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1\8STRACT 

The syntheses of dilithium and disodium tetraiso­

propoxonickelate(II) were achieved using a novel starting 

compound, Nior2 ,2DME. This nickel(II) compound wos found 

to be easy to prepare and a relatively stable compared to 

the commonly used starting an,logue, NiBr2 .2thf, which 

was difficult to prepare and easily hydrolized on exposure 

to air. Electronic spectra and magnetic moment of 

Nior2 .2DME indicate an octahedral type coordination of 

nickel(II) in solution. Jhe two alkoxonickelntes 

synthesized from NiDr2 .2DME were found to be identical 

with those prep.'Jred using NiOr2 ,2thf. Using intramo­

lecular redox properties of the above isopropoxonicke-

lates, a series of low valent nickel complexes were 

synthesized. A yellow-brownish comr1ex, Ni(prh 3)2(COD) 

was synthesized starting from Na2Ni(Oirr)4.2thf. White, 

tetrakis complexes of Ni(o) with friallyl phosphite, 

triphenyl phosphite, and orange to yellow-brownish bis 

complex of 1,2-bis(diphenYlrhosnhino)ethane were synthe­

sized from either alkoxonickclates. In evary case, the 

complexes synthesized from lithium and sodium deriva­

tives were found to be the S3me. All the above complexes 

were observed to be unstable in air. The results obtained 

sUDnort the assumption of zero-valent nickel spocies to 

be active in catalytic systems consisting of Ni(II) I PR 3 , 

and primary and primary and secondary ,lkoxides Which can 

be used to transfer 1,3-dienes into Jimors and oligomers. 
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1. INTRODUCTION 

C9tolyst systems based on transition motal comp­

lexes of Group VIII in genGr~l, and nickel complexes in 

particular, prOVide a fascinating field of research for 

the last 30 years both from academic and ind~strial 

point of views. Most of the catalytic processes of such 

complexes ore rolated to dimerization, oligomerization, 

isof»GN.zation and cyclization of ole fins (1-4). P"lrti-

cular interest :8 attached to nickel containing cata-

lysts, due to their exceptionally hi9h catalytic acti-

vity and the easo with which the course of the reaction 

con be dirocted by tailoring them. Tho properties of 

those nickel complexos are perhaps without parallel 

among other transition metal complexes (4). 

The various catalytic possibilities, involving 

nickel contl11ning complexes, may be 9ho~n with catalytic 

transformations of butadiene (3). 
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Scheme 1: l:t, e,e; t,t,t and t,t,C-1, 5,0-cyclo-

dodecatriene with Ni(COD)2; 2:1,5-cyclooctadiene, 4-vinyl­

cyclohexon, C-12-divinylcyclobutane with Ni(COD)2 + PR 3 : 

3:1,4-polybutadiene with (C3H5NiCF3COD)2: 4:1,4-t-poly­

butadiene with (C3H5NiI) 2: 5:t, t nnd C, t-l, 3,6-octatriene 

with Ni(COD)2 + PR 3 + (CH 2) 5 NH; 6: l-Methylene-2-vinyl­

cyclopentane with Ni~P(OEt)J4 + CF 3COOH. 

Various methods are available for the prer~r8tion 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). Organa 

Ilnd hydrido compounds of main group met81s (Group I-III) 

were also used as reducing aqents. Reducing Agents like 

sodium n8phthnlide, potassium gr8 nhite, sodium dithionite, 

hydrazinehydrate, hydrogen and electric current were also 

reported to be efficient (6). Catalysts, active for 

dimerization of dienes, were discovered by Gaube and 

co-workers (7). These catalysts are pr'oduced in situ in 

a system containing Ni(II), alkali metal alkoxide (MOR). 

phosphines, And the substrate. gest results with such 

systems were achieved with a molar ratio of Ni( II) :PR3 :MOR= 

1:2:4, in the temperature range 600 C - 1000 C. Even though 

the system was known to work properly, the identity, 

mechanism of form~tion of the catalytically active species 

and the part rlqyed by the alkoxide was not known. The 

product formed by the alkoxide activated systems hove 
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been shown to be simi13r to those formed by nickel(o) 

containing systems, From that the following mechanism 

was Bug'Jested (8), 

H H , 
M-O-C-R ~ M(H) + 0 = C - R - I 

H (1~) 
H 
I /R 

M-O-CR2 ~l(H) + 0 = C, 
R 

) t1(O) + ROH ( lb) 

Tho mQchonlam involves },>-hydrogen transfer froID the 

(;I.-carbon of the alkoXide to nickel(II) with form"tiQn 

of aldehyde or ketone, followed by reductive eliminotion 

to give an alcohol and the nickel(o) species. Detailed 

investigations of the primsry interaction between the 

components of the cately tic system led to the discovery 

of a novel type of alkali metal alkoxocomplexes of 

nickel(II) as viell as the synthesis of Ni(H)3r(p(;Y3)2' 

These alkoxides containing ct. -CH bonds were found to 

llndergo facile intramolecular redox reactions, at 
o 0 temperatures between 65 C and 90 C. Once the identity 

of the ~lkoxides and their intramoleculor redox behavior 

was established, their synthetic advanto1e in the formation 

of low valent nickel complexes was shown in the presence 

of stobilizing neutrol lig'lnds (8), In view of the cost 

and hAndlin~ problems of 7ieglor - Natta type reducing 
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systems, the use of 81k~li metal alkoxides of nickel as 

a source of low valent nickel is of a synthetic advan-

tage. 

~ckel is known to form complexes with formal oxi_ 

dAtion state of zero. In such type of complexes, the 

a-donor linBnds h'1ve a low energy Ii-aceptor orbi.tal 

(LUMO), while the ,-~'-acceptor metal h3s filled ll-donor or­

bitals (HGMO) • Nickel(o) has its II-orbitals (t29) 

filled. The stabilization io synergistic, i.e., the more 

electron dem,Hy that the D-system con trensfer from the 

metal to the ligand, the more the metal can accept via 

the <S-system. In turn, the rna re the () _system removes 

from the ligand, the inore readily the ligand can accept 

electron density through the II-system. Upto a certain 

roint, then, each system cnn augment the bonding possi­

bilities of the other. Such is the case with ligands 

such as nhosrhines and phosphites, which can bond by 

hoth mecllnnisms (60). Olefins bond to a metal through 

their II-electron density directed to a metal orbital of 

cr:symmetry, where the met.'ll b"ck donates electron 

density to the empty nnti-bonding II-it orbital. of the 

olefin (61). 
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2. LITERATURE SURVEY 

The alkoxide ion RO-, is known to Hct as strong 

liqHnd with almost all metals giving a Wide range of 

compounds, monomeric to polymeric; soluble to insoluble. 

The vAriety in coordin3tion chemistry arises from the 

tendency of the metal to form rather covalent bonds 

than ionic ones with alkoxides, Furthermore, the diver-

sity in the coordin~tion chemistry arises from a balance, 

between tho tendency of the metal to expand its coordi­

nation number by utilizing the bri~ging properties of 

alkoxide, nnd the tendency of the coordination number of 

the metal to be re~uced by the steric effects of the 

alkyl groups. The nolymeric nature of the Inetal alko-

xide arises by the covalent ch~racter of intermolecular 

bonds involving the metHl and oxygen atoms, namely: 

which increases for metals in the same subgroup with 

increasing size, an': the degree of hydrolysis decre-

asing (9a). 

