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Title: METHOD FOR ELECTROCHEM CAL PRODUCTI ON OF Ni (0) PHOSPHI TE AND

DI PHOSPHI TE COVPLEXES Abstract: Method for el ectrochem cal1 Bég‘gﬂﬁ%bGE of
phosphite and di phosphite N (O conplexes in a diaphragni I%s -
trolyzer, containing an anode and cat hode, by anode dissolution of netallic
ni ckel in aRy@pi@skC sol vent with subsequent el ectrore- duglidrRfdeddssi ckel
lons on the cathode with | ow hydrogen overvoltage in the presence of, for
exanpl e, an equi nol ar anount, of phosphorus |igands, using direct or
alternating current. The conpl exes are useful as catalysts. 13 January 2004
WO 01/ 1439METHODIORFIRCT ROUIEMICRI BPRODRCTTION OANIBINGIPANE Ni (O
PHOSPHI TE  AND DI PHOSPHT TENEONRYESEPHITECOPIERESON Claims priority from
and incorporates by reference inits 5 entirety, Russian Application No.
99/11817 1, filed August 20, 1999. BACKGROUND OF THE | NVENTION Fi el d of the
| nvention 10 Th@“?r?? %cﬁi’é‘i"@eﬂrﬁ?% §om axd pregrHosHes R referenee dcfeni cal -
pr oduct onered 1@hian AppBRRh 8000/t ORI WeeGRBl BYGS In an el ectrol yzer,
using direct or alternating current. The invéntion also relates to A
phosphite and di phosphite conpl exes and their wuse, for exanple, as -

catal ysts. 15 Descriptio bihngs! %ﬁ%@f{ tent Application No. O
715 890 Al describes a rrgfaﬁ%%@fﬁor p?ggtlgjléng a ca dgilqyst based on transition
nmet al phosphines; B. Corain, G Bontenpeli, L. de Nardo, Cyan-Antonio
Mazzocchi ngeld Wb GRioEN M ca Acta, 26 91978), 37, describe a nethod for
produci ng a—Nl_(TE‘I‘I'?F‘CorrpI ex by anode dissolution of 20 netallic nickel

in acet®ni tril el inventioh petaiento ashethed for dubiebicirochenficdl beodnbidnedf Ni@s on a
mercury cajhodes Loas Y. Lot : n, Tetrahedron lLetters, 21
(1980) 63?“&&% Sl;éﬂéépr’r“e‘gﬁé’g&%fe%‘ Ee%%r%"t“F%B&Z%f uging; 2PUERATRS | ex by

el ect r ochegiroaik. Thebwentionralsof rebieCikfHidiRhi}elandRlighdsphit doiplakes Sidmeirde ( DVF)

in a di aphn&gp&re%!n?pé,ragl %ts. using a Pb cathode and a Pt anode.

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 (0-TTP) complex by anode dissolution of
20  metallic nickel in acetonitrile with subsequent 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 (PPh3)s complex by electrochemical
reduction of NiCix(PPhs)s,PPh; 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 production 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 bé fﬁlly inert and activated by supplying the necessary
voltage, once there is a need for a catalyst in the process. The concentration of metal
ions in solution is proportional to the total amount of charge passed through the



25 Coordi nati on conpounds of sone transition netals are active honbgeneous
catalysts in reactions of organic conpounds, especially i r.oc tion
processes. El ectrochem cal methods for production of sucﬁsgéﬁﬁryéﬁ@fare
especially preferred, because the sources of netal ions can be accessible
and easily pYepardEd and the el ectrode can be placed in an RGIVSINISRT | e
(ADN) synthesis reactors (in a second 30 stage). The el ectrode can he
fully inert and activated by supplying the necessary voltage, once there is
a need for a catalyst in the process. The concentration of nmetal ions in
solution is proportional to the total anmpbunt of charge passed through the
13 January ek20dly:#0 10dbaRiRniEr thé SHHMRCH darat|se Chui Bk \adly. cénadieNbgikd y, the
amount of catal yst can be sily contro|ll'ed by the anount of energy passed
t hr ough t hé™ o FBF@i@?ﬁ“E%&FEﬁ RO pr oduct i on of phosphite conpl exes
of Co and Ni haggchotitmita pesdub@et eﬂpnoEgﬁtepmm&s 6P0BInd N Havb beérAges:
anode dissqlution of _Co or Ni ,and 5 subsequent cathode reduction of M+-in
the presendBVesigatste e The Prgress SPBRERSIJWEINRAEEH GRoMs Jissghinigr of Snpr Bhakd articl es
on el ectsr OSyifdehiRsk ScaMfods rRBARNR Sof M MRS teY prefigtOtdtdedcRss BMEShiig NY
el ectrochem cal behavi or, _sone physi cal E%opertles and the effect of

&

nature of trbesphprusdigands,t Pyisheshartigies on glesaesynihesis of eemplesesares mesily i ty of
N (LD N e b ot BB physicer pbiARs i avon,
B. Corain, n%‘?ﬁ. 10 [gnel%), ' Z%iéfi "&g{é‘%%hé’*’%ﬁ@ com ngs?ﬁgfﬂ%tnlhe'
publ i shed reffectl of natume of the tricoualentiphdspheonss ligands on thesplative stabilitf of B (ID)
conpl exes | 0% apfd i I ckel "on
t he surfac eﬁgl:) &gcﬁgﬁ?g%%@%&pdgs ‘jp?'iogl %nﬁ%’ ESME@?V P(Q)Fgﬁg(g“d gs'rg ‘%‘“’ I%?l%'sphor us
| i gand, 10t heCheow 20 @P8I1)p2579ubst ance and the | ow current yield. Published 15
resul ts cannot used as.a basi s, for .devel opi even.a | abqgratary nethod -
for preparati OH%Sf sﬁﬁ’r{c@fm%rrpq%e %, P‘&i‘ﬁ?@ f&f#gt 8 Irar‘fi?‘é[nﬁngn i s thus
a desire t clggosyndesinesd NEOhedmpiekesthiciudg dcrOllepositipn efes fimely ground
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 destre 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 metailic nickel from an anode in an aprotic solvent in

a diaphragmless electrolyzer containing the anode and cathode to produce Ni %
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 altemating current, to thereby
produce the complex.

In an alteniate embodiment, the invention provides a method for the

30 electrochemical production of a phosphite or diphosphite Ni(0) complex comprising:



20 to provide N (0) conplexes that are inproved over those in the art. In
one enbodi nent, the invention provides a nethod for the e trochﬁ | cal
production of a phosphite or diphosphite N (0) conplex coi%ﬁ?@F“6.8§£)

di ssolving netallic nickel froman anode in an aprotic solvent in _a

di aphr agnl eS¥OBVH3% o yzer containi ng the anode and cat hod@ @V Hdtice N
2+ 25 nickel ions, and (b) electroreduction o the nickel ions on the
cathode in the presence. of one or nore phosphorus ligands 'by direct or
alternating current, to thereby produce the conplex. In an alternate
enbodi nent, the invention provides a nethod for the 30 electrochem cal

production of a phosphite LDl I kL)) ; k§ven®in 2 13
January 2004 WO 01/ 13@'92 ﬂ%ﬁo}%#%ﬁ%ea &giag?g%lﬁgnﬁeﬁ?gﬁ?t%&kel from
an anode in an apdiepliragmletseientolyzer contalniag itheaperiesnd eathode paprpduce Niont ai ni ng
t he anode and cat.t\%ﬁieong%ngroduce Ni 2+ nickel ions, and (b) reducing the
ni ckel ions in s8FtICH N the presence of one or 5 nore phosphorus

| i gands by using a nmebpl tddating shervickel ebmscinr sobuiont invthe presence of OREPT  t her eby
produci ng oxi di zed ni.ckel nd (c l.ectr | d kot aid

oxi di zed® ni ckel ’Q?Ietmsﬁg’gisﬁh :"'é(,(q %’Fé?lg%tf} %%tglgﬂ'%% ?\%nﬁg%eel%%%g‘{eq ﬁ?t her

obj ect's, feat ur egickehnHerdsiMaodueipgoxifizet mickehwadt i on wi | | become apparent 10

fromthe detailed descriptjon that fol|ows. . Detail.ed.Rescripti
Preferred Embodi ment <9rhe eieﬁw Yh18 B'écs‘td\gs g, saig 8’9& &’é‘ﬁ(g%%ga@;rret hod
for produci ng phggpile! Berchymedidinyhe gdihplex.Ni (0) conpl exes in a

di aphragm ess el ectrolyzer, containing a cathode 15 a anode, by anode
di ssol ution of nBurher phiesis. dgagires, pndaivanyagssio dpyp@ﬂpnwﬂﬁxpcomeappar%t

10 from the detailed description that follows.

Detailed Description of Preferted Embodiments

The invention pertains to an electrochemical method for producing phosphite

and diphosphite Ni(0) complexes in a diaphragmless electrolyzer, containing a cathode

1S 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) corplex. 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.
“Low” means the overvoltage is close to the theoretical potential for hydrogen
25  discharge. Useful metals includes platinum, goid, 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:



subsequent el ectroreduction of the nickel ions on the cathode in the
presence of phosphorus |Iigands, using direct or alternat) rr The
anode conprises nickel as the source of the produced N (iéw%ﬁé ﬁﬂh

di scussed bel ow, an additional anode can be used, e.g., &@% Lew s
acid. A 20 WOMAPRJ second anode is a zinc anode. In the E g@%” t he
i nvention, the anode can be in any form including wire, rod, plate, or
foam Wre is often preferred because of its higher surface area. The
cathode preferably conprises a nmetal with | ow hydrogen overvoltage. "Low'
means the overvoltage is close to fhe theoretical potential for hydrogen
25 discharge. Useful @ePXPOIARNORI platinum gold, palladium ruthenium -
iridium cobalt, nolybdenum nickel and iron. Any desired phosphorus

| i gands can be used. Sui t abl e -phosphorous |igands include bidentate
phosphor ous-contai ni ng |igands such as bidentate phosphites, bidentate

phophi nites, bidentate phosph o}®t es and biden e phosphi nes, st 30
a/ Msphlte If&ln

preferred Ilga are ent d Bt at e
phosphite lig &gé)zare the vvl’hg stru \g@ﬁf for mul ae: January
2004 WO 01114392 PCT/ U8001225 R O 2P(QzO) P )2, o\ ~ o R10)2P
---QzO P/ ZzZ1, and Z \~ QzO P/ \Zl\O’ \Q \Q Intheseforrmlae is

phenyl, unsubstituted or substi.tuted wt IkyI or
Cl to Cr2 al koxy&‘bb’ﬁﬁFpg’ B]Fefé\ h‘fﬂyl RS Sg&ﬁ t(%tsgp goorosub (E]i't()lil? ﬁﬂé with one
or nore €l tq X3, alkkybr Of t@lgtaﬂ(o@%rcﬁﬂpk,mrylaghthylpansuﬂsmmdd Br sairsituted

i ndependent | selected fromth S|st|n of structural fornul ée t
I, |p|| and‘%ﬂ\pneormorecl torE a]iy or%rJ 0 C;zaﬂ(oxy grou

