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A NI CKEL/ PHOSPHOROUS LI GAND
10 BACKGROQUND 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 alsc 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 PZs

25 where Z ig 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
gsolvent. 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 triofganophosphites by

reacting triorganpphosphite compounds with nickel chloride




CATALYST FOR OLEFI N HYDROCYANATI ON FI ELD OF THE | NVENTI ON 5rr’¥la¥ 2|OR‘\5/ent i on
relates to a process for the preparation of a hydrocyanation catal yst
which is a conplex of nickel and a bidentate phosphorous conpound. 10
BACKGROUND OF THE I NVENTION It is well known in the art that conplexes of
ni ckel YR BA45Fbsphor ous- cont ai ni ng 1igands are usef ACTASEHR| ysts in
hydr ocyanati on reactions. Such nickel conplexes using nonodentate
phosphites are known to catal yze hydrocyanati on 15 of butadi ene to produce
a mxture of pentenenitriles. These catalysts are also useful in the
subsequent hydroc anati%n %f_ gent enenitriles to produce adiponitrile, an
Nl

i mpor t antt™ St BY et & bY cduekdesh rtefuaippmetal whichrider known
that bi dRiHcak@epbashd e iaRd tRRASRIMAIIL € dnli0andsnal-Nen2@ Used to form

ni ckel -based catalysts to performsuch hydrocyanation reactions. U S.
Pat ent Prometerosefeivsdson phe ey songispand nef Ny NEXent ni ckel

conpl exes, (Ry cting shereptals Nheke ' a npnodent at e _phosphor ous
| i gand of (t hgz]?%rnul a PzZ3 25 fe:ﬁeﬁ:‘1 %Ed\g%ﬁ}?ﬁ Ryﬂgte)i(r?egpkolfyagroup,

pref 8r atialide . arfedaingmetpls Thecludecélss LéesMd,i rad,y Bdi, vededre) enent al

ni ckel dr.l S~Pr rabl ygarried,out_in_the presence of .a nitrile
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excess lbegapdpr&fettds. Pat ent 3, 846, 461 di scl oses a process for preparing
reacting

zeroval ent nj.ckel_conpl exes_of _trjorganophosphites b
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nickel hydrocyanation catalysts containing bidentate
10 phosphorous ligands. Zero-valent nickel compounds 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(C;H,), where oTTP is P(0-ortho-CsH,CHs);.
15 - Alternatively, divalent nickel éompounds 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 ig 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 wetal which is
more electropositive than nickel, the nickel chloride being

30 in molar excess with respect to the reducing metal.




PCT/ US02/ 36468 in the presence of a finely divided reduci n%Mr?gtngGV\hl ch is
nore el ectropositive than nickel, and in the presence of a pronoter

sel ected fromthe group consisting of NH3, NHAX, Zn(NH3)2X2, and m xtures
of NHAX and ZnX2 , where X is a 5 halide. Reducing netals include Na, Li,
My, Ca, MLIOESSS Ti v Fe, Co, Cu, Zn, Cd, A, Ga, BCTUERBHEE and Th,
with Zn being preferred. U S. Patent 5,523,453 discloses a nethod of
preparing nickel hydrocyanation catalysts containing bidentate 10
phosphorous |igands. Zero-valent nickel conpounds that contain |igands
that can be di spl aged b phosphorous |igand are a preferred
source of nickel. B SO CLHH QFeT ZAELL ’.;n ere CODis

1, 5- cycl ooct aHé vird e TER: 2N Ll ); S

P(Oo?/t ho- CGE%%I?B??I 15 N()l?egﬁéét%éel Y, )élnggﬁg%?n (r)lrﬂ-%}ljgé E6h %ﬁ%%s may be
conbi ne®Y GPEREFEHIE iTHEkgdefboT i midiice hidentats @msme?oﬁwce{ I I nt t he
| atter f ' s _th t erature.o e catalys
prepar atEi% ggg?ﬁgﬁgegsl?g?{% Eg EE%?%%%%%M o?rkragi (r)%&gjtng i“ﬁ(?_f—’%as%%‘? but the
anoubt @fickel ddygreatials deipgoiuotolds exicnss cass . rdAgeetdtagte there is a

need in a process.that allo for high reaction rates and |ow
degradatr%gﬁ?%l\l}{\%% 'G:&‘gﬁEr?W aﬁtﬁgﬁﬁ% %?@gﬁfnf“eltﬁ@eﬂ%% is a process
for preparnoge eeldutdopopabare othanimilkyst . byseantaalilRg idchigient at e

hosphorus-contai nj ng |igand with nickel chloride in the presence of a
l?\i tr PI e 86l @’e’r\tl‘?’aﬁ@'acﬁedﬁ%i mF metal VwhFeh §2 Gror &nel €&t ridbosi tive t han

ni ckel ,them{ gl peh)l ahiden beiit3BrkBe PRLAMa RXGRSSW £h T 68Rect to the
reduci ng netal .
10 geducing metal (hereinafter “MET”) is preferably Ffinely-

W

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 gide
reactiong, 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 gide reactions.
The reaction is usually carried out such that the reducing
metal is the limiting reagent. 1In 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 preférably
nickel (II) chloride, NiCl,. Either hydrated or anhydrous
formg of NiCl; may be used. Anhydrous NiCl, is preferred in

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

contains less than 2% by weight water. Nickel chloride
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| NVENTI ON The catal ysts of the present invention may be prepared by
contacting nickel chloride with a bidentate phosphorous- containing |igand
in the presence of a reducing nmetal, the 5 nickel chloride being in nolar
excess WAH%¥shect to the reducing netal. The redudGHYSPE4E can be any
metal which 1is nore electropositive than nickel. Such netals include Na,
Li, K, M, Ca, Ba, Sr, Ti, V, Fe, Co, Cu, 2Zn, Cd, Al, Ga, In, Sn, Pb, and
Th. Most preferred are Fe and Zn. The 10 reducing netal (hereinafter "NMET")
is preferably finely- divided. The expression "finely-divided" neans that

t he nefgpgﬁénﬁ?gai%é?ﬁi%ﬂﬁ§ YRLRY ofS | eFﬁﬁﬁ-20A¥h¥§%0u§uﬂé¢kglngIy, t he

rate of cheagtiionmip Kdikgianhial by hééﬁ%@eﬂ%%t?é )L RRCROLI AL on of the
phosphorus 15 containing |igand or the anount of reducing metal, but,

rat her, tQepemasTrapurdre cinpbatt 02004CCL2 phestrtadad tieatimgaehioNn

tenperahprg. @fcord'ngly i hcreasing the anount of N Cl2 increases the
react | oNrat EL%HEROURJe4P Cabradurer Ni@acthahsis deseckantyivegr adat i on,

| nCrsasanithl A /MCIALIACaL IS HEhLUEPRSE LEKAL Y OF helg, T O [ ncrease L he

catalyst formation raté nmay allow a decrease I n freacti enperature which
wi || deBeehies Ure NiClbl Eoxiate axsaotipdnseridthefr tdnei whli sigsual |y carried

out suc t i . et i s,the limting reagent, Jn other words,
t he amgﬁ{)gg%e o%ilg%%&ggv%ﬁ\%qd@%tfo @‘Sf%ﬁ/ﬂgqiys gg‘ﬁt}ﬁ'ﬁiz’ed by the
amount Eflonmmm;emeateadme HrRusoubee ForNheoke! A Jddug havention is
prefera g

ours.

