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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 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 E

-zerovalent nickel complexes of triofganophosphites by

reacting triorganpphosphite compounds with nickel chloride
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catal yst; c rhsi cqoat agti ng, a bi dent ate phosphorous-contai ning |igand
with a I;‘nﬁm grgPeg‘?:égtg"o%ni %Emﬂ%m%}'i ggl’i B¢ hy 'prae%cfer?i’e Hflt% # ne sol vent
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Preferably, th i ckel chloride is dried before use. 5 May 2006 5 WO
03/ 045555 P /%S(r)gﬁc%’}fﬁ%'?gh@ LaNeRTPON THSESS fFoReIHE IBREPARATI ON OF

A NI CKEk: BRESPHRASG b EAND cLATAIYST 5RRa ChEE) NiHYRROCYANATI ON FI ELD OF

THE_I NVENTION This invention relates to a ]Erocess for the preparation of a
hydtBcy RRAFPRAFQUR diipgandahi chere valestpheskek grmposinds 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.




and a bidentate phosphorous conpound. 10 BACKGROUND OF THESPHWEQQ?CN It is
wel | known in the art that conplexes of nickel w th phosphorous-containing
| i gands are useful as catalysts in hydrocyanation reactions. Such nickel
conpl exes using nonodent at e phosphites are known to c%tal ze
hydr ocy $B06WS515 of butadiene to produce a nixture FCTIEPHEEnitriles.
These catalysts are also useful in the subsequent hydrocyanation of
pentenenitriles to produce adiponitrile, an inportant intermediate in the
production of nylon. It is further known that bidentate phoshite and
phosphinite Iigand an_be 20 used to form nickel - based catal ysts to
perform such hydr cer&arre HEVSEENSD Of & fﬁhnﬂI" 903, 120 dIfC|Oﬁ?Z|a
rocess for ; Ze LV | Ghel; €85 PYel el ene
ﬁickel mﬁthmggﬁ%ﬁgg%ﬁfétggpﬁggp %ﬁ%ﬁ%? ﬁ?ggﬂg %? t e¥¥3§%%#%ﬂ%%3 25 where Z
is an aPRyFoBRegl sk ynigkedpchperide aBith anbladgmtﬁd;ebl pjm(spbgrérmute- pro;:ﬁss uses
finel LY ; : : i I IS _prefer )y carri ut in the .
prese%cgbgFgggﬁ%%?i e S0 vgﬁgfpi%er¥§hg i%nr?§1:%ﬁbﬁFt?§’b Tarried out in
t he Spradehed dilasiciss belingaiml. nBhrUeScePat ehth Xd4Ec46todise! oses a

rocess el rovalent nickel conplexes of triorganophosphites
Ey reaé%?ﬁaﬂ%fﬁ%%ﬁgﬁopﬁggpﬁ?é%?%ﬂﬂnmﬁﬁﬁ s nﬁﬁaﬁF@képtéﬁlﬁF%@% 5 May 2006

WO 03/ 045586r#CI/ddE3 2364 68vé ncHdre rieRs@NCes@h anduiangl Yneiydgled reducing
and in the presence of a

tal ich_|s e el ectropositive_than nicke
gwrso?mt \é\@asg}"e’ct%glg{gﬂo%ﬁ' h&2 grip Ton¥i sFEngCf GUH3 ZaMHAX, Alzn( NH3) 2X2, and
i xt ur esaof TiNHA%, a1, Za%8 Th WhaidktXpkararPedalide BRAUELNY MR!al S include

Na, Li, , Ca, Ba, Sr, Ti,
: 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 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




V, Fe, Co, Qu, zn, Cd, Al, Ga, In, Sn, Pb, and Th, with zn° B&35g°
preferred. U S. Patent 5,523,453 discloses a nethod of preparing nickel
hydr ocyanati on catal ysts contai ni ng bidentate 10 phosphorous |igands.

Zer 0-val ent ni ckel conpounds that contain |ligands that can be displaced by
the bi d&RE&SHhosphorous igand are a preferred sofid@Sg¥36d8ckel . Two
such conpounds are N (COD)2, where COD is 1,5-cycl ooctadi ene, and

(OoTTP) 2Ni (C2H4), where OTTP is P(O ortho-C6HACH3) 3. 15 Alternatively

di val ent ni ckel conpounds may be conmbined w th reducing agents to produce
a suita@d%tchkel purce. In the |atter nethod of preparing catalyst, as
the tenperattrédo ?ﬁﬁéiéﬁ?aW?E?r[ﬁﬁﬂﬂﬁ%ﬁﬂnﬁﬁdrnc%%hﬁﬂ?ﬂustnéCkéhtalyst

f or mat i ehloalidei ALY 686 &htabubdt be Emu ﬁ?&t n duct al so

I ncreases. Accordi%gly, t here i%ﬁa negg;?%d%%%gggg orbg %?%%%ss t hat

al | ows fe6r thmpRraeanad of abatbs2@0fd towalegt azrcon. HSIINMARYhEF THE

INVENTIgN iS he§$r sent _invention is a process for preparing a
hydr ocy Rat? GH éﬁﬁgF B%0 Lorracreay MidGidbhahatis Isisesphacusveont ai ni ng

|1 9and it Bnai ekel1ahl rtdarhasddenduesapeeppl-aNld 11 hegol vent and a

reducing netal which iS nore el ectropositi an ni‘cker; "t he ni ckel
chl ori d8epbing Bre i Glol Ber et essentefl pesimtioft dimbewt Bdudisag metal . 5 May