( 2) 

Most alko)'.icJes 0' early trBnsition and main 'lroup 

elements are volatile and solu~le in orgBnic solvents, 

with notable excentions of methoxides. In contrast, 

nlknxides of later 3d metals are non-volatile and inso-

1.U'11e in org3nic solvents, with the exception of iron(III) 



alkoxides nnd chromium(IV) t8r-butoxi~e. Most slkoxides 

of trnn"lt1on met,-,ls of the type r'1(OR) were commonly 
n 

nrepared by 01col101ys1s of their corresponrling metal 

dialkylamides, M(NR 2)n (9b). primary olkoxides of 

Gr(III) were also synthesized by novel UV irr'1dit:lUon of 

tricarbonyl BI-ene chrbmium complexes (10). The synthesis 

of bis(oryloxo)iron(II) and bis(nlkoxo)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 

cOTworkers (12) developed simple and systematic proce­

dures for the syntheses of ~lkoxides of l,·ter 3d transition 

metols from their solu~le halides in solvents like ben-

zene, tetrahydrofuron 9nd dioxone. 

tlCl n + nLiOR -~ M(OR)n + nLiGl ( 3) 

n " 3 or 4 fo r Cr: R '" Me, E t, Su, t8u 

n '" 2 fa r Co; R '" ~le , Et or irr, s8u 

n '" 2 fa r Ni; R = pr, Qu, Hex, iPr 

n '" 2 for Cu; R '" Me, E t, irr or tOu 

8imetallic isopropo:cides of the above elements with alumi­

nium have been pl"epared BS in the following reaction: 

~1Gln + nKC Al(OiF'r)La ---;"''' ~lC/\l(Oirr)iJ n + 

+ nKCI 

n = 3 for Fe(III), Cr(III), c,nd n '" 2 for 

~ln(U), Fe(II), eo(II), Ni(LC) or CU(II) 

( 4) 
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As p~rt of on investigation of ligands 0ith l~rge 

steric rOliLJiremonts, 8 series of first ~n(1 Gocond row 

tr"nsition metnl ~lk oxides of 1-adomantnnol. 2-odmo-

ntanol ~nd 1_adnmontylmethnnol hAve been synthesized 

from their diolkylnmirles by Wilkinson et 01. (13a). 

In 8dditi.on. the synthesis of neutrAl. '11koxido~; mlci 

lithium nlkoxometollate of the sterically de~AndinR. 

bis( ter-butyl)mcth'1nol for Cr(IIf). ~1n(II). Fe(u), And 

CU(II) were I'eported by the S'lme reseArch '1roup (13b). 

Electronic (visihle) srectra measurements and magnetic 

property determinations were made on most of the simple 

fll.koxocomplexes by ~·Jehrotro c~nd cO-"Jorkcrs (12). rri-

mAry ~nd secondary olkoxides of chromium(III) are poly­

meric solids ~ith octahedrally coordinqted chromium, 

where as the ter-butoxide of Cr(IV) is n volatile blue 

liquid nnd has tetrahedral geometry. Co(II) nlkoxides 

are in genernl oct~hedrnl. Spectra of Ni(!I) prim~ry 

alkoxides nrEchArncteristic of octahedral derivatives 

~hich exhibit three well defined sninallowed bands At 

87'10 .:!: 250 

(1/2 " 3A2g 

3T1 [J (r»)~ 

-1 () 3 3 +-j cm \ 1 = A2g -~ T 2 ); 14810 - 115 cm . 
- g 

3 ) d + r: -1.) 3 
--!> T 19 (F )'In 2 tt980 - 12 _1 cm (v 3= i\2 'l --? 

The spectra of the blue secondary nnd tertiary olkoxides 

of Ni(I!) cleorly indicate B tetrahedral 1eometry ~ith 

well defined sl'incllo~Gd transitions at 7580 .:!: 100 cm- 1 

(
') 3 3) 1 + - 1 . I . 3 3 v2= Tl ---- A2 · nne 15850 - 70 cm (v3= Tl ---- T1 (P). 

The m8qnetic momE~nt (,un) of the primClry ~JJ.ko'{ideG of 
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nickel(II) foIl in the range of 2.0 - 3.3, and those of 

secon(hry as \·'Iell 88 tel-tinry al~koxides '.lre found in the 

range of uA a 3.2 - 3,9 at room temperature. These 

observations are in accord with their octohedral ond 

tetrahedral neometries, respectively. rrimnry alkoxides 

of CU(II) hove 0 distorted octahedral geometry nnd the 

branched analogues are tetragonal. Most oct~hedr91 

olkoxiJes of the above metals (with the exception of 

alkoxides of CU(II)) ore found to be inert towards alco­

holyses "lith branchod ch'lin alcohols. This mi':ht be due 

to the extra 3toblilty associated with octahedral ]eo-

metr" as compared to the lower thermol stability of the 

tetrahedral geometry. Moreover, when the olkoxide is 

bulky, the octahedral configuration may not be st3~le 

for steric reasons. The stability of Cr(Ot~u)4 milht be 

duo to the absence ,-, f d.. -CH bonds in addi t ion to ex t ra 

stability from nro sln'lly occul"ied 10Vier e orbitals (14). 
9 

Even though there are variations in alcoholyses, 

most of them are found to goby fRCil interchanJe nith 

chnlAtinq hydroxy ligands, such as s110no1s, glyGo~, 

)rdiketones, alk~nolamines etc, In contrast to the 

polymnric, insoluble nature of the s1mpln alkoxides of 

the later transition metals, the bimetallic nnalonues 

are found to be coloured lic;uids or solids, ''-1111ch 8re 

misci~le with org0nic solventq, nnd Bp~e~r to he monomeric 

in refluxing solvents like benzene. These bimetal1.ic 

'11koxi'les Are f,lUnd to 11"ve structure (I) 'Plith tetr8iso­

pro~nxoaluminote acting as a ~identAte ligand. ~ut data 
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fora few CO~)oJ.t, nickel flnd COnnor deriv~'tives ,appenr to 

be mora o8s11y IJo,larstood 00 the basis of a structure of 

the tvpe(H) (15). -
n R 

O~ 0 OR 

1"1 ~I/ M - ()R~'AI OR. 
0/ . "" 

'0/ R OR 
1\-

R 
(rJ ([() 

n " 3 for Cr( UI) or Fe( III), n =2 for Ni( II), Co( II), 

~ln( IJ), Cu( II) 

Prior to :1985, three different tYrlOS of 81ko;d(\cs 

of n1ckeJ.(II) were known: 

A. The simple ~in8ry nickel(JJ) qlknxi1es of the 

tYr>e, Ni(OR)2 

h. ~imetDJ.lic nickel(II), tetraalkoxonluminotas of 

the type, r,a[1\1(OR);]2' R " Me, Et, Bu, rr, ipr. 

c. The mixed ol.koxHesof nickel(JI) of tho type 

Ni(OR)X, ~hare X iA "n nnion belirle the nJ.koxide 

ion (16). In 1~)n5, W. K~'lics 0nri W. Gaube ro-

nick.g) .. , b8ned on ~ ithium, so\'!ium · ... nd pot""lGf,ium 

~lkoxonickB18tes(II), hRving (11fforcnt comnosi-

tions nnll with pArtially good soll!bility in 

1L 
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orgAnic solvents, These new types of olkoxides of nickel(II) 

are ~rep8red by the reaction of nickel(II) compounds 

(tlinrz,2thf, Nior Z' Ni(acac)Z or Ni~r2 (rrh 3)Z with 

alkolimetnl nlkoxides of primary, secondary and tertiary 

univalent alcohols in "pro tic organiC solvents like, 

tetrahyrlrofurnn or toluene, The maximum temperature for 

nreparing primary and secondary nlkoxides of nickel(II) is 

found to he 50 0 C, but 90 0 C for tertiary alkoxides. which 

do not h!'lve ct.-CH bonds for fl.-hydrogen transfer, When the 

temperature is raised above 500 C, the nlknlimetol ~rimnry 

and secondary alkoxonickelates(II) 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 J,-hydrogen transfer from ct-CH of 

the 8lkoxide ion to nickel(II) to qive Ni(H) species, folIa.. 