.10 - The expression “hydrated NiCl,” means NiCl, containing
2% or more water by weight. Examples of hydrated NiCl,
include the dihydrate, the hexahydrate and agueous 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, aquecus 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 welght 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
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nickel (1l) chloride, N Cl2. Either hydrated or anhydrous 1MOIyITB of Ni Cl12

may be used. Anhydrous NiCl2 is preferred in 30 order to mnimze the
hydrol ytic degradation of the ligand. The expression "anhydrous" means
that the nickel chloride contains |ess than 2% by \/\/elc%ht wat er. Ni ckel

chl ori d&&3MPS2006 WO 03/ 045555 PCT/ US02/ 36468 cont RATHE¥80r | ess wat er
Is preferred. Anhydrous nickel chloride nmay be obtai ned by heating
hydrated forms of NiCl2 to tenperatures of about 200C to about 240C.
Heating the Ni Cl2 above about 240C produces Ni Cl2 that is |less reactive 5

in the catalyst preparation and is _not preferred. Also, heating the N Cl2
for an &%EIHY%E? | B SO -CHRESHE | F1oi s Fouptegueerteaswer andavikedty product .

Accor di molok. e $h@Brerboubd Bobois heaed Al e Ao 209C for more than

about 12 hours. 10 The expression "hydrate 12° S 'NI'Cl2 cont ai ni ng
20 or nEFeWaRePXbYy hRsIRFTRtUER ARl B0 Gfo HpEPa adrelie€aRly i 1Rt use t he

di hydr atijgsoghe phgxa d .. a0 olutions 0 | C12. Preferred
sou?/ces 1fggrébr oduci r%ég%%%%?g%ﬁ\li%%igéagreexlf%se?ﬁ?ey_ékymlé‘? fRdduct and an
aqueBus doeyt berldiel2 16 4s am@mmomefgraﬂblpm it F;alr Ibe@&th@g] y

referr Qus solution is ai | ..CO rcially as an
gppr OXi %Fe%%ggb&wﬁo%gkc%ﬁttwlﬁgﬁé’qﬁgﬁu 1%%ﬁf°d%\’/\ever, it is
bel i evedhtibht codienimy emproninstel} dJ MetgHrt SerdditS waRbght percent age and

aqueous solutions with different 20 weight percent N Cl2 will work. For
p(rqactical regg%"f“’tghéprﬁye‘f’%rﬂé%ﬁ%d‘ﬁ'éﬂgrs YtRruebniai ns 20 to 31 wei ght

per cent prif&#an] i Trt@wer abi&d iy SHRaE OafPhly ef iaakLyene Scfrfefr
10 type is not critical. The thermal drying may be by direct
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

breferred temperature range is dependent on the NiCl, form.

Hydrated forms of NiCl, react rapidly at lower temperatures



dehydrating a dilute solution. The upper linit is due to RNMEYZOSIubility
at anbi ent tenperature, particularly due to 25 the precipitation of
Ni C12(H20)6. A preferred nmethod of drying hydrated NiCl2 is to first dry

the N Cl2 b%/ s?ray or flash drying and then further dr the resulting
product MM Tal drying. A nunber of types of sprdFIOP%Enal dryers
are known to one skilled in the 30 art. Pneumatic conveying dryers and,

flash dryers are known to be interchangeable term nology in the drying
trade. The choice of which type to use is not critical. Exanples of . 5
May 2006 WO 03 0§5555 PCT/ US02/ 36468 s rg}y dryers are co-current flow,
count er ;tcb(?flré YAraRe Hilda . o NiGlt 30, prbRepretegiastess, the spray
dryer shqy ity 18 U e Q tao 150C _preferably 130 to
135C. I\/banp(réggl e‘%clgé}% néLtSo? (IFTQ%{ aeteox%bsét}rrl%]tv%\}et WOF%epgﬁ%f%l dryer should be

1 to 75 meeends, 25iceter 8bty. 1 Hop 4Bhf@eandSuic1]Ne ke PHdrkRgg" 0duct is
typically the di hydrate product which contains approximtely 22 wei ght

per cent teaperatirod |amigey ispRaSC dro fibash, dmd miye tmbet preshfetrred preferably
further dried by thermal drying. Choice of dryer 10 type is not critical.
The PherP@Pedtyi WY ME§ BR Gy G%Peéﬁa%ﬁmrhmye gvyyi within whivilet he heat is
pri mari hfel¥urg ORLMES | Ofodr HEQBYVECH %asZpgr "By, g:'ﬁ/éf%%rgé.y occur under
reduced pressure or with a dry 1 nert gas ow EST econom ¢ reasons, the
dry i nePregasTe sranasefapmy ahtut ogasiaTher el pdfa di3g ng shoul d occur at a

terper ajees bepyesn ahoul 200 A0%uRR0UEa2 %y i8S  nolky! N9 shoul d
Suitable ligands for the present invention are
10 Dbidentate phosphorous-containing ligands- selected from the
group consisting 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 (0ZO) P(ORY) ,,

O ) 0
(R1o)2P-——ozo~—-P< \z‘ ,and z"/ \P-——-OZO—----P/ \21
s \, A%
20
In these formulae, R! is phenyl, unsubstituted or substituted
with one oxr more C; to Cy; alkyl or C; to Ci, alkoxy groups;
or naphthyl, unsubstituted or substituted with one or more Ci
to €2 alkyl or C; to Ciz alkoxy groups; and Z and 7' are
25 independently selected from the groups consisting of

structural formulae I, II, III, and IV:




The catal yst formation reaction is carried out in the pregyr?gézog? a
nitrile solvent, preferably 3-pentenenitrile 20 or 2-nethyl-butenenitrile.
The concentration of ligand nay range from about 1%to 90% by wei ght. For
practical reasons the preferred range of ligand concentration is 5%to
50% THO@ YAHE of reducing netal (MET) is deterni nd§TBP¥HE® desired

ni ckel catal yst product concentration. The 25 preferred anount of reducing
nmetal (MET) will generally fall in the range of 0.1%to 5% of the reaction
mass. The amount of NiCl2 will be in nolar excess to the reducing netal.
The nolar ratio of N Cl2 (‘%o MET rangeg from1.1:1 to 100:1. The preferred
rati o of Ni Cl12: MET rangesR X 0:1. The 30 reaction tenperature my
range from OC to 120C. The g tenperature range i s dependent on the
Ni Cl12 form Hydrated8 e rapidly at | ower tenperatures 5
5 May 2006 WD 03/ 0455 than anhydrous N Cl2. For