2006 TAl LED DESCRI PTI ON, OF THE | NVENTI ON Th
Catal ysPSoR T RO es St I Chtl STy bACHPEREY byecBithct i ng ni ckel

chl ori deheild rotinieHeatedPASSRIIRME- 2687 aidd RELi ga0H JWd thg,presence of
a reduchggrnetal, the 5 nickel chloride being in nolar excess wth respect

to the -
.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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reduci ng netal. The reducing netal can be any netal which 'S rfor e

el ectropositive than nickel. Such netals include Na, Li, K M, Ca, Ba,

Sr, Ti, V, Fe, Co, Cu, Zn, Cd, Al, Ga, In, Sn, Pb, and Th. Mst preferred
are Fe and Zn. The 10 reducing nmetal (hereinafter "MET") is preferably
finely- WUUSF The expression "finely-divided" neafCH836¢e metal is
of a particle size of less than 20 nesh. Surprisingly, the rate of reaction
is substantially independent of the concentration of the phosphorus 15
containing ligand or the anmount of reducing nmetal, but, rather, depends on
t he amount _of .NiCl2 present and the reaction tenperature. Accordingly,

i ncr easi T Rh8TEFHY AT DICO RHETONF nE} hs @PUnkeT eulrdmdn pateniSdce

undesi r afilor.Si 88 tHBRGHBRSre8SpRGEALL Y 1800 i i ngrease with 20
t emper at ure, using exgﬁess nirgke%gfchl or'i 521 t%afq%%rcgg’%eg %ﬁgte&%at al yst
for mati SRVEaRB FAIt digpratyser efsE20 ko 856F¢ opreferpbint 13® twhi ch wil |

decr easg jandesiy Is 11.0NS- e_reaction.i sual |y carried out
such that the re uc?ﬁghgﬁ%{agfﬁﬁi& ﬁ:ehfellﬁi ?Ji[%ogsurréaagéhf‘. E}f‘% PHer words, the
anouft ZBvefr sheul G2 icaovébt edcdmiaataefstrabby oy @5l sdebyad he anount

of reduGhng .. added.. The.source af nickel for this invention is
pref er ab )I% rﬁ?ﬁ%ﬁ@ﬁ?d&ﬁpof'?d‘@w%ﬂi tEFtﬂ%‘FY PEadBFt anhydr ous
f or ms  ofwhRicB12omesyi e appedxiAatyry ais Wi ghe perduef gaked in 30 order to

m ni m ze the hgféo,l tic degradatiqn of the |igand. The expression
"anhydr ous” H8 Wlt‘%?atsPFﬁ@ AF keash Kirginge thomuadust! é8s than 2% by wei ght

wat er. hireketah) Ghird®e? Haved0QR6 t%ﬁ%ﬁoé§f%.P%B'gg/§P4%§{e§§nt ai ni ng 1%
or less water is preferred. Anhydrous nicke chl orrde may obt ai ned by
heatf ng thH8r aF S0l G igRIN CHipe 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



to tenperatures of about 200C to about 240C. Heating the Rllh@fzzoggove about
240C produces NiCl2 that is less reactive 5 in the catal yst preparation and
is not preferred. Also, heating the NiCl2 for an extended period of tine

will also roduce | ower reactivity product. Accordi ngl the Ni Cl2 should |
not be Wé};{\?@éﬁs%ove about 200C for nore than about 1 Tﬁ@ﬁﬁ’@‘.‘ﬁslo The
expression "hydrated N Cl12" neans N Cl2 containing 2% or nore water by
wei ght. Exanpl es of hydrated Ni Cl2 include the dihydrate, the hexahydrate
and aqueous solutions of N Cl2. Preferred sources for produci ng anhydrous

Ni C12 r.e the hgxah drate product, and an aqueous solution. N Cl2 15 as an
aqueous Esbcﬂ%taflgﬁ Fu MGleul aFPy Wrdeed¥bd. thRePrakrindks sol ution is

avai | abl s g=Ttoy| o r 0% el v.,29 weight percent N Cl2 aqueous
sol uti on&@%omev% ?letyge??gggl?Z@%ﬁggﬁ?%etqen\?gﬁ%i %]ﬁelg%m?‘? limited to

this weighigepes CRsRAES 80t AYURRUSHEPHHLOLHE AWM, ! N ff,erenl.d0 wei ght
percent NiCl2 will work. For practical reasons, the “preferred aqueous

sol uti ortermeratuse 2nge 3k BeTQHio pertentand\ictG:2modthe pxfRirrkdnit is due to
cost effectiveness of d %/drati ng a dilute solution. The upper limt is

e
due Po TPEE2IERUN Pt §O&- afbReReatieifsemayuPe, ryarvidumael yidee to 25 the

preci pi t3lds@-Of r Mdel2( HQ) ferr t rying hydrated Ni Cl2
isto fip;’%gt ﬁryrthgegNi Cl2 g?é%%f& %:ea%ﬂggﬁ r%ip%e%n e{:lhen further dry

the resWeFAYrprioahgss Kyomhabewt HmsiagtoASaupdin @i typpaso of spray or
ryers g o1 Lo, SEPEBn, Ral e il 15 balrhy S RmRgeLERE T8 nol ogy Tn
t he drying t8ateablEnd igehdscEonftiwhiptesbypeifventSon sraot critical .
Exaggle%i%éntaé%I%%%s%%%gogg{gggégg§§%% 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\Z1 /o\ /o\ 1

(R'0)P——0Z0—P, P——0ZO—F

,and z Z
Ny N Ny

20

In these formulae, R! is phenyl, unsubstituted or substituted
with one or more C; to Ci; alkyl or C; to Cp, 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:




