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13 January 2004

WO 01/14392 PCT/US00/22527

METHOD FOR ELECTROCHEMICAL PRODUCTION OF N1(0) PHOSPHITE
AND DIPHOSPHITE COMPLEXES

This application claims priority from and incorporates by reference in its
entirety, Russian Application No. 99/118171, filed August 20, 1999.

BACKGROUND OF THE INVENTION

Field of the Invention

The invention pertains to a method for the electrochemical production of Ni(0) _
phosphite or diphosphite complexes in an electrolyzer, using direct or altemagng _

‘current. The invention also relates to phosphite and diphosphite complexes and their

use, for example, as catalysts.

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
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.

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
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
ions in solution is proportional to the total amount of charge passed through the
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Q

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:



El ectrochem cal nethods for production of such catalysts are especially
preferred, because the sources of netal ions can be acces%géeu an 0&ftsi |y
prepared and the electrode can be placed in an adiponitri ?Eﬂ\l‘?
synthesis reactors (in a second 30 stage). The el ectrode can be fully
inert and ac¥POHHM&% by suppl ying the necessary vol tage, ond&HUMV#s™ 5
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 2004 W01114392 PCr/US00122527 el ectrol yzer. Consequently, the
anount of catalyst can be easily controlled by the anmount of energy passed

t hrough the el ectrol )@er. dERGh Rﬁﬂemrq_ﬂ!el REAGMGRLA I 2h apRAs Ritdne it ONpl exes

of Co and Ni have bee I nvest | gat ed e process conprises two stages:
anode di ssol ut i ondiephragmless eMctelpzr cotaining s anode and ¢pdide FaeprodicedH "of M2+ in
the presence of e ce?;sssca%respondi ng phosphorus |igands. Published articles
on el ectrosynt he¥f s 6 ‘conpl exes are nostly devoted to investigating

el ectrochemi cal behavbpr, reiacieg phe sicke |iopr mpsolttioasinghel prasence of pBE Or of

nature of the tricoval ent osphoy us .|| e L ye- ity of
Ni(1i), SNi(1) aneeN EﬁquJén‘ A l%eé).' tping ggﬁ err%‘gf H]E“’ﬁ[? é‘%ﬁ%}%ﬁﬁi avon,
B. Corain, | nor gpickel,GhésBignproducthg(ckffzll nick8l/8nd The shortcom ngs of the
published results on direci{ and.indirect, electraosynt.nesis.af N (

conpl exes i ncl ude el d&t ro&{?ﬁ%@ﬂq% B'P&éje??%\%’?%/ sg@oﬁ’ﬂg‘zwgﬂ ia(k: tgr:%)%_ckel on
the surface of thgnddeldiadsy pro@aRig the tdigpldh- S00-f ol d excess of phosphorus
| igand, the |low yield of substance and the w.curr.ent g}/{]el d. Published 15

) I
results cannot b pbigals. Aeapues, ang yivantages of fieipvenyiam Will beche aRRsFS et hod -
for preparati £iaibd (dddcripRbPiher@Rowsdummar y of the Invention There is thus
a desi rggt_ o%%{rngc\fll?ge new rrcg?hods of making Ni (O conplexes and 20 to
provide N (0) conplexes that are inproved over those in the art. In one
enbodi nent, .he.h BLERbE PO EEmBodiBERed for the el ectrocheni cal

production of & p%ospn' Te or diphosphite Ni (cgl) conpl ex conpri sing;,
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:



(a) dissolving netallic nickel froman anode in an aprotic solvent in a

di aphr agnl ess el ectrol yzer containing the anode and cat ho r ce N
2+ 25 nickel ions, and (b) electroreduction o the nlckelﬂf€“®a§”2gﬁ
cathode in the presence. of one or nore phosphorus |igands irect or

al ternating Eﬁ”ﬁéﬁ?’ to thereby produce the conplex. In anpgﬁ%§&Wﬁ§g
enbodi nent, the invention provides a nethod for the 30 electrochenical
production of a phosphite or diphosphite N (0) conplex conprising: 2 13
January 2004 WO 01/14392 PCT/ USOQ 22527 (a) dissolving netallic nickel from
an anode in an aprotic solvent in ,a diaphragn ess electrolyzer containing
t he anode and cathodeat@bsﬂgéagﬂoﬂﬂ22+ ni ckel ions, and (b) reducing the
ni ckel ions in solution in the presence of one or 5 nore phosphorus

| i gands by using a netal that -is nore electropositive than nickel, thereby
produci ng oxi di zed ni ckel, and (c) el ectroreducing and depositing sai d

oxi di zed ni ckel at the cat hod thereby prod ng the conpl Furt her
obj ects, featu and van f t e i nt| idZo ppar ent 10
fromthe det al{ @zd 2820k ? rg,_m of

escot ption th | ed Descri I@gxf
Preferred Enbodi nents The invenwi on perta| ns t@ an el ectroche al net hod
for produci ng phosphi te ,and di phosphite N (0) conplexes in a '

di aphragm ess el zer nta ni d node
di ssol uti on of é\e "HP%% 1 Rh%pg'ﬂ?‘bbg&tgpego(f% I}S?m@fﬁﬁﬁl gggﬁﬁéﬁeﬁ
el ectr or gduetiwrc,phikyher 0f fckeiz alkoR$ gﬁmps he naphthglkl ensubstitiwed pr eglstiogedof

phosphorus |igands, using d t.or t|n urrent The anode 4y

conpri ses nive “eé%n’tqli"ecs Blfortchéo FF %0 conplex. As discussed

bel ow, an additi englg Zh%ein&e%@ndéﬁﬂjf@ﬁécte&fr&n thé @raupochisitag bewirsctaal d. A
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 akkyi,
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;



20 preferred second anode is a zinc anode. In the process of the invention,
the anode can be in any form including wwre, rod, plate ire is
often preferred because of its higher surface area. The cgl%g{’)rﬁjea?%?%?&e/\:abl y
conprises a netal with | ow hydrogen overvoltage. "Low' neans the
overvol tage WO ®RIE8E to the theoretical potential for hydr oB€HUSEE2527
di scharge. Useful netals includes platinum gold, palladium ruthenium
iridium cobalt, nolybdenum nickel and iron. Any desired phosphorus
| i gands can be used. Suitable phosphorous |igands include bidentate
phosphor ous-contai ni ng |igands such as bidentate phosphites, bidentate
phophi ni tes, bidentate phosphoriteg and bi dgentate phosphi nes. Mst 30 .
preferred |igands are bidentgt® phdsphige |ilgandgto Suitabl e bidentate
phosphite ligands are of the folNGBWMY S ctwral fornmulae: 3 13 January
2004 WD 01114392 PCT/ US00122527 | 2P(QLO PHIOR )2, o\ ~ o (R10)2P
---QZO P/ Z1 , and Z \~" OZO R4 ‘% r1n these fornmulae, R is
phenyl, unsubstituted or substitutdd;wmpi®ng,or nore 5 Cl to Cl2 al kyl or
Cl to Cr2 al koxy groups; or naphthW, unsub& Ttuted or substituted with one
or nore Cl to C12 alkyl or G to Cl2 alfgoxy groups. Z and Z' are
i ndependently selected fromthe groups consisting of structural fornulae t
11, 111, and¥hegini1o wherein: R2 and RO are the same or different, and are
sel ected fromH, ﬂ%d,@,@ﬂl?R‘a)',Bﬁ/éﬂﬁ‘s)@%; Cl to Cl12 al koxy; 15 R3 and R8 are
e

the same or different, and are selected fromH Cl to Cl2 al kyl,
5 R'® and R" are the same or different, and are selected from H, C; 1o Cy; alkyl,

and C; to C)2 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 ﬁw same or different, and are selected from H, C, to C;; alkyl,
and C;to Cy; 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.



and - Cd to Cl2 al koxy, R4 and R7 are the sane or different, and are selected _
fromH C to Cl12 alkyl, and Cl1 to Cl12 al koxy; R5 and R61§5q_e%pf% me or
different, and are selected fromH Cl to Cl12 al kyl, 20 and: t 12

al koxy; 4 13 January 2004 WD 01/14392 PCT/ USOQ 22527 Rio R' 15 R14R13 112
Il wherein: WXOVH33 S CH(R18), or C(R8)(R 9); 5 R and Rdrmuseenise sane
or different, and are selected fromH G to Cl2 alkyl, and Cl to Cl12

al koxy; R' and R16 are the sanme or different, and are selected fromH, CL
to C12 alkyl, and Cl to Cl12 al koxy; R 2 and R15 are the sane or different,
and are selected fromH, Cl to Ge alkyl, 10 and Cl to Cl12 al koxy; R13 and
R14 are the sane or different, ## are¢ selgcted RROMH, Cl to C12 al kyl,
and Cl1 to Cl2 al koxy; and R 8 and R19 are i Rdepgndently Hor Cl to Cl2
alkyl; 15 R 19 / \ R2o wherei.n: g the sane or different, and
are selected fromH Cl to Cl2 a to Cl2 al koxy; and CO2R22,

v
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 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
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
. CHg CHZ
N\ /
2 O [v]
HLO

CH, CHy

having the formulae V to XXIV, shown below.

