REACTIVITY OF DISODIUM AND DILITHIUM

- TETRAISOPROPOXONICKELATES <II> WITH
S8OME SELECTED I - ACIDIC LIGANDS

By

KIROS HABTEOEGRIAL

A  THES!S
SUBMITTED TO SCHOOL OF
GRADUATE STUDIES
N PARTIAL FULFILMENT OF THE
REQUIREMENT FOR THE DEGREE OF

MASTER OF SCIENCE N CHEMISTRY

JUNE, 1088




TABLE OF CONTENTS

Dedication
Acknowledgenents
Ahbreviatians
fibstract

L A

Introduction

Litrature Survey
2.1. Alkoxo Complexes of Later
2 d Transition Metals

2.2. Synthesis of Low Valent Nickel Complexes

Experimental
3.1. General
3.2. Preparation of Starting Compounds
3.2.1. Dibramonickel (11} 2-dimethoxyethene
3.2.2. Lithium Isopropoxide and Sodium Isopropoxide
3.2.3. Dilithium Tetraisopropoxonickelate(II)
d.2.4. Disodium Tetraisopropoxonickelate(II)
3.2.9. Triallyl Phosphite and Triphenyl Phosphite
3.8. Synthesis of Nickel{c) Complexes
3.3.1. Synthesis of (n — 1,5-Cyclooctadiene) bis-
(triphenylphosphine) nickel{a)
3.3.2. Synthesis of bis [1,28-bis{diphenyl phosphinol-
ethanelnickel (o)
3.3.3. Synthesis of Tetrakis (triallyl phosphine)-
nickel (o)
3.3.4. Synthesis of Teirakis (triphenyl phaosphite)-
nickel {a)

T

i

11

19
19
20
20
21
21
22
23
23
23

a4

26

27




3.4. Analysis e

3.4.1. Disolution of Nickel Complexes 28
2.4.2. Nickel Determination :‘,"“" SRR 23
3.4.3. Lithium and Bromide Detdfmvnaflpn :f ;f;ff:ﬂ;[;~_$ﬁ:1
3.4.4. Phosphorus Determ:natlan SR T.”fi :i:n‘”{ﬁ;'ébf:
2.4.5. Spectra and Magnetic Susceptlbllxty ‘:: ; ; Kf‘31f
Measurements : L.?itf ;;‘@j f:z}[?.cf; ‘
4. Results and Discussion e c 38
4.1. Lithium and Sodium Isopropoxpnickelates(II) 32
4.2, Nickel{o) Complexes 33
4.2.1. (- 1,5-Cyclooctadienedbis 34
{(triphenyliphosphine)nickel (o) '
4.2.2. Tertakis (triallyl phosphite)nickel (g) : as
4.2.3. Bis [1,E?bis(diphenylphosphinn)ethenel 37
nickel (o)
4.2.4. Tetrakis (triphenyl phosphite}) nickel{n) 3e
B. Contlusion 40
Referancea 40

Appendix»: : FIG 1 — FIG




DEDICATION

To my mother, Silas Tesfamariam.




- i1 -

ACKNOWLEPGEMENTS

I am greatly indebted to my resenrch advisor,
Dr, W, Kalies for his generous advice and encouragsment
during the course of this project. I would also like to
express my sincereappreciation to my cowadvisor,
Dr. Nigussia Retta for his helpful supervision and

fruitful suggestions,

I would like to acknowledge Ato Wedaje Emiru; Ato
Ahdu De Tango Ato Tesfaye Abdulkadir and Ato Sahel Demei

for the sarvices they rendered whenever sought.

It 18 a pleasure to thank Ato Fisahaie Derso and his
colleagues; Ato Naod; Ato Tekele and Dr, Thomas Kimnchen
for their part in running spectra. My thanks are also
to Ato Yilma Tamiru, who typed this thesis, I tnke this
opportunity to acknowledge the Swedish Agency for
Research Cooperation with Develoning countries (SAREC)
for the financial assistance obtained to cover the
expense of this project, Last but not least, I anm

indebted to revolutionary Ethiopia Air Forcs,




acag

Am

au
siu

tDu

Cy
coD
NDME
dppe
Bt
Hex
oipr
iprr

m

Ph

Pr

- 1ii -

ADDODREVIATIONS

acatylacetonate anion
amyl

Bohor Magneton

butyl

secondary butyl
tertiary butyl
chemical shift
Cyclo-'-CsHl1
1,5-cyclooctadiene
1,2-dimethoxyethane

1,2-bis(diphenylphosphino)ethane

cthyl

hexyl
isopropoxide
isopropyl
madium

metal

nhenyl

propyl

alkyl group
strong

weak

trans, cis, cis
trans, trans, cis

trans, trans, trans




Abbre, Contd,

thf
P(OPh)3
PPhS
Vis

G

*Xéol

tetrahydrofuran

trinhenyl phosphite
triphenylphosnhine
visible spectira

gram susceptibility

molar susceptibility




- iV =

ABSTRACT

The syntheses of dilithium and disodium tetraiso-
propoxonickelate(II) were achieved using a novel starting
compound, Ninrz.ZDME.{ This nickel(II) cempound was found
to be easy to prepsre and a relatively stable compared to
the commonly used starting analogue, NiBr2.2thf, which
was difficult to prepare and easily hydrolized on exposure
to air, Electronic spectra and magnetic moment of
Nilr, . 2DME indicate an octahedral type coordination of
nickel(II) in solution, Jhe two alkoxonickelates
synthesized from Nidr,.2DME were found to be identical
with those propsred using NiBr,.2thf. Using intramo-
lecular redox properties of the above isopropoxonicke-
lates, a series of low valent nickel complexes were
synthesized. A yellow-brownish complex, Ni(PPh;),(COD)
was synthesized starting from Na,Ni(0irr) ,.2thf, White,
tetrakis complexes of Ni(o) with friallyl nhosphite,
triphenyl phosphite, and orange to yellow-brownish bis
complex of 1,2~bis(diphenylphcsphino)ethane were syntho-
sized from either alkoxonickelates, 1In evéry case, the
complexes synthesized from lithium and scdium derivae-
tives were found to be the same, All the above complaexes
were observed to be unstable in air, The results obtained
supnort the assumption of zerowvalent nickel species to
be active in catalytic systems consisting of Ni(IIX); PR,
and nrimary ond primary and secondary nalkoxides which can

he used to transfer 1,3-diencs into dimers and oligomers,




1. INTRODUCTION

Catalyst systems based on transition metal comp-
lexes of Group VIII in gencrnl, and nickel complexes in
particulor, provide a fascinating field of ressarch for
the last 30 years both from academic and industrial
point of views., Most of the catalytic processes of such
complexes are raelated to dimerization, oligomerization,
isomerization and cyclization of olefins (1-4), Parti-
cular interest 8 attached to nickel containing cata-
lysts, due to their exceptionally high catalytic acti-
vity and the ease with which the course of the reaction
can be directed by tniloring them, The propertics of
these nickel complexes are perhaps without parallel

among other transition metal complexes (4),

The various catalytic possibilities, involving

nickel containing complexes, may be shown with catalytic

transformations of butadiene (3).
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Scheme 4: 1:t, C,C; t,t,t and t,t,0~1, 5,%cyclo-
dodecatricne with Ni(COD)z; 2:1,5—cycloobtadiene, A-vinyl-
cyclohexen, C-12-divinylcyclobutane with Ni(CCOD), + PR
3:1,4-polybutadiene with (CzHgNICF COD) 5; 4:1,4~t-poly-
butadicne with (C3H5NiI)2; 5:t,t and C,t-1,3,6-0ctatriene
with Ni(COD), + PRy + (CHy) g NH; 6: 1-Methylene-2-vinyl.