wed by reductive elimination of Ni(H) by ~n nlkoxide group 

to form an alcohol and the nickel(o) species, The mechanism 

is supported by the separation of an equivalent amount 

of alcohol, The Li3r incorporated in the nlkoxide deri_ 

vatives of lithium, The LiBr is found to be undissociDted 

durinq conductivity measurement in thf (45), Simil'lr 

complexes contnining lithium and solvent mnlocules are re-

ported by Wilkinson et 01 (13). where the lithium ion is 

found to serve as a bridge between two alkoxide oxygens, 

M8 1 net icmoment determination using Gouy method on the 

tetraolkoxonickelates(II) of lithium 'lnd potassium in 

solid state 

with ground 

showed typical of tetrahedral coordin~tion 
3 state term T1(F), The liqar 'ieldspectrum 
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in nujol susnonsion s~owed tetrahedral coordination of 

nickel with thl-eo spinallowed trnnsitions: ::T1(F)--- 3T2 ( 1)' 

333 3 T1(F}--- A2(V 2), T1(F)--- T1(P). Lignndfiold-

parameter furthor indicate tetrahedral coordination of 

-1. -1 d the nlkoxonickel'1tes. Dq" 460 em , Fl " 800 cm on 

B • 0.77. From magneticmoment determinntion in nujol 

suspension, sodium derivative is found to have vnluos of 

octAhedral coordination. 
uexp IUf3 

Comnound Solid st[lt8 Solution in thf 

Li", ,- Ni(Oirr) 4 .l.iOP.3thf 2934k 80-293k 293k (Mass%) 

Li2 Ni{Oirr) 4 .LiOr.3thf 3,46 3,33-~,45 3,27 ( 1.27) 

3,48 ( 3, 57) 

li2 Ni(Oirr) 4 .Lior 3,26 2,46"'3,25 

Li2 Ni( OsOu) Lt .LiGr-3thf 3,35 3,46 (6,9) 

3,45 (22,7) 

Na2 Ni(OiPr)4 • 2thf 1,44 1,15-1,44 

0,75 2,71 ( 3,00) 

2,56 ( 5,29) 
0,78 

0,96 
1,03 2,30 (3,5) 
1,33 2,38 ( 3, a 3) 

K Ni(Oit>r)3 • thf 3,23 

2.2 Synthesos o-r Low Vslent Nickel Complexes, 

Wilke and co-workers (5) develooed an efficient 
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method of reducing nickel(II) s~lts, such BS Ni(acac)2 

using or~~nomBtallic compounds of main group met,ls in 

the presence of sUitable ligAnds like phosphines, phos_ 

rhites, ~nd olefins. In the absence of such lig~nds, 

reduction of the nickel( II) to metallic nickel was ob­

served. The mechAnism of reduction is thought to occur 

via unstable nickel alkyl or nickel hydride intermediate 

srecies. 

Ni( acac) 2+4r (C 6H5) 3+AlR 3-7 N{r(C6H5) J 4+RAlacac2 

+ 2R' ( 5) 

Reducing Blents, like sodiumborohydride and 

hydrazinehydrate, h.:ve also been used by Chatt and 

co-workers (17) to reduce nickel(I!) salts in the pre­

sonce (.f vnrious ligands. Sodium dithionate is ~lso 

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 naphth~lide, potassium graphite, metal 

powders and hydrogen (6). 

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)-

Ni(II) -..;> Ni(I) --~ Ni(o) (6 ) 

The step-wise reduction process is found to depend 

mAinly on the type of ligand involved And the geometry 
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of the complex (19). Nickol (II) is found to be reduced 

step-wise to nickel(I) and nickel(o) only in the presence 

of smaller ligands, such as, P~t3 and PEt 2rh, i.e •• those 

which give [~liL4]+ or NiL4 species hnving the same 

coorriination number as the corresponding nickel(II) 

complex. In fact, in the case of diphosphines like 

rh2P(CH 2 )n rrh2 , the diphosphine is found to be less 

nulted as a bidentate ligand when n.,. 2, allOWing only 

comnolexes like NiLS2 (3 = solvent molecule, L = dipho­

sphine) to be obt'lined for nickel in +2 ,.,nd +1 OXidation 

states (20). In agreement with the above facts, 

nickel(II) is foune! to be reduced to nickel(o) by irre-

versible two electron reduction in the presence of 

bulkier ligands like, rrh 3 , reY3 and relatively good 

II-aceptor lig~nds such as r(OPh)3' The eXistence of 

[Ni(rrh 3 )4.7+ is attrihuted to conpronortion8tion of 

nickel(o) with nickel(II). 

Ni(o) + t'i(II) -~,~,~ 2Ni( I) ( 7) 

NiL4 complexes, where L = triphenyl nhosphitel tri­

cyclohexyl phosphite, bis(o-phenylene)phenyl phosphite 

have been synthesized by carbon monoxide displacement 

from Ni(CO)4 (22 - 24). Nickel(o) complexes of triphe­

ny1nhosphite 8nd 1,2-bis(diphenylphosphino)ethone or 

propane have been also synthesized by ligand exchange 

with nickelocene or dimethylnickelocene (25 _ 26). 

The equilibrium, 

NiL4 + 4L' ~ L'NiL(4_n) + nL ( 8) 
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has been studied for wide variety of nhosphorus con-
31 taining ligands using r nmr by TolmAn (27) on the 

b<'l'-sis of competition experiments, The degree of sub­

stitution is found to be governed by the steric and 

electronic effects of the ligand, 

The reduction of nickel(II) by the ligand is some­

times found to occur as in the reduction of nickel(II) 

halides hy diphenylnhosphine (22) and triethyl phosphite 

(20 ) , 

Ni 'lr2+51-IP(C6HS) 2+H20-? Ni ~lr(C6H5) 2] 4+Hro (C6H5) 2 

+ 2H3r 

Ni3r2+5r(o&"t) 3+2(Et) 2NH+H 20-;r Ni !Y(OE:t) a4 

+2(Et)2NH2'lr + Or(Et)3 

(9) 

( 10) 

Lower yields (5 - 10%) of NiL2 (CO)2 were pro­

duced by novel photO-irradiAtion process on 

L2Ni(S2C202) (L " dp)?~) (30), Transition metcl 

comnounds, a.recially their halides, are reduced using 

o system consisting of a basic-alcohol in the presence 

of stabiliZing ligands (L) such as nhosphines, (ROH + 

L + I<OH). This method vms principally developed by 

Malatesta nnd co-workers, Chatt, Shaw and Vasko used 

tha mathod for the synthesis of hydromet~l complexes of 

Group VIII tranSition metals, in the presence of ~hos-

phines 0 r orsines (31 - 34). With iso t,y ic techniques, 

the above workers showed thot the initial stap was 

coordination of an alkoxide to the metal center, where 
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an (.-{ -hydro'.len of the'lJ.koxide is tnmsfered to the 

metal (~-hydroaen shift) (32). rrimory olcohol is oxi-

dized to an aldehyde and secondary alcohol to a ketone, 

as in reactions involving a ~.hydrogen shift in metal 

Alkyl systems (35,). 