¥ (where iPr is isopropyl) Vi

(d% f(“b ) C}O‘p\ ,P,o@

© HoC o 0 CHy
HaCCH3

_ : CH, CHs

15 vi v

{where iPr is isopropyl) (where R* is methyl or ethyl)



R2'"" is Cl to C12 alkyl or C6 to GO aryl, unsubstituted or substituted
with ClL to 4 alkyl groups. The aryl groups are preferab r
napht hyl. 5 13 January 2004 WD 01/14392 R22 R23 N CH3 vvhe4é/'km{']%ﬂyéo(ﬂ 0, S,
CH(R24); 5 R23 and R24 are the sanme or different, and are-selected fromH
and Co2R25; WRWURAY Ro6 are Hor O to Cl2 alkyl: R is CFP{UR8Y252] Ky |
In the above structural fornulae, the Cl1 to Cl12 aI kyl, and C1 to Cl12 al koxy
groups may be straight chains or branched, substituted or unsubstituted.
Any 10 substitueet can be used that does not undesirably interfere wth
the process Exanples of ligands that can be used in the present process
include those having the fornulae V to XXI'V, shown below. V (where iPr is
i sopropyl) 15 VII (where iPr is opropyl) PCT/ USOOf225 CH3 CH3 CH3

VIl (where 4 is nethyl or eth
0—P., P“O
i 2
HC ‘ O °”3 o O oty
CH, CH;
E X
(where R* is methyl, ethyl, or isopropyl)
5
10




13 January 2004 5 10 WO 01/14392 HI1IC CH3 CH3 I X (where R35 is nethyl,
ethyl, or isopropyl) XI CH3 XIIl H O X x1i CH3 CH3 - XIV PCJ/ %8&15277
13 January 2004 WO 01/14392 XV (where ilk is isopropyl) Xﬁf%ﬂ%&?

PCT/ US00/ 22527 2M (where i Pr is isopropyl) 13 January 2004 WO 01/14392
PCT/ US00/ 229270155392 PCT/US00/22527

XV (where iPr is isopropyl) XVI (where iPr is isopropyl)
S s e
o)
2 ( OFP\O g 2
H4CO,C CO,CH;

(4
DAY,

XVa

5 AVU

0
4
"--..,___0

10



5XXI1 10 P OXXIIl xUO to Bt E) 2 2 9 13 January 2004 WO 01/14392

PCT/ USO0r 22527 XX V Suitabl e bi dentate phosphites are of s “é i scl osed
in U S Patents 5 5,512,695, 5,512,696, 5,663,369, and {551 ,@%@the

di scl osures i are incorporated herein by reference. |

bi dent at e ph@éﬁ%‘lﬁ?{]es are of the type disclosed in U S. %‘t’éﬂ'ﬁéﬁn
5,523,453 and 5, 693,843, the disclosures of which are incorporated herein -
by reference. Mnodentate phosphites are also suitable |ligands for the
process of the 10 invention. Exanples of suitable nonodentante phosphite

| i gands are shown by structures XXVII and IMZ P-(OR1)3 RIOP\ , O
!
' _ O O/P\

2

Et

4

Et 18] P
!

5
g

|
[, AL

'

J

™~
R
XX
XX1
XX
XXl



XXVil XXVII1 wherein: R and Z are as previously defined above.

Speci fic exanpl es of nonodentate phosphite |igands suitab
process include the follow ng representative exanpl es: #ig@faﬁi%?)%ry 2004

WD 01/ 14392 3 P(p-TTP)3 P(o-TTP)3 XXXI X LX LXI
LXIT tB uﬂ‘ﬁé%?{)'?gzpm [ 3S00P22527 The' present invention h?%%% F2hes
over prior nethods for direct electrosynthesis of phosphite and

di phosphite Ni (0) conpl exes, which can be used as catalysts. These
advantages include: 5 i. obtaining higher yield, for exanple, from50 to
100% phosphite and di phosphitg N (0) conpl exes, depending on the nature of

the ligand and the nature of sol vent; i#~Jthe ability to use in the
cat hode reaction, conpl ex ionSj of Lnlckel (adac)2 in acetonitrile and
di et hyl f or mam de sol utions (these™are 10/ | y coordinating sol vents)
and Ni 2+ ions coordinated with 3- pg tr|Ie|n3pentenen|tr|Ie

solution; iii. the ability to use

Phterials with | ow hydr ogen
overvol t age,

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

' iﬁ?:orpoiated 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 atre
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 XX VI and XXVIIL:

/0\
P—(OR{)s R{O— P\O/Z

XXvil 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



preferably a nickel electrode; iv. the ability to use in the concl uding

stage, of electrosynthesis of Ni(0) 15 conplexes, i.e.,
ni ckel anode, of a dissolving zinc anode or anodes from grogéu%yﬁpailv V,

VL VII and | s- Useful netals are not Ilnlted by

Li, M, \%bh”g%a Ti, V, Fe, Cr, M, Co, Cu, Zn, %@b&ﬁ}ﬁﬁén Pb,
and Th,- vmth Zn being preferred. This pen-ni'ts el i m natl on of anode

oxi dation of the end 11 13 January 2004 WO 01/ 14392 PCr/ US00/ 22527 products
and sinultaneous introduction of a Lewis acid to the catalytic system

whi ch favorably aff t he sub chem c conversions wth
participation of thggégj?ttbp%/sts. ﬁﬂ%ﬁﬁrasﬂc"ﬁ European Pat ent

Application of Rhones@oykenc No. Oy%5890, thq_)hevvl S acids were 5 introduced
to the cathode chanber of the electrolyzer fromthe outside. The present
process enjoys mgj or advantages in conparison with the prior nethods:

points (ii) and (iii) prevent el ectrodeHgli ti on of net@gQHL nickel on. the
el ectrode surface, devel oped net¥od e/phosphor us Ilgands in
sol ved nickel. 10

amounts that corregs :
_ or exanple, for

The conpl exes thus
ol efin hydrocyanati 6§ kehe nitrite 0 Qn. Speci fic exanpl es
are the hydrocyanation of dyutadi ene to ggoduce 20met h\{gy3- buenenitril e and
3-pentenenitrile, the hydfocyanati on of 3-pent§yenitrile to adiponitrile,
and the isonerization of 4- nethyl-3-butenenitrije to 3-pentenenitrile.
These. conpl exes are also fotentially useful 15 & catal ysts and reagents
for other cheni cal tté nsfgrmati on, such aé ouplj ng reactions. In Exanples
I through XXVII that Wy €l ectrosynth ? of Sphosphite and di phosphite
Ni (0) conpl exes was run @ di aphragm ess el @ yzer equi pped with a

wat er jacket, reflux conmdegsSer, and two ni ckel~ek#Ctrodes. |In Exanple

XXVI T,

CH3 CH,
X1l LXi
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



el ectrosynt hesis of di phosphite Ni(0) conplex was run in a diaphragm ess
el ectrolyzer 20 equi pped-with a single nickel anode and ﬁﬁﬂﬂﬁ b
The sol vents used should have a suitable dielectric,: he

and optiona ol yte are soluble. The solvents i ncI ud

(AN), dinet +lzl§é?ém de (DVF), or 3- pentenenitrile (3-PN) %&8@%
as background el ectrol yte. A background electrolyte is a salt that
conductivity, but does not participate in the reaction. Any 25 desi

backgr ound

el ectrolyte can be used. For exanple, other organo-anmon

hode.

