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TI TLE OF | NVENTI ON PROCESS FOR THE PREPARATI ON OF A

NI CKEUPHOSPHOROUS LI GAND CATALYST FOR OLEFI N
HYDROCYANATI ON 5 FI ELD OF THE | NVENTI ON Thi s invention
relates to a process for the preparation of a

hydr ocyanati on catalyst _which is a conpl ex of nickel
and a bidentate phﬁ&ﬁﬂﬂ&!&ﬂ%d. 10 BACKGROUND
OF [ . ,

coml exeeeat R Eel R AR IONBRA T kelTe s EHgRous
| i gands [AGANDSGALALYSTdARIOLERN HYDROCY A} TIONON
reactions. Such nickel conplexes using nonodentate
phosphites are known to catal yze hydrocyanati on of
but adi ene to prodiELD OF YHEIRVENTIONPENt enenitril es.

These xl".a.t al\%/es .S are also useful Tn the subsequent
hydr ocy 3§ dVetion relaien te A drrasss fardhe prepasationeof a

oy oY Aalb patdlyst WA S coplpo ST R ER pbideMiate
bPhesiherass gempebinde and phosphinite |igands can be

used to form nickel -based catalysts to perform such
hydrocyanation reactions. 20 U S. Patent 3,903,120

di scl oses a pBACKGROUND GPTHEWVENTOKE! ent  ni ckel
conpl jﬁes e@)ﬁ( reagting elenental nickel wth a
B Kn

nonod SWadR s atd dhaticgmplexes of piskelwittul a PZ3

; vl g bl
porsPhGrous coftity liicstrt WS4 Patalyefln BhBiciyaRiton™"
efe@R¥tsaSuchinizkel camplekes psing evonotgntate phasphiies aren t he

p ‘ Job L ol vent. .The, 25 . reacti,on is

clear r eg o%@Wﬂﬁcﬁsﬁﬁ%@%d'@ﬁ@wﬂv%ﬂ ixiyresof

Reandenenirildd 6 THéde catalysisars alscisef P tHe$ubRERRENt NI
-val ent _ni ckel cqnpl exes of triorganophosphites

Ehf)’r EYapatoh of PeplensrBnies 3o Bradace adiponitrile, an important

| intermediate in the production of nylon. It is further known that bidentate
phoshite and phosphinite ligands can be used to form nickel-based

catalysts to perform such hydrocyanation reactions.

U.S. Patent 3,903,120 discloses a process for preparing zero-valent
nickel complexes by reacting elemental nickel with a monodentate
phosphorous ligand of the formula PZ; where Z is an alkyt or alkoxy group,
or preferably an aryloxy group. The process uses finely divided elemental
nickel and is preferably carried out in the presence of a nitrile solvent. The
reaction is carried out in the presence of excess ligand. |

“ U.S. Patent 3,846,461 discloses a process for preparing zero-valent
nickel complexes of triorganophosphites by reécting triorganophosphite
compounds with nickel chloride in the presence of a finely divided
reducing metal which is more electropositive than nickel, and in the
presence of a promoter selected from the group consisting of NHa, NH,X, -
Zn(NH3)oX>, and mixtures of NH,X and ZnXz , where X is a halide.
Reducing metals include Na, Li, Mg, Ca, Ba, 81, Ti, V, Fe, Co, Cu, Zn, Cd,
Al, Ga, In, Sn, Pb, and Th, with Zn being preferred.



conpounds wth nickel chloride in the presence of a
finely divided reducing netal which is nore

el ectropositive than nickel, and in the 30 presence of
a pronoter selected fromthe group consisting of NH3,

