chloride
20 comprising treating hydrated nickel chloride at a
temperature of about 200 to about 240°C for a time less than

12 hours.

18. The process of claim 17 wherein the hydrated
25 mnickel chloride is NiCl,-6H,0 or NiCl, 2H,0.

19. The process of claim 17 comprising:
(a) spray drying an aqueous solution of nickel chloride at
an exit temperature of about 120 to about 150°C; and
30 (b) thermally drying the product of step (a) at a
temperature between about 200 to about 240°C for a time of

less than 12 hours.
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an exit tenperature of about 120 to about 150C, and 30 (b) thermally drying
the product of step (a) at a tenperature between about 200 to about 240C

for a tinwomB/o4358ss than 12 hours. 28 WO 03/ 045555 PCT/ US@2MAGA5864620. The
process of claim 19 wherein the spray drying exit tenperature is about 130
to about 135C, with a total exposure tinme between 1 and 45 seconds. 29

20. The process of claim 19 wherein the spray drying
exit temperature is about 130 to about 135°C, with a total

exposure time between 1 and 45 seconds.
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