|gan
riI

ds
e

u4NBr

adds
r ed
ium

el ectrolytes may be used provided that they are soluble in the sol vent
DVF, 3- Ppioflugts andegimnlianicous infreduation pE# bewis aciddp therqatalviicet r y wer e

purified accordi ng ﬁg.g% 3 Bdddil
distillation under v%gh&%%ﬁ&aﬁﬁoaggon a %ég er » t e SO utlon1 ur
el ectrosynt hesi s M/aswnbrpammmshwfagctcatabtstsonh?@rﬂaﬁagn@w PakRr and

chosen AN,

scavenged wi th high urLt [arogqgongg%nleg‘% 8¢4. r@l'l!f@()?)ftﬁ‘%ite&'ﬁnaélﬁk welle -

|ng

presence of acetyl ac a ac rat acac was 1:2, the
anount sof electrici hmodmafedmmmdmddédxainbletofabmlmlmfodmtﬂee)uchxdﬁsol ved

Ni 2+ ions in Ni(acac 12 13 Januar 4 WO 01/ 143%{% PGI 22527

wher eupon t he Il(TS Pratfae FUMR i 'FES N C ?O&R}H WPV ent to

the added higeRd mﬁ@e@i) tahﬂqugrpreaaﬂe eld&g‘bdﬁiybsiﬁbxs of enayanusmiokelnbn thé qui d,

and electrolyte an be present
productloneéﬂ)”/‘:tf? “ﬁﬁ%)A@%r{%@l’e“’B ’E‘ﬁﬁhég 1 usg PROSPIORIS

di ssol ved rih&‘%%ﬁes?@ﬁ@tottﬂe&fmaﬁfﬁrﬁodmﬁﬁ&gsdlﬁﬁmdﬁbt+ P(OR3 = 1:4 to 1:20. A,
preferred ratio o :

di ssol ved nickel ions to diphosphite . Iigand

Ni Z+: dilhos = 1:Thecemplesesnbias produped #r8 wgefyl ay eatplysss, pprcpapmple, forole

Ni t *=di phos,
generic str

hi nder ed di
nonst eri cal

15

20

25

30

1 40;

ortion,so as the |ntended
h‘fg@@sl’ﬂﬁ"ﬁ? St 0 of

cho%yé.agalm azkEH@ hitrf8NASmER bR, nvspaahesemn; | iagiange Wi th a

3 10 (see structure ; hosphlte | i gands of

generic st rhmlma:w@a@m of braiar @mrgduce @%@hﬁt$b¥ﬂﬂﬁfi@‘ﬂ%ﬁ" Froentenegitrile; or j cal |y
| c N
O IR aldP B dhelenbis RIRABERRIE Cond i S rndon 80 2.

methyl-3-butenenitrile to 3-pentenenitrile. These complexes are also potenually 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 eiecmcxty corresponded to full conversion of the dissolved Ni** ions in Niacac),,
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substiuents on the various aromatic rings are |arge enough to prevent two
such ligands from sinultaneously coordinating to nickel. ‘I;Eﬂ ?(ﬁd){iuced
conpl exes can have generic structures: (i) N (bidentate p?l &1

(i) Ni (rmnodentate phosphite). wherein n=3 or 4, or (i ||) Ni (bul k

bi dentate dMSh84#2te)l . m 20 wherein L= a neutral el ect r oRCERISHMZ2ITgand
such as.an olefin, and nm= 1 or 2. Preparative electrolysis and recording
of vol tanperograns were carried out on a PAR nodel 273

potentiostat/gal vanostat. Analysis of the phosphite and di phosphi te N (0)

conpl exes was acconpl.j sh d us clic vol eronetr on a I - car bon
25 o ect 1 odhereyRen Hie i 25 & BNt REHOIY Sk 280, 324
spect q%m@gse@ g]mal standard 85% phosphorl c acid) and by ultinate

anal ysi s. hosphite |igands ‘based on p tr| t ol hosp| te (p-TTP),
o-tritolyl phosEﬁFt‘@gT eSS 8otk i 1 ch ynd (ks éﬁ‘ﬂf & &2 PEAFSENt sl | a -

di phosphi t e ldopends 1@@3@%@&%&& ﬁ@@ﬁ&ﬁh@t the 843(2» t&h@é}@ﬁ%@ﬁ&'e')edand

bi s(napht hol )’ were used | i gands_ _Unl ess 30 otherw se indicated, the
| i gands Swere pr ép@?f‘é@'fquﬂmﬁé@% of riliseAlved migkek tonsiip| phesphite Kgeadawes such as

descri bed i\ Pat ’
5,512, 695, N’%@Eu. relgﬂrom A ﬁ?‘egﬁgt’l‘%s‘ﬁ%gﬁ%?wké’ ﬁﬂ%ﬁ@ifﬁmsgz
PCT1US00122izand was N&T:diphes 2 il Hctodn® deeseptale rAngsedre blat REORE =2 ¢o pBf erred in

the electr bgsyﬁ%gs_%%lgpggsses Gal vanostatic electrolysis is one done by
constant curre e 1nvention is illustrated by the follow ng

non-limting exﬁﬂnpllgandsScaﬁxbﬁrmioaopho@iahmdlgasd atithca gbmericrsodugmres P@@AD)y un in a
0 225 2P, 57 SOSGHE BN S, PR TE e ik o BB "
- (see structure on pg 3), or sterically hindered diphosphite ligands 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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ni ckel cathode in the formof wre (surface area 4 cnR). The follow ng were .

charged to the electrolyzer. 20 nL AN, 0.6 g (1.86 nmol) ZANE] d 2.0g¢g
(5.7 mml) p- 10 TIP. The gal vanostatic el ectrolysis was %%‘?iarleg"%@ at a

current of 6 25C. 108 mAh of electricity was passe rough. The
el B N

2.0 g (5.7 mmo p-TTP ligand was introduced after 26

electricity had been passed through. After conpletion of electrolysis, the
~electrolyte was filtered, and a three-fold vol une of nethanol was 15 added
tothe filtrate and it was filtered again after 30 mnutes. The N (p-TTP)4
precipitate was whidkel agdt mingewnedes| anthdnickel edathodes awerempreferréd hiaunlee 0.3 g

Ni (p- TIP)4 j : r ' = 15% le |1 20
Gal vonost at i %?%%ﬁg%i%%&m%é %ﬁﬂ {?S%Hg e‘&%gslgﬂa ?saoﬁ' ¢ aﬁﬁg@@%@ﬂgﬁyzer
(vol ume 50 ni) wi e @vegtionavidlustiated tyethé follewirfg monviimieing sxuriples area 5 cnp)
and .a nickel cathode in the formof a wire (surface area 4 cn)_ The -
followng were charged to the electrolyzer. 20 nL AN, 0.6. g (1.86 muol)
Bu4NBr, 0212 g (1.2 mml) acetyl acetBrmmpl@tac), and 2.0 g (5.7 mol) .
current of 60 mA and

p- TTP. 25 The gal d.C trolysis was run at, a

25C. 96 mph of elec ﬁs%hf yel\%é/a“gﬁ’ﬁgsé‘ég PR ¥ugh &tasgs, diaphpmggniess eleqiobizer of p

-TI? ligand Wedumé (6 migdueield ad¥it amod26n thdhfonh oflaewirs (ifave Bad Has% Rassed

t hrough. The ¢ lLex .was, i.sol ated as describhed,in _Exanple |1 0.48 ¢

Ni (p-TTP) 4 wams&%%ﬁ‘é’f%éﬂ ﬂ’&ﬁ?‘?‘éﬂﬁ wiie gﬁ“&‘g“(%% ey oFheigliowingwere ehasgsd 2004