PCT/ US02/ 36468 spray dryers are co-current flow, counter cﬁppgﬁppsand m xed
flow In this preferred process, the spray dryer should have an exit
tenperature of 120 to 150C, preferably 130 to 135C. Mean residence tine of
heat exposure with the spray 5 dryer should be 1 to 75 seconds, preferably
1 to 45Y9MB8MI®  The resulting product is typically HA&SHHEr at e product
whi ch contains approxi mately 22 wei ght percent water. Follow ng spray or
flash drying, the product is preferably further dried by thermal drying.
Choice of dryer 10 type is not critical. The thermal drying may be by
direct or indirect drying 4n which the heat is primarily by conduction or

convection. Thermal drying nmay ocgcur RAder reduced pressure or with a dry

inert gas flow. For econo ang, the dry inert gas is preferably
ni trogen. Thermal 15 gy8yi RO U gur~at a tenperature between about 200
and about 240C. The tine _ iRng ghould not exceed about 12 hours. The

. riead out in the presence of a nitrile
sol vent, preferably 3-ped¥ened#i le R%0 or 2-met hyl -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 anount of reducing netal (MET) is determned by the desired

ni ckel ﬁg%?é%gx product concentration. The 25 preferred anmount of reducing
met al ( Wwill generally fall in the range of 0.1%to 5% of the reaction
-mass5 The ar@fuahd B aMeCthewshhe bend miredkaleexs@ssrd i, he, reduci ng netal .
The nol ar rqééﬁEof gi 12 to NE; ranges from1.1:1 to 100:1. The preferred
ratio of N CYFWeETaPEnbesor Fond¥9%Yo 50: 1. The 30 reaction tenperature may
range from Q€ &8d120GreThAe BARL LG -LCURELALME SrAANYE LS dependent on the

Ni Cl12 form
. 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 C; alkoxy;
25 RY and R are the same and are selected From H, C to

Ci2 alkyl, and C; to Cpz alkoxy; and

.




Hydrated fornms of N Cl2 react rapidly at |ower tenperaturegrﬁ?ﬁgoﬁgy 2006 WO
- 03/ 045555 PCT/ US02/ 36468 t han anhydrous N Cl2. For N Cl2.2H20, the

preferred tenperature range is OCto 60C, and the nost preferred range is

25C to 50C. For_ anhydrous N Cl2, the preferred tenperature range is 30Cto

100C, aM® Pfi¢Srbst preferred 5 range is 50C to 90C. FREUSE#Son may be run

within a wide pressure range. For practical reasons, the preferred

pressure ranges fromabout 5 psia to 50 psia (34 to 340 kPa). The reaction

may be run in batch or continuous node. Suitable ligands for the present

invention are,;J0 bidentate phosphorous-containing |igands selected fromthe

group consisﬁinﬁsdﬁ Tﬁ(ﬁén?ﬁt%ﬂpﬁ%@bhites, bi dentate phoshinites, and

bi dent at e phosphi nes. Nbstgpreferred | i gands are bi dentate phosphite

| i gands. The nost preferr®d bide posphite |igands are of 15 the

foll owi ng structural fornup-ae 2P (QzO P (OR1) 2, O/0\ O

(RO2P-QZO-P\ / , and z1/ A \Z~ OO0 020 In these fornulae, R

i s phenyl, unsubstituted 0O ed with one or nore C, to C 2 alkyl

or C, to C,2 al koxy group hyl, unsubstituted or substituted with

one or nore C, to C 2 al Rk C, 2 al koxy groups; and Z and Z1 are

25 independently sel ected 1 dF e—gf oups consisting of structura
formulae I, Il, Ill,and IV: 5 May 2006
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. '




WO 03/ 045555 R3 | PCT/ USOZ/ 36468 wherein: 5 R2 and RO ar e5%\’l?é’2$8?re and are

selected fromH d to Cl2 alkyl, and Cl1 to Cl2 al koxy; R3 and R8 are the
sanme and are selected fromH C, to C 2 alkyl, and C, to Cl12 al koxy; R4
and R7. g;e }he sane and are selected fromH C to C22_ 10 alkyl, and Cl to
C 2 alk ﬂ/",”@ssand R6 are the same and are sel ected FISHH 1o C 2
alkyl, and C, to C 2 al koxy; R10 R11 15 Il wherein: X is 0, S, or CH(R18);
R10 and R17 are the sane and are selected fromH C, to 20 C 2 alkyl, and
c3. to C 2 alkoxy; R11l and R16 are the sane and are selected fromH C, to
C 2 alkyl, and C, _to C 2 al koxy; R12 and R15 are the sanme and are sel ected
fromH, C t&*aEPbes9d dioxFanephesphite srpBRYRde -iRis CaRdbRI4 are the sane
and ar e rp@kesyedné rp%&TB/éént rblebs 2 1Me t8BHe GadhLrhedl koXy; and S May

2006 WO 03/ 045555 US02/ 36468 R18 is Hor ClL to Cl2 alkyl; R19 I11
 formulae V to XXVI, shown below.

G AR (S 4O)
)

[+

- O O -
.
Q Q CHg CHg

5 V (where iPr is isopropyl) VI

pr R34 R34
G Gron
( % y Op  pO
Hq O Q CH;
o) )on
CH; CHj,
VII VIII
(where iPr is isopropyl) (where R* is
10 methyl oxr ethyl)
;‘O-P\ o ;
R35 0o Q R35 O P\O O,F' o}
MORbN oo
. H3C 0 CHa :
CHj CHs CHy  CH,
IX X

