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the Invention 10 The invention pertains to a nethod for the el ectrochem cal
production of N (0) phosphl te or di phosphite conplexes in an el ectrol yzer,
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21(1980), 63, describgae W Ni (PPh3)4 corrpl ex by
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a need fsy, for exainpley ad cdtdlyétfle process. The concentration of netal

15 Description of Related Art

' European Patent Application No. 0 715 890 Al describes a method for
producing a catalyst based on transition metal phosphines; B. Corain, G. Bontempeli,
L. de Nardo, Gan-Antonio Mazzocchin, Inorganica Chimica Acta, 26 91978), 37,
describe a method for producing a Ni (o-TTP) complex by anode dissolution of

20  metallic nickel in acetonitrile with silbsequent electroreduction of the nickel ions on a
mercury cathode; M. Mori, Y. Hashimoto, Y. Ban, Tetrahedron Letters, 21 (1980), 63,
describe a method for generation of a Ni (PPhs); complex by electrochemical
reduction of NiCl(PPhs)s,PPhs in dimethylformamide (DMF) in a diaphragm
electrolyzer, using a Pb cathode and a Pt anode.

25 Coordination compounds of some transition metals are active homogeneous
catalysts in reactions of organic compounds, especially in hydrocyanation processes.

Electrochemical methods for pfoduction of such catalysts are especially

preferred, because the sources of metal jons can be accessible and easily prepared and
the electrode can be placed in an adiponitrile (ADN) synthesis reactors (in a second

30 stage). The electrode can be fully inert and activated by supplying the necessary
voltage, once there is a need for a catalyst in the process. The concentration of metal
jons in solution is proportional to the total amount of charge passed through the



lons in.solution is proportional to the total anmount of charge passed

t hrough t 14392 PCT/ USQOL22527 el ectrol yzes. Cons

anount of Rﬁ%t\‘\gf@s can be easily controlled by the anount (i’g#ﬁg?h#ﬁ?&passed
through the el ectrolyzer. Electrochem cal production of phosphite conpl exes
of Co and Ni have been investigated. The process conprises two stages:
anode dissolution of Co or NN and 5 subsequent cathode reduction of M+ in

t he presence of excess correspondi ng phosphorus |igands. Published articles
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a desire t rovi de neth ds Ny lexe nd
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embodi meng(r)iha NxEO)%idp{BiePrGVBgﬁ%glgclﬁthm Q'G. tsnav%heﬁtceah}%ag'

producti on of a ﬁhlte or di hite Ni conpl ex” conpri si ng: (a)
di ssollvi r@hﬁm.t&(l)[l%l 2878 from an arode in an aprotic solvent in

di aphragnl ess ec zer cq n| n ano and at hode.to roduce Ni
2+ 25 ni ckel fl}Fh %m(ng? b‘ﬁ%ﬁ th‘@ nTESEE | aﬁ‘%némﬁﬁ“t he
cat hode 'ﬂeé&b@yr&h&;@@ﬁﬂﬂ@f céiimeﬁs filtTude REERES Osfioh! R AISNdlY gbhRrt or
al.ternating current, to thereby
metallic nickel on the surface’ of the cathode, despite the 15-500-fold excess of
phosphorus ligand, the low yield of substance and the low current yield. Published
15 results cannot be used as a basis for developing even a laboratory method for

preparation of Ni(0) complexes.

Summary of the Invention
There is thus a desire to provide new methods of making Ni(0) complexes and

20 to provide Ni(0) complexes that are improved over those in the art.
In one embodiment, the invention provides a method for the electrochemical
production of a phosphite or diphosphite Ni(0) complex comprising:
(a) dissolving metallic nickel from an anode in an aprotic solvent in
a diaphragmless electrolyzer containing the anode and cathode to produce Ni 2
25 nickel ions, and |
(b) electroreduction o the nickel ions on the cathode in the presence
of one or more phosphorus ligands by direct or alternating current, to thereby
produce the complex.
In an alternate embodiment, the invention provides a method for the
30 electrochemical production of a phosphite or diphosphite Ni(0) complex comprising:



produce the conplex. In an alternate enbodi nent, the invention provides a .
nmet hod fq éﬁﬁ O el ectrochem cal production of a phosphlte or d|£$osph|te
Ni (0) co 5%2pr|sing: 2 WD 01/ 14392 PCT/ USOQ 22527 (a

metallic nickel froman anode in an aprotic solvent in a dlaphragntess

el ectrol yzer containing the anode and cathode to produce N 2+ nickel

lons, and (b) reducing the nickel ions in solution in the presence of one
or 5 nore phosphorus |igands by using a netal that is nore el ectropositive

than nickel, ther pr.oduci n di z |ckel e r or educi ng
and depositing sai Eat}om é&‘ng?%h‘ iflrﬁ %"n%qx@ °B BHTi ng the
conpl ex. Furt haiaphRighsless eldcaolys a%n@ﬂﬁ%wﬂaaaaﬁ@cﬁﬁodmm BNidh will

beconme apparent 10 -fromthe detail ed description that follows. Detail ed
Descri ption ohickekibns,@ed Enbodi ments The invention pertal ns to an

el ectrochem cal nethod f A rotﬁjl ?%Siﬂh i}ﬁ{ and ghog N @)
conplexes in a dia ragﬁ?élgﬁ' g ‘I[’j%} gco Wi“l and
anodes by anogfréliph ﬁsgihufusqnga@tas tlishig & métgkélat i mdre é]éé@épo@xtﬁ@ tapt Wi th
subsequent electror uction of e ni ckel ions on the cathode in the

presence of pifkeh prp@momm&c ehhand or alternating current. The

i scussed bel ow,  at® addEReENErIaHBd. aep Bl 3 Bilen, hekACR B Ve
acid. A 20 pgatheds, ehbrelgqﬁoduoimg)dﬁcbmpkle nc anode. In the process of the

I nventi on, the anod .can _be in any form rod, plate, or
foam Wre isFyrthernp Soatues. 9nd Adeamtages p §leml anﬁba@@leaap@aremrhe

cat h%le %ﬁtﬁfé Hﬁe&ag&hbﬁﬁ%se fggfot ~with | ow hydrogen overvol tage. "Low'

means the overvoltage 1s°c e theoretical potential for hydrogen

Detailed Description of Preferred Embodiments

The invention pertains to an electrochemical method for producing phosphite

and diphosphite Ni(0) complexes in a diaphragmless electrolyzer, containing a cathode
15 and anode, by anode dissolution of metallic nickel in an aprotic solvent with

subsequent electroreduction of the nickel ions on the cathode in the presence of

phosphorus ligands, using direct or alternating current. _

The anode comprises nickel as the source of the produced Ni(0) complex. As
discussed below, an additional anode can be used, e.g., to produce a Lewis acid. A

20 preferred second anode is a zinc anode.

In the process of the invention, the anode can be in any form, including wire,
rod, plate, or foam. Wire is often preferred because of its higher surface area.

The cathode preferably comprises a metal with low hydrogen overvoltage.

w” means the overvoltage is close to the theoretical potential for hydrogen
25  discharge. Useful metals includes platinum, gold, palladium, ruthenium, iridium,
cobalt, molybdenum, nickel and iron.

Any desired phosphorus ligands can be used. Suitable phosphorous ligands
include bidentate phosphorous-containing ligands such as bidentate phosphites,
bidentate phophinites, bidentate phosphonites and bidentate phosphines. Most

30 preferred ligands are bidentate phosphite ligands.
Suitable bidentate phosphite ligands are of the following structural formulae:



25 di scharge. Useful retals includes platinum gold, palladium ruthenium
iridium nol ybdenum nickel and iron. Any desired

| i gands céﬁaﬂgh %%d Sui t abl e phosphorous |igands i nclude ﬂ?@@%@g?%ﬁ
phosphor ous-contai ni ng |igands such as bi dentate phosphites, bidentate
phophi ni tes, bidentate phosphonites and bi dentate phosphines. Myst 30
preferred |igands are bidentate phosphite |igands. Suitable bidentate
phosphite |igands are of the follomnng structural fornulae: 3 WO 01/14392
PCT/ USOOC22527 (R (RIONROIOPORNZ, O ~-Oo0 (RLO2P-CZOP/ “Z1 , and Zt P
(c)Z(c) P/ \Z1 In these formulae, R is phenyl, unsubstituted or
substituted with one or nore. 5 Cl1 to C12 alkyl or Cl to Cl2 al koxy groups;

or napht hyl, unsubstituted or substituted wth one or nore d to Cl2 al kyl
or Cl to 012 al koxy groups. Zgand Z' are indegendently sel ectgd fromthe

groups con5|st|ng of struc%:k% formulae | /TN Il1, and Iy R2 R8 R3

| 10 R7 Rs RR'&% Zhndm®9 ar he Reme0z0—e+P{ er epZ' and are
selected fromH Cl to Cl2 and Cl1 t 0{2 al koxy; 15 and R8 are

the sane or different, and ar® selected from® . Cl to Cl12 alkyl, and Cl to
Cl2 al koxy; R4 and R7 are the sanme or different, and are selected fromH,

Cl to Cl12 al kyly, these formulae, R! is phenyl, unsubstituted or substituted with one or more
5 Cy to Cyz alkyl or C; to Cy, alkoxy groups; or naphthyl, unsubstituted or substituted
with one or more C; to Cy; alkyl or C; to C,; alkoxy groups.
Z and Z' are independently selected from the groups consisting of structaral
formulae I, II, IIL, and IV:

10
I
wherein:

R? and R are the same or different, and are selected from H, C; to Cy; alkyl,
and C; to Cy» alkoxy;

15 R® and R® are the same or different, and are selected from H, C; to Ci, alkyl,
and C, to Cy, alkoxy;
R* and R are the same or different, and are selected from H, C; to Cy, alkyl,
and C; to Cy; alkoxy;
R? and R® are the same or different, and are selected from H, C; to Cy, alkyl,

20 and C,; to Cy2 alkoxy;



and Cl to Cl2 al koxy; R5 and R6 are the sane or different, and are sel ected
fromH Cl to Cl2 alkyl, 20 and Cl to Cl12 al koxy; 4 WO Ollé_gﬁg&@

PCT/ USOOM@BYIANR 1 7 X R10 RL s\ )//cRl1 R15 R14 R13 12 |IP 297 X is
0, S, CHRB8), or C(R18)(R19); 5 R10 and R17 are the same or different, and
are selected fromH Cl to C12 alkyl, and Cl to Cl2 alkoxy; _ RI and R16
are the sane or different, and are selected fromH Cd to Cl2 alkyl, and
Cl to Cl12 al koxy; Rl12 and R15 are the sane or different, and are sel ected
fromH Cl to Cl12 alkyl, 10 andyCl to Cl13 al koxy; R13 and R14 are the sane
or different, and are sel eglbed fiom H oalkyl, and d to Cl2

al koxy; and R18 and R19 a g [ 1 to Cl12 alkyl; 15 R19 R20
H  wherein: R20 and R21 are t di fferent, and are selected from
H Cl to C12 alkyl, 20 and CI& , g CO2R2, e is A to Cl2
alkyl or C6 to o aryl, unsgtstitu r Bubsfituted with C1 to 4 al kyl
groups. The aryl groups are pref natﬂ‘(}Fﬂﬁ | or naphthyl.