cyclopentane with Nif%b(OEt);IA + CF,COO0H,

Various methods are available for the prepsaration of
nickel containing catalysts., Wilke, Heimbach =2nd

co~workers developed efficient classes of catalysts by

reducing nickel(II) salts, using organo-metallic ligands,
such as, phosphines, phosphites and olefins (5)., O0rgano
and hydricdo compounds of main group metals (Sroup I-ILII)
were alsc used as reducing aqgents, Reducing agents like
sodium nephthalide, potassium graphite, sodium dithionite,
hydrazinehydrate, hydrogen and eiectric current were also
reported to be officient (6). Catalysts, active for
dimerization of dienes, were discovered by Gauhe and
co-workers (7). These catalysts are produced in situ in

a system containing Ni(II), alksali metal alkoxide (MOR),
phOSDhines, and the substrate. Best results with such
3:MOR:
1:2:4, in the temperature range 60°c - 100°Cc. Even though

systems were achieved with a molar ratio of Ni(II):PR

tha system was known to work properly, the identity,
mechanism of form=ation of the catalyticolly active species
and the part played by the alkoxide was not known, The

product formed by the alkoxide activated systems have



been shown to he similar to those formed by nickel(o)
containing systems, From that the following mechanism
was sugiested (8),
H H
1 - '
MeBnGaR ey M(H) + O
i G

H

&)
"
9]
t
A

!
M-0-CR,, i  M(H) + 0 = c\R

M(H) % "OR —wmww——) M(O) + ROH | (1b)

Tho mechanism involves }—hydrogen tranafer frog the

(A ~carbon of the alkoxide to nickel(II) with formmtian
of aldehyde or ketone, followcd by reductive elimination
to give an alcohol and the nickel(o) species, Daetailed
investigations of the primary interaction between the
components of the cataly tic system led to the discovery
of a novel type of alkali metal alkoxocomplexes of
nickel(1IX) as well as the synthesis of NL(H)3r(PgYs)o.
These alkoxides containing « ~CH bonds were found to
undergo facile inteamolecular redox reactions, at
temperatures between 65°C and 90°C. Once the identity
of the =2lkoxides and their intramolecular redox behavior
was established, their synthetic advantaqe in the formation
of low valent nickel complexes was shown in the presence
of stabilizing neuvtral ligands (8). In view of the cost

and handling problems of Ziegler - Natta type reducing




systems, the use of 2lkoli metal alkoxides of nickel as
a source of low valent nickel is of a synthetic advan-

tage,

Mckel is known to form complexes with formal oxi-
dation state of zero, 1In such type of complexes, the
J ~donor ligands have a low energy ffnaceptor orbital
(LuUMO) , while the (Y ~acceptor metal has filled Ii-donor or=
bitals (HOMO) , Nickel(o) has its II-orbitals (t2g)
filled, The stabilization is synergistic, i,e.,, the more
electron density that the II-system can transfer from the
metal to the ligsand, the more the metal can accept via
the S.system, In turn, the more the U -system removes
from the ligand, the wmore readily the ligand can accept
electron density through the fi-system. Upto & certain
point, then, each system cnn augment the bonding possia
bilities of the other, Such is the case with ligands
such as phosphines and phosphites, which can bond by
hoth mechanisms (60}, Olefins bond to a metal through
their TI-eclectron density directed to a metal orbital of
C-symmaetry, where the metal bnck donates electron
density to the empty anti-bonding TI¥ orbital -of the

olefin (61).




2, LITERATURE SURVEY

2,1 Alkoxo Complexes of Later 3d Transition Metals

s 2o e e s

The alkoxide ion RO™, is known to act as stirong
ligand with almost all metals qiving a wide range of
compounds, monomeric to polymeric; soluble to insnluble,
The variety in coordinstion chemistry arises from the
tendency of the metal to form rather covalent bonds .
than ionic ones with alkoxides, Furthermore, the diver-
sity in the coordinztion chemistry arises from a balance,
hetween the tendency of the metal to ezpand its coordi-
nation number by utilizing the bridging properties of
alkoxide, »nd the tendency of the coordination number of
the metal to be reduced by the steric effects of the
alkyl greoups. The polymeric nature of the metal alko-
xide arisos by the covalent character of intermclocular

bonds invelving the metal and oxygen atoms, namely:

AN M M <
« \o/P\o/ AW ' (2)
R R

which increases for metals in the same subgroup with
increasing size, and the deqree of hydrolysis decre-

asing (9a).

Most alkorides of early transition and main group
elements are volatile and scluble in organic solvents,
with notable exceptions of methoxides, In contrast,
nlknxides of later 3d maetals are non-volatile and inso-

luhle in organic solvenis, with the exception of iron(III)




alkoxides and chromium(IV) ter-butoxirte, Most alkoxides
of transition metals of the type MOR)  were commanly
nrepared by alecoholysis of their corresponding metal
dialkylamides, M(NR,) - (9b). pPrimary alkoxides of
Cr(I11)} were also synthesized by novel UV irradiation of
tricarbonyl arcne chromium complexes (10), The synthesis
of bis{aryloxo)iron(1I) »nd bis(olkoxe)iron(II) with
2,2'<bipyridine were reported by the reaction of
diethylbis(2,2'-bipyridine)iron(II) with p-substituted
phenols and alcohols, respectively((11)}, Mehrotra and
cosworkers (12) developed simple and systematic proce-
dures for the syntheses of -lkoxides of l-ter 3d transition
motals from their scluble halides in solvents like ben-

zene, tetrahydrofuran =nd dioxane,

NCln + NLiOR == M(OR)n + nLiCl (3)

n

]

3or 4 for Cr; R = Me, Et, 3Bu, tBu

for Co; R

n = Me, Et or iPr, sBu

I

2
n =2 for Ni; R Pr, Su, Hex, ipr
2

n =

i

for Cu; R Me, Et, iPr or tBu

Bimetallic isopropexides of the above clements with alumi-

nium have been prapared as in the following reaction:

MCln ¥ nK[

_Al(()ir*r)[;] - r»1£/\1(01r'r)47 -

e

+ nKC1 (4)

n= 3 for Fe(I1x), Cr(IT1), =nd n = 2 for

Mn(TI), Fa(1il), Co(II), Ni(IX) or Cu(II)




As part of an investigation of ligonds with large
steric recuirements, a series of first and second row
transition metnl »lk oxides of l-adamantanol, 2-adma-
ntanol nnd l-adamantylmethanol have been synthasized
from their dinlkylamidas by Wilkinson et al, (13a).

In addition, the synthesis of neutral alkoxidey and
lithium nlkoxometallate of the sterically deannding,
bis(ter-butyl)methanol for Cr(IV), Mn(IX}, Fe(IX), and
Cu{IT) were reported by the same research qroup (13b),
Electronic (visible) spectra measurements and magnetic
property determinations were made'on most of the simple
alkoxocomplexes by Mehrotro and co-workars (12), Iri-

mary and secondary alkoxides of chromium(III)} are poly-

meric solids with octahedrally coordinated chromium,

vhere as the ter-butoxide of Cr(IV) is = volatile bhlue
liguid and has tetrsahedral geometry, Co(IIX) alkoxides
are in general octrhedral, Spectra of Ni(II) primary
alkoxides arecharacteristic of cctahedral derivatives

vihich exhibit three well definad spinalloweda hands at

8750 ¥ 250 en”t (V) =¥hpg = 3T2g); 14810 * 115 om™?