"R 
\ (11) 

C=O + H-M 
H/ 

The reverse of the above reaction is the Meerwein-

ronndorf - Verly (f1f'V) reduction of an Clldehyde or 

ketone by trnnsition mot'll hydride (36). A second type 

of transfer to form hydrido-metal c~rbonyl complexes 

by a similar route was also observed. This type of 

transfer involves the transfer of both hydro!Jen and 

~-cDrbon of the alkoxides to the metal which is co-

ordinotively unsaturated, through intramolecular 

oXidative addition (37). 

, . .... 

-I ( 12) 

T1. ::'Oxidation number 

M ;::Rh(I), Ir(I) 

oc-' MIn. 
( 

H 
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The hydrido metnl carbonyl formqtion by coordinative 

unsaturation is reinforced by the observation thot the 

process occurs for just those metals whose complexes 

are found to p~rticipate in oxidative addition (38). 

The process of hydride transfer is found to be facili­

tated in part by increasing bascity of the phosphorus 

lig(lnds. In f"ct, thore is a report on theisolation 

of stable rhodium-hydrides from hslides in the pre-

sence of phosphines and in the absence of organic 

so~vents at refluxing tomperature (3Q). 

Though the above method of reduction was applicable 

to other Group VIII transition metols, it was assumed 

in general to be non-feasible to iron, cobalt and nickel. 

In fact, Chott, Jhaw and Duncanson, expresse~ the view 

as, "Those nre general reactions of Group VIII metols, 

excent iron, cobalt 'lnd nickel ... " (32). But the 

syntheses of "'iCI(H) (rCY3)J..ch1lnqed the prevailing view 

(45). The stability of (R3f') 2M (H)X, (X cOr), is found 

to decrease in the order of rt"> rd ;7 Ni. This bct 

has been in part attributed to the chonge in the energy 

(4 E) between the highest occupied orbital ~nd lonest 

unoccupied orhit'll, which decreases in the same order. 

The stability of hydridonickel(II) complexes of PCY 3 and 

p( if'r) 3 is .'1ttributed rn3inl.y to the steric bUlk of tl;ese 

lig:1nds, which incre0ses .pE, restricts the conversion 
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of the trnns-square-plonar to tetrahedral qcometry ond 

the nnnronch of other groups slnng the out-of-plnne 

axis (40). 

Lindenlnub (41) sho~ed the syntheses of stabl~ 

nickel(O) carbonyl complexes, NiL 2(CO)2 and NiCl 2L2 in 

the presence of 4 moles of LiOirr in a carbon monoxide 

atmosphere in boiling toluene. The same products can 

also be obtAined at higher pressure of corbon monoxide 

in 2-propnnol at room temperature. The mechanism is 

ngoin postulated as a B-hydrogen transfer from the 

811(oxide, since acetone nnd isoproP::lnol were shown to 

be present in solution. In the absence of carbon mono­

Xide, nickel met~l wos deposited quantitatively. This 

shows that the cBrbonyl complex is not formed ~y the 

second type of transfer. In excess rrh 7 , under on inert 
J 

atmosphere the paramagnetic Ni(1) complex, Ni(rrh3)38r 

was isol:Jted. 

Stolze anrl Wetzel (42 - 43) were also able to 

characterize hexene, hexane nnd acetone from the 

solution obtAined by the reaction of Ni(ncnc)2 with 

hexyl - lithium in the presence of LiOirr, showing 

B-hydrogen transfer from an olkyl ond nlkoxide to the 

metal. CatalytiC oligomerization of isoprene by the 

complex NiCl(H) (rCY3)2 in nlkalimetnl alkoxide media 

was noted by Sachse (44) indicating that the catalytiC­

ally active Ni(a) sOGcies ~hich is resr~n8i~lo to 

oligomerization of isoprene is produced in situ. , 

It was also possible to syntheSize Ni(<illpP~) 2' Ni(r>f>h 3), Br, 

Ni[r(Oir>r) ~ 4 from Li2Ni(0irr) 4,Li'lr.3thf, And Ni(rrh 3) 4 
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from Na 2Ni(OiPr)4,2thf, in the nresence of ~ppe, prh 3 
nnd p(Oipr)3 nt temperetures between 700 e 2nd lOOoe in 

ei thor thf or toluene (115). 

Ohjective of tohe f'roj~t 

1. To r'eproduce the synthesis of Li2Ni(Oirr)4.LiGr,3thf 

usinJ 0 new starting compound; Ni8r2 ,2DME, 

2, To develop 2nd reproduce the work by w. Kalies (8) 

and confirm the formation of nickel(o) species in the 

Ni(II)_PR 3-,lkoxide system by stoichiometric reaction. 

3. To supplement further exnmples hy t91<in9 new Iiw)nds, 

such as trinilyl phosphite. 

4. To compsre tho products formed from Na2Ni(Oirr)4.2thf 

and Li 2Ni(OiPr)4,Li8r.3thf with different chemicnl 

compos:ltions, 
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3. EXPERIHENTflL 

3,1 General 
_V'"- - .-=-

fill re~'lents Dnd solvents used for syntheses were 

hnndled by Schlenk tube tschni4ue under nitrogen. 

Nitrogen with originsl purity of 09.6% was further 

purified by passing through two columns (length 100 cm, 

diametor 5 cm) each containing an alkline pyrogallol 

solution (30 n of pyrognllol)(!issolved in 300 ml of 

strong n'iueous I<OH of specific grnvity 1.54) (50), then 

through columns containing commerCial copper catnlyst 

(nctivnted ot 550 C to 8bsorb oxygen), I(OH, P205 and 

moleculClr sleve tyre 1',1\. t,ll solvonts nnd re8!:jonts IVere 

dried :.md purified Qccording to literature procedures 

(51). l'lydrocnrbon solvents, like benzene, toluene, 

n-hexane, n-heptnne ~8re dried over pressed sodium 

motal ond wore distilled from it. Tatrohydrofursn nnd 

1,2-dimethoxyothane IVore nredried by refluxing over 

LifllH4 nnd furthor driod by distillotion from freshly 

cut sDclium nnd benzo-phenone, after the solution hod 

turned Violet. Diethyl ether WQS refluxed over prossed 

sodium And distilled from it. pyridine was refluxed over 

LifllH4 Clnd distilled from it. Allyl .3lcohol Vias dried 

by storing over magneSium sulfate, distilled from it, 

nnd furth~r stored over molecular si8ve tYre 51\. 1so-

rrop,nol Vias stored over KOH, ,!Od distilled from wire. 

It w~s further dried by storing over molecul~r siave 

type 51\. PCl 3 was purified by distill9tion. 1,5-
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cyclooctadiene was purified by distillation. Reagents 

like Ni(acac)2 and dppe were stored permanently under 

nitrogen and transfer.ad to re~ction tubes under nitro-

gen when needed. 1111 drying, purification of solvonts 

were done under nitrogen, and solvents were deaerated 

before use. 

3.2 prepararation of Starting Compounds 

3,2.1 Dibromonickel(II)2-dimethoxyethane, Ni8r2 • 

2DME (52) 

100 m mol of IIna18r bromine was 8dded drop_ 

wise to 0 mixture containing 100 m mol of powdered 

nickel in 100 ml of D~lE. The exothermic re'1ction 

was left overnight with stirring. lin oranle 

complex was fil tered off, washed wHh 60 ml of 

DNE and vacuum dried at room temperature. 

Yield: 34 g (85% based on nickel) 

Analysis Found 

%Ni 

IR: 

15.06 

40.70 

v (C-O-C) = 1095 cm- 1 (s) asy 

( 13) 

14.72 

40.60 

,'\ -1 C -1 -1 1(,\ Vis: Vi" 11,521 em , "'= 6.7 M em : 21,186 cm- Vl.) 