NHAX, (. SZWEWE)
where X'is a h I 3dg§:§‘ﬂ|3%l(§?§ uci ngﬁﬁg‘tggl n%}g]ﬁ %EI hydrocyanation
sgfalysts copdaining, bld&ntat@ piRsphawus Ggands, Z&(b-valﬂht niGegl compounds
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Fﬁ?d@ﬂmwfrl\diﬂmﬁh ziactdushinox rnmuremftﬁPN ahd (pllmpg@tetllgands or by
tacte
SRR B ST AT by PSSl oot
Cbﬁtllﬁhgﬂs pnostopnbpduc:—:tm:ne:ftnhesmlﬁ% lusggﬂtmd wguefngl‘ih@lal
Wi t n re o sphat e
1 garhs Pafteghue. 8 dhihed dsPiofee A wbod 15 B liarasin g5 biary
copifaundd vﬁyt:h/\amapnsmm?;hcﬁng maﬂinﬂétm I¢ahgél iﬁgthé baﬁséﬁ&e ofa
tion o and and reduycj ng
R oflRaeielaRR: Meded BRlstale arvsBiadiS roniing
coordindtingoligaperantd @ redfciry ﬂfe!dltm gwmuaﬁsomd;@ent system. The
romati.c I d
- riFERE RSy FAL AL bRt e Borh g istion AP Peweng metal ang
agyl ihialident Watepramspra) frons hydrate Ni(ﬂ‘ﬁlalmﬁw didlotiopic distiliation is
shg Q%%& rergumg rreta% in ol ar, apriotic
A1 o2\l SRRTORRS ‘?%’P&e OrQBﬁBH m_Jst be wat er
f'r eeUgs. RPatehbNooB532{3MaxHistibbed MetHrRdUst plep@ping|bis-alfoline
compounds including condensing an aromatic 2-amino carbonyl compound and a
methylene ketone compound to form an intermediate comprising a substituted.
quinoline having one chioro, one bromo, or one iodo substitutes, followed by
reductive coupling of the quincline using a transition metal catalyst to form the
quinoline compound. Water of condensation is removed preferably by azeotropic
distillation prior to addition of the nickel coupling catalyst, ligand, optional promoter
and reducing agent.

Pending U.S. application having the serial nb. 09/984,102 describes a
process for producing a catalyst by contacting divalent nickel compounds with
reducing agents. In the disclosed process, the nickel compounds are dried prior to
introduction to the reactor. The application describes that the rate of catalyst
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aryl halide. Water renoval from hydrated N (I1)
hal i des by azeotropic distillation is suggested as an
appropriate neans for this purpose. U S. Patent No.
5,532, 374 di scl oses nethods for preparing

bi s- qui nol i ne conpounds i ncludi ng condensi ng an
aromati c 2-am no carbonyl conpound and a nethyl ene
ket one conpound to forman intermediate conprising a
substituted quinoline having one chloro, one brono,
or one iodo substitutes, followed by reductive
coupling of the quinoline using a transition netal
catalyst to formthe ui nol i ne conpound. Water of
condensation is r SHNMARY &k THE INVENTIQN: r opi c
distillation prior to addition of the nickel coupling
catal yst, |igand, optional pronoter and reducing
agent . IPensispgct thre ia pidvidedta 20cdia Yori@efahiae 38 oledin NO.
091994, 102 descri bes a _ process for producing a

cAyaregxanalign edly scompgisHe raperting atdrast orwbigeiaig phoamharus-
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contacting at | east one bidentate phosphorus-

c oenisisting od) bidegtarecpheisphiten iandk bideotatsl phiodghinites, avbwhereme(ijtthe
of nigrile.solvent, .and .a, reducing netal that.is .
ol Bt B 06 soRa HiteteEl DRomBoBRrontrRg L. ickel
C Bhiofidélgnd teduéiff hREH HELLASsFBNSHIERH Sz RbME dRAITAR A
reaction zone containing the nitril'e solvent and at

| eenpurrepidy withdhe reductisnonsheheickel chlonidaibyithredbgametal or (ii)

S f t ou onsi, st i of , bi dent at e

RsSEhE e kAR B ERO T PRelt ol EbBinery)

t Bentainhipdigahd, dikle:l cBisHUE imgurts b/iakeottpid/diffillathdRllbate by

phosphorus- cont ai ni ng |igand, nickel ) ) B
reduction of the NiCl, with the reducing metal, and wherein steps (i) and (ii) are

performed at a pressure in the range of 0.07 kPa to 20 kPa and a temperature in the
range of 0°C to 80°C.



chl oride and reducing nmetal mxture is renoved by
azeotropic distillation concurrently with the
reducti on of the nickel chloride by the reducing netal
or (ii) the water is renoved fromthe resulting
nitrile solvent, bidentate phosphorus- contai ning
I i gand, nickel chloride m xtures by azeotropic
distillation, followed by reduction of the NNCl2 with
the reducing netal, and wherein steps (i) and (ii) are
perforned BETAIREDESCRIPTION ORTHEINVERTIOR to 20
kPa and a tenperature in the range of 0OCto 80C -3
Al LED DESCRI PTI ON OF, THE | NVENTIIbO\l The aI ysS
REhe, FRIBIVRE Ph thenBresRIbInYeREoR AR DEPTBRatSHP nf?gcﬂng nickel
oo osphaﬁﬁéﬁiégﬁ?gﬁﬁf’ng e ERRg flgand 'e"s*g*ﬁc%fegfem of itsle
solvemttand @& recding metah di e nicket bh@ridetialmtro‘ﬁwem akah aqueous
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metall88n betyy MdtalViltich lé?ﬁfbré%lééh‘oﬁ@érﬁ\lve W&'nci'hckéi NSNiéh metals
eeCtrOpOSItlvethan ni ckel met al s i ncl ude