Ni C12. 2H20, the preferred 7te 6ertu e range is 0C to 60C, and the nost
preferred range is 25C tR' 50@&" Ror aﬁﬁydrous Ni C12, the preferred
tenperature range is 30C to 100C, and the nost preferred 5 range is 50C to
90C. The reaction may be run within a wde pressure range. For practical
reasons, the preferred pressur®e ranges fromabout 5 psia to 50 psia (34 to
340 kP :PIE reaction may be run in batch or continuous node. Suitable

| i gands for e present invention are 10 bi dentate phosphorous-contai ni ng
l'i galds sel ekt eddf Rbmrehehegraup oonsiret kBUcof i St at, ecphesphi t es,

bi dent at e

alkyl, and C; to Ci» alkoxy;

R and R® are the same and are selected from H, C; to Caa

alkyl, and C; to Ci; alkoxy;

R* and R’ are the same and are selected from H, C; to Ciz
10 alkyl, and C; to Cy; alkoxy;

R® and R® are the same and are selected from H, C; to Ci,

alkyl, and C; to Ci; alkoxy;

R17 X\/ R‘IO
R16 14 13\ R”
R15 R™R R12
15
II
wherein:
X is 0, 8, or CH(RY);
R and RY are the same and are selected from H, ¢ to
20 Cy2 alkyl, and Cl to G alkoxy; '
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
Ciz alkyl, and C; to Ci; alkoxy;
25 RY and R are the same and are selected From H, C to

Ci2 alkyl, and C; to Cpz alkoxy; and

.




phoshi nites, and bi dentate phosphi nes. Mst preferred Ilganc?g é)rog

- bidentate phosphite |igands. The nost preferred bidentate phosphite |Iigands
are of 15 the follow ng structural formulae: (R10) 2P (QZO P (OR1) 2, O
/0\ O R'OZP—OZOP\ /[, and z1/0O /P-QZO-P\ \Z~ OO 0O 20 In these
formul a 045555 phenyl, unsubstituted or substitut eGP He or more C,
to C 2 aI kyl or C, to C 2 al koxy groups; or naphthyl, unsubstituted or
substituted with one or nore C, to C 2 alkyl or C, to C, 2 al koxy groups;
and Z and Z1 are 25 independently selected fromthe groups consisting of
structural forsl ae | [11,and 1V: 5 May 2006 WD 03/ 045555 R3 |
PCT/ US02/ 36488 whei e?: Cl EORSr2aRdk¥% are the same and are sel ected from H,
Cl to Cl2 alkyl, and Cl to,C12 al koxy; R3 and R8 are the sane and are
selected fromH C, to CRB ancR2@2 to C12 al koxy; R4 and R7 are the
same and are selected fro =22 10 alkyl, and C1 to C, 2 al koxy; R5
and R6 are the sane and a romH d to C 2 alkyl, and C, to
C 2 al koxy; R10

IiT

wherein:
5 R* and R*® are the same and are selected from H, C; to
Ciz alkyl, and C; to Cp; alkoxy; and CO,R?,
R*™ is C; to Ci; alkyl or Cs to Cyp aryl, unsubstituted or
substituted with C; to C; alkyl groups. The aryl groups
are prefe:_rably phenyl ox naphthyl.

R22 R23
(™)

10
Iv
wherein:
A is 0, 8, CH(R™);
15 R* and R® are the same and are selected from H and

COR%;
R* is H or C; to Ci; alkyl;
R*® is C; to Cy, alkyl; or _
In the above structural formulae, the C; to Ci alkyl,

20 and C; to C; alkoxy groups may be straight chains or
branched. '




R11 15 Il wherein: Xis 0, S, or CH(R18); R10 and R17 are ?ﬁ”@yggﬁ% and are
selected fromH C, to 20 C 2 alkyl, and c3. to C 2 al koxy; R11l and R16
are the sane and are selected fromH, C to C 2 alkyl, and C toC2

al koxy; R12 and R15 are the same and are sel ected fromH to C 2 alkyl,
and C, W&‘E"’fgﬁ koxy; 25 R13 and R14 are the sane and’cgf[@’éjéfﬁéct ed fromH,
C to C2 alkyl, and C, to C 2 al koxy; and 5 May 2006 WO 03/ 045555

PCT/ US02/ 36468 R18 is Hor ClL to Cl2 al kyl; R19 111 wherein: R19 and R20
are the sane and are selected fromH Cl to Cl2 alkyl, and Cl1 to C12

al koxy; and CO2R 21 R21 is Cl to C12 alkyl or C6 to C10 aryI
unsubst i t ut e§¥BFPLER ¥ I GraanPRIERAL tey CORPANRYF Hdusen Fhe aryl groups
are prefn%ﬁébbﬁzﬂﬁ@r}ﬂ'eéérntn§9353¥é iddide thBéd Hdring ?ﬁ%rel n. Ais 0, 5

CH( R24) 2 and R23 are the sane and are sel ecte romH and
_ formulae V to XXVI, shown below.

iPr i CHy CH
o o
G4 ARQ) (S AD)
"CH, 2 cH, 2 2 9 ? 2

0 O ‘ H3G0 OCH 3
age

5 V (where iPr is isopropyl) VI

R34

R34
< />—o\ ,0—2 >
R P
'
Hq O Q CH;
o= o

CH; CHs
VII VIII
(where iPr is isopropyl) (where R* is
10 methyl oxr ethyl)
; Ry P T
L ~0 of R® ey
HaC CH 2
oo™ @ @
CH;  CHs
IX X

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




CO2R25 ; R4 is Hor Cl to Cl12 alkyl; R25 is Cl to Cl12 aIEMa;yzc?Peln t he
above structural fornulae, the Cl to C12 alkyl, 20 and Cl to Cl12 al koxy
groups may be straight chains or branched. 8 5 May 2006 WO 03/ 045555

PCT! USO anpl es of di organophosphite conpounds_that can be made by
t he prege(g%%gggass I ncl ude those having the fornul aPeCTOISt“33%?\/|, shown
below. 1Pr Pk CH, . CH 22 V (where iPr is isopropyl) PCp p Qo~ CH3 VI
CH3 CH3 10 VI1 (where iPr is isopropyl) CH3 I X CH3 (where R35 is nethyl,
ethyl, or isopropyl CH3 VIII

CHy

5

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

10 isopropyl)

10



(where R34 is methyl or ethyl) CH3 CH3 X 15 5 May 2006 WO° 05855 X1 cHs
510 XII1 Pr XV (where i Pr is isopropyl) 10 XII CH3 XIV PCTNS02/ 36465 CH3
XVl (where iPr is isopropyl) 5 10 WO 03/045555 XI X XXI XVIl 11 5 May 2006