7 and Z' are independently selected from the groups consisting of structural
formulae I I 1M, and IV:

ﬂa

10 7 HS R5 4

I

wherein:
R? and R? are the same or different, and are selected from H, C; to C;2 alkyl,
‘ and C, to Cy2 alkoxy;
15 R® and R® are the same or different, and are selected from H, C, to C); alkyl,
and C; to Cy; alkoxy;
R* and R’ are the same or different, and are selected from H, C; to Cy2 alkyl,
and C; to C;2 alkoxy;

R’ and RS are the same or different, and are selected from H, C; to C;2 akkyl,

20 and C, to C;; alkoxy;



10 wherein: R2 and RO are the sane or different, and are selected fromH,
Cl to C12 alkyl, and Cl1 to Cl12 al koxy; 15 R3 and R8 are i arﬁ%@@&
different, and are selected fromH Cl to C12 al kyl, and al koxy;
R4 and R7 are the sane or different, and are selected fromH C to Cl12

al kyl, and ¥P®34¥3I2 3] koxy; R5 and R6 are the sane or di f PEFMUSNO22RAd are
selected fromH Cl to Cl2 alkyl, 20 and Cl1 to Cl2 al koxy; 4 13 January
2004 WO 01/14392 PCT/ USQQ 22527 Rio R* 15 R14R13 112 |l wherein: X is O,
S, CH(R18), or C(R8)(R9); 5 R and R7 are the sane or different, and are
selected fromH G to Cl12 alkyl, and Cl1 to C12 al koxy; R' and R16 are the
sane or different, and are selecteq fromH, (ClL to C12 alkyl, and Cl to Cl2
al koxy; R 2 and R15 are the game of different, ggw are selected fromH Cl
to Ce alkyl, 10 and Cl to Cl2™ A d Rl4 are the sane or
different; and are selected fro
and

wherein:

Xis 0, $, CHR'®), or CR™)R®);

5 R'® and R" are the same or different, and are selected from H, C; to Cy, alkyl,
and C; to Cjz alkoxy; .
R!! and R' are the same or different, and are selected from H, C; to Cy alkyl,
and C; to Ci2 alkoxy; '
R!? and R" are the same or different, and are selected from H, C; to C;, alkyl,

10 and C,; to C,; alkoxy; )

R and R" are the same or different, and are selected from H, C, to C;2 alkyl,
and C; to Cyp alkoxy; and A‘ '
R'® and R are independently H or C, to Cy2 alkyl;

15

wherein:
R% and R? are the same or different, and are selected from H, C; 10 Ci2 alkyl,
20 and C; to Cy; alkoxy; and CO;RZ,
R% is Cy to Cyz atkyl or Cg to Cyo aryl, unsubstituted or substituted with C; to
C, alkyl groups. The aryl groups are preferably phenyl or naphthyl.



R 8 and R19 are independently Hor Cl to C12 alkyl; 15 R19 / \ R2o

wher ei n:
Cl to Cl12
al kyl or

R24 and R21 are the sane or different, and are omH
al kyl, 20 and Cl to Cl2 al koxy; and CO2R22, ﬁe‘j %%tagfztid’ C12
C6 to GO aryl, unsubstituted or substituted mnth Cl to 4 alkyl

groups. The W@ WI4R2oups are preferably phenyl or naphthyl. Fcr@sedarsaary

2004 WO O
are the s
are H or

f or mul ae,
chai ns or
be used t
| i gands t
formul ae

iPr isis

10

15

1/ 14392 R22 R23 N CH3 wherein: Ais 0, S, CHR24); 5 R23 and R24
ame or different, and are selected fromH and CO2R25; R~ and R26
Cl to Cl2 alkyl; R2" is C. to Cl2 alkyl. In the above structural
the C1 to C12 alkyl, and C1 to Cl12 al koxy groups may be straight
branched, substituted A2 unsgubstit ut edg2#ny 10 substitueet can
hat does not undesirahlyin erfere Wit the process Exanpl es of

hat can be used in the pf 0 i nclude those having the
V to XXI'V, shown bel ow. i sopropyl) 15 VII (where
opropyl) :
wherein:
Ais O, S, CHR™);
R and R are the same or different, and are selected from H and CO,R%;

R and R® are H or C, to Cy alkyl:

R¥ is C; to Cyp alkyl.

In the above structural formulae, the C; to C;» alkyl, and C; to Co alkoxy
groups may be straight chains or branched, substituted or unsubstituted. Any
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

. CHg
O‘%*\
5 ©
HLO

having the formulae V to XXIV, shown below.

¥ (where iPr is isopropyl) Vi

(d% f(“b ) C}O‘p\ P,o@

_ CH, CH;
v v
{where iPr is isopropyl) (where R* is methyl or ethyl)



VI PCT/ USO0f 22527 CH3 CH3 CH3 VIII (where R34 is nethyl or ethyl) 6 13
January 2004 5 10 WO 01/14392 HIC CH3 CH3 | X (where R35 ﬁ%gy 04et hyl ,
or isopropyl) XI CH3 XIIl H O X x1i CH3 CH3 XV PCT/1JS0

January 2004 WO 01/ 14392 .
WO 01/14392 PCT/US00/22527

Lory o~ (EL (D)
LES 0 0 R
HaC O O CHy HacCH3
CH;,  CHy

X X
(where R* is methyl, ethyl, or isopropyl)

10




XV (where ilk is isopropyl) Xv!ll

10 PCT/ USQ0/ 22527 2M (where iPr is

| sopropyl) 13 January 2004 WO 01/ 14392 PCT/ US00/ 22527 XX

XX

O
xUOto Bt EJ 2 2 9 13 January 2004 WD 01/14392 PUWFQ%@%@XX Vv

Sui t abl e bidentate phosphites are of the type disclosed in U S. Patents

5,512, 695, WOPM¥Y6, 5,663,369, and 5,723, 641,

are

XVI (where iPr is isopropyl)

XV (where iPr is isopropyl)

o)
2 ( OFP\O g 2

HaCO,C COzCHs
C 7
DR,
5 XVH
OO
QL QL
P~o o F
Se
XVII

10

t he di scl o8GISMAS3Thi ch

5 .



i ncorporated herein by reference. Suitable bidentate phosphinites are of

the type disclosed in U S. Patents 5,523,453 and 5, 693, 2004

di scl osures of which are incorporated herein by reference. VBROUENT at e
phosphites & suitable ligands for the process of the i pvention
Exanpl es ofaéﬁﬂﬁggﬁ% nonodent ant e phosphite |igands are shoﬂ%&%?dﬁéy1
structures XXVI1 and XXVIMZ P-(0OR1)3 RIOP\ , 0 XXVil XXVIl1l wherein: R -
and Z are as previously defined above. 15 Specific exanpl es of nobnodentate
phosphite ligands suitable for this process includé the follow ng
representative exanples: 10 1 3 January 2004, WD 01/ 14392 P(OPh3)3 P(p-TTP) 3

P(o-TTP)3 XXXI X LX LXI CH30 OCH3™ TiB | tB CH3 LXI|
PCTI [ 3SQ0P22527 The present inveg -quas vant ages over prior nethods for

di rect

O

Nt
X
XX
Et o] F'*[O Et
— 4 2
O
X1
Et 18] P—-0 Et
! 2
0
XX
2
2

TRK

X

O

3

L
g4

2[ 01\0 o

'

J



R

el ectrosynt hesis of phosphite and di phosphite N (0) conpl exes, which can be |

used as catal ysts. These advantages include: 5 i. obtainj j ield,
for exanple, from50 to 100% phosphite and di phosphite N??%Avggbn%qoges,

depending o ture of the ligand and the nature of the lvent: ii.
t he abilityqyéaﬁg%ﬁin the cat hode reaction, conplex ions of‘ﬂ%@?@?ﬁuj

Ni (acac)2 in acetonitrile and di nmethyl formam de solutions (these are 10
weakly coordi nating solvents) and N 2+ ions coordinated with 3-
pentenenitrile in 3-pentenenitrile solution; iii. the ability to use
cathode materials with | ow hydrogen overvoltage, preferably a nickel

el ectrode; iv. the ability to in the co di ng stage, of

el ectrosynthesis of NN (0) 1 onl exes, i.g., [after use of a nickel anode,
of a dissolving zinc anode or odes fropfgresup L 11, IV, V, VL VIl and
VIIl metals- Useful netals are notilimtad by but include: Na, Li, M, Ca,
Ba, Sr, Ti, V, Fe, Cr, M), Co, A, G, In, Sn, Pb, and Th,

with Zn being preferred. This p d.nation of anode oxi dation of
the end 11 13 January 2004 WO O 00/ 22527 products and

si mul t aneous introduction of a Lew the catalytic system which
favorably affects the subsequent chemggpl conversions wth participation

of the catalysts. In contrast, in Européan Patent Application of

Rhone- Poul enc No. 0715890, the Lew s acids were 5 introduced to the cathode
chamber of the &uisghlepigensate irhgpphitee 2y OF itk typeTHisclpiedsinU. pt- okH&YS enj oys
maj or advang 5! 15,500 ,lies?,,m]g %Hh§7F3,E@I,, m&gﬁgﬁﬁ?ﬁg% N idg and

(iii) prevent él'éttrodéposition of metallic nicke

incorporated herein by reference. Suitable bidentate phosphinites are of the type
disclosed in U. S. Patents 5,523,453 and 5,693,843, the disclosures of which are

incorporated herein by reference.
Monodentate phosphites are also suitable ligands for the process of the
10 invention. Examples of suitable monodentante phosphite ligands are shown by

structures XXV and XXVIII:

/0\
P—(OR)y  RO-F 2

Xxvi XXV

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

include the following representative examples:

10



el ectrode surface. Al so, the devel oped nethod can use phosphorus ligands in
anounts that correspond to the equi nol ar anmount of dissohgﬁggqéggﬁé 10
The conpl exes thus produced are useful as catalysts, for eXa Y ; ?

ol efin hydr jon and al kene nitrite isomerization. Specifi anpl es
are the hyd?géggﬁ%ﬁion of butadi ene to produce 2-nethy|-39%ﬁtﬁ%ﬁ?$$7le and
3-pentenenitrile, the hydrocyanation of 3-pentenenitrile to adiponitrile,
and the isomerization of 2- nmethyl-3-butenenitrile to 3-pentenenitrile.
These conpl exes are also potentially useful- 15 as catal ysts and reagents
for other chemcal t formati qn, h as_¢o jng reactions. In Exanples
| through XXVII thalﬁéﬂﬁHS . el Pfﬁ@@ﬁthe§&§¥£#kbhosphite and di phosphite
Ni (0) conpl exes was nggxjkn a di aphprgn ess eliggtrol yzer equi pped with a

wat er jacket, reflux condenser, and two nickel el ectrodes. In Exanple

XXVI11, electrosynthesis of diphosphite Ni(0) conplex was run in a
di aphragnl ess el ectrol yzer 20 equi ppedCHg®Oh a single nOGH anode and. a
copper cathode. The solvents ed should Yave a suitdble dielectric, in

sol#bl & The sol vents

? ; of 3- pentenenitrile
(3-PN)), using Bu4NB 3 kground el ectrg . ArPagkground electrolyte
is a salt that adds condgctpvity, but dggg not cpagticipgie in the reaction.
Any 25 desired backgroundbélectrolyte can be uskd. For exanple, other
or gano- ammoni um el ectrol ytes may be used provided that they are soluble in
t he solvent chosen AN, DKF, 3-PN for preparative electrolysis and
vol t anper onetry wer e purifli ed according ttﬁ general ly adopted net hods. 3-PN
was purified by dist? a1 B8, under vacuum'TNMgA” Xa{ gon at nosphere. The
sol ution during el ectro sis was continuo hgi tated on 30 a magnetic
stirrer and scavenged w1 gh purity argon. electrolysis was run in
t he presence of acetyl acetljone (acac), the nolar fatio of Nit+:acac was 1:2,
the anount of electricithyporresponded to full @daversion of the dissolved
Ni 2+ ions in Ni(acac)2, 16“][3 January 2004 WO 015/“?]4392 PGTI USOQ 22527

which the ligands a
i ncl ude (acetonitri

The present invention has advantages over prior methods for direct
electrosynthesis of phosphite and diphosﬁhite Ni(0) complexes, Which can be used as
catalysts. These advantages include: -

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

ii. the ability to use in the cathode reaction, complex iomns 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, 11, Mg, Ca, Ba, S1, T, 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



wher eupon the |igand was added and an anmount of electricity equivalent to

t he added

| i gand passed -t hrough. The ingredients, e.g. s@ YER

g

and el ectrolyte, can be present in any proportion so |ong as %ﬂ% I 'nt ended

product i on Q’%‘ké’?‘%’g" (0) conplex is achieved. 5 A preferred 51?53104235

di ssol ved
preferred

ni ns to phosphite ligand was N t+: P(OR)3 =
rati o of dissolved nickel ions to di phosphite I|igand was

_)'o of
1: 20. A

Ni Z+:diphos = 1:1 to 1:8 Acceptable ranges are N 2: P(OR)3 = 1:2 to 1:40;
Ni t *=di phos = 2:1 to 1:20. The |igands can -be nonophosphite ligand with a

generic structure P(OAr)3 10 (see structure XXVII

); di phosphite |ligands of

generic structure (ApojeroRdrimskieouy ingedustipy 6f 4 Lewisaciddo the caglytict erj cal | y
hi nd d di ph hi t ' ' .
| nder ed di phosph e@)g&?fé%ﬁﬁn?fa\ym&{%ﬁlyfﬁg@mgﬁg%ﬁﬁsE%uetﬁ%Eﬁb%ﬁ{l &ofiverélons

nonst erical |l y hinder

I'gan exceptio

at the hydrocar byl

substiuents on the vwithopasticipationtdf cthe icagystyr elnl eangraste iro Egropean Pagdient t wo
h i d f L, mul t : ' ' ' .15 . d d
such 71 gandgs 7 fom Séﬁ‘@%aggﬁ%‘ﬂﬁon‘é%[lﬂh{‘fﬁjd. ﬁ?z(lgiébéig'r}ﬁé;tigw& 5%@%% oduce

conpl exes

can have g Str ures.

phosphite) 2,

(ii) N gnonodent at e jnwogpded t@the cathodoeimimbencf3hoelectrolyaer from ihe dvitsideul ky

bi dent at e

el ectro

| i gand

di phogphite)l. 20 wherein L= a neut.al nor.
such as an ol ef ?’ﬁ‘? Pr%f%’i'f ]E’?‘chfs SPIO%S DI AGVAPARR 1 cé)(ﬂpfl%?%?sf'@h gﬁ%%P%rcor di ng
of vol t anperAEERMBpoMRE (i ahd i (81 PrevenoRlec@odpbsitivref nldlic nickel on the

(F:) gﬁrg Inte;( g: t \%i\!@ggl@%%%g&rt- gé’éﬁﬁ%!’%g@?@%ﬁ@gg 5&‘{1 %ﬁb%ﬁﬁ@? gg‘gﬁ‘g gno 3 g‘intése car bon

25 el ect r oGy chiEsporld §lbf ARk Of GsioMeasicken a Bruker WP-80SY 32.4

Ni (0)

MHz spectrometer (inter nai standard 85%l£hosphori c acid) an?qr%ﬁﬁ ti mte

anal ysil®.
o-tritolyl
di phosphi t

15

20

25

30

Phos e cemplegan s peosiagedodre puse

| 8% PRIYSSh e eampley
Rl

on
hydrocyanation of butadiene to produce 2-methyl-3-buenenitrile and 3-pentenenitrile,

the hydrocyanation of 3-pentenenitrile to adiponitrile, and the isomerization of 2-
methyl-3-butenenitrile to 3-pentenenitrile. These compiexes are also potentially useful
as catalysts and reagents for other chemical transformation, such as coupling reactions.

In Examples I through XXVII that follow, electrosynthesis of phosphite and
diphosphite Ni(0) complexes was run in a diaphragmless electrolyzer equipped with a
water jacket, Teflux condenser, and two nickel electrodes. In Example XXVII,
electrosynthesis of diphosphite Ni(0) coinplex was run in a diaphragmless electrolyzer
equipped with a single nickel anode and a copper cathode. The solvents used shouid
have a suitable dielectric, in which the ligands and optional electrolyte are solubie.
The solvents include {acetonitrile (AN), dimethy]fonﬁamide (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
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 €lectrolysis and voltamperometry were purified according
to generally adopted methods. S-PN was purified by distillation under vacuum in an
argon atmosphere. The solution during electrosynthesis was continuously agitated on
a magneﬁé 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
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pyrocat echol, 2-2'-bis(phenol) and bi s(naphthol) were used as |igands_

Unl ess 30 otherw se indicated, the |igands were prepared h known
to those skiIIed in the art, such as described in U S. Paggﬁamﬁtgﬁﬁﬁﬁ

5, 688, 986, 663 369 5,512,696, and 5,512,695, or acquired from Al drich.

13 1 3 Janué‘f‘%/ % WO 01/ 14392 PCT1US00122527 Ni ckel and FERUSAMBE¥s and

ni ckel cat hodes mere preferred in the electrosynthesis processes.

Gal vanostatic electrolysis is one done by constant current. The invention
is illustrated by the follomdng non-limting exanples. 5 Exanple |

(vol e 50 HHETTRPE Piedhekd e il 4 o SRGiThCb FledHalt eALf s i Beantsd 5 o)
and a ni clg@jlmp@{sgga%oug-lthe formof wre (surface area 4 cn2). The

foll owing were charged, to the el ectrolalzer AN, 0.6 g (1.86 mmol)
Bu4NBr, and 2.0T§e (“ZST?d‘ﬁ‘fFﬁrl‘)gpSOlW@ﬂqﬂl e %FV%%PF@W@CW #HMysi s was

carri ed Uty @orfordl @Hstﬁém%déﬁ“pr%ﬂﬁ’cﬂ%ﬁ@fthem@) e isaefigled C ty vas

passed t hrough. The 2 {?@ 5% ﬁé) TTP was i ntroduced after
26 mAh &f el ect @ @Iﬁcf‘}mﬁ‘aﬂlo GAlG Hf stgpolved kel lfmﬁt‘érpf@%ieeligaé W

el ectrol ysiyge+ ﬁé g% iPl:gbe \A?I%fefﬂleh ik dlééﬂﬁe@Pchél‘%SnJ & cﬁ bfgge

met hanol was 1 % to the trate and it was tered ag
m nut es. THigand QVpSN It-!)il@hoq)?édl toi It & tAeccoptabioanpeschrevNi FLP@R}aanbﬁ Itahéﬂtdrl ed in

vacuum f or ﬁl.khloﬂ%g é |(p TIP)4 was isolated. Current yield (CY) -

15% Exanple | vonostatlc el ectrolysis was run in a gl ass
di aphr agm ess eﬂkeﬂrgahdszmn be wohoptospiiteniigandvivtith @ ghheriarmmieturanP(Qver)f or m of a

Cour acl arE% i TR0 A0feBny Do of BphSu e Rro b Fudbdnter . 20
nm_. AN, O. 6 (@e(siru&ﬁirermg 3 B0 MBirically hirtieged(diptdsphitel Hgands of the same generic
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.
15 The produced complexes can have generic structures:
(i) Ni(bidentate diphosphite)s,
(i) Ni(monodentate phosphite)y,,
wherein n=3 or 4, or
(iii) Ni(bulky bidentate diphosphite)Lg,
20 wherein 1= a neutral electron donor ligand such as an olefin,
andm=1or2.
Preparative electrolysis and recording of voltamperograms were carried out on
a PAR model 273 potentiostat/galvanostat. Anatysis of the phosphite and diphosphite
Ni(0) complexes was accomplished using cyclic voltamperometry on a glass-cai'bon
25 electrode. The ¥P-NMR spectra were obtained on a Bruker WP—SOSY 32.4 MHz
spectrometer (internal standard 85% phosphoric acid) and by ultimate analysis.
Phosphite ligands based on p-tritolyl phospite (p-'TTP), o-tritolyl 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
30 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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acetyl acetone (acac), and 2.0 g (5.7 mml) p-TTP. 25 The gal vanostatic

el ectrolysis was run at a current of 60 mA and 25C. 96 WJQ{ ?é‘otrlmty
was passed through. The 2.0 g (5.7 mmol) of p -TI? |ligand was oduced
after 20 mAh tricity had been passed through. The co Iex was

| sol ated as g‘e{sﬂé}rﬂlsgéd in Exanple | 0.48 g Ni(p-TTP)4 was is g2 r ent
yield (CY) - 24% 30 14 13 January 2004 WO 01/14392 PCT/ USQQ 22527 Exanpl e
~II'l Galvonostatic electrolysis was run in a glass diaphragnl ess

el ectrol yzer (voI ume 50 mL) with a Nl anode in the formof a wire (surface
area 5 cm) and a Nifkekemndcgingogaoden amb icken odthedesi were( spmsﬁzmia jar elee 4 cn) .