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




wherein: R19 and R20 are the sane and are selected fromH, w@fzooe C12
alkyl, and Cl1 to Cl12 al koxy; and CO2R 21, R21 is Cl1 to Cl12 alkyl or C6 to
C10 aryI unsubstituted or substituted with C1 to C4 al kyl groups. The
aryl pref erably phenyl or naphthyl. R22 i 3.10 Iv wherein:
Ais O, %@P‘% ; 15 R22 and R23 are the same and PéCrTéU%Z%?Gé@t ed fromH
and CO2R25 ; R24 is Hor Cl to C12 alkyl; R25is Cl to Cl12 alkyl; or In
t he above structural formulae, the Cl1 to Cl2 alkyl, 20 and Cl1 to Cl12

al koxy groups may be straight chains or branched. 8 5 May 2006 WO

03/ 045555 PCT! US02/ 36465 Exarrpl es of dior ganohosphlte conmpounds that can

be nmade by, t hers G OS¢ e Resf ormul ae V to
%, @ H @’ sor%pyl) PCpp

XXVI , sh@\@n
Qo~ G

CHy

5

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

10 isopropyl)

10



CH3 CH3 10 VII (where iPr is |sopropyl) CH3 I X CH3 (where E@@ay 00rn::thyl
ethyl, or isopropyl CH3 VIII ~(where R34 is nethyl or ethyl) CH3 CH3 X 15
S May 2006 WO 03/045555 XI CHs 5 10 XIII Pr XV (where iPr is isopropyl) 10
Xl CI%BW(}%B_}&SF;%TNSOZ/ 36465 CH3 XVI (where iPr is |soCrT(/)[%X2I/26468

10

11




5 10 WD 03/045555 XI X XXI XVI| 11 5 May 2006 WD 03/ 045555 & T1-BOXXV XXVI
PCT/ US02/ 36468 XXIV Suitabl e bidentate 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

di scl osures of which are incorporated herein by reference. Suitable

bi dent at'® B#6¥phi nites are of the type disclosed i n 8§78 ¥4Bnt s
5,523,453 and 5, 693,843, the disclosures of which are incorporated herein
by reference. The reaction nay be carried out in a nmanner such that 15
unreacted excess N Cl2 may be separated fromthe reaction product by
filtration or centrifugation. The collected excess nickel chloride can
then be recycl € ckqto a catalyst preparation reactor. 12 5 May 2006 WO
03/ 0455527 RCTl, / 36468 EXAMPLES Th ention is ijlustrated by the

foll ow n nglimting exanples. In th bl’ Qg -€X | es, the reducing
8 8o
oo
o\?,o
U'D 0

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



metal is the limting reagent in each reaction and theref orsédaygotoﬁe ext ent
of reaction (conversion) is expressed as the percentage of the reducing
nmetal reacted. Unless otherwise noted, the extent of reaction (conversion)
is determned by analyzing for the anobunt of active nickel produced by the
cat al ystV&YERE5i s reaction. The analysis is carried ISHUSBRPS treating a
solids-free aliquot of the reaction solution with dinethyl

acet yl enedi carboxyl ate (DVMAD), which forns a stable nickel conplex,
(Ligand) Ni (DMAD), and anal yzing quantitatively for this conplex by Hi gh
Pressure Liquid Chromatography (HPLC). 15 Exanples 1-6, and 11-18 utilize
anhydrous Ni G2 as produced in @%&ﬁﬁzo. Ni C12. 2H20 utilized in Exanpl es
7-10 was pr eddcesyoye igatisnd 1 MheKe Ly ide BS%Wﬂigﬁh%nto about 130C
under reduced pressure. Exanples 1-6 illUstrate that the catalyst synthesis
20 reactiightingecxripeiris. di the Gpdblawing exampliesustid GeZucihgrged to the
reactio aml ; 1o Vv e iLfted wih,a chani cal 25
R N o T R e

3- peht eridmel exiert (8D rHzctd80 rfuohyerdiaquandsVekfBegzed Bs mhml ), N Cl2 (3. 22

g; 24.8 mol and zinc powder (0.61.g; 9.3 |) . The reaction m xture
was stifréd eé’fa%% ftgt}e §e\gﬁ86?lé,m§tr‘?d‘ fzfﬁﬁlt_@g%%e% K EFEWSBvery 30
i nut es dored3OtBaadysirt. oAl rebclifioUlconvedis 60N VEes Dt rafinbbiGhy@ to catal yst

had occurred, ,and aft%r 3 hours, greater than_95% conversion of N Cl2 to
cat al ystiRad 2688 k% el MeUuRhy OB i We 03rbab swerderdubY2FB®468 Exanpl e 2

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 Mgy 2006
A reaction was executed in the manner of exanple 1, except tRat the amount
of Ni Cl2 charged (1.61 g; 12.4 mmol) 5 was half as much. After 2 hours,
about 37% conversion of N Cl2 to catal yst had occurred, and after 3 hours,
about 6Q% nversion of NiCl2 to catalyst had occurred. In the follow ng
exanpl eg'(%osglgssi%, a catal yst source which was depl et d"YS%&%i ve nickel ,
called "recycle 10 catalyst," was recharged. In these cases, "recycle
catal yst" contained 11 weight percent (W% Ligand V in 3- pentenenitrile.
Exanple 3 15 A 100 nL reaction vessel fitted with a mechanical stirrer was
charged under a nitrogen atnosphere blanket with recycle catalyst (100 g,
containing 11 ww%ligand V), NiCl2 (1.21 g; 9.3 mmol), and zi nc powder
(0.61 g; 9.3 mMmol ). The - reacti ogxdipddile Was stirred at 80C for 4 hours,
and sanples 20 were w thdrawn e'V'éT;Pi?U—h'i nutes for analysis. After 4
hours, |ess Ph@R2gVERDIvARE SxesulREln tthe ateainget oRadexagdyr ted. Exanple 4
25 Are i e i.n_t-he.ppnngr. _of .e e 3, xce that the:
anount g%dﬁ%%lgﬁéﬁagg%géﬁ g z‘fz"g;ﬁig??a%?nﬁ%g?d \yﬁgrsﬂ vﬁ’céuég e }as in
exanpl e W&is Apflér ad iecits, A35%r 2ohwers) cboaft Bi7€l2otweraioal wEt had

occurred,. 30 Exampl e 5 A reaction was _executed in the ner of exanple 3,
except t lactaztih% % Eﬁ‘r}('tStoPa j 299 ’g@&)é( ﬁggﬁr(}, r]'?ﬂr’f" PYE 190% May 2006
WO 03/ 04ahiverBEdh USH 2 364680 Wase S194 hiadEscasrralth as in exanple 3. After 4

hours, 75% ,
In the following examples 3 to 10, a catalyst source

which was depleted in active nickel, called “recycle

2"