s 3 3 . ) + -1 3

(Vg = “Rpy = "Tyg (F))and 24080 I 125 on™" (V.= Apq ==
3

T (r)),

The spectra of the blue secondary and tertiary alkoxides

of Mi{IT) clearly indicate o tetrahedral geometry with

well defined srinallowed transitions at 7580 ¥ 100 cm'1

K kA ) - '
(\)2--:“'1'1 —=== “As) ~nd 15850 * 70 cn”t (V3=3T1 ——— 3T1 (r),

The magnetic moment (uny) of the primary alkoxicdes of



nickel{1r) fall in the range of 2.9 - 3,3, and those of
secondary as well as tertiary atkoxides are Tound in the

range of u, = 3,2 - 3,9 at room temperature., These

B
observations are in accord with their octahedral and
tetrahedral fneometries, respectively. 0Primary alkoxides
of Cu(II) have a distorted octahedral geometry and the

branched analogques are tetragonal, Most octahedral

alkoxides of the above metals (with the exception nf

alkoxides of Cu(II)) are found to be inert towards alcow
holyses wiith branchod chain alcohels. This mitht be due
to the extra stability associated with octahedral jeo- ;
metry, as bompared to the lower thermal stability of the
tetrahedral geometry., Moreover, when the alkoxide is

bulky, the octahedrnal configuration may not be stable

for steric reasons, The stability of Cr(0tau) , mijht he

due to the absance ~f ¢\ -CH bonds in addition to extra

stability from two singly occupied lowcr eg orbitals (14).

Evaen though there are variations in alcoholyses,
most of them are found to goby facil interchanie with
chelating hydroxy ligands, such as silonols, glycols,
j&rdiketones, alkanolamines etc, In contrast to the
polymeric, insoluble nature of the simple alkoxides of
the later transition metals, the bimetallic analogues
are found to he coloured liguids or solids, which are
miscihle with orgsnic solvents, and appesr to be monomeric
in refluxing solvents like benzene, These bimetallic
1lkoxides are found to have structure (I) with tetraiso-

propoxoaluminate acting as a bidentate ligand., Jut data



for a few cohalt, nickel and coprer derivitives appear to
be more c¢asily understood on the bhasis of a structure of
the type(11) (15).

- T R
O

) =

v Ok
M’/'J\' " " ’/ T :
i\ty/A.\\ thncn¢~At —-ORK

0 N
R R-—-v’\- (@
LR An

(I) (ii )

n = 3 for Cr{Ix1) or Fe(ITI), n =2 for Ni(ITX), Co(II),

Mn(ITr), Cu(IX)

Prior to 1985, three different types of alko:itdes

of nickel(II) were known:

a., The sinple bHinary nickel(713) alkoxides of the

type, Ni(OR)2

7,  Bimaetallic nickel(IX), tetraalkoxonluminates of

the tyne, Ni{“Al(OR).7 R = Me, Et, Bu, Pr, iPr,

gy
¢. The mixed alkoxidesof nickel(II) of the type
NLI{ORYX, whare X is nn anion beside the alkosxide
ion (16), In 1985, ¥, Kalies =nd ¥, Gaube re-
rortad () the discovery of new alkoxides of
niclizl, based on Tithium, sodium -nd potassium

alkoxonickelates(II), having different comnosi-

tions and with partially gond anluybility in
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organic solvents, These new types of alkoxides of nickel(II)
are nrepared by the reaction of nickel(IT) compounds
(Minr,,2thf, NiBr,, Ni(acac), or Niir, (rPhg), with
alkalimetnl alkoxides of primary, secondary and tertiary
univalent alcohols in aprotic organic solvents like,
tetrahydrofuran or toluene, The maxinum temperature for
nreparing rrimary and secondary alkoxides of nickel(II) is
found to be 50°C, but 90°C for tertiary alkoxides, which

do not have o -CH honds for R=hydrogen transfer, When the
temperature is raised above 50°C, the alkalimetal nrimary
and secondary alkoxonickelates(ITI) are found to decompose,
giving metalic nickel, aldehydes or ketones, and an alcohol
corresponding to the particular alkoxide group., The pro-
posed mechanism is by B-hydrogen transfer from OL-CH of

the alkoxide ion to nickel(II) to give Ni(H) epecies, follom
wed by reductive elimination of Ni(H) by »n alkoxide group
to form =n alcohol and the nickel(o) species, The mechanism
is supported by the separation of an equivalent amount

of alcohol, The LiBr incorporated in the alkoxide deri-
vatives of lithium, The LiBr is found to be undissocinted
during conductivity measurcment in thf (45), Similar
complexes containing lithium and solvent mclecules are re-
ported by Wiikinson et a1l (13), where the lithium ion is

found to serve as o bridge between two alkoxide oxygens,

Magneticmoment determination using Gouy method on the
tetranlkoxonickelates(IT) of lithium and potassium in
s0lid state showed tynical of tetrahedral coordination

with ground state term 3Ti(F). The liqgan “ieldspectrum
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in nujol suspension srowed tetrahedral coordination of

nickel with threo spinallowed transitions: ng(F)mmm 3T2( K
T (F)=m= Ap(Vy), T (F)eem 2T, (P). Ligandficld-

parametaer further indicate tetrahedral coordination of

the alkaxonickelntes, Dq = 460 Cm“i, 3 = 800 cm"'1 and

R = 0,77, From magneticmoment determination in nujol

suspension, sodium derivative is found to have valucs of

octahadral coordination,

Uax '/UB
Compound Solid state Solution in thf
Lip Ni(01Pr), . LiBe 3thf o453, goo293c 293k (MassY)

Li, Ni(0iPr}, .LiBr.3thf 3,46  3,33-3,45 3,27 (1,27)

3,48 (3,57)

ti, Ni(0iPr), .LiBr 3,26  2,46-3,25
Li, Ni(Os0Ou) , ,Lifre3thf 3,35 3,46  (6,9)
| 7 | 3,45  (22,7)
Na, Ni(0iPr), . 2thf 1,44  1,15-1,44
0,75 2,71 (3,00)
v 2,56  (5,29)
0,78
0,96
1,03 2,30 (3,5)
1,33 2,38 (3,03)
K Ni(0ifr); . thf 3,23

2,2 8Synthescs of Low Valent Nickel Complexes

Wilke oand co~workers (5) develoned an efficient
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method of reducing nickel{II) snalts, such as Ni(acac),
using organnometallic compounds of main group met:ls in
the presence of suitnble ligrnds like phosphines, phose
phites, =nd olefins, In the absence of such ligands,
reduction of the nickel(II) to metallic nickel was obw
served. The mechanism of reduction is thought to occur
via unstable nickel alkyl or nickel hydride intermediate

sneciles,

Ni(ecac)2+4P(CeH5)3+A1R3_~9'Ni[b(CGHS)é]4+RAlacacz
+ 2R® (5)

Reducing adents, like sodiumborohydride and
hydrazinehydrate, have also been used by Chatt and
co-workers (17) to reduce nickel{II) salts in the pre-
sonce of various ligands, Sodium dithionate is also
found to be effective in reducing nickel(II) in the
presence of carbon monoxide, It is itself oxidized to
sulfite, Other reducing agents which have been used
are sodium naphthalide, potassium graphite, metal

powders and hydrogen (8).

Step-wise electrochemical reduction of nickel(II)
in the presence of the ligand using a controlled re-

duction potential is also widely used (18 -~ 21)-

NL{IT) === Ni(IL) =——p Ni{0) (6)

The step-wise reduction process is found to depend

mainly an the type of ligand involved and the geometry
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of the complex (19),., Nickel(II) is found to he reduced
step=-wise to nickel(X) and nickel(n) only in the nresence
of smaller ligands, such as, PEL and PEtZPh,‘i.e., those
which give [NiL4?+ or MNiL, species having the same
conordination nuﬁ;er as the corresponding nickel(II)
complex, 1In fact, in the case of diphosphines like
PhyP(CH,)  PPhy, the diphosphine is found to be less
auited as a bidentate ligand when n7»2, allowing only
comnolexes like NiLS, (5 = solvent molecule, L = dipho-
sphine) to be obtained for nickel in +2 and +1 oxidation
states (20). 1In agreement with the above facts,
nickel(II) is found to be reduced to nickel(o) by irre-
varsible two electron reduction in the presence of
hulkier lignandas like, PPhS, PCY, and relatively good
ff-aceptor lig~nds such as P(OPh)3. The existence of
[&i(PPh3)47+ is attributed to conproportiaonation of

nickel(o) with nickel(II).