The follow n t

(1 86 nnnol ) “BeREnReR! fersiys: CpbaiBuE e BOUAER onk dofipy Kinept i

el ectrol ysis was Eh?mﬂ@m%uﬁlﬂasummefnﬂlowmgamnﬂﬁnmnge%ﬁples 136 mAh of
electricity was passed through. The 2.0 g (5.7 mmol) of p-TTP ligand was

I ntroduced after 60 mAh of electricity had been passed through. The conpl ex

was 10 isdlated as described in ExanpEsniplel 0.1 g Ni (p-TTP)4 was i sol at ed.
Current yield (C V _(Gal vanost c e IyS|s was run in
a gl ass di aphragm(\%lss ogﬁhcférig%zygfs i ?leoﬁnuﬁﬁ% ﬁtgpﬁmgpﬁ Recoohgee in
the form of &vqlnmesosm[u)fmﬂeaaﬁxemoﬂemﬁ)e fonfl off a ﬂir@KﬁHa@@hféQ%ecrh‘f) dnfig form
of wire (surf The ng wereg char to the
el ectrol yzer! a%gl %E'O%M—“ [C"g%émb {I gs“ﬁfgr?ﬂ gaBﬁ fg’u@“’{“g Wie Charged
acet yl acet oneo ecdeirolyadtd2®@ o). gN( 567 (msy m)TﬁaNBQ%Q 29 #(5.7 gRR por the
Nit}. whi 8h Llsrpgenerat ed el ect rochem cally. .
1 )
The galvanostatic electrolysis was carried out at a current of 60 mA and 25°C.
108 mAh of electricity was passed through. The 2.0 g (5.7 mmol) of p-TTP lLigand
was introduced after 26 mAh of electricity had been passed through. Afier 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 I
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 cmz) and a )
nicke] 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—TI‘P ligand was
introduced after 20 mAh of electricity had been passed through. The complex was

isolated as described in Example .~ 0.48 g Ni(p-TTP)4 was isolated. Current yield
(CY) - 24%.
30

14



20 The gal vanostatic electrolysis was run at a current of 60 mA and 25C.
156 mAh of electricity was passed through. The 2.0 g (5.173m5b@04p-TTP
ligand was introduced after 80 mAh of electricity had been passe

The conpl ex was .isolated as described in Exanple L 1.0 g N&%@Q{T% was

I sol at ed. Q]Y?%‘ﬁ‘t‘”ﬁi eld (CY) -equals 50% 25 Exanple V Gl Vi 0%

el ectrolysis was run in a glass diaphragn ess el ectrolyzer (volunme 50 nl)
with a NN anode in the formof a wire (surface area 5 cn2) and a nickel
cathode in the formof a wire (surface area 4 cn2). The followi ng were
charged 30 to the electrolyzer: 20 rHxafpRNI 0.6 g (1.86 mmol ) Bu4NBr, and

2.0 g (5.7 mol) . J . WO 01/14392 PCTI USQ0/ 22527 . The

gal vanostatic el eC%%vr]'ogP%csgl\)va%@ l?ls&szn?agas Tt raeﬁfas%f l%ﬂrgﬁﬂ?fﬁd&%}yzﬁl mAh
of el _ec'; ri g |(Nylum]§50pakbmhtaﬁ0m?ide luT Inl:a ﬂm_&itaj dh wird (surfiaod );Ie@fsda??]deﬁdl 4 gand
was intro . N el ectrici ep _passe ough-

Ni (p- TTP) 4 8 Bl i he i of & i HirTase ‘t@?ﬁ- Bﬁg%ﬂg@gﬂgﬂﬁgeeﬁqrg%ﬂt
-yield wes calinkledretyzaa et AMNe.6% (8d Riiph BAgNB a8 Q) 8 nirfol) pe

equati on of del s- Shevchi k, see Z. Galyus, Theoretical Fundanentals of
El ectrochem cal Anal ysis. Transl ation. Moscow. Mr. Publishers 1974, page

133. Exanple VI e GalviiaRQet slekifol diORhd QInYed dht WO cirté bf 60 MAUMRSS®
di aphragm ess el ectrolyzer (volune 50 nL) with a N

]
wire (surfacktdrah of elerpivity was passef treughe aFhgH@ gi (5.7 oD onf p-BTP digand e

surface ar egagddnediak [ OV e s. 20
gn_us- PN, 0.6 g (1 SGedn%-*r?gIs? m@&mse%g“ioa.ﬂg ?aﬁpﬁﬁ&ﬁq‘%ﬁ?“@aﬁ% gtﬁﬁa@e i A
(acac), Hhd isol@edjag desgribedoin)Exarpierl <16.1 h Ni(pdlTPAnwas sokiede| Gotenolyield s was
run at a cur(tqﬂt<5}/g' 60 mA and 25C. 104

Exampie IV :
Galvanostatic electrolysis was run in a glass diaphragmiess 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 cmz). 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 electrochemicaily. .
20 The galvanostatic electrolysis was run at a current of 60 mA and 25°C. 156
.rnAh 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 L 1.0 g Ni(p-TTP), was isolated. Current yield (CY)
equais 50%.
25

Example V
) 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 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 mmol) BusNBr, and 2.0 g (5.7 mmol) p-

TTP.

15

t'hr ough.

anode I n the Fbrmof a -



mAh of electricity was passed through.- The 2.0 g (5.7 mol) of p-TTP

| i gand was introduced after 28 mAh of electricity had be@.}%ﬁu Wrough.
Ni (p-TFP)4 was isolated, as described in Exanple 1. 0.75°Q %%ﬁ 4 was

I sol at ed. ield (CY) - 37.0%and 52. 8% (determ neg.
O;lk{eﬁgﬁz.ﬁ qﬁéﬂ%‘é sz-gghevchi Kk

I sol ation, based on the voltanperogram 20 according to the

equation). 15.8% of the conplex was |ost during isolation. Exanple VII

Gal vanostatic electrolysis was run in a glass di aphragnn ess el ectrol yzes
25 (volume 50 nL) with a Ni_ anode in the formof a wre (surface area 5
cn?2) and a ni ckdhe gavpmgatc glecwelysio mias sun at svcwmert o6 60 ack and 85°Q ¢bR). The

fol | ow Ve £h . | =P .86 |
BS4N(I:3'>¥M, ng. 12 g ??gfzeg’ﬁglr%}”)gs E’g%%‘fw‘g‘&%‘? o%?gé%fhgﬁ’é’ %69’59(1%?‘3"1%% ;mo )
o- TTP. The datreduaesbafiari3s rehb of eleblyisity hadhbeanupassad throngh. rNiGs-TOP),6Gsmbt and
25C. 117 3 i h h. The 2. 5.7 | f
oo T TP 11 gansh s “Cnfuf SIdd Gy 379 AR eV A Y HiEte sctidin P nc s bt

t hr ough. 5Ni (voltamfidedpgramasccamlingl o the ejaationr yf Refdels\Chédthik4d 382 2P 41ARO0/ 22527

I sol at ed. rent. yiel 26.-0% (det erm ned .on_t he volt er ogt.am

accor di ng ?E)lfh eﬁ%é%ﬁa%@q%@se@%o gfﬁcﬂ%iﬁyﬁaﬁﬁf‘ga‘!ﬂq Iﬁgg‘@ﬁ'l \gf[ﬁﬁost atic
el ect r ol ysi Pubkishersui®74)page §8Rss di aphragrnl ess el ectrolyzer (volunme 50 nl)
with a NN anode in the formof a wire (surface area 5 cn2) and a nickel
cathode in the formof a wire (surface area 4 cnR). The follow ng were
charged to the electrolyzes. 20 nm mEBahide VI 6 g (1.86 nmol) Bu4NBr, and 1.0
g (8.1 mmwl) (MO3P. 10 Galvangstatic el ectrolysis was run at a current
of 60 mA¥and 25CUAVaBOSRG elsptrelysit (Wasc runy ifveds aiss sdiaphragralesgh eleqtralyzer 0 g
(8.1 mmol) (MaEhdRBol MBRWsYAR: 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: 20 mL 3-PN, 0.6 g (1.86 mmol) BusNBr, 0.12 g (1.2 mmol)
acetylacetone (acac), and 2.0 g (5.7 mmol) 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 mAh of electricity had been passed through. Ni(p-TTP), was
isolated, as described in Example 1. 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

1solation.