WO 01/ 14392 REHHORE2E270 BAAAN, 0.6/ ¢ (1.6 MIPBLNECaf] 20td @Y finfor)'gsS ' un

in a.gl aﬁg di.aphragnl ess el ectrol yzer (volume 50 nmL) withh & NI anode in
f

the form fre (surface area 5 cm) and a nickel cathode in the form of

a wire (surface athdgdlvblaticldctfolyslsHisReril ohe SMALSRH: of 60 mA and 25°C.
108 mAh of electricity was passed through. The 2.0 g (5.7 mmol) of p-TTP ligand
was introduced after 26 mAh of elcctricity 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)s
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
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5to the electrolyzes: 20 nL DM/, 0.6 g (1.86.nnnol) Bu4NBr, and 2.0 g (5.7

nmml) p TTP. The gal vanostatic electrolysis was carried o rent of
60 mA and 25C. 136 mAh of electricity was passed throughgﬂ%éa%%j% (5.7
mmol ) of p-TTIP ligand was introduced after 60 mAh of electricity had been
passed thr offAYHHE conpl ex was 10 isol ated as described i & H%T"ér’L < 0.1
g Ni(p-TTP)4 was isolated. Current yield (CY) < 5% Exanple IV

Gal vanostatic electrolysis was run in a glass di aphragm ess el ectrol yzer

15 (volume 50 nL) with a NN anode in the formof a wire (surface area 5
cn?) and a nickel cathode in the fdxampleMi re (surface area 4 cn?). The

follow ng were ¢ 0 Lectrolyzer: 20 ml,.| . 6 1.86 mmmol)
Bu4NBr, 0.3 g (3%@“‘*& 8’%*?%‘1@% g’}r?‘é {"é‘c gy g%ﬁ% %ﬁ%&s 7‘(31?{%(%’:1552% TTP.
ACAC is a | i(galeohef50rmihwithiat B anide din thes fopmnseraatize (airfacé b feamtadndya 20 The
gal vanost at i Lysi s was. run at currents of 60 mMA_and 25C. 156 mAh
of electri ci‘kg@“%&gasﬁ‘{ﬁgg g’ﬁ?ﬁ% folre %”fggcf 36‘3‘19‘?‘('% .)‘7tlhﬁg?nf’w8?g B RS G and was
i ntroduced abttigrel@@rolydér: 26 mkl BRIF, 0.6ig §1.86asmbl Bu NBs 3ad 2t 5/ mdiig- conpl ex
was isolated.as described in Exanple L 1.0 g Ni(p TTP)4 was i sol at ed.

Current yield (CY) equals 50% 25 Exanple V Galvanostatic electrolysis was -

run in a glass diTapRaRGRIsRES elebRysisOW7 @ried(0tP b4 Burkfr B30 M&gazﬂ: anode
in the formof a wire (surface area 5 cn2) and a nickel cathode in the

form of a w36 mahof gleatrigity was passed thraygh. e Bhig§- Avamel) i - §ER igand o t he
el ectrol yzery A . 1) p
15 13 Ja%uarffxas%g%‘zﬂﬂ\‘f\%r %l]\_é/r ?@1392 ik %%b%%geze%#gagﬂa“ﬁ%‘hﬁg‘?% 8 dad T

el ectrol IBsi sisefated ay dessribed inExample bi< 80 gNi(aIdP25@as ibolated. Current yield

(CY) < 5%.

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



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

| i gand was introduced after 35 rnAh of electricity had bggen
t hrough- N (p-TTP)4 was not isolated. Current yield (Cwﬁjﬁ%%g/g&ﬁe

current -vyi cal cul ated based on the 5 vol tanperogra Lhg to

t he equati oﬁkg‘*m%gﬁdel s- Shevchi k, see Z. Glyus, Theoreti crpacﬁ. E‘?\I% ment al s
of El ectrochem cal Analysis. Translation. Moscow. Mr. Publishers 1974,
page 133. Exanple VI 10 Gal vanostatic electrolysis was run irr a gl ass

di aphragm ess electrolyzer (volume 50 nL) with a Ni anode in the formof a
wire (surface ardheBalvagostagp ¢legtrolisis hap rematha dwréng of HO oidand 85°Q Mt e

(surface areggag s | r r t trolyzes. 20
m 3-PN, 0.6 g ( ﬁg%%mﬁﬁ:g’ﬁ% BEJS%?&%F 1@“?‘?139 @d7nﬁ"15§f°)') &ea%ﬁ?ﬁ%ﬂe‘i Y5

(acac% , and iptr@luged &iter 3FmAk qﬁel‘é&tﬁm5 ty(t)ﬁad' h@uqaﬂsh fsedlrtbﬂmt gh.i mit(pmnmdsymtz was
run at a cur 0 of .el.ectrici S_,passe

t hr ough. - Sy ‘S‘“?%F %WB?’%%’T#B‘C@ESWJ’ e L A —.
of el ect 5 civojtathpaogremnaqrariing] t¢ tho eghatiohi ¢H RER@IE Shevshiki Sed & eGalnas

descri bed i 1 . i (p-TTP) 4 I.sol at ed, rrent yield (CY)
137 0% and OB Subeartink O BleiBiohoniceh 469w "pedfian, Whgow. M

vol t anper ogrPublidersak®Géywhigad33.0 t he Rendel s- Shevchi k equation). 15.8% of the
conplex was |ost during isolation. Exanple VII Galvanostatic electrolysis

was run in a glass diaphragnm ess electrolyzes 25 (volume 50 nL) with a Ni
anode in the formof a wire (surfaceEnfpi V1 cn2) and a nickel cathode in

the formof a wr surface area_ 4 cn?). The followi ng were charged to the.:

el ectrolYzes. 20 Gvagossiic glegtrelysis, vers Mony 43.8daesy diaphragmigss glegtr 1)
acet yl acet ongol(me 30) mLpWsth % Ri dndde-if i ®drn & 4 Ware éIl}flfiaﬁaa!réégﬁgﬁﬁ)a%r*dca

electrolysis was run at a current of 60 mA and 25 )
el ectricity Meks! ¢ashodedn the forgepf a wie (sprfacepres4 pmpihe folloving wee chimgehd was

\iAgtSr ﬁSt‘Ci‘é b tRE chLrd¥RrOs0 BhiealiN Ch b Yy R8s RERAY RARRAY 605 Qe MhGp -TTH 4

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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1 3. January 2004 WO 01/14392 PGI/ USQO/ 22527 isolated. Current yield (CY)
26. 0% (determ ned on the vol tanperogtam according to the f ndeI 32 evchi k
equation).

di aphragrnl ess el ectrolyzer (volunme 50 nL) with a Ni anode in the f or m of

a wire (surPU14PLa 5 cnk) and a nickel cathode in the f8FRUSI02352 re
(surface area 4 cnR). The following were charged to the electrolyzes.

Exanple VIII 5 Galvanostatic el ectrolysis was

m. 3-PN, 0.6 g (1.86 mmol) Bu4NBr, and 1.0 g (8.1 nmmol) (MO 3P. 10
Gal vanostatic electrolysis was run at a current of 60 mA and 25C. 120 mAh
of el ectri ci tisplaieds (ersene pieldH(CID 6,09 ldetdrmineg opdhel valamipprogiieOh&Brdingg@nd was
ctricity was passed through. The conpl ex was
f‘ﬁchﬁscgiiZlF)%ﬁ %ﬁgﬁ%‘?‘é 1. 0.3 g N[(MeO3Pj 4 was isol ated. The
current vyi eI d (CY) - 100% (CY was determ ned based on the voltanperogram
according to the Rendel s- 15 Shevchik e 1on). Exanple IX
El ectrosynthesis of di phosphite Ni (#@Mes based on pyrocat echol
derivativas (PD) Eﬁlvﬁ:h?dsmﬂoaécaidl}tsxsemstm| S ias diaphralzihicds Gdlétudiyzer

i ntroduced a

i sol at ed

ass

20

aphn 20T o eSS S T s i oo et S ™
(surface ar emekemmhoda hemé wrhmﬁanﬁ:d\@ﬁﬂa&méagﬁ&ﬁﬁﬁé)fdﬁ@u@ WGt Eiirgees. 20
m. 3-PN, 0.6 (1.86 Bu4NBr ( 1. 2 acet yl acet one (acac),
0.8 g (2.1 fhe’ gistr %‘ééﬂﬁ’é‘aé@rﬁso%@ BrandAl-¢ g @R wEehi cal
Conpany. 17 IRedppuary 2004 WO 01/ 14392 PCr/ USOO/ 22527 -
310 Galvanostatic electrolysis 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)
A
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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The gal vanostatic electrolysis was run at a current of 60 mA and 25C. 89
mAh of electricity was passed through. The 0.8 g (2.1 m"mjng%I aﬁ?%(td and
was introduced after 28 mAh of electricity . had been passe Y ] The

conpl ex was wh$eh d as described in Exanple 1. 0.45 g Ni( -
I sol at ed. @‘?{Per{tégfel d (CY) 5 100.0% CY was determ ned frlg(%/ﬁ?\e%%”

vol t anper ogram accordi ng to the Rendel s- Shevchi k equation. Exanple X
Cral vanostatic electrolysis was run in a glass diaphragm ess el ectrol yzer