Ni(o) + Mi(IT) ———d 2Ni(I) (7)

NiL , complexas, where L = triphenyl phosphite; tri-
cyclohexyl phosphite, bis(o-phenylene)phenyl phosphits
have been synthesized by carbon monoxide displacement
from MNi(CO), (22 - 24), Nickel(o) complexes of triphe-
nylphosphite and 1,2-bis(diphenylphosphino}ethans or
propane have been also synthesized by ligand exchange

with nickelocene or dimethylnickelocene (25 ~ 26),
The equildibrium,

, —
N:LL4 ALY g L'NiL(4Hn) + nL (8)
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has been studied for wide variety of phosphorus con-
taining ligands using 31P nmr by Tolman (27) on the
basis of competition experiments. The degree of sub-
stitution is found to be governed by the steric and

electronic effects of the ligand,

The reductinn of nickel{IX) by the ligend is some-
times found to occur as in the reduction of nickel(XT)
halides by diphenylphosphine (22} and triethyl phosphite

(20) .

NAr 5 +5HP(CgHg) o+t 0= NiEﬂP(CGHS)%I4+HPo(c6H5)2

+ 2H3r (9)

NiBr2+5P(05f)3+2(Et)2NH+H20-w$ NiLP(OEt)gz4
F2(ET) ,NH,IF + OP(Et) (10)

Lower yields (5 - 10%) of NiL,(CO), were prd_
duced by novel photo-irradiation process on
LoNi(S,C,0,) (L = dppe) (30). Transition metel
comrounds, eSpecialiy their halides, are reduced using
a system consisting of a basic-alcohol in the presence
of stabilizing ligends (L) such as phosphines, (ROH +
L+ KKOH)}., This method was principally developed by
Malatesta nnd co-workers, Chatt, Shaw and Vaska used
the method for the synthesis of hydrometal complexes of
Group VIII transition metals, in the presence of nhos-
phines or arsines (31 - 34), With isoto-ic techniques,
the above workers showed that the initial step was

coordination of an alkoxide to the metal centcer, where
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an ¢l ~hydreogen of thealkoxide is transfered to the
metal (B-hydrogen shift) (32), Primary alcohol is oxi-
dized to an aldehyde and secondary alcohol to a ketone,
as in reactions involving a P-hydrogen shift in metal

alkyl systems (35Y,

R R
oM s emg o HeM

/u ) H/

11)

The reverse of the above reaction is the Meerwein-

ponndort - Verly (MPV) reduction of an nldehyde or
ketone by transition metal hydride (36), A sccond type
of transfer to form hydrido-metal carbonyl complexcs
by a similar route was also observed, This type of
transfer involves the transfer of both hydrogen and

ol ~carbon of the alkoxides to the metal which is co-
ordinatively unsaturated, through intramclecular

oxidative addition (37).

ﬁ\ O R O

P N\ Min-9 — s ( C’ "'“4"(/ R
- ' ¥

H M ] : 1

RH + oc‘—--p’f\’n
H

N <oxidation number

M ZRh(T), Ir(I)
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The hydriao metal carbonyl formation by coordinntive
unsaturation is reinforced by thé_observation that the
process occurs for just those metals whnse complexes
are found to participate in oxidative addition (38).
The process of hydride transfer is found to be facili.
tated in part by increasing bascity of the phosphorus
ligands. 1In foct, there is a report on theisolation
of stable rhodium-hydrides from halides in the pre-
sence of phosphines and in the absence of organic

solvents at refluxing temperature (39),

RhX3.3H20+3L-§ HRhX2L2+R3PO+HX+2H20

(L = PPh, or PEtPh,)

Though the above method of reduction was applicable
to other Group VIII trensition - metals, it was assumed
in general to bhe non-fensible to iron, cobalt and nickel,
In fact, Chatt, $haw and Duncanson, GXpFGSSGé the view
as, "These nre general reactions of Group VIII metals,
excent iron, cobalt and nickel ,..," (32)., But the

syntheses of NiCl(H) (PrCY chanqged the prevailing view

3)1
(45)., The stability of (RgP) M (H}X, (X = 8r}, is found
to decrease in the order of Pt 2> Pd > Ni, This fact

has been in part attributed to the choange in the energy
(4 E) between the highest cccupied orbital =nd lowest
unoccupied oraital, which decreases in the same order,

The stability of hydridonickel{II) complexes of PCY, and

3
P(iPr)3 is attributed m=2inly to the steric bulk of these

ligands, which increnses &£E, restricts the conversion




of the trans-square-planar to tetrahedral geometry and
the apnroach of other groups along the out-of-nlane

axis (40),.

Lindenlaub (41) showed the syntheses of stable
nickel(0) carbonyl complexes, NiL,(CO}, and NiCl,L, in
the presence of 4 woles of LiOiPr in a carbon monoxide
atmosphere in boiling toluene., The same products can
alsc be obtained at higher pressure of carbon monoxide
in 2-propanol at room temperature. The mechanisa is
again postulated as a R-hydrogen transfer from the
alloxide, since acetone nnd isoproponol were shown to
be present in solution, In the absence of carbon mono-
xide, nickel met»l was deposited quantitatively, This
shows that the carbonyl complex is not formed by the
second type of transfer, 1In excess PPhS, under an inert
atmosphcre the paramognetic Ni(1) complex, Ni(Prhg).8r

was isolnted,

Stolze and Wetzel (42 - 43)'were also able to
characterize hexene, hexane and acctone from the
solution obtained by the reaction of Ni(acac), with
hexyl « lithium in the presence of LiOiPrr, showing
B-hydrcgen transfer from an alkyl and alkoxide to the
metal, Catalytic oligomerization of isoprene by the
complex NiCl{H) (PCY3), in alkalimetal alkoxide media
was noted by Sachse (44) indicating thet the catalytic-
ally active Ni(o) snacies which is resnznsible to
oligomerization of iscprene is produced in situ, i
It was also possible to synthesize Ni(@pp?)z, Ni(PPhS)FBr,

NiLP(OiPr)ZJL@ from Li Ni(0iPr),.Lidr.3thf, and Ni(PPhy) ,
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from NaZNi(GiPr)A.zthf, in the presance of %ppe, PPh3

and P(OiPr) 5 at temperstures between 70°C and 100°C in

gither thf or tnluene (45).