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 cmz) and a
nicke] cathode in the form of a wire (surface area 4 sz)_ The following were charged
to the electrolyzer: 20 mL 3-PN, 0.6 g (1.86 mmol) BuNBr, 0.12 g (1.2 mmol)
acetylacetone (acac), and 2.0 g (5.7 mmo}) 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
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introduced after 17 mAh of electricity was passed through. The conpl ex was
isolated as described in Exanple 1. 0.3 g Ni[ (MO 3P} 4 V\faas i sol . The
current yield (CY) - 100% (CY was determ ned based on the ?é) ogr am
according to the Rendel s- 15 Shevchi k equation). Exanple IX

El ect rosynt R&5114438¢2 di phosphite N (0) conpl exes based on pY¥fFHUINERHS
derivatives (PD) 20 Galvanostatic electrolysis was run in a gl ass

di aphragm ess electrolyzer (volume 50 mL) with a Ni anode in the formof a
wire (surface area 5 cn) and a nickel cathode in the formof a wire
(surface ar easolpiggn)Curfene yield (C30i26) %édetermireed gadhe oltampeiveraet asordgywes. 20

m. 3-PN, O. Gﬂ;ﬂiéé}lﬂﬁgsﬁq&meﬁeﬂg&%tso 12 g (1.2 mml ) acetyl acetone (acac),

0.8 g (2.1 se age were obtained from Al drich Chem cal
Conmpany. 17 13 January 2004 WD 01/14392 PCr/ US00/ 22527 The gal vanostati c

el ectrolysis was run at a current ofEGO H@]ﬁd 25C. 89 mAh of electricity
was passed through. The 0.8 g (2.1 D ligand was introduced after

28 mAh of 5el ectri Ghlvynostdn&del&&ﬁﬂysmamdmﬁhfnolagblassTHﬁpﬁﬁm@é.( aetrolyz&o! at ed

as descri bed i was, 1solated. Current,yield (CY)

5100 006 o it S0P Wit 2 Siopehad vis %&Hﬁ%ﬁoﬁv%ﬁﬁuafé%maégcmaapﬁé

Rendel s- She\m‘dkbl‘caﬂﬁﬂaid @8 forlXGTARYige éém@ﬁ@laY@ﬂDéﬁ’@t The ﬁﬂnsﬁdg%&éb&rg‘ﬁs run
volune 50 nL) with a NI” anode in

in a glass diaphra ﬁ? ilectrol zer
the formof &° g:(fe fa 28 ik &P %ﬁ@)(leﬁédnalol)rﬁmr, andt 1O @8 nmme f or m
of awre (s M@@ﬁp. area 4 cnR). The follow ng were charged to the

el ectrolyzer: 20 nL 3-PN, 0.6 g (1.86 nmol) Bu4NBr, and 1.05 g (2.8 nmol)
10 Galvanostatic electrolysm was Tun at a current of 60 mA and 25°C. 120 mAh

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]; 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) cdmplexes based on pyrocatechol
derivatives (PD)

(S

20

Galvanostatic electrolysis was run in a glass diaphragmless electrolyzer

(volume 50 mi) 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

25 to the electrolyzer: 20 mL 3-PN, 0.6 g (1.86 mmol) BusNBr, 0.12 g (1.2 mmol)
acetylacetone (acac), 0.8 g (2.1 mmol) PD. These reagents were obtained from

Aldrich Chemical Company.

17
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PD. The gal vanostatic electrolysis was run at a current of 60 mA and 25C.

100 15 mAh of electricity was passed through. The 1.05 ¢ of PD
| i gand was introduced after 20 mAh of electricity had bee#%%@?gg&#%r ough.

The Ni (PD) 2 wgei48h; isolated. Current yield (CY) 100.0% qycf’)ﬁftmﬂ‘%‘?r m ned -
. 20

fromthe vol tanperogram according to the Rendel s- Shevchi k eguat ofn.
Examip e XI Cralvanostatic electrolysis was run in a glass diaphragm ess
el ectrolyzer (volune 50 nL) with a Ni anode in the formof a wire (surface

area 5 cnk) and qul\iézﬁkel cathode in the formof a wire (surface area 4
cm). The foll ow ?1'5“ YAIOHAlG EIRCTQlYSis Was Bincaid eHepe of 60 gnivandd5°@. $9 (1. 86
mol ) Bu4NBr mAh &2 ecloctfidi hssed ¢@Bugh. 2Tha®R & @A holcd) R, The
gal vanostatic el ec?rol ygizg%vrvgs run al'ltlgha curren% (g? 60 m&aggn%é ‘gdf mAh -

of el ectrici iBfrofdaced AieE ¢4 mAh of glsctriviphad bepngpassedgthrnygia| JThefcomplekiwasnd was

I ntroduced a JaRibe] i | €I . Q%,gﬁ t 1qlde~Ni (PD) 2
conpl ex vvasis?])%'ltiedﬁgol at ggjm%}r@a%{ néf ?ypgfwlg?/?ﬁiqvoa% o&lcméﬁgglgde m’ned
from t he 3301090P%ank&r vay davermirask fpmdhe yoltamperegiainl acStimgctoi the Ryudels-on. 18
1 3 January gg%% &%?M&ABQZ PCT/ 13S00122527 Exanpl e El ectrosynthesis of
di phospite nic eP ( conpl exes based on 2, 2'-bi phenol derivatives ..
Ligand A 5 Galvanostatic electrolysis was run in a glass di aphragnl ess
el ectrolyzes (volune 50 nL) with a N__an in the formof a wire (surface
area 5 cn2) and a M—Pf&?

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 4 cmz). The following were charged
to the electrolyzer: 20 mL 3-PN, 0.6 g (1.86 mmol) BusNBr, 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 afier 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 crnz) and a

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

to the electrolyzer: 20 mL AN, 0.6 g (1.86 mmol) BusNBr, 0.12 g (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. Cumrent yield (CY) 100.0%. CY was determined from the

30 voltamperogram according to the Rendels-Shevchik equation. |
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ni ckel cathode in the formof a wire (surface area 4 cnR). The foll ow ng
were charged 10 . to the electrolyzes: 40 nL 3-PN, 0.6 ¢ t)sl 866%4&4
Bu4NBr, and 1.3 g (2.12 nmol) Iligand A Ligand A was pre a‘llaé'a' 2 ogous to
the literature nethod (P. Pringle, et al., J. Chem Soc., Chem Conmun.
(1991), (12)VO8UH®R)  The gal vanostatic el ectrol ysis was r RETAISOA235eT r ent
of 60 mA and 25C. 102 nAh of electricity was passed through. The 1.3 g
(2.12 mol ) -of ligand A was 15 introduced after 20 mAh of electricity had
been passed through. The conplex N (A)2 was not isolated.: Current yield
(CY) was 36.3% CY was determ ned frExanigieXTivol t anper ogram according to the
Rendel s- Shevchi k atiopn. . Ex e X1 .2 | vanostatic el ectrol ysi s was
run in a glass di%%ﬁutfog ?gssoégfg’k}?%gﬁﬁgﬁé)(&fﬂ e8 dasad) o2 biphrpolanode
in the form ddrivativéesr e (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 ectrolyzes. 30 nL 3-PN, 0.6 g (1.86 ‘)\ Bu4NBr, -0.12 g (1.2 .mmol ) acac,
and 1.3 g (2.12 mmol) ligand A 25 The gal vanostatic el ectrolysis was run
at a current of 60 mA and 25C. 99 R, of electricity was passed through.
The 1.3 g (2.12 mmol ) ligand A was ‘

had been passed through. The complex ™ (®)2 19 _13 January 2004 WO 01/14392
PC r/USO(c) 22527 was isol ated as descs TP 0.3 g NN(A)2 was
isolated. Current yield (CY) 44.4. 5 2 to 31P-NVR, the isolated
product contai ned 75% di phosphi t C i ex and 25% of the initial

ligand A. 5 Exanple XIV Ligand B \ c electrolysis was run in a
gl ass'di aphragm ess el ectrol yzer '

Galvanostatic electrolysis was mun in a glass diaphragmiess 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 foliowing were charged
10 1o the electrolyzer: 40 mL 3-PN, 0.6 g (1.86 mmol) BusNBr, 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 galvanostatic 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 through. 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.

Exampie 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 cm?®). 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 nunbl) ligand A was
introduced after 20 mAh of electricity had been passed through. The complex Ni(A);
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10 (volume 50 nL) with a N anode in the formof a wire (surface area 5
cn2) and a nickel cathode in the formof a wire (surface 2.5 l%c The
following were charged to the electrolyzer. 20 nL AN, O. ggz ] 1)
Bu4NBr, 0.12 a 1.2 mol) acac, and 1.3 g (2.88 nmol) ligand B. Li gand B
was prepared Sf4H%ous to the method described in Batal ovd CHUSMRS2, 4
Russ. 1. Gen. Chem (1998), 68(10), 1570-1579. 15 The gal vanostatic.

el ectrolysis was run at.a current of 60 rnA and 25C. 112 nAh of

el ectricity was passed through. The 1.3 g (2.88 mml)of |igand B was

i ntroduced afagisol@d a\desofibed] ie Exmmpletly ¢ BariNijaRwandsied. tCureeng ReldDY)INI ( B) 2

was isolate esGri I, B le IL..0. 77 Ni (B)2 j sol.at ed.
Current vyiel g“?é%g i&@drgf}g Bo %@ﬁﬁﬂ?@%ﬂ%‘d&’? %}%@@52527

Di phosphi t e Ni(@aowsplex ad@5%1&Ahe inddul ligdfdBAi and 115C (ArO2PI0 Cr
P(QA02(AeOQ)2P.C P(QAr)2 (ArO2P.0 0' P(QAr)2 14~14; QAr = O -PoAr =\ / oAr
=\ / EtEt Mol ecular weight: Ml ecular weight: Ml ecular weight: _

730. 78814594786. 89 The sterically hiﬂxdﬁﬁﬁdﬂdﬂ phosphite |igands are prepared
by net hods known to those skilled in the art. For instance, the
preparation of ligand 115A is descri beigas

Galvanostatic electrolysis was run in a glass diaphragmiess electrolyzer

10 (volume 50 ml) with a Ni anode in the form of a wﬁe (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 mlL. 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 Bat.alova,'T. A, etal, 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 I 0.77 g Ni(B), was isolated. Current yield (CY)
59.0%.
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5 WO 9906358. Ligands 115B and 115C were prepared sim]l arI y from Cl P(O 2-

Et C6Hd) 2 and 3,371 4, 4, 6, 6-bis-2,2 -phenol or
In the case of sterically hi-nder e
A 115B and 115C,