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



conversion of NNCl 2 to catalyst had occurred. Exanple 6 5 %P%gggpﬁon was
executed in the manner of exanple 3, except that the amount of N Cl2
charged (7.26 g; 56.0 mmol) was six times as nmuch as in exanple 3. After 2
hours, 77%. conversion of NiCl2 to catal yst had occurred, and after 4
hours, SRBTMirsion of NiCl2 to catalyst had occur FEFUSYE#8fe f ol | owi ng
exanples 7 to 10 show that the use of hydrated N Cl2 (N Cl2. 2H20) produces
the sane rate dependence on nickel chloride concentration as anhydrous

Ni C12, but at a |ower tenperature. 15 Exanple 7 A 100 nlL reaction vesse
fitted with a mechanical stirrer was charged under a nitrogen atnosphere
bl anket W#$ HEoyedjmre aatBigs@s( inoegampbnthi nidf§er14 weosts gd%8 V) ,

N Of 2-2H80hnfe A brof T FerITeL) colgily gl NEQRUIREALR. 61 o) 9.3 20 moi) . The

reaction mxture was Stirre hour s and sanpl es were

wi t hdrawn every 30 mnutes for analysis. After 4 hours, about 13%
conversion N Cl2 to catal yst had ccurred. 25 30 Exanple 8 A reaction was
executed in the manner of exanple—gggﬁe%gept that the anount of Ni C 2.2H20
charged (2.42 geatdién WﬂmléﬁceAWSeﬁ\l\m.ﬁEtl@é it rasti axamsiglzg 7. After 4

03/ 045555 455% G835 569 B WRUrHe NaCH (<BAERFGn (et GiodBTFALE he manner  of
exanpl e 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} 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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except that the amount of N C 2. 2H20 charged (4.84 g; 29. 25 M%Oyﬁwas 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
sanpl e 3 § o r.e: 9 A I ft | C12. Reactions
execut ecﬁrglioﬁ}a%glgmf%g? &\{n[ge%!n%%, ﬁfe}‘{%ez% %Iqﬂ\aé%raﬁlhggz?hc %]ﬁtée?lggd 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 exanples, the extent of react)jon_was determned by 16 5 May 2006 WO
03/ 045555 PCH/ ERBSV SBUAHS REESHFFAGLThide MaPReE P it 5§ P nduct i vel y

Coupl ed RR$FBLhat the amount of NiCl,-2H,0 charged (7.26 g; 43.8

Q

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




(1CP). Exanple 11 5 A solution of Ligand XXV was prepar edSBAfycﬁoggol vi ng.
2.497 granms of Ligand XXIV in 24.008 grans of dry 3- pentenenitrile. An
aliquot of this solution (13.0 grans) was m xed with anhydrous N Cl2 (1.22
grans) and _zinc (0.102 grans). The m xture was agitated and heated at a

t enper al'%®849%0f about 80C. Analysis of a clear Iiqdicd'SM3M*Canpl e taken
after 2 hours reveal ed 56% conversion in a simlar reaction, except that
only 0.20 grans of N Cl2 was charged to the mxture, only 10% conversi on
was found after 2 hours. 15 Exanple 12 A solution of Ligand XXl was
prepared by dissolving 3.03 granms of Ligand XXI in 24.16 grans of dry 3-
pent enefRGS eI AR ke ubt SSHLULAPE Ry trdusitivedy3Gogptat Plagms mixed with
1. 20 grapmf, anhydrous NiCl2 and 0.10 grams 20 of zinc. The m xture was e
agitated and heated at a tenperature of about 81C Analysis of a clear
liquid-only sanple taken after 2 hours reveal ed 41% conversion. In a
simlar reaction, except that o%&%&ggranﬁ of Ni Cl2 was charged to the
m xture, only 10% conversi on wa ter 25 2 hours. Exanple 13 A

sol uti on of Bi gabdtddh |df MeigapdeParedvdyy pdiepacekii by dik<edvgngns of Ligand
XVIIT i 0 grans_of_dr = entenenitrile. An aliquot of this
sol ut i o%%%g §ga‘a?a )qu/%‘fﬁ?(igdgwgt%‘%f?z@r&fnﬁnﬁf dfr¥ariydr ous Ni C12 and
0.10 gr asmteabnitille T HIGULE YR 1AW tetadisnd(Ieal edank) awdd 5 May 2006
WO 03/ 04555 PCT{)USOZ/ 36468 tenperature of about 80C. Analysis of a clear
i qui d- GHP 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, wae 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 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



sanpl e taken after 2 hours reveal ed 73% conversion. In a 5s|Mr"?11yl2:51)96reacti on,
except that only 0.20 grans of NNC 2 was charged to the mxture, only 14%
conversion was found after 5 2 hours. Exanple 14 A solution of Ligand Xl X
was prepared b%/ di ssolving 2.85 granms of Ligand XIX_in 24.0 (%;arrs of dry 3
10 pentg‘%‘mﬂﬁsqe. An aliquot of this solution (13.4YGMaREY364%as i xed with
1.20 granms of anhydrous Ni Cl2 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 hours reveal ed 38% conversion. In a 15
simlar reaction, except that only 0.20 grans of NiCl2 was charged to the
m xt ur e, teyperatove coh\var®itoBolds fAomigsdbt of a2chwmur sigEidaphky 15 20 A