I

2 a
€

" wherein:
| X is O, S, CHR"™), or CR®)R*);
5 R and R are the same or different, and are selected from H, C; to Cy2 alkyl,
and C; to Cy2 alkoxy; .
R and RS are the same o different, and are selected from H, C; to Ci, alkyl,
and C, to C;2 alkoxy;
R™ and R* are the same or different, and are selected from H, C; to Cy, alkyl,
10 and C; to C); alkoxy;
R and R are the same or different, and are selected from H, C; to Cy2 alkyl,
and C; to C)2 alkoxy; and
R'® and R" are independentty H or C; to Cy2 alkyl;

15
R 520
m
wherein:
R? and R? are the same or different, and are selected from H, C; to Cj; alkyl,
20 and C; to Cy2 alkoxy; and CO,R%,

RZis C, to Cyz alkyl or Cs to Cio aryl, unsubstituted or substituted with C; to
C, alkyl groups. The aryl groups are preferably phenyl or naphthyl.



5 WO 01/14392 PCT/ USO 22527 R22 R23 IV wherein: Ais 0, S, CH(R24); 5
R23 and R24 are the sane or different, and are selected fromH and CO2R25;
R25 and ROWOMA4R o C1 to C12 alkyl: R27 is CL to C12 al kyFCT/PS002387ah0ve
structural fornulae, the d to Cl12 al kyl, and Cl1 to Cl12 al koxy groups may
be straight chains or branched, substituted or unsubstituted. Any 10
substituent can be used that does not undesirably interfere wth the
process Exanpl es of |igands that can be used in the present process include
those having the fornulae V t e iIPCH3 CH OO CH2
POC CH3 ~2 POO2 3 CCH H V fwhere i Pr is isopropyl) Vi
R34 A34 KkIP N-01 RP'Ob 0\ R Pes -O H3C CH3

wherein:
Ais O, S, CHR™);
5 R* and R* are the same or different, and are selected from H and CO.R%;
R and R® are H or C, to Crz alkyl;
R% is C; to Cyp alkyl.
In the above structural formulae, the C; to C;2 alkyl, and C; to C;, alkoxy
groups may be straight chains or branched, substituted or unsubstituted. Any
10  substituent can be used that does not undesirably interfere with the process
Examples of ligands that can be used in the present process include those

having the formulae V to XXIV, shown below.
CHg CHZ
\
2 g ? 2
HCO OCH 4

CHy CHj
V (where iPr is isopropyl)' vi
T } iPy R
( d R r("‘@ ) @' “R @
\
2 z ' CHs
Wy Sy
CH; CHs
15 v yii
(where iPr is isopropyl) (where R* is methy] or ethyl)



CHs CH3 15 VII VIl (where iPr is isopropyl) (where R34 is nethyl or .
ethyl) 6 14392 PCT/ US00122527 0 O cL.P (OR 35 2 ity CH3 H3

Vg&%&: I X x (where Ras is nethyl, ethyl, orgqogg%?opyl) 5
CHBHBCHQC/\)HB\CHCHQ H3C CH CH3 HA H3 Nzt 00O :91 0 01 1 cr- \
CH3 0o CH3 CH3 OO X9 10 CH3 H3 CH3 H3C\ CH CH3 H3C / CH CH3 CH3 H3 CH3
H3 H3 O~ / - CHB3 OP\. H3 OOCH3 CO CH3 CH3 H3CO OCH3

10




\' \ / CH3 CH3. X1V 7:WD 01114392 PCT/ US00122527 (._iPr Pd iPr iPr / t H3C
CH3 H3C p 0 00 p" Oc(POP'POOQ OiPr Pri Pr iPr ‘é\/‘ﬁ iPr is
isopropyl‘%")&%&here i Pr is isopropyl) CH3 H3 (L_ P O\ P ~dﬁ§'§%€

0~P7 10 XIX 8 WD 01/14392

ONK OG1 P. xx Et 02PP--OEt 2 OO

H3CO2
COR2CH3 5 XVII 0p0 0 O ~O 0-*-- XVIII

PCT/ USOOn2527

XV (where iPr is isopropyl) XVI (where iPr is isopropyl)
o)
2 ( O—P\o o 2
HgCO» CO,CHg
5 Xvii

2

o
O~

P

10

!



s xxi 2P POE 2 OO0 XXIl oco PN P12 2 0 0 10 p--q x)M 9 WO -
01/ 14392 22527 O \ xxaV Suitable bidentate ph i e of

t he type @&%)Iﬂés%é{j in U S Patents 5 5,512,695, 5,512, 6988?@}5%@225%9 and
5,723,641, the disclosures of which are incorporated herein by reference.
Sui tabl e 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. Mnodentate phosphites are also suitable Iigands for the
process of the 10 invention. ui t abl e nonodent ant e phosphite

| i gands are shown by structu I11: 0 P-(OR1)3 R1O P( Z

O XXVII XXVIII wherein: R atf previ ously defined above.

20
o
5 XXI
E Et
B OxR ;e 2
o} 0

o O 2
D,
10 -
XXM



15. Speci fi c exanpl es of npbnodentate phosphite |igands sui tabl e for this

process e follow ng representative exanpl es: 4392
PCT/ USOCO Zggéyp’?ﬁ% h3)3 P(p-TTP)3 P(0-TTP)3 XXXI X LX LXI @%ﬂ OO0
tBu OOtBu % 'l PP I 1 OO tBtBCH3 CH3 LXII LXIII The present

i nventi on has advantages over prior nethods for direct electrosynthesis of
phosphite and di phosphite N (O conpl exes, which can be used as catalysts.
These advantages include: 5 i. obtaining higher yield, for exanple, from 50

to 100% phosphite and di phos e Ni (0) conpkgxes, depending on the nature
of the ligand and the nat ureof Y the ability to use in the
cat hode reaction, conplex ion

and Ni2' ions coordinated with 3-

solution; iii.. the ability to use
overvoltage, preferably a nickegl @
concl udi ng stage, of el ectrosynt

rile in 3-pentenenitrile
aterials with | ow hydrogen
B Njv. the ability to use in the

Suitable bidentate phosphites are of the type disclosed in U. S. Patents

5 5,512,695, 5,512,696, 5,663,369, and 5,723,641, the disclosures of which are

iﬁéoxpoiated 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.

Monodentate phosphites are also suitable ligands for the process of the

10 invention. Examples of suitable monodentante phosphite ligands are shown by

structures XXVH and XXVIIL:

/o\
P—(OR))s RO-F Z
0

XXVH XXV
wherein:
R! and Z are as previously defined above.
15 Specific examples of monodentate phosphite ligands suitable for this process

include the following representative examples:

10



15 conpl exes, i.e., after use of a nickel anode, of a dissolving zinc anode
or anode oup I, II, IV, V,- VI, VIl and VIl netals tal s
are not W(fr)nb{?{e%%y but include: Na, Li, My, Ca, Ba, Sr, Ti?C‘@?§@éz&f§, Vh,
Co, Cu, Zn, Cd, Al, Ga, In, Sn, Pb, and Th, with Zn being preferred. This
permts elimnation of anode oxidation of the end 11 WO 01/14392

PCT/ U500/ 22527 products and si nmul taneous introduction of a Lews acid to
the catalytic system which favorably affects the subsequent chem cal
conversions wit hPERPRa)ei pat i FPITRse caHetly)s. In contrast, in European
Patent Applicati csg)éﬂ%Rhone- Pou‘jnc No. 07 90, the Lewis acids were 5

i ntroduced to the de chanber”of the el rolyzer fromthe outside.
The present process enjoys mmj or advantages in conparison with the prior
met hods: points (ii) and (iii) pr eveehlégi ect r odeposi tbgg_;lpof metal lic nickel
on the electrode surface. Also, the el oped net hod use phosphorus

| i gands i n anount g hat espond to the=aquirngtaf anount of dissol ved
ni ckel . 10 The c pr oduced gat al ysts, for
exanple, for ole afiati on and ¥§ e i sonerization.
Specific exanples a ydrocyanati o of \but gdireNe to produce

2-met hyl - 3-buenenitril® @nd 3-penteneniBu il e,O t®de hydBacyanati on of
3-pentenenitrile to adidgonitrile, and the iso i zation of 2-

met hyl - 3-butenenitrile o 3-pentenenitrile. Thgse conpl exes are al so
potentially useful 15 a® catal ysts and reagent® for other chenical
transformation, igph as|coupling reactiops. I Exanples | through XXVI|
that follow, ele DS) esi s of phosphi ape”g] phosphite N (0) conpl exes
was run in a diaphrag ith a water jacket,
refl ux condenser, and Exanpl e XXVI11,

el ectrosynt hesis of diphosphite Ni(0) conplex Wfas run in a diaphragn ess

el ectrolyzer 20 equi ppe@Hai th a single nickel @pde and a copper cathode.
The sol vents used should “have a suitable dielectric, in which the |Iigands
and optional el ectrol ytlXlhre sol ubl e. LXIil

The present invention has advantages over prior methods for direct
electrosynthesis of phosphite and diphosphite Ni(0) complexes, which can be used as

catalysts. These advantages include:

5 1 obtaining higher yield, for example, from 50 to 100% phosphite and
diphosphite Ni(0) complexes, depending on the nature of the ligand and
the nature of the solvent; |

ii.  the ability to use in the cathode reaction, complex ions of nickel

Ni(acac); in acetonitrile and dimethylformamide solutions (these are
10 weakly coordinating solvents) and Ni** ions coordinated with 3-
pentenenitrile in 3-pentenenitrile solution; |
iii.  the ability to use cathode materials with low hydrogen overvoltage,
preferably a nickel electrode;
iv.  the ability to use in the concluding stage, of electrosynthesis of Ni(0)
15 complexes, i.e., after use of a nickel anode, of a dissolving zinc anode
or anodes from group I, II, IV, V, VI, VII and VIII metals. Useful
metals are not limited by but include: Na, Li, Mg, Ca, Ba, Sr, Ti, V, Fe,
Cr, Mn, Co, Cu, Zn, Cd, Al, Ga, In, Sn, Pb, and Th, with Zn being

preferred. This permits elimination of anode oxidation of the end

11




The sol vents include (acetonitrile (AN), dinethyiformmde (DVF), or 3-
pent eneni tyJ -PN)), using Bud4NBr as background el ectrol
backgrouné’pbgﬁgé?zr olyte is a salt that adds conductivity, 6&%8@@25%&
participate in the reaction. Any 25 desired background el ectrol yte can be
used. For exanple, other organ-amonium electrolytes may be used provided
that they are soluble in the solvent chosen AN, DM, 3-PN for preparative

el ectrol ysis and voltanperonetry were purified according to generally

adopt ed net hods. %;J?M Bsandimbla@oiyintodidtich aif adewinaed o telsamlytc an
argon atnosphere. The sol ution durin Ih&fel ect rosynt hesi s was continuously

agi tated on 30 a nexystem; whighi faverably @@a‘b@rﬁ@ biequentichemigal SoRYErsions gon:

When el ectrol ysis ?‘%ifé eh %)’ t he
nolar ratio of Ni Z%g%?gl%\/\#é“gﬁ 2)? tﬁ% unt in g (t—:‘aigl | Cl ?y cor retsponded
to full conversion gip h'bﬁ@orﬂbﬁﬂﬂiohe-d’omeﬁc* Ne:n8715890) (hechewis, acids? wéfe 01/ 14392
PCT/ US00122527 whereu on t he Iltgand was added and an am)unt of del ectrl city

equi val ent to the d ced (o the ga a@%‘é@mbﬁf@ﬁfgﬁelem@ym ayihe putsides

sol vent, |iqui I ) ent n SO
| ong as the inﬁ!e ﬁ’[}gen? déeﬁfkﬁghﬁsoyﬁfﬁeﬁﬁi ?@g&c@rrp ﬁ%na“c’ |eveghb§

preferr edmeiﬁbd?d poirit (1@)‘ agd 81| prewtnnieidcabdéposition mfpinemﬂim tiekéli ga ke was
Ni2: P(OR)3 = 1:4 to 1:20. A referredr tio of dliél?g‘lb"'\t/ed aspkel |onsto

di phosphi @lectrode gurfasevddsathe deyelgpeskmethod canyuse: pho
Nit+: P( %grt ODIJ“%D ﬁxe uun&lhrta*fnd%‘npgf’éisml\?edjmg&ml 20. The Ilgands can be

nonopho a generic structure ry3 10 (see structure
XXVI 190, d| phosThe tcﬁn;ble:gaartﬂtss prodaeedeare msefsl aucatalysts,(mr xaRpECRrOlefiv  (see

structure on p or st rlcaII hi nder.ed. di ph | i nds of, t he sane
generic gﬁ*}%’ Ty &0 ?ﬁ%tl‘p?mﬁ?@%@ %?%g#d A% M eption

t hat the tiof! of b%%?éﬂeliég o%u@@ZIIH&hMa&bﬁ)éﬁ%nﬁ'iE%H@C éﬂtéiﬁﬁmiree | arge
enough to prevent two such nds fromsi rmltaneously coordl nating to

ni ckel . 1&eﬂbﬂrqnymhlnoeobfc3mptlmmhato ndipenigilacmd the isgoerization of 2-
methyl-3-butenenitrile to 3-pentenenitrile. These complexes are also potentially useful

15  as catalysts and reagents for other chemical transformation, such as coupling reactions.
In Examples 1 through XXVII that follow, electrosynthesis of phosphite and

diphosphite Ni(0) complexes was run in a diaphragmiess electrolyzer equipped with a
water jacket, reflux condenser, and two mickel electrodes. In Example XXVIII,
electrosynthesis of diphosphite Ni(0) complex was run in a diaphragmless electrolyzer

20  equipped with a single nickel anode and a copper cathode. The solvents used should
have a suitable dielectric, in which the ligands and optional electrolyte are soluble.

The solvents include (acetonitrile (AN), dimethylformamide (DMF), or 3-
pentenenitrile (3-PN)), using BusNBr as background electrolyte. A background
electrolyte is a salt that adds conductivity, but does not participate in the reaction. Any

25  desired background electrolyte can be used. For example, other organo-ammonium
electrolytes may be used provided that they are soluble in the solvent chosen AN,
DMF, 3-PN for preparative electrolysis and voltamperometry were purified according

to generally adopted methods. S-FN was purified by distillation under vacuum in an
argon atmosphere. The solution during electrosynthesis was continuously agitated on

30  a magnetic stirrer and scavenged with high purity argon. When electrolysis was run in
the presence of acetylacetone (acac), the molar ratio of Ni**:acac was 1:2, the amount

of electricity corresponded to full conversion of the dissolved Ni** ions in Ni(acac),,

12



(1) N (bidentate diphosphite)2, (ii) N (nonodentate phesphite), wherein

n=3 or 4, fdsbs ) N (bul ky bi dentate di phosphite)Lm 20 | lg%ﬁ:;?
evlvg('i:)%,r 3?1 donor ligand such as an olefin, andnel \é\?g&%ﬁ gtive
el ectrolysis and recordi ng of vol tanperograns were carried out on a PAR

neut r al

nodel

273 potentiostat/gal vanostat. Analysis of the phosphite and

di phosphite N (0) conpl exes was acconplished using cyclic voltanperonetry

on a glass-carbo 5 e]ectr . The 31P-N ectra were obtained on a
Br ukegJ \Xﬂ!%@?“ﬁe. ﬁgmdzwa% ‘Zq’%‘iltggf’ﬁgm%ty gAvxAlenttonthsgddechor i ¢
acid) a

phospi t

ﬂfk(ahﬂ{zhﬁgwﬂ% nal ysis. Phosphite |igands based on p-tritolyl
e (p-TIP), o-t

itolyl phosphite (o TTP) and trimethyl phosphite

(MeO) 3P, as VBie ingrefligitgsepi salvéntgliguid, bnd electmlytqycanche prdsent, in any |

2- 2' - bi s(phenol d bi t hol .as |igands. unl 30
 Jubparion e B o 1 PR Broup o ptiBE R somiBR IR Aci¥Ghm 10 ¢ hose

skillsed in the meferredUmblalSrati6 STCdisitved ﬂic!éelsiorﬁafoePEoéﬂﬁftg rl?ggﬁﬁ%%@\?@

ot herw

5,663,369, 5,512,696, and 5,512,695, or acquired f

om A

01/ 1439 NPERQR 2 2A5®71:20i Ak preferrad mkinof aissdlyed aickehiansab diphdsphits wer e

preferr
one don

gl ROV SHPE  B e e TR TP BRD £ LR

fol |l ow rlgizﬂgphd)gﬂizui_m;manpl es. 5 Exanple | Gal vonostatic electrolysis was
run in a glass diaphragm ess electrolyzer (volunme 50 nL) with a NI anode

in the form ofhealiggnds qaa be momophasphite digand avith a generid strugtarenB@ADs t he

el ety o1 i frdeBife FRT GPstphif hgalalCos ol el QNG

t he
1) p-

10 TTP. (see structure on pg 3), or sterically hindered diphosphite ligands of the same generic

15

20

25

30

structure as a nonsterically hindered ligand, with the exception that the hydrocarbyl
substiuents on the various aromatic rings are large enough to prevent two such ligands
from simultaneously coordinating to nickel.
The produced complexes can have generic structures:
(i) Ni(bidentate diphosphite)s,
(ii) Ni(monodentate phosphite)y,
wherein n=3 or 4, or
(iii) Ni(bulky bidentate diphosphite)Ly,
wherein L= a neutral electron donor ligand such as an olefin,
andm=1 or2.
Preparative electrolysis and recording of voltamperograms were carried out on
a PAR model 273 potentiostat/galvanostat. Analysis of the phosphite and diphosphite
Ni(0) complexes was accomplished using cyclic voltamperometry on a glass-carbon
electrode. The 'P-NMR spectra were obtained on a Bruker WP-80SY 32.4 MHz
spectrometer (internal standard 85% phosphoric acid) and by ultimate analysis.
Phosphite ligands based on p-tritolyl phospite (p-TTP), o—tritblyl phosphite (o-
TTP) and trimethyl phosphite (MeO)sP, as well a diphosphite ligands based on
pyrocatechol, 2-2’-bis(phenol) and bis(naphthol) were used as ligands. Unless
otherwise indicated, the ligands were prepared by methods known to those skilled in
the art, such as described in U.S. Patent Nos. 5,688,986, 5,663,369, 5,512,696, and
5,512,695, or acquired from Aldrich.
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The gal vanostatic electrolysis was carried out at a current of 60 mA and

25C. 108 |l ectricity was passed through. The 2.0 g opaRhy Of
gg@gyﬁ“é”e' gﬁﬁ%‘e’n paassed

p-TTP lig S introduced after 26 mAh of electricity h

t hrough. After conpletion of electrolysis, the electrolyte was filtered,
and a three-fold volunme of nethanol was 15 added to the filtrate and it was
filtered again after 30 mnutes. The N (p-TTP)4 . preci pitate was washed
wi t h nmet hanol aNickel i ad izino/ canodes famd idkelr cathdlleS wedd (prefedré®) i vehe

i solated. Current yield (CY) --15% Example Il 20 | vonostati c
el ectrol ysp@cwwaﬂspw%sgﬂ)- a@vévvawo%tﬁmslg Qysis @m&ﬁ?)e? ¥ EpnStant GRESAL 50 ni)

wth a N anodeqn; id \ ﬁﬂﬁﬁr@jﬁ ak nd a nickel
cathode in the ?.gglrﬁvg@ é‘q\%ﬂ‘g&?ﬁwgﬁ%ﬁar ea (I:I%i; ?ﬁ%ﬁ%’l ‘owi ng were
charged to the electrolyzer: 20 niL AN, 0.6 g (1.86 mmol) Bu4NBr, 0.12 g

(1.2 n’(r)r%pl) acetyl acetone (acac), a 2. (5.7 mol) p-TIP. 25 The
gal vanostatic electrolysis was run rent of 60 mA and 25C. 96 mAh

of electricity (ﬁﬁroﬂ@s‘iﬁﬁ;deie%&gﬂ?;wﬂ‘%g-ﬂ g gféssg g@ggaﬁrﬂ&sspe@&%wand was

introduced after 20 mAh of eleCtricity had be rough, e conpl ex
was i sol a(enlume S0anh) withch Nm afiadeninl thelformd of @ wirdli(Surfacad Ayed Svam”) amd at ed.

&l vonost Sickel (atitde;ip R foupt i \uithpesiteh 4 oy T folgioee werg Baeed v e
(vol ume 50t tddbiehi20afiodeN| 016 'ghe SR BENIY! Bud 20 £ 359 nn;aheg B o)

and a nickel cathode in the formof a wire (surface area
fol | owildg WdPe charged 5 to the electrolyzer. 20 nL DMF, 0.6 g (1.86 mmmol)

CUINEE a1 2 O BB O AR AR L oGS S 35,12
108 mAh of electricity was passed through. The 2.0 g (5.7 mmol) of p-TTP ligand
was introduced after 26 mAh of electricity had been passed through. After completion
of electrolysis, the electrolyte was filtered, and a three-fold volume of methanol was

15 added to the filtrate and it was filtered again after 30 minutes. The Ni(p-TTP),
precipitate was washed with methanol and dried in vacuum for 5 hours. 0.3 g Ni(p-
TTP); was isolated. Current yield (CY) — 15%.

Example IT
20 Galvonostatic electrolysis was run in a glass diaphragmless electrolyzer

(volume 50 mL) with a Ni anode in the form of a wire (surface area 5 cm?) and a
nickel cathode in the form of a wire (surface area 4 cm?). The following were charged
to the electrolyzer: 20 mL AN, 0.6 g (1.86 mmol) BusNBr, 0.12 g (1.2 mmol)
acetylacetone (acac), and 2.0 g (5.7 mmol) p-TTP.

25 The galvanostatic electrolysis was run at a current of 60 mA and 25°C. 96
mAh of electricity was passed through. The 2.0 g (5.7 mmol) of p-TTP ligand was
introduced after 20 mAh of electricity had been passed through. The complex was
isolated as described in Example I. ~ 0.48 g Ni(p-TTP)4 was isolated. Current yield
(CY) - 24%.