10 (volume 50 nl) V\nt&{] a N _anode in the formof a wire (surface area 5
cn2) and a ni ckefR & ARGNAtG CleeolYSy WRHTUnA0G FusTens of £O aA apd 253CcB9) . The

fol | owi ng weggslcBREBEH i Wat ?9%%& Ql_ii‘ﬁﬁﬁgﬂ.yffﬁé :o.SZg ol ﬁmlPoN opPPyg%aé&'% mol )

Bu4NBr, and 1.05 g (2.8 _nmol e gal vanostatic electro was run at

a current of odagedzafer 28 mAh o eleguicipnRad peas passed; traugh.Jhe sampla wisr ough.
The 1.05 " P | j [ . .
e 9 ( FofudlildbscbedR i il Vot ggr_sﬁ{(?ﬂpg)%gag iSHid&L é&é}ﬁ%\&gﬁa aurrent

electricity had been passed thr was not 1SoO

yield (CY§ 1800.6% @Yp‘ﬂ@@sd@!@?éﬁ% e the ypitathperegrim avperdingr anthe Reodelsh ng t o
t he Rendel s- &} ﬁ&i%u ation. 20 Examip e Xl Cralvanostatic electrolysis
was run in a glass diaphragm ess electrolyzer (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 area 4 crEK ﬂ foll owing were charged to the
el ectrolyzer: 20 nL AN, 0.6 g (1.86 m%4NBr, 0.12 g (1.2 mmol) acac,

25 and 1.05 g (2. Galnamvsiajic RBectiblysisgaby annsinahi glasl dpiphabikss detolyddr at . a
current 6 a C..91 .mAh.of electricity. s _passed t hrpough. The
1105 (305 ° RS G aslasey § NichaS m iipih o aching ROFeGRAR B SRR 11 ci ty
had been pas aifeltdathotgin thd TemMNf @R seiER lafd 4 ey, TRS follGRInRiade cHiasgdaent
yield (CY) 100.0% CY was_determn gfro the 30 _vol tanperogram accordi ng
to the Rendef%ﬂ'gr?i"fgﬂliy?e‘" 5‘51%’%5 g (1.86 mmol) Bu,NBr, 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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1 3. January 2004 WD 01/14392 PCT/ 1JS00122527 Exanpl e El ectrosynthesis of
di phospite nickel (0) conpl exes based on 2, 2'-biphenol d&r%vat |V, 4
Ligand A 5 Gal vanostatic electrolysis was run in a gl ass €SS

el ectrol yzes volume 50 nL) with a N anode in the formof a wire (surface
area 5 cnR) MRAMWUYI N ckel cathode in the formof a wire (sRATASO0358% 4
cn2). The follow ng were charged 10 . to the electrolyzes: 40 nL 3-PN, 0.6
g (1.86 mml) Bu4NBr, and 1.3 g (2.12 nmmol) ligand A Ligand A was
prepared anal ogous to the literature method (P. Pringle, et al., J. Chem
Soc., Chem Commun. (1991), (12), 80Bxadjple Xile gal vanostatic electrolysis
was run at a currgnt._of 60. nd 25C. .10 mAh of el ectricity was passed
through. The 1.3 S SmARITES Hfloibie pifkeh (eommleres tardon o8 DITERIZ0" man
of el ectri ci dgivadidesbeen passed through. The conplex N (A)2 was not

I solated.: Current yield (CY) was 36.3% CY was determined fromthe

vol t anper ogram according to the Rend arghdy chi k equation. Exanple X |I 20
Gal vanostatic electrolysis was run in a glass di aphragm ess el ectrol yzer
(volume 50 nL) with a N anode in thexformof a wire (surface area 5 cnR)
and a nickel cathode in the form of m<aPsurface area 4 cnR). The
followng were charged to the electroyy®es. 30 nL 3-PN, 0.6 g (1.86 mmol)

Bu4NBr, 0.12 g (1.2 mmol) acac, and_ & 3 mmol) ligand A 25 The

gal vanostatic electrolysis was r at B chrrefPof 60 mA and 25C. 99 nmAh
of electricity was passed throu Th .3 2.12 mmol) ligand A was

I ntroduced after 20 mAh of el ect it ad A n passed through. The conpl ex
Ni (A)2 195 '

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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13 January 2004 WD 01/14392 PC r/USO(c) 22527 was isol ated as described in
Exanple I. 0.3 g N(A)2 was isolated. Current yield (CY) ? QY% 4
According to 31P-NMR, the isolated product contained 75%& éﬂ'ﬁm%% Ni (0)
conmplex and 25%of the initial ligand AL 5 Exanple XIV Ligand B

Gal vanost at i CO&VE® P ol ysis was run in a glass di aphragni esg’céqﬂéi‘,‘f”?@"’ﬂ/zer

10 (volume 50 nmL) 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 cn2). The
foll owing were charged to the electrolyzer. 20 nL AN, 0.6 g (1.86 mmol)
Bu4NBr, 0. 12wgs {s¢la@d asrdé¢syrilxalan Example 1103 gNi(R),88s isobdidd. | Cgrendyild (0Ygand B

was prepared gqQus_t.o the: descrj bed in Batal T. A, et al.,
Russ. 1. Genfﬁ'@te%?h %ﬁ%é@f,toGWd%%ﬁﬁ%Wg'ﬁ cm@m&ﬁf%%&%mbge

el ectrol ysi sNi@¥complexadnd®@5euofrteeinittd lipdhdr A and 25C. 112 mAh of

el ectricity was passed through. The 1.3 g (2.88 mml)of |igand B was
introduced after 22 mAh of electricity had been passed through. . The N (B)2
was isolsted as described in ExanplBxapiedd%7 g Ni (B)2 was isolated.
Current yield (CY) 59.0% 20 13 January 2004 WD 01/14392 PCT/ USOQ 22527

D phosphite ligands: 'and 115AL' and %‘BU; and 115C (ArO2PI0 Cr
P(QA02( AeO) 2P.C P(QAr)2 (ArO 2P.0 P(QAr)2 14~14; OAr = O -PoAr =\ /

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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OAr.=\ / EtEt Mol ecul ar weight: Ml ecular weight: Ml ecul ar weight:

730. 78814 94786. 89 The sterically hindered di phosphite Ii r epar ed
by net hods known to those skilled in the art. For |nstang%n§l%ﬁ§[foog'
preparation of | igand 115A is described in 5 WD 9906358. Ligands 115B and
115C were prepay E‘%%l mlarly fromC P(O2- EtC6Hd)2 and 3, 3¥dT/MH$004252p,
6-bis-2,2 - phenol or 3,3, 5 5 bis-2, 2 -phenol, respectively. 1In the
case of sterically hi ndered bi s(phosphi te) | igands 115A, 115B and 115C, the
conpl exes (115A)2Ni, (115B)2Ni, or (115C)2Ni could not be prepared. In
exanpl es XV, Diplzlbspmrtdhg@ﬂdk the p055| bility of for mati on of 115ANi (3-PN),,,

10 115BIy enmpnstrated. Exanple XV
Li gand = Er2 e a_nd'IHSB.’-\l vanadtatijc B‘FMMS
run in a glas dlaphra n1ess electrolyzer (volunme |50 nL) with a N anodé¢
in the ‘égﬁiﬁ‘na mnreo( éﬁké ch)(?ﬁﬂOéﬂZJ(éQJE&qgary 2Q0R (WD),
01/ 14392 P |cke cat hode in the formjof a wife (sunface area
5c¢cnm. The fo e cha , 3PN, i\
(1.86 Dl ) BE 1.84

el ectroljysis At a cur

electri¢ity was' passed through. 0S

OAr= o—Q Ot = o—@

- Et
' Molecular weight: Molecular weight: Molecular weight:
730.78 814.94 A 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-
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),,

10 115BNi(3-PN); and 115CNi(3-PN), complexes was demonstrated.