Ohjective of the Project

1,

To reproduce the synthesis of LiyNi(0iPr) ,.Lidr, 3thf

using o new starting compound; NiBr,.2DME,

2
To develop and reprbduce the work by W, Kalies (8)
and confirm the formation of nickel(o) species in the

Mi(II)_PR3~qlkoxide system by stoichiometric reaction,

To supplement further examples by taking new ligands,

such as triallyl phosphite,

To compare the products formed from NazNi(OiPr)4.2thf
and Li Ni(0irr) ,,Li8r.3thf with different chemical

compositions.
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3, CEXPERIMCNTAL

3.1 General

All reagents and solvents used for syntheses were
handled by Schlenk tuhe technique under nitrogen,
Nitrogen with original purity of 9,63 was further
“ purified by passing through two columns (length 100 cm,
diameter 5 cm) each containing an alkline pyrogallol
solution (30 q of pyrogallol)dissolved in 300 ml of
atrong agueous KO of specific gravity 1,54) (%0), then
through columns containing commercinl copper catalyst
(activated at 55°C to absorb oxygen), KOH, PO, and
molecular sieve type 4A. ALl solvents and reagents ware
dried and purificd according to literature proceilures
(51). Hydrocnrbon solvents, like benzone, tolueng,
n-hexane, n-heptane vicre driea over presscd sodium
metal and ware distilled from it, Tetrahydrofuran and
1,2-idimcthoxyathane wore predried by refluxing over
LiAlt, ond further dried by distillation from freshly
cut scdium ~nd benzo-phenone, aftef the solution had
turned violet, BDiethyl ether was refluxed over nressed
sodium sand distilled from it. pyridine was refluxed over
Li/\li-'.4 and distilled from it, Allyl alcohol was dried
by stering over magnesium sulfate, distilled from it,
and further stored over molecular sieve type S5A, Iso-
nropanol was stored over KOH, snd distilled from wirae.
It was further dried by storing over molecﬁlar sieve

type 5A, PCl, was purified by distillation . 1,5~

3
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~ecycloogtadiene was purified by distillation, Reagents
like Mi(acac), ond dppe were stored permanently under
nitrogen and transfer.ad to reéaction tubes under nitro-
gen when needed, All drying, purification of solvants
were done under nitrogen, and solvents were deéerated

before use,

3.2 Praepararation of Starting Compounds

3,2,1 Dibromonickel(II)2-dimethoxyethane, NiBr,,

20ME (52

100 m mol of Analar hbromine was added drop-
wise to a mixture containing 100 m mol of powdered
nickel in 100 ml of DME, The exothermic reaction
was left overnight with stirring, An oranje
complex was filtered off, washed with 60 ml of

DME and vacuum dried at room temperature,

Ni + Bry ~——i"ep NiBr,.20ME (13)

Yield: 34 g (85% based on nickel)

Analysis Found Calc. for Ni3r, .20ME
BN 15.06 14,72
%er ' 40,70 40,60
_ -1
IR: Vg, (C-0-C) = 1095 cm™" (s)
vie: V,= 14,521 on” !, £= 6.7 M len™; 21,186 cn”(V,)

= 11,2 m~tem~t

-6 _ . -6 _ -
_xb.lo = 9,12 cgys; x;.io =3843,7 cgs, ag = 3,02
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2,3.2 Lithium Isopropoxide (LiOipr) and Sodium Iso-

propoxide (NaQipr} (45)

Both were prepared in thf solution, Li0iPr and
NaOipPr ware prepared by using an excess (100 mm 01-130
m mol) of LiH and Na with 100 m mol of isopropanol in
100 ml of thf solution, end refluxing for 3 and 31/2 hrs
respectively . The solutions were filtered using G-4

sintered funnels to remove excess LiH and Na,

LiH + iProH — LiOiPr + H,
: (14)

Na + iProd wwe» NaQiPr + 1/2 Ho

3.2,3 Dilithium Tutraisoproxoznickelate (11);

L1 Ni(0iPr) o LiBr.3thf

7 m mol of NiBr,.DME was taken with 35,13 m mol
(41,2 ml) of LiOipr/thf at room temperature. The solu-
tion was stirred for 1 hr and deep blue crystals were

obtained, after Filtering and drying in vacuum for 1 hr,

NiBrz.ZDME + ALi0iPr Eﬁi»j LizNi(OiPr)A.LiBr.3thf + LiBr
+ 2DME (15)
Analysis | Found Cale, for LipNi(0ipr) ,.LiBr,3thf
GLd 3.38 3.40
%N1 9,37 9,54
o(oirr)” 338,58 , 38.61

%3r 12,89 13,05
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1

IR : = 410 cn™t (m), Vgoy (€-0-C) = 1052 em™* (s)

V(Ni.0)

Voo (ReCH)

2620 cm” {m}), Vsy(CmomC) = 900 cm™t {(m)
1

Vo.g (RpC-0) = 1150 cm™ = (s)
. -1 , -1
Vis: Qbs, {cm 7) Lit, (cm ) (45)
] -1 =1y o
18282, &(M "em” ") = 136.8 18215, (M "em ") = 152,6
16863, % = 79,4 16835, £ = 117.7

Yield: 3,64 g (859 based on NiBr2.2DME)

3.2.4 Disodium Yetraisopropoxonickelate(II), NayNi

(01Pr) 4.2thf (45)

The complex was prepared in solution. 8,4 m
mol of anhydrous Ni(acac), dissolved in 50 ml of toluene
was treated with 33.6 m mol of NaOiPr (26 - 74 ml) in
thf, The reaction mixture was stirred for 1 hr at 0°cC,

A voilet solution was obtained after filtering off the

Na acac,
DIUER
Ni(acac), + 4 NaOipr £o e) NazNi(OiPr)A.Zthf +
the '
2Na acac (16)
. -1 \ -1
Vig: Obs, {(cm 7) Lit. (em 7Y (45)
18904 € = 102,2 M_lcm-i 18850, £ = 141,3 S
1 1 -1

16502 £ = 40.6 M”lenm™ 16450, £ = 89,2 M™tem

Since the complex is formed in a mixture of toluene and

thf, the spectra was taken against a blank of toluene
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and thf in the some proportion as in the complex mixture,

2.2.5 Triallyl nhosohite and Triphenyl nhosnhitc

Triallyl phosphite was synthesized according to

tha established proce:iure (53),
Yield: 22,90 gm, 68% based on PCl3
PC1 5+ 3CH p=CHCH,0H+C gH gN--~~ P(OCH,CH=CH,) 5+3CgHNHCL  (17)

Trinhenyl phosphite was also prepared according to the

procedure given by Gottlieb (54),

Yield: 32 gm, 94% based an PC1 .,

PCly + 3CEHOH ~wmm  P(OCHG) o + 3HCL (18)

3.3 Syntheses of Mickel(0) Complexes

3,3,1 Syntheses of Ljpéi,5-Cyclooctadiene)bis-

(triphenylphosphine)nickel(o); Ni(PPh,),(COD)

5)

9.8 m mole of Na,Ni(0iPr) ,.2thf was heated
with 19,7 m mol of PPh3 and an excess of COD
(98 m mol) for 5 hrs at 65°c-68%0, :wibh i sfirring. the
violet colour disappeared and the solution turned
yellow~brownish, After a further 5 1/2 hrs the
colour had become deep brown, The heating was
discontinued and the solution was cooled to room
tempcrature, and vaccum concentrated, A six

folol excess of n.hexane was added as precipitating




- 24 -

agent, No precinitation was observed at room temprature,
Instcad glittering motellic-yellow crystals were pre-
cipitated after storing the solution in a freezer

(“2000) for 12 hrs, After washing the crystals with
n-hexane and vacuum drying at room temprature, the

colour of the complex became yellow«brown,

Yield: 1,124(26.6% based on NapNi(0iPr), 2thf.)

Analysis Found Calc, for Ni(PPh3)2(COD)
NiD; 8,5 8,45

IR: V(C=C) = 1515 cm™*(m), 1187 cn” *(s); V(C-H) = 3030
cm"l(w), 3040 cm"i(w); V(Phering) = 1072 cm™ L (m),
745 cm_l(s), 700 cm_i(s), vV(p-C) 1115 cm—l(s)

p nme ; = 30.04 ppm; é = -4,7

¢
e nmr = 7.40 ppm; O = 7,60 ppm; g = 3,87 ppm

5.51 ppmn; é: 2,08 ppm

|

3.3.2 Syntheses of Bisﬁé;2-bis(dipheny1phosphino)ethané]-

nickel({o), Ni(dﬁgg)Z’

a. Dppé (7,78 m mol) was added to 3.89 m mol of
Nézmi(OiPr)4.2thf (13.4 ml), The colour of
the solution changed to brown-yellowish at
room temperature, The solution was stirred
for 1 hr at room temperature, concentrated, and
sixfold excess n-heptane was added as precipi-

tating agent, After cooling the solution over-
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ninht in a freezer, brownish-orange crystals were obta-
ined, These were filtered off and washed with 30 ml of

n-hept=ne nnd vacuum dried at room temperature,
Yield: 1,51 g (71% based on NazNi(OiPr)A.chf)

IR: V(P-CH,) = 1438 om~ ! (w); V (P=Ph) = 1122 cm-l(m),

1000 om~! (m), 730 em~L(s), 695 em~Y(s).