WO 03/045555 PCT/IS02/36468

(Mo oA
2 o 2

HgCO,C CO,CH;,

10

11




VIO 03/ 045555 XXI 11 5 XXV XXVI PCT/ US02/ 36468 XXIV Sui t abl e b1 dentat e
phosphites are of the type disclosed in U S Patents 5,512,695,

5,512,696, 5,663,369, and 10 5, 723,641, the disclosures of which are

i ncor por te? herein by reference. Suitable bidentateéghos hinites are of

t he tyb’V Hi%4¥Pbsed in U S. Patents 5,523,453 and 5,T6G58Y465 e

di scl osures of which are incorporated herein by reference. The reaction my
be carried out in a nmanner such that 15 unreacted excess N Cl2 nay be
separated fromthe reaction product by filtration or centrifugation. The
col l ected excess nickel chloride can then be recycled back to a catal yst
preparation rea r. 12 5 May 2006 WO 03/ 045555 PCTI US02/ 36468 EXAMPLES
The i nvegsion g | Ldstrated by the f ing non limting exanples. In the
follow n agpl es, lthe reducing neta the A Ht) reagent in each
reaction nd9t Her € 5 the extent of regcti (c rsion) is expressed

as the percentegs e duci ng netal rgav Unlg<gs~ot herwi se not ed,
t he extent of 2 Qnver si on) i s~dekerm
amount of active nick duced by the

d u

d.dy.0 anal yzing for the
sgnt esis reaction. The

XXIII XXIV

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 coliected

- excess nickel chloride can then be recycled back to a

catalyst preparation reactor.

12



10 treating a solids-free aliquot of the reaction soluti onsvh\ﬁyhzoogi met hyl
acet yl enedi car boxyl ate (DMAD), which fornms a stable nickel conplex,
(Ligand) Ni (DMAD), and analyzing quantitatively for this conplex by Hi gh
Pressure Liquid Chromatography (HPLC). 15 Exanples 1-6, and 11-18 utili ze
anhydro&@%ﬁﬁ"s? as produced in Exanple 20. Ni C12.2HFOTHP¥9%d i n Exanpl es
7-10 was produced by heating nickel chloride hexahydrate to about 130C
under reduced pressure. Exanples 1-6 illustrate that the catal yst synthesis
20 reaction rate depends on the anmobunt of anhydrous Ni Cl2 charged to the
reaction. Exanple 1 A 100 nL reaction vessel fitted wth a mechanical 25
stirrer was charged under a nitr &B¥PLESpsphere bl anket with

3-penteneni t khke;4Rhiion 830 ;1ML raddPd c¥e( %glﬂéwﬁr%] ool ), N Cl2 (3.22
g; 24.8 mmol ), and zinc powder (0.61 g; "9.3 mol) . e reaction m xture
was st i rii@dtang 190amplss 3 Inhghesfobinrigensikanphes o e hedantngvery 30

m nut es 3 V-Si. S SAEL IS, 170% ersion NiLCl2 to catal yst
had ocmﬁre%eaé, an af?ien?ltééﬁo%rgg,geggééf &t c?lhqacﬁggg%/%’%oaﬁ}/der%fgiegﬁ “of NiCl2 to
cat abystthsagxbenurok dreak® iIonVEgo2086: D) 038045558s SAT 1d4S88L36468 Exanpl e 2
A reaction was_executed in_.the man er of _exanpl % except ,that the anount
of N CLEPFREPGEET (A° 6P ToICARETH2 ge\ﬁggeﬁgﬁn PP EEERr 2 hours,
about 3stednvensi extaft NrCl2atoieat @orsterBadnpciardatrmandaabyer 3 hours,

about 60% , . ,
- analyzing for the amount of active nickel produced by the

catalyst synthesis reaction. The analysis is carried out by

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.

Example 1

A 100 mL reaction wvessel 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 gi
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



. . 5 May 2006
conversion of NiCl2 to catalyst had occurred. In the follow r?d/ exanples 3
to 10, a catalyst source which was depleted in active nickel, called
"recycle 10 catalyst,” was recharged. In these cases, "recycle catalyst"
contain 1 i ght percent (W% Ligand V in 3- pentepenitrile. Exanple 3
15 A 10 3}%?‘5\3250“ on vessel fitted with a mechani cal P&tYSP¥¥M8nas char ged
under a nitrogen atnosphere blanket with recycle catalyst (100 g,
containing 11 wt%ligand V), NCl2 (1.21 g; 9.3 mmol), and zinc powder
(0.61 g; 9.3 mol). The reaction mxture was stirred at 80C for 4 hours,
and sanples 20 were wi thdrawn every 30 mnutes for analysis. After 4
hours, |less than 2% conversion N Cl2 to catal yst had occurred. Exanple 4
25 A reaction was executed in thgy r of exanple 3, except that the
amount of N Cl2 charged (2.42 g;‘%ﬁb: ) was twice as much as in
exanpl e 3. Aft EF2gUhonrwas IFRCUEeAVER silon menkirCe? texaatlal yst had
occur r et 30+ EXa0P! 80 ALBACLIFOR; MRS ed.in the nner .of exanple- 3,
except t}%tgkhe anount o lﬁﬁt&? cﬁé? é%é%§g§496385fp21%2%|Tmiﬁ)5 May 2006
WO 0%/ 045565aRCTABSOR¢IB6468 teas2 f bourd | redouds 3Machomsergicexalpl e 3. After 4

o . :
hours, ﬁ&gcggvgééall%%tohag" cg:clzczuliroedc,ata%ldygktgradB %o%l'zlrrsr,egbog‘t):( a6 %le 6
conversion of NiCl, to catalyst had occurred.
In the following examples 3 to 10, a catalyst source
which was depleted in active nickel, called “recycle
10 catalyst,” was recharged. 1In these cases, “recycle catalyst”

contained 11 weight percent (wt%) Ligand V in 3-

pentenenitrile.
Example 3
15 A 100 mlL reaction wvessel fitted with a wmechanical

stirrer was charged under a nitrogen atmosphere blanket with

recycle catalyst (100 g, containing 11 wt% ligand V), NiCl,

(1.21 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

hours, less than 2% conversion NiCl, to catalyst had

occurred.
Bxample 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 wmmol)