Example XV
Ligand 115A

(ArO)P o FOAD,

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
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I ntroduced after 30 mAh of electricity had been passed through. Conpl ex

| 15ANi (3- PN)x was not isolated. Substance yield (SY) an el d
(CY) were 66.0% (determ ned according to the vol tamero&r%ﬁr{ug%;&(ﬁ?am | e

XVI - Li gand w3 efaakAr O 2P-10 O P(QAr)2 OAr= Et Gal vanost atg (T,%O&%J; lysis
was run in a glass diaphragm ess el ectrolyzer 15 (vol une g(sﬁ- W|1f7(r)1 a N
anode in the formof a wire (surface area 5 cn2) and a nickel cathode in

the formof a wire (surface area 4 cm. The follow ng were charged to the

| ectrol 2 3: PN, 0.6 1. 86 | ). Bu#N d.0.74 0. |
T188.  Tho oRicERatgs e rdatordh wits Boa g s L Tt rdfine eta hdicing D¢
77 20 mA hwtheadleeablyiari 25 mhedPNa0 Sari(1L 86 mupl). BANBr,Gnd4 .81 £ 0195 maw) of

| i gand 115B ‘ii i ntroduced after 28 mAh of electricity had been passed
t hr ough." Od\r/er% ex 115BN (3- PN)x was not isolated. Substance yield (SY) and

current yield (Crhe WRvsnodfatidMectrslgsic Wik Resl a5 CokeH ¥ 6bGnANfd 25°C. 92
vol t anperogram . 25 22 13 Januarg 2004 WO 01/14392 PCT/ USOOR2527 Exanpl e

XVI | Li §and4h SCelequigity) wagopasg goahe E843 @EalSvamok ofilipandel I8ét wasl ysi s
was run in j@rduBRaridt 80 RAROGN &stiGlyakibeby/ fRed through. Complex 115ANi(3-

PN), was not isolated. Substance yield (SY) and current yield (CY) were 66.0%
(determined according to the voltamperogram). '

10 Example XVI
' - Ligand 115B

(ArO)zP\O o

JTe
w5

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

22



(volume 50 nL) wwth a N anode in the formof a wire (surface area 5 cnR)
and a nickel cathode in the formof a wre (surface area14Jcnl?. a'@(g
following were charged to the electrolyzer: 25 nlL, E-PN, Blgn rYE nmol )
Bu4NBr, and (0.92 mmol ) 115C. 10 The gal vanostatic |ysis was
run at a cu&%ﬁ"‘%}g 60 mA and 25C. 78 mAh of electricity V\P/gérﬁ%g& g%,,s
through. The 0.72 g (0.92 nmml) |igand 115C was introduced after 28 mAh of
el ectricity had been passed through. Conplex 115CNi (3- PN)x was not

i sol ated. Substance yield (SY) and current yield (CY) were 77. 9%

(determ ned according to the vol taw. 15 El ectrosynt hesi s of

LNi (crotyl)CNzZnBr2 conpl exes based f)_%g {15®i phenol derivatives, 115A,
115B and 115C | i gands. Exanple XVM "EI gand 115A Gal vanostatic

el ectrolysis was run. in a gl 4880MPgpbr agnj,eB©Adectrol yzer (vol ume .50
m) with a Ni anode in the formof ajwire {surface area 5 cn) and a nickel
cathode in the. formof a wire (sbtyf x5 cn?). The follow ng were
charged to the electrolyzes. 25 g (1.86 mmol ) Bu4NBr, and 1.0
g (1.37 mol) 25 1 15A. GalvanostatYc el egtrolysis was run at a current of
60 mA and 25C. 144 mAh of electricity was'!passed through. The 1.0 g (1.15
nmol ) |1 gand 115A was introduced 23 13 Janyasy 2004 WO 01/ 14392

PCT/ US00/ 22527 after 30 mAh of el@ggiLi cOH been passed through. After
104 mAh of electricity had been passed thiredgh, the Ni anode was repl aced
with Zn and el ectrolysis continued. Afteg dissolution of the Zn anode
(surf.ace_area 4 amount of electricity 40 mAh), el ectrolysis was
stopped and t he %&a‘yt gecﬁ'f‘? SIS, Was i i ot SlpsSofligphragnigss 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

23



115AN (crotyl)CNznBr2. The substance yield was 65.8% Current yield 42. 7%
(determ ned according to the vol tanperogram . Exanple Xi #]3? and (ﬁZ‘SB 10
-Gral vanostatic electrolysis was run in a glass diaphragnte e% ol yzer
(vol une 50 n-Ll:l{ with a NN anode in the formof a wire (surface area 5 cn®)
and a nickeVO@{Hite in the formof a wire (surface area STERP§OO2HI
followng were charged to the electrolyzer. 25 nL 3-PN, 0.6 g (1.86 mmol)
Bu4NBr, and 0.45 g (0.55 mml) 115B. 15 The gal vanostatic el ectrol ysis was
run at a current of 60 mA and 25C. 76.5 mAh of electricity was passed

t hrough: - THEED3UBAg of elesBicityrbéd béen gassdd HrSRhwaster il 04 footuTelkcaicighad0 MAh

of electrici t hrough. After . 5 of electricjity had
been passed %g%g#&?ﬂlgﬂiﬁégﬁo e t\:‘/vawgS f%?cﬁ‘igﬂ% ﬁ“@ws‘seqo&lﬂ“ﬂ-ysi s
continued. Akfterdissolstimi aftthefn afiodel{sarfce aneden’s Ghioafeof ARicky QORAAKRNMOUNE
20 of el ectrjci .15 h for .formation.of 0.5 equival ent Mof ZnBr?2),

el ectrol ysi selle\%/etaré]&mét BNgge%"%PﬁS taﬁgaétfeecfil?cgl‘)g"f“e %\%ﬁlzﬁ‘geﬂltwut‘hbiﬂa“@olo tion of
115BNi ( ci50t yIIFBNTed)CNZEBr,. S Ultet aids@nsd Glcll Was 68392 YeCupint SRiiq Mhejosl 41. 5%
(det enuned a(gc‘ord' ng to.the vol ,arr;’)qei_ro ram. 25 Exanple XX° Ligand 115C
Gal vanost at i GOEERGA5Erding 10 the VoliAmPHOga-ass di aphr agni ess el ectrol yzer
(volunme 50 m.) with a Ni anode in the formof a wre (surface area 5 cnR)
and a nickel cathode in the formof a wire (surface area 5 cn2). The
fol | owing viere charged 30 to the el B¥2mpefIXr 25 ni- 3-PN, 0.6 g (1.86
mmol ) Bu4NBr, and 0.88 g (1.12 mml };5,443¢5524 13 January 2004 WO 01/14392
PCT/ USOC1)’022527