-

1H nmr : 6 = 1,65 ppm, triplet

31P: & = 32.8 ppm

b. The same complex was synthesized using a similar
procedure for LizNi(OiPr)A.LiBr.Sthf. bppe (3.05 m
mol) was added to 1,52 m mol of LiaNi(OiPr)ALiBr.
3thf dissoclved in 25 ml of thf, Reaction occurred
at room temperature with stirring for 1 hr,
fPrecipitation was facilitated by adding 5 fﬂld
excess volume of isopgppanol, After cooling the
solution in a deep freezer for 8 hrs, orange cry-
stals weré obtained, They wera filtered off and

washed with isopropanol,
Yield: 1.233(94.6% based on Li,NL(0irr) ,.LiBr.3thf)

1000 cm“i(s), 700 cm_i(s).
1H nmr:_é:: 1.65 ppm, triplet

31

P nmr: g-- 32,84 ppm,
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the first time by Wilke and co-workers (5) by the re-
duction of Ni(acac), with diethylaluminiumethoxide in

the presonce of the ligands,

The synihesis of Ni(PPh3)2 (CD) using Na,Ni(QiPr) ,.
2thf was attempted in the presence of 2 moles of Prhy
and excess COD, as fdiscussed in the exparimental section,
IR spectra measurements of the complex indicated two new

1(s), which are absent

bonds at 1515 cm"l(m) and 1189 cm”
in the free COD zond Pﬁhz. These are ccrrolated with
the stretching frequencies of C=C, observed for metal-
olefin complexes, Most metal-olefin complexes are secn

to ahsorb at around 1500 cm-1

and 1200 cm—i(s), as o
result of strong coupling between V._. and Vosoo® The

© 1200 cm"l(s) is assumed to be predominantly C=C stretching
vibration by comparison with the spectra of unsubstituted
olefinic complexces of silver and platinum (18), The
absorption of 1180 cm™t may be assigned to the metal-
olefinic of the complexes synthesized, The decrease in

stretching frequency of the complexed oloefin (1189 cm_l

from that of the free olefin (1645 cm"l), is ralated to

)

the decrease in electron density in the olefinic pIl
orhitals and increased densify in the antibonding pffk'
orbital due to complex formation, ultimatecly weakening
the olefinic bond. To check the nresence of COD in the
complex, a proton nmr Spéctrum'was obtained without
sealing tHe tube, This showed broad signals, indicating
the presence of'paramagnetic nickel(II) which might be

the result of decomposition (oxidation) of the complexes




soiution. The mensurement was made only after adding
few crystals of KON in order to change paramagnetic
Ni{(II) to diamngnetic, tetracyanonickelatc(IX). Less
intense signals (31P at ~4.7 ppm and Y at 5,51 ppm)
further indicate the presence of free pPhy and COD,

The intense signal at 30.4 ppm, in the 31P snectrum
downfield from the free PPhg (-4.47 ppm}) may be assi-
gned to bended Prhg, The downfield shift is correlated
with tho decrease of electron density around phosphorus
which is nenerally o%served in phosphines without strong
electron withdrawing substituents, The decrease of
electron density might arise for phosnhines which are
more of (¢ ~-bonding type (49)., A signal at 3,87 ppm in
the ™ spectrum is assigned to the bonded COD where the
upfield shift is expected from the electron density
decrease in the olefinic bond due to complex formation
(18) ., Attempts to ﬁnalyse the phosphine content in the
complex failed, mainly to Iack of appropriante oxidizing

system which broeaks the P-C bond of PPh3.

4,23, Tetrakis( triallyl phosphite)nickel(o) ;Ni[P(OCH,~CH=

EH2)3!4

The complex was synthesized from Li,Ni(CiPr) ,.LiBr,

3thf in the presence of the ligoand as in the nrocedure
given in the experimental section, The complex was white,
The annlysis indicated a tetrakis complex, where Ni:P ratio
was found 1:4, In addition the presence of triallyl

nhosphite was confirmed by comparing the IR spectrum of




the free ligand with the spectrum of the complex, Abso-
rntion frequencies at 1638 em™t (Voog) » 3000 e (w))
and 917 cm™t (s) (%ECﬂH)' and 095 em™ (3) (Vps_goc)
clearly indicate triallyl phosphite in the complex, A
white complex was also obtained from NazNi(OiPr)4,2thf
with triallyl phosnhite, The IR snactrum of this
complex was found to he identical in the range of

1

4000 cm T to 200 cm"l with thot obhtrined from

LizNi(OiPr)4.LiBr.3thf, showing the s2me ccmplex was

obtained from either starting materials,

s

i

A.2,3 Bisél,2—bis(diphenylgh03phino)ethané]nickel(o);

Ni(éppe)z

. i omss=em

The compound Ni(dPP®), was synthesized by

¥, Kalis from LigNi(OiPr)4.LiBr.3thf. The complex was
charactaerized by a molecular weight determination, The
same complex was produced by us from the same starting
materinl, The complex was orange; precipitation is
best accomplished using isopropnanol, IR absorptions

at 1435 cm™ T (w) (P-CH,), 1135 cn”(m), and 100 ca”l(m)
(VP-nhenyl)’ and the proton signal at 1,65 ppm (triplet)

antd the 31

P signal at 32.84 ppm, clearly indicate the
presance of dpp? and the absence of other ligands, Tho
proton nmr wns run in non-deuterated benzene, where the
phenyl rrotons of dppe overlap with free benzene nrotons
at 6.52 ppm. The magnetic propeties where studied in
benzene solution with a canillary filled with benzene

{46)., If the solution wns pnramagnetic a downfield shift

of the signal from the henzene protons in the capillary
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should have been observed, No shift was observad,
indicating th~t the substance is diamagnetic ~nd a bis-
complex in agreement with the synthesis from other

starting materials (17).

The same complex was synthesized by us starting from
NazNi(OiPr)A.Zthf in the presence of dppe, The complex
was yellow-brownish., The complex was precipitated in
good yield using non-polar scolvents like n-hexane ond
n-heptane, The IR sncctrum of the complex showed same

-

frequency of ahsorption in the range of 4000 cm ~ to

200 en~t as the spectrum from the complex prepared

above, 8imilarly, the proton nmr spectrum indicated a
triblet at 1.65 ppm assigned to the ~CH,~CHy- group, The
31P nmr spectrum showad a signal at 32,8 ppm., The shift
from =12,4 ppm for free dppe in bHenzene to 32.8 ppm is
similar to that ohserved fé the complex formantion of
nhosnhinaes in qeneral., Magnotic susceptibility meqsurowm
ments gave the same result as that for the above complex,
Both complexes ére relatively stable to air; thay can

be hasndled in open air for periods unto 30 minutes, But
fast decomposition with deposition of a white substance
was observed in solution, Similar observations were
made by Chatt (17). From the data and observations, we

may conclude, the same domplex is produced using either

of the alkoxonickelntas,

4,2,4 Tetrakis(triphenyl nhosnhite)nickel(o): Ni[F(OPh)i]4

Ni[&(oph)é]4 was synthesized by W, Kalies (45), who
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charactarized the complex hy elemental analysis, He
synthesized the complex from LizNi(OiPr)A.Linr.Ethf in
the presence of the ligand. We ropeated the synthesis
of the complex from the some starting material, The
complex formation of p(OPh), was confirmed hy the IR
spectra, where frequencies of ahsorption at 1200 em™ 2
(8) (Vo) 887 cm"l(s) (VP_O) and absorption frequen-
cies typical of a rhenyl—ring where ohserved. The
analysis indicated a ratio of Ni to p of 1:4, The snme
vihite comnlex was synthesized by us starting from
NazNi(OiPr)A.Zthf in the presence of excess ligand,