14



5 A reaction was executed in the manner of exanple 3, eXCgMayt%gg? t he
anount of N Cl2 charged (7.26 g; 56.0 nmol) was six tinmes as nuch as in
exanple 3. After 2 hours, 77% conversion of NiCl2 to catal yst had
occurred, and after 4 hours, 83% conversion of NNCl2 to cat alsyst had
occurredO PP fol 1 owi ng exanples 7 to 10 show t hatPGHEOUBASf  hydr at ed
Ni C12 (N Cl12. 2H20) produces the sane rate dependence on nickel chloride
concentration as anhydrous Ni Cl2, but at a |ower tenperature. 15 Exanple 7
A 100 nL reaction vessel fitted with a nechanical stirrer was charged
under a nitrogen atnosphere blanket wth recycle catalyst (100 g,

cont ai ni YRS 18°UA SiMP§an® Wch agy dnoezppple 13 21 After. 8 hewds, 784d zinc
powder (Qofeioh Br2RIETOLL callBdCatld QucixLyre vas stirred at 25C for
4 hours, and sanples were vvltﬁdrawn every 50 hnutes for anal ysis. After
4 hours, about 13% conversion NiCl2 to catalyst had occurred. 25 30
Exanpl e 8 A reaction was executeg LN Qqsnanner of exanple 7, except that
t he amount of N C 2. 2H20 charged-%éﬂ%é%fn 14.6 mmol) was twice as nuch as
in exanpl e 7.A Akhetidnhoas xe2ti¥%edconvetisimmmel bECG3Rafsi £ at,al yst had

e o Rt LRI TSP S et
was six times as much as in example 3. After 2 hours, 77%
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 Example 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,0 (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,0 charged (2.42 g} l4.6 .
mmol) was twice as much as in example 7. After 4 hours, 27%
conversion of NiCl, to catalyst had occurred.

30

15



except that the amount of N C 2. 2H20 charged (4. 84 g; 29.25N#%5P96mas f our
times as nmuch 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 nmanner of
exanpl e_7 ept that the anpunt of Ni Cl2.2H20 char 7.26 g; 43.8 10
nmol ) V\gg%{o;%fsl mes as nuch as in exanple 7. After Sﬁﬁ&ﬁﬁﬂs&(‘? greater than
95% conversion of NiCl2 to catal yst had occurred. Conparative Exanple 1
illustrates that increasing the nolar ratio of the reducing netal relative
to Ni Cl2 does not 15 increase the reaction rate. In this exanple, NNC2 is
the limting reagent, and the extent of reaction is reported as the
conversion of NiCl 2. The Ni Cl2 wBEE®EHL& Phroduced as in Exanple 20. 20
Conpar ati ve BxaERb€idn Avad @5keheegal@! iRl maSRbYl &P Neskahyflkads of 30 wt %
Ligand V) was treated with Ni C12 (0.11 grans) and zinc (0.10 g). The

m xt ur e SEEEPEgiEhat ceheamndvedt of NiClaBHe® dpooedAddl §4is: 28F-2a clear-1iquid
sampl e Al %aRoHbe: feRal el Rddh 25, GONUGLRLER of tR N Gl2. Reactions
executed 1n"a simlar ‘manner, exceﬁ% a € zi hc charged was 0.20 grans
and @. 4Chougsan® s resuidms o ofoORVEL s itonsabdl pekdokaad cb@drredspect i vel y. The
foll owi ng exanples 11 to 17 show that the process of the present invention
is applicable to additional 30 phosphorous-containing |igands, and that the
same effects are observed whenEgxampiésiaused as the reducing agent. In

t hese exanpl es, the extent of react)on was deternmned by 16 5 May 2006
A reaction was executed in the wanner of example 7,

Q

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 fate. 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-ligquid 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%, respéctively.

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

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



WD 03/ 045555 PCT/ US02/ 36468 measuring ni ckel in sol ution DY d0eti vel y
Coupled Plasma (1 CP). Exanple 11 5 A solution of Ligand XXV was prepared
by dissolving. 2.497 grans of Ligand XXIV in 24.008 grans of dry 3-
pentenenitrile.  An aliquot of this solution (13.0 grans) was mxed with
anhydr ol® Ri"E?? (1.22 grams) and zinc (0.102 grams) PCFIEYHH4Bur e was
agitated and heated at a tenperature 10 of about 80C. Analysis of a clear

| iquid-only sanple taken after 2 hours reveal ed 56% conversion in a
simlar reaction, except that only 0.20 granms of N Cl2 was charged to the
m xture, only 10% conversion was found after 2 hours. 15 Exanple 12 A

sol ut i oMU GINBLSEG L vt silEsapdopyIniusddrgliigCosebsl glassaof Li gand XX
in 24.16(gmans of dry 3- pentenenitrile. An aliquot of this solution (13.38 e
grans) was mxed with 1.20 granms of anhydrous Ni Cl2 and 0.10 grans 20 of
zinc. The m xture was agitated and heated at a tenperature of about 81C.
Anal ysis of a clear |iquid-onlyg.Sa Leliaken after 2 hours reveal ed 41%
conversion. In a simlar reactkunrggxcept that only 0.20 granms of N Cl2
was 5char gedat solheion x¢fuld gandl ¥X10%m0 prepared wasdiassdiagt.er 25 2
hours. le 13 A ut i an Li d XVIlI was prepared by dissolving
2.59 gr%’gggf gf?'aﬁn%f%ﬁ%n ﬁ%}{ ﬁ?%-wsoﬁraw %E %‘8( Péntenenitrile. An
al i quot pentehesisolld i g @l3g38t g6AMBNis WRIulE ¥R (1Y Id) gkarB) OkAEE Of

anhydrous Ni Cl2 and 0.10 grans_of zinc. The m xture was agitated and
heat ed gpxgd with anhydrous NiCl, (1.22 grams) and zinc (0.102

grams) . The mixture was agitated and heated at a temperature
10 of about 80°C. Analysis of a clear liquid-only sample taken

after 2 hours revealed 56% conversion in a similarrreaction,

except that only 0.20 grams of NiCl, was charged té 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 wag 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 golution of Ligand XVIII was prepared by dissolving

2.59 grams of Ligand XVIII in 24.0 grams of dxy 3-
30 pentenenitrile. An aliquot of this solution (13.38 grams)

wag mixed with 1.20 grams of anhydrous NiCl, and 0.10 grams

of zinc. The mixture was agitated and heated at a

17



17 5 May 2006 WO 03/ 045555 PCT/ US02/ 36468 tenperature of a%gﬂt?lyz%%
Analysis of a clear liquid-only sanple taken after 2 hours reveal ed 73%
conversion. In a simlar reaction, except that only 0.20 granms of N C 2
was charged to the m xture, only 14% conversion was found after 5 2
hours. BFR514 A solution of Ligand XI X was prepaf&dB¥F¥t€sol ving 2.85
grans of Ligand XIX in 24.0 grans of dry 3 10 pentenenitrile. An aliquot of
this solution (13.4 grans) was nmixed with 1.20 granms of anhydrous N Cl12
and 0.10 grans of zinc. The m xture was agitated and heated at a
tenperature of about 78C. Analysis of a clear liquid-only sanple taken
after 2 trmperatuveabdhi38h EOfVer Smilysiies af1s csledd driguedebnbn, except

t hat onl 220, granms_of N.Cl2 was__ch t,o the mxture, only 10%
conver si%aﬁn%\%éstgoﬁﬁ % ter? uﬁ%u??‘.re%%ﬁ%l?’e" BT A i Leﬁni 8n of Ligand XX
was pr epaimed alry rdassbbw, rkc2p&7thgt adwl oo 1200 gpdmeOof vidd ,Owgs ams of dry