30
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136 mAh of electricity was passed through. The 2.0-g (5.7 muvl) of p-TTP .
| i gand i oduced after 60 mAh of electricity had be hr ough.
The conpp@iowgégzlo i sol ated as described in Exanple L < 0. ﬁi i‘i?gs#TP)4
was isolated. Current yield (CY) < 5% Exanmple IV Gal vanostat i C

el ectrolysis was run in a glass diaphragm ess el ectrolyzer 15 (volune 50

m) with a N anode in the formof a wire (surface area 5 cnR) and a
ni ckel cathode in the form of V\nreE.g(g;m_lé__e area 4 cm. The follow ng were

h d tot | ect r.ol 8 4NB 0.3 3
ol 3 acetyl AAsatS eSOty WESm (5. HE (iaphoRIeRCAISCROIYAS | gand
for the Mdiime ¥y il S AR 5156 i BE AL oprrad alaes Gty aROS 211 -

el ectrolysis was run at a current 60 MA an
el ectri mmgkelvaaihgdasmethe fammoofghwird (rfac®arga ).nifhe follwiwipg WeRe d:h'a@dd was

:Ngtsroggg?ad tlgéﬁg %W&ﬁé'tg‘iha%‘?? Wasss&fﬁhr lég ihe_egorrpl ex
Current ypppd (CY) equals 50% 25 Exanple V Galvanostatic electrolysis was

run in a glass diaphragm ess electrolyzer (volume 50 nL) with a Ni anode
in the form ofThe galvanostatic électeolysiewa$ camigll oanhat aacurrent EH0 oA nd @57 t he

f orm of rface area 4 c The,f ol ow wer e charged.30 to the
el ectrol ?,lg\gsmi%o rlecugly was Baﬁe&%z’ﬁm zéﬁﬂl\(lgg]mmﬁﬁ ?‘h (Bgaf‘dmml) p-
TTP. 15 Waddhirdduidd after'§0-RA0 dt%ee nﬁlﬁad%éeﬂ BGed Hrblglt ThE cb Waghas run
at a current of 60 mA and 25C. 111 of el ctr|C|ty was pas ed t hr ough..

The 200 dgselated anrdesoribetl ip-Example §an @. g Ni(p-TiTPhdwas isolateds r Cagentryields
el ectri m@&.)hggl%been passed t hraugh. N (p-TTP)4 was not

. Example IV
Galvanostatic electrolysis was run in a glass diaphragmless electrolyzer

15 (volume 50 mL) with a Ni anode in the form of a wire (surface area 5 cm % and a
nickel cathode in the form of wire (surface area 4 cm?). The following were charged
to the electrolyzer: 20 mL DMF, 0.6 g (1.86 mmol) BusNBr, 0.3 g (3 mmol)
acetylacetone (acac), and 2.0 g (5.7 mmol) p-TTP. ACAC is a ligand for the Ni**
which is generated electrochemically.

20 The galvanostatic electrolysis was run at a current of 60 mA and 25°C. 156
mAh of electricity was passed through. The 2.0 g (5.7 mmol) of p-TTP ligand was
introduced after 80 mAh of electricity had been passed through. The complex was
isolated as described in Example I. 1.0 g Ni(p-TTP)4 was isolated. Current yield (CY)
equals 50%.

25

Example V
Galvanostatic electrolysis was run in a glass diaphragmless  electrolyzer
(volume 50 mL) with a Ni anode in the form of a wire (surface area 5 cm) and a
nickel cathode in the form of a wire (surface area 4 cm?). The following were charged

30 to the electrolyzer: 20 mL 3-PN, 0.6 g (1.86 mmoi) BusNBr, and 2.0 g (5.7 mmol) p-
TTP.

15



I solated. Current yield (CY) - 37.7% The current -yield was cal cul at ed

based on | t anper ogram according to the equation of
Rendel s- Smg‘zll‘éé} see Z. Galyus, Theoretical Fundanent al s PGF7use022s21

El ectrochem cal Analysis. Translation. Moscow. Mr. Publishers 1974, page
133. Exanple VI 10 Gal vanostatic electrolysis was run in a gl ass
di aphragrnl ess electrolyzer (volune 50 nL) with a N anode in the form of

? vvi][e (surfaceTtmﬂvd_;l_lhoslaﬁfitleRnﬁol _lgsisIWaGk&ﬂlﬁCﬁfchﬁdﬁd (bffﬁ(f]hﬂ\ lﬁmiﬂs‘lif aw rgo "
surface ar 4 . .Jhe follow ng were charged to the electrolyzer:

3-PN, 0.6 ﬁl@gﬁggﬁ?ﬁaﬂmwmzmﬁ thsough. (The 2.8 g7 ymmel) &f - EER 1 wﬁ/ wagac) ,
and 2.0 ﬁgq,%r - | t ' run at a
current gfﬁ1§-83u an gg%(g%éle%ng?lh%?’g%ﬁigé%g’%m@%@2@6%&8 The
2.0 g (5. 7isolated) Guirrept Field (0Y)an87 Vs Thenduredvgield wis clcuil@tedbikedion the

electricity _had been passed through. Nl (p TTP)4 was isolated, as descri bed
'n Exarpl cYUSHPEEIR; $oE0rE 10 1S cauaion ef RendeleShevahil) see ZoGavusa?, 0o
and 52.8%%@@%#@{1 Eof WalaP 0N t ARRLQIT 20
according to thec Rende s-Ssevc%ll9 tﬁig&%ﬁﬁﬁ%ﬁﬁ?ﬁ gﬁ‘/ﬁ%&@h‘e corr%ﬁ'exﬁ\%s | ost
during i sbubdishers 19Bkpage 3% VII Gal vanostatic electrolysis was run in a

gl ass di aphragm ess electrolyzer 25 (volune 50 nL) with a Ni anode in the
formof a wire (surface area 5 cn2) and a nickel cathode in the formof a

wire (surface area 4 cn). The follcmggﬁlme charged to the electrolyzer:
20 mL 3-PN, 0.6 g (1.86 mmol ) Bu4NBr, 0. (1.2 mmol ) acetyl acet one

(acac)10 and 2. 0Ggva®stationelegtralysisT wasThw gal Sglmst diaphraginbess rdégtilyzenas run
s ol ) o L W 0 1
of el ect risickel cihdddietie Biac6h Wité Queface dYed 8 ohaff) TheBoRils wekf cifpQil/ 14392
PCT/ LS00/ 2:%5%:2 electrolyzer: 20 mi 3-PN, 0.6 g (1.86 mmol) Bu;NBr, 0.12 g (1.2 mmol)
acetylacetone (acac), and 2.0 g (5.7 mmofl) p-TTP.
15 The galvanostatic electrolysis was run at a current of 60 mA and 25°C. 104
mAh of electricity was passed through. The 2.0 g (5.7 mmol) of p-TTP ligand was
introduced after 28 mAb of electricity had been passed through. Ni(p-TTP); was
isolated, as desctibed in Example I 0.75 g Ni(p-TTP); was isolated. Current yield
(CY) — 37.0% and 52.8% (determined before isolation, based on the voltamperogram
20  according to the Rendels-Shevchik equation). 15.8% of the complex was lost during

isolation.

Example VII
Galvanostatic electrolysis was run in a glass diaphragmless electrolyzer

25  (volume 50 mL) with a Ni anode in the form of a wire (surface area 5 cm?) and a
nickel cathode in the form of a wire (surface area 4 cm®). The following were charged
to the electrolyzer: 20 mL 3-PN, 0.6 g (1.86 mmol) Bu/NBr, 0.12 g (1.2 mmol)
acetylacetone (acac), and 2.0 g (5.7 mmol) o-TTP.

The galvanostatic electrolysis was run at a current of 60 mA and 25°C. 117

30 mAh of electricity was passed through. The 2.0 g (5.7 mmol) of o-TTP ligand was
introduced after 40 mAh of electricity had been passed through. Ni(o-TTF); was not

16



isolated. Current yield (CY) 26.0% (determ ned on-the voltanperogram .
according to. .the Rendel s-Shevchi k equation). Exanple VI static
el ectrol YOUMRE run in a gl ass di aphragni ess el ectrol yzelrljé.('%%%?% L)
with a N anode in the formof a wire (surface area 5 cn2) and a nickel
cathode in the formof a wire (surface area 4 cn2). The follow ng were
charged to the electrolyzer: 20 nL 3-PN, 0.6 g (1.86 mmvl) Bu4NBr, and 1.0
g (8.1 mmisolated, kﬁﬁi}&ﬁyﬁﬂ(@ﬁb%%(@ﬁtﬁminﬁcbcm the! woltampesogram acedrdimgaar r ent
of 60 mMA C§I§]h20 Iectri city was passed through. The 1.0 g
(8.1 mmol a‘e(ift@%f‘ ey |ntroduced after 17 mAh of electricity was
passed t hrough. The corrpl ex was isolated as described in Exanple 1. 0.3 g

Ni [ (MeO) 3P] 4 was isolated. The current yield (CY) - 100% (CY was
det erm ned based on the vol t anper cBxampleMHr di ng to the Rendel s- 15

Shevchik equati anm El ectr nt hesi of di phogphi t Ni

conpl exes base&ggJPB%%%a$§W§513 J&Pi 65%/ Med h@f‘@%ﬁ &9&

el ectrol ygydlume S0 ?]'Wit}ﬁa%%‘édélxﬁﬂli& 6t 664 vﬁk@mfﬁhym 5 eﬁéj e as0 i)
with a Nl anode in t formof a wire (surface,area 5 cn2) and a nlckel

cat hode | miqkebcathode in thefomnraf awite (sudfacearea 44me)pThe following were dhgraed :

char ged I 6. 0.1
g (1.2 rmg?) eé?@@*’&ge?(?hé" ?é)(%c 6%(%%%'&5012%&%1%& reagﬁnts
wer e obt aine®){F.om Al drich Chem cal Conpany. 17 WO 01/14392 PCT/ US00/ 22527
The gal vanostatlc el ectrolysis was run at a current of 60 mA and 25C. 89

mAh ofl0el ectri (ﬁiﬂmﬁ‘babg@@ﬁlﬁmgw atry guxgery of 60mA apde)5PCofl26mAhgand
was of electricity was passed through. The 1.0 g (8.1 mmol) (MeO);P ligand was
introduced after 17 mAh of electricity was passed through. The complex was isolated
as described in Example 1. 0.3 g Ni[(MeO);P}4 was isolated. The current yield (CY) -
100%. (CY was determined based on the voltamperogram according to the Rendels-

15 Shevchik equation).

Example IX
Electrosynthesis of diphosphite Ni(0) cémplexes based on pyrocatechol

derivatives (PD)

<X

Galvanostatic electrolysis was run in a glass diaphragmiess electrolyzer

(volume 50 mL) with a Ni anode in the form of a wire (surface area 5 cm2) and a

nickel cathode in the form of a wire (surface area 4 cm?). The following were charged

25 to the electrolyzer: 20 mL 3-PN, 0.6 g (1.86 mmol) Bu4NBr, 0.12 g (1.2 mmol)

acetylacetone (acac), 0.8 g (2.1 mmol) PD. These reagents were obtained from
Aldrich Chemical Company.

20
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I ntroduced after 28 mAh -of electricity had been passed through. The
conpl ex ' ted as described in Exanple 1. 0.45 g Ni(

i sol at ed\.lva%)rdrl{ei%ﬁyi eld (CY) 5 100.0% CY was determ ned frlgén? deﬁﬁ§527

vol t anper ogram accordi ng to the Rendel s- Shevchi k equation. ExMe

Gal vanostatic electrolysis was run in a glass di aphragm ess el ectrol yzer
10 (volume 50 nL) with a NI anode in the formof a wire (surface area 5
cn2) and a ni ckdhealvapeatic eleeieolysis was rum ati cerrestueft 6@ mAmed 25°EnB9. The

boanr " andiAf o8 BiciBthy ik pRSeE bR YA (BT BinaDof P faehd Wk T on
?h&gﬁ“??f?%?&@%%% eIg]‘e@ilgl[t)}ll i gand bmg%w%?%bggg@g??ﬁs‘g% mAh of

el ectrici t ysakied prdescribedsiadExamnie i 0.45r@ NMPDRDy2s isalatedotCurrenoiald(CY)Cur r ent

yield (€Y) % 3 ' fromthe voltanper.ogra ccording to
t he Rendel sl-b @%c rﬁf‘?‘éﬁ%‘%@%%d‘&ﬁ%@m?ﬂP%%%@eg& gb‘f %P&?‘s was
run in a glSheschik epiatisg ess el ectrolyzer (volune 50 nL) with a N anode
in the formof a wre (surface area 5 cnR) and a nickel cathode in the
formof a wire (surface area 4 cn2). The followi ng were charged to the

el ectrolyzer: 20 nL AN, 0.6 g (1.86 10 iI u4NBr, 0.12 g (1.2 nmmol) acac,
25 and 1.05 g (2.8 mvl) PD. The galiva tic electrolysis was run at a
current of 60 mGaivatlofAE efebtrolySis whs aufCin iaCiglags Véisphe: teRicblyher The

aEhRSk
1.05 2. |)_,of PD.|i d s. introduced after 20 mAh of _el éctricity
had bgéh pgg‘r%]g’gw% r%SWImT%ﬁmn%wﬂ@m@f a wirs (sefacesmead em’) ad aent .
ot he Rendiiel Qfiodein SR5tofR of & ek diea fom 3 SR DR Th S Rafied " < "9
to the electrolyzer: 20 mL 3-PN, 0.6 g (1.86 mmol) BuyNBr, and 1.05 g (2.8 mmol)
PD.