" 11.2 ~1-1cm-l 
-6 6 

'>(g.10 = 9.12 cgs; '><;;'.10- =3843.7 egs, Alg = 3.02 
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3.~.2 b.ithi,!,!,m .lE.'2Rrog.oxide (liOiPr) "nd Sodium Iso" 

pronoxide (Na9:iJ'r) (45) 

Both were prepared in thf solution. liOiPr and 

NaOiPr were prepared by using an excess (100 mm 01-130 

m mol) of LiH and No with 100 m mol of isopropanol in 

100 rnl of thf solution, and refluxing for 3 "md 31/2 hrs 

respectively. The solutions were filtered using G-4 

sintered funnels to remove excess liH and Na. 

LiH + iPrOH --? LiOiPr + H2 
( 14) 

No + iprOi-1 

3.2.3 Dilithium Totri.lisoproxo;nickelote (1!1: 

Li2Ni(OiPr) ~ LiBr.3thf 

7 m mol of NiDr2 .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 filterina "nd drying in vocuum for 1 hr. 

Nior2 .2DME + 4liOiPr thf > li2Ni(OiPr)4.lior.3thf + LiBr 

+ 2DME ( 15) 

AnalysiS Found raJc. for li.;!Ni( OiP r1 4_.li8r. 3th f 

~~Li 3.38 3.40 

%Ni 9.37 9.54 

%(Oipr)- 38.58 38.61 

W3r 12.89 13.05 
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IR: V (Ni-O) 410 -1 ( m) • V (C-O-C) 1052 cm -1 ( s) " cm " asy 

VC_H ( R2CH) 2620 -1 ( m) • " cm V (C-O-C) sy '" 90(1 cm -1 ( m) 

VC_O (R 2C-0) " 1150 cm -1 ( s) 

Vis: Obs. ( cm -1) Lit. (cm -ll ( 451 

18282. f (M- 1cm- 1) = 136.8 18215. t(M- 1Cm- 1) " 

16863. £" = 79.4 16835. E = 117.7 

Yield: 3.64 9 (859~ b£lsed on NHlr2 ·2DME) 

3.2.4 Disodium Tetraisopropoxonickelate(II). Na 2Ni 

(OiPr) 4,2thf (45) 

The complex was prepared in solution. 8.4 m 

mol of anhydrous Ni(acac)2 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 OoC. 

A voilet solution was obtained after filtering off the 

Na acac. 

Ni(acac)2 + 4 NaOiPr 
ti.)/('l~h.e .. 
~~--~~ Na2N~(0~pr)4·2thf + 

-thf- . 

2Na acac ( 16) 

152.6 

Vis: Obs • .Ls:m -1) 
c 2 -1-1 18904 L = 10 .2 M cm 

l.it. (cm- 1
} (45) 

-1 -1 
W850. £" 141.3 M cm 

16502 E" 40.6 M- 1cm- 1 1611·50. £. = 89.2 f'l-l cm -1 

Since the complex is formed in a mixture of toluene and 

thf. the spectra was taken against a bL:mk of toluene 
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And thf in the samo proportion as in the complex mixture. 

3,2.5 Trj.allyl "hos[,hite 'lnd TriDhonyl nhosnhito 

Triallyl phosphite was synthesized according to 

the established procedure (53). 

Yield: 22.90 gm, 68% based on rCl 3 

Triphenyl phosphite was also prep8rod According to the 

procedure given by Gottlieb (54). 

Yield: 32 gm, 94~~ based on rCl 3 

( 18) 

3.3 Syntheses oJ Nickel(O) Complexes 

3.3.1 Syntheses of (~l~1,5-cyclooctadiene)bis­

(triphenylphosphine) nickel(o): Ni(rrh 3) 2(COD) 

9.8 m mole of Na2Ni(Oirr)4.2thf was heated 

with 19.7 m mol of rrh3 and an excess of COD 

(98 m mol) for 5 hrs at 650 c..:.68.9:a, swittb:i~e,~irl'TiJng. the 

Violet colour disappeared and the solution turned 

yellow-brownish. After a further 5 1/2 hr$ the 

colour had become deep brown. The heating was 

discontinued and the solution was cooled to room 

temperature, nnd vaccum concentrated, A six 

folJ excess of n-hexane was added as precipitBting 
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agent. No precinitatlon wns observed nt room temprature. 

Instead glittering mot~llic-yellow crystals were pre­

cipitated after storing the solution in a freezer 

(_200 C) for 12 hrs. After wnshing tho crystnls with 

n-hexane nnd vacuum drying at room temprature, the 

colour of the complex hecame yellow-brown. 

Yield: 1.12j-<26.6~~ based on Na2 Ni(Oirr)"" 2thf., 

Analysis Found 

8.4&,". 

IR: V(C=C) " 1515 cm- 1(m), 1187 cm-
1

( s); V(C-H) .. 3030 

cm- 1(w), 3040 cm- 1(w); V(rh_ring) " 1072 cm-
1 (m). 

745 cm- 1(s), 700 cm- 1(s), V(p-C) 1115 cm- 1(s) 

31r nmr: " 30.04 ppm: d " -4.7 

1H 
( ~" nmr: = 7.L!O ppm: o " 7.60 ppm; 3.87 ppm 

~ 5.51 ppm: b" 2.08 ppm 

3.3.2 Syntheses of 3is[1,2-bis(diphenylphosphino) othanw­

nickel(o), Ni(dr~~)2' 

a. Dpp~ (7.78 m mol) was added to 3.89 m mul of 

NS2Ni(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 temper.''lture, concentr8ted, 'lnd 

sixfold excess n-hept~ne was ndded as precipi­

tating 01ent. After cooling the 301ution over-
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ni~ht in 0 freezer, brownish-orange cryst31s were obta-

ined. These were filtered off and washed with 30 ml of 

n-hept~ne and vacuum dried at room temperature. 

Yield: 1.51 g (71% based on N82Ni(Oirr)4.2thf) 

-1 h -1 IR: V( r-CH 2 ) ,. 111·38 em (w) ; V (r>-P ) '" 1122 em (m), 

-1) -1( -1 1000 em (m, 730 em s), 695 em (s). 

lH nmr: ~ '" 1,65 ppm, triplet 

31r : J = 32.8 ppm 

b. The same complex was synthesized using a simil'lr 

rrocedut'e for Li2Ni(Oirr)4.LElr,3thf. DPpe (3.05 m 

mol) was '1dded to 1.52 m mol of Li2Ni(Oirr)4Li9r. 

3thf dissolved in 25 ml of thf. Reaction occurred 

at room temperature with stirring for 1 hr. 

rreeipit'1tlon was fncilit"lted I)y adding 5 fold 

excess volume of isop6upanol. After cooling the 

solution in B deep freezer for 8 hrs, orange cry­

stals were obt::lined. They were f U tered off nnd 

WAshed with isopr0panol. 

) -1 -1 
IR: V(r-CH2 =1"B5cm (w);V(p-rh) = 1135 em (m), 

1000 em- 1(s), 700 em- 1(s). 

11-/ nmr: 6= 1.65 rpm, triplet 

31 7 r nmr: 0 = 32,84 ppm. 
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the fir~t time by Wilke and co-workers (5) by the re­

duction of Ni(acoc)2 ~ith diethylaluminiumothoxide in 

the presonce of the ligands. 