include NaKLl NG, MgaCapBa, 8r, TiTV, F\e, Ct@, Cu:cZn &d, Ap Gazdn, and Sn. Most

prefe(TBa B F Ay 2. 1S ke Fhe R RS Binhef BT s fberably finely-

dividdd. nThé'ex%h'é(Ssﬁ@ﬁi “fipy %dﬂ?i@é@'sﬁ'léﬁhs thaPleymetatiislefia ﬂ@ﬂg& size of

that the netal a particle size of I|ess than
leSStheGh?OHﬁéhsource of nickel for this invention is

D B Stpelrt or Pt 1t SuinPllian & el ) ot Bl o Nick dissotved
in waRiP e 880eys 88lutivR ii9AvailsbleertmiNerdiZllpas apUspproximately 29
solution. However, it is believed that the invention

welghtsnerﬁ@mt NGl equesus $¢INBOMB|WGH%W. ddsbelieveththatdhedaventionis

ot 14 A A o o B v M i o
perceﬁ? NICLORI Wt Horprabtid4l B4R ARk preferi adiiédds sbhttion

lower limt is due to cost effectiveness of '
contaifnshdta8il tweightipetpest DiCL:t i Dhe lower limipisr due ko coptetigetiveness of

dehyc}rgtr% 9 &ilﬁg ls%ﬂhlo'nt Y upggr fifit is due to NiCl; solubility at ambient

temperature, particularly due to the precipitation of NiClo(H20)s.
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tenperature, particularly due to the precipitation of
N| CIZ(H20)6 -3a In contrast to anhydrous N Cl 2, since

’glz S ag gady di ssolved, the reaction rate is
ﬁy st lQanPyeronsNIC):, sinee Ith@&h@lzusakea«t)edlssblvedt the

reachMﬁerﬂeV§ I\éaﬁ ré%;tdegr %‘?ﬁhg'rf hfe% }A@ g:e%q?ceafglrgggg}ygéolyms and
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3 ntenenltrlle or 2-methyl-3butenenitrile. The
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Suitable Itgands for the present invention are bidentate phosphorous-
containing ligands selected from the group consisting of bidentate phosphites, and
bidentate phosphinites. Preferred ligands are bidentate phosphite ligands.

The preferred bidentate phosphite ligands are of the following structural

formulae;
(R'0)P(OZO)P(ORY),,
| |
, aN N /N
(R'0),P——020—p z'  and z! P~—0Z0—F. z*
| Ny Ny N\

-4-
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bi dent at e phosphinites. Preferred |ligands are

bi dentate phosphite ligands. The preferred bidentate
phosphite |ligands are of the follow ng structural
formul al: (R O2P(QZOP(OR)2, 0 (R OZ2PIzO P \1 ,
and 2\ \P-OZzO-P/ \Z QO \ -4 AVENDED SHEET I |11
V\herel n R is phenyl, unsubstituted or substituted

- whenginR'ds phenylrmneuEﬁiltntedﬁﬁsmiétﬂutedrwnﬁné or fctedt KX, alkyl or
C t(ghougﬁ( or %Tt hyl , g_.)aubstltut ed or substituted with
11 fraz glkoxy gEOURS; oF Haghihyly w&uf&ittl@ {05 sehamutedawh one or more
I
G 1S 3, o O3 Fob ESFEI TGRS, A et

fromthe gravwpel cws:stlng?oRZtrac'eralFfﬁrrﬁﬁldﬁ W XRVIRVI, anRVIIRA RS
RS RA R 9RO Ra IVV andvvherelnRZ R3, R4, R5,
R6, R7, R8, and RO are independently selected fromthe
group pxonsi sting of,aH Cl to Cl2 IkyI,

v A

and wherein
R*,R*, R*, R% R% R7, R®, and R® are independently selected from the group
consisting of H, C4 to C4z alkyl, and Cyto Gy alkoxy;
Xis O, S, or CH(R™);
®is H or C; to Cyp alkyl:

%

R and R* are independently selected from the group consisting of H, Cq to
Cs2 alkyl, and C; to Cy; atkoxy; and CO,R™,
'R™is Cy to Cy2 alkyl or Cg to Coary), unsubstituted or substituted. with Cs to
Cs alkyl ; '
' Yis 0, S, or CHR™);
R'“is H or C, to Cy; alkyl;

and wherein

5- ,
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R11 R11 R12 12 VI VII and wherein R' and Rl12 are

i ndependently selected fromthe group consisting of H,
Cl to Cl12 alkyl, and Cl1 to Cl12 al koxy; and CO2R13, R -
13 is Cl to C12 alkyl or C6 to C 0 aryl, unsubstituted
or substituted. Wth C1 to C4 alkyl ; Yis 0, S or
CH(R 14); Rl4 is Hor Cl to Cl12 alkyl; 5 AMENDED
SHEET .... . -- Rls Rl V\,her 8 R15 is selected
fromthe gr oup consi sti Ny Cl2 al kyl . and
Cl to Cl12 al koxy and C, to Cl12 al kyl
or G, to C10 aryl, unst substituted with
Clto <4 alkyl. In the ? formul ae | through
Vill, the C1 to Cl2 alk 0, C12 al koxy
groups may be straight Ached, Exanpl es of
bi dent at e phosphite |igands that are useful in the
present process include thoseMdving the fornulae I X

Jli’gese eci%%gg bﬁ@\%&%ﬁﬁc&%ﬁ% "P%gwré HE{%? Iglky% Ci1o G
or i sllkxyand COQR ;R16 and R19 are independently
sel egimq £ ot eyt Gt @Yy Cro aryl, unsubstituted or substituted with C; to
Cq aliyl. ' )
In the structural formulae 1 through VI, the C4 to Cqz alkyl, and Cy ta Cyz alkoxy
groups may be straight chain or branched,
7 Examples of bidentate phosphite ligands that are useful in the present
process include those having the formulae IX to XXX, shown below wherein for
each formula, R' is selected from the group consisting of methyl, ethyl or isopropyl,
and R'® and R™ are independently selected from H or methyl:

-5a-
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AVENDED SHEET. WO 2004/ 064994 PCT/ US2004/ 001073 Ras
R18 Res Ras R17 Ras Ras Raj R19 \ Rg -~ R17 01 R17
~P\O/ \ CH302 i / \ R17 CO2CH3 -0 PO R1 : XX7 Ras

woRoy @B Raj cla X x RO RIE 19 RI8 16 'ﬁ: )
Ras Ras R17 U1 RI7.0-10 RIT Rl7 I!ﬁsfgﬁ%?
0 RL9 /s\ R78 19R¥18 RI8 RL7 78 San % X116 _

WR12004/ CTI US2004/ 001073
o]




Rte Rl7 - 17 R19 ° 1s Rla R18 'R/ / R g
Rl7 OOO OR77 17 R19 \ OR19 aR17 O

Q =

R18 R18 19 R18 Rig All
la Rl17 Rig Rlg R17 O

XIV 18 1s Rig
| 17p&t/Eb20680061073

O R19 OR18 R17 19 R18 R18 | / R77 R18




Rls Xv XVI 7 WD 2004/ 064994 PCTI US20041001073 Rils

Rte 19 R18 tg Rl17 Rts RR77 Rls , \ 1} Rig R17 0 I
RL7 O 1 00 0O RL7 17 P-O P~-O J RRs\ O/ \ Rig
w0J 2004/694994R18 R17 Rts R18 Rt8 R77 Rts R18 X}/b*brgg%bdjdown
0

RRa Rte 18 R7T9Rh ~ °° Rta RsRn ~ 11 Rts / " Rts
O Rl7 R17 10- | 930 Rl7 , RI7 0 1-O Rls Rts ORtaI
| RO7T7Ri%, RIB R17 9 R18 19 RS
18 R ;3 Rop
R'lS
?
.
0
o
| 17

XV
10 R‘ES
R a1
R19

(l) >
O—F
R \
0

i i
R‘I? 17
o o
18
XX XX



5 RR XIX XX B, WO 2004/ 064994 PCT/ US2004/ 001073
R18 19 R18 R19 13 RR17 / 18 R17 R19 ° Rg ORLl7 O

I RI7 O | CH3I0O OO OCH3 40 R17 R17 |- I-OR1I9 \ O
wo2ndoddded R 19 XXI XXI1 R19 R18 19 R18 19(:%;20&:}0%1"%
'RRg Rg RL7RL7 ~ | 000 RL7 17 :
RDaR17 Q R18 "
18 R R17 18 R17
? ?
17 O—F" R17 0“_':\’
CH:G O o)
j C( OCHjz o
17 17
o ( o[
R o RS o Q
R1sj©:R17 1o R18 R‘ISID:RW s RP
XX ' XXl
R18 R