The IR spectra showed the same fregquencies of absor-
ntion as above, In additien 316 nor spectrum of the
comnlex showed a signal at 128.8 ppm in agreemant with
that reported by Tolman (12)., From the data of annlysis

and spectra indicate the formation of tetrakis complex

in both casas,




._40_

8. Conclusion

The synthesis of LiENi(C}iF’r‘)4 LiBr 3thf was best accompanied using
NiBrE 20ME , which is relatively easy to prepare and more stable to
hydrolysis than MiBrE 2thf. Electronic spectra and magneticmoment

determination of NiBrE 2DME indicated octahedral ageometry of nickel{(il).

Using the intermolocular redox properties of the isopropoxonickelates
aof lithium and sodium, a series of nickel{o) complexes were synthesized.
Complexes synthesized from either of them using dppe, triallyl phosphite
triphenyl phosphite were found to be identical. Eventhough, the
isopropropoxonickelates of sodium and lithium are chemically different,
the results indicated the same reaction pathway way followsd, i.e
nickel{11) is reduced to nickel(a). Furthermore the results obtained

strengthen the proposed mechanism.

The syntheses of low valent nickel complexes in the presence of
stabilizing ligands, using primary o secondary alkoxonickelates of
alkalimetals may have a synthetic advantage as compared to the syntheses
using organo or hydrido compounds of main group metals in being easy to
prepare and handle.
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Specta "Twsitions in Anpendix (Figure Numbers)

i
i

1 31

. Compound Vis IR H _nmr P _nnr
1. Li,Ni(01iPr) ,.LiBr.

3thf 1 2 - -
2, NiBrQQDMe 3 4 - . -
3. Niﬁr2.2thf 6 - - -
4. NagNi(0ipr) 4.2thf 8 - | - -
5. Ni(PPhg) ) 5(COD) - 7,9 10 11
6. Ni(dppe), from 4 - 12 13 14
7, Ni{(dppe), from 1 - 15 16 17
8. Ni P(OCH,CHCH,) 3 ,

from 1 - 18 - -
9. Ni P(OCHZCHCH2)3 a

from 4 - 10 - -
10, Ni p(OPh), 4, from 1 ~ 20 - -
11, Ni P(orh) 5 , from 4 - 21 - 22

Calibration Curve for Bromilde Determination: 5
1: L1,NL(04PT) . LiBr 3thf

41 NagNi(0ipr) ,.2thf




- 26 -

3.3,3 Syntheses of Tetrakis(triallyl phosnhite)nickel(o);

a4
N4[P(OCH,~CH=CH,) 4 F,

‘a. 3.4 m mol of L1,Ni(01Pr) 4.LiBr,3thf in 30 ml
of benzene was mixed with an excess of tria-
11yl phosphite (17,1 m mol)., The solution
was refluxed for 2 hrs, and thg colour of
the solution changed to brown., The solution
was cooled to room temperature, with n-
heptane added as precinitgting agent. The
solution was stored in deep freezer for 6
hrs, where white crystals were formed,

. These were filtered off and wagshed with n-
heptane and dried in vacuum at room temp- 7

rature,

Yield: 2,72 g (93% based on Li,Ni(0iPr),.
LiBr.3thf )

-1 -1
IRt Vip.gag) = 995 o077 (8) V(g.)=1638 o™~ (m);

1

- -1
V(C_H):3090 cm (w), 917 cm (s).

. Cnlc, for

Analysis Found Ni[b(OCHZ"CH=CH2)374
95N 6.95 5,76

%P 14,01 14.26

b, The some complex was prep~ared by a similar
procedure by mixing 3,80 m mol{(15 ml) of \

NazNi(OiPr)4.2thf with excess triallyl phosphite

(15.56 m mol), The reaction mixture was heated



- 27 -

for 21/2 hrs at 50°C - 65°C, The colour of the solu-
tion turned from violet to brownwred, It was cooled to
room temperature and concentrated, Sixfold excess of
n-heptane wag added to facilitate precipitation, After
storing the solution in a deep freezer for 8 hrs,

white crystals were obtained. Theese were filtered off,
washed with n=heptsne, and dried in vacuum at room

temperature,

Yield: 1,724 g (79% based on NazNi(OiPr)4.2thf)

IR: Tdentical in the range of 4000 cm"l !

to 200 cm”

with the complex prepared from Li,Ni(0ifr),.LiBr.3thf,

3.3,4 Syntheses of Taetrakis(trinhenyl phosphite)nick-

el(o); Ni[b(OPh)3]4

8. 2,88 m mol of LizNi(OiPr)a.LiBr,3thf in 30 ml

of banzene was mixed with on excess (1440 m mol)

of p(OTh)z. The blue colour of tho solution
disapnerred after refluxing for 3 hrs, The
solution was cooled to room temperature, =and
isopropanol was added to give a milky mixture,
After cooling in a freezer for 10 hrs white

crystals were obtained, These were filtered,
washed with 30 ml of isopropanol, and vacuum

dried at rocm tempcrature,

Yield: 2,57 g (80% based on LiQNi(OiPP)ALiBr.

3thf).

IR: V(C-0) = 1165 om™Y(s); V(P=0) = 8.87 ca™1(s)
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Annlysis Found cale, for nifp(orh),],
SN 4,75 4,51
wP g.15 0,54

b, The same complex was synthesized by mixing 5.25 m mol
(22 ml) of NayNi(0irr) ,.2thf with 25 m mol (excess) of
P(OPh} ;. The renction mixture was hented for 3 hrs at
55°C - 65°C with stirring. The brown-red solution was
cooled to room temperature and concentrated under

vacuun, Sixfold excess of n-hexane was added as preci-
nitating agent., The sclution turned milky and after

& hr in a deep freezar a white precipitate was filtered
.nff washed with n~haxane and dried under vacuum at room

temprature,

vield: 4,12 g (63,9% based on Na,Ni(0iPr) ,.2thf),

IR: V(C=-0) 1165 cm™>(s); V(P=0) = 885 cm™ L(s)

31P nmr: 128,8 ppm

The two complexes preprred from Li Ni(01ipr) ,.Li3r,3thf and
NazNi(OiRr)4.2thf were found to have the same absorbtion

1 1

frequencies in the range of 4000 em™ "~ 200 cm™ —,

3.4 Analysis

3.4,1 Diss~lution of Mickel Complexes

Dissolution of those complexes contnining
nickel (II) was affected by treating 30 - 40 mg

samplés with a known volume of wnter (50 aml) =nd
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0.5 ml of Annlar nitric acid ( %) . Théo solution
was roady for -nnlyses for nickel and lithium after

such troatment,

For complexes containing nickel(o), dissolution was
affected by treating the known amounts (50 - 80 mg) with
0,5 ml of fuming nitric acid and evaporating the resula-
tiﬁg solution, After three such treatments, the solu-
tions were diluted with water to known volumes ond

ready for =2nalyses,

For the ~nnalysis of the isopropoxide anion, 20 - 30
mg of the complex was treated with a known excess volume
of 0,1 HC1l ~nd the excess acid was determinad by 0.1 M
MAOM, The concentrations of the thf solutions contain-
ing Li0irr and NaOiPr were determinegin the same manner
by taking 1 ml of samnles by microsyringe and diluting

them to 50 ml with water, The equivalent amounts of

NaOH and LioH were determined acidimetrically (55).