3-pentengnitrile. An aliquot of this solution (13.0 gr% was m xed with
1.23 gr 96¢ Eﬂh&ﬁd‘i‘}s" Te12°8nY PAFIEFSisR vahcto agfR¥ure was
agit gt e ahrheated at a tenperature of about 81C. 25 Analysis of a clear
l'iquid-only sanple taken after 2 hours revealed 59% conversion. In a
simlar reaction, except that only 0.20 grans of N Cl2 was charged to the

m xture, only 10% conversion V\/%g_.ajnﬁygdlgfter 2 hours. 30

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 aliguot of this sclution (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 golution of Ligand XX was prepared by dissolving 2.67

gramsg of higand 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 BAnalysis of a clear liquid-only sample taken after 2 hours
reveéled 59% conversion. In a similar reaction, except that
only 0.20 grams of NiCl, was charged to the mixture, onlf 10%

convergion was found after 2 hours.

30 Example 16

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

18



Exanpl e 16 A solution of Ligand XXV was prepared by dissol \slMlaJZOQ?% gr ans
of Ligand XXV in 24.0 grans of dry 3 18 5 May 2006 WO 03/ 045555
PCT/ US02/ 36468 pentenenitrile. An aliquot of this solution (13.1 grans)

was nm X i .20 granms of anhydrous N Cl2 and 0.1 r f zinc. The
m xt ur e%@oél%lsﬁlat ed and heated at a tenperature of q’&%ﬁ%@%ﬁ% Anal ysi s of
a clear liquid-only 5 sanple taken after 2 hours reveal ed 45% conver si on.
In a simlar reaction, except that iron powder (0.43 grans) was charged
to the mxture instead of zinc, 34% conversion was found after 2 hours. 10
Exanpl e 17 A solution of_ Ligand XXVl was prepared by dissolving 2.77 grans
of Li ganﬂe%enilﬁréi‘?e ot W%r?fﬁhﬁrﬁ@ﬂ’éﬁpﬂri(iérlmaﬁlﬁ)quot of this -
sol ut i onydd ZniGedl AL 1 V6 J¥akBdoW EBnJakfhdhawE , An Y dr gugedi C12 and

0.10 grans 15 of zinc. The mxture was agitated and heated™at a

t enper at®f 2181 -abdhe BIKtuh alagspgibbted drshheptgdiatonly sanpl e taken
after 2 hours reveal gd .37% cqQruyersjon. I.n a_ simlar _reaction, except that
i ron pomiéﬁemrpe(r&.tﬂfeg?gn%?()%as%% %har %545 RE ﬁi%?ﬁ% LiUigaanbY zinc, 38%
conver si gainpias takBnf ofisl af Rfurd BevssleW@Wlend8ré &0l utiog of Ligand V
was prepared by dissolving 3.03 granms of Ligand V in 24.0 granms of dry
3- pent erfefiitlAt] Eeaghlons Siqephothat i¥es newderi ¢R- 41T a8 was ni xed

With 1. 2hgicammtef RGNS Mheleadndr G i, 9838 Olvd LA, THE M xture

found after 2 hours.

10 Example 17
A golution 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 wags agitated and heated at a

temperature of about 80°C. BAnalysis of a clear liquid-only
sample taken after 2 hours revealed 37% conversion. In a

similar reaction, exéept that iron powder (0.42 grams) was
charged to the mixture instead of zinc, 38% conversion was

20 found after 2 hours.

Example 18
. A solution of Ligand V was prepared by dissolving 3.03

grams of Ligand V in 24.0 grams of dry 3-pentenenitrile. Aan
25 aliquot 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 ligquid-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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was agitated and heated at a tenperature of about 81C. Anal ya I's of a clear

~liquid-only sanple taken after 2 hours revealed 16% conversion. in a
simlar reaction, except that 30 only 0.2 grans of N Cl2 was charged to the
m xture, only 7% conversionwas found after 2 hours. 19 5 May 2006 WO

03/ 04553@?3@%75%02/ 36468 Exanpl es 19-24 denonstrate PrE{EP¥¥¢8net hods of
drying N Cl2. Conparative Exanples 2-3 are presented for conparison to
the present invention and show that overheating while drying will lead to
a less reactive material. "BET surface 5 area" analysis refers to an

anal ytical technique, well known to those skilled in the art, for

measuri ng suragelapeh®ovi4 denpoistiahatereErrethecktboderst 'BFTharefer to

Br unauery et I I h of multilayer gas
adsor ption/ azbsg?m %Anﬁgnet \gg&ggﬁ%gs%%%gtgsgrégfg&%%rrgpqre,COT aﬁ%/’?%% ni t rogen
gas at 7% Khet peesant atevarrtsanofind slndw dchatmboseirhbathyg bdigst | mat ed by

neasuring the nuaber of noles_of nitrogen adsorbed as_ a function of the
parti al preléflgu?véﬁo;e?%et%aasﬁfSF 5‘3%?%‘% \%%ﬁﬁﬁaﬂb)f sofFd SUBFa58pl yi ng t he
Sor ptsi onatderoryadis BEréfetdheor aaubhad N icsqt heehh J Rid1QnkhewaUrve, it is
easy to determ ne effective surface area for the solid. Exanple 19 |0Og
éﬁioﬁrei ﬁﬁg‘ﬂ%‘?i%r%‘@e%s 59 Ss@sRitReyseRface axe@) elinaquart z boat

In a. quasttiz biBediuberidineaeer8quipped.c rlirt Roapthomf ehdQpt/ nin dry
nitrogen. The exit nitrogen streamwas passed through a mneral oil

bubbl er %Hde¥entba devwekonssbdheTheewmmsfe mudt il aver hesst ed to 240C over 15

adsorption/absorption onto solid surfaces. For example,

10 using 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
soxption 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.
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m nutes and held there for a total of 60 m nutes. The sarrp?gﬁaélgo\ggs t hen
cool ed and sealed and taken into a nitrogen-flushed glove box for
collection and storage prior to catalyst preparation experinments. A small
portion_of th terial was analyzed for water content