solutio i gapd was .prepared b i lLving 2.67 grams of Ligand XX
"0 a0 eiieas SRRG, IRl LHERBL o atod i tr bt Lon 28 uti on (13, 0
grans) veaisuitiaxedenttior, 2ZXceprasBadfomhhydrougrhin€ler and1Q. ¢&s gr ans of

zinc. The mxture was agitated and heated at a tenperature of about 81C

25 Anal yEIRFISE GOcFRe ™y |ed-8ﬂ$¥ HhfaveiréAtarrerfomsbatfsery eveal ed 59%
conversidmoukB.a simlar reaction, except that only 0.20 grans of N 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 gragg pfi1drys3 18 5 May 2006 WO 03/ 045555

PCT/ US02/ 36468
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




pentenenitrile. An aliquot of this solution (13.1 grans) \?\/ysayr%())?gd wth

1.20 granms of anhydrous Ni Cl2 and 0.10 grans of zinc. The m xture was
agitated and heated at a tenperature of about 81C Analysis of a clear

l'i quid npl e taken after 2 hours reveal ed 45% jon. In a
siml ar%e%'@%lssa except that iron powder (0.43 gr amsP)C %g%ﬁiﬁﬁar ged to the

m xture instead of zinc, 34% conversion was found after 2 hours. 10
Exanpl e 17 A solution of Li gand XXVI was prepared by dissolving 2.77 grans
of Ligand XXVI in 24.0 grans of dry 3- pentenenitrile An aliquot of this

solution (12. 6 rarrié was mxed with 1. Cg{ams of anhydrous N Cl2 and
0.10 gr Ft %%W%O%Ehﬂa@% EdogndlhehtEFEW a

t enper atyge nﬁfxeabQMEhSQQ?O@l%lr%Sbi? aﬁhfdf&%amblgtarqi Nhy gsapp! e taken
after 2 hours revealed 37% conversion.” In a simlar reactlon except that

i ron poviferzi. 42%?&%’}‘1% Wa@héﬁgé@lt%i) ﬁﬂ@ehﬂa%tadretlmstead of zinc, 38%
conver si on was 20 fou ft our.s 8 A _sol ut.ion_  of Li gand \%
was prepat &g By EFs g %}?%"g_’ ?ioﬁ }FE’H&?’ ‘V’W A14416-grbhs of dry

3- pertt eneaiglie E&keﬂnafﬁéraﬁ et e&védsa %@&bbﬁﬂefé@bz@ grim) was m xed
with 1.20 grams of anhydrous Ni Cl12 and 0.44 grans of iron. The m xture was

agi t at e HHd e KERAE B0 FXEIAPEr RRAE o1 FI0 A0Ers 18, 43 HRAnAdi wasf a cl ear
l'i qui d- QfHa)ﬂ:g%@”Ebetlﬁé‘krﬁik@Hee&nthQ&réf Jigyeakgd %@r{&%%'zl‘éﬂ §hgn- in a

simlar reaction, except that 30 only 0.2 grans o was charged to the
m xture, f%m%/afwrc%)rimlsﬁ .onwas found after 2 hours. 19 5 May 2006 WO
03/ 045555 PCT/ US02/ 36468

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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" m nutes.

Exanpl es 19-24 denonstrate preferred nethods of drying N gwyzgg?rpar ative
- Exanpl es 2-3 are presented for conparison to the present invention and
show t hat overheating while drying will lead to a |l ess reactive nmaterial.
"BET surface 5 area" analysis refers to an analytical techni gue, wel I known
to thos&CRYM8Y in the art, for neasuring surface ar&A/WP23§46850) g
material. The letters "BET" refer to Brunauer Emmett Teller, who devel oped
the theory of multilayer gas adsorption/absorption onto solid surfaces.
For exanple, 10 using nitrogen gas at 77.K, the surface area of a solid
material may be estimated by neasuring the nunber of noles of nitrogen
adsorbed as &xpopderoh®ovi4 t%ﬁ@\%@ﬂfﬁ’aﬁﬂ prefsued methofie gfasiryénga gi ven

wei ght of;@gl i i  ( i.0 of BET to the resulting
i sotherma szorgct)?l%r%mgyuﬁ%gwb?fgs i2::%rezl?lisyf/a 5%%3%%%%05 an Brf et ve surface
area fortotthe poesdnt Bangite.ob ah@gsidw rilekeloveltheat they hexdeydr at e was

spread thinly in.,20 a.clean.,quartz boat in a. .quartgz-lined_tube furnace
equi ppeﬁ%%n wilf) g?va%ftci(?or}%/sﬁi Ry t"}a(')"&éﬁ.nghe B SUrferGgen  stream
was passerbahanalditsbs matsal tol knbahdlali nd teeRhegue | e 1headwn The sanpl e

was then heated to, 240C over 15 mnputes and held there for a total of 60
nterﬁg“’?&nﬁ{géfk%‘gva% HRe AT E 0 of ¥ ISP USdRBcauRiRES AKER PRtLD a

ni t r ogensdilivs h@dergapyen@&eftelérgokﬂa@ﬁ 1 QFeNd o SELh AN R PERELE O catal yst

preparation experinents. A small portion of the material was anal yzed for

wat er cofftlef: byhTnéevlpned ber FeesnalofsmultiT@er lgasheating it to 400C at
aoc M n-adkeptebalneaas: 2 BA: 800000 LAk QiR 1 he Teasure of
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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5 WD 03/ 045555 PCT/ US02/ 36465 Thi s sanple contained 0.3 me?%alyzp?g?cent