The synthesis of Ni(prh 3)2 (CD) uuing No2Ni(OiPr)4' 

2thf was cttempted in the presence of 2 moles of pph 3 

ond excess COD, as discussed in the experimontal section, 

IR srectro measuremonts of the complex indicated two new 

1 -1 b bonds at 1515 cm- (m) and 1189 cm (s), which are 0 sent 

in the free GOO end PPh 3 , These are ccrrolated with 

the stretching frequencies of C.C, observed for metal-

olGfin comploxes, Most metAl-olefin complexes are seon 
1 -1 to obsorb at around 1500 cm- and 1200 cm (s), os a 

result of streng coupling between VC=C and VC~C_H' The 
-1 

'j.200 cm (s) is nssumed to be predominantly C=C stretching 

Vibration by comparison ~ith the spectra of unsubstituted 

olefinic complexes of silver and platinum (18). The 

absorption of 1189 cm- 1 may bo assigned to the metal. 

olefinic of the complexes synthesized. The decrease in 

stretching frequency of the complexed olofin 

from th~t of the free olefin (1645 cm- 1), is 

-1 (1189 cm ) 

rnl'lted to 

the decrease in electron density in the olefinic pI!" 

orhitols and increosed density in the antibonding pII*' 

or~ital due to complex formation, ultimatoly weakening 

the olefinic bond. To check the nreSBnCB of COD in the 

complex, a proton nmr spectrum Was obtained Without 

sealing t~e tube. This showed broad Signals, indicating 

the presence of paramagnetic nickel(I!) which might he 

the result of decomposition (oxidation) of the complexes 
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solution. The me~Burement was m~de only 'lfter adding 

few crystDls of I<Chl in or-der to ch3nge param,'Jgnetic 

Ni(II) to diamngnetic, tetracyononickelate(II). Less 

intense signals (31 r at -~.7 ppm nnd 1H at 5.51 ppm) 

further indicate the presence of free prh 3 and COD. 
31 

Tho intense siDnnl at 30.4 ppm, in the r s:-,ectrum 

downfield from the free prh 3 (-4.47 ppm) may be ossi­

gned to bonded rrh
3

• The downfield shift is correlated 

with the decrease of electron density Dround phosphorus 

which is ~enerally o~served in phosphines without strang 

electron withflrawing substituents. The decreDse of 

electron denBity mit_Jht arise for rhosnhines '~:hich Dre 

more of CI-bonding tyne (49). 1\ Sign'll at 3.87 ppm in 

the 1'1 spectrum 1s assigned to the ~onded COD where the 

urfield shift is Gxpected from the electron density 

decreosG in the olefinic bond due to comrlex form~tion 

(18). I\ttempts to 'JnDlyse the phosphine content in the 

complex fAilod, mainly to lack of appropriate oxidizing 

system which broaks the P-C bond of PPh 3 • 

4.2.~. Tetrakis(triallyl phosrhite)nickel(o) ;Ni[P(OCH 2-CH= 

CH 2) il4 
The complox was synthosized from Li2Ni(OiPr)4.Li8r. 

3thf in the presence of the ligand as in the nroceJure 

given in the experimental section. The complex was white. 

The 8nnlysis in'!icaterJ a tetrakis complex, where Ni:P rntio 

was found 1:4. In addition the presence of triallyl 

nhosphite was confirmed ~y comr~ring the IR spectrum of 
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the free lig~nd with the spectrum of the complex. Abso-
-1 .-1 

r!1tion frequencies at 1638 cm (VC"'C)' 30'.10 COl (w)) 

-1 ~ d -1 ( ) ( ) [Jnel 917 cm (s) (VC=C_H)' on q95 cm s Vl'_O_C 

clearly indicote triollyl phosphite in the complex. A 

white complex wos also obtnined from N02Ni(OiPr)4.2thf 

with triallyl phosphite, The IR spRctrum of this 

complex was found to he identicAl in the range of 

-1 -1 . h h ... d 4C1f'0 cm to 200 cm Wl.t t rot o"t"ine from 

Li2Ni(OiPr)4.Li8r.3thf, shoWing the SAme complex was 

obtained from either starting mnteriols. 

0) : 

Ni(a~~e)2 

The compound Ni(dPpe)2 was synthesized by 

W. Kolis from Li2Ni(OiPr)4.Li8r.3thf. The complex was 

chnracterized by A molecular WRight determination. The 

same complex was produced by us from the same starting 

m[lteriAI. The comple:.( wns orAnge: precipi t'1tion is 

best nccomp'.ished using isopropanol. IR obsorptions 

FIt 1435 cm- 1 (w) (P-CH 2), 1135 cm- 1(m), and 100 cm- 1(m) 

(VP_nhenyl)' and the proton signal ot 1.65 ppm (triplet) 
31 and tho P sign81 at 32.84 ppm, clearly indicate the 

presence of (Lppe one! the obsence of other li(Jonds. Tho 

proton nmr w~s run in non-deuteroted benzene, whore the 

phenyl nrotons of rlpp~ overlnp with free benzene arotons 

ot 6.52 ppm. The m'1gnetic propeties whore studied in 

benZRne solution with a canillnry filled with :lenzene 

(46). If the solution wns pnr~magnetic a downfield shift 

of the signal from the henzene protons in the capillary 



should hove been observed. No shift was obsorved, 

indicElting th"t the SU'Jst'lnce is 'Jinm"gnetic ')nel 0 his­

complex in ngreement with the synthesis from othor 

stnrting materials (17). 

The some complex WAS synthesized by us storting from 

ND2Ni(OiPr)4.2thf in the presence of dp~~. The complex 

WAS yelJ.ow-!wownish. The complex WDS preCipitated in 

good yiold using non-polor solvents like n-hex~ne ond 

n-heptnne. The IR sncctrum of 

frequency of ahsorption in the 

200 cm- 1 as the spectrum from 

the comnlox showed same 
_1 

r,nge of 4000 cm - to 

the complex prep'lred 

ahove. Similarly, the proton nmr snectrum indiciateel a 

trij1l"et At 1.65 ppm nssigned to the -CH 2-CH 2- !Jroup. The 

31p nmr spectrum showed a signol at 32.8 ppm. Tho shift 

from -12.4 ppm for froe d~pe in ~enzene to 32.8 ppm is 

similnr to thnt ohserved to the comnlex formntion of 

nhosnhines in ')enernl. Mngn"tic susceptibility mO'1sure .. 

ments gave the somo result as that for the above complex. 

Bbth comple,xes are rolntively st'1ble to air; they can 

be handled 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 obsorvations, wo 

may conclude, the same 60mplex is produced using either 

of tho alkoxonickolates. 

4,2.4 Tetrakis( triphenyl nhosnhite) nickel(o): Ni[r(OPh) 3]4 
=--~- ~ 

~aCp(OPh):iJ4 was synthesized by W. I<olios (1)5), who 
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chAracterized the cnmplex ~y elemental anAlysis. He 

synthesized the cOlnplex from Li2Ni(Oirr)4.Li~r.3thf in 

the presence of the ligand. We repeated the synthesis 

of the complex from the same starting material. The 

complex formotion of r(Oph)3 was confirmed by the IR 
-1 

srectra, where frequencies of n'J'lOrption at 1200 cm 

(8) (VC_O)' 887 cm- 1( s) (Vp_O) nnd nbsorption frequen­

cies typical of A "henyl-ring where ohserved. The 

analysis indicated a rntio of Ni to r of 1:4. The some 

white comolex whs synthesized by us stnrting from 

N02Ni(OiPr)4.2thf in the presence of excess li~and. 