Ther nog 03}%5??5@} Analysis (TGA) by heating it to 43§@U§¥2’3f66é/m n. The
wei ght |l oss at 30 approxi mately 200C provided the neasure of water in the
sanple. 20 5 May 2006 5 WO 03/ 045555 PCT/ US02/ 36465 Thi s sanpl e cont ai ned
0.3 weight percent water and had a BET surface area of 35 nR2/g and an
esti mat ed c&%gtallite size of 9 nm Wen used in a catalyst preparation
simlar to TPRSt SIFPELANtainedt fi 3 wrikddy sergenerwatar pe%h kadver si on.
Conpar atiae dox¥aBkeaRed NSF H-0GRANT &, faEXReE [WiE .gpeg) od, except
that the nickel chloride was a ditioﬁgFﬁy Eeat%% %%?%?%8&5?§r§%%9 m nut es
in nitroyfer? Mhe Weenvesad isaaplatalvist axtepavatiocd @imblamitght percent

wat er, T f of L estimated crystallite size of 22
nm Wheﬁﬁﬁgz fi%ggmﬁ%gﬁalfg%%pﬁéégfg§¢tﬁ$%ﬁﬁ%tﬁgr996 a5 Branpl e 1, this
mat erd al generat ed 36% conversion. 15 Conparative Exanple 3 The procedure

of Experinment 19 was repeaigsgdE exce‘PtH thgt ihe ni ckel chloride was
addi tionally heated to 500 =2 i &4 nitrogen. The recovered

sagpl e had Irhesptdedtu<)orweikghtimarcant waat eepedifeh sukbage anea of 2 nk/g
an

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 simiiar 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;0, was loaded into a rotary vacuum dryer. 20 kg of

NiCl, hexahydrate was added to the dryer, resulting in ah

. equivalent Niciz 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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20 estimated crystallite size of 44 nm Wen used in a catalyst preparation
simlar to that of Exanple 1, this material generated 1% conversion.
Exanmple 20 25 A 9.1 kg of Ni Cl2 hydrate, contai Ei ngf 10N_9cgi ﬁht hpgrctent
H20O, was | oaded into a rotary vacuumdryer. 20 kg o | exahydrate was
added t Q?‘T’g"‘ﬁﬁsyer, resulting in an equival ent N CLXARIYEEont ai ni ng
34.7 weight percent H2O The pressure in the dryer was reduced to 100 torr
(690 kPa), 30 and the tenperature in the dryer was gradually increased to
100C over a 5 hour period. The expression "tenperature in the dryer”
refers to the tenperature of the bulk contents. 21 5 May 2006 WO 03/ 045555
PCT/ US0278% 4635 UHie dydeturel rindingss lynberieed (Withe st Bgtwbih suppdy oi | supply

at ate rat.ur i.gher .than 2 hi t.han the nmeasured bulk
t enper aggfe&? &fg&%egggpggc%%flﬁ Sd %%3{1 gﬁ? Mgierc%&ﬁ?%nﬁée WEPEUGeRydr ated to
a resi duahltiesipetatate 21. Tea Tamtisgbbnpertante H420neqgl-ya ent to a

di hydrate state. The  tenmperature in the dryer was then raised to 200C over
a4 hou?orb@qt@d?’eﬁﬁdd%ﬁﬁ@ﬁ?éinttloyar apebdral mAgEuEeePf 22 Shour  peri od.

- TGA testgesfivedrbban tftg egdhidualnimiStlgnyasard aduged toyless than 0.1
"wei ght percent IﬁZO. ItJbﬁad%a BET Iio surfacex)gr%a of 24 mZ?g and had an

est i mat eterpepsitalrei ie She elryefr Wasnthedppaisddrebelyody degroh anhydrous
Ni C12 product was recovered. Wien used in 'a catal yst preparation simlar
to thatPH* Bexipfe and iibksamieatiy rybird ded4Pmwver 8 baur 15 Exanpl e

21 period. TGA tests showeixthan the residual moisture was
reduced to legs than 0.1gﬁeight percent H,0. It had a BET
10 surface area of 24 m®/g ahd 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 ﬁéterial generated 79% conversion.

i5 _ 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 theéé conditions, the average outlet

‘temperature of the air'e%ﬁting the spray dryer was 135°C.

" During a 4-hour tests, SSHkg 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 waintained for another 3 hours. TGA tests

showed than the residual moisture was reduced to less than
30 0.1 weight percent H,0, aﬁd had an estimated crystallite size

of 18 nm. When used in a catalyst preparation similar to

that of Example 1, this wmaterial generated 82% conversion.
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An aqueous sol ution containing approximately 29 wei ght pe§é\n§r¥t20ﬂf5c12 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
aver age_r 20 of 327 kg/hr. Under these conditions, the average outl et

t enper awgfﬂéﬁﬁs “the air exiti ng the spray dryer was 135ET ﬂzﬁﬂ‘fﬁlsng a 4 hour
tests, 50 kg of N Cl2 di hydrate was produced containing about 22 wei ght
percent H20O. About 30 kg of the spray dried product was |oaded into 25 the
sanme rotary vacuumdryer as in Exanple 20. The pressure in the rotary
dryer reduced, to 50 torr (345 kPa), and the tenperature in the dryer
was i ncregSetd®to a0t ay 9at{L(RT FEEPs¥Athem, RYGRPE AEdaf or anot her 3
hour s. S h jodu i sture.was. reduced to | ess

t han 301—%%%%\%%%19? Bger cerﬁ?a Egoéggﬁ%%?ag'%hggﬁqnﬁtres O%r@%?aqﬁ te size of
18 nm Wiépru8eldours.a catal yst preparation simlar to that of Exanple 1,
this material generated 82% con%ersi ﬁn. 22 5 May 2006 WO 03/ 045555

PCTI US02/ 36468 When used in a s al yst preparation, except at a

reacsi on t enpriatasanlie akOHho@d Ghdt@neOBYLL| Ok MRS BAXL afd£r 2 hours.
Exanpl e 22 5 This Exanple 22 shows that the spray drier product may be fed

cont i nubGsE§et SPBEYWGUSEY BP0 ddigmadn @reRassPHvEndtdssuiewin t he t her nal
process@febsun®tid add tedrhe Ot Rds3at bsfact eiukLs procedure in
Exanpl e 21 was repeated, excep thatS 10 the N%é%%?hy%r%?%ghﬁ%ol ated from
‘the spr &pLdrfretams nesedts.
. The 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 less than 1 weight percent
H,0. 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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fed continuously into a thermal processor that was heated SPﬁﬂﬁ%gggtly by a
hot oil supply at 244C, resulting in the bulk tenperature being about 10C
| ower. The pressure in the thermal processor was naintained slightly bel ow
at nospheric. 15 The anhydrous product discharged fromthe thernmal processor
contained a residual noisture of less than 1 weight percent H20. Wen used
in a catalyst preparation simlar to that of Exanple 1, except at a
reaction_tenpperature of about 80C, this material generated 62% conversion.
23 5 MayCR®HBSH ains: 1. A process for preparing a hydrocyanation catal yst
conprising contacting at | east one bidentate phosphorus 5 containing |igand
sel ected fromthe group consisting of bidentate phosphites, bidentate
phoshi nites, and bkderntatss @hmsmﬂ&@ﬁﬁiw@talhﬁdﬂ@ﬂy&ﬂﬂtﬂdnﬂndt&lyﬁx.presence

of anitrile .solvent and a r met al whi c ectrop05|t|ve
Chan ni R FERTREH e TSy TIF 1S hal U AR T o) T espect £ o
the sedugbmgaieind . 1 2garddes Pracess Morﬁhﬂténé-rd\liﬁrc%ﬂbiéﬁrfgedﬁﬂ ng net al
is selected fromthe group consisting of Na, Li, My, Ca, Ba, Sr, Ti, V,