R - 19
18 17 R™ 17
R 19
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XXITE XXIV 9 WO 2004/ 064994

PCT/ US2004/ 001073 R18 R18 RIsR17 R18 R18 R19R17 / Ris
/] RI9 / O ORL701 RL7TO | O OOR7 RL7 P-O
wW@d/0f»s O R19 O R18 aRl17 RI8 RI18 | 17 9 RiSrusheydidi

XXv XXVl H3C CH CH3 H H3C CH CHCH H3C H3C CH3 3C H3C
304 II~rIOP/O/OP%IO\CH300CH318CH30
O CH3 XXVII XXVII | Q18 R

T W

7
—p 17
|
O

..;[_0_



10 WD 2004/ 064994 PCT/ US2004/ 001073 CF13 H3C CH3 H3C
\CH3 3 HBCHBCCKB CHB H CH H3CC3 \ O al
OP\ AOCH3/ OP/PO OCHB3 OCHs CH3 OOCH3 [/ \ -

woHBG0edo9k OCH3 - 1 \ / \ / CH3 CH3 XXl X )@@i'mg:z[}(hmbﬁrm
Pri ~iPr ipr / HICPP_CH3 Oo~l Pr Pri Pr ipr
- XXX XXX 139 3dltlonal swtable bi dentate
3

sed 'cﬂl U.

HCO O O OCHs

10 Additional suitable bidentate phosphites are of the type disclosed in

U. S. Patents 5,512,695; 5,512,696; 5,663,369; 5,688,986; 5,723,641,
5,847,101; 5,959,135; 6,120,700; 6,171,996; 6,171,997; 6,399,534: the
disclosures of which are incorporated herein by reference. Suitable
bidentate phosphinites are of the type disclosed in U. S. Patents

15 5,523,483 and 5,693,843, the disclosures of which are incorporated herein

by reference.

The reaction may be carried out in a2 manner such that unreacted
excess NiCl, or MET may be separated from the reaction product by
filtration or centrifugation or by settling and decantation. The collected

20  excess nickel chloride or MET can then be recycled back to a catalyst
preparation reactor. The catalyst of this invention may be used with 3-
pentenenitriie and HCN to produce adiponitrile.

- 11 -




1s 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 unreacted

woeeassN Cl 2 or MET may be separated from phguseidhiodd

10

i5

20

25

30

product by filtration or centrifugation or by
settling and decantati og&ﬂﬂhjﬁl | ected 20 excess

ni ckel chloride or MET be recycled back to a
cat al y‘sme inVERTGR n@ttlluéfrafeﬁ%ﬁrttﬁé fol%ﬂ%@ﬁé@lr%lﬁlf]g%g%@mg%\l

i nvent na be used with (fentenenltr
t o pr p ﬁdu ipdstrates a%eotropm rying pOaquass M3, followed

V.
P rdRetBi {Sg 94 varRIfhits pidlchefe RV doigmnte 2
Eﬁlaatmtes $lmuﬂaneomad@mgaﬁmueawm3lﬂ and ngduetionasiag #ero-
reduc n using zero valent iron to
W%uce%tgtqrggucgﬁcgwggt anple 2 5 illustrates
si mul taneous drying of ggHapKe4Ni C 2 and reduction
usi ng éero- valent iron"to produce active catalyst.

Exanpl /2P0 xl seindybotiopy flaskouas sehup withk covdenser fouliquid t h
PERADOE TG ottt finnb ka0 o BolRR] NG,

f unnel itator, a septurn por
ppr@ssure dransdursstand vaammg darotilenaive mtdolnfroh/;ﬁbs{ﬁjré OAn

PR bgBHEL PR piobiden et e smid halbm Aok 1A Stingg:

Vwere veeaumtight Ffﬂunﬂfgm@@(]mﬁ’tsas@d Al éftffesh%z&ﬂféné?ﬁtﬁfer esh

oaded under nitrogen I n

18 PRORT PO Trogenn b addion oo grarmmatagowt %
SRHSoLS SN R A58 b o 005 AL B BB
estyeen e ngedtieand the-gyenge bedy.t 120 grams of 3-pentenenitrile
plus 16.24 grams of ligand with a structure of IX (where RY is isopropyl,
R* is H, and R* is methyl), above, was loaded into the round bottom
flask. Pumping and purging with nitrogen three times degassed the
system. Heat was applied to the flask with agitation. The pressure was
adjusted to ~1.7 psia ( 11.7 kPa). The 3-pentenenitrile started to reflux at
~80.2 °C at this pressure. The needle on the gas tight syringe was stuck
into the headspace of the reactor through the septum. The aqueous NiCl,
was drop wise added to the boiling 3-pentenenitrile. Water and 3-
pentenenitrile was taken off into an empty graduated cylinder through the
condenser. Fresh 3-pentenenitrile was added periodically from the
addition funnel to make up for the loss of 3-pentenenitrile that came over
with the water. The drop wise addition of the NiCI2 continued until all the
NiCI2 had been added o the pot. The pot was allowed to cool to 62°C
under a nitrogen blanket. A slurry of 5.11 grams of iron plus 10.1 grams of
3-penienenitrile was added fo the pot. Pumping and purging with nitrogen
three times degassed the system. Vacuum was pulled on the system
again and the 3-pentenenitrile was taken off at 65°C and a pressure of 0.7
psia (4.8 kPa). After 2 hours the solution had turned a dark brown color.
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plus 16.24 grams of ligand with a structure of IX
(where R17 is isopropyl, R18 is H and R19 is
nmet hyl ), above, was | oaded into the round bottom

wf doemile4o9Punpi ng and purging wth nitrogen thegesionoos

degassed the system Heat was applied to the flask
Wi itation. The pressure was 20 adjusted to -1.7
é‘{fg% % rytherspjutionveasxdark drewie with eired tisk. JAgitation was
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g“ Snenr) vvantr = !"'Dig%mw'ww[@?rIhé:LGSh
(ﬁl@[ﬂen nitrile was added periodically fromth

a

YS§PPWRH dhere vasapparedligand degredation. Treatmg a

R AN, Sicet Sallia) W ERORKES o BbichorifielFhon R
t I5@°C Rraduzed ad!noamnieanﬂ dedictgmildretopatalyst podoeéd bps
to 62C under a nltrogen bl anket. A

to,C
| sI ?WP g’%i grans of iron plus 10.1 grans of 30
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syst e
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3-pentenenitrile was ad¢g@gnigletohe pot. Punpi ng and
pur gi ng W th nitrogen t‘hT?élﬂ!‘l‘mss degassed t he

2980luavndbotiamifigsk was shbup with eondenger for figaidt he

o ARGt AR Ad RioHiind . b’ o et IndRiBRRH: o
tpreserﬁedratrsﬁkcénamdmamhmrthroﬁlel@alvm bl HedOaé. And )
o PIRITET RN AT proNidcdatas s round boders Sask: Ahdtinge
r wmae VaduansadHt @somgaéﬁ ;bmf@ dq Q(Pnﬁsmés‘ﬁ 3%?& ﬁéﬁiﬁﬂe

uid  was w thdrawn fromthe pot romthis
crN gioaded ndelnioger it thg addjtion fmm@na 4érgaama@ﬁa@;am%

 uSSENARA el PSR A4S Tah S LR £,
Letween the needle and the syringe body. 120 grams of 3—pentenen|tnle
plus 16.49 grams of ligand of structure IX (where R" is isopropyl, R"® is H,
and R is methyl), above, plus 6.59 grams of iron was loaded into the
round bottom flask. Pumping and purging with nitrogen three times
-degassed the system. Heat was applied to the flask with agitation. The
pressure was adjusted io ~0.1 psia (0.7 kPa). The needle on the gas tight
syringe was stuck info the headspace of the reactor thrbugh the septum.
The agueous NiCI2 was drop wise added to the boiling 3-pentenenitrile.
Water and 3-pentenenitrile was taken off into an empty graduated cylinder

| through the condenser. The temperature varied between 30.4°C to

41.5°C at a pressure of ~0.1 psia (0.7 kPa). Fresh 3-pentenenitrile was
added periodically from the addition funnel to make up for the loss of 3-
pentenenitrile that came over with the water. The drop wise addition of the
NiCi2 continued until all the NiCI2 had been added to the pot. After 69
‘minutes, the NiCI2 addition was completed. The solution appeared to be a
dark brown — yellow color. Heating and vacuum to the pot was turned off.
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anal ysi s showed there was no apparent |igand
degradation. Treating a sanple of the clear solution
with additional 3-pentenenitrile and HCN at 50C

woroodhse®d adi ponitrile at a rate simlar toP@ﬂb@Wﬁfown

produced by alternate nmethods. 10 Exanple 2 A 250
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5&8@53 i s, methyl), above, plus 6.59 grans of iron mas
I