The galvanostatic electrolysis was run at a current of 60 mA and 25°C. 100

15 mAh of electricity was passed through. The 1.05 g (2.8 mmol) of PD ligand was

introduced after 20 mAh of electricity had been passed through. The Ni(PD), was not

isolated. Current yield (CY) 100.0%. CY was determined from the voltamperogram
according to the Rendels-Shevchik equation.

20 Example X1

Galvanostatic electrolysis was run in a glass diaphragmless electrolyzer
(volume 50 mL) with a Ni anode in the form of a wire (surface area 5 cm? and a
nickel cathode in the form of a wire (surface area 4 cm?). The following were charged
to the electrolyzer: 20 mL AN, 0.6 g (1.86 mmol) BusNBr, 0.12 £ (1.2 mmol) acac,

25 and 1.05 g (2.8 mmol) PD.

The galvanostatic electrolysis was run at a current of 60 mA and 25°C. 91
mAh of electricity was passed through. The 1.05 g (2.8 mmol) of PD ligand was
introduced after 20 mAh of electricity had been passed through. The Ni(PD), complex
was not isolated. Current yield (CY) 100.0%. CY was determined from the

30 voltamperogram according to the Rendels-Shevchik equation.
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Exanpl e XI'I El ectrosynthesis of diphospite nickel (0) corrpl exes based on
2,2'-bi phenol derivatives Ligand A 5 Gal vanostatic el ec Si s _was run
in a gl a?é"ﬂ(lé?ﬂ?r agm ess el ectrolyzer (volunme 50 nmL) wit 0022/8de in
the formof a wire (surface area 5 cn) and a ni ckel cathode in the form of
a wre (surface area 4 cnR). The followi ng were charged 10 to the

el ectrolyzes. 40 nL 3-PN, 0.6 g (1.86 mmol) Bu4NBr, and 1.3 g (2.12 mmol)
ligand A. Ligand A was prepared a X[t o the literature method (P.
Pringle, et al. J. Chem Soc. nmun. (1991), (12), 803-4). The
gal vanost at ic Eleatrasyushgsis of \diphaspite é)@Ck&I €0) eomplexes basedyomd@’ bighenob?  mah
of el ect %'X%/as passed -t hrough. The 1.3 g (2.12 mmol) of ligand A was

15 |ntro uce ter 20 mAh of electricity had been passed through. The
conplex Ni (A)2 was not isolated. Cuigswi Ayield (CY) was 36.3% CY was
determ ned fromthe voltanperogram according to the Rendel s-Shevchik
equation. Exam |veX91 20 Gal vanostat ic electrolysis was run in a gl ass

di aphragm ess el ectrolyzer (vol UyFEY0 HEH-aWi th a Ni anode in the formof a
wire (surface area 5 cn). and a Nig ga’node in the formof a wire
(surface area 4 cnR). The follow ng \er ged to the electrolyzer: 30
mL 3-PN, 0.6 g (1.86 nmml) BulNBryf[. . yomol ) acac, and 1.3 g (2.12
nmol ) ligand A 25 The gal vanogidtic I
60 mA and 25C. 99 mAh of el e§trAcii TR

mmol ) ligand A was introduced=#r t&f. } Dh_bf el ectr|C|ty had been passed
t hrough. The conplex Ni (A2 19 WO 03 14392 PCT/ USOQ 22527 was i sol ated as
describ in Exanple L 0.3 g Ni(A)2 was isolated. Current yield (CY)

Galvanostatic elacuolysis was run in a glass diaphragmless electrolyzer
(volume 50 mL) with a Ni anode in the form of a wire (surface area 5 cm?) and a
nickel cathode in the form of a wire (surface area 4 cm?). The following were charged
10 to the electrolyzer: 40 mL 3-PN, 0.6 g (1.86 mmol) Bus,NBr, and 1.3 g (2.12 mmol)
ligand A. Ligand A was prepared analogous to the literature method (P. Pringle, et al.,
J. Chem. Soc., Chem. Commun. (1991), (12), 803-4).
The galvanostaﬁc electrolysis was run at a current of 60 mA and 25°C. 102
mAh of electricity was passed through. The 1.3 g (2.12 mmol) of ligand A was
15  introduced after 20 mAh of electricity had been passed tfubugh. The complex Ni(A),
was not isolated. Current yield (CY) was 36.3%. CY was determined from the
voltamperogram according to the Rendels-Shevchik equation.

Example XTI _

20 Galvanostatic electrolysis was run in a glass diaphragmless electrolyzer
(volume 50 mL) with a Ni anode in the form of a wire (surface area 5 cm?) and a
nickel cathode in the form of a wire (surface area 4 cmz).: The following were charged
to the electrolyzer: 30 mL 3-PN, 0.6 g (1.86 mmol) BusNBr, 0.12 g (1.2 mmol) acac,
and 1.3 g (2.12 mmol) ligand A.

25 The galvanostatic electrolysis was run at a current of 60 mA and 25°C. 99
mAh of electricity was passed through. The 1.3 g (2.12 mmol) ligand A was
introduced after 20 mAh of electricity had been passed through. The complex Ni(A);
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44. 4. 0% According to-31P-NVR, the isolated product contained 75%

di phosphi Eﬁ 0%4‘39% conpl ex and 25% of the initial |igand Ap AR XV
Ligand B Pvanos atic electrolysis was run in a glass diaphragnm ess

el ectrolyzer 10 (volunme 50 mL) with a Ni anode in the formof a wire
(surface area 5 cnR) and a nickel cathode in the formof a wire (surface
area 5 cnR). The followi ng were charged to the electrolyzes, 20 nL AN, 0.6

g (1.86 mmway isdlatédtas deScrit®dgn Exapleinl0)3 aNi@), wasidolited. Cuf2nBgeld(CY) | i gand
B. Ligand prepared angl o o.the pethpd descr| i,h, Batal ova, T.
n et ar darktln”" KEcordie SRR b olied rtocs soaines 5%, aibhadite

gal vanost at; | ; urrent of 60 mA and 25C. 112 mAh
of electri ylﬁg%mglgk%ggggg%t ro%{; : %%ﬁdl.gi% g (2.88 nunol)of |igand B was

i ntroduced after 22 mAh of electricity had been passed through. The Ni (B)2
was isqglated as described in Exan%e@{.g& g N (B)2 was isolated. Current
yield (éY) 59.0% 20 WD 01/14392 2527 Diphosphite ligands: L'
and 115A L' and 115B Li and 115C (AL%(E’Blo 0. P(CAr)2 (ArO2P.0 O
P(CAr)2 (ArO2P.0 0 P(QAr)2 ~ 1l;k AO'AO OAr 0 QAr= 0 OAr= 0 Et Et

Mol ecul ar wei ght: Mol ecul ar wei ghtg—abl egul ar wei ght: 730.78 814.94 786. 89
The sterically hindered di phosphi *are prepared by nethods known
s

to

Galvanostatic electrolysis was run in a glass diaphragmless electrolyzer
10  (volume 50 mL) with a Ni anode in the form of a wire (surface area 5 cm?) and a
nickel cathode in the form of a wire (surface area 5 cm®). The following were charged
to the electrolyzer: 20 mL AN, 0.6 g (1.86 mmol) BusNBr, 0.12 g (1.2 mmol) acac,
and 1.3 g (2.88 mmol) ligand B. Ligand B was prepared analogous to the method
described in Batalova, T. A,, et al,, Russ. J. Gen. Chem. (1998), 68(10), 1570-1579.
15 The galvanostatic electrolysis was run at a current of 60 mA and 25°C. 112
mAh of electricity was passed through. The 1.3 g (2.88 mmol)of ligand B was
introduced after 22 mAh of electricity had been passed through. The Ni(B), was
isolated as described in Example 1. 0.77 g Ni(B); was isolated. Current yield (CY)
59.0%.
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t hos
desc

from Cl P42 65144) 2 and 3, 3', 4, 4, 6, 6-bis-2,2' -phen

5' - bi
bi s(

e skilled in the art. For instance, the preparation of ligand 115A is .

ribed in 5 WD 9906358. Ligands 115B an d 115C were prepared simlarly
gﬁ Hs0022827 5,

I s-2, 2'-phenol, respectlvely. In the case of sterically hindered

phosphite) Iigands 115A, 115B and 115C, the conpl exes (115A) 2N

(115B)2Ni, or (115C) 2N could not be prepared. In exanples XV, XVI and
XVIl, thep %ﬂg H?l!e' g’hﬂds‘“f formati on of 115ANi (3-PN)x, 10 115BNi (3-PN)x and
115CN| (3-P conplexes_was dermnstrat ed. Exanple XV Ligand 115A
(ArQ 2P.0 (Lmd)tmﬁa * N- %] OAr Qigdd TSBanost ati c el eLigadyEISC Was ruh
in a glass diaphragm ess el ectrol yzes (volunme 50[{nl) wWith a NI anode 1n
the f a wre ¢ @red, cn) an 14392 _
PCT/ Ug%tg 27 i ('el A@? RHode |r1135 e fotng)AB}M re is:uﬂface eﬁe(oérczrr).
The | 3 er. 25 1. 86
nmol The g&l vano$ gt rol ysj s
was S L. ¢ mAh ¢f el e8 ;s passied
t hr ough. The 1.84 d (1.15 rmol) of I|ga d 115A wag$ | Huced after 30 mAh
of electricity had ‘been pagsed through. Conpl ex 115AN (3- "PN) X was not
i sol pHed—SSubstance—i-eld IQV\ aRd-—ecurren a AB N9%
(detprm ppg -accok di o] tre voI t anper Qgr 10'_xarrpl e XVI _Lj d 115B
( AXC 2P0 Cr P( ) oarD G OAr= O @
— Et Et
Molecular weight: Molecular weight: Molecular weight:
730.78 814.94 786.89

The sterically hindered diphosphite ligands are prepared by methods known to

those skilled in the art. For instance, the preparation of ligand 115A is described in

5 WO 9906358. Ligands 115B and 115C were ‘prepared similarly from CIP(O-2-
EtCeHa); and 3, 3', 4, 4', 6, 6-bis-2,2™-phenol or 3,3, 5, 5™bis-2, 2"-phenol, respectively.