The IR spectra showed the same frequencies of a:Joor­

ption as above. In addition 31p nmr spectrum of the 

comolex showed n sianal at 128.8 ppm in agreement with 

thnt reported by Tolman (12). From the data of onolysis 

and spectrn indicote the formAtion of tetrakis complex 

in both cases. 
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6. Conclusion 

The synthesis of Li2 Ni(OiPr)q LiBr 3thf was best accompanied using 

NiBr2 2DME, which is relatively easy to prepare and. more stable to 

hydrolysis than NiBr2 2thf. Electronic spectra and magneticmoment 

determination of NiBr2 2DME indicated octahedral geometry of nickel(11). 

Using the intermolocular redox properties of the isopropoxonickelates 

of 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 followed, i.e 

nickel(ll) is reduced to nickel <0) • Furthermore the results obtained 

strengthen the proposed mechanism. 

The syntheses of low valent nickel complexes in the presence of 

stabilizing ligands, using primary or 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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Speets 'fbsitions in t:ppondix (FijJure Numbers) 

Compound 

1. Li2Ni(OiPr)4.LiGr. 

3thf 

Vis 

1 

3 

3. NiGr2 .2thf 6 

4. NS2Ni(OiPr)4.2thf 8 

5. Ni(PPh 3)2)2(COD) 

6. Ni(dppe)2 from I) 

7 ~ Ni( d ppe) 2 from 1 

8. Ni P(OCH 2CHCH 2)3 4 

from 1 

9. Ni P(OCH 2CHCH 2) 3 I) 

from 4· 

10~ Ni P(OPh)3 4 from 1 

11. Ni P(OPh)3 4 from 4 

IR 

2 

4 

7,9 

12 

15 

18 

19 

20 

21 

10 

13 

16 

Co11brstion Curve for Oromide Determination: 5 

1: Li2Ni(OiPr)4.Lior.3thf 

4· NS2Ni(OiPr)4.2thf 

nmr 

11 

14 

17 

22 
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3.3.3 Syntheses ~~(Jtr8kis(trinllyl nhosphite}nickel(o): 

Ni[r(OCH 2-CH",CH 2) ;]4 

8. 3.4 m mol of Li2Ni(OiPr)4.Li8r.3th'f in 30 ml 

of benzene was mixed with an excess of tria-

llyl phosphite (17.1 m mol). The solution 

wns refluxed for 2 hrs, and the· colour of 

the solution chnnged to brown. The solution 

WBS cooled to room temperature, with n­

heptane added as precinitqting agont. The 

solution was stored in deep freezer for 6 

hrs, where white crystals were formed. 

These were filtered off fmd wa;shed with n­

heptane and dried in vacuum at room temp-

roture. 

Yield: 2.72 g (93% based on Li2Ni(Oirr)4' 

Lior.3thf .) 

IR: 
-1 -1 Vcp_e_c) = 995 cm (a); V(C=C)=1638 cm (m); 

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

A.nalysis 

%Ni 

%p 

Found 

6.95 

14.01 

Cnic. for 

NiCr(OCH2-CH=CH2) 374 

6.76 

111.26 

b. The some complex was prep"red by n similar 

procerlure by mixing 3.89 m mol«15 ml) of 

Na2Ni(Oirr)4.2thf with excess triallyl phosphite 

(15.56 m mol). The re'lctlcln mixture W2S heated 
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100 for 2 /2 hrs at 50 C - 65 C, The colour of the solu-

tion turned from violet to brown-red. It was cooled to 

room temperature Qnd concentrated, Sixfold excess of 

n-heptnne was added to facilitate pl-ecipitation, After 

storing the solution in a deep freozer for 0 hrs, 

white crystals were obtained, These were filtered off, 

washed with n-heptr,ne, and dried in vacuum at room 

temperature. 

Yield: 1.74 9 (799~ based on Na 2Ni(OiPr) 4.2thf) 

IR: 
-1 -1 Identical in the rnnqe of 4000 cm- to 200 cm 

with the complex prepared from Li2Ni(OiPr)4.LiBr.3thf. 

3.3.4 syntheses of Tetrokis(triphenyl phosphite}nick­

el(o): Ni[f'(O~h) 314 

a. 2.88 m mol of Li2Ni(OiPr)4.LiBr.3thf in 30 ml 

of benzene WElS mixed with on excess (1440 m mol) 

of r(Orh)7' The blue colour of the solution 
.:> 

disap~e0red after refluxing for 3 hrs. The 

solution was cooled to room temperature, 'lnd 

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 room temperature. 

Yield: 2.57 g (80% based on Li2Ni(Oirr)4LiBr. 

3thf). 

IR: V(C-O) = 1165 cm- 1(s) l v(r-o) = -1 8.87 cm (s) 
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/\n111 ysis Found 

4.75 4.51 

9.15 9.54 

b. The snme complex was synthesized by mixing 5.25 m mol 

(22 ml) of Na2Ni(Oirr)4.2thf with 25 m mol (excess) of 

r(Oph)3' The renction mixture was heated for 3 hra at 

550 C _ 65°C with stirring. The brown_red solution was 

cooled to room temperature and concentrated under 

vncuum. Sixfold excess oJ n-hexnne WDS added as preci_ 

nitDting ngent. The solution turned milky nnd after 

8 hr in 0 deep freezer a white preCipitate wos filtered 

off washed with n-hoxone nnd dried under vacuum at room 

temnrature. 

Yield: 4.12 9 (63,9% based on Na2Ni(Oirr)4.2thf). 

IR: 
-j -1 

V(C-O) H65 em "(s); V(r'-O) = 885 cm (s) 

nmr: 128.8 ppm 

The tVIO complexos p reJ1l'1 red from Li2Ni( Oirr) 4' Li3r. 3thf and 

N02Ni(Oirr)4.2thf were found to have the some absorbtion 

frequencies in the r'lnne of 40(10 cm- 1 200 cm- 1 • 

3.4 AnalYf,lis 

3.4.1 Diss0 1ution of Nickol Complexe! 

Dissolution of those complexes contnining 

nickel(II) wns affected by treating 30 _" 40 mg 

somples ~ith a known volume of water (50 ml) Bnd 
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0.5 ml of Annlnr nitric Bcid ( ~) • Th.: solution 

was randy for "nnlyses for nickel and lithium of tar 

such tre<Jtment. 

For complexes containing nickel(o), dissolution was 

affected by treating the known amounts (50 - 80 mg) with 

0.5 ml of fuming nitric acid nn~ evaporating the resul-

tinq solution. After three such treatments, the solu­

tions were diluted with wator to known volumes and 

ready for nnalyses. 

For the 'ln cllysis of the isopropoxide 8nion, 20 - 30 

mg of the complox was treated with n known excess volume 

of 0.1 Hel nnd the excess acid was determined by 0.1 M 

NnOH. The concentrations of the thf solutions cont8in-
cl 

ing LiOiPr nnd NnOirr were determinedln the SAme manner 

by tnking 1 ml of snm~les by micro syringe and diluting 

them to 50 ml with water. The equivalent amounts of 

NnOH nnd LioH were determined acidimetricnlly (55). 

3.4.2 Nickel Determination 

Analyses for nickel in solutions prepared 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 Ddding two grnmes of hexa-

mnthylenetotrnamine, and a known excess volume of 

0.01 MEDTA was added. The excess of EflTA was determined 

hy titrnting with st,'1ndnrdO.01 M ph(N0 3)2 solution using 

xylenol orange as indicator. The nickel contont of 
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solutions prep~red from comnlexes containing nickel(o) 

waQ determined by atomic absorption spectroscopy. 

3.4.3 Lithium_~n~ Oromide Determination 

The content of lithium was determined by atomic 

emission spectroscopy (Mekanissa Mining Laboratory) 

after preparing the solutions with known volume. 