methadse” round bottom flask. Punping and
purging wwth nitrogen three tines degassed the
system Heat was applied to the flask with agitation.
The pressure was adjusted to -0.1 psia (0.7 kPa). The
needl e on the gas tight syringe was stuck into the
headspace of the reactor through the septum 25 The
aqueous Ni Cl2 was drop w se added to the boiling
3-pentenenitrile. Water and 3-pentenenitrile was
taken of f into an enpty graduated cylinder through
the condenser. The tenperature varied between 30.4C to
41.5C at a pressure of -0.1 psia (0.7 kPa). Fresh
3-pentenenitrile was added periodically fromthe
addi tion funnel to make up for the loss of 3 30
pentenenitrile that came over with the water. The drop
w se addition of the
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Ni C12 continued until all the NiCl2 had been added to
the pot. After 69 mnutes, the NC 2 addition was
conpl eted. The sol uti on appeared to be a dark brown -
yel l ow col or. Heating and vacuumto the pot was turned
off. - 13 WD 2004/ 064994 PCT/ US2004/ 001073 The pot
was agitated overni ght under a nitrogen bl anket with
no heat. In the norning agitati on was stopped and the
remaining solids were allowed to settle. The dear
liquid was withdrawn fromthe pot. A sanple fromthis
~clear liquid was treated with CO and anal yzed by IR

I'ts adsorbance at 5 1987 agpg a4 cm-1 indicated a
&\?n goncentration of O. Om%ge)slllter of N[Q.

TheVit 3HgIYeds showed there was no apparent |iquid

degradation. Treating a sanple of the clear solution

with additional 3-pentenenitrile and HCN at 50C

producedt adi Pompesss for preparingtaa olefin hgﬂmtpammlmlyst

Copr Q%Eﬂﬁnq}éon&lcﬂﬁéess ﬁ%?)b%m]t% &h&ﬁ%?l@ﬁﬁﬂtﬂlmﬂg ligand
hy‘dﬁb Bgﬁ&ﬁh@hlgnde.an diheyptesenoapf ESiltﬂﬂa SEIEMChha g ré@ucm%

t rus ntalnlng i gand
m@%iﬂ m}ﬁl Ir.rgjgg %‘ﬁmﬁ’ﬁgég‘?gﬁh %lf anitrite solvent,
and a reducing netal that is nore electropositive
t han ni er.ei e, ni ckel chloride is introduced
as an é‘ﬁﬁe Eb‘“gd?"g‘f%?&h ofige iy intreduced as Arqussnssichitiog to
t raareactmm rens @bnﬁimnglﬂ% ﬁ&nlb%ﬁfen’é’gﬁg %f“. ?h& bidentate
SJ:% ﬁrus_co ' Pﬂ%ﬁl i gand sel ecte rom

PRPPNg-Gntaipingd %cbfrprre@eaumumcaaam@of

thﬂd@hﬂm piRfsphited and bidentate phosphinites, and

wherein (i) the water in the resulting nitrile solvent, bidentate
phosphorus-containing ligand, nickel chloride and reducing metal mixture
is removed by azeotropic distillation concurrently with the reduction of the
nickel chioride by the reducing metal or (ii} the water is removed from the |
resulting nitrile solvent, bidentate phusphums—c:ontaining ligand, nickel
-chloride mixtures by azeotropic distillation, followed by reduction of the
NiCl; with the reducing metal, and

wherein steps (i) and (i) are performed at a pressure in the range of
0.07 kPafo 20 kPa and a temperature in the range of 0°C to 80°C,

2. The process of claim 1 wherein the bidentate phosphorus-
containing ligand Is a bidentate phosphite.

3. The process of claim 2 wherein the reducing metal is

selected from the group corsisting of Na, Li; K, Mg, Ca, Ba, Sr, Ti, V, Fe
Co, Cu, Zn, Cd, Al, Ga, In, and Sn.
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wherein (t) the water in the resulting nitrite

sol vent, bidentate phosphorus-containing |igand,

ni ckel chloride and reducing netal mxture is renoved
by azeotropic distillation concurrently with the
reduction of the nickel chloride by the reducing
metal or (ti) the water is renoved fromthe resulting
nitrile solvent,. bidentate phosphorus-containing

i gand, ni g chlori dgzm xtures by
distillation ' by reduct g
the redugi wher ei n st epyt
per f or nfd ' Rt he rang
20 kPa and g elnther

phosphorus- containing ligand is a bi Jent at e
phosphite. 3. The process of claim2 wherein the
reducing nmetal igy, selected fromthe group cogal sti ng
of Na, U K M, Ca, Ba, Sr, Ti, V, Fe,