In the case of sterically hindered bis(phosphite) ligands 115A, 115B and 115C,

the complexes (115A)Ni, (115B),Ni, or (115C):Ni could mot be prepared. In
examples XV, XVI and XVII, the possibility of formation of 115ANi(3-PN),,

10  115BNi(3-PN)x and 115CNi(3-PN), complexes was demonStrated.

Example XV
Ligand 115A

(AIO)ZP\O o P(OAr),

T
TP

Galvanostatic electrolysis was run in a glass diaphragmless electrolyzer

(volume 50 mL) with a Ni anode in the form of a wire (surface area 5 cm2) and a
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OAr = 1. Et Galvanostatic electrolysis was run in a glass diaphragm ess

el ectrol yz@p o}fadoyol ume 50 nlL) with a Ni anode in the formgbrdsiphsie
(surface area 5 cm and a nickel cathode in the formof a wre déﬁszur ace

area 4 cm). The following were charged to the electrolyzer: 25 nL 3-PN,
0.6 g (1.86 mol ) Bu4NBr, and 0.74 g (0.9 mmol) 115B. The gal vanostatic

ol ot 1) + Pkl canpdinhe foi g wien Sustapa iga STy following %3%%;@5@;' vas
i nt r oducediahl elecHSyBN DS IS PN, rogjgt(y.s@ gﬁém{a\g@gﬂ 184 ggﬂfis ﬁxﬁﬂgﬂjefé

115BNi (3- PN) X was not isol ated. stance y and rre
(CY) were UBA8BY% (deternmi ned according to the voltanperogram). 25 22 WO

01/ 14392 PCT/ USQO/ 22527  Exapple XVII Ligand 115C %ArO)ZKO @) P&OAJ%Z I\
I\ On = 0 Er Th SFeReNEHE HOCOWRETITIALS WHEPTE of DAz 25°C. O

di aph m & éfpdhﬂﬂfé SGJl-Hy_]) | ' ' rmof a
vm! ?2 Egrfg%gl glr ea 5&{3'%?%%% a ni (}:lke cé?%gg'llgr%%@%fgg?#d&Hf\‘/’\‘{age
(surface aintmdicedafiey 30 miteof eedtdoityniad/eer passod tlgedgh. oCompler1eSANe(3y zer : 25
nL. E-PN, O 1. 86. I ANBr, a 2 0. 92, ). 115C._ 10 The

gal vanost a?gé‘g@%'%&?tr @gi}g‘?d)s gﬂugst?’l?ﬁ yéaga(gggﬂngrﬁu(”{?f‘t gisl Fer566.078  mh
of el eCtri(&eﬁeﬁnﬁﬁﬁa@&ﬁ&ﬁgt&ﬁfe%ﬁﬁmp%&a&ﬂz g (0.92 mmol ) ligand 115C was

10 Example XVI
Ligand 115B

(ArORP o POAD,

g
o o)

Et
Galvanostatic electrolysis was run in a glass diaphragmless electrolyzer
15  (volume 50 mL) with a Ni anode in the form of a wire (surface area 5 cm?) and a
nickel cathode in the form of a wire (surface area 4 cm?). The following were charged
to the electrolyzer: 25 mL 3-PN, 0.6 g (1.86 mmol) BusNBr, and 0.74 g (0.9 mmol)
115B.
The galvanostatic electrolysis was run at a current of 60 mA and 25°C. 77
20 mAbh of electricity was passed through. The 0.74 g (0.9 mmol) of ligand 115B was
introduced after 28 mAh of electricity had been passed through. Complex 115BNi(3-
PN)x was not isolated. Substance yield (SY) and current yield (CY) were 46.8%
(determined according to the voltamperogram).

25

22



I ntroduced after 28 mAh of electricity had been passed through. Conpl ex
115CNi ( was not isolated. Substance yield (SY) an ield
(CY) vve?‘g 70591&32 (determ ned according to the vol tanperog?acrq})wgog,giszy

El ectrosynthesis of LN (crotyl)CNznBr2 conpl exes based on 2, 2'-bi phenol
derivatives, 115A, 115B and 115C |igands. Exanple XVM 20 Ligand 115A

Gal vanostatic el ectrolysis was run in a glass diaphragm ess el ectrol yzer
(volume 50 ni) with a Ni anode i ExampléXVlh of a wire (surface area 5 cnp)
and a nickel cathode in the forniof %\ (ée (surface area 5 cnR). The
foll ow ng were charged tothe el wéz 25 nL 3-PN, 0.6 g (1.86 nunol)
Bu4NBr, and 1.0 g (1.37 115A Ggpmg§tat|c el ectrolysis was run
at a current of 60 mA and 250 nAh X eleciricity was passed through.
The 1.0 g (1.15 mmol) ligand 1% ~ ogiced 23 WO 01/14392

PCT/ USQCQ 22527 after 30 mAh of had been passed through. MN 104
mAh of electricity had been pass M, the NI anode was replaced with
Zn and el ectrol ysis continued. Isol ution of the zn anode (surface
area 4 cn) (anount of electricity 40 mAh), electrolysis was stopped and

the electrolyte anal yzed without isolatigfRf 5 115ANi (crotyl)CNznBr2. The
subst ance yield was 65.8% Curigt=Yyi © -@ % (determ ned according to

t he vol tanperogran). Exanple XI X Ligand#%¥5B 10 - Gal vanostatic
el ectrol ysi s was run in a glass di aphra@m ess el ectrolyzes (volunme 50 ni)

BN oot LR eL vt L6 (3L S e et [
charged (yolume 50 mL) with a Ni anode in the form of a wire (surface area 5 cm®) and a

nickel cathode in the form of a wire (surface area 4 cm’). The following were

charged to the electrolyzer: 25 mL E-PN, 0.6 g (1.86 mmol) BusNBr, and 0.72 g

(0.92 mmol) 115C.

10 The galvanostatic electrolysis was run at a current of 60 mA and 25°C. 78

mAh of electricity was passed through. The 0.72 g (0.92 mmol) ligand 115C was

introduced after 28 mAh of electricity had been passed through. Complex 115CNi(3-

PN); was not isolated. Substance yield (SY) and current yield (CY) were 77.9%

(determined according to the voltamperogram).

15 .
Electrosynthesis of LNi(croty)CNZnBr, complexes based on 2,2’-biphenol
derivatives, 115A, 115B and 115C ligands.
Example XVITI
20 Ligand 115A

Galvanostatic electrolysis was run in a glass diaphragmless electrolyzer
(volume 50 mL) with a Ni anode in the form of a wire (surface area 5 cm?) and a
nickel cathode in the form of a wire (surface area 5 cmz). The following were charged
to the electrolyzer: 25 mL 3-PN, 0.6 g (1.86 mmol) BusNBr, and 1.0 g (1.37 mmol)

25 115A.
Galvanostatic electrolysis was run at a current of 60 mA and 25°C. 144 mAh
of electricity was passed through. The 1.0 g (1.15 mmol) ligand 115A was introduced
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to the electrolyzer: 25 nL 3-PN, 0.6 g (1.86 mmol) Bu4NBr, and 0.45 g (0.55
nmml ) 115B. 15 The gal vanostatic electrolysis was run at a_current of 60
mA and 25CYORAE2 pnh of el ectrici ty was passed through. ThECH_Uﬁgoﬂgﬂ("o_ 55
nunol) ligand 115B was introduced after 30 mAh of electricity had been
passed through. After 61.5 mAh of electricity had been passed through, the
Ni anode was replaced with Zn and electrolysis continued. After

di ssol uti cafterBOtivh BNelecriciey had béen assel Hirodglt "Ritel RMMAL of Qepkrichydalr i ity

15 mAh for formation of 0.5 equivalent Mof ZnBr2), electrolysis was
st opped ankeenpassed dbropgh. the Nipaode sas weplacsdtwitls &n zand electolysis continued.

11 5BNi (cro : t el 62. 2% rent yield 41. 5%

(determ ne‘éﬁg%(g%gﬁéo{ g‘%%@gl(%%%rgmvsi O‘E%Q%%@lwoﬁg)and 115C

Gal vanost aglearotysisc twas ystoppedaand Utthe Neléctedlyts S afilsaeldr Safoas S idlatioh” @fyzer
anode in the formof a wire (surface area 5 cnR)

| 50 W th '
g\ég ;m%ni ck%&%&g%la%e Ths; substange yjeld wWas 65.8%e b yighd 12.7Phe
foll i : ! . 25 m 3-PN, 0.6 1.86
ol 5 uan iR egtding d e yBRaEbEEERANY 7 T2 01/ 1505 Pet Usoul 29527

The gal vanostatic electrolysis was run at a current of 60 mA and 25C. 92.0
mAh of electricity was passed throuygh. The 0.88 g (1.12 mmol) |igand 115C
was introduced after 31 mAh of elm had been passed through. After
61.0 mAh of electricity had been gch?ﬁrough, t he ni ckel anode was

replaced with zinc and 5 electrolysi's continued. After dissolution of the
Zn anolke (surfzGelvanostatia degtralysivuwes rwf iel ®cglassc dtaphAgmiedk &ectrdlmierat i on

ol ect ol i SRR 59 A5 ER 8US? pmckle 351 b 50 56 e BRERGR FeABnED andre
substance iickdl ¢afbde Bithé Estn of Pvite (RHBcSreS Y chfRt Bl PoNEHirROHGE thilged © the
to the electrolyzer: 25 mL 3-PN, 0.6 g (1.86 mmol) Bu,NBr, and 0.45 g (0.55 mmol)
115B.

15 The galvanostatic electrolysis was run at a current of 60 mA and 25°C. 76.5
mAh of electricity was passed through. The 0.45 g (0.55 mmol) ligand 115B was
introduced after 30 mAh of electricity had been passed through. After 61.5 mAh of
electricity had been passed through, the Ni anode was replaced with Zn and
electrolysis continued. After dissolution of the Zn anode (surface area 4 cm?) (amount

20  of electricity 15 mAh for formation of 0.5 equivalent M of ZnBr,), electrolysis was
stopped and the electrolyte analyzed without isolation of 115BNi(crotyl)CNZnBr,.
The substance yield was 62.2%. Current yield 41.5% (determined according to the
voltamperogram).