- phenol ,

respectively.
| i gands 115

(115C) 2Ni

possibility of formation of 115AN (3-PN),,,

c VP

2 be pr epar

t he conpl exes (115A) 2Ni
ed. In

3,3,

exanpl es XV, XVl
10 115BNi (3-PN)x and 1

, (115B)2Ni, or
and XXFT/USO0RZe527

oas"f,l)i sf%hosphi te)

| 5CNi (3-PN) x conpl exes was denonstrated. Exanple XV Ligand 115A (ArO2P.0

O P(OAr)2 QAr =
di aphr agm esPipbbsphite tipyier

(volume 50 nL) with a N

15 Gal vanostatic electrolysis was run in a gl ass

anode in the formof a

W re (suyrface-preab—epy—and—a—=21-13 Japuyary 2004 WD 01/14392
PCT/ Ug&%mmmWWA wWire (qurf&@ﬂlﬂm
The follqg were charged tjo the electrolyzer. 2% nmL 3-PN, 0.6 a (1.86
mol ) Buz{ﬁéﬁgpmd 1. 86'%%@{).215(%I’)~0 115A ¢ PARal \XéﬁabP%i c el gePAYsi s
was run 60 ni d 23C. 92| 5 mAh of el ect |C|ty was passed
t hr ough. wag i nt hedos 3 30 pAh
of el ect 2 ex | 15AN (3 not
I sol at ed. Substnce yleld (SY) and cur yierd (CY) werey66. 09
(determined according'to the |vol tanperogram. 10 Examle Li gand 115B
(Ar O 2P+36-0—P(OA-2
S SR R QP
- Et Ef
Molecular weight: Molecular weight: Molecular weight:
730.78 814.94 786.89

10

15

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
WO 9906358. Ligands 115B and 115C were prepared similarly from CIP(O-2-
EtCety): 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 1154, 115B and 115C,
the complexes (115A)Ni, (115B)§Ni, or (115C):Ni could not be prepared. In

_éxamples XV, XVI and XVIIL, the possibility of formation of 115ANi(3-PN),,

115BNi(3-PN), and 115CNi(3-PN), complexes was demonstrated.

Example XV
Ligand 115A

(ArO),P 0 o P(OAr),

(O
OAr= o@

Galvanostatic electrolysis was run in a glass diaphragmless electrolyzer N

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

21



OAr= Et Galvanostatic electrolysis was run in a glass diaphragm ess

el ectrolyzer 15 (volune 50 nL) with a NN anode in the fo f | {,€
(surface area 5 cnR) and a nickel cathode in the form of Lmvﬁa%rug%(%saud#f ace
area 4 cn. | owi ng were charged to the electrolyzer, tB2s37 PN,
0.6 g (1.86%?5{4 BuaNBr, and 0.74 g (0.9 nmol) 115B. Thelcgla?'ftis\{/,anostatic
electrolysis was run at a current of 60 mA and 25C. 77 20 mA h of
electricity was passed through. The 0.74 g (0.9 nmol) of ligand 115B Y\as

i ntroduced af 8. mAh. of. electricjty. had beenspass t hrough.' Co ex
115BNi (3- P & cafoaB Tl o Forfy 3 Vi flfaiO &nd- ¢ SgPeE o ol o
(CY) were 46o @beldedalypsrnHmil. ZENO0GI (). 36Omiriot) BONBAE RN 20).15 28ncd? 13
January 200 1 01/ 14392 PCT/ USOOR2527 Exanple XVII Ligand. 115C (ArO 2KO
P(OAr)2 OAr="gf" 5 Galvanostatic electrolysis was run in -a glass

di aphr agn ess el gaé gﬂbéﬂﬁd’aﬁc eleRtrstyBs s Fha ath chirrdhe N 68RA SN SPEE goor m of a
wire (surface area 5 cn2) and a nickel cathode in the formof a wre

( sur f aceSar &\l ob glporicityhwas; pssed\hioyelve The 1 8h 2 Jed mwol) pé ligansict 154] waser h25
., E-PN, O;firgubds £ 50RlAN GUdBicicy e tler gasked bikx 112530 The
gal vanost at ilc eluectrofysi S was runmat_ a cur%gnt %&uéﬁ C&%ﬂg%)é %‘i’@?‘m%B mAh
of el ectri ciPN)x w8 nghiselated: hdwhsince Firld (SYPand car@er yiekbCY) vean 66.0%5C was

(determined according to the voltamperogram).

10 Example XVI
' - Ligand 115B

JC
e o

Et : ,
Galvanostatic electrolysis was run in a glass diaphragmless electrolyzer

P(OAr1),

15 (volume 50 mL) with a Ni anode in the form of a wire (surfacc area 5 cm®) and a
nickel cathode in the form of a wire {surface area 4 sz)_ 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 mAh 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); was not isolated. Substance yield (SY) and current yield (CY) were 46.8%
(determined according to the voltamperogram).

25
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i ntroduced after 28 mAh of electricity had been passed through. Conpl ex
115CNi (3- PN)x was not isolated. Substance yield (SY) and g rrent 25&?' d
(CY) were 77.9% (determ ned according to the vol tanperogi] H?'?ua{%

El ect rosynt 1 LNi (crotyl)CNzZnBr2 conpl exes based on N o) ol
derivati vesﬁbféz\%gllSB and 115C ligands. Exanple XVM 20 Licé“éur#g‘&r%? A

Gal vanostatic electrolysis was run. in a glass diapbragm ess el ectrolyzer
(volunme .50 nm.) with a Ni anode in the formof a wire (surface area 5 cn
and a nickel cathode in the. formof a wire (surface area 5 cnR). The
following were charged to the el edi%ampleX¥I 25 nl. 3-PN, 0.6 g (1.86 nmmol)
Bu4NBr, and 1.0 g (1.37 mmol) 25 I%ﬁalfﬁ-vanostatic el ectrolysis was run
at a current of 60 mA and 25C. 144 ~of electricity was passed through.
The 1.0 g (1.15 mmol) |igand 148M:Mgg intrgdl@B);23 13 January 2004 WO
01/ 14392 PCT/ US00/ 22527 after 30 mAhjof el §ctricity had been passed

t hrough. After 104 mAh of el ectrity d~he€n passed through, the N
anode was replaced with Zn and el ed ontinued. After dissolution
of the Zn anode (surface area 4 cn® of electricity 40 mAh),

el ectrolysis was stopped and the el ettrol yte anal yzed wi t hout isol ation of

115ANi (crotyl ) CNznBr2. The substance yield 65.8% Current yield 42. 7%
a @

(determ ned according to the vol tggpero Exanple XI X Ligand 115B 10
-G al vanostatic electrolysis was run in s di aphragm ess el ectrol yzer

Et

S Galvanostatic electrolysis was run in-a glass diaphragmiless 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: 25 mL E-PN, 0.6 g (1.86 mmol) BuNBr, 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 elccuicity was passed through: The 0.72 g (0.92 mmol) ligand 115C was
introduced z_tfter 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

P : Electrosynthesis of LNi(crotyl)CNZnBr, complexes based on 2,2’-biphenol
derivatives, 115A, 115B and 115C ligands.
Exampie XVIII
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 cmz) and a
nickel cathode in the form of a wire (surface area 5 cm?). 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 cumrent of 60 mA and 25°C. 144 mAh
of electricity was passed through. The 1.0 g (1.15 mmo}) ligand 115A was introduced
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(volume 50 n-LL) with a N anode in the formof a wre (surface area 5 cnR)
and a nickel cathode in the formof a wre (surface areal?s CWQ%VZ%e
following were charged to the electrolyzer. 25 niL 3-PN, _.éar&a 1° nmol )
Bu4NBr, and 0.45 (0.55 mmol ) 115B. 15 The gal vanostatic el ectrol ysis was
run at a cur\”g’r‘ﬂ"‘g?z 60 mA and 25C. 76.5 mAh of electricityPaHYSHPEIFEd

t hrough:- The 0.45 g (0.55 mml) 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. Afeed0 mirbodelsttrioity bid béee pZssed tivoesh( Afick A0LmARA efecaitRy ha@nount

20 of el ect ry.Gl f -0 tion of 0.5. Y nt M of ZnBr?2),

el ectrol ysi Sﬂém%?%s%qsg.g%g, g‘%ﬁ it%lgﬁ %rvggﬁpia}cg@ 8"&‘%‘? ?@eﬁ%"!ﬁ&ﬁmpg tion of
115BNi ( cr ot yAfrabisa@ntion of AweZss abslednutacy beh d it (aBdurf6f cfedtricandohehd 41. 5%
(det enuned .09 the .vol tanperogram . 25 Exanple XX ~Ligand 115C
Gal vanost at %g&g—pg'% r oFYy sTPREAS aphnﬁf% egg“érl"g?é"s ﬁ%ﬁaﬁ%%sl%@’@?rﬁyzer
(vol une 50 nilpANiGrord)CWZiBIodeTlensdbbRné Bl Wad 651898 (GuHchSRiR 095 CNR)
of a wre (surface area 5°cnR). The

and a nickel, cat.hode in. the for

f ol | owi ng mggﬁte@qﬁﬁﬂgagﬁorgﬁ‘gf%&ieﬁg%ﬁ??mzer. 25 mM- 3-PN, 0.6 g (1.86
nmol ) Bud4NBr, and 0.88 g (1.12 mmol) 115C. 24 13 January 2004 WO 01/ 14392
PCT/ USOQ 22527 The gal vanostatic electrolysis was run at a current of 60 mA
and 25C. 92.0 mAh of electricity mmgég t hrough. The 0.88 g (1.12
mml) ligand 115C was introduced affgnhq3idgmh of electricity had been.
passed through. After 61.0 mAh of electricity had been passed through, the
ni ckel dfode was Gabignesatis glectrolysinwagntin in a glass diaphragmiess  electrolyzer

(volume 50 mL) with a Ni anode in the forrn of a wire (surface area 5 cmz) 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) 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 mmotl) ligand 115B was
introduced after 30 mAh of electricity had been passed through. After 61.5 mAh of
eleciricity had been passed through, the Ni anode was replaced with Zn and
etectrolysis continued. After dissolution of the Zn anode (surface area 4 cmz) (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 cmz) and a
nickel cathode in the form of a wire (surface area 5 cmz). The following"'were charged