wat er and had a BET surface area of 35 n2/g and an estimated crystallite
size of 9 nm When used in a catalyst preparation simlar to that of
Exanpl e hi.s. materi al generated 76% conversion. Conparative Exanple 2
The pr o@a‘ﬁbégs Experiment 19 was repeated, except tpﬁljfmmﬁ‘?éﬁsni ckel
chloride was additionally heated to 350C for 30 mnutes in nitrogen. The
recovered sanple had | ess than 10 0.05 wei ght percent water, BET surface
area of 13 nR2/g and estimated crystallite size of 22 nm Wen used in a
catal yst preparation simlar to that of Exanple 1, this material generated
36% conver si'o#AS FFMBFEARELIed R adprel ptTRerpeBE ety 6ndekpéranent 19 was
r epeat etge e XL 83 i I lQride: Ld . ed to 500C
for 30 rrir'ﬁut esraieﬁ %??éo%ﬂe]%.sn'ﬁé&raeﬁ\?g{g Eéﬁ{gn%?%d%gfﬁggggkighgﬁ . 05 wei ght
per cent Sfatemm.BEVhenrysre iar @acotalvsp/nrepadat2onesinidetedocrystal lite
size of [N reparatiop.sinmlar .to that of

Exanpl e %Aa?ﬁfs}éﬂﬁg‘?g?ﬁg‘l ggilel%esr%%[:g%yﬁm eonr%gFgfiog.Eﬁﬁ%%qrgl?B'ZS A 9.1 kg
of Ni5C12 hydrate, containing 10.9 weight percent H20, was | oaded into a
rotary vacuumdryer. 20 kg,.of N Cl12 xahydrate was added to the dryer,
resulting in an equivalen o i ining 34.7 wei ght percent

H2O. The pr ehsupfoddtiihe off pRpembrerteduc @dst Sedfb dDr exc680 k& . 30 and
the tenperature in the dryer was gradually increased to 100C over a 5 hour
period. thee ndepedschlerideswaer addieionnllivhbdedbgdr to raf@csfon ihe

tenperagﬁgﬁaggg Eﬁeh£%ﬂ$§éﬂ%nt%ﬂg§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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21 5 May 2006 WD 03/ 045555 PCT/ US02/ 36468 The vacuum dryer S $%Gi rect 1y
heated with a hot oil supply at a tenperature no higher than 20C hi gher
than the nmeasured bulk tenperature. TGA tests confirmed that the dryer
content%{were dehydrated to a residual noisture of 21.5 5 weight percent
H2O, eqWAH%Nt  to a dihydrate state. The tenperat urfET I H8%8dr yer was
then raised to 200C over a 4 hour period, and subsequently raised to 240C
over a 2 hour period. TGA tests showed than the residual npisture was
reduced to less than 0.1 'weight percent H2O. It had a BET 10 surface area
of 24 n2/g and had an estimated crystallite size of 17 nm Approximtely
17 kg of TRARSARWS AKyer owey oditiirasidy heebrdmadh whbatussl supply cat al yst

pr epar at | I m.lar t hat. gf I t.his terial generated 79%
conver si %ﬁ% %@a%%geﬂo %li}hetf%%ggsg?ﬁ ihc}ﬁh85g€lé‘?‘l?1i'ﬁbe FB??‘&r&t ely 29
wei ght  pellc emmpirGtdraas TeARRGHsNton i SiERY:HLY €hedlr average rate of
33.5 kg/hr. Filtered gnbi ent ajr was indirectly heated to 400C and

i nj ect ed VTS ¥RrEyIShyIratafbtaye Faptiut woighrrrgPhir2l Ynder these

- condig i ofsigith@edvensde,muihel val PN AU Enhrie QldreX trgag the spray
dryer was 135C. During a 4 hour tests, 50 kg of Ni C12 di hydrate was
pr oduc edtengrediurenjn ablpe tdi3mweiagh thee rceintedH20. 24bWtovd® kge of the spray
dried product was |oaded into 25 the sane rot ary vacuum dryer as in
Exanpl e BP* BeEipfesdtf eSubsequeatiyt sriseft i 2485C rasthic @d2t BoBo torr (345

out pert e g TR L S Enghy Bhe JALIAET RIS 80104 Than the
resi dualrediosdute hasse ridducdd 1t welighs pdment 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 agqueous 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 tegts, SSHkg of NiCl,; dihydrate was produced
containing about 22 weight percent H0.
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, and 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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30 0. 1 wei ght percent H20, and had an estimated crystal |IteMSIy20060f 18 nm

When used in a catalyst preparation simlar to that of Exanple 1, this
materi al generated 82% conversion. 22 5 May 2006 WO 03/ 045555

PCTI USOH/O“gﬁ%g When used in a simlar catal yst pr epar% nz except at a
reactio Pature of about 80C, the conversion was <6 Bt%®er 2 hours.
Exanple 22 5 This Exanple 22 shows that the spray drier product may be fed
continuously to a thermal processor and that low pressure in the thernmal
processor is not required to obtain satisfactory results. The procedure in
Exampl e _21 was e eated «ixce pt that 10 the Ni Cl2 di hydrate isolated from
the sprdQ<g pegd e lpE gcRbat Yo dFSPprRRi et a FHERraRtpRocessor t hat
was hea i o] pl t 244C, resultl in the bulk
t emper atr%(raect gﬁn%&%éo%ét%gc P gb&é 'I%uepr%lé%uc?oemﬁerstlﬁe é:‘%a pr ocessor
was nmai [itaiemed Bduxpt |y bel ow at rmspherl c. 15 The anhydr ous product

di scharged fromthe thernal pro&essoL contai ned a residual noisture of

| ess than 1 wei ght percent H20 d in a catal yst preparation

si ni Bar to tiats Exanplanpbeshow£XaeR! tak pr@ﬁcc‘lfifé} Ng%aae@tmgf of about
80C, tﬂlﬁ terial gener ated 62% conver si on. 2006 Cains: 1. A
process ng EPHT IR UE h’yHPo%y‘&?‘%“la&nPéaﬁaﬁ%lf a%r?élﬁtslﬁ‘g contacting at

| east opeehbdeat At & HRhesRBALY bnﬂoé' 28 st s d4,pm the group

" consisting of bidentate phosp |tes ent at e phoshinites, and bi dent at e
: satisfactory results.