25 Example XX
Ligand 115C

Galvanostatic electrolysis was run in a glass diaphragmless electrolyzer
(volume 50 mL) with a Ni anode in the form of a wire (surface area 5 cm?) and a
nickel cathode in the form of a wire (surface area 5 cm?). The following were charged

30 to the electrolyzer: 25 mL 3-PN, 0.6 g (1.86 mmol) Bu;NBr, and 0.88 g (1.12 mmol)
115C.



vol t anperogram . 10 El ectrosynthesis of diphosphite nickel (0) conplexes

based phthol) derivatives fl 2 Ligan& D5 Ligang, Eéﬁz in t he
case of k?te“l@' s(phosphite) ligands 115A, 115B and 115C, Ilgafl"(;frb

sterically hindered and the conplex (D5)2N cannot be prepared for it. In
Exanpl es XXl - XXV, the production of D5Ni (3PN) X and
D5Ni (crotyl ) (CNzZnBr2) conplexes is denonstrated. 20 25 WD 01/ 14392

PCT/ USOO/2252nheEgawmbstaﬁ6<blebmysidu%r@ht/amﬁéﬁtdﬁs(ﬁh@p&wtﬁt Sgp@s run in
a gl ass di aphragm ess el ectrolyzer (volune 50 nL) with a NI anode in the

f orm of of lectrcitycway, passed; trpyghun dhg 0.88 1 Akl m;mlhbaﬁld lllliﬁeavdsor m of a
20
oL 5 b TRl SReat iy Shfefion Yl boUE bissr ol Afler B4 gt Yo"
of ohgerrreity uas bmg?jst ot The 08 aor0 o3 Jehrod Wi BRE and e Yas
10 i n?rod’kf&gﬂﬁ'é nﬁﬁ%ﬁlﬁg’é‘ewp medﬁéﬁﬁfm% er)d@ignuntThFdDSNl
3-PN) X ¢
\(/ver eN)48 5% fﬁlﬁﬁ Er%ﬂg'l accorgl ng to tsﬁégla VO tarrper dgr a% gleé&é&%?%& y

Li gand D3topped and the electrolyte analyzed without isolation of 115CNi(crotyl)CNZnBr,.
The substance yield and current yield were 67.8% (determined according to the

voltamperogram).
10
Electrosynthesis of diphosphite nickel (0) complexes based
on bis(naphthol) derivatives
15 As in the case of the bis(phosphite) ligands 115A, 115B and 115C, ligand D5 is
sterically hindered and the complex (D5),Ni cannot be prepared for it. In Examples
XXI — XXV, the production of D5SNi (3PN), and D5Ni(crotyl)(CNZnBr,) complexes
is demonstrated.
20
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Gal vanostatic electrolysis was run in a glass diaphragnl ess el ectrolyzer
(volume 50 nlL) with a NI anode in the formof a wre (surf cnR)
and a ni KPVM¥hode in the formof a wire (surface area Wmﬁﬁi
following were charged to the electrolyzer: 20 nL 3-PN, 0.6 g (1.86 mmol)
Bu4NBr, and 0.5 g (0.53 mml) 20 D5. The gal vanostatic el ectrol ysis was
run at a current of 60 mA and 25C. 64 nmAh of electricity was passed

t hrough. The 0.5 g (0.53 mmol) Iigﬂ@%__m i nt:roduced after 34 mAh of
el ectricity had been passed through. e D5Ni (3-PN), conplex was not

i sol ated. The substance yield was 5d-igmdR¥irrent yield was 42.5% 25

det ! d i 1 t | t . i
ol vanostati o ol eifmtplyd VRE SH AL oS Moshedpless Mtz
30 (vol ume (GSluiib)50nL) wathNs Nin@gee intiehforhosfra wireaswifice dfredis fead®y aadaa 5

cn?) and a nickel cathode in the formof a w r% surface area 5 cm. The
2

fol | owi fig wickel dn thexfgrmpof @ WireAsurfage@rga SO follqwing weerechazgddo| yzes.
20 mL 3-PN, Q. 6 .
gal vanost at'? g“%?‘@%@’#&@%%%ﬁ%% (g§€tﬂllr&rl @1? ug&g%nwg%éogédn@& mAh

of electri @3y was passed through. The 0.5 g (0.53 mmol ) of ligand D5 was
5 introduced after 34 mAh of electricity had been passed throgp. The D5Ni
(3-PN), conpl ex Thesgalvgnostatin eleeteplysinwas 1w gha cHTopti 6o end @7CefO yi el d

42.5% (detegm pe ceordin ol DR ) BF . 0
Li gand D5 (ﬂ‘f‘?fﬁ&gﬁcﬁcﬁ& g%e@?&%* %/Ig‘l&%éﬁ\ivatslﬁruh gg(bg@g asga %gg ragr%végsss
el ect g aby fn'z Elﬁtrodﬁg@dl ufter 0 niAb of\éledtriitf\Nhad bestepdssed theoughr MefDANIM3I-ENjsur f ace
area s o c)om%rllex %Jas not isolated. The substance yield and current yield were 48.5%

(determined according to the voltamperogram).

Example XXII
15 Ligand DS

Galvanostatic electrolysis was run in a glass diaphragmless electrolyzer
(volume 50 mL) with a Ni anode in the form of a wire (surface area 5 cm’) and a
nickel cathode in the form of a wire (surface area 5 cmz). The following were charged
to the electrolyzer: 20 mL 3-PN, 0.6 g (1.86 mmol) BuyNBr, and 0.5 g (0.53 mmol)

20 Ds.

The galvanostatic electrolysis was run at a current of 60 mA and 25°C. 64
mAh of electricity was passed through. The 0.5 g (0.53 mmol) ligand D5 was
introduced after 34 mAh of electricity had been passed through. The D5Ni (3-PN)
complex was not isolated. The substance yield was 56.6%. Current yield was 42.5%

25  (determined according to the voltamperogram).

Example XXINI
Ligand D5

Galvanostatic electrolysis was run in a glass diaphragmless electrolyzer
30 (volume 50 mL) with a Ni anode in the form of a wire (surface area 5 cmz) and a
nickel cathode in the form of a wire (surface area 5 cm?). The following were charged
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ni ckel cathode in the formof a wire (surface area 5 cnR). The follaqw ng .
were ch the el ectrolyzer: 20 nlL 3-PN, 069(18 NBr ,
and 056@%39@ 15 D5. The gal vanostatic el ectrol ysi sé%g Itzgrﬁat a
current of 60 mA and 25C. 112 mAh of electricity was passed through. The
0.5 g (0.53 mol) of ligand D5 was introduced after 30 mAh of electricity
had been passed through. After 30 mAh of electricity had been passed

t hr ough, to e electralyzea2@mlndPN,dh6 go@B6mniol YBug¥Br, tand 029 gef0c53t maloki s

conti nueﬂ? After dissolution of the Zn anode (surface area 5 cn) (anount
of el ect %ity 82 mAh), electrolysis was stopped and the electrolyte

anal yzed with &?ﬁl ta¥la) Ghien | .e%. S ce
yield was 58. %%@gﬁ%ﬁ@% Y%N‘I%Z??gea}tféa%m negbgggﬂiaﬁg %sgé%)hie@

vol t arrpemgha:f)elecmc@xwas Ipassetl tbmthDSl‘lﬁaO\Saglcieisatmol) of HgandoDFswas was run
in a glass hr S vol une 5 Ni node in
the f mlB'Foé?C%l P&g{%&’?‘éﬁﬁ %*ygﬁé)ée&ﬂcpa§§edrﬁﬁay§}‘ \Qfa\eﬂagls ane form
of a wirgg 8 ACiko ﬁz@d*ﬂ)meT fsﬁbétakd 0 c

el ectrolyze 20 nmL 3- \ .6 g v e[tBBungB’grﬁ Wé&ﬁ?ﬁ&d %86 nmol )
D5. 27 V\mdetmnwacmnglsmMB@kaInpmgm)vanostatlc el ectrolysis was run at.
a current of 60 mA and 25C. 326 mAh of electricity was passed through. The
1.0 g (1.06 mol ) of ligand D5 was introduced after 59 mAh of electricity
had been passed through. After 5% 1@kxyel ectricity had been passed

t hrough, the NI anode was replaced wt n and the 5 electrolysis
contil®ued. After dissolution of thédmdd?ﬁ)de (surface area 5 cnR) (anount

anal yzed wi t hodtv BBy, ErEB Ol Teb PRBRE aMnenEe” HOBAC )i i

wals 76. 10/(JvoIﬁ!tler SOtmL)ywith ¢ N8 adlodé indhecfort fch wire qswtfatg dréa 51tn®) and a
t

vortanpe rr?lgkel cathode in the form of a wire (surface area 5 cm?). The following were charged
to the electrolyzer: 20 mL 3-PN, 0.6 g (1.86 mmol) BusNBr, and 0.5 g (0.53 mmol)

15 D5

The galvanostatic electrolysis was run at a current of 60 mA and 25°C. 112
mAh of electricity was passed through. The 0.5 g (0.53 mmol) of ligand D5 was
introduced after 30 mAh of electricity had been passed through. After 30 mAh of
electricity had been passéd through, the nickel anode was replaced with Zn and the

20 electrolysis continued. After dissolution of the Zn anode (surface area 5 cm2) (amount
of electricity 82 mAh), electrolysis was stopped and the electrolyte analyzed without
isolating the D5Ni(crotyl)CNZnBr, complex. Substance yield was 58.2%. Current
yield 33.6% (determined according to the voltamperogram).

25 Example XXV
Ligand DS
Galvanostatic electrolysis was run in a glass diaphragmless electrolyzer
(volume 50 mL) with a Ni anode in the form of a wire (surface area 5 cm?) and a
nickel cathode in the form of a wire (surface area 5 cmz). The following were charged
30 to the electrolyzer: 20 mL 3-PN, 0.6 g (1.86 mmo!) BusNBr, and 1.0 g (1.06 mmol)
D5.

27




I a Exanpl e XXVI Ligand C Gal vanostatic electrolysis was run in a gl ass

di aphr agm wospiakmet rol yzer (volune 50 nL) with a Ni anode ipathisgedmsgsn of a
wire (surface area 5 cn2) and a nickel cathode in the formof a wire
(surface area 5 cnR). The follow ng were charged 15 to the el ectrolyzer: 20
mL 3-PN, 0.6 g (1.86 nol) Bu4NBr, 1.12 g (1.2 mmol) acac, and 1.6 g (1.2
mmol ) C. The galhapasiristatic @leeablysis Wwdssrunag af difredt oB60 HA and 285682 and
25C. 98 mAh of electricity:was passed through. The 1.6 g (2.9 mmol) of

li gand C wexph phslﬁ@a@@éwaafﬁa&edzgwh- oFheel 8cg (1.86 tympB dfegand D wad

t hrough. O ' ' : a Leld.54.8% (det er m.ned
accor g I ng {no%ro? H%Jd\(/%ff m%%ggégﬁ%.&gé&e glﬁj g %%E%S%CY @rgqghp hé&ﬁ% &9 én‘ﬁ‘ (06 )
conpl exes, elsiibigy ahd desmtpas@dciifdugh the"Ne Gnede Yvae replat @l Badhi 79 sadrgent 50
Hz 25 Example XXVII Preparative electralysis was run in a gl ass

di aphr aym elseiralysreanginysd sAfFlisseltion of the Zyanade {suxface asd & am) (ameotindr m of a

! f _ - - f
(surt ace. alt 8oy STBAN Wiedkolielt i SGHHRA 284 e abHoCalPtedlianl. 5o oy
3-PN, 0.6 isolafioB&f RENi(groB)ENENBr) cdrdplgx.( 1Substmtd yieRt aas 780%%.2.Curred® J (5. 7

mol ) p-n?., ciraolysis S run on symmetric alternating current of 120
mA at 25C. Ylel?s% if%ﬁd%?ﬂ@ P%i“igfo & VU EHRbugh. 2.0 g (5.7 mmol)
p-TTP ligand was 28 WO 01/14392 PCT/ US00/ 22527 introduced after 36 mAh of
el ectricity had been passed through. The conplex N (p- TTP)4 was not

i sol at 8@. : Substance yield was 39%Bxafple XXiVIyi el d was 14. 8% (detern ned
according to the voltanperogram. 5 Exa e XXVM Preparative electrolysis
was run in a glass diaphragm ess el e[ég?{agé‘zes (vol une

Galvanostatic electrolysis was run in a glass diaphragmless electrolyzer

(volume S0 mL) with a Ni anode in the form of a wire (surface area 5 cmz) and a
nickel cathode in the form of a wire (surface area 5 cm®). The following were charged

15  to the electrolyzer: 20 mL 3-PN, 0.6 g (1.86 mmol) BusNBr, 1.12 g (1.2 mmol) acac,
and 1.6 g (1.2 mmol) C.