30 to the electrolyzer: 25 mL 3-PN, 0.6 g (1.86 mmol) BusNBr, and 0.88 g(l.12 mrhdl)
115C. S ‘
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5 electrol'ysis continued. After dissolution of the Zn anode (surface area 4

cn2) (anmpunt of electricity 31 mAh for formation of 0.5 Y of
ZnBr2), electrolysis was stopped and the electrolyte anaf’;/gléend%\kf?@o{/!t

i sol ation of (cr otyl ) CNZnBr2. The substance yield a [ yield
were 67. 8%(d&Eanm ned according to the voltanperogran. %gvrﬁ}ém;’ﬁ%’ )
El ectrosynt hesi s of di phosphite nickel (0) conpl exes based on

bi s(naphthol) derivatives R=4 Liguid DS Ligand C 15 As in the case of the

bi s(phosphite) ligands 115A, 115B and 115C, ligand D5 is sterically

hi ndered and t he Bmﬂal\@nom)ﬂmnou&am rime apz eyrame of 6@ mA hnd 25PCEXEMP| es

Corml exes’ gérfgcﬂ ‘?’q"aas %S Hiﬁ‘&%ggy é\%’%ﬁ@fﬁs@% [ Sos

PCT/ USOQY 225ﬁ1ﬁ'oﬂimdmfter MXinAhlof @hsediciy h@albmp@mtumgheqatﬁeebywmw run in
a glass diap e Iectroly er . (yolu 50 wth a N_. anode in the
formof a wi E‘é&%‘gh’ ﬁagc cef Ragsed h, %ﬂ IH‘I:E% aﬂ?‘gLéPs Eplaced avithnzing@nd or m of
aI wire l(smrfeiemoay’saa:oﬁumwﬂ) AftEhaiss‘oninloﬁ\b'fﬂﬁ Zﬁn@d&@aﬁﬂ&%m&m} ount

el ectrol yzer

Bu4NB d 0.5 0. 53 nmol
o5 e ot @ity 1AL, fof fdfuhdon, a6 00 Frtiselent W% gigﬁfzbfelesmléw Sl 2oC
60 mAh. of edtoppedi diditle WREUOIFESAAIYET MaEbut EhGES: Bf 915ENRSRTRNZNRE, | | 9and

D5 was
The substance yield and current yield were 67.8% (determined according to the

voltamperograrm).
)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 compiex (D5);Ni cannot be prepared for it. In Examples
XXI - XXV, the production of D5Ni (3PN), and D5Ni(crotyl}(CNZnBr;) complexes
is demonstrated.
20

25



10 introduced after 30 mAh of electricity had been passed through. The )5N

(3-PN),, conplex was not isolated. The substance yield a curre ield
were 48.5% (determ ned according to the voltanperogran. qgg @?&%g{)%AIXXI I

Li gand D5 atic electrolysis was run in a glass diaphragn ess
el ectrol yzﬁ%@lﬁ@éﬁe 50 mL) with a Ni anode in the form of g@“&?urface

area 5 cn2) and a nickel cathode in the formof a wre (surface area 5
cm'). The following were charged to the electrolyzes: 20 nL 3-PN, 0.6 g
(1.86 mml) Bu4NBr, and 0.5 g (0.53 mml) 20 D5. The gal vanostatic

el ectrolysis was run at a current ofExnplgXXhid 25C. 64 mAh of electricity
was passed through. The 0.5 g (0.53 (r}gg#dﬂ)égand D5 was introduced after
34 mAh of electricity had been passe rough. The D5Ni (3-PN)x conpl ex
was not isol ated. Gﬂh@@@bstmwtsemism 56 a6 YasOdiaphnignitdse | lectm@byzér2. 5%

25(determn Ita e r | e XXIII Li gand D5 .
Gal vanost at | %m S ﬁﬁ: @F‘g @%W&gﬁ%‘% 5 org) gip ol yzes
30 (vol ung Smckﬂ)caﬂmﬂélnﬁhe\formnﬁdevﬁd(sﬁﬂf&efaﬁam aﬁz)a'me fcﬁloﬁr&lgr»fléé eheaeg&ia S

Fol | o g welsOEmeRB 35l ARG, bR Skbks el Peiiro snt s m0632momh 1 o (e

el ectrol yzerD520 m. 3-PN, 0.6 g (1.86 mmol) Bu4NBr, and 0.5 g (0.53 mml )

D5. The gal vanostatic electrolysis was run at a current of 60 mA and 25C.
104 The galvanostatic electrolysis was run at a current of 60 mA and 25°C. 60

mAh of electricity was passed through. The 0.5 g (0.53 mmol) of ligand D5 was
10 introduced after 30 mAh of electricity had been passed through. The D5Ni (3-PN),
complex was not isolated. The substance yield and cument yield were 48.5%

{determined according to the voltamperogram).

Example XXTI
15 Ligand D5
Galvanostatic electrolysis was run in a glass diaphragmless electrolyzer
{volume 50 mlL) with a Ni anode in the form of a wire (surface area 5 cm"") and a
nickel cathode in the form of a wire (susrface 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 mmdl)
20 D5
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 XXTI
Ligand D5

Galvanostatic electrolysis was run in a glass diaphragmiess electrolyzer
30 (volume 50 ml) with a Ni anode in the form of a wire (surface area 5 sz) and a

nickel cathode in the form of a wire (surface area 5 cm?). The following were charged
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mAh. of electricity was passed through. The 0.5 g (0.53 ninol) of ligand D5
was 5 introduced after 34 mAb of electricity had been pas?s:gﬁi thro . The
D5Ni (3-PN), conplex was not isolated. The substance yie YB'9605 rrent
yield 42.5% term ned according to the vol tanperogran). e 1v 10
Li gand D5 GgYé/'g‘zlé‘gzatic el ectrolysis was run in a glass di A’Eﬁ%‘iﬁ’éﬁ

el ectrolyzer (volunme 50 mL) with a NI anode in the formof a wre
(surface area 5 enR) and a nickel cathode in the formof a wire (surface
area 5 cnR). The follow ng were charged to the electrolyzer: 20 nL 3-PN,
0.6 g (1.86 tnbe plegdivaer: 20amd HPK, 6.6(0(1586 mmel)) BuNBrpgd Oifig (§4Bvamast at i ¢
el ectrol ysi spwas run at a current of 60 mA and 25C. 112 mhAh of electricity

was passed through. The 0.5 g (0.53 nmol) of ligand D5 was introduced
after 30 mAh of -eThecgahappstgtichelectiobysis wassme dit & rouoremphof 68fthA&rand @5A@N 104

electricity S through. -t he_ni ckel de s. l.epl d wth Zn
and the 20 € ecté}ﬁ?qug%gt%co% P?ﬁsﬁeedé.g'r%gi'em Qg(ﬁ @%Mﬁ’%ﬁg&ﬂa}gﬁé”&é
(surface sr emtbdwmef aft¢radrbusth obdlecticiot lbddchdey pBstednffipughe | BRI DSNYSLENMAS
stopped and the .el ectrol yi al yzed without. jisolating the .

D5Ni (crot yl ) (SBRIEH f%o%l‘é@? ub)s[‘f‘srfé' SIgNGs e Sg-ég’:zo et Y 433% d

33. 6% ( det er @deteeilinad aottimgiotthe vdl@mpetdgaaper ogr an) . 25 Exanpl e XXV Li gand
D5 Gal vanostatic electrolysis was run in a glass diaphragnm ess el ectrol yzer
(volume 50 nL) with a Ni anode in the formof a wire (surface area 5 cm
and a nickel cathode in the formo@an#' xxy(surface area 5 cn). The
foll om ng were charged 30 to the electrolyzer: 20 nL 3-PN, 0.6 g (1.86
nol ) Bud&Br, and 1.0 g (1.06 mmol) dp

Galvanostatic electrolysis was run in a glass diaphragmless electrolyzer

(voluin{a 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, and 0.5 g (0.53 mmol)

15 D5 |
The galvanostatic electrolysis was mm 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 passed through, the nickel anode was replaced with Zn and the
20  electrolysis continued. After dissolution of the Zn andde (surface area 5 cm2) (amount
of electricity 82 mAh), electrolysis was stopped and the electrolyte analyzed without
. isolating'the D35Ni(eroty)CNZnBr, complcx.. Substance yield was 58.2%. Current

yield 33.6% (determined according to the voltamperogram).

25 Example XXV
Ligand D5
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: 20 mL 3-PN, 0.6 g (1.86 mmol) BusNBr, and 1.0 g (1.06 mmol)
Ds.
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i

1 3 January 2004 WO 01/14392 PCTI USOOR2527 The gal vanostatic el ectrolysis
was run at a current of 60 mA and 25C. 326 nmAh of el ectrigi‘jt%/ wag @fssed
through. The 1.0 g (1.06 mol) of ligand D5 was introducé apyary 8% mah of
el ectricity wedigen passed through- After 59 mAh of el ect 'i?l’:‘f'hfsb’odiﬁﬁ been
passed t hrough, the NI anode was replaced with Zn and the 5 electrolysis
continued. After dissolution of the Zn anode (surface area 5 cnR) (anount
of electricity 267 mAh), electrolysis was stopped and the electrol yte

anal yzed wi t hout Thesglvatéscric adeciblhbié ovastryr JCNZmBR of 60h&%nd S84St 3pge yi el d
was 76.1% Current leld 38.1 9% (determ ned according to the

vol tarrperogrrﬁ‘ﬁ{‘.‘)?ﬂ?cé?waéw Péléngl]hﬁe’é?aigv figsmaolcofhigend I yas s was
run in a gl aasodlicepafiergsd po%h 6 @edi@lyyaA beeh fRkARLRAML AR 56 @alNgs anode
in the formof a.wre ésurfac tg;ﬁ;a 5 cn®) and a nickel cathode in the
formof a wiSeULy,ad-beeq pass gh. HhseNk anedsypayraptaced vty Gedndshe o t he

el ect r ol yszeseleciBlydis cantbtiNed. OAfertidsdu@tn BTTRE ZnBMANR surfdee héeaS ) CdlBt) acac,

and 1.6 g (1.2 mvpl) C. The qal vanostatic electrolysis was ruh at a current
,fe

of 60 mA andPfzlfemicyy 267 M)y clequalysisi wasisipppedsanshibis slectrelyie sngliized Twighor 6 g