—Galvanostatic electrolysis was run in a glass diaphragmless  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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The. gal varniostatic electrolysis was run at a current of 60 mA and 25C. 92.0
mAh of electricity was passed through. The 0.88 g (1.12 dg '*Llng 115C
was introduced after 3.1 mAh of electricity had beﬁn pasie T . After
61. 0 mAh of icity had been passed through, the nic S __
replaced w t‘ﬁgzbﬁfnaégzand 5 electrolysis continued. After di 5?93@?@%5%‘? t he
Zn anode (surface area 4 cn2) (anount of electricity 31 mAh for formation
of 0.5 equivalent Mof ZnBr2), electrolysis was stopped and the

el ectrolyte analyzed without isolation of 115CNi (crotyl)CNzZnBr2. The
substance yi el d af galvaneataticysleirdlysis ves Gun 804 (dtetenfo0ath and25°d. ngp.o o t he

| exes
based " on_ b ORAseRIS H e dbiotal, 1R BRGE L1 E i St 11 s e
case of the mqwmaﬂbnﬁilemﬂmh qml cit%%&d bédibBhs Bdﬂl&hﬂoht b@ﬁl Aﬂeﬁ@'ﬂ?@};loﬁt .
sterlcalIyxxﬁyehrg&l_l a(? t e%an% h ‘?_SFQ;) gquae arg1 o] (lj
Exanpl es 3{5\}1 ENHG g ; with zinc an
T ol s et 1 e
01/ 14392 PCT. an vanost at i
was run in a° g(ﬁ% %ﬁ%ﬁ?ﬁ% W@‘i"b I‘W%@l‘m‘( Mori#eBn) electrolysis Wag Ni

anode in .t hestﬁlq:fem e tﬂe‘&leb@ol@félﬁrﬁgﬁéﬁ auritﬁau&s&a% 841 SCNR el DERIZBAL hode i n
t he form of lhe‘Eaglsurface area n% Thﬁe Iotvvl ng were charge to the
el ectrol yzer e piqld @nd cyrrent geldwvere) 6774 Ndetermined @cerging 0o 38e ol )
voltamperogram)
L) 10
. Electrosynthesis of diphosphite nickel (0) complexes based
on bis(naphthol) derivatives
i
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 prodtiction of D5Ni (3PN), and D5Ni(crotyl)(CNZnBr;) complexes
is demonstrated.
20

25



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

60 mAh of e

lectricity was passed through. The 0.5 g (0. 5?%2%5@@/?&9%

D5 was 10 introduced after 30 mAh of electricity had been

The )5Ni (3-

N)
current vyi el‘go\kg?4§9248.5% (determ ned according to the volt
Li gand D5 Gal vanostatic electrolysis was run in a gl ass

Exanpl e XXI |
di aphragm es
wire (surfac
(surface are
m. 3-PN, 0.6
gal vanost at i

conpl ex was not isolated. The substance éi el d and

I gand
ugh.

CHEPYGERE) . 15

s electrolyzer (volume 50 nmL) with a Ni anode in the formof a

e area 5 cn2) and a nickel cathode in the formof a wire

a5 cm'). The foll owi ngExempde KMArged to the electrolyzes: 20

g (1.86 nmol ) Bu4NBr, ar]g1
t

aQri $(0.53 nmmol) 20 D5. The
c electrolysis was run a §¢urT e

nt of 60 nA and 25C. 64 nmAh

of el gct r ijCi ty ma@alpmmdcwklcamgms Wae ?ngirga( @lass3 Wﬂﬁg?&%N
i ntroduced affgr ctri.cit en passed t hrouygh., The i
(3- PN) x conﬁozlim%\g% rmrq%t‘%lhsgllﬁtaél&qe ﬁé’esﬁﬂgtoiﬁcggﬁi@"gcw L5’16‘."182 e r ent

yi el d wass42nfd%! cthiodelin the formed aavieOsGifRg atea 3 HE°)Y Thé RIVMMRONES Lharfer@ P!

XXI'l'l  Ligan
di aphragm es
of awire (s
(surface are

01/ 14392 PCT/ J500

Bu4NBr, and
10

15

20

25

30

fo 12 JErBRR AR BN i 36 vl i, andp Sn 00 mmane for m

st ace area 5 cnR) and a nickel cathode in the formof a wire
ab crirggz. The followi ng were charged 26 13 January 2004 WO

thAh 6f E18ctRSity W passed through. The 0.5 g (0.53 mmol) of ligand D5 was
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
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)
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%

(determined according to the voltamperogram).

Example XXTII
Ligand D5
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 sz) and a

nickel cathode in the form of a wire (surface area 5 cm?). The following were charged

26

yanogfatic glegirQlysis wRy st at 2 gument »f B mY agd @5CC. 5O ol )



D5.. The gal vanostatic electrolysis was run at a current of 60 mA and 25C.
104 mAh of electricity was passed through. The 0.5 g (0. gs”; ni m)léjl
ligand D5 was 5 introduced after 34 mAb of electricity ha IB %sed

t hrough. Th i .(3-PN), conplex was not isolated. The s nce yield
56. 6% @rrW@i‘g‘#d 42.5% (determ ned according to the vg’ﬁé‘%ﬂ %Ifr am .
Exanpl e XX1V 10 Ligand D5 Gal vanostatic electrolysis was run in a gl ass

di aphragm ess el ectrolyzer (volume 50 mL) with a N anode in the form of
awre (surface area 5 egzﬂ(% and a nickel cathode in the formof a wire

(surface are®@ the gleptyolyzer2G will HRNNG-6\getleBc menolcidnaNBo, anide). 2058 ahmelyr : 20
nm. 3-PN, 0.6pg (1.86 mol) Bu4NBr, and 0.5 g (0.53 mml) 15 D5_ The

gal vanostatic el ectrolysis was run at- a current of 60 mA and 25C. 112 mAh
of electricity m&wﬁemmmde@mlysﬁmmﬁ af) a(crrsid of160| thA aind 1258@Nd 005 was

I nt roduced Mo elec cit sed.th fter

mAh of el ectrici tyech %snpegg sﬁ’a"“tv"ﬁr gﬁbﬁnt ((eooﬂf D Q%ﬁéqvﬁé“%pl aced
with zZn and mhedmﬁdeﬁacm olAls ofSeleamriditynheibecAiphssed eirughl UTeaDsNIf (3LH1§), Zn
anode (surface: grea 5 gﬂejll(d ej&f el eegt rp mg% 81?125?% (ctIF?I ysi s
was st opped %%?P?’hé”aél%o 8 %HD ﬁl‘e&"; @u? Vo5 0| GHF byfqll‘g 42.5%

D5Ni (crotyl)%ﬂﬁrn@dmﬂrﬂl@g(totﬁtlhﬂiaﬂ@@ﬁ)grﬁn@ld was 58.2% Current yield

33.6% (deterni ned according to the vol tanperogram . 25 Exanple XXV Ligand
D5 Gal vanostatic electrolysis was run in a glass diaphragn ess el ectrol yzer

(volume 50 nL) with a N anode in thexh@iexaly a wire (surface area 5 cm
FFawre (

and a nickel cathode in the formo surface area 5 cn?). The
fol l owi nd®were charged 30 to the el eddgdh3xr: 20 nL 3-PN, 0.6 g (1.86

mmol ) Bu4dNBr, andGhivéhoStatid - G6:udTRts) wadFun 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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27 1 3 January 2004 WO 01/14392 PCTI USOOR2527 The gal vanostati.c _
el ectrolysis was run at a current of 60 mA and 25C. 326 g@[] of eéﬁ@%” city
was passed through. The 1.0 g (1.06 mmol) of ligand D5 wa ARES

after 59 mAhwofoiedzectricity had been passed through- After 38y

electricity had been passed through, the NI anode was replaced wt Zn and
the 5 electrolysis continued. After dissolution of the Zn anode (surface
area 5 cn) (anount of electricity 267 mAh), electrolysis was stopped and
the el ectrol yte &halgaadosetic etretrolysis Maatrirat @ tufiiviof 60 ahA lahENEFBr 32g0npl ex.