The galvanostatic electrolysis was run at a current of 60 mA and 25°C. 98
mAh of electricity was passed through. The 1.6 g (2.9 mmol) of ligand C was
introduced after 20 mAh of electricity had been passed through. 0.3 g NiC, was

20  isolated. Substance yield 54.8% (determined according to the voltamperogram).

Electrosynthesis of phosphite Ni(0) complexes, using altermnating current
Frequency of alternating current 50 Hz

25 Example XXVII
Preparative electrolysis was run in a glass diaphragmless electrolyzer (volume
50 mL) with a Ni anode in the form of a wire (surface area 5 cmz) and a nickel cathode
in the form of a wire (surface area 5 cm?®). The following were charged to the
electrolyzer: 20 mL 3-PN, 0.6 g (1.86 mmol) BusNBr, 0.12 g (1.2 mmol) acac, and 2.0
30 g (5.7 mmol) p-TTP.
Electrolysis was run on a symmetric alternating current of 120 mA at 25°C.
234 mAh of electricity was passed throngh. 2.0 g (5.7 mmol) p-TTP ligand was
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200 mL) with a N anode in the formof a 0.64 cmdianeter rod and a copper.

cat hode VY@(,]t,ﬁgngorm of awire. Asilver wire reference elf@f-,{,ﬁ(gnggs used
to control the anode voltage. The followi ng were charged to the

el ectrol yzes: 100 grams 3-PN, 11.703 10 grans of ligand V, 11.37 gr of
ZnCl 2, 1.394 gr of finely divided zinc powder. The ZnCl2 was used to
I ncrease t he conduct|V|ty of the solution. The zinc was used to reduce the

Ni+2 in siirednesd after §6pihiof elocaricityead been pass[edzt}quugm lifheoco)npieiNﬁ@]-

{he bot | vETER, M oo R0, SRR il s Sofr oGt Wb FRda " 10

pl at es ou(demmﬁreﬁﬁkcorlhgtanlﬁ&vdlamﬁemgmﬂ) aced thh iron or any other
reducing netal which is nore electropositive. than nickel. The reducing

netal is preferably finely divided. Electrolysis was run at a DC vol tage
of 1.8 volts (Vs the Ag el ectrod@e,%gmrrEent was 10 to 20 mllianps. The
solution tenperature was controll 40 20 to 43 C. A dark orange
col or was obserpd‘aHfrd:elec&ﬂ?smmﬂsaubm a/glmrdin phrigniless ééduilyzeb fdleme| onbs
of curren#(#] N? vvtt‘gp Iﬂq& ni c in solution as catal yst

Total curf% ﬁP%‘ng‘ﬁ‘ fi 9L A PEA oy W@fé%ﬂ%ﬁémpmwﬂﬁlﬁ@eyl el d
to aCt'Vemﬂxétféﬁf{Sfa‘Oﬁl% 18%IveSwifd &%roha‘éﬁa@tdsed%d‘ 3% gﬁg“ bed

above in detail for the purpose of Illustration, 1S un hat the
skill ed avoltagen 'waomnglm chargedito dhe ehstrdynbr aomgrahs GIE\IWIIWBH

Fol | ot ng B veliagd ool {3788 oL 2865 dessiti s iy aiviaed e omdte | My i 11 g
H S VHATZAGGrdd 628 tSincrbase/thBRIoR@ALYy dffthe SbRMEbAOCRTiRE WA RN On Of
a phosphi }teedugé thcéll\?lﬂg ?n rs1<|)lut10n to Ni(0) by the reaction:
Ni[+2] (SOhlthl'l) + Zn[0] (suspended solid) + ligand -> Iigand: Ni(0) + Zn[+2].
The ligand: Ni(0) is the active catalyst.
15 The Zn[+2] is then reduced at the cathode and plates out as Zn(0).
The zinc can be replaced with iron or any other reducing metal which is more
electropositive than nickel. The reducing metal is preferably finely divided.
Electrolysis was run at a DC voltage of 1.8 volts (Vs the Ag electrode). The
current was 10 to 20 milliamps. The solution temperature was controlled between 40
20 to43°C. A dark orange color was observed after 392 coulombs. A sample taken after
560 coulombs of current indicated 0.025 wt% elemental nickel in solution as catalyst.

Total current passed through the solution was 672 coulombs. Current yield to active
catalyst was 18%.

25 Although the invention has been described above in detail for the purpose of
illustration, it is understood that the skilled artisan may make numerous variations and
alterations without departing from the spirit and scope of the invention defined by the
following claims.
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Ni.(0) conplex conprising (a) dissolving nmetallic nickel froman anode in an
aprotic solvent in a di aphragm ess el ectrol yzer containin and
cat hode t VBOY¥EE Ni 2+ nickel ions, and (b) el ectroredug'#ﬂﬁmgfr'}g&ﬁ

ni ckel ions on the cathode in the presence of one or nore phosphorus

| igands by direct or alternating currerrr—ttr—t—hefeby——pr—educe the conpl ex.
2. A nethod according to claim1, wherei 'E s

rlses a netal
selected fromthe group consisting of p ) HROI UI adi um
rut heni um ahal nol ybdenum ni ckely ang s 3. A net hod
accordi ng tm%@mﬂ) in t he produced conpl ex contains a phosphite
ligand of the formula P(OR)3, where Ris an alkyl radical containing from
1 to 10 carbon atoms, an aryl group, or a hydrocarbyl radical contalning

from1 to 20 darbadvethedfar the clectroehemical prodiqtiog-efia phesplite ar/Aiphospbie t o
noi eties are I| J%%que #Bﬁ)&is ted or unsubstituted pyrocatechol, bis
(phenol), or bi s?@ap )ﬁs . nmet hod according to cI aiml, V\/nerei n the
nmol e ratio bet meen(at)hﬁssolvﬁli@knetab]mcmuﬂmﬁﬁbhﬁaﬂmswm a8 dproicSeivent inhe

conpl ex produced.is 1:4 in the case  of osphite [li 1:2 in_¢t case
of di phosphi tglappﬁﬁﬂ’é%“ edctrglyzer, ?P‘F"Hgméa&é %ﬁge@érqaglmeywmrﬁé@% %

di phosphite | g ﬁq 3ndA nmethod according to claim1, wherein the
di ssol ving an e eﬁ’ect roreduction occurs in a solution conprising one or
nmore of acetonitri (8,electioradnttydif efithexnickliel, iomsnoh &epanhbémmhe p'rdsmceiwone- ---

Y00 20527 | PF Togs PHGSHRA ARt BY R o GG QU hereh OBt vi ng

and el ectr or edgmplern

2. A method according to claim 1, wherein the cathode comprises a metal selected
from the group consisting of platinum, gold, palladium, ruthenium, iridium,
cobalt, molybdenum, nickel, and iron.

3. A method according to claim 1, wherein the produced complex contains a
phosphite ligand of the formula P(OR)s, where R is an alkyl radical containing
from 1 to 10 carbon atoms, an aryl group, or a hydrocarbyl radical containing
from 1 to 20 carbon atoms, or a diphosphite ligand wherein two phosphite
moieties are linked by a substituted or unsubstituted pyrocatechol, bis (phenol),
or bis(naphthol).

4. A method according to claim 1, wherein the mole ratio between the nickel ions
and the phosphorus ligands in the complex produced is 1:4 in the case of
phosphite ligands, 1:2 in the case of diphosphite ligands, or 1:1 in the case of
sterically hindered diphosphite ligands.

5. A method according to claim 1, wherein the dissolving and the electroreduction

occurs in a solution comprising one or more of acetonitrile,
dimethytformamide, and 3-pentenenitrile.
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occurs in the presence of acetytacetonre—~L—A nethod according to cl-ai m 6;

wherein r amount of acet t he ano ' I ons
di ssol ve‘gagyﬂ%% a pr elimnary i’mm"mrnﬂﬁﬂ’gmA met hod$g2ﬁ0| ng to
claim 1, wherein the anode has a eureen of 1-20 mA/cn2. 9. A

met hod according to claim1, wherein the cathode has a current density of
1- 15 mA/cnR. it 10. A nethod according to claim1l, wherein the

el ect r or edu6t iAo method: acosuding do laim 1,ewhereint the alissblving) and elet@GredadtionA net hod
according to claim.1. wherein t;ahe iﬁ{ectroreduction is run with a second

di ssol vi ng and§EeTs it e ATrseRte OLACRIAC®OBRt ai ni ng nickel used in step (a),
chosen fromgroup 11, 1V,.-V, VI, VII, and VIIl netals. 12. A nethod
according to claim1l, wherein the second dissolving anode conprises zinc
and the cat fod® methed peeording 4R «laim) 6, whargin thermolap amonat ofl aessylacetonei m 12,

about 1: 1. 14 SaadlsBe AHEUROTNT Tl e ReR b ik bty o/ °

di ssolved Zn2+ ions fromthe Zn anode is approxinately equal to the anount
of the formed Ni (0) . conplex. 15. A method according to claim1l, wherein

al t er nat i ng8cuh musHiod accoding toclaimel , wherein therangde hasmhcurent depsity/of 1)

PCT/ USOQ 22527, 2 A conpl ex produced according to the nethod of claim 1.
17. A nethod of olefin hydrocyanation or alkene nitrile isonerization
conprising using a conplex produced according to claiml as a catalyst, to

h .
ydr ocyanat 8 A method according to claim 1, wherein the cathode has a current density of 1-
15 mA/cm?.

10. A method according to claim 1, wherein the electroreduction is conducted at a
temperature of -10°C to 40°C.

11. A method according to claim 1, wherein the electroreduction is run with a
second dissolving anode in addition to that containing nickel used in step (a),
chosen from group II, IV, V, VI, VII, and VIII metals. '

12. A method according to claim 11, wherein the second dissolving anode

comprises zinc and the cathode comprises nickel.

13. A method according to claim 12, wherein the ratio of surface area of the Zn
anode to the Ni cathode is about 1:1.

14. A method according to claim 12, wherein the amount of dissolved Zn®* jons
from the Zn anode is approximately equal to the amount of the formed Ni(0)
complex.

15. A method according to claim 1, wherein alternating current is used in the

electroreduction.
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or. isonerize an olefin or nittile. 18. A nmethod for the el ectrochem cal
production of a phosphite or diphosphite N (O conplex co 1.S1 a)
dissolvithH%@ﬁwgic ni ckel from an anode in an aprotic sol€gidﬁﬂd¥£%§

di aphragm ess el ectrol yzer containing the anode and cat hode to produce N
2+ nickel ions, and (b) reducing the nickel ions in solution in the
presence of one or nore phosphorus ligands by using a netal that is nore

el ectroposi t 16.eA thmplex prodaedd adcbriigby the arthwdd ciaiindi. zed ni ckel, and (c)
el ectroreduci ng and depositing said oxidized nickel at the cathode,
t hereby producing the conplex. | f 11111 huff t1j11111 fill Ms 32

17. A method of olefin hydrocyanation or alkene nitrile isomerization comprising
using a complex produced according to claim 1 as a catalyst, to hydrocyanate
or isomerize an olefin or nitrile.

18. A method for the electrochemical production of a phosphite or diphosphite

Ni(0) complex comprising

(a) dissolving metallic nickel from an anode in an aprotic solvent in
a diaphragmless electrolyzer containing the anode and cathode to produce Ni 2*
nickel ions, and

(b)  reducing the nickel ions in solution in the presence of one or
more phosphorus ligands by using a metal that is more electropositive than
nickel, thereby producing oxidized nickel, and

(c) electroreducing and depositing said oxidized nickel at the
cathode, thereby producing the complex. |

A
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