CdiﬂdAVhEl@m In, and Sn. -15- AMENDED SHEET z R2 R3 / ~

-- R 8 5 RS R4 Re Ra |V
V. angsR ﬁe‘%ae'lﬁq Féﬁ BF\BH’ aﬁg RER WEP El’gig{@ef@c‘;?%}mm
i ndeperthegtdup a&ismhgd:fi—r Ot td}g amypla@.dqpnglcs,g a0

H Cl 5&5(323 rl%(H(R@)nd C7 to Cl2 5

RP%isHorC to Ciz alkyl;

and wherein
R" and R"™ are independently selected from the group consisting of
H, Cs to Cyz alkyl, and C, to Cyz alkoxy; and CO,R%,

R™is C; to Cyz alkyl or Cs to Cyo aryl, unsubstituted or substituted,
with C4 ta C, alkyi ;

Yis O, S, or CHR™);
R"™is H or Cy to Cyz alkyl:

Vill

wherein R¥ s selected from the group consisting of H, C; to Cyz alkyl, and *

Ci1o Cyz alkoxy and COZR‘BI .-

AMENDED SHEET



Xis 0, 5 or.CHR7); RO is Hor C to Cl2 alkyl;
RlI1 R®* RRg Rl12 Y VI VIl and wherein R11 and R72 are
i ndependently selected fromthe group consisting of

H Cl to Cl12 alkyl, and C, to Cl12 al koxy; and CO2R13,
R13 is Cl1 to Cl12 alkyl or C6 to C10 aryl,
unsubstituted or substituted, wth ClL to C4 alkyl ; Y
isO S or CH(R14) R14 is Hor Cl to Cl12 al kyl; R15

S,.S€e d fromthe gro
con3| stl ng\mfﬁ{lbﬂ) ?8} éﬁéf}ﬁer Fuli s ok ?%p
aI koeactatnick RhﬁntﬂeNVEé@Eﬁ}@hﬂﬂﬁi flom Tﬁwhﬁirsﬁﬁﬁmaﬁ
gﬁ%} further conprising separating unreacted
hl ori de or reducing netal fromthe

hydrocyanati on catalyst. 5. The process of claim3

V\herelnthe educi n tal is Zn or fe. 6. The

pr ocess>of C—F-I"éﬁ Fﬁoé’eg% gF dain Srehersindhededusing mekaliis dnier
copgducted at a tenperature of -about 20C to about 60C
7. The process of claim2 wherein the nolar ratio of
NOCl z to the

6. The process of claim 6 wherein the catalyst preparation is
conducted at a temperature of about 26°C to about 60°C

7. The process of clalm 2 wherein the molar ratio of NiCl, to the:
-reducing metal is 0.1:1 to 100:1.

8. The process of claim 8 wherein the molar ratio of NiCl, to the
reducmg metal is 0.5:1 10 2:1.

9. The process of claim 9 wherein the bidentate phosphorous-
containing ligand is a compaund having the formula
(R'0):P(OZO)P(ORY);,
1
) O
| {R‘O)ZP—-—OZO——-—P/ \ and z‘/ \P———OZO---—P/ \z’
N, e N\ AN

0 &)
I | il

wherein R' is phenyl, unsubstituted or substituted with one or more C, to
C1z alkyl or Cq to Cyz alkoxy groups; or naphthyl, unsubstituted or
substituted with one or more C, 10 C,, alkyl or C1 1o Cyz alkoxy groups;
and Z and Z' are independently selected from the group consisting of
structural formulae 1V, V, VI, VI, and Vit

-17-
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reducing netal is 0.1:1 to 100:1. 8. The process of
claim8 wherein the nolar ratio of NNCl2 to the
reducing netal is 0.5:1to 2:1. 9. The process of
claim9 wherein the bidentate phosphorous- containing
ligand is a conpound having the fornul a ‘
(RO2P(QZOP(ORL)z, i (ROzP-QZO-P/OZ and
Z/OP-ZO--P/ \Z° VIl 11l wherein R is phenyl,
unsubstituted or- substituted with one or nore C, to
ClZ al kghs ;a1 ﬁ%ﬁt Bt i
unsubstltuged%dgau ﬁ%’ﬁ@%’"%?ﬁggﬁe or %Pt&ycﬁstnuted
CreithiQaytb Gwralkyl. t o C12 al koxy groups; and Z and Z

o SRS TS T8 V. 240 503 B

- ANENDRD:IEbEEgroRiS atesstfaightochali? oablayriched, & to Cto

aryl, unsubstituted or substituted with ClL to C4

al kyl . wherein the structural formulae | through VIII,
the C1 to C1Z al kyl, and C7 to Cl12 al koxy groups are
strai.ght chain or branched. -18- AVENDED SHEET
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