Oromide was determined USing a bromide selective 

electrode with colomel as referencd electrode and 

Pw 9409 digital pH meter. 

St8nciard ~l 

lO- t 

10-2 

10- 3 

W- 4 

~-;ampJ.e: B 
A 

3.4.4 Phosphorus Determination 

Voltage (mv) 

- 126 

29.3 

+ 20.6 

52.4 

Phosphorus in the phosphite complex was deter_ 

mined by first OXidizinj the rhosphite to rhosphBte. 

The complex was decomposed by treating it with 5 ml 

fuming nitric acid. The decomposed complex was further 

heated with fuming nitric acid and potassiumpermanga-

note (59). For comrlete oxidation the process was 

repented three times by adding 5 ml of fuming nitric 

acid ond evaporating ofter each addition. The phosphate 

was p-reciritated as I'1gNH 4P0 4 .6H 20 and the phosrhorus 
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content was determined by dissolution tho precipitate 

in b8Sic f;olution (pH" 10) volumetric.'lll.y os in the 

prOCedlJre given by Flaschka (56). The results of the 

analyses were compared with the results obtained from 

the dotermination of the phosphorus content of the 

phosphite ligands by the some procedure. 

IR spectra of the compounds prepared nnd ligAnds 

used were recorded using n rye Unicom Pu 9512 IR spect­

rometar (obtained from Sholn Crop protection LaborAtory). 

The samples were ~rep~red as mulls with nujol for solid 

complexes And lioands, Bnd the snectrn were run in be­

tween J<Or discs. 

Visible spectra were recorded on a philps 

Pu-8600-UVjVis spectrorhotometer (obtained from Shela 

Crop protection L'1'lorotory). 

proton nmr spectra were recorded either on 

Varian-s 60T spectromoter or JNM FX 90Q FT-NMR spectro­

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

phosphorus spectra were recorded at JNM FX-90Q FT 

NMR spectromoter rolative to 85% H3P04 • Positive shifts 

indicate deshielding. M~gnetic susceptibility measurements 

were done by EVDna'S mothod (46). 
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4, RRSlJLTS I\(\ID DISCUC33IOP 

The syntheses of d:l.lithium t(ltr:ltsopl'oposonickel:lte(II) 

WDS 8ccomplislled ')ccord:l.nq to the pr8cedure given by 

W, Kolies (45), except thot Ninr2 ,2thf was repl~ced by 

Ni~r2,20ME.Ni0r2,?DME is found to be 0 very suitnble ~nd 

novel start:l.ng motorial as compared to Nior2 ,2thf, ~hich is 

difficult ond time cnnsum:l.ng to prepare, ond rolct:l.voly 

unBtn~le to inaror!ients of air, Ni3r2 ,?thf is prop~red 

'lY first c1ehydr:ltillq Ninr2 ,6fI 2C1.and later extract:i:ng:·.with 

thf, Thot the 8:lMe olkoxon:l.ckelate is obt~ined us:l.ng 

Ni8rz ,2DME is oscort~inod by olement:ll nn~lysis 'lnd ole-

ctronic [1nd IR S!-)f}ctrn m8:H;uremnnts, In 'Jd'-:-!itton, the 

electronic spectro of Ni3r2 ,2DME in thf shows it to be 

j/enticnl l'Ii.th th"t (Of N:l.'Jr2 .2thf sho\'n it to be :l.dGnttcol 

~1th th~t of Nilr2 ,2thf in the S~~8 8(Olvont, 

, 

ViG: A - -1) (nm),V(cm E (t1- 1cm- 1) tr3nsittons 

Ni'3r 2' 2D~iE 4'.13: 20283 12.6 1)3",.51\2('---
3 

T 19( P) 
" ; n Th f -

Ni~r2,2thf 492:20325 13,4 V 3 3T (P) 3= 1\29 --- 19 
in tllf 

-

tdnr2 ( 58) 1L!·70 :6DOO I) 3 3 - A --- T 19( P) 1- 2g 

fl47: 11,800 > 3 , 2" /\2 --
9 

3T1g (F) 

L!.85 : 20 , 600 IJ 3 
3" 1\29 -- 3T (p) 

19 

This results j.ndic:-:tes the two mn1.8culos of Di'lE EIre 
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replaced by thf looleculos, 

As NiDr2 .2DME is only briefly montioned in lite­

rature (52), attempts were made to characterize it, 

Visihle ep:ectrn men';ured in D~lE indic3te: two bgnds at 

11,521 cm- 1 (868 nm) and 21,186 cm- 1 (472 nm). The 

frequencies of s~sQrption are in the range of abaor. 

rytion frequencies in solution for NiGr2 (58). The exti­

-1 ~1 I nction coefficients cclculated are: 6.7 M em nnc 

-1 -1 .] 11.2 M cm resnect1ve.y. Those results are similnr to 

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

Maqnetic property of NiDr2 ,2DME was measured by 

Evans's method (46,~7), The results support the elec-

tronic spectra measurement. 

Electronic spectra oal's on the two nlkoxonickelates 

of lithium and sodium are found to be in good agreement 

with the reported valuos (45). In the cnse of 

li2Ni(OiPr)4,LiOr.3thf, IR spectra meAsurements clearly 

indicnt~ the presence of thf. In addition, elemental 

anAlyses are in good ~greom8nt with the calculated values 

of li2Ni(OiPr)4,LiOr.3thf. 80th alkoxonickolates are 

rDf1irlly hydrolized when exposed to air, In fsdt, the 

Violet complex, NS 2Ni(Oipr)A,2thf, formed in solution is 

Been to decompose, depositing nickel met9l even under 

nitro'Jon, if stored more thon two dsys, 

4,2 I'lickel(o) Complcxes 

The m~in principle of syntheses is based on the 
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intramolecular redox properties of nn alkoxo complexes 

of nickel(I!) ~ith primary and secondary nlkoxides di­

scovered by ~aube and co-workers (7). When primary and 

secondary nlkoxi(ieB of nickel(II) ore hoated in the range 

of 500 e _ 900 C, olemental nickel is seen to be deposited, 

i,e" nickeJ.(II) l.S reduced to nickel(o). The llIocl'l3nism 

wos proposed as ~-hydrofJen tnmsfer fromd.-Ch bond of 

the alkoxide to the metal, followed by reductive olimi­

nation of it by on nlkoxo onion to form on olcohd. The 

proposition of mechanism was based on the isolation 

study made. Thus, the use of those nlkoxocomplexes may 

prOVide B novel way to easy and simple reduction methods 

for the preparntion of nickel(o) com;·lexes in the presence 

of stabilizing liqnnds. 

4,2,1 (~4_1 , 5-C'Lc looc t adirme) b i s( t riphe n)'lpho sph ine) _ 

nickel(Oo); Ni(PPh 3)2(COD) 

nuring an attempt to synthesize Nl(COD)2 from 

NB 2Nl(Oipr)4,2thf nnd COD, depilsition of elemental 

nickel was obsorved (45). This WIlS attributed to the 

instability of Ni(COD)2 at the temperature of the re­

duction of Ns2Ni(OiPr)4,2thf. In fact, Ni(COD)2 is found 

to decompose ahove 600 C (48), Tho low thermal stability 

of Ni(COD)2 io mainly because, it does not h've low 

lying empty molecll18r orblt81s, With this in mind, we 

tried to synthesize nickel-COD complex in the presonce of 

stabilizing lijsnds like PPh
3

, 

The complex, Ni(PPh 3)2(COD) Wps synthesized for 
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