Fe, Co, ‘wflewrated®hegphides ) pidgtse H@iﬁumﬂﬁeefpr@cré%ém&ermadianz
further i Si g aratyd éﬂp i ro
hydrocya%ag?%l%n catwrﬁ'erp Pézoég ?lgir%%ergs ﬁc%li%dzed\?a]%rerﬂ he redum ng
nmet al | ssZwvent Fend 5 ﬂ'érmqamg:ew:aﬁ vdijail'mzéls wirereei el ddierapatsdltyiste

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, V, 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 34 to 340 kPa (5 to 50 psia).

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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preparation is conducted at a tenperature of 30 to 100 C aﬁéwi%?%? a
pressure of 34 to 340 kPa (5 to 50 psia). 6. The process of claimb5 wherein
the catal yst 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
reducing netal is 1.1:1 to 50:1. 5 May 2006 8. The process of claim?7
wherein the nolar ratio of nickel chloride to reducing netal is 2:1 to

25:1. 9. The process of claim8 wherein_the bidentate 5
phosphor ous- cOnt ai ARGPFPEERE P al%ﬁ%p?)u‘ﬁﬂe%%l%h%hwmﬁa ratio of

ﬂ?/loz gf(@@gi%igrlgeotg Yebutidg AetRIQY P:PZQPg.8d 22V / , n O

9. The process of claim 8 wherein the bidentate

5 phosphorous—-containing ligand is a compound of the formula

(R'0) 2P (OZ0) P (ORY) 5,

o) o) o)
(R‘0)2P—-—ozo-—P/ z' and 2 P—OZO—P/ z!
| Ny N Ny

10 wherein:
R' is phenyl, unsubstituted or substituted with one or
more C; to Ci;z alkyl or C; to Ciz alkoxy groups:
naphthyl, unsubstituted or substituted with one or more
C: to Ciz alkyl or C; to Ci» alkoxy groups:

15 ' 7 and Z!' are independently selected from the group

consisting of radicals having the formulae I, II, III

and IV:
R® R?
R RR® R*
20 I
wherein:

R? and R® are the same and are selected from H, C; to Cyp
alkyl, and C; to Ci; alkoxy:
R® and R® are the same and are selected from H, Ci to Ci»

25 alkyl, and C; to Cjz alkoxy;
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10 wherein: Rl is phenyl, unsubstituted or substituted witﬁ'\’g)ar}’ezoc())r6 nore C,
to C, 2 alkyl or Cl1L to C,2 al koxy groups; naphthyl, unsubstituted or
substituted with one or nore Cl to C 2 alkyl or Cl1 to C,2 al koxy groups;
15 Z and Z1 are independently selected fromthe group consisting of

radi cals having the formulae I, 11, Il and IV: 20 wherein: R2 and R9 are
the sanme and are selected fromH Cl to C, 2 alkyl, and C, to C 2 al koxy;
R3 and R8 are_fhe sane and are selected fromH C to Cl2 25 alkyl, and Cl
to C 2 al koxyR 5Wh\R 2666 RECafd™R7 2BFeafReSedretaAdTars Hel Ectled $rom H,

Cl to C12 al gykylangngllcégocq% aajllq@%,'; R5 and R6 are the same and are
selected fromH €1 to C1 al kyl, and C1 to Cl12 al koxy; 5 Il 10 wherein: X

is 0, S, or CR (REB)R® aRe0thrdsRI? and the seiecénd &remsH| eCfewb fGam H, Cl1
to Cl12 al kyl Hgn Cl Lo CJEZ gl koxy; R11 and R16 are the sane and are

sel ected fromfHYtL #8¢ 15171 21%Y1°*¥%nd C1 to C12 al koxy: R12 and R15 are
the gane and are selected fromH Cl to Cl12 alkyl, and Cl to Cl2 al koxy;
R13 and R14 are the same and are selected fromH, Cl to

17 10
R X\/ R
R 16 y AN R
R15 RTRM 12

I1
10 wherein:
X is 0, S, or CH(R%):
R'Y and RY are the same and are selected from H, C; to
Ci2 alkyl, and C; to Cip alkoxy;
R and R!® are the same and are selected from H, C; to
15 Ci2 alkyl, and Cj; to Ciz alkoxy;
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
Ciz alkyl, and C; to Cip alkoxy; and
20 R*® is H or C; to Ci» alkyl;

ITT
25
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Cl2 al kyl, and Cl1 to Cl12 al koxy; and 20 R18 is Hor Cl to %%?Y§PE§|; 11 25
-26 5 May 2006 wherein: R19 and R20 are the sane and are selected fromH
and CO2R21; R21 is Cl to Cl12 alkyl or C6 to Cl10 aryl, unsubstituted or
substituted with Cl1 to C4 al kyl groups; 1V 10 wherein: Ais 0, S, CH (R24)

; R22 and R23 are the sane and are selected fromH and CO2R25; R24 is H or
Cl to C12 alkyl; 15 R25 is Cl to Cl12 alkyl; or in the above fornmulae, Cl to
Cl2 al kyl, and Cl1 to Cl12 al koxy groups may be straight chain or branched.
20 10. THeepibiess of claim 9 wherein the nickel chioride is unreacted

ni ckel chlorige yhjcirohas.bega seRa Qhadakéoga@xééaw@aﬁtHogn&at al yst
pr epar ed accordlng to claim3 . The process of claim9 wherein the

ni ckel PO ide 25 is anhydrous: 12. The process of claim2 wherein the
reducing netaﬁm_Qgsc?_ggféﬁcgfk§iz E %9 q?%ha9§lleaﬁsubggltuted or

5 substituted with Ci1 to Cp alkyl groups;

R22 R23
QO

v
10 wherein:
A is 0, S, CH(R*);
R** and R?® are the same and are selected from H and
CO,R*;
R* is H or Ci to Ci» alkyl;
15 R? ig Cy to Ci2 alkyl; or in the above formulae, C; to
Ciz alkyl, and C; to C;2 alkoxy groups may be straight

chain or branched.

20 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.

11. The process of claim 9 wherein the nickel chloride

25 is anhydrous.

12. The process of claim 2 wherein the reducing metal

has a particle size of 20 mesh or less.
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