_ | - i 1 of el i ci d b
(2.9 ol ) Q§01£ﬁcﬂa&dnﬁm@:§tyl)bmzﬁxggw§§§ﬁﬂé[t Slbath N1 'l &?ﬁ;@;\.}%@%&a een

passed t hrough- 0.3 Ni C2 'was - ated. Substrance i

(det er nmi ned YAl 88 dfm@etepuinpbacgendingtp dheopltamperofamdt r osynt hesi s of phosphite -
Ni (0) .conmpl exes, using alternating current Frequency of alternating

current 50 Hz 25 Exanple XXVII Preparative electrolysis was run in a gl ass

di aphr ag® ess el ectrol yzer (vol une Exafiplei¥XWith a Ni anode in the formof a
wire (surface area 5 cn2) and a ni cksl. ﬁode in the formof a wire ?
(surface area 5 cnR). The foll ow ng WBF e C arged to the electrolyzer: 20

niL 3-PN, 0.6 g (GalGGosmizl pleBuold wal. 2 o (al ghassmidhphrasdess asetrolyer
(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 5 cmz). The following were charged
15 to the elecwrolyzer: 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 wés 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) compiexes, using alternating current

Frequency of alternating current 50 Hz

25 Example XXVII

Preparative electrolysis was run in a glass diaphragmiess electrolyzer (volume

50 fnL) 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 cmz). 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.
Eleclrolysié was run on a symmetric alternating current of 120 mA at 25°C.
234 mAh of electicity was passed through. 2.0 g (5.7 mmol) p-TTP ligand was
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30 g (5.7 mmol) p-M Electrolysis was run on a symetric alternating
current of 120 mA at 25C. 234 mAh of electricity was pasggga‘?roggq 2.0 g
(5.7 mol) p-TTP ligand was 28 13 January 2004 WO 01/ 1439 42527

I ntroduced a [ mAh of electricity had been passed throu h. The conpl ex
Ni (p- TTP)4 \’Xég‘”ﬁ%% | sol ated. Substance yield was 39% cur r P’é 8" was
14. 8% (determ ned according to the voltanperogram. 5 Exanple XXVI I
Preparative electrolysis was run in a glass diaphragrnless el ectrolyzer
(volume 200 nL) with a N anode in the formof a 0.64 cmdianeter rod and
a copper cat hsgeducgdaften 36 mphlnpHeleetrioity kad bees phased thapugh. r’ﬂfeecmmpmaxréi(pctrode

was used to equ;t as { QH f oW harg o the
el ectrol yzer: 3{) or aﬂrzr)g 1%61%%? ﬁ gg%eﬂrkgaﬁs%% I |(§%ﬁ 1“’%57?‘8?&

ZnCl2, 1.394 (g¢temnddlan€dr9nngtwﬂtdedlmmgwnxier The ZnClZ was used to

i ncrease t he conductivity of the solution. The zinc was used to reduce the

Ni +2 in solution to Ni(0) by the reaction: Ni[+2] (solution) + Zn[O0]
(suspended solid) + ligand + |igandExabpdOXXYVIIEN[ +2]. The ligand: N (0) is

the active catalyst. 15 The Zn[ + is then.re t hode, and

pl ates out as Zn( ?pamﬁﬁeg\f“f%orp J"‘bsem'f‘é‘bﬁﬂ?é%lg ﬁtﬁg‘%{&%‘g Og)ﬁ?

reduci ng met &i00whiiobitti £ Nimicde i HRALIMOPOS0.6H ¢@ d:é}ﬁéteﬂbﬁ&ﬂdlac&[ﬂﬁrbﬁﬂwa ng
nmetal is preferab fine ded | ectrolysis was run at DC vol t age
of 1.8 volts P ’ltoﬁg g@“&‘%’e%\ %yueqﬁgewﬁfe@ﬁ‘?dmgsufed%cwommapms The
sol ution tenpelager Thé/\/ﬁﬂloﬁﬁ%t Wwérle! @irabe tyVRaIRNeldlroly%er: 11904 3fpNlar k@ ange
col or was observed after coul onbs. A sanpl e taken after 560 coul onbs

of cutrent i ERERPEHEd 0b5! It ToBtettetRSha 139 & i€ finely dvired Fiop payderat Brey st -
Total currentzqeas e@suded 9 tagé@eak@ heS Anth ity YR hPIAuRY | BiPSine W46 w8 o1 €1 d
to active catalyst was 18%
reduce the Ni+2 in solutlon to Ni(0) by the reaction:
Nif+2] (sotution) + Zn[0] (suspended solid) + ligand = ligand: Ni(0) + Zn[+2].
The ligand: Ni(0) is the active catalyst.
I5 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 elecrode). The
current was 10 to 20 milliamps. The solution temperature was controlled between 40
20 o 43° 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

folowing claims.
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25 Al though the invention has been described above in detail for the
purpose of illustration, it is understood that the skill i y
make nunerous variations and alterations wthout departiEngé%#fﬁﬁggzpirit
and scope of the invention defined by the following clains. 30 29 13
January 2004VQ@/H39214392 PCF/ USOQ 22527 WHAT |'S CLATh ED | SPCTUSG8/228¢ hod
for the el ectrochem cal production of a phosphite or di phosphite N (0)
conpl ex conprising (a) dissolving netallic nickel froman anode in an
aprotic solvent in a diaphragm ess electrolyzer containing the anode and
cathode to produce Ni 2+ nickel ions, and (b) electroreduction of the

ni ckel ions &k @Qypggg ich the presence of one or nore phosphorus

| i gands by dfrec?%%r a ter#%fing current, to thereby produce the " conpl ex.
2. A method according to claim1, wherein the cathode conprises a netal

selected - fromg hg QERHP I 3ol - pl at i I al | adi.u .
ruthenium iridium cobgﬁ%ﬁéﬁcﬁcggécag%cnﬁ? pgédc%g{;% og%ﬁ'ols@ﬁl'e 9. &lB@f@?‘fﬁ)d
according to cl ai Mi(®) compexe¢omprismgpr oduced conpl ex contains a phosphite

i gand of the formnul re R i.s.-an al kyl. radical containing from
| to 10 carbon atoms@ (géls.g%r Fﬁg%rﬁ'gu%ltgk%lrﬁ%nhﬁpd 9% B\ AR ARFRRGC SPVEIB R A ni ng
from1 to 20 calitphmgmiesysslectolyacrdioptuisipfyithe ahodpamell WhR6®  proBudehrsPhi te

noieties are i piog%aﬁdsubsti tuted or unsubstituted pyrocatechol, bis
(phenol), or birs(Cnaphthol). 4. A nmethod according to claim1l, wherein the

mol e ratio between tbjeelaimokeucionns thexiickel uns Ph @xAGI0ME in the pRASck Bf bie

conpl ex produced is 1-4 jn the e of
np P or more %hospflorus ﬂgangsagy direct or alternating current, to thereby produce the

complex.

2. A method according to claim 1, wherein the cathode comprises a metal selected
from the group consisting of platinum, gold, paliadium, 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)3, where R is an alkyl radical containing
from 1 0 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(naphtho]).

4. A method according to claim i, 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 comprsing ome or more of acetonitrile,

dimethylformamide, and 3-pentenenitrile.
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phosphite ligands, 1:2 in the case of diphosphite ligands, or 1:1 in the
case of sterically hindered di phosphite ligands. 5. A neggod acc%hgéng to
claim1l1, wherein the dissolving and the el ectroreduction Jenvary;

sol.ution com&risin one or nore of acetonitrile, dinethylformmde, and

3- pent eneni tYPPK43%) 13 January 2004 WO 01/ 14392 PCT/ US00/ 2PGUYSI822527 et hod
according to claiml, wherein the dissolving and el ectroreduction occurs
in the presence of acetylacetone. 7. A nmethod according to claim6, wherein
t he nol ar anmount of acetylacetone equals the amobunt of Nit} ions dissolved
during a prelinf.ndr medbéatcondiygits clafin 1A wheteho theadisdvitigshd Sedoiiditton
wherein the anodeo a5 ‘yrrent nsih. of 1-20 mA/cnR2. 9. A nethod
according to clai mL- WierBrHithe a8 gﬁ@“‘has a current density of |- 15
mA cn2. 10. A nethod according to claim1, wherein the electroreduction is
conducted at a 7t2g&ﬁ@$éure $f -10C.to 40C. 11. A nethod according to claim
1, wherein the &l AEOFTB8 19 Staim 0. \iherein, theswelgn amanny<of | agpiilgceionsde i n
addition to that eqailsth@imeuriof KEY idhs Atbsbileddiihg(a®relimi group 11,
Vv, V, VI, VII, and VIIIl netals. 12. A netho&&gzcorﬁfﬁg %E%FQ?%gll,
wherein the second di ssol ving anode conprises zinc and the cat hode

comprises i cked.. Aldiethdd debafth Beihd] Werki fid Aok hesa MBIl 1A 1 © OF
u N I .

surface area of the Zn, anode to the Ni cathode I's abo met hod
according to cl ai 49 -wherein the anount of dissolved Zn2' ions fromthe
Zn anode i s approxi mtely equal to the amount of the fornmed N (O

B 9. 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, V1], 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)
compiex.

15. A method according to claim 1, wherein altemating cuneﬁt is used in the

electroreduction.
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conplex. 15. A nethod according to claim1l1, wherein alternating current is
used in the electroreduction. 31 13 January 2004 WO 61/ 1439&nuary 2004
PCT/ USOQ 22527 16. A nethod of ol efin hydrocyanati on or al kene nitrile

i soneri zat iyvihe rising using a. conplex produced accor dﬁ@ﬁu&tﬁfz‘igﬁi m 1l as
a catalyst, to hydrocyanate or isonerize an olefin or nitrile. 17. A

met hod for the el ectrochem cal production of a phosphite or diphosphite

Ni (O conplex conprising (a) dissolving netallic nickel froman anode in an
aprotic solvent in a diaphragm ess electrolyzer 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 |igands by using a
metal that is nore e|lectropositive than nickel, thereby producing oxidized
ni ckel , and (&p-@eethedehelshn nydracanaionsralkeng nitsledsomerization COMpISHE at t he

cathode, ther ebyugg8d ¢empex prRiue RicrlingXd claim 1 as a catalyst, to hydrocyanate

or isomerize an olefin or nitrile.

17. 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

(¢)  elecuoreducing and depositing said oxidized nickel at the
cathode, thereby producing the compiex.
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