. 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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phosphi nes with nickel chloride in the presence of a ni tri?gﬁayszc{))lo\?ent and a
reduci ng netal which is nore electropositive than nickel, the nickel
chloride being in nolar excess with 10 respect to the reducing netal. 2.
The process of claim 1l wherein the reducing netal is selected fromthe
group consisting of Na, Li, K My, Ca, Ba, Sr, Ti, V, Fe, Co, Cu, Zn, Cd,
A, G, In, and Sn. 15 3. The process of claim2 further conprising
separating unreacted nickel chloride fromthe hydrocyanation catalyst. 20
4. The pggiﬁéiof claim2 where the reducing netal is Zn or Fe. 5. The
process of claim4 wherein the catalyst preparation is conducted at a
tenperature of 30 to 100 C and 25 at a pressure of 34 to 340 kPa (5 to 50
psia). 6. Thel proc@sgrme&:d; afomr @Wﬁmtmmmmwatmmﬁm is
conducted at_a te rrpera,% of 0# 90 C. %Fc process of claim®6

wher ei n (f%r%p%?%ﬁ’gr%? a%J?lm%l S35 i Jt PO H"9%s 1.1:1 to
50:15 5 dbyt2006n@. L TGenprosesstad ©han Mile wjlﬁf@ rbdrﬂ&s’&rﬁtj dgfatio of

ni ckel chloride to reducing nmetal is 2:1 to 25:1. 9. The process of claim38

wher ei n RHECHE et RReSE bHoS H%#Qﬁlét%ftﬁ]t%’ﬂ?ﬁfh@]ﬂ%%mcﬁﬂ% bidenhiditnd of the
for”U'a-éﬁQéBﬁ?K&gﬁﬁf%ﬁ}%ﬁé%ef’éhf%élde 1H'tﬂe(§}égence of a nitrile

solvent and a reducing metal which is more electropositive

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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) P-CZOPZadzZ2\/ , n O\O/ \0O/ 10 wherein: Rl is phemfoce
unsubstituted or substituted with one or nore C, to C 2 alkyl or Cl1 to C, 2
al koxy groups; naphthyl, unsubstituted or substituted with one or nore Cl
to C 2 alkyl or C1 to C, 2 al koxy groups; 15 Z and Z1 are independently
selected fromthe group consisting of radicals having the formulae I, 11,
1l and IV: 20 wherein: R2 and RO are the sanme and are selected fromH,

Cl to C 2 alkyl, and C, to C 2 al koxy; and R8 are the sane and are
selected fronfH, CINEoPERSES950| meaﬁdwmr%ncﬂzedn%&y rat My D006 R4
and R7 apgckle sANEr9Ad 86ersghechgdnbrom ik £1t0,CG2, jalkyl, and Cl to
Cl2 al koxy; R5 and R6 are the same and are selected from H, Cl to Cl2

al kyl, and Cl1 to Cl12 al koxy; 5

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;

~25-




1 10 wherein: Xis 0, S, or CH (R18) ; R10 and R17 are thghgaa{’rr%oognd are
selected fromH, Cl to Cl2 alkyl, and Cl to Cl2 al koxy; Rll1l and R16 are
the sane and are selected fromH, Cl to 15 Cl12 alkyl, and C1 to Cl12

al koxy; R12 and R15 are the sanme and are selected fromH Cl to Cl2 al kyl,
and Cl to Cl2 al koxy; R13 and R14 are the same and are selected fromH, Cl
to Cl2 alkyl, and Cl1 to Cl12 al koxy; and 20 R18 is Hor Cl to Cl12 al kyl;

11 25 -26 5 May 2006 wherein: R19 and R20 are the same and are sel ected
fromH and C2RF Fodrestee sgre1snd Rye selested EromaHyl Ciuraubstit ut ed

or substi tutggk%; hafd €0+&Aca) kil grpups; 1V 10 wherein: Ais 0, S, CH
(R24) ; R22 and 3 are the sane and are sel ected fromH and CO2R25; R24

is Hor Cl toRCENGIKybrelshR25aine Ehdt er€l8edkkykd GrounHt he: abov@:
formul ae, Cl t 12_al kyl , and ClL.to Cl12 al koxy groups may be straight
chain or br an%g o 2‘6“‘10%“(1 T %ﬂﬁ' c?ilé%°§ydf claim9 wherein the nickel
chlom de is unreacted nickel chloride which has been separated from

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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| ' : : _ 5 May 2006
hydr ocyanati on catal yst prepared according to claim3. 11. Wg process of
claim9 wherein the nickel chloride 25 is anhydrous. 12. The process of
claim2 wherein the reducing nmetal has a particle size of 20 nmesh or |ess.

-27

10

15

20

25

wherein:
R'¥ and R?° are the same and are selected from H and
COR*;
R?' is C; to Ci2 alkyl or Cs to Cip aryl, unsubstituted or
substituted with Ci1 to Cp alkyl groups;

R22 R23
QO

v
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;
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.

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

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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