Subst ance vyi el ' 76.1% Curr i el 8 % (determ ned according to
t he vol tarr%erf"é‘g ﬁ??fe‘mwyé%?érﬂ&%%&flgh 'Tg'ﬁﬁooc RS oft igand | Y twagp| 3SI s
was run in angbdused divedy Ao Sdelic@at Kl bl pasded GhrddBh. SAHEE 5o AR of

anode in the formof a wire (surfacen%eea 5 cnp?) and a nickel cathode in

the form of SEARFY had peenRassed thropgh ”rﬁ'éoqeoWFsoWPlf?Qe@\é‘fl@ émangabe 15 to
the el ectsr 0|élé’cﬁ'§1ys:3@0ﬁt1nu3d PNﬁerChl.@omuﬁﬁ oBfhe PRinbd EUHNRle %15%1 dudoune M0!)

acac, and 1.6 g (1.2 gal vanostatic electrolysis’was run at a

current of Glfelﬁﬁméﬁd ZQ%MQIWHS@fw@smw ad ‘}IC\RESU?JH@%ﬂymdmﬂdwgh The
1.6 g (2.9 ngthdon08f bSHﬁ&%/gd% ] BhAENC Qb @kl Ry vl efon ! Gt} €1 LY

had been passed _throu was 20 1 bst ance yield 54. 8%
(det er mi ned mléé?d?‘m@ete@mﬂ%a%ndtméhm‘gmmpemmt rosynt hesis of phosphite -
Ni (0) .conmpl exes, using alternating current Frequency of alternating

current 50 Hz 25 Exanple XXVI1 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 (Gel\GGosumizl pleBueldddy ,wh. & g (al ghsrdidphragdess absrolyRr
(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 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 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 af mAh of electricity had been passed through. The conpl ex
Ni (p- TTP)4 Wég’ ‘?1%?2 i sol ated. Substance yield was 39% Curréﬁ'i’u 87 was
14. 8% (determ ned according to the voltanperogran). 5 Exanple XXVII|
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’ﬂfeenompmax Ni(pct r ode
was used to @ as { f oW harg o the
el ectrol yzer '191'338{) or aﬂrzr)g 1%61%%? ﬁ&%gg%eﬂrkgaﬁs%% I |dj1§rﬁ 1“’%57?‘8?&

ZnCl2, 1.394 (g¢temﬁnddlaneir9lngtwﬁtdefdlmmgmmxier The ZnC12 was used to
i ncrease the conductivity of the solution. The zinc was used to reduce the
Ni +2 in solution to Nl (0) by the reaction: N [+2] (solution) + Zn[O0]

(suspended solid) + ligand + i gandExaNipd@gXV]]Zn[ +2]. The ligand: N (0) is
bl at 65, out a6 zn SJPURRLS SFHENSVEEIR SR AHERRPEREREST AEOChRgT GOREE
reduci ng net &i00wdili)okith & Nirmode 1@&&%@@?@054%{& dz&lﬁéteﬂbﬁ&ﬂdlacaﬁﬁrbﬁﬂbﬂél ng
nmetal is preferab fine ded ectr iS was run at DC vol t age
of 1.8 volts P ’ltoﬁﬁ g@“&‘%’e%\ Gb)vueﬁﬁ%‘e’&ﬁrefeéﬁ?d%?'fﬁed%cwomﬁawﬁﬁps The
sol ution tenmpelager Thé/\/ﬁﬂloﬁ'ﬁ%t Wwérle! @irabe tyVRaIRNeldlroly%er: 11904 3fpNlafkygar ange

col or was observed after coul onbs. A sanpl e taken after 560 coul onbs

of cutren® i e PElgand 355l liTogretfetnlia 41394 & o€ finely divided riap P&E’d@at'ﬂleyst -
Total curr entzm,swlugehrtemeak@%eswnuﬁéﬁ&mw&aﬁ&u' ﬁ??ﬁn%eenr wield

to active catalyst was 18% 25 Althou he I nventi on has escrl bed

above in det d’F‘F“CPé‘?e Niprd ippsplysioggo H(0) by e reaction:
Nif+2] (sotution) + Zn[0] (suspended solid) + ligand = ligand: 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 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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illustration, it is understood that the skilled artisan may nake nunerous
variations and alterations wthout departing fromthe spiLxki pe of
the invention defined by the following clainms. 30 29 13 3%%%‘5‘?%,}93@@2 WO
01/ 14392 PCf/ USOQ 22527 WHAT | S CLATh ED IS: 1. A nethod for the -

el ect rochem¥@8PYWP¥ducti on of a phosphite or diphosphite NPEOVSWERBI ex
conprising (a) dissolving netallic nickel froman anode in an aprotic -
solvent in a diaphragm ess el ectrolyzer containing the anode and cat hode
to produce Ni 2+ nickel ions, and (b) el ectroreduction of the nickel ions
on the cathode in the presence of one or nore phosphorus |igands by direct

or alternati m@@@%@ﬁhereby produce the conplex. 2. A nethod
according to claim1, ereln the cathode conprises a netal selected from

the group consisting of platinum gold, palladium ruthenium iridium

cobal t, nol ybdenum mahek s kb Gemi - cgordi.ng t | aj.m 1,
wherein the producgalé1 corrplpeg‘ec%ger?'ltrgl ns %l PROS PR t(ag%l %ﬁ%ﬂg’o‘?" @R@osfa’iwerrul a
P(OR) 3, where R i Ni(Ghcommes compiisingl containing from!| to 10 carbon atons,

an. aryl group, or 0 radi eal -.cont ai nin from1l tq 20 .carbon
atoms, or a di phospﬁ?){]%ig{o%%g%%?&cgaﬁ%mpﬁ%wsﬁ a0, #FTeEG VR AR |3 nked
by a substi t ut etiaphragmiess bdectiblyzerdconyaimiogtthe nbde Bids cARERNR produc®’ Ni 2*

bi s(napht hol ). thed according to claiml1, wherein the nole ratio
bet ween t he ni cré%lﬁeﬁoggis?mand t he phosphorus ligands in the conpl ex produced

is 1:4 in the case db) eledwosgidon dfitgaiiciel iohs 3nid: dabifode #f e plesdicB ORI t e
| igands, or 1:1 in thﬁa case ﬁf sltjer,i cal le hi nder ed di phosphite |1 gands.
or more phosphorus ligands by 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.

30



5. A nmethod according to claim1, wherein the dissolving and the

el ectroreduction occurs in a solution conprising one or 8Bre of
acetonitrile, dimethylformanide, and 3-pentenenitrile. 30°P3"#K49P9 2004
WD .01/ 14392 PCT/ US00/ 22527 6. A method according to claiml, wherein the

di ssol ving aXBO148% r or eduction occurs in the presence of BERUSNAEIRT one.

7. A nethod according to claim®6, wherein the nolar anmount of acetyl acetone
equal s the anount of Nit} ions dissolved during a prelimnary el ectrolysis.
8. A nethod according to claim1, wherein the anode has a current density
of 1-20 mA cnb. @ méthoenbmading cocBimd, hethm itia dissoMiy gideibh@raRbtgde has
a current densityo&% 10, A nethod according to claiml1,

rS|.-n 15 mA/crr%
wherein the el ect PSFEHING BFeree AAERHICEMS: 2 tenperature of -10C to 40C
11. A nethod according to claim1l, wherein the electroreduction is run with
a second dissalvi,n node in addifion tq that containing nickel used in
step (a), c’hog}énAf &8&\9@?8‘6?63%5 o F{?’m\ﬁ ereinythe malzg apppnt ofeacelylacetane. A
met hod accor di ng equaly thé ndunt oINS @rk disHGvEEGRNE airmh |

%#%. A %gtﬁggggggording to

conprises zinc and the cat hode conprises nickel.
claim 12, wherein the ratio of surface area of the Zn anode to the N

cathode i s abou§. K mhethddlaccérditRideRiAICRMGERTh Mol RidD cL?renﬂQﬁﬁ{nglcﬂ 118

amount of dissolved Zn2' ions fromthe Zn anode i s approxi matéely equal to
the anount of the™Afed Ni (O conplex. 15. A nethod according to claim 1,
wherein alternating current is used in the electroreduction.

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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31 13 January 2004 WD 61/ 14392 PCT/ USOQ 22527 16. A nethod of olefin
hydrocyanation or alkene nitrile isonmerization conprising 13UsEnigryaooaonpl ex
produced according to claim1l as a catalyst, to hydrocyanate or 'isonerize
an ol efin idskdsl €. 17. A nmethod for the el ectrochem cal .on of a
phosphi te gfogfl,%a%sphi te N (O conplex conprising (a) di sl;o Iglgdr?gﬁr%gt allic
ni ckel froman anode in an aprotic solvent in a diaphragn ess el ectrolyzer
cont ai ning the anode and cathode to produce Ni 2+ nickel ions, and (b)
reduci ng the nickel ions in solution in the presence of one or nore
phosphorus ligands by using a netal that is nore electropositive than

ni ckel , thereby producing oxidized nickel, and (c) el ectroreduci ng and

depositing said oxidjzed nickel at the cathode, thereby producing the
conpl ex. 32 16- 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.

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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