3.4,2 Nickel Determination

Analyses for nickel in solutions preparad from
complexes containing nickel(II) were done according to
the procedure given by Vogel (55). Thus, the pH of the
solution was adjusted to 6 by adding two grames of hexa-
mcthylenetetraamine, and a known excess volume of
0,01 MEDTA was added, The excess of EDTA was determined
hy.titrating with standard 0,01 M Pb(NO3)2 solution using

xylenol orange as indicator. The nickel content of
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solutions prepared from comnlexes containing nickel({o)

wag determined by atomic abhsorption spectroscopy.

3.4,3 Lithium and Bromide Determination

The content of lithium was determined by atomic
emission spectroscony (Mekanissa Mining Laboratory)

after preparing the solutions with known volume,

Bromide was determined using a bromide sclective
glectrode with calomel as reference clectrode and

Pw 9409 digital pH meter,

Standard (M) Voltage (mv)
107t - 126
1072 - 67.3
103 - 29,3
10™% + 20,6

Sample: l§ 52 .4

A

'3,4,4 phosphorus Determination

&

Phosphorus in the phosphite complex was deter~
mined by first oxidiziqj the phosphite to phosphate,
The complex was decomposed hy treating it with 5 ml
fuming nitric acid., The decomposed complex was further
heated with fuming nitric acid and potassiumpermanga-
nate (59)., For comnlete oxidation the process was
repeated three times by adding 5 ml of fuming nitric
acid and evaporating after each addition. The phoshhate

was nrecipitated as MgNH ,PQ ,.6H,0 and the phosphorus
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content was determined by dissclution the precipitate
in basic solution {pH = 10) volumetrically as in the
procedure given by Flaschka (56), The results of the
nnnlyses were compared with the results obtained from
the determination of the phosphorus content of the

phosphite ligands by the same procedure,

3.4,5 Spectra and Mhgnetic Susceptibility Mensurements

IR spectra of the compounds prepared and ligands
usad were rccorded using a Pye Unicam Pu 9512 IR specte
rometer (obtained frowm Shola Crop Rrotection Laboratory),
The samples were ~repared as mulls with nujol for solid
complexes and ligoands, and the spectra were run in ho-

tween KDr discs,

Visible spectra were recorded on a rhilps
Pu~8600-UV/Vis snectrophotometer (obtained from Shola

Crop Protection Lahorateory),

Proton nmtr specctra were recorded cither on
Varian-s 60T spectromcter or JIMM FX 90Q FT-NMR spectro-

meter (obtained from the Department of Chemistry, A,A.U,)

Phosphorus spactra were recorded at JINM FX-~90Q FT
NMR spectromaeter relative to 85% H,PO,, rositive shifts

indicate deshielding, M=gnotic suscentibility moasurements

were done by Evans's mcthod (46),




4, RRESULTS AND DISCUSSION

4,1 Lithium =nd Sodium Isopronoxonickolate(1T)

The syntheses of dilithium tetraisoproposonickelate(ITI)
was accomplished nccording to the praocedure given by
W, Kalics (45), axcept that NiDr?.chf was repl-ced by

NiTr, . 2DME. Nilr, J2DME is found to he a very suitable and

2.
novel sterting mntorial as compared to NiBr?,chf, which is
difficult and time consuming to prepare, and relatively

unstahble to ingredients of air, Ni3r,.2thf is prenared

2%

y first dehydrating Nifr,.6H,0.and later extractihg with
thf, That the same alkoxonickelate is obtained using
Miﬁr2.2DME is ascertained by elemental analysis and ele-
ctronic and IR snactra measursments, In addition, the
eloctronic spoctra of MiBr, .2DME in thf shows it to be
jaentical with thot of Niﬂrg.Zthf shows it to bhe identical

with thet of Midr.,2thf in the sane solvont,
2

Vis:s A(nm),V(cm'i) E(M"lcm"l) transitions
. ) 3
3 ¥ A HEASY A3 =/ - i
NiBr, , 20ME 0320203 12.6 03 A2g Tig(P)
in_thf -
. : , 3 3.
Ni3r,,2thf 492 ;20325 13,4 Vg=TAyommm Ty (P)
in thf
1 . g 02 3 3
NiTP,(58) 1470 ;6500 V= Aggmmm T g(P)
3 3
847511, 8 22h -
847 ;11,800 Vo= "hpgmm Ty (F)
3 3
405 ) VA e T (F
105320, 600 \?3 Aog Tig(r’)

This results

indic~tes the twe moleculos of DME are
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replaced by thf molecules,

As NiBr,.2DME is only briefly mentioned in lite-
raoture (52), attampts were made to characterize it,
Visible epectra measured in DME indicate; two bands at
11,521 cn™' (868 nm) and 21,186 cm™% (472 nm). The
frequencies of ahsorption are in the range of absor-
ntion frequencies in sclution for NiBr, (58), The exti-

nction coefficients coalculated are: 6,7 r--*l"‘lcm'"1 and

11,2 l‘fl"icm'1 resnectively, These results are similar to

those for octahedrally coordinated nickel(II) (57),

Magnetic property of NiBr,.20ME was measured by
Evans's method (46,9%7), The results support the clec-

tronic spectra measurement,

Flectronic spectra dava on the two nlkoxonickelates
of lithium and sodium are found to be in good agreemant
with the reported valuas (45), In the case of
Lizmi(01Pr)4.LiBr.3thf, IR spectra mcasurements clearly
indicate the prescnce of thf, 1In addition, clemental
analyses are in good ~greement with the calculated values
of LizNi(OiPr)4.LiBr.3thf. Both alkoxonickolates are
rapidly hydrolized when exposed to air, 1In fact, the
violet complex, NayNi(0irr) ,.2thf, formed in solution is
seen to Gecompose, depositing nickel metal even under

nitrogen, if stored more than two days,

4,2 Mickel(o) Complexes

The main principle of syntheses is based on the
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intramoleculér redox properties of an alkoxo complexes

of nickel(11) with primary and secondary alkoxides di-
soovefed by Gaube and co~.workers (7). When primary and
secondary alkoxides of nickel(II1) are heated in the range
of 50°C - 9¢®c, alemental nickel is seen to be deposited,
ig,, nickel(IX) is reduced to nickel{o), The mechanisnm
was proposed as ﬁmhydrogen transfer frome&-Ch bond of

the alkoxide to the matal, followed by reductive elimi-
nation of it by an nalkoxo onion to form an alcohof, The
proposition of mechanism was based on the isolation

study made, Thus, the use of these alkoxocomploxes may
provide a novel way to easy and simple reduction methods
for the preparation of nickel({o) com-lexes in the pressnce

of stabilizing li¢qands,

4,2,1 (bﬁ—i,S-Cyclooctadiene)bis(triphenylphosphine)-

nickel(Go); Ni(PPhy),(COD)

.
]
SSS N

During an attempt to synthesize Ni(COD), from
Na,Ni(0iPr) ,.2thf and COD, depasition of elemental
nickel was observed (45), This was attributed to the
instability of Ni.(COD), at the temperature of the re-
duction of Na Ni(0iPr),.2thf, 1In fact, Ni(COD), is found
to decompose above 60°C (48), The low thermal stability
of Ni(COD)2 is mainly because, it does not h-ve low
lying empty molecular orhitals, With this in mind, we
tried to synthesize nickel-COD complex in the nresence of

stabilizing 1lijands like PPh3.

The complex, Ni(PPh3)2(COD) wrs synthesized for

~
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